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IINTIAHUPYEMBIE PE3YJIbTATbBI OCBOEHUS
21.04.01 Hedrerasosoe nesno

OOII «Pa3padoTka u 3KcIIyaTanus HeTAHBIX M Ta30BbIX MeCTOP OK/AeH Ui

Koxa
KOMIIETeHIIMHU

HaumeHoBaHHe KOMIIETEHIIUH

yHHBepcaJ’lebIe KOMIICTCHIUHU

YK(Y)-1

CnocoOHOCTh OCYIIECTBIISITH TIOMCK, KPUTHYECKUH aHAIM3 MPOOJIEMHBIX
CUTyallud Ha OCHOBE CHCTEMHOI'O TOJXOJa, BBIPAOATHIBATH CTPATETHIO
NeUCcTBUHI

YK(Y)-2

CriocoOHOCTB YHOPaBJIATE IPOCKTOM Ha BCECX dTallaX €r0 XKUSHCHHOI'O NMKJIa

YK(Y)-3

CrocoOHOCTh ~ OpPraHM30BBIBATH M PYKOBOAMTH pabOTOHl  KOMaH/PbI,
BBIPa0aThIBas KOMAH/IHYIO CTPATETHIO JUIsl JOCTHIKEHUSI TOCTaBJICHHOM IeIH

YK(Y)-4

CrocoOHOCTh MTPUMEHSTH COBPEMEHHBIC KOMMYHHKATHBHBIC TEXHOJIOTHH, B
TOM 4YHCJIE HAa HWHOCTPAaHHOM(BIX) S3bIKe(ax), IS aKaJIeMHYECKOTO H
POECCHOHAIBHOTO B3aUMOJICHCTBUS

YK(Y)-5

CnocoOHOCTh aHATM3UPOBATh M YUUTHIBATH Pa3HOOOpa3ue KyIbTyp B
MIPOIIECCE MEKKYJIBTYPHOTO B3aUMOICHCTBHS

YK(Y)-6

CriocoOHOCTE OnpeaAcCiIITb U PCAIM30BbLIBATH IIPUOPHUTCTLI COOCTBEHHOM
JACATCIIBHOCTH 1 CITIOCOOEI e¢ COBCPLICHCTBOBAHHA Ha OCHOBC CAMOOIICHKHA

OomenpodeccuoHATIbHbIE KOMIIETCHIMHU

OIIK(Y)-1

CriocoOHOCTh pemiath MPOU3BOJACTBEHHBIE M (WMJIM) HCCIIEIOBATEIbCKHE
3a1a4M Ha OCHOBE (PYHJAaMECHTAJILHBIX 3HAHUH B HE)TEra3oBoi 00JacTu

OIIK(Y)-2

CriocobeH OCyLIeCTBIATh IMPOEKTUPOBAHHE OOBEKTOB He(TErazoBoro
IIPOU3BOJICTBA

OIIK(Y)-3

CriocoObHOCTh  pa3pabaThiBaTh  HAYYHO-TEXHHUYECKYIO, MPOEKTHYIO U
CIIyKeOHYI0 JOKyMEHTalMo, O(GOpMIISATh HAYyYHO-TEXHHUYECKHUE OTYETHI,
0030pbl, MyOIHMKaLUKU, pelIeH3UU

OIK(Y)-4

CnocoOHOCTh HAaXOJUTh U INepepadaTbiBaTh HHPOPMAIHIO, TPEOyEeMYIO IS
INPUHITHS PpELIEHUH B HAy4YHBIX MCCIENOBAHUAX M B IPAKTHYECKON
TEXHUUYECKOH J1eTeIbHOCTH

OIIK(Y)-5

CriocoOHOCTh OLIEHMBAaTh pPE3yJIbTaThl HAYYHO-TEXHMUYECKHX pa3palboToK,
HAay4yHBIX UCCIIEJOBAaHMH U  OOOCHOBBIBATH  COOCTBEHHBIM  BBIOOP,
cUcTeMaTH3Upys M 0000Ias JOCTM)KEHUS B HeTera3oBoi oOTpaciud u
CMEXHBIX 00J1aCTsIX

OIIK(Y)-6

CriocoOHOCTh y4acTBOBaTh B peajM3allMd OCHOBHBIX U JIOTIOJIHUTEIbHBIX
npodeccuoHanbHbIX 00pa30BaTEIbHBIX IPOrPaMM, UCIIONb3Ys ClIEUATbHbIE
Hay4HbIe U IPOeCCHOHATIbHBIC 3HAHUS

IIpodeccnonaibHbIE KOMIIETEHIUH

MK(Y)-1

CnocobeH pa3pabaThiBaTh METOJUYECKOE OOECIeueHUe sl MEePBUYHON U
MEePUOINYECKOW TIOATOTOBKM M AaTTECTallud CIEIUAIUCTOB B 00JIacTH
JIOOBIYN YTIIEBOJOPOIHOTO ChIPhsI

MK(Y)-2

CriocobeH aHaM3upoBaTh U 00001aTh TaHHBIE 0 paboTe
TEXHOJIOTUIECKOTO 000pYIOBaHHSI, OCYIIECTBIISITH KOHTPOJIb, TEXHHUECKOE
COIIPOBO’KJICHHE M YIPABJICHNUE TEXHOJIOTMYECKHUMHU MPOIIecCaMH JOOBIYH
YTJIEBOJIOPOAHOTO CHIPbS

MK(Y)-3

Criocoben oueHuBaTh 3PPEeKTUBHOCTh MHHOBAIMOHHBIX TE€XHOJIOTHYECKUX
pPELIEHU B MPOLECCe BBINOIHEHUS MPOU3BOJICTBEHHBIX IOKa3aTelIed MpH
pa3paboTKe M OKCIUTyaTallMd HEQPTSIHBIX U Ta30BBIX MECTOPOXKACHUMN
YTIEBOJIOPOAHOIO CHIPBS

MK (Y)-4

Criocoben obecrieunBath 6€30nacHyo 1 3((HEKTUBHYIO HKCIUTyaTaluio |
paboTy TEXHOJOTHYECKOTO 000pYyM0BaHMs HeTEra3oBOM OTpacin




MK(Y)-5

Cnocoben y4aCTBOBATH B  YIHNPABJICHUU TCXHOJOTHMYCCKMMU KOMIIJICKCAMU,
IIPUHUMATh PCIICHUA B YCIIOBUAX HEOMIPEACICHHOCTHU

MK(Y)-6

Crioco0OeH MPUMEHSITH MOJyYSHHbBIE 3HAHUS [T pa3paOOTKY U peaTr3aliu
MPOEKTOB M HAyYHO-MCCIIEI0BATENHCKIX PA0OT PAa3IMIHBIX MPOIECCOB
MIPOM3BOACTBEHHON NEATENIFHOCTH Ha OCHOBE METOAVKH MMPOSKTHUPOBAHNUS B
He()TEera30BOM OTPACIIH, a TAK)KE HHCTPYKTHBHO-HOPMAaTUBHBIX IOKyMEHTOB

MK(Y)-7

Crioco0eH MPUMEHSITh COBPEMEHHBIE TPOrPAMMHBIE KOMIUICKCHI JJISI HAYYHO-
UCCIIEIOBATEIIbCKUX Pa0OT M TPOCKTUPOBAHUS TEXHUYECKUX YCTPOWCTB,
anmnapaTroB ¥ MEXaHU3MOB, TEXHOJOTUYECKHX MPOIECCOB B COOTBETCTBUU C
BBIOpaHHOU chepoit mpodeccnoHaIbHOM IS TEIIBHOCTH
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Hanpasnenue noarorosku 21.04.01 Hedrerasosoe neno

OOII Pa3paboTka 1 sKcIIyatanys HeQTIHBIX M Ira30BbIX MECTOPOXKICHUI
Otnenenre mKoiasl OTaeneHue HeTerazoBoro gena

YTBEPXAIO:
PykoBonurens OOII
U.A. MenbHuK
(IMommuce)  (Mara) (®HO)
3AJAHUE
HA BbINOJIHEHHE BbINYCKHON KBAJIN(PUKAIMOHHOH padoThI
OOyuarommiics:
I'pynna DUO
2bM15 benoa Exarepuna OneroBna

Tema paboThI:

Kom0unnpoBanHasi cucremMa pa3paéoTKi HAa OCHOBE Y4ACTKA ONBITHO-NMIPOMBIIIEHHBIX
padoT razokoneHcaTnoro mecroposxienusi (SIHAO)

YTBepKJCHA MPUKA30M JUPEKTOPa (J1aTa, HOMEP) | Ne100-28/c ot 10.04.2023
‘ Cpok craun 00y4aronMmMcst BHITOJTHEHHOW paboThI: ‘ 23.06.2023
TEXHUYECKOE 3AJIAHHUE:
Hcxonnbie naHHbIe K padoTe ['eonoruueckoe onucanue U  rpaduueckuit
MaTepuanl 1O MECTOPOXKIEHUI0 X, TEKCThl U
rpaduueckue MaTepuaibl MIPOEKTHBIX

JIOKYMEHTOB, OTEYECTBEHHass M 3apyOekHas
JauTepaTypa, CTaTbu IO  paccMaTpuBacMou
TEMAaTHUKe.

Ilepeyens pa3nesioB NOSICHUTENbHOH | Pusnueckoe COCTOSIHUE u MIOBEICHNE
3aNMCKH MOJJIEKAIMX MCCJIEJ0BAHUIO, | QUIbTpalMKM Ta30BOr0 KOHAEHCaTa B IUIACTE.
NPOCKTHPOBAHHUIO  Pa3padoTKe OcnoxHeHMsl, CBA3aHHBIE C HaAJUYMEM CJ1abo
KOHCOJIUAUPOBAHHBIX TOPHBIX MOPOJ. OCHOBHBIE
TUIIBl KOHCTPYKIUI CKBAa)KUH, IPUMEHSEMbIX Ha
MectopoxkaeHnn X. CHcCTeMbl pa3MelleHus

CKBaXUH 1o IJI0IAAU ra30HOCHOCTH
MECTOPOKIACHUN IPUPOIHBIX ra3os.
TexHomornueckuit peXKUM JKCILTyaTaluu

ra3oBbIX CKBaXXUH. OCOOEHHOCTH Pa3pabOTKU U
AKCILTyaTallii MHOTOILJIACTOBBIX T'a30BbIX




MecTopokaeHu. OcoOeHHOCTH pa3paboOTKu U
AKCILTyaTaluu ra30KOH/ICHCATHBIX
MECTOPOXKIACHUM. Kommonenrornaua
MECTOPOXKICHHUM MPUPOJHBIX Ta30B U METOJbI €€
yBenuueHusi. OOOCHOBaHHME TEXHOJIOTHYECKOTO
pellleHuss IO BHEAPEHUI0 KOMOMHHPOBAHHOU
CUCTEMBl  pa3pabOTKM  Ta30KOHJEHCATHOI'O
MectopoxkaeHus X B ycioBuax Kpaiinero
Cesepa.

Ilepeuenb rpaguyeckoro Mmarepuasa

1. JloObIua ra3a 1mo AByM BapHaHTaM pa3pabOTKH.
2. JloOblya KOHJEHCaTa TO JBYM BapHaHTaM
pa3paboTKH.

3. Hakorennast 1o0bI4a rasa 1o JByM BapuaHTaM
pa3paboTKH.

4. HakoruienHast noObl4a KOHJEHCATa IO JIBYM
BapHaHTaM pa3padOTKH.

5. OOBOIHEHHOCTh M OTHOUICHHWE BOJA/Ta3 IO
JIBYM BapuaHTaM pa3pabOTKH.

KOHchIbTaHTbI 1o pasaejiam Bbll'lyCKHOﬁ KBaJ’II/I(l)I/IKaIII/IOHHOﬁ paﬁoTI)I

Pa3nen

KoncyabTant

U pecypcochOepekeHne

DUHAHCOBBIN MEHEKMEHT, pecypcodd(HeKTHBHOCTh

HuOynpaukoBa M.P., noueHr, k.r.H.

ConmanpHas OTBETCTBEHHOCTD

Ceunn A.A., IOLEHT, K.T.H.

Pasznen Ha HHOCTPAHHOM A3bIKC

boncynosckas JI.M., noneHt, k..M.

HasBanus pa3iaejoB, KOTOPbIC TOJKHBI ObITh HAMIKCAHBI HA HHOCTPAHHOM fI3bIKE:

2 Cucrema KOMOMHMpPOBAaHHOW pa3pabOTKM U KOMIIOHEHTOOT/aya Ta30KOHJACHCATHBIX

MECTOPOKIACHUN
JlaTa BbI1auM 32JaHUSA HA BBINOJTHEHHE BBINTYCKHOM 12.04.2023
KBAJTH(UKAIMOHHOMH padoThI N0 JHHEHHOMY rpaduky o
3agaHue Bb11aJ PYKOBOAUTEIb!
JoskHocTh [)5(0] yqe“:l:lar;le:eﬂb’ Moanuch JlaTa
Marsees 1Ban
Houent OHJL K.(.-M.H. 12.04.2023
BacunbeBuu
3asaHue NPUHSAJ K MCIIOJHEHUIO 00yYarOMCs:
I'pynna [0)7(0] Honnuch Jara
2BbM15 benosa Exarepuna OnerosHa 12.04.2023
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OTI[CHCHI/IC IIKOJIBI OTI[CHCHI/IC Hed)Tera3030r0 AcJ1a

Hepﬂoz[ BBIITIOJIHCHU A

BecenHui cemectp 2022/2023 yyebHOro roma

KAJIEHJAPHBIN PEUTUHI -TIJIAH
BbINIOJIHEHHUS BBITYCKHOH KBaJIN(UKALUOHHOI padoThl

OO6yuarouuiics:
I'pynna DUO
2bM15 benosa Exarepuna OneroBHa

Tema paboThI:

padoT razokonieHcaTHoro Mmecropo:kaenus (SIHAO)

KomOuHnpoBanHasi cucremMa pa3padoTKH HA OCHOBE Y4ACTKA ONBITHO-IIPOMBIILIEHHBIX

| Cpok criaun 0GydaroIMMCs BHITOTHEHHOH PaGOTHI: |

24.06.2023

Jara Ha3sBaHnue pa3gena (moay.as) / Mﬁalcchaanuﬁ
KOHTPOJISI BHUJ paboThI (MCCIe0BAHMS) 4JL1 pasiena
(moayist)
24.04.2023 1 OcuHOBLI Y TIPUHIUIEL Pa3pabOTKU Ta30KOHICHCATHBIX 3AJICXKEH B YCIOBHUAIX 15
Kpaiinero Cesepa
04.05.2023 2  Cucrema I(OM6I/IHI/IpOBaHHOI/IV pa3pabOTKM W  KOMITOHEHTOOTIada 20
ra30KOH/ICHCATHBIX MECTOPOKICHUI
3 OOGocHOBaHHE  TEXHOJOTMYECKOTO  PpEIIEHHS MO0  BHEAPEHHIO
22.05.2023 KOMOUHHPOBAHHOM CHUCTEMBI pa3paboTku ra30KOHICHCATHOTO 30
MECTOPOXK/JICHHUS X B YCIIOBHUIX KpalHEro cesepa
31.05.2023 4 ®uHAHCOBBIN MEHEKMEHT, pecypco3dheKTHBHOCTh U pecypcocOepekeHre 15
05.06.2023 5 ConmasibHasi OTBETCTBEHHOCTh 10
12.06.2023 C_ombmed development system and component recovery of gas condensate 10
fields
COCTABWLI:
Pykosoauresr BKP
JloKHOCTH DdPUO yqe"::af;znem" IToanuch JaTa
Jonent OHJI MarseeB Ban BacuinbeBnu K.(].-M.H. 12.04.2023
COI'JTACOBAHO:
PykoBoauresas OOII
JloJIzKHOCTD (07 (0] yqe"::af;znem" Moanuch Jara
[Tpodeccop OHJI | Menpauk Mropr AHaTONIEEBUY J.T-M.H 12.04.2023
Ooyuaromuiics
I'pynna DdPUO IMoanuch JlaTa
2BbM15 benosa Exarepuna OnerosHa 12.04.2023
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PE®EPAT

BoinyckHasi kpajgupukanuoHHas padora conepxut 144 ctpaHuilbl, B TOM
yucie 27 puUcyHKoB, 25 Tabmun. CHnucok nuTeparypbl BKIOYaeT 54 MCTOYHHKA
uHdopmarmu. PaboTa conepxut 3 npuiokeHusl.

KiroueBbie cjaoBa: KOMOHMHHMpOBaHHAas cuctemMa  pa3paloTKH,
bonbliexerckas BHaJWHA, Ta30KOHJIEHCATHOE MECTOPOXKIEHUE, TOPU30HTAIbHbIE
CKBOKHUHBI, MHOr03a00iHbIE CKBAXKUHBI, MHOTOCTAJUNUHBIN TUIPABINYECKUN
pa3pbIB MIIACTa, THIPOAMHAMUYECKOE MOACIMPOBAHNE, KOA(PPUIIMEHTHI 3BIICUCHUS
ra3za 1 KOHJI€HCara.

O0beKkTOM MHCCJIeIOBAHMS SIBIIIETCS TpYIIAa IUJIACTOB HUYKHEMEJIOBBIX
otnoxxeHur bTo.11 ra30KOHAEHCATHOTO MECTOPOKACHUS X.

IIpenmeTrom mcciaen0BaHUs SIBISIIOTCS  T€OJIOTMUECKHE OCOOCHHOCTH
CTPOCHHUS 3aJleKel, NPHUBOJAIIME K HEPAaBHOMEPHOMY BBITECHEHHMIO Ta3a H
KOHJIeHCcaTa Ha mectopoxkaeHun Kpaiinero Cesepa.

Heanb uccienoBanusi — moBbilieHUe KOA(D(UIIMEHTOB W3BICUCHHS Ta3a |
KOHJIGHCATa 3a CYeT pOoCTa IUIOIIAAU JPEHUPOBAHUS CKBAXUH C IOMOILBIO
MPUMEHEHUsT KOMOMHHPOBAHHOW CHCTEMbI pPa3pabOTKM Ha Ta30KOHIACHCATHOM
mectopoxkaeanu X AHAO.

B npouecce ncciegoBanusi ObUM TOAPOOHO PACCMOTPEHBI FEOJIOTUUYECKHE
OCOOEHHOCTH Pa3pabOTKU Ta30KOHJACHCATHBIX MECTOPOXKIECHUNW B  YCIOBUSX
Kpaiinero Ceepa. IlpencraBineHa xapakTepuCTHKa KOMOMHMPOBAHHOM CHUCTEMBI
pa3pabOTKH U €€ OCHOBHBIX KOMITOHEHTOB. [locTpoeHa ruiponnHaMudecKkas Mojaeb
oobekta bTip.;1 € mNpuMeHeHHMEM KOMOMHUPOBAHHOW CHUCTEMBI pPa3padOTKH
MECTOPOXKICHHUSI U MPOBEACHBI pPacueTbl 3KOHOMHUYECKOM 3(P(HEKTUBHOCTH
BHEJIPEHUS pACCMATPUBAEMOIO TEXHOJIOTMYECKOTO PEIICHUSI.

B pe3yabrare ucciief0BAHMS BBIABICH MOJOXKUTENbHBIA 3PPEKT oT
BHEJPEHUS TMPENJIOKEHHOTO BapuaHTa CHUCTEMbl pa3pabOTKU B  YCIOBHSIX
ra30KOHJIEHCATHOTO MecTopoxkaeHus X Amano-Henenukoro aBToHOMHOTO OKpyra.

ObaacTei0 npuMeHeHusi  siBisieTcs  oObekT  pa3pabotku BT

Ta30KOHACHCATHOTI'O MCCTOPOKACHUA X.



JKkoHOMUYecKas IPPeKTUBHOCTH PadOTHI 3aKIIOYACTCS B JOCTHXKEHUU
MaKCUMAaJIbHO BO3MOXKHBIX 3HAYCHU I HaKOTUICHHOW JOOBIUY T'a3a U KOHIeHCcaTa MpH
MUHHUMAJIbHBIX YKOHOMUYECKHUX 3aTpaTax.

B Oynymem 1uiaHupyeTcsi ajanTauys IPEAJIaraéMoro IMpPOEKTHOTO

TEXHOJIOTUYECKOTO PEIICHUS C JATBHEUIIUM BHEIPEHUEM Ha OOBEKTE pa3pabOTKH.
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BBEJAEHUE

Ha coBpemenHoM »Tame pa3BuTusi HePTEra3oBOl MPOMBIIUIEHHOCTH
«TPATUIIIOHHBIC 3anachl YIJIEBOJIOPOJIOB MCTOIAOTCS, a JOJISA
TPYOHOU3BIIEKAEMBIX 3aIlaCOB KPAaTHO PACTET C KaXJbIM TOJOM. 3aJie’KH 3aIlacos,
KOTOpbIE  OONamaloT HU3KUMH  (UIBTPANIMOHHO-EMKOCTHBIMA  CBOWMCTBaMH,
TEKTOHUYECKUMHU HApyUIEHUSIMH, BBICOKUMU 3HAUYECHUSIMU BS3KOCTH W IUIOTHOCTH
GIIOUA0B U PAIOM IpYruX (PaKkTOpOB, MPUHATO CUUTATH TPYIHOU3BICKACMBIMH.

BcenencrBue 3TOro BO3HHUKAET HEOOXOAMMOCTh B HM3MEHEHMHM MOJXOAa K
MIPOCKTUPOBAHUIO CUCTEM pa3pabdOTKH, Korja Hauboyiee BCTpeYaeMble Cilydau
TEPAIOT CBOK NPUMEHHMOCTh B YCJIOBHUSX MHOIOIUIACTOBBIX, CBOAOBBIX
Tra30KOHJIEHCATHBIX 3ajiexeld. OJHUM M3 TaKUX MOAXOMOB SIBISETCS MPUMEHEHHE
KOMOWHUPOBAaHHBIX ~ CHUCTEM  pa3pabOTKH, KOTOPBIE  XapaKTEPU3YIOTCS
OJTHOBPEMEHHBIM MCIOJIb30BAHUEM PA3TUYHBIX KOHCTPYKIUM CKBAXKUH U CXEMBbI UX
pa3MeneHusI.

l'azokoHmeHcatHoe MecTopoxaeHne X Smano-HeHenkoro aBTOHOMHOIO
OKpyra pacroyioxkeHo B mpezaenax bosbiiexeTckoil BraauHbl. OCHOBHBIE OOBEKTHI
paszpabotku — rpynmnbl miactoB bTsg, BTio.11, T2 — mpencraBnensr miactoBo-
CBOJIOBBIMM 3QJICKaMH, CJIOKEHHBIMU TEPPUTECHHO-TIOPOBBIMU KOJUIEKTOPAMHU C
BBICOKMMU 3HAYEHUSIMU TTPOHUIIAEMOCTH.

AKTYaJIbHOCTH HCCJIeJOBAHUS. I'eonornyeckue O0COOEHHOCTHU
MPOIYKTUBHBIX OOBEKTOB PACCMATPUBAEMOTO MECTOPOXKICHUS SIBJISIOTCSI BaXKHBIM
(bakTopoM, KOTOPBIM 3HAUYMTEIHHO BIWSAET HA TMPUHATHE PEIICHUN MPU BhIOOpE
MaKCUMaJIbHO 3((GEKTUBHOTO U HSKOHOMUYECKH I1€JIeCO00pa3HOr0 BapuaHTa
pa3paboTku. BBuay HEOIHOPOTHOCTH CBOMCTB IUIACTOB W HEIOCTATOUYHOMU
U3YYCHHOCTH pa3ioMOB W pPHUGPTOB, PpACIOIOKEHHBIX B palioHe padoT,
OCJIOXKHSIOITUX JT0OBIUY YTJIEBOJAOPOAOB, IVIABHOM 3ajauel SIBJISAECTCS yBEJIUUYCHUE
M3BJICKAEMbIX 3a1aCOB 3a CUET POCTA IJIOIAIU IPSHUPOBAHUS CKBAYKHH C TTIOMOIIBIO
MPUMEHEHUSI KOMOMHUPOBAHHOM CHUCTEMBI pa3pabOTKU MECTOPOKICHHIA.

B nporuiecce uccnenoBanus ObU1 TPOBEIEH OTOOP TEKCTOBOTO U rpaduyecKoro

Marcpualia, IMpoaHaJIM3nPOBaHbI TEXHOJIOTUYECKUM PEIIIaMCHT MCCTOPOKACHUS X,
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a TaKKe TEXHOJIOTHsl KOMOMHUPOBAHHOW CUCTEMBI Pa3pabOTKK U METOIbI OLICHKH €€
(b (HEKTUBHOCTH, MOCTPOCHBI YIPOIICHHBIE T€OIOTUYECKast U THAPOJUHAMUYECKAs
MOJIeTT OOBEKTA UCCIICTOBAHUS.

B pesynbrare uccnenoBaHusi Becb OTOOpaHHBIN MaTepualn ObLT MOABEPTHYT
aHanu3y, uHpopmamms ObUTa TIpEeNCTaBlieHa B TEKCTOBOM U TpaduyuecKoM
ucrnonHeHud. Ha ocHoBe ruapoaMHAMUYECKOW MOJEIN MECTOPOXKICHHUS Oblia
cpaBHeHa 3(PPEKTUBHOCTh KOMOMHHUPOBAHHOM CHUCTEMBI Pa3pabOTKH C CHUCTEMOI,
BKJIFOUYAIOIIEH HAKIIOHHO-HAPABJICHHBIE CKBAYKUHBI.

O0beKkTOM MHCC/IeIOBAHMS SIBIIIETCS TpYIIAa IUJIACTOB HUYKHEMEJIOBBIX
oTnokeHUU bT .11 Fra30KOHAEHCATHOIO MECTOPOKACHUS X.

IIpeameToM wucCCIeNOBAHUS SIBJISIOTCS TEOJOTUYECKHE OCOOCHHOCTH
CTPOCHHMS 3aJIekKEU, IPUBOMIIIME K HEPABHOMEPHOMY BBITECHEHHUIO ras3a |
KOHJIeHCcaTa Ha mectopoxkaeHnn Kpaiinero Cesepa.

Henabro BBITYCKHOM KBadU(UKALMOHHON pa0OThl SBIIAETCS MOBBIIICHHUE
K03(GUIIMEHTOB M3BJICUCHMUs] Ta3a M KOHJAEHCATa 3a CYET pocCTa IUIOMIAIH
JIPEHUPOBAHUS CKBAKUH C TOMOIIBI0O MPUMEHEHUS KOMOWHHUPOBAHHOW CHUCTEMBbI
pa3paboTKH Ha ra30KOHIeHCaTHOM MecTopoxkaeHun X AHAO.

JInst TOCTHKEHUS 11U TTOCTABIICHBI CIIEYIONIUE 3aauH:

1. BBIJICJIUTh OCHOBHI W TPUHIMUIIBI Pa3pabOTKH Ta30KOHJEHCATHBIX
3anexei B ycnoBusx Kpaiinero Cesepa,

2. JaTh XapaKTEPUCTUKY KOMOMHUPOBAHHOW CHUCTEME pa3pabOTKU U ee
OCHOBHBIM KOMIIOHEHTaM,;

3. 000CHOBaTh  I11€71€CO00PA3HOCTh TMPUMEHEHUS KOMOMHHPOBAHHOM
CACTEMBbl Ha Ta30KOHJAEHCATHOM MecTtopoxacHun X  Smano-Henerkoro
ABTOHOMHOTO OKpPYTa;

4. BBITIOJIHUTh PAacyeThl HA PEAJTbHOM THUAPOAMHAMHUYECKOW MOJEn
oobekta bTio.;1 ¢ npumeHeHMeM KOMOWHHUPOBAHHOM CHCTEMBI pa3pabOTKH
MECTOPOXKICHUS;

5. JaThb  OIEHKY  JKOHOMHUYECKOM  3((EKTUBHOCTH  BHEIPEHUS

paccMaTpruBacMOro TCXHOJIOIMICCKOI0 PCUICHM.
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OcHOBHBIE N0JIOKEHNS, BBIHOCUMbIC HA 3aIIHUTY:

l. [IpumeHeHne KOMOWHUPOBAHHOW CHUCTEMBbI Pa3pabOTKH MO3BOJISIET
JOCTUYb HAWOOJBUIEH IUIOAAM JPEHUPOBAHUS CKBAXXWH W MOBBIIIEHUS
k023 dUIIMEeHTa U3BJICUEHUS T'a3a U KOHJICHCaTa.

2. BHenpeHnne onTUMalbHOTO BapHaHTa pa3paOOTKU MO3BOJHUT JOCTUYD
MaKCHMAJbHBIX 3HAYEHUM HAKOIUIEHHOM m00bYM Traza — 55,51 mupa. cr. M,
KoHaeHcara — 2358,44 TwIC. T.

Hayynasi HOBHM3Ha [UCCEPTAMOHHOIO WCCIEAOBAHUS 3aKIIOYAETCA B
IpEIara€MoOM TEXHOJOTUYECKOM pEIIeHHH O NPUMEHEHWH KOMOWHHUPOBAHHOMN
CUCTEMBI pa3pabO0TKU Ha Ia30KOHJEHCATHOM MECTOPOXKIECHUH X, CIOCOOCTBYIOLIEH
JOCTUYb MAaKCUMAaJbHBIX 3HAYEHUI HAKOIUICHHBIX IOKa3arened A0ObluM rasza u
KOHJEHCAaTa [P MUHUMAaJIbHBIX 3KOHOMUYECKUX 3aTpaTax.

Metoabl, MCTIOJIB30BAHHBIE B padoTe

[Ipn HanmMcaHWM MarucTEpPCKOM BBIMTYCKHOW KBAIM(PUKAIMOHHOW pPabOThI
ObUIM HMCHOJb30BaHbl TEXHOJOTHYECKas cxema pa3pabOoTKu Ta30KOHJEHCATHOIO
MECTOpOXKAEeHHST X, OILIEHKAa 53KOHOMHYECKOW A(P(EKTUBHOCTH pa3pabOTKU
MecTopoXxaeHHs X Oblia BBIIIOJHEHA B cOOTBETCTBUU C «[IpaBmiamMu moaroroBku
TEXHUYECKUX MPOEKTOB pa3pabOTKW MECTOPOXKIACHUN YIIEBOAOPOIHOTO ChHIPHS»,
YTBEPXKIAEHHBIMUA ITpukazoM Munnpuponsl Poccum ot 20.09.2019 Ne 639 un
20.11.2020 Ne772.

ObsacTbi0 TNpUMeHeHHMsI  sABIsSIeTCS  00bEeKT  pa3pabotrku  bBTo
ra30KOHJEHCATHOTO MECTOPOXKACHUS X.

JInuHblii BKJIAA aBTOpAa BBITYCKHOW KBAIU(DUKAIMOHHOW  PabOTHI
3aKJII0YaeTcsl B aHallM3€ M CHUCTEMaTu3alMM JaHHbIX. [IpoBeneHue pacueroB
THAPOIMHAMUYECKON MOJIENH C TOCIAEAYIONmEed OIEeHKOH A(h(EKTUBHOCTH
BHEJPSIEMOTO BapuaHTa pa3pabOTKU C MPUMEHEHUEM KOMOMHUPOBAHHON CUCTEMOM.

IIpakTH4yeckasi 3HAYUMOCTb PadOTHI: HA OCHOBE TEXHUKO-3KOHOMHUYECKUX
pacyeToB JOKa3aHO, YTO BHEAPEHHUE IMpeljaraéMoil CHUCTeMbl pa3pabdOTKHU AJis
YCJIOBUH Ta30KOHAEHCATHOTO MecTopoxkaeHus X Amano-HeHnenkoro aBTOHOMHOTO

OKpyTa sABJsETCS 3PPEKTUBHBIM U PEHTAOCIBHBIM PEIICHUEM.
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OINPEJAEJIEHHUSA, OBO3ZHAYEHNUSA, COKPAILIEHUSA
I'BK — ra3oBoagHON KOHTAKT,
I'NC — reodusndeckue UCCIeIOBaHNS CKBAXIH,
I'PII — rugpaBavMyeCcKui pa3phlB IJ1ACTA,
I'C — ropuzoHTanbHast CKBOXXHUHA,
KHUI — ko3 duiueHT n3BiIeUeHUs rasa;
KUK - ko3¢ dunrieHT n3BieueHus: KOHJICHcaTa,
MI'PII — MHOTOCTaAUHBIN THAPABINYECKUN Pa3bIB ILIACTA,;
M3C — mHOr03a00iiHast CKBa)KUHA,
MYH — meroas! yBenuueHus HehTeOTIauu;
HKT — HacOCHO-KOMITPECCOPHBIE TPYOBI;
OIIP — onbITHO-TIPOMBINIITICHHBIE PAaOOTHI,
O®II - otHOCHUTENBHAS (pa30Bast MPOHUIIAEMOCTb;
II3I1 — npu3aboiiHas 30Ha IJIACTa,;
III/I — noanepskanue miacToBOrO JaBJICHUS;

¥YB — yrinesonopoasl.

15



1 OcHOBBI U NPHUHIMIBI Pa3padloTKH Ta30KOHAECHCATHBLIX 3aJiexeil B
ycaousix Kpaiinero Cesepa

1.1 ®usuyeckoe COCTOsIHME M TMOBelAeHUEe (UIBTPALMU Ta30BOro
KOH/IeHCaTa B IjiacTe

@u3nYeCcKoe COCTOSIHUE Ta30BOTO KOHJIEHCAaTa 3aBUCHT OT COCTaBa,
IUTACTOBBIX JaBJieHW W TemmepaTyp. Korma Temmeparypa mjacTa MHpeBBIIIAET
KPUTHUYECKYIO  TEMIIepaTypy, a IIOBEPXHOCTHbIE YCJIOBUS M  YCJIOBHS
TPAaHCHOPTUPOBKM HAXOJATCA 3a Npenaenamu JAByX(}a3HOW 00sacTv, MIIacTOBas
KHUJKOCTh KJIACCU(PUIIMPYETCSI KaK CyXOoM ras.

[InacToBasi >KMIKOCTh paccMaTpuBaeTcs KaK IKUPHBIA Ta3, Korjaa
TEeMIepaTypa IJacTa BBIIIE KPUTHUECKOW W YCIOBUS HA €ro MOBEPXHOCTH
HaxoAsTcsl B AByX(a3Hoi oOnactu. Tekyuas cpea MOXKET MpeNCTaBIsATh COOOM
ra3oBbId KOHJAEHCAT, KOT/a TemIepaTypa IiacTa MPEBBIIIAET KPUTHUECKYIO
TEMIIEpaTypy U MEHbIIEe KpUTHUeCKOoi Touku. Korma Temmeparypa 1uiacta HIKE
KPUTUYECKOH, (DITIOUIOM SIBIIsIETCS HEPTh, KOTOPast MOXKET OBbITh, KaK JIETy4ei, TaK
u Tspkenoi. HedTh comepkut O0mbIIe TSKENBIX YIIIEBOJAOPOIOB, B TO BpeMs Kak
ra30Bble KOHJICHCATHI COACPIKAT OOJIbIIIE MPOMEKYTOUHBIX MPOayKTOB (Cz — Co).
OTH THUIBI JKUAKOCTEN MO-Pa3HOMY HMCIIOJB3YIOTCS MPU aHAIU3E IIACTa, MOITOMY
BaYKHO OIPEIEIUTh PABHIBHBIA THIT )KUIKOCTH HA PAHHHUX CTAAMSIX dKCILTyaTalllu.
[Tpu ompeneneHUM TUNA KHUAKOCTH U €€ KOJMYECTBEHHOM OIICHKE OCHOBHBIM
METO/IOM ABJISIETCS Ta0OPaTOPHBIA aHANIN3, HO HH(OpMaLus 1Mo JoObIYe, TaKas Kak
ra3oBblil (hakTop, IIBET (PIIFOMIa B TJIACTE U MJIOTHOCTD TAKXKE SBJISIOTCS BAXKHBIMU
nokazarensmu [1].

KonuyectBeHHOE coliepkaHre KOHAEHcaTa B IJIACTE 3aBUCUT OT COCTaBa.
Eciu npeobinagaroT BBICOKOMOJIEKYJIpHbIE KOMIOHEHTBI, TO KOJMYECTBa
KOHJICHCaTa MEHbIIe. | a30BbIi KOH/IEHCAT SIBISIETCS YacThIO Ta30BhIX KOJIEKTOPOB
u npuoOperaeT Bce OOJbllee 3HAYEHWE B KAueCTBE MCTOYHUKA DHEPTUU.
Komnektopsl ra3oBoro KoHaeHcaTa 00JagatoT Hanbosee CI0XKHBIM U 3aIlyTAHHBIM
PEXKUMOM TEUYEHHUS. DTOT MCTOUYHMK YIJIEBOJIOPOJOB CBSI3aH C JOOBIUEH Taza u

KHUAKOIrO KOHACHCATa B IIOBCPXHOCTHBLIX YCJIOBUAX. B HCXOJHOM COCTOsSHHHU
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IJIaCTOBAs KUIKOCTh OCTAETCS B BUJIE T'a3a, U KOTJIa IJIACTOBBIEC YCIOBUS HAXOSATCS
MEXIY KpUTHYECKON TOUKON U KPUKOHJEHTEPMOM, 00pa3yeTcst >KUIKUN KOHJIEHCaT.

B onHO(ha3HOM COCTOSIHMM Ta30KOHICHCATHBIHN IJIACT COCTOUT B OCHOBHOM W3
raza, Ho M0 Mepe CHWXECHUS JABJICHUS HIKE TOYKU POCHI KUJIKOCTh HAUYMHAET

BbIITaAaThb M3 ra3oBou (133351 BOJIM3U CTBOJIA CKBAKMHBI, KdK IMTOKa3aHO Ha PUCYHKC

1.1.

Pucynok 1.1 — BeimajieHue >KUIKOCTH B OKOJIOCKBaXHMHHOW 00nacty [1]

KonneHcanus npomokaercs Mpu CHUKCHUU JTABJICHUS 1TOKA HE HAKOMUTCS
MHOTO JKHJKOCTH, BIUIOTH JI0 KPUTHUYECKOTO HACBHIICHUS KOHJCHCATOM.
Pesynprupytomum 3¢ (HeKToM 3TO KOHICHCAIIUH SBISIETCS OTPaHUYCHHE MOTOKA
ras3a, 4T0 MPUBOJUT K HU3KOW MPOU3BOAMTEIBHOCTH Ta3a M HU3KOMY H3BJICUCHUIO
KoHzeHcaTa. CTeneHb CHIKEHHS Ta30IIPOHHUIIAEMOCTH B O0JIACTH CTBOJIA CKBAKUHBI
3aBUCUT OT TMIOBEACHUS JKUAKOW a3kl M XapaKTEPUCTHK OTHOCHUTEIHHOU
pOHMIIaeMOCTH [2].

Tum pesepByapa 111 KOHAEHCATa OTIMYACTCS TI0 CBOMCTBAM OT HE(TSHBIX U
ra30BBIX KOJUIEKTOPOB B pe3yJbTaTe PETPOTpagHOil KoHAeHcanuu. HakorieHue
KOHJIEHCaTa B OIPEJCIICHHBIH MOMEHT BPEMEHU IMpPHBEIET K BHE3AITHOMY
CHIDKCHHIO J0OBbIYHM. Yem OOoJbllle TSKENbIX KOMIIOHEHTOB KOHJICHCHPYETCS W3
IUTACTOBOTO Ta3a, TeM CHJIbHEE OJIOKUPYETCS KOHJIIEHCAT MPU TOM K€ CHIKCHHU
nasienus. CienoBaTeibHO, Ha MaKCUMAIIbHYIO HACHIIIEHHOCTh KOHJIIEHCATHOTO
KOJIbI[a B OCHOBHOM BIIMSIET KPUTUYECKAs! HACBIIIIEHHOCTD KHKOCTBIO.

[IpoayKTHBHOCTH rA30KOHIEHCATHOW CKBAKMHBI [3]
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['a30kOHIEHCATHBIE IJ1aCThI XapaKTEepU3YyIOTCA noObI4eit KaK
MMOBEPXHOCTHOTO Tra3a, TaK M KOHJEHcaTa. 3BiedueHue KOHAEHCATa SABISETCS
KITIOYEBBIM (PaKTOPOM TpHU pa3pabOTKe Ta30KOHACHCATHBIX KOJUIEKTOPOB H3-3a
JOTIOTHUTEIBHOW 3KOHOMHYECKOM IIEHHOCTH JO0OBIBAEMOTO KOHJIEHCAaTa B
JOTNOJHEHUE K A00bde ra3a. JloOBITBI KOHAEHCAT CTAHOBHUTCS €IMHCTBEHHBIM
MOTCHIIMAJIBHBIM HCTOYHHMKOM JIOXOJa, KOTJa BO3HHUKACT KpalHUW Cllydau
HECYUIECTBYIOIIETO PhIHKA ra3a.

OO65acTh OTHOCUTETHHO BBICOKOW HACBHIIIEHHOCTH JKHJIKOCTHIO 00pa3yeTcs
BOJIM3U CTBOJA CKBaXKWHBI, KOrJa 3a00iHOE JaBieHUE TaJaeT HIKE JaBJICHUS
TOYKH POCHI. Takasi BbICOKasi HACHIIIEHHOCTh KUIKOCTbIO IPUBOIUT K CHH>KCHUIO
OTHOCHUTEJNBHOM  Ta30IMPOHUIAEMOCTH M  CHIKEHHIO  IPOU3BOAUTEIBHOCTH
CKBaXHHBI. [IpOAYKTMBHOCTb CKBaXMHBI — 3TO COOTHOILEHHE, OIPEHEISIONIEE
NEeOUT CKBaYKUHBI B 3aBUCUMOCTH OT JIETIPECCHUMU.

IoBenenue PV T-cBOICTB ra30Boro KoOHjaeHcarTa

3amacel Ta30BOTO KOHJIEHCATa W3BJICKAIOTCS W3 HEPTIHBIX U Ta30BbIX
KOJUUIEKTOPOB B 3aBUCHUMOCTH OT uX PVT-CBOMCTB, 4TO NPUBOAUT K Pa3IMYHBIM
XapaKTEPUCTHKAM TOTOKA TUIACTOBOM JKMIKOCTU. Pa3paboTka ra30KOHEHCATHBIX
MecTopoxkieHul coctaBisaeT oT 70% no 90% TpaaguurOHHON ra30BOM WHXKEHEPHUH.
OCHOBHOE paznuuue MEXAY KOJUIEKTOPAMH ra30BOr0 KOHJAEHCATa M CyXOoro rasa
3aKJIIOYAETCSl B CIIOKHOM  TOBEAEHUU KOJUIEKTOPOB  KOHIEHCaTa U3-3a
CYILIECTBOBAHMSI MHOTO()A3HOCTH, TO €CTh ABYX(a3HOTO MOTOKA B KOJUIEKTOPE, U
JIOTIOJIHUTEIBHOTO JJOX0/1a, TTOJIYyYaeMOro OT J00bIYH MMOBEPXHOCTHOTO KOH/IEHCATa
[4, 5].

JIByMst mpoGsiemamu, TpeOyIOIMMMH BHHUMAaHUS B Ta30KOHJICHCATHBIX
KOJIJICKTOPaXx, sBIstoTCs [5]:

1)  u3MeHeHHe BhIXOJa KOHJICHCATa B TECUCHUE CPOKA CITY)KOBI pe3epByapa;

2)  BuusHHE (a3bl ra3oHE(TIHOrO MOTOKA HA MPOAYKTUBHOCTH BOJIM3H
M3MEHEHHSI CTBOJA CKBAXKHUHBI, Ha COCTaB KOHJEHCaTa U HAa OTHOCHUTEJIBbHYIO
JIBYX(pazHYI0 IPOHUIIAEMOCTh BOJIM3H CTBOJIA CKBAXKUHBI — BCE 3TO KOHTPOJIUPYETCS

PV T-cBolicTBaMH KUIKOCTH.
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CgoiictBamu PVT, koTopble KOHTPOJHMPYIOT BBIPAOOTKY >XKHJIKOCTH TIPHU
CHIW)KCHUM JaBJICHUS, SBISIIOTCA: BA3KOCTh NBYX (a3, Z-hakTop, BbINaJeHUE
KHUJKOCTU U U3MEHEHHE COCTaBa 0oJiee TSHKENbIX KOMIIOHEHTOB B 3aBUCHUMOCTH OT
JaBlicHHs. B mpoekTax CalKIMHT MpOLEecca BaXXHO KOJIMYECTBEHHO OLIEHUTH
cienyomue  ¢$a3oBble  XApAaKTEPUCTUKH:  WCIApPEHHe, KOHJEHCAIMI0 |
CMEIINBAEMOCTh BOJIM3U CKBaXUHBI, KOTOPAast pa3BUBAETCS MPU CAMKIIMHT Mpoliecca
HIKE TOYKH POCHL. PaznuuHble 3KCIIEpUMEHTAIbHBIE MOJAEIH U3yYalld OBEACHUE
PVT B xomiekTtopax Ta30Boro koHjeHcata. Cpeau SKCHEPUMEHTAIBHBIX
UCCIIEJOBAaHUM — IOCTOSSHHOE YMEHbILIEHHE 00beMa, MOCTOSHHOE PpacUIMpEeHue
cocTaBa, raszoBas Xpomarorpadus, HCCIEAOBaHUS IUIOTHOCTH U BA3KOCTH.
Hccnenoannss PVT, mnpoBoguMmele B MEpBYHO odYepeab I HU3y4YEHUS
ra30KOHJIEHCATHOTO (hJIrona, BKIOYAIOT MOCTOSIHHOE PACIIMPEHHE COCTaBa st
MOJIYYEHHS] TOUKH POCHI M OCTOSTHHOE OOBEMHOE UCTOILEHUE JUIsI MOJIETUPOBAHUS
DKCIUTYaTAllMOHHBIX XapaKTEPUCTHK IIACTa.

OTHocHuTebHAS IPOHULIAEMOCTh I2A30BOr0 KOH/ICHCATA

OTHOcHTENbHAsT ~ NPOHMIIAEMOCTH  SIBJIIETCS  BAXKHBIM  I[TAPAMETPOM,
ONPEAEIAIOIMM  MPOAYKTUBHOCTh Ta30KOHJICHCATHBIX  KOJUIEKTOPOB  HUXKE
JABJIEHUSI TOYKU pockl. DyHIaMeHTalIbHbIE pa00ThI Japcy no-npexxHeMy sIBISIOTCS
OCHOBHOM TE€OPETUYECKOW OCHOBOM ISl OLEHKM OTHOCUTEIBHOM NMPOHULIAEMOCTH
MOTOKa B MOPUCTON cpene. MHorodasHbIli MOTOK B CTBOJIE CKBAKHHBI CO37aET
Cepbe3Hble NPOOJEMBbI [JIi HMHXKEHEPOB-pa3pabOTUMKOB HU3-32  CIOKHOCTHU
XapaKTEPUCTUKN TMPE0OJIalaloiero pekuma IMOTOKA, KOTOPBIA — ONpeAeiseT
COOTBETCTBYIOLIMK THII pacyeTa Iepenaga AaBJICHUS, KOTOPBIA CIIEAyeT
UCIIOJIb30BaTh. JTO CBS3aHO C NpoOJeMamMud OTHOCUTENIbHOW MPOHUIIAEMOCTH
iacta [6].

[loBenenne mNOTOKAa B Ta30KOHACHCATHBIX CHCTEMAxX JOIMOJHUTEIBHO
OCJIOXKHSIETCS] YHUKAJIbHON 3aBUCUMOCTBIO OTHOCUTEIBHOM IPOHUIIAEMOCTH BOJIM3H
CTBOJIA CKBOXHHBI OT CKOPOCTH U MexkdazHoro HaTskeHUs. [lomokuTenbHbIM
3bdexT cuenieHus, KOTOPBI OTHOCUTCS K YJIYUYLIEHUIO OTHOCHTEIIbHOU

IMPOHNIACMOCTH ITPU ITOBBINICHNUHN CKOPOCTHU /M YMCHBIICHHH ITOJIOKUTCIIBHOI'O
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sbdexrTa crerieHus, 00yCIOBIEH OJHOBPEMEHHBIM CONPSDKEHHBIM TEYEHUEM
ra3oBOil U KOHJIEHCAaTHOM (a3 ¢ MEePUOJUYECKUM OTKPBITHEM U OJOKUPOBAHHEM
MPOXOXKJEHUS Ta3a KOHJEHCaTOM Ha ypoBHe mop. HWHepuus sBisieTcs
JTOMHUHUPYIOIIECH JJIsI HAChIIIEHHOW akTUuBHOW 30HBI co 100% razom. OpHako
KOH/JIEHCAaThl 00pa3yloTCsl, KOTJ1a BO3JEHCTBUE HHEPIIUHA YMEHBIIAETCA. Y BEJTUUCHUE
CKOPOCTH MPH BBICOKOW HACBIIIEHHOCTH KOHJACHCATOM YJIYyYIIIA€T OTHOCUTEIbHYIO
MPOHUIIAEMOCTh Ta3a 3a CYET CLEIJICHUS, HO NpPH HU3ZKOM HACBHIIIEHHOCTH
KOHJICHCAaTOM TO K€ U3MEHEHUE CKOPOCTH MPUBEAET K CHUKEHUIO OTHOCUTEIbHON
MPOHUIIAEMOCTH Tra3a u3-32 HHEPUHH. BaXHOCTh TMOJOXUTEIBHON CBSI3U U
OTPULIATENIBHOTO WHEPLUUOHHOTO BJIUSHHS HAa OTHOCUTEIBHYIO IPOHHUIIAEMOCTh
ra3oBOr0 KOHJIEHCATa SIBISIETCSA CIOXHOM (DYHKIME MHOTMX MapaMeTpoB, TAKHX
KaK CBOMCTBA MOPOJIbI, CBOMCTBA (uitonaa (BS3KOCTh, INIOTHOCTh, HACBIIIEHHOCTh
bmaronoM, MexX(pa3zHOE HATIKEHUE) U TTIOPOBasi CKOPOCTb.

Bausinue MHOTr0JIeTHEMEP3JIbIX MOPO/

Okcrmyatanusa Bcex MectopoxaeHuid Kpaithero CeBepa ocnoxkHEHa
HaJIMYUEM MHOTOJICTHEMEP3JIbIX MOpoa. CTPOUTENHCTBO OOBEKTOB O0YCTPOICTBA U
CaMUX CKBKMH HE MOXKET OBITh 3aIUIaHMpPOBaHa 03 ydeTa JaHHOTO (akTopa.

B 3aBUCMMOCTH OT C€30Ha MHOTOJIETHEMEP3JIbIe MOPOAbl BBEAYT ceOsl 1Mo-
pa3HOMY: 3UMOW TMPOUCXOJUT HUX 3aMEP3aHHUE, UTO OCJIOXKHSIET MPOoIece
CTPOUTENICTBA M3-32 TBEPAOCTH TPYHTA, a JIETOM HIPOUCXOJUT MX YaCTUYHOE
OTTauBaHKE BBU/LY YETO OMOPHBIE KOHCTPYKIIMUA MOTYT U3MEHUTH CBOE MOJIOKECHUE,
YTO MOXKET MPUBECTU K U3MEHEHUIO TMTPOYHOCTHBIX XapaKTEPUCTHUK BCETO OOBEKTA
00yCTpOHCTBA.

B ckBaxkuHax HaJIMuMe€ MHOTOJICTHEMEP3JbIX TMOPOJ TMOBBIIIAET IIAHC
oOpa30BaHUs Ta30BBIX THUAPATOB, UYTO 3aTPyAHSET (GUIBTPALMIO JOOBIBAEMBIX
YIJIEBOJIOPOJ/IOB Ha TIOBEPXHOCTb.

Oo0Opa3oBaHue BOASHBIX KOHYCOB

OmauM W3 BaKXHEWMUX (PAKTOPOB, 3aTPYAHSIONIMX JOOBIYY Taza u

KOHACHCAaTa, ABJIACTCA 06p330BaHI/IC KOHYCOB BOJbI, KOTOPBIC IIPHUBOAAT K
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MPEXIEBPEMEHHOMY OOBOJHEHHUIO CKBAXKMHHOM Npoaykiuu. [lonananue Boabl BO
(barou 3HaYUTENBHO CHUYKAET HKCILTYaTAIllMOHHBIX XapaKTEPUCTUKU CKBAXKHUH.

Oco0enHo nanHblii 3)PEeKT BAUsIeT Ha padoTy TOPU30HTATBHBIX CKBAXKUH, TJI€
13-3a MOBBILIEHHOM IETPECCUU B yYaCTKE CTBOJIA, OJMIKE K «IISTKE», KOHYChI BOJIbI
oOpa3zyroTcs ObICTpee, YTO MPHUBOIUT BHIOBIBAHUIO M3 PAaOOTHI y4acTKa CTBOJIA OT
ITSITKI) 10 «HOCKAY.

1.2 OcyoxHeHHUs, CBA3AHHBbIE ¢ HAJIMYMEM CJIa00 KOHCOJIMIUPOBAHHBIX
TOPHBIX MOPOJ

Kputepnii  ycTOMYMBOCTM —  BaXHBIM  [MapaMmeTp, OMNPEACIISIOIIUN
YCTOMUYMBOCTbH TOPHBIX MOPOJI K 0Opytienuto. [Ipu HapyIieHn TaHHOTO mapaMeTpa
MOpPOJIbI B OKOJIOCKBAKMHHOW 30HE OOPYIIAIOTCS, YTO MPHUBOJUT K CEPHE3HBIM
MOCJIEJICTBUSIM KaK MPpY OYPEHUH CKBAKUHBI, TaK U MPU T00bIUE yTIIeBO0poa0B. Ha
pucynke 1.2 nzo0pakeHsl (hakTOpbl pa3pymeHus mopoxu [7].

Y CTOWYMBOCTD MOPO] K OOPYIICHUIO OMPENEISIOT C TOMOIIBIO UCCIeT0OBAHUS
kepHa. Ecnu mopoma sBiseTcss ci1abOCLIEMEHTUPOBAHHOM, TO ONpeesieHne
MPOYHOCTH PACCUUTHIBACTCS YepPe3 3aBUCUMOCTH (PHIIbTPAIIHOHHO-EMKOCTHBIMH U

YIPYTrO-IPOYHOCTHBIMU CBOMCTBAMU U COCTABOM IIOPO/I.

Ocwobnie daxropu,
BAMADLIKE HA NCCKONPOABAEHNE

h 1
[lpoyHocTHEE CBOMCTBA

ropHLIx nopog o N3N | | J
— , . — e
2H3‘49NN9 HavankHoro [ ke | [
MameHenve npegena npoOYHOCTH Pexum paboru
npeaena NPCHHOCTH cKsa:»uu Kz:;’)’::::"

INemenTbE CHCTEMDI Pa3patoTku

Baammocrs/ " Jlenpeccua [ TpapMent

Maacroeoe jasne uwe .
R3IBNEHUA : Tun u 1paexropus

BopouacuuennocTs

Yapyrue n npoYHOCTHLIR

4 Peoaorua nuaa
CeoncTea 1 Muuepanmauna HHAKOCTH !

Cnocob
", P 3aKaHYMBaHAA

NnoTHOCTE

— TAuUHBCTOC T

— Pasmep sepen

— MNopwcTocTs YcnoeHbie 0603HAYEHNA

o Hanwane BLICOHONPOHNYAEMBIX [eonormyeckue TEXHONOTHYELCHUE
| nponnacTKos

Pucynok 1.2 — ®akTopsl pa3pylieHus: TOPHBIX MOPOJI B OKOJIOCKBAXKUHHOMN

obnactu [7]
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YcTounBOCTh TOPOJA YMEHBIIAETCS NPHU  YBEIHMYEHUU (PUIBTPALIMOHHO-
E€MKOCTHBIX CBOWMCTB. Tak e M TOBBIIIEHWE BOJOHACHIIIEHHOCTH MNPUBOJIUT K
YMEHBIIICHUIO YCTOWYHUBOCTH TMOPOJI, MOTOMY YTO CHUXKAETCS COMPOTUBJICHUE
pa3MbIBY MOPOJI, YTO BJIEYET 3a COOOM MOsIBJICHHE TecKa mpu J100bue YB mpu
HEOOIBIIIOM Mepenaie JaBICHHUS.

DddexTrBHBIC HANPSHKEHUS OyAyT yBEIMYHMBATHCS TOJBKO B TOM ClTydae,
KOI'/Ia BO3pacTaeT JACNpPeccHs Ha IUIAcT, YTO MPUBEAET K BHIHOCY MEXAHUYECKUX
npuMeceil Kk 3a0010 CKBaKMHBI. EciM MmiacToBoe JaBlieHHE yMaJeT A0 3HAYCHUMH
HUKE KPUTHUECKOTO, TO KaKoe Obl HU OBLIO 3HAYEHHE JEMPECCUH Ha IUIacT OyneT
IPOUCXOIUTH OOPYIIICHHUE TOPHBIX MOPOJI B OKOJIOCKBAKUHHOM 00acTu [8].

Ot pexuma pabOThl U KOHCTPYKIIMU CKBaXXUH OyJeT 3aBUCETh 3HAUCHUS
pabouero JaBieHHs, CIEA0BATEIBHO, U JICTIPECCUU Ha TIJIACT, U HanpsbkeHuid. [lpu
BBIOOPE OTKPBITOTO CTBOJIA HEOOXOIUMO YUUTHIBATh PEKUM HAIPSIKEHUN U painycC
CTBOJIA ISl BEPTUKAIBHBIX CKBaXMH. BBIHOC puMeceit OyneT MeHbIIIe MPU MaJIbIX
3HAUEHUSAX paJinyca CKBaXUHbI U HOPMAJIbHOM pPEXHUME HanpsiKeHUW. bypeHue
TOPU3OHTANBHBIX CKBAXKHH XOTh W JOPOXE, HO B OTJIUYMU OT BEPTUKAJIBHBIX,
MPOPBIB BOJIBI U BBIHOC MECKA CHUKAETCS BBUJlY MEHBIIMX JICIPECCUM HA TIIACT.

B ciyuae HerpaMOTHBIX pacueToB JJisi MpoBeAeHUsl nepdopaiuu CTBOJA
CKBAXXMHBI PUCK BBIHOC MECKa K 320010 yBeJIMUUBaeTcs KpaTHO. UToObI M30eXaTh
JAHHBIX TIOCNEACTBUM, MPUMEHSIOT OoJiee IMAIAIIME TEXHOJOTUU, HANPUMED,
TUIPONIECKOCTPIHYI0 Tepdopalio. Y MEHbIICHHE AENPECCUH Ha TUIACT C LIEJIbIO
CHI)KCHHUS BBIHOCKA TIE€CKa TakKe MOXKHO JOOUTHCS C HCIOJIb30BAHUEM
nepdopaliu, Ipyu 3TOM MPOIYKTHBHOCTh CKBaKHH Bo3pacteT [7, 8].

[Ipu skcrmyaTtanuu caabOCHEMEHTUPOBAHHBIX MOPOJ BaKHO YYUTHIBATH
COJIepKaHK€e TIIMHUCTOrO0 MaTepuaia, TaK KaK TJIMHBI XOPOUIO BIUTHIBAIOT BOAY —
ATO TPHUBOJUT K 3HAYUTEILHOMY YBEJIMUYCHHIO OOBbEeMa MOPOA W CHUKEHUIO
MPOHUIIAEMOCTH TIacTa.

['opuzoHTaNbHBIE W BEPTUKAIBHBIE HAMPSKEHUS SIBISIIOTCS TJIABHBIMU
COCTABJISIFOUIMMHU MIPH Ae(POpMaLIUU TOPHBIX TOPOJI ¥ 00YCIIaBIUBAIOT HAMIPSKEHHOE

cocrosiHre. BepTukanpbHOe HampspkeHHe OylneT HaXOAMTHCS 4Yepe3 BeC TOPHBIX
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nopoA u rnyouny 3aneranus (1.1), a ropu3oHTanbHOE, B CBOIO OYEPE/Ib, 3aBUCUT OT

koadduiuenta K u Beprukanpaoro Hanpspkenus (1.2, 1.3):
6y =p-g-H-107°, (1.1)
7€ g — yCKOpPEHHe CBOOOTHOTO MajieHus, M/c?;

p — IUIOTHOCTh TOPHBIX MOPOA, KI/M>,;

H- FJIY6I/IHa 3aJICraHusd 11j1acra, M.

K= , (1.2)

rae K — koaddurment 6okoBoro pacnopa, A07H €1.;
B 0y — BEpTUKaJIbHOE HampsbkeHnue, Mlla;

v — ko3¢ unment Ilyaccona, nonm en.

%
6 = 7= 8y +a Py, (1.3)

rae a — KodQGUIMEHT pa3rpy3KH JI0JIH, €I,

P., — nnactoBoe gasnenue, MlIa.

1.3 IIpouecc BbInaieHNs KOHAEHCATA B NPU3a00iHOM 30HE IJIACTa

Korpa naBneHue B ra30BOM pe3epByape MajiaeT HUXKE TOYKH POChl, HAUMHAET
MOSIBIIATHCS KuAKast paza (koHaeHcar). Kak nmpaBuiio, 3To MpOUCXOIUT B OCHOBHOM
BOKPYI CTBOJIa CKBa)XXHHBI, YTO MPUBOJUT K BBHINAJCHUIO KUJIKOCTH B
OKOJIOCKBOKMHHOM 30HE. DTO SIBJIEHWE YaCTO MPUBOJUT K CHIDKEHUIO T00BIYM Ta3a
13-3a MMOSIBJICHUS KOHJIEHCAaTa — YMEHBIIIEHUE OTHOCUTEIHLHOM MPOHUIIAEMOCTH Ta3a.
TpynHo oOHapyXuTh KOHICHCAaTHbIC OaHKM WM 3aKyMOpPKYy KOHACHcaTa B
CTaHJAPTHBIX MOJICTISIX KOJUIEKTOPA, MOCKOJIBKY OJIOKM CKBaKUH OOBIYHO CIIMIIIKOM
BEJIUKH, YTOOBI yNPABIATh KOJICOAHWSIMU JABICHUS W HACHIIICHHOCTH, KOTOPHIE

NPUBOJAT K ATOMY JIOKATbHOMY P dexTy [9].

23



Takske XOpoIIO W3BECTHO, YTO BbINAJCHHE KOHJIEHCATAa MOKET MOBJIUSTH Ha
temriepatypy B II3I1. OgHako u3MeHEHHE TeMmepaTypbl HEBEIUKO, U TEIIOBOM
3¢ deKT MOKeT ObITh HE3HAYUTENBHBIM 110 CPABHEHHUIO C BO3/IECHCTBUEM JIaBIICHUS
Ha 30HY BBINAJCHUS KOHJIEHcaTa B rjacte. s ynpolueHus Mbl IPeanoaoKuiIn
U30TEPMUYECKUE YCIOBUS JJIsI MOJICTUPOBAHUS SIBIICHUS CKOIUICHUS KOHJIEHCATa B
iacTe.

Perporpagnas koHieHcalusi MPUBOAUT K JBYM OCHOBHBIM HEraTHMBHBIM
MOCJICJICTBUSIM: YMEHBITICHUIO OTHOCUTEIHHOU (ha30BOM MPOHUIIAEMOCTH IS Ta3a,
BCJIE/ICTBUE YEro MajaeT ero JeOUT, U CHUXKEHHIO Kod(p(ULMEHTa W3BICUCHUS
KOHJEHCAaTa BCJEJICTBUE BBIMAJEHUS KOHJAEHCAaTa IO IUIOLIAJAM  BCETrO
MecTopoxacHus [9].

Brinagenue ®UAKOCTH MOXKET CYLIECTBEHHO MOBJIMATH HA MAaCCOBBIN pacxo/y
U (pazoBoe NMOBEACHUE, TOCKOJIbKY BSA3KOCTh KUAKON U razoo0pa3Hoi (a3 B cMecu
YTIEBOJOPOAOB CHJIBHO paziuuaercs. [lpw JaBieHMHM HUXKE TOYKH POCHI
BBICOKOMOJIEKYJISIPHbIE ~ KOMIIOHEHThl ~ KOHJIEHCaTa  MOTYT  OOpa30BHIBaTh
HETMOJBIKHYIO WJIM MEIJICHHO NBIDKYIIYIOCS KHAKYIO (a3y. Bwicokuii ypoBeHb
HACBILIECHUS] KOHJIEHCAaTa B 30HE BBINAJACHUS KUJKOCTH CHH)KA€T OTHOCHUTEIbHYIO
MPOHUIIAEMOCTH Ta3a ¢ 1 1o Menee yem 0,25 0COOEHHO BOKPYT CTBOJIa CKBAKUHBI.
CrnenoBaTenbHO,  MPOU3ZBOIUTENBHOCTh  CKBRXHMHBI ~ CHIDKACTCS, O  YeM
CBUJETEILCTBYET CHIDKEHUE 1e0UTa raza U MHJEKCa NPOAYKTUBHOCTH CKBAXKHHBI.
Takoe cioxHOe MHOTO(a3HOE TTOBEICHNE MTOTOKA TUITMYHO JIJISl Ta30KOHACHCATHBIX
KOJUIEKTOPOB U3-3a HAJIMYUS 3aKYITOPKH KOHIEHCATOM.

dakTopbl, BIUAIOIINE HA BbINIaIeHHe KOHAeHCaTa

J1J1s1 CHITbHO HEOTHOPOIHOTO TIJIaCTa PaanuyC BBIMASHUS KOHEHCAaTa O0IbIIIe
pu 6osiee BRICOKOW HACHIIIICHHOCTH KOHJIEHCATOM U OoJiee ObICTpOM 00pa30BaHUU
KOHJICHCATHBIX MPOOOK. BBICOKMI ypOBEHb BBIMAICHUS >KUIKOCTH CHIKAET
OTHOCHTENFHYIO TMPOHHUIAEMOCTh [IJIsl Ta3a, 4YTO TMPUBOAUT K CHUKCHHIO
IPOM3BOAUTENILHOCTH CKBaXHMHBI. B ciydasx Ooiee ciaboil HEOAHOPOIHOCTH
KOJIBIO BBIMA/ICHUSI KOH/IEHCATA PAa3BUBAETCS MEIJIEHHEE IO HAIIPABJICHUIO K KParo

KOJIJICKTOpA. I[G6I/IT rada TaKXKC OTpaAKaACT BJIIMAHUC HCOAHOPOAHOCTH ILJIAacCTa,
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KOTOpasi B CUJIbHO HEOJHOPOJIHOM CITydae MOKET MOJAEPKUBATh YPOBEHb IJIATO
TOJIBKO OKOJIO 1 Tofa, B TO BpeMsl KaK OJHOPOIHBIN IJIACT MOXKET MOJEPKUBATh
yYpOBEHb IIATO B Te4YeHHE OoJiee IUTEIHHOIO BpPEMEHH, OKojo 1,5 ier.
CooTHolleHUE Tra3/KOHAEHCAT TaKKEe MOXKET IMOKa3aTh BIUSHUE paclpeiesiCHUs
1iacTa Ha HakoIUleHue KoHJeHcaTa. CHilbHass HEOJHOPOAHOCTh MPUBOJIUT K OoJee
OBICTPOMY TAJEHUIO JABJICHUS W 3aKyNOPKE MXKUIKOCTU, B pE3YyJbTaTe YEro
COOTHOIIIEHHE Ta3/KOHEHCAT BHaYajle YBEIUUMBACTCS OBICTPEE, UTO YKa3bIBACT Ha

KOHJICHCAIIHIO TSHKEIBIX YTICBOJOPOIHBIX KoMIOHEHTOB [10].
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2 Cucrema KOMOMHHMPOBAHHOW Pa3padOTKH M KOMIIOHEHTOOTJAAa4ya
ra30KOHJAEHCATHBIX MECTOPOKACHNI

[lon KOMOWMHUpPOBAHHON CHCTEMON pPa3pabOTKM TOHHMMAaETCs JOObIua
MOJIE3HBIX MCKOMAEMBIX C MPUMEHEHHEM PA3JIMYHBIX CUCTEM pa3pabOTKH WM UX
aneMeHToB. C MOMOIIBI0 KOMOWHHUPOBAHHON CHUCTEMBI pa3pabOTKU TOCTUTAIOT
Hanbosiee BBHICOKMX HAKOIUICHHBIX IIOKa3aTejael MoObIYM MpH MHHUMAIbHBIX
HPKOHOMHUYECKUX 3aTparax. [ns 3@dekTuBHO MOAOOPAHHBIX PA3IMYHBIX CUCTEM
pa3pabOTKM W/WIM WX DJIEMEHTOB, HEOOXOAMMO JaTh  KOMIUICKCHYIO
XapaKTEPUCTUKY OCHOBHBIM KOMIIOHEHTAM, KOTOPBIE SIBIISIIOTCS KpacyroJIbHBIMU
KaMHSMHU IIpU pa3paboTKe U 3KCILTyaTalluy Ta30KOHIEHCATHBIX MECTOPOKIACHHI.

2.1 OcHoBHBIE MepUuoOaAbI pa3padoTKu ra30KOH/ICHCATHBIX
MeCTOPOXKIACHUI

[Ipu pa3paboTke 3anexeil rasa W KOHAEHcaTa BBIACIAIOT TpPU dTala:

HapacTarolleH, MOCTOSHHOW U MaJaroIiel J00bdu (pUCyHOK 2.1).

Q, q,
mapaM/cyT  THIC.M/CYT
@ =
=
=
=
“l110f1100
22
250 90 | 900
18
209 70{700 IMepron nanaomei
H AOOBIYMH
15,0
! 0
10 50 500 0
10,0
6 30( 300 q
50 [Tepron nocToOAHHO
’ 10| 100 1apacTaiomei n06EYH
2 - TOOETEH > < ot
g —o0-0—0
2 4 6 8 10 12 14 16  Bpemd, Tod

Q — 100BIYa ra3a, MIPA.MS/CYT; p — CpeIHEB3BEIICHHOE MIIACTOBOE JABJICHHUE,
Mna; N — 9nCII0 CKBAXKHUH, (| — 1e0UT CKBAKHMH, THIC.M/CyT
Pucynox 2.1 — MI3MeHeHne Bo BpeMeHH MoKaszaTesield pa3paboTKu ra30BOro

MECTOPOXKICHHS ITPU Ta30BOM PEKUME M PABHOMEPHOM pa3MeIleHNH CKBXKUH [1]
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[lepuon yBenuueHuss JOObIYM ra3a HACTyMHaeT Mpu OypeHUH U pa3padboTke
3anexeid. OcHOBHAst J00bIYa (UIIOMAOB J100BIBAETCSI UMEHHO B 3TOT nepuof. [lpu
NaJeHUU J0OBIYM YHUCIO JOOBIBAIOIIMX CKBOXMH HE HM3MEHSAETCS MpPU Ta30BOM
pEKMME U YMEHBIIAETCS MPU BOJOHATIOPHOM PEKHUME.

Bce nepuo sl mpucyiiie MeCTOpOXKICHUSIM C OOJBIINM KOJIMYECTBOM 3a1acoB.
[Ipu cpenHUX 3amacax MOXKET OTCYTCTBOBaTh BTOpOi nepuoA. Eciu 3anacos mano,
TO 3a4acTyI0 IIOMHUMO BTOPOTO TIEPHO/Ia, MOKET OTCYTCTBOBATh M MepBbIi [1].

Ecnu paccMarpuBaTh TOTOBHOCTH MECTOPOXKACHHS K pa3paboTKe M CTENEHb
€ro MCTOIICHHOCTH BBIACNAIOT MEPUOJBL:  OnbITHO-poMblilieHHOW (OIIP)
HKCIUTyaTallK U IEPUO TONOJHUTENbHOM pa3padoTku. B xone OIIP skcmmyaranuu
KpoOME TpaHCHOpPTUPOBKM YB mpoucxoautr popa3Benka [jisi OOHOBIICHUS
uHpopMaluu B mpoekte. Kak npaBuio, 1aHHble NEpUoA AJIUTCS He Oonblie 3-4 Jer.

2.2 OcCHOBHBIC THIbI KOHCTPYKIHUN CKBAa’KUH, IPUMEHsIeMbIX Ha
MeCTOpOKIAeHnH X

2.2.1 MHOro3a00iHbIe¢ CKBAKMHbI

['opu3oHTanbHBIE CKBaXUHBI JOKa3ajdd CBOIO A(PPEKTUBHOCTH MpH
pa3paboTKe MECTOPOKACHHH, OTHAKO CTPOUTEIBCTBO OJJMHOUYHBIX CKBAKUH MOKET
MPUBECTU K BBICOKMM OOILMM 3aTpaTaM U HU3KOM HepTeoTnauu. MHorozaboitHas
ropuzoHTaigbHas ckBaxkuHa (M3C) oOmagaeT NpeuMyILIECTBAMH YBEIUYEHUS
WIoNIaaM JApeHaxka, COKpallleHUus KOJIM4YecTBa OypeHMid, HCIOJIb30BaHUs
CYILIECTBYIOIIMX CKBaXMH W SKOHOMHH 3aTpaT Ha pa3pabOTKy MECTOPOXKIACHMS,
OCOOCHHO TMpH MaJlo3aTPaTHOM dKCIUTyaTaluu MecTopoxaeHus. Ilmactel co
CJIO’KHOM CTPYKTYpOH 3aJIeTaHusl MOTYT COIepKaTh OTPOMHOE KOJIMYECTBO HePTH U
ra3a HeOOJIBIIMMU WU U30JIMPOBAHHBIMU OJI0KamMu (PUCYHOK 2.2). JloOblya B TaKHX
lacTax TOPHU3OHTAIBHBIMU CKB@)XHHAMU TOTPEeOyeT CTPOUTENbCTBA psjlia
OJIMHOYHBIX CKBa)XHH, PAaCHOJIO)KEHHBIX B OTIEIbHBIX 30HaX KOJJIEKTOpA.
MHuoro3a0oiiHbple CKBaXXHUHBI MOTYT IOJIYYUTh JOCTYI K TAKMUM KOJIJIEKTOPAM ITyTEM
OypeHusi OOKOBBIX CEKITUI M3 OJHOTO BEPTHKAIBHOTO OCHOBHOTO cTBOJa [12, 13].

OCHOBHOI CTBOJI MOXET BKJIIOYaTh B ce0s HECKOJBKO OOKOBBIX CTBOJIOB,

MpOOYPEHHBIX K Pa3IUYHBIM yYacTKaM IUIaCcTa, KOTOPHIE IMO3BOJSIOT OOXOIUTH

27



HEeMpOHUIIaeMble Oapbephl U JOOBIBaTh HE(TH U3 KAXKI0T0 OOKOBOIO cTBOJIA. Takoi
Croco0 OCBOCHHUS MECTOPOKACHHS MOXKET COKPATUTh YCUIIUSI U COKOHOMUTD BpeM,
KOTOPOE€ 3aTpaurBaeTCsl Ha TUIAHMPOBAHHE W OPraHU3alvi0 OypeHHs elle OJHOM

CKBa’XHHBI.

Stacked multibranch well Dual opposing laterals

Re-entry laterals from a vertical well 30D well

Cluster multibranch well Multidrain or multilateral well

Pucynok 2.2 — Busl 3akaHunBaHus CKBaKUH [13]

KoMnoHoBKa 115l HUZKHET0 3aKAHYMBAHUS CKBAKUH

Kaxxnprit oTnenpHbIii OOKOBOWM CTBOJI MOXKET OTJIMYATHCS TUIIOM HUKHETO
3akaHyuBaHusg. OpHako MeTonsl 3akaHuynBaHus M3C Takue ke, Kak W s
OJIMHOYHOU Topu3oHTaNbHOU. Croco0 3akaHuMBaHUs OyJeT 3aBUCETh OT THIMA
iacta [13, 14].

Croco0bl 3aKaHYMBAHUS TSI CIIEMEHTHUPOBAHHBIX TTOPO/I:

— OTKPBITHIN 32001;

— nieneBon GUIbTp;

— ieeBoN (PUIIBTP € MaKepoM;

- 00caXeHHbIH, [IEMEHTUPOBAHHBIN U TEPPOPUPOBAHHBINA CTBOJL.

CniocoObl 3aKaHYMBAHUS ISl CLIEMEHTUPOBAHHBIX MOPO/I:

— OTKpBITBIM  3a00H ¢  mpeaBapuTeIbHO  IpornephopUpOBAHHBIM
XBOCTOBHKOM U C CETYATHIM (QUITBTPOM;

- OTKPBITHIN 32001 ¢ ceTyaThiM (QUITBTPOM;
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- OTKPBITHIN 32001 C TpPaBUITHON MAYKOM.

I{J’IH KJIaCCI/I(bI/IKaHI/II/I BCEX THUIIOB MHOTI'03a00MHBIX CKBa)KUH OBIjIa CcO31aHa

texnosorust TAML (pucynok 2.3, tabnuma 2.1).

i Level 2

Pucynok 2.3 — Tunsl coenunenuit [13]

Tabmuma 2.1 — Knaccudpukarus M3C no TAML

Kaace
Onucanue ypoBHst Hean
coeIMHEeHHUs
. . Pazpabotka
VYposens | OTKpBITBIE OCHOBHOM U OOKOBOM CTBOJIBI
CLEMEHTHUPOBAHHBIX NMOPOJ
YMeHbIIeHHE PHUCKOB
VDOBCHE 2 3alleMEeHTUPOBAHHBII OCHOBHOW CTBOJI U | OOpyIIeHUsT U oOecreueHue
p OTKPBITHIA OOKOBOI M30JSIUM  MEXKIY OOKOBBIMHU
OTBOJIAMU
VoBeHs 3 3areMeHTUPOBAaHHBIM OCHOBHOM CTBOJ M | BO3MOYKHOCTB OBTOPHOTO BXO/T
p OTKPBITBI XBOCTOBHK B CLIEMEHTHUPOBAHHBIX MOPOJIAX
. Pa3zpabotka KaK
3arieMeHTUPOBAHHBIC OCHOBHOM i
YpoBens 4 N CLIEMEHTHUPOBAHHBIX, TaK U
OOKOBOI CTBOJIBI
HECIIEMEHTHPOBAHHBIX TIOPOJT
3alieMEeHTUPOBaHHBIM OCHOBHOM CTBOJI U
ObecrieueHre  TePMETUYHOCTH
3aIleMEHTUPOBaHHBIE OOKOBBIE OTBO/IBI C
Yposens 5 .. | KOHCTPYKIIMH u
JByMsl TTaKepaMU Ha 3KCIUTyaTallMOHHOMN .
TUAPABINYECKOU U30JIALIUN
KOJIOHHE
3arieMeHTUPOBAHHBIM JTBOWHOW CTBOJ C
.. | IIpenHasHaueH 1S
YpoBens 6 XBOCTOBUKOM WJIM 3KCIUTyaTallMOHHOW
N SKCIIEPUMEHTOB
KOJOHHOM
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2.2.2 T'opu3oHTAJIbHBIE CKBAKUHBI

I'opuzonrtanbHas ckBaxkuHa (I'C) — BapuaHT OypeHus, KOr/1a CKBa)KMHa UIMEET
yroJl OTKJIIOHEHHs OT BepTUKaiu He MeHee 80 rpamycoB (pucyHok 2.4). JlaHHbIi
METOJI SIBJISIETCS OJTHMM U3 HanOoJiee BOCTPEOOBAHHBIX U TIPOYKTUBHBIX [14].

I'C nmpuMeHHUMBI KaKk B HU3KOIPOHHUIIAEMBIX, TAK U B BBICOKOIPOHUIIAEMBIX
ra3oBbIX KoJUIeKTOpax. Ha MecTopoXIaeHusix ¢ HHU3KOH NPOHUIAEMOCTBIO
TOPU30HTAJIbHBIE CKBAKUHBI OTKAUYMBAIOT OOJIbIIME OOBEMBI, YEM BEPTHKAIbHbBIE
CKBKUHBI, U 00ECIEUMBAIOT AJIbTEPHATUBHBIN CIOCOO MOCTIKEHHUS OONBIION
r7TyOVHBI IPOHUKHOBEHHUS B I1acT. KpoMe TOro, OHM yMEHbIIAIOT TypOYJIEHTHOCTh
BOJIM3M CTBOJIA CKBAXXMHBI UM TOBBILAIOT HNPOAYKTUBHOCTh CKBaXKHHBI B
BBICOKOIPOHUIIAEMBIX Ia30BbIX MJIACTAX.

bypenue I'C nox HEKOTOPBIM HE BEPTUKAIBHBIM YIJIOM MOKET IMOPAXKATh
eI U CTUMYJIMPOBATh KOJUIEKTOPBI CIOCOOaMH, HEIOCTYIHBIMA BEPTUKAIBHON
ckBakuHe. B coueranuu ¢ runpopaspsiBoM miacta (I'PII) panee HenmpoayKTUBHEIE
HOpOJIbl MOTYT OBITh MCIOJIb30BaHbl B Ka4€CTBE MCTOYHHUKOB MPUPOAHOIO Trasa.
[IpumepamMu TakuX THUIIOB MECTOPOXKICHUHN SBISIOTCSA IJIACTBI, COJAEpPIKAIUE

CIIAHIICBBIN ra3 WK TPYyIHOM3BIIEKaeMblii ra3 [15].

Horizontal Well Vertical Well

R R

Reservoir Seal

Pucynox 2.4 — ®opma ropu30HTaATBHON CKBAKUHBI 110 CPABHEHUIO C
TPAIUIIMOHHON BEPTUKAIBHOM CKBaXknHOM [13]
BONbIIMHCTBO ~ TOPU3OHTAIBHBIX  CKBAXKMH  HAYMHAIOT  OypeHueMm
BEPTUKAIbHON CckBakuHBL. [lociae OypeHus 10 T1eneBoil mopoabl  TpyOa
BBITSITUBAETCSA U3 CKBOXHHBI U K OypOBOMY JOJIOTY NPHUKPEIUISETCS JIBUTaTENb.

JlomoTo mpucTynaeT B JBWKEHHWE Oe3 Bceil TpyObl Osaromapsi JIBUTATEINIO,
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MOJANMUTHIBAIOIIEMYCS 32 cueT noToka OypoBoro pactBopa. Ilocne cnycka B I'C
JOJIOTO OYPUT TPACKTOPHIO, U3rMOAIONIYIOCS OT BEpTUKaIU K ropuszoHTanu. [locne
JOCTIDKCHHsSI HY)KHOTO  yryla OypeHHue BO30OOHOBIISIETCS B TOJHOCTBIO
TOPU30HTAJIBLHOM HalpaBlieHUU. XOTS TOPU30HTAIbHOE OypeHHe IO0JIE3HO, OHO B
TPH pasa AOPOKe BEPTUKAITBLHOTO Oyperws. OHaKO JOTOTHATEIBLHBIE 3aTPAThl, KaK
MpaBUIO, KOMIICHCUPYIOTCS 3a CYET YBEIWYCHHS JeOMTa CKBAKHUHBI, YTO
3HAYUTEIIHHO YBEJIUYMBAET J0ObIUY He(DTH U ra3a u3 ckBaxuHsl [14, 15].

[puyuHBI rOPU30OHTAIBLHOTO OypeHus [16]

HecmoTpst Ha TO, 4TO TOPU3OHTAIbHOE OypeHHE OpOXKE, CYIIECTBYET
MHOKECTBO TPUYUH, MO KOTOPHIM €ro BbIOMpArOT. BepTuKambHbIE CKBa)KUHBI
CIIOCOOHBI JPEHUPOBATH TOPOIBI C BHICOKON MPOHUIIAEMOCTBIO, OJTHAKO TIOPOJIBI C
HU3KOM MPOHUIIAEMOCTBIO HE TO3BOJISIOT >KHIAKOCTH TE€Ub OBICTPO, U IMOATOMY
WCITOJIb30BAHUE BEPTUKATHHOU CKBKHUHBI JIJIS1 3TUX MTOPOJ] OBLITIO OBI SKOHOMHYECKH
HEBBITOTHBIM.

OcHOBHBIEC IPUYUHBI 7151 OypEHUSI TOPUZOHTAIBHBIX CKBAYKUH

1)  CnocoOHOCTh JOCTHraTh CIIOXKHBIX Ieieii. HekoTopbie KoJulekTopa
PaCIOJIOKEHBI TTOJT KUJIBIMUA KBApTAIAMU WUJTU TIapKaMu, e OypeHrne HEBO3MOKHO.
[lytem OypeHus cHadajia BHU3, a 3aT€M TOPU3OHTAJIBHO, YTOOBI MPOOYPUTH ITY
00J1aCTh, MOKHO JT0OpaThCS JI0 MPOTYKTUBHOTO I1acTa (PUCYHOK 2.5).

2)  JloOblya ¢ OOJBIIMX IUTOIIAAEH C OAHOW OYpPOBOM ILIOIIAAKH. DTOT

MCTOJ HCIOJB30BaJICA I YMCHBIICHHA ILIOIIAaAW ITOBCPXHOCTH, 3aHUMaeMOM

OypoBbIMHU paboTamu (PUCYHOK 2.5).

Tn::n

Pucynox 2.5 — JlocTimkeHne CIOXHBIX TIeNei (caeBa) u 100b149a ¢ 00X

IUIOIIa ek ¢ OAHOM OypoBO# miomasaku (crnpasa) [16]
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3)  IloBbimieHne jeOUTa Ta30KOHICHCATHBIX CKBaXWH KPAaTHO IIPH
HKCIUTyaTalMy TPEUIMHOBATHIX opo. [1pu OypeHnn ckBaXUHBI EPHIEHANKYISIPHO
OCHOBHOM TpEIIMHBI JaCT MAKCUMAJIbHO BO3MOXKHBIA JEOHUT, TaK Kak B TaKOM
cllydae CTBOJI IIEpeceueT MaKCUMaJIbHOE YUCIIO TPEIIUH (PUCYHOK 2.6).

4)  VYBenudeHUE JUTHHBI «IIPOyKTHBHOM 30HBD». [Ipr OypeHUN CKBaKHHBI
BEPTUKAJIBHO, €CJIM, HAIIPUMEDP, TOJIIMHA TPOIYKTUBHOIO KOJIEKTOPA COCTABISAET
200 MeTpoB, TO CTBOJ CKBa)KUHBI OYJIET MPOXOUTH Yepe3 koyuiekTop 200 MeTpoB.
[Ipu OypeHuu TOPHU3OHTAIBHOW CKBXMHBI MOXKHO YBEIUYUTH [JIMHY CTBOJIA
CKBQ)KUHBI IIPH MIPOXOXKICHUH Yepe3 MPOAYKTHBHYO 30HY (PHUCYHOK 2.6).

5)  3akpeiTHe wian cOpachiBaHHs pabOuero JaBJICHUS B «BBIMICAIICH H3-
NOJI KOHTPOJIsI» CKBaXKMHE. JlOMONHHUTENbHO MNpOOYpUBAETCA CKBaXKMHA, CTBOJ
KOTOPOM «BpE€3aeTCs» B CKBAXKUHY BBIIIEIIIEH U3-110]] KOHTPOJIS, YTO CIIOCOOCTBYET

NaJICHUIO JIaBJICHUS (PUCYHOK 2.6).

i

Pucynox 2.6 — Hanbonee Bricokast 100bIYa B TPEIIMHOBATHIX KOJUIEKTOPAX
(cneBa), yBEeIMUECHHE JIJIMHBI «IIPOYKTUBHOM 30HBI» (IO LIEHTPY) U «pa3rpy304Hast
CKBaXMHa» ISl «HEKOHTPOJIMPYEMOI» CKBaKUHBI (cripaBa) [16]

TuNbI TOPU30HTAIBLHBIX CKBaKUH [17]

[Tpu 6ypernu ['C BBIIACISAIOT CIICAYIONIUE TUITBI (PUCYHOK 2.7):

1)  I'C ¢ MaibIM paiiyCoOM MCKPHUBIICHHUS CTBOJIA CKBAKUHBI;

2)  I'C co cpennum paanycoM UCKPUBIICHHS CTBOJIA CKBAYKUHBI;

3) I'C c GonbIuM pagnycoM UCKPHUBICHHUS CTBOJIA CKBAYKUHBI.
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Manoiii paguyc| CpegHuii paguyc BonbLo paguyc
WUCKPUB/MEHUSA | WCKPUBEHUSA NCKPUBEeHUs

/

Pucynoxk 2.7 — Turibl ropu30HTAIBHBIX CKBKUH [17]

MaJiblii paanyCc HCKPUBJICHHS CTBOJIA CKBAKUHBI

[Tpu BBIOOPE MaIOTO pajryca CTBOJ CKBaKMHBI UCKPHUBIIACTCS B IJIACTE, JI0
ATOTO MOMEHTA CKBaXMHA NIPOOYPUBAETCS BEPTUKAIHHO.

J1J1st TOrOo, 4TOOBI IOCTUYHL MAJIOTO Pajnyca UCKPUBJICHUS IPUMEHSIOT MaKep
C YUTICTOKOM H TP TIOMOIIIH CIIEIIHATEHON KOMIIOHOBKH IOCTUTAIOT HEOOXOUMBIHA
yron wuckpupienus. Jlamee, kak mnpoOypeH yYacTOK CTBOJA CKBaXXUHBI C
UCKPUBJICHHEM, [UJIsl €r0 CTAaOWIM3alliyd HCIONB3YIOT TaK e CHeHUaIbHYIO
KOMIIOHOBKY, MOcJje yero npoaosnkaercs oypenue ['C.

Cpeanmuii paanyc MCKPUBJIEHHS CTB0JIA CKBAKUHbI

CKOpoCTh CTPOMTENbCTBA MJII CPEAHEro paauyca kojednercs ot 8° 1o
25°/100 dyrtoB. C pammycom aerictBust ot 200 1o 700 dyToB. I"'opu30HTAIBHBIHI
npeHax 00biuHO HaxoauTes mexay (1000-3500 ¢yToB).

Hanuwiii Tun I'C xapakTepusyeTcss BBICOKMMHU CKOPOCTSIMU OypeHHs, 4TO
CHWKACT 3aTpaThl HAa HAKJIOHHO-HAMNpaBJICHHOE OypeHue, ocoOeHHO B Oosee
TBepAbIX mopojax. CpeaHuil paauyc MO3BOJSET  JOCTUTaTh  OOJIbIICH
TOPU3OHTAILHON JUTHMHBL. BBl MpoOypeHbl TOPU30HTATBHBIE CKBAKUHBI JITTHHOM
6omnee 7000 ¢yToB.

BoJib1ioii pagnyc HCKPUBJIEHHUSI CTBOJIA CKBAKUHBI

Oro HauOoyiee paCHpPOCTPAHEHHBIM THUI TOPU3OHTAIBHBIX CKBAXHH,
ocobenHo Ha 1menbde. CKOpocTh HapacTaHusi OOBIYHO COCTaBIAECT OT 2 110 6
rpagycoB Ha 100 ¢dyTtoB. bypeHune Takoro Tuma TOPU3OHTAIBHBIX CKBAKHH
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OCYILIECTBIISIETCS] C MOMOIIBIO TOTO € O00OpYIOBaHMS, YTO M IPU HAKJIOHHO-
HaIpaBJICHHOM OYpEHUHU.

2.2.3 I'opuszoHTaBbHBIC CKBaKUHbI c MHOT'OCTAAMUHBIM
THAPABJIMYECKHM Pa3pbIBOM ILIACTA

[IpuMeHeHrne MHOTOCTaJUIHOTO THIPaBIMYECKOro paspbiBa miacta (MI'PII)
MIOMOTAeT KPaTHO YBEIMYUTH JACOUT MOOBIBaromux ckBaxuH. CyIIecTBYIOT IBa
Buabpl MI'PIL. IlepBeiit Tunm — rungpaBnuueckuii paspeiB miacta (I'PII), korma
MPOU3BOMAT  CIYCK  CHEIUAIBHOTO  OOOpYAOBaHHS, KOTOPOE  BBIMOJIHSCT
MHOT'OCTAIMMHBIN Pa3pbIB I'a TOPU3OHTAIIBHOM y4aCTKE CTBOJIA CKBaXUHBI. BTOpoi
tun — ['PII, npu BBINOJHEHWH KOTOPOTO MPOU3BOIAT CIIYCK MYy(T M MaKepoB JJIs
pa3rpaHUYCHUS] YYACTKOB MPOBEAECHUSI TEXHOJOTMYECKON OINEpallii Ha MPUTOK K

ckBaxkuHe (pucyHok 2.8) [18].

1 — monBecka XBOCTOBHKA; 2 — oOcaiHas KOJIOHHA; 3 — 3aKOJIOHHBIN makep; 4 —
paspeiBHast mydTa ['PII; 5 — oOpaTHbIii Kianan; 6 — Garmak
Pucynok 2.8 — Komnonoska asist nposeaenus I'PII ¢ pa3peiBHBIME MypTamu 1
3aKOJIOHHBIMU Makepamu [18]

Ha xaxzaplii yyacTok [JIsi MPOBEIACHUS METOAa YBEIUYEeHHUS He]TeoTnauu
(MVYH) npou3BoJsT CIyCcK IIapoB, IPUBOJAIIME B ICUCTBUE pa3pbIBHbIE MY(THI,
IIOCJIE YETO MPOUCXOAUT UX OTKPBITHE, B3aUMOCBS3b C KOJUIEKTOPOM U CaM MPOLECC
NPOBE/ICHUS TUApopa3pbiBa macta [19].

IIpn ncnons3oBannn MI'PII B kauecTBe ocHoBHOro MYH, a He oTnenpHO Ha

KaKuX-TM00 CKBaxHHaX, 53(PQGEeKTUBHOCTH MeToAa Bo3pacraer. llepen ero
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MIPOBEICHUEM CIIe[lyeT M3yuuTh reodusnyeckue uccinenoBanus ckpaxud (I'MC),
re0JIOTUYECKHE OCOOEHHOCTH KOJUIEKTOpPa, MHTEP(EPEHIINIO CKBAXKUH, a TAKKE UX
koHCTpyKuuio. [Ipu MI'PII punpTpanroHHbie MOTOKU MEHSIOT CBOE HaIlpaBJICHUE,
YTO BJIUSAET HA OTJOKEHUE PETPOrpagHOTrO KOHAEHCATa B OKOJOCKBAKUHHOMN
obnactu. Kak mpaBuio, Oonblie BCero KOHAEHCATa OTKIIAIBIBACTCA B CaMOM
TpPEUIMHE U B 00J1aCTH BOKPYT HEeE.

HauGonbmyto sddextuBHocTh naHHbli MYH pmaer Ha auuMOBCKHX
OTJIOXKEHUAX, TaK KaK OHH SBILAIOTCA TpynHousBiaekaembiMu. MI'PII mossomser
n00bITh YB Ha Tperbell wim ueTrBepTOil cTamusx paspaboTku. BaxkHyro poib B
JaHHOM cllyyae OyJIyT UrpaTb OTHOCHUTENbHBIE (a3zoBble nmpoHunaemoctu (ODII)
tpeuH. Yem Himke ODII o macty, TeM MeHble 3QPEeKTUBHOCTh OT IPOBEACHUS
THIPaBINYECKOTO pa3pbiBa miacta [18, 19].

Mmuorocraguitielii  rugpopaspeiB  macta (MIPII) B coueranun c¢
TOPU3OHTAJIBHBIMU  CKBaXMHAMU  oOecrieunBaeT d(PPEKTUBHYIO  MPAKTUKY
JIOTIOJIHUTEJIBHOT'O MOBBILIEHUS IPOU3BOAUTEIBHOCTH I'A30KOHICHCATHBIX CKBAXKUH
JUTSL IPEJOTBPAIICHHS CKOTUICHHSI XKUIKOCTH BOKPYT CTBOJIA CKBaKHUHBI [19].

Jns mosiydyeHHsT ONTUMAJIbHOW NPOAYKTUBHOCTH CKBaXXKWHBI IPU KaXIOH
r€OMETPUU TPEUIUH B KOJUJIEKTOPE HEOOXOAUMO PACCUNUTATh HECKOIBKO (PAaKTOPOB U
napaMeTpoB. [lomyimmHa TPENMHBI SIBISETCS KIOYEBBIM IMAPAMETPOM FEOMETPUU
TPELMHbl JUI1 ONTHUMHU3AaLMU Ta30KOHJAEHCATHBIX KOJUIEKTOPOB, CHHYKAIOIIUX
HAKOIUIEHUE JKUJIKOCTH B TEYEHUE MAKCHUMAJIbHO [JIMTEIBHOIO JOCTHKHMOTO
nepuoaa. J[eOuT ckBaXXKMHbBI 3HAUNUTEIBHO BO3PACTAET C YBEJIUUECHUEM MOy IJTMHBI
TPELIMHBl O ONPENEICHHOIO0 3HAYEHMS, IIOCIE YEero NAJbHEMIIEE yBEINYEHUE
MOJTYIJTMHBI TPEIIUHBI HE OKA3bIBAET CYLIECTBEHHOT'O BIIMAHUS HA TIPOTYKTUBHOCTD
CKBAKUHBI.

IpdexTrl, BozHukawmue npu MI'PII [20]

l'azokoHzeHcaTHble ckBaxuHbl ¢ MIPII xapakrepusyrorcsi BBICOKMMU
pacxoiaMy KHJIKOCTH B Mpu3a00MHON 30HE M OCOOEHHO B TpEIIUHE, LIMpHUHA
KoTopoi penko mnpesbimaer 10 mm. C 3TOM 0COOEHHOCTBIO CBSA3aHBI €IE ABa

cneuuduueckux s3¢pdexra: spdexr Dopxreiimepa u 3pdext "BrimpsmieHus"
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KPUBBIX OTHOCHUTEIHHOM NPOHULIAEMOCTH (OTHOCHTEIbHAs MPOHHUIIAEMOCTb,
3aBUCSIIASA OT CKOPOCTH).

dddext Popxreiivepa

O¢pdextom  Dopxreiimepa  Ha3plBaeTCd ~ HEJNMHEWHas  (UIIbTparus
(TypOyJIeHTHOCTD), BO3HHUKAIOIIAsl MPH BBICOKUX CKOPOCTSX IOTOKA KHUAKOCTH.
TypOyJaeHTHOCTh OCOOCHHO OYEBHJIHA B BBICOKOJACOUTHBIX CKBA)XMHAX W/WJIH
CKBAKMHAX C HEONTHMAJbHOW KOHCTPYKLUHEH pa3pbiBa. ITOT 3(P(EKT MOXKET
IPUBECTH K 3HAYUTEIBHOMY CHHXCHHIO MPOAYKTHUBHOCTH CKBa)KHWHBI, KOTOPOE
MO’KHO paccMaTpUBaTh Kak CHUKeHUE 3(p(HEKTUBHON MPOHUIIAEMOCTH IIPOIIIaHTa U

OIMCBIBACTCS HEJIMHEHHBIM 3JIEMEHTOM B 000011IcHHOM ypaBHeHuH lapcu (2.1):

dp _ 1 igVy , Ca
dx  C kky,  C

2
Bpgve, (2.1)
rae dp/dx — rpagueHT qaBJieHus B HallpaBiIeHUU QUIBTPAIIUU Ta3a, aTM/M;

C, =0,00853 u C, = 1,1574-10° — k0> pHUIMEHTEI B METPUYECKON CHCTEME.
Cxopoctb ogHO(a3HOM (GUIIbTpalii HEPTH UITK Ta3a B TPEUIUHE MOXKET ObITh

paccuuTana o dopmysie (2.2):

Qfo
-5 2.2
Vrac 2Ry oW (22)

TJI€ Vfrqe — CKOPOCTh QMIILTPALIMH IJIACTOBOM KUIKOCTH B TPEIIMHE, M/CYT;

@y — pacxoj MIaCTOBOM KUIKOCTU B TIOBEPXHOCTHBIX YCIIOBHSIX, M3/cyT;
B; —o6emuslit koaddurment dimonza, m/m>;

¢ — IOPUCTOCTH NPOIIAHTA B TPEILIHHE.

N3 dopmyn 2.1-2.2 crnemyer, 4TO BBICOKHI pacxoj ra3a, HEONTUMAJIbHbBIC
napameTpbl TPELIUHBl (Manas IIMPUHA) W HU3Kasd NPOHULAEMOCTh MPOIIAHTa

(BeICOKOE 3HaueHue [-kod(PduimenHTa) OmpeaeasioT BBICOKOE COMPOTHBICHUE

buabTpalMK B TPEUIMHE U3-3a BO3HUKAIOIINX WHEPIIUOHHBIX 3P(HEKTOB.

36



[ToTepu NPOIYKTUBHOCTU CKBAXHUHBI, OINpEAENsieMble TypOYyJIEHTHOCTHIO
ra3oBOTO IMOTOKA B TPEIIMHE, MOTYT ObITh CBEJIEHBI K MUHUMYMY TPEMs CIIOCOOaMHU.
[lepBpiii crmoco® 3akiouaeTcss B BBIOOpE TpoOIMNaHTa ¢ 0Oojiee BBICOKOM
MPOHUIIAEMOCTBIO, YTO MPHUBOAUT K 00Jiee HU3KUM 3HAYEHUSIM Kod(PuireHrta
uHepuun B B ypaBHeHuun opxreitmepa. Bropoil cmoco0 3akimrouyaercs B
MUHUMHU3ALUN CKOPOCTU (PUIBTpAIlMK B TPEIIMHE, KOTOpas TOCTUTaeTCs 3a CUeT
ONTUMM3AIMN KOHCTPYKIIMU TPEUIUHBI MPU 3aKayKe MpOoNmnaHTa B PUKCUPOBAHHOM
o0beMe, a MUMEHHO 3a CYeT CO3JaHMsI HECKOJIbKO OoJjiee MIMPOKOM, HO Ooiiee
KOpPOTKON TpemuHbl. B kadecTBe TpeThero crnocoba MOXKHO paccMaTpuBaTh
CyOropH30HTaJIbHOE 3aKAaHUYMBAHUE CKBAXXMHBI MHOTOCTAUIHBIM pa3pbIBOM, KOTJa
COXpaHseTCs BO3MOXXHOCTb OOECIEYUTh BBICOKOE 3HAYEHHE OOIIeH IUIouaan
MNOBEPXHOCTHU BCEX TPEIIMH U IIPU 3TOM MUHUMHU3UPOBATH HHEPLIMOHHBIE 3 (DEKTHI
B KaXJIOM OTJEIBHOUN TPEIIUHE.

®opMa KPUBOM OTHOCUTEJIBbHOM MPOHULAEMOCTH — 3P PEeKT 3aBUCUMOCTH
CKOPOCTH PWIbTPALUH

Hpyroit 3¢dexT cBsi3aH ¢ SABICHUEM BBINIPSIMIICHUS KPUBOU OTHOCUTEIBLHOU
OPOHUIIAEMOCTH B O0OJACTSIX C BBICOKOW CKOPOCTHIO (UIbTpalMM rasa.
OTHOCUTENBHAS MPOHULIAEMOCTh TA30KOHICHCATHOW CUCTEMBI MOKET 3HAYUTEIBHO
YIYUYIIUTHCS (BBIPOBHATHCS) B TPU3a00MHOM 30HE TIacTa MU yBEJIWYEHUHU J1e0rTa
CKB&)KMHBI, TEM CaMbIM YJIy4Illasi €€ SKCIUTyaTal[MOHHbIEC XapaKTEPUCTUKU. PU3NKa
ATOTO SIBJICHUS €lI€ HEJOCTATOYHO M3y4€Ha, OJHAKO MAaTEMATHYECKas MOJEIb,
OTKCHIBAIONIAsl ATOT IMPOILIECC, YK€ ObLIa 3amyllieHa B psijie TUAPOAMHAMUYECKUX
CUMYJISITOPOB.

JIist anekBaTHOM pa3pabOTKM KOHCTPYKIMU THIPOpa3pbiBa U aJ€KBATHOTO
IIPOTHO3UPOBAHUS NMPOLYKTUBHOCTH CKBAXKUHBI C TUAPOPA3PBIBOM BCE MPOLIECCHI U
7 PeKThI JOJDKHBI OBITH TIIATEIHHO OIIEHEHBI U CMOJICTUPOBAHBI.

2.2 Cucrembl pasMelIeHMsl CKBAKMH 10 IUIOIIAJAM Ta30HOCHOCTH
MECTOPOKICHUH MPUPOJIHBIX I'a30B

Mecra cKOIUIeHHS YIJIEBOJOPOJIOB MOT'YT UMETh Pa3HbIE OUEPTaHUs, HAUMHAs

OT OBAJIOB/KBAIPaTOB U 3aKaHUYMBaHUs (HPUTYPON MTPOU3BOIBHON (HOPMBI.
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BBI60p PasMCIICHUA I[O6I>IB3.IOH_II/IX N HAarHeTaTrCJIbHBIX CKBA)XHWH 3aBHUCHUT OT

JIUTOJIOTHYCCKOIo COCTaBa KOJIJICKTOpPA, FCOJ’IOI‘O-(l)I/I?:I/ILICCKI/IX IMapaMCTpOB U

TEXHUKO-D)KOHOMHMYECKHNX IoKa3aTejer. Hambomee IIPUMCHSACMBIC  CUCTCMBI

pasMeleHus SIBJISIOTCS creaytomiue [21]:

1)
2)
3)
4)
5)

pPaBHOMEPHAs IO KBAIPATHOW WJI TPEYTOIbHOM CETKE;
OaTapeitHO-KOIbIIEBas;

JIMHEWHas,

pa3MeNIeHUE B CBOJIOBOM YaCTHU 3aJIEKH;

HCPaBHOMCPHOC.

[Ipu paBHOMepHO# ceTke (pUcCyHOK 2.9) moObIBaronyue M HarHeTaTeJIbHbIC

CKBAXMHbI PasMCIIarOT B yIJIaX paBHOCTOPOHHHUX TPCYTOJbHHUKAX WJIW KBAJpPaTOB.

PaBHOMepHOG Pa3sMCIICHUC CKBAXKHUH JIYUIIC BCCI'O MCIIOJIB3YIO IIPHU TCX YCIIOBUAX,

KOTJja KOJUUIEKTOP SABJISIETCS OJHOPOJHBIM. [Ipu 3TOM naBieHue OyJaeT CHMXKAThCS

PaBHOMEPHO U AEOUTHI OYAYT ONPENENATHCA MO CPEIHUM 3HAUYEHHUSAM ILIACTOBOTO

nasienus [21, 22].

a) 6)

a — KBaJpatHas, 0 - TpeyroibHas

Pucynok 2.9 — PaBHOMepHOE pa3MelieHre CKBaXuH [22]

Ha ITPAKTHUKC JIaHHBIfI BU/J Pa3sMCIICHUA CKBAKHUH TaK K€ MCIIOJB3YIOT U ITPHU

HEOJTHOPOJIHBIX CBOMCTBaX KoOJUIEKTOpa. Torma OyJeT BBITOJHSATHCS CIETYyOIIee

paBeHCTBO (2.3):

iziz ...=i= P n = const, (2.3)
aw,; aw, aw; AWy
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r7e q; — NeOUT [-0f CKBa)KUHBI;

QW; — Ta30HACHILIEHHBIN 00HEM IPEHUPOBAHUS [-Oi CKBAXKUHBI.

BriOupasi paBHOMEpHYIO CUCTEMY pa3MEUICHUSI CKBAXXUH, CIIEIYET Y4eCThb
JIOTIOJTHUTENbHBIE TpaThl HA CTPOUTENBCTBO Ta30COOPHBIX CeTed U MPOYHX
KOMMYHUKALUH.

Ecnu Ha MeCTOPOXKIEHNE MPUMEHSIOT B KQUECTBE MOAAEPKAHUS TIJIACTOBOTO
napinenus (III1JI) calkauHT-TIpoliecC WM 3aKayKy BOJbI, TO MCHOJb3YIOT

OaTapeifHO-KOJIBIIEBOE WIIH JIMHEHHOE pa3MelIeHUs CKBaxHH (pucyHok 2.10).

Pucynok 2.10 — barapeitHo-KkoiblieBoe (cieBa) U JMHEHHOE (CIIpaBa) pa3MeICHHs

CKBaxHH [22]

C momomipio cucteM pasmenieHus Ha pucyHke 2.10 MOXHO COKpaTuTh
IPOTSHKEHHOCTh MTPOMBICIIOBBIX KOMMYHHKAIIMM W Ta30COOPHBIX CETEH, MPH ITOM
TaKk JK€ €CTb CYIIECTBEHHBIH HENOCTaTOK — COKpalleHHe Iepuoja
OeCKOMIIPECCOPHOH T0OBIYYU M3-3a 00pa30BaHKs MECTHON BOPOHKH jenpeccuu [21,
22].

B  oagHOopomHOM miacTe TpU  BOJOHAMOPHOM — PEXUME  pabOTHI
ra30BOI/Ta30KOHACHCATHON 3aJI€KU MPUMEHSIOT CUCTEMY Pa3MEIIEHUsI CKBAXKUH,

IpeCTaBICHHYIO Ha pucynke 2.11.

39



Pucynok 2.11 — Pa3memenue CKBaXHH B CBOJIOBOM 4acTH 3ajexku [22]

B peanpHBIX YCIOBHAX Ha MECTOPOXKICHHUAX B OCHOBHOM MPUMEHSIOT
HEPaBHOMEPHYIO CUCTEMY pasmeleHus (pucyHok 2.12), koropas crnocoOCTByeT
OOJBITICH BRIPAOOTKE 3aMacoB, MPUBOIUT K YMEHBIICHUIO KAalTUTATBHBIX BIOXEHUN
U CPOKOB CTPOUTENIbCTBA CKBAKHUH, TIPOTSYKEHHOCTH IMTPOMBICIIOBBIX KOMMYHHUKAITUI
1 ra30c00pHBIX ceTeil. COOTBETCTBEHHO, PU TAKOH CUCTEME pa3MEIIEHHUsI CKOPOCTh

PacpCaACICHUA N3MCHCHUS AaBJICHUA B IINIACTC pa3JIMYHaA.

Pucynok 2.12 — HepaBHOMEpHOE pa3MellieHue CKBaXuH [22]

Jlist monmydyeHust Oosiee MOJIHOM M TOYHOM HMHPOpPMaLUU O 3aJekKu OypsT
HarHeTaTeJIbHBIE CKBAXUHBI C TIOMOIIBIO OaTapelHO-THHEHHOW CHCTEMBI
pa3MelIeHus.

Tak kak Oousblllass YacTb MECTOPOXKACHUN HCMONB3YIOT CHUCTEMBI
NOJIIepKaHUs TUIACTOBOTO JIaBJICHUS, TO pa3MelIeHHe CKBAXXHUH OyAeT 3aBUCETh OT
areHTa, KOTOPBIM 3aKaurBaeTcs B MacT. Eciau mpou3BOAsT 3aKayKy CyXoro rasa B
J1aCT, HATHETATEIbHBIE CKBAKUHBI CIIEAYET pa3MeIaTh 0aTapeeil B MPUIOIHSITOH,
a MOOBIBAIONIME B TIOHMKCHHOW KYyMOJBHBIX YacTsaX Iuiacta. Eciu BBIOMpArOT

JKUJIKUN ar¢HT, TO BCC ACJIACTCA HaO60pOT.
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Paccrostnue, kak mnpaBuio, cocraBiaser 800-1200 wmeTtpoB Mexmy
nHaraeratebHbIMU ¥ 400 — 800 MeTpoB MeKy JOOBIBAIOIIMME CKBaKMHAMHU [22].

2.3 TexHOJOTUYECKHUI PeKUM IKCIJIyaTAIMU Fa30BbIX CKBAKUH

[Tox TEXHOJIOTHYECKAM PEKUMOM IKCILTyaTaI[UU Ta30BbIX CKBAKUH B CITydae
otOOpa raza ¢ 32005 MOHUMAIOT CHATHE 3HAYEHUU JTMHAMHYECKHX I1apaMEeTPOB,
TaKMX Kak JeOuT, Temmeparypa, AaBieHue. bmaromaps oTOopy mnpoO MOXKHO
OTPEIETUTh COCTAB Ta3a.

Onenka BbIOOpa TEXHOJIOTUYECKOTO pPEKUMa MPOBOAUTCA HA OCHOBAHHUH
aHaM3a HA4yaJIbHOIO TUIACTOBOTO JIABJICHUS, TEMIIEpaTypbl, (GUIBTPALMOHHO-
E€MKOCTHBIX CBOWCTB IIJJacTa, XMMHYECKOTO COCTaBa rasa, CTPOCHHUsS ILIaCTa.
OnpeneneHue 3THUX NapaMETPOB HEBO3MOXKHO 0€3 MUIAHUPOBAHUS CIEHUATBHBIX
UCCIJIEJOBaHMM, /1€ 3aJIeICTBOBAHO BBICOKO TEXHOJIOTUYHOE 000pPYA0BaHUE.

[Ipn »sKkcmmyaTtaliuu  Ta30KOHACHCATHBIX ~ MECTOPOXKACHWNA  BBIACSIOT
HECKOJIBKO TEXHOJIOTUYECKUX PEKUMOB, OCHOBAHHBIX Ha KOHTPOJIE OMPEICICHHOTO
napameTpa, eclid MOJJep>KUBaTh 3HAUCHUE MapaMeTpa Oosiee He MPeACTaBISETCS
BO3MOYKHBIM, TO PEXKUM KOHTPOJIsI cMeHsietes [23].

1) TexXHOTOTMYECKUN PEXUM OKCIUTyaTallMd, OpU KOTOpOM P.s He

NOCTOSTHHO (2.4):

dp

arl, .. =1 = const (2.4)

N3menenue JaBJICHUA rasa Ha 3a00€ CKBa)XMHBI MOKHO BbIPAa3uTh IIYTEM

npuMeHeHHs rpaaneHTa (2.5):

_Ao'(.u'z)cp'Qo'i'Bo'Zcp'Qg
Pso '

Y (2.5)

rae Q,u ps, — MaKCUMaJlbHbIe KPUTHUYECKUE eOUT U 3a00ifHOE AaBiCHHUE,

HIKE KOTOPBIX IPOYHOCTHBIE XapaKTEPUCTUKH 00bEKTa pa3paboTKu HE MEHSIOTCS.
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Jlns pacdeTa MaHHOTO TMapamMeTrpa HeOOXOJMMO MCIOJIb30BaTh PE3yJIbTaThl
HCCIICIOBAHUM U AKCIUTyaTallMK JJis OJHOTO KOHKpeTHoro neourta Q,. [lpu Takom
3HaUCHWU JeOWTa Ha CKBAXUHE B IPOIECCE AKCIUTyaTallMd HE JIOJDKHO OBIThH
OCJIO)KHEHMM. B ciydae coBeplIeHCTBa CKBaXKHMHBI MO cTeneHHu (2.6) u xapaktepy

BCKPBITHS (2.7) UCTIONB3YIOTCS CIEAYIONINe pacueTsl [23, 24]:

Ay = ——5 (2.6)

B, = — (2.7)

B cBowo ouepear s CKBaXuH, OOJIAAONIUMX THUIAPOAMHAMUYECKUM

HECOBEPIICHCTBOM M0 creneHH (2.8) u xapakrepy BCKpbITH (2.9):

U
Ay =——— 2.
o k . F . paT ( 8)
_ B * Par
BO - F'Z.—Z)aT, (2.9)

rae F — momaas ¢punbTpanuu Ha MOBEPXHOCTH 320051 CKBAKUHBI.

JIJIst CKBaXKMHBI C OTKPBITHIA 3a00€M, BCKPBIBLIEH IUIACT HA BEIUYUHY hge

(2.10):

F=2-m- 1. hg (2.10)

JUIsi  CKBaXXWHBI, TMOJHOCTHIO  BCKpPBIBIIEH  MJAcT, OOCaXEHHOU

AKCILTYyaTallMOHHOW KOJIOHHOH 1 miponiepdopupoBaHHoii (2.11):

F=2-m-R%n, (2.11)
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r7ie N — Yucio paboTarux nepPopauoHHbIX KaHAIOB;

Ro — pammyc mnonycdepuueckoid KaBepHbI B TIOPUCTOM cpele Yy
nepdOopUpPOBAHHOTO KaHaIA. 3HAYEHNE TAHHOTO PaInyCca OCHOBBIBASTCS HA JAHHBIX
UCCJIEIOBAHUSI CKBAKMHBI JMOO HA pPABEHCTBE IMOBEpXHOCTEH moiychepsl u

IIMHAPUYECKOTo KaHaia nepdopanuu (2.12, 2.13):

2'm-R:=m-d-1I (2.12)
dl
Ry= |5 (2.13)

rae d — nuaMmetp neppopaloHHOTO KaHama;

| — nnmuHA epdopaIMOHHOTO KaHaa.

Ha nnuny m nuamerp neppopalOHHOTO KaHalla OKa3bIBaIOT BIMSHUE THII
KOHCTPYKIIUHU TieppopaTopa v MPOUYHOCTHBIE XaPAKTEPUCTUKU TTOPOSI.

JJ1st TEppUTEHHBIX KOJUIEKTOPOB, HCTIOJIb3YS CIEAYIOIIEE BEIPAKEHUE, MOKHO

onpenenuth Ro (2.14):

R, =317 -Jm, (2.14)

mpu 0,15 <m < 0,3

JIist KapOOHATHBIX KOJLIEKTOPOB (2.15):

3
R, = 150 - m%, (2.15)

npu 0,01 <m <0,1
CyImiecTByeT KpUTHYECKHH TPaJUCHT MJaBJICHUS, BBIIIE KOTOPOTO TpH
O0JBIIMX 0TOOPAx ra3a B CUITY MAJIBIX TPOYHOCTHBIX XapPAKTEPUCTHUK ITOPOIBI MOTYT

paspyuiarbces Ha 3a00€.
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B Hagame oKcrulyaTamuM OTCYTCTBHE MEXaHHMYECKHX TIpUMecedl B
NOOBIBAaEMON JKUAKOCTH HE SIBIISICTCS IOKa3aTelieM IPaBWJIBHOTO OMPEICIICHUS
TpaJeHTa NaBJICHUS. BO3MOXHBIMYU TPUYMHAMHI MOTYT OBIThH CITYyCK Ha HEBEPHYIO
rmyouny w ommOouHbIX momoop amamerpa HKT. Opnako mnpeBbimeHue
KPUTUYECKOTO TPaIMEeHTa HE BCET/Ia MPUBOIUT K Pa3pylICHUIO, THO0 HE OKa3hIBaeT
CHWJIBHOTO BIIMSIHHSI, TaK KaK CHadajga MOXET BBIHECTHCH OOJIBIIOE KOJWYECTBO
HeCKa, a 3aTeM KOJIMYECTBO MIECKONPOSBICHUH CHUXaeTcs [24].

B cnyuae cnabo KOHCOMUMAMPOBAHHBIX MOPOJ HE BCETAA YAACTCA W3BIICYD
KEpH M MPOBECTH OIICHKY MPOYHOCTHBIX XaPAKTEPUCTHK MOPOJI BCIEICTBHE YETO
BO3HMKAIOT OIMIMOOYHBIC PEIICHUS M0 MPUHATHIO TPAJUCHTA JIaBJICHUs, BICKYIIIHE
3a €000l NMOO B3aHMIKEHHYIO TMPOJAYKTUBHOCTh CKBXXHHBI OT BO3MOXKHOMU
MaKCUMAaJIbHOW B CIIy4ae 3aHMKEHUS TPaMEHTa, MO0 BOZHUKHOBEHHUE MPOOIEMBI
MIECKOIPOSIBJICHUM, TIepexosiiias B 00pa3oBaHUE IIECUYAHBIX MPOOOK, HYTO
COKpaIaeT MeXPEMOHTHBIN TIEPHO]T CKBAXKHHHOTO 000PY/T0BaHMSI.

2)  TeXHOIOTUYECKUN PEKHUM IKCIUTyaTalluH, IIPH KOTOPOM JCTPECCHUs Ha

iacT noctosiHHa (Ap = p,, — ps; = const). [lebur onpenensercs kax (2.16):

\/a2_4'Ap'(2'pnn_Ap)'b_a
2+b ’

Q = (2.16)

rae Q — 1edut, npuBeACHHBINA K aTMOC(EPHBIM YCIOBUSIM.

[Tpu 6:1M3KOM pacmosoKeHUM K akBudepy, Npu HapyIIEHUH LETOCTHOCTH
KOJUIEKTOpa BBHJY OOJBIIMX JENPECCHil, MPU BO3MOXXHOM HECOOTBETCTBUU
yCIOBUSIM Ha CMSATHE U pa3pblB KOJOHHBI, MpH MpoljemMe o00pa3oBaHUs
ra30THIPATOB BHIOMPACTCS JAHHBIA PEXKUM dKCIUTyaTanuu [24].

[Ipu pexunme NOCTOSHHOIO TpaJM€HTAa JaBJICHUS TPATUEHT SBISIETCS
NOCTOSTHHBIM BO BpEMEHHU Ipu pa3paboTke. B ciydae ke pexuma MOCTOSHHOU
JIEMIPECCUH €€ KPUTUUYECKOE 3HAYEHUE SIBIISETCS IMHAMUYECKUM, TaK KaK MEHSIOTCS
MJIACTOBOE JaBlieHue, ra3oBoasiHoN KoHTaKT (I'BK) umeeT cBoiCcTBO MOgHUMATHCS,

JUIS IPEOTBpAILEHUS] KOHYCOOOpa30BaHUsl ACTIPECCHIO HEOOXOANUMO CHIXKATh, YTO
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MOBJICYET HE3HAUTEIIBHOE CHWXCHHE TPOU3BOAMTEIHLHOCTH CKBAXKHHBI 10
CPaBHEHHIO ¢ MACIITA0OM BO3MOXKHBIX OCIIOKHEHHMH [24].

[Iporuecc ompeneneHne KPUTUUECKOTO 3HAYCHHSI IETIPECCUM, TPUHUMAEMOM
IIPH SKCIUTyaTalliy aHAJIOTHYCH CIy4aro IPeIbITyIIero peKuMma.

3) TeXHOTOTMYECKUI PEXKUM IKCIUTYaTallUH, IPU KOTOPOM P, = CONSt.

Hcnonp30BaTh JAaHHBIN PEXUM HE PEKOMEHAYETCs, TaK KaK AKCILTyaTaIus
CKBOXUH JPYTUMH pEXKUMaMH HEBO3MOXHA, HAIpHUMEp, W3-3a BBIMAJCHUS
KoHjeHcarta. [Ipu TaHHOM BBIHYXJICHHOM PEXHME MPOU3BOJUTEIFHOCTh CKBAXUH
CYLIECTBEHHO CHIKAETCS, TaKKe 3a00HOE /1aBlIeHUE MEPUOINYECKU MPUXOTUTCS
CHIDKATh, €CJIM HET TIOCTOSHHOTO akBUdepa, Tak KaK IUIaCTOBOC JIaBJICHHE
cHkaercs [25].

4)  TexHONIOrHMYECKHI PEKUM IKCILIyaTallMu, IIPU KOTOpoM Q = const.

JlaHHBIA pEXUM  ABISAETCS HaWOoOJiee DKOHOMHYECKH BBITOJHBIM H
s dexkTuBHBIM. Kpurepuu ero NpUMEHHMOCTH OCHOBBIBAIOTCS Ha OTCYTCTBHH
OTpPaHUYUBAIONTNX (DAKTOPOB, TIEPEUNCIICHHBIX MJIS BBHIIMICONMCAHHBIX PEKUMOB.
MaxkcumanpHOE  3HaueHHWe JeOuTa yCTaHAaBIMBAETCS W3  BO3MOXHOCTEH
CKBaKUHHOTO 00OpY/I0BaHUS, a TaK)Ke MPOITYCKHOM CIOCOOHOCTH CUCTEM cOopa U
TIOJITOTOBKH CKBOKUHHOU mpogykimu [25].

5)  TexHOJOTMYECKHI PEKUM IKCIUTyaTallMd, MPU KOTOPOM CKOPOCTh
¢buIbTpanuu B npu3adoitHO# 30He TocTosiHHA [24].

[TpuMeHSIIOT TaKoH peKUM B ClTydae MpeJOTBPAIICHHUS OTTACHOCTH OOMIIBHBIX
NECKOMPOSIBICHU, €ClIi CKBAXHMHHOE 00OpYyJI0BaHHE HE CIIOCOOHO MPOU3BOIUTH
OUYHUCTKY ra3a oT necka. CrenaB IOMyIEHHE O TOM, YTO JICHCTBYIONINE HA YACTHIIBI
MOpPOJbI CUJIBI TIPOTOPIIMOHATIBHBI CKOPOCTH (DUIBTpAliH, TO MPUMEHSIETCS

cieayroiiee Beipakenue (2.17):

2 = const (217)

o
Il
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[IpegenbHoe 3HaueHue kodpduimenta C  OLIGHMBAETCS  COTJIACHO
pe3yJibTaTam UCCIEAOBAHUS.
6)  TexHOIOTMYECKHU PEXHM OKCIUTyaTallid, MPH KOTOPOM TPATUCHT

JaBJICHUA ABJISICTCA ITIOCTOSAHHBIM BAOJIb OCH CKBAXMHBI (218)

dp

°r —p g=y., 2.1
azl,.,. Ps 9 =YVs (2.18)

rac pg — MIOTHOCTD IIaCTOBOM BOJBI,

dp o
—, ~ TPaJlieHT JIaBJICHUs Ha BEPIIMHE KOHYCA MO/IOMBEHHON BOJIbI (z = z,),

HAIpPaBJICHHBIA BBEPX BJI0JIb OCH CKBAXKHUHBI.

KputepussMu TOpUMEHHMOCTH JAHHOTO peXHMa SBISIOTCS HAIWYHUE
NOJIOIIBEHHOTO  akBU(epa M  MOPOJ C  BBICOKUMHU  IPOYHOCTHBIMHU
XapaKTePUCTHKAMH.

7)  TeXHOIOTMYECKHU DPEXKHUM OKCIUTyaTallld, MPU KOTOPOM CKOPOCTH
TEUYEeHUs ra3a Ha yCThE MOCTOSIHHA.

Pexxum oskcrutyatanuu  BbIOMpaeTcss BBUAY MPOOJEMBbI  MOBBIIIEHHOTO
KOPPO3MOHHOTO H3HOCa obOopyaoBaHus. [l MHMHUMU3HPOBAHUS CKOPOCTH
KOPpPO3UH, CKOPOCTh Tra3za CHIKalT. YTOObl MPOM3BOAUTENBHOCTh CKBa)KUH
OCTaBaJlach IMOCTOSIHHOM, Ha IMyHKTe cOopa MEHST Jubo ne0uT rasza, Jambo
3a00ifHOE /1aBlICHUE.

Ecnu ects HEOOXOAMMOCTH B JOCTH)KCHUU BBICOKHX JACOUTOB MPH yCIOBUH
BBICOKOW KOPPO3HOHHOW aKTHBHOCTH, TO HEOOXOAUMO MCIOJB30BaTh HHTUOUTOPHI
Koppo3un, 1u60 mpou3BoauTh 3ameHy HKT Ha TpyObl ¢ Gosbliieit KOppO3UOHHOM
CTOMKOCTBIO. Takke mpu BBIOOpE NaHHOTO peXUMa IKCIUTyaTallil HEOOXOIUMO
IPOrHO3UPOBAHUE BO3HUKHOBEHMSI Ta30TMIpPaToB U BBIHOCA MEXaHMUYECKHUX
npumeceit [24, 25].

2.4 OcoO0eHHOCTH Ppa3padOTKM W IKCIUVIYaTAllMd MHOTIOILIACTOBBIX

ra3oBbIX MeCTOPOKICHU I
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Pa3paboTka ra30KOHAEHCATHBIX MECTOPOKIECHUHN OCTIOKHAETCS TPU HATTMYUU
MHOTOIUJIACTOBBIX CHUCTEM, B KOTOPBIX HEOOXOJMMO TPUHATH peIlIeHue 00
HKCIUTyaTaIlMH: OJIHA CKBAXMHA IPOOYPHUBAET BCE IJIACTHI MITH YK€ Ha KaXKIIbIH T1acT
OTIEJIBHO MpoOypuBaeTcss ckBakWHa. CyLIECTBYIOT pa3IMYHbIE CUCTEMBI [
pa3paboTKu TakuX 3anexei [1]:

1)  Cucrema pa3pabOTKd CBEpXYy — BHHU3, TO €CThb B IIEPBYIO OYepe/b
pa3pabaThIBalOT BEpXHHUE IUIACTHI, 3aT€M HIKHUE, HO HEOOXOJIMMO YUYUTHIBATH
IUTACTOBOE JIaBJICHUE U 3amachbl BEPXHUX IUIACTOB, TaK KaK HX JOJDKHO OBITH
JIOCTATOYHO JUIsl 0OecrieueHus: HOTPeOICHUsI Ta30M.

Ecnu naBieHue B BEpXHHUX IIacTax OOJbIE JABICHUS THAPOCTATUYECKOTO
CTOJI0A KUJIKOCTH, @ B HUKEJIEKAIUX, HA000POT, MPUOJINKEHO, TO TAKYIO CUCTEMY
UCHOJB3YIOT 4YacTU4YHO. UTOOBI pa3paboTka HUXKeNeXallldX IJIaCTOB MpolLia
YCTEIIHO, HEOOXOAWMO JMJOXAAThCA TOKa JaBJICHHE BBIMIEICKAIINX TIUIACTOB
CHHU3UTBCS 10 TUAPOCTATUYECKOTO.

2)  Ecnu 3anmackl yriieBoIOpOJI0B B HUXKEJIKAIIHX IJ1ACTaX MPEBHIIIAIOT B
BBIIIETISKANTNX, TO HCIOJIB3YyEeTCS CHCTeMa «CHH3y — BBepx». l[Ipum magenun
JIaBJICHUS B HIDKEJISKALIUX TUIacTaxX A0 JaBJICHUS BbILIEIEKAIINX, OTINYAIOIIErocs
Ha TUIPOCTATHUECKUN CTONO, WCHOJB3YIOT OJHOBPEMEHHYIO JKCIUTyaTaIlHio C
JTAaHHOM CHCTEMOIA.

3)  UroObl MoNydyuTh HEOOXOAUMOE KOJIMYECTBO ra3a MNP MUHHUMAIbHBIX
IKOHOMUYECKUX 3aTpaTax MPUMEHSIOT OJHOBPEMEHHYIO CHCTeMy paszpaboTku. B
JAHHOM Cllydyae OJHOBPEMEHHO pa3padaThiBalOT KaK BEpPXHUE, TaK M HUKHHE
IUIACThI C MPUMEHEHUEM NTAaKePOB UM 0€3 HUX B OHON CKBa)KUHE.

JIisi ipaBUIIBHOTO BBIOOpA CUCTEMBI pa3pabOTKH HEOOXOAMMO coOpaTh U
COIOCTaBUTh MH(OPMALIMIO CO BCEX MMEIOIIMXCS TOopu3oHTOB. Eciu, Hampumep,
OyZeT pa3mu4eH COCTaB Ta3a, B OJHUX IUIACTaX COICPKUTCS CEPOBOIOPOA, a B
JIPYTHUX HET, TO HEOOXOAMMO OTAEIbHBIE Ta30COOpHBIC CeTU. TakKe BaXKHYIO POJIb
pU BEIOOPE UTPAET TEXHUKO-DPKOHOMUYECKHUE MOKa3aTelu.

2.5 Ocol0eHHOCTH pa3padOTKH M HKCIJIYaTAIUMHM Ta30KOHIEHCATHBIX

MeCTOPOKICHU I
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Pa3zpaboTka u skcrtyaraiusi ra30KOHIEHCATHBIX UMEET Psifi 0COOEHHOCTEH,
KOTOpbIE HEOOXOJMMO YUUTHIBATh — BBINAJCHUE KOHJIEHCATa B OKOJIOCKBAXKUHHOMN
o01acTi W B CaMOM CTBOJIE, 4YTO CIHOCOOCTBYET CHIDKEHUIO [aBJICHHUS W
TeMriepaTypbl. MHOTO(}a3HOCTh CKBaXXUHHOW TMPOAYKIIMHM YCIOXKHSET 3a7ady
NOJIHOTO H3BJIEYECHHs] Ta3a W KOHJEHCaTa, IO3TOMY HEOOXOAMMO BbIOpATh
ONTUMAJIBHBIN PEXUM padOTHI IJIACTA: C MOAIEPHKAHUEM IJIACTOBOTO J1aBJICHUS WIH
0€3 UCKYCCTBEHHOTI'O MOIEPKAHUS TIIACTOBOTO JIABJICHUS.

2.5.1 Pa3pa0oTKa ra30KOHAECHCATHBIX MECTOPOKACHUN C MOAJePKAHUEM
IUIACTOBOIO 1aBJICHUS

st yBenuuenusi kosdduimenta uspinedeHus: raza u koujeHcara (KUI' u
KHMK) MectopoxaeHus pa3padaTbIBAIOTCS € MOAAECPHKAHUEM ILJIACTOBOTO JaBJICHHUE
(IIITT). Hambonee mpUMEHUMBIM SBISIETCS CAWKJIMHT-TIPOIIECC, MPU KOTOPOM
IIPOUCXOJNUT OOpaTHAas 3aKayka CyXOro ra3a B IUIACT U KAK CJIEJICTBHE MOITYUYEHUE
TOBApHOro KoHjAeHcaTta. Kak Toibko 100bIYa KOHJAEHCAaTa IEpecTaeT ObITh
HKOHOMUYECKH BBITOJIHOM, MECTOPOXKIACHHE pa3padaThIBa€TCs Ha MCTOIICHUE.
CylecTBylOT U HENOCTaTKH y JAHHOTO METOJA, @ MMEHHO AOPOTOCTOSIIEE U
CII0)KHOE TEXHOJIOTHYECKOe O00OpYyIOBaHUE, U IJUTENIbHAs KOHCEpBallMs 3alacoB
raza. CallkiuHr-npoluecc 0ynetr meHee 3pGHEeKTUBHBIM, €CIIH TIJIACT HEOJHOPOIHBIN
U SIBJISICTCS TPEIIMHOBATHIM/TPEIIMHOBATO-TTOPUCTHIM [1, 26].

He Bcem 3anexxam ra3a M KOHJEHcCaTa HEOOXOIMMO NMPUMEHEHHE CUCTEM
NOAJACPKAHUS  IUIACTOBOrO  AaBiieHus. Cpeau  OPUPOIHBIX  CKOIUIEHUU
YTJIEBOAOPOIOB BBIACIIAIOT HEHACBIIEHHBIE U MEPETPETHIE, KOTOPHIM TPUMEHEHUE
[MI1/] nememecooOpa3HO, TaKk Kak KOHJIEHCAT HE 00pa3yeTcs, W HACHIIICHHBIC,
pazpabotka kotopsix 0e3 [1I1]] He mpencTaBisieTcss BO3MOXKHBIM, TaK KaK KOHJIEHCAT
MOJKET BBITIAIaTh cpa3y B KosuiekTope [26, 27].

CallkJIuHr-TIporiecC  MoMoraeT HaWTh BpeMsl TOCTOSHHOW  J00BIUU
KOHJIeHCaTa, Ko3(PQUIMEHT oxBara, Oo0ObEeM Tra3a, KOTOPBIM OCTaeTcs Mocie
BBIJICJICHUSI KOHJEHCATa, CUCTEMY pa3MelIeHNs CKBaxkHH, a Takxke KK u KUI'.

2.5.2 Pa3pa06oTKa ra30KOHJAE€HCATHBIX MECTOPOXKACHUI 0e3 moaaepKkaHus

AaBJICHUSA

48



JoObua ¢urongoB 0€3 mnoaaep aHusl IJIACTOBOTO JABICHUS SBIISETCS
BBITOJIHEE C SKOHOMUYECKOW TOYKM 3peHHusi, HO npu 3ToM MeHblui KNI u KUK,
yeM mpu ucnonbzoBanuu III1J[. Takoii Bua pa3pabOTKH [1aeT OJHOBPEMEHHO
N00bIYy KakK Tra3a, TaK U KOHAeHcaTa, TakKe HEOOXOMMO YUYUTHIBATh BO3MOXKHOCTD
BBINIAJICHUS KOHJIEHcaTa B pu3adoitHoi 30He macta (I13I1) u Bo Bpems Bcero mytu
JBUKEHUS ra3a oT 3a00s 10 MyHKTA Nepepad0TKH, YTO MOXKET OCIIOKHUTH JOOBITY
IOJIC3HBIX HCKOMaeMbIX [1].

2.6 KoMIIOHEeHT00T/Aa4a MEeCTOPOKACHUI NPUPOAHBIX I'A30B U METOBbI €€
yYBeJIN4eHHU s

2.6.1 KomnmoHeHTOOTIa4a MeCTOPOKIEHUA MPUPOTHBIX ra3oB [28]

Koaddunment uzpneuenus raza/konaencara (KUI'/KUK) unu no-apyromy
KOMITIOHEHTOOT/]aya Ta3a/KOHJEHCaTa SBISETCA BaKHBIM IIOKa3aTeleM s
MECTOpPOXACHUI, Ha KOTOpbId Bce opueHTupyrorcs. KUK/KUI™ — 310 oTHOLIEHNE
o0beMa W3BJICUYEHHBIX 3amacoB (UIIOMIOB M3 IUIACTA K OOBEMY TI€OJIOIMYECKUX
3amacoB (2.19). BeigenstoT 1Ba Buaa: KOHSYHBIN, XapaKTepHBIN IS KOHIIA IIEpHOoJIa
pa3pabOTKH, ¢ TEKYyIIUH, ONPENENSIONIMNACI B  ONPEIEICHHBIH MOMEHT

9KCILTyaTaluu.

K; =g—jii= (1—8—2) (2.19)

rae Q, — OCTaBIIMECs 3aIachl.
Koaddurmentrr uzsneyenus raza (2.19) u xonnencara (2.20) onpeaenstor

yepe3 HOpPMYIIbI:

Y0,
K, = :;Q” (2.19)
i=1 ¥3i
K = Ones+ (2.20)
Q3 c5+
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®opmyisl (2.19) u (2.20) OblIH IPUMEHEHBI IS CYXOro rasa (MeTaH, 9TaH,
npornaH W OyTaH) M KOHJIEHcaTa, cOOTBEeTCTBEHHO, Cs:. OOBIUHO KOX(DPHUITHEHT
W3BJICUCHUS Ta3a BhIMIe (0kosio 85-95%) xoadduiinenTa n3BaedeHUs] KOHIEHCATa,
KOTOphIH coctapmsieT 30—75%.

KUI" 3aBucHuT OT pekrMa pabOThl 3aJI€KHU, CPETHEB3BEIICHHOTO JaBIICHUS,
JUTONOTrO-(halMaibHON XapaKTePUCTUKH IIACTa, TUIIA MECTOPOKIACHHUS M TEMIIOB
otbopa rasa.

Ecnu nnact sBnisieTcss OJHOPOIHBIM, TO 00BEM OCTATOUHOTO ra3a B KOHSUHBIN

HIEPUO]T HAXOIUTCS 1O ypaBHeHHIo (2.21):

_ o
° Qs " Pu

Dx
Qo:'QK':K‘l'(-QH_'QK)'
Zy

, (2.21)

N

™

rae 2, u (), — HaYaJabHBIM U KOHEUHBIM ra30HACHIIIICHHBIE 00BEMBI, M3

Pe gy B

Zx Zg

| =

— KOHCYHBIC M CPCAHCB3BCIICHHBLIC I10 TI'a30HACBIIMICHHOMY H

00BOJTHEHHOMY 00beMaM Oe3pa3MepHbIC IPUBEICHHBIC 1aBIICHNUS,

a — Ko3(pGUIIMEHT 0CTaTOYHON 00BEMHOM ra30HACHIIIIEHHOCTH 0OBOIHEHHOM
30HEI 00BEMOM, JIOJU CIUHHIIEL;

Q(t) — Texymuii U3BICYCHHBIN 00bEM Tra3a;

Py — HadaJabHas Ta30HACKIIIEHHOCTD TUTACTa;

Q, — 3amacel rasa.

[Ipu pa3auYHBIX PEKUMaX SKCIUTyaTaruu Kod()(HUIIMEHT W3BIICUCHUS rasa
OyIeT onpeaeNsIThCS T0-Pa3HOMY.

— IIpY Ta30BOM pexume (2.22):

Dy (P —a-pg Dx
_ e B @b g0 (1 P (2.22)
Qs'pH Pu

K;

npu 2, = 0, = const, Q, = Q- (p,/2,), @ = 0.
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CDOpMy.IIa IIpUMCHHMAa TOJIBKO I OAHOPOAHBLIX IIO0 KOJIJICKTOPCKHUM
CBOMCTBaM ILJIACTOB.

- IIPH KECTKOM BOJOHAIIOPHOM pexume (2.23):

K =(1—a,)- (1 - g—) (2.23)

npu 2, > 0, Py = Px = const,a > 0.

- IpY YIIPYTOBOJIOHANPHOM pexume (2.24):

Pe\ 2 (D« Ds
— a-

K= 1—a-_ — —
' Du) 2y \Pu D

, (2.24)

npu 2, > 0, a >0,p, > Py > Py

[ToMmuMo 3TOrOo, Hemasioe BIMSHUE OKa3biBaloT TiyonHa crnycka HKT,
3HAYEHHE OXBaTa 3aJI€KH BBITECHEHUS, CETKA PAa3MEILECHHS CKBaXKUH.

MoxHO HaOIIOJaTh MPSAMYIO 3aBUCHMOCTH KO3(DPUIMEHTa ra3o0TAadyud OT
3HaueHui ¢ dexTuBHOM nopuctoctu (2.25). [IpoHuiaeMocTh BIUSET 1O 0OPATHO

MPOTOPIIMOHATIEHOCTH, HO €10 MOXHO MPEeHEeOpeyb.

K. =1,415-Va -m, (2.25)

rae a@ — K03 HUIMEHT Ta30HACHIIIIEHHOCTH;

m — koddpureHT 3P HEeKTUBHOM MOPUCTOCTH.

Yem Gosiee HEOJHOPOIHBIN KOJUIEKTOP C YXYAIICHHBIMHA (PUIBTPAIMOHHBIMU
CBOMCTBAMH W C CHJIBHBIM BIHMSHHEM KalNWJUIAPHBIX CHUJI, TEM MEHBIIEC 3HAUCHUE
Koa(dummeHTa ra3o00Taauu.

[Ipoiecc cHWXKEHHsI TUTACTOBOTO JABJICHWS B paMKaX OOBOJHEHHOTO
uHTepBana npuBoAuT K cHbkeHuto ODII no Boxe, a ra3, KOTOPHIN OBLT OTrpaHUYEH

OeaInKaM1 BOJbI, CTAHOBUTCA INOABMXXHBIM H (l)I/IJ'IpryeTCﬂ B T'da30HACBIICHHYTO
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4acTh Iiacta. Eciau miacT OgHOPOAHBIM M €CTh BEPOSTHOCTh TOrO, YTO BOJIA
OTPaHUYUT JIBUKEHHE HEKOTOPHIX 00BEMOB raza, TO peKOMEHIyeTCsl J0ObIBaTh ra3
¢ 00JIBIIIe MHTEHCUBHOCTBIO, TSI OTIEPEIKEHUS MTOACTYIIICHUS BOBI, YTO MTOBBICUT
MaKCHUMaJIbHYI0 ra300TAadyy. B ciaydyae HEOQHOPOJHBIX KOJUIEKTOPOB YaCTUYHOE
3aBOJHEHHE HEU30EIKHO.

[TpoBeneHNsT PEMOHTHBIX PAa0OT HA CKBAXMHAX B YCJOBHSX 3aBEPIIAIOIICH
CTaJuu pa3pabOTKH MOXKET MPUBECTH K CYIIECTBEHHOMY IOTJIOIICHUIO pacTBOpa
[JIYIIEHUs, TAK KaK IUIaCTOBOE AABIICHUE 3HAYUTEIIBHO CHU3WIOCH, UTO B HEKOTOPBIX
ClTydasx TyOUTENBHO JIJIsi CKBaYKHH.

ITpu onenke KWK HeoO0X0aMMO yUHUTHIBaTh KOMIIOHEHTHBIN COCTaB (hIIrOM/Ia,
aHanu3 ero (a3oBOH JAuarpamMMbl, BIUSHUE HAYAJIbHBIX IJIACTOBOIO JIABJICHUS U
TeMIIepaTyphl IUIaCTa, CHUCTEMa pPa3padOTKH MECTOPOXKJICHHS C BHEIPCHUEM
cuctembl [IIT]] nnu 6e3 Hee. Jlydie Bcero noaaep>XxuBath MiacTOBOE JaBJICHUE BO
n30eKaHue BBITIAJICHUS KOHAEHCATa, 3HAUUTEIbHO CHUKAIOIIUX MPOTYKTUBHOCTD.

KUK ninoxo CueMeHTHpOBAaHHOTO MECYaHUKA MPU BBHITCCHCHUU KOHJEHCAaTa

BOI[Oﬁ B YCIOBHUAX ITOCTOAHHOTO OAaBJICHHUA MOXKHO pacCUUTATb IIO YPAaBHCHHIO

(2.26):

_1
MK>8,57

K, = 1—1,415-(
T8

Pux " Mo | * Puxo (2.26)

TIe Pux — HadallbHas KOHJACHCATOHACKIIIEHHOCTh MOPUCTON Cpejbl, 10U
CIVHHMIIBI.

Ecim  wucnonp3oBanne cucrembl IIIIJ] Ha HavaimbHOM 3Tame He
npeamnoaraeTcs, To Ko3hdOHUITUESHT KOHASHCATOOTAAYH ONPEACISICTCS C TTOMOIIBIO
KOMILIEKCA JTA0OPAaTOPHBIX UCCIICIOBAHUM.

2.6.2 MeTtoabl yBeJM4YEeHHS] KOMIIOHEHTOOTHAYM Ta30KOHIEHCATHBIX
MeCTOPOKIeHnH [29]

Koadpdpunment uzpneuenne raza (KUI') MokHO yBEIMUUTH MPU MOMOITU

CHUKEHHUS CPEJTHEB3BEIICHHOTO JAaBJICHUS MO O0BbEMY 3ajieXkH, COJepxKallen ras,
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IPU ITOM TaK K€ YMEHBIIUTCS KOA(P(UIMEHT TUHAMUYECKON Bsi3KocTHU Tasa. Ilpu
UCIIOJIb30BaHUU BUHTOBBIX KoMIipeccopoB KUI' Oyzet Bbllie, yeM 00bIYHO, HO IIPH
YCJIOBHH, YTO JABJICHUE JOJKHO OBITh HHKE aTMOC(EPHOTO.

Eciu 3anmexs paboTaeT Ha YNpyroBoJOHANnopHoM pexume, 1o KU
YBEJIUYMBAIOT MPU TIOMOIIM YMEHBIICHHUS JABJICHHS IO OObEMY 3aJIeXKH,
coJiep Kaleil ra3 u BoJy; o0bemMa 0OBOJHEHHON 30HBI U PErYJIUPOBAaHUS OTOOPOB
rasa o IUIOIIa U U pa3pesy.

YToOb! JOOUTHCS CHIDKEHUS TaBICHUS TaK e MUCTOIb3YIOT NEPUOANUECKYIO
paboTy CKBaXMH B KOHEYHBIA IepuoJ. B 0OBOJHEHHOW 30HE MPU CHUKEHUU
naBieHus OyAeT yBeIuuuBaThbcs (pa3oBas MPOHULIAEMOCTb JJIsl Ta30BOW (a3bl,
YBEJIMYECHHE JIOJIM 00beMa C COAEP/KaHUEM U ra3a, U €ro BbIXOJ U3 0OBOJIHEHHOMN
o0acTu, Ipy ATOM JOJHKHO BBINONHATHCA yeioBue 0,3 <px/p, <1.

C mnomomisto IIIIJ[ ycTpaHsitoT sBieHUE oOOpaTHOM KoOHAeHcauuu YB
XKUIKOCTH, 4YTO CHocoOCTByeT Ooyiee BBICOKMM IOKa3zaTelsiM KO3 (ULHeHTa
u3Bneuenus konjeHcara (KUK). PaGouwit areHt (kuakuii wid ra3oo0pa3HbIN)
OyZeT BBITECHSTh KUPHBIN a3 K 320010 CKBaXUH 0e3 pacmupenus. Eciu B macte
conepxkurcst kKoHaeHcaT (Cs:) WM Jpyrue UEHHble KOMIOHEHTbI, TO [III]]
OCYUIECTBJISIETCSI C MOMOUIBIO Cpa3y ABYX pabOuMX areHTOB: CyXOro ra3a u BOJBbIL.
Cyxoli ra3 3akauuMBaeTcs B CBOJOBYIO YacThb 3aJieKH, BOJA — I0J] MOBEPXHOCTh
Ha4yaJIbHOT'O Fa30BOJSHOTO KOHTAKTA.

IIpu orcyrctBum cucrtemsl IIIJ[ um oOpasoBanum >xunkoi ¢azsl KUK
YBEJIMYUBAIOT C MOMOIIBIO BO3JCHCTBUS HA IUIACT: YMEHbIIEHHEM Ko3(dduinenrta
JUHAMUYECKON BS3KOCTUM KOHIEHCATa; YMEHBIIEHUEM >KHJIKOCTH IyTEM 3aKauKh
ra3oo0pa3HOro areHTa; BBITECHEHHMEM KOHJAeHcara Bojoil. [l 3akauku
ra3o00pa3HOro areHTa B IJIaCT MPUMEHSIOT CyXOM ra3: MeTaH, 3TaH, IponaH, OyTaH

WJIM YIJIEKUCIIBIN Ta3.
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3AJJAHHUE K PA3SJIEJTY

«®UHAHCOBBI MEHEJKMEHT,

PECYPCOO®PEKTUBHOCTD

N PECYPCOCBEPEKEHUE»
OOyuaromemycsi:
I'pynna D®UO
2bM15 benosoit Exarepune Onerosse
IHxoua WnxenepHas mkosna Orvnenene mcons: (HOLD) 21.04.01 «Hedrerazosoe

MIPUPOJIHBIX PECYPCOB

JCIJI0»

o0pa3oBaHus

YposBenn

Maructparypa

HaﬂpaBﬂeHﬂe/Cl’leﬂHaJ’leOCTL

Pa3paboTka u sxcmTyararus
HE(TSIHBIX U Fa30BBIX
MECTOPOXKACHUMN

Hcxognbie naHHbIe K pa3aeny «OHHAHCOBBIH MEHEIKMEHT, pecypcodpPpeKkTHBHOCTD U
pecypcociepeKeHHe»:

1. Cmoumocms pecypcos Hayunoeo uccredosanus (HHU):| MaTepuaabHO-TEXHUUYECKUE 3aTPaThl, BEIpaKEHHBIE B
MAMePUATLHO-MEXHUYECKUX, IHEPLEMUYECKUX, BHJIC KANUTAIBHBIX M OMNCPAIMOHHBIX 3aTpaT Ha
DUHAHCOBBIX, UHDOPMAYUOHHBIX U YEI08EHECKUX pa3paboTKy ra30KOHAEHCATHOIO MECTOPOXKICHUS X

P  153-39-007-96  PermaMeHT  COCTaBJIECHHS
MPOCKTHBIX ~ TEXHOJOTMYECKUX JOKYMEHTOB Ha
2. Hopmuvl u Hopmamuebl pacxo008anus pecypcos
pa3paboTky He]TIHBIX u ra3oHe( TSHbBIX
MECTOPOKIACHUHN
3. Hcnonvsyemas cucmema HAN02000104iCEHUsL, CMAGKU

HA0206, OMYUCTEHUT, OUCKOHMUPOBAHUSL U
Kpeoumosanust

Hanorossiit kogeke Poccuiickoit @eaeparuu O3 No67
ot 24.07.2009 B pexn. ot 26.03.2022

Ilepeyens BONMpoCoOB, MOIJIEKANMX HCCIETI0BAHNIO, TPOEKTHPOBAHMUIO H pa3padoTKe:

1. Ouer’a KOMMep4YeCcKo2o U URHOBAYUOHHO20

nomenyuana HTH

O6ocHOBaHMe MEepPCIIEKTUBHOCTH BHEJIPEHUS
KOMOMHUPOBAaHHOH  CHCTeMBI  pa3pabOTKM  Ha
Ta30KOHAEHCATHOM MECTOPOXICHHH B YCIOBHIX
Kpaiinero Cesepa

2. Ilnanuposanue npoyecca ynpaenenus HTU: Pacuer noxomoB W 3aTpaT NpU  BHEIPEHUH
cmpykmypa u epagux nposedenusl, 6100xcem, pucky | KOMOUHUPOBAaHHOH  CHUCTeMBl  pa3paboOTKH  Ha
U Op2aHU3aYuUs 3aKynoK ra30KOH/ICHCATHOM MECTOPOXKICHHH X
. . Pacuer wuHTerpanpHbIX (HUHAHCOBBIX MOKa3aTelel
3. Onpeodenenue pecypchoii, punancosoti,

9KOHOMUYECKOU I PexmusHocmu

pa3paboTku, nokasateinei pecypcodGeKTUBHOCTU U
3¢hHEKTHBHOCTH

Ilepeyennb rpaguyeckoro marepuaJia:

1. TaOnumsr:
Vcxonuble naHHbIE AT pacdyeTa SKOHOMHYECKo# 3 dekTuBHOCTH;
HopMaTuBbI 3KCIUTyaTalluOHHBIX 3aTpar;
Hroroseie pacuetsl NPV n1st BapuanToB 1 u 2;
AHanu3 4yBCTBUTENBHOCTU BapUaHTOB 1 u 2

2. Pucynkun:

I'padux NPV u YJAII pa3paboTKu 1 TpaduK aHAIN3a IyBCTBUTEIBHOCTH TI0 IBYM BapHAHTaM.

aTa BbIJIa4YM 3aIaHUSA K pa3aejiy B COOTBETCTBUHU € KAJICHIAPHbBIM
Jlata Bhinatiu sa pasxexy nap 14.03.2023
Y4eOHbIM rpaguKomM
3aganue BbIaJ KOHCYJIbTAHT 1no pasneny «DUHAHCOBDLIHI MEHEeIKMEHT,
ecypco3(ppeKTHBHOCTD M pecypcocOepeKeHre»
JloJZKHOCTh (025 (0] YueHasi cTeneHb, 3BaHNe IToanuck Jara
Jouent OHJI | I[{uGynbpaukoBa M. P. K.T.H., IOIICHT 14.03.2023
3anaHue NPUHSAJ K MCTIOJHEHUI0 00yYal0IMIiCs:
I'pynna [%(0] Ioanuch Jara
2BbM15 benosa Exarepuna OnerosHa 14.03.2023
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3AJJAHME JIJISI PA3JIEJIA
«COILIUATBHASI OTBETCTBEHHOCTb»

Crynenry:
'pynna DPUO
2bM15 benooii Exarepune Oneropue
MHkeHepHas 1KO0/1a NPUPOJHBIX Otaenenne
xosa pecypeon (HOII) OHJ
21.04.01 Hedrerazooe neno: PaspaboTka n
YpoBennb Hanpasienue/
Marucrparypa SKCIUTyaTalust HePTAHBIX M Ta30BBIX
o0pa3zoBanus CIIeHAJIBHOCTH N
MECTOPOKACHUIT
Tema BKP:

Kom0nnupoBaHHas cucreMa pa3padoTKH HA OCHOBE YYACTKA ONBITHO-MPOMBIIJIEHHBIX padoT
ra30KoHJAeHcaTHOro Mecrtopoxaenusi (AHAQO)

HcxoaHble JaHHbIE K pa3aeay «ConuajabHast 0OTBETCTBEHHOCTD .

Beenenue

— XapakTepucTiKa 00beKTa HCCIIeIOBaHUS
(BewwecTBO, MaTepHal, NpUdop, aIropuT™,
METOJIMKa) ¥ 00JIACTH €ro NPUMEHEHHSI.
—Ommucanue paboueii 30HbI (pabodero mecra) mpu
pa3paboTKe MPOCKTHOTO PELICHHS/TIPH
9KCILTyaTALHH.

OObekToM  mccnenoBaHus — sBmsAeTcs  oO0bekT  BTio11
ra3okoHneHcaTHoro mecropoxaeaus X (IHAO).

ObnacTeio MIPUMEHEHUS SIBISICTCS pa3paboTka
ra3oKoHJIeHCaTHOTo MecTopoxenus Kpaitnero Cesepa.
Pa6ouas 30Ha: MOJIEBBIC YCIOBUS

Knumatrueckas 30Ha: cyOapKTHIeCKast

KonmyecTBo u HanMeHOBaHHE 00OpYHOBaHMS padodell 30HBI:
JOOBIBAIOIINE U Pa3BEJOYHBIC CKBAYKHHBI.

Paboune mpomecchl, CBsI3aHHBIE C OOBEKTOM WCCIEIOBAHHSA,
OCYIIECTBIISIOIINECS B paboueil 30He: OMBITHO-IIPOMBIILICHHBIE
paboThl, reodu3nUecKre U THAPOTHHAMUIECKIE UCCIIETOBAHUS
CKBaXKHH.

Ilepeuenp BOIPOCOB, MOIEKALINX HCCIEIOBAHUIO, IPOSKTUPOBAHMIO U pa3paboTKe:

1. IIpaBoBbie U OPraHNU3aLMOHHbIE BONPOCHI
olecreyeHnst 0e3omacHOCTH npu
JIKCINTyaTalMu:

— CrenuanbHble (XapakTepHbBIE IPH HKCIUTyaTaI[HH
00beKTa UCCIeJOBAaHUs, TPOEKTUPYEMOii paboueii
30HBI) IPABOBBIE HOPMBI TPYIOBOTO
3aKOHO/IATENbCTBA;

— OpraHu3alMOHHbBIC MEPONIPUSATHS IPH
KOMIOHOBKE paboyeil 30HBI.

Ipuka3 Munrtpyna Poccun Ne 6421 ot 22 centsiops 2020 roga
«O06 yTBepxkaeHNN NpodeccHoHaNbHOro cranaapta «Omneparop
1o 100b14e He(hTH, ra3a ¥ ra30BOr0 KOHJCHCATaY,

TK P® Cratbs 298. OrpannyeHus Ha paOOThl BaXTOBBIM
METOJIOM;

PO 153-39.0-109-01. Meronuueckne  yKa3aHdhs 1O
KOMIUTEKCHPOBAHHIO U 3TAITHOCTHU BBHITIOJTHEHHS Fe€0(pU3NIECKUX,
THAPOAVHAMHUYECKHX M TEOXHMMHUYECKHX  HCCIIEOBAHMI
HEe(TSIHBIX U HeTera30BbIX MECTOPOXKACHHUI.

2. IlpousBoacTBeHHasi 0€30MACHOCTb MPH
IKCIJIYATALMH:

— AHaH3 BBIABICHHBIX BPEIHBIX U OIMMACHbIX
MPOU3BOACTBECHHBIX (l)aKTOPOB;

— Pacuer ypoBHsI 0IaCHOTO MJIM BPEAHOIO
TIPOU3BOJICTBEHHOTO (hakTOpa.

Bpennsbie ¢pakTopbI:

— KJIMMaTHYeCKHE YCIOBHS;

— TIPEBHINIEHHUE YPOBHS IIyMa;

— TIPEBBINIEHHS YPOBHS BHOPAIHH;

— HEZOCTaTOYHasi OCBEIEHHOCTh paboyeil 30HBbI;

— TIOBBIIICHHAS 3aMBUICHHOCTh U 3ara30BaHHOCTH BO3yXa
paboueii cpebr;

— TMOBPEXKIACHUA B PE3YJIbTATE KOHTAKTa HACEKOMBIMH,
PacTCHUAMHU U )KUBOTHBIMU.

OnacHble paKkTOpbI:

— JABUXYIUECA MAllTMHBI U MEXaHU3MBbI IIPOU3BOJACTBEHHOI'O
00opyaoBaHuUs;

— obopynoBanue, paboTarolee o/ TaBJICHHEM;

— B3PBIBOOIIACHOCTH U MOXKaPOOIIACHOCTD;

— DIEeKTPOOE30IaCHOCTb.

CpencTBa KOJJIEKTHBHOH M MHAMBHAYAJIbHOH 3amIuT:
CIIeIMaJIbHAs OJIeX/a, CIelHuanbHas o0yBb, KacKa 3allUTHAs,
MOSIC  TPEAOXPAHUTENbHBIN, TEPYATKH JAUIIEKTPUUECKUE,
JMUOJICKTPUYECKAE TalolM W OOThI, OYKH 3alIUTHBIC,
MIPOTHUBOras.

Pacuer »skonormueckoro ymepba OT pas3iMBa Ta30BOTO
KOHJICHCATa.

3. DkoJjoruveckass 0e30mMacHOCTL  NpPH
IKCILUTYyaTALMM:

Ananus BO3/JelicTBUSA Ha CeJINTEOHYI0 XOHY:
ra3oKOHJICHCATHOE MeECTOpoxJeHue X pacrmonaraerci B
MIPOMBIIIIEHHON 30HE ¥ He HeceT Bpe/ja CeNnTeOHOH 30He.
AHaJM3 BO3JelCTBUS Ha JuUTOcpepy: yTWINM3aLUs OTXOIOB,
YTEUKHU yTIEeBOAOPOAOB U XUMHKATOB.
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AHaJM3 BO3/eiCTBUSI Ha Truapocgepy: CEpoOBOJOPOIHOE
3apa)k€HUE BOJSHBIX TOPU30HTOB, YTeUkH Y B B BOOEMBI.
AHajauM3 BO3JelCTBHA Ha aTMocdepy: NpPOAYKTbl CrOpaHuUs
VB, yTeuku rasa, BbIXJIOIHbIE Ia3bl.

4. Be3zonacHocth B 4pe3BbIYAHHBIX

CHUTYaUMsIX MPH IKCILUIYATALUMN:

Bo3mo:knabie UC:

— yTeuka U BoCIulaMeHeHHe Y B;

— OTKa3 CUCTeM 0e30MacHOCTH;

— yTedKa XUMHKATOB;

— TOoXap.

Hauoonee Tunuunas YC:

— anrponorenHpiec YC JIOKATBHOTO XapakTepa (XaJlaTHOCTh,
HEOCTOPOKHOCTH MTEPCOHAIIA MPEIPUSITHSA ),

— BBIXOJ U3 CTPOsl 000PYIOBaHUS, aBAPHH M HAPYIICHUU
TepPMETUYHOCTH.

JlaTa BbI1a4M 3aJaHus U1 Pa3/esia 1o JUHeiHOMY rpaguKy ‘ 14.03.2023

3agaHue BbIIAJ KOHCYJIbTAHT:

J0/KHOCTH [5(0] yqu::a;;?eHb’ Moanucy Jara
CeunH Auapen
Tlouent OOJT AP K.T.H. 14.03.2023
AJIeKCaHIpOBUY
3anaHue NPUHSAJ K MCTIOJHEHUIO CTY/IeHT:
I'pynna [25(0] Hoanuch JlaTta
2BbM15 benosa Exarepuna Onerossa 14.03.2023
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5 CounanbHasi 0TBETCTBEHHOCTh

MectopoxaeHne X pacrnojoKeHO B CEBEPO-BOCTOYHOM 4YacTH 3amaJHo-
Cubupckoil paBHUHBI, B I0’KHOM YacTu ['BITaHCKOTO MOMyOCTPOBA, B MEXAYpPEUbe
pek Ta3 u Meccosixa. Teppuropust yyactka npuypodeHa K Ta30BCKOM NMPOBUHIUA
TYHJPOBOW PaBHUHHOW 30HAJbLHOW 00nacTu. B aqMUHUCTpaTMBHOM OTHOIICHUU
pailion pabor Haxomutcsi B mpeneinax TazoBckoro paiiona SAmano-Henerkoro
aBTOHOMHOTO OKpyra TiomeHckoit oOnactu. Teppuropust Xapakrepuzyercs
CYpPOBBIMH KJIMMATHYECKUMU YCIOBUSMH U BEYHOU MEP3TOTOM.

Ha paccmarpruBaeMoM MpPOMBICIE pPEATM30BAHBI ONBITHO-IPOMBIILICHHbBIE
paboTel, oOopynoBaHue sl OypeHUs] CKBAXKHUH, a TaKXKe KYCThl I J0OBIYU
YIJIEBOJOPOJIOB, BKIIIOUaronue (OHTAHHBIE apMaTypbl, BBIKUJHBIE JIMHUH,
3aMEpHBIE YCTAaHOBKH.

Llenpro JaHHOTO pasena SBISETCS aHAIN3 OMACHBIX U BPEAHBIX (DAKTOPOB B
nporeccax OMBITHO-TIPOMBIIJICHHBIX ~ PaldoT, TUAPOAUHAMUYECKUX U
reoU3nYecKnX WCCICNOBAHUN, 3aKaHYMBAHUS W OKCIUTyaTallud CKBaXXUH Ha
MECTOPOXKICHUH X U PEIIEHUE BOMPOCOB 00ECIEUEHMS 3alUThl OT HUX Ha OCHOBE
TpeOOBaHMUI JEHCTBYIOMIMX HOPMAaTUBHO-TEXHUYECKUX JIOKYMEHTOB. Perienus,
NpPE/CTaBICHHbIE B JaHHOW pabore, OyayT akTyalbHbl HJII MECTOPOXKICHUI
Bocrounoit u 3anagnoit Cubupu, pazpadarbiBaeMbIX B YCIOBHUSAX KpailHEro cesepa.

5.1 IlpaBoBble W OpPraHU3alMOHHbIE BONPOCHI oO0ecHeYeHUs
0e301acHOCTH

OmnsrTHO-TipoMbITiuieHHbIe paboThl (OI1P), ruaponunamuueckue (IJJUC) u
reopmsudeckue wuccraenopanus ckBakuH ([MIC) nomxHBI NPOBOIUTHCS B
cootBeTcTBUM ¢ TpeOoBanusimMu PJ[ 153-39-007-96 «PernameHT cocraBieHuUs
MPOCKTHBIX TEXHOJOTUYECKUX JOKYMEHTOB Ha pa3paboTKy HEPTIHBIX W
razoHePTsaHbIX MecTopokaeHui» [33] u PI 153-39.0-109-01 «Meronuueckue
yKa3aHUs 10 KOMIUICKCUPOBAHUIO W OTAIMHOCTH BBHITIOJHEHUS Te0(U3UYECKUX,
THUAPOIMHAMUYECKUX U TEOXUMUYECKUX UCCIIEIOBAaHUN HEDTIHBIX U HEPTETa30BbIX

MECTOPOXKIeHUIN» [34] COOTBETCTBEHHO.
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31U pabOoThI BHIMOIHSAIOTCS MPEUMYILECTBEHHO JIMIIAMH, KOTOpbIE paboTatoT
BaxTOBBIM MeToA0M. PabGoTonarenb 00s3aH coOI0aaTh TPYA0BOE 3aKOHOIATEIHCTBO
MIPU NPUBJICYCHUH COTPYIHUKOB K BBIMOJTHEHUIO TAKEIIBIX PA0OT B OMACHBIX U (UJIN)
BpPEAHBIX TMPOU3BOACTBEHHBIX YycnoBusx (ct. 224 TK P®d) [35]. CornachHo
TpynoBomy Konekcy Poccuiickoit ®enepamuu (ct. 298 TK P®D) [36, 37],
OTIpE/ICIICHHAs] KaTeTOpHUs JIUI] HE MOXET OBITh NpHBIICYCHA K PabOTe BaXTOBBIM
METOIOM, & UMEHHO:

- JU1A, HE JOCTUTIINE BOCEMHAATH JIET;

- OepeMEeHHBIE JKEeHIIUHBI,

- JKCHILIMHBI, UMEIOIIIUE IE€TEN B BO3pACTE A0 3 JIET;

— pabOTHUKH, Y KOTOPBIX €CTh MPOTHUBOIOKA3aHUS K pabOTe€ BaXTOBBIM
METOMIOM, MTOATBEPKICHHBIE MENUIIUHCKUM 3aKITIOYEHUEM.

Jlutiam, BBINOJHSAIONIUM pabOThl BAaxXTOBBIM METOAOM, 3a KaXJbId
KaJIeHJJapHbIN JIeHb TPEObIBaHUS B MECTaX MPOU3BOJICTBA Pa0OOT B MEPUOJT BaXThl, a
TaKkXke 3a (aKTUUYECKHE JHM HAXOXKICHUS B IMYyTH OT MeCTa HaxOXKIACHUS
paboronarens (myHKTa cOopa) 10 MecTa BBIMOJHEHUST pPabOThl W OOpaTHO
BBITUTAYMBAETCS B3aMEH CYTOUHBIX HaJ0aBKa 3a BAXTOBBIM METOM PAOOTHI.

PaGoTHukam, BbI€3:KAIOIMIUM JJIsI BBITIOJTHEHUSI PaOOT BaXTOBBIM METOJIOM B
paiionsl Kpaiinero CeBepa 1 npupaBHEHHbBIE K HUM MECTHOCTH U3 APYTUX PAHOHOB:

— YCTAaHABJIMBACTCA PAMOHHBIN KOA(GOUIIMEHT, W BBILIAYUBAIOTCS
MPOIICHTHBIE HAI0aBKKM K 3apa0OTHOM IuiaTe B MOPSAKE U pa3Mepax, KOTOpbIe
MIPEyCMOTPEHBI JIJIs1 JIHII, TOCTOSTHHO paboTaromux B paiionax Kpaitnero Cesepa u
MPUPABHEHHBIX K HUM MECTHOCTSIX;

— MPEIOCTABISCTCS  €XKETOJHBIM  JOIMOJHUTEIbHBIA  OIUIAYUBACMBIN
orimyck (cT. 117 TK P®) [38] B nopsiike U Ha yCIOBUSX, KOTOPBIE TPEAYCMOTPEHBI
JUISL JTUIT, TIOCTOSTHHO pa0OTaIOIINX:

1) B paiionax Kpaitnero CeBepa — 24 xajaeHIapHbIX JTHS;

2) B MECTHOCTSIX, IpUpaBHEHHBIX K paiioHam Kpaitnero Cesepa, — 16

KaJICH/IApHBIX JTHEH.
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- PEIyCMOTPEHBI IIaHOBbIE OECIIaTHBIE METOCMOTPBI, JIJIs BHISIBJICHHS
pa3MyHBIX 3a00J€BaHUN, KOTOPHIE MOTYT, BO3HUKHYT B pe3ylbTare TPYyIAOBOU
JEATEeIIbHOCTU paOOTHUKOB.

PabGoyee mecTo sBiAe€TCA TEPBUYHBIM  3BEHOM  MPOHU3BOJCTBEHHO-
TEXHOJIOTUYECKON CTPYKTYPHI MPEANPUATHSI, B KOTOPOU OCYILIECTBIISECTCS MPOIIECC
IIPOU3BOJICTBA, €r0 YIPABIECHUE U 00CIyXrBaHue. OT KauecTBa OPraHU30BaHHOCTU
paboyux MeCT BO MHOTOM 3aBUCUT 3(PGEKTUBHOCTH BBINMOIHIEMOTO TpyAa,
MPOU3BOJUTEIBHOCTh TpyZa, CEO0ECTOMMOCTh BBIITYCKA€MOM MPOAYKIMHU, €€
KaueCTBO W MHOTHE JIpyrHe AIKOHOMHUYECKHE TMOKa3arenn (QyHKIHMOHUPOBAHUS
KaMITaHWH.

Kaxnoe pabouee MecTo wuMeeT CBOU chenupUUecKue OCOOCHHOCTH,
CBSI3aHHBIE C TOHKOCTSIMM OpTaHU3allid MPOU3BOACTBEHHOTO mpolecca. Pabouee
MECTO IMEepCcoHala MPU KOHTPOJIE U OOCITYKMBAaHUM OOOPYIOBAHUS CBA3AHHOIO C
TEXHOJIOTUYECKUM TPOIECCOM HWHTHOMPOBAHUS CKBAXUH TEPPUTOPUATHHO
pacmoiokKeHo Ha KycToBo# miomazake. [ns ymoOcTBa paboThl MepcoHana Ha
KyCTOBOH TJIONIAJKE YCTAaHABIMBAIOT MOMEIICHHS, B KOTOPHIX PaOOTHUKH MOTYT
000TPEThCS B XOJIOTHOE BPEMS T0/ia, IeJIaTh ePEPhIBbI, BECTH KypHaJ U IPUHUMATH
numry. Kpome Toro, mepcoHan moibkeH OBITh CHa0XEH BCEMH HEOOXOIUMBIMU
CpeICTBaMHU MHAMBHUAYAJIbHOM M KOJUIEKTUBHOM 3alllUThI, padouyee MECTO JTOJIKHO
OBITh XOPOIIO OCBEUICHO, OMacHas 30Ha MpHU NPOBEACHHUU PabOT JOKHA OBITH
OTOpPO’KEHA.

5.2 IIpousBoacTBEeHHAs 0€30MACHOCTH

Cotpyanuku, paboTarolmMe Ha MPOMBICIE, MOJIBEPraloTcs OOJBLIIOMY
KOJIMYECTBY BpEAHBIX W HeOe3omacHbIX (pakTopoB. BnusHue naHHbIX (aKTOPOB
MOXET TPUBECTH K Pa3IU4YHBIM 3a00J€BaHUAM WJIA K YMCHBIICHHUIO
TPYIAOCIIOCOOHOCTH.

C uensplo kiaccuukanuyu BO3MOXHBIX (hakTopoB ciienyeT npumenats [[OCT
12.0.003-2015 «Omacuble W  BpeAHBbIE  MPOU3BOJCTBEHHBIC  (DAKTOPHI.
Knaccuduxanus» [39]. Crnucok onacHbIX W BPEIHBIX (PAKTOPOB, CBOMCTBEHHBIX

MIPOU3BOJICTBEHHOM cepe, OTpakeHbl B Tabuiie 5.1.
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Ta6nuna 5.1 — OnacHeie ¥ BpeHble (PaKTOPBI IPU peaTu3aluu Kakux-1u00 padoT

Ha KYCTOBBIX IINIOHTAAKaX

®aktopsl ('OCT 12.0.003-2015)

HOpMaTI/IBHI)Ie AOKYMEHTDI

BO3JIyXe/paboyeii 30He

OnacHble Bpennbie
DusuyecKue
[epeaBuraroreecss MaluHbI XH:I)C;I?;]?;;TEE(? I'OCT 12.2.062-81 [40]
U armaparsl MUKPOKTHMATA Ha 'OCT 12.2.003-91 [41]
IIPOU3BOICTBEHHOI'O OTKPHITOM I'OCT 12.1.004-91 [42]
OCHAIIICHUS CanlluH 2.2.4.548-96 [43]

NepCABUT A0 ECCS MAIIITMHBI
" aIrapaTbl
IMPONU3BOJACTBCHHOI'O
OCHAlICHUA

[IpeBbltieHre ypOBHS
ryma

['OCT 12.1.003-2014 [44]

[To>xapoB3pbIBOOE30IACHOCTH
B paboueii 30He

IIpeBbliieHre ypoBHS
BHOpaIuu

TOCT 12.1.012-2004. CCBT
[45]

TIITB 01.2003 [46]

HITB 105-03 [47]

DneKkTpo6e30macHOCTh

HexBatka ocBelleHus: Ha
paboueM MecTe

TOCT 12.1.038-82. CCET [48]
CII 52.13330.2011 [49]

XuMHu4ecKne

[ToBbilIeHHAs
3ara3oBaHHOCTb U
3aMbUIEHHOCTh paboueit
30HBI

'OCT 12.1.005-88. CCBT [50]

Buojgornyeckue

IToBpexnenus B
pesyabTare
B3aMMOJEHCTBHUS C
HaCEKOMBIMHU,
JKUBOTHBIMH,
IIPECMBIKAIOLIUMUCS

TOCT 12.1.008-76. CCBT [51]

5.2.1 AHaiu3 BpeIHbIX NPOU3BOACTBECHHBIX (PAKTOPOB M 000CHOBaHME

MEpONPUSTHI 10 CHUKCHUIO YPOBHS UX BO3/1efiCTBUA HA PA0OTHUKA

OTkjI0HEeHHe moKa3aTejiell KJinMaTa Ha OTKPLITOM BO31YyX¢

CwMmellieHre B Xy IITYI0 CTOPOHY COCTOSIHUE 37I0POBbs pA0OTHHUKA COICUCTBYET
otkioHeHue nokazarener knumara. OIIP, I'/IUC u I'IC npoBoasTca Ha OTKPBITOM
BO3MlyXe. 3UMOH TeMriepaTypa Bozayxa konebnercs ot — 20 °C no — 40 °C, ogHako
HaOJII0/IAF0TCS CITy4yau, KOT/1a TEMIIepaTypa HapyKHOTo Bo3ayxa gocturaet — 50 °C.
CranpapTu3anys NapaMeTpoB Ha OTKPBITOM MECTHOCTH HE BBIINOJHSAETCS, HO
MIPOU3BOATCS OMPECIICHHBIN KOMIUIEKC paboT, HampaBlIEeHHBIH Ha yMEHbIICHUE
HEraTUBHOIO BIIMSIHUA Ha opraHu3M venoBeka. Corpyanukam Beiaarorcss CU3 npu
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OTKJIOHEHHUH TOKa3aTese KarumaTa, a MMEHHO CIIEIMAIIbHYIO OAXKTY U 00YBb, JUIs
3aIllMTHI TOJIOBBI — Kacka, JJI a3 — CIeUUaTu3UpOBAaHHbIE 3aIIUTHBIC OYKH, JIJIS
OpraHOB [bIXaHHWsS — pecrnupaTopbl W npoTuBorasbl. [lpum oTpuULATENBHBIX
TeMIlepaTypax NpelycCMOTpeHa Terias oJIexkaa, MPU 0caiKax — IUIAIIH.

Cnenyer mnpuIepKUBaTbCA CIEAYIONMM MpaBUJIaM B HEOTHEMIIEMOM
pexXHUMe:

- HE JIOMYyCKaTh COTPYJHUKOB K BBIIIOJHEHUIO KaKUX-THOO paboT mpu
orcytctBund CU3, oTBEHaronuM KIMMAaTUYECKUM YCIOBUSIM;

- JIETOM COTPYJIHUKH JIOJKHBI ObITh OcHaIeHsl CU3 oT rHyca u Kiiema;

- npu temneparype — 20°C y paOOTHHKOB, UCHIOJHSIOIIMUX KaKue-11u0o
OMepali Ha OTKPBITOM BO3JyXE, KaXXIbIl Yac IOKEH MPOUCXOIUTH MOJOTPEB
MIOMEIIEHNUS, B KOTOPOM JIOJKHA COXPaHAThCA TeMIlepaTypa He Huxke + 25 °C.

JlesTenbHOCTh ~ BPEMEHHO  OCTAaHaBJIMBAOT  IPU  ONPEIEICHHOM
TEMIEPATYPHOM PEXUME M CKOPOCTH BETpa B MNPOXJIaAHBIA mepuoi. JlaHHbIE
MIPEICTaBIICHBI B TabmuIie 5.2.
Tabnuna 5.2 — JlaHHBIE 1O TEMMEPATypHOMY PEKUMY M CKOPOCTH BETpa, KOTIa

MPOUCXOIUT BPEMEHHAsI OCTAaHOBKA padoT

Temneparypa, °C CkopocTtb BeTpa, M/c
—40 bes3BeTpeHHas norona
-35 Meuwuee 5,0
-25 5,1-10,0
-15 10,1 -15,0
-5 15,1-20,0
0 Bboxee 20,0

IIpeBbllIeHHe YPOBHA LIyMa U BUOPAaLUM

Pa3znuuHble arperaThl U MAIIMHBI SIBISIOTCA HCTOYHUKOM IIyMa. JlonmycTumble
3Ha4YeHUs creneHu myma mpexacrasieHsl B [OCT 12.1.003-2014 [44]. Mepa
CTETICHU 3ByKa Ha pabodyem Mecte HaxoauTcs B auana3oHe 40 45 nb, a Ha oTkpbITOM
Bo3nyxe 0 80 nb. Bepronersl, KOTOpbIE OCYLIECTBISIOT EPEBO3 PAOOTHUKOB 10
IPOMBICIIA, CYUTAIOTCS] OCHOBHBIM UCTOYHUKOM BBICOKOTO 1IymMa. OHU (OPMUPYIOT

cTerneHp myma B quanaszone 95-100 nb, uro npeBocxoaut nonyctumbie nudpsl. C
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LEIbI0 3allMThl CIYXOBOTO armaparta cieayeT HNPUMEHSATh HayIIHUKWA WU
IPOTHBOIIYMHbIE BKJIabIIIH B cooTBeTcTBUU CIT 52.13330.2011 [49].

Mepa crenenu BuOpamuu coctaBiuger 92 nb npu wactote 63 I'nm B
coorBerctBuM ¢ ['OCT 12.1.012-2004 CCBT [45]. I'maBHbIMH crocoOamMu
YMEHBIIICHUSI CTENEHU BUOpPAIMM CUYWTAIOTCS: BUOPOMBOJANNS WCTOYHHKA OT
paboyell 30HbI, C TaHHOM LIEJIbIO HA MECTE PACHPOCTPAHEHUS BUOpALIMU IPOU3BOIAT
YCTaHOBKY BHUOpPOHU3OJSTOPOB C HCIOJB30BAHUEM MAaTEpHANIOB, 001IalaroInX
OTPOMHBIM TPEHHEM (pE3UHa, BOMIOKA, TPOOKH).

HenocraroyHoe ocBenieHne Ha padboyem Mecre

B BedepHee BpeMs pabouasi 30Ha JODKHA OBITh OCBEIIEHA C LEJBIO
MPEeIOTBPAICHUS KAKUX-TH0O0 TpaBM y paOOTHUKOB. DOHApH, a TAKKE MPOKEKTOpa
MPUMEHSIOT B KadyecTBE OCBETUTEIbHOro obopynoBanus. B coorBerctBum CII
52.13330.2011 [49] mepa OCBEMIEHHOCTH JOJDKHA COCTaBIIATH HE MeHbIne 10
TOKCOB. [10 3TOM NpUYMHE KOMIUIEKC MEPOIIPUATHM IO YJIYUYIIEHUIO OCBEIIEHHOCTH
HE UMEET HUKAKOU HEOOXOUMOCTH.

IHoBbIIeHHAA 3aANBLIICHHOCTH pa0do4eil 30HbI

Jist us3beranus pa3iauBOB HEPTH KYyCTOBBIC TUIOMIAJKH OCHAIAIOTCS
oOBanoBkoi. OOBaJIOBKA MpeIoiaraeT co0oil mecuyaHyo BO3BBIIIEHHOCTh 10 BCEH
TUIOLIAAM TIOAAKA. MHOTUM pernoHaM MpUCYIIN CUIbHBIE BETPA, MOITOMY €CTh
OMMACHOCTh TMPOHUKHOBEHMSI TI€CKa B JbIXaTeJbHBIE OpraHbl  pabodero.
[TocTynaromuii mMecok B OpraHbl JbIXaHHUS OTPHUIATEIBLHO BJIMSIET HA COCTOSIHUE
3M0pOBbsl  cOTpyaHMKa. Jljis Toro, 4ToObl yOepedb OpraHbl JbIXaHUS OT
MPOHUKHOBEHUS IPUMECEH ClIeyeT MPUMEHSTh PECTUPATOPHI.

Bo3jaeiicTBre XUMMYECKHX PEeAreHTOB U TOKCUYHbIX BelIeCTB

Brimonaenne pabot Ha ctaguu OypeHUs, 3aKaHUUBAHUS U DKCILUTyaTallUH
CKB&)XKHMH IperojaraeT HaInyue B HEMOCPEICTBEHHON OJIM30CTH OT COTPYIHUKOB
€MKOCTEN ¢ XUMUUYECKMMHU COCTaBaMU M peareHTaMu (OypoBOM pacTBOp, KUCIOTHI,
HIEJI0YH, KUJKOCTH TIYIICHUS U T. I11.).

B3aumMogeiicTBue ¢ peareHTaMu JOJKHO IPOXOIUTh B CTPOTOM COOTBETCTBUU

c P 153-39-026-97 «TpebGoBanuss K XUMIOPOAYKTaM, 0OECIICUNBAIOIIIE
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Oe3omacHoe NpuMeHeHue ux B HedTaHoU oTpaciau» [52], a takke ['OCT 12.1.007—
76 CCBT «Bpenubie BemectBa. Krnaccudukamus u  obmmue TpeOOBaHUS
6e3omacHocTn» [53]. PearenTsr HEGTIHOTO TPOMBICTA (KUCIOTHI, METOYH, KCUIIOI,
TOJIYOJI, B3aUMHBIE PACTBOPUTEIU U T. 1.), a Takke J0ObIBaeMbIe (IFOUIBI MOTYT
OKa3bIBaTh BpeAHBIA A((PEKT Ha KOXKY HYEIOBEKa, a TAKKe MPH IOMaJaHuu Ha
CIM3UCTYIO0 000JI04KYy (Tmaza). I[lomumo 3TOTO, MpU HAPYIICHUU IICIOCTHOCTH
COCYJIOB TIOJ JAaBJICHHEM, JaHHBIE BEIIECTBA MOTYT OTPHUIATEIbHO BJIUATH Ha
HKOJIOTHIO TTOYB.

Il obecneueHust 0€30ITACHOCTH HEOOXOAMMO HE TOJIBKO OOCSCIICUHTH
nepconan cpeactBamu CU3 (mepuaTku, 3alllUTHBIE OYKH), HO M OpPraHHU30BaTh
CUCTEMYy OMpEICICHUS KOHIIGHTPAIlMd  BPEIHBIX BEMIECTB B BO3IYXE
(razoaHaUTOpHI), OOECIEUCHHE OIPECCOBKH COCYJIOB TIOJ JIABJICHHEM BO
n30exxanue yreuku pearento (Tadmuma 5.3).

Tabmuma 5.3 — I[1JIK BpeansIx BemecT

Bemecrno O6Bbem, Mr/m°

AMMuak 20
beH3uH-pacTBOpUTEND 300
[Teuth yromeHast, cogepkaiias ot 2 10 100% cBoboanoii O3 4
Kepocun 300
CepoBoaopon B cMmecH ¢ yrieBojgopogamu Ci1-Cs 3
CnupT METUIIOBBIN (METaHOJ) 5
Cnupt 3TUII0BBIN 1000
YrineBogoposl C1-Cio 300
X7op 0,1

Jns OIIpELICIICHUS IIOCJICACTBUI HapyLICHUHN TePMETUYHOCTHU
TpyOONIpOBOJOB  (BBIKMIHBIX  JIMHUH,  KOJUJIGKTOPOB M  NPOMBICIOBBIX
TpyOONpPOBOJOB, OBUI TMPOBEIEH pacyeT KOJIMYECTBA AaBapUIHBIX BBHIOPOCOB
OMAaCHBIX BEIECTB, YYaCTBYIOIIMX B CO3JaHUU MOpaxarommx (QakTopoB Ha
ydacTkax TpyOomnpoBoa.

KonuyecTBo mpoaykTa, KOTOPOE MOXKET BBIT€Ub U3 Je()EKTHOTO OTBEPCTHUS
IIPY ABAPUH, 3aBUCHUT OT CIEAYIOIIUX TapaMeTPOB:

- MCCTa PAaCIIOJIOKCHHA U TUIoIaanu I[e(beKTHOFO OTBCPCTHUA,
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- IPOJOJKATEIBHOCTH YyTEYKM C MOMEHTa BO3HUKHOBEHHS aBapHH 0
OCTAaHOBKHM TMEpeKadykud (OT HECKOJbKUX MHMHYT TpPH KpPYIHBIX pa3pblBax M
HECKOJIbKUX JHEH MPH MEIKUX, KOTOPbIE TPYIHO 3aUKCUPOBATH TPHOOpaMu);

- BpEMEHU MPUOBITHS JIEKYPHOTO MEpCOHANA U BPEMEHHU BBITOJHEHHUS
Mep A0 MOJHOTO MPEKPAIICHHUS UCTEYEHUS POLYKTA.

Pacuer kommMuecTBa MPOJIYKTa, BBITEKIIETO M3 aBapUHHBIX Y4YaCTKOB

TpyOONpoOBOAa, MPOU3BOJUTCS B TPH 3Talla:

1) UCTEUECHHUE TPOJYKTa C MOMEHTA NOBPEKACHUSA [0 OCTaHOBKHU
NepeKavKu;
2) UCTEYCHHE TMPOAYKTa U3 TpyOONmpoBOJa C MOMEHTa OCTaHOBKH

MePEKaYKU JI0 3aKPBITHS apMaTyphl;
3) UCTEYEHUE TMPOAYKTa U3 TpyOONpoOBOJA C MOMEHTA 3aKpbITUA
apMaTyphbl 10 MPEKPAIICHUS YTEUKH.

OO0uuit 00beM aBapuHOTO BRIOPOCA KOHJIEHCATa COCTABJISET:

VBI:I6 = Vl + VZ + V3, (5.1)

rae V; — oobeM aBapuiHOrO BBIOpOCA KOHJEHCAaTa B HAllOPHOM PEXKUME
(nepBblit ATaN);

V, — oObem aBapuiHOro BbIOpOCAa KOHJIEHCATa B OE3HAMOPHOM pEXKUME
(BTOpOI1 2TaM);

V3 — o0beM aBapuiiHOrO BBIOpOCAa KOHJEHCAaTa C MOMEHTa 3aKpbITHS
apMaTypbl J0 MPEeKpalleHus: yTeuku (TpeTUui sTam).

JIns BBISBIIGHHST HAWOOJIBIIETO HSKOJIOTHYECKOro yiiepoa, HaubOosblen
CTETICHH TIOP@XKEHHWs TepCOoHalla, OOCTY>KMBAIOIIEro KOJUIGKTOp JuIisi cOopa
KOH/ICHCAaTa, pacyeT MPOM3BE/ICH Ha MOJIHBIN pa3phiB TPYObl B TOUKE, IPUBEACHHOM

B Ta0uie 5.4.
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Ta6nuna 5.4 — Touka 111 pacuera pa3pbiBa

HaumeHoBaHMe yyacTkKa Touka, [IK
Komiekrop uist cOopa KoHIeHcaTa T.A, 75+00,00

O06bBem aBapuiiHOTO BRIOpOCa KOHAeHcaTa V;, BRITEKIIeH u3 TpyOonmpoBoia 3a
WHTEpBAJ BPEMEHU Ti, C MOMEHTAa BO3HUKHOBEHHUS aBapuu JO OCTAHOBKHU

NIEPEKAYKH, OTIPEIEIAETCS U3 BBIPAKCHUS:
V1 = w1 X 11, (5.2)
e W, — O0OBEMHBIHM pacxo KOHAEHcaTa, M/C:

Q

S S 5.3
“1 = 54 %3600 (5:3)

rae Q — CyTOUYHBIM pacxoj KOHJEHCaTa Ha paccMaTPUBAEMOM YYacTKe,
M3/CyT.

Bpemst 7, npu paspbiBe TpyOOIpoBOAa Ha IMOJIHOE CEYEHUE NMPUHUMAETCS
paBHbIM 5 MuHyTaM (300 c).

OO6neM aBapuitHOTO BhIOpOCa KOHJIeHcaTa V/,, BRITEKAOUIEro B OE3HATIOPHOM

PCKUMCE, 3aBUCHUT OT BBICOTHOI'O ITOJIOKCHHUSA MCCTaA aBaprIHOFO pa3pbiBa:
VZ = Wy X Ty, (5.4)

r7ie T, — BpeMs JI0 BhIpaBHUBAHUS HAropa B TPyOONPOBO/IE;

w, — 00BEMHBIN PacX0 KOHAEHCATA Ul JaHHOTO PEKUMA UCTEYEHHUS, M>/C:

W, = UXfX[2XgXh, (5.5)

rae | — Oe3pa3MepHbldi KOIDPUIMEHT pacxoaa ¢ YYETOM CONPOTUBIICHUS
TPYHTA;
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f — IIomanb aBApUIHHOTO OTBEPCTHS, M;
g — YCKOpEHHEe CBOOOIHOTO TaIeHHUs, M%/C;
h — Hanop B aBapHifHOM OTBEPCTHH, M:

h=2,—Z, —h,—h, (5.6)

rae Z; — reoje3uveckas OTMETKa caMOWl BBICOKOM TOYKH MPOQUIIs
paccMaTpuBaeMOro ydactka TpyooIrpoBo/ia;

Z,, —TeoJie3ndecKasl OTMETKA B TOUKE pa3pbiBa TPYOHI;

h. — rmyOuHa 3an0xeHus: TpyOonpoBoa;

h, — Hamop, co3maBaemMbIii aTMOC(HEPHBIM TaBIICHUEM, paBHbIH 10 M BOJ. CT.

OO6beM aBapuitHOro BbIOpoca KOHJEHcaTa V3, BBITEKAIOLIEro C MOMEHTa
3aKpBITUS apMaTypbl JO MpEKpalleHus YTEYKH M3 Y4YacTKOB TpyOOIpoBOJa,
MPUIETAIOIIMX K aBAPUHHOMY OTBEPCTHUIO MU HAXOASIIHUXCS BBIIIE MO OTHOLIEHUIO K

HCMY, HAXOJUTCA U3 BbIPAKCHHUA!

X d?
V; =—XI1L, (5.7)
4
rae L — jauHa TpWIETAIONUMX K aBApUMHOMY OTBEPCTHUIO Y4YaCTKOB
TPyOOIPOBOA, C KOTOPHIX KOHJEHCAT IMOCTYIIAeT K MECTY pa3pbhiBa CAMOTEKOM, M.
PacueTHbic 3HaYCHNS CBEACHBI B TAOIHITY 5.6.

Tabnuma 5.6 — PacuerHple 3HaUYeHMs pa3ivBa KOHJEHCATa MPU BO3HUKHOBEHUU

aBapuu
O0bem
. Oo6bem O0bem
Jdauna BbITeKIIEH .
BBITEKIIEr0 BBITEKIIEr0 OO0muii
NPUJIEralomuX | KUIAKOCTH
N Pacxon KOH/JeHcaTa | KOH/AeHcaTa u3 00bem
ABapuiinas Y4aCTKOB, KOH/IeHcaTa
KOH/IeHcaTa, B NPUJIEralIIUX | BHITEKIIET0
TOYKa 3 HAXOIAIHXCS B
m°/c 0e3HanmopHOM y4acTKoB KOH/IeHcaTa
BbIIIIE TOYKHU HAIIOPHOM 3
pe:xxume V2, | TpyGonpoBoaa V,Mm
pa3pbiBa, M pesxkume Vi, 3 3
3 M Vi, m
M
T. A, TIK
3,38 4010 713 - 9068,3 9781,3
75+00,00 ' ' '
[TpuMeyanue — IIOTHOCTL KoHaeHcara 720 kr/m®
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Pacuer mokaszan, 4yTO TP 3aJaHHBIX MapaMeTpax TpPyOONpoBOAa yTeuka

cocraBut 97813 ™°

. AHanmu3 oObeMa BO3MOXKHOM YTEUYKH HEOOXOAMM IS
IUTAHUPOBAHUS MEPONPHSITHN 110 JIMKBUJAIIMK TIOCIEACTBUNA YTEUKH, IMOAOOD
COOTBETCTBYIOIIETO OOOpPYAOBaHUS W KOMIIOHOBKM HAOOPOB MJisi JUKBHUAALMU
Pa3JIMBOB YTJIEBOJIOPOIOB HA 3alJIaHUPOBAHHBIX YUacTKaxX TpyOONpoBO/Ia.

OCHOBHBIMM K€ MEPONPUITUIMU MO CHIKEHHUIO BO3JICUCTBUS JTAHHOTO
ormacHoro (pakropa OyIyT SIBISATHCA:

- KOHTPOJIb Ta30BO3/yIIHON CMECH Ta30aHalIn3aTOPaMU;

- UCKJIIOUECHUE TPUYNH BO3HUKHOBEHHUSI MIOYKAPOB UII B3PHIBOB;

— MIpUMEHEHUE 000PYy10BaHUS BO B3PHIBOOE30MIACHOM HCIIOJTHEHUH;

— co0JII0ICHUE TTpaBUJI TTOKapHOM 0€30MacHOCTH B paboueii 30He.

5.2.2 AHaiu3 ONMACHBIX NMPOU3BOACTBEHHBIX (PAKTOPOB M 000CHOBAHME
MEpPONPUATHI 10 CHUKEHUIO0 YPOBHS UX BO3/1€iiCTBUA HA PA0OTHUKA

MexaHnyecKkue OnacHOCTH

Kak mnpaBuimo, MexaHWYECKOE€ TpPaBMUPOBAHHUE  SIBJISIETCS  CaMbIM
paclpoCTPaHEHHBIM SIBIICHHEM Ha IMPOU3BOJCTBE M BCErna HeOXHAaHHbIM. OHO
BapbUPYETCS OT MPOCTHIX MOPE30B U YIIMOOB JI0 JIETAIILHOTO UCX0/1a. BUHOBHUKaMU
TpaBMaTU3Ma SIBJSIETCS 3a4acTyl0 CaMH PAaOOTHHUKHU, a MOPON TEXHOTCHHbIC aBapuu
WIM TPUPOJHBIE SIBICHHS. Tak Kak MPUXOAUTCA paboTarh C Pa3IMYHBIMU
YCTpOMCTBaMH U Ha OOJIBIION BBHICOTE, TO HAMOOJBIITYIO OMACHOCTh MPEICTABISIOT
TpyOOIIPOBOJIbI M CKBaXWUHBI C BBICOKMM JIaBJICHUEM, TMaJ€HUE 4YeJIOBEKa WIIU
MpenIMeToB, paboTa ¢ TOABEMHO-TPAHCIIOPTHBIMU MAaIllMHAMU, arperaTtamu,
HOXKaMH, OTBEpPTKaMH, MujaMu, nepdopatropaMu, MNOJHUMAHUE U OIYCKaHUE
nebenku st ounctku ot ACIIO, u T. 1.

JlaBneHue 3aTpyOHOTO MIPOCTPAHCTBA HA KYCTOBBIX IJIOMIAKAX HAXOMAUTCS B
nuana3one ot 3 Mlla go 4,5 MIla. Texnosnorust o0paboTKH Mopa3yMeBaeT 3aKayka
102 warHOMTOpa B 3aTpyOHOE MPOCTPAHCTBO, MOITOMY HEOOXOAMMO CO37aBaTh
JIaBJICHUsI B HAarHETaTeILHOM JIMHUY TIPEBBIIIAIOIIEE 3aTPyOHOE JaBJICHNE.

JUIst 3alMThl OT MEXaHMYECKUX TpaBM MPUMEHSIOT: KO3bIPbKH, IIUTHI,

KOXYXH, Oapbepbl, MpeaynpeKIaonne 3HaK|, TPEJOXPaHUTENbHBIE YCTPOICTBA U
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CUTHAJIMU3alMu. Takke NPUMEHSIIOT CpEeACTBAa HMHAMBUAYAJIbHOW  3allUTHI:
CHenojexaa, 00yBb C METAUIMUECKUM HAKOHEYHHMKOM, KacKa, MepyaTKd, OYKH.
[Imtoc ko Bcemy, TpeOyeTcs peryiasipHas NpOBEepKa COCTOSHUS OOOpYIOBaHUS U
MPOBEJIEHUE MHCTPYKTAXKEH NMepcoHaly 1o TEXHUKE O€30MacHOCTH.

IoxkapoB3pHIBO0E30NIACHOCTD

Jnsa oOecniedeHus: MOXapoOE30MacHOCTH TMPUMEHSIOTCS aKTUBHBIE U
MACCUBHBIE CMIOCOOBI MoXkapoTyiieHus. [Ipyu akTHBHOM crioco0e MpoIecc TOpeHus
MOJIABJISIOT MPU MOMOIIM OTHETACUTENBHBIX CPEICTB, BO3ACHCTBYOIINX HA TOPIOYEE
BELIECTBO OXJAXKICHUEM ouara IMo)kapa, pa30aBICHHUEM pearupyrolux BeEILECTB.
XHAMHYECKOE TOPMOKEHHE BBEICHHEM B 30HY TOpPEHHs AHTHUKAaTAJIN3aTOpOB —
(uHrHOUTOPOB) U T. A. [IpM maccuBHOM crioco0e TyIIEHUs TOPEHUE MTPEKpaIaeTCs
IIyTEM H30JSLUU TOPIOYETO OT OKHUCIUTENS WM WHEPTU3ALHUH CPEXbl, B KOTOPOI
HaxXoOIWUTCs odvar ropeHus. [l TylmeHuss NOXKApOB HCIONb3YIOTCS KUAKUE
neHooOpa3Hble, a’po30JbHbIE, Tra3000pa3HbIE M TBEPAbIE BEIIECTBAa, BOJA,
XUMHUYECKass M BO3AYyLIHO—MEXaHUYECKas II€HAa, BOASHOW map, I'MApPOa’pO30JIH,
raJIOUMPOBAHHBIE YIIIEBOIOPObl, UHEPTHBIE T'a3bl U MOPOILIKOBBIE COCTABBI.

Crarnueckoe 3JIeKTPUYECTBO

[maBHBIM  HMCTOYHHMKOM (OPMHUpPOBAaHMSI JAHHOTO (akTopa sBIAETCS
BO3MOXKHOCTBbIO BO3HMKHOBEHHS 3apsifia CTATHUECKOTO AJIEKTPUYECTBA BCIEACTBUE
TPEHMSI CII0EB HEPTU M XMMUUYECKHUX PEAareHTOB APYT O JpyTa UK CO CTEHKOH TPYyObl
(o0opynoBaHus). DIEKTPUYECKHUE 3apsiAbl IPU NMEPEKAYKE UHTMOUTOPOB BOZHUKAIOT
KaK B CaMOM HMHTHOUTOpE, TaK U Ha CTEHKax COCY/IOB, TPYOOIIPOBOIOB, B KOTOPBIX
OHM HaxoIuTcs. BenuunHa BO3ZHMKAIOLIETO 3apsi/ia CTAaTHYECKOIO 3JEKTPUYECTBA B
HEKOTOPBIX CIIy4asX JOCTAaTOYHA JIJIi BOZHUKHOBEHHUS MOIIHOTO AJIEKTPUYECKOTO
paspsiia, KOTOPbIA MOXET MOCIYXUTh UCTOYHUKOM 3a)KMIaHWs M BO3HUKHOBEHUS
nokapa.

TexHomornyeckue onepanum ¢ XMMAYECKUMU BEIIECTBAMU, SBISIOIIUMUCS
XOPOIIMMH JUAJIEKTPUKAMHU, COMPOBOXKAAIOTCS 00pa30BaHMEM DJIEKTPHUUECKHUX

3apaa0B — CTATHYCCKOIO JJICKTPHUUYCCTBA. I[JI}I YCTPpAHCHUA OIIACHOCTHU PaA3pPAa0B
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CTaTMYECKOTO DJIEKTPUYECTBA MPH TEXHOJIOTMUYECKUX Olepanusx HeoO0X0auMo
MpeAyCMaTpUBaTh CJICIYIOIINE MEPBIL:

— 3a3zemiicHue MDBPX Ha KOHIYKTOp COCENHEW CKBa)XXWHbI BO BpEMS
3aKauKy UHTUOUTOPA;

— 3a3zemiieHre Y/[P Ha oOuid KOHTYp 3a3€MIICHUSI.

OcMOTp W TEKyIIMHA PEMOHT 3a3eMJISIIOIIUX YCTPOMCTB 3alllUThl  OT
MPOSIBJICHUM CTATUYECKOTO JIEKTPUUECTBA JOJKHBI MPOBOAUTHCS OTHOBPEMEHHO C
OCMOTPOM M TEKYUIUM PEMOHTOM TEXHOJOTMYECKOTO U 3JIEKTPOTEXHHUYECKOTO
obopynoBaHusi. M3MepeHUsi AIEKTPUYECKUX COMPOTUBICHUNA 3a3€MIISIIOIIUX
YCTPOMCTB JOJKHBI MPOBOJIUTHCS HE PEXKE OMHOTO pa3a B TOJl, CONMPOTUBIICHUE
3a3eMJIAIOLIETO ITPOBOJIHUKA HE JOJDKHO IpeBbIars 4 Om.

5.3 JkoJsrornyeckasi 0€30MaCHOCTH

OnHOI U3 OCHOBHOM 32124y 110 1TOA00PY MPOMBIIIUICHHBIX PEIICHHUM 3aIUThI
OKpY’Karolel cpebl CUUTACTCS MPUCYTCTBUE MPUPOJOOXPAHHBIX OTPAHUYCHUI
XO3SIUCTBEHHOU JI€SITETbHOCTH.

[Ipu paGoTe co CKBaKMHAMHU CIIEAYET MPUIEPKUBATHCS YCIOBUSAM I10 OXPaHe
OKpY’Karollen cpesibl, Onpe/iesieHHbIe 3aKOHOAaTeILCTBOM M0 OXpaHe mpupo bl PJ]
39-133-94 «MHCcTpyKIMs TO OXpaHe OKpYXKalolled cpeibl MPU CTPOUTEIHCTBE
CKBaXXMH Ha He(dTh U ra3 Ha cyme» [94]. Opranuzanus Ha nMpombiciie o0JagaeT
COTJIACOBAHHBIC TIJIaHBI HOPMATUBOB MPEACIIBHO JOMYCTUMBIX BRIOPOCOB B BO3/IYX,
MPENeNbHO JOMyCTUMBIE COPOCHI, TUIAaH HOPMATHMBOB CO3AaHHs (DOPMUPOBAHMS
OTXOJIOB, a TAK)KE JIUMUTOB Ha UX PACIOJIOKEHUE.

3ammurTa armocdepsnl

['maBHBIM OYaromM 3acopeHusi aTMocepbl CUUTAIOTCS BHIOPOCHI Ta3a, YTEUKH
rasza, a TaK)ke BpPEJIHbIC DJIEMEHTHI, 00pa30BaHHbIC MpHU aBapusx. [Ipeanoceuiku K
aBapUIHBIM CHUTYaIlUsIM COCTOAT W3 psga (aKTOPOB: MEXaHMUYECKHE e(EeKThI
o00Opy/IOBaHUsI, HU3KOKAYECTBEHHAs IIOYMHKA OOOpYJOBaHUs, HEHUCIOJHECHHE

TEXHUYECKOHN 3alUIIICHHOCTH.
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3amura arMocdepbl 3aKiI04aeTcs B OXpaHe 00OpyJOBaHUS OT KOPPO3HH,
CO3[IJaHHE MPOEKTA OINEpalUil MPU PaA3JINYHBIX ABAPUSAX, YCTPAHEHUM aBapUKHBIX
CUTYaIlMH CTICIIMAIEHBIMU OpUTaIaMH.

3ammura Jutocdepbl

3acopeHre MOYB KaKMMU-TMOO BEHIECTBAMU MPUBOJIUT K SKOJIOTHYECKOMY
ymepOy, yMeHbmaeTcs 3pGEeKTUBHOCTD JIECOB, a TAKXKE YCYyTyOISIETCS CAaHUTApHOE
MOJIOKEHUE OKpyxkaromeid cpeapl. [lo JaHHBIM TOpUYMHAM  HEOOXOIUMO
OCYILECTBIISITh PEKYIBTUBAIIUIO TEPPUTOPHUIA.

YcrpaHeHne aBapuUMHBIX CHUTyalldid pasjiMBOB XUMHUKaTtoB, YB T 1p.
oOecrieuynBaeTcs KOHTPOJMPOBAHUEM TJIACTOBOTO JIABJICHHE U 32 000PYJOBaHUEM,
aBapUUHBIM  OTKJIIOUCHHUEM HACOCHOM  TEXHUKH, KOHTPOJHUPOBAHHEM  3a
FEPMETUYHOCTBIO COCTUHEHUI.

3ammura ruapocdepsl

Biusinue Ha MOBEPXHOCTHBIE BOJIBI MTPOUCXOIUT MPU TPOHUKHOBEHUU B HUX
3arpsA3HSAIONIMX BenlecTB Ipu aBapuu. [locie momamaHusi BpPEOHBIX BEIIECTB
BO3HUKAIOT OCJIO)KHEHHUS KauecTBa BOJIbI (apomaT, MPUBKYC, U3BMEHEHUE I[BETA).
Ocenanne YB u coneil Ha JHO BOJOEMOB MOPOKIAET 3aCOPEHUE TPYHTOBBIX
OTJIOKECHUH.

[Ipu aBapusix MHUTPUPOBAHHUE TPS3HBIX BOJ B MOBEPXHOCTHBIE BOJOTOKHU
BEPOSITHO TO TMOBEPXHOCTU 3€MJIM TOJIBKO JIMIIb MPU Pa3pylICHHH OOBAJTOBOK
TJIOIIA/IOK Y aBAPUMHBIX CUTYaIUsX Ha TPYOOIpoBOAaX.

Heobxoaumo He MO3BOJIATH MOSBICHUIO CUTYAIIUH, CBSI3aHHBIX C Pa3JIMBOM
BPEIHBIX BEIIECTB JJII TOTO, YTOOBI YCTPaHUTh 3aCOpPEHUE TMOBEPXHOCTHBIX H
MOJA3EMHBIX BOJI.

5.4 be30onacHOCTH B Ype3BbIYANHBIX CUTYALUSIX

ABapuiiHble OCTAaHOBKM M HECUACTHBIC CJIydyal MOTYT TPOU3OUTH IO
CJICIYIOIINM IPUYHHAM:

— BBIJICJICHUE Ta30B HA HAPYKHBIX IUIOIIAIKaX;

- MCTCOPOJIOTHICCKHUC YCIIOBUAA,
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- HapyLIEHUE MapaMeTPOB TEXHOJIOIMYECKOIO PEKMMa, U3-3a KOTOPBIX
NPOUCXOAUT  cpalaThiBaHWE  OJOKUPOBOK  MPHUBOMAIIMX K  OCTaHOBKE
TEXHOJOTUYECKUX MOJYJIEH OArOTOBKH I'a3a, HACOCOB M JIPYroro 000py10BaHus;

- BOCIJITAaMEHEHHUE Ta3a U HeTernpoayKTOB (BO3HMKHOBEHHE HCKPHI B
00J1aCTH yTEUKH);

- OTpaBJICHUE TIEpCOHAa BPEIHBIMU JJIS 3I0POBbsI BEIIECTBAMU;

- HapylIEHUE TePMETUYHOCTH;

- HECOOoIeHNEe OOCTYKMBAIOIIUM TEPCOHATIOM TMPaBUJI  TEXHUKH
0e30MacHOCTH, HHU3Kas TPyAOBas AWCIMIUIMHA, HEIOCTAaTOYHAs KBaIH(pUKAIIUS
KaJIpOB.

Upesbiuaiinbie cutyaruu (UC) MOryT OBITh TEXHOT€HHOTO, MPUPOIHOTIO,
OMOJIOTUYECKOTO,  COIMAJIBHOTO  WJIM  ODKOJIOTMYECKOro  xapakrtepa. Ha
paccMaTpuBaeMOM OOBEKTE BO3MOXHO BOSHUKHOBeHUE caenyromux YC:

— MOXKaphl, B3PBIBBI, yTPO3a B3PHIBOB;

— BBIXOJI U3 CTPOSI 000pYAOBAHMUS;

— aBapud C BbIOpocoM (yrpo3oi BbIOpOCAa) XMMHUYECKH OMACHBIX
BEILECTB;

— METEOpPOJIOTUYECKUE W arpoOMETEOPOTIOrHYECKUE OMACHBbIE SIBICHUS
(6ypwm, rpasa, 3aMOPO3KH H T. 11.).

Haun6onee tTunrunas YC 310 — BBIXOA U3 CTPOsi 000pYAOBaHMSI, KK CIE/ICTBHE
aBapuy U HapylIeHUE TEPMETUYHOCTH.

JIist  MCKITIOYeHUs] BO3HUKHOBEHHS aBapuii M TIOJIOMOK HEOOXOIMMO
MPOBOAUTH €XKEIHEBHBIM OCMOTp 00OpynoBaHusi U arperaroB. s Oe3omacHOro
MyCKa TMPOMW3BOACTBA TIOCJIE€ aBapUM OTBETCTBEHHBIM PYKOBOIWUTETh pPadoT
OTpeAenseT HOPSAJIOK oOcnen0BaHus 00opyI0BaHUs CKBa)XHH,
AIIEKTPOOOOPYIOBAHUS, TPYOONPOBOJOB, BEHTHWISIIMU C IEIbI0 YCTAaHOBJICHUS
MOJIHOTO COOTBETCTBHSI HMX TpPeOOBaHUSM TMPOW3BOACTBEHHOW U TOXAPHOUN
6e3omacHoctH. [Tocne 3Toro oH Jaet ykazaHus 0 Iepexojie Ha HOPMaJIbHBINA PEXKUM

paboTHL.
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B ciyuyae BO3HMKHOBEHHS YpE3BbIYANHBIX CUTyallUd HEOOXOAMMO OTPaIUTh
OIMAaCHYI0 30HY, COOOLIUTh O CUTyallMd PYKOBOJACTBY U HauyaThb MEPONPUATHS I10
CHaceHuro Jirofed, eciau ecTth nocrpagaBmme. JeiictBus mnpu  UC
pEemIaMEeHTUPOBAaHbl UHCTPYKIMEH, C KOTOPOU JOJDKEH OBITh O3HAKOMJIEH KayKIbIH
COTPY/IHHUK.

BoiBoabI o pasjaeny

B pabotre mnpuBeneHbl OCHOBHBIE MCTOYHUKH OINACHOTO M BPEIHOTO
BO3JICUCTBUS HA YEJIOBEKA.

PaboTel Ha KycTOBOW IUIOLIAJIKE SIBISIOTCS MOTEHIIMAIBHBIM HCTOYHUKOM
HaHECEHUs Bpefa *KU3HU U 37J0POBBIO uenoBeKa. [ Toro 4rodsl 3T0ro n30exaTh
HEOOXOIMM KOHTPOJIb 33 MCTOYHMKAMU HETaTMBHOIO BO3AECUCTBUS, COOIOACHHE
OCHOBHBIX IpaBuJl 0€30MaCHOCTH, HCIOJIB30BAaHUE CPEIACTB HHAMBHUIYaIbHON
3amuThl. Takke Bce COTPYIHHMKM JOJDKHBI 3HAaTh IpaBWia O€30MaCHOCTH U
noseaeHus npu YC, Ha KyCTOBBIX IUIOHIAJKaX AOKHBI MPUCYTCTBOBATH JIFOIU,
OTBEYAaIoIIKe 32 OE30MaCHOCTb.

B pabore ObulO yAelNeHO BHHMMAaHHE OXpPaHE MPUPOAbI, MPUBEIACHBI

MCPOIIPpUATHA, ITIO3BOJIAIOIMNC CHU3UTh HCTATHUBHOC BOB,Z[CIZCTBHG Ha OKPYXKaroumiyro

cpeny.
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3AK/TIOYEHHUE

B xome BBINOMHEHUS BBIMYCKHOW KBAJIU(PUKAMOHHOW pPaOOThl ObUIH
BBIJICJICHBI OCHOBBI M MPUHIUIBI Pa3pabOTKM Ta30KOHAEHCATHBIX 3ajeked B
ycnoBusix Kpaiinero Cesepa. Ocoboe BIusiHUE Ha MOI0Op CTpaTeruu pa3zpaboTKu
BIIUSIFOT: CTENEHb LEMEHTAIMUA TOpPOJ, HU3KHE TOKa3aTead KOTOPOU MOTYT
MPUBOAUTH K H30BITOUHOMY M CJa00 KOHTPOJIMPYEMOMY BBIHOCY II€CKa, 4YTO
ABJISIETCS MPUYUHOMN o0OpazoBaHus MIECYAHBIX poOOK; HaJmyue
MHOTOJIETHEMEP3JIBIX ~ MOPOJA, M3-3a KOTOPBIX BO3HUKAKOT CIOXKHOCTH C
00yCTpONCTBOM MECTOPOXKJICHUS M CTPOUTEIHCTBOM CKBAKMH; SHEPreTHYecKas
XapaKTepUCTUKA IUIacTa, CHIDKEHUE KOTOPOM MPUBOAUT K 0Opa30BaHUIO
KOHICHCATHBIX MPOOOK; BEICOKUN YPOBEHb OOBOAHEHHOCTH, KOTOPBIN 3HAYUTEILHO
BJIMSIET HA TapameTpbl pa3paboTku. TriarenpHas mpopaboTka Ka)Jaoro acrhekra
MO3BOJIUT CHU3UTh PUCK BOZHUKHOBEHMS BBIIIENIEPEUUCICHHBIX OCI0KHEHHUIA.

Hcnonb3ys TEXHOJOTUIO KOMOMHUPOBAHHOM CHCTEMBI pa3padOTKH 3a CUET
M30MPaTEeNIbHOTO PACTIONOKEHUSI CKBAXKUH, MTPEICTABICHHBIX HECKOJBKUMH THIIAMU
KOHCTPYKIIMA OT HAKJIOHHO-HAIMPABJICHHBIX IO MHOT03a00WHBIX, KOMIaHUU
HEJPOIIOIb30BATEN CMOTYT MOBBICUTH IUIONIA[b OXBaTa APECHUPOBAHUEM CKBAXKUH,
YTO TMIO3BOJISIET MOBBICUTH KOI(PMUIIMEHTH W3BJICUEHUS Ta3a U KOHJEHCAaTa,
MUHUMU3HUPYST TPU ITOM OIEpaAllMOHHBIE 3aTpaThl, YTO B KOHEYHOM HTOTE
CKa3bIBa€TCSd Ha MOBEIIEHWM 3HadeHUs NPV, koTopoe TrOBOpUT O BBICOKOH
SKOHOMHUYECKOM MPUBIICKATEIbHOCTHU MTPOEKTA.

[IpumeHnenre KOMOMHUPOBAHHON CUCTEMBI pa3pabOTKH HA MECTOPOKICHUH
X mpuBENIO K POCTY HAKOIJICHHOW MOOBIYM Tra3a M KOHJEHCAaTa MO CPaBHEHUIO C
BAPMAHTOM TI0 TEXHOJOTMYECKOMY periaMeHty Ha 76,62% wu 79,62%
COOTBETCTBEHHO. JIaHHBI MPUPOCT MO3BOJIMII YBEJIWYUTh 3HaueHne NPV B 2,28
pa3sa.

Takum oOpa3zoM, pEeKOMEHIyeTCs BHEAPUTh KOMOWHHMPOBAHHYH) CUCTEMY
pa3pabOTKM Ha MECTOPOXKACHHH X JUIsI JOCTHKCHHS MPUPOCTa HAKOIJICHHBIX
nokasareneit u NPV, a Takxe CHUKEHUS onepaliMOHHBIX 3aTpar. COBMECTHO € ATUM

CTOUT PACCMOTPCTH BO3MOKHOCTb BHCAPCHMHA TEXHOJIOTUM KOHTPOJIA IMPHUTOKA M
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APYyrux CIIOCOOOB CHMIKCHHMS 06B0,Z[H€HHOCTI/I CKBa’>XMH, 4YTO B 3HAYUTEIbHOM

CTCIICHH BJIMACT Ha I1OKa3aTCJIN pa3pa60TKH MCCTOPOKIACHUA X.
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2 Combined development system and component recovery of gas
condensate fields

A combined development system is understood as mining with the use of
various development systems or their elements. With the help of a combined
development system, they achieve the highest accumulated production indicators
with minimal economic costs. For effectively selected various development systems
and/or their elements, it is necessary to give a comprehensive description of the main
components that are the cornerstones in the development and operation of gas
condensate fields.

2.1 Main periods of gas condensate fields’ development

When developing gas and condensate deposits, there are three stages:
increasing, constant and falling production (figure 2.1).

Q. Mm?/d
MMMm?®/day 4, Mmr/cay
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Q — gas production, MMMm?/day; p — weighted average reservoir pressure, MPa;
n —number of wells, g — flow rate of wells, Mm3/day
Figure 2.1 — Time change in the indicators of gas field development under the gas
regime and uniform wells’ placement
The period of increasing gas production occurs during drilling and
development of deposits. The main fluids’ production is occurring during this
period. When production drops, the number of producing wells does not change in

the gas mode and decreases in the water-pressure mode.
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All periods are inherent in deposits with a large number of reserves. With
average stocks, there may be no second period. If there are few reserves, then often
in addition to the second period, the first one may also be missing.

If we consider the readiness of the field for development and the degree of its
depletion, there are periods: pilot operation and the additional development period.
During the pilot operation, in addition to the hydrocarbons’ transportation,
additional exploration takes place to update the information in the project. As arule,
this period lasts no more than 3-4 years.

2.2 The main types of well constructions used in the field X

2.2.1 Multilateral wells

Horizontal wells have proven their effectiveness in field development, but the
single wells construction can lead to high overall costs and low oil recovery. A
multilateral horizontal well has the advantages of increasing the drainage area,
reducing the number of drilling operations, using existing wells and saving costs for
field development, especially with low-cost field operation. Formations with a
complex structure of occurrence can contain a huge amount of oil and gas in small
or isolated blocks (figure 2.2). Production in such formations by horizontal wells
will require the single wells construction located in separate zones of the reservoir.
Multilateral wells can access such reservoirs by drilling side sections from a single
vertical main bore.

The main bore may include several side lateral bores drilled to different
sections of the formation, which allow bypassing impenetrable barriers and
extracting oil from each side bore. Such a field development method can reduce

efforts and save time spent on planning and organizing the drilling another well.
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Stacked multibranch well

Re-entry laterals from a vertical well 3D well

o =

Cluster multibranch well Multidrain or multilateral well

Figure 2.2 — Types of well completion

Layout for lower well completion

Each individual lateral bore may differ in the type of lower completion.
However, the methods of completing the multilateral wells are the same as for a
single horizontal one. The completion method will depend on the formation type.

Finishing methods for cemented rocks:

— open hole;

— slotted screen;

- slotted screen with packer,

— cased, cemented and perforated bore.

Finishing methods for cemented rocks:

— open hole with a pre-perforated liner and with a strainer;

— open hole with strainer;

— open hole with gravel pack.

TAML technology was created to classify all types of multilateral wells
(figure 2.3, table 2.1).
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i Level 4

Figure 2.3 — Types of connections
Table 2.1 — Classification of MHS by TAML

Junction .
Class Level Description Purpose
. Produce from consolidated
Level 1 Open main bore and open lateral formations
Reduce risk for collapse and
Level 2 Cemented main bore and open lateral provide isolation between
laterals
: . Allow reentry in consolidated
Level 3 Cemented main bore and open liner formations
Cemented main bore and cemented Produce from both consolidated
Level 4 . .
lateral and unconsolidated formations
Cemented main bo_re and cemented Provide pressure integrity and
Level 5 lateral supported with two packers on L .
) X hydraulic isolation
production casing
Cemented dual main bore with liners or . .
Level 6 . . Designed for experiments
production casing.

2.2.2 Horizontal wells

Horizontal well is a drilling option when the well has a deviation angle from

the vertical of at least 80 degrees (figure 2.4). This method is one of the most popular

and productive.
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Horizontal wells are applicable in both low-permeable and high-permeable
gas reservoirs. In fields with low permeability, horizontal wells pump out larger
volumes than vertical wells and provide an alternative way to achieve a large
penetration depth into the formation. In addition, they reduce turbulence near the
wellbore and increase well productivity in highly permeable gas formations.

Drilling horizontal wells at some non-vertical angle can hit targets and
stimulate reservoirs in ways inaccessible to a vertical well. In combination with
hydraulic fracturing, previously unproductive rocks can be used as sources of natural
gas. Examples of such types of deposits are formations containing shale gas or hard-

to-recover gas.

Horizontal Well Vertical Well

R R

Reservoir Seal

Figure 2.4 — The shape of a horizontal well compared to a traditional vertical well

Most horizontal wells start by drilling a vertical well. After drilling to the
target rock, the pipe is pulled out of the well and an engine is attached to the drill
bit. The drill bit starts to move without the entire pipe thanks to the engine, fueled
by the drilling mud flow. After descending into the horizontal well, the drill bit
makes a trajectory bending from vertical to horizontal. After reaching the desired
angle, drilling resumes in a completely horizontal direction. Although horizontal
drilling is useful, it is three times more expensive than vertical drilling. However,
additional costs are usually compensated by increasing the well flow rate, which
significantly increases the oil and gas production from the well.

Reasons for horizontal drilling

Despite the fact that horizontal drilling is more expensive, there are many

reasons why it is chosen. Vertical wells are capable of draining rocks with high
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permeability, but rocks with low permeability do not allow fluid to flow quickly,
and therefore using a vertical well for these rocks would be economically
unprofitable.

The main reasons for drilling horizontal wells

1) The ability to achieve complex goals. Some reservoirs are located under
residential neighborhoods or parks where drilling is not possible. By drilling first
downwards and then horizontally to drill this area, it is possible to reach the
productive reservoir (figure 2.5).

2) Extraction from large areas from one drilling site. This method was used to

reduce the surface area occupied by drilling operations (figure 2.5).

T o

Figure 2.5 — Achieving complex goals (left) and mining from large areas from a
single drilling site (right)

3) The increase in the flow rate of gas condensate wells is multiple during the
fractured rocks operation. When drilling a well perpendicular to the main fracture,
it will give the maximum possible flow rate, since in this case the wellbore will cross
the maximum number of fractures (figure 2.6).

4) Increasing the length of the «productive zone». When drilling a well
vertically, if, for example, the productive reservoir thickness is two hundred meters,
then the wellbore will pass through the collector 200 meters. When drilling a
horizontal well, it is possible to increase the wellbore length when passing through

the productive zone (figure 2.6).
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5) Closing or relieving the working pressure in an «out of control» well.
Additionally, a well is drilled, the bore of which «cuts» into the well out of control,

which contributes to a drop in pressure (figure 2.6).

.

i

Figure 2.6 — The highest production in fractured reservoirs (left), an increase in the
length of the «productive zone» (center) and the «discharge well» for the
«uncontrolledy» well (right)

Types of horizontal wells

When drilling horizontal well, the following types are distinguished (figure
2.7):

1) horizontal well with a small inclination radius of the wellbore;

2) horizontal well with an average inclination radius of the wellbore;

3) horizontal well with a large inclination radius of the wellbore.

Z

small
inclination
radius

average inclination large inclination
radius radius

—

125 ft A{S ft 2000 ft 300 ft 4000 ft

i

1400 ft

Figure 2.7 — Types of horizontal wells
Small radius of curvature of the wellbore
When choosing a small radius, the borehole bends in the formation, up to this
point the well is drilled vertically.
In order to achieve a small inclination radius, a packer with a whipstock is
used and with the help of a special arrangement, the necessary inclination angle is

124



achieved. Further, as a section of the borehole with an inclination is drilled, a special
arrangement is also used to stabilize it, after which the horizontal wells drilling
continues.

The average inclination radius of the borehole

The construction speed for the average radius ranges from 8° to 25°/100 ft.
With a range of 200 to 700 feet. Horizontal drainage is usually between (1000-3500
ft).

This type of horizontal well is characterized by high drilling speeds, which
reduces the directional drilling cost, especially in harder rocks. The average radius
allows you to reach a greater horizontal length. Horizontal wells were drilled with a
length of more than seven thousand feet.

Large radius of curvature of the borehole

This is the most common type of horizontal wells, especially offshore. The
rate of rise is usually 2 to 6 degrees per one hundred feet. Drilling of this horizontal
wells type is conducted using the same equipment as for directional drilling.

2.2.3 Horizontal wells with multistage hydraulic fracturing

The use of multi-stage hydraulic fracturing (MSHF) helps to multiply the flow
rate of producing wells. There are two types of MSHF. The first type is hydraulic
fracturing, when special equipment is lowered, which performs a multi—stage
rupture in a horizontal section of the borehole. The second type is hydraulic
fracturing, during which the couplings and packers are lowered to delimit the areas

of the technological operation for inflow to the well (figure 2.8).
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1 — liner suspension; 2 — casing string; 3 — column packer; 4 — burst port collar; 5 —
check valve; 6 — shoe
Figure 2.8 — Layout for hydraulic fracturing with burst port collars and column
packers

For each site to conduct the enhanced oil recovery method (EOR), balls are
lowered, actuating the burst port collars, after which they are opened, the
relationship with the reservoir and the process of hydraulic fracturing itself.

When using MSHF as the main EOR method, and not separately on any wells,
the effectiveness of the method increases. Before it is conducted, it is necessary to
study the well-logging operations, the geological features of the reservoir, the
interference of wells, as well as their design. With MSHF, filtration flows change
their direction, which affects the deposition of retrograde condensate in the near-
well area. As a rule, most of the condensate is deposited in the fracture itself and in
the area around it.

This EOR method gives the greatest efficiency on the Achimov deposits since
they are difficult to recover. MSHF allows the extraction of hydrocarbons at the third
or fourth stages of development. A vital role in this case will be played by the relative
permeability of fractures. The lower the relative permeability in the reservoir, the
less the efficiency of hydraulic fracturing.

MSHF in combination with horizontal wells provides an effective practice of
further increasing the gas condensate wells productivity to prevent the fluid
accumulation around the wellbore.

In order to obtain optimal well productivity for each fracture geometry in the
reservoir, several factors and parameters must be calculated. The half-length of the
fracture is a key parameter of the fracture geometry for optimizing gas condensate
reservoirs that reduce the liquid accumulation for the longest achievable period. The
well flow rate increases significantly with an increase in the half-length of the
fracture to a certain value, after which a further increase in the half-length of the
fracture does not significantly affect the productivity of the well.

Effects arising from MSHF
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Gas condensate wells with MSHF are characterized by high fluid flow rates
in the bottomhole zone and especially in the fracture, the width of which rarely
exceeds 10 mm. Two more specific effects are associated with this feature: the
Forchheimer effect and the effect of "straightening” the relative permeability curves
(relative permeability, depending on speed).

The Forchheimer Effect

The Forchheimer effect is called nonlinear filtration (turbulence), which
occurs at high fluid flow rates. Turbulence is particularly evident in high-flow wells
and/or wells with a suboptimal rupture design. This effect can lead to a significant
decrease in the well productivity, which can be considered as a decrease in the
effective permeability of the proppant and is described by a nonlinear element in the

generalized Darcy equation (2.1):

dp 1 l,lg X vg Cz 2
—=—X—=——2 4+ =X BXp, XV 2.1
dx G kxky, G B X pgxvg (1)

where dp/dx is the pressure gradient in the direction of gas filtration, atm/m;

C, =0,00853 and C, = 1,1574-107 are the coefficients in the metric system.

The rate of single-phase oil or gas filtration in a fracture can be calculated by
the formula (2.2):

Qf X Bf
- , 2.2
Vfrac 2 X Nppee X W X @ (2.2)

where vy, is the filtration rate of reservoir fluid in the fracture, m/day;
Qy is the flow rate of reservoir fluid under surface conditions, m*/day;
B; is the volumetric fluid coefficient, m3/m?,

@ is the porosity of the proppant in the fracture.
It follows from formulas 4-5 that high gas consumption, suboptimal fracture

parameters (small width) and low permeability of the proppant (high value of the -
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coefficient) determine the high filtration resistance in the crack due to the resulting
inertial effects.

Well productivity losses, determined by the gas turbulence flow in the
fracture, can be minimized in three ways. The first method consists in choosing a
proppant with a higher permeability, which leads to lower values of the inertia
coefficient B in the Forchheimer equation. The second method is to minimize the
filtration rate in the fracture, which is achieved by optimizing the fracture design
when pumping proppant in a fixed volume, namely by creating a slightly wider but
shorter fracture. As a third method, we can consider sub horizontal well completion
with a multistage rupture, when it is possible to ensure a high value of the total
surface area of all fractures and at the same time minimize inertial effects in each
individual fracture.

The relative permeability curve shape is the effect of the dependence of
the filtration rate

Another effect is associated with the phenomenon of straightening the relative
permeability curve in areas with high gas filtration rate. The relative permeability of
the gas condensate system can significantly improve in the bottom-hole zone with
an increase in the well flow rate, thereby improving its operational characteristics.
The physics of this phenomenon has not yet been sufficiently studied, but a
mathematical model describing this process has already been launched in a number
of hydrodynamic simulators.

In order to adequately develop the hydraulic fracturing design and adequately
predict the fractured well productivity, all processes and effects must be carefully
evaluated and modeled.

2.2 Systems for placing wells by the area of gas content of natural gas
deposits

The hydrocarbons accumulation places can have different outlines, starting

from ovals / squares and ending with an arbitrary shape.
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The placement choice of producing and injection wells depends on the
lithological reservoir composition, geological and physical parameters and technical
and economic indicators. The most used placement systems are the following:

1) uniform on a square or triangular grid;

2) battery-ring;

3) linear;

4) placement in the vault of the deposit;

5) uneven.

With a uniform grid (figure 2.9), production and injection wells are placed in
the corners of equilateral triangles or squares. Uniform wells placement is best used
under conditions when the reservoir is homogeneous. At the same time, the pressure
will decrease evenly, and the flow rates will be determined by the average values of

reservoir pressure.

a) 6)

a —square, b — triangular
Figure 2.9 — Uniform placement of wells
In practice, this type of well placement is also used for heterogeneous

reservoir properties. Then the following equality (2.3) will be fulfilled:

@ _ 492 _ o __ 4% _ . __dn = const, (2.3)
aXw; aXaw, a X w; a X wy

where q; is the flow rate of the i —th well;

a X w; Is the gas-saturated drainage volume of the i —th well.
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Choosing a uniform well placement system, additional expenses for the
construction of gas-gathering systems and other communications should be
considered.

If a cycling process or water injection is used to maintain reservoir pressure

at the field, then battery-ring or linear placement of wells is used (figure 2.10).

Figure 2.10 — Battery—ring (left) and linear (right) placement of wells

With the help of placement systems in figure 2.10, it is possible to reduce the
length of field communications and gas-gathering systems, while there is also a
significant drawback — a reduction in the period of uncompressed production due to
the formation of a local depression funnel.

In a homogeneous formation with a water-pressure operation mode of a gas/

gas condensate deposit, a well placement system is used, as shown in figure 2.11.

Figure 2.11 — Placement of wells in the arched part of the deposit
In real conditions, an uneven placement system is used in the fields (figure
2.12), which contributes to a greater production of reserves, leads to a reduction in

capital investments and the wells construction time, the length of field
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communications and gas-gathering systems. Accordingly, with such a placement

system, the distribution rate of pressure changes in the reservoir is different.

Figure 2.12 — Uneven placement of wells

In order to obtain more complete and accurate information about the deposit,
injection wells are drilled using a battery-linear placement system.

Since most of the fields use reservoir pressure maintenance systems, the
placement of wells will depend on the agent that is injected into the formation. If dry
gas is injected into the formation, injection wells should be placed with a battery in
the elevated and producing ones in the lowered dome parts of the formation. If a
liquid agent is chosen, then everything is done the other way around.

The distance, as a rule, is 800 — 1200 meters between injection wells and 400
— 800 meters between producing wells.

2.3 Technological mode of gas wells operation

The technological mode of gas wells operation in the case of gas extraction
from the bottom is understood as the removal of dynamic parameters values, such
as flow rate, temperature, pressure. Thanks to sampling, the composition of the gas
can be determined.

The evaluation of the choice of the technological mode is conducted on the
basis of the initial reservoir pressure analysis, temperature, filtration and reservoir
properties of the formation, the chemical composition of the gas, the structure of the
formation. It is impossible to determine these parameters without planning special

studies involving high-tech equipment.
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During the gas condensate fields operation, several technological modes are
distinguished based on the control of a certain parameter, if it is no longer possible
to maintain the value of the parameter, then the control mode is changed.

1.  The technological mode of operation, in which the R, is not constant
(2.4):

dp

I - =1 = const (2.4)
The change in gas pressure at the well bottom can be expressed by applying a

gradient (2.5):

_on(.uxz)cpro‘l'Boxchng (2.5)

Pbot o

where Q, and pp.:, are the maximum critical flow rate and bottom-hole
pressure, below which the strength characteristics of the development object do not
change.

In order to calculate this parameter, it is necessary to use the results of research
and operation for one specific Q, flow rate. With this flow rate value at the well
during operation, there should be no complications. In the case of well perfection by

degree (2.6) and the nature of opening (2.7), the following calculations are used:

4, = (2.6)
2 X1, X In=k
c
b
B, = 2.
o 2 X TC ( 7)
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In turn, for wells with hydrodynamic imperfection in degree (2.8) and nature

of opening (2.9):

U
A =——— 2.8
° kXFXpg (2:8)
B X pat
- = 2.9

where F is the filtration area on the bottom.
For a well with an open hole that has opened the formation by the value of h
penetrated (hpen) (2.11):

F=2Xm X1 Xhpep (2.10)

For awell that has completely opened the formation, cased with an operational

column, and perforated (2.11):

F=2XmXxR%xn, (2.11)

here n is the number of working perforation channels;

Ro is the radius of a hemispherical cavity in a porous medium near the
perforated channel.

The value of this radius is based on the data of the well study or on the equality
of the surfaces of the hemisphere and the cylindrical perforation channel (2.12,
2.13):

2XTXR2=mxdxl (2.12)
dxl
Ro= |5 (2.13)
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where d is the perforation channel diameter;

L is its length.

The type of perforator construction and the rocks strength characteristics
influences the length and diameter of the perforating channel.

For terrigenous manifolds, using the following expression, we can define Ry
(2.14):

R, =31,7 x (m, (2.14)

when 0,15 <m < 0,3.

For carbonate reservoirs (2.15):

3
R, = 150 x m4, (2.15)

when 0,01 <m < 0,1.

There is a critical pressure gradient, above which, with large gas withdrawals,
due to low strength characteristics, rocks can collapse at the bottom.

At the beginning of operation, the absence of sand ingresses in the extracted
liquid is not an indicator of the correct pressure gradient determination. Reasons may
be descent to the wrong depth and erroneous selection of the tubing diameter.
However, exceeding the critical gradient does not always lead to destruction, or does
not have a strong effect, since at first a large amount of sand can be conducted, and
then the number of sand ingresses decreases.

In the case of weakly consolidated rocks, it is not always possible to extract
the core and assess the rocks strength characteristics, as a result of which erroneous
decisions arise on the adoption of a pressure gradient, entailing either an
underestimated well productivity from the possible maximum in the case of an

underestimation of the gradient, or the occurrence of a sand ingress problem, which
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turns into the formation of sand banks, which reduces the inter-repair period of
borehole equipment.
2. Technological mode of operation, in which the depression on the

formation is constant (Ap = pr — ppot = const). The debit is defined as (2.16):

\/a2—4><Ap><(2><pf—Ap)xb—a
2Xb ’

Q= (2.16)

where Q is the flow rate reduced to atmospheric conditions.

With a close location to the aquifer, with a violation of the reservoir integrity
due to large depressions, with non-compliance with the conditions for crushing and
rupture of the column, with the problem of the gas hydrates formation, this mode of
operation is selected.

With a constant pressure gradient mode, the gradient is constant over time
during development. In the case of a constant depression mode, its critical value is
dynamic, since reservoir pressure changes, the gas-water contact (GWC) tends to
rise, to prevent cone formation, depression must be reduced, which will entail an
insignificant decrease in well productivity compared to the scale of complications.

The process of determining the critical depression value taken during
operation is similar to the case of the previous regime.

3. Technological mode of operation, in which p,,; = const.

It is not recommended to use this mode, since the wells operation with other
modes is impossible, for example, due to condensation. In this forced mode, the
wells productivity is significantly reduced, and the bottom-hole pressure also has to
be reduced periodically if there is no permanent aquifer, since the reservoir pressure
decreases.

4. Technological mode of operation, in which Q = const.

This mode is the most cost-effective and efficient. The criteria for its
applicability are based on the absence of limiting factors listed for the above regimes.

The maximum flow rate value is determined from the capabilities of the downhole
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equipment, as well as the throughput of the systems for collecting and preparing
downhole products.

5. Technological mode of operation, in which the filtration rate in the
bottomhole zone is constant.

Such a regime is used in case of preventing the danger of abundant sand
occurrences if the borehole equipment is not capable of cleaning gas from sand.
Assuming that the forces acting on the rock particles are proportional to the filtration

rate, the following expression (2.17) is applied:

C =

= const (2.17)
Pbot

The limit value of the coefficient C is estimated according to the results of the
study.
6.  Technological mode of operation, in which the pressure gradient is

constant along the axis of the well (2.18):

dp

= X = , 218
azl,., Pw X g =Yw (2.18)

here p, is the density of reservoir water;
Z—Z IS the pressure gradient at the top of the cone of plantar water (z = z,)

directed upward along the axis of the well.

The criteria for the applicability of this regime are the presence of a plantar
aquifer and rocks with high strength characteristics.

7. Technological mode of operation, in which the gas flow velocity at the
mouth is constant.

The operating mode is chosen due to the problem of increased corrosion wear

of the equipment. To minimize the corrosion rate, the gas velocity is reduced. In
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order for the wells productivity to remain constant, either the gas flow rate or the
bottom-hole pressure is changed at the collection point.

If there is a need to achieve high flow rates under the condition of high
corrosion activity, then it is necessary to use corrosion inhibitors, or replace tubing
with pipes with greater corrosion resistance. Also, when choosing this operating
mode, it is necessary to predict the gas hydrates occurrence and the mechanical
impurities removal.

2.4 Features of the development and operation of multi-layer gas fields

The gas condensate fields’ development is complicated by the presence of
multi-layer systems in which it is necessary to decide about operation: one well drills
all layers or a well is drilled separately for each layer. There are various systems for
such deposits development:

1. A top—down development system, that is, first of all, the upper layers are
developed, then the lower ones, but it is necessary to consider the reservoir pressure
and reserves of the upper layers, since they should be sufficient to ensure gas
consumption.

If the pressure in the upper layers is greater than the hydrostatic column
pressure of liquid, and in the lower layers, on the contrary, it is approximate, and
then such a system is partially used. In order for the underlying layers development
to be successful, it is necessary to wait until the overlying layers pressure decreases
to hydrostatic.

2. If the hydrocarbon reserves in the underlying formations exceed those in
the overlying ones, then a bottom—up system is used. When the pressure in the
underlying layers drops to the overlying layers pressure, which differs by a
hydrostatic column, simultaneous operation with this system is used.

3. In order to obtain the required amount of gas at minimal economic costs, a
simultaneous development system is used. In this case, both upper and lower layers
are developed simultaneously with or without packers in one well.

To choose the right development system, it is necessary to collect and

compare information from all available horizons. If, for example, the gas
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composition is different, some layers contain hydrogen sulfide, and others do not,
then separate gas-gathering system are necessary. Technical and economic
indicators also play a significant role in the selection.

2.5 Development and operation features of gas condensate fields

The development and operation of gas condensate has a number of features
that need to be considered — condensation in the near-well area and in the bore itself,
which helps to reduce pressure and temperature. The multiphase nature of borehole
production complicates the task of full gas and condensate extraction; therefore, it
IS necessary to choose the optimal reservoir operation mode: with the reservoir
pressure maintenance or without artificial reservoir pressure maintenance.

2.5.1 Development of gas condensate fields with reservoir pressure
maintenance

In order to increase the gas and condensate recovery coefficient, deposits are
being developed with the reservoir pressure maintenance. The most applicable is
cycling, a process in which dry gas is re-injected into the reservoir and, as a result,
commercial condensate is obtained. As soon as condensate production ceases to be
economically profitable, the field is developed for depletion. There are also
disadvantages of this method, namely expensive and complex technological
equipment, and long-term conservation of gas reserves. The cycling process will be
less effective if the formation is heterogeneous and fractured/fractured-porous.

Not all gas and condensate deposits require the use of reservoir pressure
maintenance systems. Among the natural hydrocarbons’ accumulations, unsaturated
and superheated are distinguished, for which the use of reservoir pressure
maintenance is impractical, since condensate is not formed, and saturated, the
development of which is not possible without pressure maintenance, since
condensate can fall out immediately in the reservoir.

The cycling process helps to find the time of constant condensate production,
the coverage coefficient, and the gas volume that remains after condensate
separation, the well placement system, as well as the condensate recovery factor and

gas- recovery factor.
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2.5.2 Development of gas condensate fields without pressure maintenance

The extraction of fluids without maintaining reservoir pressure is more
profitable from an economic point of view, but at the same time there is less
condensate recovery factor and gas- recovery factor than when using pressure
maintenance system. This type of development provides both gas and condensate
production at the same time, it is also necessary to consider the possibility of
condensate precipitation in the bottom-hole zone of the formation and during the
entire gas movement path from the bottom to the processing point, which may
complicate the extraction of minerals.

2.6 Component recovery of natural gas deposits and methods of its
increase

2.6.1 Component recovery of natural gas deposits

The gas/condensate recovery coefficient or in another way, the gas/condensate
recovery component is an important indicator for deposits, which everyone is
guided. Gas/condensate recovery coefficient is the ratio of the volume of extracted
fluid reserves from the reservoir to the geological reserves volume (2.19). There are
two types: the final one, characteristic of the end of the development period, and the

current one, determined at a certain moment of operation.

Qpri < Qremi)
K; = =|1- , 2.19
' Qgri Qgri ( )

where Qrem IS the remaining reserves.
The extraction coefficients of gas (2.20) and condensate (2.21) are determined

using the formulas:

4
K. = i=1 Qpri

== e (2.20)
g ?:1 Qgri
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_ Qpr c5+

K, (2.21)

Qgr c5+

Formulas (2.20) and (2.21) were applied for dry gas (methane, ethane,
propane, and butane) and condensate, respectively, with 5+. Usually, the gas
extraction coefficient is higher (about 85-95%) than the condensate extraction
coefficient, which is 30-75%.

The gas recovery coefficient depends on the operation mode of the deposit,
the weighted average pressure, the lithological and facies characteristics of the
formation, the type of deposit and the rate of gas extraction.

If the formation is homogeneous, then the volume of residual gas in the final

period is according to equation (2.22):

Pr Pw __ Q® )
=0 X=+ (N —Nf) X=Xa X X —, 2.22
Qrem f Z; ( i f) Zoy <pw Qgr X p; ( )

where £2; and (2, are the initial and final gas—saturated volumes, m?;

P and 2= are the final and dimensionless reduced pressures weighted by gas—

zf Zy
saturated and watered volumes;

a is the coefficient of residual volumetric gas saturation of the watered zone
by volume, fractions of one;

Q(t) is the current extracted gas volume;

p; — Initial gas saturation of the reservoir;

Qgr — 9as reserves.

Under different operating conditions, the gas extraction coefficient will be
determined in different ways.

- in gas mode (2.23):
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0. X (pr—aXn,, Dr
K, = — (s pw)-100=<1—p:f>, (2.23)

g Qgr X E i

when (2; = )y = const, Qg = Q;* (pi/2;), a = 0.

The formula is applicable only for reservoirs homogeneous in reservoir
properties.

- with a hard water pressure mode (2.24):

K, = (1 —a,) X (1 - —f), (2.24)

at (2, >.Qf,E=W=const,a > 0.

- in the workaround mode (2.25):

Pw) <ﬁ W)]
K, = l—-aX—]|——X|=—-—ax—=—]|, 2.25
g K Pi) 2; \pi Di (2:25)

when 2 > 0;, a > 0,p; > py, > py.

In addition, considerable influence is exerted by the depth of the tubing
descent, the value of the coverage of the displacement deposit, the grid of the
placement of wells.

It is possible to see a direct dependence of the gas recovery coefficient on the
values of the effective porosity (2.26). Permeability affects by inverse

proportionality, but it can be neglected.
Ky = 1,415 X Va - m, (2.26)

where «a is the gas saturation coefficient;

m is the effective porosity coefficient.
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The more heterogeneous the reservoir with degraded filtration properties and
with a strong influence of capillary forces, the lower the gas recovery coefficient
value.

The reducing reservoir pressure process within the watered interval leads to a
decrease in the relative permeability for water, and the gas, which was limited by
the water columns, becomes mobile and is filtered into the gas-saturated part of the
reservoir. If the formation is homogeneous and there is a possibility that water will
limit the movement of some gas volumes, then it is recommended to extract gas with
greater intensity to advance the approach of water, which will increase the maximum
gas output. In the case of heterogeneous reservoirs, partial flooding is inevitable.

Conducting repair work on wells in the conditions of the final development
stage can lead to a significant absorption of the silencing solution, since the reservoir
pressure has significantly decreased, which in some cases is detrimental to wells.

When assessing the condensate recovery coefficient, it is necessary to
consider the part composition of the fluid, the analysis of its phase diagram, the
influence of the initial reservoir pressure and reservoir temperature, the field
development system with or without the introduction of the pressure maintenance
system. Itis best to maintain reservoir pressure in order to avoid condensation, which
significantly reduces productivity.

The condensate recovery coefficient of poorly cemented sandstone when the
condensate is displaced by water under constant pressure conditions can be

calculated by equation (2.27):

1
K, = (1 — 1,415 x (%)8'57 X [P X mo) X Dic) (2.27)
w

where p;. is the initial condensate saturation of the porous medium, fractions

of one.
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If the use of the pressure maintenance system is not expected at the first stage,
then the condensate recovery coefficient is determined using a complex of laboratory
studies.

2.6.2 Methods of increasing the component recovery of gas condensate
fields

The gas recovery coefficient can be increased by reducing the weighted
average pressure over the volume of the deposit containing the gas, while also
reducing the coefficient of dynamic viscosity of the gas. When using screw
compressors, the gas recovery coefficient will be higher than usual, but on condition
that the pressure should be lower than atmospheric.

If the deposit operates in an elastic-water-pressure mode, then the gas
recovery coefficient is increased by reducing the pressure in the volume of the
deposit containing gas and water; the volume of the watered zone and the regulation
of gas sampling by area and section.

In order to achieve pressure reduction, periodic operation of wells in the final
period is also used. In the watered zone, with a decrease in pressure, the phase
permeability for the gas phase will increase, an increase in the proportion of the
volume containing both gas and its exit from the watered area, while the condition
0,3 < pi/pi< 1 must be met.

With the help of pressure maintenance, the phenomenon of reverse
condensation of HC liquid is eliminated, which contributes to higher indicators of
the condensate recovery coefficient. The working agent (liquid or gaseous) will
displace the fatty gas to the wells bottom without expansion. If the reservoir contains
condensate (Cs.) or other valuable components, then the pressure maintenance is
conducted using two working agents at once: dry gas and water. Dry gas is pumped
into the vault part of the deposit, water is pumped under the surface of the initial
gas—water contact.

In the absence of a pressure maintenance system and the formation of a liquid
phase, the condensate recovery coefficient is increased by influencing the formation:

by reducing the coefficient of dynamic condensate viscosity; by reducing the liquid
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by pumping a gaseous agent; by displacing the condensate with water. Dry gas is
used to inject the gaseous agent into the formation: methane, ethane, propane,

butane, or carbon dioxide.
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