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BBepeHne

[JaHHbIl cTaHAapT nocBsweH TpeboBaHUAM K BepudvKaumm nporpammHOro obecneyeHus KOMmMbio-
TepHoro mogenuposaHusa (MO KM), npegHasHaYeHHOro A1 YNC/EHHOTo MOZAeNnpoBaHna MHOrodasHoil
dnnbTpauun. Llenblo Bepudukaunm siBNseTcs NoATBEPXAEHUE KOPPEKTHOCTW NPOrpaMMHOi peanunsauunm
BbIOpaHHbIX MaTemMaTuyecknux mogeneli Te4eHuidi B NOpucTon cpege. Bepudukauns apyrux yHKLMOHaNb-
HbIX BO3MOXHOCTeil MO KM (BBOA-BbIBOA, MOSb30BATENbCKUA UHTepdelic u T. 4.) paccmarpvBaeTcsa B
FOCT P MICO/M3K 12207. OcHoBHoOW mMeTog Bepudmkauum MO KM — 3To pelueHve TecToBbIX 3a4aq, B uge-
ane nokpbiBaoLWwmx secb kof MO KM. PekomeHAyeMble TeCTbl M3/10KeHbl B HACTOSLLEM cTaHfapTe.

[nsa Tectuposanus MO KM npepgnaraetcs 28 TeCTOBbIX 3a4a4, NO3BONSAIOWMNX NPOBEPUTL af,eKBATHOCTb
pacueTa Ha MO pasnNUYHbIX HUILTPALNOHHBIX TeYEHWA. NS KaxA0i TeCTOBOW 3ajaun npuseseHa hopmynu-
poBka yHKuMoHanbHocTu MNO. afekBaTHOCTb peasn3aunn KOTOpoi N03BOISAET NPOBEPUTL KpaTkoe onvcaHue
MOCTaHOBKW 3afaun, pe3dy/ibTaTbl MOAEMPOBaHUS (PUIbLTPALMN U KPUTEPUIA KauecTBa, NO3BONAIOLLMI onpese-
NNTb NPOXOX/JEeHue TecTa.

B cTtaHgapTe npuBeAeHa 0630pHan Tabnvua OCHOBHbLIX NapaMeTpoB TeCTOBbIX 3a4au.
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HAUVWMWOHANBbHbBIN CTAHOLAPT POCCWUMCKOWMW SGEOLEPALUWN

YNCNEHHOE MOJENNPOBAHWNE ®UN3NYECKNX MPOLLECCOB

YncneHHoe MofenMpoBaHne MmHorogasHoi ounbTpayun. Bepudukayms Mo

Numerical modeling of physical processes.
Numerical modeling of multiphase filtiation. Software verification

fata eBefgeHns — 2019—01—01

1 06nacTb NPYMEHeHNs

HacTosawmin cTaHgapT onpegenseT o6wme TpeboBaHus K Bepudmkauuy nporpaMmmHOro obecneyeHns Kom-
NbIOTEPHOTO MOAENPOBAHNSA, MPUMEHSIEMOTO A/151 YUC/IEHHOTO MOZEIMPOBaHUSI MHOrohasHol ounbTpaLmm Xna-
KOCTell 1 rasoB. ®unbTpaumeil HasbiBaeTCcs TeueHne hnaoB B NPOHMLAEMON NOPUCTON cpeae. TeyeHne MoxXeT
COMPOBOXAATbCA OTHOCUTENbHBIM ABVMXeHneM a3 hnounga, hasosbiMU NpeBpaLLEHUSMI, HEN30TEPMUYECKUMMN
npoueccamu, Andpdy3neii KOMNOHEHTOB, TEMIONPOBOAHOCTLIO U T. A. B cTaHAapTe npegnaraloTcs TECTOBbIE 3a-
Jauv ons Bepudmkaumm pacyeToB uabTpaumum B reo3nyeckmx NpPUNOXEHNX, B TOM YMC/e pacyeToB ub-
Tpauuu npu paspaboTke MECTOPOXAEHUI Yr1eBOAOPOAOB, NOMYYEHNS reoTePMasIbHOM aHepruy 1 3aXOpPOHEHNS
0TX0A0B B Heapax 3emnu. Mpu BbIGOPe TECTOBLIX 3a/a4 YUNTLIBAETCS, YTO B OTMEUEHHbIX NPUIOXEHUSIX HA (PUslb-
Tpawumio CyLECTBEHHO BANSAIOT (hU3UKO-XMMUYECKUE CBOCTBA (h/lonaa, ero KOMMOHEHTHBI cocTaB, hunbTpauu-
OHHO-EMKOCTHbIE CBOICTBA CKesieTa MOPUCTOM Cpeabl, a Takke TENIOMAcCOOOMEH CO CKBaXXMHAMMU.

HacTosiwumii ctaHgapT NpUMEHUM AN BepuchMKaLm nporpaMMHOro o6ecneyeHmnst KOMNbITEPHOTO MO-
AenupoBaHuns Npu nNposedeHun ero ceptudukaumm B cootsetctsumn ¢ FOCT P 57700.1 n FOCT P 57700.2.

2 HopmaTunBHbIE CCbI/IKK

B HacToALlem cTaHAapTe UCMOo/b30BaHbl HOPMATUBHbBIE CCbIJIKW Ha crieaylolme ctaHaapTbl:

FOCT P 57188 YncneHHoe mogenuposaHme usnyecknx npoueccos. TepMUHbI 1 onpegeneHuns

FOCT P 57700.1 YncneHHoe mogennpoBaHue Ans pa3paboTky 1 caayun B aKCnyaTaunto BbICOKOTEXHO-
JIOTUYHBIX NPOMBILLMIEHHbIX U3aenuin. CepTudumkayma nporpaMMHoro obecneyeHns. TpebosaHus

FOCT P 57700.2 YncneHHoe moenvpoBaHue Ans paspaboTkm u caauv B aKCnayaTauuio BbICOKOTEXHO-
NIOTUYHbIX NPOMBbILLMIEHHbIX n3genuin. CepTudmkauma nporpaMMHoro obecneyeHns. ObLine NoNoOXeHUs

FOCT P 57700.5 YUncneHHoe MogenvpoBaHue hr3nyeckmx NnpoLeccoB. TepmuHbl 1 onpegeneHus B 06-
NacTy MexaHuK1 TeYeHUn B MOPUCTbIX cpefax

FOCT P CO/M3K 12207 WHdopmaumoHHaa TexHosnorusa. CuctemHas U nporpammHast MHXeHepus.
Mpouecchbl XU3HEHHOTO LKA NPOrpamMmmHbIX CPeACTB

MpumeyaHne — T[pu NONb30BAHUUN HACTOALWMM CTaHLAPTOM LenecoobpasHo NpoBepuTh AeCTBME CCbIIOY-
HbIX CTaHAApPTOB B MH(hOpPMaLUMOHHON cucTemMe 06LLero nNoib3oBaHUs — Ha ohuunanbHoM calite ®efepasbHOro areHT-
CTBa N0 TEXHWYECKOMY PEryMpoBaHui0 U MeTPOIorMm B ceTu VIHTEpPHET UM N0 eXerogHomy MHOPMaLMOHHOMY yKa3a-
Ten «HauuoHanbHble cTaHA4AaPTbI*, KOTOPbI ONY6/IMKOBAH MO COCTOSHMIO Ha 1 siHBapsa TeKyLw,ero roga, U no BbiMyckam
€XEeMeCSYHOro MHhopMaLnoHHOro ykasatens «HaunoHanbHble cTaHAapTbl» 3a TeKyLW Wi rog. Ecnv 3aMeHeH CCbIIOUHBII
CTaHAapT, Ha KOTOpbI AaHa HefgaTVpoBaHHas CCblka, TO PEKOMEHAYyeTCA UCMONb30BaTh AENCTBYIOLYI0 BEPCUIO 3TOrO
CcTaHAapTa € y4eTOM BCeX BHECEHHbIX B laHHYI0 BEPCUIO M3MEHEHUIA. ECnu 3aMeHeH CCbINIOYHbIV cTaHfapT, Ha KOTopbIii
[aHa gaTMpoBaHHas CCblsika, TO PEKOMEHAYEeTCSA UCMOb30BaTh BEPCUIO 3TOr0 CTaHAapTa C yYKa3aHHbIM Bbille rogoM yT-
BepXAeHus (MpuHATUS). Ecnu nocne yTBEpPXAEHUSA HACTOSILLEro cTaHAapTa B CCbIIOYHbIA CTaHAapT, Ha KOTOpbId gaHa
[aTnpoBaHHas CcCbifka, BHECEHO U3MEHEHVe, 3aTparnBapoLLee NnofoxeHue, Ha KOTOpoe flaHa CCbiflka, F0 3TO NOIOXEeHNe
pekomeHAyeTca NPUMEHATbL 6€3 yyeTa AaHHOTo U3MeHeHusl. Ecnm ccbinoyHblli cTaHAapT OTMEHeH 6e3 3aMeHbl, TO Nofo-
XXEHVEe. B KOTOPOM AaHa CCbisika Ha Hero, pekomMeHayeTCcs NPUMEHATb B YacTu, He 3aTparvBaloLleli 3Ty CCbI/ky.

N3paHue oduynansHoe
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3 TepMuHbI, onpeaeneHns 1 cokpawieHus
3.1 TepMmuHbl 1 onpepaeneHus

B HacTosweM cTaHgapTe npuMeHeHbl TepMuHbl no FOCT P 57188 n TOCT P 57700.5.

3.2 CokpalyeHus

B HacTosiLem cTaHgapTe NpUMEHeHbI cneayowmne cokpalleHus:

MO — nporpammHoe obecneyeHue;

®yHKUMM OPMN — hyHKUMM OTHOCUMTENBHO (ha30BO NPOHNLAEMOCTH;

[aHHble PVT — cooTHolweHusa mexay usnyeckummn/TepmoagrHammuyeckumy napameTtpavu dnonga.

4 PekomeHayeMble TeCcTbl AN8 npoBefeHus Bepudukaymm Mo

4.1 3apava baknesa — JicecpeTTa

Tectupyemas dyHkunoHanbHocTb MO: B pamkax AaHHOW 3ajaun nposepsieTcs npumeHuMocTb MO
ANA afekBaTHOro pacyeTa AByxasHoi hunbTpauum HecMeLLMBaloLWKXcs (aonaoBs.

MocTaHoBKka: PaccmaTpmBaeTcsi OAHOMEPHOE TeYeHe B O4HOPOAHOI nopucTol cpede. Mogenmpyetcs
TeyeHne B 0611aCTV KOHEYHOI NPOTSXEHHOCTU. B HavasibHbII MOMEHT BpeMeHW nopuctas cpefa HacblleHa
BbITECHAEMbIM (h/1loMAOM. Ha oAHOW U3 ABYX rpaHuL, 3aaHo NoCTOsiHHOe faBfieHne, a Ha BTOPOW rpaHuue
HacbILLEHHOCTb HarHetaemoro trlonga pasHa eguHuue n 3agaH pacxog dnwovga (v gasnedue). Kanun-
NApHOEe AaBieHne He yunTbiBaeTca. Ponabl HECKMMaeMble, N UX BA3KOCTU MOCTOSAHHbLI. 3akadka npusoamT
K pacnpocTpaHeHuo B pe3epByap (DPOHTa BbITECHEHUSA W NPUCOEAUHEHHOW BOMHbI PrmaHa. [laHHas 3ajaya
UMeeT aHa/IMTUYeCcKoe peLleHune, OnucbiBalollee pacnpocTpaHeHne B pesepsByape OTMEYEHHbIX BOSH. AHa-
NINTUYECKOE W YNCNEHHOE peLLeHne [aHHON 3aAaun MOXeT 6biTb MOCTPOEHO MPU Pas/INyHbIX KPUBbIX OTHOCK-
TefNbHOI ha30BOW MPOHNLAEMOCTU U Pa3NNYHbIX BA3KOCTAX nonaos (1].

PesynbTaTbl MmogenuposaHusa: PacnpefeneHme HacbIWEeHHOCTU BbITECHSOWeEro yionaa B BbibpaH-
HbIli MOMEHT BPEMEHM.

KpuTtepuii kauectBa: CoBnajeHne pe3ynbTatoB MOAENMPOBAaHNSA C aHanMTnYeckum pewenuem [1]. (2).

4.2 1-a TecToBas 3agayva ObwecTBa UHXEHEPOB-HE(TAHNKOB

TecTupyemas dpyHKUMoOHanbHocTb MO: B pamkax AaHHON 3a4aqn NpoBepsatoTCs.

- npumMmeHnmocTb MO ANs afekBaTHOro pacyeta CMeLUMBAKOLLErocsi BbITECHEHUS B MOPUCTO cpefe:

- npuMeHnmocTb MO Ana agekBaTHOro pacyeTa AByxdasHoli nnbTpauuy HepTb-ras c y4eToM pacTBo-
pvMOCTU rasa B HeddTu,;

- 6a3oBble PyHKLMOHA/IbHbIE BO3MOXHOCTY MO 418 MOAENNPOBaHNSA BEPTUKa/IbHbIX CKBaXWH Ha pas-
JNINYHBIX pexumax.

MocTaHoBKa: B pamMkax mofaenn «4YepHoii HedpTu» paccmaTpuBaeTcsi CEKTOpHasi Moje/lb ra3oBoro
3aBOJHEHNA HeMTAHOIO naacTa, HaxoAALWerocs B yC/I0BUAX HeJoHacbIWeHHol HedTu. Mnact mogenupy-
eTcA TPpeMs C/oSAMMU AYeeK C HEOAHOPOAHbLIM pacnpefeneHmem npoHvuaemocTn. dyHkumun OPI 1 gaHHbIe
PVT 3apaHbl B Buge 1abnuy. ®unbtpaymoHHas Mofenb COAEePXUT ABE CKBaXWHbl — HarHeTaTesibHyl U
[006bIBaloOLLYI0, pacnosioXeHHble B MPOTUBOMOJIOXHbLIX yrnax cekropa. HarHetaHue rasa nMpoucxoguT ¢
3a/laHHbIM pacxoAoMm, a AobbiBalolias CKBaXuHa akcnayaTnupyeTcs npu 3agaHHoM aebuTte HedTu € orpa-
HUYEHMEM Ha MUHMManbHOe 3a60iiHoe AaBneHne. 3akayka rasa NnpMBOAUT K CMeLLMBAOLLEMYCS BbITECHE-
HUIO Hed)TW ra3om OT HarHeTaTeNbHOW K Ao6biBalOLLEl CKBaXWHe. B npouecce 3akauku ras npopbiBaeTcs K
CKBaXMWHE, a pexum paboTbl f06bIBaKOLW el CKBaXWHbI NepeknyaeTca ¢ 3afaHHoro gebuta Ha 3afaHHoe
3a60iiHoe gaBneHne. MogenvpyeTcs noBbileHNe 3PHEKTUBHOCTN BbITECHEHUSI HE(PTY 3a CUET CHUXKEHUS
BA3KOCTU Y yBesiMyeHus obbema (HabyxaHus) HedTu npu oboraweHun ra3om, To ecTb Npu pacTBOPEHUN
B Heli rasa [3].

Pe3ynbTatbl MogenvpoBaHusa: 0e6uT HeddTH; ra3oHeddTAHON (DakTop Ha [06bLIBAKOLWEN CKBaXKMHE;
[JaBfieHne 1 HacbIWEHHOCTb rasa B AYelike Moaenn nnacTa, B KOTOpol nepdgoprpoBaHa AobbiBatoLLas ckBa-
XUHa: faBneHue B siyelike, B KOTOPON nepdopmpoBaHa HarHetatesbHas CKBaXWHa: pacnpegenieHve Hacbl-
LLLEeHHOCTK rasa B 3a/jaHHblii MOMEHT BPEMEHM.

Kputepuit kayectsa: CoBnageHve pesynbTaToB MOAENMPOBAHUA C 3TaNOHHbIMK pesynbTaramu, ony-
6711MKoBaHHbIMM B (3).

2
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4.3 2-9 TecToBas 3agavya O6wecTBa MHXEHOPOB-HEDTAHUKOB

TecTupyemas yHkumoHanbHocTb MO: B pamkax gaHHOW 3agaun npoBepseTcs npumeHuMocTs MO:

- ANS afjexkBaTHOro pacueta TpexdasHoi hunbTpauun HedTb-BOAA-Ta3;

- MOAenupoBaHnWa 06pa3oBaHUs KOHyca MOAOLIBEHHOW BOAbl, BbI3BAHHOrO paboToli BepTMKa/bHOW
CKBaXKMHbI:

- pacyeTa HayaslbHOro KanwIIsApHO-rpaBnTaLMOHHOIO paBHOBECUS.

MocTaHoBKa: B pamkax mofenu «YepHoi HedhTu» paccmaTtpuBaeTcs NpounbHas ocecMmmeTpuyHas
3afa4a unbTpaunmn B OKOSIOCKBaXKMHNON 30HE BEPTUKA/IbHOW CKBaXKMHbI. ®yHKUMN OPT1. KpuBble kanunnasap-
HOrO AaBfieHns v gaHHble PVT 3agaHbl B Buge tabnuu. Mogenvpyetcs paspaboTka ra3oHedTAHOro MecTo-
poxaeHus. [lo6biBaloLas cksaxnHa nepoprpoBaHa Mexay rasoHeTAHbIM U BOJOHETAHLIM KOHTaKTamu.
CKBaXXMHa 3KCMNyaTupyeTca C 3afaHHbIM W3MEHSAOLWMMCS CO BpeMeHeM febUTOM Hed T U orpaHuyeHnem
Ha 3aboiiHoe aaBneHve. CHMWXKeHne AaBneHus, Bbi3BaHHOE OTOOPOM HedTU, NPMBOAMT K NPOpPLIBY rasa u3
rasoBoOii LWank1 kK nephopupoBaHHOMY MHTepBay CKBaXWHbI U NogbeMy NOAOLBEHHON BOAbl — KOHycoobpa-
30BaHu0. B pesynbtarte ebut HedTn CHUXaeTCA, a ra3oHedTAHO hakTop 1 06BOAHEHHOCTb U3BIEKaeMoi
XWUOKOCTW BO3pacTaloT Co BpeMeHeM. B mpouecce pa3paboTku niacta JOCTUraeTcs orpaHuyeHne Ha MUHU-
MasibHoe 3aboliHoe gaBneHue [4].

PesynbTatbl MogenmpoBaHua: lebuTbl HedTy, rasa v Bofbl: ra3oHepTAHON dhakTop; 06BOAHEHHOCTb;
[aBfeHVe 1 HaCbILWEHHOCTb rasa B 3afjaHHbIX suyeikax uabTpauroHHON Modenu.

Kputepuii kayecTtBa: CoBnageHue pesynbTaToB MOAENMPOBAHNA C 3TA/IOHHbIMY pe3y/nbTartamu, ony-
6/11MKOBaHHbIMK B [4].

4.4 3-5 TecToBas 3agadya O6LLeCTBA NHXEHEPOB-HE(TAHNKOB

TecTupyemas pyHkynoHanbHocTb MNO: B pamMkax AaHHOW 3aaun npoBepsieTcs NpuMeHuMocTb MO:

- AN KOMMNO3NLMOHHOTO MOAEeNMpoBaHusa MunbTpauyuu;

- Ka/MBpOoBKN ypaBHEHNS COCTOSIHUSA NAacToBoro dononga K gaHHbiM PVT.

MocTaHoBKa: PaccmaTpuBaeTcs CEKTOp niacTa, HacbllWeHHOro yrneBoAopOoAHbIM KOHAEHCATOM. Vime-
10TCA oAHa Aob6biBatollas CKBaXkuHa M ofHa HarHeTaTenbHas. MogenupyeTtcsa pa3paboTka MeToAoM 3akau-
KM B MnacT 0TO6paHHOro yrneBoAopOAHOro rasa (canknuHr-npouecc). Mo noctaHoBKe 3afayn HarHetaemblii
ras — ras. nNony4YeHHbln CMeLLeHNneM ra3oB BCcex Tpex cTafuii cenapauum gobbiBaemoro gonga. CHumxeHne
n1acToBOro AaBfieHns B6/M3M [06bIBaOWEN CKBaXWHbI NPUBOAUT K PeTporpafHoli KOHAeHcaunm — Bbina-
JeHuio B nnacte 6onee TAxenoi xuakol dpasbl. 3aKkayka Cyxoro rasa cenapauum cnocobcTByeT ncnapeHuto
KoHAeHcaTa 1 60n1ee NOIHOMY U3BMIEYEHWIO YINeBOL0POA0B. PacCMOTPEHO ABa Cyvast NOCTAHOBKU 3ajauu.
B nepsom cnyyae B TeueHue nepsbix 10 neT ncnonb3yeTcs NOCTOAHHbIA 06beM HarHeTaemoro rasa cenapa-
LW, Moc/ie Yero 3akayka OCTaHaB/MBAETCS M MOAENMpPYeTCa gasbHenwnii otoop IomMaoB 40 NOMHOMO 1C-
ToweHna nnacta. Bo BTopom cnyyae B TeueHue NATu et MogenupyeTtcs 6os1ee BbICOKUI 06BbEM 3akauku rasa,
3aTeM 06beM CHMXKAeTCs, 0CTaBasCb MOCTOAHHLIM B TeyeHne Nocneayowmx natv fetT. u B AanbHeiwem 3a-
Kauka rasa octaHaBnmBaeTcs. [laHHas 3afadya MOXeT OblTb paccumtTaHa B paMmkax NosIHOr0 KOMMO3ULMOHHOMO
noAxoAa, OCHOBbIBAIOLLErOCA Ha ypaBHEHUN COCTOAHMS, B paMKax yrnpoLLeHHOro MeToAa, OCHOBbIBAIOLLLerocs
Ha 1CMnob30BaHUN KO3 MULMEHTOB pacnpegenermns, a Takke MoOXeT ObiTb NOy4YeHO NPUBANKEHHOe peLle-
H/e B paMKax paclumpeHHoW mogenun «YepHoit Hedptu» [5].

PesynbTaTbl MogenupoBaHua: Pe3ynbTaTbl pacyeta PVT uccnegoBaHnuii nnactosoro hnonga; fnebur
HedpTV 1 HakonieHHasa [06blba HepTH: HaCbILEHHOCTb KOHAeHcaTa B BbIOpaHHbIX siyelikax ceTku.

Kputepuin kauectBa: CoBnafeHne pesynbTatoB MOAE/MPOBAHUS C 3Ta/lOHHbIMWU pesynbTatamu, ony-
6/1MKOBaHHbLIMN B [5].

4.5 4-9 TecToBas 3agavya O6WeCTBA MHXEHEPOB-HENTAHUKOB

Tectupyemas yHKunoHanbHocTb O: B pamkax gaHHOl 3agayv npoBepseTcs npuMeHumocTb MO
ANA pacyeTa HeM30TepMUYeckoi hunbTpaummn B 3agadax paspaboTky MecTOPOXAEHNA Tsxenon HedTu.

MocTaHoBKa: PaccmatprBaeTca CeKTOpHas Mofe/lb MeCTOPOXAEHUS NTerkoii HedhTu. B HayasnbHbIN MO-
MEHT BPEMEHM NNACT HaCbILWEeH He(TbIO B COCTOSAHUM FPaBMTALVOHHOIO paBHoBecusi. HedhTb MogenupyeTcs
CMeCbi0 LecTn NceBAOKOMNOHEHT. MofenmpyeTca pa3paboTka niacta MeTO4OM BOAOra’soBOro BO3AencTBuS.
B NpoTMBOMOMOXHBIX Yrnax cekTopa pacnosioXeHbl HarHetTaTesibHas U fAo6biBatollas CKBaxXuHbl. 415 406bI-
BaloL e CKBaXXVHbI 3a4aHbl AeOUT N orpaHuyeHne Ha MUHUMasbHoe 3aboliHoe gasneHune. Yepes HarHeTa-
TeNbHYI0 CKBaXKMHY B M1acT NONEpPeMEeHHO HarHeTalTCca BoJa W YrNeBOAOPOAHbINA ra3. COCTOALWMA N3 Nerkmnx
YrNeBoAOPOAHbIX KOMMNOHEHT. KOMMOHEHTHBI COCTaB HarHeTaeMoro rasa nogobpaH Takum o6pas3om, 4ToObI
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BbITECHEHME NPOUCXOAMUI0 NPY ra30HANOPHOM peXume C KoHAeHcauueli. PaccmMoTpeHbl Tpu criydas 3asauqu.
B nepsom cnyyae nnactoBoe faBfeHne B pesynbrarte oTbopa qilovaa CHUKAETCA HUXKe AaBNeHns HacblLLe-
HUSA nnactoBoli HepT. Bo BTOpOM cnyyae nnactoBoe AasfieHne MoAfepXvBaeTcs Bbille JaB/I€HUS Hacbl-
LLleHNs1 Ha YPOBHE MUHVMMasbHOMO AaBfieHUs CMeCMMOCTU. B TpeTbeM c/lyyaB Ha HayaslbHOM 3Tane cpefjHee
nnacToBOe AaBfeHne CHXAETCHA HKE JaBNeHNs HACbILWEHUs, a 3aTeM 6bICTPO NOAHMMAETCA 4,0 YPOBHS MU-
HUMaJIbHOTO JaB/EeHNss CMECUMOCTM 3a CYET 3aKayku BOAbl W YrNeBOAOPOAHOrO rasa. flaHHan 3ajada MoxeT
6bITb paccunTaHa B MNOSIHOM KOMMO3WLMOHHOW NOCTAHOBKE U B NMPUBGIMKEHNN YETbIPEXKOMMIOUEHTHOW hnsib-
Tpauun, ecnn yrneBofopoaHas cMecb MoAenvpyeTcs Tpemsa nceBokomnoHeHTamu. Kpusbie OPI n kanwn-
NAPHOro aasneHns 3agatTcsa Tabnvuavu (6).

PesynbTatbl MogenupoBaHua: [lebuTbl BOAbl U HE(DTU: HAKOMEHHas Ao6blya BoAbl U HedTW; HedTe-
napoBoii thakTop: 3a6oiiHoe faBneHne: notepu Tenna.

Kputepuii kauectBa: CoBnageHue pesynbTatoB MOLENMPOBaHNA C 3TaIOHHbIMU pe3ysibTataMu, ony-
6/11MKOBaHHbIMU B [6].

4.6 5-a TecToBas 3ajava O6LUecTBA NHXOHEPOB-HOPTAHMNKOB

TecTnpyemas dyHKUMOHaNbHOCTL MO: B pamkax AaHHOR 3afaqn nposepseTcs npumeHnMocTsb MO:

- ANA KOMMNO3MLMOHHOTO MOAENNPOBaHNs hunbTpauum:

- pacyeTa MHOFOKOMMOHEHTHON hunbTpaumu;

- pacyeTa BOAOra3oBoro Bo3fAencTensa Ha nnacr.

MocTaHoBKa: PaccmaTtpuBaeTcs CEKTOpPHAs MoLe b MECTOPOXAEHUS Nerkoii HedhTh. B HauaibHbIii MOMEHT
BPEMEHW NNACT HacbIWeH HepTbio B COCTOAHUM FPaBMTaLMOHHOMO paBHoBecusi. HethTb MogenupyeTca cMechio
LLIeCTV NCeBAOKOMMNOHEHT. MofenvpyeTcsa paspaboTka nnacta METOAOM BOAOra3oBoro Bo3aeiicTens. B npoTmeo-
MOMIOXHBIX Yrax cekTopa pPacnosfiokeHbl HarHeTaTeslbHasa 1 fo6biBatoLLas CKBaWHbI. N5 fobbiBaloLLei ckBa-
XUHbI 3aaHbl 4eOUT 1 OrpaHuyeHrie Ha MUHUManbHoe 3a60iiHoe AaBneHne. Yepes HarHeTaTenbHy CKBaXVHY
B N/1aCT NONepemMeHHO HarHeTalTCs BOAA W YrNeBOAOPOAHbINA ra3, COCTOALMIA U3 Nerkux yrnesofopoaHbIX KOM-
MOHEHT. KOMMOHEHTHBIV COCTaB HarHeTaemoro rasa nofobpaH Takum 06pa3omM, YTOObl BbITECHEHWE MPOUCXOANI0
Npv rasoHanopHOM pexumMme C KoHAeHcauueid. PaccMoTpeHbl Tpu criyvas 3agaqn. B nepBom cnyyae nnactoBoe
JasneHune B pesynbTare 0T6opa hnga CHIKAETCA HUXe JaBNeHNsa HacbIWeHNa nnacToBoli HedyTn. Bo BTopom
Cnyyae nnacTtoBoe AaBfieHne MoAAepKMBaETCS Bblille AaB/EHWS HACbILEeHWS Ha YPOBHE MWHUMabHOro faB-
NeHnsA cMecMmocTu. B TpeTbem crydyae Ha HayasibHOM 3Tane cpegHee NaacToBOE AaBNEHNE CHUMXAETCH HUXe
JaBNeHNs HacbllLeHUs, a 3aTemM ObICTPO NOAHVMAETCS A0 YPOBHA MUHUM&aUTBHOIO fjaB/IeHNsi CMECUMMOCTU 3a CUeT
3aKauku BOAbl W yrneBoAOPOAHOrO rasa. [laHHas 3afja4a MOXeT OblTb paccunTaHa B NOHOM KOMMO3ULMOHHOI Mno-
CTaHOBKe 1 B NPUBMKEHNN YETbIPEXKOMMOHEHTHOI dmnbTpauum, ecnn yrneBogopoaHas cMecb MoaenupyeTtcs
Tpems ncesfokoMnoHeHTamu. Kpueble OPI 1 kanunnsapHoro fasneHns 3agattcs Tabnuuamu [7].

PesynbTathl MogenupoBaHus: CpefgHee NiacToBOe AaBfieHue; Ae6uUT HeddTu; HakoneHHas Aobblua
HedTn: razoHepTAHON hakTop; BOAOHEMTAHOW (haKkTop; HACLILEHHOCTL HEDTM B 3aflaHHO suelike.

Kputepuii kavecta: CosnafeHne pesynbTatoB MOLeNMPOBaHNA C 3TaIOHHbIMU pe3ysibTataMu, ony-
6/1MKOBaHHbIMU B [7].

4.7 6-a TecToBas 3ajadvya Ob6uUecTBa NHXOHEPOB-HOPTAHMNKOB

TecTupyemas yHKUmMoHanbHocTb MO: B pamkax faHHO 3afaun nposepseTcs npumeHumocTb MO
ANnsA pacyeTta hunbTpauun B paMkax MOAENN ABOMHON NOPUCTOCTU.

MocTaHoBka: MogenupyeTtcsa unbTpaunsa Bogbl, HepTU 1 rasa B TPELMHOBATON MOPUCTON cpepe.
®yHKUMnM OPM n ganHble PVT 3afaHbl B BUAe Tabnuy,. PacCMOTPEHO HECKO/IbKO Pa3/inyHbIX Crlyyaes, B Kax-
[OM 13 KOTOPbIX NPUCYTCTBYET NPOAYKTVBHAA CKBaXWHA C 3afaHHbIM AeOUTOM XUAKOCTU U OrpaHnyeHnemM Ha
3a60iiHoe faBneHue. iccnegyeTcs BAUSHYE KaNWNNSPHOTO AaBNeHNs B TpeLMHax Ha hunbTpauyuo. B nepsom
cnyyae paccMOTpeHa 3ajava, cofepxallas ofHy pacyeTHyto aueliky. Jobblya Hed T NPUBOANT K NOSIBNEHNUIO
rasoBoii hasbl M nepepacnpegeneHno HedpT U rasa Mexay 6,10kamMu 1 TpewmnHamu. B ocTanbHbIX cnyyva-
AX paccMoTpeHa nNpodunabHas ABYXMepHas 3ajada O TeYeHUn mMexay ABYMS BepTUKasbHbIMU CKBaXKMHAMMU.
Bo BTOpoM cnyyae moAennpyeTca UCTOLLEHWe naacTa 3a cyeT 3Heprun pacTBOPEHHOrO rasa, a 3akauka io-
MA0B He mpoucxoauT. B TpeTbeM cryyae fONONHUTENBHO MOAenupyeTca obpaTHasa 3akayka rasa, AobbiBae-
MOro 13 nnacta, 4na nogAepXaHnusa Nn1acToBOro gaBneHus. B ueTBepTom ciydvae nnacToBoe AaBfieHne nog-
JepxmnBaeTcs 3a cyeT 3akayku Bogpl [8].

PesynbTaThl MogenupoBaHus: Le6ut HedTi, ra3oHedTAHOM akTop 1 06BOAHEHHOCTb A5 NPOAYK-
TUBHOI CKBaXXMHbI; AaBNeHne B BbIOpaHHbIX SUeikax.
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Kputepuii kavectBa: CoBnageHue pesynbTaToB MOAENMPOBAHNA C 3TA/IOHHbIMK pesy/bTartamu, ony-
6/1MKOBaHHbIMK B [8].

4.8 7-5 TecToBas 3agadya O6LLeCcTBa WHXEHEPOB-HE(TAHNKOB

TecTupyemasn pyHKuUMOHanbHoCcTh MO: B pamkax gaHHOW 3afjaun nposepsieTcs npuMeHuMocTb MO
[ANA pacyeTa COBMECTHbIX TeYEHUI NACT — rOpM30oHTa/lbHasA CKBaXKMHA.

noctaHoeka: B pamkax mogenn «YepHoit HedhTu» paccMmaTpuBaeTcs CEKTOpHas Mofeslb HefoKachbl-
LLEHHOr0 HedITAHOro nnacrta, paspabdbaTbiBAEMOro ropuM3oHTasIbHOW CKBaXWHOW. MNpeanonaraeTcs, 4TO CKBa-
XUHa pacnofioeHa HenocpefcTBEHHO Haf BOAOHBMTAHLIM KOHTAKTOM. [MpUTOK NOAOLIBEHHON BOAbI MoAe-
JIMPYeTCA 3akaukoi BOAbl Yepes APYryl0 FOPU3OHTas/IbHYI0 CKBaXKWHY, PaCMONIOXEHHYI0 Nof NpoAyKTUBHOM
CKBa)KMHOW. HarHeTaTenbHas CKBaXuHa 3KCMIyaTUpyeTcs Ha pexumMe 3ajaHHOro 3aboiHoro faBneHus, pas-
HOro HayanbHOMY MacTOBOMY faBfieHuto. MNMpoayKTUBHAA CKBaXMHa 3KCMyaTupyeTcs B pexume 3a4aHHOro
febuTta HeddTM C OrpaHMYeHneM Ha MUHMManbHoe 3aboliHoe AaBfeHne. TeyeHne OOMA0B B rOPU30HTaSb-
HOI NPOAYKTUBHOWM CKBaXWHE paccyMTbiBAeTCs C y4eTOM MOTepb AaBMEHUS Ha rMapaBnnyeckoe conpoTuB-
neHvie. fo6blya HepTM COMPOBOXAAETCA MPUTOKOM MOAOLIBEHHON BOAbl U yBENUYeHMEM O6BOAHEHHOCTW.
PaccmoTpeHbl pa3fnyHble crydyan aebuta v 4nHbl fo6biBaloLWeli CKBaxXuHbl. pu BbICOKOM Aebute HeddTu
BO3MOXHO 06pa3oBaHue cBo60HOI hasbl rasa [9].

PesynbTatbl mogenuposaHus: [ebut HeddTW 1 HakonneHHasa Ao6blva HedTU; 4e6UT BOAbl N Hako-
nneHHas Aobbiya BoApl; ra3oHeTAHON hakTop; BOAOHeTAHOW hakTop.

Kputepuii kavyectBa: CoBnageHue pesynbTaToB MOAENMPOBAHNA C 3TA/IOHHbIMK pe3ynbTatamu, ony-
6/1MKOoBaHHbIMK B [9].

4.9 8-a TecToBas 3agava ObuiecTBa NHXEHEPOB-HE(DTAHNKOB

TecTupyemas pyHKuMOHanbHoCcTb MO: B pamkax faHHOI 3ajaun npoBepsoTca (hyHKLMOHAMbHbIE
BO3MOXHOCTM MO Npu NOCTPOEHNN pPacHeETHbIX CETOK.

MocTaHoBKa: PaccmatpvBaeTcsa NPSAMOYro/ibHbI CEKTOP HedITAHOro naacta B HeAOMACbILENHOM CO-
CTOSIHUK. B ABYX NPOTUBOMOJIOXHbIX YIr1ax CeKTopa pacrnonioxeHbl ABe A06biBaoLL e CKBaXVHbI, & B TPETbEM
yrfy — HarHetaTesibHasi CKBaxuHa. MogenupyeTcs ra3osoe 3aBofHeHue nnacra. 3akadka rasa B naact npu-
BOAMT K ABYX(ha3HOMY TEYEHMWI0 OT HarHeTaTe/IbHON K A06biBalOWMM CKkBaXWHaM. lpu aTOM pacTBopeHue
rasa B HedpTu, CONyTCTBYIOLLEE CHUXEHNE ee BA3KOCTU, U yBennyeHne obbema cnocobeTByOT 60nee nonHo-
My BblTeCHeHM0. 3afaya copmynvpoBaHa B A4eKkapTOBOW pacyeTHol ceTke. HeobxoaMmMo nocTpoutb 6onee
rpy6yto CeTKy C MVHUMalbHbIM YUC/IOM SYEeeK, B KOTOPOU pe3ynbTaTbl pacyeTa TeYEHWUS He OTAnYaroTcs OT
pe3ynbTaToB pacyeTa Ha NoApo6HOI AekapToBoii ceTke [10].

PesynbTaTbl MogenvpoBaHua: Fa3oHedTAHOW hakTop 1 3aboiiHoe faBneHre Ha Ao0bIBaloLLMX CKBa-
XUHAX.

Kputepuii kavectBa: CoBnageHue pesynbTaToB MOAE/NMPOBAHNA C 3TA/IOHHbIMK pesy/bTartaMu, ony-
6/1MKoBaHHbIMK B [10].

4.10 9-a TecToBas 3agava ObwecTBa NHXEHEPOB-HEPTAHNKOB

TecTupyemasn pyHkuMoHanbHocTb MO: B pamkax gaHHoOW 3ajaun nposepsieTcs npuMeHuMocTb MO
Ans pacuyeta

- TpexdasHoli unbTpaunm HepTb-BOJa-ras;

- (UNbTPaLMMN CO CMOXHBIMU HENIMHEHBIMY KPUBBIMW KanUAIAPHOTO AaBNEHUS.

MocTaHoBKa: B pamkax mogenn «YepHoii HedhT» paccMaTpuBaeTca CEKTOpHas MOAE/Nb HAKMOHHOIO
HeJonacbILLEenHoro HedTAHOro nnacta, BCKPLITOro 25 NpoAyKTUBHBIMK CKBaxXuHamu. nactoBoe fasneHune
noAAepxmBaeTcsl C NOMOLLbIO 3akauky BOAbl Yepes3 OfHY HarHeTaTeslbHyH0 CKBaXMHY, NepoprpoBaHHyo 3a
KOHTYPOM HeTeHOCHOCTU. PyHKUMM OPI 1 gaHHble PVT 3agaHbl B Buge tabnuu. MNMpoHvuaemMocTb umeet
CyLLLeCTBEHHO HEOJHOPOAHOe pacnpejeneHue. YncneHHoe mofenvpoBaHne paspaboTku nnacra OCNOXKHA-
eTcsl 6bICTPLIM U3MEHEHMEM KaMUISPHOTO AaBneHns mexay dasamu oAbl U HeddTV NPU HE3HAUUTENIbHOM
M3MEHEHNN HacbILWEeHHOCTU. Bce NpoAyKTUBHbIE CKBAXMHbI 3KCMJIyaTUPYIOTCA € 3afaHHbIM U3MEHSAOLWUMCS
Co BpemeHeM gebutom [11].

PesynbTaTbl MogenupoBaHusa: [ebut HedTu; razoHedTAHOW hakTop; 06BOAHEHHOCTb CKBaXKUH: 3a-
6oiiHoEe faBneHuve.

Kputepuit kauectsa: CoBnageHue pesynbTaTtoB MOAE/NMPOBAHNA C 3TA/IOHHBIMW pesy/bTartamu, ony-
611koBaHHbIMM B [11].
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4.11 10-a TecToBas 3agava ObwecTBa NHXEHEPOB-HEN TAHUKOB

TecTupyemas yHkuMoHanbHocTb MO: B pamkax AaHHON 3agayv nposepseTcs npumeHumocTb MO
ans:

- pemacltabupoBaHua Mogenei nnacTos;

- pacyeTa fByxasHoli HecMelumBatoLLelica hunbTpaLmn.

MocTtaHoBKa: MogenupyeTcs AByxdasHas huabTpaums B NOPUCTOM pe3epByape ¢ HeOAHOPOAHbIM pac-
npegeneHvem nopucTocTu U NpoHULaemMocTy. PaccmaTpuBatoTcs fBa c/lyyas NocTaHOBKM 3ajaun. B nepsom
cnyyae paccMmaTpuBaeTcs AByXMepHas npodunbHas 3ajada C HarHeTaTesibHOW 1 NPOAYKTUBHOW CKBaXKMHa-
MW. PACMOMOXEHHbIMW B NPOTUBOMOJIOXHBIX Yr/1ax pacyeTHO 06nactu. B HayanbHbli MOMEHT BpeMeHu nnact
HacbllLeH HedhTbio. Pa3paboTka nnacta MogenupyeTcs 3akadkoi rasa B NpefnonoXeHnn HecMeLlvBaloLLero-
ca BblTeCHeHUA {ra3 He pacTBopseTcsa B HedpTh). PacyeTHas ceTka coaepxut 2000 syeek. Bo BTopom cnyyae
paccmaTpuBaeTcs TPeXMepHOe TeyeHre B NPSAMOYroflbHOM CeKkTope nnacta. B HayanbHbIi MOMEHT BpeMeHN
nAacT HacblWweH HedTbio B COCTOAHUM HefoHacblleHus, a paspaboTka mofenumpyeTcsl 3akaukoil Bogpl no
NATUTOYEYHON cxeme. 3akayka BoAbl MPOMUCXOAUT Yepes3 YeTbipe CKBaKMHbI, PaCcMo/IOXEeHHbIE NO yrnam pac-
YyeTHO 06nacTn, a NPOAYKTMBHAA CKBakKMHa pacrosfioxeHa B LEeHTpe cekTopa. PacueTHas ceTka COAepXuT
1.1 MnH Aveek. B kaxaom cnyyae HeobxoAMMO NPOBECTM pemacluTabupoBaHue Mofenyu — MNocTPoUTb Mpu-
6VKEHHYI0 MOZeNb nnacTa Ha rpyboit ceTke. Pe3ynbTaTthbl pacyeTa TeUeHUs B NOSIHON NOCTAHOBKE M B paMKax
pemaclTabupoBaHHO MogeNu A0/HKHbI Masio pasnuuatbes [12].

Pe3ynbTaTbl MogenvpoBaHua: HakonneHHas gobbiya HethTn: AebuT HeddT: 06BOAHEHHOCTb CKBaXKM-
Hbl. CpefHee NnacToBoe JaB/eHne.

Kputepuin kayectsa: CoBnageHve pesynbTaToB MOAENMPOBAHUSA C 3Ta/IOHHbIMU pe3yfnbTaTaMu, ony-
6/1MKoBaHHbIMU B [12].

4.12 TeCT Ha TOYHOCTb MOAENNPOBAHMUA HEMOJIHOINo BCKPbITMA niaacTa

TecTupyemasn dyHkunoHanbHocTb MO: B pamkax AaHHOWN 3agaun nposepsieTcs npumeHnmoctb MO
Ana pacyeTa 0AHOA3HOro TeYeHNs Y 32605 CKBaXXMHbI, HE MOIHOCTbIO BCKPbIBAIOLLLEN NnacT.

MocTaHoBKa: PaccmaTpuaeTcsi ocecMMMeTpuyHan npoduibHas 3agada uabTpauun ¢ O4MHOYHOM
CKB&XWHON. B HauanbHbIi MOMEHT BPEMEHM BHE pajuyca KOHTypa NUTaHWs CKBaXKMHbI NAacT HacbIlWeH BO-
[l0li, a BHYTPW KOHTYpa NuTaHus — Hed)Tblo. PaccmaTtprBaeTcs ciy4vail HENOMHOTO BCKPbITUAA NaacTa CKBaxXu-
HoW. HTepBan nepchopauun CKBaXWHbl UMeeT 4/INHY MeHbLUe TOMLWMHbI NaacTa, npuyem Havasno nHTepsana
nepchopauny CKBaXnHbl coBnagaeT ¢ kposnel nnacta. OT60p XUAKOCTU M3 nnacTta NPOUCXOANT Ha pexume
3a/iaHHOro 3a60iHOro AaBneHns. Ha KOHType NuTaHusa nogaepxuwBaeTcs NOCTOSAHHOE faB/ieHne, paBHoe Ha-
YasibHOMY nnacToBoMy gasneHuio. flaHHble PVT u oyHkumm Ol 3agaioTca aHanMTUYeCKUMy COOTHOLLEHMNS-
mu. KanunnspHoe gaenexve npeHebperaetcs. Heobxoammo paccuntaTb UAbTPaLMIO HA Pa3INYHbIX CeTkax
Npu pasNYHbIX OTHOCUTEbHLIX BCKPLITUAX nnacTta [13].

Pe3ynbTatel MogenuposaHus: paduk 3aBUCMMOCTU Aebuta CKBaXUHbI OT OTHOCUTE/IbHOTO BCKPbITUSA
nnacra.

Kputepuii kayecTBa: Pe3ynbTaTbl MOAENMPOBaHNA COBNaAalT C NPUOBAMKEHHBIM aHaINTUYECKUM pe-
weHvem [13].

4.13 TOCT Ha TOYHOCTb MoAennpoBaHNA TOPU3OHTA/IbHbIX U HAK/NTOHHbIX CKBaXWH

TecTupyemas hyHKUMOHanbHOCTb MO: B pamkax AaHHOW 3agaun npoBepsieTcs npumeHnMocTb MO
ANna pacyeTa 0AHOM(A3HOro Te4eHns y 3a608 ropU30HTa/IbHON CKBaXKMHBI.

MocTaHoBKa: PaccmaTpmBaeTcs 3agava pacyeta nNpuToka HeTU K ABYXCTBOJIbHOW FOPU3OHTaUIbHON
ckBaxuHe. CTBOJbI CKBRXWHbI OTBETBAOTCA OT OCHOBHOIO CTBO/MA B LlEHTPE MoAenmpyemoii obnactn dusb-
Tpaumu. Harpas/ieHbl B MPOTUBOMOJIOXHbLIE CTOPOHbI, MPOX0AA NocepeuHe TOMLWM nacTa napasisienibHo ero
KpoBne n nogowse. O6a 6O0KOBbIX CTBOMA NepdopUpPOBaHbI MO BCEW ANNHE. B HaYalbHbIi MOMEHT BpeMeHU
BHYTPWU KPYroBOrO KOHTypa NWTaHUSi BOKPYI CKBaXWHbl NAACT HacbIWeH HedTbio, a BHE KOHTypa — BOAOWA.
CkBaxvHa paboTaeT npu 3afaHHOM 3a60MHOM faBneHun, a Ha KOHTYpe NUTaHua NoAdepXMBaeTcs Hadaslb-
Hoe nnacTtoBoe fgasneHue. flaHHbie PVT u doyHkunm O®I 3agat0Tcs ABHbIMM COOTHOLLEHUAMU. Vcnonb3yeTcs
npsiIMoyrosibHas fekaproBas ceTka. HeobxoAuMo paccuntaTb TEYEHUS NPU pas/IMyHbIX OpUEeHTauMaX ropu-
30HTasIbHbIX CTBOJIOB CKB&XWHbI OTHOCUTE/IbHO KOOPAMHATHBIX NIMHUIA CeTkn. PesynbTaT pacyeta He [JOSKeH
3aBUCETb OT OpMeHTaLun cKBaXuHbI [13].

Pe3ynbTatbl MogenupoBaHuns: Fpadmk 3aBucuMocTy gebuTta OT yrna OpuveHTaumn ropusoHTanbHOM
CKBaXKWHbI.

6
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KpuTepuit kayecTBa: PaccunTbiBaeMblil 4e6UT He 3aBUCUT OT yria OpUMEHTALUM FTOPU3OHTa/ILHOW CKBa-
XWHbI [13].

4.14 TeCT Ha TOYHOCTb MOAENNPOBaHUA YCTAHOB/IEHUA TpaBUTaLMOHHOIO paBHoBeCKUs

TecTupyemas pyHKuMoHanbHocTh MO: B pamkax gaHHoOW 3afjaun nposepsieTcs npuMeHnMocTb MO
Ansa pacyeTta AByxdasHol HecMelumBaloLelica hunbTpaLun B None CUnbl THXECTU.

MocTaHoBKa: B BEpXHIOIO YacTb OAHOPOAHOIO NO NOPUCTOCTU N BEPTUKABHON NMPOHULLAEMOCTH niacTa
B HaYasIbHbI MOMEHT BPEMEHMN NMOMELLEHA BOAA, & B HMXHIOW — HedTb. MNprHUMaeTcs, 4To Ha dononabl aeli-
CTBYIOT TONbKO rpaBUTaLMOHHbIE Cubl. W3-3a pa3nuuus nnoTHocTel a3 TedeHne BoAbl ByaeT HanpaBieHo
BHM3, a TeyeHne HedpTn — BBepPX. MNpn 6oNbLIiX BpeMeHax BCS HedpTb CKOMMUTCHA B BEPXHel yacTu nnacTa,
a BOfja — B HWXHEW, TO eCTb HayaslbHOe pacnpefenerHne HacbIWeHHOCTU HedTU CUMMETPUYHO OTPa3nUTCs OT-
HocUTeNbHO LeHTpa nnacta. JaHHble PVT n chyHkuun OPI1 3agaHbl aHaNIMTUHECKMMU COOTHOLLEHUAMH [13].

PesynbTaTtbl MofenuposaHusa: PacnpefesieHne HacbIWeHHOCTN HedTn B 3afaHHble MOMEHTbI Bpe-
MEHW.

Kputepuin kayectBa: Pe3ynbTaTbl MOAEMPOBAHUS COBNAAAOT C aHA/IMTUYECKUM pelleHnem 3ajauu,
ony6/MkoBaHHbIM B [13].

4.15 TeCT Ha TOYHOCTb MOAENNPOBaHNUS NPU3a60oiiHOl 30HbI BEPTUKANIbHOW CKBAXWHbI

TecTupyemas yHKLMOHanbHoCcTb MO: B paMkax AaHHON 3agayuv nposepsieTcs npuMeHMmocTb MO
Ansa pacyeta:

- AByx(hasHOW HecMeluvBatLlelics ounbTpauum;

- TeyeHus B NPM3aboHON 30HE CKBAXMHBbI.

MocTaHoBka: PaccmaTtpmBaeTcs niowagHas 3agada [fByxdasHoi cdmnbTpauum, onucbiBatolias 3a-
BOJHEHVe HedTAHOro njacTa no nNATuTovyeyHoi cxeme. OAHOPOAHbLIV FOPU30HTAaNbHbIA NNACT BCKpbIBaeTCA
CMCTEMOI C WaxMaTHbIM pacnosioxeHnemM A06bIBaLWNX U HAarHeTaTeNbHbIX CKBaXWH. Bce gobbiBatolime un
HarHeTaTeflbHble CKBaXWHbl NMOMHOCTLI0 BCKPbIBAKOT NacT U paboTatoT npu 3afaHHOM 3ab0iHOM faBneHuu.
3akauka BOAbl NPUBOAUT K pacnpocTpaHeHuto (PPOHTOB BbITECHEHUS OT HarHeTaTeslbHbIX K A06blBAOLWUM
ckBaxuHaMm. flaHHble PVT n doyHkummn O 3agaHbl SBHbIMM COOTHOLWEHMAMN. KanunnapHoe gasneHve npea-
nonaraeTcs NpeHebpexumo masnbiM. Heobxogumo onpefenvTb XUAKOCTHble AebUTbl CKBaXWH, WCNONb3ys
pasnuyHble pacyeTHble CEeTKW, Takme, YTOObl 3/1EMEHT pasMeLleHUsl CKBaXKMH COfepXas pasfiuyHoe 4ucio
Ayeek. Pe3ynbTaTbl pacyeTa He JO/MKHbI 3aBMCETb OT pa3peLUueHns pa3HoOCTHOM ceTkm [13].

PesynbTaTbl MOgennpoBaHus: 3aBUCUMOCTb AebuTa OT paspeLleHns pasHOCTHON CeTKU.

Kputepuit kauectBa: [e6UT He 3aBUCUT OT paspeLLeHmnii pacyeTHOW CEeTKM.

4.16 3akayka X0/104HOW BOAbI B TPELNHY

Tectupyemas cyHkynoHanbHocTb [O: B pamkax gaHHOl 3agayv npoBepseTcs npuMeHumocTb MO
ONsi pacyeTa Hen3oTepMUYeckoli OAMNOKOMMNOHEHTHOW ofHOMha3Hol (hunbTpauum ¢ y4eToM Teno06MeHa ¢
HenpoHvLaeMbiMy nopogamm.

MocTaHoBKa: MoJenvpyeTca Hen3oTepMUYecKoe TeyeHVe BOAbl B BEPTUKa/IbHON TpellnHe B reotep-
MasIbHOM pesepByape, Bbi3BaHHOE O0TOOPOM XUAKOCTU Yepes CKBaXUHY, NepecekaioLyo TPELUnHyY, U HarHe-
TaHWeM BOfbl Yepe3 TOYeYHbl UCTOYHWK. TeyeHne B TpelimHe NOAYMHSAETCA 3akoHy dmnbTpauum fapcu.
HarHeTaHne X0n04HOW BOAbI NPMBOANT K CHIDKEHUIO TeMnepaTypbl B TpelinHe. TpeluHa OKpyXXeHa Henpo-
HULaeMbIMW NOPOLaMU, B KOTOPbIX 13-3a TEN/I006MEHA C TPELLMHOW TemnepaTypa MOXeT n3MeHaTbes [14].

PesynbTaTbl MogenupoBaHusa: Temnepatypa Ha 3aboe NpoAYKTUBHOW CKBaXKMHbI B 3aBUCUMOCTW OT
BPEMEHW: pacnpefesieHne TemnepaTypbl B TpeLMHe B 3aiaHHbIi MOMEHT BPEMEHN.

Kputepuin kauectBa: CoBnafeHne pesynbTatoB MOAENMPOBAHUS C 3Ta/lOHHbIMW pesyfnbTatamu, ony-
6/1MKOBaHHbIMU B [14].

4.17 MogenupoBaHue pa3paboTku reoTepMasibHOl CUCTEMBI B pamMkax NATUTOUYEUYHON CXeMbl
pacnosioXeHnst CKBaXMUH

TecTupyemasn pyHKuMoHanbHocTb MO: B pamkax gaHHOW 3afjaun nposepsieTcs npuMeHuMocTb MO
Ans pacyeta:

- HeusoTepmunyeckol AByxdasHoi gunbTpayun BoAbl U BOASHOIO Napa;

- unbTpaummn B pamMmkax Mogenun ABoiiHOl NOpUCTOCTY.
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MocTaHoBka: PaccmaTpuaeTcs naouwagHas 3agadya punbTpaummn B HarpeTom reotepmMmasibHOM nnacte,
KOTOPbIA CNOXEH M3 HenpoHuuaemblx 6/10KOB, pasfeneHHbIX TpewmHamn. B pamkax mogenu ABONHOW no-
pucToCTn MogenupyeTtcs unbTpaumsa aomnaa no TpewmHam ¢ y4eTom TensoobMeHa ¢ HenpoHuLaeMbIMu
6/10kaMun. B HaYanbHbIi MOMEHT BpPEMEHW NAaCT HacblLLeH BOAOV B COCTOSAHUN TEPMOAMHAMUYECKOTO paBHO-
Becus ¢ napom. MogenupyeTtcsa nonyvyeHve reoTepmanbHON aHeprv B pamkax 3akayku XOMO0AHOW BOAbl U
n3BneveHns napa. PaspaboTka BefeTCA C MOMOLLbI0 CUCTEMbl CKBAXWH, PACMOIOXKEHHbIX MO MATUTOYEYHOM
cxeme. B UeHTpe 3afieMeHTa Cxembl pacnosioXeHa HarHeTaTefibHaa CKBaxkuHa, yepes KOTopyk B niacT 3a-
KaumBaeTcs xonogHas sofa. 3ajaHa NpueMUCTOCTb CKBaXKWHbI. 10 yrnam asieMeHTa CXeMbl PacnosioXeHbl
[o6biBaloLMe CKBaXWHbI, paboTaoLine B pexmme 3af,aHHOro MaccoBoro gebuta napa. CHmKeHne gaBneHus
Ha 3ab0e [06bIBalOWMX CKBaXUH MPUBOAUT K UCMAPEHWo BOAbl — obpasyeTcs cBo6ofHas hasa BOASHOrO
napa. faHHble PVT u kpusble O®PI1 3a4aHbl ABHbIMW COOTHOLWIEHUAMK. [laHHaA 3agavya paccmaTpusaeTcsa npu
pa3nnyHbIX pasmepax HernpoHuuaembix 6/10KOB, a Takke B pamMkax mogeny apthekTVBHON NopucToi cpeapl
(oavHapHas nopucTocTb) [15J.

PesynbTaTbl MogenupoBaHua: B 3afaHHbIi MOMEHT BpeMeHWU pacnpejeneHne TemnepaTtypbl BAO/b
NPSMOW, COeNHAIOWEN HarHeTaTeIbHy0 1 [06bIBAIOLLYIO CKBXWHBbI.

Kputepuii kayecTtBa: CoBnageHvue pesynbTaToB MOAENMPOBAHUS C 3TA/IOHHbIMK pesynbTaramu, ony-
61MKoBaHHbIMU B [15].

4.18 MopenupoBaHue pa3paboTku reoTepmMasnbHON CUCTEMbI C YYETOM COBMECTHOTO TEYEHUS
naacT — CKBaXuHa

TecTupyemasa pyHKkUuMoHanbHoCTb MO: B pamkax AaHHOW 3ajaym npoBepsieTcs nNpumeHuMocTb MO
ANA pacuyera.

- Heun3oTepMUYECKOl ABYX(a3HoW hunbTpaLum Boabl 1 BOAAHONO napa;

- COBMECTHbIX TeYeHUli NNacT — CKBaXknHa.

MocTtaHoBka: PaccmaTpuaeTcs ofHOMepHasn 3ajadva Hen3oTepMnUYeckon cunbTpaymn B reotepmasib-
HOM nnacTte. B HayasbHbIi MOMEHT BPEMEHUW NNACT HaCbILWeH ABYX(ha3HON CcMecbio BOAbl M BOAAHOrO napa
B YC/TOBMSAX TEPMOANHAMUYECKOrO paBHOBeCUs. MNNacT BCKPbIBAETCA OfUHOYHOW CKBaOXKMHOM, YTO NPUBOAUT K
naZeHunio N1acToBoro AaB/ieHns, NCNapeHnio BoAbl N OCECUMMETPUYHOMY NPUTOKY haonaa K ckBaxkuHe. Ha
yAaneHnn oT CKBaXMWHbl MOAAEPKUBAIOTCA Haya/bHble nnacTtoBble ycnosus. CKBaxuHa paboTaeT Ha pexu-
Me MOCTOAAHHOIO YCTbEBOro faBfieHus. 3afaHa Tabnuua, cBA3biBalowWas pacxod MHoroasHoro daonga no
CTBOJly CKBaXWHbI 1 3a60iiHOe faBnexue. [laHHas Tabnuua UCnonb3yeTca A/ pacyeta TeYEHUs B CKBaXKMHE
npy“ COBMECTHOM pacyeTe ToYeHus naact — ckBaxuHa. flaHHble PVT v kpusble O®PI1 3a4aHbl ABHbIMU COOT-
HolleHunaMM [15].

PesynbtaTel MmogenuposaHunsa: 3aboiiHoe AaBfieHne; MaccoBblli pacxod dilonaa v ero aHTanbLnus,
nnacToBoe AaBneHus (B suelike, B KOTOPOV nephoprpoBaHa CKBaXWHA).

Kputepuii kavectBa: CoBnageHne pesynbTaToB MOAENMPOBAHUSA C 3TA/IOHHbIMU pe3ynbTaTamu, ony-
6/1MKOBaHHbIMK B [15].

4.19 PagnanbHoe TedeHne C02 0T HarHeTaTeNbHOW CKBaXUHbI

TecTupyemasa yHKUMOHanbHOCTb MO: B pamkax AaHHOW 3ajayn npoBepsieTcs nNpumeHuMocTb MO
ANsA pacyeTa Tpexdha3Hoi cMeluvBalLeica uabTpaumm TpexkoMmnoHeHTHoro dntouga C02-H20-NaCl ¢
y4eTOM OcaxAeHns TBepaoii hasbl con Ha ckeneT NopoAbl.

MocTtaHoBKa: PaccmaTtpuBaeTca ofiHOMeEpHas 3ajadva O TeYEeHUW YrneKkUCcsioro rasa oT HarHeTartesib-
HON CKBa&XWHbI B NAacT 6E€CKOHEYHOW NPOTSXEHHOCTU. B HauanbHbIi MOMEHT BPeMeHW NNacT HacblleH
CONEHOW BOAOW. YuutbiBatoTcsA ha3oBble nepexoabl: BbiNafgeHne conm B ocagok, ucnapeHme H20 B rasoByto
dhasy n pactBopeHne CO02 B xuakoii ase. 3akayka rasa NpMBOANUT K MOSIHOMY MCNApPeHuto BOAbI 1 Bbinage-
HUIO B OCaf0K TBEpAoi dhasbl Conn B Npu3aboinHoi 30He CKBaXWHbI. B pesynbTaTe NopoBoe NPOCTPAHCTBO
3abvBaeTcsa co/blo, a NPOHNLLAEMOCTb CHMKaeTcsa. PyHKunn OPI 3a8al0TCsA ABHLIMU aHANUTUYECKMU CO-
OTHOLWLEeHVAMU. a AaHHble PVT 3apatoTcs ypaBHEHMAMM CcOCTOsAHUA. 10 NocTaHOBKe faHHas 3ajavya aBTo-
mMofenbHas — pacnpefeneHnsa napameTpos uabTpaumMn B pas/iMyHble MOMEHTbl BPeMeHU Nofo6HbI Apyr
Apyry [16].

Pe3ynbTaTbl MogenvpoBaHua: PacnpegeneHns AaBneHns, HacbILLeHHOCTMN XUAKOCTH, TBepao tasbl
1 rasa, CONIEHOCTN BOABI U MaccoBoli A0/IM NapoB BOAbl B BbIOPaHHbIA MOMEHT BpEMEHM.

Kputepuii kayectsa: CoBnageHve pesynbTaToB MOAENMPOBAHUS C 3TA/IOHHbIMK pesynbTaramu, ony-
6/1MKoBaHHbIMU B [16].
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4.20 YTeuyka C02no TpelwmHe

TecTupyemasn pyHKuMoHanbHocTb MO: B pamkax gaHHOW 3afjaun nposepsieTcs npuMeHuMocTb MO
Ans pacyeTa AgByxdasHoli cmelwmnBatoLeincs dunbTpaunm ByXKOMNoHeHTHoro dntomga C02-H20.

MocTaHoBKa: PaccmaTpuBaeTcs ogHOMEPHOE TeYeHne No BepTUKaIbHOW TpelmHe. B HayanbHbIli Mo-
MEHT BPeMeHV TpeLiHa HacbllleHa BOAOW B YCMOBUAX MMAPOCTATUYECKOro pacnpedeneHns gaeneHuns. Ha
BEpXHeli rpaHuue TpeluvHbl 3afaeTcs NoCTOAHHOe AaBfieHne. Ha HvKHel rpaHuue 3ajaeTcs NoBblLEHHOoe
NOCTOSIHHOE [aBJfIeHNe, a HaCbIWEeHHOCTb YI/IEKUC/IOro rasa pasHa efuHuue. Takum obpasom, npegnonara-
eTCA. UYTO HWKHAS rpaHvLla TpeLwuHbl coobLaeTca ¢ pe3epByapoM, HaCbIWEHHbIM YrNekncbiM ra3oM. M3-3a
afphekTa nnaByyecTn yrnekucnblli ras byget nogHMmMaTbes (BCNbiBaTh) No TpewmnHe. [laHHblii npouecc 6yaet
conposoxAartbcs ha3oBbIMY Nepexofamu, TO eCTb pacTBOPEHWEM ra3a B BOAE 1 UCnapeHnemM BoAbl B ra3oByto
hasy. PyHkumMn OPI1 3a4aHbl ABHbIMU COOTHOLEHMAMKW. [JaHHble PVT 3afaHbl ypaBHEHWEM cocTosAHusA [17].

PesynbTaTbl MogenupoBaHusa: PacnpefeneHns gaBfeHUs, HacbILWEHHOCTN rasa, MaccoBON KOHLEH-
Tpauuu Yrneknucnoro rasa B XMAKoi gase 1 MacCcoBOI KOHLEHTPaLuy BOASHOTO Napa B ra3oBoi ase; NoTokM
YIIeKMCOro rasa v BofApl Ha BEPXHEN U HWXHER rpaHnLax TpeLmHbl.

Kputepuin kauectBa: CoBnageHne pesynbTatoB MOAEMPOBAHUSA C 3Ta/IOHHbIMWU pesynbTatamu, ony-
6/1MKOoBaHHbIMK B [17].

4.21 3akayka yrnekucaoro rasa B MHOTOC/IOMHbIA NaacT-KONNeKTop

TecTupyemas cyHkunoHanbHocTh O: B pamkax gaHHOl 3agayv npoBepseTcs npuMeHumocTb MO
ANns pacyeTa TpexdiasHoii cMmellnBarLleincs dunbTpauun TpexkoMnoHeHTHoro donga C02-H20-NacCl ¢
y4eToM ocaxeHus TBepAoi hasbl CONM Ha ckenet Nopoasl.

MocTaHoBka: PaccmaTpmBaeTcs npodunbHasa ABYXMepHasa 3afjada 0 3akayke Yrnekucsoro rasa B Kosi-
NEKTOpP. KOTOPbIA CMOXEH M3 BbICOKONPOHMLAEMbIX MOPOA, pa3feneHHbIX MM3KONPOoHMLLaeMbIM1 NponaacTka-
mun. KonnekTop HacbllWweH ConeHoin Bofov. 3akayka rasa MoAenmpyeTcs TOHeUYHbIM UCTOYHUKOM, PaCnoNOXeH-
HbIM Y MOAOLUBbI NNacTa. YuntbiBaoTCA ha3oBble Nepexofpl, B YaCTHOCTW ncnapeHue BoApl B ra3osyto hasy u
pacTBOpeHue rasa B Boge. V13-3a koHTpacTa NJ0THOCTE ra3 BCN/biBaeT K KPOB/e Niacta, Hakan/imBasch nog
HM3KOMpPOHMLaeMbIMK NponaacTkamy. 3akauka rasa npMBOAWT K NOTHOMY UCNaPEHNIo XWAKol asbl 1 Bbina-
OEeHNo0 ocafka TBepAol hasbl conm B6M3M 06/1aCTM 3aKaukun rasa. YumTbiBaeTCs CONYTCTBYHOLLEE CHUKEHME
npoHuuaemocTtu. flaHHble PVT 3a4al0TCA ypaBHEHUAMU COCTOAHUA. PYHKUMU OPIT 1 KpMBbIe KanuIIsSpHOro
AaBfieHNa 3afalnTca ABHbIMW aHANUTUYECKUMWN COOTHOWEHUAMMN, IpuyemM UCnonb3yTca pas/inyHble Kpusblie
B BbICOKOMPOHMLL@EMbIX NOPOAAX M HU3KONPOHMLAEMbIX nponnactkax [16].

PesynbTaTbl MogenvpoBaHus: PacnpefeneHne HacbILLeHHOCTU rasa B BblGpaHHbIi MOMEHT BpeMeHU
N AVHaMVKa N3MEHEHWA HAaCbIWEHHOCTU ras3a, XWUAKOCTU 1 TBepaoli hasbl B BbIGPAHHBIX f4elikax ceTku; no-
TOKM rasa 13 sueliki, B KOTOPOW pacnosioXXeH TOUEeUHbI UCTOUYHWK, B COCEAHMNE SUEliKN.

Kputepuii kayectBa: CoBnageHne pesynbTaToB MOAENMPOBAHNA C 3TA/IOHHbIMY pe3y/nbTartamu, ony-
6/1MKoBaHHbIMK B [16].

4.22 MogenupoBaHue yTeuku yrieknucsoro rasa no CKBaxuHe

TecTupyemas pyHkymnoHanbHocTh MO: B paMkax faHHOl 3ajayv npoBepsieTcs npuMeHumocTb MO
ANns pacyeTa ABYXKOMMOHEHTHOW Tpexda3Hoi CMeLuvBaloLLeiics HEeM30TepPMNYECKON hunbTpaumm.

MocTaHoBka: PaccmaTpmBaeTcs npoduibHas 3agada hunbTpauuy B KOIEKTOPE, KOTOPbIA CNOXEH U3
[ABYX NNacToB, pa3fefieHHbIX HeNpoHULaeMbIMU nopogamu. Mexay nnactamy BO3MOXEH NepeTok hniongos
yepes OCTAHOB/IEHHYIO CKBaXVHY, U30/MPOBAHHYI0 OT MOBEPXHOCTW Bbile MAacTOB. B HauyanbHbI MOMEHT
BPEMEHW MNacTbl HACbILLEHbI BOAOV B YCNOBUSAX TMAPOCTATUYECKOro paBHOBECUS. B HMxenexawnii nnacTt ye-
pe3 BTOPYIO HarHeTaTeNbHY CKBaXXWUHY MPOMUCXOAMT 3aKayka yriekncnoro rasa. 3ajgaHa npyemMmncTocTb CkBa-
XWHbI. V3 rpaBUTaLMOHHOIO BAMAHUSA ra3 pacTekaeTcs no KPOB/e HUXKHEro naacta, JOCTUras OCTaHOB/EHHOM
CKBaXKMHbI. [JaHHbI NPOLECC CONPOBOXAAETCS YTEUKOl (NepeTokom) rasa B BepXHUI naact. PaccmatpusatloT-
cA ABa cny4as; B NepBOM c/yyae npegnonaraercs, YTo TeyeHne n3oTepMmuyeckoe, a ras u Boga He cMeLlu-
BatoTcs. Bo BTOpom cnyyae yuntbiBaloTca dasoBble Nepexofbl; pacTBOPeHue rasa B Bofe, vcnapeHue Bofbl
B rasoBylo hasy M BO3MOXHOCTb PacC/oeHuUsl YI/IeKMC0ro ra3a Ha XuAaKyt 1 ra3oByto asbl npu yTeyke no
cKBaxkmMHe. Takxe yuuTbiBaloTCa TemnepaTypHble adhdekTbl Npu ha3osbix nepexogax. faHHble PVT 3agatotcs
ypaBHEHMEM COCTOSAHUSA, a PYHKUMN ODPI — ABHbIMW COOTHOLIEeHUAMY [18].

PesynbTaTbl MOgenMpoBaHusa: Pacxos yriekMcioro rasa Mmexay niactaMmu no cTBOSly OCTaHOBEHHOW
CKBaXKMHbI.
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Kputepuii kayecTtBa: CoBnageHve pesynbTaToB MOAENMPOBAHUS C 3TA/IOHHbIMK pesynbTatamu, ony-
611KoBaHHbIMU B [18].

4.23 3akauyka Yrnekncnoro rasa B UCTOLWEHHOE rasoBoe MecTopoXxaeHune

TecTupyemas yHkuMoHanbHocTb MO: B pamkax faHHO 3afaun nposepseTcs npumeHumocTb MO
ANna pacyeTa [BYXKOMMNOHEHTHOW oAHoa3Holi mnbTpaummn ¢ y4eToM MONeKyNsipHoin anddpysnm KOMNOHeH-
TOB naacTosoro donaa.

lMocTtaHoBKa: PaccmarpuBaeTtca niowagHan 3afgada o 3akauke yrfiekucoro rasa B UCTOLLEHHOE raso-
BOE MECTOPOXAEHWE C Le/bio NOBbILLEHNS U3B/IEYEHUS YT1eBOAOPOAHOIO ra3a. B HauanbHbIli MOMEHT Bpeme-
HV NAacT HacbILWEeH YrneBoAopoAHbIM ra3oM B YC/TOBUAX rpaBMTaLMOHHOIO pasHoBecus. a3oBoe 3aBoAHeEHMEe
paccmaTpuBaeTcs B paMkax NATUTOUEYHON CXeMbl PacnofioXeHMst CKBaXWH. PaccMaTpuBaloTcsa fBa cnyyas
pacnpefieneHus nNpoHULaemMocTu: B MepBOM C/lyyae MpoHWULaeMOCTb UMeeT OJHOPOAHOE pacnpefeneHne, a
BO BTOPOM c/lyyae oHa AnddepeHLmpoBaHa no rnybuHe — AN pas/inyHbIX C/10eB MoAenu nnacra 3ajgaercs
pasnuuyHas nNpoHuLaemocTb. [l HarHeTaTesibHbIX CKBaXWH 3ajaHa NpuMeMucTocTb, a AobblBatolime ckBa-
XWHbI paboTalT npu 3afgaHHOM 3ab60VHOM AaBfeHWn. 3akayka yriekncnoro rasa NpvBOAUT K BbITECHEHUIO
yrneBoAOPOAHOrO rasa K 40o6biBaoLW MM CKkBaXMHaM. py aToM B MOAeNN yunTbiBaeTcs auddysmoHHoe nepe-
MeluMBaHve KOMMOHeHTOB. [aHHble PVT 3aAaHbl ypaBHeHWem cocTosiHuA. KoadhuumeHTsl MonekynspHoi
AN dy3nn — KOHCTaHTbl. PacyeT NpoBOAUTCA 40 MOMEHTa BPeMeHU, Korga maccosas [0S YINeKUCnoro rasa
B AoObIBaeMoM rase Bospacrtaet go 20 % [18].

PesynbTatbl MOogenuposaHusa: MaccoBble ebuTbl Yr1ekKMc1oro rasa v yrnesofopoaHoro rasa.

Kputepuin kayectsa: CoBnafeHve pesynbTaToB MOAENNPOBAHNA C 3TA/IOHHBIMK pesynbTaramu, ony-
611KoBaHHbIMM B [18].

4.24 3akauka yrnekucnoro rasa B HEO4HOPOAHbIV nnact

TecTupyemas yHKUmMoHanbHocTb MO: B pamkax faHHO 3agayn nposepseTcs npumeHumocTb MO
ANs pacyeTa ABYXKOMMNOHEHTHOM ABYX(ha3Hol CMeLlnBatoLLeincst hunbTpaLmmn ¢ yHeToM ructepesmnca KpuBbix
oon.

MocTaHoBKa: PaccmaTpuBaeTca 3akayka YrNekuc/ioro rasa B BOAOHACLILWEHHbIN MNAaCT, OCMOXHEH-
HbIli HA/IMYMEM TE0NOrMYECKUX HapyLLeHnii 1 HeOAHOPOAHbLIM pacnpeseneHnemM hunbTPaLNOHHO-EeMKOCTHbIX
CBOICTB. B HayanbHbIi MOMEHT BpeMeHW NAacT HacbllWeH BoAol B YCMOBUAX MMAPOCTATUHECKOrO paBHOBeE-
cuA. Ha natepanbHbIX rpaHuuax ninacra nogfepXxuBaercsa HavasibHoe AasneHve. 3akKayka yriiekucsioro rasa
NPOUCXOANT Yepes BEPTUKASIbHYIO CKBaXWHY C 3afaHHbIM NOCTOSAHHBLIM pacxodoM. [locne nepuoga HarHeta-
HUA CKBaXMHa OCTaHaBMBAaETCA. V3-3a rpaBUTaLMOHHbIX 3(PEKTOB 3aKayka rasa ConpoBoX4aeTcs ero Hako-
nAeHNeM U pacTekaHuem BAO/b KPOBAU nnacta. Mpu 3ToM yunTbiBaOTCA (ha30Bble Nepexoibl: pacTBoOpeHue
rasa B Bofle W ncnapeHue Bofbl B ra3osyto hasy. [laHHble PVT 3a4aloTca ypaBHEHWEM COCTOSIHUSA, a KpUBble
O®N — Tabnuuamun. PaccmoTpeHo ABa cny4yas 3agadv. B nepBom ciyyae MCMOMb3YOTCA OAUHAKOBbIE KpU-
Bble O®I1 AnA npoLeccoB BbITECHEHUA U NPONUTKA. BO BTOPOM C/lyyae yUMTbIBAKOTCA TUCTEPEe3nCHble ABfe-
HUA. CBSA3aHHbIE C pa3IninemM KpUBbIX BbITECHEHMSA W NponuTKu [18].

PesynbTatbl MogenuposaHua: PacnpefeneHme HacbILLEHHOCTU rasa B BEPXHEM C/i0e MoAesnun: macca
yreKncnoro rasa B cB0604HOI hase u B pacTBOPEHHOM BUAE.

Kputepuii kayectsa: CoBnageHne pesynbTaToB MOAENMPOBaHUSA C 3TAIOHHbIMW pe3ynbTaTamu, ony-
6/1MKOBaHHbIMK B [18].

4.25 Pacuet gerasauun HeddTV B paMKax cTaHfapTHOW mMogenu «YepHoin HedTu»

TecTupyemas yHKUMOHanbHOCTb MO: B pamkax AaHHOW 3ajayn npoBepsieTcs nNpumMmeHuMocTb MO
ANsA pacyeTa AByx(hasHOW cmelumBaloLeiics unbTpauum.

MocTaHoBKa: PaccmaTpuBaeTcs njouwiagHas 3ajada npuToka HeddTerasoBoii CMecu K OAMHOYHOI CKBa-
XWHe C OAHOPOAHOr0 M30TPOMHOrO Mnacta. B HayanbHbIi MOMEHT BpeMeHW MAacT HacbllweH HedTblo npu
JaBfieHnu Bbile AaBfieHNs HacblleHus. MogenupyeTtca oToop ronga yepes CKBaXHy, CONPoBOXAAtOLLNIA-
CA CHWXEHWEM [AaBneHns B Npu3aboiiHol 30He 1 NosiB/IeHNeM CBOGOAHOM ra3oBoii hasbl. MNMpuHMMaeTcs, 4To
rpaBMTaunoHHble adPeKTbl NPeHeBPEXMMO Masbl U TEHEHUEe UMeeT NocxXopagnasbHbllii xapakTep. JaHHble
PVT HedTera3osoilt cmecu 3agalotca tabnmuaMmn B pamkax Mogenu Henetyyei Hedpt. PyHkumn OPIT 3a-
[aloTcAa ABHbIMU COOTHOLWeEHMAMU. KanunnapHoe gasneHne npeHebperaetcs. [JaHHas 3afada no noctaHoBke
aBTOMOZeNbHas, N03TOMY pacnpefeneHns napamMeTpoB B NaacTe B pas/iMyHble MOMEHTbI BpeMeHU NoA06HbI
Apyr apyry. 370 ycnosue nofo6us ncnonb3yeTtcs A5 NPOBEPKMN KOPPEKTHOCTU pacyeTa dunbTpauumn. aHHas
3afa4a MOXeT GbITb paccumTaHa B MOMAPHOW ¥ AeKapToBOl cucteme koopavHar [19].
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PesynbTatel MoAennpoBaHusa: PacnpegeneHme HacbILLEeHHOCTH rasa.
KpuTtepuii kayecTBa: PacnpefeneHns HacbILeHHOCTY rasa B pas3/iMyHble MOMEHTbI BpEMEHU No06HbI
ApYyr Apyry.

4.26 PacyeT chunbTpaLun B naactax, ONUcbiBaeMblX HECTPYKTYPUPOBAHHbIMY CETKAMU

TecTupyemas pyHkymnoHanbHocTh MO: B pamkax faHHOl 3ajayv npoBepsieTcsl NpuMeHMMocTb MO
Ansa pacyeta fByxasHol HecMelLumBatoLeica unbTpaLnn Ha HeCTPYKTYPYPOBaHHbIX CeTKax.

MocTaHoBKa: MogenupyeTcs paspaboTka cekTopa HefoHaCbILWEHHOro He(YTAHOro niacta MeTo4oMm 3a-
BOAHeHUs. 1o yrnam npsAMOoyrosibHOro cektopa pacrnosioXeHbl [iBe CKBaXWHbl — HarHetatesibHas u f06biBa-
owasn. [ns HarHeTaTesIbHOW CKBaXKMHbI 3aiaHbl MPUEMUCTOCTb U OrpaHuyeHre Ha MakcumanbHoe 3aboliHoe
faBneHve, A5 AoObiBaOLWERn CKBaXWHbI 3afaHbl 4e6UT 1 orpaHuyeHe Ha MUHUManbHoe 3aboiiHoe faBne-
Hve. 3akayka B nnacT BOAbl NPUBOAMT K PacnpoCTPaHeHWNo OT HarHeTaTenbHONM K f06blBaloLLeli CKBaXWHe
hpoHTa BbiTeCcHeHMs. [laHHble PVT 3afaHbl aHaIMTUYECKMMU COOTHOLIEHUSIMU, a yHKumMn O®MN — Tabnu-
uamu. KanunnspHoe gaBneHve npeHebperaeTcs. [laHHOe TeyeHne paccuuTbiBaeTcs B [BYX BapuaHTax: Ha
CTPYKTYPVPOBAHHOW [eKapTOBO CeTKe M Ha HeCTPYKTYPUPOBaHHOW ceTku. [Ins ABYyX pacyeToB NPOBOAUTCA
cpaBHeHue nokasateneii paboTbl Ao6bIBatOLLEN CKBaXWHbI: HakonIeHHas f06blba BOAbl, HEQTH, XULKOCTH,
06BOAHEHHOCTb, 3ab60liHoe faBneHue. Pe3ynbTaTbl pacyeTa Ha CTPYKTYPVMPOBAHHON N HECTPYKTYPMPOBAHHOW
ceTKax fo/mkHbl coBnagaTsh [19].

PesynbTatbl mogenmpoBaHusa: HakonneHHas gobbiua BoAbl, HETU, XUAKOCTW; 06BOAHEHHOCTb, 3a-
60I1HOE faBrieHne Ha [00bIBaKOLLEN CKBAXMHE.

KpuTtepuii kayecTBa: PacnpefeneHuns HacbILeHHOCTY rasa B pas/iMyHble MOMEHTbI BpEMEHU NOL06HbI

APYyT Apyry.

4.27 AByxdasHas puabTpaLus B COXHbIX aHU30TPOMHbIX Fe0N0TMYECKUX 06BeKTax
C HapyweHusiMun

TecTupyemas yHkymnoHanbHocTe MO: B paMkax faHHOl 3ajayv npoBepsieTcs npuMeHumocTb MO
Ans pacyeTa AByxdasHoli HecmelumBaloLLelics uibTpaumMm B aHN30TPOMHOW MOPUCTON cpege.

MocTaHoBKa: PaccmaTpuBaeTcsi CeKTOp HEDTAHOrO nnacta. B HayasbHbI MOMEHT BpEMEHW NacT Ha-
CbiLleH HedTblo B YCOBUAX MMApOCTaTMYeCcKoro paBHoBecus. MogenupyeTtca paspaboTka nnacra B pamkax
3aKayku BOAbl Yepe3 OfAHY HarHeTaTeNbHYI CKBaXXWHY U OTOOPOM XUAKOCTW yepes ABe AobbiBaioLine CKBa-
XWHbl. CKBaXWHbl paboTatoT B YCMOBUAX NOCTOSHHBIX MPUEMUCTOCTM U AEOUTOB C OrpaHMyeHnsMU Ha 3a-
6oiiHoe fgaBneHue. [laHHble PVT 3afaHbl aHaIMTUYECKUMW COOTHOLLEHUAMU, a kpuble OPI — Tabnuuamu.
KanunnspHoe fasnexnne npeHebperaetcs. dunbTpauus B naacte OCM0XHAETCA aHU30TPONHbIM O4HOPOAHBIM
pacnpegeneHnem NPoHMLAeMoCTN 1 HaIM4Ymem HenpoHuLaemoro passioma. 3akavka BoAbl NPUBOANUT K pas-
BUTUIO (PUNBLTPALMOHHOIO TEYEHWE BOKPYr pa3fioMa W B KOHEYHOM cyeTe K NpopbiBy BOAb! K A0ObIBAOLLMM
CKBaXuHam [19].

PesynbTaTbl MogenupoBaHus: [nHamuka 06BOAHEHHOCTM A06bIBAKOLUX CKBAXMWH; pacnpegeneHuve
HacbILWEHHOCTN HedTN B MOMEHT NPOpbIBa BOAb! K NEPBOI CKBaXMHE.

Kputepuii kavyectBa: CoBnageHue pesynbTaToB MOAENMPOBAHNA C 3TA/IOHHbIMW pesy/nbTartamu, ony-
6n11koBaHHbIMM B [19].

4.28 TecT Ha pacyeT punbTpaLnm Ha HEOPTOTrOHabHbIX CeTKax

TecTupyemas yHKLMOHANBHOCTb: B pamkax AaHHoli 3aaauu npoBepsieTcss npuMeHuMocTb MO ans
pacueTa AByx(ha3Hoi HecMeluvBatoLWeics (ubTpaLum Ha HEOPTOTOHASIbHBIX CEeTKax.

KpaTkoe onucaHue nNocTaHOBKK 3aAaun: PaccMaTpuBaeTcsi Npou/ibHasa 3ajavya B 0AHOPOAHOM K30-
TPOMHOM CW/IbHOHAK/IOHHOM MnacTe. B BepTUKa/lbHOM CeYeHUM sueliku pacueTHOW ceTku nMetoT chopmy na-
pannenorpammMa. B Haua/ibHblii MOMEHT BPEMEHU MACT HACLILWLEH HE(ITbIO B YC/IOBUSIX TMAPOCTATAYECKOrO
paBHOBecusi. MogenupyeTtcsi paspaboTka niacta AByMs CKBaXMHAMU, PACMONIOXKEHHbIMU N0 KpasM niacTa,
U OfHOIW HarHeTaTeNbHON CKBAXWHOI, pacnofoXeHHol B LeHTpe. VIHTepBasibl nepdopauum Tpex CKBaXWH
pacnonoXeHbl Ha OAMHAKOBOI a6COMOTHOM rNy6uHe. Yepes HarHeTaTesibHylo CKBXMHY MPOUCXOAMUT 3aKayka
BOAbl. 3a4aHbl NOCTOSHHbIE NPUEMUCTOCTL HArHeTaTe/IbHOW CKBaXWHbI U Ae6UTbl LO6LIBAIOLMX CKBAXWH, C
orpaHuyYeHusiMU Ha 3a6oiiHoe faBneHue. JaHHble PVT 3aAaHbl aHAIMTUYECKUMU COOTHOLLIEHUSIMU, @ KpUBble
OO — Tabnuuamu. KanunnsipHoe faBneHue npeHeGperaeTcs. [laHHas 3afjava paccuvTbiBAeTCsi Ha ABYX
pasnnuHbIX ceTkax. B NepBoM cfiyuae WUCMO/b3yeTcs AekapToBasi NPsIMOYrofibHasi ceTka, a BO BTOPOM Cy-
Yyae — KocoyrosibHasi HeopToroHasibHasi ceTka [13].
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Pe3ynbTaTbl MOAeNMpPoOBaHuUs: PacnpefenieHne HacCbIWEHHOCTM HedTU B 3a4aHHbIE MOMEHTbI Bpe-
MeHW.
Kputepnii kauectBa: CoBnageHve pesynbTaToB pacyeTa Ha OPTOrOHa/IbHOW U HEOPTOTOHAIBHO CeTKax.

5 0630p NapaMeTpoB TECTOBbIX 3aa4

B npuBegeHHoON Hxe Tabnuue 1 aaetcs 0630p NnapameTpoB NpeA/ioKeHHbIX TECTOBbIX 3a4a4. B vacTt-
HoCTW. B Tabnuue 1 chopmynmpyeTtcs:

- UMeeT 1 NpeA/loXeHHan TecToBas 3afjaya TOYHOE aHa/MTUYecKoe pelleHune (Noj TOUYHbIM peLleHu-
eMm 3[4ecCb Takke MOoHUMAlTCHA cny4vaun, Korga pelleHne 3agadv MOXeT ObiTb CBEAEHO K PELUeHU0 CUCTEMbI
06bIKHOBEHHbIX AnddepeHLanbHbIX YypaBHEHNI);

- MakcuMMaslbHOe YMCo has. Ha KOTopble MOXET paccnamBaTbCa ons;

- YNCNO KOMMOHEHTOB NNAacToBOro hnonaa;

- TUN TeYeHus; OTMeYalTCs TUNNYHbIE ha3oBble COCTOSAHUSA, MPOUCXOAAT N ha3oBble nNepexodbl U He-
N30TEPMUYECKNE SABMIEHNUS,

- cnoco6 3agaHuns yHkumin OPI. KpMBbIX KanuANSPHOro AaBneHns U AaHHbIX PVT.

[aHHas Tabnuua MoxeT 6bITb NonesHa Npu Bolbope 3agay 418 TeCTUPOBaHUA KOHKpeTHoro MO.

Ta6nuuya 1— O630p NapameTpoB TECTOBbIX 3a4au

B

Y P& 3 L y
9
K 1 a
; A :
5 S
‘ S | - s I :
y s 5+
h 2 A 3
a1 c 2 S N30TEDM AIBHblE COOT-  fIBHble COOTHO-
: il z - : PM. HOLLEHNA weHns
4.2 H 3 3 HeQTL- n3oTepm Tabnmubl Tabnmubl
. e cyu,. BOAA-ra3 cmerT. 30Tepm. abnuy, abnuy,
4.3 ec 3 3 HedTbL- cMme 30Te ab ab
. He cyu,. Bopa-ras merT. N30TEPM. Tabnuuybl Tabnuubl
44 ec 3 5+ HeTe- cme 30Te ab a6
. He cyul. Bopa-ras MeLL. N30TEPM. Tabnuubl Tabnuubl
He(pTb- SIBHble COOTHO-
45 He cyu,. 3 2nnn 4 BOga-ra3 cmer. HeusoTepm. Tabnuuybl wenns
He(pTb- ypaBHeHue co-
4.6 He CyLu. 3 4+ BOA-ra3 cmeL. n3oTepm. Tabnuubl CTOAHUSA
4.7 He C 3 3 HeTL- cMeLl n3oTepm Tabnuubl TabnMLbl
! yu. Boja-ras ! pM. 4 4
48 3 3 HedTL- 6 6
. He cyu. BOAa-ra3 cmeL. N30TEPM. Tabnuuybl Tabnuuybl
4.9 He cyul. 2 2 HedpTb-ra3 cMeL. N30TEepPM. Tabnuubl TabnuLbl
4.10 He C 3 HedTb- cmeLl n3oTepm Tabnuubl Tabnuubl
) i 8 Boja-ras ) pM. 4 4
HedpTb-ras n fIBHble COOTHO-
411 He CyLu. 2 2 HedhTo-B0AA HecmBLU. n3oTepm. TabnuLbl wenns
HethTb fIBHble COOT-  AIBHblE COOTHO-
4.12 cyu,. 1(2) 1(2) (-s012) HeCMBLL. N30TEPM. HOLWeHNs wenns
He(hTb fIBHble COOT-  fIBHbl€ COOTHO-
4.13 He cyul. 1(2) 1(2) (-8013) HecmeLl. N30TepM. HoLIeHS eHns
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