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HALUWOHANBHBLIU CTAHOAPT POCCUNCKON OGEAEPALUUMN

MECTOPOXIAEHUA FA30BbIE, TASOKOHAEHCATHbIE, HE®@TEFA3OBbIE
N HE®TEFA3OKOHAEHCATHbIE

MporpamMHoe oGecnevyeHue AnA rMAPOAUHAMUYECKOrO MOAENMPOBAHUA MECTOPOXAEHUN.
OcHOBHbIe (hYHKLIMOHANbHbIE U TEXHUYECKNe TpebGoBaHusA

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

DNara BBeaeHua — 2016—05—01

1 O6nacTb NpMMeHeHuA

1.1 Hacroswmi craHgapT ycTaHaBnuMBaeT TpeboBaHus K NporpammHoMy obecnedyeHunto Ana ruapoam-
HaMU4eCKOro MOAENMPOBAHMSA ra30BbIX, FA30KOHAEHCATHbIX, HE(PTErasoBbiX U HedTerasokoHAEHCaTHbIX Me-
CTOPOXAEHUNA.

1.2 TIONOXEHUsAMM HACTOALLEro CTaHgapTa PyKOBOACTBYIOTCS CyObEKThI XO3SIMCTBEHHON AEATENbHOCTU:

- MUCNOMb3yKLIMe NporpamMHoe obecneyerHne ans ruapoauHaMUYECKOro MOAENMPOBAaHUSA rasoBbIX, ra-
30KOHAEHCATHbIX, HE(TEerasoBbIX U HedTErasokoOHAESHCATHbIX MECTOPOXAEHUN;

- paspabaTbiBaloLLUME NporpaMmmHoe obecneyeHne Ans ruapognHaMUYECcKOro MOAEnMpoBaHuUs ra3oBblx,
ra3oKOHAEHCaTHbIX, HeddTerasoBbIX N HePTErasoKOHAEHCATHbIX MECTOPOXKAEHUIA.

2 HopmaruBHbI€ CCbINKU

B HacTosiLeM cTaHaapTe UCNOMNb30BaHbl HOPMAaTUBHBIE CCbINKW Ha crneayioLme CTaHaapThbl:

FOCT 8.417 MocyaapcTBeHHas cucteMa oGecneveHus eAnHCTBa U3MepeHmii. EauHnLbl BENMYMH

FOCT 19.105 EanHaa cuctema nporpaMMHON AokyMmeHTauuu. O6wme TpeboBaHus K NporpaMMHbIM A0-
KymMeHTaMm

FOCT 19.601 Eaunas cucrema nporpammHONn aokymentauun. O6wme npasuna ayonupoeaHus, ydera
U XpaHeHus

FOCT 19.603 EauHas cucrema nporpamMmmHoin aAokymeHTaumu. O6wme npaBuna BHECEHUS U3MEHEHUN

FOCT 2939 Na3bl. YcnoBus ans onpeaeneHus obbema

FOCT 28195 OueHka kayecTBa NporpaMMHbIX cpeacts. O6LIme NoNoXxeHus

FOCT P 8.645 NocyaapcrBeHHasi cuctema obecneveHus eauHcTea usMepeHuin. Metponoruyeckoe obe-
crnedyeHne paboT no reonormyeckomy M3yyeHuio, UCNONb30BaHUIO U oxpaHe Heap B Poccuickon depepauun.
OCHOBHbIE MONOXEHUSA

FOCT P 53712—2009 MectopoxxaeHust HedhTaHble U razoHedTaHble. MporpaMMHble cpeacTsa Ansa nNpo-
€KTMpPOBAHUS U ONMTUMU3aUuK npolecca pa3paboTku MmecTopoxxaeHuin. OCHOBHble TpeboBaHus

FOCT P UICO/M3K 9126 NHdpopmaumoHHan TexHonornsa. OueHka NporpaMMHON Npoaykuun. Xapakre-
PUCTUKU KaYeCTBa M PyKOBOACTBA NO UX MPUMEHEHUIO

FOCT P UCO/M3K 12119 NHpopmauuoHHas TexHonorus. Maketbl nporpamm. TpeGoBaHUA k kayecTBy
M TecTupoBaHue

FOCT P UICO/M3K 15910 NuchopmaumoHHas TexHonorus. Mpouecc co3gaHusa AOKYMEHTaLun nonb3o-
BaTens NporpaMMHOro cpeacTea

M3paHue ocpmumanbHoe
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MpumevyaHune — T[lpu NONbL3OBaHUM HACTOALMM CTaHAAPTOM LernecoobpasHo NpoBepuTb AeiCTBUE CCbl-
NOYHLIX CTaHAApTOB B MH(OPMaLMOHHON cucTeMe obLero nonb3oBaHWA — Ha oduumansHom caiite defepanbHoro
areHTCTBa Mo TEXHUYECKOMY peryrimpoBaHuio U METPONOrMU B ceTU UHTEPHET UMK Mo eXerofHoMy MHPOPMaLUOHHOMY
ykasaTento «HaynoHanbHble cTaHAapTbi», KOTOpbIi onybnuMkoBaH Mo COCTOSHUIO Ha 1 iHBaps TeKyLlero roga, u no Bbl-
nyckaM eXeMecsa4Horo MHgopMaLMOHHOro ykasatens «HauuoHanbHble cTaHAapTeI» 3a Tekyluid rog. Ecnu 3ameHeH
CCBINIOYHbIA CTaHAapT, Ha KOTOPLIA AaHa HefaTupoBaHHas CCbifika, TO PEKOMEHAYETCS UCMONb3oBaTh AENCTBYIOLLYIO
BEPCUIO 3TOrO CTaHfjapTa € YY4ETOM BCEX BHECEHHBIX B laHHYIO BEPCUIO U3MEHEHUIA. Ecnu 3aMeHeH CChINOYHLIA CTaH-
AapT, Ha KOTOpLIiA faHa faTupoBaHHaA Ccbifika, TO peKoOMeHAYeTCa UCNoNb3oBaTh BEPCUIO ITOr0 cTaHAapTa C yKasaH-
HbIM Bbille rOAOM yTBepXAeHusa (NpuHATUA). Ecnu nocne yTBepxaeHUS HacTosiLero ctaHjapta B CCbIOYHLIA CTaH-
JapT, Ha KOTOpLIN faHa AaTupoBaHHasA cchifika, BHECEHO U3MEeHeHuWe, 3aTparusatoLlee rnornoxXeHue, Ha Kotopoe faHa
CChlfIka, TO 3TO NOMOXEHUe peKOMeHAYETCHA NpUMeHsATb 6e3 ydeTa gaHHOro U3MeHeHUs. Ecnu ccbinoyHblii cTaHaapt
OTMeHeH 6e3 3aMeHbl, TO MOoMoXeHWe, B KOTOPOM /laHa CChifika Ha Hero, pekomeHAyeTcs NPUMEHATbL B YacTu, He 3a-
TparuBaroLei aTy CCbInky.

3 TepmuHbI U onpeaerneHvs

B HacTosiLieM cTaHaapTe NPUMEHEHbI Creayiowme TePMUHbI ¢ COOTBETCTBYIOLLMMU ONpeaeneHnsMu:

3.1 apgantauusa napametpa: [Mpouecc MUHUMU3ALUK OTKNOHEHUS PACYETHOrO 3HAYEHMA napameTpa oT
ero )akTU4eCcKoro 3Ha4yeHus.

3.2

aganTauus undposon reonoro-PunbTPauuoHHoON mogenu: duanyecku 060CHOBAHHOE U3MEHEHNE
napaMeTpoB U CTPYKTYpPbl LUPPOBON reonoro-punbTpaumoHHONn Moaenu Ans MakCUManbHO BO3MOXHOM
CXOAUMOCTH PaKTUYECKUX U MOAENBbHBIX NoKasarenen paspabdoTkn MecTopoxaeHus HedTu u rasa.

[FOCT P 53554—2009, ctatbs 2.69]

3.3 BOOOHOCHBLIN ropu3oHT: OcaaouHan ropHas nopoaa, NPeAcTaBNeHHan OAHUM UKW HECKONbKUMK
nepecnanBaloLLMMICA NoA3EMHBIMU CIOAMU FOPHLIX NOPOA C Pa3fUYHON CTENEHbIO BOAONPOHWLIAEMOCTH,
MycTOTh! (NOPbI, TPELLMHBI) KOTOPBIX 3aNOMHEHbI FPABUTALMOHHBLIMU BOAAMU.

34

rasoBbii akrop: OTHOLLUEHME MONYYEHHOTO KONMMYECTBa HedTSAHOIO rasa, NPUBEAEHHONO0 K aTMOC-
hepHOMy gaeneHuto u Temneparype 20 °C, K KONMYECTBY NMOMYYEHHOW 3a TO & BPeMA HE(ITU NPU TOM e
JaBNEHUN M TON e TemnepaType.

[FOCT P 53554—2009, ctartbs 2.94]

3.5

ruapoanHamuyeckasn (punsrpaumoHHana) mogenb: COBOKYMHOCTb YMCMOBbIX AMHAMUYECKUX napa-
METPOB, XapakTepusyLLux MOAENUPYeMOe MECTOPOXAEHUE, COOPHBLIE CETU U YNIPaBMAOLME BO3AEHCTBUS
Ha HUX B NpoLecce pa3paboTku, a TaKkKe MaTeMaTUYecKoe ONMCaHne OCHOBHbIX 3aKOHOMEPHOCTEN NpoLec-
COB TeYeHUs pronaoB Noa BAMSAHUEM ITUX BO3AENCTBUNA.

[FTOCT P 53712—2009, nyHkT 3.12]

MpumevyaHne — B paHHOM cTaHpapTe Ans pasgeneHus nporpammuoro obecneverus (MO) cBopHeIx ceTeit
1 MO rmapoanHaMMHeCcKoro MofenmpoBaHuns unsTpaLmorHHas (rmapoaHaMuyeckasn) Mogenb paccMoTpeHa o 3abos
CKBaXWH.

3.6

rmapaenuueckuii paspbiB nnacta: Cnoco6 MHTEHCMMMKALMM PaGoThl 9KCMMyaTaLMOHHbLIX CKBaXMUH
W MOBbILLEHWUS HedpTeoTAaYM NnacTa 3a cyeT pasBUTUS B HEM E€CTECTBEHHbIX WnW 0GpasoBaHWUS UCKYC-
CTBEHHbIX TPELUMH NyTEM CO3AaHus Ha 3aboe LaBneHUs, NPEBbLILLAIOLLEro Npeaen NPoYHOCTM Nopoasl Ha
paspbIB.

[FTOCT P 53554—2009, ctatbs 2.103]

3.7 paBneHue HacbiweHus: [JaBneHue, Npu JOCTUXKEHUU KOTOPOTO B MPOLIECCE CHIDKEHWUS AaBMEHUs
HauMHAETCA BblAEMNEHNe rasa u3 Hedtu.
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3.8

0e6uT aKcnnyaTaumoHHON CKBaXUHbI: KONMYecTBO HEpTHU M/Mnu rasa, Nony4yeHHoe U3 aKcnyaTauu-
OHHOWM CKBa>KMHbI B EAUHULY BPEMEHH.
[FOCT P 53554—2009, cTtatba 2.113]

3.9 auddepeHumnanbHana koHgeHcauma: MNpouecc o6pa3oBaHna XMaKon asbl B ra30KOHAEHCATHOMN
(MHOTOKOMMOHEHTHOW) CMeCU Npu CTyNneH4aToM Bbinycke u3 cocyaa (6omobl PVT) napoBoii chasbl (CTyneHya-
TOM U3MEHEHWUW AaBIEeHUs) U HEU3MEHHON TemMneparype.

3.10

3aboiHoe aaeneHue: [asneHue cdnouaa Ha 3aboe OypoBoii CKBaXKMHbI Npu A06bIMe HETU U rasa.
[FOCT P 53554—2009, cratba 2.42]

MpumevyaHue — [aBneHve Ha 3aboe npocTanBatoLeil (UM BPEMEHHO OCTAHOBIEHHOMN) CKBaXWHbI Ha3biBa-
€TCA NNacToBLIM JaBleHneM.

3.11 kanunnapHoe AaBneHue: PasHOCTb 3HAYEHWUI JlaBneHnsi Ha NOBEPXHOCTU pasgena das.

3.12 KkoMno3uunoHHaa mogenb: Mogenb, B KOTOPON yrneBogoOpOAHAs nnacrosas cuctema npea-
CTaBreHa B BUAE 3aJaHHOr0 KONMMYecTBa KOMMNOHEHT, KaXbl U3 KOTOPbIX XapakTepusyeTcs CBOMMU napa-
MeTpamu.

3.13 KoHaeHcaTHO-ra3oBbIN hakTop: Konuyectso ctabunbHOro Unum HectabunbHOro KOHAEHCAaTa, Bbl-
paxeHHoe B KyOUYeCKnX MeTpax (B rpammax), NPUXoAsLLEEC Ha OAMH KyBuyeckuii MeTp rasa cenapauuu.

3.14 nokanbHble U3MernbYeHus: PasykpynHeHue reonorm4yeckon CeTKM C Uenblo Aetanuv3auuu Bbl-
GpaHHol obnacTu.

3.15 maccuB (NPOHMLAEMOCTU/NECYAHUCTOCTU/MOPUCTOCTU/CBA3SHON BOAOHACbIWEHHOCTH/OCTa-
TOYHOW He(PTEeHACbIWEeHHOCTU/OCTATOYHOM ra30HaCbIWEHHOCTU) AAaHHbIX O XapakTepe HaCbIWEeHUN:
TpexMepHbIn MaccuB 3HaYeHuUi (MPOHULLAEMOCTU/NECHAHUCTOCTU/MOPUCTOCTU/CBA3HON BOAOHACKILLEHHOCTU/
0CTaTO4YHOW HedITEeHAaChILEHHOCTU/OCTAaTOMHON Fa30HACBILWEHHOCTU) AaHHbLIX O XapakTepe HacbilWeHus, 3a-
OAHHbIX B KaX40N A4enke MOAEnMpyemoro oobekTa.

3.16

MHOro3abonHasa CKBa)MHa: Bypoaaﬂ CKBa>XMHa, nMmeruiaa oTBEeTBNEHUA OT OCHOBHOINo CTBONa B
BUJE PE3KO UCKPUBMEHHBIX JOMOIHUTENbHBIX CTBONOB B NpeAenax npoAyKTUBHOIO nnacra npu paspaboTke
MEeCTOPOXAEHUIN HETH 1 rasa.

[FOCT P 53554—2009, crartbs 2.38]

3.17 mopenb cpeabl ¢ ABOWHOM NOPUCTOCTLIO: Moaernb nopoabl CO CMELLAHHO| NOPUCTOCTLIO C BBO-
JOM B Ka)A0W TOYKe NPOCTpaHCTBa NOPOAbl ABYX 3HAYEHWUIA AaBNEHUS XUAKOCTU (ras3a): 4aBNEHUA B TpeLUu-
Hax 1 AaBneHusi B NOPOBbIX BNOKax, y4uUTbIBaKOLLAA OOMEH XUAKOCTLIO (ra3om) Mexay 6rnokamMmu u TpeLyHamu.

3.18 mopenb Henetyvyen HedpTU: Mogenb, B KOTOPOI YrneBogopoaHasa cucteMa annpokcummpoBaHa
OBYMSI KOMMOHEHTAMM: HENETY4YnM (HETHLIO) U NETYYUM (ra3om).

3.19 HeOQHOPOAHOCTb O0BbeKTa: M3MeHeHne hUNLTPaALUOHHO-EMKOCTHbLIX CBOWCTB NO MNowaan u
pa3pe3y obbekTa.

3.20 HenNpPOTUBOPEYMBOCTb rMAPOAUHAMUYECKON Moaenu: COOTBETCTBUE TMAPOANHAMUYECKON MO-
aenun pusmyeckum npeacTaBrneHusaM O reosiorM4eckoM OOLEeKTe M NPOTEKaLWUX B HEM (PUNBTPALMOHHBIX
npoueccax.

3.21 napannersbHble BbluUCeHUA: Cnocob opraHnsaunn KOMNbIOTEPHbIX BbIMUCIIEHWUI, NPU KOTOPOM
B OAMH U TOT XK€ MOMEHT BPEMEHU MOryT BbINONHATLCH OAHOBPEMEHHO HECKOSMbKO BbIYUCMMTENbHLIX Onepa-
LM, HanpaBneHHbIX Ha peLleHne obLel 3agayn.

3.22

npu3aboitHas 30Ha: Y4acToK NPOAYKTUBHOIO MacTa, NPUMbIKAOLLMii K CTBOIY BYpOBOIi CKBaXUHbI,
B Nnpeaenax KoToporo W3MEHSIOTCA (UNbTPALIMOHHbLIE XapakTEPUCTMKM NMPOAYKTUBHOIMO Miacrta B nepuog
CTPOUTENBLCTBA, SKCMyaTaLun U1 PeMoHTa GYPOBOI CKBaXKUHbI.

[FOCT P 53554—2009, ctatba 2.41]
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3.23

nporpamMmMHoe o6ecneyeHne: COBOKYMHOCTL MPOrpaMmm CucTeMbl 06paboTkn uHdopMaumm u npo-
rPaMMHbIX JOKYMEHTOB, HEOOXOAUMBIX NS 9KCNyaTaumm 3TUX Nporpamm.
[FOCT 19781—90, ctaTtba 5.2]

3.24 cnaHueBbIn ras: MNpupoaHbIi ra3, 40ObIBaEMbIA U3 TOPIOYMX CrAHLEB M COCTOALLUIA NpeumMyLLe-
CTBEHHO M3 MeTaHa.
3.25

TexHU4Yeckoe oGecrnevyeHne NPorpaMMHOro cpeacrtea: KoOMnnekc TeXHUYECKUX CPEACTB, UCMOMb-
3yeMblIX ANa peanusauun yHKLUOHAMNbHbIX BO3MOXHOCTEN NPOrpaMMHOTO CPeACTBa, BKMOYasi CPeAcTBa
BBOAA, 06paboTkM, BU3yanusauum, XpaHeHusl u nepegayu AaHHbIX.

[FOCT P 53712—2009, nyHkT 3.11]

3.26

ypaBHEeHUe COCTOSIHUA NPUPOAHOro rasa: YpaBHEHME, KOTOPOE CBA3bIBAET haKTOp CHUMAEMOCTH,
TemnepaTtypy, NOTHOCTL U MOMSIPHbIE 40N KOMMOHEHTOB.
[FTOCT 30319.0—96, nyHkT 3.5]

3.27

yCcTbeBoe AaBneHue: [JaBneHune, U3MEPEHHOE B BEPXHEl TOUke GYpoBON CKBaXKMHbI.
[FOCT P 53554—2009, cTatbs 2.45]

3.28 hasoBble npeBpaleHus: MNepexoq BewecTBa U3 OOHOV TEPMOAUHAMUYECKON hasbl B APYryio
NpyU N3MEHEHUN BHELLHUX YCIOBUIA.

3.29 c¢aszoBoe paBHOBecue: OQHOBPEMEHHOE CyLLECTBOBAHWE TEPMOAMHAMUYECKNM PABHOBECHLIX
da3 B MHOrochasHoi cucreme.

4 CokpaueHus

B HacToALLIEM CTaHAapTe NPUMEHEHBI CRIEAYIOLLME COKPALLIEHUS:

BHK — BOAOHE(MTAHON KOHTAKT;

BK — ra3oBoasiHOW KOHTaKT;

MM — rmmapoanHamMm4yeckoe MOaENUPOBaHUE;
MU — ruapoanHamMmnyecknue NCCneaoBaHus;

MTHK — rasoHedTAHOM KOHTAKT;

PN — ruapaBnnyeckuit paspbiB NNacra;

[C — ropusoHTanbHbIA CTBOM;

MM — reonoro-TexHU4eckne MeponpUaTUs;

OKC — aoxuMHas KoMNpeccopHas CTaHuus;

KIf'd — koHAeHCcaTHO-Ta30BbIN haKkTop;

KPC — kanuTanbHbll PEMOHT CKBaXKUH;

HKT — HacoCHO-KOMNpecCopHbIie TPyObl;

O®l1l — oTHocuTenkHble ha3oBblie NPOHULAEMOCTH;
MAB — nOBEPXHOCTHO-AKTUBHbIE BELLECTRA;

MO — nporpammMHasa 4OKyMEHTauus;

M3M — npusaboiiHasa 30Ha nnacTa;

MO — nporpammHoe obecneveHue;

MXI — noa3emHble XpaHunuLla rasa;

YB — yrneeoaopoabl;

PVT — pressure volume temperature (aaBneHme odbema Temneparypel).
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5 OOwune nonoxeHwus

MO FAM npuMeHAT ANA NPOrHO3MPOBAHUS TEXHOMOrMYECKUX napameTpoB paspaboTKM MEeCTOPOX-
OeHunit NpupoaHbIX YB Ha OCHOBE TPEXMEPHbIX rugpoanHaMmuyecknx (punstpaumoHHblix) mogenen. MO rAmM
AOMKHO obecneynsaTb BOCNPOU3BEAEHNE OCHOBHbLIX (PU3NYECKMX NPOLIECCOB, MPOUCXOAALLMX NPK OUNbTPa-
uun HedpTH, rasa v BoAbl B MOPOBLIX cpeaax (Konmnekropax).

[na MecTopoXxaeHun, uMmetowmx hakTuyeckyto uctoputo paspabdotku, NO MM gomkHo obecneunsarb
BO3MOXXHOCTb HACTPOWKuU (agantauuun) ruapoauHaMUYecknux Moaenen Kk ucrtopum paspaboTku nepes Bbinor-
HEeHWEM MPOrHO3HbIX pacyeTos [1].

6 UcxogHble gaHHbIe ANs NPOrpaMMHOro o6ecnevyeHns rMAPOANHaAMUYECKOTO
MoAenupoBaHus

6.1 UcxoaHbiMu aaHHbiMu ansa MO ITOM senstoTcs:

6.1.1 Cratudeckasa ocHoBa:

- reOMeTpus rmapoaNHAMUYECKON CETKK;

- MacCuBbl NPOHULIAEMOCTH (ANaroHarnbHble KOMMNOHEHTbI TEH30pa NPOHULIAEMOCTH);

- MaccCuB NeC4YaHUCTOCTH;

- MaccuB NOPUCTOCTY;

- MaccCuB CBA3aHHON BOAOHACILLEHHOCTH;

- MacCUB OCTaTOYHOW HaCbILEHHOCTU YrNeBoAopoAHbIMY pasamu (HeddTh, ras);

- MacCWB HayarnbHbIX HACBILLEHHOCTEWN,;

- MaccuB rMapoAMHAMUYECKUA U3ONMPOBAHHbLIX CETMEHTOB MOAENu (reOMEeTpUYEeCKUe KOOPAMHATLI Ha-
pyLUEHMI Nnacra);

- MaccuB MOPOBOTro 0OBLEMA;

- MaccuB NPOBOAUMOCTEMN;

- MaccuB pPerMoHOB NOACYETa 3anacos;

- MacCuB PErMOHOB CXKMMaEMOCTU NOPOoAbI;

- MaccuB PErMoHOB KJ1acCOB KOSEKTOPOB;

- maccus PVT-cBoncts ¢nonaa;

- otMmeTkn MHK, BHK unu MBK no mMectopoXaeHuto B LienoM unu no rupoguHaMuyecku n3onupoBaH-
HbIM CermeHTam MOAEenu;

- 3HAYEHUA HAYanbLHOrO NNACTOBOIO AABMEHMA MO MECTOPOXAEHMIO B LIENIOM, UMK NO rMapoauHamMuye-
CKM M30SIMPOBAHHBIM CErMEHTaM MOAENM, U B 3aBUCUMOCTU OT abCOMIOTHON OTMETKM;

- ras’oBblii U/UNN KOHAEHCATHO-ra3oBbIA PAKTOP (MM HayanbHbIA KOMMNOHEHTHbLIW COCTaB) MO MECTO-
POXAEHWIO B LENOM, UK N0 rTMAPOANHAMUYECKU U30NIMPOBAHHLIM CETMEHTaM MOAENM, UMK B 3aBUCUMOCTM OT
abCcontoTHON OTMETKU;

- pesynbTaThl OLEHKWM HaYyanbHbIX 3anacoB U NOACHETHbIX NapamMeTpoB.

6.1.2 C>xmuMaeMOCTb Nopoabl (B TOM YKUCre B BUAe Tabnuu, ONMCbIBalOLLMX HENMUHERHbIE 32aBUCUMOCTHM
NOPUCTOCTM U MPOHULLIAEMOCTM OT NNacTOBOro AABMEHUS).

6.1.3 PyHKUMM OTHOCUTENBHLIX (Pa30BLIX MPOHNLAEMOCTEN.

6.1.4 3aBMCMMOCTM AaBneHnst B cucteme HedpTb — ras u Boga — HeddThb, ra3 — yrneBoaoPOAHbIN KOH-
JeHcarT, yrneBogopoaHblii KOHAeHCAT — Boda (ra3 — BoAa NpU OTCYTCTBUM XMAKOW YrneBOAOPOAHON dhasbl)
OT HaCbILWEHHOCTN UK MoAenNb J-PYHKLMN.

MpumMeyaHne — J-YHKUMA ABNAETCA NO CBOEN CYTW HOPMUPOBAHHON BENUYMHON KanunnspHOro gaBrneHus.
B kadecTBe KpMTEpUEeB HOPMUPOBAHUS BLICTYNAIOT CUMbI MOBEPXHOCTHOO HATSXKEHUS Mexay dnongamn u dunerpayu-

OHHO-EMKOCTHbIE CBOWCTBa MaTpuLpbl.
P (S, k
J(s,) = 2t%) )
ocosO Vm

rae P(S;) — kanunnspHoe gasneHue (dyHkuua Sy), Ma;
Sg — BOAOHACLILIEHHOCTb, A. €4.;
G — HaTSXeHue Ha rpaHuue pasgena das, guH/CMm;
60 — yron cmaymBaHua (KpaeBon yron cMavmBaHus), rpagyc;
k — npoHuUaemocCTb, onpeaeneHHas no obpasuy kepHa, m;
m — MOpMCTOCTb, OnpeaeneHHas no obpasuy KepHa, 4. eq.
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6.1.5 MNapameTpbl MOAEenu, yuuTbiBaloLwwen nameHeHne OPr B cucreme HedhTb — ras (yrneBoaopOAHbIN
KOHAEHCcaT — ra3) Npy BbICOKUX CKOPOCTAX dUNbTpaLmn.

6.1.6 MapameTpbl mogenu dopxreiimepa, ONUCLIBAIOLEN KBaAPaTUYHYIO 3aBUCUMOCTb rpaaueHTa AaB-
NEeHNA OT CKOPOCTU NOTOKA.

NMpumevyaHune — [lpu 6onbluMx NoTokax gnouaa 3aBUCUMOCTb FpagueHTa faBfeHNst OT CKOPOCTU TE4eHUsI
nepexoauT u3 fIMHENHONM, ornnMcaHHoi 3akoHoM [lapcu, B kBagpaTudHyto mogens dopxreimepa.

a _(n 2
™ —(K)Hpr , 2
rae u — BA3KOCTb, MNa - ¢;

K — npoHuyaemoctb, mJ;

p — MNOTHOCTb, Kr/M3;

V — CpeaHsisi CKOpOCTb NOToKa, M/C;
B B ypaBHeHUn — obparHas gnuHa (1/m).

Moaenb dopxrerimepa HeobxoguMa B 30HaxX ¢ GONbLUMMM CKOPOCTSIMU MOTOKOB, HANpPUMeEpP OKOJIO
CKBaXMH.

6.1.7 PVT-cBoucrea HedpTu 1 rasa B Buge:

- KOMMOHEHTHOrO COCTaBa U CBOMNCTB KOMMOHEHTOB (KpUTUYECKUE napameTpbl, koadpuuymeHTol GuHap-
HOro B3auMOAEeNCTBUA U T. A.);

- Tabnuy, ONMUCbIBAIOLLIMX U3MEHEHUE MITOTHOCTU, BA3KOCTU, U 0OBEMHBIX KO3(P(PUUNEHTOB AaBneHus
ANA pasHbIX 3HaYeHNin rasoBoro pakropa unu Krd, a taioke 3aBUCUMOCTb AaBMNEHUA HACBILLEHUA UK Havana
KOHAEHcaumMn OT 3Ha4YeHus1 rasosoro dakropa unu Kre.

6.1.8 CsoWcTBa NNACTOBOM U 3aKa4YMBaeMOM BOAbI.

6.1.9 [aHHble NO CKBAXKMHAM:

- TPaeKkTOpUN CKBaXMH;

- MHTepBarnbl nepdopaumnmn CKBKUH B UBMEPEHHbIX N abCOMIOTHBLIX rMyOuHax;

- Aatbl NpoBeaeHua nepdopauum, n3onauum, A0ONONHUTENBHOW nepdopaumu.

6.1.10 [daHHble 0 KOHCTPYKLMAX CKBAXXUH: AMAMETP CKBaXKMHbI, AuameTp u rnybuna cnycka HKT, ycrpoii-
CTBa KOHTPONA NpUToKa U T. A.

6.1.11 OaHHble 0 npoBeaeHHbIx P, KPC u gapyrux I'TM.

6.1.12 Wctopusa paspaboTku:

- nebuTbl rasa, HedTu, KOHZEHCATa U BOAbI N0 A06bLIBAIOLLMM CKBaXKMHAM u/unu rpynnam A00bIBaioLLmX
CKBa>KWH;

- pacxoabl raza u BoAbl MO HArHeTaTeNbHbIM CKBaXKMHAM W/UNK rpynnam HarHeTaTenbHbIX CKBaXKUH;

- 3a00¥iHble U YCTbEBbLIE AaBNEHMUSA MO CKBAXMHAM.

6.2 EQMHULBI M3MepeHUs UCXOOHbIX AAHHbIX

MexopHbie aanublie ana MO FOM namepsiot B cucteme CU B cooteetcTeun ¢ FTOCT 8.417 u FOCT P 8.645.

7 ®yHKUMOHanNbHbIe TPeOboBaHUA K NporpaMMHOMY obecneyeHuto
rMapoaAnHaMnMYecKkoro MoaenmpoBaHus

7.1 ImMnopt, NoAroToBKa U MPOBEPKA UCXOAHbIX AaHHbIX, NEPEYNCIIEHHbIX B pasaerne 6.

7.2 Co3paHue YMCNeHHOW Mogenu nnacTtoBoro (nouaa

7.2.1 MoaenupoBaHue cneayowux nabopaTtopHbIX 3KCMNEPUMEHTOB:
- OfHOKpaTHas cenapauus;

- cTyneH4aTas cenapauus;

- AuddepeHumansHoe pasrasnpoBaHue;

- KOHTaKTHas KoHZeHcaums (MccnegoBaHUe nNpyu NOCTOSIHHOW Macce);
- AudpdepeHumanbHas KOHAEeHCaUus;

- onpeaeneHue AaBrneHns HacblLeHNs;

- OJHOKpaTHbIM pacyeT hasoBoOro paBHOBECUSI.
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7.2.2 Co3spaHue Tabnuu, ONUCLIBAIOLLIMX U3MEHEHNE NAIOTHOCTU, BA3KOCTU U OOBEMHBIX KOIhDULIMEH-
TOB OT AABIIeHUs AN pPasHbIX 3HAYEHUI rasosoro dpaktopa wnu Kre, a taike 3aBUCUMOCTb AaBSIEHUS Ha-
CbILLEHUA UMK Ha4Yana KoOHAEeHcaLumn OT 3HavyeHua razosoro ¢pakropa unu KFe npu nnacroson temneparype.

7.2.3 Hactpoiika napamMeTpoB YpaBHEHUSI COCTOSIHMA MO pesynbrataMm naboparopHbix PVT-akcne-
PUMEHTOB, B TOM YUCHE C UCMOJIb30BAHUEM NPoLIeAYPbl MHOTOMEPHOW Perpeccum.

7.2.4 BO3MOXHOCTb UCMOSb30BAHUA PA3NUYHBLIX YPABHEHUI COCTOAHUA.

MpuMmevyaHue — Kak npaBuno, UCMONb3YOT ypaBHeHUA cocTosiHuA MeHra — PobuHcona, CoaBe — Pep-
nuxa — KeoHra, 3iogkeBuya — Modpde, onucanue npuseseHo B NpunoxeHnn A.

7.3 3apaHue Ha4yanbHOro COCTOSAHUS MOAENU 3aKNIOYAETCA:

- B pacyere paBHOBECHOIO Ha4aribHOro COCTOSIHMA MOAENW, B TOM YMCIe C BO3MOXHOCTbIO 3afaHusi
Ky6a Ha4anbHOI BOAOHACLILLEHHOCTH U nocneayiowen Mogaudukaumen KanunsipHbIX AaBNEHUN;

- NPSAMOM 33aHUW HEPABHOBECHOIO Ha4asibHOrO0 COCTOSAHUA MOAENMN.

7.4 3apaHue yCcrnoBui HA rpaHULIAX pacyeTHON 06nacTu, B TOM YMCNE B pamMKax MoAernein BOAOHOCHbIX
ropu3oHToB PeTkoBu4a u Kaprepa — Tpewncu.

MpumevyaHune — MeToabl onpefeneHns BOJOHOCHOro nnacra detkosuya n Kaptepa — Tpeiicu npuBeaeHbl B
npunoxexuu b.

7.5 3anucb nepetokos riouaos Mexay obnactamu (permoHamm) MoAesNu C BO3MOXHOCTBIO Nocneay-
IOLLEro OTAENbHOr0 MOAENUPOBAHMS KAXKAOIO PEFMOHA (CEKTOPa) C y4ETOM 3anuCaHHbIX paHee NepPeToKoB.

7.6 OueHKa HavanbHbIX U TEeKYLLUMX (OCTaTOYHbIX) 3anacos YB.

7.7 KOHTPOSb HENPOTUBOPEYMBOCTU MOAENMN.

7.8 ApganTtauus MoAenu K UCTOpuM pa3paboTku 3a CHET U3BMEHEHUA TEX NapamMeTPOB MOAENM, KOTOPbIe
HEN3BECTHbI UK N3BECTHbI C CYLLLIECTBEHHOW NOrPELLHOCTLIO.

7.9 BbInOnNHEHMe NPOrHO3HbIX PacyeToB ANA Pa3fIMYHbLIX BAPMAHTOB IJKCMIyarauuu MeCTOPOXAEHMUS,
Y4YMTbIBAIOLLMX:

- BPEMS, B TE4E€HNE KOTOPOrO OCYLLECTBASIOT NPOrHO3UMPOBaHME;

- npeanonaraemblit rpaduk BypeHus, Mecta pacnosnoXXeHUs1 CKBaXWH, TUMbI CKBAXXMH U UHTEPBAsbI 3a-
KaH4YMBaHWUS;

- npeanonaraemblit rpadouk nepesoaa CKBaXXuH Ha apyrne oobekTbl U 3ape3ku 60KOBbIX CTBONOB;

- NnaHupyemyro MogepHusauuto cucrem coopa, NOAroTOBKU U HAarHETaHUS;

- TEXHONOrn4yeckue orpaHudeHns Ha aobbivy Hedh T, BOAbI U rasa;

- TEXHONOrMYeCKne OrpaHMYeHna Ha HarHeTaHue BoAbl U rasa;

- OrpaHM4YeHns Ha NPOMbICNOBLIN ra3oBbli PakTop (ANA OTAENbHLIX CKBAXXMH, rPYNN CKBAXKUH U MECTO-
pOXaeHUs);

- OrpaHuM4eHnsa Ha 0OBOAHEHHOCTb NPOAYKUMK (AN OTAENbHbLIX CKBAXWH, FPYNN CKBaXXWH U MECTOPOX-
OeHus);

- MWUHUMAanbHbIA 9KOHOMUYECKUIT AeBUT He(PTHU, KOHAEHCaTa UMK rasa;

- MakcuMmarnbHbIl 4eOuT HedTM unn rasa Nno CKBaXKMHAM (€CAU NPUMEHUM);

- OrpaHuM4eHus Ha CyMMapHbIi YpOBEHb A00bIMK HedTH rasa unu soabl;

- OrpaHW4eHus N0 MUHMMANbLHOMY U MaKCUManbHOMY AABAEHUIO HA YCTbE CKBAXMH.

7.10 lMNapannernbHble BbIMUCNEHUS — 9TO:

- YCKOpEeHue rmapoanHamMn4ecknx pacveToB 3a CHET UCNONb30BaHUA napannesbHbiX NPoLEeCccopoB;

- BO3MOXHOCTU 3anycka ¢ UCMOMNb30BaHUEM CUCTEMbBI Ovepeaen (CosaaHue u ynpasneHue odepeasamm)
yAaneHHoro 3anycka Ha pacyet 1 MOHUTOPUHIa pacyeTa Ha yaaneHHoOM Knacrepe.

7.11 YueT npuToKa K ra3oBbIM CKBaX>MHaM NnoapasymeBaer:

- y4yeT peanbHbIX CBOWCTB rasa rnpu pacyete nputoka (HEMWHENHOCTb 3aBMcumocTu aebuta ot ge-
npeccuu);

- Hanuuue mogenu addekrta GNOKMPOBKN ra30KOHAEHCATHON CKBaXWHbI KOHAEHCATOM NPU CHUWKEHUW
3a60WHOro 4aBneHns HUXe JaBneHus Hadana KoHaeHcauum;

- BO3MOXXHOCTb Y4€eTa OTKITOHEHUS OT JIMHEWHOro 3akoHa npu unbTpauum rasa B nnacre;

- BO3MOXHOCTb BECTMW YNPOLLUEHHbIN y4eT OTKNOHEHUSA OT NUHENHOro 3akoHa unsTpauum B npu3aboii-
HOI1 30HE CKBa>kMHbI (CKMH-DAKTOP, 3aBUCALLMIT OT AebuTa, Tak HasbiBaembiit D-chakTop).
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7.12 BO3MOXXHOCTb A€Tann3aLun CETKU B OKONOCKBAXKMHHOMW 30HE C NOMOLLbIO:

- NPAMOYTOfibHbIX NOKaNbHbLIX U3MENBLYEHUI CETKY;

- HeCTPYKTYPMPOBAHHLIX CETOK AN AeTanu3auunm Moaenu B 30HE rOPU3OHTarbHbIX U MHOr03abolHbIX
CKB2XXUH.

7.13 MogenupoBaHue 3akadku nonmmMepoB C BO3MOXHOCTbIO y4eTa:

- WU3MEHEHUS BA3KOCTU 3aKa4ynBaemoi BOAbl C yBENMUYEHUEM KOHLIEHTPaLUM NoNMmepa;
agcopbunmn nonMmepa co CHUKEHWEM NPOHMLLAEMOCTH;
- aecopbuun nonumepa.
7.14 MogaenuposaHue 3akadku CO, npeacraBnser cobon:
- Yy4eT pacTBOpMMOCTM 3akauusaemoro CO, B BoAe U HedTy;
MOAENMPOBaHME 3aKayKmn Yriekncnoro rasa B HedpTsiHble NNacTbl ANA yBENUYeHUs HedreoTaauu.

7.15 MogenupoBaHue BOAOra3oBOro BO3AENCTBUS — MOAENMPOBaAHUE MOOYEPEAHON 3aKayKku BOAbI U
rasa, a Takxe COBMECTHOW OHOBPEMEHHOI 3aKauyKu.

7.16 MogenupoBaHue HEM30TEPMUYECKON hunsTpaummn (pacluMpeHne mMoaenu Henetyvyen HedTu, co-
Aepxaliee fONONHUTENbHOe ypaBHEHUE COXPAHEHUS SHEPTUU ANl BbIYUCIIEHUS TEMMEpaTypPbl B MracTe).

717 Yuyet TeyeHus cnonga B ctonax 'C gaet BO3MOXHOCTb:

- ydeTa TpeHUa B CTBONE CKBaXKNMHbI NpU MoAENUPOBaHNUN FTOPU3OHTalbHbIX CKBAXXWUH;

- MCNOMb30BaHUA MOAENU MHOTOCETMEHTHOW CKBaXKMHbI NS TOYHOTO ONUCAHKUSA NOBEAEHUA MHorodas-
HOrO MOTOKAa B CTBOMNE CKBAXMWHbI, y4€Ta rEOMETPUM CKBAXMHbI B NPOLIECCE pacyeTa;

- MOAENUPOBaHUS MHOr03ab0MHbIX (PA3BETBNEHHO-TOPU3OHTANbHbIX) CKBaXXMH B paMKkax MOAEnu MHo-
rOCErMEeHTHOWN CKBaXKWHbI.

7.18 MogenupoBaHue Pl npeacrasnaer coboi MogenupoBaHue:

- TPeLumHbl rmapopaspeiBa B SBHOM BUAE C 3aaHUEM ee MOMyASNUHbI, PacKkpbITUEM, HanpaBrneHneEM
U T. 4. (OeTanbHbIli YYeT napameTpoB TPELUMHbI U CBOMCTB MracTa), a Takke ydeT addpekta 3atyxanus MPM
OT BPEMEHMU;

- MHorocraauiiHoro 'Pl1, oueHka pesynbsraTtoB.

7.19 KoMnosuunoHHoe MoagenupoBaHme — 370 BO3MOXHOCTb:

- AeTanbHO y4uTbiBaTb COCTaB NnacToBbiX hnionaos u hasosble NPEBPALLEHUA HA OCHOBE KOMIMO3ULIU-
OHHOW MOoAEenu;

- MOAENMPOBaHMNA NPOLIECCOB 3aKayky rasa, CMeLUMBAIOLLErOCs BLITECHEHUS;

- 3a/laHus CTaHAAPTHLIX YCNOoBUIA AN pacdyera o6bemos YB B COOTBETCTBUM C POCCUNCKMMM CTAHAAP-
Tamu (0,101325 MrMa, 293,15 K).

7.20 TceBAOKOMNO3MLMOHHOE MOAENNPOBAHUE — 3TO BO3MOXXHOCTb YNPOLWEHHO YyYUTbIBATb KOMIMO3U-
LUMOHHbIE 3chdeKTbl NPU 3akadke rasa, OTNMYHOIO OT rasa cenapauumn B pamkax MOAENNU HeneTyden HedTu.

7.21 Mogaenu ABOWHOW NOPUCTOCTM/ABOWHON NPOHULAEMOCTH.

7.22 MogenupoBaHue 4o6blYM METAHA U3 YIOMbHLIX NNACTOB NOAPAa3yMEBAET:

- yyert achdpekToB agcopbumu/aecopbunu B 3aBUCUMOCTU OT AABNEHUS;

- BO3MOXXHOCTb MOAENUPOBaHUA 3aKa4vku COlez;

- BO3MOXXHOCTb MOAENUPOBAHNA W3MEHEHUS NOPUCTOCTN U NPOHMLIAEMOCTU C USMEHEHMEM AABMNEHUSA.

7.23 MoaenuposaHue Ao6blun CRaHUEeBbIX ra3oB — y4eT:

- achpekToB aacopbuuu/aecopbuum B 3aBUCUMOCTH OT AABNEHUS;

- o6pa3oBaHuA CETU NPOHULIAEMbIX TPELLUMH npu nposeaeHumn MPI.

7.24 Buayanu3auus U aHanu3 pesynsratoB MOJENUPOBAHUS BKMIOHAET B cebs:

- BO3MOXHOCTb paboThl C pa3HbIMU CETKaMU (Hanpumep, 61104HO-LUEeHTPUPOBAHHAS, FEOMETPUS YITIOBOW
TOYKHM);

- BO3MOXXHOCTb paboThbl C paguanbHbIMU U AEKAPTOBLIMU NTIOKANbHBLIMU U3MENBYEHUAMMY;

- BO3MOXXHOCTb BU3yanu3auuu CBOIMCTB MOAENU Ha NioGOV BPEMEHHOW Liar;

- BO3MOXXHOCTb MAHUNYNALMU Pa3NUYHbIMU CEKLMSIMU MOAENN;

- BO3MOXXHOCTb paboTbl C reonormyeckumu paspesamv Moaenu;

- BO3MOXXHOCTb YCTAHOBMEHUS AUMana3oHa pasfuyHbiX CBOMCTB MOAENU NPU BU3yanu3auuu;

- BO3MOXXHOCTb MOCTPOEHUA rpacpnkoB TEXHONOIMYECKMX Nokasartenen paspaboTku, NONY4EHHbIX NO pe-
3ynbTaTtaMm pacyeToB NO CKBaXMHAM, rPynnam CKBa)UH, 00beKTaM, MeCTOPOXAEHUSM;

- BO3MOXXHOCTb LIBETOKOAUPOBAHUS, MPU KOTOPOM UCNONL3YIOT TY UMW UHYIO LBETOBYIO NANUTPY;



FOCT P 56449—2015

- noctpoeHune 2D-kapT no pesynsratam MOSENMPOBAHUSA U BO3MOXHOCTb 9KCNOPTa B COBPEMEHHbIE rpa-
duyeckue pegakTopsl;

- NOCTPOEHME KPOCCMIOTOB;

- BU3yanusauuio KpyroebIx uarpamm, 0ToGpaXaloLmx TEKYLUME UM HAKOMSEHHbIE noka3aTtenu paboTbl
CKBaXKMH, @ TaKKe Ka4eCTBO aganTtauuu no Mctopum paspaboTku.

7.25 B03MOXHOCTb HasHa4YeHWUs1 CBOWCTB 3akauMBaeMoOM BOAbI, OTIIMYHBLIX OT CBOWCTB BOAblI B pesep-
Byape [2].

7.26 BO3MOXHOCTb aBTOMATU4YECKOro yaaneHus u3 moaenu (B LEensix yCKOpeHusi pacyeTa) f4eek Ton-
LWMHOW (MnM NOPOBLIM 0OBEMOM) MEHEE 3a4aHHOTO MNONb30BAaTENEM npeaena ¢ co3gaHueM 9KBUBANEHT-
HbIX HECOCEAHUX COeAUHEHUI U/MNK COOTBETCTBYIOLLEH MoaMdUKaumen NopoBoro obbema npuneratoLwmx
AYeek.

7.27 BO3MOXHOCTb MOAUMDUKALUU NCXOAHBIX MACCUBOB, NEPEYNCIIEHHBIX B 6.1.1.

7.28 B03MOXXHOCTb CO34aHWs1 HOBbIX CKBAXUH.

7.29 BO3MOXHOCTb peaaKkTMPOBaHUA AaHHbIX, NepeuncneHHbix B 6.1.3 n 6.1.7, ecnu oHu 3aaaHbl B BUAE
Tabnuu,.

7.30 BO3MOXXHOCTb aBTOMaTUYECKOro 3agaHus nepdopauumi CKBaXMH NPU BbIMNOSTHEHUN MPOTrHO3HbIX
pac4eToB.

7.31 OHnaiH-uHTepdenc Ana COBMECTHOMO UCMOMNb30OBAHMA C CUCTEMAMM:

- MOAENUPOBAaHUS TEYEHUS] B CKBXKMHAX U NOBEPXHOCTHLIX CeTAX cOopa u TpaHcnopTa (B TOM yucne
Ana moaenuposaHus rasocbopHoii cetn n OKC Ha kaaoi pacyeTHOW uTepauuu, Npu 3TOM HasemHoe 060-
pPyAOBaHUE AOMKHO SIBNATHCA OrpaHuyuTenemM aotuium);

- reoMexaHn4eckoro MmogennpoBaHua.

7.32 NO I'AM pomkHO o6GecnevmBaTb BOSMOXHOCTb €r0 UCMONbL30BAHUS NOA YNPaBNeHUeM CUCTEM aB-
TOMaTM3UPOBaAHHON aJanTauuu u pacdeTta HeonpeaeneHHOCTH nokaarenel paspaboTku MecTopoXaeHus, a
Takke cucTeM uHTepnpetaumu MO ckBaXuH.

8 TpeboBaHMA K AOKYMEHTUPOBaHUIO NPOrpaMMHOro o6ecnevyeHusn
rmapoanHaMUUYecKoro MmoaenupoBaHua

8.1 Onsa MO IOM paspa6artsiBatoT [ B cooTBeTcTBUM C TpeGoBaHuamu MOCT P UICO/M3K 15910 n
FOCT P 53712. Obwme Tpeboeanus k M[ coorserctytor FTOCT 19.105.

8.2 Oyb6nuposaHue, y4eT U xpaHeHue N[ npoBoasT B COOTBETCTBUKU C TpeboBaHusmm MOCT 19.601.
M3meHeHus B MM sBHocAT B cooTBeTcTBUM ¢ TOCT 19.603.

8.3 N[ Ha nporpamMHOE CPeaCTBO U/MNKU €ro KOMMOHEHTbl AOMKHA npegycMaTpuBath Hanuyue noa-
poGHOro PyKOBOACTBA MOSIb30BATENSA HA PYCCKOM A3bIKE W COAEPXKATL CreayoLLue CBEAEHUS:

- obnacTtb NPUMEHEHWS;

- AaHHble O CTPYKTYpe (nepeveHb moaynen, 6a3oBblid KOMMNEKT, CNUCOK AOMONMHUTENbHbIX MOAYNew);

- OMucaHue Mnosb30BaTENLCKOro uHTEpdelica;
onucaHue onuuii;
OMUCAHUE KIIOYEBbIX CIOB;
onucaHue nopsaka aKCnopTa u UMNOpPTa AaHHbIX;
onucaHue NPUMeEHsAEMbIX anroputMoB U IN3NYECKUX MO ENEN.

9 TexHUuecKue TpebGoBaHUsA K NPOrPaMMHOMY 0GecrneyeHuo
rmapoanHaMmU4ecKoro MoaenupoBaHus

TexHuyeckoe obecneveHne A0IMKHO YAOBMNETBOPSTL CMEAYIOLMM OCHOBHbIM TpeBoBaHUAM:

- (PYHKUMOHUPOBAHUE HA COBPEMEHHbIX ONEpPaLMOHHbIX CUCTEMAaX U annapaTHbIX nnargopmax;

- obecneyeHne BO3MOXHOCTU NapanmnenbHbIX BbIMMCIEHWI AN YCKOPEHUSI PaCHETOB;

- obecneyeHme BO3MOXXHOCTHU KOHBepTaLUKM mMogenei, co3gaHHbix B 6onee paHHux Bepcuax MO IOM,
B chopmar ob6HoBneHHon Bepcum MO.
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10 MNoaTBepxOeHUe COOTBETCTBUS MPOrPaMMHOro obecrneyeHus
Ans ruapoguHaMuyecKoro MmoaenupoBaHus

MoaTeepaeHne coorBetcTBua MO OM ouenuBator B coorBetctBuM ¢ OCT 28195, NOCT P
NCO/ M3K 9126 n TOCT P MICO/M3K 12119 cnegyowmmmn cnocobamu:

- 9KCMEPTHbIN aHanu3 PyKOBOACTBA MONb30BaTENsA C NMPOBEPKOW HanUuusi onucaHus PyHKLUMOHANbHO-
CTH, peanuayloLLiei NONoXeHUa HacTosALero cTaHaapTa;

- PMU3MYECKUI 3anyCK U IKCNEPTHbIA aHanu3 npeaocTaBneHHbIX npoussogutenem MNO TecToB (BKMNIOYEH-
HbIX B cocTas rnoctasku MO unu npegocTaeBneHHbIx paspaborumkamu MO), AEMOHCTPUPYIOLWMX peanu3aumio
YHKUMOHANBHOCTHK;

- BbINOMHEHWE Habopa UCMbITATENbHbLIX 3a4a4-TECTOB, PEKOMEHAYEMbIX MPU3HAHHBIMU HAYYHbLIMU U JKC-
nepTHbIMK OpraHusaumsaMn B 06rnacTu Heaponosb30BaHMUSA, B Ka4eCTBE AONONHEHUS, YETbIPEX TECTOB KOPPEKT-
HOCTM peanu3auuun cneumanbHbiX ypaBHEHWH NPUTOKA K CKBAXKUHE, YYUTbIBAIOLLMX U3MeHeHne PV T-cBolicTB
dnonaos B Npu3abonHON 30He, BKIOYasi BO3MOXHbIe (Da3oBble NnpespaLleHus (CM. npunoxexue B).

MpumevyaHue — OBbLIMHO KOMNaHUM — paspabotunku MO IOM MCNONbL3YIOT UCNbITATENbHBIE TECTHI MEXAY-
Hapo4HOW HeKOMMepYecKoi NPodeccoHanbHOM opraHu3aLMn TEXHUYECKUX CNeLNanucToB HedTerasooi NPOMbILLNEH-
HocTu Society of Petroleum Engineers (Tectbl SPE).

10



MpunoxeHue A
(cnpaBouHoe)

YpaBHEHUA COCTOAHUA

FOCT P 56449—2015

Kak npaBuno, ncnonb3ytoT ypaBHeHWUA cocTosHuA [NeHra — PobuHcoHa, CoaBe — Peanuxa — Keohra, 3togke-
Bu4a — Moddpe.
B o6uei popme kybuyeckoe ypaBHeHWE COCTOSAHUA MOXET OblTb NPeACTaBNeHo TakuM o6pasomM:

rae  p
R

T

v

anb
Cymncy

abcontoTHoe faBnexue, Ma;

p= RT B a
v-b (vteh)u+c,b)’

YHUBepcarnbHas razoBas noctosHHas, Dx/(monb - K);

abcontoTHaa Temnepatypa, K;
MOJSIPHEIA 00beEM, M3/Monb;

napameTpbl ypaBHEHUA COCTOAHUA,

KOHCTaHThbIl, NpuHUMakLwme crnegytrojne BenM4nHbl B ypaBHEHUAX COCTOAHUA!

- Pegnuxa — KesoHra 1 u 0,
- CoaBe — Peanuxa — KoHra 1 un 0,

- MeHra — PoBuHcoHa 1++/2 1 1-/2 cooTBeTCTBEHHO.
MapameTpel @ u b ypaBHEHUA COCTOSHUA A1A KOMNOHEHTOB BhIpaXeHb! crieyoLlmm obpasom:

ae QaR’T?
PC

-0 .
Q, =T, v);

_ QbRT,
—

c

b

Q, = QIR(T,, w),

rae pyHkums B(7,, o) eAnHa ANa ypaBHEHUA COCTOAHUS,
— aleHTpUu4eckuin cakTop;
CWUr — KpUTUYECKWNEe W NPUBELEHHbIE YCNOoBUA.
a, Q, 1 Qp 3aBUCAT OT BLIGOpa YpaBHEHNS COCTOAHMS:
Pennuxa — KeoHra:
rae Q9 =0,42748;
Q9 =0,08664;

»

CoaBe — Pepnuxa — KBoHra:
2
me T, w)=[1+k(1- T

k=0,48+ 1,570 - 0,170,
9=0,42748;
Q9=0,08664.

MeHra — PobuHcoHa:
rme Q0 =0,45724;
Q9=0,07780;

k=0,37464 + 1,54220 — 0,2699202.

oc(T,co):L;

a(Tr,m)=[1+k(1—\/T—r)T;

(A1)

(A.6)

(A7)

(A.8)

(A.9)

(A.10)

1
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Ona 6onee TaxenbIX YrMeBOAOPOAHBIX KOMNOHEHTOB NPUMEHSIIOT Apyroe 3HayeHue K B ypaBHeHUU MeHra — PobuH-

COHa:
k =0,379642 + 1,48030 — 0,1644230?2 + 0,016666m°. (A.11)

YpaBHeHue cocTosiHuA 3okeBuda — Modche — 3T0 ABYXNapaMeTprYeckoe ypaBHeHNEe COCTOAHMS, KoTopoe Bbirno
NOSyYEHO STUMMN Y4EHBIMU C LENbIO YIyULIeHUs ypaBHEHWUS COCTOSIHNA Pegnnxa — KeoHra:

- KOHCTaHThI L2, Q) 3aBUCAT OT TEMNEPATYpPL, T. €. Q,(T), Q,(T);
- Qg(T), Q(T) nonyyaroT AN KaXoro KOMAOHEHTA, OCHOBLIBAACh HA NNOTHOCTU HACHILLEHHOW XUAKOCTU U ypaB-

HEHWSs ANs NETYYeCTH;
- Q, Q BepyTcs Kak He 3aBUCSILLME OT TeMNepaTypbl 3Ha4YEHUs NPU TeMNepaType Bbllle KpUTUMECKOIA.

12
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MpunoxeHue b
(cnpaBoyHoe)

3apaHue ycnoBui Ha rpaHuLIax pacyeTHOM o6nacTu B paMmkax moaenemu
®detkoBuYa u Kaprepa — Tpeiicu

Mogenbe ®eTKoBUYa — aHanUTUYECKUA METOA, KOTOPLIA NPUMEHSIOT Ans NPOU3BONTIbHO KOHEYHOro BOAOHOCHOIO
nnacTa. MHTEHCUBHOCTL MPUTOKa B TEYEHWE BPEMEHHOrO LWara paccHnTBIBaOT YpaBHEHNEM ANA pacxoaa

AtQAE! = Ao B (PR +PPY), (B.1)

rie P, — cpefHee AaBneHue B BOJOHOCHOM MNacTe B MOMEHT BpeMeHn t7, MMa;
JN — KoadULMEHT NPOAYKTUBHOCTI AMsi BOAOHOCHOMO MNacTa;
oy — MnoWask AueiKM M2,

Mocne 3aBepLUeHUs Liara No BPeMeHW pacCHUTLIBAKT MOMHbIA MPUTOK BOAbI 13 BOAOHOCHOrO Mrlacta Creaytowmm
ypaBHeHWeM:

t
W(t) = [Quq(t)t. (5.2)
0

3aTeM, ncnone3ya ypaBHeHne MmatepuanbHoOro 6ancha, nepecHUTLIBaOT HOBOE 3Ha4YeHne AnA cpeaHero faBneHna

B BOJOHOCHOM nnacte P, . Takum o6pasoMm, faBrieHne B BOAOHOCHOM nnacTe DeTKoBUYA M3MEHSAETCA CO BpeMEHeM,
JaBrneHue Ha NPOTSXEHUN BCero nepuoga paspaboTku He BygeT ocTaBaThCst MOCTOSIHHLIM.

3agatoT napaMeTpbl BOAOHOCHOMO Mnacta (CXWMaeMocCTb, NOPUCTOCTb, HavanbHoe AaBneHue, rmy6buHa, HAEKC
MPOAYKTUBHOCTM U T. M.) U COeAUHEHNS BOLOHOCHOrO MNacTa ¢ O4HON UMW HECKONBKMMU rpaHAMK NnacTa.

Mpu ncnonb3oBaHWM Ha4YanbHOro AaBneHUs BOJOHOCHOro nnacta Nno YyMOMYaHUIo €ro paccuuTbiBaroT No ¢op-
myne (B.1) Takum oBpa3oM, 4TOGLl BOAOHOCHLIA MNacT B HadalbHbIl MOMEHT BpEMEHU NpebbiBan B paBHOBECUU C
3anexsHo.

Mogenb KapTtepa — Tpeilcn — nogxod aHanuTU4YecKoro onpegeneHinsi BOGOHOCHOro NnacTa, OCHOBAHHLIA Ha Npu-
MEHEHWU «PYHKLUMI BNNAHUS» 4NSA pacdeTa NOnHOro nputoka Bojbl U3 BOAOHOCHOrO Nfacta U pacdeta U3MeHeHUs1 aB-
NeHnsA ¢ Te4eHEM BpeMeHN Mexay BOAOHOCHLIM NacToM U CpefHUM AaBNeHMeM Ha rpaHuLe BOJOHOCHOrO MnacTa U 3a-
nexu. GyHKUUW BAUSHWUA 3aBUCAT OT reOMETPUM U CBOMCTB BOAOHOCHOrO NnacTa. [lIBa OCHOBHLIX NapaMeTpa onpeaensior
noBefieHue BOAOHOCHOro nnacra:

KoHcTaHTa BpeMeHU (MMetoLLan pasmMepHoOCTb BpEMEHU)

2
— Mwd)ctro

T = B.3
et (6.3)

c

rae u,, — BASKOCTb BOAEI B BOAOHOCHOM nnacTe, MNa-c;

® — nopuUCTOCTb BOAOHOCHOIO NnacTa, 4. en.,

C, — nonHas (Nopoaa + BOAA) CXMMaeMocTb, 1/Ma;

fo — BHELHWA paguyc nnacTa (MNn BHYTPEHHUIA paguyc BOAOHOCHOIO NnacTa), M;
ky — MpPOHWULaeMoCTb BOAOHOCHOrO Nnacta, M/;

¢4 = 0,008527 (koHcTaHTa Ans nepeBofa BESIMUMH U3 OAHON CUCTEMbI €iMHNL B APYTYIO, 3Ha4YeHNe NpuBeaeHo ANs
MexayHapogHoii cuctembl eguHul CA).
KoHcTaHTa NnpUTOKa BOQOHOCHOIO Nnacta (UMeloLan pasMepHOCTb MOIHOMO NPUTOKa Ha eAuHULY NajeHnsa fas-
nexus)
B = c,h0gC,rZ, (B.4)

rme h — TOnuwMHa BOJOHOCHOrO Mracra, M;
6 — yron, nof KOTOPbLIM rpaHuLia BOJOHOCHOTO Miacta BUAHa U3 LieHTpa 3anexu, B rpagycax, AefneHHbli Ha 360;
¢, = 6,283 (KOHCTaHTa ANA nepeBofia BeIMUYMH M3 OIHOW CUCTeMbl eIMHUL B APYrYIO, 3Ha4YeHWe npusefeHo ANS
MexayHapoziHoi cuctemsl eguHuy, CA).
KoHCTaHTy BpeMeHW ucnonb3yioT Ansi npeobpasoBaHnsa BpeMeHn B 6eapazMepHyto popMy ¢ NOMOLLbIO COOTHO-
LIeHUA

t
== (5.5)
c

13
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Mogent KapTepa — Tpeiicu BeipaxaeT nageHue aaBneHus Ha rpaHule BOAOHOCHOMO nracTta Yepes yHKLMo BNU-
AHUSA Ge3pasMepHOro AaBneHus creaytowmm oGpasom:

- Q
— a
Pao =P == Plp(tp). (5.6)
rae P,y — HadanbHoe AaBneHne BoAbl B BOJOHOCHOM nnacte, Ma;
p — cpefHee faBneHWe BOAbLI Ha rpaHuLie BOAOHOCHOrO nnacTta/aanexu, Ma;
Q, — CKOpOCTb MPUTOKa BOAOHOCHOTO Nracta, M/c.

14
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MpunoxeHue B
(pekomMeHayemoe)

TecTbl KOPPEKTHOCTYU peanu3auuu cneunanbHbIX YyPaBHEHUN NPUTOKA K CKBaXUHE,
yuYuTbIBalOWMKX M3MeHeHune PVT-cBoCTB (hrnitongoB B Npu3aboitHoN 30He,
BKJ1H0YaA BO3MOXHbIe (ha3oBble npeBpaleHus

Mp¥ MOAENMPOBaHUN Ta30BbLIX U ra3OKOHAEHCaTHLIX MEeCTOPOXAEHUA OBLIYHO MCMOMb3YT MApPOANHaMUYe-
CKYlO CETKY C pasMepoM s4veilkun no naTepanu He meHee 50 M. OgHako CBOWCTBa rasa CyLEeCTBEHHO 3aBUCAT OT
JaBneHus, KoTopoe B Npu3aboNHON 30He CKBaXWHBI, Kak NpaBumo, 3Ha4UTEeNbHO HUXe, YeM B CpefHeM Mo Aveiike.
NrHopupoBaH1e 3MeHeHWUsI CBOWCTB rasa B Npu3aboiiHoi 30He CKBaXUHbI MOXET NPUBECTU K CyLLIeCTBEHHON oLinbke
B pac4eTHOW MPOAYKTUBHOCTM CKBaXMWHbI. NS Toro 4tobbl aToro usbexarb, paspaboTaHbl cneluanbHble ypaBHEHUS
npuToKa, aHanUTU4YeCcKU y4UTLIBatOWMUE BIIUSAHWE Ha NPOAYKTUBHOCTL CKBaXMWHbLI M3MEHEHUsI CBOWCTB rasa B npusa-
GoHON 30He:

- ypaBHeHue Russell Goodrich nossonseT ydecTb achdekT Npu3aboiHOW 30HLI ANSA WAeanbHOro rasa nNocTosHHOM
BA3KOCTY;

- NnceBAOAABMEHUe rasa No3BONSET y4ecTb adpdeKT Npru3aboitHON 30HEI ANA peanbHOro rasa (6e3 y4eTa dasoBbIx
npespaLleHunid);

- 06obLleHHoe MHorodhazHoe nceBAoAaBNeHWe NO3BONAET AOMONHUTENBHO YY4€CTb BlUsiHAE Ha NPOAYKTUBHOCTb
CKB@XXMHbI, B TOM YMCe U BO3MOXHbIX (hasoBbIX NpeBpalleHnii B Npu3aboitHoW 30He CKBaXKMHBbI.

OpHako B cucteme TectoB SPE OTCYyTCTBYIOT TECTHI Ha NPOBEPKY KOPPEKTHOCTU peanusaumm aTux ypaBHEHWA.

B.1 TecT 1 Cnyuaii uaeanbHoOro raza NOCTOAHHON BA3KOCTU

MonHbIA NepedeHb NapaMeTpPoB Mogenu NpuBeAeH B Tabnuye B.1.

B.1.1 OnucaHue mMogenu nnacra

PaccmaTpuBatoT ropu3oHTaneHbBIR 04HOPOLHEIA M3OTPOMHLIA MNacT Kpyrnoi dopmel (B NnaHe). PasMepHOCTb CETKMU
dunsTpaynoHHoin mogenn — 21 x 21 x 1. Paguyc Kpyra (no ueHTpam adeek) — 1000 M. Pasmep aveiiku B nnaHe — 100 M.
MolHocTs nnacta — 10 M. MopucTtocTs — 20 %, npoHnuaemocTs — 0,01 MKkM2.

B.1.2 CgolicTBa dontonpoB

OpnHoasHas Mogenk COAEPXUT ToNbKO ras. MaeankeHblii ras ¢ nocTosiHHOW BAskocTbio — 0,01 MlMa - ¢.

B.1.3 HayanbHble U rpaHMYHble ycnoBUA

B rpaHu4HbIX s4veiikax nNMbo 3a cyeT yBenuueHus nopoBoro odbema, NMbo uHLIM crnocoboM 3agaloT ycnosue
MOCTOSHHOMO AaBMeHWUsA (KOHTYp nuTaHusA). HadanksHoe nnactoBoe faBneHue — 15 Mla. BepTukanbHaa pobuiBaro-
Llast CKBaXKMHa pacnosfioxeHa B LieHTpe Modenu B s4eiike (11,11,1) n BckpbiBaeT nepdopavueit BCO TONLWWHY NnacTa.
3aboiiHoe faBneHne — 10 MlMa. PacyeT BbINONHEH Ha oguH roj. [ebuT raza Ha KoHel pacyeTa cHUTaloT yCTaHOBMB-
Lwmmes.
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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 — HayanbHble n rpaHnyHble yCnoBusa

Ta6nuya B.1 — MapameTpbl mogenun tecTta 1

MapameTp

PasmepHoCTb Mogenun

Pasmvep Aueiikn cetkn DXx DY x DZ, m

MouwHocTb nnacta h, m

MopucTocTs, 4. ea.

MpoHnyaemocTb K, MKM2

Temnepartypa, °C

BAskocTb rasa u, mMa <c

O6beMHbIli KoadhduLneHT rasa, 4. ea.

Paauyc koHTypa nutaHusa Rc, m

Paaunyc ckBaXuHbl rw, m

[NaBneHne Ha KOHType nuTaHusa pc, MMa

3aboitHoe pgaBnexune pw, MMa

CxunmaemocTb nop nopogbl, 1/MMa

Bpems pacueta Ana nonyvyeHus nebuta rasa Ha yCcTaHOBWUB-
wemca pexmme

16

3HaueHune
21 x21 x 1
100 x 100 x 10
10
0,2
0,01
20
0,01
1/p, roe p — pasnenue B 0,1 MMa
1000
0,1
15

10
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B.1.4 3TanoHHble pe3ynkLraTbl MOAeNUpoBaHus
O6beMHbIi 1eBUT rasa B CTaHAapTHLIX YCNOBUSAX NpW YCTaHOBUBLLEMCA NOCKopaanarnbHoOM NpUToKe (Temnepary-
pa B NAacTe U Ha NOBEPXHOCTW COBMaAaeT) BLIYMCISAIOT MO hopMyne

o 2 THnpE - P}

[ R |
HPgeIN

w
rape ps,f—,anJ'leHMe B CTaHAAPTHbLIX yCNOBUAX.

YuutbiBasa dopmyny o6beMHoro koaduLmenTa rasa, pgs= 0,1 MMa (He 0,101325 MIa, kak 06bI4HO).

Torga aTtanoHHoe 3HayeHne o6beMHoro Aeburta rasa paBHo: Q = 368,382 Toic. m3/cyT.

B.1.5 Kputepumn oueHku

OueHMBaIOT OTKIMOHEHUE pacyeTHOro 3HayeHus aebuTa rasa 4epes OAWH rof nocre Havana MogenupoBaHusa oT
STarIoOHHOro 3HaueHns 368,382 Tuic. M3/cyT.

Honyctuman oTHocutensHas norpewHocTs — 5 %.

(B.1)

B.2 Tect 2 Cnyyaii peanbHoro rasa

MonHbli NnepeyeHb NapaMeTpoB MoAenu nNpueeseH B Tabnuue B.2.

B.2.1 OnucaHue mogenu nnacra

PaccmaTtpuBatoT ropu3oHTanbHbIA OAHOPOAHLIA M30TPOMHLINA MNacT Kpyrioii popmel (B NnaHe). PaamepHOCTb CETKN
uneTpaunoHHon mogenn — 21 x 21 x 1. Paguyc kpyra (no ueHtpam s4yeek) — 1000 M. PazMep ayeiiku B nnaHe — 100 m.
MolyHocTs nnacta — 10 M. MopuctocTs — 20 %, npoHnyaemocts — 0,01 MKkM2,

B.2.2 CBoiicTBa oniougos

Mogernb ogHoasHasn 1 CoaepXnT ToNbKo ras. CeepxcxnmaeMocTb Z 3ajaHa 3aBucumMocTbio: Z(p) = (p/p,,) 0,5.

BsiskocTk rasa, Mla - ¢, 3agaHa 3aBucumocrteto: p(p) = 0,01 - p/p,,

B.2.3 HavyanbHble ¥ rpaHUYHble yCNOBUA

B rpaHuuHbIX sivelikax nubo 3a cyeT yBenuyeHust nopoBoro o6bema, NMbo UHLIM cnocoGoM 3agaloT ycrnosue
NMOCTOAHHOrO aBrneHns (KOHTYp MUTaHWs). HavanbHoe nnacTtoBoe gaeneHne — 15 MMa. BepTukanebHas gobbiBato-
Ljas ckBaXuHa pacrnonoxeHa B LieHTpe mofenu B aveike (11,11,1) n BckpbiBaeT nepdopayuneir BCo TONLUHY nnacTa.
3aboitHoe faBneHne — 10 MMMa. Pac4eT BeINONHEH Ha oguH rof. [le6uT rasa Ha KoHel pacyeTa cuMTaloT YCTaHOBMB-
LMMes.
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1.00 2.50 e5 5.00e5 7.50e5

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

1.00 e5

PucyHok B.2 — HauafibHble 1 rpaHnyHble yCcnoBusa

Ta6nuuya B.2 — MapameTpbl mogenu Tecta 2

MapameTp
Pa3mepHocTb mofgenun
Pasmvep Aueiikn cetkn DXx DY x DZ, m
MowHocTb nnacta h, m
MopucTocTs, 4. ea.
MpoHnuaemocTb K, MKM2
Temnepartypa, °C
Ba3kocTb rasa u, mlMa *c
KoathdpunumeHT cBepxcxnmaemocTun rasa, f. en.
Paguyc koHTypa nutaHms Rc, m
Paaunyc ckBaXuHbl rw, m
[JaBneHne Ha KOHType nuTaHua pc, MMa
3ab6oitHoe paBneHne pw, MMa
CxunmaemocTb nop nopogbl, 1/MMa

Bpemsa pacueTa N8 nonyyeHus AebuTa rasa Ha yCTaHOBUBLUEM-
cA pexume

18

3HaueHune
21 x21 x 1
100 x 100 x 10
10
0,2
0,01
20
p(p) = 0,01 +plpw
Z(p) = (pipJ°.5
1000
0,1
15

10
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B.2.4 3tanoHHble pe3ynbTaThl MOAEeNUpOBaHUA
®yHKUMel IeliBeH3oHa HaabiBaeTea cneayolas yHKUns:

k(p)p(p)
P dp. (B.2)
(P)= I wp)
rae k(p) — npoHWLaeMocThb;
w(p) — BA3KOCTL hnronga;
p(p) — nnoTHocTb cronaa.

®yHkUMs TelibeH3oHa onpeerneHa ¢ TOYHOCTHIO 40 KOHCTaHThI (Kak NoTeHLMan noss CkopocTei noToka).
Ons nrockopaguaneHoro notoka (¢ HynesblIM CKUH-paKTOpOM) cnpaBednvBa criedytollasi ¢opmyna MaccoBoro
nebuTa (KMAKoCTH unu rasa):

2znth

Q= [P(pg) - P(py )l (B.3)
.n[ )
w
rne Q, — maccoBblil febuT,
h — MoLYHOCTb NnacTa;
R, — paauyc KOHTypa NuTaHus,

Iy — PaAWnyC CKBaXWHbI,
P, — AaBneHWe Ha KOHType NUTaHUs,
Py — 3ab0iiHOe faBneHne B CKBaXUHE.

MpW BBIYUCAEHUM UHTErpana, BXxoAsLiero B dyHKLUMIo NeiiGeH3oHa, C yHETOM MPUHSATLIX 3aBUCUMOCTEN NonyqatoT
cnegytoLyto dhopmyny Ans o6beMHoro febuTa rasa:

4nkhp [JE 1]
Q- —’,’:. (B.4)
e
ol

TakuM 06pa3oM, 3Ha4YeHNe AebuTa rasa, paccHUTaHHOE aHanuTU4eckn, pasHo: Q = 264,934 Teic. M3/cyT.

B.2.5 Kputepumn oueHku

OueHMBaIOT OTKIMOHEHWE pacyeTHOro 3HadeHus Aebuta rasa Yepes oAuH rog NOCNe Havana MOAENUPOBaHUSA OT
aTanoHHoOro aHaueHus 264,934 Teic. M3/cyT.

HonycTumasa oTHocuTenbHas norpewHocts — 5 %.

B.3 Tect 3 HedorsiHasA 3anexb, pa3pabaTbiBaeMasi Ha 3a60MHbIX JAaBNEeHUsIX HUXKe AaBlNeHUs HacblWeHua

MonHbIA NepeveHb NapamMeTpoB Mo enu npueegeH B Tabnuue B.3.

B.3.1 OnucaHue Mogenu nnacra

PaccmaTpuBatoT ropuaoHTanbHbI 04HOPOAHBIA M3OTPONHLINA NNacT Kpyrroi hopMbl (B NnaHe). PasmepHOCTb CeTKM
dunerpaumoHHoii Mogenn — 21 x 21 x 1. Paguyc kpyra (no ueHTpam s4eek) — 1000 M. Paamep aueitkn B nnaHe — 100 m.
MolyHocTb nacta — 10 M. MopucTtocTs — 20 %, npoHULaeMocTb — 0,1 MKM2.

B.3.2 CBoiicTBa onougos

Mogenb AByxdasHas: HedTb, ras.

CeoiicTBa ¢hnonaos u 3aBucumocTi PVT-CBOICTB OT faBrieHus NpeacTaBneHsl B Tabnuue B.3.

B.3.3 OTHocuTenbHble (ha3oBble NPOHULIAEMOCTH

OcTtartouHaa HedTeHaCkILEeHHOCTb (MpU BbITECHEHUM HedTU rasom) paBHa 10 %. Ol 3afaHbl KBagpaTUHHBIMU
3aBUCUMOCTAMM:

2
S
k(s) = (1—53] , npns<0,9, (B.5)
0, npnus=>0,9,
s P
kg(s)z 0’5(_0,—9] , nNpus<0,9; (B.6)

5s-4, npus>0,9,

rAe s — ra3oHacblleHHOCTb.
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Rel Perm
1,0

0,8

0,6

0,4

0,2

[a30HAaCbILWEHHOCTD, 4. el.
-a—— KrOG : Krg; =o-—KrOG : Krog

PucyHok B.3 — OTHocuTenbHble hasoBble NPOHULAEeMOCTH

B.3.4 HavanbHble U rpaHUYHbIe YCNOBUS

B rpaHu4HbIX a4eiikax nvbo 3a cyeT yBenuyeHusa noposoro obbema, MMG0 WHBIM crocoboM 3afatoT ycrnosue
NMOCTOSHHOMO AaBneHus (KOHTyp nuTaHus). HavanbHoe nnactoBoe faBneHne — 15 MMa. BepTukanbHaa gobeiBato-
Ljas cKBaXKWHa pacrnonoxeHa B LeHTpe moaenu B adeiike (11,11,1) n BckpelBaeT nepdopaLnneid BCto TONLWMHY nnacTa.
3aboitHoe gaBneHne — 3 Mla. PacyeT BbiNonHeH Ha oauH rog. JebuT HedTW Ha KOHeL, pacyeTa CYUTatoT YCTaHOBUB-
LmmMes.
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testl : Net-to-gross Rati
January 02. 2000 : Step
. 1 1 1 .
1.00 2.50 65 5.00 e5 7.50 e5 1.00 e5

PrncyHok B.4 — HauyanbHble U rpaHuWyHble yCN0BUA

Ta6bnuya B.3 — TMapameTpbl mogenu Tecta 3. B 3aBUCUMOCTAX CBOWCTB OT faBNeHUsA, eAnHULA U3MeEpPeHNs faBne-
Hua 6ap (0,1 MMa)

MapameTtp 3HaveHve
PasmepHocTb mofenun 21 x21 x 1
Pasmep auelikn cetkm DXx DY x DZ, m 100 x 100 x 10
MouwHocTb nnacta h, m 10
MopuctocTsb, 4. ea. 0,2
MpoHuyaeMoCcTb K, MKM2 0,1
Pagnyc KoHTypa nutaHus Rc, m 1000
Pagunyc ckBaXuHbl rw, m 0,108
[flaBneHne Ha KOHType nutaHusa pc, MMa 15
[laBneHune HacbllWweHna HedpTn rasom pb, MMa 9,5
3aboiiHoe fgaBneHune pw MMa 3
O6BbeMHbIN KO3 PULUNEHT HEPTM NpefenbHO HacbiWeHHOW razom BO, 4. eq. 0,95 -p0.033
CxnmaemocTb HedpTn, 1/MMNa 8 o~
BAa3kocTb HedTN NpegenbHO HacblWeHHoR razom p0, mMa «c 7000 +p-1'5
CXnmaemMocTb BA3KOCTM HedTn, 1/MMa 0,01
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OkoHYyaHue mabnuupl B.3

MapameTp 3HayeHue
FasocofepxaHne Rg HedTH, MPEAEmnbHO HacklLeHHOM rasom, mM3/m3 0,056 - p1:5
OBbeMHbIl Ko3hULMEHT rasa By, 4. en. p~1.02
BsskocTb rasa g, MMa - ¢ 8,8 1074 . po.1168
MNOTHOCTL pasras3npoBaHHoit HedhTy, Kr/M3 863
MonsipHaa Macca HedTu, r/Monb 212
MonsipHasa Macca rasa, r/monb 31,3

B.3.5 3TanoHHble pesynbraTbl MOAENMpPoOBaHUsA

O606LeHHOe NceBaohaBreHne NO3BOMSET CBECTU 3aJady YCTaHOBUBLUErOCH ABUXEHUS MHOTOKOMMOHEHTHOR MHO-
rodasHol cMecH K 3agave ABWXEHUNA (0AHOda3HOM) MUAKOCTU.

OcHoBa aToro meroga paspabotaHa C.A. XpuctumaHoBuyeM B koHue 40-x rogoB XX Beka. MosgHee Whitson u
Fevang npeanoxunu ucnonssosaTe 0606LieHHOe NceBAofaBneHne Ana MogenvposaHus adpdekta obpasoBaHus B Npu-
3a60/MHOI 30He ra3okoHAeHcaTHoW BaHKu.

PaccmaTtpuBatoT ycTaHoBUBLUEECS NIOocKopaAnansHoe TedeHne MHOrOKOMMNOHEHTHOM MHorodasHo cMecH B 0fHo-
POLHOM M30TPOMHOM MnacTe.

MHorodasHoe Te4eHne COCTOUT U3 ny a3, KoTopble coaepxar n, KOMMNOHeHToB. He obs3aTenbHo Kaxaas dasa
LOIMKHa cofepxaTb BCE KOMMOHEHTHI, HO B 06LLeM criydae kaxablii KOMMOHEHT MOXET B ONpedeNeHHbIX NPonopLusx npu-
CYTCTBOBaTL BO BCeX hasax. Menonb3ayoT uHaeke / na 0603Ha4eHUst KOMMNOHEHTOB, a MHAEKCE j — 1A 0603HaveHus das.

Takoii Noagxo4 0AUHAKOBO XOPOLLO NPUMEHWM KaK 4515t MOZEeNu YepHOW HedTH, TaK U ANs KOMMO3ULMOHHON Mogenu.
B cny4yae mogenu YepHoi HedT! KOMNOHEHTaMM SBNATCA NOBEPXHOCTHaA HedhTb, MOBEPXHOCTHLIA ra3 U Boaa. B nnacte
OHMW MOTYT Haxo4WTbCs B HECKOMbKMX hasax. Hanpumep, raa MoxeT ObITb kak B CBOOGOAHOM COCTOSIHUM, Tak U pacTBOPEH-
HbIM B HedpTW. HedhTb TakKe MOXET HaxogUTeCH Kak B cBOGOAHOM COCTOSIHUM, TaK U OblTb pacTBOPEHHON B rase (neTyvas
HedTk). Takum oBpasom, Bce, YTO OMMCaHO Aaree, OTHOCUTCH KaK K MOfeNnaM YepHoi HedbTH, Tak U K KOMNO3NLMOHHBLIM
MOZENAM.

Yepes Xjj 0603Ha4atoT MONAPHYHO 0N KOMNOHEHTa i B (ha3e j.

OBo3HavaloT Yepes r paccTosHUe A0 CKBaXMHbI. Tak Kak TedeHWe nnockopaguasnbHoe, a NnacT U3OTPONHLIN (Npo-
HWL@eMOoCTb U ApYrue CBOWCTBA HE 3aBUCAT OT HanpaBneHus), To rpagueHT fasneHna 6yaeT HanpaeneH No paguycy, To
eCTb paBeH dp/dr.

M3 06o6LieHHoro 3akoHa apcu cneayet, 4To MONApHasa cKOpOCTb hUnkTpauun nponopunoHarnsHa rpagueHTy fas-
nexHuns

- dp
Vi =My(p.S)-<, (B.7)

rae v;; — MOMNsApHas NNoTHOCTL NOTOKa KOMMOHeHTa / B ¢ase Monb/M2 - c;
S$=(8. S, -, Snp) — BeKTOp HacbILLEHHOCTU (ha3.

Bce ero koMnoHeHTbl HeoTpULATENBHLIE, @ UX CYMMa paBHa 1;

M,]-(p, S) — o606LeHHasn MonspHas NOABUXHOCTbL KOMMNOHEHTa i B dhase /.
by (P)K(P)K,(S)

My S =)
J

, (B.8)
rae bj(p) — MonapHas NNoTHOCTL a3kl J;

K(p) — abcontoTHaa NpoHULAeMOCT;
kj(S) — OTHOcUTeNbHas pasoBasi NPOHULIAEMOCTb (Pasbl J;

pj(p) — BA3KOCTb hasbl j.

Takum o6pasoM, 0606LLeHHas NOABWKHOCTL YYUTLIBAET BAMSHUE BA3KOCTW, 06beMHoro koadduumeHTa (Yepes
MOMSIPHYIO NNOTHOCTB), @ TakXXe OTHOCUTENLHON U aGCONIOTHOW NPOHULAEMOCTEN.
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O6o3HavatoT:
np
Yyepes v; = Evij — CYMMapHY0 MOMSAPHYO NSIOTHOCTE NOTOKa KOMTMOHEHTa /;
j=
ne
V= 2"/ — MOSTHYIO MOSISAPHYIO MAIOTHOCTL NOTOKA.
i=1
AHanorn4Ho:
p
M, = 2 M,}. — 0606LLeHHasn MonsapHan NOABWXHOCTL KOMMOHEHTa /
j=
Ng
M= EM,. — nonHasa 0606LeHHas MONAPHAa NOABUXHOCTb.
=

Ecnu TeyeHune ycTaHoBMBLUEECS, TO JOMA KOMMOHEHTOB B MOTOKE CMECU AOMKHa 0CTaBaTbLCA NOCTOSAHHOMN (yLIMTbI-
BaeTCA TONbKO A40NA B NOABUXHbBIX Q)J'IIOMAaX). B NPOTUBHOM Crlydae 9TO 03Ha4ano, YTo Kakou-To KOMMNOHEHT Hakannuea-
€TCA B NyiacTe, To eCTb TeYeHUe HeCcTaynoHapHoe. Takum 06pa30M, A0NA KaXAoro KOMNoHeHTa B NOTOKe Z; €CTb BeNnu4nHa
MNOCTOAHHAA:

. (p, S
z,=-t=———=const. (B.9)

OTO 03HaAYaeT, YTO BEKTOP HACLILLEHHOCTU a3 S He MOXKET BbiTb MPON3BOSLHLIM, @ UMEET NMPU KaXa0M AiaBreHum
CTporo onpegeneHHoe sHayeHne. Takum o6pa3oM, ecnn nsBecTHa A0S KaKAOro KOMMNOHEHTa B MOTOKE, TO MOXHO Bbl-
pasnuTb HacblWeHHOCTb a3 S Kak dyHKUUIo AaBneHusa S(p). Yacto sTo TpyAHO caenaTb aHanUTUYECcKK, HO Mo KpailHewn
Mepe BHYTpU CUMYNATOPOB BO3MOXHO YUCNEHHOE peLlieHne aToii 3afadvn. B HacTosilemM cTaHaapTe He ByaeT paccMoTpeH
BOMPOC CyLLIECTBOBaHUA U €4UHCTBEHHOCTU ANA KaXA0ro AaBNeHns p Takoro Bektopa S(p), 4To BbinonHeHo (B.9). ObbivHO
O®IT v cBolicTBa roU0B 3af1aHbl TakKUM 06pasoMm, YTO 3TO YCITOBME BLIMOHEHO.

Takum obpasoM, 0606LeHHbIE NOABWUKHOCTN CTAHOBATCH U3BECTHLIMU DYHKLMAMU AaBneHus p. Torga us (B.7) ansa
Kaxporo KOMNoHeHTa /

v, =M(p) L. (B.10)

PaccMmaTpuBaloT B NnacTe LUNWHAP paauyca 1 BeICOThl A, B LiIeHTpe KOTOPOro Haxo4UTCs CKBaXMHa. Tak Kak Teue-
HWe yCTaHOBMBLLEECH, TO CyMMapHbIii MOMNSAPHLIA MOTOK KOMMOHEHTa / Yepes GOKOBYHO MOBEPXHOCTE LUIMMHAPA He 3aBUCUT
OT paauyca r 1 paBeH MOnspHoMy e6UTy Q; 3TOro KOMMOHeHTa B ckBaxuHe. To ecTb

Q; = 2nrhv,. (B.11)
Beipaxas us (B.11) v; u noacrasnas B (B.10), nonyyatoT:

Q,.dr
=M. (p)dp. B.12
Py (p)dp (B.12)

MHTerpupys Neeyto 1 NpaByto YacTyh JaHHOTO YpaBHEHUS, NoMyYaroT (hopMyny Ans MonsipHoro 4e6GuTa KOMIOHeHTa /

omnh ¢

= | Mi(p)dp. (B.13)
In [—C] Py

Tw

2mh
Q= —R[Hi(pc) - Hi(pw)} =
In[—cl
rW
DYHKLUMIO H{p) B poccuiickoil muTepaTtype HasbiBatoT yHKLyUen XpUcTuaHoBuya.
BbIYMCRATE ANS KaXA0ro KOMMNOHEHTa CBOW MHTerpan HeaddpeKTMBHO. BMeCTO STOro 4OCTaTOMHO BhIMOMHUTL Bbl-
YUCIIEHUS TONBKO ANA cymmapHoi 0600LEeHHON NOgBUXHOCTA, BEIMUCIIMB CyMMapHbLIA MONAPHLIA AeBUT BCcex kommo-
HeHTOB

Pe
25 [ M(p)dp. (B.14)

R
In(—cj Py
T

2nth

Q= m[—R_C)[H(PC)—H(PW)] =
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Mpn aToM AeBUT KaxAoro KOMMNOHEHTa MOXHO HalTW Mo ero M3BECTHOM Aone B NOTOKe

Ans Toro YTo6bl NeperTn oT MonsApHoro 4ebuTa KOMMOHeHTa K 0GbeMHOMY, HEOOXOAMMO pasfennTb MOMSPHLI
4eBbUT Ha MOMAPHYHO NIIOTHOCTL 3TOMO KOMMOHEHTA B CTaHAAPTHLIX YCIOBUSX
Q.
! (B.18)

g =—"—
bcompi(psrf’ 7-srf)

B dopmyne (B.16) noavepkHyTa BO3MOXHOCTb 3@BUCMMOCTU MOMSAPHONA NIIOTHOCTM KOMMOHEHTA OT TeMMNepaTyphl.
Mpu BoiBOge dhopmynkl (B.14) npeanonaranock, YTo TeMnepaTypa B nnacte NOCTOSAHHa, HO OHa MOXET He CoBMajaTb C
TeMmepaTypoil B CTaH4apTHbIX ycnoBusax. Ecnu B cTaHhapTHLIX yCoBUAX KOMMOHEHT BXOAUT Bonee YeM B 04Hy dasy, To
dopmyna (B.16) TepseT cMmeicn Nnbo MonsapHas NNOTHOCTb bcomp,nomkHa ObITb paccyUTaHa ¢ y4eTOM 0Mei KOMMOHEHTa
BO BCeX hasax.

OBosHavaloT Yepes b, n b4 MONApHbIE NNOTHOCTY HE(TY 1 rasa B CTAHAAPTHBIX YCIIoBUAX. [OCKOMBKY Ha KOHTYpe
nuTaHna HedTb HEAOHACHILLEHA ra30M, TO NOTOK OfHOMas bl (HedTk), HO COAEePXKUT B cebe M KOMMOHEHTY rasa (B pac-
TBOPEHHOM COCTOSIHUU), U KOMMOHEHTY HedTU. Takum oBpa3oM, MonspHas AoNs KOMMNOHEHTa HEdTW B NOTOKE U3BECTHA
1 cocTaBnseT

z, = ﬁ . (B.17)
] sbg

BekTop HacblWeHHocTel S = (s, sg) BbIpaXeH Kak (oyHKUWS AaBneHus. Tak kak s, = 1 — Sg» TO AOCTATOMHO 3TO
caenaTb TONBKO ANS ra3oHackilLieHHOCTN S, O4eBUAHO, YTO NpU AaBMEHUM Bbille AaBNEeHUS HachilLieHNs Py, ra3oHackl-
LLleHHOCTb paBHa Hyrto. [Mpu LaBneHNN HUxXe AaBneHNs HacklLeHUs py, B nnaTte GyayT NpucyTCTBOBATL Kak (hasa HedTh,
cofepxalljas HedTb 1 pacTBOPEHHbLIN ra3, Tak 1 ¢asa ra3a, cojepallero TofIbKO KOMNOHEHT rasa. YuuTbiBas NpUHATEIE
3aBucMMoCTU (cM. Tabnuuy B.3) n ODI1, MonsApHele NogBUKHOCTYU NPU STOM UMEIOT BUA

M,y =¥, (p)1- sg)2, (B.18)
Mog = ¥ o (P)(1-34)2, (B.19)
Mgy =¥ 4y (P)SZ, (B.20)
M=M,,+ My, + M, (B:21)
b
rne ¥ =——2 B.22
0o(P)= 5 owip) (B22)
b,R(p)

¥ =—9g° " (B.23)

og(P) B,(p)u,(p)

0,5b
b4 =—l—9° B.24
99 5 oy (p) ®.24)
Toraa
1- 2

- My, _ ¥ o (P)1-5,) (B.25)

M (o) + ¥ g (P(1= 5,2 + ¥ o (p)SZ

Mocne HecnoxHLIX anrebpanyeckux NpeobpasoBaHUi NONy4atoT

s 2
1-s
g
roe
(1-2,)¥ ,(P)=2,¥ , (P)
¥(p) = 09 (B.27)
2, 4 (P)
Otctona

A 0] 28
Sg(P)——1+W~ (B.28)
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Tenepb, Korja HacbIWEHHOCTb BblpaXeHa Kak qDyHKLWIH AaBneHnA, MOXHO 3anucaTthb NONHYH MOJNTAPHYO NoAgBUX-

HOCTb KaKk byHKUMIo faBneHus. OfHaKko aHanuTU4Yeckoe BbIYUCIIEHWE WHTerpana oT MOMHOW MOMSPHOW MOABUXKHOCTU
BeCbMa 3aTPyAHUTENbLHO. [103TOMY laHHbIA MHTErpan BbIYUCIIEH YUCIEHHO C TOMHOCTBIO A0 LLECTU 3HaqaLmx uudp. B pe-
synerate no gopmynam (B.14)—(B.16) nonyyeHo 3HaveHne febuTta HedTU 62,455 M3/cyT. BTO 3HaYeHMe, MoryyYeHHoe
aHanuTUYeCkKu.

B.3.6 Kputepum oueHku
OLeHUBaIOT OTKINOHEHWE pacveTHOro 3HavYeHns aebuta HedbTU Yepes OAMH rof nocrie Hayana MoAenuMpoBaHus ot

3TANoHHOTO 3HaYeHns 62,455 M3/cyT.

HonycTtumasn oTHocUTenbHaa NOrpeLwHoOCTb — 5 %.

B.4 Tect 4 NasokoHOeHcaTHaA 3aneXb, paspabarbiBacMas Ha 3a60MHLIX AaBNEHUAX HUXe AaBneHna
Hayana KoHAeHcauun

MonHeI NnepeveHb NapaMeTpoB MOAENNU NpuBeaeH B Tabnuue B 4.

B.4.1 OnucaHue Mogenu nnacra

PaccmaTpuBaloT ropusoHTanbHblil 04HOPOAHBIA M30TPONHLINW NacT KPYrioi ¢popmbl (B NnaHe). PasMepHOCTb CETKM

punsrpaynoHHon mogenn — 21 x 21 x 1. Paguyc kpyra (no yeHtpam a4eek) — 1000 M. Pazmep Aveliku B nnaHe — 100 m.
MouwHocTb nnacta — 10 M. Mopuctocts — 20 %, npoHuLaemocTb — 0,01 MKMZ.

B.4.2 CsoiicTBa pniongos

Mopenb aByxdasHas: HedTb, ras.

CsoiicTBa pnonaos u 3aBucUMocT PVT-cBOWCTB OT iaBreHus NpeacTaBneHs B Tabnuvue B.4.

B.4.3 OTHocuTenbHble (ha3oBble NPOHULIAEMOCTHU

OcTaTo4qHaa HedpTeHacbIWEHHOCTb (NpU BbITECHEHUM HedTh rasomM) paBHa 10 %. OPI1 3agaHbl KBagpaTUHHBIMK

3aBUCUMOCTAMMU!

2
s -
ky(s) = (1—5] , Npns<0,9 (8.29)

0, nNpus=>0,9,

2
0,5(i] , Npns<0,9
0,9

ky(s)= (B.30)

58-4, npns=>0,9,

rAe 8 — ra3oHachbILEeHHOCTb.

Rel Perm
1,0

| |
0,2 04 0,6 0,8 1,0
[a30HaCLILLEHHOCTb, 4. ea.

PucyHok B.5 — OTHocuTenbHble ha3oBblie MPOHULEEMOCTH

B.4.4 HayanbHble n rpaHMYHble YCNOBUA
B rpaHuyHbIX siveiikax nmbo 3a cyeT yBenWYeHWs noposoro obbema, NMbo UHeIM cnocoboM 3afatoT yerosue no-

CTOSIHHOIO AaBneHus (KOHTYp NUTaHus). HayansHoe nnacrtoBoe gaeneHue — 15 MMa. BepTukansHas AobbiBatolLias ckea-
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XWHa pacnonoxeHa B LeHTpe mogenu B adveiike (11,11,1) n BckpbiBaeT nepdopauneli BCo ToAwmHy nnacta. 3aboiHoe
fasneHve — 3 MlMa. PacuyeT BbINO/IHEH Ha OAWH rof. [le6buT HedTn Ha KOoHel, pacyeTa cuMTaloT YCTaHOBUBLUMMCS.

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

1.00 2.50 e5 5.00e5 7.50e5 1.00e5

PucyHok B.6 — HauyanbHble 1 rpaHuyHble yCnoBUSA

Tab6bnuuya B.4 — MNapameTpbl Mogenu Tecta 4
Mapaverp hecn b pasnonne, 01 M (620

MouwHocTb nnacta Jl, m 10
MopwucTocTb, 4. ea, 0,2
MpoHuuaemocTb K, MKM2 0,01
Paaunyc koHTypa nutaHus Rc, M 1000
Pagunyc ckBaXuHbl rw M 0,108
[JaBneHne Ha KOHType nutaHua pc, MlMa 30
[aBneHne To4kn pockl pb, MMa 23
3aboiiHoe gaBneHue pw, MMa 15
O6beMHbIi  KOathULMEHT HedTW, npefenbHO HacbIWEeHHOW ra- 5,59 m10“4 mp 167
30m BO, 4. en,
BSA3KOCTb HedhT, NpefenbHO HacbIlleHHON razom 10, MMa ec 0,162 m-0.000476
[a3ocogepxaHne Rs HedTH, NpefesibHO HacbllWEeHHON rasom, M3m3 3,08 m10“3 w236
O6beMHbIi KO3(hPULMEHT rasa, NpefesibHO HaCbIWEHHOTO Hed- 0,392 mp-°'846
Tbt0 BA, 4. en.
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OkoxyaHue mabnuupi B.4

n 3Ha4YeHWe UnNu 3aBUCUMOCTb,
apameTp afeck p — aasneHue, 0,1 MMa (6ap)
OBbeMHbI KO3 MULNEHT rasa, HEAOHACKILLEHHOMO HedThio ¢ R, 0,392 - p = 0846/p
PaBHLIM HaYanLHOMY, 4. ef.
BA3KOCTL ra3a, NPeAenbHO HaCkILLHHOTO HedThIo, iy, MMa - ¢ 8,66 - 1076 .pl.6
BS3KOCTb rasa, HEAOHACHILYEHHOTO HETHIO, C R, PaBHbIM Hayanb- 8,66 -106.p1%.(1+0,001(p - pp))
HoMy, MlMa - ¢
MAOTHOCTL pasra3upoBaHHOI HedTh, kr/m3 780
MonapHas macca HedpTu, r/mMorb 132
MonapHas macca rasa, r/monb 25,83

B.4.5 3TanoHHbLle pe3ynkTaThl MOAENUPOBaHUA

AHannTudeckoe 3HadeHne gebuta raza HaxofUTCA TEM Xe METOAOM U MO aHaNorMyHbIM hopMynam, 4To U B TecTe 3
(noapaspen B.3). C y4eTOM NPUHATLIX 3aBUCMMOCTEN CBOWCTB OT AlaBNeHUA NONy4atoT cnegylowiee aHanuTuyeckoe 3Ha-
YeHue aebura rasa: 300,308 Toic. M3/cyT.

B.4.6 Kputepuu oueHkun

OLeHnBalOT OTKNOHEHWE pacqeTHOro 3HadYeHus AebuTa rasa Yepes ofMH rog nocne Hadana MoZENUpPOBaHUA OT
aTanoHHoro 3HaveHna 300,308 Tuic. M3/cyT.

HonycTuman oTHocuTenbHaa norpewHocTs — 5 %.
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