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1. O6mue cBeaeHus O JUCHUIUIUHE (MOJTYJIE).

[lenbto ocBoeHWs yueOHOM mucHUIUIMHBL (Moxayisa) «KoMmbroTepHoe
MOJIETTMPOBAHME MPOIIECCOB 3arpsi3HeHUs aTMOochepbl» sBIsieTcss GOPMUPOBAHUE Y
CTYyJIeHTa KOMIETEHII B 00JacTu pa3pabOTKU U MPUMEHEHHS] KOMITbIOTEP-HBIX
MojieNiell BO3JEHUCTBUS OMACHBIX M BPEIHBIX MPOU3BOACTBEHHBIX (PAaKTOPOB Ha
OCHOBHBIE KOMITOHEHTBI OMOC(EPBI U OKPYKAIOIIYIO CPEAY B IIETIOM.

3agadyeil KOMIIBIOTEPHOTO MOJECIUPOBAHUSL SIBJISIETCS TMOJYYEHHE HOBBIX
3HaHWHN 00 00BEKTE WITH JJIs1 TPUOJIMIKEHHOM OTICHKU MTOBEICHUS CUCTEM, CITHIIIKOM
CJIOKHBIX JJIsI aHATUTHYECKOTO MCCIIeI0BaHUSI.

2. [Inanupyembie pe3ynbTaTbl 00yYEHHS MO JUCHUILIMHE (MOIYJIIO).

[lepeuenb GopmMupyemMbiX pe3yJbTaTOB OCBOCHUS 00pa3oBaTEIbHOU
porpamMmsbl (KOMIIETEHLIUI) B pe3ybTaTe 00yUeHuUs 10 AUCHMILTUHE (MOYIIO):

OIIK-4 - CpnocobeH TOHMMAaTh MPUHIMIBI PabOThl COBPEMEHHBIX
MHPOPMAIIMOHHBIX TEXHOJOTMH W HCIOJIb30BaTh MX JUISI PpELICHUs 3ajad
po¢heCCUOHATIBHON JIEATEIbHOCTH;

IIK-4 - Pa3paGoTka u BHeApEHHWE MEPONPHUATHI, HANpPaBICHHBIX Ha
BBIIIOJIHEHHE TpeOOBaHUM B 00JacTH  OXpaHbl OKpYXKAIOIIEH  Cpenpl,
OpeayNpexXIeHNE BO3HUKHOBEHMS YpE3BBIYAMHBIX CHUTyallud MPUPOAHOIO U
TEXHOTE€HHOTO XapaKTepa.

OO0yueHnue 1Mo JUCIUIUTHHE (MOTYJII0 ) IPEIIoIaraeT, 4YTo 1Mo ero pe3yIbTataM
oOyyaroruiicst 0yier:

3Harth:

- OCHOBHBIC TIPUHIHUIIBI TTOCTPOCHUSI MAaTEMaTUYECKUX MOJIEIEH IBOJIOLUN
npumMecH B atMmocdepe;

- HauOoyiee pacnpoCcTpaHEHHbIE Ha JaHHBIK MOMEHT  CHCTEMBbI
MOJICJIMPOBAHUS 3arps3HEHUs aTMoc(epbl W BeAyLIME HCCIEeI0BATENbCKHUE
LIEHTPBI, OTBEYAIOIIKE 32 UX Pa3paboTKy;

- OCHOBHBbIE€ HMCTOYHUKHM JAHHBIX HaONOIEHUI (aHaNM3a) W peaHanu3a
COCTOSIHUSI aTMOC(EpHI.

Baangern:

- OCHOBHBIMH TIOHSITUSIMU B MIPEMETHON 00J1aCTH;

- HaBBIKaMH Pa3pabOTKH U IPUMEHECHHS KOMITBIOTEPHBIX MOJICIICH SBOJIIOIIUN
nmpuMecHu B aTMocdepe sl OTIICHKU 3arpsi3HeHHS aTMOC(EpHOTO BO3IyXa.

YMmeTh:



-ONpeAeNATh TMPUMEHUMOCTh KOHKPETHBIX MOJEIeH [ pelieHus
onpenenEHHbIX 3a7ad 1O OIICHKE 3arpsi3HeHHS aTMOC(ephr;

- TI0JIb30BAaThCS OCHOBHBIMU UCTOUHHKAMHU JJAHHBIX HAOMI0ICHUH (aHaIn3a) U
peaHann3a COCTOSHUS aTMOCc(hepHI;

- paboTaTh C OCHOBHBIMH (hOpMaTaMU JJAHHBIX, UCTIOJIb3YEMBbIX ISl XPAHECHHUS
KaK JTaHHBIX HAOJIOJIEHUN COCTOSIHUS aTMOC(HEPHI, TaK U PE3YJIbTATOB YUCICHHOTO
MOJICTTUPOBAHUS;

- OCYILIECTBIIATh BHIYMCIUTENbHBIN SKCIEPUMEHT IO OLICHKE KOHIEHTPAIIHMA
npUMecH B aTMocepe C IMOMOIIBI0 YUCIEHHON MOIEIH;

- AHAJIM3UPOBATh U BU3YAJIM3UPOBAThH PE3YIHTATHI MOICIIUPOBAHMS.

3. O6beM AUCIUTLIUHBI (MOTYJIs).
3.1. O0mas Tpy10€MKOCTb JUCHUILUIUHBI (MOTYJISI).

OO6mast TPyJIOEMKOCTh AUCHUILIMHBI (Moayisi) coctaBisier 4 3.e. (144
aKaJIeMHUYECKHUX yaca(oB).

3.2. O6bem pguctuIuiMHbBl (MOAyJsl) B (opMe KOHTAaKTHOW paboThl
oOyyarommxcsi C  MeJarorM4ecKuMu  paboTHUKaMU ©  (WIM)  JIMIAMH,
MIPUBJICKAEMBIMHU K peanu3alii 00pa30BaTeIIbHON MMPOTpaMMbl Ha HHBIX YCIIOBHUSX,
P TIPOBEJICHUHN YUCOHBIX 3aHITHI:

KomnuectBo yacos

Tur yqeOHBIX 3aHIATHI
Bcero | Cemectp Ne7

KonrtaktHas paboTa mpu npoBeIeHIH YUeOHBIX 3aHATHH (BCETO): 64 64
B ToMm uncne:

3aHATHS JEKIIHOHHOTO THIIA 32 32
3aHATHS CEMUHAPCKOTO TUMA 32 32

3.3. O6veM mgucHUIIMHBI (MOAYJs) B (hOpMe CaMOCTOSITENHFHOW pPabOTHI
oOyyarommxcsi, a Takke B (opMe KOHTAKTHOH pabOThl OOydYarOMIUXCS C
MeJaroru4eckuMu paboOTHUKAMU U (M) JTULAMU, IPUBJIEKAEMBIMU K pean3aliu
oOpa3oBaTeNbHOM MporpaMmbl Ha HWHBIX YCIOBUSIX, TIPU NPOBEIACHUU
MIPOMEXKYTOUHOM arTecTauu coctapisieT 80 akageMuueckux vyaca (OB).

3.4. IIpu 0Oy4eHuu o MHAMBUAYAIbHOMY Y4eOHOMY ILIaHY, B TOM YHCIIE IPU
YCKOPEHHOM 00Yy4Y€HUH, 00BEM AUCIUIUIMHBI (MOIYJISI) MOXKET ObITh peaii30BaH
MOJIHOCTBIO B (hOpME CaMOCTOSITENIbHOM paboThl 00yYaronuxcs, a Takxke B popme
KOHTaKTHOM pabOThl 00YyYalolMXCsl ¢ MEAArorHuecCKUMu pabOTHUKaMHU U (MIIH)
JUIAMH, MIPUBIIEKAEMBIMH K peaiM3aliy 00pa30oBaTEIbHOM MPOrpaMMbl Ha UHBIX
YCJOBHSIX, TPU NPOBEAECHUN IPOMEKYTOUYHON aTTECTALMH.




4. ConepxaHue JUCHUTUIAHBI (MOIYJIA).

4.1. 3aHsaTus JIEKIIMOHHOTO THUIIA.

/o

Temaruka NTEKIIMOHHBIX 3aHATHH / KpaTKOE COJEpIKaHUE

['moGanpHOE MOJEIMPOBAHKE 3arPSA3HEHUST aTMOC(EPHI

PaccmaTpuBaemble BOTIPOCHI:

- TUCKpETH3anus ypaBHEHUH aTMOC(EpHBIX IPOLECCOB NPH INI00ATFHOM MOJIECIHPOBAHNHY;
- 0COOEHHOCTH IN100ATBHOTO MOAEIUPOBAHUS aTMOC(EPHBIX IPOLIECCOB

PernonanpHOE MOJEMPOBAHUE 3arps3HEHUS aTMOCHEPHI

PaccmaTtpuBaeMble BOIIPOCHI:

- TUCKpETHU3anus ypaBHEHHH aTMOC(EPHBIX IPOLECCOB IPH PETHOHATEHOM MOJCIUPOBAHNH;

- 0COOEHHOCTH PErHMOHANBHOTO (Me30MacTabHOTr0) MOAEINPOBAHHUS aTMOC(EPHBIX MPOLIECCOB

[TpumeHenne MHPOPMATMOHHBIX TEXHOJIOTUN B MOACTMPOBAHNY TPOLIECCOB 3arPs3HEHUS

aTMocQepsl

PaccmaTtpuBaeMble BOIIPOCHI:

- UICTOPUA Pa3BUTUA METOJ0B aTMOC(i)epHOFO MOJCIUPOBAHUA U UX IPUMEHCHUA IJIA OLICHKU 3arpsA3HCHUA
aTMoc(epsr;

- COBPEMEHHOE COCTOSIHHUE TPOOIIEMBI;

- pa3BUTHE KOMIIBIOTEPHBIX MoJelel aTMOC(hepbL.

MaremaTnueckoe MOJEIUPOBAHUE B 00JACTH aTMOC(EPHBIX MTPOLIECCOB
PaCCManI/IBaeMBIe BOIPOCHI:

- MHOFOO6paSI/Ie HCCJIICAOBATCIIbCKUX U IIPUKJIAAHBIX 3a/J1a4, Tpe6y101_unx MIPUMCHCHUA KOMIIBIOTEPHOT' O
MOJACIUPOBAHUA NPOLCCCOB 3arpsA3HCHUA aTMOC(I)epLI;

- OCHOBHBI€ d3Tallbl MATEMATUYCCKOI'O MOJICIUPOBAHNS B obnactu aTMOC(bepHI)IX MpO1ECCOB.

O6mue cBenenust 06 aTMmocdepe Kak pealbHON crucTeMe AJIsi MOIeTUPOBAHUS
O61mue ceegenus 00 atMocepe Kak peasbHOM CUCTEME ISl MOICTUPOBAHHS
PaccmarpuBaembie BOIPOCHL:

- CTpoeHHEe aTMOC(EpHI, PH3NIECKUEC U XUMUIECKUE CBOMCTBAa aTMOC(EPHL;

- METEOPOJIOTHIECCKHE JICMEHTHI;

- TPaJIIEHT METCOPIIOTUICCKUX PIIEMEHTOB;

- MHAWBHIYaJbHAs, JIOKaJIbHASI U TIPOCTPAHCTBCHHAS TIPOU3BOIHEIC.

FI/I,I[pOMeTeOpOJ'IOF HUeCKUe OaHKH JaHHBIX

I'mapomereoposorudeckne 6aHKH JAHHBIX

- opMaThI THAPOMETEOPOTIOTMICCKHUX TAHHBIX;

- ucrionip3oBanue nakera GRADS st 00paboTky U aHanM3a THAPOMETEOPOSIOrHIeCKol HH(DOPMALIH;
- THApOMeETeoposIornueckre HHHOpMaIOHHbIE pecypchl B Poccun u 3a pybexom;

- peaHanu3

- CUCTEMbI MOHUTOPHHIa a3P0O30JILHOTO U ra30BOT0 COCTaBa aTMOChephl

MeTob! pacueToB pacceMBaHUS BEIOPOCOB 3arps3HSIONINX BEIIECTB B aTMOC(epe B

IMPAKTHUKE MHKCHEPA-3KOJIora

MeTomp! pacueToB pacceMBaHUS BRIOPOCOB 3aTrPs3HSIOMINX BEIIECTB B aTMoc(epe B MpaKTHKE HHXKEHepa-
9KOJIOTa

- METOJIBl PACUETOB PaCCEHBAHUS BHIOPOCOB BPEIHBIX (3arps3HSIONINX ) BEMIECTB B ATMOC(HEPHOM BO3IyXe
(ITpukaz Munnpupost Poccun ot 06 utonst 2017 Ne 273) — MPP-2017;

- IpOrpaMMHBbIe TTakeThl, peanusytomme MPP-2017.




/o

TemaTyka JTEKIMOHHBIX 3aHATUHN / KPAaTKOE COJIEpKAHNE

[lepcriekTHBHBIE MOAETH JUTSI OLICHKH 3arps3HEeHus] aTMochepsl
[lepcniekTMBHBIE MOAENH JUIS OLIEHKH 3arpsI3HEHHsI aTMOC(hepEhI

- cuctema armocdepHoro moaenupoBanus WRF, xumuko-tparncnoptasiii 610k WRF-chem;
- moaeas CHIMERE.

4.2. 3aHATHS CEMUHAPCKOTO TUNA.

JlaGopatopHbie pabOThI

/o

HaumenoBanue nabopaTopHbIX padoT / KpaTKoe cofepxaHue

BU3YAJIM3ALUA PE3VIIBTATOB MOJEJIMPOBAHU A 3AT'PA3HEHMA
ATMOC®EPHI

B pesynbraTe BBIOTHEHHS Ta00PATOPHOH pabOTHI CTYJEHTHI 3HAKOMATCS € TPpahMueCKUM IIPOTPaMMHBIM
nakeToM SURFER u nprnoOpeTaroT HaBBIKH IpadUuecKoro MpeCcTaBICHUS Pe3yIbTaTOB MOICITHPOBAHUS
3arpsi3HeHUs aTMocdepsl

OLIEHKA 3ATPA3HEHUSA ATMOC®EPBI HA OCHOBE HA OCHOBE MPP-2017
B pesynbraTe BHINONHEHHMS J1AOOPATOPHOIT pabOTHI CTYAEHTHI 3HAKOMSITCS C IPOrpaMMOii pacueTa
paccerBaHus BHIOPOCOB 3arps3HAIOIINX BELIECTB B aTMocdepe, panu3ytoleir MeToabl pacyeToB
paccenBaHHs BHIOPOCOB BPEAHBIX (3arpsA3HSIONINX) BEIIECTB B aTMOC(EPHOM BO3JIyXE, YTBEPKACHHbIE
IIpukazom Munnpupozast Poccuu ot 06 uronst 2017 Ne 273.

PABOTA C ITPOI'PAMMHBIM ITAKETOM GrADS

B pesynbTate BeINOTHEHHS 1a00paTOPHON pabOTHI CTYJEHTHI Y3HAIOT, Kak 00pabaThIBaTh, aHATM3UPOBATh
Y BU3yaJIM3UPOBATh THAPOMETEOPOJIOIHYECKY IO HH(OpMALUIO.

PABOTA C APXMBOM I1OI'O1bI

B pe3synbrarte BRIIOIHEHUS T1a60paTOPHOIT pabOThI CTYICHTHI Y3HAIOT, KaK OCYIECTBIIATE:

- IIOWCK U ONpeJIeieHHe METEOPOJIOTMYECKUX TapaMeTpOB ISl MOAEINPOBAHUS 3arpsi3HEHUs aTMochepbl;
- IIOJIyYHHE CTATHCTHYECKHX JAHHBIX O IMapameTpax aTMochepsl.

O6mue ceeaeHust 00 atMmocepe Kak peaqTbHON CUCTEME I MOJETHUPOBAHUS
B pe3ynbrarte BRIOTHEHUS Ta00paTOPHOI pabOTHI CTYICHTHI Y3HAIOT, KAK OCYIIECTBIISATh:

- CTpoeHHEe aTMOC(EepHI, PH3NIECKUEC U XUMUIECKHE CBOMCTBAa aTMOC(EPHL;

- METCOPOJIOTUICCKHUE DJIEMECHThI;

- TpaAUCHT METCOPJIOTHUUCCKUX DJICMCHTOB,

- MHAUBHUAYaJlbHasdA, JIOKaJbHasd U MPOCTPAHCTBEHHAA IPOU3BOJHEBIC.

FI/I,I[pOMeTeOpOJ'IOFI/ILICCKI/Ie OaHKH JaHHBIX

B pesynbrate BINOTHEHNS 1a00paTOPHON pabOTHI CTYIEHTHI Y3HAIOT, KaK OCYIECTBIIATh:

- (hopmaTeI THAPOMETEOPOIIOTHIECKNX JaHHBIX;

- ncrionb3oBanue nakera GRADS mist 00paboTky 1 aHaNM3a THAPOMETEOPOJIOTHIECKOH HH(OPMALINH;
- THPOMETEopoJIoTnIecKre HH(OPMaIMOHHbIE pecypchl B Poccun 1 3a pyOesxoM;

- peaHanus

- CHCTEMbI MOHUTOPHHIA a3P030JIbHOTO U Fa30BOr0 COCTaBa aTMOC(hepsl

MCTOI[BI pacycToOB paCCCUBAHUA BBI6pOCOB 3arpA3HAOIINX BCIICCTB B aTMOC(I)GpC B
IMMPAKTHUKEC UHKCHCPA-OKOJIOTra

B pesynbrare BeIMOTHEHHS Ta00PaTOPHOH pabOThI CTYACHTHI Y3HAIOT, KaK OCYIIECTBIIATD

- METO/Ibl PACUETOB pacCerBaHMs BHIOPOCOB BPEAHBIX (3arps3HSIONINX) BEIIECTB B aTMOC(EPHOM BO3IyXe
(ITpukaz Munnpuponast Poccun ot 06 uronst 2017 Ne 273) — MPP-2017;

- IporpaMMHBIE TTakeThl, peanu3ytomume MPP-2017.

[lepcrieKTUBHBIE MOJIENH JUIsI OUEHKHU 3arpsi3HEHUS] aTMOC(EpPbI
B pesynbrare BRIIOIHEHHUS T1a00paTOPHOI pabOThI CTYICHTHI Y3HAIOT, KaK OCYIIECTBIIATE:




Ne
/ HaumeHnoBanue 1abopaTopHbIX paboT / KpaTKOE CoJepKaHne
n/n
- cuctema armocdeproro Moaenuposanus WRF, xumuko-tparcroptasiii 6ok WRF-chem;
- moaeas CHIMERE.
4.3. CamocrosiTenbHas paboTa 00y4Yaromuxcs.
No .
/ Bun camocrosiTensHOM paboThI
n/n

1 |W3yuenue nurepaTypsl

HOI[]"OTOBK& K HpOMC)I(YTO‘IHOﬁ arrecraguu.

[TonroroBka K TeKyIiemMy KOHTPOJIIO.

5. Ilepeuenr wu3maHWi, KOTOpPHIE PEKOMEHIYETCS WCIOJIb30BaTh IPHU
OCBOCHMH JTUCUHUILTUHBI (MOIYJIs).

Ne

i bubnuorpaduueckoe onucanue Mecro nmocrymna

1 [TaBnoBa, E. . O0mas sxoyorust : y4eOHUK U https://urait.ru/book/obschaya-
npakTukyMm Uit By3oB / E. U. I1asnosa, B. K. ekologiya-513545

HoBukoB. — Mocksa : U3narensctBo FOpaiit,
2023. — 190 ¢. — (BrIcmiee oOpa3oBanue). —
ISBN 978-5-9916-9777-4.

1 | Xaycros, A. I1. HopmupoBaHue u CHUXEHHE https://urait.ru/book/normirovanie-i-
3arps3HEHUs] OKPY’KaroIiel cpesibl | yueOHUK U snizhenie-zagryazneniya-
npakTukyM Juis By30B / A. I1. Xaycros, M. M. okruzhayuschey-sredy-511057

Penuna. — 3-e u3n., mepepad. u qorm. — MockBa :
WznarensctBo KOpaiit, 2023. — 454 ¢c. —
(Bricmree obpazoBanme). — ISBN 978-5-534-

15425-2.

2 Poauonos, A. U. TexHonornyeckue npoueccol https://urait.ru/book/tehnologicheskie-
IKOJIOTN4ecKoi Oe3omnacHocTu. ATMOChepa : processy-ekologicheskoy-
y4ueOnuk 1 By308 / A. Y. Poauonos, B. H. bezopasnosti-atmosfera-515191

Knymwn, B. I'. Cucrep. — 5-€ u3 ., ucrp. u J101.
— Mocksa : U3narensctBo FOpaiit, 2023. — 201
c. — (Bwicmree oopazoBanme). — ISBN 978-5-534-
10700-5.

6. IlepeueHb COBpEMEHHBIX TMPOQPECCHOHANBHBIX 0a3 JaHHBIX U
UH(GOPMAIIMOHHBIX CIIPABOYHBIX CHUCTEM, KOTOpPbIE MOTYT HCIOJB30BaThCS IPH
OCBOCHMH JTUCUUILTUHBI (MOAYJIs).

Oomepoccuiickuii mopran Math-Net.Ru (http://www.mathnet.ru/)

OO6mue wHpOpPMAIMOHHBIE, CHpPaBOYHbIE H MOHCKOBBIe «KOHCYIbTaHT
[Lroc»



I'uapomereoposiornyeckas 6a3a nanubix NCAR/ UCAR (rda.ucar.edu/)

JlanHbIE 0 3arpsi3HECHUA aTMocgepbl MOC3KOMOHUTOpPUHTA
(mosecom.mos.ru)
HNHTepHeT-nnopran CUCTEMBI MO/JIEJIMPOBAHUSA WRF

(www2.mmm.ucar.edu/wrf/users/)

7. IlepeuyeHb JHUIEH3UOHHOTO W  CBOOOJHO  PACIPOCTPAHIEMOTO
MpOrpaMMHOT0 OOECIeYeHHUsI, B TOM YHCJIE OTEUECTBEHHOI'O IPOU3BOJICTBRA,
HEO0OXOMMOTO JIJI1 OCBOCHHMSI TUCIIUTUTAHBI (MOIYJIs).

Microsoft Office 365, OpenGrADS, Cmax, MS Visual Studio, PyCharm,
Surfer

8. OmnucaHue MaTepUaTbHO-TEXHUYECKOW 0a3bl, HEOOXOAUMOM it
OCYILIECTBJICHUSI 00pa30BaTEILHOIO Mpoliecca Mo TUCIUILUIMHE (MOIYJIIO).

Jliis ipoBenieHus JIEKIUOHHBIX 3aHATUNA HE0OXOoauMa CHelUaaIn3upOBaHHAs
JIEKIIMOHHAs ayAUTOPUS C MYyJIbTHUME/INA allllapaTypou.

AyIUTOpHBIE KOMIBIOTEPHI OCHAIIAIOTCS JIMLEH3UOHHBIM IPOTPAMMHBIM
oOecrieyeHrneM, O0OECIEYUBAIOIINM YAOBIECTBOPUTEIBHYIO CKOPOCTh MOJYyYECHHS
MarepuanoB U3 cetu. VHTepHeT, HaJAeKHYI0 JEMOHCTPALUI0 BUIEOMATEPUAJIOB
pa3IMYHbIX (OPMATOB.

Crneunanu3upoBaHHas  JIEKIIMOHHAs ~ ayauTopus €  MyJbTUMEAHa
arnmnapaTypou.

9. ®opma MPOMEKYTOUHOM aTTECTALINU:

3auer B 7 cemecTpe.

10. OuleHOUHBIE MAaTEPUAIIBI.

OueHouHbIE MaTepuabl, IPUMEHSIEMbIE MTPU MPOBEACHUH MPOMEKYTOUYHOM
aTTeCTallMy, pa3padaThIBalOTCA B COOTBETCTBUM C JIOKAJIbHBIM HOPMATHBHBIM
aktroM PYT (MUUT).
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