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HALUWOHANbHBIN CTAHOLAPT POCCUMNCKOW SGEALEPALUMN

MECTOPOXAEHNA TA3OBbIE, TASOKOHAEHCATHbBIE. HE®GTEFA3OBbLIE
N HE®PTETA3OKOHAEHCATHbIE

MporpamMmHoe o6ecnedyeHne Ansa rMapoAMHAMUYECKOT0 MOLENNPOBAHUS MECTOPOXAEHN
OCHOBHble (DYHKLMOHAIbHbIE U TEXHUYECKUE TpeGoBaHuUs

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

fata BBegeHns — 2016—05—01

1 06nacTb NpuMeHeHUs

1.1 HacToswumii cTaHAapT ycTaHaBnnBaeT TpeboBaHNsa K NporpamMmMHOMY o6ecneyeHnto A rmapoauHa-
MWYECKOr0 MOJAENMPOBaHNA ra3oBbIX, ra30KOHAEHCATHbIX, HedTerasoBbiX U HepTerasokoHAEeHCaTHbIX MecTo-
POXAEHWIA.

1.2 M0N0OXEeHNSIMU HACTOSALLENO CTaHAapTa PYKOBOACTBYIOTCS CYOBEKTblI X03ANCTBEHHOW AeATeNIbHOCTU:

- Mcnonb3yoLue nporpaMMHoe obecneyeHne gna rmapoavHaMMyeckoro MoAeIMpoBaHns ra3oBblx, ra-
30KOHEHCATHbIX, HegpTerasoBbiX U HE(ITEra30KOHAEHCATHbIX MECTOPOXAEHWIA:

- paspabarbiBaoLive NporpaMmMHoe obecrneyeHve ANa rmapoAMHaMNYeCcKoro MogeIMpoBaHns rasosbix,
ra3oKoHAEHCATHbIX, HedhTera3oBbIX ¥ HEDTEra3okoOHAEHCATHLIX MECTOPOXAEHWIA.

2 HopMaTunBHbIE CCbINKN

B HacTosileM cTaHAapTe UCMONb30BaHbl HOPMATUBHbBIE CCbISIKM Ha crieylolme ctaHaapTbl:

FOCT 8.417—2002 lNocypgapcTBeHHas cucteMa obecneyeHuss eavHCTBa U3MepeHuin. EgnHuLbl BeNMYmnH

FOCT 19.105—78 EanHas cuctema nporpamMmmHoii fokymeHTauum. Obuine TpeboBaHUs K NPOrpaMMHbIM
[OKyMeHTam

FOCT 19.601—78 EgvHas cucTema nporpamMHoi AokymeHTauun. O6uwue npasuna ay6nmpoBaHus,
yyeTa n xpaHeHus

FOCT 19.603—78 EguHas cuctema NporpaMMHOi AokyMeHTauumu. O6Lne npaBuia BHECEHUSI N3MEHEe-
HWiA

FOCT 2939—63 lasbl. Ycnosus gns onpegenexHms oobema

FOCT 28195—89 OueHka KkayecTBa NporpaMmHbIxX cpeacTs. ObLme nonoxeHus

FOCT P 8.645—2008 lNocypgapcTBeHHas cuctema obecrneyeHuss eavHCTBa M3MepeHuii. MeTponormye-
cKoe ob6ecneyeHne paboT Mo reosI0rMYecKoMy M3y4yeHuto, NCNosib30BaHND 1 oxpaHe Heap B Pocculickoili de-
fepaunn. OCHOBHbIE NOMOXEHUS

FOCT P 53712—2009 MecTopoxaeHust Hed)TsHble 1 ra3oHedTsAHbIe. [porpaMMHbIe cpeAcTBa Ans npo-
eKTMPOBaHNSA 1 ONTUMMU3ALMU NpoLecca paspaboTkn MecTopoxaeHnin. OCHOBHble TpeboBaHUs

FOCT P MCO/M3K 9126—93 WHdopmaLmoHHasa TexHosorns. OueHka nporpammMHoi npoaykuum. Xa-
paKkTepuCcTUKN KavyecTBa U PyKoBOACTBA MO UX MPUMEHEHUIO

FOCT P MCO/M3K 12119—2000 WHchopmaLumoHHaa TexHonorus. MakeTbl nporpamm. Tpe6oBaHUs K
KayecTBY 1 TeCTUpoBaHue

FOCT P MCO/M3K 15910—2002 WHdopMauuoHHas TexHonorus. lMpouecc co3faHns foKyMeHTauuu
nonb3oBaTesnia NporpaMMHOro cpeAcTsa

M3paHune oduymansHoe
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MpumeyaHue — Mpu NONb30BAHNM HACTOSLMM CTAHAAPTOM Lie/1IECO06PA3HO NPOBEPUTL AENCTBUE CChINOYHBIX
CTaHAapToB B MH(POPMALMOHHO cucTeMe 06LLEro Nob30BaHNs — Ha ouLnanbHOM caliTe ®efepasnbHOro areHTcTBa no
TEXHUYECKOMY PETYIMPOBAHMIO U METPOJIOTUN B CETU VHTEPHET UM NO EXErOAHOMY MH(OPMALMOHHOMY yKasaTento «Ha-
LMoHasIbHblE CTaHAaPTbI», KOTOPbIV 0NY6MKOBAH MO COCTOSIHWIO HAa 1 AHBaps TEKYLLEero roaa, v no BbiNyckam exemecsy-
HOTo MHPOPMALMOHHOTO yKazaTens «HauuoHanbHble CTaHAAPTLI» 3a Tekyluii rog. ECnv 3aMeHeH CCbIfTOYHbIN CTaHAapT,
Ha KOTOpbIii AlaHa HefaTUpOBaHHAs CCblfiKa, TO PEKOMEHAYEeTCS UCMOb30BaTh AeiCTBYIOLLYI0 BEPCUIO 3TOrO cTaHAapTa
C YYETOM BCEX BHECEHHbIX B [JaHHYH BEPCUIO W3MEHEHW. ECNU 3aMEHEH CCbINIOYHBIN CTaHAAPT, Ha KOTOPbI AaHa faTu-
poBaHHas ccblfika, TO PEKOMEHAYeTCA UCNob30BaTh BEPCUID 3TOTO CTaHAapTa C YKa3aHHbIM Bbile r00M YTBEPXAEeHNS
(npuHsTKA). ECNn nocne yTBEPXAEHNS HACTOSILLErO CTaHAapTa B CCbI/IOYHbIA CTaHAAPT, Ha KOTOPLINA AaHa JaTupoBaHHas
CCbI/IKA, BHECEHO U3MEHEHWe, 3aTpar1Baiollee NosioXKeHne, Ha KOTOPOE AaHa CCbI/IKa, TO 3TO NOMIOXKEHNE PEKOMEHAYETCS
NPUMeHATL 6e3 yyeTa aHHOTO U3MEHEHUS. ECNUN CCbINOYHBIV CTaHAapT OTMEHEH 6€3 3aMEHbI, TO NOJIOXEHWE, B KOTOPOM
[laHa CCbl/IKa Ha Hero, peKOMeHAYeTCs NPUMEHATb B YacTu, He 3aTparuBarLL el 3Ty CCblky.

3 TepmuHb M onpegeneHns

B HacTosiLieM cTaHAapTe NpUMeHeHb! crneaytolime TePMUHbI C COOTBETCTBYIOWMUMU OnpeaeneHnsMu;
3.1 agantayus napameTpa: MNpouecc MUHMMU3ALMN OTK/IOHEHUS pacyeTHOro 3HaYeHUsi napameTpa oT
ero oakTU4ecKoro 3HayeHusl.

3.2

ajanTtauus LMt poBoil reonoro-PuUNbTPaLNOHHON Moaenn: ®n3nyeckn 060CHOBaAHHOE U3MEHEHNE
napaMeTpoB W CTPYKTYpbl LUdPOBOW reonoro-punbTpaumoHHoi Mogenu Ans MakCUMasibHO BO3MOXHOW
CXOAMMOCTM (hakTUYECKUX N MOAEbHbIX NokasaTteneli paspaboTkn MeCTOPOXAeHNS HeddTU 1 rasa.

[FOCT P 53554—2009, ctatbs 2.69]

3.3 BOAOHOCHbIN ropn3oHT: OcafoyHas ropHas nopoja, npefcTaBfieHHas OAHUM UM HECKOIbKUMU
nepecnavBalLLMMNCA NOA3EMHLIMM CMOSIMU TOPHbIX MOPOA C Pa3/IMYHOl CTENEHbIO BOAOMNPOHULLAEMOCTH,
nycToTbl (MOPbI, TPELYMHBI) KOTOPbIX 3aM0/IHEeHbl FPaBUTALMOHHLIMU BOAAMM.

34

rasosblil hakTop: OTHOLIEHME MNOSTYYEHHOro KoNMMyecTBa HepTAHOro rasa, NpYBeAEeHHOro K aTmoc-
chepHomy AaBneHunio n Temnepatype 20 °C, K KOIMYECTBY NOJSYYEHHON 3a TO e BpeMsi HethTv npu ToM xe
OaBfieHnn 1 TON Xe Temneparype.

[FTOCT P 53554—2009, ctatbs 2.94]
35

rmapoanHamunyeckas (punbTpaynoHHas) mogenb: COBOKYNHOCTb YMCMOBbIX AUHAMWYECKUX na-
pameTpoB. XxapakTepusyloLnx Mogenmpyemoe MectopoxaeHue, c6opHble ceTu 1 ynpasnsilime Bo3geii-
CTBMS Ha HUX B npoliecce paspaboTku, a Takke maTtemMaTnyeckoe onmcaHne OCHOBHbIX 3aKOHOMEepPHOCTe
npoueccoB TeueHns pIUA0B NOA BAUSHUEM 3TUX BO3AENCTBUNA.

[FTOCT P 53712—2009. nyHkT 3.12]

NMpumeyaHne — B JaHHOM cTaHfapTe AN pas3jesieHns nporpaMmHoro o6ecneueHus (MO) c6opHbIX ceTelt n
MO rMapoAMHAMUYECKOTO MOAENVNPOBaHNUs hunbTpayoHHas (rmapoguHaMmmuyeckas) Mofenb paccMoTpeHa A0 3a60s
CKBAXMH.

3.6

rmapaBanyecknii paspbiB nnacta: Cnocob MHTeHcudmkaLuuy paboTbl IKCNIyaTalMOHHbIX CKBAXWH
¥ NOBbILWEHUSt HedhTEOTAAUM MacTa 3a cYeT Pa3BUTUSI B HEM ECTECTBEHHbIX UM 06Pa30BaHuUs NCKYCCTBEH-
HbIX TPELLMH NyTeM COo3faHns Ha 3a60e AaBneHns, NPeBbILAKOLLEro Npeen NPOYHOCTY NOPoAbl Ha pasphbIB.

[FOCT P 53554—2009. ctatbs 2.103]

3.7 paBneHne HacblleHnsa: JaBneHne, Npu LOCTUXEHUN KOTOPOrO B MPOLLECCE CHWXKEHUS faBneHus
HauMHaETCS BblAENEHNE Ta3a 13 HedTu.
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3.8

[06UT akcnnyaTalMOHHOW CKBaXUHbI: KonnyectBo HeddTW 1 (Mnn) rasa, NosyvyeHHoe U3 akcnayara-
LIVOHHOW CKBaXXMHbI B €4UHULLYY BPEMEHN.
(FOCT P 53554—2009. ctaTtbsa 2.113]

3.9 gubhepeHumnansHasa KoHgeHcauus: Mpouecc 06pa3oBaHNsa XUAKOW hasbl B ra3oKoHAEHCATHOM
(MHOrOoKOMMOHEHTHOI) cMecun Npy CTyneH4YaToM BbiMycke U3 cocyaa (6ombbl PVT) napoBoii hasbl (CTyneHua-
TOM M3MEHEHUWN JaBfIeHNs) N HEM3MEHHOI TemnepaType.

3.10

3aboiiHoe faBneHne: [laBneHve aounga Ha 3a6oe 6ypoBoOi CKBaXMHbI Npu A06bIYe HEPTH U rasa.
(FOCT P 53554—2009. cTtatbs 2.42]

NMpumeyaHue — [laBneHue Ha 3aboe npocTavBatleli (MM BPEMEHHO OCTAHOB/IEHHOM) CKBaXWHbI Ha3blBa-
eTCs NNacTOBbIM AaBeHNeM.

3.11 kanunnapHoe AaBfieHne: Pa3HOCTb 3HAYEHWIA faBNeHMS HA NOBEPXHOCTU pa3gena as.

3.12 koMno3nynoHHasa Mogens: Mogenb, B KOTOPOI yrneBoAopoAHas nnactoBas cuctema npeacras-
NeHa B BUEe 3a/JaHHOTO KO/IMYeCTBa KOMMOHEHT, KaxAblii U3 KOTOPbIX XapakTepu3yeTcs CBOMMMK napameTpa-
M.

3.13 KOHAeHCcaTHO-ra3oBbIn thakTop: KonnyectBo cTabunbHOro Uan HecTabunbHOrO KoHAeHcaTa, Bbl-
paxeHHoe B Kybunyecknx meTtpax (B rpaMmax), Npuxogsileecs Ha oguH Kybuiyeckuii MeTp rasa cenapauuu.

3.14 nokanbHble U3MeNbyYyeHUA: PasykpyrnHeHe reosiorMyeckoi CeTKM ¢ Lenbio AeTanm3anmnm BolopaH-
HoI o6nacTu.

3.15 maccuB (MPOHNLAOMOCTM/NOCYAHUCTOCTM/NOPUCTOCTU/CBA3HON BOAOHACHILEHHOCTUYOCTa-
TOYHOW HeTOHACHILWEHHOCTN/OCTATOYHOW ra3oHacChIWEeHHOCTU) AaHHbIX O XapaKTepe HachbIWeHNs:
TpexmepHblli MaccuB 3HaYeHU (MPOHNLaeMOCTNY NeCcHaHNCTOCT/ TOPUCTOCTH/CBA3HON BOAOHACHIWEHHOCTH/
0CTaTOYHOW HedpTeHaCbILLEeHHOCTM/OCTATOYHON ra30HACHILLEHHOCTM) faHHbIX O XapakTepe HacbIWweHus, 3a-
[aHHbIX B KaXA0l Avelike MOAenMpyemoro oobekra.

3.16

MHoOrosaboiiHasi ckBaxuHa: BypoBasi CKBaXuHa, vMeloliasi OTBETB/IEHWUSI OT OCHOBHOTO CTBOS1A B
BUAE Pe3KO NCKPUBMIEHHBIX [OMOSIHUTE IbHBIX CTBOJIOB B Npejeniax NpoAyKTMBHOTO naacTa npu paspaboTke
MeCTOpOXAeHu HedpTU 1 rasa.

(FOCT P 53554—2009. ctaTbs 2.38]

3.17 mogenb cpefbl C ABONHOW NOPUCTOCTbIO: Mogenb Nopoabl CO CMeLlaHHOW NOPUCTOCTbIO C BBO-
[OM B KaX/0l TOUKe NPOCTPaHCTBa NopoAbl ABYX 3HAYEHWUI faBNeHus XUAKOCTY (rasa): gaBneHus B TpeLym-
Hax 1 faBneHus B NOPOBbIX 6/10KaxX, yUnTbiBaoLas 06MEH XUAKOCTLIO (ra3om) Mexay 6/10KkaMu U TpeLmHamu.

3.18 mogenb HeneTyyei HedTu: Mogenb, B KOTOPOI YyrneBofOPOAHAs cucTema annpokcvMupoBaHa
[OBYMS KOMMOHEHTaMW: HeneTyunm (HeTbio) 1 neTyuum (rasom).

3.19 HeoAHOPOAHOCTL 06bekTa: V3MeHeHne (hUIbTPaLMOHHO-eMKOCTHBIX CBOWCTB MO njaowaan u
pa3pe3sy obbekTa.

3.20 HENPOTMBOPEYUYMBOCTb MMAPOANHaAMUYECKOl Mofenn: CooTBeTCTBME TMAPOANHAMUNYECKOWA MO-
Aenn usnyeckum npeacTaB/feHUsIM O Fe0sIONTMYECKOM 06BEKTe U NpoTekallmx B HeM (UIbTPaLMOHHbIX
npoweccax.

3.21 napannenbHble BblYncneHns: Cnocob opraHn3aumm KOMMbIOTEPHbIX BbIYUC/IEHWIA, NPU KOTOPOM
B OAVH M TOT XX€ MOMEHT BPEMEHWN MOTYT BbINOMHATLCS OJHOBPEMEHHO HECKOMbKO BbIYMCUTENBHbIX Onepa-
LuiA, HanpaBneHHbIX Ha pelleHune obLiel 3agaun.

3.22

npu3aboiiHas 30Ha: YYacToK NPOAYKTMBHOIO MacTta, NPUMbIKAKLWKIA K CTBOY GYPOBOW CKBaXWHbI,
B Mpefenax KoTOporo W3MEHSIOTCS (hUbTPALMOHHbIE XapakTepPUCTUKM NPOAYKTUBHOIO NiacTa B nepuof
CTPOUTENLCTBA, IKCMyaTalyu Ui peMOHTa GYpOBOIi CKBaXMHBI.

(FOCT P 53554—20009. cTtaTbs 2.41]
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3.23

nporpamMmmHoe obecneyeHune: COBOKYNHOCTb MpOrpamMM cUCTeMbl 06paboTkm MHopMaLMM 1 npo-
rPaMMHbIX AOKYMEHTOB, HEOBX0AMMbIX A1 SKCMIyaTauum aTx Nporpamm.

[FOCT 19781—90. ctaTbs 5.2]

3.24 cnaHuesbli ras: MNpupoAaHbli ra3. fo6bIBaeMbIl U3 TOPOYMX CNAHLEB U COCTOALWNI NpeumyLle-

CTBEHHO 13 MeTaHa.
3.25

TexHuyeckoe oGecrneyeHue NpPorpaMMHOro cpeacTBa: KOMMIEKC TEXHUYECKUX CPeACcTB, UCMOSb-
3yeMblIX 4718 peanunsanum yHKLMOHaIbHBIX BO3MOXHOCTEH NpOorpaMMHOIo CpeAcTBa, BKIKUas cpescTsa
BBOAA, 06paboTKu, BU3yanu3aLmm, XpaHeHus 1 nepejaun AaHHbIX.

[FTOCT P 53712—2009. nyHkT 3.11]
3.26

ypaBHEHME COCTOAHUA NPUPOAHOTO rasa: YpaBHeHWe, KOTopoe CBA3biBaeT (*)aKTOp CKNMaemMoCTu,
TemMmneparypy, N10THOCTb N MOJIAPHbIE A0/ KOMIMOHEHTOB.

[FTOCT 30319.0—96. nyHKT 3.5]
3.27

yCTbeBoe fiassieHune: [laBeHne, M3MepeHHoe B BEPXHeN Touke 6YPOBOI CKBaXKMHBbI.
[FOCT P 53554—2009. cTaTbs 2.45]

3.28 tha3oBble npeBpaleHns: MNepexos BellecTBa M3 OAHOW TepPMOAMHAMUYECKON dhasbl B ApYyryio
NPV N3MEHEHUW BHELUHUX YCIOBUIA.

3.29 chazoBoe paBHoBecue: OAHOBPEMEHHOE CYLLeCTBOBaHNE TEPMOAVHAMUYECKA PaBHOBECHbIX (has3
B MHOrodhasHoi cucreme.

4 CokpaleHusa

B HacToslleM cTaHAapTe NpUMEHeHb! Creaytolme CoKpalleHus:

BHK — BOAOHE(MTAHON KOHTaKT:
rBK — ra30BOASAHOW KOHTaKT;
raMm — T[UAPOAVHAMUYecKoe MOAEeNMpoBaHue;
rav  —  rugpoavHamuyeckme uccnefoBaHus:
MHK — ra3oHedTSAHOW KOHTaKT:
FPM  —  ruapaBivyeckuii paspbiB naacra:

C — ropu3oHTa/bHbIA CTBONM;
rTM —  Teosioro-TEXHUYECKMe MeponpuaTus;
OAKC —  [OXMMHAs KOMNPeCcCopHas CTaHums;
Kr'd — koHAeHcaTHO-ra3oBblli hakTop.
KPC — KanuTasnbHbli PEMOHT CKBaXWH;
HKT — HACOCHO-KOMNPEeCcCopHble TPy6bl;
O®lN — oTHOCMTESbHbIE (ha30Bble MPOHNLAEMOCTH;
MAB — nNOBEpPXHOCTHO-aKTUBHbIE BELLECTBa:
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na nporpamMmmHas oKyMeHTaLus;
n3n npu3aboiiHas 30Ha nnacra:
no nporpaMmHoe obecneyeHue;
MXr noA3emMHble XpaHuavia rasa,
YB YrneBsofoposbl;
PVT pressure volume temperature (gaBneHve o6bema TemnepaTypbl).

506wmne nonoxeHus

MO IAM npuvMeHsAT 48 NPOrHO3MPOBAHNA TEXHOMOTMYECKNX MnapameTpoB pa3paboTkm MecTOpoX-
OEeHUA NpupoaHbIX YB Ha 0CHOBE TPeXMEepHbIX rmagpoamHammnyeckmx (ounbTpaunoHHbix) mogeneii. MO FAM
[O/MKHO o6ecneynBaTtb BOCNPOU3BEAEHNE OCHOBHbIX PU3MYECKMX NPOLECCOB, NPOUCXOAALMX NpYU uUnbTpa-
uun HedpTH, rasa n Bofbl B NOPOBLIX cpegax (KoseKropax).

[na MecTopoxaeHuid, nmetowmnx aktmyeckyto nctopuio paspabdotku, NO FAM gomkHo obecneyvsaTb
BO3MOXHOCTb HaCTPOWkM (agantauun) ruapoanHaMuyecknx Mmogenei K uctopum paspaboTku nepeg, Bbinos-
HEHMEM MPOrHO3HbIX pacyeTos (1).

6 MicxofHble AaHHble ANS NPOrpaMMHOro o6ecnevyeHus r’MAPoANHAMMNYECKOTO
MOAEeNnnpoBaHuUs

6.1 NcxogHbiMy gaHHbIMK ana MO IOM aBnsaoTcs:

6.1.1 CtaTnyeckas ocHoBa.

reoMeTpus rmapoaMHaMNYECKON CeTKu:

MaccuBbl NPOHULLAEMOCTU (AMaroHasibHble KOMMNOHEHTbI TEH30pa NPOHULLAEMOCTK);

MaccuB NecYaHUCTOCTU;

- MaccuB MOPUCTOCTY;

MacCcuB CBSA3aHHOI BOAOHACHILLEHHOCTHY;

- MaccuB OCTaTOYHOW HaCbIWEHHOCTUN YINeBOAOPOAHbIMU ha3amu (HedTb, ras):

MaccuB Ha4yasibHbIX HACbILLEHHOCTEN:

MaccuB rMapoAvHaMUyeckun M30/IMPOBaHHbIX CEMEHTOB Mogenun (reomeTpuyeckne KoopauHaTbl Ha-
pyLlieHuiA nnacra),

MaccuB SIOpPOBOro o6bema,

MaccuB NPOBOAUMOCTEIA;

MaccuB perMoHoB nojcyeTta 3anacos;

MaccuB PErMoHOB CXMMAEMOCTMN MOPOLbI;

MacCuB PEernoHoOB K1accoB KOJ1IEKTOPOB;

- maccuB PVT-cBoiicTB hnonza;

otmeTkn THK. BHK wan TBK no mecTtopoXaeHuto B LesioM 1an no rmapoanHaMmuyeckm 1U3onmpoBaH-
HbIM cermeHTam mMoaenu;

- 3HaYeHNs1 HavyaslbHOro MacToBOro AaB/IEHUA MO MECTOPOXAEHWUIO B LeNoM, Uav no rugpoguHamuye-
CKVM U30/IMPOBAHHbIM CETMEHTaM MoAenu, Uav B 3aBUCUMOCTM OT a6CONOTHON OTMETKM:

- rasoBblil U/MNN KOHAEHCATHO-ra3oBbIli hakTop (MM HauvasibHbI KOMMOHEHTHbIA cOCcTaB) MO MecTo-
POXAEHUIO B LEe/IOM, UK N0 TMAPOAMHAMUYECKN U30/IMPOBaAHHbLIM CErMeHTamM MoAesiv, Uin B 3aBUCUMOCTU OT
abCoMOTHOM OTMETKM;

- pe3ynbTaThl OLEHKN HavyasbHbIX 3anacoB U NOACYETHbLIX NapameTpoB.

6.1.2. CxnmMaemMocTb nopoAbl (B TOM yucrne B BuAe Tabsumu, onicbiBaOLWUX HETMHEHbIE 3aBUCUMOCTH
NOPUCTOCTN 1 NPOHULLAEMOCTI OT M/IACTOBOrO faBfieHuns).

6.1.3 OYHKLMN OTHOCUTE/IbHBIX (DA30BbIX NMPOHULLAEMOCTEN.

6.1.4 3aBMCMMOCTV faBneHUs B cucTemMe HepTb—ra3 U Boaa—HedTb, ra3—yr/ieBoA0pOAHbIA KOHAEH-
cart, YrneBofOopOAHbIA KOHAeHcaT—BoAa (ra3—Boja Npy OTCYTCTBUM XULKOWN YyrNeBOLOPOAHOW pasbl) OT Ha-
CbILLEHHOCTN UK MoAesnb J-YHKUUN.



FOCT P 56449—2015

MpuMmeuaHune — J-OYHKUUSA SBNASETCA MO CBOEN CyTU HOPMUPOBAHHOMN BEINUMHON KANWIISPHOTO AaB/eHus. B
KayecTBe KpUTEPUEB HOPMMUPOBAHMS BbICTYNAIOT CU/bl MOBEPXHOCTHOMO HATSXKEHUS MexXay haiongamu n punbTpaLymoH-
HO-EMKOCTHbIE CBOCTBA MaTpULbI:

(1)

roe P,(SB) — kanunnapHoe aasneHue (dpyHkuma S0), Ma;
SB— BOJOHACLILWEHHOCTb, A.e[.;
< — HaTshKeHMe Ha rpaHuue pasgena das. guH/cM;
0 — yron cmaunBaHus (KpaeBoii yron cMmaymBaHusl), rpagyc:
K — MpOHMLAaeMOocCTb, onpegesieHHas no obpasuy kepHa. ML
T — nopucTocTb, onpefenieHHas no obpasyy kepHa, A.eg.

6.1.5 MapameTpbl Mogenu, yunTbiBawLein usmeHeHme O®r B cucteme HepTb—ra3 (YrneBOA0POLHbIN
KOHAeHcaT—ra3) Npy BbICOKNX CKOPOCTAX hunbTpauum.

6.1.6 MapameTpbl Mogenu ®dopxreiiMepa. onucbiBalLLel KBagpaTUUHY0 3aBUCUMOCTb rpagneHTa fgaB-
NIeHNa OT CKOPOCTU MOTOoKa.

MpuMmeuaHne — Mpu GOMbIWNX NOTOKAX YOMAA 3aBUCUMOCTL TPAAMEHTA LaB/IEHUSt OT CKOPOCTU TEYEHWsi
nepexoAnT U3 NNHEHOM, onMcaHHol 3akoHoM Jlapcy, B KBagpaTuuHylo Mogenb ®opxreiimepa.

@

rae M — BA3KoCTb. MNa c;
K — npoHuuaemoctb. MA.
p — NAOTHOCTb, Kr/M3;
V— cpefHsAs CKopocTb NoToka, M/c:
p B ypaBHeHUn — obpatHas gnuHa (1/m).

Mogenb ®opxreiimepa Heob6xoauma B 30HaxX C 60/bLINMMN CKOPOCTAMMW MOTOKOB, HANpUMep OKO/0 CKBa-
XVH.

6.1.7 PVT-cBoiicTBa HebTW 1 rasa B BUAE:

- KOMMOHEHTHOrO cocTaBa M CBONCTB KOMMOHEHTOB (KpUTMYeckne napameTpbl, KoadhduumeHTbl GrHap-
HOro B3avMOZencTBuma U T. 4.):

- Tabnuu, onucbiBalOLWNX U3IMEHEHME MIOTHOCTU, BA3KOCTU, U O6BEMHbIX KO3(DPULMEHTOB faBeHUs
[ANA pa3HbIX 3Ha4YeHWn ra3oBoro aktopa unm Kre, a tawke 3aBUCHMOCTb AaB/EHUS HACBILEHUS UK Havana
KOHAEeHcaLmMmn oT 3HaYeHus rasosoro haktopa nnun Kre.

6.1.8 CoiicTBa NN1acTOBOI W 3akauMBaeMoii BOAbl.

6.1.9 [laHHble N0 CKBaXMHaM:

- TPaeKTopuu CKBaKWH;

- WHTepBasibl Nepdopaunm CKBaXUH B U3MEPEHHbLIX UM abCOMOTHbLIX FNy6uHax:

- JaTbl NnpoBefAeHna nepdopaumu, N30NauKumn, 4ONONHUTENBbHOV Nnepdopaumn.

6.1.10 [laHHble O KOHCTPYKLMAX CKBaXWH: AMameTp CKBaXKVHbl, guameTp u rinybuHa cnycka HKT. ycTpoi-
CTBa KOHTPONA NpUTOKa U T. 4.

6.1.11 laHHble 0 npoBefeHHbIX MPM. KPC n apyrux NMM.

6.1.12 NcTopus pa3paboTku:

- AebuTbl rasa, HedpTH, KOHAEHcaTa 1 BoAbl N0 fOObLIBAIOLLUM CKBaXKMHAM W/nMAW rpynnam fo6bisaroLmx
CKBaXKVH;

- pacxogpl rasa v Bofbl N0 HarHeTaTe lbHbIM CKBaXXWHaM W/WK rpynnaM HarHeTaTeslbHbIX CKBaXKMH:

- 3a60/iHble N YCTbeBble AABNEHUS NO CKBAXUHAM.

6.2 EAMHULBLI N3MOPEHNA UCXOAHbIX AaHHbIX

McxoaHble gaHHble ana MO [AM nsmepsaoT B cucteme CU B cootBeTctBun ¢ NOCT 8.417 n TOCT P
8.645.

6
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7 ®yHKUMWOHaNbHble TPe60BaHUS K NPOrpaMMHOMY o6ecneyeHunto
r’MApPoOAVHAMMNYECKOTO MO Ee/IMPOBaHMNS

7.1 VIMnopT, NOAroToBKa Y NPOBEpPKa UCXOAHbLIX AaHHbIX, MEePEeYnNCNeHHbIX B pasaene 6.

7.2 Co3fiaHue yncfieHHoli Moaenu NaacToBoro giounaa

7.2.1 MogenupoBsaHue crefyloLmx nabopaTtopHbIX 3KCNePUMEHTOB:

- OfIHOKpaTHas cenapauus;

- CTyrneHuyaTas cenapaums:

- oudhhbepeHumanbHoe pasrasupoBaHue:

- KOHTaKTHas KOHAeHcauusa (nccnefoBaHve Npy NOCTOAHHON Mmacce);

- audbdhbepeHumnanbHas KoHAeHcauus;,

- onpepgesieHve faB/ieHNss HaCbIWEeHNS;

- OfHOKpaTHbI pacyeT (ha30BOro paBHOBECKS.

7.2.2 Co3gaHve Tabnuu, onucbiBatoLMX U3MEHEHWE MIOTHOCTU, BA3KOCTM M 06bEMHbIX KOIhdULeH-
TOB OT AaB/leHus AN1A pa3HbiX 3Ha4YeHuii razosoro paktopa mavm Krd. a takke 3aBUCUMOCTb [JaBfeHUs Ha-
CbILEHMA UM Havasla KOHAEeHcaLMn OT 3HaYeHns rasoBoro gpakropa unm KFd npu niactoBoil Temneparype.

7.2.3 HacTpoiika napamMeTpoB ypaBHEHUs COCTOAHMS N0  pe3ynbTatam  n1abopaTopHbIX
PVT-akcneprvMeHTOB. B TOM YWC/e C UCNO/b30BaHNEM MpoLesypbl MHOTOMEPHOW perpeccuu.

7.2.4 BO3MOXHOCTb UCMO/b30BaHNS Pa3fMYHbIX YPpaBHEHW COCTOSHUS.

MpumeyaHne — Kak npaBuno, NUCMosb3yoT ypaBHeHUs cocTosiHusA MNeHTa-Po6uHcoHa. CoaBs-Peginxa-KBoHTa.
3iakeBnya-Modde. onmcaHe NpuBeeHo B MPUIOXeHNN A.

7.3 3afiaHne HayasIbHOTO COCTOSIHUSI MOZE/N 3aK/ioyaeTcs:

- B pacyeTe paBHOBECHOr0 HayasibHOr0 COCTOSIHUS MOAE/M, B TOM 4YWC/le C BO3MOXHOCTbIO 3afaHus
Ky6a HauyasibHO BOAOHACHIWEHHOCTUN 1 nocneaylowen mogudrkaumen kanuinsapHbIX AaBNeHW;

- NPSIMOM 3aJaH1K HEPaBHOBECHOTO HaYa/IbHOTO COCTOSIHUS MOAeNu.

7.4 3apfiaHne ycnioBuiA Ha rpaHuLax pacyeTHo 06nacti, B TOM YMC/ie B paMkax MoAesneli BOJOHOCHbIX
ropusoHToB ®eTkoBMYa 1 Kaptepa-Tpeiicu.

MpumeyaHne — MeToabl onpefeneHns BOLOHOCHOroO nnacta ®eTkoBnya n Kaptepa-Tpeiicu npuseneHbl B npu-
noxeHun b.

7.5 3anucb nepeTtokos ONA0B Mexay obnactamu (permoHamun) Mofenn ¢ BO3MOXHOCTbIO nocneny-
fOLLLEero oTAe/lbHOr0 MOAENMPOBaHNA KaXA0ro pernoHa (CeKTopa) C y4eToM 3anncaHHbIX paHee NepeToKoB.

7.6 OueHka HavanbHbIX K TeKyLMX (OcTaTouHbIX) 3anacos YB.

7.7 KOHTPO/1b HENPOTUBOPEUNBOCTU MOAENN.

7.8 Apantauua Mogesnu K uctopun pa3paboTku 3a cUET U3MEHeHUsA Tex napameTpoB MOAE/N, KOTopble
HEeN3BECTHbI WIN U3BECTHbI C CYLLECTBEHHON NOrpeLlHOCTbI0.

7.9 BbINOMHEHNE MPOrHO3HbLIX pacyeToB [A/1A Pa3/IMYHbIX BAPUaHTOB 3KCNyaTtauun MecTOpOoXAeHus,
YUNTbIBAIOLLNX:

- Bpems, B TeYEHNE KOTOPOro OCYLIECTB/IAIOT NPOrHO3poBaHue;

- npegnonaraemblii rpacuk 6ypeHusi, MecTa pacrnonoXeHNs CKBaXWH, TUMbl CKBaXKMH M MHTepBasbl 3a-
KaH4MBaHus;

- npegnonaraemblii rpachvik nepesofa CKBaXKMH Ha Apyrne 06bekTbl 1 3ape3kn 60KOBbIX CTBOJIOB,;

- NAaHupyemyro MogepHu3aumio cuctem cbopa, noAroToBKM W HarHeTaHus.

- TEXHOJIOTUYECKME OrpaHuyeHmns Ha fo6blvy HeddTW, BOAbl 1 rasa;

- TexXHOJIoTMYecKne orpaHNYeHns Ha HarHeTaHvue BoAbl U rasa,;

- OrpaHUYeHUs Ha NPOMbIC/IOBLINA ra3oBblii hakTop (415 OTAENbHbIX CKBaXKMH, TPYNN CKBaXWUH U MeCTo-
poxaeHus),

- orpaHnyeHuns Ha 06BOAHEHHOCTb MPOAYKUMK (A8 OTAENbHbIX CKBaXKWMH, FPYNM CKBAXUH U MECTOPOX-
AeHns);

- MUHMMabHbIA 3KOHOMUYeCKnit febuT HedpTh, KoHAeHcaTa unu rasa:

- MakcuManbHbIl fe6UT HedTN 1IN rasa Nno CKBaxkKMHaM (EC/IM NPUMEHUM):

- OrpaHNyYeHns Ha CyMMapHbIil ypoBeHb f06bIUn HeddTW rasa uav BoAbl:

- orpaHnyYeHnss N0 MUMHUMasIbHOMY ¥ MakCUMasibHOMY AaBNEeHNI0 Ha YCTbe CKBaKMH.
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7.10 MapannenbHble BbIYUCNEHUS — 3TO:

- YCKOpEeHMWe rmapoavHamMmmyeckmx pacyeToB 3a CHET UCMONb30BaHNA napasisiesibHbIX NpoLeccopos;

- BO3MOXHOCTW 3arycka C MCMo/Ib30BaHNEM CUCTEMbI ouepefeli (Co3gaHne 1 ynpas/eHne ovepeasmm)
yAaneHHoro 3anycka Ha pacyeT 1 MOHUTOPWHra pacyeTta Ha yAasieHHOM Knactepe.

7.11 Y4eT npuTOKa K ra3oBbiM CKBaXnHam nogpasymeBaeT:

- yyeT peasibHbIX CBOICTB rasa npu pacyeTe nputoka (HeNnHeHoCTb 3aBMCMMOCTN gebuTa oT genpec-
cun):

- Hanmume mogenu adhpekTa 6/10KMPOBKN ra30KOHAEHCATHON CKBaXWHbI KOHAEHCATOM MPU CHUXEHUN
3a00MHOr0 AaBNEHNA HXe JaBNeHns Havana KoHAeHcauuu:

- BO3MOXHOCTb yyeTa OTK/IOHEHUS OT NINHEHOro 3akoHa Npu ubTpauuy rasa B niacTe;

- BO3MOXHOCTb BECTU YNPOLLEHHbIA y4eT OTK/IOHeHWS OT IMHEeNHOro 3akoHa hunbTpaumMn B Nnpu3aboii-
HOI1 30HE CKBaXXWHbI (CKUH-thakTop, 3aBMCALMI OT AebuTta, — Tak Ha3biBaeMblii O-chakTop).

7.12 BO3MOXHOCTb AeTam3aLumn CeTkM B OKONOCKBaXKNHHOM 30HE C MOMOLLbIO:

- NPAMOYTO/IbHbIX NTOKa/bHbIX N3MeNIbYeHNI CETKY;

- HECTPYKTYpPVpPOBaHHbIX CETOK AN AeTann3aumn MOAenn B 30He TOPU3OHTasIbHbIX Y MHOr03ab0MHbIX
CKBaXKVH.

7.13 MopgenupoBaHue 3akaykum noMMepoB C BO3MOXHOCTbLIO yyeTa:

- W3MEHeHVs BA3KOCTU 3aKaumBaeMoi BOAbl C yBE/IMYEHNEM KOHLEHTpauum nonnuvepa:

- agcopbuuy nosmmepa co CHUXEHMEM NPOHULL@EMOCTK:

- gecopbuuun nonumepa.

7.14 MogenupoBaHue 3akadku C02 npeactaBnseTt coboii:

- y4yeT pacTBOpMMOCTU 3akaumsaemoro C02 B Boge v HedhTu;

- MOJenupoBaHue 3aKayku YrnekMc1oro rasa B HepTaHble NNacTbl 4719 YBENYEHUSA HepTeoTAa .

7.15 MopenupoBaH/e BOAOra3oBOro BO3AENCTBUA — MOAENMPOBaHNE MOOYepPeHO 3akayku BOAbl U
rasa, a Takke COBMECTHOW OAHOBPEMEHHOI 3aKauku.

7.16 MopgenupoBaHue HensoTepMUYECKO innbTpaummn (paclumpeHme mogenu Henetyueli HedTw, co-
fAepxalliee JONONHUTENbHOE YpaBHEHNE COXPAHEHUS SHepPrun ANS BblYMC/IEHNS TemnepaTypbl B naacTe).

7.17 YueT TeueHus chnonga B ctBosiax 'C gaet BO3MOXHOCTb:

- yyeTa TPeHUs B CTBOJIE CKBAXMWHbI NPU MOLEMPOBAHNN TOPU3OHTASTbHBIX CKBaXKWH;

- MCMoNb30BaHNA MOAENN MHOTOCETMEHTHON CKBaXUHbI A1 TOYHOrO OMMCcaHUsA NoBeAeHNs MHorodgas-
HOro NMOTOKa B CTBOJIE CKBAXMHbI, y4yeTa reoMeTpumn CKBaXKWHbI B MPOLLECCe pacyeTa;

- MOAENUpPoBaHUs MHOr03ab0WiHbIX (pPa3BeTBEHHO-TOPMU30HTaNbHbIX) CKBRXWH B pamMkax mMogenu MHo-
rOCErMeHTHOI CKBaXXWHbI.

7.18 MogenupoBaHue P npeactasnsieT coboli MogenvpoBaHue:

- TpeluHbl rmgpopaspbiBa B IBHOM BUAe C 3afaHNeM ee MoNyA/MHbl. PackpbiTUEM, HanpasB/ieHnem 1
T. 4. (BeTanbHbIA y4eT napaMeTpoB TPEeLLMHbI U CBOWCTB Macta), a Takke yyeT adpekra 3aTyxaHusa Pl oT
BPEMEHN;

- MHoroctaguiiHoro 'Prl. oueHka pe3ynbTaTos.

7.19 KoMno3numoHHoe MofenmpoBaHmne — 3T0 BO3MOXHOCTb:

- [ieTanbHO y4yuTbIBaTb COCTaB M1acToOBbIX )OMA0B 1 (ha3oBble NpeBpaLleHns Ha OCHOBE KOMMO3ML M-
OHHOI MoZenw;

- MOJeNMpPOBaHNsA NPOLLECCOB 3aKauku rasa, CMeLINBaloLLerocsi BbITECHEHUS;

- 3aflaHus cTaH4apTHbIX YCOBUI ANA pacyeTa 06bEMOB YB B COOTBETCTBUM C POCCUIACKAMM CTaHAap-
Tamu (0.101325 Mra. 293,15 K).

7.20 lNceBOKOMMNO3NMLMOHHOE MOAENNPOBaHNE — 3TO BO3MOXHOCTb YMPOLLEHHO YYUTbiBaTb KOMMNO3U-
LMOHHbIe 3thdhekTbl NPK 3akauke rasa, OT/IMYHOTO OT rasa cenapauuy B paMmkax Mogenu Henetydein Hedptu.

7.21 Mogenv ABOWMHOI NOPUCTOCTU/ABONHON NPOHULLAEMOCTMW.

7.22 MogenvnpoBaHue [o0bl4i MeTaHa 13 YrofibHbIX M1acToB NogpasyMeBaeT:

- yuyeT achpekToB agcopbunncecopbumm B 3aBUCUMOCTIU OT AaBEHMUS;

- BO3MOXHOCTb MOAeNnupoBaHus 3akaykn C02/N2;

- BO3MOXHOCTb MOJE€/IMPOBAHUSA U3MEHEHUSA NOPUCTOCTU U NMPOHULLAEMOCTU C U3MEHEHUEM [aB/IeHUs.

7.23 MogenupoBaHve Ao6bluy CNaHLeBbIX ra30B — yYeT:

- adppekToB agcopbuunypgecopbumm B 3aBUCMMOCTY OT AAB/IEHUS,;

- 0b6pas3oBaHusA CeTV NPOHMLAEeMbIX TPELWH Npu nposegexnn MPI.
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7.24 Busyanusauus u aHanus pesynbTaToB MOAEIMPOBAHNS BKIOYAeT B cebs:

- BO3MOXHOCTb paboTbl C pa3HbiMu ceTkamu (Hanpumep, 6/104HO-LEHTPMPOBaHHAsA, reoMeTpys YI10BOWA
TOUKM),

- BO3MOXHOCTb paboThbl C pafmanbHbIMU 1 eKapTOBbIMU NIOKANIbHLIMU U3MENTbYEHUAMN;

BO3MOXHOCTb BM3yanunsaumu CBONCTB MOAENN Ha M0G0/ BPpEMEHHOM Lar;

BO3MOXHOCTb MaHUNyNAUUN pasiuyHbIMU CEKLUAMU MOLENN;

BO3MOXHOCTb paboTbl C re0/I0fMYeckMMmn paspesamMmu Mogenu;

BO3MOXHOCTb YCTAHOB/IEHVA Anana3oHa pas/IMyHbIX CBONCTB MOAENN MpY BU3yanusauuu;
BO3MOXHOCTb NOCTPOEHUs rpathKkoB TEXHONIOTMYECKNX NokasaTeneli pa3paboTku, NoyYeHHbIX Mo pe-
3ynbTaTaM pacyeToB MO CKBaXWHaM, rpynnam CKBaXwH, 06bekTaM, MECTOPOXAEHUAM;

- BO3MOXHOCTb LIBETOKOAMPOBAHWSA, NPy KOTOPOI MCNONb3YIOT TY UK WHYIO LIBETOBYIO NasmTpy.

- noctpoexue 20-kapT Mo pesysibTaTtaM MOAe/IMPOBaHNA N BO3MOXHOCTb 3KCMOpPTa B COBPEMEHHbIE rpa-
huyeckne pefaxkTopsl;

- NOCTPOEHME KPOCCMNIOTOB;

- BU3yanunsauuio Kpyrosbix guarpaMmm, 0TobpaxKaroLwmnx TekyLe nam HakonaeHHble nokasarenu paboTsbl
CKB&XMWH, a Takke kayecTBO ajantauum no uctopum paspaboTku.

7.25 BO3MOXHOCTb Ha3HaY€HUsI CBOMCTB 3aKkauyMBaeMoi BOAbl, OT/IMYHBLIX OT CBOMCTB BOAbl B pe3epBYy-
ape [2].

7.26 BO3MOXHOCTb aBTOMATUUYECKOrO yaaneHus us mogenu (B Lensx yCKOpeHus pacyeta) sueek To-
LWMHOA (M1 NopoBbIM 06BLEMOM) MeHee 33faHHOro Nosb3oBaTenemM npefena ¢ Co3faHNeM 3KBUBANEHTHbIX
He cocefiHUX coefVHeHuUi n/unm cooTBeTCTBYOLWEl Moaudukalmeli NOpoBoro o6bema npuierarnLwmnx syeek.

7.27 BO3MOXHOCTb MOAMVKALUM NCXOLHbIX MacC/BOB, NepeyncrieHHbix B 6.1.1.

7.28 BO3MOXHOCTb CO3[aHNs HOBbIX CKBaXMH.

7.29 BO3MOXHOCTb pefjlakTUpOBaHUA AaHHbIX, NepeuncrieHHbix B 6.1.3 1 6.1.7, ec/iv oHn 3afaHbl B BUAE
Tabnuy,

7.30 BO3MOXHOCTb @aBTOMATM4eCKOro 3ajaHvs nepdopauuii CKBaXKMH MpY BbIMOSIHEHUM MPOTHO3HbIX
pacyeToB.

7.31 OHnaiH-nHTEepdeic A1 COBMECTHOrO MCMO/Ib30BaHUS C CUCTEMAMM:

- MOJeNIMpoBaHUA TEYEHNA B CKBaXMHAX U MOBEPXHOCTHLIX ceTAX cbopa v TpaHcnopTa (B TOM yucne
ANna mogenvpoBaHuna razoc6opHoi cetn n JIKC Ha KaxAol pacyeTHON uTepaumun, npu 3TOM HasemHoe 060-
pyAoBaHue A0MKHO ABNATLCA OrpaHnumTenem fobbiun);

- reoMexaHn4yeckoro MofennpoBaHus.

7.32 MO I'AM pgomxHO obecneyrBaTb BO3MOXHOCTb €r0 UCMOb30BaHNA NOA yNpasB/ieHneM CUCTEM aB-
TOMaTM3MPOBAHHON ajanTaumm 1 pacyeTa HeonpeaeneHHOCTH nokasarteneli pa3paboTky MeCcTOPOXAEeHUs, a
Takxe cuctem nMHTepnpetaunn 'OV cKBaXuH.

8 Tpe6oBaHUA KAOKYMEHTMPOBAHMWIO NPOrpaMMHOro o6ecnevyeHus
r’MApPoAMHAMUYECKOT0 MOAEIMPOBaHUS

8.1 Ana NO IAM paspa6aTtbiBatoT N[ B cooTBeTCTBUM C TpeboBaHusamu FTOCT P MCOYM3K 15910 u
FOCT P 53712. O6wue TpebosaHus k M cootsetctBytoT FOCT 19.105.

8.2 flybnnposaHue, yyeT 1 xpaHeHue M/ npoBogAT B COOTBETCTBUM € TpeboBaHnsamu FOCT 19.601. Us-
MeHeHus B N[, BHocAT B cooTBeTcTBUM ¢ TOCT 19.603.

8.3 M/[l Ha nporpamMmHOe CpefCcTBO M (UKN) ero KOMMNOHEHTbI A0/HKHA NpeAgycMaTpmBaTh Hanmume nog-
po6HOro pykoBoACTBa NO/b30BATENSA Ha PYCCKOM SA3blke U COAepXaTb creylolme ceefeHus:
061aCTb NPUMEHEHWS;
- [aHHble 0 CTPYKType (nepeyeHb Mmoaynein, 6a30Bblli KOMMNEKT, CNCOK JONOMHUTENbHbIX MOAYei);
onucaHve nosb3oBaTeNbCKoro MHTepdeica,;
- onucaHue onuuii.
onucaHue Knt4eBbIX CMOB;
onucaHve nopsgka skcnopTa u uMnopTa faHHbIX;
- onuncaHve NpMMeHSeMbIX anropuTMoB 1N U3NYECKUX Mogenei.
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9 TexHMYecKne TpeboBaHNA K NPOrpaMMHOMY ob6ecnevyeHunto
r’MAPOAVHAMNYECKOT0O MOAEeNnpoBaHus

TexHuyeckoe obecneyeHne fOMKHO YA0BIETBOPATL CEeYOLWUM OCHOBHbIM TPeBOBaHNAM:

- (QYHKLMOHMPOBaHNE Ha COBPEMEHHbIX OMepaLnOHHbIX CUCTEMAX M annapartHbIX naaTopmax,

- obecneyeHne BO3MOXHOCTN NapasiniefibHbIX BbIYVCIEHUIA 019 YCKOPEHNUA pacyeTos;

- obecneyeHne BO3IMOXHOCTM KOHBEpPTaLUM MoAenel, co3aaHHbix B 6o1ee paHHux Bepcusx MO rAM, B
chopmaT 06HOBEHHO Bepcum MO.

10 NoaTBEpPXAEHUE COOTBETCTBUA NPOrpaMMHOro obecrnedyeHus
AN TMAPOAMHAMUYECKOTO MOAe/IMPOBaHMUS

MoateepxaeHue cootsetcTBusa MO IAM oueHuBatT B cootBeTcTBun ¢ NOCT 28195, TOCT P UCO/
M3K 9126 n TOCT P NCO/M3K 12119 cnepytowmmm cnocobamm:

- 3KCMEePTHbI aHann3 pykoBOACTBA NO/b30BATENIA C MPOBEPKON HaNUunMa onncaHnsa yHKLMOHaNbHO-
CTW, peanusyloLleli NOMOXeHNs HaCTOSLLEero ctaHaapTa;

- (bM3nyecknin 3anyck 1 IKCNEPTHbIV aHanNn3 NpefocTaBeHHbIX nponssogutesnem MO TecToB (BKIOYEH-
HbIX B cOCTaB noctaskn MO unn npefocTasBfieHHbIX paspaboTynkamu MO), 4EMOHCTPUPYIOLNX peann3aLuio
hyHKLMOHANBHOCTK:

- BbIMOMIHEHUE HAbopa ncnbiTaTebHbIX 3a4a4-TECTOB, PEKOMEHAYEMbIX MPU3HAHHBIMW HayYHbIMMW U 9KC-
NepTHbIMY OpraHn3aLmaMy B 061acT He4pono/ib30BaHUs, B KaUeCTBe J0MOJIHEHNS, YeTbIPEX TECTOB KOPPEKT-
HOCTU peanunsauun crneunasnbHbiX YpaBHEHUIA NPUTOKA K CKBaXWMHE, y4UTbiBalOLWMUX n3MeHeHne PVT-cBoiicTB
hnongos B Npn3aboiiHoW 30He, BK/IlOYas BO3MOXHbIe da30Bble NpeBpalleHuns (CM. npuioxeHne B).

NMpumeyaHune — O6bIYHO KOMNAHUN — pa3padoTunku MO FAM NCNONb3YIOT UCNbITaTeMbHbIE TECTbI MeXAyHa-
POAHON HekOMMepuUeckoi npoeccroHanbHOW OpraHn3anm TeXHUYECKNX CneLmanncToB HedpTera3oBoi NPOMbILLIEHHO-
cTn Society of Petroleum Engineers (Tectbl SPE).

10
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MpunoxexHue A
(cnpaBo4HOE)

YpaBHEHNA COCTOAHNA

Kak npaBuio, MCMo/b3yloT ypaBHeHUs cocTosHna MeHra-Po6uncona, Coase-Pegnmnxa-KeoHra. 3ioakesnua-Modde.
B o6uieli popme Kybruyeckoe ypaBHEHNE COCTOSIHUSA [IOXKET ObITb NPeAcTaBAEHO TakuM 06pa3om:

RT n

p (A1)
\t-b <o+gEX»+e*3
roe p — abconwTHoe gaBneHue. Ma:
R — yHuBepcanbHas raszosas noctosHHasa. Mx/(monb K):
[ — abcontoTHasa Temnepatypa. K;
V — MOJISIpHbIA 06BbEM. M3/MOSb.
aunb— napameTpbl ypaBHeHWUS COCTOSIHUSA:
C, N C2 — KOHCTaHTbl, NPUHUMAlOLLME Ccrefylolne BeINUYMHbI B ypaBHEHNSAX COCTOAHUA:
- Pepgnunxa-KeoHra 1u1 0.
- CoaBe-Pegnuxa-KesoHra 1um 0.
- NeHra-PobuxcoHa 1+ 72 n 1- A2 cOOTBETCTBEHHO.
MapameTpbl @ 1 6 ypaBHEHNS COCTOAHNA 418 KOMMOHEHTOB BblpaXeHbl ceayoLmM o6pa3om:
(A.2)
e
n,=a;<rl7,*> (A.3)
MbRT. (A4)
n,-a;npr®> (A.5)
rae dyHkuma jliffca)egnia gna ypaBHeHuli COCTOSHNS;
W — aleHTpuyeckunii hakTop;
CU r— KpuTUYeckue v NpuBefeHHbIe YyCNoBus,
a. Qaun Qb 3aBUCAT OT BbIGOPA YpaBHEHUNSI COCTOAHUSA:
Pepgnuxa-KsoHra:
roe Q\=0.42748;
Q* =0.08664;
(A.6)

u
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Coase-Pepgnnxa-KsoHra:

roe (A7)
K=0.48+ 1.57¢c-0.17052: (A-8)
Q' =0.42748;
ME£= 0.08664.

MeHTa-Po6uHCcOHa:
rpe Q* =0.45724;
M =0.07780;

a(™o)-[1+*(1-")r: (A-9)

K = 0.37464 + 1.5422a. - 0.26992a.2. (A.10)

[Ons 60nee THKENbIX yTNEeBOLOPOAHbLIX KOMNOHEHTOB NPUMEHSIOT APYroe 3HaueHue K B ypaBHeHuu MeHra-Po6uHcoHa:
K =0.379642 + 1.4803.J - 0.164423a»2+ 0.0166664a,3- (A.11)

YpaBHeHune cocTosHus 3ioakesnya-Modde — aTo AByxnapameTpuyeckoe ypaBHEHUE COCTOAHMS, KOTOpoe 6biio
MOJIYYEHO ITUMM YUYEHBIMU C LiEJIbI0 Y/IYULLEHUST YpaBHEHUsS COCTOsAHNSA Pegnnxa-KBoHra;

- KOHCTaHTbI Ob 3aBUCAT OT Temneparypsl, T. e. Oa (7), CHT):

- Qa (7). Ob(7) nonyyarT AN Ka»KAOro KOMMOHEHTA, OCHOBbIBASICb HA MJIOTHOCTM HACILWEHHON XUAKOCTM 1 ypaB-
HEHUs ANs neTyvectu;

- Qa, Qfc6epyTca Kak He 3aBUCALLME OT TeMnepaTypbl 3HaYeHUs NPy TemMnepaType Bbille KPUTUYECKOA.

12
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Mpunoxexne b
(cnpaBo4HOE)

3ajaHue ycnoBuid Ha rpaHuLax pacyeTHol o6nacTu B paMmkax mogenei ®etkosmuya
n Kaptepa-Tpelicn

Mogenb ®eTkoBNYa — aHaNUTUYECKUi MeToA, KOTOPbI NPUMEHSIOT AN NPOU3BOJSILHO KOHEYHOro BOLOHOCHOTO
nnacTta. HTEHCUBHOCTb NPUTOKA B TEUEHWE BPEMEHHOTO Liara paccymTbiBaloT ypaBHEHUEM A5 pacxosa

rA (B.1)
we f% ~ cpefHee AaBneHne B BOAOHOCHOM MiacTe B MOMEHT BpeMeHu In, Ma:
« - KO3(h(MLMEHT NPOAYKTUBHOCTM 4151 BOAOHOCHOTO Nnacra:

o . Nnowaas Avelikn /, M2.

Mocne 3aBepLUeHns Wara No BPeMeHN PacCuuThbiBaOT MOMHbIA NPUTOK BOAbl U3 BOAOHOCHOIO MaacTa chefyloumm
ypaBHEHNEM:

(6.2)

3arem, UCnosb3ys ypaBHeEHE MaTepuasibHoOro 6anaHca, nepecynTbiBalOT HOBOE 3HaYeHWe A4 cpeaHero gaBneHus

B BOJOHOCHOM nnacte A Taku M obpasom, fjaBfeHne B BOAOHOCHOM niacte ®eTkoBMYa U3MEHAETCA CO BPEMEHEM,
[laB/ieHne Ha NpoTsXeHWU Bcero nepuoga pa3paboTku He GyfeT ocTaBaTbCA NOCTOSHHbIM.

3apgaloT napameTpbl BOJOHOCHOrO nsacta (CXMmMaemocCTb, MOPUCTOCTb, HaYasbHOE AaBfeHue, rnybuHa, UHAEeKC
NPOAYKTUBHOCTW U T. N.) U COeAUHEHNS BOAOHOCHOTO NaacTa C OAHOW UM HECKONbKMMMW FpaHsiMU niacTa.

Mpu ncnonb3oBaHUK HavyabHOrO AaBfEHUs BOJOHOCHOrO naacta no yMO/JYaHUIo ero paccunTbiBalOT Mo hopmysne
(B.1) Takum 06pa3om, 4To6bl BOLOHOCHLI NNACT B HAYa/IbHbI MOMEHT BpEMEHMW NMpebbiBan B PABHOBECUU C 3a/1EXbH0.

Mopenb KapTtepa-Tpeiich — noAxoj aHanUTUYeCKOro onpefeneHnss BOJOHOCHOTO naacta, OCHOBaHHbIA Ha npu-
MEHEHUN «PYHKUNI BAMSHWUA» [NS pacyeTa NOSIHOTo NPUTOKa BOAbI U3 BOJOHOCHOTO MnacTa v pacyeta U3MEHEHUs AaBs-
NIeHNA C TeYEHUEM BPEMEHV MeXAY BOAOHOCHLIM M1acTOM 1 CpeAHUM AaB/IEHNEM Ha rpaHuLe BOJOHOCHOrO niacTa u3a-
nexu. PYHKUUN BNANSHAA 3aBUCSAT OT reOMeTPUM 1 CBOMCTB BOAOHOCHOTO NiacTa. [lBa OCHOBHbIX NapameTpa onpegensior
nosejeHne BOJOHOCHOTO naacra:

KoHcTaHTa BpeMeHu (MMetLas pa3mepHoOCTb BpeMeHM)

re- 1 ( B . 3 )

rae U, — BSA3KOCTb BOAbl B BOAOHOCHOM nnacte. Ma c:
® — nopucTocTb BOJOHOCHOIO NiacTa. fA.ef.:
C(— nonHasf (nopoga + Boga) cxumaemocTtb. 1/Ma;
r0 — BHeLIHWA pagnyc nnacTta (U BHYTPeHHWIi paguyc BOAOHOCHOrO naacta), m;
KA — MNPOHWLAeMOCTb BOAOHOCHOTO nnacra. mf;

c, =0.008527 (KoHCTaHTa AN151 NepeBoAa BENMNYVH U3 OAHON CUCTEMbI e4UHNUL, B ApYTYI0, 3HaYeHWe NpruBeAEHO ANS
MexayHapoaHoli cuctembl eanuuy, CW).

KoHcTaHTa npuTOoKa BOAOHOCHOrO nnacTta (MMmewwas pasMepHOCTb MOMIHOTO NPUTOKa Ha efuHuUy najeHus
haBneHuns)

(5.4)

roe h — TonwuHa BOofOHOCHOTO NacTa, M:
0 — yron, Nog KOTOPbIM rpaHunLa BOAOHOCHOTO Naacta BUAHA U3 LieHTpa 3asexu, B rpagycax, feneHHblii Ha 360;
€2 = 6,283 (KOHCTaHTa AN5 NepeBoja BENVNYUH U3 OQHOI CUCTEMbI eAUHUL, B APYrYI0, 3HAYEHe NpUBELEHO ANs
MexayHapoaHoii cuctembl egunut, CU).

13
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KOHCTaHTy BpeMeH UCNONb3YHT A5 NPE06Pa30BaHUs BpEMEHU B 6e3pasmMepHyto hopMy C NOMOLL b COOTHOLIEHUS

(B.5)

Mogenb Kaptepa-Tpeiicu BolpaxaeT najeHve faB/eHNs Ha rpaHuLe BOLOHOCHOTO NiaacTa yepes yHKUMI0 BNs-
HUs 6€3pa3MepHOro AaBfeHus cregyL M 06pa3om:

<6 6 >

e Pao- HavyanbHoOe faB/fieHne BoAbl B BOAOHOCHOM nnacTe. Ma:

p _ CpefjHee AaB/ieHMe BO/bI Ha IpaHnLLe BOAOHOCHOTO NnnacTal'sanexu. MNa:
ra CKOPOCTb NPUTOKA BOAOHOCHOrO nnacrta. m3c.



FOCT P 56449—2015

Mpunoxexne B
(pekomeHpyemoe)

TecTbl KOPPEKTHOCTU peannsaynm cneynanbHbiX YypaBHEHU NPUTOKA K CKBaXUHE,
yuuTbiBaKLWMX n3MeHeHne PVT-cBoOWCTB htonaoB B Npu3aboiiHON 30He,
BK/1l0OYAsA BO3MOXHble (ha3oBble NpeBpaLLeHus

Mpy MogenMpoBaHNM ra3oBbIX U ra30KOHAEHCATHbIX MECTOPOXAEHWU OGbIYHO UCMO/bL3YIOT TMAPOAMHAMUYECKYIO
CeTKy C pa3Mepom sueiiku no natepann He meHee 50 M. OfHAKO CBOICTBA rasa CyLIECTBEHHO 3aBUCAT OT AaB/IEHUS,
KOTOpoe B Npu3aboiiHOW 30He CKBaXKMHBbI, Kak NPaBu/o, 3HAYNTENIbHO HUXE, YeM B CpefHeM Mo siyeiike. irHopupoBaHue
MN3MeHeHWs CBOICTB rasa B Npu3aboiiHOi 30He CKBaXXMHbI MOXET NPUBECTY K CYLLeCTBEHHOI OLWNGKe B pacyeTHO! Npoayk-
TUBHOCTY CKBaXMHbI. [lA1S TOro 4To6bl 3TOro M3Gexarb, paspaboTaHbl cneynasbHble ypaBHEHUS NPUTOKA, aHaIMTUYeckn
yuuTbIBAKOLME BNUSIHNE HA NPOAYKTUBHOCTb CKBXWHbI M3MEHEHUS CBOWCTB rasa B npu3aboiiHoi 30He:

- ypaBHeHue Russell Goodrich no3sonseT yyecTb acpekT npm3aboiiHoi 30HbI ANA MAeaNbHOTO ra3a NoCTOSHHOMN
BA3KOCTU:

- nceBfo0AaB/IeHNe ra3a No3BosseT yuecTb adphekT Npu3aboiiHoli 30HbI ANA peasnibHOro rasa (6e3 yyerta asoBbix
npespalLLeHuii);

- 0606LWWeHHOe MHOroghasHoe NceBAOfaBNEHNE MO3BOJAET [LOMNOMHUTENbHO YYECTb BAVNSHUE HA MPOAYKTUBHOCTb
CKBaXXMHbI B TOM YMC/ie 1 BO3MOXHbIX (DA30BbIX NPEBpPaLLEHNii B Np13a6oiiHOW 30HE CKBAXUHbI.

OfHako B cucteme tectoB SPE 0TCYTCTBYIOT TECTbl HA MPOBEPKY KOPPEKTHOCTM peannsaumnm 3TUx ypaBHeHui.

B.1 TecT 1 Cnyyaii ugeanbHoro rasa nocTOsSIHHO BA3KOCTH

MonHbIli NepeyeHb NnapameTpoB Mojenn npusegeH B Tabnuue B.1.

B.1.1 OnucaHue mogenu nnacra

PaccmartpuBaloT ropM3oHTasbHbI OAHOPOAHBI N30TPONHBIA NAacT Kpyraol hopmbl (B nnaHe). PasMepHOCTb ceTku
hunbTpaunoHHoii Mogenn — 21x21x1. Paguyc kpyra (no ueHTpam siueek)— 1000 m. Pa3mep sivelikm B nnaHe — 100 wm.
MowHocTb nnacta — 10 m. MopuctocTb — 20 %, npoHnyaemocTb — 0.01 MKM2.

B.1.2 CBoiicTBa (hnoMaoB

OpgHodbasHas Mofesb COAEepPXUT TOMbKO ras. igeanbHblil ra3 ¢ NOCTOAHHON BA3kocTblo — 0.01 mMa-c.

B.1.3 HayanbHble U rpaHUYHbIEe YC/I0BUSA

B rpaHnyHbIX fiveiikax 6o 3a cyeT yBenmyeHnsa noposoro ob6bema, NMbo MHbIM Cnocobom 3ajatoT ycrosme no-
CTOSIHHOTO faB/fieHuns (KOHTYp nuTaHus). HavyanbHoe nnactoBoe fAaBneHne— 15 MlMa. BepTukanbHasa gobbiBatoLw,as ckea-
XMHa pacnonoxeHa B LLeHTpe Modenun B sueiike (11,11.1) n BckpbiBaeT nepdopauneli BClo ToNWMHY nnacta. 3aboliHoe
pasneHve — 10 MlMa. PacyeT BbINONHEH Ha OAWH rog. e6uT rasa Ha KoHel, pacyeTa CYMTaloT yCTaHOBMBLUMMCS.
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PucyHok B.1 — HayvanbHble v rpaHnyHble yCcnosus

Ta6nwunya B.1 — MNapameTpbl Mmogenu Tecta 1

MNapametp
PasmepHoCTb Moaenu

Pa3mep siueitku ceTkn DX*DY*DZ. m

MoLwHoCTb nnacTa i, m

MopwuctocTsb, 4.en.

MpoHnyaemocTb K. MKM2
Temnepatypa. "C

BsaskocTb rasa u, mMa-c

O6BbEeMHBbIN KO3thhULMEHT rasa, 4.ef.
Paguyc koHTypa nutanusa Rc, M

Paguyc ckBaxuHbl r'ly m

[aBneHune Ha KOHTYpe nutaHua pc, MMNa

MapameTp

16

3HayeHve

21x21x1
100x100x10

10

0.2
0.01
20
0.01

1/p, roe p — pasneHue B 0.1 MMa

1000
0.1

15
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OKoH4aHve Tabnuuybl B. 1

Mapametp 3HayeHve
3aboliHoe faBneHue piv, MMNa 10
CxumaemocTb nop nopofdsl, 1/MMa 3-10-4

Bpems pacueTa 4n1s nosyyeHusi ge6uTa rasa Ha ycTaHOBMB-
LwemMcs pexumve -

B.1.4 3TanoHHble pe3ynbTaTbl MOAENNPOBAHUS

O6bEeMHbIN Ae6UT rasa B CTaHAAPTHbIX YC/IOBUAX NPY YCTAHOBUBLLEMCS M/10CX0PagMaibHOM NPUTOKe (Temnepary-
pa B nnacTe 1 Ha NMOBEPXHOCTW COBMNajaeT) BbIUMCAAIT No hopmysne

(8.1)

roe  psif— gaBneHue B CTaHAAPTHBIX YCOBUSIX.

YunTbiBas hopmyny o6beMHoro koaduruymnerTa rasa. puf = 0,1 MMa (He 0.101325 MMa. kak 06bI4HO).
Torpga aTanoHHOe 3HayeHne o6bemMHoro geburta raza pasHo: O = 368.382 Tbic. M3/cyT.
B.1.5 Kpntepuun oueHku

OueHnBaloT OTK/IOHEHWE pacyeTHOro 3HaveHus gebuTa rasa uyepes OAUH rof Moc/ie Hadana MoAeNnpoBaHus ot
3TaNOHHOro 3HavyeHma 368,382 Tbic. M3CyT.

[onycTumas oTHOCUTEIbHAA NOTPEWHOCTL — 5 %.

B.2 TecT 2 Cnyuyaii peanbHoOro rasa

MonHbIl NepeyeHb NnapameTpoB MoAenn npueegeH B Tabnuue B.2.

B.2.1 OnucaHue mogenu nnacrta

PaccmaTtpuBatoT ropusoHTasbHbI OAHOPOAHBIV N30TPONHLIV NAAcT KPyrnoi dopmel (B nnaHe). PasmepHoOCTb CeTkn
nnbTpaymoHHoit mogenn — 21x21x1. Pagnyc kpyra (no ueHTpam sueek) — 1000 M. Pa3mep aueiikn B nnaHe — 100 m.
MowHocTb nnacta — 10 m. NMopuctoctb — 20 %, npoHnuaemoct — 0.01 MKM2.

B.2.2 CgoiicTBa hnwomaos

Mogenb ogHoasHasn n COAEPXNUT TOMbKO ras.

CBepxcxnmaemocTb Z 3agaHa 3aBucumoctbio: Z(p) = (pfpj) 0,5.

BaskocTb rasa, mlMa-c. 3agaHa 3aesucumocTblo: n(p) = 0.01 p/p~,.

B.2.3 HayasbHble U rpaHUYHbIE YC/I0BUSA

B rpaHnyHbIX Aveiikax 6o 3a cHeT yBennyeHns noposoro ob6bema, MM60 MHbIM CNOCO60M 3ajatoT ycnosue no-
CTOSIHHOTO flaBneHnsa (KOHTYp nuTaHus). HavyanbHoe nnactosoe fasneHne — 15 MMa. BepTukanbHas gobbiBatoLas cksa-
XMHa pacnonoxeHa B LLeHTpe Modenun B siueiike (11,11,1) n BckpbiBaeT nepdopauueli Bcio ToNWwmMHy nnacta. 3aboiliHoe
paenexnne — 10 MMa. PacyeT BbINO/IHEH Ha OAMH roA. [ebuT rasa Ha koHel, pacyeTa cuMTalT yCTaHOBUBLUMMCS.
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PucyHok B.2 — HayvanbHble v rpaHnyHble yCcnosus

Ta6nunya B.2 — MNapameTpbl Mogenu Tecta 2
Mapametp

Pa3smepHoCTb Mogenu
Pa3smep Aueiikn cetkn DX*DY*DZ. m
MowHocTb nnacta ft, m
MopuctocTs, 4.ena.
MpoHuuaemocTb K. MKM2
Temnepartypa. "C
BsaskocTb rasa u, mMa-c
KoathchuuymeHT cBepxcxmmaemocTu rasa, A.ej.
Papanyc KoHTypa nuTaHus Rc. M
Paanyc ckBaXuHbl M
[laBneHvie Ha KOHType nuTaHusa pc. MMa
3aboiiHoe gasnexune pK, MMa
CxunmMmaemocTb nop nopogbl. 1/MMa

BpeMﬂ pacyeTa Ansa nonyvyeHua p,e6|/|Ta rasa Ha yctaHoBuBLUEM-
CA pexunme

18

3HaueHve
21x21x1
100x 100x 10
10
0,2
0,01
20
A(p) =0.01p/pn,
Z(p)=(p Ipj5
1000
0.1
15
10

3-10-4
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B.2.4 OTanoHHble pe3ynbTaTbhl MOAENNPOBAHNA
®yHKuMeli NelibeH30Ha Ha3biBaeTCs cneayowas yHKLUsS:

(B-2)

roe k{p) — npoHuUaemocTb;
n(p)— BA3KOCTb honaa;
p(p) — nnoTHocTb dhtomaa.

®yHKUMA feiibeH3oHa onpefeneHa ¢ TOYHOCTbIO 40 KOHCTaHTbI (Kak NoTeHuWan noss CkopocTell NoToka).
[Ans nnockopagnanbHOro noTtoka (C HyneBbIM CKMH-(hakTOpoM) cnpaBegnuBa cnegywowas copmyna mMaccoBoro
febuTta (KMAKoCTW U rasa):

(B.3)

rae  OT — MaccoBblii 4ebuT;
h — mowHocTb nnacra;
Rc — pagwnyc KoOHTypa nuTaHus;
'™ — paanyc CKBaXWHbI;
pCc — [aBfieHME Ha KOHTYpe NUTaHus;
p, — 3aboiiHoe faBneHne B CKBaXMHE.

Mpn BbIYUCNEHNN MHTETPANA, BXOAALLEro B (hyHKUMIO SleliGeH30HA. C YYETOM NPUHATBLIX 3aBUCUMMOCTEN NosyyaT
cnegyouwyto chopmyny Ans o6beMHoro gebuTa rasa:

* k k kK
0- n (B.4)
WP w I'.’;l)

Takum 06pa3om, 3HaueHVe gebuTa rasa, paccunTaHHoe aHanuTnyeckun, paBHo: O = 264.934 Tbic. m3cyT.

B.2.5 KpuTepumn oueHku

OueHnBatloT OTK/IOHEHME pacyeTHOro 3HauyeHus gebuta rasa yepes OAUH rof nocne Havana MOAeNMpoBaHusa OT
3TaNIOHHOIO 3HayeHnsa 264.934 Tbic. M3CyT.

[onycTumas oTHOCUTE/IbHAA NOTPEWHOCTL — 5 %.

B.3 TecT 3 HedpTAHan 3anexb, paspabaTbiBaemasi Ha 3a60/HbIX JaBNeHUAX HUXE AaBNeHNs HACbILLeHNs

MonHbI NepeyeHb NnapameTpoB MoAenn npueegeH B Tabnuue B.3.

B.3.1 OnucaHue mogenu nnacra

PaccmartpuBaloT ropM3oHTasbHbI OAHOPOAHBI N30TPOMNHBIA NAacT Kpyraol hopMbl (B NnaHe). PasMepHOCTb ceTku
hunbTpaunoHHoit Mogenn — 21x21x1. Paguyc kpyra (no ueHTpam siueek)— 1000 m. Pa3mep sueiikn B nnaHe — 100 Mm.
MouwHocTb nnacta — 10 m. MopuctocTb — 20 %. npoHuuaemoct — 0.1 MKM2.

B.3.2 CBoiicTBa (hnwomaos

Mogenb aByxdasHas: HedTb, ras.

CgoiicTBa thonaos 1 3aBucMMocT PVT-CBOICTB OT faBfeHus npeAcTaBneHbl B Tabnuue B.3.

B.3.3 OTHOCKTENbHblEe (Da30Bble NPOHNLLAEMOCTH

OcTatoyHaa HedTeHaCbILEHHOCTb (NPU BbiITECHEHUW HedTU ra3om) paBHa 10 %. O®PI 3agaHbl KBaApaTUYHbIMU
3aBUCMMOCTAMU:

(B-5)

*»«

Q nn+*>0.9,
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- B.6
6*-4, npa#>0,9, &8

rfie S — ra3oHachblLLEHHOCTb.

RaiPwm

PucyHok B.3 — OTHOCUTe/bHbIE (ha30Bbie NPOHMLLAEMOCTH

B.3.4 Ha4asnbHble 1 rpaHnyHble yCcnoBua

B rpaHnyHbIx Auelikax 6o 3a cyeT yBenMYeHUs NOPoBOro o6bema, NGO MHbLIM CNOCO60M 3a4alT yCroBUe Mno-
CTOSIHHOTO AaBfieHns (KOHTYp NnuTaHusa). HauanbHoe nnactosoe gasneHne — 15 MMMa. BepTukanbHas fo6biBatolias cksa-
XWHAa pacnonoxeHa B LeHTpe mofenu B svelike (11.11.1) n BckpbiBaeT nepdopauueii BClo ToNWMHY nnacTa. 3aboiiHoe
AaeneHne — 3 Mla. PacuyeT BbINOSIHEH HAa OfWH rof. le6uT Hed Ty Ha KOHeL, pacueTa cuMTaloT yCTaHOBUBLUMMCS.
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Ta6nuuya B.3 — MapameTpbl Mogenu Tecta 3. B 3aBUCMMOCTSAX CBOMCTB OT AAB/IEHUS, €AVHNLA U3MEPEHUSI AaBMEHNS

6ap (0.1 MMa)
MapameTp
Pa3mepHocTb mogenu
Pasmep aueiikn cetkmn DX*DY*DZ. m
MowHocTb nnacta h, n
MopuctocTs, A.ea.
MpoHuuaemocTb K, MKM2
Papgunyc KoHTypa nutanusa Rc, m
Pafmnyc CKBaXuHbl TH, M
[aBneHve Ha KOHType nuTaHusa pc, MMa
JaBneHune HacblweHUs HedpTn razom pb. MMa
3ab6oiiHoe gaBneHne pn. MMa
O6BbeMHbI KO3 ULNEHT HEDTH NPesesbHO HacbIWeHHO rasom BO. a.en
CxunmaemocTb HedpTn. 1/MMa
BsiskocTb HeddTW NpefeflbHO HaCbILLLEHHO r330M Lc, MMa ¢

CXnmaemMocTb BA3KOCTU HedpTn. L'MMMa

3HaveHne
21x21x1
100x100x10
10
0.2
0.1
1000
0.108
15
9.5
3
0.95-p0C33
8-10-4
7000 p"15
0.01
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OkoHuaHue Tabnuubl B.3

MapameTp 3HayeHve
la3oconepxaHne Rs He(pTU, NpefenbHO HacbIWeHHO rasori. M3m3 0.056p15
O6bex»/nHbIi KoathuLmeHT rasa Ba, a.ef. p 102
BsAskocTb rasa Lg, mMa ¢ 8,8-10"4- pO-1108
MNoTHOCTbL pa3rasnpoBaHHO HeddTH, KI/M3 863
MonsipHaa macca HedTH, r/MoNb 212
MonspHas macca rasa, r/mosnb 31.3

B.3.5 3TafoHHble pe3ynbTaTbl MOAENNPOBAHNSA

O606LeHHOe nNceBaoAaBneHne No3BOIAET CBECTM 3afady YCTaHOBUBLLIETroCS ABVXEHNSA MHOTOKOMMNOHEHTHOW MHO-
rocasHoi cmecu K 3agave ABMKeHns (ogHOa3HOM) XUAKOCTH.

OcHoBa 3Toro metoga paspabortaHa C.A. XpucTnaHoBuuem B KoHue 40-x rogoB XX Beka. lMo3gHee Whitson un
Fevang npefgnoxwnu ncnonb3osatb 0606l eHHOe NceBoAaB/eHne Ana MoAennpoBanna adekta o6pasoBaHna B Npu-
3a60/HOI 30He ra3oKOHAEHCaTHON GaHKK.

PaccmaTtpmBaloT ycTaHOBUBLLEECA N/I0CKOPaAnanbHoe TeYeHe MHOrOKOMMOHEeHTHO MHOrogasHoii cmecu B 0A4HO-
POAHOM M30TPOMHOM MiacTe.

MHorochasHoe TeyeHue coCToMT U3 Np has. KoTopble cofepxart Nc KOMNOHeHTOB. He o6sa3aTenbHo kaxgas dasa
[OJKHa cofepxaTtb BCe KOMMNOHEHTbI, HO B 06LLEM C/yYyaB KaXAblii KOMMOHEHT MOXET B onpefesieHHbIX MPonopLmax npu-
CyTCTBOBaTb BO BCeX ha3ax. /ICnonb3yloT HAeKC rana 0603Ha4eHns KOMNOHEHTOB, a MHAeKCY — AnsA o603HavyeHus das.

Takoii noAxof 04MHaKOBO XOPOLLO NPUMEHUM Kak ANS MOAEeNV YepHOU HedpTu, Tak v A1 KOMNO3ULMOHHON Mogenn.
B cnyyaB Mofenu 4epHoii HetpT KOMMNOHeHTaMu ABNAIOTCA NOBEPXHOCTHAsA HehTb, NOBEPXHOCTHbI ras n Boga. B nnacte
OHUN MOTYT HaX0AUTbCA B HECKONbKUX (hasax. Hanpumep, ra3 MoxeT 6bITb Kak B CBO60JHO»/ COCTOSSHUN, Tak U PacTBOPEH-
Heb B He(pTU. HedpTb Takxe rnoxeT HaXoAMTbCS Kak B CBOGOAHOM COCTOSIHWUK, Tak U 6bITb pacTBOPEHHOI B rase (netyyas
HedTb). Takum 06pa3om, BCe. YTO OMMCAHO Aasnee, OTHOCUTCA Kak K MOAEeNsiM YepHON HedTu, Tak M K KOMNO3NLMOHHbIM
»Nofensm.

Yepes x*, 0603Ha4aloT rN0NSAPHYIO [O/10 KOTMNoHeHTa / B hase y.

O603HavalT Yepes r paccTosiHWe [0 CKBaXWHbI. Tak Kak TeueHne naockopajuasnbHoe, a nnact U30TPOonHbIi (Npo-
HML@Ee»NocTb 1 Apyrue CBOWCTBA He 3aBUCAT OT Hanpas/eHus), TO rpaAneHT AasBneHus byaeT HanpasieH no paguycy, T0o
ecTb paBeH dp!dr.

N3 0606LweHHOro 3akoHa [lapcu cnegyeT, 4TO MOMSipHAs CKOpPOCTb (huabTpauuy NponopuuoHanbHa rpagueHTy
faBneHns

(B-7)
rae Kf — (nonsipHasi NNOTHOCTbL NOTOKA KOMMNOHEHTa i B (ha3ey. MOnb/M2 c:
S =(S,. S2....S,p) — BEKTOp HacblWweHHOCTH has.
Bce ero ko»/MoOHEHTbI HeoTpuLaTesibHble, a UX Cymrna pasHa 1,
My (p.S) — 0606LLeHHas MoNsipHas NOABMKHOCTbL KOrMOHEHTa / B chase y.
B8>

rae b(p) — »nonsipHas NI0THOCTb hasbly,
K(p) — abconioTHas NPOHMLLAEr10CTb:
k"S) — oTHocuTenbHas paszoBas NpoHULaernocTb asbl/,
w (p) — BA3KOCTb hasbl/

Takum obpasom, 0606w eHHas NOABMXHOCTb yYUTbIBAET BAUSAHWE BA3KOCTU, 06bEMHOro koadhuumneHta (4epes
»/I0/IAPHYI0 NIOTHOCTB), & Takke 0THOCUTENbHOW 1 abCONOTHOW NPOHNLaEMOCTE.
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O603HavatoT.

vepes J vm — CyMMapHy MOJIIPHYIO MIOTHOCTb NOTOKA KOMMOHEHTA T.
re

Ve — MOJIHYI0 MOJISAPHYIO NJIOTHOCTb MOTOKA.
AHanornyHo:

M, ~ £m 9—0606U.I,eHHaH MOsiIApHada NOABMXHOCTb KOMMOHEHTa I

W (\>WN{— nonHas 0606LWeHHas MonsipHas NOABUXHOCTb.

Ecnu TeyeHue ycTaHOBMBLLUEECSH, TO A0/ KOMMNOHEHTOB B NOTOKE CMECH I0/KHA 0CTaBaTbCst MOCTOSHHOW (Y4nTbI-
BAETCS TONbKO [0S B NOABUXKHbIX (htongax). B NpoTMBHOM Cllyyae 3TO 03HAYasI0, YTO KAKO-TO KOMNOHEHT HakanvnBea-
eTcs B nnacTe, T0 eCTb TeHeHUe HecTaunoHapHoe. Takum 06pa3oM, [0/ KaX40ro KOMNOHEHTA B NOTOKe Z-eCTb BE/IMYMHA
nocTosiHHaNA:

% oorat (B-9)
v M w

3T0 03HAYaeT, YTO BEKTOP HACHILEHHOCTN (ha3 S He MOXET 6biTb NPOMU3BOJIbHbLIM, @ UMEeT NPU KaXA0M LaBNeHUn
CTporo onpegesnieHHoe 3HauyeHue. Taknx» 06pa3oM, ec/iv U3BecTHa [0S KaXA0ro KOMMNOHEHTa B MOTOKE, TO MOXHO Bbl-
pasnTb HacbIWEHHOCTb (ha3 S Kak PyHKLMI0 fgaBneHus S(p). YacTo 3To TpyAHO cAenatb aHaIMTUYecku, Ho. No KpaiiHel
Mepe, BHYTPU CUMYNSITOPOB BO3MOXHO YMC/IEHHOE pelleHne 3Toi 3afayun. B HacToswem cTaHAapTe He 6yaeT paccMoT-
peH BOMPOC CyLeCTBOBAHUS N €4UHCTBEHHOCTW A5l KAXA0r0o faB/ieHWs p Takoro Bektopa S(p). 4To BbinonHeHo (B.9).
O6bI4HO OPI 1 cBocTBA PIOMAOB 3afaHbl TakMM 06pa3oM, YTO 3TO YC/I0BME BbINOJIHEHO.

Takum 06pa3oM, 0606LEeHHbIE MOABUXHOCTU CTAHOBSITCS M3BECTHLIMU PYHKLMSIMU faBneHuns p. Torga us (B.7) ans
Kaxoro komnoHeHta /

B1°)

PaccmaTtpuBaioT B niacTe LUAVHAP paguyca v BbiCOTbl h, B LLEHTPE KOTOPOro HAXOAUTCA CKBaXMHA. Tak Kak Teve-
HUE YCTAHOBUBLILEECS, 0 CyMMAapHbI MOJISIPHbIN MOTOK KOMMOHEHTA / Yepe3 60KOBYH0 MOBEPXHOCTb LNNHAPA HE 3aBUCUT
0T pagwvyca I 1 paBeH MOISIPHOMY 4e6UTy Qj3TOro KOMMNOHeHTa B CKBaXuHe. To ecTb

(8.11)

Bbipaxas n3 (B.11) v, n nogctasnsas B (B.10). nonyyatoT:

WHTerpupys nesyio 1 NpaByto YacTu JaHHOTO YpaBHEHMS, NOJyYaloT hopMyy A8 MOISIPHOTO fe6UTa KOMMNOHEHTa I

(B.13)

nu

®yHKuMIo H(p) B poccuiickoii nuTepaTtype HasbiBatloT diyHKLMel XpucTnaHosuya.
BbIYMCNIATL A5 KAXKAOTO KOMITIOHEHTA CBOM MHTErpas HeadhPeKTUBHO. BMECTO 3TOr0 JOCTATOUYHO BbIMOSHNTL BbIUNC-
NeHUs TONbKO 4151 CyMMapHO 06061 eHHOI MOABUXHOCTY, BbIYUC/IMB CYMMapHbIii MOSIPHLIN 4e6MT BCEX KOMMOHEHTOB
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(B-14)

I'Ipm 3TOM ,qe6|/|T KaXX0ro KOMnoHeHTa MOXXHO HaWTK NO ero N3BecTHOM Aosne B NoToke

0, =rcO. (B-15)

[Ons Toro yTo6bl NepeiiTM OT MONAPHOTO Ae6uTa KOMMOHEHTa K 06BbEMHOMY, HEOGXOANMO Pa3fenuTb MOASPHbIA
[e6UT Ha MOJISIPHYIO MIOTHOCTbL 3TOTO KOMMOHEHTA B CTaHAAPTHbLIX YCI0BUSX

. 3_ (B-16)
< Wt

B copmyne (B.16) nog4epkHyTa BO3MOXHOCTb 3aBUCMMOCTU MOJISAPHOV MIOTHOCTU KOMMOHEHTa OT TemnepaTypbl.
Mpu BbIBOAE chopmynbl (B.14) npeanonaranoch, 4TO TemnepaTtypa B nsacTe NOCTOSHHA, HO OHa MOXeT He coBnagarthb C
TemnepaTtypoli B cTaHAapTHbIX yCnoBusix. ECnun B cTaHAapTHbLIX YC/I0BUAX KOMMOHEHT BXOAUT 6osiee YeM B 0fHY hasy, To
chopmyna (B.16) TepsieT cMbic/, N(n60 MonsApHasa NAoTHOCTb baall gomkHa 6bITh paccunTaHa ¢ y4eTom Ao/1ell KOMMOHEH-
Ta BO Bcex hasax.

O603HavatoT Yepes bQu b MoNspHbIE MIOTHOCTU HEPTU 1 rasa B CTaHAAPTHBIX YCN0BMAX. MOCKO/IbKY Ha KOHType
nUTaHWa HedTb HeAOHaCbILLEHA ra30M, TO MOTOK 0AHOMa3HbI (HE(Tb), HO COAEPXUT B cebe M KOMMOHEHTY rasa (B pac-
TBOPEHHOM COCTOSIHAM), U KOMMOHEHTY HedTn. Takum obpa3om, MONspHas A0S KOMMOHEHTa HedTU B MOTOKE M3BECTHA
n cocTaBnsieT

A . (B-17)

BekTop HacblleHHocTell S = (SQ S?) BbipaxeH Kak hyHKLWs faBfeHns. Tak kak sO = 1 - sg, TO fOCTaTOYHO 3TO
caenatb TOJbKO AJ/151 Ta30HACLILEHHOCTU S?. OUEBUAHO, YTO NMPU AAB/EHUN BbilUe AABMEHUSI HACLILIEHUS Pb ra30HaChl-
LLEHHOCTb paBHa Hynio. MNpy 4aBNEHWU HUKE JABNEHNSI HACBIWEHWS Pb B NiaTe 6yAyT NpUCyTCTBOBAThL Kak dhasa HedTu,
coaepxalias HetdTb U PACTBOPEHHBIN ras, Tak v (pasa rasa, CoAepXallero To/Ibko KOMMOHEHT ra3a. YunTbiBasi NpuHsATbIe
3aBucMMocTH (M. Tabauuy B.3) 1 O®I. MonsipHble NOABWMKHOCTYU NPK 3TOM MMEIOT BUA

(B-18)

(B.19)

(B.20)

(B.21)

(B.22)

«un.-hpoa.. (B.23)

uM 1A y * (B.24)
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Torpga

- TP T (B.25)
* " (bIP)+bw<PM-4T+*T<PK

Mocne HecnoxHbIX anrebpanyecknx NpeobpasoBaHnii nonyyaoT

A 1 (B-26)
F'W

roe

A U T\ (B-27)

OTcroga

(B 28)

Tenepb, Korfa HacbIWEHHOCTb BblpaXeHa Kak (OyHKUWSA AaBMEHUS, MOXHO 3anvcaTb MOJIHYI0 MOMSAIPHYIO MOABUX-
HOCTb KakK (yHKUMIO fasneHns. OfHako aHanMTUyeckoe BblYMC/IEHWE WHTerpana OT MOSIHOW MONSPHOA MNOABUXHOCTW
BecbMa 3aTpyAHUTENbHO. MO3TOMY AaHHbIA MHTEerpan BbIYUCNEH YNCEHHO C TOYHOCTbIO A0 LIECTW 3Havalwmx uudp. B
pe3synbTaTe no chopmynam (B.14)—(B.16) nonyueHo 3HayeHne febuta Hedptn 62,455 m3/cyT. 3TO 3HAYEHME, NOTyYEHHOe
aHanuTM4Yecku.

B.3.6 Kputepuu oueHkun

OLeHNBalOT OTK/IOHEHWE PacyeTHOro 3HaYeHus febuTa HedTU Yepes OfMH oA Nocne Havyana MofennpoBaHns ot
3Ta/IOHHOro 3HavyeHns 62.455 m3/cyT.

JonycTumasa oTHOCUTENbHAA NOrpewwHocT — 5 %.

B.4 TecT 4 Fa30KkoHAEeHCATHaA 3anexb, pa3pabaTbiBaemas Ha 3a60MHbIX faBNEHNAX HUXE AaB/eHus
Hayana KoHfeHcauum

MonHbIi NepeyeHb NapameTpoB MoAenn npueedeH B Tabnuue B.4.

B.4.1 OnucaHue mogenu nnacra

PaccmartpuBaloT ropM3oHTasIbHbI OAHOPOAHBIA N30TPONHBIA NaacT kpyrnoli hopmbl (B NnaHe). PasMepHOCTb ceTkn
hunbTpaunoHHO Mogenn — 21x21x1. Paguyc kpyra (no ueHTpam siyueek) — 1000 m. Pa3mep siyeiiku B nnaHe — 100 m.
MouwHocTb nnacta — 10 m. NMopuctoctb — 20 %, npoHnyaemoctb — 0,01 MKM2.

B.4.2 CoiicTBa (h10OMA0B

Mopenb AByxdasHas: HedTb, ras.

CaolicTBa (h1toMA0B 1 3aBUCMMOCTU PVT-CBOICTB OT faB/ieHus npeacTaBieHbl B Tabnuue B.4.

B.4.3 OTHOCKUTEeNbHble (ha30Bble NPOHMLAEMOCTH

OcTatoyHas HedTeHaCbIWEeHHOCTb (NpY BbITECHEHUW HedTW ra3om) pasHa 10 %. Ol 3agaHbl KBagpPaTUYHbIMU
3aBNCMMOCTAMU.

rpns*0.0.
[ 0,4*#>0]

(B.29)

(B.30)

rae s — rasoHacbIWLeHHOCTb.
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Rot Penn

PucyHok B.5 — OTHOCuTENbHbIE ha30Bble NPOHULLAEMOCTU

B.4.4 Ha4yanbHble N rpaHnUyHble YCNoBUA

B rpaHuuHbIX Avelikax Nn6o 3a cyeT yBe/IMYeHUs nopoBoro o6bema, MM60 MHbIM cnocobom 3ajatoT ycnosue no-
CTOSIHHOTO AaBnieHus (KOHTYp NuTaHus). HayanbHoe nnactoBoe faBneHne — 15 MMa. BepTukanbHas gobbiBatoLLasn cksa-
XWHa pacnosoxeHa B LeHTpe mogenu B Avelike (11.11,1) n BckpbiBaeT nepdopaumeiin Bclo ToNwmHy nnacta. 3aboiiHoe
pasnexHne — 3 MMMa. PacyeT BbINOMIHEH HA OAMH rof,. [e6uT HedT Ha KOHeL, pacyeTa cuMTalroT yCcTaHOBMBLUMMCS.

‘M ' Kcllo<jr»iRa>:>
Jo”joy 02 20X1.Stop 2 U 0 dayt)

100 26086 60086 76005 «X)OS

PucyHok B.6 — HauanbHble 1 rpaHnyHble YCoBus
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Ta6nunuya B.4 — MapameTpbl Mogenu Tecta 4
MapameTp

MouwHocTb nnacta /1. m

MopucTtocTb. A.en.

MpoxnyaemocTb K, MKM2

Pagwuyc KoHTypa nutaHusa Rc, M

Papguyc ckBaxuHbl /1, m

JaBneHune Ha KOHTYpe nutaHna pc. MlMa
[aBneHue Touku pocbl pb, MMa
3aboliHoe faBneHne p MMa

O6BbeMHbIV KO3 PULMEHT HedTW, NpefesbHO HaCbIWEeHHOR ra3om
BO. o.eq

BA3kocTb HehTW, NpefenibHO HacbllWweHHol rasom u0. mMa-c
rasocopepxaHvne Rs Hed TV, NpeaenbHO HAChILLEHHOI rasoM. M3m3

O6BbeMHbIV KOathhNLMEHT rasa, NpeAenbHO HaCbIWEHHOTo HeTbIO
B7 p.epn.

O6BbeMHbIV kKOa(hhULMEHT rasa, HefOHACLILLEHHOTO HeTbIO C
paBHbIM HayanbHOMY, A.eA.

BaskocTb rasa, npegesibHO HacbIWeHHOro HquTbIO. pg, mMa-c

BA3KOCTb rasa, HefJoHachILWEeHHOro HedThbio, C RV. paBHbIM Hayaslb-
Homy. MmlMa-c

MNOTHOCTbL p33ra3aMpoBaHHO HeddTu, Kr/m3
MonspHas macca HedTu, r/Mofb

MonsipHas macca rasa, r/mosnb

B.4.5 3TanoHHble pe3ynbTaTtbl MOAENNPOBAHUA

FOCT P 56449—2015

3HayeH1e M 3aBUCUMOCTb  37eChb
» —fdasneHve. 0.1 MMa (6ap)

10
0.2
0,01
1000
0,108
30
23
15

5.59-10-4-p167

0,162 p~° 000476

3.0B-10-3-p2'36

0,392-p*0-846

0.392 pb'-° M *1p
8.66-10 6-p, B
8.6610%e-p61A(1 fO.OOItp-Pb))

780
132
25.83

AHanuTuyeckoe 3HauyeHue AebuTa rasa HaxoAuTCA TEM Xe METOAO0M U Mo aHanorvyHbIM popmyiam, 4To 1 B TecTe 3
(nogpasgen B.3). C yueTOM NPUHATbLIX 3aBUCUMOCTEN CBOMCTB OT AaBMIEHUsI NONYYalT c/iefylolee aHaIMTUYeckoe 3Ha-

yeHune gebuTa rasa: 300,308 Tbic. MICyT.
B.4.6 Kputepuu oueHku

OueHnBalT OTK/IOHEHWE PAaCYETHOro 3Ha4YeHus ,qe6|/|Ta rasa 4yepes oAuH rog nocne Ha4yasna mogenimpoBaHuAa OT

3TanoHHoro 3Havyexnms 300,308 Tbic. MIcyT
[onycTumas oTHocUTEIbHaA NOrPewHoCcTb — 5 %.
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BMHOttKodoiaan

miagcdccd xauaiBccxoii niaouHauaffaduoaM taiocd n imticiucav 04 ¢
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[1] PQA 153-39.0-047—00 PernaMeHT no co3faHuio NOCTOSIHHO AeCTBYHOLWMX TEO/IOTO-TEXHOIOTUYECKMX MOoAe-
nei HePTAHBIX N ra30BbIX MECTOPOXAEHNI

[2] P4 153-39.0-109-01 MeTogunyeckne ykasaHns No KOMNIEKCUPOBaHMIO M 3TaNHOCTU BbINONHEHUA reodnsn-
YeckuX. MMapoANHAMNYECKNX U TeOXMMNYECKNX UccnefoBaHnii HedTAHbIX U HedTera-
30BbIX MECTOPOXAEHWI
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