PEANEPANNIBHOE ATEHTCTBO

Mo TEXHNYECKOMY PEINYJIMPOBAHWNIO 1 METPOJ10T NI

HALWOHA/MBbHBIN FTOCTP
CTAHOAPT 56449

POCCUNCKOMN
PEOLEPALUNMU 2015

MECTOPOXAEHNA TASOBBbIE,
FASOKOHAEHCATHbBIE, HE®TEITASOBbIE
N HEDPTEITASOKOHAEHCATHbIE

MporpaMmmMHOe obecrneyeHne ans rnapoanHaMmmyeckoro
MO/le/TMPOBaHNA MECTOPOXAEHUIA.
OCHOBHble DYHKUMOHa/IbHbIE U TEXHUYECKNE
TpeboBaHUA

M3paHuo ogpuumnansHoe

MockBsa
CTtaHpapTuHgopm
2018


https://www.stroyinf.ru/russian-certificate/certification-pipe.html

FOCT P 56449—2015

Mpepncnosue

1 PA3PABOTAH OTKpbITbIM akuuoHepHbIM 061ecTBoM «lasnpom» (OAO «[la3npom») n O6LecTBoM C
OrpaHNYeHHO OTBETCTBEHHOCTLIO «[asnpom reopecypc» (OO0 «[a3npom reopecypc»)

2 BHECEH TexHuyeckum KOoMUTETOM MO cTaHaaptusaumn TK 23 «HedTaHaa 1 razosas NpoMmblLLIeH-
HOCTb»

3 YTBEPX/EH 1 BBEJEH B IENCTBVE Mpukasom ®efepasbHOro areHTCTBa No TEXHUYECKOMY pe-
ryiupoBaHuio n metposiorum ot 15 noHa 2015 r. Ne 670-cT

4 BBE[JEH BMEPBbIE
5 NEPEN3OAHUE. flekabpb 2018 1.

MpaBuna NnpUMeHeHNs HaCTOALWEro cTaHgapTa ycTaHoB/EeHbl B cTaTbe 26 PefepanbHOro 3akoHa
0T 29 utoHA 2015 r. AP 162-®3 «O cTaHgapTu3auum B Poccuiickoii ®enepauun». ViHgopmauns 06 u3-
MEHEeHUAX K HacTosWweMy cTaHgapTy Ny6nkye TCa B eXerogHom (Mo cocTosHMI0 Ha 1AHBaps TeKyLwero
rofa) UHOPMaLMOHHOM yKasaTesne «HaunoHaslbHble CTaHAapThi», a ohULMabHbIi TEKCT U3MEHEHWIA
M MONpaBOK — B e€XeMeCAYHOM MHGIOPMaLMOHHOM yKaszaTene «HauuoHanbHble cTaHAapTbi». B cnyyae
nepecMoTpa (3amMeHbl) AN OTMEHbl HACTOALWEro cTaHjapTa CooOTBeTCTBYHLLee yBeJoMIeHe byaeT
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HALULWOHA/MNDbHEBIW CTAHOAPT POCCUWNCKOW OSOEALEPALUMN

MECTOPOXAEHNA TA3OBbIE, TASOKOHAEHCATHBLIE, HE®GTETA3OBbIE
N HE®TEFASOKOHAEHCATHbIE

MporpaMMHoe obecnevyeHre Ans rMAPOANHAMUYECKOTO MO4Ee/IMPOBAHNA MECTOPOXAEHWA.
OCHOBHblE (PYHKLMOHA/bHbIE U TEXHUUYECKNE Tpe6oBaHUs

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

Nata BBegeHnsa — 2016— 05— 01

1 O6nacTb NpUMeHeHus

1.1 HacTosiwuii cTaHAapT ycTaHaBMBaeT TPe6oBaHNA K NporpaMMHOMY o6ecneyeHuio A4ns rmapoau-
Hamm4yeckoro MoJesIMpoBaHNs rasoBblX, ra30KOHAEHCaTHbIX, HedhTerasoBbiXx U HeTerasokoHAEHCaTHbIX Me-
CTOPOXAEHWIA.

1.2 T0N0XEeHNSIMU HACTOSILLENO CTaHAAPTA PYKOBOACTBYHOTCA CYyObEKTbI XO3MCTBEHHON AeATENbHOCTU:

- Mcnosnb3ylolime NporpaMmMHoe obecneyeHne A5 rmapoaMHaMMYeckoro Mofe/IMpoBaHns rasoBbIx, ra-
30KOHAEHCATHbIX. HedhTEra3oBbIX Y HEDTEra3okoOHAEHCATHbIX MECTOPOXAEHWIA;

- paspa6artbiBatolLme NporpamMMHoe obecneyeHme ans rmapoaMHaMmMyeckoro MoAeIMpPoBaHns rasoBblx,
ra3okoHAEeHcaTHbIX, HedpTerasoBbIX 1 HethTerasokoHAEHCATHbIX MECTOPOXAEHWIA.

2 HopmaTuBHble CCbINKU

B HacTosLem cTaHgapTe UCMOb30BaHbl HOPMATUBHBIE CCbIJIKU Ha Criefytolme cTaHaapThl:

FOCT 8.417 NocyaapcTBeHHas cucTeMa 06ecneyeHns equHcTBa U3MepeHuii. EgnHULLBI BENNYMH

FOCT 19.105 EanHas cuctema NnporpaMMHoin AokyMeHTauun. O6wwme TpeboBaHns K MporpaMMHbIM 4,0-
KymeHTam

FOCT 19.601 EauHasi cuctema nporpaMMHol fokyMeHTauum. O6uine npasuna gy6nmpoBaHusi, yyeta
N XpaHeHus

FOCT 19.603 EanHas cuctema nporpaMMHoi okymeHTaumu. O6Line npasuia BHECEHUS N3MEHEHW

FOCT 2939 la3bl. Ycnosus ansa onpegeneHns obbema

FOCT 28195 OueHka kayecTBa NporpamMmmHbIx cpeacTs. O6LMe NonoxeHms

FOCT P 8.645 ocypapcTBeHHasi cuctema obecrneyeHuss eAnHCTBa amMepeHuii. MeTponoruyeckoe obe-
cneyeHne paboT No reosIONMYECKOMY U3y4eHUto, NCMOMb30BaHMI0 U OXpaHe Hegp B Poccuiickoin ®egepauum.
OCHOBHbIE NOMOXEHUA

FOCT P 53712—2009 MecTopoxaeHua HedTsHble U ra3oHedTAHbIe. [porpaMMHbie cpeacTsa A/1a npo-
eKTMPOBaHNA 1 ONTUMMU3ALMN NpoLecca pa3paboTkn mecTopoxaeHnin. OCHOBHble TpeboBaHUs

FOCT P CO/M3K 9126 VHdopmaumnoHHas TexHonorms. OueHka nporpaMMHO/A npoAaykuun. Xapakre-
PUCTUKN KayecTBa 1 PyKOBOACTBA N0 UX NPUMEHEHUIO

FOCT P MCO/M3K 12119 NHhopmaunoHHasa TexHonorus. MakeTsl nporpamm. Tpe6oBaHus K kauecTBy
1 TecTupoBsaHue

FOCT P NCO/M3K 15910 VHdopMaLMoHHasa TexHonorus. Npouecc co3gaHns oKyMeHTauum nonb3o-
BaTesIf NPOrpamMmMHOro CpoAcTea

MN3paHue oduumanbHoe
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MpumeuyaHue — T[Ipu NOMb30BAHNM HACTOSILMM CTaHAApPTOM Lenecoo6pasHo NpoBepuTb AeliCTBUE CCbl-
NIOYHbIX CTAHAAPTOB B MHMOPMAUMOHHOV crucTeMe O6LEro Nonb3oBaHUsi — Ha ouunanbHOM caiiTe ®egepasibHOroO
areHTCcTBa Mo TEXHUYECKOMY PEry/IMPOBAHNIO U METPOMOTUN B CETU VIHTEPHET WM MO eXerogHOMYy UH(POPMaLMOHHOMY
yKasaTtesno «HaumoHanbHble CTaHA4apTbl», KOTOPbI/ ONy6/IMKOBaH MO COCTOSIHUIO Ha 1 sstHBapsi TEKYLero roga, 1 rno Bbl-
nyckam eXeMecCsiHHOTO MH(POPMALMOHHOIO yKasaTens «HaumoHasbHble CTaHAapThl» 3a Tekywuii rogd. Ecnm 3aMeHeH
CCbI/IOYHbINA CTaHAAPT, Ha KOTOPbIA faHa HegaTMpOBaHHAasi CCblfKA, TO PEKOMEHAYETCS UCMO/b30BaTh AeiCTBYIOLW YO
BEPCUIO 3TOr0 CTaHAApTa C yYETOM BCeX BHECEHHbIX B AaHHYO BEPCUIO M3MeHEeHW. ECAn 3aMeHeH CCbIIOYHbINA CTaH-
JapT. Ha KOTOpbIii faHa faTUpoBaHHasi CCblflka, TO PEKOMEHYEeTCSl UCNOb30BaTh BEPCUIO 3TOFO cTaHAapTa C ykasaH-
HbIM Bbllle FOAOM YTBEPXAEHUS (MPUHATUA). ECAM Nocne yTBepXAeHWs HacTosALWero ctaHjapTa B CCbITOYHbIA CTaH-
[apT, Ha KOTopbIli AaHa A4aTUpPOBaHHas CCblflka, BHECEHO M3MeHeHVe, 3aTparuBaloliee MosoXeHVe, Ha KOTopoe JaHa
CCblfIKa, TO 3TO MOJIOXKEHNE PEKOMeHAyeTCsi NPUMeHATb 6e3 yyeTa AaHHOTO U3MeHeHWsi. ECN CCbINoYHbIA cTaHaapT
oTMeHeH 6e3 3amMeHbl, TO NOJIOXEHUE, B KOTOPOM faHa CCbIMKa Ha HEro, PeKOMeHAYEeTCA NMPUMEHSTbL B YacTu, He 3a-
TparuBarwLeii 3Ty CCbIMNKy.

3 TepMuHbI 1 onpepeneHus

B HacTosiLieM cTaHAapTe NPUMEHeHb! criefytolime TePMUHbI C COOTBETCTBYHOLWMUMY OnpeaeneHnsMu;

3.1 aganTauus napameTpa: Mpouecc MUHUMU3ALMN OTKIOHEHUSI PacYeTHOro 3HaYeHsa napamMeTpa oT
ero hakTU4ecKoro 3Ha4yeHus.

3.2

agantauus unpoBoii reonoro-puabTPaLNOHHON Mogenn: ®usnyeckyn 060CHOBaAHHOE N3MEHEHNE
napameTpoB W CTPYKTYpbl LMGPOBOW reonoro-gnabTpaLmMoHHON Mogenn ANns MakcuMasibHO BO3MOXHOM
CXOAMMOCTM (DaKTUYECKUX U MOAENbHbIX NoKasaTtenell paspaboTkn MecTopoXAeHUst HedhTU 1 rasa.

[FOCT P 53554—2009. ctatbs 2.69]

3.3 BOAOHOCHbI TOpM30HT: OcafouHas ropHas nopoaa, NPeACTaB/EHHAS OLHUM WU HECKOSIbKAMU
nepecravBalLLMMNCA NOA3EMHLIMU CNOSIMU FTOPHbIX MOPOJA C Pa3/IMYHOl CTENEHbIO BOAOMPOHULAEMOCTH,
NycToTbl (NOPbI, TPELLMUHbI) KOTOPbIX 3aM0/IHEHbI TPABATALMOHHLIMU BOAAMM.

34

razoBblii pakTop: OTHOLUEHWE MOMYYEHHOTO KOMMYECTBA HE(TSHOTO rasa, NPUMBELEHHOTO K aTMOC-
thepHoMy AaBneHuio u Temnepatype 20 °C, K KO/IMYEeCTBY NOJYYEHHO 3a TO Xe BpemMsl HehTW Npu TOM xe
[aBfieHUn U Toii Xe Temnepartype.

[FOCT P 53554—2009. ctaTba 2.94]

35

rmapoanHammyeckas (OUnbTpaunoHHan) Moaenb: COBOKYMHOCTb YMC/IOBLIX ANHAMUYECKMX Napa-
METPOB, XapaKkTepusyLMx MoAeNMpyeMoe MecTopokaeHune, C60pHble CETU 1 yNpassiolme Bo3aeicTeus
Ha HWX B NpoLecce paspaboTKy, a Takke MaTeMaTUYeCcKoe On1caHne OCHOBHbIX 3aKOHOMEPHOCTEN NpoLec-
COB TeueHus OIIOUA0B MO/ BNIMAHUEM 3TUX BO3AEACTBUIA.

[FOCT P 53712—2009. nyHkT 3.12]

MpumevyaHne — B pgaHHOM cTaHgapTe A4NA pasgeneHns nporpammHoro o6ecneyeHus (MO) c60pHbIX ceTel
1 MO rnapoANHaMUYECKOro MogennpoBaHusa huibTpaunoHHas (rmagpoanHamMmmyeckast) Modesb paccmMoTpeHa A0 3a605
CKBaXWH.

3.6

rmapaBnunyecknii paspbiB nnacra: Cnocob nHTeHcudmkauum paboTbl 3KCNAyaTaUMOHHbIX CKBaXWH
M NoBbIWEHNA HeddTeoTAaun nnacta 3a CYeT pasBUTMA B HEM eCTECTBEHHbIX WM 06pa30BaHMA UCKYC-
CTBEHHbIX TPELMH NyTeM CO3faHnsA Ha 3ab0e faBieHus], NPeBbILLaoLero npejen npoyYHocTU Nopoabl Ha
paspbiB.

[FOCT P 53554—2009, ctatbsa 2.103]

3.7 paBneHne HacbiweHuA: [asneHve, npy AOCTMXXEHUU KOTOPOro B npouecce CHMXeHUs aaBieHnsa
HauynHaeTCAa BblaeneHune rasa us Hed)TI/I.
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3.8

£e6uT aKcnnyaTalLMoHHON CKBaXUHbI: KOIMYeCTBO HeITV UMK rasa, NoslyyeHHoe U3 aKcnayaTauu-
OHHOW CKBaXWHbI B €JUHULYY BPEMEHM.
[FOCT P 53554—2009. ctaTbs 2.113]

3.9 guddhepeHynanbHas koHgeHcauusa: Mpouecc 06pa3oBaHNs XUAKOW asbl B ra3oKoHAEHCATHOW
(MHOTrOKOMMOHEHTHOI1) cMecun Npy CTyneHYaToM Bbinycke U3 cocyga (6omobl PVT) napoBoii hasbl (CTyneHua-
TOM U3MEHEHUW AaBNEHUS) U HEM3MEHHON Temnepatype.

3.10

3a6011H00 faBneHue: [laBneHne cnonga Ha 3a6oe 6ypoBoli CKBaXKUHBI Npy A06bIYe HE(hTU 1 rasa.
[FTOCT P 53554—2009. cTtaTbs 2.42]

MpumeuvaHne — [aBneHne Ha 3aboe NpocTanBaloLein (MM BPeMEHHO OCTAHOB/IEHHOW) CKBaXWHbI Ha3blBa-
eTcsl N1acTOBbIM AaB/ieHNEM.

3.11 kanunnsipHoe gasneHune: PasHOCTb 3HAYEHWIT AaBEHMS HA NOBEPXHOCTU pasgena cas.

3.12 komMno3uynoHHas Mogfenb: Mogaenb, B KOTOPOI yrneBofopofHas njacrtoBass cucTtema npej-
cTaB/ieHa B BUAe 3a[aHHOr0 KONIMYeCTBa KOMMOHEHT, KaXAblli U3 KOTOPbIX XapakTepusyeTcs CBOUMU napa-
MeTpamu.

3.13 KkoHAeHcaTHO-ra3oBbI hakTop: KonmyectBo cTabunbHOro nan HectabuibHOTO KOHAEeHcaTa, Bbl-
paxeHHoe B Kybuyecknx meTpax (B rpaMmax), NpuxogsLleecs Ha OfuH KyGuyeckuii MeTp rasa cenapawuu.

3.14 nokanbHble M3MeNnbyeHusa: PasykpynHeHue reosiormyeckoli CeTkn C Lenblo AeTanv3auuun Bbl-
6paHHoii obnacTu.

3.15 maccuB (MpoHuLaeMocTu/necyaHMcToCTU/NOPNCTOCTU/CBA3HON BOAOHACHILOHHOCTMYOCTA-
TOYHOI HOTOHACHILWOHHOCTU/OCTATOYHOW ra3oHaChILEHHOCTU) AaHHbIX O XapakTepe HachblWweHns:
TpexmepHbIiAi MacCcuB 3Ha4YeHW (MPOHULAEMOCTM/NECHAHNCTOCTU/MOPUCTOCTU/CBA3HOW BOAOHACHILLEHHOCTH/
0CTaTOYHOW HehTeHaChIWEeHHOCTU/OCTATOYHOW ra30HaChILLEHHOCTN) AaHHbIX O XapaKTepe HacbIWeHns, 3a-
[aHHbIX B KaX0l aueiike MogenupyemMoro o6bexTa.

3.16

MHOro3aboiiHas ckBaxuHa: bypoBas ckBaxuHa, MMeloL,as OTBETB/IEHWA OT OCHOBHOTO CTBOSA B
BUE PE3KO UCKPUBIEHHbIX LOMOHUTENbHBLIX CTBOJIOB B Npejenax NpoAyKTMBHOIO naacta npu paspadoTke
MEeCTOpPOXAEHW HeddTn 1 rasa.

[FOCT P 53554—2009. ctaTbsa 2.38]

3.17 mopenb cpofbl C 4BOWHOM NOPUCTOCTbLIO: MoAenb Nopofbl CO CMeLLIaHHOV NOPUCTOCTbIO C BBO-
[OM B KaX/0l ToUKe NpoCcTpaHCTBa NOPOAb! ABYX 3HAYEHWI AaBNEHUS XUAKOCTY (rasa): f4aBneHus B TpeLym-
Hax 1 faBneHus B NOPOBbIX 6/10Kax, yunTbiBatoLas 06MeH XUAKOCTbIO (ra3om) Mexay 6110KkaMu 1 TpewmHamu.

3.18 mopenb HeneTy4yeli HedpTU: Mogenb, B KOTOPOW Yr1eBOAOPOHAA cucTtema annpokcvMupoBaHa
OBYMSI KOMNOHEHTaMW: HeleTyunM (HeddTbIo) U NeTy4nuM (rasom).

3.19 HeoA4HOPOAHOCTbL 06bekTa: M3MeHeHne hunbTpaLMOHHO-EMKOCTHLIX CBOWCTB MO njaowaan u
pa3pesy obbekTa.

3.20 HeNpoTUBOPEUYUBOCTb rMAPOANHAMUYECKOH Mogenn: CooTBETCTBME MMAPOAMHAMUYECKON MO-
aenn usnyeckum npeacTtaB/€HUSAM O reosorMyeckoM 00bekTe ¥ MpoTekatlmX B HemM (hIbTPALMOHHbIX
npoueccax.

3.21 napannenbHble BbluncneHns: Cnocob opraHn3aL iy KOMMbOTEPHbIX BbIYUCIEHWUIA, MPW KOTOPOM
B OAVH W TOT XX€ MOMEHT BPEMEHWN MOTYT BbINOMHATLCS OAHOBPEMEHHO HECKO/IbKO BbIYMCAUTENBHbLIX Onepa-
LuiA, HanpaBneHHbIX Ha pelleHue obLiel 3agaun.

3.22

npu3a6oiiHas 30Ha: Y4YacToK NPOAYKTUBHOIO MacTa, NpuMbIKatowWwuii kK CTBosy 6YpOBOIi CKBaXKMHbI,
B Mpejeniax KOTOpPOro W3MEHSITCH (PUNbTPALMOHHbIE XapaKTePUCTUKU NPOAYKTUBHOIO NiacTa B nepuof
CTPOUTENLCTBA, IKCMyaTalyu Ui peMOHTa GYpOBOIi CKBaXMHBI.

[FTOCT P 53554—2009. ctatbs 2.41]
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3.23

nporpaMmHoe o6ecneyeHune: COBOKYNHOCTb NPOrpamMm cUcTeMbl 06paboTKM MHOPMAaLMKM U Npo-
rPaMMHbIX JOKYMEHTOB, HEO6XOAUMbIX A1 AKCAyaTauum 3TUX NporpaMm.
[FOCT 19781—90. ctatbsa 5.2]

3.24 cnaHueBblil ra3: MpUpoaHbIii ra3. 406bIBAEMbIA U3 TOPIOUMX CMAHLEB W COCTOSLWMIA NpeumyLe-
CTBEHHO M3 MeTaHa.
3.25

TexHuyeckoe obecneyeHne NPorpamMMHOro cpefctea: Kommniekc TeXHUYecKUx CPeacTs, UCMOofb-
3yeMbIX A4/ peanusaunn yHKLMOHAIbHLIX BO3MOXHOCTel NporpaMMHOro CpeacTsa, BkIouas cpeacTsa
BBOAA, 06paboTKu, BUyanu3auuu, XpaHeHUsi 1 nepeaayun AaHHbIX.

[FOCT P 53712—2009. nyHkT 3.11]

3.26

ypaBHEHNE COCTOSIHUA NPUPOAHOrO rasa: YpaBHeHWe, KOTOpoe CBA3bIBAET (PakTop CKUMAemMocT,
Temneparypy, NI0THOCTb U MOJISIPHbIE [0/IN KOMMNOHEHTOB.
[FOCT 30319.0—96. nyHkT 3.5]

3.27

yCcTbeBOe gaBneHune: [laBneHne, NsSMepeHHoe B BepXHel Touke GYpPOBOI CKBaXKMHbI.
[FOCT P 53554—2009. ctatbs 2.45]

3.28 hasoBble NpeepalleHnsa: Mepexo BellecTBa M3 OHON TepMoAMHaMUYecKoi asbl B Apyryko
NPV U3MEHEHWUUN BHELLHWX YC/TOBWIA.

3.29 hasoBoe paBHOBecue: OAHOBPEMEHHOE CYLLECTBOBAaHME TEPMOAMHAMUYECKN PaBHOBECHBIX
(ha3 B MHorocpasHoii cucteme.

4 Cokpauw,eHus

B HacTosiLieM cTaHAapTe NPUMEHEHb! CreaytoLine COoKpalLeHns:

BHK — BOAOHeMTAHOW KOHTaKT;

FBK — ra3oBOAsAHOI KOHTaKT;

riM — rugpoguHaMuyeckoe mMoaenmpoBaHue;
ran — rmapoanHaMmuyeckme nccrefoBaHuns;

MHK — ra3oHedTAHOW KOHTaKT;

FPM — ruapaBAvMyeckunii paspbiB Niacra;

[C — TropusoHTa/IbHbIl CTBOS,

TM — reosioro-TexHuyeckme MeponpusaTus;

OKC — poxuMHas koMnpeccopHast cTaHums,

KFd — KoHAeHcaTHO-Ta3oBbli hakTop;

KPC — «kanuTanbHblii PEMOHT CKBaXKVH.

HKT — HacoCHO-KOMMpeccopHble TPy6bl;

O®l — oTHOCKTEeNbHbIE (ha30oBble NPOHMLLAEMOCTH;
MAB — noOBEepXHOCTHO-aKTVBHbIE BeLLecTBa,

M4 — nporpammMHas AOKYMeHTauus;

N3N — npusaboiiHas 30Ha NnacTa,;

MO — nporpammMHoe obecneyeHue;

MXI — nop3eMHble XxpaHunuLa rasa;

YB — yrn1eBsofopoabl.

PVT — pressure volume temperature (aaBneHve o6bema Temneparypbl).
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5 O6uwmne nonoxeHuns

MO IAM npuMeHSAT ANA NPOrHO3MPOBaHNSA TEXHOMOTMYECKUX MapaMeTpoB paspabdoTky MeCcTOpOoX-
[EeHNA NpupoaHbIX YB Ha OCHOBE TPEXMEpPHbIX r’mapoanHamMmmnyeckmnx (ounbTpaumoHHbIxX) mogeneii. MO FAM
[O/MKHO obecneyrBaTb BOCNPOU3BEAEHNE OCHOBHBIX (PM3NYECKUX NPOLLECCOB, NPOUCXOAALWNX Npy hunbTpa-
uun HedpTn, rasa 1 BoAbl B NOPOBbLIX cpegax (konnekropax).

[na mecTopoxaeHuid, nMerLnxX hakTUYecKy uctopui paspabotku. MO FAM gomxkHoO obecneynsatb
BO3MOXHOCTb HacCTpOWku (agantauumn) ruapoAnHaMmyecknx mogeneii K uctopum paspaboTkn nepef BbINOS-
HEHMEeM MPOrHO3HbIX pacyeTos [1].

6 WcxopHble faHHble AN NporpamMmMHOro o6ecrneyvyeHuns TMapPoAMHAMUYECKOTO
Mo ennpoBaHus

6.1 VcxogHbiMu gaHHbiMu ansa MO FAM asnstoTcs;

6.1.1 Cratuyeckas ocHoBa:

- TeoMeTpusi TMapoANHAMUYECKON CeTku;

- MaccuBbl NPOHNLAEMOCTM (AUaroHasnbHble KOMMNOHEHTbI TEH30Pa MPOHMLAEMOCTH);
- MaccuB NecYaHUCToCTH,;

- MaccuB NOpPUCTOCTH;

MaccuB CBA3aHHOW BOLOHACHIWEHHOCTY;

MacCMB OCTaTOYHOW HaCbILWEHHOCTY Yr1eBOAOPOAHbIMK (has3amu (HedTb, ras);

- MaccuB HauvasibHbIX HACbILLEHHOCTEN;

MaccuB rMapoaMHaMUYECKN M30NIMPOBAHHbLIX CETMEHTOB MoAenn (reoMeTpuyeckne KoopauHaTbl Ha-
pyLlieHuii nnacray);

MaccuB MOPOBOro 06bLema;

MaccuB NMPOBOAVMOCTEW;

MaccuB PermoHoB nojcyeTa 3anacos;

MaccuB PermMoHOB CXXMMAeMOCTUN Nopoabl;

MaccuB PermoHOB K1acCcoB KOJ/IEKTOPOB;

maccus PVT-cBolicTB chntonga;

- oTMeTku MTHK. BHK nnu NBK no mMecTtopoXaeHuto B LiesloM Uav no rmapoavHammyeckun n3onnposaH-
HbIM CermeHTam MoAenu;

- 3Ha4YeHUsA HavyasIbHOro MAAcTOBOrO AaB/EHUA MO MECTOPOXAEHUIO B Le/IoM, Uan No rugpoguHamuye-
CKV/ U30/IMPOBAHHbIM CETMEHTaM MOAENU, Ux B 3aBUCUMOCTM OT a6COMOTHON OTMETKU:

- rasoBblil U/ KOHAEHCATHO-Ta30BbIi (hakTop (UM HavaNbHbIA KOMMOHEHTHbI COCTaB) MO MeCTo-
POXAEHWNIO B LLe/IOM, UK NO TMAPOAMHAMUYECKN U30/IMPOBaHHbLIM CErMeHTamM MoZe v, Uin B 3aBUCUMOCTU OT
abCoOTHOW OTMETKM;

- pe3ynbTaTbl OLLEHKM HavyaslbHbIX 3anacoB 1 MNOACYETHbIX NapamMeTposB.

6.1.2 CxumaemocTb nopoAs! (B TOM yncsie B BuAe Tabnul, onucbiBaKLLNX HE/IMHEHbIE 3aBUCUMOCTH
NOPUCTOCTM ¥ NPOHULLAEMOCTU OT M/IACTOBOrO AAaBEHMNS).

6.1.3 DYHKLMM OTHOCUTENBHbIX (DA30BbIX NPOHNLAEMOCTEN.

6.1.4 3aBUCMMOCTM OAB/IEHUSI B CUCTEME HEDTb — ra3 U Boja — HeTb, ra3 — YrneBof0pPOAHbIA KOH-
[JeHcaT. yrneBoAopoaHbI KoHAeHcaT — BoAa (ra3 — BOAa NpW OTCYTCTBMU XWAKOW yrneBoAopoaHoN dhasbl)
OT HaCbILLEHHOCTN UNN MoAesb J-thyHKLUN.

NMpumeyaHune — J-PyHKUWSA SIBASIETCSA MO CBOEN CyTV HOPMUPOBAHHOM BENVYMHOW KanwuinsipHOro AaBeHus.
B KauecTBe KpUTEpPUEB HOPMUPOBAHUSI BbICTYMNAOT CU/bl MOBEPXHOCTHOIO HATSXXEHUsI MexAay ongaMm n punbTpaum-
OHHO-EMKOCTHbIE CBOWCTBA MaTpuLibl.

P (S ”)

1
ocosG (2

roe P (SB) — kanunnapHoe gasneHue (pyHkums SJ, Ma;

— BOJOHACHI LLEHHOCTb, 4. ef,.;

— HaTsHKeHWe Ha rpaHule pasgena gas. guH/cwm;
yron cMaunBaHus (KpaeBoi yron cMaunBaHmus), rpagyc;
— MNpOHMLAaeMOoCTb, onpegeneHHan no obpasuy kepHa. ma;
— MOPUCTOCTb, onpeesieHHas no obpasLy KepHa, a. ea,.

"*OO
I
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6.1.5 MapameTpbl Mogenu, yunTbiBawoLwwe usmeHeHne OPr B cucteme HedhTb — ras (yrneBoA0pOLHbIi
KOHAeHcaT — ra3s) npu BbICOKUX CKOPOCTAX hubTpaumu.

6.1.6 MapameTpbl Mogenn dopxreiimepa. onMCbiBaloLL e kBagpaTUUHYIO 3aBUCMOCTb rpaAneHTa Aas-
NeHNst OT CKOPOCTU NOTOKA.

MpumeuaHune — TMpu 6oNbWNX NOTOKAX (POMAA 3aBUCUMOCTb TPaAMEHTa AaB/IEHUS OT CKOPOCTU Te4YeHUs
nepexoanT 13 JIMHEHOW, onvcaHHOol 3akoHOM [lapcu, B KBaApaTuyHyto Mmogens ®opxreiiMepa.

roe 4 — BA3KOCTL. [aec:
K — npoxvuaemocTs. Mf;
p — NMOTHOCTb, Kr/M3;

V — CpefiHAs CKOpPOCTb NOTOKa, M/C;
P B ypaBHeHnn — obpaTHasa anuvHa (1/m).

Mopenb dopxreiimepa Heo6xoAuMMa B 30Hax C 6OMbLIMMW CKOPOCTAMMU MOTOKOB, HanpumMep OKOJI0
CKBaXXUH.

6.1.7 PVT-cBoiicTBa HehbTu 1 rasa B BUAE;

- KOMMOHEHTHOrO COCTaBa M CBOWCTB KOMMOHEHTOB (KpUTUYeCKMe napameTpbl, KO3ULNEHTbI BUHap-
HOro B3aVMOAENCTBUA U T. A4.);

- Tabnuu, onucbIBAIOLWNX U3MEHEHWNE MIOTHOCTU, BA3KOCTU, N 0O6BbEMHbIX KOI(MULIMEHTOB AaBNEHUA
ANA pasHblX 3HaYeHWli ra3oBoro haktopa nnm Krd. a Takke 3aBUCMMOCTb [aB/IEHNSA HACbILEeHNSA Wan Havana
KOHAEeHcaLmmn oT 3HaYeHus razosoro haktopa nnm Kro.

6.1.8 CsoiicTBa N/acToBOl 1 3aka4yMBaeMoil BOAbI.

6.1.9 [JaHHble NO CKBaXKUHaM;

- TPaeKTOpUU CKBaXWH;

- WHTepBasibl Nepgopaunm CKBaXUH B U3IMEPEHHbLIX UM abCOMOTHbLIX ry6uHax;

- JaTbl NnpoBefAeHns nepdopaumu, n30nsauumn, 4ONONHUTEBHOV Nnepdopauun.

6.1.10 [laHHble O KOHCTPYKLMSX CKBXKMH: ANaMeTp CKBaXKMHbI, auaMeTp v rnybuHa cnycka HKT, ycTpoii-
CTBa KOHTPONS NpUTOKA W T. [,

6.1.11 faHHble 0 npoBefeHHbIX MPIM. KPC un apyrux M'MM.

6.1.12 WcTtopua paspaboTku:

- AebuTbl rasa, HedpTH, KOHAEeHcaTa 1 BoAbl N0 AOObLIBAIOLLUM CKBaXKMHAM W/MAW rpynnam fo6bisaroLmx
CKBaXKVH;

- pacxofpl rasa v Bofbl N0 HarHeTaTe IbHbIM CKBaXMHAM W/WAu rpynnaM HarHetaTeslbHbIX CKBaXWH;

- 3a60/iHble U yCTbeBble AABNEHUS NO CKBAXUHAM.

6.2 EAuWHWNLbBI U3MEPEHUSA UCXOAHbIX AaHHbIX

McxoaHble gaHHble ansa MO [AM nsmepstot Bcucteme CU B cootBeTcTBumn ¢ FOCT 8.417 nF'OCT P 8.645.

7 ®yHKUMOHANbHbIe Tpe6oBaHUSA K MPOrpaMMHOMY 06ecrneyeHnio
rMapoanHaMMUYeckoro MoaeIMpoBaHus

7.1 VMnopT, NoAroToBka 1 npoBepka UCXOAHbLIX AaHHbLIX, NEePEeUYNC/IEHHbIX B pa3gene 6.

7.2 Co3spaHue YMcneHHoN Mofenu nnacToBoro gaouga

7.2.1 MopgenupoBaHue cregytoLyx 1a6opaTopHbIX 3KCNEPYMEHTOB:
- OfHOKpaTHas cenapauusi:

- cTyneHyaTas cenapauus;

- AndpchepeHumansHoe pasrasupoBaHme;

- KOHTaKTHasi KoHAeHcauus (UccriefoBaHue npy NOCTOSHHOM Macce);
- AndpchepeHyanbHan KoHAeHcauus;

- onpefesneHve AaBNEHNS HACBILLEHNS;

- OAHOKpaTHbIV pacyeT ha3oBOro PaBHOBECHSI.
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7.2.2 CospaHve Tabnu, onucbiBaloWmMX N3MeHeHne NA0THOCTU, BA3KOCTM U 06BEMHbIX KO3hhuumneH-
TOB OT AaBfieHNsa A5 pasHblX 3HauyeHuid razoBoro aktopa wan Krd. a takke 3aBUCUMOCTb AaBMEHUS Ha-
CbILLEHUS WU Hayana KoHAeHcauun OT 3HaYeHns ra3oBoro gpakropa unm KId npu nnactoBoi Temneparype.

7.2.3 HacTpoiika napameTpoB YypaBHEHWS COCTOSIHUA MO pe3ynbratam nabopaTopHbix PVT-akcne-
PVMEHTOB. B TOM YuC/ie C UCNO/b30BaHWeM NpoLeaypbl MHOTOMEPHOl perpeccum.

7.2.4 BO3MOXHOCTb UCNOJ/Ib30BAHUS Pa3/IMYHbIX YPaBHEHUIA COCTOAHMS.

MpumeyaHne — Kak nNpaBuaO, UCMOMb3YHT ypaBHEHUA cOcTOsiHUsS MeHra — Po6uHcoHa. CoaBe — Pepg-
nunxa — KBoHra. 3togkeBnya — Moddpe, onvcaHue npmBeseHo B NPUIOXeHUN A,

7.3 3apaHve HavyasibHOro COCTOAHUA MOAENN 3aKNovaeTcs:

- B pacyeTe paBHOBECHOIO Hayas/lbHOrO COCTOSHUA MOAE/IM, B TOM YUC/IE C BO3MOXHOCTbIO 3afaHus
Kyba HayaslbHO BOAOHACHILLEHHOCTY U nocneaytoLlein Mogndmkaunein KanunnapHbIX AaBNeHWii:

- NMPAMOM 3a[aHUN HEPaBHOBECHOTO Ha4asIbHOr0 COCTOSAHUSA MOZENN.

7.4 3apaHue ycrioBuWil Ha rpaHuLax pacyeTHol o6nacTi, B TOM Ynic/e B pamkax Mogeneli BOAOHOCHbIX
ropmsoHToB ®eTkoBuYa 1 Kaptepa — Tpeiicu.

MpumeyaHne — MeToabl onpeaesieHNss BOAOHOCHOrO niacTta ®eTkoBuya n Kaptepa — Tpeiicyu npuBeaeHbl B
npunoxexun b.

7.5 3anncb NepeTokoB haonaoB mexay obnactamm (permoHamm) Mogesim ¢ BO3MOXHOCTbIO nocneny-
IOLLEero OTAe/IbHOTr0 MOLENNPOBaHNA KaXJoro permoHa (Cextopa) ¢ y4eToM 3anncaHHbIX paHee nepeTokos.

7.6 OueHKa HavasbHbIX U TEKYLLUX (OCTATOUYHbIX) 3anacos YB.

7.7 KOHTPO/b HENPOTUBOPEUUBOCTN MOAENN.

7.8 Apantauus Mofenv K uctopum paspaboTku 3a cHeT U3MEHEHUs Tex napaMeTpoB MOAesn, KoTopble
HEeN3BECTHbI WM U3BECTHbI C CYLLECTBEHHOM NOrpeLlHOCTbI0.

7.9 BbINoMHeHWe NPOrHO3HbIX PacyeToB A5 Pas/INYHbIX BApUaHTOB 3KCMyaTauuy MeCTOPOXAeHUs,
YUMTbIBAIOLLMX:

- Bpems, B TeYeHne KOTOpPOoro OCyLLEeCTBSAT NPOrHO3NpoBaHue;

- npegnonaraemblii rpacuk 6ypeHusi, MecTa pacrnonoXeHNs CKBaXKMH, TUMbl CKBaXKMH 1 MHTepBasibl 3a-
KaH4MBaHus;
npeanonaraemblii rpacuk nepeBoaa CKBaXWH Ha Apyrue 06beKTbl 1 3ape3kn GOKOBbIX CTBOJIOB;
nnaHMpyemyo MogepHusaunio cuctem céopa, NoAroToBKA U HarHeTaHus;
TEXHOMOrMYeckme orpaHnyeHnsa Ha fo6bivy HedTU, BOAbI 1 rasa:
- TexXHOJIorMYecKne orpaHNYeHns Ha HarHeTaHvue BoAbl U rasa,;
orpaHMyeHunst Ha NPOMbIC/IOBbINA ra30BbIi hakTop (415 OTAENbHbIX CKB&XWH, rPYNN CKBaXKWMH N MeCTO-
poxgaeHus);

- orpaHuyeHnsi Ha 06BOJHEHHOCTb NPOAYKLMN (4NA OTAENbHbIX CKBAXWH, TPYNM CKBaXXWH U MECTOPOX-
aeHus);

- MUHUMasIbHbI/ 3KOHOMUYECKNIA febUT HedT!, KOHAeHcaTa v rasa,;

- MaKCcMMasbHbI AebUT HeddTV UK rasa No CKBaXuHam (ecsim NPUMEHUM):

- OrpaHUYeHUs Ha CyMMapHbI YpOBEHb f06bIUYM HEDTW rasa unv BoAbl:

- OrpaHuyeHuns No MMHUMaNbLHOMY Y MaKCUMaslbHOMY [aBNIEHNIO HA YCTbe CKBAXMH.

7.10 MapannenbHble BbIYNCNEHNA — 3TO:

- YCKOpeHue rmapoanHaMmyecknx pacyeTos 3a CUeT UCMOJIb30BaHusa napasiiefibHbiX NPoLeccopos;

- BO3MOXHOCTM 3anycka C UCNoNb30BaHNEM CUCTeMbl oyepegeli (Co3faHne n ynpasieHne ovepeasamm)
yAaneHHoro 3anycka Ha pacyeT ¥ MOHUTOPUHra pacyeTa Ha yaaneHHOM Knactepe.

7.11 Y4yeT NpuUTOKa K ra3oBbiM CKBaXXMHaM nojgpasymeBaeT:

- yyeT peasibHbIX CBOICTB rasa npu pacyeTe npuToka (He/lMHENHOCTb 3aBMCUMOCTU AaebuTa oT ae-
npeccun);

- Hanunuve mogenn adhekTa 610KMPOBKN Fa30KOHAEHCATHON CKBaXKMHbI KOHAEHCATOM MPY CHUXEHUN
3a60/HOr0 faBNEeHNS HUXE AaBNEHUS Havana KoHAeHcauuu;

- BO3MOXHOCTb y4YeTa OTK/IOHEHUS OT JIMHENHOrO 3aKoHa npu unbTpaumu rasa B nnacre;

- BO3MOXHOCTb BECTU YNPOLLEHHbIV yHeT OTK/TIOHEHUS OT IMHEHOro 3akoHa hunbTpauum B Npu3aboii-
HO 30He CKBaXMHbI (CKMH-thakTop, 3aBUCALLWIA OT febuTa, Tak HasbiBaeMblii D-thakTop).
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7.12 BO3MOXHOCTb AeTam3aLumn CeTKU B OKONIOCKBAXUMHOW 30HE C MOMOLLbIO:

- NPAMOYTO/bHbIX NNOKAbHbIX N3MefIbYEHNI CETKY;

- HECTPYKTYPVPOBaHHbIX CETOK ANA AeTanunsaunnm MOAenn B 30He FOPU30HTasIbHbIX Y MHOr03a60WHbIX
CKBaXKVH.

7.13 MogenvpoBaHue 3aKayku nosiMepoB C BO3MOXHOCTbIO yyeTa:

- M3MEHeHNs BA3KOCTU 3aKauyMBaeMoil BOAbl C yBEIMYEHNEM KOHLEHTpaLUuM nonnuvepa,;

- aAcopbuun nonuMepa co CHMXeHMeM NPOHULAeMoCTH;

- gecopbuun nonmmepa.

7.14 MogenupoBaHue 3akauku CO02 npegcrtasnisieT coboli:

- YYeT pacTBOpMMOCTU 3akaumsaemoro C02 B Bofe 1 HedpTw;

- MOJenupoBaHue 3aKayku YrneKkucsioro rasa B HepTaHble NacTbl 415 YBEIMYEHUA HedpTeoTAa .

7.15 MogenvpoBaHve BOAOra3oBOro BO3AENCTBAA — MOAEIMPOBaHNe NoovepefHol 3akaykm Boapl U
rasa, a Takke COBMECTHOW OJHOBPEMEHHOW 3aKauku.

7.16 MogenvpoBaHue Hen3oTepMUYECKOW nnbTpaumu (paclumpeHne mMogenu Henetyyein HedTn, co-
fepxallee AOMOSHUTE/IbHOE YpaBHEHNE COXPaHEHUSI IHEPTUM A/15 BbIYUC/IEHUS TemnepaTtypbl B niacre).

7.17 YueT TeueHus diounga B ctBosiax [C gaet BO3MOXHOCTb:

- yyeTa TPeHWs B CTBOJIE CKBAXMHbI NPY MOLENTMPOBAHNN TOPU3OHTA/TbHBIX CKBaXKVMH;

- MCMO0/MIb30BaHNA MOLENIN MHOTOCETMEHTHON CKBaXKUHbI A1 TOYHOrO OnMcaHnsa noBefeHns MHorodas-
HOro MOTOKa B CTBOJIE CKBaXKMHbI, yyeTa reoMeTpumn CKBaXKMHbI B NpoLiecce pacyeTa;

- MOfJenMpoBaHnsa MHOro3aboMHbIX (Pa3BeTBIEHHO-TOPU3OHTaSIbHbIX) CKBXKUH B pamKax MOAen MHO-
rOCErMeHTHOl CKBaXWHBI.

7.18 MogenupoBaHue PN npeacTasniseT coboil MoAeiMpoBaHue:

- TpelwmHbl rnapopaspbisa B ABHOM Bue C 3aflaHMeM ee MNosyAsviHbl, packpbiTUeM, Hanpas/ieHnem
U T. 4. (AeTanbHblli yYeT napameTpoB TpeLLMHbl M CBOWCTB NiacTa), a Takke yyeT adpdekra 3aTyxaHusa Pl
OT BpPEMEHM,;

- MHoroctaguiiHoro Prl. oueHka pe3ynbTaTos.

7.19 KomnosnunoHHoe MofesimpoBaHne — 3TO BO3MOXHOCTb.

- AeTasibHO yunTblBaTb COCTaB MNACTOBbIX PIONAOB 1 (Pa30Bble NPeBpaLLeHNs Ha OCHOBE KOMMO3WLM-
OHHO mogenu:

- MOJeNMpPoBaHNs NPOLLECCOB 3aKauku rasa, CMeLLInBaloLLerocsi BblITECHEHUS,

- 3afjlaHusa cTaHgapTHbIX YCNOoBWi A4Na pacyeTa 06beMOB YB B COOTBETCTBMM C POCCUIACKAMM CTaHAap-
Tamn (0,101325 MrMa. 293.15 K).

7.20 lMceBOOKOMNO3ULMOHHOE MOAE/IMPOBaHNE — 3TO BO3MOXHOCTb YMPOLLEHHO YYUTbIBATL KOMMNO3U-
LMOHHbIe 3athdhekTbl Npu 3akauke rasa, OT/IMYHOrO OT rasa cenapauuy B pamkax Moaenu Henetydein Hedptu.

7.21 Mopenv oBOIHOI NOPUCTOCTU/ABONHON NMPOHNLAEMOCTH.

7.22 MogenvpoBaHve go6bluM MeTaHa U3 yrosibHblX N1acToB nogpasymMeBaeT:

- yuyeT achpekToB agcopbumm/gecopbumm B 3aBUCUMOCTMN OT AaBEHUS;

- BO3MOXHOCTb MOAeNupoBaHus 3akaykn CO02/N2;

- BO3MOXHOCTb MOJE/IMPOBAHUA U3MEHEHUSA NMOPUCTOCTU U NMPOHULLIAEMOCTU C U3MEHEHWEM [aB/ieHus.

7.23 MogenupoBaHue [o6blun CNaHLEBbLIX ra30B — YYeT:

- adppekToB agcopbumnynecopbumnn B 3aBUCUMOCTU OT AABIEHUS;

- 06pasoBaHus ceTu NpoHuULaemblx TPeLmnH npu nposedexHun MPII.

7.24 Bwusyanusauusa v aHanus pesynbTaToB MOAENMPOBaHNA BKIOYaeT B cebs:
BO3MOXHOCTb paboTbl C pa3HbiMu ceTkamu (Hanpumep, 6/104HO-LeHTPMpOBaHHas, reoMeTpus Yr10Boi

TOUKM);

- BO3MOXHOCTb paboThbl C pagnanbHbIMU 1 feKapTOBbIMU I0Ka/IbHbIMW U3MEe/IbYEHUSAMU;

- BO3MOXHOCTb BM3yasim3aLum CBONCTB MOAENN Ha Nto60oV BpeMEHHOW Lar;

- BO3MOXHOCTb MaHVNyAsaUun pasindHbIM1 CEKLUAMIU MOAENN:

- BO3MOXHOCTb PaboTbl C reo/10rMyeckumMmn paspesamu Mogesnu:

- BO3MOXHOCTb YCT@HOB/IEHNA Auana3oHa pas/iMyHbIX CBOWCTB MOAENN Npy BU3yanusaumu:

- BO3MOXHOCTb MOCTPOEHNSA rpatKoB TEXHOIOTMYECKNX NokasaTeneli pa3paboTkun, NoyYeHHbIX No pe-
3yNbTaTtaM pacyeToB MO CKBaXKMHaM, rpynnam CKBaXuH, 06 bekTam, MeCTOPOXAEHUAM,;

- BO3MOXHOCTb L|BETOKOANPOBAWUS. NMPU KOTOPOIA NCNOMb3YIOT Ty UIN UHYHO LIBETOBYIO NaUTpY;
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- NOCTPOeHMEe 23-KapT Mo pe3ynbtartam MOAeIMPOBaHNA N BO3MOXHOCTb 3KCNOpPTa B COBPEMEHHbIE rpa-
huyeckne pefakTopbl;

- NOCTPOEHME KPOCCMN/IOTOB;

- BU3yanunsauuio Kpyrosbix guarpaMmm, 0TobpaxaroLwmnx TekyLne nam HakonaeHHble nokasareny paboTsbl
CKBaXKMH, a Takke kayecTBO aganTauuu no uctopum paspaboTku.

7.25 BO3MOXHOCTb Ha3Ha4YeHus CBOMCTB 3akauMBaeMoli BOAbl, OT/INYHbLIX OT CBOWCTB BOAbl B pesep-
Byape [2].

7.26 BO3MOXHOCTb aBTOMAaTUYECKOro yaaneHus ns mogenu (B LeniAX yCKOPeHns pacyeTa) s4eek 10/1-
LWMHOW {nnn nopoBbiM 06bLEMOM) MeHee 3afaHHOro nonb3oBaTeseM npefena c co3faHueM 3KBUBANEHT-
HbIX HECOCEHMX COefMHEeHN n/unan CoOTBETCTBYIOLWEN MOoAUMrKaLen NOpoBOro o6bema npunerawLmx
AYyeek.

7.27 BO3MOXHOCTb MOAMMUKALUN NCXOAHBIX MACCUBOB, NepeyncneHHblx B 6.1.1.

7.28 BO3MOXHOCTb CO34aHNA HOBbIX CKBaXMH.

7.29 BO3MOXHOCTb peflakTupoBaHusa faHHbIX, NepeyncrieHHbiX B 6.1.3 1 6.1.7, ecnu oHK 3agaHbl B Buae
Tabnuy,.

7.30 BO3MOXHOCTb aBTOMaTM4yeckoro 3afjaHus nepdopauuii CKBaXKMH MPU BbIMOSTHEHUM MPOTHO3HbIX
pacueTos.

7.31 OHnaliH-uHTepdelic A1 COBMECTHOrO MCNO/b30BaHUA C CUCTEMaMU:

- MOAENIMpoBaHNA TEYEHNS B CKBaXKMHAX M MOBEPXHOCTHbIX ceTAax cbopa u TpaHcnopTa (B TOM uucne
ANna mogenvpoBaHus rasoc6opHoi cetn n JKC Ha Kaxpaol pacyeTHOW uTepaumu, Npu 3TOM HasemHoe 060-
pyAoBaHue A0/KHO ABNATLCA OrpaHnymTenem gobblun);

- MTmnMuXaHnumnkol'n mogenmpoBaHus.

7.32 NO 'AM pomkHo obecneunBaTb BO3MOXHOCTb €ro UCNONb30BaHWsA Nof ynpaB/ieHUemM cUCTEM aB-
TOMaTM3MpPOBaHHON ajanTaunm u pacyeTa HeonpeaeneHHoCTW nokasareneli pa3paboTky MeCcTOpoXaeHus, a
TakKe cuctem nHtepnpetauun AN CKBaxKuH.

8 Tpe6oBaHMA K 4OKYMEHTMPOBAHUIO NPOrpaMMHOro o6ecrnevyeHns
rTMapoAMHaMUYEecKoro MoaenpoBaHus

8.1 Ana MO I'AM paspabatbiBatoT [ B cooTBeTCcTBUM € TpeboBaHuamu TOCT P MCO/M3K 15910 u
FOCT P 53712. O6wue TpeboBaHusa k N[ cootBetcTBytoT FOCT 19.105.

8.2 fly6nupoBaHue, yyeT u xpaHeHue [1[, npoBOoAAT B COOTBETCTBUMM C TpebosaHmamn FOCT 19.601.
M3meHeHus B N[, BHocAT B cootBeTcTBUM ¢ TOCT 19.603.

8.3 M/[ Ha nporpaMMHoe cpefACcTBO WU/WAWM ero KOMMOHEHThI AOo/HKHA npegycMaTpuBaTth Hanmume nog-
pO6HOro pykoBoACTBa MNO/Mb30BATE A HA PYCCKOM A3blKe U coAepxXaTb cnefytolime cBefeHus:
061acTb NPUMEHEHWS;
- [aHHble 0 CTPyKType (MepeyeHb Moaynei, 6a30Bblli KOMM/IEKT, CMUCOK AONOMHUTENbHbLIX MOAYeN).
onncaHne Nnosib30BaTeIbCKoro nHTepdelica;
onvcaHne onumii:
onucaHne KYeBbIX COB;
onucaHun Nupsaka akcnopTa n umnopTa JaHHbIX;
onvcaHve NPUMeHsAeMbIX afiropUTMOB 1 (IN3NYECKUX MOoAeNel.

9 TexHnuyeckue TpeboOBaHUS K MPOrpaMMHOMY o6ecnedyeHnto
rTMapoAMHaMUYECKOTo MoaeIMpoBaHus

TexHuueckoe obecneyeHne A0MKHO YA0BETBOPATL CeAyOWMM OCHOBHbLIM TpeboBaHNAM:

- (PYHKLUMOHMpPOBaHVE Ha COBPEMEHHbIX OMepauroHHbIX CMCTeMax 1 annapaTHbiX niartgopmax;

- obecneyeHne BO3MOXHOCTU napaniesibHbIX BblYNCNEHWU A1 YCKOPEHNSA pacyeToB:

- obecneuyeHne BO3MOXHOCTU KOHBepTauuu Mogenei, co3faHHbix B 60nee paHHux Bepcusax MO MM,
B hopmat 06HOBNEHHOI Bepcun MO.
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10 MopTBEpXAeEHNE COOTBETCTBMA NpPOrpaMMHOro obecneyeHus
ANna TMaopoAnHaMumMyeckoro MogeimpoBaHus

MoarsepxaeHne cootsetcteusa O AM oueHuBatoT B cooTtBetctBun ¢ [OCT 28195, TOCT P
MCO/ M3K 9126 n rOCT P MCO/M3K 12119 cnegytowmm cnocobamu:

- 3KCMEepTHbIA aHanM3 pyKkoBOACTBa NOJIb30BaTENA C MPOBEPKOW HaNNunMa onucaHusa yHKLMOHaNbHO-
CTUN, peanusytoLLeii NOIOXEHN HACTOALLEero CTaHAapTa;

- hm3nyecknii 3anyck v 3KCNepTHbIA aHanu3 npegocTaB/eHHbIX Npou3soauTenem MO TecToB (BKIOYEH-
HbIX B cOCTaB noctaskn MO unn npegocTasfieHHbIX paspaboTyrkamu MO), AEMOHCTPUPYIOLLNX peann3aLuio
hyHKUMOHANBHOCTMY;

- BbIMNOMIHEHUE Habopa NcnbiTaTesbHbIX 3a4ay-TECTOB, PEKOMEHAYEMbIX NPU3HAHHBIMU HayYHbIMU U 3KC-
nepTHbIMY OpraHn3aymaMu B 061acT He4ponosib30BaHus, B KaUecTBe AOMNO0/THEHNS, YeTbIpeX TECTOB KOPPEeKT-
HOCTW peanu3aluy cneuuasnbHbiX YPaBHEHUI NPUTOKA K CKBaXWHE, YyUnTbIBAOLWMUX U3MeHeHne PVT-cBOWCTB
dhnonaos B Npu3aboiiHoi 30He, BKIOYas BO3MOXHbIe (ha30Bble NpeBpalleHns (CM. npunoxexHue B).

NMpumeyaHne — OO6bIYHO KOMNaHUM — pa3paboTymkn MO MAM UCNoNb3YT UCMbITaTe/IbHbIE TECTLI MEXAY-
HapoAHOW HeKOMMepyYeckoi NPoteccMoHaNIbHOW opraHn3aLmn TeXHUYECKUX CNeLmuanucToB HedhTerasoBoi NPOMbILINEH-
HocTu Society of Petroleum Engineers (TecTbl SPE).

10
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MpunoxeHue A
(cnpaBoy4HOE)

YpaBHEHNA COCTOAHUA

Kak npaBuno, ncnonb3yT ypaBHEHUs cOCTOAHMA MeHra — Po6uHcoHa. CoaBe — Peanuxa — KBoHra, 3ropke-
BUHa — WNodpdpe.
B o6uweli hopme Kybrnyeckoe ypaBHEHNE COCTOSIHUS T/TIOXKET 6bITb NpPeACcTaB/eHO TakKuM 06pa3om:

RT a
(A1)
n-b (it*c.b)(u +crb)
roe p — abconoTHoe gasneHue. MNa:
R — yHuBepcanbHasa razoBas noctosiHHas, Ix/(monb - K):
T — abcontoTHasa Temnepatypa. K;
0 — MOJIAPHbIA 06BEM, MKMO/b:
anb — napameTpbl ypaBHEHUA COCTOAHUA:
C, NC2 — KOHCTaHTbl, MPUHUMAaIOLLMEe Crieaylole Be/IMUYNHbI B YPAaBHEHUSAX COCTOAHNSA:
- Pepnnxa — KsoHra 1m0,
- CoaBe — Pegnuxa — KsoHra 1 mnO0.
- MeHTa— Po6GMHCOHa 1+VJ 1 1-*J2 COOTBETCTBEHHO.
MapameTpbl a U b ypaBHEHUA COCTOSAHUA A1S KOMNOHEHTOB BbIPaXeHbl cneaylowmnmMm o6pa3om:
UeR*1?
= e i_; (A.2)
PC
nn=o°w T, (0y. (A.3)
(A.4)
p<
ab=£2°W7». (A.5)
rae pyHkuma p(r,. 0> egnHa Anst ypaBHEHU COCTOSIHUS;
Or — aueHTpuyeckunii chaktop:
CUT — KpUTUYECKMEe N NpUBEAEHHbIE YCNOBUSA.
a. 2a n £2b3aBUCAT OT BbIGOpPa YpaBHEHUSA COCTOAHUSA:
Pepnnxa — KBoHra:
roe  12° =0.42748:
12° =0.08664:
A.6
«T' (A.6)
CoaBe — Pepgnuxa — KBoHra:
rae a(fr)=[mn*(1-~ WA T : Cb7>
k=0.48 + 1.570)- 0.17<2; (A.8)
£2° = 0.42748:
12° = 0,08664.
MeHra — PobuHcoHa:
roe  £2° =0,45724;
£2° = 0.07780:
a(rr.*o0)B[l+lc(1-J~J*; (A.B)
K =0.37464 + 1,5422<.)- 0.269920)2. (A-1O)

u
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[ns 6onee TAXeNbIX YrN1€BOAOPOAHBIX KOMMOHEHTOB MPUMEHSIOT APYroe 3HauYeHne K B ypaBHeHUN JSleHra — POGUH-
coHa:

Kk =0,379642 + 1.4803<0-0.16442302 + 0.016666M3. (A.11)

YpaBHeHMe cocTosiHuA 3togkeBnda — Nod e — 3To ABYyx/1apamMmeTpruyeckoe ypaBHeHNe COCTOSHMSA, KOTopoe 6b110
Nosly4eHO 3TUMU YUeHbIMU C LiefIblo Y TyULleHUs ypaBHEHUS COCTOsIHUS Peannxa — KBoHra:

- KOHCTaHTbl £2a, £20 3aBUCAT OT Temnepatypsbl, T. €. Qa(T), £24(l);

- £2a(T), £24(T) nonyyatoT ANSA KaX[Oro KOMMOHEHTA, OCHOBbIBAsACh HAa MJIOTHOCTU HacCbILWEHHO’ XUAKOCTU 1 ypaBs-
HeHUA ANA netyyecTu:

- Qa. Qb6GepyTca Kak He 3aBucALMe OT TemnepaTypbl 3HAYEHUS NPU TeMnepaType Bbllle KPUTUYECKOIA.

12
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MpunoxeHve b
(cnpaBoyYHOE)

3ajaHune ycnoBuWil Ha rpaHuuax pacyeTHol obnacTu B pamkax mogenei
doTkoBuYa n Kaptepa — Tpeiicn

Mogenb ®eTkoBMYA — aHaNUTUUYECKUA MeTof, KOTOPbIA MPMMEHSI0T AN1A NPOU3BOSIbHO KOHEYHOro BOAOHOCHOIO
nnacta. IH-TEHCUBHOCTb MPUTOKA B TeYeHVe BPEMEHHOTO Lara pacCcumMTbIBalOT ypaBHEHMEM A1l pacxoaa

= Aina4J (P;0 +P;*1). (B.1)
rae PEO — cpepgHee faB/ieHVe B BOJOHOCHOM MsiacTe B MOMEHT BpeMmeHu P. Ma;
JA — KO3(hPULUMNEHT NPOAYKTUBHOCTU A1 BOAOHOCHOIO NNacTa;

a- — nnowaab A4enkn /, M2.

Mocne 3aBepLlIeHNs Wwara No BPEMEHN PacCUNTbIBAIOT MOJIHbIA NPUTOK BOAbI M3 BOAOHOCHOrO nsiacta crefyowmnm
ypaBHEeHUEM:

W (0 = jQ AO<Ort. (5.2)
0

3aTtem, NCNob3ysi ypaBHEHNE MaTepuasibHOro 6asiaHca, NepecynTbiBalOT HOBOE 3HaYeHMe AN CpeHero AaBieHns
B BOJOHOCHOM nnacTte PJQ . Takum o6pa3om, AasB/ieHne B BOJOHOCHOM nsiacte ®eTkoBUYA U3MEHAETCSH CO BPEMEHEM,
AaBfieHNe Ha NPOTSHKEHWUM BCEro nepuoga paspaboTku He GyAeT 0cTaBaTbCsl NOCTOAHHBLIM.

3ajaloT napamMeTpbl BOAOHOCHOrO nnacta (CXMMaemMoCTb, MOPUCTOCTb, Haya/bHOE AaBfieHue, ry6uHa, VHAEKC
NPOAYKTUBHOCTM U T. N.) U COEANHEHNSI BOAOHOCHOIO NslacTa € OA4HO UM HECKO/IbKMMY TpaHsMu nnacTa.

Mpy 1Mcnonb3oBaHMM HavyaslbHOrO fJaBfIEHUA BOAOHOCHOrO njacTa Mo YMOJIYaHWI0 ero paccuyvTbiBaloT Mo ¢op-
myne (B.1) Takum o6pa3om, 4TO6bl BOAOHOCHbIV NAAcT B Hayda/llbHblli MOMEHT BpeMeHW npebbiBan B paBHOBECUU C
3anexbio.

Mogenb KapTepa — Tpeiicn — noaxop aHasIMTUYECKOro onpeaenieHns BO4OHOCHOrO MNacTa, OCHOBaHHbIN Ha nNpu-
MeHEHUN «YHKLNIA BANSHUSA» ANA pacyeTa NosIHOro NPUTOKa BOAbl M3 BOAOHOCHOIO njacta 1 pacyeta U3MeHeHUs faB-
NIEeHVS C TEYEHNEM BPEMEHU MeXAy BOAOHOCHbIM NIacTOM U CpeAHUM faB/ieHWEM Ha rpaHule BOAOHOCHOrO njiacra 1 3a-
nexun. ®YHKLMN BANAHUA 3aBUCAT OT FeEOMETPUU U CBOWCTB BOAOHOCHOIO nsacTa. [lBa OCHOBHbIX NapameTpa onpeaenstort
nosefeHne BOAOHOCHOrO nsacTa:

KoHcTaHTa BpeMeHU (MMetoLasi pa3aMepHOCTb BPeMeHU)

r =~ oCr . (6.3)
rae — BSI3KOCTb BOAbl B BOAOHOCHOM nnacTe. Ma *c:
® — noOpXCTOCTb BOAOHOCHOTO N/acTa, 4. ea.:
C, — nosnHasa (nopoga + BOoAa) cxkumaemMocTb. 1/Ma:
r0 — BHewHwWit pagnyc nnacta (MNv BHYTPEHHWI pagnyc BOLOHOCHOTO nnacra), M;
KA — MPOHMLAeMOCTb BOAOHOCHOro nnacTa. MA:

c, =0.008527 (KoHCcTaHTa A4N15 NepeBoAa BENIMUYUH N3 OAHON CUCTEMbI €4NHUL, B APYTYI0, 3Ha4YeHne NpuBeaeHo Ans
MexayHapogHoi cuctembl eguHul, CW).
KoHcTaHTa npuTOoKa BOAOHOCHOrO njacTa (Mmetoulas pasMepHOCTb MOJTHOrO NPUTOKa Ha enHNLY NajeHus gas-

neHuns)
0=Cj**C,ra. (B.4)

rae h — TonwumHa BoAOHOCHOrO nnaacTa, M;
0 — yron, Nog KOTOPbLIM rpaHuLa BOAOHOCHOTO njaacTa BuiHa U3 LeHTpa 3anexu, B rpagycax, AeneHHblii Ha 360;
cN=6.283 (KOHCTaHTa ANs nNepeBoja Be/IMYMH U3 OAHOV CUCTEMbl eVHUL, B APYryt0, 3Ha4YeHue NpuBeAeHo ANs
MexayHapogHoi cuctembl eguHuy, CU).
KOHCTaHTy BPEMEeHU UCMonb3ylT AN npeobpaszoBaHnsi BpeMeHn B 6e3pa3MepHyto hOpMy C MOMOLLbIO COOTHO-
weHuns

fo (B.5)

13
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Mopenb KapTepa — Tpelicu BblpaxaeT najeHne AaB/IeHUst HAa rpaHuLLe BOAOHOCHOIO njacTta yepes PyHKUMIO B/U-

AHUA 6e3pasmMepHOro AaBfeHUs cnegyowmm obpasom:
p,0-P ="-P/0(f0). (6.6)

— HavanbHOe AaBneHne BoAbl B BOLOHOCHOM nacTe. Ma:
O — cpefHee faBsieHve BOAbl HA rpaHuLe BOAOHOCHOTO nacTa/asnexu. Ma;

Or — CKOpPOCTb NPMTOKa BOZOHOCHOTO niacTa. m3c.

14
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MpunoxeHne B
(pekomeHgyemoe)

TecTbl KOPPEKTHOCTM peanu3auum cneymanbHblX YPaBHEHUA NPUTOKA K CKBaXMWHE,
yuuThliBaKLW X U3MeHeHne PVT-cBolicTB hnonaos B npusaboliHoi 30He,
BK/Il04aA BO3MOXHble (da3oBble NnpeBpaLeHus

NMpu MoAenMpoBaHUM Fa3oBbIX W FA30KOHAEHCATHbIX MEeCTOPOXAEHU 06bIYHO MCMONbL3YIT rMapoAMHaMuYe-
CKYyl CeTKy C pasmMepoM siueiikum Mo siatepanun He meHee 50 M. OfHaAKo CBOWCTBa rasa CyLecTBEHHO 3aBUCAT OT
AaBrieHnsi, KOTOpoe B Npu3aboiHOl 30He CKBaXWHbI, Kak NpaBu/10, 3HAYUTE/IbHO HWXE, YEM B CpefHeM Mo suveiike.
NrHopupoBaHue N3MeHeHUA CBOMCTB rasa B Npu3aboliHOW 30He CKBaXWHbl MOXEeT NPUBECTU K CyLLeCTBEHHO ownbke
B pacyeTHOI NPOAYKTUBHOCTM CKBaXWHbI. [l/1 TOro 4to6bl 3TOro n3bexarb, padpaboTaHbl cneunanbHble ypaBHEHUS
npuUTOKa, aHaIMTUYECKN yYnTbiBaloWMe BAUAHNE HA NPOAYKTUBHOCTb CKBaXWHbl M3MEHEeHUs CBOWCTB rasa B npusa-
6oiiHO 30He:

- ypaBHeHune Russell Goodrich no3BonsieT yyecTb ahpeKT Npn3abonHON 30HbI AN UAEaNbHOro rasa NoCTOSIHHOW
BSA3KOCTW:

- nceBaofaB/fieHNe rasa no3BossieT yyecTb 3 heKT Npn3aboiiHON 30HbI ANS peanbHOro rasa (6e3 yyeTta asoBbiX
npeBpaLLeHnin);

- 0606LleHHOe MHOrodasHoe nceBAoOAaB/IeHNE NMO3BOJAET AONO/IHUTENBHO YYeCTb B/IMSIHUE HA NPOAYKTUBHOCTb
CKBaXWHbI, B TOM YMC/1e N BO3MOXHbIX (Da30BbIX NpeBpalleHnii B Nnpu3a6oliHoli 30He CKBaXMWHbI.

OfHakKo B cucTeme TecToB SPE OTCYTCTBYIOT TECTbI HA NMPOBEPKY KOPPEKTHOCTY peannsanm 3TUX ypaBHEHWA.

B.1 TecTt 1 Cny4yaili naeasnbHOro rasa NOCTOSAHHOW BSA3KOCTU

MonHbI NepeyeHbL NapamMeTpoB MoAenun npusegeH B Tabnuue B.1.

B.1.1 OnuncaHue mogenun nnacrta

PaccmatpuBaloT ropu3oHTa/IbHbI OAHOPOAHbIV N30TPONHLIA NNACT KPYrolh hopMbl (B nnaHe). PaamMepHOCTb CeTkn
unbTpaunoHHoli mogenn — 21x21x1. Paguyc kpyTta (Mo ueHTpam siueek) — 1000 M. Pasmep siveiikn B nnaHe — 100 m.
MowHocTb nnacta— 10 m. Mopuctoctb — 20 %, npoHnyaemocTb — 0,01 MKM2.

B.1.2 CgolicTBa hnonaos

OpaHodazHaa Mofesib COAEPXKUT TOMBLKO ras. MaeanbHblii ra3 ¢ NOCTOSAHHO BsiskocTblo — 0.01 mMa c.

B.1.3 HauasnibHble 1 rpaHUYHble YyC/IOBUSA

B rpaHuyHbIX siyelikax NGO 3a cyYeT yBe/IMYEeHUA NOpPoBOro o6bema, MMG0 MHbIM CNOCOGOM 3ajalT ycnoBue
NOCTOSIHHOTO AaBfieHnsa (KOHTYp nuTaHus). HayanbHoe nnactoBoe gaBneHne — 15 MMa. BepTukanbHaa fo6biBato-
Luiasi CKBaXnHa pacnosioxeHa B LeHTpe Mmogenu B ssdeiike (11.11.1) n BckpbiBaeT nepdopalmen BClo TOMWWHY niacTa.
3aboliHoe gaBneHne — 10 MMMa. PacyeT BbINO/IHEH Ha OAUH roA. [lebuT rasza Ha KOHel, pacyeTa CUMTalOT yCTaHOBUB-
wumces.
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PucyHok B.1 — Had4anbHble 1 rpaHnYHbIe YCNoBUS

Ta6nunuya B.1 — MapameTpbl Mogenu Tecta 1

MapameTp
PasMepHOCTb mMogenun
Pa3mep sueirikn ceTkm DX x DY x D2. m
MowHocTb nnacta /1, m
MopwucTtocTsk, 4. ea.
MpoHnuaeMocTb K. MKM2
Temnepatypa. "C
BaskocTb rasa uy, mfMa -c
O6beMHbIli KoathbduymeHT rasa. 4. ea.
Paguyc kKoHTypa nutaHusa Ra m
Paanyc ckBaxuHbl i
JaBneHne Ha KOHType nuTaHusa pe, MlMa
3a6oiiHoe gaBneHue pJl, MMNa

CxnmaemocTb nop nopogsl, 1/MMa

Bpemsi pacuyeTta Ans nosydeHuss gebuTa rasa Ha ycTaHOBUB-

wemcs pexunme

16

3HaueHvie
21x21x 1
100x 100x 10
10
0.2
0.01
20
0,01
1/p. rge p — pgasneHue B 0.1 MMa
1000
0.1
15
10

3-104



FOCT P 56449—2015

B.1.4 3Ta/iOHHble pe3ynbTaTbl MOAENNPOBAHUSA

O6bemHbIN Ae6MT rasa B CTaHAAPTHbLIX YCI0BUAX NPV YCTAHOBUBLUEMCS NI0CKOPaAVanbHOM NpUToKe (Temnepary-
pa B nnacte U Ha NOBEPXHOCTW COBMaAaeT) BbIYUCAAIOT No hopmyne

nM>(p*-p*) ®B.1)

roe — AaB/1eHne B cTaHO4apTHbIX YC/I0BUAX.

YuntbiBas hopmyny 06beMHoro koadpduuymenTa rasa, Ps"= 0.1 MMa (He 0.101325 MIa. kak 06bI4YHO).

Toraa aTanNoHHOEe 3HayYeHMe 06bEMHOro ae6uTa rasa paBHo: O = 368.382 TbIC. M3/CyT.

B.1.5 Kputepuun oueHkKn

OueHNBalOT OTK/IOHEHWE pacyeTHOro 3HayeHus geb6uTa rasa yYepes OfMH rof Mocsie Hayana MoOAeMpoBaHWA OT
3Ta/IOHHOro 3Ha4veHns 368.382 Tbic. M3cyT.

JonycTnmas oTHOCUTe /IbHasA NorpewHocTs — 5 %.

B.2 TecT 2 Cnyuvail peanbHOro rasa

MonHbI NepeyeHb NapamMeTpoB MoAenv NpueeaeH B Tabnuue B.2.

B.2.1 OnncaHne mogenun nnacrta

PaccmaTpuBatloT ropM30HTa/IbHbIM OAHOPOAHbIV M30TPONHbIM NAacT Kpyrioh oopMmbl (B niiaHe). Pa3aMepHOCTb ceTkun
hunbTpaymoHHoli mogenn — 21 x21 x 1. Pagunyc kpyra (no ueHTpam siyueek)— 1000 m. Padmep Aueiikn B nnaHe — 100 m.
MowHocTb nnacta — 10 M. Mopuctoctb — 20 %. npoHnyaemMocTb — 0,01 MKM2.

B.2.2 CBoiicTBa (hnongos

Mogenb ogHOoasHas n CoAepXUT TONIbKO ras. CBepXCcxXnUmMaeMocTb Z 3afjaHa 3aBMcCUMOoCTbio: Z(p) = ip/pw) 0.5.

BsaskocTb rasa, Mla «c. 3agaHa 3aBmcumoctbio: L(p) = 0.01 p/p~,

B.2.3 Haya/sibHble U rpaHNyHbIe YCNOBUA

B rpaHunyHbIX siveiikax nn60 3a cyeT yBe/IMYeHUA NopoBOro o6bema, NM60 MHbIM CNOCO60OM 3ajalT ycroBue

NOCTOAAHHOTO AaBneHna (KOHTYp nuTaHusa). HayanbHoe nnactoBoe gaBneHne — 15 MMa. BepTukanbHaa fo6biBato-
Luiasi CKBaXnHa pacnosioxeHa B LLeHTpe mogenu B Adeiike (11.11,1) n BckpbiBaeT nepdopalmen BClO TOWMHY niacTa.
3aboliHoe gaBneHne — 10 MMa. PacyeT BbINOSIHEH HA OAWH rof. [lebuT rasza Ha KOHel, pacyeTa CUMTalOT yCTaHOBUB-
Lmmcs.
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= MMoTOTIAO
JanuaryCQ 2000 SJ»p?(T 0<by»;

> J0s Sv*s e§ '«*h

PucyHok B.2 — HavanbHble 1 rpaHuUYHbIe YCN0BUS

Ta6nwunuya B.2 — [lMapameTpbl Mogenu TecTta 2

MapamveTp
Pa3smepHoOCTb Mogenu
Pasmep siveiikm cetkm DX X DY x DZ. m
MowHocTe nnacta /1, m
MopwucTtocTsb, 4. ea.
MpoHnuaeMocTb K. MKM2
Temnepatypa. "C
BsskocTb rasa p, mfMa *c
KoadhunumeHT cBePXCKMMAEMOCTH rasa. A. ef.
Paguyc KOHTypa nuTaHus /?2c. M
Pagnyc CKBaXvHbI Ty, M
JaBrieHne Ha KOHType nuTaHus pc. MlMa
3aboliHoe gaBneHue pA, MMa
CxunmaemocTb nop nopoabl, 1/MMa

Bpems pacueTa ans nosyyeHus aebura rasa Ha yCcTaHOBUBLLEM-
ca pexvmve
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3HaueHvie
21x21x 1
100X 100x 10
10
0.2
0.01
20
M(P) = 0.01 -plpw
Zip) = {plpwf-b
1000
0.1
15
10

3-10-*



FOCT P 56449—2015

B.2.4 3TanOHHble pe3ynbTaTbl MOAENNPOBAHNSA
dyHKUMel JleibeH30Ha Ha3bliBaeTCcs cregytolias yHKUNS:

P(ﬁgy‘h‘ «£*<&,> (B-2)
roe k{p) — nNpPOHULAEMOCTb:
u(p) — BA3KOCTb hIOMAA;
p(p) — nnoTHOCTb (hritonaa.

®dyHKUUSA JleliGeH30Ha onpejesieHa C TOYHOCTbIO 4,0 KOHCTaHTbl (Kak MOTeHLMan noss CKoOpocTei NoToka).
[ns nnockopaananbHOro noTtoka (C HyneBbIM CKWH-PAaKTOPOM) cnpaBef/siMBa crepyoljas popmysa MaccoBOro
nebuta (KNOKOCTU UK rasa):

OT=-W -1P(Pc)-PM (8.3)
roe Qm — MmaccoBblii Ae6buT;
h — wmouwHocTb nNnacTa;
Rc — paguyc KOHTypa nutaHus:
rly — paauyc CKBaxXuHbl.
pc — paBfieHVe Ha KOHTYpe NUTaHus;
p,, — 3aboiiHoe faBrieHNe B CKBaXUHe.

Mpu BbIYMCNIEHNN UHTerpana, BXOAALWEro B hyHKLMIO JlelibeH30Ha. C yH4eTOM MPUHATbIX 3aBUCUMOCTEl nonyyvatoT
cnegyouwyto popmyny ans o6beMHOro geéuTa rasa:

Takum 06pasom, 3HauYeHne aebuTa rasa, paccuyMTaHHOE aHaIMTUYECKUN, paBHO: Q = 264.934 Tbic. M3/CyT.

B.2.5 KpuTtepuun oueHkun

OueHMBalOT OTK/IOHEHWE pacyeTHOro 3HayeHua gebuTta rasa yepes OofWH rof Nocne Havana MoAenvposaHus OT
3TasIOHHOTO 3HaYeHnsa 264.934 Tbic. M3cyT.

JonycTnmas oTHOCUTe /IbHas NorpewHocTb — 5 %.

B.3 TecT 3 HedpTAHaA 3anexb, pa3pabaTtbiBaemas Ha 3a60liHbIX AaB/I€HUAX HUXeE AaB/IEHUSA HaCbIWeHns

MonHbIli NepeyeHb NapamMeTpoB MoAENUN NpuBefeH B Tabnuue B.3.

B.3.1 OnucaHne moaenu nnacta

PaccmaTpuBaloT ropusoHTasIbHbI OAHOPOAHBIN N30TPOMHBIA NAACT KPYTN0W chopMbl (B NaaHe). PaamMepHOCTb ceTkn
dunbTpaymoHHon mogenn — 21 x21 x 1. Paguyc kpyra (no ueHTpam svyeek) — 1000 m. Pa3mep sueiikm B nnaHe — 100 m.
MouwHocTe nnacta — 10 m. MopuctocTb — 20 %. NpoHuUaeMocTb — 0.1 MKM2.

B.3.2 CgoiicTBa hnonaos

Mogenb AByxda3Has: HedTb, ras.

CaoiicTBa hnongoB 1 3aBUCUMOCTU PVT-CBOICTB OT faB/ieHUs npeacTaBfeHbl B Tabnuue B.3.

B.3.3 OTHOCUTe/IbHble (ha30Bble MPOHULAEMOCTH

OcTaTtoyHas HedTeHACbIWBKHOCTb (NPU BbITECHEHUN HedTM ra3om) paBHa 10 %. O®PI 3agaHbl KBagpaTUYHbIMU
3aBUCUMOCTAMM:

(B.B)

npn SS 0.9; (B-6)
5s-4. npus> 0.9,

rnoe s — ra3oHacbIWeHHOCTb.
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RsIPomi

PucyHok B.3 — OTHoCUTeNbHble ha3oBble NPOHULAEMOCTH

B.3.4 HayanbHble N rpaHnUyHble yCNnoBUA

B rpaHu4HbIX fiveiikax NM60 3a cyeT yBe/IMYEeHUsi NOPOBOro o6bemMa, M60 MHLIM CMOCOGOM 3a4atoT yc/ioBUue
MNOCTOSAAHHOTO AaBneHna (KOHTYp nuTaHusa). HavyanbHoe nnactoBoe gasneHune — 15 MMa. BepTukanbHan gobbiBato-
luiasi CKBaXuHa pacnosioxeHa B LeHTpe moaenu B siueiike (11,11.1) n BckpbiBaeT nepdopaymein BCO TONWMHY naacTa.
3a6oiiHoe gaBneHne — 3 MlMa. PacyeT BbINOJIHEH Ha OAUH ro4. Je6UT HedhTU Ha KOHEeL, pacyeTa cUuTaloT YCTaHOBYB-
wumcs.
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PucyHok BA — HavasibHble U rpaHnyHble yC/1I0BUSA
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Ta6bnunua B.3 — [MMapameTpbl Mogenun Tecta 3. B 3aBUCMMOCTSAX CBOICTB OT AaB/IEHUSs, eAUHULA U3MepeHUs AaBie-

HuA 6ap (0.1 MMa)
MapameTtp
Pa3smepHOCTb Mogenu
Pasmep sueiikn cetkmn DX x DY x D2. m
MowHocTb nnacta h. m
MopucTocTs, 4. BA,
MpoHnuaemMocTb K, MKM2
Pagunyc KoHTypa nutaHma R.. m
Paaunyc ckBaXuHbl rw. M
JaBrieHne Ha KOHType nuTaHus pc, MMa
[aBreHne HacblweHs HedpTn ra3om pb. MMa

3a6oiiHoe gaBneHve p4A MMa

O6bEMHbIN KOIPPULNEHT HEPTU NpesesibHO HacbIWEHHO ra3om Ba. 4. ea.

CxumaemocTb HedpTu. WIrTa
BA3KoCTb HeddTU NpeAenbHO HacblWweHHo rasom 10, mMa ¢

CXnMaeMocCTb BA3KOCTU HedpTu. 1/MMNa

3HaveHvie
21x21x1
100 x 100 x o
10
0.2
0.1
1000
0.108
15
9.5
3
0.95 +pn 033
8-104
7000 p 15

0.01
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OKOH4YaHue Tabnuubl B.3

MapameTtp 3HaveHve
Fa3ocogepxaHne Rs HepTW, NpenenbHO HaCbIWEeHHOW razoM. mj/mj 0.056 pl5
06beMHbIi KoathdnLmeHT rasa B2, 4. eq,. p-102
Bs3kocTb rasa MMa mc 8.8 10-4 p0” 68
MNOTHOCTb pasrasvpoBaHHON HedTH, Kr/m3 863
MonspHasa macca HedTH, r/Mmonb 212
MonspHasa macca Tasa, r/Mosib 31.3

B.3.5 3tanoHHble pesynbTathl MOAENUPOBAHUS

O606ueHHOe NceBAoAaBEHME MO3BOISAIET CBECTU 3a4a4y YCTAaHOBUBLUErOCS ABUKEHNA MHOTOKOMMOHEHTHOM MHO-
rochasHoli cMecu K 3agade ABMXKEHUS (OAHOMA3HOIA) XNAKOCTHN.

OcHoBa 3Toro metoga paspabortaHa C.A. XpuctnaHoBmyem B KoHuUe 40-x rogoB XX Beka. MNosgHee Whitson un
Fevang npegnoxunun ncnonb3osaTb 0606uWeHHOe NceBAofaBNeHNe A8 MOAeNnpoBaHusa adhekta o6pa3oBaHnsa B nNpu-
3a601iHOli 30He ra3oKoHAeHCaTHOW GaHKu.

PaccmaTpuBaloT yCTaHOBMBLUEECA N/I0CKOPajnanibHOe TeHeHne MHOrOKOMMOHEHTHOM MHOrodasHol cMecu B OfHO-
POAHOM M3OTPOMHOM njiacTe.

MHorogpasHoe TeuyeHne COCTOMT M3 Np cha3. KOTOpble coAepxaT MNC KOMMNOHEHTOB. He o6s3aTtenbHO Kaxaas asa
AO/KHA cofepXaTb BCe KOMMNOHEHTLI, HO B 06 EM CiyyvaB KaXAblli KOMMNOHEHT MOXET B ONpefe/ieHHbIX MPonopunsax npu-
cyTCTBOBaTb BO BCex (hasax. MIcnonb3ytoT MHAEKC raAna 0603Ha4eHUsI KOMMOHEHTOB, a UHAEKCY — AnsA 0603HayYeHns das.

Takoli noaxos 04NHAKOBO XOPOLIO NPUMEHUM Kak A1 MOAENN YepHO HeddTU, Tak U ANA KOMNO3ULNOHHOM MoAenu.
B cnyyaB mMofenu YepHoli Hed)TM KOMMOHEHTaMU SAB/ISKOTCA NOBEPXHOCTHaA HedhTb, MOBEPXHOCTHbIN ra3 1 Boga. B nnacte
OHU MOTYT Haxo4MTbCA B HECKO/bKMX hasax. Hanpumep, ra3 MoxeT 6bITb Kak B CBO6OJHOM COCTOSIHUM, Tak N PacCTBOPEH-
HbIM B HE(DTU. HepTb Takxe r/1oXeT HaxoAnTLCA Kak B CBOGOAHOM COCTOSIHMM, Tak U 6bITb PAaCTBOPEHHOW B rase (netyvas
HedpTb). Taknm o6pa3om, BCe. YTO ONMUCAHO Aasiee, OTHOCUTCH Kak K MOAeNsiM YepHOW HedpTh, Tak U K KOMMO3ULNOHHbLIM
Mogaensim.

Yepes xy 0603Ha4al0T MOJIAPHYIO [,0/110 KOMNOHeHTa / B (hasey.

O603HavaloT Yepes r pacCToAHME [0 CKBaXWHbl. Tak Kak Te4eHue njockopagnanbHoe. a naacT U30TPONHbI (Npo-
HULAEMOCTb U Apyrne CBOWCTBA He 3aBUCAT OT Hanpas/ieHWs), TO rpajueHT AaBneHns 6yaeT HanpasieH No paguycy, To
ecTb paseH dp/dr.

M3 0606LieHHOro 3akoHa lapcu cnegyet, 4TO MOJIsipHas CKOPOCTb (PUNbTPaL MU NPONOPLMOHaNbHA rpajueHTy aaB-
nenuns

V,=Mg(p.S)-=. (B-7)

rae yy — MoJisipHasi N0THOCTb NOTOKa KOMMOHeHTa / B chase y. MosbI'M” ¢ C:

S =(Sv ..SnJ) — BEeKTOp HacbIWeHHOCTU has.

Bce ero KOMMNoOHeHTbl HeoTpuuaTesibHble, a UX CyMMa paBHa 1;
My(p, S) — o6o06ueHHas MonspHas NOABWXHOCTb KOMMOHEHTa rB asey.

Af,(P.S)=Xg (B.8)
H/(P)
roe  bffi) — monspHaa nnotHocTb hasbl/:
K(p) — abconioTHas NpoHMLLAeMOCTb;
K{S) — oTHocuTenbHas hazoBas NpoHULaeMoCTb hasbly;

My(P) — BS3KOCTb pasbly.

Takum o6pa3om, 0606LeHHass NOABUXHOCTb YUYUTbIBAET BIMSHWE BA3KOCTU, 06BbEMHOro koadduumeHTa (dYepes
MOJISIPHYIO MJIOTHOCTh), & TakXe OTHOCUTE/TbHOW 1 a6COMIOTHOW NPOHULLAEMOCTEN.

22



FOCT P 56449—2015

O603HavatT.
yepes u, — CYMMapHY MOJIAPHYIO MIOTHOCTb NOTOKa KOMMOHEHTA T;
V=2, — MOJIHYO MOJISIPHYIO MJIOTHOCTb NOTOKA.
1-1
AHanorun4yHo:
y =f£ y — obobueHHas MOMAPHasA NOABMKHOCTb KOMMOHEHTA I,
M
M — nonHas 0606l eHHas MoNspHas NOABWXHOCTb.
-1

Ecnun TeyeHne yCcTaHOBMBLLEECS, TO A0/19 KOMMNOHEHTOB B MOTOKE CMECH [0/HKHA OCTaBaTbCsA NMOCTOSIHHOW (YUUTbI-
BaeTCs TONbKO A0S B NOABUMXHbIX dhtonaax). B npoTMBHOM cnyyae 370 03Ha4asno, YTO Kakoii-To KOMMNOHEHT HakanauBa-
eTcsa B niacTe, TO eCTb TeHeHMe HecTaunoHapHoe. TakuMm 06pa3soM, A0/1s KAXKA0r0 KOMNOHEHTa BNOTOKe 2,eCTb Be/in4mMHa
NoCTOsIHHAsA:

E = = const. (B-9)
M(P.S)

r.=

3T0 03HauaeT, YTO BEKTOP HACbILWEHHOCTN (ha3 S He MOXET GbiTb NPOU3BOJIbHBIM, @ UMeEeT MPU KaXA0M JaBeHnmn
CTPOro onpejesieHHoe 3HayeHue. Takum o6pasoM, ec/iv U3BecTHa [0/15 KaX40ro KOMMOHEHTa B MOTOKe, TO MOXHO Bbl-
pasuTb HacbllWeHHOCTb a3 S kak hyHKuMo aaBneHns S(p). YacTo aTo TpyAHO cAenatb aHa/MTUYECKN, HO MO KpanHel
Mepe BHYTPW CYMY/ISTOPOB BO3MOXHO Y/NC/IEHHOE pelleHre 3Tol 3aA4aun. B HacToAwem cTaHgapTe He 6yAeT pacCMOTPeH
BOMPOC CYLEeCTBOBAHUA U eAMHCTBEHHOCTU A1 KAXA0r0 AaB/IeHNA P Takoro Bektopa S(p). 4To BbINOAHeHO (B.9). O6bIYHO
O®n u ceoiicTBa ONIONAOB 3afaHbl TakMM 06pa3oM, YTO 3TO YC/I0BME BbIMOIHEHO.

Takum o6pa3omM, 06061 eHHble NOABMXHOCTU CTAHOBATCA N3BECTHbIMU PYHKUMAMU faBneHuns p. Torga us (B.7) gna
KaX0ro KOMMOHeHTa i

V,=M ,(p)*. (B.10)

PaccmaTtpuBaloT B niacTe LMIMHAP paAnycar 1 BbICOTbl h, B LLeHTPe KOTOPOro HaXoAUTCst CKBaXMHA. Tak Kak Teve-
HVe yCTaHOBMBLUEECS, TO CyMMapHbIii MOIAPHbIA NOTOK KOMMOHEHTa / Yepe3 6OKOBYIO MOBEPXHOCTb LUIMHAPA HEe 3aBUCUT
OT paguyca rv paBeH MOJIIPHOMY Ae6UTY Q. 3TOr0 KOMMOHEHTA B CKBaXuHe. To ecTb

Q,=2xrhv,. (B.11)
Bbipaxas n3 (B.11) V, n nogctasnssa B (B.10). nonyyatot:

N1 =M (p)d. (B.12)

WNHTerpvpys neByto 1 NpaByto 4YacTu AaHHOTO YpPaBHEHUS, NONyYaloT (QOPMY/Y A8 MOMSPHOTO Ae6uTa KOMNoHeHTa /

. . 2h
o) iH(pc)-H.<pjj=. J M,(p)h. (B.13)
-Yy*rr

dyHKUMIO H/p) B poccuiickoit nuTepaTtype HasblBaloT PyHKUMeln XpucrnaHosumya.

BuiuncnsaTe gns KaX0ro KOMMOHEHTa CBOI MHTerpan HeadhdhekTMBHO. BMecTo 3TOro 0CTaTOYHO BbINO/HUTL Bbl-
YMCNEHUA TONBLKO ANA CyMMapHOU 0606LWeHHON NOABMXHOCTU, BbIYNC/IMB CYMMapHbI MOMAPHbLIA Ae6GUT BCEX KOMMO-
HeHTOB

Pc

2xh
°= .7 F rtH(Pc)-H<Pw)3! R | M{p)dp. (B.14)
in] — A*
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Mpun 3TOM Ae6UT KaX40ro KOMNOHEHTa MOXHO HaTV MO ero U3BECTHOI f0/1e B NOTOKe
Q,=zr O. (B.15)

[ns Toro uyTo6bl NepeiiT OT MONSAPHOro Ae6uTa KOMMNOHEHTa K 06beMHOMY, Heo6X0AMMO pasfennTb MONAPHbIA
Ae6UT Ha MONISPHYIO M/IOTHOCTb 3TOr0 KOMMOHEHTa B CTaHAAPTHbIX YC/I0BUAX
0.
a (B.16)
“corpi n

B chopmyne (B.16) noguepkHyTa BO3MOXHOCTb 3aBUCUMOCTN MOJIAPHOW NAIOTHOCTM KOMMNOHEHTa OT TemMnepaTypbl.
Mpu BbIBOAE thopMmynbl (B.14) npegnonaranock, YTo TeMnepaTypa B NaacTe NOCTOSAHHA, HO OHa MOXET He coBMajaTb C
TemnepaTypoil B cTaHAAPTHbIX YCNOBUsIX. ECNN B CTaHAAPTHBIX YC/TOBUAX KOMMOHEHT BXOAWUT 60/1ee Yem B OAHY dhasy, TO
cdopmyna (B.16) TepseT cmbicn MM60 MONSpPHasA NIOTHOCTL bcoTpNg0/KHa 6bITh paccunTaHa ¢ y4eToM goneli KOMNOHeHTa
BO Bcex hasax.

O603HauatoT Yepe3 bOu b MoNsApHbIe NAOTHOCT HeddTU U rasa B CTaHAAPTHbIX YCN0BUAX. MOCKONbKY Ha KOHTYpe
nuTaHnsa HehTb HeAOHAaCbILEHa ra3oMm, TO NMOTOK 0AHOMAa3HbIM (HedTb), HO COAEPXUT B ce6e N KOMMOHEHTY rasa (B pac-
TBOPEHHOM COCTOSIHUM), U KOMMOHEHTY HepTn. TaknuM 06pasom, MOSpPHas 0151 KOMNOHEHTa Hed TN B MOTOKE M3BECTHA
n cocTaBnsiet

(B-17)

BeKkTop HacbiweHHocTelh S = (sQ s BblpaXeH Kak dyHKUMsS aaBneHus. Tak kak sSQ= 1 - sg, TO AOCTaTO4YHO 3TO
cAenaTb TOMbKO A1 ra30HACbIWEHHOCTM sg. O4eBUAHO, YTO MpU AaB/ieHUN Bbllle AaBMEHUSI HACbILWEHUS Pb ra3oHachbl-
LWeHHOCTb paBHa Hy/to. MNpu faBfeHUn HUXe AaBNEHWs HacbIWeHus pii B nnaTte 6yayT npucyTcTBOBaTh Kak pasa Hedtu,
cogepxaljaa HepTb 1 pacTBOPEHHbIV ra3. Tak 1 hasa rasa, cogepxatero To/ibKo KOMMNOHEHT rasa. YunTbiBas NPUHATbIE
3aBUCMMOCTN (CM. Tabnuuy B.3) 1 OPI. MONsApHbIE MOABWKHOCTU NPU 3TOM UMEIT BUA,

W00=4'ax{pX1-S9)2. (B.18)
B.1
ah -V * x Q" ok *x ( 9)
(B.20)
" =vga-"0F M99- (8-21)
4* (p)= b° (B.22)
°° ® <p)yo(p)
bR (p)
(B.23)
BO<p~O(P>"*
0,5b
(0124)
Torpga
Ko wa(plll -Y* (B.25)
° t4,00<P)»4'eB(p))(I-5}) I~ s4|p)*J

Mocne HeCNoXHbIX anre6panyeckux NpeobpasoBaHuii NonyyaT

(B.26)
roe
N-NYyV L {p)~2z0V {p)
ne)= (B.27)
OTciopa
(B.28)

yp>=
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Tenepb, KOrga HacbIWEHHOCTb BblpaXeHa Kak PyHKLUUS AaBM€HUS, MOXHO 3anucaTtb MOJSIHYIO MOJIAPHYI MOABUX-
HOCTb Kak (hyHKUuto gaBneHnsa. OAHaKo aHa/IMTUYeCKoe BblYMC/IeHNEe WHTerpana oT MOJSIHOM MOMAPHON NOABUXHOCTU
BeCbMa 3aTPyAHUTENbHO. [T03TOMY AaHHbIW UHTErpan BbIYNC/IEH HACIEHHO C TOYHOCTBIO [0 LWeCTH 3Havalwmnx undp. B pe-
3ynbTate no gopmynam (B.14)—(B.16) nonyyeHo 3HauyeHue gebuta Hedptn 62.455 mIcyT. ITO 3HAUYeHMe, NOAYUYEHHOE
aHanIMTUYecKu.

B.3.6 Kputepun oueHkn

OueHMBalOT OTK/IOHEHWE PacyeTHOro 3HavYeHUs Aebuta HedTN Yepes OAUH rog Nocse Havyana MoAesIMpoBaHnsa oT
3Ta/IOHHOr0 3HayveHnsa 62.455 bI3/cyT.

JonycTnmasa oTHOCUTe/IbHaaA NorpewHocT — 5 %.

B.4 TecT 4 la30KOHAeHcaTHana 3anexb, pa3pabaTbiBaemMas Ha 3a60MHbIX faBNEHNAX HUXe AaBNeHuns

Hayasna KoHJeHcaumu

MonHbI NepeyeHb NapamMeTpoB MOAENUN NpuBefeH B Tabnuue B.4.

B.4.1 OnucaHne mogenu nnaacta

PaccmaTprBaloT ropusoHTasIbHbIl/i 04HOPOAHbI N30TPONHbIA NNACT KPYr/10i hopMbl (B NiaHe). Pa3aMepHOCTb CeTKM
unbTpaunoHHon mogenm — 21 x21 x 1. Paguyckpyra (no ueHTpam siyeek) — 1000 m. Pasmep siueiikn B nnaHe — 100 m.
MouwHocTe nnacta — 10 m. MopuctocTb — 20 %. NpoHuuaeMocTb — 0.01 MKM2.

B.4.2 CBoiicTBa hnonaos

Mogenb AByxda3Has: HedTb, ras.

CeoiicTBa thnomaos 1 3aBucumMocTn PVT-CBOICTB OT AaBneHnsa npeacTtaBneHbl B Tabnuue B.4.

8.4.3 OTHOCUTeNbHbIe ha30Bble MPOHULAEMOCTH

OcTaTtoyHasa HedTeKacblWEeHHOCTb (NPU BbITECHEHUN HedTM ra3om) paBHa 10 %. O®PI 3agaHbl KBagpaTUUYHbIMU
3aBUCUMOCTAMM:

11-~7 1. n p un 0.9:
(B-259)

0. npus>0.9,

1, npusS 0.9: (B.30)

0.5;
s) =
5s-4. npus> 0.9.

rne s — rasoHacbIWEeHHOCTb.

RUPerm

B.4.4 HayanbHble U rpaHn4YHble yC/10BUA
B rpaHuyHbIX siveiikax NMM60 3a CYET yBENIMYEHUsI Nopoeoro o6bema, NM60 UHbIM CNOCOGOM 3ajaloT ycnoBue no-
CTOSIHHOTO flaBfieHnA (KOHTYp NuTaHua). HayanbHoe nnactoBoe AaBfieHne — 15 MIMa. BepTukanbHas fo6biBatoLas ckea-
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XWHa pacnosioxeHa B LeHTpe mogenu B siyeiike (11.11,1) n BckpbiBaeT nepdopaumeli Bclo TonwmHy nnacta. 3a6oiiHoe
faBneHne — 3 MIMa. PacuyeT BbINO/IHEH Ha OAUH rog. [ebuT HedpTn Ha KOHel, pacyeTa CuMTalT YCTaHOBUBLUMMCS.

text toit-to-gfou Pule
Ja'LOiyCi 3XC SMo2f»0<toy»|

<0 *S0*S  $<*)*$  750*5 1005

PucyHok B.6 — HayanbHble 1 rpaHUYHble YC0BUSA

Ta6bnnuya B.4 — MapameTpbl Mmogenu Tecta 4
Mapametp 3HaueHVe Win 3aBUCUMOCTb,
3pecb p — pgaeneHue. 0.1 MMa (6ap)
MowHocTb nnacta J, m 10
MopwucTocTk, 4. en,. 0,2
MpoHnuaemocTb K, MKkM2 0,01
Paguyc KoHTypa nuTaHus Rc. m 1000
Pagunyc ckBaXxuHsbl rm, m 0.108
fNaBneHne Ha KOHType nuTaHusa pc MMa 30
NaBneHue TOYkn pockl pb, MIMa 23
3aboliHoe gaBneHue pH, MMa 15
O6beMHbIVi KO3 PUUNEHT HedTU, NPefenbHO HaCbIWEHHONW ra- 5.59 -10'4 pl67
3om BO.A4. en.
BA3KoCTb HehTU, NpeAesibHO HacbIWeHHOW rasom 10, mMa «c 0,162-p~° 000476
FasocopepxaHne RsHed T, npefenibHO HacbIWeHHOW rasom, m3'm3 3,08 +10 +-p2,38
O6beMHbIi KO3dh(ULMEHT rasa, nNpefesibHO HacbIWEHHOro Hed- 0.392 p-0646
Tbto Ba. 4. ea.

26



FOCT P 56449—2015

OKOH4YaHue Tabnuubl B.4

3HaveHVe Wi 3aBUCUMOCTb,

Mapamerp 3fecb p —pasnerve 0.1 MMa (6ap)
O6BbeMHbIl KO3 ULNEHT rasa, HeOHACbIWEHHOTo HeddTbio C Rv. 0.392 - ~0 in46/p
paBHbIM HauyasibHOMY, A. ef.
BA3KOCTb rasa, NpefesibHO HacbIWEHHOro HedTbio. LA, MMa ¢ 8,66-10B pl6
BA3KOCTb rasa, HeJOHaCbILWEHHOro HepTbio, C RV. paBHbIM Hayasb- 8.66 « 10‘® *pi,6- (1 + 0.001(p -p 6))
HoMmy. Mla -c
MNoTHOCTb pa3ra3npoBaHHO HedTu, kr/m3 780
MonspHaa macca HedpTu, r/monb 132
MonsipHas macca rasa, r/monb 25.83

B.4.5 OTanoHHble pe3ynbTaTbl MOAeNNPOBaHUA

AHanunTnyeckoe 3HavyeHne gebuta rasa HaxoAUTCSA TEM Xe MeTOAO0M 1 NO aHaNorMYHbIM hopmynam, 4To n B Tecte 3
(nogpasgen B.3). C y4eTOM MPUHATBIX 3aBUCMMOCTeli CBOWCTB OT faB/ieHUs NOMyyatloT cnegytollee aHaanTM4yeckoe 3Ha-
YeHue peb6uTa rasza: 300,306 Tbic. M3cyT.

B.4.6 Kputepuun oueHkn

OueHMBalOT OTK/IOHEHWE pacyYeTHOro 3HavyeHua gebuTta rasa yepes OAWH rof Nocne Havana mMoAenvposaHuUs OT
3TasIOHHOro 3HaveHusa 300,308 Tbic. M3/cyT.

JonycTumasa oTHOCUTE/IbHAA NOrpewHocTb — 5 %.

27



FOCT P 56449—2015

Knnounxodunasn PD
vmogcdccd nanaTnou noommanaPaiinoam rawcit u Hunau,coy a

.
cidooaMcdi n cdogn xwas xrnunonxdaaoi: ¥ XCUNXKOO a
UMHabl KWMBBOWMMaPoN nacaawna 3 anmcsacanonan 3oma3anBod i R
uumcaoiinnapon suwcgeunsicaii cnucka n sunccunellcus, & R
g ooctu xraaelmcua umMuAoP aunasoiinnaPor 4
I
(G -
g BCU3CUN xrhbuojAcun cmexaa UbrHA0C ammBaoiinnaPom @ 1
Q.
=
5 nioonacnuiinm nounoacr/niaoloninon nonmoa» MNaPam IEh OWWHENUPU Mnas
=8
o o
s axuycnoinnopos aoHmounuconsoxoPassn 0> 1
b=
g oukcoaiimmocon aomHonlumcowyox ® 1
[&]
3]
g UdJ ¢+HHeaodHUBBow OWMWHBKYNPYN nnas
=
o] .
T 0J xcuoaia B CBUOW M bIMMANBX 10 KA -D owHHewndu ni 3
s
=
o o o o
o vunciigennd mousskunitatocnan aumaaoiiumaPor O
=3 1
=
= uxkexac moumanaiBomPo
§ Hall::amHOod aXXcX a 'cCCj n Apoe uxnexcc nomPaitakoon 4
T anmcsoiinnaPos — unaxsnaPcos owaockioPoa axHcaoiiumaPo”® 1
]
T
g rOO wunBxBC anHaaoiinnaPom o
o 1
(5]
\8 BOWBAUNON UYHCXeC 3aumBaoiinnaPom A |
2
o aHOC MOMHUXCBX30MOX0 a UXi03 uunernmccaP 4t ckxoncag R
I -
=
% ncHuxcaxa nnsocci ¢ exoindu by o
.
o
=
o BUH3N3NMYO BOHUYMINUCHACH (o3
o .
=
= E[ uoioxocd xiBMCOHiodu anmaHuourog, © .
b -
-
g g nxiogcdccd nndoinn B unapoH tinttciucsry e owHHeivudu umnas
o =
I = . . .
X \6 Hnatron KiDOBHHadoBHioduaH auodiHO» D R
25
x :)\:< [, a03CMBC XMUYLBHCH cXMano Q .
=
z 2
g § T3enpo nomwokacit «xennHCdj Bu nnaous/l sumaPep y R
o I
= 9 o
s I umnatron BUMHOK 0O 0AOWBMBMCYU OlOH3aBOMal 1ale<d R
=
c < . . o
c 2 cPnand oioeoiacuu aumsaoitunaPouw T .
c
=0
= ©
a I o x ©
= ¢ 3 1)
© E o I
o
= 5 , 3 :
= o o
= =
o
o 1 =
— ) T = -
i - © )
S 8 o T it
¥ o Y
© ! a S s _s
= 28 SR
: rr s3%%8¢2
=4 S oo =
© a g o 50 s x
© « 3 S oo '
s

28



MpopgonxeHue Tabnuubl 1

FOCT P 56449—2015

uxxatfKodoissN T
uxiogedCBd nanskecBxaun xiaoHHauetfaduoau ia*3cd unsunennrty ™ ¢ M

eidauaxedi n BBoga T a 3 <nmoawxdanc.j u xBmMuxsexa a

. . . .
BMxabak utixcaadiiuaeon nnsmakana a anHBBOCBUCWAM aoxtaansoo cd
UHHcoodxua&'an noici4u.<cad cnucke u Bulscuus/icxs %ﬂ + .
boccj xnearwena xbl4uoos aHHceodXkratfoft 82 1 1
aoiacuu xmnuoi,( cu BUBKaN Xbl4ao» anHeBoixnalTa)\ oy 1 1
moonacttxxadu xonviautf/xiaoioMdau xomuoaP xiratfaw % 1 owwHewMdu uunos
anHceoaunesii'on aoumnox/ixconnoxoO'saaun g 1 1
axmceoiinnaPoH aoHMounucoukwy €0 1 1
UdJ axMeoodxirattoft I 1 .
3j xeuoaia n BBuowd xuHava! neng ©  ownHeiwdu unoa 1
xxftBdiQirx® nowabundaiorkiax anwcoodKi/alfo(\ W 1 1
nxmrxse moimanadaowtfo
MOMIW anaod 3XXCK B bccj n eTVIoB UXbBXBE MOHC3IA3bOOM “ 1 1
akiHCBodMkiaO'on — buuionoOcon oJoeocRiatfas axHCBOdxi/atfo>\
rO3 uy~xcxse anHseoitnnaHon co 1 1
Badanxuou xxhcxcc axxcBodxiratfa c4 1 1
amMoc MOMMXXBSAX30MOX0 B MXKAd xunerxmexsh <usomxoncon + .
HBUXMBAX3 nrkBoccj x Bxoixdu ca»>g o + 1
MMHAMINMUB 3XTUHaAUMBSH ey H» + .
Boiahocd xnHcoxjodu anHaHnounng o . .
kniogcdcRd uuitotou x xu-atfon nuncwcCy - + owwHewMdu nuoa
miatrow KiaoBHbadonnioduaM auodiHO> <0 . .
AA S03BUKC XAMUMBHBK Bxualo 11 + .
xiacu'go xoHiatocd XBfcxxBdj BH nnaona/l axme” se y . .
xtratfon nMmMBOTCO ojombuenbm ojowaaeoxeBd cab3s” co + .
BHxowd ojoooiacuu axHBeadxi/atfo” o + .
S = 3
X
o Q =a
c S X o
[} I o [
= T = Q9 =
T o o 2 I
| 1 I o™ -]
- o Q x =
I o
o s 3
Q z 2 I g
/ * 5 = o é T f%
I g 2 S Q2
o
28 [©] o 8
L = o
S 2 o z 2
a. o =
a o
@ 3

29



FOCT P 56449—2015

txtiHeraodoxaan

tmogcdccd nanaxecexoxx tuooHuauatfaduoaM xaioed u mx” ciuc CO/

cidouoHBdi n Rdogs XMIDO XXAMX30HXN3A0M U XBUNXTCAXD O
HMH3N3ax HMHRSodHi/affon uncaaxans 3 amHcBOCBMOMIN aaHXx3amaona

iiXMcaodnuocow aoiBxm Xcad cuuBmB 1 nunccuuclicnp

Becax xnsalmcna nhwgotf OHMCBodtiuattow

BOX3BWU xibhbuoxACU bhgxbr nbiBgon BHMRBodiuiauon

Mx3onaBWUMOWM NOKMOOANXTXHIUIAON NOMNOBMU MMACO LW

axcHEaodHuatfDr) aoHHoulMuronnoxoEBson

onwcoodnuatlon aomMmounMlur.onnox

0dj omicnodnuopoi'i

0J xciroBi.3 0 cr»uo(Mdh HMUMAb3X xabn

nunx "xunng noxsabuxxOawcxam BnnKoodnuaDOH]j

MXbBXBC MOHMBX'Xx30BOMA'O
MomMx3anBo3 axxcx ¢ ‘Bcex u ntfoa rabexse KOuVadanoou
aMHBaodHuatfon - kmax3maB*oB 0xooocBxonos omtEaodnuaeow

rO3 uskexec OHHBBodiiuatoi'i

oodannuou uxbuxuc OHHBaodiuiscow

anon MOMMMUXEBXI0MOX0 @ MXXA3 NUNBCUNKXEC YXIOUXCONCON
MCMMXBBX3 MMNBOCCX X CXOXHdU XOh*

MMHoMammus aiBu'auaui.'Bdcu

BOxanscd xnucoHiadu aumamuowup

uxiogcdccd nndoxoxx x tuxatfon wunexjb Chv

mtatfOR Hiaoam”adOBHxoduaM snodxHo»

AA BO3BWUBC XFTYHBUBLEH BxMuar<o

nx3Brxgo nomarocd XBmiHcdi Bu nnBouns/l anueespg
xL'sffoxi "MHHOX203 OXOMUYNBNIBM OXOH3ABOHBEH XBXOX3A

BWHOHX¢ oxoaoxzsuu BUMEBOdniJaCOl'l

—

|-

|

=)

=

S

O

<'E

o | n > h

s

T

Q

4 / r 8
2

S / ror
] L)
g at

E w 3

w
o

w>

A

I

a>

A

owHHaHMdu nuss

ONMHIMMC3M MK2I3

(S TS

Q
8r

onMHBAMAN NN3s3

ONMHBNMAN NN33

-]
[N

P



Mpogomkexne Tabnmupi 1

FOCT P 56449—2015

uxxatfKodoissN
nxiogedccd nanBkBcBxau xiaoHHauotfaduoau ia*3cd nBunBnarty

Q-
-
-

Bidauaxedin c6oaa T a 3 <nuoawxdanc.j u XBMUXBexd a
Buxabak utixcaadiiuaeon unBnakama a anHBBOCBUCIIAN aoxiaaweop e

UHHcoodxua&'an noici4u.<cad cnucke u Bulscuns/icxa %ﬂ . S
boccj XnNBarwBnW3 Xbl4H00B anHesoAuusl'on- 82 . .
ooiacuu xmnuoi,(cv BB N Xbl4ao» anHBB<>Oxna&a)\ oy 1 |
msonacttxxadu xoNxaBtf/xiaoiaxdau xomnosP xiratfaw gq omiH8wndu waga omiHBWHdu nuss
anHceoaumneii'on aoumnox/ixconnoxoO'saaun g 1

axMcBOWNMaPOH 30HMONNUCONKIY o | |

UdJ axMeoodxirattoft I . .
3j xeuoaia ucBuowd xuHaba! nong © 1 .
xxftBdi<*irx<& nowsbunbaiornam axHBBOdxisatfatt W 1

WXMrxse noHmana6acwpo
MOMWansod 3XXCK B beccj u €TVIOB MXbBXBE WOHCIA3bLOOU N . .
akiHCBodMkiaO'on — Bunionomucon owsocewHcs axHcsc-axl/aMo>\

rO3 y~xcxse anHseoitnnaHon co |

Badanxuou xxnexcc axHCBOdniratfa c4 ) 1
amoc MoMbINXBAXaouolo B uxkas xxnerxireiatf <usonxoncon z . .
MBUXMBAX3 nrkBoccj x Bxoixdu ca»>g o R 1
MMHansaumMuB am«<iuauuBdc(j L * +
ooioiocd xnHcoxjodu amHaHunounng co * *
kniogcdcRd uuitotoun x xu-atfon nuncwcCy - omiH8wndu w 3pg omiHBWHdu uunsas
miatrow KiaoBHbadonnioduaM auodiHO> <0 . .
A4 S03BUKC XAMUYMBHBN Bxualo n . .
xiacu'go xoHiatocd XBfcxxBdj BH uusona/l axme” se y . *
xtratfon MMMBOTCO ojomquenrm ojowaaeoxeBd cab3B” co * .
BHXxowd ojoooiacuu axHBaodxi/atfow cy . .

o
ae Moo
— o oE

-
RN

oo )
-

[SEIIZ I N
wWoON @ U

31



FOCT P 56449—2015

txtiHeraodoxaan
tmogcdccd nanaxecsxomn uxooHiiailaD'aduoBH xaioed n MXXictuctfv

cidouoHBdi n Rdogs xuiw o XXAIMX30HXH350M U XBUMUXTCAX3 O
HUH3Nax HMHRSodHi/affon nncaaxau3 3 anHCcBOC<WON3M aaHXx3amaod

iiXMcaodnuocow aoiBxmXcad cumsmB n unnccuuclicupg

Becax xnsafucua nhwgotf BFHCBodHuat7oyj

BOX3BUMW XraH4YMonA cu eHBxaH mingot) BHUBBodiuxatfon

Nx30MaBXHWONN NOKMOO NMXTXHIUWOUN MounosH nnacouw

axcHEaodHuaPDR aoHHoulMuronnoxoEsaon

onwcoodnuatJon sommounliur.onnox

Odj omicnodnuopoi'i

0OJ xciroBi.3 o c»no(nd HUMab3x xabn

nunx~Axynungd noxsabuxxOawcxam ennKoodnuaDovj

NXbBXBC UOHMBX'x30BOMA'O
MoMXx3anBo3a axxcx ¢ ‘ecex u ntfoa rabexse KOuVadanoou
aMHBaodHuatfon - knmax3uaB*oB 0xooocBxopos omtEaodnuaeow

rO3 uskexec OHHBBodiiuat'oi'i

aodswmxou nxbuxnc OHHBaodiuiscow

anon NOMMMUXEBX30MOX0 a UXXa3 NMNBCUNKXBC YXI0UXCOUCOS
MCMKBBXS IMTIBOCCX X CXOXHAU XOh*

1MHoMaMMuB aiBu'auaui.Bdcu

BOxanscd xnucoHiadu anmamuowupg

uxiogcdccd nndoxoxx x n-xaCox4 nunexjb Cv

xutatfOR Hiaoam”adOBHxoduaM anodxHo»

Af soasusc XT'YHBMBLEH BXMano

nx3srxao Hoxuaroed XBmiHcdi Bu nnsouns/l annsesp

XxL'sffoxi MNHHOX203 OXONYMBNBM OXOH3ABOHBEN XBXOX3J

BH/OHXgh OIOBOX3BUU BUMEBOANUBCOI

—
|-

|

=y

=

S

)

©

[

[} i A > h
s

3

X / r8
2

=)

S / Ll
o at ¢
E— w 3

w
N

>
A

o

3

OMKHAHUIN N33

ONIVHOH<IM 133

MepBuyYHbIe METOfpI

13B/IEYEHMS
(MozenvpoBaHve
MCTOLLEHUSA)

Vs

ounMHAMUCbx nn3s

oVInHgmndu nnss

O v gu w ew

I8



Mpogomkexne Tabnmupi 1

FOCT P 56449—2015

uxxatfKodoissN

nxiogedccd namekBcBxan xiaoHHauotfaduoau ia*3cd W BUNBNAT Y & M M 1
Bidauaxedi n BBoga T a 3 <nmoawxdanc.j M XBMUXBEX3 a

Buxabak utixcaadiiuaeon nnBnakana a auHBBOEBMCW 3N aoXxiaeweop c M M 1

UHHcoodxua&'an noici4u.<cad cnucke u sullBcums/icxa g} . . 1

boccj xnBarwBua Xbl4o0B aHHceodXkratfoft 82 1 . 1

aoiacuu xmnuoi,( cn BUBKan Xbl4f0» auHBBo4xna&a) 1 | 1

kiioonaEtoxxadu xonviautf/xiaoioMdau xomunosaP xiratfaw & OTME@TKMW UN33 ommewndu Uirc>3 1

auHcBoaumBii'on aonnoxJixconnoxoO'Basy o> | . 1

axmcBoiinmaPoH soHmounucounkioy @ 1 | 1

UdJ axMeoodxirattoft I . N 1

3j xeuoaia u BBuowd xuHaba! nang © 1 . 1

xxftBdiQirx® uowsbundaiorkiax anwcoodKi/alfo(\ W 1 1

nxmrxse noumanadaowtfo
MOMIWaNA03 IKXCK B bccj u €T/IOB MXbBXBE MOHCISIaboou M . . 1
oumcsollxnaO'on — buunwonoOcomn cmosocaoHas axHCBOdxi/atfo>\

rO3 u~xcxBe anHBeoilinnaHon co 1 | 1
Bodanxuou xxhcxcc axxcBodxiratfa c 1 1 1
amMoc MOMMXXKBAX30MOX0 B MXKA3 Xunerxnexan <maomxoncon . . 1
MBUXMBSIX3 nnaocBj x Bxoixdu ca»>g O 1 1 1
UMHAM3UMUB aXTYHauuesey  d» . . 1
Boiahocd xnHcoxjodu anHaHunoung co . . 1
kniogcdcRd nuitoon x xu-atfon uuncwcCy - OTMETKWU Unas OHUHAHUAN UNIrc>3 1
miatrow KiaoBHbadonnioduaM auodiHO> <0 . . 1
A/ BO3BUKC XAMUYMUBHBYM BXxualo  1n . . 1
xiacu'go xoHiatocd XBfcxxBdj BH unsaouna/l axme” se y . . 1
xtratfon numBoTco olouuYnMckBM ojowaaeoxeBd cab3B” co 'S * 1
BHxowd ojoooiacuu axHBaodxi/atfo)V . . 1
¢ @ e
o = o 9
© = = o - =
z 9 X © 8 >
S L x 0o ® s
o c S s "o
| 1 s x o 7 = ; x
B s 3 ° = o223
> T I o o g T
- @ o ala
/ 5 2 ° = X o
© o - @ = Fa
2 8 o = © o " =
o > s oS o
S 8 o o ocE
0.
a o = %=
@® 3



FOCT P 56449—2015

mmmwmmmom ¢} ¢
e adoo-Bd aflt/ln mgam&mmwmeo i .
HAvCaOWoM adBRMad adimbnwmarc g, ﬁ N +
s Moerivgdf >Hoohnd gt § . 1
BOAEMNaHOAMG oo mingtl) B RBduefan . 1
naoeoéuamiiaHByMeoaMbuvorveHH ead fg OMAHBIAN&LMI3  owHHenMdu no 3
aMaohdhaoHol avocEsan & . 1
avwoohanawomramx © . 1
Cdj amoodugali— K 3 -
QXAE Ve e © 1
wi¥xwthrocaanwCa@avBrkach D] o 1 1
mmmc‘mmm% 4 .
aMHBaodH A - kBK/BE'tB OCoOBIA
rCovaeec MHBdWD/i N 1 1
axbH Qumiroec BHHaoddaoow 19 . 1
ATVIVMHBADOS WG WTBIUOC YA, 7 . +
MOWHEBATBICXCOHLIET O « 1
wHyamsdBB Bhatu  « ¢ +
BoasdxioHadbanawouyy, © *
MiogrBdroboxxtvetfn mregb@ k- okummamnckt umos  owHHenMdu nio 3
nefORHecamecbcHo Moo D>~ & 3 +
{40, BOSRVEC XSMAVBEH BYE<O * .
nanm HHaod XBniHd saneaslanesn, vV .
Xsfodi WHDGEBOOHBBVGOBFHRAXa0)], 0 . +
BOX oo BHERHEIDN m . +
g
1 S 3
/ rs 1 58

CkoHuaHve Tabnuubi I 1

w
S



FOCT P 56449—2015

Buénuorpadgusn
[1] PO 153-39.0-047—00 PernameHT No CO34aHN NMOCTOSHHO AECTBYHOLLMX re0s1oro-TEXHOMOMMYECKX Mogeneid He-
(PTAHBIX U Fa30BbIX MECTOPOXAEHNIA

(2] PO 153-39.0-109—01 MeToAnyeckue ykasaHus no KOMMIEKCUPOBaHUIO N ATAMHOCTYW BbINOHEHUSA reotpr3nyeckmx,
TMAPOAVNHAMUYECKMX N TEOXMMUYECKUX MCCNEA0BaHN HEITAHBIX 1 HedhTerasoBbIX MeCTo-
poXaEeHUI
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