MHUHHUCTEPCTBO TPAHCIIOPTA POCCUICKOM ®EJEPALIIA

OEJEPAJTBHOE 'OCYJAPCTBEHHOE ABTOHOMHOE OBPA30OBATEJIBHOE
YYPEXXJIEHUE BBICIHIEI'O OBPA3OBAHMUSA

«POCCHUUCKHNHA YHUBEPCUTET TPAHCIIOPTA»
(PYT (MUUT)

Paboyast mporpamma JUCHUILIMHBI (MOJTYJIs), \
KaK KOMIIOHEHT 00pa30BaTeIbHON POTrpaMMbl
6a30BOro BbICIIEr0 00Pa30BaHMs
0 HaNPaBJICHHIO IOATOTOBKU
09.03.01 MupopmaTrKa 1 BHIYUCIUTEIbHAS TEXHUKA,
yTBepKJIeHHOU nepBbIM npopekropom GPI'AOY BO
PYT (MUUT) Tumonunsm B.C.

NG J

PABOYASI MPOI'PAMMA JUCHMITJIMHBI (MOJIYJIST)

Ipoasunyras ML-anaauTuka (onTUMU3aNMs U THOHUHT)

Hanpasnenne noaroToBku: 09.03.01 WHdopmMaTuka H BBIYUCIHUTEIbHAS
TEXHUKA

HampaBnennocts (mpoduib): | T-cepBUCH U TEXHOJIOTUU OOpabOTKH JaHHBIX
Ha TPAHCTIOPTE

®opma 00yUeHUsI: Ounas
Paboyas mporpamma AUCHUIIIMHBI (MOJIYJIs) B BUZIE
3JIEKTPOHHOTO JIOKYMEHTa BBITPYKEHa U3 eIMHON
KOPHOPATHBHOM HH(OPMAIMOHHOI CHCTEMBI YIIPABICHHS
YHUBEPCUTETOM U COOTBETCTBYET OpUTMHAITY

Ipocrast »aeKTpoHHAs MOAMHCH, BelganHas PIAOY BO PYT
(MHUT)
ID noamucu: 937226
IMopmucan: gupexrop nentpa [Iponesmd Onsra bopucosuna
Jlata: 10.09.2026




1. O6mue cBeaeHus O JUCHUIUIUHE (MOJTYJIE).

[enstMmu ocBOeHHs Y4eOHOW IUCHUIUIMHBI SBIAIOTCS (HOPMHUpPOBAHHE Y
oOy4Jaroumxcsi CUCTEMHBIX 3HAHUW W TMPAKTHUECKMX HABBIKOB B 00JacTH
OPOJBUHYTOM MAIIMHHO-00y4aeMOl aHaJUTUKU, ONTHUMH3AUUA W TOHKOU
HACTPOMKH MOJIEe MAaIIMHHOTO OOyYeHHMs ISl pelleHUs MPUKIAJAHBIX 3a7ad
TPAaHCIOPTHOM OTpaciu. B pamkax Kypca pacCMaTpuBarOTCS allrOPUTMBI O0yUEHUS
C yuHuTelIeM M 0e3 y4uuTens,, METOAbl ONTUMHU3AIMN TUIEpPHIapaMeTpOB MOJENEH,
MOJIXOJbl K HMHTEPHpPETAlUU PE3yJIbTaTOB pabOThl MOJENEH, a TakKe METOJIbI
aBTOMATUYECKOT0 MalIMHHOTO 00yueHust (AutoML) u ux aganrtamus k cneunduxe
TpaHCHOPTHBIX  3adady. Ocoboe BHUMaHWE  YACNSIETCS  IUIAHHUPOBAHMIO
HKCIIEPUMEHTOB, (POPMYIMPOBKE CTATUCTUYECKUX TUIIOTE3, BHIOOPY METPHUK IS
OLICHKH 3(dexTa BO3AEHCTBUS, pacueTy pa3Mepa BbIOOPKM M HHTEpHpETaLUH
pEe3yIbTAaTOB 3KCHEPUMEHTOB NPHUMEHHUTEIBHO K 3aJadyaM IPOTHO3WPOBAHUS,
KJIACTEPU3ALNN U OOHAPYKEHUSI aHOMAJIUK B TPAHCIIOPTHBIX JIAHHBIX.

3ajmavyaMy OCBOEHUS TUCLMILIUHBI SBISIOTCA:

dopMUpOBaHUE TEOPETHUECKUX 3HAHUKA 00 anropuTMax oOOy4YeHHS C
yuuTeneM MU 0e3 yuuTens, METOAax ONTHUMM3AlMM THUIepHapaMeTrpoB U
aBTOMATUYECKOT0 MAIIMHHOTO O0YYEHHUS.

OcBoeHue METONOB aHalIM3a M COJEP)KATEIBHONM  MHTEpIpETaluu
pe3yJIbTaTOB pabOThl MOJENIEH MAIIMHHOTO 00YYEHHUS.

Pa3BuTHe npakTHYECKUX HABBIKOB TOHKOW HACTPOWMKHU MOJIECNICH U aianTallii
AIrOPUTMOB K crielIu(UKe TPAHCIIOPTHBIX 3a]au.

dopMupoBaHUE KOMIETEHUMH 1O IJIAHUPOBAHUIO  HKCIIEPUMEHTOB,
(bOpMyIMPOBKE CTATUCTUYECKUX TUIIOTE3 U BRIOOPY METPHUK TSl OIIeHKU d(PdekTa
BO3JICUCTBUS.

OcBoeHHE METO/IOB pacueTa pa3Mepa BBIOOPKHU Ui TOCTHXKEHUS 3aJJaHHOU
MOILIHOCTH TECTA.

[IpnoOpeTeHne HaBBIKOB 0OOCHOBAHUS CIIOCOOOB M BapHUAHTOB PUMEHEHUS
IrOPUTMOB aBTOMATHYECKOTr0 MAaTMHHOTO OOY4YEeHHS B 33/1a4aX UCKYCCTBEHHOIO
MHTEJUIEKTA.

JucrunmHa  mpenHa3HadeHa g (OPMUPOBAHUS  KOMIICTCHITHH,
HEOOXOMUMBIX JUI1 A()PQPEKTUBHOIO NPUMEHCHHS W ONTHMH3AIMH MOJCICH
MAaITUHHOTO OOYYEHHsI B TPAHCIIOPTHBIX OPraHU3aINSX.

2. [Inanupyemsble pe3ysibTaTbl 00y4YeHHUs 10 AUCIUIUIMHE (MOAYJIIO).

[Tepeyerr GopMHUpyeMBIX pe3yibTaTOB OCBOCHHS  0Opa3oBaTEIHHOM
porpamMmbl (KOMITETEHIIUI) B PE3yIbTaTe 00yUeHHUs M0 AUCIHUILTAHE (MOIYIIO):



AJI-7 - CiocoOGeH npuMeHATh MOJIETTH KJIACCUYECKOT0 MAIlIMHHOTO O0OyYeHUs
Y SKOHOMETPHUKHU;

MO-1 - CniocoGeH mpoeKTUpoBaTh, pa3padaThIBAeT U YIy4IlIaTh aIrOPUTMBI
Y MOJIETU MAIlIMHHOTO O0y4EeHUS;

IIK-JAS - CrnocobeH NMpUMEHSATh METOIbl CTaTHUCTHUYECKOTO aHaIu3a U
TEOPUIO DKCIIEPUMEHTa Ui IUIAHUPOBAHMS, TMPOBEACHUS M HHTEPIpETALNU
pe3yJIbTaTOB KCIIEPUMEHTOB.

OO0y4eHue 1o JUCUUILIUHE (MOAYJII0) MPENOIaraeT, YTo Mo €ro pe3yJibTaTam
oOydaroruiicst Oyner:

3HaTh:

ANTOPUTMBI OOYYEHHUSI C YYHUTENEM I PErpeccud U KiaccuduKaIiuu
(JIuHEeMHbIE METOJbI, aHCAMOJIEBbIE METO/bI, METO/bl HA OMOPHBIX BEKTOpax) U
aNropuTMbI 00yUeHUs 03 yuuTens (MEeTO/Ibl KilacTepr3alii U MOUCKa aHOMaJIHil).

Metonpl ontumuzanuu runeprnapamerpoB mozeneit (Grid Search, Random
Search, Bayesian Optimization, Optuna) W NOAXOAbBl K HWHTEPHpPETAIUU
pe3yibratoB padoTel Moaenel (SHAP, LIME, BaxxHOCTh pU3HAKOB).

OCHOBHbBIC TPUHIUIBI TIJIAHUPOBAHUS DKCIIEPUMEHTOB: PaHIOMHU3AINA,
KOHTPOJIbHBIE TPYMIbI, MOIIHOCTh TECTA, a TAKKE METOJBl pacuera pa3Mepa
BBIOOPKHU TS IOCTHUKEHUS 3aJJAaHHON MOIITHOCTH.

[TpuHIIMTIBI ABTOMATUYECKOTO MAlMHHOTO 00yueHusi (AutoML), Bkirouas
ABTOMATUYECKUN BHIOOP MOJIEH U HACTPOUKY THIIEpPIIapaMeTPOB, U TTOAXOIbI K UX
aZlanTaluy s creuUuKyd TPaHCIIOPTHBIX 3a7ad.

Ymern:

AHanM3MpOBaTh U COJAEPKATEIBHO MHTEPHPETUPOBATH PE3YIbTAThl PAOOTHI
MOZeJIed MalIMHHOTO OOYy4Y€HHs, BKIIOYAsl OLEHKY Ba)XHOCTH IPU3HAKOB H
O0OBSICHEHHE OTAETbHBIX MpPEeACKa3aHuM.

OO0ocHOBBIBaTh  CIIOCOOBI M BapHaHThl NPUMEHEHHUS  aJrOPUTMOB
aBTOMATUYECKOT0 MAIIMHHOTO 00YUYEeHHs B 3aJ]a4ax UCKYCCTBEHHOI'O MHTEIUIEKTa,
BKJIIOYAs MX MTpeoOpa3oBaHue U afanTaluio K crielu(puKe TPaHCIIOPTHBIX 3a/1ay.

®opmynupoBath cratuctuueckue runore3sl (H?, H?), BeiOupaTh mMeTpuku
Uist olleHKU 3¢@dexTa BO3MEUCTBHUS W IUIAHUPOBATH 3KCHEPUMEHTHI C YUYETOM
OPUHIIMIIOB PaHIOMHU3alUHA U KOHTPOJIbHBIX TPYIIIL.

[IpumMeHsATh METOAbl ONTUMHU3ALMKA THUIIEPIIApaMETPOB i1  TOHKOM
HACTPOMKU Mojielel MalIMHHOTO OOyYeHHs C HCIOJIb30BAaHMEM COBPEMEHHBIX
dpeitmBopkoB (Optuna, Hyperopt).

Baanern:



HaBblkamMu onTuMH3anuu TUIIEPIAPAMETPOB MOJEIEH C HCIOJIb30BAHUEM
pasznnunbix MetonoB (Grid Search, Random Search, Bayesian Optimization) u
MHTEPHPETALNH PE3YIBTATOB MOJAEIUPOBAHHUS.

HaBpikamu npuMeHeHus MeTofoB uHTepnpetauu moaenein (SHAP, LIME)
U1 OOBSICHEHUSI IPEICKAa3aHUN U BBISIBICHUS KIHOUEBBIX (DAKTOPOB, BIUSAIOIIUX Ha
pe3ynbTar.

TexHuKaMy ITaHUPOBAaHUS U IPOBEICHUS SKCIIEPUMEHTOB, pacuera pasmepa
BbIOOPKHM, OIIEHKM MOIIHOCTH TeCTa U JOKYMEHTUPOBAaHUS PE3yJIbTAaTOB
AKCIIEPUMEHTAJIbHBIX UCCIIEA0BAHMM.

HaBbikamu pabotel ¢ uHCTpyMmMeHTamMu AutoML 1jis aBTOMaTHUeCKOro
BbIOOpa Mofeneil W HACTPOMKHM THUIEpIapaMeTpoOB MPUMEHUTEIBHO K
TPAHCIIOPTHBIM 33Ja4aM.

3. O6beM AUCIUTIIUHBI (MOTYJIs).
3.1. O6mas Tpy10eMKOCTh JUCITUTUTHHBI (MOTYIIS).

OO6mast TPyJIOEMKOCTh AUCIHUIUIMHBI (MOJyJis) coctaBisieT 4 3.e. (144
aKaJIeMHUYECKHUX yaca(oB).

3.2. OOvem mucuuIIMHBI (MOAynsi) B (OpME KOHTAKTHOM pabOTHI
oOyyarommxcsi C  MeJarorM4ecKuMM  paboTHUKaMU ©W  (WIM)  JIMIIAMH,
MPUBJIEKAEMBIMHU K peaau3alii 00pa3oBaTeIbHON MPOrpaMMbl Ha UHBIX YCIOBUSX,
IpU MIPOBEJICHUH YUEOHBIX 3aHATUH:

KommaecTBo yacos

Tun yueOHBIX 3aHATHI
Bcero | Cemectp Ne3

KonTtakTHas paboTa mpu npoBeieHNH yUeOHBIX 3aHATHH (BCET0): 64 64
B tom uucne:

3aHATHS JEKIIMOHHOTO THIIA 16 16
3aHATHSI CEMUHAPCKOTO THIIA 48 48

3.3. O6veM aucHUIIMHBI (MOAYJs) B (hOpMe CaMOCTOSITENHFHOW pPabOTHI
oOydJaroruxcsi, a Takke B (opmMe KOHTAKTHOW pabOThl OOyYarOmMXCS C
Mearorn4ecCKuMU pabOTHUKAMHU U (WJIH) JTUI[AMU, TIPUBJICKAEMBIMH K peaTu3aliu
oOpa3oBaTeNpbHOM MporpaMmMbl Ha HWHBIX YCIOBUSIX, TPU NPOBEIACHUU
MIPOMEXKYTOUHOM arTecTanuu coctapisieT 80 akageMuueckux vyaca (OB).

3.4. Ilpu 0oOy4eHnu 1Mo MHANBHUIYATEHOMY Y4eOHOMY IJIaHy, B TOM YHCIIE TTPH
YCKOPEHHOM 00Yy4Y€HUH, 00BEM AUCIUIUIMHBI (MOIYJISI) MOXKET ObITh peaii30BaH
MOJIHOCTBIO B (DOPME CaMOCTOSITENIbHOM paboThl 00yJaronmxcs, a Takxke B popme
KOHTaKTHOW pabOThl O0ydYarOMIMXCSA C MEJaroru4ecKuMu paboTHUKAMHU | (WJTHN)




JUuaMu, IPHUBJIICKACMbIMHU K pCain3alilin O6paSOBaTCHBHOI>'I IMporpaMmbl Ha UHBIX
YCJIOBUAX, IIPU ITPOBCACHUN HpOMeHCYTOqHOﬁ aTTeCcranuu.

4. ConepkaHue JUCHUTUIUHBI (MOIYJIA).

4.1. 3aHATHA TEKIIMOHHOTO THUIIA.

Temaruka JTEKIIMOHHBIX 3aHATHH / KpaTKOE COJEpIKaHUE

1 |Tewma 1. BBenenue B npoaBuHyTY0 ML-aHaIUTHKY.
PaccmarpuBaembie BOIIPOCHL:

- Ilonsatue npoasunyTo ML-aHanuTHKY.

- Posp OIITUMHU3AIMU U TIOHWHI'A B )KU3HCHHOM IIHMKIJIC Moﬂeﬂeﬁ.
- OCcOOEHHOCTH TPAHCIIOPTHBIX 3a/1a4 JJIs1 MAITHHHOTO O0yUYCHHS.
- OCHOBHBIC BBI3OBBI H TPESHIIBI.

- O030p UHCTPYMEHTOB JUTS IPOIBUHYTOM aHATUTHKH.

2 |Tema 2. AnropuTMbl OOyUYEHHS C YUUTEIEM U 0€3 yuuTens.
PaccMaTprBaeMble BOTIPOCHI:

- JIuHeiiHble METObI: IMHEWHAS U JIOTUCTUYECKasl perpeccusl.

- MeTtoapl Ha ONOPHBIX BekTOpax (SVM).

- AucamoeBbie MeTobl: Random Forest, Gradient Boosting.

- Metoan! kinactepuzanuu: K-means, DBSCAN, uepapxuueckas KiacTepu3aius.
- MeToap! novcka anomanuii: Isolation Forest, Local Outlier Factor.

- Beibop anropuT™a Juis TPAHCHIOPTHBIX 3a/1a4.

3 |Tema 3. MeTobI ONITUMU3AIMH THUIIEPIIAPAMETPOB.
PaccMarpuBaeMble BOIIPOCHL:

- [lonsATHE rUNEpIapaMeTpoB U HX BIHSHHAC Ha MOJEIIb.

- Grid Search u Random Search.

- Bayesian Optimization.

- Optuna u 1pyrue coBpeMeHHble GpperiMBOPKH.

- BLI60p METOAa ONITUMHU3AIUUN U TPAHCIIOPTHBIX 3a71a4.

4 |Tema 4. nTeprnperanys pe3yibTaToB padOThl MOAEIEH.
PaccmaTpuBaemble BOIIPOCHI:

- BaxxHoCTh ITpH3HAKOB.

- SHAP u LIME nns unTepnperanuu npeackazaHui.

- AHaiM3 OMMOOK MOJIENH.

- Busyanuzamus pe3ynbTaTos.

- ®opMHUpOBaHNE BBIBOJOB U PEKOMEH AN,

5 |Tema 5. ABToMaTndeckoe MamuHHOE o0yueHue (AutoML).
PaccmarpuBaembie BOIPOCHL:

- IlonsTue u 3agaun AutoML.

- O630p uHCTpYMEeHTOB AutoML.

- ABTOMaTHYECKHUH BEIOODP MOJIEITH.

- ABTOMaTH4eCcKas HaCTpOIiKa ruIeprnapamMeTpos.

- Apanrrarst AutoML k ciennuke TpaHCIIOPTHBIX 3a7ad.

6 |Tema 6. [InannpoBaHue 3KCIIEPUMEHTOB B MAIlIMHHOM O0YYEHHUHU.
PaccmarpuBaembie BOIPOCHL:

- OCHOBHBIE IPHHIHIIGI ITIAHUPOBAHHS SKCIIEPUMEHTOB.

- Pargomusanus 1 KOHTPOJIBHBIE TPYIIIIHL.

- ®opmynupoBka cratuctrdeckux runores (H?, H?).




TemaTyka JTEKIMOHHBIX 3aHATUHN / KPAaTKOE COJIEpKAHNE

/1
- Br16op meTpuk mms orieHKH 3 QeKxTa BO3ACHCTBHU.
- Metonpl pacyera pasmepa BHIOOPKH.
7 Tema 7. OHGHKa MOIMHOCTH TE€CTA U UHTCPpIPCTALUA SKCIICPUMEHTOB.

PaccmarpuBaembie BOIIPOCHL:

- [TonsiTHE MOIHOCTH TECTA.

- ®aKTOpHI, BAMUSAIOMINE HA MOITHOCTb.

- MeTonp! pacdera pa3mepa BEIOOPKH AJIS 3aJaHHON MOIIHOCTH.
- MHTepnpeTanus pe3ynbTaToB SKCIIEPUMEHTOB.

- JloKkyMeHTHpPOBaHHE 3KCIICPUMEHTAIBHBIX NCCIIEIOBAaHHH.

Tema 8. CtaTucTUUyeCKUE TUIIOTE3BI U METPUKHU B ML-3kcniepumeHTax.
PaccmarpuBaembie BOIIPOCHL:

- Tumsl cTaTUCTHYECKHX THIIOTE3 U UX IMpUMeHeHue B ML.

- BeiGop MeTpuk a1 oneHKH ¢ peKTa BO3AeHCTBUS.

- CBsI3b METPUK C OU3HEC-TIOKA3ATEIIMH.

- OmmubKH IIEpBOro U BTOPOTO POJa.

- [IpakTryecKye acreKThl IPOBEPKU THIIOTE3 B TPAHCIIOPTHBIX 331a49ax.

4.2. 3aHATHS CEMUHAPCKOTO THUIIA.

HpaKTI/ILIGCKI/IC 3aHATHUA

n/o

Temarnka MpakTHUECKUX 3aHITHI/KPATKOE COJIEpPIKaHUE

Tema 1. BBenenue B Python s npoaBunyToit ML-ananutuky.
PaccmaTtpuBaeMble BOIIPOCHI:

- O630p OubmHOTEK A1t ML.

- Hactpoiika cpeapl pa3paboTKH.

- 3arpy3ka 1 IOATOTOBKA TPAHCIOPTHBIX TaHHBIX.

- bazoBble onepanuu ¢ JaHHbIMU.

- [lepBuyHbBIl aHAJIN3 TAHHBIX.

Tewma 2. Peanuzanus TMHEHHBIX MOCIIEH SISl TPAHCTIOPTHBIX 3a]1a4.
PaccmarprBaeMble BOIIPOCHI:

- JInneitHast perpeccusi 1Jisi IPOrHO3UPOBAHUSL.

- Jloructuueckas perpeccust s KiacCuQuKaIum.

- OneHka kauecTBa MoJIeNe.

- NHaTepnperanus ko3pPpUInUeHTOB.

- IIpuMeHeHue K TpaHCIIOPTHBIM JaHHBIM.

Tewma 3. Peanuzarust MeTo10B Ha OMOPHBIX BeKTOpax (SVM).
PaccmaTprBaemble BOIIPOCHL:

- JIuneiinstit SVM n SVM ¢ a1poBbIMH QYHKIHSMH.

- Bei6op mapamerpos SVM.

- [Ipumenenue K 3aa4aM Kiaccu(UKaMU Ha TPAHCIIOPTE.

- O1eHKa KayecTna.

Tema 4. Peanmauml aHcaMOIEBBIX MCTOIOB.
PaccmarpuBaembie BOIPOCHL:

- Random Forest s perpeccuu u kiaccuprKaImm.

- Gradient Boosting (XGBoost, LightGBM).

- Hacrpoiixa 6a30BbIX mapamMeTpos.

- CpaBHeHHE aHCaMOJIEBBIX METO/IOB.

- IIpuMeHeHNe K TPaHCIIOPTHBIM 337adaM.




/o

TemaTuka MpakTHYECKUX 3aHATUI/KpPAaTKOE COEepKaHHE

Tema 5. Meroas! KilacTepu3ali TPAHCIIOPTHBIX JAHHBIX.
PaccmarpuBaembie BOIIPOCHL:

- K-means xnactepusanus.

- DBSCAN g1 maHHBIX €O CIOXHOM CTpyKTypa. Mepapxuueckas KiacTepu3anus.
- O1eHKa KayecTBa KIaCTEpU3aluy.

- MHTepnpeTanus KIacTepos.

Tema 6. OOHapy)eHHE aHOMAJIUI B TPAHCIIOPTHBIX JAHHBIX.
PaccmarpuBaembie BOIPOCHL:

- Isolation Forest.

- Local Outlier Factor.

- [Ipumenenue x nanasiM GPS/TJIOHACC.

- OGHapyKeHHE BBIOPOCOB B IOTUCTUYECKUX TAHHBIX.

- Busyanusauus aHomanui.

Tema 7. Grid Search nns onTuMu3anuy runepnapaMeTpoB.
PaCCManI/IBaeMBIe BOIPOCHI:

- Onpenenenue NpoCTPAHCTBA TUIIEPIIAPAMETPOB.

- Hactpoiixa Grid Search.

- Kpoce-Bammmanms B Grid Search.

- OneHka pe3ynbTaToB.

- IIpuMeHeHue K TpaHCIIOPTHBIM MOJEIISIM.

Tema 8. Random Search ans ontumuzanuu runeprnapamMeTposB.
PaccmaTtpuBaeMble BOIIPOCHI:

- Hactpoiika Random Search.

- CpaBuenne Grid Search 1 Random Search.

- BriGop onTuManbHBIX TapaMeTpoB.

- [IpuMeHeHne K TPAHCTIOPTHBIM 3aJa4aM.

- AHanu3 pe3yJbTaToB.

4.3. CamocrosiTenpHas paboTa 00y4JaroImuXCs.

/o

Bun camocrosTensHo# paboTh

N3ydenue muTepaTypsl U JOKYMEHTAITUH 110 AJITOPUTMAM MAITUHHOTO O0YYICHHUS
(IMHElMHBIE METO/IBI, aHCaMOJIeBbIe MeTOIbI, SVM).

I/I3yquI/Ie MCTOHOB OIITUMHU3ALUHN TUIICPIIAPAMETPOB U (prfIMBOpKOB.

CamocTosaTenpHOe u3y4eHne MeTo10B uHTepnperanuu moaeneii (SHAP, LIME).

[ToaroroBka k mIpOMEKYTOYHOM aTTECTALIMH.

IToaroToBKa K MPOMEXKYTOYHOM aTTECTALIMH.

o O | W DN

IIoarororka k TCKYILIEMY KOHTPOJIIO.

5. Ilepeyenr wu3gaHUM, KOTOpPbIE PEKOMEHIYETCS HCIOJIb30BATh

OCBOCHMH JTUCUUILTUHBI (MOAYJIs).

pu

Ne
n/

bubnuorpaduueckoe onucanue Mecro nocryna




1 [MTumaxuna, E. B. CoBpeMeHHbIE TOIXOIbI K https://e.lanbook.com/book/523988
W3YYCHHIO CETICHCA B MPAKTHKE aHECTE3HOJIO0Ta-
peanmmarosiora : yueoHoe nocooue / E. B.
ITumaxuna. — Pasans : Pa3I' MY, 2026. — 87 ¢. —
ISBN 978-5-8423-0308-3.

2 | Methods in medical genetics: tutorial : yue6HOe https://e.lanbook.com/book/521965
nocobue / R. N. Mustafin, G. F. Gimalova, I. R.
Gilyazova [u ap.]. — Yda : BIMY, 2025. — 102 c.

6. IlepeueHb COBpPEeMEHHBIX MNPOQPECCHOHANBHBIX 0a3 JaHHBIX U
WH(POPMAITMOHHBIX CIIPABOYHBIX CHCTEM, KOTOPHIE MOTYT HCIIOJIB30BAThCS IPH
OCBOCHUU JUCHUIUIUHBI (MOIYJIA).

https://habr.com/ru - 6a3a 3nanwmii B BUje cTateii, 0030poB

http://library.miit.ru/ - 27eKTpOHHO-OMOMMOTEYHAS CHUCTEMa Hay4YHO-
TexHuuyeckout oudmuoreku MUNT

https://superset.apache.org/user-docs/intro/#documentation — nokymeHTarus
Apache Superset

https://www.postgresgl.org/ - opunmansuas crpanuna PostgreSQL

https://yandex.cloud/ru/docs/datalens/ - odwunmanbHas JTOKyMEHTAIHSI
Yandex Datalens

https://docs.docker.com/ - obunmansuas qokymentaius Docker

https://www.metabase.com/docs/latest/ - odunmaneHas JTOKyMEHTAIHSI

Metabase

https://tableau.pro/ - odunmaneusii caiit Tableau ¢ Jy4muMu nMpaKTHKAMU
MPOEKTUPOBAHMS 1alIOOPAOB

https://revealthedata.com/blog/ - bror o Busyanuzanmu naHHeix U BI-
cUCTeMax

7. IlepeuyeHb  JUIEH3UOHHOTO W  CBOOOAHO  PaCIPOCTPAHSIEMOTO
MpOrpaMMHOT0 OO€CTeUYeHUs, B TOM YHCJIE OTEUECTBEHHOI'O MPOU3BOJICTRA,
HEO0OXOIMMOTO JIJIs1 OCBOCHUS AUCITUTIIIUHBI (MOIYJIs).

MS Office (Excel, Word, PowerPoint)
Apache Superset

Yandex Datalens

Metabase

PostgreSQL

Docker

Apache Airflow

Bbpay3zep Chrome / SIunexc Opaysep



Draw.io

8. Ommcanme MaTepUATBHO-TEXHUYECKOW 0a3bl, HEOOXOTUMON IS
OCYILIECTBJICHUSI 00pa30BaTEIbHOIO Mpoliecca Mo JUCIUILUIMHE (MOIYJIIO).

KommneroTep npenogasarens ¢ 10CTynoM K cety MaTepHer

KoMmbroTepsl CTyA€HTOB ¢ YCTaHOBICHHBIM Python-okpyxenumem wu
Ta0JIMYHBIM IPOLIECCOPOM

Joctynm k y4eOHOH 0a3e COOBITHMHBIX MTaHHBIX WU HKCICPUMEHTATHHBIM
BBIOOpPKaM

Hoctyn k PostgreSQL u BI-cucteme a5 BU3yanu3anuu pe3yibTaToOB

Joctyn k obmayHOM BUPTyainbHON MammHe uiau Docker-koHtelinepam s
BOCIPOU3BOIMMOI0 aHAIU3a

[IpoekTop 1 KpaH 1 TPOEKTOpa

Mapkepnas nocka

9. ®opma MPOMEKYTOUHOM ATTECTALINU:

3ayer B 3 cemecTpe.

10. OueHouHbIE MAaTEPHUAIIBI.

OrneHOYHBIE MaTepUaNIbl, IPUMEHSIEMbIE TIPU MPOBEACHUH TPOMEKYTOUHOM
aTTeCTallui, pa3padaThIBAIOTCA B COOTBETCTBUHU C JIOKAJIbHBIM HOPMATHBHBIM
aktom PYT (MUUT).



ABTOpBI:

PYKOBOAMTENH 00pa30BaTENbHOM
IPOrpaMMBl

CoracoBaHo:

Hupexrop
Hupekrop LIC IT - nporpamm BUII

[Ipencenarens yueOHO-METOUUECKOM
KOMHCCHU

O.b. IIponeBuu

J.B. [TapunoB
O.b. IIponeBuu

J1.B. ITapunos



