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1. Mecto aucuunimnnbl (Moayas) B crpykrype OIIOII BO: BapuaTtuBHast 4acTh

2. BxoaHble TpeOOBaHMS /ISl OCBOEHUsI THCIMILTHHBI (MOIYJIs), MPeIBapUTEIbHbIE
ycJioBHs (€CJIM eCTh):

Bricmras maTemaTnka

®duzuka

OO0111ass XuMus

buomorus

Knumarosnorust ¢ ocHOBaMu METEOPOJIOTUU
I'mpponorus

IlouBoBeacHHE

JlangmadroBeaeHne

DKoJoTus ¢ OCHOBaMH Ouoreorpapuu
I'eonkonorus

DKOJIOrUs YeI0OBeKa

3. Pe3yabTaThl 00y4eHHs 1O AUCHHUIJINHE (MOIYI10), COOTHECEHHBIE C TPEOYyeMbIMH
KOMIIETEHIIMSIMU BbINYCKHUKOB!

KomMrteTeHIiu BBITYCKHHKOB, (JOPMUPYEMBIE YACTHYHO TPU PeaTHu3aIllui JACITATITHHBI
(Momyst):

Cnocob6HOCTh  (popMynupoBaTh HAydyHO OOOCHOBAHHBIE THIOTE3bI, CO37AaBaTh
TEOPETHUECKUE MOICIH SIBJICHUH U MPOIECCOB, TPUMEHSATh METOA0JIOTHIO HAYYHOTO MTO3HAHUS B
npodeccuoHanbHOU nestenbHOCTH (YK-1.M);

CnocoOHOCTh  cO37aBaTh MaTeMaTHYeCKHe MOJeNd  MpOo(ecCHOHATBHBIX  3ajad,
YYUTHIBATH OTPAHUYCHUS U TPAHHIIBI IPUMEHUMOCTH MOJIEIICH, HHTEPIIPETUPOBATH MOJTyICHHBIC
KoJimuecTBeHHbIE pe3yabTaThl (OITK-1.M).

[Inanupyemble pe3ynbTaThl 00y4eHHs 10 AUCIUILTMHE (MOAYIIIO):

CTyaeHT T0KeH:

- 3HaTh OCHOBHBIE IPUHIIMITH TOCTPOEHUS MaTEMAaTUUECKUX MOJICIICH B KOJIOTHH.

- ITlonumaTh 3aKOHOMEPHOCTH (DYHKIIMOHHPOBAHUS CIIOKHBIX CHCTEM, CBS3aHHBIE CO
CKOPOCTSIMU MOCTYIUICHHUSI, IEPEPACIIPEICIICHUS U PACXOJ0OBAHUS PECYPCOB.

- YMeTb BBLICTATh OCHOBHBIE OJIOKM MOJIENEH CIOMKHBIX CUCTEM U CBSI3U MEXKIY STUMU OJIOKaMHU.
- IMeTb OMBIT AEATENbHOCTH B O0JIACTH aHalu3a YCTOMYMBOCTH CTAllMOHAPHBIX COCTOSHHIA
9KOCHUCTEM.

- YMeTh opraHu30BaTh cOOp M aHAIU3 JAHHBIX ISl BEpH(PUKALIMH MATEMAaTHICCKUX MOICIICH.

4. ®opmar oOy4yeHHUS: JIEKIINH, CEMUHAPBI
5. O0beM TUCHUIIMHBI (MOIYS1) COCTABISET 3 3.€., B TOM Uncie 54 akaJeMUYeCKHX Jaca,
OTBEJIEHHBIX Ha KOHTAKTHYIO pabOTy 00y4aromuxcs ¢ mpernoaaBaTeneM, 54 akaJeMUYeCcKuX yaca

Ha CaMOCTOSITEIbHYIO paboTy 00yJaromuxcs.

6. ConeprkaHue JUCUUIUIMHBI (MOAYIIS), CTPYKTYPUPOBAHHOE IO TeMaM (pasjienaM) ¢ yKa3aHueM
OTBEJICHHOT'0 Ha HUX KOJMYECTBA aKaJeMUYECKHX YaCOB U BUbI YUCOHBIX 3aHATHMA

Ne | HaumenoBanue | TpymoemkocTsb (B ak.gacax) no ¢opmam 3aHATUH ®opma
n/n | pasgenoB u TeM | KonrakTHasi paboTa BO B3aUMOICHCTBHI \ CamMocTosiTe | TEKYLIETO
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Uroro: 18 36 54 108

[IpomexyrouHa DK3aMeH
s aTTeCTaIVs:

CoaepxcaHI/Ie JUCHUIUIMHEI 110 pa3JciiaM U TCMaM:

YacTs |. BBenenne B MareMaTnueckoe MOJCIIUPOBAHNE
U.M. Puixcosa

Beenenue
Tema 1. METOAOJIOTUA MATEMATHUYECKOI'O MOAEJIMPOBAHU A

Maremaruzanuss  Haykd.  OCHOBHBIE  TIOHSATHS ~ CHUCTEMHOTro  aHanmu3a.  OCHOBHBIC
METOJIOJIOTUUECKHE TPHUHIUIBI  MOJETUPOBaHUS. AHATOMHS MAaTeMaTUYECKHX MOJIEICH.
BrrunciurensHbiil skcnepuMedT. Llenn moaenupoBanusi. OCHOBHBIE XapaKTEPUCTUKU MOJAEIIEH
(peamuCcTUYHOCTh, TOYHOCTh, OOIHOCTh, MOJIYJIBHOCTH, CIIOCOOHOCTh K Kauye€CTBEHHOMY U
KOJIMYECTBEHHOMY Pa3BUTHIO).

Tema 2. CIEOU®UKA DSKOCUCTEM MW TIOYB KAK OBBEKTA
MO/EJIMPOBAHUA
Creuupuka T1MOYB W DIKOCHCTEM, Kak oObekTa  MojenupoBaHus.  OTKpPBITOCTb.
MHOroKOMHOHEHTHOCTh. CJIOKHBIA XapakTep B3aUMOJICUCTBUA C OKpYXKAIOUIEH Cpeaoil.
Huuamuynocts.  HenuneliHocts.  Mepapxuueckas  opranuzamusi.  [IpocTpaHcTBeHHas
HEOJHOPOAHOCTh. KOHTPUHTYUTHBHBIN XapakTep peakiuy Ha BHELIHUE BO3/ICHCTBHUS.

Tema 3. OCHOBHBIE TUITbI MATEMATUYECKNX MOJIEJIEN

Knaccudukanus skonorudeckux mojneneii (Pegopo, 'miabmanoB (1980); Pusnuuenko
(2002); Jorgensen (2008)).

Pazpen 1. [Ipoueaypa MoieTMpPOBAHUS CI0KHBIX TUHAMUYECKHX CUCTEM

Tema 1. [IPOHEAYPA MOJIEJIMPOBAHU A
[locTanoBka 3amauu; BbIOOP OOBEKTa HCCIEAOBAHUS M OMNPEICICHHE €ro BpPEMEHHBIX U
MIPOCTPAHCTBEHHBIX TPAHMIL, cOOp HEOOXOIMMBIX JaHHBIX M OIICHKA WX KauyecTBa; BHIOOP THUMA
MOJIeNM; KOHLENTyalnu3alus Mojenu; (opmanu3anus MOJeNU; BBIOOP MeEToJa pEeleHUS;
peanuzanus MOJeNnu; BepUpHUKAlUs MOJENIH; aHalu3 YYBCTBUTEIBHOCTH; KaJHUOpPOBKa;
MIPOBEPKa; 3aKIIFOUUTEIbHBIN CHHTE3.

Tema 2. UCTOYHUKU HEOITPEAEJIEHHOCTHU B SKOJIOTUYECKUX MO/JIEJIAX
[IpoctpancrBennas BapuabenbHOCTh. CTpykTypa Mojenu. Bwibop cuenapus. Bxonel u
MapameTpsl.

Paspen 2. Cratudeckue M JuHamMudeckue Mojend. KadecTBEHHbIE METOJbl MCCIAENOBaHUS
AVHAMUYECKUX MOJEIIEH

Tema 1. CTATUYECKUE U ATMHAMNWYECKHNE MO/JIEJIN
Cratnueckue monenu. IIpeacraBieHue cTaTHUECKUX MOJENEH B BUJE NOTOKOBBIX AMArpamMm U
MaTpu4HO#l popme. JIocTOMHCTBA M HEOCTATKU CTaTHUECKUX MoJiesiel. JJluHaMudyeckue MoJienu.
Toueunsle mMozenu. Mcronp3yemblil MaTeMaTUUYECKUM ammapar. Y4YeT BPEMEHHOU HEpapXuu
nporeccoB («OBICTpBIE» «CpEeIHHEe» U «MEAJICHHbIe» IepeMeHHble). IIpocTpaHCTBEeHHO-
pacmpeneneHHble  AMHAMUYecKue Mojend. Mcmonb3yeMbli  MaTeMaTH4YecKHWil — ammapar.
JIOCTOMHCTBA ¥ HEIOCTATKU JUHAMUYECKUX MOJEIIEH.

Tema 2. KAUECTBEHHOE UCCJIE[JOBAHUE JIMHAMUYECKUX MOJIEJIEM
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Junamuueckue monenu. Ilpocreiimme npumepsl AMHAMUYECKUX Moaenel. KaudecTBeHHbIE
METOJbl HCCIENOBaHUSA AUHAMUYECKUX Mojene. JIMHelHble AUMHAMUYECKHE MOJCIIN.
NnnrocTpaTuBHBIA IpUMEp: KadyeCTBEHHOE HCCIENOBAaHUE JIMHEMHOW MOJEIHA KpyroBOpoTa
yriaepoaa.

Tema 3. HEJIMHEMHBIE JUHAMWUYECKHWE MOJIEJIA

OcoOeHHOCTH TUHAMUKH HEIHMHEHHBIX cucTeM. [Ipocreiimne mpumepbl HETMHEWHBIX
JUHAMHAYECKUX Mozeneld. WMIurocTpaTuBHBIM NpHUMEpP: KadeCTBEHHOE HCCIEIOBAaHUE CEpUU
HEJIMHEMHBIX MOJIEJIE KPYrOBOpOTa Yriaepoaa.

Pasnen 3. buoreoxumuyeckue Moaenu

Tema 1. OTAIIbI PA3BUTHUA MATEMATHUYECKUX MOJIEJIEI
BUOT'EOXMMHWYECKHX LIMKJIOB DJIEMEHTOB. KJIACCUDUKAI S MOJIEJIEM.

Kpatkoe ncropuueckoe BBenenue (mepsbie Monenu; 30-40 roasr; 70-e roasl XX Beka;
coBpeMeHHbI mepuon). Kiaccudukanus wmonenedt: MHKpOOHbIE, MOJCIH  Pa3JIOKEHUS
MOJCTUIKH, TOYBEHHBIE, DJKOCHUCTEMHBIE, TIIoOabHBIE. (OCOOESHHOCTH OHOTEOXMMHUUYECKHUX
MoJenel B 3aBUCMMOCTH OT IIPOCTPAHCTBEHHO-BPEMEHHOT'0 MacIlTada.

Tema 2. MOJAEJIMPOBAHUE JWUHAMHUKNU OPTAHUYECKOI'O BEIIECTBA
[1O4YB

OcHOBHBIE TOJXOJbI K MOJCIUPOBAHUIO TUHAMHUKH OPraHUYECKOTO BEIIECTBA IOYB.
[Ipouecc-opueHTHpOBaHHBIE U OPraHW3M-OPUEHTUPOBAHHBIE (MOJENM THIIEBBIX IIETei)
Mojenu. IIponecc-opuenTrupoBannbie Moien. KoHIenTyanbHbIE TyJIbl B MOJCNSX JTUHAMHKA
OpraHMYEecKOT0 BeEIlecTBa TMOYB M u3MepseMble (pakuuu. [Ipobirema sKcepUMEHTATBHOTO
obecrieueHns U MPOBEPKU MOJIeTIeH TUHAMUKH OPraHUYecKOoro BEIecTBa MoyB. Pemynmpyromniye
dbyHKIIMA (TeMIiepaTypHbIi (hakTop, (HakTop BIAKHOCTH, TEKCTYPHBINA (PAKTOP), UCIIOIH3yeMbIC B
MOJENSAX TUHAMUKN OPraHMYECKOTO BEIIEeCTBA MOYB.

Tema 3. NCTOYHUKU HEOIIPEAEJIEHHOCTH B MOJEJIAX
BUOTEOXNMMNYECKUX UKIIOB

Heonno3naunsiii BeiOOp mynoB. [lonck cBs3eld Mexay u3MepseMbIMH (PAKIUIMH U
KOHLIENITyalbHBIMUA  ITyJIaMHU Mojenel kpyroBopora yriepona. HeompeneneHHOCTh B
omnpeneneHuu CTPYKTypbl mozenet OB mouB. IIpoTuBOpeunBbIE AaHHBIE O TEMIIEPATYPHOI
YyBCTBUTEJIHHOCTU Pa3HbIX MYJIOB OPraHMYECKOro BemlecTBa mnous. Vcmosns3oBanum mojeneil B
Macmrade OTIMYHOM OT TOTrO s KOTOPOro OHM ObLIM pa3BUTHL. BXojaHble naHHBIE U
napametpsl. [IpoOnema mNpPOCTpaHCTBEHHO- BpPEMEHHOrO0 MaciuTtaba Mpu MOAECTUPOBAHUU
OMOreOXMMHUYECKUX ITUKIIOB.

Pazgen 4. Mojienu regoreHesa

Tema 1. OCHOBHBIE TUIIbI MOJIEJIEM ITIEJIOT EHE3A
dakTopHBIC MOJETU. DBOJIONHMOHHBIE Mojaenu. IlpomeccHsie momenu. Ilpumepbr Mopenei
negorene3a. Moiens amoBuanbHoro nporecca. Moaens SOILGEN.

Yacts |l. MaTemaTuueckoe MOAEIMPOBAHUE B SKOJIOTUU
T.A. Apxaneenvckas

Beenenue.
Merton MaremMaTH4ecKOrO MOJEIMPOBAHUS B DKOJIOTMM KAK MHCTPYMEHT HUCCIIEIOBaHUSA U
MIPOTHO30B.

Paznien 1. DaeMeHTBI TEOpUU KOJICOaHUH.

KavectBeHHblif anHanu3 cucteM auddepeHIuanbHbIXx ypaBHeHuH. CranuoHapHbIe
cocTtosiHUsA. M30okmuHbL. [naBHble M30KIMHBL OcoOble TOYKU: IEHTP, YCTOMUYUBBIA Yy3ed,
HEYCTOWYMBBIN y3€J, YyCTOWYMBBINA (HOKYC, HEYCTOWUMBBIN (okyc, cemio. IlpeaenbHble UKIBL.




Crpannble arrtpakTopbl. Cemaparpucbl. ®azoBas Tpaekropus. Pa3zoBbiii noprper. PazoBoe
npoctpancTBo. Pa3oBblit casur. [lapamerpudeckuii moprper cuctemsl. budypkanusi.

Paszpen 2. MaremMarnyeckoe MOAEAMPOBAHNE IMHAMUKY ONYIISIIIUIMA.

Tema 1. OIUHOYHAA TTOITYJIALNA

Monenu JMHAMHUKY OJAMHOYHOM MOMYJISILIMM C HENIPEPBIBHBIM pa3MHOKeHUuEeM. Pox1aeMocCTb.
CmeptHOocTh. Koa(¢uuueHT pa3MHOXKEHHS. OKCHOHEHLMaIbHBIM pocT. 3akoH MabTyca.
Mopnens ®epxronbcra. Jloructuueckuit poct. EMkocth cpensl. - u K-crpareru. Monenu
npomslicia. IIocTossHHBIN 1 J0IEBOM IPOMBICEL.

Maremaruueckue MoJieiu B MUKpoounosorun. Moneias MoHo.

Teopuss xemocrata. CkopocTh pa3z0aBieHUs, BpeMs YJIBOCHHS, TOYKAa BbIMBIBAHUS.
JIByxBo3pactHast moaens H.B. CrenanoBoii.

Marpuusable MOJEIM JUHAMUKH OJMHOYHBIX IMOMYJSIMUNA C BO3PAaCTHOM CTPYKTYypOH H
TUCKPETHBIM pa3MHOkeHueM. Marpuna Jlecoun. Oddext 3ana3apiBanus. Bo3HukHOBeHue
KoJie0aHUM YMCIEHHOCTH.

Tema 2. B3AUMOJIEMCTBHE HOITYJISIUIA

Mogenu B3aumojeicTBus momyssiiuid. OOIIUN BUJI CUCTEMBl yYPaBHEHHM, OIMCHIBAOIICH
B3aUMO/ICHCTBUE IBYX BUJIOB.

Cucrema ypaBHEHMH «XUIIHHK-kepTBa» B. Bombreppa. OcoOble TOUKH, UX YCTONYHMBOCTB.
®a30BbIi TOPTPET cucTeMbl. Bo3HUKHOBEHUE aBTOKOIe0aHu. PopMa MpeAeabHOro UKIa Mpu
Pa3IMYHOM YPOBHE MOCTYILIEHUSI PECYPCOB B CUCTEMY.

Cucrema ypaBHEHHM «XUIIHUK-)KEPTBa» MPU HAIMYMHU BHYTPUBUIOBONW KOHKYPEHIUU CpeaH
xepTB. CrucreMa «XHUIHUK-)KEPTBa» B YCIOBUSAX IIPOTOYHOTO KYJIbTHBATOpA (XEMOCTATA).

Cucrema ypaBHEHH, ONMHCHIBAIOIIAS CUMOHMOTHYECKOE B3aMMOJICHCTBHE JBYX BUIIOB (a) B
OTCYTCTBHE BHYTPUBHI0BOW KOHKYPEHIUH U (0) IpU HATMYUK BHYTPUBUIOBON KOHKYPEHIIUH.

CucreMa ypaBHEHU, OMUCHIBAIONIAsl KOHKYPEHIIUIO JBYX BUAOB. [lapameTpuyeckuii moprper
cucTeMbl. TpurrepHoe nepexItoYcHue.

B3aumMopelicTBre Tpex MNONYNALUH B CHCTEME «XUIIHHMK-ABE XEPTBbD» () B OTCYTCTBHE
KOHKYPEHIIUH CPEH KepTB U (0) MPH HATUIMH KOHKYPEHIIUH CPEIH JKEPTB.

Tema 3. [IPOCTPAHCTBEHHBIE DOPEKTDI

BO3HMKHOBEHME CTPYKTYp B IHPOCTPAaHCTBEHHO-PACHPENEICHHBIX CHCTEMax. buiokaibHas
CUCTEMa M €€ IOBEJCHUE IIPU PA3JIMYHON MHTEHCUBHOCTM MWIPALMU XKEPTB MEKIY ABYMs
MECTOOOUTAHUAMH U IIPU PA3JIMYHBIX YPOBHAX BHYTPUBUA0BOM KOHKYPEHLIUU CPEN KEPTB

Paznen 3. Mojenu ri106anbHOr0 pa3BUTHS.

Tema 1. JJOKAJIBHBIE MOJEJIN

MopenupoBaHue  3KOJIOTO-3KOHOMUYECKOTO  B3aUMOJICMCTBHSI HAa  OCHOBE  CHCTEM
g depeHInanbHbIX YpaBHEHHH.

Mopenu JIx. @oppectepa «Mup-1» u «Mup-2». OcHOBHBIE KOMIOHEHTHI Moaenu. OO0mumii
BUJI YpaBHEHUU. 3aBUCHMOCTb POXKIAAEMOCTH U CMEPTHOCTH (a) OT ypoBHS muTaHus, (0) oT
MaTepHUaIbHOTO YPOBHS JKU3HHU, (B) OT TJIOTHOCTH HaceleHHs, (I') OT YPOBHS 3arpsi3HEHUS.
OcCHOBHBIE pe3yJbTaThl: KPU3UC HCTOUIEHUS PECYpPCOB; Kpu3HUC 3arpsi3HeHus. CueHapuid
rI100aTbHOTO PaBHOBECHSL.

Mopnens Hynesoro pocrta Jl. Menoy3a. YcnoxxHeHue CTpyKTypel monenu «Mwup-3» 1o
CpaBHEHUIO ¢ MoJiensiMu PoppecTepa.

Tewma 2. [IPOCTPAHCTBEHHO-PACIIPEIEJIEHHBIE MOIEJIN

[IpocTpancTBeHHO-pacpeiefieHHas MOJEeNIb OpraHuyeckoro pocrta MecapoBuua-Ilecrens.
Pernonanpueiii mogxos. OcHOBHBIE O0KH Mojenu. OCHOBHBIE Pe3yNbTaThl U UX OTIUYHE OT
nporuo3oB doppecrepa u Menoysa.

Pasznen 4. 'noOanbHbIE KIMMATHYECKHUE MOJIEIIH.
Mogenp «IaepHON 3UMBDY.




CueHapuy TUHAMHUKHA aHTPOIIOTEHHBIX BBIOPOCOB MAPHUKOBHIX Ta30B B TeueHHe 21 Beka (1o
noxsaxy MexnpaBuTenbCTBEHHON TPYIIIBI 3KCIIEPTOB 10 U3MEHEHUIo kiumata, 2007)

Mopenu obuiei nupkymauuu arMochepbl. OCHOBHBIE MPOIECCH, MOJCIUPYEMBIE B MOJICIN
obmieit mupkynsauuu atMocepsl U okeaHa MHCTUTYTa BBIYMCIHTETbHOW MaremaTuku PAH.
IIporno3 usmenenus knuMara ais cueHapus AlB, nonyuennsiit Ha 6aze MOILIAO UBM PAH.

Monens «Kmumat - yraeponssiii uki» Ha 6aze MOILIAO MBM PAH. OcHoBHBIE OJIOKH
MOJIENIM, OCHOBHBIE IPOILIECCHI, OCHOBHbIE ypaBHEHMs. [Ipornos conepxanust yriepoja B
OCHOBHBIX 3KOcHcTeMax Juisl cueHapust AlB.

Mogenu «kIuMaT-030H» U «kiauMar-mMeran» Ha 6aze MOLIAO IBM PAH. OcHoBHble 010KH
u miporiecchl. [IporHo3 comepikanus MeTaHa B atMocdepe st crieHapus Al1B.

Pasznen 5. IMuTalimoHHOE MOJIEIMPOBAHUE SKOCUCTEM.

Tema 1. OBLIME ITOAXOIbI

OOmas 070K-cXeMa HMMHTAIMOHHEBEIX MOJIENIEH JKOocHuCTeM. buoTndeckmii, aOMOTHYCCKUH,
KIuMaTH4eckuil Ooku. O0I1Ias cxema MOTOKOB BELIECTBAa M SHEPTUu B sKocucTeMe. JlnarpaMmMbl
Jlx. @oppectepa. [punuun mumuTtHpyronux ¢aktopoB. OYHKIMK OTKIMKA. PerpeccroHHbIe
Mozaenu. CTaTHCTUYECKHME MMMTATOpbl KiMMarta. llemm mOporHo3Horo MojenupoBaHus: (a)
MIPOTHO3 OTKJIMKA SKOCUCTEMBbI Ha U3MEHEHHUE €€ CTPYKTYpHhI; (0) MPOrHO3 OTKJIMKA SKOCUCTEMBbI
Ha U3MEHEHUE BHEITHUX YCJIOBH.

Tema 2. ATPOSKOCHUCTEMBI

NmurtanmonHoe mozenupoBanue arposkocucteM. [louBeHHbIN OJ0K, BereTalMOHHBIN OJIOK,
MereoOsnok. Ilemn MozaenupoBaHMs, OCOOEHHOCTH MPOIYKIHMOHHBIX Mojeneil. Moaenu
SOYMOD, CUMOHA, AGROTOOL.

[IporHo3 noBeneHMs CENbCKOXO035MCTBEHHBIX SKOCUCTEM B YCIIOBUSX BO3MOKHBIX U3MEHEHUN
kiumara. [Ipoekt «PESETA» u ero ocHOBHBIE pe3yIbTaThl AJIs arpodKOCUcTeM. MiIMuTannoHHas
cuctrema «Kimmmar-nousa-ypoxaity BHUMCXM u nporHo3bl U3MEHEHUN NPOIYKTHUBHOCTHU
OCHOBHBIX CEJIbCKOXO3SIICTBEHHBIX KYJIbTYpP IPHU OXKHMJAAEMbIX HW3MEHEHUSX KiIMMara JUis
pa3IMYHBIX peruoHoB PD.

Tewma 3. JIJECHBIE OKOCHUCTEMBbI

NmutanmonHsle MoOJENnu JIECHbIX 3KocucTeM. llenm monenupoBanus. SApycHo-Mo3anuHas
koHuenus. [IpocTpaHncTBeHHO-pacnpeenieHHble rn-mMoaenu. 3D-Bu3yanuzanus pe3yinbTaToB
pacueroB. Ctpykrypa moaenun Mixfor-3D u mpumep ee MpUMEHEHHs IS OLEHKH BIMSHUS
BBIPYOKHM Jieca Ha MHUKpoximmar 3kocucteMbl. Moaens EFIMOD, ee ocHoBHble OOKH H
rporeccsl. MoaenMpoBaHUE PEAKIUU JECHBIX SKOCUCTEM Ha BO3MOXKHbIE U3MEHEHNU KIMMaTa.

Mopnenu peakuuu OOJOTHBIX SKOCUCTeM Poccum Ha KiIMMaTHYeCKUEe U3MEHEHUs U
AHTPOIOI'€HHBIE BO3ACUCTBUSI.

Tema 4. BOAHBIE DKOCHUCTEMBbI

NMurtanmonHbie MOIeTH BOJHBIX dKocucTeM. Llenu monenupoBanus. OcoOeHHOCTH MoAemnei
BOJHBIX 2KocucTeM. MMHTalMOHHAsT MOJenb 3KOcUucTeMbl HeBckoil ryObl OUHCKOTO 3alivBa.
MonenupoBaHue AUHAMUKU MOMYJIALUNA TPOMBICIOBBIX THIPOOHMOHTOB.

Pazgen 6. MoennpoBanye JMHAMHMKU OTAEIbHBIX BEIIECTB B HA3EMHBIX DIKOCHCTEMAX.

Tema 1. YI'JIEPO/I

MoenupoBanie JIMHAMUKA YIJepojJa B HA3eMHBIX JKOCHUCTEMax TpU  Pa3IUYHBIX
KJIMMaTHYECKUX CIeHapusax. Mojenu JUHAMHKH opranuudeckoro yriepoma Century, RothC.
[IporHo3 nOWHAMHUKK 3amacoB OPraHMYECKOTO Yriepoja IMaxOoTHBIX 3eMelb EBpomeickoii
TeppuTopuu Poccuu npu pa3nuyHBIX cucTeMax 3emiienenus. MoJienb TMHaMUKHA OpPraHu4eCcKoro
BEIIECTBA MOYB B JIECHBIX dKocucTeMax ROMUL.

Tewma 2. BATPSSHAIOIIME BEILIECTBA

Mopen AMHAMUKH ~ 3arps3HSIONIMX — BEHIECTB B Ha3eMHBIX JKocucTeMax. Llemu
MOJIeTUPOBaHus. JlMHaMHu4YecKass MOJIENb LHUKIOB TSDKEIBIX METAJUIOB JJIsl arposiaHamagdToB
neBobOepexbs OKckoro OacceitHa.




7. ®ony oneHo4yHbIX cpeacTs (POC) 115 oneHUBaHUSA Pe3yJbTATOB 00y4YeHHs 10
AUCHHUILINHE (MOIYJIIO)

7.1. TunoBble KOHTPOJILHBIE 32/1aHNS WM HHbIEe MAaTEePHAJIbI VIS IPOBeIeHUS TeKYIIero
KOHTPOJISl yCIIeBAeMOCTH.

7.2. TunoBble KOHTPOJIbHBIC 3aIaHUsl WM UHBIC MATEPUAJIBI IJI IIPOBCACHUSA
l'lpOMe)KyTO‘lHOﬁ aTrreCcTanmu.

YacTs |. BBenenne B MareMaTnueckoe MOJICIIMPOBAHNE

Beenenue
OCHOBHBIE TIOHATUA CUCTEMHOTO aHaIn3a.

OCHOBHBIE METOI0JIOTUYECKUE MPUHIIUATIBI MOICTUPOBAHUS.

BrranciuTenbHbIN SKCIIEPUMEHT U €0 JOCTOUHCTBA.

OcCHOBHBIE XapaKTEPUCTHUKUA MojeNel (peaTuCTUIHOCTh, TOYHOCTh, OOITHOCTh, MOIYJIHHOCTD,
CIOCOOHOCTH K KaU€CTBEHHOMY M KOJIMYECTBEHHOMY Pa3BUTHIO).

Crennuka 1mo4s 1 SKOCUCTEM, KaK 00bEKTa MOJECITUPOBAHHUS.

OCHOBHBIE THUITBI MATEMATHYECKHX MOJICIICH.

Knaccudukarys sK0I0THIeCKIX MOJIEIIEH.

Pazmen 1. Ilponeaypa MOAECIMPOBAHUSA CHOKHBIX JUHAMUYECKUX cHUCTeM. McToYHUKM
HEOIPEAEIIEHHOCTEN B MOIEIISIX

OCHOBHBIC dTaNbl MOACIINPOBAHUA CIIOKHBIX TUHAMHUYCCKUX CUCTCM.
Hcrounukn HCOMPECACIICHHOCTHU B 3KOJIOTHYCCKHUX MOACIIAX.

Pazgen 2. Cratmdyeckue W jauHamMpdeckue Mojenn. KadecTBeHHBIE METOJBI HCCICIOBAHUS
JIUHAMHAYECKUX MOJETIEH

Craruyeckue Moaenu. JIOCTOMHCTBA M HEIOCTATKH CTATHYECKUX MOJICIICH.

Junamuueckue Moaenu. Toueunbie Moaenu. Mcnonp3yeMblii MaTeMaTUYECKUH ammapar.
[Ipocreiire npumMepsl IMHEHHBIX TUHAMAYECKUX MOJCIICH.

VY4eT BpeMEHHOU uepapxuu MpoIeccoB («OBICTPBIC» «CPEAHHE» U «MEUICHHBIC» MEPEMECHHBIC).
[IpocTpancTBEHHO-pacIpeie/IiCHHbIE TUHAMHYECKHE MOJeIH. Vcrosib3yeMplii MaTeMaTHISCKUN
anmapart. JJoCTOMHCTBa M HEIOCTATKH TMHAMHYECKHX MOJICIICH.

KauecTBenHoe wHcciaegoBaHhe OWMHAMHYECKUX Mojeiaed. KaudecTBeHHOe HCCaeI0BaHUE
JTUHEIHON MOJIeN KPyroBOpOTa Yriepoa.

Henuneitnple auHamMuueckue wMoaeian. OCOOEHHOCTH AUHAMUKH HEJIMHEHWHBIX CHCTEM.
[IpocTeiimme nmpuMepbl HETMHEWHBIX TUHAMHYECKUX MOJICTICH.

Paspgen 3. bHoreoXuMHUUeCKHE MOJIEIN
OcHOBHBIE 3Talbl Pa3BUTHS MaTEMaTHYECKUX MOJieNiell OMOT€OXUMHUUYECKUX ITUKIIOB JIEMEHTOB.
Knaccudukanus moneneid 6MOreOXMMHYECKUX ILHUKIOB B COOTBETCTBHU C MPOCTPAHCTBEHHO-
BPEMEHHBIM MaCIITa0OM.
OcoOeHHOCTH OMOTEOXUMHUYECKUX MOJENel B 3aBUCMMOCTH OT MPOCTPAHCTBEHHO-BPEMEHHOTO
Macitirraoa.
OcHOBHBIE TOXOABI K MOICTUPOBAHUIO JMHAMHUKH OPraHUYEeCKOTO BEIECTBA MOYB.
[Ipouiecc-opueHTHPOBAHHBIE U OPraHU3M-OPUEHTUPOBAHHBIE (MOJIETHM THIIEBBIX IICTICH)
MOJEINH.




KonnenryanbHble Mynbl B MOACSIX JUHAMUKH OPTaHUYECKOTO BEIIECTBA MOYB U MU3MEpseMble
¢pakuuu. IIpobnema >KCIEPUMEHTAILHOTO OOECHEUEHHsI W TPOBEPKH MOJENeH JWHAMHUKU
OPraHUYECKOTO BEIECTBA MOYB.

Penynmpyromnme Gpyakiun ( TeMrneparypHbliil pakTop, (akTop BIaXHOCTH, TEKCTYPHBIN (aKTop),
UCTIOJIb3yeMbIe B MOJIEIISIX JUHAMUKNA OPTaHUYECKOTO BEUIeCTBA MOYB.

[TpoGnema mpocTpaHCTBEHHO- BPEMEHHOTO MaclITaba Mpu MOJICIIMPOBAHUHN OMOTEOXHMMHUYECKIX
IIUKJIOB.

Paznen 4. Monenu negoresesa

@akTOpHBIE MOJEIIN I1EI0TEHE3A.

DBOJIIOLMOHHBIE MOJIENIN TIEI0T€HE3a.

[Iponeccupie mMoaenu. Ilpumeprsr mozenedt mnenoreHe3a. Mozenb 3IOBHAIBHOIO IpOIECCa.
Monens SOILGEN.

Yacts Il. MaTemaTnueckoe MOJICIUPOBAHUE B SKOJIOTHH

Beenenue.
Oranbl pa3BUTUS MaTeMaTH4ecKoi 3Kkojoruu. O6JacTy NpUMEHEHHUs MaTeMaTUYECKUX MOJienen
B 3KOJIOTHH.

Pazgen 1. DneMeHTHI TeOpUH KOJICOAHU.

Cranmonapueie coctosiHus. OcoOble TOYKM: LEHTP, YCTOMYHMBBIM Yy3€J, HEYCTOWYHMBBIM Y3e,
ycTOMuMBRIM  (PoKyc, HEycTOW4uuBBbINM (Qokyc, cemio. lIpemenpubie nmkibl. CemapaTpuCHL.
®azoBag Tpaektopus. DazoBbiid mOpTpeT. DazoBoe MTpoCTpaHCTBO. Da3z0oBbIA  CIBUT.
[TapameTrpudeckuii mopTper cucreMbl. budypxarus.

Paznen 2. MaTeMatnieckoe MOIEANPOBAHUE TMHAMUKHU TOMYIISIIHM.
3akon ManbTyca. Monens ®@epxtonbera. EMKOCTB cpenbl. I- u K-ctpaTeru.

[TocTostHHBIN U JOJIEBOM TPOMBICEI.
Mopaens MoHo.
Teopus xemocrtata. CKOpocTh pa3baBiieHHs], BpeMs YABOCHUS, TOUKA BHIMBIBAHUSI.
Marpuna Jlecnu.
OO0mwmit BU CHCTEMBbI YPaBHEHHH, OMMCHIBAIOIICH B3aUMOJICHCTBHE IBYX BHJIOB.
CucreMa ypaBHEHUN «XHUIIHUK-XepTBa» B. BosibTeppa.
CucreMa ypaBHEHUN «XUIIHUK-)KEPTBa» MPU HAJTMYUU BHYTPUBHUIOBON KOHKYPEHILIMHU CPEAU
xepTB. CrucreMa «XHIIHUK-)KEPTBa» B YCIOBUSAX MPOTOYHOTO KyJIbTHUBATOpA (XEMOCTATa).
CuMOunoTHueckoe B3auMOJICHCTBUE IBYX BUJIOB.
KonkypeHuus 1Byx BUIOB.
B3aunmopelicTBrue Tpex NOMyJslUi B CUCTEME «XUIITHUK-/IBE JKEPTBBIY.
bunokanpHas cucTeMa U €€ MOBEICHHUE

Paznen 3. Moaenu rino6aabHOT0 pa3BUTHSL.
Monenu [Jx. @opecrepa «Mup-1» u «Mup-2».
Mogens Hynesoro pocra JI. Menoysa.
Monens oprannueckoro pocra Mecaposuua-Ilecrens.

Paznien 4. ['moGanpHble KIMMAaTHYECKHE MOJICIH.
Mogenb «1aepHON 3UMBI».
CueHapuy TMHAMHUKH aHTPOTIOT€HHBIX BEIOPOCOB MApHUKOBBIX ra30B B TeueHue 21 Beka
Mojenu o61eit TUPKYISIIUK aTMOC(hEPBI.
Monens «Knumar - yriaepoausiii nukia» Ha 6aze MOLIAO MUBM PAH. Ilporuo3 conepxanus
yIJepoJa B OCHOBHBIX dKOCUCTEMaxX A cueHapus AlB.




Mojenn «KIMMaT-030H» H «KJInMar-mMetan» Ha 0Oaze MOILIAO MBM PAH. Ilporno3
coJiepKaHus MeTaHa B atMmocdepe i crenapust Al1B.

Pazgen 5. UMUTAIIMOHHOE MOJAEIHPOBAHUE YKOCUCTEM.

OOmias 0J0K-cXeMa MMUTAIIMOHHBIX MOJEJIEH JKOCHCTEeM. bHoThueckuii, aOMOTUYCCKHIA,
KIUMaTUYEeCKHUI OJI0KMU.

NmuTanioHHOE MOJACIIUPOBAHUE arPOIKOCUCTEM.

[IporHo3 noBeaeHus CENbCKOX035MCTBEHHBIX IKOCUCTEM B YCIOBHSAX BO3MOKHBIX H3MEHEHUI
KJIUMaTa.

MMuTamoHHBIE MOJICIIH JIECHBIX SKOCHCTEM.

MMuTanmoHHbIE MOJICIIM BOJHBIX YKOCHCTEM.

Pazgen 6. MoenupoBaHne JUHAMUKH OTJIETbHBIX BENIECTB B HA3€MHBIX DKOCHCTEMAX.
MOI[GJ'H/IpOBaHI/IC JUHaAMHKU YIJIEpOJa B HA3EMHBIX OKOCUCTEMAX.
MOI[GJ'H/I AVHAMHKHU 3arpAa3HAOIUX BECIICCTB B HA3CMHBIX S5KOCHCTEMAX.

8. PecypcHoe oGecrieueHue:

e [lepeyeHb OCHOBHOW M JOTOJHUTENBHOM JINTEPATYPHI:

Ne
/11

ABTOD HasBauune kauru/crateu | OTB. Mecto Uznate- Ton
PENaKT | U3AAHHS JILCTBO A3IaHUS

op

Mstnes B./I., Teopus BeposATHOCTEHN U Mocksa Axamemus | 2009
ITaruenxo JL.A., MaTeMaTHhdecKas
Puszanuenxo I'.10., CTaTHCTHKA.
Tepexun A.T. MaremaTnueckue
MOJIETIH.

(pasgensr 11-1, 11-2).

bazbikun A.Jl. Maremarnueckas Mocksa Hayxka 1985
onodusnka
B3aMMO/JICHCTBYIOIINX
MOMYJISIIUANA

(pasgen 11-2)

PomanoBCKuit Maremaruueckoe MockBa Hayxka 1975
IO.M., CremmanoBa MO/JICJTUPOBAHUE B
H.B., UepHaBckuii onodusnke (pa3aeisl
J.C. -1, 11-2)

Csetnocanos B.A. OCHOBBI METOJOJIOTUH MockBa 2007
MOIETTUPOBAHUS
IPUPOJIHBIX CUCTEM
(pazmen 11-3)

MI'OUK Cuenapuu BBIOPOCOB. BMO- 2000
CrenuanbHBIA JOKIIA IOHEII
MexnpaBUTETHCTBEHHO
1 TPYIIIBI SKCTIEPTOB 110
W3MEHEHHIO KJINMaTa
(paznen 11-4)

Hxeddepc Ix. BBenenue B cucTeMHbIN MockBa Mup 1981
aHaJIN3: MPUMEHCHHE B
skoJsioruu (Beenenue,
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| pasnensi 11-2, 11-5)

JomnogHuTrenbHas

7 Bonbsreppa B. MaremaTHnueckas Mockaa Hayka 1976
Teopusi 00pHOBI 3a
CyllleCTBOBaHUE (pa3aen
11-2)

8 doppecrep k. MupoBasi TMHAMUKA. CII6 ACT 2003
(paznen 11-3)

9 Menoy3 ., Pannepc | Ilpenenst pocta. 30 et Mocksa Axanemkuau | 2007

1., Megnoys /I. cycts (pazzen 11-3) ra

10 | Ily3auenko O.T. OcHOBBI 001IEH Mocksa W3n-Bo 1996
skosioruu (Beenenue, Mock. yn-
paszzaen 11-2) Ta

11 | Cmut Jx.M. Mogenu B 3KOJIOTHH Mocksa Mup 1976
(BBenenue, paznen 11-2)

12 CenbCcKOXO03SIICTBEHHBIE Mocksa Arpompomu | 1987
akocucteMsl (pazaen - 3/1at
5)

13 | YeptoB O.T"., Junamuueckoe Amapu | CII6 2007

Komapos A.C., MOJIENTMPOBaHNE Hb.O.
Hannopoxckas MPOLIECCOB
M.A. u ap. TpaHchopmaru
OpraHUYECcKOTo
BEI[ECTBA MOYB.
Mutanmonsas Moaenin
ROMUL: YyeOHo-
METO/I. mocooue (pazmen
11-6)

14 | Pomanenkos B.A., [IporHo3 nuHaMHUKH Mocksa BHUUA 2009
Cuporenko O./1., 3a1acoB OPraHUYECKOro
PyxoBuu JI. u np. | yraepoaa maxoTHBIX

3eMenb EBponeiickoii
Tepputopuu Poccun
(pasmen 11-6)

15 | Mamuxuu C.B. Junamuka yriepoaa MockBa U3n-Bo 2003
OpPraHHYECKOTO Mock. yH-
BEIIeCTBA U Ta
pPalMOHYKIUIOB B
HA3EeMHBIX IKOCHCTEMaxX
(pasnen 11-6)

16 | Komenesa H.E. MopenupoBanue MockBa U3 n-Bo 1997
MOYBEHHBIX U Mock. yH-
nanamadpTHO- Ta
TEOXUMHUYECKHIX
nporeccoB (pasaen |1-6)

17 | ®enopos B./1., OKOJIOTHSI MockBa U3 n-Bo 1980

I'mnemanos T.I'. (pazmen 1) MI'Y

18 | Jorgensen S.E. Fundamentals of Elsevier 2001
Ecological Modelling

19 | Camapckuit A.A., Maremaruueckoe Mocksa duzmariur. | 2001
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Muxaiinos A.IL

MoJenupoBanue: Muen.

Merons!. [Ipumepst
(pazgen 1)

20

Nieder R. Benbi
D.K.

Carbon and Nitrogen
in the Terrestrial
Environment

Springer

2008

HHTtepHeT-pecypcesl

21 | http://ipts.jrc.ec.euro | Impacts of climate
pa.eu/publications/p | change in agriculture in
ub.cfm?id=2900 Europe. PESETA-

Agriculture study
(pa3aenst 11-4, 11-5)

22 | http://mathbio.profe | I'.1O. Puznuuenxo.
ssorjournal.ru/lectur | Kypc nekuuit
es «buoundopmaruka u

MaTEMaTHYIECKOC
MOJCIUPOBAHUC)
(pasgensr 11-1, 11-2)

23 | http://www.journals. | Environmental
elsevier.com/enviro | Modelling & Software
nmental-modelling- | (Bce pa3nensr)
and-software/

24 | http://agrotool.asu.ru | AGROTOOL (pa3aen
/ 11-5)

25 | http://nrel.colostate. The CENTURY Soil
edu/projects/century | Organic Matter Model
5/reference/html/Ce
ntury/overview.htm

26 | http://www.rothamst

ed.ac.uk/sustainable-
soils-and-grassland-
systems/rothamsted-
carbon-model-rothc

Rothamsted Carbon
Model (RothC)

e [lepeuyeHs JMLIEH3MOHHOTO MPOTPAMMHOTO oOecrieueHus (pu HeoOXOUMOCTH)

L4 HepequL HpO(bCCCI/IOHaJIbHBIX 0a3 JaHHBIX 1 I/IH(bOpMaI_[I/IOHHLIX CIIpaBOYHBIX CUCTEM

e [lepeuens pecypcoB HH(DOPMAIIMOHHO-TEIEKOMMYHUKAIIMOHHON ceTH «MHTepHeT» (mpu

HEOOXOMMOCTH )

e Ommcanue MAaTCPHUAJIbHO-TCXHHUYCCKOI'O obecreyeHus:

A. Tlomeriennsa

- JIekunMoHHOE MOTOKOBas ayanuTopus,

KOMITBIOTEP, BBIXO] B IHTEepHET):
b. O6opynoBanue:
Jl7is TEeKIMOHHBIX ayIMTOpUiA: HeoOXoaumasi oprrexuuka, IBM, u ap.

9. SI3bIK MpenoJaBaHMs: PYCCKHIA

00OpyJOBaHHAs OPITEXHUKOHW (IIPOEKTOp,

PaGouas mporpamMmma AUCHUIUINHBI (MOIYIsI) pa3paboTaHa B COOTBETCTBUU C CAMOCTOSTEIHHO
ycranoBiIeHHBIM MI'Y oOpazoBarensHbiM cTanaapToM (OC MI'Y) st peann3yeMbIX OCHOBHBIX
npodeccroHabHBIX 00pa30BaTeNbHBIX IPOTPAMM BBICIIIEr0 0OPa30BaHMs 110 HATPABICHHUIO
MOATOTOBKH / CIICIIUATBHOCTH «KOJIOTHUS ¥ MPUPOIOTONIE30BaHNE» MPOTrPaMMbI OakalaBpHuara,




MarucTpaTypbl, PeaTu3yeMbIX IMOCIECIOBATEIBHO IO CXeME HHTETPUPOBAHHOM MTOJATOTOBKH B
penaxkuuu npukaza MI'Y ot 30 nexabpst 2016 r.
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