degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI
NPHUKJIATHONH MATEMATHKH H
HH(OPMATHKH

A.M. Paiiropoackuii

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: MopgenupoBanre arMocdepbl ¥ IPOTHO3 MOTObI
110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA
Nnpo¢uJIb NOATOTOBKH: [Ipuxnagnas MmareMaruka U HHQOpMaTrKa

Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa BEIYMCIUTEIbHBIX TEXHOJIOTHI U MOJICIIMPOBaHUS B reo(hU3UKe U

onoMareMaTHKe
Kypc: 1
KBauuKanus: MarucTp

Cemectp, hopMbl IpOMEXKYTOUHOH arTecTaunu: 1 (ocennuil) - JuddepenuupoBannslii 3a4eT

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
Jekuuu: 15 gac.
ceMuHapsl: 15 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 60 gac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrtaBui: M.A. ToncteIX, A-p $pu3.-Mat. HAYK

[Mporpamma obcyxieHa Ha 3acefjanny Kadeapbl BBIMUCIUTEILHBIX TEXHOJIOTHI U MOACTUPOBAHUS B TEOPHU3UKE U
onomaremaruke 15.03.2024



AHHOTANMA

Hucuumnuna "MogpenupoBanre arMocepbl M MPOTHO3 MMOroAbl" 3aHUMAeTCs H3YYEHHEM IPOLIECCOB,
npoucxomsammx B armochepe 3emun, ¥ pa3paboTKOil MareMaTHYecKHX Mojenei amst ux onucanus. C
ITOMOIIBIO 3TUX MOZEJIEH y4EHBIE CTPEMSTCS IMPOrHO3MPOBATH MOTOIHBIE SIBICHMS, TAKUE KAaK TEMIlepaTypa,
OCaJIKH, BETep M JaBlieHHe. Ba)kKHBIMU acreKkTamMu SIBISIOTCA cOOp M aHAJIM3 METEOPOJIOTHYECKUX JIaHHBIX,
YHCJICHHOE MOJAEIHPOBAHME NPOIECCOB B arMocdepe W MHTEPHpETalusl pe3yibTaroB AJs NpeAcKa3aHus
[IOroZIbl Ha Pa3jIM4Hble BPEMEHHbIE HHTEPBaIbL. JUCIUIINHA TaKKe 3aHUMAETCsl U3Y4EHUEM KIMMaTH4eCKUX
W3MEHEHWH M WX BIMAHUSA Ha moroxy. Kypc 3aHaTuii mmeer uenbio GopMupoBaHHE 0a30BBIX 3HAHHN I10
BBIYMCIIUTEIBHON Teo(pU3NYecKod THIPOAMHAMHUKE JUIS MCHONb30BaHMS B O0ONAacTIX M AUCIMIUIMHAX
€CTECTBEHHOHAYYHOTO MPOQMIIs, MOlyYeHHE PEUIeHHs B BUJE I'padUKOB, MOHUMaHUE 0a30BbIX NMPUHILIUIIOB
MOCTPOCHUS MOJIeIICH pETMOHANBLHON U II00aIbHOM JMHAMUKH OKeaHa M aTMoc(ephl, OCHOBAHHBIX Ha MOTHON
cUCTeMe ypaBHEHHH reodu3nueckod THAPOAMHAMHUKM, NOHMMaHHE Oa30BBIX MPUHIUIIOB TOCTPOCHHS
COBMECTHBIX MoJiesIell 3eMHON CHUCTEMBI.

1. lean u 3apa4n

]_le.]'ll) JAUCHUIIINHBI

- W3y4YEHHE METOJOB 4YHCICHHOTO pELICHUS YpPaBHEHUI TI'MIPOTEPMOAMHAMUKU aTMOC(epsl H
0COOCHHOCTEH MX pean3aliy Ha MapalIeIbHbIX BEIYUCIUTENbHBIX CHCTEMaXxX

33]13‘[1/[ JAUCHUIIINHBI

- OCBOGHHE CTYJICHTAMH YHWCICHHBIX METOJ0B, NMPUMEHSEMBIX UIS MOICITUPOBAHUS JUHAMUKU
arMoc(epbl  OKeaHa;

- (dbopMupOBaHHE HABBIKOB pELICHUS MPAKTHUECKUX 3aJad C HUCIOJIB30BAaHHEM METO/OB
BBIUMCIIUTENBHON (DU3UKH;

- O6y‘{CHI/IC CTYACHTOB OCHOBaM HpOFpaMMHOﬁ pcain3anu U3y4acMbIX MCTOA0B Ha IapaJUICIbHbIX
BBIYUCIIUTCIIBHBIX CUCTEMAX.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTMHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHIA:

Kox 1 HanMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[IK-2.1 3naeT OCHOBBI  HAy4YHO-HCCIIEIOBATEIbCKOM
JEATEIIFHOCTH B 00JacTH WH(OPMAIIMOHHBIX TEXHOJIOTHH,
BJIaJIe€T 3HAHUEM OCHOB (PHIOCO(OUU U METOJIOIIOTHU HAYKH;
3HAHHEM METOJIOB HAyYHBIX MCCIIEOBAaHHMI M HABBIKAMH HX
MPOBEICHUS

[1K-2 [TorumaeT 1 ciocobeH NPUMEHUTH B
Hay4HO-UCCJIEN0BATEIbCKON U NPUKIaJHON
NEATENBHOCTH OCHOBHBIE 3aKOHBI
€CTECTBO3HAHUSI, COBPEMEHHbII

[IK-2.2 YMeeT NMpUMEHATH MONyYEHHBIE 3HAHUS B 00JacTh
($yHIaMEeHTaIbHBIX HAYYHBIX OCHOB TEOPUH WH(POpMALUU H
pemarb CTaHIApTHBIE  3a/auHl B COOCTBEHHOM
HAy4YHO-HCCIIEA0BATEILCKOM eI TeNbHOCTH

MaTeMaTHU4eCKUI arrmapar u aJirOpuTMbI,

[IK-2.3 Nwmeer MIPaKTU4YECKUN OIIBIT
COBpPEMEHHbIE .

Hay4YHO-MCCIICIOBATENILCKOW  AEATENBHOCTH B 00JacTu
WH(POPMALOHHO-KOMMYHHKAIIOHHbIE .

UH(POPMALOHHO-KOMMYHHKALMOHHBIX TEXHOJIOT U
TEXHOJIOTUH

[1K-2.4 Bnageer MeTonaMy U alropuTMaMH pelIeHus 3a1a4y
uupoBoil 00pabOTKKM CHUTHAJIOB, WCIOJNB30BAHUS CETH

Wnrepner, AHHOTHPOBAHUS, pedepupoBanus,
OoubnmorpaduyecKoro MOMCKa, OMBIT PabOThl ¢ HAYYHBIMHU
HUCTOYHUKAMU

[IK-3.1 3Haer OCHOBBI BeJEHUS HAYYHAHCKYCCHUU H
(hOpMBI YCTHOTO HAYYHOTO BBICKA3bIBAHUS

[1K-3 Bnageet HaBbIKaMU y4acTHs B HAy4HBIX
TMCKYCCHSIX, BBICTYTUICHHUS C COOOILEHUSIMH U
JOKJIaJjaMi YCTHOTO, TMCbMEHHOTO U
BUPTYaJILHOTO (pa3MellcHHE B

arrdhAanararTrATIIT Vv Aamav) vanarmana

[IK-3.2 VYmeer BecTH KOPPEKTHYIO AHMCKYCCHIO B 00JacTu
MH(QOPMAIIMOHHBIX TEXHOJIOTFM 3a7aBaTh BOIPOCHl U
OTBEYaTb HA IIOCTABJICHHBIE BOIIPOCHI IO TEME HAay4YHOHU
paboThI




Ilﬂ\i}U}llVlaL\l/lUﬂﬂDlA vv lllA} Aa}}a1\1 \.«Pcl’
MIPEICTaBICHUS MaTePHAIOB COOCTBEHHBIX
HCCIeI0BaHUMN

[IK-3.3 MmMeer mpakTHYECKUH OMBIT Y4YacTHsl B HAy4HBIX
CTyICHYECKUX KOH(EpPEHIMUSAX, OYHBIX, BUPTYaJIbHbIX,
320UHBIX OOCYXKJIEHUSX Hay4YHbIX MpoOlieM B o001acTu
MH(OPMAIIMOHHBIX TEXHOJIOTHIA

I1K-1 I'oTOB K BKIIIOUEHUIO B

npode

CCHOHAJILHOE COOOIIECTBO; CITI0CO0EH

MIPOBOJUTH MO/ HAYYHBIM PYKOBOICTBOM
JIOKaJIbHBIE HCCIICIOBAHUS HA OCHOBE
CYILIECTBYIOIIUX METOJOB B KOHKPETHOU
oOnacTu mpoheCcCUOHATBHOH JIeATENLHOCTH

[IK-1.1 3HaeT npUHOUNBI MOCTPOCHHUS HAYYHOH pPaOOTHI,
MeTrogsl cOopa W aHamm3a IOJMYYEHHOTO MaTepualia,
CHocoObl apryMEHTalru; BiaJleeT HaBbIKAMH HOATOTOBKH
Hay4YHbIX  0030poB,  myOnukanmuii,  pedeparoB  u
oubnuorpaduii Mo TEMaTWke MPOBOAMMBIX HCCIICAOBAHHUM
Ha PYyCCKOM U aHIVIMHCKOM SI3bIKE

[IK-1.2 VYMmeer pemars Hay4Hble 3aJadyd C ITOHUMaHHEM
CYIIECTBYIOIIMX IOAXOMOB K BepHdUKaMu Mojenei
MpPOrpaMMHOTO OOECHeyeHHss B CBA3H C MOCTaBICHHOMN
IEJBI0 U B COOTBETCTBUY C BRIOPAHHONW METOIUKON

[IK-1.3 HMmeer mnpakTU4YeCKUH OMBIT BBICTYIUICHHH H
HAy4YHOM apryMeHTAallH IMpH aHaiu3e OOBbEeKTa HAyYHOH H
npodeccuoHaIbHON 1S TeIbHOCTH

3. IlepevyeHpb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUEeHUS MO JUCUHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAaThb:

YMETB:

OPUHIOHUIIBI CUMMETPUHN U 3aKOHBI COXPAHCHU A,

- Ppa3HOCTHBIE CXEMbI, COXPAHSIOIINE HHTETPAIbHbIE HHBAPUAHTHI (SHEPTHIO ¥ SHCTPODHIO);

Pa3INYHbIC THUIIBI CCTOK IIO

TOPHU3OHTAIN U CII0COOBI AUCKPCTU3allun ypaBHGHI/Iﬁ

THPOTEPMOAMHAMUKHI aTMOC(hephl Ha HUX;
- CBOICTBA U IPaHULIBI IPUMEHUMOCTH U3Y4aEMBbIX METO/IOB.

CaMOCTOATCIIBHO BI:I6paTB BBIYUCIIUTCIbHYO CCTKY IO TOPU30OHTAJIX U MCTOH PCILICHHA Ha HEl B

3aBHCHMOCTH OT THIIA pelIaeMoi reoyu3nIecKoil 3a/1auu;
BJIaJIETh:

TUIEepOOIINIECKOTO TUIIA,

HaBbIKaMHU MMOCTPOCHUA ,Z[I/ICerTHOI\/’I AlIpoKCuMal CUCTEM ypaBHeHI/Iﬁ B YACTHBIX MPOU3BOAHBIX

3HAHUSAMHU, KaK TPOBOAUTHL aHAJIN3 PA3HOCTHBIX CXCM.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

Tema (pa3nen) TUCIUTUTMHBI

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

CamocT.

Jlexuu
pabora

Cemunapsl | Jlabopar. paboThr

Maremarnyeckoe MOAETUPOBaHKE O0IIeH
MUPKYISUK ~ atMocepsl W €ro
MIpakTU4EeCKoe INpuMeHeHue. YuCIeHHbII
MPOTHO3  TOrOABl  HAa  Pa3IUYHBIX
BPEMEHHBIX MacuITadax.

15

[TocTpoenue Pa3HOCTHBIX CXeM,
COXPaHSIOIINX UHTETPaJIbHbIC
WHBAPHAHTBl  JIBYMEPHOH  JKHJIKOCTH.
VHepUMOHHO-TPaBUTALIIOHHBIC BOJIHBI B
arMocdepe u OKeaHe u ux

allImpoKCMalrd Ha Pa3JIMYHbIX CETKax.

15




Cucrembl BEpTHUKAJIbHBIX KOOpPAMHAT B
MozeIsax arMocepsl U okeaHa. Pemenne
TPEXMEPHBIX YpaBHEHH
TUAPOTEPMOINHAMUKHI arMocepsbl.
MoenrpoBaHre MPOLECcCOB B 00NauHON
armocdepe ¢ yueToM a’po30ieil.

15

PasnuuHble cucTeMbl KOOpAUHAT. 3aKOHBI
COXpaHEHUs JUIST YpaBHEHUII.
Heob6xoaumocTts napamMeTpu3aLnuu
IPOLIECCOB  MOJICETOYHOIO  MacluTada.
Pewenue YpPaBHEHUI
TUAPOTEPMOIUHAMUKHI
KOHEYHO-Pa3HOCTHBIM, CIEKTPAJbHBIM U
MOJTyJIarpaHKeBbIM METOAOM.

15

Htoro yacos 15 15 60

IToaroTroBka K sK3aMeHy 0 yac.

Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

Coneprxanue JUCUUIUIMHBL (MOAYIS), CTPYKTYPUPOBAHHOE IO TeMaM (pazzesiam)

Cemectp: 1 (Ocennuii)

1. Maremarnueckoe MOACTUPOBAHUE OOIIEH LUPKYISUUM arMocepsl M €ero MpaKkTHYEeCKOe
npuMeHeHne. YuCcIeHHbIH POrHO3 MOTOAbI HA Pa3InYHBIX BPEMEHHBIX MaclITabax.

Monenu ob0mield mupkymsauuu atmochepsl. Bumsl Mogeneii: miobOaibHBIE, TO OrpaHMYEHHON
TeppUTOpHH, X 0coOeHHOCTH. O0MacTu MpruMeHeHus: Mojielneil. becoBHbIe MoeH.

[TocTaHoBKa 3ajJayd YHCJIEHHOTO IPOTHO32 MOTOAbl. BWABI YHCICHHBIX IIPOTHO30B —
JICTePMHUHUPOBAHHBIA U aHcamMOneBblid. OCOOCHHOCTH YHCICHHBIX MPOTHO30B MOTOABI PA3ITHYHON
3a051arOBpeMEHHOCTH.

OcHoBHbIe ypaBHeHUs. Du3nueckre 0COOEHHOCTH U BO3MOXKHOCTH UX YHPOLICHHS.

2. IlocTpoeHne pa3sHOCTHBIX CXEM, COXPAHAIOIIMX WHTErpajibHble WHBAapHAHTHI JIByMEpPHOU
KHUIKOCTH. VIHEpLIMOHHO-TPaBUTALIMOHHBIC BOJIHBI B aTMOc(epe U OKeaHe U MX alIpOKCHMALUs Ha
Pa3IUYHBIX CETKaX.

PasHocTHBIE CXeMBI IJI1 IByMEPHOH >KUAKOCTH WM Ta3a, COXPAHSIOIIUE SHCTPOPHUIO U IHEPTHIO.
Takke paccMaTpUBAIOTCS pa3HOCTHBIE CXEMbI COXpaHSIONIe 00a MHBApUAHTA

VYpaBHeHHE U1 WHEPIMOHHO-TPaBUTAIMOHHBIX BOJH. Pas3ioxeHue 1Mo coOCTBEHHBIM (QYHKIHAM
BEPTUKAJIBHOTO OIeparopa.

[IpocrpanctBennsie cetkn tuna A, B, C. Anmpokcumanusi (asoBbIX W TPYINIOBBIX CKOPOCTEH
I'pPaBUTALMOHHBIX U MHEPLIMOHHO-TPaBUTALIMOHHBIX BOJIH HA Pa3JIMYHbIX IPOCTPAHCTBEHHBIX CETKaX.
PaccmarpuBaroTcs THIBI CETOK, MIPUMEHSEMBIX B 3a/aue M00ATbHOTO MOJCIMPOBAHMS TUHAMUKH
arMocgepbl: peryisipHas ITUPOTHO-JONTOTHAsI CeTKa, ceTka Thma "Kyomueckas cdepa”, UHb-SHb U
mpouue.

3. Cucrembl BEpTHUKAJIBHBIX KOOPAMHAT B MOJEIAX arMocdepsl M okeaHa. PemieHne TpexmepHbIX
ypaBHEHUI TUAPOTEPMOIMHAMHUKH arMocdepsl. MoaenrpoBaHue MpoLeccoB B 00IadHoi atMocdepe
C YY4ETOM a3p030JIei.

CucTteMbl BepTHKAIBHBIX KOOpPAWHAT B Mojelsx atmocdepsl M okeaHa (z, p, sigma). CrocoObl
anpoKCUMAIINH 110 BEPTUKAIIH.

3akoHBI cOXpaHEeHUs. BocrpousBeneHne rpajneHTa MaBieHUs HaJ Oporpaduiecku HEOTHOPOIHOM
HOBEPXHOCTHIO 3€MJIH B CUTMa-CHCTEME KOOP/IHHAT.




Monenupoanne (GOpMUPOBaHMS KOHBEKTUBHOW OONAYHOCTH C Y4YETOM MHUKPODU3HUYECKUX
npoIeccoB, GOpMUpOBaHUE OOIAYHOCTH B CHCTEME BOAA-JIEA C HMCIOIBb30BAHUEM HEPAaBHOBECHBIX
(GYHKLIMI pacrpeiesieHnsi 4acTHL[ 0 pa3MepaM. MojelupoBaHue KHHETHYECKHUX IIPOIECCOB B
arMoc(epHOi TUCIIEpCHOW CHCTEME  C YYeTOM HYKJICallUH, KOHICHCAIMW, Koarymsiuud. Poib
a’po3ouieii 1 030Ha B arMocdepe.

4. PaznuuHble CHCTEMBI KOOPAMHAT. 3aKOHBI COXpaHEHHUs Uil ypaBHeHH. HeoOxomumocTts
napamMeTpU3aLiK POLECCOB MOACETOUYHOro Macmraba. Pemenne ypaBHeHUI THAPOTEPMOIMHAMUKI
KOHEYHO-Pa3HOCTHBIM, CIIEKTPAJIBHBIM U MOJTYJIarPaHKEBBIM METOJIOM.

Coepuueckas cucrema koopaumHar. Z, P, curma u ruOpuaHas BepTHKAJIbHbIE KOOPAMHATHI
OcpenHeHue ypaBHEHHH JAWHAMHUKM arMocepsl M BKJIaJ B HHUX IOJICETOYHBIX IPOLECCOB.
A/BeKTHBHAs M JUBEpreHTHas (hopMa 3alncy ypaBHEHU.

[IpuHIMIBI TOCTPOEHNS KOHEYHO-PA3HOCTHBIX cxeM. IloHATHE anmpokcuManyu ¥ yCTOMYHMBOCTH.
[Ipocreiiine KOHEUHO-PA3HOCTHBIE CXEMbl PELLEHHs YpPaBHEHHUsS IIEPEHOCA U TEMJIONPOBOJHOCTH.
CriekTpalbHBIN 1 MTOJIKIIArpaHKeBblid METO/] PEIICHUS] YPABHEHUH TUHAMHUKH aTMOC(EpHI.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIEeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

Aynutopust ¢ IpOEKTOPOM.
Obecrieuenue caMOCTOSTENLHON paOoTHI - 0a3bl JaHHKIX 10 XypHaiaM Journal of Climate, Journal of
Atmospheric Science.

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
1. Mapuyk I'"1., IeimuaukoB B.I1., 3anecHbiii B.b. Maremarnueckue Mojienu B reohu3ndeckoi
THAPOJVMHAMUKE U YHCIEHHBIE METOABI UX peanu3anuu. Jlenunrpaa: ['mapomereonsnar, 1987 .
2. Camapckuii A.A., T'ynmun A.B. UucnenHsle MeTo/ bl MaTeMarnieckon pusuku. 2e uza. M.: U3a-Bo
«Hayuns1it mupy», 2003
3. UucneHHbIE METOIBI, HCIIONb3yeMbIe B aTMOchepHbIX Moaeisax. [lep. ¢ anrn. [ox pe.
B.I1.Canoxosa. JI.: ['uapomereonsnar, 1982

JlononHuTeNbHAS TUTEPATypa
4. Psbennkuii B.C. BBeneHvie B BRIUNCIUTENEHYIO MATEMATHKY. 2-€ U3, UCTIpaB. - M.: ®u3zmamniur,
2000. 296¢. ISBN 5-9221-047-5.
5. Baxsanos H.C., Kuaxos H.II., Ko6enbkos I'.I. Uucnennsie metozpl. 8-oe u3a. M.: Jlaboparopus
0a3oBrIx 3HaHuii, 2000, 624 c.
6. Durran D. Numerical Methods for Fluid Dynamics (With Applications to Geophysics) 2nd Edition,
Springer, 2010, 512 ctp.

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHST TUCIMIIJIMHBI (MOTYJIsA)

1. http://vsc.inm.ras.ru

2.
https://www.ecmwf.int/en/learning/workshops-and-seminars/workshop-numerical-and-computational-
methods-simulation-all-scale-geophysical-flows

3. https://confluence.ecmwf.int/display/OPTR/Advanced+Numerical+Methods

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILIMHe (MOIYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

1. http://vsc.inm.ras.ru



2.
https://www.ecmwf.int/en/learning/workshops-and-seminars/workshop-numerical-and-computational-
methods-simulation-all-scale-geophysical-flows

3. https://confluence.ecmwf.int/display/OPTR/Advanced+Numerical+Methods
9. MeToauyeckue yKazaHusi AJis1 00y4arOLIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CryneHT, M3yyaromuid IUCUUIUIMHY, JODKEH C ONHOW CTOPOHBI, OBJIAACTh OOIIMM TMOHSITHHHBIM
arrnaparoM, a ¢ Apyroil CrOpoHsl, JOJKEH HAyYUThCS IPUMEHSTh TEOPETUUECKUE 3HAHUS Ha IIPAKTUKE.

B pesynbrare u3ydeHus IQUCLUIUIMHBI CTYAEHT JOJDKEH 3HATb OCHOBHBIE OIIPENENICHUs, MOHSITHS,
AKCHOMBI, aJITOPUTMBI.

VYeneniHoe ocBoeHUE Kypca TpeOyeT HanpsHKEHHON caMOCTOsATENIbHOM paboThl cTyleHTa. B nporpamme
Kypca TpUBEACHO MHUHUMAIBHO HEoOXomuMoe Bpemsl [uis paldoThl CTylIeHTa HaJ TEMOHU.
CamocrosiTenbHas paboTa BKIIIOUAET B Ce0s:

— YTEHME U KOHCIIEKTUPOBAaHUE PEKOMEHJOBAaHHON JIUTEPATYPhI;

— TpopaboTKy ydeOHOro marepuaia (IO KOHCIIEKTaM JICKIHH, y4eOHOH M Hay4dyHOW JuTeparype),
[IOATOTOBKY OTBETOB HA BOIPOCH], IPEIHA3HAYEHHbIX JUISI CaMOCTOATEJIBHOTO  M3Y4EHHS,
JOKa3aTeNbCTBO OTAEIBHBIX YTBEPKACHHI, CBOICTB;

PykoBOACTBO M KOHTPOJNb 3a CaMOCTOSATENBHOM paboTON CTygeHTa ocyuiecTBisieTcss B (opme
UHAUBUYaIbHBIX KOHCYJIbTALUM.

BaxHo 10oOWTBHCS MOHMMaHHS U3y4yaeMOro Marepuaiia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3Y4YEeHHS OTIENBbHBIX TEM, BOIIPOCOB, CJIEAYyeT OOpamiarbesi 3a KOHCYJIbTAlUAMH K
JIEKTOPY.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: Wndopmarnka 1 BEIYACIUTENbHAS TEXHUKA
Nnpo¢uJIb NOATOTOBKH: [Ipuxnagnas MmareMaruka U HHQOpMaTrKa
Oustex-mkona [Ipuknagnoit Maremaruku u Uapopmatiku
kageapa BEIYMCIUTEIbHBIX TEXHOJIOTHI U MOJICIIMPOBAaHUS B reo(hU3UKe U

onomareMaTHKe
Kypc: 1
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1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[1K-2 [TorumaeT 1 cnocobeH NPUMEHUTH B
Hay4HO-UCCJEN0BATEIbCKON U NPUKIaJHON
NEATENBHOCTH OCHOBHBIE 3aKOHBI
€CTECTBO3HAHUS, COBPEMEHHbII
MaTeMaTU4YEeCKUI anmnapar U alfOPUTMBI,
COBpPEMEHHbIE
WH(POPMALOHHO-KOMMYHHKAIIOHHbIE
TEXHOJIOTUH

I[IK-2.1 3naeT OCHOBBI  HAy4YHO-HCCIIEOBATEIbCKOM
JEATEIIFHOCTH B 00JacTH WH(OPMAIIMOHHBIX TEXHOJIOTHH,
BJIaJIeET 3HAHUEM OCHOB (PHIIOCO(OUN U METOJIOIIOTHU HAYKH;
3HAHHEM METO/IOB HAyYHBIX MCCIIEOBAaHHMI M HABBIKAMH HX
MPOBEICHUS

[IK-2.2 YMeeT mpUMEHATH MONyYeHHBIE 3HAHUS B 00JacTh
($yHIaMEeHTaIbHBIX HAYYHBIX OCHOB TEOPUH WH(POpMALUU H

pelarhb CTaHJapTHbIE 3a1aun B COOCTBEHHOM
Hay4YHO-UCCIIE0BATEIBCKON AESITETBHOCTH

[IK-2.3 Nwmeer MIpaKTUYECKUN OIIBIT
Hay4YHO-HCCIICIOBATENILCKOW  AEATENIBHOCTH B 00JacTu

I/IHq)OpMaI_II/IOHHO—KOMMYHI/IKaLII/IOHHLIX TCXHOJIOTHI

[1K-2.4 Bnageer MeTonaMy U alropuTMaMH peIIeHus 3a7a4y
uupoBoii 00pabOTKKM CHTHAJIOB, WCIOJNB30BAHUS CETH
Wurepner, aQHHOTUPOBAHUS, pedepupoBanus,
OoubnmorpaduyecKoro MOUCKa, OMBIT PabOThl ¢ HAYYHBIMHU
UCTOYHUKAMHU

[1K-3 Bnageet HaBbIKaMU y4acTHs B HAy4HBIX
TMCKYCCHSIX, BBICTYTUICHHUS C COOOILEHUSIMH U
JOKJIaZlaMU YCTHOI'O, IMCbMEHHOI0 U
BHUPTYaJILHOTO (pa3MellcHHE B
MH(OPMALIMOHHBIX CETAX) XapakTepa,
MPECTABICHHUS MAaTePHaoB COOCTBEHHBIX
HCCIEeI0BaHUI

[IK-3.1 3Haer OCHOBBI BeJEHUS HAYYHAHCKYCCHUU H
(hOpMBI YCTHOTO HAYYHOTO BBICKA3bIBAHUS

[IK-3.2 VYmeer BecTH KOPPEKTHYIO AHUCKYCCHIO B 00JacTu
MH(QOPMAIIMOHHBIX TEXHOJIOTFM 3a7aBaTh BOIPOCH U
OTBEYaTb HA IIOCTABJICHHBIE BOIIPOCHI IO TEME HAay4YHOHU
paboThI

[IK-3.3 NmMeer mpakTHYECKUH OMBIT Y4YacTHsl B HAay4HBIX
CTyICHYECKUX KOH(EpPEHIMUSAX, OYHBIX, BUPTYaJIbHbIX,
320UHBIX OOCYXKJIEHUSX Hay4YHbIX MpoOlieM B o001acTu
MH(POPMAIIMOHHBIX TEXHOJIOTHIA

[TIK-1 T'0TOB K BKJIFOUEHHUIO B
npodeccuoHanbHOE COOOMIECTBO; CIIOCOOEH
MIPOBOIUTH MO/ HAYYHBIM PYKOBOICTBOM
JIOKaJIbHBIE HCCIIEI0BAHUS Ha OCHOBE
CYILECTBYIOIIUX METOJOB B KOHKPETHOU
obnacTy mpoheCcCUOHATBHOH JIeATENLHOCTH

[IK-1.1 3HaeT npUHOUNBI MIOCTPOCHHUS HAYYHOH pPabOTHI,
MeTroasl cOopa W aHamm3a IOJMYYEHHOTO MaTepualia,
CHocoObl apryMEHTalWu; BiaJleeT HaBbIKAMH HOATOTOBKH
Hay4YHbIX  0030poB,  myOnukamuii,  pedeparoB  u
oubnuorpadguii Mo TEMaTWke MPOBOAMMBIX HCCIICAOBAHUM
Ha PyCCKOM U aHIVIMHCKOM SI3bIKE

[IK-1.2 VYMmeer pemars Hay4Hble 3aJadyd C ITOHUMaHHEM
CYIIECTBYIOIIMX IOAXOMOB K BepHdUKaMu Mojenei
MpPOrpaMMHOTO OOECHeYeHHsT B CBA3H C MOCTaBICHHOMN
IEJBI0 U B COOTBETCTBUY C BHIOPAHHONW METOIUKON

[IK-1.3 HMmeer mnpakTU4YEeCKWH OMBIT BBICTYIUICHHM H
HAy4YHOM apryMeHTallH MpH aHaiu3e OOBbEeKTa HAYyYHOH H
npodeccuoHaIbHON 1S TeTbHOCTH

2. Iloka3are i OLleHUBAHUS KOMIIeTeHITHH

B PE3YJbTATC U3YUYCHHUA AUCHUIIIAHBI <(MOI[CJ'II/IpOBaHI/Ie aTMOC(bepBI U TPOTHO3 IMMOroAbD» o6yqalomm‘/ica

JOJIKCH:

3HATb:

- pas3IM4YHbIC  THUIIBI

IIPUHIUIIBI CUMMETPHUU U 3aKOHBI COXPAaHCHUS,
Pa3HOCTHBIC CXEMbI, COXPAHAIOIMNUC NHTCTPAJIbHBIC NHBAPUAHTBI (BHGPFI/II-O n 3HCTpO(1)I/IIO);
CCTOK II0O TOpU3OHTAIN U CITIOCOOBI

JUCKPETU3alUH  YpPaBHEHUI

rUApOTCPMOJANHAMUKHA aTMOC(i)epLI Ha HHUX;
- CBOMCTBa U rpaHullbl IPUMECHUMOCTHU U3y4aCMbIX METOOB.

yMeThb:

- CaMOCTOATCIbHO BBIGpaTB BBIYHUCIIUTCIIBHYIO CETKY IO TOPU3OHTAJIM U METOA PCHICHHA Ha HEl B
3aBUCHUMOCTH OT THIIA peIHaeMOfI FCO(I)I/I3PIIIGCKOI>'I 3aaa4u,



BJIAA€Th:

- HaBBIKAMH ITOCTPOCHUS JAUCKPETHOM aMpOKCHMAIIMK CUCTEM YPaBHEHUH B YaCTHBIX MPOM3BOIHBIX
TUIEepOOIIMIECKOTO TUIIA,
- 3HAHUSIMH, KaK MPOBOAUTH aHAIIN3 PA3HOCTHBIX CXEM.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C 1enpl0 KOHTPOJS OCBOCHHS OOYYarONUMUCS y4eOHOTO Marepualia MPOBOAUTCS YCTHEIM OMpPOC B
HayaJie 3aHsATHs 110 TEME MIPOIUION JICKIUH UM B KOHLE 3aHITHUS 110 IPOMJEHHOMN TEME.

4. lepeyens TUNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM JIJIsl IPOBeAeHUsI IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

Oco0eHHOCTH Pa3InYHBIX TUIIOB YHCICHHBIX IPOTHO30B MOTO/IBI.

Uro Takoe Mozeb Al OECIIOBHOTO MPOrHO3a aTMOC(hEepHON UPKYIALINH.

Kak BemmsigsaT cetku tuma A, B u C? B uem npenmyIiecTBa 1 HEAOCTATKH 3THX CETOK?
Kakasi(ue) ceTku nyurie Asisi ONMCaHus IPaBUTALMOHHBIX (MHEPLIUOHHO-TPAaBUTALIMOHHBIX) BOIH?
Kak peanuzyrorcs 60KoBbIE IpaHUYHBIE YCIOBHS B PETMOHATIBLHBIX MOJEIAX aTMochepsl?

S e

Kakue BepTHKambHBIE CHCTEMBI KOOPAWHAT IPUMEHSIOTCS B MOJIEIISAX aTtMOcheps! (IpenMyIIecTBa 1
HEO0CTaTKH)?

7. CpaBHeHHUE OTHOMEPHOI U ABYMEPHOM JICKOMITO3UIIMH PACUETHON 00JIACTH.
8. Meron penakcanuu JleBuca.

9. OmHOMepHas HecTalnMoHapHas 3a/a4a U Py3uH.

10.0pHOMEpHAS HECTallMOHAPHAS 3a/1a4a aJJBEKIINU.

Kpurepun onennBanus

Onenka ommuuHo 10 OGamioB - BBICTABJISIETCSl  CTYAEHTY, IIOKa3aBIIeMy BCECTOPOHHHE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEeOHOH MNpOorpaMMbl AMCHUUIUIMHBI, TMPOSBISAIOMIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00acTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTh UX Ha MPAKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.

Ouenka omMyHO 9 OayIoB -  BBICTABISIETCS  CTYAEHTY, IIOKAa3aBIIEMy BCECTOPOHHME,
CHUCTEMaTH3UpPOBaHHbIC, [IyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AMCLUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHUE
MPUHATHIX PELICHUH.

Onenka ommyHO 8§ OaysioB - BBICTABIIIETCA CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSATh X Ha MPAKTHKE MPH PEIICHUH KOHKPETHBIX 33/1ad4, NPaBUIbHOE 00OOCHOBAHHUE MPUHSATBHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMHU.

OHGHKa XOopouro 7 0aaoB - BEICTABIISACTCS CTYACHTY, €CJIM OH TBCPAO 3HACT MATCPpUAJI, TPAMOTHO H I10
CylIeCTBY H3JIara€t €ro, ymMecT MNPUMCHATH IIOJYYCHHBIC 3HAHHSA Ha MNPAKTHUKE, HO HCAOCTATOYHO
rpaMOTHO 000CHOBBIBAECT MOJIYYCHHBIC PC3YJIbTAThI.

Ouenka xopo1o 6 6ajIoB - BBICTABISETCS CTYACHTY, €CIIM OH TBEPJO 3HAET MaTepuall, 'paMOTHO U IO
CYILECTBY M3JaraeT ero, yMeeT MPUMEHATh MTOJyYeHHbIE 3HAaHNS Ha MPAKTHKE, HO JOIYCKAeT B OTBETE
WM B PELIEHUH 3aJjad HEKOTOPblE HETOYHOCTH.

OHGHKa XOopouro 5 0aaoB - BEICTABIISACTCS CTYACHTY, €CJIM OH B OCHOBHOM 3HACT MAarcpuraji, rpaMOTHO
1 M0 CYHECTBY H3JIara€T €ro, yMeCT IMPUMCEHATDL MOJYUYCHHBIC 3HAHUS Ha IIPAKTHUKE, HO JOIYCKAC€T B
OTBCTC WJIM B PCUICHUU 3a1a4 JOCTATOYHO 0OJIBIIIOE KOJIMUECTBO HETOUHOCTEH.

OreHka yHOBIETBOPUTENBHO 4 Oayuia - BBICTABISICTCS CTYACHTY, MOKa3aBIIeMY (parMeHTapHBIH,
Pa3pO3HEHHBIH XapaKkTep 3HAHWI, HEIOCTaTOYHO MNpaBHJIbHBIE (OPMYIUPOBKU 0a30BBIX HOHSITHH,
HapyUICHUS JOTUYECKON MMOCIIENOBATEIBbHOCTH B U3JIOKECHUU MTPOTPAMMHOTO Marepualia, HO IPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3zieibl y4eOHOH HpPOrpaMMbl, HEOOXOAUMBIE Ul JajbHEHIIero o0y4eHus, 1
MOKET MPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAHJAPTHOW CHTYaIlHH.

OreHka yHIOBICTBOPUTENBHO 3 Oajia - BBICTABISICTCS CTYACHTY, MOKa3zaBIIeMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaronemy omuOku B (GopMynrpoBKax 0a30BbIX MOHSTHH,
HapyLICHUS JIOTHYECKOW IOCIEIOBAaTeIbHOCTH B H3JIOKEHUH IPOTPaMMHOIO Marepuania, ciabo
BJIaJICET OCHOBHBIMH pa3zieiiaMu yueOHOH mporpaMMbl, HEOOXOAMMBIMHU ISl TAJIbHEHIIEro 00y4YeHus U
C TPYAOM IIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.



OueHka HEyIOBIECTBOPUTENHHO 2 Oajia - BBICTABISCTCS CTYIEHTY, KOTOPBII He 3HaeT OoiblIel yacTu
OCHOBHOTO COZCP)KaHUSl Y4eOHOW NpOrpaMMbl JUCHMIUIMHBI, JOMYyCKaeT TIpyOble OIIMOKH B
(bopMyIHPOBKaX OCHOBHBIX IPUHIMIIOB M HE YMEET MCIOIb30BaTh NOITYyUYEHHbIC 3HAHUS NP PEIICHUN
TUTIOBBIX 3a]a4.

OreHKa HEYNOBIETBOPUTENBHO | 0aim - BBICTABISETCS CTYIEHTY, KOTOPBIH HE 3HAaeT OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl TUCIUILTUHBI, JOMycKaeT rpyOeiiiue omuoK B GOpPMYITHPOBKaX
0a30BBIX TOHATUH IUCUUILIMHBI M BOOOIIE HE MMEET HABBIKOB PEUICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

5. MeTonuyeckne MaTepuaJbl, onpeaesione NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

Bo Bpemss mpoBeaeHuss auddepeHIMpOBaHHOrO 3a4éra OOydaroluecss MOTYT IOJIb30BarThCs
OporpaMMON JAMCHMIUIMHBL, a TakXkKe CIPAaBOYHOW JIUTEPATYpOH, BBIYUCIUTEIBHOW TEXHHUKOM,
KOHCIIEKTaMH JICKIIAH.

JuddepeHmpoBaHHbId 3a4ET MOXKET MPOBOJUTHCA 10 HMTOTaM TEKYIIEH YCIEBAEMOCTH W CIa4H
3aJaHMi, WK IIyTEeM OpraHU3alyy CIeHUaIbHOTO ONpOoca, MPOBOAUMOIO B YCTHOH (hopme.



3. [lepeyeHb THMOBBIX KOHTPOJILHBIX 3aJaHUH, HCHOJb3yeMbIX /JI1 OLEHKH 3HAHUH, yMeHWI,
HABBIKOB
[TpoMexyTodHast aTTeCTAIHS 10 TUCIUIUTMHE OCYIIECTBISAETCS B JOpME IK3aMeHa, IIPOBOIUMOTO B YCTHOM

dopme.

[Tepedyens BOpocoB U 3a1a4 IS C1a4u 9K3aMeHa B 1-M cemectpe;

1. TIycTs conneunas nocrosHHas S = 1368 Br/M?, anp6e10 3eMiu ¢ yuetoM obnagnoctu A = 0.30, n
Temneparypa 3emmu T ompejensercss M3 ycIOBHS paaMalioHHOro pasHoBecus [T = F, rme F -
NOTJIOLIEHHAsT 3eMilel KOpPOTKOBOJIHOBas paauauus. Kakoe m3ameHnenue temmneparypsl T mpouzoijer npu
yBenuueHuu S Ha 1%? Kakoe usmeHenue temmnepatypsl T mpous3oieT mpu yMeHbllIeHuU ansoeno Ha 1%?
KakoBo OyneT xapakTepHoe BpeMsi HaCTYIUICHUS] TOT0 H3MEHEHHsS TEMIIEPaTyPhl, €CIIH MPU STOM MEHSICTCS
temnepatypa B S00-MeTpOBOM BEpXHEM CJIO€ OKeaHa?

2. [ToueMy B camble CHJIbHBIE 3ala/IHBIE BETPHI B Tpornochepe HaOI01al0TCsa B 3MMHEM MOJIYIIapUUA OKOJIO
30 rpagyca mupothl Ha BbicoTe 0Kkosi0 200 M6? [loueMy 0COOEHHO CHIIbHBIE BETPBI PACIOIO0KEHbBI Ha TOU
e JI0JroTe, YTO U MaKCUMYMbI OCaJKOB BOIM3M DKBaTtopa (HalpuMep, B SHBApe MaKCUMYM OCAJKOB HaJ
WNunone3ueii, a MaKCUMYM CKOPOCTH 30HaJIBLHOTO BeTpa Ha ypoBHe 200 MO Haj torom Snonun)?

3. Yxopasmas Ha BepXHEH I'paHulle aTMOc(epbl AITMHHOBOIHOBAS paJMaliis COCTABISAET B CPEIHEM
235 BT/M?, uTO COOTBETCTBYET MOTJIOMEHHOH KOPOTKOBOJIHOBON paauamuy. YjaBoeHue cojepxkanus CO:
yMeHbITaeT yXOIANIYI0 JTMHHOBOIHOBYIO paguanuio Ha 4 Br/m2  OnenuTte BelMYMHY IOTEIIEHHS,
HEOOXOIUMYIO UIsl TOTO, YTOOBI CKOMIIEHCHPOBATh HApYILIEHUE paJAuallMoOHHOro OanaHca. PanmannonHas
temneparypa 3emsu cocrapiseT 258 K. OOpaTHbIMU CBSI3IMU MEXy TEMIIEpaTypol M BOJSHBIM IapoM, a
Takke anpbeno u obnakamu mnpeHeOpeub. Hackoibko B 3TOM cilydae MmoTeruieeT yepe3 1 roxa mocie
MraoBeHHOTO yaBoeHus COp, ecii MPeAnoaoXuTh, YTO MPU MOTEINIEHUH paBHOMEpHO HarpeBaercs 100-
METPOBBIN CIION OKeaHa?

4. PaccMaTpuBalOTCs JaHHbIE CPEAHECYTOUHOM TeMIlepaTyphl MPUIIOBEPXHOCTHOIO Bo3ayxa Ha 10
MeTeocTaHIusAX MOCKOBCKo o6actu 3a nociennue 10 jgeT (To ecTh pa3MepHOCTH 1Mo npocTpancTBy 10, mo
Bpemenu 3650). Kak Bbl nymaere, kakoit 6yzaet nepBas 20D >Tux 1aHHBIX?

5. W3BepkeHHs BYJIKAaHOB HEPENKO 3a0pachiBalOT 3HAYUTENHOE KOJIMYECTBO YACTHI] Merja B
cTpaTocdepy, Iie OHU CYHIECTBYIOT B TEUEHUE HECKOJBKHMX MecsleB WM Jaxe jeT. Ilpeamnonaras, uro
YacTUIbl OTpakarT 1% mnpuxondmied K HUM COJHEUYHOM paJWallid W HE BIUSIOT Ha MPOXOXKJICHUE
JUTMHHOBOJIHOBOM paJihalliM, OIEHUTE, KaKO€ PAaBHOBECHOE M3MEHEHHE TeMIIepaTypbl MOKHO OXKHJAaTh B
sToM ciydae. Kakum Oyzaer peanbHOe H3MEHEHHE TEMIIEpPATypbl TOBEPXHOCTH Uepe3 TOf TMOcCie
W3BEPXKECHHUS, €CJIM B U3MEHEHHE TeMIiepaTyphl BoBjiedeH 100-MeTpoBsIil ciioit okeana. OOpaTHBIMU CBSI3SIMHU
MEX1y TeMIIepaTypoi U BOASHBIM MapoM, a TaKKe KOJTUYECTBOM 00JIaKOB, MPeHEOpEYb.

6. Kak BbI qymaere, moueMy MakCHUMajbHbIE CKOPOCTH 3alaJHOTO BETpa B HIKHEH Me3ocdepe
3aMETHO MEHbIIE B siHBape B ceBepHOM moiymapuu (60-70 m/c), yem B utoje B 10kHOM nonymapuu (100-
120 m/c)?

7. BepTHKanbHBIA TpaJueHT TeMIepaTypsl B Tpomwkax B Tpomochepe ONHM30K K
BIIXXHOATMA0ATUYECKOMY. YUHUTHIBAas 3aBUCHUMOCTH BJIAKHOAAMA0ATHUECKOTO TpareHTa OT TeMIIepaTyphl,
OLICHUTH, T/Ie MpHU yaABoeHUU coaepkanus CO2 mpousoiiner Oosiee CUIBLHOE MOTEIUICHHE: B TPOMHUYECKON
BepxHel Tpomochepe wunum y moBepxHocTd 3emumn? [louemy npum siBneHun Onb-HuHbRO B BepxHel
Tporocdepe B TPOMUKAaX OOBIYHO TEIUIEET CHIIbHEE, YeM y MMOBEPXHOCTH?

8. Kakne 3aKkoHbI COXpPaHCHUS BBIITOJHAKOTCAA IJIsI CUCTCMBI ypaBHeHI/Iﬁ

T a5 2 e
2 X &



P> FI P

S (oS Sl P2
P X &

rae U, V - 3agaHHble TOPU30HTAJIbHBIE KOMIIOHEHTBI CKOPOCTH BETpa. YpPaBHEHUs PEIIAIOTCS B
obmactu x=[0;1], y=[0;1], kpaeBbIMH yCIOBHSAMH TIO OOEMM KOOPJMHATAM SIBJISIOTCS YCJIOBUS
NepHOANIHOCTH. HamncaTh KOHEUHO-PA3HOCTHYIO CXEMY JJIS TUX YPAaBHEHUM, B KOTOPOU BBIMTOJIHSIUCH ObI
aHaJIOTUYHbIE 3aKOHBI coxpaHeHus. [Ipu KkakoM yciaoBUM cxema ycTonduBa?

9. Ha mmpote 60N BOJM3U MOBEPXHOCTH 3E€MJIM CKOPOCTh T'€OCTPO(PHUUECKOTO 3armajHOro BETPaA,
OCpPEIHCHHAsT BJOJb Kpyra IIHPOTHI, cOCTaBisieT 5 wm/c. M3-3a TpeHHsI O MOBEPXHOCTh 3EMIJIM BETEp
OTKJIOHSIETCSI OT TEOCTPO(PUUECKOrO U MOSABISETCS KOMIIOHEHTA BETpa, HAIpaBJIEHHAs C [0ra Ha ceBep, U
paBHas 0.5 m/c. HaliTi BelnuuHy yCKOpPEHUS, CO3JaBAEMYIO CHIION TPCHHSI.

10. Kak BBl aymaere, B KakOWl C€30H B CpPEIHHUX IIUPOTAX CEBEPHOIO MOJYIIAPUS aMIUIATYAA
JOJITOTIEPUOTHOM aTMOCc(hepHON N3MEHUYNBOCTH MakcuManbHa? [Touemy?

11. Ha mmpore 45N B HMXHeH Me3ocdhepe CKOPOCTh IeoCcTpOPHUUYECKOrO0 30HAIBHOTO BeETpa
cocraBiusier 50 M/c, a ycKopeHHe, cOOOIIaeMoe IOTOKY H3-3a pa3pylmIeHUs TPABUTAIMOHHBIX BOJIH,
cocrasiusier 0.001 m/c?. Haiitu BEJIMYMHY MEPUJIMOHAIBHON CKOPOCTH BETPA, BO3HHUKAIOIIEH BCIEICTBHE
OTKJIOHEHHS BETPa OT T€OCTPOPUICCKOTO.

12. PaccmaTpuBaroTcs 1aHHbIE CPEAHEMECAYHON TeMIlepaTypbl BO3/lyXa y MOBEPXHOCTH, OCPEIHEHHOM MO
CEBEPHOMY IOJIYIIAPHIO, U 110 0KHOMY IOJIYIIAPHIO,

3a nocaennue 10 ser (To ecTh 0 MPOCTPAHCTBY Pa3MEPHOCTh AaHHBIX 2, 110 BpemeHH 240). Kak Bbl
nymaere, kakuM Oynet nepBast D0 s atux ganHbeIx? Kak 1o/mkeH BeIMaeTs ee koappunuent Oypobe?

13. Hanmucatp Pa3HOCTHYIO CXEMY, UMCIOIIYIO BTOpOﬁ IMOPAAOK IO IMPOCTPAHCTBY, I YPABHCHU

Ay T
& X X

IIpu kakoM ycioBuu cxema Oyner yctoiumBoi? CylIecTBYIOT JIM A 3TOM CXEMbl 3aKOHbI
COXpaHEHHUs IpH ycsioBuu nocrostuersa k u U?

14. B HekoTOpBIif MOMEHT BpeMeHHU Ha ypoBHE 1990 M. Ha mmpore 60N reoctpoduyeckne CKOpocTH
BeTpa coctaBmsawT: U = 10 m/c, V = -0.1 m/c, a Ha BeicoTe 2010 m. U = 10 m/c, V = 0.1 m/c. Ucnons3ys
COOTHOIIEHHE TEPMHUYECKOTO BETPa, CKAKUTE, CIENYeT JIM OXKUIATh IMOTEIUIEHUS WM IOXOJOJaHus Ha
BbicoTe 2000 M BCIIEACTBHE TOPU30HTAIBHOIO IEPEHOCA TEMITEPATYPbI?

15. Hanumnre KOHCYHO-PAa3HOCTHYIO CXEMY I PCHICHUSA YPAaBHCHUS TCIIJIOIIPOBOAHOCTHU
T_2a
& X X

[Ipn xakom ycinoBuu cxema OyJeT ycToW4unBOW? BbIMONMHSAIOTCA JM JUIsL 3TOM CXeMbl KaKHe-Inoo
3aKOHBI COXPAaHEHUS IPU yCIOBUU NEPUOJIUIHOCTH HA IpaHULaX?

16. ITycTh TOTOK 30HAIBHON CKOPOCTH BETpa Ha ceBep, 00YCIOBIECHHBINA BUXPSIMU

F = [U'V'] cocranser Ha mupote 30N Benmuuny 50 (M/c)?, a Ha mupote 60N cocrasnser -10 (m/c)?,
U JTUHEHHO MEHsieTCS MEXIy ITHMH Imuporamu. Kakoe yckopeHHe 30HaIBHOTO BeTpa Ha mupore 45N
BBI3BIBACT JIMBEPreHINs 3TOro nmoTtoka? KakoBa BenmnunHa MEpUIMOHAIBHONU areocTpouuecKord CKOPOCTH
BeTpa, 00YCIIOBICHHAS 9 TUM YCKOpPEHHEM?



17. Ilpn n0M0KUTEIBHOM MHJIEKCE ApKTUYECKOW OCLUIUIALIMNA CKOPOCTh OCPEIHEHHOIO BIOJIb Kpyra
IIUPOTHI 3amagHoro Berpa Ha 60 rpamyce c.am. u Ha ypoBHe 100 MO0 Ha 10 M/c mpeBbImIaeT cpeaHee
MHOTOJIETHEE 3HaYCHUE, a Y TOBEPXHOCTH 3eMJIM Ha 2 M/C MpEBBIIIAET cpeaHee 3HaueHue. Bo ckoiabpko pas
[PU 5TOM MEPUAMOHAIBHBIA IpajueHT Temreparypbl [1T/[]y Ha 3TOH MIMPOTE MPEBBIIIACT MO BEIUYMHE
cpeHee 3HAYEHHE, KOTOpoe paBHO -5 X 10 K/m?

18. B kakoil Cce30H MepuAMOHAIbHAs HUPKysius Deppens NOHKHA OBITh MHTCHCHBHEE: JIETOM WU
3uMoi? Kak BbI 1ymMaere, BO CKOJIBKO MPUMEPHO pa3 HHTCHCUBHEE?

19. 3umoii Ha 60N cpeaHsisi CKOPOCTh 3alaJHOTO BETpa B CpeaHel Tpomnocdepe cocramiseT 15 m/c.
KakoBa i 3Tux ycnoBuid niuuHa BojHbI PoccOu, ¢a3zoBast CKOPOCTh KOTOPOW OTHOCHUTENHHO MOBEPXHOCTH
3emnu paBHa Hya0? CpaBHUTE MONYYEHHBIM pe3ylnbTaT C JUIMHON BOJHBI HAOIIOJAIONIMXCS 3UMHHUX
CTaI[MOHAPHBIX BOJIH B CpeIHHMX MmHpoTax. CUuTaTh, YTO BOJHOBOE YKMCJIO BOJIHBI PoccOu mo mmpote Ky
PaBHO HYIIIO.

20. Ha rre Poccuu u B cpennem IloBoibKbe CylIECTBYET Takas CUCTEMa 3eMJilelleNivs, Korja B
MEPBBII IO/l CAXAIOT CEJIbCKOXO3SMCTBEHHBIC KYJIBTYPhI; B CICAYIOMIUA TOJ] HUYETO HE CaXKalT, a Kak
TOJIBKO M3 3€MJIM TOSIBJISIIOTCSI PacTeHUsl (COPHSAKH), MX Cpa3y K€ MepenaxuBaioT; B CICAYIOUINI IO/l CHOBa
CaXkaroT CEIbCKOXO035UCTBEHHBIE KYIbTYPHI, U T.J. 3a4eM TakK JEIar0T?

21. Ilouemy B ctparochepe u mezochepe I€TOM BETep BOCTOUYHBIN, a 3MMOM 3amafaHbiii? OueHure,
Kakasi OyJeT CKOpOCTh 30HaJbHOIO BeTpa Ha ypoBHe 1 MO B CpeIHUX MIMPOTaX JIETHETO U 3UMHETrO
MOJTyIIapwsi, eciid Ha ypoBHe 150 MO CKOPOCTh paBHA HYIIIO, a TeMIIepaTypa crpaTocdepsl, OCpeTHEHHAs 110
BbIicoTaM OT 1 10 150 MO cocraBnser Ha aeTHeM nodtoce 250 K, na DkBarope 230 K, a Ha 3uMHEM moroce
220 K, u remnieparypa MeHs€TCs JIMHEHHO B 3aBUCUMOCTHU OT LIMUPOTBHI.

22. OcpeIHEHHBIH 110 MOBEPXHOCTH 3eMIM TIOTOK SBHOTO Terwia cocTasiser 20 Br/m2. Kakoa B
3TOM Cllyyae CpelHsAs Pa3HOCTb TeMIepaTypbl MEXAY IMOBEPXHOCTBIO 3€MJIM U YpPOBHEM 2 MeTpa, Ha
KOTOPOM OOBIYHO MEPSIIOT TEMIIEpaTypy PU3EMHOI0 BO3/1yXa, €CIM YCPEIHEHHBIN 10 3eMie Oe3pa3MepHbIi
kodpuunent oomena C T ams 31oit BeicoTsl paBeH 0.003, a MOAyJIb CKOPOCTH MPU3EMHOIO BeTpa 5 m/c?
Kak BbI nymaere, mouemy IpaJUeHT TEMIIEpaTypbl MEXAYy MOBEPXHOCTHIO M BBICOTOW 2 M. IO MOZYJIIO
ropaszio 0oJsblie aquadaTuyeckoro?

23. TloueMy B cpelHHUX LIMPOTAaX CEBEPHOTO MONyIIApUs LUKIOHBI OOBIYHO JBMXKYTCS C IOra Ha
CeBEp IO OTHONICHUIO K CpeHEMY IMOTOKY, a aHTHIMKIOHBI - ¢ ceBepa Ha tor? Ilouemy BOMM3M LieHTpa
IIUKJIOHA MOKET ObITh OUEHb CUJIbHBIN BeTep, a BOJIM3U LIEHTpa aHTHIMKIIOHA TIOYTH Beerja 0e3BeTpeHHO?
24. B MoJieny MOYBBI PEIIAIOTCS CIEAYIOIINE YPAaBHEHNUS:

A_O, A
a & &

DB =
3nech T - remneparypa, W - Bnaxknocts, Z = [0,20] ryouna, (1, Ow, 1w, [J - 3amandbie GyHKIANA
TEMIIEPATypPhl U BIAXHOCTU. BBIMOMHSAIOTCS JIM KaKue-HUOYAbh 3aKOHBI COXPAHEHUS IS 9TUX ypaBHEHUH,
cCilin HpI/I ZZO nu HpI/I Z=70 3a1aHbI YCJ'IOBI/UI

T SNV
é;a;’

HanwmmTe KOHEUHO-Pa3HOCTHYIO CXEMY BTOPOTO MOPSAKA IO MPOCTPAHCTBY JJISl 3TUX YPaBHEHHIA.
ITpu kakoMm yciioBuM oHa OyzAeT yctoluuBoH, eciau [rw = 0, [1=0.



25. TloueMy TIpu yBEIMYCHHH COACPIKAHUS YIJIEKHUCIOrO Tra3za B atMocdepe B Tporocdepe MPOUCXOAUT
MOTEIUIEHHE, a B cTparocdepe u mesochepe - moxononanue?

26. IloueMy 3amyllleHHBI C NOBEPXHOCTHM 3€MJIM BO3AYLIHBIM IIap, Kak MpPaBUIO, IHPU IOAbEME
[IOBOPAYMBAET HANpPaBo (B CEBEPHOM IMOJIyILAPUN)?

27. Kak BBITISAAT OapOKIMHHBIC BOJHBI y TIOBEPXHOCTH B CEBEPHOM ToOdyIIapuu? YTo U3MEHHTCH,
€CITM PacCMOTPETh OApOKJIMHHBIC BOJHBI B FOKHOM MOJYIIAPHH. ByayT 1M MakCUMyMbl ¥ MUHUMYMBI
JaBIJICHHSI, CBSI3aHHBIC ¢ OAPOKIIMHHBIMU BOJHAMH B FO)KHOM TOJYIIAPHH, CABUTATHCS C BRICOTOM K BOCTOKY,
WJIH K 3amany?

28. ITouemy nerom B Kazaxcrane temmeparypa aneM Hepeako nocturaet 40°C, a Ha Toi e MHUpoTe
MPY TaKOH K€ COJIHEUHOM MOrojie Ha YKpauHe Takasi TeMIreparypa Kpaitne peaka?

29. Ocnabussercst WiM yCWIMBAETCS LUPKY/SILMS YOoKepa BO BpeMsl NOBBIIIEHUS TeMIepaTypbl Ha
BocToKe Tuxoro okeana (mpu Dnb-Hunpo)? Kak BeI qymaere, modemy coOBITHS, aHATOTUYHBIE Diib-HuHBO,

He npoucxoasaT B MuauiickoM okeane?

30. Brimmonasercs KaKOﬁ-HH6y,HB 3dKOH COXpAaHCHUA IAJId YPABHCHUSA

koTtopoe pemraercs B obmactu X[1[0;1], y[I[0;1] ¢ rpanuudbiMu ycaoBusimu T(X=0) = T(x=1) u

T(y=0)=T(y=1)=To? Hanumure KOHEYHO-PA3HOCTHYIO CXEMy JJIs O5TOr0 YpaBHCHHUS, B KOTOpPOW
BBIMIOJIHSUICS ObI KOHEYHO-PA3HOCTHBIH aHAJIOT ITOTO 3aKOHA.

4. Kputepuu oueHUBaHUS

Onenka baiel Kpurepun

10 BeicTaBigercss  CTyACHTY, IIOKa3aBLIEMY
BCECTOPOHHME, CHCTEMaTU3WPOBAHHBIE, TIyOOKHE
3HaHUS y4eOHOW  MIporpamMMbl  JUCIUILIUHBI,
MPOSIBJIAIONIEMY MHTEpPEC K JaHHOM IPEeIMETHOU
o0acTH,  NPOJEMOHCTPUPOBABIIEMY  yMEHHUE
YBEPEHHO MW TBOPYECKM IIPUMEHATH MX Ha
IIpaKTUKE TP pELICHUU KOHKPETHBIX 3aJad,
cBOOOIHOE U MPaBUILHOE 0OOCHOBAHUE NMPUHATHIX
pEeLIECHH.

9 BeicTaBisieTcst  CTyAe€HTY, IOKa3aBLIEMY
BCECTOPOHHHE, CHUCTEMAaTHU3UPOBAHHbIE, TTyOOKHE
3HaHHUA Y4eOHOW TMporpaMMbl AUCHUIIIUHBI U
YMEHUE YBEPEHHO IIPUMEHSATH UX HA MPAKTUKE IIPU
pelIeHnrd KOHKpPEeTHBIX 3ajady, CBOOOAHOE U
PaBUIbHOE 0OOCHOBAHUE NMPHUHSTHIX PEHICHUH.

8 BeicTaBisieTcst  CTyAe€HTY, IOKa3aBLIEMY
BCECTOPOHHHE, CHUCTEMAaTHU3UPOBAHHbIE, TTyOOKHE
3HaHHUA Y4eOHOW TMpOrpaMMbl JUCHUUIUIUHBI U
YMEHUE YBEPEHHO IIPUMEHATH UX HA NPAKTUKE IIPU
peuIeHuM  KOHKPETHBIX  3a7a4, IMPABUWIBHOE
000CHOBaHNE MPUHATHIX PELICHUH, C HEKOTOPBIMU
HEJOYETAMH.

OTJIMYHO




XOpOIIO

BeicTaBisiercs CTyAeHTy, €cilii OH TBEPJO
3HaeT MaTepual, TIpaMOTHO M 1O CYHIECTBY
U3JIaraeT €ro, yMeeT NPHUMEHSTHh IOJyYCHHbIE
3HaHUS Ha MPAKTUKE, HO HEJAOCTaTOYHO IPaMOTHO
00OCHOBBIBACT MOJYYCHHBIE PE3YIIbTATHL.

BeicTaBnsiercs CTyIneHTy, €ciad OH TBEPAO
3HaeT MaTepuay, IPaMOTHO U MO CYIIECTBY
U3JaraeT €ero, yMmeeT IPUMEHSTh I0Jy4YeHHbIE
3HAHUA Ha IPAKTHKE, HO JOITYCKAeT B OTBETE UJIH B
pelIeHNH 33]]a4 HEKOTOPbIe HETOUHOCTH.

BricTaBnsercs CTYACHTY, €ClIin OH B
OCHOBHOM 3HACT Marcpuall, IrpamMOTHO n 110
CymIeCTBY H3jaracr ¢€ro, ymMeeT IMNpUMCHATH
IIOJIYUYCHHBIC 3HaHWA Ha IIPAaKTHUKE, HO JOITYCKACT B
OTBCTC WJM B PCIICHHMM 3aJa4 AJOCTAaTOYHO
00JIBIIIOE KOTMYECTBO HETOUHOCTEH.

YIIOBJIETBOPUTEIILHO

BeicTaBisiercs  CTyAeHTY, IOKa3aBLIEMY
(bparMeHTapHBIH, pPa3pO3HEHHBIN Xapakrep
3HaHUH, HEJ0CTATOYHO IIPaBUJIbHBIE
(GbopMyIMpOBKM 0a30BBIX IMOHATUH, HapyLICHUS
JIOTHYECKON IIOCIECIOBATCIIBHOCTH B H3JI0KEHUU
IIPOrPaMMHOTO MaTepuajla, HO IpU 3TOM OH
OCBOMJI OCHOBHBIE pa3fieibl y4eOHOH IPOrpaMMBl,
HeoOXOAMMBIE sl JalibHeilero oOydeHus, u
MOXET IPUMEHATH IIOJyYECHHbIC 3HAHUA 10
o0pa3ily B CTaHIApPTHOM CUTYaIUH.

BoicTaBisiercs  CTyAeHTY, IOKa3aBLIEMY
(parMeHTapHbIH, pa3pO3HEHHBIN XapakTep
3HaHUH, JIOITYCKaIoLEMY OLINOKHU B
¢dopmynMpoBKax 0a30BBIX MOHATHHA, HapyLICHHS
JIOTMYECKOW TIOCJIEJOBATEIbBHOCTH B U3JI0XKEHUU
IpOrpaMMHOr0  MaTepuana, ciaabo  BlajgeeT
OCHOBHBIMM pa3zeflaMu  y4eOHOl MporpaMmsl,
HEOOXOAMMBIMU JJIsl ajbHENIIero oOyuyeHust U ¢
TPYAOM IPUMEHSET IOJY4YECHHBIE 3HAHMS JaXKe B
CTaHJAPTHOW CUTYALVH.

HCYOOBJICTBOPUTCIBLHO

BeicTaBisieTcst CTyIeHTY, KOTOPBIA HE 3HAET
OoJbIIIeH YacTH OCHOBHOI'O COJAEP)KaHUS yueOHOM
MPOrpaMMbl  TUCHUIUIMHBI, JIOMYCKAaeT TIpyOble
oMOKHU B ()OPMYIHUPOBKAX OCHOBHBIX NMPUHIIUIIOB
W HE YMEET HCIIOJIb30BaTh IIOJYYEHHbIE 3HAHUS
IIpU PELICHUU TUIIOBBIX 3a/1a4.

BeicTaBnsiercs CTyA€HTY, KOTOPBIA HE 3HAET
OCHOBHOTO COJEpXaHHs Yy4eOHOM MpOorpaMMbl
JTUCLUIUIMHBL, JIONycKaeT rpyoeiimne ommoOku B
(hopMynpoBKax 0a30BbIX MOHATUI AUCHUIIIMHBI U
BOOOIllE HE MMEET HaBBIKOB DELICHUS THIIOBBIX
MPaKTUYECKHX 3a/au.




5. MeTtoguyeckne MaTepHaJIbl, OMNpeeJsolde NPOUeAyPbl OLEeHMBAHHUS 3HAHWI, yYMEHWI,
HABBIKOB M (HJIM) ONBITA AeATEJILHOCTH

Bo Bpems mnpoBeneHus 5SK3aMeHa 3adeTa OOydYarolluecss MOTryT II0Jb30BaThCs IMPOrpaMMOin
JUCLUIIJIMHBL, & TAK)KE CIIPAaBOYHOU JIUTEPATYPOU, BBIYUCIIUTEIILHON TEXHUKON, KOHCIIEKTAMM JICKLIUH.
DK3aMeH NPOBOJUTCS MyTEM OpPraHU3aluy CIIEHUAIBHOTO OMPOCa, IPOBOAUMOTO B YCTHOU (hopMe.



