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Hean 1 3a1a4M IUCHUTITHHBI

Heanio kypca "I'maporeomMHaMHUYECKOE MOJETUpOBaHUE" SBISETCS M3YyUYCHHE TEOPETUUCCKUX
OCHOB U MCTOAOB TIOCTPOCHHA MaTEMAaTHUYCCKUX MO,Z[GHGﬁ IIOTOKOB IIOA3€EMHBIX BOA H
(dbopMUpOBaHHE YCTOMYMBOTIO KOMILIEKCAa 0a30BbIX 3HAHUI O MOJEIMPOBAHUHM Teo(UIBTpaLUN
IIOTOKOB IMOA3CEMHBIX BOJ MHOCTOSIHHOM U HepeMeHoﬁ IIJIOTHOCTH.

3agaun:

- HOJYYUTb TCOPCTUUYCCKUC TMPCACTABJIICHHUA O MOACINPOBAHUN l“eO(l)I/IJII:TpaI_[I/IOHHBIX n
TE€OMUTPALIMOHHBIX MPOLIECCOB, KaK METOJIE PEeUICHUS! MPOTHO3HBIX THIPOTeOJOTHYECKUX 3a/a4 Ha
06’b€KTaX AHTPOIIOTCHHOI'O BOSHeﬁCTBHH Ha IMMOA3C€EMHBIC BOAbI

—OCBOUTh OCHOBHBIE NPUHLHUIIBI TOCTPOEHUS KOHEYHO-PA3HOCTHBIX U KOHEYHO-OOBEMHBIX
YHUCJICHHBIX CXEM PELICHHs ypaBHECHHH IreoHIbTpalluu

- U3yYUTh METOJUKU YUCIEHHOTO MOJEIMPOBAHUS reo(UIbTPallii B Pa3IMYHbIX IMOCTAHOBKAaX U
pa3NUYHBIM HAO0OPOM TPAHUYHBIX YCJIOBHUS, OTpaXKaromUX (HOPMUPOBAHHE TeO(PUIBTPIIMOHHBIX
MTOTOKOB IMOJI3€MHBIX BOJ] Pa3JIMYHOI0 MaciliTada B €CTECTBEHHBIX U HAPYIIEHHBIX YCIOBHIX

— HOJYYUTh TCOPCTUYCCKUC MPCACTABJICHUA O CBA3HBIX MOACIAX FeO(bI/IJII:TpaLII/II/I, MUTrpanuu
3arpsi3eHusl U TEIUIONEepeHoca B MOJA3EMHBIX BOJIaX M O3HAKOMHTHCS C METOAAMU MOJEIIMPOBAHUS
CBSI3HBIX 3aJa4

— MOJIyYUTh HAaBBIKU PabOTHl C COBPEMEHHBIM MPOTPAMMHBIM 00ECMEUEHHEM U pPEIICHHE HAa HEM
3aaa4dy l“eO(l)I/IJII:TpaI_[I/II/I HpI/I6JII/I)KeHHI>IX K PpCaJIbHBIM YCIOBUSAM [JIA IIOJTYYCHHA HABBIKOB
reo(UIbTPALIMOHHON U BBIYUCIUTEIHHON CXEMaTHU3alMH U MOJICTTMPOBAHUS IeOPMIbTPAIIIH.

— OCBOUTH COBPCMCHHBLIC HpO(beCCI/IOHaJIBHBIC NOHATHUA W TCPMHUHLI B O6HaCTI/I YUCJIICHHOT'O
MOJIETTUPOBaHUS Te0UIbTPALIUH.

Kparkoe conepkaHue 1MCHUIIMHBI (AHHOTALMSA):

ManporeoquHaMu4eckoe MOIETHPOBAHUE SIBISIETCS 110 CYIIECTBY MPOJOJKEHHEM 0a30BOTO Kypca
TUIPOTEOIMHAMUKHY, TaK KaK COBPEMEHHBIE METObl THIPOre€OJUHAMUYECKUX PACUETOB CBS3aHbI B
OCHOBHOM C TIPUMCHCHUCM MATCMATHYCCKOI0 MOJCIUPOBAHUA. HOE)TOMy crenquaiaucramM-
TUAPOreosioraM HeoOXOJUMO OBJIA/IETh TEOPETUYECKMMH OCHOBAaMH YHMCIEHHOTO MOJEIMPOBAHUS
U TPAaKTUYECKUMHU METOJaMH M CII0CO0aMHU pEIICHHs KaK MpsMBIX, TaK M OOpaTHBIX 3ajgad
reounpTpannu. Kypce BkiouaeT 3HakOMCTBO C METOJAaMH KOHEYHBIX pa3HOCTEN MPUMEHUTENIBHO K
3ajjauaM reo(QpUIbTPalii, METOJUKOW MOJICITMPOBAHUS NPSMBIX 3a7ad Te0QHIbTPALIUH, TOIX0IaMU
K KanuOpanuu reo@uibTpallMOHHBIX MOenei. B 3aBepiaromnieil 4acTu Kypca paccMaTpUBAIOTCS
BOIIPOCBI MOJACIUPOBAHUA ITOTOKOB HepeMeHHOﬁ IINIOTHOCTH, CBA3aHHBIX C HN3MCHCHHUCM
KOHIICHTpAllUd PAcCTBOPEHHBIX B BOJE KOMIIOHEHTOB M HEH30TEPUMECKON (uiIbTparueit
MOJ3EMHBIX BOJ. JIEKIIMOHHBIN KypC JOMOJHAETCS CEMUHApaMH JIAOOPAaTOPHBIMU 3aHATHIMHU IS
3aKpEerJICHUS] HABBIKOB Pa3pa0OTKU reoQMIbTPAlIMOHHBIX MOJIENEN U BBIIOJHEHUS C UX MTOMOILBIO
MIPOTHO3HBIX PACUYETOB MO OICHKE BIIMSIHUS MHKEHEPHBIX BO3JEHCTBUI (BOJ00OOpa) Ha PEXHUM H
OaJIaHC MMOI3E€MHBIX BOJI.

1. Mecto nucunmiauabl B cTtpykrype OIIOII BO - BapuatuBHas 4acTh, NMpodeCcCHOHATHHBIN
070K, JUCUUIUTMHA TpoduIIst o BEIOOpPY cTyneHTa, Kype — 1V, cemectp — 7.

2. BxonHble Tpe0OBaHNs 1Jisl OCBOCHHS JUCHHUILIMHBI, IPeIBAPUTE/IbHbIC YCIOBHSA:

OCBOGHHE MUCHHIUIMH «MareMaTH4ecKuil aHamm3», «YpaBHEHUS MaTEeMaTHYECKON (DU3UKU»,
«["eonH(pOpMaLINOHHBIE CUCTEMBI B T€0sIorun», «I'maporeonorus», «'maporeoquHaMuKa»,
JlucuuruinHa HEoOXOoJMMa B KayecTBE MPEIIECTBYIOWIEH Ui TUCHMIUIMH — «I €orHaposnorus»,
«Pa3BeouHas TUApPOreONIOTHs», IUCUUIUIMH MarucTepckord mnporpammel «l'maporeosnorus», a
TaKXe JJI1 HayYHO-UCCIIEI0BATEeIbCKOW pabOThl U BBHIIOJHEHUS BBIMTYCKHBIX KBAJTU(UKAITMOHHBIX
pabor.

3. Pe3yabTaThl 00yYyeHHs] MO AUCHMIIJIHHE, COOTHECEHHbIEe ¢ TPeOyeMbIMH KOMIETeHUHAMU
BBIIIYCKHUKOB



KoMnereHuun

NHauKaTopsl 10CTHKEHUS

IInanupyemsle pe3yJibTaThl

BBINIYCKHUKOB KOMIeTeHI Ui 00y4eHHUSs MO TUCHHUILINHE
(koabI) (MOayJ110), COOTHECEHHBIE ¢
HHIMKATOPAMH J0CTUKEHHUS
KOMIIeTeHIM I
OIIK-1 na OIIK-1.b 3namey:
YPOBHe — cIoco0eH MPUMEHSTh 3HAHUS OCHOBHBIC METO/TBI
O0axajnaBpuarta, | QyHIaMEHTAIbHBIX Pa3AesioB HAYK O | TUAPOT€OIMHAMUYECKOTO
OIIK-2 na 3emite, 6a30BbIe 3HAHUS MOJIETIUPOBaHUS, IIPUHLIMIIBI
YPOBHe €CTECTBEHHO-HAYYHOIO U YHUCIIEHHOTO KOHEYHO Pa3HOCTHOTO
0akajaBpuHaTa, | MAaTEeMaTUYECKOTO IMKJIOB MIPH MOJICTTUPOBAHUS reounsTpanun
OIIK-3 na pELLIEHUH CTaHIapTHBIX IIOTOKOB ITIOA3E€MHBIX BOJ ITOCTOSIHHOU
YPOBHe npo(hecCHOHANBHBIX 3aa4 U MEePEMEHON TUIOTHOCTH, OCHOBHBIC
oaxanaBpuara | (popMHUPYETCS YaCTUYHO). ATarbl CO3JIaHUs TePUIbTPAIMOHHBIX
OIIK-2.b MOJICIIEH,
— croco0eH MPUMEHSITh Ymems:
TEOPETUIECKHE OCHOBBI pemiatb ¢ MOMOIIBK  METOJIOB
(byHIaMEHTAIbHBIX T€0JOTHYECKUX MOJIETTUPOBAHUS MPAKTUYECKH
JTUCITUTLIMH TIPU PEIICHUN HAYYHO- BaXHBIC 3a/1auyd  MPOTHO3UPOBAHUS
UCCJIEIOBATEIbCKUX 3a7a4 U3MEHEHUd pexuma u  OanaHca
po(hecCHOHATLHON e TEIIEHOCTH MOJI3EMHBIX BOJ TIPU BO3JICUCTBUU Ha
(popMupyeTCst 4aCTUYHO). HUX WHXCHEPHBIX MEPONPUSITHH;
OIIK-3.b Bnaoemwy waBbikamu CO31aHUS
— Coco0€eH pelaTh CTaHIapTHHIE reo(pUIbTPALIMOHHBIX MOJIENIEN
3aa4u NpoQecCuoHaTbHON THJIPOT€0JIOTHYECKUX 0OBEKTOB
JESITEIbHOCTH B COOTBETCTBUU C
npoduiIeM MOATOTOBKU
(popMupyeTCst 4aCTUYHO);
CIIK-1 na CIIK-1.b (1) Baanern:
YpOBHe — coco0eH MPOBOANTH MOWCK, HABBIKAMU TIOMCKA U KPUTHUECKOTO
0akajaBpuaTa | KpUTHUYCCKUM aHAN3, 0000IICHUE M | aHAIM3a HaAyYHOU WH(OpMAIIUU B

CHUCTEMAaTU3aLUI0 HAyYHOU
nH(popmaIuu B 00J1aCTH JTUHAMUKHI
NoI3eMHBIX BOJ ((popmupyercs
YACTUYHO).

00J1aCTH MO/ICTTMPOBAHUS
THAPOTe0JIOTUUECKUX TPOIIECCOB.

4. O0beM TUCHUIIHHBI (MOXYJIsI) COCTABISIET 3 3aueTHbIe enquHuIbl Wi 108 yacoB B TOM yucie
70 yacoB ayAMTOpPHBIX 3aHATUH (42 yaca nekuui, U 28 4acoB NMPaKTHUECKUX 3aHATHI) U 38 yacoB
BHEAYJUTOPHBIX CaMOCTOSITEIPHBIX 3aHATUN CTylaeHTa. dopma NMPOMEKYTOYHOM aTTECTaIluu —

OK3aMCH.

5. Coaepikanue IMCUMIIMHBI (MOAYJIsI), CTPYKTYPUPOBaHHOE 110 TeMaM (pa3jenaM) C yKa3aHueM
OTBEJICHHOI'0 Ha HUX KOJMYECTBA aKaJeMUUYECKHX YaCOB U BUJbI YUEOHBIX 3aHATUI




HaumeHoBaHMe M KpaTKoe cCoepKaHue Bcero B ToMm uncie | \ \
pa3aesioB ¥ TeM IMCHUILTHHBI (MOTYJIA), (yachbl) KonrakTHasi padora CamocTosiTesibHas padoTa
(paboTa BO B3aMMOIeliCTBHH C o0yuauierocsi, yacbl *
dDopMa NPOMEKYTOYHON aTTeCTALUH 10 npenogaBartesaem)
AMCHUIJIMHE (MOLYJII0) Buabl KOHTAKTHOH padoThl, YacChl
5 2 2
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Brenenue: OCHOBBI THAPOTE€0TMHAMUYECKOTO 2 - - 2
MOJICTTUPOBAHUS
Paznen 1. Mcropus pa3Butus MOAEIUpPOBAaHUS B 4 2 0 6 3HAKOMCTBO C aHaJIOTOBOM
TUIPOTe0JIOTUN TEXHUKOH B My3ee Kadenpsl 2
Jaca
Pazgen 2. OCHOBBI KOHEYHO-PA3HOCTHBIX 10 4 0 14 Pa3zpabotka yueOHOM
METOJI0OB MOJIEIIUPOBAHMSI T€O(PUIbTPAIIHH CTAIlHOHAPHON U
HECTaI[MOHAPHON MoJenen
TUTAHOBOTO TIOTOKA B Cpefie
Processing Modflow wnu
ModelMuse, 4 gac.
Pazgen 3. UucnenHoe MoaenMpoOBaHUE MIPSMBIX 10 12 0 22 Pa3zpaboTtka Moaenu moroka
3a/1a4 reopuIbTpaum MOJI3EMHBIX BOJ] pEaTbHOTO
00BeKTa 11 000CHOBAHUA
Bo03a00pa, 8 yac.
Paznen 4. Bmenenue B MeToabl KauOparuu 6 4 0 10 Kamubpanus moaenu, pacuer
reomIbTPALMOHHBIX MOJETIeH o0acTH 3axBaTa Boj103abopa 8
qac
Paznen 5. CesizaHHBIE MOIETTH TEOPUIBTPAIIH, 10 6 0 16 Pa3paboTka Moienu TMHAMUKH
MUTpAIIHU ¥ TETUIONepeHoca WHTPY3UU MOPCKHUX BOJI MPHU
pabote 6eperoBoro
b BOJ103a00pa 4 yac
[TpoMexyTouHas aTTECTAINS -9K3dMeH 12
Hroro 108 42 28 0 70 38




Conep:xaHue pa3iesioB JUCHUIIIHHBI:
Conep:xaHue JeKIIUOHHBIX M CEMUHAPCKHUX 3aHATHH

BBenenue:

[TocTanoBKa 3a1a4 r’MAPOre€OJMHAMUYECKOTO0 MOJAEITUPOBAHMS. IPOTHO3 IUTHO3,
BepUUKaLU U KaauOpaius MoJelel, pa3Belo9HOe, UMUTAIMOHHOE MOJICIIUPOBAHHE

Pa3znen 1. UcTopusi pa3BUTHS MOJeJIMPOBAHNUS B THIPOTe0I0THI

Matemaruueckas TOCTaHOBKA re0(DUIbTPAIIMOHHBIX 33124 ¥ PA3BUTHE METOJIOB
MOJIETTMPOBaHUs TeopuIbTpalui. AHATUTHYECKHE, aHAJIOTOBbIE, YHCICHHBIE U YHCICHHO-
AHATUTUYECKUE METO/IBI.

Pasnen 2. OCHOBBI KOHEYHO-PA3HOCTHBIX METO0B MOIeJIMPOBAHUSA Ie0PUIbTPAIUN

[TpuHIMITB YUCTCHHON AUCKpeTH3anuu AuQ GepeHInaTIbHBIX YPaBHEHHUH re0()UIIbTPaIInH.
Koneuno-pasnoctHas cetka. [IpoctpancTBeHHas u BpeMeHHas anmnpokcumanus. [Topsamok
anmpokcuMaIiuu. SIBHas u HesiBHas cxeMa. CUcTeMa CeTOUHBIX Te0(QUIbTPAMOHHBIX
YpaBHEHUN. ANMPOKCHUMAIIUS TPAHUYHBIX YCIOBHI. MEeTOIbI pEIIEHUS] CUCTEM CETOYHBIX
ypaBHeHM. Henuueinble 3aqaun reoQpuiabTpaum.

Paznen 3. UucjieHHoe Mo/ieJIMpOBaHNe NPAMBIX 32124 reouIbTPaluu

Buabl yuCIeHHBIX KOHEYHO-PA3HOCHBIX CETOK, MCIOJIb3YEMbIX MPU PEUICHUU ACTAbHbIX,
JIOKAJbHBIX M PETMOHAIBHBIX 3a7ad. CTpyKTypHUpOBAaHHBIE M HECTPYKTYpPUPOBAHHBIE CETKH.
CriocoOb1 MOJENUPOBaHUS pa3AeisIomux cioeB. OcOOEHHOCTH 3aJaHMs BHEIIHUX T'PAHUYHBIX
ycinoBuii Mmoneneil.  OcoOEHHOCTH amMpOKCHUMAllMM CKBKUH HA YHCICHHBIX MOJEIAX.
Anmnpokcumanysi BOIOTOKOB U BOJOEMOB, JPEH. ANIPOKCUMALUA MCIIAPEHUs TIOJ3EMHBIX BOJ.
Br160p BpeMEHHOM AMCKPETU3ALNU TSl pa3IMYHbIX TUIIOB MPOTHO3HBIX 33/1a4. ANMPOKCUMAIUs
MEPEeMEHHBIX BO BpPEMEHHU TPaHUYHBIX YCIOBHHA. OCOOCHHOCTH MOJEIMPOBAHMS OTKAYEK Ha
MPSIMOYTOJIBHBIX CeTKax. MozennpoBaHue KOHBEKTUBHOTO MIEPEHOCA HA OCHOBE PEIICHUS 3a7a4
reouIbTpanuy. AHATUTHYECKUNA pacyeT 00JacTH 3aXBaTa CKBAXHMHOW B €CTECTBEHHOM MOTOKE
Pacuer TpaekTopHil IBHKEHUS YACTHI] U JMHHUNA TOKA MO CKOPOCTSIM (DUIBTPALMU HA CETOYHBIX
mogensax. [Iporpamma MODFLOW u ee xapakTepuCTHKH.

Pa3nen 4. Beeaenne B MeToIbl KAJINOpPaUMu reopuaibTPANMOHHBIX MoOJIeIei

[Tonatue oOpatHOW 3amaum reoduibTpauuu. HekoppekTHOCTh pemieHusi. IlonsiTHe
KamOpanuu TreoPuIbTpalMOHHBIX Mojenei. OOmas crpareruss kKanmuOpanuu. DOyHKIHS
KayecTBa. “PyuHble” u aBTOMaTU3MPOBaHHBIE CIIOCOOBI KaauOpauuu. YyBCTBUTETLHOCTH MOJCIH
K IapamMeTpaM. ABTOMaTU3UPOBAHHbBIE METObI KaTuOpaIun

Pa3znen 5 CBsizanHble MoJe/IN re0(pUJILTPALNH, MUTPALIMU U TEILUIONEPEH0Cca

VYpaBHEHHE COCTOSIHUS BOJBI U TIOTOK NEPEMEHHON INIOTHOCTH. CBA3b INIOTHOCTh
KOHLEHTpAaLHUs U IUIOTHOCTh TEMIIEpaTypa. ANIPOKCUMALMS MOAEIBIO KYyCOUYHO-OAHOPOIHOM
IJIOTHOCTHU. Y CIIOBUE HA TPAHHUIIE pa3Jieia KUIKOCTeH pa3Ho MI0THOCTU. HenpepriBHOE
u3MeHeHHe IOTHOCTU. O000IIeHHBIN 3aK0H (pruibTpanuu 0 JHO(A3HOMN KUIKOCTH EPEMEHHON
IUIOTHOCTHU U BA3KOCTHU. PacueTr cKOpocTH QPUIbTpaly M0 METOAY JIOKaJbHBIX TPaJIUE€HTOB.
[IpuBenenusIit Hanop. Mcnonb30BaHue NPUBEACHHOTO HAMOpa AJIsS MOCTPOCHUSI MJIaHA TEUEHUS
MOTOKA BHICOKOMHUHEPAJIN30BaHHbIX BOA. O00011IeHHas MOJIeNb TOTOKa EPEMEHHON
IUIOTHOCTH. MOAETMPOBaHUE CBSI3aHHBIX POIIECCOB (DUIBTPAIIMU U MACCO-TEILIONEPEHOCA.
[Tporpamma Seawat, nmporpamma ['EPA

CoaeprxkaHue NPAKTHYECKUX 3aHATHH

1. 3makoMmMcTBO ¢ cucremoii MomenupoBanus Processing Modflow waum ModelMuse
nyTeM pa3pabOTKH CTAIIMOHAPHON M HECTALIMOHAPHON MO/Jelel MIIaHOBOTO MOTOKA
Pa3paboTrka reopuabTpainOHHON MOJIETH MOTOKA MOA3EMHBIX BOJI K BOA03a00pYy.
Kanubparus reopuinbTpauoOHHON MOJIEIH.
ITporao3Hoe 4nciIeHHOE MOJETUPOBaHUE BOLOOTOOpA
Pacuer TpaekTopuii ABIKEHHS U OOJIACTH 3aXBaTa HA YUCICHHON MOZIETH

arwN



6. MonenupoBaHue HHTPY3UH MOPCKHUX BOJ B IPHUOPEKHBIN BOJIOHOCHBIM TOPU30HT
Pexomenayemuie 06pa3zoBaTenbHEIE TEXHOIOTHHI

VY4eOHbIi MaTepuall MOAAETCs C UCTIOIb30BAHUEM COBPEMEHHBIX CPEJCTB BU3YyAIN3ALUU U
AHUMHPOBAHHBIX IIPE3EHTALIUN.

B mnpouecce npoBefeHNs CEeMHHAPCKUX Ja0OpAaTOPHBIX 3aHATUN HPUMEHSIOTCS METO[bI
pa3BUBaIOIIEro OOy4YeHHs B MHTEpaKTUBHOW ¢opme. Ha mabopaTopHBIX 3aHATUSAX CTYICHTBI
CaMOCTOSITENIbHO, II0J] KOHTPOJEM IMIPENojaBaTellsi OCBAaWBAIOT JIAOOPATOPHBIE METObI
OIIpeAEIEHUs] BOJIHO-KOJUIEKTOPCKUX CBOMCTB FOPHBIX MOPOJ M TMAPOr€OXUMHUUYECKOTO aHAIN3a
BOJIbI, MPOBOJAT TUAPOreosornyeckre pacuersl. JlabopaTopHble 3aHATUS NPOBOIATCS B
CIELUANTU3UPOBAHHON J1a00OpaToOpuu  MOJIETUPOBAHUSA, OOOPYJOBAaHHOW KOMIBIOTEPAMU C
YCTaHOBJICHHBIM JIMIEH3UOHHBIM IPOTPAMMHBIM OO€CeueHHEeM I TIeo(pHIBTPALUOHHOTO
MOJICIIMPOBAHUS 110 TpynnaM (TOArpynIam), YucIeHHOCThIo He 6onee 10-12 ver.

CamocrodrenbHas paboTa CTYIEHTOB 3aKIKOYaeTCsl B MPOPAOOTKE OTAEIbHBIX pa3fesioB
Kypca, BBINOJHEHHE MOJCTUPOBAHMS 3a/ad, HauaThIX Ha JIAOOPATOPHBIX 3aHATHAX H
COCTAaBJICHUM IMOSICHUTENILHOW 3amMCKM K HUM @pPU JUCTAHLIMOHHOM COINPOBOXKJICHHUU
(KOHCYNbTALMAX) MPENOIABATENS.

6. @onx oueHo4HbIX cpeacTB (POC) A5 oneHMBaHUS Pe3yJbTATOB 00y4eHUs MO0
AMCHUIJIMHE (MOIYJII0)

6.1. TunoBbIe KOHTPOJIbLHBbIE 3aJaHUS UJIU HHbIE MATEPHAJIBI ISl IPOBeeHU TEKYIero
KOHTPOJIsl yCIIeBAeMOCTH.

Texymuiit KOHTPOJIB YCBOCHHSI JUCHUILIMHBI OCYIIECTBISICTCS P cljade KaXKIbIM CTYICHTOM
BBITTOJIHEHHBIX J1a00pAaTOPHBIX pabOT 110 MOAETHUPOBAHUIO T€OPUIBTPALIUH.
JI7st TeKyIero KOHTPOJISl CTYJICHTOB B XOJI€ CEMECTPa MPOBOSATCS YCTHBIE OITPOCHI.

Ilpumepnulii nepeuens 60npocos 01 nPoGedeHUs MEKyusec0 KOHmMpOJia

1. Hamucatp nuddepernmanbabie ypaBHEHUS TeO)MIBTpallUU ISl OTHOMEPHOTO,
IJTAHOBOTO, MPOQMIBHOTO, MIAHOBO-TIPOCTPAHCTBEHHOTO U MTPOCTPAHCTBEHHOTO
MTOTOKOB (OJTHOTO M3) U OOBACHUTH BXOJAIINE B HETO TTAPaMETPBHI.

2. Pacckasarh MOCTaHOBKY 33724 THAPOTEOIMHAMUYECKOTO MOICTUPOBAHUS, O0BSICHUB
OTJIMYME TEPMHUHOB: TPOTHO3, SIUTHO3, BepUPUKAIUSA U KaIuOpauus Moaenei,
pa3BeovYHOE, UMUTAITMOHHOE MOJIETMPOBAHNE.

Kak pa3zBuBanach uctopusi pa3BuTHs THIPOreOMHAMUYECKOTO MOIEITUPOBAHUS

OOBSICHUTD CYIIHOCTh METO/1a KOHEUHBIX pa3zHoctel (MKP)

Yo Takoe KOHEYHO-Pa3HOCTHAs CETKa

Uro Takoe anmpokcuManus ypaBHeHus reopmibTpanuu ¢ nomoinsio MKP.

Yrto Takoe cucTteMa CeTOYHBIX YPaBHEHUM reo(riIbTpaiu

Kak mpoucxoaut anmpokcuMaIivs BHyTPEHHUX TPAaHUYHBIX YCIOBUN U UICTOYHHKOB-
CTOKOB (Ha MpUMepe BOJOTOKOB).

9. B yem oTiinumMe MPSMBIX U UTEPAIUOHHBIX METOJIOB PEIICHHS CUCTEMBI CETOUHBIX

YpaBHEHUI

10. ITpuBecT npuMep HETMHEHHON 3a1aui reoQUIbTPALIUUN.

11. B 4em npobiiema anmpoKcUMaIus CKBaXKHH Ha CETOYHBIX MOJIEIISX

12. KaxoBbI 0COOCHHOCTH MOJICITUPOBAHMS OTKAYEK Ha MPSIMOYTOIBHBIX U PaAHAbHBIX
CeTKax

13. IIpumep CTPYKTYPHUPOBAHHOM U HECTPYKTYPHOU CETKH

14. TTouemy nporpamma MODFLOW mupoko ucroiab3yeTcs 1isi MOJSTUPOBAHMS
reomIbTpaluu

15. Cytb metona [losutaka a1 pacdyera TpaeKTOPUI ABUKEHUS YaCTHI] M IMHUW TOKa 10
CKOPOCTSIM (PHIIBTPAIH HAa CETOYHBIX MOJICIISX.
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16. Uto Takoe HEKOppEKTHAs 3a7a4a

17. Ilouemy ecTh MHEHHE, YTO KaTHOpaLUs MOJENEH — 3TO UCKYCCTBO

18. Yro myume Ha Bam B3ris 1 — pydHble WM aBTOMaTU3MPOBAHHBIE METOBI KAINOPAIUH.

19. IToyemy MpPUXOAUTCS BBOJUTH MOHATUE NPUBEICHHBIN HAIOP

20. [Touemy BO3HMKAIOT HHTPY3UH MOPCKHUX BOJ B IPUOPEKHBIC TOPU3OHTHI

21. Tlouemy B mpuOpEXHBIX BO103a00pax, pacIuIoKEHHBIX Ha Oeperax Mopei U OKeaHOB
11a/1aeT KaueCTBO BOJbI

22. Yo Takoe CBS3HBIE MPOLECcChl (UIbTpaAIK U TerioMacconepeHoca. Mx otnuuue ot He
CBSI3HBIX IPOLIECCOB

23. 3a c4eT 4ero MOryT BOSHMKATh KOHBEKTHBHBIC SUYCHKH NMPH XpPaHEHUH PATUOAKTUBHBIX
OTXOZIOB B T€0JIOTHYECKOI1 cperie

24. Yto nmpoucxoauT NpH (PUIBTPALIMH KHUJIKUX CTOKOB MOBBIIIEHHON TNIOTHOCTH U3
HIJTAMOXPaHHJIUILL

6.2. TunoBblie KOHTPOJIbHBIC 3aJaHusd WJIM HHBIC MaTepHaJdbl /A [POBCACHUSA

w

10.

11.

12.

13.

14.

15.

16.
17.

18.

19.
20.

NMPOMEKYTOYHOM aTTeCcTAlUMN
[TocTanoBKa 3a1a4 TMAPOre€OJMHAMUYECKOTO0 MOJAEITUPOBAHMS: IPOTHO3 IUTHO3,
BepUUKaLUS U KaTuOpaius MoJelel, pa3Belo9HOe, UMUTAIMOHHOE MOJICIIUPOBAHHE
[Tpumenenue Meton1a GUIBTPALMOHHBIX COMPOTUBIICHUHN AJI PACUETOB KOHTYPHBIX CUCTEM
JPEH U CKBAXKHUH.
Pacuer obnacTu 3axBaTa CKBaKHMHBI B INTAHOBOM OJTHOPOJAHOM MOTOKE.
[TpuHIMITB YUCTCHHON AUCKpeTH3anuu AuQ epeHInaTbHBIX YPaBHEHUH reo()UIIbTpaIlnu.
KoneuHo-pa3HoctHas cetka. [IpocTpaHCTBEHHAsI M BpeMEHHAs alllipOKCUMAIUS.
Cucrema ceTOUHbBIX Te0()HIBTPAIIMOHHBIX YpaBHEHUH. SIBHAS 1 HesIBHASI cXemMa
Annpokcumanys TpaHUYHBIX YCJIOBUN HAa CETOYHBIX MOJENSX.
Merto/ibl peleHus CUCTEM CETOYHBIX YPABHEHUM.
Henuneiinblie 3agaun reopunbTpanui. OCOOEHHOCTH UX alMPOKCUMAIINH Ha CETOYHBIX
MOJEIIAX
Buapl 4MCIEeHHBIX KOHEYHO-PA3HOCHBIX CETOK, NCIOJIb3YEMBIX ITPH PEIIEHNUN JETaIbHBIX,
JIOKAJIBHBIX U PETUOHANBHBIX 3a7a4. CIocoObl MOICTUPOBAHUS PA3ACTSIONINX CIOEB.
Annpokcumanys CKBaKMH HAa YUCIEHHBIX MOJAENAX. Pacder TONMOJHUTENTbHOIO MOHUKEHUS
B CKBaXXMHE
Arnnpokcumariys BOJZOTOKOB U BOJOEMOB, IpeH. ANMPOKCUMALUS UCTIAPEHUS MTOA3EMHBIX
BOJ.
Br160p BpeMeHHOM TUCKpeTH3auu 7Sl pa3InYHbIX TUIIOB MPOTHO3HBIX 33/1ad.
Annpokcumanus epeMeHHbIX BO BPEMEHU IPAHUYHBIX YCIOBHUH.
Oco0eHHOCTH MOJIENHPOBAHUS OTKAUEK HA MPSIMOYTOJIbHBIX CETKaX.
[TonsTHE U TPEUMYIIIECTBA HECTPYKTYPUPOBAHHBIX ceTOK. CyTh METO/Ia KOHEYHOTO 00heMa
JUTS TUCKPETH3alK YpaBHEHHUI reo(UiIbTpalii Ha HECTPYKTYPHUPOBAHHBIX ceTkax. Mx
MPEUMYIIECTBA U HETOCTATKH 110 CPABHEHUIO C MPSMOYTOJIbHBIM CETKaMU
Pacuer TpaekTopuii MBM>KEHUSI YaCTHUIT U JIMHUH TOKA IO CKOPOCTAM (UIIBTpAIIIU Ha
CETOUYHBIX MOJESIX.
Pacuer obnacTu 3axBaTa CKBaKHMHBI B €CTECTBEHHOM ITOTOKE MOA3EMHBIX BOJ aHATUTUYECKHU
Y HAa CETOYHOW MOJEIHU
[TonsiTue obpatHoit 3amaun reopubTpanui. HEKOppeKTHOCTh peleHus.
[TonsaTue xanubpanyu reorIbTPAUOHHBIX Mojesel. OOmias cTpaTerus Kanuopaum.
OyHKIMSA Ka4eCTBA.
“PyuHble” 1 aBTOMAaTU3UPOBAHHBIC CIIOCOOBI KanuOparuu. UyBCTBUTEIHHOCTh MOJIENH K
rapameTrpam.
ABTOMaTH3MPOBaHHBIC METO/IbI KATMOPALIUK ITpU IOMOIIH 1makeToB, Ucode u Pest.
[ToTok nepemeHHOM MWIOTHOCTH. CBA3b INIOTHOCTh KOHUEHTPALUs U IUIOTHOCTh
TeMIeparypa



21. Anmpokcumarusi MOACIIbI0 KyCOYHO-OTHOPOIHOM TUIOTHOCTH. Y CJIOBHE HA TPAHUIIC
paszena )KUAKOCTEN pa3HOU INIOTHOCTH.

22. AHAIUTHYECKHUH pacyeT CTallMOHAPHOW WHTPY3UU MOPCKHUX BO/I

23. HenpepsiBHOE n3MeHeHUe IOTHOCTU. O000IIEeHHBIN 3aK0H (GUIbTpariuu ogHOo(a3HON
KHUJKOCTH IEPEMEHHOM MJIOTHOCTH U BA3KOCTH.

24. TlpuBeneHHBIN HAMIOP U €r0 UCIOIH30BAHUE JIJIS TIOCTPOSHUS TUIaHA TCUCHUSI.

25. OO6o06uIeHHas MOJIETTh CBSI3HBIX MPOIIECCOB  (PHIIBTpAllUKA U MaCCO-TETUIONEepeHOCca

26. MopenupoBaHue CBS3aHHBIX MPOLECCOB (PUIBTPALIMU U MACCO-TEIIONEPEHOCA IPU

nomort SEAWAT.

IlprsepHBIH TepeTers BOMPOCOB IIPH NPOMEX YT OTHOH AT T €CT AlHH:
HIkaja u KpuTEpUM OLIEHUBAHMS PE3YJbTATOB 00YUEHHUS 10 JUCHHUILIIHHE.

PesynbpTarsl «HeynoBneTBo | «Y10BIETBO- «XOopo1Io» «OTanuHO»
o0y4JeHus -pUTETBLHO PUTEIBHOY
3HaHHUS: 3HaHus ®parmentapubie | O0mmMe, HO HE Cucremarnyec
OCHOBHBIE ~ METOJIbI | OTCYTCTBYIOT | 3HAHUS CTPYKTYpPUPOBaH | KH€ 3HAHUSA
TUAPOre0JMHAMHYECK HBIE 3HAaHUS
Oro MOJIEJTUPOBAHMUS,
MIPUHIAIIBI
YUCJICHHOTO KOHEYHO
Pa3HOCTHOTO
MOJEJIUPOBAHUS
reopuIbTpauu
MMOTOKOB MOJI3EMHBIX
BOJ TOCTOSIHHOM W
MEPEMEHOMN
IIJIOTHOCTH,
OCHOBHBIE STambl
CO3JaHus
repuIbTpaIMOHHBIX
MOJIEJIENB
YMeHus: pemars ¢ | YMEHHS B nenom B nenom VYcenemHnoe
IIOMOIIBKD  METOJIOB | OTCYTCTBYIOT | YCIIEIIHOE, HO HE | YCIIEIIHOE, HO yMEHUe
MOJEJIUPOBAHUS CHUCTEMATUYECKO | cojliepiKaiiiee MPOBOJIUTH
MPAKTUYECKU Ba)KHbBIC € YMEHHE, OTJIETIbHBIE reounpTpanu
3a/1auu JOTTYCKaeT poOeITbI OHHYIO U
MIPOTHO3UPOBAHUS HETOYHOCTH YMEHUS BBIYHCIIUTEIIbH
W3MEHEHUs pexuMa U HEMPUHUHUINAAIG | IPOBOJUTD yIO
OanmaHca MOA3EMHBIX HOTO XapakTepa | reouibTpaluo | CXeMaTHU3aLHUIo
BOJ IIPU BO3ACHCTBUU HHYIO U u
Ha HUX WHXEHEPHBIX BBIUHCUTENBHYIO | Te0O(pUIbTpaI
MEpONPUSITHI CXEeMaTH3alHIo U | OHHOE
reo@UIbTPaLMH | MOJEIUPOBAHU
HOE €, pacyeTsl
MOJICTTMOBAHUE TPaeKTOPUH U
JIMHUH TOKa,
OILICHKY
obnacreii
3axBara
CKBa)XMHaMH,
Bnanenusa: gHaBpikamu | HaBeiku ®parmentapHoe | B nenom Bnanenune
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CO3JIaHHS
reopUIbTPAIIMOHHBIX
MoZeIIen
THIPOTEOJIOTHIECKUX
00BEKTOB npu
MTOMOIIIN
CTIELUANTN3UPOBAHHBI
X MIPOTPaMMHBIX
MaKeTOB
MO/JICITUPOBAHUS
reomIbTpaluu

BIIAJCHUS
OTCYTCTBYIOT

BIIQJICHUE
METOIUKOHN
reouIbTpaLuo
HHOTO
MOJICTTUPOBAHUS
C
UCIIOJIb30BaHUEM
MPUKIAIHBIX
MaKeTOB
MpOrpaMm
MOJICTTUPOBAHUS
reopuIbTpauu

c(hOopMUPOBAHHEI
€ HaBBIKU
BJIQJICHUS
METOIUKOHN
reouIbTpaLuo
HHOTO
MO/ICITUPOBAHUS
C
HCIOJIb30BaHUEM
TIPHUKIIHBIX
MaKETOB
porpamMm
MO/ICTUPOBAHUS
reopuIbTpauu

COBPEMEHHBIM
TEPMHUHOJIOTHY
€CKHM
arnmapaTom
MO/ICJIMPOBAHU
s1, METOTUKON
reouIbTpanu
OHHOH B
BBIYHCIUTEIIHH
o
cXeMaTH3aluu
Y TIOCTPOEHUS
MOJeJeH.
YMenune
pemars npu
ITOMOIIU
reouIbTpanu
OHHOTO
MOJICTUPOBAHU
sl IPUKJIa/THbIE
3aJa4u
TUAPOTeOIOTUY
€CKHX
MIPOTHO30B.

7. PecypcHoe obecnieueHue:

A) IlepeyeHb OCHOBHOM M I0ONOJTHUTEIbHOM JIUTEPATYPHI.

a) OCHOBHAS JIUTEpaTypa:
1. IlecrakoB B.M. I'maporeonnnamuka: yueonuk - M.: U3a-so K1Y, 2009. - 334 c.

2. T'mpporeoguHaMUYECKHE PaCUYEThI

[Irenrenona P.C.). M.: U31-Bo Mock. yH-Ta, 1994. — 335 c.
0) 1OMOJIHUTEIbHASA JINTepaTypa:
1 Bacunesckuii }0.B, Kansipun 1.B. IIpakTukyM 110 COBpEMEHHBIM BBIUNCIUTEIBHBIM

Ha DOBM. VwuebHoe mnocobue (mom pen.

TEXHOJIOTUSAM WM OCHOBaM MareMaTuuyeckoro moxenuposanus. M.: MAKC Ipecc, 2009.
2 Chiang WH and Kinzelbach W, 3D-Groundwater Modeling with PMWIN. First
Edition. Springer Berlin Heidelberg New York. 2001, ISBN 3-540 67744-5, 346 pp
3 Hill. M.C. and Tiedeman, C.R., 2007, Effective model calibration, with analysis of
data, sensitivities, predictions, and uncertainty: Wiley and Sons, New York, New

York, 455 p.

b) [lepedyeHs MUIICH3MOHHOTO TPOTPAMMHOTO 00ECIIEUEHUS MTaKEThI TPOTPaMM
Microsoft Office Excel, Microsoft Office Word, Microsoft Office PowerPoint, Processing

Modflow X,

B) Ilepeuens npodeccuoHanbHbIX 6a3 JaHHBIX U HH()OPMAIIMOHHBIX CIIPABOYHBIX CUCTEM

HET
I') nporpammuoe

obecrieueHue

obecrieuenue He Tpedyercs):

HNutepHeT-pecypceel

J1) MarepuanbHO-TEXHUYECKOT0 0OecrieyeHue:
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a) TIOMENICHUs — ayJIWTOpHs, pacCUMTaHHas Ha Tpynmy w3 15 ydammuxcs; 1 maGoparopus
reo(IbTPALMOHHOTO MOJICIIMPOBAHUS C CETHIO MEPCOHATBHBIX KOMITBIOTEPOB .

0) obopynoBaHue:

ayIUTOPHS: MYJIbTUMEAUMHBINA POEKTOP, KOMIIBIOTED, KPaH, BbIXOJ B VIHTEepHET;

naboparopust reopUIbTPALIMOHHOTO MOAECTUPOBAHNS — KOMITBIOTEPHBIN KJIACC C YCTAaHOBJIEHHBIM
JMIIEH3MOHHBIM NIPOTPAMMHBIM 00€CIICUEHUEM IS MOJICIMPOBAHUS

8. SI3bIKk MpenoaaBaHus — PyCCKHIA.
9. IpenonaBarenns (mpenoaasaten) — [lo3nuskos C.I1. Camapiies B.H.

10. Pa3pa6oTunk nporpammsl — [lo3ausaxos C.I1.
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