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BBeaeHue

JaHHbIn cTaHaapT nocesileH TpeboBaHusaM K Bepudukaumm NporpaMMHOro obecneyeHnss KOMMbHo-
TepHoro moaenupoBaHusa (MO KM), npegHasHa4yeHHOro AN YUCMAEHHOrO MOAENUMPOBaHUA MHOroasHomn
duneTpauyun. Leneto Bepudukaumm SBnseTca NoATBEPXKAEHUE KOPPEKTHOCTU MPOrpaMMHON peanusaumu
BbIOpPAHHbIX MaTeMaTMYECKUX MOAENE TeUeHMin B MOpUCTon cpeae. Bepudmkauua apyrux yHKUMOHaNb-
HbIX BO3MOXHOCTeN MO KM (BBOA-BbIBOA, MOSfbL30BaTENLCKUI MHTEP(ENC U T. 4.) paccmaTpuBaeTcsa B
FOCT P UCO/M3BK 12207. OcHoBHOM mMeToa Bepudpukauymnn MO KM — 970 peLueHune TECTOBLIX 3agad, B uae-
ane nokpbiBaroLmx Becb ko MO KM. PekomeHayeMble TeCTbl 3MO0XEHbI B HACTOALLEM CTaHAapTe.

Ona tectuposanua MO KM npegnaraetcsa 28 TeCTOBbIX 3a4a4, MO3BONAOLLNX NPOBEPUTL aAE€KBATHOCTb
pacyeta Ha MO pasnuyHbIX PUNLTPaLMOHHbLIX TedeHnin. [Ns KaXaon TeCTOBOKW 3agayvu npueegeHa popmynu-
poBka pyHKUMoHanbHocTK MO, agekBaTHOCTbL peanu3arm KOTOPON NO3BONSAET NPOBEPUTL KPaTKOE ONMCaHue
NMOCTaAHOBKU 3a4a4u, pe3ynsrarbl MOAenupoBaHus dUNLTPaLMKU U KPUTEPUIA Ka4eCTBA, NO3BONSIIOLLMIA onpeae-
NUTb NPOXOXAEHWe TecTa.

B cranaapre npueeaeHa 0630pHasa Tabnuua OCHOBHBIX MapamMeTpPOB TECTOBbIX 3a4a4.
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HAUMWOHANbHBIN CTAHQAPT POCCUUCKOW OERJEPALUMUM

YACNEHHOE MOOENNPOBAHME ®PUSNYECKUX NMPOLIECCOB
YucneHHoe mogenupoBaHue MHorocdasHon hunsrpaumu. Bepudukauusa MO

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

Data BBegenua — 2019—01—01

1 ObnacTb NpMMeHeHus

Hacroswmit craHaapt onpegensiet obLume TpeboBaHus Kk Bepudumkalmm nporpaMMHoro 06ecneHeHnst KoM-
MbIOTEPHOrO MOAENWUPOBAHUSA, MPUMEHAEMOrO ANst YACNIEHHOMO MOAENMPOBAHUA MHOrOha3HON OUALTPaLMK XMUa-
KOCTEil 1 raszos. dunsTpaumeil Ha3blBaeTcs TedeHne nionaos B NPOHULAEMONR NOPUCTON cpeae. Te4eHne MOXeT
COMPOBOXAATLCA OTHOCUTENBbHBLIM ABWXEeHUeM dha3 dronaa, hasoBbIMU NPEBPALLEHUAMU, HEU3OTEPMUYECKUMU
npoueccamu, Audpy3nen KOMNOHEHTOB, TENNOMPOBOAHOCTLIO U T. 4. B cTaHaapTe npeanaraioTca TeCToBbIe 3a-
hadu ona sepudukaummn pacHeToB punsTpaumMn B reodUsnYeckux NpUNOXKeHUsx, B TOM YMCNE pacyHeToB ousb-
Tpauuu npu paspaboTke MEeCTOPOXAEHWIA YINeBOAOPOAOB, NOMYYEHNUS reoTePManbHOM SHEPIMU U 3aXOPOHEHUA
0TX00B B Heapax 3emnu. Mpu BLIGOPE TECTOBLIX 3a4a4 YYUTLIBAETCS, YTO B OTMEYEHHBIX MPUITOKEHUSAX HA PUnb-
TpaUMIO CYLLECTBEHHO BIMAIOT IU3UKO-XMMUYECKME CBOMCTBA (hnionaa, €ro KOMNOHEHTHBIN cocTas, onbTpauy-
OHHO-€MKOCTHbIE CBOWCTBA CKENeTa NOPUCTOI Cpebl, a Takke TENSIOMACCO0OMEH CO CKBaXKMHAMM.

HacToawuin craHgapt npuMeHUM 4na sepudukauum nporpaMmMHOro 06ecneveHns KOMNbIOTEPHOTO Mo-
OenupoBaHua Npu nposeaeHumn ero ceptudukanumn B coorsetrcreum ¢ FOCT P 57700.1 u TOCT P §7700.2.

2 HopmaTuBHbIE CCbINKU

B HacToseM cTaHgapTe UCnonb30BaHbl HOPMATUBHbLIE CCbINIKM HA Crieayiowme CTaHaapThbl:

FOCT P 57188 YucneHHoe moaenupoBaHue usnydeckmx npoLeccoB. TepMuHbI U onpeaeneHus

FOCT P 57700.1 YncneHHOe MoaenupoBaHue Ans paspadoTku U caayvn B 9KCNyaTauuio BbICOKOTEXHO-
NOTMUYHbIX NPOMBILLNEHHbIX n3aenuin. Ceprudukauma NPorpamMmHoro obecneyeHust. Tpebosanus

FOCT P 57700.2 YUncneHHoe MmoaenupoBaHue Ans paspadoTku u caayvm B 9KCNyaTauuio BbICOKOTEXHO-
NOTMYHBIX NPOMBILLINEHHBbIX n3aenuin. Ceptudukayua nporpammHoro obecnevenusi. ObLIme nonoXxxeHus

FOCT P 57700.5 YncneHHoe mogenupoBaHue puanyeckux NpoueccoB. TepMuHbl U onpeaeneHus B 06-
NacTn MEXAHUKN TEYEHUN B NOpUCTbIX cpeaax

FOCT P UCO/M3K 12207 UHOpMaLMOHHAA TEXHONOrMA. CucTeMHas U NporpammHas MHXEHEPUS.
Mpouecchl XXM3HEHHOTO LMKNa NPOrpaMMHbIX CPEACTB

MpumMmevyaHue — [lpu NONL3IOBAHMM HACTOSILLMM CTaHAAPTOM LienecoobpasHo NPOBEPUTL AEHCTBUE CCbINOY-
HbIX CTaH4apTOB B MH(OPMaLMOHHON cucTeMe OGLLEro Nonb3oBaHUs — Ha ocULUanbHoM caiite defepanbHOro areHT-
CTBa M0 TEXHUYECKOMY PETYNIUPOBAHMIO U METPOIIOTUM B CETU MIHTEPHET UNK MO eXerogHOMy UHGOPMaLMOHHOMY yKa3sa-
Tenio «HauuoHarnbHble cTaHfapThI», KOTOPLIA OMyGNUKOBaH NO COCTOAHWIO Ha 1 SiHBaps TEKYLLEro roaa, M no BhiMycKkam
€XeMecAYHOro MHOPMaLIMOHHOTO YKasaTens «HauuoHansHble cTaHaapTei» 3a TeKyLMid rod. Ecnn 3amMeHeH CChiNoYHbIR
cTanAapT, Ha KOTOpbIi JaHa HejaTUpoBaHHas CChifka, TO PEKOMEHAYETCA UCMONb30BaTh AENCTBYIOLLYIO BEPCUIO STOMO
CTaHfapTa C YUeTOM BCEX BHECEHHBIX B [JaHHYIO BEPCUI0 U3MEeHEHWIA. ECNK 3aMeHeH CChINOYHBIA CTaHAapT, Ha KOTopbIi
JaHa AaTupoBaHHas CCbiNika, TO PEKOMEHAYETCS UCTIONbL30BaTh BEPCUIO STOTO CTaHAapTa C yKadaHHbLIM BhILLE FOA0M YT-
BepXaeHus (NpuHSTUS). Ecnn nocrne yTBEpXAeHUs] HACTOSILEro cCTaH4apTa B CChINIOYHbIA CTaHAApT, Ha KOTOPLIA gaHa
AaTMpoBaHHasi CChifika, BHECEHO U3MEHEHMe, 3aTparuBaloLLee NONIOKEHNEe, Ha KOTOPOE AaHa CChifka, TO 3TO MOoSIoXKEeHNe
pekoMeHlyeTcs MPUMeHsITL 6e3 yueTa JaHHOrO M3MeHeHUs. Ecnn cCbiNoYHbIN cTaHaapT OTMeHeH 6e3 3aMeHsl, To Nono-
XeHue, B KOTOPOM JlaHa CCbifika Ha HEro, peKOMEHAYETCs IPUMEHSATL B YacTH, He 3aTparuBatoLLeil STy CChIIKY.

U3paHue odpuumnansHoe
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3 TepMMHbI, onpeaeneHnsa U CoKpalleHus

3.1 TepMuHbI U onpegeneHus

B HacToswem craHgapte npumMmeHeHbl TepmuHbl no FOCT P 57188 n TOCT P 57700.5.

3.2 CokpaweHusa

B HacToALEeM cTaHAapTe NMPUMEHEHbI CreayoLme COKpaLLEeHNs:

MO — nporpammHoe oGecneyeHue;

DyHKunn O — PyHKUUKM OTHOCUTENBHON (Pa30BON NPOHMLAEMOCTH;

HaHHble PVT — cooTHOLWEHUA Mexay dhusndeckuMu/TepMmognHaMmm4eckumMm napamerpamu drironga.

4 PekoMeHAayemble TeCTbl ans nposeneHuns sepucpukaumm MO

4.1 3apava baknesa — JleBepeTtTta

Tectupyemasa ¢yHkumoHanbHoCTb MO: B paMkax gaHHOM 3agayn NpoBeEPSETCa NPMMEHUMOCTb MO
ANs afekBaTHOro pacyera aAsyxdasHoun punsTpaymMm HecmeLwnsaroLwmxcsa pnionaos.

MocTaHoBka: Paccmarpusaerca 0oqHOMEPHOE Te4eHne B O4HOPOAHON NOpUCTON cpeae. Moagenupyetcs
TeyeHue B 00NacTu KOHEYHOW MPOTSXKEHHOCTU. B HaYanbHbI MOMEHT BPEMEHW MOPUCTas cpeaa HacblleHa
BbITECHAEMbIM pniongomMm. Ha ogHON u3 ABYX rpaHul, 3agaHo NOCTOAHHOE AaBfieHWe, a Ha BTOPOWN rpaHuue
HacbILEHHOCTb HarHeTaemMoro dnionga pasHa eguHule n 3agaH pacxog dnouga (unu gasnenue). Kanun-
NSAPHOE AaBreHue He yuuTbiBaeTcs. drionabl HECKUMAEMbIE, U UX BA3KOCTU MOCTOSIHHLI. 3akayka npuBoauT
K pacnpoCTpaHeHUIO B pe3epByap (PpOHTa BbITECHEHUSA U NPUCOEAMHEHHON BONHbLI Pumana. [lJaHHasa 3agaya
UMEET aHanMTUYeCKoe peLleHue, ONUCLIBAIOLIEE PacnpOCTPaHEHUE B pe3epByape OTMEYEHHbIX BOMNH. AHa-
NUTUYECKOE U YNCIIEHHOE PELUEHUE AAHHOW 3a4a4u MOXET ObITb MOCTPOEHO NPU Pa3NUYHbIX KPUBbLIX OTHOCU-
TenbHON ha30BON NPOHULAEMOCTU U Pa3nNUYHbIX BA3KOCTAX dononaos [1].

Pesynbrarbl MOagenupoBaHus: PacnpeaeneHne HacbILEHHOCTU BbITECHAOLWEro dnouaa B BbiOpaH-
HbI MOMEHT BPEMEHMU.

Kputepui kauectBa: CoBnageHne pesynstatoB MOAENUMPOBAHMSA C aHanUTUYeCKuM peLueHuem [1], [2].

4.2 1-a TecToBaA 3agavya O6uwecTBa UHXeHEePOB-He(PTAHMKOB

TecTupyemasn pyHkumoHanbHocTb MO: B pamkax gaHHOW 3agaym NpoBEPAOTCS:

- npuMmeHumocTb MO Ans agekBaTHOro pacyeTa CMELLMBAOLLIErocs BbITECHEHUSI B NOPUCTON CPEAE;

- npuMmeHumocTb MO anAa agekBaTHOro pacyerta agpyxdasHon mnsrpaumnmn HedTb-ras ¢ y4eToM pacreo-
pPUMOCTHU rasa B HedITU;

- 6a3oBble (PyHKLUMOHAMNbHbIE BO3MOXHOCTM MO aAns MOAENUPOBaHUSA BEPTUKANbHbIX CKBaXXMH Ha pas-
TIUYHBIX PEXUMAX.

MocTaHoBKa: B pamkax mogenu «YepHoi HepTM» paccmaTpuBaeTCca CEKTOpHAA MOAENb ra3oBoro
3aBOAHEHUA HEPTAHOIO NNacTa, HaxoAALWEroca B yCnoBUAX HEAOHACKILWEHHON Hed)Tu. Mnact mogenupy-
eTCcs TpeMs CnosaMu A4e€eK ¢ HEOAHOPOAHbIM pacnpeaeneHmemM npoHuuaemoctu. ®yHkumm OPl n gaHHble
PVT 3apaHbl B Buge tabnuy. GunsrpauMoHHas Mofernb COAEPXKUT ABEe CKBaXKUHbl — HarHETaTeNbHYI0 U
[00bIBAIOLLYIO, PACMONOXEHHbIE B NMPOTUBOMONOXHBLIX Yrnax cekropa. HarHetaHue rasza npoucxoauT ¢
3a1aHHBIM PacxX040M, a A0OLIBAIOLLAA CKBAXWHA IKCNNyaTUPYETCa Npu 3agaHHOM AebuTte HedTu ¢ orpa-
HUYEHWEM HA MUHUMAanNbHOE 3a00lHOe AaBneHne. 3akadvka raza npuBOAUT K CMELUMBAIOLLEMYCS BbITECHE-
HUIO Hed)TK ra3oM OT HarHeTaTenwHOM k Ao0biBalOLLEel CKkBaXXMHe. B npouecce 3akayuku ras npopbiBaeTcs K
CKBAXMHE, a pexxum paboTbl 40OLIBAIOLLEN CKBAXUHBI MEPEKIIIOYAETCH C 3a4aHHOro AebuTa Ha 3ajaHHoe
3aboliHoe gaBneHue. Mogenupyetcs noBbileHne ahPeKTUBHOCTU BbITECHEHUS HE(PTU 3@ CHET CHUKEHUS
BA3KOCTM U yBenu4eHusa obbema (HabyxaHus) HedTu npu 060raeHun rasom, To €CTb NPU PacTBOPEHUN
B Hewn rasa [3].

Pesynbrarbl MogenupoBaHua: Oe6ut HedTu; ra3oHedTAHON (hakTop Ha A0ObLIBAIOLLEN CKBaXMHE;
[aBMNeHMe U HACbILLEHHOCTb rasa B A4Yeiike MOAEenu nnacra, B KOTopon nepdopupoBaHa f00bIBaOLLAsA CKBa-
XXUHA; AaBNEHUE B AYENKe, B KOTOPON nepdopupoBaHa HarHeTaTenbHas CKBaXWHa; pacnpeierneHne Hacbl-
LLIEHHOCTH rasa B 3aaHHbll MOMEHT BPEMEHMU.

Kputepuit kauecTBa: CoBnageHne pesynsratoB MOAENUMPOBAHUA C STANOHHLIMW pesynsrataMmu, ony-
GnukoBaHHbIMK B [3].

2
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4.3 2-a TecToBaA 3apava O6uwecTBa UHXEeHEPOB-HE(PTAHUKOB

TecTupyeman pyHkunoHanbHocTb M0: B pamkax 4aHHON 3aaa4u NpoBepseTcs NpumeHuMocTs MO:

- Ans ageksaTHOro pacyeta TpexdasHoun unsrpauum Hed)Tb-BOAA-Ta3,;

- mogenuposaHus obpa3oBaHUs KOHyCa NOJOLUBEHHOW BOAbI, BbI3BAHHOrO PabGoTON BepTUKANLHOW
CKBaXMHbI;

- pacdeTa Ha4anbHOro KanuNnApHO-rpaBUTaLMOHHOIO PaBHOBECUSA.

MocTtanoBka: B pamkax mogenu «YepHon Hedptu» paccmatpusaerca npodpunbHas 0CeCUMMETPUYHASA
3apaya punsTpaummn B OKONOCKBAXKMHHOW 30HE BEPTUKANbHOW CKBaXXMHbI. PyHKUMN OPI, kpusblie kanunnap-
HOro AaBneHus U AaHHble PVT 3aaaHbl B Buge tabnuu. Mogenupyerca paspa6otka razoHed)TAHOr0 Mecro-
poxaenus. [JobbiBaowasn cksaxmHa nepdopupoBaHa Mexay rasoHedTAHbIM U BOAOHEMDTAHLIM KOHTaKTaMM.
CkBaXmHa 3KCNNyaTUPYeTCA C 3aJaHHbIM M3MEHSIOLLMMCS CO BpEMeHeM AeOUTOM HedTU n OrpaHn4eHnem
Ha 3aboiiHoe aasneHue. CHWXeHue AaBrneHusi, BbI3BAHHOE OTOOPOM HedTH, NPMBOAUT K NPOPLIBY rasa u3
ra3oBoii Lanku K nepd)opupoBaHHOMY MHTEPBANY CKBaXMHbI U NOABEMY NOAOLIBEHHON BOALI — KOHYCO006pa-
30BaHui0. B pesynbtate ae6ut HedpTH CHUXKAETCH, a ra3oHedTAHON hakTop U 0BBOAHEHHOCTb U3BREKaeMol
XMAKOCTM BO3pacTaloT co BpeMeHeM. B npouecce pa3paboTku nnacta 4OCTUFAETCA OrPaHUYEHNE HA MUHU-
MansHoe 3aboiHoe aaenexue [4].

Pesynbratbl MoaenupoBanua: [1e6utbl HedTH, rasa u Boabl; rasoHed)TAHON (pakTop; 06BOAHEHHOCTD;
[aBneHne 1 HaCbILLEHHOCTb ra3a B 3aAaHHbIX siyeikax (UnLTPaLuoHHON Moaenu.

Kputepui kayectBa: CoBnageHne pe3ynbTatoB MOAENUPOBAHUA C 3TANOHHbIMKU pe3ynbratamu, ony-
OGnukoBaHHbIMK B [4].

4.4 3-a TecToBas 3agaya O6uecTBa UHXEHEPOB-HEe(PTAHNKOB

TecTupyemas pyHkumoHanbHocTb M0O: B pamkax JaHHON 3aaaqu NpoBepsAeTca NPUMEHUMOCTL MO:

- AN KOMMO3ULMOHHOTO MOAENUPOBaHUSA (punsTpaLmu;

- KanubpoBKM ypaBHEHUS COCTOSHMA NNacToBoro cnonaa K gaHHeim PVT.

MocTaHoBKa: PaccmarpuBaeTcs CEKTOP Nracta, HaCbIWEHHOro yrneBoaopoaHbiM KoHaeHcaTom. Ume-
I0TCA oAHA A0ObIBAIOLLIASA CKBAXMHA M oAHa HarHetarenbHas. Mogenupyetca paspaboTka MeToaoM 3akauy-
KM B MNacT OTOOpPaHHOro yrneBoAOPOAHOrO rasza (CanknuHr-npouecc). Mo nocTaHoBke 3a4a4u HAarHeTaeMbIi
ras — rags, nonyYeHHbI CMeLLeHneM ra3oB BCeX TPEX CTaaumn cenapauum gobeiBaemoro cgnionaa. CHmxeHue
NNacToBoro gasneHuss BOnman 4o0bIBaloOLWEN CKBaXXUHbI NPUBOAMT K PETPOrPaAHO KOHAEHCALMN — Bbina-
AeHuto B nnacre Bonee TAXenou xuakon dasbl. 3akayka cyxoro rasa cenapauum cnoco6CTByeT ucnapeHuto
KoHAeHcaTa 1 6onee NONMHOMY U3BIIEYEHUIO YINEBOAOPOAOB. PaccMOTPEHO ABa Cryyasi MOCTAHOBKU 3afaun.
B nepsoM crny4yae B TedeHune nepebiX 10 f€T UCNONb3yeTCA NOCTOSIHHBIA 0ObEeM HAarHeTaemoro rasa cenapa-
LMK, nocne Yero 3akavyka 0CTaHaBNMBAETCA U MOAENUPYETCA AanbHENLWuiA oToop nouaoB 40 NOMHOIO UC-
TOLEeHus nnacTa. Bo BTOpoM crnyyae B Te4eHMe NSTU NeT Mmoaenupyercsi 6onee BbICOKMIA 0GLEM 3akayku rasa,
3ateM 00beM CHMXKAETCA, OCTaBasACb NOCTOSIHHLIM B TEYEHME MOCNEAYIOLMX NATU NET, U B AanbHEALLEM 3a-
Kayka rasa octaHaBnuBaercs. [laHHas 3agava MOXeT ObITb paccuMTaHa B paMKax rnosyiHOro KOMMO3ULIMOHHOTO
noaxofa, OCHOBbIBAIOLLETOCA Ha YpaBHEHUW COCTOSIHUS, B paMKax YNpoOLLEHHOIO METo/1a, OCHOBbIBAIOLLIETOCS
Ha UCMONb30BaHMKN KOBPULMEHTOB pacnpeaeneHus, a Takke MOXET ObiTb NONYYEHO NPpUBNUKEHHOE peLLie-
HWe B paMKax pacLuMpeHHON moaenu «YepHoi HedTu» [5].

Pesyneratbl MogenupoBaHua: Pesynbratel pacdeta PVT uccneaosaHui nnactoBoro criouaa; aebur
HedTM 1 HaKonneHHas Ao6blva HETU; HACLILLEHHOCTb KOHAEHCATa B BbIOPAHHBIX SiUeiKax CETKM.

Kputepui kavyectBa: CoBnageHue pesynstatoB MOAENUPOBAHUA C 3TANOHHLIMU pe3ynbsraramu, ony-
GnvkoBaHHbIMKU B [5].

4.5 4-a TecToBas 3agavya O6uecTBa UHXEHEPOB-He(PTAHNKOB

TecTupyemasa cdyHkunmoHanbHocTb MO: B pamkax gaHHOW 3agayn nNpoBepAeTcs NpMMEHUMMOCTb 10
ANs pacyeTa HeM3o0TePMUYECKON chunbTpaumm B 3agadax paspaboTku MECTOPOXKAEHWIA TSHKENOW HedhTh.

MocTtaHoBKa: PaccMarpuBaeTcs CEKTOPHasA MOAENb MECTOPOXAEHUA NErkon HedTn. B HauanbHbIl MO-
MEHT BpeMEeHW NNacT HaCbIWEH HEPTLIO B COCTOSIHUM rPaBUTaLMOHHOrO pasHoBecus. HedTb moagenupyerca
CMEChIO LUEeCTU NceBaokoMnoHeHT. Mogenupyerca paspaboTka nnacra MeToagom BOAOra3oBOro BO3AENCTBUSA.
B npoTuBONONOXHLIX yrnax ceKkropa pacnonoXeHbl HarHeTarenbHasa n 4o6bIBaloWAas CKBaXUHbI. Ans f06bI-
BalOLLEel CKBaXKMHbI 3aJaHbl 4eOUT U OrpaHudeHne Ha MUHUManNbLHOE 3aboiHoe aasneHue. Yepes HarHerta-
TENbHYI0 CKBaXXMHY B MMacT NonepeMeHHO HarHeTalTcs BOAA U YrnesoaopPOAHbIN ra3, COCTOSALLMIA U3 NErkux
YrneBoAOPOAHbIX KOMNOHEHT. KOMMNOHEHTHbIA COCTaB HarHeraeMmoro rasa nogobpaH Takum obpa3om, UToObI
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BbITECHEHME MPOUCXOAUNO NPU ra30HANOPHOM PEXUME C KOHAEHCauUnel. PacCMOTPEHbI TpK Cny4vas 3agaqu.
B nepeom cnyyae nnactoBoe AaBrieHue B pesynsrare otbopa rionga CHWKaeTCa HUKe AaBnNeHns HacblLe-
HWSA nnacToBon HedyTu. Bo BTOpOM cryvae nnacTtoBOe AaBliEHWE MOAAEPXKMBAETCH BbilLe AABNEHUA HACHI-
LLIEHMSA HA YPOBHE MUHUMAanbLHOIO AaBMEHUA CMECMMOCTU. B TpeTbem criyyae Ha Ha4yanbHOM JTane cpegHee
NnacToBoe AaBfeHne CHKAETCA HUXKe AaBNEHUA HACBILLEHKUS, a 3aTeM ObICTPO NOAHUMAETCSA 40 YPOBHSA MU-
HUMarbHOTO AaBrieHNs CMECUMOCTYM 3a CHET 3aKayku BOAbI U YrNeBOAOPOAHOIO rasa. [laHHas 3agadya MOXeT
6bITb paccunTaHa B MOMHON KOMMO3ULMOHHOW MOCTAHOBKE U B NPUONMKEHUUN YETBIPEXKOMMOHEHTHON hunb-
Tpauuu, ecrnu yrneBoaopoaHas CMecb MOAENUPYETCA TPeMA NceBAoKOMMNOHeHTaMu. Kpusblie OPI u kanun-
NSPHOTO AasneHus 3agatTcsa Tabnuuamu [6].

Pe3ynkraTbl MogenuposaHuus: e6uTbl BoAb! M HedTH; HaKonneHHas 4o0blua Bogbl U HedTH; HedbTe-
napoBoii hakTop; 3aboiHOe AaBneHune; NoTepu Tenna.

Kputepuit kauecTBa: CoBnageHne pesynsratoB MOAENMPOBAHWS C STANIOHHBIMU pe3ynbsraTtaMu, ony-
OGnukoBaHHbIMK B [6].

4.6 5-a TecToBan 3agaya OGwecTBa MHXEHEPOB-HE(PTAHUKOB

Tectupyemasn pyHkunoHanbeHocTb MO: B pamkax AaHHON 3a4auu NPOBEPAETCA NPUMEHUMOCTb MO:

- ANst KOMMO3ULMOHHOTO MOAENMPOBaHUA PUALTPaLK;

- pacyera MHOFOKOMMOHEHTHOW hunbeTpauum;

- pacyeTa BOJOra3oBoro BO3EMNCTBUA HA NNAacT.

MocTaHoBKa: PaccmaTpuBaeTCs CEKTOPHAA MOAENb MECTOPOXAEHUSA nerkon Hedptu. B HauanbHbIN MOMEHT
BPEMEHW NNACT HaCbILWEH HETLIO B COCTOAHUN FPaBUTALIMOHHOTO paBHOBeCUs. HedTb MogenupyeTca cmechio
LLeCTU NCceBAOKOMMNOHEHT. Moaenupyercsa paspaboTka nnacra MeToaoM BOAOrasoBoro Bo3aencreus. B npotueo-
MOJIOXHBIX YrNax CeKTopa pacnosiokeHbl HarHeTaTenbHasa U Ao0bLIBAIOLLAA CKBaXMHDLI. [Ana aobbiBaloLLeli ckBa-
>KWUHbI 3aAaHbl AeBuT 1 orpaHUYeHne Ha MUHMManbHOe 3aboiHoe AaBneHue. Yepes HarHeTaTesnbHy0 CKBaXMHY
B NNacT NONepeMEHHO HarHETalTCA BOAA U YIMEBOAOPOAHIN ra3, COCTOSALLMI U3 NErkux yrneBoaopoaHbIX KOM-
NOHEHT. KOMNOHEHTHBII COCTaB HAarHETaeMoro rasa nogobpaH Takum 06pa3oM, YToBbl BLITECHEHME NPOUCXOANNO
npu ra3oHanoOpPHOM PEXUME C KOHAeHcauuein. PaccMoTpeHbl Tpu cnyvas sagaqn. B nepsom cnyvae nnacrosoe
JaBrneHue B pesynesrare otoopa nionga CHUKAETCA HUXKE AaBMNEHNUS HACLILLEHUA NNacToBon Hedtu. Bo sBTopom
Cny4ae nnacTtoBoe AaBfeHue NoaAepKUBAETCA Bbille JABMEHUS HACLILLEHUS] HA YPOBHE MUHMMANLHOIO AaB-
neHnsa cmecmmocTtu. B TPETbEM CllydYae Ha Ha4varibHOM JTane cpeaHee nnacroBoe AaBJieHUe CHMXAETCA HWXKe
AaBlNeHnA HacbILWEeHUd, a 3aTem 6bICTpO nogHuMMaeTca 40 YpOBHA MUHMMAIbHOIo JaBneHnsda cMeCMMoCTuU 3a CHET
3aKayvku BOAbl U YINeBOAOPOAHOIO rasa. [laHHasa 3agada MOXeET ObITb paccyuTaHa B MOMHON KOMMO3ULMOHHOM NO-
CTaHOBKE U B NPUONMMXEHUN YETbIPEXKOMMNOHEHTHOW OUNbTpaLuK, eCnu yrneeoaopoaHasi CMECb MOAENUPYETCS
TpeMs nceBgokomnoHeHTaMu. Kpusblie ODIT u kanunnapHoro gasneHust 3agatorcsa Tabnuuamu [7].

Pe3ynbratbl MOAenupoBaHua: CpeaHee nnacroBoe JasneHue; 4ebut Hedtu; HakonneHHas aobblya
HedTH; razoHeTAHON haKkTop; BOAOHEDTAHON (haKTOP; HACLILUEHHOCTL HEPTU B 3aJ4aHHON SYeliKe.

Kputepuit kayectBa: CoBnageHue pesynsratoB MOAENUMPOBAHUA C STaNOHHLIMW pesynsratamu, ony-
OnukoBaHHbIMK B [7].

4.7 6-a TecToBan 3agaya OGwecTBa MHXeHepoB-He(PTAHUKOB

Tectupyemas pyHkUMOoHanbHocTb MO: B paMkax gaHHON 3aaayun NpoBeEPSAETCa NPMMEHUMoCTb MO
Ansa pacyeta uneTpauumM B pamkax Moaenu ABOWHON NOPUCTOCTH.

MocTaHoBKa: Mogenupyetcs dunbTpauus BoAbl, HETU U rasa B TPELUMHOBATON MOPUCTON cpeae.
®yHkumn OPI u gaHHble PVT 3agaHbl B Buae tabnuuy. PaCCMOTPEHO HECKOMBbKO Pa3fMyHbIX CIyYaeB, B KaX-
[OM 13 KOTOPbIX NPUCYTCTBYET NPOAYKTUBHASA CKBaXKMHA C 38JaHHbIM AE0UTOM XULKOCTU U OTPaHUYEHUEM Ha
3abo0iiHOEe AaBneHune. Miccneayercsa BNUAHME KanunspHOro AaBNEHUs B TPeLLuHax Ha dunbstpaumio. B nepeom
crnyvae pacCMOTpPEHa 3agada, coaepkallas OgHy pacdeTHYIO ayeiky. obbiva HedTu NPMBOAMT K NOSBNEHUIO
razosoii asbl N nepepacnpeneneHnto HedTn U rasa mexay brnokamu u TpewmHamu. B octanbHbIX cryya-
SIX paccMOTpeHa nNpodunbHas ByXMEpHas 3ajadva 0 TEYEHUN MeXxay ABYMS BEPTUKANbHbIMU CKBAXKMHAMM.
Bo BTOpOM cnyyae MoaenupyeTcst UCTOLLEHWE nnacTa 3a CHeT SHeprum pacTBOPEHHOTO rasa, a 3akadka grnto-
W0B He NPoOUCXoauT. B TpeTbem criyyae AONONMHUTENBLHO MoaenupyeTcs obpartHas 3akadka rasa, AobbiBae-
MOro U3 nnacra, Ans noaaepXKaHua nNNacTtoBoro AaeneHus. B yetsepTom cnyyae nnactoBo€e AaBneHuUe noa-
Oep>XXMBAETCA 3a CYET 3aKayku Boabl [8].

PesynbraTbl MmogenupoBaHuA: Je6ut HedTu, ra3oHedTAHON hakTop U 0OBOAHEHHOCTbL ANS NPOAYK-
TUBHOW CKBa)XMHbI; AaBreHne B BbiIOPaHHbIX sYeiikax.
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KpuTtepuit kauectBa: CoBnageHne pes3ynsTaToB MOAENUPOBAHWSA C 3TaNOHHbLIMU pesysisTataMu, ony-
GnnkoBaHHbIMY B [8].

4.8 7-a TecToBas 3agaya O6uwecTBa UHXEeHepPOB-He(PTAHUKOB

Tectupyeman ¢pyHkumoHanbHocTb MO: B pamkax gaHHOW 3agayun npoBepseTcs npuMmeHumocTb MO
ANsA pacyeTa COBMECTHbLIX TEYEHMIA NIAacT — ropu3OHTanbHas CKBAXMHA.

MocTaHoBka: B pamkax mogenu «YepHon HedTM» paccMaTpMBaETCs CEKTOPHAsA MOAeNb HeaOHaChI-
LLIEHHOro HedTAHOro nnacra, paspabaTbiBaEMOro ropu3oHTanbHOW CKBAXUHOW. NpeanonaraeTcs, 4to CkBa-
XKMHA PacnonoXXeHa HenocpPeaCTBEHHO Ha BOAOHEMTAHbIM KOHTAKTOM. [pUTOK NOAOLIBEHHOW BOALI MOAeE-
NMPYETCA 3aKavykoi BOAbI Yepes APYrylo ropu3OHTasNbHYIO CKBa>KMHY, PacnOfOXEHHYI0 Mo MPOAYKTUBHON
CKBaXXMHOI. HarHeTaTenbHas CKBaXkuHa 9KCNIyaTUPYETCH Ha pexxMMe 3aaHHOro 3ab0MHOro AaBneHus, pas-
HOro HavyanbHOMY NNacToBOMy AaBrneHuto. MNpoayKTUBHASA CKBAXXMHA 9KCMIyaTUMPYETCH B PEXMME 3a4aHHOr0
aebuta HeddTU C OrpaHNYeHnEM HA MUHMMAarnbHOE 3a00NHOE aaBneHue. TedeHne pnonagoB B rOpu3oHTamNb-
HO NPOAYKTUBHOW CKBAXXMHE PACCYMTLIBAETCHA C Y4ETOM NOTEPb AABMEHUS HA rMAPAaBNUYECKOE COMPOTUB-
nenue. flobblya HedTM CONPOBOXIAETCA NPUTOKOM MOAOLUBEHHOW BOAblI U YBEMUYEHUEM OOBOAHEHHOCTU.
PaccMoTpeHbl pa3nuyHblie cny4daun aebuta u AnvHbl 400bIBatOLWEN CKBaXXMHbI. [Mpu BbICOKOM aAebute HedTH
BO3MOXHO oGpasoBaHme cBoboaHoi a3kl rasa [9].

Pesynbratbl MogenupoBaHusa: [ebut HedhTM u HakonneHHasa gobblva HedTn; AebuT BOAbl U HAKO-
nneHHasa gobblya BoAbl; ra30HeTAHON haKkTop; BOAOHETAHON hakTop.

Kputepuit kayectBa: CoBnageHue pesynstaToB MOAENMPOBAHUSA C STANOHHLIMU pe3yrnbsratamu, ony-
OnukoBaHHbIMK B [9].

4.9 8-a TecToBan 3agavya O6wecTBa UHXKEHEPOB-HE(PTAHUKOB

Tectupyemana pyHkunoHanbHocTb MO: B pamkax gaHHOW 3agavum npoBepstoTca (PyHKUMOHAamMbHbIE
BO3MOXHOCTM O npu NOCTPOEHUM PaCUHETHbIX CETOK.

MocTtaHoBKa: PaccmaTpuBaeTcs NPsIMOYrofibHbIA CEKTOP HETAHOro nfnacrta B HeAOHACLILEHHOM CO-
CTOsiHMK. B ABYX MPOTUBOMNONOXHLIX YINax CEKTOPa pacnonoXxeHbl ABe A00bIBAIOLLME CKBAXWHDI, 8 B TPETLEM
yrny — HarHetaTenbHas cksaxuHa. MoaenupyeTcs rasoBoe 3aBofHeHue nnacra. 3akayka rasa B nnacrt npu-
BOAMT K [ABYx(ha3HOMY TEYEHMIO OT HarHeTaTenbHOM K A0ObIBaOLMM CKBaXMHam. MNpu 3TOM pacTBOpeHue
rasa B HepTu, CONYTCTBYIOLLEE CHUXXEHUE €e BA3KOCTU, U yBenunueHne obbema cnocobCTBYOT 6onee nosHo-
MY BbITECHEHMIO. 3aga4a chopmynMpoBaHa B 4€KapTOBOM pacyeTHON ceTke. Heobxoammo noctponTb 6onee
rpyOyto CeTKy C MUHUMArbHLIM YMCIIOM SiYEEK, B KOTOPOIN pe3ynbratkl pacyera TeHEeHUs He OTNMYaloTcs oT
pes3ynbTaToB pacdera Ha noapobHon aekaproBon ceTke [10].

Pesynbratbl MogenupoBaHus: a3oHedTaHON hakTop U 3ab0HOe AaBneHne Ha A00bIBalOLLMX CKBa-
XKUHAX.

Kputepuit kayectBa: COBNageHUe pe3ynsTaToB MOAENUPOBAHWSA C STANOHHLIMKU pe3yrnbsrataMu, ony-
GnunkoBaHHbIMK B [10].

4.10 9-a TecToBaA 3agavya OOwWecTBa UHXEHEePOB-HEPTAHUKOB

Tectupyemasn ¢pyHkumoHanbHocTb MO: B pamkax gaHHOW 3agayun npoBepsaeTcs npuMmeHumocTb MO
ana pacueta

- TpexdhasHon unsrpaymmn HedTb-BOAA-Tas;

- hunbTpauun €O CrOXXHLIMU HEMUHENHBIMU KPUBbLIMU KaMUITNISAPHOTO AaBreHUs.

MoctaHoBka: B pamkax mogenu «vepHon HedTUy paccMaTpuBaETCA CEKTOPHAs MOAENb HaKMOHHOIO
HEe[ 0HACbILEHHOTO HE(PTAHOIO Mnacrta, BCKPbITOro 25 NpoayKTUBHLIMU CKBaXkMHamu. MnactoBoe gasneHue
noaaepXmMBaeTca C MOMOLLbIO 3aKaykn BOAbl Yepe3 OHY HarHETaTernbHYI0 CKBaXKUHY, NEPdOPUMPOBAHHYIO 3a
KOHTYpOM HedTeHoCHOCTU. PyHKUMn OPI n gaHHble PVT 3agaHbl B BUae tabnuy. MpoHMuaeMocTb UMeet
CYLLIECTBEHHO HEOAHOPOAHOE pacnpeaeneHue. YncneHHoe mMogenupoBaHue pa3paboTku nnacta OCHOXHS-
eTcsl ObICTPbIM M3MEHEHMEM KaNUIMAPHOro AaBreHus mMexay dasamu Boabl U HEPTU NPU HEZHAYUTENLHOM
U3MEHEHUUN HACbILEHHOCTU. BCe NpoayKTUBHbLIE CKBaXKWMHbI SKCTINYaTUPYKOTCA C 3a4aHHbLIM W3MEHSIOLLUMCS
Co BpemeHem aebutom [11].

Pesynbratbl MmogenupoBanua: [Oebut HedTu; rasoHedTaHon dakTop; 0OBOAHEHHOCTb CKBaXWH; 3a-
DoliHoe gaBneHue.

Kputepuit kayectBa: CoBnNageHUe pesynsTaToB MOAENMPOBAHWSA C STANOHHLIMU pe3yrnbsrataMu, ony-
GnukoBaHHbIMK B [11].
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4.11 10-a TecTOBaA 3apava O6wWecTBa MHXEHEPOB-HE(PTAHMKOB

Tectupyemasn pyHkumoHanbHocTb O: B pamkax gaHHOW 3agaqu npoBepsieTcsl NPUMEHUMOCTb 1O
ans:

- peMacwtabupoBaHusa Mogenei nNnacrog;

- pacyeta AByxha3HON HECMELLMBAIOLENCS DUNBTPaUUK.

MoctanoBka: Moagenupyercs asyxdasHasa punsrpaums B NOpUCTOM pe3epByape C HEOAHOPOAHbIM pac-
npeaeneHuemM NOPUCTOCTU U NPOHULaemMocTu. PaccMarpuBaloTca ABa Cny4as NOCTaHOBKU 3aaaun. B nepsom
cnyyae paccmaTpuBaeTca AByxXMepHas npodunbHas 3agaya ¢ HarHetatenbHOW U NPOAYKTUBHOWM CKBaXKUHA-
MU, PacnonoXeHHbIMU B NPOTUBOMOSNOXHbLIX YINax pacyeTHo 06nacTu. B HaYanbHblii MOMEHT BPEMEHHU Nact
HacbiweH HedTblo. PaspaboTka nnacra MoenvpyeTcsa 3akadykon rasa B NpeanonoXeHU HECMELLMBAIOLLIETO-
€Al BbITECHEHUA (ra3 He pacTBopsieTcs B HedTn). PacueTHas cetka coaepxmt 2000 siueek. Bo BTopoM criyyae
paccmaTpmMBaeTcs TpEXMepHOe TeyeHue B NPSIMOYTONIbHOM CEKTope nnacta. B HauyanbHbIii MOMEHT BpEMEHU
NNact HacbiWeH HePTLI0 B COCTOSIHUM HEAOHACHILLEHUS, a pa3paboTka MOAENUPYEeTCsl 3aKaykoi BOAbl MO
NATUTOYEUHOI cxeMe. 3akayka BOAbl MPOMCXOAUT YEPES YeTbIPe CKBAXKWHBI, PACNOSIOKEHHBbIE MO yrmam pac-
YeTHOI obrnacTu, a NPOAYKTMBHAS CKBaXXMHA PACMONIOKEHA B LIEHTpe CekTopa. PacyeTHas ceTka CoAepXuT
1,1 MnH siveek. B kaxxaom cnyyae HeobOxXoaAMMO NpOBECTU pemacluTabupoBaHue MOAENU — MOCTPOUTL Npu-
6GnrxeHHyI0 MOAenb NnacTta Ha rpybon cetke. Pesynbrarhbl pacyeTa Te4eHus B NOMHOW NOCTAHOBKE U B paMKax
pemacTabupoBaHHON MOAENM AOIDKHLI Mano pasnuyarbes [12].

Pesynbrarbl MogenupoBaHusa: HakonneHnHas aobbiva Hedhtu; 4edut HedpTn; 06BOAHEHHOCTb CKBAXK-
Hbl, CPEHEE NNAcTOBOE AaBMNEHHUE.

Kputepuit kauecTBa: CoBnageHue pesynsratoB MOAENUPOBAHUA C 3TANOHHLIMKM pesyrnkraraMu, ony-
6nukoBaHHbIMK B [12].

4.12 TeCT Ha TOYHOCTb MOAENIMPOBAHUA HEMOJTHOrO BCKPbLITUA Nnacrta

TecTupyemasn cdyHkumoHanbHocTb 1O: B pamkax gaHHOW 3agayu npoBepseTca NPUMEHUMocTb MO
Ansa pacyeTa ogHO(a3HOro TeYeHus y 320051 CKBaXKUHBI, HE MOSTHOCTbIO BCKPbIBAIOLLEH NNacT.

MocTaHoBKa: PaccmaTpuBaeTcs 0CECMMMETPUYHAA NpodunbHasa 3agada unbTpauunm ¢ OAUHOYHON
CKBaXXMHOW. B HauanbHbIi MOMEHT BPEMEHW BHE pajuyca KOHTYpPa MUTAHUSA CKBAXXMHbI NMMACT HACBILLEH BO-
[101, a BHYTPM KOHTYpa NUTaHuss — HedTbio. PaccMarpruBaeTca criyyaii HENOJIHOTO BCKPbLITUS Nacta CKBaXu-
HoW. MiHTepBan nepdopaLuy CKBaXXUHbI UMEET ANTMHY MEHbLLE TOMNLWMHbI NiacTa, NpU4eM Ha4arno uHTepeana
nepdopaumu CKBaxkuHbl COBNAAAET C KpoBneii nnacta. OToop XUAKOCTU U3 NnacTa NPOUCXOAUT HA PeXume
3a4aHHOro 3ab0MHOro AaBneHus. Ha KOHTYpe NuTaHnsa NOAAEPXKUBAETCA NOCTOSHHOE AABMNEeHue, paBHOE Ha-
YanbHOMY NNAcToBOMY AaBneHuto. JanHbie PVT u dyHkumn Ol 3apa10TCA aHAaNMUTUYECKUMU COOTHOLLEHUS-
mu. KanunnspHoe agasneHue npexnebperaetca. Heobxoaumo paccuntarb UnbLTPaLMIO HAa PasfnuyHbIX ceTkax
npu pasnUYHbIX OTHOCUTEMbHLIX BCKPLITUAX nnacra [13].

Pesynbratbl MOgenupoBaHusi: [pauk 3aBUCMMOCTU AeOUTa CKBaXXMHbI OT OTHOCUTENBHOIO BCKPLITUSA
nnacra.

Kputepuit kauectBa: PedynsraTbl MOAEMMPOBAHUSA COBNAAAIOT C MPUOIVKEHHBIM aHaNMTUYECKUM pe-
weHuem [13].

4.13 TeCT HAa TOYHOCTb MOZENIMPOBAHUSA FOPU3OHTarNIbHbLIX U HAKITOHHBIX CKBaXWH

TecTupyemasn cdyHkumoHanbHocTb MO: B pamkax gaHHOW 3agavn npoBepseTcs NpUMEHUMOocTb MO
[Ansi pacyeTa 04HO(A3HOTo TeYEHNS y 3200 rOPU3OHTANBHON CKBAXKUHBI.

MocTaHoBKa: PaccmarpuBaerca 3agada pacyera npuToka HedTU K ABYXCTBOMbHON rOPU3OHTaNbHOM
ckBaXknHe. CTBOSbl CKBaXKMHbI OTBETBMAIOTCHA OT OCHOBHOIO CTBOMA B LEHTPE MOAENUPYEMON 06nactu dusb-
Tpauuu, HanpaeneHbl B NPOTUBOMOSIOXHbIE CTOPOHBI, MPOX0AA NOCepeanHe TOMNLWUM NnacTa napannensHo ero
kpoBsrie u nogowse. Oba 6GOKOBLIX CTBONA NepopupoBaHbl MO BCEN ANUHE. B HaYanbHbIA MOMEHT BPEMEHU
BHYTPU KPYroBOTO KOHTYpa MUTAHUSI BOKPYT CKBa>KWHbI MIAacT HAaCbILWEH HedTbIO, @ BHE KOHTypa — BOAON.
CkBaxxuHa paboTaeT npu 3agaHHOM 3aB0MHOM AABMEHMK, @ HA KOHTYPE MUTaHUS NOoAAEPKUBAETCA Havarb-
Hoe nracrosoe gaeneHue. flaHubie PVT u doyHkuyun OPI1 3aaa0Tcs sBHbIMU COOTHOLLEHUAMU. Micnonb3yeTca
npsiIMOyronbHasi AekaproBas cetka. Heo6xoaumo paccuutarb TEHYEHUSA NPW Pa3nUYHbIX OPUEHTALMSAX rOpu-
30HTanbHbIX CTBOMOB CKBaXXVMHbI OTHOCUTENIbHO KOOPAUHATHBLIX NMUHUIA CETKU. Pe3ynkrar pacyeTa He JOIDKeH
3aBUCETb OT OpUEHTaLMM CKBaXMHbI [13].

Pesynbratbl MogenupoBaHua: paduk 3asucumoctn gebuta oT yrna opueHTauun ropusoHTansHon
CKBaXXMHBbI.

6
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Kputepuit kauecTBa: PaccuntbiBaemblit 4ebUT He 3aBUCUT OT Yrna OpUEHTaLMN ropu3oHTanbHON CKBa-
XUHbI [13].

4.14 TecT Ha TOYHOCTb MOAENMPOBAHUSA YCTAHOBIIEHUSA rPaBUTaLMOHHOIO paBHOBECUSA

TecTupyemasa cdyHkunmoHanbHocTb MO: B paMkax gaHHONW 3agayun NpoBeEPSETCA NpMMeHUMocTb MO
Ans pacyeTa AByx(asHON HeCMeLUMBAIOLLENCs hunbTpaummn B none Cunbl THKECTU.

MocTtaHoBKa: B BEPXHIOW YaCTb OAHOPOAHOTO MO NOPUCTOCTU U BEPTUKANLHONM NPOHMLIAEMOCTH NnracTa
B Ha4arsbHbI MOMEHT BPEMEHU NOMELLEHA BOAA, @ B HUXKHIOW — HedTb. MpuHumMaeTcs, 4to Ha dnouabl Aei-
CTBYIOT TONLKO rpaBUTALMOHHbIE CuIbl. 3-3a pasnuumsa nnoTHocTen a3 TedeHne Boabl OyaeT HanpaeneHo
BHU3, a TeueHne HepTn — BBepPX. Mpu BonNbLUNX BpemMeHax BCSA HEMPTL CKONUTCA B BEPXHEN YacTu nnacra,
a BOAa — B HWKHEN, TO €CTb Ha4YansHoe pacnpejenieHne HacbILLEHHOCTU HePTU CUMMETPUYHO OTPAa3UTCS OT-
HOCUTENbLHO LeHTpa nnacrta. daHHele PVT u doyHkumm OPI1 3agaHbl aHanMTUY4ECKUMKM COOTHOLWEHUAMM [13].

PesynbraTbl MOgenupoBaHusa: PacnpeseneHue HacbILWEHHOCTM HeddTU B 3aaHHble MOMEHTbI Bpe-
MEHMU.

KpuTtepuit kauecTBa: Pe3ynsraTbl MOAENUPOBAHUS COBNAAAIOT C aHaNUTUYECKUM pELUEHMEM 3a4aqu,
onybnukoeaHHbIM B [13].

4.15 TeCT Ha TOYHOCTb MOZESIMPOBAaHUSA NPU3aGONHON 30HbI BEPTUKANIbHOW CKBAXMHbI

Tectupyeman ¢pyHkumoHanbHocTb MO: B pamkax gaHHOW 3agadun npoBepseTcs npuMmeHumocTb MO
ana pacyera:

- AByX(hasHOW HeCMeLUMBaOLLENca punsrpaumu;

- Te4yeHusi B Npu3aboHON 30HE CKBaXKMHbI.

MocTaHoBKa: PaccmarpmBaeTcs nnow@agHaa 3agada apyxdpasHon dounbtpayum, onucbiBalowasa 3a-
BOAHEHWE HETAHOro nnacra no NATUTodeYHon cxeme. OQHOPOAHBLIN FOPU3OHTAamNbHbIN NNACT BCKPLIBAETCA
CUCTEMON C LUAXMaTHbIM PacrnonoXXeHneM A06ObIBAOWMX M HarHeTaTenbHbiX CkBaXH. Bece pobbiBaowume u
HarHeTaTenbHble CKBAXXMHbI NOMTHOCTLIO BCKPLIBAIOT NNacT u paboTaioT npu 3aaaHHOM 3a060MHOM AaBNEHUN.
3akayka BOAblI NPUBOAUT K PACMPOCTPAHEHUIO PPOHTOB BLITECHEHUSI OT HarHETaTenbHbIX K A00ObIBAIOLLUM
ckBaxkuHaMm. [aHHble PVT n pyHkumn OPI1 3agaHbl SBHbIMU COOTHOLLEHMAMK. KanunnspHoe gaeneHue npea-
nonaraeTcsi npeHebpexxMMo manbiM. Heobxoaumo onpeaenutb XUAKOCTHbIE AeOUTbI CKBAXKMH, UCMONb3ys
pa3nuyHble pacyeTHbIE CETKW, Takue, YToObl ANEMEHT pa3MeLLEeHUs CKBaXXMH CoAepyan pasnuyHoe Yucro
sAyeek. Pesynbtathl pacyera He A0MKHbI 3aBUCETb OT paspeLUeHnsa pasHOCTHOW ceTku [13].

Pe3ynbratbl MOgenuMpoBaHus: 3aBUCMMOCTb AebuTa OT pa3peLleHnst Pa3HOCTHOW CETKM.

Kputepuitr kayecTBa: [Jebut He 3aBUCUT OT paspeLLEHUn PACYETHON CETKM.

4.16 3akauyka xono4HOW BOAbl B TPELWMUHY

TecTupyemasa cdyHkunmoHanbHocTb MO: B pamkax gaHHOW 3agayun NpoBepSEeTca npuMeHumocTs MO
ANSA pacyeta Hen3oTepMUYECKOW OAHOKOMMOHEHTHON OAHOMA3HONM hunbTpaumMm ¢ y4eToM TennootmeHa ¢
HEeNpoOHMLUAEeMbIMKU NOPOAAMM.

MocTtaHoBka: MoaenupyeTca HEM30TEPMUYECKOE TEYEHUE BOAbI B BEPTUKATLHOW TPELLUMHE B reotep-
ManbHOM pe3epByape, BbI3BAHHOE OTOOPOM XUAKOCTU YEPE3 CKBAXKWHY, MEPECEKAIOLLYIO TPELLMHY, U HarHe-
TaHMeM BOAbl Yepe3 TOUEYHbI UCTOYHMK. TeyeHue B TpeLmHe MOAYMHAETCH 3akoHy dunsTpauuu Hapcwu.
HarHeTaHue X0nogHoM BOAbI NPUBOAUT K CHUXKEHUIO TEMNEPATYPbI B TpeLmHe. TpeLumHa OKpy>XeHa Henpo-
HUL2eMbIMW MOPOAAMMU, B KOTOPLIX U3-3a TENNOOOMEHA C TPELLUHON TemnepaTypa MOXET U3MEHSTbCS [14].

Pesynbratbl MOgenupoBaHua: Temneparypa Ha 3a00€e NPOAYKTUMBHON CKBaXXWHbLI B 38BUCUMOCTU OT
BPEMEHU; pacnpeaeneHme TEMNepaTypbl B TPELUMHE B 34aHHbIA MOMEHT BPEMEHMW.

Kputepuit kayectBa: CoBNageHUe pe3ynbTaToB MOAENMPOBAHUSA C STANOHHLIMKU pe3yrnbsrataMu, ony-
GnunkoBaHHbIMYK B [14].

4.17 MogenupoBaHue pa3paboTKu reoTepMaribHOM CUCTEMbI B paMKax NATUTOYEYHON CXEMbl
pacnosoXeHUsA CKBaXMWH

TecTupyemasa cdyHkunmoHanbHocTb MO: B pamkax gaHHONM 3agayun NpoBEPSETCA NPMMEHUMOCTb MO
Ans pacuera:

- HEen3oTePMUYECKON ABYX(hasHON munkTpaLumn BoAbI M BOAAHOMO napa;

- dunbTpayMmn B pamkax Mogenu 4BOMHON NOPUCTOCTM.



FOCT P 5§7700.13—2018

MocTanoBka: Paccmarpusaerca nnowagHas 3agaqa hounsrpauum B HarpeTom reotepmanbHoOM nnacre,
KOTOPbIA CNOXEH U3 HenpoHWLAeMbiX 6noKoB, pasfeneHHbIX TpewuHamu. B pamkax Mogenu ABOWHON no-
puctocTn Moaenupyetca dunsrpauus dnionga no TpelwmHam ¢ y4eTom TenrnoobMeHa ¢ HENPOHMLAeMbIMU
6nokamu. B HauanbHbIA MOMEHT BPEMEHU NAcT HACbILLEH BOAOK B COCTOSAHUW TEPMOANHAMUYECKOTO PaBHO-
Becusi ¢ napoMm. MoaenupyeTcs nony4yeHue reotepManbHON SHEPIMU B pamMKax 3akaykum XONOAHOW BOAbI U
n3BneyeHus napa. Pazpabotka BeAeTcA ¢ MOMOLLbIO CUCTEMbI CKBAXXUH, PACMONOXEHHBIX MO MATUTOYEYHON
cxeMe. B UeHTpe aneMeHTa Cxembl pacnonoXeHa HarHeTaTenbHasi CKBaXKuHa, Yyepe3 KOTOPYl B MNacT 3a-
KaumBaerca xonoaHasa soda. 3ajaHa NPUEMUCTOCTb CKBaKWHBI. 10 yrnam SneMeHTa Cxembl PacnofOXeHbI
AobbiBaloLLme CKBaXWHbBI, paboTatoLme B pexyiMe 3aaHHoro MaccoBoro Aebuta napa. CHUXeHWe JaBrneHus
Ha 3aboe [00bIBAOLLMX CKBAXXUH NPUBOAUT K UCMAPEHUIO BoAbl — obpa3syeTca ceoboaHasa dasa BOASHOTO
napa. faHubie PVT u kpusble OPI1 3agaHbl SBHbIMWM COOTHOLLEHMAMK. [laHHAA 3agaqa paccmaTpuBaeTcs npu
pa3nuyHbIX pasmepax HenpoHMLUaeMblX OrokoB, a TaKke B paMkax Moaenu achdekTUBHON NOPUCTON Cpefbl
(oanHapHas nopuctocTb) [15].

PesynbraTbl MOAenupoBaHuA: B 3agaHHbIi MOMEHT BPEMEHM pacnpeeneHue Temneparypsl B4OSb
NPSIMOiA, COEAUHSIOLLEH HarHeTaTenbHyio 1 400bIBAIOLLYIO CKBAXKVHBI.

Kputepuit kayecTa: CoBnageHvwe pesynstatoB MOAENMPOBAHMUSI C STANIOHHLIMK pe3ynbratamu, ony-
OnnkoBaHHbIMK B [15].

4.18 MogenupoBaHue pa3paboTku reoTepmManbHON CUCTEMbI C Y4€TOM COBMECTHOIO TEYEHUSA
nfacT — cKBaXuHa

TecTupyemasn cdyHkumoHanbHocTb MO: B pamkax gaHHOW 3agaqu npoBepseTcs NPUMEHUMOoCTb MO
ana pacuera:

- Hens3oTepMmUyecKkon aAsyxdasHon dunsrpauun Boabl M BOAAHOMO napa;

- COBMECTHBIX TEYEHUI NNACT — CKBaXKMHA.

MocTaHoBKa: PaccmaTpuBaeTca 0fHOMEpHas 3agava Hem3oTepMuyeckon uneTpaLun B reotepmans-
HOM nnacTe. B HayanbHbIi MOMEHT BPEMEHU NNAacT HaCbIWEH ABYX(as3HOW CMECbi0 BOAbI U BOAAHOIO napa
B YCMOBUAX TEPMOANHAMUYECKOTO paBHOBECUS. MNacT BCKPLIBAETCA OAMHOYHON CKBAXUHOMN, YTO NPUBOAUT K
nageHunto NNacToBoro AasneHus, UCNapeHUIo BOAbI U OCECUMMETPUMHOMY NPUTOKY chnionaa k ckeaxuHe. Ha
yAaneHun OT CKBaXMHbl NOAAEPXKMBAIOTCA HayarnbHble NracToBble ycnosusa. CkBaxxuHa paboTaeTr Ha pexm-
Me NOCTOSIHHOTO YCTbEBOro AaBneHus. 3agaHa Tabnuua, cBasbiBaloWwas pacxoa MHorocasHoro cniouaa no
CTBOMNY CKBa>@MHbI U 3a60iHoe aaBneHue. [JaHHaa Tabnuua ucnonb3yeTcst ANs pacyera Te4eHUs B CKBaXKUHE
npu COBMECTHOM pacyere TeyeHusa nnact — ckBaxmHa. [laHHbie PVT u kpuBble O®PI1 3aaaHbl ABHBIMU COOT-
HoweHusimu [15].

Pesynbrarbl mogenupoBaHua: 3a60liHOe JaBneHue; MacCoBbli pacxoad hriouaa u ero SHTanbhus;
nnacToBoe aaeneHus (B s4enke, B KOTOPOW nepdopupoBaHa CKBaXKUHA).

Kputepuit kauecTBa: CoBnageHue pesynsratoB MOAENMPOBAHUS C STANOHHLIMKU pe3ynkrataMu, ony-
6nnkoBaHHbIMK B [15].

4.19 PagnansHoe TeyeHne CO, OT HarHeTaTesIbHOM CKBAXMHbI

Tectupyemaa dyHkumoHanbHocTb NO: B paMmkax gaHHOW 3aaaum nNpoBepsAeTca npumeHumocts MO
Ansa pacdeta TpexdasHoii cmelunBalowenca dunstpauun TpexkoMmnoHeHTHoro ¢niouaa CO,-H,O-NaCl ¢
YYETOM OCaXKaEeHMWA TBEPAOK dhasbl CONM HA CKENET NOpoAb!.

MocTtaHoBKa: PaccMaTtpuBaeTcs oqHOMEpHas 3a4a4a O TEYEHUM YIMEKMCIIOro rasa OT HarHetatesnb-
HOI CKBaXXMHbl B Nnact GECKOHEYHON MPOTSHKEHHOCTU. B HauyanbHbIi MOMEHT BPEMEHU NNACT HAaCbILWEH
COnNeHoi BOAOI. YUUTLIBAKOTCA Pa3oBbIe NEpexoAbl: BbiNageHue conu B 0Caaok, ucnapexue H,O B rasosyto
¢hasy u pactsopenne CO, B ¥uAKOI thase. 3akayka rasa NpUBOAMUT K NOSTHOMY UCNAPEHUIO BOALI U BbiNaae-
HUIO B 0CaaoK TBepaon dasbl conu B Npu3aboriHON 30HE CKBaXMHbI. B pedynbsrare nopoBoe NpOCTPAHCTBO
3abuBaeTca conbio, a MPOHULAEMOCTb CHMKaETCA. PyHkunu ODI1 3aaaloTCA ABHLIMU aHANUTUYECKUMKN CO-
OTHOLLEHMSAMM, a faHHble PVT 3apaiTca ypaBHeHuamu coctoaHus. Mo nocraHoBke AaHHAA 3agada asTo-
MoaenbHas — pacnpegeneHusi napameTpoB unbTPaumm B pasnuyHbie MOMEHTbI BpEMeHU Nogo6Hbl apyr
apyry [16].

Pesynbratbl MOgenupoBaHuA: PacnpegeneHusa AaBreHns, HacbILLEeHHOCTU XXMAKOCTH, TBepaon dasbl
U rasa, COneHoCTU BOAbI U MacCOBOI JOMM NapoB BOALI B BbIOPAHHbLIA MOMEHT BPEMEHMU.

Kputepuit kauecTBa: CoBnageHue pesynsTaTtoB MOAENMPOBAHWA C STANOHHLIMU pesynkTatamu, omny-
6GnnkoBaHHbIMK B [16].
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4.20 YTeuka CO, no TpewmHe

Tectupyemasi pyHkumoHaneHocTb MO: B pamkax gaHHON 3a1aumn NPOBEPAETCA NPUMEHMMOCTL 1O
Ans pacyera 4ByxasHoii cMeluMBatoLLecs punsTpauuu AByxkoMNnoHeHTHoro gnonaa CO,-H,0.

MocTtaHoBKa: PaccmarpuBaeTcsi 0OHOMEPHOE TEYEHME MO BEPTUKANbHOW TpewmHe. B HayanbHbIi MO-
MEHT BPEMEHU TPeLUMHa HackileHa BOAOW B YCMOBUSAX MMAPOCTaTUYECKOro pacnpeaeneHus aaenexus. Ha
BEPXHEN rpaHuLe TPeLUWMHbl 3a4aeTca NOCTOAHHOE AasrneHne. Ha HuXHeN rpaHuue 3afaeTca NoBbILLEHHOE
MOCTOSIHHOE AaBMEeHKe, a HACbILEHHOCTb YIMEKUCIOro rasa pasHa eauHuue. Takum o6pa3om, npeanonara-
€TCH, YTO HWXHASA rpaHunLia TPeLUMHbl CO0BLLAaeTCs C pesepByapoM, HaCbILLEHHbIM YINEeKUCnbIM rasoM. Ms-3a
adhpekTa nnaBy4eCTH yrnekncnbli ras Oyaer nogHMMaTbLes (BCMnbiBaThb) No TpewmHe. [laHHbii npouecc byaet
COMNpoBOXAAaTLCA (hasoBbLIMU NEpexoaamMm, TO €CTb paCTBOPEHUEM ra3a B BOAE U UCNapeHUeM BOAbl B ra30BYIO
dasy. dyHkuum OPI 3aaaHbl ABHbIMUM COOTHOLLEHUsIMU. [laHHble PVT 3agaHbl ypaBHEHMEM cocTosiHuA [17].

Pesynbratbl MogenupoBaHua: PacnpeaeneHusi AaBneHusi, HaCbILWEHHOCTU ra3a, MacCoOBOWM KOHLIEH-
Tpaumu Yrnekucnoro ras3a B XXmakon ¢ase u MaccoBOM KOHLIEHTPALIMKM BOAAHOTO nNapa B ra3osoin ¢ase; NOTOKU
YIIEeKUCIOro ra3a U BoAbl HA BEPXHEW U HKHEW rpaHuLIaX TPELLUUHDI.

KpuTtepuit kayectBa: CoBnageHue pe3ynsrartoB MOAENMUPOBAHUS C 3TASNIOHHbIMKU pe3ynbraTtamu, ony-
6GnmkoBaHHbIMK B [17].

4.21 3aKavka yrrneKucrioro rasa B MHOroCHOWHbIN NFIACT-KONNEKTOP

TecTupyemasa cdyHkumoHansHocTb MO: B pamkax gaHHOW 3agayn npoBepAETca NPUMEHMMOCTb O
Ansa pacyeta TpexdasHoii cmelumBaloLeincs dunsTpauun TpexkoMnoHeHTHoro ¢nionga CO,-H,O-NaCl ¢
YYETOM OCaXaeHuA TBepaou dhasbl CONN Ha CKENET Nopoabl.

MocTaHoBKa: PaccmatpusaeTcs npodunbHasa AByXMEPHas 3aaaqa o 3akadke yrnekucnoro rasa B Komn-
NIEKTOP, KOTOPbIN CIOXEH U3 BLICOKOMPOHMLIAEMbIX MOPOA, pasfAeneHHbIX HU3KONPOHMLAEMbIMU NPONJacTKa-
MU. KONNEKTOp HaCbILWEH CONEeHON BOAOW. 3aKkauka rasa MoAenMpyeTca TOHEYHbIM UCTOMHUKOM, PacnoNoXeH-
HbIM Y NMOAOLLUBLI NNacTa. YuntbiBaloTcs (pasoBble Nepexobl, B YaCTHOCTM CnapeHue Boabl B razoBylo asy u
pacTBopeHue rasa B Boge. M3-3a kOHTpacTa nNOTHOCTEN ra3 BCNMbIBAET K KPOBME NNacta, HakannmBasach nog
HU3KONPOHULAEMbIMK NponnacTkamu. 3akayka rasa npuBOAMUT K MONHOMY UCNAPEHWUIO XUAKON ¢hasbl U Bbina-
JeHNIo ocajka TBepaoii asbl conu BOMM3n 06nacTu 3akadku rasa. YUuTbIBAe€TCS CONYTCTBYIOLLEE CHUXEHUE
npoHuyaemoctn. Janusle PVT 3apaiorca ypasHeHUAMU COCTOAHUA. ®PyHKUuuU ODIT u KpuBbIe KANUAAAPHOTO
AasneHua 3agarTca ABHbIMU aHANUTUYECKUMN COOTHOLUEHUAMMU, NpUYEeM UCTNONb3YIOTCA pa3nu4Hble KpuBble
B BbICOKOMPOHMULIAEMbIX NOPOAAX U HU3KONPOHULAeMbiX nponnacTkax [16].

Pesynbratbl MogenupoBaHua: Pacnpeaenenne HacbILWEHHOCTM ra3a B BbIOPaHHbI MOMEHT BPEMEHU
U AVHAMUKA U3MEHEHNS HACLILLEHHOCTM ra3a, XXuaKkocTu U Teepaol (hasbl B BbIOPAHHBIX S4eiikax CETKM; no-
TOKM rasa U3 s4eiku, B KOTOPOM pacnosiokeH TOYEYHbIN UCTOUHUK, B COCEHUE SAYENKHU.

Kputepui kayectBa: CoBnageHue pe3ynstatoB MOAENUPOBAHMS C 3TArIOHHbIMU pe3ynbTataMmu, ony-
OnukoBaHHbIMK B [16].

4.22 MogenupoBaHUe YTEYKHU YITIEKMCIIOrO ra3a no CKBaXxuHe

TecTupyemasa dyHkumoHanbHocTb MO: B pamkax gaHHOW 3agaum nNpoBepsSeTca NPUMEHMMOCTb MO
Ansa pacyeTa ABYXKOMMNOHEHTHOM Tpexda3HoN CMELLMBAIOLLENCS HEU3OTEPMUYECKOW hunsTpayun.

MocTaHoBka: PaccmaTtpusaeTtcsa npodunbHas 3agaya unstpaummn B KONNEKTOPE, KOTOPbIA CAOXEH U3
[ABYX MNacToB, pa3feneHHbIX HenpoHuuaembiMu nopogamu. Mexay nnacramu BO3MOXeEH nepeTok dnionaos
yepes OCTAHOBMEHHYIO CKBAXWHY, U30NMMPOBAHHYIO OT MOBEPXHOCTU BbILLE MracToB. B HayanbHbin MOMEHT
BPEMEHM NMNacTbl HACLILLEHbI BOAOW B YCIOBUSAX rTMAPOCTATMYECKOro paBHoBeCUs. B Hmxenexawmm nnacr ve-
pes3 BTOPYIO HarHETaTenbHyI0 CKBAaXMHY NPOUCXOAUT 3aKayka Yrrekucnoro rasa. 3agaHa npueMucTocTb CKBa-
JXUHbI. M3 rpaBUTaALMOHHOIO BIIUSIHUA ra3 pacTeKkaeTcsl No KPOBME HWKHErO Nnacra, 40CTUras OCTaHOBNEHHON
CKBaX>MHbI. [laHHbIA NPOLECC CONPOBOXAAETCA YTEYKON (NepeToKoM) ra3a B BEpXHUil nnact. Paccmarpusator-
cs1 ABa cryyasi: B NepBOM criyyae npejnonaraercs, Uto TedeHue M3oTepMUYecKkoe, a ras U Boaa He CMeLln-
BaloTCA. Bo BTOpOM crnyuyae yunThiBalOTCA (hasoBbie Nepexoabl: PaCTBOPEHMUE ra3a B BOAE, UCNAPEHUE BOAbI
B ra3osyio a3y n BO3MOXXHOCTb pPacClOEHUs YrieKkUCrioro rasa Ha XuaKkylo U ra3osyio ¢asbl Npu yTeyke no
ckBaXKuHe. Taioke yuuTbIBalOTCA TemneparypHble addekTbl npu hasosbix nepexoaax. AaHHblie PVT 3apatorca
ypaBHeHWeM COCTOAHUSA, a PyHKuun OPI — ABHBbIMM COOTHOLLEHUSIMK [18].

Pesynbrarbl MOgenupoBaHuaA: Pacxo yrnekucnoro rasa Mexay nnacramu no CTBOsly OCTaHOBNEHHOW
CKBa>KMHbI.
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Kputepuit kayectBa: CoBnageHue pesynstatoB MOAENMPOBAHUA C STANOHHLIMWU pesynsrataMu, ony-
6nukoBaHHbIMK B [18].

4.23 3aKkauka yrrneKucrioro rasa B UCTOWEHHOE ra3oBoe MeCTOpOXaeHue

Tectupyemas yHKunoHanbHocTb MO: B pamkax AaHHONW 3a4a4u NPOBEPSeTCs npuMeHumocTs MO
Ans pacyeTa AByXKOMMOHEHTHON oaHOda3HOoN UnbTpaLum ¢ y4eTOM MONEKYNSPHOH Anddy3nnm KOMNOHEH-
TOB NAacToOBOro nounaa.

MocTaHoBKa: PaccmaTtpuBaeTca nnowaaHas 3agada o 3akayke yrrnekMcrnoro rasa B UCTOLLEHHOE raso-
BOE MECTOPOXAEHUE C LIEMNbIO MOBbILLIEHUSA U3BNEYEHNUS YINEeBOAOPOAHOrO rasa. B HayanbHbIi MOMEHT BpeEMe-
HM NNacT HACLILEH YrNeBoA0POAHbIM ra30M B YCIOBUSAX TPaBUTALMOHHOIO paBHOBeCKs. [a30Boe 3aBOAHEHME
paccMaTpuBaEeTCsi B paMKax MATUTOUYEYHON CXEMbl PacNoNOXKEHMs CKBaXKUH. PaccmaTtpusatotcs Asa cnydast
pacnpeneneHvs npoHULAEMOCTU: B MEPBOM Crydae NpPOHULAEMOCTb UMEET OAHOPOAHOE pacrnpeaeneHue, a
BO BTOPOM Cry4ae oHa AuddepeHumMpoBaHa no rmybuHe — Ans pasnuyHbIX CNOEB MOAENM NnnacTta 3agaeTcs
pasnuyHas nNpoHULAemMocCTb. [ns HarHetaTenbHbIX CKBaXMH 3ajaHa NMPUeMUCTOCTb, a AoObIBalOLUME CKBa-
XUHbI paboTaloT npu 3agaHHOM 3ab0WHOM AaBneHuun. 3akauka yrrekucroro rasa npuBoAUT K BbITECHEHUIO
yrNeBoAOPOAHOrO rasa k AoObiBaloLMM CkBaykuHaM. Mpu 3TOM B MOAENM Y4UTbIBAETCS AU DY3MOHHOE nepe-
MeLLUMBaHWe KOMNOHeHTOB. JaHHble PVT 3agaHbl ypaBHEHUEM COCTOsIHUS. KOoadhduULUMeHTbl MONEKYNAPHOI
Anddy3nun — KOHCTaHTLI. Pacyet npoBoAMTCS 40 MOMEHTa BPEMEHU, KOTAa MacCcoBas A0S YINEKUCOro ra3a
B AobbiBaeMoMm rase sospacraet ao 20 % [18].

Pesynbratbl MogenupoBaHusa: MaccoBble 4e0uUTbl Yyrnekucnoro rasa u yrnesoaopoaHoro rasa.

Kputepuin kauectBa: CoBnageHne pesynsratoB MOAENMPOBAHWA C STANOHHLIMW pesynkratamu, ony-
GnukoBaHHbIMK B [18].

4.24 3akauka yrneKkmcrioro rasa B HeOQHOPOAHbIN NnacTt

TecTupyeman cdyHkumoHanbHocTb MO: B pamkax gaHHOW 3agavn npoBepsieTcs NPUMeHUMocTb MO
AnA pacyeTa ABYXKOMMNOHEHTHOW ABYX(a3HOM CMEeLUMBAOLLERCH PUNbTPaLmMmn C y4eTOM rucTepesmnca KpuBbIix
Odr.

MocTtaHoBKa: PaccMatpuBaeTcsa 3akayka YrneKUCrnoro rasa B BOAOHACLILEHHbIA MAACT, OCMNOXHEH-
HbI HaMMYMeM reonorMyeckux HapyLUeHUit 1 HEOAHOPOAHBLIM pacnpeaeneHueM OUNLTPALUMOHHO-EMKOCTHBIX
CBOWCTB. B HayanbHbIii MOMEHT BPEMEHU NNACT HACbILLIEH BOAOW B YCMOBUSX MTMAPOCTATMYECKOTO PaBHOBE-
cusi. Ha natepanbHbIX rpaHuLax nrnacra nogaepXmBaeTcs HayanbHOE AaBneHue. 3akayuka yrnekucnoro rasa
NPONCXOAUT Yepes BEPTUKANbHYIO CKBAXMHY C 3aAaHHbIM MOCTOSIHHBLIM pacxoAoM. [ocne nepuoaa HarHera-
HWA CKBaKMHA OCTaHaBnuBaeTcsa. M3-3a rpaBuTaumMoHHbIX 3¢hEKTOB 3aKkayka raza ConpoBOXAAETCS ero Hako-
nneHnemM U pactekaHuem BAonb KPoBnu nnacta. Npu 3ToM yunTbiBalOTCS (ha3oBble Nepexoabl: pacCTBOPEHME
rasa B BOAE M ucnapeHue oAbl B rasosylo ¢asy. [laHHble PVT 3apatorca ypaBHEHUEM COCTOSIHUS, @ KPUBbIE
OPN — Tabnuuyamu. PaccMOTpeHo asa cnyvas 3agadn. B nepBom cnyyae UCMONb3ylOTCA OMHAKOBLIE KPU-
Bble OPI ana npoueccos BbITECHEHUA U NPONUTKU. Bo BTOPOM crnyyae yuuThiBalOTCA MMCTEPE3UCHbIE SIBIe-
HUA, CBA3AHHbIE C pa3nNnYneM KpUBbIX BbITECHEHNS U nponuTku [18].

Pe3ynbrarbl MOAenupoBaHua: PacnpeaeneHue HacbILLEHHOCTH ra3a B BEpXHEM Cnoe MOJenu; Macca
Yrnekucnoro rasa B ceso6ogHov ¢ase u B paCTBOPEHHOM BuAe.

Kputepuit kayectBa: CoBnageHne pe3ynbratoB MOAENUPOBAHUS C STaNOHHbLIMKM pe3ynbraramu, ony-
6GnukoBaHHbIMK B [18].

4.25 PacueTt pgerasaumu He(pTu B paMKax cTaHgapTHOW Mogenu «YepHoit HepTu»

Tectupyemasi pyHkumoHanbHocTb MO: B pamkax gaHHOW 3aaayuu NpoBepsieTCsl NPUMEHUMOCTb 1O
AnA pacyeta aApyxdasHoin cmelumnsalowenca punsrTpauun.

MoctaHoBka: PaccmaTpuaeTcs nnowaaHasa 3agada nputoka HedrerazoBom CMecu K OAMHOYHOM CKBa-
>KMHE C OJHOPOAHOrO U30TPOMHOro nnacra. B HavyanbHbIM MOMEHT BPEMEHU NNAacT HACbIWEH HedITbIO Npu
[aBnNeHuu Bbillie AaBneHus HacbiweHusa. Moaenupyetcs otoop cnionaa yepes CKBaXMHy, CONPOBOXAAIOLLNIA-
€A CHIKEHUEM AaBneHus B Npu3aboiHoii 30He U nosiBreHMeM cBOOOAHON ra3oBoi asbl. NpuHMMaercs, 4To
rpaBuTaLMOHHbIE 3ahekThbl NpeHebPEXMMO Manbl U TEYEHUE UMEET MIOCKOPaAUuanbHbIi Xxapakrep. JJaHHble
PVT HedTerasoBou cmecu 3agaiotca tabnuuammu B pamkax mogenu Henetyden Hedprn. dyHkuumn Ol 3a-
[aloTCA SABHBIMM COOTHOLLEHUAMKU. KanunnsipHoe aaBneHue npeHebperaetcs. [JaHHasa 3agayva no nocraHoBKe
aBTOMOAEeNnbHas, NOITOMY pacnpeaeneHusl napaMeTpoB B NNacTe B Pa3nMyHbie MOMEHTbI BpEMEHU NOA0OHbI
Apyr apyry. 310 ycrnoBue nofotua cnonb3yercs Ans NPOBEPKM KOPPEKTHOCTM pacyeTta hunsrpauuu. [JaHHas
3agauya MOXET ObITb paccuMTaHa B NONSIPHON U AIeKAPTOBOM cucreMe koopauHar [19].

10



FOCT P 57700.13—2018

Pesynkrarhl MOAeNnUpoOBaHusA: PacnpeaeneHne HackILLEHHOCTH rasa.
Kputepuii kayecTBa: PacnpeseneHnsi HAChILLEHHOCTM ra3a B pasfiuuHble MOMEHTbI BPEMEHU NOA06HbI

Apyr apyry.
4.26 PacyeT punLTPaLUmM B niactax, OnucbiBaeMbiX HECTPYKTYPUPOBAHHLIMMU CeTKaMM

Tectupyemasa cdyHkunmoHanosHocTb MO: B pamkax gaHHOW 3agayun nNpoBepAETCAa NPUMEHUMOCTb 10
AnAa pacyeTa AByxX(da3HoW HecMeLLnBaroLenca punstTpaunm Ha HECTPYKTYPUPOBAHHbIX CETKaX.

MocTaHoBKa: Mogenupyetcsi paspaboTka CekTopa HeAOHAaChILLEHHOrO HedhTAHOTO NnacTa MeToA0M 3a-
BoAHeHwus1. [10 yrnam npsiMOYroribHOro CEeKTopa pacnonoXeHbl ABe CKBaXXUMHbI — HarHeTarenbHasi u gobbiBa-
towias. [Ana HarHeTaTenbHON CKBaXKMHbI 3a4aHbl MPUEMUCTOCTb U OFpaHUYEHNE HA MakcuManbHoe 3aboiiHoe
faBneHune, 4nsA 4o6bIBAIOLLEN CKBAXUHbLI 3aaHbl A€0UT 1 OrpaHMYeHne Ha MUHUManbHoe 3aboliHoe aaBne-
Hue. 3akayka B Mnact BOAbl MPUBOAWUT K PACNPOCTPAHEHMUIO OT HarHeTaTenbHOW K A0ObIBAIOLLEN CKBAXKUHE
hpoHTa BbITECHEHUS. [aHHble PVT 3agaHbl aHanuTM4eckMMu COOTHOLIEHUAMM, a pyHKkuun OPIN — Tabnu-
uamu. KanunnspHoe aaeneHue npeHebperaetca. [JaHHOE TeyeHne pacCYUTLIBAETCA B ABYX BapuaHTax: Ha
CTPYKTYPUPOBAHHON AEKAPTOBOW CETKE U HA HECTPYKTYPUPOBAHHOW CeTkn. [Ana AByX pacyeToB NpOBOAUTCS
cpaBHEHWe nokasatenei paboTbl AOOLIBAIOLLEN CKBaXKWHBI: HAKONNEHHaA Ao6bIMa BOAbI, HE(PTH, XKUAKOCTH,
06BOAHEHHOCTb, 3a00iHOe AaBrneHune. PedynbraThbl pacyeTa Ha CTPYKTYPUPOBAHHOW U HECTPYKTYPUPOBaHHOM
ceTKax AOMmkHbI coBnaaats [19].

Pe3ynbratbl MogenupoBaHua: HakonneHHaa gobbiya BoAbl, HEQITU, XNMAKOCTU; 0OBOAHEHHOCTDb; 3a-
GoliHoe faBneHne Ha Ao0bIBaIOLLEN CKBAXKUHE.

Kputepuit kauecTBa: PacnpegeneHusi HacbILEHHOCTU ra3a B pas3nuyHblie MOMEHTbI BpeMeHU Noao0HbI
Apyr apyry.

4.27 OsyxdasHana GpunsTpaumua B CNOXKHbIX aHU3OTPOMHbIX FeONOrMYeCcKux o6 bekrax
C HapyleHUsiM1

Tectupyemasi pyHkuMoHanbHocTb MO: B pamkax aaHHON 3afa4u NpPOBEPAETCA NPUMEHUMOCTL MO
Ana pacyeta AByxdasHoW HeCMeLLUMBaOLLENCca punsTpaumMm B aHU3OTPONHON NOPUCTON cpeae.

MocTaHoBKa: PaccMaTpuBaeTcs CeKTop HedpTAHOro nnacra. B HavanbHbIn MOMEHT BPEMEHU NNacT Ha-
CbILLEH HeMTbIO B YCNIOBUAX rMAPOCTaTUYeCcKoro pasHosecun. Moaenupyercs paspabortka nnacra B pamkax
3aKayku BOAbl Yepes OA4HY HarHeTaTeslbHYI0 CKBaXMHY M OTOOPOM >KMAKOCTU Yepe3 ABe AobblBaloLyme ckBa-
XWHbI. CKBaXMHbI paboTaloT B YCINOBUAX MOCTOAHHLIX NPUEMMUCTOCTU U AeOMTOB C OrpaHUYEHUsIMU Ha 3a-
GoiiHoe aaeneHune. JaHHble PVT 3agaHbl aHanUTUYECKUMU COOTHOLLEHUSIMU, a KpuBble ODI — Tabnuuamu.
KanunnsipHoe gaBneHue npeHebperaetca. PunsTpauusa B NNAcTe OCAOKHAETCS aHU3OTPONHLIM OAHOPOAHLIM
pacnpeaeneHnem NpoHMLLAEMOCTH U HAaNUYMEeM HENPOHMLIAEMOro pasnoma. 3akadka BoAbl MPUBOAUT K pas-
BUTUIO (DUMBTPALMOHHOIO TeYEHMe BOKPYr Pa3noMa M B KOHEYHOM CYETe K MpOopbIBY BOAbI K A00bIBAIOLUM
ckBakuHam [19].

Pesynbratbl MogenupoBaHus: [JuHaMuka 0OBOAHEHHOCTU A0OLIBAIOLMX CKBAXKWH; pacnpeaeneHue
HaCbILLEHHOCTM He(PTN B MOMEHT NPOpbIBa BOAbI K MEPBOW CKBAXMHE.

Kputepuit kauectBa: CoBnageHue pesynsratoB MOAENUPOBAHMS C 3TArOHHbIMK pe3ynbrartamu, Ony-
6nmkoBaHHbIMKM B [19].

4.28 TecT Ha pacyeT hmnbTPaLun Ha HEOPTOroHaNbHbIX CeTKax

TecTupyemas (PyHKLUMOHANbLHOCTL: B pamkax AaHHOW 3agaym npoBepsieTcs npuMeHumocTs MO ans
pacyeta AByx(paszHOI HeCcMeLLMBaIOLWENCs PnNbTpaUMn Ha HEOPTOroHanbHbIX CETKaX.

Kpatkoe onucaHve noctaHoBKM 3apgaum: PaccmatpusaeTca npocdunbHasa 3agaya B O4HOPOAHOM U30-
TPONHOM CUSMbHOHAKIOHHOM nnacte. B BepTMKanbHOM Ce4eHUN A4einkn pacyeTHOM CeTKM uMeloT hopMy na-
pannenorpamma. B HauanbHbIii MOMEHT BPEMEHU NNAcT HacbiWeH HeTbIO B YCMOBUAX rMAPOCTATUYECKOIO
pasHoBecusi. Mogenupyertca paspaboTka nnacra ABYMA CKBaXMHAMM, pacnonoXeHHbIMU NO Kpasim nnacra,
M OQHOMN HarHeTaTenbHOW CKBaXXMHOW, PacnoroXeHHOW B ueHTpe. MHTepBanbl nepdopauum Tpex CKBaXuH
pacnonoXeHbl HA 0AUHAKOBOW abCOMNIOTHON rMyOuHe. Uepes HarHeTaTenbHy0 CKBaXMHY NPOUCXOAUT 3aKadka
BOAbl. 3a4aHbl NOCTOAHHbLIE NMPUEMUCTOCTb HarHeTaTenbHON CKBaXMHbl U 4e0UTbl 400bIBAIOLUX CKBAXKWH, C
orpaHu4eHuaAMU Ha 3abonHoe aaBneHune. [laHHbie PVT 3agaHbl aHaNnMTUYECKMMU COOTHOLLIEHUSIMM, A KPUBbLIE
O®MN — Tabnuuamu. KanunnsapHoe aaBneHue npeHebperaercs. [laHHaa 3agada paccuuTbiBAETCA HA ABYX
pa3snuyHbIX ceTkax. B nepeoM cnyyae ucnonb3yercsi AeKapToBasn NpsAMOYronbLHas CEeTka, a BO BTOPOM Chy-
Yyae — KOCOYronbHas HeopToroHanbHas cetka [13].
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Pe3ynkTaTbl MOAenupoBaHuaA: PacnpeaeneHne HacbILEHHOCTU HE(TU B 3a[1aHHbIE MOMEHTbI Bpe-
MEHM.
KpuTepwuit kayecTea: CoBnajieHne pesynbTatos pacieTa Ha OPTOroHanbHOM U HEOPTOrOHANLHON CETKaX.

5 O630p NnapameTpoB TECTOBLIX 3aaau4

B npuBeaeHHol Huxe Tabnuue 1 gaetca 0630p napameTpoB NPEANOXEHHbIX TECTOBLIX 3aaay. B yacTt-
HocTu, B Tabnuue 1 hopmynupyetcs:

- UMEET NN npeanoXxeHHasa TeCToBas 3ajaya TOYHOE aHanNUTUYecKoe peLleHne (NoA TOUHbIM pPeLLeHu-
€M 34eCb TaKkkKe NOHMMAIOTCA Cny4vau, KOraa peLleHne 3aaadn MOXET ObiTb CBEAEHO K PELLEeHMIO CUCTEMbI
06bIKHOBEHHbIX AN depeHUManbHbIX YPaBHEHU);

- MakcuMMarnbHOe Yncno has, Ha KOTOPbIE MOXET paccnameaTbcsa dniouns;

- YMCIIO KOMMOHEHTOB NNacToOBOro hnionaa;

- TWUN TEYEHUS; OTMEYAIOTCH TUNUYHBbIE (PA30BbIE COCTOSIHUSA, MPOUCXOAAT N (pa3oBblE NEePexoibl U He-
N30TEPMUYECKNE ABINEHUS;

- cnocob 3agaHus cyHkuuin OPI, KPUMBBLIX KANUNNSPHOTO AaBNEHUS 1 faHHbIX PVT.

OaHHasa Tabnuua MoxXeT ObITb NonesHa npu BblIbope 3agay Ansa TeCTUPOBaHUA KOHKpEeTHoro MO.

Tabnuya 1— OB3op NnapaMeTpoB TECTOBLIX 3a4a4
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AIBHblE COOT- | SIBHblE COOTHO-
4.1 cyL. 2 — . .
yLL, 2 HecMeLl n30TEPM L oLIeHNS LLeHNs
4.2 He cyLL. 3 3 HeQTL- cMeLl. M30TepMm. Tabnuupl Tabnuypl
Bofa-ras
4.3 He cyL. 3 3 HeQTE- cMelLl. n3oTepm. Tabnuupl Tabnuubl
Bofa-ra3s
4.4 He cyu. 3 5+ HeQTL- cMmel. n3oTepm. Tabnuupl Tabnuupl
Boja-ra3s
HedTb- SIBHbI€ COOTHO-
4.5 He . 2unn4 . .
cyuy 3 Boa-ras cMell Hen3oTepm Tabnuubl LIeHMS]
HedTb- ypaBHeHuUe co-
4.6 He cyLy. 4+ .
YL, 3 Bojja-ras cMell. M30TEPM Tabnuybl CTOAHMS
4.7 He cyu, 3 3 HeQTL- cMmeLw. n3oTepm. Tabnuypl Tabnuypl
Bofa-ra3s
4.8 He cyL. 3 3 HeQTL- cMmel. U3oTepm. Tabnuupl Tabnuupl
Boja-ra3s
4.9 He cyu,. 2 2 HedTb-ra3 cMmeLw. N30TEPM. Tabnmupl Tabnuypl
410 He cyu,. 3 3 HedTb- cMmeLw. N3oTEpPM. Tabnmupl Tabnuypl
Bofa-ra3s
HedTbTa3 1 SAABHbIE COOTHO-
411 He cyu. 2 2 .
yul HedTb-B0Ra HecMelLl. n3oTepm Tabnuupl LeHust
HedPTb SIBHble COOT- | SIBHble COOTHO-
412 cyuw, 1(2 12 .
yu (2) 2 (-8opa) HECMELL. n3oTepMm HOLLUEHUA LIeHUs
HedTb SIBHble COOT- | SIBHble COOTHO-
413 He cyul. 12 1(2 . epMm.
yu (2 (2) (-8oga) HecMeLl nsorep HoLUeHUs LUEHMUA
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AIBHblE COOT- | ABHbl€ COOTHO-
414 cyLuy 2 2 HedbTb-BOA4A | HecMelLl. N30TEPM.
HOLUEeHUnSA LeHunA
AIBHbIE COOT- | ABHbl€ COOTHO-
415 cyu. 2 2 He(pTb-BO4a | HecMelLl. N30TEPM.
HOLUEeHUS LeHunA
AIBHbIE COOTHO-
4.16 He cyL. 1 1 BoAda cMeLL. Hens3oTepmM. —
LeHuns
AIBHblE COOT- | ABHbI€ COOTHO-
417 He cyL. 2 1 BoZa-nap cMelLL. HensoTepmM.
HoLeHNs LeHuUA
AIBHbIE COOT- | ABHbI€ COOTHO-
418 He cyL. 2 1 BoZa-nap cMeLL. HensoTepmM.
HOLUEeHUSA LeHuA
Boga-ras- ABHbIE COOT- | ABHbIE COOTHO-
4.19 He cyL. 3 3 cMeLL. N30TEPM.
conb HOLUEeHMnS LeHUA
Boga-ras- SIBHbIE COOT- | ABHbl€ COOTHO-
4.20 He cyL. 2 3 cMeLL. N30TEPM.
conb HoLUeHMnA LeHuns
421 He ¢ 3 3 BoAa-ras- cMeLL U30TEDM AIBHbIE COOT- | ABHbl€ COOTHO-
' yH conb ' PM. HoLUeHusA LeHus
SIBHblE COOT-
BOAa- SIBHbIE COOT- | HOLUEHUS Unu
422 He cyL. 3 2 KOHZeHcarT- cMeLL. HensoTepmM.
ra3 HOLUeHUSA ypaBHeHue
COCTOSAHMUSA
SIBHbl€ COOTHO-
4.23 He cyL. 1 2 ras cMeLL. N30TEPM. —
LeHuns
BoAa-ras- AIBHblE COOT- | ABHbI€ COOTHO-
4.24 He CyL. 2 2 A cMeLL. N30TEPM.
conb HoLUeHUSA LeHuns
AIBHbIE COOT-
4.25 CyLL. 2 2 HepTb-BOAA CMeLL. N3oTepM. Tabnuuybl
yui P A P HOLUEeHUS H
SIBHbl€ COOTHO-
4.26 He cyL. 2 2 He(pTb-BO4a | HecMelLl. N30TEPM. Tabnuubl Lenns
AIBHbl€ COOTHO-
427 He cyL. 2 2 He(pTb-BO4a | HecMelLl. N30TEPM. Tabnuubl Lenns
AIBHbI€ COOTHO-
4.28 He cyL. 2 2 He(pTb-BO4a | HecMeLl. N30TEPM. Tabnuubl LeHns

6 TpeboBaHus Kk otyety no Bepucpukauumn NO

Otyet no Bepudukauum MO gomkeH cooTBeTCTBOBaTL TpeboBaHuam MOCT P 57700.1.
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Penaktop H.A. ApayHosa
TexHW4eckuit pegakTop B.H. [pycakosa
KoppekTop E.P. AposiH
KomnbtoTepHas BepcTka FO.B. [Tonoeoli

CpaHo B HaGop 07.02.2018.  MopgnucaHo B nevatsb 14.03.2018.  dopmar 60 x 841/8. [apHuTYpa Apuan.
Yen. nev. n. 2,33. Yy.-u3g. n. 2,10. Tupax 22 k3. 3ak. 431.

MoaroToBneHo Ha ocHoBe SﬂeKTpoHHOVI BepCcuW, Npe0CTaBNEHHON pa3paboTYMKoM cTaHAapTa

A «OpucnpyaeHumns», 115419, Mocksa, yn. OpaxoHuknase, 1.
www.jurisizdat.ru  y-book@mail.ru

WzpaHo u otnevataHo Bo Py « CTAHOAPTUH®OPM», 123001, Mocksa, lpaHaTHbIN nep., 4.
www.gostinfo.ru  info@gostinfo.ru
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