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BOTPOCHI TEGP

Mopenu ctaHuumn
¢ GyHKUMOHAJNIOM NPOTOTUMNOB
¢$dun3uku npoueccos

Anekcangp Nr0OJIOBHUY

Alexander K. GOLOVNICH

Models of Stations with Functionality
of Prototypes of Physical

and Technological Processes

(TeKCT cTarbu Ha aHrJl. 3. —

English text of the article — p. 11)

Bo3MO>XHOCTU MOAEsIbHbIX
PEKOHCTPYKLNI )XeJ1€3HO[0POXKHbIX
CTaHLUNI pa3/InYHOro ypOoBHSI
CJIOXXHOCTU C BOCTIPOU3BeNeHNeM
TeXHOJI0ruv nx paboTsl Ha OCHOBE
asiropuTMoB KOPPEKTHOU pU3NKN
npowueccoB. PeanncTu4HOCTb
nocTpoeHus moaesen nog4épKnsaeTcs
3D-uHTepnperauunei pe3ysbTaToB
BbIYUCJINTEJIbHbIX Ipoueayp,

c nomMoLybio 4yero popmupyercs
BU3yasibHbIVi 06pa3, co3gaércs ap3au-
CTPYKTYpa CTaHUnUu, KONMUpPyroTcs
3Ha4YnMble CBOVICTBa NMPOTOTUTNPYEMbIX
o6bekTOoB. lMpyu aTomM conyTcTBylOLWME
MoaesIMpoBaHUIoO NPOCTPaHCTBEHHO-
BpPEeMEeHHbIe N3MEeHEHUSI KOpPesmpyroT
C HaB6OPOM HeJINHEliHbIX IBIeHUN

1 MHO>XeCTBOM (paKkToOpOB CUCTEMHOIo
M HECUCTEeMHOro xapaKkrtepa.

Knroyesnbie cnoBa: cuctema, 3D-monesb
cTaHUmu, rMpPOTOTUI, TEXHOJIOMMS,
pur3nyeckmne rnpoLecchl, HeJIMHENHbIe
SBJIeHWSs, NMpoOrHo3 OTKa30B.
|

® MWP TPAHCIMOPTA, Tom 15, N25,C. 6-13 (2017)

Toaoenuu Aaexcanop Koncmanmunosun —
00KMOp MEXHUMECKUX HAYK, 3A6€0YIOUiUil
Kaghedpoii mpancnopmuuix y3106 bBeaopyccrkozo
20Cy0apcmeenHo20 yHusepcumema mpancnopma,
Tomens, Benapyco.

BITTOJTHEHHUE JIF0OOI TEXHOJOTMUEeCKOM
omepaluu CBI3BIBAETCSA C YIETOM
CJIOKHOTO BITUSTHUS pa3TAYHBIX BHEIII-
HUX U BHYTpeHHUX (pakTopoB [ 1]. [ToaTomy mist
KOPPEKTHOM MOAEIbHON MHTEPIIPETALINT
TEXHOJIOTUH PaOOThI CTAHIINM CYIIECTBEHHYIO
pOJIb UTPAeT MPaBUIILHOE OTpPaKeHUE CBSI3CH
B3aUMOJICICTBYIOINX OOBEKTOB [2]. OOBEKTHI
B TaKOI MOJEN JOJDKHBI U3MEHSATH CBOE TT0-
JIOXXEHUE B COOTBETCTBUU C 3aKOHAMU (PU3UKH
peaJlbHOTO MHUpa. MoIeJIbHBIE BarOHEI
paccMatpuBaloTcs [ 3] Kak riceBIopu3nueckme
KOHCTPYKIIUHY 3JIEMEHTOB C YITPYTUMU U JKECT-
KUMU CBSI3SIMM, 00J1amaioliye onpeaeaéHHon
WHepLMe IBUXKEHUSI U CITOCOOHBIE O, 1eii-
CTBHEM Pa3IMIHBIX CUJI IIEPEMEIIAThCS 110
BUPTYAJIbHBIM KEJIE3HOIOPOXHBIM ITYTSIM.
BpaiiiarenbHoe ABMKEHUE KOJIEC TOJBUXKHOTO
cocTaBa I10 aHAJIOTUM C PeaIbHbIMU (pr3nye-
CKHMM TIPOLIeCCaMM ITpeodpas3yeTcsT B TOCTY-
naTeJbHOE ABIDKCHIE BaroHa.
MonenupoBaHue JTI0O0TO TEXHOJIOTUIECKO-
TO MpoIIecca CBSA3aHO C peann3aleil HEKOTO-
pOTO psiaa oIepalnii, HacJAeIyIOIINX KOHTCHT
apyr apyra [4]. Tlepexon onepauuu O, B TEXHO-
JIOTUYECKHM CBsI3aHHYI0 O, ONPENENSAET ajlro-
PUTM MOJAETEHOM TEXHOJIOTHH, 00eCITeYNBar0-
Ui Tepeaady TOCTUTHYTOTO COCTOSTHUS
00bEeKTa Ha MOMEHT 3aBepLieHus oneparuuu O,



Ta0imuna 1

Kuaccndmxaunﬂ MOJEJBbHBIX CXE€M NPOTOTHNHPOBAHUS TEXHOJIOIMIECKHUX MPOLIECCOB
2KeJIe3HOAOPOKHON CTAHIUU

Monens Buenrnwmit Bus DyHKIIMOHATTBHBIE OrpaHnnyeHust Bo3moxHbIe 06nacT
YPOBHSI 00BEKTOB BO3MOXKHOCTHU MPUMEHEHUSI
Hynesoro Peanuctuunoe W3meHenue coctosiHus | OTcyTcTBUE yUETa MHTEepakTUBHbIE TEXHO-
3D-u3o0paxkeHue 00BEKTOB O] BIIU- BIUSIHUSA (DAaKTOPOB | IOTUU OOYUEHUSI, TPUMe-
MyTeil 1 BArOHOB SIHUEM MTOCTOSTHHBIX HEeperyJsipHoro HEHMe B KayecTBe aHuMa-
LHUKIAYECKUX BO3I€El- | IeHCTBUS ILIMOHHBIX WITIOCTpALIAi
CTBMI1 Cpe/ibl OKpyKe- B 2JIEKTPOHHBIX YUeOHUKAX
HUST
Hauanb- dopmupoBaHue WHrerpanbHas oueHka | OTcyTcTBUE OLieHKH | MiccnenoBaHus 3aBUCUMO-
HOro “HpOpMaLOH- BJIMSTHUSI MHOXKECT- 000CO06JEHHOTO CTH BJIMSIHUST 3HAUUMBIX
HbIX 3D-00beKTOB BEHHBIX (DAKTOPOB BJIMSIHUS 3HAUUMBIX | (PaKTOPOB HEPETYJISIPHOTO
CTaHLIMU Ha COCTOsIHME OOBEKTOB | (PaKTOPOB HEpery- | AeMCTBUS Ha COCTOSIHUE
JISPHOTO ICUCTBUSI | 0OBEKTOB; pa3paboTKa
Ha COCTOsIHUE METOLMKU BeprUhUKALIUA
00BEKTOB MoJeJIeil Ha4aJIbHOTO
YPOBHSI
Perynsauu- | Beicokopeasnuc- ITpumeHeHue pery- OrcyTtcrBHe MOJHO- | MI3yueHue cBOMCTB 00b-
OHHOTO TUYHBIN IO popme JIATOpa PaBHOBECUST LIEHHOTO Mexa- €KTOB MOJIEJIbHOI Cpelibl,
U aleKBaTHBIN MOJIEJIbHOM CUCTEMBI HU3Ma alanTaiuu aJIeKBaTHOM peabHOMI
10 COAEPXKAHUIO C 9JIeMEHTAMMU a[alTUB- | K PE3KUM BO3IEUCT- | TEXHUUYECKOI cucTeme
MOJIEJIbHBII MUD HOU KOPPEKTUPOBKU BHSIM, CITOCOOHBIM
B IMHAMUKe hYHK- BBIBECTU CUCTEMY U3
LIMOHUPYIOLIMX 00JIaCTH YCTOMYUBO-
TPOLIECCOB TO paBHOBECHSI
Penponyk- | YeroitunBo ¢pyHkuu- | [ToBeneHyeckue OrpaHuyeHue M3yyeHune BO3MOXHOCTEI
TUBHOTO OHUpYIOIIast MOfeab | (DYHKIIUU MOIEIbHOM | 9(h(eKTUBHOCTH IO- | peaKIIuU MOJIEIN B HOP-
B @BTOHOMHOM cpenbl, obecrieynBalo- | BeAeHYecKuX (PyHK- | MaJIbHBIX YCIOBUSIX PEKOH-
peXUMe C BBICOKOW | TIIMe PeKOHCTPYKIIMIO | IIMiA MOIETbHOM CTPYKITMY TEXHOJIOTUU
JI0CTOBEPHOCTBIO TEXHOJOTMYECKUX MPO- | CPEbl B MaKOPHBIX
MPOTOTUITUPOBAH- 11eCCOB B 9(D(MEKTUBHOM | YCIIOBUSIX
HBIX MTPOLIECCOB peXrMe LIMPOKOTo
JMara3oHa IeicTBus
Konctpyk- | [TosgBneHue B Mo- CaMOoBOCIIPOU3BO- HeBo3moxHOCTb Tpancdhopmaius Mmoaenb-
TUBHOTO JIeJIbHOM cuctemMe nsILast cpeia HOBBIX nosiHo# BepuduKa- | HOro Mupa B Gu3nIecKu
TEXHUIECKH YCO- BO3MOXKHOCTEH MPOTO- | ITUU MTPOTOTUITUPY- | OCSI3aeMBIi TOCPENICTBOM
BEPILEHCTBOBAHHBIX | TUIIMPYIOIIEH CUCTEMbI | EMBIX TeXHOJIOTU- TEXHOJIOTUii TPEXMEPHOM
U HOBBIX 0OBEKTOB Ha OCHOBE UCTIOJIb30- | YECKUX MPOIIECCOB | MevaTh MHMOPMAIIMOHHBIX
BaHUSI OJUMOPGHBIX | TIPU JTFOOBIX YCIOBU- | OOBEKTOB € (PYHKIIMOHU-
ATOPUTMUIECKUX sIX (YHKIIMOHUPO- | pOBaHMEM UX B CAMOIIOCTA-
CTPYKTYp BaHUsI TOYHOM PEXU1Me

B clieAyoliyto mo3utuio. [Toatomy mist Kaxkaoit
nocyeayroweit oneparu GopMupyeTcst onpe-
JIeJIEHHBI MPOrHO3HBIN 00pa3 e€ COCTOSIHMS,
JIOCTUTaeMOro 00 bEKTOM KO BpeMeHU £. TexHOo-
JIOTUYECKUI ITPOLIECC, TPOTEKAIOLIIA 32 BpeMsI
T,, pasmensieTcs Ha KBaHTHI TaK, 4to 1T, =
N, * At, tne N, — 4ucio pacy€THBIX TOYEK Ha
BPEMEHHOU 1IKaje mpoiecca; Af — mepuos
BPEMEHU MEXKITy IByMsI CMEXXHBIMU KBAaHTAMM.
ITpu 3TOM IPUHSITO, YTO UBMEHEHUE COCTOSI-
HUST 00BEKTA IIPOUCXOIUT TOJIBKO B MOMEHTHI,
kpatHble At. [To Mepe yBeMUeHMST Yuciia
KBAaHTOB N, M yMEHBIUEHUS PACCTOSAHUA At
MEXIYy HUMM BU3YaTU3UPyEeMblii pe3yIbTaT
M3MEHEHUS TIOJIOKEHUST OOBEKTOB Ha COOTBET-
cTBytoleir 3D-Monenu cTaHOBUTCS OoJjiee
TJIaBHBIM U peaTucTuIHbIM. [Tpn 0co60 quHa-
MUYHBIX Mpolieccax (HampuMep, pocIyckK Ba-
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TOHOB C TOPKM) MEPUO] BpeMeHU Af MOXET
OBITb MEPEMEHHBIM U 0OpPaTHO MPONOPLUO-
HaJIbHBIM CKOPOCTU MPOTEKAHUST TEXHOJIOTHU -
YECKOU ornepanuu.

Ecnu rexHoornyeckue onepauu BbIo-
HSIIOTCS B IIITATHOM PEXUME U UMEIOT LUK -
YECKU XapakTep, TO U3MEHEHUE COCTOSTHUS
00BEKTOB, OMNpeAesieMoe KaK MepeMelieHre
BaroHOB MO MYTSIM, MOKHO CBSI3bIBATh C (hUK-
CUPOBAaHHBIM BO3JEHCTBUEM CUJI TSTH PA3IUY--
HOT0 poJia (JJOKOMOTHBOB, TOTPYy30-pa3rpy304-
HBIX MEXaHU3MOB, JIEOEI0K U AP.) U TOPMO3SI-
LM BJIMSTHUEM CUJI COMTPOTUBJICHUSI.

MonenbHble PEKOHCTPYKINUU PUIUKU
GYHKIIMOHMPOBAHUS TEXHUYECKOUN CUCTEMBI.
Monenb CUCTEMBbI C OLIEHKOM BIVSIHUS pa3iny-
HbIX (haKTOPOB paccMaTpuUBaeTcsl Kak cpena,
MPOTOTUIMPYIOLIAS peaJbHble MPOLECCHI
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C COOTBETCTBYIOILIEH TOCTOBEPHOCThIO. AleK-
BaTHOCTh PEKOHCTPYKIIMY BUPTYaTbHOTO MUPa
MH(GOPMAIIMOHHBIX 00Pa30B peaIbHbIM TEXHU -
YEeCKMM CTPYKTypaMm 3aBUCUT OT TOUHOCTH
PACYETOB BIMSIHUS CUJI PA3TUYHON MPUPOIBI.
[ToaTomy pasznuuHble MOJEIbHbIE AHAJIOTUHU
PEKOHCTPYKITMM MHOTOUMCIICHHBIX PETYJISIPHBIX
1 HEPETYJISIPHBIX BO3IEHCTBUI Y X TPUYUHHO-
CJIC/ICTBEHHBIX CBSI3€1 Oy/IyT UMETh PAa3TMUHYIO
TOYHOCTbh BOCCO3IAHUST (PU3UYECKUX U TEXHO-
Jjornyeckux 3¢ dextoB (Tadbnuiia 1).

Ocoboe 3HaUeHHe MPUOOpETaET NepeHece-
HUE Pe3yIbTaTOB PACUETHBIX COCTOSIHUM B 00-
J1actb 3D-UHCTANSALMI, TOCKOJIBKY MOSIBIISIET-
C BO3MOXHOCTb HaOJIIOaTh U3MEHEHUE CO-
CTOSTHUI 0OBEKTOB B MacIliTabax TOCTATOYHO
COBEPIIIEHHOW KOMUU MTPOTOTUITUPOBAHHOMN
pEaJIbHOU CUCTEMBI.

Monenp HyJaeBoro ypoBHd. Peanuzanus
TaKOW MOJAEIU Moapa3yMeBaeT YUET BAUSHUS
PETYJISIDHBIX BHYTPEHHUX M BHEITHUX (DaKTO-
pPOB pa3JIMYHON Mpupoabl. B aToM ciydae
TEXHOJIOTUYECKHUE OIepaliu, MMOBTOPsiEMbIe
Yyepes 3alaHHbIe MHTePBAJTbI BpeMeH! (TIPHUObI -
THE M0e3710B, pachopMUpoBaHUe, ogava Ba-
TOHOB MO/l FPY30BbI€ ONEpalu 1 Ap.), SBIs-
I0TCSI OMIPEAESIONIMMU, a COMYyTCTBYIOIIEE
MHOXXECTBEHHOE BO3aeiicTBUe HakTOpOB
YIUTBIBAETCSI HEKOTOPHIM TTOMTPABOYHBIM KO-
apduimeHToM. Pacuét cBOAUTCS K HaXO0X-
JIEHUIO BEJTMYUH MepeMeIEeHNST 00bEKTOB MO
JeiicTBeM (DUKCUPOBAHHOM CHUJIbI, MCXOMIS-
Ui OT UACHTU(UILIUPYEMOTO OOBEKTa.

OCHOBHBIM OOBEKTOM JaHHOW MOJEIU
BBICTYIIa€T BaroH, 001aato1M il TAKUMU CBOM -
CTBaMM, KaK pa3Mepbl, Macca, CKopocTb. [Tpu
MOJIEIMPOBAHUY BVKCHUST BarOHa YIMTHIBA-
€TCs ISUCTBUE CWJI TSITM M COTIPOTUBIICHUS,
0becreyrBaroIrX ONPeNeIEHHOE Pe3YJIBTUPY-
folee BO3AECTBUE HA PACUYETHBINA OOBEKT
U CTIOCOOCTBYIOIIMX MTEPEMENICHUIO MOIBIK-
HOT'O COCTaBa MO MOJIEIbHOMY KeJIE3HOAOPOX-
HOMY ITyTH C MMEPEMEHHOI CKOPOCTHIO.

Bce uzMeHeHus cocTosTHUSI OOBEKTOB B MO-
JIEJTU HYJIEBOTO YPOBHSI ONPEAEISIOTCS ITOBTO-
PSIIOIIMMMCS OTIEPALIUSIMU, KOTOPBIE BBITION -
HSIOTCS B TTOJTHOM COOTBETCTBMU C per-
JIAMEHTHOI TEXHOJIOTHEN XKeJIE3HOIOPOXXKHOM
CTaHLUMU (MIPUEM W OTIIPaBJIECHUE MOE3I0B,
MOrpy3Ka U BbIrPy3Ka BATOHOB Ha CKJIAZIE TPY-
30BOro TepMUHaJa U T.1.). MoaeabHbIi 00pa3
rpy30BOil omepanuu MpeacTaBiasieT coOoi
MPOCTYIO TMHAMMYECKYIO KapTUHY 3aIlOJIHE-
HUs BaroHa WJW €ro BBITPY3KHU IITYYHBIM,
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HACBITTHBIM, HAJIMBHBIM WJIM UHBIM TPYy30M
B 3aBUCUMOCTH OT MPOAOKUTEbHOCTHU U Xa-
pakTepa ornepaluu.

Mogesib HayaIbHOTO YPOBHS. MOnEIbHbIN
BaroH paccMaTpUBaeTCsl KaK MH(POOOBEKT,
obnamam Ui pSIaOM JOMNOTHUTEIbHBIX
CBOICTB, XapaKTepU3yIOLIUX €r0 B CUCTEMAaX
B3aUMOJIEICTBUS «BarOH—IMYTh», «BarOH—
rpy3», «BarOH—JIOKOMOTUB» U ap. K MuHuU-
MaJbHOMY HabOpy CBOMCTB, XapaKTepHOMY
JUISI MOJIEJTA HYJIEBOTO YPOBHSI, 10OABISIIOTCS
WHbIE 3HAYUMBbIE CBOMCTBA XKEJE3HOAOPOXK-
HOTO MYTU (MapaMeTpbl PeJbCOIIITaTbHONU
pEelIeTKN, BEPXHEr0 U HUXHEro CTPOEHUI,
TeKyllee COCTOSIHUE, CPOKU BBIMTOJHEHUS
PEMOHTOB, HaiMuue neheKToB U T.A.). TaH-
JNleMHasl CBSI3Ka «BarOH—IMYyTb» MO3BOJISIET
paccUuThIBAaTh BHYTPEHHUE HAMPSIXKEHUS
U neopmali BEpXHETro CTPOEHUSI OT yaap-
HBIX HArpy30K, MepeaaBaeMbIX ABUXYIIIMMCS
TMOJBUXXHBIM COCTaBOM.

XapakTepHasi 0COOEHHOCTbh HayaJlbHOTO
YPOBHS MOJIEJIM — PACYET COCTOSIHUIA CBSI3aH-
HBIX 00BEKTOB, BJIUSIONIUX APYT Ha Ipyra
B mpoliecce B3auMopaeicTeus. [1pesanupyro-
1M OOBEKTOM SIBJISIETCS] BaTOH, B3aUMOJIEI -
CTBYIOIIUI C XeJIE3HOJOPOXKHBIM IyTEM, JIO-
KOMOTUBOM, I'py30M. 30aHUSI U COOPYXKEHUS
MPUCYTCTBYIOT B TAaHHOW MOJIEU, HO B Kaye-
CTBE aHTYPaXKHBIX 00BEKTOB. M3 MHTErpaibHO-
TO BO3MIEUCTBUS MPOUYUX (HAKTOPOB BHIUICHSI -
10TCs1 9 HEKThI, OTpaXKarlle KOHTaKT Baro-
HOB C 2JIEMEHTaMU IyTHU.

Monenb peryJasiMoHHOro ypoBHs. B pe-
aJIbHOW CHUCTEME CYIIIECTBEHHOE BJIMSIHUE Ha
MPOUCXOASIIME IMTPOLIECCHI OKA3bIBAIOT APYTUE
CTOPOHHUE CWJIbI PA3JIMYHOTO MPOUCXOXKIEHUS
(Harpy3ka OT MOPBIBOB BETpa, TeMITEpaTypHbIE
3 deKThl, nedeKThl KOJECHBIX Map BaroHOB
U pesbcoB, Aedopmalusg NyTv U T.4.). DTU
BJIASHUS GOPMUPYIOT Cpeay QIyKTyallMOHHO-
ro BO3IEUCTBUSL (PaKTOPOB, KOTOPbIE BMECTE
C CUJIAMU TSTU Y COMPOTUBJICHUS OMPEACIISIIOT
XapaKTep BBIMOJHEHUS TEXHOJIOTUYECKUX
onepanuii. B Mozenu peryisiiioHHOTO YpOBHS
MPUCYTCTBUE PIYKTYalIMOHHOTO KOMIIOHEHTA
JEMOHCTPUPYIOT PACYEThl BAPUATUBHBIX CUJT
HeperyasgpHoro aeiicteusg. MHTerpaibHas
KapTUHA CTOPOHHUX BO3AEUCTBUI MOIEIU
HayaJIbHOTO YPOBHS pa3jiaraeTcs Ha COCTaBJIs -
IOIME C UCCIEeNOBAHUEM XapaKTePUCTUK
OKPY>KEHUSI KITI0UEBBIX UCTTOJTHUTEJIEN TEXHO-
JIOTUYECKOTO MPOLIECCca, ONpPeeIeHUEM TOUEK
WX COMPSIKEHUS U BBISIBJIEHUEM UHIUBUTYaTb-
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Horo BAusHUsA. Hanuuue nHdopmanuu
O MIPEICTOSIIMX OTOJHBIX YCIIOBUSIX, COCTOSI-
HUU BaroHOB MPUOBIBAIOIINX MOE3I0B, TEKY-
IIEM COCTOSTHUU ITyTH T03BOJIIET (popMUpPO-
BaTh MPOTHO3HBIN rpaduK GIIyKTyallMOHHBIX
BO3JICUCTBUIA, KOPPEKTUPYIOLLIMIA 3aIaHHBIA
XOJ1 TEXHOJIOTUYECKUX OTIepalvii.

B peanbHOI TeXHUYECKOU CUCTEME CYILe-
CTBYET CBOS perjaMeHTHass HopMa, CBOe-
o0pa3Hblii (popMaabHO YCTAaHOBJEHHBIN
(MHCTUTYUMOHHBIN) HITAaMII COCTOSTHUS
00BEKTOB, XapaKTepU3yeMblii MOJIOXEHUEM
Ha BPEMEHHOW OCH pa3BEPTHIBAHUS TEXHO-
Jjornyeckoit onepaunu. IMogoOHBINA TeXHO-
JIOTUYECKU I 111a0JIOH OOBIYHO HE MPUHOCUT
Kenaemoro 3¢ ¢eKkTa B CUITY psijia HECUCTEeM-
HbIX (akTopoB. [ToaTOMy 1IEe7IeBOE CUIIOBOE
BO3JEICTBME Ha OOBEKT, MPUBOASIIEE K U3-
MEHEHMUIO €r0 COCTOSTHUS, MOXET pacCMaTpu-
BaTbCsl KaK HEKUI UMITYJIbC, UAEHTUYHBIN
COBOKYITHOMY MHOTO(aKTOPHOMY BIUSIHUIO
BHEIIIHEN CpeIbI.

Mopenp peryasiliuoOHHOTO YPOBHS COAEP-
XKUT KOHTYp oOpaTHolf cBs3u. Eciau npu
KOHKPETHOM COYETaHWUU 3HAYEHUIT ITapame-
TPOB HEKOTOPBINA NOCTUTAEMBII PEXUM pa-
0O0ThI MOJIEIM ObLT MPU3HAH HEYIOBJIETBOPU -
TeJbHBIM (TPUBOJUT K OMTACHBIM CUTYALMSIM,
COIPOBOXKIAETCSI BBIXOJAOM YCTPOUCTB U3
CTPOS U T.J.), TO B MOCJEAYIOIIMX LIUKIIaX
TaKOU pexxuM OyAeT UCKITIOUEH.

Monenb penpoayKTUBHOTO YPOBHS pa3-
BUBAeT KOHTYPbI 00paTHOM CBS3U, DOpMUDPYS
OTKAa30yCTOMYMBbIE COYETAHUS 3HAUECHUU
napaMeTpoB (PyHKIIMOHUPOBAHUS OOBEKTOB
U obecrevyrBasi pacTylilylo MTOJHOTY HacTpa-
MBaeMbIX ITOBEIEHYECKUX PeaKIIii MOJEb-
Hol cucTteMbl. B mpoliecce paboThl HaKaIIU-
BaeTCsd UHTEJJIeKTyaJbHas 0a3a 3HaHUMU,
MO3BOJISIIONIAS] COBEPIIIEHCTBOBATh U OMTH-
MU3UPOBATH MPOLIECCHBIE PEXUMBI C (POpMU-
pOBaHUEM MOJAEIBHOIO MHCTUTYLUMOHHOTO
LITaMIIa COCTOSIHUS OOBEKTOB C BOZMOXHBI-
MU OTKJIOHeHUusIMU. B Gasze 3HaHuit comep-
XKATCS MHOTOINapaMeTpU4YecKue CBSI3HbIE
KOHCTPYKIIMU MO 3aBUCUMBIM JIPYT OT Apyra
3HAYEHUSIM COCTOSIHUSI HE TOJIBKO OJHOTO
00BbeKTa (TOMOTEHHbIE CTPYKTYPhI), HO U He-
CKOJIBKMX OOBEKTOB (F€TE€POTEHHbIE CTPYK-
Typbl) — HAaIpUMep, BaroHa U MyTH, BaroHa,
nyTd U rpy3a. [eTeporeHHble KOHCTPYKIIUU
0COOEHHO BaXKHBbI TSI MOJIEJTU PENPOYKTHB-
HoOro ypoBHs1. OHU moMoraroT GopMUpPOBaTh
HOBbIe 3(DDEeKTUBHBIE PEXKUMBI PAOOTHI CTaH-
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LIMU, OTCYTCTBYIOLIME B TPAKTUKE PEaIbHBIX
TEXHUYECKUX CUCTEM.

Mozesb KOHCTPYKTUBHOIO YPOBHS 00Ja-
JTaeT pa3BUTBIMU UH(POPMAITMOHHBIMU CPEI-
CTBaMM aIalTalliy K BHEITHUM BO3/IEHCTBUSIM
C TIOACTPONKON CUCTEMBI TEXHOJOTUYECKOTO
obecrnieyeHus MoJ1 YCIOBUS TEXHOJIOTUYECKOMN
ornepauuu. [Ipyu 3TOM aKTUBU3UPYIOTCS BO3-
MOXHOCTH MOJIEJIBHO Cpe/ibl, HallpaBJieHHbIE
Ha HEWTpaJM3alui0 HEraTUBHOTO BIUSHUS
cpenbl. Hanmpumep, mporpaMMHBIN aHaIU3
MOKa3bIBAET, YTO CUJIA BETpa SIBJISIETCS CyILe-
CTBEHHBIM (haKTOPOM, NEHCTBUE KOTOPOTO
TPUBOMIUT K 3HAYNTEJIbHBIM 9KOHOMUYECKUM
MOTEPSIM MPU pachOPMUPOBAHUU BATOHOB Ha
ropke. KOHCTpYKTUBHBII aIrOpUTM MOAEIU
B OTBET MPOEKTUPYET 3aIUTHOE COOPYKEHUE
C MOCJIeTYIOIINM BBOIOM €I0 B 9KCILTyaTalllio
MPOTOTUITUPYIOIEr0o 0O6pa3a TEXHUYECKOUN
CHUCTEMBI.

Kpowme Toro, B Moziesim BO3MOKHO UCITONb-
30BaHME MEP, HEMOCPEACTBEHHO BO3ICICTBY -
FOIMX Ha TIPUYMHBI BOSHUKHOBEHMS HETATUB-
HbIX BIussHU. To XXe BeTpoBOe BO3/eCTBUE
Ha MpolIecC POCITyCKa BATOHOB C TOPKU MOXET
OBITh UCKJTIOYCHO W MHBIMM, BHEITHUMH 10
OTHOLIEHUIO K XEeJI€3HOAOPOXHBIM CTaHIIU-
gaM, cpeactBamu. Hampumep, ¢ moMouibio
KJIMMAaTUYECKUX CTAaHLMI, KOTOPbIE TacsT
BO3MYIIIHbIE TOTOKX Ha TOIX0AAX K POMBIIII -
JICHHBIM LIEHTpaM U ropojaam. Tak Kak peyb
HUIET O MOZIEJIbHBIX MEPaX, B AJITOPUTM PaOOThI
MOAOOHBIX METACTPYKTYP Ha YPOBHE KOHCTPY-
UPOBAHUS MPOLIECCOB U OOBEKTOB MOTYT 3a-
KJ1abIBaThCS PEXUMBI [JI00ATbHON ONTUMU-
3aLMU C BBIXOJOM PEKOHCTPYKTUBHOM CpeIbl
3a Mpeaesibl TPaHUll OTAEJbHOTO MyHKTa
TpaHCIoOpTA.

Mozesib KOHCTPYKTUBHOTO YPOBHS ITO3BO-
JISIET IPOBOAUTH KOPPEKIIUIO HETaTUBHOTO
BJIMSTHUSI CPEJIbl BCAKUI pa3 MPpHU TOSTBICHUN
MOBTOPSIOLIUXCS OTPULIATEbHBIX ITPOLIECCOB,
MIPUBOASIINX K 3HAYUTEIbHBIM 3aTpaTaM.
BBeneHue HOBBIX OOBEKTOB B MOAEIbHYIO
CHUCTEMY MPOU3BOAUTCS TOJBKO TOTAA, KOTAa
pacyéTamu JOKa3bIBAETCS BO3MOXHOCTb CHU-
>KE€HUS OO0LIMUX MOTePbh SKOHOMUYECKOTO WU
MHOTO XapakTepa u obecrieueHus 6osee 6e3-
OIMacHOro (PYHKIIMOHUPOBAHUS BCE PEKOH-
CTPYKTUBHOW cpelibl. B mpoTUBHOM ciiydyae
WHTEJIJIEKTYajlbHash MOJeNbHAS cpeaa UIEeT
pallMOHaTbHbIE BAPUAHTHI U3MEHEHUS TEXHO-
JIOTUW, MUHUMU3UPYIOIIUE TO WIX UHOE He-
TraTUBHOE BO3JEWCTBUE.
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Takum 06pa3om, MOIETb KOHCTPYKTUBHOTO
YPOBHSI B aKTUBE CBOUX BO3ZMOXHOCTEI NMeeT
MOTEHLIMAT 0OBEKTHOM 1 MPOLIECCHO PEKOH-
cTpykunii. O0beKTHASI PEKOHCTPYKILIMS Pa3BU-
BaeT MOJEIBHYIO CPELY, PACILIUPSIS YUCTEHHBIA
COCTaB OOBEKTOB, IOTOTHSET CYIIECTBYIOLIUA
BapUaTUBHBIN pECypC B apXUTEKTYpe MOJIE/Ib-
Holt cpenbl. [IporieccHast peKOHCTPYKIMST He
MEeHee CJIOXHA, 00 MPUBOAUT K U3MEHEHUIO
TEXHOJIOTUM, SIBJISISICh MOIIHBIM TTPOIYKTUB-
HBIM CPEAICTBOM HEJIOKAIBbHOU ONTUMU3ALIUAM.
KoMOuHMpoBaHHOE MCTOIB30BaHUE OOBEKT-
HOM ¥ ITPOLIECCHOW PEKOHCTPYKLIMIA B MOJEJISIX
BBICOKOU MHTEJUIEKTYaJIbHOCTH MOBBIIIAET
LIAHC TTPOTOTUITMPOBATH PA3BUBAIOIIINE CPEIbI,
CIENIaTh PEAJTbHO MPOrPECCUPYIOIIIMMU MTPOEK-
TUPYEMbIE U UCTIOJb3yeMbIE TEXHUYECKUE CU-
CTEMBI.

BbiBO4bl

Monenu GyHKIIMOHUPYIOIIEH XKeJIe3HOI0-
POXXHOW CTaHIIMU MOTYT (hOPMHUPOBATHCS KaK
PSIL CBSI3HBIX TIOCJIEIOBATEIBHBIX MPOrpaMM-
HBIX MOAM(pUKaLuii. Moaenb HyJIeBOro YpOBHS
PEKOHCTPYUPYET TOJIBKO 3HAUMMBbIE TEXHUYE-
CKUE U TEXHOJIOTUYECKUE CBOMCTBA OOBEKTOB,
OMpeAessis OOIIY0 KApTUHY Pa3BUTUS ITPOLIEC-
coB. [locrenyroimye ypoBHU HACIEIyIOT UH-
dopMaliMoHHbIe 00pa3bl MPEAbIIYIINX C pa3-
BUTUEM CpeIbl B3aUMOACUCTBUS OOBEKTOB
B HaIpaBJIeHUN aIeKBATHOCTU (DyHKIIMOHATY
MPOTOTUIMPYEeMBbIX 00pa3oB. biarogaps mexa-
HU3MY aIalTalluy U UCTIOTb30BAHUIO OOLINP-
HOI1 6a3bl 3HAHWI MOBBIIIAETCS TOYHOCTD OT-
paxXeHUs MPOUCXOISIIIUX TEXHOJIOTUYECKUX
MPOLIECCOB.

AKTyamM3anusi MOJEIbHBIX TEXHOJIOTUYE-
CKUX TMPOLIECCOB 00eCeUnBACTCS TTOCPEICT-
BOM COTIOCTaBJICHUS TOCTUTHYTBIX COCTOSTHUI
MPOTOTUMTUPOBAHHBIX OO BEKTOB MO KOHTPOJIb-
HBIM TOYKaM IIMKJIa Pa3BEPTHIBAHUS PEATTbHBIX
TEXHOJIOTUIECKUX OTIEPALIAIA. DT TOYKU MOTYT
OBITh (PUKCUPOBAHHBIMU MU U3MEHSITHCS
B 3aBUCUMOCTHU OT XapaKTepa CJIOXHOCTU BbI-
MOJTHSIEMBIX OTepalrii.

PeanmucTuyHOCTH MONIEIBHBIX CTPYKTYP
nomuepkuBaercst 3D-uHTeprperaieii pe3yib-
TaTOB BCEX BBIMUCIUTENIbHBIX Mpouenyp. [Ipen-
CTaBJIEHUE UTOTOBBIX COCTOSSHUI OOBEKTOB
B BUJIE TPEXMEPHOI PEKOHCTPYKIINHT (hOpMUPY-

€T BU3YaJIbHBII 00pa3, Co3MaeT 3p3all-CTPYKTY-
Py peaJIbHOM CTaHLIMM, KOTIMPYS 3HAYMMBbIC
CBOIICTBA MOJIEIMpyeMbIx 00beKTOB. Hamnune
B MOJIEJISIX MOHUTOPHBIX M ATalITUBHBIX KOHTY-
POB ITOACTPONKY IPUOJIMIKAET PEKOHCTPYKIIMIO
K peajIbHbIM TEXHUUECKUM CUCTEMaM, (DYHKIIO-
HUPYIOIINM B IIUKJIMYECKOM PEXKUME cOalaH-
CHPOBaHHBIX COCTOSTHUI OOBEKTOB U Aa30-
Hax, pa3pellI€HHbIX (PU3MYECKMMU 3aKOHAMU
¥ TEXHOJIOTMYCCKUMU TPEOOBAHMSIMIUL.
MogenmpoBaHUe MPOCTPAaHCTBEHHO-BPE-
MEHHBIX U3MEHEHUII OOBEKTOB U IPOLIECCOB
Ha KeJIC3HOMOPOXKHOM CTAHLMU 3aTparuBaeT
HEOOXOIUMOCTh BOCITPOM3BEICHUS CIIOXKHBIX
HEJIMHEMHBIX SIBJICHUI ¢ MHOXKECTBOM BIIMSIIO-
KX (PaAKTOPOB CUCTEMHOTO Y BHECUCTEMHOTO
xapakrtepa. [1oaToMy peKOHCTpynpoBaTh BCe
COOBITHSI, TIPOUCXOISIIIME Ha PeaIbHOM CTaH-
LMY, HEBO3MOXHO. Peub MIeT 0 NpoTOTUIIN -
POBaHUH TOIHKO 3HAYMMBIX oTeparimii. Jlocto-
BEPHOCTb TAKUX MOJIEJIEl CIIeYeT OIPEeIsITh
KakK CIIOCOOHOCTh MH(MOPMALIMOHHON CpeIbl
PEILUTMIIMPOBATh OTEpalli, PeTrJIaMeHTHUPO-
BaHHBIC TEXHOJIOTUIECKIM ITPOIIECCOM CTaH-
LIMU, ¥ KOPPEKTHO PACCYMTHIBATh BO3MOXKHbBIC
IIOJIOKEHUSI OOBEKTOB KaK CJIEICTBUS JeCTBUS
onpeaeaeHHbIX (PaKTOPOB.
BocnpousseneHue paboThl Keae3HOM0-
POXKHOIA CTAaHLIMY B aIeKBATHOM MOJIEJIbHOM
aHaJIoTe C pa3IMYHOM TOUHOCTHIO PEKOHCTPY-
UpYEeMbIX (PU3MYECKUX MTPOIIECCOB CYIIECT-
BEHHO pacIIUpsSIET BO3MOXHOCTHU Ccdepbl
MIPOTHO3MPOBAHUS OTKA30B TEXHUYECKUX
CpEACTB, OLIEHKU YPOBHS 0€30ITaCHOCTH BBI-
MOJTHSIEMBIX TEXHOJIOTUYECKHX OTlepallyii TPy
HACTYIUICHUM MaXXOPHBIX 00CTOSATENILCTB,
a TakKe TIPOEKTUPOBaHUs 00Jiee COBEPIICH-
HBIX CITOCOOOB OpraHM3allMy POX3BOJICTBA.
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MODELS OF STATIONS WITH FUNCTIONALITY OF PROTOTYPES OF PHYSICAL

AND TECHNOLOGICAL PROCESSES

Golovnich, Alexander K., Belarusian State Transport University, Gomel, Belarus.

ABSTRACT

Possibilities of model reconstructions of railway
stations of different complexity level with the reproduction
oftechnology of their operation on the basis of algorithms
of correct physics of processes are considered. Realistic
construction of models is emphasized by a 3D
interpretation of the results of computational procedures,

with the help of which avisualimage is formed, an ersatz
structure of the station is created, and the meaningful
properties of the prototyped objects are copied. At the
same time, the space-time changes accompanying the
modeling correlate with a set of nonlinear phenomena
and a multitude of factors of a systemic and non-
systemic nature.

Keywords: system, 3D station model, prototype, technology, physical processes, nonlinear phenomena,

failure prediction.

Background. The fulfillment of any technological
operation is associated with the account of complex
influence of various external and internal factors [1].
Therefore, for correct model interpretation of station
technology, an important role is played by correct
reflection of the bonds of interacting objects [2].
Objects in such a model must change their position
in accordance with the laws of real-world physics.
Model cars are considered [3] as pseudo-physical
constructions of elements with elastic and rigid
connections, possessing a certain inertia of motion
and capable of moving under different forces through
virtual railway tracks. Rotational movement of wheels
of rolling stock, by analogy with real physical
processes, is transformed into a progressive
movement of a car.

Modeling of any technological process is
connected with the realization of a number of
operations inheriting the content of each other [4].
The transition of the operation O, to the technologically
connected operation O,,, is determined by the
algorithm of the model technology that ensures the
transfer of the achieved state of the object at the time
of the completion of the operation O, to the next
position. Therefore, for each subsequent operation,
a prediction image of its state, reached by the object
at time t, is formed. The technological process that
takes place during time T, is divided into quanta so
that T, =N, - At, where N, is the number of calculated
points on the time scale of the process; At is the period
of time between two adjacent quanta. It is assumed
that the change in the state of the object occurs only
at times that are multiples of At. As the number of
quanta N, increases and the distance At decreases
between them, the visualized result of changing the
position of objects on the corresponding 3D model
becomes smoother and more realistic. In particularly
dynamic processes (for example, the dissolution of
cars from a hump), the period of time At can be
variable and inversely proportional to the speed of the
technological process.

If the technological operations are performed in
a regular mode and have a cyclic character, then the
change in the state of objects, defined as movement
of cars along the tracks, can be associated with a fixed
effect of traction forces of various types (locomotives,
loading and unloading mechanisms, winches, etc.)
and the inhibitory effect of the forces of resistance.

Objective. The objective of the author is to
consider models of stations with functionality of
prototypes of physical and technological processes.

Methods. The author uses general scientific and
engineering methods, comparative analysis,
mathematical apparatus, simulation.

Results.

Model reconstruction of the physics of
technical system functioning. A model of a system
with an estimate of the influence of various factors is
considered as an environment prototyping real
processes with appropriate credibility. The adequacy
of reconstruction of the virtual world of information
images to real technical structures depends on
accuracy of calculations of the influence of forces of
different nature. Therefore, various model analogies
for reconstruction of many regular and irregular effects
and their cause-effect relationships will have different
accuracyinreconstruction of physical and technological
effects (Table 1).

Of particular importance is the transfer of the
results of the calculated states to the 3D installations,
since it becomes possible to observe the change in the
state of objects on the scale of a sufficiently perfect
copy of the prototype real system.

The zero-level model. The realization of such a
model implies taking into account the influence of
regular internal and external factors of a different
nature. In this case, technological operations, repeated
at specified intervals (arrival of trains, dissolution,
delivery of cars for cargo operations, etc.) are decisive,
and the accompanying multi-factor impact of factors
is taken into account through some correction factor.
The calculation is reduced to finding the values of
displacement of objects under the action of a fixed
force, proceeding from the identified object.

The main object of this model is a car with such
properties as dimensions, mass, speed. When
modeling the motion of the car, the action of traction
and resistance forces are taken into account, which
provide a certain resultant effect on the design object
and facilitate the movement of rolling stock along a
model railway track with variable speed.

All changes in the state of objects in the zero-level
model are determined by repetitive operations, which
are performed in full accordance with the regulatory
technology of the railway station (reception and
departure of trains, loading and unloading of cars in
the warehouse of a freight terminal, etc.). The model
image ofa cargo operation is a simple dynamic picture
of filling of a car or its unloading with piece, bulk, bulk
or other cargo, depending on the duration and nature
of the operation.

The initial-level model. The model car is
considered as an info-object with a number of
additional properties that characterize itin the systems
of interaction «car—track», «car—cargo», «car—
locomotive», etc. To the minimal set of properties
characteristic for the zero-level model, other significant
properties of the railway track are added (parameters
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Table 1
Classification of model schemes for prototyping technological processes of the railway station
Model Appearance Functionality Restrictions Possible areas
of the level of objects of application
Zero Realistic 3D image of | Change in the state of Lack of consideration of Interactive learning
tracks and cars objects under the influence technologies, application
the influence of constant of factors of irregular as animation illustrations in
cyclic influences action electronic textbooks
of the surrounding
environment
Initial Forming Integral assessment of the | No evaluation Studying dependence
of information influence of the isolated influence of the influence
3D objects of multiple factors of significant factors of of significant factors
of the station on the state of objects irregular action of the irregular effect
on the state of objects on the state of objects;
development of methods of
verification
of initial-level models
Regulatory Highly realistic in form | Application The lack Studying the properties
and adequate in terms | of the equilibrium regulator | of a full-value mechanism | of objects in the model
of content a model of the model system with of adaptation to sharp environment, an adequate
world in the dynamics | elements impacts, capable real technical system
of functioning of adaptive correction of removing the system
processes from the region
of stable equilibrium
Reproductive Stably functioning Behavioral functions Restriction Studying the possibilities of
model of the model environment | of efficiency the model reaction under
in autonomous mode ensuring reconstruction of the behavioral functions | normal conditions
with high reliability of | of technological processes | of the model medium of technology reconstruction
prototyped processes in the effective mode under the major
of a wide range conditions
of actions
Constructional | Appearance Self-reproducing The impossibility Transformation
in the modern system environment of complete verification of the model world
of technically advanced | of new capabilities of prototyped into a physically tangible
and new objects of the prototyping system | technological processes environment
based under any conditions of by means
on the use of polymorphic | functioning of technologies
algorithmic structures of three-dimensional
printing
of informational objects with
their functioning
in a self-sufficient mode

of the rail-sleeper grid, track superstructure and
substructure, current condition, repair schedule,
defects, etc.). The tandem bunch «car—track» allows
to calculate the internal stresses and deformations of
the track superstructure from shock loads transmitted
by moving rolling stock.

A characteristic feature of the initial-level model is
the calculation of the states of related objects that
affect each other in the process of interaction. The
prevailing object is a car that interacts with a railway
track, a locomotive, cargo. Buildings and structures
are present in this model, but as entourage objects.
From the integral impact of other factors, the effects
that reflect the contact of cars with track elements are
identified.

The model of the regulatory level. In the real
system, other external forces of different origin (load
from gusts, temperature effects, defects in wheel sets
of cars and rails, deformation of the track, etc.) exert
a significant influence on the processes taking place.
These influences form the environment of the
fluctuation effect of factors, which together with the
forces of traction and resistance determine the nature
of performance of technological operations. In the
model of the regulatory level, the presence of the
fluctuation component is demonstrated by calculations
of the variational forces of irregular action. The integral
picture of the external influences of the initial-level
model is decomposed into components with the study
of the characteristics of the environment of the key
performers of the technological process, the
determination of their conjugation points and the
identification of individual influence. The availability of

information on upcoming weather conditions, the
condition of cars of arriving trains, the current state of
the track allows to generate a forecasted fluctuation
effects chart that corrects the specified course of
technological operations.

In a real technical system, there is a regulatory
norm, a kind of formally established (institutional)
stamp of the state of objects, characterized by the
position on the time axis of the deployment of the
technological operation. Such a technological template
usually does not bring the desired effect due to a
number of non-systemic factors. Therefore, the target
force influence on the object, leading to a change in its
state, can be considered as a kind of impulse identical
to the combined multifactorial influence of the external
environment.

The regulatory level model contains a feedback
loop. If, with a specific combination of parameter
values, some achieved mode of work of the model was
considered unsatisfactory (leads to dangerous
situations, accompanied by the failure of devices, etc.),
then in subsequent cycles this mode will be excluded.

The model of the reproductive level develops
the feedback loops, forming fault-tolerant combinations
of the values of the parameters of the functioning of
objects and ensuring the growing completeness of the
customized behavioral responses of the model system.
In the process of work, the intellectual knowledge base
accumulates, allowing to improve and optimize process
modes with the formation of a model institutional stamp
of the state of objects with possible deviations. The
knowledge base contains multiparameter connected
constructions with state-dependent values of not only
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one object(homogeneous structures), but also several
objects (heterogeneous structures) — forexample, car
and track, car, track and cargo. Heterogeneous
structures are especially important for the reproductive
model. They help to form new effective modes of station
operation, which are absent in the practice of real
technical systems.

The model of the constructive level has
developed information means of adaptation to external
influences with the adjustment of the system of
technological support to the conditions of the
technological operation. At the same time, the
capabilities of the model environment, aimed at
neutralizing the negative influence of the environment,
are activated. For example, a program analysis shows
that the strength of the wind is an important factor, the
effect of which leads to significant economic losses
during the dissolution of cars on the hump. The
constructive algorithm of the model in response
projects a protective structure with its subsequent
commissioning of the prototyping image of the
technical system.

In addition, the model can use measures that
directly affect the causes of the occurrence of
negative influences. The same wind impact on the
process of the dissolution of cars from a hump can be
ruled out by other means external to the railway
stations. For example, with the help of climate
stations, which extinguish air flows on the approaches
to industrial centers and cities. Since we are talking
about model measures, in the algorithm of the work
of such megastructures at the level of designing
processes and objects, global optimization regimes
can be laid down with the release of the reconstructed
environment beyond the boundaries of a separate
transport point.

The model of the constructive level allows to
correct the negative influence of the environment every
time when repeated negative processes occur,
resulting in significant costs. The introduction of new
objects into the model system is only carried out when
the calculations prove the possibility of reducing the
overall losses of economic or other nature and ensuring
more safe functioning of the entire reconstructive
environment. Otherwise, the intelligent model
environment seeks rational options for changing
technology, minimizing any negative impact.

Thus, the constructive level model has the potential
of object and process reconstruction. Object
reconstruction is developing the model environment,
expanding the numerical composition of objects,
complements the existing variable resource in the
architecture of the model environment. Process
reconstruction is no less complicated, because itleads
to a change in technology, being a powerful productive
tool of non-local optimization. The combined use of
object and process reconstructions in models of high
intellectuality increases the chance to prototype
developing environments, making projected and used
technical systems really progressing.

Conclusions. Models of a functioning railway
station can be formed as a series of coherent
sequential program modifications. The zero-level
model reconstructs only significant technical and
technological properties of objects, determining the

overall picture of the development of processes. The
following levels inherit the information images of the
previous ones with the development of the interaction
medium of objects in the direction of adequacy to the
functional of prototyped images. Thanks to the
mechanism of adaptation and use of an extensive
knowledge base, the accuracy of reflecting the current
technological processes is increased.

Actualization of model technological processes is
provided by means of comparing the achieved states
of prototyped objects to control points of the
deployment cycle of real technological operations.
These points can be fixed or vary depending on the
nature of the complexity of the operations performed.

The realism of model structures is emphasized
by the 3D interpretation of the results of all
computational procedures. The representation of
the final states of objects in the form of a three-
dimensional reconstruction forms a visual image,
creates an ersatz structure of the real station,
copying the significant properties of the objects
being modeled. The presence in the models of
monitor and adaptive tuning circuits brings the
reconstruction closer to real technical systems that
function in a cyclic mode of balanced states of
objects and ranges that are allowed by physical laws
and technological requirements.

Simulation of space-time changes in objects and
processes at the railway station affects the need to
reproduce complex nonlinear phenomena with a
multitude of influencing factors of systemic and extra-
systemic nature. Therefore, it is impossible to
reconstruct all events occurring at a real station. It is
about prototyping only significant operations. The
reliability of such models should be defined as the ability
of the information environment to replicate operations
regulated by the technological process of the station,
and correctly calculate possible positions of objects as
consequences of certain factors.

Reproduction of the work of the railway station in
an adequate model analog with various accuracy of
the reconstructed physical processes significantly
expands the scope of forecasting failures of technical
means, assessing the level of safety of the technological
operations performed in the event of major
circumstances, and also designing better ways of
organizing production.
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B crarbe npeacrassieHO pac4ETHO-
TeopeTnyeckKkoe MogesiMpoBaHue rpoLeccos
MaHeBpUpPOBaHUs CY[0B, OCHALEHHbIX
BUXPEBbIMU ABVKNTESIIMU, 060CHOBAaHbI
rugpoanHamMuyeckue rnpuHUnnLl MaHéepa
npuv NU3MeHEeHUN PeXXMMOB reHepaTopoB
BUXpe N KNHeTU4eCKol 3Hepruu,
nokasaHbl criocobbl packpyTku BOAbI B 30He
3aMKHYTOro re4yeHus («npucoeanHEHHON
Macchbl») npyv nepexoae cyaHa n3 COCTOSIHUS
IMOKOSI B PEXXUM YCTOSIBLUEIOCSl 4BVKEHUS.
lMpeanoxeHs! NPUHUNNNanbHas cxema
AOMOJIHNTEJIbHOIr0 yCTPONCTBA K BUXPEBbIM
ABVWXUTEJISIM U aJIrOPUTMbI KOMITbIOTEPHOIO
MoaesnMpoBaHUs ero UCrosib30BaHNs AJisl
Pa3/In4yHbIX BApUaHTOB MaHeBPUPOBaHUS.
OnucaHbl NpenmMyLyecTBa cysoB

C reHeparopaMu BUXpPeBbiX Nnap, B TOM
Yyucsie ToponaasibHbIX BUXpen (TEPMUKOB),
3¢ PeKTUBHOCTb ABUXUTEIIEN KOTOPbIX
yBeJINYUBAETCS C POCTOM UX rabaputos.

Knro4eBbie cnoBa: BOAHbIV TPAHCIOPT,
BUXPEBbLIE ABVXUTENN, KNHETUYECKAS] SHEPIUS,
HaaBOAHOE CyAHO, roABOAHOE ( TopouaabHOE)
cyaHo, 1060BO€ COonpoTUB/IEHNE, TEeYEeHNe

B OKPECTHOCTM BUXPEBOWV Nnapbl, J10M1atka, poTop,
MoaenMpoBaHve, ONTUMAbHbIVi MaHEBP.
|
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BOTNPOCHI TEGP

UH)XeHepusa u mogenupoBaHue
ONTUMAJZIbHOro MaHeBpPUPOBaHUSA
CyAOB C BUXpPEBbIMMU
ABVNXUTENIMU

Ocmpoyxoé Huxoaaii Huxoaaeeuu — xandudam
usUKO-Mamemamu4eckux HayK, Cmapuui
HayuHbvlil compyoHUK, 00UeHm Kagheopsl NpUKAAOHOU
Mamemamuku, UHPOPMAUUOHHBIX MEXHON0UU U
anexmpomexuuxu MAU, Mockea, Poccus.
Yymakoea Examepuna Bumaaveena — kanouoam
uzuko-mamemamu1eckux Hayxk, 0oyenm Kageopol
NPUKAAOHOU MAMEMAMUKU, UHPOPMAYUOHHBIX
mexHonoeuiil u anexkmpomexunuxku MAHU, Mocksa,
Poccus.

peuMYIIecTBa BUXPEBBIX IBUKUTENCH

[1—3] Hanbosee MOTHO peanu3yoTcs

B YCTAHOBMBIIEMCST PEeXKUME TBUKE-
HUSI CYNOB, T.€. C TTIOCTOSTHHOH 10 3HAYeHUIO
¥ HAIMpaBJIeHUIO CKOpOcThio. Takue cyna
MPAaKTUIECKU HE UCITBITHIBAIOT TOOOBOTO CO-
MPOTUBJICHUST U TIOTpeOIsieMass UMU MO -
HOCTb Ha HECKOJIbKO TIOPSIIKOB MEHBIIIE, YEM
Y CYIOB, BBITIOJIHEHHBIX TIO TPATUIIMOHHOMN
CXEME «KOPITYC—IBVKUTENb», PACTIONIATaeMbIX
JIpyT 3a ApyroMm [4].

ITpupona nmpenMyIiecTB cyaoB, OMMUCaH-
HBIX B [ 1], cOCTOUT B TOM, UTO IBUXKUTENIb HE
«TIPOTATKUBAET» KOPITYC CyHA U Ce0sI CKBO3b
BOJY WJIM BO3MyX, a OyAy4u TeHEepaTOpoOM
BUXPEBOI1 Mapsl [4] 1 MOTPY>KEHHBIM B 00J1a-
CTHU 3aMKHYTOTO TEUEHUS B OKPECTHOCTH TOM
Taphbl, IEPEeMeIaeTCcsI BMECTe C HEeld.

OTcyTCcTBUE K€ JTOOOBOTO COTTPOTUBIICHUST
TIPY 3TOM OOBSICHSIETCSI TEM, YTO BO BCEM TIPO-
CTPAHCTBE BOKPYT BUXPEBOI Maphbl pean3yeT-
csI TeUeHUE C HETIPEPBIBHBIM PACIIpeIeIEHUEM
ckopocTH (0e3 cKaukoB) [5—7]. MOIIHOCTB,
HeoOXonnMasi Ha TofiiepXKaHue TaKoTo Teue-
HUS U, COOCTBEHHO, Ha IBUXKEHUE Cy/IHA, 00-
YCJIOBJIEHA TOJIBKO TUCCUTIATUBHBIMU MTOTEPSI-
MM, T.€. Ha BSI3KOE TPEHME Ha TTOBEPXHOCTU
(rpanune) «reHepaTop BuUXpsi — cpena». Cie-
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Puc. 1. 3aBucumMocTs yaesibHoli (Ha MOroHHbI MeTP reHeparopa) KNHeTUYe CKOM 3Hepruv
«npucoeanHEHHON Macchbl» OT paauyca reHepaTopa BUXps.

JIIyeT HallOMHUTh, YTO Y HAIBOTHBIX CYIOB
C BUXPEBBIMU ABVKUTEIISIMU KOPITYC PacTIojia-
raeTcs Hall TTOBEPXHOCTHIO BOMIBI, a IIaBYYeCTh
CyIHa 00eCTIeUnBacTCsI 00BEMOM TEHEPATOPOB
BUXpEil, MOTPY>KEHHBIX B BOIY.

[IpouHBIil KOpPTYC MOOBOMHOIO CyIHA
nuMeeT (GopMy MyCTOTEIOr0 TePMETUUHOTO
TOpa, a eTo IBMKUTEJICM 1 TeHEPaTOPOM BUX-
psI ABJISIETCSI CPaBHUTENILHO TOHKOCTCHHAS
TOpouIajJbHasE 000JI0YKA, SKBUAMCTAHTHAS
Hapy>KHOI MOBEPXHOCTH KOPITyCa ¥ YCTAHOB-
JICHHAsI C BOBMOXHOCTBIO BPaIlleHUSI OTHOCH-
TeabHO Kopmyca. I1ocKoNbKy IUHeiHas
CKOPOCTh HApy>KHBIX ITOBEPXHOCTEH TeHepa-
TOPOB MMEET KaBUTAIIMOHHBIC OTPaHNYCHUS
[1, 8], ompenenseMble aOCOMIOTHBIM TaBICHU-
€M B BOIHOM cpelie, TTOIBOIHBIC Cyla C BUX-
PEeBBIMU ABUXKUTEISIMU MOTYT pa3BUBATh
CKOPOCTh, CYIIECTBEHHO ITPEBHINIAIOIIYIO
CKOPOCTh HaIBOITHBIX.

O4YeBUAHO, YTO Macca BOIBI (BO3myxa
B cIyJae JUPIMKa0JIs) B 00JIaCTH 3aMKHYTOTO
TeUeHUs 00JIaJaeT KWHETUIECKOM DHeprueit

P
E:EC'SEv(r)de, (1)

rae Q — «IMpUCOeAMHEHHBII 00BEM» BOJIBI, T.€.
00BEM 001aCTH 3aMKHYTOTO TEUEHUSI.

st onieHky E MOXHO MCIIOJIB30BaTh CO-
OTHOIIIEHUE
E=Dv, (1)
rae D — BomousmeleHue cyaHa (Kr), v — CKO-
POCTB €T0 ITOCTYIATEIbHOTO IBMKEHUS B yCTa -
HOBUBIIEMCS PEXUME.

YKazaHHas KWHETUYeCKast SHEPIUsi CO00-
IIAeTCs OT TeHepaTopa BUXPS IPUCOCTUHEH -
HOIi Macce B TeYeHUE BCETO BPEMEHU OT 3aIly-
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CKa TIPUBOIHOTO IBMKUTEIIS IO BBIXOIA CYTHA
Ha YCTAaHOBUBIIMICS pexkxuM. 3HaueHue E
MOXET OBITh BeChbMa BEJIMKO, TIPUYEM TEM
0oJIbIIIe, YeM OOJIBIIe pa3Mep (BOoZOM3MEIIIe-
HHE) CyIHa, TaK YTO TeHepaTop BUXPS, pac-
CUYMTAHHBI! TOJIEKO Ha KOMITCHCAIIMIO TUCCH -
MMaTUBHBIX ITOTEPb, MOXKET COOOIIUTH 3TY
SHEPTUIO «IIPUCOCTMHEHHOI Macce» 3a OUeHb
0OJIBIIIOE, BO3MOXHO JTaXke HEIpHeMIIeMOoe,
Bpemst [1].

N3 ckazaHHOTO ITOHATHA HEOOXOIMMOCTDH
pa3pabOTKN METOAOB U YCTPOMCTB MUHUMMU--
3allM1 BpeMEHHU BbIXO/Ia HA YCTAHOBUBIIHICS
PEeXUM BUXPEBBIX IBYDKUTEIICH CYIOB.

1. Cxembl usmeneHuUs: pexrcumos 8pauieHus
2eHepamopos suxpell, 0becne4usarouux MaHes-
puposanue cydos, u nompeoHvle 045 3M020
3Hepeo3ampamsl.

IMockobKy BeKTOp cKopocTtu V' nmBuxke-
HUS CyIHA OTHO3HAYHO OTIPE/IENISIeTCST KOH-
durypauueit TeueHUs «IMPUCOETMHEHHON
MaccChl» BOJbI B 3aMKHYTOI 00J1acT, Hanbo-
Jiee eCTECTBEHHBIM CITOCOOOM BO3JIECTBUS Ha
BEKTOD TIPENICTABIISIETCS U3BMEHEHME XapaKTe-
pa HETMOCPEICTBEHHO TEUCHUSI.

BrionHe oueBMIHO, YTO IS U3MEHEHUS
CKOPOCTH JIBUKEHUSI Ha MIPOTUBOTIOJIOXKHYIO
JIOCTAaTOYHO M3MEHEHUSI Ha TIPOTUBOTIONOX -
HbBIE YTJIOBBIX CKOPOCTEN BpaIlleH!sl BCEX Te-
HepaTopOB BUXPENL, UTO JIETKO peaTn3yeMo Kak
JIIST HABOJHBIX, TaK U TIOJABOJHBIX CYIOB.
CxeMbl U3MEHEHUST BpallleHUs] POTOPOB IS
KOPPEKIINU BEKTOpa CKOPOCTU Ha YTJIbI, OT-
JIMYHBIE OT 7T, U HAIBOIHBIX CY/IOB C IBYMSI
POTOPHBIMY ITApaMHU U JIJIST TIOABOTHBIX CY/IOB
MpeacTaBIeHbI B Tabuiie 1.

OcTtpoyxoB H. H., Yymakoea E. B. UHXXeHepus u MOAENVUPOBaHUE ONTUMAaNibHOro MaHEBPUPOBaHUSA CYAOB

C BUXPEBbIMU ABMXUTENISIMU




Z#.- Ta0mmua 1
i CBonHas Ta0IMIIa U3MEHEHHiA PeXKUMOB BPAIEHUsI TeHEPATOPOB BUXPeii

Tun cynHa HcxonHblil pexum [lepexoaHblil pexum YcraHoBuBLLIMIiCS pe- BekTop cko-
KM (ITocsie MaHeBpa) pOCTH TocJie
MaHeBpa
a b c
S 4 . T
%Q 4 =Vexp[i—j
% £ w w 2
=
ol
s o
g |-
= w w
o |2%
B |8 g
Sk
o |F
o) |
= ! N
§ % 1y V' =V exp(ig)
§ % 2- e w7 ¢=k£()1'
23
15 | for @
<
EZl=
> E
0 o
= Q9 w w
g &
o &
n o
o
=
|
& V' =Vexp(ig)
S=s
g %= $=kot
Sy
) = 5,
g |gE|=
I Hx|=
= > B i
o O o i
= 158
o 2 o i
= |88 (On
o
= v

52 TTockoJIbKY BEKTOpP CKOPOCTH MTOJIBOTHOTO
WsMeHeHMe HampaBiaeHus BekTopa V' Ha
(TOpOMIATBLHOTO) CYIHA OPUEHTHUPOBAH Iep-

yron nt/2 (tTabnuua 1, ctpoka I) nocturaercs "
MEeHANKYJISIPHO CPEAMHHOM TJIOCKOCTH TOpa,
M3MEHEeHUEM Ha MPOTHUBOITOJIOXHbIE Bpallle-

HUIA IBYX POTOPOB, PACTIONOKEHHBIX [0 ina- IS TOBOPOTa BEKTOPA V' na mo6oii yro,
FOHAJIM, T.e. POTOPOB PA3IMYHBIX BUXPeBbIX. OTIMYHbIN OT 7T, CIIEAYET MEHSATh OPUEHTALINIO
[pyu TakoM MaHeBpe KOpIyc HaaBoiHoro CPEAMHHOIA rtockocTu. [list aToro nocraroy-
CylHa He IOBOpAaYyMBaeTCa U B pesyjbrare HOM3MCHUTDL PEXKMM BPALLICHNA INAMETPAJIb-
IBIKETCST «60KOM». [TpocTpaHcTBeHHas  opy-  HO MPOTMBOMOIOXHBIX CEKLIMI Bpallaroleri-
eHTALIMS CY[HA, BKIIOYAsi CUCTEMY POTOpoB  CA 0007104KM TTOABOAHOTO cyaHa (Tabauua 1,
TreHEPATOPOB BUXPEN, HE M3MEHSETCS. crpoka III). IToBopot cynHa, Kak 1eJ0ro, Ha
TTOBOPOT BEKTOPa CKOPOCTH Ha yroji oT (0 OMPEICIEHHBIN YTOJ SIBISIETCs IPOTSKEHHBIM
10 m/2 (tabnuua 1, ctpoka I1) nocTuraercs —BO BPEMEHH IPOLIECCOM, B OTINYHE OT MAHEB-
BKJIIOYEHHEM HA HEKOTOPOE BpeMsl T Bpallie- pI/IpOBaH_IfIfI C U3MEHEHUEM HampaBJeHUs
HUST BCEX POTOPOB B OJHOM HAIpaBIEHWHW. BEKTOpa V' Ha yIIIbl T v 7t/2, TIPEACTABISTIOLINX
ITpu TakoM pexxuMe CyIHO, KakK 1ejoe, Mpru-  co00it HAa0Op OTAETbHBIX JUCKPETHBIX IEUCT-
o0OpeTaeT YIJIoBYI0 CKOPOCTh BpallleHUs ®°, BUI (OCTAaHOBKA M PaCKpyTKa POTOPOB).
BCTPEYHYIO K CKOPOCTSIM BpallleHUs] POTO- Manesp ¢ moBopotom Ha yriibl 0 < ¢ < 1t/2
poB ®. [1is1 Gosiee TOYHOM PeryaIupoBKU (®°) HAIABOAHBIX M HAa MPOU3BOJIbHBIC YIJIbI MO -
B OJHY CTOPOHY MOXHO BpalllaTh He BCE, BOJHBIX CYIOB OCJIOXHSIETCSI HEOOXOIUMO-
a 11000e He CKOMIIEHCUPOBAHHOE YMCJIO PO- CThIO Y4€Ta MHEPLIMOHHOCTHU, COCTOSIIEH
TOpOB. B pesyibraTe CynHO pa3BOpayMBaeTcsi B TOM, UTO PEXUM BpPAILEHUSI POTOPOB, MHU-
Ha YToJl ¢ = ®'T. LIMUPYIOLIMX ITOBOPOT CYyAHA, TpeOyeTcs 3a-
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MEIUISITh WUIM MPEKpallaTh 10 JOCTVKCHUS
3aJaHHOTO yIJIa TTOBOPOTA, YTOOBI 3TOT YrOJ
JIOCTUTAJICS BpaIllCHUEM T10 MHEPLINH.

DHepro3arpaThl HAa MAaHEBP B IIEPBOM IIPH-
OMKeHUM paBHBI YIBOCHHON BEJTMIMHE KH-
HETUIECKOI SHEpTUHU B 00JIACTH 3aMKHYTOTO
TEUCHUSI TEHEPATOPOB BCEX BMXPEBHIX ITap.
DTO 00YCIIOBICHO TEM, UTO JIJISI COKPaIICHUS
BpEeMEHU MaHeBpa JTI000e N3MEHEHNE PeKMa
BpallleHUS TIpEeATrIoiaracT CHaYaIa MpuHYI1-
TeJIbHOE TpeKpalllcHUEe BpalllcHUS BOIHI,
YCTaHOBUBIIIETOCS 10 Havajla MaHeBpa, a 3a-
TEeM PacKpyTKy B HOBOM HaIlpaBJICHUM.

2. Ilpedenvrovie ouenku epemenu ghopmupo-
B8AHUS 3AMKHYMO020 Me4eHUsl.

McxonHpIMI TaHHBIMU JUTS TIPEACIbHBIX
OIICHOK BpeMeHM (POPMUPOBAHNS 3aMKHYTO-
IO TeYCHUS B OKPECTHOCTH BUXPEBOTO ABVIKI -
TEJST SIBISIOTCS KMHETUYeCcKas dHEPTUSI
TIPUCOCINHEHHOI MaCCHI CPE/Ibl B YCTAHOBUB-
memcs pexume E u momHocTs P, nepegaBae-
Masi cpenie OT TeHepaTopa BUXPSI, BHITIOJTHEH-
HOTO IT0 HECKOJBKMM (IT0 KpaiiHeil Mepe,
JIBYM) KOHCTPYKTHUBHBIM CXCMaM.

MuHnMaIbHas MOIITHOCTb, TIepeIaBaeMast
JKMIKOCTH, COOTBETCTBYET CIIyYar0 IJIaIKOTO
MUJIMHIPUYECKOTO poTopa nuaMmeTpa d = 2a,
BpAIIAIOIIETOCs B BOJIE C YIJIIOBOI CKOPOCTHIO
. O11eHKa CBEpXY 3TOM MOITHOCTH — ClIydait
BpallleHUS B HETIOABIKHOM BOJIE.
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Cuta, geiicTByIOIIast Ha OMWH TTOTOHHBII
MeTp poropa [9]:
F, =n 2na grad u, 2)
rae | — IMHaMu4decKast BI3KOCTb KUJIKOCTH,
a MaKCUMAaJIbHBIN TPaJMeHT CKOPOCTU OIpe-

neJsieTcd cienyomuM oopaszom [10]:
(3)

TonmmHa morpaHciaos 6 OLIEHUBAETCS U3
COOTHOIIIEHUS

s=—L

b
vRe
roe L — xapakTepHblil JUHEHHBIN pa3mep
obTtekaemoro Tena, Re — yucino PeitHonbaca,
KOTOpoOe ompeneseTcs hopMyIoi
2zra pu
u

O,I[HaKO BCJIMYHUHA grad U YMCHBIIACTCA
IPpONOpUMOHAJIBHO paCCTOAHUIO YIAJICHUA OT
IIOBCPXHOCTHU POTOPA, MO3TOMY B KAa4C€CTBC

v
rad u ="
8 5

“4)

Re= ®)

o Vmax
cpeaHel OUeHKHU puMeM grad u =12
a

MoIIHOCTD, 3aTpaynMBaeMasi Ha CTaauu
PacKpPYTKH POTOPOB, MOXHO OLICHUTD U3 Cle-
JYIOIIETO COOTHOIICHUSI:
N=F,v,,=n2nagradu. (6)

Ha puc. 2 npeacraBieHa 3aBUCUMOCTD OT
paamyca poTopa MOIIHOCTH, TepenaBacMoi
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Puc. 4. 3aBucMMOCTb 3aTpaYymnBaemMori MOLHOCTY OT paauyca poTopa npu 3agaHHOM BPeMeHU PacKpyTKu
(a — ana HagBOAHOIrO cyAHa, 6 — AJ1s1 NOABOAHOIO CyAHA).

HEIIOABIDKHOM BOIE, a HA pUC. 3 — OIleHKa
BPEMEHU PaCKPYTKH «IIPUCOCTNHEHHOM Mac-
cel», t = E/N. BunmHo, 4To Takoii BapyaHT
MPaKTUYECKU HEMPUEMIIEM.

Jpyry1o olIeHKY MOIITHOCTH, 00eCTIcurBa-
JOIIYIO PACKPYTKY «IIPUCOCTNHEHHON MacChl»,
MOXHO clieJiaTh, 3a1aBIIUCh MTPUEMJIEMbIM
BpeMeHeM t, HeOOXOTMMBIM JIJIsSI Hadajia IBU -
KeHus, mopsinka 30 muayT. Ha puc. 4 ipen-
CTaBJIEHbI PACYETHBIE 3aBUCUMOCTU MOTPeO-
HOM MOITHOCTH TSI BpeMeHHU pa3roHa 15 u 30
MMHYT.

IIpocTeiimuit cmocod mepemsadyyd TaKo
YBEJIMUYEHHO MOIIIHOCTU — BBEIEHUE B KOH-
CTPYKIMIO OTHOM WM HECKOJIBKMX JIOTIATOK.
B ciiyuae ogHoM jonaTky, OpMEHTUPOBAHHOM
B paluaJibHOM HalpaBJIeHUU pOTOpa, NMpu
9TOM JUIMHHOM, paBHOM IJIMHE, 00pa3ylolei
poTop, cuia, IeCTBYOIIAs Ha He€ pY Bpa-
IIEHUH POTOPA B HETTOIBIDKHO BOJIE, COCTaB-
JISIET:
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F, =@S, (7)

roe v(r) — MecTHas JUHEeWHas CKOPOCTh JIO-
MaTKU, paBHAsl ®r; I — paguanabHast KOOPIU-
Harta nomnaTtku; S — e€ miaomanb. CooTBeT-
CTBEHHO MaKCUMaJibHasi MOILIIHOCTD, Mepeaa-
BaeMasl J10I1aTKOM BOJE:

3
P=Fv(r)= va(”)S. 8)

Ha puc. 5 npeacraBieHbl 3aBUCUMOCTHU
IIUPUHBI OIHOM JIOTIATKK, CITOCOOHOI Tepe-
JaTh BOJIe paHee OIpPeAeIEHHYIO MOIITHOCTh
L(P), nns1 pa3ninyHbIX palyCOB POTOPOB.

MoHO TT0Ka3aTh, YTO MOITHOCTb, TTepe-
JaBaeMasl JIOTIaTKOM, T.e. TOTpeOHas Ha rmepe-
CTPOIKY TeUeHHsI BOIbI B 00J1aCTH 3aMKHYTO-
ro TeUeHMsl, 10 KpaiiHeil Mepe, Ha MOpPsSIIoK
MEHbIIIE MOIITHOCTU, HEOOXOAUMOM CYIHY
TPaAUIIMOHHON pa3aebHOM KOMIIOHOBKH
«KOPIYC—IBWKUTEIb» Ha IIPEOJOJICHHE JIO-
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Puc. 5. 3aBUCMMOCTb LUNPUHBI MPOAO0JIbHON JIONAaTKN OT MOLYHOCTU HEOOXOANMOV AJ1s pa3roHa
«npucoesmnHEHHON Macchbli».

0GOBOTO COTTPOTUBIICHHUS C TTOIIEPEYHBIM CeUe-
HUEM KopIlyca Iopsiaka a’, U OLleHUBAeTCsI
BEIMYMHOM OTHOIICHUS IMUPUHBI JIOTIATKHU
K 3TOMY TIOIIEpEYHOMY pa3Mepy — s/a.

3. Ynpaeasemvlil 610K 66106UNCHBIX NONAMOK
C peyaupyembim Yerom amaku.

Jlomatka ¢ pa3MepaMu, ompeneeHHBIMU
B IIPEABIAYIIEM pa3esie, IepeaaioT BOIe pac-
CYMTAaHHYIO MOIIHOCTH TOJIBKO HETIOCPEICT-
BEHHO B MOMEHT 3aITycKa BpallleHUs pOTopa,
KOrJa BOJIa HETIOIBMXKHA OTHOCUTEIBHO JIO-
MaTKA M CKOPOCTHOM HAIIOp OIIpenesisieTCs
CKOPOCTBIO IBMXKCHUS JomaTKu. [1o Mepe
pa3roHa BOIbI CKOPOCTH JIOITATKM OTHOCUTEITh-
HO He€ yMEHbBIIaeTCsI Ha CKOPOCTh BOMIBI
¥ COOTBETCTBEHHO YMEHBIIIAIOTCSI CKOPOCTHOM
Harmop Cpeabl U MOIIHOCTh, IepeaaBaeMasi
Boae. KomIteHcpoBaTh CHIDKEHHE CKOPOCT-
HOTO Haropa yBeJIUn4eHNEeM CKOPOCTH JIOTAaT-
KM HEeJIb3$1, MO0 TMHEHHAS CKOPOCTD JIOTATKH!
HEe JOJIXHA CYIIECTBEHHO OTJIMYATHCS OT
MECTHOI CKOPOCTH BOIBI B YCTAHOBUBIIIEMCSI
pexume. Hanbosee oueBUIHBIM CIIOCOOOM
YBEJIUYCHHS TepelaBacMO MOIIHOCTH
B YCJIOBUSIX HEIIPEPHIBHO YMEHBIIIAIOIIEiCs
Pa3HOCTU CKOPOCTEH JTOMATK! U BOIBI SBJISI-
eTcs yBeaumueHne >POEeKTUBHON TIoMagn
noratku. Kpome Toro, cpaBHUTEIBHO SICHO,
YTO pamlyc BpallleHHUs JIOMMAaTK! HE JOJLKeH
0CTaBaThCd HEU3MEHHBIM B TEUCHME BCETO
BPEMEHHU PACKPYTKU «IIPUCOCTNHEHHOM Mac-
CBI», TTOCKOJIbKY TIepeaada MMITYJIbCca HEeIlo-
CPEICTBCHHO JIOIMATKON OTACIBHBIM CIIOSIM
BoIbI 3(peKTUBHEE, HEXEIM Mepeaada 3TOro
HMMITYJIbCAa OT OMHOTO M3 POTOPOB BCIICICTBUE
BSI3KOCTH. Jlpyrumu ciioBamMu, 3 GeKTUBHAS
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pacKkpyTKa IIPUCOCINHEHHON MacChl KAKMM-
MO0 MEXaHWYECKUM YCTPOMCTBOM HEM3MEH-
HO# KOH(UTYpaIi HEBO3MOXKHa.

Ha puc. 6 onucaHa npuHUMNKaNbHAS
cxeMa yIpaBisieMoTo 0J0Ka BBIIBUKHBIX
JIOITATOK C PEryIMPYeMBbIM YIJIOM aTaKH.

B rcxomHOM COCTOSTHMY JIOTIATKH,, BBITION-
HEHHBIC B (pOpMe IJTMHHBIX U CPaBHUTEIBHO
TOJICTBIX IJTACTHH, PACTIOJIararfoTCs B yIITyOIe-
HUsIX (MTa3ax) BHEITHEH MOBEPXHOCTH POTOpa
reHepaTopa BUXPEBOIi ITaphl, TaK YTO OITHA UX
OOKOBBIX ITOBEPXHOCTEI HAXOMUTCS 3aTIO LTI -
110 C IMJTUHIPUICCKOM ITOBEPXHOCTHIO pOTOpa
(puc. 7).

Kazkmast u3 monaTox 3aKkperieHa Ha KOHIIE
BBIIBIDKHOTO IIITOKA C BO3MOXHOCTBIO TTOBO-
poTa. JInrHa Xoma ITOKa B paavaIbHOM Ha-
MIpaBJICHUM HECKOJIBKO (TTPUOIM3UTEIIHFHO Ha
IIMPUHY JOTATKM) MEHBIIIe PaCCTOSIHUS OT
MOBEPXHOCTH pOTOpPaA 0 OJIVKaMIIeil TpaHn-
IT6I 00JTACTH 3aMKHYTOTO TCUCHMSI.

PackpyTka «npucoenmHEHHON Macchbl»
OITMCAaHHBIM 0JIOKOM JIOTIATOK OCYIIIECTBIISCT-
cd ciieayronm odpasoM. it mpuBoaa potopa
¢ OJIOKOM JIOTIATOK MCIIOJIb3YeTCs IBUTATETh
(UKCUPOBAHHOM MOIIHOCTH, 3a1aBaeMOi1 10
BpeMeHH packpyTku. O00109Ka poTopa Ipu-
BOJMTCSI BO BpalllcHUE C PacuE€THOM YIJIOBOM
CKOpPOCTBIO . [TporpaMmMHO-yIpasiseMbiit
MEXaHM3M BBIIBIDKEHMS IITOKOB ITOBOPAYMBa-
€T JIONATKH TaK, YTOOBI 9 (PeKTUBHAS TIOIIAIh
00TeKaHMS TTOC/IeTHEN COOTBETCTBOBAJIA pac-
YETHOM IIMPUHE ONUHOUYHOM JIOMATKU, OIpe-
JIeJICHHOU B I1. 2 (BapMaHT — JIOMaTKa OpUEH-
TUPYETCSI IMOO TI0 CHJIE COTIPOTUBIICHUSI, JTMOO
1o MolTHOCTH). CKOPOCTh BBIABIKCHMS JIO-
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Puc. 6. MpuHunnuanbHas cxema ynpassisemMoro 6s10ka
BbIABWXHBIX JIONATOK:
1 — poTop reHepaTopa BUxps, 2 — 10NaTku B pexume
YyCTaHOBUBLLEroCs ABVXXEHUS, a — Pafuyc poTopa,
L — paccTosinne mexay poropamm.

TAaTKW 1 TIOCTIEYIOIIETO BTSITUBAHUS OTIpe/ie-
JISIETCSI TI0 33/1aBa€MOMY BPEMEHU PACKPYTKH t:
MOJOBUHY BPEMEHU — Ha BBIIABUXEHUE
U CTOJIBKO K€ — Ha BO3BpaT.

B mpotiecce packpyTKu yriioBasi CKOPOCTh
BpAllleHUSI pPOTOPA U3MEHSIETCS 110 3aKOHY
® = ®*a/r, Tie T — MTHOBEHHOE 3HauYeHUue
panuyca, TJe HaXOIUTCS LIEHTP JIOMATKU.

YrpasieHue onucaHHbIM OJIOKOM JIOMTATOK
OCYIIIECTBIISIETCSI HA OCHOBE CPAaBHEHUSI TPO-
rPaMMHBbIX (PaCYETHBIX) 3HAYEHUI MOIITHOCTH,
pacxojyeMoii Ha pa3roH BOJbI, TTOJIOXEHMS
U OpUEHTAIIMU JIOMATOK, YIJIOBOW CKOPOCTH
BpallleHUsI pOTOPa, CKOPOCTH BOJIBI B PA3INY-
HBIX TOYKAX 00J1aCTH 3aMKHYTOTO TEUEHUSI U UX
(bakTueckux (M3MEPEHHBIX) 3HAUEHUIA.

4. Paspabomia npoepammnozco obecnevenus
MO0eAUPOBAHUsL MEXAHUZMA PACKPYMKU <APUCO-
e0uHEHHO020 00B6EMa» cpedbi.

[NMpuBenenHbie paHee TpadmKu SBISIOTCS
CTIpaBEVIMBBIMU JIJIsSI Y3KOTO KJjlacca CyJI0B
C OoTpeesieHHBIMU Ta0APUTHBIMU XapaKTePU-
ctukamu. OUeBUIHO, UTO HYKeH UHCTPYMEH-
Tapuii B BUE NMPOTPAMMHOTO O0ecTieueHusI,
TIO3BOJISIIONINH TTOJTy4aTh OIIEHOYHBIE XapaK-
TEPUCTUKU BBIXOJA HA CTAlIMOHAPHBIN (Kpeti-
CEPCKUIT) peXXM UCXOIS U3 33]1aBAEMOTO TUTIA
cyiHa (HaJBOIHOTO WM TOABOIHOTO) U €ro
rabapuUTHBIX XapaKTepPUCTUK (BOJOU3MEIIIE-
Hust). Ha ocHOBaHUM M3JI0)KEHHOTO Marema-
TUYECKOTO arrmapaTta MOXHO (hOpMUPOBATh
AJITOPUTMUYECKYIO TOCIEN0BATEILHOCTD
BBIUMCJIEHUS XapaKTEPUCTUK, KOTOPBIE MOXHO
WCIIOJIb30BaTh B ympaBiieHUu cyaHoMm. Ha
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Puc. 7. Cxema poTopa C Bbl4BWUXHOW JIONAaTKOM.

puc. § MpUBEIEHO OKHO pa3pabaThIBAEMOTO
TIPUIIOKEHUSI.

ITporpamMmMHOe yripaBiieHUE JOKHO 3a-
KJTIOUaThCsI B TOM, YTO Ha OCHOBE TTOJTYYeHHBIX
C JaTYMKOB U3MEPEHUI JINOO cujie, AeHCTBYIO-
1LIeli Ha JIOTATKY, TUOO MOITHOCTH, 3aTpaynBa-
€MOMl Ha IBIKEHUE JIOTIATKY B BOJIE, OTIpE/ie-
ngercst 3 GeKTUBHAS IIMPUHA JIOMTATKA, OT-
Beyvarolas yriy aTakv B KaXIblii MOMEHT
BPEMEHU PACKPYTKU BOJIBI.

Jns Kaxxaoro pazMepa cyaHa HaXOAUTCS
IIMPUHA JIOTIATKY, JOCTATOYHAsI JIJIsT pa3roHa
Cy/llHa 32 MMHUMAaJIbHOE BpeMsl. DTa IUpUHA
MOXKET OKa3aTbCsl HEMPUEMIIEMON IJIsT KOH-
CTPYKIIMU POTOPA, TaK KaK IMIMPUHA JIOTIATKN
JIOJDKHA OBITHh MHOTO MEHBIIIE pasiyca poTopa
(L<<a). Ecnu 1o omieHKaM 3TO YCJIOBHME HE
BBITIOJTHSIETCSI (TTPY HETOCTATOYHON MOIITHO-
CTH), HAJIO UCITOJIb30BaTh HECKOJIBKO JIOTTATOK
B KOHCTPYKITUU POTOPA, YTO ITO3BOJIUT YMEHb-
IIUTH UX upuHy. [Tpuyém B mporiecce yrpas-
JIEHUS CJeAyeT YIUThIBaTh CHMHXPOHHOCTh MX
BBIIBVDKEHUS 1 U3MEHEHUSI YTJIOB aTaKy KaX-
JIO TSI ONITUMAJTLHOTO PAacxola MOIITHOCTH,
3aTpauynMBaeMoOil MPU PACKPYTKE «IIPUCO-
eIMHEHHON MacChl» BOJIBI.

BbiBOAbI

BrimonHeHO pacu€THO-TEOpEeTUYECKOoe
MOJIEJIMPOBAHUE ITPOIIECCOB MAHEBPUPOBAHUS
BOIHBIX CYIOB C BUXPEBBIMU IBIKATEIISIMMI:

— chOpMYIMPOBaHBI THAPOANHAMUYCCKIE
MPUHLIAIIEI MAHEBPUPOBAHUS CYIOB ITOCPEI-
CTBOM M3MEHEHUS PEXMMOB BPAIICHUS OT-
JIeTBHBIX 3JIEMEHTOB TeHEPaTOPOB BUXPEIA;

— TOKa3aHo, YTo IS 3(PHEKTUBHOTO UC-
TOJTb30BaHMSI BUXPEBBIX IBIKUTEIICH KPYITHO-
rabapyUTHBIX TOABOIHBIX M HATBOIHBIX CYIOB
HEOOXOIMMO MPUHSITHE CIICIIUATBHBIX Mep TS
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Puc. 8. OKHO NpuIo)KeHns, MOZEeNNPYIoLero aaroputM MexaHu3ma packpyTku
«rnpucoegunHEHHOro o6bLEma» cpensbl.

obecrnieueHust pa3roHa (packpyTKu) BOJIbI B 00-
JIACTH 3aMKHYTOIO TEYECHUSI («ITPUCOCAUHEH -
HOIi MacChl» ) 3a 3apaHee 3a1aBaeMOoe 1 IIPHEM -
JIEeMOe BpeMsl, YTO, B CBOIO O0uYepejib, TpeOyeT
peanu3aiumn pexnuma paboThl ABYKUTEIIS, CY-
IIECTBEHHO OTJIMYHOIO OT €r0 Harpy3Ku Ipu
JIBIDKEHUU CyJIHA C YCTAHOBUBIIEICS CKOPO-
CTbIO;

— IJIS1 CY/IOB C BUXPEBBIMU JABVKUTEISIMU
000CHOBaHAa HEOOXOIUMOCTh UCITOJIb30BAHMSI
CIIeLMAIbHBIX YCTPOMCTB JJIsT PACKPYTKH BObI
B 00J1aCTU 3aMKHYTOTO T€YEHMUs («IIpuUcoe-
JUHEHHOM MacChl») TIPU Mepexojie CyaHa 13
COCTOSIHMSI TIOKOS$1 B PEKMM YCTaHOBMBILETOCS
JIBVKCHUST

— TpeJIoKeHa KOHCTPYKTUBHAs cxema
YIPaBJISIEMOro 0JI0Ka BBIIBMXKHBIX JIOTIATOK
C PETyJIMPYeMbIM YIJIOM aTakKi, MOHTUPYEMOTO
Ha poTope reHepaTopa BUXpeil, 00ecreunBaio-
1asi U3MEHEHME PeXMMa TCUCHMS «IIPUCOe-
JIMHEHHOI MacChl» BOIbI 3 331aBAEMOE BPEMSI;

— IOKa3aHo, YTO MOIIHOCTh, MOTpPeOHast
JUISI COBEPILIEHKSI MAHEBPOB CY/IOB C BUXPEBbI-
MM IBUKUTEISIMU (Hy>KHasi B CPaBHUTEJIBHO
MaJible IIPOMEXYTKHU BPEMEHM ), He MPEBbILLIA-
€T MOILIHOCTH, HEOOXOAMMOI JIJIsl IIPEOI0JIe-
HUSI JIOOOBOIO CONPOTUBIICHUS CYIOB TPaIu-
LIMOHHOM KOMIIOHOBKU TOT'0 3K€ BOJIOM3MeEILIE-
HUSI;

— pa3paboTaHo POrpaMMHOE OOecIIeYeHIE
IIJIST OLICHKU peXXrMa PACKPYTKH <«IIPUCOEC-
JUHEHHOTO 00BEMAa» Cpellbl; MOAEINPOBaHNE
pacripeieIeHUsI CKOPOCTH BOIBI B 00JIaCTH
3aMKHYTOTO TEUCHMSI TIO3BOIIIIO CPOPMUPO-
BaTh YIIPABJISIONINE 3aBUCUMOCTH — 3HAYCHUS
VIJIOB aTaKM JIOTIATKX OT 3aJaHHOTO BPEMEHU
W3MEHEHUS PeXKMMa TeUCHUS «ITPUCOCTUHEH -
HOU Macchl» BOABI.
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ABSTRACT

The paper proposes a schematic diagram of an
additional device for vortex propulsion units of vessels
and algorithms for computer simulation of their use
for various maneuvering options.

The paper describes the advantages of vessels
with propulsion units in the form of generators of
vortex pairs, including toroidal vortices (thermals),
the efficiency of propulsion units of which increases
with the increase in their dimensions. Acomprehensive
analysis of the specifics of maneuvering of such
vessels is presented. Practical inapplicability of
traditional vessels’ devices for changing the course
of the vessel and unacceptable duration of reaching

steady-state modes and the stopping process when
using only regular vortex generators are shown.

A sequence of actions with vortex generators is
described for the main types of maneuvers. In the paper,
a schematic diagram of an additional device (with an
estimation of its physical dimensions) is proposed to the
vortex propulsion units of vessels, which ensures
unwinding or braking of the «attached» mass for a
predetermined time with minimal loss of power.
Algorithms for computer simulation of the change in the
nature of the flowin the closed flow region are developed
using the proposed additional acceleration device. It is
shown that the algorithms implemented in the work can
be used in the control of a real vessel.

Keywords: water transport, water vessels and aircraft with vortex propulsion units, surface and underwater
(toroidal) vessels, flow in the vicinity of the vortex pair, drag, steady and transient modes, attached mass of

water, blade, rotor.

Background. The development ofthe procedures
of technical implementation of maneuvers of vessels
with vortex propulsion units, including start of motion
with the output to the steady-state mode, reverse
process up to the stop of the vessel, change in the
course from the conditions of pre-established time
and minimal power consumed and principal non-use
of traditional vessels’ steering devices, as well as
predesign of technical devices, which implement
maneuvering.

Advantages of vortex propulsion units [1-3] are
implemented to the fullest extent in the steady-state
mode of vessels’ motion, i.e. at speed constant in
value and direction. Such vessels are almost not
subjectto drag and power consumed by them is some
orders lower than the same of vessels, made using a
traditional scheme «body-propulsion unit», located
one after another [4].

The nature of advantages of vessels described in
[1], is that the propulsion unit does not «push» the
vessel’s body and itself through water or air, but being
a generator of a vortex pair [4] and immersed in areas
of closed flows in the vicinity of this pair, moves
together with it.

The absence of drag is explained by the fact that
in the entire space around the vortex pair the flow with

1.4e+06

continuous distribution of speed (without jumps) is
realized [5-7]. The power to keep such flow and
motion of vessels is due to the dissipative losses, i.e.
for viscous friction on the surface (at the border)
«vortex generator — mediums». It should be noted that
in surface vessels with vortex propulsion units the
body is located above water and floatage of the vessel
is ensured by the volume of vortex generators,
immersed in water.

The rugged body of the submarine vessel is in the
form of a hollow sealed torus, and its propulsion unit
and vortex generator is a comparatively thin-walled
toroidal shell, equidistant to the outer surface of the
body and rotatable mounted relative to the body.
Since the linear speed of the outer surfaces of the
generators has cavitation limitations [ 1, 8], determined
by the absolute pressure in the water environment,
submarine vessels with vortex propellers can develop
a speed much higher than the speed of the surface
ones.

Itis obvious that the mass of water (air in the case
of an airship) in the closed flow region has kinetic
energy

P
E=Ei>v(r)2d9, (1)
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Pic. 1. Dependence of the specific (per generator’s linear meter) kinetic energy of the «attached»
mass on the radius of the vortex generator.
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Table 1

Summary table of change in rotation modes of vortex generators

Initial mode Transient mode Steady-state mode Speed vector
" (after maneuver) after maneuver
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where Q - attached volume of water, i.e. volume of
the closed flow region.

To estimate E it is possible to use
E=Dv? (1)
where D — displacement of the vessel (kg), v — speed
of its translational motion in the steady state.

Said kinetic energy is transmitted from the
vortex generator to the attached mass during the
entire time from the start of the drive propeller to
the exit of the vessel to the steady state. The value
of E can be very large, and the larger the size
(displacement) of the ship, so that the vortex
generator, designed only to compensate for the
dissipative losses, can transmit this energy to the
attached mass for a very large, possibly almost
unacceptable, time [1].

From what has been said, it is clear that it is
necessary to develop methods and devices for
minimizing the time to reach the steady-state mode
of vortex propulsors of vessels.

From what has been said, it is clear that it is
necessary to develop methods and devices for
minimizing the time to reach the steady-state mode
of vortex propulsion units of vessels.

Objective. The objective of the authors is to
consider different aspects of engineering and
modeling of optimal maneuvering of vessels with
vortex propulsion units.

Methods. The authors use general scientific and
engineering methods, modeling, comparative
analysis, evaluation approach, scientific description.

Results.

1. Schemes for changing the rotational regimes
of the vortex generators that provide maneuvering of
vessels, and the energy consumed for this.

Since the speedvector V ofthe vessel is uniquely
determined by the configuration of the flow of the
«attached mass» of water in the closed region, the
most natural way of affecting the vector is a change
in the nature of the flow itself.

It is quite obvious that to change the speed of
motion to the opposite one, it is sufficient to change
the rotational speed of all the vortex generators to the
opposite angular velocities, which is easily realized
for both surface and underwater vessels. Schemes
for changing rotor rotation for the correction of the
velocity vector at angles other than = for surface
vessels with two rotor pairs and for underwater vessels
are presented in Table 1.

A change in the direction of the vector V by an
angle /2 (Table 1, line |) is achieved by reversing the
rotation of two rotors arranged diagonally, i.e. rotors
of various vortex. With this maneuver, the body of the
surface vessel does not rotate and as a result moves
«sideways». The spatial orientation of the vessel,
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Pic. 2. Dependence of the specific (per running meter of the vortex generator) power transmitted to the medium
by the smooth rotor of the vortex generator on the radius of the vortex generator.
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Pic. 3. Estimation of time of unwinding of the attached mass by a smooth rotor.

including the rotor system of the vortex generators,
does not change.

Rotation of the speed vector by an angle from 0 to
n/2(Table 1, line ll) is achieved by turning all rotors in
the same direction for some time . In this mode, the
vessel, as a whole, acquires the angular speed of
rotation o', which is opposite to the rotor speeds w.For
more precise adjustment (®°’) in one direction, not all,
but any uncompensated number of rotors can be
rotated. As a result, the vesselturnsonanangle o =o't.

Since the speed vector of the underwater
(toroidal) vessel is oriented perpendicular to the

median plane of the torus, to rotate the vector v by

any angle other than =, the orientation of the median
plane should be changed. To do this, it is sufficient to
change the rotation mode of the diametrically
opposite sections of the rotating shell of the
underwater vessel (Table 1, line lll). Rotation of a
vessel as a whole by a certain angle is a time-
consuming process, in contrast to maneuvering with

a change in the direction of the vector vV atangles n

and m/2, representing a set of discrete individual
actions (stopping and spinning of the rotors).

The maneuver with rotation to angles 0 < ¢ < /2
of surface and to arbitrary angles of underwater
vessels is complicated by the need to take into
account the inertia that the rotational mode of the
rotors initiating the turn of the vessel must be slowed
down or stopped before reaching a given angle of
rotation so that this rotation angle to be achieved by
inertia.

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 5, pp.14-27 (2017)

Energy costs per maneuver in the first
approximation are equal to twice the value of the
kinetic energy in the region of closed flow of
generators of all vortex pairs. This is due to the fact
that to reduce the time of maneuver, any change in
the rotation mode implies first a forced stop of the
rotation of water established before the start of the
maneuver, and then unwinding in a new direction.

2. Limitestimates of a closed flow formation time.

The initial data for the limit estimates of the
formation time of a closed flow in the vicinity of a vortex
propulsion unit are the kinetic energy of the attached
mass of the medium in the steady-state mode E and
the power P transmitted to the medium from the vortex
generator performed by several (at least two) design
schemes.

The minimum power transmitted to the liquid
corresponds to the case of a smooth cylindrical rotor
of diameter d = 2a rotating in water with angular speed
. An estimate from above of this power is the case
of rotation in immobile water.

Force acting on one running meter of the rotor

[9]:

F,,=u 2nagradu, (2)

where n — dynamic viscosity of the fluid, and the
maximum speed gradient is defined as follows [10]:

vmax

grad u= (3)

The thickness of the boundary layer § is estimated
from relation
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Pic. 4. Dependence of the power consumed on the radius of the rotor for a given unwinding time
(a — for a surface vessel, b — for an underwater vessel).
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Pic. 5. Dependence of width of the longitudinal blade on the power required to accelerate the attached mass.

L start motion, on the order of 30 minutes. Pic. 4 shows
o= f 5 (4) the calculated dependencies of the required power
Re for acceleration time of 15 and 30 minutes.
where L — characteristic linear dimension of the The simplest way to transfer such increased power
streamlined body, Re — Reynolds number, which is is to introduce one or more blades into the design. In
defined by formula the case of a single blade oriented in the radial
27a pu direction of the rotor, while the length of the rotor
Re=——"—. (5)  forming a length equal to the length, the force acting
# on it when the rotor rotates in immobile water is:
However the value grad u decreases in proportion )
to the distance from the rotor surface, so we takeas  F, =£ V2(r) s, (7)
an average estimate grad u = % c where Vv(r) - local linear speed of a blade, equal to or;

r—radial coordinate of a blade; S — its area. Accordingly,

The power consumed at the stage of unwinding  payimum power transmitted by a blade to water:

of rotors can be estimated from the following
relationship:

N=F v _=u2nagradu. (6)

mp” max

P=Ev(r)= @s . (8)

Pic. 5 shows the dependence of width of one blade,

Pic. 2 depicts the dependence of the power  capaple of transmitting the previously determined
transmitted to the immobile water on the rotor radius,  power L(P) to water, for different radii of rotors.

and Pic. 3 — estimation of the unwinding time of the It can be shown that the power transmitted by the
attached mass t=E/N. It can be seen that this option  pjage, .e. the amount of water required for
is practically unacceptable. reconstructing the flow of water in the closed flow

Another estimation of the power that ensures the  regijon s at least an order of magnitude less than the
unwinding of the attached mass can be made by  power required for a traditional split design «body—
setting an acceptable time t, which is necessary to  propulsion unit» to overcome drag with a cross section
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Pic. 6. Schematic diagram of the controlled block of
retractable blades:
1 - rotor of the vortex generator, 2 — blades in
the steady-state motion mode, a — rotor radius,
L — distance between the rotors.

Pic. 7. Scheme of a rotor with a retractable blade.

of the body of the order of a? and is estimated by the
ratio of the width of the blade to this transverse
dimension, i.e. s/a.

1. Controlled block of retractable vanes with
adjustable angle of attack.

The blade with the dimensions defined in the
previous section only transmits the calculated
power to water only at the moment of starting the
rotation of the rotor when water is stationary relative
to the blade and the speed head is determined by
the speed of blade motion. As water disperses,

Dead weight 1884955 kg

Radius of the rotor [5 = om
Number of rotors E}

Design parameters

Type of ship

A

Consumed power for spinup
during the given time

speed of the blade relative to it decreases by the
speed of water and, accordingly, the speed head
of the medium and the power transmitted to the
water decrease. It is impossible to compensate for
the decrease in the speed head by increasing the
speed of the blade, since the linear speed of the
blade should not differ significantly from the local
water speed in the steady state. The most obvious
way to increase the transmitted power in a
continuously decreasing difference in blade and
water speeds is to increase the effective area of the
blade. In addition, itis relatively clear that the radius
of rotation of the blade should not remain unchanged
during the entire unwinding time of the attached
mass, since the transmission of the impulse directly
by the blade to the individual layers of water is more
effective than the transmission of this pulse from
one of the rotors due to viscosity. In other words,
the effective unwinding of the attached mass by any
mechanical device of invariable configuration is
impossible.

Pic. 6 is a schematic diagram of a controlled set
of retractable blades with an adjustable angle of
attack.

In the initial state, the blades, made in the form of
long and relatively thick plates, are located in the
recesses (grooves) of the outer surface of the rotor
of the vortex generator, so that one of their lateral
surfaces is flush with the cylindrical surface of the rotor
(Pic. 7).

Each of the blades is fastened to the end of the
retractable rod. The rod length in the radial direction is
somewhat (approximately the width of the blade) less
than the distance from the rotor surface to the nearest
boundary of the closed flow region.

Unwinding of the «attached mass» by the described
blade block is carried out as follows. To drive the rotor
with a blade block, a fixed-power motor is used, which
is set by the time of unwinding. The rotor shell is driven
into rotation with a calculated angular velocity o, The
software-controlled mechanism for extension of the
rods rotates the blades so that the effective flow area
of the latter corresponds to the design width of the
single blade defined in point 2 (option — the blade is

Time of spinup of smooth rotor 79791 min

Maximum width of the blade
depending on transmitted power

. 4
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Pic. 8. The window of the application, which simulates the algorithm of the mechanism
of unwinding of the «attached volume» of the medium.
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oriented either by force of resistance or by power). The
speed of blade extension and subsequent retraction is
determined by the set up time t: half the time — for
extension and the same for return.

During the unwinding process, the rotor’s angular
velocity changes according to the law o = » * a/r, where
r is the instantaneous value of the radius where the
center of the blade is.

The control of the described blade block is made
by comparing the program (calculated) power values
used for water dispersal, the position and orientation
ofthe blades, the angular rotational speed of the rotor,
the water velocity at various points in the closed flow
region, and their actual (measured) values.

2. Development of software for modeling the
mechanism of unwinding of the «attached volume» of
the medium.

The above graphs are valid for a narrow class of
vessels with certain overall characteristics.
Obviously, a tool kit in the form of software is needed
that allows to obtain estimated characteristics of the
output to a stationary (cruising) mode based on a
given type of vessel (surface or underwater) and its
overall dimensions (displacement). On the basis of
the stated mathematical apparatus, it is possible to
form an algorithmic sequence of calculation of
characteristics that can be used in vessel’s control.
Pic. 8 shows the window of the application being
developed.

Programmed control should be based on the fact
that the effective width of the blade, corresponding to
the angle of attack at each instant of water unwinding
time, is determined on the basis of the measurements
obtained from the sensors or the force acting on the
blade or the power expended on the blade movement
in water.

Foreach vessel size there is a blade width sufficient
for the vessel’s acceleration in a minimum time. This
width may be unacceptable for the design of the rotor,
since the width of the blade should be much less than
the radius of the rotor (L << a). If this condition is not
estimated (with insufficient power), it is necessary to
use several blades in the rotor design, which will reduce
their width. At the same time, in the control process,
one should take into account the synchronism of their
extension and the change in the angles of attack of
each for the optimal power consumption for unwinding
of the attached mass of water.

Conclusions.

The computational and theoretical modeling of the
maneuvering processes of water vessels with vortex
propulsion units was performed:

— hydrodynamic principles of vessel’s maneuvering
by changing the rotation modes of individual elements
of the vortex generators are formulated;

— it is shown that for effective use of vortex
propulsion units for large-sized underwater and surface
vessels, special measures are necessary to ensure the
dispersal of water in the closed flow region ( «attached
mass») in a predetermined and acceptable time, which

in turn requires implementation of the operating mode
of the propulsion unit, which is substantially different
from its load when the vessel moves at a steady speed;

— for vessels with vortex propulsion units, the
necessity of using special devices for unwinding of
water in the closed flow area («attached mass») is
Jjustified when the vessel moves from a resting state to
a steady-state mode;

— a constructive scheme of a controlled block of
retractable blades with a variable angle of attack
mounted on the rotor of the vortex generator is
provided, which ensures a change in the flow regime
of the «attached mass» of water for a given time;

— itis shown that the power required to perform
maneuvers of vessels with vortex propulsion units
(necessary in relatively short intervals of time) does
not exceed the power necessary to overcome the
drag of traditional layout vessels of the same
displacement;

— software was developed to evaluate the mode of
unwinding of the «attached volume» of the medium;
simulation of distribution of water speed in the closed
flow region made it possible to form control
dependences — the values of the blade’s attack angles
from the predetermined time of the change in the flow
regime of the «attached mass» of water.
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PaccmatpuBaertcs Bonpoc

06 060CcHOBaHHOCTHU BbIGOPa NnapaMeTpoB
WCIOJIHNTEJIbHOIO 3JIeMEeHTa
Tern/ioreHepupYyoLLnX rnepeKkaynsaloLLnx
YCTPOWCTB C JIONacTHbIMU KOHCTPYKLUSIMU.
31U ycTpoiicTBa xapakTepu3yoTCs HU3KUM
ruapasinydeCcKuM cornpoTUBIeHNEM
paboyero kaHana, oTCyTCTBUEM
TPaANLNOHHBIX OMOP N repMeTU3NPYIOLLUNX
AeTtasnen, LUMPOKUM Anana3oHom
KOHCTPYKTUBHbIX MOAUGUKaLni
MOBbILLEHHOV 3¢ PEeKTUBHOCTH.

Ux ocobeHHOCTbIO s1BAISIETCS TO,

YTO HECYLUNM 3/IeMEHTOM BbICTynaeTt

He TpaaULUMOHHbINA BaJl, a Hapy>XXHasi
NoBEepPXHOCTb UCIOJIHUTEJIbHOIO MEXaHU3Ma.
B cTratbe noka3aHo, KAKUMU UMEHHO
napameTpamMu UCroJsib3yeMbiX 3/IEMEHTOB
obecne4ynBaloTcss MogenmpoBaHue

v ynpassieHue rpoLleccamm Tensonepesaydm.

KnioyeBbie cioBa: TpaHCrnopTHas
aHeprocucTema, TerioreHepupyioLLee
repekaqmBaroLLee yCTpoiCTBO,
VCTMOJIHUTESIbHBI 97IEMEHT, napameTpbi,
3D-moaesb, He3aBUCUMOE YripasieHue.
|
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epeKauyMBalIIe YCTPOMCTBA C JIO-

MaCTHBIMU UCTIOJIHUTEIbHBIMU BJie-

MEHTaMU IIMPOKO MCIOJb3YIOTCS
B IIPOMBIIIIJICHHBIX ¥ TPAHCTIOPTHBIX HEPIo-
cucrteMax. TpagulIMOHHO OHM TIPENCTaBICHbI
LIEHTPOOEXKHBIMU, OCEBBIMU WJIU THAaroHalb-
HBIMU HACOCAMM, BEHTUJISITOpaAMU 1 KOMITPeC-
CcOpaMM, arperaTUpOBaHHBIMU C PETYTUPYSMbI-
MM TIPUBOAHBIMU 3JieKTponBuratesssmu. [1pu
9TOM, HECMOTpPSI Ha TaKKe JOCTOMHCTBA, KaK
CYIIECTBEHHOE CHIIKEHUE TUAPABINICCKOTO
COITPOTUBJICHMS PaOOUETo KaHalla, OTCYTCTBUE
OIOp Y TEPMETU3UPYIOIIMX AeTaneil, paciim-
PEHHBIN AMara30H KOHCTPYKTUBHBIX MOTU(DU-
Kalyii MOBbIIEHHOI 3((EKTUBHOCTH, IUIIb
He3HauUTeTbHAs YaCThb JJOMACTHBIX YCTPOICTB
HECYIIIUM 3JIEMEHTOM MMeEET He TpaIuIlMOH-
HBII BaJl, a HApY>KHYIO [TOBEPXHOCTh UCTIOTHH -
TeJbHOro MexaHusMa. M 31o cTamo Bo3Mox-
HBIM TOJIBKO TTOCJIE TIOSIBJICHUS TPUHLIMTTHATb-
HO HOBOTO THMa (PyHKIIMOHAIHLHO COBMEIIEH-
HBIX TIepeKauyMBaIOIINX SIEKTPOMEXaHUUECKIX
npeodpazosatesneii (I1DI1), y KoTopbIX UCTION-
HUTEJIbHBIN JIEMEHT SBJISIETCS HEOTHEMJIEMOM
YacThIO MPUBOIHOTO MexaHu3ma [1-3].



a)2p=4

6)2p=4

Puc. 1. CunoBbie IMHUM MarHUTHOIO OIS IPU OTCYTCTBUM (a) n Hann4um (6) BHyTPEHHEero
¢deppomarHuTonpoBsoga.

OT OBLLEro K HACTHOMY

OcHoBHOI ocobeHHOocThIO TIDI] Kak
YCTpOMCTBa WIS TIepeMellleHUST HarpeBaeMoit
CPEIBI SIBIIIETCS UPE3BBIYATHO MaJTOe THUIPaB-
JIMYECKOE COIMPOTHUBIICHUE, O0YCIOBICHHOE
OTCYTCTBHEM BaJjia M KJIACCUIECKIX MTOIIITATI-
HUKOBEIX Y3JI0B. B TO Xe BpeMmsT Takast KOH-
CTPYKIHS MPU OTCYTCTBUU BHYTPCHHETO
(beppoOMarHUTONPOBOIA XapaKTePU3YeTCs

3HAYUTEILHBIM HAMarHUIMBAIOIIM PEaKTUB-
HBIM TOKOM U MOTPEOJIIEMOI MOIITHOCTBIO,
MIPUBOISIINM K HarpeBy TePMETUYHOTO CTa-
topa [1DI1, 4TO CBA3aHO C MOBBLIIIEHHBIM
MarHUTHBIM COIIPOTUBJICHNEM HaMarHWU4u-
BaIOIIEro KOHTYpa M TAKUM pacIIpefeIieHIeM
3JIEKTPOMAarHUTHOTO MOJIsI, IIPU KOTOPOM
0OJTBIIIAS YaCTh €TI0 CUJIOBBIX IMHUI ITPOXOIUT
110 HEMAarHUTHOMY YJaCTKY BHYTPH YCTPOICT-

Puc. 2. dHepreTnyeckas guarpamma Marl.
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Ba. Ha puc. 1 11 cpaBHeHUs MOKa3aHO pac-
TpeesieHue MarHUTHOTO TTOJIsI BO BHYTPEHHEN
ob6nactu I1DI1 (a) 1 aCMHXPOHHOTIO ABUTATE-
J1s1 (0) 1J1S1 YeTBIPEXTTOAOCHOTO UCTTOJTHEHUSI.

IMpunuun neiictBus [BT1, noscHs oM
npeodpa3oBaHUE IHEPTMU B paccMaTpuBae-
MOM COBMEIIIEHHOM YCTPOICTBE, OCHOBaH Ha
aHaJIM3€e MPOLIECCOB, XapaKTePHBIX IJIs Tpa-
JALTMOHHBIX 2JIEKTPOMEXaHUYECKHUX Ipeodpa-
30BaTeIei.

Ha puc. 2 npuBeneHa sHepreTuyeckas
nuarpamma [19I1, Ha KOTOpOIt MPOUJLTIOCTPU -
poBaHO Mpeobpa3oBaHUE U pacTpefeieHUue
MOIIIHOCTEH C BbIICIEHUEM BCEX COCTABJISIIO-
LIUX [TOTEePb, ONpeaeonX 3 hEeKTUBHOCTh
YCTpPOMCTBA.

W3 gmarpaMMBl BUAHO, YTO BBIXOTHAS
MoliHocTh [IDT1 npeacTaBiseT cyMMy TeIio-
BOI M MEXaHWYECKOU MOIITHOCTEHN 1 ompenae-
JeTCs MoTpedsieMoit MotHoCTh0 P . TIpu
5TOM MOIIIHOCTh, UAYIIAs Ha MepeMelleHne
U HarpeB paboyeil cpelbl, COCTABISIET pa3-
HOCTb MEXY P, 1 BCEMU ITOTEPAMHU, 32 UCKITIO-
YEeHHEM 3JIEKTPUUCCKUX B IIEPBUIHOI 0OMOT-
K€ P M MarHuTHbIX — B CTaJIM FePMETUYHO-
ro maruuronposona P . Mexannyeckas
MOIIHOCTh P, oGecreunBaet nepeMeneHne
paboueil cpefpl ¢ 3aJaHHBIMU MTapaMeTpaMu
Harmopa Y Mpou3BOJUTEIbHOCTHU, a TEIJI0Bas
P, . — €€ HarpeBs 10 TpeOyeMOii TeMIIEpaTyphi.
B ycTaHOBMBIIMXCS pexkMMax pabOTHI MPU
CKOPOCTHU BpallleHWS] UCTTIOJTHUTEbHOTO dJie-
MEHTa, OJIM3KO¥ K CUHXPOHHOIA (1,), TETIO-
Bble mapameTpsl [1DI1 OyayT onpenensaTbes,
IJIaBHBIM 00Pa30oM ITapaMeTpaMy HEeTTOABUXK-
HOTO HarpeBaTeJIbHOIO 2JIEMEHTA, B TO BpeMs
KaK MCIIOJIHUTEIbHBIA OTPa3UT ITPOU3BOIM -
TeJIbHOCTb (pacxoj) U AaBjieHue (Harmop).

IlepekaunBarolye 31eKTpPOMEXaHUYECKIE
npeobdpa3oBaTeivi KOHCTPYKTUBHO OObEIUHS -
0T TIPUBOJHbBIC, TTIepeAaTOUYHBIC W MCITOJTHU -
TeJbHbIE MEXaHU3MBI U TP 3TOM HE UMEIOT
MeXaHWYeCKUX TPAHCMUCCUI, PETyKTOPOB,
MYJIBTUTUIMKATOPOB, BAPUATOPOB U YILIOTHE-
Huit. CoBMeIIIeHVE BBITTOTHSIEMBIX UMH (DYHK-
LM 6e3 yXyAIIeHUsT SKCITTyaTallMOHHBIX Xa-
PaKTePUCTUK IIeJIacT UX MEePCIIEKTUBHBIMU
MPU PEKOHCTPYKIIMU U 3aMEHE CYIIECTBYIO-
11ero 00Opy10BaHUS.

AHanm3 HayYHBIX UICTOYHUKOB [4—8] 110-
Ka3bIBaeT, YTO OCHOBHBIE UccieqoBaHus [1DI1
HaIpaBJieHbl Ha KOMIUIEKCHOE obecrieyeHrne
MX IKCIUTyaTallMOHHON HaIEXHOCTH, a BOTI-
POCHI TIPOEKTUPOBAHUS U ONTUMM3AINHN T1a-
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paMeTpOB HEIOCPEICTBEHHO MCITOTHUTEb-
HbIX 2JeMeHTOB (MD) npeobpa3oBareneit
OCTAIOTCSI Ha BTOPOM TUTAaHE U3-3a OTCYTCTBUS
aIeKBAaTHBIX MaTeMaTUIeCKIX MOJIEJICi Ipo-
1IECCOB MaccoTiepeHoca TPU B3aUMOCBSI3aH-
HOM YYET€ 2JICKTPOMArHUTHBIX, TUIPABIIYC-
CKMX, TEIIJIOBBIX, MEXaHNYECKNX BO3IEICT-
BUIA.

ANITOPUTM UAEHTUDUKALIUU

TTapaMeTpusannst UCIIOTHUTEIbHBIX JI€-
MEHTOB, MO3BOJIIOIIAS] YCTAHOBUTH NX OCHOB-
HbIe€ TEOMETPUYECKNE COOTHOILIECHUS, MPe/-
roJlaraeT HECKOJbKO 3TAIOB:

1. TlpenBaputenbHOE ONpeaeIeHUEe KOH-
durypanmii 1 00bEMOB 30H C Pa3TMIHBIMU
TUMAMU TEYEHUS XXKUKOCTA Ha OCHOBE TEOPUU
TMOTPAaHUYHOTO CJIOS.

2. TMapameTpusanusi MO, OTHOBpPE-
MEHHO o0ecrneuynBalleil TOUHOCTb 0TOOpa-
JKE€HUS TETUTOBBIX Y TUIPABIIMYECKUX MPOLIEC-
COB M OTPaHUYMBAIOIIEH CJI0XXKHOCTh MaTeMa-
TUYECKUX NMPEACTABIICHUI, HEOOXOIUMBIX [T
e€ aHam3a.

3. [TocTpoeHune TpEXMEPHOIT reoMeTpuye-
CKOW TBEPAOTEIBbHON TapaMeTpUIeCKOi MO-
JIeTI.

4. 3amaHvie HaYaJIbHBIX M TPAHUYHBIX yC-
JIOBUIA, OTpAaHUYECHUI-PABEHCTB, OTpaHUYe-
HUI-HEPABEHCTB, KPUTEPUEB ONITUMU3AIIUN.

5. Ob6ecrieueHNE BO3MOXHOCTH OpraHn3a-
UU UTEPALlMUOHHOTO BBIYUCIUTEIBHOTO
9KCMEPUMEHTA Ha OCHOBE PKCIEPTHBIX Olle-
HOK CyOONITUMAJIbHBIX [TAPAMETPOB UCITOTHU -
TEJILHOTO 2JIEMEHTA.

6. [IpoBeneHME BBIYUCIUTETLHOTO SKCIIE-
pUMeHTa Ha 0a3e BUPTYyaJbHOU TPEXMEPHOM
MOJIEJH.

7. OnpenenieHre BeCOBBIX KOa(dUIneH-
TOB MMPOEKTHBIX TAPAMETPOB.

8. [IpoBepka aneKBaTHOCTH MOJIEJIA CPaB-
HEHUEM Pe3yJbTaTOB BBIYUCIUTEIBHOTO
Y HATYPHOTO 9KCIIEPUMEHTOB.

AHaJU3 TUIAPONUHAMUYECKUX YCIIOBUN
MPUMEHUTEIBHO K UCTIOJTHUTEIbHBIM 2JIEMEH-
Tam 1311 moka3bIBaeT, 4ToO alprUOpPHOE 3a1a-
HUE TOYHBIX HAYaJIbHBIX U TPAHUYHBIX YCIIO-
BUIA HEBO3MOXHO U3-3a CJIOXKHOCTH pacIipe-
JIeJIeHUs JIEMEHTOB [MOTOKA IepeKaunBaeMOon
cpefbl, 00yCIOBIEHHO HEPABHOMEPHOCTHIO
TpodWIISi CKOPOCTEl TOTOKA, €0 TYpOyJIeHT-
HOCTbhIO, 00pa30BaHUEM HEYUYUTHIBAEMBIX
Pa3pbIBHBIX TEUEHUI, 3aCTOMHBIX 30H, IIUP-
KYJISITINN, TEMIIEPaTypPHBIX TPATUEHTOB U CBSI-
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3aHHBIX C HUMU T€YeHUH, MeXTy(Ha30BbIMU
npolieccaMy TeIIOMaccoOOOMeHa.
TTapamMeTpu3aiys UCIOJTHUTEIBHOTO 3J1e-
MEHTa MOXKET ObITh BBIMOJHEHA C UCITOIb30-
BaHUEM CMEILIAHHON MOJIeJTd, OMTMChIBAIOIIEC
COBOKYITHOCTbh B3aMMOCBSI3aHHBIX OOJIacTel
MOTOKa C Pa3IUYHBIMU XapaKTepPUCTUKAMU
[9—11]. Monenb mprMeHrMa Kak A1 TPOCThIX
WUIeaTU3UPOBAHHBIX PEXKUMOB TeUeHUS (CMe-
ILIEHUSI, BBITECHEHUSI, BBITECHEHUS ¢ AU Dy-
31eil), TaK U JJTS CJIOKHBIX (YACTUYHO HECMe-
IIMBAaeMBbIX, 0OPaTHO-LIUPKYJISIIIUOHHBIX,
CTPYUHBIX MOTOKOB). OCHOBHOE YCJIOBUE
MPUMEHEHUS MOJIEIN UIeaTbHOTO CMEeIIINBa-
HUS — TpebyeMast MTHTEHCUBHOCTb IepeMel -
BaHUS 0oOecrnevynBaeTcsi aBTOMaTUYEeCKU
BCJIEJICTBYE HAIMYMS BPAIAOIIIETOCS UCOJT-
HUTEJIBHOTO 37ieMeHTa. Mojenb uneajsbHOro
BBITECHEHUS TPEANoaraeT MopuiHeBOn xa-
pakTep TeYeHUs Cpelibl U OTCYTCTBUE ITepeMe-
mrBaHus notoka. [Tpu aToM BpeMs ABMKEHUS
Cpellbl OTMpeAesieTCsl OTHOIIEHUEM 00bEMa
BHYTpeHHero kaHaua I[19I1 k o6bEMHOMY
pacxony, Kak B TpyOYaThIX TETJI00OOMEHHBIX
anmnapaTax npu TypOyJeHTHOM TeUSHU U KU/ -
KOCTH C PABHOMEPHBIM PO UIEM CKOPOCTH.
WnenTudukaius xapakTepHBIX 1eJIeBbIX
obJacTeii TerioMaccooOMeHa, MoKa3aHHas Ha
puc. 3, mpou3BeieHa Ha OCHOBE aHaIu3a Mpo-
11ECCOB UJICATbHOTO CMEIIIMBAaHUS (MHTEHCUB-
HOCTb LIUPKYJISILIMA MOTOKA TPUBOAUT K PaB-
HOMEpPHOMY MepeMeIIMBaAaHUIO MOCTYIAIOIICH
Y HAXOOSIIEHCS B KaHAJIE CPe/ibl C paauaibHON
CKOPOCTBIO V,) U UACATBbHOTO BBITECHEHUS

(ITOTOK COCTOUT U3 PABHOMEPHO IBYDKYIIMXCS
C OJJMHAKOBOM OCEBOM CKOPOCTBIO ¥, YaCTULL

TIepeMeIaeMOM CPEIBI).

CMelraHHas MOJEJb ITO3BOJISIET paccMa-
TPMBATH IBA YCIIOBHO HE3aBMCUMBIX ITPOLIECCA:
Harpes U ITepeMeleHIe CpeIbl, TPUYEM MPO-
1ecc nmepeMeIieHnsT IBJISIETCST OIPENEIsTIO-
MM KaK MHTEHCUBHOCTH TEIJIOOTBOAA OT
CTEHKM KaHaJjia, TaK ¥ MIPOU3BOINTEIBHOCTh
T1511.

BbIBOP MPOEKTHbIX
NMAPAMETPOB N3

TIpenBapuTenbHBIN BHIOOP OCHOBHBIX ITPO-
€KTHbBIX I1apaMeTPOB MCIIOJIHUTEIbHOIO BJie-
MEHTa, XapaKTepU3YIOIIMX IIPOLIECC MacCOoIIe-
peHoca B 1311, MoxeT ObITh cligaaH ¢ TOMO-
LIbI0 MOJIEIN UACATU3MPOBAHHOIO OJHOIIO-
TOYHOTO U OJHOCTYIIEHYATOrO0 MCTOYHUKA
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Vz

Puc. 3. KombuHupoBaHHasi Mogesnb
TerniomaccoobmeHa.

MEXaHMYECKOM MOIITHOCTH, MMEIOIIETO OECKO-
HEYHO OOJIBIIIOC YMCJIO TIJIOCKMX JIOIacTei
SAMHUYHON TOJIIIMHEI, TIepeMeIaoImX (Gu-
31YECKYyI0 cpeny. Takast MOIe/Ib COOTBETCTBYET
KOHCTPYKILMU B BUJIE COBOKYITHOCTH JIBYX
CTaTUYECKMX TOPLIEBBIX KOJIELL, COSAMHSIOIIX
HaIlOpHbI€ JIONACTU, C MEPEMEHHBIM YKCJIOM
JIonacTel, Bapualuei reoOMeTpUIeCKUX pa3-
MEpOB M YIJIOB BXOa,/BBIXO/IA ITOTOKA.

Ha stoMm 3Tane riaBeHTCTBYET METOIMKA
onpeieeHus: CKOpOCTel OJHOTUITHBIX TeX-
HUYECKUX YCTPOUCTB IJIsI MepeMelleHU s
XUIKOCTU Y ra3oB, OCHOBaHHAsl Ha UCTIOJb-
30BaHMU YpaBHEHUS Ditiepa, MO3BOJISIONIETO
paccuuTaTh HAIIOPHbIE XapaKTePUCTUKU JIO-
MAaCTHOTO YCTPOMCTBA M0 U3BECTHOMY pacnpe-
TIEJICHUIO CKOPOCTE B paboyeM KaHaJjle:
gH =uv), —uv,,,

L€ g — YCKOPEHKe CBOOOIHOIO MajeHMs, M/c?;
H — Hanop, M; u, — TaHTeHLIMAJIbHAsL CKOPOCTh
Ha BXOJI€ JIOTIACTH, M/C; U, — TAHTE€HLIMAJIbHAS
CKOPOCTb Ha BBIXOJIE BJIEMEHTa — JIONMACTU
N3, m/c; v, — TaHreHIMaTbHAsE COCTABIIAIO-
1asi abOCOIFOTHOM CKOPOCTU Ha BXOIE, M/C;
vL,, — TaHTe€HILIMAJIbHAsE COCTaBJIsAIONIast abCco-
JIIOTHOI CKOPOCTH Ha BBIXOJIE, M/C.

s mepexona K peajJbHOMY 2JIEMEHTY
HEeO0OXOIMMO yUeCTh:

* yucio Jionacteit D, koTopoe 3aBUCUT
oT (pyHKUMOHaNbHOTro HazHaueHus [1OTI1
(HM3KO-, CpelHe-, BBICOKOHAIIOPHOE) U CO-
CTaBJISIET [JIsI HU3KOHAIIOPHBIX YCTPOMCTB He
6onee 10—12;

* IIPOEKTHBIC MapaMeTPbl: HAPYXHbII
muameTp D — d; nnmuua UD — [, TonmmmHa
N3 — £, komuecTBo Kostent UD — n_; konnye-
cTBO pébep UD — n; WHPHHA KOJbLa
N3 — w_; mupuHa pedpa UMD — W ; ITMHA
JIONacTy — / ; TOJIIIMHA JIONACTH — £ ; BBICOTa
JIOMacTi — /1 ; KOJMYECTBO JIONACTEH — 7 ;
YTOJI YCTAaHOBKU JIOMACTU — O TUAMETP BHYT-
peHHero dheppoMarHuronpoBoga (PM) — d "
nnvHa OM —/ > TOJILLMHA DOM — () (puc. 4);

* 00bEMHBIC, TUAPABINYECKIE Y MEXaHU~
YeCKUE IMOTEPHU.

Kum K. K., lMpoconoeund A. A., KonowueHko 0. b. [NapameTpn3auus UICNONAHUTENbHBIX JIEMEHTOB
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Puc. 4. K Bbi6opy
MPOEKTHbIX NapameTpoB
na narn.

CO30AHUE 3D-MOAEJIN

[MpeaBapuTebHBIN BHIOOP TTPOEKTHBIX
napamMeTpoB MO no3BoJIsieT MepeiTu K ATammy
co3naHusI TPEXMEPHON TBEPIOTETHLHOM TTapa-
metpuueckoit monenu M. OtcyTcTBrE anpu-
OpHOI1 MH(pOPMAIIUY O 3HAYMMOCTH OTIEThb-
HBIX TTapaMeTPOB 00YCIaBIMBaET HEOOXO M -
MOCTb WCCJICTIOBAaHUS 1 OLIEHKU WX BIVSTHUS
Ha eTo BBIXOJTHBIE XapaKTePUCTUKU Ha OCHOBE
TEOPUU TUITAHUPOBAHMS SKCIIEPUMEHTA.

Haxoxnenue cybonTMMaabHOTO BapruaHTa
MD tpebyeT cozgaHmsl ero ruOKoi BapuaTuB-
HOI TeoMeTpUYeCKOl Mojean. DTa 3amada
pelraeTcs ¢ MCMOoJb30BaHUEM TEXHOJOTMU
TapamMeTpu3aliiy Ha 6a3e CCTEMbI aBTOMATH -
3upoBaHHoro npoektupoBaHust T-FLEX CAD.

Peanuzanus rnpoekTa mapameTpuiecKoin
3D-Monenu HauuHaeTcs ¢ 3D-dbparMeHTOB
otnenbHbIX Aetaneit UD. Tpouecc moaenu-
poBaHMS pa30MBaeTCs Ha JABa ITara:

1. Co3naHue reoMeTpuu MPOEKTUPYEMOTO
o0bekTa (IMocTpoeHue Npoduieil, BbIMOIHEe-
Hue onepauuii 3D-MoaeIMpoBaHUs, TTO3ULIM -
OHUpOBaHUeE JieTajleil B COOPOYHON MOJIENIN).

2. 3ajaHue napaMeTpoB MPOEKTUPYEMOTO
00beKTa (JTMHEHbIe, YITIOBbIE pa3Mephl, KO-
JIMYECTBO BJIEMEHTOB) M MX 3HAYCHUI (TUCEIT,
TMIepEMEHHBIX, BIPAXKCHUIA).

Mopaenb cOOpOYHOUN eTUHULIBI «MCTTOJHU-
TEJbHBIN 3JIEMEHT» BKIIOYaeT (hparMeHTHI:
Kopnyc D, heppoMarHuTonpoBo/I, JIONAacTh
u no3BoJjseTr peanuszonaTbh B T-FLEX CAD
BO3MOXHOCTB YIIPABJIEHUST TEOMETPUICCKON
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dopmoii amemeHTOB coopku. [lepemaya 3Ha-
YEeHU TapaMeTPOB BBITIOTHSIETCS TTPU IIOMO-
1M BHEITHUX TepEeMEHHBIX (pparMeHTa (Ha-
npuMep, IMaMeTp, IJIMHA, TOJIIIMHA KOpITyca
WD, nnamerp, mHa, TonuuHa @M, mimHa,
BBICOTA JIOIIACTH); KOJIMIECTBOM 3JICMEHTOB
cOopku (Hampumep, KOJIUUecTBOM pEdbep
M KoJer] kopmyca M3, KonmnmdecTBOM Jomac-
Teli); MOJIOKEHNEM 2JIEMEHTOB COOpPKM (Ha-
TIpUMep, YIJIOM HaKJIOHA JIOTTacTein).

IIpoexTHBIC TapaMeTpPBI IIPU TTapaMeTPU-
3allMU DJIEMEHTOB cOOpouHoil Moxenn MO
IeJISITCsI Ha IBe TpymIibl. K rpyrine ocCHOBHBIX
TepeMEHHBIX OTHOCSTCS: HapyXXHBIN qua-
METp — d; JIMHa — [; TOJNIIWHA — f; KOJINYe-
CTBO KOJIEL — A, ; KOJINYECTBO pEdep — 7 ;
LIMPKHA KOJIbIIAa — W ; IMpKHA pebpa D — w.
B rpynmy BcmoMoraTeIbHBIX TTEPEMEHHBIX
kopryca MO BxomsT: yron KapMmaHa — alfa
karm v nVHA BBITAIKUBaHUS — dl_vyt.

IIpu popmMupoBaHUM TPEXMEPHOI cOO-
pOYHOI1 TTapameTpudeckoii monesnn D obec-
TEeYNBACTCSI CBSI3b BHEITHUX IEPEMEHHBIX
netaneit (3D-¢pparMeHTOB) ¢ TTIepeMEeHHBIMU
cOopouHOIi emmHUIIBL. TaknM 06pa3oM, rapa-
METPBI COOPOYHOI ¢ IMHUIIB ABTOMATHIECCKHI
M3MEHSIOT mapaMeTpsbl 3D-(parmeHTOB B 3a-
BUCHMOCTHU OT 3HAYCHUI BXOTHBIX TaHHBIX.
ITapamMeTpu3aiins O3BOJISICT ITOJIYIUTD pa3-
JIMYHBIC KOHCTPYKTUBHBIC BapuaHTH MO
¥ TIepeiTH K OlIeHKEe BIMSHUS pa3MepHBIX
COOTHOIIICHMI Ha TIPOIIECC TEIIIOMaccoooMe-
Ha B 1LIeJIeBBIX 00J1aCTIX.
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InletYolume Flow
0.004 m*"3fs

FTPAHUYHDLIE YCJ1OBUSA
n yciaoBusa-oreAHU4HEHUA

DakTophl, OrpaHUIMBAIOIIIE BEIOOD 3HAYE-
HMI1 TapaMeTpoB YD, onpenesisitoTcst COBOKYII-
HOCTBIO TIpolieccoB, npoTekatomux B [1911,
M €T0 KOHCTPYKTUBHBIMU OCOOEHHOCTSIMU.
AHaJIM3 MpOIeCCOB TEIUIOMACCOIIepeHoca Mo-
Ka3bIBAET, YTO KPUTEPUSIMU BLIOOpA ITApaMETPOB
MOTYT CITY>KUTh:

* JUUISI 3JIEKTPOMArHUTHBIX ITPOLIECCOB — JIO-
ITyCTUMasI TUTOTHOCTb TOKa U IOITyCTHMOE 3Ha-
YeHUE UHAYKIIMY B 3JIEMEHTaX MarHUTHOM 1ie-
M, OTpeaessieMble ¢ YIETOM YCIIOBHIA TEILIO-
oOMeHa ¢ paboueil cpeaoit;

* JUISI MEXaHUYECKHX ITPOLIECCOB — MPeIes
MPOYHOCTH 3JIEMEHTOB KOHCTPYKLIMY B CTaTH -
YECKMX U IMHAMUUYECKUX PeKMax;

* JUIS TUAPABIMYECKUX ITPOLIECCOB — MUHU-
MaJIbHOE TUIPaBINYECKOE COMPOTUBIICHUE,
CO3IaBaEMOE MCIIOJIHUTEIbHBIM 3JIEMEHTOM;

* JIUISI TETIOBBIX ITPOLIECCOB — O0eCIIeueHIE
JIOITYCTUMBIX 3HAUEHUI TeMITepaTypbl pabodeii
cpeibl Ha BBIXOJIE KaHaJa.

B kavecTBe rpaHUYHBIX YCJIOBUIA 3a1al0TCSI
BXOIHOM 00BEMHBIN pacxon (Invlet Volume Flow
0,004 Mm3/c) u naBnexue Ha Bbixoze (Environment
Pressure 111325 I1a), nnsa kanana (Stator) rpa-
HuyHoe ycioBrue — Real Wall (puc. 5).

Wcxons us koHgurypaiumy odaacteit Mmoae-
JIMPOBAaHMS Y PEKOMEHIAIMI, TIPUBEAEHHBIX
B[ 1], MOXKHO OrpaHUYUTh AMATIA30HbI BAPHUPO-
BaHUS OTIEIbHBIX MapaMeTpoB M3,

Tak, HapyXHbII AuamMeTp u JyiuHa MO BbI-
OMpAaIOTCsST U3 YCIIOBUIA
d<D;I<l,
rae D, [, — BHYTpEHHWIA IMaMeTp U JUTMHA Ka-
HaJja.

Tonmmua MO omnpenensieTcs: yCAOBUSIMUA
MMHUMAaJIbHOTO TUIPaBIMYECKOTO COIIPOTUB-
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Enwironment Pressure
111325 Pa

Puc. 5. BagaHne
rpaHUYHbIX YCJIOBUIA.

Real Wall {Statar)

JICHUSI T HEOOXOIMMOM MeXaHIECKOM ITpoY-
HOCTH:

0<t<k,;t,

e k — KO3 PUUMEHT HalEKHOCTH, YUUThI-
BaIOIINI KOHCTPYKTUBHBIE OCOOCHHOCTH
¥ TEXHOJIOTUIO MPpOon3BoAcTBa D, mprHMMa-
€MBIif 0 O0IIEMAITMHOCTPOUTEILHBIM METO-
JMKaM U cocTaBisionuii 1,1—1,2 njs cruion-
HOT'O LIIMHAPA; ¢, — MUHUMaJIbHAs! TOJIILH-
Ha MO, mmonygaemas ¢ yI€TOM MpeaeioB Me-
XaHWYECKOU ITPOIHOCTH.

KomuectBo TopuieBbix kostetr D npuHu-
MaeTcs 1= 2, UCXO/Is M3 YCJIOBUS 3aMbIKaHUS
BropuaHoro Toka [19TI1. [Tpu HeoOxomumMocTn
MMOBBIIIEHUST MEXaHNIeCKO# mpouHoct D
1 obecIieueHNs] BO3MOXKHOCTH pa3MeIleHUs
HAIIOPHBIX JIONIACTEM 71, MOXET OBITh YBEIMYE-
HO, HO 3TO HE JOJIKHO TIPUBOIUTH K YXYIIIe-
HUIO YCIOBUI TEIJIOOOMeHa MpPU ABUXKEHUU
paboueit cpeibl OTHOCUTENIbHO CTEHKU KaHa-
Ja.

Iupuna pedep W, M KOJel W, MO BHION-
paroTcd MO ITOIMYCTUMOM IUIOTHOCTH TOKa
B YCJIOBUSX BBHIHYXICHHON KOHBEKIINH,
¢ YIETOM MeXaHMYEeCKNX Harpy3oK W 10 pe-
3yJIBTaTaM TMIPAaBIMYECKOTO pacuéra.

KonnuecTBo pedep n BbIOMpaeTcs U3 yc-
JIOBUSI:

M2
n=———
(I-2w, )wpt-am

rae M, — Bpallamolnii MOMEHT, NPUIOKEH-
HbIii K ND; G,y — AOIYCTUMBIN ITPE/Ie] ITPOY-
HOCTU MaTepuaa.

JlnvHa TomacTy / orpaHUYMBaETCs BETU-
YUHOM yIJIa yCTAHOBKY 0L U BHYTPEHHUM J1a-
MeTtpoM @M u BrIOMpaeTCcs B nuamna3oHe
o</ <l .

Ja JI.m;

ax
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Velosity () [mis]

a

Pareto Chart of Standardized Effects; Variable: Zaz_Av_abs
27(4-0) design; MS Residual=,0086472
DV: Zaz_Av_abs

Puc. 6. Busyanunsayms pe3ynbrata pac4éta rnosiss CKopocTtei
B rpogosIbHOM (a) u nornepeYyHom cevyeHum (6) kaHana.

Pareto Chart of Standardized Effects; Variable: Cent_av
27(4-0) design; MS Residual=, 1161398
DV: Cent_Av

(Hin 4796207
@  Jezsean

@hn J2.537903

3by4 |p.s6735
O

1by3 :1,153575

1by2 :l,sﬁmzqa

2by4 :l,ssomw

Wyl |osorer

p=05
Standardized Effect Estimate (Absolute Value)

a

Jnama3oH Bapualiy yrjia yCTaHOBKU JIO-
nactu oo — 0—45°.

TonuHa nonacTy BBIOMpaeTcs B COOTBET-
CTBUU C MUHUMAaJbHBIM THUAPABINIYCCKUM
COITPOTUBJICHUEM U HEOOXOIUMOM MeXaHUYe-
CKOM IIPOYHOCTHIO:
0<z <kt ,
rae ¢ — MUHMMalbHasl TOJNIIMHA JIOTIACTH,
moJiydyaeMasi C y4€ToM IpeeioB IPOYHOCTH
MaTepualia U pe3yJIbTaTOB MEXaHUYECKOTO
pacuéTa JIoracTu.

BricoTa sonacty orpaHUYMBAETCS BHYT-
penHuM auamerpoM @M i < 0,5d o

Hapyxuprit nnamerp n juiiHa @M nomk-
HBI YIOBJICTBOPSITD YCIOBUSIM
d¢< d—t,0< l¢< I— 2w

TonmuyHa BHYTpeHHEro (peppoMarHuTo-
MpoBOJa, ONpeaesiolias ero BHYTPeHHU
JIHaMETpP ¥ COOTBETCTBEHHO TMIPaBINYECKOe
COIPOTHUBIIEHUE TIPOTOYHON YacTH, IpeaBa-
pUTENbHO BEIOMpPAETCsl paBHO MUHUMAaIbHOM
IIMpUHe 3y0a cTaTopa 1,= b,

MuHuManbHOE KOJIUYECTBO JIOTIAcTei
BbIOMPAETCS U3 YCJIOBUSA CUMMETPUM 1> 2.

MOLOEJIMPOBAHUE NON4A
CKOPOCTEM

[Ipouecc MomeMpoBaHuUs MepeMeIeHUs
paboyeil cpeibl BUyaJIu3UpyeTcsl B BUJE 10~
Js ckopocTeit ¢ ucnoab3zoBanuem CFD
(computational fluid dynamics) TexHoJiorui
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(4)alfa -4,64212

2by4

@nn ! 21
3oy4 -1,62856
1by3 608874

@nn 3799063
1by2 0850057
2oy3 064555
(i 10425478

p=05
Standardized Effect Estimate (Absolute Value)

6

Puc. 7. Anarpammeil MapeTo.

Ha 0a3ze monynst Flow Simulation cuctembl
SolidWorks [12]. Bapuauus reomerpuu D
OCYILIECTBJSIETCSI AaBTOMATUYECKU MPOrpaMm-
MO JIJ1s1 TapaMeTPUYECKOTO MOIEIMPOBAHYSI.
3HaYeHMs MapaMETPOB OIPEILIISIIOTCS UCXO0-
JI51 M3 IJIaHA TTOJIHO(MAKTOPHOI'O 3KCIIEPUMEH -
Ta. KonmyecTtBo nmonmyyaeMbIx (haiijioB cOOT-
BETCTBYET YMCILy OIIBITOB B ILJIaHE DKCIIEPH-
MeHTa. Paiiyibl TapaMeTPOB UCIIOIb3YIOTCS
Mp¥ OOHOBJIEHMU I'€OMETPUYECKON MOAEIN
ns.

TIpumep pe3ynbraToB pacuéra IoJisi CKO-
poCTeil B MPOAOJbHOM (a) U MOMepeyHOM
ceyeHuu (0) 7151 11eeBOM 30HBI MI€aTbHOTO
BBITECHEHMSI KaHaJIa II0Ka3aH Ha puc. 6.

J1s mpeABapUTEIbHOM OLIEHKY BIIMSIHUS
MPOEKTHBIX MapaMeTpoB MDD Ha cpeaHIo0
CKOPOCTbD IIepeMELIeHUSI Cpeibl OepETCs cpe-
HEB3BEILIEHHOE 3HAYeHHEe CKOPOCTH I10 Ipa-
(UYeCcKOMy OTOOPaKEHUIO TTOJIST CKOPOCTEIA.

Ha ocHoBanuu nuarpamm IlapeTto omnpe-
JISJISIIOTCST 3HaUMMble (haKTOPHI: IJIsT LIeJIeBOM
30HBI UI€AJIbLHOIO CMEILIMBAHMSI — YTOJI yCTa-
HOBKW JIOTIACTH 0L, JUTMHA JIONAcTH / , Koye-
CTBOJIONACTEM /1, BBICOTAJIONACTU /i (PHC. 7a);
JUISI LI€JIeBOI 30HbI MI€aIbHOTO BBITECHEHUST —
YIoJl YCTAHOBKM JIOMACTU oL U COBMECTHOE
BIMsIHUE o M A (puc. 76).

Ha puc. 8a,0,B moka3aHbl TTOBEPXHOCTHU
OTKJIMKA JUIsl 3HAYUMBbIX (AaKTOpOB o, [, n_
B LIEJIEBOI1 30HE MICAIbHOTO CMEIIMBAHMSI.
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Fitted Surface; Variable: Zaz_Av_aAbs
27%(4-0) design; MS Residual=,0086472
DV: Zaz_Av_abs

o8
<038
<07
<06
7=,1607251533189-,001166847041847"y-,0024067911255411 "X
+,0000573598307359307°21;"y+; 00046626984 1269844,y

-,08551335

+;00006547619047619"x"y+;000061363636363636721;*x+,0013875"4,*x

a

Fitted Surface; Variable: Zaz_Av_Abs
2™*(4-0) design; MS Residual=,0086472
DV: Zaz_Av_Abs

z=;1607251533189-,024469246031746%y-,0024067911255411*x
+:00046626984126984*58;5*y+;00006547619047619*56;5"x

+:009243597

07
<07
I <06

+,000062500000000001%21;*y+;00006 1363636363636%21;"x+;00138757X"y

6

Fitted Surface; Variable: Zaz_Av_Abs
27*(4-0) design; MS Residual=,0086472

DV: Zaz_Av_Abs

Puc. 8.
MoBepxHocTn
OTK/INKa
AJs1 BHAYNMBbIX
MPOEKTHbIX
napamMmeTposB.

Hl>06

[2=;1607251533189-,001166847041847"x-,024469246031746"y
+000057350307350307*21; %+ 00046626984126984*x*y
+,00006547619047619°25:"x+000062500000000001°21 y
+:0013875°25;y-,02084023

AHANTN3 BJIMAHUA SHAHUMDbIX
NMAPAMETPOB

IIpencraBneHHBIC B BUIE IMMOBEPXHOCTEH
OTKJIMKA Ha PHUC. 8 pe3yJbTaThl MOICIMPOBA-
HUS TTO3BOJISIIOT MPOBECTU aHAIM3 BIMSTHUS
3HAYMMBIX IIPOCKTHBIX ITApAMETPOB Ha BEJIM-
YUHY OCEBOU COCTABJISIONIEN CKOPOCTH Mepe-
MeIIeHUS pabodeit Cpebl.

OCHOBHOI1 3HAYMMBIIi ITapaMeTp — BBICO-
Ta JIONACTU A, HEIMHEWHO CBA3aHHas C Oce-
Boii cocraBistronieit CentAv (puc. 9, moctpo-
€H JUTSI TOBEPUTEILHOTO MHTEPBAa).

HavanbHoe yBelImueHHE CKOPOCTH 00b-
SICHSICTCS YBEJIMUCHUEM ITLJIOIIAIH JIOTIacTei
¥ He3HAYUTEJIbHBIM IIEPEKPHITHEM JIOTIACTSI -
MU LIeHTpa pabodero KaHana. Berbop 3Haue-
HUH A , TIPEBBILAIOIINX KPUTHIECKOE 3HA-
yeHUe (18 MM), IPUBOAUT K YMECHBIIICHUIO
CKOPOCTH U CHIKEHUIO MPOU3BOAUTEIBHO-
ctu [1D11.

CrenyomuM M0 3HAYUMOCTH SIBJISICTCS
YTOJI YCTAaHOBKU JIOTIACTU O, OMHOBPEMEHHO
BIMSTIOIINIA HA TIPOIIECCHI TEIJIOMaccooOMe-
Ha, 9TO HE ITO3BOJISICT €TI0 MCIIOJIB30BaTh IS
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pa3aebHOTO yIpaBieHMS BHIXOIHBIMU ITapa-
MeTpaMU IIpeodpa3oBaTels.

B MeHbllIeii cTeneHN Ha MIPOLIECC MACCO-
oOMeHa BIMAET IUIMHA JonacTu [ , Kotopas
OKAa3bIBAETCS TPETHUM 110 3HAYMMOCTHU I1apa-
METPOM.

KosmuecTBo nonacreii n, Ha OCHOBHOM
aTane MCCaed0BaHUI OKa3ajoCh He3Hada-
LIMM, OJHAKO IPHU JaJbHEHIIEM MOICIUPO-
BaHUM COBMECTHBII Y4ET KOJIMYECTBA JIOIAC-
Teil M yIJa HaKJIOHA JIOMacTu n_ + o cienan
rapamMeTp MAThIM 10 3HauyuMocTu. [1pu yrie
YCTAaHOBKH 45° KOJIMYECTBO JIONACTEM 71 CTANI0
yeTBEPTHIM B IMapaMETPUUECKOM PEUTUHTE.

TommumnHa kopnyca M9 ¢ okazanach Hau-
0oJjiee 3HAYMMBIM ITapaMETPOM JJISI 30HbI
MIealbHOIO CMEIIMBAHMSI, B KOTOPOIi Iapa-
METp ! ¥ OCeBasi COCTaBJISIIOIIAsl CKOPOCTHU
00paTHO KOPPETUPOBAHDI.

B uiesioM aHanM3 BAMSIHUSL 3HAYMMBIX I1a-
paMeTpOB IMOKAa3bIBAET, UTO IJIsI pa3ae/IbHOIO
yIpaBjeHUsI MOXHO MCIIOJb30BaTh. B 30HE
WIEATbHOTO CMeMBanus — 1, [, n_, B 30He
WJIEATbHOTO BBITECHEHUS — /1 .
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One Way ANOVA 2v*5¢

Cent_Av = 2,6166+0,2012*x-0,0057*x"2; 0,95 Conf.Int.

4.8
46 ;
4,4
42
Puc. 9. 3aBucumocTts
oceBo¥i cocTasnsiowen 5 a0
ckopocTu paboyeii cpenbl <"
OT BbICOTbI IONACTH. €
L]
O 38
36
3.4
3,2
3,0 .
8 10 12
BbiBOAbl

1. OGnacTh UccienoBaHus MepeKauyrBao-
IINX 3JICKTPOMEXaHNIEeCKUX ITpeobpa3oBarte-
JIeii MOXKeT OBITh IIPECTaBIcHA IBYMS HECBSI-
3aHHBIMH TIOTO0JIACTIMU: UICATBHOTO CMe-
IIWBaHUS W UIEATbHOTO BBITCCHEHMS.

2. OceBag cocTaBisifolasi CKOpOCTU B Ka-
Hajie IBIIsIeTCsT (DYHKIIMOHAIOM IIJIs OTIpe/ie-
JICHUS IIPOU3BOANTEIIEHOCTH Ipeodpa3oBaTe-
JIsSl ¥ €T0 TETIJIOBOTO COCTOSTHUSI.

3. AMPUOPHO OCHOBHBIMU MPOEKTHBIMU
mapaMeTpaMy UCITIOJTHUTEJIBHOTO 2JIEMEeHTa
BBICTYIIAIOT €r0 HapY>XKHBIN TUaMeTp, IJINHA
¥ TOJIINHA, KOJMISCTBO W MMPUHA KOJIeIl
u pébep, JIMHA, TOJIIMHA, BBICOTA, YIOJ
YCTaHOBKM M KOJIMYECTBO JIOTACTEil, pas3-
Mepbl BHYTPEHHETO (peppOMarHUTOIIPOBO-
na.

4. TTapamMeTpbl UCTIOTHUTEIBHOTO SJIEMEH-
Ta 0 3HAYMMOCTHU pacIIpeiesIeHbl CIIeayIo-
UM 00pa3oM: BHICOTA JIOMACTH, YIoj e
YCTaHOBKM, AJWHA JIOTIACTH, KOJIMIECTBO
JIOTIaCTe |, TOMIIMHA KOopITyca.

5. HezaBucumoe ympaBiieHHE MPOLIECCOM
TeIUToIIepeIaur 00CCIIEINBAIOT ITapaMeTPhI —
t,1,n_, IpOLECCOM MEPEMEILEHU — A

T
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ABSTRACT

The question of validity of the choice of an
actuating element of heat-generating pumping
devices with blade structures is considered. These
devices are characterized by low hydraulic resistance
of aworking channel, absence of support and sealing

parts, a wide range of design modifications of
increased efficiency. Their feature is that the
supporting element is not the traditional shaft, but
the outer surface of the actuating element. The article
shows what parameters of the elements used ensure
modeling and control of heat transfer processes.

Keywords: transport power system, heat-generating transfer device, actuating element, parameters,

3D model, independent control.

Background. Pumping devices with blade
actuating elements are widely used in industrial and
transport power systems. Traditionally, they are
represented by centrifugal, axial or diagonal pumps,
fans and compressors, aggregated with adjustable
drive motors. However, despite such advantages as
a significant reduction in hydraulic resistance of the
working channel, the lack of supports and sealing
parts, an expanded range of design modifications of
increased efficiency, only in a small part of blade
devices a bearing element is not a traditional shaft,
but the outer surface of the actuating element. And
this became possible only after the appearance of a
fundamentally new type of functionally combined
pumping electromechanical converters (PEC), in
which the actuating element is an integral part of the
drive mechanism [1-3].

Objective. The objective of the authors is to
consider parameterization of actuating elements of
pumping electromechanical converters.

Methods. The authors use general scientific and
engineering methods, simulation, comparative
analysis.

Results.

From general to specific

The main feature of PEC as a device for transfer
of the heated medium is an extremely low hydraulic
resistance due to the lack of a shaft and classical

N

N

a)2p=4

bearing assemblies. At the same time, such a design,
inthe absence of an internal ferromagnetic conductor,
is characterized by a significant magnetizing reactive
current and power consumption, leading to heating
of the hermetically sealed stator of PEC, which is
associated with an increased magnetic resistance of
the magnetizing circuit and distribution of the
electromagnetic field in which a large part of its power
lines passes through a non-magnetic section inside
the device. Pic. 1 shows for comparison, the
distribution of the magnetic field in the inner region of
PEC (a) and the induction motor (b) for a four-pole
version.

The principle of PEC operation, which explains
energy conversion in the considered combined
device, is based on the analysis of processes typical
for traditional electromechanical converters.

Pic. 2 shows the energy diagram of PEC, which
illustrates conversion and distribution of power with
allocation of all components of losses that determine
efficiency of the device.

It can be seen from the diagram that the output
power of PEC represents the sum of thermal and
mechanical powers and is determined by power
consumption P,. In this case, the power going to move
and heat the working medium is the difference
between P, and all losses, except for electrical losses

in the primary winding P, and magnetic losses in the

b)2p=4

Pic. 1. Field lines of the magnetic field in absence (a) and presence (b) of the internal ferromagnet.
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Pic. 2. Energy diagram of PEC.

steel of the tight magnetic core Pmagm. Mechanical
power P, .. provides movement of a working
environment with the set parameters of pressure and
productivity, and thermal P,, . - its heating to the
demanded temperature. In steady-state operation
modes at a speed of rotation of the actuating element
close to synchronous(n,), the thermal parameters of
PEC will be determined mainly by the parameters of
the stationary heating element, while the actuator
reflects productivity (flow rate) and pressure (head).

Pumping electromechanical converters
constructively integrate drive, transmission and
actuating mechanisms and at the same time do not
have mechanical transmissions, reducers, multipliers,
variators and seals. The combination of the functions
performed by them without deteriorating the
performance characteristics makes them promising
for reconstruction and replacement of existing
equipment.

Analysis of scientific sources [4-8] shows that the
main research of PEC is aimed at comprehensive
maintenance of their operational reliability, and the
issues of designing and optimizing the parameters of

Pic. 3. Combined heat and mass transfer model.
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the direct actuating elements (AE) of converters
remain in the background because of the lack of
adequate mathematical models of mass transfer
processes with an interconnected accounting for
electromagnetic, hydraulic, thermal, mechanical
effects.

Algorithm of identification

Parameterization of actuating elements, which
allows to establish their basic geometric relationships,
involves several stages:

1. Preliminary determination of configurations and
volumes of zones with different types of fluid flow
based on the theory of the boundary layer.

2. Parameterization of the model, which
simultaneously ensures the accuracy of mapping of
thermal and hydraulic processes and limits the
complexity of mathematical representations
necessary for its analysis.

3. Construction of a three-dimensional geometric
solid-state parametric model.

4. Assignment of initial and boundary conditions,
constraints-equalities, constraints-inequalities,
optimization criteria.

5. Ensuring the possibility of organizing an
iterative computational experiment on the basis of
expertassessments of the suboptimal parameters of
the actuating element.

6. Conducting a computational experiment on the
basis of a virtual three-dimensional model.

7. Determination of the weight coefficients of
design parameters.

8. Testing the adequacy of the model by comparing
the results of computational and full-scale
experiments.

Analysis of the hydrodynamic conditions with
respect to the actuating elements of PEC shows that
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Pic. 4. To a selection of design parameters of AE of PEC.

the a priori specification of the exact initial and
boundary conditions is impossible because of the
complexity of the distribution of the flow elements of
the pumped medium due to the unevenness of the
flow velocity profile, its turbulence, the formation of
unrecognizable discontinuous currents, stagnant
zones, and associated currents, interphase heat and
mass transfer processes.

Parameterization of the actuating element can be
performed using a mixed model describing a set of
interconnected flow areas with different characteristics
[9-11]. The model is applicable both for simple
idealized flow regimes (mixing, displacement,
displacement with diffusion), and for complex
(partially immiscible, back-circulating, jet streams).
The main condition for using the ideal mixing model
is that the required mixing intensity is provided
automatically due to the presence of a rotating
actuating element. The model of ideal displacement
presupposes the piston nature of the flow of the
medium and the absence of flow mixing. In this case,
the time of motion of the medium is determined by
the ratio of the volume of the internal channel of PEC
to the volumetric flow, as in tubular heat exchangers
in the turbulent flow of a fluid with a uniform velocity
profile.

Identification of characteristic heat and mass
transfer target areas, shown in Pic. 3, is made on the
basis of the analysis of the processes of ideal mixing
(the intensity of the circulation of the flow leads to
uniform mixing of the incoming and channeled
medium with radial velocity v,) and ideal
displacement (the flow consists of particles of the
transported medium moving uniformly at the same
axial velocity v, ).

The mixed model allows to consider two
conditionally independent processes: heating and

displacement of the medium, the process of
displacement being the determining factor for both
the intensity of the heat removal from the channel wall
and the performance of PEC.

Selection of design parameters of AE

Preliminary selection of the basic design
parameters of the actuating element that characterize
the mass transfer process in PEC can be done with the
help of the model of an idealized single-flow and single-
stage mechanical power source having an infinitely
large number of flat blades of a single thickness that
move the physical medium. Such a model corresponds
to a design in the form of a set of two static end rings
connecting the pressure blades, with a variable number
of blades, a variation in the geometric dimensions, and
the angles of inlet / outlet of the flow.

At this stage, the technique for determining the
velocities of the same type of technical devices for
moving liquids and gases is based on the use of the
Euler equation, which makes it possible to calculate
the pressure characteristics of a blade device from
the known speed distribution in the working channel:

gH =u,v,, —up, ,

where g — acceleration due to gravity, m/s?; H— head,
m; u, - tangential velocity at the blade inlet, m/s;
u, — tangential velocity at the output of the element —
blade of AE, m/s; v, — tangential component of the
absolute velocity at the input, m/s; v, — tangential
component of the absolute velocity at the output, m/s.

To go to the real element, it is necessary to take
into account:

« the number of AE blades, which depends on the
functional purpose of PEC (low-, medium-, high-
pressure) and for low-pressure devices it is no more
than 10-12;

+ design parameters: outer diameter of AE — d;
length of AE — I; thickness of AE — t; number of rings
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0.004 m*3is

111325 Pa

Pic. 5. Setting of boundary conditions.

of AE - n ; number of edges of AE n_; width of the ring
of AE — w,; width of the edge of AE — w,; blade
length - | ; blade thickness - t,; blade height - h,;
number of blades - n,; blade angle — a; the diameter
ofthe internal ferromagnetic conductor (FM) - d,; the
length of FM — | ; thickness of FM - t,(Pic. 4);

« volumetric, hydraulic and mechanical losses.

Creating a 3D Model

Preliminary selection of design parameters of AE
allows to proceed to the stage of creation of a three-
dimensional solid-state parametric model of AE. The
absence of a priori information on significance of
individual parameters necessitates the study and
evaluation of their influence on its output
characteristics on the basis of the theory of
experimental design.

Finding a suboptimal version of AE requires the
creation of its flexible variational geometric model.
This task is solved using the technology of
parameterization based on the computer-aided
design system T-FLEX CAD.

The implementation of the parametric 3D model
project begins with 3D fragments of the individual AE
parts. The modeling process is divided into two
stages:

1. Creation of the geometry of the projected
object (profile construction, 3D modeling operations,
positioning of parts in the assembly model).

2. Specification of parameters of the projected
object (linear, angular dimensions, number of
elements) and their values (numbers, variables,
expressions).

The model of the «actuating element» assembly
unit includes the fragments: the body of AE, the
ferromagnetic conductor, the blade and allows to
control the geometric shape ofthe assembly elements

10,000
8.071

velocity (9 m/s]
a

in T-FLEX CAD. Parameter values are transferred
using the external variables of the fragment (for
example, diameter, length, thickness of the body of
AE, diameter, length, thickness of FM, length, blade
height); the number of assembly elements (for
example, the number of edges and rings of the body
of AE, the number of blades); position of the assembly
elements (for example, the angle of inclination of the
blades).

The design parameters for parameterization of
the elements of the assembly model of AE are divided
into two groups. The group of basic variables include:
outer diameter — d; length — I; thickness — t; number
of rings — n; number of edges - n_ width of the
ring — w,; width of the edge of AE — w,. The group of
auxiliary variables of the body of AE includes: pocket
angle — alfa_karm and ejection length — dl_vyt.

When forming a three-dimensional assembly
parametric model of AE, the external variables (3D
fragments) are linked with the variables of the
assembly unit. Thus, the parameters of the assembly
unit automatically change the parameters of the 3D
fragments depending on the values of the input data.
Parameterization allows obtaining various constructive
variants of AE and proceeding to an assessment of
the influence of dimensional relationships on the
process of heat and mass transfer in the target areas.

Boundary conditions and constraint conditions

The factors limiting the choice of AE parameter
values are determined by the set of processes
occurring in the PEC and its design features. Analysis
ofthe processes of heat and mass transfer shows that
the criteria for selecting parameters can be:

« for electromagnetic processes — the permissible
currentdensity and the permissible value of induction
in the elements of the magnetic circuit, determined

Pic. 6. Visualization of the result of calculating the velocity field in the longitudinal (a)
and cross sections (b) of the channel.
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Pic. 7. Pareto diagrams.
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Pic. 8. Response surfaces for significant design parameters.

taking into account the conditions of heat exchange
with the working medium;

« for mechanical processes — the ultimate
strength of structural elements in static and dynamic
modes;

« for hydraulic processes — the minimum hydraulic
resistance created by the actuating element;

« for thermal processes — ensuring the
permissible values of the temperature of the working
medium at the outlet of the channel.

The input volumetric flow is set as the boundary
conditions (Inviet Volume Flow 0.004 m® / s) and the
outlet pressure (Environment Pressure 111325 Pa);
for the channel (Stator), the boundary condition is
Real Wall (Pic. 5).

Based on the configuration of the modeling areas
and recommendations given in [1], it is possible to
limitthe ranges of variation of individual AE parameters.

Thus, the outer diameter and length of AE are
selected from the following conditions:
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Pic. 9. Dependence of the axial component of the velocity of the working medium on the blade height.

d<D;I<I,
where D,, I, - internal diameter and length of the
channel.

The thickness of AE is determined by the
conditions of the minimum hydraulic resistance and
the necessary mechanical strength:
0<t k-t .
where k_— coefficient of reliability, taking into account
the design features and technology of production of
AE, adopted by general machine-building techniques
and is 1,1-1,2 for a solid cylinder; t_,, — minimum
thickness of AE, obtained taking into account the limits
of mechanical strength.

The number of end rings of AE is assumed to be
n_= 2, based on the condition of shorting the
secondary current of PEC. Ifitis necessary to increase
the mechanical strength of AE and to ensure the
possibility of placing pressure blades, n_can be
increased, but this should not lead to a deterioration
of the heat transfer conditions when the working
medium moves relative to the channel wall.

The widths of the edges w, and rings w, of AE are
chosen from the permissible current density in forced
convection conditions, taking into account mechanical
loads and the results of hydraulic calculation.

The number of edges n, is chosen from the
condition:

n M
C(U=2wawt oy,

where M, - torque applied to AE; c,,, — permissible
ultimate strength of the material.

The length of the blade |, is limited by the value
ofthe installation angle o. and the internal diameter of
the FM and is selected in the range 0 <1, <l .

The range of variation of the blade angle o —
0-45".

The thickness of the blade is selected in
accordance with the minimum hydraulic resistance
and the necessary mechanical strength:
0< tb/ < kr'tadd’
where t_,, — minimum thickness of the blade, obtained
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taking into account the strength limits of the material and
the results of the mechanical calculation of the blade.

The height of the blade is limited by the internal
diameter of the FM h, < 0,5d,

The outer diameter and length of the FM must satisfy
the conditions d,< d-t; 0 < [< - 2w,

The thickness of the internal ferromagnetic
conductor, which determines its internal diameter
and, accordingly, the hydraulic resistance of the
flowing part, is preliminarily selected equal to the
minimum width of the stator tooth t,=b,.

The minimum number of blades is chosen from the
symmetry condition n, > 2.

Modeling the velocity field

The process of modeling the movement of the
working environment is visualized as a velocity field using
the CFD (computational fluid dynamics) of technologies
based on the SolidWorks Flow Simulation module [12].
Variations in the geometry of AE are carried out
automatically by the program for parametric modeling.
The values of the parameters are determined from the
plan of the full-factor experiment. The number of files
obtained corresponds to the number of tests in the
experiment. Parameter files are used when updating the
geometry model of AE.

An example of the results of calculating the
velocity field in the longitudinal (a) and cross sections
(b) for the target zone of ideal channel displacement
is shown in Pic. 6.

For a preliminary assessment of the effect of the
design parameters of AE on the average velocity of the
medium moving, a weighted average velocity value is
taken from the graphical display of the velocity field.

Based on the Pareto diagrams, significant factors are
determined: for the target zone of ideal mixing, the blade
mounting angle o, blade length |, number of blades n,,
blade height h,, (Pic. 7a); for the target zone of ideal
displacement - the angle of installation of the blade o.and
the joint influence of a.and h, (Pic. 7b).

Pic. 8a, b, ¢ show the response surfaces for
significant factors o, 1, n, in the target zone of ideal
mixing.

Kim, Konstantin K., Prosolovich, Aleksej A., Koloshenko, Yuliya B. Parameterization of Actuating Elements

of Pumping Electromechanical Converters



Analysis ofinfluence of significant parameters

Represented in the form of response surfaces in
Pic. 8 the results of the simulation allow us to analyze
the influence of significant design parameters on the
magnitude of the axial component of the displacement
velocity of the working medium.

The main significant parameter is the height of the
blade h,, nonlinearly related to the axial component
Cent_Av(Pic. 9, constructed for the confidence interval).

The initial increase in speed is explained by the
increase in the area of the blades and the insignificant
overlapping of the working channel by the blades. The
choice of values of h,, exceeding the critical value
(18 mm) leads to a decrease in the speed and a
decrease in the performance of PEC.

The next important is the angle of the blade a,
which simultaneously influences the heat and mass
transfer processes, which does not allow it to be used
for separate control of the output parameters of the
converter.

To a less extent, the mass exchange process is
influenced by the length of the blade I,, which turns
out to be the third most important parameter.

The number of blades n,, at the main stage of the
study turned out to be an insignificant parameter,
however, with further simulation, the joint calculation
of the number of blades and the inclination angle of
the blade n,+a made the parameter the fifth most
important. With an angle of 45°, the number of blades
n,, became the fourth in the parametric rating.

The thickness of the body of AE t was the most
significant parameter for the ideal mixing zone, in
which the parameter tand the axial velocity component
are inversely correlated.

On the whole, the analysis of the influence of
significant parameters shows that for separate control
of the output parameters of the PEC it is possible to
use: in the zone of ideal mixing - t, ., n,, in the zone
of ideal displacement — h, .

Conclusions.

1. The area of research of pumping electro-
mechanical converters can be represented by two
unconnected sub-areas: ideal mixing and ideal
displacement.

2. The axial velocity component in the channel is
a functional for determining the capacity of the
converter and its thermal state.

3. A priori, the main design parameters of the
actuating element are its outer diameter, length and
thickness, the number and width of the rings and
edges, length, thickness, height, installation angle
and number of blades, and the dimensions of the
internal ferromagnetic conductor.

4. The parameters of the actuating element in
terms of their significance are distributed as follows:
blade height, installation angle, blade length, number
of blades, body thickness.

5. Independent control of the process of heat
transfer is provided by the parameters - t, 1, n,, the
process of displacement — h, .
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HOBbI BOJIHOBOM PALOAP

Baaronaps «BosHOBOMY paaapy», pa3pado-
TaHHOMY HcciaenoBateieM Jlendrckoro Texnu-
yeckoro ynuepcutera Ilerepom Haaiixenom,
BCE HAXOASANIMECS B MOPE CyIa MOTYT YBUIIETb,
HE YIAPHUT JHU UX B CJIeAYIOIHE NATh MHHYT
ONaCHAs BOJIHA U KaK MX KOPa0JIb OTpearnpyeT
Ha 3TO.

ITo cnoBam I1. HaalixeHa, «B Kakoii-To
CTeIleH! BOJTHOBasi 00CTaHOBKA Ha MOPE MOXKET
OBITH MpejIcKa3aHa 1 ceiiyac, HO, K coXxale-
HMIO, HEIOCTaTOYHO TouHO. Mcxoms u3 toro,
YTO BBI XOTUTE YETKO 3HATh, KOT/IA Y T/I€ BOJTHBI
yaapsT, OT TAKUX IIPOTHO30B MaJjIO IT0JIb3bI».
«CpaBHUTE 3TO C ITPOrHO30M I10rOJIbI, KOTOPbIA
MPEACKa3bIBaCT TPUILIATUIIPOLIEHTHYIO BEPO-
SITHOCTD JIOK/1S1 B cTpaHe. Bl He OyaeTe 4éTko
3HATB, TJIe ¥ KOT/Ia BBITIAMYT Ocajiku. JloXIeBoi
panap padboraeT HAMHOTO 0oJiee OTNpeneEHHO
B OTHOILIEHMU BPEMEHU U MECTa U IIOITOMY
HaMHOTO Oosiee Tosie3eH. PazpaboraHHbI
BOJIHOBOI pajiap MOXHO CPaBHUTD C CYIIECT-
BYIOIIIMMMU JOXKICBBIMM PagapaMii».

BobIioe mpenMy1ecTBo B TOM, 4TO 00JTb-
LLIMHCTBO CYJI0B UMEIOT Ha OOPTY BCE HEOOXO-
JUMOE 3JIEKTPOHHOE 000pymOoBaHUE IJIs

IIPOTHO3UPOBAHUS BOJIH, IO3TOMY HOBas
TEXHOJIOTMsI He TPeOYeT OOIbIITNX BIIOKEHUIA.
«MpI ucnonbdyem HaBurarmonHnyto PJIC cyn-
Ha, KOTopasl yKa3bIBaeT MECTOIIOI0XEHME
IPYTUX Cyo0B 1 0eperoBoit tuauu. [1pu aTom
ceiiyac pajgap moyiydaeT HAaMHOTO OOJIbIIIe
MH(bOPMALIMY, YeM HYXKHO JUIsI 9TOr0, HAIIpH -
Mep, O PACIIOJOXEHUHU BOJIH».

Panap ucnyckaer 3JeKTpOMarHUTHBIC
BOJIHBI, KOTOPBIE OTPaxKaloTcsl OT MOPCKUX
BOJTH, 1 3aTeM OTPaXEHHBIN CUTHAJ IIPUHU-
MaeTcsl aHTeHHOM. Takas nHdopMaius ceii-
4yac OT(UIBTPOBBIBAETCSI, IIOCKOJIbKY OHA He
MpeACTaBIIsIeT MHTepeca sl KanmuTaHa. « Mbl
Ke U3BJIeKaeM 3Ty HeoOpaboTaHHYI0 MHMOP-
MaIMio ¥ MOXEM aHaJIM3upPoBaTh €€ ¢ TTOMO-
B0 MHTEJUIEKTYaJIbHOTO aJITOpuTMa. To ecTh,
IO CYIIECTBY, MBI MCIIOJIb3YeM ITOOOUYHBIN
MPOIYKT».

Ilo mamepuaaram nogocmeii Jleagpmckozo
mexnuueckozo ynugepcumema 9.10.2017 e.:
https://www.tudelft.nl/en/2017/tu-delft/new-
wave-radar-predicts-exactly-when-it-is-
dangerous-at-sea/ . =

NEW WAVE RADAR

Thanks to the «wave radar» developed by TU
Delft researcher Peter Naaijen, everyone at sea
can see whether they will be hit by dangerous
waves in the next five minutes and how their
vessel will respond to this.

«To some extent, wave conditions at sea can
already be predicted, although unfortunately not
so precisely. And seeing that you want to know
exactly when and where the waves will hit, such
predictions are of little use», says Peter Naaijen.
«Compare it with a weather forecast that predicts
a thirty per cent chance of rain for the country;
you will not know exactly when and where that
will fall. A rain radar is much more specific with
regard to time and place, and therefore often
more useful. The wave radar that has been
developed is comparable to existing rain radars».

Abig advantage is that most ships now have
all the hardware on board to be able to predict

waves, so that the new technology does not

® \WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 5, p- 44 (2017)

HoBbi BONTHOBOM pagap
New Wave Radar

require major investments. «We use the ship’s
navigation radar. This currently indicates where
other vessels are and the exact position of the
coastline. But, actually, the radar receives much
more information than that, such as where all
the waves are».

The radar emits electromagnetic waves that
reflect off the sea waves, which are then
received by the antenna. This information is
currently filtered out, because it is not
interesting for the ship’s captain. «We actually
extract this raw radar data so we can analyse it
with smart algorithms. In essence we are using
a waste product».

Retrieved and compiled from the news of TU
Delft of October 6, 2017. Original source :
https://www.tudelft.nl/en/2017/tu-delft/new-
wave-radar-predicts-exactly-when-it-is-
dangerous-at-sea/ . °
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B npouecce nccnenoBaHus ornpeaesneHo,
4TO OCHOBHOW NPUYNHOV BOJIHOOOGPa3HOIro
n3Hoca cseayet Npu3HaTh kosiebaHue
YyrJs10BO# CKOPOCTU KOJIECHOM napbl BaroHa
npu e€ TopmoxxeHunn. lNpu aTom 3a oguH
nepuvioa nPoucxoaunT nornepemMeHHo ABa
co0bITUS — ynpyroe B3anMonericTene
Kosieca v pesibca U MPOCKasib3bIBaHNE UX
OTHOCUTEJIbHO APYr ApYra, u3-3a 4ero
BO3HUKAaET TpeHue n obpasyeTcs BnagnHa.
AnnHa BosIHbI BOJIHOOOPa3HOro n3Hoca
yBesin4ynBaeTcs C yBeJIn4eHUeM CKOPOCTH
ABWKEHUs noe3aa, BeJIN4NHbl TOPMO3HOIro
MoMeHTa. [ns CHUWXeHUss UHTEHCUBHOCTU
N3HOCa peKoMeHAyeTCs yBeIn4nBaThb
JKECTKOCTb PEJIbCOBOro MyT!, YMEHbLLIATD
TOPMO3HOI) MOMEHT 1 NoZ06mupars
onrumMalsibHble napamMeTpbl NOABECKMU.

Kno4eBbie cioBa: xene3Has gopora,
BOJIHOOOPA3HbIVi UBHOC PEJIbCOB, KOIECHas!
napa, KoopOUUNEHT cLerieHus,

TOPMO3HOM MOMEHT, MPOoAOJIbHas

XXECTKOCTb MyTW, Yr/ioBasi CKOPOCTb,
npocKaib3biBaHNE, TPEHME.
|

HAYKA 1 TEXHWKA

Bos1HOOOpas3HbIit N3HOC
pesibCoOB NPU TOPMOXXEHUUN

Kapeanoavues Cepeeii
Koncmanmunoeuu — 0ok-
MOpP MEXHUMECKUX HAYK,
npogpeccop Upkymckoeo
20cy0apcmeenoeo yHueep-
cumema nymeti coooujeHus,
Hprymcex, Poccus.
Hoeoceavues Ilémp
Buxmopoeuu — kanoudam
MEXHUMECKUX HAYK, QOUeHm
Yaan-Yosuckoeo uncmu-
myma sicene3Ho000poNCHO20

mparcnopma — uauana
HUpIVIIC, Yran-Y03,

Poccus.
Kynuoe FOpuii
= Anexceeeuu — cmapuiuii
Opuii KYMNLUOB
Yu'r)i A. KUPTSOV npenodasamenv YYHUXT,

Yaan-Yos, Poccus

OIJIACHO CTaTMCTUYECKUM JaHHBIM,

rnmoe3mHasi Harpyska (Io IpoOITyCKY

TOHHAaXa), BbIIEpKMUBaeMast peIbCOM
B T€UYEHME CPOKA €TI0 CIIy>KObI, BADbUPYETCS OT
100 mutH o 2,5 mapa T opytro [1, 2]. [Tpuun-
HOI TaKOTo IIMPOKOro Auara3oHa (25-Kpart-
HOTO0) B pecypce pebCOB CTAHOBUTCS, KaK
MPaBWJIO, HEYIOBJIETBOPUTEIbHAS JMHAMUKA
CUCTEMBI «ITOABMXKHOM COCTaB—ITyTh» [3].

AHaJI13 IMOKa3bIBaeT, YTO MAKCUMAaJIbHbIE
BEJIMYMHBI JUHAMUYECKMX T00ABOK JaBJic-
HUsI KoJieca Ha peJibC, BOZHUKAIOIIUX IIPU
JIBMDKEHUU ITOABMKHOI'O COCTaBa, CO3al0TCsI
Ha 90 % 3a cu€t HepoBHOCTE MyTU [4—6].
BonHooOpa3Hblit n3HOC mopaxaet ot 10 go
30 % penbcoBrix myTeit. I1o cBoeit hopme
BOJIHOOOPA3HBII M3HOC JCJIUTCS Ha JIBa Xa-
pakTepHBIX BUIA: KOPOTKHUE BOJHBI oT 0,03
no 0,08 MeTpa, oTaMyarouirecss HaTun4YueM
CBETJIBIX TOPOOB C YePEaYIOIMMUCST TEMHBI-
MU BOaguHAMM, U JUIMHHbBIE BOJHBI (0T 0,2
10 2 METPOB).
3apoxaeHue BOJHOOOPAa3HOro M3HOCa

penbCcoB, TI0O MHEHUIO psiga aBTOpoB [7, 8],
CBSI3aHO:

® MWP TPAHCIMOPTA, Tom 15, N2 5, C. 46-53 (2017)



—=m

FH

T T

Puc. 1. PacyéTHass cxema TOPMOXXEeHNS1 KOJIECHOW napabil.

— C HEPaBHOMEPHOCTBIO pacIpeaeIcHMS
TBEPIOCTU MeTajlJla IO TIyOWHEe W AJTWHE
penbca;

— C OCTaTOYHBIMU HATIPSIKCHUSIMMU;

— ¢ 00pa3oBaHNEM HEPOBHOCTEI Ha TOJIOB-
Ke peibca IIpH IMPOKaTKEe Y XOJIOTHOI ITpaBKe;

— C BOBHUKHOBEHHEM BEPTUKAIbHBIX
TOJTYKOB;

— C TMIPOCKaIb3bIBAHNEM KOJEC BarOHOB
(0cOoOEHHO B KpMBBIX yUaCTKax);

— C HEePaBHOYIIPYTOCTHIO TOIPETHLCOBOTO
OCHOBaHUSI.

HasBaHHBIC IPUYMHEI, TEM HE MEeHEe, He
JAlOT OTBETA Ha IJIaBHBIC BOIIPOCHI:

— TI0YeMy BOJTHOOOpPA3HBII M3HOC HE Ha
BCEX yyacTkax?

— IIoYeMy OH MMeeT IMepUOINISCKII Xa-
pakrtep?

— TIOYEMY JUIMHA BOJHBI Ha Pa3IMYHBIX
ydJacTKax pa3indHa?

— MoYyeMy TaKoW M3HOC BO3HUKAET HE
TOJIBKO Ha KPUBBIX, HO 1 Ha IIPSIMBIX y9acTKaxX
nyTu?

TTombITaeMcst aTh OTBETHI Ha 3TU BOTIPOCHL.

PaccMoTpum miporiecc ciay>keOHOro Top-
MOXCHUS TMOIBIXKHOTO COCTaBa XEJIE3HBIX
JIOPOT, BEI3BAHHOTO TIPIKATHEM TOPMO3HOM
KOJIOOKU K TIOBEPXHOCTH KaTaHMs KoJeca.
IIpu 5TOM KOJIECO TTPOIOIKAST BpallaThCs,
HO 13-3a TPECHUSI BOSHUKAIOT CHJIBI IIPH B3au-
MOIEMCTBUM KOJIOONKM M Kojeca, a TaKxKe
KOJIeca C PeIbCOM.

YrioBast CKOpOCTb KOJleca o, COIJIacoBaHa
C JIMHEHOM CKOpOCThIO V LieHTpa Kojeca,
paBHOI CKOPOCTH BaroHa:

® MWP TPAHCIMOPTA, Tom 15, N2 5, C. 46-53 (2017)

@,

=% o))

roe R — pamuyc Koneca (M).

ITpu TopMOXKEHNHM COTTIACOBAHME T10 YPaB-
HeHmio (1) cTaHOBUTCSI HEBO3MOXKHBIM; 3a-
MeIJIeHUE BpallleHUsI KoJieca MACT MHTCHCHUB-
Hee, YeM 3aMeVICHIe BaroHa.

IIpouecc B3anmMoaeiicTBUAS KOJAECHOI TTa-
PBl M PEIHCOBOTO MYTU IIPU TOPMOXEHUU
IIPOUCXOIUT CICTYIOIIUM 00pa3oM (puc. 1):

— TI01I ACHCTBHUEM TOPMO3HOTO MOMEHTA
M yrioBasg cKOpOCTb ®, KOJECHON Maphl
YMEHBIIIAeTC

— CO CTOPOHBI KOJIeca Ha pejIbC ACHCTBYET
cwia cueruieHus F':

F'=0-v, (2)
roe O — BepTUKaJIbHAS HAarpy3Ka OT Beca Mo/l -
BIDKHOT'O COCTaBa, MIPUXOASIIASICS Ha KOJIECo,
v — KO3(hDUIIUEHT CUeTIeHUs ;

— MOJ IeiicTBUeM CiIbl F' coBepimaeTcs
necdopMalis peabCOBOTO MyTH, BCICICTBUC
Yero B PeJIbCe BO3HMKAET CHJIA YIIPYTOCTH:
F'=C-S5, 3)
rae Cp — IIpomoIbHasl XKEécTKoCTh ImyTh (H/M);
S — npomonbHasa aeopMariys myTy (M); ¥ 3Ta
CHJIa YIIPYTOCTH Oyiaromapsl CIEIICHUIO KO-
Jieca U pesibca AeHCTBYeT Ha KOJIECHYIO T1apy:
F'=Cr9¢,*R, 4)
[€ @, — IOMOJHUTEIbHOE MAJIOE YIIOBOE
nmepeMenieHne Mpu KOoJIeOaHUU KOJECHOM
apewl;

— B CJIyJae, KOTia Cijla YIIPYTOCTH IIPeBhIIIa-
€T CWIY CLETUICHUSI, BO3HMKAET IPOCKAJTb3bIBa-
HHE; CO CTOPOHBI peJibca Ha KOJECHYIO mapy
OyzeT IeiiCTBOBATh CHJIa TPEHUS IBVKCHMST:

Kapranonsues C. K., Hoeocensueg N B., Kynuoge 0. A. BonHOOOpa3HbI N3HOC PEesIbCOB NMPU TOPMOXXEHUN
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Puc. 2. Ipagpmk nameHeHns1 yriioBosi CKOPOCTU KOJIECHOW napbl Py YCTaHOBUBLLEMCS PEXNME TOPMOXXEHMUS.

F=0-f, ©)
rne f — KoaOUIMEHT TpeHUs ABUXEHUS,
KOTOPBIi1 MeHbIIIe KO3 GUIIMEHTA CLIETIICHUS
MEXY KOJIECOM U pesibcoM: f< .

Bo BpeMsI cpbIBa CLIETIICHUS M BO3HUKAIO-
IIETO MPOCKaIb3bIBAaHUS YIJIOBask CKOPOCTh
® = ®, T 0, KOJECHO! Mapbl yMEHbLIAETCS.
[Tpu mpockaib3bIBAaHUM MPOJOJIbHAS CUIIA,
JIEMCTBYIOIIAsI CO CTOPOHBI KOJIeCca, CHUXKAeT-
Csl, I 9HEPTUsI CXKaTHsl, HAKOIJICHHAS B PeJIb-
ce, 3aCTaBJISIET €ro JABUTAThCS B IIPOTUBOIIO-
JIO(KHOM HaIlpaBJICHUU CKOJIbXeHMIo. Kak
WU3BECTHO, IIPU CYXOM TPEHUU KO HUITUEHT
TPEHUsI yMEHBIIIACTCSI C YBEJIMYEHUEM CKOPO-
CTH TIPOCKAJIb3bIBAaHUS, YTO CIIOCOOCTBYET
CKOJIbXKEHUIO KoJieca 1o peJibey. Korma Hako-
IUICHHAasl B peJibce 3Heprus aedopmanuu
YMEHBIIAETCS, U 32 CYET CHUJIBI YIIPYTOCTH
pelbc IBUXKETCS 00paTHO, B3aMMHOE IIPO-
CKaJIb3bIBAaHME CHMXKAETCSI M BOCCTAHABIIMBA-
eTcsl CLeruieHue Kojieca ¢ peibcoM. Cuia,
JIEHCTBYIOIIAsT Ha KOJIECO CO CTOPOHBI pellbca,
YBEJIMYMBAETCS, M YIJIOBasi CKOPOCTh Bpallle-
HUST KOJIECHOM mapbl yMEHbIIACTCS.

[Tpu 3TOM KOJIeCO ITPOCKaIb3bIBAET OTHO-
CUTEILHO TOPMO3HOM KOJOAKM C U3MEHSIIO-
1Ieics MO MePUOAMYECKOMY 3aKOHY CKOPO-
cThio. B aT0i1 KOJIEOaTeIbHOI CCTEME TOXE
HMMeeTCsT ONpeae/IEHHAsT XECTKOCTD.

B pe3ynbraTe CTONb CII0XKHOTO B3aMMOJICH-
CTBUsI BO3HUKAIOT KOJIeOaTeIbHbIE IBYKEHMST
KoJieca 1 pejibca C IepUOINIeCKIM ITPOCKAITb-
3bIBAHUEM.

Ha puc. 2 npeacrasieH rpapuk MU3BMeHEHMS
YIJIOBOI CKOPOCTH BPAIEHUST KOJIECHOM ITaphbl
B HEKOTOPBI MaJIbIii IIPOMEXYTOK BPEMEHMU,
KOTa yMEHBIIIEHHE YIJIOBOM CKOPOCTH Bpallle-

® MMUP TPAHCMOPTA, Tom 15, N2 5, C. 46-53 (2017)

HMSI KOJIECA (0 HE3HAYUTENBHO. 311ECh (O, — U3~
MEHEHMEe YIJIOBO CKOPOCTU KOJIECHOM Taphbl
B peXXUMe MaJIbIX KOJeOaHW Ipu yIIpyroMm
B3aUMOZIEHCTBUM C PENILCOM; (0, — U3MEHEHME
YIJIOBO# CKOPOCTHU KOJIECHOM Maphl B pEXMMe
MaJIbIX KOJIEOAHUI ITPY IIPOCKATb3bIBAHUU.
PeibcoBBIi ITyTh B peskUMe MaJIbIX KOJe-
O0aHUl KOJIECHON maphbl IPU TOPMOKEHUU
cocTaBa SIBJISIETCS YIIPYToil CBSI3bIO, TO €CTh
KOJIECHAS Mapa U peJIbCOBBIN ITyTh COCTABIIS -
10T KoJebaTeabHylo cuctemMy. AuddepeHun-
aJIbHOE ypaBHEHUE 3TOM CUCTEMBI ITPU YIIPY-
TOM B3aMMOJICICTBUU:
d’g M

dr b (6)

[JIe @, — YroJI IOBOPOTA KOJNIECHOM Taphl p1
MaJIbIX KOJIeOaHUSIX B MIEPUO YIIPYTOTO B3a-
UMOIEUCTBUS; J — 0CeBOM MOMEHT UHEPLIUU
KOJIECHOI Iaphl (KT * M?).

B manHoM ypaBHeHUU Kl €CTh COOCTBEH-
Hasl YaCTOoTa KoJieOaHWIi CUCTEMBI «KOJIECHAS
mnapa — peJIbCOBBIA MyTh»:

C,-R

Kl2 :T' (7)

Kax Bunno u3 ypasnenus (7), K, saBucur
oT npoznosbHOi k€cTkocTH C | PerbcoBOro
NyTU; IpU €€ YMEHbIIEHUU COOCTBEHHAs
vacrora K, ymeHbInaercs. Beananna Cp npu
YXYALIEHUU TEXHUYECKOTO COCTOSTHUS PeJib-
COBOTO MyTH CHUXKAETCSI.

Pemienue nuddepeHumnaibHOro ypaBHe-
Hus (6) ©MeeT BUIL

+ K|2'¢| =

M

7K «(1-cos K »t). 8)

?

VYpaBHeHue (6) cripaBeIMBO 10 TeX MOp,
IIOoKa CuJja CLeIICHMSI Kojieca C PesibCOM

Kapranonsuee C. K., Hoeocensuee 1 B., Kynuoe 0. A. BonHO06pa3Hbi NU3HOC PENbCOB NPU TOPMOXEHUMN
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Puc. 3. PacyéTHasi cxema cuUCTeMbl «KOJIECHAasi napa — PesibCOBbIN MyTb» B MPOLECCe NMPOCKasib3bIBaHUS.

00JIbIlIe CUJIBI YIIPYTOCTH PETbCOBOTO ITyTH.
DTO BbIpaXKAeTCsl HEPABEHCTBOM:

Q-y=C g, R ©)

B npoTUBHOM cjly4ae IMPOMCXOAUT CPBIB
CLEIUICHUS] 1 BO3HUKAET MPOCKAIb3bIBAHUE.
W3 ypaBHeHUd (9) HaXOOUM yToJI, IIPY KOTO-
POM BEPOSITEH CPBIB CLIEIICHMS:
Oy
C,R

o= (10)
IMoncraBus (9) B (8), moayyum ycioBue

pPaBHOBECHUS B CHUCTEME «KOJECHAs Mapa —

PEAbCOBBIN ITYTh»:

Qv __ M

C,R J-K}

(I-cosK 1). (11)
Bpewms ¢, Koraa MOXeT MPOU30MTH CPhIB

CHCTITICHMA:

Q-yeJ K}

GI= Larccos(l -1
K, C,R-M

(12)

PaccmotpuM nipumep, B KOTOPOM JIaHO:
Q=22<10*H; vy =0,3; /=400 xr * Mm% Cp =
12510 H/M; R=0,5m; M =2,510*H/™.
CriefryeT oIpeneuTh BpeMsl YIIPYroro B3au-
MOJEMCTBUS KOJECHOI Taphl U pejibca.

ITpenBapuTeIbHO BBIYUCINM COOCTBEH-
Hyto yactoty K, mo dopmyie (9):
125-10°.0,5°

K, = =279¢".
400
3areMm BpeMs 1o opmyie (12):
t,=0,00677 c.

Touka, nexainass Ha obome KoJyeca, 3a
Bpems 7, = 0,00677 ¢ npoAnET myTh:
AS, =V - t,

® MWP TPAHCIMOPTA, Tom 15, N2 5, C. 46-53 (2017)

rae V — ckopocTh ABUXeHUs moe3na (M/c),
AS, — 4acTb PeNbCOBOTO MyTH, HA KOTOPOM
MPOUCXOIUT €0 yIpPyroe B3anuMOeHCTBUE
C KOJIECHOU Mapoii, U OMHOBPEMEHHO OHA Xe
SIBJISIETCSI YACTHIO JUTMHBI BOJTHBI BOJTHOOOPAa3-
HOTO U3HOCcAa.
B namewm npumepe ipu V=10 m/c:

AS, =10 +0,00677 = 0,0677 m.

YriaoBasi CKOpOCTh MPOCKaJb3bIBaHUS
KOJIECHOT TTaphl TP ABMKEHUU €€ B peXXrUMe
MaJlblX KOJ€OaHUii B MOMEHT BPEMEHHU 1
paBHa:

M
a)1=¢l=msm1(1tl.

B namem npumepe nipu 7, = 0,00677 c:
e 2,510*

4004279

IMocne cpwiBa clerieHNs] Ha KOJIECHYIO
napy IeicTByeT TOpMO3HOI MOMEHT M 1 cu-
JIBI TPEHUSI CKOJIBKEHUSI CO CTOPOHBI pejThca.
[Tpu 3TOM pesbe BpaliaeT KOJIECHYIO Mapy 1Mo
HaITpaBJICHUIO IBVKCHMS TT0e3ma (puc. 3).

Ha puc. 3 cuna TpeHust IBUKEHMS:
T=0-/ (13)
rne f — KoahGUIMEHT TPpEeHUs IBUKEHUS,
KOTOPBII MeHBIIIe Ko3(pPUImenTa cuerie-
HUS; Vp — CKOpOCTb OOpAaTHOTO JNBUXEHUS
penbca.

HuddepenimanbHoe ypaBHEHUE IBIDKE-
HUS KOJECHOW mapbl BaroHa npu e€ pabdore
B PEXMMeE TTPOCKATb3bIBAHUS:

$in(279-0,00677)=0,21c"".

2
742 _p_o.fR

s (14)
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Pemrenue ypaBuenus (14):
0= Mot? _Q.f.R.t2
P2 2.J

HMcxonuM U3 HavYaJIbHOTO YCJIOBUSI: €CIIU
t=0,¢,=0,10C,=0.
s onpenenenus C, HailIEM BbIpaXeHUE
IIJIS1 YIJIOBOM CKOPOCTH:
. Mot QsfeRet
=—-=——+C,.
(23 7 B 1
HauvanbpHoe yciioBUE COCTOUT B TOM, UTO
YIJI0Bast CKOPOCTh ¢, Tipu ¢ = () paBHa YIJIOBOA
CKOPOCTH ®, BMOMEHT CpPbIBa CLIETIEHUS. DTO
cenyeT U3 TOro, YTO CPEIHSIsI YIIoBas CKO-
pPOCTh KOJIECHOI TMapbl PU TOPMOKEHUU
B MaJIbIii IPOMEKYTOK BPEMEHM OJKHA ObITh
MOCTOAHHOM, TO €CTb: @, = CONSt.
DTO0 MMoKa3aHo Ha puc 2. YTI0Basi CKOPOCTh
o, TIOJICTABJIIETCA B ypaBHeHue (16), To ecTh

+Cot+C,. (15)

(16)

¢, =~
Teneps HayaIbHOE YCIOBME UMEET BUI:
ecmn 1=0; ¢, =o; €, =-a. (17)
[Momyuaem:
. Met QsfeRet
] (18)

Jlanee nMmeeM:

Met, QsfeRet,

T
Haiiném Bpems £, ipocKanb3biBaHus. [Tpu-

MeM KO(D@UIIMEHT TPpeHUSI CKOJbXEHUS

f=0,15.

W3 npenpinymero npumepa o, = 0,21 ¢’';

2e0,0J 240,21-400

‘= - . ' =0,02c.
M—Q-f+R  2,510°—22:10%+0,15:0,5

2o, =

(19)

Touka, ynexaias Ha obojie Kojeca, Ipu
CKOpOCTH V' Ti0€e3/1a MPpOMIET IyTh: oL, =V * 1,

Ipu V=10 m/c (uau 36 Km/4):

a, =10+ 0,02=0,2m.

Takum oGpa3oM, IJIMHA BOAOUHBI IPU
BOJTHOOOPAa3HOM U3HOCE:
a,=0,2m.

B 11e710M I7TMHA BOJIHBI B HALlIeM ITpUMepe
pu ckopoctu V=10 m/c:
a=a, ta,=0,067+0,2=0,267 m.

B pab6orte [7, c. 47] ykazaHo, 4TO 0 LU~
doBKM penbcoB G6osiee 61 % HepoBHOCTEH
UMeEIoT IMHY BoJIHBI 0T 0,3 10 0,6 M. Pe3yiib-
TaThl, MPEICTABICHHbIC B HallleM IIpUMeEpe
(muHa BojHBI 0,267 M), GIM3KM K Ha3BaH-
HBIM.

BbIBOAbl

1. TopmoxxeHUE OCTAETCA OHOUN U3 MPU-
YUH, BbI3bIBAIOIIMX BOJIHOOOPA3HbIA U3HOC
PENIbCOB.

2. IlpyuuuHOI1 BOTHOOOPA3HOTO M3HOCA
CTaHOBUTCS TIEPUOANICCKOE TTPOCKAIb3bIBa-
HMe KoJieca 10 peJibcaM, CBI3aHHOE C TeM, YTO
cucTeMa B3aMMOMACHCTBUS KOJIECO—PEIIbC
SIBJISIETCS KoyiebaTenbHO [§].

3. JmHa BOJTHBI BOJTHOOOPA3HOTO U3HOCA
3aBUCUT OT CKOPOCTHU JBUKEHMUSI TT0€3/1a, TTPU
€€ yBeJIMYEHNUU OHA PACTET.

4. CKopoCTh ITPOCKaTb3bIBAaHUS, a CJIe-
JOBATeJIbHO, U MHTEHCUBHOCTh M3HOCA
pPeJIbCOB 3aBUCST OT BETUUYMHBI TOPMO3HOTO
MOMEHTA, IIPU €TI0 YBEJIMYCHUM PACTYT U 10~
CIIENICTBUSI.

5. CKOpOCTh MPOCKaJIb3bIBAHUS 3aBUCUT
¥ OT TEXHUYECKOTO COCTOSTHUSI PETbCOBOTO
ITyTH, TIPK €T0 YXYAIIEHUH ITPOCKaIb3bIBaHIE
YCUIMBAETCS.
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RAIL CORRUGATION IN THE PROCESS OF BRAKING

Kargapoltsev, Sergey K. - Irkutsk State University of Railway Engineering, Irkutsk, Russia.
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Kuptsov, Yuri A., Irkutsk State University of Railway Engineering, Irkutsk, Russia.

ABSTRACT

It was found in the course of the study that
oscillations of the vehicle wheelset’s angular velocity
during braking should be recognized as the principal
cause of rail corrugation. Over a single period, two
alternating events occur: an elastic interaction
between the wheel and the rail, and their slipping

relative to each other causing friction and formation
of a valley. The wavelength of corrugation wear
increases with the increase of the train speed and the
value of the braking torque. In order to reduce the
intensity of wear, the track stiffness should be
increased, the braking torque reduced, and the
suspension’s parameters optimized.

Keywords: railway, rail corrugation wear, wheelset, adhesion coefficient, braking torque, track longitudinal

stiffness, angular velocity, wheel slip, friction.

Background. According to statistical data, the
rail traffic load (by the tonnage passed) borne by the
rail over its service life varies from 100 million tons to
2.5 billion tons gross [1, 2]. The cause of such a wide
variation (25 times the minimum) in the service lives
of rails typically lies in the unsatisfactory dynamics of
the ‘vehicle — track’ system [3].

Our analysis demonstrates that the maximum
values of the dynamic additions to the pressure of the
wheel on the rail that arise during the movement of
the rolling stock are 90 % attributable to the
irregularities of the track [4-6]. Corrugation wear
affects from 10 to 30 % of railway tracks. By shape,
two characteristic types of wavelike wear are
distinguished: short wavelength (0.03 to 0.08 meters)
irregularities (corrugations) with light humps and dark
valleys, and long wavelength (from 0.2 to 2 meters)
irregularities (waves).

According to a number of authors [7, 8], the
formation of wavelike wear irregularities of rails is
initiated by or linked to the following factors:

— non-uniform distribution of metal hardness
across the depth and along the length of the rail;

— residual stresses;

— irregularities formed on the head of the rail
during rolling and cold straightening;

— emergent vertical shocks;

— wheel slips (especially on curved segments);

— non-uniform elasticity of the rail support system
(the supporting structures under the rail).

Objective. The factors listed above, however, fall
short of answering the key questions:

— why wavelike wear does not occur on all
segments of the rail?

— why is it of a periodic nature?

— why are the wave lengths different in different
segments?

— why does this type of wear occur not only in
curves but also on straight runs of the track?

Letus make an attempt to answer these questions.

Methods. The authors use mathematical
methods, modeling, engineering methods.

Results. Let us review the process of a rail
vehicle’s service braking that is initiated by pressing
a brake shoe against the wheel tread. The wheel
continues to rotate but the friction gives rise to forces
emerging in the interaction between the shoe and the
wheel, and between the wheel and the rail.

The wheel’s angular velocity o, is related to the
linear velocity V of the wheel’s hub that is equal to the
speed of the vehicle:

=0 (1)

where R is the radius of the wheel (in meters).

During braking, the relation expressed by the
equation (1) becomes impossible; the rotation of the
wheel slows down at a greater rate than the vehicle
does.

The process of interaction between the wheelset
and the track during braking unfolds as follows
(Pic. 1):

— the braking torque M reduces the angular
velocity w, of the wheelset;

— the wheel applies the adhesion force F' to the
rail:
F=Q-v, (2)
where Q is the vertical load of the vehicle’s weight
applied to the wheel, and v is the adhesion coefficient;

—under the impact of the force F', deformation of
the rail track occurs giving rise to an elastic force in
the rail:
F'=C,-S, (3)
where Cp is the longitudinal stiffness of the track
(in N/m); S is the longitudinal deformation of the track
(in meters);

and this elastic force is applied to the wheelset
thanks to the adhesion between the wheels and the
rails:

F'=C,-9,-R, (4)
where o, is the additional small angular shift during
the oscillation of the wheelset;

—in the event that the elastic force is greater than
the force of adhesion, wheel slip occurs; the rail will
exert a sliding friction force on the wheelset:
F=Q-f, (5)
where f is the sliding friction force coefficient that is
smaller than the coefficient of adhesion between the
wheel and the rail: f < .

As the adhesion fails and the sliding begins, the
angular velocity » = o, + ®,0f the wheelset is reduced.
During sliding, the longitudinal force exerted by the
wheel decreases, and the energy of compression

Pic. 1. Analytical model of the wheelset braking
process.
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Pic. 2. Changes in the angular velocity of a wheelset
during a steady braking mode.

accumulated in the rail causes the rail to move in the
direction opposite to the direction of the sliding. As is
known, in dry friction the friction coefficient decreases
as the speed of sliding increases, which facilitates the
sliding of the wheel on the rail. As the energy of
deformation accumulated in the rail fades and the rail
is moved back by the elastic force, the slip is reduced
and the adhesion between the wheel and the rail is
restored. The force exerted on the wheel by the rail
increases while the angular velocity of the wheel set
rotation decreases.

In the process, the wheel slips relative to the brake
shoe at a speed that changes according to a periodic
law. This oscillating system also has some stiffness.

As a result of such complicated interactions,
oscillatory motions of the wheel and the rail emerge,
with periodic slips.

Pic. 2is a graph showing the change of the angular
velocity of the wheelset’s rotation during a certain
small time interval, when the reduction of the angular
velocity of the wheel’s rotation is insignificant. Here,
o, is the change in the wheelset’s angular velocity in
the small oscillations mode during the elastic
interaction with the rail; o, is the change in the
wheelset’s angular velocity in the small oscillations
mode during slipping.

In the small oscillations mode of the wheelset
during braking, the rail track is an elastic link, i.e. the
wheelset and the rail track make up an oscillatory
system. The differential equation of this system in an
elastic interaction is:

d’ M
d;fl +K|2'¢1 =7’ (6)
where ¢, is the angle of rotation of the wheelset at
small oscillations during the period of elastic
interaction, J is the wheelset’s axial moment of inertia

(kg = m?).

In this equation, K, is the «wheelset-rail track»

system’s intrinsic frequency of oscillations:
C, R
T (7)

As can be seen from equation(7), K, is dependent
on the rail track’s longitudinal stiffness C . as the latter
decreases, the intrinsic frequency K, also decreases.
The value of C p isreduced as the health of the rail track
deteriorates.

Differential equation (6) has the following solution:

‘(I-cos K, -t). (8)

K;

M
? J-K,2
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Equation (6) is applicable as long as the force of
adhesion between the wheel and the rail is greater
than the elastic force of the rail track. This is expressed
by the inequality:
Q-vyxC, 9, R (9)

If the inequality is not met, adhesion is lost and
wheel slipping occurs. From equation (9), we can
derive the angle at which wheel slipping is probable:

o= .
C, R

Plugging (9) into (8), we obtain the condition of
equilibrium in the «wheel set-rail track» system:

Qv M
= (1-cosK1). (11)
C,-R J-K} :

The time t, at which loss of adhesion is likely
equals:

2
=L arccos -2V K3

K, C,-R-M ) (12)

Let us consider an example with the following
givens:

Q=22-10°N; y=0.3,J=400kg - m?>, C_=
125 .10 N/m; R=0.5m; M = 2.5 « 10°N-m. The
duration of the elastic interaction between the wheel
set and the rail needs to be determined.

In step one, we compute the intrinsic frequency
K, using formula (9):

125-10¢-0.5
400

Then, the duration using formula (12):
t,=0.00677 sec.

Over the period oft, = 0.00677 sec a point on the
rim of the wheel will travel the following distance:
AS =V -t,
Whlere Vis 11‘he speed of the train (inm/sec), AS, is that
part of the rail track where its elastic interaction with
the wheel set occurs and at the same time it is part of
the wavelength of the wavelike wear.

In our example at V=10 m/sec:
AS,=10 - 0.00677 =0.0677 m.

When the wheel set is moving in the small
oscillations mode, at the moment in time t, the skid
angular velocity of the wheel set is equal to:

K, = =279sec™.

=, =Lsin K.

J K,
In our example at t, = 0.00677 sec:
4
o, =2'5¢sin(27940.00677) =0,21sec™.
400-279

After the adhesion has been lost, the wheel set is
under the impact ofthe braking torque M and the force
of kinetic friction exerted by the rail. In this mode, the
rail causes the rotation of the wheel in the direction of
the train’s movement (Pic. 3).

In Pic. 3, the kinetic friction force is:

T=Q - f, (13)
where fis the kinetic friction coefficient that is smaller
than the adhesion coefficient;

V_is the velocity of the rail’s recoil motion.

he differential equation describing the motion of
the wheel set in the sliding mode is:

2
742 _pm_0. 7R

- (14)
The solution of equation (14):

M- Q-f Rt
= —L+q~t+cz. (15)

"= T T 2
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Ift=0, ¢,=0, then C,=0.
To compute C,, let us find an expression for the
angular velocity:

Mt Qf Rt
J 2

The initial condition is that the angular velocity ¢,
at t = 0 is equal to the angular velocity o, at the
moment when adhesion is lost. This follows from the
assumption that the mean angular velocity of the
wheel set during braking must, over a small period of
time, be constant, i.e.: ®, = const.

This is shown in Pic. 2. The angular velocity o, is
plugged into equation (16), i.e. ¢,=-w,.

Now the initial condition takes the form:

P = (16)

Ift=0; ¢,=w,;C,=- (17)
then we get
. M-t Q- f-Rt
o= 2L QLR (18)
Further, we have:
M- .f-R.
z,wlzitl_u. (19)

J J

Letusfind the time of sliding t,. Assume the kinetic
friction coefficient f=0.15.
From the previous example, o, =0.21 sec’;
2o _ 42-0.21600 20,02 sec.
M-Q-f-R 25-10°-22-10"-0.15-0.5

A point on the wheel’s rim, at the train’s speed V
will travel the distance:
a,=V-t,

AtV =10m/sec(or 36 km/h):

=10-0.02=0.2m.

Thus, the length of the valley in wavelike wear is:
a,=0.2m.

On the whole, the wavelength in our example at
the speed of V=10 m/sec:
a=a,+a,=0.067+0.2=0.267m.

As stated in [7, page 47], before grinding more
than 61 % of rail irregularities have wavelengths
between 0.3 and 0.6 m. The results presented in our
example (wavelength 0.267 m) are quite close.

Conclusions

1. Braking remains one of the causes of
corrugation wear of rails.

2. The immediate cause of wavelike rail wear is
the periodic nature of wheel sliding on the rail, which
is related to the fact that the wheel-rail interaction
system is an oscillatory system [8].

3. In wavelike wear, the wavelength depends on
the speed of trains and increases with increasing train
speeds.

4. The speed of sliding and therefore the intensity
of rail wear depend on the value of braking torque; as
the braking torque grows, so do the consequences.

5. The speed of sliding depends on the health of
the rail track; as the health deteriorates, sliding
becomes more pronounced.

t,=

L2
Q

Ce

r——

T [{D-—

224

7Z

Pic. 3. Computational model of the «wheel set — rail
track» system during slipping.
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B cTarbe paccMaTpuBaloTCsl NPoo6siemMsi
AO0JIrOBEYHOCTU U CTAOUIIbHOCTU

B npogunsie MOCTOBOIO MoJIoTHA

v noaxoaax K MOCTY, a Takke
6e30MnacHOCTU Ha ATUX y4acTKax npu
ckopocTax asmxeHns 4o 400 km/4.
Teopust onTUMasibHOro yrnpasJieHUs
ANHaAMUYEeCKUMU npoLieccamm

B cUCTEeMe «MOCT-IyTb-3KNIMaX»
No3BoJIIeT CUHTe3UPOBAaTh KOHCTPYKLINU,
npeagnonaraolmue CPaBHUTEIbHO
paBHOMepHoOe Bo3a4elicTBue

Ha noapesibcCoBoOe OCHOBaHUE B 30He
MocTa, nNpy 3TOM cpeaHee 3Ha4yeHue
Harpy3ku Ha 6aa1acT MakCUMasibHO
npPUGVXXEHO K 3afaHHOMY.
OnTuMasnbHble KOHCTPYKUNN
obecneYynBaloT [OCTaTOYHOE ycuame

B KOHTaKTe KoJieca v peJsibca, 4To
NPUBOANT K CYLLLeCTBEHHOMY IMOBbILLUEHUIO
6e30nacHOCTU ABMKEHUS].

KnroyeBbie c/ioBa: Xene3HoA0POXHbIV
MOCT, B3aumozaevicTemue rnoesaga ¢ MOCTOM,
BCM, 6e301acHOCTb ABUXEHUS,
CcTabusibHOCTb MyTHU.
|
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HAYKA 1 TEXHWKA

OnTuMmu3auung nepexoaHbix
30H mocTtoB Ha BCM

Iloasxoe Baadumup FOpvesuu —dokmop mexnu4eckux
Hayk, npogheccop Kaghedpvi MOCMog u monHenel
Poccuiickoeo ynusepcumema mparcnopma (MUHUT),
Mockea, Poccus.

€pPEXOIHON Yy4acTOK B MECTE COMpsi-

KEHUSI MOCTOB C 3€MJISIHBIM TOJIOT-

HOM, KaK U3BECTHO, SIBJISIETCS MPOO-
JileMHol 30HO#. [Toaxom K MOCTY U CXOJ
C HEro — pa3jMyYHbIC 30HbBI MO YCIOBUSIM
Bo3aeiicTus. Ha puc. | mpuBeaeHbl pe3yib-
TaTbl BBICOKOTOYHOIO HUBEJIMPOBAHUS MPO-
(bUJIS ITyTU B MECTaX COMPSIXKEeHUs Oe30aiacT-
HOTO MOCTOBOTO TMOJIOTHA C HACKITbIO HA O[T~
HOM U3 MyTePOBOIOB OKPYKHOTO OTAEICHUS
MockoBckoii xene3Hoi goporu. lnane
¢ HOMepoM «0» pacrojiokeHbl Ha MTKAhHBIX
CTEHKAaX yCTOEB, MOJOXUTEJbHbIE HOMEpa —
Ha Bbe3Mle, OTPULIATEIbHbIE — Ha Cbhe3e
C MIPOJIETHOTO CTpoeHus. MeTonnka uaMepe-
HU u3noxeHa B [1].

1.

Ocaaku TpaIuIIMOHHOTO ITyTU Ha TIOJIX0-
JlaX TIPUBEJTN K 00pa30BaHUIO 3HAYUTEIBHOM
reoMeTPUYECKON HEPOBHOCTHU MPOhUIIS
U CKPBITOI1 HEPOBHOCTH (OTMETKN OCHOBAHUSI
mrman). DT HEPOBHOCTU BBI3BAHBI IBYMS
dakTopamMu — MpaKTUIECKU 0€30CaTOUHBIM
TOAPETHLCOBBIM OCHOBAaHUEM Ha MOCTY C 0e3-
0aJJTaCTHBIM TIOJIOTHOM U KOJieOaHUSIMU
9KUTaxeil, BBI3BAHHBIMU Je(opManiusiMu
MPOJIETHOTO CTPOEHUSI o] Harpy3koit. [1ep-
BBI (haKTOP MPUBEIT K TOMY, UTO B OTCYTCTBUE
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Puc. 1. Iny6buHa CKpbITbIX HEPOBHOCTEW B 30HE MOCTA.

Harpy3Ku peJibC Ha IMPOTSKEHUU HECKOJIBKUX
METPOB Y4aCTKOB ITPUMbIKAHUS ITPOCTO BUCUT
B BO3/IyXe, He OIUPasiCh Ha GaJljIacT, IO/ 1I1a-
JlaMK 00pa3yIoTCsl TaK Ha3bIBaeMbIe JIIOMTHI,
BeJIMYMHA KOTOPBIX MpUBeleHa Ha puc. 1.
Koneco BaroHa ¢akTuyecku ABUXKETCS 1O
CKPBITOM HEPOBHOCTH, KOTOPast 3HAYUTEJILHO
rIyoxe.

BTopoii ¢pakTop ompenensieT paznuuus
HEepPOBHOCTEI Ha Bbe3/ie U che3ne MocTa. Eciiu
Ha Bbe3/1e HEPOBHOCTb CPABHUTEIHHO KOPOT-
Kasl ¥ 3HaYeHUs TIOPTOB MOHOTOHHO BO3pa-
CTalOT 10 Mepe NPUOIMXKEHNUS K MOCTY, TO Ha
Che3ie HEPOBHOCTD IJIMHHEE M3-3a KoJieba-
HUI BaroHOB, BbI3BAHHBIX KOJeOaHUSIMU
mnpoJyieTHOro crpoeHus. B [2] moka3aHo, 4To
M3MEHYMBOCTh HArpy3KMU Ha IOAPEIbCOBOE
OCHOBaHMeE 3a IIPOJETHBIM CTPOSHUEM HOCUT
KoJiebaTeIbHbII XapaKTep, TakK KaK 3TO BbI3-
BaHO KoJieOaHUSIMM sKuMaxa. OTMETHUM, 4TO
K MOMEHTY 00CJIeI0BaHUS MMPOMIYILIEeHHbIA
IOCJjIe KalpeMOHTa TOHHAaX COCTAaBWJI BCEro
100 mH T OpyTTO.

O0pa3oBaHue TIPEIMOCTOBOM SIMbI — pe-
3yJbTaT OCaJ0K MyTU Ha OajuiacTe, U pOCT
JIIO(PTOB HOCUT MOHOTOHHBII XapakTep. [To-
BeJeHUE 110e3/1a IT0CJIe CXOa C MOCTa MOJIHO-
CTBIO OIpeIessieTcsl KoueOaHUSIMU TTPOJIETHO-
IO CTPOEHUSI U YCTPOMCTBOM MOCTOBOTO I10-
JIoTHa. BeauuuHbl 110dTOB Mo mImasaMu
M3MEHSIIOTCS B COOTBETCTBUU C KOJIeOaHUSIMU
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3JIEMEHTOB DKHUIIaXa, KOTOPbIe BO30YXKIAI0T-
Csl TIpU TIPOXOKAECHUU Yepe3 KojieOJolieecs
npoaéTHoe ctpoeHue. [ToaTomy nipu pereHnn
po0eMbl 30HbI COMPSIKEHUST HEOOXOIUMO
paccMaTpuBaTh BECh y4ACTOK MOCTOBOIO Iie-
pexoja, BKJII0Uast U IIPOJIETHhIE CTPOSHUSI, IJIsT
pa3paboTKU MEePEXOIHbIX KOHCTPYKLIMI 10
M [10CJIe MOCTA U YBEJIMUEHMS TI0JITOBEUHOCTHU
y3j1a CONPSIKEHUsT MOCTOB U 3€MJISIHOTO I10-
JIOTHA.

Jpyroii BaXXHBIN BBIBOA — HEOOXOIMMO
CHMKaTbhb BO3[IEHCTBUE Ha IOIPEIbCOBOE
OCHOBaHME HUXE BEJIMYMHBI, IIPU KOTOPOM
HauyMHaeTcs: 00pa3oBaHUe HEYNPYTUX OCTa-
TOYHBIX AehopMalnii B IOAPETHLCOBOM OCHO-
BaHuu. B cootBeTcTBUM C [3] TaKO#1 KpUTHYE-
CKUi1 YpOBeHb HArpy3Ku Ha IOAPEIbCOBYIO
oropy (IToAKJIaaKy) cocTaBisieT okono 31 kH.

st popMyaIUpOBKY TPEOOBAHMIT K KOH-
CTPYKLMSIM IIEPEXOIHOT0 Y4acTKa J0CTaTOY -
HO PacCMOTPETh OJHOIMPOJIETHBIA MOCT, KO-
TOPBIi1, KOHEYHO, COAEPXKUT BCE HEOOXOMM -
MbI€ 3JIEMEHTBI — IIOJIXO0/1 K MOCTY, KOJIEOJII0-
1eecst MpoJeTHOE CTPOSHUE U CXOJ C HEro.
IIpu pazpaborke TpeOOBaHUI K KOHCTPYK-
LIMSIM TIPUMEHSIJIACh TEOPHUsl ONTUMAIbHbBIX
JTUHAMUYECKUX ITPOLIECCOB B CUCTEME «MOCT-
IyTh-2KUIax». OTMETUM, UTO U3 BCEX KPU-
TepueB ONTUMaJbHOCTH [6] Hauboiee 3dh-
(beKTUBHBIM J1J1s 00ecTIeYeHUs CTAOMIbHOCTHU
IIyTH, IIPEIOTBPAIeHUsI OCTATOUYHBIX AedOop-

Monsikoe B. FO. ONTUMU3aLmna NnepexoaHbiX 30H MOCTOB Ha BCM
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Mauuii 6annacta OyaeT KpUuTepuil MUHUMAJTb-
HOTO OTKJIOHEHHUS Harpy3KHu Ha MOAPEIbCO-
BO€ OCHOBaHME OT 3apaHee 3alaHHOM BeJIM-
4yuHBI Q:
D= I, 48U, —y,) —
— Q)? dxdt — min, (1)
rae U(x, t) = y(x) 6(x)U’ (y, —y,) — peakuus
TOJIPEIbCOBOTr0 OCHOBAHUSI, &(X); Y(X) — yrpaB-
Jisttonye hyHKIIMY, MOIEIUPYIOIIe U3MEeHe-
HME KECTKOCTU OCHOBAHMSI T10 JUTMHE COOTBET-
CTBEHHO OT U3MEHEHMSI 111ara IITaja U U3MEeHe-
HUSI KECTKOCTH TTOJIPEJIbCOBOI OMOPHI, KOTO-
pasi 3aBUCUT KaK OT TOJIIUHBI CKUMAeMOTO
¢J1051 (OT OECKOHEYHOI Ha HACBITHN A0 OTPaHU-
YEHHOI Ha TIPOJIETHOM CTPOESHUY WJTU HYJIEBOA
Ha 0e30aJ1acTHOM MOCTOBOM TIOJIOTHE), TaK
1 XECTKOCTH MPOKJIAAKU B Y3JI€ CKPEIUICHUS
WJIM MPOKJIAaAKM Ha HUXXKHEH MOBEPXHOCTHU
LB Y, =Y, (X, t) — YHKIIUS BepTUKaTb-
HOTO MEPEMELIEHUs PeNbCa; Y, — TO XK€ JUIS
MPOJETHOTO cTpoeHus; L — mirHa pacy€THOro
y4yacTKa, BKJIIOYAIOIIET0 UCKYCCTBEHHOE CO-
OpYXEeHME U MoAXoAbl K HeMy; T — Bpems
MpeObIBaHUS COCTaBa Ha PACUETHOM YYaCTKeE;
Q — cpenHee 3agaHHOE 3HAUEHUE Harpy3Ku Ha
MOAPETHLCOBOE OCHOBAHUE HEIMOCPEICTBEHHO
o KojiecaMu Mo BCell IIMHE yJacTKa repe-
Xoma 1 3a BCE BpeMsI MPOXOXKICHUS COCTaBa.
B nmonuHTerpanbHoM BeipaxkeHuu (1) 3a-
MUCaHOo TMoJjIexkallee MUHUMU3AIUU CPe-
HEKBaJApaTHUYeCKOe OTKJIOHEHUE YCUIMM
U(x, t) ot 3agaHHoOro 3HaYeHus Q. Yrpapisi-
fomue Gynkuum 6(x) = U3, y(x) = U2, no-
CTaBJISIOLINE MUHUMYM (DYHKIIMOHATY Kaye-
ctBa (1), momexar ornpeaesieHIIO B IIpoliecce
ONTUMM3AIMU B3aMMOIEHCTBUS B CUCTEME
«MOCT-TTyTh-3KHUTaX».

® MWP TPAHCIMOPTA, Tom 15, N2 5, C. 54-67 (2017)

Puc. 2. Harpyska Ha nogpenibcoByio ornopy ot noe3aa 3BC-2 o ontumusaumm.

HocTixeHne MUHUMYMa UHTErpaJbHOTO
KpUTepHUs KauyecTBa OyIeT 03HaYaTh OTHOCH -
TeIbHO paBHOMEPHOE BO3JAcHCTBHUE Ha
MOAPENTbCOBOE OCHOBAHME MO BCEMU KoJie-
caMM moeszia, mpuieM MaKCUMaIbHO MPUOJIv -
XKEHHOE K 3aIJaHHOM BEJIMYMHE CPeIHEl Ha-
rpy3ku Q. Takast mocTaHOBKA MO3BOJISIET U3-
0exXaTh 3HAYUTEIbHBIX JJOKAIBHBIX MIEPerpy-
30K, BEIYIIUX K paccTpolicTBaM MYyTH
B npodusie 1 HAKOTUIEHNWIO OCTaTOYHBIX Je-
¢dopmanmii, ykazaHHbIX Ha puc. 1.

2.

BHauazie paccMOTpUM ITOBEICHUE B CHC-
TeMe «MOCT—ITyTb—3KHUIIaX» B OTCYTCTBUE
KaKUX-JIM0O0 CIEeLUaTbHBIX KOHCTPYKIIMIA
IIyTH Ha MOAX0AaX v P HAJIMYUKU MOCTOBOTO
IOJIOTHA IIPU 3II0OPE XKeJIe300e TOHHBIX I1ITall
1840 11T, /KM, MIMEIOILIET0 3arPsI3HEHHBIA U YB-
JIAXKHEHHBIM Oajiact, poJETHOE CTPOEHUE
JKene300eTOHHOe, KOpoOYaToro ceyeHus
MOJIHOM mmrHo# 23,6 M. [Ipn cMHXPOHHOM
Harpy>XeHUu IBYX IyTeil HaOJII0AaI0TCsI Hau -
OoublIMe KOJieOaHUs TTPOJETHOTO CTPOESHMS,
a 3HAYUT, U 9KCTPEeMaIbHOE B3aMMOJICHCTBIIC
B cucTeMe. AMIUIMTYIa KojaeOaHUi PONET-
HOTO CTPOCHMSI, a 3HAYUT, U BO3JACICTBUE Ha
MOJIPEIbCOBOE OCHOBAHMUE 3a MOCTOM IIpU
YBJIaXXHEHHOM 3arpsI3HEHHOM OajiacTe oKa-
3aIMCh Ha 7 % 0OJIbllIe, YeM IIPU YMCTOM CY-
xoM Oasnacte. Jlanee OyaeM paccMaTpuBaTh
MMEHHO TaKue YCJIOBUS.

Ha puc. 2 nokazaHbl tuarpaMMbl Harpy3Ku
Ha MOJKJIAJIKH IO/ KOJIeCAaMU BTOPOI'O BaroHa
coctaBa DBC-2, mpoxoasiiero no MocTy
C IIPOJIETHBIM CTpOoeHMEeM 23,6 M Ha CKOPOCTHU
400 xM/4. 3aech 1 fasiee: BepTUKaJIbHasI OCb —

Mongkoe B. 0. OnTuMn3aumnsa nepexoaHbIX 30H MOCTOB Ha BCM
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Puc. 3. Koneb6aHus nepBoro kosneca nepBoro BaroHa.

Harpy3ka Ha nonkiaaky (H), ropuzoHranb-
Hass — BpeMs t (cex) IJIss BTOPOro Kojeca
BTOpOTO BaroHa (t = (0 TIpu BXO/ie 3TOT0 KoJie-
ca Ha pacYETHBIN y4acTOK), paCUETHBIN BaroH
COCTaBa JBMKETCS clieBa HarpaBo. JIJist Takux
MPOJIETHBIX CTPOCHUI YCTAHOBUBILIHUECS KO-
nebanus ¢ amroutynoit 0,918 mm Habmoma-
FOTCSI yKe TIPY MPOXojie BTOporo BaroHa. M ato
SIBJISIETCST IPUYMHON 3HAYMTETLHBIX KOJie0a-
HU TTOBMZKHOTO COCTaBa U MEPETPy30K ITyTH
3a TIPOJIETHBIM CTPOEHUEM, B TO BpeMs KakK
CKAYOK KECTKOCTH TPU BXOJIE Ha MOCT OCTa-
eTcsl He3aMeueHHBbIM. Harpyska Ha rmojpeib-
COBYIO OITOpy 3a MocToM gpocrturaet 40 kH,
a Ha MOCTY W Tiepel] HUM COCTaBJISIeT OKOJIO
35 kH npu cpenHeM 3HaU€HUM Ha BCEM yJacT-
Ke MocToBoro nepexona 30,8 kH.

OTMeUYeHHBII BBIIIE «He3aMETHBI» BXOJT
KoJIeca BTOPOTO BaroHa Ha IpOoJIETHOE CTPOe-
HUE, KOTOPBIil BBIPAXKAETCSI B OTCYTCTBUU
3aMETHOTO YBEJIMUEHUST HATPY3KU Ha TIEPBYIO
MOAPETLCOBYIO OTIOPY Ha MOCTY, HYXIaeTcs
B KOMMEHTapUH.

KonebaHust iepBoro KoJjieca mepBoro Ba-
roHa (puc. 3) COOTBETCTBYIOT «KJIaCCUYECKO-
My» TIPENCTaBJICHUIO O B3aUMOIEUCTBUU
B CHCTEME «MOCT—ITYyTh—3KUITaxK» TIPU CTATH -
YeCKOI IMTOCTAHOBKE Y CPAaBHUTETLHO HEOOJTb-
mux ckopoctsax. Kak BumHo u3 puc. 3, 1o
Hayasa Koje0aHUi MPOJETHOTO CTPOSHUS KaK
JIO OTITUMU3AIINH, TaK U ITOCTIE TIEPBOE KOJIECO
pearupyet Ha U3MEHEeHUE XECTKOCTHY TOAPEITb-
COBOTO OCHOBaHMSI TPU TIEPEX0/Ie C HACKITTN
Ha MOCT, 4TO BbIpaxaeTcst B JOBOJbHO PE3KOM
YMEHBIIEHUH TIPOruda pesibca Mo 3TUM KO-
JIecoM, BO30YXXIEHUU Kojie0aHU i Kojieca (OHO
«TMOJIPBITMBaeT»). BUIHO Takke, KaK Mpo-
JIETHOE CTpoeHue nehopMUPYeTCs TIOf TEPBOIA

® MWP TPAHCIMOPTA, Tom 15, N2 5, C. 54—67 (2017)

TEJIeKKOM, M KOJIECO CIIeMyeT 110 1e(pOpMHUpPO-
BaHHOMY TTpoduiito. ONTUMU3ALIMST CIIIaXKK -
BaeT Mepexoi, Bo30yxXaaeMble TIpU BXOJe
KoJiebaHMsI Kosieca 3aMeTHO MeHble. OJTHaKo
B aJIbHENIIIeM KoJie0aHUs B CUCTeME B 3Ha-
YUTEJIbHOM CTEIEeHUW OTIPEeISIOTCS KOoJe-
0aHUSIMU MPOJETHOTO CTPOECHUSI, a HEe U3-
MEHEeHUEeM XECTKOCTU TOJAPETbCOBOTO
ocHoBaHus. Ha puc. 4 nepemMetieHue Koe-
ca B MoMeHT 0,523 ¢ BbI3BaHO HEe CKAUYKOM
KECTKOCTH, a (ha3oii KojiebaHUlt POJIETHO-
ro cTpoeHus [8].

Kak yxe yka3pIBajaoch, Ipy Harpy3ke Ha
noaknanky 6osnee 31 kH HaumHaOT MposiB-
JISIThCSI OCTAaTOYHBIE AehopMalui U Lejb
ONTUMU3ALINY — UX HeponyleHne. OTMeTuM,
YTO YKa3aHHbIE 3HAYEHUST HAarPy30K HEM30eK-
HO TMIPUBEYT K MOSIBIIEHUIO HEYTIPYTHUX (OCTa-
TOYHBIX) AedopMaluil B Oaniacte, U 3TO
CTaHEeT MPUYMHON BO30OYXKIEHUS TOTOTHU-
TEJILHBIX KOJIeOaHUI HEeTOoIPeCcCOPEHHBIX
Macc, pacCTPOMCTBA ITyTU B MPOGUIIe U yXy/I-
IIEHUST B3aMMOJIEHCTBUS B CUCTEME «MOCT—
ITyTh—3KUIIAXK» , YTO HEJAOITYCTUMO.

OnTuMu3anus MPUBOAUT K 3HAYUTEIb-
HBIM U3MEHEHUSIM BO B3aMMOJICHICTBUY B CUC-
TeMe «MOCT—ITyThb—3aKUIax» (puc. 5). Ontu-
MajibHas yripasistolnas dyHkuus U2, cBs-
3aHHas C pacripelie]IeHneM XeCTKOCTH TTPOo-
KJIaoK TMOJ pefbcaMu (MU C YCTPOHCTBOM
MOAKJIAIOK Ha ITOOIIBE HITaIbl), U3MEHSIO-
mast XE€CTKOCTh MOJIPEJIbCOBOI OIOPHI, YKa-
3aHa Ha puc. 6. Takoe pacrpeaesieHue XECT-
KOCTHM CPaBHUTEJBHO JIETKO peaiu3yeTcsl Ha
MpaKkTUKeE.

W3 puc. 5 BUIHO, YTO CpeqHee 3HaUeHUe
Harpy3Ku Ha MOJpebCOBOE OCHOBaHUE 3Ha-
YUTETHLHO HUXKE CTAHIAPTHOTO OTKJIOHEHUS

Mongkoe B. 0. OnTuMn3auunsa nepexoaHbIX 30H MOCTOB Ha BCM
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Puc. 4. KonebaHuns BTOporo kosieca BTOpPOro BaroHa.
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Puc. 5. Harpy3ska nocse ontumu3saunm.

B 3,6 pasa. Ho rmaBHOe — MakKcHMajibHOE
3HaYeHME Harpy3ku cHkeHo 1o 30,7 kH, uro
TEOPETUICCKU MCKIIIOYACT IMOSIBJICHUE He-
VIPYTUX OCTATOYHBIX ehOpMaIIIiA IO IIITIa-
JI01 (TTOpOoT 00pa30BaHMSI OCTATOUHBIX 1e(hOp-
Marmii 6amnacta — 31kxH). Heobxonumo oTt-
METHUTh, YTO YKa3aHHBII MTOPOT HATPYy3KH 10
ITOSIBJICHUST OCTaTOYHBIX IeopMalInii TTOJTy-
YeH IS 3KeJIe300€ TOHHBIX 11T1aJI Ha IIe0eHOU-
HoM Oaisnacte. Ilpenyiaraemoe pelieHue
IIpeIToaaraeT UCIIOIb30BaHUE YIIPYTUX IO -
KJIaIOK Ha HIDKHEH TTOBEPXHOCTH IIITaJl, YTO
3aMETHO ITOBBICUT 3TOT ITOPOTL.

[MpumeHeHMe crienaIbHOM KOHCTPYKIINHT
MOCTOBOTO ITIOJIOTHA HAUMHACTCS Ha IITaie
Ne 20 (puc. 6). Mo sroit Touku U2 = 1, uyto
COOTBETCTBYCT OOBIYHOM KOHCTPYKIIAM ITyTH:
IIITaIBL ¢ 31mopoid 1840 mIT./KM, MPOKIaIKKU
¢ kéctkocThio 90 KH /MM, 6ayuracT 3arpsi3HeH
u yBIaxHEH. OTinune OT 0ObIYHON KOHCTPYK-

LMY COCTOUT B TOM, UTO K 11mmiaze Ne 20 KoHTp-
pesbe (TTaKeT KOHTPYTOJIKOB) TIOCJIE YETHOKA
MIpUBEACH B MAaKCUMAaJIBHO OJIM3KOE TTOJIOXKe-
Hue K padouyemy penbcy (Ul = 0,85) u nanb-
Helilee 13MEHEHUE 3TOTO MOJIOKCHMS OyIeT
MOIAaBJIAThCS BIUIOTH A0 wimaibl Ne 120. 3a
3TOU IIMNAJIOA HAYMHAETCS CBEIEHNUE KOHTP-
PETBCOB B YETHOK U TTOIKJIAIKKM UMEIOT CTaH-
JIAPTHYIO KECTKOCTD.

3.

Upe3BbIYaitHO BaXKHO, YTO ONTUMU3ALIMS
MpolLecca B3aMMOIEUCTBMS IIPUBOAUT K CY-
LIECTBEHHOMY IMOBBILIEHUIO MUHUMAaJIbHOIO
BEPTUKAJbHOIO YCHJIMSI B KOHTAaKTe KoJjieca
u penbca: Rmin = 24,55 kH. B [7, 8] mokas3a-
HO, 4TO MPU 3HAYEHUU ITOrO YCUJIUSI MeHee
23,814 xH ycToituMBOCTh KoJjieca Ha pelibce
1 0€30ITacCHOCTh IBUXKEHUS He oOecrieynBa-
FOTCsI TIPU JIIOOOM CKOJIb YTOIHO MaJIoM Bpe-

® MUP TPAHCMOPTA, Tom 1

. 54-67 (2017)

Mongkoe B. 0. OnTuMn3aumnsa nepexoaHbIX 30H MOCTOB Ha BCM




14

1,2 ya \\
1
0,8
o6 MoCT
0,4
0,2 aKTUBHBIN YYacToOK yrpasAafolei GpyHRII U2
-
< > Homepa mmax
0 - T T T T T T T T T T T T T T T T T T T T T

— n o oM N~
— -

— n 9
< T <

M~ o n oMo

- n o n o m
O O O™~ M™N W 0 0 O

o o -
- -

- mn O MmN~ o~ I
N NN Mo n o
— -

~N = o
— N N
o - -

T T T

a o
N ™M

~
(]
—

—
<
—

Puc. 6. @yukuynsa U2 = y(x), gocTasasiowas MUHUMYM PYHKLMOHaNy Ka4yecTBa.
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Puc. 7. Mpumep anarpammMbi BEPTUKAJIbHOIO yCUJINS B KOHTaKTe KOJIeca v pesibca rpu onTumMm3aunn.

MEHU NeNCTBUS KPUTUUECKOTO 3HAYEHUS
BEPTUKATILHOM MPOEKIINU YCUITUS B KOHTAKTE.
ITpu aToM o onTumuszanuu GUKCUPYETCs
OTPBIB KoJieca OT pesibca. [IpumMep nuarpamMmbl
YCUJTUI B KOHTAKTe Kojieca U peibca Ha puc. 7:
Ha |-i1 urepanuu 3apuKCUpPOBaH OTPHIB KO-
Jieca, Ha 6-i1 UTepalny B3auMOJIeCTBHIE KO-
Jileca M pejibca BBEJIEHO B OE30MacHbIf qua-
Ma30H.

ITporiecc onTuMM3aMK MpeACTaBIeH Ha
puc. 8. Ha Hem D — 3HaueHMe UHTETPaTbHO-
ro yHkmoHana kadectna (1) (yMeHbILIEHO
Ha 11 nmopsakoB Ajist ynoocTBa OTOOpaKeHUs
Ha OTHOM rarpaMme), ¥ 3TOT TapaMmeTp Mo -
JIEXKUT MUHUMM3AMK; Rmin — MUHMMansHOe
3HAYeHUE BEPTUKATHLHOTO YCUJTUSI B KOHTAKTE
BCEX KOJIEC U peJibca.

W3 puc. 8 BUIHO, 4TO yXe Ha BTOPOii UTe-
pauuu yaaeTcs 3HAYMTEIbHO YMEHBIIUTh

® MWP TPAHCIMOPTA, Tom 15, N2 5, C. 54—67 (2017)

WHTErpalbHbI PyHKIIMOHAN kavdecTBa (1),
KOTOPBII MPEICTaBIIeT COO0N MHTErpal Mo
BPEMEHU MPOX0Ja COCTaBa Yepe3 PaCUETHBIN
YYacTOK CyMMBbI CPEIHEKBAAPATUYECKUX OT-
KJIOHEHUI HArpy3KU Ha OIMOpPY OT 3aAaHHOTO
3HaueHus1 Q 1oy BceMu KosiecaMu roesna. Ha
BTOPOIi UTEPALIAN YK€ HE HAOIIONAETCS OTPBIB
KoJieca OT pejibCa — 3a BCe BPeMsI TPOXOXKIe-
Hus noe3ga Rmin He menee 14,2 kH, a x 9-i1
urepauuy Rmin Bo3pacraer 10 npruemieMoro
3HauyeHus 24,6 kH.

Ha nepBblii B3MJ1511 pellieHue, npeajiarae-
MO€ T€OpUEil ONTUMAJbHOIO yHpaBJeHUS,
napagoKCaabHO — Ha MOJIXOAAX CJIEAYeT 3a-
METHO CHU3UTb KECTKOCTD ITyTH, a HA POJIET-
HOM CTPOE€HUU, HA000POT, YBeIUUNUTh. OgHa-
KO Takoe pelleHue 00bsICHIETCS HEOOBIYHO
XKECTKUMU TIPOJIETHBIMU CTPOCHUSIMU JIST
BCM MockBa—Ka3zanbs. Hammpumep, mporu6

Monsikoe B. FO. ONTUMU3aLmna NnepexoaHbiX 30H MOCTOB Ha BCM
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MPOJETHOIO CTPOEHUSI B ITpoLiecce KonebaHui
He MpeBbIIIaeT 1 MM, ¥ OH OJIM30K K ITPOTU0Y
peJibca Ha 3eMJISIHOM TI0JIOTHE. YMEHbIICHUE
JKECTKOCTH ITyTH Ha MOIX01aX ITO3BOJISIET IIPU
O4YEHb BBICOKHUX CKOPOCTSIX YMEHbIIATh B3aK-
MOJIEICTBME KOJIECAa U PeJibca, OCOOEHHO OT
BO30Y>KIeHUSI KOeOaHUIi 10 pa3HbIM IIPUYK-
HaM, B TOM YKCJIE [IPOXOI0M Yepe3 KOIeOIIr0-
1Ieecst MPoJIETHOE CTPOEHME. 3eCh YMECTHO
OTMETHUTD, YTO XKECTKOCTh IPOKJIAA0K Ha
0e30a/JIaCTHOM IyTH, IPAKTUYECKH MOJTHO-
CThIO (hopMUpYIOIast XECTKOCTh ITYTH, Ha
kutaiickux BCM cocrasisier 25 kH/mm [9],
YTO 3HAYMUTEJIBHO HIKE XKECTKOCTH IIPUMEHSI -
eMbiXx B P2XKJI mpokiagok — B cpegHeM
90 kH/mm.

VBenuueHne XECTKOCTU MYTU BBIPABHU-
BaeT nechopMaIuy pesibca Ha «MSITKOM» TTOI-
XOJIe ¥ Ha CaMOM IIPOJIETHOM CTPOEHUHU, IIPU
5TOM KOJIECO «HE 3aMedaeT» IMPOJIETHOE CTPO-
eHMUeE.

HetpynHo yBuaEeTb: it JOCTUKEHUS OIl-
TUMaJIbHOTO pe3yJibTata TpeOYIOTCSI CpaBHU-
TEJbHO MPOCThbIe KOHCTPYKTUBHBIE MEPbI —
KOHTpPPEJbC (TTaKeT KOHTPYTOJIKOB) pacIiojia-
raeTcs MakCMMallbHO OJIM3KO K pabouemy
pesibCy Ha BCEM IPOTSKEHUM Mepexona,
smIopa Iinaj OCTaeTCs HEUM3MEHHOM
(1840 mt. /™). 751 yrpaBieHUsI KECTKOCTHIO
MOAPETHCOBBIX OIIOP HYXKHbBI IIPOKJIAAKM Pa3-
JIMYHOM XECTKOCTU, IIPUYEM OHU YKJIaIbIBa-
IOTCS IO MPOCTOM CXEME.

Paccmorpum Bompochl 6€30MacHOCTH
JBIKeHUsI moapobHee. [Ipu HemocTaTOUHOM
BEPTUKAJIbHOM YCUJIMM MPUXKATHUSI KoJieca

® MWP TPAHCIMOPTA, Tom 15, N2 5, C. 54-67 (2017)

K peJibCy BO3MOXHO BKaTbIBaHUE I'PeOHSI
KoJIeca Ha TOJIOBKY peJibca MOJI AeiCTBUEM
GOKOBBIX CHUJI, YTO YPEBATO CXOAOM KoJjieca
¢ pesbca. [1pu BBICOKMX CKOPOCTSIX JBUXKE -
HUSI 9TO MPUBEAET K KPYILIEHUIO C TSKEIBIMU
MOCJIEACTBUSIMU, OCOOEHHO B 30HE MOCTA.
B [8] pexomeHa0BaNOCh 3HAUEHNE BEPTHU-
KaJIbHOTO YCHMJIMS B KOHTaKTe KoJjeca
u penbca He MeHee 23,8 kH. Ha puc. 9 u 10
MoKa3aHbl AMarpaMMbl BEpTUKAIbHOIO YCH -
JIUSI B KOHTAKTe KOJjieca M pejibca BTOPOIo
BaroHa B coctaBe DBC-2 1o u nocJjie onTu-
mu3auuu. Kak BUAHO, 10 ONTUMM3ALNU
yCUJIKe He TOJbKO HEOMHOKPAaTHO MagaeT
HUKe 0€30MMacHOT0 3HAYEHUST, HO U ITPOUC-
XOJUT OTPBIB KoJieca OT peibca. OnTuMmu3a-
LM CriaxKMBaeT B3aMMOJECTBUE KoJieca
U peJibCa, 3TO B3aMMOJCCTBUE CTAHOBUTCS
«CITOKOJHEEe»: BEPTUKAJIBHOE YCUIIME HE
meHee 40 kH.

BbiBO4bl

s peureHust mpoOJIeMbl TTepPeXOIHbBIX
Y4aCTKOB Ha ITOIX0aX K MOCTaM HEOOXOIMMO
paccMaTpuBaTh BECh y4aCTOK MOCTOBOTO Iie-
pexojia, BKJI0Yasi IIPOJETHBIE CTPOCHMSI, KO-
TOPBIEC OKA3bIBAIOT CYIIECTBEHHOE BIIMSHUE HA
KoJiebaHUS BATOHOB 32 MOCTOM.

IlpuxknagHasi Teopus ONTUMAJIbHOIO
yIpaBJICHUs ITO3BOJISIET HAWTKU BIIOJIHE pea-
JIM3yeMble pelleHUs IJIs 3HaYUTEIbHOTO
CHIDKEHUSI CpeIHEI Harpy3Ky Ha ITOIPEIbCO-
BO€ OCHOBaHME, HEPABHOMEPHOCTU BO3MCH-
cTBUs Ha Hero. Ilpu 3TOM MakcuUMalibHOE
3HaYeHMUE HArpy3KM yIaeTcs clejiaThb HIKe

Mongkoe B. 0. OnTuMn3aumnsa nepexoaHbIX 30H MOCTOB Ha BCM
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Puc. 9. Ycunue B KOHTaKTe Kosieca v pesibca 40 ONTUMU3aLnn.
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Puc. 10. Ycunue B KOHTaKTe Kosieca u pesibca rnocsie onTumMmm3aymnm.

Topora TIOSIBICHUSI OCTaTOYHBIX HEYIIPYTHUX
nedopmanuii B 6ayutacte. A 6€30MaCHOCTh
JIBYKEHNST 00ECIIEYNTh TEMU XK€ MEPAMU, YTO
W YPOBEHb JOJTOBEYHOCTH ITOIPETHCOBOTO
OCHOBaHHSI.
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OPTIMIZATION OF BRIDGE TRANSITION ZONES ON HIGH-SPEED RAILWAYS

Polyakov, Viadimir Yu.- professor at the department of bridges and tonnels of Russian University of

Transport, Moscow, Russia.

ABSTRACT

The author studies issues of track service life
and rail profile stability on bridges and bridge
approaches, as well as safety issues on these
sections at train speeds of up to 400 km/h. The
optimal control theory of dynamic processes in the
bridge-track-vehicle system makes it possible to

synthesize structures that exert comparatively
uniform impact on the sleepers (or other rail
supports) in the bridge zone while maintaining the
loads on the ballast closest to their design values.
Optimal designs ensure a sufficient force of the
wheel-rail contact thus substantially improving
traffic safety.

Keywords: railway bridge, train-bridge interaction, HSR, traffic safety, track stability.

Background. Bridge transition zones, where
bridges interface with the railway bedding are known
to be problem zones. The approach to a bridge, and
the bridge egress ramp are different zones in terms
ofimpact conditions. Pic. 1 shows the results of high-
accuracy height measurements of the track profile at
a zone where the ballastless bridge deck track
interfaces with the railway embankment at one of the
railway bridges of the Moscow Railway'’s ring branch.
Sleepers numbered with «0» are located on the
backwalls of bridge abutments; sleepers marked with
positive numbers are located on the approach; those
with negative numbers, on egresses from the bridge
deck.

Methods. The author uses engineering methods,
mathematical apparatus. The measurement
methodology is described in [1].

Objectives. The author’s task is to synthesize
design of structures that exert comparatively uniform
impact on the sleepers (or other rail supports) in the
bridge zone while maintaining the loads on the ballast
closest to their design values.

1.

Settlement of the conventional track on the
approaches had led to the formation of significant
geometric irregularity of the profile and hidden

13 12 11 10 9 8 7 6 5 4 3 2 1 0

Movement

deflections (the levels of sleeper bases). These
irregularities and deflections were caused by two
factors: the practically settlement-free rail supports
on the bridge with ballastless track, and oscillations
of vehicles caused by deformations of the bridge
superstructure under the load. The operation of the
first factor had resulted in a situation when in the
absence of loading the rail simply hanged in the air
without resting on the ballast over several meters of
the approach; there were gaps under the sleepers.
The sizes of the gaps are shown in Pic. 1. The wheel
of a railcar thus moves on a hidden irregularity that is
significantly deeper than it appears.

The other factor determines the differences
between the irregularities on the approach to the
bridge and the egress from the bridge. On the
approach, the irregularity has a comparatively short
length, and the depths ofthe gaps grow monotonously
as the bridge gets closer, while of the egress the
irregularity is longer due to the vehicles’ oscillations
caused by the oscillations of the bridge
superstructure. It is shown in [2] that the variability
of the load on the rail sleeper (support) beyond the
bridge superstructure has an oscillatory nature as it
is caused by the oscillation of the vehicle. We note
here that by the time of the survey, the tonnage

sleepers numbers

-9 -10 -11 -12 -13 -14

Gap, mm

Pic. 1. Depths of hidden irregularities in the bridge approach zones.
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Pic. 2. Loads applied to the rail support by the EVS-2 train before optimization.
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Pic. 3. Oscillations of the first wheel of the first car.

passed after a major track overhaul was a mere 100
million tons gross.

The formation of the bridge approach pit is a result
of ballasted track settlement, and the gaps grow in size
«monotonously». The behavior of the train after leaving
the bridge is completely determined by the oscillations
of the bridge superstructure and the design of the
bridge deck. The sizes of gaps under the sleepers are
patterned according to the oscillations of the vehicle’s
elements that get excited as they pass through the
oscillating bridge superstructure. Therefore, tackling
the problem of the interface zone requires consideration
of the entire section of the bridge crossing, including
the bridge structures in order to develop the design of
transition structures before and after the bridge and
thus increase the service life of the interface between
the bridge and the railway bed.

The other important conclusion is that the impact
on the rail supports needs to be reduced below the
value at which the formation of non-elastic residual
deformations begins in the supports. According to
[3], such a critical load level on the rail support (base
plate) is approximately 31 kN.

For the purpose of developing a set of
requirements to the structural elements of the
transition zone, consideration of a single-span bridge
is sufficient. Such a bridge certainly contains all the
necessary elements: the approach to the bridge, the
oscillating bridge span structure, and the egress from
the bridge. The requirements were developed through
the application of the optimal dynamic processes
theoryin the bridge-track-vehicle system as described

in [46]. We note here that out of all the optimality
criteria [6], the criterion of minimal sleeper load
deviation from the pre-assigned value Q will be the
most effective for ensuring track stability and for
prevention of residual deformations of the ballast:
D=, I.(Wx)8(x)U(y,-y,) - Q)? dxdt — min, (1)
where U(x, t) = y(x) 8(x)U’ (y. - y,) is the reaction of
the sleeper, 3(x); y(x) are the control functions
modeling the longitudinal change in the stiffness of
the rail support with the change in the sleeper spacing
and the change in the stiffness of the track foundation
thatdepends on both the thickness ofthe compressible
layer (from infinite on an embankment to limited on a
bridge span structure or zero on a ballastless bridge
deck) and the rigidity of the baseplate in the fastening
unit or the pad on the bottom surface of the sleeper;
Y, =Y, (x, t) is the function of the rail’s vertical
cﬁ'splacement; y, is the same for a bridge span
structure; L is the length of the modeled section that
includes the bridge and the approaches; T is the time
during which the train is present on the modeled
section; Q is the mean assigned value of the load on
the rail bed immediately under the wheels along the
entire length of the transition section and over the
entire period of the train passage.

Inthe integrand ( 1) we put the standard deviation
of the loads U(x, t) from the assigned value Q, which
standard deviation needs to be minimized. The control
functions 3(x) = U3, y(x) = U2 that deliver the minimum
to the quality functionality (1), are to be determined
inthe process of interaction optimization in the bridge-
track-vehicle system.
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Pic. 4. Oscillations of the second car’s second wheel.

Reaching the minimum of the integral criterion for
quality would mean a relatively even impact on the rail
supports under all wheels of the train, and the value
of this impact would be closest to the assigned mean
value Q of the load. This approach makes it possible
to prevent significant local overloads that lead to track
profile issues and accumulation of residual
deformations set forth in Pic. 1.

2.

First, let us consider the behavior of the bridge-
track-vehicle system in the absence of any special
track structures in the approaches, assuming a
bridge track with concrete sleepers at sleeper
density of 1,840 sleepers/km, with dirty and moist
ballast; a concrete 23.6 m bridge span of a box-like
section. With synchronous loading of the two tracks,
the greatest oscillations of the bridge span and
therefore extreme interactions in the system are
observed. The amplitude of the bridge span’s
oscillations, and thus the impact on rail supports
outside of the bridge with moist and dirty ballast
turned out 7 % higher than with clean and dry
ballast. From this point on, we shall consider
precisely such conditions.

Pic. 2 shows baseplate load diagrams under the
wheels of the second car of the EVS-1 train that is
passing a bridge with a 23.6 m bridge span at the
speed of 400 km/h. Hereinafter, the vertical axis
shows the load on the baseplate (H); the horizontal
axis, time t (in seconds) for the second wheel of the
second car (t = 0 at the entry of this wheel onto the
modeled section); the modeled car is moving from
the left to the right. In such span structures, steady-

state oscillations with an amplitude of 0.918 mm are
observed as early as the passage of the second car.
This, in turn, is the cause of significant oscillations of
the cars and track overloading beyond the bridge
structure, while the spike in stiffness at the entry to
the bridge remains unnoticed. The load on the rail
support reaches 40 kN beyond the bridge, while on
the bridge and before the bridge it amounts to
approximately 35 kN, with 30.8 kN being the average
value for the whole of the bridge zone.

The aforementioned «unnoticed» entry of the
second car’s wheel on the bridge span, manifested
by the absence of a noticeable increase of the load
on the first rail support on the bridge, requires a
comment.

Oscillations of the first car’s first wheel (Pic. 3)
match the «classic» concept of interactions in the
bridge-track-vehicle system in a static setting and
relatively low speeds. As can be seen from Pic. 3,
before the oscillations of the span structure begin
(both before and after optimization), the first wheel
reacts to the change in the stiffness of the rail support
at the transition from the embankment to the bridge,
which is manifested in a rather sharp reduction in the
rail deflection under this wheel, and in the excitation
of the wheel’s oscillations (the wheel «jumps»). It is
also seen that the span structure deforms under the
first bogie, and the wheel travels on the deformed
profile. The optimization smooths out the transition,
and the oscillations excited at the entry are noticeably
less pronounced. Further on, however, oscillations
in the system are largely determined by the
oscillations of the span structure rather than the
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Pic. 5. Loads after optimization.
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Pic. 7. Sample diagram of the vertical force in the contact of the wheel and the rail after optimization.

25

20
—D
15
Rmin, kH
10
D=[Jr(r()8(x)U'(y,~¥,)~Q)*dxdt — min
5 \\
AN

Number of iteration
0 - T T T T T 1
1 2 3 4 5 6 7 8 9

Pic. 8. Evolution of the quality criterion D and of the minimum wheel pressing force in the process of optimization.

change in the stiffness of the rail support. The motion
of the wheel at 0.523 sec in Pic. 4 is caused by the
oscillation phase of the span structure and not by the
spike in stiffness [8].

As already mentioned, at baseplate loads in
excess of 31 kN, residual deformations begin to show
up, and optimization aims to preclude them. We note
here that the above values of the loads inevitably lead

to the emergence of non-elastic (residual)
deformations in the ballast, which in turn will become
the cause exciting additional oscillations of unsprung
masses, track profile deflections, and deterioration
of the interaction in the bridge-track-vehicle system,
which should not be allowed.

Optimization brings about significant changes to
the interaction in the bridge-track-vehicle system
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Pic. 10. Wheel-rail contact force after the optimization.

(Pic. 5). The optimal control function U2 that is related
to the distribution under the rail of baseplate rigidity
(or related to the pads on the bottom surface of the
sleeper) and that changes the stiffness of the rail
support is shown in Pic. 6. Such stiffness distribution
is relatively easy to implement in practice.

It can be seen in Pic. 5 that the mean value of the
load on the rail support is significantly (by a factor of
3.6) smaller than the standard deviation. Most
importantly, the maximum value of the load is reduced
to 30.7 kN, which in theory rules out non-elastic
residual deformations forming under the sleeper (the
threshold for the emergence of residual deformations
inthe ballastis 31 kN). It should be noted that the said
residual deformation emergence threshold load was
established for concrete sleepers on crushed rock
ballast. The proposed solution involves the use of
elastic pads on the bottom surface of sleepers, which
would noticeably raise this threshold.

The application of the special design solution for
the bridge deck starts at sleeper No. 20 (Pic. 6). Up
to this point, U2 = 1, which corresponds to the
conventional track design: the sleeper density of

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 5, pp. 54-67 (2017)

1,840 sleepers/km, baseplates with a stiffness of
90 kN/mm, dirty and moist ballast. The feature that
distinguishes this design from the conventional one
is that by sleeper No. 20, the guardrail (a set of guard
angles) after the shuttle is placed closest to the
running rail (U1 = 0.85), and further change of this
position will be suppressed up to sleeper No. 120.
Beyond that sleeper, the guard rails start to converge
into a shuttle, and baseplates have standard stiffness.
It is extraordinarily important that optimization of
the interaction process leads to a substantial increase
of the minimal vertical force in the contact between
the wheel and the rail: Rmin = 24.55 kN. It is shown in
[7, 8] that at a value of this force below 23.814 kN
neither the stability of the wheel on the rail nor traffic
safety are ensured in any, even infinitely short, period
when the vertical projection of the contact force is at
its critical value. Notably, separation of the wheel from
the rail is registered before the optimization. A sample
force diagram in the wheel-rail contact is provided in
Pic. 7: separation of the wheel is registered in
iteration 1; in iteration 6, the interaction between the
wheel and the rail is returned in the safe range.

Polyakov, Vladimir Yu. Optimization of Bridge Transition Zones on High-Speed Railways



The optimization process is set forth in Pic. 8. In
that Pic. Dis the value of the integral quality functional
(1) (decreased by 11 orders of magnitude for
convenience of showing in a single diagram), and it
is this parameter that needs to be minimized; Rmin is
the minimum value of the vertical force in the contact
of all wheels and the rail.

It can be seen in Pic. 8 that as early as in the
second iteration we succeed at significantly reducing
the integral quality functional (1) that is the integral
by the time of the train’s passage through the model
section of the sum of standard deviations of the load
on the support from the assigned value Q under all
the eight wheels of the train. In the second iteration,
no separation of the wheel from the track is observed:
over the entire period of train passage Rmin is never
below 14.2 kN, and by the 9" jteration Rmin increases
to the acceptable value 24.6 kN.

At first glance, the solution suggested by the
optimal control theory is paradoxical: on approaches,
track stiffness should be noticeably reduced, and
conversely, it should be increased on the span
structure. However, such a solution is explained by
the unusually stiff span structures on the Moscow-
Kazan HSR. For example, the span structure
deflection in the process of oscillations never exceeds
1 mm and its value is close to rail deflection on an
embankment. Reduced track stiffness on the
approaches provides for a decreased interaction
between the wheels and the rail, especially that
caused by oscillations caused by various factors,
including passage through a span structure. It should
be proper to note here that the stiffness of pads on a
ballastless track (that determines track stiffness
almost completely) stands at 25 kN/mm on Chinese
HSRs [9], which is significantly lower than the stiffness
of pads used by the RZD whose stiffness averages
90 kN/mm.

Increased track stiffness levels out rail
deformations on a «soft» approach and on the span
structure itself, so that the wheel «never notices» the
span structure.

It is not hard to see that, to achieve the optimal
result, comparatively simple design measures would
be required: a guard rails (a set of guard angles)
positioned closest to the running rail throughout the
entire length of the transition; the sleeper density stays
unchanged at 1,840 sleepers/km. To control the
stiffness of rail supports, pads of various stiffness
values are needed, and they are installed in a simple
pattern.

Let us take a closer look at the traffic safety
aspects. If the vertical force pressing the wheel to the
rail is insufficient, the flange of the wheel may roll onto
the rail head under the impact of lateral forces, which
may result in derailing. At high speeds of movement,
such an occurrence will lead to a train wreck with dire
consequences, especially in a bridge zone [8]
recommends 23.8 kN as the minimum value of the
vertical force in the contact between the wheel and
the rail. Pics. 9 and 10 show diagrams of the vertical
forces in the wheel-rail contact of the second car of
the EVS-2 train before and after the optimization. As
can be seen, before the optimization not only the force

repeatedly drops below the safe level; but detachment
ofthe wheel from the rail also occurs. The optimization
smooths out the interaction between the wheel and
the rail; this interaction becomes «calmer», with the
vertical force never dropping below 40 kN.

Conclusions

In addressing the issue of transition zones in
approaches to bridges, the entire bridge transition
section needs to be considered, including span
structures that have material effect on the oscillations
of the cars beyond the bridge.

The applied optimal control theory makes it
possible to find quite practical solutions to significantly
reduce the average load on rail supports, and the
non-uniformity of impacts exerted on the supports.
Also, the maximum value of load can be brought to a
level below the threshold when residual non-elastic
deformations emerge in the ballast. The proposed
measures ensure both a long service life of the rail
support structures and traffic safety.
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Ucnonb3zoBaHune KOHTeiHEPOB AAET
BO3MOXXHOCTb COKPaTUTb 3aTpaTbl

Ha TPaHCrNopPTUPOBKY rPy30B, Morpy30-
pas3rpy3o4Hble paboTbl, MOBbICUTH
a¢PeKTUBHOCTb NCMO/Ib30BaAHNS
TeXHUKN n 06opy[oBaHUs. 3To NPUBOANT
K HernpepbIBHOMY POCTY KOHTEeViHEPHbIX
nepeBO30K, OHAKO TeMIlbl UX POCTA
cAepXNBaIOTCS HEAOCTaTOYHbIM
KOJIN4EeCTBOM TePMUHAJIbHbIX
KOMI/IEKCOB, 6€3 KOTOPbIX HEJIb3S
ocyLeCcTBUTb rneperpy3Ky KOHTEeiHEPOB
Ha aBTOMOOGWJIbHbIN TPAHCIIOPT,
AOCTaBSIOLLNIA UX KOHEYHOMY
norpe6uremo. [na peweHns aToi
npo6sieMbl aBTOPamMu ObINa NPeAIoXeHa
TeXHOJIOrns AOCTaBKU KOHTelHepoB 6e3
ncnosib30BaHUs TEPMUHAaJIbHbIX KOMIJ/IEKCOB
(cm.: Mup TpaHcnopta, 2016, N2 4).

B ny6nukyemoii ctatbe f4aércs oLeHka
Ka4yecTBa TPaHCMOPTHOIO 00CayXXUBaHus
npy Npe>xHei NPUBbIYHON TEXHOJIOrUn

v npeasiaraeMow ¢ UCriosib30BaHNEeM
camopa3srpy)xaloLjerocsi KOHTenHepa.

KrnroyeBble csioBa: aBTOMOOW/IbHbI

TPaHCMopT, TPaHCopTabe bHbIN KOHTEHHep,
TEXHOJIOrM NEPEBO3KU, rPY30MoAbEMHbIE
CTOVIKW, TEPMUHAsIbHbIE KOMITIEKChI, OLlEHKA
KavyecTBa 06C/1YXXNBAHWSI.
|

CpaBHeHue KayecTBa
o0cnyXXuBaHud Npu gocraBkKe
caMopasrpyXxaroLimxcs
KOHTENHEepoBs

Psaboe Heopo Muxaiiaosuy — 00Kmop mexHu4ecKux
Hayk, npogheccop Kagedpvi agmMomMoOUNbHBIX NEPeBo30K
Boneoepadckoeo eocydapcmeenno2o mexHu4eckoeo
YHusepcumema, Boaeoepad, Poccus.

ITopuna Bepa Baaepveena — macucmpanm kagheopot
asmomoounbHbIX nepego3ok Boaeoepadckozo
20Cy0apcmeeHH020 MexXHU1ecK020 yHusepcumema,
Boaeoepad, Poccus.

MpoLUIOroAHel myoaukauuu B «MT»

HaMu ObLIa aripoOMpoBaHa HOBasl TeX-

HOJIOTHSI TOCTaBKM KOHTEHHEPOB 0e3
HCTIOJIb30BaHUS TEPMUHAIBLHBIX KOMILICKCOB
(TK), KoTopast ocHOBaHa Ha IIPUMEHEHNH KOH-
CTPYKIINY CaMOPa3TPyKarOIIerocsl KOHTeHepa
[1]. ITpemnoxkeHHBIN BApUAHT OCHAIIIEH TPY30-
TMOTBEMHBIMU CTOMKAMMU C 3JIEKTPOITPUBOIOM,
KOTOPBIE ITO3BOJISIIOT 33 CYET SHEPIUH aKKyMy-
JIITOpa IMTOIBIKHOTO COCTABa WJIY CETH CTAHITUI
MOOHATH KOHTEMHEP Hall XEJIe3HOAOPOKHOMU
w1aT¢hOpMOIt, a 3aTeM OITYCTUTH €ro Ha IIIaT-
¢dopMy aBTOMOOWIISI, JOCTABIISIIOIIETO T'PY3
B ITYHKT HAa3HAYCHUSI 3aKa3YHKY.

Ha morpy3o0-pa3rpy304Hoii Tiomiangke
MyHKTa Ha3HAYCHYSI TPY30T0IbEMHBIC CTOMKH
KOHTeIiHepa caMOCTOSITeJIbHO CHUMAIOT ero
¢ T1aT(POPMBI U TIPU 3TOM MOT'YT YCTAaHOBUTH
Ha BBICOTY, YIOOHYIO TSI BRITPY3KU-3aTPY3KHU
TOBapOB, WJIM JaXe OIyCTUTH Ha OCHOBaHUE
KOHTeIHepa 11l TIPUMEHEHUSI CPEICTB MeXa-
HM3alU1. AHAJOTUYHO OCYIICCTBISICTCS
¥ TIOTPY3Ka 00paTHO Ha XKeJIe3HOTOPOXKHYIO
wiatopmy [1-3].

CpaBHEHHE CYIIECTBYIOINICH 1 TIpeiarac-
MOM TEXHOJIOTMU TOCTABKM KOHTEHHEPOB MO
HCTIOIb3yeMOMY O0OPYIOBaHHIIO 1 TTOIBIKHO-
My cocTtaBy (I1C) mpencraBieHo B Taduiie 1.
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Puc. 1. KoHT

p, onyuy

I/i Ha OCHO

ANs1 Ppasrpysku.
Taoamua 1

CpaBHeHne TEXHOJIOTUI 1OCTABKU KOHTeﬁHepOB

Ne | Onepauus Hcnonb3yeMoe 000py10BaHUE U TTOJIBUKHOI COCTaB
Cy1iecTByIoIIasi TEXHOJIOTHSI [penyiaraemasi TeXHOJIOTHS
1 3arpy3ka rpy30oB B KOH- | YHUBepCaJlbHbIe MOTPY3UMKHU (HAIpUMep, BUTOYHBIC)
TeHHEpP
2 IMorpyska koHTeliHepa | CrienMaibHbIe TOTPY30UHbIe YCTPOMCTBA (HANIpU- | —
Ha [1C Mep, GPOHTATIbHBIE M OOKOBbIE KOHTEIHEPHbIE
MOrpy34MKH)
3 IMepeBo3ka kKoHTeitHe- | CrienuaM3upOBaHHBIE ITOTYTPUIICTIBI-KOHTE - Crienrann3upoBaHHbIC
pa MoTpeduUTeNIo UIn HEPOBO3bI MOJTYTIPULIETIbI-KOHTeTHe -
Ha TEPMUHATTBHBIN POBO3bI, YHUBEpCATbHAST
KOMILIEKC rpy3oBasi rardopma
4 CHsiTHe KOHTeiiHepa CrieuuaibHble —
cliC pasrpy3ouHbIe yCTpOiicTBa
(HaripuMep, KO3J10Bbl€ KPaHbl)
5 Brirpyska rpysos PyuHast morpyska-BbIrpy3ka, ¢ HOMOILBIO TeJIEXEK UM MOrPy3uUKOB
13 KOHTeHepa

AHanu3 Tabaubl | TTOKA3bIBAET, UYTO IS
OCYIIECTBIICHUS TOCTABKM KOHTECHHEPOB I10
HOBOI TEXHOJIOTUU TPEOYEeTCS MEHBIIIE TeX-
HUYECKUX YCTPOMCTB ¥ BO3MOXKHO IIPUMEHEe-
HUE HECIeIMaTU3UPOBAaHHOTO ITOABIKHOTO
cocTaBa.

B cBs3u ¢ 3TMM mpencTaBisieT MHTEpEC
CpaBHHTEJIbHAS OIICHKA KaueCTBa TPAHCIIOPT-
HOTO OOCIIy>KMBaHUsI TIPUA TOCTaBKe KOHTEIA-
HEPOB 10 CYIIECTBYIOIIECW U TIpeyiaraeMon
TexHoJioruu. [Ipuuém ¢ yuy€Tom TOro, 4To
TOBBIIIIEHNE KayeCcTBa OOCTY:KMBaHUS KOH-
TEWHEPOB B MECTaX MX IEPErpy3KU OCTAETCs
aKTyaJIbHBIM KaK JUISI TPY300TIPaBUTENICH, TaK
W JUIST TPYy30IToJIyJaTesiei, TOCKOJIBKY Helo-
CTaTOYHBIN €T0 YPOBCHb CTAHOBUTCS ITPUIM -
HOM CHIDXKeHUS 9 (HEKTUBHOCTH MEPEBO30Y-
HOTO TIpoIiecca.

ITpoBeném aHanu3 GakTopoB, OINpeaes-
FOIIMX KAYeCTBO 0OCITY>KMBAHMS KOHTCITHEPOB
(puc. 2).

[loka3areneM «HagEXKHOCTH» MOXKHO
OLICHUTH TaPAHTHUIO BHITTOJTHEHUS OIIePaIlnii,
UX MOCJeI0BaTEeIbHOCTh U CBOCBPEMEH-
HOCTB:
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BpeMsl BBIITOJIHEHMST ONepaluii COOTBET-
CTBEHHO.

HomuHanbHOE BpeMsl BBIITOJTHEHMS OTIe-
palMii IpMHUMAeTCsT Ha OCHOBE HOPMAaTHB-
HBIX TpeOOBaHUI1 ¢ YYETOM YCIOBUI pabOThHI
TPAHCIIOPTHOTO KOMILIEKCa, a TaKXKe MOXKe-
JIaHWI KJIUEeHTOB [5].

Kpurepuii 6e301acHOCTA MPEXAEe BCETO
XapakTepu3yeT CTeleHb o0ecrieYeHusT 6e3-
OITACHOCTH JBMXKECHUS B MECTaX PacIIooxkKe-
HUSI TPAHCTIOPTHBIX KOMITJIEKCOB:
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e F oo Fooon — dakTHIecKoe 1 HOpMa-
TUBHOE KOJIMYECTBO MOABE3A0B TPAHCTIOPTA
C KOHTEHHepaMy K MECTaM Neperpysku; F .

winopy — OOILEE KOMIIECTBO TEPMUHATIBHBIX
KOMILIEKCOB 1 konnuecTtBo TK, o0opynoBaH-
HBIX B COOTBETCTBMU C HOPMATUBHBIMU TPE-
Gosaumsmut; [l ., — 9aCTHBII ko3 umeHT
nedeKTHOCTH, ompeaesieMblil TT0 HATUIUIO
U COOTBETCTBUIO TPEOOBAHMSIM HEOOXOTUMBIX
TEXHUYECKUX CPEJCTB U YCIOBUI OOCTYXU-
BaHWSI KOHTEWHEPOB Ha TepMuUHaNax (Mpu
A 0); kK — KOMMYECTBO YUUTHIBAEMBbIX
YAaCTHBIX KpUTEpUEeB 0€30MaCHOCTU TTOIb-
e3/1a, Meperpy3ku KOHTeHHEPOB U OThe3aa
TpaHcnopTta [5].

Kputepuit KompopTHOCTH TIpencTaBisieT
Cc0o00lf KOMIIJIEKC OLIEHOYHBIX MapamMeTpoB
00CTAaHOBKM M YCJIOBUIl MPEAOCTABICHUS
YCJIYTY C TOUKHU 3pEHUST ynoOCTBa 17151 TOTpe-
OuTeIsT U OTIPEIENISIETCST C TIOMOIIBIO COIMO-
JIOTUYECKUX UCCIIETOBAHUA.

Ha ocHoBe ananu3za Bnusinust (pakTopoB
Ha Ka4eCTBO OOCIYXUBaHUSI KOHTEHHEPOB
B TK, a Takke pe3ybTaTOB NPeaBAPUTETBHBIX
uccaenosanuii u cortacio FOCT P 9001-2008
u TOCT P 51004-96 6b1111 BEIOpaHbI 12 yacT-
HBIX TI0OKa3aTesieil OIIeHKN Ka4ecTna:

1) Hag€XHOCTh M Ka4eCTBO OIepaIlnii.

2) TexHOIOTMYECKasT OCHAIIEHHOCTbD.

3) BpeMst oxkumaHus Ieperpy3Ku.

4) YnoOcTBa Bhe3a U BeIE3/1A.

5) Hammume CTOSTHOK 1 CBOOOTHBIX MECT.

6) CobmoneHre CAaHUTAPHBIX HOPM.

7) 1onionHUTENbHBIE YCITYTH.

8) Haymmume MecT oXXMIaHuUsT OTTepalinii.

® MWP TPAHCIMOPTA, Tom 15, N2 5, C. 68-74 (2017)

9) ndopMaiimoHHoe obecrieueHue.

10) KomreTeHTHOCTh M mpodeccruoHa-
JI3M TIepcoHara.

11) Kynbrypa oOcmyxuBaHusl.

12) locTymHOCTD 1IEH.

JlaHHbIE MOKa3aTeaM YYUThIBAIOT HAIEXK-
HOCTb, YPOBEHb KOM(MOPTHOCTHU, CKOPOCTH
U CBOEBPEMEHHOCThH OTlepalinii, COIUATbHO-
9KOHOMMYECKHUE Pe3yIbTaThl, 0€30MMaCHOCTD
1 nHhOPMAITMOHHOE 00ecIIeYeHre.

J7151 KOMTWYeCTBEHHOU OLIEHKU YaCTHBIX
KPUTEPUEB U KOMIUIEKCHOTO TTOKa3aTelIst Ka-
yecTBa 0o0OciIyxuBaHus KOHTeliHepoB B TK
BBIOpaHa METOIMKA, OCHOBAaHHAsI HA TIpUMeE-
HEHWU PETUCTPAIIMOHHBIX METOJIOB Y METOIOB
CcoLMoIoTuN (OTPOCHI, aHKETUPOBAHUE, UC-
MMOJIb30BAaHUE IIKAJ) JJIs cOOpa MCXOMHOM
nHdOpMaLNK, ¢ Mocenyoiieii 00padboTKOM
METOlaMU MaTeMaTUYeCKOW CTATUCTUKU
U TIPUMEHEHUEM PACUETHBIX METO/IOB.

B Tabmmiie 2 mpencraBiieHa olieHKa Kade-
CTBa TPAHCTIOPTHOTO OOCTYXWBAHUS MPU
JIOCTaBKE KOHTEUHEPOB MO CYIIECTBYIOLIECH
U TIpeiaraeMoii TEXHOJIOTUY Ha OCHOBaHUU
MHEHUS 9KCTIEPTOB 0 12-0a/TbHOU ITKase
(1 — HU3KOE 3HAUYCHME, 12 — BEICOKOE 3HaUe-
HUE TIoKa3artess ). AOCONIOTHOE U3MEHEHUE
mokasaTesjiell KauyecTBa OMpeNesieTCs] 1o
dopmyrne:
Aaﬁc ] = Anpean.j (4)
e j — Homep akTopa; A Arpenn; — 0aTIb-
Hasl OlleHKa, TPUCBOEHHAs j-My (haKTopy
9KCIIEPTOM 10 CYIIECTBYIOIIEH U TIpeniarae-
MOW TEeXHOJIOTUM JOCTaBKM KOHTEMHEPOB.

Temn mpupocTa nmokaszarteyeil KauecTBa
onpezaessieTcs mno gpopmyiie:

A
abe.j .100% .

. j

cyut’

T, = (5)
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Tabumua 2

DKcnepTHasg OLEeHKA KAY4eCTBAa TPAHCIOPTHOIO 00CIyKUBAHMS IPH JOCTABKE KOHTEHEPOB
0 CYIIECTBYIOLIEH 1 MPeAIaraeMoii TeXHOJOrHu

Ne | @akTophI DKcrepTHast olleHKa W3meneHunst
CymuiectBytomast | [Ipennaraemast | AOCONIOTHbBIE Temn npupocra,
TEXHOJIOTUSI TEXHOJIOTUSI BEJTMUUHBI %
1 | HagéxHocTb 1 Ka4yecTBO 7 11 4 57,1
onepauui
2 | TexHoiorMyeckasi OCHaIEHHOCTL | 9 12 3 33,3
3 | BpeMs oXuaaHus eperpy3ku 12 1 -11 -91,7
4 | VnoGcTBa Bbhe31a M Bbie3aa 10 2 25,0
5 | Haauune cTOSTHOK ¥ CBOOOAHBIX | 7 12 5 71,4
MecT
6 | CobmoneHue caHUTapHbIX HOpM | 11 12 1 9,1
7 | JononaHUTeNbHbIE YCIYyTH 9 2 28,6
8 | Hanuuue MecT oxXumgaHust 11 5 83,3
orneparuit
9 | UudopmaunonHoe obecrieueHue | 10 10
10 | KomrieTeHTHOCTB, 11 11
npochecCHOHANN3M MepCoHaNa
11 | Kynsrypa o0ciykKuBaHUs 9 1 12,5
12 | JocTymHOCTb 1ieH 5 10 5 100,0

OrieHKa Ka4ecTBa TPAHCIIOPTHOTO OOCITY K1 -
BaHUS C yJaCTHEM 3KCIIEPTOB ITOKa3aja, 4ToO
TEXHOJIOTHS JOCTAaBKU CaMOpa3rpyKaloImuxcst
KOHTEWHEPOB ITO3BOJISIET:

— BJIBa pa3a CHU3UTH CTOMMOCTb OTIEpaIlnii;

— COKPAaTUTh 10 MUHMMYyMa BpeMsT OXKHIa-
HUSI TIeperpy3Ku;

— YBEJIMYMTD YUCIIO MECT OKUIAHUS Tiepe-
TPY3KHU, CTOSTHOK ¥ CBOOOIHBIX MECT;

— TIOBBICUTD HANEXHOCTh 1 KQUeCTBO OIe-
pauuii.

Taxkum o6pazoM, rpearaemMast TEXHOJIOTHUS
CO3MaET BOBMOXXHOCTH, UTOOBI TOCTUYD peallb-
HOT'0 COBOKYITHOT'O COLIMAIbHOTO, MTH(MOPMALIU-
OHHOTO 1 9KOHOMUYeCKOro addekTa.
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A COMPARATIVE STUDY OF SERVICE QUALITY IN DELIVERING
SELF-UNLOADING CONTAINERS

Ryabov, Igor M., Volgograd State Technical Unviersity, Volgograd, Russia.
Gorina, Vera V., Volgograd State Technical Unviersity, Volgograd, Russia.

ABSTRACT

Containers offer cost-cutting opportunities in
cargo transportation, loading/unloading operations,
improving the efficiency of machinery and equipment
utilization. This leads to continued growth in the
volume of containerized cargo transportation;
however, this growth is held back by the limited
number of container terminals where containers are
transferred to automotive transport that delivers them

to the end receiver. To address this problem, the
authors have developed a technology to deliver
containers without the use of container terminals (cf.:
World of Transport and Transportation, Vol. 14, 2016,
Iss. 4). This article assesses the quality of
transportation services provided by the old
conventional technology in comparison with the
suggested one that relies on the use of the self-
unloading container.

Keywords: automotive transport, transportable container, transportation technology, jack posts, container

terminals, container yards, service quality assessment.

Background. Our last year’s article in the
World of Transport of Transportation summarized
the trial of a new container delivery technology that
involved the use of no container terminals or
container yards. That technology relies on a new
design, the self-unloading container [1]. The
proposed configuration included jack posts with
electric drives that, using the power supplied by
either the batteries of the train or the power grid
of the station, lift the container over the flatbed
railcar and then put it down on an automotive
flatbed trailer for delivery to the final destination.

On the loading/unloading pad at the final
destination, the container’s jack posts, with no
additional equipment required, lift the container
off the flatbed trailer and position it at a height that
is convenient for the loading or unloading of the
goods, or even place the container on the ground
so that other lifting equipment can be used.
Loading of the container onto a flatbed railcar is
performed in a similar manner [1-3].

Table 1 compares the existing and proposed
technologies of container delivery by the
equipment and vehicles used.

Table 1 shows that the new container delivery
technology requires less equipment while making
it possible to use non-specialized vehicles.

Objective. As new container delivery
technology requires less equipement, we could
provide a comparative assessment of
transportation service quality offered by the
existing and proposed container delivery
technologies. The comparison needs to consider,

among other factors, that the need to improve the
quality of container handling at container transfer
sites remains a concern for both shippers and
receivers, as insufficient quality of these operations
has a negative effect on the overall efficiency of
the process of transportation.

Methods. The authors use mostly economic
comparative analysis methods.

Results.

Let us review the factors that define the quality of
container service (Pic. 2).

The ‘reliability’ integrated indicator includes
guaranteed execution of the operations, their correct
succession and timeliness:

S yexeculed 1
reliab. — H ( )

requested

where Y, ..o y,equested are the number of operations
that are executed with a sufficient degree of reliability,
and the total number of service requests, respectively
[5].

The indicator that characterizes the reliability of
operations being executed ‘just on time’ is determined
by the formula:

tnom
Sre]iab.t = s (2)

actual

where t . t . . are the nominal and actual times,
respectively, of the operation’s execution.

The nominal time needed to execute an operation
is assumed based on the regulatory requirements
adjusted for the conditions of the container terminal’s

operation and requests from the clients [5].

Table 1

Comparison of container delivery technologies

Ne | Operation Equipment and vehicles required

Existing technology Proposed technology

Loading of cargo into container | Common loaders (e.g. forklifts)

2 Loading of container on the Specialized loading equipment (e.g. front | —
vehicle or side container loaders)

3 Transportation of containerto | Specialized container semitrailers Specialized container
the receiver or to a container semitrailers, universal cargo
terminal flatbeds

4 Unloading of container from Specialized unloading equipment (e.g. -

the vehicle

5 Unloading of cargo from
container
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Table 2

Expert evaluation of transportation service quality in container delivery with the existing and
proposed technologies

No. Factors Expert valuation Changes
Existing Proposed Absolute value | Improvement
technology technology rate, %

1 Reliability and quality of operations 7 11 4 57.1

2 Technological level of available 9 12 3 333
equipment

3 Waiting time before transloading 12 1 -11 -91.7
Convenience of approach and 8 10 2 25.0
departure

5 Availability of parking lots and free 7 12 5 71.4
parking spaces

6 Compliance with sanitation 11 12 1 9.1
requirements

7 Extra services 7 9 2 28.6

8 Availability of waiting areas before 6 11 5 83.3
operations

9 Information support 10 10

10 Personnel competence and 11 11
professionalism

11 Level of service culture 8 9 1 12.5

12 Affordable prices 5 10 5 100.0

The safety criterion primarily characterizes the
degree of traffic safety in locations where
transportation complexes are situated:

def )J

where F, oor? Foorm. appr, A€ the actual and normative
numbers of approaches to transfer sites for container-
carrying vehicles; F, , F_ . are the total number of
container terminal compfexes and the number of
terminal complexes equipped in compliance with
regulations; D, is a partial coefficient of defectivity
defined by the ava/lab/l/ty and technical compliance of
equipment and equipment maintenance at terminals
(at D, =0); k is the number of partial safety criteria
factored in the equation such as safety of approach,
container transloading, and vehicle departure [5].

The comfort criterion is a set of parameters
assessing the environment and conditions in which the
service is provided from the perspective of convenience
for the consumer. The values involved in this criterion
are determined with sociological surveys.

Based on our analysis of the effects of various
factors influencing the quality of container service in
transport companies, the results of interim studies,
and the requirements contained in GOST R9001—-
2008 and GOST R51004-96 national standards, the
following 12 partial criteria were selected for
assessing the quality of service:

1) Reliability and quality of operations.

2) Technological level of available equipment.

3) Length of the waiting period before transloading.

4) Convenience of approach and departure.

5) Availability of parking lots and parking spaces.

6) Compliance with sanitation regulations.

7) Extra services.

8) Availability of waiting areas before operations.

9) Information support.

10) Competence and professionalism of the
personnel.

F E_ .
:1[ narm,appr.+ compliant +(1 (3)

saf. k F

appr. total

Pic. 1. A container placed on the ground for unloading.

11) Level of service culture.

12) Affordable prices.

These indicators cover the reliability, comfort
level, speed and timeliness of operations; socio-
economic aspects, safety and information support.

To obtain quantitative values of the partial criteria
and arrive at an integral indicator of the quality of
container service offered by transportation
companies, a methodology was selected that was
based on the application of registration techniques
and methods of sociology (opinion polls,
questionnaires, scale rating) to collect raw data that
was subsequently processed with methods of
mathematical statistics and computational methods.

Table 2 summarizes transport service quality
assessment for the existing and proposed
technologies of container delivery based on expert
opinions and a 12-point scale (1 being the lowest and
11 the highest value of the indicator). The absolute
change in the quality indicators was computed by the
formula:

i Apro osed.j Aexlstln (4)
Where J is the factor’s consecut/ve number; A
A

existing.j’

are the points given to the jth factor by an

proposed.j
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Pic. 2. Factors that define container service quality.
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3KCMNPECC-UH®OPMALINA
EXPRESS INFORMATION

AJNIbTEPHATUBHOE TOIJINBO
AN BO3AYLWHOrIo TPAHCIMOPTA

TocymapcTBa — wienni MKAO cornacosaim
HOBO€ KOHIleNTyaabHoe BuaeHune 10 2050 rona
B OTHOULIEHUH YCTOWYMBO MPOM3BOAUMBIX BHIOB
aBMAIIMOHHOTO TOILIMBA, KOTOPOE Tenepb Mno-
MoxkeT K 2050 roay obecneynTh 3aMeHy 3Ha-
YUTEJLHOT0 00hEMA O0OBIYHOTO PEAKTHBHOIO
TOILUINBA.

3T0 pelreHne ObI10 OPUIMATEHO IPUHSATO
16 okTs10ps1 2017 roma Ha Bropoii KoHdbepeHLmmn
MKAO 1o aBuanyu v aTsTepHaTUBHBIM BUIAM
TOILIMBA, Tipoleaeit B Mexuko (Mekcuka).
IpencraBuTenv rocynapcTs Ha 3TOM MEPOITPHUSI-
TUU TAKXKE TOATBEPAWIII, YTO JIHOOOE BHEAPEHUE
COOTBETCTBYIOILIMX aJIbTePHATUBHBIX BUIOB
TOILIMBA JOJKHO OCHOBBIBAThCSI HA KPUTEPUSIX
YCTOMYMBOCTH, pa3pabaThIBaeMbIX B HACTOSIIIICE
Bpems Llenesoit rpynmnoit MKAO, B cocTa
KOTOPOi1 BXOISIT TIPEACTABUTEII TOCYIApCTB,
MeXXIyHAPOIHBIX OPTaHU3ALMI 1 IIPUPOI00X-
PaHHBIX TPYIIIL.

B cBOEM BCTYIUTEIEHOM CJIOBE Ha KOHbe-
penuuu npe3uneHT Coseta MKAO n-p Ony-
myuBa beHapn Anny mogyepKHyI HeOOXOoau-
MOCTb B TAKOM HOBOM BUIICHUU, OTMETHUB, UTO
Mporpecc B [ejie COKPAILIEHUs] SMUCCUU OT
aBUALIMM, JOCTUIaeMbIil B HACTOsIIIIEe BpeMsl

3a CYET TEXHOJOTMYECKMX MHHOBALIMI 1 YHH~
¢uxanum omnepaiuii, OyneT HeIO0CTaAaTOYHBIM
nast noctuxkeHus neneit MKAO B naHHOM
cekrope 10 2020 roga. 1-p Ay TakKe oTMe-
THJI, 9TO HEKOTOPBIE a3POITOPTHI HAYa v ITPeI-
JIaraTh YCTOMYIMBO MPOM3BOINMEBIC BUIBI aBHA-
LIMOHHOT'O TOILUIMBA ABUAKOMITAHMSIM, 3aMHTE~
PECOBaHHBIM B UX ITPUOOPETEHU M, U YTO TAKOI
MOIXOA MpUBeJI K BblnoaHeHUto 6ojee 40 000
MOJIETOB HA YCTOMYMBO TIPOM3BOAMMBIX BUIAX
AaBMAIIMOHHOTO TOTUIMBA C MOMEHTA MX TIEPBO-
TO TIOSIBJICHMS.

C MomeHTa nipoBeaeHust B 2009 roay repBoii
koHpepeHumu MKAO o gaHHOMY BOIIpOCY
JIOCTUTHYT CYILIECTBEHHBIi1 ITPOrpecc, BKIIHoYast
MPU3HAHHYIO B MEXIYHApOIHOM MacliTabe
CIreInUKAIIIO aTBTePHATUBHEBIX BUIOB TOII-
JIVBA, TISITh TIPOIIECCOB IMPe00pa30BaHNsI, YTBEP-
SKIEHHBIX IS UX TIPOM3BOJCTBA, 4 TAKXKE CHU-
JKEHUE TIPOM3BOJCTBEHHBIX 3aTpar.

Ilo mamepuaaam ee6-catiima UKAO: https://
www.icao.int/Newsroom/Pages/RU/ICAO-
Conference-on-sustainable-alternative-fuels-
agrees-on-new-2050-Vision-to-guide-future-
development-and-deployment.aspx °

ALTERNATIVE FUELS FOR CIVIL AVIATION

ICAO Member States have agreed on a new
2050 Vision for Sustainable Aviation Fuels which
will now help to ensure that conventional jet fuels
are substituted with sustainable alternatives to a
significant percentage by 2050.

The decision was formalized on October 16,
2017 at the Second ICAO Conference on
Aviation and Alternative Fuels, held in Mexico
City, Mexico. States’ delegates to the event also
confirmed that any related alternative fuel
deployment must adhere to the sustainability
criteria currently being developed by a Task Force
at ICAQO, which includes States, international
organizations and environmental groups.

In his opening remarks to the event, ICAO
Council President Dr. Olumuyiwa Benard Aliu
stressed the need for this new Vision, noting that
aviation’s emissions reduction progress —
currently being achieved through technological
innovation and streamlined operations — will be
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AnbTepHaTUBHOE TOMJINEO AN BO3AYLIHOIO TPaHCNopTa

Alternative Fuels for Civil Aviation

insufficient to meet the sector’s 2020 ICAO
targets. President Aliu also noted that a number
of airports have begun offering sustainable
aviation fuels to airlines interested in purchasing
them, and that this approach hasled to more than
40,000 sustainable aviation fuels flights being
conducted since they were first introduced.

Since ICAOQ’s first conference on this topic
in 2009, significant progress has occurred,
including an internationally recognized
alternative fuels specification, five conversion
processes approved for their production, and
reductions in production costs.

Retrieved and compiled from ICAO web-site.

Original source: https://www.icao.int/

Newsroom/Pages/ICAO-Conference-on-
sustainable-alternative-fuels-agrees-on-new-
2050-Vision-to-guide-future-development-and-
deployment.aspx ®
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Regenerative Braking Energy:
to Store or to Exchange?
(TEKCT cTaTby Ha aHrl. 3. —
English text of the article — p. 81)

B craTtbe oueHuBaloTcs

crnocobbl peanusauun aHeprum
peKkyrnepaTtuBHOIro TOPMOXXEeHUs

Ha JINHUSIX MEeTPOMNOJINTEHa,
NpPOBOAUTCSH aHaIN3 N30bITOYHOM
SHeprvuvi NPu Mexrnoe3aHom
obmeHe, NpuBOAATCS pe3ysbTaTbl
UMUTaLMOHHOIO MOAE/INPOBaHUS.
B kayecTBe npuopuUTeTHOro
paccmaTtpuBaeTcsl BOMpoc

O COOTHOLIEeHn popmM N36bITOYHON
aHeprum, a TaKxxe HaJin4nm yCJ10BUM,
npy KOTOPBIX MEXNOoe34HOoV 0OMeH
WM HaKonuTesin 3Heprun Moryt
nosly4uTh NPpenmyLecTBa apyr
nepens Apyrom.

Knto4yeBsie cioBa: MMUTaLMOHHOE
MoZenvpoBaHne, pekyrnepaTusHoe
TOPMOXEHUE, METPOMOJINTEH, HAKOMUTE b
BHeprumv, Mexroe3aHor 06MeH.

HAYKA 1 TEXHWKA

JHeprus pekynepaTuBHoro
TOPMOXXEHUS: KONMUTb NN
oOMeHuBaTbCcA?

Beceaoe Ilasea Arexcandposur — acnupanm xageopot
21eKMPOMEXHUHECKUX KOMNACKCO8 A8MOHOMHbIX
006eKmMo8 U 31eKmpu1ecKo20 mpancnopma
HauyuonanwvHoeo uccaedogamenscko2o yHugepcumema
«MBDH», Mockea, Poccus.

EHJIEHIIMU METPOBArOHACTPOCHUS

MPUOINKAIOT NeHb, KOTa BO3MOX-

HOCTb PeKyTepaTUBHOTO TOPMOXKEHUS
(PKT) 6ynyt umethb Bce 100 % moaBUKHOTO
cOoCTaBa METPOIOJUTEHOB. Beab KoinuecTBo
BaroHOB, CITOCOOHBIX PeKyIepupoBaTh, MOC-
TOSTHHO pacTeT. Jlo KoHia 2016 roga ToJbKO
Ha Tarancko-KpacHompecHeHCKY0 JTUHUIO
CTOJIMIIBI TOCTYNUJIN 216 COBpeMEHHBIX Ba-
roHoB 760-if cepuu, KOTOpbIe 3aMEHUIN
cBolire 60 % ycrapeBILIUX MOIE/IECH B DJIEKT-
ponerio «Berxuuo». C 2017 mo 2021 rox
B MOCKOBCKUIT METPOTIOTUTEH [71s1 TaraHCKO-
KpacHonpecHeHcKoit u Kanyxxcko-Puxckoit
JIMHUY TIJTAHUPYETCS TTOCTaBUTH MmouTu 1,5
TBICSITYM BATOHOB HOBOTO TTOKOJIEHUSI — 765-1i
cepuu [1].

TTono6Has nepcrnekTrBa OTKPbIBAET HEO0-
XOJUMOCTb JE€TATBHOTO U3YyYEHMUSI POLIECCOB
PxT u pa3zpabotku 3(GhEKTUBHBIX METOIUK
U MIPOrpaMM OLIEHKU PEKYIEPaTUBHOTO TOP-
MOXeHUsl. B yactHOCTH, 7151 pellieHusT 3TOrOo
Kpyra 3aja4 MpeiaraeTcss MeToInKa OUEeHKU
addexkruBHocTu npumeHenus: PxT [2], mo-
3BOJISIIONIAST TIPOBOAUTH UMUTALIMOHHOE MO-
JeTUPOBAHUE, KOTOPOE BKIIIOYAET CPAaBHEHUE
ypoBHeii peanuzanuu sHepruu PxT mocpen-
CTBOM HakomnuTelei sneprun (HD) 1 Mexiro-
€3IHOTO OOMeHa.

® MWP TPAHCIMOPTA, Tom 15, N2 5, C. 76-84 (2017)
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Puc. 1. Anarpamma pexxuMoB ABUXeHUs1 A1 O4HOIro rneperoHa.
Ta6mamua 1
IIponenTHoe cooTHOmEeHKE 3Hepruu PKT B MeXImoe31HOM 00MeHe K 00IIeli SHepruu
PEKyNepaTHBHOTO TOPMOKEHUS
XapakTepucTuKy MeperoHoB
WHurepsain, ¢ Maioii ITMHBI CpenHuii, Cpennuii, sHep- | BosbIioii nim- Bosnbioit mim-
HeaHeproad. road. IBMXKEHUE | Hbl, HeAHEProad. | Hbl, 3HEProad.
NBIDKCHUE
45 100 % 100 % 0% 100 % 67,3 %
30 43,9 % 50 % 100 % 70,83 % 55,2 %
15 20,4 % 27,7 % 77,5 % 100 % 55,2 %
0 0% 0% 0% 41,67 % 10,4 %

MMuTanimoHHOe MoIeInpoBaHue IIPOBO-
IJIOCH ¢ YIETOM HamboJiee 3HAYMMBIX (haK-
TOPOB — JIJTUHBI IIEPETrOHa, CKOPOCTH COO0IIIe-
HUsI Ha TIePETOHEe, MTHTEHCUBHOCTH IBIDKCHUS
noe3noB (Tap B 9ac), MHTepBaJaMU MEXIy
BCTPEYHBIMU HATIPABJACHUSIMHU IBVKEHU [3].
WccnenoBanock 3HeprodpGeKTUBHOE U He-
9HeproaddekTuBHOE ABUKEHUE, MTEPETOHDI
Ppa3IMYHOM NPOTSIKEHHOCTH.

B 1repBoii yacT nccaeoBaHNUS aHAT3H-
pPOBAJIMCh TaHHBIC MIJI TIEPETOHOB B OTIECIIb-
HOCTH, T.¢. 0€3 BO3MOXHOCTHU Mepeaadn
9HEPTUM PEKYNEePaTUBHOTO TOPMOXKCHUS
B cocenHme cexiuu (puc. 1). HakonmurenpHoe
YCTPOICTBO MMEET HECOMHEHHOE ITPEUMYIIIe-
CTBO TIpU JIIOOBIX MHTEPBajaX BCTPEUHBIX
HaIpaBJIeHUW, a TIPU OTCYTCTBUU TaKOTO

® MWP TPAHCIOPTA, Tom 15, N2 5, C. 76-84 (2017)
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WHTEepBaJla HeOOXOMMMO IJIsI TPEX U3 IISATH
Moneneit (tTadauma 1).

BeposgTHOCTh MexXIoe3gHOTO oOMeHa
CHJIPHO 3aBUCHUT OT U3MEHEHUI B MHTEpBaIax
IBUXCHUS. BapraTuBHOCTH ITapaMeTpoOB
NIBUKEHUS Y UX HETIOCPEICTBEHHOE BIMSTHIE
Ha BEPOSITHOCTH MEXKITO€3THOTO OOMEHa I10-
3BOJISTIOT CACIATh BEIBO O 3aMETHOM CHIKE-
HUM 3D (PEKTUBHOCTU PEeKyNepaTUBHOTO
TOopMOXeHMs1 6e3 HD, ogHaKo He NCKITIOYaloT
TaKOM BO3MOXHOCTU. BrIssBIeHa HHM3Kas
3P PEeKTUBHOCTH MEXIOE3THOTO OOMeHa 0e3
MPUMEHECHUS NMPOTrpaMMHO-aIIapaTHBIX
KOMIIJICKCOB YIIpaBJICHUS ABMKEHUEM, UTO
MOXET MCKJIIOUNTh BO3MOXHOCTh peamn3a-
1y sHeprun PKT Ha MexXIToe3mHOM oOMeHe
IIpY HeOJIaTOIIPUSITHBIX ITapaMeTpax dKCITTya-

! KOMUTb NI OOMEHUBATLCA?



Taomuna 2
IIponentHoe cooTHomeHue 3Heprud PKT B MeXkmoe31HOM 00MeHe K 001Ieii SHeprun
PEKYNepaTUuBHOr0 TOPMOKEHHUS

XapakTepucTUKU NIepeTOHOB
WHurepBain, ¢ Maublit — cpenHuit CpeaHuii — JUIMHHBIT JMMHHBIN — KOPOTKUI
45 100 % 100 % 75,4 %
30 100 % 100 % 100 %
15 67,7 % 86,1 % 100 %
0 8,3% 55,2 % 100 %
120%
100 %
Puc. 2. MpoueHTHbIe
3HaYyeHus1 s3Heprumn
PKT npu cpaBHeHUn 20%
MexXrnoe3aHoro
obmeHa u H3.
60%
40%
20%
0%
45 30 15 0

W Masnioi A/ IHbI

CpeHuii, HesHepros¢. AsumeHne

W CpeaHWii, 3Heproad. AukeHe M BONbLIOW A/IMHDI, HESHeproad.

W BONbLOW ANUHbI, 3Hepro3d.

30

25

20

15

10
Puc. 3. OTHOCUTEIbHBIE

3HaYyeHns1 N36bITOYHON
aHeprumn PKT.

45

30 15 0

B Manoi gnmHsl m CpeaHeit AIMHbI, HeaHeproad.

m CpefiHeit ANuHbI, 3Heproad. bonbLWOI ANUHBI, He3Heproad.

B BO/IbLIOI A/IUHBI, 3Heproad.

Tauuu. B IpoLIeHTHOM COOTHOIIIEHUH [10JIe3-
Hasl DHePIrusl peKyIepaTUBHOIO TOPMOXKEHUSI
B MEXIIO€3JIHOM OOMeHe, [0 CPpaBHEHUIO
C HAaKOIUTEJIEeM dHEPruu, CHUXKAETCS 110
Mepe YMEHbIIEHUSI MHTEepBajga MeXIy
BCTPEYHBIMU HallpaBieHUsAMHU (puc. 2). Ot-
HOCUTE/IbHbIE 3HaYEHUSI U30bITOUHOI SHEP-
TUU K OOIlIeil SHEPTUU PEKYNepaTUBHOIO
TOPMOKEHUsI BO3PACTaiu C YMEHbIIEHUEM
MHTEpBaJla MEeXIy BCTPEYHBbIMU HaIllpaBJie-
HUSIMU IBYDKEHUS (puUc. 3).

® MWP TPAHCIMOPTA, Tom 15, N2 5, C. 76-84 (2017)

Bo BTOpOIi YacTH MCCIeI0BaHMST AaHATIU3K -
POBAIMCh JaHHBIE [JIS1 ABYX COCEIHUX Iepe-
TOHOB, T.€. C BO3MOXHOCTbIO Ilepeauu SHEp-
YU PEKYIIePaTUBHOIO TOPMOXKEHMSI B COCEI -
Hue cexnuu (puc. 4). HakonmurenbHoe
YCTPOICTBO B 3TOM Cjlydae TakKxke MMeeT
MIPEeUMYIIeCTBO IIPU JIIOOBIX MHTEPBalax
BCTPEUHbIX HAIlpaBJIeHUI ABUXKEHUSI, OIHAKO
JocTXuMast 3¢pHEeKTUBHOCTh pealnu3ainui
9HEPrUMU PeKylepaTUBHOIO TOPMOXKEHHUS
BbILLIE, B 00JIbIIIEH YACTH MHTEPBAJIOB MEXKITO-
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Puc. 5. MpoueHTHbIe 3HayeHns aveprun PkT npu cpaBHeHnn Mexrnoe3aHoro oomexa n H3.

€3IHOM 0OMEH He YCTYIal HaKOTIUTEITIO SHEP-
ruu (Tabnuna 2).

B mpoiieHTHOM COOTHOLICHUM TOJIe3HAs
9HEPrusl PeKyInepaTUBHOTO TOPMOXEHUS
B MEXIIO€3IHOM OOMEHe, [0 CpaBHEHMIO
C HAaKOITUTEJIEM SHEPTUHU, OMSITh CHUKACTCS
0 Mepe YMCHBIICHUS MHTEepBaja MEXIY
BCTPEYHBIMU HaIIpaBICHUSIMH (pHC. 5).

OTHOCUTEbHBIC 3HAYCHMST M30BITOTHOM
9HEPIrUu K 001Lel DHEPIUU PEKYIIEPATUBHOIO
TOPMOKEHMS TaKXKe BO3PACTaIM C YMEHBIIIC-
HHEM MHTepBaJia MEXK Iy BCTPEYHBIMU HAIIpaB-
JICHUSIMU IBVDKEHUSI (pUC. 6).

[Ipu HaMMYUM BO3MOXKHOCTH TIepeaadyn
9HEPrUU B COCEMIHIOI CEKIIUIO BEPOSITHOCTD
MEKIT0€3IHOI0 OOMEHA MOBBILLIACTCS, OAHAKO

® MWP TPAHCIOPTA, Tom 15, N2 5, C. 76-84 (2017)
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MIPOIOJIKACT TPOUTphIBaTh HD 1o achpekTrB-
HOCTH.

BbIBOAbI

1) Jloxa3aHo, 4TO BEPOSITHOCTb MEXKITOC3I-
HOTo OOMeHa KPUTUYECKH 3aBUCHUT OT MHTEH -
CUBHOCTHU IBVXEHUS (IMap Mmoe3maoB B Jac)
M MTHTEPBAJIOB IBVXKEHMS TTOE30B BCTPEUHBIX
HarnpaBJeHUI. YCTaHOBJIEHO, YTO BEPOST-
HOCTh MEXITO€3IHOr0 OOMeHa BCJIEACTBUE
IaHHBIX (pakTOpoB Mpu 38 mapax Moe3goB
B yac Haxoautcs B uHTepBaie ot 0 % mo 100 %
JIJIST PA3HBIX TIEPETOHOB MEXKIY CTAHLIUSIMU.

2) [TpoBeneHO MOACTMPOBAHNE TBUKCHUS
[0 MeperoHaM ¢ M3MEHSIEMBIM BpEMEHEM
CTOSTHKM Ha CTaHLMAX, U3YUYEHO BIMSIHUE
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Puc. 6. OTHOCUTEIbHBIE
3Ha4YeHns N30bITOYHOM
aHeprumn PKT.

JAHHOTO (haKTopa Ha BEPOSITHOCTb MEXKITOE3/T-
Horo oobmeHa. JlokazaHo, 4TO B OTCYTCTBUE
CUCTEM TIPOrPaMMHOTO YIIPABJICHUST TBUKE-
HUEM 3JIEKTPOITOE37I0B METPOITOJIUTEHA OT-
KJIOHEHMsI BHOMUHATBHOM 3HAYeHUH Ha3BaH-
Horo ¢dakTopa CIOCOOHBI CYIIECTBEHHO
BJIVSITH Ha BEPOSITHOCTH YCTICITHOW peain3a-
LIMY SHEPTUU PEKYIIEPATUBHOTO TOPMOXKEHUS
B MEXIIOE3THOM OOMEHe, YTO MOATBEepKIaeT
BEpPCUIO O HEOOXOTUMOCTH HAKOTTUTEIbHOTO
ycTpoiicTsa |7, 8].

3) I[IpoBemeHBI pacYETHEIC NCCICTOBAHUS
M30BITOYHON HEPTUU PEKYNEePATUBHOTO
TOPMOXKEHUSI TSI MEXKTIOE3THOTO OOMeHa Ha
reperoHax pa3mnyHoi ;muHbL. 1o pedynbra-
TaM UMUTALIMOHHOTO MOJETMPOBAHHUS JJOKa-
3aHO, YTO MEXITOE3THOI OOMEH MOXET OTHO-
CUTEJILHO YCITEIITHO KOHKYPUPOBATh ¢ HAaKO-
MUTeJIeM DHEPTUU TOJIBKO IIPY HATMYUK IBYX
(hakTOpPOB: MEPBLIi — BHICOKAS MHTEHCUB-
HOCTb JBMXEHUsI, BTOPOIL — BO3MOXKHOCTb
repeaayr SHePTUr B KOHTAKTHYIO CETh COCET-
HUX IIE€PETrOHOB.

4) Joxa3aHO MPEUMYIIECTBO HAKOIIM-
TEJILHOTO YCTPOWCTBA MEpel peaiu3anuei
DHEPIUU PeKylepaTUBHOTO TOPMOXEHUS
B MEXIT0€3THOM OOMEeHe TP dKCILTyaTalu-
OHHBIX IMapaMeTpax, UIEHTUYHBIX MOCKOB-
CKOMY MeTpoToiuTeHy. [IporHo3Hoe 3Have-
HEe sHeproaddekTnBHOCTU PXT m1s1 3TOTO
METPOITOJUTEeHA, COTJIACHO MPOBEIEHHOTO
MMUTALKOHHOTO MOAEIMPOBAHUS, IIPU KC-
MMOJIb30BaHUH PEKYTIEPATUBHO-PEOCTATHOTO
TOPMOKEHUS U HAKOIUTEIbHBIX YCTPOICTB
cocrtasnsieT 10—15 % ot 3aTpaTt Ha TATY
3JIEKTPOITOE3/I0B, YTO COTJIACyeTCs C MMelo-
IMUMUCS TAaHHBIMU UCTIBITAaHUH [4] 1 0Xu-

® Manbid - cpegHuit W CpefgHuid = ANWHHBIA - M JUHHBIA = KOPOTKWIA

TaHWSIMU SKCIIEPTOB OTpaciu [S5]. DiekTpo-
1oe3/1a ¢ ACUHXPOHHBIM TATOBBIM 3JIEKTPO-
TIPUBOIOM 1 HamboJree 3(PHeKTUBHOM 30HOM
CKOPOCTE peKyrnmepaTUBHOTO TOPMOKEHMST
B 5—50 KkM/4 [6] CIIOCOOHBI YBEJIMYUTD I10-
Kazaresb 9Heprod3(Gp(PEeKTUBHOCTH 10 TPO-
rHo3Horo 3HadeHus B 20 % ot 3aTpar Ha
TSTY P 0JIAarONPUSITHBIX DKCILIyaTal[OH -
HBIX YCJIOBUSIX.
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REGENERATIVE BRAKING ENERGY: TO STORE OR TO EXCHANGE?

Veselov, Pavel A., Moscow Power Engineering University — National Research University, Moscow, Russia.

ABSTRACT

This article reviews methods of using the
energy of regenerative braking in metro, offers an
analysis of surplus energy in inter-train exchange,
and presents the results of simulation modeling.

Priority focus is given to correlations between
various forms of surplus energy, and to the
conditions under which inter-train exchange of
energy or energy storage devices can have
comparative advantages over each other.

Keywords: regenerative braking, metro system, energy storage system, inter-train exchange.

The current trends in engineering cars for
underground metro systems bring closer the day when
100 % of metro systems’ rolling stock has the
capability of using the benefits of regenerative braking
(RB). The number of cars that have this capability has
been growing day in and day out. In 2016, the Russian
capital city’s Line 7 alone received 216 state-of-the-
art cars of Series 760 that replaced over 60 % of
outdated cars operated by the Vykhino Railyard. In
2017-2021, Lines 7 and 6 of the Moscow Metro
System are scheduled to take delivery of about 1,500
new generation cars of Series 765 [1].

Such prospects bring about the need for a
detailed study of RB processes to develop effective
methods and procedures for evaluating regenerative
braking. To address this set of tasks, a particular
methodology is offered for assessing the effectiveness
of RB application [2]. This methodology involves
simulation modeling that includes comparison of RB
energy utilization levels between energy storage
systems and inter-train exchange.

Simulation modeling was conducted in view of the
most relevant factors, including lengths of runs,
speeds on a run, the intensity of traffic (pairs per
hour), and intervals between opposite directions of
traffic [3]. Energy-efficient and non-energy-efficient
models of traffic as well as runs of various lengths
were explored.

In phase one of the study, data on individual runs
were analyzed, i.e. no consideration was given to the
possibility of transferring regenerative braking energy
to neighboring sections (Pic. 1). A storage device had
a clear advantage at any intervals on opposite
directions; and in the absence of such an interval, a
storage device was necessary in three out of five
models (Table 1).

The feasibility of inter-train exchange depends
strongly on the variability of traffic intervals. This
variability in traffic parameters and their immediate
effect on the probability of inter-train exchange
suggests a noticeable reduction in the effectiveness
of regenerative braking without an ESD, but does not
make it impossible. We found that without
computerized traffic control systems, inter-train
exchange is of low effectiveness, which may eliminate
the practicability of utilizing RB energy in inter-train
exchange under unfavorable parameters of operation.
In terms of percent share, the useful energy of
regenerative braking decreases as intervals between
opposing directions shorten (Pic. 2). The relative
values of surplus energy in the total regenerative
braking energy grew with the shortening of intervals
between the opposing directions of traffic (Pic. 3).

In phase 2 of the study, data was analyzed for two
neighbor runs where it was possible to transfer RB energy
to the adjacent sections (Pic. 4). In this case, an energy

Table 1
Percent share of RB energy shared between trains in the total amount of regenerative energy
Run sections’ features
Interval, seconds Short- Medium, non- Medium, Great length, non- | Great length,
length energy-efficient energy-efficient | energy-efficient energy-efficient
operation operation

45 100 % 100 % 0% 100 % 67.3 %
30 439 % 50 % 100 % 70.83 % 55.2%
15 20.4 % 27.7 % 77.5 % 100 % 55.2%
0 0% 0% 0% 41.67 % 10.4 %
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Pic. 1. Traffic mode diagram for a single run.
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Table 2
3
[ Percent share of RB energy in inter-train exchange in the total regenerative braking energy

Run sections’ features
Interval, sec Short — medium | Medium — long Long — short
45 100 % 100 % 75.4 %
30 100 % 100 % 100 %
15 67.7 % 86.1 % 100 %
0 8.3 % 552 % 100 %
120%
100%
80%
60%
40%
20%
0%
45 30 15 (o]
m  Short length Medium, non-energy eff.

m Medium, energy-eff. operation

m Great length, energy-eff.

m Long length, non-energy eff.

Pic. 2. Percent shares of RB energy compared between inter-train exchange and ESD.
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Pic. 3. Relative values of RB surplus energy.

storage device also had an advantage at any intervals
between opposing directions of traffic; however, the
feasible efficiency of the RB energy utilization was higher
and, for most intervals, inter-train exchange was not
inferior to the use of energy storage devices (Table 2).
In terms of percent share, useful regeneration
braking energy of inter-train exchange goes down
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again, compared to an energy storage device, as
the interval between opposing trains decreases
(Pic. 5).

Relative values of surplus energy in the total
regenerative braking energy also increased as the
interval between the opposing directions of traffic
decreased (Pic. 6).

Veselov, Pavel A. Regenerative Braking Energy: to Store or to Exchange?



Trains in traction mode

Regeneration

300 400

500 700 800 200

Time. seconds

Pic. 4. Traffic mode diagram at a 45 sec interval between opposing trains for two neighbor runs sections.
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Pic. 5. Percent shares of RB energy in comparison between inter-train exchange and ESD.

The feasibility of inter-train exchange improves in
cases where it is possible to transfer energy to an
adjacent section; however, it still loses to ESD in terms
of efficiency.

Conclusions

1) It was demonstrated that the probability of
inter-train exchange is critically dependent on traffic
intensity (the number of trains per hour) and traffic
intervals of trains traveling in the opposing directions.

It was established that due to the above factors the
probability of inter-train exchange at 38 pairs of trains
per hour falls within the interval between 0 % and
100 % for different runs between stations.

2) Modeling of traffic on various runs was
performed for various durations of stops at the
stations; and the impact of this factor on the probability
of inter-train exchange was studied. It was shown that,
in the absence of software program-driven control of
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Pic. 6. Relative values of RB surplus energy.

metro train traffic, variations in the nominal value of
this factor could substantially affect the probability of
successfully utilizing regenerative braking energy
through inter-train exchange, which reconfirms the
need for an energy storage device [7, 8].

3) Computational studies were conducted of
regenerative braking surplus energy for inter-train
exchange on runs of various lengths. Based on the
results of simulation modeling, it was demonstrated
that inter-train exchange could compete with an ESD
relatively successfully only if two conditions are met:
one, a high intensity of traffic, and two, the possibility
of transferring energy to the power systems of
adjacent runs.

4) It was demonstrated that, for operating
parameters similar to those of the Moscow Metro
System, the approach based on the use of energy
storage devices is superior to inter-train exchange of
regenerative braking energy. As follows from the
simulation modeling, energy efficiency benefits of
regenerative braking with regenerative rheostats and
energy storage devices for this Metro System would
amount to 10—15 % of the electric train propulsion
costs, which is in line with both the available test data
[4] and industry experts’ expectations [5]. In favorable
conditions of operation, electric trains driven by
asynchronous motors and the most efficient
regenerative braking speed range of 5-50 km/h [6]
can increase their energy efficiency to the forecast
value of 20 % of the propulsion costs.
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3KCNPECCE
EXPRESS INFORMATION

NH®OPMALNA

ANIEKTPOMOBWUJ1b — 3TO TOJ1bKO NMNOJIYMEPA

IlepBas moJioBHHA HOSAOPS 03HAMEHOBAJACH
npe3entauuamvu Tesla u Volvo, koTopsie npeacrasu-
JIM TIPOTOTHIIBI JIEKTPO- ¥ MOJIYaBTOHOMHBIX TPy30-
BUKOB. B 3T0ii cBsI31 MeXKIyHApOIHBIii COI03 aBTO-
mMoouibHoro Tpancnopra (IRU) BMecTe ¢ HeKoOTOPBI-
MM BeAyIIMMH POU3BOUTENSIMU ABTOTPAHCTIOPTHBIX
CpPeICTB, KOTOPbIE CTUMYJIHMPYIOT PA3BUTHE TEXHOJIO-
THil B CEKTOPE IPy30MepeBo30K, MOTIEPKUBAET, YTO
3a/1a4M 10 CHIzKenuo Boiopocos CO, 3a ca€r BHEN-
peHHs] MHHOBALMIA JOJKHBI YIYUTHIBATH IieJieBbie
KPHUTEPHH B JIOTHCTHKE.

IRU OTKpHBIT AJIsI UTHHOBALIMI U TTIOHUMAET, Ka-
KO€ BaxkHOE 3HAUeHUe JIJIST TPAHCITOpTA Y JIOTUCTH -
KM MMeeT CeKTOp Tpy3orepeBo3ok. Hoseiimme
pa3paboTKU KOHIIETIIINIA CO3IaHMUSI ANIEKTPUIECKIX
U aBTOHOMHBIX TPY30BUKOB, TIPEATNPUHSATHIE KOM-
nanusmu Daimler, Einride, Nikola One, Tesla
1 Volvo, CBUIETENLCTBYIOT O PELIMMOCTH YaCTHOTO
CeKTOpa HalTU pelieHue MpobjieM YCTOMUYMBOTO
pa3BUTHsI, UI3MEHEHMSI KJTMMaTa U 0e301acHOCTH
JIOPOKHOTO JBYDKEHUSI.

B pezomornu IRU «30—30» sicHo oTMe4eHo, uTo
TaK1e MHHOBALMOHHbIE JIOTUCTUYECKYE KOHLETILIY,
KaK ONTUMU3AlUsl BecorabapuTHBIX MMapamMeTpoB
GOJBIIIETPY3HBIX aBTOMOOWJIE, MOTYT COKPAaTUTh
notpebeHne Tormsa u BbIopockl CO, Gosee yem Ha
10 %. B paBHOV¥i CTETIEHN TOCTUKEHHIO AHATIOTUYHOTO

pe3yJsrara OyayT CrocoOCTBOBAThH MTPOMIOArOTOBKA
¥ 9KOBOXJICHHE.

Hoxman «Kommepueckuit aBTOTpaHCIIOPT Oyy-
ILIETO» MOIKPETIII UICHO O TOM, UTO JIUIIIb KOMILJIEKC-
HbIe MHBECTULIMM B COBEPILIEHCTBOBAHUE OOyUYEHUs,
SKCIUTyaTallMOHHOM 3(PhEKTUBHOCTH, HOBBIX TEXHO-
JIOTUI ¥ MHMPACTPYKTYPHI CITOCOOHBI CO3/IATh YCII0-
BUSI, TIPU KOTOPBIX MEPEBO3YUKY BBHITIOTHST CBOU
00513aTeTHCTBA T10 3aIIIUTE OKPYKAOIIEl CPeITbl v TIPU
3TOM OCTaHYTCS IBUXKYILEH CUIION S3KOHOMUAYECKOTO
pocra.

TlocnenHue nOCTVKEHUSI B MPOEKTUPOBAHUY
TPY30BUKOB BIeYaTISTIOT. Ho anekTpruiueckre aBToMo-
OUIM — JIUIITH YacTh petiieHnst. CI0KHOCTH, 00YCIIOB-
JIEHHBIE OpraHM3alell KOMMEPUYECKUX TIePEeBO30K
TPY30B Ha JaJTbHUE PACCTOSTHUS, KOTIa TPY30BUK, 110
CYTH, CaM BBICTYTIaeT CPeJICTBOM MPOU3BOJICTBA, TPe-
OyIOT onpe/eeHus IPUOPUTETa B TAKKX BOITPOCaX,
Kak 3armac Xofia, CTOMMOCTb M Bec GaTape, TPy ycIio-
BUU, YTO 3TV MHHOBAIIVH TTOJTy4aT IIMPOKOE PACTIPO-
CTpaHEeHWe.

Ilo ungpopmavuu opunuanvrioeo caitma IRU: htips;//
www.iru.org/ru/%D0 %A0 %D0 %BS5 %D1 %81 %D1
%83 %D1 %80 %D1 %81 %D1 %8B/ %D0 %9D%D0
%BE%D0 %B2 %D0 %BE%DI %81 %D1 %82 %D0
%B8/elektromobil-eto-tolko-polumera ®

ELECTRIC VEHICLES: PART OF THE SOLUTION

With some of the world’s leading vehicle
manufacturers driving technology forward in the
goods transport sector — highlighted by the launch
in first half of November 2017 of the Tesla and Volvo
prototype electric and partly automated trucks —
IRU underlines that CO, reductions through new
innovations need to respect purpose-driven logistics
criteria.

IRU embraces innovation and recognises the
significance of the contributions made to the
mobility landscape by the goods transport sector.
Recent developments on electric and autonomous
truck concepts from Daimler, Einride, Nikola One,
Tesla and Volvo are evidence of the commitment
from the private sector to find solutions to the
challenges of sustainability, climate change and
road safety.

IRU’s 30 by 30 Resolution clearly highlighted
that innovative logistic concepts, such as optimised
weights and dimensions of heavy commercial
vehicles, can reduce fuel consumption and CO,
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Electric Vehicles: Part of the Solution

emissions by more than 10 % — but equally, other
areas such as training and eco-driving are also key to
the equation.

The Commercial Vehicle of the Future Report
reinforced this message that only a holistic investment
in improvements in training, operational efficiency,
new technologies and infrastructure can ensure that
transport operators successfully meet their
environmental obligations and continue to be the
drivers of economic growth.

The latest advances in truck design are exciting —
but electric vehicles are one of the solutions. The
complexities of long distance commercial goods
transport, where trucks are principally a production
tool — require a prioritisation of factors such as range,
cost and battery weight if these innovations are to
succeed.

Retrieved and compiled from IRU Web-site news.
Original source: https://www.iru.org/resources/
newsroom/electric-vehicles-part-solution ®
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lMopasnsiowee 60/1bLUNHCTBO HOBbIX
aBTomMob6uneli KOMMIeKTyeTcs
B/1IeKTPOMEeXaHU4YeCKUMU YCUITTUTESIIMU

(3MY) pyneBoro ynpasnieHusi BBUAY X

SABHbIX NpeumyLyecTB. Bmecrte c Tem ewé

He [0 KOHUa U3y4eH BOrnpoc O TEXHUYECKOW
aKkcnnyarauum y3ssna, co4eTaHue B KOTOPoOM
BJIEKTPOHHbIX U MEXaHUYEeCKUX CUCTEM

He Mo3BOJISIET B [MOJIHOM Mepe NUCMNOoJIb30BaTh
cyLecTBYyOLne MeToAbl U CPeACTBa
KOHTPOJI1 pa60TOCNOCOBGHOCTN aBTOMALLINHbI,
€€ pakTn4eckKkoro TeXHN4eCcKkoro COCTOSIHUS.

B cBs3u ¢ 3TUM 0C060 akTyasibHbl pa3paboTka
HOPMaTUBOB yrnpaB/ieHUs TEXHUYECKUM
COCTOSIHUEeM Ha OCHOBE ANarHoCTU4eCKOM
nHpopmauun, cucTtemaTn3auns Hay4HbiX
AOCTVXEHUI B 3Toi o6nacTu, npob6semsi
MOBbILLIEHNS HAAEXHOCTU pysieBoro AMY

B akcnnyaTauun. Pe3ynbTarsi IpOBOAUMOIo
uccienoBaHns 1er/iu B OCHOBY 3TOV 0630PHOI
cTaTtby U MOTYT CTaTb MOACIMOPbEM B CO3A4aHUN
mMeToauku ynpasrieHnsi 6e30TKa3HOCTbIO y3/a.

Knto4esbie c/ioBa: aBTOMOOUIIb, Py/1eBoe
yrpaBeHNe, 3/1eKTPOMEXaHNYECKNIA YCUITNTETb,
yrpaB/IeHNE TEXHUYECKMM COCTOSIHUEM,
HaAEXHOCTb, SKCrIyaraLus.
|

DyHKUUN HAJEXHOCTHU

3J/1IeKTPOMEXaHNYEeCKUX

ycunutenem pyneBoro
ynpassieHus’

Jlenucoé Havsa Baadumuposuu — kanoudam
mexHuYecKux HayK, 0oueHm Kageopul
asmomoounbHo2o0 mpancnopma Baadumupckoeo
20cy0apcmeeHHo20 yHugepcumema

um. A. I. u H. I. Cmoaemosuvix, Bradumup, Poccus.
Cmuproe Arekceti Arexcanoposus — mazucmpanm
Kagedpsv agmomobunvroeo mpancnopma BI'Y

um. A. I. u H. I. Cmoaemosvix, Bradumup, Poccus.

OCHOBHbIE HEUCINMPABHOCTU
U OTKA3bI

B paborte [1] yctaHOBNEHO, UYTO HAaUOObILIEE
KOJIMYECTBO 1e(HEKTOB aBTOMOOUIIS IPUXOIUTCS
Ha CUCTEMY 3JIEKTPOOOOPYIOBAHUA U COCTABIIAET
0K0J10 22—30 % 0TKa30B — 3TO MpUMepHO 224—318
HEWCIPABHOCTEH Ha THICSIYY aBTOTPAHCIIOPTHBIX
cpenctB (ATC). ITpuuém ycTpoiicTBa, UMEIOLIUe
B CBOEM COCTaBE AIEKTPOMEXaHIECKHE ITpeodpa-
3oBateun (ctaprepbl, OMY PV, renepatopsl,
3JIEKTPONIBUTATEIN), TAIOT 3HAYUTEIIHLHYIO JIONTIO
Hapy1LeHuii padotocriocooHocty (40—45 %). Tax,
OTKa3 2JIEKTPOMEXaHUIECKMX YCUITUTETIEH pyJie-
BOTO YITpaBJIEHUs SIBIISIETCST OJHOM M3 Hambosiee
YacTO BCTPEYAIONIMXCS HEUCIPaBHOCTEM
BA3-21703.

Bnipouem, HeMCIIPaBHOCTH ¥ HEKOPPEKTHOE
¢yHkuroHupoBaHue ODMY PY Bctpeuarorcst He
TOJILKO y aBTOMOOWJIEH OTEYECTBEHHOTO TTPOU3-
BOJICTBA.

Hanpumep, B [2] npuBoautcs uHbopmanus
o notepe paborocrocooHoct OMY y KIA cee’d,
Mazda 2, Mazda 6, Hyundai Verna u3-3a gecekroB
JaTyvuka MoMeHTa. Y MamuH Mapku Mitsubishi
Lancer ocHOBHOII TpuunHOI 0TKa3za MY PY
oKasasicsi OOl B aropuTMe padoThI 610Ka yIpaB-

'Okonuanue. Hauano B «MT», 2017, Ne 4, ¢. 58—69.
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JIeHus, a /1 y3a, ucrodb3ytorierocs B Hyundai
Elantra, xapakTepeH CTyK IIECTEpPHU YCUITUTEIIS.

BeposTHOCTh TTOBpEXIEHUST pe3rcTopa Ha
nare 6joka ynpasieHus OMY PY nociyxuna
MPUYMHOUN OT3BIBHOW KaMITaHUW aBTOMOOWJIeH
Toyota Highlander, peainzoBaHHbIX ¢ 10 OKTSIOpst
2014 rona B P®. Otmevaercs [3], uTo 1o OT36IB
riornajio 4279 MarimH.

Konuepn General Motors 0To3Ba1 6,3 ThiCsSun
cenanoB Chevrolet Caprice Police Pursuit, mocras-
serHbIx oy CIHIA ¢ 2014 o 2016 rox, o
TIPUYMHE TOTO, YTO B HUX MOT OBITh YCTAHOBJICH
JNeEeKTHBIN YCUIUTENb PYJIsl, OTKITIOYAIOIIUIACS
BO BpeMsI IBIDKECHUS [4].

BosBpaiuasich K Borpocy 0 HangkHocTU OMY,
BBIITycKaeMbIX B PD, ciieryeT OTMETUTB, UTo Cpein
YCUJTUITEJIEN, yCTAHABTMBAEMBbIX Ha ITEPBbIE TTAPTUM
aBromooOmieit Lada Kalina, ncripaBHo (pyHKLIMO-
HupoBa Juiib 50 %. Okosno 35 % MariyH ObLr
OCHallleHbl HepaboTocriocobHbiM OMY PV. A Ha
ocTaBLuyecs 15 % NpUXOAMINCh BECbMa CEPbE3-
HbIE HEHCITIPAaBHOCTH, CBSI3aHHBIE C 3K TMHUBAHM -
€M PYJIEBOTO MEXaHM3Ma, CITyJasiMi CaMOTIPOM3-
BOJILHOTO BpallgHUs U T.1. [2].

B nucceprauumonHoit padote [5] npuBoauTcs
HCCIIE0OBAHME TAPAHTUITHOI 0a3bl HEUCTIPABHO-
creil apromoouns Lada Granta, rmo pesysisraram
KOTOPOTO aBTOPOM CIeJIaH BBIBOJL O TOM, YTO Hau-
MeHee HallEKHbBIM Y3JIOM B CUCTEME JIEKTPOO000-
pynoBaHus sBisietrcss uMeHHo DMV PY. Tokaza-
TeJIb €10 HanéXHocTH 47,7 %o, UTO COCTABIISIET
nipumepHo 18 % oT 0bILero KoIMYecTBa OTKa30B
3JIEMEHTOB CUCTEMBI.

besycnoBHo, pobiema HU3KOM HaIEXKHOCTH
OMY PV BakcIntyaTauyy noTpedoBaa npoBe/ie-
HUST HayIHBIX UCCIIEIOBAHUIA, HAaITpaBIeHHBIX Ha
M3y4eHre OCOOEHHOCTE KOHCTPYKIIMH y3J1a, ajl-
TOPUTMOB TIPOTPAMMHOTO YIIPABJIEHMsI, a TAKXKe
xapakTepa (hOpMUPOBAHNST KOMAHTHBIX PEIIEHWIA
3JIEKTPOHHBIM 0;10KOM yripasieHust (DBY) BoTser
Ha BHEIIHKME BO3MYIIAoIIMe Bo3aencTeust. Mx
11eJTb — YCTAHOBJIEHUE TIPUIMH TIOTePH YCUITATETIEM
PaboTOCTIOCOOHOTO COCTOSIHUSA. PesynsraTom
BBITTOJTHEHHBIX IIPOEKTOB CTAIM PA3TMYHBIE THITO-
Te3bl.

Tak, HarIpuMep, OTMeYaeTcs [6], UTO 2JIEKTPO-
MarHMTHOE BO3NIEUCTBIE HA IATYMKH Y3712 ¥ OJIOK
ynpanieHus: 6e3peaykropHoro MY PY okasbi-
BaeT HEeraTMBHOE BO3MEICTBME HAa KOPPEKTHOE
dbynxkumonuposanue ysna. B wactHocTH, npu
HETIPaBUJILHOM OIPe/IeIEHUH BXOJTHOTO MOMEHTA
M, naryvikom DBY reHepupyet KOMaHy Ha Co-
3MaHKe JOTOJTHUTETLHOTO KOMITEHCUPYIOIIIETO
MoMeHTa M, Ha pyJieBoM Bajy, 4To, B CBOIO 0Ye-
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peJib, IPUBOIUT K CAaMOIIPOM3BOJILHOMY Bpallle-
HuUIo pyJist ipy ABkeHur ATC v HEKOHTPOJIUPY-
€MOMY TIOBOPOTY YIIPABJISIEMBIX KOJIEC.

B cityyae BOBHMKHOBEHUSI TPOTPAMMHOTIO COO$T
B MUKpornpolieccope DBY npoucxonut uckaxe-
HUe TIepelaBaeMbIX CUTHAJIOB, BCIIENCTBHE YETO
OopToBasi cucTeMa IMarHOCTUKY He MOXET OTIpe-
JIEJATD, SIBIISIETCST JIV Y3€J1 UCTIPABHBIM, U BBITAET
KOMaHIy Ha ero OTKJTIOueHue. Takke TIpy 2J1eK-
TPOMArHUTHOM Bo3zieicTBUM Ha DMY PY moryt
MIPOSIBJISITHCS YXYIIIEeHWE YIPaBIIEMOCTHU
U YCTIOXXHEHE MaHEBPA aBTOMOOUIIEM.

B [7] ycTaHOB/I€HO, YTO CHYZKEHME HAEKHO-
cTU peaykropHoro OMY PY npuBoauT K BO3HUK-
HOBEHMIO CJIE/IYIOIIMX HEUCTTIPABHOCTE:

— 3aKJIMHUBAHKE PYJIEBOTO MEXaHU3Ma;

— TIOJTOMKA PYJIEBOM PEVKU;

— CaMOIIPOU3BOJIbHOE BpallleHHE PYJIeBOTO
KoJieca;

— CTYK B peyKTOpE TP BPAIIEHUH PYJIEBOTO
KoJieca;

— OTKa3 JaT41Ka MOMEHTa;

— roTeps paboTocnocooHocT DBY.

N3yuenue ykazaHHbIX aedektoB OMY PV,
pa3paboTKa COBPEMEHHBIX METONIOB IMArHOCTH -
PPOBaHUSI TEXHYECKOTO COCTOSTHYS Y371a IIPHOOpe-
TalOT BCE OOJIBIIYIO aKTYaTbHOCTb. DTO CBSI3aHO
€I1IE 1 C TeM, YTO CYIIECTBYIOIIME (DYHKITM Trar-
HOCTHUpOBaHUs1 (OOPTOBAsT — IO CBETOBOMY UH/IU-
KaTopy U C UCTIOIb30BaHUEM CKaHep-TecTepa) He
TTO3BOJISTIOT ETATBHO OTCIIEXMBATH U3MEHEHME
napameTpoB MexaHuyeckoii yact OMY [8]. K to-
MY 3Ke TIOMOOHBIE BOITPOCHI CJIE/IYET PELIATh TOJb-
KO B aBTOPM30BaHHOM CEPBMCHOM IieHTpe. [pa-
MOTHO BBITIOTHUTh JUATHOCTMYECKWE BO3/IEICT-
BUSI COOCTBEHHBIMU CUJIAaMU HEBO3MOXHO [7].

AWArHOCTUPOBAHMUE
BE3PEAYKTOPHbIX YCUWJIUTEJIEN

HUccnenosanne OMY PY zapyOexxHbIMU yué-
HBIMH Benercst ¢ Hadaima 90-X TomoB IMPOIILIOro
BeKa, YTO HAXOMUT CBOE OTPaXEHUE B OOJBIIIOM
KOJIMYECTBE TIATEHTOB HA KOHCTPYKIIMIO YCUITUTE -
JIt ¥ cTiocoObl yripaBneHust. Crienyer OTMeTUTh
3HAUUTEJTbHBIN BKJIAI SITOHCKMX UCCIIeI0BaTeNei
Yasuo Shimizu, Atsuhiko Yoneda, Hitoshi Shiobara,
Takashi Kuribayashi, Hirofumi Matsuoka B pete-
HHe 3ama4 poeKTupoBaHust DMY PY pazmmaHbIx
KOHCTPYKIIMIA [9].

HaxoruieHHbIi K HACTOSIIIIEMY MOMEHTY OTTBIT
HAyYHBIX UCCIIEIOBAHUI OTEUECTBEHHBIX YUEHBIX
B 00JIaCTH M3Y4eHUsT TEXHUIECKUX TTapaMeTPOB
U DKCIUTyaTallMOHHBIX XapakTeprucTuk OMY PY
TIO3BOJISIET CTPYIITUPOBATH UMEIOIINECST PE3YTb-
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TaThl TIO IBYM HarmpaBJICHUSIM: TEOPETHUECKIE
1 OKCTIEpUMEHTAJIbHBIE.

Cpenmy TeopeTIecKMX MCCIeNOBAaHNI HE00-
XOIMMO B TIEPBYIO 0Yepe/b BHIICTUTH PaOOTHI
B. H. Koznosckoro u P. A. ManeeBa, NOCBSILIEH-
HBIE aCTIeKTaM ITPOEKTUPOBAHMSI U TIPOM3BOJICTBA
DMY PY.

Tax, B [10] umu paccMOTpeHBI BOIIPOCHI CO3-
JAHWST MaTeMaTUIEeCKUX MOJEJIei, CITIOCOOHBIX
TIPOTHO3MPOBATh HATEXKHOCTD y371a. OTMevaeTcs,
YTO JUIS TOCTVDKEHMST BBICOKOTO Ka4ecTBa KOHEY-
HOT'O TIPOITYKTa HEOOXOIMMO B IOTIPOM3BOJICTBEH-
HBII Mepuro 00ecTeuynTh KOTUIECTBEHHYIO
OLIEHKY KJTFOUEBBIX TTAPaMETPOB OYIYIINX M3/e-
JIViA, Bapualysl pa3MEpHBIX 3HAUCHUI KOTOPBIX
MOXET MPUBECTH K CYIIECTBEHHBIM U3MEHEHUSIM
TEXHUUYECKUX XapakTepucTuk OMY PY.

B [11] BHUMaHuE yaeaeHo CO3MaHUIO B MHTE-
TPUPOBAHHON MaTeMaTUyecKoii cpene Matlab
VMUTALMOHHON MaTeMaTUYeCKOi MOJIEIH, TIpe-
oOpasymolieil nHpopMaluio 06 oTkazax YIMY
B TIOKA3aTe/In HaIEKHOCTH. B pesysibrare BhITON-
HEHHOTO aHaJI13a aBTOPaMM YCTAHOBJIEHO, UTO
HauOosblIas 108 AedekroB DMY npuxoaurcst
Ha HEUCTIPABHOCTH JIEKTPOHHOM CUCTEMBI yTIpaB-
JICHUSI, IaTINKOB MOMEHTA U TIOJIOKEHMSI pPOTOpa,
a 3HAYMTENIbHOE KOJTMYECTBO HEUCIpaBHOCTEM
CBSI3aHO C OTKJIOHEHUSIMU Pa3MEPHBIX TapaMETPOB
aKTUBHOM 30HbI D11 0T TpeOOBAHMI TEXHUYECKUX
YCJIOBUA.

Bomnpochl, kacatoriyecsi 0COOEHHOCTE KOH-
CTPYKIIMH ¥ COBEPIIIEHCTBOBAHMSI CUCTEMBI YITpaB-
JieHust OMY PY, Halm cBo€ oTpaxkeHue B pabo-
Tax HOBOCMOMPCKUX Y4€HbIX b. M. boueHkoBa,
I JI. Hukymuna, M. B. Tiopuna, I A. ®paHiry3o-
BOW U IIp.

Hanpumep, B [12] aBTOpamu nipeacTaBaeHbl
OCHOBHbBIE 3JIEKTPOHHBIE KOMITOHEHTHI, TIPUMe-
HsieMble B OBY, moapoOHO onucaHbl CTPYKTYpHAst
CXeMa M TMPUHIIUIIBI PabOoTHI y371a, CO3MaHHOTO B
OAO «ABTO3J1eKTpOHMKa» (I. Kaiyra) — riaBHOM
MOCTABILMKE YCUINTENEH Ha COOPOUHBINA KOHBEIA-
€p aBTO3aBOJIA.

B [13] npennoxeH crnoco0O, MOBbIIIAIOLINI
JIMHAMUYECKYIO TOYHOCTD yIpaBieHuss OMY PY,
CYTh KOTOPOTO 3aKJTIOYaeTCsl B PEIICHUH JIBYX 3a-
Jiay: ajredpandeckoro (popMUpoBaHusl yrpasisi-
IOIIIETO CUTHAJIA Ha BBIPAOOTKY KOMITEHCHUPYIOIIIe-
IO MOMEHTA 3JIEKTPOJIBUTATEIISI HA OCHOBAHUY
M3MepSIeMbIX BEIMYMH U YCOBEPIICHCTBOBAHUS
U3MEPUTESTEHON CUCTEMBI.

B [9] paccMoTpeHbI BOMPOCHI MOBBIIIEHUS
3(pheKTUBHOCTU (PYHKLIMOHUPOBaHUSI DMY PY
Ha OCHOBE MCITOJIb30BaHMsT BEICOKOTOUHBIX 3JIe-
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MEHTOB U3MEPUTEIbHOI CUCTEMBI. ABTOPOM
TIPEJIOKEH alITOPUTM (POPMUPOBAHUSI CUTHAJIA HA
co3aHue BbIxogHoro MoMeHTa MY PY, obecrie-
YMBAIOLIHIA BBICOKYIO CTATMIECKYIO M IMHAMUYE-
CKyIO TOYHOCTb, OIPENeNIEH KPUTEPHil OLIEHKN
Ka4yecTBa YCWIUTENIS TIPY TIPOBEACHUM CPaBHU -
TEJIbHBIX UCTTBITAHWIA, C TIOMOIIIBIO KOTOPOTO Ha-
XOJIUTCST TMHAMUYECKAS TIOTPEIITHOCTD B 3aIAHHOM
Jara3oHe yactoT. PazpabortaHa KOHCTPYKIIMS
OMY PY ¢ naTunkoM MOMeHTa Ha OCHOBE MarHu-
Toymnpyroro achdekTa, 06ecreynBatOLIMM YBEJIU-
YeHUE TOYHOCTH M3MEPEHMST M BOCTIPOU3BEICHHS
MOMEHTA TIpY OTPabOTKE PeaKIMK CO CTOPOHBI
Joporu ¢ yactoroit 1o 20 Ii1 mo cpaBHEHUIO C Cy-
IIECTBYIOIIMMY aHAJIOTAMMU.

CTOUT B 3TOM psITy BBIIEIUTH U OT/EbHbIE
HayJHbIe paOOTBI, TOCBIIIEHHBIE PEIICHUIO YacT-
HBIX 337124 TIPOEKTUPOBAHMSI, MOIEINPOBAHNS,
pacuéra 1 ucciaenoBaHusl (GyHKIIMOHUPOBAHUS
DMY PYV.

K npumepy, ucciemnoBanus B [14] cBsizaHbl
C MaTeMaTUIeCKNM MOJIEJIMPOBAHUEM MarHUTO-
3JIEKTPUIECKUX BEHTUJIbHBIX TBUTATENICH st
OMY PV sierkoBbIX aBTOMOOWIIEIA.

Bornpockl pazpadotku GyHKIMOHATbHON
6710K-cxeMbl DMY PY Ha 6a3e yacTOTHO-YIpaB-
JISIEMOTO ACMHXPOHHOTO JIBUTATENIs, e€ pean3a-
LIMM ¥ TIPUHLIMIIOB Pa0OThI PACCMOTPEHBI B [15].

B[ 16] moka3zaHplI CyILECTBYIOIIME TUITHI LIIAT0-
BBIX 2JIEKTPUIECKUX IBUTATEIIEH, a TAKXKE BBITION -
HEH aHaJIM3 X KOHCTPYKTUBHBIX OCOOEHHOCTEN
C LIEJTbIO UCTIONBb30BAHUSI AHATOTOBBIX D] B KOH-
ctpykiu OMY PY. YcraHosneHbl TpeOGoBaHUs
K TIapaMeTpaM BbIOMPAEMOTO JJIEKTPOIBUTATENST
B COOTBETCTBUM C ICVICTBYIOILIEH BHEILIHEN HATPY3-
Koit. [TomydeHbl BBIpaKeHWsT BeTIMIMHBI Bpallaio-
1IIeT0 MOMEHTA I1IarOBOTO JIBUTATE]ISI, NCTIOJb3Ye-
MOTO B KaueCTBE MCIOJHUTEILHOTO 3JIeMEHTa
yeunuresisi PY ¢ BUHTOBBIMU U pEEUHBIMU PYJie-
BbIMU MEXaHU3MaMMU.

DKcrnepuMeHTaIbHbIE UccienoBanus OMY
PY Ge3penykTopHOro TrIia HalllIi CBOE OTpake-
Hue B [17, 18]. x aBTOpBI pa3paboTaau U CKOH-
CTPYMPOBAJIM CIIEIIMATIbHBINA CTEHI, CXeMbI TTOJI-
KITIOYEHUIA K HEMY, TIJTaThl YITpaBIeHUs, MHIMKA-
1IMU, a TaKXe TYJIBT yIPaBIeHUs. YCTPOICTBO
TIpeIHAa3HAYEeHO JITISI TIPOBEPKU DJIEKTPUUECKIX
1 MEXaHWYECKMX TIapaMETPOB YCUITUTETIEH PYJIsl.

PaccmarpuBaemast akcriepuMeHTaTbHAS yCTa-
HOBKa ITO3BOJISIET ITPOBOIUTD UCTILITAHUS YCVITH -
TeJIsi B aBTOMAaTUUECKOM U PyYHOM PEXKUMaX TIPH
temnepatypax or MuHyc 40°C mo wnoc 65°C npu
OTHOCUTEJIbHOM BJIaXXHOCTH Bosayxa 953 %.
B kauecTBe pexkMMOB MCTIBITAHMS TIpe/TaraeTcst
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WCIIOJIb30BaTh IIUKJIBI Harpy3ku. [1pu aTom 3a
OJIVMH IIVKJT IPUHUMAETCSI UMUTALIMST 3HaKOTIepe-
MEHHOTO BpallleH!sT BXOHOTO BaJla JIBUTATEIIST HA
YTOJ1, COOTBETCTBYIOIIMI TPEM 000POTaM PyJIEBOI
KOJIOHKM aBTOMOOWJISI BIEBO U TPEM 000pOTaM
BIpaBo. CTeH1 00ecreunBaeT reHepaLio BXOTHON
nHopMarmu 111 OBY, a UMeHHO: CUTHATBI AaT-
YHrKa TOJIOKEHUST POTOpa M TaTYMKa CKOPOCTH.
Kpome Toro, yctaHoBKa MO3BOJISIET 3a/1aBaTh
Ppa3Hble 3HAYEHUs HAarpy30K M0 MOMEHTY YCUJTHST
Ha BbIxogHOM Baity — 12, 20, 32 HM 1 1ByX cKopo-
creit — 5m 10 km/9. OT™MeuaeTcsT, 9To pa3paboTaH-
HOE YCTPOMCTBO HaIIIIO MPAKTUIECKOe IPUMEHE-
Hue B [1O «Cesep».

ANATHOCTUPOBAHME PEAYKTOPHbIX
YCWIUTENEN

3aMeTHBII TeOpeTUIeCKUii BKJIAI B M3y4eHUe
cucteMsl peaykropHoro OYMY PY Brec B. B Ko-
posteB [19]. ABTopoM ObITH pa3pabOTaHbI 1 TIpe-
JIOXEHBI

— 0000IEHHAS MOIENTb CUCTeMBI DMY PV,
OTJIMYAIOIIASICS YYETOM COBMECTHOTO BIUSTHUS
TapamMeTpOB aBTOMOOWJISI M BEHTMJIbHO-UH/TYK-
TOPHOTO 3JIEKTPONIPUBO/IA Y371a U TIO3BOJISIIONIAST
TIPOBOIUTH TIPOSKTUPOBAHNE CUCTEM YCUITUTEICH
Ha 06a3e METOOJIOTUM 3aKOHOB PETYTMPOBAHUS
KOMIIEHCHPYIOIIIETO BO3IEHCTBUS;

— CBOE€ TIOHMMaHME B3aUMOCBSI3M MEXITY pe-
aKLMSIMU YTIPaBJISIEMbIX KOJIEC, MOMEHTaMU B PY
¥ KOMIIEHCUPYIOIIUM MOMEHTOM, Pa3BUBAEMbIM
BEHTWJIbHO-UHIYKTOPHBIM 3JIEKTPOTIPUBOIOM,
YTOOBI OTIPEIETUTH HEOOXOMMMbIE KOMITEHCAITH-
OHHBIE BO3IENCTBUS CO CTOPOHBI AJIEKTPOITPUBO-
J1a B IIPOLIECCE ABMXKEHUSI aBTOMOOWIISI, CHAOXKEH-
HOTO YCUJIATENEM;

— MaTeMaTU4ecKast MOJieJIb BEeHTUJIbHO-UH-
JYKTOPHOTO JIBUTATEJIsI, OTJIMYAOIIAsICS OT pa-
Hee M3BECTHBIX MEHbIIEH TPYTOEMKOCThIO
KOMITBIOTEPHOTO MOJIEJTMPOBAHMSI 1 TIO3BOJISTIO-
111ast 6oJiee palMoHATBHO MTPOU3BOAUTH TOCTPO-
€HUe PUBOJIA 32 CYET YTOUHEHHO! B3aUMOCBSI-
31 MEXJTy YAeTbHON TTPOBOANMOCTHIO BO3IYIII-
HOTO 3a30pa U B3aUMHBIM PACIOJIOXEHUEM
3y0II0B CTaTOpa U POTOPA;

— cuctema DMY PV, ynydinaromast TeXHAKO-
9KCIUTyaTallMOHHbIE CBOMCTBA aBTOMOOMIIS, Kaue-
CTBO YTIPABJISIEMOTO JIBVKEHUSI.

BHumanwus 3aciyxuBatot padotsl B. 1. [loma-
HoBa, A. B. JloMaHOBa 1 MX KOJIJIET, HAlIpaB/JIeHHbIE
Ha u3yyeHue mpodieM ympasieHust DMY PY.
ABTOpamMM TIpe/yIoXeHa CUCTeMa, OCOOEHHOCTh
KOTOPOIi B IPUMEHEHWH y371a KOPPEKIIUH, YIUThI-
BAIOILIETO YCIIOBUSI IKCIUTyaTallil aBTOMOOWIIS,
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a TakKe MHAWBUIyaTbHbIE OCOOEHHOCTH BOIMTE-
J151. KoppeKTrpyronmMy BEIOPaHbI CUTHAT MHITH -
BUIyaJTbHON HACTPOMKM U TTOACTPOEYHBIV CUTHAT,
TIPOTIOPIIMOHAIBHBIN CKOPOCTH aBTOMOOWJIS.
OTMeuaeTcs, YTo MpUMeHeHue yrpexaarouei
KOPPEKIIMH ITO3BOJISIET PACITMPUTE 00JIACTh YCTOM -
yuBoct DMY 0GoJiee ueM B JiBa pasa 1o cpaBHe-
HMIO C TPAIULIMOHHOM cTpyKTypoii [20].

B [21] npoaHan3upoBaHO BIUSTHUE BHELTHUX
yewnunii Ha OMY PY. YeraHoBneHo, 4To 151 CHU-
>KeHUSI Harpy3Ky Ha BOIUTE]SI 1 MOMEHTA COTIPO-
THUBJIEHUS CO CTOPOHBI IOPOTY HEOOXOIMMO UMETh
BO3MOXKHOCTb U3MEHSITh XapaKTePUCTUKY TAaTIMKA
MOMEHTA B 3aBUCMOCTH OT CKOPOCTH JIBVKEHUST
aBroMooOwst. POpMUPOBAHME TAKON XapaKTepH-
CTUKY MOKET OBbITh BBHITIOTHEHO aHAJIOTOBBIM MU
MPOTrpaMMHBIM CITOCOOAMMU.

B [22] uccnenoBana padota OMY PV npu
JIEVICTBUM CITyJalHBIX CUTHAJIOB, a TAKXKE TTPOBe-
JICHO CpaBHEHME Pa3TMYHBIX CTPYKTYp YIIpaBJie-
HUS Y3JIOM TI0 YPOBHIO TUCIIEPCUU BBIXOIHOTO
CUTHasa.

IMpunuun dyHkimonuposanuss MY B pe-
JKMMax TOPOJICKOTO, 3aTOPOTHOTO TBUKECHUS
1 TTApKOBKM ITpejicTaBsieH B [23]. B apyroit myoau-
Karuu [ 24] naércest cpaBHEHUE KOHCTPYKITMOHHBIX
0COOEHHOCTe aekTporuapoycuauTess u SMY
PY mapku Servoelectric. B [25] 1ies1bto uccienoBa-
HMSI SIBJISIETCSL pa3padoTKa MOJEIU cucteMbl PY
apToMoOWIst ¢ OMY. ABTOPBI 1IEMOHCTPUPYIOT
(byHKIIMOHANIBHYIO CXeMY PEIyKTOPHOTO YCHITH-
TeJIsI ¢ BEHTUJIbHO-UHIYKTOPHBIM IBUTATEIIEM.

Crenyer oTMETUTB paboty [26], B KOTopoi
YCTaHOBJIEHbI OCHOBHBIE (DYHKIIMH, BBHITTOTHSIC-
MBIE CUCTEMOI1 YIIPaBJIeHUsT JIEKTPOIBUTATENIEM
OMY PY. [laHHbIit HAO0p BO3AECMCTBUIA 3a/10KEH
B ajiroput™ DI, 111 KOPPEKTHON peanu3aiuu
KOTOPOTO Tpe/ITaraeTcst OCHaIaTh OJI0K YIpaBJie-
HUst 32-pa3psyIHBIM MUKPOKOHTPOJLIEPOM (DUPMBI
Atmel, yTOBIETBOPSIONIMM 110 CBOUM TEXHUKO-
9KOHOMUYECKHUM TTOKAa3aTe IsIM BCeM TpeOOBaHM -
SIM, TIPEIbSIBIsIEMbIM K cucteMam ODMY PV apro-
MoOwueii kateropuu M1.

Cpeny OCHOBHBIX HalpaBJIEHWIT HayIHBIX
pa3paboOTOK — COBEPIIEHCTBOBAHKME AJITOPUTMA
dynkumonuposanus ObY. Hanmpumep, B [27]
¢ 1ieJ1bt0 n3ydeHust nopeaeHust ATC, ocHallEHHO-
IO peayKTOpHBIM DMY pyiis, MOABEPrHYT aHAM-
3y &JITOPUTM pabOTHl MUKPOKOHTPOJLIEPa, a TAKKE
BBITTOJIHEHO MOJENIMpoBaHue B cpeae Matlab.
B pesynbrare monydeHbl TEOPETUIECKHE 3aBUCH-
MOCTH CyMMAapHOTO M1 KOMITEHCHPYIOIIIETO MOMEH-
TOB OT YIJIa [IOBOPOTA PYJIEBOTO Bajla M CKOPOCTH
JIBIKeHUsT aBToMoOWIs1. B cTathe [28] mpoBeaeHO
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aHaMTryeckoe ucciaenosanue SMY PY u cunres
JITOPUTMOB YIpaBJIeHUs MyTEM pa3pabOTKKU Ma-
TeMaTUUECKOM 1 IMdpPOBOil Mozienelt.

Co3naHuieM HOBOI MOJIEJT JaTIMKA BXOTHOTO
MOMEHTAa, ITPUHIUIT pabOThI KOTOPOTO OCHOBaH
Ha 3¢ dekre Xomna, 3aHumancs B. C. Mynbrux
[29]. B ocHOBY U3MepeHus yCUTUS, MPUKJIAIbIBa-
€MOTO K PYJIeBOI KOJIOHKE, aBTOPOM TIpeijiaraeT-
Cs1 3aJI0KUTh 3aBUCUMOCTb MU3MEHEHUST PaccTosI-
HUSI MEXY JIaTYNKOM XOJUla 1 MarHUTOM OT
CTETIeHW CKPYIMBAHMS TOPCUOHA.

DKCIepUMeHTaIbHbIE UCCIIEIOBAHMS XapaK-
TEPUCTHK IaTYMKA BXOMTHOTO MOMEHTA, UCTIONB3Y-
e€MOoro B KOHCTpyKiuu DMY PV, BbinojHeHbI
A. . ApxunossiM [30]. TTo pe3ysisratam UcbITa-
HUI1 Ha aBTOMATU3MPOBAHHOM CTEH]IE YCTaHOBJIE-
HO, YTO BBIXOJHbIE CUTHAJIBI JATINKA, TTepeiaBa-
eMbIe TT0 JIByM KaHajlaM, MMeIoT (hopMy MeaHIpa
yactotoit 2 kit u ammmutynoit 5 B. Ilpu atom
B 3aBUCHMMOCTHU OT yIJIa CKPYYMBAHUST TOPCHOHA
TTPOMCXOIUT M3MEHEHNE CKBAKHOCTH CUTHAJIOB
ot 20 1o 80 %, a mpu OTCYTCTBUM MOMEHTA Ha
BXOITHOM BaJly 3HaY€HNE CKBKHOCTH COCTABJISIET
50 %.

B Hacrosiee Bpemsi BeTyIyie MUPOBBIE aBTO-
MPOU3BOIMTENN Pa3padaThiBalOT yeunurean PY
0e3BaibHOrO TUMA. [Toa TEpMUHOM «Oe3BaIbHbIIN»
TTIOHMMAETCsl Takasi CCTeMa, KOTopast He UMeeT
MEXaHUYECKOMN CBSI3M MEXJy KOJIOHKOU PyJIst
Y PYJIEBBIM MEXaHM3MOM, TO €CTh KOT/1a OCYIIIECTB-
JISIETCST TAK Ha3bIBaEMOE «YTIPABJIEHHE TIO TTPOBO-
Jam». KOHCTpYKIIMOHHO Oe3BaTbHBIA YCHIUATEb
PY npencrasnsier coboii cuctemy ¢ IByMsl Coria-
COBAHHBIMMU AJIeKTpoTpruBonaMu — Ha PK 1 pyre-
BOIl peiike, 0e3 MeXaHMUYECKOTO COEAUHEHMUS
Mex Ty co00ii. OfrH U3 HUX paboTaeT B CIIeISIIEM
pexrMe 1 00eCTIeurBaeT IMOBOPOT YITPABJISIEMBIX
KOJIEC B COOTBETCTBMM C CUTHAJIOM OT JaTYMKa
nonoxenus PK. dpyroit mpuBon dhopmupyet
MoMeHT Ha PK, mporopLiioHaIbHbI MOMEHTY Ha
BaJIy pyJIeBOTO MeXaHM3Ma, 00ecTIeunBas Tak Ha-
3BIBAEMOE «UYBCTBO JIOPOTM» W OCYIIECTBIISIS
Bo3Bpar PK B HeiiTpaibHOE MoJIoXeHWe pu ero
OTITycCKaHUU (pexxuM camoBo3Bpara) [31].

OtmeuaeTtcs, 4To pa3pabarbiBaeMasi CCTEMa
o0JIagaeT psmoM NpeuMyinecTB. Eii CBOIiCTBEHHO:

— OTCYTCTBUE XECTKOW KOHCTPYKIIMOHHOW
nipuBsI3Ky KabuHbel ATC 1 Mmexanusma PY k roBo-
payrBaeMbIM KOJIECaM;

— BO3MOXHOCTbH YIIPABJIEHUs] aBTOMOOWIIEM
COBMECTHO C 2JIEKTPOHHBIMU CUCTEMaMH, B TOM
qucie 60PTOBBIM KOMITHIOTEPOM;

— KOMITaKTHOCTb TTO CPABHEHHUIO C TPAIUILIN-
OHHBIMU BaJIbHBIMU YCYITUTETISIMU;
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— HM3KasI TPYIOEMKOCTh TEXHIIECKOTO O0CITy-
SKUBaHWSI M PEMOHTA TIPY MEHBIIIEM KOJIMYECTBE
MEXaHUYECKUX IETAIEN.

CosmanneM IpoBOIHEBIX crcteM PY 3aHmMa-
JOTCS MHOTHE OTEYECTBEHHBIC M 3apyOesKHBIC
(upMbl, padoTarole B 0071aCT aBTOMOOUJIE-
ctpoeHust. OHAKO CepUITHO BBIITyCKaeMbIX 00pa3-
1I0B TIOKa He CYITIECTBYET, KaK OTCYTCTBYIOT U ITy0-
JIMKAIIK, PACKPBIBAIOIINE TIPUHIIAIT TTOCTPOSHUSI
M COCTaB IPOEKTUPYEMbIX CUCTEM [32].

BbiBOAbI

B xozie BbITIOTHEHHOTO 0030pa YCTaHORBJIEHO,
YTO OCHAITIEHWE TPAHCTIOPTHBIX CPEJICTB KaTero-
pun M1 371eKTpOMEXaHUYECKUMU YCUITUTEISIMU
PYJI51 OCTAETCS OTHUM W3 TIEPCTIEKTUBHBIX HATTPAB-
JICHUH B OTpac/Iv aBTOMOOWIIECTPOSHMS.

Bb1siBIIeHBI OCHOBHBIE TPEOOBAHNS, ITPEIbSIB-
nsieMbie K OMY PY, onpeneneHb (hyHKIIMOHATb-
HbIE 3a[1a4, KOTOPbIE OH JIOJDKEH peliaTh, pac-
CMOTpPEHBI KOMITOHOBOYHBIE CXEMBI 1 OCOOEHHO-
cTr (DYHKITMOHVPOBAHUS Y3/1a B COCTaBe TPaHC-
TTOPTHOI MAIIVHBI, a TAKKe TIPOAHATUM3UPOBAH
OTEYECTBEHHBII OITBIT pa3pabOTKU YCTPOICTB U MX
TIOAITOTOBKU B CEpUITHBIN BBITIYCK. B cumy psina
00CTOSITETTHCTB COBPEMEHHBIE aBTOMOOVIT OCHA-
AIOT TTPEUMYIIECTBEHHO 0e3penyKTOPHBIMU
YCUJIATEIISIMUA KOJIOHOYHOTO THTIA.

CyMMUpPOBaHbI OCHOBHBIE OTKAa3bl M HEUC-
mpaBHOCTH DMY PY, BcTpeuaromyecst B TipolLiec-
Ce ero IKCIDTyaTallK, a TAKKe OIpPeesieHO, YTO
BCTPOEHHAsI CUCTEMa CaMOIMAarHOCTUKY MeXa-
TPOHHOTO Yy3J1a HE TTO3BOJISIET OTC/IEKMBATh U3Me-
HEHME €ro TEXHUYECKOTO COCTOSTHUSI B YCIIOBUSIX
SKCIUTyaTalvu.

AHaJI3 Pe3yJIBTaTOB TEOPETUUECKIX 1 IKCITe-
PUMEHTATBHBIX vccenoBanuit MY PY 6e3pe-
JIYKTOPHOTO M PEIyKTOPHOTO TUTIOB CBUIETEITh-
CTBYET O PEVMYIIIECTBEHHOM BHUMAHWH K aCTIeK-
TaM TIPOEKTUPOBaHUsI, (PYHKIIMOHUPOBAHUS,
TIPOTHO3WPOBAHMS 1 MOIETMPOBAHUSI XapaKTePH -
CTHK y3/1a M OTIEJbHBIX 2JIEMEHTOB, BXOMSIINX
B KOHCTPYKIIMIO yeuutesist. M 310, HeCOMHEHHO,
aKTyaM3upyeT TeMy HalIEKHOCTH Y371 B OKCILTY-
aTaluu, 1eJaeT HeM30eXXKHOI caMmy HEOOXOIMMOCTh
TIPOIOJKEHUST NCCITENOBAHMIA C OOJTBHIITM aKIIeH-
TOM Ha KauyeCTBEHHBIE XapaKTepucTuku MY
aBTOMOOMJILHOTO PYJISI.
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ABSTRACT

The vast majority of new automobiles are equipped
with electromechanical power steering systems (EPS).
These systems have clear advantages over hydraulic
or pneumatic designs. At the same time, the service
life of the EPS has not been fully studied. The EPS is
a combination of electronic and mechanical
subsystems, which puts certain limits on the
application of existing diagnostic methods and tools
typically used to monitor the performance and current
health of a motor vehicle. This situation adds urgency

to the development of standards for managing the
health of motor vehicles based on diagnostic
information, to organizing research results in this area
into a system, and generally addressing the problem
of improving the operational reliability of EPS systems.
The results of the study should be helpful in developing
amethodology for managing EPS reliability and fault-
free operation. The background of the problem,
objectives and methods are described in Part 1 of the
article published in World of Transport and
Transportation, Vol. 15, 2017, Iss. 4.

Keywords: automobile, steering system, electromechanical power steering, equipment health

management, reliability, operation.

Key faults and failures

It is demonstrated in [1] that electric equipment
accounts for the greatest share (22-30 %) of the total
number of defects in a motor vehicle, or 224-318
faults per thousand automobiles. It is also notable that
units incorporating electromechanical energy
converters (starters, EPS, generators, electric
motors) are responsible for a significant share of
operability interruptions (40-45 %). Thus, a failure of
the electromechanical power steering system is one
of the most frequently occurring faults of VAZ-21703
cars.

However, EPS faults and malfunctions haunt not
only domestically made cars.

For example, [2] contains information on EPS
failures in KIA ceed, Mazda 2, Mazda 6, Hyundai Verna
caused by defects in the torque sensor. In Mitsubishi
Lancers, an error in the electronic controller’s
algorithm was the key cause of EMS failures. The EPS
unit used in Hyundai Elantra is known for knocks in its
gear.

A probable resistor damage in the printed circuit
board of the EPS system caused a recall campaign
for Toyota Highlander vehicles sold in the Russian
Federation on and after 10 October 2014. It is noted
that the recall campaign covered 4,279 vehicles.

General Motors recalled 6.3 thousand Chevrolet
Capirice Police Pursuit sedans delivered to police units
in the USA from 2014 to 2016, on concerns that the
vehicles could be furnished with defective power
steering systems that would turn themselves off in
traffic [4].

Going back to the reliability of EPS systems built
in the Russian Federation, it should be noted that only
50 % of EPS systems installed in the first batches of
Lada Kalina cars functioned properly. About 35 % of
the cars were fitted with inoperable EPS systems. The
remaining 15 % still had some serious faults such as
cases of steering system seizure or spontaneous
rotation, etc. [2].

Dissertation [5] includes a study of a warranty
case database for Lada Granta cars. Based on the
study’s findings, the author concludes that the EPS
system comes out as the least reliable unit in the
vehicle’s electrical system. Its reliability indicator
stood at47.7 %, accounting for approximately 18 %

"Part 2 (final). For Part 1, see World of Transport and
Transportation, Vol. 15, 2017, Iss. 4, pp. 58—69.
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of the total number of failures in the electrical
system.

Thus, the problem of the EPS’s low reliability in
operation necessitated research efforts targeted at
such aspects as design of the EPS unit, control
algorithms, and the methods used for command
generation by the electronic control unit in response
to external inputs. The overall goal of such research
projects was to identify factors causing the EPS
system to lose operability. As a result of completed
research projects, a variety of hypotheses were
proposed.

Thus, [6] notes that electromagnetic impacts on
the sensors and control units of gearless EPS systems
cause a negative effect on the system’s proper
functioning. In particular, in the event that a sensor
incorrectly identifies the pull-in torque M, the
electronic control unit generates a command to create
an extra balancing torque M, , on the steering column,
which leads to spontaneous rotation of the steering
wheel in traffic and uncontrolled turning of the
steerable wheels.

In the event of a firmware error in the ECU’s
microprocessor, control signals get distorted, and as
a result the on-board diagnostic system cannot
determine whether the unit is sound and issues a
command to disable it. In addition, electromagnetic
impacts on the EPS system may affect the vehicle’s
steerability, thus making maneuvers more difficult for
the driver.

It is shown in [7] that inferior reliability of gear-
based EPS leads to the following faults:

— seizure of the steering mechanism;

— fracture of the steering rack;

— spontaneous rotation of the steering wheel;

— knocks in the steering gear when the steering
wheel is turned;

— failure of the torque sensor;

— failure or malfunction of the ECU.

Itis becoming increasingly urgent to research the
above defects of the EPS systems and develop
modern methods of diagnosing the health of this
system. An important aspect of this task is that the
existing diagnostic functions (the onboard diagnostic
capability with a light indicator and diagnostics with a
tester/scanner) do not afford the possibility of tracking
changes in the mechanical part of the EPS system in
a detailed manner [8]. Moreover, such issues should
be addressed in an authorized maintenance center
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only. It is impossible for the common user to perform
diagnostic procedures correctly [7].

Diagnostics of gearless power steering
systems

International researches have been studying EPS
systems since the early 90s of the last century, and
these efforts are reflected in a large number of patents
covering EPS designs and control methods. The
significant contributions of the Japanese researchers
Yasuo Shimizu, Atsuhiko Yoneda, Hitoshi Shiobara,
Takashi Kuribayashi, Hirofumi Matsuoka to addressing
design challenges of various EPS systems should be
noted [9].

The body of research results accumulated to-date
by domestic researches in the field of studying various
design parameters and performance characteristics
of EPS systems can be divided into two distinct
categories: theoretical and experimental.

Inthe group oftheoretical research projects, results
obtainedby V. N. Kozlovskyand R. A. Maleyevaddressing
various aspects of EPS design and manufacturing should
be recognized on top of the others.

Thus, in [10] the researches discuss mathematical
models that are capable of predicting the system’s
reliability. The authors note that in order to ensure
high quality of the end product, qualitative assessment
ofthe key parameters of the units to be manufactured
must be performed. Variations in the size parameters
of the units may lead to significant changes in EPS
performance characteristics.

Work [11] focuses on building a mathematical
simulation model in the Matlab environment, which
model translates information on EPS failures into
reliability indicators. As a result of their analysis, the
authors established that the greatest proportions of
EPS defects were caused by faults in the electronic
control unit and torque and rotor position sensors,
while a significant number of faults is related to
deviations of the EPS active elements’ size parameters
from the required specifications.

Papers published by the Novosibirsk researchers
B. M. Bochenkov, G. L. Nikulina, M. V. Tyurina,
G. A. Frantsuzova and others reflect on particular
design features and methods for the improvement of
EPS control units.

Thus, in [12] the authors present key electronic
components used in EPS systems, providing detailed
descriptions of the structural design and key operating
principles of the unit manufactured by Avtoelektronika
OJSC, Kaluga - the primary supplier of EPS systems
to AvtoVAZ.

Work [13] proposes a method to increase the
dynamic steering accuracy of EPS systems. The
method is based on two solutions: algebraic
generation of the control signal that determines the
electric motor’s compensation torque using measured
values, and an improved design of the measuring
system.

In [9], aspects are considered of improving the
functional efficiency of the EPS system through the
use of precision elements of the measuring system.
The author suggests an algorithm for generating the
EPS output torque signal, which algorithm ensures
high levels of both static and dynamic accuracies. The
author defines a criterion for evaluating the quality of
the EPS system in the course of comparative testing.
The criterion is used to establish the position-following
error within a given range of frequencies. An EPS
design is proposed where the torque sensor relies on
the magnetoelastic effect to improve the accuracy of
torque measurement and replication in processing

the response from the road at frequencies of up to
20 Hz as compared to similar existing designs.

In the lineup of research papers, we should note
some that address particular challenges encountered
at the stages of EPS systems’ design, modeling,
computation, and review of functioning.

For example, the research reported in [14]
focused on mathematical modeling of magnetoelectric
valve motors for EPS systems used in passenger cars.

Details involved in the development of a
functioning logic diagram for EPS systems based on
frequency-controlled asynchronous motor, as well as
in its implementation and principles of operation are
discussed in [15].

Work [16] reviews the existing types of stepper
motors and provides analyses of their design features,
with a view to using analog electric motors in EPS
designs. The paper defines the requirements to the
parameters of the electric motor to be chosen in view
ofthe assigned levels of external loads. Formulas were
developed to compute the torque of the stepper motor
thatis used as the effector element in either ball screw
or rack-and-pinion EPS systems.

Findings of experimental studies of gearless EPS
systems are reflected in [17, 18]. The authors had
developed and built a dedicated test bench,
connectors, control boards, indicators, and a control
panel. The test rig is intended for verifying the
electrical and mechanical parameters of EPS
systems.

The experimental test bench allows conducting
EPS tests in automatic and manual modes at
temperatures from minus 40°C to plus 50°C and
relative air humidity of 953 %. Loading cycles are
proposed to be used as testing modes. One cycle is
assumed to be a simulation of alternating rotations of
the motor’s input shaft to an angle that corresponds
to three revolutions of the automobile’s steering
column to the left and three to the right. The test rig
generates input information for the ECU, namely the
signals from the rotor position sensor and the speed
sensor. In addition, the test rig allows to set various
load values of the torque at the output shaft: 12, 20,
32 Nm, and two speeds: 5 km/h and 10 km/h. The
publication notes that the test rig is in practical
application at PO Sever Production Association.

Diagnostics of gear reducer-based
electromechanical power steering systems

V. V. Korolyov has made a prominent contribution
to the theory of gear reducer-based EPS [19]. The
author developed and proposed:

— a generalized model of the EPS system. The
model is distinct from others in that it takes into
account the impact of the automobile’s parameters
and the parameters of the EPS system’s switch
reluctance motor. The model makes it possible to
design EPS systems using the methodology of
controlling the compensatory action;

— an original interpretation of interconnections
between the steerable wheels’ reactions, torques in
the EPS, and the compensatory torque created by the
switched reluctance motor in order to determine the
necessary compensatory impacts to be exerted by
the electric drive in the process of the EPS-equipped
automobile’s motion;

—amathematical model of the switched reluctance
motor that is distinct from the previously known
models in that it is less labor-intensive in terms of
computer modeling, and allows a more efficient
construction of the EPS drive due to a more accurate
interrelation between the specific conductance of the
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air gap and mutual positions of the teeth of the stator
and the rotor;

— an EPS system that improves the performance
of the automobile and the quality of handling.

Research performed by V. |I. Domanov,
A. V. Domanov and their colleagues that studied
issues in controlling the operation of the EPS system.
The authors propose a system featuring a correction
unit that accounts for the motor vehicle’s operating
conditions and personal traits of the driver. The
correction feature relies on a driver-related signal,
and an adjustment signal proportional to the speed
of the automobile. It is noted that the use of the
forward-looking correction mechanism has the
potential of more than doubling the EPS stability zone
relative to the traditional EPS system architecture
[20].

Work [21] analyses the impact of external factors
on the EPS system. It demonstrates that, in order to
reduce the driver’s workload and the resistance
torque exerted by the road, the characteristic of the
torque sensor needs to vary depending on the speed
of the automobile. Such a variable characteristic can
be achieved with either analog or digital methods.

Work [22] studies the operation of the EPS system
in the presence of stray/random signals, and
compares various EPS control structures by output
signal dispersion levels.

The principles of EPS functioning in the modes of
city traffic, freeway traffic, and parking maneuvers are
presented in [23]. Another publication [24] offers a
comparison between design features of an
electrohydraulic power steering system and a
Servoelectric EPS. The research objective of [25] is
to develop a model of the complete steering system
of a car equipped with an EPS. The authors offer a
function block diagram of an EPS with a reducer and
a switched reluctance motor.

Research paper [26] should be noted as it
determines the key functions performed by the EPS
electric motor’s control system. A set of controls is
incorporated in the electric motor’s control algorithm,
whose correct implementation can be achieved

through the use of a 32-bit microcontroller offered by
the company Atmel. This microprocessor’s features
meetall the requirements to EPS systems of category
M1 automobiles.

Perfecting the ECU operating algorithms is among
mainstream areas of research. Thus, [27] analyses
the microcontroller’s algorithm for the purpose of
better understanding the behavior of the EPS-
equipped motor vehicle. The Matlab environment was
used for modeling. As a result, theoretical
dependencies were established of the resultant and
compensatory torques on the turning angle of the
steering column and the speed of the automobile.
Article [28] summarizes an EPS analytical research
project and synthesizes control algorithms by
developing mathematical and digital models.

V. S. Moulgin [29] worked to create a new model
for the input torque sensor whose principle of
operation relies on the Hall effect. The author
suggests that the torque applied to the steering
column be measured based on the dependence of
the change of distance between the Hall sensor and
a magnet on the degree of the torsion bar twist.

A. I. Arkhipov [30] conducted experimental
studies of the EPS input torque sensor’s
characteristics. Based on the results obtained with an
automated test rig, the researcher finds that the
sensor’s output signals transmitted on two channels
have the shape of a meander with a frequency of 2 kHz
and an amplitude of 5 V. Depending on the torsion
bar’s twist angle, the duty cycle of the signals varies
between 20 and 80 %, and in the absence of torque
on the input shaft, the duty cycle value is 50 %.

Currently, the world’s leading automakers are
developing shaftless EPS systems. A shaftless system
is construed as a system that has no mechanical
linkage between the steering column and the steering
mechanism, i.e. a system that relies on the so-called
«drive-by-wire» technology. In terms of its design, a
shaftless EPS system is one that has two coordinated
electric drives, one on the steering column and the
other on the steering rack, with no mechanical link
between them. One of the two operates in the tracking
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mode and turns the steerable wheels according to the
signal from the steering wheel’s position sensor. The
other drive determines the torque on the steering
column in proportion with the torque on the shaft of
the steering mechanism, thus ‘sensing the road’ and
returning the steering wheel to the neutral position
when the steering wheel is released (the self-resetting
feature) [31].

Itis noted that the system under development has
a number of advantages, such as:

—norigid structural linkage of the motor vehicle’s
cabin and the steering mechanism to steerable
wheels;

— the possibility of controlling the automobile with
assistance from electronic systems, including an on-
board computer;

— a compact size in comparison with traditional
shaft-based power steering systems;

— low labor-intensity of maintenance and repair
due to a smaller number of mechanical parts.

Numerous domestic and international automakers
are working to develop drivebywire steering systems.
However, there exist neither serially produced models
nor publications disclosing the design principles or
elements of systems under development [32].

Conclusions

The overview presented above shows that fitting
motor vehicles that fall into the M1 category with
electromechanical power steering systems remains
a promising direction in the development of the
automotive industry.

The overview identifies the key requirements to
the EPS system, defines the key tasks that the system
should address, considers various designs and
functional features of the system as an element of a
motor vehicle, and offers an analysis of the domestic
experience in developing such systems and preparing
them for serial production. For a number of reasons,
modern automobiles are equipped primarily with
columnar gearless EPS systems.

The overview summarizes the most prominent
failures and faults of the EPS that occur in the course
of the system’s operation, and demonstrates that a
built-in diagnostics system of a mechatronic unit is
unable to track changes in the health of the unit as
part of its operation.

Our analysis of the results obtained in the
theoretical and experimental studies of both gearless
and gear reducer-based EPS has provided evidence
that developers tend to give more attention to various
aspects of the design, operation, predicting and
modeling of the unit’s characteristics and individual
elements of the EPS system. This definitely brings into
the foreground the problem of the system’s
operational reliability, and makes indispensable
continued research efforts in these areas with a
stronger focus on quality-related characteristic of EPS
systems.
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B cTatbe paccMOTpPeHbI pa3sinyHbie
acnekTbl BIMSIHUS TPaHCcnopTa

Ha 3KOHOMUYEeCKUI POCT U NOBbILUEeHNe
o6LuecTBeHHOro 6,1arococTosiHus.
Moka3aHa B3anmMocBsi3b Mexay
pa3BuTuem TpaHcropTa,
BOKOHOMUYeCKOU u gemMorpagdpmnyeckoi
cutyaumner B UICTOPUYECKON
perpocnekTuBe. C noMoLybio
pa3paboTaHHo¥i rpagpunyeckori mogenun
A0Ka3aHo No3UTUBHOE 3Ha4YyeHne
TpaHcrnopTa 47151 3KOHOMUYECKOro
pa3BUTUSI CTPaH U HapPOAO0B, POCTa
6s1arococTossiHUs HaceseHus 6narogaps
pacLuMpeHuio noTpebnuTesIbCKoro
BbIOOpa. OTMe4eHOo, YTO He TOJIbKO
rpy30BOM, HO U NaCCaXKUpPCKNn
TPaHCNOPT UrpaioT B 3TOM CBOIO
HEeCOMHEHHYIO POJib.

KnroueBnble cnoBa: TpaHcnopr,
9KOHOMUYECKUI POCT, 61aroCoOCTOsIHUE,
00OMeH, crieunann3asmsi, NoTPebUTeIbCKui
BbIOOP, MHHOBaLINN.
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TpaHCcnopT, 3KOHOMUYECKUU
POCT 1 O0LLEeCTBEHHOoe
OnarococTtosHue

Mauepem J[mumpuii Arexcandposut — 00Kmop
SKOHOMUHECKUX HAYK, npogheccop, 3a6e0yroujuil
Kagedpoti IKOHOMUKU CIMPOUMeNbHo20 Ou3Heca

u ynpaenenus cobcmeennocmuio Poccuiickoeo
yHusepcumema mparcnopma (MHUHUT), Mockea,
Poccus.

PaHCIOPTHAS IESITEIbHOCTD ObLIa HE-

U3MEHHBIM YCJIOBUEM BOZHUKHOBEHUS

nepBbIX HUBWIN3aLKU. be3 nepemeliie-
HUS HA 3HAYUTEJIbHbIE PACCTOSIHUS OOJIBIIOTO
KOJIMYeCTBa pa3HOOOpa3HO MpoayKIIuK, 6e3
o0ecreuyrnBaeMOoro TPaHCIOPTOM MEXPErruo-
HaJIbHOTO 0OMEHA METAJIJIOB U Jieca Ha CeJlb-
CKOXO3SIICTBEHHbIE TOBAPBI 1AKE B IPEBHOCTHU
He MOTJIM ObI CYLIECTBOBATh TOPOJa U IrycTO-
HaCeJIEHHbIE CETbCKOX03SIICTBEHHbIE pAalOHBI
B JOJIMHAX «BEJIUKUX UCTOPUUYECKUX PEK»,
CTaBIIUX MEPBO3AAHHBIMU KOJBIOETSIMU 11~
BuaM3auuit [1].

1.

PaszButue TpaHCIIOpTa, KAK U COLIMAIb-
HO-2KOHOMUYECKOE pa3BUTHE B IIEJIOM,
HUKOTJA He ObLIO IMTOCTOSIHHO IMIPOIPECCH -
pylouinM. Ho HecMOTpSI Ha IJIMTENbHbIE
Mepuonbl cTarHallMU U Jaxe perpecca,
MIPOTPECCUBHBIE TEHASHIIUMU B UTOrEe BCEraa
Opanu Bepx.

TpaHCIOPTHBIA MPOrpecc CTajl OAHUM
M3 BaXHEWIINX (HaKTOPOB, MOJTOXKUBIIUX
KOHeIl ThicsTuesieTHel amoxe CpenHeBeKO-
Bbsl U, HAUMHAas ¢ 30Xy Benukux reorpa-
(GUIECKUX OTKPBITUIA, IPOTOXKUBIIUX ITYTh
K G OpMUPOBAHUIO IJI00aJIbHOTO, OTKPBITO-
o PEIHOYHOTO 0o0IIecTBa [2].



MMeHHO TOTOa, B 910Xy TOPrOBOTO Ka-
MUTaIM3Ma, TMOSIBUJINCH OUYEBUIHBIC TIPU-
3HAKU YCKOPEHUSI 9KOHOMUYECKOTO U Jie-
morpacduueckoro pocta [3]. A cTaHOBJIeHUE
B XIX Beke MHAYCTPUAIBHOTO KalUTAJTIU3-
Ma, KJII0YeBBIM (PaKTOPOM KOTOPOTO OBLIO
MOSIBJI€EHWE U pa3BUTHE MapOBOTO TPaHC-
nopta (Mapoxoa0B U XEJE3HbIX JOPOT),
clesiago BO3MOXHBIM HACTYIUIEHUE DTTOXU
COBPEMEHHOT0 9KOHOMUYECKOTO MOABbEMA,
XapakTepusyoulelics KauecTBEHHO OoJiee
BBICOKMMMU TEMIIaMU pOCTa MPOU3BOJACTBA
U MOBBIIIEHUS YUCJIEHHOCTU HACEeJIeHUs.
IIpu 3TOM BHepBbIE B UCTOPUU Ye€JIOBEUE-
CTBa TEMIIbl Pa3BUTUSI 9KOHOMUKM CTaIU
YCTOMYMBO OMepexaTh POCT YUCIEHHOCTU
HaceyneHus [4, c. 22]. DTo o3Havago 3Ha-
YUMOE U MOCTYyNaTeJbHOE MOBBILIEHUE
O6narococtossHus awoaei. Eciu ¢ Havama
Hallel 3pbl 10 NEPBOW MPOMBILIJIEHHON
PEBOJIIOLIMU U BTIOXUA COBPEMEHHOTO KO-
HoMmuuyeckoro pocta (I . H.2.—1820 1.)
mupoBoit BBII Ha ay1iy HaceneHus BbIpoC,
Mo MMelIIMMcs olieHKaMm, B 1,4 paza, To
¢ 1820 roma go crapra XXI Beka — GoJiee
4yeM B AeBATH pas [3, ¢. 576—577].

KonnuecTBeHHBIN aHATU3 MOKA3bIBAET
3HAYMMYIO B3aUMOCBS3b MEXY PAa3BUTUEM
CEeTHU KeJE3HBIX JOPOT U SKOHOMUYECKUM
poctoM B XIX—Hauvane XX Beka B Kpym-
HeWIuX 3KoHoMUuKax mupa (Beankoopu-
tanus, @®panuwusa, lepmanusa, CIIA,
Poccus) [35, 6].

B HBIHEIITHUX YCTOBUSIX HA OCHOBE MEX-
CTPaHOBOTO aHajJau3a TaKXe BbIIBJIECHA
3HAYMMas 3aBUCUMOCTb YPOBHS 9KOHOMMU -
YecKOro pa3BUTHUS OT pa3BUTUS MHpa-
CTPYKTYPBI CYXOMTyTHOTO TPAHCTIOPTA — Xe-
JIE3HOIOPOKHOIO U aBTOMOOUJIBHOTO [7].
IIpu aTOM Ha mpUMepe Keae3HOTOPOKHO-
ro TpaHCIOpTa YCTaHOBJI€HA B3aUMOCBSI3b
MEeXIY JOJTOCPOYHOU 2KOHOMUYECKOU
JTUHAMUKOU («00JbIIMMU BoJTHaMU» KoH-
JpaTheBa) U UHTEHCUBHOCTbHIO TPAHCHOPT-
HBbIX MHHOBauuii [8, 9].

PazButue TpaHcopTa 03HayaeT paciiu-
peHue oOMeHa, KOTOPbIA yBEeJIUUYUBaAET
071aroCOCTOSIHUE YYaCTBYIOIIMX B HEM 9KO-
HOMHUYECKUX CYOBEKTOB, TOCKOJBKY B pe-
3yJipTaTe KaXAaoro akrta obMeHa «OJjara
MepexXoasT OT OJHOI0, KOTOPBIA LIEHUT UX
MEHBIIIE, K IPYTrOMY, KOTOPBIT IIEHUT UX
6onpme» [10, c. 348]. CimemoBaTenbHO,
B pe3yJsibTaTe obMeHa OjaraMu Mexay OT-
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NeJIbHBIMUA 9KOHOMUYECKUMHU CyObeKTaMu
pacTeT OO0IIECTBEHHOE 0JIarOCOCTOSIHUE.
Co3naHue HOBBIX IIEHHOCTEN B pe3yibTaTe
repeMenieHUsI TOBapOB IMOIUEpKUBaJ Jiay-
peat HobGeneBckoil mpemuu dhoH Xaiiek:
«...KonmmyecTBeHHOE yBeTMUEHUE UMEIOIIIE-
rocs 3amnaca pu3MIecKux CpeCTB CYlIeCT-
BOBAHUS U XU3HEHHBIX YI00CTB 3aBUCUT
HE CTOJIbKO OT BUJIMMOTO TIpeoOpa3oBaHUSs
OJHUX BEIEeCTB W MaTepHUajioB B JpYTrue,
CKOJIBKO OT ITpoliecca MX MepeMelieHus,
Oarogapst KOTOpOMy U3MEHSIETCSI UX OTHO-
CUTeJbHAs 3HAYUMMOCTb U LEHHOCTh» [11,
c. 161].

Kpome Toro, o0ycioBIeHHBI TpaHC-
MMOPTHOM NMeSITeJIbHOCTHIO PHIHOYHBINA 00-
MEH JieJlaeT BO3MOXHOM Crenuann3aunio
MPOU3BOJCTBA, a 9TO — MOIIIHEH N pak-
TOp pOcTa 3KOHOMUKHU U €€ a(pheKTUuBHO-
CTU Ha OCHOBE peaJiM3alluyi 3aKOHa CpaB-
HUTEJbHBIX MPEUMYIIECTB, CHOPMYTUPO-
BaHHoOTO euie JaBugom Pukapno [12].

2.

PazpaboTanHas aBTOpoMm rpaduyeckas
MOJIeJTb TT0Ka3ajia, 4YTo B pe3yJibTaTe co3/ia-
HHS HOBOTO MEXpPETMOHAJIbHOTO TpaHC-
ITOPTHOTO COOOIICHUS, TAIOIIETO PETHOHAM
BO3MOXHOCTh CIICIIMATM3NPOBATHCSI Ha
IIPOMU3BOJACTBE TEX TOBAPOB, IS KOTOPBIX
OHU 00J1aHal0T CPAaBHUTEIHHBIM ITPEUMYIIIC -
CTBOM, YBEJIUUYMBAETCS 00BEM MPOU3BOACT-
Ba W MOTPEOJICHUSI BO BCEX YYIACTBYIOIINUX
B CIIeMaJIM3UPOBAHHOM MPOMU3BOACTBE
peTHoHax, a IIeHBl Ha TOBaphl CHUKAIOTCS
[13]. dpyrumMu ciioBaMu, SKOHOMHYECKUIA
POCT TTOJIyJaeT JOMMOJTHUTEIbHBIM UMITYIIbC,
a 00111eCTBEHHOE 0J1ar0COCTOSTHUE — TOBbI-
IracTcs.

Ho 61arococrosiHue njim 60raTcTBO JI10-
IIeil 1, COOTBETCTBEHHO, O0IIIECTBa, KOTOPOE
OHU 00pa3yloT, OMpeaessieTcss He MTPOCTO
KOJIMICCTBOM OJIaT MM ITOJTYyIaeMbIM T0XO-
IoM: «...borarcTBo MOXHO OTIpeIeINTh KaK
IIUPOTY MOKYIaTeIbCKOTO BEIOOpa. MHmm-
BUIYYM OIIYIIAeT pacIIMPEeHNE BO3MOXKHO-
cTeit BEIOOpa KaK poCT OoraTcTBa, 3TO pac-
MU PEeHNUE HE MOXET OBITh YMCTO KOJTUUECT-
BCHHBIM, ITOCKOJIBKY, B COOTBETCTBHUU C TC-
OpUEN TIpeIeIbHOM TTOJIE€3HOCTHU, IIEHHOCTD
JII000ro 61ara yMeHbIIaeTCs PU yBeIU4de-
HUM €TO KOJIMJecTBa. PacimpeHne BO3MOX-
HOCTe! HOJKHO HOCHTH KaueCTBEHHBIN
Xapakrtep. B 3ToM cMBIcIe 5KOHOMUYECKUI
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Puc. 3. PernoHanbHbiii pbIHOK TOBapa-3amMeHUTes.
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POCT OTUACTH SIBJISIETCST KAUeCTBEHHBIM pac-
IUPEHUEM BO3MOXHOCTEN MOTPeOUTENb-
ckoro Bbibopa...» [10, c. 317].

BiusHue TpaHcmopTa Ha 3KOHOMUYE-
CKUU pOCT U O0LIIECTBEHHOE 0J1arococTosI -
HUe Yyepe3 paciimpeHne MoTpeOuTeIbCKOTO
BEIOOpA ITOMOTAaeT PAaCKPHITh YIIOMSHYTas
rpauyeckast moaenab (puc. 1-3).

Ha puc. 1 mokazaHbl OCHOBHBIE XapaK-
TePUCTUKHU (CIIPOC, TIPEIJIOKEeHUE, PABHO-
BEeCHbIE 1leHa U 00bEM) peruoHaJbHOTO
pPBIHKA YCJIOBHOTO TOBapa, JJs KOTOPOTO
OTCYTCTBYIOT OJIM3KME aHAJOTU (3aMEHU-
TeJIM) U CIIPOC Ha KOTOPBIN YIOBJIETBOPS -
eTCs 3a CYET MECTHOTO MPOMU3BOJCTBA.
3aTteM, Oaaromapsi opraHu3alMyd TpaHC-
IMMOPTHOTO COOOIIEHUs, B PETMOHE TOSIB-
JIsIeTCsl aHaJIoT (3aMEHUTENb) pacCMaTPpU -
BaeMOTO TOBapa, IPON3BOAUMEI B APYTOM
peruoHe. g TOTO YTOOBI BHIIAECIHUTH
BJIUSIHUE HAa YPOBEHb 0JAaTOCOCTOSHUS
MMEHHO paclIupeHust MoTPeOUTEIHCKOTO
BBIOOpA, YCIIOBUMCS, YTO TpadUK MPEIIo -
JKeHUS TOBapa-3aMeHUTEJISI TOUHO COBIIA-
JIaeT ¢ TIPeUIOXKEHNEM UCXOHOTO ToBapa
(TO, YTO BBO3MMBIiI1 TOBAp ¢ YYETOM U3IEP-
K€K TPAHCIIOPTUPOBKM TIpeiaraeTcs Io
TO Xe IIeHe, YTO ¥ MPOAYKINSI MECTHOT'O
MTPOU3BOJCTBA, SIBJISIETCS BITOJHE ITPaBJIO-
NOJOOHBIM JOIYIIeHUEM, TaK KakK IIpHu
MMPOM3BOACTBE TOBAPOB, OPUEHTUPOBAH-
HOM Ha IIUPOKOE pacIpoCTpaHEeHUE B pa3-
HBIX permoHax, npossiasercs 3¢ ¢eKT
MaciTaba, KOTOPbI HEPEJIKO MO3BOJISIET
MpojaBaTh UX jJaxke JelieBlie, YeM TOBapbI
MECTHBIX IPOU3BOANUTEICI, OPUEHTUPO-
BaHHBIX Ha JIOKAJTbHBIC PHIHKHU).

TIpu 3TOM TIPEdITOIOXKNUM, UTO M Kade-
CTBEHHbBIE XapaKTEepPUCTUKU TOBapa-3ame-
HUTEJIS B 11EJIOM HE CUJIBHO OTJIUYAIOTCS OT
XapaKTePUCTUK UCXOTHOTO TOBapa, a OTJIM -
YU UX CKOpPEe «BKYCOBBIE», TaK UTO HEKO-
TOpBIE MMOTPEOUTENU TepeKIYaTcs Ha
MOKYTIKY TOBapa-3aMeHUTEJIs, IPYTue — CO-
XpaHSIT BEPHOCTh MPUBBIYHOMY TOBapy,
a MHBIe OYOYT COYEeTaTh MOKYIKH TOTO
1 3TOTO (IJIsT BHECEHUST pa3zHooOpa3us
B cBou moTpedbHocTn). [Ipumem ycioBue,
4YTO UTOTOM TaKOTro BbIOOpa OyaeT paBHOE
pacripenesieHre BeJIMYMHBI CITIPOCca MEXIy
TPaIUuIIMOHHBIM TOBAPOM M TOBApOM-3aMe-
HUTEJIEM IPU KaXJIO0M YpPOBHE LIEHBI. DTO
3HAYMT, YTO rpachMKM CIIpoca Ha TpagulIu-
OHHBIN TOBap M TOBap-3aMCHUTEIb OYIYT
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UIEHTUYHBI M1 UMETDH BABOE OOJBIIUIA YTOJ
HakKJIOHa K TOPU3OHTAJILHON OCU MO CpaB-
HEHWIO C MepBOHAYAJbHBIM TpauKOM
CIIpoca Ha UCXOIHBIA TOBAP.

TakuMm 0b6pazom, B pe3yapTaTe OpraHu3a-
IIUY TPAHCTIOPTHOTO COOOIIIEHMST B paccMaT-
pUBaEMOM peTroHe C(hOPMUPYIOTCS UMET0-
1€ OJMHAKOBBIE TTapaMeTPhl PHIHKU JIBYX
aHAJIOTUYHBIX TOBApOB (puc. 2, 3). BiusHue
TPAaHCHOPTHOTO COOOIIEHUS HAa YPOBEHb
0J1ar0CcOCTOSTHUS OYIeT OMpeaesiThC UC-
KJTIOUUTEJIbHO TOSBJICHUEM Y ITOTPEOUTE-
Jieli BO3MOXXHOCTH BbIOOpA U3 IBYX aHAJIO-
TUYHBIX TOBAPOB, TIPEAJIaraeMbIX 11O OTHUM
u TeM Xe 1eHaMm. KakoBo 310 BausiHUE —
BUJHO M3 coIlocTaBiaeHus puc. 1 ¢ puc. 2
u 3. PaBHOBecHas 1ieHa Ha KaXXJblil U3 IBYX
TOBapOB OKa3bIBAETCSI HUXKE, YEM Ha MCXOJI -
HBIIl TOBap MpU OTCYTCTBUU 3aMEHUTENS,
a CyMMapHbIii 00bE€M MX MOTpedIeHUus —
BBIIIIE, Y€M O0OBEM MOTPEOIEHUS UCXOTHO-
ro ToBapa IMpu OTCYTCTBUUM 3aMEHUTEJ.
[Tpu aTOM CyMMapHBI TTOTPEOUTENIHCKUI
U3JIUIIEK CYIIEeCTBEHHO BO3PACTAET, MOTpe-
OWTE M OJHO3HAYHO BHIMTPHIBAIOT. A TJ1aB-
HBIM TTOKa3aTejeM 9KOHOMUYECKOTO IMpo-
rpecca, B KOHEYHOM CUETE, SIBISETCS
MMEHHO 01arococTosiHue rnmorpeouress [ 14,
c. 233].

3.

CyMMapHBIil U3UIIEK TTPOU3BOIUTECH
(KOTOpBIit MOKHO TPaKTOBATh KaK 9KOHOMU-
YeCKylo ITPUOBLTb) BO3pacTaeT HE3HAYUTETHHO
U pacIIpeesIsieTCsI TOPOBHY MEKITy MECTHBIMU
TPOU3BOIUTEISIMU UCXOIHOTO TOBapa 1 Mpo-
WU3BOIUTEISIMUA TOBapa-3aMeHUTENIST U3 MHOTO
peruoHa. Eciau roBoputh 00 00bEMax mpou3-
BOJICTBA MCXOTHOTO TOBapa JJIsT HYXI JaHHO-
0 peruoHa, COOTBETCTBYIONIUX JT0XOIaX
1 9KOHOMUYECKOU MPUOBLTH €T0 TPOU3BOIM -
TeJeil, TO OHU CYIIeCTBEHHO COKPAIaloTCs.
Ho TpakToBaTh 3T0 KaK y1ep0 Jist 9KOHOMHU-
KU pernoHa MOXHO TOJIBKO MCXOJIST U3 Mep-
KaHTWIMCTCKUX TIPEACTAaBICHUI YEThIPEXCOT-
JIETHE# TaBHOCTH (KOTOPBIE, BITPOYEM, BeCbMa
XKUBYIH ). Bo-TIepBEIX, Oy1arogapst TpaHCITOPT-
HOMY COOOIIIEHUIO, MECTHBIE TTPOU3BOAUTEITN
MOTYT HAJIAJINTh TTOCTABKU PAaCCMaTPUBAEMO-
TO TOBapa B UHBIE PETUOHBI (€CJIN, KOHEUHO,
obecrreyaT ero KOHKYPEHTOCIIOCOOHOCTH),
B UTOTE HE COKPATUB, a YBEUUYUB OOBEMBI
TPOM3BOJICTBA, IOXO/IbI ¥ PUOLLTh. Bo-BTO-
pBIX, HAUMEHEee KOHKYPEHTOCITOCOOHBIE
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MPOU3BOIUTEH TOKHBI OYAYT TMOO CHU3UTh
U3IEPXKKU, UTO BCETNIa Ha TTOJIb3Y ISl KOHO-
MMYECKOTO POCTA U ITOBBIIIEHNSI OOIIECTBEH-
HOTO 0JIAarOCOCTOSIHMS, JIMOO, €CITU 9TO UM HE
ynactcs, YiTHU ¢ pelHKa. B mociaenHem ciyyae
TPY/ZIOBBIE U MaTepUaIbHbIE PECYpPCHI JIS
MPOU3BOACTBA TOBapa, HEAPPEKTUBHOCTD
KOTOPOTO MpPOSIBUJIACh Ha PBIHKE, B UTOTE
OyIyT IepeopreHTUPOBAaHbl Ha WHBIE, OoJiee
BOCTpEeOOBaHHBIC TIOTPEOUTEIISIMU, HYXKTbI.

B mpeacraBieHHON MOJENIN BBISBIEHO
3HAYUTETHLHOE TO3UTUBHOE BIVSTHUE TTOSIBIIC -
HUST Ha pbIHKE Ojaromapst pa3BUTHIO TPaHC-
IMopTa OJHOTO aJbTEePHATUBHOTO TOBapa,
00J1aJaIo1IIero, MO CYTU, TEMU XK€ XapaKTepu-
CTUKaMU, YTO U TPAJINIIMOHHBIN. B peatbHOM
KU3HU, KOTOpasi HEeM3MepuMo Oorayde J1000i
MOJIeJIM, Ha PBIHKAX MPU COAEHCTBUU TPaHC-
TopTa MOSIBUINCH MHOTHE THICSTYM HOBBIX
TOBApOB C CAMBIMU Pa3HBIMU Ka4€CTBEHHBIMU
U 1IEHOBBIMU XapaKTepUCTUKAMU, YTO CTAJIO
ONTHOM M3 BaXXKHEWIINX COCTABJISIIONINX KO-
HOMMYECKOTO POCTa U TTOBBIIIEHUS 0JIaroco-
CTOSTHMS BO BceM Mupe. Pacimpenue ToBap-
HOI'0 acCOpTUMEHTAa U MOTPEOUTEIbCKOIO
BBIOOPA MPOUCXOIUIIO C TITYOOKOM IPEBHOCTU
U TIPOJIOJIKEHUE €TO B OymyIieM sIBJISIETCS
3aJIOTOM BOCTPEOOBAHHOCTHM TPAHCTIOPTHBIX
yeayr [15].

Yro kacaeTcs pa3BUTHUS MACCAXKUPCKOTO
TPaHCIIOPTa, OHO TakKXXe CIOCOOCTBYET pac-
IIMPEHUIO MTOTPEOUTEIHCKOTO BBIOOpA — TTpe-
XJie Bcero B cpepe ycayr (oopa3oBareibHbIX,
MEIMITMHCKUX, PEKPEAlIMOHHBIX), TEM CAMBIM
TTO3UTUBHO BJIMSISI HA TOBBIIIIEHNUE 0JIaroco-
CTOSTHUST U 9KOHOMUYecKuit poct [16]. [1pu
9TOM B IIEJIOM Pa3BUTHE TPAHCIIOPTA TMOBBI-
1IaeT i «O0IbIIMHCTBA JI0Ae BO3MOXHO-
CTU BBIOMpPATh U HOPMUPOBATH KAYECTBO
co0cTBeHHOM Xu3Hu» [10, c. 343-344],
a 3TO — KJIIOYEBOU acIeKT 4eJI0BEYECKOro
Osarornoayvus.

W, HakoHel1, pa3BUTHE TPaHCTIOpTa U 00-
MEHa, CITIOCOOCTBYS PaCpPOCTPAHEHUIO MPO-
IyKIUU 3G GEeKTUBHBIX MHHOBAIIMOHHBIX
TPOU3BOJICTB, CAMBIX COBEPIIEHHBIX TEXHO-
JIOTU ¥ OBICTPOMY MTEPEMENICHUIO HOCUTEe
3HAaHWU U KOMITETEHLIU I, «COKpaIlaeT U3aep-
JKKW M300peTeHNT 1 MTHHOBALIMiA, 4TO, B CBOIO
odepeb, YBEJIMIMBAET OOraTCTBO OOIIIECTBa»

[10, c. 346]. To ecTh HapalIMBaHue BCeoOIIE-
ro 6JarococTostHUSI UIET 3a CYET TOTO, YTO
TPaHCTIOPTHBIN pecypc obecrneuynBaeT Ha
pacUIMPEHHBIX PBIHKAX B3aMMOBBITOIHBIN
OOMEH ToBapamMu U yCIIyraMu, Ja€T BO3ZMOX-
HOCTb CIIELMAIU3UPOBATh MTPOU3BOACTBO
U peajn30BbIBATh 3aKOH CPABHUTEIbHBIX
MPEUMYIIECTB, YCKOPSIET TUdhY31I0 MHHOBA -
LU U CTUMYJIUPYET TBOPUYECKUI MOUCK Ha
IyTU K HOBOMY KaueCTBY XXU3HM.
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TRANSPORT, ECONOMIC GROWTH AND PUBLIC WELL-BEING

Macheret, Dmitry A., Russian University of Transport, Moscow, Russia.

ABSTRACT

The article considers different aspects of the impact of the transport on economic growth and on
increasing public well-being. The author argues that historical retrospective analysis proves the relationship
between transport and transportation developments and economic and demographic situation. The developed
graph model also can be used as a proof of positive influence of transport on economic development of
countries and societies, in the growth of populations’ well-being thanks to extended customer choice. The
author highlights the evident contributions of both passenger and freight transportation.

Keywords: transport, economic growth, well-being, exchanges, diversification, differentiation, customer

choice, innovation.

Background. Transportation activities were
among consistent preconditions of emergence of first
civilizations. Even in ancient times cities and densely
populated agricultural areas in the valleys of «great
historical rivers», that had become primitive cradles
of civilizations [1], could not exist without long
distance transporting of large volumes of various
goods, without transport support for interregional
exchange of metals and timber for agricultural goods.

Objective. The author’s objective is to show long
term relationship between transport and transportation
developments and economic and demographic
situation.

Methods. The author uses contents and historical
analysis, economic analytical methods, graph
construction techniques.

Results.

1.

Developments of transport, as well as social and
economic developments overall, have never been
permanently progressing. But despite long stagnation
and regressive periods, progressive trends finally
have always dominated.

Progress in transportation was among key factors
that had put an end to the millenarian period of Middle
Ages and starting from the Age of Discovery has paved
the way to global open market society [2].

It was exactly then, at the epoch of early merchant
capitalism, that first evident signs and markers of
acceleration of economic and demographic growth
emerged [3]. And the rise and development of
industrial capitalism in 19" century characterized as
by key factor by emergence and evolution of steam
transport (steam vessels and railways), made it
possible the advance of the era of modern economic
growth followed by qualitatively higher rates of
production and population growth. It is to note that
for the first time in the history of the mankind the rates
of economic developments began to constantly
outpace the population growth [4, p. 22]. It meant
considerable and consecutive increase in people’s
well-being. If from the beginning of the Common Era
and till first industrial revolution and era of modern
economic growth (i.e. from 1 A.D. till years 1820s)
world GDP per capita had increased, in accordance
with known estimations, by 1,4 times, then from 1820
till the beginning of the 215 century it has increased
by more than 9 times [3, pp. 576-577].

Quantitative analysis shows meaningful
relationship between the development of the railway
network and the economic growth in 19" and early
20" century in biggest national economies (Great
Britain, France, Germany, United States and Russia)
[5, 6].

Interstate analysis of modern situation also
reveals significant development of the level of
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economic development on the development of
infrastructure of land transport (both road and railway
transport) [7]. The relationship between long term
economic dynamics (Kondratiev long waves) and
intensity of transport innovations has been established
at the example of railway transportation sector [8, 9].
Development of transport means extension of
exchanges that increase well-being of participating
economic actors as each exchange action results in
«goods transfer from one who less appreciates them
to another who more appreciates them» [10, p. 348].
Consequently, goods exchange between two
economic actors results in increase of public well-
being. Nobel prize winner Friedrich A. von Hayek
underlined creation of new values caused by
displacement of goods: «...Quantitative increase in
existing stock of physical means of subsistence and
amenities of life depends mostly not on visible
transformation of given substances and materials into
other ones, but rather on the process of their
displacement, as thank to that moving their relative
importance and value change’» [11, p. 161].
Besides, market exchanges conditioned by
transportation activities opens opportunity for
diversification and differentiation of the production, and
this is a powerful factor of growth of economics and of
its efficiency on the basis of the the law of comparative
advantage formulated by David Ricardo [12].

The graph model developed by the author showed
that creation of new interregional transportation
networks has allowed the regions to focus on those
goods, for production of which they have comparative
advantage, and resulted in increase in production and
consumption in all the regions that participate in
differentiation of production, and in decrease in prices
of goods [13]. In other words, economic growth gets
additional impetus, and the public well-being grows.

But well-being or wealth of people and,
consequently, of societies that they constitute are not
determined purely by number of goods either by
volume of revenues: «... The wealth can be determined
as range of customer’s choice. A person perceives
extension of capacity to choose as a growth of the
wealth, and this extension cannot be quantitative only
as in conformity with the theory of marginal utility the
value of each good diminishes following increase in
its number. Extension of possibility should be of
qualitative character. In that very sense economic
growth to some extent is qualitative extension of
possibility of customer choice...» [10, p. 317].

The impact of the transport on economic growth
and public well-being through extension of customer
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Pic. 1. Regional market of a conditional good where
substitute items are absent.

L

Price 4

Excess
of customers

Offer

Excess

of manufacturers
(economic
profit)

Demand

Volume

Quality .,

Pic. 2. Regional market of a conventional good where
substitute items are present.

choice can be illustrated with the help of a graphic
model (Pic. 1-3).

Pic. 1 shows main features (demand, offer,
market-clearing price and volume) of the regional
market of a conventional commodity in the case when
close analog goods (substitute goods) are absent and
demand is satisfied by local production. Then, thanks
to organization of transportation networks, an analog
(substitute) good, manufactured in another region,
emerges. In order to identify the very impact of
extension of customer choice on the level of well-
being, let’s agree that the schedule of offer of
substitute good fully coincides with the schedule of
offer of the original good (the situation when an
imported good, even taking into account transportation
costs, is offered at the exactly the same price as the
price of local product is a plausible assumption, as
manufacturing of items focused on their wide
distribution in different regions is followed by the scale
effect, that allows to sell them even cheaper than
goods of local manufacturers who are focused on
local markets only).

Let’s suppose that qualitative features of a
substitute item don’t differ too much from the features
ofan original product, their differences depend rather
on taste-based option, and so some customers will
switch over to substitute good, other will remain loyal
to the usual product, and some will combine
purchases of original and substitute goods (to diversify
their needs). Let’s assume that such a choice will
result in equal distribution of demand rate between
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traditional item and a substitute item at each price
level. It means that the graphs of demand regarding
traditional item and substitute item will be identical
and will have angle of inclination towards horizontal
axle that will be twice larger than the angle at the initial
graph of the demand regarding original item.

So organization of transportation facilities in a
considered region will result in development of the
markets of two analog items with the same
parameters (Pic. 2 and 3). The impact of
transportation on the level of well-being will be
determined only by the emergence of possibility for
customers to opt for one of two similar products
offered at the same prices. This impact is illustrated
by comparison of the Pic. 1 with Pic. 2and 3. Market-
clearing price of each of two items will be lower than
the price of the original item in the absence of
substituting goods, and the total volume of
consumption of both items will be higher than the
volume of consumption of the original item in the
absence of substituting goods. In that situation total
customer excess considerably grows and customers
will be uniquely in a winning position, the well-being
of customers being finally main indicator of economic
progress [14, p. 233].

3.

Total excess of manufacturers (that can be
considered as economic profit) grows slightly and
is distributed equally between local manufacturers
of original item and manufacturers of a substitute
good originated from another region. If we consider
production volumes of the original item for the
needs of a local region, relevant revenues and
economic profitability for local manufacturers, they
considerably decrease. But those losses can be
considered as a damage to regional economics only
in the case when one use four centuries old
merchant doctrines (it should be nevertheless
noted that they are still alive). First, local
manufacturers can use developed transportation
facilities to forward their products to other regions
(if only they can provide for their competitiveness),
that will not cause reduction but will result in growing
production volumes, profits and revenues. Second,
less competitive manufacturers should either
reduce costs (and that is always positive for
economic growth and increase in public well-
being), or, if they fail, should leave the market. In
the last case labor and material resources,
previously used for manufacturing of an item that
turned to be ineffective in the market, will be
refocused on the other needs, more demanded by
customers.

The described model reveals important positive
impact of emergence on the market, thanks to
transportation developments, of a single alternative
item with the same features that the traditional item
possessed. The real life that is enormously richer than
any model, and many thousands of new goods with
very different price and qualitative features entered
the markets thanks to transport contribution, This is
one of the most important constituent elements of
economic growth and increasing well-being over the
world. Diversification of lists of offered goods and of
customer options have continued since high antiquity
and the continuation of that process into the future
will guarantee that transportation services will be in
high demand [15].

As far as passenger transportation is concerned,
it also contributes to the extension of customer
choice, particularly in the sphere of services
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(education and training, health, recreation), thus
positively affecting increasing pubic well-being and
economic growth [16]. On the whole developments
in transport sphere extends for «most people their
capacity to choose and to develop the quality of their
own life» [10, pp. 343-344], and this is a key aspect
of human well-being.

Finally, developments of transport and
exchanges, by facilitating distribution of products of
efficient innovative enterprises, of new technology
and fast travelling of persons possessing high
knowledge and competence, «reduces costs of
inventions and innovations, thus in turn increasing
the wealth of the society» [10, p. 346]. E.g. growth
of common well-being is explained by the fact that
transportation resources provide mutually beneficial
exchange of goods and services in the enlarged
markets, extend opportunity to diversify and
differentiate production and to implement the law of
comparative advantage, accelerate diffusion of
innovation, and give impetus to creative searching
of new quality of life.
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CywecTtByioujasi CUTyalyusi B CUICTEME
CMEeTHOro LileHoobpa3oBaHUs
onpenenseT HEO6xoA4MMOCTb rMoncka
MeTon0B OLeHKU TOYHOCTU HOPMaTUBOB
U UX COOTBETCTBUS paKkTU4eCKUM
3arpartaMm. B ctaTtbe paccMoTpeHbl
BOrMpochbl PYyHKLNOHAIbHOIo

aHanun3a KoppeKuunii B CTPYKType
CMETHOWV CTOMMOCTU CTPOUTEJIbHOM
npoayKunn, npoucxonsiLLnx
BcJsieACcTBUE U3MEeHeHns TpeboBaHuii
cUCTeMbl CMETHOI0O HOPMUPOBAHUSI.
lNMpennoxxeHbl MeToan4Yeckne noaxonbl
K onpepaesnieHno PyHKLMOHaIbHOIro
COCTOSIHUSI 3aTparT o Bugam
cTpouTesibCTBa C UCMOJIb30BaHUEM
4aCTHbIX PaKTOPO3aBUCUMBbIX
COOTHOLLIEHWI.
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AHann3 KOMMOHEHTOB _
CTOMMOCTUN CTPOUTENIbHOM

NpoAYyKLUN

Coa06vé6 Bauecaas Baadumuposun — xanoudam
IKOHOMUHECKUX HAYK, 00UeHm Kagedpsl
SKOHOMUKU CIPOUMENbHO20 OU3HeCa U ynpasneHus
cobcmeennocmuro Poccuiicko2o ynusepcumema
mpancnopma (MUHUT), Mockea, Poccus.

KOHOMUYECKasl OlleHKa W aHaln3
WHBECTUITMOHHBIX TIPOIIECCOB MPU
CO3IaHNK OOBEKTOB TPAHCTIOPTHOM

MHQPaACTPYKTYPHI COTPSIKEHBI ¢ TIpodJieMa-

MU pacyéra KaruTaJoBJIOXEHU. DTO cum-

TaeTcss OMHOW M3 (DYyHIaMEHTAJIbHBIX OCO-

O6eHHoOcTell cTpoutenbeTBa [1]. Cucrema

9KOHOMMYECKUX HOPMATUBOB B CTPOUTEITb-

HOI OTpacii IPeCTaBIIsSIET COO0I COBOKYTI-

HOCTb PECYPCHBIX, CTOUMOCTHBIX HOPM

¥ TIOTIPABOYHBIX BEJIMUYMH, HAXOISIIUXCS

B CJIOXHBIX (DYHKIITMOHAJIBHBIX 3aBUCUMO-

CTSIX OT TEXHOJIOTUYECKUX TpoleccoB. Cy-

IIECTBYIOIIME CETOIHSI HayYHO-METOINYE-

ckue pa3paboTKu B cepe CMETHOTO HOP-

MUPOBaHUS U 1IeHOOOPa30BaHMS HE 3aTpa-

TMBAOT KPYr MpoOjieM, Kacalmuxcs

(GYHKIMOHAJIIBHOTO aHAJIN3a KOMIIOHEHTOB

CMETHOI CTOMMOCTH B pa3pese TpeOoBaHU

HOpPMAaTUBHOI 6as3bl [2].

Llenbio MyOJIMKYEMOI CcTaTbU SIBJISIETCS
BBISIBJIEHUE M KOJUYECTBEHHOE OMUCaHue
MPOUCXOMSIIIINX U3MEHEHU B CUCTEME HOP-
MaTUBHOTO OOecTieueHUsI CTPOUTEHCTBA,
OIIEHKA POJIM KOCBEHHBIX CMETHBIX 3aTpaT
B HOPMATUBHOM BBIpaXKe€HUU.

PenieHue conmyTCcTBYIONIMX 3TOMY 3a1a4
CBSI3aHO C U3yYEHUEM 2JIEMEHTOB HOpMa-
TUBHOU CUCTEMBbI — PACIIEHOK, MTPOIIEHTHBIX



HOPM, K0O3(hGUILIMEHTOB, TApUDOB U UHAEK-
coB. Pesynbrar q1060ro mpolecca nepepa-
0OTKU, KOPPEKTUPOBKHA HOPMATUBHOM Oa3bl
JUUTSI yY4aCTHUKOB CTPOUTEIBHOIO OU3Heca —
YUTEHHAsgd B BUIE 1LI€J€BOr0 MHAMKATOpa
BEJIMYMHA CTOUMOCTHOTO YTOYHEHUS pac-
IIEHKW Ha KaXIblii BUII CTPOUTEITLHO-MOH -
TaxHbIX padoT (CMP), BeipaxkeHHas B Ipo-
neHtax. Cama mo cebe oHa Mpexae BCEro
MEPUJIO KaYeCTBEHHOTO YPOBHS IeCTBYIO-
XX HOPMATUBOB. 3HAYNTEIbHBIN TPOIIEHT
YTOYHEHUsI, TPEBBIIIAIOIINI TPAKTUIECKYIO
TOYHOCTb OINPENEJeHUS CMETHOI CTOUMO-
CTU, CBUJIETEJILCTBYET JIMOO 00 OTCTaBaHUU
YUYTEHHOU HOPMOU peCypCHO-TEXHOJIOTHYE-
CKOU MOZeIu OT peajbHO CYILIECTBYIOIIETO
npolecca, JM00 0 TOM, YTO HOpMa UCTOJIb-
30Bajiach MPUMEHUTEIBHO K ONIPEIEIEHHO-
MY KpyTy pabor.

Bropoii cayuait mpeacTaBisieT OCHOBHOI
WHTEpEC MPU pacy€Tax yTOUHEHUSI HOMEH-
KJaTypbl HOpM. [IpuHIUTT ycpenHEeHUs,
3aJI0KEHHBI B OCHOBY LIEHOOOpa30BaHUs,
NpPaKTUYECKU HUKAK HE ObLT MOATBEPXKIEH
KOJIMYECTBEHHO, HE UMEJI 3aKOHOIATEIbHO
YCTAHOBJIEHHBIX TPAHUIL, 8 COOTBETCTBEHHO
U HayyHOro obocHoBaHUs. B coBeTckoe
BpeMsI B KaueCTBE OpUEHTUpaA IS pasrpa-
HUYEHUS IBYX CMEKHBIX HOPM CYIIIECTBOBA-
JIO JIWIIIb TOHSITUE TOYHOCTHU OIpeaeeHus
CMEeTHON cTouMocTu. Eciau enuHuYHasA
paclieHKa obecrneurBaia MATUITPOLIEHTHYIO
TOYHOCTb B YaCTU OIpPEAETICHUS MPSIMBIX
3aTpat, TO NPU MPONOPLIMOHABHOM CIOCO-
0e pacuéTa HaKJIaJHbIX PACXOJ0B U IJIAHO-
BBIX HaKOIUIEHUH (OT CyMMBI TIPSIMBIX 3a-
TpaT) TOYHOCTb COXPAHSIACK.

C BBeJieHHEM B JAEWCTBUE CMETHO-HOP-
matuBHoM 6a3bl (CHDB) 2001 rona [1] mops-
JIOK pacyéTa HaKJIaJAHbIX PACXOAOB U CMET-
HOW TPpUOBLIU ObUT UBMEHEH — UX BEJIUUYMHA
cTaja OMpeaessiTbCsl HE BCEMU MPSIMBIMU
3aTpaTaMu, a JMIIb 3apabOTHOM TJIATOM.
TTpruéM HOpMBI HAKIAAHBIX PACXOJA0B BME-
cTo nuddepeHIMallMA MO BUAAM CTPOU-
TeJIbCTBA MOJYyYWIU AuddepeHInaluio no
BUAaM paboT. B Takux ycioBusSX BONpocC
0 pas3rpaHUYEHUU CMEXHBIX HOPM MO0 UX
00BbeAMHEHUY TPUOOPENT ropasao OOJbIIYIO0
3HAYUMOCTh: pa3 HEMOCPEICTBEHHAs CBS3b
MEXIYy COCTaBOM PACLEHKU U CMETHI U3ME-
HeHa, He0OXOIUM UHOM MOAXO/ — C y4acTH-
€M CTPOrO HayyYHOTO 3KOHOMUYECKOTO
aHanu3a. Haubosiee ocTpo 3T0 MpOSIBUIOCH
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npu GOpMHUPOBAHUU TEPPUTOPUATBHBIX
CcMeTHBIX 0a3 [3].

B mpoBoarMoOM HcCcIeOBaHUN YCTAHOB-
JIeHa HeOOXOIMMOCTb pacuéTa rpaHuIl TaH-
HOTO MapaMeTpa, MO3TOMY 3a1ady paluo-
HaJbHOCTH pa3rpaHUUYCHUST CMEXHBIX HOPM
clIelyeT pelraTh KaK 9acTHYIO, ITOJYYUB
3HAYCHUS, IPUMEHUMBIC IJIST OTHAEITbHBIX
cJIy9aeB HOPMHUPOBAHUSI, He CBA3aHHBIX
C pacyé€ToM IeJIeBOro MHAMKaTopa. DTo
IMO3BOJIMT B TIpollecce pa3paboTKu HOPM
M PaclieHOK OMEePaTUBHO CYIUTH O pas3zeie-
HUM W 00beTMHEHUW HOPM, OTTMpasiCh Ha
nmpenesbHbICc 3HAaUeHUs mHIuKaTopa. [Ipn
pacuére e MHIUKATOpa MOXHO MCITOJIb30-
BaTh NpeacsibHbIC 3HAUCHUS IJIsS OLIEHKH
IOCTATOYHOCTH IIPOBEIEHHOIO YTOUYHEHMSI,
JINOO B TIPOrHO3HOM pacuére — /ISl OLIEHKU
MpenebHOTO 3KOHOMUYecKoro addekTa.

* % %

IlpenenbHble 3HaAYEHUSI CTOUMOCTHOTO
YTOUHEHMUS PACLIEHKU (0COOEHHO YKPYITHEH-
HOW) HaxXoAsITCSd HAa OCHOBe TpeOOBaHUU
JIeNCTBYIOIIE HOPMATUBHOI 06a3bl B YaCTU
HAYUCJIEHUS HAKJIaJHbBIX PACXOI0B U CMET-
Hoit mpubwsiau [4]. Cornacao MIC
81-25.2001 cmeTHast TpUOBLUTH OTIPEETsIeT-
CS C UCTMOJIb30BAHUEM:

— 0o01eoTpacaeBbIX HOpMaTUBOB, YCTa-
HaBJIMBAEMBIX JIJI BCEX UCITOJHUTENEH pa-
0oT;

— HOPMAaTUBOB IO BUIaM CTPOUTETbHBIX
1 MOHTaXXHBIX padoT;

— WHAWBUAYAJIbHOUW HOPMBI (B OTHEIb-
HBIX CTy4asix) 119 KOHKPETHOU MOAPSIHOMI
OpraHu3aluu.

Pemrenue no BIOOPY BapuaHTa UCUUCTIE-
HUS BEJIMYUHBI CMETHOW MPUOBLIN MpPeao-
CTaBJISIETCSI UHBECTOPY U MOAPSAUYMKY Ha
PaBHOIIPaBHOM OCHOBE.

Ilpu onpeneseHNU CMETHON CTOUMOCTH
CTPOUTEbHO-MOHTaXXHBIX paboT 001Ie0Tpa-
CJIEBOIl HOPMATUB CMETHOU MpUOBUIU CO-
ctaBisgeT 65 % K BeJIMUMHE CPEJCTB Ha OI-
Jlaty Tpyaa padbouux (CTpouTesieil 1 MexaHu-
3aTOPOB) U UCTIOIB3YETCS IS BBINTOJTHEHUS
00IIEIKOHOMUYECKUX PACUETOB B UHBECTU -
muoHHOU chepe. OH Ke MOXET OBITh HC-
MOJIb30BaH MPU MAKPOOILIEHKE HOPMAaTUB-
HOTO 00eCIeYeHUs CTPOUTEbHOM OTPaCIH.
OH Xe B cOCTaBe CMETHOW CTOMMOCTH pe-
MOHTHO-CTPOUTENBbHBIX PA0OOT MPUHUMAET-
csg paBHBIM 50 % K BelWYWHE CPENCTB Ha
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omnary Tpyaa pabouux. Kpome Toro, obiie-
OTpacyieBble HOPMaTUBbI CMETHOM MTPUOBLITN
PEKOMEHIYETCS IIPUMEHSITH JIJIsT pa3paboTKu
WHBECTOPCKUX CMET, TEXHUKO-3KOHOMMYE-
CKOTO 00OCHOBAHUS POEKTOB U OIpeieie-
HUs HaYaJIbHOM LIEHBI MMpeIMeTa KOHKypca
MpY TIPOBEIEHUU TIOAPSITHBIX TOPTOB.

ITockoNbKYy MO COrJacOBaAaHUIO MEXIY
3aKa34YMKOM-3aCTPOUIIIMKOM ¥ TTOAPSIIN-
KOM HOPMAaTUBBI CMETHOMW MPUOBLIN TOITY-
CTUMO TIPUMEHSITh HA CTaIUU TMOJATOTOBKHU
paboueil JOKyMEHTAILIMK U TIPU pacuérax 3a
BBIMTOJIHEHHBIE PA0OTHI, TO aHAIU3 CTATU-
CTUYECKUX JaHHBIX 110 3aBePIIEHHBIM 00b-
€KTaM MOKET BBITIOJTHATHCS C YUETOM CpeJI-
HEeOoTpacyieBOro nokasaress. B To xe Bpems
aHaJIM3 YPOBHS 3aTPaT B OTAEJIbHbBIX PACIEH-
Kax MyTEM COIOCTaBJIEHUST HOPMAaTUBHBIX
3aTpar ¢ (paKTUYEeCKO CTOMMOCTBIO padoT
TpedyeT MpUMEeHEeHNSI HOPMAaTUBOB CMETHOMU
npuobsUA 1Mo Bugaam CMP, mockosibKy npu
OIpeeIeHUU CMETHOM CTOMMOCTU Ha cTa-
JIAY TTIOATOTOBKY JOKYMEHTAIIMU Y PACUETOB
3a BBITIOJTHEHHBIN TPY/ MPUMEHSIOTCS HOP-
MaTUBBl CMETHOW MPUOBIN IO BUIAM
CTPOUTEJIBHBIX I MOHTAXHBIX Pa0OT.

s onpeneseHUss CTOUMOCTUA CTPOU-
TEJbCTBA HAa PA3JIMIHBIX CTAIMSIX UHBECTH -
mroHHoro npouecca MIC 81—33.2004 pe-
KOMEHIYET UCHOJb30BaTh CUCTEMY HOPM
HaKJIaJHbIX PACXOJ0B, KOTOPbIE IO CBOEMY
(byHKIIMOHATTLHOMY Ha3HAYEHWIO ¥ MacIITa-
Oy mMpUMEeHEeHUSs Moapa3nesaoTcsd Ha
clieyloliue ypoBHU:

— YKPYITHEHHBIE HOPMATHUBBI TI0 OCHOB-
HBIM BUJIaM CTPOMTEIHCTBA;

— HOPMAaTHWBHI 110 BUJaM CTPOUTEbHBIX,
MOHTaXHBIX U PEMOHTHO-CTPOMUTEIbHBIX
pabor;

— WHIWBUIYaJbHBIE HOPMBI JUISI KOH-
KPETHOW CTPOUTENbHO-MOHTAXHOW WU
PEMOHTHO-CTPOUTEJIbHOI OpraHu3alu.

Taxxe B HOpPMaTUBHBIN JOKYMEHT BBE-
JleHa cpeIHeoTpaciaeBast CTPYKTypa HaKJIaa-
HBIX PACXOJ0B, TpUMEHMMast TPpU 0OOOIIEH-
HOM CTOMMOCTHOM aHajiu3e, B TOM 4YuCJe
BO3MOXHOW OLIEHKE U CAMOW HOPMAaTUBHOM
CUCTEMBI.

[Tpu paccMoTpeHUM acreKTa HOpMaTUB-
HOro obecrnedyeHus e HO0Opa3oBaHUs B Ya-
CTU pacy€Ta BeJIUYUH CMETHOU MpUOBLIA
U HAaKJIAIHBIX PACXOJOB CJIENYET YUECTh:

— yCTaHOBJIEHA MepapXus HOPM — JIBYX-
CTyleHyarasi cucTeMa MokasaTtejieil Ha U3-
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MEPUTEIN KOMITJIEKCHBIX IPOLIECCOB U pa-
0OYMX MPOLIECCOB;

— JaHa MIPUHIINITHAJIbHAsT BO3MOXHOCTh
yaéTa (hupMeHHOTO (paKTOpa B OpraHU3aIluu
CTPOUTENIbCTBA, BEIpAXKeHHASI B MHINBUIY-
aJIbHBIX HOPpMaX;

— pacIIupeH KPyr MPUMEHEHUSI UMEHHO
YTBEePXKIaeMbIX METOINIECKUX TOKYMEHTOB
IJIs 3a1a4 MTHBECTOPCKOM OIIEHKU TIPOEKTOB
¥ HayJIHBIX UCCIICTOBAHMIA.

TIpormeccyl HOpMAaTUBHOT'O M METOIMYE-
CKOTo obecreyeHus 1LeHOOOpa30oBaHMUS
MPOTEKAlOT OTHIONh He CMHXpPOHHO. [Ipn
3TOM TpeOOBaHMS K ITOPSIAKY pacuéra CMeT-
HOI CTOMMOCTH 1 OTIEJIBHEIX €€ COCTABJISIO-
IIUX MOTYT MEHSTHCS TOCTATOYHO OCHOBA-
TEJILHO B ONpeAcIEHHbIE MOMEHTHI BpeMe-
HU, 9TO MOXHO IPOAEMOHCTPUPOBATh Ha
npumepe BBenenus CHB-2001. Torma nuzme-
HUJICS TTOPSITOK YIE€Ta HaKJIaJHBIX PACXOI0B
¥ CMETHOM MPUOBLUIN, CTOMMOCTH M COCTaBa
MaTepHajoB B paclicHKaX M 3aTpaT Ha UX
JocTaBKy. M3MeHeHMSI KOCHYJIUCH U IIPOYNX
cTaTeil B cocTaBe CBOTHOTO CMETHOTO pac-
yéTa.

ConepkaHue HOPM M pacIeHOK, €CIIU
abcTparmpoBaThCs OT IIEHOBOIO (hpakTopa,
B 1IEJIOM 110 HOPMAaTUBHOM CHCTEMe MEHS -
eTcs TTocTeleHHO. Pa3paboTka TeXHOIOTH -
YeCKMX KapT, HopMaJieli, IpOBeAcHNE Ha-
OMI0IeHN, CO3MaHNe 3JIEMEHTHBIX HOPM —
BCE 3TH NPOIIECCH BechbMa 3aTpaTHEIC
W JUIMTENIbHBIE, 3aHUMAIOT TOIBI Jaxe IJIs
OTAEIBHO B3SITEIX COOPHHMKOB. [loaTOMy
C TeYCHUEM BPEMEHM BO3HUKAIOT CKAYKO-
o0Opa3Hble U3MEHEHUSI, Pa3pPBIBBI B LETHN
COTIOCTaBJICHHS 3aTpaT Ha CTPOMUTEIBCTBO,
00yCJIOBJIEHHbIE CMEHON MeToAuYEeCKON
OCHOBHI IIeHOOOpa3oBaHud. [lo3gHee mpo-
WCXOINT «CTJaXXBaHME» BO3HUKIIECH pa3-
HUuEL. [ToapsiaHble M IMIPOEKTHBIC OpPTaHU-
3allMU NpucrnocabauBalOT COOCTBEHHbIE
METOJIbI M TeXHoJIoTuM cocTtaBieHus ITOC
M CMET, aTalTUPYIOT PUHAHCOBO-XO3IMUCT-
BEHHYIO IeSITeIbHOCTD IO NU3MEHUBIIYIOCS
CTPYKTYPY CMETHOM CTOMMOCTH, Y B PE3YIb-
TaTe B KAKO-TO MOMEHT CTPYKTypa o0Ie-
CTBEHHBIX U3JEPKEK IO BIUSHUEM (PaKTO-
pa meHooOpa3oBaHUS IIpUOOpeTaeT MHOM
BUI U OIPYTHUE TIPOTIOPILINH.

ITo cyTi, MOXHO pa3IMIUTh IBA XapaK-
TEepHBIX BPEMEHHBIX IIepUOIa B CUCTEME
METOOUYECKOTO M HOPMATUBHOTO obecIie-
YEeHMS CTPOUTEILCTBA.
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Ta0imuna 1

PacuéT equHOBpeMEHHOTO U3MEHEHUS CMETHOM CTOMMOCTH
noJ JieiicTBMEM HOPMATUBHO-METOINYeCKOro (pakropa

Bun ctpoutenbcTBa Hopmbr CHB-1984 Hopmbet CHB-2001 Honsg 3apa- rp. 4/

u CMP HP CIl HP. CII K OOTHOI TU1aTH | Ip. 7
% % K % % X' | B cocrase I13

XKenesnomopoxHoe 17 8 1,26 | 114 65 1,36 0,20 0,93

CTPOUTEIBCTBO

3eMIIsIHbIe MEXaHU3UPO- 95 50 1,29 0,98

BaHHBIE PaOOTHI

MoHouTHbIe (hyHIa- 105 65 1,34 0,94

MEHTBI

COopHBIE Ke1e300eTOH- 130 85 1,43 0,88

HbIE KapKachl

KuprninyHbie cTeHbI 122 65 1,37 0,92

HapyxHas otnenka 105 55 1,32 0,95

TennocHabxeHue 130 89 1,44 0,86

O3seseHeHnE 115 90 1,41 0,89

Ilaccuémblil — OTINYAETCS HEU3MEHHOCTBIO
METOAMNYECKUX YCIOBUI U 3aKOHOAATEIbHBIX
orpaHuvyeHuil B cepe LieHOOOpa3oBaHUS.
ITpu 5TOM cucTEMa HOPMATUBHOTO OOecIIeye-
HUSI €CTeCTBEHHBIM 00pa3oM HU3MEHseTcs,
nepepadaThIBalOTCSl OTAEIbHbIE HOPMBI, UC-
MPaBJISIOTCS OLIMOKU B 0a3e, YTO UMEET CBO-
el 1eJblo NpUOIUXEeHUE HOPMATUBHBIX
3HaYeHUU (cieqoBaTeIbHO, U BEJIUYUHBI
CMETHBIX 3aTpar) K MoKa3aTessiM AeHCTBYIO-
IIMX B CTPOUTEIbHOM MPOU3BOACTBE HOpMa-
JIeH.

AxmueHblll — B 9TOT NEPUO MPOUCXOTUT
pe3Koe U3MEHEHNE HOPM 3aKOHOAATEIbHOTO
PEryIMpoOBaHUs CTPOUTEILCTBA, HEOOI3aTe N b-
HO TOJIBKO B YaCTH OMpeAeieHUs] CMETHOU
CTOMMOCTHU. B KauecTBe MpUMEPOB MOKHO
npuBecTU TpeOOBAHUS MO CTPAXOBAHUIO
CTPOUTEJIbHBIX PUCKOB, IPaBUJIaM OpraHu3a-
MU padOT U JOCTAaBKU CTPOUTEIBbHBIX TPY30B
B KPYITHBIX TOPOJCKUX arJIOMepaIysixX, UCIThI -
TaHUIO U CePTU(UKAIIMUA CTPOUTETbHBIX Ma-
TEPUAJIOB, KOPPEKIIMU HAJTOTOBOW HATPY3KU
U1 GU3NYECKUX JIUL MU OpraHu3aiuii. OTu
€IMHOBPEMEHHbIE U3MEHEHUSI BO3HUKAIOT
nepuoanyecku (BepHee OyaeT HalmucaThb: He-
npeacKa3yeMo), Npenonpenessiss CUcTeMy
O0IIIECTBEHHBIX U3/IEPKEK MPOU3BOJICTBA.
OnHako Ui CTPOUTENbCTBA XapaKTePHbBIM
COOBITHEM HACTYILJIEHUSI aKTUBHOTO TIEproaa
SIBJISIETCSI U3BMEHEHUE CMETHO-METOINYECKUX
TpeOOBaHUI, YACTO IPUYPOUYEHHOE K BBe/e-
HUIO HOBOW CMETHO-HOPMAaTUBHOM 0a3bl.

Peskoe eqnHOBpeMEHHOE U3MEHEHUE YC-
JIOBUIT pacu€Ta eCTeCTBEHHBIM 00Pa30M MpU-
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BOJIUT K U3MEHEHUIO MOKa3aTeaeid CMETHOM
CTOMMOCTU paboOT, MpUOIMKas Wik, HA000-
POT, OT/aIsIsI PACYETHBIE 3HAUEHUST CTOUMOCTH
OT peaJTbHBIX, 00YCIIOBIIEHHBIX CTATUCTUIECKI
000CHOBaHHOI HOpPMaJIbIO TIpollecca.

HexoTtopble n3MeHeHUsT B HOPMATUBHOM
00ecIeYeHU Y CTPOUTETLCTBA CIIOCOOHBI TTPU-
BOJAUTHh K CKAYKOOOpPa3HOMY CHUXEHUIO
CTOMMOCTHU cTpouTesibcTBa. OMUH U3 TaKUX
MPUMEPOB — UHAEKCAIINS CTOUMOCTH pecyp-
COB, TIPOM3BOIMMas Ha (heiepaIbHOM, PETHO-
HaJILHOM M OTpacjieBoM ypoBHsiX. Mcrionb3y-
eMble TIPY ITOM METOAMKU [S] He rapaHTUupy-
JOT TOYHOCTU WHIEKCAIIMU 1IeH B TIpesesiax
TpebOoBaHUI PhIHKA K (DYHKIIMOHUPOBAHUIO
TTOAPSITHBIX OPTaHU3aIIN.

Eciu 8 CHB-1984 u paHee TTOpsimoK Koc-
BEHHOT'0 OITpeie/IeHUsT 3aTpaT ObUT OCHOBAH Ha
MPUMEHEHNUH TTPOLIEHTHBIX HOPMAaTHBOB K Be-
JIMIMHE MPSIMBIX 3aTPAT, TO C BBEICHUEM B JIeHi-
ctBue MJIC 81—33.2004 6a3oit misa pacuéra
crajia cMeTHasl 3apaboTHas Tuiata pabodmx
W MAIIMHUCTOB. M3MEHWINCH U caMU TIpO-
IIEHTHBIE HOPMBI ¢ AuddepeHnanmeit mo
BUIaM CTpouTesibcTBa. [IpuMeHsist cpenHe-
OTpacjieBble MoKa3aTesu Jojeil 3apaboTHOM
TJIaThI B COCTaBe MPSIMBIX 3aTpaT, MOXKHO Hali-
TU BEJIMYMHY €TMHOBPEMEHHOTO CKauKa CMeT-
HOW CTOMMOCTH OT U3MEHEHMSI HOPMAaTUBHO-
MeTOoAnYecKuX ycaoBuit (tabauua 1). s
3TOTO CJIEYEeT OMPENETUTHCS C HOMEHKIIATy-
poit HopM. COOTBETCTBEHHO OBLIT PACCMOTPE-
HBI XKeJIe3HOJOPOKHOE CTPOUTENIHCTBO U BO3-
BeZICHUE TIPOMBIIIIEHHBIX 3[aHUii, KOTOPbIE
MOTYT OBITh IPEJCTABIEHBI KaK B COCTABE JKe-
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JIEBHOIOPOKHBIX CTPOEK, TAK U B OTAETHHOCTH,
TIPY COOPYKEHUU JIeTI0, BOK3aJ0B, TIOCTOB
aJIeKTpruuecKoit eHTpanuzauuu (DLI).

J17151 KOTMYeCTBEHHOTO OonmrcaHusi hakTo-
pa X, ObLIM MCIIOJIb30BaHbl JTUHENHHbIE YPaB-
HeHus1 cMeTHOl ctoumoct CMP B pasHbIxX
CMEXHBIX HOpPMaTHUBHBIX 0a3ax:

84 — 84 o
@
CMP x1°2
rae T13%, T13° — BeMuMHA TIPSIMBIX 3aTPAT,
UcUYucsIeMas o TpeOOBaHUSIM CMETHBIX
HOPM CMEXHBIX HOPMAaTUBHBIX 0a3 —
CHB-1984 u CHB-2001;

K, K, — KO3(hOUIUEHTHI, yIUTHIBAIO-
e HavYuCcJIeHWe HaKJIaJIHBIX PacXoI0B
U CMETHOM MPUOBLUTH TT0 METOIMYECKUM TPE-
o6oBanussMm CHB-1984 u CHB-2001.

HP84 CH84
K, =|1 ol
* (+100j(+100j’ &)
HP" +CIT"
Ka=1+*Dor—00 “)

rae HP u CIT — HopMBI HaKJIaTHBIX PACXOIOB
M CMETHOM TpUOBLIN; D — [0S OTuIaThl
TpyAa pabounx B MPSIMbBIX 3aTpaTax.

Kak BuaHo u3 tabnulibl 1, B pe3yabraTe
€IMHOMOMEHTHOTO U3MEHEHUS MmopsaKa
HAYUCJIECHUS HAKJIAMHBIX 3aTPaT U CMETHOU
MPUOBLIN IS KaXI0ro Buaa paboT mpou-
301IUI0 U3MEHEHHUE MX BETMYMHbBI Ha AK, =
Ky, — K,, 4TO OOBSCHSET OTHOCUTENBHOE
n3MeHeHne cMeTHOU ctoumoctu CMP
(B Tpace 9).

YuursiBas 3T0, CMETHAsi CTOUMOCTb CTPO-
UTEJIbCTBA MOXET OBITh ONpee/ieHa ypaBHE-
HUEM
CCTp = CCMp(l-i-ky) + O6y, 5)
rae ky — K03GhdUIMEHT, yIYUTHIBAIOIIN ]
YCJIOBHO 3aBUCHMBbIE€ OT CMETHOU CTOUMOCTH
CMP 3aTpatsl n3 4rciia 3aTpaT Ha 000pyI0-
BaHUE, UHBEHTAPh U ITPOYEE; O6y — OCTaJIbHBIE
3aTpaThl HA 000PYIOBaHKE, UHBEHTAPhb U MPO-
yee, omnpeaensieMble 0e3 YCIOBHOI CBSI3U CO
croumoctbio CMP.

Ha ocHOBaHUYM TaHHOTO METOJIa CTAHOBUT-
€S BOBMOXKHBIM PACCUYUTATh KOJTUYECTBEHHBIE
nmapameTpsl u3MeHeHus. [IpuHuMas nis xe-
JIE3HOJOPOKHOIO CTPOUTEIbCTBA ky = 0,61
u 06y= const 11 cyvast USMEHEHUSI HopMa-
TUBHBIX TPEOOBAHU I K HAKJIAAHBIM pPacXoaam
U CMETHOW MPUOBLIN AJIS YCIIOBHOM CTPOMKM,
TIO/ICTABIISIS MX B (5), TTOIyYUM:
C I 1,61CCMP+ const.

C

(6)
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D10 1aET BO3MOXHOCTD OTIPEIETUTH HEKO-
TOpbIE MapaMeTpbl YACTHOW CTOMMOCTHOM
Mojaenu. PalilmoHaIbHO OrpaHUYUTh KOJUYe-
CTBO BBIUMCJIEHUI HauboIee 3HAYUMbIMU
BUJAMU paboOT Il TPAHCIIOPTHOTO CTPOU-
TeabcTBa. Tak, MpU CTPOUTEIBCTBE HOBOM
JKEJIE3HOM TOPOru 3a PeAKUM UCKITIOUEHUEM
(B paBHUHHOW MECTHOCTHU MTPU XOPOIIIUX Fe0-
JIUTOJIOTUYECKUX YCTIOBUSIX) 3HAUMMBIMU SIB-
JISIOTCS OOBEKTBI COOPYKAEMOTO 3EMJISTHOTO
MOJIOTHA Ha MeperoHax u cTaHuusx. [lpunu-
Mmag Bemmauny AK, = K, — K, 3a komnye-
CTBEHHO€ 3HaYeHHe (aKkTopa X, MOXHO
onucaTh U3MeHeHUue QYHKIUU CMETHOU
CTOMMOCTHU CTPOUTEIbCTBA (T.€. BEIMYUHBI
WHBECTULIMOHHBIX 3aTpaT) OT BO3AEUCTBUS
HOPMAaTUBHOW CpeJbl AFCCTD(XI) B YCJIOBUSX
MPEeHEOPEXKUTEIBHOTO MaJIOr0 OTpe3Ka Bpe-
MeHu t — 0. [1pu 1uHetHOM XapaKTepe HOp-
MaTHUBHO 3alaBaeMoii (GDYHKIIUU BEJTUYMHBI
CMETHBIX 3aTpaT (MOJEbIO CMETHON CTOMMO-
CTU CTPOUTEJIBCTBA) OMNpeAesieHe UCKOMOTO
n3MeHeHus QYHKIMU OyIeT CBSI3aHO C BbIpa-
XKEHUEM:

AFCCTD(XI) = FCCTp(Xl) - FCc’rp(Xl‘)’ (7)
[JI€ X, — HOBOE 3HAYeHNE HOPMATUBHO-METO-
JAMYECKOro (hakTopa X, .

IMoncrasinsist (3) u (4) B cootHoteHue (7)

U COKpalasi HCU3MEHHYIO YacThb, UMEEM:

HP84+1 . o
100

100
HP" +CIT"
100

Afe,,(x)= 01,61

0H3—H30DM(

Wiu nipenctaBUB BhIpaxkKeHUE B KBaapaT-
HBIX CKOOKax 3a apryMeHT A, ¥ BbIHECS psi-
MbI€ 3aTpaThl, OIpeae/sseMble HEU3MEHHOM
HOpPMAaTUBHOI 6a3oii rpu t — 0, moayJyaem:
AF  (x)= 1,61-TI3-A,. 8)

B paccMoTpeHHOM IpUMepe IS XKene3-
HOJIOPOXHOTO CTPOMTEJNILCTBA B 1IEJIOM
A, = 1,26—1,36 = -0,10, T.e. AF. . (x) =
-1,61°113+0,10=-0,161 * I13, a g5t pabor
10 YCTPOMCTBY CeTei TEIJIOCHAOKEHUST (1151
KOTOPBIX 3HAYCHME B MMOCJIeIHEl Irpade Ha-
umenburee) A = 1,26—1,44 = -0,18, T.e.
AF (X)) = 1,61-113°0,18 = -0,290 « I13.
B T0 Xe camoe BpeMst 1Jist paboT, UMEIOIIMX
HauboJiee CYIIECTBEHHOE 3HAYEHUE B JIM-
HEMHOM 3KeJI€3HOIOPOXKHOM CTPOUTENIHCT-
Be — 3eMusiHbIX: A = 1,26—1,29 = -0,03, T0
ecTh AFcCTp(Xl) = -1,61+113-0,03 =
-0,048 - I13.
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Tabumua 2

ITpumepsl B3aUMOCBA3aHHBIX KOMIIOHEHTOB (DYHKIMM CMETHOI CTOMMOCTH CTPOMTEIbCTBA

fc

A}

LleHa MMITOPTHBIX CTPOUTETHHBIX MATEPUATIOB, (hPAHKO-
TaMOXHS

M3MeHeHUs B TAMOXKEHHOM 3aKOHO/IaTeJIbCTBE

AMOpTPI?:aL[I/IOHHI)IC OTYUCJIICHUA
B COCTaBE LICHBI MalllMHO-Yaca

To xe

To xe

H3meHeHus HOpM aMOpPTU3ALIUU
10 aMOPTU3ALIMOHHBIM TPYITITaM

TO MPOM3BOACTBA

YCII0BHO-TTOCTOSIHHbBIE 3aTparbl B IPOAYKIUN MOJICOOHO-

To xe

To xe

W3menenus npasun [ocroprexHanzopa
IUTS TIOITBEMHOTO 00OPYIOBAHUSI TPOMITPEATIPUSTHI

KO-CKJIaa nMoCTaBIIMKa

LleHa oTeueCcTBEHHBIX CTPOUTENILHBIX MaTEPUAIOB, (hpaH-

To xe

TakuM MyTéM MOXHO TTPOAHAIU3UPOBAThH
J100y10 BeIOOPKY. B TOM umciie coctaBisist
MOJIEJIU CTPOUTETBCTBA PA3IMYHBIX OO BEKTOB
CO CTaTUCTUYECKU OOOCHOBAaHHBIMU pacIipe-
neneHusiMu 3atpat. [Ipu mepexoae Ha
CHDB-2001 B oTpacieBbIX Me4aTHbIX U3JaHU-
SIX, Ha KOH(DEepeHUUSIX U CEeMUHapax Mo LEHO-
00pa30BaHUIO MOJHUMAINCH BOITPOCHI O TOM,
YTO CTOMMOCTb TOTO WJIM WHOTO BUAA CTPOU-
TeJbCTBA (TPYMITbl 00BEKTOB) CTala HUXKE WU
BbIIIIE, YeM Tipesxie [6]. [TossBunCh mpeTeH-
31U TPOU3BOJICTBEHHOTO COOOIIECTBA K pa3-
paboTyrKaM METOAUYECKON U HOPMATUBHOM
CHUCTEMBI.

Yare Bcero mpoBOAWIOCH COMTOCTaBICHUE
CMET, COCTaBJICHHBIX B IByX CMEXHBIX 0a3ax,
Ha aHaJIOTWYHbIE 00BEKThl. OTHAKO HE Y4Yu-
ThIBaJICA (DAKT, YTO JJII CTPOUTEIBCTBA, OCO-
OEHHO TPAHCITIOPTHOTO, OMpeaeIeHUE CMET-
HOW CTOMMOCTH 3aBUCHUT HE TOJIBKO OT KOH-
CTPYKTHBHOTO OYEPTAaHUS COOPYXEHUS
1 00BEMOB pabOT, HO Y OT OPraHU3ALMOHHBIX
YCJIOBUIA, MECTHBIX OCOOEHHOCTE CTPOUTETb-
ctBa. [lpu 3TOM MpOCTOE COMOCTaBIEHUE
CMETHO CTOUMOCTH HE OTKPBIBAJIO MPUYUHBI
n3MeHeHui. JIpyroit KpaliHOCTBIO CTaJIO YacT-
HOE€ MCCJieJOBaHUE BEJIMYUH PACLEHOK
1 HOPM B OTPBIBE OT COBOKYITHOW KapTUHBI UX
npuMeHeHus. Hanmpumep, cHuxkeHue Tapucd-
HBIX CTaBOK pabOYMX MOTJO KOMIIEHCUPO-
BaThCsl YBEJIMYEHUEM HOPM HaKJIQAHBIX pac-
XOJ0B, YYET CXeM JOCTaBKU B 3aKPBITHIX pac-
LIeHKaxX — OTIYCKHBIMU LIEHaMU Ha MaTepua-
JIbl U T.A. DTO HE aBajo OTBETa Ha BOIPOC
O CBSI3W NMPUYMH U CIEICTBUI, KOTAA AEJO
KacajJoCch U3MEHEHUS CMETHBIX 3aTpaT Ha
CTPOUTENIBCTBO.

IIpennaraeMblii MeTOA CBOOOJIEH OT
HEIOCTATKOB MPAKTUUECKOTO, «peMeCICH-
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HOTO» MOAXO0Ma K OLeHKEe MOCJEICTBUIA
poTauuii CMETHO-HOPMAaTUBHBIX 0a3 U TOMY
MOAOOHBIX €MUMHOBPEMEHHBIX U3MEHEHU
HOpPMaTUBHBIX TpeOoBaHuii. [Ipeacrasie-
HME YaCTHBIX U3MEHEHUI CTOMMOCTHOU
CUCTEMBI B BUJE AFCCTp(Xl) C ONMCAaHUEM
3aBUCHUMOCTEI MO OTHEeIbHBIM (pakTopam
BIIMAHUSA X, Y€PE3 HOPMATUBHOE OTIMCAHNE
KOMITOHEHTOB CMETHOU CTOUMOCTH MO3BO-
JISeT CBECTU MCCJIeOBaHUE K 3apaHee
onpeneaeHHBIM 3a1ayaM. B kauecTBe mapa-
METPOB BJAUSHUS B TAKUX UCCJIEA0BATEIb-
CKUX 3ala4yaX MOXHO MPEIJIOXKUTh CIeAYI0-
mue:

— HOPMBI HAaKJIATHBIX PACXOMIOB, CMETHOM
MpUOBLIU, 3aTpaT Ha BPpEMEHHbIEC 30aHUS
U COOPYKEHUS, 3SMMHUX YIOPOXAHUIA;

— HOpMAaTUBHBIE TPEOOBAHUS K CTPYKTYpe
cMeTHOro ¢boHaa oruiaThl Tpyjaa pabodyux
U OTUIATHI TPYAA AAMUHUCTPATUBHOTO MEePCO-
HaJa;

— HaJIOTOBOE 3aKOHOIATEJIbCTBO (COLM-
anbHbIe oTunciieHus, HIA®MJI, Hamor Ha mipu-
ObLIb, HAJIOTU Ha OCHOBHBIE (DOHIIBI);

— KBaTU(PUKALIMOHHBIE TPEOOBAHMS K UC-
nojgautensMm (ETKC) u nmonoxeHust tpyno-
Boro 3akoHonatesnbeTBa (TK PD);

— TmpaBwia yuy€Ta, perucTpaluuu, Jpyrux
JIECTBUIL CO CTPOUTEIBHBIMU U TPAHCIIOPT-
HBIMM MalllMHAMU;

— BHeJpeHue ctraHnaptoB kauectBa MCO
U OTpacyIeBbIX (KOPITOPATUBHBIX) TEXHOJOTUI
yIIpaBJeHUs CTPOUTETbHBIM MPONU3BOICTBOM;

— MpaBwWIa y4ETa 3aTpaT NPy ONpeAeICHUU
CMETHBIX 1IeH Ha 3KCIUTyaTalliio MallluH;

— METOAUYECKUE MpaBuia U TpeOOBaHUS
3aKa34YMKOB K 3aMEHE WU KOPPEKTUPOBKE
Habopa pecypcoB, YYUTHIBAEMbIX €IUHUYHBI -
MM paclieHKaMUu;
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— TIpaBWJIa pa3pabOTKW U TIPUMEHEHUS
YKPYITHEHHBIX MMOKa3aTeseil mpu omnpeaene-
HUU CTOMMOCTH CTPOUTEJIBLCTBA;

— XapakTep y4€Ta 3aTpaT Ha JOCTaBKY
CTPOUTETHLHBIX MAaTePUAJIOB B COCTaBE paciie-
HOK UM CMET;

— TIpUMEHEHHNe TOMPaBOYHBIX KO3 bu-
LIMEHTOB, OTIPEEIISIEMbIX TEXHOJIOTMUECKUMU
U OpraHU3allMOHHBIMU YCJIOBUSMU CTPOU-
TEJIbCTBA;

— uHAekcanus croumoctt CMP u pecyp-
COB B paclleHKax;

— CTPYKTYpPHBIE IEpPEMEHBI B UMIIOPTE
MPOIYKIIUY MAIIIMHOCTPOCHUS U CTPOUTEITb-
HBIX MaTepUaJoB.

Jlist xaxaoro ciay4dast HA0op (hyHKIIMOHA-
JIOB OyJIeT ONpeaesiTbCs 00CTOATENbLCTBAMU
TIPOUCXOISIINX U3MEHEHUI B CUCTEME HOP-
MaTHUBHOTO O0ECTIeYeHUsT 1 IKOHOMUYECKOM
cpene.

®opmyna (8) OymeT cripaBeINBa IS pac-
4y€Ta B 3alaHHBIII MOMEHT BPEMEHU, OHAKO
cJemyeT MpUHUMATh BO BHUMaHUE, YTO U3Me-
HEHUST HOPMATUBHOTO U METOAMYECKOTO
o0ecIieyeHnusI CTPOUTENILCTBA MOTYT UMETh
U KOHTUHYaJIbHBIN XapakTep — HaIlpuMep,
TIpY TIOMECSTYHOI MHIIEKCAIIMH 1IeH Ha pecyp-
cbl. Torma Ha 3HAYUTEIBHOM TOPU30HTE pac-
4€Ta TPK yIETE MHOXKECTBA (DAKTOPOB X, Lie-
JlecooOpa3Ho TIpelcTaBIeHNEe HEMPEPBIBHOM
nuddepeHIUpyeMO (PYHKIN:
Fop =F(CA +cA+. .+ cA), )
B KOTOPO MHOXECTBO apryMeHTOB {A } 1o-
3JIEMEHTHO CBSI3aHO C KOMITOHEHTaMU CMET-
HbIX 3aTpar {C_}. [IpMepbl BOSMOXHBIX BAPH-
AQHTOB MPECTaBAEHbI B TAOIULIE 2.

st otpeska BpeMeHU t€{0...00} BO3MOXHO
orpe/ie/ieHne MHTEHCUBHOCTH U3MEHEHUS
CTOMMOCTHU CTPOUTEJbHOM MPOAYyKIIMU Ha
ocHoBe auddepeHuranuu GyHKIIMOHATA
CTOMMOCTU FCCTp =F(CA +cA +t.+tCcA)

dF Cctp

10 BPEMCHU. Ananus TTIO3BOJIMT BbI-

MOJHUTH COITOCTaBJICHUE U3MEHEHU CTOM-
MOCTH MTPOIYKITUK CTPOUTETCTBA C TMHAMU -
KO MAaKpO3KOHOMUYECKHX ITPOIIECCOB — KaK
TPaAULIMOHHBIX (MHMIASIINS, U3MEHEHUE
CTPYKTYp OOIIECTBEHHBIX U3IEPXKEK Mpu
HTII), Tak 1 HOCSIIIUX Pa30BbI xapakTep
(medont, caHKIIUM).

SAKJIIOMEHUE

3HAaYUTEIbHOE YUCIIO IIPUMEPOB, 0100~
HBIX PACCMOTPEHHBIM, B CUCTEME 1IeHOOOpa-
30BaHUS MOKHO BBISIBUTb M OIIMCATh KOJIMYE-
CTBEHHO, I10 KpaiiHeil Mepe, B YKPYITHEHHOM
Buze [7]. ITo maciurabam Takas paboTa 10K~
Ha COOTBETCTBOBATH O01LIedeIepaTbHOM 1ielie-
BOI ITpOrpaMMe MOJIEPHU3all HOPMAaTHBHO-
ro obecreyeHus CTpouTeIbcTBa. B HacTosIee
BpeMs 10 TIPUYMHAM HEXBAaTKU CPEACTB HET
OCHOBaHUI OXKMIATh BKIIIOYEHMSI MACILITAOHBIX
HayYHBIX MCCJICIOBAHMIA ITO ITPOOJIeMe B IIaHbI
HUOKP npodpunbHbIX BEIOMCTB, OJHAKO
BBIPabOTaTh B paMKax MCCICIOBAHMI HayYHO-
METOIMYECKUI MOAXO0/ ITOCTPOSHUS JMHAMU -
YEeCKOI MOJIe/IM HOPMAaTUBHOIO 00eCIIeYeHMsT
CTPOUTEJILCTBA BIIOJIHE MOXHO. He nckioue-
HO Tak:Ke ¥ YaCTHOE ITOATBEPKIEHIE METOIOB
C OIIOPOIi Ha CTAaTUCTUYECKIE TaHHbIE M MHBE-
CTULIMOHHBIC ITPOEKTHI.

Ha ocHoBaHUM MTPOBEAEHHBIX UCCIIEI0BA-
HUI MOXHO CJIeJIaTh BBIBOJI O CYIIIECTBOBAHUH
CTOMMOCTHBIX «CKAa4KOB», COMYTCTBYIOIIUX
IpolieccaM Mepexoaa Mexk1y CMEeTHO-HOpMa-
TUBHBIMM 0a3aMu, IPUUYEM XapaKTep MOCIIeI -
CTBUIA 3TOr0 HEOIMHAKOB JUISI Pa3JIMYHBIX BU-
JIOB CTPOMUTEIbCTBA.
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ANALYSIS OF COMPONENTS OF THE COST OF CONSTRUCTION PRODUCTS

Solovyov, Vyacheslav V., Russian University of Transport (MIIT), Moscow, Russia.

ABSTRACT

The existing situation in the system of estimated
pricing determines the need to find methods for
assessing the accuracy of standards and their
compliance with actual costs. In the article the issues
of the functional analysis of corrections in the structure

of the estimated cost of construction products that
occur due to changesin the requirements of the system
of estimated valuations are considered. Methodical
approaches to determination of the functional state of
expenditures by types of construction using private
factor-dependent relationships are proposed.

Keywords: transport infrastructure, construction objects, norms, estimated cost, analysis, profit, overhead

expenses.

Background. Economic evaluation and
analysis of investment processes in creation of
transport infrastructure facilities are associated
with the problems of calculating capital investment.
This is considered as one of the fundamental
features of construction [1]. The system of
economic standards in the construction industry
is a set of resource, value norms and correction
values that are in complex functional dependencies
on technological processes. Existing scientific and
methodological developments in the field of
estimated valuation and pricing do not affect the
range of problems related to the functional
analysis of components of the estimated cost in
terms of regulatory requirements [2].

The objective of the article is to identify and
quantify the changes in the system of regulatory
support for construction, estimate the role of
indirect estimated costs in normative terms.

The solution of the accompanying tasks is
connected with the study of the elements of the
regulatory system — quotations, interest rates,
coefficients, tariffs and indices. The result of any
processing, adjusting the regulatory base for the
participants in the construction business is the value
of the cost adjustment of the price for each type of
construction and installation work (CIW), expressed
as a percentage, taken into account in the form of
a target indicator. Per se it primarily measures the
qualitative level of existing standards. A significant
percentage of refinement, exceeding practical
accuracy of determining the estimated cost, either
indicates a lag in the resource-technology model
that was taken into account by the actual process,
or that the norm was used in relation to a certain
range of work.

The second case is of primary interest in
calculating the specification of the nomenclature
of norms. The principle of averaging, which was the
basis of pricing, was practically not confirmed in
any way quantitatively, had no legislatively
established boundaries, and, accordingly, a
scientific justification. In the Soviet era, as a guide
for distinguishing two adjacent norms, there was
only the concept of accuracy of determining the
estimated cost. If the unit cost provided 5 %
accuracy in terms of determining direct costs, then
with the proportional method of calculating
overhead expenses and planned savings (from the
amount of direct costs), accuracy was maintained.

With the introduction of the 2001 estimated-
normative base (SNB) [1], the procedure for
calculating overhead expenses and estimated
profits has been changed - their magnitude has not
been determined by all direct costs, but only by
wages. Moreover, the norms of overhead costs,
instead of differentiation by type of construction,
have differentiated by type of work. In such

circumstances, the issue of delimitation of related
norms or their unification has acquired a much
greater significance: once the direct link between
the composition of the price and the estimate has
been changed, a different approach is needed,
involving strictly scientific economic analysis. This
was most acutely manifested in the formation of
territorial estimate bases [3].

In our study, we have established the necessity
of calculating the boundaries of a given parameter,
so the problem of rationality of delimiting adjacent
norms should be solved as a private one, having
values that are applicable for individual cases of
rationing that are not related to the calculation of
the target indicator. This will allow, in the process
of developing norms and rates, to judge operatively
the division or combination of norms, based on the
limiting values of the indicator. When calculating
the indicator, it is possible to use limit values to
assess the adequacy of the refinement carried out,
or in the forecast calculation — to estimate the
marginal economic effect.

Objective. The objective of the author is to
consider the issue of analysis of components of the
cost of construction products.

Methods. The author uses general scientific
methods, comparative analysis, evaluation
approach, mathematical methods.

Results.

* ok ok

Limit values of the cost specification of the price
(especially aggregated) are based on the
requirements of the current regulatory framework
in terms of charging overhead expenses and
estimated profit [4]. According to MDS81-25.2001,
the estimated profit is determined using:

— industry-wide standards established for all
contractors;

— specifications for types of construction and
installation work;

— individual norms (in some cases) for a
particular contractor organization.

The decision on the choice of the calculation of
the amount of the estimated profit is provided to the
investor and the contractor on an equal basis.

When determining the estimated cost of
construction and installation works, the industry-
wide standard of the estimated profit is 65 % of the
amount of means for remuneration of labor of
workers (builders and machine operators) and is
used to perform general economic calculations in
the investment sphere. It can also be used for
macro-assessment of regulatory support for the
construction industry. As a part of the estimated
cost of repair and construction work it is taken equal
to 50 % of the amount of funds for remuneration of
labor of workers. In addition, industry-wide
standards of estimated profit are recommended to
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be applied for development of investment estimates,
feasibility studies of projects and determining the
initial price of the subject of the tender for the
conduct of contract auctions.

Since by agreement between the customer-
builder and the contractor the standards of the
estimated profit can be applied at the stage of
preparation of the working documentation and in
calculations for the performed work, the analysis of
statistical data on completed objects can be carried
out taking into account the industry average index.
At the same time, the analysis of the level of costs in
certain prices by comparing the standard costs with
the actual cost of work requires the application of
standards for the estimated profit by types of
construction and installation work, since in
determining the estimated cost at the stage of
preparation of documentation and calculations for
the work performed, the standards of estimated
profit by types of construction and installation works.

To determine the cost of construction at various
stages of the investment process, MDS81-33.2004
recommends the use of a system of norms for
overhead expenses that, according to their
functional purpose and scope of application, are
divided into the following levels:

— enlarged standards for the main types of
construction;;

— specifications for types of construction,
installation and repair and construction work;

— individual standards for a particular
construction, installation or repair and construction
organization.

Also, the normative document introduces an
average branch structure of overhead expenses
that is applicable to generalized cost analysis,
including a possible evaluation of the regulatory
system itself.

When considering the aspect of normative
provision of pricing in terms of calculating the values
of the estimated profit and overhead costs, it is
necessary to take into account:
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— hierarchy of norms — a two-level system of
indicators for measuring complex processes and
work processes is established;

— the principal possibility of taking into account
the corporate factor in the organization of
construction, expressed in individual norms, is
given;

— the scope of application of approved
methodological documents for the tasks of investor
project evaluation and scientific research is
expanded.

The processes of normative and methodological
support of pricing are not synchronous at all. In this
case, the requirements for the procedure for
calculating the estimated cost and its individual
components can change quite thoroughly at certain
points in time, which can be demonstrated by the
introduction of SNB-2001. Then the order of
accounting for overhead costs and estimated profit,
the cost and composition of materials in the pricing
and the cost of their delivery changed. Changes have
also affected other items in the consolidated estimate.

The content of norms and quotations, if
abstracted from the price factor, in general by the
regulatory system changes gradually. Development
of technological maps, normals, observation,
creation of elemental norms — all these processes
are very time-consuming and long, take years, even
for individual collections. Therefore, over time,
jumps occur, gaps in the chain of comparison of
construction costs, caused by a change in the
methodological basis of pricing. Later there is a
«smoothing:» of the difference. Contracting and
design organizations adapt their own methods and
technologies for compiling POK and estimates,
adapt financial and economic activities to the
changed structure of the estimated cost, and as a
result, at some point, the structure of public costs
under the influence of the pricing factor takes on a
different form and other proportions.

In fact, it is possible to distinguish two
characteristic time periods in the system of
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Table 1

Calculation of a one-time change in the estimated cost under the influence of the regulatory

methodical factor

Type of construction and Norms of SNB-1984 Norms of SNB-2001 Share of |gr. 4/gr. 7
CIW wages in

DC,% |EP% |K, OE, % |ER% K, |PC€
1 2 3 4 5 6 7 8 9
Railway construction 17 8 1,26 114 65 1,36 0,20 0,93
Earth mechanized works 95 50 1,29 0,98
Monolithic foundations 105 65 1,34 0,94
Prefabricated reinforced 130 85 1,43 0,88
concrete frames
Brick walls 122 65 1,37 0,92
Exterior finish 105 55 1,32 0,95
Heat supply 130 89 1,44 0,86
Landscaping 115 90 1,41 0,89

methodical and normative provision of
construction.

Passive — is characterized by the invariability of
methodological conditions and legislative
restrictions in the field of pricing. At the same time,
the regulatory support system naturally changes,
individual norms are processed, errors in the
database are corrected, which is aimed at
approximating the normative values (hence, the
estimated costs) to the indices of the normals in
construction.

Active - during this period there is a sharp
change in the norms of legislative regulation of
construction, not necessarily only in terms of
determining the estimated cost. Examples include
building risk insurance, organization of work and
delivery of construction materials in large urban
agglomerations, testing and certification of building
materials, and correcting the tax burden for
individuals and organizations. These non-recurring
changes occur periodically (or rather write:
unpredictably), predetermining the system of social
production costs. However, for construction, a
characteristic event of the onset of the active period
is a change in the estimates and methodological
requirements, often confined to the introduction of
a new estimate and regulatory framework.

A sharp one-time change in the terms of the
calculation naturally leads to a change in the
estimates of the estimated cost of work,
approximating or, conversely, deviating the
calculated values of cost from the real ones,
conditioned by a statistically grounded process
normal.

Some changes in the regulatory provision of
construction can lead to a spasmodic reduction in
the cost of construction. One such example is the
indexation of the cost of resources produced at the
federal, regional and sectoral levels. The methods
used in this [5] do not guarantee the accuracy of
price indexation within the limits of market
requirements for the functioning of contracting
organizations.

Ifin SNB-1984 and earlier the order of indirect
determination of costs was based on the application
of interest rates to the amount of direct costs, then
with the introduction of MDS81-33.2004, the

estimated wages of workers and machinists
became the basis for the calculation. Percentage
have also changed, with differentiation by type of
construction. Applying the industry-average
indicators of wage shares as part of direct costs,
one can find the magnitude of a one-time jump in
the estimated cost from a change in the regulatory
and methodological conditions (Table 1). For this it
is necessary to determine the nomenclature of
norms. Correspondingly, railway construction and
construction of industrial buildings were considered,
which can be represented both as part of railway
construction projects, and separately, in the
construction of depots, stations, EC posts.

For the quantitative description of the factor x ,
linear equations of the estimated cost of CIW were
used in various adjacent normative bases:

CCIW84 =DC* *KXI’ ( 1)
CCIWm =DCY *le" (2)
where DC?%, DC° - the amount of direct costs,

calculated in accordance with the requirements of
the estimated norms of adjacent regulatory bases —
SNB-1984 and SNB-2001;

K., K., — coefficients that take into account the
accrual of overhead expenses and estimated profit
according to the methodological requirements of
SNB-1984 and SNB-2001.

0E84 EP84
K,=|1 1
2 ( 7100 J'[ 100 J (&
OE" + EP"
=1+D, 25 5T
K ST (4)

where OE and EP — norms of overhead expenses
and estimated profit;

D, - the share of remuneration of labor of
workers in direct costs.

As can be seen from Table 1, as a result of a
single-moment change in the procedure for
calculating overhead expenses and estimated profit
for each type of work, their value changed to AK, =
K, —K,, which explains the relative change in the
estimated cost of CIW (in column 9).

Given this, the estimated cost of construction
can be determined by the equation
C = Cciv/ 1+kc) o ch’ (5)

constr
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Table 2

Examples of interrelated components of the estimated construction cost function

{c}

(A}

Price of imported building materials, ex-customs

Changes in customs legislation

Depreciation deductions as part of the car-hour
price

The same

The same

Changes in depreciation rates for depreciation groups

Conditionally constant costs in the production of
auxiliary production

The same

The same

Changes in the rules of Gosgortechnadzor for lifting
equipment of industrial enterprises

Price of domestic building materials, supplier’s ex-
warehouse

The same

where k, — coefficient that takes into account the
costs conventionally dependent on the estimated
cost of CIW from the number of costs for equipment,
inventory and so on;

R, — remaining costs for equipment, inventory
and other, determined without a conditional
connection with the cost of CIW.

Based on this method, it becomes possible to
calculate the quantitative parameters of the change.
Taking for the railway construction k= 0.61and R, =
const for the case of a change in the regulatory
requirements for overhead expenses and the
estimated profit for conditional construction,
substituting them in (5), we get:

C,.,= 1,61C_ +const. (6)

This makes it possible to determine some
parameters of the private value model. It is rational to
limit the number of calculations to the most significant
types of work for transport construction. Thus, in the
construction of a new railway, with rare exceptions
(in a flat terrain with good geolithological conditions),
the objects of the erected roadbed on the hauls and
stations are significant. Taking the value AK,,= K, —
K, for the quantitative value of the factor x,, it is
possible to describe the change in the function of the
estimated construction cost (i.e., investment costs)
from the action of the normative medium AF_ .(x,)
under the conditions of a negligible small time interval
t—0. With the linear character of the normatively given
function of the estimated costs (a model of the
estimated cost of construction), the definition of the
desired change in the function will be related to the
expression:

AFCconstr( 2 1) = FCconstr( 2 1) -F Cconstt( 2 1’) ’ (7)
where x, — new value of the regulatory methodical
factor x,.

Substituting (3) and (4) in relation (7) and

reducing the unchanged part, we have:

84
+1 |e 224 e DC—
100
OE" + EP"
100

0E84
( 100

AfFe,, . (x)= el,61

DCoD,L[

Or, by presenting the expression in square
brackets as argument A, and taking out the direct
costs determined by the unchanged normative base
ast— 0, we get:

AF,, [(x)=161-DC-A, (8)

In the considered example for railway construction
in general A, = 1,26-1,36 = -0,10, i.e. AF_ . (x,)=
-1,61-DC-0,10=-0,161+DC, and for works on the
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construction of heat supply networks (for which the value
in the last column is the smallest), A, = 1,26-1,44 =
-0,18,i.e. AF (x,)=1,61-DC-0,18=-0,290-DC.
At the same time, for works of the most significant
importance in linear railway construction — earthwork:
A ,=1,26-1,29 = -0,083, i.e. AF_ ..(X,) =
-1,61-DC+0,03=-0,048-DC.

In this way, it is possible to analyze any sample.
Including building models for the construction of
various facilities with statistically justified cost
allocations. When switching to the SNB-2001 in
industry publications, at conferences and seminars
on pricing, questions were raised about the fact that
the cost of a particular type of construction (group of
facilities) became lower or higher than before [6].
There were claims of the production community to the
developers of the methodical and normative system.

Most often, a comparison was made of estimates
compiled in two adjacent bases for similar facilities.
However, the fact was not taken into account that, for
construction, especially transport, the definition of the
estimated value depends not only on the structural outline
of the structure and the amount of work, but also on the
organizational conditions and local features of the
construction. However, a simple comparison of the
estimated cost did not disclose the reasons for the
changes. Another extreme was the private study of the
values of quotations and norms in isolation from the
combined picture of their application. For example, the
reductioninthetariffrates ofworkers could be compensated
by an increase in the norms of overhead expenses,
accounting for delivery schemes at closed prices - selling
prices for materials, etc. This did not give an answer to the
question of the relationship of causes and effects when it
came to changing the estimated construction costs.

The proposed method is free from the
shortcomings of a practical, «<handicraft» approach
to assessing the consequences of rotations of
estimate-normative bases and such similar one-
time changes in regulatory requirements. The
representation of the partial changes in the value
system in the form AF . (x,) with the description
of the dependencies on the individual factors of
influence x, through the normative description of
the components of the estimated cost allows us to
reduce the study to predetermined tasks. As
parameters of influence in such research tasks, the
following can be proposed:

- norms of overhead expenses, estimated
profit, expenses for temporary buildings and
structures, winter appreciation;

— regulatory requirements to the structure of the
estimated fund of labor remuneration for workers
and remuneration of administrative staff;
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— tax legislation (social deductions, personal
income tax, profit tax, taxes on fixed assets);

— qualification requirements for performers
(ETCS) and the provisions of labor legislation
(Russian Labor Code);

— rules for accounting, registration, other
actions with construction and transport vehicles;

— implementation of ISO quality standards and
industry (corporate) technologies for building
production management;

— cost accounting rules for determining the
estimated prices for the operation of machinery;

— methodological rules and requirements of
customers to replace or adjust a set of resources
accounted for by unitary rates;

— rules for development and application of
aggregated indicators in determining the cost of
construction;

— nature of accounting for costs of delivery of
construction materials in the composition of prices
and estimates;

— application of correction factors determined
by technological and organizational conditions of
construction;

— indexing the cost of CIW and resources in
pricing;

— structural changes in the import of machinery
and building materials.

For each case, the set of functionals will be
determined by the circumstances of the ongoing
changes in the regulatory support system and the
economic environment.

Formula (8) will be valid for the calculation at a
given point in time, but it should be taken into
account that changes in the regulatory and
methodological support of construction can have a
continuum character — for example, with monthly
indexation of prices for resources. Then, on a
significant calculation horizon, considering the set
offactors x, itis expedient to represent a continuous
differentiable function:

(9)

FCconst_r = F(CIA1 i CZAZ tot CnAn)’ . i

in which the set of arguments {A } is element-wise
associated with the components of the estimated
costs {c,}. Examples of possible options are shown
in Table 2.

For the time interval t€{0...x} it is possible to
determine the intensity of the change in the value
of construction products on the basis of
differentiation of the functional of the cost
F, =FcA,tcA,*..+CcA)intime.

Cconsrt

cctmstr

dt

compare the changes in the cost of construction
products with the dynamics of macroeconomic
processes — both traditional (inflation, changes in
social cost structures in the NTP), and those that
are of a one-time nature (default, sanctions).
Conclusion. A significant number of examples
similar to those considered in the pricing system
can be identified and described quantitatively, at
least in the enlarged form [7]. In terms of scope,
such work should correspond to the general
federal target program for modernization of

The analysis will make it possible to

regulatory support for construction. At the
present time, for reasons of lack of funds, there
is no reason to expect the inclusion of large-scale
scientific research on the problem in the R&D
plans of the profile agencies, however, it is
entirely possible to develop a scientific-
methodical approach to construct a dynamic
model of regulatory support for construction.
There is also the possibility of private confirmation
of methods based on statistical data and
investment projects.

On the basis of the studies carried out, it can be
concluded that there are cost «leaps» that
accompany the transition processes between
estimates and regulatory databases, and the nature
of the consequences of this is different for different
types of construction.
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Onbra PPOJIOBA

Olga N. FROLOVA

Macroeconomic Approach

to Justification of Transport Projects
(TEKCT cTartby Ha aH. 93. —

English text of the article — p. 125)

B cTaTtbe paccmatpuBaloTcs noaxoabl
K 060CHOBaHUIO TPAHCMOPTHbIX
NMPOEeKTOB B CTPaHax ¢ pa3BUTOMN
BKOHOMMUKOW, NnpuBe[eHbl MOAEN
OLleHKU, UCIMOoJIb3yeMble NMpu aHain3e
WUHBECTULMNI B Pa3BUTUE TPAHCMOPTHOM
UHPPaCTPYKTypbl. AKTyann3npoBaHbl
npeumyLujecTsa BHYTPEHHero BOgHOro
TpaHcrnopTa (Masibie N3LepPXXKu rnpv
nepeBo3Kke HaBaJIOYHbIX rPYy30B, HU3KUe
pacxoabi Ha coaep)XxaHne v PeMOHT
UH@PaCTPYKTYpPbl, 3KOJIOrMYHOCTb,
6e30nacHoOCTb) Npy 060CHOBaHUN
yesnecoobpa3HocTu nepenayu emy
4acTu rpy30MoTOKOB HaBaJsIOYHbIX
rpy30B Cc Ha3eMHbIX BUAOB TPaHCNopTa.
lMpuBeneHbl pe3ynbTaTbl PaCYETOB
MYJZIbTUIMJINKATUBHOI O 3¢ pekTa

Ha npumepe rnpoeKkrTa pa3BUTns BOGHOIro
TpaHcnopTa B pe4YyHbix 6acceriHax
eBpornevickor 4actu Poccuun.

KnroyeBblie cnoBa: BOAHbIV TPAHCMOPT,
MOZEIN OLeHKM TPaHCMOPTHbIX MPOEKTOB,
MakpO3KOHOMU4Yeckoe 060CHOBaHue,
MYTIbTUMIINKATUBHBIV 9P OEKT.
|

MakKkpO3KOHOMUYECKUU
noaxon K 000CHOBaHMIO
TPaAHCMNOPTHbIX MPOEKTOB

Dpoaosa Oavea Huxoaaeena — kanouoam
IKOHOMUHECKUX HAVK, 00UeHm Kageopbl SKOHOMUKU
u menedxcmernma Boacckoeo eocyoapecmeennoeo
YHUgepcumema 600Ho20 mpancnopma, Huxcnuii
‘Hoeseopod, Poccus.

TpaHbl C Pa3BUTON 3KOHOMUKON

obJyianatoT 60TaThIM OMBITOM B 00-

JIACTU METOJOJIOTUU OLIEHKU KPYTI-
HOMAaCHITaOHBIX TPAHCITOPTHBIX TTPOEKTOB,
METanpoeKTOB B 00JaCTU TPAHCTOPTHOU
nuHbpactpykTyphl. B padote K. I1. DymieH-
KO MPUBOASATCS CChUIKM Ha METOANYECKUE
MOAXOAbI, MIPUMEHSIEMble MPEXAe BCEro
B ctpaHax EC, mo oueHke a3 heKTuBHOCTH
KPYIHBIX UHBECTUIIMOHHBIX MPOEKTOB
1 TOBOPUTCS O TOM, YTO MPEAJTOXKEHUS MO
WX Pa3BUTUIO OCHOBAHBI Ha pe3yJbTaTax
aHanau3a, NPOBENEHHOTO aBTOPUTETHBIMU
HMCCIeA0BaTeIb,CKUMHU Tpynnamu [3, c. 93].
OH yBepeH: OTeYeCTBEHHBIE OLIEHKU 3-
(eKTUBHOCTU KPYITHBIX MHBECTUIIMOHHBIX
MMPOEKTOB MOJKHBI OMMUPATHCS HA OMBIT
Pa3BUTHIX CTPAH.

MOAEJIN OLEHKU NPOEKTOB
WUccnenoBatensmu Pricewaterhouse-
Coopers (PwC) 66111 mpoaHaTU3UPOBAHBI
pelIeHUS MITU BEOyIIUX CTpaH — Bennkoo-
putaHuu, ABctpanuu, Anonuu, lIBeuun,
Kananpr B 001acTé TpaHCIIOPTHBIX ITPOEK-
TOB, MEXaHMU3MOB WHBECTUPOBAHUS, TIPU-
MCEHEHMS MOJeJIel KOTUIeCTBEeHHOMN 1 Ka-
YyecTBeHHOU olleHKN. OOOOMEHHBIE B MC-
ciienoBaHuu |5, ¢. 9] u CTpyKTYpHO mpea-

® MWP TPAHCIMOPTA, Tom 15, N2 5, C. 118-129 (2017)



Ta0imuna 1

Mozean oleHKH, MCTI0JIb3yeMble MPH AHAJIN3€e WHBECTHUIIMOHHBIX
MPOEKTOB MO PA3BUTHIO TPAHCIOPTHON HHGPACTPYKTYPbI

Monenb oleHKu

CyTb MOIEIN

Monens Haubosee dhPeKTUBHA MTPU CIIEMYIONINX YCIOBUSIX

1. | AHanu3 9KOHOMMU-
yeckoii ahdekTuB-
HOCTU (COOTHO-
LIEHUE 3aTpar

U BBITO[)

Mopesb OcCHOBaHa

Ha pacyérax 3arpar

U BBITOJI, 3TO MTO3BOJISIET
OLIEHUTb, KaK MPOEKT
OTpPa3UTCsl Ha MHTEPECax
0011eCTBa M 9KOHOMHUKH

1. YYuTBIBaIOTCS SKOHOMHYECKUE M3IEPIKKU U BBITOIBI TSI
BCEro HACEJIEHUs], @ HE TOJIBKO 3aMHTEPECOBAHHON CTOPOHBI.
2. ObecmeynBaeTcs ONMTUMAIBHOE COOTHOMICHUE MEKITY
3aTpaTaMy U BHITOIAMHU Ha YPOBHE (PUHAHCOB, JKOHOMHKH,
COIMANIBHOH Chepbl H OXPAHBI OKPYIKAIOMIEH CPEIbL.

3. [IpoBomHTCS CPaBHUTENBHBIIN aHATN3 U3ACPIKEK U BBITOJ
10 PA3JIMYHBIM MOJICIISIM, CLIEHAPUSM MPUBICYCHHS KallUTaia,
CTpaTerusiM YIpaBJIeHUs IPOCKTOM.

2. | AHaIu3 Ha OCHOBE
MHOXECTBEHHBIX
KpHUTEpUEB

Mopenbs ocHOBaHa Ha co-
MOCTaBJICHUU Pa3TUIHBIX
BapuUaHTOB peaiu3aluu
MPOeKTa ¢ TOYKU 3PEHUS
IIOCTUKEHMUS TMOCTaB-
JIGHHBIX LeJIei U MpU-
MEHEHUSI U3MEPUMBbIX
KpUTEpUEB

1. IlocTaBieHHbIE LeH BBIXOAAT 32 PAMKH SKOHOMHYECKUX

1 (UHAHCOBBIX 33/1a4 U BKIIFOYAIOT B Ce0sI TAKKME BOIIPOCHI, KaK
6€3011aCHOCTb, JOCTYIHOCTb, 9KOJIOTHYHOCTb.

2. CIOXKHO /1aTh KOIMYIECTBEHHYIO OIIEHKY OCHOBHBIX ITPEHMY-
LIECTB U BBITO/L.

3. HanmaxkeHo B3aUMOJICICTBHE C 3aMHTEPECOBAHHBIMI
CTOPOHAMH, COBMECTHO pa3padaThIBAIOTCsI KPUTEPUH M YETKO
pacnpeienseTcsi OTBETCTBEHHOCTD 3 KOHEUHBIEC PE3yJIbTaTh.

3. | AHanu3 3KOHOMMU-
YeCKOro Bo3/iei-
CTBUS

Monenn ocHOBaHa Ha
OlIEHKE, KaK MTPOEeKT
OTPa3UTCs Ha XU3HU Ha-
CeJICHUSI U IeATeIbHOCTH
KOMITaHUU B CBOEM peru-
OHE ¢ 9KOHOMUYECKOM
TOYKHU 3pEHUS

1. AHanu3UpyeTCs CTENEeHb U XapaKTep SKOHOMHYECKOTO
BO3/ICHCTBUSI M €T0 Crenn(rKa Ha yPOBHE PErHOHOB.

2. OueHKUBaeTCs BIUSHUC IPOCKTa Ha OCHOBHBIC SKOHOMH-
yeckue nokaszarenn: BBII, peansHoe noTpebnenne, 10Xobl,
MHBECTHIUH, 3aHATOCTb HACEICHUS], IOCTYILICHHUS B roc. 01071-
JKET, IIPOLICHTHBIE CTaBKH, OOMEHHBIN KypC, YCIOBHS CIEIKH.
3. AHanu3 BBIMOIHSACTCS C HCIIONB30BAaHHEM MPOrPaMMBI
KOMITBIOTEPHOTO MOJICITHPOBAHUSL.

4. | Ananus abdek-
TUBHOCTHU 3aTpar

Mopenb OcHOBaHa Ha
OLICHKE MPEUMYLLIECTB

1. Cnoxno JaTh KOJIMICCTBCHHYIO OLICHKY BBIT'OJIbI.
2. OLIeHI/IBaIOTCSI AHAJIOTUYHBIC BAPUAHTBI PCUICHUA 3a/1a4.

OT peasln3aluu mpo-
€KTa He B JIEHEXXHOM
BBIPAXXEHUH, a B IPYTUX
1oKa3aresisix, HarpuMmep,
OOIIECTBEHHOI TTOJTb3bI

CTaBJIEHHBIE B Ta0M1Ie | MOIEIM BKITIOUAIOT
aHaJIu3 9KOHOMMUYECKON 3(PGPHEeKTUBHOCTHU
(3aTpaThl U BBHITOABI), aHAIW3 HAa OCHOBE
MHOXECTBEHHBIX KPUTEPUEB, aHAIN3 DKO-
HOMMYECKOTO BO3AEHCTBUS, aHAIU3 3(P-
(eKTUBHOCTHU 3aTpar.

IIpencTaBieHHBIE MOICIN SIBISIOTCS
Ba>XHBIMM MHCTPYMEHTaMU Ha TIPOTSKEHUU
BCEro Impoliecca MPUHITHUS PELIeHU O BJIO-
KEHUU CPEACTB, OHM 00eCIIeYnBaIOT OajaHC
KOJIMUECTBEHHBIX M KaYECTBEHHBIX ITOKa-
3aTeseil oueHk. Ho takxke HEOOXOAMMO
MOAYEPKHYThH, UYTO B TaOIUIIE | OTCYTCTBYET
Momesb (MHAHCOBOIW OILICHKM, IPEACTaB-
JICHHas B MCCJeIOBaHUM, OHA Oa3upyeTcs
Ha pacyérax 3aTpaT 1 BBITOM IJIST KOHKPET-
Holt opranu3auuu. E€ «<u3psaTue» cnenma-
JucThl PwC 00BSICHSIOT TEM, YTO ITPOBEIE-
HHME TOJbKO (DMHAHCOBOTO aHaamM3a IS
MPOEKTOB B cepe TpaHCIIOpTa HEIOoCTa-
TOYHO, ITOCKOJIBKY OH HE YYUThIBaeT O0IIIe-
5KOHOMMUYECKHE 3aTpaThl U BHITOABI Ha
YPOBHE perMoHa WX CTPaHBI.

PesynpraTel nccieqoBaHus MoKas3aiu,
YTO OIEHKA MPOEKTOB C MPUMEHEHUEM

® MWP TPAHCIOPTA, Tom 15, N2 5, C. 118-129 (2017)

MepevYrcaeHHbIX Mojeieil obecriedynBaeT
KOMILIEKCHBIM MOAXO0J K 000CHOBaHUIO
3(pHEeKTUBHOCTH, a UCITOJIb30BAHUE KOMII-
JIEKCHOM METOI0JOTMM Ha CUCTEeMaTHh4e-
CKOIi OCHOBE IT03BOJISIET JIMLIAM, IPUHUMA0-
LIMM peleHus (TpaHCIOPTHBIM YNHOBHM -
KaM), OCYIIECTBIISITH BEIOOP M OMpPEaeIsiTh
MIPUOPUTETHOCTh MHBECTUPOBAHMS B T€ WU
MHbIEe BADUAHTBI IPOEKTOB IIPU U3MEPEHUU
BBITO/I.

O0600611as 3apy0OekKHBI U OTeYECTBEH-
Hblii onteIT, K. IT. [ymeHKo nipeiaraet Tpu
OCHOBHBIX MMOAX0Aa K OLieHKe 3P PEeKTUB-
HOCTH KPYIHbIX MHBECTULIMOHHBIX ITPOEK-
ToB (KUII):

* MUKPODKOHOMMYECKUI — aHaIu3
3aTpar u pe3yJasratoB (cost-benefit analysis)
[3,c.95];

* MHOTOKPMTEPHAIbHbII — COBOKYITHOCTh
pa3JIMYHBIX METOIOB MHOTOKPUTEPUAIbHOM
ONTUMM3ALUU (pa3JIMYHbIe IS Pa3HbIX
CTpaH); MoKa3aTe/Ik, XapaKTepU3YIoLIue 13-
MepeHne 3pPeKTUBHOCTH, MOTYT OBITH —
YUCJIIOBBIMU, OPSIAKOBBIMU, KA4€CTBEHHbI-
mu [4, c. 40];

®pornoea 0. H. Makpo3KOHOMUYECKUIA MOAXO0A K 060CHOBaHMIO TPAHCMOPTHBIX MPOEKTOB




Tab6smna 2

MNucTpymenTapumii oueHky BHeIHUX 3¢ (eKTOB Npu peanu3anuu
HH(PACTPYKTYPHBIX MPOEKTOB HA XKeJIe3HOJOPOKHOM TPAHCIIOPTE

Ne Monenb

OrneHKa BHeIIHUX 3G HEeKToB

1. Me:xotpacneBast 6ajaHCOBast
MOJIEeNb
¢ pa3ouBkoii mo @O

O611esKoHOMUYecKre 3(MEKTHI OT PACIIUBKU «Y3KUX MECT».
BromxeTHbie 3(hheKThI.
MynbsrurinkatuBHbie 3G dOEKTh HHBECTUIIMOHHOTO CIIPOCa.

2. Mogaenb 00111ero paBHOBECHS
¢ pa3ouBkoii mo @O

BiusiHue TpaHCTIOPTHBIX M3aepkeK Ha pocT BBII.
TTocnenctBust mepexona K RAB-tapudam 1j1si 5JKOHOMUYECKOTO POCTa.
O611eaKOHOMUYecKHEe 3(MEKTHI OT peaanu3aly MpoeKTOB.

3. DKOHOMETPUUYECKUE MOJIETN

Bausinue npoektoB BCM Ha pocT MHBECTULIMIA.

BiusiHue ycKopeHMsi MPUTOPOIHOTO KEIEe3HOI0POKHOTO COOOIIEHUS
Ha 9KOHOMUYECKHUI POCT arioMepaiuii.

DkoHoMuYecKue 3hdOEKTH.

Poct 6e3omacHOCTH MepeBO30K.

4. MupoBast MoJie/Ib KOHTEHHEep-
HBIX TTEPEBO30K

TporHo3upoBaHnue KOHTEHHEPHOTO TPAH3KTA.

* MaKpO3KOHOMMUYECKMI — OIleHKa
Bkuaga KMII B usmenenue BBII, ¢ momo-
10 MYJIbTUIIJIMKATOPA PACCUUTHIBACTCS
KOCBEHHBII BKJIaJ IIPOEKTa 32 CUET YBEIU-
YeHHUsI CIIpoca B LIETIOYKE B3aMMOCBSI3aH-
HBIX OTpacjeil U yBEeJMYECHUSI KOHEYHOTO
norpebaeHus [4, c. 42].

Pa3BuBast HAKOIJIEHHBI OIIBIT, CIIELIM -
amucthl oHna «LleHTp cTpaTernyeckKmux
pa3paboToK» B CBOEM UCCIICIOBAHUM apry-
MEHTUPYIOT, UTO pacyeéT 3(HEeKTUBHOCTHU
MHGPACTPYKTYPHBIX MIPOEKTOB HAa OCHOBE
oIpeneseHus IpsIMbIX 3(P(PeKTOB U 3aTpar
He JaéT 00OBbEKTUBHBIX Pe3yJbTaTOB, MO0
MoIaBJsiolasi 4acTh OLEHOK HOCHUT KOC-
BEHHBII XapaKTep 1 0CTa€TCsI HEYYTEHHOIM,
YTO CYLIECTBEHHO 3aHUXKAaeT peajbHYIO
MHTErpalbHY0 3POeKTUuBHOCTS [6, c. 18].
[Ip¥MEHHUTENIBHO K XEJIEe3HOAOPOXHOMY
TPAHCIIOPTY B MCCJAENOBAaHUM pacCMaTpu-
BalOTCSI:

s IpsiMbIe 3(DEKTHI;

* MyJbTUMOJAJbHBIE 3PPEKTHI;

* BHelIHUE (MHAYLMpOBaHHbIE) 3P deK-
ThI [6, c. 30—32].

[Ipennaraercst MYHCTPYMEHTAPUil OLIEH -
KM BHEIIHMX 3(P(PeKTOB Mpu peanusanuu
MHGPACTPYKTYPHBIX MPOEKTOB Ha XKeJe3-
HOJIOPOXKHOM TPAHCIIOPTE M MOJIEJIU OLICH-
KU, CTPYKTYPHO MPEACTaBICHHbIE B Ta0JIM-
e 2. To ecTh HAJIUIIO YXOI OT MPSIMBIX
a(ppeKToB.

«BbIFrOAHbIA NYTb»
B MAKPO3KOHOMMUKE

ITepexoast K pacCMOTPEHUIO MAaKPOIKO-
HOMMWYECKOI'o Imoaxomaa K 000OCHOBAaHUIO
IIpOC€KTa pazBUTHUA BHYTPECHHECIO BOAHOIO
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tpaHcnopta (BBT), cienyer 3amMeTuTh, 4To
B nociaeaHee BpeMs no3uuuu BBT Becbma
ocabjaeHbl. DTO 00YCIOBIEHO HaIUYUEM
«y3KMX» MECT Ha BHYTPEHHUX BOJHBIX ITy-
TSX, KOTOpbIEe HE 00eCIeyrnBaOT MUHM-
MaJibHO HEOOXOIUMYIO ITYOUMHY B YeThIpe
MeTpa B pamkax EauHoii riy0OKOBOIHOM
CUCTEMbI, OTpaHUYMBas MPOIYCKHYIO CIO-
coOHOCTh (paoTa. Cutyanus He MO3BOJISIET
HMCMNOJIb30BaTh TPAAULIMOHHBIE KOHKYPEHT-
HbIe IIPEeUMYIIeCTBAa BHYTPEHHETO BOJHOTO
TpaHCHOpTa: Majble U3AEPKKU MPU Tepe-
BO3KE PEUHBIX IPYy30B, HU3KME PacXobl Ha
conepxkaHue MHOPACTPYKTYPhI, 9KOJIOTUY-
HOCTb, 0€30MaCHOCTb.

Pacuérbl DegepaibHOro areHTCTBa MOP-
CKOI'0 M PEYHOTO TpaHcIopTa, MpeacTaB-
JICHHbIE B MaTepuanax 3aceqaHus Mmpe3u-
nuyma foccoBeTa Mo BOMpPOCY pa3BUTUS
BHYTPEHHUX BOIHBIX MyTeli, TPOXOAUBIIIE-
ro 15.09.2016 r. B Bonrorpajae, 060CHOBBI-
BaIOT 11€J1eCO00Pa3HOCTb JUKBUAALIUY JIU -
MUTHUPYIOIIUX Y4acTKOB B EnuHoii riy6o-
KOBOJIHOM cuUCTeMe eBpOIeiCKON JyacTu
Poccuu, uto nmpenmnosnaraer od6ecneyuThb
POCT 3KCIUTyaTallMOHHBIX U (PMHAHCOBBIX
nokasatesieit paora B 1,5 pasa, yBeIUUUTh
KOJIMYECTBO paboyux MeCT B OTpaciu, IMpu-
BJeYb NOIMOJHUTEJIbHYIO TPY30BYyI0 0a3y
1 OyIeT crmocoOCTBOBATh CHUXKEHUIO cebe-
ctoumocTu nepeBo3ok. K 2020 roay mo-
TpeOHOCTh B MEPeBO3KaxX I'py30B TOJbKO
C ceBepa Ha 1or no p. [IoH cocTaBUT 0KOJI0
18 MJIH TOHH, 3TO 0€3 pacTylIero rpy30mo-
Toka B HampaBiaeHuu Kpsima. EcTb mep-
CHEKTUBBI YBEJIMUYEHUS] TPY3OMOTOKOB
U C Pa3BUTHUEM MEXIYHapOIHOTrO TpaHC-
nopTHoro kopugopa «Cesep—IOr» mexay

dponoea 0. H. MakpO3KOHOMUYECKUI NOAX0A, K 060CHOBaHMIO TPAHCMNOPTHBIX MPOEKTOB



ctpaHamu EBponbl u Uunueit, Upanom
yepe3 ACTpaxaHCKYI0 00J1aCTh IO BHYTPEH-
HUM BOAHBIM nyTsiM Poccuu. [Tomumo
3TOr0 B CTpaHe CYLIECTBYIOT U MOTEHIIU-
aJIbHbIE BO3MOXHOCTH [T Nepepacupene-
JIEHUSI TPYy30MOTOKOB C HAa3eMHBIX BUIOB
TPAaHCMOPTa Ha BHYTPEHHU I BOJHBINA.

IIpu nnaHUpoBaHUM B paMKax oTpaciie-
BOI CTpaTeruu JIIOObIX MaCIITAOHBIX MPOEK-
TOB BaXXHYIO POJIb UTPAET OLEHKA UX OXMU-
naemoit apdpexTuBHocTU. I1podaembl B Ta-
KOU OLIEHKE CBSI3aHbI C TEM, YTO MPOTHO3-
HbIE pacy€Thl 6a3UPYIOTCS Ha IUIAHUPYEMBIX
nokKasaTeJsIX yalie Bcero 6e3 yuéta BO3MOX-
HBIX U3MEHEHU B OyaylleM, 6e3 MOMbITOK
NPUMEPUTh PA3JIUYHbIE CLIEHAPUU Pa3BU-
tus. Hanmpumep, olleHKa MoanporpamMmMbl
«BayTpenHuit BonHbI TpaHcriopT» Dene-
paJibHOIi 1LIesieBOi Tporpammbl «Pa3Butue
TpaHcropTHO# cucteMbl Poccum (2010—
2020 roasl)» MPOU3BOAMIACH IO KOJIUYECT-
BEHHBIM U KaYeCTBEHHBIM ITOKa3aTeasaM
001IECTBEHHOI, KOMMEPUYECKOI U OIOIXKET-
Hoil addexkTuBHOCTU. B BUIE KITIOYEBOTO
KOJIMYECTBEHHOTO MoKa3aTeJist ObLT UCITOJIb-
30BaH MHTETPATbHBINA TUCKOHTUPOBAHHBIN
3bdeKT, a KauecTBO OJULETBOPSUIM IToKa3a-
TeJIU OKYIaeMOCTHU 3alVIAaHUPOBAHHBIX MeE-
POTNPUSTUI ¢ YUETOM AUCKOHTUPOBAHUS.
TTpuHUMas BO BHUMaHKE OOJIbIIOE KOJUYE-
CTBO MHBECTULIMOHHBIX TPOEKTOB, BKIIO-
YEHHBIX B MOATIPOrpaMMYy, U MMPeaBapUTEb-
HBII XapakTep MpopadOTKU OOJbIIMHCTBA
U3 HUX, IToKa3aTeau 3 GeKTUBHOCTH Onpe-
JEeJISITUCh Ha OCHOBE DKCIEPTHBIX OLIEHOK
CPOKOB OKYMNAaeMOCTHU psifia MPOEKTOB, YUU-
THIBAJICS UX YAEJIbHBIA BeC B OOLIMX pacxo-
nax. [Tpu aToM mapamMeTphl pacyéra 6a3upo-
BaJIMCh HA SKOHOMUYECKUX MOKa3aTesIX
pocta 1o 2010 roga, KOTopble HE MOTJIM HE
npeTepneTb U3MEHEHU B YCIOBUSX TUHA-
MUYHO MEHSIOIIErocsd U MOJUTUYECKU aH-
ra>kMupoOBaAaHHOTO MUPOBOTO PhIHKA.

Ha Ham B3, sKoHOMHYECKOEe 000-
CHOBaHUE MPOTPaMM U MPOEKTOB Ha OTpa-
CJIEBOM YPOBHE B COBPEMEHHON CUTyalluu
1ejiecoodbpa3Ho pacCUYUTHIBATh yepe3 3 (-
ekt MynbTUILIMKaTOPa. MYyJIBTUILIUKATOD
(B MAaKpOPKOHOMUKE) — YUCIEHHBIN K02 -
(GuuMeHT, moKa3bIBAOIMIUN U3MEHEHUE
UTOTOBOTO MOKa3aTesisl pa3BUTUS C YUETOM
pocTa UHBECTULMI WJIU MPOU3BOICTBA
B aHAJU3UPYEMOM BUJE AeITeIbHOCTU. Ma-
KPOSKOHOMUYECKUIT aHATIM3 MOTYT paccMart-
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pUBaTh NMMPOU3BOJICTBEHHBIN M MHBECTUIIM -
OHHBII MYJTBTUTIIUKATOPHI.
MynbpTUIITUKATUBHBIN 2 HEKT — Mpou3-
BelleHWe MYJIbTUIINKATOpa Ha M3MEHEHUE
00BbEMa MPOU3BOACTBA, MHBECTULIMNA U APY-
rue KJII0UYeBble TTOKa3aTe I Pa3BUTHS OTpa-
ciu. OH oTpaxaeT 23dEKT OT yBeIUUYEHUS
rmokasaresieil B aHaJIU3UPyeMOM BHJIE Jesi-
TEJILHOCTH C YYETOM €ro BKJIaJla B 9OKOHOMM -
yeckylo fuHamMuKky [8, c¢. 150—151].

METOOUKA UHTEFPALLUUN SDDEKTA

PaccMoTpuM MeTOmuKy pacdyéra MyJb-
TUTIJIMKATOpa U MYJIbTUITJINKATUBHOTO
addexra MHCTUTYTAa HAPOTHOXO3SIHCTBEH-
HOTO TIpoTHO3MpoBaHus Poccuiickoii Aka-
memun HayK (MHIT PAH). Oxa ocHOBBIBa-
eTCsl Ha TIPUMEHEHUU TabJUIl «3aTpaThl—
BBIITYCK» KaK MHCTPYMCHTapusl, CBI3bIBa-
IOLIEr0 MEeXy CO00i 6a30Bble UHAUKATOPHI
pa3BUTUS d3KOHOMUKU, UHPPACTPYKTYpPY
KaK OTpaclieBy10, TaK ¥ TEXHOJIOTUYECKYIO.
OCOOGeHHOCTh PAacUYETOB B METOAMKE: aHa-
JIN3 aKTyaJU3UPOBAHHOW CTATUCTUKU 3a-
TpaT Ha HECKOJIBKUX YPOBHSX, MEPBBIN —
9TO BUJBI 9KOHOMUYECKOU AEATETbHOCTH,
BTOPO# — OTpaciieBble KOMIIJIEKCHI, TPETU I
YPOBEHb — WHBECTUIIMOHHBIC TIPOEKTHI.

Yu€HbIMU TIpeiaraloTcsl 1Ba MYJIBTH-
TUIMKATOpa — WHBECTULIMOHHBIN U TIPOU3-
BOJCTBCHHBIN. VITHBECTUIIMOHHBIN BO3HMU-
KaeT ¢ pOCTOM MHBECTUIINI B OMpPeaeIEH-
HOM CEKTOpe 9KOHOMUKHU U paCIIpOCTPaHsI-
eTCs Ha JApyrue BUIBI 3KOHOMUYECKOU
NesITeIbHOCTU, OH TOKa3biBaeT olIiee
yBeJIMUeHNE BBITTyCKA MTPU POCTE MHBECTU-
M B OCHOBHOM KamuTall.

[Tpon3BOACTBEHHBIN MYJIbTUTIINKATOP
JNIEeMOHCTPUPYET TIpeAIiojlaraeMoe nu3MeHe-
HHEe TmapaMeTpOB BBIITYCKAa U TUHAMUKY
JI0XOJIOB C pOCTOM 00BEMOB ITPON3BOJICTBA,
OH MMOKa3bIBAET BEJIUUYNHY U3MEHEHUS Ba-
JIOBOTO BBHITTyCKAa B 9KOHOMUKE TIPU YBEJIM -
YEeHWUU BBIITYCKA B OTAETIbHOM BUIE 9KOHO-
MUYECKOU AeITETbHOCTH.

WHTEerpaapHBI MYJTBTUIIINKATUBHBII
a(dexT — rogoBoil MpUPOCT HEKOTOPOTO
MaKpOIKOHOMMYECKOTO TOKa3aTessl pe-
3yJBTATOB Pa3BUTHSI SKOHOMUKU (BaJIOBBIT
BoIltycK, BBII, moxoas! 6roaxeTa) wiu pe-
TMOHAJIbHON 3KOHOMUKM (BaJIOBBIN BBI-
MMyCK, BaJIOBBIN PErMOHATBbHBIN MPOIYKT,
JIOXOJIbl PeTMOHAaIbHOIO OIOKeTa), KOTO-
pBITT TOPOXTAETCSI COBOKYITHBIM TIPUPO-
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CTOM TIPOM3BOJACTBA U UHBECTUIINI B paM-
Kax peaan3allii MHBECTUIIMOHHBIX ITPOeK-
ToB [8, c. 151—-152].

B o01ieM Buae UHTErpaJbHbIA MYJIbTU-
IUIMKATUBHBIA 3(PHeKT MOXKET ObITh 3aMU-
caH B Buue ¢hopmyJsl [8, c. 161—162]:

I8 Inv(i)eInvMul

Total Mul = .
otal Mu ; Lsd)y
T5<TF Qut (i )«OutMul

+ P (1)
i=TB+1 (1 +d )

rae Total Mul — iHTerpaabHbIA MYJIBTUTLIN -
KaTUBHBIN 2 PEKT;

InvMul — MHBECTULIMOHHBINA MYJIbTU-
TUITMKATOP;

OutMul — npou3BOACTBEHHBI MYJIbTU-
TUITMKATOP;

d — cTaBKa TMCKOHTHPOBAHMUS;

Inv(i) — 00bEM KanuTaTbHbBIX BIOXEHU
B rony i;

Out(i) — 00BEM NPOU3BOACTBA B TOAY i;

TB — cpok peanu3aliuy MpoeKTa;

TF — cpoK (GbyHKIIMOHUPOBAHUS MTPOEK-
Ta.

Ecnu He 3amaHa ocobasi BpeMeHHas
CTPYKTypa MHBECTHIIMI, TO PAcU€T OCy-
IIECTBJISICTCST MHAYE:

InvT

]nV(l):W, ISlSTB, (2)

Out(i)=OutN+(1-a) """,
TB+1<i<TB+TF, (3)

rane InvT — cymMMapHbIii 00bEM KanuTalb-
HBIX BJIOXEHU B pamkax nmpoekta; OutN —
HOMUHaJbHbIe 00BEMBI TPOU3BOACTBA
MmocJje MOJHOTO BBOJA B DKCHJyaTallUIO
co3laBaeMbIX MOIIHOCTEW; a — HOpMa
aMOPTHU3AIUN.

B paborte [8] mpuBemeHbI 3HAUCHUS UH-
BECTUILIMOHHOTO (2, 16) ¥ MTPOU3BOACTBEH-
Horo (1, 43) MyJIBTHUIUIMKATOPOB IJIST CEK-
TOpa 3KOHOMUKHU Poccuu «TpaHcmopTu-
pOBKa M XpaHEHHE», BBIIIOJHEHHBIC IIO
metonuke MHIT PAH nHa ocHOBaHuM naH-
ueix Poccrara 3a 2013 ron.

st o60cHOBaHUS 11€JeCO00Pa3HOCTU
rnepeaayy 4acTu TPy30TTOTOKOB BHICOKOTA-
pudUMPOBaAaHHBIX TPY30B (MeTajlia, 3epHa,
ynoOpeHuit, Cephl U JIP.) C XKeJIe3HOTOPOXK-
HOT'O TPaHCIIOpTa Ha BHYTPEHHUU BOIHBIN
BaXHO:

1. UmeTh B Bugy pacuétsl OenepanibHO-
ro areHTCTBAa MOPCKOTO U PEYHOTO TPaHC-
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nopra o 6ojsee HU3KUX usnepxkax BBT no
CPaBHEHUIO C XXEJIE3HOW AOPOroi mpu mne-
peBo3Ke MeTaJjlaa Ha paccTostHus oT 200 K,
3epHa — oT 250 KM, ynoopeHuii — ot 250—
300 xm.

2. PaccmatpuBath npeumyinectsa BBT
B HU3KMX pacxojax Ha colepxkaHue U pe-
MOHT MHMPaAcTpyKTyphl: B 1,6 pa3a HUXe
Ha | T*KM, 4eM Ha XeJe3HOMAOPOXHOM
TpaHCHOpTE.

3. YuutsiBath npeumytiectsa BBT mo
9KOJIOTUYHOCTU: YIAEIbHBINA MOKa3aTelb
BBIOpOCA YIJIEKUCIJIOTO Ia3a Ha BHYTPEHHEM
BOJIHOM TpaHcmopTe coctasisieT 20 % ot
BBIOPOCOB Ha XeJIEe3HOJOPOXHOM.

4. TlpyHUMaTh BO BHUMaHUE TIPEUMY-
mecTtBa BBT mo Ge3omacHOCTU: YyPOBEHb
aBapMHOCTU Ha BHYTPEHHUX BOIHBIX ITy-
TSX (B IEHEXHON OIleHKEe) HUXe, YeM Ha
KEeJIe3HOJOPOKHOM TpaHCHOpTe, B ABa
pasa.

Jns 060cHOBaHMS 11eJIECOO0Pa3HOCTH
rnepenayy 4acTu Irpy30MOTOKOB MacCOBBIX
rpy30B C aBTOMOOUJIBHOTO TPaHCIIOPTa Ha
BBT BaxHo:

1. YuutsiBaTth pacuérsl PenepanbHOTO
areHTCTBa MOPCKOTO U PEYHOTr0 TpaHCIopTa
o OoJsiee HU3KUX usnepxkax BBT mo cpas-
HEHMIO C aBTOMOOUJBHBIM TPAHCIIOPTOM
MpU MepeBO3Ke CYXOTPy30B HA PACCTOSTHUS
o1 200—300 kM.

2. PaccmatpuBath npeumyinectsa BBT
B HU3KMX pacxojax Ha colepxkaHue U pe-
MOHT MHMpPacTpyKTypsl: B 4,3 paza HuXe
Ha 1 T* KM, 4YeM B aBTOJLIOPOXKHOM OTpaC/IU.

3. UmeTsh B Buay npeumyiiectsa BBT no
9KOJIOTUYHOCTU: YIAEIbHBINA MOKa3aTelb
BBIOpOCA YIJIEKUCIOTO Ia3a Ha BHYTPEHHEM
BOJHOM TpaHCIOpTe cocTaBisieT 5 % oT
BBIOPOCOB Ha aBTOMOOMJIbHOM.

4. bpatb B pacuét nmpeumyinectsa BBT
o 0e30MacCHOCTU: YPOBEHb aBapUMHOCTU
Ha BHYTPEHHUX BOAHBIX MYTSX (B NEHEXKHOMN
OLIEHKE) HUXE, YeM Ha aBTOTpaHCHOpTE,
B 14 pas.

MYJIbTUNMJINKATOP U MPOTHO3
HeobxonuMo coBeplilieHCTBOBaHME MPE-
soxenHoit UHIT PAH metonuku pacuéta
WHTETPATbHOTO MYJIBTUTUIMKATUBHOTO (-
dekra B cooTBeTcTBUM C hopmysoit (1)
¥ HAJIMIMEM PA3TMIHBIX BADUAHTOB ITPOTHO-
30B. B cBsI3U ¢ TeM, 4TO mepenayda 4acTu
TPY30MOTOKOB C Ha3eMHBIX BUJIOB TPAHC-
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Puc. 1. MynbTunnnkatusHbiii 3¢¢pekT pa3BuTns BOAHOIro TpaHCIoOpTa B pe4Hbix 6acceiiHax
eBporeickoi Yactu Poccuu B 4eTbIpEx BapynaHTax rnporHo30..

mopTa Ha BHYTPEHHWI BOAHBIN B HABUTALIM -
OHHBII TIEPUO He TIpeAIioaraeT KpyImHbIX
(bHAHCOBBIX MHBECTUIINIA, HO TTO3BOJISIET
YBEJIUYUTH 3aTPy3Ky (JI0Ta, paCCUUTHIBATH
MPEeACTOUT TOJbKO MPOU3BOJCTBEHHBIN
MyJbTUILIMKATOp. 1 MMEHHO 0 HEM Hamo
JIlyMaTh B MEPBYIO 0YEPE/b.

B pacuérax ctaBKa NTMCKOHTUPOBAHUS
OymeT ocTaBaThCs MO-MpexHeMy 13 %, Kak
¥ B IOAIpOrpaMMe « BHyTpeHHMT BOTHBII
TPaHCOOPT». YBeJUYeHUE 0OBEMOB Tepe-
BO30K ITOCJIE TIJIAHUPYEMOI ITepenayu YacTu
TPY30IOTOKOB C «3€MJIN» HAa BHYTPEHHUN
BOJIHBI TpaHCHOPT ONpeneaseTcs 3KC-
MEPTHBIM MYTEM, MEPUOJ pacyeToB — 2021—
2030 ronbi. Pe3yabraThel 03KUIa€MOTO MYJIb-
TUILUTMKATUBHOTO 3 heKTa Mpu 0Jaronpu-
SITHOM Pa3BUTUM CUTYallUU B PEUYHBIX
OacceiiHax eBpomneiickoit yvactu Poccun
npeacTaBieHbl Ha pUc. | B UeTBIPEX Bapu-
aHTaX MPOrHO30B.

1. Huxeropoackuii u baraeBckuii HU3-
KOHATOPHBIE TUAPOY3JIBI — ONMTUMUCTUY -
HBIl MPOrHO3: BBOJ B 3KCIUIyaTallAIO TU-
IPOY3J0B B COOTBETCTBUU CO CPOKAMHU
noamnporpaMmel B KoHiie 2020 roga; yBesau-
YeHUeE JOIMOJHUTEIbHBIX 00BEMOB MEPEBO-
30K B Bosro-banTtuiickom, Boiaxckom,
Kamckom, Bonro-Jlonckom, A3oBo-JloH-
CKOM 0OacceilHax M Iepejada 4acTu o0bE-
MOB MEPEBO30K HABAJIOYHBIX TPY30B C Ha-
3€MHBIX BUJOB TPAHCIIOPTAa Ha BHYTPEHHU I
BOJHBII B HABUTALIMOHHBIN TTEPUO/I.
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2. Huxeropoackuii HU3KOHAMOPHBII
TUIPOY3eJ — ONTUMUCTUYHBIN MPOTHO3:
BBO/I B 9KCITJTyaTallNIo TUAPOY3Jia B COOTBET-
CTBMU CO CPOKaMU peaju3aliiy MOAIPO-
rpammbl B KoHlle 2020 roga; yBeiudeHue
00BEMOB TEPEBO30K CyXOrpy3oB B Bosaro-
bantuiickom, Boykckom, Kamckom bacceii-
Hax 3a CYET OPraHUYECKOro pocTa M Irepe-
JTa4yu 4YaCTU OOBEMOB MTEPEBO30K C HA3EMHBIX
BUJIOB TPAHCITOPTA Ha BHYTPEHHWI BOIHBIN.
baraeBckuit HUBKOHAMOPHBIN TUAPOY3E]T —
MMeCCUMUCTUYHBIN MPOTHO3: BBOJ B 9KCILTya-
TaIMIo TUIPOY3Jia C OTCTABAHNUEM OT CPOKOB
noArnporpaMMbl — B KoH1e 2022 roaa; Juiib
MaJIO3aMEeTHOE yBeTUYEHUE JOTIOTHUTEb-
HbIX 00BbEMOB MepeB030K B Bosro-JloHcKOM,
A30B0-JloHCKOM OacceilHax ¢ y4éToOM He-
0O0JIBIIOTO OPTAaHUYECKOTO POCTa U Iepeaa-
Yu HE3HAYMTEJbHOI YacTU 00BEMOB Mepe-
BO30K HaBaJIOYHBIX TPY30B HAa BHYTPEHHU I
BOJHBIN TPAHCHOPT.

3. Huxeropoackuii HU3KOHAMOPHBII
TUIPOY3eJ — MEeCCUMUCTUYHBINA MPOTHO3:
BBOJI B 9KCIUTyaTallMIO TUAPOYy3Ja C OTCTa-
BaHMEM OT CPOKOB MTOATIPOTPAMMbI — B KOH-
e 2022 roma; Majo3aMeTHOE yBeJIUYEHUE
JIOTIOJTHUTEJIbHBIX OOBEMOB MEPEBO30OK Ha-
BaJIOYHBIX TPpy30B B Bosro-bantuiickom,
BomxckoMm, KaMckoMm HacceitHax ¢ y4e€ToM
HEOOJIBIIIOTO OPTaHUYECKOTO POCTA U Iepe-
Jlauyd HE3HAUYUTEJbHOro 00bEMa NEPEeBO30K
Ha BHYTPEHHUI BOJIHBIN TpaHcropt. bara-
€BCKUI HU3KOHAIOPHBIU TMAPOY3€e] — OIl-
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TUMUCTUYHBIN ITPOTHO3: BBOJ B 9KCILTyaTa-
LIMIO TUIPOY3J1a B COOTBETCTBUU CO CPOKAMU
noanporpamMmMsl B KoHle 2020 roaa; yBeau-
YeHUE JOMOJHUTEIbHBIX 00BEMOB MEPEBO-
30K HaBAJIOYHBIX Ipy30B B Bosiro-JloHckoMm,
A30B0-JIoHCKOM OacceiiHax ¢ yuéToM opra-
HUYECKOIo pOCTa U Mepefayn 4acTu o0be-
MOB IEPEBO30K HA BHYTPEHHUU BOJHBIN
TPaHCIIOPT.

4. Huxeroponckuit m baraeBckuit Hu3-
KOHAIIOPHbBIE TUAPOY3JIbl — MEeCCUMUCTUYI-
HBII MPOTHO3: BBOJ B 9KCILTyaTallUIO TUIPO-
Y3JI0B C OTCTaBaHMEM OT CPOKOB MOAIPO-
rpaMMbl — B KOoHIIe 2022 roja; He3HAYUTEb-
HO€ YBeJIMYeHUE JOMOJHUTEIbHBIX 00BEMOB
nepeBo3ok B Bosro-bantuiickom, Bomx-
ckoM, Kamckowm, Bosro-JlonHckom, A30Bo-
JoHckOM OacceiiHax ¢ Y4ETOM OYEHb He-
00JIBIIOT0 OPTAHUYECKOTO POCTA U CTOJIb XK€
OorpaHU4YeHHOTro 00bEMa IMepeaauu rnepeBo-
30K Ha BHYTPEHHMI BOJIHBIN TPAHCIIOPT.

OCHOBBIBasICh Ha pe3yabTaTaXx pacuy€ToB
MYJIBTUILUIMKATUBHOTO 3¢ deKTa pa3BUTUS
BOJIHOTO TPaHCIIOPTa B PEYHBIX OacceifHax
eBpomneiickoit yactu Poccuu, cienyet orme-
TUTh HEPABHOMEPHOCTb €r0 JTWHAMUKU
B nepuon 2021—2030 rogoB Mo KaxkaoMy 13
YeThIpEX BApUAHTOB MPOrHO30B. B mepBoM
U3 HUX — ONTUMUCTUYHBIN BapuaHT ISt
000UX TUAPOY3J0B, MYJIBTUTIIUKATUBHBIN
addekT HanboabInii. Bo BTopoM U TpeTh-
€M BapuaHTax MPOTHO3bl ONMTUMUCTUYHBIN
U TMIECCUMUCTUYHBIIN MepeMeKaroTcs B Irua-
MMa30He BEPOSITHBIX NOMYIIEHUH 10 KaxX 101
rmo3unu. YeTBEpThIi BADUAHT — TOTAIBHBIN
TMECCUMUCTUYHBINM MTPOTHO3 — UMEET COOT-
BETCTBEHHO M CaMbIii HU3KUI TTOKa3aTesb
MYJBTUIIIMKATUBHOTO 3 deKTa.

Hano monarate, TakTMKa TaKoro pojaa
MMPOTHO30B — HE TOJBKO UJITIOCTPALIMS BO3-
MOKHOCTHU MIPUOJIU3UTHCS K PEATUSIM CETOI -
HSITHE 9KOHOMWYeCKOo# XXu3Hu. HarnsiaHo
MoKa3aH caM MPUHIIMIT MYJIbTUILINKATOPA,
K OCBOEHHUIO KOTOPOTro, COOCTBEHHO, MPU-
3bIBAET U JEMOHCTpUpyeMas MeTOAUKA.

* % %

MaKpOSKOHOMI/I‘ICCKI/Iﬁ Ioaxona ojad
9KOHOMUYECKOI0 0O0CHOBAHUS pa3BUTUA
BOOHOI'O TpaHCIIOPTa B PCYHBLIX OacceliHax

eBporielickoil yactu Poccuu siBasieTcst HO-
BbIM U BITOJIHE MOXET ObITh MCIT0Jb30BaH
B IIPAKTUYECKOU JAESITEIbHOCTU MPU pa3pa-
0OTKe IIpOoTpaMM U MMPOCKTOB Pa3BUTUS Ha
deneparbHOM ypOBHE.
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MACROECONOMIC APPROACH TO JUSTIFICATION OF TRANSPORT PROJECTS

Frolova, Olga N., \olga State University of Water Transport, Nizhny Novgorod, Russia.

ABSTRACT

The article examines approaches to justification
of transport projects in advanced economies,
provides assessment models used in the analysis of
investments in the development of transport
infrastructure. The advantages of inland waterway
transport (low costs for transportation of bulk
cargoes, low expenses for maintenance and repair

of infrastructure, environmental friendliness, safety)
are actualized in the justification of the expediency
of transferring part of the cargo flows from bulk
cargoes to land transport. The results of calculations
of the multiplicative effect are presented on the
example of the project of the development of water
transport in the river basins of the European part of
Russia are given.

Keywords: water transport, transport project evaluation models, macroeconomic substantiation,

multiplicative effect.

Background. Advanced economies have rich
experience in the methodology of assessing large-
scale transport projects, megaprojects in the field of
transportinfrastructure. Inthe work of K. P. Glushchenko
references to methodological approaches are made,
applied primarily in the EU countries, to assess the
effectiveness of large investment projects and it is
stated that proposals for their development are based
on the results of analysis conducted by authoritative
research groups [3, p. 93]. He is sure: domestic
assessments of the effectiveness of large investment
projects should be based on the experience of
developed countries.

Objective. The objective of the author is to
consider macroeconomic approach to justification of
transport projects.

Methods. The author uses general scientific
methods, comparative analysis, economic evaluation.

Results.

Project assessment models

Researchers at PwC PricewaterhouseCoopers
analyzed the decisions of five leading countries — the
UK, Australia, Japan, Sweden, Canada in the field of
transport projects, investment mechanisms, the use
of quantitative and qualitative assessment models.
The models summarized in the study [5, p. 9] and
structurally presented in Table 1 include the analysis
of economic efficiency (costs and benefits), analysis
based on multiple criteria, analysis of economic
impact, cost-effectiveness analysis.

Presented models are important tools throughout
the decision-making process on investing funds, they
provide a balance of quantitative and qualitative
evaluation indicators. Itis also necessary to emphasize
thatin Table 1 there is no financial assessment model
presented in the study, it is based on the calculation
of costs and benefits for a particular organization.
PwC specialists explain its «withdrawal» by the fact
that carrying out only a financial analysis for transport
projects is not enough, since it does not take into
account general economic costs and benefits at the
level of the region or the country.

The results of the research showed that the
evaluation of projects using the above models
provides an integrated approach to justification of
efficiency, and the use of an integrated methodology
systematically allows decision-makers (transport
officials) to choose and prioritize investing in various
project options when measuring benefits.

Summarizing the foreign and domestic
experience, K. P. Glushchenko offers three main
approaches to assessing the effectiveness of large
investment projects (LIP):

* microeconomic — cost-benefit analysis [3,
p. 95];

« multicriteria — a set of different methods of multi-
criteria optimization (different for different countries);
indicators that characterize the measurement of
efficiency, can be — numerical, ordinal, qualitative [4,
p- 40];

* macroeconomic - evaluation of the contribution
of LIP to GDP change, using the multiplier, indirect
contribution of the project is calculated by increasing
demand in the chain of interconnected industries and
increasing final consumption [4, p. 42].

Developing the accumulated experience, the
specialists of the Center for Strategic Research fund
argue in their study that the calculation of the
effectiveness of infrastructure projects based on the
definition of direct effects and costs does not give
objective results, since the majority of estimates are
of an indirect nature and remain unaccounted for,
which substantially underestimates the real integral
efficiency [6, p.18]. In the case of rail transport, the
study examines:

- direct effects;

« multimodal effects;

- external (induced) effects [6, p. 30-32].

A tool is proposed for assessing the externalities
in the implementation of infrastructure projects in
railway transport and the assessment model,
structurally presented in Table 2. That is, there is a
clear departure from direct effects.

«A Favorable Way» in Macroeconomics

Turning to consideration of the macroeconomic
approach tojustification of the project for development
ofinland water transport (IWT), it should be noted that
recently the positions of IWT have been weakened.
This is due to the presence of «bottlenecks» on inland
waterways that do not provide the minimum required
depth of four meters within the United Deep Water
System, limiting the fleet’s throughput. The situation
does not allow using the traditional competitive
advantages of inland waterway transport: low costs
for transportation of river cargo, low maintenance
costs, environmental friendliness, safety.

The calculations of the Federal Agency for
Maritime and River Transport presented in the
materials of the meeting of the Presidium of the State
Council on development of inland waterways held on
September 15, 2016 in Volgograd justify the
expediency of liquidating the limiting areas in the
United Deep Sea System of the European part of
Russia, which implies the growth of operational and
financial indicators of fleet in 1,5 times, to increase
the number of jobs in the industry, to attract an
additional freight base and will help to reduce the cost
of transportation. By 2020, the need for transportation
of goods only from north to south along the river Don
will be about 18 million tons, this is without increasing
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‘Z{ﬁ | Table 1
! Assessment models used in the analysis of investment projects

“ for development of transport infrastructure

Assessment model | The essence of the model

1. | Analysis of The model is based on the 1. The economic costs and benefits for the entire
economic calculation of costs and population, and not only the interested party, are taken
efficiency (cost- benefits, this allows to assess | into account.

benefit ratio) how the project will affect 2. An optimal balance between costs and benefits

the interests of society and at the level of finance, economy, social sphere and

the economy. environmental protection is provided.

3. A comparative analysis of the costs and benefits of
different models, capital raising scenarios, and project
management strategies is conducted.

The model is most effective under the following conditions

2. | Analysis based on
multiple criteria

The model is based on 1. The set goals go beyond economic and financial
comparing different options | tasks and include such issues as security, accessibility,

for project implementation | environmental friendliness.

in terms of achieving the 2. It is difficult to quantify the main advantages and
objectives and applying benefits.

measurable criteria. 3. Interaction with stakeholders is established, criteria are
jointly developed and responsibilities for final results are
clearly distributed.

3. | Analysis of
economic impact

The model is based on

an assessment of how the
project will affect the life
of population and the
company’s activities in its
region from an economic
perspective.

1. The degree and nature of economic impact and its
specificity at the regional level are analyzed.

2. The impact of the project on the main economic
indicators is assessed: GDP, real consumption, income,
investment, employment, income to the state budget,
interest rates, exchange rate, terms of the transaction.

3. The analysis is performed using a computer simulation
program.

1. It is difficult to quantify the benefits.

4. | Cost-benefit The model is based on the

analysis evaluation of the benefits 2. Similar solutions for solving problems are evaluated.
of the project not in terms
of money, but in other
indicators, for example,
public benefit.
Table 2
Toolkit for assessing externalities in implementation of infrastructure projects in rail transport
Ne Model Assessment of external effects
1. Cross-sectoral balance General economic effects from elimination of bottlenecks.
sheet model with Budgetary effects.
breakdown by FO Multiplicative effects of investment demand.
2. General equilibrium Influence of transport costs on GDP growth.
model with breakdown Consequences of the transition to RAB-tariffs for the economic growth.
by FO General economic effects from implementation of projects.
3. Econometric models Influence of HSR projects on investment growth.
Influence of acceleration of suburban railway traffic on economic growth of
agglomerations.
Economic effects.
Increased transportation security.
4, ‘World model of container | Forecasting of container transit.
transportation

freight traffic in the direction of the Crimea. There are
prospects ofincreasing cargo flows with development
of the international transport corridor «North-South»
between the countries of Europe and India, Iran
through Astrakhan region along the inland waterways
of Russia. In addition, there are potential opportunities
for redistributing cargo flows from land-based modes
of transport to inland waterways.

When planning any large-scale projects within the
framework of an industry strategy, an important role
is played by an assessment of their expected
effectiveness. Problems in this assessment are due
to the fact that the forecast calculations are based on
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the planned indicators most often without taking into
account possible changes in the future, without
attempts to try on different development scenarios.
For example, the evaluation of the sub-program
«Inland Water Transport» of the Federal Target
Program «Development of the Transport System of
Russia (2010-2020) » was carried out on quantitative
and qualitative indicators of public, commercial and
budgetary efficiency. In the form of a key quantitative
indicator, the integral discounted effect was used,
and payback indicators of the planned measures
taking into account discounting embodied the quality.
Taking into account the large number of investment

Frolova, Olga N. Macroeconomic Approach to Justification of Transport Projects



35,00

30,00 |

25,00

32,91

32,15

20,00 |

15,00

10,00

5,00 |

Multiplicative effect, bln rubles

0,00

2021 2022 2023 2024

Fted

2025

2026 2027 2028 2029 2030

Nizhegorodsky and Bagaevsky hydrounits — optimistic forecast

Nizhegorodsky hydrounit — optimistic forecast and Bagaevsky hydrounit — pessimistic forecast
Nizhegorodsky hydrounit — pessimistic forecast and Bagaevsky hydrounit — optimistic forecast
Nizhegorodsky and Bagaevsky hydrounits —pessimistic forecast

Pic. 1. Multiplicative effect of the development of water transport in the river basins of the European part of
Russia in four variants of forecasts.

projects included in the subprogram and the
preliminary nature of working out the majority of them,
the efficiency indicators were determined on the basis
of expert estimates of the payback periods of a
number of projects, their share in total expenditures
was taken into account. At the same time, the
calculation parameters were based on economic
growth rates until 2010, which could not but undergo
changes in the conditions of a dynamically changing
and politically biased global market.

In our opinion, it is expedient to calculate the
economic justification of programs and projects at the
sectoral level in the current situation through the
multiplier effect. The multiplier (in macroeconomics)
is a numerical coefficient that indicates the change in
the final development index, taking into account the
growth of investment or production in the analyzed
activity. Production and investment multipliers can
consider macroeconomic analysis.

The multiplicative effect is the product of the
multiplier on the change in the volume of production,
investment, and other key indicators of the industry’s
development. It reflects the effect of increasing the
indicators in the analyzed form of activity, taking into
account its contribution to economic dynamics [8,
p.150-151].

The method of integrating the effect

Let’s consider the methodology for calculating
the multiplier and the multiplicative effect of the
Institute for Economic Forecasting of the Russian
Academy of Sciences (INP RAS). It is based on the
application of «costs-release» tables as an instrument
linking the basic indicators of economic development,
infrastructure, both industrial and technological,
among themselves. The peculiarity of calculations in
the methodology: the analysis of updated cost
statistics at several levels, the first — types of
economic activity, the second — sectoral complexes,
the third level — investment projects.

Scientists offer two multipliers — investment and
production. The investment arises with the growth of
investments in a certain sector of the economy and
extends to other types of economic activity, it shows
an overall increase in output with an increase in
investment in fixed assets.

The production multiplier demonstrates the
expected change in output parameters and the
dynamics of income with growth in output, it shows
the magnitude of the change in gross output in the
economy with an increase in the output of a separate
type of economic activity.

The integral multiplicative effect is the annual
growth of some macroeconomic indicator of the
economic development results (gross output, GDP,
budget revenues) or regional economy ( gross output,
gross regional product, regional budget revenues),
which is generated by the cumulative increase in
production and investment within the framework of
investment projects [8, p.151-152].

In general form, the integral multiplicative effect
can be written in the form of the formula [8, p.161—-
162]:

TB i) TB+TF i\
e z Inv(i) InvMul . Out (i) Ou[z:{l/[ul
(1+d)

S (1+a)”

where Total Mul — integral multiplicative effect;

InvMul — investment multiplier;

OutMul — production multiplier;

d - discount rate;

Inv(i) — volume of capital investments in year i;

Out(i) — volume of production in year i;

TB - term of the project;

TF — term of the project.

If a special temporary investment structure is not
set, the calculation is different:

Inv(i)= I;;T

> (1)

i=TB+1

,1<i<TB, (2)

Out(i)=O0utN *(1-a)™"", TB+1<i<TB+TF, (3)

where InvT - total volume of capital investments within
the project;

OutN - nominal volumes of production after full
commissioning of the created capacities;

a — depreciation rate.

In [8], the values of investment (2, 16) and
production( 1, 43) multipliers for the Russian economy
«transportation and storage» were compiled using the
methodology of INP RAS based on Rosstat data for
2013.
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To justify the expediency of transferring part of
the freight flows of highly-taxed goods (metal, grain,
fertilizers, sulfur, etc.) from rail to inland waterway, it
is important:

1. To bear in mind the calculations of the Federal
Agency for Maritime and River Transport on the lower
costs of IWT in comparison with the railway when
transporting metal for distances of 200 km, for grain
from 250 km, for fertilizers from 250-300 km.

2. To consider the advantages of IWT in low
expenses for maintenance and repair of infrastructure:
1,6 times lower per 1 ton-km than railway transport.

3. To take into account the advantages of IWT for
environmental friendliness: the specific indicator of
carbon dioxide emissions in inland water transport is
20 % of the emissions from railway.

4. To take into account the advantages of IWT for
safety: the level of accidents on inland waterways
(in monetary valuation) is lower than in rail transport,
twice.

To justify the expediency of transferring part of
the cargo traffic of bulk cargo from road transport to
IWT, it is important:

1. To take into account the calculations of the
Federal Agency for Maritime and River Transport on
the lower costs of IWT in comparison with road
transport for the carriage of dry cargoes at distances
from 200-300 km.

2. To consider the advantages of IWT in low costs
for maintenance and repair of infrastructure: 4.3 times
lower per 1 ton-km than in the road sector.

3. To take into account the advantages of IWT for
environmental friendliness: the specific indicator of
the release of carbon dioxide in inland water transport
is 5 % of emissions on the road.

4. To take into account the advantages of IWT for
safety: the level of accidents on inland waterways
(in monetary valuation) is 14 times lower than on motor
transport.
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Multiplier and forecast

It is necessary to improve the methodology for
calculating the integral multiplicative effect proposed
by the INP RAS in accordance with formula (1) and
the availability of various forecasting options. Due to
the fact that the transfer of part of the cargo flows from
land-based modes of transport to inland waterways
during the navigation period does not imply large
financial investments, but it allows increasing the
fleet’s load, only the production multiplier is to be
calculated. And itis necessary to think about it first of
all.

In the calculations, the discount rate will remain
as high as 13 percent, as in the sub-program «Inland
Waterway Transport». The increase in traffic volumes
after the planned transfer of part of the cargo flows
from «land» to inland water transport is determined
by expert means, the settlement period is 2021-2030.
The results of the expected multiplicative effect with
favorable development of the situation in the river
basins of the European part of Russia are shown in
Pic. 1 in four variants of the forecasts.

1. Nizhegorodsky and Bagaevsky low-pressure
hydrounits — optimistic forecast: commissioning of
hydrounits in accordance with the sub-program dates
at the end of 2020; increase in additional volumes of
traffic in Volga-Baltic, Volga, Kama, Volga-Don, Azov-
Don basins and transfer part of the bulk transportation
volumes from land-based modes of transport to inland
waterways during the navigation period.

2. Nizhegorodsky low-pressure hydrounit —
optimistic forecast: commissioning of the hydrounit
in accordance with the timing of the sub-program at
the end of 2020; increase in the volume of dry cargo
shipments in the Volga-Baltic, Volga, Kama basins
due to organic growth and the transfer of part of the
volume of transportation’ from land-based modes of
transport to inland waterways. Bagaevsky low-
pressure hydrounit — a pessimistic forecast:
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commissioning of the hydro power unit with a delay
from the schedule of the subprogram — at the end of
2022; only a barely noticeable increase in the
additional volumes of traffic in the Volga-Don, Azov-
Don basins, taking into account the small organic
growth and the transfer of an insignificant part of the
bulk transportation volumes of inland water transport.

3. Nizhegorodsky low-pressure hydrounit — a
pessimistic forecast: commissioning of the hydrounit
with a delay from the schedule of the subprogram —
at the end of 2022; a barely noticeable increase in
the additional volumes of bulk cargo transportations
in the Volga-Baltic, Volga, and Kama basins, taking
into account the small organic growth and the
transfer of insignificant traffic to inland waterways.
Bagaevsky low-pressure hydrounit — optimistic
forecast: commissioning of the hydrounit in
accordance with the sub-program dates at the end
of 2020; an increase in the additional volume of bulk
cargo transportations in the Volga-Don, Azov-Don
basins, taking into account organic growth and the
transfer of part of the volume of transport to inland
water transport.

4. Nizhegorodsky and Bagaevsky low-pressure
hydrounits — pessimistic forecast: commissioning of
hydrounits with a delay from the timing of the
subprogram - at the end of 2022; an insignificant
increase in additional traffic volumes in Volga-Balltic,
Volga, Kama, Volga-Don, Azov-Don basins, taking into
account very little organic growth and a similarly
limited amount of transport for inland waterway
transport.

Based on the results of calculations of the
multiplicative effect of the development of water
transport in the river basins of the European part of
Russia, one should note the unevenness of its
dynamics in the period 2021-2030 for each of the
four variants of the forecasts. In the first of them — an
optimistic option for both hydrounits, the multiplicative
effect is greatest. In the second and third versions,
the optimistic and pessimistic forecasts alternate in
the range of probable assumptions for each position.
The fourth option — a total pessimistic forecast — has
the lowest multiplicative effect, respectively.

Presumably, the tactics of such forecasts are not
only an illustration of the possibility to approach the
realities of today’s economic life. The principle of the
multiplier itself is clearly shown, which, in fact, is called
for and demonstrated by the methodology.

Conclusion.

The macroeconomic approach for economic
justification of development of water transport in the
river basins of the European part of Russia is new and
can be used in practical activities when elaborating
development programs and projects at the federal
level.
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the Investment Attractiveness
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Ansa npuBne4yeHNs 4acTHbIX
WHBECTULNI B UHHOBaLMOHHOE
pa3BuTve TPaHCMNOPTHOWV CUCTEMbI,
nonararoT uccsegoBaresniu,
HeobxoanMo coBepLIeHCTBOBaHue
MeTo40J1I0rM4YeCKmNX OCHOB OL|€HKN
WHBECTULMOHHOW NpUBJIeKaTesIbHOCTHU
KanutasibHbIX NPOEKTOB. B cTtaTtbe
paccMOTpeHbI MPUHLMIbI, KOTOPbIMU,
Mo MHeHuIo aBTOPOB, caenyeT
PYKOBOACTBOBAaTbCS NPV PeLUeHNN
CBSI3aHHbIX C 3TUM 3a4a4 v B NepBYIio
oyepenb TeX U3 HUX, KOTopbie
OTHOCSITCS K UHpacTpyKkTypHOu cepe,
TPaHCNapeHTHOCTU U popmann3aymmn
3KOHOMUYECKUX Pe3y/ibTaToBs,
OKyrnaemMocCTv puHaHCOBbBIX BJIOXKEHUN
CO CTOPOHbI rocyaapcTBa n busHeca.

KrntoyeBbie csioBa: a3KOHOMMKA,
MHHOBALMOHHBbIV MPOEKT, TPaHCopTHas
MHGPACTPYKTYPA, MPUHLINIT OLIEHKY,
WMHBECTULIMOHHAS NPUBJIEKaTe/IbHOCTb.
|
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NMPUHUMMNDbI OLLEHKU
MHBECTULLUOHHOM
npueBJieKaTesibHOCTU
MHPPACTPYKTYPHbIX NPOEKTOB

ITaaxuna Enena Cepeeeena — 00Kkmop 5KOHOMUHECKUX
Hayk, npogheccop Kagheopsl SKOHOMUKU MPAHCROPMA
Ilemepbypeckoeo cocyoapcmeenoeo yHugepcumema
nymeii coobuienus Umnepamopa Anexcanopa I
(III'YIIC), Cankm-[lemep6ype, Poccus.

Mopo3zosea Eezenusa Heopeena — acnupanm
[lemepbypeckoeo eocydapcmeenHo2o yHugepcumema
nymeii cooowenus Umnepamopa Anexcandpa I
(IITYIIC), Cankm-Ilemepbype, Poccus.

MPEAENSIOIIUM BEKTOPOM PA3BUTUS

HaLMOHAJIbHOW TPAHCITOPTHOM CUCTE-

MBI, IPEYCMOTPEHHBIM MHHOBALIMOH-
HBIM CLIEHAPUEM B TPAHCIIOPTHOW CTPAaTErnu
Poccuiickoii Meneparinu, Kak U3BECTHO, 000~
3HAYEHO yBEJIMUYEHNE CKOPOCTH TEPEBO30K. DTY
3aa49y IOMHUMO ONTUMU3ALAN TJOTUCTUYECKUX
1IeToYeK, OU3HEC-MTPOLIECCOB BO MHOTOM MPH-
3BaHbI PELIUTb UHBECTULIMOHHBIE MTPOEKTHI,
CBSI3aHHbBIE C MOJIEPHU3ALIMEN TPAHCIIOPTHOU
MHOPACTPYKTYPHI.

YckopeHue nepeBo304HOr0 MPOLIECCa MO3BO-
JIUT COKPATUTh U3AEPKKU CYOBEKTOB SKOHOMU-
YeCKUX OTHOIIIEHUH, B TOM 4KCIie B chepe KOH-
TEHHEPHBIX [TEPEBO30K, 1 KK CJIEICTBUE CHU3UTD
JIOJTIO TPAHCITOPTHBIX PACXOJOB B CTOMMOCTH
TOBapoOB. DTa AOJIST HBIHE B CTPAHE COCTABJISIET
BcpenteM 15—20 %, Toraa Kak 3a pyoeskoM Jaiiie
Bcero — 7—8 % [1], uTo cHMKaeT KOHKYPEHTO-
CIIOCOOHOCTh TPAHCIIOPTHBIX YCJIYT, OKa3bIBae-
MBIX B ITpeAesax Teppuropuu Poccun.

Ocobast posib B CTPaTerMIECKOM TUTaHE OTBO-
JIUTCS UCTIOJIb30BAHUIO BO3MOXXHOCTEN HOBBIX
HETPaIULIMOHHBIX BUIOB TPAHCIIOPTA, BKITIOYAs
CTPYHHBII ¥ MAarHUTOJIEBUTALIMOHHBIHI, ITO3BO-
JISTFOLLIMM KPATHO YBEJIMYUTH CKOPOCTD IBUXKEHUS
B OTJIMYKE OT OOBIYHOTO XKEJIE3HOAOPOXKHOTO,
TMPUMEHSIIOLLETO U3BECTHYIO TEXHOJIOTHIO «KO-



JIECO—PEJTbC», KOTOPast UMEET OTPAaHNYEHHS TT0
CKOPOCTH C TIO3UIIMH 00ecTiedeHrst 0e30T1acHO-
CTU M TIO Tiepeaye JIEKTPOIHEPTUH TSI TSITH
mpu ckopoctu cBbilre 300 km/4. Bmecte ¢ Tem
3TH TIPOEKTHI OTJIMYAIOTCSI BBICOKMM YPOBHEM
COBOKYITHOTO PYICKa BCJIE/ICTBUE MX MHHOBAIM-
OHHOCTH (paIUKaTbHOCTH).

PasymeeTcsl, M”HBECTUIIMOHHbBIE PUCKU
JIOJKHBI BCECTOPOHHE IPOCYNTHIBATHCS CIICTIN -
JIMCTaMU, BAXKHO MUMETh HAIEKHbIE CPEICTBA
aHaJIM3a 1 TPOTHO3a, TTOCTOSTHHOE COBEPIIeH-
CTBOBaHUE METOJ0JIOTMIECKMX OCHOB OLIEHKH
WHBECTUIIMOHHON TTPUBJIEKATEIbHOCTU MHHO-
BallOHHBIX TIPOEKTOB.

B pesysbrate uccienoBaHusI TOUEK 3pEHUST
Pa3IMYHBIX aBTOPOB B 00JIACTH METOMOJIOTUN
WHBECTUIIMOHHOTO aHan3a, MeHEIKMEHTa,
5KOHOMUKH TPAHCITOPTAa HAMU ObUTA 0000111e-
HbI 0a30Bble TTPUHIIUIIBI, KOTOPbIE Pa3BUTHI
U JIOTIOJTHEHBI TIPUMEHUTETLHO K OlIEHKE WH-
BECTUILIMOHHON MPUBJIEKATEIbHOCTY MHHOBA -
IIMOHHBIX TTPOEKTOB TPAHCTIOPTHOW MH(pa-
CTPYKTYpHI [3—8].

IMpuHIMI HaTWYWS OTPAHUYMBAIOINIETO
YCJIOBUSI OPUEHTUPYET Ha UCITOJIb30BAHUE TIPU
OIIeHKE MHBECTUIIMOHHON MPUBJIEKATEIbHOCTH
WHHOBAIIMOHHBIX MPOEKTOB TPAHCTIOPTHOM
MHGPACTPYKTYPHI TAaK HAa3bIBAEMBIX «OTCEKAIO-
IIX» KPUTEPUEB.

Hanpumep, mpu HECOOTBETCTBUM HOBU3HBI
MPOEKTa MEXKITyHAPOTHOMY YPOBHIO, & YPOBHSI
HayYHO-TEXHUIEeCKOW 3HAUNMOCTHU — TTHOHEP-
HOMY, ”HHOBAIIMOHHBI TTPOEKT HE MOXET
paccMaTpUBaThCS U TOJDKEH OBITh OTKIIOHEH.

ITpu ompeneneHnyn 3HaYCHUIT KPUTEPUEB
OIIEHKU MEXIYHApPOIHOTO YPOBHSI M YPOBHSI
HayYHO-TEXHUYECKON 3HAYMMOCTH CJIEIAYeT
OPMEHTHPOBAThCSl HA MUPOBBIE TIOKA3aTEIH,
4TOOBI MOATBEPAUTD TOT (DAKT, UYTO peasu3aLims
MPOEKTa 00ECTIEYNT MOBBIIIIEHNE KOHKYPEHTO-
CIOCOOHOCTU HAIIMOHATBHON TPAHCIIOPTHOM
CUCTEMBI.

ITpuHIMIT MepapXUIHOCTH TIPENIToIaraeT
MHOTOYPOBHEBYIO CUCTEMY KPUTEPHUEB OIICHKN
WHBECTUIIMOHHON TTPUBJIEKATETbHOCTU MHHO-
BalIMOHHBIX ITPOEKTOB TPAHCITOPTHO MH(pa-
CTPYKTYPBI.

IpuHIMn c6aaHCUPOBAHHOCTU OLIEHKU
00YCJIOB/IMBAET HEOOXOMUMOCTb YUUTHIBATH BCE

3HAYMMBbIE KPUTEPUU.

Hanpumep, ipy COOTBETCTBUM BCEM 9KOHO-
MUYECKUM TpeOOBaHUSIM, HO HETATUBHOM
BJIMSTHUM Ha OKPYXKAIOIITyI0 CPETy K BO3MOXKHOM
CYIIECTBEHHOM YXYIIICHUN 3KOJIOTMIECKOM

® MWP TPAHCIOPTA, Tom 15, N2 5, C. 130-136 (2017)

CUTYallid — WHHOBAIIMOHHEIN ITPOEKT TpaHC-
IIOPTHOI MH(PACTPYKTYPHI HEe JOJDKEH OBITh
MIPUHST B IIPEICTaBICHHOM BapraHTe 1 00s13aH
OBITh OTIIPABJIEH Ha JOPAOOTKY.

IMpuHuMn obecrieyeHus 1O0JTrOCPOYHOTO

CTabUIBLHOIO POCTa BJIATOCOCTOSIHYS UHBECTO-
pa (COOCTBEeHHUKa, aKIIMoHepa) — 6€3yCIOBHO,

WHBECTUIIMU B TPAHCITOPTHBIE KaIlUTaJIbHbIE
MPOEKTHI OTIINYAIOT JUTUTETbHBIE CPOKH OKYTIa-
eMocTH. BMecTe ¢ TeM 3T IIPOEKTHI, B OTJINYME
OT TIPOEKTOB JIPYTUX OTpaciieil, CITOCOOHBI Te-
HEpPUPOBATH MMOJIOKUTETbHBINA YUCTHIN TEHEXK-
HBI TTOTOK €IE B TeYCHUE MHOTHX JIET C MO-
MEHTa OKYITaéMOCTH MHBECTUIIMOHHBIX 3aTpaT
BBUIY TPOJODKUTELHBIX CPOKOB TI0JIE3HOTO
WCITIOJTb30BaHMSI OCHOBHBIX TIPOM3BOICTBEHHBIX
(oHIIOB, T.€. MOTYT NMPUHOCUTDH CTAOWIIbHBII
JIOXO[1, tojiroe Bpemsl. Tem Oojiee UTo KMU3HEH-
HBII [IMKJT MHHOBAITMOHHOTO TPOEKTa TPaHC-
TOPTHOM MH(MPACTPYKTYPHI B CPeTHEM HAMHO-
TO MPEBBIIIACT XKN3HEHHBIN 1K MHOTHX MHBIX
MpOeKTOB (B 5—7 pa3), Hanpumep, B OTPeOu-
TEJILCKOM CEKTOpE.

IpyHIMIT IMHAMWUYHOCTY OLIEHKU O3HaYa-
€T 11eJIECO00Pa3HOCTh MEPUOTNUECKOI KOPPEK-
TUPOBKY 3HAUYEHUI KPUTEPUEB, BO3MOXHOE
U3MEHEeHUE TIepeYHsi KPUTEpUeB, UCXOS U3
BEPOSITHOI KOPPEKTUPOBKMU 1IEJIEH.

IpyHimn npeobnagaHus 3HAYMMOCTHU CO-
LIMAJIBHOTO M KOCBEHHOTO 3KOHOMNYECKOTO
addekTa nepea MpsSIMbIM 3KOHOMUYECKUM
9 HEKTOM 03HAYAET, YTO B OLIEHKE MHTErpajib-
Horo 3¢ dekTa oT peayii3aliii THHOBALIMOHHO-
TO TIpOeKTa TPAHCIIOPTHON MHMPACTPYKTYPhI
HauOOJIbILINI YeTbHBIN BEC UMEIOT IMTOKA3aTeMN
COIMATLHOTO ¥ KOCBEHHOTO 9KOHOMMYECKOTO
a¢dekTa. A 3HAUUT, OLIEHKA TOJBKO TPSIMOTO
5KOHOMUYECKOTO 3(pheKTa TaKUX ITPOEKTOB HE
B TIOJTHOM Mepe TTO3BOJISIET OLIEHUTh MX MHBEC-
TULIMOHHYIO TTPUBJIEKATETHHOCTb.

Tak, Ha npumepe npoekta BCM «MockBa—
KazaHb», 10 olieHKaM 3KCIepTOB, Ha CTaIuu
CTpPOMTEJILCTBA OyeT cozaaHo 6osiee 370 ThiC.
pabouynx MeCT B pa3IMUHBIX OTPACIISIX 9KOHO-
MUKH (13 HUX 120 ThIC.— B perroHaX MPOXOXK/Ie-
HMS Tpacchl). Ha cramuu akcrtyaraium mosi-
BUTCS 5,6 ThIC. paOOYMX MECT, HETTOCPEICTBEHHO
CBSI3aHHBIX ¢ TiepeBo3kamu Ha BCM, u 37 Thic.
pabouynx MecT B CMEXHBIX oTpacisix. Poct 3a-
HSITOCTH ITPUBEIET K POCTY JIOXOJIOB HACEJIEHUS,
MOBBILIEHUIO TIATEXECMTOCOOHOCTU, POCTY
TTOTEHIIMATEHOTO CIIPOCa Ha IMPOIYKIIUIO IPYTUX
oTpacieil, pocTy BaJIOBOTO PETMOHAIBHOTO
npoaykrta v BBII ctpanst [9].
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Ta0muua 1

OcHOBHbIE CIIOCOOBI JOCTHKEHNS 1eJIeil CTENKX0JIIEPOB
HMHHOBALMOHHOTO MPOEKTA TPAHCIOPTHOH MH(PACTPYKTYPbI

Creiikxonnep OCHOBHBIE LI

OCHOBHbBIE CIIOCOObI TOCTUXEHUSI Lieneit

TocynapctBo DKOHOMMYECKHUI pOCT,

3KOJIOTUYHOCTb

colMaIbHas CTaOMUIIBHOCTDb, 6E30MaCHOCTD,

VBesmueHue MPOBO3HBIX CIIOCOOGHOCTEM, YBETMUEHUE
TPaH3UTHBIX IPY30BbIX MIEPEBO3OK 110 Tepputopuu PD,
yBEJMYEHME TOXOIOB OT IKCIOPTA TPAHCIIOPTHBIX YCIYT

TpancnioptHble nipesi- | PocT 00bEMOB 1epeBo30K, CHUXEHUE

Onrumusanus Mapuipyra 10CTaBKH, YBEJIMYEHUE ITPOBO3-

CTOMMOCTH NEPEBO3KU

TPUSTHS TPaH3aKLIMOHHBIX U3IEPXKEK, YBETUUCHUE HBIX CIIOCOOHOCTE!, CKOPOCTH IOCTABKH
MPpUObLTN, CTOUMOCTH OM3HECa
KimeHtst ‘YMeHblLIeHUE BPEMEHU JOCTaBKH, CHIXKEHUE | YBeJIMUeHNe CKOPOCTH JOCTABKU, YMEHbIIEHNE BPEeMEHI

TOTPY30-Pasrpy304HbIX paboT, MyJIETUMOAAILHOCTD,
YMEHbIIIEHUE TPAHCIIOPTHOI COCTABIISIIOLIEH B CTONMO-
CTU TOBapOB

TaMOKeHHBIE TOCTBI
Ipy30B

Poct ckopocTu 1 06EMOB 0hopMIIEHUS

Pacu.mpeHMe MCIIOJIB30BaHUS JIEKTPOHHBIX TEXHOJIOTUIA

TpaHCHOPTHO-JIOTH-

CTUYECKHNE LIEHTPBI 3arpy3ku, yBeJIMUeHUe le/lﬁbIJ'[]/[

Poct 00bEMOB niepeBaIK1, MAKCUMU3ALIUS

Pacimpenue CrieKTpa yCyr, OKa3blBaeMbIX B TPAHCIIOPT-
HO-JIOTUCTUYECKHMX LIEHTPAX, POCT KOHTEHEPOIIOTOKA,
COKpAllleHUe BPEMEHH TTOrPy30-Pasrpy304HbIX paboT

HEPHOI CTOMMOCTH On3Heca

Hacenenue [MonyyeHue Ka4eCTBEHHBIX TPAHCITOPTHBIX ViydieHune TeXHUUeCKUX XapaKTepPUCTUK TPAHCTIOPTa,
YCJIYT, YIy4IeH1Ee 9KOJIOTMYeCcKoit oocTa- CHIDKEHUE 1IyMa, BUOPALIMK U T.1., TIOBBILIEHUE YPOBHSI
HOBKM 6e30nmacHoOCTH

OO11eCTBEHHBIE [MoBbllLIeHME aBTOPUTETA OpraHU3aMii [MponBsykeHe MHHOBALMOHHBIX TPOEKTOB

OpraHu3alumn

Musectopsl TMonyueHuie npuObLIN, MOBBILICHUE aKIIMO- | Y4acTue B yrpaBIeHUH POCKTOM

B cBs3u ¢ 3TUM Liesecoodbpa3Ho paccMa-
TPUBATh MPOEKTHl TPAHCIOPTHOW MHbpa-
CTPYKTYPBI KaK B3aMMOJOIOJTHSIOIINE K CO-
MyTCTBYIOIIUM MPOEKTaM, KOTOPbIE IPEICTaB-
JISIIOT cOOO0¥ MOTEHIMaIbHble MHBECTUIIMOH-
Hble€ BO3MOXHOCTU U MOTYT 00€eCIeYyuTh
MHBECTOPY OCHOBHOM OXOJ (IOIMYCTUM, TOT
BKJIaJbIBaeT pecypchl B mpoekKT BCM u roctu-
HUYHBIA KOMIUIEKC, KOTOPbIN OyaeT MpUHO-
CUTh OCHOBHOI MPsIMOM 3KOHOMMYECKUI
a3 dexT, HO cam 10 cebe, 6e3 MoCTPOeHHOI
BCM, KoHEe4YHO, HE CMOT Obl IOCTUYb BbICO-
KOI «HaCEeJEHHOCTU» OTEJIs).

IIpuHIMI NPOAKTUBHOCTY TpEAnoaraet
VYET B OLIEHKE WHHOBALIMOHHBIX MPOEKTOB
TPaHCIIOPTHOI MHGMPACTPYKTYPhI AITPUOPHOCTU
OMNEePEXaIoIIEero pa3BUTHSI TPAHCIIOPTA IO CPaB-
HEHMUIO C IPYTUMU OTPaCIsSIMU SKOHOMUKMU, ET0
pOJIA B CO3MaHUM PE3ePBOB 9KOHOMUUYECKOTO
pocra.

1T KOHBEpre 3TMYHBIX BUOB
TPAHCIOPTa UCXOAUT U3 TOTO, YTO MHHOBALIU-
OHHBII ITPOEKT TPAHCIOPTHOI UH(MPACTPYKTY-
pbl MoTpedyeT MOpoli MHBECTUPOBAHUS
U B TPAHCIIOPTHBIE CPEICTBA, OOBEKTHI B ITyHK-
Tax IMOTPy3KU,/BBITPY3KU, YTO MOXKET paccMar-
pUBAaTbCsl KaK OTHEJbHbIN MPOEKT. B cBs3u
C 9TUM MpeajaraeTcs MmomaoOHbIe MPOEeKThI
OLICHMBATh B KAY€CTBE SKOHOMUYECKU 3aBUCH -
MBbIX (B3aMMOOIOJIHSTIOIIX).

IMpyHuMn yyéTta MHTEPECOB CTEUKXO/1e-

0B — TpeOOBaHUI, OXKUAAHW I 3aMHTEPECOBAH -
HBIX CTOPOH, (POPMaIM30BaAHHBIX B BUIE pa3-
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JIMUHBIX MoOKazareseit, kputepues. [1pu aTom
ciaeayet obecneuyuTh cOanaHCUPOBAHHOCTh
Heseli crefikxonaepon. Hanpumep, rpu orpe-
JIeJIeHUU CTaBKU TMCKOHTUPOBAHUST IEHEXKHBIX
noTokoB uepe3 nokazatesb WACC MOXHO
MPeAyCMOTPETh B pacU€Tax IMpeMUU 3a PUCK JIJIsT
Pa3HBIX CTEMKXOIAEPOB MPOEKTA.

OCHOBHBbIE CITOCOOBI JOCTHXKEHUS Liesei
CTEMKXOJIAEPOB IMpeCcTaBlIeHbl B Ta0auLe 1.

ITpuHIMT THOKOCTU — BO3MOXKHOCTD BHE-
CEeHUsI UBMEHEHUIT B METOIMKY OLIEHKU MHBEC-
TULIMOHHOM MPUBJIEKATEIbBHOCTU MHHOBALIMOH-
HBIX ITPOEKTOB TPAHCIIOPTHON UH(PPACTPYKTYPhI
B CBSI3U C OCOOEHHOCTSIMU KOHKPETHOTIO TMpo-
eKTa.

HpuHimn nuddepeHunamy — UCIoab30-
BaHUE B OLIEHKE MHBECTULIMOHHOM TMpUBJIEKa-
TeJIbHOCTHU TIPOEKTOB TPAHCIIOPTHOM MH(pa-
CTPYKTYPbI YaCTHBIX MOJIYJIEl, OTpaxKalolux
Ppa3IMYHbIe HAITPaBJIEHUSI PA3BUTHS TPAHCIIOPT-
HOI CHUCTEMBI.

ITpuHLMO TepCeKTUBHOCTY NPOeKTa — MH-
HOBALMOHHBI MPOEKT TPaHCIOPTHOM MHGpa-
CTPYKTYpbI MPU3BaH COXPaHSITh aKTyaJIbHOCTb
Ha J0JIrOCPOYHYIO MEPCIEKTUBY, OTBEYATh
BEKTOPY pa3BUTHUsI HAyYHO-TEXHUYECKOTO MPO-
rpecca.

IIpyHIIMI COOTBETCTBUSI HALIMOHAJTbHBIM
OPUOPUTETAM PA3BUTHS OTPACIU — MIHHOBALIU-
OHHBI MTPOEKT JODKEH MaKCUMaIbHO MOJHO
OTBeYaTh LIeJIEBIM YCTAHOBKAM TPAHCIIOPTHO
cTpaTeruy cTpaHsbl (K MpuMepy, IpeaycMaTpu-
BaTh Kak IJIaBHellIee HanpaBJeHUe Pa3BUTUS
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Tabumua 2

B3anMocBs3b NPUHIMIIOB NEPCIIEKTUBHOCTH M COOTBETCTBHS NMPH OLIEHKE WHBECTHIMOHHOT
NPUBJIEKATEIbHOCTH NHHOBALMOHHDBIX MPOEKTOB TPAHCIIOPTHOW MH(PACTPYKTYPHI

B3auMoCBsI3b MPUHIIMIIOB Mepcnek- | Meponpusitus

TUBHOCTU U COOTBETCTBUSL

OrpaHuyeHust

CooTBeTCTBHE €CTh,
TIEPCTIEKTUBHOCTU HET

TICPCIIEKTUBHOCTU

a) He pealIM30BbIBaTh IPOEKT;
0) peaJlM30BbIBATD B CJIyYae, €CJIM XKU3HEHHBIN LUK
MPOEKTa YKJIaAbIBAETCSl BO BPEMEHHOI MHTepBa

B cliyyae 0) —

MPU MOJOXKUTEbHON OLIEHKE
€ro COLUATbHO-9KOHOMUYECKOI
s dekTuBHOCTH

COOTBETCTBHUE €CTh, Peanuzaums npoekta

TIEPCIIEKTUBHOCTDH €CTh

B CJly4ae MoJIOXMUTEIbHON OLIEHKH1
€ro COLMaJIbHO-3KOHOMUYECKOI
s dekTuBHOCTH

CoOTBETCTBUSI HET,
MEePCHeKTUBHOCTb €CTh
B I€PEYHE MMPUOPUTETOB;

CPOKHU

a) aKTUBHOE pacrnpocTpaHeHne nHGOPMALIMK O TPo-
€eKTe, MHULMAIU3aL1sl U3MEHEHUit

6) rIepeHOC pean3aliy MpoeKTa Ha GoJiee MO3IHIe

B CJIyyae 3HAYMTETbHOTO COLM-
aJIbHO-39KOHOMMYECcKOT0 3t dekTa
MpoeKTa

MPOEKTUPOBAHNE U CTPOUTEIBCTBO OOBEKTOB
JKeJIe3HOJOPOXKHON UH(DPACTPYKTYPHI JIJISI CKO-
pocreii qBrkeHus cBbitie 400 km/4).

CriemyeT OTMETUTh HAIMYME B3aMMOCBSI3U
MeXy IPUHIIMITIAMU TIEPCTIEKTUBHOCTUA U CO-
oTBeTCTBUA (Tabauua 2). Tak, MPoeKT MOXET
OBbITh TOAYMHEH FOCYIAPCTBEHHOM MTporpaMme,
HO He OBITh aKTyaJIbHBIM B IOJITOCPOYHOM TIep-
CIIEKTUBE, a MOKET COBMELIATh U TO, U IPYTOE.

[MpuHUMI PO3payHOCTU (WM TpaHCIIA-

PEHTHOCTH) OLIEHKW O3HAYaeT HATNYNE KapThl
OLICHKU C paC‘{éTOM MHTETPaJIbHOI'O I10Ka3aTe-

JIg, a TaKKe TIacTiopTa IIPOeKTa, KOTOPBIA Co-
JIEP>KUT CBOMHYIO MH(MOPMAIIUIO U Pe3yJIbTaThl
OLIEHKM TT0 pa3HbIM acriekTaMm. BaxkHo obecrie-
YUTH ITPO3PATHOCTD OLICHKN MHBECTUITMOHHOM
MPUBJIEKATEIbHOCTH Ha BCEX 3Tarax >KU3HEH-
HOTO IIMKJIA TIPOEKTa. DTO CHITKACT JIJIsT MHBE-
CTOpa BEPOSTHOCTh BOSHUKHOBEHUSI PUCKOB,
a 3HAYMUT, MOBBIIIAET BEPOSITHOCTH KOHEYHOTO
ycriexa.

[puHuun dopmanu3aluy pe3yabTaToB
OIICHKW MHBECTUITMOHHOW TPUBJICKATCTPHOCTH
TIpeIoJaraeT UCITOJIb30BaHUE OTIPENeIEHHBIX
JOKyMeHTOoOoOpa3yomux (GopM, 11abJIoHOB,
acropTa MpoeKTa.

ITpu aTOM criemyeT UMETh B BUAY, UTO pa3pa-
00TKa Taknx (OpM DKCIEPTHOM KOMUCCHUEIA,
orpenejieHue ajJropuTMa Ipoliecca OleHKU
MO3BOJISIIOT 00Jiee YBEPEHHO pealn30BaTh
¥ TIPUHLINTI TIPO3PAYHOCTH.

3AKJIIOMEHUE

HazpaHHbIe B cTaThe MPUHLIUIIBI COCTABIISI-
0T OCHOBY aBTOPCKOT'O METOAMYECKOTO MOJIXO-
Jla U colepKaHUd 3KOHOMUYECKON Monenu
OLIEHKM MHBECTULIMOHHO IPUBJIEKATEIBHOCTU

WHHOBALIMOHHBIX TTPOEKTOB TPAHCIIOPTHOMN
WHbPacTpyKTyphl. [IpenMyIiecTBOM UX UC-
TTOJTb30BAHUSI SIBJISIETCS] BOBMOXKHOCTD YUUTHI-
BaTh MHTEPECHI BCEX CTEHKXOMIEPOB, Criel(u-
KY KOHKPETHOTO TIPOEKTA MPU OLICHKE €ro NH-
BECTUIIMOHHOM MPUBJIEKATEIBHOCTH, a TaKXKe
JIaBaTh JIOBOJIHO TTOJTHYIO KAPTUHY UCXOIHBIX
JAHHBIX TPU MPUHATUN WHBECTOPAMM CTpaTe-
TMYECKUX PEIEHUH ¢ YIETOM MTPOTHO3UPYEMO-
ro KyMYJISITUBHOTO 3 deKTa OT peaau3aluu
MacIITabHOM, TOCYIapCTBEHHO 3HAYMMOM
MPOTrPaMMBI.
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PRINCIPLES FOR ASSESSING THE INVESTMENT ATTRACTIVENESS

OF INFRASTRUCTURE PROJECTS
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ABSTRACT

To attract private investment in the innovative
development of the transport system, the researchers
believe, itis necessary to improve the methodological
basis for assessing the investment attractiveness of
capital projects. The article considers the principles

that, in the opinion of the authors, should be guided
in solving the related problems, and first of all those
of them that relate to the infrastructure sphere,
transparency and formalization of economic results,
payback of financial investments from the state and
business.

Keywords: economy, innovative project, transport infrastructure, evaluation principle, investment

attractiveness.

Background. The decisive vector of development
of the national transport system, as envisaged by the
innovative scenario in the transport strategy of the
Russian Federation, is known to be the increase in
speed of transportation. In addition to optimizing
logistics chains and business processes, investment
projects related to modernization of transport
infrastructure are largely aimed at solving this task.

Acceleration of the transportation process will
reduce the costs of economic agents, including in the
sphere of container transportation, and as a
consequence reduce the share of transportation costs
in the cost of goods. This share now in the country is
on average 15-20 %, whereas abroad, most often —
7-8 % [1], which reduces the competitiveness of

transport services provided within the territory of
Russia.

Aspecialrole in the strategic plan is given to the use
of the possibilities of new non-traditional modes of
transport, including string and magnetic levitation, which
allows to increase the speed of traffic in multiple ways,
unlike the conventional railway, using the well-known
wheel-rail technology, which has speed limits from the
position of safety and transmission of electric power for
traction at speeds in excess of 300 km/h. At the same
time, these projects are characterized by a high level of
aggregate risk due to their innovativeness (radicality).

Of course, investment risks must be
comprehensively calculated by specialists, it is
important to have reliable means of analysis and

Table 1
The main ways to achieve the objectives of the stakeholders of the innovative transport
infrastructure project
Stakeholder Main objectives Main ways o achieve objectives
State Economic growth, social stability, Increase in carrying capacity, increase in
security, environmental-friendliness transit freight traffic on the territory of the
Russian Federation, increase in revenues
from export of transport services
Transport Growth of transportation volumes, Optimization of delivery route, increase in
enterprises decrease in transaction costs, increase in | freight capacity, speed of delivery
profit, business cost
Clients Reduction of delivery time, decrease in | Increase in the speed of delivery,

the cost of transportation

reduction of loading and unloading time,
multimodality, reduction of the transport
component in the cost of goods

Customs points
clearance

Increase in speed and volumes of cargo

Expanding the use of electronic
technologies

Transport-
logistics centers
profits

Growth of transshipment volumes,
maximization of loading, increase in

Expansion of the range of services
rendered in transport and logistics
centers, growth of container traffic,
reduction of loading and unloading time

shareholder value of the business

Population Getting high-quality transport services, | Improving the technical characteristics of
improving the environmental situation transport, reducing noise, vibration, etc.,
improving safety
Public Increasing the prestige of organizations | Promotion of innovation projects
organizations
Investors Making a profit, increasing the Participating in project management
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Table 2

Interrelation of the principles of perspective and compliance in assessing the investment
attractiveness of innovative transport infrastructure projects

Interrelation of the Measures
principles of perspective and

compliance.

Restrictions

Compliance is present,
perspective is absent

a) not to implement the project;

b) to implement in case the life cycle
of the project is within the time
frame of perspective

in case b) — with a positive
assessment of its socio-economic
efficiency

Compliance is present,
perspective e is present

Project implementation

in case of a positive assessment
of its socio-economic efficiency

Compliance is absent,
perspective is present

a) active dissemination of
information about the project,
initialization of changes in the
priority list; b) transfer of project
implementation to a later date

in case of significant socio-
economic effect of the project

forecasting, constant improvement of the
methodological bases for assessing the investment
attractiveness of innovation projects.

As a result of the study of the points of view of
various authors in the field of the methodology of
investment analysis, management, and transport
economics, we summarized the basic principles that
have been developed and supplemented with regard
to the assessment of the investment attractiveness
of innovative transport infrastructure projects [3-8].

Objective. The objective of the authors is to
consider principles for assessing the investment
attractiveness of infrastructure projects.

Methods. The authors use general scientific
methods, comparative analysis, evaluation approach.

Results.

The principle of the existence of a limiting
condition focuses on the use, when assessing the
investment attractiveness of innovative transport
infrastructure projects, the so-called «cutting off»
criteria.

Forexample, if the novelty of the project does not
correspond to the international level, and the level of
scientific and technical significance — to the pioneer
one, the innovative project cannot be considered and
should be rejected.

When determining the values of criteria for
assessing the international level and the level of
scientific and technical importance, one should be
guided by world indicators in order to confirm the fact
that the project implementation will ensure the
competitiveness of the national transport system.

The hierarchy principle presupposes a multi-
level system of criteria for assessing the investment
attractiveness of innovative transport infrastructure
projects.

The principle of balanced evaluation makes it
necessary to take into account all relevant criteria.

For example, when being consistent with all
economic requirements, but the negative impact on the
environment and the possible significant deterioration
of the environmental situation — an innovative transport
infrastructure project should not be adopted in the
presented version and must be sent for revision.

The principle of ensuring long-term stable
growth of the investor’s (owner, shareholder)
welfare — of course, investments in transport capital

projects are distinguished by long payback periods.
At the same time, these projects, unlike projects of
other industries, are able to generate positive net cash
flow for many years from the time of recoupment of
investment costs due to the long useful lives of fixed
assets, i.e. can bring a stable income for a long time.
Moreover, the life cycle of an innovative transport
infrastructure project on average much exceeds the
life cycle of many other projects (5-7 times), for
example, in the consumer sector.

The principle of dynamism of evaluation
means the expediency of periodically adjusting the
values of the criteria, a possible change in the list of
criteria, based on a probable goal adjustment.

The principle of the predominance of the
significance of the social and indirect economic
effect over the direct economic effect means that
in assessing the integrated effect from the
implementation of the innovative project of transport
infrastructure, the indicators of social and indirect
economic effect have the largest share. So, the
assessment of only the direct economic effect of such
projects does not fully allow us to assess their
investment attractiveness.

For example, according to experts, in the project
of HSR «Moscow—-Kazan» more than 370000 jobs in
various sectors of the economy will be created at the
construction stage (120 thousand of them in the
regions where the route passes). At the stage of
operation, there will be created 5600 jobs directly
associated with transportation on HSR and 37 000
jobs in related industries. The growth of employment
will lead to higher incomes of the population, higher
solvency, an increase in potential demand for
products of other industries, an increase in the gross
regional product and the country’s GDP [9].

In this regard, itis advisable to consider transport
infrastructure projects as complementary to related
projects that represent potential investment
opportunities and can provide the investor with a basic
income (for example, he invests resources in the HSR
project and the hotel complex that will bring the main
direct economic effect, but he himself, without a
constructed HSR, of course, could not achieve high
«occupancy» of the hotel.

The principle of proactivity involves taking into
account in the evaluation of innovative transport
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infrastructure projects the a priori of advanced
development of transport in comparison with other
branches ofthe economy, its role in creating reserves
for economic growth.

The principle of convergence of different
types of transport is based on the fact that an
innovative transport infrastructure project will
sometimes require investment in vehicles, facilities
atloading / unloading points, which can be viewed as
a separate project. In connection with this, it is
proposed to evaluate similar projects as economically
dependent (complementary).

The principle of taking into account the
interests of stakeholders - requirements,
expectations of stakeholders, formalized in the form
of various indicators, criteria. In this case, it is
necessary to ensure the balance of the objectives of
the stakeholders. For example, when determining the
discount rate of cash flows through the WACC
indicator, it is possible to provide for risk premium
calculation for different stakeholders of the project.

The main ways to achieve the objectives of
stakeholders are presented in Table 1.

The principle of flexibility — the possibility of
making changes in the methodology for assessing the
investment attractiveness of innovative transport
infrastructure projects in connection with the specifics
of a specific project.

The principle of differentiation - the use of
private modules reflecting various directions of the
development of the transport system in the evaluation
of the investment attractiveness of transport
infrastructure projects.

The principle of the project’s perspective —an
innovative transport infrastructure projectis designed
to remain relevant for the long term, to meet the vector
of development of scientific and technological
progress.

The principle of compliance with national
priorities for the development of the industry —an
innovative project should fully meet the targets of the
country’s transport strategy (for example, to provide
forthe design and construction of railway infrastructure
facilities for speeds of over 400 km/h).

It should be noted that there is a relationship
between the principles of perspective and compliance
(Table 2). So, the project can be subordinated to the
state program, but not be relevant in the long term,
and can combine both.

The principle of transparency of the evaluation
means the presence of an assessment map with the
calculation of the integral indicator, as well as the
project passport, which contains summary information
and evaluation results on various aspects. It is
important to ensure transparency in assessing
investment attractiveness at all stages of the life cycle
of the project. This reduces the probability for the
investor to risk, which means that it increases the
probability of ultimate success.

The principle of formalizing the results of
evaluating investment attractiveness involves the
use of certain document-forming forms, templates,
project passports.

At the same time, it should be borne in mind that
the development of such forms by the expert
commission, the definition of the algorithm of the
assessment process, make it possible to more
confidently implement the principle of transparency.

Conclusion. The principles mentioned in the
article form the basis of the author’s methodical
approach and the content of the economic model for
assessing the investment attractiveness of innovative
transport infrastructure projects. The advantage of
using them is the ability to take into account the
interests of all stakeholders, the specific nature of a
particular project when assessing its investment
attractiveness, and provide a fairly complete picture
of the initial data when investors make strategic
decisions, taking into account the projected
cumulative effect of a large-scale, state-significant
program.
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UccnepyioTcs onTummn3saLnoHHbie
noaxonabl K MOZEINPOBaHUIO
TPaHCMNOPTHOM CUCTEeMbI PErMOHa

Ha OCHoOBe IMpUHLnnoB gUHaMnN4eCcKoro
nporpaMmMupoBaHus MPU COOTHECEHUN
00BEMOB rpy30rnoToKOB MPOBO3HbIM
BO3MOXXHOCTSIM TpchnOpTHOﬁ CcUucrTemsi
c onpepgesieHneM paymnoHasibHOIro
MapLupyTa ABVKEHUS MPUHSATbIX

K TPaHCMopTUPOBKE rpy30B.
lNMpepnaraercs MeTo80/10rn4eCcKnm
WHCTPYMEeHTapuii MogepHuU3aunmn
PernoHasibHOVi TPaHCMOPTHOWV CUCTEMBbI.

Knro4eBbie c/ioBa: rpy30n0TOK, BOAHbIN
TPaHCropT, aBToNPEANnPUITUS,

XKeJsie3Hasi 4opora, pernoHasibHasi
TPaHCrnopTHas cucTema, AMHaMmn4eckoe
rporpamMmmupoBaHne, MoaenpoBaHve,
MeXAYHapOAHbIV TPAH3UT.
|
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NPOBJIEMBbI YIIPABJIEEIA

UHCTpYyMEeHTapum guHamMm4eckoro
nporpaMmmMupoBaHns B ONTUMU3aLUn
pernoHasibHoOu TPAHCMNOPTHOU CUCTEMDbI

Illpamko Aaexcandp Ilasaoéuy — kanouoam
IKOHOMUMECKUX HAYK, DOUeHm Kageopbl CucmemMHo20
aHanu3a u ynpagaeHus Ha 600HOM MpaHcnopme
Tocydapcmeennozo mopckoeo ynusepcumema

um. admupana D. ©. Yuwarosa, Hosopoccuiick,
Poccus.

Ji 93 GEKTUBHOTO QYHKIIMOHUPOBA-
HUSI TPAHCTIOPTHOM CUCTEMBI HE00-
XOIMMO COaTaHCUPOBATh IIPOBO3HOM
U TIPOTTYCKHOM MTOTEHIIMAJI CETHU C TTIOTPEOHO-
CTSIMU BHYTPEHHETO U MEXIYHapOJIHOTO
TpaH3uTa. TpaHcropT — oOcayxXuBarolas
OTpacjib MaTepruaIbHOTO TIPOU3BONICTBA, TTPU
TTOMOIIY KOTOPOI MPOUCXOANT MTOCTOSTHHBI
KpYroo0opoT MTPOU3BOAUTEILHOTO KaruTaia
¥ pPUTMUYHOE (DYHKITMOHUPOBAHKE TPOMBITII -
JIEHHOTO TIPOM3BOACTBA. HepaBHOMEPHOCTH
pocTa 00bEMOB MEPEBO30K AOJKHA KOMITEH -
CUPOBAThCS POCTOM MOTeHIIMana uHbpa-
CTPYKTYPHI, TTOTPEOHBIM KOJMYECTBOM TIO[I -
BWDKHOTO COCTaBa, TIOKOMOTUBOB M BATOHOB.
OnauM 13 3¢ (HEKTUBHBIX METOIOB IMTPOTHO-
3UPOBAHUS U IPOEKTUPOBAHUSI TPAHCITOPTHBIX
CHCTEM SIBJISIETCST IMHAMUYECKOE TTPOrpaMMu -
poBanue ([IT), koTopoe mpuUMeHsIeTCsl Mpu
TUIAHUPOBAHUU JTOJITOCPOYHBIX MTPOTPAMM
Pa3BUTHUSI, OATATHON MOJEPHU3AIINN PETHO-
HAJIbHOU CUCTEMBbI TOBAPOIBYKEHUSI.
Ipy30m0OTOK XapakTepu3yeTcsi BEKTOPOM:
MMYHKT OTIIpaBJIeHWsI, MYHKT Ha3HAYeHUs,
KJ1acc, POJ Ipy3a, CPOK IOCTaBKU, BPEMsI OT-
TpaBJICHUS.
B cBoto ouepenb, iepeBo3Ka rpy30B CBsI-
3aHa CO CXEMO (KapTorpaMMoii) Tpy30M0TO-
Ka, CKOPOCTbIO IBUKEHUSI, EMKOCTBIO (TPY30-



» AW B
S < < =
= b =)
S 5
= i
’E PernonanpHasi TpaHCIOPTHAs cUCTeMa a
> e
= R 3
= ] B
i 5]

% E QI @ - QZ _>@ - g
= ! =
=

= ] =
H """"""""""""""""""""""""""""""""""" =
X =
g g
m Mopckue TpaHCIIOPTHBIE CHCTEMBI ES

>

L.

Puc. 1. lMpuHumnnanbHas cxema pyHKLMOHNPOBaHNS PernoHasibHOV TPaAHCIIOPTHOM CUCTEMbI B COCTaBe
MeXAyHapo[Horo kopuaopa:
W,— rpysonorok TpancnoptHoro komnnekca; W, — paHcrnioptHas npoaykuymsi; W — notpe6HocTn
rpysononyyarens; W’, — nporHo3Has npoBo3Hasi BO3MOXHOCTb TPaHCMOPTHOro komnnexkca; W, — paktnyeckas

npPoBO3Hasi coco6HOCTL; Q, — orepaTop MOPCKOro TpaHcnopTa; Q.

; — 0neparop >xes1e3Ho[0POXXHOro

TpaHcnopTa; Q, — onepaTop aBTOMOGUILHOrO TpaHcnopTa; AW — yBennyeHue (CoKpaLeHue) rpy3onoToka.

MOABbEMHOCTBIO) TOJABUKHOIO cocTaBa (4em
OoJbllle TPY30MOABEMHOCTh, TEM MEHbIIE
cebecTOMMOCTb TPAHCIIOPTUPOBAHUS, HO
OoublIe U3AEPXKEK 3a CUET MpocToeB). B oc-
HOBE YCTOMYMBOTO I'PY30ITOTOKA JICXKUT Opra-
HU3alMs B3aMMOJIEHCTBUSI BUIOB TPAHCIIOPTA,
rpy3oliepepabaThIBaIOIIAi TOTEHIIMAI Tep-
MUHAJIOB, ONITMMaJIbHAs TPY30IOAbEMHOCTD
eAVHULBI TTOABUXKHOTO cocTaBa (puc. 1).

TpaHCIOPTHBIN KOMILIEKC SIBJISIETCST M-
HaMUYeCKO CUCTeMOIi, II03TOMY Bce (hUTY-
PUPYIOIIKE B IPOLIECCE MIEPEMEHHbBIE BEIMYM -
HbI (QYHKIIMOHAJIBLHO 3aBUCUMBI OT BPDEMEHH.
JI100y10 KOHEYHYIO IIPOBO3HYIO0 BO3MOXKHOCTh
W, crenyer paccMaTpuBaTh B HEKOTOPbIi
onpeaeI€HHbIII MOMEHT BPEMEHHU t.

Bxom — rpy30noToK TpaHCIIOPTHOTO KOMIT-
JleKca — TaKke M3MEHSIeTCSI BO BPEMEHH,
TO3TOMY BO3MOXKHbBI TAKME COCTOSTHUSI CCTE-
MBI, KOTJla 3HAYeHUSI TPY30II0TOKA OyayT
3HAYUTEJIbHO OTJIMYATHCI OT IMIPOBO3HOM
CITOCOOHOCTH KOMILIEKCa, YTO MOKET IIPUBE-
CTH K OTKazaM. B aTux ycioBusiX 0coObIit
MHTEpeC MPEeACTaBIsieT YCTAHOBUBIIUICS
peXuM paboThI, YCTOMYMBOCTD IIpoliecca BO
BCEM auMana3oHe M3MEHEHMSI rpy30I0TOKa.
J11s1 3TOro HeoOXOMMMO 3HATh BEJTMUMHY U 3a-
KOHOMEPHOCTH M3MEHEHUS TPYy30II0TOKA
TPaHCITOPTHOTO KOMILIEKCA U €T0 IIPOBO3HO-
ro IOoTeHIIMaJIa.

PazBuTtre MexXayHapOomIHBIX OTHOIICHMI
BBIABUJIO LIEJIBIN PAJL TOTTOJHUTENBHBIX 3arpy-
JKEHHOCTEW B BUJIE Pa3indus TEXHUYECKUX
HOPM TIO TTOIBMDKHOMY COCTaBY, TPaHCIIOPT-
HBIM IIyTSM, rabapuTraM U Macce I'py30B,
CBOe00Opa3rsi HAlIMOHAJIbHBIX HOPMATUBHO-
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MPaBOBBIX TPEOOBAHUIA, UYTO CO3IAET OOMbIINE
3aJepPXKKU TIPU TepeBaikKe TPy30B C OJHOTO
BUJA TPAHCIIOPTA Ha APYroi (0COGEHHO npu
nepeceyeHur TpaHmIl), TeM CaMbIM YBETUYH -
Basl PUCKU Y CTOUMOCTb.

XapakTepHbIii ¢ 3TON TOYKU 3peHUS
TPaHCMOPTHBII KOMITIEKC A30BO-YepHOMOp-
ckoro OacceitHa P® (puc. 2) mpeacrtaBisieT
Cc000lf COBOKYITHOCTb Pa3JMYHBIX BUIAOB
TpaHCIIopTa, JEUCTBYIOIIMX Ha TEPPUTOPUU
peruoHa. Ero pa3sutue o0ycioBiIeHO OCOOEH-
HOCTSIMM XO3SIICTBEHHOTO KOMILJIEKCa, OTpa-
CJI€BOW U TEPPUTOPUATBHON CTPYKTYpOu
MPOM3BOMICTBA, MECTOM PErMOHA B ITIOCTCOBET-
CKOM pasjie/IeHUH Tpyaa, reorpadmyeckum
TIOJIOXKEHUEM U PALIOM IPYTUX YCIOBUIA U Pak-
TOpoB [8].

IToTpeOGHBIE MPOBO3HBIE BO3MOXKHOCTHU
TPaHCIOPTHOTO KOMILJIEKca OMpenaessoTcs
pOCTOM 00BbEMA MEPEBO30K. DTOT MapaMeTp
MOXET OBITh KaK IMOCTOSIHHBIM, TaK U Iepe-
MeHHBIM. OYHKIIMS TOTPEOHOCTH B TIEPEBO3-
Kax MpeAcTaéT B BUME:

Q(t) = Q(t—l) +aA, +alAt—l +azA1-2 > (1)

rae Q(t) — IpOTHO3UPYEeMBI O0BEM ITePEeBO3-
K1 B Mepuon t; Q(t_l) — 00BEM TepeBO30K
B TPEIIIECTBYIOIIMIA TIEPUON; a, @, a,— TI0-
CTOSIHHBIE KO3((MUILIMEHTHI, TOJI0XUTEIHHO
WM OTPUIIATSIBHO BIMSIONINE HA TPaH3WUT;
A, — 4KMCIIO eMMHMUIL TPAHCIIOPTHBIX CPEICTB
(3keJIe3HOIOPOKHOT0, aBTOMOOMIIBHOTO, MOP-
CKOTO0) 3a Iepuo/, 7.

[ToTpeOHOCTH B TpaH3UTE PErMOHA U €0
MPOBO3HBIX BO3MOXXHOCTEM:

Q=F(A); ... W = ¢(A). 2)

LLipamko A. 1. UHCTpyMeHTapuii AMHaMMN4YEeCKOro NPorpaMMUpoBaHns B ONTUMN3aLun PErmoHasnbHOW
TPaHCMOPTHO CUCTEMBI
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Puc. 2. MpuHunnnansHas cxema pernoHasibHoi TPaHCNoOpPTHON cuctemsl A30Bo-4YepHomopckoro 6acceiiHa [6].

PaccmatpuBast TpaHCHOPTHYIO CUCTEMY
pervuoHa ¢ MO3ULIM TUHAMUYECKOIo Mpo-
IPaMMUPOBAHUS, Mbl OCYILIECTBIISIEM BbIOOD
ONTUMAJBHOTO TJIaHA peaanu3allii MHOTO-
STAIHbIX ICUCTBUA.

TpaHcropTHBI ITpoLiecC COCTOUT (OpraHu-
3alIMOHHO U TEXHOJOTMYECKW) U3 m I111aroB
(sranoB). Ha kaxaom 1are uaeT pacrpeaese-
HUE U NepepacnpeaesieHUue peCypcoB ¢ 1eJIblo
VAYYIIEeHUs] KOHEYHOTO pe3yjabraTa. DT pac-
npeaeaeHus B IMHAMUYECKOM MPOrpaMMUPO-
BaHUU Ha3bIBAIOTCS YIIPABJICHUSIMU OTepally-
el 1 0003HauaroTcs1 OyKBoit . DPHEeKTUBHOCTD
ornepauyy B LIeJIOM OLIEHUBAETCS TEM Ke T0-
KazatesieM, 4To U 3(PhEeKTUBHOCTD YIIPABICHUS
W(u). I1lpu aToMm W(u) 3aBUCUT OT BCeil COBO-
KYITHOCTH YITpaBJIeHUI Ha KaX/IOM Il1are ore-
paumu: W= W)= W, u,...,u, ). Yipasie-
HUE, TP KOTOPOM ToKa3zaTesib W mocturaet
MaKCUMyMa, CTAHOBUTCSI ONITUMAaJIbHBIM.

OnTuMajibHOE YIpaBJeHUEe MHOTOIaro-
BBIM ITPOLIECCOM — COBOKYITHOCTb ONTUMAaJb-
HBIX yIpaBJIE€HWH Ha KaXaIoM orane: u = (u,
Uppoos U ).

B GonblIMHCTBE MpakKTUYECKUX 3amay
rnokasareib 3¢ (GEKTUBHOCTU ONepaluii mpe-
cTaBsieT cob0it cymMmmy 3(Pp(hHEeKTUBHOCTHU
JIeCTBUIA Ha BceX aTanax (1arax) oneparuii:

m
W= Z ®; 1€ ®,—3PHEKTUBHOCTD OTEPALIUK
t=1

Ha [-M ll1are. HpI/I 3TOM B Cj1ydya€ onTuMaljb-

m
HOTO yIpaBlieHus cucteMoit W = maxZa)i .
i=l
CyILHOCTb pelleHusI 3a1a4 TMHAMUYECKO-
ro IIPOrpaMMUPOBAaHUs 3aKJII0YACTCS B CJIe-
nytomem [10]:

® MWP TPAHCIMOPTA, Tom 15, N2 5, C. 138-145 (2017)

— OINTUMU3ALIMS IPOU3BOIUTCSI METOIOM
MOCJIeOBAaTEIbHBIX MPUOIKEeHU (MTepa-
1IMii) B IBa Kpyra; BHavyajie OT MOCJEIHETr0
1ara orepaiyu K rmepBoMy, a 3aTeM, Hao00-
POT, OT IEPBOT0 K MOCJIEAHEMY;

— Ha TIEPBOM KpPYTe, WIS OT ITOCIEAYIOIIUX
[IAroB K MPeIbIIYIIMM, HAaXOIUTCSI TaK Ha3bl-
BaeMoOe€ yCJOBHOE OINTMMAaJIbHOE pelleHue.
OHO BbIOMpaeTcsl TAKUM, YTOOBI BCE MPeabl-
JylIve iary JaBajii MaKCUMalbHY10 o dek-
TUBHOCTb TOCeayloliero mara. MHbIMKI
cJIoBaMM, Ha KakJIOM IIare MIIETCs TaKoe
yIpasjieHue, KOTopoe 00ecrieurmBaeT ONTH -
MaJibHOe TTpookeHre onepaiuu. CooTBeT-
CTBEHHO U caM MIPUHIIUIT BEIOOPA yIIpaBIeHUS
B 3TOM CJIy4yae JIOTUYHO CUUTATh IIPUHIIUTIOM
ONTUMAaJIbHOCTH;

— BTOPOM KPYT ONTUMU3ALIMU HAYMHAETCS
¢ 11ara, Juisi KOTOPOro onTUMaJIbHOE YIIpaB-
JieHHe u3BecTHO. MIMest 1151 Bcex 11aroB mocjie
HETO YCJIOBHBIE ONTUMAaJIbHBIC YITPABICHMS,
OIPEIEIITIOTCS PELICHUST JUTST KaXKI0T0 ITOCIe-
JYIOIIETO I1Iara.

JuHaMmudecKass MOJeJIb COOTHOIIEHMS
IrPY30TIOTOKOB U MTPOBO3HOI CITOCOOHOCTHU
TPAHCIIOPTHOTO KOMILJIEKCa pernoHa Mmpe-
craBieHa Ha puc. 3. [Ipsamast ¢(A) Ha HEM
OTpaxkaeT BO3MOXHOCTH M MOTPEOHOCTH
B MepPEBO3Kax rpy3oB, onpenesseMbie F(A).

HeiicTBUS TMHAMUYECKOW MOJEIU COOT-
BETCTBYIOT 0003HAaYEHHBIM M3MEHEHUSIM
MPOBO3HOI crmocoOHoCTH (p(A) U TOTPEeOHO-
ctu B niepeBo3kax F(A). [TonoxeHue paBHO-
BeCHST MeX1y HUMU (DUKCHUPYET TOYKa Iepe-

ceuenuss Q u W, . B HavanbHBIA mTepron

HpOBO3HOﬁ IIOTEHIMAJ COCTAaBIIACT WkO
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Puc. 3. AnHamnyeckasi MoAesib COOTHOLLUEHUSI TPY30MOTOKOB M MPOBO3HOW CMIOCOBGHOCTU TPAHCMOPTHOIO
KOMriekca permoHa.

unepeBo3uTcs O 00bEM Ipy3a, COOTBETCTBYIO-
L€ TOYKE QO Ha muHuu F(A). [1pu HegocTa-
TOYHOM ITPOBO3HOI CITOCOOHOCTH TTOABUKHO-
ro cocTaBa, 00eCIeunBaIOIeTO0 TPaH3MT,
CITPOC TIPEBHIIIACT MIPEIJIOXKECHUE.

C y4€TOM 3TOTr0 BO BTOPOIi TIepPUO/, ITPO-
BO3HBIE CITOCOOHOCTHU COCTaBST Wkl u OygeTt
nepese3eHo Q, rpy30B. OT TOUKM Q| Ha TMHUI
F(A) nBrxeHre MOMAET IO TOPU3OHTAIH 10
nepeceueHust ¢ tuHuein ¢(A). Beprukann,
OITyIIIEHHAsI U3 TOYKH ITePECeUCHNSI, TTOKaXKET
noTpeOHbIe TIPOBO3HBIE BO3MOXKHOCTH CJie-
IYIOIIET0 BpEeMEHHU MHTEpBaia, a MPOeKIIUs
Ha OCh OpAMHAT — 00BEM Trpy3a, epeBO3U-
MOTO B cJIeaytonii mepuoa. OTHOCUTEIbHAS
TIPOBO3HAsT BO3MOXKHOCTb U O0OBEM ITePeBO-
3MMOTO Tpy3a SIBJSIOTCSI COOTBETCTBEHHO
KoopauHatamu Touek Q,, Q,, O, Ha KpUBOH,
KOTOPBIE TATOTEIOT K TOUKE C KOOpAUHATAMU
o,w,.

Pacnonoxenue Touex Q,, Q,, O, 3aBUCUT
OT xapakTtepa 3aBucumocteit ¢(A) u F(A).
KonebaHust MOTYT OBITH 3aTyXalOIMIUMMU,
B3pBIBHBIMU U perynsipHbiMu. Ecnu pyHkumm
F(A) u ¢(A) 3anaHbl ypaBHEHUSIMU
F(A)=Q,+aA; §(4) =W, ,+ bA, 3)
(rme @ u b — MOCTOSTHHBIE KO3(MD(MUIINECHTHI;
W, ,— NPOBO3HbIE BO3MOXHOCTH TPAHCIIOPT-
HOTO KOMILIeKCa B IIPEIIIeCTBYIOLINI TIepH-
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0J1), TO COOTBETCTBUE ITPOBO3HOI CIIOCOOHO-
CTH 00BEMY MepeBO30K OYIEeT BhIpaKeHO
YPaBHEHUSIMU:

Q=Q,+ad =W, +b4, ; (4)

_ -W,

A4, =—Q°b 25 (5)
—-a

B ciiyyae, Korma mpoMCXOaUT OTCTaBaHue
IPOBO3HOI CIIOCOOHOCTH ITOIBUKHOIO COCTA-
Ba OT MOTPEOHOCTU B MePEBO3KeE, ypaBHEHUE
npuoodpeTaeT BUI:
0,-0,+ad,, =W,,+ b, (6)

ITposens mpeodpazoBaHme ypaBHEHUIA (3)
u (4), moIydnm
A4 =A-A
1 B pesynbrarte aAA, |, = bA,.

YpaBHEHHE OMNUCHIBAET OTKIOHEHUS OT
ypoBHs paBHOBecusi. Eciu 0003HaYUThH
C = a/b 1 TOCTaBUTH €TO B 3TO YpaBHEHUE, TO
nonyunm AA = CAA, . Eciv usBecTHO 3Haye-
Hue A, B MOMEHT /), TO Ad =AC',..., A=A+
(A,—AC,..,.AMA=AL.

(+a)

B stoMm ciiyuae C =——

(-b)
U, Clie0BaTeIbHO, paBHO 3HaYeHusAM A, C,...
AL,... A7, Tak uTO AA, TOOYEPENHO TPUO-
OpeTaeT TO MOJIOXKUTEIILHOE, TO OTPUIIATEITb-
HOE 3HAYCHMSI.

(7

;A4 =A,(-1)'C
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AHauM3 TTOKa3bIBaET, YTO BO3MOXHBI CJIe-
JYIOIIINE CITyYau:

1) a > |-b|, yron naxiona F(A) Kk ocu OA
OoJblie, yeM yroj HakioHa ¢p(A). Ecoiu C > 1
U pAIl TTOCNIEN0BATENbHbBIX 3HAYEHUI AA, AB-
JISIIOTCSI OECKOHEYHO BO3pacTaloOIMMU 110
a0COJIIOTHOM BeJIMUMHE A —> 00, UMEIOT MECTO
B3PBIBHBIE KOJICOAHUS;

2) a = |-b|, T.e. yrbl HakiIoHa F(A) u ¢(A)
paBHEL B s3Tom ciyyae C = 1 v psi 3HaYeHUI
AA, ByIeT COCTOATH U3 YepenoBaHuii (4 — AA)
u (A + AA), r.e. AA, Gyzner T0 Goublle, TO
MeHbLIE W, Ha OIHY U Ty XK€ BEIMYMHY;

3) a<|-b|, T.e. yroa HakioHa ¢(A) Goblie,
yeMm F(A). B atoMm cirygae C < 1 u mocyenoBa-
TeJbHBIE AA, YMEHBILIAIOTCS MO abCOTIOTHOM
BesmunHe. KonebaHus 3aTyxaroiue, CTpeMsi-
1IMecs K YpoBHIO paBHOBecusi. Yem Oosbliie
[3 TT0 OTHOIIIEHUIO K QL T.€. YeM Kpyde ¢(A) 1o
cpaBHeHUIO ¢ F(A), TeM cKopee OyIyT 3aTyXaTh
HEepPaBHOMEPHOCTH MOCTYIIICHUS TPY30B B CU-
cTeMmy.

MeTonoM TMHAMUYECKOTO ITPOrpaMMUPO-
BaHUST MOTYT peIIaThCs W 3a1a4u, TTPUBOJIS-
1II1e K CETeBBIM TPAHCTIOPTHBIM MOJIEJISIM.

SAKJTIOMEHUE

WucTpymMeHTapuilt fTHHAMUYECKOTO MPpo-
rpaMMUpPOBaHUSI OCTAETCS BOCTpeOOBaH-
HBIM, HECMOTPS Ha TO, YTO MPeIJIOXKEHHbIE
MOJIEJIN SIBJISIIOTCSI JOBOJIbHO OOIIIUM OTO0-
paxkeHWeM TPaHCIOPTHOrOo Mmpoliecca, B KO-
TOPOM YUTE€Hbl OCHOBHbIE B3aUMOCBSI3U
MEXIy IJTaBHBIMU KOMITOHEHTaMM: TpaHC-
TMOPTHOM CEThIO, TPY30ITOTOKAMHU U MMOTOKA-
MU TPAHCIIOPTHBIX CPEJACTB, a TAKXKe KOJIU-
YeCTBOM I'PY30B Ha TEpMUHaJIaX B TOPTY U HA
MoaXoJax K HUAM.

MeTonbl AMHAMUYECKOTO MPOTrpaMMUPO-
BaHMSI OPMEHTUPOBAHEI Ha MOBBIIICHIE (-
(EKTUBHOCTU B pelIeHUU TPAHCITOPTHBIX
3a7a4 MyTéM MX pa30MeHus1 HA OTHOCUTEIbHO
HeOOoIbIINE U, CJIeI0BATEIbHO, JIETKO Mo/1a-
olmecs peueHuto noasagadu. [pu atom
TPUHLMIT OTITUMAIbHOCTHU SIBJISIETCSI OCHOBOI
TIO3TAalTHOCTU COBEPIIAEMBIX N€WCTBUMA, OJ-
HaKO OH He COAEPKUT MH(MOPMALIMH O CIIOCO-
0ax pelleHus Moa3anay, BO3HUKAIONIMX Ha
KaxaoMm artamne. [To aToi npuuyrMHe MPUHLMIT
ONTUMAaJbHOCTU UHOTAA pacCMaTpUBaeTCs

KaK CJIMIIKOM OOILLUIA 7151 TOTO, YTOObI ObITH
MOJIE3HBIM B MPAKTUUYECKUX UCCIIETOBAHUSIX.
Bo3MOXHBI cUTyalluu, KOraa JeKOMITO3ULIUS
3a/1a4 OCYILECTBIEHA HAJIeXAalllUM 00pa3oM,
a YMCJIOBOM pe3yJabTaT MOJYyYUTh HE yIaeTcs
BCJIEICTBUE OOJIBIION CI0KHOCTU ONTUMM3A-
LIMOHHBIX MOMA3aay, CBSI3aHHBIX C KaXXIbIM
aTanoM. TeM He MeHee cieyeT OTMETUTD, YTO,
HECMOTPS Ha yKa3aHHbIE HEIOCTaTKU, METOT
JTUHAMUYECKOTO MPOrpaMMUPOBAHUS CYIlIe-
CTBEHHO 00JieryaeT pelIeHue 1eJ0To psaa
MpaKTUYEeCKUX 3a1a4.

CdopMynupoBaHHas npobjiemMa NpuHai-
JIEXUT K KJaccy 3aay ONTUMM3AalUU B3au-
MOCBSI3aHHBIX [TOTOKOB Ha CETU: IEPBUYHOTO,
MPEICTABISIONIEr0 MOTOK TPAHCIIOPTHBIX
CPECTB O TPAHCTIOPTHOW CETU, U BTOPUYHO-
ro — MOTOKA NMEPEBO3UMBIX I'PY30B
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INSTRUMENTATION OF DYNAMIC PROGRAMMING IN OPTIMIZATION

OF A REGIONAL TRANSPORT SYSTEM

Shramko, Alexander P., Admiral Ushakov Maritime State University, Novorossiysk, Russia.

ABSTRACT

Optimized approaches to modeling of a
region’s transport system based on the principles
of dynamic programming are compared with
correlation of the volumes of cargo flows with the

transport system’s capabilities and the definition
of an optimal route of movement for transportation
of goods. A methodological tool for modernizing
the regional transport system is proposed.

Keywords: water transport, auto enterprises, railway, regional transport system, dynamic programming,

modeling, international transit.

Background. For efficient functioning of a
transport system, a balanced transport and throughput
capacity of the network with the needs of domestic and
international transit is necessary. Transport is a
servicing branch of material production, through which
a constant cycle of productive capital and rhythmic
functioning of industrial production take place.

The uneven growth in traffic volumes should be
compensated by the growth of infrastructure
potential, the required number of rolling stock and
cars.

Objective. The objective of the author is to
consider dynamic programming in optimization of a
regional transport system.

Methods. The author uses general scientific and
engineering methods, dynamic programming,
mathematical calculation, evaluation approach.

Results. One of the effective methods for
forecasting and designing transport systems is
dynamic programming (DP), which is used for long-
range forecasting and planning, for stage-by-stage
modernization of a regional transport system.

A cargo flow is characterized by a vector: point of
departure, destination, class, kind of cargo, delivery
time, departure time.

In turn, transportation of goods is associated with
a scheme (cartogram) of a cargo flow, speed of
movement, capacity (carrying capacity) of rolling
stock (the higher is carrying capacity, the lower is cost
of transportation, but more costs, due to downtime).
Atthe heart of a sustainable cargo flow is organization
of interaction of modes of transport, cargo handling
capacity of terminals, optimal carrying capacity of a
rolling stock unit (Pic. 1).

The transport complex is a dynamic system,
therefore all variables appearing in the process are
functions of time. Any finite carrying capacity W,
should be considered at some specific time t.

The input — cargo flow of a transport complex —
also varies with time, therefore such system states

are possible when the cargo flow values will differ
significantly from carrying capacity of the complex,
which can lead to failures. In these conditions, a
particular interest is the established mode of
operation, stability of the process throughout a range
of changes in the cargo flow. For this, it is necessary
to know the magnitude and regularities of the change
in the cargo flow of the transport complex and its
carrying potential.

The development of international relations has
revealed a number of additional workloads in the form
of differences in technical standards for rolling stock,
transport routes, dimensions and weight of cargo,
originality of national regulatory requirements, which
creates great delays in transshipment of goods from
one mode of transport to another crossing the
borders, thereby increasing risks and costs.

The transport complex of the Azov-Black Sea
basin of the Russian Federation, characteristic of this
point of view (Pic. 2), is a collection of various modes
of transport operating in the region. Its development
is due to the features of the economic complex, the
sectoral and territorial structure of production, the
place of the region in the post-Soviet division of labor,
geographical location and a number of other
conditions and factors [8].

The required carrying capacities of the transport
complex are determined by the growth in the volume
of transportation. This parameter can be either
constant or variable. The transport demand function
appears as:

Q(t) =0 tad +ad +a,4,,, (1)

where Q(t) — forecasted transportation volume in
period t; Q{t_,) - volume of transportation in the
previous period; a, a,, a,- constant coefficients
affecting transit positively or negatively; A, — number
of vehicles (railway, road, sea) for the period t.

The need of the region for transit and its carrying
capacity: Q= F(A); W, = ¢§(A). (2)

Pic. 1. Schematic diagram
of functioning of a regional

transport system as part of an
international corridor: Wt — cargo
flow of a transport complex;
W, — transport products;
W._- needs of a consignee;

W, — forecast carrying capacity
of a transport complex; W, — actual
carrying capacity; Q,— operator of

maritime transport; Q, — operator

Output material flow
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Pic. 2. Schematic Novorossiysk
diagram of the regional
transport system of the
Azov-Black Sea basin
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Considering the transport system of the region
from the point of view of dynamic programming, we
carry out selection of an optimal plan for implementing
multi-stage actions.

The transport process consists(organizationally
and technologically) of m steps. At each step there
is distribution and redistribution of resources, in
order to improve a final result. These distributions
in dynamic programming are called operation
controls and are denoted by the letter u. The
efficiency of the operation as a whole is estimated
by the same indicator as the management
effectiveness W(u). Moreover, W(u) depends on
the whole set of controls at each step of the
operation: W=Wu) =W(u, u,..., u,). The control
at which Wexponent reaches a maximum becomes
optimal.

Optimal control of multi-step process is a set of
optimal controls at each stage: u=(u, u,,..., u,).

In most practical tasks, the efficiency indicator of
operations is the sum of effectiveness of actions at all

stages (steps), operations: W=Zw,- where o, -

1=1

efficiency of the operation at the i-th step. In this case,

in case of optimal control of the system W = max Zwi .

i=l
The essence of solving dynamic programming
problems is as follows [6]:

— optimization is made by a method of successive
approximations (iterations) in two rounds; first from
the last step of the operation to the first, and then, on
the contrary, from the first to the last;

— on the first round, going from the next steps to
the previous ones, a so-called optimal solution is
found. It is chosen in such a way that all the previous
steps give the maximum efficiency of the subsequent
step. In other words, at each step such control is
sought, which gives optimal continuation of
operations. Accordingly, it is logical to consider the
very principle of choosing control in this case as a
principle of optimality;

— the second round of optimization begins with a
step for which optimal control is known. Having for all
steps after conditional optimal controls solution for
each subsequent step is determined.

Dynamic model of the ratio of cargo flows and
carrying capacity of the region’s transport complex
(Pic. 3).

The straight line ¢(A) reflects the possibilities and
needs for cargo transportation defined by F(A).

The actions of the dynamic model (Pic. 3)
correspond to the indicated changes in the carrying
capacity of ¢(A) and the transportation demand
determined by F(A). The equilibrium position is fixed

by the point of intersection of Q and W, . In the initial
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period, the carrying potential is W,, and Q,cargo
volume is transported, corresponding to the point Q,
on the line F(A). With insufficient carrying capacity of
rolling stock providing transit, demand exceeds
supply.

Taking this into account, in the second period the
carrying capacity will be W, , and Q, cargo will be
transported. From point Q, on the line F(A), the motion
will go horizontally to the intersection with the line ¢(A).
The vertical, lowered from the intersection point, will
show the required carrying capacity of the next interval
time, and on the ordinate axis — the volume of cargo
transported in the next period. The relative carrying
capacity and the volume of the cargo transported are,
respectively, the coordinates of the points Q,, Q,, Q,
on the curve that gravitate toward the point with the

coordinates O , W, .

The location of the points Q,, Q,, Q, depends on
the nature of the dependencies §(A) and F(A).
Oscillations can be fading, explosive and regular. If
the functions F(A) and §(A) are given by equations
F(A)=Q,+aA; o(A) =W, + DA, (3)
(where a and b - constant coefficients; W,,— carrying
capacities of the transport complex in the previous
period), then the compliance of the carrying capacity
to the volume of transportation will be expressed by
equations

Q=Q, +ad =W, +b4, ; (4)
- 0w,
7-2" % (5)

In the event that the carrying capacity of rolling
stock lags behind the need for transportation, the
equation takes a form:

Q,_Q,+aA_ =W, +bA. (6)

Subtracting equation (6) from equation (5), we
obtain
Ad =4 -4
and as aresultadA, = bA,

The equation describes deviations from the
equilibrium level. If we denote C = a/b and putitin this
equation, we get AA,=CAA, .. Ifthe value of A )is known
attime t, then AMA=AC', ... A=A+ (A,-A)C; M =
AC.

(7)

. (+2)
In this case C= ;
(-b)
therefore equal to the values A C;...A,C?... A,C? so
that AA, acquires alternately a positive or a negative
value.
The analysis shows that the following cases are
possible:
1)a > |-b|, angle of inclination of F(A) to the axis
OA is greater than the angle of inclination of §(A). In

AA, = A (-1)'C and is
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case C > 1 and a series of successive values AA, are
infinitely increasing in absolute value A — o, explosive
oscillations take place;

2)a =|-b|, i.e. angles of inclination of F(A) and
§(A) are equal. In this case C = 1 and a series of values
AA, will consist of alternations (A — AA ) and (A + AA),
i.e. AA, will be either greater, or less than W, by the
same amount;

3) a < |-b|, i.e. angle of inclination of ¢(A) is
greater than of F(A). In this case C < 1 and successive
AA, decrease by absolute value. The oscillations are
damped, tending to a level of equilibrium. The greater
is B with respect to o, i.e. the steeper is ¢(A) as
compared to F(A), the faster the unevenness in the
arrival of goods into the system will be attenuated.

The problems that lead to network transport
models can be solved by dynamic programming.

Conclusion. The toolkit for dynamic programming
remains in demand, despite the fact that the proposed
models are a fairly general mapping of the transport
process, which takes into account the main
interrelationships between the main components: the
transport network, freight flows and vehicle flows, as
well as the volume of cargoes at terminals in the port
and approaches to it.

Methods of dynamic programming are focused
on increasing efficiency in solving transport problems
by splitting them into relatively small and, therefore,
easily solvable subtasks. At the same time, the
optimality principle is the basis for step-by-step nature
of actions, but it does not contain information on how
to solve subtasks arising at each stage. For this
reason, the optimality principle is sometimes regarded
as too general to be useful in practical research. The
situations can arise when decomposition of tasks is
carried out properly, but the numerical result cannot
be obtained due to the great complexity of optimization
subtasks associated with each stage. Nevertheless,
it should be noted that, despite these shortcomings,
the method of dynamic programming makes it much
easier to solve a number of practical tasks [6].

The formulated problem belongs to the class of
problems of optimization of interconnected flows on
the network: the primary one, representing the flow
of vehicles through the transport network, and the
secondary one — the flow of transported goods
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OueHnBaloTCS NPUHLUNNNANIbHbIE acreKTbl
CyLYeCTBYIOLMX NOAXOA0B K yrpaB/ieHUIo
opraHu3auveii, JOMUHAHTbI €€ yCTONYNBOro
pa3BuUTUsl, NO3BOJISIIOLLNE CHPOPMUPOBATh

y crieynanncTa HoBble [OMNOJIHUTE IbHbIe
KOMMeTeHUUN, COCTaBUTb TEOPETUYECKYIO

Y NpakTu4eckyro 6a3y Ass nogroToBKuN
uHXeHepa-meHeaxepa. O6LHOCTb
COnyTCTBYIOLYMNX 3TOMY 3aAa4, peLueHuin

Y CUHepreTuka ux peajansaunmn 4eKnapupyroTcs
B cucrteme npuoputeTos BceobLyero
MeHeaXMmeHTa kayectBa (TQM) n coBpeMeHHbIx
MHHOBAaLMOHHO-KOMMYHUKaLIMOHHbIX
TEeXHOJIOrnii Ha NPUMepPe KPYHbIX,

CTPYKTYPHO HEOAHOPOAHBIX, IOTUCTUYECKN
CJIOXXHBIX UHPACTPYKTYPHbIX CUCTEM
TPaHCIMOPTHOWV UHAYCTPUN. ABTOPbI CTaBsSIT
Luesib noka3arb, No4yemMy AaHHbIe 0JIOXKEeHUs
npuobpeTaioT 0cobyro 3HAYUMOCTb UMEHHO
AN UHPACTPYKTYPHbIX TPAHCITOPTHO-
JIOrCTUYECKUX MOCTPOEHWIA, rae LeHa PUCKa,
owmn6Ku, HefOCTaTOYHON 3aLLnTbl UHpOPMaLn
CJINLLIKOM BeJINKa.

Kntoyesbie ciioBa: TpaHCopT, I0rUCTyKa,
yrpas/ieHne Ka4eCTBOM, MHPOpMaLms,
6e30MacHOCTb, MHXEHEPHbI MEHEAKMEHT.
|
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UHdbopmauusa, ynpasneHume
Ka4yeCTBOM, UHXXEHEPHbIN
MeHea)KMEeHT: OOLWHOCTb 3aaay
U pelueHun

Banepuit MAMEOPOJIA
Valery P. MAIBORODA

Azapoe Baadumup Huxoaa-
egu — JOKmMop MexHu-
ueckux HayK, npogeccop
Poccuiickoeo ynusepcume-
ma mpancnopma (MUHUT),
Mockea, Poccus.

boiiyoe bopuc Bacuao-
egu — 00KmMop MexHu-
ueckux HayK, npogeccop
Mockosckoeo aguaiyuon-
Hoeo uncmumyma (MAH),
Mockea, Poccus.
Maii6opooa Baaepuii Ilpo-
X0poeuy — 0oKmop mex-
HUMeCKUx HayK, npogeccop
Poccuiickoeo ynusepcume-
ma mpancnopma (MUHUT),
Mockea, Poccus.

accMaTpuBasi CHHEPIM3M U IUHAMMKY
Pa3BUTHS MTH(POPMAILIMOHHBIX TEXHOJIO-
ruii (IT), cnemyer mpexae BCero yrou-
HUTb, YTO TIOHMMAETCS IO TEPMUHOM «MH-
dopmarus». CyliecTByeT 00JIbIIOE KOJTUYECT-
BO aJIbTePHATUBHBIX CMBICJIOB 3TOT'0 TePMUHA
MPUMEHUTEIBHO K Pa3JMYHBIM 00JacTsIM
3HaHU#. OCHOBOMOJOXHUK KMOEPHETUKH
¥ TEOPUU UCKYCCTBEHHOTO MHTe IekTa H. Bu-
Hep, HaITpUMep, CUMTaI HH(GOPMAIIHIO OCHO-
BOIIOJIATaOIIMM TEPMUHOM, HE TIOITArOIIIM-
cs1 oTIpeieSICHUIO B 00Jiee TIPOCTHIX TEPMUHAX
U, B CBOIO OYepeb, OMPEAessI e€ KaK HEKYIO
CyOCTaHLIMIO, CTTIOCOOHYIO TIepeIaBaThCs MEXK-
Iy 00BbEeKTaMU U CUCTeMaMU, TIPU 3TOM He
SIBJISIIOLLYIOCS MAaTEPUE WA SHEPTUECH.
MaremaTtuyeckoe ornpenesieHue MHPOP-
Malluy, OCHOBAaHHOE Ha ITPOTUBOITOCTABICHUH
TMIOHSATUIO BHTPONUU (HE3HAHUE, XaoC, HeOo-
MpeaeaéHHOCTh), KPOME ITPOYEro, O3BOJISIET
copmynupoBaTh Muccuio aodoro IT-cre-
LUaJIiCcTa KaK 00ph0Y ¢ HEONpeaeJEHHOCTHIO,
HENpo3pavyHOCThIO, HETIPEeACKa3yeMOCThIO
CHUCTEMBbI, KaK MUCCHIO YYaCTHHUKA IIpoliecca
aBTOMAaTM3alIMM1, MOJEpaTOpa X03sIHCTBEHHO-



ro, TEXHOJIOTUYECKOTO MEXaHU3Ma OpraHun3a-
1uu. JlIoruyeckoe ciaencTBre TaKoro MoH1uMa-
HUS: €CJIU B pe3yJIbTaTe NesITeIbHOCTU TUPEK-
Topa 1Mo MHGOPMAIITMOHHBIM TEXHOJIOTHSIM
(Chief Information Officer — CIO) B TeueHue
OIpPeNeIEHHOTO BPEMEHU KOJIMYECTBO COOEB
aBTOMAaTU3MPOBAHHBIX CUCTEM (TTPU3HAK He-
MpPeaCcKa3yeMOCTH) BBIPOCIO WIN OCTAJIOCh
IMOCTOSIHHBIM, HO TIPA 3TOM TPO3PavyHOCTh
U YIIPaBJISIEMOCTb OM3HECa HE YBEJIUUYUIIUC,
TO Yy PYKOBOJCTBA MOSIBUJICS KaHAUIAT Ha
YBOJIbHEHHUE.

He 3abynem, Ha CHUXXEHUE DHTPONUU
HarpaBJIeHbl U TIIaBHbIE TTPUHIIUTIBI BCEOOIIIe -
ro meHemkMmeHTa kayectBa (TQM): cucrem-
HOCTb, MPOIECCHBIN TOAX0M, IPUHSITHE pe-
IIEHWI, OCHOBAaHHBIX Ha (haKTaxX W HaIpaB-
JIECHHBIX Ha JOCTUXEHHE JOJTOCPOYHOTO
ycrnexa MyTeéM yIOBAECTBOPEHUST TpeOOBaHUM
noTpeduTesss U obecrnedeHus: BbITOIbI IS
YJIEHOB OpraHU3alllu U OOIIECTBA.

1.

Jlerko 3ametutsb, uto Muccuu IT-crienua-
JIUCTA U CITELIMATMCTA B 00JIACTU KaYecTBa He
TOJIbKO MEpPeceKaTcs U CUHEPTeTUYECKU
aKTUBHBI, HO M (DAKTUYECKU JOJIKHBI OBITh
TapMOHU3UPOBAHBI, JOTIOJHATH IPYT ApyTa
B TIOBCEIHEBHOU nesTesibHOCTH. OcOO0eHHO
SIBHO 3TO MPOSIBJISIETCS B PEOPTAaHU3ALIUN WIN
KOMTUIEKCHOM BHEIPEHUH MH(POPMAITMOHHBIX
CHCTEM U TEXHOJIOTUI B TIOOO CTPOUTETBHOM
KOpIOpalry WIX OpraHu3alvuy TpaHCIIopTa.
IlepBbIM IIaTOM B peIlIEeHUU TaKWX 3a1a4 SIB-
JISIeTCsI OMMUMCaHue OU3HEC-TMPOLIECCOB, KOTO-
pbI€ B JAJIbHENIIIEM COCTABSIT OCHOBY CUCTEMBI
MeHeIXMEHTa KayecTBa, Oyayuu 6azucom
opraHuzaiuu. MoryT MEHSThCS IPOTPAMMHO-
arnmnapaTrHble CpeACTBA aBTOMAaTU3allUN, CPE/I-
CTBa aBTOMATU3alIMK TTPOEKTUPOBAHUSI, TEX-
HOJIOTUU OTIEPALIAM, TIEPCOHAN, YYACTBYIOLIU I
B BBINTOJIHEHUH Olepalnii mpoiiecca, Ho cam
MPOLIECC HE MEHSETCSI.

CeronHs IPOUCXOAIT KaueCTBEHHBIC M3-
MEHEHUsI BO BceX cepax KU3HU U XO3SUCT-
BEHHOM IeSITEIbHOCTH B CBSI3U C BHEAPEHUEM
MPUHIATTMAIBHO HOBBIX CPEACTB XpaHEHMS,
00paboTKU U Tepegayd MHGOpMaluu, 3KO-
HOMMKA BXOAWT B (ha3y 4eTBEPTOI 1O CUETY
WHIYCTPUAIBHOUN PEBOIONNN, a WHIYCTPUS
4.0 (cuna MHTepHeTa Belleit) orpenessieTcst
JIECATBHIO TEXHOJIOTUYECKUMU OOJTACTSMU.

1. Topu30HTAJIbHAS Y BEPTUKAJIbHAS CUCTEM-
Has uHTerpanus uHGpPacTPyKTYPHbIX U JIOTH-
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cTuuecKux nocrpoenmii. Mumyctpus 4.0 tpe-
OyeT TiepecMoTpa OTHOIICHUS K MCITOJIb3ye-
MBIM JTaHHBIM U ceTsiM. HbIHe 3TOo cpencTBo
B3aMMOJICCTBUST HE TOJIBKO JeTIapTaMEHTOB
BHYTPU TIPEATTPUSTHUS, HO U PA3TUIHBIX TTPET-
MPUSATUI-TIAPTHEPOB B TPONU3BOACTBEHHOM
LUKJIE.

2. UnTepHeT Bemeil. YCTpoiiCcTBa U BCTPO-
€HHBIE JaTYNKU MHOPACTPYKTYPHI OYIYT 00-
MEHUMBAaThCSI UH(MOpMaIeii B pexkuMe peasib-
HOTO BPEMEHHU.

3. Kubepoe3onacHocTh. be3 He€ HeBO3MOX-
HO CO3lIaHKe JIOBEPEHHOM cpe/Tbl (PUHIINITI -
aJTbHO BaXKHOM JIsT OOJIBIINX TPAHCTIOPTHO-
JIOTUCTUYECKUX CUCTEM), B KOTOPO CMOTYT
paboTaTh MWJITUAP/IBI YCTPONCTB U TiepeceKa-
FOIINXCSl TH(POPMAIIMOHHBIX ITOTOKOB.

4. Obaaka. 3agaya Imoaae p>KK MHOXKECTBA
TUTIOB YCTPOWCTB U CEHCOPOB, a TAKKE MACChI
TEHEPUPYEMBIX UMM JAHHBIX HAWIYYITUM
00pa3oM pelaeTcst Ipu MOMOIIN O0JTauHBIX
CEPBUCOB, KOTOPBIE CMOTYT 00ECTICUNTh U TPe-
OyeMy10 CKOPOCTb 00pabOTKM JaHHBIX, U MaC-
MTabMpPyeMOCTh MH(MPACTPYKTYPHBIX pelie-
HUMN.

5. AHasm3 00JIbIIMX JaHHBIX. J{OCTYITHOCTD
JIAHHBIX 110 BceM (a3zaM 1 acrieKTam paspa-
0OTKM, TIPOM3BOJCTBA U UCTIBITAHUI TTO3BO-
JISIeT TOYHEee MIaHMPOBATh OM3HEC-TIPOLIECCHI,
WHHOBAIIMU, MADKETUHT U CTPATETHIO Pa3BU-
THSI.

6. MoaeaupoBanue. MMest B pacriopske-
HUU OOJIbIITME TAHHBIE ¥ OOJIBIITYIO BHIYUCT -
TEJbHYI0 MOIIHOCTh, MPEATNIPUITUS CMOTYT
BUPTYaJIbHO MOJEIUPOBATh CIIEHApUU HC-
TTOJTb30BaHUST TTPOYKTA WIIA YCIIYTH, TEM Ca-
MBIM YCKODSISI X TECTUPOBAHUE U PACIIIUPSIS
WHHOBAIIMOHHBIN ITPOIIeCC: HEYyIauHbIe peliie-
HUS OYAYT BBISIBJISITHCS OBICTPO.

7. AnmuTuBHOE Ipou3BoacTBO (3D-neyars).
MeTonbl aIIMTUBHOTO MTPOU3BOJCTBA OYIyT
ITUPOKO MPUMEHSITHCS TSI U3TOTOBJIEHUS 110
WHIWBUAYAJIBHOMY 3aKa3y HEOOJBIINX Tap-
THIA POTYKTOB, KOTOPHIE MPU3BaHbI COYETaTh
B ce0e MpenMYIIeCcTBa CJIOKHBIX KOHCTPYKITUIA
TPY MUHUMAJTLHOM BECE Y TIO3BOJISIT CHU3UTD
3aTpaThl HA TPAHCTIOPTUPOBKY M COKPATUTD
CKJIQJICKUE 3aTachl.

8. /lonoaHenHas peajabHOCTb. PaboTHMKU
OymyT IoTyyaTh MHCTPYKIIMK TI0 3aMEHEe He-
WCIIPaBHOTO y3Ja HEMOCPEACTBEHHO B TOT
MOMEHT, KOT/la OHU €ro pacCMaTpUBAIOT.
Heobxonumas nH(opmalys nonamaet B IoJie
3pEHYSI UCTIOJTHUTEJISI IIPY TIOMOIIIN YCTPOICTB

A3zapos B. H., bonuos b. B., Maii6opoaa B. IN. UnHdopmauus, ynpaBneHne Ka4eCTBOM, UHXXEHEPHbIN
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JIOTIOJTHEHHOU peaJibHOCTU, HallpUMep «O4-
KOB».

9. Po6oTbl. B GONBIIMHCTBE CBOEM OHU
peanu3yloTcs B BUIAE MEXaHUYECKUX PYK, pa-
OoTaroluX Ha COOPOYHBIX JUHUSAX, HO UX
WHTEJUIEKT PACcTET, YTO MO3BOJISIET peliaTh
0oJiee CIOXKHBIE 3a1a4U, HEXKEJIU BbITIOJTHEHUE
5JIEMEHTaAPHbBIX COOPOYHBIX WU TPAHCIOPT-
HBIX OMEepalni.

10. Cmapr-ynpasienue. Pe3koe yBemmue-
HUE MOOMIbHOCTHU TPY/ia JIIOOOTr0 COTPYIHUKA.
NHxenep-meHexep MoxeT padoratb B ERP-
CHUCTEME CO CBOEro cMapTdoHa, U MPOU3BO/I -
CTBEHHBIM MPOLECCOM MOXHO YMpPaBJsSTh
B YIQJIEHHOM pexuMe. biaromaps Tomy, 4To
3D-mnevyaTh (OHA Xe Ha3bIBAeTC U alIUTUB-
HBIM ITPOU3BOICTBOM) IEPEHOCUT MPOU3BO/I -
CTBO OJIM>X€ K UCTOYHUKY ChIPbSl WM KOM-
IUTEKTYIOIIUX, BO3MOXHOCTb CO3[aBaTh MPO-
IYKT U yIPaBJISATh €ro MPOU3BOJICTBOM C MO-
OMJIBHOTO YyCTPOMCTBA CTAHOBUTCSI BIOJIHE
peaabHON.

Bcé€ 310 HakagbIBaeT HOBBIE TPEOOBAHUS
Ha CrielIMaiucTa B 00J1aCTh Ka4yecTBa U MHKe-
HEpPHOT0 MEHEIXKMEHTA, MPOLIECCHI €ro Moj-
rOoTOBKM, a BHenpeHue IT B cucteMsl ynpas-
JICHUSI OpraHu3aleil TpaHCMOPTHO-CTPOU-
TEJbHOT0 KOMIUIEKCa MPEeAIoiaraeT B IepByIO
ouepenp:

* ompeeeHUe BAUSHUS OpraHU3aluoH-
HO-(PYHKIIMOHAJIBHOI CTPYKTYpPbI OpraHu3a-
LIMW Ha apXUTEKTYPY KOPIIOpaTUBHOI UHMOP-
MarmonHoi cuctemsl (KM C);

* cTpyKTYypy 1 Habop IT, KoTopble HY>KHBI
I TToBbIIEHUS 2 GEKTUBHOCTU OU3HEC-
MPOLIECCOB B cocTaBe KaTtajnoros I T-cepBUCOB;

* OLIEHKY BO3MOXHOCTHU MOAAEPXKaHUS
IT-cepBucos umeromeiics KMC, obocHoBa-
HUS € MapaMeTPOB U CTOMMOCTH;

* pacy€T 9(P(PEKTUBHOCTU MPUMEHSIEMBIX
IT-cepBucos u 3atpar Ha IT,

* OLIEHKY BJIUSHUS HapylIeHUs (TIpepbl-
BaHus) IT-cepBUCOB Ha OCHOBHBIE OU3HEC-
MPOLIECCHI;

* OLIEHKY PUCKOB HapyiieHus [ T-cepBu-
COB, METOJIOB U CTOMMOCTU UH(POpPMAILIMOH-
HOW 3aIlATHI;

* pa3paboTky meTtpuku IT-cepBucon
U METPUKU aBTOMATU3MPOBAHHBIX OU3HEC-
MPOLIECCOB;

* CO3/IaHUE€ OPraHU3ALIMOHHBIX CTPYKTYP
noaaepxku IT-cepBucos, cucrteM ympasie-
HUS MHOOPMALlMOHHON 0€30MacHOCThIO
u B 1iesioM I T-uHbpacTpyKTyphl KOMITAHUM.

® MWP TPAHCIMOPTA, Tom 15, N2 5, C. 146-157 (2017)

TToHsTHO, UTO 7151 3 HEKTUBHOTO peliie-
HUS MEPEeYMCICHHbIX 3a1a4y TpeOyloTcs cIie-
LIMaTUCThl, UMEloIue Kak nmpodeccuo-
HaJIbHbIE WHXEHEPHbIE KOMITETeHIINU, TaK
1 KOMITIETEHIIMU B 00JIaCTU MEHEIXKMEHTa
KayecTBa, 9KOHOMUKHU, [ T-TeXHOMOTniA.

ITpodeccroHanbHble KOMITETEHIIMM UH-
JXeHepa-MeHeIKepa — 9TO CUCTEMHOE MbIIII-
JIeHUE, MeXOoTpacjaeBble KOMMYHUKAIIWH,
yIpaBjieHUe MPOeKTaMu, OepPeXTUBOE MTPOU3-
BOJICTBO, UHDOPMAIIMOHHO-KOMMYHUKAIIU -
OHHBIE TEXHOJIOTUU, POOOTOTEXHUKA, UCKYC-
CTBEHHBIN MHTEJUIEKT, MpOrpaMMUpOBaHUE,
OTHOIIIEHUS C JIIOAbMU, paboTa B YCIOBUSIX
HeonpeaeI€HHOCTHU, PUCKU, HABBIKU XyT0Xe-
CTBEHHOTO TBOPYECTBA, IKOJTOTUYECKOE MbIIII-
JIeHUE.

K coxaneHuto, COBpeMEHHOE COCTOSIHUE
POCCUICKOTO 00pa30BaHUs XapaKTepU3yeT-
CS HEIOCTATOYHBIM YPOBHEM MOJATOTOBKU
WHXEHEPHBIX CIEeUaJucTOB B 00aCTU
9KOHOMUKU U YMPaBIeHUS. DTO MPUBOIUT
K MHOTOYMCJIEHHBIM MOMBITKAM TepeaaTh
BeAylllMe YIpaBJeHYECKNE MO3ULIMU B BbI-
COKOTEXHOJIOTUYHBIX 00ACTSIX TaK Ha3bIBa-
€MBbIM «TPOodeCCUOHATBHBIM MEHEIXKEpaM»,
OOJIBIIMHCTBO U3 KOTOPBIX HE 00JlagaroT
HE0OXOIMMBIMU MHXEHEPHBIMU 3HAHUSIMU
U CUCTEMHBIM MBIIJIEHUEM, YTO OTpUILIA-
TeJbHO CKa3biBaeTcd Ha 3DHEeKTUBHOCTU
CJIOXHBIX TEXHOJOTUYHBIX MPOU3BOICTB,
VUHOOPMAILIMOHHBIX CUCTEM U CUCTEM Me-
HEeKMEHTa KayecTna.

Ha nam B3misia, odpaszoBaTenbHask Mpo-
rpaMMa MOArOoTOBKM TaKOTro cleluanucra
Hapsay ¢ KJIAaCCUYECKUMU WHXKEHEPHBIMU
TUACHUTUTMHAMU TPAHCTIOPTHO-CTPOUTETBHO-
ro KoOMIuieKca, ynpasjieHust KauectsoM u IT
JNOJKHA BKJIIOYATh CIAEAYIOIIUE «HE OYEHb
WHXEHEPHbBIe» pa3ebl:

* TeHJCHLIMU Pa3BUTUSI UHMOPMALIMOH-
HBIX TEXHOJIOTUI YIIPaBJICHUS;

* MH(OpMaIIMOHHBIE PeCypChl, UH(MOPMa-
1M KaK IpeIMeT Tpya;

* TeOopUsl KauecTBa, LIUKJ MOCTOSSHHOTO
yJIyJdllleHus, UHCTpyMeHTapuii [Tapeto;

* MOJeJIb 3PEJOCTU MPOU3BOJCTBEHHBIX
npomeccoB (CMMI);

* OCHOBBI aHaJIM3a U MPOEKTUPOBAHUS
CJIOXHBIX CUCTEM;

* aHaJIU3 U MOJEIUPOBAHUE UHTErPasib-
HbIX OM3HEC-TIPOLIECCOB;

* ynpasieHue [T-ycayramu u IT-cepBu-
camu;
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* uHdopMaLUOHHAs 0€30MacHOCTD,
yIpaB/IeHUE PUCKAMU.

2.

YTOYHUM HEKOTOPBIE aCTIEKThI COBPEMEH -
HBIX TTOJTXO/TOB K YITPABJICHUIO OpTaHU3aIUEH,
M3y4eHNe KOTOPBIX TTO3BOJIUT WHKEHEPY He-
CKOJIBKO TIO-UHOMY B3TJISTHYTh Ha CBOE MECTO
B IT-undpactpykrype kommnanuu, cchopmu-
pOBaTh Y HETO HOBBIE TOTTOJTHUTEJIEHBIE KOM -
TMETEeHIINY, a TJIABHOE — COCTAaBUT HaMEX-
HYIO TEOPETUIECKYIO M TIPAKTUUYECKYIO 0azy
JUTST HAUMHATIOIIETO MHKeHepa-MeHeKepa.

B coBpeMEeHHBIX yCIOBUSIX MaclITaOHbIE
3a/1auu, CTOSIIIIME TIepel TTPOTPAaMMUCTAMU,
TOIYac OKa3bIBAIOTCST HACTOJIBKO CJIOKHBIMU,
YTO aBTOMATU3AIMsI TTPOIIECCOB Ha TEKYIIEM
YPOBHE TEXHOJIOTHA JINOO HE TIPEACTABIISIETCS
BO3MOXHOI, JIMOO HE SIBJISIETCS peHTa0e)b-
Holi. To ecTh C10XHOCTH 0OpadaThIBAEMBIX
MPOIIECCOB U 00BEKTOB MH(MPPACTPYKTYPHI
JIOCTUTJIa YPOBHSI, HA KOTOPOM 3aTpyTHEHO
MoJIy4eHre OBICTPOTO U TapaHTUPOBAHHOTO
pesyabrara B 4acTh aBTOMaTU3aluu, a oopa-
OaThIBAIONINE aBTOMATU3UPOBAHHBIE CUCTE-
MBI, BKJTIOYAIOIINE U OOCITY>KMBAIOIINH TTep-
COHAJI, B CUJTY CBOEH CIIOXKHOCTU IEMOHCTPH -
PYIOT HETPenCcKa3yeMOCTh, BhIPAXKAIOIIYIOCST
B CHYDKEHUU HA/IEKHOCTH.

DTO sIBJIeHNEe B WHAYCTPUU WHMOpMAIIM-
OHHBIX TEXHOJIOTU HAyayo MPOSIBISATHCS
JIOCTaTOYHO JaBHO 1 K HACTOSIIIIEMY BPEMEHM
MmpuoOpesIo XapakTep Kpu3uca, KOTOPHIA
MPUBEN K BBIJACICHUIO IBYX HalpaBICHUN
pa3BUTHS: pa3paboTKa METOIOB YIIPABICHUS
WH(OPMAITMOHHBIMU CUCTEMAMU C OCOOBIM
YIIOPOM Ha UX «UeJOBEUECKYIO» COCTABIISIIO-
Iy ¥ TPUMEHEHNE METONOB (DopMan3o-
BAaHHOTO OIMUCAHUSI 00BEKTOB peajbHOTO
MUpa Ha SI3bIKaX, C OTHOM CTOPOHBI, TPUOITH -
JKEHHBIX K €CTECTBEHHOMY, C IPYTOil — CTPO-
TUX JIJISI TOTO, YTOOBI 00eCeYnTh 00IeTYEHHOE
«MalllMHHOE» TIpe/icTaBlieHne (TTporpaMMu-
poBaHuUe).

Jlormueckum pe3ysTaToM MepBOii TEHIEH -
1IN «COTIPOTUBIICHUST KPU3UCY» CTAJIO TTOSIB-
JIEHWE CTaHIapTOB, HAOOPOB PEeKOMEHIAIINIA
u moneneit ynipanenus [ T-ciyx6amu — [SO
20000, COBIT, Information Technology
Infrastructure Library (ITIL), Capability
Maturity Model (CMM) u np. B o6miem Bume
WIEOJIOTUIO 3TOU TEHACHIIUM OTPAXKAIOT CJIO-
Ba: «JIydlias TpakThukKa — 3TO CJeIOoBaHUE
JIy4ITAM TIpakTuKaM». [1pu aTom «rydmiue

® MWP TPAHCIOPTA, Tom 15, N2 5, C. 146-157 (2017)

MPaKTUKU» 3aKPETUISIIOTCS B TIOCTOSIHHO 00-
HOBJISIIOIIMXCS CTAaHAApTaX, YTO COMPOBOXK/IA-
eTcs U TopabOTKO COOTBETCTBYIOLIIMX METO-
MK OOBEKTUBHOM OIIEHKU COOTBETCTBUS
OpraHM3alnil UX TPeOOBAHUSIM.

B pamkax BTOpo#l TEHACHIIMW Pa3BUTUS
IT-TexHOMOTUI CO3MaH 3HAUUTEIbHBIN 3a71eT
B BUJIE ITApaIUTMbl 00bEKTHO-OPUEHTUPOBAH-
HOT'O TIPOEKTUPOBAHMS aBTOMATU3MPOBAHHBIX
CHUCTEM U YHUBEPCATBHOTO SI3bIKa MOJIETUPO-
BaHust UML (Universal Modeling Language).
IIpononxarwTcsa pabOThl U MO Pa3BUTUIO
YHUBEPCAIbHBIX (HOPMATOB ONMMCAHUS TOKY-
MeHTOB — XML.

B cucrteme Jiydimnx npakTuk ocoboe mec-
TO OTBOJUTCS MOJIEJISIM 3PEJIOCTU MPOU3BOJI-
CTBEHHBIX MpolueccoB. B cepenune 80-x ro-
JIOB TMPOIUIOTO BeKa M0 MHUIINATUBE MUHU -
crepctBa 000poHbl CIIA ogHuUM U3 moa-
pasneneHuit Carnegie Mellon University
(Software Engineering Institute — SEI) Ob11a
pa3paboTaHa nepBasi MOJIE/Ib 3pEJIOCTH Opra-
Huzauuu — Capability Maturity Model
(CMM). enp e€ cozpaHus — obecreyuTb
MpeacKa3yeMblii YpOBEeHb KauecTBa MpOr-
paMMHOTro obecrieyeHrs CTOpPOHHUX pa3pa-
OOTYMKOB MYTEM UX PAHXUPOBAHUS MO 3(P-
(hbeKTUBHOCTU BHYTPEHHMX TTPOIIECCOB TMPO-
U3BONCTBA. Maeonorust mpoekTa — 0a30BbIid
MOCTYJIaT TEOPUU KayecTBa: KaueCTBEHHbII
MTPOAYKT MOXET IMPOU3BOAUTHCS TOJIBKO TTPU
YCIOBUM CYIIECTBOBAaHMS KauyeCTBEHHBIX
MPOU3BOACTBEHHBIX MpoleccoB. OCHOBa
HavyaJbHOU BEpCUU MOJEIN — MaTpulia 3pe-
JIOCTU ymnpaBieHUs KadyecTBOM (Quality
Management Maturity Grid — QMMG),
npemioxeHHas B [1]. B Hosope 2011 roma
BhINyllleHa ouepenHas Bepcus — 1.3 CMMI
(I — integration unu o0beAMHEHHAS), KOTO-
past COOEPXKUT MATh YPOBHEH 3pesIoCTH opra-
HU3AINN:

— Initial (HaYaIbHBI);

— Managed (ynpaBisieMbiit);

— Defined (periaMeHTpPOBaHHBI);

— Quantitatively Managed (koinyecTBeH-
HO YTIPaBJISIEMBbIIA);

— Optimizing (ONTUMU3UPOBAHHBIN).

PocT 3penoctu opraHuzaiuu npenmnosia-
raeT Bo3pacTaHKe KauyecTBa yCIyT WU MPOU3-
BOJMMBIX TIPOJIYKTOB, CHUXXEHUE PUCKOB
U TIepPCOHABbHOM 3aBUCUMOCTH, CHUXEHUE
BHYTPEHHUX U BHEIITHUX KOH(JIMKTOB, a TaK-
Xe TMepexoN OT yInpaBiIeHUsS MpPOeKTaMu
K TIPaKTUKE YIIPaBJAEHUS MPOLIECCAMU.
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Ha ocHoBe mepBUYHBIX OMUCATEIbHBIX
XapaKTepucTuK ypoBHeit monear CMM mpe-
JIOCTaBJIIET OTHOCUTEIBHO MPOCTON UHCTPY-
MEHT J11 9KCITPECC-OLIEHKU TEKYIIIETO COCTO-
STHUSI OpTaHU3alliU U BEIPAOOTKU MEPBUYHBIX
pekoMeHaauii mo ¢hbopMUPOBAHUIO CTpaTe-
WU pa3BUTUS. Moaenb yaensieT 3HauuTeTbHOe
BHUMAaHMWE SIBJICHUIO «KOH(IUKTa», MOTYLIE-
My 3asIBUTH O cebe Ha pa3IMYHbIX ITarax pe-
aJM3ally IPOEKTOB U BIMIOJHEHUS MTPOLIEC-
coB. [1pu 3TOM KOHMIUKT paccMaTpUBaETCs
Kak (heHOMEH Hen30eKHbII, YaCTO MOJIEe3HbIA
U Tpedyroluit ynpasieHus. [Ipuyém ynpas-
JIeHrue KOHMJIUKTAMU — 3TO YIpaBJeHUE
MPOLIECCOM aanTaly OpraHU3aluuy K u3me-
HSIIOIIMMCS BHEIITHUM YCJIOBUSIM, a TakKe e€
5JIEMEHTOB IPYT K ApyTy. Hannuue, BennynHa
1 3 GEKTUBHOCTD pa3pelleHust KOHPIMKTOB
HETMOCPENCTBEHHO CBS3bIBAIOTCS C TOCTUXKE-
HUEM OMNpeeJEHHOTO YPOBHS 3pEJOCTU
U CTyXaT ero XapaKTepPUCTUKOM.

Taxoii moaxox MOJTHOCTHIO COOTBETCTBYET
MOJIOXEHUSIM TEOPUU CIOXKHBIX CUCTEM, THE
KOHMJIMKT paccMaTpUBaeTCs KaK eCTeCTBEH-
HBII Mpoliecc UX B3aUMOJEHCTBUS B paMKax
npoliecca pa3BUTUSI.

YTo TaKo€e CIOXKHBIN WIX TPOCTOM MPOEKT,
CJIOXKHAs WIX MpocTas cuctema?

Mexay poCTOil U CJIOXKHOU cUCTEMaMu
CYILIECTBYET CBOSI TpaHUIA: €CIU CUCTeMa
COCTOUT U3 MEHEe YeM BOCbMU OOBEKTOB, TO
OHa MpocTas, a mpu 60J1ee BOCbMU dJIeMEeHTaxX
OHa cioxHasi. KputepueM B JaHHOM ciyvyae
SIBJISIETCS CMIOCOOHOCTh MO3ra yesioBeKka (Ha-
OroaaTesisi) KOHTPOJIUPOBATh HEKOTOPOE
KOJIMYECTBO OOBEKTOB EAMHOBPEMEHHO [2].

B MaTemaTtrueckoii Teopuu paznaMyaroT aBa
OCHOBHBIX MTOKa3aTeJsl CJIOKHOCTU: CTaTUYe-
CKYIO CJIOXHOCTb U TUHAMUYECKYIO CIOXK-
HoCTb. [Ton cTaTYecKoil MIOHUMAIOT KOJIUYe-
CTBO OOBEKTOB, BXOASIIUX B CUCTEMY, U KO-
JINYECTBO CBSI3EN MeXTy HUMU. [JuHamuye-
cKasg — YYUThIBA€T U3MEHSIONIUECS
C TeYeHUEM BPEMEHU MPOLIECCHI, TPOUCXOIS -
e B CUCTeMe (MEeXIy COCTaBJSIOIIUMU
00beKTaMm) U C €€ yyacTueM. JlonoJHUTe b-
HYIO ITpo0JIeMy B aHATU3€ U TPOSKTUPOBAHUU
CJIOXXHBIX CUCTEM MIPENCTaBISIET TOT (PaKT, UTO
npu o0beIVHEHUN (B3aUMOJEICTBUM) ABYX
WJIA HECKOJIBKUX U3 HUX OOBENMHEHHAS CUC-
TeMa MoJTyyaeT Habop TaK Ha3bIBAEMbIX AMEp-
JKEHTHBIX CBOMCTB U MTApAMETPOB, HE SIBJISTIO-
LIUIACS CYMMOW MapamMeTpoB U CBOMCTB BO-
LlIeAuX B He€ coBoKymnmHocTel. YacTo us
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HaJIMIMsI TaHHBIX CBOCTB BBIBOIST OIIpe/e-
JICHUE CHCTeMBbI KaK CUHEPTeTUICCKOM CYIII-
HOCTH, COCTOSIIIICI N3 MHOXKECTBA 2JIEMEHTOB,
KOTOpPBIC IIPU OOBEAUHEHUN OOCCIICUNBAIOT
MPOSIBJICHNE HOBBIX 3HAYMMBIX CICTEMOO0Opa-
3YIOIINX KauecTB. UMEHHO ITO3TOMY B MHIKE-
HEpHOM MpaKTUKE YacTO BO3HUKAET CUTYya-
111, Korjaa coBMmelieHue a(pheKTuBHO pado-
TAFOIINX ITOACUCTEM ITPUBOIUT K HAPYIIICHUIO
KOPPEKTHOTO (DYHKIIMOHWPOBAHMST CICTEMBI
B 1LIEJIOM.

3.

C MHXEeHEePHOU TOYKM 3pEeHUS BaXKHO TO,
4TO eJBa JIM He J100ast (yHKIMOHUPYIOLIas
crcTteMa (OpraHu3allMOHHasT, THPOPMAaINOH-
Hasl, MeXaHW4YecKasl, JICKTpOHHAs U T.II.)
SIBJISIETCS CJIOXKHOM CUCTeMOl 1, KaK CIeACT-
BUe, He noaaaeTcs 3(HEeKTUBHOMY aHaAN3Y,
MPOTHO3UPOBAHUIO U KOHTPOJIIO, MOCKOJIbKY
HEPEeAKO COCTOUT JaxKe He U3 JeCITKOB, a U3
MUWJIJTMOHOB 2JIEMEHTOB, JTMHAMWYECKU B3aK-
MOIECTBYIOIIUX APYT ¢ ApyroM. CucTeMbl
MeHeIKMEeHTa KauyecTBa, CUCTEMbI OHM3HeC-
nporeccoB oprann3anun, KM C 6e3oroBopod-
HO OTHOCSITCSI K KJIaCCY CJIIOXHBIX CHUCTEM.
ITosTOMY TTOIXOIBI K MX aHAIM3Y U TTPOCKTH -
pOBaHUIO BCeTna MHBapraHTHBL. M B JaHHOM
cliydyae He 000MTUCH 6€3 METOI0JI0T MU, KOTO-
PYIO YaCTO HA3BIBAIOT CUCTEMHBIM MBIIIIJICHH -
eM, TIperoaaralouM COBMEIIEHUE BUTEHUS
KOMIUIEKCHOCTH JII000T0 00bEeKTa U €ro BKITIO-
YEHHOCTHU B APYTHUE CUCTEMBI B 3aBUCUMOCTH
oT ueau paccMotpeHus. [lpu aTom neneHue
peaabHOro MUpa Ha OTAEJbHbIE CUCTEMbI
W YPOBEHb JeTaqu3allii ONpeaessiioTCsl Co-
00pa3zHO MOHMMAaHMIO OTpaHUYEHU paccMo-
TPEeHMUs, UCKIIIOYUTENIbHO MO BOJie HaOII01a-
TeJIsl, UICXOAs1 U3 KPAaTKOCPOUHBIX lieJIell ero
IeATeIBHOCTH, 1 TOJDKHBI MEHSITHCS TIPU M3~
MEHEHUU UCXOIHBIX YCTAHOBOK.

Co0OCTBEeHHO, TTOTOMY TIpU pa3paboTKe
(GYHKIIMOHAIBHBIX TPeOOBAHUIT K aBTOMATH -
3UPOBAHHOW CUCTEME HEOOXOIMMO KOPPEKT-
HO BBIOMPATh YPOBEHb PACCMOTPEHUS (Ypo-
BeHb JeTanu3anun). Ha atoM atane npoekTu-
pOBaHUS ccTeMa (PUTYPHUPYET KaK IeJI0CTHAS
CYLIHOCTb, B3aUMOJENCTBYIOLIAS C IPYTUMU
aBTOMATU3MPOBAHHBIMU CHCTEMaMHM U TTOJTb-
30BaTe/IIMU — TaK Ha3bIBAEMBIN «UepPHBIMA
amuk». OTHAKO ONMHUCaHNE B TPeOOBAHUAX
OTHEAbHBIX 3JIEMEHTOB MPOEKTUPYEMOI CHC-
TeMBbI ObLIO ObI U3IUILIHUM, UOO TOT/IA UTHO-
pUpyeTcs OrpaHUYEHHOCTh CITOCOOHOCTU
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aBTOpPA TPEOOBAHUH U IPYTUX 3aUHTEPECOBAH -
HBIX JIUI] (3aKa34uKa, UCTIOJIHUTENST U T.]I.)
3(hheKTUBHO, C MUHUMATHLHBIM KOJIMYECTBOM
OLIMOOK aHAJMU3UPOBATh PEabHbIE MOTPED-
HOCTU NPEAMETHOI 00JIaCTU U CYMETD BBITIOJI-
HUTb COTJIaCOBAaHUE MPOEKTHOTO TOKYMEHTa
Ha HECKOJIbKUX YPOBHSIX I€TaU3aLUU OJHO-
BPEMEHHO.

OnucaHHbIN TTOAXOM B WHXEHEPHOU Me-
TOJOJOTUU HA3bIBAIOT aOCTPAarMpPOBAHUEM.
B obOmiem ciaydae abcTparupoBaHue — 3TO
HUCKJIIOUEHUE U3 PACCMOTPEHUS IeTaJIel CUC-
TeMbI (WK e€ CBSI3ei), HECYIIIeCTBEeHHBIX JIJIsT
MPOEKTUPOBILMKA HA TEKYILIEM 3Tare padoThI.

YacToii o1mbKoi MPOEKTUPOBAHUS SBJISI-
€TCS TIOTbITKA BOCIIPUSITUS CUCTEMBI 0€3 TOY-
HOU MPUBSA3KU K MOMEHTY BPEMEHU WIU 3TAIly
KU3HEHHOTO LUKJIa TTpoeKkTa (MPOoayKTa).
B aTOM cityyae TpyaHO pean3oBaTh CBOE Pea-
CTaBJIeHUE O cucTeMe Oe3 hUKcaluu LeJeBOro
COCTOSIHUSI ITPOEKTA, OHO KaK Obl PACTSHYTO O
BPEMEHU, MPUYEM HAa HEOTPAHUYEHHYIO Mep-
criekTuBY. IMEHHO B TaKO# cUTyaluu B PyHK-
LIMOHAJTbHBIX TPEOOBAHUSIX MOSIBJISTFOTCS ITyHK-
Thl O «BO3MOXHOCTU TMOKOW HAacCTpPOUKU
10/Ib30BaTE/IEM», «YHUBEPCAIbLHOCTI», «ITO/I-
JIEPKKE PA3HOPOJHBIX MEPCIIEKTUBHBIX ILJ1aT-
(bopm» u T.1. [Tomyyaercs, TPOSKTUPOBIINK
WX PYKOBOAUTEb MPOEKTAa 3HAYUTEIbHO
YCJIOXXHSIIOT CBOIO 3a/1a4y 3a CUET yBEJUYEHUS
NMHAMUYECKOM CIIOKHOCTHU.
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B niesiom ke, Hamo 3aMeTUThb, abCTparupo-
BaHMeE [TPeIyCMaTPUBAET CO3HATEILHOE 1 000-
CHOBAaHHOE HAJOXEHNE MaKCUMaJIbHOTO KO-
JINYeCTBA OTPaHUYCHUN Ha TIPOCKTUPYEMYIO
CHUCTEMY WJIU PeaTM3yeMbllii MPOEKT, UCXOMIS
U3 TIPUOPUTETOB OTIEPATUBHBIX 1IEJIei, Cyle-
CTBYIOIINX B TEKYIIWII MOMEHT BPEMEHMU.

Crienytonuii moaxon — uepapxusi — siBJisi-
€TCSI TIPOTUBOTIOJIOXKHOCTHIO Y OTHOBPEMEHHO
JoToJiIHeHueM abctparupoBanus. [1pu a6-
CTparupoBaHUM He OepyTcs BO BHUMaHUE
BHYTPEHHUE IETaIN CUCTEMBbI 1 aHAJIN3 WIN
MPOEKTUPOBAHKNE HE MOTYT OBITh TTOJITHOCTHIO
BBITIOJTHEHBI. Mlepapxusi TO3BOJISIET YCTPAHUTh
9TOT HEOCTaTOK. PaccMOTpeB cuctemy B 11e-
JIOM, MBI MOXEM BBITIOJTHUTD €€ TeKOMITO3H -
LIWI0 HA OTPAHUYEHHOE KOJTMYECTBO JIEMEH-
TOB (TTOACHUCTEM), KOTOpPHIE Ha CJICAYIOIIeM
3Tare OyayT MOABEPTHYTH MHIWBUAYAIEHOMY
aHaJIN3Y B KQUeCTBE «UE€PHBIX SIIUKOBY. YUH-
TBHIBasl HaIMYME TPAHUIIBI MEXKAY MPOCTOM
U CJIOXKHOM crcTeMaMu, Y1 CIIO0 TAKUX DJIEMEH-
TOB Ha KaXJIOM 9Tarie AeTaanu3aiuy He TOJIK-
HO TIPEBBIIIATH ONPENeTEHHOTO TIpenena,
4TOOBl COXPAHUTH TPEACTaBIeHNE 00 UX
B3aMMOJICICTBUU B MpoOIlecce paboThI.

ITomo6Hy0 NEeKOMMOO3ULIUIO MPOBOIST
HEOIHOKPATHO JI0 IOCTUKEHUSI HEOOXOTUMO-
r0 YPOBHS JIeTaau3ainu, co3naBasi TakKuMm
00pa3oM repapxuIo MpeaCTaBIeHUH, KOTOPbIE
Ha KaXJ0M U3 YPOBHEU JOCTYITHBI JJIsI BOC-
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MPUSATUS AHATUTUKOM. DTOT aHATUTUK MOXET
OBITh B CBOIO OY€peIb MPUHAIIEXKHOCTHIO
HepapXUueCKON OpraHU3alMOHHON CTPYKTY-
Pbl, B KOTOPOI HAa BEPXHEM YPOBHE IeTAJIU3A-
LIMY OKAa3bIBAETCsI, HAIPUMEP, TeHepaTbHbII
KOHCTPYKTOP, WU BBITOJHSTH CBOIO Pa0OTY,
I10CJIEI0BATENIBHO IepEMELASACH MEXKLY YPOB-
HSIMU «CBEPXy—BHM3» WIKM 3JIEMEHTaMU Je-
KOMITO3ULIMU B pAMKAaX OJTHOTO YPOBHS JIeTa-
JIN3aLU.

ITpu npoBeaeHUY JEKOMITO3ULIMY Ha pa3-
JIMYHBIX 3TaNax U YPOBHSX JeTaTu3allluu MO-
I'YT OBITh UCTIOJIb30BaHbI PA3IMYHbIE TPUHIIU -
bl U KpuTepuu. B MHXXKEeHEepHOI MpakTUKe
HanboJiee 4acTo NIEKOMITO3ULINST TTPOBOAUTCS
1Mo (byHKIIMOHAIBbHOMY MPU3HAKY C YYETOM
BO3MOXHOCTHU 3BOJIIOLIMY WU UHAUBULYJTb-
HOTO >XM3HEHHOTO LIMKJIa 3JIEMEHTA KaK ca-
MOCTOSITeJIbHOTO TIponykTa. Hampumep, npu
pa3paboTKe CIIOXKHOTO MPOrPaMMHOTO KOM-
IJIeKca BBIACJSIOTCS 3JIEMEHTBI, KOTOPbIE
MOTYT B JaJbHEHIIIEM MOAEPHU3UPOBATHCS
U TIPOAABATBCS B KAYECTBE CAMOCTOSI TEJIbHBIX
MPOrpaMMHBIX TPOAYKTOB. Jpyroii MuHXeHep-
HBII MOAXO0M K JNEKOMITO3ULIMU UCIIOJIb3YyET
KPUTEPUU MOANEPKAHUS PABHOTO YPOBHS
CJIOXKHOCTU PA3AEISIEMBbIX DJIEMEHTOB IIPpU
MUHMMU3ALMN B3aUMOCBSI3EN MEXIy HUMU.
TunuyHbI 00pa3YMK TAKOM AEKOMITO3ULIUY —
aBTOMATUYECKasi KOMIIOHOBKA 3JIEKTPOHHBIX
KOMITOHEHTOB U MTPOBOJHUKOB Ha CJIOSIX T1e-
YaTHBIX IJ1aT.

IIpenenoM AeKOMMNO3UIIUY TIPY aHAINA3E
WIN TIPOEKTUPOBAHUM CIIYXKUT JOCTUXEHUE
YPOBH4, Ha KOTOPOM COCTaBJIAIOLLNAE MOACH-
CTEMBI MOTYT OBITh TTPEICTABICHbI TUTIOBBIMU
YHUPUIUPOBAHHBIMUA CYIIHOCTSIMU. DTO
(hakTUUYECKU U €CTh TPETUI BasKHEUIINIA O -
XOJl B MHXXEHEPHOU METOIOJIOTUN CIIOXHBIX
CHUCTEM — YHU(UKAIMS.

ITpu a3TOoM 3 bEKTUBHBIM UHCTPYMEHTOM
aHaaM3a U MPOEKTUPOBAHUS CTAHOBUTCS BH-
3yaJu3anms, Io3BOJII01as aKTUBU3UPOBATh
WHTYUTHUBHOE U 00pa3HOE MBIIIJICHUE aHAIU -
TUKA U MPOEKTUpOBIIMKa. Busyanuzauus
TIpENToaraeT Hapsay C CO3IaHueM rpadpuye-
CKUX U300paKeHU MaTepraIbHbIX OO EKTOB
Pa3IMYHOrO YPOBHS ACTAIN3ALMN Pa3padOTKy
aOCTPaKTHBIX CXEM Pa3jUYyHOro TUIMA, IJs
aHaIM3a U ONTUMU3ALIUU KOTOPBIX C YCIIEXOM
MPUMEHSIOTCS (hOpMaTTbHbIE MATEMAaTUYECKUE
MeToabl Teopuu rpadoB. OCHOBHBIMU 3/1€Ch
SBJSIOTCS CTPYKTYPHBIE CXEMBbI, KOTOpPbIE
conepxart nHdopMannio o0 3JIeMEHTax Cuc-
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TeMBI U UX CBSI3SIX Ha TEKyIIeM YpPOBHE pac-
CMOTpeHUs, W (PYHKIIMOHAJIbLHEIE CXEMHI,
KOTOpPBIE IeTaJu3upyIOT WHGOPMAILINIO
0 (DYHKIMSAX 3JI€MEHTOB U CBS3Eil MEXIY
HUMM.

4.

Ha mpakTtuke ucmosb3yercss 0oJbIIoe
KOJIMYECTBO CTAHIAPTHBIX CXEM, WILTIOCTPU -
pyIoIImMX MpoTekaHue mpoieccos. K takum
otHocsTcst, Hanpumep, IDEF0-nquarpamMmet,
KOTOpBIE TTO3BOJISIIOT CTAHIAPTHBIM Tpacuye-
CKUM SI3BIKOM OTIMCATh TIOCJIEIOBATEIbHOCTD
BBITIOJTHEHUSI OTIePaIInii.

Ha sTane nepBuYHOTO OMMCaHUS aBTOMA-
TU3UPOBAHHBIX CUCTEM JTOCTATOIHO 3(PdeK-
TUBHBIM CUMTAETCS TaKXe NMPUMEHEHUE TaK
Ha3bIBaEMbIX CTAaHIAPTHBIX «IUarpaMM Ipe-
LHEeICHTOB» WJIN «INarpaMM BapWaHTOB WC-
TOJTb30BaHMS» (USe case), KOTOPHIE SIBJISTIOTCS
YaCThIO YHUBEPCATTLHOTO SI3bIKa MOJIETTUPOBA-
ausgs UML (Universal Modeling Language).

[MTpyHIMTIMATBEHO TO, YTO CUCTEMa Opra-
HU3AIUN TpeaycMaTPUBAET UCTIOTHUTENEH,
WCTIONIb3YeMble UMW MHCTPYMEHTHI U 000py-
JIOBaHUE, METOIBI U TIPOLIEAYPHI PAOOTHI. DT
COCTABJISIONINE TTOIAI0OTCS 3aMEeHE — CTIeTIH -
aJTMCT MOXET 3aHSATh BAKAHCUIO U TIOKUHYTh
e€, 00opymoBaHNe 3aMEHSIETCS B CBSI3M C pe-
aJTbHBIM WM MOPaJIbHBIM U3HOCOM, OT/EITb-
HbIE TIPOLIEAYPHI ¥ TEXHOJIOTUIECKIE METOJIBI,
(OpMBI yCITyTH MOTYT COBEPIICHCTBOBATHCS,
3aMelarbesl WM uckiodatbes. [Ipu atom
(YHKIIMOHMPOBaHWE OpPTaHU3AIUU, TIPEIO-
CTaBJIEHWE YCIIYT U BBIITYCK TTPOJIYKTOB C €&
CTOPOHBI COXPAHSIOTCS 3a CUET TOIEPXKAHUS
KOMITOHEHTBI, 00beIMHSIOIIEI BCE COCTABISI-
forye mporiecca. To ecTh Mpo1eCCHBIH MOIXO0T
ocTaéTcsl OCHOBOM YITpaBJICHUS U OpraHU3a-
muu I'T-ycnyr, IT-cepBucoB, HanpaBlIeHHbBIX
Ha obecTieueHre KauecTBa 1 yIOBIETBOPEHIE
norpebdHoCTel Ou3Heca.

Vnpasnenue IT-ycayramu peansyercs ux
MOCTaBIIMKAMU ITyTEM UCTIOJb30BaHUST HAW -
0oJiee pallMOHAIILHOTO COYETAaHUS JIOJEH,
TIPOTIECCOB M MH(MOPMAITMOHHBIX TEXHOJIOTUIA.

ITo mepe pacipeHus Kpyra 3a1a4, KOTo-
pble MOTYT OBITH pEIlIeHbl C TPUMEHEHUEM
MHOOPMAIIMOHHBIX TEXHOJIOTHH, 1 TIepeBO/Ia
BCE OoJsipIIEeTo yKcia OU3HEC-MPoLEecCOoB
B i poByto ¢hopmy poiib IT-oTaenoB Kapam-
HaJIbHO MEHsIeTCd. YcreX (GpUupMbl CETOIHS
B 3HAUWTETLHOW CTETIEHW 3aBUCUT OT TOTO,
HAaCKOJIbKO 2(h(HEeKTUBHO M KAYECTBEHHO €&
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IT-cnyx6a rmomoraer peuiatb yrnpaBieHUYe-
CKUe 3a1a4ul, MOAAEP>KUBATh KOHKYPEHTOCIIO-
COOHOCTD 1 yIOBJIETBOPSTH PACTYLIME 3aIIPO-
Chl moTpeduTeneit. 1151 KauecTBEHHOTrOo cep-
BUCHOTO OOCIIy>XKMBaHUS HEOOXOAUMO YETKO
0003HaYUTh HA0OP OKa3bIBaeMbIX YCAYT
W CIeJIaTh UX TOCTYITHBIMU IS T€X, KTO B HUX
HyXIaeTcs.

Bonee Ttoro, camo nmousatue IT-ycayru
Hepa3pbIBHO CBSI3aHO C YMPaBJICHUEM Kaye-
CTBOM M OTIMPAETCs Ha U3MEPUMBIC METPUKMU,
noctoBepHble cBeneHus. He ciemyet paccma-
TpuBaTh IT-yciyru Kak HeUyTO CTaTUYHOE —
OHU €CTECTBEHHBIM 00pPa3oM HU3MEHSIOTCS
B COOTBETCTBUHU C T€MU 3aadyaMu U TOTpeO-
HOCTSIMH, KOTOPBIE MX TTOPOXIAIOT U COIIPO-
BOXIAIOT Ha MPOTSKEHU N BCETO XKM3HEHHOTO
MKIIA.

ITpuyém omHOI U3 00sI3aTeILHBIX chep
NEeITeJIbHOCTU B 00J1aCTH MHXEHEPHOTO Me-
HemxMmeHTa, [T-TexHonoruii u ynpasiaeHus
Ka4eCcTBOM SIBJIsIETCs obecrieyeHre nHdopMma-
LIMOHHOU 6€30MacHOCTU, YPOBHS CUHEPTETH -
YECKOTI'o B3aMMOJIECHCTBUS C CUCTEMOI TpaHC-
MOPTHOI 6€30MacHOCTU. XOT$ YacTo Oe3orac-
HOCTb MH(POPMALIMOHHBIX TEXHOJIOTUI U &
KOPPEJSILINS C TPAHCIIOPTHOI 0€30I1aCHOCTHIO
He BITOJIHE TOYHO MTOHUMAIOTCS KaK PYKOBO/I -
CTBOM OpraHM3allvii, TaK U COTPYIHUKAMU.
Mexnay Tem, opraHusanus 0e30MacHOCTU
M KOHTPOJIb KauecTBa — JBE IepBeifIume 3a-
Jauu st Jiro0oro npeanpusitus. OpraHusa-
111s1 6e30MacHOCTU — 3TO 3alluTa OT yIpo3,
a KOHTPOJIb KauyecTBa — obecrneyeHue 3aria-
HUPOBAHHOIO U CTAOMJIBLHOTO MTPOU3BONICTBA
TIPOIYKIIMU WU YCIIYT.

IMTomuepkHEM: Ha MyTU HaLIEro nepexoja
OT UHIYCTPUAILHOTO O0IleCTBa K OOILECTBY
3HaHUI UH(MOpMaLM SBJSIETCS OCHOBOIOJIA-
ratoieii. [ToaTomy oHa g0JIKHA OBITH 3all-
meHa [3, 4], 9To ISt MHOTUX TIPEATIPUSITUI
Takke OydeT o3HavyaTh U QyHIaMEHTaIbHbIE
U3MEHEHUS B CO3HAHWUU JIFOAEW, BEb U B 3TON
cepe HUKTO HE OTMEHSIT TaK Ha3bIBaeMblid
yenoBeuecKuii pakTop. HeBo3mMoxHO mpen-
CTaBUTh peau3aluio OM3HeC-MpoleccoB 0e3
MH(MOPMALIMOHHOM MOAAEPXKKHU, a UH(GOpMa-
LIUOHHbIE TEXHOJOTUU HE CYUTATh 3aJI0TOM
MpeapUHUMATEILCKOTO ycIexa.

3AKJTIOMEHUE

st nHpPacTPyKTYpPHBIX TPAHCIIOPTHO-
JIOTUCTUYECKUX ITOCTPOEHMIA, TIe 1IeHa pUCcKa
U OLIMOKY CJIMILIKOM BeJIMKa, pPACCMOTPEHHbIE
B CTaThe IMOJIOXEHUS UMEIOT 0CO0YI0 3HAUM -
MocTb. Ob6ecrneuynuTh MHPOPMALIMOHHYIO 0e3-
OITaCHOCTb — 9TO 3HAYUT IEPEHTU OT HEOIIpe-
JIeJIEHHOTO YPOBHSI 0€30MaCHOCTH K 3aJaHHO-
MY IyTEM BHEAPEHUS OpraHM3allMOHHBIX
MEPOIPUSTUI, peau3yeMbIX B paMKax Bceil
koMnaHuu. K TakuM MeponpusiTUsM B Iep-
BYIO ouepellb CleayeT OTHEeCTU pa3paboTKy
MOJUTHUKU JIOKAJIbHOM 6€301aCHOCTH Ha KaX-
JIOM U3 CTYNEHEN MEPAPXUYECKOM JIECTHULIBI
opraHusauuu. [TocTosiHHO MpUMeHsIeMble Ha
npodeccuoHaIbHOM YPOBHE MEXaHU3MBI
KOHTPOJISI KaueCcTBa B KOHEYHOM UTOI'€ JOJIK-
HBI CONEICTBOBATh U YKPEIUIEHUIO Oe3omac-
HocTu. [1pu 3TOM 1LIeJIOCTHAsI cCUCcTeMa yIpaB-
JIeHUsI UHGOPMAIIMOHHONM 0€30IacHOCThIO
XOTSI I COCTOUT M3 CXOJIHBIX OPraHU3al[MOH-
HBIX U TEXHUYECKUX KOMIIOHEHTOB, HO OyaeT
pPa3HOM /15 TeX UM MHBIX KOMIIAHUI B 3aBU-
CUMOCTH OT OM3Hec-Moeel, cTerneHu dhop-
MUPOBaHMSI IIPolecca 3JIEKTPOHHOTO 000po-
Ta IT-undpacTpykTyphl, CpeaCcTB CBSI3U
U CTPYKTYPBI OXPaHbI, a TAKXKE 00111 UCIIOJI-
HUTEIbCKOMN TUCIIUTUIMHBI.

CoBepIlIeHHO OYE€BUIHO, UTO 1IeJU obec-
nevyeHus1 THOOPMALIMOHHOI 0€30IacHOCTU
U TPpeOOBaHMS K KAUECTBY IMPOAYKIIUU U YCIIYT
JIOJKHBI OBITh FTAPMOHU3UPOBAHBI U B3aMHO
yBsI3aHbI Ha TEXHOJIOTMYECKOM YPOBHE.
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INFORMATION, QUALITY MANAGEMENT, ENGINEERING MANAGEMENT:

COMMON TASKS AND SOLUTIONS
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Boitsov, Boris V., Moscow Aviation Institute (MAI), Moscow, Russia.
Maiboroda, Valery P., Russian University of Transport (MIIT), Moscow, Russia.

ABSTRACT

The principal aspects of existing approaches to
management of organization, dominants of its
sustainable development, allowing to form new
additional competences for a specialist, to form a
theoretical and practical basis for training of an
engineer manager are considered. The generality of
the accompanying tasks, solutions and synergy of
their implementation are declared in the system of

priorities of Total Quality Management (TQM) and
modern innovation and communication technologies
on the example of large, structurally heterogeneous,
logistically complex infrastructural systems of the
transport industry. The authors set a goal to show
why these provisions acquire special significance
precisely for infrastructure transport and logistics
structures, where the price of risk, error, insufficient
protection of information is too great.

Keywords: transport, logistics, quality management, information, security, engineering management.

Background. Considering the synergy and
dynamics of development of information technology
(IT), itis necessary to clarify first of all what is meant by
the term «information». There is a large number of
alternative meanings of this term applied to various
fields of knowledge. The founder of cybernetics and
the theory of artificial intelligence N. Wiener, for
example, considered information to be a fundamental
term that could not be defined in simpler terms and, in
turn, defined it as a certain substance capable of being
transmitted between objects and systems, while not
being matter or energy.

The mathematical definition of information based
on the opposition of the concept of entropy (ignorance,
chaos, uncertainty), among other things, allows the
mission of any IT specialist to be formulated as a
struggle against uncertainty, opacity, unpredictability
of the system as a participant in the automation
process, moderator of the economic, technological
mechanism of organization. The logical consequence
of this understanding is that if, as a result of the activity
of the Chief Information Officer (CIO), the number of
failures of automated systems (a sign of unpredictability)
has increased or remained constant for a certain time,
but transparency and manageability of the business
has not increased, then the management has a
candidate for dismissal.

In turn, the main principles of the Total Quality
Management(TQM) are aimed at decreasing entropy:
a systematic approach, a process approach, decision-
making based on facts and aimed at achieving long-
term success by satisfying customer requirements and
providing benefits to members of organization and
society.

Objective. The objective of the authors is to
consider different issues related to information, quality
management and engineering management.

Methods. The authors use general scientific
methods, comparative analysis, evaluation approach,
economic assessment methods.

Results.

1.

It is easy to see that the missions of an IT
specialist and a specialist in the field of quality not
only intersect and are synergistically active, but in
fact they should be harmonized and complement
each other in their daily activities. This is particularly
evidentin reorganization or integrated implementation
of information systems and technologies in any
construction corporation or transport organization.
The first step in solving such problems is description
of business processes, which in future will form the
basis of a quality management system, being a basis
of an organization. Software and hardware
automation tools, design automation tools, operation
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techniques, staff involved in performing process
operations can change, but the process itself does
not change.

Today, qualitative changes occur in all spheres of
life and economic activity in connection with introduction
of fundamentally new means of storing, processing and
transmitting information, the economy enters the fourth
phase of the industrial revolution, and the industry 4.0
(the power of the Internet of things) is determined by
ten technological areas.

1. Horizontal and vertical system integration of
infrastructure and logistics structures. Industry 4.0
requires a review of the attitude to the data and
networks used. Now this is means of interaction of not
only departments within the enterprise, but also of
various partner enterprises in the production cycle.

2. Internet of things. Devices and built-in
infrastructure sensors will exchange information in real
time.

3. Cybersecurity. Without it, it is impossible to
create a trusted environment (which is essential for
large transport and logistics systems), in which billions
of devices and intersecting information flows can work.

4. Clouds. The task of supporting many types of
devices and sensors, as well as the mass of data
generated by them, is best solved by using cloud
services that can provide both the required processing
speed and scalability of infrastructure solutions.

5. Analysis of big data. The availability of data for
all phases and aspects of development, production and
testing allows to more accurately plan business
processes, innovation, marketing and development
strategy.

6. Modeling. With the availability of big data and
large processing capacity, enterprises can virtually
simulate the use of a product or service, thereby
speeding up their testing and expanding the innovation
process: unsuccessful solutions will be identified
quickly.

7. Additive production (3D printing). Additive
production methods will be widely used for production
of small batches of products on individual order, which
are designed to combine the advantages of complex
structures with minimum weight and will reduce
transportation costs and reduce inventory.

8. Augmented reality. Workers will receive
instructions on how to replace a faulty node directly
when they are reviewing it. The necessary information
falls into the field of view of the performer with the help
of devices of augmented reality, for example «glasses».

9. Robots. For the most part, they are realized in
the form of mechanical hands working on assembly
lines, but their intelligence grows, which allows solving
more complex tasks than performing basic assembly
or transport operations.
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10. Smart management. A sharp increase in the
mobility of any employee. An engineer manager can
work in the ERP-system from his smartphone, and the
production process can be managed remotely. Due to
the fact that 3D-printing (also called additive production)
transfers production closer to the source of raw materials
or components, the ability to create a product and
manage its production from a mobile device becomes
quite real.

All this imposes new demands on a specialist in the
field of quality and engineering management, the
processes of its preparation, and the introduction of IT
into the management systems of the organization of the
transport and construction complex involves, first of all:

« determination of the impact of the organizational
and functional structure of the organization on the
architecture of the corporate information system (CIS);

« the structure and set of IT that are needed to
improve the efficiency of business processes in the
catalogs of IT services;

« evaluation of the possibility of maintaining the IT
services of the current CIS, the rationale for its
parameters and cost;

« calculation of the efficiency of applied IT-services
and IT costs;

- evaluation of the impact of disruption (interruption)
of IT services on the main business processes;

« assessment of the risks of violation of IT services,
methods and cost of information protection;

« development of the IT services metric and metrics
of automated business processes;

« establishment of organizational structures to
support IT services, information security management
systems and the company’s IT infrastructure in general.

Itis clear that for the effective solution of the above
tasks specialists are required who have both professional
engineering competencies and competence in the field
of quality management, economics, and IT technologies.

Professional competences of an engineer manager
are system thinking, inter-industry communications,
project management, lean manufacturing, information
and communication technologies, robotics, artificial
intelligence, programming, relationships with people,
work in uncertainty, risks, skills of creativity, ecological
thinking.

Unfortunately, the current state of Russian education
is characterized by an insufficient level of training of
engineering specialists in the field of economics and
management. This leads to numerous attempts to
transfer the leading managerial positions in high-tech
areas to so-called «professional managers», most of
whom do not possess the necessary engineering
knowledge and system thinking, which adversely affects
the effectiveness of complex technological production,
information systems and quality management systems.

In our opinion, the educational program for training
of such a specialist along with the classical engineering
disciplines of the transport and construction complex,
quality management and IT should include the following
«not very engineering» sections:

- trends in development of information technology
management;

« information resources, information as an object of
work;

« quality theory, a cycle of continuous improvement,
the Pareto toolkit;

- maturity model of production processes (CMMI);

« basics of analysis and design of complex systems;

« analysis and modeling of integrated business
processes;

- management of IT-services;

« information security, risk management.

Let’s consider some aspects of modern approaches
to management of an organization, the study of which
will allow an engineer to take a slightly different look at
his place in the company’s IT infrastructure, to form

new additional competencies for a specialist and to
make a theoretical and practical training base for an
engineer manager.

In modern conditions, the large-scale tasks
facing programmers are sometimes so complex that
the automation of processes at the current level of
technologies is either not possible or not cost-
effective. That is, the complexity of the processes
and objects of the infrastructure that have been
processed has reached a level at which it is difficult
to obtain a quick and guaranteed resultin automation,
and processing automated systems, including the
servicing staff, demonstrate unpredictability, due to
their complexity, in terms of reduced reliability.

This phenomenon in the information technology
industry began to manifest itself quite a long time
ago and by now has become a crisis that led to
identification of two areas of development:
development of management methods for
information systems with special emphasis on their
«human» component and application of methods of
formalized description of real world objects in
languages, on the one hand, close to the natural, on
the other — rigorous in order to provide a facilitated
«machine» representation (programming).

The logical result of the first trend of «resistance
to the crisis» was the emergence of standards, sets
of recommendations and models of management of
IT services — ISO 20000, COBIT, Information
Technology InfrastructureLibrary (ITIL), Capability
Maturity Model, etc. In general, the ideology of this
trend is reflected in the words: «best practice — this
isadherence to the best practices». At the same time,
«best practices» are fixed in constantly updated
standards, this process is accompanied by
completion of appropriate methods of objective
assessment of organizations’ compliance with their
requirements.

Within the framework of the second trend of IT
technologies development, a significant reserve has
been created in the form of the paradigm of object-
oriented design of automated systems and the
universal modeling language UML (Universal
Modeling Language). Work continues on development
of universal formats for document description — XML.

In the system of best practices, a special place
is given to maturity models of production processes.
In the mid-1980s, the first model of the company’s
maturity, the Capability Maturity Model (CMM), was
developed by Carnegie Mellon University (SEI) at the
initiative of the US Department of Defense. The
purpose of its creation is to provide a predictable
level of quality of third-party software by means of
their ranking by the efficiency of internal production
processes. The ideology of the project is the basic
postulate of the theory of quality: a quality product
can only be produced if there are qualitative
production processes. The basis of the initial version
of the model is the maturity matrix of quality
management (Quality Management Maturity Grid —
QMMG), proposedin [1]. In November 2011, the next
version was released — 1.3 CMMI (I-integration or
combined), which contains five levels of maturity of
the organization:

— initial;

— managed;

- defined;

— quantitatively Managed;

— optimizing.

The growth of the organization’s maturity implies
an increase in the quality of services or products,
reducing risks and personal dependence, reducing
internal and external conflicts, and moving from
project management to process management.

Based on the primary descriptive characteristics
of the levels, the CMM model provides a relatively
simple tool for rapid assessment of the current state of
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the organization and the development of primary
recommendations for a development strategy. The
model pays much attention to the phenomenon of
«conflict», which can manifest itself at various stages
of projectimplementation and process implementation.
Atthe same time, the conflictis viewed as aphenomenon
inevitable, often useful and requiring management.
Moreover, conflict management is the management of
the organization’s adaptation process to changing
external conditions, as well as its elements to each
other. The presence, size and effectiveness of conflict
resolution are directly related to the achievement of a
certain level of maturity and serve as its characteristic.

This approach fully corresponds to the provisions
of the theory of complex systems, where conflict is
considered as a natural process of their interaction
within the development process.

What is a complex or simple project, a complex or
simple system?

Between simple and complex systems, there is a
boundary: if the system consists of less than eight
objects, then it is simple, and for more than eight
elements it is complex. The criterion in this case is the
ability of the human brain (observer) to control a
number of objects at a time [2].

In mathematical theory, there are two main
indicators of complexity: static complexity and dynamic
complexity. A static complexity is a number of objects
entering the system, and a number of connections
between them. Dynamic — takes into account the
processes that change over time, occurring in the
system (between constituent objects) and with its
participation. An additional problem in the analysis and
design of complex systems is the fact that when two or
more of them merge (join) two or more of them, the
combined system receives a set of so-called emergent
properties and parameters that is not the sum of
parameters and properties of the constellations
included in it. Often, from the presence of these
properties, the definition of the system as a synergetic
entity consisting of a number of elements is derived,
which, when combined, ensure the appearance of new
significant system-forming qualities. That is why in
engineering practice there is often a situation when the
combination of effectively operating subsystems leads
to a violation of the correct functioning of the system
as a whole.

3.

From an engineering point of view, it is important
that almost any functioning system (organizational,
information, mechanical, electronic, etc.) is a complex
system and, as a result, it cannot be effectively analyzed,
forecasted and controlled, since it often consists not
even of dozens, but of millions of elements dynamically
interacting with each other. Quality management
systems, business process systems of the organization,
CIS unconditionally belong to the class of complex
systems. Therefore, approaches to their analysis and
design are always invariant. And in this case, one cannot
do without a methodology, which is often called systemic
thinking, which assumes the combination of a vision of
the complexity of any object and its inclusion in other
systems, depending on the purpose of the examination.
In this case, the division of the real world into separate
systems and the level of detail are determined in
accordance with the understanding of the limitations of
consideration, solely by the will of the observer, based
on the short-term goals of his activity, and should change
with the changes in the initial settings.

Actually, therefore, when developing functional
requirements for an automated system, it is necessary
to choose the level of consideration (level of detail)
correctly. At this design stage, the system appears as
an integral entity that interacts with other automated
systems and users —the so-called «black box». However,
the description of the individual elements of the system
being designed in the requirements would be redundant,
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since the limitations of the ability of the author of
requirements and other interested persons (the
customer, the executor, etc.) are effectively ignored,
with minimal errors, to analyze the real needs of the
domain and be able to agree on the project document
at several levels of detail at the same time.

The described approach inengineering methodology
is called abstraction. /n general, abstraction is an
exception to the consideration of the details of the
system (or its links) that are not relevant to the designer
at the current stage of work.

A frequent design error is an attempt to perceive the
system without an exact binding by the time or stage of
the life cycle of the project (product). In this case, it is
difficult to realize the idea of the system without fixing
the target state of the project, itis as if stretched in time,
and for an unlimited perspective. Itis in this situation that
the functional requirements contain clauses on «flexibility
of user customization», «universality», «support for
heterogeneous perspective platforms», etc. It turns out,
the designer or the project manager considerably
complicates the task at the expense of increase in
dynamic complexity.

In general, it should be noted that abstraction
involves a conscious and justified imposition of a
maximum number of restrictions on the projected
system or the project being implemented, proceeding
from the priorities of the operational objectives existing
at the current time.

The next approach — the hierarchy - is the opposite
and at the same time the addition of abstraction. When
abstracting, internal parts of the system are not taken into
accountandanalysis or design cannotbe fullyimplemented.
Hierarchy allows to eliminate this flaw. Considering the
system as a whole, we can perform its decomposition into
a limited number of elements (subsystems), which in the
next stage will be subjected to individual analysis as «black
boxes». Given the existence of a boundary between simple
and complex systems, the number of such elements at
each stage of detailing should not exceed a certain limit in
orderto preserve the idea of their interaction in the process
of work.

Such a decomposition is carried out repeatedly until
the required level of detail is achieved, thus creating a
hierarchy of representations that are accessible to the
analyst at each level. This analyst may in turn be a part
of a hierarchical organizational structure in which, for
example, a general designer appears at the top level of
detail, or perform his work, moving consistently between
«top—down>» levels or decomposition elements within a
single level of detail.

In case of decomposition at different stages and
levels of detail, different principles and criteria can be
used. In engineering practice, decomposition is most
often performed according to a functional feature, taking
into account the possibility of evolution or the individual
life cycle of an element as an independent product. For
example, when developing a complex software package,
elements that can be upgraded and sold as stand-alone
software products are highlighted. Another engineering
approach to decomposition uses the criteria for
maintaining an equal level of complexity of shared
elements while minimizing the interrelations between
them. A typical example of such a decomposition is the
automatic arrangement of electronic components and
conductors on layers of printed circuit boards.

The limit of decomposition in analysis or design is
the achievement of a level at which the constituent
subsystems can be represented by standard unified
entities. This is actually the third most important
approach in the engineering methodology of complex
systems — unification.

At the same time, an effective tool for analysis and
design is visualization, which allows to activate the
intuitive and imaginative thinking of the analyst and the
designer. Visualization involves, along with the creation
of graphic images of material objects of various levels
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of detail, the development of abstract schemes of
various types, for the analysis and optimization of which
the formal mathematical methods of graph theory are
successfully applied. The main things here are the
structural diagrams that contain information about the
elements of the system and their relationships at the
current level of consideration, and functional diagrams
that detail the information about the functions of the
elements and the relationships between them.
4.

In practice, a large number of standard schemes
are used to illustrate the processes. These include, for
example, IDEFO-diagrams, which allow the standard
graphical language to describe the sequence of
operations.

At the stage of the primary description of automated
systems, the use of so-called standard «case diagrams»
or «use case diagrams», which are part of the universal
modeling language UML (Universal modeling language),
is also considered quite effective.

Fundamentally, the system of the organization
includes performers, tools and equipment used by them,
methods and procedures of work. These components
are amenable to replacement — an expert can take a
vacancy and leave it, equipment is replaced in
connection with real or moral depreciation, individual
procedures and technological methods, forms of
services can be improved, replaced or excluded. At the
same time, the functioning of the organization, the
provision of services and the release of products from
its side are maintained by maintaining a component that
unites all the components of the process. That is, the
process approach remains the basis for management
and organization of IT services, IT-services aimed at
ensuring quality and meeting business needs.

Management of IT-services is realized by their
suppliers by using the most rational combination of
people, processes and information technologies.

As the range of tasks that can be solved with the use
of information technology and the transfer of an
increasing number of business processes into digital
form expand, the role of IT departments is radically
changing. The success of the company today depends
to a large extent on how effectively and qualitatively its
IT service helps to solve management problems,
maintain competitiveness and satisfy the growing
demands of consumers. For quality service, it is
necessary to clearly identify the range of services
provided and make them available to those who need
them.

Moreover, the very concept of IT-service is
inextricably linked with quality management and is based
on measurable metrics, reliable information. Do not
consider IT services as something static — they naturally
change in accordance with the tasks and needs that they
generate and accompany throughout the life cycle.

And one of the mandatory fields of activity in the field
ofengineering management, IT technologies and quality
management is the provision of information security, the
level of synergetic interaction with the transport safety
system. Although often the security of information
technology and its correlation with transport security is
not fully understood by both the management of
organizations and employees. Meanwhile, the
organization of security and quality control are two
primary tasks for any enterprise. Security organization

is protection against threats, and quality control —
ensuring the planned and stable production of products
or services.

Let us emphasize: on the way of the transition of
society from an industrial society to a knowledge society,
information is fundamental. Therefore, it must be
protected [3, 4], which for many enterprises will also
mean fundamental changes in people’s minds, because
in this sphere no one has canceled the so-called human
factor. It is impossible to imagine the implementation of
business processes without information support, and
information technology is not considered a guarantee
of entrepreneurial success.

Conclusions. For infrastructure transport and
logistics structures, where the price of risk and error is
too high, the provisions discussed in this article are of
particular importance. To provide information security
means to move from an unspecified level of security to
a predetermined one by introducing organizational
measures implemented throughout the company. It is
necessary to include in such measures, first of all,
development of a policy of local security at each level of
the organization’s hierarchical ladder. Constantly
applied at the professional level, quality control
mechanisms should ultimately contribute to the
strengthening of security. At the same time, the
integrated information security management system,
although consists of similar organizational and technical
components, will be different for different companies
depending on business models, the degree of formation
ofthe process of electronic turnover of IT infrastructure,
communication facilities and security structure, and
general performing discipline.

It is clear that the goals of information security and
the requirements for the quality of products and services
should be harmonized and mutually linked at the
technological level.
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PaccmoTpeHa 3aga4ya, ocCHOBaHHasi
Ha [0JIrOCPOYHOM MJ1IaHNPOBaHNUN
Ppa3BUTUSA KOHTEHNHEPHO-
TpaHcnopTHou cuctemsi (KTC)

Kak 4acTu TPaHCMNOPTHOIO KOMIIJIekca
v cBsiI3aHHasi C paunoHasibHbIM
pa3mMeLyeHuneM TepMUHasibHON
nHppacTPyKTypbl OTHOCUTEJILHO
parioHOB rPOMbILLJIEHHOroO
npous3BoACTBa U NoTpebseHns
KOHTEeHHeporpurogHon npoayKuun.
Pa3paboraH meTogos10rn4eckmii
noaxon K knacTepusaumm o6beKToB
TePMUHaIbHO-JIOTUCTUYECKOM
VHGPAacTPyKTypbI 4711 CO3[4aHNS
YCJ10BUIi MaccoBOro NPUMeHeHus
KOHTEMHEPHbIX MN0e340B Ha ceTu
Jxene3Hbix gopor. NMpoBegeHo
pasbueHue npeanpusTUi B BUAZE
K/1acTepoB C reoMeTpnyeCcKumMm
ueHTpamu, rae pacrnosnarailorTcs
CTaHLUMUUN N KOHTEHHEePHbIE MYHKTbI.

Knto4eBbie c/ioBa: KacTepHbIi aHa NS,
KOHTENHEPHbIE NEPEBO3KUN, KOHTEVIHEPHbIN
MYHKT, pa3MeLLeHNe TPaHCNOPTHbIX
0OBLEKTOB, KOHTEHEPHbIV oe3s,
HaKoMUTEJIbHO-PAacCrpenenTe IbHbIN LIEHTP.
|
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NPOBJIEMBbI YIIPABJIEEIA

TepMmuHanbHas uHOpaCTpPyKTYypa
U KOHTEeUHEepHble noe3aa:
KJlacTepusauuns oObLeKToB

Mockeuues Oaee Baarepvesun — kanoudam
SKOHOMUHECKUX HAYK, O0UeHM, 3a6e0yIouiuil
Kaghedpoii ynpasaeHus IKCnAYamayuoHHOU pabomotl,
dupeKmop uenmpa Mo0eaupo8aHus MmpaHcnopmHbsIX

u noeucmuyeckux npoyeccog Camapckoeo
20Cy0apcmeeHH020 yHugepcumema nymeti coooujeHus,
Camapa, Poccus.

JTHUM W3 HaTIpaBJIEHU !, CBSI3aHHBIM

¢ moBbIlIeHUEM 2D(HEKTUBHOCTU

OpraHu3alu KOHTEHHEPHBIX Mepe-
BO30K Ha XeJIEe3HOJOPOKHOM TpaHCIOpPTE,
CTaJI0 BHEIPEHKE HOBBIX BBICOKOTEXHOJOTUY -
HBIX TPAHCTIOPTHBIX MPOIYKTOB.

B nocnenHue necATuneTus yKpenuiauch
(OpPMBI MEXKOTPACIEBOI U MEXPETMOHAIBHOMN
KooTnepauuu, u3MeHu1ach KoHpuUrypauus
MPOM3BOJICTBEHHBIX 1IETIOUYEK. DTO TTPUBEIIO
K paclIMPEHUI0 ACCOPTUMEHTA BBIITYCKaeMOM
MNPOAYKIIMHU, IEPEOPUEHTALIMU PHIHKOB CObITA
U TEPPUTOPUATIBHOMY MepepacnpeneeHruIo
MPOU3BOJACTB. A caMU U3MEHEHUS B UTOTe
TMOBJIUSUTA HA 3arpy3Ky TEPMUHATBbHBIX 00b-
€KTOB, MHOTHE U3 KOTOPBIX OCTAJIUCh HEBO-
cTpeOOBaAaHHBIMU WU XK€ HECTTOCOOHBIMU
KOHCOJIMAUPOBATh CYIIECTBYIOIIE O0BEMBI
KOHTEMHEepONMPUroaHO NPOAYKIIMU B YCKO-
peHHbIE KOHTelHepHbIe nmoe3aa [1].

CxJ1apIBaeTCs CUTYyallvst, KOT/Ia COBpeMeH-
HbIE TIEPCTIEKTUBHBIE TEXHOJIOTUU TIHITAIOTCS
peanu3oBaTh Ha UHGPACTPYKTYpe, MOCTPOEH-
HoI em€ B 40-¢ TOOBI MPOIILIOTO CTOJICTUS
W peIHA3HAYEHHO /151 PEILIEHUS] COBEPILIEH-
HO WHBIX 33Ja4, peaTu3aluu JpyTux TEXHOIO-
ruit. HoBblii aTamn rnodannsaunu U TeHASHIUU
Ha MEXCTPaHOBbIE OOBENNHEHUST CBOOOIHOMN
TOPTOBJIM MPEANOJIaraloT U3BMeHeHUe reorpa-



(UM U CTPYKTYpbI TOBAPHBIX U TPAHCTIOPTHBIX
MOTOKOB, UTO, B CBOIO O4Yepe/ib, TPeOyeT nepe-
CMOTpa B CTPYKTYPHOM U TEPPUTOPUATIHLHOM
TUIaHE CYILIECTBYIOIIE KOHTeHHEPHO-TPaHC-
noptHoit cucteMbl (KTC).

1.

1t peanm3aiuy nepCereKTUBHBIX TPaHC-
TIOPTHBIX TEXHOJIOTWI 1 TIOBBIIIIEHUST YPOBHS
KOHTEeHepU3aluy TpeiaraeTcsl HoBask MO-
nenb hopMupoBaHUs ¥ (PYHKIIMOHUPOBAHUS
KOHTEHEPHO-TPAHCTIOPTHONW CUCTEMBI Ke-
JIE3BHOIOPOKHOTO TpaHcTopTa. OHa OCHOBaHA
Ha CO3MaHUM NIBYXyPOBHEBOU CETU TEPMMU-
HaJIbHBIX OOBEKTOB, MTO3BOJISIONINX KOHCOJTH -
JIMPOBATh TPY30BYIO 0a3y OTIEIBHBIX TPY300T-
MpaBUTEJIe/Tpy30IIoayJareyieii B yCKOpeH-
Hble KOHTeHepHbIe Mmoe3na. Peanusanus
MoJean OyJIeT CIOCOOCTBOBATh MOSIBIIEHUIO
nHdpactpykrypsl KTC, moiskHBIM 00pazom
cOaJTaHCUPOBAHHON HE TOJIBKO 1O KOJIMYECT-
BY TEPMUHAIBHBIX OOBEKTOB, HO U TIO MECTY
pa3MeleHsI OTHOCUTEIHHO MPOMBIIIITICHHO-
TO IIPOU3BOACTBA [2].

15t 3TOTO B KaXKJIOM PETUOHE TIPEICTOUT
CO31aTh KOHTEHEPHBIN HAKOTTUTETbHO-pac-
npenenmtenbhbiil ieHTp (KHPLL), ontrmarns-
HO PAaCIIOJIOKEHHBIN TT0 OTHOIIIEHUIO K CeTH
KoHTeitHepHbIX TyHKTOB (KIT), KoTOpHIE,
B CBOIO OY€pe/lb, JOJDKHBI OBITH ONITUMU3UPO-
BaHbI B TUTAHE pa3MEIIEHUS MO/ KIIUEHTOB,
T.€. TIOJl KOHKPETHBIE TPY3HI.

ONTUMaJIBHBINA BBIOOP MECT PacIooXKe-
Hus KITu KHPLI nomoxert caenath yHUBEpP-
caJibHasi METOJIOJIOTHST pa30MEeHST MHOXECTBa
00BEKTOB C 3aJaHHBIMU CBOMCTBAMU Ha MO~
MHOECTBA TIPU 3aJJaHHBIX KPUTEPUSIX U TI0-
JIYIeHUS «IEHTPOB» B3TUX MOIAMHOXECTB,
00J1a1aI0INX ONITUMAJIBHBIMU CBOMCTBAMMU.
B xadecTBe Takoit yHUBEpCATBHOM TTPOLIETYPHI
TpeTaraeTcs UCTIOh30BaTh MATeMaTUIECKIEe
METOJIbl KJIacTepu3alnu 00bEeKTOB, N3BECT-
HBIe KaK KJIACTepHBIN aHanmmu3 [3].

[TpoBeneHHBIN aHAIN3 U3BECTHBIX AJITO-
PUTMOB KJIacTepu3alluy ToKa3a, 9TO B HUX
LIEHTP KJIacTepa OTpeIesseTCs TOJTbKO CBOT -
CTBaMU OOBEKTOB, a B MPOIIENype KIIaCTepH-
3aIlMU OTCYTCTBYET BO3MOXHOCTb BBECTHU OT-
paHWYEeHMST Ha BBIOOP MOJOOHBIX IIEHTPOB.
Tak, Hanpumep, TPY TPUMEHEHWH aJITOPUT-
MOB KJIaCTepU3allUM 110 U3BECTHOMY METOY
k-means cunraeTcsi, YTO ONTUMAJIbHBIN LIEHTP
MOXeT HaXOUThCS B JIIO0OI TOUKE IPOCTPaH-
CTBa TIapaMeTPOB, OTPEIESIONINX OOBEKTHI.
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Ecnu mapamMeTpbl — 2TO reoMeTpUyYecKue
KOOPAUHATHI TPOU3BOACTB, TO LIEHTP MOXET
JIeXXaTh B JII000i Touke riockoctu. Ha mpak-
TUKE CJeqyeT pacCMOTPETh ciyyail, Koraa
LIEHTp 00s13aTeIbHO TOJIXKEH OBITh B OTHOM U3
3aIaHHBIX TOYEK (IOIMYCTHUM, Ha XEJIe3HOIO0-
POXHOI cTaH1LMK). To ecTh MpU BIOOPE MECT
pacnioynioxxenust KIT u KHPL npuxoautbces
pelaTh 3a1a4y KjaacTepu3alliu «C MPoeKInei
Ha (YHKUUWIO», KOT/Aa LIEHTP 00s3aTeJbHO
JTOJIKEH HAXOUTHCS Ha CTAHLIMU WU «C TIPO-
eKLMe Ha TOUKU».

B cBsi3u ¢ aTUM npeniaraeTcs HOBbIN Me-
TOJ KJIACTepU3alIMU C TPOEKIIUEeN Ha MHOXe-
CTBO Touek «k-means pro» u ucciaenyercs
BO3MOXHOCTb €r0 MPUMEHEHUS B 3aJayax
MPOEKTUPOBAHUS TPAHCIOPTHOU UHpa-
CTPYKTYpHI [4].

BxogHbIMU JaHHBIMU SBJISIETCS MHOXECT-
BO 00BEKTOB KJIacTepuzauuu X = {xl,...,x”} ,
ux seca ¥V ={v,,...,v,} ujponycrumoe MHOXe-

CTBO mpoeKuuii ¥ = {yl,...,yp}. Kaxmpriit j-it
00BEKT M Kaxkasi JOMyCTUMasi TOYKa-IMpoekK-
1wist 3aganbl B G-MepHOM npocTpaHcTse R,
WK X, =(xj1,...,ij) 1Y, =(VsVog) -
EnvHCTBEHHBIM YIIPaBIISIIOIINM ITapaMe-
TPOM CTAHOBHUTCS YMCJIO KJIAcTEPOB k, Ha
KOTOpbhie INPOBOIUTCS pa30bMeHUE
S ={Sl,...,Sk} MHoxecTBa X. B pesynbraTe
MmojydJaeTcsl HeCMEIeHHOe pa30ueHume

s

S ={S;,...,S,:} , LIGHTPbl KOTOPOTO — OMNTHU-
MaibHOEe MHOXecTBO rpoekimii C' <V .

BBeném obo3HauyeHUs: n — KOJIUYECTBO
00BEKTOB KJIACTEPU3AINH, p —KOJIUIECTBO
TOYEK JIOIYCTUMOTO MHOXKECTBA MPOCKITUIA,
i, i’ — HOMep KJlacTepa, j — HOMep 00beKTa,
F — HOMEp TOYKM MHOXKECTBA TIPOEKIINiA, / —
HOMEp KOOPAMHATHI TOYKH, M — TeKyIlast
urepanys, G — pa3MepHOCTb ITPOCTPAHCTBA,
B KOTOPOM BBITIOJTHSIETCS KJIaCTepH3allysl.

PaccrosiHue Mexay TouKamMu B 3aIaHHOM
G-MepHOM MPOCTPAHCTBE HAXOIUTCSI IO €BK-
JIMI0BOI METPUKE, Ile t U t, — ABe JI0ObIe
TOYKH MpocTpaHcTBa RE:

M

1. BriGepeM HauadbHOE pa3bueHuUe
SO ={S10,...,S,8}:
1S ={x,91,...,x9},
k
UsS =X, S’ NS =0, i%i'

i=l

()
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2. IlycTh mocTpoeHO m-e pa3bueHue
s"={8,....5¢}.

Boruucium Habop cpegHUX BEKTOPOB
m _ m m m __ m m
E —{e1 e }, T.C. € —{eil,...,eiG} , TIIe

n
2V
m _ j=1 .
il n bl
2V
J=1

n, — KOJIMYECTBO TOYEK i-TO KJIacTepa.
3. OmpeneanM MHOXECTBO IPOCKIIUIA,
CpeIHMX [JIsI TEKYIIEero pa3oueHUs:

o {y e :Vid ()= {nind(y,,eﬁ")}. 4)
<r<p

3

4. HOCTpOI/IM MUWHHUMAaJIbHOC ITMCTaHIIVOH-
HOEC p336I/ICHI/IC, MOpOXKIa€MOE€ MHOKECTBOM

m
¢ , 1 BO3bMEM €ro B KaueCTBe

m+l1 m+l1 m+l1
S ={S1 s Sy },T.e. J1J1s1 TIEpBOTO
1 xeX:dx.cl')=
= , 1<i<k. 5
! mind(x,c;'.’) ©)
1<i'<k

1
5. Ecan §™ #S8™ | T0o nepexonum K 1. 2,
1
3aMeHuB m Ha m + 1; eciu S =8" | 1o

nogaraeM 8" =S, C" =C u 3akaHuMBaeM

paboTy alropuT™MA.

B kauecTBe KpUTEepUs KIacTepu3aluu
B IAHHOM aJITOPUTME UCIIOJIb3YeTCsT (DYHKIIM-
oHar [5, 6]:

F§=2 3 X -e(S

i=l xeS'

(6)

Tak kak Ha mocyien0BaTeILHOCTH pa3oue-
o 0 1
uuit S°,5,...,S",..., KOTOpask CTPOUTCS B aJl-

ropurMe k-cpeanux, @yakuvonan F(S) we
Bospactaet, mpuuéM F(S™)= F(S""') tonbko
ecmt S" =S"" 10 mwist MOGOTO HAYAIBHOTO

pa3oueHus S aJropuT™ yepe3 KOHEUHOe YK-
CJIO TIIaTOB 3aKaHYMBAET PadoTY.

Pesynprar KiraccuuKalmy 3aBUCHUT OT
BBIOOpA €, TTO3TOMY KaKIblil pa3 UMeeM JIo-
kaabHbIt MuHUMYM F(S). [pu aTom ciydae
KOOPIMHATHI €’ ObLIH TIOJIyUeHBI KaK CTydaii-
HBbIC YKCJIa, PABHOMEPHO paclipe/ieIiEHHBIC
B MPSIMOYTOJIBHUKE BO3MOXHBIX KOOPIWHAT
VICXOJHBIX TOUYEK. /{7151 MpOBEPKU YCTOMINBO-
CTU Pe3yJbTAaTOB U TOJYYeHUS] Pa3TUIHBIX
3aBUCUMOCTE BBIOOD € MeHsIeTCsl.
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2.

O00CHOBaAaHHOCTh (DOPMUPYEMBIX KJIACTE-
POB, T.¢. IPUEMJIEMOCTb ITOJIyYEeHHBIX PE3YJib-
TaTOB I10 OIPEACICHUIO MECT PACIIOIOXKECHUS
KOHTEHHEPHBIX ITYHKTOB, OIPEIC/ISIeTCS Ba-
JAalueil KJIacTepoB.

Pasnuualor aBa TUIla BaJugallMU: BHYT-
PEHHIOI0 — II0 TOMY, HACKOJIBKO KJIaCTephl
COOTBETCTBYIOT UCXOIHBIM JaHHBIM, M BHEIII -
HI010 (LIEJIEBYIO) — I10 TOMY, HACKOJIBKO KJIa-
CTEPbl COOTBETCTBYIOT MHGOpPMALIUU, HE
YUYUTHIBAIOIIEHCSI TPU UX MTOCTPOCHUM, HO
M3BECTHOM CIIeLIaIMCTaM, KOTOPbIE UCIIOJIb-
3YIOT KJIACTEPU3AIIUIO B CBOMX LIEJISIX.

JJ1s1 BHYTpEHHEM BaJIMIALIMU MCIIOJIb3Y-
IOTCsI caMble pa3HOOOpa3Hble MHIACKCHI, BbI-
paxkalolue KaueCTBO pe3yJIbTaTOB KJIacTepu -
3al1M.

Hawub6o:1ee monyasipHbIM SIBJISIETCSI MHAEKC
HaBuca—bonauHa. YeM MeHbIIe 3HaYCHUE
3TOr0 MHIEKCa, TeM KJIaCTePbhl KOMITAKTHEE
U ynajnéHHee Ipyr OT Apyra. OTO MO3BOJIET
000CHOBaTbh KOJIMYECTBO KJIACTEPOB k, 4TO
BaXXHO, ITOCKOJIbKY IPU KJIaCTePU3alluU IIPO-
M3BOJICTB KOJMYECTBO LIEHTPOB-KOHTEIHEP-
HBIX ITYHKTOB MOKET ObITh B OOIIIEM CJTydae He
3aJaHO U JOJDKHO HAaXOIUThCS M3 YCIOBMSI
ONTUMM3ALMU KAKOTO-TO JTOIOJIHUTEIBHOIO
KpUTEpUs.

B kauecTBe 11eJIeBBIX KPUTEPUEB ITPU OITPE-
JIeJICHUHY KayecTBa KilacTepu3aluy pacCMOT-
pPEHO J1Ba BapyaHTa:

1. KonuecTBO LIEHTPOB 3a1aHO. DTO OyIeT
TOrna, KOrjaa Ipu IMPOeKTUPOBAHUM 3aJdaHbl
pecypchl Ha co3nanue Bcex KIT u u3BectHa
CpenHsis HOpMaTUBHAasl CTOMMOCTb OJTHOTO
MyHKTa. B 3TOM cityyae camu 3aTpathl Ha CO-
ananue Bcex KIT He onTUMU3UPYIOTCS U KPU-
TepHeM BBICTYMAIOT 3aTPaThl Ha IIEPEBO3KY
IPY30B OT BCEX KJIMEHTOB 10 CBOMX KOHTE-
HEPHbIX ITYHKTOB.

2. KonmnuectBo KIT He 3agaHo (k HeusBecT-
HO), HO U3BECTHA CPEIAHSISI CTOMMOCTh OJIHOTO
KIT — c. Torga kputepreM ONTUMHU3ALIMY TTPU
KJIacTepU3alliy BBICTYIIAeT CyMMa OOLIUX 3a-
Tpar Ha IepeBO3KY M 3aTpaT Ha coznaHue KII.

s IpoBeneHMST SKCIIEPUMEHTAIbHBIX
M IIPAKTUYECKUX PACcUETOB ObLIa HAaIlMCcaHa Ipo-
rpammMa Ha s13bike JavaScript. I[Tporpamma peanu-
3yeTCsl B HECKOJIBKIX PEXKMMaX: C 3aaHHbBIM WJIN
IIPOM3BOJILHBIM KOJIMYECTBOM KJIACTEPOB.

B nepBoM pexxrmMe peanu3aliys 3aKiioda-
€TCs1 B IPUMEHEHUM BHIOPAHHOTO aJITOPUTMA
M 3aJJaHUM YUCJIa KJIaCTEPOB K.
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k=25.

O61mii 06beM rpy30B — 558296 T.

O6wee paccrosinue — 19019,14 km.

O06bEM TiepeBo3oK — 18234000 T * KM.
CpenHee paccrosinue 10 KIT — 22,4 km.
Cpennee pacctostaue mexay KIT — 98,1 km.

No | Cranmmu — KIT | Kon-Bo Howmepa B crivcke npeanpusiTuit O6beEM | % ot Cpen.
TIpeATpHUsi- obL1ero | paccr.
THIT o0bEma | 10
KIT
1 | Tpopumonckuii 2 | 54 788, 789, 790, 791, 792, 793, 794, 795, 796, 54713 19,8 2
797, 798, 799, 800, 801, 802, 803, 804, 805,
806, 807, 808, 809, 810, 811, 812, 813, 814,
815, 816, 817, 818, 819, 820, 828, 829, 830,
831, 832, 835, 837, 838, 839, 840, 842, 843,
844, 845, 846, 847, 848, 849, 850, 851, 852
2 | KporoBka 12 150, 151, 199, 200, 208, 576, 577, 602, 611, 35373 6,3 16
723, 724, 749

Puc. 1. Mpumep BbigaBaeMbix MPOrpamMmori pe3ysbTaToB.

Pentenue moctaBneHHO 31291 BOZMOX-
HO TIO TPEM Pa3TUIHBIM aJITOPUTMAM:

1. Knaccuueckuii anroputm k-means |5,
6]. PesynsraToM OyIeT SABISATHCS pactoioxke-
HIe KOHTEeIHEPHBIX ITYHKTOB B TeOMETpHUUC-
CKHUX «IIE€HTpax», 00CCIeUYNBAIOIINX OIITH-
MaJIbHbIE CBOMCTBA C TOUKY 3PEHUSI HANMEHb-
IIIeTO JUIST BCEil CETU TTepeBO30K CYMMapHOTO
paccrosHus OT Touek-npennpusituii 1o KIT.
Takyto KitacTepr3aIiio Ha30BEM «CBOOOTHOM»
W aJTOPUTM, peaU3yIolInii e€, 0603HAYUM
Kak Anroputwm 1.

2. k-means ¢ mpoeKuneil Ha MOCIeTHEM
mare. CHauasa mpou3BeaéM KIacTepu3alnio
00BEKTOB C MOMOIIBIO aropuT™Ma k-means
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U TIOJIyYUM pa3OueHue MPeanpusiTuil B BUIe
KJIaCTEPOB C TEOMETPUYECKUMU LIEHTPAMU,
a3areM IS KaXI0TO LIEHTpa Haiiaém Ovkai -
IITYI0 XeJE3HOMOPOXKHYIO CTAHIINIO U OyaemM
CUUTATh, YTO 3[€Ch NOJKEH pacroaaraTbCs
KOHTEWHEPHBIA NyHKT. Takoil anroputm
C MPOEKIMEN HA MTOCTEAHEN UTEPALIMA HA30-
BEM AJropuT™ 2.

3. MonudpuuupoBaHHBII aaTOPUTM
k-means c ipoexuueii (k-means pro). Beioun-
paeM 4ucIio kK M Ha TIepBOM IIare BhIOpachI-
BaeM k CIy4allHBIX TOYEK, Ha3bIBa€MBIX
«II@HTPaAMM KJIAaCTEPOB». 3aTeM KaxIoe
TPOM3BOJICTBO MPUBSI3BIBAEM K OJIMKANIIIEMY
LeHTpY. B pe3ynbrare Kaxnblii 00BEKT Ha3HA-

ceHUpbl

3aropoaHas) [oBOYDUMCHAnA

I
it

MypanTanoso

- Kaprana
e /
RyBaHApbll ~

Puc. 2. Pe3ynbrat BbinosIHeHUs1 nporpammbi A5 k = 33 B pexxume knacrepusauymm
C npoekuuei n KpuTepueMm CyMMapHOro pacCTosIHUS.
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Onbeska

YEH OMpenesIEHHOMY KiacTepy. Beruncisem
HOBBIC «IIE€HTPBI» KaK IMMOKOOPIMHATHEIE
CcpelHUEe KJIaCTePOB, a TOTOM MPOELUPYEM UX
Ha MHOXECTBO KeJIE3HOIOPOKHBIX CTAHITU.
[TonyyeHHBIli HAOOP CYUTaEM HOBBIMU LIEHT-
paMu KJIacTepOB, 2 O0BEKTHI CHOBA MTepepac-
npenensieM. [Ipoliecc BIYMCIEHUS IIEHTPOB
U iepepacrpeiesieHust 00beKTOB MPOA0JIKa-
€M JI0 TeX MOp, MoKa KJIACTePHbIE LIEHTPHI HE
CTaOMIU3UPOBANNCH, T.€. BCE HAOIIOACHUS
MpUHAAIEeXaT KjacTepaM, KOTOPbIM OHU
TIPUHAJIeKAIN 0 TeKyliei urepauuu. U oy-
JIeT 3TO AJITOPUTM 3.

Bo BTOpoM pekrMe KOJTM4ecTBO KilacTe-
POB OTIpe/esisIeTCs] COTJIACHO BBHIOPAaHHOMY
KpUTeprio (MUHUMYM CyMMapHBIX 3aTpaT Ha
rnepeBo3Ky 1 3aTpaT Ha co3aanue KIT nocpen-
cTBOM mMHzaeKca JlpBuca—bonmnHa) ¢ momo-
B0 TTepebopa BapUaHTOB TSI Kaxkaoro k.

® MWP TPAHCIMOPTA, Tom 15, N2 5, C. 158-173 (2017)

—o—ANl3
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Puc. 3. paguk 3aBucMOCTN CyMMapHOro pacCcTosiHUsl OT KOJINYeCTBa K/1aCTepoB.
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Puc. 4. Pe3ynbrar BbIlOJIHEHUS TPOrpaMMbl B PEXUME K1acTepusaumm
c npoekuwuer n kpurepuem [asuca—bongnHa.

CTOUT OTMETUTD, UTO TAKOE pa3HoOOpa3ue
pPeXMMOB pabOThl MTO3BOJISIET IKCTIEPUMEH -
TaJbHBIM 00Pa30M MOCTUTHYTH HAWJTYYIIIEeTO
pesyJbrara pa3oueHus.

Ha ocHoBe pazpaboTaHHBIX MOJEJEH, a-
TOPUTMA U TPOTPAMMBbI MTPOBEAECHBI MHOTO-
KpaTHbIE SKCMIEPUMEHTHI B Pa3TMIHBIX PEXKU -
Max Ha npumepe [IpuBomkckoro denepanb-
Horo okpyra (ITPO). beuto paccmorpeno 900
TPOMBIIUIEHHBIX TpeanpusiTuii u 137 xenes-
HOMOPOXHBIX cTaH1mii. [Ipon3BoacTBa oMpe-
JEJISUTUCH TeorpaduiecKuMu KOOpIAUHATAMU
1 00BEMOM TIPOU3BOAMMOM 1/WIN TOOBIBae-
MOU KOHTEWHEPONPUTOAHON MPOLYKLUHU.
MHOKeCTBO CTaHILIMI 3a/1aHO HA CETH IIECTH
JKEJIe3HBIX JOPOT, MPOXOISIINX 110 TEPPUTO-
puu [1DO.

Ha puc. 1 nmpencrasien ¢pparmMeHT Tabim-
1IbI, BBIAABAEMOU MTPOTPaMMON.
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Puc. 5. lpagmuk 3aBucumocTn niaekca asuca—bonanHa ot KonmnyecTsBa K1acTepos.
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Puc. 6. Ipajpuk 3aBUCUMOCTHU 3aTpaT Ha NepeBo3KY OT KOJINYEeCTBAa K/1aCTEePOB.

PaccMoTprM HEKOTOpPBIE U3 MOJyYEHHBIX
pesynbratoB st [IPO B pexume aaropurMa
k-means c mpoeKLUENl; KpUTEpUii — cymmap-
HO€ pPacCTOsSIHUE OT BCEX TOYEK A0 CBOUX

n
nenTpos D = ZD,. . Pe3ynbrar BBITOTHEHUS
i=1
nporpamMMbl 11 kK = 33 Ha puc. 2. [TonyyeH-
Hble faHHbIe: D = 28242 xM.
Ipacduk 3aBucumoctu kputepusi D oT k
mnokasaH Ha puc. 3. M3 rpaduka BUIHO, YTO
IIPY YBEJIMYEHUU YUCIa kK CyMMapHOE pacCTOs -

n
Hue D= ZD,. COKpaliaercs.
i=1
Hanee o1 ONITUMU3ALINHI YK CIIA KIIACTEPOB
k BeIOepeM nHaeKc [pBuca—bonnuHa, a anro-
PUTM OCTaBHMM IIPEXHUM — KJIaCTepU3aIvsI
¢ npoekiyeid. [loaydeHHbIe TaHHBIC: k = 22,
DB = 0.71. Pe3yabraT BEITTOTHEHUS TIPOTPaM-
MBI 111 k = 22 TIpeicTaBiicH Ha puc. 4. [padhuk
3aBucuMocTu Kpurepust DB rokaszan Ha puc. 5.

® MWP TPAHCIMOPTA, Tom 15, N2 5, C. 158-173 (2017)

3.

ITpoBeném knactepusaluio Mpu yCIOBUU
3a/laHUs 1IEJIEBOTO KPUTEPHSI B cllydyae, Korna
n3BectHO yucio k (KIT), T.e. korma mpu npo-
E€KTUPOBAHUY 3a/IaHbl PECYPChI HA CO3MaHNE
Bcex KIT u u3BecTtHa cpenHsisi HOpMaTUBHAs
CTOMMOCTh OJTHOTO KOHTEWHEPHOTO MyHKTA.
B aTOM BapuaHTe caMu 3aTpaThl Ha CO3AaHNE
Bcex KII He onTuMU3UPYIOTCS, B KAUECTBE
KPUTEPUsI BHICTYIAIOT 3aTPAThl HA TIEPEBO3KY
TPY30B OT BCEX KIMEHTOB 10 CBOUX KII, T.e.

E =) D,¥,ss — min, (7)
P

rae E, — 3atparbl Ha epeBosky; D, — paccros-
HUE OT TOUKU-TIpou3BoacTsa 1o KIT; Vi— 00BEM
MPOU3BOICTBA KOHTEIHEPOIIPUTOIHOMI ITPOLYK-
LIMM; § — PACXOIHAs CTABKa Ha ITEPEBO3KY.
Kracrepu3sariusi mpoBoauiach pu 3agiaH-
HbIX KOJIMYECTBaX k, KOTOPOE U3MEHSIJIOCH OT
1 1o 25 o Bce TpéM anroputMaM. Pe3ynbraThl
BBITIOJTHEHUS aaropuT™a 1, anropurma 2 v an-
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Puc. 7. 3asucumocts A/E, oT k ans npounssoacTts NPO.
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Puc. 8. Ipagukm 3aBucumMocTu obLymx 3aTpar ot K npu pa3sinyHbIx ¢ (anropnutm 3).

roput™ma 3 B Buae rpaduka 3aBUCUMOCTEN
TpeacTaBiieH Ha puc. 6.

Kak BugHO n3 puc. 6, oduine 3aTpaThl
Ha IepeBO3KY MaJaloT IpU YBEIUUYCHUU
k — gncna KII. C 3T0i1 TOYKM 3peHUS 4yeM
oosbure KIT, TeM MeHbIIIe 3aTpaThl Ha Ie-
PEBO3KY OT IPOU3BOACTB A0 KOHTEMHEPHBIX
MIYHKTOB.

B Hamrem ciygyae eHTpHI KIacTepoB 0051-
3aTeJIbHO JOJKHBI HAXOAUThCS Ha XEJIe3HO-
JIOPOXKHOM JTMHUU U 3TO SIBJISIETCSI OFpaH1Ye-
HUEM JIJISL CAaMOTO IpoLecca KIacTepu3alim.
AJTOpUTM k-means pro KaxkIblii pa3 IPOCKTH-
pPYeT LEHTPBI KJIACTEPOB Ha KeJIe3HOMAOPOX-
HYIO CTaHILIUIO.

HazoBéM gedeKToM MPOEeKIMN pa3HUILLY
KPUTEpHUAJIbHBIX BEJIMYMH KauyecTBa CBOOOI -
HOM KJIACTePU3aLIMU 1 KJIACTEPU3ALIUU «C ITPO-
exumei> A=E, —E, . 3aBucumocts A/E, ot

k nnsa npoussoacts I1MO mnpencrasieHa Ha
puc. 7.

Orcroma MOXHO HaOIIOAaTh CICAYIONIYIO
3aBUCUMOCTb: IIPU 3HAYMTEJILHOM yBEJIMYE-
Hum yrcia KIT pactér nedexr mpoekiun, T.e.
B HEKOTOPBIX CIIy4asix, KOIIa pa3HuLia J0CTU -
raet 30—40 %, BO3MOXHO, BLITOIHEE CTPOUTh
KII, co3maBaTh HOBYIO MH(PACTPYKTYPY, a HE

® MWP TPAHCIMOPTA, Tom 15, N2 5, C. 158-173 (2017)

pasMellaTh UX Ha CYLIECTBYIOIlei nHdpa-
CTPYKTYpE.

Janee paccMOTPUM KJIACTEPU3ALIMIO TIPUA
ycnoBuu, Korma koimmdectBo KIT He 3amaHo
(k HEeM3BEeCTHO), HO U3BECTHA CPEIHSISI CTOU-
mocTh omHoro KIT — c. Torma xpurepuem
ONTUMM3ALUU IIPU KJIaCTePU3aLlUU BEICTYIIA -
eT CyMMa OOILIMX 3aTpaT Ha IIEPEeBO3KY U 3a-
Tpat Ha co3nanue KII, T.e.

E= ZQ-I/,.-S+c-k-y — min,

i=1

®)

TJie Y — HOPMaTUBHBIN K03 duiimeHT apdex-
TUBHOCTH.

Pesynbrathl paGoThl HOBOTO alrOpUTMa
k-means pro (axroputm 3) nist [1PO B Bune
rpacnKOB 3aBUCUMOCTH OOIINX 3aTpat E ot
k TIpY pa3IMUHBIX YCIIOBHBIX C TIPEACTABICHBI
Ha puc. 8.

OnTUMaTbHBIM BAPUAHT MTPU Pa3HBIX C OY-
JIeT BBIMJISIAETD CAEAYIOIIMM 00pa3oM:

st ¢ = 5000 — 11 kmacTepos;

st ¢ = 10000 — 6 KyracTepos;

tst ¢ = 15000 — 5 kyactepos;

st ¢ = 20000 — 4 ximacTepa;

st ¢ = 25000 — 2 ximacTepa;

st ¢ = 30000 — 2 kimacrepa.
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2. OmpeneneHne CIUCKA IK.-]I.

CTAaHUMA M UX

l

v A4

3. Ilpoextuposanue cetu Kll.

E IpoekTHas :
ANTOpUT™ a) 3amaya CTOMMOCTH 6) OnTuMM3aLUs ! P '
KJIacTepU3aLnm ¢ KIT=E <«— samaga g KIT
" BN Bcex KII=Exn kommuectBa KIT i !
npoekuueit k-means E . o _(f’} _________ !
pro k= 2 E=E +c-k-y - min
r ok <
T k |
Cern 4. Ilpoextuposanue BapuanTos cetn KHPLI.
KII a) 3aa4a CTOUMOCTH 6) OnTuMmm3anus E IMpoekTHas 3anaua E
Beex KHPL| kommdyectBa KHPI] < ans KHPLL i
. ; C H
K:M E=E+C-K-y— min o ( __? ________ :
AJroputm ¢
KJ1acTepu3auuu ¢ I
npoexuuei k-means
pro o
5. OnTnmu3anmst ABYXyPOBHEBOM CETH 110 KPUTEPHIO
ee CTOUMOCTH
\l' . : BekTopa '
6. MHOrOKpUTEpHATbHBIH BHIOOD ONTHMAIBLHOIO <— napaMeTpoB .- 1. :
Bapuanrta cetu KHPLL. ! cranmmit '
\L Tabmuubl JaHHBIX 0 MecToronokerusx KI1 u KHPL]
7. Kapra ceTH TIepeBO30K M  JOCTHTHYTHIE
OITUMAJIbHBIC IIapaMeTpPbl IPOEKTOB. E, D, k, K

Puc. 9. Anroputm mogenupoBaHus ABYXYPOBHeBOW cTpykTypbl KTC Xene3HoA0pOoXXHOro TpaHcnopTa.

g onTUMHU3aLIMU MECT pa3dMelleHus
KHPI ¢ ucnonb3oBaHueM aaropuTMoB
KJjactepusanuu obUta pa3paboTaHa MaTema-
TUYecKast MOAEb.

ITycTh 3amaHbl KOOpAMHATHI U ITapaMeTphbl
JKeJIe3HOIOPOKHBIX CTAaHIINI (MX HOMepa [ =
1,2,...L) 1 yXe HaiiieHbI K HOMEPOB CTAaHITUIA
u3 L, B kotopsix 6yayt KII. Heobxonumo
HaTU ¥ HOMEPOB CTAHIIM, Te CTaHYT pac-
nonararbcss KHPLI.

Ha nepBomMm atane OyneM cuuTaTh, 4TO
KaHauaatamu Ha pasmelneHnne KHPII moryt
OBbITh JI0OBIE CTAHLIMM U3 OOIIEro Crucka.
IIpencraBuM mnpeacTosauii HaM MOMCK Kak
3a/1a4y HAXOXIE€HUS LIEHTPOB KJ1aCTEPOB CTaH-
umii-KI1. Perrene BBITOMHSIETCSI HA OCHOBE
anroputMma k-means pro. I1pu 5TOM MOXKHO
MOJIyYUTb HE TOJbKO ONTUMAJIbHBIM BapUaHT
10 KPUTEPUIO 3aTpaT Ha MEePEBO3KY IPy30B OT
Bcex KIT go cBoux KHPLI, Ho 1 HekoTopoe
KOJIMYECTBO IMOAONTUMAaJbHbIX BApUAHTOB,
UMEIOIIUX OYeHb OJIM3KHUE KpUTEepUaIbHbIE
3HAYEHMUSI.

® MWP TPAHCIMOPTA, Tom 15, N2 5, C. 158-173 (2017)

Ha BropoMm aTamne paccMOTpyUM CBOICTBa
TOYEK-CTaHLIMI 1 JOTIOJTHUTEIBHBIC KPUTEPUI
ONTUMAJIbHOCTH KJIacTepu3aivu. To ecTb To4-
Ka-CTaHIIMSI UMEET ¢ KOOPIMHAT, KOTOPBIC
OIpenesIsIioT €€ CBOWCTBA MO OTHOLIEHUIO
K TOMY, HACKOJIbKO OHa YJIOBJIETBOPSIET LIEJISIM
coznanusd B Heit KHPLI. [1epBbie nBe Koopau-
HaTBl — 3TO KOOPIMHATHI MECTHOCTH B TIJIOCKOM
cucreMe (X, y). Jlamee mayT KOMITOHEHTHI BEK-
TOpa KOOPJIMHAT, KOJTMYECTBEHHO M3MEPSIIO-
1mue aeBaTh kpurepueB co3nanHus KHPLIL

Kaxmas koMroHeHTa MoJKHA ObITh BhIpa-
JKeHa B YCIIOBHBIX ¢IMHUIIAX, COITOCTABUMBIX
C IpyruMu KoopauHatamu. st aToro 3Haue-
HUST KPUTEPUEB Z,..., Iy Heo0X0oaUMO Tipe-
o0pa3oBathb B 0e3pa3MepHble BeIMYnHbL. Han-
0oJiee pacpoCTpaHEHHBII CITOCOO HOPMUPOB-
KU Z:

®)

IJIe 7 — CPe/IHee 3HAUEHUE; G, — CPEIHEKBAJI-
paTUYECKOE OTKJIOHEHVE BEJTMYMH Z.
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Wrak, B pe3yabrare pelieHus 3a1aqu Kiac-
Tepy3aLiY IIepBOro ypoBHs onpenesstorcs KI1.
Kaxnas takas Touka-KIT moMumo kooparHat
XapaKTepU3YeTCsl «BECOM», KOTOPbIIA OITpe/IeIsi-
eTcs 00bEMOM TepepadaThiBAEMbIX KOHTEHHE-
pOB.

3arem HaxonasaTcs craHumu it KHPLL kak
LEeHTPbI K1acTepoB i Touek-KI1. Pazounenue
Ha KJIaCTEPhI B 3TOM CJIydae JOJDKHO OBbITh Ta-
K1M, 4TOOKI ¢ yaéTom 00béMoB KIT monmyvanich
KaK MOKHO 00Jiee KOMITAKTHBIE B KOOPIMHATAX
(X, ¥) KJIacTephbl, a X LIEHTPhI KaK MOXHO AaJTb-
111e ObLIM Ipyr OT Apyra. Takum obpaszoM, Kiia-
CTepr3yeMbIMU MPU3HAKAMM CTAHOBSITCSI JIUIITH
KOOPIMHATHI (X, y'), a BCE OCTaTbHbBIE TIPU3HAKN
OyayT nonoaHuTeabHbIMUA. C y4ETOM 00BEMOB
5TO TIPUBOIUT K MUHUMU3AIIUHY OOIIMX 3aTpar
Ha 1iepeBo3Ky rpy3oB oT KIT no KHPII. Bce
OCTaJIbHbIE KPUTEPHH Z,,..., Z, ABJIAKOTCS NIPU
KJIacTepu3aliiy JOMOJTHUTEIbHBIMY U IEHACTBY-
10T Kak orpaHryeHus1 Ha Bbioop Touek-KHPII.

Ha ypoBHe npeaBapuTeIbHOTO IIPOSKTHUPO-
BaHus MecT pacrnioyioxxeHns: KHPLL Bo3aMoKHBI
JIBa BapraHTa ITOCTAHOBKY 3a1a4M.

1. ITpu umeronmxcs cpeacTBax A TOCTPOUTH
r = A/C KHPII B MecTax, ONTUMMU3UPYIOIINX
MHTErpaJIbHbIN MokazaTesb 3P deKTuBHOCTH B,
rae C — cpeansas croumocts KHPIIL

2. I[MocTpouTth oNTUMaIbHOE KOJNYECTBO
KHPILI, onTuMu3upyonmx MHTErpaabHbII
nokasaTtesb 3 dexkTruBHOCTH B ¢ yuéToM 3aTpat
Ha co3nanue cetu KHPLI. DTu 3arpatsl OymyT
reC.

Jlng yu€ra BceX CBOMCTB TOUEK-CTaHIIMIA
HEeo0X0MMMO 06eCTIeYnTh BBITIOJTHEHUE [TTaBHO-
O TIpaBWJIa — YeM OOJIbIIINE 3HAUCHUS] UMEIOT
KOMITOHEHTbI KOOPIMHAT Z ..., Zy Y TOYEK-CTaH~
L1, TeM O6oJee 1enecoodpa3HO BLIOMpPATH
ueHTp- KHPLI B 3T0i1 TOUKE-CcTaHLIMN.

Ha puc. 9 npeacrasieH alroputM MoaeIu-
poBaHus ABYXypoBHeBOii cTpykTypbl KTC xe-
JIE3HOIOPOKHOTO TPaHCITOpTa.

SAKJTOMEHUE

B xone npoBea&HHOTro McciieaoBaHMsI ObITN
pa3paboTaHbI MATEMATHUYCCKIE MOIEIIN, METO-
IIbI, aJITOPUTM KJIACTEPM3ALMK C MPOEKLINER
W TIPOTPAMMHBII TTPOIYKT, KOTOPBIE MOTYT OBITh
HCITOJIb30BaHbI 111 pEILIEHHMsI 3a1a4, CBSI3aHHbIX

C IMPOEKTUPOBAHNEM MECTOITOJIOKEHUST TPAHC-
TTOPTHBIX OOBEKTOB. AJITOPUTM U TIPOT PAMMHBIIA
MPOIYKT arpoOMpPOBaHbl TIPU MPOBEACHUN
MPaKTUYECKMX PACYETOB ONITUMATBHOTO C TOU-
KU 3peHUsT 3alaHHbIX KPUTEPUEB PacTIOIoXe-
HUS 00BEKTOB TEPMUHATBHOM MHMPACTPYKTYPhI
TTpuBokckoro deaepanbHoro okpyra. Iomy-
YeHHbIE Pe3y/IBTaThI AEIal0T BO3MOXHBIM PEKO-
MEHJIOBaTh ENMHYI0 METOMOJIOTUIO, OCHOBAH-
HYI0 Ha METO/IaX KJIAaCTEpPHOTO aHAJIN3a, B Kave-
CTBE CPEJICTBA JJIs PALIMOHATIBHOM OpraHU3aliy
TEPMUHAIBHOM MH(PPACTPYKTYPhI, 00CTyK1Ba-
OllIei KOHTEeIHEepHBIE Ioe3/1a.
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TERMINAL INFRASTRUCTURE AND CONTAINER TRAINS: OBJECT CLUSTERING

Moskvichev, Oleg V., Samara State Transport University, Samara, Russia.

ABSTRACT

The task is considered based on the long-term
planning of development of a container transport
system (CTS) as a part of a transport complex and
associated with rational placement of the terminal
infrastructure with respect to the areas of industrial
production and consumption of container-compatible

products. A methodological approach to clustering
of objects of the terminal and logistics infrastructure
was developed to create conditions for the mass use
of container trains on the railway network. The
enterprises are divided into clusters with geometric
centers, where stations and container points are
located.

Keywords: cluster analysis, container transportation, container terminal, placement of transport facilities,

container train, storage and distribution center.

Background. One of the areas related to
improving the efficiency of organization of container
transportation on railway transport has been
introduction of new high-tech transport products.

In recent decades, the forms of inter-industry and
interregional cooperation have strengthened, the
configuration of production chains has changed. This
led to expansion of a range of products, reorientation
of markets and territorial redistribution of production.
And the changes themselves ultimately affected the
loading of terminal facilities, many of which remained
unclaimed or unable to consolidate existing volumes
of container-compatible products into accelerated
container trains [1].

There is a situation when there are attempts to
implement modern promising technologies on the
infrastructure built in the 40es of the last century and
designed for solving completely different tasks and
implementation of other technologies. The new stage
of globalization and the trend towards intercountry
free trade associations involve a change in the
geography and structure of commodity and transport
flows, which in turn requires a revision of the existing
container transport system (CTS) in a structural and
territorial sense.

Objective. The objective of the author is to
consider clustering of terminal infrastructure and
container trains.

Methods. The author uses general scientific and
engineering methods, modeling, evaluation approach,
comparative analysis, scientific description.

Results.

1.

To implement perspective transport technologies
and increase the level of containerization, a new
model for formation and functioning of the container
transport system of rail transport is proposed. It is
based on creation of a two-level network of terminal
facilities that allow consolidation of the freight base
ofindividual consignors / consignees into accelerated
container trains. The implementation of the model will
contribute to the emergence of the infrastructure of
the CTS, properly balanced not only by the number
of terminal facilities, but also by the place of location
relative to industrial production [2].

To this end, in each region, a container storage
and distribution center (CSDC), optimally located in
relation to the network of container points (CP), should
be created, which, in turn, should be optimized in
terms of placement for customers, i.e. for specific
loads.

A universal methodology for partitioning a set of
objects with given properties into subsets under given
criteria and obtaining «centers» of these subsets
possessing optimal properties will help to make an
optimal choice of locations of CP and CSDC. As such

a universal procedure, it is proposed to use
mathematical methods of clustering of objects, known
as cluster analysis [3].

The analysis of known clustering algorithms
showed that in them the cluster center is determined
only by the properties of objects, and in the
clustering procedure it is not possible to impose
restrictions on the choice of such centers. So, for
example, when using clustering algorithms using
the known k-means method, the optimal center can
be located at any point in the parameter space that
defines objects. If the parameters are the geometric
coordinates of productions, then the center can lie
anywhere in the plane. In practice, one should
consider a case when the center must necessarily
be at one of the given points (say, at the railway
station). That is, when choosing the location of CP
and CSDC, it is necessary to solve the task of
clustering «with projection to a function», when the
center must necessarily be at the station or «with a
projection to the points».

In this regard, a new clustering method with a
projection to the set of points «k-means pro» is
proposed and the possibility of its application in the
design of transport infrastructure is being studied [4].

The input data is the set of clustering objects X =
{x, ...,x }, theirweights V={v,, ..., v } and admissible
setof projectionsY={y,, ..., yp}. Each j-th object and
each every admissible point-projection are given in
the G-dimensional space RC, orx.=(X,, ..., Xg)andy,
(i)

The only controlling parameter is the number of
clusters k into which the partition S={S,,..., S,} of the
set Xis carried out. As a result, we obtain an unbiased

partition S" ={Sf,...,S,:}, the centers of which are

optimal set of projections C" Y .

We introduce the notation: n — the number of
clustering objects, p — the number of points of the
permissible set of projections, i, i’ — the cluster
number, j — the object number, r — the point number
of the projection set, | - the coordinate number of the
point, m — the current iteration, G — dimension of the
space in which clustering is performed.

The distance between points in a given
G-dimensional space is found from the Euclidean
metric, where t,and t, are two arbitrary points of the
space RE:

d(t,t)= /Z(t,,—tz,f.

1. We choose an initial partition S° ={S},...,S}} :

(1)

k
8 ={xp k), US =X, S =2, =i (2)
i=l
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k=25.

Total volume of cargo — 558296 t.

Total distance — 19019,14 km.
Transportation volume — 18234000 t « km.
Average distance to CP — 22,4 km.

Average distance between CP — 98,1 km.
No. [ Stations of CP Number of | Numbers in the list of enterprises Volume | % of Average
enterprises the total distance
volume to CP
1 Trofimovsky 2 54 788, 789, 790, 791, 792, 793, 794, 795, | 54713 9,8 2
796,797, 798, 799, 800, 801, 802, 803,
804, 805, 806, 807, 808, 809, 810, 811,
812, 813, 814, 815, 816, 817, 818, 819,
820, 828, 829, 830, 831, 832, 835, 837,
838, 839, 840, 842, 843, 844, 845, 846,
847, 848, 849, 850, 851, 852
2 Krotovka 12 150, 151, 199, 200, 208, 576, 577, 602, | 35373 6,3 16
611, 723,724,749

Pic. 1 shows a fragment of the table, issued by the program.

2. Assume that the m-th partition S" ={S/"....,S;'}

is constructed.
Let’s calculate the set of average vectors

E” ={e{",..-,e;”} ie. e ={e,~'{’,m,€,-'§}, where

e="r— (3)

n,— number of points of the i-th cluster.
3. We define the set of projections, which are
average for the current partition:

cm:{yey:w,d‘(y,e;"):{nmd(y,,e,m)}, (4)
<r<p

4. We construct the minimal distance partition
generated by the set C™, and take itas S™'=(S,™",...,
§,m™1), i.e. for the first

S ={xeX:d(x,c,.m)={nilzd(x,c;’)},1sl'sk. (5)

5. If S"+ S™, then proceed to step 2, replacing
mbym+1;ifS™'=8", then we set S"=S", C"=C"and
finish the algorithm.

The criterion for clustering in this algorithm is the
functional [5, 6]:

k
F(S)=Y. Y| X -e(S). (6)
i=l XeS'

Since the functional F(S) does not increase on the
sequence of partitions S° S', ..., S™, ..., which is
constructed in the k-means algorithm, and F(S™) =
F(S™). Onlyif S"=S™"1, then for any initial partition S° the
algorithm finishes the work in a finite number of steps.

The result of the classification depends on the
choice of e° so each time we have a local minimum
of F(S). The coordinates e were obtained as random
numbers uniformly distributed in the rectangle of
possible coordinates of the original points. To check
the stability of the results and obtain various
dependencies, the choice of e° changes.

2.

The validity of the formed clusters, i.e. the
acceptability of the results obtained for determining
the location of container points is determined by
validation of clusters.

There are two types of validation: internal — by
how much clusters correspond to the initial data, and

external (target) — by how much clusters correspond
to information not taken into account in their
construction, but known to specialists who use
clustering for their own purposes.

For internal validation, a wide variety of indices
are used that express the quality of clustering results.

The most popular is the Davis—Boldin index. The
smaller is the value of this index, the more compact
and more distant are clusters from each other. This
allows us to justify the number of clusters k, which is
important, because when clustering of production,
the number of center-container points can in general
not be specified and should be determined from on
the optimization condition for some additional
criterion.

As the target criteria for determining the quality
of clustering, two options are considered:

1. The number of centers is set. This will be in
case, when designing, resources are assigned for the
creation of all CP and the average normative cost of
one point is known. In this case, the costs of creating
all the CP themselves are not optimized and the
criterion is the cost of transporting goods from all
customers to their container points.

2. The number of CP is not specified (k is
unknown), but the average cost of one CP is known —
c. Then the optimization criterion for clustering is the
sum of the total transportation costs and the cost of
creating the CP.

To carry out experimental and practical
calculations, a JavaScript program was written. The
program is implemented in several modes: with a
given or an arbitrary number of clusters.

In the first mode, the implementation consists in
applying the chosen algorithm and specifying the
number of clusters k.

Solution of the set task is possible using three
different algorithms:

1. The classical k-means algorithm [5, 6]. The
result will be the location of container points in
geometric «centers», providing optimal properties
from the point of view of the lowest total traffic for the
whole network from the point-enterprises to the CP.
Such a clustering is called «free» and the algorithm
realizing it is denoted as Algorithm 1.

2. k-means with the projection at the last step.
First, we cluster objects with the help of the k-means
algorithm and get a breakdown of enterprises in the
form of clusters with geometric centers, and then for
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Pic. 2. The result of the program for k = 33 in the clustering mode
with the projection and the total distance criterion.
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Pic. 3. Graph of the dependence of the total distance on the number of clusters.

each center we find the nearest railway station and
assume that there should be a container point here.
Such an algorithm with a projection at the last iteration
will be called Algorithm 2.

3. Modified k-means algorithm with projection
(k-means pro). We select the number k and in the first
step we throw out k random points, called «cluster
centers». Then, each production is tied to the nearest
center. As a result, each object is assigned to a specific
cluster. We calculate the new «centers» as coordinate-
wise average clusters, and then project them onto a
multitude of railway stations. The received set is
considered to be the new cluster centers, and the objects
are redistributed again. The process of calculating

centers and redistributing objects continues until the
cluster centers have stabilized, i.e. all observations belong
to the clusters to which they belonged prior to the current
iteration. And this is Algorithm 3.

In the second mode, the number of clusters is
determined according to the selected criterion (the
minimum of the total transportation costs and the
costs of creating a CP by means of the Davis-Boldin
index) by looking through the options for each k.

It should be noted that such a variety of operating
modes allows in an experimental way to achieve the
best result of the partition.

On the basis of the developed models,
algorithm and program, multiple experiments were
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Pic. 4. The result of the program in the clustering mode with the projection and Davis—Boldin criterion.
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Pic. 5. Graph of the dependence of the Davis—Boldin index on the number of clusters.

conducted in various regimes using the example
of Privolzhsky Federal District (PFD). 900 industrial
enterprises and 137 railway stations were
considered. Production was determined by
geographical coordinates and the volume of
produced and / or extracted container-compatible
products. A lot of stations are set on the network
of six railways passing through the territory of
Privolzhsky Federal District.

Let’s consider some of the obtained results for
PFD in the mode of the k-means algorithm with
projection; the criterion is the total distance from all

points to their centers D=ZD,- . The result of the

i=1

program for k = 33 is shown in Pic. 2. Data received:

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 5, pp. 158—-173 (2017)

D = 28242 km. The graph of the dependence of
criterion D on k is shown in Pic. 3.
From the graph shown in Pic. 3, it follows that as

the number k increases, the total distance D= Z D,
i=l
is reduced.

Further, to optimize the number of clusters k, we
select the Davis—-Boldin index, and we leave the
algorithm unchanged-clustering with projection. The
obtained data: k = 22, DB = 0.71. The result of the
program for k=22 is shown in Pic. 4. The graph of the
dependence of the DB criterion is shown in Pic. 5.

3.

We perform clustering provided that the target

criterion is specified in the case when the number k

Moskvichev, Oleg V. Terminal Infrastructure and Container Trains: Object Clustering



200000000
180000000
160000000
140000000

. 120000000
JED: 100000000
G 0000000
60000000
40000000
20000000

L]
1 2 3 4 5 6 7 8B 9 101112 1314 15 16 17 18 19 20 21 22 23 24 25

k

~*ALGL
—*ALG2
—o-ALG3

Pic. 6. Graph of the dependence of transportation costs on the number of clusters.

0,8
0,7
0,6

0,5

Aq/Eq

0,4
0,3
0,2

0,1

-
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
k

Pic. 7. Dependence of A/E1 on k for production of PFD.

800000

700000

600000 € = 5000

500000 —8—(=10000

400000 —8—(C=15000

—@— (=20000
300000
—o—(=25000

200000
—8—( =30000

100000

01 2 3 456 7 8 910111213 1415161718 19 20 21 22 23 24 25
k

Pic. 8. Graphs of the dependence of total costs on k for different ¢ (algorithm 3).

(CP) is known, i.e. when designing resourcesto create ~ where E,— transportation costs; D, - distance from a j’iggg /
all CPand the average normative cost of one container  production point to CP; V, - volume of production of :
pointis given. In this case, the costs of creating all CP  a container-compatible products; s — freight rate.
are not optimized, as the criterion is the cost of Clustering was carried out for given quantities k,
transporting goods from all customers to their CP, i.e.  which varied from 1 to 25 for all three algorithms. The

] . results of the execution of Algorithm 1, Algorithm 2
EI=ZD,.-I/i~s—>m1n, (7)

i=l
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and Algorithm 3 in the form of a graph of dependencies
are shown in Pic. 6.

As can be seen from Pic. 6, the total costs of
transportation fall with increasing k — the number of
CP. From this point of view, the more CP are there,
the lower are the costs of transportation from
production to container points.

In our case, the cluster centers must necessarily be
on the railway line and this is a limitation for the very
process of clustering. The k-means pro algorithm projects
the cluster centers to the railway station each time.

We call the projection defect the difference
between the criterion values of the quality of free
clustering and the clustering «with projection» A =
E,pr - E,. The dependence A / E1 on k for the
production of PFD is shown in Pic. 7.

From here one can observe the following
dependence: with a significant increase in the number
of CP, the projection defect increases, i.e. in some
cases, when the difference reaches 30-40 %, it is
probably more profitable to construct a CP, to create
anew infrastructure, rather than to place them on the
existing infrastructure.

Next, we consider clustering under the condition
that the number of CP is not specified (k is unknown),
but the average cost of one CP - c is known. Then the
optimization criterion for clustering is the sum of the
total transportation costs and the cost of creating the
CP, i.e.

E=%"D,-V,-s+c-k-y —>min, (8)
i=l

where y — normative efficiency coefficient.
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6. Multi-criteria selection of an optimal variant of CSDC network

3. Design of CP network
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Pic. 9. Algorithm for modeling of a two-level structure of the CTS of rail transport.

The results of operation of the new algorithm
k-means pro (algorithm 3) for PFD in the form of
graphs of the dependence of the total costs E on k for
various conditional ¢ are shown in Pic. 8.

The optimal variant for different c will look like this:

forc=5000-11 clusters; for c = 20000 - 4 clusters;

forc = 10000 - 6 clusters; forc =25000 - 2 clusters;
forc= 15000 - 5 clusters; forc =30000 - 2 clusters.

To optimize the location of CSDC with the use of
clustering algorithms, a mathematical model was
developed.

Let the coordinates and parameters of the railway
stations (their numbers | = 1, 2,...L) be given and k
station numbers from L, in which there will be CP, be
found. Itis necessary to find r station numbers where
CSDC will be located.

Atthe first stage, we will assume that candidates
for the deployment of CSDC can be any station from
the general list. Let us imagine the search as a task
of finding cluster centers of stations-CP. The solution
is based on the k-means pro algorithm. At the same
time, it is possible to obtain not only the optimal
variant based on the cost criterion for the
transportation of goods from all CP to their CSDC,
but also a number of suboptimal options having very
close criteria values.

In the second stage, we consider the properties
of station points and additional criteria for optimizing
clustering. That is, the point- station has q
coordinates, which determine its properties with
respect to how much it satisfies the purposes of
creating a CSDC in it. The first two coordinates are
the coordinates of the terrain in a planar system
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(x, y). Next are the components of the vector of
coordinates, quantitatively measuring the nine
criteria for the creation of the CSDC.

Each component should be expressed in
conventional units, comparable to other coordinates.
For this, the values of the criteria z,,..., z, must be
converted into dimensionless quantities. The most
common normalization method is z:
7 _E°%

norm o
z

(9)

where z — average value; s, - standard deviation of
the values z.

So, as aresult of solving the problem of clustering
of the first level, the CP is determined. Each such
point-CP in addition to the coordinates is
characterized by «weight», which is determined by
the volume of the processed containers.

Then the stations are found for CSDC as centers
of clusters for points-CP. Clustering in this case
should be such that, taking into account the volumes
of CP, clusters that are as compact as possible in the
(x, y) coordinates are obtained, and their centers are
as far apart as possible from each other. Thus, only
the coordinates (x, y) become clustered traits, and
all other attributes will be additional. Taking into
account the volumes, this leads to minimization of
the total costs for transportation of goods from the
CP to the CSDC. All other criteria z,,..., z, are
additional for clustering and act as restrictions on
the choice of CSDC points.

At the level of preliminary design of the locations
of CSDC, two options for setting the task are
possible.

1. With the available means A to constructr=A/C
CSDC in the places optimizing the integral efficiency
index B, where C - average cost of CSDC.

2. To construct an optimal number of CSDC,
optimizing the integrated efficiency index B taking
into account the costs of crating CSDC network.
These costs will be r+C.

In order to take into account all properties of
points-stations, it is necessary to ensure the
implementation of the main rule — the greater are the
values of the components of the coordinates z,, ...,
z, for points-stations, the more expedient is it to
select the center-CSDC at this point-station.

Pic. 9 shows the algorithm for modeling the
design of a two-level structure of the CTS of rail
transport.

Conclusion. In the course of the research,
mathematical models, methods, a clustering
algorithm with a projection and a software product
were developed that can be used to solve problems
related to the design of the location of transport
facilities. Algorithm and software product were
tested in the practical calculations of the optimum
from the point of view of the specified criteria location
of objects of the terminal infrastructure of Privolzhsky
Federal District. The results obtained make it
possible to recommend a unified methodology based
on cluster analysis methods as a means for rational
organization of the terminal infrastructure serving
container trains.
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MCAT (IRU) u EBponeiickasi 3KOHOMHYECKAast
komuccusi OOH (EDK OOH) noanucanm 6 okrs0ps
2017 rona cornaniennsi o UPOBA3AMH MPOIETYPI
TAMOKEHHOTO TPAH3UTA B COOTBeTCTBUM ¢ KoHBEH-
nueii MJIII. Ileabio 3T0ro mara siBjisieTcsi AKTHBH -
3alUsl MEXKIYHAPOIHBIX MEPEBO30K U TOProBJM 3a
c4€T noBbimeHus 3¢ eKTHBHOCTH U 0€30MACHOCTH
TAMOKEHHBIX NMPOLEYP MOCPEICTBOM COBEPIIEHCT-
BOBAHWS YIPABJICHNS TAHHBIMH.

[MonHyo MUdpoBU3aLIMIO TPOLEAYPHl TAMO-
XKeHHoro TpaH3uta MII OyneT momanepXuBaTh
MemopaHayM O B3aMMOIIOHMMAaHUM, UYTO €llle
00JIbllIe YKPEIUT COTpyaHuYecTBO Mexay EDK
OOH u IRU. IToMrMo onrcaHust HOBBIX MTAJIOTHBIX
TIPOEKTOB C UCIIOTH30BAHUEM DJIEKTPOHHON TTPO-
uenypst M B aipyrux crpaHax, MemMopaHayMoMm
TakXe MPeayCMOTPEH P €XEroaHbIX MIaHOB
NIEUCTBUI T ONpeaeeHUs JaTbHEUIINX 111aroB.

HcnonuutenbHblii cekpetapb EDK OOH Ogib-
ra AiraepoBa IPUBETCTBOBAJA MOANKICaHe Me-
Mopanayma: «Komnbrorepuzanus cucrembsl MTT
TOBBICUT CKOPOCTh, 3(D(HEKTUBHOCTh U MPO3pad-
HOCTb 3TOI MPOLIeAYPbl TAMOXEHHOIO TpaH3MTa.
Poct unrepeca k Konsenuuu M/IIT o3HavaeT, 4yTo
BCE 0OJIbIlIE CTPaH CMOTYT BOCIIOJIb30BaThCs €&
npenumytiectsamu. [loamucsamu mon MemopaHty-
moM EDK OOH u IRU moarBepXmaoT CBOIO

IRU and United Nations Economic Commission
for Europe (UNECE) signed on October 6, 2017
agreements on the digitalisation of the customs transit
procedure under the TIR Convention, to boost
international transport and trade by improving the
efficiency and security of customs procedures through
enhanced data management.

The full digitalisation of the TIR customs transit
procedure will be supported by a Memorandum of
Understanding to further strengthen cooperation
between UNECE and IRU. Outlining the launch of
new digital TIR pilot projects to encompass further
countries, the Memorandum also establishes a series
of yearly action plans to define next steps.

UNECE Executive Secretary Olga Algayerova
welcomed the MoU, stating that «The
computerisation of the TIR system will enhance the
speed, efficiency and transparency of the TIR
customs transit procedure. Increasing interest in the
TIR Convention means more and more countries

® \WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 5, p. 174 (2017)

9KCMPECC-NHBOPMALS
EXPRESS INFORMATION

COIJTIALLEHNA MCAT 1 OOH
O ULMDPPOBU3ALIUU CUCTEMDBI MAN

MPUBEPXKEHHOCTb EAMHOMY BUACHUIO YCTOMIMBO-
ctu cucteMbl MTI B nofarocpoyHoii nepcnekTu-
Be».

Ienepanbhbiii cekperapp IRU YMbepTo me
ITperTo oTmMeTIIT: «MBbI HalleJIEHbI Ha YKPeTIeHUE
naptHepckux otHoueHuit ¢ EDK OOH B wactu
paclIMpeHusI U COBEPIIEHCTBOBAHUS CUCTEMBI
MTII, 4TOOBI CTUMYIMPOBATH TOPTOBJIIO U SKOHO-
MUWYECKHUII POCT. DTOMY OYyIyT cIoCOOCTBOBATH
nanpHelmme mutoTHbie mpoekThl e TIR u corma-
COBaHME Ha PETYJSIPHOI OCHOBE MPUMEHEHUs
3JIEKTPOHHBIX TPAHCMOPTHBIX, TAMOXEHHBIX
Y TPAH3UTHBIX UHCTPYMEHTOB».

Lenu vHa 2018 To/1 BKITIOUAIOT: TIpeoCTaBlIeHe
BO3MOXHOCTHU BCEM 3aMHTEPECOBAHHBIM TAMOXKEH-
HBIM aIMUHUCTPALUSIM TIPUCOENUHUTHCS K HOBO-
My LHMGPOBOMY MPOEKTY, 3aMyCK BTOPOTO MUJIOT-
HOTO MPOEKTa, TOCTUXKEHUE MOTHON CUHXPOHU3a-
muu cucteMbl IRU/EDK OOH c¢ 3epkasbHBIMU
0azamMu JaHHBIX.

Ilo mamepuaaam caiima IRU: https://www.iru.
org/ru/%D0 %A0 %D0 %B5 %DI %81 %DI1 %83
%D1 %80 %D1 %81 %D1 %8B/ %D0 %9D %D0 %
BE%D0 %B2 %D0 %BE%DI1 %81 %D1 %82 %D
0 %B8/soglasenia-o-cifrovizacii-sistemy-mdp-
podpisany-segodna-s-oon L

AGREEMENTS OF IRU AND UN ON TIR
DIGITALISATION

will benefit from these improvements. Through this
MoU, UNECE and IRU reaffirm their commitment
to a common vision for the long term sustainability
of the TIR systemy».

Secretary General of IRU, Umberto de Pretto,
commented: «We look forward to a strengthened
partnership with UNECE on expanding and
upgrading the TIR system to improve trade and spur
economic growth, with further eTIR pilot projects
and regular coordination on the use of digital
transport, customs and transit tools».

For 2018, the objectives include: enabling any
interested customs administrations to join a new
digital project; the launch of the second pilot project;
and the introduction of full IRU/ UNECE system
synchronisation with mirrored databases.

Retrieved and compiled from IRU WWeb-site news.
Original source: https://www.iru.org/resources/
newsroom/agreements-tir-digitalisation-signed-un ®
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SAFETY AND SECURITY

/YI[K 656.025.2

MapuHa YLLAKOBA
Marina A. USHAKOVA

Hukonai NEHbLUUH
Nikolai V. PENSHIN

Causes of Accidents and Criteria
of Control on the Roads

(TeKCT cTarbu Ha aHrJl. 3. —

English text of the article — p. 180)

B 0630pHOIi N0 CBOEMY xapaKkrepy
cTaTtbe aHa/INn3npPyIoTCS TOYKU 3PEeHNs
OTe4YeCTBEHHbIX U 3apPy0e>XXHbIX
uccnegoBaresneii Ha NPoo6seMsbi
6e30nacHOCTU OBUWXEHUS

Ha aBTOMOOU/IbHbIX AOPOrax,
NPUYUHBI aBaPUAHOCTUN U CIIOCOObI

eé npegorBpaweHus. enaiorcs
MonbITKU NPOCIEANTb OCHOBHbIE
TeHAEeHUNN Hay4HOro rnoucka B 3Toi
cpepe, B TOM 4ucsie Te U3 HUX,
KOTOpbIe KacalTcs ANarHoCTU4eCKnUxX
KpuTepueB u nokasaresieii s O4eHKu
6e30nacHOCTU NaccaXxupcKoro
aBToOTpaHcropTa, a Takxke
yesioBe4eckoro ¢pakropa Bo BCEX ero
COBPEMEeHHbIX NMPOosiIBJICHUSIX.

KnroyeBbie crioBa: 6e30rnacHOCTb
ZIOPOXHOIrO ABVIXKEHUSI, MaCCaXupCKum
aBTOTPaHCOPT, aBapUAHOCTb,
ANarHoCTuKa, KpuTepumv KOHTPOJIS,
npogunakTuka HapyLLIEeHW, 4eJ10Be4eCKUn
pakTop.
|
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BESOINACHOCITE

NpUYNHbLI aBapUNHOCTU
U KPpUTEepPUn KOHTPONS
Ha aBToAoporax

Ilenvwun Huroaaii Bacuaveeun — kanoudam
IKOHOMUHECKUX HAVK, 00UeHM, HaY HbLI
PYK0B0OUmENb Kageopsl 0peanu3auuu nepesosox

u 6ezonacrocmu dopodxicroeo dsudxicenus Tambosckoeo
20Cy0apCcmMeeHH020 MEXHUYeCK020 YHUgepcumema
(TT'TY), Tambos, Poccus.

Ywaroea Mapuna Asexcanoposna — mazucmpanm
Kageopul opeanusayuu nepeso3oxk u 6e3onacHocmu
dopoacroeo deuxncenus TI'TY, Tambos, Poccus.

pobaemMamMu 6e30MaCHOCTU JOPOKHOTO

NBUXKCHUS 3aHUMAETCSI MHOXKECTBO

ucciaenonateneir. Ho moBojbHO yacTo
MX pacCMaTpUBaIOT B MPUBBIYHOM pakypce,
n30erast OCTPBIX TTOBOPOTOB U IMPSIMBIX OTICHOK.
Hepenko nmprHUMast HOBbIE TTOJIOXKEHMST [UTST
obecrnieyeHrst 6e30MaCHOCTU MACCAKUPCKUX
TepeBO30K, HEe YKA3bIBAIOT, KaKass MUMCHHO TeX-
HOJIOTHSI MOXKET 00eCIeuuTh KOM(POPTHHIE,
C MUHUMAaJTbHBIM PUCKOM MEePEBO3KU MaCCaKu-
poB. [IperMy1iiecTBEHHO TpeOOBaHUS TTPEIbsIB-
JISTIOTCSI K BOJIMTEJTIO M MapIlIpyTam, B TO BpeMst
KakK 0e30MacHOCTh TIPU TEePeBO3KE HACCIICHUS
3TUM He orpaHuuuBaercs. I B cBoéM 0030pe
HaM Kak pa3 U XOTeJOCh Obl paCIIUPUTD MPHU-
BBIYHBIE pAMKU JUCKYCCUIA.

B crathe «MeTogosorust popMupoBaHUs
JIMAarHOCTUYECKUX KPUTEPUEB IS OLIEHKU 0e3-
OTMAaCHOCTH MACCaXXMPCKOTO TPAHCIIOPTa»
M. 3. EpkHarrenisiv, B. A. 3emikoB, K. A. AkoB-
JieBu B. A. UBaHHUKOB [ 1] 0oTMeYaloT, UTO CyIlie-
CTBYIOLIME METOIbI MH(OPMALIMOHHOTO 00ecTIe-
YeHUsI 6€30MaCHOCTH JOPOKHOTO TBUKCHUS
SIBISTIOTCST HEA(h(DEKTUBHBIMU TS TPOhMITAKTH -
KU aBapUIfHOCTH, B TIEPBYIO OYepeIb M3-3a OT-
CYTCTBUSI CUCTEMBI UCTUHHBIX MOKa3aTenei
OLICHKU aBAPUITHOCTU Ha MACCaKMPCKOM TpaHC-
nopte obuiero nosb3oBaHusl. Crucok dojee
«VICTUHHBIX» TMarHOCTUYECKIX ITOKa3aTeseit, 1o
MHEHUIO 3TUX aBTOPOB, CJIETYIOITNI:



— KOHTPOJIb TEXHUIECKOTO COCTOSTHUST TPAHC-
TIOPTHBIX CPENICTB TIepe/i HauajioM paboThl U Ha
JITHUW;

— npodeccuoHaNIbHbBIN 0TOOP U TTOAOO0P BO-
TIUTEJICH;

— obecrnieueHre MHMOpMaLIMeit BoguTesei
OTHOCUTEJILHO YCJIOBUI TBVDKEHMS HA MapIIpy-
¢,

— TIOATOTOBKA BOIMTEJICH Ha MapIIpyTax
(cTaxxupoBKa);

— eXeromHoe TMOBbIIIEHNEe KBaTU(bUKAIIUN
BoAWTENIE TS obecrieyeHust 6e30MmacHOCTU
JIOPOXKHOTO JIBVKEHUST;

— MEIMIIMHCKAST SKCIIEPTI3a BOTUTENST TSI
TIOJTyYEeHMSI BOOUTEIHCKOTO YIOCTOBEPEHIS,

— MIPEIpPErCOBbIA 1 MOCIEPENCOBBIA MEIN-
LIMHCKWI OCMOTP BOIUTEICI;

— KOHTPOJTb pabOThI BOAUTEIEI Ha TIMHUU.

Ho ripu 3T0M aBTOPBI HE YTOUHSIIOT, HACKOJTb-
KO TTOJTy9aeMbIil MHTeTpaIbHBINM MoKa3aTeIb
(cyMMa OIICHOK IT0 5-0a/TBHOM CHCTEME) OTBE-
YaeT FTOTOBHOCTH CYObeKTOB aBTOTPAHCTIOPTHOIM
JIesITeIbHOCTY MPeIoTBpaliaTh aBAPUIHOCTD Ha
noporax. [TpuMeHeHre TaHHON METOAMKY BO3-
MOXHO TOJIbKO JUISI CpaBHEHMSI TIoKa3aTesieit
OIHOTO aBTOTPAHCIIOPTHOIO IPEIIPUITUS
¢ npyruM. M cBommTh BCe TTOKA3aTe M B MHTET-
PpaJTbHYIO OLIEHKY HE COBCEM ITpaBWJIbHO. JIydiiie
OT/EJIbHO BBIIEJISITh XapaKTEPUCTUKH, KOTOPbIE
SIBHO BIIUSTIOT Ha 6€30MacHOCTb ABMKeHUs. K T0o-
My 3Ke, TI0 HaIlleMy MHEHWIO, TTOJIb30BaThCs
YKa3aHHBIMU B CTaThe TlapaMeTpaMu enié u He
OYeHb KOppeKTHO. [IpakTruecku Bce M3 HUX
3aKperUIeHbI Ha 3aKOHOIATEIbHOM YPOBHE 1 00sI-
3aTeJIbHbI K UCITOJIHEHHUIO.

Kak monarator I. boiiko, C. TylipuHa
u B. ®eorona [2], raBHOM TPHYIMHOM HapyIIIe-
HMsI 0€30TTaCHOCTH IOPOXKHOTO JABUKEHUSI C y4a-
CTHEM TIACCaXKMPCKOTO TPAHCITOPTA SIBJISICTCST
MaccoBOe MPUBJICUCHNE HEKBATUDUIIMPOBAH-
HbIX BOIUTENIEH s pabOThI B aBTOOYCaX MasIoi
BMecTUMOCTU. OHM HeIOCTATOYHO Pa30MpPatoTCs
B crienurKe UX TeXHUIECKOM IKCIUTyaTalnu,
CTaparoTCsl TIPOM3BECTU TIOCANIKY B CaJIOH KakK
MOXHO OOJIBIIETO YKCIIa MaCCaKpPOB, HE YIU-
TBIBAsI, YTO 3TO CO3MAET OMTACHOCTH HE TOJILKO IS
Jofieit, HaXOMASILMXCS B MallIMHE, HO U JUTIS 10~
POXKHOI cuTyaLu B 1iesioM. Huskast kBamdu-
Karysl BOIUTEN el MUKPOABTOOYCOB, a TAKKE MX
HM3KWI YPOBEHB MTPABOBOTO CO3HAHUSI U HEIO-
CTaTOYHOE TTOHMMAHUE CYTU JOPOKHO-TPAHC-
nopTtHbIX nipouctiecTBuii (JITIT) siBHO crtoco6-
CTBYIOT BOBHMKHOBEHMIO aBapuii [2, ¢. 28].

C Tako¥ TOYKOW 3peHUs TPYTHO HE COIIa-
CUTBCSI. DTU aBTOOYCHI TOJB3YIOTCS OOJIBIION
TIOMYJISIPHOCTBIO Y HACEJIeHUsT, TIPU CPaBHEHUN
¢ 6osiee rabapyUTHBIMU AaBTOOYCAMM Y HUX MOXKHO
BBISIBUTH MHOTHE TTOJIOKUTEIbHBIE CTOPOHBI —
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OHM MaHEBPEHHee 1 ObICTpee, Pa3HMIIA B OTLIATe
Tpoe3aa MUHUMAaTbHA. A JI7TsI TIepeBO3YMKOB Ha
MapIIpyTax, I1e¢ B TeUeHUE THS HAOTIOMAIOTCs
MPEUMYILIECTBEHHO HEOOJIbIIINE TTacCakUPOIIO-
TOKH, 3TO IAET BOBMOXKHOCTh ITOJTHOCThIO 3a110N-
HSTb CAJIOH U YMEHbIIIaTh ce0eCTOMMOCTb MO-
e31oK. Ho kauecTBo 1 6e301acHOCTh IMEPeBO30K
MMKPOABTOOYCAMU NEUCTBUTEIBHO OCTABJISIOT
JKenaTh Jydirnero. Bomurean aBToOycoB Maoit
BMECTMMOCTH YaCTO HapyIIIalOT ITPaBIJIA JOPOXK-
HOTO IBMXKEHUSI; YCTPAUBaIOT TOHKU C BOIUTEISI-
MU JpYyruxX MacCaKUpCKUX MallvH, MPOCKaK-
BalOT Ha TIEPEKPECTKAX Ha KETBIN CUTHAI CBE-
Tohopa, HEPEIKO HETPABWIILHO TIepecTpanBa-
FOTCSI, CO3MaBasi ONTaCHBIC JOPOXKHBIC CUTYaITIH.

Mo muenwmio I . KnuHkoBuITeiiHa, Ha
0e30I1acHOCTh B chepe MaccakKMpcKOro aBTOMo-
OUJILHOTO TpaHCHOPTa OOUIETO MOJb30BAHUS
BJIMSIIOT BHEILIHWE U BHYTPEHHME Mpo0ieMbl | 3].
BHenrHue xapakTepu3syroTcs OOJbIINM POCTOM
TPAHCIIOPTHON 3arpy3Ku TOpPOJIOB, HapacTar-
LM YPOBHEM aBTOMOOMIM3ALIAN 1 CYITIECTBEH-
HBIM OTCTaBaHWEM B IOCJEIHME TOAbl TEMIIOB
Pa3BUTHS TOPOXKHBIX ceTeil. BeeacTeue atoro,
COOCTBEHHO, BBICOKM M aBapMITHOCTh, M PUCK
JTIOPOXKHO-TPAHCTIOPTHBIX TPOUCIIIECTBUIA.

BnyTtpeHHMe nmpooJieMbl 6e30MacCHOCTH 1B -
JKEHUSI, CYUTACT TOT 3Ke MCCIIeI0BaTe b, CBSI3aHbI
C HEJIOCTaTOYHBIM Pa3BUTUEM TPAHCIIOPTHOM
UHGPACTPYKTYPhI: HU3KUM YPOBHEM Pa3BUTUS
yiaHo-aopoxHoit cetu (YIC), HeaddekTnn-
HOCTBIO CYIIECTBYIOIINX MapIIPYTHBIX CeTei
TOPOIIOB, OTCYTCTBHEM JOCTOMHBIX OPTraHM3aLIN-
OHHBIX, TEXHOJIOTMUECKIX 1 TEXHIYECKUX Pellie-
HMIA T10 3allMTe TEIIeX0I0B Ha YJIUIIAaX U MOJb-
30BaTeliell MacCaXXUPCKOro aBTOMOOMIBHOTO
TpaHcriopta. Ho BHyTpeHHMe MpoOIeMbl He Or-
PaHWYUBAIOTCS TONBKO 3TUM. OHU TIPOSIBIISIIOT-
¢ ¥ B HU3KUX TEXHUIECKMX XapaKTePUCTUKAX
aBTOOYCOB TT0 YCJIOBUSIM aKTUBHOIA, TTACCUBHOI
M TIocIeaBapyitHOM 6e30MacHOCTU, HEOCTATOU-
HOW KBaTM(UKALUM BOAUTEIBCKOIO COCTaBa,
HeJoCTaTKaxX B OpraHM3alliy TePeBO30YHOIO
npotiiecca.

Ha 370 BrmsieT B TiepBYIO 0Uepenb HETIPOIy-
MaHHasI IOJIMTUKA KaK B chepe aBTOMOOMITEHO-
ro TpaHCMopTa, TaK U B 00JIACTU MOIAEPKKU
Masioro 6usHeca. [1pu Bcex M3HAYaIbHO TOJIO-
SKUTEJTLHBIX CTOPOHAX MPEITIOKEHHOM rocynap-
CTBOM MOJIEJIH YITPOIIIEHUST TapruHOI 1 HAJIO-
TOBOM MOJUTUKU, TIPUBEIIINX K IPOOICHUIO
OOJIBILIMHCTBA ABTOTPAHCIIOPTHBIX ITPEATPUSTUI
CTpaHbl, OHA HE YUUTHIBAET 3HAUUTEIbHbIE TTO-
TEpU roCyIapcTBa OT CHIDKEHUST YCTOMUMBOCTH
paboThl MaccaKMpCcKOTo aBTOMOOUIBHOTO
TPAHCTIOPTA OOIIETO MOTb30BAHUS Y CHUKEHUST
s dekTMBHOCTI Mep 110 TipemyTpeskneHno JITTT
CO CTOPOHBI XO3SIACTBYIOIINX CYOBEKTOB MAJIOrO
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ousHeca. MeJkue ipeinprsIThs He UIMEIOT CBO-
eif IpON3BOICTBEHHO-TEXHIMIECKOM 0a3bI, OTpa-
HMYCHBI B BO3MOXKHOCTHY 3aMEHBI M3HOIIIEHHOTO
TmapKa aBTOOYCOB U TPOBEACHUN MPodeccro-
HaJIbHOT'O Moa00pa U MOBBIIEHUS KBaJTM(UKa-
1MW BOIMTEJIEHA.

B noGaBneHue K 3TOMy, Ha Halll B3LJISIA,
MIPOCTICKUBACTCS CJTabast OTBETCTBEHHOCTH pe-
TMOHOB ¥ MECTHOTO CaMOYIIPaBJICHUS B YaCTH
JACIIPOTIOPLIMM MaCCOBOI aBTOMOOMIM3ALINKI
U Pa3BUTUS YIMYHO-TOPOXKHOIM ceTr. B Poccun
3aperucTpUPOBaHO OoJjiee 57 MJIH TpaHCIIOPT-
HBIX cpeacTB. UYTO cOCTaBJISIET OKOJO
390 aBt./1000 xuTENCH, B TO BpeMs KaK JOJIST
YIAC — 10 % ot tepputopun ropoaos. s
CpaBHEHUS B CTpaHaX EBpoOIbI 3TOT MokazaTesib
MOXeT nocTurath 25 %, a B CeBepHOil AMepu-
Ke — 35 %. HeoOXx0amMMo TOBECTH 3TOT MOKa3a-
TeJ1b XOTs ObI 10 20 %, 4TOOBI 00ECIIEUNTh eCIIN
He KOMGbOPTHBIE, TO OE30TIaCHbBIE YCTIOBUS JITIST
IBIDKCHUS TPAHCITOpTa.

Hranpsiackue yu€nnie C. Kapuco, A. Ipa-
uuano u I Tlanmanapno [4] u3 yHuBepcurera
KaTtanuu cuuratot, 4To 6€30MacHOCTH Iacca-
JKMPCKOTO TPAHCIIOPTa Ha JOpOraxX YAEJSIOT
HEIOCTaTOYHO BHUMAHUS 13-32 HU3KOTO TIPO-
LIEHTa aBapuii C y9acTUEM aBTOOYCOB 1 IIPE/IITO-
JIOXKEHMSI, YTO OOIIIeCTBEHHBII TPAHCIIOPT IT0-
BbIIIAET 0E30MaCHOCTh JOPOKHOTO IBMKEHUS
3a CYET CHIDKEHUST aBTOMOOUJILHOTO TpaduKa.
YHMBEpCUTETCKHE CITCIIUATKCTHI IT0JIaratoT 3TO
HeBepHBIM. OHM ITPUBOISIT CTATUCTHUKY, YTO Ha
Bce aBapuu rpuxonutces 10 % ¢ yyactuem aBTo-
oycoB. Ho npu 3TOM OTMEUaloT, 4TO OOIIECT-
BEHHBbI TPAHCIIOPT UMEET BaXKHOE COLIMAIbHOE
3HaYeHUeE, MOATOMY aBapuyr HY>KHO HE TOJIBKO
COKpPaTUTh 10 MUHUMYMa, HO U UCKITIOUNTh
caMy BepOSITHOCTD X BO3HUKHOBCHUS.

B cBoux uccnegoBanugx Kaduco u ero
KOJIJIETH BBIICHWIN, YTO HAMOOJIbIIIEE BAUSHUE
Ha 0€e30IaCHOCTb IBWXKEHUS MacCaKupCKOro
TpaHCHoOpTa OKa3bIBaIOT MpodeccuoHaIbHOEe
MacTepCTBO BomUTeIsT (HAaOOITbIIIast OITACHOCTh
BO3HUKAET IMPU TOPMOXKECHUU 1 aBTOMATHUC-
CKOM OTKPBIBAHUH IBEPEii), MaTepUAIBI M BHY-
TpeHHsIsI apXuUTeKTypa aBTobycoB. Hauboiee
YaCThIMU ITPUYMHAMU JOPOXKHO-TPAHCIIOPTHBIX
MPOUCLIECTBUIA CTAHOBSITCSI HEBHUMATEIbHOCTh
U ycTanocTh BoauTeneil. OnuH U3 cnocoboB
YCUJICHUS 3MIeCh ITO3UIINI — IITMPOKOEe BHEIpE-
HHe B OyIyIieM MHTEJUICKTYaTbHBIX TPAHCIIOPT-
HBIX CUCTEM B MMaCCaXKMPCKUX MepeBO3Kax, KO-
TOPbIE TTOBBICIT BEPOSITHOCTD MPEOAOJICHUS
MHOTUX U3 TTEPEYUCIICHHBIX MPOOJIEM.

1O. 3apanka, P. I1ecenuitnac u II. Maruiio-
3yc U3 BUIIBHIOCCKOTO TEXHMUECKOTO YHUBEP-
curera [equMuHa B ctatbe «AHAIN3 BIUSHUSI
YCTaJIOCTH Ha pabOTOCIIOCOOHOCTh BOAMUTENIECH
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MTacCaKMPCKOTO TPAHCIIOPTa» TTOATBEPKIAIOT,
YTO YCTAJIOCTh BOAUTENSI OCTAETCS JOBOJIBHO
YaCTOU MTPUYMHOM aBapUIA U HECUYACTHBIX CITy-
yaeB. /1o 75 % JATII mpoucXomuT 1o 3Toii npu-
yyHe. [Tpryém HaaEXKHOCTb BOOUTEST MOXET
YXYIIIUTBCS U3-3a MPEApacloNoXeHHOCTH
K PUCKY, SMOIIMOHAJIEHOI HEYCTONYMBOCTH,
arpecCUBHOCTH, HEIIPABUILHOTO BOCIIPHUSITHS
LIKaJIbl HEHHOCTEM [35].

OCHOBBIBAsICh Ha Pe3y/IbTaTax CBOETO UCCIe-
JIOBaHUSsI, aBTOPBI MpeaiaraloT METOAUKY Mpo-
(beccroHabHOTO 0TOOpa BoauTeneil. OHU OT-
MEYaloT, 9YTO MX BaXKHBIE TTPOheCCHOHATEHEIC
YepTHl TOKHBI BKITIOYATH SMOIIMOHAIBHYIO
CTaOMITbHOCTD, YCTOMYMBOCTD K ITPETISITCTBUSIM
¥ OTHOOOPA3UIO0 JOPOTH, CITOCOOHOCTh MpPe/I-
CKa3bIBaTh BO3MOXKHbIC aBApUITHBIE CUTYaLIH,
BHUMATETbHOCTb U XOPOIIIYI0 MaMsTh. UMeHHO
Ha HUX clienyeT oOpaliarh BHUMaHUE TTOCIe
JIOJITOTO TIepephiBa B pabOTe BOAUTESI, KOTIA
npochecCHoHaIbHBIC HABBIKY TEPSTIOT aBTOMAa-
TU3M. PeKoMeHyeTcsl mpoBOIUTh TECTUPOBA-
HUE BOAMTEIEl Ha peryIsipHOI OCHOBE C TTOMO-
IIBIO CMIEHUATBbHBIX YIPAKHEHU, MOAETUPY-
FOIMX PA3IMIHbIC aBAPUITHBIC CUTYAIINN.

Takast MmeToqrKa HEOOX0MMa, HO B TO Xe
BpeMsI B TIPEIUTOXKEHHOM BapHaHTe BUJIBLHIOC-
CKUX KOJUICT HeT TOYHBIX KPUTEPUEB M UX KO-
JIMYECTBEHHOT0 U3MepeHHus. MOXXHO TOJbKO
TOBOPUTD O TOM, CIIPABJISIETCS JI MMOTEHIUATb-
HBII BOIUTEITb C 3aaHUSIMH U C KAKOU CKOPO-
CThIO OH MX BBITIOJIHSIET, T.€. PEUb UIET O CPaB-
HUTEJIbHBIX TTOKA3aTeIIsX.

IIpu paccMoTpeHUU MHEHMI Pa3IUYHbIX
YUEHBIX O Trcuxonornyeckux npuurHax JITTI
cJielyeT 3aMETUTh, YTO OOJIBIIMHCTBO U3 HUX
MOMYEPKMBAET HEKKME HETIOAXOISIINE MHIUBY -
JyaJTbHBIC YePThI TPUYACTHBIX K aBaAPUSIM JIFONICH
¥ BOOOIIIE CYIIECTBEHHOE BIMSIHHE YeI0BeYe-
cKoro (pakTopa Ha 6e30IacHOCTb JOPOKHOIO
nBrxkeHus. Kak mpaBuio, ucciaeaoBaTeaun
MPUXOIAT K eMMHOMYIIIHOMY BbIBOAY: Iipodec-
CHUOHAJTbHBIT OTOOP, OCHOBAHHBII Ha Pe3yJIbTa-
TaxX TECTUPOBAHUSI, IOJDKEH OBITh BCECTOPOH-
HUM U Ka4eCTBEHHBIM. METOMOIOTHST TAKOTO
BbIOOpA 00s13aHA YUUTHIBATD AETATbHBIN aHAIN3
0COOEHHOCTE! NesITebHOCTH U COLMAIbHOM
3HAUMMOCTH MPOGhEeCCU BOAUTENECH.

Jlvnrnunar Sur, Kyanxun Cyn, [Ilaokyan
Illen u YO Xyanr [6] u3 [leknHCKOTO TpaHC-
TMOPTHOTO YHUBEPCUTETA B CTaThe «AHaIU3
0e30IMaCHOCTH TOBEACHUS TaKCH MPU CMEHE
MOJIOChI» PAaCCMaTPUBAIOT TAKYIO aKTyaJIbHYIO
npoosieMy st Kurasi, Kak 6€30macHOCTb mac-
CaXXUPCKUX TEPEBO30K TIPU MCIIOJb30BAHUU
Takcu. DTOT BOMPOC HE MEeHee aKTyaieH U JIst
Poccun, mockonbKy y Hac e1E U Majio HopMa-
TUBHO-TIPABOBBIX aKTOB, KACAIOIIMXCS JaHHOI
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cephl. A Te, YTO UMEIOTCS, B HEAOCTATOYHOMK
CTEMEHM 3allIUINAiOT MTacCaXXUpOB U IPYTUX
YYaCTHUKOB TOPOXKHOTO IBVKCHMSL.

1o orieHKe aBTOPOB, HU3KMI1 yPOBEHB 3apa-
OGOTHOI TTAThI MOKET «ITOOLIPSTE» BOAUTEIEH
TaKCH KepTBOBATh 0€30MTACHOCTHIO, TOCKOJIbKY
OHU TIBITAIOTCSI MAKCUMU3UPOBATh JOXOIEI 3a
CUET YCKOPEHUSI IBIKEHUS (000pOTa UCTOYHU -
Ka J0X0lla) WJIM PUCKOBAHHOTO TTOBEIACHMSI.
B ToM uucie HapyIaloT 4acTo pSIAHOCTD, CO-
BEpLIAIOT MEPECTPOCHUE, YTO CO3IaET aBapuii-
HbIE CUTYallMX Ha I0pOre.

Ta e cutyamus, 3aMeTUM, HaOJIIOOACTCST
¥ B HalIlleli cTpaHe. 32 KaueCTBO OOCITy>KMBAaHUS
¥ 6€30IaCHOCTD MTACCAKMPOB B TAKCH HUKTO HE
oTBevaeT. [laccaxkup Mmonb3yeTcs: STUM BUIOM
MepeBO30K Ha CBOM CTpaX U PUCK.

KomtekTuB pyMBIHCKUX HCClIeqoBaTeNnei
B cTaThe «HeoOXommMOoCTh yiTyqIIIeHIs TpaHC-
TIOPTHBIX YCIIOBUIT B KPYITHBIX TOpoaax PyMmbI-
HUU» [7] cuMTaeT, 4TO POCT YMCIa aBTOMOOU -
Jieit BHEC CBOM BKJIa/ B yBeIM4YeHUe Tpauka,
B YaCTHOCTU B YTPEHHUE U BEUEPHUE Yachl-
nuk. KpoMme Toro, 60JbIIMHCTBO MalllH —
noaep>XaHHBIE, UTO TaKXKe OTPHUIIATCIHLHO
MOBJIMSIO HA JOPOXKHYIO CUTYaLMIO U 9KOJ0-
TUYECKYI0 00CTaHOBKY B ropomax. I1pooiemy
MOXET PelINTh OOIIECTBEHHBIM TPaHCIOPT,
HO Ha CerOAHSIIIHUI IeHb HACeIEHUE UCTIOJIb-
3yeT JUYHBII aBTOMOOUJIb Jaxe ISl TTOe310K
Ha KOPOTKME paccTosgHus. [1o MHEHMIO aBTO-
POB, Ka4eCTBO OOCITY>KMBAHUS M CKOPOCTH
IBUXEHUS IMacCaXMpPCKOTO TpaHCIOpPTa
OCTaBJISTIOT KeJIaTh JYYIIIero, Mo3TOMY 00JIb-
IIMHCTBO XHUTeJel oTmaéT NMpeanouyTeHue
CBOoeMYy aBTOMOOWIIO. B mpoTuBOBeC aTOMY
WIET TOMCK aJIBTEPHATHB — OIMH 13 IIPOSKTOB
TpeaycMaTpUBacT MacCaXkNPCKUE TIEPEBO3KHI
C TIPUMEHEHNEM PEJIbCOBBIX aBTOOYCOB B by-
XapecTe U APYTUMX KPYITHBIX TOPONAX CTPAHBbI.

Y 31010 Buma TpaHCIIOpTa MHOTO MOJIOXKM-
TEJIbHBIX CTOPOH B CPAaBHEHUM C OOBIYHBIMU
aBTOOyCcaMMU: CKOPOCTh, 0€30MMaCHOCTb, yI0OCT-
BO, 3KOJIOTUYHOCTG. JIJIT MHOTUX TOPOIOB
Poccun mogo6HbBIN BUT ITACCasKMPCKIX IIEPEBO-
30K TOXKE MOT ObI CTaTh XOPOILIEH aTsTEPHATUBOI
y2Ke MMPYBBIYHBIM JIJIS1 HAC aBTOOYCaM, TPOJLIEH-
OycaM U METpoO.

B Poccun, kcratu, yxke eCTb MOJOXUTETb-
HBIE TIPUMEPBI IPUMEHEHMST PEIbCOBBIX aBTO-
oycoB. U 31ech OBIIIO OBI 1IeJIECOO0pa3HO
TOIBO3 MACCAXKUPOB OCYIIECTBIISTH KAK MOXKHO
OJIMKe K KPYMHBIM IaccakrupooOpasyronium
OpeanpusaTUsIM (PbIHKHU, Te€aTpbl, Cyrepmap-
KeTol U T.4.). Celigac pelIbCOBBIN BapHaHT

B OCHOBHOM BOCTpPeOOBaH Ha IPUTOPOIHBIX
MapIIpyTaxX, HO U B TOPOICKOU YepTe TaKoit
TPAHCIIOPT ITOJIH30BAJICS OBI TTOIYISIPHOCTBIO.
Hcnonp3ys yxe uMeronumecs Moabe3aHbIe
JKEJIE3HOAOPOKHbIE TIYyTU U CTPOSI HOBBIE,
MOXHO NOOUTHCS CHUXKEHMSI Harpy3ku Ha
OOIIECTBEHHBIN MaCCAXKUPCKUNA TPAaHCTIOPT
U 10POTY.

M3 Bcero m3I0XeHHOTO MOXKHO CIeIaTh
CJIeyIOIIE BEIBOIBI:

1. Heobxomyumo 0OHOBIEHE HOPMATUBHO-
MpaBoOBOi1 6a3bl B 00J1aCTU obecreyeHust 0e3-
OMAaCHOCTU JOPOXKHOTO IBUXKEHUSI B CBSI3U C TEM,
YTO B CYILIECTBYIOIINX 3aKOHAX 1 TIOCTAHORBJIEHN -
SIX UMEIOTCS CYIIECTBEHHbIE MPOOEJIbI, TPEOYIO-
11Me 00s13aTeIbHOM peaKlK O0IIeCTBAa U FOCY-
JapcTBa.

2. CremyeT onpeaeauTb NepBOHAYATbHbIA
KOMIUIEKC Mep 1O COBEPIIEHCTBOBAHUIO Opra-
HM3AIIHN JOPOXKHOTO TBVKCHMS IJIST yMEHBIIIe-
HUsI KOJMYECTBAa TPAHCIIOPTHBIX CPEICTB Ha
yJIdIaX TOPOAOB U YBEJIUUYEHMS TIPOIMYCKHOM
CITOCOOHOCTHU YJIMYHO-I0POXKHON CETH.

3. [penraraercst paCIIMPUTh BOZMOXKHOCTH
JUTSI IPUMEHEHMST a7TBTEPHATBHBIX BUIOB O011IE-
CTBEHHOTO TPAHCIIOPTA C 1IeJIbI0 Pa3rpy3Ku
W TIOBBIIIICHSI 0€30ITACHOCTH ABIYDKEHUS B 30HAX
SKCIUTyaTalliy TPaAMIIMOHHBIX BUIOB IepeMe-
ILLIEHUST MTAaCCaXKMPOB B TOPOICKO UepTe.
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CAUSES OF ACCIDENTS AND CRITERIA OF CONTROL ON THE ROADS
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ABSTRACT

In the article, which has a nature of a review, the
views of domestic and foreign researchers on the
problems of road safety on roads, the causes of
accidents and ways to prevent them are analyzed.

Attempts are made to trace the main trends of
scientific research in this field, including those that
concern diagnostic criteria and indicators for
assessing safety of passenger vehicles, as well as the
human factor in all its contemporary manifestations.

Keywords: road safety, passenger motor transport, accident rate, diagnostics, control criteria, prevention

of violations, human factor.

Background. Many researchers deal with the
problems of road safety. But quite often they are
considered in the usual foreshortening, avoiding sharp
turns and direct assessments. Often, adopting new
regulations to ensure the safety of passenger traffic,
it is not indicated which technology can provide
comfortable, with minimal risk transportation of
passengers. Primarily requirements are imposed on
the driver and routes, while safety during transportation
ofthe population is not limited to this. And in our review
of publications, we just want to pay attention to this
topic.

Objective. The objective of the authors is to
causes of accidents and criteria of control on the
roads, which are considered in a number of scientific
publications.

Methods. The authors use general scientific
methods, comparative analysis, evaluation approach.

Results. In the article «Methodology of formation
of diagnostic criteria for evaluation of safety of motor
transport public service» M. Z. Erknapeshyan,
V. A. Zelikov, K. A. Yakovlev and V. A. Ivannikov [1]
note that existing methods of information support of
road safety are ineffective for prevention of accidents,
primarily due to the lack of a system of true indicators
of accident rate assessment on public passenger
transport. The list of more «true» diagnostic indicators,
according to these authors, is as follows:

— monitoring of technical condition of vehicles
before starting work and on the line;

— professional selection of drivers;

— providing drivers with information regarding
traffic conditions on the route;

— training of drivers on the routes (internship);

— annual advanced training of drivers for road
safety;

— medical examination of the driver for obtaining
a driving license;

— pre-trip and post-trip medical examination of
drivers;

— control of drivers on the line.

But at the same time, the authors do not specify
how the integral indicator obtained (the sum of the
estimates for the 5-point system) corresponds to the
readiness of the subjects of road transport activities
to prevent accidents on the roads. The application of
this technique is possible only to compare the
performance of one trucking enterprise with another.
And itis notentirely correct to reduce all the indicators
to an integral estimate. It is better to separately
identify the characteristics that clearly affect the
safety of traffic. In addition, in our opinion, it is also
not very correct to use the parameters specified in
the article. Alimost all of them are fixed at the legislative
level and are obligatory for execution.

According to G. Boyko, S. Tuirina and V. Fedotov
[2], the main cause of the traffic safety violation
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involving passenger transport is massive attraction of
unskilled drivers for work in small capacity buses. They
do not understand enough about the specifics of their
technical operation, try to allow as many passengers
as possible in the passenger compartment, not taking
into account that this creates a danger not only for
people in the car, but also for the traffic situation as a
whole. Low qualification of drivers of minibuses, as
well as their low level of legal awareness and lack of
understanding of the essence of road accidents
(crashes) clearly contribute to the occurrence of
accidents [2, p. 28].

It is difficult not to agree with such a view. These
buses are very popular among the population, when
compared with more spacious buses, many positive
aspects can be revealed in them — they are more
mobile and faster, the difference in payment for travel
is minimal. And for carriers on routes where during
the day there are mainly small passenger traffic, it
makes it possible to completely fill the cabin and
reduce the cost of driving. But the quality and safety
of transport by minibuses really leave much to be
desired. Drivers of low-capacity buses often violate
the traffic rules: they arrange races with drivers of
other passenger cars, jump at the intersections to a
yellow traffic light signal, often wrongly change the
lane, creating dangerous traffic situations.

According to G. I. Klinkovshtein, safety in the
sphere of passenger motor transport of general use
is influenced by external and internal problems [3].
External are characterized by a large increase in urban
transport traffic, an increasing level of motorization
and a significant lag in the last years of the pace of
development of road networks. As a consequence,
the accident rate itself and the risk of road accidents
are high.

Internal problems of traffic safety, the same
researcher believes, are associated with the
insufficient development of the transport
infrastructure: low level of development of the street-
road network (SRN), inefficiency of the existing urban
route networks, lack of decent organizational,
technological and technical solutions to protect
pedestrians on the streets and users of passenger
motor transport. Butinternal problems are not limited
to this. They are also manifested in the low technical
characteristics of buses in terms of active, passive
and post-accident safety, inadequate driver training,
and shortcomings in the organization of the
transportation process.

This is influenced, first of all, by the ill-conceived
policy both in the sphere of motor transportand in the
field of small business support. With all the initially
positive aspects of the simplified tax and tax policy
proposed by the state, which led to the fragmentation
of most of the country’s motor transport enterprises,
it does not take into account the significant losses of
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the state from reducing the sustainability of public
road transport and reducing the effectiveness of
measures to prevent accidents from small business
entities. Small enterprises do not have their own
production and technical base, are limited in the ability
to replace a worn-out bus fleet and conduct
professional selection and advanced training of
drivers.

In addition to this, in our opinion, the weak
responsibility of the regions and local self-government
regarding the disproportion of mass motorization and
development of the street-road network can be
traced. In Russia, more than 57 million vehicles have
been registered. That makes about 390 cars/1000
inhabitants, while the share of SRN is 10 % of the
territory of cities. For comparison, in Europe, this
figure can reach 25 %, and in North America — 35 %.
It is necessary to bring this figure to at least 20 % to
ensure, if not comfortable, then safe conditions for
traffic.

Italian scientists S. Cafiso, A. Graziano and
G. Pappalardo [4] from the University of Catania
believe that the safety of passenger transport on the
roads is given insufficient attention due to the low
percentage of accidents involving buses and the
assumption that public transport increases road safety
for account for reducing car traffic. University
specialists believe this is incorrect. They cite statistics
that all accidents account for 10 % of buses. But at
the same time they note that public transport has an
important social significance, so the accident should
notonly be reduced to a minimum, but also to exclude
the very possibility of their occurrence.

In their research, Cafiso and his colleagues found
that the professional skills of the driver have the
greatestimpact on the safety of passenger traffic (the
greatest danger occurs during braking and automatic
opening of doors), materials and the internal
architecture of buses. The most frequent causes of
road accidents are inattention and fatigue of drivers.
One way to strengthen these positions is the
widespread introduction in the future of intelligent
transportation systems in passenger transportation,
which will increase the likelihood of overcoming many
of the listed problems.

J. Zaranka, R. Peselijnas and D. Matiyozus from
the Vilnius Gedimin Technical University in the article
«Analysis of the influence of fatigue on passenger
transport drivers’ performance capacity» confirm that
driver fatigue remains a rather frequent cause of
crashes and accidents. Up to 75 % of accidents occur
due to his fault. And the reliability of the driver can

worsen due to the predisposition to risk, emotional
instability, aggressiveness, wrong perception of the
scale of values [5].

Based on the results of their research, the authors
suggest a technique for professional selection of
drivers. They note that their important professional
traits should include emotional stability, resistance to
obstacles and monotony of the road, the ability to
predict possible emergencies, mindfulness and good
memory. They should be paid attention to after along
break in the driver’s work, when the professional skills
lose their automatism. Itis recommended that drivers
be tested on a regular basis with the help of special
exercises simulating various emergency situations.

Such a methodology is necessary, but at the same
time in the proposed version of Vilnius colleagues
there are no exact criteria and their quantitative
measurement. One can only talk about whether the
potential driver is coping with tasks and at what speed
he is performing them, i.e. we are talking about
comparative indicators.

When considering the opinions of various
scientists about the psychological causes of
accidents, it should be noted that most of them
emphasize certain unsuitable individual traits of
people involved in accidents and in general a
significant influence of the human factor on road
safety. As a rule, researchers come to a unanimous
conclusion: professional selection, based on the
results of testing, should be comprehensive and
qualitative. The methodology of this choice must take
into account a detailed analysis of the characteristics
ofthe activity and social significance of the profession
of drivers.

Lingling Yang, Kuanghin Soong, Shaokuan Shen
and Yu Huang [6] from the Beijing Transport University
in the article «Safety Analysis of Taxi Lane Changing
Behavior» consider such an urgent problem for China
as the safety of passenger transportation when using
a taxi. This issue is no less relevant for Russia, since
we also have few regulatory and legal acts concerning
this sphere. And those that are available do not
sufficiently protect passengers and other road users.

According to the authors’ estimates, a low level
of wages can «encourage» taxi drivers to sacrifice
safety, as they try to maximize revenues by
accelerating traffic (revenue source turnover) or risky
behavior. Including often do not keep lanes, change
lanes, which creates emergency situations on the
road.

The same situation, we note, is observed in our
country. No one is responsible for quality and safety
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of passengers in a taxi. The passenger uses this type
of transportation at his own risk.

The team of Romanian researchers in the article
«The need to improve transport conditions in the big
cities of Romania» [7] believes that the increase in the
number of cars contributed to increased traffic,
particularly in the morning and evening peak hours.
In addition, most cars are second-hand, which also
adversely affected the road situation and the
environmental situation in the cities. The problem can
be solved by public transport, but today the population
uses a personal car even for trips on short distances.
According to the authors, the quality of service and
the speed of passenger transport leave much to be
desired, so most residents prefer their own cars. In
contrast, there is a search for alternatives — one of
the projects provides for passenger transportation
using rail buses in Bucharest and other major cities
of the country.

This type of transport has many advantages
compared to conventional buses: speed, safety,
convenience, environmental friendliness. For many
cities in Russia, this type of passenger traffic could
also be a good alternative to the already familiar for
us buses, trolleybuses and the metro.

In Russia, by the way, there are already positive
examples of the use of rail buses. And here it would
be expedient to bring passengers as close to large
passenger-forming enterprises as possible (markets,
theaters, supermarkets, etc.). Now the rail version is
mainly in demand on suburban routes, but in the city,
such a transport would be popular. Using existing
railroad access roads and building new ones, it is
possible to reduce the burden on public passenger
transport and the road.

Conclusions.

From all the above, we can draw the following
conclusions:

1. It is necessary to update the regulatory
framework in the field of road safety due to the fact
that existing laws and regulations have significant gaps

requiring an obligatory reaction of society and the
State.

2. An initial set of measures to improve traffic
management should be identified to reduce the
number of vehicles on city streets and increase the
capacity of the road network.

3. Itis proposed to expand the possibilities for the
use of alternative types of public transport with the
purpose of unloading and improving traffic safety in
the areas of operation of traditional modes of moving
passengers in the city.
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3KCMNPECC-UH®OPMALINA
EXPRESS INFORMATION

COTPYAHUYECTBO POCTPAHCHAA3OPA N OAO «PXA»
B COEPE BESOMNACHOCTU ABUXXEHUSA

Coraienue 0 COTpyAHHYECTBE ObLIO MOJI-
nucano 13 okraopsa 2017 rona B OAO «P2K/I»
Ha BbIe3IHOM 3aceannu KoJuterun Penepasib-
HOIi CJIy2KO0bI 110 HAZA30py B cdepe TpaHCIIOPTA
u ObmecTBeHHOro coera npu PocTtpancHana-
30pe.

TIpesunent OAO «P2XK/I» Oner beno3épos,
OTKpBIBas 3aceqaHue, OTMETIII, YTO B KOMIIa-
HUM peajnu3yeTcsl CTpaTeTust o0ecreyeHUs
rapaHTMpPOBAaHHOI 0€30MacCHOCTU U HamEX-
HOCTH TIepeBO30YHOTO mpoiiecca. Pesynbra-
TOM IIeJICHATIpaBJIeHHON pabOThI CTAIO CHM-
xeHue B 2017 romy oOIIero KoamvecTrna
TPaHCIOPTHBIX MIPOMCIIECTBUI HAa MH(Dpa-
CTPYKTYpe XKeJIe3HOMOPOXKHOIO TPaHCIIOpTa
Ha 35 % 1o cpaBHEHUIO C aHAJIOTUYHBIM I10-
KaszaTeJIeM MPeabIIyIIero roaa.

Taxxe OAO «PXK]I» obecrieunBaeT COOT-
BETCTBHUE 3aJaHHBIM TpaHCIIOPTHOM cTpaTe-
rueit Poccuiickoit Denepany nmapaMmerpam

B 00JlacTH Oe30IacHOCTH ABMKeHMs. Tak, 3a
uctékmmii nepuos 2017 rona yctaHOBIEHHBIH
LIeJIEBOI MapaMeTp BBIIOJIHEH U COCTaBUII
1,04 coOBITHIT Ha MAJUTMOH TTO€3/10-KUJIOMET-
poB (ITpu 3afaHHOM 3HauYeHuH 1,3), 4To HIXKe
YPOBHS IIpOLUIOro roga Ha 29 %.

ITomumo sToTO, 33 9 Mecsues 2017 roga
B paMKax IIPOrpaMMbl MEPOITIPUSITUIA 10 IIPH-
BeneHUo MHpacTpyktypbl OAO «PXK/I»
K TpeOOBaHUSIM IpPaBUJI TEXHMUYECKON
9KCIUTyaTallii ObUTIO OTPEMOHTUPOBAHO 0oJiee
24 ThIC. 00BEKTOB (MOCTHI, TIATMOPMBI,
TOHHEJIN), B 1IeJIOM Ha pear3alluio IporpaM-
MbI B TEKYIIEM TOIy MPeAyCMOTPEHO 0oJiee
100 mapn pyoGeii.

Ilo mamepuaaam npecc-cayxucoot OA0
«PXKJl»: http://press.rzd.ru/news/public/ru?
STRUCTURE_ID=654&layer_id= 4069&refer
erLayerld=3307&id=90635

COOPERATION OF FEDERAL SERVICE FOR SUPERVISION
OF TRANSPORT AND RUSSIAN RAILWAYS ON RAIL SAFETY

The agreement was signed on October 13,
2017 during an offsite session held at Russian
Railways of the Collegium of Russia’s Federal
Service for Supervision of Transport
(Rostransnadzor) and the Public Council at
Rostransnadzor.

The President of Russian Railways Oleg
Belozerov opened the meeting and noted that
the Company was implementing a strategy to
guarantee the safety and reliability of the
transportation process. Belozerov also reported
that the Company’s purposeful work had
resulted in a reduction of 35 % in the total
number of transport accidents which had
occurred on the railway transport infrastructure
in 2017 compared to last year.

Russian Railways also ensures compliance
with the parameters set by the Transport
Strategy of the Russian Federation in the field

of traffic safety. Thus for 2017 to date, the
target parameter has been met and amounted
to 1.04 events per million train-kilometres,
which is below the set value of 1.3 and 29 %
less than the level of the previous year.

In addition, from January to February 2017
more than 24,000 objects such as bridges,
platforms and tunnels were repaired as part of
the programme of measures undertaken to
bring the infrastructure of Russian Railways
into compliance with the requirements of the
technical operational rules.

Russian Railways has spent more than 100
billion roubles under this programme.

Retrieved and compiled from Russian Railways .s

press service news: http://eng.rzd.ru/newse/
public/en? STRUCTURE _ID=15&layer_id=48
39&referer Layerld=4530&id=107160 °
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AHanns ynin4Ho-[40pPOXKHON ceTu

B ropoge Bosmxckom, HanpsoKkEHHON
cutyaymu c obecrneyeHnem
6e30nacHOCTU ¢ Nocankoii N BbiICaaKoun
naccaxmvpoB 00LLeCTBEeHHOro
TpaHcnopTta. OnpegesieHO
HecooTBeTCTBUE AJINH OCTaAHOBOYHbIX
MYHKTOB BXOASILLIEeMY NTOTOKY
aBTobycos. [pensoxeHbl MeponpuaTus
Mo yny4uweHuio Ka4ecTBa nepeBoO3Ku
naccaxvpos ¢ y4ETOM NHTEpPBaJioB
6e30nacHOCTU Ha OCTaHOBKax
aBTOOYCOB M ONTUMU3ALNN MaPLLPYTOB
ropoackoro o6LecTBeHHOro
TPaHCNopTa, 4aCTHbIX aBTOOYCOB

Y MapLUPYTHBIX TAKCHU.

KntoyeBbie ciioBa: ropoackori
00111eCTBEeHHbIVi TPaHCNopT, aBTobyc,
OCTaHOBOYHbIV MYHKT, MHTEepPBasl
6e30rnacHOCTH, MapLUPYyTHas CETb,
onTUMU3aLmsi MapLLPYTOB.
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BESOINACHOCITE

«MAHTepBanbl 6e3onacHoCcTU»
Ha OCTaHOBKax aBTOOyCOB
ropopa Bosxckoro

Yeprosa laauna Anamoavesna — kanoudam
MexXHU4ecKux HayK, douenm Kagpeopul
asmomoobunbHo2o mparcnopma Boaxcckoeo
noAumexHu4ecko2o uncmumyma — guauana Boarel'TY,
Bonxcckuii, Poccus.

Beauxanoea Mapuna Baadumupoena —

cmapuuii npenodasamens Kagheopsl agMomMooUNIbHO20
mpancnopma Boaxccko2o noaumexHu4ecko2o
uncmumyma — guauana Boael'TY, Boaxcckuii,
Poccus.

€KOHTPOJIMPYEMOE BHEIPEHUE YaCT-

HBIX IEPEBO3YMKOB MTPUBEJIO K CTPE-

MUTEJIbHOMY YBEJIUYEHUIO KOJINYE-
CTBa aBTOOYCOB U B Pe3yJIbTaTe K Meperpys-
Ke YIUYHO-AOpOXHOU cetu. OTCyTCTBUE
B TIpaBUJIaxX JOPOKHOTO ABWXEHUST TPeOO-
BaHUWII OCTAHOBKM OOIIECTBEHHOTO TPaHC-
MopTa Ha OCTAHOBOYHOM MYHKTE TOJHKO
B KpallHeM TpPaBOM DSy TIPUBEJIO K TOMY,
YTO aBTOOYCHI CTAJIM OCTAHABIUBATBHCS 0€3
y4€Ta MHTepBasia 0€30MacHOCTH, B 1Ba psiaa
¥ Ha MPOE3XKeil 4acTu JOPOTU, TEM CaMbIM
He olecrevyrBasi JOJKHBIE YCIOBUS Mepe-
BO3KU MMacCaxXupoB.

C ycrosBIeiicss TpaHCIIOPTHOI WHbpa-
CTPYKTYPOU TOPOAOB CIOXWIOCH TaK, 4YTO
OCTaHOBOYHBIE IyHKThI ObLTN CITPOEKTUPOBA-
HBI [IJIS CJTy4aeB MPUMEHEHUST Ha MapIIpyTax
aBTOOYCOB OOJBILION U CPeTHEN BMECTUMOCTH,
U TIO3TOMY UX TMPOTyCKHAsI CITIOCOOHOCTH
obecrieyrBaiach ¢ y4€ToM 0e30macHoOl octa-
HOBKM TPAHCIIOPTa COTJIACHO TPeOOBAHUM
HOPMAaTUBHBIX JOKYMEHTOB [ 1]. [InnHa ocra-
HOBOYHBIX MYHKTOB TpeaycMaTpuBaia 6e3-
OTAaCHYIO OCTAaHOBKY OOIIIECTBEHHOTO TPAHC-
TOPTa B OJTHOM TIPABOM PSIIY C YYETOM UHTEP-
BaJia 6€30MACHOCTH, ONPENETEHHOTO HOpMa-
mu [3].




Puc. 1. OcTaHOBOYHBIN NMYHKT «n1. CBepanoBa».

1.

Ha roponckux Mapuipyrax B ropoje
BoxkckoMm pabdortatoT 107 aBTOOYyCOB 6071b-
IIOI ¥ CpeHE BMECTUMOCTU MYHUIIUIIAIb-
HOI maccaXMpCKOil aBTOKOJOHHBI U 512
aBTOOYCOB MaJIoOii BMECTUMOCTU. B cBs3mM
C MX pacTyIIMM BXOISIIMM IOTOKOM Ha
OCTAaHOBOYHBIX TyHKTaX BOZHUKJIA TTPO0JIe-
Ma c obecriedeHreM Oe30TacHO ITepeBO3KU
Maccaxxupos.

JlIMHa OCTaHOBOYHOIO MYHKTA MOJKHA
COOTBETCTBOBATh MHTEHCUBHOCTH BXOISIIIIETO
ITOTOKa aBTOOYCOB, YTOOKI He OBLIO 3aTOPOB,
OXWIIAHWST M OCTAHOBKU TMACCAXUPCKUX Ma-
LIVH B 1Ba psaa.

IImanupoBka ropoga NpsIMOYTOJbHas
U BBITSIHYTAs BOOJIb PeKU AXTYObI, U TOTOMY
MapuIpyTsl B OCHOBHOM COCPEIOTOYEHBI Ha
MIPONOJBHBIX yimiiax Mupa, dpyx6b1, Kap-
OwiieBa, mpocrekTe JlenuHa (puc. 2).

. Comprenn v

Puc. 2. NMnaH ropoga Bomxckoro.
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Ha VJ]C nokasano konuiecmso Mapuipymos:
6 uucnumene KonU4ecmeo 20poOCKUX MAPUIPYINOE,
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Puc. 3. KonnyectBo MapLupyTOB Ha ynuuax ropoga Bomkckoro
(B yucnurene ropoackue MapLUpPyTbl, B 3HaMeHareJsie — NpUropoaHsbie).

CucrtemMa 0OILIECTBEHHOTO TpaHCIOpTa
BoJkcKoro coctout U3 aBTOOYCHOTO U TpaM-
BallHOI'O CEKTOPOB.

Bce aBTOOYCHBIE MapIIPYTHI PACTIONOKEHbI
B 30HE, KOTOpasi OrpaHUYMBAETCS CO CTOPOHBI
Bonarorpaga ynunamu JlormnoBa, Habepex-
Hoit, KupoBa, Cepanosa, KapObieBa, DH-
renbca, I[lymkunHa, Bomxkckoit BoeHHoii
Ddaorunun, 87-i IBapaeiickoil 1MBU3UH,
npocnekToMm JlennHa. B cyMMme HacuuThIBaeT-
¢ 55 MapluIpyTOB rOpoJACKOro HarpaBJIeHUS
1 47 ipuroponHoro. [TpoTsskEHHOCTD YIMYHO-
nopokHoi cetu 97,114 kM, IauHa MapIipy-
ToB — 885,581 KM.

Haubonee 3arpy>keHHbIMI 0011I6CTBEHHBIM
TPaHCITIOPTOM SIBJISIIOTCS Yiulibl Mupa u Kom-
MyHHCTHYecKas1, oynbBap [Ipodcoro30B, mpo-
cnekt JIeHnHa, 1o KoTopbiM rpoxoaut ot 1100
1o 3500 aBroOycoB B 1eHb. B ocHOBHOM Bce
TOpOACKME MYHULIMIAIbHbIE MapLIPYThI Ty-
OMMPYIOTCST MapLIpyTaMy YaCTHBIX MEPeBO3-
yukoB. Kpome Toro, Bce mpUropomaHbie Mapli-
DYTBI, BBIXOASIIIME C TOPOICKOT0 aBTOBOK3aJa,
rutowany Jlenuna, 18-ro u 32-ro MuKpoparii-
OHOB, TaKXe MPOXOMASIT MO LIEHTPY ropoga —
npocnekTty JleHnHa v ynuue Mupa.

CxeMa MaplIpyTOB C HAaHECEHUEM KOJIH-
YyecTBa MapIIpyTOB Ha YJIMIIAX TOPOaa Mpe-
cTaBjieHa Ha puc. 3.

HauGonbinee KonnuecTBO aBTOOYCOB 3a
JIeHb MPOXOAUT IO yauile Mupa oT yJIUIbl
OnomMoyuKoii no miomaay Tpyaa v mpocnek-

® MWP TPAHCIMOPTA, Tom 15, N2 5, C. 184— (2017)

Ty JIeHMHa oT yauubl MoJiogorBapaeiies 10
mnoanu Ctpouteneit (2000—3000 aBToOycoB
B IeHb), Mo yaune KoMMyHUCTUYECKOM
(1100—2000 aBTOOYCOB B II€HB), TTOITOMY
MPAaKTUYECKU BCE OCTAHOBOYHBIC MMYHKThI Ha
HUX HE UMEIOT TOCTATOYHO JUIMHBI IJIsT pa3-
MEILEHUS OJHOBPEMEHHO MPUOBIBIINX aBTO-
oycoB. Menee 3arpyxeHHbiMH (1100—2000
aBTOOYCOB B JI€Hb) SBJISIIOTCS YUl XUMU-
KOB, DHrejbca, y4acTOK yaulbl JpyXOnl oT
yi1. 40 net [Tobean: 1o OIOMOYILIKOM, y4acTOK
yauubsl Mupa no yia. OioMoylkoi, yiuia
Kapo6simeBa ot oynbBapa [Ipodcoro3oB no
rtomaau KapOsliesa.

TTorok aBTOOYCOB B Yac-NMUK Ha OCTAHO-
BOYHBIX ITYHKTaX B IIPSIMOM M OOpaTHOM Ha-
MpaBJIeHUSIX COCTaBJISIET: TpOocIeKT JIeHrnHa —
226 1 294, ynuua Mupa — 281 u 280, GysibBap
ITpodcorozon — 240 u 240, ynuua JIpyK0b1 —
183 u 141, ynuua Kaposimesa — 129 u 120,
ymuua Onomoyukas — 139 u 139, ynuua DH-
reabca — 150 u 150.

2.

B crnoxuBiIeiics CUTyallui BUAUTCS 1Ba
BapuaHTa pelieHus mpoodieMbl. [TepBbiit —
yBEJIMUEHUE ITMH OCTAHOBOYHBIX ITyHKTOB
IJIsSI CYIIECTBYIOIIEr0 MOTOKA aBTOOYCOB;
BTOPOI — yMEHbIIIEHUE BXOASAIIETO MOTOKA
aBTOOYCOB HA OCTAHOBOYHBIX ITyHKTAX.

OCHOBHBIM (haKTOPOM OIPEAETEHUS I~
Hbl OCTAHOBOYHBIX MTYHKTOB SIBIISIETCS G€3-

YepHoea . A., BenukaHoea M. B. <MHTepBanbl 6e30MacHOCTU» Ha OCTaHOBKaX aBTOOYCOB

ropoaa Bonxkxckoro
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MHTeHCMBHOCTL BXoasiLiero notoka astobycos, aBT/M

Puc. 4. Homorpamma ans onpeaneseHnst YNcsia MalMHO-MeCT Ha OCTaHOBOYHbIX MYHKTax
B 3aBUCUMOCTU OT UHTEHCUBHOCTU CMEeLUaHHOro BXoasuero rnotoka aBTOﬁyCOB.

ornacHoe pa3MelleHIe aBTOOYCOB Ha OCTAaHOB-
Kax 1 00s13aTeJIbHBIM YCIIOBUEM — COOJIIO/IE-
HUE PacCTOSTHUSI 0€30MaCHOCTU MEXITY CTOSI -
ILIMMM TpaHCIIOPTHBIMU cpeacTBamu (mo BCH
23—75 oHO npuHUMaeTcs paBHbIM 3 M) [1].

PykoBoacTBysiCh 9TUMU TpeOOBaHUSIMU
M TOJIOKEHUSIMU TEOPUM MAacCOBOTO O0OCITy-
JKUBaHMSI, ObLIU pa3padoTaHsl [11] u ucnob-
30BaHbl HOMOTPaMMBI JUUISI OMPEAeSIEHUS CO-
OTBETCTBMSI JUIMHBI OCTAHOBOYHBIX ITYHKTOB
BXOZSIIEMY TTOTOKY aBTOOYCOB JUISI CMEIIIaH -
HOTO MOTOKa U MOTOKa aBTOOYcoB «[A3esb».
TpeOyemast TMHA yTOYHEHA 10 pe3yJibraTtaM,
MOJYYEeHHBIM JIJIS1 CMEIIaHHOTO MOTOKA aBTO-
6ycoB. HoMorpamMma, kacarwomiasicss yucia
MallMHO-MEeCT Ha OCTAHOBOYHBIX MyHKTax
B 3aBUCHMOCTH OT MHTEHCUBHOCTHU CMEIIIaH-
HOTO BXOJSIIEro MOoToKa aBTOOYCOB, Mpe/-
cTaBjieHa Ha puc. 4.

Jng oueHkn obecrieyeHUs: O6e30macHoOM
OCTAaHOBKHM aBTOOYCOB Ha OCTAaHOBOYHBIX
MmyHKTax BoJDKCKOro 10 1 mocjie onTuMu3a-
LMY MapIIPYTHOM CETH IMPOBeIcHA X MHBEH -
Tapu3alus Ha OCHOBaHUY MacIOPTOB Mapli-
pPYTOB, B KOTOPbIe BKJIOYEHBI Ha3BaHUSI
IyHKTOB W pacCTOSTHUE MexX 1ty HUMH. CocTaB-
JIEH PeecTp OCTAaHOBOYHBIX MYHKTOB, B HETO
BKJIIOUECHBI CJIEAYIONINE JaHHbIE: YU, Ha-
3BaHKME OCTAHOBOYHOTO ITyHKTA, IJTMHA OCTa-
HOBOYHOT'O TTYHKTa, MaKCUMaJIbHBII BXOJS-
KM TTOTOK aBTOOYCOB, TpeOyemas JInHa
OCTaHOBOYHOT'O ITyHKTAa.

OrnpeeneHo COOTBETCTBUE JUTMHBI OCTa-
HOBOYHBIX TTYHKTOB BXOJSIIIEMY ITOTOKY aB-
TOOYCOB Ha OCHOBaHUM OOCJEeIOBaHUS 3a-
Ipy3K1 OCTAHOBOYHBIX ITYHKTOB B HaIlpaBJie-
HUW C HOBOW YacTWU ropojaa U MpOBeaEH
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MOACYET KOJTMUECTBA aBTOOYCOB, TTPOU3BO/IS -
IIMX OCTAHOBKY B Yac-THK, B MEPUO C 7 10
8 yacos.

B tabnuue 1 npencraBiaeHbl MokKa3zaTean
OCTAaHOBOYHBIX MYHKTOB IT0 Pe3yJibTaTaMm 00-
CJICIOBaHMS UX 3arPy3KU: JUTMHA W BXOIS I
noTtok aBToOycoB. [To Homorpamme (puc. 4)
oIpezesIeHbl TpeOyeMble IJTMHBI OCTAHOBOY-
HBIX ITYHKTOB.

W3 54-x ob6caenoBaHHBIX 22 OCTaHOBOY-
HBIX TTYHKTA TIPU CYIIECTBYIOIICH opraHn3a-
LIMY TIEPEBO30K ITaCCaXKMPOB He 0OeCIIeunBa-
FOT OMHOBPEMEHHYIO 0€30ITaCHYI0 OCTAHOBKY
aBTOOYCcOB. [ToaTOMY B ropoze BCTal BOIIPOC
0 MEPOIPUITHUSIX IO 0OecIeyeHUIo be3omac-
HOTO TIpeOBbIBaHMS JII0JEi 1 aBTOOYCOB Ha
OCTAHOBOYHBIX ITyHKTaX.

3.

Ha ocHoBaHUM TOKyMeHTa IJTaHUPOBAHMSI
(1o @3 Ne 220 o1 13.07.2015 1) B Boikckom
MPOBeIeHa ONITUMU3AIIMSI MAPIITPYTHOM CETH,
3aKJII0YaloNIasicsl B OTMEHE MapIIpyToB, 1y0-
JIMPYIOIINX COIMATbHbIE MapIIPyThl aBTOKO-
JIoHHBI Ne 1732, 1 B IpyBEICeHUN KOJIMIECTBA
aBTOOYCOB Ha MapIIpyTax B COOTBETCTBUE
C MmaccaxxupornoTrokamu. B pesynabrare onTu-
MM3aIUN KOJMYECTBO MapIIPYTOB YaCTHBIX
MepeBO3YMKOB yMeHbInaeTcs ¢ 25 go 14,
a KOJIMYECTBO aBTOOYCOB 0CO00 MaJloil BMe-
CTUMOCTHU COKpalnaercs Ha 193 eauHUIIbI
(6bu10 512 Ha 1 suBaps 2016 roga).

ITpoBenéH pacuét KoaMyecTBa aBTOOYCOB,
KOTOpBIE OYIyT IMTPOXOAUTH YEPEe3 OCTAHOBOY -
Hbl€ MYHKTHI B pe3yJbTaTe ONTUMU3AINU
MaplIpyTHO ceTu Ha ocHoBaHuu [10]
M YMEHBIIEHUs KOJINYECTBA MapIIPyTHHIX
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i{iﬁ Ta6amua 1
4188 Ilokaszarenu 0CTAHOBOYHBIX MYHKTOB IPH MAKCHMAJIBLHOM 3arpy3Ke B 4ac-IHK ¢ 7 10 8 yacos

No HaszBanue ocTaHOBOYHOTO IMokasaTes i OCTAaHOBOYHOTO MTyHKTa
n/m | myHKTa Bxomsiiiuii moTok aBTOOYCOB, €11./9ac

B Hacrosiiee Bpemst TMocne onTuMusarn

JnvHa, M | TOp./TIpUT. Tpedyemast TOp./TpUT. TpeOyemas

JUTMHA, M IUTUHA, M

Vnuua [NymkuHa ¢ 37 MukpopaitoHa
1 37 MUKpOpaioH 40 93 40—60 31/— 20—40
2 30—37 MUKpOpaXOHBI 28 81 40—60 19/— 20—40
3 24—30 MUKpOpPaiiOHbI 27 60 40—60 19/— 20—40
4 [lkoa 27 37 40—-60 19/— 20—40
5 Vi. HapumaHoBa 30 37 40—-60 19/— 20-40
Vnuua Apyx6sl ¢ 32 MUKpopaiioHa
1 32 MUKpOpaiioH 64 54/5 40—60 20/5 20—40
2 V1. 40 et TToGeibt 42 55/14 40—60 20/14 20—40
3 26 MUKpopaiion 58 185/24 60—80 85/24 40—60
4 23 MUKpOpaiioH 11 44/— 20—40 36/— 20-40
5 ATC-9 30 44/— 20—40 36/— 20-40
6 Tuonepckas, TLL 40 44/— 20—40 36/— 20—40
7 TTnonepckasi—Mupa >80 80/— 40—60 36/— 20—40
Vinuua OnomMoyukas
1 Anteka «Butabapm» 21,7 144/30 50—70 114/30 50-70
2 Tekuna 80 144/30 50—70 114/30 50-70
VYruia Mupa ¢ 37 MukpopaiioHa
1 37 MUKpOpaiioH 80 77/20 40—60 21/20 20—40
2 TL 48 94/48 50-70 24/48 40—60
3 XCC 82 118/49 50-70 46/49 40—60
4 24 MUKpoOpaiioH 52 118/49 50-70 46/49 40—60
5 oM Toprosimm 86 263/71 60—80 78/71 50-70
6 AJnekcaHapoBa 45 263/71 60—80 78/71 50-70
7 VHuBepcam rop. 30/30 |234/74 60—80 62/74 50-70

TIPWT.
8 Hapumanosa 30 234/75 60—80 62/75 50-70
9 Mupa—MHWckpa 37 254/74 60—80 56/74 50-70
10 Mupa (ITuoHepckast) 37 232/62 60—80 75/62 50-70
11 Crumyn 75 232/62 60—80 75/62 50-70
Yinuua XuMukoB
1 Wnest 52 104/50 50—70 18/50 40—60
2 10 MuKpoOpaitoH 64 89/50 50-70 3/50 40—-60
3 10 MukpopaiioH-2 30 15/— 30—-40 15/— 30—40
4 BI13 56 93/50 50-70 7/50 40—60
Ynuua DHresnbea
5 8 MUKpOpaitoH 40 99/21 40—60 12/21 20—40
6 In. KapOsiesa 46 121/21 50—-70 13/21 20—40
7 V. CoBerckast 37 121/21 50—-70 13/21 20—40
BynbBap [MpodcoroszoB
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1 K-H FOHOCTB 60 190/16 50-70 51/16 40—60
2 12 MukpopaiioH 47 190/16 50-70 51/16 40—60
Vinuua Kap6siiesa

1 KoponeBa 25,6 64/- 30—40 32/— 20—60
2 DHeproTexmari 17 64/- 30—40 32/— 20—60
3 1. KapOsbresa 45,8 49/- 30—40 17/— 20—40
4 MoronéxHast 80 49/- 30—40 18/— 20—40
5 MymkuHa 80 33/- 30—40 18/— 20—40
Ynuua AnekcaHapoBa

1 Bosramosun 80 33/44 40—60 20/44 30—-40
2 Jlenta 30 33/44 40—60 20/44 30—40
IMpocnexr Jlennna

1 Matn (noc. PaGoumit) 80 33/33 30—40 20/33 30—40
2 TonukaMHuKa 27 164/67 5070 54/67 40—60
3 Vnuua Koponésa 44 164/67 50-70 54/67 40—60
4 LleHTpaTbHbBII PHIHOK 61 164/67 50—-70 54/67 40—60
5 LleHTpabHBIN MapK 53 171/69 60—70 60/69 50—-70
6 ToBapbl UIsl LIKOJIBHUKOB 53 171/69 60—70 60/69 50—-70
7 I1. Jlenuna 80 291/95 80—100 107/95 50-70
8 Vi1. KocMoHaBTOB 35 291/95 80—100 107/95 50-70
9 BoabHUYHBII rOporoK 40 140/49 50—-70 59/49 40—60
10 1. CeepaitoBa 80 175/64 60—80 65/64 50—-70
11 JK BI'C 80 175/61 60—80 65/71 50—-70
12 I1n. Ctpouteneit 48 201/71 60—80 84/71 50-70
VYnuua KommyHucTuaeckas

I | Va. Topskoro 34 l140/49  [50-70 l63/11 | 30-40

takcu. OnpeneseHo COOTBETCTBUE IJTUH OCTa -
HOBOYHBIX MTyHKTOB JIJISI HOBOTO TTOTOKA aBTO-
OycoB Ha OCHOBAaHMU HOMOTpaMMHI (puc. 3).
Bxonsinmii B pesyisrate oNTUMU3ALNK TTOTOK
aBTOOYCOB (e1I./9ac) Ha OCTAHOBOYHBIC ITyHK-
ThI ¥ COOTBETCTBUE JJTMHBI O€30T1aCHOI OcTa-
HOBKU JaHblI B Ta0uLe 1.

Tak xak B pe3yJibraTe ONTUMU3ALUYN Map-
IIPYTHOW CETU HE Ha BCEX OCTAHOBOUHBIX
MyHKTax obecrnieumBaeTcs O6e3omacHas ocTa-
HOBKa aBTOOYCOB, HEOOXOAMMBbI MEPHI MO
YITy4IIIEHUIO KaueCcTBa 00CTYKMBaHUSI TTacca-
SKUPOB.

B cBs13u ¢ 0OMBIION MHTEHCUBHOCTHIO
TMIOTOKOB aBTOOYCOB, MOAXOASIIIINX K OCTAHO-
BOUHBIM ITyHKTaM, BO3MOXHBI CJIEeIyIOIIre
BapUaHTHI PEIIEHUS TTPOOIEMBI:

1. YBenuueHue 1JIMH OCTAHOBOYHBIX TTYHK-
TOB.

2. CTpOUTENBCTBO HOBBIX OCTAHOBOYHBIX
ITyHKTOB U151 aBTOOYCOB 0CO00 Masioil BMEeCTH -
MOCTH.
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3. [puBeneHue ynciia aBTOOYCOB Ha Map-
IpyTax K ONTUMAaJIbHOMY 3HAYEHUIO, COOT-
BETCTBYIOIIEMY MaKCUMATbHOMY ITacCaxknupo-
TOTOKY.

4. Ha oCTaHOBOYHBIX IMyHKTaX C JUIMHOM,
COOTBETCTBYIOIIE MHTEHCUBHOCTHU BXOISIIIIE-
TO TIOTOKA aBTOOYCOB, BBIIEIUTH OTAC/IbHBIC
MaIIMHO-MECTa AJIsI OCTAHOBKM aBTOOYCOB
00JTBIION 1 0CO00 OOJTBIIIOI BMECTUMOCTH.

5. IlepepacnpeneneHrue TPUTOPOITHBIX
aBToOycoB Ha TIIY (TpaHcmopTHO-TIepeca-
JTOYHBIE Y3JIbl), PACTIONIOKEHHBIE HA BbIE3AaX
U3 ropona.

YBenuueHue IJIMHBI OCTAHOBOYHBIX MTyH-
KTOB U CTPOUTEIHCTBO HOBBIX — MIPEPOTaTrBa
MYHUIIMTIATBHBIX OPTAHOB, KOTOPBHIM BMEHEHO
3aHUMAThCSI OPTaHU3AIMEN TPAHCIIOPTHOTO
o6cnyxkuBanusi MenepaibHBIM 3aKOHOM
131-D3 01 06.10.2003 1. «O6 OOLINX TPUHIIA-
ax OpraHn3ald MECTHOTO CAMOYTIPABICHUST
B Poccmiickoit ®enepaumm», m. 7 ct. 14 [9]
U KOTOPBIE SIBJISIIOTCS 3aKa34MKaMU TIEPEBO3OK.
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{5’? Tab6auna 2
ez Pe3ynbraThl yMeHbIIEHHS KOJIMYECTBA aBTOOYCOB
\ HA OCTAHOBOYHBIX ITYHKTAX B Npoliecce ONTUMHU3AIUA
No /it OCTaHOBOUHBINA MyHKT JinHa Bxopsiuiuii moTok aBTo- Tpebyemast Ob6ecneueHue 6e3- Meponpusitust
OTIl, m OycoB, ex1./4ac jutnHa OT1, M | ornacHoii ocTaHOBKU
aBTo0OycoB Ha OI1
B H. Bp. Mocne B pe3yJibTaTe ONTUMHM-
ONTUM. 3aLmn
TOp./NIPUT. | TOp./TIpUL.
Viuna Ipyxost
1 | 26 mukpopaiton 58 [ 18524 [85/24 [ 40-60 OGecreunsactes =
Bynbsap [Ipodcoiozon
2 K- IOHocTh 60 190/16 51/16 40-60 O6ecneunpaercs o
3 12 MukpopaiioH 47 190/16 51/16 40—-60 O6ecneunBaeTcs -
VYimuua Onomoy1kas
4 Anreka «Buradbapm» | 21,7 | 144/30 | 114/30 | 50—-70 He obecnieunBaercst VBesmunTh
anny OTT
Vnuua Mupa ¢ 37 mukpopaiiona
5 24 MuUKpOpaiioH 52 118/49 78/71 50-70 ObecrieunBaeTcst -
6 AJieKcaHIpoBa 45 263/71 78/71 50—-70 He obecrieunBaercst TlepepacrnpeeieHue
7 Yuusepcam rop. 30/ 234/74 62/74 50—-70 He obecrnieunBaercst ﬁgg}l}c{)g;ﬁ)};mx
30 npur. 1151 CYMMApHOTO na TITY. Veennuenne
8 Hapmmatioa 30 23475 | 62/75 5070 fotoxa amast OTI HeposMoxtHO
9 Mupa—Hckpa 37 254/74 56/74 50—70
10 Mupa ([TuoHepckas) 37 232/62 75/62 50-70
TTpocnekt JleHnHa
11 TonukanHUKa 27 164/67 54/67 40—60 He obecneunBaercst BbliesieHue oTaenbHOi
UISL CyMMapHOTO TUIOLIAIKH
IoTOKa J1J1s1 JIETKOBBIX aBTOMO-
ouneit
IlepepacnpeneneHue npUropoaHbIx Mapuipytos Ha TITY
12 Viuua Koponésa 44 164/67 54/67 40—60 O6ecrneunBaercst —
13 TleHTpasIbHBIN PHIHOK 61 164/67 54/67 40—-60 OGecrieunBaeTcst —
14 LleHTpasnbHerit mapk 53 171/69 60/69 50-70 O6ecneunBaeTcs -
15 ToBapbl 11/IIKOJIBHUKOB | 53 171/69 60/69 50-70 O6ecrnieunBaeTcst -
16 TTn. Jlennna 80 291/95 107/95 50-70 O6ecneunBaeTcs o
17 V. KocmonaBToB 35 291/95 107/95 50-70 He obecnieunBaercst Iepepacnpenenenne
JUIS1 CyMMapHOTO TPUTOPOIHBIX
noroka. Jlnmuny OI1 MapuipytoB Ha TITY
HEJIb34 YBEJIMUYUTH
18 Bonbununslii Toponok 40 140/49 59/49 40—60 ObecrieunBaeTcst -
19 Inowans Ceepuiosa 80 175/64 65/64 50-70 O6ecrieunBaeTcst —
20 JIK BTC 80 175/61 65/71 50-70 O6ecrneunBaeTcst —
21 Tln. Crpowurerneit 48 201/71 84/71 50—70 O6ecrieunBaeTcst —
Vnuia Topbkoro
22 | V. Topbkoro | 34 | 140/49 | 63/11 | 30—40 | ObecneuynBaeTcs | —

B Tabnuue 2 npencraBieHbl 3arpy3ka 22 Teka «Buradapm». HeodbxoanmMo yBeInInuTh
OCTAHOBOYHBIX MYHKTOB, B KOTOPBHIX He miuHYy ¢ 21,7 1o 50—70 MeTpoB.
oOecrneyuBaeTcsi 6e3ornacHasi OCTaHOBKaA 2. Ha ynutie Mupa He HanaxeHa Gezomnac-
aBTOOYCOB Jaxke B pe3yJIibTaTe 3aKphiTus 14 Has oCTaHOBKa aBTOOYCOB Ha OCTAHOBOUHBIX
MapmpyToB HaCTHBIX IIEPEBO3YMUKOB, 1 M€-  ITYHKTax «VYi. AJICKC&H)IpOBa», «YHI/IBepCB.M»,
pOTIPUATHS IO ONTUMU3ALUU CETH. «¥Y1n. HapumanoBa», «Yi. Mupa. Marasun

HWckpa», «¥Yi1. Mupa. [Tuonepckasi». TpeOyercst
4. nepepacrpeaci€HUe ImMpuropoagHbix Mapuipy-

B xoae mpoBOAUMBIX MEPOTIPUSITUIN: ToB Ha TI1Y B 103)KHOM HampaBlIeHUN.

1. Ha ynuue Onomoylkoii He obecre- 3. Ha npocriekre Jlennna Ha OIl «ITomu-
yyBaeTcs Oe30IlacHasg OCTaHOBKA aBTO6y- KIIMHUKa» CJICAYET BBIACJINUTD CIICIMAJIbHBIC
coB Ha octaHOBOYHOM TiyHKTe (OIl) «An-  miomaaxku Ui NapKOBKH JIETKOBBIX aBTOMOOK -
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Jiei. ABTOOYChI OCTaHABJIMBAIOTCS BO BTOPOM
psmy. B ciyyae mepepacnipenesieHust TpUropo;t-
HbIX MapuipyToB Ha TITY pelieHue mpooieMbl
obecreunBaeTcs.

4. Ha OII «Yi. KocmoHaBTOB» ItiHa 35
METPOB He 00eCcTiedrBaeT 0e301TaCHYI0 OCTaHOB-
Ky aBTOOycOB, HyxHa mirHa 50—70 MeTpoB.
Hnuny OII Henb3s yBeIMUUTH M3-3a HEAOCTa-
TouHOCTH MecTa. [lepepacripeneneHne mpuro-
poaHbIX MapipyToB Ha TITY He moOMOXeT.

5. Ha montanu Crpourteneii U3-3a OTCyT-
CTBUsI KOOPAWHAIIMYU PabOThI MEPEBO3UYNKOB
MepUOINIEeCKN BO3ZHUKAIOT CUTYalluM, KOT/Ia
aBTOOYCHI OCTaHABIMBAIOTCA B 1Ba psiaa. HeoO-
XOIMMa KOOPAWHALIWS PACTIMCAHUS JBVDKEHUST
MYHUIIMTATBHBIX Y YACTHBIX aBTOOYCOB.

6. Ha ymuue 40 ner IToGenbl 0CTAHOBOYHBIE
ITyHKTBI OTCYTCTBYIOT, [TOTOMY TPeOYeTCsI U3Me-
HWTb TPACChl MapIIPYTOB, BEIXOMSIIMX C 27 MU-
KpoparioHa A0 yaulsl 87-s [Bapneiickas ¢ moBo-
potoM Ha ynuity Hpyx0sl. [TemexonHas noctymn-
HOCTh OCTAHOBOYHBIX ITyHKTOB ISl SKUTEJIEH,
MPOXKMBAIOIINX W PAOOTAIONIMX B 30HE YJIUIIbI
40 net [TobeapI, 0OecITeunBacTCs K OCTAHOBKAM,
pacrnojioxkeHHbIM Ha yiuiiax Kapowiiesa, 87-s
IBapnetickas, pyx0bl, 1 paBHa okosto 250—300
MeTpoB Iipu HopMmatuse 500 MeTpoB.

B pesynbraTe Ha AeCATH OCTaHOBOYHBIX
nyHKTax yaui Mupa, OomMoy1koi, npocnex-
Te JIeHMHa Aae Iocjie yMEHBIIeHHS KOJTnIe-
CTBa aBTOOYCOB HE 00eCIIeunBaeTCs Oe30macHas
OCTaHOBKa aBTOOYCOB (Tabauia 2).

SAKJIIOMEHUE

OCHOBHBIMU HeJIOCTaTKaMU OpTaHU3AINT
MepeBO30K MaccaXupoB OOIIECTBEHHBIM
TPAHCIIOPTOM CJIE/IyeT CUUTATD:

1. OTcyTCTBYE KOOPIMHAIIMN BBIXO/IA aBTO-
OycoB OT HAYAJTbHOTO OCTAHOBOYHOT'O MTYyHKTa
MYHUIIWTIAJIGHBIX U YaCTHBIX aBTOOYCOB, YTO
MOXET MPUBOIUTH K OTHOBPEMEHHOMY TIOJIXO-
JIy K OCTAHOBKAaM HECKOJIbKMX aBTOOYCOB.

2. [Tpoe3n MpUTropoTHEIX MapIIIPYTOB Yepe3
BECh F'OPOJI, UTO JAET IOTMOJHUTEIBHYIO 3arpy3-
KY YIIMYHO-JOPOXHOM CEeTH.

NmeroTcst ipeyiokeHrsI 10 yTydIIeHUIo
CJIOXUBILEUCS CUTYALIUN:

1. ObecreunTh CKOOPAMHUPOBAHHBIN BbI-
XOJI aBTOOYCOB C HayaJbHBIX OCTAHOBOYHBIX

ITyHKTOB.

2. B c1ydyae HeBO3MOXKHOCTU 00ecTiedeHUST
0e30MacHOI OCTAHOBKM aBTOOYCOB OpPraHU30-
BBIBaTh HOBbIC OCTAHOBOYHBIC ITYHKTHI.

3. 3armaHMpoOBaTh CTPOUTEIBCTBO TPAHC-
IMOPTHO-TIepECaTOYHBIX Y3JIOB Ha BhIE3Iax 13
ropoja i IPUTOPOIHBIX MapIIPyTOB, TEM
CaMBbIM MCKJTIOUUTH IIPOE3J MPUTOPOTHBIX
MapIIPyTOK IO TEPPUTOPUM TOPOJIA.

4. TpomomKaTh ONTUMHU3AIUIO0 MapIIPyT-
HO# ceTH, YIOPAAOYUTH MCITOJIb30BaHUE
MapIIPYTHBIX TAKCH, UCKITIOUUTD TyOJISK UMK
MapIIpyTOB TOPOICKOTO OOIIEeCTBEHHOIO
TpaHCIIOpTAa.
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«SAFETY INTERVALS» AT THE BUS STOPS OF THE CITY OF VOLZHSKY
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ABSTRACT

Analysis of the street-road network in the city of
Volzhsky, a tense security situation with embarkation
and disembarkation of public transport passengers is
provided. The discrepancy between the lengths of

stopping points and the incoming traffic of buses is
determined. Proposals are made to improve the quality
of passenger transportation, taking into account safety
intervals at bus stops and optimizing the routes of urban
public transport, private buses and fixed-route taxis.

Keywords: urban public transport, bus, stopping point, safety interval, route network, route optimization.

Background. The uncontrolled introduction of
private carriers led to a rapid increase in the number
of buses and, as a result, to overloading the street-
road network. The absence in the traffic rules of the
requirements for stop of public transport at the
stopping point only in the extreme right lane led to the
fact that the buses began to stop without taking into
account the safety interval, in two lanes and on the
carriageway, thus not providing the proper conditions
for carriage of passengers.

With the established transport infrastructure of
cities, it was established that the stopping points were
designed for the use of large and medium capacity
buses on routes, and therefore their throughput was
ensured taking into account a safe stop of transport
in accordance with the requirements of normative
documents [1]. The length of stopping points provided
for a safe stop of public transport in one right-hand
lane, taking into account the safety interval defined
by the standards [3].

Objective. The objective of the authors is to
consider «safety intervals» at the bus stops of the city
of Volzhsky.

Methods. The authors use general scientific
methods, comparative analysis, evaluation approach.

Results.

1.

On the city routes in the city of Volzhsky there are
107 large and medium buses of the municipal
passenger motorcade and 512 small buses. Due to
their growing incoming traffic at the stops, there was
a problem with ensuring safe transportation of
passengers.

The length of a stopping point should correspond
to intensity of the incoming traffic of buses, so that

Pic. 1. The stopping point «pl. Sverdlova».

there are no congestion, waiting and stop of
passenger cars in two lanes.

The layout of the city is rectangular, and stretched
along the Akhtuba river, and therefore routes are
mostly focused on longitudinal streets Mira, Druzhby,
Karbysheva, prospect Lenina (Pic. 2).

The public transport system of Volzhsky consists
of bus and tram sectors.

Allbus lines are located in an area which is limited
from the side of Volgograd by the streets Loginova,
Naberezhnaya, Kirova, Sverdlova, Karbysheva,
Engelsa, Pushkina, Volzhsky Voennoi Flotilii, 87
Gvardeiskoi Divizii, prospect Lenina. In total, there are
55 city routes and 47 suburban destinations. The
length of the street-road network is 97,114 km, the
length of the routes is 885,581 km.

The most loaded with public transport are the
streets Mira and Kommunisticheskaya, Boulevard
Profsoyuzov, prospect Lenina, along which from 1100
to 3500 buses a day run. Basically all city municipal
routes are duplicated by routes of private carriers. In
addition, all suburban routes that depart from the city
bus station, Lenin Square, the 18" and 32"
microdistricts, also pass through the city center —
prospect Lenina and Mira street.

The route scheme with the number of routes on
the streets of the city is shown in Pic. 3.

The largest number of buses a day passes along
Mira street from Olomutsky street to Truda square and
prospect Lenina from Molodogvardeitsev street to
Stroitelei square (2000-3000 buses per day), along
Kommunisticheskaya street (1100-2000 buses a
day), so almost all the stops do not have enough length
to accommodate concurrently arrived buses. Less
loaded (1100-2000 buses per day) are the streets
Khimikov, Engelsa, a section of the Druzhby street
from 40 let Pobedy street to Olomutskaya street,
section of Mira street to Olomutsky street, Karbysheva
street from the Profsoyuzov Boulevard to Karbysheva
square.

The flow of buses at rush hour at the stopping
points in the forward and reverse directions is:
prospect Lenina — 226 and 294, Mira street — 281 and
280, Profsoyuzov Boulevard — 240 and 240, Druzhby
street — 183 and 141, Karbysheva street — 129 and
120, Olomutskaya street — 139 and 139, Engelsa
street — 150 and 150.

2.

In this situation, there are two ways to solve the
problem. The first is to increase the length of the
stopping points for the existing flow of buses; the
second is to reduce the incoming traffic of buses at
the stopping points.

The main factor in determining the length of
stopping points is the safe placement of buses at
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Pic. 2. Plan of the city of Volzhsky.

Pic. 3. Number of routes on the streets of the city of Volzhsky
(in the numerator — city routes, in the denominator — suburban routes).
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Table 1

Indicators of stopping points at maximum load in the hour-peak from 7 to 8 hours

No. Name of the stopping Indicators of the stopping point
point Length, m Incoming traffic of buses, units/h
At present After optimization
required length, | required length, urb/suburb required
m m length, m
Pushkina street from 37 microdistrict
1 37 microdistrict 40 93 40—60 31/— 20—40
2 30—37 microdistricts 28 81 40—60 19/— 20—40
3 24—30 microdistricts 27 60 40—60 19/— 20—40
4 School 27 37 40—60 19/— 20—40
5 Narimanova street 30 37 40—60 19/— 20—40
Pushkina street from 32 microdistrict
1 32 microdistrict 64 54/5 40—60 20/5 20—40
2 40 let Pobedy street 42 55/14 40—60 20/14 20—40
3 26 microdistrict 58 185/24 60—80 85/24 40—60
4 23 microdistrict 11 44/— 20—40 36/— 20—40
5 ATS-9 30 44/— 20—40 36/— 20—40
6 Pionerskaya, TC 40 44/— 20—-40 36/— 20—40
7 Pionerskaya—Mira >80 80/— 40—60 36/— 20—40
Olomutskaya
1 Pharmacy «Vitapharm» | 21,7 144/30 50—70 114/30 50—70
2 Tekila 80 144/30 50-70 114/30 50-70
Mira street from 37 microdistrict
1 37 microdistrict 80 77/20 40—60 21/20 20—40
2 TC 48 94/48 50—70 24/48 40—60
3 HSS 82 118/49 50—70 46/49 40—60
4 24 microdistrict 52 118/49 50—70 46/49 40—60
5 Dom Torgovli 86 263/71 60—80 78/71 50—70
6 Aleksandrova 45 263/71 60—80 78/71 50-70
7 Universam urb30/30 subur 234/74 60—80 62/74 50-70
8 Narimanova 30 234/75 60—80 62/75 50—70
9 Mira—Iskra 37 254/74 60—80 56/74 50—70
10 Mira (Pionerskaya) 37 232/62 60—80 75/62 50-70
11 Stimul 75 232/62 60—80 75/62 50—70

stops and an obligatory condition — the safety distance
between standing vehicles (according to VSN23-75
itistakentobe 3m) [1].

In accordance with these requirements and
application of the queuing theory, the nomograms
were developed [11] and used to determine the
correspondence of the length of the stop points to
the incoming flow of buses for the mixed flow and
the flow of buses «GAZelle». The required length is
refined based on the results obtained for the mixed
bus flow. A nomogram concerning the number of
parking spaces at stop points, depending on the
intensity of the mixed incoming traffic of buses, is
shown in Pic. 4.

To assess the provision of a safe bus stop at the
Volzhsky stop points before and after the optimization
of the route network, an inventory was made based
on the route passports, which include the names of
the points and the distance between them. The
register of stopping points is made up, the following
data are included: street, name of the stopping point,
length of the stopping point, maximum incoming
traffic of buses, required length of the stopping point.

The correspondence of the length of the stopping
points to the incoming traffic of buses was determined

on the basis of a survey of the loading of the stopping
points in the direction from the new part of the city
and the number of buses stopping in the hour-peak
was counted from 7 to 8 hours.

Table 1 shows the indicators of stopping points
based on the results of a survey of their load: length
and incoming traffic of buses. According to the
nomogram (Pic. 4), the required length of the
stopping points is determined.

Of the 54 surveyed 22 stopping points with the
existing organization of transportation, passengers
do not provide a simultaneous safe stop of buses.
Therefore, the city was faced with the issue of
measures to ensure the safe stay of people and buses
at stops.

3.

Based on the planning document (in accordance
with Federal Law No. 220 dated July 13, 2015) in
Volzhsky, optimization of the route network was
carried out, consisting in the abolition of routes
duplicating the social routes of convoy No. 1732, and
in bringing the number of buses on the routes in line
with passenger traffic. As a result of optimization, the
number of routes for private carriers decreases from
25to 14, and the number of especially small capacity
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Khimikov street

1 Idea 52 104/50 50-70 18/50 40—60
2 10 microdistrict 64 89/50 50-70 3/50 40—60
3 10 microdistrict-2 30 15/— 30—-40 15/— 30—-40
4 VPZ 56 93/50 50-70 7/50 40—60
Engelsa street

1 8 microdistrict 40 99/21 40—60 12/21 20—-40
2 PI. Karbysheva 46 121/21 50-70 13/21 20—40
3 Sovetskaya street 37 121/21 50-70 13/21 20—-40
Boulevard Profsoyuzov

1 K-n Yunost’ 60 190/16 50-70 51/16 40—60
2 12 microdistrict 47 190/16 50-70 51/16 40—60
Karbysheva street

1 Koroleva 25,6 64/— 30-40 32/— 20—-60
2 Energotekhmash 17 64/— 3040 32/— 20—-60
3 PI. Karbysheva 45,8 49/— 30—40 17/— 20—40
4 Molodezhnaya 80 49/— 30—40 18/— 20—40
5 Pushkina 80 33/— 30—40 18/— 20—40
Aleksandrova street

1 Volgamoll 80 33/44 40—60 20/44 30—40
2 Lenta 30 33/44 40—60 20/44 30—40
Prospect Lenina

1 Man (pos. Rabochiy) 80 33/33 30—40 20/33 30—40
2 Policlinic 27 164/67 50-70 54/67 40—60
3 Koroleva street 44 164/67 50-70 54/67 40—60
4 Central market 61 164/67 50-70 54/67 40—60
5 Central park 53 171/69 60—70 60/69 50—-70
6 Tovary dlya shkolnikov 53 171/69 60—70 60/69 50-70
7 PL. Lenina 80 291/95 80—100 107/95 50—70
8 Kosmonavtov street 35 291/95 80—100 107/95 50-70
9 Bolnichniy gorodok 40 140/49 50—-70 59/49 40—60
10 PL. Sverdlova 80 175/64 60—80 65/64 50-70
11 DK VGS 80 175/61 60—80 65/71 50-70
12 PL. Stroitelei 48 201/71 60—80 84/71 50-70
Kommunisticheskaya street

1 | Gorkogo street [ 34 [ 140749 50—70 [63/11 [ 3040

buses is reduced by 193 units (there were 512 as of
January 1, 2016).

The calculation of the number of buses that will
pass through the stopping points as a result of
optimization of the route network on the basis of [10]
and a reduction in the number of fixed-route taxis has
been carried out. The correspondence of the lengths
of the stopping points for the new bus flow is
determined on the basis of the nomogram (Pic. 3).
The resulting flow of buses (units per hour) to the
stopping points and the corresponding length of the
safe stop are given in Table 1.

Since the optimization of the route network does
not ensure safe stopping of buses at all stopping
points, measures are needed to improve the quality
of passenger service.

In connection with the high intensity of the bus
flows approaching the stopping points, the following
solutions are possible:

1. To increase the length of the stopping points.

2. To construct new stopping points for buses of
especially small capacity.

3. To bring the number of buses on the routes to
the optimal value corresponding to the maximum
passenger traffic.

4. At stopping points with a length corresponding
to the intensity of the incoming traffic of buses, to
allocate individual parking spaces for buses of large
and extra-large capacity.

5. To redistribute suburban buses to TIH
(transport-interchange hubs) located on the outskirts
of the city

The increase in the length of stopping points and
the construction of new ones is the prerogative of
municipal bodies, which are charged with organizing
the transport service by Federal Law 131-FZ dated
October, 6 2003 «On general principles of the
organization of local bodies in the Russian Federation»,
paragraph 7, Article 14 [9] and which are customers
of transportation.

Table 2 shows the loading of 22 stops, which do
not provide a safe bus stop, even as a result of the
closure of 14 routes of private carriers, and network
optimization measures.

4.

During the events held:

1. On Olomutskaya street a safe bus stop at the
stopping point (SP) »Pharmacy «Vitapharm» is not
provided. It is necessary to increase the length from
21,7 to 50-70 meters.
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Z{ﬁ Table 2
e The results of decreasing the number of buses at stopping points
“ during the optimization process

No. Stopping point Length Incoming traffic of buses, Required | Provision of | Measures
of SP, m | units/h length of | a safe stop of

At present After SP,m buses at SP
as a result of

optimization AR
optimization
urb/subur urb/subur
Druzhby street
1 26 microdistrict | 58 [ 185/24 [85/24 [40-60  |Isprovided [—
Boulevard Profsoyuzov
2 K-n Yunost 60 190/16 51/16 40—60 Is provided |—
3 12 microdistrict 47 190/16 51/16 40—60 Is provided |—
Olomutskaya street
4 Pharmacy 21,7 144/30 114/30 50-70 Is not To increase
«Vitapharm» provided the length of SP
Mira street from 37 microdistrict
5 24 microdistrict 52 118/49 78/71 50—-70 Is provided | —
Aleksandrova 45 263/71 78/71 50-70 Is not Redistribution
provided of suburban
7 Universam Urb30/ |234/74 62/74 50-70  |Isnot routes to TTH.
30subur provided for :t 15 1mpossil;lle
o increase the
8 Narimanova 30 234/75 62/75 50-70  |totaltraffic. | thof SP
Mira—Iskra 37 254/74 56/74 50-70
10 Mira (Pionerskaya) | 37 232/62 75/62 50-70

Prospect Lenina

11 Policlilnic 27 164/67 54/67 40—60 Is not Allocation of a
provided for | separate space
total traffic. | for private cars.

Redistribution of suburban route to TIH.

12 Koroleva street 44 164/67 54/67 40—-60 Is provided |—
13 Central market 61 164/67 54/67 40—60 Is provided |—
14 Central park 53 171/69 60/69 50-70 Is provided |—
15 Tovary dlya 53 171/69 60/69 50-70 Is provided |—
shkolnikov
16 Lenina square 80 291/95 107/95 50-70 Is provided | —
17 Kosmonavtov 35 291/95 107/95 50-70 Is not Redistribution
street provided for | of suburban
total traffic. | routes to TIH.
Itis

impossible to
increase the

length of SP
18 Bolnichniy 40 140/49 59/49 40—-60 Is provided | —
gorodok

19 Sverdlova square 80 175/64 65/64 50-70 Is provided |—
20 DK VGS 80 175/61 65/71 50-70 Is provided |—
21 PL. Stroitelei 48 201/71 84/71 50-70 Is provided |—
Gorkogo street

2 Gorkogo street 34 [ 140/49 [63/11 30—40 | Isprovided |—

2. On Mira street there is no safe stop of buses at 3. On prospect Lenina at the SP Policlinic, special

the stopping points «Aleksandrova street», parkingareas forcarsshould be allocated. Buses stop
«Universam», «Narimanova street», «<Mira street. Iskra  inthe second lane. In case of redistribution of suburban
shop», «Mira street. Pionerskaya». Redistribution of  routes to TIH, the solution of the problem is ensured.

suburban routes to TIH in the south direction is 4. At the ST «Kosmonavtov street» the length of
required. 35 meters does not provide a safe bus stop, a length
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of 50-70 meters is required. The length of the SP
cannot be increased due to insufficient space.
Redistribution of suburban routes to TIH will not help.

5. On Stroitelei square, due to the lack of
coordination of the work of carriers, there are
occasional situations when buses stop in two lanes.
It is necessary to coordinate the timetable for
movement of municipal and private buses.

6. There are no stopping points on 40 let
Pobedy street, therefore it is required to change
the routes of the routes leaving from the 27
microdistrict to 87 Gvardeiskaya street with a turn
to Druzhby street. Pedestrian accessibility of
stopping points for residents living and working in
the area of 40 let Pobedy street is provided to the
stops located on the streets of Karbysheva, 87
Gvardeiskaya, and is about 250-300 meters at a
standard of 500 meters.

As a result, at ten stops in the streets Mira,
Olomutskaya, prospect Lenina, even after reducing
the number of buses, a safe bus stop is not ensured
(Table 2).

Conclusion. The main disadvantages of
organizing passenger transportation by public
transport are:

1. The lack of co-ordination of the bus exit from
the initial stopping point of municipal and private
buses, which can lead to a simultaneous approach of
several buses.to stopping points.

2. The passage of suburban routes through the
city, which gives an additional load of the street-road
network.

There are proposals to improve the situation:

1. To ensure a coordinated exit of buses from the
initial stopping points.

2. Ifitis not possible to ensure a safe bus stop, to
organize new stopping points.

3. To plan the construction of transport-
interchange hubs on the outskirts of the city for
suburban routes, thereby excluding the passage of
suburban buses through the city.

4. To continue the optimization of the route
network, to streamline the use of fixed-route taxis, to
exclude the dubbing of urban public transport routes
by them.
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SAFETY AND SECURITY

/YZ[K 504.062.2

EneHa OBAHECOBA

Elena A. OVANESOVA
|

Criteria of Environmental Safety
of Railway Transportation
(TEKCT cTaTbu Ha aHrl. 3. —

English text of the article — p. 202)

B paHHOM cny4ae >xesie3HO40POXHbI
TPaHCMNOPTHbIV KOMIJIEKC NMPeACTaB/1eH
KakK 9/1eMeHT B CTPYKTYpe KOHLenuun
nepexona 3KOHOMUKU CTPaHbI

K ycToiynsomy pa3sutuio. lMpu aTom
noAHSAT BOMPOC 0 popMUpPoOBaHUN
06BbEKTUBHBIX KPUTEPUEB
aKoJsiormyeckoii 6esaonacHocTu
rpy30BbIX U MaCCaXXUPCKNX

nepeBo30k. CpopmupoBaHbl
aKosiornyeckue acrneKTbl aKcrnayaTaynm
JKes1Ie3HOA0POXXHOIro TpaHcnopTa

Y NpeasioXeHbl KPUTEePUasibHbI€ OCHOBbI
6e30MnacHOCTU MNPUYACTHbIX K AOPOram
nHppPacTPyKTYpPbl N MOABUXHOIO
cocTaBa, conyTcTByouieli nepeBo3Kkam
cpensbl.

Knro4eBbie c/ioBa: Xene3HOL0POXHbIV
TPaHCropT, NepeBo3ku, yCTONYNBOE
passuTue, 3K0JI0rM4eCcKne acriekTsl,

KpUTEPUN 3KOI0rn4eckori 6e30nacHoOCTH.
|

® MWP TPAHCIMOPTA, Tom 15, N2 5, C. 198-204 (2017)

BESOINACHOCITE

Kpmegvm 3KOJIOrM4ecKomn
e30MacHOCTHU
XXeNe3HOAOPOXHbIX MepPeBO30K

Osanecosa Enena Arexceeéna — accucmenm
Kaghedpvl mexrocghepHoli bezonachocmu Poccuiickoeo
yHusepcumema mparcnopma (MHUUT), Mockea,
Poccus.

pemy YIEHBIX HET eIMHOTO MHEHUSI, SIBJISI-

10TCSI JT MHBECTULIMM B Pa3BUTHE TPaHC-

TIOPTHOM CETH OCHOBOI SKOHOMUYECKOTO
pocTta, MPUBOAUT JIM SKOHOMUYECKOE Pa3BUTHE
K YBEJIMYEHUIO YrCa U 00beéMa nepeBo3oK. OnHa-
KO OYEBHUIIHO, UTO POCT IKOHOMUKM ¥ TPAHCTIOPT-
HOI1 Harpy3KW — TIPOLIECCHI B3aMMOCBSI3aHHbIE
M, KaK OTMEYEHO B TPAHCIIOPTHOM CTpaTeruu
Poccuiickoit enepaiu, «1o Mepe AaTbHEHIIero
Pa3BUTHUS CTPAHBI, PACIIMPEHUsI €€ BHYTPEHHUX
Y BHEIITHUX TPAHCTIOPTHO-3KOHOMUYECKUX CBSI3EH,
pocTa 00bEMOB MPOU3BOJICTBA U IMOBBILLIEHUST YPOB-
H$1 XKW3HU HACEeJIeHUsI 3HAUEHVE TPAHCTIOPTA U €T0
poJib Kak crucTeMoobpasyiolero gakropa OyayT
TOJIbKO Bo3pacTaThb» [1].

PazBurast TpaHCTIOpTHAs ceTh, 00OJIamaoNIas
JIOCTaTOYHOM MTPOITYCKHOM CIIOCOOHOCTBIO 1 BBICO-
KM YPOBHEM KauecTBa MIEPEBO30YHOTO TIPOILIEC-
ca,— HEOTheMJIEMBII 3JIEMEHT 9KOHOMUYECKOTO,
COIMATBHO-TIOJIUTMYECKOTO W KYJIBTYPHOTO TTPO-
rpecca Jilo0oro rocyIapcTBa.

HeiHerHee ero mosoxeHue ieiaeT TpaHCTIopT
OJIHUM U3 KITFOUEBBIX 3BEHBEB B ITEPEX0ie K HOBOMY
9KOJIOTMYECKOMY MUPOTIOpsIIKY. B mpotiecce cra-
HOBJIEHMSI 9KOJIOTIECKOM HAYKU BCE 0JIee MOHST-
HBIM CTaHOBWJIOCH TO, YTO YEJIOBEK CIIOCOOEH
BHOCHUTb YCTOWYMBBIE U3MEHEHUSI B CTPOCHUE
onocdepsl. OTHAKO TaKWe M3MEHEHUS UMEIOT
B OOJIBIIIMHCTBE CBOEM HETraTMBHbBIE TIOCIIEICTBYS



He TOJIBKO JUIS1 PUPOJIbI, HO M CaMOTO0 yesioBeka [2].
Kax cienctBre Ha cMeHy KOHIEIIMSIM TOTpeOu-
TEJILCKOTO OTHOIIIEHHUS K PECypcaM TTaHEThI Cero/-
HS1 TPUXOJTAT TIapaiirMa BOCTPeOOBAHHOCTH pally-
OHAJIBHOTO MIPUPOIOTIONIB30BAHMS: B HAYIHOM CO-
001IIeCTBe IIMPOKO MPU3HAHBI UIEW YCTOMYMBOTO
Pa3BUTHS, 00CYKIAIOTCS TaKne KOHLIETIIINM, KaK
«rumnote3a [en», «Teopusi 30J0TOr0 MULIUAPAA»
U IIp.

B poccuiickoii HaydyHOU TpaIuLIMU MEPEXON
K YCTONYMBOMY Pa3BUTHMIO PacCMaTPUBAETCS Kak
3Tar 3BOJTIOLIMU 6ruocdepbl B HOOChepy, a HE caMo-
11eJTb; YCTOIMBOE Pa3BUTHE, TIO MEPKAM 3aIaIHbIX
KOJIJIET, CBSI3aHO C MPO0IeMaMu SKOHOMUKH, HayKH,
TEXHUKH, HOBBIX 9KOJIOTUYHBIX TEXHOJIOTUH, B TO
BpEMSI KaK UIeV CTAHOBJIEHMSI HOOC(HEPHI B TIEPBYIO
04epe/ib aCCOIMMPOBAHBI C POCTOM JYXOBHOCTH,
HpPaBCTBEHHOCTH, (POPMUPOBAHNEM HOBOM ACTETH-
KM

TTomoOHBI MOAX0D XOPOLLIO MPOUILITIOCTPUPO-
BaH B. A. Bantomuneim u O. JI. Ky3HeloBbIM,
kotopsle uiyT: «HoochepHoe pa3ButHe (HOO-
c(eporeHes) u ycToiuMBOE pa3BUTHE, MO CYTH,
oueHb Onu3kue noudtusi. Hoocdepa — 3penbiit
¥ 3aBEpIIAOIINiA 3Tal Tepexoa K YCTONUMBOMY
Pa3BUTHIO, XelaeMasi Oyaylias KO3BOIIOLUS 00-
LIeCTBa ¥ NPUPOIbD> [LNT. 110: 3, ¢. 68]. B naHHoi
TPaKTOBKE TEPeCTpoiika MUPOBON 3KOHOMUKH
B COOTBETCTBUU C IMOJIOKEHUSIMU KOHIICTIIIUU
YCTOMYMBOTO Pa3BUTHS, TO €CTh MEPEXOJ K COCTO-
STHUIO TADMOHMYHOTO POCTa, HE CTaBSIIETO O
YIpo3y KU3Hb OYIyIIMX MOKOJIEHU,— HaCyIIHast
HEOOXOMUMOCTh, 00513aTe/IbHOE YCIOBUE U OCHOBA
JaJbHENIIEro SBOTIOMOHHOIO Mporpecca. JKo-
HOMMYECKHI pOCT HEOOXOMMM, OTHAKO OH IOJDKEH
OBITb COTPSIKEH C MEPEXOIOM K KaueCTBEHHO HO-
BBIM TEXHOJIOTHSIM, CHIXKAIOIIAM YIENbHYIO Ha-
IPY3Ky Ha OKPYXaloIlylo MPUPOIHYIO CPely Ha
€MHUILY TIPOM3BOIMMOM TIPOIYKIIMY WJTH YCITYT.

J1o060i1 00beKT TexHOCPEPHI, B TOM YUCIE
1 KeJIe3HOIOPOXHBIN TPAHCIIOPT, MPECTABISIET
c0o00ii crCTEMY, B3aMMOJICICTBYIOLIYIO C OKPYyXa-
olIel ero cpemoii. Penraroimm TyT CTaHOBUTCS
BbIJIEJICHUE BCEX ACTEKTOB TAKOTO B3AUMOJICHICTBYS,
OLIEHKA VX 3HAYMMOCTH, BO3MOXHBIX ITyTeii KOHT-
poss u perynupoBanud. [Ipobiema xe cocTout
B TOM, YTO Ha CETOIHSIITHUI IEHb TIPE/IEIIbl YCTOM-
YMBOCTH OMOTEXHOC(hEPHI M3Y4eHbI HEOCTATOUHO,
a CJIeoBaTeIbHO, HET M OOBEKTUBHBIX KPUTEPUEB
OLIEHKH WX 3HaYMMocTH. [Ipu 3ToM pazpaboTka
W pean3aiys SKOJIOTUYECKMX KPUTEPUEB, OCHO-
BaHHBIX Ha TIPUHIIMIIAX TIEpeXo/ia B HOBOE YCTOM-
YMBOE COCTOSTHUE, JITIs TPUHSITUS PEIIIEHNMSI B ITOJTh-
3y HauOoJiee ONTUMATBLHOTO BapUaHTA Pa3BUTHS
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3KEJIe3HOIOPOXXHOTO KOMILIEKCA U €T0 OTIEbHBIX
KOMITOHEHTOB OECCIIOPHO HEOOXOIMMBI.

ZKene3HomOpOKHBII TPaHCTIOPT, 1O TIPU3HA-
HUIO CTMEIMATNCTOB, CETOIHS CUNTACTCS OTHUM
13 HarboJiee IKOJOTUYHBIX. DMUCCHUST YTIIEKIC-
JIOTO ra3a, MPUXOASIIASICS Ha OHOTO Taccaxupa
Ha KWUJIOMETp IyTH, MPHU MOe3IKe Ha TMoe3e
TIPUMEPHO B TPU pa3a MeHbIIIe, YeM Ha MallluHe,
1 B YeThIpE pa3a MeHbIlle, YeM Ha caMoJiéTe [4].
C npyroit CTOPOHBI, O JTOCTATOYHOCTH YPOBHSI
9KOJIOTUYECKO 0e30TTaCHOCTH Ha XeJIe3HBIX
JIOpOTax BCe Xe TOBOPUTH He Tpuxoautcs. 1o cux
TOp He HaXOJWT CBOETO PeLIeHMs LEIbIN psif
pooJeM.

Ha ocHoBe aHam13a nepeBo304HOro npolecca
KaK MCTOYHMKA HETaTUBHOTO BO3IEUCTBUS Ha
OKPYXAIOIIYIO CPEy MOKHO BbIICIUTH;

* BHEUIHUIA LIYM;

* JJIEKTPOMArHUTHOE U3ITyYeHNUE;

*+ OakTepuasbHOE 3arpsi3HEHUE TOPOKHOTO
TIOJIOTHA U TIPWJIETAIOIMX TePPUTOPHIA;

* 3arpsI3HEHUE TIPUJIETAIONINX TePPUTOPUI
TSDKENTBIMU METaJIaMU, IPYTUMU OpraHUYeCKUMU
Y HEOPTaHMYECKMMHU OTTACHBIMU BEIIECTBAMU (Mac-
112, CMa3KH, JIEKTPOIIHT);

* BBIOPOC MPOIYKTOB CrOPaHUsI TOTUTMBA JIOKO-
MOTHBAMU TIPY pabOTE YTOIBHBIX KOTJIOB CUCTEMBI
OTOTLIEHHS;

* 9JIEKTPONOTPeOIeHHE;

* pacxo[ BOJIbI, YIJISI U IPYTHUX PECYPCOB;

* 00pa3zoBaHME OMACHBIX HEOPTAHMYECKUX
OTXOJIOB;

* (bparMeHTaLus SKOCUCTEM;

* OTYYXIEHHUE TEPPUTOPHIA TTOJT CTPOMTETHCTBO
JIOPOTH U TIPHJIETAIONIEi MH(MPACTPYKTYPHI.

ITockosbKy 00BEKTUBHBIE U BCEOOBEMITIOLIME
KPUTEPUH OIIEHKM TAHHBIX aCTIEKTOB IPY OTCYTCT-
BUM TIOJTHOM UCXOHOW MH(OPMAIIMU MOTYT OBbITh
chopMyJIMPOBaHbI TOJIBKO YaCTUYHO, TIPEUIarao
Te KPUTEPUHU OLIEHKU SKOJIOTUYECKOii O6e30TacHO-
CTH XeJIe3HOIOPOKHOTO TPAHCIIOPTa, KOTOPhIe
JOCTVDKVMBI TSI peaTi3alii:

* yIIeJIbHOE TIOTPeOJIeHNE SHEPTUM Ha eMHUITY
MEPEeBO3MMOTO IPy3a WK NacCcakupa;

* KOHEYHOE TIOTpeOJIeHNE SHEPTHH KeJIe3HO-
JIOPOXXHBIM TPAHCTIOPTHBIM KOMITIEKCOM;

* JIOJISI MCTIOJb30BAaHUSI albTePHATUBHBIX
VCTOYHUKOB 3HEPTUU U IKOJOTMIECKU YMCTHIX
BUJIOB TOTLINBA,;

* YIIeJIbHBIE BHIOPOCHI 3arpsI3HSIOIINX BEIIECTB
Ha eIMHUITY TIEPEBO3UMOTO TPy3a WK TTacCaxurpa
(ompenensroTcs 1o pesy/ibTaTaM MHBEHTapU3aIy
BBIOPOCOB OT 00BEKTOB XEJIE3HOAOPOXHOTO TPAHC-
MopTa);

OBaHecoBa E. A. Kputepuu sKon0ormieckom 6€30nacHOCTN XXeJNe3HO40POXHbIX MEPEB0O30K




Ta0muua 1

AHaIIM3 3HAYMMOCTH HEKOTOPBIX 3KOJOTHYECKHX ACIEKTOB JKeJIe3HOIOPOKHBIX NMACCAKMPCKUX
nepeBo30K Mo Ko3GUIMeHTy npeBbilieHHs] HOPMATHBHOTO ((hOHOBOTO) 3HAYEHHS

No /it ®dakrop ®dakrnyeckoe HopmarusHoe Koabduuument Ccbuika
3HAYCHHE (dboHoBOE) npebiieHust (N) | Ha UCTOUHUK
3HAYCHUE MCXOIHBIX
JIaHHBIX

1 3arpsi3HeHUE MOYBOTPYHTOB TSDKEIBIMU METAILIAMI — o 1o 130* [6]
(Ha pacctostHuM 100 M OT OCH IJIABHOTO X0/1a)

2 Hanpspk€HHOCTD MATHUTHOTO 1107151 (Ha PACCTOSTHUI 86,7 16 5,4750 [7, 8]
2 M ot ocu iyt ripu Toke 1000 A), A/m

3 1lym (na paccrostnnm 100 M 76,5 55 1,3909 19, 10]
OT OcH NyTH), 1BA

4 VaenbHast SMUCCHSI TAPHUKOBBIX Ta30B B IPY30BbIX 35 — 0,0534** [12]
TIepeBO3Kax (I13eIbHas TATa), T/T * KM

5 VienbHast SMUCCHSI TAPHUKOBBIX Ta30B B IPY30BbIX 18 — 0,0247%* [12]
TIepeBO3Kax (JIeKTpudecKast TsIra), I/T * KM

6 Hanps:k€HHOCTD 3IEKTPUYECKOTo Most (Ha paccTosi- 1,9 1000 0,0019 [7,11]
HUM 3 M OT ocu myTH Ha BeicoTe 1,8 M), B/M

n
*C i G cZe=> ———(n-1), c0e =—— —
YMMApHbIU NOKA3amendb 3aePA3HEeHUA MANCENbIMU MEeMANNAMU.! s coe OMHOUleHUe
i=l Vi Bi

codepacanus InemMenma 8 uccaedyemom 00seKme Kk cpeoHemy (OHOBOMY €20 COOEPICAHUIO.
** B kavecmee (hoH08020 3HAMEHUS NPUHAMA YOCAbHAS IMUCCUS NAPHUKOBIX 24308 045 AGUAUUOHHO20 MPAHCROPMA.

* BAJOBOK BBIOPOC 3arpsi3HSIIONIMX BEILECTB
2KeJIE3HOJOPOKHBIM TPAHCTIOPTHBIM KOMILIEKCOM;

* yIeIbHBIC BRIOPOCH! TAPHUKOBHIX Ta30B Ha
€IMHULLY TTEPEeBO3UMOTO Ipy3a UM MacCcaxupa;

* BaJIOBOI BEIOPOC TTAPHUKOBBIX TA30B XKeJIe3-
HOJOPOKHBIM TPAHCTIOPTHBIM KOMILIEKCOM;

* TIPEBBILLIEHNME JOMYCTUMBIX 3HAUEHUIA KpUTE-
pHeB KayecTBa aTMOC(EPHOTO BO3MyXa, ITOBEPX-
HOCTHBIX M TOA3EMHbBIX BOJI, TIOUYBbBI BCJIEACTBUE
MPOLIECCOB IKCILTyaTallMK KeJIE€3HOA0POKHOTO
KOMILIEKCa;

* CTeTIeHb (PparMeHTAIINN SKOCUCTEM;

* OTYYXJICHUE TEPPUTOPUI JUTSI TPAHCTIOPTHOM
MHPACTPYKTYPBI;

* TOCTYITHOCTb U ITPUBJIEKATEIbHOCTh HA PhIH-
K€ TPAHCTIOPTHBIX YCIIYT.

Heo0xoa1Mo Takke yUuThIBaTh TO, YTO IKOJIO-
ITMYECKUE aCTeKThl U KPUTEPUU IKOJOTMUYECKOM
0€30TaCHOCTH MOTYT OBITh Pa3IIMIHbI TS PA3HBIX
sKocucteM. Tak, Harpumep, Ipu pa3padoTKe Me-
PONPUSITHIA ITO CHIDKEHUIO HETaTUBHOT'O BO3IEICT-
BUSI TPAHCIIOPTA HA OKPYXKAIOIIYIO CPEy B UepTe
HaCeJIEHHBIX MYHKTOB, 0€3yCJIOBHO, HA MEPBbIii
IUIaH BBIXOJST TPAHCTIOPTHBIM 1IyM, 3arpsi3HEHUE
aTMocdepbl MPOIYKTaMHI CTOPAHUST TOILIMBA, OT-
YyXTEHNE TepPUTOpUil (B YCIOBUSIX TUIOTHOI TO-
POICKOI 3aCTPOMKM), TOBBIIICHUE YPOBHS
2JIEKTPOMArHUTHOM HAMPSKEHHOCTH, 3arpsiI3HEHUE
1ouBkl. /11 0c000 oXpaHsieMbIX IIPUPOIHBIX TEP-
PUTOPUI KITIOYEBBIMU CTAHOBSITCS TAKAE MOMEHTBI,
KakK IITyM OT TPaHCIIOPTHBIX 00BEKTOB 1 (hparMeH-
Talsl 9KOCUCTEM, OKa3bIBAIOLIME KITIOUEBOE BIIMSI-
HHE Ha CMEHY MECTOOOMTaHUS ¥ MUTPALIIIO TIOTTY-
Jauuid. st 3emMenb celbCKOXO3SIMCTBEHHOTO Ha-
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3HAUCHUST HanboJIee 3HAYMMBIM CTaHET 3arpsi3He-
HUE MOYB TIXKEABIMU MeTalJaMu, IPYTUMU
BPETHBIMYU 1 OTTACHBIMM BEILIECTBAMMU.

B ycnoBusix Manioii U3y4eHHOCTH YCTOMYHUBO-
CTH OMoTeXHOC(EPHl 1 HEBO3MOXHOCTHU OIIpe/ie-
JICHUSI KOJTMYECTBEHHBIX TI0Ka3aTeNeil Mo BceM
TIpeITaraeMbIM KPUTEPHUSM IIPIHSITO PYKOBOICT-
BOBAThCS IPUHLIUIIOM «HYJIEBOI'O BO3IEHCTBUS»,
TO €CTb HOPMaJIbHOE (MACANBHOE) COCTOSTHUE
03HAyYaeT caMO OTCYTCTBUE IOTEHIINATBHO OTac-
Horo (dakropa. Takoil moxxom, BIIPOYEM, XOTS
U SIBJISIETCS] HBIHE HamOoJiee BOCTPEOOBAHHBIM,
MOXET MPUBOANTH K HEKOTOPOMY MCKaKECHUIO
Pe3yJIBTaTOB MPH ITPOBEACHIH OIICHKU SKOJIOTH-
YEeCKHIX PUCKOB.

JI71st OIIeHKM 3HAYMMOCTH 3KOJIOTUYECKUX ac-
TIEKTOB B YCIIOBHSIX HACEIEHHBIX ITYHKTOB C OIIpe-
JeJIEHHBIMU OTPAaHMYCHHUSMU TIPUTOIHA MOJICIb
WHTETPAIBHON OLEHKU, B OCHOBY KOTOPOU MOJIO-
JKeH 3aKOH MUHUMYyMa JInubuxa. Mozenb onvcaHa
B pabote «Mojiesib MHTETpabHOM SKOJIOr0-TUTHE-
HMYECKOI OLIEHKM ITPOM3BOACTBEHHOM Cpe/ibl» [3].

O1IeHKY Ka4yecTBa Cpe/Ibl IPeIaracTcs IIpoBO-
JTUTBH T10 CIIEMYIOIIEN CXEME:

1. OnpeneseHye HabOpa mapaMeTpPoB, IO KOTO-
pPBIM OyZIeT MPOBOAUTHCS OlieHKa. [TapameTpsl
MTOAOMPAIOTCS ¢ YIETOM 0COOCHHOCTEM 00BEeKTa
HCCIICIOBAHNSI.

2. OmpeneneHre HOPMATUBHBIX ((DOHOBBIX)
3HAYCHUI I BRIOPAHHBIX ITApaMETPOB B COOTBET-
CTBUM ¢ KaTeTopueli 00beKTa 1 LETIBIO MCCIIen0Ba-
HUSL

3. KomryecTBeHHasT O1leHKa BBIOpAaHHBIX ITapa-
METPOB.

OBaHecoBa E. A. Kputepum skonormyeckon 6e3onacHoCcTU XKeJ1Ie3HOAOPOXHbIX MepPeBO30K



4. OnpeneneHyie OTHOCUTEBHOTO MoKa3aTelist
KauecTBa cpefbl 1o hopmyJie
E=max(N, N,..N),
r1e N, — HaXOIUTCA [0 YCTAHOBJIEHHBIM 3aBUCHMO-
CTSIM:

— JUIS TAPaMETPOB CPe/ibl C BEPXHUM IPENEIOM

JTOITYCTUMBIX 3HAYECHMIA
C
N,=-1,
P

e C, — (hakTMyeckoe 3HaYEHHE N-TO NapameTpa
cpenbl, P — HopmatuBHOE ((hOHOBOE) 3HAUEHHE
N-TO MapameTpa;

— IS ITApaMEeTPOB CPEJIbI C HYDKHUM MPEISIOM

JOIYCTUMBIX 3HAYEH WA
P
N, =—"*;
C.

1

— IUIsI TAPAMETPOB CPEJIbI C I1ATIa30HOM JIOITY-
CTUMBIX 3HAUEHMIA [a, b]

C -
N, = 2?5—1 npn  C, [a,b];
N, =S npu 6>

b
N, =% npu C, <a.

1

B tabnuue 1 nmpeacraBieH npuMmep aHaau3a
3HAYMMOCTHU BKJIaJia HEKOTOPBIX KOJOTMYECKUX
ACIEKTOB 3KCILIyaTalluu XeJe3HOAOPOXKHOTO
TpaHcnopTa. MicxonHble JaHHbIE A1 aHAIU3a 10-
JIydeHbI U3 paHee OMyOJIMKOBAHHbBIX UICTOYHUKOB.
PanxupoBaHue acrekToB MPOBEAEHO MO KO3 hu-
LIMEHTY MPEBBILIEHUSI HOPMATUBHOTO ((POHOBOTO)
3HaYeHMs1 hakTopa. Pe3ybraThl aHaIM3a MoKa3aiu,
YTO CPelr PacCMOTPEHHBIX (haKTOpoB HamboJsee
3HAUMMBIMU TSI OKPYKAIOLIel Cpefibl SBISIOTCS
3arpsI3HEHKE TIOYBOTPYHTOB TSDKEIBIMU MeTalla-
MU, TIOBBIILIEHUE YPOBHS HANPSDKEHHOCTH MarHUT-
HOTO OIS BOJIM3M 271eKTPUDUIIMPOBAHHBIX y4acT-
KOB, a TAKKe aKyCTUUECKOE 3aTpsI3HEHNE ITPUJIeraro-
LLIMX TEPPUTOPUIA.

3AKJTIOHMEHUE

TIpoGnema pa3pabOTK1 OOBEKTUBHBIX KpUTE-
pUEB OLIEHKM 3KOJOTUYECKOI 6e30MacHOCTH
TPaHCIIOPTa, KakK 1 11000 APYyroii 0Tpac/y Hapoa-
HOTO XO3SIiCTBa, SIBJISIETCS aKTyaIbHOIM 1 Ha ce-
TOJHSIIHUI JIeHb TOJIbKO HAMEUEHBI ITYTH €€ pe-

mreHus. KoHLemmst pa3BUTHs Xele3HOT0POKHO-
IO KOMILJIEKCa TOJDKHA BKIJIIOYATh OTpeNeIEHHbIE
nokasateau 3G@GEeKTUBHOCTU MO KPUTEPUIM
3KOJIOTMYECKOI 0e30MacHOCTH, a He HOCUTD UC-
KJTFOUMTENTBHO AEKJIapaTUBHBII XapakTep. B ocHo-
BY pa3pabOTKU TaKOW KOHIIEMIIMU MOTYT ObITh
MOJIOXEHBI U MPEIIOKEHHBIE B CTAaThe KPUTEPUH,
OJTHAKO OCTAETCS MOKa OTKPBITHIM BOIMPOC O Me-
TOJIOJIOTUU UX OLIEHKM.
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ABSRACT

The article describes the case when railway transport
complex is presented as an element within structured
concept of national economy’s transition to sustainable
development. A question of formulating objective criteria

of environmental safety of freight and passenger
transportation is discussed. Environmental aspects of
operation of railways are developed, and criteria-based
approaches to safety of railway-related infrastructure,
rolling stock and environment are suggested.

Keywords: railways, transportation, carriage, sustainable development, ecological aspects, criteria of

environmental safety.

Scientists have no unity of opinion on whether or
not investments into the development of the
transportation network are the foundation of
economic growth; and whether economic growth
leads to increased intensity and volume of
transportation. It is evident, however, that economic
growth and the growth of «transportation load» are
related processes, and, as noted in the transportation
strategy of the Russian Federation, «along with
further development of the country, expansion of its
internal and external transportation and economic
links, increased production volumes, and
improvement of the nation’s standard of living, the
importance of the transport sector and its role as a
systemic factor will only go up» [1].

A well-developed transport network that has
sufficient throughput capacity and a high quality of
transportation processes is an indispensable part of
economic, sociopolitical, and cultural progress of any
nation.

Its current state makes transport one of the key
links in the transition to a new environmental world
order. As the science of ecology was maturing, it was
becoming increasingly clear that humans are capable
of making persistent changes in the structure of the
biosphere. However, such changes have had mostly
negative consequences not only for the natural
environment, but also for humans themselves [2]. As
aresult, the old concepts of treating the planet merely
asasetofresources to be consumed are increasingly
superseded by a paradigm of more careful and
rational treatment of the Nature: ideas of sustainable
development have gained universal recognition in the
academic community, and such concepts as the Gaia
hypothesis and the «theory of the golden billion», etc.
are explored.

The Russian academic tradition views the
transition to sustainable development as a stage in
the evolution of the biosphere into the noosphere,
rather than an end in and of itself: sustainable
development, in the view of western academics, has
to do with problems addressed by economics,
science, engineering, and novel environment-friendly
technologies; whereas the ideas of transitioning to
the noosphere are primarily associated with spiritual
growth, morals, and the emergence of new aesthetics.

Such an approach is well illustrated by
V. A. Vanyushin and O. L. Kuznetsov, who write,
«Noospheric development (the genesis of the
noosphere) and sustainable development are
essentially very close notions. The noosphere is a
stage of maturity and completion in the transition to
sustainable development» [3, page 68]. Construed
like this, the restructuring of the global economy in
line with the dicta of sustainable development as a
general concept, i.e. the transition to a state of
harmonious growth that bears no threat to the lives of
future generations, is an existential need, a required
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condition, and the foundation of further evolutionary
progress. Economic growth is necessary; it must,
however, involve a transition to qualitatively new
technologies that would reduce the specific load on
the natural environment per unit of product or service.

Any element of the technosphere, including rail
transport, is a system that interacts with its
environment. It is critically important that we identify
allaspects of this interaction, assess their significance,
and determine possible methods of their control and
regulation. What poses the greatest problem is that
to-date, the limits of the biotechnosphere’s stability
have not been studied and understood sufficiently,
and therefore there are no objective criteria to make
a judgment on their significance. That said, the
development and application of ecological criteria
that are based on the principles of transition to a new
sustainable state is unarguably necessary in order to
decide on the most optimal way to develop the railway
complex and its individual components.

Today, experts recognize rail transport as one of
the most environment-friendly modes of
transportation. In transportation by rail, emissions of
carbon dioxide per passenger per kilometer are about
one third of those in automotive transportation and
one fourth of air transport emissions [4]. On the other
hand, we still cannot say that railways’ environmental
safety is at a sufficiently high level. A whole range of
problems remain unsolved.

Our analysis of the transportation process as a
source of negative impacts on the environment
reveals the following factors:

* noise emissions;

- electromagnetic emissions;

« bacterial contamination of the rail track and
adjacent areas;

+ contamination of adjacent areas with heavy
metals and other organic and non-organic hazardous
substances (oils and other lubricants, electrolytes);

« emissions of fuel combustion products by
locomotives that use coal-fired heating boilers;

= consumption of electricity;

« consumption of water, coal, and other resources;

« generation of dangerous non-organic waste;

+ fragmentation of ecosystems;

« taking up land for the construction of railways
and associated infrastructure.

Given that, in the absence of complete input
information, an objective and comprehensive set of
criteria for the assessment of the above factors can
be defined only partially, we suggest only those criteria
forthe assessmentofthe rail transport’s environmental
safety that lend themselves to practical application:

« specific energy consumption per unit of freight
or per passenger;

- total use of energy by the rail transport complex;

« share of alternative energy sources and
environmentally friendly types of fuel;
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Table 1

Significance analysis of some environmental aspects of passenger railway transport by the
coefficient of normative (background) value violation

No. | Factor Actual value Normative Violation Source of
(background) | coefficient input data
value (N)
1 Contamination of soils with heavy metals — — up to 130* [6]
(at a distance of 100 m from the primary
traffic axis)
2 Magnetic field intensity (at a distance of 86.7 16 5.4750 [7, 8]
2 m from the track axis and at the current of
1,000 A), in A/m
Noise (at 100 m from the track axis), in dBA | 76.5 55 1.3909 [9, 10]
Specific emission of greenhouse gases in 35 — 0.0534** [12]
freight transportation (diesel locos), in
g/t-km
5 Specific emission of greenhouse gases in 18 - 0.0247** [12]
freight transportation (electric locos), in
g/t-km
6 Electric field intensity (at 3 m from the track | 1.9 1000 0.0019 [7,11]
axis, at a height of 1.8 m), in V/m
L C
* Cumulative value of contamination with heavy metals: Zc= Zf' ~(n-1),
=l “~bi
C.
where —— is the ratio of element content in the research sample to the mean background content of the element.
bi
** Adopted as the background value is the specific emission of greenhouse gases for air transport.

« specific emissions of contaminants per unit of
freight or per passenger (as determined by
inventorying emissions of rail transport facilities);

« cumulative emissions of contaminants by the
rail transport complex;

« specific emissions of greenhouse gases per unit
of freight or per passenger;

« total emissions of greenhouse gases by the rail
transport complex;

- violations of admissible quality criteria of
atmospheric air, surface and ground waters, and soil
resulting from processes involved in the operation of
the railway complex;

« degree of ecosystems’ fragmentation;

« alienation of land for transportation
infrastructure;

« accessibility and attractiveness to customers
on the market of transportation services.

It should also be taken into account that
environmental aspects and environmental safety criteria
can be different for different ecosystems. For example,
when measures are designed to reduce the negative
environmental impact of transport in populated areas,
such factors come into the foreground as transport-
related noise, contamination of the atmosphere with fuel
combustion products, alienation of land (in the
conditions ofa densely built-up urban areas), increased
intensity of electromagnetic fields, and contamination
of soil. For specially protected nature reserves, such
factors become key as the noise from transport facilities
and ecosystem fragmentation that have the decisive
impact on the change of habitats and migration of
biological populations. For agricultural lands,
contamination of soils with heavy metals and other
harmful or dangerous substances is the most significant.

In view of the current limited understanding of
biotechnosphere stability, and the impossibility of
determining the quantitative indicators for all of the
proposed criteria, itis customary to proceed from the

principle of «zero impact», meaning that the normal
(ideal) state is the absence the potentially damaging
factor. This approach, although the most accepted
one today, may however lead to a certain distortion of
the results obtained through the process of
environmental risk assessment.

To evaluate the significance of environmental
aspects in populated areas, the integral assessment
model based on the Liebig’s law of the minimum is
suitable with certain qualifications. The model is
described in the paper A model of integral ecological
and hygienic assessment of the industrial environment
[5].

The following procedure is suggested for
environment quality assessment:

1. Determine a set of parameters by which to
perform the assessment. The parameters are
selected in view of the specific features of the object
to be studied.

2. Determine the normative (background) values
of the selected parameters in view of the category of
the object and the purpose of the study.

3. Perform the quantitative evaluation of the
selected parameters.

4. Determine the relative indicator of the
environment quality by the formula

E=max(N, N,...N,),

where N, is determined by the identified
dependencies:

— for environmental parameters that have a ceiling
of admissible values

v,=&,
P,
where C, is the actual value of the n" environmental
parameter, P,is the normative (background) value of
the n" parameter;
— for environmental parameters with a floor of
admissible values
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Table 1 is an example analysis of the significance
of contributions made by some environmental aspects
of rail transport operation. The input data for the
analysis were taken from published sources. The
aspects were ranked by the coefficient reflecting the
degree of violation of the normative (background)
value of the parameter. The analysis shows that, out
of the reviewed factors, the greatest significance was
associated with the contamination of the soils with
heavy metals, excessive levels of magnetic fields
intensity in the vicinity of electric railway sections, and
acoustic contamination of adjacent areas.

Conclusions

The problem of developing a set of objective criteria
to be used for assessing environmental safety of the
transport sector, as well as any other sector of the
economy, remains unsolved. Today, only paths to its
solving have been outlined. A conceptual strategy for the
development of the railway complex mustinclude certain
effectiveness indicators based on the environmental
safety criteria rather than be merely declarative. The
criteria suggested in this article can, among others, be
laid in the foundation of the effort to develop such a
conceptual strategy. However, the question of a
methodology to be used for their validation remains open.
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SKCMPECC-UHDOPMAILNG

MKAO U SAOAYN UAEHTUDUKALIUUN NMACCAXUPOB

leHepanbHbiii cekpetapb UKAO a-p DaH JTio.

24—26 okTs0ps 2017 rona cocTosics Tpu-
Haanarblii Cumnosuym UKAO no crparernn
peanu3zanuu [IporpamMmbl uaeHTHUKADMH
naccaxupos (TRIP).

«Ctparerug peanmuzauuu TRIP UKAO
YKpEIUISIeT [JI00aJbHbIA MEXaHU3M 3aLUTh
OT MEXAYHAPOIHOIO TePPOPU3Ma, TpaHCTpa-
HUYHOM MPECTYNHOCTU U MHOIUX IPYIUX
yIrpo3 6e30IMacHOCTH rpaskIaHCKOT0 O0IIIeCT-
Ba 1 0€30I1aCHOCTHU MOJIETOB MEXIyHAPOIHOMI
aBUaLlMU»,— MomgdYepKHyaa [eHepaabHbII
cekperapb MKAO n-p ®an JIio B cBoeM BbI-
CTYIUICHUM Ha OTKPBITUU CUMIIO3UYMaA.
«J1esTeTbHOCTh B 00/1aCTH YIIpOIIeHUS (hop-
MaJIbHOCTEM B 3HAUUTEJIbHOM MEPE COOECT-
ByeT moctuxeHuto neneir OOH B obmactu
ycroituuBoro paszsutus (LIYP), u crparerus
peanu3zauuu TRIP MKAO Takxxe BHOCHUT
CYLIECTBEHHBI BKJaa B OCYLIECTBIECHUE
pe3omounii 2178 n 2309 Cosera be3omnacHo-
ctu OOH».

Byny4u riaBHbBIM 13 IIPOBOAMMBIX B MUPE
MEPOIPUATHI 1O TMPOE3AHBIM JOKYMEHTAM
M YTIpaBJIeHUIO naeHTUuKalmeii, 37ot Cum-
no3uyM 1o TRIP gBisgeTca BaKHBIM I1arom
B OCYILLIECTBJIEHUH [J1I00aIbHOM KOHTPTEPPO-
PUCTUYECKOU AESITEIbHOCTU MO IIPUOPUTET-
HbIM HaIlpaBJIeHUSIM, KOTOPbIE HEAABHO ObLIN
omnpeneneHbl CoBetoM be3omacHoctu Opra-
Huszaumu O0beanHEHHBIX Harumit.

Ha 3acemannax Cumnosuyma o TRIP
2017 rona y4aCTHUKY MOTJIA MIOJTyYUTh OOHOB-
JIEHHYI0 MTH(MOPMALIMIO 0 HanboJjiee COBpeMeH-
HBIX METOJaX JOCMOTpa U obecreueHus 6e3-
OIIACHOCTH, OCHOBAHHBIX HA OLIEHKE PUCKOB,
MIpU yIeIEHUU 0COO0T0 BHUMAHUS BAXKHOCTH
COTPYAHMYECTBA M HapalllMBaHUsI IOTEHLIMA-
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WKAO 1 3apaun ngeHtudunkauum naccaxxupos

JIa TI0 Mepe TOTro, KaK rocyiapcTBa puHUMA-
FOT MEPHI TI0 YKPETIJICHUIO CBOMX COOTBETCT-
BYIOIIIMX MEXaHU3MOB 3aIUTHI.

B konTekcre Boimycka Cooparka MKAO o
TRIP Ha cumIto3nymMe BHOBb pacCMaTpUBaICs
BOIPOC O HEOOXOAMMBIX TOCyIapcTBaM Oosiee
IIAPOKUX PEKOMEHIALIMSIX 110 TUTAHUPOBAHUIO
u peaym3auy TRIP. B atom HoBOM 1 BceoOb-
EeMJTIOIIIEM CITPAaBOYHOM JTOKYMEHTE TTPeCTaB-
JICHBI COOTBETCTBYIOIINE MHUITMATUBBI TAKMX
MapTHEPCKUX OpraHU3alMii, KaK YIpaBieHUe
Opranuzaimu OobeanHEHHBIX Hatimii mo Hap-
kotukam u ipectyrrHoctr (FOHO/IK), MuTep-
nos, EBporneiickuii coro3, OpraHu3anus 1o
0e30IMacHOCTH U cOTpyaHUYecTBY B EBporie
(OBCE) u MexmyHapomHast OpraHM3allys 110
murpat (MOM), a Takke psii AOTTOTHUTE b~
HBIX MHCTPYKTUBHBIX MaTepranioB MKAO.

CummnosuyM 1o TRIP 2017 roma 6b11 mocBsI-
1mEH TeMe «[ToBblllIeHne 6e30macHOCTH U (-
(EeKTUBHOCTU BO3MYIIHOTO IBUKEHMST», UTO
OTpaXkaeT CTPEMJICHHE CeJIaTh XOPOIIIO pa3pa-
OOoTaHHBIE TEXHOJIOTMH O0eCIIeUeHMsI Oe30Imac-
HOCTH elIE 1 CPEICTBOM CO3IaHMUsI 00JIee KOM-
(hOPTHBIX YCITOBUIA TSI TTACCAKMPOB M TIOBBIIIIC-
HUs 3 GEKTUBHOCTU MPOLIECCOB YITPOIIECHMS
¢dopmasibHOCTEN B 1LIeIOM. «TOJIBKO TTOCPEICT-
BOM BBITIOJTHEHUSI 3THX JIBYX ITEPBOOYEPETHBIX
3amay cOaTaHCMPOBAaHHBIM 00Pa30M MBI CMO-
K€M 00eCIIeYNTh MOIIMHHYI0 YCTOMIMBOCTD
MpeajaracMbIX HaMM TTOAXOMOB»,— CKasajia
B 3aKkimodeHue a-p Jlo.

YuactHuku cummosuyma no TRIP 2017
ro/ia TaKKe 03HAKOMMIIHCH C OOJTBIIION BBICTAB-
KOM, Ha KOTOPOI1 ObIJTN MPOAEMOHCTPUPOBAHDI
HOBEHIIIME OTpacieBbIe TEXHOJIOTUICCKIUE
M TIpOIIeAypHbIe THHOBAIMK. B 3TOM Meponpusi-
THM IPUHSUTA ydacTre 0Kos10 600 oprLaibHbIX
i 13 82 rocymapctB U 14 MekmayHapOIHBIX
OpraHu3anui.

Ilo mamepuaram HKAO: https://www.icao.
int/Newsroom/Pages/RU/ICAO-traveller-
identification-event-highlights-key-aviation-
role-in-combatting-terrorism-and-cross-
border-crime.aspx °




ICAO Secretary General Dr. Fang Liu.

ICAO’s 13" Traveller Identification
Programme (TRIP) Strategy Symposium took
place on October 24—26, 2017.

«The ICAO TRIP strategy reinforces the
global line of defence against international
terrorist movements, cross border crime, and
the many other threats to the safety and
security of civil society and international
aviation», stressed ICAO Secretary General
Dr. Fang Liu in her opening address to the
event. «Facilitation activities are strongly
supportive of the UN Sustainable Development
Goals (SDGs), and the ICAO TRIP Strategy
also significantly contributes to UN Security
Council Resolutions 2178 and 2309». The
world’s foremost travel document and identity
management event, this latest edition of the
TRIP Symposium is seen as an important step
in maintaining the global momentum on anti-
terrorism priorities recently achieved through
the United Nations Security Council
(UNSC).

2017 TRIP Symposium sessions provided
participants with new insights into latest
screening and risk-based security measures,
while stressing the importance of partnerships
and capacity-building as States work to shore
up their respective lines of defence.

The extended TRIP planning and
implementation guidance needed by States was
further addressed at the event through the
launch of ICAO’s TRIP Compendium. The
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new and comprehensive reference document
showcases related initiatives by partners such
as the United Nations Office on Drugs and
Crime (UNODC), INTERPOL, the European
Union, the Organization for Security and
Cooperation in Europe (OSCE), and the
International Organization for Migration
(IOM), while further collating a range of
additional ICAO guidance material.

The 2017 TRIP Symposium was centred
around the theme of «Making Air Travel more
Secure and Efficient», reflecting the fact that
well-designed security technologies also
support the improvement of the passenger
experience and the efficiency of facilitation
processes more generally. «It is only by ensuring
both of these priorities in a balanced way that
our proposed solutions will be truly sustainable»,
Dr. Liu concluded.

2017 TRIP Symposium participants also
enjoyed a wide-ranging exhibition showcasing
the latest industry technology and process
innovations. The event gathered close to 600
officials from 82 States and 14 international
organizations.

Retrieved and compiled from ICAO Web-site
news. Original source: https://www.icao.int/
Newsroom/Pages/ICAO-traveller-
identification-event-highlights-key-aviation-
role-in-combatting-terrorism-and-cross-
border-crime.aspx o



FPAXOAHCKAS

ABUALMS 208
|

lNoaroroBka na0ToB
AJ151 ABYXYSI@HHOIO 9KMNaxa.

HdINT(1D)
session id INT(11)

© atempts INT(11)
& chain NT(11)

@ chainJength INT(L1)
1 sessions 14 INT(11)

resutiNT()
¥ sessons jd INT(11)

>

DEMMNUHI 218
|
HoBble BbI30BbI pavici

npogCo30B Ha PbIHKE TpyAa.

%

OBPA3OBAHUE U KAOPbI « HRM, EDUCATION & TRAINING

CIVIL

AVIATION 208
|
Training of pilots

for two-member crew.

DAMPING 218

New challenges for trade
unions at the labor market.




HRM, EDUCATION & TRAINING
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CneuuanbHoe

EBreHuii BJJACOB
Evgeny V. VLASOV

Onbra APUHUYEBA
Olga V. ARINICHEVA

Special Software for Pilot Training
(TeKCT cTarbu Ha aHrJl. 3. —
English text of the article — p. 213)

B cTtatbe npencraBsieHo onucaHue
MeToaMnYeCKUxX npobrsiemM, BOSHUKLLNX
B xo4e npuMeHeHus nakera
crneunasabHOro npPorpamMmMHoro
obecneyeHus, npegHa3Ha4eHHOro
AJ1s1 NoAroToBKYU aBUaLNOHHOIO
nepcoHana no nporpamme «CRM —
ynpaBJsieHue pecypcamMmu ABYX4/1€HHOIo
akunaxa». lNMpengnoxxeHs! nytn
peLUeHUsI OCHOBHbIX MPo6J/ieM OLeHKN
a¢ppekTuBHOCTN B3anumogenicTeus

B 3KMnaxke sieraresibHOro annapara,
a Taloke HaMme4eHbl NyTv peanu3auun
npeAasoXeHHbIX pelueHuii. Ctatbsi
npoaoJKkaeT paHee Ha4yaTyio TeMy
(cMm. «<MT»: 2014, N2 5; 2016, N° 1;
2017, N2 3).

KnoyeBbie croBa: rpaxagaHckas
aBuauwmsi, 6eaonacHocTb rnoaéros, CRM,
crieumnasibHble rporpaMmMHbIe rMPoaAYKTbI,

meToan4eckoe obecrieyeHue.
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OBPASOBAHVE VI KAL

nporpamMmMHoe

o0ecnedyeHue ans
noaAroToBKM NUJIOTOB

Apunuuesa Oavea
Buxmopoena — xanou-
dam mexHu4ecKux Haykx,
douenm Kagpeopsl 1EémHOLL
KCcnaAyamauuu u npogec-
CUOHANbHO20 00Y4eHUs.
agUAUUOHH020 NEPCOHANa
CIIoI'Y TA, Cankm-Ile-
mep0Oype, Poccus.

Baacoe Fezenuii Bu-
maaveeut — cmapuiutl

UHIICEHeP-NPOPAMMUCI
000 «@Pupma «<HUTA»,
Canxm-Ilemepbype,
Poccus.

Ipexoe Baoum Aaexcano-
posuH — NUAOM-BbINYCK -
nux CII6I'Y TA, Cankm-
[lemepb6ype, Poccus.

Bagum FPEXOB
Vadim A. GREKHOV

nyonaukanusax pasHbix JeT [1—3]

OBIIM PACCMOTPEHBI BO3MOXHBIE

MyTU YMEHBIICHUSI HETaTUBHOTO
BJAUSIHUS 4YeIoBedYecKoro pakropa Ha 0e3-
OITIaCHOCTD IMOJETOB. OOTHUM U3 MOLOOHBIX
crioco6oB psaom ucciaegonatencii CIToI'Y
T'A [3—12] paccmaTpuBaeTcs TaKol MyTh,
KaK MpaBUJIbHOE KOMILIEKTOBAaHUE 3KUIIA-
JKeit JetaTteabHbIX anmapaToB (JIA). XoTs oH
M TIPECTaBISIeTCS BeChMa MePCIEKTUBHBIM,
HO B HAcCTOsIIIIee BpeMsl, K COXKaJIEHUIO, OT-
KPOBEHHO OTBEpPTraeTcsi aBUAallMOHHBIM CO-
ob1ecTBoM. [ToaTOMY B pyciie TOCIIOACTBY-
IOIIUX TeHACHIIMNH MOATOTOBKMU MHUJIOTOB
B IIEPBYIO Ouepelb BHUMaHUE ITOKa KOHIICH -
TpupyeTcst Ha iporpammax Crew Resource
Management (CRM).

Wcxonnpiit BapuaHT nmporpamMmmbl «CRM
Poccun» [3, 13] B cepeaune 2000-x romoB
ObLT B CUJTY 3KOHOMUYECKUX MMPUUYMH IIPEO-
o6pasoBaH B «CRM — ymnpaBneHue pecypca-
MU ABYXWICHHOTO 2KuMaxa». E€ HermpeMeH-
HOM cocTaBJIdIollell cTalu creluajlbHbie
KOMIIbIOTePHBIE MPOrpaMMBbI, IIpeIHa3Ha-
YeHHBIE IS HeIOCPEACTBEHHOU OLIEHKU



Ta0imuna 1

Koppensiuuu, BoisiBJeHHbIE MEXKIY MOKa3aTensmu ¥ ,, N, TRing’ T, v, uv,
npu 00C/IeI0BaHUM 52 nap YYACTHUKOB IKCIIEPUMEHTA
Tazer vy )
-0,1489 | -0,1091 0,1108
P >0,95 -0,0933 | -0,0096
TRing P<0,95 | P<0,95
Tazer P<095 | P<0,95 | P<095
v, P<0,95 | P<095 | P<095 | P<0,95
v, P<095 | P<0,95 | P<095 | P<0,95
Ta6uamua 2
Koppesiuu, Boissiennbie mexay nokasareasmu 3, N, T, N v uw,
npH 00cienoBaHuM 62 map yYaCTHHKOB IKCIIEPUMEHTA
Nom Wl WZ
0,0133 0,0079 0,0903
P <0,95
Tazer P<095 | P<0,95
Now P<095 | P<0,95
v, P<0,95 | P<0,95
172 P<0,95 | P<0,95 P<0,95 | P>0,999

3 HEeKTUBHOCTH B3aMMOIEIICTBUS B Mape
MNUJIOTOB. B TOM 4ucie omHUM M3 aBTOPOB
naHHoii ctateu (E. B. BracoBbiM) pa3pabo-
TaH MakeT CIEeLMaJbHOTO MPOrpaMMHOTO
obecneuenus (CITIO) [14].

39to CITO u conyTCcTBYIOLIMIT METOANYE-
CKMIi MaTepuall ObLIM YCIIEIIIHO BHEAPEHBI
B Y4eOHBIi Mpoliecc, B X0/1e KOTOPOIo, O/~
HaKo, BBISIBJICH PsII TPO0JIeM METOIUYECKO-
ro xapakTepa:

* OTCYTCTBUE MEPCOHAIM3ALUU U JTUYU-
HOro y4éTa pe3yJbTaToB;

* OTCYTCTBHE OOIIEro XpaHUJIMIIA TaH-
HBIX;

* OTCYTCTBME aBTOMAaTU3MPOBaHHON
CUCTEeMBbI 00Pa0OTKM PE3yIbTaTOB;

e Ccaa0blii KOHTPOJIb Had AeWCTBUSIMU
o0yJaeMBbIX.

PaccMoTpum nonpoOHee mpeacTaBieH-
HbIe METOAMYECKHE MPOOIEeMbl U BO3MOXK-
HbIe TIyTHU UX pelieHus. B mepByio ouepenp,
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MMOCKOJIbKY MaKeT CHeLMaIbHOTO IPOrpaMM-
Horo obecrne4yeHusl COCTOsII, B O0ILIEM-TO,
M3 HE3aBUCUMBIX MCIIOJHSIEMbIX MOIYJei,
OBIJIO pellieHO 00BEeAUHUTh UX B OOIIYIO
rpaduyeckyo 000J0UKY, COlepXKAIIYIO Te-
OpeTUYECKyI0 MHMOPMaIIMIO IO TPOrpamMMe
CRM, a Takxke onvcaHue BceX BKIIOYEHHBIX
B IIporpaMmy ympaxHeHuii. Tak Kak Kaxmgoe
yIpaxKHeHUe BeIET CBOI COOCTBEHHBIM XXyp-
HaJl pe3yJIbTaTOB BBLIITOJHEHMsI, HE3aBUCS -
LU OT APYTUX MPUIIOKEHUI, COITOCTaBIIE-
HUeE YCIIEXOB 00y4aeMbIX LIETUKOM JIOXKUTCS
Ha IUIeYd MpernoaaBaTelisi, YTO JOBOJbHO
3aTpyaHUTEIbHO. OCOOEHHO ¢ yUETOM TOTO
¢axTa, 4TO MPU BHIMOJTHEHUU YIIPAXKHEHUS
He MMeeTCs] HUKaKUX JaHHBbIX 00 oOyvae-
MBIX, a TeM 00Jiee 0 COCTaBe Map, BHIMOJIHS -
o1ux 3agaHue. To ecTh CTAHOBUTCS MPOO-
JIeMaTUYHOI OlleHKa KOHKPETHOTOo o0yua-
€MOT0 B KOHTEKCTE Pa3JIMYHbIX ITap U yIpaxk-
HEHMUI.

ApunudeBa O. B., BnacoB E. B., IpexoB B. A. CnewmnanbHOe NporpaMMHoe obecnevyeHne
AJS NOArOTOBKU NMUIIOTOB




DTOT haKT XOPOLIO WLTIOCTPUPYIOT KOP-
peLMY, BBISIBJIEHHbBIE MEXY Pa3IMYHBIMU
MoKa3aTeJisiMu, KOTOpble MTOKa3aHbl B Ta0-
quuax 1 u 2 [8].

CripaBa 1 BBepXy 3HaUeHUsT KO3 uim-
eHTa Koppensuuu [TupcoHa Mexay JaHHBI-
MU MokasaTteasaMu 3¢ GeKTUBHOCTH, a CIeBa
U BHU3Y XapaKTEPUCTUKU 3HAYUMOCTHU
KOppeasiuu

ITpu sToM B Tabnauuax 1 v 2 ucnonab3o-
BaHBI cJIeaylolne o0o3HaueHus [8, 14]:

T,.= Tyﬂ}F — BpeMS YAEpXaHUS «ILIaH-
KW» B TIpeieiax JOMyCTUMBbIX OTPAaHUYEHUIA;

Ty, — BPEMSI TIPOXOXICHMUS yIIPABIIsiC-
MbIM 00beKkTOM (YO) 3a1aHHOI TpaeKTOpUU;

N_,, — KOJMYECTBO COBEPIUIEHHBIX OLIM-
60k 3a nnepuon 300 c;

W, — CpeaHuil Gajul 1o JABYM WCIBITYe-
MBbIM 32 BBITTOJIHEHUE YITpaxkHeHus «Kpocc-
Yex 2» (Xyaumuil pe3yabrar);

W, — CpeaHUi Gayul Mo JABYM WCIBITYe-
MBbIM 32 BBITTOJIHEHUE YITpaxkHeHus «Kpocc-
Yex 2» (qy4yilIunii pe3yabTar).

Kak BuaHO M3 Tabaui, HauOOJbIINE
pacxoXJIeHUusi ¢ MPOYUMU pe3ybTaTaMu
JIaJio BpeMsl yaepKaHUsl «IUTaHKW» B TIpeIe-
Jax JOMyCTUMBIX orpanudenuit (T, )
B yIpaxHeHuu «A3zed», B 3a1a4y KOTOPOTO
BXOAUT pa3BUTUE aHTULUIALWU y MUJIOTA.
Byayuyu oueHb MOJE3HBIM IJs1 OOyYeHUS
U Pa3MUHKMU, YIIPAXKHEHUE CIUIIKOM YYBCT-
BUTEJbHO K CAyYalHBIM OlIMOKaM, 4TO
BeChbMa CYIIECTBEHHO CHUXAeT BO3MOXKHO-
CTU AJISI JUarHOCTUKU 3(PGDEKTUBHOCTU
B3aUMOJICVICTBUSI.

B noBobHO 3(h(heKTUBHOM yIIpaXKHEHUU
«Ring-2» oyeHb Mas pazdpoc MoaydyaeMbIX
pe3ynbraToB [8, 14], YTO MPUBOAUT K MHO-
TOYUCIECHHBIM (PJIIOKTyallUsIM B CPaBHU-
TEJIbHO HEOOBIIUX IPYNIaX U 3aTPydHSIET
CpaBHEHUE MOJYYEHHBIX JaHHBIX C JaHHBI-
MU MCUXOAUATHOCTUKH.

Vnpaxnenue «KpoccHek 1» sBasieTcs
3ajadeit s oTpabOTKU KOTHUTUBHO-MO-
TOPHOTO B3aMMOJEICTBUS B Mape B pexXuMe
MEPEKPECTHOTO KOHTPOJISI U OLIEHKU €Tro
apdexkTuBHocTu. Kak cienyet uz tabaui 1
U 2, OHO TTOKAa3aJ0 TOCTATOYHO HaAEXHOe
COBIIaJICHUE TTIOYTU CO BCEMU Pe3yJbTaTaMU
SKCMEpUMEHTa, KPOME PEe3YyJbTaTOB IO
ynpaxHeHuo «Azed». Ho 3mech Bo3HuKaeT
elé ogHa mpoosiema. I1jis cTapiimx BoO3pacT-
HBIX TPYMIT €CTh 3aTPYAHEHUS, CBSI3aHHbIE
C UCIIOJIb30BaHUEM TMEePCOHATBHOTO KOM-
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MmbloTepa: Aaxe MPU OTIMYHON peakiinu
U CJIaXEHHOCTU NEUCTBUN y JIIOJEUA ITOM
TPYMITBI HETOCTATOYHBIN YPOBEHb MOTOPHO-
ro HaBbIKa MPUMEHEHUs YyCTPOMCTB BBOIA,/
BBIBOJIa, YTO HETAaTUBHO CKa3bIBaeTCS Ha
BpPeMEHU BBITIOJTHEHUSI YIIPAXXHEHUS U pe-
synbTate. (IIpoie roBopsi, HEKOTOPbIE OT-
HOCUTEJIbHO MOXMJIbIE MUIOTH UMEIOT
MPOOJIEMBI TI0 HAXOXICHUIO HEOOXOIMMBIX
CUMBOJIOB Ha KjaBuarype). B To xxe Bpems
JUTSL MOJIOIOTO MOKOJIEHUSI aBUALIMOHHBIX
CHelMaMCTOB TaKas mpobjieMa npakTuye-
CKU He aKTyaJibHa, a 3HAYUT, Hy>KHa T0TIOJI-
HUTEJbHasE KOPPEJSAIUs Pe3yabTaToB MPO-
BEPKU M BO3pacTa UCTIBITyeMbIX |8, 14].

Takum 06pa3oM, BO3HUKAET HEKOTOPBIA
Habop CJIOXHOCTEW MPU UCMOJb30BAHUU
OTHEJbHBIX MOMyJel 0e3 UX KOMITJIEKCHOU
o0paboTku. PelieHreM xxe mpobyieMbl CTa-
HOBUTCSI BBEJEHUE IEHTPAJIN30BAHHOTO
XpaHWINIIA JaHHBIX CTyIEHTOB, a TaKXe
Pe3yJbTaTOB BHITTOTHEHUSI BCEX YITPaXKHEHMUIA.

Ha puc. | npencraBieHa Mojaenb CyII-
HocTb-CcBA3b (ER-Monens) [15] 6a3bl gaH-
HBIX, OCHOBHBIMU CYIIHOCTSIMU KOTOPOU
aBistioTes [14]:

e users — Tabyuia o0yyaeMbIX, UCIIOJIb-
3yeTcsl Ul XpaHeHUs CTIUCKa CTYJIEHTOB,
3aHuMawIuxcs mo nporpamme CRM,
a TakKe JIJIST X ayTeHTU(DUKALIMU B CUCTEME;

® sessions — Ta0IM1a MOJAb30BaTEIbCKUX
ceccuit. Korma aBa mojb3oBaTessl BXOASAT
B CUCTEMY Ha OJHOM KOMITbIOTEpE ST BbI-
TMOJTHEHUS YIIPAXXHEHU M, CO3MaETcs ceccus,
KOTOpasi XpaHUT B cebe MAeHTU(GUKATOPHI
M0JIb30BaTeNel U pa3IuYHYIO JOMOJHUTEb-
HYI0 UH(pOpMAaLIUIO;

e stealth, ring, azef u T.4.— TaOIUIIBI
pe3yJIbTaTOB BBHITIOJIHEHUST YIIPaXXHEHUN.
XpaHAIT B cede uaeHTUGUKaTop cCeccuu,
B KOTOPOI1 BBITTOJHSIETCS KaXk/10€ YIpakKHe -
HUeE, a TAKXKE PE3YJIbTaThl €T0 BHITTOTHEHMUS.

CBs13U MOJENU:

® CBSI3b «<MHOTHE-KO-MHOTHM» MEXIY
CYIIHOCTSIMU USETS U sessions oTpaxaeT pakT
HaJM4usI MHOTUX CECCUI Y OMTHOTO MOJIb30-
BaTesisd (BO3MOXHO, C Pa3IMYHBIMU TMapT-
HEpaMu), a TakxKe (akT ydyacTUs B KaXI0u
ceccuu 0oJiee OTHOTO MOJb30BaTENS;

® CBSI3b «OJIMH-KO-MHOTUM» MEXJIy Ta0-
JIMLIAMU PE3YyJbTaTOB U TaOJUIIEN MOJAb30-
BaTeJIbCKMX CECCUI OTpakaeT (DakT mpuHaI -
JIEXKHOCTH KaXJ0ro pe3ybTaTa K KOHKPEeT-
HOI ceccuu, a Takxxe (PakT BO3MOXHOCTU

ApunHudesa O. B., BnacoB E. B., IpexoB B. A. CneuunanbHOe NporpaMMHoe obecnevyeHne
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Cid INT(11)
% name TEXT

< surname TEXT

< patronymic TEXT
> login TEXT

< password TEXT
< category INT{11)

! id INT(11)
L % user1 INT(11)
! id INT(11) @ user2 INT(L1) ! id INT(11)

 session_id INT(11) | & started DATETIME “ session_id INT(11)

& datetime DATETIME % dosed DATETIME “ datetime DATETIME
< attempts INT(11) < maxXTK FLOAT
< chain INT{11) < averageXTK FLOAT

< chain_length INT{11) < result INT{11)

1 sessions_id INT(11) 1 sessions_id INT(11)

>

Cid INT(11)
< session_id INT(11)
“» datetime DATETIME

Cid INT(11)
< session_id INT(11)

id INT{11)

“ datetime DATETIME

< duration INT{11)
< speed INT(11)
< errors INT{11)

“result INT(11)

< gametime INT{11)
¥ sessions_id INT(11)

- w— -
P -
o N

Puc. 1. YnpowéHuas ER-mogenb npeanoxeHHos 6a3sl faHHbix [14].
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BBITIOJTHEHUSI MHOXECTBa pa3IMYHBIX
YIpaxXHEeHU B paMKaX OJHOI CECCUU.

LleHTpanu3oBaHHOE XpaHUIUIIE JAHHBIX
peuaet npobjeMy cbopa pe3yJbTaTOB Bbl-
MOJTHEHUSI YIIPAXKHEHUI, a MEPCOHATU3UPO-
BaHHas CUCTEMa JOCTYMa B CUCTEMY COBMECT-
HO C MEXaHW3MOM CECCHUI1 MO3BOJISIET JIETKO
MoJiy4yaTh pe3yJbTaThl JI0O0TO 00yyaeMoro
Y aHAJIM3UPOBATh UX B KOHTEKCTE pa3InyHbIX
YIpaXKHEHUH U nap, ¢ ydaCTUeM KOTOPBIX 3TU
YIpaxKHEeHUsT BbIMOJHsIMCD. [TpeacraBieH-
Hasl cucTeMa y4Jéta siBjisieTcs @yHaaMeHTOM
s TOCTPOEHUSI aBTOMAaTU3UPOBAHHOM
MpoLeaypbl OLIEHKU BHITTOJHEHMS TPOrpaM-
MbI «CRM — yIpaBieHne pecypcaMu IBYX-
YJIEHHOTO SKUMaXxa».

Crenyrolneii CyIecTBe HHOM ITpo0IeMoit
CTaJl0 OTCYTCTBUE KOHLEMNLIUU pa3aesieHus
pexxumoB paboTsl CITO Ha TPEHUPOBOYHBIN
U 3a4€THBIN. TpeHUPOBOUYHBIN peXUM MO-
Jipa3yMeBaeT CHSTUE KaKWX-JIU0O orpaHu-
YeHUI, a TakKXXe BO3MOXHOCTb B JIt0O0e€
BpeMsI OCTAHOBUTD BHIMOJHEHUE yIIpaxkHe-
HUSI U HayaTh €To 3aHOBO. B To BpeMs Kak
peXxuM 3a4é€Tta, orpaHuMYMBasi CBOOOIY Ieii-
CTBUI, HE MO3BOJISIET 00y4yaeMbIM Iepe3a-
MnyckKaThb yIpaxKHeHue, eCIU OHO, MO0 UX
MHEHMUIO, BBIMOIHSIETCS HeyanauHo. OrpaHu-
YyeHue 3a4E€THBIX MOIMBITOK MPUBEAET K IM0-
BBILLIEHUIO aIeKBATHOCTU PE3yJbTaToOB, UC-
MOJIb3YIOIIMXCS IJIST OLIEHKMU.

B 1uenoM coBepiieHCTBOBaHUE CIELU-
aJbHOTO MPOrpaMMHOTO obOecrieyeHus,
MPUMEHSIEMOro Mpu MOATOTOBKE MO MpPO-
rpamme CRM, mpu3BaHO MOBBICUTH 3(PdeK-
TUBHOCTb B3aUMOJEWCTBUS B DKHUIAXE
U clieyeT He IpeHebperaTs 4151 3TOTO JI0-
0011, Jaxke caMoii Maj0il BO3MOXHOCTBIO.
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SPECIAL SOFTWARE FOR PILOT TRAINING

Arinicheva, Olga V., St. Petersburg State University of Civil Aviation, St.Petersburg, Russia.
Viasov, Evgeny V., NITA company, St. Petersburg, Russia.
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ABSTRACT

The article is devoted to description of methodological problems, occurred during application of special
software package intended for training civil aviation personnel within the program «CRM - two-man crew
resource management». The authors suggest approaches to solution of main problems in assessment of
efficiency of interaction in the aircraft crew, and to realization of suggested solutions. The article continues
previously discussed topic (see World of Transport and Transportation Vol. 12, 2014, Iss. 5; Vol. 14, 2016,

Iss. 1; Vol. 15,2017, Iss. 3).

Keywords: civil aviation, flight safety, CRM, special software, methodological follow-up.

Background. Publications of different years of
publication [1-3] have considered possible
approaches to reducing of negative impact of
human factor on flight safety. Some researchers of
St. Petersburg State University of Civil Aviation
[3-12] consider correct composition of aircraft
crews as one of possible means. Whereas this
approach seems promising, it is unreservedly
rejected by aviation community. Therefore,
attention, following the course of dominating
trends, focuses first on the programs of Crew
Resource Management (CRM).

The basic version of the software «CRM Russia»
[3, 13] in the mi-2000s was due to economic reasons
transformed into «CRM - two-man resource
management». Computer software intended to
directly assess efficiency of interaction between two
pilots became its inherent component. Particularly,
one of the authors of the present article
(Evgeny V. Viasov) developed special software
package (SSP) [14].

That SSP and relevant tutorial materials were
implemented into training process. But practices of
training revealed problems of methodical character:

« absence of personalization and of account of
individual results;

« absence of common data storage base;

- absence of automated system of processing of
results;

« weak control of trainees’ actions.

Correlations, revealed between indices

Objective. The authors’ objective is to analyze
problems related to application of special software
package «CRM - two-man crew resource
management» intended for training civil aviation
personnel and to suggest efficiency-focused
solutions.

Methods. The authors use statistical analysis,
modelling (particularly ER-modelling), methods of
computer engineering, syllabus content analysis.

Results. Let us consider in a more detailed
manner the above-mentioned tutorial and
methodic problems and possible solutions. First,
as SSP consisted, to be exact, of independently
executed modules, it was decided to combine
them into single graphic environment, containing
fundamental information on CRM program, and
the description of all exercises making part of the
program. As each exercise records the results of
its execution itself, independently of other
applications, comparison of the success of the
trainees become the object of responsibility of a
trainer, thus making the task rather difficult. It is
particularly difficult, if provided that there are no
data on the trainees, either on the composition of
pairs of trainees, executing the task. So it becomes
problematic to assess a given trainee in the context
of different exercises and pairs.

This fact is supported by the correlations,
revealed between different indices, and shown in
tables 1 and 2 [8].

Table 1
N, T, ,T

Ring® ~ Azef® Wl and WZ’

04°

during the monitoring of 52 pairs of participants in the test

d
2" value

TRin TAzef

o4

N

TRing

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 5, pp. 208-216 (2017)

Arinicheva, Olga V. Vlasov, Evgeny V., Grehov, Vadim A. Special Software for Pilot Training



%’ ' Table 2
1E Correlations revealed between indices x ,, N, T, ., N_ ,v andv,,

during the monitoring of 62 pairs of participants in the test

1% value
> L04 N Tazet Now, v, L)
2 value

Xou -0,0646 0,0133 0,0079 0,0903
N P<0,95 -0,0175

T Azt P<0,95 | P<0,95

Nmist. P<095 | P<0,95
v, P<0,95 | P<0,95
v, P<0,95 | P<0,95

To the right and at the top there are Pearson is almost not relevant for younger generation of
correlation coefficient values between those pilots, and since there is a need for additional
efficiency rates, and to the left and at the bottom  correlation of the test results and of the age of
there are features of validity of correlation. examinees [8, 14].

To the right and at the top there are Pearson Therefore, a set of issues complicates the use
correlation coefficient values between those of modules in autonomous mode without system
efficiency rates, and to the left and at the bottom proceeding. The problem can be solved by

there are features of validity of correlation. implementation of centralized data store regarding
The Tables 1 and 2 use the following students’ data and results of all accomplished
denominations [8, 14]: exercises.
* T, = Tretention.F — time of retention of the Pic. 1 shows entity-relationship model (ER-
«reference level» within allowable limits; model) [15] of a database, the main entities of which
* Ty, — time of passing by controlled object of  are [14]:
a given trajectory; « users —table of students, that is used to store
* N_..— number of mistakes committed during  the lists of students trained within CRM program,
300 sec; and to authenticate them in the system;
* W, —mean score of two examinees for exercise * sessions - table of users’ sessions. When two
«CrossCheck 2» (worst result); users enter the system at the same PC to do
* w,—mean score of two examinees for exercise  exercises, a session is created that stores
«CrossCheck 2» (best result). identifications of users and different additional
As it can be seen from the tables the time of information;
retention of the «reference level» within allowable « stealth, ring, azef etc.— tables of results of
limits (T,,,, during exercise Azef demonstrated high  exercises done. Tables store identification of the

discrepancy with other results. The task of that session, during which each exercise is done, and
exercise is to develop anticipation of the pilot. Being  the results of exercises.

very useful for training and warm-up that exercise Relations of the model:

is too sensible to accidental errors and this reduces - relation «many-to-many» between entities
considerably its capacity from the point of view of  «users» and «sessions» reflects the fact of existence
diagnosing efficiency of interaction. of multitude of sessions for a user (probably with

The spread of results in exercise «Ring-2», differentpartners), as well as the fact of participation
which is rather effective itself, is low [8, 14], and in each session of more than one user;

that causes numerous fluctuations in comparatively « relation «one-to-many» between tables of
small groups and complicates comparison of the results and a table of users’ sessions reflects the
data achieved with psychodiagnostics data. fact of belonging of each result to the given session,

Exercise «CrossCheck 1» is a task aimed at and the fact of a possibility to proceed with
developing cognitive and motorial interactioninthe  multitude of different exercises during a single
two-man crew under the mode of cross controland  session.
evaluation of its effectiveness. Tables 1 and 2 show Conclusions. Centralized data store facilitates
that the results of that exercise have reliably solving the problem of collection of the results of
overlapped almost all the experiment results, exercises, and the personalized system of access
except for the results of Azef exercise. But here we  to the system together with the mechanism of
come across another problem. More aged sessions allows easy obtaining the results of any
examinees experience difficulties linked to the use  student and their analyzing in the context of
of personal computer. Even they have excellent different exercises and composition of different
reaction and excellent teamwork, they have pairs of students. The suggested system of audit is
insufficient level of motorial skill of the use ofinput/  a basis for automated procedure of assessment of
output devices, that negatively influences the time  passing by a student of the program «CRM — two-
of exercise accomplishment and the result. (More  man crew resource management».
simply, aged pilots experience problems to find We can name another important problem that
necessary symbols on the keyboard). This problem was absence of a concept how to divide the
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! id INT(LD)
% name TEXT

< surname TEXT

< patronymic TEXT
 login TEXT

< password TEXT
< category INT(11)

m
Cid INT(11)
m Zuser1 INT(11)
Cid INT(11) user2 INT(11)
< session_id INT(11) || ¥ started DATETIME

! id INT(11)
& gession_jd INT(11)

0 datetime DATETIME % dosed DATETIME < datetime DATETIME
< attempts INT(11) < maxXTK FLOAT
< chain INT{11) > averageXTK FLOAT

< chain_length INT{11) “result INT(11)

¥ sessions_id INT(11)

1 sessions_id INT(11)

>

Cid INT(11)
< session_id INT(11)

< datetime DATETIME
< duration INT{11)
< speed INT{11)
“»errors INT{11)

Jid INT(1L)
< session_jd INT(11)
“ datetime DATETIME

Cid INT(11)

“result INT(11)

< gametime INT{11)
¥ sessions_id INT(11)
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o

Pic. 1. Simplified ER-model of a suggested database [14].
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operation modes of SSP into a training mode and
examination mode. We assume that training mode
excludes any limitations and provides for a
possibility to stop an exercise at any time and to
resume it. Examination mode limits freedom of
action, does not allow examinees to resume the
exercise if they have an opinion that they are
fulfilling it with errors. Reduction of the number of
examination attempts will result in growing
adequacy of the results which are used for
assessment.

Our general opinion is that development of
special software that is used in the framework of
training in CRM program will permit to increase the
interaction within the crew, and to achieve that
objective it is advisable not to neglect any, even
smallest possibility.
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JleToM B moe3nax jaaibHero cienoBanus ¢op-
mvuposanusi AO «PITK» (mouepnee 0omectso OAO
«P2K]1») Ha pa3M4YHbIX MAPIIPYTAX MPOBOIHUKA-
MH padotaiau 6ojiee 10 ThIC. CTYIEHTOB, U3 HUX
80 % siBaAsTIOTCS WieHAMH MOJIO/IEXKHO# 001Iepoc-
CHIACKO#1 00IIeCTBEeHHOI opraHu3amun «Poccwmii-

CKHe€ CTyJIeHYECKHE OTPSIIbI».

Tlogo6Hast mpakTHKa ¢ KaxkIbIM TOIOM Ha-
OMpaeT MOMy/ISIPHOCTh CPEIN YJalleicst MOJIo-
Jieku. B 3ToM rofty B rmoe3nax JaibHero Ciie1oBa-
HMS TPYIWIOCH Ha 2 THIC. CTYAEHTOB OOJIbIIIE, YeM
B 2016 roxmy.

AO «®DITK» mipuBiIeKaeT CTYIeHTOB ITyTEM
COTPYAHUYECTBA C MOJIOAEKHOI OOILIEPOCCHIA-
CKOI1 00LLIECTBEeHHOI opraHu3alueit «Poccuii-
CKMe CTy/IeHUYECKHE OTPsIIbI». B 3TOM roty noro-
BOD BITEPBBIE 3aKJIIOYEH CPOKOM Ha TpU Tona
M TTOJIpa3yMeBaeT TPUBJICUCHUE CTYIEHTOB IS

paboThI B MOe31ax KOMITAHUU He TOJIBKO B JIET-
HUIA ITEPUOI, HO U BO BPeMsI 3UMHMX MAcCOBBIX
MePeBO30K.

J1s1 TpyIOYCTPOCTBA BCE CTYICHTBI TIPOILLTH
MEIVLIMHCKYIO KOMUCCHIO ¥ OOYJEeHHE TI0 TTPo-
deccum «ITpoBOIHUK MACCAKUPCKOTO BarOHa».
B npouiecce nonrorosku Oymyiiye pabOTHUKU
KOMITaHUU MOYYMIA HABBIKM KITMEHTOOPUCH-
TUPOBAHHOTO OOCTYKUBAHUST TTACCAXKUPOB, OC-
BOWJIM MTPUEMBI GE3yITPEUHOTO CEPBHCA, Y3HATTU
0 BUJIAX U KAyeCTBE YCIIYT, TPEIOCTABISIEMbIX
raccaskupam B Toe31ax JaJbHEro CJIeI0BaHMSI.

®Doro ¢ caiiTa «ApXaHreJbCKHE H3BECTHS»
u caiita «TioMeHb ceroans».

I1o maTepuanam
npecc-cayxos OAO «PXK]I» ®

STUDENTS AS PASSENGER ATTENDANTS

During the summer 2017 more than 10
thousand students worked as on-board passenger
attendants in long-distance trains of JSC
Federal Passenger Company.

This internship practices have become even
more popular with students during recent years.
2 more thousand students worked as sleeping
car stewards this year as compared to 2016.

The JSC Federal Passenger Company
attracts students via Russian youth non-
governmental organization «Russian student
teams». 80 % of students that worked as car
stewards were its members. This year FPC
signed the contract with this organization for

® WORLD OF TRANSPORT AND TRANSPORTATION, Vol
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Students as Passenger Attendants

3 years providing possibility of employment of
students in summer as well as in winter period.

To be employed all the students passed
medical tests and training in profession of
passenger car attendant. During training
students obtained skills of customer-focused
services to passengers, got knowledge of
excellent service, types and quality of services
provided to passengers in long-distance trains.

Photos: Arkhangelskiye Izvestia and Web-site
Tyumen segodnya.

News of press service of Russian Railways @

.15,1ss.5, p. 217 (2017)
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puropuii KPANUHOB
Grigory N. KRAINOV

Cepreit 3YBKOB
Sergey A. ZUBKOV

Struggle of Trade Unions
against Social Dumping

(TekcT cTatby Ha aHr1. §13.—
English text of the article — p. 223)

B ycnoBusix coBpeMeHHO# rinobannsauymm
TpaHcHauunoHasbHbie koprnopauuu (THK)
MCosIb3YIOT B CBOEW MPaKTUKe coynasbHbli
AEeMIUHI, KOTOPbIN BbipaXkaeTcsl

B 3KcrnopTe cnabopa3BUTbIM CTPaHaAM
HU3KOKa4eCTBEHHbIX 9KOHOMNYECKNX
pecypcoB, NoMTUYeckux naei

WJIN COUMNOKYIIbTYPHbIX LLEHHOCTEMH

AJ151 N0J1ly4EeHUs1 CBOE! Bbiroabl. ABTOPbI
CcTaTby Ha NpUMepax u3 4esiTeJIbHoOCTHU
MeXAyHapoAHbIX TPAHCMOPTHbIX
npogcoro30B noka3biBaloT ux 60pbOy NPOTUB
Takoro AeMnuHra, B 3aLyuTy TPYAOBbIX

npae HaéMHbIX Pa6OTHUKOB, a TaKXe
nonbITKU HaNagnuTb B3aUMOBbIrO4HOE
COTPYAHUYECTBO NPogcor30B, 6usHeca

M rocyfapcTBeHHOM B/1acTu.

KntoueBbie cioBa: rnobanvsauyums,
TPaHCroPTHbIE MPO@COI03bI, MeXAYHapoaHasi
¢penepauus TpaHcriopTHUKoB (M®T),
coumanbHbIv AEMIMUHI, TPAHCHALMNOHaIbHbIE
Kopriopaumu, cTpatervsi npogco3Hoi 60pbObI,
TPYAOBbIE npaBa TPYASLMXCS.
|
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BopbOa npo¢dco30B NPOTUB
COLMaJIbHOIO AeMIUHra

3ybroe Cepeeii Arexcanoposus — 0okmop
dunocoghcrkux nayk, npogheccop kagheoput
NOAUMOA02UU, UCIOPUU U COUUANBHBIX MEXHON0ULL
Poccuiickoeo ynusepcumema mparcnopma (MUUT),
Mockea, Poccus.

Kpaiinoe Ipuzopuitc Huxanoposuu — dokmop
ucmopu1eckux Hayk, npogeccop kageopul
NOAUMOA02UU, UCIOPUU U COUUANBHBIX MEXHON0ULL
Poccuiickoeo ynugepcumema mpancnopma (MUHUT),
Mockea, Poccus.

emmunr (0T anrt. dumping — copoc) —

TIPOJAXa TOBAPOB U YCITYT [0 UCKYCCTBEH-

HO 3aHIDKEHHBIM LieHaM. B MexxayHapon-
HOM JIEKCUKE KaTeropusl «I€MITUHI» UCTIOIb3YeT-
CS KaK CUHOHUM HEYECTHON KOHKYPEHIIUH,
MpeayCMaTPUBAIOIIECH BO3IEHUCTBAE HA LEHBI
SKCIIOPTUPYEMBIX TOBAPOB ISl YCTPAHEHUS KOH-
KYPEHTOB, 3aXBaTa BHELIIHUX PHIHKOB, IOTYy4YeHUS
3aBEIOMO BBICOKOI MPUOBLIN.

ConuanbHbIi IEMIUHT OTpeessieTcs: Kak
BBIPAXEHUE CBOOOJBI PHIHOYHBIX OTHOIIEHUN
MEXJy Y4aCTHUKAMU MUPOBOW XO3IUCTBEHHOM
CUCTEMBI B IPOLIECCE DKCITOPTA HU3KOKAYECTBEH-
HBIX 9KOHOMUYECKUX PECYPCOB, MOJIATUYECKUX
WUIEeW WIN COUMOKYJIBTYPHBIX EHHOCTEN IS
TOJTYYEHUSI COOTBETCTBYIOILEN LIEISIM BBITOABI.
JeMIUHT couMaabHbIA OTHOCUTCS K Haubosee
CJIOXKHOW PasHOBUIHOCTU UIPbI HA YYXOH Tep-
PUTOPUU, TIO CBOMM IOCJIEACTBUSAM OH Hauboee
Ppa3pyLIUTENIEH A1 TOCYAAPCTB C OTHOCUTEIBHO
€200 SKOHOMUKOM, IPKO BBIPAXKEHHOM COLIM-
IbHON TIOJIsIpU3alineil u cTpatudukanveit Ha-
CeJIeHUsI, CJIOKHOM JeMorpaduiecKol cuTyan-
il 1 1echopMUPOBAHHBIM OOITIECTBEHHBIM CO3HA-
HueM. Ha npakTrke cOlManbHbIi AEMIUHT KaK
SIBJIEHHE BCE OOJIbllEe MPOHUKAET HA MUPOBOK
PBIHOK paboyeli CWJIBI U B €r0 PErMOHAIbHbBIE
LIEHTPBHL.



1.

CamopaBneonmmM hakTopoM COBPEMEHHOTO
OOILIECTBEHHOTO Pa3BUTHS CTajla TJI00AIU3aIusl.
CeronHsi B MUpPe UIYT CEPbE3HbIE U3MEHEHUS,
COITPOBOXKIAaeMbIe TIEPEBOJOM MTPOM3BOACTBA U3
Pa3BUTHIX CTPaH B PETMOHBI C MEHEE BBICOKUM
COLIMATIbHBIM YPOBHEM, YeM BOBCIO TOJIb3YIOTCS
TpaHcHaloHanbHble Koprioparyu (THK), mpu-
MEHSIST KaK pa3 METOMbI COIIMATLHOTO AEMITMHIA.
ITon nmpenioromM MoBbIIIEHUS IPOM3BOAUTETLHO-
ctu ¥ KoHKypeHTocrnocooHoctr THK npunararor
HeMaJio CWJI JIIsl BhIXOJAIIMBAaHUS COLUATIbHOTO
3aKOHOMATE/IbCTBA, HAMPABJICHHOIO Ha 3alllUTy
IpaB U MHTEPECOB TPYAALLINXCS, OXPAHy Tpyna
U OKpYXalolleit cpefbl. DTU MPOLECChl BEMyT
K Pa300LIEHUIO TPYAALIMXCS, YMEHBLUEHHUIO UX
BO3MOXHOCTEH 3alIUTUTL CBOU MPaBa, MPeIrsITCT-
BYIOT 00bEAMHEHUI0O HAEMHBIX PAaOOTHUKOB
BIIpOdCcOI03bI ¥ CAMOIA IeSITeTIbHOCTH Mpocopra-
HU3aLAA.

TTepenoc THK ocHOBHOI1 YacTH TPOM3BOACT-
Ba TOBApOB U YCJIYT B CTPaHBI CO CJTa0bIMU COILIM-
AJTbHO-TPYIOBBIM 3aKOHOIATEILCTBOM U PO Co-
103aMU BBIBOIUT UX U3 Chephl IEHCTBUS CIOKUB-
LIMXCST HAIIMOHABHBIX KOJIOTOBOPHBIX CUCTEM.
Hapyiraetcst mpexxHuil MopsiaoK KOJIEKTUBHBIX
MEPEroBOPOB 1 KOJJIEKTUBHBIX corlalieHuit. Te-
PSIOT TIpexkHee 3HaueHue OOIIeHalOHATbHbIE
(reHepaJibHbIE) COTTALICHUST U LIEHTP TSLKECTU
KOJIZIOTOBOPHOI OOPHOBI IepeMeliaeTcsi Ha oTpa-
CJIEBOIA M IaxXe JIOKIbHBIN YPOBEHb IPEATIPUSTHS
((upMbI), 4TO, €CTECTBEHHO, YMEHBIIIAET BO3MOXK-
HOCTH ITPO(COI030B JOCTUYDL KAKUX-TO COBMECT-
HBIX Pe3yJIbTaToB.

B nocnennee Bpems aevictBust THK mo npu-
MEHEHUIO METOIOB COLIMATBHOTO IEMITHHTa HAXO-
JISIT CBOE OTpaXkKeHHUe yKe U B (hopMax 3a€EMHOTO
TpyZaa, K KOTOPBIM OTHOCUTCSI ayTCOPCUHL. DTO
HOBas1 OM3HEC-TEXHOJIOTHsI TO3BOJISIET COKPATUTh
COLIMAJIbHbIE U3AEPKKM U ITPOBECTU MOIECPHM3A-
Mo koMmmnaHuii. [1pu ayTcopcuHre roaoBHbIE
KOMITAaHUH BBIBOJSIT YacCTh PaOOYMX MECT 3a IITaT
TIPEATIPUSTHS (B TOM YMCJIE B IPYTUE CTPaHbI), T.C.
MepeaaloT onpeaeeHHYI0 (DYHKIIMIO 00CTyXK1Ba-
HUSI APYTOi CTPYKTYpe. DTO MOKET OBbITh CHavasIa
OXpaHa, ITIOTOM CTOJI0Bas, 00CTyKBaHUE TUGHTOB
u T.0. [Topoii 3a mtat BIBOAAT 1ieIble Liexa. [1po-
UCXOIUT IpobJIeHrE TPYAOBOrO KOJIEKTUBA
1 ociabieHue 1eJocTHOCTH mpodcoro3a. Kak
MPaBUIIO, B CBSI3U C AyTCOPCUHTOM MPOGCOIO3HbIE
PSIIBI CYILIECTBEHHO PEICIOT.

TTpumenenne THK otMeueHHBIX (popM 1 Me-
TOIIOB COLIMATLHOTO IEMITUHTA OPOCaeT CePhE3HBIN
BBI30B MHUPOBOMY IPO(COI03HOMY ABMKEHUIO,
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BTOM uKciie MexayHaponHo# (peaepaluy TpaHe-
roptHIKOB (M®T), KoTopast 00beIUHSIET B CBOMX
psanax 700 HauMOHATBHBIX TPOMCOI030B, Mpe-
CTaBJISTIONINX OKOJIO 4,7 MJTH Tpystxcst u3 150
cTpaH mupa [1].

Ceituac nesrensHocTh MOT m0 perieHnto
TpO0JIEM COLIMATBHOTO IEMITUHTA KOHLIEHTPUPY -
eTcsl Ha peaM3aluu ctpateruu «OpraHusyeMcst
raobanbHO, OopeMcs 3a MpaBa TPYASLIUXCS»,
onobpeHHOI KoHrpeccoM B [lypbate B 2006 roxmy.
Crparerusi Harpas/ieHa Ha poCT BIUSHUS podco-
1030B, YCTAHOBJIEHHE T1eJIEi, TOCTVKEHIE KOTOPhIX
obecrieumsio Obl IydIlve CTpaTernuecKue Mo3uLu
paboTHMKAM TPaHCIIOPTA B IJI00AIbHOI SKOHOMMU-
Ke, B TOM YHCJIe Ha TIPSATIPUSTUSX MEXITYHAPOJI-
HBIX TPAHCIIOPTHBIX OTMEPAaTOPOB, B TIOOATBHBIX
WJIN PETMOHAJTBHBIX TPAHCTIOPTHBIX Y3J1aX, YYBCT-
BUTEJIbHBIX 11ETIOYKAX TPAHCKOHTUHEHTATbHBIX
TTOCTaBOK.

3a BpeMs1 peanm3aiuu crparerust «OpraHusy-
eMcsI ITI00ATTbHO» YKe TIPUHECIIA CBOM PE3YJIBTaThl.
Cpenu HuX — Co3IaHne MEXKCEKITMOHHBIX TIPOdco-
103HBIX ceTeit MDT, KoTopkle MO3BOJISIOT ¢€ Op-
raHu3auusaM 3¢hdOEKTUBHO BECTU pabOoTy O 3aI1-
Te MpaB Mpo¢CcOI030B 1 OOPOTHCS C COLMATEHBIM
JIEMITMHTOM.

2.

TTporpamma paboThI C TOYTOBO-TPAHCTIOPTHBI-
MU KOPITOPAIMSIMU CEKIIMIA paOOTHUKOB aBTOMO-
OMJIBHOTO TPAHCIIOPTA W TPAKIAHCKON aBHAIIII
MOT npuBena K TOSBICHIIO MEKCEKIIMOHHBIX
ceTelt B Takvx Kommanmsx, Kak DHL, UPS, Fed Ex
u TNT. IpodcorosHast cetb B Kommmanuu DHL
paboTaeT B paMKax COBMECTHO# Iiporpammbl ¢ [10-
GabHoOI (henepartieii TouToBhIX padoTHIKOB UNI.

Unenckast opraam3anyst MOT, repmaHCKmin
npodcoro3 Ver.di B3s1 Ha ceds1 pyKOBOACTBO 10
CO3MaHUIO CETH TPO(COI030B B TPEYrOJbHUKE
TPaHCMOPTHBIX Y3710B KoMnaHuu DHL YunmMuHr-
toH—Jleiinuur—IonkoHr. ITocne coBelanus
TIpeCTaBUTEIEH TIPOCOI030B MPU EBPOTIEHCKIX
y3J1ax BO3MIYIIHOIO TpaHcropTta komnanuu DHL
B JIoHa0OHE ObLTa OpraHU30BaHa CETh, OOBEIUHSI-
on1ast WieHOB TTpodcoi030B, PabOTAONINX Ha
IIeCTHU U3 BOCEMH OCHOBHBIX TPAHCITOPTHBIX Y37I0B
DHL B Urtamun, ®pannum, Januu, [epmannm
u benbruu.

'Vike Ha HaYaTbHOM CTaIuK CBOEH e TeTbHOC-
1 nipopcotozHbie cetn MOT B chepe mouToBO-
TPaHCITOPTHBIX KOMITAHMIA ITOKA3aJIH CBOM TIOTEH-
uuan. B ampese 2006 roga koprnopauuss TNT
00BSIBIIIA O TTPOJIAXE CBOETO JIOTMCTUYECKOTO
HarnpasieHus. [Ipodcoto3Hast ceTh He3aMen -
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TeJILHO B3s1J1aCh 3a MPOBENCHUE aKIIMK «3a CIpa-
BemMBOCTh B TNT» ¢ Liesbio oKa3arh JaBjieHue
Ha KOMITaHUIO U TIOJTYYUTh TApAaHTUK COXPAHEHUST
PabOYMX MECT, YCJIOBUI TPy/a 1 TIPaB PO coro-
30B. AKIIMS 1IJ1a TIPEMMYIIECTBEHHO B (hopme
3JIEKTPOHHBIX KOH(epeHUui. PaboTan anpecHblit
web-caiiT. M®T Bejta Iraior co mTad-KBapTHPOi
kopnopauuu TNT B [aare, B KOTOpOM ydacTBOBa-
J ipoeorossl Hunepnannos, BenvkoOputanusi,
CIIA. B KoOHEUHOM CUETe OMAJIOT 3aBEPIIIICS
KOHKPETHOI TOTOBOPEHHOCTHIO [2].

B 2008 romy npoaomKuioch OpraHM3aluOHHOE
CTaHOBJIEHNE MEXCEKIIMOHHBIX MPODCOIO3HBIX
cereit MOT B cdepe MOYTOBO-TPAaHCTIOPTHBIX
KommaHui [3]. B xoH1e vtosis B [Batemasie nporen
CeMMHap, B KOTOPOM Y4acTBOBAJIM HECKOJIBKO
YJIEHCKUX MPO(dCOI030B C 000MX aMEPUKAHCKUX
KOHTMHEHTOB, Ha HEM paccMaTpuBajlach OpraHu -
3alMoHHas1 padoTa B komnanuu DHL. [leneraiuu
€BPOTENCKIX aBUAIIMIOHHBIX TPAHCTIOPTHO-JIOTH -
CTUYECKUX y310B ceTr Kommanu DHL cobpamick
B CEHTSIOpE TOTO Ke To/la Ha CBOIO TPETHIO BCTPEUy
B mtab-kBaptupe M®T B JloHnoHe. BHumanue
OBbLIO COCPENOTOYEHO Ha CO3MaHUM KOMITaHUEH
UPS EBponelickoii ceTv TpaHCTIOPTHO-JIOTUCTH-
YeCKUX y3/10B 1 Ha pabote komrnanuu DHL Express
B Unmnu.

IoGanbHasg akuus Mo MoBOAY KOMIAHUU
DHL, Bxozgiieit B coctaB repMaHCKOTO XOJIIMH-
ra Deutsche Post World Net (DPWN), nocturia
CBoOeli KyJbMUHALIMY BO BpeMs «Hemenu neiicTBuit
pabotHrkoB DHL», Koraa 1uia moarotroBka Mex-
JIyHapOJIHOTO PaMOYHOTO coraiieHusi. BecHoit
2009 ronma ObL1 3amy1LeH T00ATbHbIN COLMATBLHBII
Juaior ceti mpodcoro3oB MAOT- UNI ¢ BeIcmm
pykoBoncTBoM Komranu DHL [4].

B 2012 roay mpoaomkuioch YCUIeHUE BAMSI-
Hust cetrt ipodcotozoB MAOT- UNI Ha rinobam-
3MPOBAHHOM PHIHKE Tpy/ia. ExeronHoe 3acenanue
3TOM ceTh TIPOCOI030B COCTOsIOCH B JIOHTOHE
B Mae mpu yyactuu 100 aKTMBKMCTOB MepcoHaia
THK rnobanbHOMI 1OCTaBKU.

ITpodcoro3Hoii ceTu yaanoch 3alIUTUTh IpaBa
24-4neHoB Typerkoro podcorosa Tiirkiye Motorlu
Tasit Isgileri Sendikasi (TUMTIS), KoTopble GbL11
yBojieHsl u3 DHL Turkey Ha ocHOBaHUYM 00BUHE-
Huit, Kotopeile M®T mocuunTana chabprKoBaH-
HBIMU 1 TOJIOCTIOBHBIMHI. B HOs10pe MDT omy6mm-
KOBaJIa UTOTM HE3aBUCHMOTO PACC/IeIOBAHMS MX
YBOJIbHEHMSI, BBISIBUBIIIETO M3OIIPEHHYIO aHTHU-
IPo(COIO3HYI0 KAMITAHUIO C YIaCTHEM PYKOBOIM -
TeJieil BeIciiero 3BeHa [5].

DHepruyHasi KaMraHusi COMAAPHOCTH TIPO-
JIOJDKaIach 0 KOHIIA rofa, a 12 nekadbpsi opraHu-
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3armu MOT yyacTBoBau B MexkIyHapoaHoM JIHe
neiicTBuii B moamepxky npogceoroza TUMTIS
1 ero 6OpHOBI 3a TIpU3HAHKE TTPo(CoI03a U ero
0CBOOOKIEHIE OT BMEIIATE/IbCTB U 3aITyTHBAHUTA.
B xoH11e 1exabpsi cyI1 110 TPYIOBBIM CIIOpaM ITpH-
3Ha1 Komnanuio DHL Turkey BUHOBHOIA B yBOJTb-
HEHWM BOCbMM PaOOTHMKOB, UbM JieJia ObLIH Tie-
penaHsl emy Ha paccMoTpeHue. B 2013 roay
0opn0a He octabepana [6].

3.

B 2012 romy mpomn30III0 TTO3UTHBHOE COOBI-
THE — PYKOBOIWTEN ceTH Tipodcoro3oB MOT —
UNI u psnoBble aKTUBUCTBI CO31a i HOBBIN
Bceunauiickuiit KOOpAXHAIIMOHHBII COBET padOT-
HrkoB DHL, npr3BaHHBII CIUTOTUTH MX COPATHU-
KOB TI0 Bcell ctpaHe. HOBBIiA absiHC 00beTuHIIT
0oJiee THICSYM WITATHBIX cOTpyaHUKOB DHL
B UHauu, a Takxe mepcoHan cyornoapsayuKoB
W aTeHTCTB, JlaBasi UM BO3MOXKHOCTb TIPE/IIaraTh
QIMUHUCTPALINY KOMITAHUU «OJTHO OKHO» ST
KOHTAKTOB ¢ TIpodcoro3oM [7].

IIpoBons cemuHaps u coemanust, MOT
rnomorasa npodgcoro3aM pa3padaTbiBaTh OpraHU-
3atMoHHylo ctpateruto it DHL India. E€ anmu-
HUCTpAIus Jaja corjlacue MPUHSIThH ydacTue
B 3aceaHnM KoopauHarmonHoro Cosera B Mym-
6au. Ha HEM ObLTM 00CYXIEHBI BAXXHBIE BOTIPOCHL:
HEOOXOMMMOCTH IaTh HEOPTAHU30BAHHBIM TPY/IsI-
IIMMCS TAKyIO e BO3MOXKHOCTD BBICKA3aTh CBOE
MHEHHME U XaJloObl, KaK W WwieHaM TIpocorosa,
HEYKJIOHHO PacIIMPsITh O0IIIEHUE B CETH 1 TIPOBE-
JIeHUe KaMITaHWii Ha HAIIMOHAJTbHOM ¥ MEKTyHa-
POIHOM YPOBHE, a TAKXKE MPOJOJIKATH UCCIIEN0BA-
HMsI, 00pa3oBaTebHbIE TIPOTPAMMBI U KYPCHI
npochoOydeHusI.

B cexumu nokepoB MOT mosiBuiach MexIy-
HapoyHas Tpo(coto3Hast CeThb, B3sIBIIIAs Ha ce0st
OTIepaTOPOB TJI00ANLHBIX CETeil TEPMUHAJIOB.
Kommnanun APM u DPW BKIIIOYMIUCH B IPOEKT
Juts1 opta B Mymb6au. B mponiecce paboThbl ycTa-
HOBJIEH DJIOOAIbHBIN TUajior ¢ KoMmraHueir APM
Terminals, TIpoIILTA TIEPEroBOPHI ¢ KOMITAHUSIMU
Dubai Ports World (DPW) u PSA. Ipodcorossr
pabotHukoB TepmuHanioB APM B TTopr-Caune
u Tarzkepe T0OMIMChH 3aKITFOYEHMSI CBOETO TIEPBO-
TO KOJUIEKTUBHOTO fnoroBopa. [Ipencrasurenn
cetn MOT B Erunte nmognepxan obpasoBaHue
psina ipohCor030B B 3TOM CTPaHE U POBEJTH B Je-
Kabpe 2012 roma ceMUHAapbI «00y4YeHMsT 00yYaro-
UX» IS IepCOHaa TPaKJIaHCKOW aBUALIMU
1 aBTOMOOWJIHOTO TpaHcmopTa [7].

B 2008—2009 romax MeXCeKIIMOHHAsI CETh
npocpcoto3oB M®DT Ha nmpeanpusitusx Maersk
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MPUHUMAJa yJyacTue B KaMIaHUK Mpodcoro3a
paboTHUKOB TpaHcmopTa U fokos (TDWU) 3a
npu3HaHue npodcoro3a rpynnoi KoMnaHun
GTI, moapsiauMKaMu KOHTEHHEPHOTO TEPMUHA-
Jla B mopty Mymb0au, npuHaaexaniero Maersk
[3, 4].

B anpese 2008 rona MexayHaponHasi (penepa-
1IMs1 TPAHCTIOPTHUKOB Hanpaswia B Mymbau nie-
JIeTalyIo JJIsl paccieoOBaHus C1y4aeB HACWIUS
npotuB wieHoB TDWU, uToObl 3aCTaBUTh UX
BCTYIUTb B MECTHBII «KapMaHHBIN» Mpodcoro3
Navi Mumbai. M®T rtakke 3akazana TOKJaj
B MHauiickoM LieHTpe npaB yesioBeka. A 21 anpe-
JISl CTapilve MCITOJHUTEIbHbIE PYKOBOIUTETN
KOMIIAHWU BCTPETWIIMCH C JINIEPAaMU KOMUTETA
ceTu ipocoro30B Ha npeanpusitusax Maersk. Ha
BCTpeye ObLIO PENIEHO CO3AaTh COBMECTHBIN KO-
MuTeT o nipaBaM Tpyasiuuxcs (WRP) wis uzyye-
Hus cutyaiu B komnanusx GT1LL

B nexabpe WRP BbimycTrs CBOM OTYET, B KO-
TOPOM YKa3bIBAJIOCh, YTO MOJAABJSIONIEE OOb-
IIMHCTBO PabOTAIONIMX [TO KOHTPAKTy BOAUTENEH
B YETHIPEX TOAPSIAHBIX KOMITAHUSX SIBJISTIOTCS
yieHamu nipodeoroza TDWU. B pesysnbsrare Kom-
nanug Maersk HampaBwuia 2 ssuBapst 2009 roma
TTOIPSITHBIM KOMTTAHUSIM YBEIOMJIEHHE C MH(bOP-
Maluei o pe3ysbraTax paccjae0BaHuUs U yKa3aHU-
€M 0 TOM, 4T0 Maersk oX1aeTt, 4To 3T KOMITaHU!
TIOATUIIIYT KOJIEKTMBHBIE JIOTOBOPBI C HACTOSI-
wyM npodcoro3oM He nosaHee 9 sHBaps. Hu
OJIHa U3 KOMITaHWIA He OTpearrpoBasa MojJoXu-
TeJIbHO Ha [TMCHMO, a IBe OTPeOOBaIM MPU3HAHUS
«kapMmaHHoro» rpocoroza Navi Mumbai. B otseT
Maersk HeIByCMBICIEHHO 3asiBUJIa O HAMEPEHUM
Pa3opBaTh KOHTPAKTHI C ITUMU TTOAPSITIMKAMHU.
MOT s1cHo 3asBMIIa, YTO KaK paboume MecTa, Tak
U TIPECTaBUTEIbCTBO PAOOTAIONINX BOAUTENEH
JIOJDKHBI OBITH 3aIIIUILECHBI.

4.

JeticTBysl B pamkax crpareruu «OpraHnzyem-
S T100aIbHO», CEKIUS KeJIe3HOJOPOKHUKOB
MO®T ocoboe BHUMaHUeE y/ieisiia TAKOMY HalpaB-
JICHUI0, KaK OPTAHU3aLIMOHHAS padOTa B TPaHCHA-
IIMOHAIBHBIX TPAHCIIOPTHHIX KOPITOPAIIUSX TIO
CO3IaHNIO MEXKCEKIIMOHHBIX IIPO(COIO3HBIX CETEH.
B kavectBe 00beKTa 17151 TPOBENCHMS CTpaTeTye-
CKOIl paboThl ceKlus BbIOpasa KOMMAHUIO
Deutsche Bahn. 910 ommH 13 KpymHEHIIIX UTpo-
KOB B XXEJIE3HOIOPOXHOW OTpaciu, KOTOPbIA
pacimpseT cepy cBoel AesITeIbHOCTU Ha APYTHe
CTpaHbl, PETUOHBI U OTPACIIN SKOHOMUKHU, BKITIO-
Yasi ¢ moMortibio Komnanuu DB Schenker n moru-
CTHIKY.
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Cexkuust mpoena B Komnanuu Deutsche Bahn
PSIT MEKCEKITMOHHBIX ITPO(COI03HBIX MEPOTIPUSI-
THIA, B KOTOPBIX U3bSIBUJIM XeJIaHUe yYacTBOBAaTh
1 poGhcor03bl PAOOTHUKOB aBTOMOOUIBLHOTO
tpaHcnopta. B 2009 roxy npencraButenu npodco-
1030B Transnet (Iepmanus) u FNV Bondgenoten
(HunepnaHapl) peliiiv HayaTh co3naHue npod-
colo3Hoi cetu. Pabouast rpyrina B nepBbId pa3
BCTpeTWJIach B MapTe, a B okTsi0pe B bproccene
TTPOIILIO 3aceNaHue Mo OprpaboTe B KOMIAHUN
Deutsche Bahn Rail [4].

[TpoGemMbl, KOTOPBIE PEIIaeT CEKIIHSI C TOMO-
1IbI0 TIPO(COI03HOM CeTH, MHOTOACTIEKTHBIE
u cioxsble. Kommnanusa Railion, rpy3oBoe ote-
JICHUE XeJIe3HOMOpOXKHOM Koprioparmu Deutsche
Bahn Logistics AG, peainsyer cBov aMOMLIMO3HbIE
MEXTyHapoaHbIe TUIAHBI U TIpe/IaraeT B3STh Ha
ce0s1 KOMITJIEKCHBIE TOCTaBKU U 00eCTIeYUTh Oe3-
OCTaHOBOYHOE TiepeceyeHune TpaHull, TOTOBa
TTPOBECTH CTPYKTYPHBIE TIPE0OPA30BaHMSI 1 yCTa-
HOBUTb TaKyl0 CUCTEMY pabOThI MAIIMHUCTOB
TI0€310B, MPY KOTOPOI UTHOPUPOBAIUCH OBl Ha-
LIMOHAJIbHBIE TPAHUIIBL. TpaHCTIOPTHEIE TTpodCco-
103bI BBICTYITUJIU TIPOTUB 3TOTO.

CoTpyTHIYECTBO CEKIIMIA KeJIe3HONOPOXKHOTO
1 aBTOMOOMITbHOTO TpaHcrmopra MDT B pamKax
COBMECTHOTO KOMUTETA MPUBEJIO K CO3IaHUIO
podhCcor03HOM MHMDOPMALIMOHHOM CEeTH B TpaHC-
HaIMOHAIBHBIX KOMITAHUSIX TOPOJICKOTO TPaHC-
noprta, Bkioudas First Group, National Express,
Veolia Transdey.

B 2006 romy cetb HacumThiBaza 180 uieHOB U3
65 opraHm3anuii B 35 cTpaHax M UCIOIb30BAIACh
U1t oOMeHa uHdopMauueil 00 ycIoBUsIX Tpy/a,
cTuIie paboOThl KOMITAaHWIA, OT3bIBAX MPO(COI030B
Y T.IL., @ TAKXKeE JUTT MOOMJTM3AIMY CUJT MEXTyHa-
POJHOM CONMIAPHOCTU TIPU BOZHUKHOBEHUH
TpynoBbIX criopoB. B mione cetb MOT okazana
MOAJePKKY KoMaHae npodcoro3oB Teamsters
u SEIU, KoTopas 100601poBaia exeroaHoe coopa-
Hue akimoHepoB FirstGroup, cocTosiBiieecs
B AbepauHe. Ha koHrpecce B JlypOaHe Koanuuust
TTPO(COIO3HBIX TPYIIIT, KOTOPIX 00 BEIMHSIIA CETh,
caenana 3aspiaeHue oTHocurenbHo FirstGroup,
TIPU3bIBAs KOMITAHUIO CTPOUTH TIPOYHOE W TIPO-
JIYKTUBHOE MapTHEPCTBO C Tpohcoto3oM [2].

B 2007 roay ceTb CKOHLIEHTpUpOBaJa CBOE
BHMMaHue Ha KommnaHuu FirstGroup B ¢Bs3u ¢ €€
antunpodcow3Hoit aesteapHocThio B CLIA.
B crpaTternueckoii BcTpeue, KoTopasi poiia
B Havasie rofa B JIOHIOHe, IPUHSIIN TAKKe yJacThe
SEIU, Teamsters (CIIIA), Transport and General
Workers’ Union, RMT (BenukoOGputanus),
SIPTU (Mpnauaust), FNV Bondgenoten (Hunep-
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nmaHnael) v Transnet (Iepmanusi). beuto pemeHo
co31aTh ceTh commapHocTi MOT B KoMITaHIH
FirstGroup ¢ 11e/1b10 TaTbHEHIIero COBePIEHCT-
BOBaHMsI oOMeHa uHGopmanueit. KoopnuHauus
JEVCTBUI MeX Ty OPUTAHCKUMU U aMEPUKAHCKH -
MU ripobeorozamu B 6oprde ¢ FirstGroup okasa-
JIach YCTIEITHOM. AMepUKaHCKUE TPOQCOI03bI
cMmor npusiieys 6osiee 3000 BomuTesneii aBToOy-
COB, KOTOpBIE paHee He UMEJM TojIoca Ha CBOMX
pabouurx MecTax, 1 6arofapst COBMECTHBIM MeX-
JIyHapOIHBIM JAEHCTBUSIM CMOTJIN YCUJIUTD JIaBJIe-
HUE Ha KOMITAaHWIO, KOTOpasi Oblla BBIHYXIIEHA
B 3HAUMTEIHHON CTETIEHW M3MEHUTH CBOE aHTH-
npodcoro3Hoe noseaeHue [§].

B 2008 romy 60:1ee 190 aktuBrcTOB 85 Mpocco-
1030B 13 43 cTpaH MUpa SBJISUTMCH WieHaMU CETH
MOT 1o TpaHCHAIIMOHATBHBIM KOPIIOPALIUSIM
ropoJIcKoro TpaHcropTa. E€ nesrenbHOCTh Xapak-
TepU30BaJIaCh T€M, UTO TIPEICTaBUTEM TTpodco-
1030B 13 Benukobputanuu, Hunepnannos, Mcna-
Huu u CILA BriepBbie coOpaarch BMECTE, YTOObI
00CYIUTb KOOPAVHALIMIO IEHCTBUIA B OTHOILIEHUN
National Express Group. B KoHIle KOHIIOB, Ta
YCTaHOBWJIA, YTO BOTUTEM MEXIYTOPOIHBIX aB-
ToOycoB u cetu Eurolines B OCHOBHOM paboTaioT
Ha TPeThU KOMITAHUU, ¥ COTTIACUIIACh PACCMOTPETh
BO3MOXHOCTb TTPUBJIEYEHUST UX B TIPO(PCOIO3BI
Y TIpOBOIUTH oprpadoty yepe3 MOT [4].

B mae 2009 rona mpoiiuia BTopasi ctpareruye-
ckag BcTpeya o kommanuu National Express
B Manpuze. Ha Heit Obu1r 00CY:KIEHBI IEHCTBUS
KOpIiopalyu ¥ e€ TouepHUX KoMaHuii B Bem-
kobputanuu, Mcranum u CIIIA, a Takke Komma-
Huu Eurolines ¥ mocTaBiieH BOIIPOC O CO3IaHUU
npocoro3Hoit cetu. bruto coracoBaHo, YTO
yepe3 MOT mpoifnéT auaior ¢ KoOMIaHWeH Ha
BBICIIIEM YPOBHE M UTO €BPOTENCKHUE KOJUIETH
JIOJDKHBI TTOJIIEPKaTh OPraHU3allMOHHYI0 paboTy
B CIIIA, rae Bo3HMKIIa aHTUITPOGCOIO3HASI aTMOC-
depa [4].

B 2012 rony wieHaMu “HOOPMALIMOHHOW CETU
MOT 1o TpaHCHAIIMOHATBHBIM KOMITAHUSIX TO-
POJICKOTO TpaHCIOPTa CTaIu yxe oosiee 230 akTu-
BucToB oT 106 mpodcoro30B B 55 crpaHax. OHa
MpoJ0JKaaa MOHUTOPUHT AesteabHoct THK
MacCakMPCKOro TPAHCIIOPTa M MOOWTU3ALIUIO CUT
IJI00aTLHOI COMMIAPHOCTY TIPY BOSHUKHOBEHUN
B KOMITaHUSIX TPYAOBBIX CIIOPOB [7].

B mae 2012 roga mexxayHapoaHasi mpodcoros-
Hasl JIeJIeTaliysl, COCTOSIBIIIAs U3 TIPEICTaBUTE e

CeTH, IPUCYTCTBOBAJIA Ha €3KETOHOM COOpaHUU
akumoHepoB National Express Group BJIoHmoHe.
Omnupasich Ha JaHHBIE COBMECTHOTO MCCIIEIOBA-
Hus ripocdeoro3oB Teamsters u Unite, neseraius
BbIpa3uja MpoTeCT MPOTUB HapyIlIeHUi MpaB
Tpynstimxcs B CeBepHoii AMepuke. B ToTke neHb
B EDT, eBpomneiickom otnenennn MOT, komuter
10 TOPOACKOMY OOIIIECTBEHHOMY TPaHCIIOPTY
TIPUHSUT IEKJTapalinio B OIS PKKY IIPOBOIUMOI
npodcoro3amu Teamsters u Unite kamnaHuu 3a
MpU3HaHKe MTPodCcor03a U yBaxkeHUe 10 OTHOIIE-
HMIO KO BceM paboTHuKaM National Express.

* % %

Ha npuBea&HHBIX (pakTax HETPYAHO YOS IUTh-
csl, YTO MpobyemMa COLUMATbHOIO OIEMIIMHIA,
npumeHsemoro THK, ocraércst onHoli u3
OCTpEHILUX B yCIOBUSIX iobamu3aimu. [Tpenmy-
LIECTBEHHO OH BbIpaXKaeTcsl B 0TKa3e paboTona-
TeJIell U MpeaCcTaBUTeNeil OM3Heca OT BBIIOJIHE-
HUS B MOJIHOM 00bEME CBOMX COLIMATbHBIX 008~
3aTeJIbCTB, KOTOPbIE 3aKPEIUIEHbl B KOHBEHIIUSIX
MOT 1 HaLMOHATLHOM TPYIOBOM 3aKOHOIATE b~
CTBE, B HAPYIICHUN UMU TPYIOBBIX IIpaB HAEMHBIX
pabotHrKoB. HakorteHHbnii M®T orbiT opra-
HM3AIIMOHHON pabOThl B TPaHCHAIIMOHAIBHBIX
TPAaHCIIOPTHBIX KOPIIOPAIUSIX IO CO3TAHUIO
MEXKCEKIIMOHHBIX MTPOQPCOIO3HBIX CETEM, 00PHOBI
C COLMAIbHBIM IEMITMHTOM — TOJIKO YacThb TeX
OOIIIeCTBEHHBIX YCUIINI, KOTOPBIX 3aCIyKUBACT
HaXXWTOE B TIPOTUBOCTOSIHUM TPYyAa U KaluTajia
«3710€» SIBJICHUE.
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STRUGGLE OF TRADE UNIONS AGAINST SOCIAL DUMPING

Zubkov, Sergey A., Russian University of Transport (MIIT), Moscow, Russia.
Krainov, Grigory N., Russian University of Transport (MIIT), Moscow, Russia.

ABSTRACT

Inthe context of modern globalization, transnational
corporations (TNC) use social dumping in their practice,
which is expressed in the export of low-quality
economic resources, political ideas or sociocultural
values for their own advantage to underdeveloped

countries. The authors of the article, using examples
from the activities of international transport unions,
show their struggle against such dumping, in defense
of the labor rights of wage workers, as well as attempts
to establish mutually beneficial cooperation between
trade unions, business and government.

Keywords: globalization, transport trade unions, international transport workers’ federation (ITWF), social
dumping, transnational corporations, trade union struggle strategy, labor rights of workers.

Background. Dumping is sale of goods and
services at artificially low prices. In international
vocabulary, the category «dumping» is used as a
synonym for unfair competition, which involves affecting
the prices of exported goods in order to eliminate
competitors, seize foreign markets, and obtain a high
profit.

Social dumping is defined as an expression of the
freedom of market relations between the participantsin
the world economic system in the process of exporting
low-quality economic resources, political ideas or
sociocultural values in order to obtain benefits
corresponding to the goals. Social dumping refers to
the most complex variety of game on a foreign territory,
its consequences are most destructive for states with a
relatively weak economy, pronounced social polarization
and stratification of the population, a complex
demographic situation and a deformed social
consciousness. In practice, social dumping as a
phenomenon is increasingly penetrating the world labor
market and its regional centers.

Objective. The objective of the authors is to
consider struggle of trade unions against social
dumping.

Methods. The authors use general scientific
methods, comparative analysis, evaluation approach,
scientific description.

Results.

1.

Globalization has become a self-extracting factor
ofmodern social development. Today, serious changes
are taking place in the world, accompanied by the
transfer of production from developed countries to
regions with a lower social level which is used by
transnational corporations (TNC) through the methods
of social dumping. Under the pretext of increasing
productivity and competitiveness, TNC are exerting a
lot of effort to emasculate social legislation aimed at
protecting the rights and interests of workers,
occupational safety and the environment. These
processes lead to the dissociation of workers, a
reduction in their ability to protect their rights, hinder the
union of hired workers in trade unions and the activities
of trade unions themselves.

The transfer of the main part of the production of
goods and services by TNC to countries with weak social
and labor legislation and trade unions removes them
from the sphere of operation of the established national
collective agreement systems. The previous order of
collective bargaining and collective agreements is being
violated. The national (general) agreements lose their
former importance and the center of gravity of the
collective bargaining struggle moves to the sectoral and
even local level of the enterprise (firm), which, naturally,
reduces the opportunities for trade unions to achieve
some joint results.

Recently, the actions of TNC on application of social
dumping methods have been reflected in the forms of
borrowed labor, which include outsourcing. This new
business technology can reduce social costs and
modernize companies. When outsourcing, parent
companies deduce part of the jobs for the enterprise
staff (including other countries), i.e., they transfer a
certain service function to another structure. It can be
first protection, then a canteen, maintenance of
elevators, etc. Sometimes entire shops are taken out of
staff. There is a fragmentation of the work collective and
a weakening of integrity of a trade union. As a rule, in
connection with outsourcing, a trade union ranks are
significantly thinning out.

The application of the noted forms and methods of
social dumping by TNC poses a serious challenge to the
world trade union movement, including the International
Transport Workers’ Federation (ITF), which unites 700
national trade unions representing about 4,7 million
workers from 150 countries worldwide [1].

Today, the activities of ITF to address social dumping
problems are focused on implementation of the strategy
«Organizing globally, fighting for workers’ rights»,
approved by the Congress in Durban in 2006. The
strategy is aimed at increasing the influence of trade
unions, setting goals that would ensure better strategic
positions for transport workers in the global economy,
including at enterprises of international transport
operators, in global or regional transport hubs, sensitive
chains of transcontinental supplies.

During the implementation the strategy «Organizing
globally» has already brought its results. Among them —
creation of inter-sectoral trade union networks of the
ITF, which allow its organizations to effectively work to
protect the rights of trade unions and combat social
dumping.

2.

The program of work with postal and transport
corporations of sections of road transport workers and
civil aviation of the ITF has led to the emergence of
intersectional networks in companies such as DHL, UPS,
Fed Ex and TNT. The trade union network at DHL
operates as part of a joint program with the Global Postal
Workers Federation UNI.

The ITF affiliate, the German trade union Ver.di has
taken the lead in creating a network of trade unions in
the triangle of transport hubs of DHL Wilmington—
Leipzig—Hong Kong. After a meeting of trade union
representatives at the European air transport hubs, DHL
in London organized a network of union members
working in six of eight major DHL hubs in Italy, France,
Denmark, Germany and Belgium.

Even at the initial stage of their activities, ITF trade
union networks in the field of postal and transport
companies showed their potential. In April 2006, TNT
Corporation announced the sale of its logistics direction.
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The union network immediately took up the action «For
Justice in TNT» in order to put pressure on the company
and get guarantees for preservation of jobs, working
conditions and trade union rights. The action was mainly
inthe form of electronic conferences. The address web-
site worked. The ITF conducted a dialogue with the
headquarters of TNT Corporation in The Hague, in which
the unions of the Netherlands, the United Kingdom and
the United States participated. In the final analysis, the
dialogue concluded with a concrete agreement [2].

In 2008, the organizational development of the ITF
inter-sectoral trade union networks in the field of postal
and transportation companies continued [3]. Atthe end
of July, a seminar was held in Guatemala, in which
several affiliates from both Americas participated, which
considered the organizational work at DHL. Delegations
of the European aviation transport and logistics hubs of
the DHL network gathered in September of the same
year for their third meeting at the ITF headquarters in
London. Attention was focused on the creation of the
European network of transport and logistics hubs by
UPS and at the work of DHL Express in India.

The global action on DHL, a part of the German
holding Deutsche Post World Net (DPWN), culminated
during the DHL Workers’ Week, when the international
framework agreementwas being prepared. In the spring
of 2009, the global social dialogue of the ITF-UNI
network of trade unions was launched with the top
management of DHL [4].

In 2012, the influence of the ITF-UNI trade union
network on the globalized labor market continued to
increase. The annual meeting of this network of trade
unions was held in London in May with the participation
of 100 active members of TNC personnel of global
delivery.

The trade union network managed to protect the
rights of 24 members of the Turkish trade union T rkiye
Motorlu Tasit Is ileri Sendikasi (T MTIS), who were
dismissed from DHL Turkey on the basis of charges that
the ITF considered fabricated and unfounded. In
November, the ITF published the results of an
independent investigation into their dismissal, revealing
a sophisticated anti-union campaign involving senior
executives [5].

An energetic solidarity campaign continued until the
end of the year, and on 12 December ITF organizations
participated in the International Action Day in support of
T MTIS trade union and its struggle to recognize the
union and its release from interference and intimidation.
At the end of December, the Labor Court found DHL
Turkey guilty of dismissing eight employees whose cases
had been referred to it. In 2013, the struggle did not
weaken [6].

3.

In 2012, there was a positive development — the
leaders of the network of unions of the ITF-UNI and
ordinary activists created a new All-India Coordinating
Council of DHL employees, designed to rally their
colleagues throughout the country. The newalliance has
brought together over a thousand DHL staff members
in India, as well as subcontractors and agencies, giving
them the opportunity to offer the company’s
administration a «one-stop shop» for contacts with the
union [7].

Through seminars and meetings, the ITF helped
trade unions develop an organizational strategy for DHL
India. Its administration agreed to participate in the
meeting of the Coordination Council in Mumbai.
Important issues were discussed: the need to give
unorganized workers the same opportunity to express
their opinions and complaints, as well as to members of
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the trade union, steadily expand communication in the
network and conduct campaigns at the national and
international level, and continue research, educational
programs and vocational training courses.

In the section of the ITF dockers, an international
trade union network has emerged that has taken over
operators of global terminal networks. Companies APM
and DPW joined the project for the port in Mumbai. In
the process of work, a global dialogue with APM
Terminals was established, negotiations were held with
Dubai Ports World (DPW) and PSA. The unions of APM
terminal workers in Port Said and Tangier achieved their
first collective agreement. Representatives of the ITF
network in Egypt supported the formation of a number
of trade unions in that country and conducted seminars
in December 2012 on «training of trainers» for civil
aviation and road transport personnel [7].

In 2008-2009, the inter-sectoral network of ITF
trade unions at Maersk enterprises took part in the
campaign of the trade union of transport workers and
docks (TDWU) for the recognition of the trade union by
a group of GTl companies, contractors of a container
terminal in the port of Mumbai owned by Maersk [3, 4].

In April 2008, the ITF sent a delegation to Mumbai
to investigate incidents of violence against TDWU
members in order to force them to join the local «pocket»
union NaviMumbai. The ITF also commissioned a report
at the Indian Human Rights Center. And on April 21,
2008, senior executives of the company met with the
steering committee of the network of trade unions at the
enterprises of Maersk. At the meeting, it was decided
to create a joint committee on workers’ rights (WRP) to
study the situation in GTI companies.

In December, WRP released its report, which
indicated that the vast majority of contract drivers in four
contract companies are members of the TDWU. As a
result, Maersk sent a notice on 2 January 2009 to
contractors with information about the results of the
investigation and an indication that Maersk expects that
these companies will sign collective agreements with
this union no later than January 9. None of the
companies reacted positively to the letter, and two
demanded recognition of the «pocket» trade union Navi
Mumbai. In response, Maersk unequivocally announced
its intention to break contracts with these contractors.
The ITF has clearly stated that both workplaces and the
representation of working drivers should be protected.

4.

Operating within the framework of the «Organizing
Globally» strategy, the section of ITF railway workers paid
special attention to the organizational work in
transnational transport corporations in creating
intersectoral trade union networks. As a facility for
strategic work, the section chose Deutsche Bahn. This
isone ofthe largest players in the railway industry, which
expands its activities to other countries, regions and
sectors of the economy, including with the help of DB
Schenker and logistics.

The section held a number of intersectional trade
union activities at Deutsche Bahn, in which the unions
ofroad transport workers expressed their willingness to
participate. In 2009, the representatives of the trade
unions Transnet (Germany) and FNV Bondgenoten
(Netherlands) decided to start the creation of a trade
union network. The working group met for the first time
in March, and in October in Brussels there was a meeting
on organizing in the company Deutsche Bahn Rail [4].

The problems solved by the section with the help of
the trade union network are multifaceted and complex.
Railion, the cargo department of Deutsche Bahn Logistics
AG, implements its ambitious international plans and
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proposes to take on comprehensive supplies and ensure
non-stop border crossings, is ready to carry out structural
changes and establish a system of train drivers thatignore
national borders. Transport unions opposed this.

The cooperation of the ITF’s rail and road transport
sections within the joint committee led to the
establishment of a trade-union information network in
transnational public transport companies, including First
Group, National Express, Veolia Transdev.

In 2006, the network comprised 180 members from
65 organizations in 35 countries and was used to
exchange information on working conditions, company
style of work, trade union reviews, etc., and to mobilize
international solidarity forces in the event of labor
disputes. In July, the ITF network supported Teamsters
and SEIU, which lobbied for the annual meeting of
FirstGroup shareholders held in Aberdeen. At the
congress in Durban, a coalition of trade union groups,
which the network united, made a statement regarding
FirstGroup, urging the company to build a lasting and
productive partnership with the union [2].

In 2007, the network focused on the company
FirstGroup in connection with its anti-union activities in
the United States. The strategic meeting that took place
atthe beginning of the year in London was also attended
by SEIU, Teamsters (USA), Transport and General
Workers’ Union, RMT (UK), SIPTU (Ireland), FNV
Bondgenoten (Netherlands) and Transnet (Germany).
It was decided to create an ITF solidarity network in
FirstGroup to further improve the exchange of
information. Coordination between the British and
American unions in the fight against FirstGroup was
successful. American unions were able to attract more
than 3000 bus drivers who previously had no voice in
their workplaces and, through joint international action,
were able to increase pressure on the company, which
was forced to significantly change its anti-union behavior

[8].

In 2008, more than 190 activists from 85 trade
unions from 43 countries were members of the ITF
network for transnational corporations of urban
transport. Its activities were characterized by the fact
that representatives of trade unions from the UK, the
Netherlands, Spain and the US first met together to
discuss coordination with the National Express Group.
Eventually the latter found that the drivers of intercity
buses and the Eurolines network mainly work for third
companies, and agreed to consider the possibility of
involving them in the trade unions and organizing
through the ITF [4].

In May 2009, the second strategic meeting on the
company National Express took place in Madrid. The
actions ofthe corporation and its subsidiaries in the UK,
Spain and the United States, as well as the company
Eurolines were discussed and the issue of establishing
a trade union network was raised. It was agreed that a
dialogue with the company at the highest level would be
held through the ITF and that European colleagues
should support organizational work in the United States,
where an anti-union atmosphere emerged [4].

In 2012, over 230 activists from 106 trade unions in
55 countries became members of the ITF information
network for transnational companies of urban transport.

It continued to monitor the activities of TNC of passenger
transport and mobilize forces of global solidarity when
labor disputes arise in companies [7].

In May 2012, an international trade union delegation
consisting of network representatives attended the
annual meeting of shareholders ofthe National Express
Group in London. Based on the data of the joint research
ofthe trade unions Teamsters and Unite, the delegation
protested against violations of workers’ rights in North
America. On the same day, in the ETF, the European
branch of the ITF, the city public transport committee
adopted a declaration in support of the campaign of
Teamsters and Unite unions for recognition of the union
and respect for all employees of the National Express.

Conclusion.

It is not hard to see from the above facts that the
problem of social dumping used by TNC remains one of
the most acute in the context of globalization. Itis mainly
expressed in the refusal of employers and business
representatives to fully fulfill their social obligations,
which are enshrined in the ILO conventions and national
labor legislation, in violation of the labor rights of
employees. The ITF’s experience of organizing work in
transnational transport corporations to create
intersectional trade union networks, to combat social
dumping is only a part of the social efforts that the «evil»
phenomenon, acquired in the confrontation of laborand
capital, deserves.
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Jenerammsi Boicmeii mKkoibl pyKoBoOauTeE -
Jeii kaapos unppactpykrypsl (ECSI) Hamu-
OHAJIbHOI KOMINAHUHU (PPAHILY3CKHX KeJIe3HBIX
nopor (SNCF) Bo riaBe ¢ HOBbIM IUPEKTOPOM
ECSI rocnoguaom ®pancucom Bennmunrom
nocetuwyia Poccuiickuii yHuBepcuTeT TpaHc-
nopra.

Hauunasa ¢ 2011 roga, PYT (MUUT)
n ECSI mpoBonsT MeXIyHapoaIHbIe OOMEHHI,
B KOTOPBIX MPUHUMAIOT Y4aCTHE C POCCUIA-
CKO CTOPOHBI: TIPEITOoAaBaTeIM U COTPYIHH-
KU aKaJeMUil 1 MHCTUTYTOB YHUBEPCUTETA,
a takxe mpencraButenru OAO «PXKI»;
¢ (ppaHIIy3CKOI CTOPOHBI — PAOOTHUKM KOM-
nanuu SNCEF, caymartenn KypcoB MOBbIIIIE-
Hus kBanudukauuu ESCI.

OO0beauHEHHAs Ieieralusi yHUBepcuTeTa
n OAO «PXKI» mocetmia @paHIINAIO B UIOHE
9TOTO Tofa.

Crymatenmu ESCI o3HakoMuInch ¢ 1a00-
patopusmu 1 Kadpenpamu MHcTUTYTA yIipaB-
JICHWSI 1 MH(GOPMALIMOHHBIX TEXHOJIOTHUIA,
WHcTtuTyTa TPAaHCIIOPTHOM TEXHUKU U CHUC-
TeM yrpaBJieHust, UHCTUTyTa myTeit, CTpon-
TEJTbCTBA U COOPYKEHUIA.

Delegation of the Ecole Supérieure des
cadres de ’infrastructure (ECSI [High School
of Infrastructure Staff]) of the National
Company of French Railways (Société Nationale
des Chemins de Fer Francais) headed by new
ECSI director Frangis Belling visited Russian
University of Transport.

Russian University of Transport (MIIT) and
ESCI have continued exchange visits since
2011, since then professors and staff of
academies and institutes of the university, staff
of the JSC Russian Railways and SNCEF,
trainees of the ECSI have participated in those
visits.

Earlier this year, in June 2017 the delegation
of RUT and Russian Railways visited France.

While visiting RUT trainees of ESCI got
acquainted with laboratories and departments
ofthe Institute of management and information
technology, Institute of transport vehicles and
control systems, Institute of track, construction
and structures.
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PYT — SNCF
RUT — SNCF

9KCMPECC-WH®OPMALINS
EXPRESS INFORMATION

PYT — SNCF

Crymatenu n3 ®paHIIIT B COITPOBOXKIC-
Huu npenoganatesieit PYT mocetunm OAO
«PX]l», tne corpynHuku LlenTpanbHoii nu-
PEKIINHU [0 PEMOHTY ITyTH, TAKKE IPUHUMAaB-
1IMe yJyacTue B 0OMeHe, OpraHu30Bau TeX-
HUYECKUN BU3UT HAa «OKHO» — IE€PEPLIB
B IBIDKEHUU TI0E3[I0B, B T€YEHNE KOTOPOTO
MPOBOASITCSI PEMOHTHO-CTPOUTEIbHbBIE
Y MOHTaXKHbIE PAOOTHI Ha 3KeJIE3HOM 10pOre.

Caywarenun ESCI Takke moceTuan sKc-
nepuMeHTanbHOe KO0 BHUMXKT u noct
3JIEKTPUYECKON LIEHTpaIn3aluu CTaHIIUU
OnuniioBo. JIBa 1HS rpynma ciymiareneit u3
®panuuu nposena B Cankr-IlerepOypre.
Bbbutn opraHn3oBaHbl TEXHUYECKUE BU3UTHI
B EXMHBIN DOPOXHBIN LIEHTP YIIpaBIeHUS
(EALLY), ocMOTp pesibcOCBapOUYHOIo Moe3aa
1 BaroHa-nedekrockona «ABUKOH-(03».

ITo oKOHUAHWU CTaXXMPOBKU CITyIIATE]IN
ESCI momyuniy cOOTBETCTBYIOIINE CEPTUDU-
KaTbl, ObLIO MPUHSITO PELICHUE ITPOIOJIKUTh
OpraHu3alInIo CTAXKUPOBOK IJII COTPYIHUKOB
PVT, OAO «PX]I» u SNCF.

IIo matepnanam PYT @

RUT — SNCF

Trainees from France together with RUT
professors visited Russian Railways facilities,
where employees of the Central directorate
of track maintenance, who were also
participants to the exchange program,
organized technical visit to see the
particularities of organization of work during
maintenance work slot.

ESCI trainees also visited experimental
circle railroad of the Russian railway research
institute and electrical centralization control
point of Odintsovo station. The trainees’
group also spent two days in St. Petersburg
where they visited Integrated traffic control
centre, got acquainted with rail-welding train
and detector-car Avikon-03.

ESCI trainees were awarded certificates
at the end of the training, it was decided to
continue similar trainings of RUT, Russian
Railways and SNCF employees.

Russian University of Transport news @
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TatbsiHa TUXOHOBA

Tatyana Yu. TIKHONOVA

Rack Railway — a Way to the Top
(TekCT cTarby Ha a@Hl. 93.—
English text of the article — p. 239)

CerogHsi no BceMy MUPY HaCYUTbIBAETCS
6osnbLue 160 3y64aTbIX XE/Ne3HbIX

Aopor. [NocTossHHO (3UMO¥ U J1IeTOM)

un3 Hux gericTeyet nopsiaka 60. lNonosuHa
BCeX MOCTOSIHHO [eCTBYIOLNX [JOPOr
npuxoauTcs Ha LUseriuapuio, rae, kak
n3BecTHo, 6onbuie 61 % Trepputopun
3aHUMaIoT ropbl. 3y64yaras xene3Has
Aopora — 3To 0cobbIii BUA [OPOru C KPYTbiM
YKJIOHOM, OHa UMeeT 3yb4aTbie 3auernyieHus,
00bIYHO pacrionararoLmnecs Mexay
nyreBbiMu pesibcamu. CTaTbsi 4OBOJIbHO
noapo6Ho paccka3biBaeT 06 UCTOPUN UX
co3naHusi, CTPOUTEIbCTBA U IKCIJTyaTaunm.
B HacTosiLyee BpeMsi UX UCIMOJIb3YIOT KakK
crnocob6 nepemMeLLeHns 1Mo TYPUCTUYECKUM
MapLipyTam B ropucToii MECTHOCTU

WJIN KaK ropoACKOM nacCaXxvpCcKum
TpaHcnopT (Hanpumep, B Byaanewre,
Lropuxe, LLUtytrapre). Ha reppuropun PP
3yb64arbie xesie3Hble 4OPOoru OTCYyTCTBYIOT,
XOTS1 Yy HAC TOXX€ MHOIO rOPHbIX MECT

(~ 33 %). U kak cnpaBen/nBo oTme4yaert
aBTOp — 3y64aTbie Xxesne3Hbie 4oporu
Morsin 6s1 cnoco6CcTBOBaTh X OCBOEHUIO

v opraHu3auun TaMm roJsie3HbIX PermoHam
BUAOB [EeSTeJ/IbHOCTH.

Knro4eBbie crioBa: ropHbIvi penbed, Typu3sm,
3yb4arasi xeneaHasi 4opora, NCTopus,
3y6yaTbie 3aLernieHns, MexaHn3m rnoBopoTa,
MPYXUHHBIV aMopTU3aTOP, CUCTEMBbI
BneHknHcona, Abta, Mapiua, PurreHb6axa,
C1pyb6a, MopraHa, Jloxepa, Jlamenna.

KOJIECO NCTOP

3yoOyaTas xxene3Has
Aopora — nyTb Ha BepLUNHY

Tuxonosa Tameana FOpveena — kandudam
unocoghckux Hayk, douenm Kageopsl cepsuca

u mypusma Poccuiickoeo yHueepcumema mpancnopma
(MHUHT), Mockea, Poccus.

CcaMOro Hayajia CBOeTO CTaHOBJICHUSI

YeJIOBEK aKTUBHO OCBaMBaJl 36MHYIO

TIOBEPXHOCTH U €€ Hellpa, NCITOTb30-
BaJl pa3IMuHbIe (hOPMBI pelibeda a1t odecrne-
yeHUs1 0€30TTaCHOCTU W 3alMThI, 3aCeJIsI
Topbl U paBHUHBI. Bojiee mpocThiMu 1T OC-
BOGHUSI ObLIM paBHWHHBIE TeppuTopuu. Ho
ropHbie OpMBI pesibeda MpemroCcTaBIsIn
YeJIOBeKyY ecTecTBeHHOe yoexxuiie. Ha HeBbI-
COKMX BEPIIIMHAX TOP CTAJI CTPOUTHCS 3aMKHU
U KPEerocTH, epKBU U MOHAcCThIpu. Takoe
TOJIOKEHUE PEIaio CTPATErnuecKylo 3amady
3alIUTHI OT HaTaIcHU I BParos, a ISt MOHAC-
ThIpeit 00ecrieunBaIo YeAMHEHHOCTD. B naib-
HellleM B TTOJ0OHBIX MECTaxX pa3BUBAIUCH
ropozja.

B mpoiiecce uCTOpUUECKOTO Pa3BUTUS
MHOTHE TOCYIapCTBa OKA3aJIUCh HA TEPPUTO-
PpUSIX, UMEIOIINX UCKITIOUUTETHLHO TOPHBIM
penbed. Ha ropHbix ckiaoHax pa3ouBalucCh
CeJIbCKOXO3SICTBeHHBIE Yro/ibsi. C pa3BUTHEM
MEIUIIMHBI U KYPOPTHOTO Jiejia B TOPHBIX
MECTHOCTSIX CTaJTU pacIiojlaraTbCs JICUeOHUIIbI
¥ CAHATOPUM.

Co BpeMeHeM MHOTHE OOBEKThI YTPATUITN
CBOE MOJIMTUYECKOE U BOGHHOE 3HAUYCHUE
u cranu mysesmu. Kpome toro, nosiBieHue
OITAYMBAEMBIX OTITYCKOB, TEXHUUECKUI U CO-
IIUAJTBHBII IPOTPECC, YBEJIMIUBILINIA KOJTMYE-
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CTBO CBOOOITHOTO BPEMEHU, MOJIa Ha TTyTelIe-
CTBUSI, Pa3BUTUE CPENICTB TPAHCTIOPTA CTUMY-
JIMPOBAJIM MaccoBbIl TypusM. [IpuponHeie
U KYJbTYpHBIE JOCTONMPUMEYATEIbHOCTU
CTAaHOBUJIUCh OOBEKTAMU TYPUCTCKOTO UHTE-
peca CTUXUIHO, TMOO MPU TPAaMOTHO MO~
TUKE MECTHBIX BjacTeii. MHOrue u3 3TUX
00BEKTOB HAXOAWIUCH B MECTAX CO CJIOKHBIM
penbedoM, TPYITHOMIOCTYITHBIM IS 4YeJTOBEKa,
JibOo B MECTaX C 0COOO0U SKOJIOTUEH, THe Tpe-
06oBaMCh 0COOBIE BUbI TPAHCTIOPTA.
Bornpoc nocTynmHOCTH TaKUX 1OCTOTTPUME-
YaTeJbHOCTEW pEelIn XKeJe3HOIOPOXHBIN
TPAHCTIOPT, HO TOXE HE OOBIYHBIN, a 0COOEH-
HbIl. OOBIYHBIC XETe3HOIOPOXKHBIC TToe3/1a
HE MOTYT MPEOA0JIeBaTh KPYThIE MOIBEMBI.
J11st 3TOr0 OBLIU CO3MaHBI 0COOBIC BUIBI JKE-
JIE3HOAOPOXKHOTO TPaHCIIOPTa — 3yOyYaThbie
JKeJie3Hble 1opoTu U pyHuKynEpel. OHU Xe
CTaJIu MOMONIHUKAMU YEJIOBEKa MO/ 3eMJIEN.
CocTaBbl 3y04aToOil XeJe3HOW TOpOoTHu
CHaO>XEeHBI CIIeIUaTbHBIMU 3y0UaThIMU KOJIE-
camu. Takue xkeJle3HbIE TOPOTU PACIPOCTpa-
HEHBI M0 BCEMY MUPY U CETOIHS SBISIOTCS
YK€ He TOJIBKO CPEACTBOM JIOCTaBKU TYPUCTOB,
HO U TIOMYJISIPHOW TEXHUYECKOW JOCTOMPU-
MeyaTeIbHOCThI0. ECTh Takue noporu B AB-
ctpuu, bpasunum, [epmanum, Iperun, HIBerii-
apuu 1 Ipyrux crpaHax. JJokoMOTuUB 3youa-
TOW XEJIEe3HOU JOPOTU COCAUHSIETCS CBOUM
3y04YaThIM KOJIECOM C LIECTEPHE TPEeThero
pejibca U TOJBKO MO3TOMY HE CKaThIBAETCS
Hazan. OyHUKYIEp paboTacT MHaAUe. Tpems
OTJINYUTEJIbHBIMU YepTaMu (hyHUKYIEPA SIB-
JISIOTCS: HATMYUE HAMPABJISIOIINX (B YaCTHO-
CTH PEILCOBOTO MTyTH ), KAHATHOM TSITU U 0051 -
3aTeJbHO PEBEPCUBHOIO LIUKJIUYECKOTO
nBuxeHus. To ectb PYHUKYNEP — 3TO peib-
COBasl Topora UMKJINYECKOro AEHUCTBUS C Ka-
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HATHOW TATOM JUTS IEPEMELLIEHUS TACCAKUPOB
U TPY30B 110 KPYTOMY TOIBEMY (CIYCKY).
bosee moapoOHO posib PYHUKYJIEPOB B TYpU3-
Me yxKe Obl1a ucciiefoBaHa aBTopoM paHee [1].
3y0Ouatast XeJie3Hast Jopora — 3TO J0pora
C KPYTHIM YKJIOHOM, UMeToIIIasi 3y0uarthie 3a-
LIeTUIEHU ST, OOBIYHO PACTIOJIaratoIINeCsT MeXK-
Iy TIyTeBBIMU pesibcaMu. [{71s1 mepeaBuskeHrsI
TOE3/I0B MCTIOJIb3YETCST OTHO WJIN HECKOIBKO
3y0UYaThIX KOJIEC, OOTBIINX U MAJTBIX pa3Me-
poB. [laHHas cucTeMa TO3BOJISIET Moe3aaM
KypCUPOBATh Ha TeX XXEJIEe3HBIX JOpOTax, Iie
yKJI0H Oosiblie 7—10 %, 4To SABISIETCS MAKCH -
MYyMOM JIJIST TTOE3/I0B, pabOTAIOIINX Ha TPEHU N
MeXIy KOJIECAMU U peibcaMu. boJbIITMHCTBO
3y0UaThIX 3KeJIE3HBIX IOPOT TIPOJIETAIOT B TOP-
HOW MECTHOCTH, XOT$I CYIIIECTBYIOT HECKOJIbKO
TPAH3UTHBIX XKEJIE3HBIX JJOPOT U TPAMBaMHBIX
JINHUN, CTIPOEKTUPOBAHHBIX IIJIST TIPEOI0JIC-
HUST KPYTOTO YKJIOHA B YCJIOBUSIX TOPOJICKOM
cpenspl. K TakuM 00beKTaM, MpeBpalliéHHbIM
B TpaMBaliHbIE TUHUU, OTHOCUTCSI, K TIPUME-
py, Xene3Has gopora «I[léctnuHrOepr»
(Postlingberg) B JIna1e (ABCTpHST).

Ha npoTstkeHum y>ke COTHU JIET XKeJle3Hast
nopora «IléctnuHroepr» coueraetr B cede
CPEJICTBO IOCTaBKU TYPUCTOB CO BCETO MUPa
Ha OMTHOMMEHHYIO TOPY U CITOCOO OCYIIIECT-
BJICHUSI TyTEIIECTBUS MO XKWBOMUCHOMY
mmytu. ZKene3Hast Jopora Oblj1a TpoJIoKeHa 1Mo
cTapoMy MaJIOMHUYECKOMY TTyTH K IIEPKBH,
KOTOpasi CTOUT Ha CaMOW BEPIIWHE TOPHI.
ITocne npoBenéHHONW PEKOHCTPYKIIUM OHA
ObLTa JIETKO WHTETPUPOBaHA B OOIIECTBEH-
HYIO TpaHCIOPTHYIO ceTh «JIuHI AT JInuHueH»
(Linz AG Linien) u ceituac noxoaur ao [aB-
HoIi Tiotaau ropoaa. Lllvpuna Konen Oblta
cokpamieHa ¢ 1000 mo 900 mm. 3a 20 MUHYT
TMoe3/ TIPOXOJUT BECh MapIIPYT XKeJIe3HON

TuxoHoBa T. 0. 3y6uaTad xene3Has Aopora — NyTb Ha BEepPLUNHY




noporu «IléctmuHroéepr», AIMHa KOTOPOU
cocrapysier 4,14 kM, a ypoBeHb MoabEMA —
255 meTpoB. Ha TuHUM UCTTONB3YIOTCS HOBBIE
KOM]OPTHBIE HU3KOTIOJIbHBIE BATOHBI, a JUIS
JIoouTeNe ayTeHTUYHOM aTMochepbl mpe-
JIaraloTcsl SKCKYpCUM B PEKOHCTPYUPOBAH-
HBIX CTapbIX BaroHax. 3y0yaTas Xejxe3Hast
Jlopora o0ecrednBaeT TOCTYITHOCTh MajioM-
HUYeCKO# 1epkBU BannbdapTckupxe
(Wallfahrtskirche), cMOTpoOBOi1 IIOIIAAKA
C BEJIMKOJIEITHBIM BUIOM Ha JIMHII, ropoa-
CKOTO 300I1apKa, a TaKXe XeJIe3HOU Toporu
«Iporrenban» (Grottenbahn) ¢ e€ ckazou-
HBIM MUPOM M 1IapPCTBOM THOMOB.
Cyl1ecTBYeT HECKOJIBKO Pa3IMYHbIX TUTIOB
3y0uaThIX pejbcoB. CeronHs Ha OOJIbIIMHCTBE
3y04aThIX XKEJIE3HBIX JOPOT MCITOJIb3YETCS
cuctema AGTa. DTOMY PEIIEHUIO MPeaIIecT-
BOBaJI MOJITMI TyTh CO3MAaHUSI U arpodaivu
pa3IMYHBIX KOHCTPYKIMii. MicTopust ctpou-
TEJTHCTBA M MCITOTb30BaHUST 3y0UaThIX JKeJe3-
HBIX JOPOT KaK CpelcTBa OO0ECIeUeHus 10-
CTYITHOCTU MECT TYPUCTCKOTO BHUMAaHUS
HEOT/IeJIMMa OT WHKEHEPHBIX pa3paboTokK
KOHCTpYKIMH s He€. [TomobHass mopora
cama 1o ce0e sIBJIeHe, BBI3BIBAIOIIEE TYPUCT-
ckuit untepec. OHa coBMelaeT B cede hyHK-
LIMU CPEICTBA TPAHCIIOpTa U MaMSITHUKA WUH-
JyCTPUAJILHOTO HACJIeIs YeJI0BEUeCTBa.
[MruoHepom cozmaHust 3y0UaThIX XKeJIe3HbIX
nopor B EBpornie Ob11 aHTIMyaHuH JI>)KOH
biaenkuHcon (cM. ¢poTOo Ha 3TOH MmoJioce).
HecMoTpst Ha OYEBUIHOCTh AKTyaJIbHOCTH
3y04yaToOro KoJyieca Mpu MoabEMe Ha BBICOTY,
TriepBasi 3youaTasi >KeJie3Hasi Topora MosiBUIach
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Ha paBHUHEe. MUIITOHCKAS XKeJle3Hast 10pora,
COoeMHSIONIAsl IpUropo, MuITOH C TOpo-
nom JInic, 4To HaxomsATcs Ha 3amane Mopk-
mupa (AHIIKS), cTajda «ITMOHEPOM» ITOTO
BUAa TpaHcnopTa. lopora paboTtania Ha OCHO-
BE CHUCTEMBbI 3y0UaThIX 3alleIJIeHUI 1 3youa-
TBIX KOJIEC, pa3pabOTaHHOM 1 3aTIaTeHTOBAH -
Hoii JIxxoHoMm bienkuHcornoMm B 1811 romy.
BrenkuHcor mosarai, 9YTo TPEHUS, BO3-
HUKAIOIIETO TTPY ABVKEHUU CTAJTbHBIX KOJIEC
10 CTaJIbHBIM peJibcaM, OyeT HeTOCTaTOUYHO.
ITostomy B 1812 roay mist MuantoHckom
JKEJIe3HOM TOPOTH ObUTH ITOCTPOEHBI IOKOMO-
TUBBI ¢ 20 3y0UaTBIMU KOJIECaMU (IUaMETPOM
914 MM) Ha JIeBOI1 CTOPOHE, KOTOPBIE BXOIUIN
B 3alleTUIeHUe C 3y0UaThIMM pejibcaMM (IBa
3y0a Ha 304 MM), pacriojlaralolIiMUCs Ha
BHEIIIHEH CTOPOHE pesibca. YyryHHbIE PeThChl
0e3 MoAOoILIBbI C UX OOKOBBIMU 3YObSIMU CO-
IUHSUTNCH B OOWH KYCOK JTMHOM 914 MMm. st
3ybuaroit goporu biekuHcomna OblU1 co3aaH
napoBO3 0COOOI CUCTEMbI, KOTOPBIA AHTYC
CuHKIIep BKJIIOYMWI B ciicok «YymadecTBa
U KypbE3bl B YCTPOICTBE JIOKOMOTUBOB» [2].
IlepBBIM JTOKOMOTUBOM, MCITOJb30BaB-
IIIAM 3alaTeHTOBAaHHYIO KOHCTPYKIINIO bieH-
KWHCOIIa ¥ TIEPBBIM KOMMEPUYECKHU YCTICIITHBIM
MapoBO30M, TIPONIEAIINM I10 3TOU JOpPOTe,
ctan mapoBo3 CanaMaHKa, IMMOCTPOCHHBIN
B 1812 rogy Matthio Mioppeem u3 Tondeka.
ITapoB0o3 ObLT Ha3BaH B YECTh ITOOEIBI FEPIO-
ra BennuHrrona B 6utse npu CanamaHke,
COCTOSIBIIIEIICST B TOM e Tony. bymyuu repoem
CBOEro BpEeMEHM, OH Jaxke 3arnevyaTiéH Ha
akBapeau xopaxa Yoakepa «IlaxTép»
(1813). Cuuraercs, 4To 3TO MepBoe U300pa-
>KeHue napoBo3sa [3]. Bcero 0b1710 mocTpoeHO
YyeThIpe Takux JJokoMmoTrsa. LllecTs et criycTst
rocJie 3aIycKa nepBeHel ObUT pa3pylleH u3-3a
B3pbiBa KoTJa. [lo ciioBaM «OTLA KeIe3HBIX
nopor» JIxopmka CtecdheHCOHA, CBUIETETbCT-
BOBABIIIET0 B MapJaMeHTCKOM KOMUTETE,
aBapusl MPOM30IILIa U3-3a MPECTYITHbBIX e -
CTBUII MaIlIMHUCTA, BMEIIIABIIIETOCs B paboTy
MpeI0XPaHUTETHLHOTO KianaHa Komia [4].
Cucremoii baenkuHcona Ha MuaiITOH-
CKO1 XeJle3HOI Jopore MoJb30BalUCh elIg 25
JIET, HO OHA He TIOJTyY1JIa IIIMPOKOTO PacIpo-
CTpaHeHUsI, TaK Kak 0osiee 9 (hEeKTUBHOM 1T
PaBHUHHBIX K€JIE3HBIX JJOPOT CTaJla BCE-TaKK1
cHucTeMa TPEHMUSI.
TlepBoii B MUpe 3yOUaToii TOPHOI xKefe3-
Hoi goporoit B HoBoMm cBeTe Oblia «MayHT
Bamunrron» (Mount Washington), rmoctpo-
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eHHas1 CunbBectpoM Mapiuem (CIHIA). Ypo-
xkeHel Kemnirona, Mapii caenan cBo€ cocTo-
sHure B Yukaro Ha ynakoBke msica. OmHax bl
CunbBecTp MOTHSJICS Ha Topy BammHrron
B Hrpio-Temniuupe, rae momnaia B CUJIbHYIO
Oyp10, KOTOpast 3aCTaBWJIa €ro IMIPOBECTU HOYb
Ha CKJIOHE TOPHI [4]. DTOT IMOUTH (haTaTbHBII
OTIBIT TIOOYIWIT €TO U300PeCTH CUCTEMY, C TI0-
MOIIIBIO KOTOPOI Moe3a Mor Obl 6e30macHo
JIOCTaBJIATH TTACCaXXMPOB Ha BEPIIIMHY.

B 1858 rony oH obpatuiics B 3akoHoa-
TeJbHOe coOpaHue mTata Hpto-Ibmmmmp 3a
paspelieHrueM MOCTPOUTH TTapOBYIO XKeJie3-
Hy10 fopory Ha rope BamuHrron. Emy HyX-
Ha Obla rocynapcTBeHHasl JUIIEH3US IS
MPUOOPETEHUS TPEXMUIIBHOTO TTYTH IO TOPBI
no Belgaroueiica obaactu. Ilnan Mapia
00BSBUIIN O€3YMHBIM, TTIOCKOJIbKY OH TIpEJI-
Jlaraj cinenaTh HeBo3MoxHoe. [IpemaHue
JIOHECJIO IO HaC UCTOPHUIO O TOM, YTO 3aKO-
HOJAaTeJIbHBIN OpraH IITaTa MPOTroJ0CcoBal
«3a» Ha OCHOBe 00111eT0 MHeHUs. [TocKoJb-
Ky Bpel, MPUYMHEHHBIN B pe3yJibTaTe 1o-
CTpOliKU (B ciyyae HeyJdadyu) — He OyneT
mpo0JieMOoii, a B cllyyae ycriexa — BBITOJbI
OyanyT rapaHTupoBaHbl. Tem Gojiee 4TO
Mapir cobupancs Ucnoyib30BaTh JUYHbBIE
cpeactBa. IlepBoHadanbHo 310 6bLTO 5000
JOJUIapOB, HO CyMMa, OYeBUIHO, MOTJia
YBeJIMYUTHCSI. Bce 3TM neHbIM BKJIaIbIBa-
JIUCh B pa3BUTHUE MECTHOTO COOOIIEecTBa,
B TOM YHCJIE U B CTPOUTEIHCTBO oTelist «Da-
ouaH Xayc» (Fabyan House) Ha Giu3znexa-
1IeM BOK3aJie ISl pa3MeleHUs 0XKUIaeMbIX
TypucToB. [IpoekT Mapiita Ha3BaJIu B IIyTKY
«XKenesnas gopora Ha JIyHy», MOTOMY 4TO
BO BpeMsI IPEHU I OMH 3aKOHOAATEb IITa-
Ta 3aMeTUJI, YTOo Mapily cjieayeT AaTh pas-
pellleHre Ha CTPOUTENBbCTBO HE TOJTBKO Ha
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ropy BamuHrroH, Ho u Ha JlyHy. Mapiu
MOJyYUJI pa3pellieHue Ha CTPOUTETbCTBO
noporu 25 utoHs 1858 roga, Ho U3-3a rpa-
JKJIAHCKOM BOMHBI paOOThI MPUILIOCH OTJIO-
KUTh 10 Masg 1866 roma. OH paspaborai
MPOTOTUIT JIOKOMOTHUBA U KOPOTKYIO TEMOH-
CTPAIlMOHHYIO YacTh TpeKa, HAIIEl WHBeC-
TOPOB M HayaJj CTpouTeNbcTBO. B 1861 romy
aBTOpY mpoekTa ObLT BhimaH nateHT Coe-
auHEéHHBbIX [IITaToB AMepuKu Ha co3laHue
3y04YaThIX XEJE3HBIX JOPOT, a B sSHBape
1867 roga — Ha MOCTPOIKY 3y04aToii 10po-
ru Ha ropy BamunrroH [5].

IlepBoe myOGAMYHOE UCTBITAHUE OBLIO
nposeneHo 29 asrycra 1866 rona, Koraa npo-
JIoXunan Juib 402 MeTpa ImyTH. 3yOdaThie
Kkosnéca Mapiua obiaganu rmyooKumMu 3y0obsi-
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MM, KOTOPbI€ FapaHTUPOBAJIM, UYTO, IO Kpaii-
Heil Mepe, 1Ba 3yba Bcerma OyayT B 3allerie-
HUU C XeJIe3HOI JIOpPOroii; Takass Mepa 0e3-
OIACHOCTH COKpalllajia BEpOSITHOCTb TOTO, YTO
TOE3/1 COMAET C PEJIbCOB.

14 aBrycra 1868 roma, HECMOTpPS Ha TO, YTO
Jlopora eiié OblIa He IOCTpOeHa, OHa IMTPUHSI -
JIa TIEPBBIX IIaTHBIX MacCaXXupoB. CTPOUTEITb-
CTBO JOCTUIJIO BEPIIMHBI TOPHI TOJIBKO Yepe3
roa, B utosie 1869 roma. B aBrycre mecsiie
npe3ugeHT CIHA Vnucc C. IpaHT moceTun
Hosyto Anrnumio, cnacasich ot »kapbl. Bo Bpe-
MsI CBOETO Typa OH IOMHSICS IO KeJIe3HOI
Jopore Mapiiia Ha BepIIMHYy Topbl BammHr-
TOH.

CeroaHs 3youaTasi xkejie3Has fopora «Ma-
YHT BamuvHrTOH» SBISIETCS €AMHCTBEHHOM
B CBOEM poje Ha BocToke CKaJMCTBhIX TOp
U €IMHCTBEHHBIM TPAHCIIOPTOM, ITO3BOJISIO-
LM TIOTHSIThCS Ha BEPILMHY ropbl BanmHr-
TOH — caMyl0 BbICOKYIO TOUKY B HoBoit AHr-
nau. ZKene3Hast Jopora coCcTaBJIsieT IproIu-
3UTEJbHO 4,8 KM B IJIMHY 1 ITOIHUMAETCS Ha
BEpIIMHY TOpbl BeicoTOU 1917 meTpoB. s
MePEBO3KKM TYPHUCTOB UCIIOJIb3YIOTCS PETPO-
rmoesaa ¢ mapoBO3aMU MJIM 3KOJOTUYECKHU
0e3BpeHbIe TT0e3/1a ¢ JIOKOMOTUBAMU, KOTO-
pble paboTatoT Ha Ouoausene. [loe3n mogHM-
MaeTcsl Ha TOpy CO CKOpPOCThIo 4,5 KM/U
U OITyCKaeTCsl CO CKOpOCThio 7,4 KM/4. B 3a-
BMCUMOCTH OT MOIITHOCTH JJOKOMOTHBA TPe-
OyeTcs NpUOIU3UTEILHO 37—65 MUHYT, YTOOBI
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noaHsIThes, U 40 MUHYT, YTOOBI CITyCTUTbHCS
K TTOHOXUIO TOPHI [6].

OKOJ10 Yyaca TypuCThI HAXOISITCSI Ha BEPII-
He BeicoToil 1917 M, OTKyna oTKphIBaeTCs 3a-
XBaThIBAIOIIMI ITAaHOPAMHBIMA BUI Ha TOPBI
u noauHbl Heto-Temminupa, Mana u BepMoH-
Ta, MpocTUparolrecs Ha ceBep K KaHazie 1 Ha
BOCTOK K ATJIAaHTMYECKOMY OKeaHy. 371eCh Ha-
XOIMTCS IeMOHCTpALIMOHHbIN HeHTp Lllepma-
Ha Anamca, My3ei TIoroibl 00CepBaTOpUU TOPbI
Bammnrron u otens Tun Ton Xayc (Tip Top
House), noctpoeHHslii emi€ B 1853 romy. B nma-
MSITB O TTOCEIIEHUU MOXKHO OTITPABUTh ITUCHMO
C MECTHBIM TIOYTOBBIM IITEMITEeM U C(hOTO-
rpacdupoBaThcs Ha (hoOHE 3HaKa BEPITMHBI.

Ha cranuuu Mapuugung Typucty npeaia-
raloT MO3HAKOMUTBCSI C MCTOPUEH U My3eii-
HBIM cOOpaHueM 3y0YaToii KeJIe3HOM JOPOTH,
OHUM W3 TJaBHBIX 3KCIIOHATOB KOTOPOM
SIBJISIETCST JIOKOMOTHB-TIepBoIipoxoel; «Ou
ITenmnepcacc» (Old Peppersass), a TakKe 13-
YUUTh OCOOEHHOCTH YAMBUTEIbHON ITOTOIbI
M 9KOCHUCTEMBI Topbl BalmHrToH [5].

B EBporie nepBasi ropHasi 3youaTast 10po-
ra nop HasBaHueM «ButuHay-Puru Ban»
(Vitznau-Rigi Bahn) Obl1a mposioxkeHa mno
cucteme Purren6axa Ha rope Puru (BbicoTa
1550 m) B IBetinapuu B 1871 roay. Ha nByx
IyTSIX, IOCTPOEHHBIX B TO BPEMsI, 10 CHUX T10P
KYPCUPYIOT IToe3/1a.

Huxknayc Purren6ax, paboTaBLLIMii B TO XK€
BpeMsI, 4To 1 Maplil, ToxXe 3aHUMAaJICs pa3pa-
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60TKO# oao6Hoi# noporu. U emy B 1863 romy
ObLT BbIIAH (PPAHILY3CKUIA MATEHT 32 pabouylo
MOJIeJIb, KOTOPYIO OH KCITOJIb30Baj, YTOOBI
3aMHTEPeCcOBaTh MOTEHIIMATbHBIX LIBEeHLIap-
cKkux uHBecTopoB. IlIBelinapckuii KOHCYJ
B CoeanHéHHbIX IIITaTax AMEeprUKU MOCETUIT
3y0uaTyio kejie3Hylo gopory Mapiia u Bo-
CTOPKEHHO OTpamopTOBaJl 0 HEW CBOeMy
npaButesbcTBY. HaMepeBasich mpunath UM-
nyJjbc pa3Butuio typusma B llBeiiapuu,
MPaBUTEIBCTBO MOPYYUIo Purrendaxy Bo3se-
CTHU TaKylo nopory Ha rope Puru. B kapnepe
Bo3jie bepHa ObUIM MOCTPOEHBI MPOTOTUIT
noes3aa v UCTIbITaTeIbHbIN IyTh. 21 Mas 1870
roga, B CBOU AeHb poxaeHusi, Purrenoax
JIMYHO BITEPBBIE TIpOeXajl Ha JOKOMOTUBE No 1,
HazBaHHbIM Iltant JltouepH, 10 BEPXHErO
KoHeuyHoro nyHkTta Puru Ilraddenbxos.
ITyts ot Butunay no Puru Iltaddenbxos
COCTaBJISIET 5 KM U MOJHUMAETCs B OOLIeH
cioxHocTy Ha 1115 m. 22 masg 1871 rona,
POBHO yepe3 ABeHaallaTh MecsleB, 1opora
ObUTa 0DULIMATBHO OTKpPHBITA [7].

ITo cBoeii koHCTpyKIIMY crcTema PurreH-
Oaxa cxoxxa c cuctemoit Mapuia. OHa UcnoJib-
3yeT CTYIIEHYaTyl0 3yOuaTylo peiiky, caenaH-
HYIO U3 CTAJIbHBIX JIMCTOB U COEAUHEHHBIX
KPYTOBBIMU WM KBaApaTHBIMU OPYChSIMHU,
MPOJIOXKEHHBIMU HA ONMHAKOBOM UHTEPBAJIE.
Henocratkom cuctemsl Purren6axa siBisiercst
CJIOXKHOCTb M JOPOTOBU3HA CO3IaHus 3y0ya-
TOW peuKu.
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IToMHs 006 ycrmexe Xeqe3HOW OOpOoTHU
«Burnnay-Puru ban», Purren6ax ocHoBan
KOMITaHUIO0 «MaIllMHOCTPOUTEIbHBIN 3aBO/T
MexmyHapomIHOTO O0IIECTBA TOPHBIX XKeJe3-
HBIX I0POT», KOTOpasi MPOU3BOAWIIA JIOKOMO-
TUBBI 3y0UaThIX XEJIE3HBIX JOPOT MO ero
yepTexkam.

Jopora Purren6axa ctajga oCHOBOI IJIst
CO3/IaHUS 11eJI0l TPAHCIIOPTHOW CHCTEMBI.
Ceronns «Puru banen» (Rigi Bahnen) — a0
rpyTINa XeJIe3HbIX Jopor Ha rope Puru, pac-
TOJIOKEHHAsT MEXIY JABYMSI pyKaBamMu o3epa
JlrouepH. OHa BKJTIOYAET B ce0s1 IBe 3yOUaThie
Xene3Hble noporu «ButuHay-Puru ban»
u «Apt-Puru ban», a Takxe oIHY KPYIHYIO
U IIECTh HEOOJIBIITNX KAHATHBIX TOPOT. « BUTII-
Hay-Puru Ban» sBisieTcsI caMoii BBICOKOM
CTaHJAapTHOM XeJIe3HOJOPOXHOU KoJieéi
B EBporie, oHa M3BeCTHA Kak IepBasi TopHast
kene3Has jopora B EBporie v Bropast B Mupe,
rnocJjie xeyne3Hoi foporu MayHT BalmuHITOH.

Bricouaiiieii 3ybuaToil xeae3Hoi 10po-
roit IBeiinapuu crana «lOHrdpaydan»
(Jungfraubahn). OHa 6BI1a TTOCTpOEHA Ha
ocHoBe 3youaroii cucteMbl CtpyoOa. Cyiect-
BOBAaJI0O MHOT'O TJIAHOB TI0 TTOCTPOIKE TOPOTH
B OTOI MECTHOCTH, HO BCE OHU TepIIeN HEey-
nady, moka B 1896 rony cynpba He cBesia DMU-
Js1 Ctpyba u Anonboa laiiep-Llennepa. B 1891
roay Ctpy06 Obl1 Ha3HAUY€H MHCIIEKTOPOM
BepHckoii xkene3Holt moporu, a B 1894 romy
npeanpuHumareab Anonabd laitep-Llennep
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B3LJ1 B KOHIIECCHUIO YYACTOK JUISI CTPOUTEIIBCT-
Ba 3y0OuaTo¥l XXeJIe3HO# JTOPOTHU, KOTOPIi
HaYMHAaJICS C KEJIe3HOAOPOXKHOI CTaHLIUK
Knaitne-1llaiiner B BeHreHne, ¢ AJIMHHBIM
TyHHeJIeM yepe3 Diirep 1 MEHX 10 BEPIINHBI
IOHurdpay.

B despaine 1896 rona laiiep-llemiep Bbi-
JIeTUJT HAyYHOMY KOMUTETY, Ha3HaUeHHOMY
IIJIsI TTOATrOTOBKM TpoekTa, 30 000 ppaHKoB Ha
MMPEeMUU 32 JIyYIlIMe PEIICHUS psiaa BOIIPOCOB
IO CTPOUTEJIbCTBY U IKCILIyaTalluM TOPOTU
«lOHrdpaydan». Ctpyo mosydymui nepBbIii
rpu3 B pazMepe 5000 ppaHKOB 3a ITpeIIOKEH-
HYIO UM CHUCTEMY, KOTOpasi oKa3ajach 0JIecTsI-
1IeH 1 BOIIUIA B UCTOPHIO KaK cuctema CTpy-
oa [8].

OHa KCToJIb3yeT ITPOKATaHHBIN C ITTIOCKUM
OCHOBAHMEM PEJIbC C 3yObSIMU KEJIE3HOM 0~
pOTY, BMOHTUPOBAHHBIMU B TOJIOBKY pejibca
Ha pacCTOSIHMU APYT OT Apyra IMpUMEepHO
B 100 mm. [IpenoxpaHuTeIbHbIE CKOObI, BMOH-
TUPOBaHHBIC B IMOE3/, B3aMMOICHCTBYIOT
C HIDKHEH 9acTbIO TOJIOBKM, YTO MPEIOTBpa-
1IaeT COCKaJlb3bIBaHUE TToe31a. AMEpUKaH-
cknii mateHT CTpy0a, BeIIaHHBIA B 1898 rozy,
TakXXe BKJIIoYald B ceOs AeTaaud TOro, Kak
3y0OUaThlii pebc B3aUMOJIEUCTBYET C MEXaHU3-
MOM ITOBOPOTA.

C 1896 110 1898 rog Ctpy6 sIBJIsLICS AUPEK-
TOpoM 3keJie3Hoil goporu «KOHrdpaydan».
CTpouTEeNbCTBO 1IJIO, KaK cKa3alu Obl B CO-
BETCKOE BpeMsl, yaapHbIMU TeMmamu. B 1898
rony «HOHrdpaydbaH» OblJla OTKPHITA IO Ke-
JIE3HOMOPOXKHOM CTAaHLIMU «Direpriedep»,
y mogHoxwus1 Ditrepa. K coxaneHuo, ctpou-
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TEJbCTBO JOPOT'H HE 00OIIIOCH O€3 TpareInmu.
YacTp XKeae3HOTOPOXHOI0 MyTH AOJKHA
ObL1a mposieraTh B TyHHeasax. B 1899 romy
HavaJIMCh B3PBIBHBIC paOOTHI, U IIECTh pado-
ypx rmorudsau Bo BpeMs YI1. DTo cripoBoun-
pOBaJIO YETHIPEXMECAUYHYIO 3a0aCTOBKY.
3 anpena B Llropuxe oT cepaeqHOro MpucTyma
ymupaet Anoansgd laitep-Llennep, Ho, HECMOT-
psl Ha 3TO, CTPOUTEIBCTBO MPOMOJIKACTCS,
U 2 aBTyCTa OTKPBIBACTCSI CJICAYIOIINIA yIaCTOK
JIOPOTH OT CTAHLIUU «DIrepriaedyep» 10 CTaH-
1uu «PoTimTok».

DTO OBLJIO HAYaJIOM CJIAaBHOW MCTOPUMU.
Kenesnasa nopora «fOHr¢gpaydan» mogooHo
cBoOel mpealiecTBeHHUIE «ButiHay-Puru
ban» cTama oceBBIM KapKacoM, KOTODPBIN
TMIO3BOJIMJI OCBOUTh TPYAHOIOCTYIIHBIN paii-
oH. Cerogns «lOurdpaydan [pynm» (Jung-
fraubahn-Gruppe) sgBasieTcsl KpyIHeei
TOPHOM XE€JIE3HOAOPOXKHONW KOMIIAaHUEN
U BeAYILIEU TYpUCTUYECKOM KOMIIAaHUEU
B lIBeiimapun. OHa mpeayiaraeT CBOUM
KJIMEHTaM YIMBUTEJIbHOE MPUKIIOUYSHUE
B ropax M Ha Imoe3iae. [71aBHOe mpeaioxe-
HHME — MyTellecTBUe K mepeBany FOHT-
¢payitox Ha BeicoTy 3471 M. «FOHTDpaydan
I'pynmn» Takxke ynpaBiasieT COOCTBEHHO
TUAPORJIEKTPOCTAHIIMEH U TIPOIAET ITOJTHBIE
TypHakeThbl Ha CBOEM BeO-caliTe B COTPYI-
HMYECTBE ¢ KOMMaHUusIMHU-TIapTHEpamMu. o
kon1a 2019 roma 3arjaHupoBaHa IMOCTENEH-
Hasi MHTeTpaIus B TPYIITY psaa Ipearnpus-
TUH OOIIECTBEHHOTO MUTAHUSA, YTOOBI
TMOJTHOCTBIO 00eCcTIeYnBaTh KJIMEHTOB YCIIy-
raMu CBOMMM CUJIAMH.
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WcTtopuio pa3zpaboTKu MeXaHU3MOB JIJIST
3y0UYaThIX XEJE3HBIX JOPOT TPOIOJIKUII
E. K. Mopran u3 Yukaro. B 1900 rony on
MOJIYYUJT TIaTEHT Ha XeJIe3HOTOPOXKHYIO
CHUCTEMY, KOTOpasi 0 KOHCTPYKIIMM HAIo-
MUHaJa cucteMy Purrenb6axa, Ho 3y0uaThiit
pebCc 3eCh TakKXe MCIOJIb30BaCs IS
MOANUTKY dHEPrueil JOKOMOTHBA C JIEK-
Tpuyeckoii nepenaveii. o atoro E. K. Mop-
raH 3aHUMaJICs pa3padboTKOI 00J1ee TIKETBIX
JIOKOMOTHUBOB U BMecTe ¢ JIxx. X. MopraHoMm
pa3pabaTheIBal MeXaHM3M IToBopoTa. B 1904
rofy OH 3alaTeHTOBaJ YIPOIIEHHBIU, HO
IPY 3TOM KOMIUIEKCHBI 3y0UaThIil pebC,
Ha KOTOPOM 3YObsI KOJIEC TTO€3/1a BXOAUIN
B 3alleTIJIeHNe C KBaJAPAaTHBIMU OTBEPCTUSI -
MM, TTPOJIeIAHHBIMU B IIEHTPAJIbHOM peJibce,
noctpoeHHoM B popMme Opycka. JIx. X. Mop-
raH TIPeIJIOXUJ HECKOJBKO albTepHATUB-
HBIX MEXaHU3MOB MTOBOPOTA JIJIsI 3TOM CHC-
TeMbl. [IpyMedaTeTbHO, YTO OH HaMepeBaJ-
CsI CMECTUTD 3y0UaThIil peJIbC, YTOOKI TTelle-
XOJIbI ¥ XKUBOTHBIE MOTJIV TIPOXOAUTH BIOJIb
MyTEW.

3ybuaTtas xene3Hast fopora MopraHa
MoTJia OBITh MCTIOIb30BaHa Ha MyTSIX C Ha-
KJIOHOM 110 16 %. ®upma «IyamaH DKBUII-
meHT Komnanm» (The Goodman Equipment
Company) Hauajga npogaBaTb CUCTEMY
MopraHa ropHO/100bIBAIOIIIUM KOMTIAHUSIM,
M OHa IOJIb30Bajach OOJIBIIUM CIIPOCOM,
0COOEHHO TaM, TAe KPYyTOi YKJIOH BCTpe-
yaycs noa 3emuéii. K 1907 rony koMmnaHus
«Iyaman» ocHoBasa oducel B Kapaudde
(Yanbc), 4TOOBI BBIATHM HAa OpPUTAHCKUIMA
PBIHOK.

B 1903 rony kommanust «MakKenn Koy
sua Koyk Kommann» (McKell Coal & Coke
Company) McrnoJjib30Bajla B CBOMX IIaxTax
B 3amamHoil BupakuHuM cethb KeJe3HbIX
Jnopor cucteMbl Moprana aiavHoit B 10700 M.
B 1905 romy mist komnaauu «MamMoT BeitH
Koyn Kommanu» (Mammoth Vein Coal
Company) npojoxuau 2500 M Keae3H010-
POXHOTO TIyTH MO cucTeMe MopraHa B ABe
maxtel B EBepucTte (mtat AiloBa), ruoe Mak-
CUMaJIbHBIA HakJIOH gocturai 16 %. Kom-
nanus «Jonoxoit Koyk KommaHu»
(Donohoe Coke Co) B IpuHBanbae, mrat
IlencunbpBanus, B 1906 rony umena ceTb
Keje3HbIx gopor anuHoit 3050 M. Cucrema
MopraHa orpaHMYE€HHO 3KCILTyaTHUpOBajIach
Ha xeye3Hoilt nopore «4Yukaro TanHek Kom-
naHu» (Chichago Tunnek Company), KOoTo-
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SWITZERLAND

past uMeJia OIMH KPYTO#l y9acTOK JI0 pactpe-
NEeTUTEJbHON CTAaHUMUW, HAXOJAUBIIUMNCS
B pubpexHo moJyioce o3epa Yukaro.

Hoporu o cucteMe Moprana (B OTJINYKe
OT CBOMX TPEIIIECTBEHHUKOB) B OCHOBHOM
ObLIY TIPOJIOXEHbI oA, 3eMJei. OHM HalLIU
CBO€ MIPUMEHEHUE B YIIen00bIBaOIIEH MpPo-
MBIIIUIEHHOCTH U TPY30TIePEBO3KaX.

Emeé onHa cucrema Oblia pazpadboraHa
PoMaHoMm AGTOM, HIBEHIIAPCKUM MHXEHE-
poM-tiapoBo3ocTpouTesieM. Korga-to AOT
paboran Ha Huknayca Purrentaxa, Ho B 1885
TOJTy OH PEIIJI OCHOBATh CBOIO CTPOUTELHYIO
KoMMaHu1o. B 3T0 3ke BpeMs1, Tak MOTy4nIoch,
OH TIPOJIOJIKMJI 3aHUMATHCS YIydlleHUueM
CHUCTEMBI 3y0UaToil KeIe3HOM JTOPOTH, KOTO-
past MorJjla MCIIPaBUTh HEMOCTATKU CUCTEMBI
Purren6axa.

CTpouTeNbCTBO U OOCTYKMBaHUE 3yOua-
TOI Xene3Hoit poporu Purren6axa odoxomu-
JIOCH CITUIITKOM JIOPOTO U TaM ObLIa CIUIITKOM
CJIOXKHAsT CUCTEMa CTPEJIOYHBIX IEPEeBOIOB.
B 1882 romy AGT pa3paboTtal HOBYIO 3y0UaTyo
JKEJIe3HYI0 TIOPOTY, UCTIOJIb3YIONIYI0 MacCHB-
HBIE PEHKHU C BCTPOCHHBIMY B HIX BEPTUKAJTb-
HBIMU 3yObsIMU. JIBE MV TPU pEHiKU yCTaHAaB-
JIMBAJMCh MOCPEeINHEe MEXAy pelbcaMu
C pacIiOJIOKEHHBIMU TIOJ YIJIOM 3YObSIMU.
[MpuMeHeHre HECKOTbKUX OMMHAKOBBIX peeK
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CO BCTPOCHHBIMM 3YObSIMU MO YTJIOM I'apaH-
TUPOBAJIO, YTO 3yObsI KOJEC MOe3/1a ITOCTOSTH-
HO HaXOISTCS B 3alleTlJICHUU C pejbCaMu.
CTpouTeIbCTBO XXeJIe3HOM TOPOTH IO CCTEME
AOTa 00XOAMIOCH IellIeBIe, TaK KaK Ha 3a1aH-
HOM ITYTH CTaBWJINCH 3y0UaThIe PeIbChl MEHb-
mero Beca. Ho compoTuBisieMocTh M3HOCY
y cuctembl Purren6axa Oblia ropasio BhIIIIE,
YeM y cucTeMbl AOTa.

Poman AOT co3nan elé u cucremy IjiaB-
HOTO TIepexona ¢ TpeHUs Ha CIeIICHUE, UC-
TOJIB3Y$I CEKIINIO 3y0UaTOTrO PeJibca C IPYKIH-
HBIM aMOPTHU3aTOPOM JIJISI TOTO, YTOOBI 3yObs
KOJIEC MOCTEIEHHO BXOIWIM B 3alleIICHUE
C PEJIbCOM.

IlepBoIit pa3 cuctema AdGTa ObLIa TIpUMeE-
HeHa Ha XeJe3Hol gopore «XapubaH»
(Harzbahn) B IepMaHuu, KOTOPYIO OTKPBLIU
B 1885 romy.

OnHoM 13 0COOEHHOCTEN CUCTEMBI AOTa
CTaJjo TO, YTO 3y0UaThie KOJIEca MOXHO yCTa-
HaBJIMBAaTh, KaK Ha TOH Xe OCH, UYTO U PEIbCO-
BbIe KOJi€ca, TaK M pasfenabHo. [TapoBo3bl
TacMaHcKoit TOpHOTOOBIBAIOIICH KOMITAHUH
«MayHrt Jlaiien MaitHuHTr 3H1 PeiinBeii»
(Mount Lyell Mining and Railway Company)
UMEIU pa3aeabHO PACIIONOXCHHBIC ITAIMH-
JIPbI, KOTOPbIe MPUBOIUIN B IBMKECHUE 3y0-
yaThle Koji€éca. Takoe Xe pacIiojiokKeHue
UMEJIU U JTOKOMOTHUBHI X Kjacca «[opHOit
xKene3Hoit noporu Huarupu» (Nilgiri
Mountain Railway) B Unauu, sgpnsioneiics
CerofHsl B KOMIUIeKce ¢ «lapIKMIMHICKO
ruMaiaiickom xese3Hoii qoporoii» (Darjeeling
Himalayan Railway) maMaTHUKOM BCEMUPHO-
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TO HACJIeAusI YeJI0BeYeCTBa (BXOAUT B CITMCOK
IOHECKO).

Cpenn caMbIX M3BECTHBIX U TIOIYJISIPHBIX
CEeTOIHS XEJIE3HBIX TOPOT, UCITOIb3YIOIINX
cucremy Aota, yncaurcs «Kpemannabepa ne
Momnceppat» (Cremallera de Montserrat),
TOpHasI XXeJIe3HOIOPOXKHASI IMHUS Ha ceBepe
bapcenonnr (Kartanonusa, Mcnanus). Orta
JIMHUS TIPOXOAMUT OT MyHMIIMITaauTeTa MOHM-
CcTpoJib-Ae-MoHceppar 10 MOHACThIpss MOH-
ceppaTt, KOTOPbIii HaXOAUTCS Ha OMHOMMEH-
HOI1 rope.

JlmHa XXeJIe3HOM JOPOTH COCTABISIET 5 KM,
a mmpuHa kojen 1000 mm. Ha mepBom Kuio-
MeTpe MyTHU, MexXITy MOHUCTPOJIb U SIMHCT-
BEHHOM MTPOMEXYTOUHOI cTaHLeil « MoHU-
cTpoiib Buma», ncnonb3yeTcss 0OObIYHAsT CHC-
TeMa aare3uu. OcTaBIasics 4acTh MapIIpyTa
MpeNCTaBIIsIET CO00I 3y0UaTyo KeIe3HYIO
JIIOPOTY CUCTeMbI AOTa, KOTOpasi MMO3BOJISICT
MPEOI0JIeTh TaHHBIN MyTh, BHICOTAa KOTOPOTO
JocturaeT 550 M ¢ MaKCUMAaJIbHBIM YKIIOHOM
Ha 15,6 %. DnekTpocHaOXeHUE JIMHUM OCY-
ILIECTBIISICTCS IIOCPEACTBOM KOHTAKTHOM CETH
1500 BOJBT TTOCTOSTHHOTO TOKAa. DTa J0opora
00CTyXMBaeTCs XKeJIe3HOTOPOXKHBIM OIepa-
TopoM «Deppokappuiic ae jga KeHepaaureT
ne Katamynbst» (Ferrocarrils de la Generalitat
de Catalunya FGC).

MapuipyT Xexe3Hoi JOPOru OTKPBLICS
B 1892 romy. U Tonpko B 1930-Mm Gbu1a IIpoIo-
JKeHa MoJIBecHasi KaHaTHas nopora. [TomumMo
3TOr0, 10 MOHACTHIPS KeIAI0IINe MOTJIH J10-
OpaTbcs U MO CTapUHKE — T10 Y3KOM Telreit
nopore. 2KenesHast 1opora K TOMy BpeMEHHU
cTajia OTIMYaThCsd HU3KUMU (UMHAHCOBBIMU
nokazaTeassMU U OOJBIIUM KOJUYECTBOM
npouciiectsuii. [ToaToMy mocie qonarux 06-
cyxkneHuit 12 mas 1957 roma mpuHsITO pele-
HHUeE 0 e€ 3aKPBITUU.

Tem He MeHee uepe3 HEKOTOpPOe BpeMsI
0KazaJoch, YTO TOABECHAs U Telias JOPOru
HE MOTYT OOCITY>KUTh BECh ITOTOK 3KETAIOIINX
TIOITacTh B MOHACTBIPG. M OTISITH ITOCIe MHOTHUX
JIeT o0CcyxXaeHusa u rmianuposanus B 2001
roay Obuia pa3paboTaHa MporpamMma rmnepe-
CTPOMKH 3yOUaToil KeJe3HOM JOPOTH, a yxKe
6 mrons 2003 roga oHa rpeacTaia rnepes nac-
CaXMpaMU B COBPEMEHHOM BHIIe. 3a MePBbIe
12 mecsaueB «MoHceppar» obciyxkuia 462964
YyeJIoBeKa.

Iuk moceniaeMoCcTH IPUIIECS Ha aBTyCT
2003-r0, KOTJga IOporoil BOCIOJb30BAINCH
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63692 maccaxupa, HAUMEHBIIYIO 3arpy3Ky
nokasai peBpaib 2004-ro, Ha KOTOPHIN TIPH-
110¢h 22996 maccaxkupos.

CaMoiil 3HauuTeTbHON paboTOI Ha BCEM
MyTU OBLJIO CTPOUTETLCTBO MOCTa «[TOHT ne1b
Llentenapu» (Pont del Centenari) yepe3 pexy
JIro6perat. JimHa ero cocraBisieT 480 M,
a mupruHa 5 M. MocT aeauTcss Ha OeBITh
YUYaCTKOB, IJTAHA KOTOPBIX BapbUpyeTcs OT 35
110 55 M. Bc€ mocTpoeHo 13 pelETOK CTaTbHbIX
TpYyO, YTOOBI MPUAATH CBETIIbIN BUI KOHCTPYK-
M1 U1 MUHUMU3UPOBATh 3PUTEIbHOE BO3-
nerictBue Ha JaHamadT. Moct nmoanepxuBa-
€TCS1 BOCEMBIO OTIOPHBIMU CTOJIOAMU, MAKCH-
MaJibHas BbICOTA KOTOPBIX 37 M.

Ha xene3noit nopore «MoHceppaT» Kyp-
CUPYIOT TISITh HU3KOTIOJIbHBIX JIEKTPUIECKUX
MOTOpPHBIX BaroHoB Ttumna «ramitep I'TB»
(Stadler GTW), mocTpoeHHBIX KOMITAHHUEH
«Mramnep Peitn» (Stadler Rail) B [IBefia-
puu. OHU npoHyMepoBaHbl Kak AM1-AMS5
¥ Ha3BaHBl B YECTh MECTHBIX BEpPIIMH. DTU
BaroHbl MOTYT OJTHOBPEMEHHO JBUTAThCS 32
CUET TPEHUS PEIbC U KOJEC, a TAaKXKe 32 CUET
BXOKIIEHMS B 3a1IETUICHUSI C 3y0UaTOl 4acThIO
xKenezHoit moporu. Kaxnawiit BMemaet 200
rmaccaxupoB. B Baronax ecTb KOHIUIIMOHEPHI,
a TTaHOpaMHbIE OKHA OTKPBIBAIOT UyIeCHBII
BUJI Ha OKpyKatolyto ipupomy. [Toesna nBu-
raloTcs co ckopocThbio 30 KM/4 Ha 3y04aToM
Y4YacTKe TOPOTU M CO CKOPOCTHIO 45 KM/4 Ha
CTaHAapTHOU yacTu myTH. [ToMumo rpouero
Ha KeJIe3HOI Topore UCTIOJIb3YeTCsT JIEKTPO-
Bo3 E4 1930 roga BbIlTycKka, TiepeBe3€HHBIN
¢ 3ybuaroii xene3Hoii noporu «Bamn ne Hy-
pus» (Vall de Nuria) mist cTpoUTEIbHO-MOH-
TaXXHBIX PadOT.

«Kpemannbepa ne MoHceppat» coemHeHa
C KeJIe3HOMOPOXKHOU TuHuei «JIbodperart-
AHoita» (Liobregat-Anoia), KoTopast HaUMHa-
eTcs oT ctaHuuu «I[lnomaap Mcmanum»
(Barcelona Pla a d’Espanya) u noxoauT go
MyHuLMnanutera Manpeca. J1ist yno0cTBa ot
«MoHnucTposb-ne-MoHceppaT» TTpoJiIoXKeHa
cIieliMalibHasl BETKa, KOTOpast TIO3BOJISIET Ba-
roHaM 3y04aToli XKeJIe3HOU TOPOTH KypCHpPO-
BaTh U3 JIETIO, HAXOSIIETOCS PSIIOM C MyHU -
UTIATUTETOM MapTopesul, K CTAHIIUU U BO3-
Bpamatbcsi oopatHo. Ha mpomexyTouHoi
cranuuu «MoHucTtpoiab Buna» HaxomuTcst
MMapKoBKa ISl TIOCAJIKM TeX, KTO Tpuexajl Ha
MallHe.

Taxxe KypcupyloT ABa (pyHUKyJIEpa XKe-
ne3HonopoxHoro orepatopa FGC. ®yHuky-
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nép «Can Xyan» (De Sant Joan) mogHuMaer
raccaxXxnpoB Ha BepIIUHY TOphl, a «[Iu Canra
KoBa» (De Santa Cova) crrycKaeT MX ¢ BEpIIH-
HbI BHM3 K MOHACTBIPIO [9].

B 1880-¢ rompl, TOUCTHHE «OCEBYIO 3IT0-
Xy»! [UIs1 3y0UaThIX KEeJI€3HOMLOPOKHBIX CUC-
TeM, IIBeapcKuii mHXeHep Dmyapx Jloxep
U300pEN CBOIO CUCTEMY, B KOTOPOU 3yObs
HaXOAWJINCh HAa CTOPOHAX PEbCa, a He Ha €ro
BepUIMHE, U IPUBOAWINCH B ABUXKEHNE 3alle-
IUICHUEM JBYMS 3yOUaTbIMU KOJECAMU TO-
e3na. B omyinuue ot 1pyrux cUcTeM, riue 3yobsi
MOTYT BBICKOUMTh U3 3y0UaToOro penbca, 9Ta
TO3BOJIsLIa TTPOKJIABIBATH IOPOTH B MECTHO-
CTAX € 0CO00 KPYTHIM YKJIOHOM.

3. Jloxep paboTa Hax cO3MaHNEeM CUCTEMEI,
KOTOPYIO MOXHO OBbLJIO Obl MCIOJb30BATh
B MECTHOCTH, Tie YKJIoH gocturaet 50 %. Cuc-
Tema AOTa (HanboJjee 4acTo MCToJib3yemast
B llIBeiimapun) MoxeT padoTaTh C YKIIOHAMH
10 25 %. Jloxep mokasai, 4To Ha TepPUTOPUN
C OYeHb KPYTHIM YKJIIOHOM crcTema AOTa rpe-
pacriosoxeHa K TepeKaluBaHuI0 3y0UaThIX
KOJIEC, UTO MOXET TIPUBECTU K CXOXIECHUIO
C PEeJIbCOB T0e311a, KaK U MPEACKa3blBaI caM
P. AGT. UTOGBI petuTh 3Ty MpodIEMY U ITPOJIO-
JKUTB IOPOTY B KPYThIX oKpecTHOCTsIX [Tunaty-
ca (IIseituapust), D. Jloxep paspaboTan 3y0-
4yaTyIo KeJIE3HYIO OPOTY, rae 3youaras peii-
Ka — 3TO ITUIOCKUI METALIMYECKUAIN CTEPXKEHD
C CUMMETPUYHBIMU TOPU30HTATBHBIMU 3yObsi-
MU. [opru30OHTaIBbHBIE 3y0UaThie KOJIECa BXOIU -
JIV B 3alIeTICHUE C METAJUTMYECKUM CTEPXKHEM,
HaXOMSIIMMCS TTOCEPEANHE, YTO TIPUBOINIO
B JIBUXKEHUE TIOE31l U HE aBajo €My OTKIIO-
HUTBCS OT HeHTpa mopor [10].

! Tepmun, BBenéHHbIn K. Scnepcom.
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DTa cucteMa obecreYnBaeT CBEPXCTa-
OMJIbHYIO MPUBSI3KY TMoe3Aa K XKeJe3HOol
Jlopore, KpoMe TOTO 3alllMIaeT BaroH OT
OITPOKMIBIBAHUS IIPU CYUTHHBIX ITOTTEPEUHBIX
Betpax. [IpuMeHEHHBIE TPUCTIOCOOIEHUS
JIeJIal0T BarOH YCTOMYMBBIM, ITO3TOMY JaXe
pebdopapl Ha Koiécax Heobs13aTenbHBI. Ca-
MbIii OOJIBIIION HEJOCTATOK CUCTEMBI — el
HE TTOAXOST CTAHIaPTHBIE XKeJIe3HOTOPOXK-
HBIE CTPEJIKU U HYKHO MCITOJIb30BaTh TPU-
CTIOCOOJIEHUS TSI TIepeMeIleHUsT B ToTie-
pPEYHOM HaIlpaBJIEHUHU WIH IPYTUE CTOXHBIC
MpuOOpHl TaM, IAe HYXHO MEepeidTH Ha
JIpyryio BeTBb IyTH. [lociie 3aBepIiiueHUs
ucnbiTanuii B 1889 romy o nmpoexry Jloxepa
Obla TMoCcTpoeHa caMasl KpyTas 3yodaTast
xene3Has gopora «Ilunaryc ban» (Pilatus-
Bahn). Hu onHa npyras xene3Hast nopora
00I1IeTO MOJIb30BaHUSI HE B3sla Ha BOOPY-
KeHune cucremy Jloxepa, XOTs HEKOTOPbIE
€BPOITEeCKIE YTOJbHbBIE AXThI UCIIOIb3YIOT
TTOXOXYIO CUCTEMY Ha TIYTSIX C KPYTHIM YKJIO-
HoOM 1o 3emnéit [11].

Cucrema Jlamesia (TakKe U3BeCTHAs KaK
cuctema ®@on Ponn) Oba pazpaboraHa
komrmtanueit «®oH Por» (Von Roll) mocie
TOTO, KaK IIeJIbHOKAaTaHbIe CTAJIbHbBIE PETb-
Chl, ucroab3dyembie B cucteme Ctpyba,
cTanu HeloCcTynmHbl. OHA COCTOUT U3 OTHOM
MEeTaJUTMIEeCKO MOJTOCKH, ITOPE3aHHOM, KaK
B cucteMe Abta. Ho monocka 3aech 00bIYHO
mupe, yeM peiika Adta. [To 3ybuaTtoil xe-
JIe3HOU mopore cuctembl Jlameia MoTyT
TepeaBUTaThCs Mmoe3na, pa3paboTaHHBIE
nmon cuctembl Purren6axa u Ctpyba, Tak
KaK MpeloXpaHuTebHbIe CKOOBI, KOTOPhIE
ObLTM 3JIEMEHTOM M3HAYaJbHOU CUCTEMBI
Crpy6a, He ucmoiab3ywTcsa. HekoTopkhie
JKeJIe3HbIe TOPOTH OepyT peilKu paszHbIX
cucTeM, Hampumep, «AnmneHuennep banexn»
(Appenzeller Bahnen) B llIBeiiiapuu umeet
cexunu peek Purrentaxa, Ctpyoa u Jlameo-
Jla. DTO CBI3aHO C TeM, 4YTO B Tpollecce
Pa3BUTHS TOpOTa IMOCTEIIEHHO MPUCOCIM -
HUJIA K ce0e HeCKOJIbKO HeOOIbIINX XKee3-
HBIX IOPOT, TOCTPOSHHBIX HEAJIEKO JAPYT OT
Jipyra, B TOM 4HcCJe YeTbipe 3youaThix [12].
BoabmmrHCTBO 3y0UaThIX KeJe3HBIX TOPOT
MO3AHUX TOI0B XX BeKa MOCTPOEHBI UMEH-
Ho 1o cucteme Jlamesia.

3ybuaTbie peeuHO-KOJIECHBIE CUCTEMBI —
YHUKaJIbHOE HOCTUKEHUE WHKEHEPHON
MBbIC/IU YesoBeKa. biaromapst aTomy nzobpe-
TEHUIO OBLIM OCBOCHBI TPYIHOMIOCTYITHEIE
paiioHBl Ha 3eMJie U TToJ 3eMJIE. Bricokue
BEPIIMHBI CMOTJIH ITOKOPSITh HE TOJBKO JIIO-
IU CO CHellMaJlbHBIMU HaBBIKAMHU, HO
W OOBIYHBIC MyTellecTBeHHUKU. CTpaHHI,
i€ TOPBI 3aHMMAIOT OOJIBIIYIO TEPPUTOPHIO,
Hanpumep [IBeitapust (IIomagb rop co-
crasisieT oosiee 61 %), cMoriu caeaaTh Ux
JOCTYITHBIMHA M Pa3BUTh XO3SIMCTBEHHOE
ncmnoyb3oBanue. B Poccum takxke MHOro
ropHbIX Tepputopuii (~ 33 %), u 3ydouarbie
JKeJIe3HbIe TOPOTU MOTJU OBl CITOCOOCTBO-
BaTh MX OCBOCHUWIO M OpTraHU3allMy TaM BU-
JIOB IeSITeJIbHOCTH, ITIOMOTAIOIINX Pa3BUTHIO
MECTHOTO COOOIIIeCTBa U CTPAHBI B IIEJIOM.
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RACK RAILWAY — A WAY TO THE TOP

Tikhonova, Tatyana Yu., Russian University of Transport (MIIT), Moscow, Russia.

ABSTRACT

Today there are more than 160 rack railways
around the world. Constantly (in winter and summer)
about 60 of them operate. Half of all permanent roads
are in Switzerland, where, as is known, more than
61 % of the territory is occupied by mountains. Arack
railway is a special type of railway with a steep incline,
which has toothed wheel gearings, usually located
between track rails. The author tells in some detail
about the history of their creation, construction and
operation. Currently, they are used as a means of

moving along tourist routes in mountainous terrain
or as urban passenger transport (for example, in
Budapest, Zurich or Stuttgart). At the same time, the
Swiss rack railways are profitable. In the territory of
Russia, there are no rack railways. This despite the
fact that in Russia there are also many mountain
territories (~ 33 %). And, as the author rightly points
out, rack railways could promote their development
and organization of activities that contribute to the
development of the local community and the country
as awhole.

Keywords: mountain relief, tourism, rack railway, history, gear wheel, toothed wheel gearing, turn
mechanism, spring shock absorber, Blenkinsop system, Abt system, Marsh system, Riggenbach system,
Strub system, Morgan system, Locher system, Lamell system.

Background. From the very beginning, a man
explored actively the surface of the earth and its
resources, used various forms of relief for safety and
protection, inhabited mountains and plains. Plains
were easier to be developed. But mountain relief
forms provided a natural shelter fora man. On the low
peaks of the mountains castles and fortresses,
churches and monasteries began to be built. Such a
situation solved strategic problems of protection from
attacks of enemies, and for monasteries also provided
privacy. Later, in these places, cities developed.

In the course of historical development, many
states found themselves in territories that have
exceptionally mountainous terrain. Agricultural lands
were created on mountain slopes. With the
development of medicine and resort business in
mountainous areas, hospitals and sanatoriums began
to be located.

Over time, many objects lost their political and
military importance and became museums. In
addition, the emergence of paid vacations, technical
and social progress, increased amount of free time,
fashion for travel, the development of means of
transport stimulated mass tourism. Natural and
cultural attractions became objects of tourist interest
spontaneously, or with the competent policy of local
authorities. Many of these facilities were located in
places with a difficult terrain, difficult to access for
people, or in places with a special ecology, where
special modes of transport were required.

The issue of the availability of special attractions
was solved by railway transport, but also not ordinary,
but special. Ordinary railway trains cannot overcome
steep climbs. For this purpose, special types of railway
transport have been created — rack railways and
funiculars. They became also human helpers
underground.

Objective. The objective of the author is to
consider history of development and construction of
rack railways in different countries, using different
systems.

Methods. The author uses general scientific
method, historical-retrospective method, comparative
analysis, evaluation approach.

Results. Trains of rack railway have special gear
wheels. Rack railways are spread all over the world
and today are not only means of delivery of tourists,
butalso a popular technical attraction. There are such
railways in Austria, Brazil, Germany, Greece,
Switzerland and other countries. The locomotive of
rack railway is connected by its gear wheel to the gear
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of the third rail and only therefore does not roll back.
Funicular works differently. Three distinctive features
of the funicular are: presence of guides (in particular
the track), cable traction and necessarily reversible
cyclic movement. That is, the funicular is a railway of
cyclic action with cable traction for moving passengers
and cargoes along a steep rise (descent)’. The role
of funiculars in tourism has been studied in more detail
by the author earlier [1].

Rack railway is a railway with a steep gradient, with
toothed wheel gearings, usually located between
track rails. For the movement of trains, one or more
gear wheels, large or small, that engage in a rack
railway, are used. This system allows trains to run on
those railways, where the slope reaches an average
ofmore than 7-10 %, which is the maximum for trains
working on friction between wheels and rails. Most
rack railways run in mountainous terrain, although
there are several transit railways and tram lines
designed to overcome steep gradients in an urban
environment. Such roads turned into tram lines
include the Péstlingberg railway in Linz (Austria).

''Tarkhov, S. A., Myasnikov, A. G. Our funiculars.
Moscow, Zheleznodorozhnoe delo publ., 2008, p. 11.
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For hundreds of years, the Péstlingberg railway
has been combining means of delivering tourists from
all over the world to the Postlingberg mountain and a
way to travel along the scenic path. The railway was
laid along the old pilgrim route to the church, which
stands on top of the mountain Péstlingberg. After the
reconstruction, the railway was easily integrated into
the public transport network «Linz AG Linien» and now
reaches the Main Square. The width of the track was
reduced from 1000 to 900 mm. Within 20 minutes the
train passes the whole route of the Péstlingberg
railway, which is 4, 14 km long, and the level of ascent
is 255 meters. The line uses new comfortable low-floor
cars, and for fans of an authentic atmosphere,
excursions are offered in the reconstructed old cars.
The rack railway provides accessibility to the
Wallfahrtskirche ( Pilgrim Church), a viewing platform
with a magnificent view of Linz, the city zoo, and the
Grottenbahn railway with its fairy world and the realm
of gnomes.

There are several different types of rack rails.
Today the Abt system is used on most rack railways.
This decision was preceded by a long way of creating
andtesting various designs. The history of construction
and use of rack railway as a means of ensuring the
availability of places of tourist interest is not separable
from engineering developments of rack railway
structures. Rack railway is in itself a phenomenon that
provokes tourist interest. It combines the functions of
a vehicle and a monument to the industrial heritage
of mankind.

The pioneer of creation of rack railway in Europe
was the Englishman John Blenkinsop. Despite the
obviousness of today’s relevance of the gear wheel
when climbing to the heights, the first rack railway was
created on the plain. The Middleton Railway,
connecting the Middleton suburb with the city of Leeds
in the west of Yorkshire (England), was the first rack
railway. This railway operated on a system of toothed
wheel gearings and gear wheels, developed and
patented by John Blenkinsop in 1811.

J. Blenkinsop believed that the friction that occurs
when steel wheels move along steel rails will not be
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enough. Therefore, in 1812, locomotives with twenty
gear wheels (diameter 914 mm) on the left side were
built for the Middleton Railway, on the left side, which
engaged in rack rails (two teeth per 304 mm) located
on the outside of the rail, cast-iron edge rails with their
lateral teeth connected into one piece with a length
of 914 mm. For the Bleckinsop rack railway, a
locomotive of a special system was created, which
A. Sinclair included in his list of Freaks and Curiosites
in Locomotive Designs [2].

The first locomotive that used the patented design
of J. Blenkinsop and the first commercially successful
locomotive that passed along this railway was the
Salamanca locomotive built in 1812 by Matthew
Murray from Golbeck. The locomotive was named in
honor of the victory of the Duke of Wellington at the
Battle of Salamanca, held the same year. The steam
locomotive of Salamanca appears in the watercolor
of George Walker (1781-1856) «Miner» (1813). It is
believed that this is the firstimage of a locomotive [3].
Four such locomotives were built for the railway. Six
years after the launch, Salamanca was destroyed due
to a boiler explosion. According to the famous George
Stephenson, one of the «fathers of railways» testified
in the parliamentary committee, the accident
occurred because of the actions of the train driver,
who intervened in the operation of the safety valve of
the boiler [4].

The Blenkinsop system was used by the Middleton
Railway for another 25 years, but it was almost never
used, because the friction system was still considered
more effective for railways running on level ground.

The world'’s first rack mountain railway in the New
World was Mount Washington, built by Sylvester
Marsh (USA). A native of Kempton, Marsh made his
fortune in Chicago on a meat package. In 1857,
Sylvester Marsh ascended to Mount Washington in
New Hampshire, where he fell into a violent storm,
which forced him to spend the night on the
mountainside [4]. This almost fatal experience
prompted him to invent a system by which the train
could safely carry passengers to the top. The following
year, he appealed to the Legislative Assembly of New
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Hampshire for permission to build a steam railway on
Mount Washington. He needed a state license to
purchase a three-mile road to the mountain in an
outstanding area. The plan of Marsh was considered
insane, since he proposed to do the impossible.
Tradition told us the story that the state legislature
voted for permission on the basis of a common opinion
that the damage caused by the construction, in case
of failure will not be a problem, but in case of success
the benefits will be guaranteed. Especially since
Marsh invested his money, initially it was 5000 dollars,
butthe amount could have increased. And all this was
invested in the development of the local community,
including the construction of the Fabyan House hotel
at the nearby Fabyan station to accommodate the
expected tourists. The project of Marsh was jokingly
called the «Railway to the Moon» because one state
legislator noticed during the trial that the Marsh should
be given permission to build not only on Mount
Washington, but also on the Moon. Marsh received
permission to build the road on June 25, 1858, but
because of the civil war, work had to be postponed
until May 1866. He developed a prototype of the
locomotive and a short demonstration part of the
track, then he found investors and began construction.
In 1861, S. Marsh was granted a patent of the United
States of America on the creation of the idea of a rack
railway, and in January 1867, the construction of a
rack railway to Mount Washington [5].

The first public test of the Marsh’s rack railway
was conducted on August 29, 1866, when only 402
meters of track were laid. The gear wheels on the
trains had deep teeth, which ensured that at least two
teeth were always engaged with the railway; this safety
measure helped to reduce the likelihood that the gear
wheels will derail.

Despite the fact that the road had not yet been
completed, the first paid customers began travelling
on August 14, 1868. The construction reached the
summit of the mountain in July 1869. In August 1869,
President Ulysses S. Grant personally visited New
England to escape the heat of Washington. During his
tour, he climbed by the Marsh railway to the top of
Mount Washington.

Today, the Mount Washington rack railway is the
only rack railway of the east of the Rocky Mountains
and the only transport that allows to climb to the top
of Mount Washington - the highest point in New
England. The railway is approximately 4,8 km in

length and rises to the top of a mountain with a height
of 1917 m. To transport tourists to the top of the
mountain, retro-trains with locomotives or
environmentally friendly trains with locomotives with
biodiesel are used. The train rises to the mountain
at a speed of 4,5 km/h and descends at a speed of
7,4 km/h. Depending on the power of the locomotive,
it takes approximately 37-65 minutes to climb, and
40 minutes to descend [6].

For about an hour the tourists are at the top with
a height of 1917 m, from where they have a
breathtaking panoramic view of the mountains and
valleys of New Hampshire, Maine and Vermont,
extending to the north to Canada and to the east to
the Atlantic Ocean. Here is the Sherman Adams
Demonstration Center, the Mount Washington
Observatory Weather Museum and the Tip Top House
Hotel, built in 1853. In memory of the visit, you can
send postage stamps from the top of Mount
Washington and be photographed against the
backdrop of the sign of the summit.

At the Marshfield station it is possible to get to
know the history and the museum collection of the
rack railway, one of the exhibits of which is the Old
Peppersass locomotive, and itis possible also to study
the peculiarities of the amazing weather and the
ecosystem of the summit of Mount Washington [5].

In Europe, the first mountain rack railway called
«Vitznau-Rigi Bahn» was laid on the mountain Rigi in
Switzerland in 1871 on the basis of the Riggenbach
system. On two tracks, laid at that time, trains still run.

The system of the Riggenbach rack railway was
created by Niklaus Riggenbach, who worked at the
same time as Marsh. Riggenbach was granted a
French patent in 1863 for a working model, which he
used to interest potential Swiss investors. During this
time, the Swiss consul in the United States of America
visited the rack railway of Marsh and enthusiastically
reported about it to the Swiss government. Intending
to give impetus to the development of tourism in
Switzerland, the government commissioned
Riggenbach to build a rack railway on the mountain
Rigi. In the quarry near Bern the prototype of the train
and the test track were built. On May 21, 1870, on
Riggenbach’s birthday, locomotive No. 1, named
Stadt Lucerne, passed the first test launch.
Riggenbach personally took the first train to Rigi’s
upper end in Staffelhohe. The line from Vitznau to
Rigi Staffelhohe was 5 km in length and climbed a
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total of 1115 m to reach the top of 1550 m. Exactly
one year later on May 22, 1871 the road was officially
opened [7].

By its design, the Riggenbach system is similar to
the Marsh system. It uses a step tooth rack made of
steel sheets and connected by circular or square bars
laid on the same interval. The disadvantage of the
Riggenbach system is complexity and high cost of
making its tooth gear in comparison with other
systems.

Keeping in mind the success of Vitznau-Rigi Bahn
railway, Riggenbach founded Maschinenfabrik der
Internationalen Gesellschaft fr Bergbahnen (IGB),
which produced the locomotives of the rack railway
according to its drawings.

The Riggenbach road became the basis for the
creation of a whole transport system, which formed
the basis for the social and economic development
ofthe region. Today Rigi Bahnen is a group of railways
on the mountain of Rigi, located between the two
channels of Lake Lucerne. Itincludes two rack railways
Vitznau-Rigi Bahn and Arth-Rigi Bahn, as well as one
large and six small cable railways. The Vitznau-Rigi
Bahn is the highest standard gauge track in Europe,
also known as the first mountain railway in Europe and
the second in the world, after the Mount Washington
railway.

The highest Swiss rack railway became
Jungfraubahn. It was built on the basis of the cog
system of Strub. There were many plans to build this
road, but all of them failed, until in 1896 fate brought
Emil Strub and Adolf Guyer-Zeller. In 1891, E. Strub
was appointed inspector of the Bern railway. In 1894
the entrepreneur Adolf Gaier-Zeller took a concession
for the construction of a rack railway, which began
from the Klein-Scheidegg station in Wengernalpbane,
with a long tunnel across the Eiger and Ménch to the
Jungfrau summit.

In February 1896 Adolf Gaier-Zeller, through a
scientific committee appointed to prepare the
Jungfraubahn railway project, allocated 30 000 francs
for awards for the best solutions to a number of issues
on the construction and operation of this railway. Strub
won the first prize of 5000 francs for his proposed
system, which turned out to be brilliant and went down
in history as the Strub system [8].

It uses a rolled flat-bottom rail with teeth of the
railway mounted in the railhead at a distance of about
100 mm from each other. Safety braces mounted on
the train interact with the bottom of the head to
prevent the train from slipping off the track and also
serve as a brake. The American patent of Strub,
granted in 1898, also included details of how the rack
rail interacts with the turn mechanism.

From 1896 to 1898, E. Strub was the director of
the railway Jungfraubahn. Construction began in 1896
and went, as they would say in Soviet times, at a rapid
pace. In 1898 Jungfraubahn was opened to the railway
station Eigerglecher, at the foot of the Eiger.
Unfortunately, the construction of the road was not
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without tragedy. Part of the railway line was to be in
the tunnel. In 1899, explosive work began and six
workers were Killed during these works. This provoked
a four-month strike. On April 3 in Zurich from a heart
attack Adolf Gayer-Zeller dies. But his business
continues and on August 2, a section of the road
opens from the station Eigergletscher to the station
Rotstock.

This was the beginning of a glorious history. The
Jungfraubahn railway, like its predecessor, the
Vitznau-Rigi Bahn, has become an axial frame that
has made it possible to develop a hard-to-reach area.
Today Jungfraubahn-Gruppe is the largest mining
railway company and the leading travel company in
Switzerland. It offers its customers an amazing
adventure in the mountains and on the train. The main
offer is a trip to Jungfraujoch to an altitude of 3471 m.
The Jungfrau railway group also operates its own
hydroelectric power station and sells complete travel
packages on its website in cooperation with partner
companies. Until the end of 2019, it is also planned
to gradually integrate a number of catering enterprises
into the group in order to fully provide customers with
services at their own enterprises.

E. K. Morgan from Chicago continued the
development of mechanisms for rack railways. In
1900, he received a patent for a railway system that
resembled the Riggenbach system, but the rake was
also used to power the locomotive with electric
transmission. E. K. Morgan was working on the
development of heavier locomotives and, together
with J. H. Morgan, developed a turning mechanism.
In 1904 he patented a simplified, but complex, rack
rail on which the teeth of the wheels of the train came
into contact with square holes made in a central rail
constructed in the form of a bar. J. H. Morgan
proposed several alternative rotation mechanisms for
this system. It is noteworthy that J. H. Morgan
proposed to displace the rack rail so that pedestrians
and animals could pass along the tracks. Several
photographs of the early stage of the construction of
the Morgan road prove it. The rack railway could be
used on tracks with a slope of up to 16 degrees.

The Goodman Equipment Company began selling
the Morgan system to mining companies, and it was
in high demand, especially where the steep incline
was found underground. By 1907 Goodman
established offices in Cardiff (Wales) to enter the UK
market. McKell Coal & Coke Company (from 1903 to
1909) in Rayleigh County, West Virginia used in its
mines a network of railways of the Morgan system with
alength of 10700 m. Between 1905 and 1906, for the
company Mammoth Vein Coal Company, 2500 m of
the railway track of the Morgan system were laid in
two mines in Everest, lowa, where the maximum slope
reached 16 %. Donohoe Coke Co. in Greenwald,
Pennsylvania, in 1906 had a 3050 meter rail network.
The Morgan system was operated on a single common
railway carrier in the United States, Chichago Tunnek
Company, a narrow-gauge freight carrier that had one
steep section to a distribution station that was the
coastal strip of Lake Chicago.

The roads of the Morgan system, unlike their
predecessors, were mostly laid underground. They
have found their application in the coal mining industry
and cargo transportation.

The Abt system was developed by Roman Abt, a
Swiss steam locomotive engineer. At one time Mr. Abt
worked for Riggenbach in Olten and then at his
company «IGB», which produced the locomotives of
rack railways. In 1885, he decided to establish his
construction company.

At the same time, Roman Abt worked on the
development of an improved system of rack railway,
which could correct the shortcomings of the
Riggenbach system. The construction and
maintenance of the Riggenbach rack railway was too
expensive. Still there was a complex system of switch
turnouts. In 1882, R. Abt developed a new rack railway
using massive slats with vertical teeth embedded in
them. Two or three slats were installed in the middle
between the rails with angled teeth. The use of several
identical slats with built-in teeth at an angle ensured
that the teeth of the wheels of the train were constantly
engaged with the rails. The construction of the railway
of the Abt system was cheaper, since it required less
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weight of the rails on the given track. Nevertheless,
the wear resistance of the Riggenbach system was
much higher than that of the Abt system.

R. Abt developed also a system of smooth
transition from friction to adhesion, using a section of
a rack rail with a spring shock absorber so that the
teeth of the wheels gradually engage with the rail.

The first time the Abt system was used on the
Harzbahn railway in Germany, which was opened in
1885.

One of the features of the Abt system is that the
gear wheels can be mounted on the same axis as the
railwheels or installed separately. The locomotives of
the Tasmanian mining company Mount Lyell Mining
and Railway Company had separate cylinders that
propelled the gears, as did the locomotives of 10"
class of Nilgiri Mountain Railway in India, which is now
in conjunction with the Darjeeling Himalayan Railway
a World Heritage Site (UNESCO list)).

One of the most famous and popular railways
today using the Abt system is Cremallera de
Montserrat, a mountain railway line in the north of
Barcelona in Catalonia (Spain). This line runs from the
municipality of Monistrol de Montserrat to the
monastery of Montserrat, which is on the same
mountain.

The length of the railway is 5 km, and the track
width is 1000 mm. On the first kilometer of the road,
between Monistrol and the only intermediate station
Monistrol Vila, the usual system of adhesion is used.
The remaining part of the route is a rack railway of
the Abt system, which allows to overcome this path,
whose height reaches 550 m with a maximum
gradient of 15,6 degrees. Electricity supply of the
railway passes through a contact network 1500 volts
direct current. This road is served by the railway
operator FGC (Ferrocarrils de la Generalitat de
Catalunya).

The route of the railway opened in 1892. In 1930,
a cable car was built. In addition, it was possible to
get to the monastery in the old way — along a narrow
pedestrian road. The railway by that time was
distinguished by low financial indicators and a large
number of incidents. Therefore, on May 12, 1957, it
was decided to close it.

Nevertheless, after a while it turned out that the
cable railway and pedestrian route could not serve
the whole stream of those wishing to enter the
monastery. After many years of discussion and
planning in 2001, the program for rebuilding the rack
railway was developed, and already on June 6, 2003
the railway was presented to the passengers in a
modern way. For the first 12 months, Montserrat has
served 462964 passengers.
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The peak occurred in August 2003, when 63692
passengers took advantage of this route, the lowest
load was shown in February 2004, which had 22996
passengers.

The most significant work along the way was the
construction of the Pont del Centenari bridge across
the Llobregat River. The bridge is 480 m in length and
5 m in width. The bridge is divided into nine sections,
the length of which varies from 35 to 55 m. Everything
is constructed of steel pipe grids to give a light design
and minimize visual impact on the landscape. The
bridge is supported by eight pillars, the maximum
height of which is 37 m.

On the Montserrat railway, five low-floor electric
motor cars of the Stadler GTW type, built by Stadler
Rail in Switzerland, run. The cars are numbered, like
AM1-AM5 and named after local peaks. These cars
can move at the same time due to the friction of rails
and wheels, as well as by engaging in the gear part of
the railway. Each caraccommodates 200 passengers.
There are air-conditioners in the cars, and panoramic
windows open a wonderful view of the environment.
Trains move at a speed of 30 km/h on the toothed
section of the road and at a speed of 45 km/h on the
standard part of the road. In addition, this railway uses
an E4 electric locomotive of 1930, transported from
the Vall de Nuria rack railway for construction and
installation works.

The rack railway is connected to the Liobregat-
Anoia railway, which starts from Barcelona Pla a
d’Espanya station and reaches the municipality of
Manresa. The rack railway connects Monistrol de
Montserrat, also known as Monistrol Central.
Connecting the track to Monistrol allows the rack
railway cars to run from the depot near the Martorell
municipality and return there overnight.

Every hour, trains run between Monistrol-Enlla
and the top of the mountain, connecting the FGC
trains, which run from Barcelona to the municipality
of Manresa and back. Additional trains run between
Monistrol Vila, where there is a parking for cars,
designed for 1000 seats, and the top of the mountain.

There are also two funiculars of the railway
operator FGC. The funicular De Sant Joan raises the
passengers to the top of the mountain, and De Santa
Cova descends them from the top down to the
monastery [9].

In the 1880s, a truly «axial epoch»? for rack railway
systems, the Swiss engineer Eduard Locher invented
his system, in which the teeth were on the sides of the
rail, and not on its top and were driven by gearing with
two cogwheels of the train. Unlike other systems,

2 Term introduced by the philosopher K. Jaspers.
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where the teeth can jump out of the rack rail, this
system allows to lay roads in areas with a steep slope.

E. Locher worked on the creation of a rack railway
system, which could be used in a locality where the
slope reaches 50 %. The Abt system is the most
commonly used system in Switzerland, it can work
with slopes up to 25 %. E. Locher showed that in the
territory with a steep slope the Abt system is
predisposed to twisting the cogwheels, which can lead
to the derailment of the train, as R. Abt himself
predicted. To solve this problem and to lay the road
in the steep neighborhoods of Pilatus (Switzerland),
E. Locher developed a rack railway where the tooth
rack is a flat metal rod with symmetrical horizontal
teeth. The horizontal gear wheels engaged in the
metal rod in the middle, which set the train in motion
and prevented it from deviating from the center of the
road [10].

This system provides an extra-stable binding of
the train to the railway, besides it protects the car from
overturning due to strong transverse winds. Such
devices also make it possible to drive a car, so even
flanges on wheels are not necessary. The biggest
drawback of this system is that standard railway
switches do not fit it and transverse devices or other
complex devices need to be used where itis necessary
to go to another branch of the track. After the
completion of the tests in 1889, according to the
Locher system, the steepest rack railway Pilatus
Railway was built. No other public railway uses
Locher’s system, although some European coal mines
use a similar system on routes with a steep incline
under the ground [11].

The Lamell system (also known as the Von Roll
system) was developed by Von Roll company after
the all-rolled steel rails used in the Strub system
became inaccessible. It consists of one metal strip
cutin a similar way, as in the Abt system, but, as a rule,
it is wider than Abt’s rack. Trains designed for the
Riggenbach or Strub systems can be traversed by the
Lamell rack railway system because the safety braces,
which were part of the original Strub system, are not
used. Some railways use racks of different systems,
for example, the St. Gallen Gais Appenzell Railway in
Switzerland has sections of Riggenbach, Strub and
Lamell racks. This is due to the fact that in the course
of the historical development of the economy, this
road has gradually integrated several small railways
built not far from each other, including four rack
railways [12]. Most of the rack railways of the late 20"
century are built according to the Lamell system.

Conclusions. Cog rack-wheel systems are a
unique achievement of the human engineering idea.
Thanks to this invention, hard-to-reach areas on the
ground and underground were developed. High peaks
were able to be conquered not only by people with
special skills, but also by ordinary travelers. Countries
where the mountains occupy a large territory, such
as Switzerland (the area of mountains is more than
61 %), could make them accessible and develop
economic use. In Russia, there are also many
mountainous areas (~ 33 %) and rack railways could
promote their development and organization of
activities that contribute to the development of the
local community and the country as a whole.
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ABTOpPbI aHaNN3UPYIOT
opraHn3aunoHHbIe npoo6rembl
npenBoOeHHOro  BOEHHOIro BPeMeHU

U JIOrucTuYecKmne MeToabl yrnpaBieHUs
nepeBo3KaMu XXeJ1e3HO[40POXKHbIM

v mopckum TpaHcrnoptom CCCP

B nepuopg c 1938 no 1945 roa.
lMpuBoasiTcs cratucruka, pakrol,
AesiaeTcss UICTOPUYECKUI IKCKYPC,
NMpu3BaHHbIA OLL€HUTb UCTUHHBIA
MacLwTab «rpy30B0ro )poHTa» v ero
POJIb B 3aL4nTe CTPaHbl, HApoAa

u obLyeli nobege Hag BparoMm Bo Bpems
BTopovi MupoBoOi BOWHbI.

KnwoueBsbie cioBa: BoviHa, 3BakyaLys,
JIOFNCTUKA, yrpasJsieHNe rnepeBo3Kamu,
XKeJsie3Hble 4oporu, MOPCKOU TPaHCropT,
JIEHA-TIN3.
|

KOJIECO NCTOP

Mopckaa n Ha3eMHas
JIOrTCTUKA rpy30BOro
¢$dpoHTa

Ilpoxopoé Baadumup Muxaiinoeun — Kkanouoam
usuK0-Mamemamuueckux HayK, OoyeHm
denapmamenma A02UCMUKYU U YRpagaeHus yensimu
nocmasok Cankm-Ilemepbypeckoeo guauana HUY
BIIID, Canxm-Ilemepoype, Poccus.

Yupyxun Baaoumup Anexcandposur — kanouoam
MeXHUYeCKUX HayK, OOueHm denapmamenma
A02UCMUKY U ynpagaerus yenamu nocmagokx Cankm-
[lemepbypeckoeo guauara HUY BIID, Cankm-
[lemepbype, Poccus.

OTUCTUYECKUE 33alauu, pPelIEéHHbIE
B CCCP Bniepuon 1938—1945 romos,
HE MMEIOT aHAJIOTOB B MUPOBOU
MPAKTUKE 1 BIIOJIHE 3aCTYXXUBAIOT OTTMCAHUS
U IETATLHOTO aHaJn3a.
TepMuH «IOTMCTHKA» HE MCIIOJIb30BAaJICs
B OTEUECTBEHHO TEOPUM 1 TIPAKTUKE 10 KOHIIA
80-x romoB XX Beka, BMECTO HETO ITPUMEHSIICS
TEPMUH «MaTePUATBHO-TEXHUIECKOe CHaOXe-
H1e». OMHAKO, TOBOPSI COBPEMEHHBIM SI3BIKOM,
MOXHO YTBEPK/IaTh, YTO TIPUHITUTIBI M METOIBI
JIOTUICTUYECKOTO YIPABJIEHUSI TPAHCTIOPTUPOB-
KaMU U CHAOXXEHUEM YCUTUSIMUA YYEHBIX MTOJTY-
YWJIA CBOE PA3BUTHE B TOJIBI TIEPBBIX COBETCKUX
msaTuaeTok. [Ipexme Bcero aTo BhIPA3WIOCh
BTIO3ULIMOHUPOBAHUY TIPEITPUSTUI M OPraHu -
3alMK VX KOOTIepalliy YKe Ha CTaIuy TIPOeK-
TupoBaHus. CTposiiuecs: MPOMBIIIICHHBIE
LIEHTPbI ObLTN TIPUBSI3aHBI K KPYITHBIM XeJle3-
HOJIOPOXXKHBIM y3J1aM, YTO 00ECIIeunBaIo C ca-
MOTO Hayajia yioOHOe CHaOXEeHUE CTPOUTEIb-
HBIMU MaTepUaIaMu, a B JaTbHENIeM — CHa0-
JKEHUE TIPOU3BONICTB BCEM HEOOXOMUMBIM ISt
YCIIENTHOM AesiTeTbHOCTA. HBIMU cllOBaMU,
B OTU TOMABI PEATU3YETCS] CUCTEMHBIN MOAXO0.
K CTPOUTEJTLCTBY MPOMBIIIUIEHHBIX OOBEKTOB,
TJTAHUPYIOTCS 3aTPAThl HA CTPOUTENTLCTBO U OKC-
TUTyaTaruio OyayluX MPeAnpUsITHi.
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Ta0imuna 1

Knaccudukanus xee3H010POKHBIX JUHUI HOPMAJIbHOI KoJieH /1J1s1 NapOBO#i TATH

HaumeHnoBaHue | Maructpanu ycuiaeHHoro | Marucrpanu Marucrpanu IMoxbe3nHble MyTH U BETBU
paspsiia | Tuna (CBepXMarucTpaim) | HOPMajabHOTO THMA | 06JIETYEHHOTO
JIMHUN THUIA
1 2 3 4
XapakTepucTKa
HaumeHbliuii rpy30060poT J171s1 OMHOTIYTHOM He menee 80000 He menee 80000 | 1. IMpu winne no 100 km
B IPY30BOM HAIlpaBIeHUN CBEPXMarucTpai T * KM/KM T * KM/KM HEe3aBUCHMO
He MEHee OT Ipy30000pOTa.
8000000 T * KM/KM 2. Ipu gune ot 100 1o
200 KM BKJIIOUUTEJILHO —
Jlnst AByX11yTHOM Tpy30000pOT MeHee
He MeHee 300000 T * KM/KM.
12000000 T * kKM/KM 3. [Ipu mune ot 200 no
250 KM BKJIIOUMTEJIBHO —
Tpy30000pOT MeHee
150000 T * KM/KM.
Yucno nyreit Heckonbko wiy onun OnuH wnu aBa nytu | OnuH myTh OnvH WK 1Ba MyTH
myTh
Yucno map KOMMEpPUYECKUX B 3aBucumoctu Ipu onHom mytu — | 14 map B 3aBUCHMOCTH OT YCIOBHIA
10€3/10B PaCYETHOTO OT YCJIOBUIT 21 napa, Impu AByX 9KCIUTyaTaluu
MaKCUMaJIbHOTO SKCIUTyaTaluu MyTSIX — HE MEHee
TapaJuIeIbHOTO rpaduka 40 map

C TOYKM 3peHUs JOTUCTUKU, a UMEHHO
ONTUMAJILHOTO pa3MeIleHUs] TPEANPUTUIA
OTHOCUTEJIbHO UCTOYHUKOB ChIPbSl U MyTel
€ro JOCTaBKU, CAeyeT OTMETUTD, K IPUMEDY,
CTPOUTETHLCTBO MarHUTOropcKOro MeTautyp-
ruyeckoro komouHata. Bo Bropoii mojioBuHe
20-x ronoB Hapkomat nyrteit coobIieHus
MOJIYYWII 3a1a4y MO0 (pOpCUPOBAHUIO ITPOKJIA/I-
KM XKeJe3HOMOPOKHOU JUHUU K OyayuieMy
3aBOJy, BO3BEleHUE KOTOPOro HayajlocCh
B 1929 rony, 1 Takast KOMOMHALMSI COBMELLIEH-
HBIX CPOKOB M COIJIACOBaHHBIX AEHCTBUI BO
MHOTOM Tpenonpeaessia oXuaaeMblii pe-
3yJIbTaT.

AHanornyHbIM 00pa3oM (GOPMUPOBAUTUCH
METaJUTypruyeckrue U MalluHOCTPOUTEIbHbIE
KOMIIJIEKCHI PSIOM C MECTOPOXACHUSIMU Me-
TAJJIOB U KAMEHHOTO YTJIsI, KOTOPBIN CITY>KAJ
VCTOYHUKOM SHEPTUU U [151 TETUIOBBIX 3JIEKTPO-
cTaHUUil. B TpeTbeli MsATUIIETKE OCHOBHOE
BHUMaHMe ObLIO yIeIeHO Pa3BUTHIO 0O0OPOHHOI
MPOMBILIIEHHOCTH. Kpome Toro, CTponTebCT-
BO HOBBIX POMBIIIUTEHHBIX MPEANPUITHI ObLTO
MEePEeHECeHO Ha BOCTOK — Ha Ypai u B Cubups.
K Havasty BOWHBI TOYTH MOJTOBUHY MPOTYKIIUNA
YpajabCKOW MPOMBILIJIEHHOCTU COCTaBISUIU
MalllUHbI U MeTatousaenus. B metantypruu
BeAylLYe MO3ULIMU CTaTU 3aHUMaTh Ypai u Kys3-
bacc.

1. XXEJIEBHOA4OPOXXHbIE

NMEPEBO3KU A0 1941 rogA
OcHoBHBIM BuzmoMm TpaHcnopta CCCP

B 1940 romy ObLTH Kee3HbIe 1oporu. B ob1iem
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rpy30000poTe MX A0Js1 cocTaBisia 85,1 %,
B maccaxupoobdopore — 92,4 % [6].

BakHeimmMu xapakTepucTUKaMHM JII000-
rO BUJIa TPAHCIIOPTa, B TOM YMCJIE KeJIe3HO-
JIOPOKHOTO, SIBJISTFOTCSI TIPOTTYCKHAsT W MPO-
BO3Has criocodoHoctu. [IpencrasieHue o mo-
teHuuae Ha 1930 roa, ¢ KOTOpOro cTrapToBa-
JIO TIpEJIBOCHHOE pa3BUTUE CTpPaHbI, MalOT
uudpsl B Tabauie 1 [7]. B 30-e roms! npomi-
JIOTO BeKa YJIeJsUIOCh MPpUCTalbHOe BHUMA-
HUE, C OJHOW CTOPOHBI, YBEJMYEHUIO TTPO-
IMyCKHOM CIMTOCOOHOCTH XeJIe3HOIOPOKHOTO
TpaHCIOPTa ¥ pallMOHAIM3AlMK TIPOIIECCOB
NEPEBO3KU — C IpYyroii ctopoHsl. Tak, B [§]
MpeiaraeTcsl MeTOJl YBEJIMUEHUS MPOITYCK-
HOI CITOCOOHOCTY JIMMUTHUPYIOIIETO yYacTKa
JIOPOTU, TTO3BOJISIIOLIET0 HAPACTUTh OOBEMBI
rpy3oB Ha 5—11 %.

[on partmoHanu3aiimeii mepeBo3oK Mmojapa-
3yMeBaeTCsl yCTpaHeHWEe BCTPEUHBIX TPY30110-
TOKOB, TTOJIHAsI 3arpy3ka BaroHoB U T.11. B 1939
rofy ObUIM pa3paboTaHbl IPY30MOTOKHU Jieca
T10 IECSITH IJIaBHBIM COpTaMEHTaM, HeTeTpo-
JIYKTOB — M0 BOCbMM IJIaBHBIM BuaaM. B 1940
rony palvoHaIu3anusl MPOJAOJIKUIACH TTO
Topdy, KOKCY, LIEMEHTY, KUPIUYY, OyTOBOMY
1 OYJIBDKHOMY KaMHSIM,, (hOPMOBOYHOMY TTeC-
Ky, bajutacty, cBékiie, Qypaxy, YEPHBIM Me-
TajljlaM, OKOHHOMY CTEeKJIy M T.1. [9].

Kpome Toro, mockoibKy MHOTHE TIpeji-
MPUSATUS, TTPOU3BOAUBIINE MPOAYKIIMIO,
BaKHYIO JUTSI )K3HE00eCcIIeYeHUsT HaceJIeHUS,
OBLTM pa3MeIleHbl B UCTOPUIECKH CIIOXKUB-
IKUXCSl pernoHax, UX TOBap MPUXOIUIOCH
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1940

Puc. 1. CpegHsis 1939
AanbHOCTb NepeBo3Kn

rpy3os.

roj

1938

1937

670 680

IePEeBO3UTD I10 XKEJIE3HOM A0pore B Apyrue
JajbHue paiioHbl. Hamaydyuium pelieHuem
B 9TOM CJiydae ObLIO CTPOUTEIBCTBO COOTBET-
CTBYIOILMX MPEANPUSATUN BOJIU3U OT MOTPE-
ouTenei.

AHAJIM30M U pallMOHAJIbHBIM pacIipeesie-
HMEM TPY30II0TOKOB 3aHuMaJjicsi HapomgHbiit
koMuccapuat myreit coobmenuii (HKIIC).
«B 1940 ronmy IpyzoBoe ympasienne HKITC
eXeMeCSIYHO MUCKJII0YaJlo U3 TIAHOB IIEPEBO-
30K OKOJI0 9 ThIC. BATOHOB I'PY30B, [IEPEBO3Ka
KOTOPBIX OblIa ObI HEPALIMOHAJILHOM, TpeOys
OT KJIMEHTOB uX 3aMmeHbl» [9]. Takas pabGora
MO3BOJIMJIA COKPATUTh CPeIHME IaJIbHOCTHU
IePEBO30K OCHOBHBIX IIPOAYKTOB U TEM Ca-
MBIM ITOBBICUTb 000PAaYMBAEMOCTb BAarOHOB.
Ha puc. 1 npeacraBneHa cpeaHsst aaTbHOCTh
MapIIPYTOB KeJIE3HOTOPOXKHBIX Ipy30B ¢ 1937
o 1940 rox.

CpenHsisi 1aJbHOCTb IEPEBO3KU IPY30B
JIOCTUIJIA cBoero Makcumyma B 1938 romy, uro
COOTBETCTBYET MacilTabaM U CpOKaM CTPOM-
TeJILCTBA HOBBIX ITPOMBILIIEHHBIX KOMILJIEKCOB
B BOCTOYHbIX PETMOHAX CTPAHbI, M COKpATUIach
K 1940 romy rmourn o yposHs 1937 roza.

Vhensioch BHUMaHUE TEXHUYECKOMY Iie-
PEOCHAIIEHUIO XKeJIe3HOAOPOXHOTO TpaHC-
rnmopra: BHeAPEHUIO HOBBIX cTpesiok, YKB
pPamguoCBsI3U, UTO IO3BOJISIO, HAIIpUMED,
YCKOpUTH pa30opKy moe3na B 2—3 paza [10].
B 510 Xe Bpemst ObLIM OMPOOOBaHbI TIEPBhIE
B Hallleli CTpaHE KOHTEMHEPHBIE IEPEBO3KMU.
OnHaKo B CUJIy HEXBATKU ITPOU3BOICTBEHHbBIX
MOUIHOCTE! U MaTepUabHbIX PECYPCOB MO-
JIepHU3ALMOHHbIE PaOOThI ObLIM IPUOCTAHOB-
JIEHBI U IIPOIOJIKEHbI YK€ TOJBKO B ITOCJIEBO-
€HHOE BpPEMSI.

B pesysbrate peKOHCTPYKLIUM KEJIe3HO-
ITopoxHoro TpaHcnopTa B 1930-e roant
B OCHOBHOM ObUIM CO3/IaHbI BO3MOXHOCTH ISt
obecrieueHNsT TOTPEOHOCTE B TepeBO3Kax,
HEOOXOAMMBbIX JIJISI PA3BUTUSI SKOHOMUKU
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690 700 710 720 730 kM

U YKPEIJIeHUsI 000POHOCIIOCOOHOCTH CTPaHbI.
C poCTOM 3KOHOMUKM POCIN U OOBEMBI TTe-
PeBO30K rpy30B. 3a 1940 rom xke1e3HoI0POXK-
HBI€E MEPEBO3KU BBIPOCIIH € 392 MJIPI TOHHO-
kusomMeTpoB B 1939 roay mo 409 muipm, peuHbie
MePEeBO3KU YBEJIUYMIUCH 10 36 MIIPI TOHHO-
KUoMeTpoB rmpotuB 33 mapa [11].

VYBeauueHue MpOoIyCKHON CIIOCOOHOCTH
JIOpOr TpeOOoBaJIO YBEIMUEHMS Beca I0e3/10B,
a 3HAYUT U CO3AaHusl 0OJiee MOLIHBIX JJOKO-
MOTHMBOB ¥ BATOHOB C MOBBILIEHHO MOIBEM -
HO# cUIoii, Kak Toraa (opMyaupoBaiach
3amava. Ml Hajo 3aMeTuTh, CO3AaHHbIE OTeUe-
CTBEHHBIMM YUYEHBIMM M CIleLMalUCTaMU
TEeXHUYECKHE CPEACTBA He YCTYIAIU JYULIUM
MHUPOBBIM 00pa3iaM.

B 1931 rony Jlyranckwuii 3aBoj, Hava BbI-
nyck naposo3oB cepun PJI ¢ pacyéTHOi cu-
qoit taru 3,3 Teic. Ja.c. [TapoBo3HBIIT mapkK
B 1940 romy Ha 2/3 cOCTOSUT U3 MOIITHBIX TPY-
30BBIX JJOKOMOTUBOB cepuit ®J1, CO, 3,
naccaxupckux cepuii UC, CY. ITapoBosbr DJI
ocBauBanu noutu 40 % Bcero rpy3oo6opora
KeJie3HbIX gopor [7]. Tonbko 3a iepBoe mosy-
rojaue IepeaoBble MAIIMHUCTHI IPOBEIU
131 ThIC. TXETOBECHBIX ITOE€310B 1 JOIOJHU-
TeJIbHO TIepeBe3n 38 MIIH TOHH I'py30B.

B 1923 rony 0b1710 HaTaXKeHO MPOU3BOACT-
BO JIByXOCHbBIX KPBIThIX BATOHOB I'PY30I101b-
émHocThIo 20 T. B 1925 romy Ha CopMOBCKOM,
KonomeHnckom, bpssHckom, MBITUIIMHCKOM
M IPYTUX 3aBOJaX CTaJIU BbIITYCKATh YEThIPEX -
OCHBI€ BaroHbl I'py30MoABEMHOCTHIO 50 T.
B 1928 roay oredyecTBeHHbBIE 3aBOALI HAYaIN
CTPOUTDH 10 HOBOMY TUIIOBOMY IIPOEKTY Ye-
TBIPEXOCHbIE MTACCAXUPCKME BATOHBI 1aIbHE-
ro ciemoBanusa. K 1941 romgy Gonbiierpy3bl
cocrabisuin 40,7 % rpy30BOro rnapka.

Takum o6pa3oM, MOXKHO yTBEPKAaTh, YTO
JIJIS yBeJIM4eHUsI 00bEMOB MEPEBO30K U T10-
BBIIIEHUST X 3G (GEKTUBHOCTU MCITOJIb30Ba-
JIMCH T€ 3Ke IIPUEMbI, KOTOPbIE U ceiiyac mpak-
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TUKYEeT COBpeMEHHasl IOTUCTHKA. A UMEHHO,
COBOKYITHOCTb TEXHUYECKUX, OPTaHU3aIIMOH-
HBIX Mep TI0 YBEJIMUEHUIO TTPOITYCKHOM CITO-
COOHOCTU TOPOT, CBSI3aHHOW C MPOMYCKHOM
CITOCOOHOCTHIO MEePETOHOB, CTAHIIMM,
YCTPOUCTB BOJOCHAOXEHUSI, TSATOBBIX
YCTPOMCTB ISl TTOBOPOTA JIOKOMOTUBOB, T10-
Jlau¥ TOTUTMBA, a TAKKe C TEMITAaMU PeMOHTa
JIOKOMOTHBOB ¥ BaTOHOB U JIP.

ITo ypoBHIO MCTIOB30BaHUS Psila TEXHU -
YyeCcKMX cpeacTB keye3Hbie goporu CCCP
TPEBOCXONMIIN XKeJIe3HbIE TOPOTU Pa3BUTBIX
3apy0OeXXHbIX cTpaH. bbuta co3maHa BICOKO-
addexTrBHAsT cUCTeMa OpraHU3aIuy U TeX-
HOJIOTUH TTePEBO30YHOTO Tpoliecca (eqnHbIe
IS BCEU CETU IJIaHbl MEPEBO30K, rpaduk
JBIDKEHMS, TEXHUIECKUH TUTaH, CUCTeMa pe-
TYJIUPOBAaHMS BarOHHBIX MapkoB). HoBbie
MPENIPUATHS TTO3ULIMOHNPOBATUCH TAKUM
00pa3oM, YTOOBI ITPY BKJIIOYEHU U UX B TEXHO-
JIOTUYECKYIO 11eTT0OYKy MUHUMU3UPOBATH
TPaHCMOPTHYIO paboTYy.

ITo 06BEMY MepeBO30K XKeJle3HbIE T0pOru
CCCP B 1937 rony BbIIUTM Ha BTOPOE MECTO
B Mupe (rocie CIIA). Ob1ast niuHa xenes3-
HOIIOPOXHOI ceTn K 1941 romy cocraBuiia
106,1 TBIC. KM.

Jletom 1938—1940 romoB Bo BpeMst BOOPY-
KEHHOTO0 KOH(JIMKTA y 03epa XacaH, B paiio-
He peku XamxuH-[0J1, Kyna BTOPIJIMCH STIOH-
CKUe BOHCKa, XKeJIe3HOTOPOKHBIN TPAHCTIOPT
o0ecITeYJ1 BOGHHO-OTIepaTUBHBIE TTIEPEBO3KHI
Ha JanbHeM BocToke M BHEC CBOI BKJIAJ
B YCIIEIITHOE 3aBEPIIIEHNE BOCHHBIX OTIePALIHiA.

2. YNIPABJIEHUE NEPEBO3KAMMU
B NEPNOO SBAKYALIUU

Benukas OreuecTBeHHast BOMTHA U3MEHU-
JIa yCJIOBHSI M XapakTep (PyHKLN, 00513aHHOC-
Teil TpaHcnopTa. ONHOBPEMEHHO PELIAIUCh
TPYAHbIE 3ala4l: BOMHCKUE MEPEBO3KU I
(bpoHTa, aBaKyaIysi BOMHCKUX CKJIAJIOB U TIe-
peba3upoBaHUe MaTepUaIbHbIX LIEHHOCTEH
W IIOJe1 U3 3aMaJHbIX PAiOHOB CTPaHbI B BOC-
TOYHBIE, TIEPEBO3KU B MHTEpecax BOEHHOU
5KOHOMUKU. M3MEHWIUCh U HAalpaBIeHUS
TPy30TIOTOKOB.

OCHOBHasI TSKECTh MePEBO30K MPU IBAKY-
alluy JIeTJIa Ha XeJIE3HONOPOXHBIN TpaHC-
nopt. B Hapkomare nyteit cooOuieHust opra-
HU3AUMOHHBIMU BOMPOCAMHU 3BaKyallUu Ha-
CeJICHUSI U MATEPUAIbHBIX TPY30B 3aHUMAIUCh
TPy30BOE YIIpaBJIeHNE U YIIPaBICHUE BIKE-
HU4.
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C 1IeT1b10 YIIOPSIOUEHUS TTpoLiecca epeme-
1eHust COBETOM M0 3BaKyaluu ObLT BbIpadOTaH
TBEPIBIN TIOPSIIOK TUIAHWPOBAHWS M OpraHn3a-
LIMM TiepeBo30K. Ha ero ruteun Jjieria Koopau-
Halyst paboThI CO BCEMU 3aMHTEPECOBAHHBIMU
HapkoMaTtamu, B nepByto ouepens ¢ HKIIC,
1 OH XK€ OTIPEIeTIST CPOKM 3BAKYallK, ITyHKTHI
pa3MeNIieHns] U KOJIMYECTBO TPeOYeMbIX IS
3TOTO XeJI€3HOJOPOXKHBIX BATOHOB.

JlonmoHUTeIbHASL CI0XHOCTb COCTOSLIA
B TOM, UTO Ha 3arajl HeMpepbIBHO 1T BOCH-
Hble Tpy3bl. [ocynapcTBeHHBII KOMUTET 000-
POHBI TTPEITTUCHIBAJI AIIEIOHAM JIBUTATHCSI CO
ckopocThbio 500—600 KM B CYTKH, a 3TO ObLIO
HeBbinojHUMO. CCCP B Te roasl — cTpaHa
TPENMYIIIECTBEHHO OHOKOJICTHBIX KEJIE3HBIX
nopor [12].

ITpu ocTpoii HexBaTKe BarOHOB TpeOOBa-
CsI TIIATEIBHBIN YIET UMEIOIIeTOCS] BATOHHO-
TO Mapka, ero morepb B MpuGhPOHTOBOI 30HE,
HYXHBI ObLTU XECTKUE rpadduKuU MpeaocTaB-
JIEHWST OCBOOOIMBIITNXCS OT MIEPEBO3KM BOMH-
CKUX I'PY30B BarOHOB 151 9BaKOrpy30B. C 3Toii
K€ 1IeJIbl0 B TPpU(POHTOBBIE 00JIACTU TMepe-
OpachiBajlach 4aCTh MOPOXKHUX BaroHOB
U I1aTopm.

[TpuHIUIT 0YepEAHOCTU U TTOITAITHOCTHU
9BaKyallly 3aBUCEJT ITPEXKIE BCErO OT CKIIaIbl-
BaBIIIeiicsl 00CTAaHOBKM, a TAKKe THUTIA U 3HA-
yeHUs npeanpusaTuii. K HOBBIM MecTaM Ux
pa3MelIeHUs cpa3y e HaMpaB/sUTUCh TOTOKU
CBIPbST M KOMITIeKTyIommx. B mpukase Hapko-
Mara GoernpumnacoB Ne 567 cka3aHo, KOria,
YTO M KyJa HaJl0 TIEPeBO3UTH U JIaKe B KAKOM
MOPSIIKE UYTO TPY3UTh [12].

IMoutn 70 % mepeMeInEHHBIX MPOMBIIII-
JICHHBIX 00BEKTOB pa3Mellafoch Ha Ypaie,
B 3ananHoit Cubupu, Cpenneit Aszuu u Ka-
3axcTaHe. BMmecTte ¢ nmepeda3srupoBaHHBIMU
¢dabpukamMu 1 3aBogamMu Ha BocTok nmpuobL10
10 30—40 % pabouux, UHXKEHEPOB U TEXHU-
KOB. Bcero ke 1o XeJle3HbIM U IIOCCEHHBIM
JloporaM, a Takke BOIHBIM M BO3IYITHBIM
IyTSIM ¢ Hayajia BOWHBI 10 KoHIa 1941 roma
OBLIO TTePETPaBIeHO B THUIOBBIE PaliOHBI 00-
Jiee 18 MIJIH yesoBeK.

Ve B MapTe 1942 rona mpoMbBIIIIIEHHOCTh
BOCTOYHBIX PAilOHOB C YUETOM BOCCTAHOBJICH-
HBIX 3/I6Ch 3BaKyMPOBAHHBIX MPEATIPUATHI
MMpOU3BeJia BOGHHOW MPOIYKIIUU CTOJBKO,
CKOJIbKO B HavaJie BOWHBI BBHITyCKAJIOCh Ha
Bceit Tepputopun CCCP.

B niepBbiit iepuon BoiiHb (1941—1942 110)
B YCJIOBUSIX OOJIBIIION MOABMKHOCTH (DPOHTA,
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TPOMAaJIHBIX MaTepUaIbHBIX ITOTEPh W Pa3py-
IIIEHUH XeJIe3HOAOPOXHBIN TPAHCIIOPT CBOE-
BPEMEHHO 00ecTieurBa MOOMIN3AIIMOHHbBIE
TepeBO3KH, CTpaTeTUIeCKOe Pa3BEPThIBAHUE
cwit KpacHoit Apmuu v mepedpocKy BOEHHOM
TexHuku. OTHOBPEMEHHO OCYIIECTBIISIIach
MaccoBasi 9BaKyallvsi HaceJIeHUS U TIPeATIpUsi-
TUHA.

Tonpko B nrone—Hos0pe 1941 roma Ha
BOCTOK 3BaKyupoBaHoO 0oJjiee 2,5 ThiC. Mpe-
MPUSATUN, B UX yucie 1523 KpynHbIX 3aBoja,
18 MaH pabouux, cayXalmux U YWIEHOB UX
cemeit. [[71s1 mepeBO3KM BCETo 3TOTO 10 JKee3-
HBIM IoporaM notpedoBanock 1,5 MIH Baro-
HOB wiH 30 ThIC. MOE3/I0B.

Bo BTOpYI0 BOJTHY 3BaKyamuu, JeToM 1942
roga, rmo Jlonenxkoii, FOro-BocTounoii, Cta-
ymHrpanckoii, CeBepo-Kapkasckoit m Opa-
JKOHUKMI3eBCKOU XKeJIE3HBIM JIOpOTaM Iepe-
Be3IM o0opynoBaHue 150 KpymHbIX MpeAnpus-
TUI U OKOJIO 8 MJTH YeJIOBEK.

TpancnopTHOe obecrieueHue COBETCKUX
BOWCK CBITPAJIO peliaroniyio posib B CTaqnH-
rpajckoit u Kypckoii 6uTBax, B oriepanusix Ha
nonsix Ykpaussl, benopyccuu u [pubantuku,
B OuTBe 3a bepyuH.

ZKene3Hbie JOPOTH OCYIIECTBIISLIA OCHOB-
HOU 00BEM TIepeBO30K KpacHoapMelileB
1 KOMaHIMPOB, OOEBOI TEXHUKHU, BOOPYXKeE-
Hus U 6boenpunacoB. Beero 3a ronsl Benukoii
OTeuecTBEHHO BOMHBI XKeJIe3HOIOPOXKHUKHI
TpaHCOOPTUPOBaIU OoJsiee 19 MJIH BaroHOB
C TPY30M U JobMU. Ha ux goJjmo mpunuioch
okoJ10 80 % BOEHHBIX MEPEBO30K.

[Tpu aTOM TIPUIILTOCH pelaTh PsiI JIOTH-
CTMYECKMX 3a7ay, BKJIOYasi ONTUMalbHOE
HCTIOJIb30BaHME MTapKa JOKOMOTUBOB 1 Baro-
HOB, BBIOOP MapIIPYTOB IBUKEHUSI COCTAaBOB
C Tpy3aMM, BOGHHOCTYKaIIUX 1 TPaXKIaHCKO-
IO HAaceJIEHUsI, MECT BBIHYKJIEHHO OCTaHOB-
KM Ha CTaHUMSIX W pa3besfax 1Mo MpuinHe
0OJIBIIION 1071 OJHOKOJIEUHBIX MYTEM, a TaK-
K€ YacCTU pa3pylIeHHBIX XeJIe3HBIX TOpOT
U MOCTOB TIpu 00eBBIX omepanusix. Kpome
TOTO, HY>KHa OblJIa TOMOIITh B BLIOOPE pacIio-
JIOKEHUS TIepeMelaeMbiX MPeanpusiTui,
YTOOBI OPraHU30BATh UX KOOTIepallnio, CHa0-
JKEHHME BCEM HEOOXOIMMBIM JUTSI TTPOU3BOJICT-
Ba, OTIIPaBKYy TOTOBOU MPOMYKIINU, CO3/ATh
YCJIOBWMSI JIJI51 XKM3HU 9BaAKyMPYEeMBbIX paOOTHU -
KOB.

HecMoTpst Ha riepeunciieHHbIe TPYTHOCTH,
ObUIO OOecrneYeHo HaJluyrue COOTBETCTBYIO-
LIETO MEePeBO3UMBIM 00bEMaM BarOHHOTO
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rmapKa ABYXOCHBIX 1 YEeTBIPEXOCHBIX BATOHOB.
Ha xone1r 1941 rona 60bIiierpy3Hbie BATOHbBI
rpy3onoabéMHOCTBIO 50 T coctannstiu 40,7 %
TPy30BOTO TapKa, BarOHbI TPY30IOIBEMHO-
ctbi0 20T — 59,3 %.

Ha ocHoBaHMM MOJyYeHHBIX MTaHHBIX
onpeneanuM o0bEM MepeBe3EHHBIX TPY30B
B MI0J1e—HOsA0pe 1941 roma V , a Takke 3a Bech
nepuoj Beankoit OTeyecTBeHHOI BOMHBI VO.

V,= 1500000 « (0,407 « 50 + 0,593 « 20) =
48315 ThIC. T (BepXHSISI OIIEHKA).

V,= 19000000 « 32,21 = 611990 ThIC. T.
(BEpXHSIS OLIEHKA).

3. IOTUCTUKA NMPU NOCTABKAX
no NEHA-JIN3Y

IMpakTrka MpUMeHEHWST METOIOB TPaHC-
TIOPTHOM JIOTUCTUKHU TIOJTy4rJia HaubobIliee
pa3BUTHUE TIPU MOCTaBKaxX MO JEHI-JIU3Y
B CCCP B rogst Bropoit MUpoBoii BOIHBI.

B 1941 romy 110 IeHI-JT13y OBLIO TTOIYYEeHO
ToBapoB MeHee 1 % oT obliero oobéma ria-
HUPOBABIINXCST TOCTaBOK. B 1942 romy arot
npoueHT coctaBuia 27,6. Takum oOpa3om,
6osee 70 % MocTaBOK MO JICHA-TU3Y TIPHU-
ek Ha 1943—1945 romer [13].

Boennbie rpy3sl noctynanu B CCCP pas-
HBIMU MapuIpyTaMu, HO OCHOBHBIMU ObLITU
TPU — TUXOOKEAHCKWIi, TPAHCUPAHCKU
U apKThYeckue KoHBou. B cymme oHu obec-
reunsin 93,5 % o61IMX MOCTaBOK.

CaMbIM OBICTPBIM, HO ¥ CAMBIM OTIACHBIM
MapuIpyTOM SIBJISUTMCh aDKTUYECKIE KOHBOU.
Mopckast 4acTh IyTH OT BOCTOYHOTO TTodepe-
xbst CIIIA mo MypMaHcKa 3aHUMasa OKOJIO
IByX Hegnenb. 40 % MmocTaBoOK I1IJIO UMEHHO
aTuM MapupyroMm. OgHako okoiio 15 % rpy-
30B, OTIIPABJIEHHBIX 3TUM ITyTEM, ObUIH TIOTE-
PSTHBI.

JleHn-1M30BCKUE TPY3bl TIO TPAaHCUPAH-
CKOMY ITyTH TIOCTYTAJU B MOPTHI CEBEPHOM
okoHeuHocTH [lepcuackoro 3anmsa: bacpa,
Xoppewmiuexp, AbanaH u bangap-laxmyp.
B Hux GbUIM YyCTPOEHBI aBUa- U aBTOCOOPOY-
HbIe 3aBOAbI. Takoe pellieHue MO3BOJIUIIO
YBEJIUUUTH IPY30BMECTUMOCTH MOPCKOTO
TpaHCIIOpTAa.

W3 moptoB B CCCP rpy3sl nun 1ByMmst
MyTSIMU: CyXOITyTHBIM 4yepe3 KaBkas u Bof-
HeIM — yepe3 Kacnuiickoe mope. OmHako
Yy TPAaHCUPAHCKOTO MapuipyTa, Kak 1 apKTH-
YECKUX KOHBOEB, BUIEINCH CBOU HETOCTATKM:
BO-TIEPBBIX, OH OBLI CIUIIKOM TTPOIOTIKM-
TeMbHBIM (TTyTh KOHBOS oT Hblo-Mopka 1o
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TIeTponaBI0BCR-
Kamuatckni
11%

ApxaHre/lIbcKas

Tpynma
10%

MypMaHCK
11%

= Braansocrok -~ MypMaHCK = ApxaHre/bCKas rpynna

oeperoB MpaHa 3aHuMaj npuMepHo 75 THENH,
a 3aTeM BpeMsI TPAaTUJIOCh €IlI€ U Ha JOCTaBKY
rpy3a no Mpany u Kaskazy unu Kacnuio),
BO-BTOPBIX, OMTACHBIM M3-3a MOCTOSTHHBIX
aBUaHAJIETOB HEMEILKUX camMoiéToB. B 1945
TOJly BMECTO MPaHCKOTO CTaJI MCIIOJIb30BaTh
YyepHOMOPCKUt MmapupyT [ 14].

C Mas 1942 ropa mocTtaBKU COCTaBJISIIU
B cpeaHeM 80—90 Thic. TOHH B Mecsll, a BO
BTOpoit mojioBuHe 1943 roma — mo 200 ThIC.
ToHH. CrienMaabHO IJIs HYXJ JeHI-I1u3a
B MpaHe mocTponIvn HECKOIbKO aBTOMOOUTb-
HbIX 3aBOJIOB [ 14]. 3a roabl BOMHBI C UPAHCKUX
npeanpustuii B CCCP otnpaBineHo 6ojee
184 ThIC. aBTOMOOMIICI. MalLIMHBI TTePEeTrOHsI-
Juch Mo Mapupyrtam TerepaH—Aiuxaban,
Terepan—Actapa—baky, JIxxyabpa—Opaxo-
HUKUI3E.

TuxoOKeaHCKH1Ii MapIIpyT, 00eCTIeUMBIINIA
OKOJIO TTOJIOBUHBI TTIOCTAaBOK 10 JICHI-JIN3Y,
ObLT OTHOCUTEJIbHO Oe30macHbIM. C HayaioM
BoriHbl Mexkay CIIIA u fAnoHueii ¢ 7 nekadps
1941 ronma Bce mepeBo3kM Ha TuxOM OKeaHe
MPOU3BOIMIN «UCKIIOUUTEIBHO COBETCKUE
Mapoxo/ibl», KakK ckazaHo B oTuéte Hapkoma-
Ta BHEIIHEU Topropau. Mopckast 4acTh IyTH
oT 3anagHoro noodepexbss CIIIA no manbHe-
BOCTOYHBIX TTOPTOB 3aHMMaza 18—20 cyTok.
OCHOBHBIM MPUEMIIIMKOM 31ech cTai Biaagu-
BOCTOK, B KOTOPOM OJHOBPEMEHHO MOTJIU
pasrpykatbcsl 15 oKeaHCKUX CYI0B.

[J1aBHBIM HEOCTATKOM JaJIbHEBOCTOYHO-
TO TYTH SIBJISLIACh €T0 YIaJI€HHOCTD OT (DPOH-
Ta. [py3bl, CpaBHUTETHLHO OBICTPO JOCTABIICH -
Hble B CCCP, Ha nBe-Tpu Hefeau 3aepKrBa-
quch Ha TpaHccubOe M3-3a OrpaHUYEHHOM
MPOITYCKHOM CMTOCOOHOCTH MarucTpaiu.

O TOM, YTO 3TOMY MapIIpyTy NPUIaBAIOCh
0co0oe 3HauYeHHE, TOBOPUT TOT (DaKT, UYTO
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Puc. 2. Pacnpeaenexune
06bEMOB rpy30s,
nepepab6oTaHHbIX MOPTaMn
CCCP npu noctaBkax
o neHp-nn3y.

BaaaHBoCTOR
68%

= [Tetponas.1oBck-KaMuaTckui

MPaKTUYECKN BCE Cyda COBETCKOTO TpaHC-
noptHoro (iora B Havane 1943 roga ObLH
npuaaHbl JlalbHEBOCTOYHOMY TOCY/IapCTBEH-
HOMY MopcKomy napoxoactsy (ABI'MIT).
C 1942 roga ctanu noctynaTh IO JEHI-JIU3Y
aMepMKaHCKUe TPAaHCTIOPTHI, CHayasla cTapbie,
OTPEMOHTUPOBAHHBIE 110 CIIELITPOTPaAMME,
a ¢ gHuBaps 1943 roga — v HOBbIE CBapHbIE:
CYXOTPY3bl TUIIA «TMOEPTU» U TAHKEPHI.

B utone 1941 rona ot ABI'MII Hacuu-
ThiBaJ 85 cynoB. B 1941—1945 rogax B coctaB
JlaJIbHEBOCTOYHOTO MapoXoAcTBa BouLInd 39
CyIOB, NPUHATBIX OT APYIMX MapOXOICTB.
B pa3HbIx aMeprMKaHCKUX ITOPTax ObLIN MPH-
HATBL: B 1942-M — 27, 1943-Mm — 46, 1944-Mm —
20, 1945-m — 35 cynos. Beero mocrymnuio 167
TPaHCIOPTOB, U3 HUX MO JeHI-Iu3y — 128,
OHHU B OOJIBIIMHCTBE OKa3aJIMCh KPYITHOTOH-
HaxHbIMU. B niepeBo3kax uyepe3 Tuxuii okeaH
Y4aCTBOBAJIM TAKXKE YEThIPE KPYITHOTOHHAXK -
HBIX OBICTPOXOJHBIX cyaHa JlanbcTpos
HKBJ [15].

C 1941 o 1945 ron J1anbHEBOCTOUYHBIM
MOPCKUM I1apOXOJICTBOM IIepeBe3eHO Oosee
12 MJIH TOHH TPY30B, B TOM uucie 7,95 MJIH
MMIOPTHBIX, [TpUMOpCKOIi Xene3Hol 1opo-
roit — 46,3 MutH ToHH [15].

B roaer Benukoit OTeyecTBEHHOI BOMHBI
BranuBocTOK 3arpy3ui1 M OTIIpaBWJI Ha 3armaj
noutu 400 ThIC. BaroHOB U T1aTgopM, OoJiee
10 MAH TOHH Tpy30B, obpabdoTan 32 ThIC.
TpaHCHOPTHBIX cynoB [15].

ITopT MypMaHcKa 3a 3To Xe BpeMsI Tiepe-
paboTa yyTh 00Jibllie 2 MJIH TOHH UMITOPTa,
a apxaHreJbcKas rpymia noproB (ApxaH-
reabck, bakapuia, DkoHomMusi, MoJOTOBCK
(HbiHe CeBepOJBUHCK)), UCXOMAS1 U3 aMepu-
KaHCKUX JaHHBIX,— IPUMEPHO 1,7 MJIH TOHH.
IMonyuaercs, yto BraguBocTok nepepadoran
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WMIIOPTHBIX TPY30B TIOUTH B 4 pa3za OoJibliie
MypMaHcKa 1 TOYTH B 5 pa3 6oble ApxaH-
reJibcka (MMeeTcsl B BUY BCs TpyIa 0eso-
MOPCKUX ITOPTOB).

Ha ocHoBe mokymMeHTOB rocapxuBa Kam-
yaTcKoit ob6actu o pabore nopra [leTponas-
JloBcKa-KaMyaTcKoro B BOGHHBIE TOJIbI ClIeIaH
pacuét, maBmW HU@pPY, MPEBHIIAIIIYIO
2 MJIH TOHH.

PacnpeneneHue o0bEMOB I'py30B, Iepepa-
o6oTtanHbIx mopramu CCCP npu rmoctaBkax I1mo
JIEH-JTN3Y, TIPEICTaBJIeHO Ha pucC. 2.

BMECTO 3AKJIIFOMEHUSA

B craTbe aenaetcs nmomnbsiTka 00bEKTUBHO-
ro aHajM3a BKJIala OTeYeCTBEHHBIX TPaHC-
MOPTHUKOB B Pa3BUTHE JIOTUCTUYECKUX METO-
JIOB ¥ TPAHCIIOPTHOM JTOTUCTUKH TI0 UTOTaM
BTopoit MupoBoii BOIiHBI, C aKILIEHTOM Ha
TMPAKTUKY PEIICHUS JOTUCTUICCKUX 3amad
B niepuon ¢ 1938 mo 1945 rox.

beccnopHo, crmocoObl JOTUCTUYECKOTO
yIIpaBJIeHUS ITUPOKO MPUMEHSJIUCH B HaIlIe i
CTpaHe TMpU pelleHUN pas3IUdHBbIX 3aJay
CHaOXXeHUS ¥ TPAHCTIOPTUPOBKH MaTepUaThb-
HbIX pecypcoB elié B [lepBoii, a HE TOABKO
BTopoif MUPOBBIX BOWHAX, XOTSI TePMUH
«JIOTUCTHUKAa» B OTeYECTBEHHOM HayKe U ITpaK-
THKE He TIPUMEHSIICS 10 KoHIa 80-X TomoB
XX Beka.

XapakTepHo, 4yTo B 1925 romy HapomHbIi
KOMHKCCAp MO BOEHHBIM U MOPCKUM JejiaM
M. B. ®pyH3e KOHCTaTUPOBAI: «...0e3 caMOi
TIIATEJIbHOM, OCHOBAHHOI HAa TOYHBIX MaTe-
MaTUYeCKUX pacy€Tax opraHu3aluu Thiia, 0e3
HaJTaXXWBaHUS TIPAaBWILHOTO MTUTAHUS (PPOH-
Ta, 6€3 BCEro TOro, YTo eMy HeOOXOAUMO IS
BEICHUS OTIepalnii, 6€3 caMOoTo TIIATETLHOTO
yuéTa nepeBO30K, 00eCneYnBalOLINX ThIJIOBOE
cHabxeHue, 0e3 opraHu3alMy dBaKyallMOH-
HOTO Jejla HEMBICIUMO HMKaKOe CKOJIbKO-
HUOYIb MpaBUIbHOE, pa3yMHOE BeJeHUe
0O0JIBIINX BOEHHBIX OMepaluid...» [5].

WUccnenoBanus yu€Hbix o nepuoae Benu-
Kot OTeuecTBEeHHOI BOIHEI B 00JIACTH CHA0-
JKEeHUSI BOMCK U OpraHU3alyi TPaHCIIOPTHOTO
obecrieyeHust ThIJTIOBOIO CHAOXKEHMUS, a TAKXKe
OpraHu3alny 3BaKyallMOHHOTO JieJia, HECOM-
HEHHO, TTOATBEPIVIIN ITPaBMIBHOCTB JIOTCTH-
YeCKUX MPUHILIMIIOB TIPpU MPOBEISHUN Mac-

IITAOHOM JIOTUCTUYECKOI OIepaluu 1o Mac-
COBOMY TIepeMEIICHUIO HaCeJIeHUST M MaTepy -
aJIbHBIX pecypcoB Ha BocTok Harlteii cTpaHsbl,
a BCEro 3a BpeMsI BOMHBI 00BEM Ipy30IepeBO-
30K JIMIIb KEJIE3HOTOPOKHBIM TPAHCTIOPTOM
COCTaBMJI 10 BCEM HarmpasiieHusIM Oosiee 600
MJTH TOHH. J106aBUM ctoia MOPCKOI, PEYHON,
aBTOMOOWJIbHBIN, BO3AYITHBIN BUIBI TPAHC-
1opTa, U CTAaHET TIOHSTHO, KaKOil B NEHCTBU-
TEJIbHOCTHU OblLJIa TPAaHAMO3HOM 1 MHOTOMEp-
HOM Ta JIOTUCTUYECKAsl cXeMa Irpy30BOTO
(poHTa (MapasiebHOro 60eBbIM (PpOHTaAM),
KOTOPYIO CETOTHSI aCCOIMUPYIOT C HETTPUBbIY -
HBIM TOT/Ia TIOHSITUEM «JIOTUCTUKA».
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SEA AND LAND LOGISTICS OF CARGO FRONT
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ABSTRACT

The authors analyze the organizational problems
of the pre-war and wartime and the logistics
methods of managing rail and sea transportation of
the USSR in the period from 1938 to 1945. The

article presents statistics, facts, a historical
digression designed to assess the true scale of the
«cargo front» and its role in protecting the country,
people and overall victory over the enemy in the
during the Second World War.

Keywords: war, evacuation, logistics, transportation management, railways, sea transport, lend-lease.

Background. Logistical problems solved in the
USSR in the period 1938-1945, have no analogues
in world practice and deserve to be described and
analyzed in detail.

The term «logistics» was not used in domestic
theory and practice until the end of the 1980s,
instead of it the term «material and technical
supply» was used. However, speaking in modern
language, it can be argued that the principles and
methods of logistics management of transportation
and supply by scientists have developed in the years
of the first Soviet five-year plans. First of all, this
was reflected in positioning of enterprises and
organization of their cooperation already at the
design stage. The industrial centers under
construction were tied to large railway junctions,
which provided a convenient supply of building
materials from the very beginning, and in the
future — supplying production facilities with
everything necessary for successful operation. In
other words, in these years a systematic approach

to construction of industrial facilities is being
implemented, and the costs for construction and
operation of future enterprises are planned.

From the point of view of logistics, namely, optimal
location of enterprises relative to sources of raw
materials and their delivery routes, it should be noted,
for example, construction of the Magnitogorsk
Metallurgical Combine. In the second half of the
1920s, the People’s Commissariat of Railways
received a task of forcing the laying of a railway line
to a future plant, the construction of which began in
1929, and this combination of combined terms and
coordinated actions largely predetermined the
expected result.

Similarly, metallurgical and machine-building
complexes were formed near the deposits of metals
and coal, which served as a source of energy for
thermal power plants. The third five-year plan focused
on development of the defense industry. In addition,
construction of new industrial enterprises was moved
to the east — the Urals and Siberia. By the beginning

Table 1

Classification of normal-gauge railway lines for steam traction

Name of a | Man lines of a rein- | Main lines of a Main lines of a Access roads and
class of a line | forced type (super | normal type lightweight type branches
main lines)
Characteristics 1 ) 3 4
The lowest cargo turnover | For one-track not less than not less than 1. With the length
in the cargo direction super main line 80000 t » km/km 80000 t » km/km less than 100 km
not less than regardless of cargo
8000000 t « km/km. turnover.
2. With the length
For a two- from 100 to
track main line 200 km inclusive —
not less than cargo turnover
12000000 t * km/km not less than
300000 t « km/km.
3. With the length
from 200 to
250 km inclu-
sive — cargo turn-
over not less than
150000 t « km/km
Number of tracks Several or one track | One or two tracks One track One or two tracks
Number of pairs of com- | Depending on the | In case of one 14 pairs Depending on the
mercial trains of calcu- operating condi- track — 21 pairs, operating condi-
lated maximum parallel tions in case of two tions
schedule tracks not less than
40 pairs
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Pic. 1. The average range of cargo transportation.

of the war, almost half of the production of the Urals
industry consisted of machinery and metal products.
In the metallurgy, the leading positions were taken by
the Urals and Kuzbass.

Objective. The objective of the authors is to
consider sea and land logistics of cargo front during
the war and the postwar periods in the USSR.

Methods. The authors use general scientific
methods, historical-retrospective method,
comparative analysis.

Results.

1. Rail transportation until 1941

The main mode of transport in the USSR in 1940
was railways. In the general cargo turnover, their
share was 85,1 %, in passenger turnover — 92,4 %
[6].

The most important characteristics of any type
of transport, including railway, are throughput and
carrying capacity. The idea of the potential for 1930,
from which the pre-war development of the country
started, is given in Table 1 [7]. In the 30s of the last
century, close attention was paid, on the one hand,
to increasing the capacity of the railway transport
and rationalizing the transportation processes, on
the other hand. Thus, in [8], a method is suggested
for increasing the capacity of the limiting section of
the road, which allows to increase the volume of
cargo by 5-11 %.

The rationalization of transportation means
elimination of counterpropagating cargo flows, the
full loading of cars, and the like. In 1939, cargo flows
were developed for ten major assortments, and
petroleum products — in eight main types. In 1940,
rationalization continued along peat, coke, cement,
brick, rubble and cobblestone, molding sand,
ballast, beet, forage, ferrous metals, window glass,
etc. [9].

In addition, since many enterprises producing
products important for livelihood of population were
located in historically developed regions, their goods
had to be transported by rail to other far regions. The
best solution in this case was construction of
appropriate enterprises near consumers.

The People’s Commissariat of Transportation
(NKPS) was engaged in analysis and rational
distribution of cargo flows. «In 1940, the Cargo
Administration of NKPS on a monthly basis excluded
from transportation plans about 9 000 cars of
cargoes, carriage of which would be irrational,
requiring customers to replace them» [9]. Such work
has allowed to reduce average range of
transportations of the basic products and by that to
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raise turnover of cars. Pic. 1 shows the average
range of rail cargo routes from 1937 to 1940.

The average range of cargo transportation
reached its maximum in 1938, which corresponds to
the scale and timing of construction of new industrial
complexes in the eastern regions of the country, and
decreased by 1940 to almost the level of 1937.

Attention was paid to the technical re-equipment
ofthe railway transport: introduction of new switches,
VHF radio communications, which, for example,
made it possible to accelerate disassembly of the
train by 2-3 times [10]. At the same time, the first
container shipments in our country were tested.
However, due to shortage of production capacities
and material resources, modernization works were
suspended and continued only in the postwar period.

As a result of reconstruction of the railway
transport in the 1930s, the main opportunities were
created to meet transportation needs necessary for
development of the economy and strengthening of
the country’s defense capability. As the economy
grew, so did the volume of cargo transportation. In
1940, rail transportation grew from 392 billion ton-
kilometers in 1939 to 409 billion, river transportation
increased to 36 billion ton-kilometers, compared
with 33 billion [11].

The increase in carrying capacity of roads
required an increase in the weight of trains, and
hence creation of more powerful locomotives and
cars with increased lift, as the task was formulated.
And it should be noted that the technical means
created by domestic scientists and specialists were
not inferior to the best world models.

In 1931, the Lugansk plant began to produce
steam locomotives of the FD series with an estimated
traction force of 3300 hp. The locomotive fleet in
1940 was 2/3 consisting of powerful freight
locomotives of the series FD, SO, E, passenger
series of IS, SY. The FD steam locomotives mastered
almost 40 % of the total cargo turnover of railways
[7]. Only for the first half-year the advanced
machinists drove 131 thousand heavy trains and
additionally carried 38 million tons of cargo.

In 1923, production of 2-axle covered cars with
the carrying capacity of 20 tons was organized. Since
1925, 4-axle cars with the carrying capacity of 50
tons began to be manufactured at Sormovo,
Kolomna, Bryansk, Mytischinsky and other plants.
In 1928, domestic plants began to build on a new
model project 4-axle long-distance passenger cars.
By 1941, heavy trains accounted for 40,7 % of the
cargo fleet.
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Thus, it can be argued that in order to increase
the volume of transportation and increase their
efficiency, the same methods used by modern
logistics today are used. Namely, a set of technical
and organizational measures to increase the
capacity of roads associated with the capacity of
hauls, stations, water supply devices, traction
devices for turning locomotives, supplying fuel,
repairing locomotives and cars, etc.

In terms of the level of use of a number of
technical means, the USSR railways surpassed the
railways of developed foreign countries. A highly
effective system of organization and technology of
the transportation process was created (unified for
the whole network of transportation plans, a traffic
schedule, a technical plan, a system for regulating
car fleets). New enterprises were positioned in such
away that when they are included in the technological
chain in order to minimize transport work.

In terms of the volume of transportation, the
USSR railways in 1937 came to the second place in
the world (after the USA). The total length of the
railway network by 1941 was 106, 1 thousand km.

In the summer of 1938-1940, during an armed
conflict near Lake Khasan, in the vicinity of the
Khalkhin-Gol river, where Japanese troops invaded,
railway transport provided military operational
transportin the Far East and contributed to successful
completion of military operations.

2. Transportation management during the
evacuation period

The Great Patriotic War changed the conditions
and nature of the functions, the duties of transport.
At the same time, difficult tasks were solved: military
transport for the front, evacuation of military stores
and relocation of material values and people from
the western regions of the country to the eastern,
transport in the interests of the military economy.
The direction of cargo flows has also changed.

The main burden of transportation during
evacuation lay on the railway transport. In the
People’s Commissariat of Railways, organizational
management of evacuation of population and
material cargoes involved cargo management and
traffic management.

With a view to streamlining the movement
process by the Evacuation Council, a solid order was
established for planning and organization of
transportation. On its shoulders lay coordination of
work with all interested people’s commissariats,
primarily with NKPS, and it also determined the terms
of evacuation, the points of deployment and the
number of railway cars required for this.

An additional difficulty was that military cargoes
were steadily moving westward. The State Defense
Committee ordered the echelons to move at a speed
of 500-600 km per day, and this was impracticable.
The USSR in those years was a country of
predominantly single-track railways [12].

In case of an acute shortage of cars, careful
consideration of the existing car fleet and its losses
in the front zone was required, rigid schedules of
provision of military cargoes for cars for evacuations,
which had freed themselves from transportation,
were needed. For the same purpose, part of empty
cars and platforms were transferred to the frontline
areas.

The principle of priority and stage-by-stage
evacuation depended primarily on the prevailing
situation, as well as the type and significance of
enterprises. Streams of raw materials and

components were immediately sent to new places
of their location. The order of the People’s
Commissariat of Ammunition No. 567 says when,
what and where to transport, and even in what order
what to load [12].

Almost 70 % of the displaced industrial facilities
were located in the Urals, in Western Siberia, Central
Asia and Kazakhstan. Along with relocated factories
and plants, up to 30-40 % of workers, engineers and
technicians arrived to the East. In total, over 12
million people were transported to the rear areas by
railways and highways, as well as by water and air
routes from the beginning of the war to the end of
1941.

Already in March 1942, the industry of the
eastern regions, taking into account the evacuated
enterprises restored here, produced as much war
production as at the beginning of the war it was
produced throughout the USSR.

In the first period of the war (1941-1942), in
conditions of great mobility of the front, enormous
material losses and destruction, rail transport
provided timely mobilization transportation, strategic
deployment of the Red Army forces and the transfer
of military equipment. At the same time, mass
evacuation of population and enterprises was carried
out.

In July-November 1941, to the east, more than
2500 enterprises were evacuated, including 1523
large plants, 18 million workers, employees and
members of their families. To transport all this by rail,
it took 1,5 million cars or 30 thousand trains.

In the second wave of evacuation, in the summer
of 1942, equipment from 150 large enterprises and
about 8 million people was transported along the
Donetsk, Southeast, Stalingrad, North-Caucasian
and Ordzhonikidze railways.

The transport support of Soviet troops played a
decisive role in the Stalingrad and Kursk battles, in
operations in the fields of Ukraine, Byelorussia and
the Baltics, in the battle for Berlin.

The railways carried out the bulk of transportation
of Red Army men and commanders, military
equipment, weapons and ammunition. In total for the
years of the Great Patriotic War, railway men
transported more than 19 million cars with cargo and
people. They accounted for about 80 % of military
transportation.

At the same time, it was necessary to solve a
number of logistical tasks, including the optimal use
of the fleet of locomotives and cars, the choice of
routes for movement of cargoes, servicemen and
civilian population, places of forced stop at stations
and crossings due to the large share of single-track
railways, as well as part of the destroyed railways and
bridges during combat operations. In addition, help
was needed in choosing the location of relocated
enterprises in order to organize their cooperation,
supply all necessary for production, send finished
products, create conditions for the life of evacuated
workers.

Despite the above difficulties, the presence of
biaxial and four-axle cars corresponding to the
volumes of the car fleet was provided. At the end of
1941, heavy cars with carrying capacity of 50 tons
accounted for 40,7 % of the freight fleet, cars with
carrying capacity of 20 tons — 59,3 %.

Based on the received data, we will determine
the volume of cargo transported in July-November
1941V, as well as for the entire period of the Great
Patriotic War V.
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V,=1500000 - (0,407 - 50 + 0,593 - 20)=48315
thous. tons (the upper estimate).

V,=19000000 - 32,21 =611990 thous. tons(the
upper estimate)

3. Logistics for lend-lease shipments

The practice of applying methods of transport
logistics has received the greatest development in
the supply of lend-lease in the USSR during the
Second World War.

In 1941, less than 1 % of the total volume of
planned supplies was received by lend-lease. In
1942, this percentage was 27,6. Thus, more than
70 % of lend-lease shipments fell on 1943-1945
[13].

Military cargoes arrived in the USSR in different
routes, but the main ones were three — Pacific, Trans-
Syrian and Arctic convoys. In total, they provided
93,5 % of total supplies.

The fastest, but also the most dangerous route
was the Arctic convoys. The sea part of the route
from the eastern coast of the United States to
Murmansk took about two weeks. 40 % of deliveries
went exactly this route. However, about 15 % of the
goods sent this way were lost.

Lend-lease cargoes along the Trans-Iranian
route came to the ports of the northern extremity of
the Persian Gulf: Basra, Khorramshahr, Abadan and
Bandar Shahpur. Aviation and car assembly plants
were built in them. This solution allowed to increase
the cargo capacity of sea transport.

From the ports in the USSR, the cargoes went in
two ways: overland through the Caucasus and
waterways — across the Caspian Sea. However, the
trans-Iranian route, as well as the Arctic convoys,
saw their shortcomings: first, it was too long (the
convoy route from New York to the Iranian coast took
about 75 days, and then time was spent on delivering
cargo to Iran and the Caucasus or the Caspian Sea),
and secondly, dangerous because of the constant
air raids of German aircraft. In 1945, instead of
Iranian, the Black Sea route was used [14].

Since May 1942, deliveries averaged 80-90
thousand tons per month, and in the second half of
1943 — up to 200000 tons. Specially for the needs of
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Pic. 2. Distribution of cargo volumes, processed by the USSR ports in lend-lease shipments.

lend-lease in Iran, several automobile plants were built
[14]. Over the years of the war more than 184 thousand
cars were sent from the Iranian enterprises to the USSR.
The cars were driven along the routes Tehran-Ashgabat,
Teheran-Astara—Baku, Djulfa—Ordzhonikidze.

The Pacific route, which provided about half of
the lend-lease supplies, was relatively safe. Since
the beginning of the war between the United States
andJapan since December 7, 1941, all transportation
in the Pacific Ocean was carried out «exclusively
Soviet steamships», as stated in the report of the
People’s Commissariat of Foreign Trade. The sea
part of the route from the western coast of the USA
to the Far Eastern ports took 18-20 days. The main
receiver was Vladivostok, where 15 ocean vessels
could be unloaded at the same time.

The main drawback of the Far Eastern route was
its remoteness from the front. Cargoes, relatively
quickly delivered to the USSR, were delayed for two
or three weeks on the Trans-Siberian Railway
because of the limited capacity of the main line.

The fact that this route was given special
significance is evidenced by the fact that practically
all the vessels of the Soviet transport fleet were given
to the Far Eastern State Shipping Company (DVGMP)
in early 1943. Since 1942, American transports
began to arrive via lend-lease, first old ones repaired
under a special program, and since January 1943 —
and new ones: dry cargo ships of the Liberty type
and tankers.

In June 1941, the fleet of DVGMP was 85 ships. In
1941-1945, the Far Eastern Shipping Company
included 39 vessels, taken from other shipping
companies. In different American ports were accepted:
in 1942 - 27, 1943 — 46, 1944 - 20, 1945 — 35 vessels.
A total of 167 transports were received, of which lend-
lease — 128, they were mostly large-tonnage. Four
large-capacity high-speed vessels of Dalstroi of the
NKVD also participated in transportation through the
Pacific Ocean [15].

From 1941 to 1945, the Far Eastern Shipping
Company transported more than 12 million tons of
cargo, including 7,95 million imports, the Primorsky
Railway — 46,3 million tons [15].
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During the Great Patriotic War Vladivostok loaded
and sent to the west almost 400000 cars and
platforms, more than 10 million tons of cargo,
processed 32000 transport vessels [15].

The port of Murmansk over the same period
processed slightly more than 2 million tons of
imports, and the Arkhangelsk Group of ports
(Arkhangelsk, Bakaritsa, Ekonomiya, Molotovsk, now
Severoavinsk), based on US data, approximately 1,7
million tons. It turns out that Vladivostok has
processed imported cargo almost 4 times more than
Murmansk and almost 5 times more than Arkhangelsk
(meaning the whole group of the White Sea ports).

Based on the documents of the state archive of
the Kamchatka region on the work of the port of
Petropavlovsk-Kamchatsky in the war years, a
calculation was made, yielding a figure exceeding
2 million tons.

The distribution of cargo volumes processed by the
USSR ports for lend-lease shipments is shown in Pic. 2.

Instead of conclusion. The article makes an
attempt to provide an objective analysis of the
contribution of domestic transport workers to
development of logistics methods and transport
logistics following the Second World War, with an
emphasis on the practice of solving logistics tasks in
the period from 1938 to 1945.

Undoubtedly, the methods of logistic
management were widely used in our country in
solving various problems of supply and transportation
of material resources in the First and not only World
War Il, although the term «logistics» in Russian
science and practice was not applied until the end
of the 1980s of 20" century.

It is characteristic that in 1925 the People’s
Commissar for Military and Naval Affairs, M. V. Frunze
stated: «Without the most thorough organization of
the rear, based on accurate mathematical
calculations, without establishing proper nutrition of
the front, without all that is necessary for conducting
operations, without the most careful consideration
of transport providing logistic support, without
organization of an evacuation business, it is
inconceivable any reasonable, reasonable conduct
of large military operations ...» [5].

The researches of scientists about the period of
the Great Patriotic War in the field of supplying troops
and organization of transport logistics support, as
well as organization of evacuation business,
undoubtedly confirmed the correctness of logistic
principles when carrying out a large-scale logistic
operation for the mass migration of population and
material resources to the East of our country, the
time of war, the volume of cargo transportation by
rail only amounted to more than 600 million tons in
all directions. We will add sea, river, automobile, air
transport, and it becomes clear what really was the
grandiose and multidimensional logistic scheme of
the cargo front (parallel to the battle fronts), which
today is associated with the unusual concept of
«logistics».
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NMPECC-APXNB

BYAYLWHOCTb XXEJIESHbIX 4OPOI

K 180-neTuio poccuinckux xenesHbix
A0por pegakuus nyGinKyeT cTaTbio —
POBECHMLY X CO34aHUS.

JIBKO Ha 3KeJIE3HBIX I0POraX MOXHO ITOJTYy-
YKTh IIOJIHOE ¥ TOYHOE IIOHSITUE O TOM, YTO
Takoe MapoBasi MailimHa. Besne B apyrom
MECTE — Ha Cylax, B PYIOKOITHAX, Ha 3aBOdaX
MalllMHa CKPbITa M, KPOME CTYKOTHM U JIbIMa, OHa
He ITOKa3bIBaeT HYA MaJICUIIIEr0 IIPU3HAKA XKU3HMU.
OHa 1oxozka Tora Ha CTapbIX CJICTIbIX JIOIIACH,
KOTOpPBIE BEPTST KOJIECO B TEMHOM YIJTy KaKoM-
HUOyab O6eqHoi MenbHULIBL. Ho Ha kene3Hoii
JIOpOre ITapoBasi MalllHa CBOOOIHA; OHA JIbIIIINT,
JIBVDKETCSI, XKUBET TIOJI OTKPBITHIM HEOOM; OHa
OEXUT, JIETUT, OCTAHABIIMBACTCsI, CHOBA MJIET, 3a-
JIbIXasICh OT HETEPIICHMsI, HAKOHELl J00eraeT 10
LIeJIM, BCSI B TIbUIM, BCS B reHe! 31ech IecTepo
CUJIbHBIX YeJIOBEK OpOocaroTcsl Ha He€, XBaTaloT
IO/, Y3/IIIbl, CTUPAIOT C He€ MbUIb U BOT, CHOBA
OXXUBJISIIOT €€, OISITh TOTOBSIT B MyTh. BOT 3pesu-
11Ie, Kakoe IapoBasi MalllMHa TpeICTaB/IsIeT Ha
JKeJIE3HOM JIopore, W B Hel eliBa Jii He OoJiee I1o-
531U, HEXEIIM BO BCSIKOM [IPYTOM; HO IPOWIYT
BeKa, TIPEkJIe YeM MO3ThI CO3HAIOTCS B 3TOM. OHU
TIPUBBIKIIM K KOHSIM 00p-p-p3biM U P-P-Pemussim,
K KOJIECHULIAM ObICIP-P-POACMAUUM VU COKPYIIIA-
IOIIMMCSI Ha pUCTAJIMIIAX OJIMMITMICKMX, K Opa-
311aM Hepa3phIBaeMbIM; BCE MX CPABHEHMST B3SThI
13 TOro nopsiaka uaen: Fertur equis auriga, neque
audit currus habenas.

Ho, MbI npejicka3biBaeM, 1M0331sl, HAKOHEII,
BBbIHYXJIeHa Oy/IeT MepeMEHUTh CBOM 3aMalllK1
1 TiepeOpaThCsl Ha XKeJle3HyIo aopory. S, ¢ moeit
CTOPOHBI, He 3Hal0 HUYETo, YTO MOIJIO Obl Tak
CUJIBHO TTopazkaTh BOOOpaxkeHMe, Kak Oer; JOKHO
ObI cKa3aTh, IMOJIET IO MO0 3TOI MOTYJei Mall-
HbI, KOTOPasi KJIOKOYET KUTISITKOM, ITOJTHA pacKa-
JIEHHBIMU YIJISIMU; 3TO €IMHOPOT OYIHBI, HO
ITOKOPHBII; 3TO PEBYILIUI BYJIKaH; OH HECETCS
ObICTpee BUXPsI, HO pyKa peOEHKA MOXKET OCTaHO-
BUTb ero! CMOTpHTE Ha IIAPOBYIO MAILIMHY OTKY/1a
YIOIHO, Be3e OHa MPEACTABIISICT BUJL O4apoBa-
TeJIbHBIN, — U3, MEXITY TEM KaK OHa CKOJIb3UT
MEXIy JIEPEeBbEB, KOTOPhIE HACAXKXEHBI 110 OOKaM
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JIOPOTH, MEXJTy LIBETAMM U XKHUBAMU; HUYTO HE
MOXKET CPaBHUTHCS C €€ KpacoTol, ObICTPOTOIA,
YBEPTJIMBOCTBIO, JIOBKOCTBIO; BOJIM3U, MEXKITY TEM
KaK BECh MEXaHU3M PEBET, OTOHb TPEILUT U CBEP-
KaeT, Mexa JyIOT, I1eYb ABIIINT, KOJEca TPhI3YT
KeJIe30; MEXJIy TeM KaK 3aKOIMYEHHBII LIMKIIOIT,
KOTOpBI B300paJiCsl Ha XpeOeT YyI0BUILa, yMe-
PSIET WIK YCKOPSIET 10 CBOEH BOJIe OBICTPOTY €ro,
BCE 3TO AT MIEIO O BEIMUECTBEHHOM MOTYILIECT-
BE BO BCEil €ro caMoyBepeHHOCTH U cuiie. [TycThb
K€ KTO-HUOY/Ib T0CJIE 3TOI0 OCMEJTUTCS 3aT0BO-
PUTb O ITPUSITHOCTSIX I1I0CCE, O IIO33UM TUJTKAH-
COB; ITyCTb JIOIIa/ield, BOCIIMTAHHBIX Ha JIyrax,
BCKOPMJIEHHBIX CEHOM U COJIOMOM, OCMEJIUTCSI
CPaBHMTh C MOVM €TMHOPOIOM, KOTOPBII POIMII-
Cs1 B OTHE ¥ rutaeTcst orHéM. TTycTb BOCXBaJISIIOT
MCKYCCTBO Y JIOBKOCTh Ky4€pOB; [UIS MEHsI Ha
CBETe HET HUYETo 0oJiee BEJIMYaBOI0, KaK XJIaTHO-
KpPOBHME MOETO LIMKJIomMa!

OTCTOSIB MaILIMHY, 51 T0JDKEH CKa3aTh HECKOJIb-
KO CJIOB 0 jopore. [oBopsT, OynTO HET HUYETO
0OIHOOOpa3Hee, Kak BUJI 3KEJIE3HOIM TOPOrk; OHa
MAET TIO MPSIMOM JIMHUM, M30eraeT 00MTaeMbIX
MECT, YHYTOXAET BCE CTyJaiiHOCTH, BCE TIPUKJTIO-
YeHMUs IOPOKHbIE, BCE ypaBHUBAET Ha ITyTH CBOEM,
Pa3roHSIET U MTHLL M XKBOTHBIX, MEJIbKACT MEPe]
TPOXOXKMM, OIJIyIIaeT MyTelIeCTBEHHIKA; HAKO-
Hell OyATo Obl MPEeIOCTABISIET OOJIbIIE OMaCHO-
CTeil, 4eM 110CCe, COIEPXKMMOE B MCTIPABHOCTH.

TTocmoTpum. Bo-1niepBhIX, ToYeMy 3Ke KeJle3-
Hasi Jopora 0IHO00pa3Hee 00LIKHOBEHHOM 00JIb-
woit moporu? OHa OEXUT yepes3 ToJisl, CKayeT
4yepe3 pBbl U PeKM, IIPOHMKAET BCIOMY: U B Jieca,
1 B JIOJIHBI, JIE3ET Ha CKATBI FOP, JIOXKUTCSI MOCTOM
HaJ O6e3HaMK, ITPOOMPAETCs M B TEMHOTE ITO/I3¢-
menmii! [TpaBaa, 4To XKesle3Hble JOPOTry 0OXOAST
JIEPEBHU, HE WIYT 1 Yepe3 roposia; HO He YToJIHO
JI OYIET TOPOJIaM 1 IEPEBHSIM ITOIOMTH TTOOIVIKE
K 3KeJIE3HBIM JJOpOTraM: MX BbIrojia B ToM. J1a 1 rmo-
JIOKUTECh HAa MOTYILIECTBO KeJIE3HBIX I0POT;
TBEPIO Bephre ux OymyurHoctu. Hemnomnro Oymyr
OHM ITIPOJIETaTh IO IYCThIHAM. Ijie Obl HM 1IL1a
JKeJIe3Hasl Iopora, XOTsI OHa YIaJIsieTCsl OT JOMOB,
HO JIoMa TMOJIOMIYT K Heil; Be3/e, Iie YUPeKIaoT
CTaHIIMIO, OHA T10JIaraeT OCHOBAHUE CEJICHUSIM —
YTO 51 FOBOPIO? — OCHOBBIBAET TOpO/Ia.

ByAyLHOCTb Xene3Hbix gopor. lMpecc-apxve XypHana «)XXene3HoaopoxHoe aeno», 1886 rox,



Ho HecuactHbie ciydan? CkaxkeM U O HUX.
ToBOpPAT, «BbI 3aMEP3HETE, OT CKOPOCTU 3aMPET
JIBIXaHbE Ballle, BaC OTJIYIIINTH CTYK, BbI 3aI0XHE-
Tech OT JIbIMa, TIepesioMaeTe cede pyKr 1 HOTH».
K cuacTtbio, HUYEro 3Toro He ObIBACT Ha JKeJIe3HBIX
Jloporax. bbuty mpoObI BCSIKOro poja: OXOTHUKKA
3aHUMAJIY Y TIEPBbIE U TIOCIISIHNE MECTA; €3N
TTOJT OTKPBITHIM HEOOM, He OYTydM HU YeM 3allii-
IIIEHBI OT BETPa; CAIMJIMCh U BO3JIE CAaMOI Mallli-
HBI ¥ OUEHb JIAJIEKO OT HeE, B3/Ie3aJI Ha BarOHbI,
CHaIM B IWIDKAHCE, TO 000pauMBAIUCh JITIOM
BTY CTOPOHY, Ky/Ia €XaJiv, TO CIIUHOM, 1 4To X? Bo
BCEX ATUX MOJIOXKEHHSIX HUKTO HE TepIiesl HU OT
JIOPOTH, HU OT MAIlIMHBI HY MaJleliiero Oecrio-
KovicTra. JIBIKEHUE SKUIAXKE MEPHO U CIIOKOMA-
HO; OBbICTpOTA, KaK Obl OblIa HY BeJIMKa, 3aMETHA
TOJIBKO JIJTSI TJ1a3; CTYK MCYE3aeT B TPOCTPAHCTBE,
OBICTpOE TeUEeHUE BO3MyXa YHOCUT U pa3BeBacT
JbIM. YTO KacaeTcst 10 BaXKHBIX HECYACTHH, TO UX
MOKET OBITh TOJILKO TPH CJIEIYIOIINX: VJTM MaIlIH-
Ha BBICKOUYUT U3 PEIbCOB U YBJICUET 3a COOOI0
KOHBOI1', MJT M3JTOMAIOTCS €€ KOJEca, WJTH JIOITHET
KOTEN. B TIepBoM citydae 10CTaTOYHO HECKOJTBKIX
CEKYHJI, YTOOBI OCTAHOBUTH MAIIIMHY; BO BTOPOM,
KOTOPBII YPE3BBIYANHO PENIOK, TOXKE CPEICTBO
MMEET TOXKeE CIIENICTBUE; B TPETHEM, KOTOPBI, ITPU
HBIHEIITHEM YCTPOMCTBE MAIIIH TIOYTH PEIITUTE b~
HO HEBO3MOXKEH, Tope, TOYHO, Tope HebJaropa-
3YMHOMY KOHIYKTOPY, KOTOPbII TPEHEOPEXKET
CITacUTETbHBIMU TIpenocTopoxkHocTsaMu! Ho
npouure 6osblieit yactu oymyT criaceHsl. C 7 Mast
1836 roma mo bproccebeKoil XKee3Hoii Jopore
Tpoexaio 0oJIee MEeCTUCOT THICSY YeJIOBEK, U B Te-
YEeHHUE 3TOTO BPEMEHM He CITYJWJIOCh HU OTHOTO
Hecyactus. [locre Toro moruom 1Ba 4eroBeKa:
OJIMH OT COOCTBEHHOI HEOCTOPOXKHOCTH, XOTEBIIIN
TIePEeTPBITHYTh U3 BaroHa B BaroH; Jpyroi ObuT
TIbSTH, XOTEJT YCTOSITh Ha 11T, KOTOPO KOHBOM
TIPULIETIEH K MallliHe, CBAJIUJICS U TIoTasl Toj
konéca. Enie ciydniock pas, uTo B TO BpeMsl Kak
MallliHa ToIbe3kKaa, yepe3 JI0pory MpoXoauia
KOpOBa; MICITyraHHasI CTYKOM, OHa He ycTiesa YIATH,
ObL1a cMsITa U pa3apob/ieHa MallMHOM, KoTopast
BJIPYT KaK OBl OTIIATHY/IACh; BarOHBI 3aIIPbITAJIH,
CTOJIKHYJIMCh MEXITY COOOI0; TTacCaKMUPhI UCITyTa-
JIUCh, HO HUKTO HE ObUT oLapamnHyT. Toybko Ha
JIPYTOIi IEHb XO35TMH KOPOBBI TTOTPeOOBaJT BO3HAr -
paXkIeHusI, HO eMy HUYETO He JIa/Tv, TIOTOMY 4TO
Ha BOIIPOC, TAHO JI KOPOBE IPABO MPOTYJINBATh-
Cs1 TIO KeJIe3HOM JIOpore, OH He MOT OTBEYaTh YT-
BEPIUTEITHHO.

' Tloesn, Be3oMblIii TapoBO30M. Ped. JKeneznodoposcno2o
dena.
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PUCYHKU HETOHA,

BB HAMHTH HATHAECH-
Tuakrin Becovaiua-
ro ykasa O mnepsoit
BB Pocciur meatsnoit
Joporu,

PucyHku xeToHa B namsiTb NITUAECATUNETNS
Bbico4aviero yka3a o nepsovi B Poccum xene3How
Aopore.

U tak BooOI11Ie HECUACTHBIE ClTy4al Ha XKe-
JIE3HBIX JOPOTaX ropasuo pexe, Y4eM Ha OOBIK-
HOBEHHBIX: HET JIOIIaaeii, KOTOpbIe OBl TTOHE-
CJIY Bac, HET OCH, KOTOpasi MOTJIa ObI M3JI0MaTh-
csl, HET OMACHOCTU CBaJIMThCS Ha OOK, HET
Ky4epOB MbSIHBIX UM COHHBIX, KOTOPHIC
OIPOKMIBIBAIOT BAC B OBPAr, a THOT/IA U B TIPO-
mactb. Ho ecnm skene3Hbie 1Oporu He puym-
HSIIOT HM OJTHOTO M3 TaKUX OIIYIICHUI, O KO-
TOPBIX, BEPOSITHO, JKAJICIOT UX IMPOTUBHUKH,
3aTO CKOJIBKO BBITOI NPEACTABISIOT OHHU!
Ckonbko nooporo mpousBoaaT! Kakoe nsme-
HEHHE IIPOM3BEIYT OHHU BO B3AMMHBIX OTHOIIIC-
HUSIX ¥ CHOILIEHUSIX TTPOCBEIIEHHBIX HAPOIOB!

He roBopio yxe o ObICTpOTE TlepeBoO3a
U TOPTOBBIX TOCJIEACTBUSIX, KaKNE JKeIe3HbIE
JIOPOTY HEMUHYEMO 1 B CAMOM CKOPOM BpeMe-
HU MOBJIEKYT 3a co6010. CripaBbTeCh C TOPTO-
BBIMU KHUTAMHW MaHYECTEPCKHUX KYITIIOB ITPEXK-
e ¥ TOCJIe YIPEeXKICHUS XKEeIE3HBIX JOPOT,
u cynute! Ho B 3TUX BBITOJaX HUKTO HE COM-
HeBaeTcsl. MHOTHE JaXke TTyTaloTcs Y»KacHBIM
pa3MHOXEeHUEM MaHy()aKTypHBIX TTPOU3BEIC-
HUI, KOTOPBIM TPO3UT Upe3MepHasi OBICTpOTa
COOOIIIeHNIT; HO OHU HE AYyMAalT O TOM, UTO
JXeJIe3HBIE TOPOTH B TO e BpeMsI TIPEBOCXO/I-
Hble TTOMOIIHUKHU MoTpebaeHnio. Kak ObI TO
HH OBLTO, HO BCE COTJIACHBI B OTPOMHBIX BBITO-
Jax, TMMPOMCTEKAIOIINX OT yI0OCTBA €XaTh TaK
OBICTPO, YTOOBI B yac aenath mo 50 u Ooiee
BEPCT, WIM C TAKOM K& CKOPOCTHIO ITOIyYaTh
BCSIKOTO Pojia TOBAphl U XXUTEHCKUE IMOTPed-
HOCTH; a [TOTOMY 00 3TOM He pacIipOCTPaHSIOCh
Oouiee: IeJ10 SICHOE.

Ho BoT Kakum 006pa3oM KeJle3HbIC TOPOTU
M30aBSIT YETOBEUSCTBO OT MHOTHX OOJIe3HEN,
MPOTUB KOTOPKIX TeTlepb OECCUIBHBI TOCOOUS
MeIULIMHBL. Benb ObIBAIOT XK€ OYeHb MHOTHE
1 BaxKHBIE 00JIE3HU, OT KOTOPBIX MEIUKH TOJTb-
KO M HaXOMST JIEKapCTBa, YTO CBEXXMIT BO3IYX
na nBrckeHne. Ml cKobKux HecuacTuii n30erim
OBbI MHOTHE THICSTYM CEMEICTB, CKOJBKUX YTpaT
He noTrepneyo Obl YeJI0BEUECTBO, €Cli Obl
B 3TOM OTHOIIECHWH BCEraa M BCEM MOXHO
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OBIJIO CIIeIOBATh MPEANTMCAHUSIM MEIULINHEL!
Ho Teneps nyTenecTBoBaTh, €XaTh B MeCTa, T
0J1aropacTBOPEHHBIN KJIMMAT, HY>KHBII 1151
00JILHOTO, MOTYT OJIHU OOrauu, U Te, €CJIM He
00s13aHbI CTYK00i UM HE BBIHYXIEHBI OCTa-
BaThCs TOMa KaKUMU-HUOYIb IPYTUMU AeJia-
MH, TI0 IPUINHE KOTOPBIX OTIYIUTHCS Ha He-
CKOJIbKO TIPOJOJIKUTEIIBHOE BpeMsT HUKaK
HeJb3s1. MHOXECTBO JIIOCH, 1 yBEpEH, YaXHYT
1 YMHPAIOT B OOJIBIINX TOPOAaX eAMHCTBEHHO
OT TOTO, UYTO HE MOTYT XOTh pa3 B TOI CEaTh
OBICTPOTO ITyTEIIeCTBUS, ITOABIIIATE APYTUM
BO3IYXOM, TIOCMOTPETh HOBBIE TSI HUX CTPAHEI.
Terreps, 611aromapst sKeJIe3HBIM TOPOTraM, ITyTe-
IIEeCTBUS, cCaMble OTHAJIEHHBIC, CIETA0TCS
JIOCTYITHBIMU KaXXIOMY: U OeTHOMY U OOraToMy,
1 60JbHOMY U 310poBoMY. Tenepb, Koraa J0K-
TOp CKaXkeT BaM, ITyTeIIeCTBYiiTe! — OH IOUYTH
BCEra TOJIbKO XOUET OTHEIAaThCS OT Bac: M Ta-
KUX OTCBUIBHBIX KaXXIbI TOI YMUPAET OYeHb
MHOTO0; HO C XeJIe3HBIMH JIOPOTaMU OT 0OJTb-
HOTO He TakK JIETKO oTAenacuibes. OH o Heit
CBHE3IIUT, U BOPOTSCH O€3 MOJIb3bl, CTAHET 00-
BUHATh MEIWKa, CTAHET ITPOMKO TpeOOBATh,
YTOOBI OH €TO BBLICYIII, TOTOMY YTO BCE OOJIb-
HbIe HEIPEMEHHO XOTAT BBUICUUTHC. M Tak
JKeJIe3HbIe TOPOTH OYIyT MPUUMHOM, UYTO TOK-
TOpa TepecTaHyT MOAIIYYNBaTh Hall OOJBHBI-
MM, ¥ OYIyT, HaKOHEIl, BEIHYXKICHBI HalTH
CepbE3HBIC CPEICTBA MPOTUB HEU3ICUUMBIX
OoJie3Hei.

ToBopIO, HM CKOJIBKO HE IIYTS, S YBEpPEH,
YTO TyTEIIeCTBUE 3¢MJIEI Ha TTapOBBIX MaIIH-
HaX HEMUHYEMO CAEJIaeTCSI CO BPEMEHEM Ol-
HUM U3 CaMBIX IeSITEeIbHBIX U CHITBHBIX II0CO-
Oouit MenuUMHEL. Terepb BCSIKOE IBUKEHUE,
KaKoe BBl IOCTaBUTE ceOe, BCIKOE BIUSHUC
BO3IyXa, KAKOMY MOXKETe IOJIBEPTHYThCS,
BUETBEPO JIeTYe TOTO, UYTO IMPEICTABISAIOT BaM
JKeJle3Hble Joporu. BoodpasuTte, Kakoe CUITb-
HOe JAeiCTBUE JODKEH UMETh Ha CKBAXKITHHYIO
ITOBEPXHOCTH YEJIOBEUSCKOTO TeJIa CTOJIO BO3-
JIyXa, IPOTUB KOTOPOTO BBl MUUTECH CO CKOPO-
CThIO MATUIECITU BEPCT B yac. OTKyaa Obl HU
IIyJ1 BeTep Ha XKeJIe3HYIO JOPOTY, €CITU BBI CSIC-
Te Ha OTKPBITOM MECTe, BeTep Bceraa Oyner BaM
B JIMIIO, a €CJIM OH TIPOTUBHBIN, TO AEHCTBYET
C 4ype3BblYaiiHOI cusoit. Bac 06gaét TouHO
BOJTHOI B MOPCKHMX BaHHAX BO BpeMsI OypH, Bac
OKa4MBaeT BO3IYXOM M 3TO JCHCTBHE MMEET
CHJTY OIMHAKOBYIO C OKAYMBaHNEM BOHOI. Bl
HEIOJTO MOXETe BBIHOCUTH TaKOE€ BIIMSTHUE
BO3[yXa; HO ITOJIb3a, UM IIPUHOCUMAsI, HE TIO/I -
BepXeHa coMHeHMIo. [To mcredeHnu Jaca,
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MPOBENEHHOTO B TAKOM TIOJIOKEHUU, BHI TO-
YyBCTBYeTe B cebe HEOOBIKHOBEHHOE BO30Y-
KACHWE BCEX KM3HEHHBIX CWJI; JIMIIO Ballle
TPOSICHSIETCSI, BbI IepEeCTaHETe YyBCTBOBATh
TOIITHOTY, OTPBIXKY, ClIeIaeTeCch OOIPHI, Bece-
JIbI, UTIOXOH/IPUST COBCEM MCUe3aeT. DTO I TO-
BOPIO O OOJILHBIX; HO W 3JI0POBBIM TaKXe IT0-
JIE3HO, TIOTOMY YTO Ype3BbIYaiiHO BO30YX/IaeT
amnrmeTurt, U s 3Hal B bproccene oqHoro ¢ppaH-
11y3a, KOTOPBIii 00enan qBaxkIbl: B TPU Yaca
U B IIECTh BCAKUI pa3, Kak jesia MpuHYXIain
€ro exarh 10 XKeJIe3HOM Iopore B AHTBEPIIEH.
JBa paza obenats! BoT onHO U3 cieacTBuii
HOBOI CHCTEMBI COOOIIIEHMSI, KOTOPOE Tiepe-
JIalo Ha Cy[ TTOJMTUKO-9KOHOMUCTOB; OHO HE
TPUHAJIEXKNT K CAMBIM MaJIOBaXKHBIM.

Kak 651 TO HU ObL710, 51 yOEXKIEH, UYTO HACTa-
HEeT BpeMsl, KOT/Ia MyTeIIEeCTBUS Ha TTApOBBIX
MalmHax OyIyT B U3BECTHBIX OOJIE3HSIX MPET-
MUACHIBATHCS MEIUKAMU U, MOXET OBITh,
¢ 00JIbIIIeH O30, YeM TeNEPh ITyTEIIECTBUS
K BogaM. CTaHyT TOBOPUTS: CIeJIaliTe AeCsTh,
JIBEHAIATh, ISITHAIATD ITOE310K Ha TapOBOii
MallliHe, KaK Terepb rOBOPST: BO3bMUTE Jie-
CATb MOPCKMX BaHH, BBITIEHTE MATHAECAT CTa-
KaHOB MUHEpPaJbHOUW BOABI. YCTPOST IS
OOJIBbHBIX TOCITUTAIM HA BaroHaX MO OTKPbI-
THIM HEOOM, PECTOPAIINH JIJISI 3MOPOBBIX; OYIyT
TIPY KeJIE3HBIX JOpOTaX 0CO0bIe JOKTOPa, Kak
€CTh IOKTOpa IMPH BOjIaX MUHepaibHbIX. M, Kak
3HaTh, MOXET OBITh, MOa 0OJiee MTOMOXET
ycrexy ux, 4eM caMoe Kopeictonobue. Mona
U TIapbl — BOT JIBa MOTYIIIECTBEHHEUIITNE Nes -
TEJIM HallleTO BPEeMEHM.

Heuero, kaxeTcsi, 1 TOBOPUTb, MOYEMY Ha
KEJIE3HBIX TOpOrax Heyb3sl ObITh pa3zdoosm!
SAcHo, uyTo pa3boliHNYbe PeMECIIO YXKe He BOC-
KkpecHeT. YTo MOXeT c/enaTh pa300iHNIbS
1aiika mpoTHB LIEJI0M apMUY My TeIeCTBEHHY -
KOB, KOTOPBIX MalllMHa MYUT TaK ObICTPO?
Pa3boitHrKaM ocTaeTcs TOIbKO KUAATh TOJIbI-
M B pesibehbl. Ho kakoe xankoe, 6eccruibHOe
mieHue! Pazdon mornOHyT Besne, Ie yeTpo-
SITCSI XKEJIE3HBIE JIOPOTH; HO TOJILKO U TTOTUOHET,
YTO OJIHA 3Ta MTPOMBIIIIJICHHOCTB!

(Heuzgeecmuuiii asmop. U3 «Mockoseckozo
Habawdamens», 1837 e., ku. II, cmp. 475).

(XKene3nonopoxHoe neio.— 1886.—
Ne 15.—C. 136—137) ®

Peodakuus evipaxcaem 6aazodaprocmo nep-
conaay oubauomexu PYT (MHHT) 3a nomoup
6 nod2omoeKe 0aHH020 Mamepuad.

ByAyLHOCTb Xene3Hbix gopor. lMpecc-apxve XypHana «)XXene3HoaopoxHoe aeno», 1886 rox,



PRESS ARCHIVES

RAILWAYS: THE PROMISE FOR THE FUTURE

To commemorate the 180" anniversary
of the Russian Railways, the editors rerun
this article, an agemate.

It is only on a railway that one can fully and
accurately grasp what a steam engine is. Anywhere
else — on ships, in mines, in factories — the engine is
hidden and, apart from the distant knocking, rattling
and smoke, it shows not even the tiniest signs of life.
In those other places, it reminds one of an old blind
horse turning the wheel in a dark corner of some poor
flour mill. But on a railway, the steam engine runs free;
it breathes, runs, lives in the open; it gallops, flies,
stops, trots again, breathless with impatience, and
finally reaches the run’s destination, all dusty and
foamy with sweat! Here, six wiry men throw themselves
atit, grab it by the bridle, wipe the dust and sweat off
it, bringing it back to life and readying it for the road.
This is what a steam engine looks like on the railway,
and there is likely more poetry in it than in anything
else; but centuries will pass before poets admit it. They
are usedto horses, darrr-rr-ring and stubbb-bb-born;
to chariots that fly-oh-so-fffasst and colliding on
Olympic stadiums; to unbreakable reins; all their
analogies come from ideas of the same order: Fertur
equis auriga, neque audit currus habenas.

But, we prophesy, poetry will eventually be forced
to change its ways and get on the railway. I, on my
part, know of nothing that can impress one’s
imagination quite so strongly as the race, or, more
properly, flight of this powerful machine through the
fields; it gargles with boiling water, it is full of hottest
burning coals; it is a violent but obedient Unicorn; it is
aroaring volcano; it flies faster than wind, but a child’s
hand can stop it! Look at the steam engine from
whatever side you please - itis a charming sight from
any perspective — from a distance, when it is gliding
among the trees planted on the sides of the railway,
among flowers and fields of wheat; nothing compares
with its beauty, speed, agility, and grace; close by,
when the whole mechanism is roaring, fire cracking
and flaring, the bellows blowing, the furnace
breathing, the wheels grinding steel; when a smoked
Cyclops, climbing on the monster’s back, is taming
down or rushing up its speed at will, - all of this
embodies the idea of majestic power in its full self-
confidence and strength. With all of these, let anyone
dare speak of the pleasures of a high road, of the
poetry of the stage coach; let them dare compare
meadow-grown, hay-fed horses with my Unicorn, who
was born in fire and feeds on fire. Let them praise the
artfulness and agility of the coachman; to me, there
is nothing more stately than the dignity of my Cyclops!

Having admired the machine, | must say a few
words of the road. They say there is nothing more
monotonous than the sight of a railway; it runs in a
straight line, avoids populated areas, eliminates all
happenstance, all travel adventures, levels out
everything on its way, disperses both birds and

animals, flickers before a passer-by, deafens the
traveler; and finally, it is alleged to hide more dangers
than a well-kept high road.

Let us see. Firstly, how come a railway is more dull
than a regular big road? It runs through the fields, jumps
over ditches and rivers, it penetrates everything: both
woods and valleys, it climbs hillsides, it launches
bridges over chasms, it even crawls through the
darkness of the subterranean! Indeed, railways go
around villages, nor do they go through cities; but would
cities and villages be so kind as to come closer to
railways: they will benefit from it. Yes, be assured to rely
on the power of railways; believe firmly in their future.
It will not be for long that they run through deserts.
Wherever the railway goes, it does try to keep farther
away from houses, but houses chase it; everywhere
where a station is set up, a town springs into being — but
what am | saying? — whole cities are founded.

But accidents? Let us talk about them, too. They
say, «You will freeze, your breath will stop because of
the speed, you’ll be deaf from the rattle, you’ll
suffocate with the smoke, your arms and legs will be
broken.» Fortunately, nothing of the kind ever occurs
on railways. There have been all sorts of trials: curious
experimenters would take the first seats, and then the
last ones; they would travel under the open sky with
no protection against the wind; they would sit right
nextto the engine and as far away from it as they could;
they would climb on the cars, sleep in the coach, they
would travel face forward and back forward, and so?
In all these positions no one suffered even the slightest
inconvenience either from the road or the machine.
The movement of trains is even and undisturbed; the
speed, no matter how great, is only noticeable to the
eye; the rattle fades away into space, the fast current
of air takes away and disperses the smoke. As to
important accidents, there can occur only the
following three: either the machine jumps off the rails
and pulls the convoy' after it, or its wheels fracture,
or the boiler bursts. In the first case, a few seconds is
enough to stop the machine; in the second, which is
rare indeed, the same is true; in the third, which with
the modern design of machines is almost decidedly
impossible, woe, woe indeed is to the unreasonable
conductor who disregards life-saving precautions!
But most of the others will be salvaged. Since 7 May
1836, more than six hundred thousand people have
traveled on the Brussels railway, and over this period,
not a single accident occurred. Later on, two people
lost their lives: one of his own recklessness, wanting
to jump from one car to another; the other was drunk
and wanted to stand on the link that connects the
convoy to the machine, he fell and got under the
wheels. It also happened once that when the machine
was approaching, a cow was crossing the railway;
scared by the rattling, it was too slow to escape and
was hit and broken by the machine, which felt as if

! The train pulled by the steam engine. Editor
of Zheleznodorozhnoye Delo [Railway Business].
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to travel and, returning without a benefit to his health,

T “:.T-iii;‘a .
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Drawings of a token issued to commemorate
the 50" anniversary of the Imperial Edict on Russia’s
first railway.

there was a sudden recoil; the cars shook and banged
against one another; the passengers were frightened
but no one was even scratched. It was only on the next
day that the cow’s owner demanded a compensation,
but he was given nothing, because he could not
answer in the positive to the question of whether the
cow had been granted the right to walk around on the
railway.

So in general, accidents on railways are far rarer
than accidents on regular roads: no horses that can
spur out of control, no axle that can break, no danger
of falling on the side, no drunk or sleepy coachmen
that could capsize into a ditch or, in some cases, a
chasm. So railways cause not a single one of such
unpleasant experiences, probably much to their
critics’ chagrin, but instead, how many benefits they
provide! How much good do they bring about! How
profound a change they will make in the mutual
relations and dealings between enlightened nations!

| shall not talk much about the speed of
transportation and consequential benefits to trade
that railways will inevitably and very soon bring about.
Look into the ledgers of Manchester merchants before
and after the introduction of railways, and judge for
yourselves! However, no one doubts these benefits.
Many are even scared with the terribly large number
of manufacturing facilities that are threatened by the
excessive speed of transportation; but they fail to
consider that at the same time railways are excellent
helpers of consumption. Anyway, everybody agrees
on the great benefits coming from the convenience
of traveling so fast as to cover 50 and more versts in
an hour, or get all sorts of goods or necessities; so
I shall not dwell on it: the case is clear.

But this is how railways will deliver the humanity
of many maladies against which medicine is helpless
now. Indeed, there are numerous and important
illnesses the only cures for which that doctors can find
are fresh air and motion. How many woes would
thousands of families have escaped, how many losses
would humankind not have suffered if we could follow
doctors’ orders in each and every case! But now only
the rich can afford travel, can go to places blessed
with a health-giving climate that the ill person needs,
and even they can do so if they are not held at home
by some other business that cannot wait for however
little extended time. A lot of people, | am sure, are
fading and dying in large cities only because they
cannot go on a quick trip at least once a year, to
breathe a different air, to see countries that are new
to them. Now, thanks to railways, travel to even the
most locations will become affordable to everyone,
be they poor or rich, sick or healthy. Now when the
doctor tells you, «Travel!» he almost in all cases only
wishes to get rid of you; and a lot of such go-away
patients die each year; but with railways, it will not be
so easy to getrid of the patient. He will take the railway
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he will blame the doctor, he will make loud demands
to be cured, because all patients want to get cured
by all means. Thus, railways will cause the doctors to
stop playing jokes on their patients, and will at last be
forced to find serious medicines against incurable
diseases.

lam saying it without a shade of joke, | am sure that
travel by land on steam-driven machines will inevitably
become, over time, one of the most actively used and
strongest aids of medicine. Today, any motion that you
can give yourself, any influence of the air that you can
subject yourself to is just one-fourth of what railways
can provide. Imagine how powerful an impact on the
porous surface of the human body must a stream of air
have if you dash through it at a speed of fifty versts an
hour. No matter which way the wind is blowing, if you
take an open-air seat, the wind will always be in your
face, and if it’s a headwind, then the impact will be
extraordinary. It would feel like a wave in sea bathing
during a storm, the air will pour on you with a force equal
to the force of pouring water. You will not be able to
bear with such a strong impact of air; but the benefit
that it affords is beyond doubt. After an hour spent in
such a position, you will feel an unusual excitement of
all your life forces; your face will clear up, you will stop
feeling nausea or having belches, you will become
springy, joyous, and your hypochondria will go away
completely. | have been speaking of the sick; but the
healthy will also benefit, because their appetite will be
greatly excited, and | knew a Frenchman in Brussels
who ate two dinners: one at three and the other at six
o’clock every time he had to travel to Antwerp on
business by rail. To have two dinners! This is one of the
consequences of the new system of transportation that
| present to the judgment of political economists; and
it is not an unimportant one.

Anyway, | am convinced that the time will come
when travel on steam-driven machines will be
prescribed by doctors for some known maladies, and
maybe with greater benefits to the patients than
today’s travels to the waters. It will be phrased like
this: make ten, or twelve, or fifteen trips on a steam
engine, just as today they say: take ten sea baths,
drink fifty glasses of mineral water. They will build
hospitals on open-air railcars, and restaurants for the
healthy; railways will have special doctors, justas there
are special doctors at sources of mineral water. And,
who knows, maybe fashion will be of greater help to
them than greed itself. Fashion and steam — here are
the most powerful agents of our times.

It seems that | do not even need to discuss why
robbery is impossible on railways! It is clear that the
trade of a robber will never be revived. What can a
gang of robbers do against a whole army of travelers
that are propelled at such a great speed by the
machine? Robbers are left with only tossing pebbles
at the track. But how pathetic, how impotent this
revenge is! Robbery will die out everywhere where
railways are built; but it will be only that one industry
that will die!

(Author unknown. From «Moscow Observer»,
1837, vol. 2, page 475.

(Zheleznodorozhnoye Delo [Railway
Business], 1886, No. 15, pp. 136-137) @

The editors express their gratitude to the MIIT
library personnel for their invaluable help in
preparing this material.
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Borpocam pyHaamMeHTaslbHbIX
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M 3HAaYUMBbIV LUar Ha nyTu co3aaHus
HayMOHasIbHOro MHHOBALIMOHHO-
TEeXHOJIOrM4ecKoro KOHcopunyma
YHUBEpPCUTETOB, akafeMn4eckmnx

u otpacneBbix HUN, npoekTHbIx
opraHun3sauymii, UHHOBaLMOHHbIX N BEHYYPHbIX
KOMIMaHWii, KOTOPbI€ roTOBbl COAENCTBOBaTh
¢dopmupoBaHuio rocyaapcTBeHHOM,
MPOMbILLIIEHHON, Hay4YHO-TeXHU4Y€eCKON

v 06pa3oBaTesIbHO MOJINTUKYN,
paccynTaHHOM Ha co3aaHue NPUHUNNNaabHO
HOBbIX MarHUTOJ1€BUTALMOHHbBIX U BaKyyMHO-
J1IeBUTALMUOHHBIX TPAHCTIOPTHbIX CUCTEM.

KntoveBsie ciioBa: TpaHcrnopT,
MarHuToJsieBUTaLMOHHbIE MPOEeKThl,
BaKyyMHO-J1€BUTALIMOHHBIE TEXHOJIOMU,
TPAaHCKOHTUHEHTAa/lbHble CUCTEeMbI,
b6yaylLee Xene3HbIX JOPOr.

KHV/>XXHAAJIOE WA

«OKHa BO3MO)XHOCTEen»
ansa TpaHc-EBpa3nnckKkux
NOYCOB

a3zpaboTKa TeOpEeTUUYECKUX OCHOB

U TIPOEKTHO-KOHCTPYKTOPCKUX pe-

IEeHUN JIJII CO3MaHUsI CBEPXCKO-
POCTHBIX TpaHCHOPTHBIX cucteM XXI Be-
Ka — BTO He TOJbKO IBUXKEHUE B TPEHIE
00IIEeMUPOBBIX TEHACHILIUI, HO U TIPOPbIB-
HOE€ MHHOBAILIMOHHOE HampaBjJeHUEe, OTBE-
yalolee 3amayaM CTpaTeruu pa3BUTUS
TpaHcnopTa Poccuu u nepexomy xkeje3Ho-
JNIOPOXXHOTO TpaHCIOPTa Ha MPUHLIUIIAATb-
HO HOBBI TEXHOJOTUYECKUI YPOBEHb.

B nauvane 2017 roga LleHTp cTpaTeruye-
CKHX pa3paboTokK, MpeacenaTesieM coBeTa
KoToporo siBisieTcst Anekceit KynpuH, o0b-
SIBUJI O 3aIllyCKe COBMECTHO ¢ MMH3KOHO-
mpa3Butusi P® HoBoro mnpoekra «Poccust
oynyuwero: 2017 — 2035». B pamkax npoek-
Ta TpaXJaHe CTpaHbl U 3KCIIEPTHOE CO00-
1IECTBO MIIYT OTBETHl Ha aKTyaJbHbIE BO-
NpocChl U, HECMOTPSI Ha MHOTroo0Opa3ue
MHEHUI W MPOrHO30B, B OOJBIIMHCTBE
CBOEM CXOJISITCSI Ha TOM, UTO yCIieX Halllero
COMabHO-3KOHOMUYECKOTO Pa3BUTHUS
OymeT 60a3MpoBaThCsl Ha TIOOATbHBIX KOH-
KYPEHTHBIX MPEeUMYIIeCTBaX BEAYIIUX OT-
pacieit, BKawyas chepy TpaHcHopTa.
TpaHcopT B JaHHOM cjlyyae BbICTYMaeT He
TOJIBKO Ba)XHEHWIIENH COCTABHOM 4acTblO
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JNIEHEeXHOW 0a3bl 9KOHOMUKU CTPaHBbI, IBU-
ratejieM UHHOBAIIMIA U HAyYHO-TEXHOJIOTU -
YeCcKOoro nporpecca, HO U yCJIOBUEM CBSI3-
HOCTU OTrpoMHOU Tepputopuu Poccuu,
obecreymnBalolleil ycTOMUMBOe pa3BUTHE €€
PETMOHOB U HAIIMOHAJIbHYIO O€30ITaCHOCTb.

B 3TOM KOHTEKCTE 0OCOOOE MECTO 3aHUMA-
€T HallMOHAJIbHBII MeranpoekT « MHTerpaib-
Has eBpa3uiickas TpaHCHOPTHAsI CUCTeMa»
(METC), noaroToBaeHHBII IPYIIION YUYEHBIX
oA PYKOBOJACTBOM AupeKTopa MHcTUTyTa
COLIMAJIbHO-TMOJIUTUYECKUX UCCIeN0BaHUM,
akanemuka PAH I. B. Ocunosa. I1poekTom
npeajiaraeTcs 00beIMHEHUE B €AUHYIO CETh
€BPa3UNCKUX TPAHCHOPTHBIX ITyTEeH U COBpe-
MEHHBIX CPEICTB CBSI3M HAa OCHOBE CKOPOCT-
HOW KOMIUIEKCHOM MarucTpaiu, COeUHI0-
et moptel [TpuMopss ¢ 3anagHO rpaHuLIe i
benapycu. B nanbHeil nepcrieKTrBe — MpoJ-
JIeHre Tpacchl yepe3 YyKoTKy, TOHHEIb MO
bepunroseiM nponarBoM B CeBepHyo AMe-
puKy. MarucTtpaib JOJKHA BKJIIOYATh B ce0st
HE TOJIbKO XeJIe3HOAOPOXKHbIN KOMIUIEKC, HO
Y COBPEMEHHYI0 aBTOTPACCY, TMHUIO ONITOBO-
JIOKOHHOW CBSI3U.

Wnest ctpoutenbcTBa BBICOKOCKOPOCT-
HOTO TPAHCIIOPTHOTO Kopuaopa oT Tuxoro
okeaHa 10 ATJIAaHTUKMU JieTJla B OCHOBY KOH-
Henuuu coiumapHoro pa3sutust EBpazuu
B IPYroM UHGPACTPYKTYPHOM METrarpoeKTe
«Tpanc-EBpasuiickuii nosic «Pazsutue»
(TEIIP) ».

YrnoMsHyTble KOHUEMIUU CO3AaHUS
r100aJbHON TpaHCIIOPTHOU cucteMbl Poc-
CUU MOJHOCTbIO KOPPECIIOHIAUPYIOT C MPO-
€KTOM 00CYyX/J1aeMOT0 MPOTrHO3a HAayYHO-
TEXHOJIOTMYeCcKoro pa3Butus Poccuiickoit
Ddenepanum Ha epuon 1o 2030 roga. ITpor-
HO30M IpeaycMaTpUuBaeTcs, B YaCTHOCTH,
«Ppa3BUTHUE MEXIYHAPOIHBIX TPAHCHOPTHBIX
KOPUIOPOB U pealu3alusl TPAaH3UTHOTO
NOTeHIIMala CTPaHbI IJs1 00ecTieueHus TO-
BapooOMeHa MeXAy CTpaHaMU, CHUXKEHUS
ce6eCTOMMOCTHU I'PY30BbIX MEPEBO3OK U MO-
BBILIEHUS MOJTUTUYECKOTO BECca roCy1apCT-
Ba Ha MEXIyHapOJHOU apeHe». B monro-
CPOYHOM IEPUOIE OKHOM BO3MOXHOCTHU
CTaHET «COBEPIIEHCTBOBAHUE TEXHUYECKUX
napamMeTpoB TPAaHCHOPTHBIX CPEACTB IS
pacuIMpeHusl YCIAOBUN UX DKCIUTyaTalluu
(0OmMHOBPEMEHHO Ha BOJIE, CYIlle, B BO3yXe
W Ap.); pa3BUTHE HALIMOHAJIBLHOW CETU BbI-
COKOCKOPOCTHBIX K€JIE3HONOPOXKHBIX Ma-
ructpaseit (500 KM/4 1 BbIIIE) U paciinpe-
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HUeE XeJIE3HOIOPOXHON CETH B LIEJISIX pa3-
JIeJIEHUsI TPY30BOTO M MMAaCcCaXUpPCKOTO
NBUKEHUsI». JIJIst TOCTUKEHUSI 3TUX CTpaTe-
TMYECKUX LieJieii JOJKHBI ObITh pa3dpaboTa-
HBI ¥ BHEJIPEHbI MTHHOBAIITMOHHBIE «CUCTEMBI
CKOPOCTHOTO 1 BHICOKOCKOPOCTHOTO (CBBI-
mre 500 KkM/4) KeJe3HOIOPOKHOTO IBUXKE-
HUS; BaKyyMHBIE€ M0O€31a CO CKOPOCTHIO
nBrkeHUST 10 4000 KM/49».

IToutm 40 net Hazaxn (¢ 30-meTHUM me-
PepBIBOM Ha MIEPECTPOIKY, KpU3UCHI U hop-
MUPOBaHWE PHIHOYHBIX OTHOIICHWI) B paM-
Kax Koomepamnuu O0OJIbIIOTO KOJUYeCTBa
pPa3MTUYHBIX OpTaHU3AIUI, BY30B, IIPOCKT-
HBIX UHCTUTYTOB OT€UECTBEHHBIE YUEHBIE,
WHXEeHEPhl M KOHCTPYKTOPHI HauWHaJIU
paboTy Haa TPAHCIIOPTHBIMU CHUCTEMaMU
C MarHUTHBIM TIOJIBECOM U JIMHEWHBIM TsI-
TOBBIM BJIEKTPOTIPUBOJOM. B TocnenHue
TOJIbI BO3POIUJICS MHTEPEC K TPAHCTIOPTY Ha
HOBBIX TEXHOJIOTUYECKUX TPUHITUITAX. DTO-
MY CIIOCOOCTBOBAJIO IMOSIBJIEHWE BBICOKO-
BOJIBTHBIX Y CMUTbHOTOYHBIX CUJIOBBIX TTOJTY-
npoBoaHUKOB (IGBT-TpaH3ucTOpPOB), HO-
BbIX MarHuTHbIX MatepuanoB (Nd-Fe-B),
METaJNIOKEPAMUIECKUX BBICOKOTEMITEpa-
TYpHBIX cBepXnpoBoaHUKOB (Y-Ba-Cu-0).

Ha wamr B3rngn, dyHaamMmeHTaldbHbIE
Hay4YHbIe TeMbI pelleH3upyeMoli MOHOTpa-
dum, xacawoumecs npoodaeM co3aaHUs,
MmoJiiepkaHusl BAKyyMma, OTBOJIa TeTlia Mpu
repeMelieHu B Oe3BO3AYITHOM WJIM TITy-
0OKO pa3peXeHHOM TPOCTPaHCTBE, KOH-
CTPYKIIUU TITOBO-TIOABEMHOTO MOMIYJIS,
OECKOHTAKTHOTO TIepeMeleHUsT U 00ecIie-
YeHUs pa3roHa U TOPMOKEHUSI TIOJBUKHBIX
MOJTyJIeil BHYTPU BAKYyMHOTO ITPOCTPAHCT-
Ba, 2JIEMEHTOB MH(MPaCTPyKTYphl BaKyyM-
HO-TPYOOIIPOBOAHON TPaHCTIOPTHOW CHUC-
TEMBI, TIO3BOJISTIOT YK€ CETOIHSI IPUCTYITUTh
K IMMPOEKTUPOBAHUIO U UCITBITAHUIO TIPOTO-
THUITAa HOBOTO BUja TpaHCIIOpPTa, MPU3BaH-
HOTO 00ecreynBaTh HE TOJIBKO PEKOPIHO
BBICOKME CKOPOCTH IEPEBO3KU TPy30B
M TTacCaXupoB, HO U JOOWBATHCS MUHU-
MaJIbHBIX 9HEePTreTUYEeCKUX 3aTpaT Ha Iepe-
BO3KY, €€ 6€30IMacCHOCTb U 9KOJOTUYHOCTb.

ABTOpPBI MOHOTpad U HE TOJBKO 3HAKO-
MSIT HAC CO CBOMMM HAyYHBIMU pe3yJibTaTa-
MU 1 (paKTaMu, HO ¥ BBICKA3bIBaIOT HEMAJIO
OPUTHWHAJIbHBIX UAEH U apTYMEHTOB IO
00OCHOBaHMIO ONTUMAILHOTO U UHBECTH-
IIMOHHO-TIPUBJIEKATEILHOTO METO/Ia Peasi-
3allMU YITOMSTHYTBHIX METalPOEKTOB.

AaebigoB A. M. «OkHa BO3MOXHOCTEN» ansa TpaHc-EBpa3suncKux nosicoe




Bynymue mHTeTpalbHBIE TPAH3UTHBIC
BBICOKOCKOPOCTHBIE U CBEPXCKOPOCTHBIE
TPAHCIIOPTHBIC CUCTEMBI OYAYT CTPOUTHCS
Ha IPUHIINAIIAX Pa3yMHON MHTEPMOIATbLHO-
CTU, OOBEIUHSS TIPU HEOOXOAUMOCTHU BCE
HMeIIIMecs ceiiyac BUAbI TpaHCIIOpPTa,
BKJIIOUAsl U TOJIbKO-TOJIbKO pa3BUBaeMble:
«aTMoc(epHBbIii» MarjeB, HOBbIEe 0e3a3po-
IpOMHBIe aMGUOUIHBIE, a3pOCTaTHHIE
u T.1. [Ipy 3TOM CTAaHOBUTCS OUEBUIHBIM —
U 3TO yOEIUTEJIbHO MOATBEPKIAIOT PE3yab-
TaThl UCCIIEIOBAHNM YUEHBIX — BAKYyYMHO-
TpyOOIIpOBOAHAS TpaHCIOPTHASI TE€XHOJIO-
IS Ha OCHOBE MAarHUTHOM JIEBUTAIIUU I10O
YPOBHIO DHEPreTuuecKoi U TpaHCIOPTHOM
3(pHEKTUBHOCTU, SKOJOTUMYHOCTU U MOr0-
JIOHE3aBUCUMOCTHU TMOKa HEe UMeeT cebe
PaBHBIX, a B CTPaTEeTUUECKOM TTePCIEKTUBE
MOXET CTaTh SAPOM TPAaHCKOHTUHEHTAITb-
HOI TPAHCITOPTHOM CUCTEMBI.

Heo6xommMo yITOMSHYTb B CBSI3H C 3TUM
0 ell€ OJTHOM BaxkHOM acriekTe TeMbl. B TH-
TepHeTe, HEKOTOPBIX JOKJIaJax Ha HayYHbIX
KOH(MEpeHIIUIX 1 B IyOIUKALIUSIX TEXHOJIO-
TUIO CO3JaHUs BAKYYMHO-JIEBUTAIIMOHHBIX
TPAHCIIOPTHBIX CUCTEM aCCOLIMUPYIOT C TaK
Ha3biBaeMoli «TexHonorueir ET3 —
Evacuated Tube Transportation TexHosioruu
(E + 3 T)» u aMmepuKaHCKUM NPOEKTOM
Hyperloop.

Ha 6a3e texnonoruu ET3 obpazoBaH
koHcopuuyMm «ET3 — Global Alliance» —
aMEpPUKAHCKHUI OTKPBITHIIT KOHCOPIUYM
JIMLIEH3UATOB, OpraHM30BaHHbIN JIapuiom
OctepoM B 1997 romy c 1eJblo CO3MaHUS
ri100ajibHON TPAHCIIOPTHOM CUCTEMBI, UC-
MOJIb3yIolIel MaccakMpCcKue KarcyJsabl Ha
MarHUTHOM MOJBece C pa3MepaMu aBTOMO-
OMIsl, IBVXKYIIMECS B BaKyYYMUPOBAHHBIX
Tpybax nuamerpom 1,5 M (5 pyros). B 2014
rony ET3 npeacraBuia cepuio HOBBIX Ma-
TEHTOB, OTHOCSIIIIUXCS K 00JJaCTH MarHuT-
HOI1 JIeBUTAllM HA OCHOBE BBICOKOTEMIIE-
patypHoii cBepxnpoBoaumocTtu. Ha odpu-
LIMAJIbHOM caiiTe cooOI1laercsi, 4YTo Mo co-
crostHuio Ha 2016 rox 6oee 380 nuiieH3U I
ObLJIM TpOJaHbl B 22 CTpaHbI, BKJIOYas
Kuraii.

Ha camom gejie BriepBble OCHOBHBIE
MPUHIINITE KOHOENMINKU TpaHCIIOpTa Ha

MarHUTHOM TOJBECE B MCKYCCTBEHHO CO-
3JaHHOW pa3peXeHHON BaKyyMHOW cpeje
BHYTPU T€pPMETUIHOTO TPYOOIIPOBO1a OBLITN
c(hOpMYIMpPOBaHbBI, pa3pabOTaHbI U TIPOBE-
pEHBI HAlllUM U3BECTHBIM OTEYECTBEHHBIM
Y4€HBbIM-reodusnkoM, npodeccopom Tom-
CKOTO TEXHOJIOTMYECKOT0 MHCTUTYTa bopu-
com IlerpoBuuem BeitnOeprom enig B 1914
roay, B mpolLioM Beke, 6osiee 100 meT Tomy
Hasa.

OpHa 13 MPUYMH IMTOJ0OHOTO Po/ia SIBJIe-
HUIA CKPBIBAETCSI HE B MEHTAJIUTETE POCCUI -
CKUX yUEHBIX WJIW HEJTOCTATOYHOM UX TIpe/I -
MPUUMYNUBOCTH, HO B ITATEHTHOM 3aKOHO-
matenabcTBe Poccuiickoit @enepanun,
B KOTOPOM o(uUIIMaIbHO 3aKperieHa He-
BO3MOKHOCTb ITPOJIBUKEHUST KOHIIETITYaTh-
HOW uaeu, Jiexalleid B OCHOBe n3o0peTe-
HWS, U TIOJy4YeHUsI COOTBETCTBYIOIIETO
odunmanpHoro nareHta. B Poccuu HeBo3-
MOHO 3aIlaTeHTOBAaTh KOHIIEIIIUIO, HEO0-
XOJMMO TIPEICTAaBUTh OMBITHBIN 0Opa3selr.
B Ipaxxnanckom koaekce PD ot 18 nexkabps
2006 roga Ne 230-dD3 mOJHOCTBIO COXpa-
HUJIMCh CTaThbW paHee NeiiCTBOBABIIETO
ITatenTHOTO 3aKOHA Poccuiickoit denepa-
uuu. B cratbe 1350 1. 5 roBopurtcs: «He
SIBJISTIOTCST M300pPETeHUSIMM, B YaCTHOCTU:
1) OTKpBITUS; 2) HAyYHbIE TEOPUU U MaTe-
MaTUyecKue MeTobl...» (B pea. Denepanb-
Horo 3akoHa ot 12.03.2014 Ne 35-d3).

XoueTcs HafesAThCs, YTO KOJUIEKTUBHAS
MoHorpadusi pocCUCKUX YIEHBIX 3aMHTE -
pecyeT He TOJIbKO caMMX MCCIeqoBaTene
u u3obperaTeseil, HO U CTaHET CEPbE3HOM
3asBKO Ha (popMUpoOBaHUE aKTyaJTIbHBIX
IUTAHOB HAYYHBIX MccienoBaHuit Poccuii-
CKOi1 akaneMuu Hayk, MuHtpaHca Poccun,
OAO «PXI», npyrux BeIyIINX KOMITAaHUIA,
YHUBEPCUTETCKUX IIEHTPOB. A MOXKET, TaXe
CTaHET W TIOBOJIOM, UTOOBI CKOPPEKTUPO-
BaTh «HECTpaBelJINBbIe» TTATEHTHBIE 3aK0-
HBI.

Anekceii JIABBIJIOB,
KaHAMIAT TEXHUYECKHUX HAYK,
JnoueHT Kadenpol puznku
Poccuiickoro yauBepcurera
Tpancnopra (MUUNUT),
Mocksa, Poccua®

KoopanHatel aBTopa: AaebigoB A. M. — ikrmiit@mail.ru

PeueHsns noctynuna B pegakumio 20.09.2017, npuHaTta k nyénunkaummn 12.10.2017.
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WINDOWS OF OPPORTUNITIES FOR TRANS-EURASIAN BELTS

Vacuum and levitation transport systems: scientific foundation, technology and outlook
for railways: Collective monograph. Edited by B. M. Lapidus, S. B. Nesterov. Moscow, RAS

publ., 2017, 192 p.

ABSTRACT

HayuHasi OCHOBa
TexHonorun 1

ANs xene3HoAOPBKI
TpaHenopT,

systems.

Collective monograph of the members and scientific partners of
the Joint scientific council of the JSC Russian Railways is devoted
to the issues of fundamental research in the field of magnetic
levitation and vacuum levitation technology. The publication of the
book is a timely and important step towards creation of national
innovation and engineering consortium of universities, academic
and corporate research institutes, design organizations, innovation
and venture companies, who will be capable to promote public
industrial, scientific, research and educational policy, aimed at
creating new magnetic levitation and vacuum levitation transport

Keywords: transport, magnetic levitation, projects, vacuum levitation engineering,
transcontinental transport system, future railways.

Development of fundamentals and design
decisions for the creation of super speed
transport systems of the 21 century does not
mean movement within the global trend only,
but follows the advanced innovative streamline,
that responds to the objectives of the transport
strategy of Russia and to the transition of railways
to a radically new technological level.

At the beginning of 2017 the Centre of
strategic development, chaired by Alexey
Kudrin, together with the Russian Ministry of
economic development announced the start
of a new project, called «Russia of the Future:
2017 — 2035». Citizens and expert community
are looking within the framework of the project for
the answers to topical questions and, regardless
of multitude of opinions and forecasts, most
participants agree that the success of national
social and economic development should be
determined by global competitive advantages
of leading economic sectors, comprising
transportation field. Transport in that case
is not only a part of monetary base of the
country, a driver of innovation and scientific and
technological progress, but also a condition
of connectivity of the huge territory of Russia,
that guarantees sustainable development of its
regions and national security.

Seen in that context national megaproject
«Integral Eurasian transport system» (IETS),
developed by the group of scientists under the
leadership of the director of the Institute of social
and political studies, member of the Russian
academyofsciences G. V. Osipov, is undoubtedly
ofimportance. The project suggests to integrate
into the single network Eurasian transport routes
and modern communications on the basis of
speed complex multimode highway linking sea
ports of Primorye [Ed. note: the name of Russian
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Far-Eastern region on the coast of Pacific,
literally translated from Russian as seaside or
coastland] andthe western border of Belorussia.
Long perspective can be seen as extension of
the route via Chukotka, tunnel under Bering strait
to Northern America. The route should include
notonly railway segment, but modern motorway
and a fiber-optic communication line.

The idea of the construction of high-speed
transport corridor from Pacific to Atlantic
has provided the basis of the concept of
solidary development of Eurasia within another
infrastructure megaproject «Trans-Eurasian Belt
Development» (TEPR).

The above mentioned concepts of creation
of globally integrated transport systems of
Russia correspond fully with the project of now
discussed forecast of scientific andtechnological
development of Russia till 2030. The forecast
supposes development of transport corridors
and implementation of transit capacity of the
country to ensure intercountry exchanges of
goods, to reduce costs of freight transportation,
and to raise the political weight of the country
on international scene. In long term window of
opportunity will be opened for enhancement
of technical parameters of transport vehicles
to extend the conditions of their operation
(simultaneously in air, on land, in water etc.);
for development of national network of high-
speed railways (500 km / h and faster) and for
enlargement of rail network to separate freight
and passenger traffic. To achieve those strategic
goals it would be necessary to develop and
implement innovative systems of speed and high
speed (faster than 500 km / h) railway systems,
vacuum trains with speeds up to 4000 km / h.

Almost40yearsago(thatisto saythatwe had
a 30-years long break caused by perestroika,
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crisis, development of market relations)
Russian scientists, researchers, engineers,
designers started, within cooperation of a large
number of different organizations, universities,
design institutes, to work at transport vehicles
with magnetic levitation and linear electrical
traction. The interest to the transport designed
new technological principles has recently
renewed. The emergence of high-voltage
and high-current power semiconductors
(IGBT-transistors), new magnetic materials
(Nd-Fe-B), metal-ceramic high-temperature
superconductors(Y-Ba-Cu-0) has contributed
to the raise of the interest.

In our opinion fundamental scientific
topics of the reviewed monograph (related to
the problems of creation and maintaining of
vacuum, heat evacuation during movement
in air-free or evacuated environment, design
of traction and elevation module, contactless
movement, provisions for acceleration and
braking of movable modules in vacuum
environment, structure elements of vacuum
tube transport system) allow today to start just
now designing and testing of prototypes of new
mode of transportation, destined to provide
records of high speed transportation of freight
and passengers, to achieve also minimum
power consumption of transportation, its
safety and environmental friendliness.

The authors of the monograph present
the results of their researches and scientific
data, put forward original ideas and arguments
to substantiate optimum and investment-
attractive method of implementation of the
mentioned megaprojects.

Future integral transit, high-speed and
super-speed transport systems will be built
on the principles of reasonable intermodality,
unifying if necessary all the existing mode of
transportation, comprising also those which
are now being developed, like «atmospheric»
magnetic levitation, new amphibious (not
requiring aerodromes), balloons, lighter-
than-air airships, and other modes. And it
becomes evident(the results of the researches
of scientists prove it) that vacuum tube
transportation technology based on magnetic
levitation is unmatched in its power and
transport effectiveness, environmental friendly
features, weather «independence», and
regarding long-term outlook could become
core for transcontinental transport system.

It is necessary to mention another
importantaspect ofthe topic. Internet sources,

some reports at scientific conferences,
publications associate technology of vacuum
and levitation transport systems with so
called «ET3 technology» (Evacuated Tube
Transportation Technologies (E + 3 T)» and
with Hyperloop project.

Basing on ET3 technology Daryl Oster
founded in 1997 in the United States an open
consortium of licensees called «ET3 — Global
Alliance». Alliance was organized to create
global transport system using passenger
capsules magnetically elevated, sized like
a passenger car, and moving in vacuum
tubes of 1,5 m (5 ft) diameter. In 2014
ET3 presented a set of new patents in the
field of magnetic levitation based on high-
temperature superconductivity. The official
Web-site announced that by 2016 more than
380 licenses have been sold to 22 countries,
comprising China.

As a matter of fact, main principles of
the concept of the transport using magnetic
levitation in artificially created evacuated
vacuum environment within sealed tube or
pipeline were formulated, developed and
verified for the first time by Boris P. Veinberg,
well known Russian geo-scientist, Professor of
Tomsk institute of technology in 1914, in last
century, more than 100 years ago.

Main causes of such phenomenon are not
linked to the mentality of Russian scientists
or to the lack of business spirit but rather to
the Russian patent laws that stipulate that it
is impossible to patent conceptual idea, e.g.
basis of invention. So itis impossible to patent
aconceptin Russia, itis necessary to produce
type model. Civil code of Russia (Federal Law
No. 230, dated December 18, 2006, revised in
2014) maintained all the articles of previously
acted Russian Patent law. The article 1350,
p. 5 tells us that 1) discoveries, 2) scientific
theory or mathematical methods... are not
inventions.

| would like to hope that the collective
monograph of Russian scientists will be
of interest not only for researchers and
inventors themselves but will contribute to
development of renewed plans of researches
in the Russian Academy of Sciences, Ministry
of Transport, JSC Russian Railways, other
leading companies, and universities, and
probably will be an occasion to modify «unfair»
patent laws.

Alexey M. DAVYDOV @
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3aspssioBa H. @. DKoHOMHYECKAs OLEHKA
3¢ eKTUBHOCTH MCNOJb30BAHUS TEXHUYECKHX
CPeACTB CTPYKTYPHBIX MO/Apa3/ieeHuii TpaHCTIOPT-
HOTO XOoJauHra / ABToped. AMC... KaHA. IKOH.
Hayk.— M., 2017.— 24 c.

B xone nccrnenoBaHus ompeneneHsl mapame-
TPBI TPOU3BOJACTBEHHBIX MTPOIIECCOB IJIsS pacuéTa
cocTaBasIoMX (OHI00TAAYM, JOKA3aHA 3aBUCH-
MOCTb OOHOBJIEHUSI M UCITOJIb30BAHUS TEXHUYE-
CKUX CPEJICTB, COCOOCTBYIOIINX O00bEKTUBHOCTU
¥ TIOJTHOTE 9KOHOMUYECKNX 000CHOBaHUI NHBE-
CTUIIMOHHBIX 1 MTHHOBAIIMOHHBIX TPOEKTOB KOM-
naHuii. PazpabotaHa MeToaMKa OLIEHKHU MTPOEKT-
HBIX PEIIeHUH, yIUThIBaloIIas Toka3aTeau HoH-
JIOOTJAa4Yu U MCIOJb30BaHUSI TEXHUYECKOTO MO-
TEHIIMAaJIa TPAHCTIOPTHOTO XOJI/INHTA, B TOM YHCJIe
10 BUJIaM OU3HEC-HaIlpaBJIeHUIA.

Kanaues M. A. DKonoMn4ecKoe 000CHOBaHUE
cuCTeMbl ynpasienusi HHGPaCTPYKTYPHBIMH TPOEK-
TAMH Ha JKeJIe3HOIOPOKHOM TpaHcnopTe / ABToped.
JIMC... KAHI. 3KOH. HayK.— M., 2017.— 24 c.

JviccepTaHTOM CHCTEMATU3MPOBAHbI DJIEMEH-
ThI OPTaHU3AIMOHHO-9KOHOMUYIECKOTO MeXaH!3-
Ma peanu3aluyl MPOEeKTOB BHICOKOCKOPOCTHOTO
JKEJIe3HOA0POXKHOTO COOOIIeHUs, yIaCTHUKU
KOTOPBIX UMEIOT 0011I1e KOMMepPUYECKue U o01Ie-
HaUMOHAJbHbIE MHTEPECHl MPU KIIOYEBON POJIU
B 3TOM COTpYyAHUYECTBe rocyaapcTBa. O60CHOBa-
HO IMMPUMEHEeHUE NHTETPATbHOTO NePapXUIeCcKOTro
KpUTEpUs, YUUTHIBAIOMET0 HaKTOphl prcKa
B ITpolleccax ”HHOBalIMOHHOTO pa3Butus. [Ipen-
JIOXXEH METOAMYECKUid MOAX0J, OCHOBAHHBIM Ha
pPaHXXMPOBaHUM MOKa3aTeseil CUCTEMBI YIIpaBie-
HUsI Ha HayaJbHOM 3Tale XU3HEHHOTOo IMKJIa
TPOEKTA.

Kacymos A. III. IleHo0eTOH ¢ MOBBIIIEHHBIMH
3KCITyaTAlMOHHBIMH CBOiicTBaMK / ABTOped. THC...
KaH/. TexXH. HayK.— M., 2017.— 24 c.

PaspaboTaH palMoHa bHBIN IUCTIEPCHBIN CO-
CTaB HEaBTOKJIABHOTO MOIM(DUIIMPOBAHHOTO ITEHO-
6etona. [ToBbIIIEHHBIE SKCTUTyaTallMOHHbIE CBOM-
CTBa JIOCTUTAIOTCS 32 CYET MHOTOYPOBHEBOI OTITH-
MaJTbHOM YITAKOBKU YaCTUI] TBEPABIX KOMITOHEHTOB
€ MUHUMAJIbHOM TOJILLIMHO MPOCIOMKYU LIEMEHTHO-
r0 KaMHsI, 00eCIeYnBaloOLIEro MPeAeIbHO CTECHEH-
HBbIE YCIOBUST TIpU (POPMUPOBAHUU CTPYKTYPHI
TJIOTHBIX MEXSUYEUCTHIX TIePETOPOTIOK C BHICOKOM
KOHILIEHTpalmeit TBEpaoit ha3el B eAMHULIEC 00BEMA.
TTonyyeHsr MaTemMaTUYeCKrE MOJIENH, TTO3BOJISTIO-

® MWP TPAHCHOPTA, Tom 15, N2 5, C. 269-270 (2017)

ABTOpedepaTbl ANccepTaunm

1IMe KOPPEKTUPOBATh COCTaB MEHOOETOHA B 3aBU-
CHMOCTH OT KOJTMYeCTBA TOHKOIVMCIIEPCHOTO ITTaKa
U TAHHBIX KOMIUIEKCHOTO MoauduKaTopa.

Mepkynos /I. A. KoMno3unuoHHbIe CTPOUTEND-
Hble MaTepuaJibl HA OCHOBE MOJUI(UPHON CMOJIBI
ITH-609—-21M / ABToped. auc... KAHA. TeXH.
Hayk.— Capanck, 2017.— 26 c.

YcTaHOBIEHBI 3aBUCUMOCTU U3MEHEHUS
CBOWCTB MOJUI(PUPHBIX KOMIIO3UTOB C IIPUCYT-
ctBreM cmouibl [TH-609—21M nipu BbiaepkuBa-
HUU B OMOJOTMYECKU arpecCUBHBIX cpelax,
pa3paboTaHbl BUABI, 00J1aJaloIIKe YAYyYIIEHHbI-
MU XapaKTepUCTUKAMU CTOMKOCTH B YCIOBUSIX
arpecCUBHOTO BO3IEUCTBUSI MUKPOOPTAaHU3MOB
U MIPOAYKTOB MX MeTabosu3ma. PazpaboraHbl
paloHaabHbIE COCTABBI U BBISIBIEHBI OCHOBHBIE
pu3MKO-TeXHUUECKHUE CBOUCTBA JIAKOKPACOY-
HBIX, MACTUYHBIX U KapKaCHBIX KOMITO3UTOB,
CO3JaHHBIX MTPW HAJMYUU MOJUIPUPHBIX CBSI-
3YIOTIUX.

Cvupaos 1. B. MoaeaupoBanne (hu3HKo-me-
XaHMYECKUX CBOMCTB M KJIMMATHYECKOMi CTOMKOCTH
3NOKCHIHBIX KOMNO3UTOB / ABTOpEd. IHC... KaH/.
TexH. HayK.— Capanck, 2017.— 24 c.

BrIsiBiIeH ypoBeHb 1EeCTPYKIIMU LIEMEHTHOTO
KaMHSI B OETOHHBIX W XeJle300eTOHHBIX KOH-
CTPYKIUSX U TOJUMEPHBIX MOKPBITUI IO HUM
B 3aBUCUMOCTY OT OPUEHTAIINH U PACTIOTOXKEHUST
SJIEMEHTOB M XapakTepa arpecCUBHOIO BO3Ieii-
CTBUSI Ha MaTepuajbl MO BbICOTE COOPYXEHUS.
C nmomo1iIbio pa3paboTaHHO MOIEITU TTPEIIOXKe-
HBI pacu€THBIE (HOPMYITBI, TPUTOIHBIE IS hop-
MUPOBAaHUS KOMIIO3UTOB C MUHUMAJIbHBIMU
CTPYKTYPHBIMM HampsikeHUssMu. B xone nuHa-
MMYECKUX UCTIBITAHUI 0Ka3aHO, UYTO KapKacHbIe
MOJUMEPOETOHBI 00J1a1al0T BBICOKOW yaapHOU
MPOYHOCTBHIO ¥ MOTYT, BBITIOJTHSISI POJTb 3aIIIUTHBIX
TOKPBITUI, OMHOBPEMEHHO TTOABEPTraThCs BO3-
NEeMCTBUIO M MUHAMWYECKUX Harpy30K, U arpec-
CHUBHBIX Cpel.

IHentyxuna 0. A. MeTtoap! ynpasjieHus1 KOH-
KYPEHTOCIIOCOOHOCTbIO MH(PACTPYKTYPHOI KOMNA-
HHUH KeJIe3HOJ0POKHOro Tpancnopra / Astoped.
TTAC... KaHIl. 9KOH. HayK.— M., 2017.— 24 c.

B nuccepratuu onpeneseHbl rpymisl GakTo-
pOB, BIUSIIOUIUX HAa KOHKYPEHTOCTIOCOOHOCTH
KOMIaHWU, 7151 BbIOOpa MPUOPUTETHBIX HAMpaB-
JIECHWII MHBECTUPOBAHUS B UH(PPACTPYKTYpHbIE
MPOTpaMMBbI, BBIJIEJIEHBI CIIOCOOBI YIIPABICHUS
KPUTUIECKUMHU JUIST KOHKYPEHTOCTIOCOOHOCTH
dakTopamu. PazpaboTaHa mMeTonmka OUeHKU
pricka ToTepy KOHKYPEHTHOI CUITbI IPU HEJ0CTa-
TOYHOM 00BbEME (PMHAHCOBBIX BJIOXKEHUI B pa3BU-
THE MOApAa3ieIeHUN TUPEKLIMY TSATU UHPPACTPYK-
TypHO# KoMitanuu. [1penoxkeHa MoJieJb pacrpe-
JIeJIeHUsI OTPaHUYEHHOTO 00bEMA MHBECTULIMIA
C Y4E€TOM IIeJIEBOTO YIPABICHUS KPUTUIECKUMU
7151 KOHKYPEHTOCITOCOOHOCTH PUCKAMMU. L4
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Kalachev, M. A. Economic substantiation
of the system of railway infrastructure project
management Abstract of Ph.D. (Economics)
thesis. Moscow, 2017, 24 p.

The study systemized elements of
organization and economic mechanism of
implementation of the high-speed rail
projects that involve participants with
common commercial and national interests,
emphasized the key role of public authorities
in that cooperation. The author substantiated
the use of integral hierarchic criterion, that
considers risk factors influencing innovation
development, suggested a methodological
approach based on ranking of the indices of
the management system at the first stage of
the life cycle of a project.

Kasumov, A. Sh. Foam concrete with
enhance operation features. Abstract of Ph.D.
(Eng) thesis. Moscow, 2017, 24 p.

The study describes the development of
rationally dispersed composition of not
steam-and-pressure curved modified foam
concrete. Enhanced operation features of
the concrete were achieved thanks to
multilayer optimal reinforcement with
particles of solid components with
minimum width of an interlayer of cement
rock, thus allowing mostly constrained
conditions during formation of the structure
of stiff intercell partition walls with high
concentration of the solid phase in a
volume unit. The author obtained
mathematical models permitting to correct
and revise composition of foam concrete
depending on the quantity of finely
dispersed slag and on the features of a given
complex modifier.

Merkulov, D. A. Composite building
materials based on polyester resin PN-609—
21M. Abstract of Ph.D. (Eng) thesis. Saransk,
2017, 26 p.

The study determined the dependencies
in changes of the features of polyester
composite materials with resin PN-609—21M
after keeping it in biologically aggressive
media, developed types of those composite
materials that have enhanced resistance
features to microbial and microbial
metabolites attacks. The author developed
rational compositions and revealed physical

and engineering properties of paint-and-
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Abstracts of Ph.D. theses

varnish, mastic and carcass composite
materials with polyester binding agents.

Sheptukhina, Yu. A. Methods of
management of competitiveness of railway
infrastructure company. Abstract of Ph.D.
(Economics) thesis. Moscow, 2017, 24 p.

The thesis identified groups of factors
influencing the competitiveness of a company,
singularized methods of managing factors
which are critically important for
competitiveness of a company while choosing
investment priorities regarding infrastructure
projects. The author developed methods of
assessment of risks of loosing of competitiveness
if volume of funding of development of
traction units of an infrastructure company is
insufficient. The thesis suggested a model of
assignment of a limited volume of investment
funds considering targeted management of
risks which are critically important for
competitiveness.

Smirnov, I. V. Modelling of mechanical-
and-physical properties and climatic resistance
of composite epoxy materials Abstract of
Ph.D. (Eng) thesis. Saransk, 2017, 24 p.

The study revealed the level of destruction
of cement rock in concrete and reinforced
concrete structures and of destruction of their
polymer coatings depending on orientation
and location of the elements and on the
origin of aggressive impact on the materials
along the height of the structure. The
developed model serves a basis to suggest
calculation formulas suitable for developing
of composite materials with minimum
structural tensions. The dynamics tests
proved that carcass polymer concrete
possesses high impact strength and is able,
while being used as protective coating, to
resist both dynamic loading and aggressive
environment.

Zavialova, N. F. Economic assessment of
effectiveness of the operation of technical
facilities of the entities of transport holding
company. Abstract of Ph.D. (Economics)
thesis. Moscow, 2017, 24 p.

The study identified the parameters of
industrial processes for calculation of the
components of output per unit of capital
funds, proved the dependence of the
operation of technical facilities on their
renewal, facilitating objectivity and
completeness of economic substantiation of
feasibility of corporate investment and
innovation projects. A set of methods was
suggested allowing to assess project decisions,
taking into account the indices of capital
efficiency and of the operation of technical
capacity of a transport holding company,
particularly regarding different business
activities. °
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AwmuH D1, Tpudt Haitmken. [opona: mepeocmbic-
ngs1 ropoackoe.— HuxnHuit Horopon: KpacHas
Jactouka, 2017.— 218 c.

ApxurioB A. I1., bazanoB A. H., benosepos C. A.
u ap. CtpaxoBaHue U ynpasjieHue puckamu. [1po06-
niembl ¥ iepcriektussl / [ox pen. C. A. benoseposa,
H. I1. Ky3neuosoii.— M.: I1pocnexr, 2017.— 527 c.

Bbpocnasckuii JI. . TexHuyeckoe peryirpona-
HME U CTaHIApTU3alMsl KauecTBa MPOLYKIIMU 1 Oe3-
OIAaCHOCTH OKPYXAIOIEH Cpe/ibl: 3aKOHBI U pealui
Poccuu, CIIIA u EBpocor3sa.— M.: [1pocnexr,
2017.—191c.

Bbypxanos C. b., BanpkoB B. E., KyuepeHn-
ko JI. B. Kommepueckast pabota ditota. [TpakTukym.
Y. 1: Yueb. nocobue.— Bnanusoctok: 1anbpbiOBTY3,
2017.— 303 c.

boerukos B. I1., Tonuapos B. H., MopkoBu-
Ha C. C. 1 1p. DKOHOMMKA U OpraHu3aLysi Ipearpu-
HUMATEJIbCKOI IESITEIbHOCTH B chepe aBTOMOOMITb-
HBIX TIEpeBO30K: YueO. mocooue.— Boponexk: BIJITY,
2017.— 235 c.

Inanyn M. B., BonocHukona I. A. Dxonoruye-
CKHe MpoOIeMbl PEKOHCTPYKIIMM MOPCKUX TTOPTOB
poccuiickoro JlanpHero Boctoka.— XabapoBck:
Wszn-8o TOI'Y, 2017.— 147 c.

Honavunosa M. P. AHrnmiickuii 361K B cepe
YIIpaBJIeHUsT BOAHBIMU U MYJTETUMOIATEHBIMY TIepe-
BO3KaMu: Yue0. mocobue.— ActpaxaHb: M31-Bo
AITY, 2017.— 111 c.

Koznos /1. M., Komaposa B. A. I1poektupoBaHue
Y3JI0B aBUALIMOHHBIX KOHCTPYKIIWIA: Yueo. mocodue.—
Camapa: M3n-Bo Camapckoro yH-Ta, 2017.— 96 c.

KotkuH I1. H. TexHoreHHast 6€301acHOCTb Kak
00BEKT MPABOBOTO U KPUMUHAIMCTUYECKOTO UC-
cnenoBanus: MoHorpadus. Y. 1: Teopetuueckue
M TIPUKJIaIHBIE OCHOBBI ITPABOBOTO MCCIIETOBAHUS
TeXHOTeHHOI 6e3omacHocTu.— M.: [Ipocmekr,
2017.— 126 c.

Kynun A. T1. Yactuble npennpustus B Kutae:
TTOJINTUKA ¥ SKOHOMUKA: PETPOCTIEKTUBHBIN aHATU3
pazButusi B 1980—2010-e rogsl.— M.: Hamikos u K°,
2017.—493 c.

Kysnenosa H. I1., ®arxymumna JI. 3. MHcTpy-
MEHTapuii yrpaBJieH!s] MTHHOBALIMOHHOM aKTHBHO-
CTbIO COLIMAIbHO-3KOHOMUYECKOW CHCTEMbI Ha OC-
HOBE MCTOJIb30BaHMSI IOTMCTUYECKOTO MOTEeHIIMAIA:
Momnorpapus.— Yba: PUK YTATY, 2017.— 101 c.

Jlebenes JI. C. BHemHeaKoHOMUYECKAs €SI~
TEJBHOCTD TIPEANPUATAI B cXeMax M TaOJIMIIax:
VY4e6. mocobue.— M.: [MpocmekT, 2017.— 400 c.
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JIsBoBa H. A. T1poakTUBHBIN KPU3UC-MEHEIXK-
MEHT: TMarHOCTUKa U PeCTPYKTypu3zauus: Y4eo.
nocobue / [Tox pea. H. A. JIsBoBoii, H. B. ITok-
poBckoii.— M.: IIpocmekT, 2017.— 237 c.

Mawmuna E. A. YnpaBineHuecKuit aHaIu3 B OT-
pacisx: Yueb. mocobue.— 2-e u3naHue, cTepeo-
tunHoe.— M.: ®aunTa, 2017.— 159 c.

MexmyHapomHasi MHTETpalusl U WHTeTpalu-
OHHOE TIPaBo: YueOHUK / ron o6l pen. B. A. Illa-
maxoBa, B. Il. Kupunenko, C. 0. KamkuHa.
Cankr-Ilerepoypr: UITL C3UY — ¢dun. PAH-
Xul'C, 2017.— 880 c. ITnernén K. 1. OcHoBHBIE
KOMITOHEHTbl MHHOBAaTUKM KaK HayKW 00 MHHO-
Bauusx: Monorpadusi.— M.: I1pocnekr, 2017.—
157 c.

[MpuknagHbie HayYHbIE UCCIETOBAHUS: DKO-
HOMMKA U UHHOBAIIMOHHbIE TEXHOJIOTUY yIpPaB-
nenus. K. 2: MoHorpadusi/ KOJUI. aBTOPOB; MO/
o0w. pen. B. U. bepexHoro.— M.: Pycaiinc,
2017.— 222 c.

Peiinop Maiiki, Axmen Mymras. Kak gymator
BeJMKMEe KOMITaHWW: Tpu TipaBuia: [lep. ¢ aHTI.
A. CatynuHa.— M.: A36yka-bustec, 2017.— 350 c.

Poszenbepr M. H., LiBetkoB B. . Uudppa-
CTPYKTYpbl HH(OpMaLIMOHHOU cpepl: MoHorpa-
¢usi.— M.: Makc Ilpecc, 2017.— 74 c.

PrioHukoB P. A., PeioHukoB A. M. Mopckue
MOPTHI U MOPTOBBIE COOPYKeHUs: Yueb. moco-
o6ue.— HoBopoccuiick: 'MY um. agmupana
®. ®. Vmakosa, 2017.— 194 c.

Cawmyitnos B. M., Jlesuernko M. A. Jloructuka
cxnanupoBanus. — Exarepunoypr: YpI'VIIC,
2017.— 205 c.

Camyitnos B. M., Konikapos E. B., Komika-
poB B. E., JleBuenko M. A. Pa3Butue teopuu
U MPAKTUKW WHHOBALIMOHHON NESTEIbHOCTU Ha
TPaHCIIOPTE U B JOPOXKHOM X03s1iicTBe: MoHOTrpa-
¢ust.— Exarepunoypr: YpI'VIIC, 2017.— 205 c.

®darraxoBa A. ®. OpraHu3salus rpy30BbIX
mepeBo3oK: Yueb. nmocodue.— OpeHoypr: OpeH-
Oyprckuii roc. yH-T, 2017.— 100 c.

Xynskos lO. I., Hukomaiikua H. U., Arnpy-
coB B. B. YmpasieHue onacHOCTSIMA TTPOU3BOJI-
CTBEHHOI cpeapl: MoHorpadus.— M.: [1pocnekr,
2017.— 128 c.

IeBans B. B., OronbuoB U. U., Tep-
ckoB B. I JlunaMuka rnpocTpaHCTBEHHOI CUCTe-
MBI aBTOMAaTHUYECKOTO COMPOBOXIEHUS aBUALU-
OHHOro 0aszupoBaHusd: Yueb. mocodoue.— M.:
bubnuo-Inodyc, 2017.— 198 c.

ummapés B. 0. MeTtponorusi, craHaapTu-
3auus 1 cepTudukanms: Yaeonuk.— M.: KHoPyc,
2017.— 300 c.

Ioarorosuna H. OJIENHUK @
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Amin Ash, Thrift Nigel. Cities: Reimagining the
Urban (Translated from English. Russian title: Goroda:
pereosmyslyaya gorodskoe]. Nizhny Novgorod, Krasnaya
Lstochka publ., 2017, 218 p.

Arkhipov, A. P, Bazanov, A. N., Belozerov, S. A.
|et al]. Insurance and risk management. Problems and
perspectives | Strakhovanie i upravienie riskami. Problemy
i perspektivy]. Ed. by Belozerov, S. A., Kuznetsova,
N. P. Moscow, Prospekt publ., 2017, 527 p.

Berezhnoy, V. 1. [ef al]. Applied researches:
economics and innovative management techniques.
Vol. 2: Monograph | Prikladnye nauchnye issledovaniya:
ekonomika i innovatsionnye tekhnologii upravleniya). Ed.
by Berezhnoy, V. I. Moscow, Rusains publ., 2017, 222 p.

Broslavsky, L. I. Regulation and standardization of
product and environmental quality and safety: laws and
real situation in Russia, United States and European
Union [ Tekhnicheskoe regulirovanie i standartizatsiya
kachestva produktsii i bezopasnosti okruzhayuschey sredy:
zakony i realii Rossii, SSHA i Evrosoyuza]. Moscow,
Prospekt, 2017, 191 p.

Burkhanov, S. B., Valkov, V. E., Kucherenko, L. V.
Merchant fleet operations. Practical exercises. Part 1:
Tutorial [ Kommercheskaya rabota flota. Praktikum.
Chast 1: Uchebnoe posobie]. Vladivostok, Dalrybvtuz | Far
Eastern State Technical Fishery University] publ., 2017,
303 p.

Bychkov, V. P, Goncharov, V. N., Morkovina, S.S.
|et al]. Economics and business organization in the field
of road transportation: Tutorial [Ekonomika
i organizatsiya predprinimatel’skoj deyatel’nosti v sfere
avtomobil’nykh perevozok]. Voronezh, VGLTU [Voronezh
State University of Forestry and Technologies| publ.,
2017, 235 p.

Fattakhova, A. F. Organisation of freight
transportation: Tutorial [Organizatsiya gruzovyh
perevozok]. Orenburg, Orenburg State University, 2017,
100 p.

Gladun, 1. V., Volosnikova, G. A. Ecological
problems of reconstruction of sea ports of Russian Far
East [ Ekologicheskie problemy rekonstruktsii morskikh
portov rossijskogo Dal’nego Vostoka), Khabarovsk, TOGU
[Pacific National University] publ., 2017, 147 p.

Iblyaminova, M. R. English language in the field of
management of water and multimode transportation:
Tutorial [Anglijskiy yazyk v sfere upravleniya vodnymi
i mul’timodal’nymi perevozkami]. Astrakhan, AGTU
[Astrakhan State Technical University] publ., 2017,
111 p.

International integration and integration law:
Textbook | Mezhdunarodnaya integratsiya i integratsionnoe
pravo|. Ed. by Shamakhov, V. A., Kirilenko, V. P,
Kashkin, S. Yu. St. Petersburg, IPTS SZIU [North
Western Management Institute — a branch of Russian
Presidential Academy of National Economy and Public
Administration] publ., 2017, 880 p.

Khudyakov, Yu. G., Nikolaykin, N. I., Andrusov, V. E.
Management of dangers of industrial environment:
Monograph [ Upravlenie opasnostyami proizvodstvennoy
sredy]. Moscow, Porspekt publ., 2017, 128 p.

Kotkin, P. N. Anthropogenic safety as an object of
legal and criminalistics study: Monograph
| Tekhnogennaya bezopasnost’ kak ob’ekt pravovogo

i kriminalisticheskogo issledovaniya). Part 1: Theoretical
and applied fundamentals of legal study of anthropogenic
safety | 7eoreticheskie i prikladnye osnovy pravovogo
issledovaniya tekhnogennoj bezopasnosti]. Moscow,
Prospekt publ., 2017, 126 p.

Kozlov, D. M., Komarova, V. A. Designing of units
of aircrafts: Tutorial | Proektirovanie uzlov aviatsionnykh
konstruktsij|. Samara, Samara University publ., 2017,
96 p.

Kudin, A. P. Private enterprises in China: politics
and economics: retrospective analysis of development in
1980—2010s [Chastnye predpriyatiya v Kitae: politika
i ehkonomika: retrospektivnyj analiz razvitiya v 1980—
2010-e gody|. Moscow, Dashkov and Co., 2017, 493 p.

Kuznetsova, N. P., Fathullina, L. Z. Tools for
management of innovation activities of social and
economic system on the basis of logistics capacity:
Monograph |[/Instrumentarij upravleniya innovatsionnoj
aktivnost’yu sotsial’no-ehkonomicheskoy sistemy na osnove
ispol’zovaniya logisticheskogo potentsiala]. Ufa, RIK
UGATU |[Ufa State Aviation Technical University]
publ., 2017, 101 p.

Lebedeyv, D. S. Foreign trade activities of enterprises
in charts and tables: Tutorial | Vneshneehkonomicheskaya
deyatel’nost’ predpriyatiy v skhemakh i tablitsakh].
Moscow, Prospekt, 2017, 400 p.

Lvova, N. A. Proactive crisis management:
diagnostics and restructuring: Tutorial. | Proaktivnyj
krizis — menedzhment: diagnostika i restrukturizatsiya).
Ed. by Lvova, N. A., Pokrovskaya, N. V. Moscow,
Prospekt, 2017, 237 p.

Mamina, E. A. Management analysis for economic
sectors: Tutorial [ Upraviencheskij analiz v otraslyakh]. 2"
ed. Moscow, FLINTA publ., 2017, 159 p.
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