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HAUUWOHANBHBLIAN CTAHOAPT POCCUNCKOWN SGELEPALUMNU

MECTOPOXIOEHUA TA30OBbIE, TASOKOHAEHCATHbBIE, HE®TETA3OBbIE
N HE®TEFASOKOHAEHCATHBIE

MporpamMmMHoOe o6ecneyeHne ans rMAPOANHAMUYECKOro MOAeIMPOBaHUA MECTOPOXAEeHUI
OCHOBHbIe (DYHKUMOHASbHLIE U TEXHUYECKUe TpeGoBaHus

Gas, gas condensate, oil, gas and condensate deposits. Software for flow simulation of hydrocarbon fields.
Main functional and technical requirements

Dara BBegeHusa — 2016—05—01

1 O6nacTb NpUMeHeHunsa

1.1 Hacrosawumin ctaHgapt yctaHaBnueaet TpeboBaHus K nporpaMmHoOMy obecnedeHuto ans ruapoauHa-
MUYECKOTO MOAENUPOBaHUSA ra3oBblX, FA30KOHAEHCATHbIX, HE(hTEerazoBbIX U HedpTerasokoHAEHCaTHbIX MECTO-
POXAEHUN.

1.2 NonoXXeHsIMU HACTOSAILLIEro CTaHAapTa PYKOBOACTBYIOTCA CyObeKThI X035IICTBEHHOW AEATENLHOCTY:

- UCMOMb3yloLLUMe NporpaMMHoe obecnedeHne Ana ruapoanHaMM4eckoro MoAenUupoBaHUS ra3oBbix, ra-
30KOHAEHCATHBIX, HepTerasoBblX U HeITEra3soKOHAEHCATHLIX MECTOPOXAEHWI;

- paspabaTbiBaloLUMe nporpaMmMHoe obecneyeHue Ans ruapoaMHaAMUYECKOTO MOJENUPOBaHUSA ra3oBbIX,
rasoKOHAEHcaTHbIX, HePTEra3oBbIX U HEPTEra3oKOHAEHCATHLIX MECTOPOXKAEHUN.

2 HopMaTUBHbIE CCbUTKU

B HacrofiLieM cTaHaapTe UCMOoNb30BaHbl HOPMATUBHBLIE CCbISTKU HA Cneaylowmne CTaHaapThl:

FOCT 8.417—2002 NocyaapcTBeHHasA cuctema obecneveHns eAMHCTBa M3MEPEHnn. EQuHMLbLI BENUUUH

FOCT 19.105—78 EauHas cucrema nporpaMMHoi AokymeHTauuu. O6wme TpeGoBaHusA K NpOrpaMMHbIM
AOKyMEHTam

FOCT 19.601—78 EauHas cucrtema nporpaMmHON gokymentauun. O6wme npasuna ayonupoBaHusl,
yyera U XxpaHeHus

FOCT 19.603—78 EauHas cucrema nporpaMMHoi AokymeHTaummn. O6wme npaBuna BHECEHUS U3MEHE-
HUI

FOCT 2939—63 Na3bl. Ycnosua ana onpeaeneHus oobema

FOCT 28195—89 OueHka kayecTBa NPOrpamMmmHbIX cpeacTs. ObLIme NonoXxeHus

FOCT P 8.645—2008 NocyaapcTBeHHasa cucrtema obecneyeHus eauHCTBa usmepeHuin. Merponoruue-
ckoe obecneveHne paboT No reorormyeckoMy U3y4eHuio, MCNoNbL30BAHUIO U OXpaHe Heap B Poccuiickon de-
Aepaunnu. OCHOBHbIE NONOXEHUA

FOCT P 53712—2009 MecTopoxxaeHnsa HedbTaHble U razoHedTsHble. MporpaMMHble cpeacTBa ANA nNpo-
€KTUPOBAHUA U ONTUMM3ALMK NpoLecca pa3paboTku mecTopoxaeHuii. OCHOBHbIe TpeboBaHus

FOCT P UCO/M3K 9126—93 UHpopmaumoHHasa TexHonorms. OueHka NporpaMMHON NpoayKuun. Xa-
paKTepUCTUKN Ka4ecTBa U PyKOBOACTBA NO UX NPUMEHEHMIO

FOCT P UCO/M3K 12119—2000 NHdopmauunoHHasa TexHonorus. MNaketsl nporpamm. Tpe6GoBaHus k
Ka4ecTBy U TECTUPOBaHUE

FOCT P NCO/M3K 15910—2002 NHpopmaynoHHaa TexHonorua. Npouecc cosgaHus AoKyMeHTauuu
nonb30BaTensa NPOrpamMMHOro CpeacTBa

U3panune opmumansHoe
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MpumeyvaHue —pu NonNb3OBaHAM HACTOSALLMM CTaHAAPTOM Lienecoobpa3Ho NpoBEPUTL AeHCTBUE CChINOYHBIX
CTaHAapTOB B MH(POPMALMOHHOM cucTeMe 06LLero nofb3oBaHUsA — Ha ouULManbHOM caiite OefiepansbHOro areHTeTea no
TEXHUYECKOMY PeryriMpoBaHuio U METPONOrU B ceTU MIHTEPHET UK Mo exerogHoMy MHOPMaLMOHHOMY yKasaTento «Ha-
LMOHaNbHble CTaHAapTbl», KOTOPLIW oMyGrNUKOBaH No COCTOSIHWIO Ha 1 SiHBapsl TEKYLLETO rofja, U Mo BbINyCKaM eXeMecs-
HOro MHPOPMaLMOHHOrO ykalaTens «HalnoHasbHble CTaHAapTeI» 3a TEKYLUiA rod. Ecnin 3aMeHeH CCbiNoYHbI cTaHaapT,
Ha KOTOpbIf AaHa HefaTUpoBaHHas CCbifka, TO PEKOMEHAYETCA UCTONb30BaTh AEHCTBYIOLLYIO BEPCUIO 3TOMO CTaHAapTa
C YHYETOM BCEX BHECEHHLIX B JJaHHYIO BEPCUIO U3MeHEeHMIA. ECru 3aMeHeH CChINOYHLIN CTaHAapT, Ha KOTOpLIN faHa AaTu-
POBaHHasA cchiflka, TO PEKOMEHAYETCA UCMOMb30BaTh BEPCUIO 3TOrO CTaHAAapTa € YkasaHHbLIM BhILE rOAOM yTBEPXAEHUSA
(NpuHATKSA). Ecniu nocne yTBepXAeHUA HAaCTOsILLEro cTaH4apTa B CChITOYHBIA CTaHAapT, Ha KOTOpbI AaHa AaTUpoBaHHas
CChINKa, BHECEHO U3MEHEHMe, 3aTparmBaloLLee NONOXEHNE, Ha KOTOPOE flaHa CChlfika, TO STO NoNoXeHNe pekoMeHayeTcs
NPUMEHSTb 6e3 yYeTa faHHOTO U3MEHEHMUSI. ECINU CChINOYHLIN CTaH4apT OTMeHeH 6e3 3amMeHbl, TO NONOXeHWe, B KOTOPOM
JaHa ccblflka Ha Hero, PeKOMeHAYETCA NPUMEHSTb B YacTy, He 3aTparuBaloLleid 3Ty CChISKY.

3 TepmuHbl U onpeaeneHus

B Hacrodawem craHgapre npUMeEHeHb! criedyowpe TePMUHbI C COOTBETCTBYIOLLIMMKM ONpeaeneHUAMM:
3.1 apanTauua napameTtpa: Npouecc MMHUMU3ALIMKM OTKITOHEHUSI PACYETHOIO 3HAa4YEHUA napameTpa oT
ero hakTUYeCcKoro sHa4eHus.

3.2

apantauus und poBou reonoro-PuUnsTPaLMoHHon mogenu: dGunyeckm 060CHOBAHHOE U3MEHEHHNE
napamMeTpoB U CTPYKTYPbl LiMPPOBON reonoro-punbTpaLunMoHHON Moaenu Ans MakCUmanbHO BO3MOXHOM
CXOAMMOCTM (PAaKTUHECKUX U MOLENLHBLIX MOKa3aTenemn pa3paboTku MeCTOpPOXaeHUA HedTU U rasa.

[FOCT P 53554—2009, crartba 2.69]

3.3 BOOOHOCHbII ropu3oHT: OcagoyHas ropHas nopoaa, nNpeacTaBneHHas OA4HUM WU HECKONbKUMK
nepecnanBaloLLMMICA MOA3EMHbIMU CROSIMU FOPHBLIX NMOPOA C PA3NUYHON CTENEHbIO BOAONPOHULIAEMOCTH,
MYCTOTbI (MOPbI, TPELLUMHBI) KOTOPbIX 3aMNOSNHEHbI FPaBUTALMOHHBIMU BOAAMM.

3.4

rasoBbiit pakrop: OTHOLUEHWE MOSIYYEHHOrO KonuyecTBa HedTAHOrO rasa, NPUBEAEHHOIO K aTMOC-
hepHoMy aaBneHuto u Temnepatype 20 °C, K KONM4ecTBY NONYYEHHON 3a TO e BpeMsi He(pTU Npu TOM xe
AaBMeHUU 1 TOW Xe Temneparype.

[FOCT P 53554—2009, cratbs 2.94]
3.5

rmapoauHamuyeckas (unbTpauMoHHan) Mogenb: COBOKYMHOCTb YUCMOBBLIX AUHAMUYECKUX nNa-
pamMeTpoB, XapakTepUsyloLmMx MOAENUPYEMOE MECTOPOXKAEHUE, COOPHbIE CETU U yNpaBnsioLmMe Bo3aen-
CTBUSI HA HMX B Npouecce pa3paboTku, a Takke MmareMaTMyeckoe OnucaHue OCHOBHbLIX 3aKOHOMEPHOCTEMN
MPOLIECCOB TeYEHUA PoMA0B NOA, BAMAHMEM STUX BO3AEHCTBUN.

[FOCT P 53712—2009, nyHkT 3.12]
MpumeyvyaHune — B faHHOM CTaHaapTe ANA pasgeneHus nporpammHoro obecnedenus (MO) cbopHbIX ceTeit U

MO ruapofMHaMU4ecKoro MOAENUPOBaHUA PUNETPaLMOHHas (rMApoAUHaMUYeckasl) MoAenb paccMoTpeHa Ao 3a6os
CKB@XWH.

3.6

rmapaenuyeckuit paspoiB nnacta: Cnocob nHreHcudukaumm paboTbl 3KCNNyaTaLUMOHHbIX CKBaXKUH
1 NOBbILIEHUSA HEHTEOTAAYM NNACTa 3a CHET Pa3sBUTUS B HEM ECTECTBEHHbIX UMM 06PA30BaAHUSA UCKYCCTBEH-
HbIX TPELLMH NYTEM CO3aaHus Ha 3a60e AaBNEHUS, NPEBLILLIAIOLLETO NPeaen NPOYHOCTU NOPOAbI HA Pa3pPbIB.

[FOCT P 53554—2009, crarba 2.103]

3.7 naBneHune HacblleHus: [laBneHue, Npu JOCTUXKEHUU KOTOPOTO B NPOLECCE CHMKEHUS AaBMNEHUs!
HaAYMHAETCA BblAeNneHue rasa us HedTu.



FOCT P 56449—2015

3.8

[eOuT 3KcnnyaTauMoOHHOM CKBaXUHbI: Konnm4ecTtBo HedhTh M (Mnun) rasa, nosydeHHoe U3 aKkcnayara-
LIMOHHOWN CKBaXXWHbI B €MHULY BPEMEHU.

[FOCT P 53554—20009, crartba 2.113]

3.9 auddepeHumanbHaa koHgeHcauus: [Npouecc o6pa3oBaHMs Xugkon dasbl B ra30KOHAEHCATHOMN
(MHOrOKOMMOHEHTHOW) CMeCU Npu CTyneH4aToM Bbinycke n3 cocyaa (6ombbl PVT) napoBoii chasbl (CTyneH4a-
TOM W3MEHEHUN AABMEHUS) U HEU3MEHHON TemMneparype.

3.10

3abonHoe gaeneHue: [asneHue cronga Ha 3aboe OypoBOI CKBaXMHbI Npu Aobblve HedTu 1 rasa.
[FOCT P 53554—2009, cratba 2.42]

MpumevyaHune — [JaBneHue Ha 3aboe npocTanBatoLleil (UM BPEMEHHO OCTaHOBIIEHHOW) CKBaXMWHbI Ha3biBa-
€TCA NNacToBLIM JaBMeHNeM.

3.11 kanunnapHoe gasreHue: PasHOCTbL 3Ha4YeHUIn AaBEHNA Ha NOBEPXHOCTH pasaena gas.

3.12 koMno3uunoHHasa moaenb: Mozaernb, B KOTOPON YINeBogopoaHasa nnacrtoBas cuctema npeacras-
neHa B BUAe 3a4aHHOI0 KONM4eCcTBa KOMMOHEHT, KaXKabli U3 KOTOPbIX XapakTepusyeTcsa CBOMMKU napamerpa-
MU.

3.13 KOHAeHCcaTHO-ra3oBbIN pakTop: KonnyectBo ctabunbHOro Unu HECTabunbLHOTO KOHAEHCATA, Bbl-
paxeHHoe B Kybuyeckux meTpax (B rpaMMax), NpuxoasLieecs Ha OauH Kybuueckuit METp rasa cenapauuu.

3.14 nokanbHbIe U3Merib4eHUA: PasykpynHeHne reornorm4yeckoin CETkM ¢ Lenbio geTanusauum BbiopaH-
HOI obnacTu.

3.15 maccuB (NPOHULAEMOCTU/NECYAHUCTOCTU/MOPUCTOCTU/CBA3HON BOAOHACbILWEHHOCTH/OCTa-
TOYHON He(hTeHaCbIWEHHOCTU/OCTAaTOYHON ra30HACbLIWEHHOCTU) AAHHbIX O XapaKTepe HacblWeHUA:
TpexmepHbIi MaccuB 3HaYe€HUI (MPOHMLIAEMOCTU/NECHAHUCTOCTM/NOPUCTOCT/CBA3HON BOAOHACKILLEHHOCT W/
0CTaTO4YHOW HedITeHAaChILEHHOCT/OCTAaTOMHON FAa30HACBILEHHOCTU) AaHHbIX O XapakTepe HacbilWweHus, 3a-
JaHHbIX B K&X40I A4Yeike MOAEnMpyemoro oobekTa.

3.16

MHOro3aboiHasa ckBaxuHa: BypoBas CKBaXxMHa, UMEIOLLAS OTBETBIIEHWS OT OCHOBHOIO CTBOMA B
BMJE PE3KO UCKPUBMEHHLIX JOMOINHUTENbHLIX CTBONOB B Npefenax NnpoAyKTUBHOIO nnacra npu paspaboTke
MEeCTOPOXAEHNIN HETH 1 rasa.

[FOCT P 53554—2009, crartba 2.38]

3.17 Mmogenb cpeabl C ABOWHON NOPUCTOCTLIO: Mogenb nopoabl CO CMELLAaHHON NOPUCTOCTLIO C BBO-
[OM B KX 0N TOUKE NPOCTPAHCTBA NOPOAbI ABYX 3HAYEHWI AaBNEHUS XXUAKOCTU (ra3a): 4aBreHus B TpeLm-
Hax 1 AaBneHusi B NOPOBbIX BNoKax, y4UTbIBaOLLAA OOMEH XUAKOCTLIO (ra3om) Mexay OrnokamMu u TpeLHamu.

3.18 mopgenb HeneTyuyen HedpTu: Moaenb, B KOTOPOW yrneBoAOPOAHAS CUCTEMA annpOKCUMUPOBaHa
ABYMSA KOMNOHEHTAMMU: HENETYYUM (HEDTBLIO) U NETYYUM (ra3om).

3.19 HeOAHOPOAHOCTb OOBLeKTa: M3meHeHne PUNLTPALMOHHO-EMKOCTHBIX CBOWCTB MO MNoWaan u
paspe3sy obbekTa.

3.20 HenpOTMBOPEYUBOCTb rMMAPOAUHAMMYECKON moaenu: COOTBETCTBME TMAPOANHAMUYECKON MO-
aenu U3M4eckuMm nNpeacTaBneHusam O reonorMyeckoM OObekTe WM MPOTEeKalWwmMX B HeM OUMLTPALMOHHbLIX
npoueccax.

3.21 napannersnbHble BbluUceHUA: Cnocob opraHn3aumm KOMMNbIOTEPHbIX BbIMUCIIEHUI, MPYU KOTOPOM
B OAMH U TOT )K€ MOMEHT BPEMEHU MOTYT BbINONMHATLCS OAHOBPEMEHHO HECKONMBKO BbIYUCIMTENBHLIX Onepa-
UMIA, HANPaBMeHHbIX Ha peLleHne obLen 3agayu.

3.22

npu3a6oiiHas 30Ha: YYacToK NPOAYKTUBHOIO Nnacra, NPUMbIKAKOLWMIA K CTBOMY GYPOBOM CKBaXUHbI,
B Nnpeaenax KoToporo W3MEHSIOTCA (PUNLTPALMOHHLIE XapakTEPUCTMKU NMPOAYKTUBHOMO Niacra B nepuog
CTPOUTENBLCTBA, SKCMyaTaLun U1 PeMOHTa GYPOBOI CKBaXKUHbI.

[FOCT P 53554—20009, cratba 2.41]
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3.23

nporpammHoe o6ecneyeHue: COBOKYNHOCTL NPOrpaMm CUCTEMbI 06paGoTKM MHCGbOPMaLMKU U Npo-
rPamMMHBIX [JOKYMEHTOB, HEOGXOANMBIX AN SKCMNyaTaunuu STUX NPorpamm.

[FTOCT 19781—90, cratbs 5.2]

3.24 cnaHueBbIn ra3: MNpupoaHbIi ra3, 4o6bIBAEMbIN U3 TOPIOYMX CrAHLUEB M COCTOALLUIA NpeumMyLLe-
CTBEHHO M3 METaHa.
3.25

TexHu4Yeckoe obecrevyeHne NpoOrpamMMHOro cpeacTea: KoMNnekc TEXHUYECKUX CPEACTB, UCMONb-
3yeMbIX Ana peanusaumn yHKLMOHANbHBIX BO3MOXHOCTENM NPOrpaMMHOro CpeacTBa, BKMOYas cpeacTea
BBOAA, 06paboTkK, BU3yanusaLuu, XpaHeHUs U Nepeaadn AaHHbIX.

[FOCT P 53712—2009, nyHkT 3.11]
3.26

ypaBHeHMe COCTOSIHUA NPUPOAHOIO rasa: YpaBHeHUe, KOTOPOe CBA3bLIBAET haKkTop CHUMAEMOCTH,
Temnepartypy, NrIoTHOCTL U MOMAPHbLIE 40NN KOMIMOHEHTOB.

[FOCT 30319.0—96, nyHkT 3.5]
3.27

ycTbeBoe aaBneHue: JaBneHue, M3MepeHHOe B BEPXHEN TOUKe OYyPOBON CKBaXKUHBI.
[FOCT P 53554—2009, ctatbs 2.45]

3.28 ¢dasoBble npeBpaleHus: MNepexos BellecTBa U3 OAHON TepMOAMHAMUYECKOW (hasbl B APYrytO
nNpu U3MEHEHUN BHELLHUX YCITOBUN.

3.29 chasoBoe paBHOBecue: OgHOBPEMEHHOE CyLLIECTBOBaAHWE TEPMOANHAMUYECKU PABHOBECHbIX (ha3
B MHOro(pasHom cucrteme.

4 CokpaweHus

B HacToslLLEM CTaHAapTe NPMMEHEHBI CEAYIOLIME COKPaLLEHUS:

BHK — BOAOHEMTAHOW KOHTAKT;

MBK — ra3oBoAsAHOW KOHTAKT;

MM — ruapoanHamuyeckoe MoaenupoBaHue;
Mmn — ruapoaMHaMUYECKUe UCCnefoBaHUS;
M’MK — ra3oHedTsIHOW KOHTAKT;

PN — rugpasnuyeckuii pa3pbiB NNAcTa;

C — ropu3oHTanbHbIN CTBOM;

MM — reonoro-TeExHU4YECKME MEPONPUATUS;
OKC — [#oXumHas KOMNpeccopHas CTaHums;
K'® — KoHAeHCaTHO-ra3oBblIi (hakTop;

KPC — kanuTanbHbIli PEMOHT CKBAXKUH;

HKT — HaCOCHO-KOMNpECCOPHbIE TPYObI;
OPll — oTHOCUTENbHbIE (ha30BbIE NPOHULLAEMOCTI;
MAB — nOBepPXHOCTHO-AaKTUBHLIE BELLECTBA;
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N0 — nporpamMMmHas AOKYMEHTauus;
M3MN — npusaboliHas 30Ha Nnacra;
MO — nporpaMmMmHOe oGecneyeHue;
MXI — nogsemHble XpaHunuuia rasa;
YB — yrneeoaopoasbl;
PVT — pressure volume temperature (naBneHne o6bema Temneparypsbi).

5 OOwme nonoxeHus

MO IOM npuMeHsIIOT Ans NPOrHO3UPOBAHUSA TEXHOMOTMMUYECKUX napameTpoB pa3paboTKU MeCTOPOX-
AeHui NpUpoaHLIX YB Ha OCHOBE TpexXMepHbIX rMapoanHamMuYeckux (unstTpauuoHHbix) mogenen. MO IAM
JOoMmkHO obecnevmBaTb BOCNPOU3BEAEHNE OCHOBHbLIX (PU3NHECKUX NMPOLECCOB, MPOUCXOAALLMX Npu PUNbTpa-
uun HedTK, ra3a u BOAbI B NOPOBbIX CpeAax (Konnekropax).

Ona mectopoxaeHun, nMetowmx akTuieckyto nctoputo paspaborkm, MO OM gomkHo obecneunBartb
BO3MOXXHOCTb HACTPOMKKU (agantauuun) ruapoamHamMmyeckux Mogenen Kk ncrtopun paspaboTku nepea Bbinon-
HEeHueM NMPOrHo3HbIX pacyeTos [1].

6 UcxoaHble aaHHbIe Ans NPOrpaMMHOro o6ecneyeHusi rMapPoaANHaMUUYecKoro
MOOEenMpoBaHusl

6.1 cxoaHbiMu gaHHbiMu ana MO ITOM aenaoTcs:

6.1.1 Ctatnyeckasa OCHOBa:

- TeOMeTPus rmapoaNHaMUYECKON CETKN;

- MAacCuBbl MPOHMLAEMOCTH (gMaroHanbHble KOMMOHEHTbI TEH30pa NPOHMLAEMOCTH);

- MacCuB NeCYaHUCTOCTHU;

- MaccuB NOPUCTOCTH;

- MaccuB CBA3@HHOW BOAOHACHILLEHHOCTH;

- MaccuB OCTaATOYHOWN HACLILLEHHOCTM YINeBoAOPOAHbIMU ha3amu (HedThb, ras);

- MacCCMB HayarbHbIX HACLILLEHHOCTEN;

- Maccus rMapoanNHaMUYECKU U30NUPOBAHHBLIX CETMEHTOB MOAENMU (reOMETPUYECKME KOOPAMHATLI Ha-
pyLleHnin nnacra);

- MaccuB NOPOBOro 06bLeMa;

- MaccuB NPOBOAUMOCTEMN;

- MaccuB PernoHOB NoAcYeTa 3anacos;

- MacCMB PErMoOHOB CXMUMaEMOCTU NOPOAbI;

- MaccuB PErMoHOB KNaccoB KOSINIEKTOPOB;

- maccus PVT-cBoincTs hntounaa;

- otmeTkn MHK, BHK unu MBK no MECTOPOXAEHUIO B LIENOM UNKU MO TMAPOANHAMUYECKN U30NMPOBAH-
HbIM CErMEHTaM MOAENW;

- 3HA4YeHUs Ha4yanbHOro NNacToBOro AaBneHNa N0 MECTOPOXAEHMIO B LEMOM, UK MO rnapoanHaMmde-
CKN U30NMPOBaHHLIM CErMEHTAM MOAENM, UITM B 3aBUCUMOCTUN OT abCONIOTHOWM OTMETKM;

- ra3oBbli WU KOHAEHCaTHO-ra3oBbin pakTop (MNM HavanbHbIn KOMMNOHEHTHbLIA COCTaB) NO MECTO-
POXAEHMWIO B LENOM, UMK NO MAPOANHAMUYECKN N30NMPOBAHHLIM CErMEHTaM MOAENU, NN B 3aBMCMMOCTM OT
abConTHON OTMETKU;

- pesynbTarbl OLUEHKU HavyanbHbIX 3anacoB U NOACHETHbIX NapaMeTpoB.

6.1.2. CxumaeMocTb nopoabl (B TOM Yncne B BuAe Tabnuu, ONUCLIBAOLLMX HEMMHENHbIE 3aBUCUMOCTU
NOPUCTOCTM U NPOHULAEMOCTU OT NAACTOBOrO AABEHUS).

6.1.3 ®YHKUMN OTHOCUTENLHbIX (Pa30BbIX NPOHMLAEMOCTEN.

6.1.4 3aBMCUMOCTU AaBfneHnUs B CUCTEME HeddTb—Tra3 U Boga—HEMPTb, ra3—yrneBogopPoAHbIN KOHAEH-
car, YrneBoAOPOAHbIN KOHAEeHCAaT—BoAa (ra3—Boja nNpu OTCYTCTBUU XXUAKOW YrNeBO4OPOAHOW (ha3bl) OT Ha-
CbILLIEHHOCTY MU MoAenNb J-PYHKLMN.
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MpumevyaHue — J-yHKUMUA ABNSETCA NO CBOSW CYTU HOPMUPOBAHHON BEMUYUHOW KanuUNnspHoOro AasneHus. B
KadecTBe KpUTEpUEB HOPMUPOBAHMUS BLICTYMAKT CUSbl MOBEPXHOCTHOrO HaTSKEHUS Mexay drrongamMu n punsrpaLlmuon-
HO-€MKOCTHbIE CBOCTBa MaTpuLbl:

_R(&) |k
J(s")_ccos(-) m’ M

rae P (Sp) — xanunnspHoe aasnexne (pyHkuus Sp), Ma;
S, — BOAOHACLILEHHOCTD, 4.e4.;
O — HaTsKeHUe Ha rpaHuue pasgena das, AuH/CM;
6 — yron cmMaunBaHus (Kpaesow yron cCMaynMBaHus), rpagyc;
k — npoHuuaeMocTs, onpeaeneHHas no obpasuy kepHa, m;
m — nopucTocTsb, onpeaeneHHasa no obpasuy KepHa, a.ea.

6.1.5 MNapameTpbl Mogenu, yuutbiBaroLlen nuameHeHme O®l B cuctreme HedbTb—ra3 (YrneBoaopOAHbIi
KOHOEeHcaT—Tra3) Npu BbICOKUX CKOPOCTAX punbsTpauuu.

6.1.6 MNapameTpbl Moaenu dopxrenMepa, ONUCLIBAIOLLEN KBaaPaTUYHYIO 3aBUCUMOCTb rpajiueHTa Aas-
TNEeHns 0T CKOPOCTU NoToKa.

MpumedaHue — Mpu GonbLUMX NOTOKax rionga 3aBUCUMOCTb rpagneHTa AaBneHUs OT CKOPOCTU TeYeHWs
nepexoauT W3 NMUHERHOW, onKcaHHO 3akoHoM [apcy, B KBagpaTudHyto Mogens dopxreiimepa.

aP
o =G veBov?, @

roe  p — BA3KOCTb, a-c;
K — npoHuyaemoctb, mA;
p — NNOTHOCTb, KI/M3;
V — CpefHas CKOpOCTb NOTOKa, M/C;
B B ypaBHeHUn — obparHas anuHa (1/m).

Moaenb dopxrerimepa HeobxoauMa B 30HaxX ¢ HOMbLLUMMU CKOPOCTSIMU NOTOKOB, HAaNpPUMEp OKOJI0 CKBa-
JKUH.

6.1.7 PVT-cBoicrBa HedTu 1 rasa B Buae:

- KOMMOHEHTHOr0 COCTaBa M CBOWCTB KOMMOHEHTOB (KPUTUYECKUE NnapaMeTpbl, Ko3pduumeHTsl GuHap-
HOro B3aUMOAEUCTBUA U T. 4.);

- Tabnuy, ONUCLIBAIOLUX U3MEHEHNE NIMOTHOCTU, BA3KOCTU, U 0ObEMHbIX KO3(P(PULIMEHTOB AaBnNeHUA
AnA pasHbiX 3HaYeHuK razosoro dakropa unu KIrd, a Takke 3aBUCUMOCTb AaBfEHUA HACbILLEHUS MU HaYana
KOHAEHCauumn OT 3Ha4Y€HUs ra3oBoro ¢pakropa unu Kro.

6.1.8 CBoicTBa NNacToBOM U 3aKa4UMBAEMOM BOAbI.

6.1.9 [laHHble NO CKBaXXMHAM:

- TPAEKTOPUUN CKBAXMH;

- WHTepBanbl NepcopaLum CKBAXKUH B U3MEPEHHBIX W aBCOMIOTHLIX rnybuHax;

- AaTbl NpoBeaeHua nepdopauuu, U3onsAuumn, AoONONHUTENbLHOW nepdopauuu.

6.1.10 [laHHble O KOHCTPYKLIMSIX CKBQXKMH: ANAMETP CKBaXMHbI, AnaMeTp u rnybuHa cnycka HKT, ycTpon-
CTBa KOHTPOMA NPUTOKA U T. A.

6.1.11 OanHble o npoBeaeHHbix PN, KPC u apyrux MM.

6.1.12 Uctopus pa3paboTku:

- nebutbl rasa, HeTH, KOHAEHCATA U BOAbI N0 A400bIBAIOLMM CKBaXXMHAM U/MNK rpynnamM Ao6biBaloLLmx
CKBaXMWH;

- pacxoabl ra3a v BoAbl N0 HAarHETaTENbHbLIM CKBAXWUHAM W/WNW rpynnamM HarHeTatTesnbHbIX CKBAXMH;

- 3a60liHble K yCTbeBbIE AABNEHUSI NO CKBAXKMHAM.

6.2 EquHnLUbl U3MEPEeHUs NCXOAHbIX AAHHbIX

UcxogHble gaHHble ana MO IIOM uamepsiior B cucteme CU B cootsercteumn ¢ NOCT 8.417 u MOCT P
8.645.

6
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7 ®yHKUNOHanNbHbIe TPe6OoBaHUA K NPOrpaMMHOMY o6ecneyeHuio
rMapoavHaMMnyeCcKoro MoaenupoBaHua

7.1 ImnopT, NoAroToBKa U NPOBEPKA MCXOAHLIX AaHHbLIX, NEPEYUCTIEHHBIX B pasaene 6.

7.2 Co3paHue YUCNIEHHOM MOoaenu nNnacToBoro ¢pnonaa

7.2.1 MogenupoBaHue cneayowmx nabopaTtopHbIX 3KCNEPUMEHTOB:

- OfIHOKpaTHasA cenapauus;

- CTyneHyaras cenapauus;

- andpdpepeHUmManbHOe pasrasupoBaHue;

- KOHTAaKTHasa koHAeHcauusn (nccrnefoBaHue npu NOCTOAHHOW Macce);

- AndhdepeHumanbHan KoHgeHcauus;

- onpegerieHne AaBneHnUs HaCbILLEHUS,

- OQHOKpaTHbIN pacyeT (pa3oBOro paBHOBECUA.

7.2.2 CospgaHue Tabnuu, ONUCLIBAIOLLMX U3MEHEHUE MAIOTHOCTU, BA3KOCTU M 0O BbEMHbIX KO3hdULIMEH-
TOB OT JaBneHusa Ana pasHbiX 3Ha4YeHUi ra3osoro drakropa unu Kre, a tawke 3aBUCMMOCTb aBIeHUs Ha-
CbILLIEHWA UMW Ha4arna KoHAeHcauuum oT 3HaveHus ra3osoro cpaktopa unu KIe npu nnacrosoit Temneparype.

7.2.3 Hacrponka napaMeTpoB YpPaBHEHUA COCTOSHUSI MO  pe3ynbratam  naboparopHbIX
PVT-akcnepumMeHTOB, B TOM YUCIE C UCMOSb30BaHMEM NPOLUEAYPbl MHOTOMEPHOW perpeccumn.

7.2.4 BO3MOXHOCTb UCMOSb30BaHMA Pa3NNYHbIX yPaBHEHUIA COCTOAHUA.

MpumMedaHune — Kak npaBuno, UCNonb3ytoT ypaBHeHUs cocToaHus MeHra-PobuHcona, Coase-Peanuxa-KeoHra,
3iogkeBuda-odde, onucaHme npuBeaeHo B NPUNOXEHUMN A.

7.3 3agaHne Ha4yanbHOro COCTOSIHUSA MOAENU 3aKNI0HaEeTCA:

- B pacyeTe paBHOBECHOIO Ha4anbHOr0 COCTOSIHUA MOAENWU, B TOM YMCNE C BO3MOXHOCTLIO 3aJaHus
Ky6a Ha4anbHOWM BOAOHACLILLEHHOCTH M nocneayiowen moaudukauymen KanunnapHbiX AaBIEHWN;

- NPAMOM 3aJaHWN HEPABHOBECHOMO HA4YanbHOro COCTOAHUA MOAENU.

7.4 3apgaHue ycnoBuii Ha rpaHuLax pacdeTHon obracru, B TOM YUCIE B paMkax Moaenei BOJOHOCHbIX
ropusoHToB deTkoBuya u Kaprepa-Tpevicu.

MpumedaHune —MeTogbl onpegeneHns BogoHocHoro nnacra detkosuya u Kaprepa-Tpeiicu npuBegeHs B npu-
noxeHuu b.

7.5 3anucb nepeTokos chniouaosB mexay obnacrsiMu (PErmoHamm) MOAENU C BO3MOXHOCTLIO NMocneay-
IOLLIEr0 OTAENLHOTO MOAENUPOBAHUS KAXO0ro peruoHa (CeKTopa) ¢ y4eToM 3anmMcaHHbIX paHee NePETOKOB.

7.6 OueHka HayanbHbIX U TEKYLUMX (OCTaTo4HbIX) 3anacos YB.

7.7 KOHTPOAb HENPOTUBOPEYUBOCTU MOAENMN.

7.8 ApanTauma mMoaenu K uctopumn pa3paboTku 3a CHET MUBMEHEHUA TEX NapaMeTPOB MOAENU, KOTOPbIe
HEW3BECTHbI UMW U3BECTHbI C CYLLEECTBEHHOMN MOrPELUHOCTbIO.

7.9 BbINONHEHWE NPOTrHO3HbIX PacYETOB AN PasnUYHbLIX BAPUAHTOB JKCMNyaTauuu MECTOPOXAEHWUS,
YUUTBIBAIOLLUX

- BpeMsl, B Te4eHUe KOTOPOro OCYLLECTBASIIOT NPOrHO3MPOBAHUE;

- npeanonaraembinn rpacduk BypeHusi, Mecta pacnosioXXeHUA CKBaXKUH, TUMbl CKBAXXMH U MHTEPBarbl 3a-
KaHYUBAHUS;

- npeanonaraembin rpadpuk nepeBoga CKBaXKMH Ha Apyrme 06bekTbl U 3ape3kn 60KOBbLIX CTBONOB;

- NAaHuMpyeMyio MoAepHU3aLMio cuctem cbopa, NOAroTOBKUM U HarHeTaHus;

- TEXHOMNOrMYeCKue orpaHuyeHus Ha fo00bIYy HedTu, BOAbI U ra3a;

- TEXHOMNOTrMYeCKUe OrPaHUUYEHUS HA HAarHETaHWe BOAbI U rasa;

- OrpaHu4yeHust Ha NPOMBbICINOBbIN ra3oBbIi hakTop (A8 OTAENbHbLIX CKBAXWH, MPYMN CKBaXMWH U MECTO-
poXxaeHus);

- OorpaHuyeHust Ha 06BOAHEHHOCTb NPOAYKLUMM (AN OTAENbHbIX CKBAXMH, TPYNN CKBAXXUH U MECTOPOX-
neHns);

MWUHUMArbHbIA 9KOHOMUYECKUI Ae0uT HedTU, KOHAEH CaTa UK rasa;
MaKCUMMarnbHbIn 4eOUT HeddTH UK rasa No CKBaXKMHaM (ECNU NPUMEHUM);
OrpaHNyYeHU Ha CYMMAapPHbINA YPOBEHb A00bIMM HE(TU rasa unm BoAbl;
OrpaHnyeHus N0 MMHMMAaNbLHOMY U MaKCUMaribHOMY [ABINEHMIO HA YCTbe CKBAXKUH.
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7.10 MapannenbHble BbIMUCIIEHUSA — 3TO:

- YCKOpEeHWe rMapoanHamMmmnyeckmx pacyeToB 3a CHET UCMONb30BaHWA napannenbHbIX NPoLeCCOpOB;

- BO3MOXHOCTM 3amnycka C MCMoMnb30BaHUEM CUCTEMBI 0uepeden (Co3gaHne u ynpaereHue ovepeasimu)
yAaneHHOro 3anycka Ha pacyeT M MOHMTOPUHIA pacyeTa Ha yaareHHOM Knacrepe.

7.11 YyeT nputoKa K ra3oBblM CKBaXXMHaM NoApa3yMeBaEeT:

- Y4YeT pearnbHbIX CBOWCTB rasa npu pacyere nputoka (HEMMHENHOCTb 3aBMcumocTn agebuta ot genpec-
cum);

- Hanuuue mogenu adpekta OGrOKMPOBKM rA30KOHAEHCATHON CKBaXKVHBI KOHAEHCATOM MPU CHUXKEHUN
3a60MHOTO JaBMNEHUS HUKE AABMNEHUSA HavYana KoHAEeHCaLuu;

- BO3MOXHOCTb yYeTa OTKIMOHEHMA OT NIMHENHOro 3akoHa npu ounsTpauummn rasa B nnacre;

- BO3MOXHOCTb BECTU YMNPOLUEHHbIA YYET OTKITOHEHUS OT NIMHEHHOTO 3aKOHa hunbTpaummn B npn3aboii-
HOI 30HEe CKBaXMHbI (CKMH-hakTOop, 3aBucALLMi OT AebuTa, — Tak HasbiBaeMblii D-pakTop).

7.12 BO3MOXHOCTb AeTanusauum CeTku B OKONMOCKBKUHHOW 30HE C MOMOLLbIO:

- NPAMOYTrOJibHbIX NTOKaNbHbIX N3MEnbYeHUN CETKMU,

- HECTPYKTYPUPOBAHHBLIX CETOK AN AeTanu3auuv MOAENU B 30HE FOPU3OHTANbHbLIX U MHOTO3ab0MHbIX
CKBaXXMH.

7.13 MogenupoBaHWe 3akadku NONMMEPOB C BO3MOXHOCTLIO y4eTa:
M3MEHEHUS BA3KOCTM 3aKayuBaeMON BOAbI C YBENUYEHWEM KOHLIEHTpALMN NONUMEPa;

- apcopbuun nonumMepa Co CHUXEHMEM NPOHULIAEMOCTH;

- aecopbummn nonumepa.

7.14 MogenuposaHue 3akavku CO, npeacraenser cobomn:

- y4eT pactBopumoctu 3akadmsaemoro CO, B Boae n HedTh,

- MOAennpoBaHUe 3aKayku yrnekucnoro rasa B He(bTﬂHbIe nnacTtbl ANA yBeENU4eHua He(bTGOT,E[alWI.

7.15 MopenupoBaHue BOAOra3oBoro BO34eMCTBUA — MOAENUPOBAHME NOOYEPEAHON 3aKavykn BOAbI U
rasa, a Takke COBMECTHON OJHOBPEMEHHON 3aKauKM.

7.16 MoaenupoBaHue HEM30TEPMUYECKON (hunbTpaumm (paclumpeHue MoAenun Henetyyen HedTH, Co-
Jepxallee AONONMHUTENBHOE ypaBHEHWE COXPAHEHUS SHEPTUM AN BbIYUCTIEHUS TEMNEPATYPLI B NNacTe).

7.17 YuyeT TedeHuna dnonga B creonax 'C gaer BO3MOXXHOCTb:

- y4yeTa TPEHUS B CTBOME CKBa>KVWHbI NPU MOAENUPOBAHUMN FTOPU3OHTASNbHBIX CKBAXWH;

- MCNOMb30BaHUA MOAENU MHOFOCErMEHTHOW CKBaXKMHbI ANA TOYHOIO ONMCaHUA NoBeeHus MHorodas-
HOTO MOTOKAa B CTBONE CKBAXMHbI, y4€TA reOMETPUUN CKBaXXMHBI B NPOLECCe pacyeTa;

- MOAEnMpoBaHUsi MHOro3aboliHbIX (Pa3BETBIIEHHO-TOPU3OHTANbHBIX) CKBAXXMH B paMKax MOAENU MHO-
rOCErMEeHTHOWM CKBaXMHbI.

7.18 MopgenuposaHue I'PIN npeactaenset cobor MoaenMpoBaHue:

- TPeLUmHbl rmapopaspbiea B ABHOM BUAE C 3ajlaHUEM e€ NONYANUHLI, PACKPLITUEM, HaNpaBreHneM u
T. 4. (peTanbHbIN YyY4ET NapaMeTpoB TPELLUMHBLI U CBOWCTB NnacTta), a Takke ydeT acpdekta 3aryxanua PN or
BPEMEHMU;

- MHoroctaguiHoro MPl1, oueHka pesynsraros.

7.19 KoMNo3MUnoHHoe MoaennpoBaHme — 3TO BO3MOXHOCTb:

- AE€TanbHO y4uUTbIBaTb COCTAB MNAcTOBbLIX hrioUa0B M Pa30oBble NPEBPALLEHUSI HA OCHOBE KOMNO3ULU-
OHHOWN MOAEnu;

- MOAENUPOBaHUSA NPOLECCOB 3aKayku rasa, CMeLLUMBAIOLLErocs BbITECHEHUS;

- 3ajlaHus CTaHAAapPTHbIX YCNOBUIA ANna pacyeta 06bemoB YB B COOTBETCTBUU C POCCUMNCKUMMU CTaHaap-
Tamu (0,101325 MMa, 293,15 K).

7.20 NceBAOKOMNO3NUMOHHOE MOAENUPOBAHNE — 3TO BO3MOXHOCTb YNPOLUEHHO YYUTbIBATH KOMMO3M-
LUMOHHbIE 3¢pdekTbl NPK 3aKadke rasa, OTNMYHOrO OT rasa cenapauumn B pamMmkax MoAenu HeneTyyen HedTu.

7.21 Mogenu ABOMHOW NOPUCTOCTU/ABOWHON NPOHULIAEMOCTH.

7.22 MopenvpoBaHue 4o6bl4M MeTaHa 13 YronbHbIX NNACTOB NOApa3yMeBaeT:

- yyer agpdhekToB agcopbumu/aecopbuun B 3aBUCUMOCTU OT AaBMEHUS;

- BO3MOXHOCTb MoAennpoBaHus sakaqku CO,/N,,

- BO3MOXHOCTb MOAENUPOBAHUA U3MEHEHNUSI MOPUCTOCTU U NPOHULIAEMOCTU C UBMEHEHNEM AaBneHus.

7.23 MopenupoBaHue gobblum CnaHUEBbLIX ra30B — YYET:

- adhdhekToB agcopbuun/gecopbumu B 3aBUCUMOCTU OT AABIIEHUS;

- 0BbpasoBaHusi ceTu NPOHNLAEMbIX TPELUMH Npu nposeaeHun NPT,
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7.24 Busyanusauusa u aHanu3 pesynstatoB MOAENUPOBaHUs BKMOYAET B cebsi:

- BO3MOXHOCTb paboThbl C pasHbIMK ceTkamu (HanpumMep, GroYHO-LIEHTPMPOBAHHASA, FTEOMETPUS YINOBOW
TOYKM);

- BO3MOXHOCTb paboTbl C pagnanbHbIMA U AEKAPTOBLIMU NOKaNbHLIMU N3MENBYEHUSIMU;

- BO3MOXHOCTb BMU3yanu3aLumu CBOWCTB MoAenu Ha Nnioboi BpeMEeHHOI Luar;

- BO3MOXHOCTb MaHUMyMALMUK PasfMYHbIMU CEKLUMAMU MOAENN;

- BO3MOXHOCTb PaboTbl C re0NorMyeckMMmn paspesamm MOoaenu;

- BO3MOXHOCTb YCTAHOBIIEHUS Anana3oHa pa3nuyHbIX CBOMCTB MOAENW NPU BU3yanusauuu;

- BO3MOXHOCTb NMOCTPOEHUS rpaddMKOB TEXHOMOMMYECKNX NoKasarenei pa3paboTku, MONy4YeHHbIX Mo pe-
3ynbraramM pacyeToB NO CKBAXKUMHAM, rPynnamM CKBaXmH, 00beKTaM, MECTOPOXI EHUAM;

- BO3MOXHOCTb LBETOKOANPOBAHWS, MPU KOTOPOW MCNOMb3YIOT TY UMW UHYIO LIBETOBYIO NanuTpy;

- noctpoeHue 2D-kapT no pesynsraram MOAENMPOBaHNUS U BO3SMOXHOCTb 9KCMOPTa B COBPEMEHHbIE rpa-
douyeckme pegakTopsi;

- NOCTPOEHME KPOCCNIIOTOB;

- BU3yanu3aumio KpyroBbIx guarpamm, 0TobpaXkatoLmx TEKyLLME UM HaKONMEeHHbIe nokasarenu paboTbl
CKBa>KMH, a TaKKe Ka4eCTBO agantauum no uctopum paspadorku.

7.25 BO3MOXXHOCTb HazHa4yeHus CBOWCTB 3aKayMBaemMon BOAbl, OTAIMYHBLIX OT CBOWCTB BOAbI B pe3epBy-
ape [2].

7.26 BO3MOXHOCTb aBTOMAaTUYECKOro yaaneHusa us mogenu (B LENAX yCKOPEHUs1 pacdeta) aqeek Tof-
LWMHOW (MnM NOPOBLIM 0OBbEMOM) MEHEEe 3aaHHOr0 NoNb30BaTeneM npeaena ¢ Co34aHMeM dKBUBANEHTHLIX
He COCeaHNX COEAUHEHNIN N/unu COOTBETCTBYIOLLEN Mogudukaumein nopoBoro oobema npuneraroLmx a4eex.

7.27 BO3MOXHOCTb MOANMIMKALIMN UCXOAHbLIX MACCUBOB, NEPEYNCeHHbIX B 6.1.1.

7.28 BO3MOXXHOCTb CO34aHUSA HOBbIX CKBaXKWH.

7.29 BO3MOXHOCTb peAakTUPOBaHWA AaHHbIX, NepevncnerHbix B 6.1.3 n 6.1.7, ecnu oHu 3aaaHbl B Buae
Tabnuu.

7.30 BO3MOXHOCTb aBTOMAaTMYECKOro 3agaHus nepdopaunii CKBaXKMH NP BbIMNOSIHEHUU NPOrHO3HbIX
pac4eTos.

7.31 OHnaiH-uHTepdenc Ansa COBMECTHOrO UCMOMNb30BAHUA C CUCTEMAMM:

- MOAENMPOBaHUA TEYEHUS B CKBaXKMHAX M MOBEPXHOCTHbIX CETAX cOopa u TpaHcnopta (B TOM uucne
Anst MmogenupoBaHus rasoc6opHol cet u JKC Ha Ka)goin pacyeTHOW utepauuu, Npu 3TOM HazemHoe 06o-
pyaoBaHME AOMKHO ABNATLCA OrpaHuyMTenemM go0blun);

- reoMexaHu4eckoro MoAenMpPOBaHUA.

7.32 MO AM pomkHo oGecneunBaTb BO3MOXHOCTb €r0 UCMONb30BaHNUA NOA yNpaBneHUeEM CUCTEM aB-
TOMaTU3MPOBAHHOW aganTauun U pacdeTa HeonpeneneHHOCTU nokasaTenen paspaboTkn MECTOPOXAEHUS, a
TaKke cucteM nHTepnpetauyun IO ckBaXkuH.

8 TpeboBaHMA K AOKYMEHTUPOBaHUIO NPOrpaMMHOro obecneuyeHus
rmapoaMHaMMyeCcKoro MogenupoBaHus

8.1 Onsa MO F[OM paspabatsiBatoT M B cooTBeTcTBUM C TpeboBaHusimu MTOCT P MICO/M3K 15910 u
[OCT P 53712. Obwue Tpebosanusa k N4 coorserctaytor FOCT 19.105.

8.2 fly6nupoBaHue, yyet u xpaHeHnue M npoBoaAT B COOTBETCTBUU C TpeboBaHuammu MOCT 19.601. Us-
MeHeHus B N[ BHocAT B cootBeTcTBMM ¢ TOCT 19.603.

8.3 N[ Ha nporpaMMHOe CpPeacTBO U (MNK) €ro KOMNOHEHTbLI AOSHKHA NpeaycMaTpusaTb Hanuuue noa-
pOBHOIo pyKOBOACTBA MOSMb30BATENSA HA PYCCKOM S3biKe U COAepXaTb cneayiolme CBeAeHUs:

- obnacTtb NPUMEHEHUS;

- [aHHbIE O CTPYKTYpe (nepeyeHb Mmoayrnen, 6a3oBbin KOMNNEKT, CMUCOK AI0NOMHUTENbHBIX MOAYNEN);

- OnucaHue nonb30BaTeENbLCKOro UHTEPMENCa;

- onucaHue onuui;

- OMUCaHWE KIYEBbIX COB;

- OMUCaHWe NopsiaKa IKCmopTa M UMNOPTA AAHHbIX;

- OMUCaHWe NPUMEHSAEMbIX anropuTMOB U hU3NUECKUX Moaenen.
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9 TexHuuyeckue TpedboBaHMA K NPOrpaMMHOMY obecneyeHuro
rMapoAnHaAMUYECcKOro MoaenMpoBaHus

TexHuueckoe obecneyeHne JOMmKHO YAOBNETBOPSTL CMEeAYIOLMM OCHOBHbLIM TpebOBaHNAM:

- (byHKUMOHMPOBAHUE HA COBPEMEHHbIX ONEePaLMOHHbIX CUCTEMAX U annapaTHbIX nnardopmax;

- obecneyeHune BO3MOXHOCTU NaparnsenbHbIX BbIMUCIIEHUI ANA YCKOPEHUST PACHETOB;

- obecneyeHne BO3MOXXHOCTU KOHBEPTaALMKU MOJIENEN, CO3AaHHbIX B Bonee paHHux sepcusax MO FOM, B
copmar o6HOoBREHHOI Bepcum MO.

10 NMoarBep:KaAeHME COOTBETCTBUS NPOrpaMmMHOro odecnevyeHus
ANs rMapoauHaMUYecKoro MoaenupoBaHns

Moateepxaenue cooresercreua MO IOM ouenusaior B cootsercTteun ¢ MOCT 28195, TOCT P UCO/
M3K 9126 u FOCT P UICO/M3K 12119 cneaytommMu cnocotamu:

- 9KCNEPTHbLIA aHanu3 pykOBOACTBA MONb30BATENA C NPOBEPKOW HANUYMUA ONUCAHUA (PYHKLIMOHANBbHO-
CTU, peanuayioLLei NonoXeHnsa HaCTOALLEro CTaHaapTa;

- huamyeckuii 3anyck 1 SKCNEPTHLIN aHANU3 NpeaocTaBneHHbIX npoussoauTenem MO TecToB (BKNIOYEH-
HbIX B cocTas nocrasku MO unu npegocTaBneHHbiX paspadorunkamu MO), AEMOHCTPUPYIOLLMX peanu3aumio
PYHKLMOHANBHOCTH;

- BbINOMHEHWe Habopa NCMbITaTeNMbHbIX 3a3a4-TECTOB, PEKOMEHYEMbIX NPU3HAHHLIMU HAYYHbLIMU U IKC-
NepTHbIMW OpraHusaumsaMm B 06racTm Heaponorb30BaHUSA, B KAYECTBE JOMNONHEHUS, YUETbIPEX TECTOB KOPPEKT-
HOCTU peanusauumn crnelmanbHbiX YPaBHEHMIN NPUTOKA K CKBAXXUHE, YYMTbIBAIOLMX U3MeHeHne PVT-CBOWCTB
dnonaos B npu3aboiHOl 30He, BKIOYasi BO3MOXHbIE (pa3oBble NpeBpaLleHus (CM. npunoxexue B).

MpumevyaHune — OBbMHO KOMNAHUKM — paspaboTunkmn MO IAM vcnonb3yioT UCTbITaTeNbHLIE TECTHI MEXAYHa-
POAHOA HEKOMMeEpPYECKOW NPodeCcCUOHanbHOR opraHu3aLUn TEXHUYECKUX CNeLmaniucToB HedTerasoBoi NPOMBILLIEHHO-
cTu Society of Petroleum Engineers (TecTsl SPE).

10
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Mpunoxexue A
(cnpaBouHoe)

YpaBHeHUA COCTOAHUA

Kak npaBuro, NCNONb3yioT ypaBHeHUs cocTosiHuA NeHra-PobuHcoHa, Coase-Peannxa-KeoHra, Siogkesnya-Modde.
B o6Leit hopMe KyBuueckoe ypaBHEHWE COCTOSHUA MOXET BbITb NPeACTaBNEHO TakuM o6pasoMm:

RT a
p=—— (A1)
v-b (vi+gb)(v+cb)
rme  p — abconiTHoe AasneHue, Ma;
R — yHuBepcanbHaa raszoBas noctosiHHas, [x/(Monb:-K);
T — abcontoTHaa TeMneparypa, K;
v — MONAPHBLIA 06beM, M3/Morb;
aun b — napamMmeTpbl ypaBHEHUSA COCTOSAHUSA,
C1 n 02 — KOHCTaHTbI, NpUHUMatoLue crieqyrouje seNYnHbl B ypaBHEHUAX COCTOAHUA!
- Pepanuxa-KeoHra 1 mn 0,
- CoaBe-Pegnuxa-KsoHra 1 un 0,
- MNeHra-PobuHcoHa 1 + \/E n1 —\/5 COOTBETCTBEHHO.
MapaMeTpbl @ U b ypaBHEHNSI COCTOSIHUSA AN KOMMNOHEHTOB BbIPaXeHbl CeayoWwmnm obpasom:
Qar’T?
a= B (A2)
Q,=Q%(T,, o), (A.3)
QbRT,
b= c.
B (A4)
Q,=Q;B(T.0) (A.5)
rae dyHkuuA B(T,®) eAnHa ANA ypaBHEHWIA COCTOAHMS,
o — aleHTPUYeCcKUin dakTop;
C W r— KpUTUYECKWE W NPUBEAEHHLIE YCIOBUS.
o, Q4 1 Q) 3aBUCAT OT BbIGOPa YpaBHEHNst COCTOAHMS:
Pepnuxa-KBoHra:
rme Qf=0,42748;
QF = 0,08664:
AT,0)= = (A6)
VT

1
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CoaBe-Peanuxa-KeoHra:

2
me (o) =[t+ka-yD’ AT)
k=0,48 + 1,570 - 0,1702 (A.8)
Q% =0,42748;
Qf = 0,08664.

MeHra-PobuHcoHa:
me Qf=045724;
Qf =0,07780;

a(T0)=[1+k0-T)]* A9)

k= 0,37464 + 1,54220 — 0,26992w2. (A.10)

[ns Gonee TAXenNbIX yrneBoAopPOL HbIX KOMMOHEHTOB MPUMEHSIOT APYroe 3Ha4YeHne KB ypaBHeHU [NeHra-PobuHcoHa:
k =0,379642 + 1,48030 — 0,1644230? + 0,01666603. (A11)

YpaBHeHUe cocTosHNA Sroakesnya-Modde — 3To AByXnapaMeTpuieckoe ypaBHeHWe cocTOAHUS, koTopoe 6bino
MOSTy4eHO STUMM YYEHbIMU C LIeNbIo YNy4LeHUsi ypaBHEHUs1 cocTosHUA Pegnuxa-KeoHra:

- KOHCTaHThI Q,, Qp 3a@BUCAT OT Temneparypsl, T. €. Q, (T), Qp(T);

- Q. (T), Qu(T) nony4atoT ANA KaXA0ro KOMNOHEHTa, OCHOBbLIBAsICh Ha NIIOTHOCTU HAaCLILLEHHOMN XXMAKOCTN U ypaB-
HEeHUA ONsa NeTyyecTy;

- Qg Q) GepyTcs kaK He 3aBUCALLME OT TEMMNEpPaTYpbl 3Ha4EHWUsI NPy TeMMepaType Bhille KpUTUYECKOM.

12
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MpunoxeHue b
(cnpaBoyHoe)

3apaHue yCrnoBUi Ha rpaHMLAX pacyeTHOM obnacTu B paMkax moaenei deTtkoBuya
n Kaptepa-Tpeicu

Mogenbs ®eTkoBUYEa — aHanUTUYECKUA MeToA, KOTOPbIA NPUMEHSIOT ANA NPOU3BONbHO KOHEYHOrO BOAOHOCHOMO
nrnacTa. MHTeHCMBHOCTb NPUTOKA B TEYEHNE BPEMEHHOTO LUara pacc4uTLIBalOT ypaBHEHUEM ANS pacxofa

At"QI = Atay 3 (Pl + P, (5.1)

roe Pa, — cpefHee AaBneHWe B BOAOHOCHOM NiacTe B MOMEHT BpeMeHu t7, Ma;
JZ — Ko3hPULMEHT NPOAYKTUBHOCTY NS BOAOHOCHOrO NNacTa;
oy — Nrowaas sueliki /, M2.

Mocne 3aBepLUEHWs LWara No BPEMEHW PacCHMTLIBAOT MOMHEIA NPUTOK BOLL! U3 BOAOHOCHOIO NnacTa Criedyrownm
ypaBHEHUEM:

w(t) = f Qo (B)at. (6.2)
1]

3areM, Ucnonb3ys ypaBHEHWe MaTepuanbHoro 6anaHca, nepecyUTLIBaOT HOBOE 3HAa4YEeHWe ANA CpefHero AaBneHns
B BOLOHOCHOM MnacTe P, Takum o6pasoM, faBrneHne B BOLOHOCHOM nnacTe OeTKoBUYA W3MEHAETCA CO BPeMEHEM,
AaBleHne Ha NpoTAXeHWUW BCero nepuopa paapa60TK|/| He 6y,qu OCTaBaTbCA NOCTOAHHbLIM.

3apatoT napameTpbl BOAOHOCHOMO MNnacta (CXMMaeMocTb, NOPUCTOCTb, HavanbHoe AaBneHue, rmybuHa, uHAeKc
NPOAYKTUBHOCTU U T. I'I.) n coegqunHeHnA BOAOHOCHOIo nracta ¢ OAHOVI NN HECKONbKUMU rpaHAMKU nnacTa.

Mpn ncnonb3oBaHUKM Ha4YanbHOro faeneHa BOJOHOCHOrO NnacTa No YMONYaHUIo ero paccynuTLIBaloT No gopmMyne
(B.1) Takmm oBpasom, YToObI BOZOHOCHBI NiacT B Ha4anbHbI MOMEHT BpeMeHU NpebbiBan B paBHOBECUU C 3aieXbIo.

Mogenb KapTepa-Tpeiic — noaxoa aHanUTU4ECKOro onpefeneHusi BOAOHOCHOrO NiacTa, OCHOBaHHLIA Ha npu-
MEHEHWUN «PYHKLWUIA BIWAHUA» ANA pac4eTa MorHOro NpuToKa Bofbl U3 BOAOHOCHOIO MiacTa U pacdeTa U3MeHeHUs [jaB-
NIeHUs ¢ TeYEeHWeM BpeMeHU Mexy BOAOHOCHBIM NacToM U CPEAHUM AaBliEHUEM Ha rpaHMLEe BOAOHOCHOIO Nnacra u 3a-
nexu. PyHKUUM BIUSHWUA 3aBUCAT OT reOMETPUM U CBONCTB BOAOHOCHOTO MracTta. [lIBa OCHOBHbLIX NapaMeTpa onpeaensioT
noBeAeHne BOAOHOCHOro nnacra:

KoHcTaHTa BpeMeHu (MMetowas pasMepHOCTbL BPEMEHN)

l’cw‘pcﬂb2
T.=w— >t B.3
= kol (B.3)

rae W, — BA3KOCTb BOAbl B BOAOHOCHOM nnacte, MMa-c;
@ — MopUCTOCTb BOJOHOCHOrO NnacTa, 4.e4,.;
C;— nonHas (nopoga + Boga) cxumaemocTb, 1/1a;
o — BHELUHUI paguyc nnacTta (UNKU BHYTPEHHWIA pagnyc BOAOHOCHOrO nracTa), M;
k, — MNpoHULaeMocTb BOAOHOCHOrO nnacta, M,

¢4 = 0,008527 (koHcTaHTa AN NepeBojia BEMUYUH U3 OAHON CUCTEMBI €AUHUL| B APYTYIO, 3HaYeHNe NpUBeaeHo AN
MexayHapogHoi cuctembl eguHuy, CH).

KoHcTaHTa npuToka BOAOHOCHOrO Mnacta (UMerowlas pasMepHOCTb MOMTHOTO MPUTOKa Ha efuHULy nageHus
JaBneHus)

B=c,h890C, i (5.4)

rae  h — TonwuHa BOLOHOCHOro nnacta, Mm;
6 — yron, no4 KOTopkIM rpaHuLia BOAOHOCHOIO MracTa BUAHa U3 LieHTpa 3anexu, B rpagycax, feneHHblin Ha 360;
€, = 6,283 (KOHCTaHTa N5 nepeBojia BeMMYMH U3 OAHOW CUCTEMBI elMHUL B PYrYI0, 3Ha4Y€HWe npuBefeHo AN
MexayHapogHoi cuctembl egunuy, CH).
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KoHCTaHTy BpeMeHMW UCNonb3yHoT AN NpeobpasoBaHns BpeMeHU B Ge3pasmepHyo (DOpMy C MOMOLLbH COOTHOLLIEHWS
(B.5)

Mogenb KapTepa-Tpeiici BeipaxaeT nafjeHue JaBlneHus Ha rpaHuLe BOLOHOCHOMO nnacta Yepes yHKLMIo BIusi-
HUs1 Ge3pazMepHOro AaBrneHusi criegyowmum oGpasom:

Po-P-= %P/D (t) (5.6)

rme P,y — HavanbHoe [jaBneHune Bofikl B BOAOHOCHOM nnacTe, Ma;

,[_7 — CpefHee faBneHWe BoAbl Ha rpaHuue BOAOHOCHOIO nnacta/3anexu, la;
Qa — CKOpPOCTbL NPUTOKa BOAOHOCHOIO nnacTa, M3/C.

14
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Npunoxexnue B
(pekomeHayemoe)

TeCTbl KOPPEKTHOCTU peanu3auum cneunanbHbIX YpaBHeHUN NPUTOKA K CKBaXuHe,
yuuTtbiBaouwumx nsmeHenue PVT-cBoicTB hnongos B npusaboiHomn 3oxe,
BKII0MAsA BO3MOXHbIE (pa3oBble NpeBpalleHUA

Mpu MoaenupoBaHUW rasoBLIX U ra3oKOHAEHCATHBIX MECTOPOXAEHUA 06bIMHO WCMONbL3YIOT MMAPOAUHAMUYECKYIO
CeTKy C pa3MepoM siueiikn no natepanu He meHee 50 M. OfHaKo CBOWCTBA ra3a CyWECTBEHHO 3aBUCAT OT AaBneHus,
KoTopoe B Npu3aboiiHOI 30He CKBaXXMHbI, KaK NPaBUno, 3HAYMTENBHO HUXE, YeM B cpegHem no siveike. UrHopuposaHue
W3MEeHEHUs CBOWCTB rasa B Npu3aboiiHoiA 30He CKBaXKMHBLI MOXET NPUBECTY K CYLLIECTBEHHOW OLINMBKe B pacHeTHOW NpoaYkK-
TUBHOCTM CKBaXXUHbI. [ns Toro Ytobbl 3Toro usbexarsb, paspaboTaHbl cneLmansHble YypaBHeHNS NPUTOKa, aHanuTUYeckun
YUUTHIBaIOLLME BRUSIHWE HA NPOAYKTUBHOCTbL CKBaXKMHbLI U3MEHEHUA CBOWCTB rasa B Npu3aboiiHoi 30He:

- ypaBHeHUe Russell Goodrich nossonseTt yyecTb acpdekT Npn3aboilHol 30HbI ANA Ui earnbHOro rasa NOCTOSAHHOM
BA3KOCTH;

- NceBAoAaBNeHUe rasa NO3BONSET y4ecTb adhdeKT Npu3aboitHoli 30HLI AN pearnbHoro rasa (6e3 yyera ¢asoBbix
npeBpaLleHuit);

- 06obLeHHoe MHorogasHoe nceBgoAaBneHne No3BonaeT AONONHUTENBHO YY4eCTb BUSAHUE Ha MPOAYKTUBHOCTb
CKBaXMHbI B TOM UMCIe U BO3MOXHbIX (ha30BbIX NpeBpalleHuii B NpUu3abonHON 30HE CKBaXMUHDI.

OpHako B cucteMe TectoB SPE oTCyTCTBYIOT TECTHI HAa NPOBEPKY KOPPEKTHOCTU peanusayum 3TUX YpaBHEHMIA.

B.1 Tect 1 Cnyyait ngeanbHOro raza NOCTOAHHOW BA3KOCTHU

MonHEI NnepeveHbL NapaMeTpoB MOAENN NpuUBeAeH B Tabnuue B.1.

B.1.1 OnucaHue mogenu nnacra

PaccmaTpuBatoT ropM3oHTanbHbIA O4HOPOAHLIA M30TPOMHLIA MNACT Kpyrroi chopmebl (B NNaHe). PasmepHocTb CeTku
dunerpaynoHHoi mogenn — 21x21x1. Paguyc kpyra (no ueHTpam adeek) — 1000 m. Pasmep sdeitku B nnaHe — 100 M.
MolHocTs nnacta — 10 M. MopuctocTs — 20 %, npoHuLaemocTs — 0,01 MKMZ.

B.1.2 CeolicTBa cpnongos

OpnHoasHaa MoAenb COREPXUT TONbKO ras. MaeanbHbIin ras ¢ NOCToAHHON BA3KocTbio — 0,01 MlMa-c.

B.1.3 HayanbHble ¥ rpaHMyYHblE YCNOBUA

B rpaHu4HbIX s4eiikax nubo 3a cyeT yBenu4eHUs nopoBoro obbema, iMbo UHBIM CrNocoboM 3aaaloT ycrnoBue no-
CTOSIHHOrO faBneHus (KOHTyp nuTaHus). HayansHoe nnactoBoe gasneHne — 15 Mla. BepTukaneHas gobbiBatoLas cka-
XWHa pacrnonoxeHa B LeHTpe mogenu B sueitke (11,11,1) n BckpbiBaeT nepdopauueii Bero TonwuHy nnacra. 3aboitHoe
faenexHne — 10 MlMa. PacyeT BbINonNHeH Ha oguH rog. OebuT rasa Ha KoHel, pacyeTa CHUUTalOT YCTaHOBUBLUMMCS.
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1.00

2.50 e5

5.00 e5

7.50 e5

testl : Net-to-gross Ratio
January 02. 2000 : Step 2 (1.0 days)

1.00 e5

PucyHok B.1 — HauanbHble 1 rpaHnyHble YCioBus

Ta6bnuya B.1 — MNapameTpbl mogenu Tecta 1

MNapawveTp

PasmepHOCTb Moaenm
Pasmep syelikn ceTkm DXxDYxDZ, m

MouHocTb nnacta h, m

MNopuctocTs, A.en.

[poHnyaemMocTb K, MKM2

Temnepartypa, °C

BsaskocTb rasa p, mla-c

O6bEMHbI KOa(hULMEHT rasa, A4.es.
Paanyc koHTypa nutaHusa Rc, m

Pagunyc ckBaxXuHbl rw, M

[JaBneHne Ha KOHType nuTaHusa pc, MMa

MapameTp

16

3HaueHve

21x21x1
100x100x10

10
0,2
0,01
20
0,01
1p, roe p — pasnexve B 0,1 MMa
1000
01
15

3HauyeHne
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OKoHYaHue mabnuupi B.1

MapameTtp 3HaueHue
3aboiitoe gaenexue p,, Mlla 10
CxxumaemMocTb nop nopoael, 1/MlMNa 3104

Bpemsi pacueTa Agns nonyyeHusi Ae6uTa rasa Ha ycTaHOBUB-
LIeMCS peXxuMe

B.1.4 3tanoHHble pe3ynsrarbl MOAeNnMpoBaHUA
O6beMHbI 4ebUT rasa B cTaHAAPTHLIX YCIOBUAX NPWU YCTAHOBUBLUEMCS MIockopagmnanbHOM NpUToke (Temnepary-
pa B nnacre 1 Ha NoBepxHOCTU coBnagaeT) BEIMUCAAT No hopmyne

2 2
Q= MNP —py)

wouin(%) ®

A€ pPgy— AaBrieHWE B CTaHAAPTHBIX YCITOBUAX.

YyuteiBas dopmyrny o6bemHoro koadduLuenTa rasa, pg,y = 0,1 Mla (He 0,101325 Mra, kak 06bI4HO).

Toraa aTanoHHoe 3Ha4YeHne o6beMHoro ebuta rasa pasHo: Q = 368,382 Thic. M3/cyT.

B.1.5 Kputepuu oueHku

OueHUBaIOT OTKITOHEHUE pacyeTHOro 3HayeHusa AebuTta rasa 4epes OAMH rof nocre Havana MogenvpoBaHus OT
3TanoHHOro 3HaueHus 368,382 Thic. M3/cyT.

JonycTtumasa oTHocuTenbHaa norpeliHocTb — 5 %.

B.2 Tect 2 Cnyuaii peanbHoro rasa

MonHbI NepeyeHs NapaMeTpoB Mofenu npueeaeH B Tabnuue B.2.

B.2.1 OnucaHue mogenu nnacra

PaccmatpuBatoT ropu3oHTarnbHbIA 04 HOPOAHBIA N3OTPOMHLIA NNACT Kpyrnow popMbl (B NNaHe). PasaMepHOCTb CETKU
unsTpaLUmMoHHo Mogenu — 21x21x1. Paguyc kpyra (no yeHTpam adeek) — 1000 M. Paamep ayeiiku B nnaHe — 100 m.
MotuHocTb nnacta — 10 M. MopuctocTs — 20 %, npoHnuaeMocts — 0,01 MKM2.

B.2.2 CeoiicTBa onionaos

Mogenb ogHodasHan U cogepXuT TONbKO ras.

CBepxcxumaemocTb Z 3aaHa 3aBucumocTbio: Z(p) = (p/p,,) 0,5.
BsiskocTk rasa, Mlla-c, sagaHa sasucumocTbto: w(p) = 0,01-p/p,,.

B.2.3 HayanbHbie U rpaHUYHbIE YCNOBUA

B rpaHuyHbIX siveiikax nubo 3a cueT yBenuveHus nopoBoro o6bema, NM6o UHLIM cnocobom 3agaloT ycnosue no-
CTOAHHOrO AaBrneHuns (KOHTYp NUTaHusA). HawanbHoe nnactoBoe AasneHue — 15 MMa. BepTukansHasa gobbiBatoLwan ckea-
XWHa pacrnonoxeHa B LeHTpe Mogenu B sueiike (11,11,1) n BckpbiBaeT nepdgopauumeit Bclo TonwuHy nnacta. 3aboiiHoe
AasneHne — 10 Mla. PacyeT BbINONHEH Ha ofuH rod. [le6uT rasa Ha KoHel| pacqeTa CHMTaIOT YCTaHOBUBLUMMCS.
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1.00 2.50 e5 5.00e5 7.50 e5

testl : Net-to-gross Ratio
January 02. 2000 : Step 2 (1.0 days)

1.00 e5

PucyHok B.2 — HayasibHble 1 rpaHuyHble yCnoBus

Tabnwuya B.2— MNapameTpbl mogenu tecta 2
Mapametp

Pa3mepHocTb mogenu
Pa3smep sAuelikn ceTkm DXxDYXDZ, m
MouHocTe nnacta h, m
MNopucTtocTb, A.ea.
MpoHMLaemMocTb K, MKM2
Temneparypa, °C
BAaskocTb rasa p, mlla-c
KoadhhuLmMeHT cBEPXCXMMAEMOCTH rasa, 4.es.
Pagnyc koHTypa nuTaHus Rc, m
Pagnyc ckBaXuHbI rw, M
[aBneHne Ha KOHType nuTaHus pc, MlMa
3aboitHoe gasneHue pw, MMa
CxumaemocTb nop nopogbl, 1/MMa

Bpems pacueTa A/ nosyueHnst Ae6rTa rasa Ha ycTaHOBUBLUEM-
ca pexvive

18

3HaueHve
21x21x1
100x100x10
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0,2
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20
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Z(P) = (pipJ°.5
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B.2.4 3tanoHHble pe3ynsraTbl MOAENMpPoOBaHuUA
®yHKumelt JeitbeH3oHa HasblBaeTcA crneayrowasn QyHKUWS:

Plp)=| %:)(p) ap, (B.2)

rae K(p) — npoHMLaeMocTb;
w(p) — BA3KOCTb rionga;
p(p) — nnoTHocTb dhritonga.

®OyHKUMS NeitbeH3oHa onpegeneHa ¢ TOYHOCTLIO [0 KOHCTaHTLI (Kak NoTeHLuan nosns ckopocTei noToka).
[ns nnockopaAunanbHOro NoToka (C HyrmeBblM CKUH-haKTOpoOM) crpaBefnuBa cnepyiowjas hopMyna MaccoBoro
febuTa (KUAKOCTW Unu rasa):

n= 22 [p(o,)-P(a)) (B.3)

In(;?)

rae  Q,, — MaccoBblil Ae6uT,
h — MoLLHOCTb NnacTa;
R, — paanyc KOHTypa NuTaHus;
Iy — PaBnyc CKBaXKMHbI,
Pe — AaBMeHne Ha KOHTYpe NUTaHWs;
p,, — 3aboitHoe AaBneHne B CKBaXMHe.

[py BblUUCIIEHUN WHTErparna, BXOAALLEro B (yHKUMIO J1eliBeH30Ha, C yH4ETOM NPUHATLIX 3aBUCUMOCTE NoslyyatoT
cneaytoLyto dhopmyny ans o6bemHoro febuTa rasa:

41tlo‘lp3,( ‘/E -1J
Q=— \NPvr ) (B.4)

R,
WPsrr /’7(7"‘)

w

Takum oBpasoM, 3HadeHue AebuTa rasa, paccHUTaHHOe aHanuTudeckn, pasHo: Q = 264,934 Teic. MY/cyT.

B.2.5 Kputepuu oueHku

OueH1BaloT OTKMOHEeHMe pacyeTHOro 3Ha4deHus febuta rasa Yepes OAWH rof Mocre Havana MOAeNMPOBaHUS OT
3TANOHHOrO 3HaueHns 264,934 Tuic. M3/cyT.

[Jonyctumasn oTHocuTenbHasA norpelHocTs — 5 %.

B.3 Tect 3 HechbTAHaA 3anexb, pa3pabaTbiBaeMasi Ha 3a60OWHbIX AaBNEeHUsIX HUXe OaBNeHUsl HachblLWeHus

MonHbIA NepeveHb NapaMeTpoB Mogenu NpuBegeH B Tabnuue B.3.

B.3.1 OnucaHue mMogenu nnacra

PaccmMatpuBatoT ropusoHTanbHbl 04HOPOAHBIA U3OTPONHEIA NRacT Kpyrnon opMbl (B NinaHe). PasaMepHOCTL CETKU
dunsTpaumoHHoi Mogenu — 21x21x1. Paguyc kpyra (no yeHtpam sveek) — 1000 M. Paamep sueitku B nnaHe — 100 m.
MowyHocTb nacta — 10 M. MopuctocTs — 20 %, NpoHUUaemocTs — 0,1 MKkM2.

B.3.2 CBoiicTBa cpbnougoB

Mogenb AByxdasHas: HedTb, ras.

CsoiicTBa (ritonioB U 3aBUcMMocTy PV T-CBOWCTB OT AaBneHUs npeacTaeneHsl B Tabnuue B.3.

B.3.3 OTHocuTenbHble hasoBblie NPOHULAEMOCTH

OcraTto4Has HedTeHacCkILLEHHOCTL (NpU BeITeCHEHUN HedTH rasom) pasHa 10 %. ODI 3agaHbl kKBagpaTUYHBIMU
3aBUCUMOCTAMM:

_ Sy <
ko(8) = ( 0,9)  pus <09 (B.5)
0, npus>0,9,
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S\2
0,5~)°, npns<0,9,
ky{(s)= (09) P , (B.6)

55—'4, npus>0,9,

rae § — ra3oHacblLEHHOCTb.

T T I
0,2 0,4 0,6 0,8 1,0
[a30HaCbLILLEHHOCTb, 4. ea.

-a— — KrOG : Krg;=0= — KrOG : Krog

PucyHok B.3 — OTHocuTenbHble hasoBble NPOHULAeMOCTH

B.3.4 HayanbHble ¥ rpaHUYHbIe YCNOBUA

B rpaHuyHbIX sideiikax nubo 3a cHET yBenuveHnsa noposoro obbema, Nubo MHeIM cnocobom 3afatoT ycrosue no-
CTOSIHHOTO AaBrneHus (KOHTYp nNuTaHus). HayansHoe nnactoBoe AaBnexHne — 15 MIMa. BepTukansHas gobriBatoLlasn cka-
XWHa pacrnonoxeHa B LeHTpe mogenu B svelike (11,11,1) n BekpbiBaeT nepdpopaumeit BCto TONWUHY nnacta. 3aboiiHoe
faBneHne — 3 MlMa. PacyeT BbINOMHeH Ha oauH rog. JebuT HedTn Ha KoHeL, pacdeTa CHUTaloT yCTaHOBUBLUMMCS.
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testl : Net-to-gross Ratio
) I January 02. 2000 : Step 2 (1.0 days)
S S— p E— 1

1.00 2.50 e5 5.00 e5 7.50 e5 1.00 e5

PucyHok B.4 — HauvanbHble 1 rpaHnyHblie ycnoBus

Ta6nunuya B.3 — MapameTpbl Mogenu Tecta 3. B 3aBMCMMOCTSIX CBOCTB OT AaB/IEHUS, eAuHULA N3MEPEHUS AaBeHNs
6ap (0,1 MNa)

MapameTp 3HaueHve
PasmepHoCcTb Mogenun 21x21x1
Paswvep suelikn cetkn DXxDYXDZ, m 100x100x10
MouwHocTb nnacta h, m 10
MopuctocTs, a.en. 0,2
MpoHuLaemMocTb K, MKM2 0,1
Paanyc koHTypa nutaHus Rc, m 1000
Paanyc ckBaxuHbl rw, M 0,108
[JaBrieHve Ha KOHType nuTaHusa pc, MlMa 15
[aBneHne HacblweHna HedpTn rasom pb, MMNa 9,5
3a6oiiHoe gaBneHue pw MMa 3
O6beMHbI KO3 PULNEHT HEITU NpeaesbHO HacbllleHHoN razom BO, a.ef 0,95-p°.033
CxunmaeMocTb Hedoti, 1/MMa 8 104
BA3KoCcTb HepTM npefesnibHO HacblWeHHoi rasom 10, mlMac 7000-p-1,5
CXVMMaeMoCTb BA3KOCTM HedT, 1/MMa 0,01
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OkoHYaHue mabnuusi B.3

MapameTp 3HaueHne
FasocogepxaHne Rg HedTH, NpeAernbHO HacklLWeHHO rasom, m3/m3 0,056-p1:5
ObbeMHbIi koadpduLmeHT rasa By, A.e4. p~1.02
BsiakocTs rasa ug, MMa-c 8,8:-10~4- p0.1168
MNoTHOCTL pasra3aupoBaHHON HedTH, kr/m3 863
MonsipHaa Macca HedTu, r/Monb 212
MonsipHasa Macca rasa, r/monb 31,3

B.3.5 3tanoHHble pe3ynsTaTbhl MOAENUPOBaHUA

O606LUeHHOe NCceBA oA aBMNEHNe NO3BONSAET CBECTU 3afady YyCTaHOBUBLUEroCs ABWXEHUS MHOTOKOMMOHEHTHOR MHO-
rogasHol cMecH K 3agave gBUXEHUA (0AHODa3HON) XKNAKOCTH.

OcHoBa aToro metoga paspabotaHa C.A. XpuctuaHoBudem B koHue 40-x rogoB XX Beka. lMosgHee Whitson n
Fevang npegnoxunu ncronb3oBaTb 0606LeHHOe nceBaofaBneHne Ana MoaenuposaHus addekra obpazoBaHus B Npu-
3a60/MHOI 30He ra3okoHAaeHcaTHOW BaHKK.

PaccmaTpuBaloT yCTaHOBMBLUEECA NNOCKopagnanbHoe TeHeHUe MHOFOKOMMNOHEHTHON MHOroda3Hoi cMecH B OfHO-
POHOM M3OTPOMHOM MNacTe.

MHorocasHoe Te4eHUe COCTOUT U3 N, a3, KOTopble ColepXaT /1, KOMNOHeHToB. He obsasaTenbHo kaxgas dasa
[ OMKHa cofepxaTb BCE KOMMOHEHTbI, HO B 0OLLEM CRyYae KaxAblii KOMMNOHEHT MOXET B onpeeneHHbIX NPONopUUsaX Npu-
CyTCTBOBaTL BO BCeX hasax. Mcnonb3yoT nHAEKS i AnA 0603Ha4YeHUA KOMNOHEHTOB, a UHAEKC j — ANns 0603HadYeHns das.

Takoi noaxod 0fNHaKOBO XOPOLLO NPUMEHUM KaK AN MOAENW YePHOW HedTH, Tak N ANA KOMNO3ULMOHHON MOAENM.
B cnyvae Mogenu YepHoii HedTW KOMMNOHEHTaMU ABNAKOTCS NOBEPXHOCTHAA HedbTb, NOBEPXHOCTHLIN ra3 U Boga. B nnacte
OHU MOTYT HaXOAWUTLCSA B HECKONBKUX hasax. Hanpumep, ras MoxeT ObITb kak B CBOGOAHOM COCTOAHUU, TaK U PacTBOPEH-
HbIM B HeTW. HedTb Takke MOXET HaXo4WTLCS Kak B CBOGOHOM COCTOSHUM, TaK U BbITb pacTBOPEHHOW B rase (neTy4as
HedTb). Takum o6pasoM, BCe, YTO ONUCaHo fanee, OTHOCUTCS Kak K MOAENsAM YepHOW HedpTH, TaK N K KOMMNO3ULIMOHHBIM
MOAEnsaM.

Uepes x; 0603HaYaloT MOMNSAPHYIO 1OMI0 KOMMNOHEHTa / B case j.

Obo3HavatoT Yepes r paccTosiHWe A0 CKBaXMUHbI. Tak Kak TedeHUe NNockopagmnansHoe, a NNacT U30TPONHLIA (Npo-
HWL@eMOoCTb 1 ApYyrue CBOWCTBa HE 3aBUCAT OT HanpaBneHus), To rpafueHT faBneHns byaet HanpasneH no paguycy, To
eCTb paBeH dp/dr.

M3 obobLyeHHoro 3akoHa [apcu criefyeT, YTo MonsipHas CKOpoCTb (unbsTpauum NponopuuoHanbHa rpagueHTy
flaBnexus

aj
vy = My(p.9)-22 (B.7)

rA€ V; — MonsipHasi NMOTHOCTb MOTOKa KOMMOHEHTa / B ¢hase j, Momb/M2-c;
S=(S4, Sy, Snp) — BEKTOp HacblILLUeHHOCTH dhaas.

Bce ero KOMNOHEHTLI HeoTpULaTENbHLIE, @ UX CyMMa paBHa 1;
M,-j(p,S) — 0606LWeHHan MonspHasa NoABMXKHOCTL KOMMNOHEHTa / B dhase J.

My(0,5) = x 2LPKENLS) (B.8)
uip)
rae bj(p) — MonsipHas NNOTHOCTL haskbl f;
K(p) — abcontoTHasi NpoHMLaemMocTh;
kJ(S) — OTHOcUTenbHas dasoBas NPoHULAeMoCTb dasbl J;
W (p) — BA3KOCTb hasbl .

Taknum obpa3omM, 0606LieHHas NOABUXKHOCTb YYMTHIBAET BIMSIHUE BSI3KOCTW, 06bEMHOro KoadduuueHTa (Yepes
MOMAPHYH MNOTHOCTb), @ Takke OTHOCUTENbHOWR U abCconoTHOW NPOHULAEMOCTEN.
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O60o3HavaloT:
Np
Yyepes V; = Zvi — CyMMapHYI0 MOJISIPHYIO NAIOTHOCTb NOTOKa KOMNOHEHTAa /;
j=1

Ne

V= ;Vi — MOJHYI0 MOMSIPHYHO NAOTHOCTL NOTOKA.

AHanorn4yHo:
p

M; = ZMi — 0606LWeHHan MonApHas NoABWKHOCTL KOMMOHEHTA f;
A

e

M= ZM,- — nonHasa 0606LleHHasn MonsipHas NOABUXHOCTb.
=l

Ecnu TeveHne ycTaHoBuMBLLEECS, TO 40N KOMMNOHEHTOB B NMOTOKE CMECU AOSKHA OCTaBaTbCA NOCTOAHHON (Y4UTbI-
BaeTcA TONbKO A0NA B NOABMXKHLIX doritonaax). B npoTUBHOM cnyyae 3To 03Ha4ano, YTo Kakon-TO KOMMNOHEHT Hakannuea-
€TCA B NnacTe, TO CTb TeueHMe HecTaynoHapHoe. Takum 06pasom, oA Kax[0ro KOMMOHEHTa B NOTOKe Z; €CTb BENUYNHA
NOCTOsIHHASA:

v, _M(pS)
=L=—"1\""J] _const. B.9
7=V M) ()

OTO 03HaYaeT, YTO BEKTOP HaChILLEHHOCTU a3 S He MOXeT ObITb NPOU3BOMBHLIM, @ UMEET NPU KaXAoM AaBneHUn
CTporo onpefeneHHoe sHa4eHwe. Takum o6pasoM, ecrnu U3BecTHa [ONA KaXAOro KOMMOHEeHTa B NOTOKe, TO MOXHO Bbl-
pas3uTb HacbILWEeHHOCTb a3 S Kak pyHKUMIO AaBneHusa S(p). YacTo aTo TPyAHO caenaTb aHanUTUYECKW, HO, NO KpaWHen
Mepe, BHYTPU CUMYMNATOPOB BOZMOXHO YNCNEHHOE pelleHne 3Tol 3afadun. B HacTosAweM cTaHgapTe He ByaeT paccMoT-
peH BOMPOC CYLLECTBOBAHWUA U e4UHCTBEHHOCTU ANS KaXAoro AaBneHus p Takoro BekTopa S(p), 4To BbiNonHeHo (B.9).
OB6bluHOo OPI1 1 cBOWCTBa hNOMAOB 3aAaHbl TakuM 06pa3om, YTO STO YCIOBME BLIMOSHEHO.

Takum oBpasoM, 0606LLEHHbIE NTOABUXHOCTY CTAHOBATCH M3BECTHLIMU (hYHKLMAMU faBrieHus p. Torga us (B.7) ana
KaX[oro KOMMOHeHTa i

d
v, = My(p) 7‘; (B.10)

PaccmaTpuBatoT B nnacTe UMNUHAP paguyca r 1 BbICOTbI A, B LIEHTPe KOTOPOro HAaXoAMTCs CKBaXKMHa. Tak Kak Tede-
HWe YCTaHOBMBLLEECS, TO CYMMapHbIi MONAPHLIA MOTOK KOMMNOHEHTa /i Yepe3 GOKOBYIO MOBEPXHOCTL LIUSIMHAPA He 3aBUCUT
OT paauyca r v paBeH MONSIPHOMY AeBUTY Q;3TOro KOMMOHeHTa B cksaxXuHe. To ecTb

Q,=2nrhv, (B.11)

Buipaxas u3 (B.11) v; n noacraenss B (B.10), nonyvatoT:

Qar
2nrh

WHTerpupys neByto 1 NpaByto YacTu AaHHOTO YpaBHEHUS, Nony4akoT opMyIny Anst MONSIPHOro AebuTa KOMNOHEHTa /

2znh 2nh ¢p.
Q= Hi\Pe) ~H{pu)\=—75 ) M:(P)ap. (B.13)
,n(%)[ (pe) - Hi{ P ln(ﬁ)fp, (P)a

DyHKUMIO H(p) B POCCUIACKO NuTepaType HasblBatoT dyHKUueln XpucTnaHoBuya.
BelMMenATh ANA KaXaoro KOMMNOHEHTa CBOW MHTerpan HeadhekTUBHO. BMecTo 3Toro [ocTaToOMHO BLINONMHWUTE BblYUC-
FeHUSA TONBKO ANA CYMMapHoii 0G0GLLEHHON NOABUKHOCTH, BBIMUCIIMB CYMMAapHBIA MONApHbLIA 4e0UT BCeX KOMMNOHEHTOB

23



FOCT P 56449—2015

Q= 2%’ [H(p:) - (p.) = 2’;: [7mplap. (B.14)
n(®) In(e)*"

Mpu 3TOM AEBUT KaXk0oro KOMMOHEHTA MOXHO HAUTW NO ero U3BECTHOM J0ne B NOTOKe
Q=zQ (B.15)

Ana Toro 4ToBLl NepeiiTk oT MonspHoro Ae6uTa KOMMNOHEHTa K OGBLEMHOMY, HEOOXOAUMO pa3saenuTb MONAPHBLINA
AebuUT Ha MONAPHYIO NMOTHOCTB 3TOr0 KOMMOHEHTA B CTaHAAPTHLIX YCNOBUSAX

Q
=— 1 (B.16)
9 B cornpi ( Psrts Tort)

B dopmyne (B.16) nog4epkHyTa BO3MOXHOCTb 3aBUCUMOCTU MOSISIPHOIA NIOTHOCTU KOMIMOHEHTa OT TeMneparyphl.
Mpu BbiBOAe hopmynbl (B.14) npegnonaranock, 4To TeMnepaTtypa B nnacte NocTosiHHa, HO OHa MOXET He coBnafarh ¢
TemMnepaTypoil B CTaHAApTHLIX YCNoBusAX. ECNK B cTaHAAPTHLIX YCNOBUSIX KOMMNOHEHT BXoAUT 6onee YeM B ofiHy asy, To
dopmyna (B.16) TepaeT cmbicn, NnMbo MonapHasa NNOTHOCTL bcomp,- JAorkHa 6bITb pacciuTaHa ¢ y4eToM A0Nel KOMNOHEH-
Ta BO Becex dhaszax.

O6o3HaqaloT Yepes b, u by MONApHBIE NNOTHOCTU HepTU 1 rasa B CTaHAAPTHLIX YCIOBUsIX. [oCKONbKY Ha KOHTYpe
nuTaHnsa HedTb HEAOHACHILLEHA ra30M, TO MOTOK OAHOMa3sHbIN (HedTh), HO coaepxuT B cebe U KOMNOHEHTY rasa (B pac-
TBOPEHHOM COCTOSHWUU), U KOMMOHEHTY HedbTU. TakuM ob6pasomM, MonapHasa AonNa KOMNOHEHTa HedTU B NMOTOKe U3BECTHA
n cocTaBnseT

- b (B.17)
%" (B,% Rog)

BekTop HacbilweHHocTel S = (s, Sg) BbIpaXeH Kkak hyHKUMA paBneHus. Tak kak s, = 1 — Sg, TO 1OCTATO4HO 3TO
caenarh TONBKO ANA ra3oHaCkILEHHOCTU S O4eBUAHO, YTO NPW AABNEHNN BhilUe aBNEHUA HaCkILUEHUS Py, rasoHackl-
LLieHHOCTb paBHa Hynio. MNpn AaBNeHnU HUXe faBneHns HackiWeHus py B Nnate GyayT NpUMCYTCTBOBATL Kak (hasa HedhTh,
cofepxallas HedTb U pacTBOPEHHLIN ras, Tak u (asa rasa, cofepxallero TonbKo KOMMOHEHT rasa. YJunuTbiBas NpUHATLIE
3aBucuMocTu (cM. Tabnuuy B.3) n O®IN, MonsipHble NOABUXHOCTUA NpU STOM UMEIOT BUA

Moo= Yoo (PX1-5,), (B.18)

Moy= Yo (PX1-5,)? (B.19)

M= ¥y (P)S}, (B.20)

M=My+ M+ My, (B:21)

rne ¥, (p)=¢, (B.22)
T B(p(p)

b,R(p)

¥ (p)=—2o P (B.23)

“P)= B (o (p)
055h

¥ (p)=— "0 (B.24)

«(P)= B (o, ()
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Torpa

M, ¥o(p)(1-5,)° (B.25)

2TTM T D) H (D)1 5, + ¥y (D)7

MNMocne HecnoxHbIX anrebpanyecknx NpeobpasoBaHnii NosyYaloT

S, 2
(1T5’$;7 =¥(p), (B.26)
rae
_(1-2)¥u(p) -2 ¥x(P) B.27
¥(p) 2% (p) , (B.27)
OTcrona
s y=YP) (B.28)

Pr= 1+ (o)

Tenepb, Korfa HachlLLEHHOCTL BhlpaXeHa kak hyHKUWSA AaBMeHUs, MOXHO 3anucaTb NMOMHY0 MOMSAPHYO NOABUX-
HOCTb KaKk oyHKUMIo AaBneHns. OfHaKo aHanuMTUYecKoe BbIMUCNEHUe MHTerpana oT NOMHOA MOMAPHOA MOABMXHOCTM
BeCcbMa 3aTpyAHWUTENbHO. [10STOMY JaHHbIA UHTerpan BLIMUCNEH YUCNEHHO ¢ TOYHOCTLIO 0 LeCTU 3Havallux Ludp. B
pesynirate no gopMynam (B.14)—(B.16) nonyyeHo 3HayeHne aebuta HedpTn 62,455 m3/cyT. DT0 3HadUeHMe, NOMyYeHHoe
aHanuTu4ecku.

B.3.6 Kputepuu oueHku

OLeH1BaIOT OTKNOHEHWE pac4eTHOro 3HaveHUa gebuta HedTU Yepes OAuH rof Nocne Havana MofenupoBaHus ot
STaNOHHOro 3HaueHus 62,455 m3/cyT.

HonycTuman oTHocuTenbHas norpeLHocTs — 5 %.

B.4 Tect 4 NasokoHAEeHCaTHaA 3aneXb, pa3pabarbiBaemas Ha 3a60MHbIX AAaBMNEHUAX HKe AaBneHus
Hauyana KoHAeHcauum

MonHeIiA NnepeyveHb NapaMeTpoB MOAENU NpuBeaeH B Tabnuue B.4.

B.4.1 OnucaHue mogenu nnacra

PaccmaTpuBatoT ropuaoHTasnbHbIA O4HOPOAHLIA M30TPOMHLIA MNacT Kpyrnoi hopmel (B NnaHe). PasmepHocTb ceTkn
dunsTpaynoHHoit mogenu — 21x21x1. Paguyc kpyra (no ueHtpam a4eek) — 1000 m. Pasmep adeiikn B nnaHe — 100 m.
MowyHocTb nnacta — 10 M. MopucTocTs — 20 %, npoHuuaemocTs — 0,01 MKkM2.

B.4.2 CoiicTBa cpbniougos

Mogenb aByxdasHas: HedTb, ras.

CsoiicTBa hniomaos 1 3aBucumocTn PVT-cBoiCTB OT AaBneHuns npeacrasneHsbl B Tabnuue B.4.

B.4.3 OTHOCcUTenbHble (ha30Bblie NPOHULLAEMOCTH

OcTaTo4Hasa HedTeHaCbIWEHHOCTb (NpU BbITeCHeHUN HedTh rasom) paBHa 10 %. OPI 3agaHbl KBagpaTUYHLIMU
3aBUCUMOCTAMK:

§.2
1-—)5, npus<0,9,
kos)= ( 0,9) (B.29)
0, npus >0,9,

0,5(0—2)2, npus <0,9,
5s —'4, npms >0,9,

ky(s)= (B.30)

rAe S — ra3aoHacbILEeHHOCTb.
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Rel Perm

PucyHok B.5 — OTHOcUTE/bHbIE (Da30BblE MPOHULLAEMOCTY

B.4.4 HayanbHble 1 rpaHuYHble yCNOBUA

B rpaHnyHbIX fuelikax N1Mbo 3a CYET YBE/IMYEHMS MOPOBOrO0 06BLEMA, /IMOO MHbIM CMOCOO0M 3aJarT yc/loBME Mo-
CTOSIHHOTO fAaBfieHns (KOHTYp NuTaHus). HavasnbHoe nnacTtosoe AasneHne — 15 MMa. BepTukasibHan fob6biBatollas ckea-
XMHa pacnosioxeHa B LUeHTpe mogdenu B adeike (11,11,1) v BCKpbiBaeT nepdiopauueli BCo TOAWMHY nnacta. 3aboiHoe
JasneHne — 3 MIMa. PacyeT BbINOMHEH HA OAWH rofd. [ebuT HedT Ha KOHEeL, pacyeTa cuMTaloT YyCTaHOBMBLUMMCS.

testl : Net-to-gross Ratio
January 02. 2000 : Step 2 (1.0 days)

1.00 250e5 5.00e5 7.50e5 1.00e5

PucyHok B.6 — HauasibHble 1 rpaHuyHble YCNoBus
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Tabnuya B.4 — Mapametpbl Mogenu Tecta 4

3Ha4YeHne UnNun 3aBUCUMMOCTb, 34eCb

Napametp p — Aaenexue, 0,1 MMa (6ap)
MowHocTs nnacta h, M 10
MopucTocTs, A.ea. 0,2
MpoxnyaemocTb K, Mkm2 0,01
Paguyc koHTypa nuTaHua R, M 1000
Paanyc ckBaxuHbl 1, M 0,108
[aBnexue Ha KoHTYype nuTaHua p,, MMa 30
[HaBneHne To4kM pocel p,,, MlMa 23
3aboiHoe aaeneHue p,, MMa 15
OBbeMHbIN KO PULNEHT HEDTH, NPeAenbHO HACKILEHHOW rasoM 5 59-10~4 p1.67
B, n.en ' P
BAA3KOCTb HedbTH, NPEAErbHO HaCkILEHHON ra3oM p,, MMa:c 0,162 p~0,000476
lasocopepxaHne R HETH, MPEAErbHO HackILLeHHOM rasoM, M3/m3 3,08:1073.p2.36
OB6beMHbIN kKoapDULMEHT rasa, NpeaernbHO HacklLLeHHOro HedThio 0,392 p-0846
Bg, o.en.
OB6beMHbI KO3 ULMEHT rasa, HefOHaCkILLEHHOMO HedTbio ¢ R, 0,392-pb1‘°'846/p
paBHbIM HaYarnebHOMY, A.ef.
BA3KOCTb rasa, NPeAemnbHO HaCkILEHHOMO HeTbIo, [y, MMa-c 8,66:107%.p1:6
Eghsﬂn;c’)inrnbar?csa, He[lOHaChILEHHOro HedTbIo, C R, PaBHLIM Havab- 8,66-10-8p,18-(1 + 0,001(p - py))
MNOTHOCTL pasrasupoBaHHOM HedTu, kr/MS 780
MonspHasn macca HedTH, r/Monb 132
MonspHaa macca rasa, r/mornb 25,83

B.4.5 OtanoHHble pe3ynbraThl MOAENUpPOBaHUA

AHanuTuyeckoe 3HadeHWe gebuTa rasa Haxo[NUTCA TEM e METOZOM U NO aHanorM4HLIM oopMynam, YTo U B TecTe 3
(noapasgen B.3). C y4€TOM NPUHATLIX 3aBUCMMOCTEN CBOWCTB OT AaBMIEHUA NONy4aloT cnegyolee aHanuTuyeckoe 3Ha-
YeHue aebuta rasa: 300,308 ThiC. M3/cyT.

B.4.6 Kputepum oueHku

OueHWBalOT OTKIOHEHWE pacyeTHOro 3HadeHus aebuta rasa Yepe3 OogWH rof Nocne Havana MoferIMpoBaHusa ot
3TanoHHOro 3HaveHus 300,308 Tuic. M3/cyT.

Honyctumag oTHocuTenbHas norpellHocTb — 5 %.
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Bubnuorpadus

PernameHT no cosfaHuto NOCTOSIHHO AENCTBYIOLLMUX FeONOro-TeXHoNornyeckux Moje-
el HedTAHBIX U rasoBbIX MECTOPOXKLEHUI

MeTogudyeckue yKasaHuUA No KOMNIeKCUPOoBaHUIO U 3TaNHOCTU BbINOSTHEHUA FEO(#)MSVI—
YeCKUX, TMAPOANHAMUYECKUX U FTeOXUMUYECKUX UCCnegoBaHUA HETAHLIX U He(bTeI'a-
30BbIX MECTOPO)KAGHVIVI
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