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HHJTAHUPYEMBIE PE3YJBbTATBI OCBOEHUSA
21.04.01 Hedrerazosoe aeso

OOII «Pa3padoTka u IKCIIyaTANMA He(PTAHBIX M Ta30BbIX MECTOPOKIACHHU I

Kon HaumeHoBaHHe KOMIETEHIIUH
KOMIIETEeHIIUH
YHuBepcajabHble KOMIIETeHINH

YK(Y)-1 CrocoOHOCTh  OCYIIECTBJIATH TOWUCK, KPUTUYECKHHA aHAINW3 MPOOJIEMHBIX
CUTYaIMil HA OCHOBE CHCTEMHOTO MOAX0/a, BRIpa0aThIBaTh CTPATETHIO NEHCTBUN

YK()-2 CniocoOHOCTh ynpaBisiTh IPOEKTOM Ha BCEX dTanax ero KM3HEHHOIro UMK

YK(Y)-3 CnocoOHOCTh OpraHU30BBIBATH U PYKOBOAMUTH PabOTON KOMaHIbI, BRIpadaThIBas
KOMAaHJIHYIO CTPATEeTHIO JJIs JOCTHXKCHHS TTOCTABJIICHHOW 11U

YK(Y)-4 CnocoOHOCTh MPUMEHSTh COBPEMEHHbIE KOMMYHHUKATUBHBIE TEXHOJIOTHUH, B TOM
Yucji€ Ha  WHOCTPAaHHOM(BIX)  s3bIKe(ax), I aKaJeMHU4YecKoro |
po(hecCHOHATLHOTO B3aUMOICHCTBUS

YK(Y)-5 CnocoOHOCTh aHATM3UPOBATh U YYUTHIBATh PA3HOOOpa3ue KyIbTyp B MPOIIECCe
MEXKYJIbTYPHOTO B3aUMOICHCTBUS

YK(Y)-6 CnocoOHOCTh  OmpeAensTh M pealu30BbIBaTh IMPUOPUTETHI COOCTBEHHOMU
JIESITEIbHOCTH U CIIOCOOBI €€ COBEPIICHCTBOBAHMS HA OCHOBE CaMOOIIEHKHU

Oob6menpodeccuoHa bHbIe KOMIIETEHIIUN

OIIK(Y)-1 CnocoOGHOCTD pemaTh MPOU3BOICTBEHHBIE U (UJTH) UCCIICIOBATEILCKUE 3a/1a4u Ha
OcHOBE (hyH/IaMEHTaIbHbBIX 3HaHMI B He(hTera3oBoii 00IacTu

OIIK(Y)-2 CnocobeH  OCyHIECTBJISITH ~ MPOEKTHUPOBAHHE  OOBEKTOB  HE(PTEra3zoBOTO
MIPOU3BOJACTBA

OIIK(Y)-3 CnocoOHOCTh pa3pabaThiBaTh HAYYHO-TEXHUYECKYIO, MIPOCKTHYIO M CITY)KEOHYIO
TOKYMEHTAIUI0, 0OPMIISITh HAYYHO-TEXHUUYECKUE OTUYEThI, 0030pbI, Ty OIHKAIIH,
peLeH3uu

OIIK(Y)-4 CriocoOHOCTh HAaxOAWTh M IepepadareiBaTh HHGpOpMaIMIO, TpeOyemyro uis
IPUHATHS PEUICHUI B HAyYHBIX UCCJIEIOBAHUSX U B MPAKTUUECKON TEXHUUECKON
JESITEIbHOCTH

OIIK(Y)-5 CrnocoOHOCTh  OIIEHWBATh  PE3yJIbTaThl HAYYHO-TEXHHUYECKHX Pa3paboToK,
HAYYHBIX UCCIIEJIOBaHMI U 000CHOBBIBATH COOCTBEHHBIN BEIOOD, CUCTEMATH3UPYS
1 000011ast TOCTHXKEHUS] B HehTera30BOil OTPACIN M CMEXHBIX 00IaCTAX

OIIK(Y)-6 CnocoOHOCTh y4YacTBOBAaTh B peaM3allMd OCHOBHBIX M JOMOJHUTEIHHBIX
npoecCHOHaNbHBIX 00pa30BaTENbHBIX MPOTPaMM, HUCIHONB3Ysl CIelHaIbHbIe
HAy4YHBIC U IPOdECCUOHATBHBIC 3HAHUS

IIpodeccnonanbHbIe KOMIIETEHIIUA

MNK(Y)-1 CnocobeH pa3pabaTbiBaTh METOAMYECKOE OOEeCredYeHue i TMEePBUYHON U
NEPUOANYECKON MOJTOTOBKM M aTTECTAIlMU CIEIUAIMCTOB B 00JIACTH JOOBIUU
YTJIEBOJIOPOAHOTO CHIPHS

MK(Y)-2 Cnioco0eH aHanmu3upoBaTh U 00001aTh TaHHBIE O PA0OTE TEXHOIOTUIECKOTO
000pyI0BaHUs, OCYIIECTBIATh KOHTPOJIb, TEXHUYECKOE COMPOBOKICHHUE U
yHpaBlieHNE TEXHOIOTHISCKUMHU MPOIIECCaMU JOOBIYH YTIIEBOAOPOTHOTO CHIPhS

MK(Y)-3 CrocobeH oneHuBaTh AI(PPEKTUBHOCTh WHHOBAIIMOHHBIX TEXHOJIOTHYCCKHX
pelieHuit B TPOIECCe BBIMOJHEHUS MPOU3BOJCTBEHHBIX TIOKa3aTeleld mpu
pazpaboTke W OKCIUTyaTalud HEPTAHBIX W Ta30BBIX MECTOPOXKICHHM
YTIIEBOIOPOAHOTO CHIPBS

MK(Y)-4 Cnocob6en obecrieunBaTh 0e301acHy o U 3)PEKTUBHYIO IKCILTyaTalHIo U padoTy
TEXHOJIOTHYECKOro 000pyaoBaHus HeTEera3oBon oTpaciu

MK(Y)-5 CrniocobeH y4acTBOBaTh B YHPABICHUHM TEXHOJOTHYECKHMMM KOMIUIEKCAMH, PUHUMATh

PCIICHUA B YCIIOBUAX HCOMPECACICHHOCTH




HNK(Y)-6 CriocoOeH MpUMeHSITh TOTy4YeHHbIE 3HAHUS TSl pa3pabOTKU M peaIn3aluy MIPOEKTOB U
Hay9HO-HCCIICIOBATEIIbCKUX PA0OT PasIMYHBIX IPOIIECCOB MPOM3BOACTBEHHOM
JESITeIbHOCTH Ha OCHOBE METOAMKH MIPOSKTUPOBAHMUS B HE)TEra30Boi OTpaCiH, a TAKKe
UHCTPYKTUBHO-HOPMAaTUBHBIX JOKYMEHTOB

IK(Y)-7 Cnoco0eH NpHUMEHSATH COBPEMEHHBIE NMPOTPAMMHBIE KOMIUIEKCHI JJIsi Hay4yHO-

UCCIIEIOBATEIbCKUX pPabOT W  TPOCKTHPOBAHUS TEXHHUYECKUX YCTPOMUCTB,
anmapaToB ¥ MEXaHW3MOB, TEXHOJIOTMYECKUX TPOIECCOB B COOTBETCTBUU C
BBIOpaHHOU c(hepoil mpodheccnoHaIbHOM AESITETBHOCTH
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(HenpepbiBHbILL, NEPUOOUYECKUL, YUKTUYECKUU U M. 0.); 8UO
CHIPbA UL MATNEPUAN U30enUs; MpebOaHUs K npoOyKmy,
uz0enuio unu npoyeccy,; ocobvle mpebosanus K
dyHKYUOHUPOBAHUIO (FKCHIYyamayuu) 06vexma unu u30enus 8
niare 6e30NaAcHOCMU IKCHLYAMAYUY, GIUAHUA HA
OKPYHCAIOULYIO CPedy, IHep203ampamam, IKOHOMUHECKU
anauz u m. 0.)

(Hmmenoeanue 00bekma uccie008anUs Ul NPOeKmMupOoBaHusl,

TexkcTtel W TpaduyecKue MaTepHuaabl OTYCTOB H
HCCIIEIOBATENIbCKUX pPaboT, (GoHAOBasS W Hay4dHas
JIATEpaTypa, TEXHOJIOTUYECKHUE peTiIaMeHTHl,
HOPMAaTHUBHBIC JJOKYMCHTHI.

Ilepeyennb pa3iesioB MOSACHUTEIbHOM
3alUCKHU MO/JIeKANUX UCCIIeI0OBAHNIO,
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(ananumuueckuil 0630p TUMEPAMYPHBIX UCTIOYHUKOS C YeTlbIO
BbIACHEHUS OOCMUNCEHUT MUPOBOLL HAYKU MEXHUKU 8
paccmampusaemou 0oracmu; NOCMAaHOBKA 3a0ayu
uccnedosanust, NPOEKMUPOSAHUs, KOHCIMPYUPOBAHUSL;
cooepaicanue npoyedypsl UCCIed08aHUsL, NPOCKMUPOBAHUSL,
KOHCIPYUPOBAHUsl, 00CYdICcOeHUe Pe3yibimamos 6blnoIHeHHOU
pabomul; HaumMeHo8aHUe OONOTHUMETbHBIX PA30EN08,
nooiexHcaumux paspabomye, 3aKi4eHue no pabome)

O0630p COBpEeMEHHBIX MOAXOJ0B K OOYCTpOICTBY

He(TEra3oBbIX MECTOPOKICHUH. Ananms
HOPMAaTHUBHO-ITPABOBOM 0a3bl B oOmactu
JIeKapOOHU3aMK  MPOU3BOJICTBA. Beibop wu
o0ocHOBaHUE 00BEKTOB MMOBEPXHOCTHOTO
o0ycTpoiicTBa JJsi  yNaBIMBAaHUSA M XpaHEHUS
yriekucioro  raza.  Anamu3z 3P peKTUBHOCTH
MOJIE3HOTO MCIIOJIb30BAaHUS YTICKHCIIOTO Ta3a B IENsIX
noBbIieHUss  Hedreornaum miacta.  Pa3pabotka
KOMIUIEKCHOTO ~ TIOJX0/Ja K  pPEHIeHHI0  3ajad

JIeKapOOHM3AIUK MTPON3BOICTBA.
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PE®EPAT

Bremmycknas  kBanmu¢ukanmmonHas pabota comepxkut 110  cTpaHnwum,
19 pucynkos, 16 tabmuu. Cnucok autepaTypsl BkitouaeT 40 uctounukon. Pabora
COJIEPKUT 2 IPUIIOKEHUSI.

KinroueBbie cnoBa: gexkapOonuzarus, yriaekuciwsii ra3, CO-MVYH,
yBenuueHne Hegreornayuu, mpoektol Y XY, xpanenue COy.

OOBEKTOM HCCIIeIOBAHUS SBISIOTCS 00BEKTHI 00yCTpoiicTBa He(TEera30BhIX
MECTOPOXKICHUH, METO/Ibl YBEIWYEHUSI HE(PTEOTJauH TIaCTOB.

[lenpto paboTHI siBsieTCS TOBBIMICHHE A(H(HEKTUBHOCTH 00YyCTpOMCTBA
He(TEerazoBbIX MECTOPOXKIECHUM B YCIOBUSIX JIeKapOOHHU3ALIMK MPOU3BOICTBA.

Metoapl  UCCIEIOBaHUS:  TEOPETUYECKUN  aHAIM3, M3yUYCHHE
MaTepHaJiOB HAyYHBIX, T[EPUOJAMYECKUX HW3JaHUM, HOPMATHBHO  MPaBOBOMU
JOKyMEHTAIluu IO TEeMAaTHKeE.

3amuiaemMble NOJI0KEHNUS:

1. Beibop »sddextuBHOM  cxembl  00ycTpoWcTBa  He(TEra3oBbIX
MECTOPOXKJICHUM C MOCIEAYIOLIeW opraHuzauneil noazemMHoro xpaHeHuss COs
MO3BOJISIET CHU3UTH BBIOPOCHI TAPHUKOBBIX Ta30B OT OOBEKTOB COOCTBEHHOM
reHepanuu sHepruu Ha 95 %;

2. Tlone3Hoe UCIHOJIb30BAHUE YTJIEKHUCIOTO Ta3a, YJOBIEHHOINO B LEISIX
nekapOoHM3aIu Mpou3BoACTBa, B TexHoysorun CO-MVYH no3Bosser yBelInuuTh
HAKOIUICHHYI0 700biuy HedTH Ha 50% OTHOCHUTENBHO BapHaHTa Pa3pabOTKU C
npuMmeHnenueM [111/] meTonom 3aBogHEHHS.

B mporecce nccnenoBanus ObUTH TOAPOOHO PaCCMOTPEHBI TEOPETUUECKUE
aCIeKTHI 10 JAeKapOoHU3aIuu 00bEKTOB HE(TETra30BOTO CEKTOPA, BOSMOXKHBIC ITyTH
ynaBiauBaHusi W wucnoiab3oBaHus CO; Ha He(TEra3oBbIX MECTOPOXKICHUSX,
(bakTophl, BIMSIONIME HA BBHIOOp crmocoba WUCIHOJIb30BAaHUS YIVIEKUCIIOrO Trasa,
BIIMsIHUE HcToab30Banus CO; Ha MoKazaTean pa3paboTKH.

[TpoBenen ananu3 3pGHEeKTUBHOCTH MPUMEHEHHUS 3aKa4YKH YTIIEKUCIIOTO T'a3a B
MPOAYKTUBHBIC TIJIACThI HE(TEra3oBbIX MeECTOpOxkAcHUM 3amaaHor Culupu Kax

MCTOJIa Ta30BOI0  YBCIIMYCHUS HC(I)TCOTI[EI‘-II/I, paccMOTpCHa BO3MOKHOCTD



pa3pabOTKH KOMIUIEKCHOTO MOJIX01a K 00YCTPOICTBY MECTOPOKIAECHUI B YCIOBHSIX
neKkapOOHU3aUHU IPOU3BOACTBA.

O06sacTb NpUMEHEHHUS: HEPTEra30Bble MECTOPOKICHUSI.

[ToreHunanbHast HKOHOMHUYECKAs 3¢ (HEKTUBHOCTh CBsI3aHA C

JIOTIOJIHUTENIbHOM 100bIuel HedTH 3a cueT npumeHeHust Mmeto0B CO-MVYH.
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BBEJIEHUE

N3BecTHO, 4TO YTIIEKHUCHBIA ra3 CIOCOOCH HaKaluiuBaThCsd B aTMocdepe,
BBI3bIBasl MAPHUKOBBIA dPPEKT, KOTOPBI MPUBOIUT K INIOOATEHOMY H3MEHEHHUIO
KinMaTta Bcedl IuiaHetsl. B 2016 romy KOHUEHTpauusl IMAapHUKOBBIX Ta30B B
atMocdepe 3emnm Tpeononena pekopaHyro orMmerky B 400 ppm (KOIWYECTBO
yactui] CO2 Ha MIJIJTMOH YacTHIl BO3yXa). [I[poruo3upyercs, 4To K KOHIY CTOJIETHUS
KOHIIEHTpAIUs YTICKUCIIOTO T'a3a MOKET yABOUTHCS.

B cBa3u co Berymiiennem B cuity @enepanbHoro 3akoHa Ne 296-D3 ot
01.06.2021 «O6 orpaHn4eHHH BEIOPOCOB IMAPHUKOBBIX T'a30BY», IEPET POCCUNCKUMU
He(Terazoo0bIBAIOIIMMHA  KOMIAHUSMH  CTOSAT  BOIPOCHI  JeKapOOHHU3AIUU
npou3BoAcTBa. [IpakTHuecku Bce KpymHbIE He(Tera3oBble KOMIIAHUM Pa3BUBAIOT
CTpaTeruu JeKapOOHU3AIMN U PEaTU3YIOT IJIaHbl YIJIEPOIHOIO MEHEKMEHTA.

HecMoTpst Ha GoraTyro HOpMAaTHBHO-TIPABOBYIO 0a3y B YacTHU MOJCYETa U
peryivpoBaHus o0beMa BBIOPOCOB MApPHUKOBBIX Ta30B, JEHCTBYIOIIME Ha
cerofHsmHNN nenb PJ[ ¥ mpoune HOpMATHBHBIE aKThl B 4YacTU OOYCTpOWCTBa
MECTOPOXKIACHUM HE PEryJupyIOT HE0OXOIuMoe IJsi MPOEKTOB JAeKapOOHU3alUU
obopynoBanue. Ilpm 53TOM, TPOEKTHBIE pELIEHUS IO MOBEPXHOCTHOMY
00yCTpONCTBY MECTOPOXKACHHI B 4acTW BbIOOpAa HAaUMEHEEe 3aTpaTHOro crocoda
CHI)KEHHMSI BBIOPOCOB MApHUKOBBIX Ta30B MUIPAIOT KIIOYEBYIO pOJIb B JaHHOM
BOIIpOCE.

B cBsi3M ¢ 3TUM, LI€NbI0 JAaHHOW paboThI CTajI0 MOBBIMIEHHE 3PHEKTUBHOCTH
oOycTporicTBa HedTerazoBbIX MecTopoxacHui 3anagHod CuOupu B yCIOBUAX
JeKapOOHMU3AIMU TTPOU3BOACTBA. [[71s1 aTOr0 OBLT ChOpMYyIIUPOBAH s 3a/1a4:

1) IIpoaHamu3upoBaTh COBPEMEHHBIC TMOIXOABI K MOBEPXHOCTHOMY
00yCTpOICTBY HE(PTETa30BbIX MECTOPOKICHHUI;

2) BbiOpath u 000CHOBAaTh OOBEKTHI MOBEPXHOCTHOTO OOYCTpOMCTBa ISt
pelleHus: BOMPOCOB JeKapOOHU3alluu POU3BOCTBA;

3) Pa3zpabortath 3()(HeKTHBHOE TEXHOJIOTHUECKOE PEIICHUE IO 00YCTPOHUCTBY
He(Tera3oBbIX MECTOPOXAeHUI 3amagHoil CuOupu B yCIOBUAX JeKapOOHHM3ALUU

MPOU3BO/ICTBA.
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OITPEAEJIEHU S, OBO3HAYEHUSA, COKPAIIIEHUSA

P/l — pykOBOIAIINI JOKYMEHT;

I'TAC — razoTypOUHHBIE 3JEKTPOCTAHIINU
I'OCT — rocynapCTBEHHBINA CTaHAAPT

IO — nporpammHoe obecrieueHne

III/I — nognepkaHue miacToBOro JaBJICHUS
IMHI" — nonyTHEII HEPTSIHOMN Ta3

YXY - ynaBiuBaHUE U XpaHCHUE yTIIEpOJa

YC — upe3BbIYANHBIE CUTYAIUH.
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1 COBPEMEHHBIE HoAXOAbl K OBYCTPOHUCTBY
JUIEH3UOHHBIX YYACTKOB HEJIP MECTOPOXJIEHUI

C pa3BuTueM HePTSIHOUM OoTpaciu Bce OOJNbIIIYIO0 aKTyalbHOCTh MPUOOpPETaIo
pa3BUTHE TEXHOJIOTMI MOBBIIEHUS HePTeoTAauu IactoB. Haunnas ¢ cepeauHsl
XX Beka W MO HacToslee BpeMs pa3paboTka HE(PTAHBIX MECTOPOXKACHUN
NPaKTHUECKU He 00xomuTcss 0e3 NPUMEHEHHUs OMOJHUTENbHBIX CIOCO00B
U3BJICUEHUS He(DTH HA MO3THUX CTaAUSIX pa3paboTku — TpeTndHbix MYH.

OnuuM 13 HanboJiee 4acTo 00CYKAaEMbIX U TPUMEHSIEMBIX Ha CETOIHIITHUN
JI€Hb TUIOM YBEJIMYEHHs He(PTEOTHauM IJIAaCTOB SBISIIOTCA TazoBeie MYH, onqHuMm
13 BUJIOB KOTOPOH SIBJIIETCA 3aKauKa B IUIACT AUOKCUAA YIIIEPOa.

Metoasl CO-MVYH nauanu cBoe passutue B CIIIA B Hauane 70-x rogoB XX
Beka, U B TeueHue 1970-1980 rr. mosrydniau mupokoe npuMenenue [1].

KitoueBbiM orpannumBaromiuM (aktopom B Borpocax npumeHeHus: CO»-
MVH sBnsuics Bonpoc mnoucka UCTOUYHUKOB COj, mockoiabKy B XX Beke ObLIO
BO3MOXKHO IIPUMEHEHHE JIMIIb NPUPOAHBIX HCTOYHMKOB CO.. Tem He MeHee,
IPUMEHEHUE YTJEKHUCIOro rasza Jjs yBeIWdeHHs HedTeoTAaud MNpoAoKalo
pa3BUBATBCA M CO BPEMEHEM CTajo0 OJHMM U3 Haubojiee pacmpoCTPAHEHHBIX
CH0CO0O0B MOJTYyUEHUS JONOJHUTEIBHOMN 100b1YM HEPTH.

Opnaum u3 ctumynos pa3zsutus CO-MVYH crano BHenpenne B HedTera3oBoi
IIPOMBIIUIEHHOCTH KJIMMaTUYECKON TOBECTKHU.

C navasia XXI| Beka MUpOBBIE yUEHBIE CTalla OYEBUIHOM yrpo3a ri100aIbHOTrO
U3MEHEHHUsl KJIUMaTa, BbI3BaHHAs POCTOM BBIOPOCOB MApHUKOBBIX Ta30B OT
IPOMBIIUIEHHBIX NpeAnpusaTuil mo Bcemy mupy. B 2015 romy ObL10 HpHHSTO
[Tapmkckoe corlaleHue, LeNbI0 KOTOPOro SIBISUIOCH  «YIEp:KaTh IMPUPOCT
rno0agbHOW CpelHed TeMImepaTypbl» IyTEM COKpAlIeHHs aHTPOIOTE€HHBIX
BbIOpOcoB CO; [2].

K ITapmxckomy cornameHuss NpucoequHuinocs 189 crpan, B TOM 4wucle U
Poccuiickas @enepanus, 4To Jaja0 HOBBIM CTUMYJ K MOUCKY ITyTE€H IOJIE3HOIO

ucnoiibzoBanugd COs.
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VXV (ynaBnuBaHuEe W XpaHEHUE YTJIEpOJa) — IMPOEKTHI JAeKapOOHU3AINH,
LENbI0 KOTOPBIX sBiseTcs yinaBnuBaHue COz OT NPOMBIIIEHHBIX HCTOYHHKOB
BBIOPOCOB, €ro MOATrOTOBKA W JaJIbHEHIIEEe MCIOJIb30BAHUE HA MECTOPOXKICHUIX
HE(TU C LEJbI0 MOBBILEHUS HEPTEOTAAUM W/WIM TEOJOTUYECKOE MOJI3EMHOE
XpaHEeHUe.

B cBsi3u ¢ TeM, 4TO pa3BUTHE MOBECTKU JEKapOOHU3ALMU AAJO0 TOIYOK K
pa3BUTHIO CcHOCOOOB u3BIeUeHUs mpoMbliieHHoro COj, mpobiema mnowucka
MUCTOYHUKOB yriekucaoro raza mit CO-MVYH otomma Ha BTOpOM IuiaH, a
BO3JICIICTBHE HAa IJIACT YIVIGKHCIBIM Ta30B MOJYYMJIO eme Oosbliee
pacnpocTpaHeHHeE.

Tak, Haunnas ¢ 2010-x rono, CO,-MVYH cranu Oonee pacnpocTpaHEeHHBIM
TPETUYHBIM METOJIOM YBEIMUEHUSI HEPTEOTAAuH, UEM ITIaBEHCTBYOIINE B XX BEke

TCIIJIOBBIC MCTOABI, a4 K 2017 roay v BOBCC CTAJIM ITPUMCHATCA B IIOJIOBHUHC CIIYYacCB

(Pucynoxk 1) [3].

T T T T T T T T 1
19N1-75 1976-80 1981-85 1986-90 1991-95 1996-00 2001-05 2006-10 20m-15 2017

Tennosble ® CO,-MYH Xumudeckne ® Tpouue rasosble Npoane

PucyHok 1 — JluHamMuKa pa3BUTHS TPETUYHBIX METOIOB YBEIUYCHUS HEDTEOTIaun
B mupe [3]

1.1 Uctounuku CO2 HA MeCTOPOKIEHUH

Ucrounnku BeIOpOocOB CO2, moiexanue yd4eTy, perIaMeHTHPYIOTCS

[Ipukazamu MuHucTepcTBa NpUPOIHBIX pecypcoB U 3kosnoruu PO Ne371 u 330
[4,5].
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Cornacno Ilpuka3za Ne371, ob6si3aTeibHOMY yueTy nojuiexxar 12 xareropuit
BBIOPOCOB MApHUKOBBIX Ta30B, OJHAKO JUIsi HE(TETa30BBIX MECTOPOKIACHUMN
HMCTOYHUKHU BBIOPOCOB BKJIIOYAIOT B CEOs: BHIOPOCHI OT CTAIIMOHAPHOTO COKUTAHUS
toruBa, coxuranue I[IIT m TIHIT Ha dakenpHBIX YyCTaHOBKaX, BBIOPOCHI,
BO3HUKAIOIIME MPU MPOBEJICHUHN TEXHOJOTMYECKUX OINEepalnii, OCyIIECTBISIEMbIX
pu pasBeike, M100bIYe, nmepepaboTke, MOATOTOBKE M TPAHCIOPTUPOBKE HEDTHU U
ra3a (pyruTuBHbBIE BEIOPOCHI), BEIOPOCH CXKUTAHMS TOIUIMBA B TPAaHCIOPTE (B TOM
Yuclie aBTOMOOWJIBHOM), KOCBEHHBIE BBIOPOCHI (BBIOPOCHI, BO3HHUKAIOIIME IpU
IIPOU3BOJICTBE 3aKyI[Ia€MOM y JIPYroil OpraHu3aluy SHEPIUN).

OyruTUBHBIE BEIOPOCH TAPHUKOBBIX F'a30B BO3HUKAIOT, KaK MPaBUIIO, B IBYX
clyJasix:

- HETrepMETUYHOCTb 3KCIUTyaTUPYEeMOro OOOpyAOBaHMS, BO3HUKHOBEHHUE
yTEYEK U Pa3JIMBOB;

- HauuM4Yhe Ha MECTOPOXJCHUU pEe3epByapoB ChHIpOl HepTH, HE
000pYZIOBaHHBIX KPBIIIKAMHU C TTOHTOHAMU.

[TepBbIii cydail OTHOCUTCSA K aBapUUHBIM U HE OTHOCHUTCS K MOCTOSITHHBIM
UCTOYHHKAM BBIOPOCOB. BTOpoil BcTpedaeTcsi peaKo, MOCKONBbKY OOJBITHHCTBO
MECTOPOXKACHUN B HacTosilee BpeMsi 00yCTpamBalOTCS TaKUM 0Opa3oM, 4TOObI
CKBOKMHHASI MPOAYKLMS HE TOJlaBajlach B pe3epByapbl 0€3 MpelBapUTEIbHOM
MOATOTOBKH.

Tax xe, pyruTuBHbBIC BBIOPOCH B OCHOBHOM COCTOSIT U3 METaHa, KOTOPHIH Tak
K€ OTHOCUTCS K MapHUKOBBIM T'a3aM, U TO3TOMY HE MOTYT CUUTAThCS UCTOUHUKOM
CO..

VYnasnuBanue CO;, OT TpaHCIIOPTa, B TOM YUCJIE€ aBTOMOOMIIBHOTO, C LIEJIBIO
€ro JaJIbHEUILEro UCIIOIb30BaHUs, IPAKTUYECKH HE PEATH3YEMO.

KocBennbie BBIOPOCHI, XOTh M YUYUTHIBAIOTCS MPEANPUITHEM, 3aKYTAIOIINM
SHEPruto, (HaKTUYECKH MNPOU3BOATCSI HA TEPPUTOPUU NPEANPUITUH, IHEPTUIO
MPOJIAIOIINX, U TOXKE HE MOTYT OBITh HCTIOJIB30BAHBI.

Takum o0pa3oM, ocHOBHbIMM ucTouHMKamMu CO; Ha HedTerazoBbixX

MECTOPOXKICHHUSIX SABIAIOTCS (PaKeIbHbIE YCTAHOBKH M OOBEKTHI COOCTBEHHOM
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DHEproreHepalnuy, Hanboiee pachHpOCTPAaHEHHBIM BUIOM KOTOPBIX SBIISIFOTCS
razotypounnsie anekTpoctannuu (I'TAC) [6].

Ha panHMxX cpokax »JKCIUTyaTalldd MECTOPOXKICHUS, KOTrJa OOBEKTHI
reHepaliy AJIEKTPOIHEPTUHM PabOTAIOT HE HAa BCIO YCTAHOBJICHHYIO MOIIHOCThH, a
oonpinas yacth qoosiBacMoro [THI mogaercs Ha dakenbHbIE YCTAaHOBKH, OCHOBHOM
BKJIaJl B BRIOPOCHI TAPHUKOBBIX Ta30B BHOCAT BBHIOPOCHI OT (PaKeIbHOTO COKUTAHUS

(Pucynok 2).

@ CTauMoHapHoe CXHUraHue u d)aKEHbHOE CHUraHne

Pucynok 2 — Bknan ncrounnkoB CO; ipu 20 % nosie3Horo ucnoiabzoBanus [THIT

[Ipu ycnoBum BbinoNHEHUs TpeOoBaHUil IlocTaHOBIEHUS MPAaBUTENLCTBA
Poccuiickoit ®eneparmu  Nell148 ot 08.11.2012 [7] o 95 % mone3Horo
ucnonb3oBanus [THI, kiroueBbiM HCTOYHUKOM BBIOPOCOB CO7 SBISAIOTCS 00BEKTHI

CTaIMOHAPHOTO Cxxuranus Torusa (Pucynok 3).
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= CTaunoHapHoe CHuraHme L ¢aReanoe CHHUraHue

Pucynok 3 — Bxnan ucrounnkoB CO; ipu 95 % none3noro ucnons3oBanus [THI

Takum oOpa3zoM, HaubOoJiee TEPCHEKTHUBHBIM IS yJIaBJIMBaHUS U
nanpHeinero ucnoiab3oBanusi CO, KCTOYHUKOM BHIOPOCOB IMAPHUKOBBIX Ta30B HA
He(PTETra30BbIX MECTOPOXKJICHHS SBISIOTCS OOBCKTHI COOCTBEHHOM TI'€HEpaIuu

SHEPrUu.

1.2 IlpuMeHeHMe YIJIEKHMCJIOTO ra3a B TeXHOJOTHYECKHMX Ipoleccax

HedTerazoBbIX MPOMbBICJIOB

HecmoTtps Ha TO, uyTOo mpumMenenue yiaoBieHHOro CO2 B MPOMBINIIIEHHOCTH
03HAYaeT €ro MOHETH3alMI0 U TOJy4YeHHE MPHUOBUIH, CIOCOOHOM MOKPHITH YacTh
3aTpar Ha MPOEKTHI IeKapOOHU3AINH, ITOT CIIOCOO MCIIOIb30BAHUS SBIISIETCSI MEHEE
pacmpoCTpaHEHHBIM Ha TIPAKTUKE B CBS3M C PACIOJIOKEHHUEM OOJBITUHCTBA
MECTOPOXKJACHUHN B TPYIHOAOCTYITHBIX PETMOHAX U HEOOXOIUMOCTH 3HAUYNUTEITHHBIX
3atpat Ha TpaHcnopTupoBky CO; 10 nmoTpeduTens.

B cBs3u ¢ 3TuUM, Ha HEPTAHBIX U HEPTETra30BBIX MECTOPOKIACHUIX
CYIIECTBYET JiBa OCHOBHBIX METO/Ia IPUMEHECHHS YIIIEKHCIIOoro rasa [8]:

— 3aXOpOHEHHE B TOJ3EMHBIC TEOJOTMYECKHE XpPAaHWIHIA B TIIYOOKHX

BOJOHOCHBIX I'OPHU30HTAaX WJIKM UCTOIONCHHBIX He(l)THHI)IX JIOBYIIKAX,
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— 3akayka CO, B He(pTEra3oHOCHBIN IJIACT AJIsl yBEJIMYEHUs HePTeoT auu
(MVYH).

[Ipu 3TOM, KaxAbI U3 0003HAYEHHBIX METOAO0B HcnoJib3oBanus CO, umeer
OTpaHUYCHMs B IPUMEHEHUH, CBsi3aHHbIe ¢ o0beMaMu CO2, KOTOPBIE BO3MOKHO U
HEO0OXOMMO YJIABIMBATh C IEJIbIO0 COKpAIICHHUs] BEIOPOCOB MAPHUKOBBIX T'a30B Ha
MecTopoxaeHu, U oobemamu COz, KOTOpbIE BO3MOYKHO HCIHOJIB30BaTh IS
YBEJIUYCHHS HEPTEOTIaYU WIIM T€OJIOTHYECKH 3aXOPOHUTH B BOJOHOCHBIX TIIacTaXx.

Takum 00pa3oM, npu BeIOOpEe JTOBYIIKHM AJisi Toa3eMHoro xpaHeHus COp,
OJIHMM M3 KIJIFOUEBBIX BOIPOCOB SIBIISETCS ONPEEICHUE EMKOCTHBIX XapaKTePUCTUK
BBIOPAHHOTO TUIacTa M OIEHKAa JOCTATOYHOCTU €ro o0bema ISl 3aKauKh BCETO
oobema COx.

OnHoBpeMeHHO ¢ 3THM, Ipu BbiOope TexHojoruu CO-MYH Heob6xoanmo
YUYHUTBIBATh KaK JOCTAaTOYHOCTH yioBieHHoro CO; g yBenudeHus HehTeoTaaun
(T.e. paccUMTHIBaTh TEXHOJOTHUIO TAaKUM 00pa3oM, 4TOObl 0OOBEM MMEIONIETOCS Ha
mectopoxaeHnn CO; He TPEBHINIaT HEOOXOIUMbIE 00bEMBI), TAK U CTPEMHUTHCS K
COKpalieHno u30biTka yioBiaeHHOro COz HaJl HEOOXOAMMBIMU ISl TEXHOJIOTHHU
o0beMamu.

B cnyuae, ecnu BeiOpanHbiil MmeTosr CO2-MVYH TpeOyeT menblero oobema
YTJIEKHUCIIOTO Tra3za, 4eM ObUIO YJIOBJIEHO OT OOBEKTOB COOCTBEHHOW Te€Hepalu,
n30pITok  CO; HampaBIAIOT HA TCOJIOTHYSCKOE XpaHEHHWe, dYTO BEACT K

AOITIOJIHUTCIIbHBIM 3aTpaTaM Ha pCaJIn3allii0 TCXHOJIOTUH.

1.2.1 Texnonoeuuecxkue acnexkmsl nodzemuo2o xparerus CO;

[Ton reomormueckum xpanenneM CO; moHumaroT 3akaduky COz B ropHbIe
MOPOJIbI, CHOCOOHBIEC MOIJIONIATh U YAEPKUBATh €r0 B TEUEHUE JIJIUTEIHLHOIO
BpeMeHHu (Thic. jieT) [8].

B kadecTBe mepcrneKTUBHBIX 00BEKTOB AJid reosioruueckoro xpaHeHusi CO;
paccMaTpHUBaIOTCA:

— TIyOOKHe BOJOHOCHBIC IIACTHI,

— HCTOHICHHBIC MCCTOPOKACHUA He(i)TI/I H rasa,
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—  YTOJIbHBIE IJIACTHI;

— 0a3aJbTOBBIC OTJIOKCHMS,

— BbIpaOOTKH B OTJIOKEHUIX KAMEHHOU COJIH;

— TOpHBIE BBIPAOOTKHU PYJHUKOB.

Bo3moxHoCcTh Teonormdyeckoro xpaHenusa CO; B 0a3albTOBBIX MOPOJAX
00yCNaBIMBAaeTCsI BBICOKOM MOPUCTOCTHIO, IMPOHUIIAEMOCTHIO M aKTUBHOCTBHIO
6azanbTa no oTHouEeHUIO K CO2, YTO B KOHEUHOM UTOTe MPUBOAUT K 00Pa30BAHUIO
TBEPbIX KAPOOHATHBIX MUHEPAJIOB (KAJIBLIUTA, JOJOMUTA U T. 1.). JlaHHBIN cr1oco0
XpaHEHHsI Ha CETOAHAIIHMM J€Hb HaXOOUTCA HAa CTaguud HCCIEJOBaHUS.
bazanbToBble (OpMalMM CUMTAIOTCS TEPCHEKTUBHBIMU 1Jisi xpaHeHuss CO; B
paiioHax 0e3 MOAXO/ISIIeH 0CaT0YHON OCHOBHI.

Mexanusm xpaHeHuss CO, B YroJIbHbIX IUIacTax OCHOBBIBAETCS Ha
a7IcOpOMPOBAHUU YIJIEKMCIOrO0 Ta3a IMOBEPXHOCTHIO YTOJbHOM MaTpHIIbl IOCHE
3aKka4yky. [JIaBHBIM KpUTEpHEM NPUMEHUMOCTH JAHHOIO METOJA XpaHEHUS
ABJIIETCSI IIPOHHUIIAEMOCTH YTOJIBHBIX IIJIACTOB, ONPEIENAIOIAs BO3MOXXHOCTD
nocTuxkeHus 3akaunBaeMbiM CO; yroiapHOM MaTpHIlbl. YTOJIb, KOTOPBIM 3ajieraet
CIIMUIIKOM TJIyOOKO, 3a4acTyl0 CHWJIbHO YIUIOTHEH W HMMEET CIMIIKOM HHU3KYIO
IPOHUIIAEMOCTh, YTO HPHUBOJUT K HEBO3MOXKHOCTU oOecreueHus 3(PeKTuBHON
3akauku COx.

B cBs13u ¢ BhIlIECKa3aHHBIM, HaOOJIee MPEANOUYTUTETLHBIMU O0BEKTAMHU IS
xpanenust CO; cuutaroTcs riayO0oKHe BOJOHOCHBIE TUIACTHI.

CyniecTByeT ABa OCHOBHBIX THIIA BOJOHOCHBIX I'OPHU30HTOB — OTKPBITHIE,
IpeCTaBISIIoIINE cO00i MPOTSKEHHBbIE TOPU3OHTAJIBHBIE WM IOJIOTONaIa0ne
dbopmaruu, 1 3aKpbIThIe, UMEIOIINE €CTECTBEHHBIC CIa00MPOHHUIIAEMbIE TPAHUIIBI,
c(hopMHUPOBAaHHBIC TCOJIOTHICCKUMU CKIIAIKAMH WJIA COPOCaMHU.

Hanuurie B 3aKpbIThIX BOJOHOCHBIX TOPU30HTAX CIA00ONPOHUIIAEMBIX TPAHMUII
o0ycnaBiIMBaeT HU3KYIO BEPOATHOCTH OOKOBOrO OTTOKa W mpocaunBanus CO; B
CMEXHbIE TOPU30HTHI.

B BopoHOCHBIX ropuszoHTax OTKphITOro Thna CO, MOXET nepeMenaThecs B

JaTepaqbHOM HAMpaBJICHUH, HO HU3Kasg CKOPOCTb TMEpeMeNIeHUs W OoJiblas
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IPOTSKEHHOCTh TOPU30HTOB JIal0T OCHOBAaHUE CUMUTATh, YTO OpEOJ raza Oyner
OTPaHMWYEH B POCTPAHCTBE HA JJINTEIIbHBIN CPOK.

Cpenn mexaHu3sMoB yaepxkuBanusi CO; NpU TEOJIOTMYECKOM XPAHCHUU
BBIICIIAIOT (PU3NYECKHE, TEOXUMUYECKHE U MUHEpaIbHOe. PU3NUECKHe MEXaHU3MbI
BKITIOYArOT [8]:

- CTPYKTYpPHOE€ yJIepKMBaHUE, KOTOpPO€ OOYyCIIaBIUBACTCS HaJIUYHEM
JIOBYIIKH, 3a mpeaeibl kKoTopoi CO, He CrToCOOEH MUTPHPOBATH;

- OCTaTOYHOE  YJEpKMBAHUE, KOTOPOE IPOUCXOAUT 3a  CYET
kanwusipHoro 3amemiieHuss CO; B MENKUMX IOpax B BHJAE HEMOABUKHOU
OCTaTOYHOM I'a30HACHIIEHHOCTH.

CrpyKTypHOE yaEpKUBAHUE XapaKTEPU3yETCS OTPAaHUUYEHUSAMU, CBA3aHHBIMU
c namieHHeM 3akadyku. 3akauka CO; B mMOpoay-KOJUIEKTOp TpeOyeT HarHeTaHWs
JIABJICHMs], IIPEBBIIAIOIIETO JABJICHUE BOABI B BOJOHOCHOM ropusonre. [locie
3akaukn CO2 MOJHUMAETCS BBEPX IO IUIACTY KOJUIEKTOPY A0 HEMPOHUIIAEMOM
NOpPOABI, B CBSI3M C YEM BO BpEMs 3aKauykd HEOOXOAMMO KOHTPOJb JIaBJIEHUS BO
n30exaHue MPEBBILIEHUS MpeJieia MPOYHOCTH MOPOJIbl, 00pa3yromeld MOKPHIIIKY
(aBTo-I'PIl). Hanmuuue TpemMH B MOKPBIIIKE MOKET MHPHUBECTH K HAPYIICHUIO
MOJI3EMHOT0 XpaHuiuiia 1 nocieayromeid Murpanuu COz Ha MOBEPXHOCTb.

Pacuér naBnenusi oOpa3oBaHUs TPEUIMHBI U HAPYIICHUS T€PMETUYHOCTH
MOKPBIIIKA  BBIIOJHAETCA JUIA KAKJIOIO0 XPAaHWIHINA B  OTIAEIBHOCTU IO

Mo audunrpoBanHoi Gpopmyie Mtona [9]:

9
P,_rpy = m (Uv - Pres) + Pres (1)

rie 3 — xkoadpdunuent Ilyaccona; oy — ropuoe mamieHue, MIla; Prs —
mractoBoe naBijeHue Mlla.

['eoxumuyeckue MexaHu3Mbl 3aKkirodaroTcs B pactBopernu CO, B Boge. B
pesynbTrate pactBopeHus CO; MOBBIMIAETCS TJIOTHOCTh BOJBI U MPOUCXOJUT €€
NOrpy’KEHHE Ha JTHO (opMaluu.

MuHepanbHOE yIeP)KUBAaHUE BBI3BIBACTCS XUMHUUYCCKUMHU PEAKITHSIMU MEKITY

CO2 u nopogooOpa3yrouMMU MUHEpalaMi U PaCTBOPEHHBIMHU B IUIACTOBOM BOE
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COJIIMA C OOpa3oBaHMEM HEPACTBOPHMBIX COENMHEHHMH. Tak, Hampumep, MpHU
3akaurBaHuu CO; B MOPOJbI, COAEpAIIME CHIMKAThl KaJbLIMS WA MarHus,
POUCXOAUT OOpa30BaHHUE CTAOWJIbHBIX KapOOHATOB KaJbLMUS WJIM MarHus.
[IpoTtekanue JTAHHBIX peakumii XapaKTEPU3yeTCs 3HAYNUTEIIBbHOU
POJIOJKUTEIBHOCTBIO — JIO THICSY JIET.

Ocobennoctrio reosoruueckoro xpaneHus: CO2 B BOJOHOCHBIX TOPU30HTAaX
SBJISIETCSI TO, YTO BCE ONUCAHHBIE BbIIIE crI0coOb! yaepxkaHusi CO;, NeHCTBYIOT HE
BBIOOPDOYHO M HE OJHOBPEMEHHO, a MOCIJIEIOBAaTEIbHO B TEUYEHHE JIUTEIbHBIX
NEPUOJOB BPEMEHHU: (PU3NYECKOE yIepKaHue, Bo3HUKaromee npu 3akauke CO; B
IJ1acT, B KOHEYHOM UTOTre MePeTeKaeT B MUHEPAIbHOE yIepKaHHUe. 3a CYET JAHHOTO
nepexoja C TEUYEHWEM BpPEMEHM YBeJIW4YuBaercsa [1oiig HenoasuxkHoro CO;

(Pucynok 4).

100

CYDYKTYPHOE 1
crparurpaduyeckoe
yaepxauue

Yaepanmne
ocTartovHoro CO:

Yrepsaswe
seneqeTsne
PACTBOPHMOCTH

% pons B ygepxaHuu

0
1 10 100 1,000 10,000

Bpemsa ¢ MOMEHTa NpeKpaLweHunsa 3aKayku (ner)

Pucynok 4 — OTHOCUTEIbHBIN BKJIa]l MEXaHU3MOB yaepkaHus [8]

[Ipu xpanenun CO; B BOJOHOCHBIX IUTACTaX K OOBEKTAM XpaHEHUs
PEIBSABISIIOTCS CIIEAYIOINE TPeOOBAHUS:
- HaJIM4Yue HaJIEKHBIX HETPOHULIAEMBIX OAPBEPOB — MOKPHIIIEK;

- JI0OCTaTOYHBIN TTOPOBBIN 00BEM;
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- OTCYTCTBHUE MTPOBOASAIINX TEKTOHUYECKUX HAPYLIEHHUI;
- OTCYTCTBHE WJIM HaAE&KHAS TepMeTH3alus paHee MpPOOYypPEHHBIX
CKBaXXUH;

- OTCYTCTBHE PUCKA MEPETOKOB 3a mpeneinsl JIY.

1.2.2 Texnonocuueckue acnexkmwl npumenenus CQr 6 npoyeccax 0odOwvluu

V2160000008

I'maBHBIM cmocoOoMm wucnonb3oBanue CO; B mporeccax n00buu HedTH
SIBIISIETCSI €T0 3aKayKa B IUIACT C LIEJIbIO TOBBIIICHHE HEPTEOTIaun — MPUMECHEHHE
texHosorun CO,-MVYH.

KiroueBbIM  (pakTOpoM, XapakTepU3YIOLIUM yBEJIWYEHHE HEPTeOTAAun
IUIacTa MpU 3aKadyKe B HETO JBYOKHCH YTJEPOAa, SBISETCS CHIKEHUE BSI3KOCTH
He(tu npu pactBopeHuu B Hell COy. Ilpu ToMm, yeMm BbllIE HAayalbHOE 3HAYEHUE
BSI3KOCTH TJIaCTOBOM HePTH, TeM OoJbIte OyaeT 3Gp(dEeKT ee CHUKEHUS, UTO JeIaeT
JAaHHBIA METOJT HanboJee aKTyalTbHBIM JIJI1 MECTOPOXKICHHUI BBICOKOBSI3KOW HePTH
[10].

Ha CCFO,Z[HSIIHHI/Iﬁ ACHb MPUMCHAIOTCA CICAYIOIIHNC TCXHOJOI'MU 3aKa4KHh

COQZ

o HenpepriBHoe HarHeranne CO;

o 3akauka KapOOHU3UPOBAHHOU BOBI,

o [{uknuyeckass 3akayka YIJIEKUCIOrO Ta3a B  HarHeTaTeIbHbIE
CKBaKUHBI;

o 3akauka otopouku CO; ¢ mocieayromen 3akaukoil BObI,

° Britecnenue nedtr uepenyromeiics 3akaukoit CO2 1 BOJBI

o BriTecHenne HepTH 3aKaykoil ~ KOMOWHHUPOBAHHBIX  OTOPOYEK

xuMuueckoro peareHToB U COo;

o ["azonuknnyeckas 3akauka auokcuia yriaepoaa (Huff-N-Puff process).

1.2.2.1 Henpepuvisnoe nacnemanue CO»

Hcnonb3oBaHue TEXHOJIOTUM HemnpepblBHOro HarHetanus CO; B Iwiact
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JIOCTATOYHO MOMYJIAPHO B 3apyOeKHOM MpPaKTHKE.

[Ipeumy1iecTBOM HENPEPHIBHOM 3aKaykh SIBISETCS JOCTHXKEHUE Ooree
BBICOKOTO KO3((UILIMEHTAa BBITECHEHUS MO CPABHEHUIO C JIPYTUMHU BapUaHTaMu
IPUMEHEHHUsI TEXHOJIOTUH 3a cyeT Toro, uro nepen CO, popmupyercs Ban HedTH,
CBOMCTBEHHBI Il  MPOLECCOB, MNPOUCXOASAIIMX NPU  CMEIIMBAOIIEMCS
BBITECHEHUH.

K HenmocraTkaM HENpephIBHOM 3aKa4KU YTIIEKUCIIOrO ra3a MOKHO OTHECTH
BA3KOCTHYI0 HEYyCTOMYMBOCTh, KOTOpas B HEKOTOPBIX CIydasx CHOCOOHA
3HAYUTENIbHO CHU3UTHh KOX(P(UIMEHT OXBaTa M MPUBECTH K PaHHEMY IPOPBIBY
yriekucnorsl [10, 11].

Tem He MeHee, TexHoyiorus HenpepblBHOro HarHeranus CO; TpeOyer
HauOObIINX PACXO/I0B YIVIEKHCIOTO ra3a, YTO MOKET IMOJIOKHUTEIBHO CKa3aThCsl Ha

ee mpuMeHeHuu B ripoektax CCUS.

1.2.2.2 3axauka kapOoHU3UPOBAHHOU 800bl

TexHosorus 3aKkauku KapOOHU3UPOBAHHOM BOJIBI — CaMblid TPOCTOM U3 BCEX
tunio CO,-MVYH [11].

TexHoJIorust OCHOBaHa Ha 3aKAUYKE B IUTIACT YEPE3 HATHETATENbHBIE CKBAKUHBI
NpeeIbHO WIM YaCTUYHO KapOOHU3WPOBAHHOW BOJIbI TIpHU AaBieHuu 1,1-2,3 paza
MPEBBIIAIOIIEM JIABJIECHUE HACBIIEHUS BObI JUOKCHIOM YIJIEPOJA.

B xone o6paboTku macta KapOOHU3MPOBAHHOW BOJION, PACTBOPEHHBIA B
Boge CO; mepexoauT B OCTABIIYIOCS 32 (DPOHTOM BBHITECHEHUS HEe(PTh, CHIKAS €¢
BSI3KOCTh, YBEJIMUMBAsi 00HEM M YMEHBINIAsI TOBEPXHOCTHOE HATSKECHUE HA TPAHUIIS
He(pTh-BOJA, TEM CaMbIM MOBBIIIAS (PUIBTPAIMOHHBIE XaPAKTEPUCTUKH IJIACTOBOM
HEe(TH U ee TOJABUKHOCTb.

OCHOBHBIM MPEUMYLIECTBOM JAHHOTO METO/JA MOXHO Ha3BaTh JOCTATOYHO
HU3KHUH TI0 CPAaBHEHUIO € ApYrUMU MeToaaMu 3akauku CO2, pacxo/1 3aKa4MBaeMOro
yraekucioro rasza (B 6-7 pas). Ilpm aTOoM, B ciydae MpeBBINICHUS OOBEMOB
ynoieHHoro CO, Haj o0beMaMu HEOOXOAUMOTO B JaHHOU TexHonoruu CO,, 3ToT

XKC (I)aKTOp MOXKCT CIIYKHUTb U HCAOCTATKOM.
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OCHOBHBIM HCOOCTATKOM TCXHOJIOTHMH IIPHUHATO CYUHHTATb 3HAYUTCIBHOC
OTCTaBaHUEM (prHTa, B KOTOPOM CKOHLCHTPHUPOBAH JUOKCHUJ YIJICPOJa B BOALC, OT

(bpoHTa BBITECHEHUS.

1.2.2.3 Huknuueckas 3aKayka VeaeKUCIo20 2a3d 6 HASHemamelbHble

CK8AICUHDL

Texnomnorus nuknnueckoit 3akauku CO2 pazpaboTaHHas M 3al1aTeHTOBAHHAS
komnanuend I[IAO «TarHedgTh». J[laHHBIE MeETOJ MO3BOISET pa3zpadaThiBaTh
HEOJTHOPOJIHBIE KOJUIEKTOPA U KOJUIEKTOpa UMEIOIIUE ClIa0yI0 MPOHUIIAEMOCTb.

CylIHOCTh JAaHHOTO METO/Ia 3aKJIF0YAETCS B OCYIIECTBICHUH LUKINYECKOTO
peXuMa 3aKauyKd YIJIEKUCIOro Ta3a B HarHeTaTellbHbIE CKBaXUHBI €
OJTHOBPEMEHHBIM CHHXPOHHBIM PETYJIMPOBAHUEM PEKUMOB paOOThI JOOBIBAIOIINX
CKBQ)KHH.

3akauka HauMHAJIACh MPU CHUKEHHM IUT1acToBOro nasienus Ha 20-50% ot
HAaYyaJbHOTO W OCYLIECTBIISLIACH JI0 BOCCTAHOBJIECHHUS JABICHUS JI0 HAYaJIbHBIX
3HaueHui win 0au3kux K Hemy (0.9 - 1.1 oT Pyay). J0oObIua ocymiecTsisiiach npu
3a00HOM JTaBJICHUH HE MEHEe JaBJICHHS HACBHIIECHHUS He(DTH KaK YTJIEBOAOPOIHBIM,
TaK U yIrieKUCIbIM ra3oM (PucyHok 5).

P...= 36 =~ [LAaBNEHWE JAKAUKM B NArHETATENLHOR CHBAMMUNE
34 ~# 3ab0oinoe 4200CHNe A0OMBIIOUMX CHBINMM

as ?
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iI
o N NN NN W
DO N O ON
‘\\_\_
\’>
§ o
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v

0 10 20 30 40 50 80 70 80 %0 100
Bpema, cyT, [

Pucynok 5 — I'paduk u3MeHeHus JaBJICHUs 3aKa4KU B HAarHETaTEIbHON CKBaXKHUHE
1 3a00MHBIX JaBJICHUN B TOOBIBAIOIINX CKBOKMHAX MPU IUKINYECKON 3aKauKe
nuokcuaa yrieposa [10].
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[IpeumyniecTBOM JaHHOM TEXHOJOTUU SBJSIETCS ee Ooree HIMpoKas
IIPUMEHUMOCTD IO CPABHEHHUIO C TEXHOJIOTUEN HENIPEPBIBHOM 3aKAYKH.
Henocratkom npuMeHeHHs] NUMKIMYECKON 3aKayKh B pamMKax npoekra Y XY

ABJIACTCA CHM)KCHHUC HOTp€6HOCTI/I B 00bEMax 3aKauMBAEMOI0 COz

1.2.2.4 3axauka omopouxu CQO, ¢ nocrnedyrouiel 3aKaukol 800bl

KitoueBbIM OTIIMYMEM JTaHHOW TEXHOJOTHU OT TEXHOJOTHU 3aKauKH
KapOOHM3WPOBAHHOW BOJIBI SIBIISIETCSI COKPAICHUE WM UCKIIOUYCHHUE OTCTaBaHUE
(GpOHTa KOHIIEHTPAIIMU YTIAECKUCIIOTO Ta3a OT (JPOHTA BHITCCHCHHUS.

CO2 B TaHHOM METOJIC MOXKET 3aKaYMBAThHCS B TUIACT KaK B JKUIKOM, TaK U B
raz000pa3HOM COCTOSIHMH, OJTHAKO CIIOCOO ¢ MCIOJIb30BAHUEM KUAKOIO JUOKCH]IA
yTIIepoJia OrpaHUYUBACTCS KPUTUUECKON TEMIIEPaTypPO.

[Tocne BHeApeHHUs YIJIEKUCIOTHI MPOUCXOJIUT WHTEHCHUBHBIA MaccOOOMEH
MEXIy KOMIIOHCHTaMH IOTOKAa, B pEe3yJbTaTe Yero BCE IUIACTOBBIC JKHUIKOCTU
JIOCTaTOYHO CTPEMUTEIBHO JOCTHTalOT PABHOBECHOTO HACHIIMICHMS YTJICKUCIIBIM
ra3oM H TPOIECC BBITECHCHUS MPUOMIDKAeTCI K cMemuBaromemy. [lpu stom
3aKa4eHHAs BOJ[a OCTACTCSI HEMOABIKHOU BO BpeMsi MpoaBrkeHust otopouku CO».
Co BpemeHeM u3-3a pa3OyxaHus ¥ QUIbTpAlMU 3aKAUYEHHON BOJIbI HarHETaeMOi
MPOTAJTKUBAIONIEH >KHUIKOCTBIO, MeXay otopoukod COz W NPOTATKUBAIOIIAM
areHToM oO0pa3yeTcsl Mperpaja, MPensaTCTBYIONIAsl MOTEPE YTIEKUCIOTO rasa u3
OTOPOYKH HA HACHIIIEHNE HOBBIX MOPIUHI MpOTaKUBalolero areura. Ormevaercs,
4TO TMpUMEHEHHe OTopouek >Xuakoro COz MO3BOJNSET 3HAYUTEIHHO YBEIUYUTH
W3BJICUCHWE OCTATOYHOW HEPTH W3 MPOJYKTUBHBIX, BBHICOOOBOJHEHHBIX WIIU
HENpe/IeIbHOHACBIIICHHBIX 3aiiexei [12].

[Ipu npoaBM>XeHUH OTOPOUKH razoodpazHoro CO, BOAOH, TUOKCH]T yTiiepoaa
JIBIKETCSL B BUJIEe 00beMa CBOOOHOTO ra3a ¢ YETKUMHM IPAHUIIAMU, TP 3TOM €ro
OCHOBHOM 00BEM HaXOAUTCS Tiepe] (pOHTOM BBHITECHEHHUS M HE3HAUUTEIIbHAS YaCTh
BHE (ppoHTa. YTJIEKUCTBIM ra3 pacxoJyeTcss Ha HACBIIIEHWE MOPOJLl U HePTH B
poriecce MPOABIKESHUS OTOPOUYKH, W3-3a YETr0 €ro 00beM MEIJICHHO YMEHBIIIACTCA.

Kak uw B mepBom Merone oOpasyercss mperpajga MEXIy OTOPOYKOH U
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OPOTAJIKUBAIOUIMM  areHTOM U3  KapOOHM3UPOBAHHOM  BOJBL,  IPENEIHHO
HacbieHHOM COs.

[IpumeHeHne JaHHOW TEXHOJOTMH CWJIBHO OrPaHUYMBAETCS BBICOKOU
3aBHCHMOCTBIO BBITECHEHUS He(hTU razoo0pasHeiMHu oTopoukamMu CO, OT ycioBui
IPAaBUTALlMOHHOIO  pa3/elieHUss B  IUlacTaXx C  BBICOKOW  BEPTUKAIBHOU

MPOHUIIAEMOCTHIO.

1.2.2.5 [azouuxiuueckas zaxkauxa ouokcuoa yanepooa (Huff-N-Puff process)

Huff-N-Puff — TtexHomorus 3akauku yrieKWCIOro ra3a HampsIMyl B
JIOOBIBAIOIIYIO CKBOKHUHY C MOCIEAYIONIEeH €€ OCTAHOBKOM MPOMUTKU NMPU3a00MHOM
30HBI IJIACTa U NOCIeyoUIel 100bYU HE(PTH.

JnmurenpHocTh HarHetanuss CQO; Moxker pocturarb 24 — 48 4acoB B
3aBUCUMOCTH OT HE0OX0AMMOro 00beMa AuoKcuaa yriaeposa. [IponomkuTenbHOCTh
OCTaHOBKH CKBaKMHBI MOKET BapbupoBaThcsa OT 1 10 40 cyTOK, B 3aBUCUMOCTH OT
(bU3UKO-XUMHUUECKIX CBOWMCTB IIJIACTOBOM HE(TH, a TAKKE Te€0JI0ro-PU3NYECKUX
XapaKTepucTHK miacta [13, 14].

B nacrosmiee Bpems cymectByeT aBe TexHojoruu 3akadku CO; B TUIacT: B
KHUJKOM COCTOSIHUU U B CBEPXKPUTUUECKOM COCTOSHUU.

[Tox CBEpXKPUTHUECKUM COCTOSTHIEM MTOHUMAIOT TAKOE COCTOSTHUE BEIIIECTBA,
IIPU KOTOPOM HMCUE3aeT pa3Inyue MEXIy CBOMCTBAMU ra30BOM M KHJIKOU (pazaMu.

Juokcuy yriaepoja B CBEpXKPUTUUECKOM COCTOSIHUM SIBIISIETCS IOCTATOYHO
3¢ (HEKTUBHBIM PACTBOPHUTENIEM, KOTOPBIM coueTaeT B ce0e CBOMCTBA ra3a: HU3KYIO
BSI3KOCTh, Majioe MeX(}a3HOe HATSHKCHHE W BHICOKUN Koddduiuent nuddysuu, u
JKUJKOCTH: BBICOKYIO PACTBOPSIONIYIO CIOCOOHOCTH. DTH CBOWCTBA IO3BOJISIOT
ceepxkputrnueckomy CO, MPOHHUKATH B MMOPUCTOE MPOCTPAHCTBO M OCYIIECTBIISITH
Oostee ObICTPBIN U 3 PekTUBHBIN MacconepeHoc [15].

VYBenuueHnne HeTeOTHAUM MPHU 3aKadke B miacT cBepxkpurudeckoro CO;
MPUHATO CBS3BIBATH CO 3HAYUTEIHHBIM CHIDKCHHMEM KHHEMAaTUYECKOW BS3KOCTH
JTUOKCUA yTAepoJa MpHU TMEpPexoe B CBEPXKPUTUUYECKOE COCTOSIHHE, a TaKkKe C

YBCIIMYCHUCM PACTBOPUMOCTU TIda3a B YIVICBOAOPOAC, 4YTO HO4€T BO3MOKHOCTbH
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BBIPOBHITH (PPOHT BBITECHEHHS HE(TH, a TaKkKe YBEIUYUThH OO0pa3oBaHUE
BSI3KOCTHBIX SI3BIKOB.

BTtopbeim criocob6oM sIBIIsSIeTCS Ta30IMKINYECKas 3aKavka JUOKCUA YIiiepoia
B JIOOBIBAIONIYI0 CKBRXHHY B JKAJKOM COCTOSHUU TIPU CBEPXKPUTHUECKHX
yCIIOBHSIX. B TIpeniokeHHOW TEXHOJOTUHW OCHOBHBIM MEXaHHU3MOM IOBBIIICHUS
He(TeOTAaun SBISETCS CHOCOOHOCTHh JUOKCHIA YIIIEpOJia B CBEPXKPUTUYECKOM
COCTOSIHUM PACTBOPSATH OPraHMYECKHUE BEIIECTBA, KOTOPbIE HAaXOASATCS B
BBICOKOBSI3KOM He(PTH, a TaKKe CHUKATh BI3KOCTh HE(PTH B TUTACTOBBIX yCIIOBHUSX,
BBI3BIBATH €€ HA0yXaHHe, YBEIIMYUBATH CBOIO CMEIIMBAEMOCTh C HEPThIO, BBI3bIBAThH
CIJIPHOE CHWXCHHE MEX(pa3HOro HaTshkeHHs Ha rpaHurie HepTh — CO,, drO
MIPUBOJNT K CHIDKCHUIO KANMJUIPHBIX CHJI M BOBJICUEHHUIO B MPOIIECC Pa3padOTKU
KanenbHON HedTH.

KittoueBbIM MIPEeHMYIIIECTBOM JIaHHOW TEXHOJIOTHH SIBIISICTCS 3HAYNUTEIHHOE
CHI)KCHHE KaIUTAIBHBIX 3aTPaT 3a CUET MCKIIOUYEHUS HEOOXO0MUMOCTH OypeHus: 1
00yCTpONCTBA HarHETATEIHHBIX CKBAKHH.

K HemocTaTkaM TEXHOJIOTUH OTHOCAT JUTUTEIBHBIN «IIPOCTOW» TOOBIBAIOIITUX

CKBaXMH Ha nepuos 3akauku CO, u nponutku [1311.

1.3 AHaiu3 HOPMATHBHO-IPABOBOW 0a3pl Ha  0O0YCTPOIMCTBO
MeCTOPOXKIACHHU I

Vka3 Ilpesunenta Poccuiickoii @enepanuu ot 04.11.2020 Ne 666 «O
COKpAaIllcHUH BBIOPOCOB MApHUKOBBIX Ta3oB» [16] o00s3am Bce COIMAIBHO-
HPKOHOMHUYECKHE OTPACIH CTpaHbl obecnieunTh cokpamieHue k 2030 romy amuccuun
MIapHUKOBBIX Ia30B 10 70 mpoLEeHTOB OTHOCUTENBHO ypoBHA 1990 roga, a takxke
pa3zpabotath CTpareruu COlMaIbHO-DPKOHOMUYECKOTO Pa3BUTHUS MPEANPUATUN 10
2050 rona.

®denepanbabiii 3ak0H 0T 02.07.2021 Ne 296-D3 «O06 orpaHu4eHN BHIOPOCOB
MapHUKOBBIX Ta30B» [17] Tak ke BKIIOYAeT B ceOs TpeOOBAaHMS IO COKPAIICHHUIO
BBIOPOCOB MAPHUKOBBIX T'a30B, YCTAHOBJIECHUIO IE€JIEBOT0 MOKA3aTEIsl COKpAICHUs

BBIOPOCOB U €KETOJJHON OTUYETHOCTH O BHIOPOCAX MAPHUKOBBIX ra30B.
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HecMoTpst Ha 3T0, B HacTosiee BpeMsi HE BBEICHBI HOPMATHUBHBIE aKThl U
MpaBUJIa, pETYJIUPYIONINE 00yCTPOUCTBO 0OBEKTOB JI€KapOOHU3AIMHU MPOU3BOCTBA
Ha MECTOPOKICHHUSIX.

Cormacao I'OCTy P 58367-2019 [18], mox oOycTpoHMCTBOM HE(TAHBIX H
ra3oBbIX  MECTOPOXKJICHHUH TOHUMAETCS  CTPOUTEIBCTBO HA  TEPPUTOPUHU
MECTOPOXKICHHUS KOMIUIEKCA HAa3eMHBIX W/WIW  TOJ3EMHBIX COOPYKEHUH,
MO3BOJISIONIET0 BeCTH Oe3aBapuitHyI0 pa3pabOTKy MECTOPOKIACHUS B COOTBETCTBUU
C YTBEPKJACHHBIM IMPOEKTHBIM JOKYMEHTOM.

ConepxaHrue TPOEKTHOW JTOKYMEHTAllud Ha OOYCTPOWCTBO MPOMBICIOBBIX
00BeKTOB periameHTupyercs [Ipukazom MuHHCTEPCTBA MPUPOIHBIX PECYPCOB H
skonoruu Poccmiickoit deneparuu ot 14 utons 2016 r. Ne 356 [19]. CormacuHo
pazneny XlIl. Cucrema oOycTpoiicTBa MeECTOPOXIEHUN, cOOp, MOATOTOBKA U
TPaHCIOPTUPOBKA YIJIEBOJIOPOOB JAHHOTO IMpHKas3a, B cocrase [l ompenenstor
WHKXCHEPHO-TEXHUYECKUE PEIIECHUS T10:

o cucTtemMaM cOopa, BHYTPHUIIPOMBICJIOBOTO TpaHCIopTa HedTH, Tasa,
KOHJICHCATa 1 IJIACTOBOM BOJIBI;

o TEXHOJIOTUYECKUM YCTAaHOBKaM, OOOPY/IOBAaHUIO W almapaTrype s
MIPOMBICIIOBOM MOATOTOBKY He(TH, Ta3a, Ta30BOr0 KOHICHCATA,

o MPEAYNPSKACHUIO  BBIMIAJACHUS  ac(asbTo-CMOJIO-TIapahUHOBBIX
OTJIOKEHUM, COJICOTIIOKEHUN U TUPATOOOPA30OBAHUS;

o TEXHOJIOTUYECKUM MEPOTPUITHSIM M TEXHUYECKUM CpPEIICTBAM ISt
MpeaynpexIeHUs] KOPPO3UU 000PYI0BAHUS;

o TEXHOJIOTHYECKHUM MEPOIPHATHAM M TEXHUYCCKUM CPEACTBAM IS
KOHTPOJISL U PETYJIMPOBAHUS PaOOTHI TOOBIBAIOIINX U HATHETATEIIbHBIX CKBAYKWH;

o CpelICTBaM KOHTpPOJS W yudera J00bIYM HepTH, Ta3a, Ta30BOro
KOHJIEHCATa, BOJIbI;

o o0OpynoBaHWI0O ¥ THpuOOpaM sl ONpeAeNeHUS  KOHIUITUI
MOITOTOBJICHHBIX HE(PTH, Ta3a U KOHJIEHCATA,;

o 00€eCIeyeHUI0 MPOEKTHOTO YPOBHS UCIIOJIb30BAHUS MTOMYTHOTO ra3a;
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o BOJIOCHA0KEHUIO, IPOMBICIOBOM  KaHaiu3auuu, oO0paboTke U
YTUIN3ALUU TPOMBIIIJIEHHBIX CTOKOB;

o CpeacTBaM OOIIETIPOMBICIOBOM CBSI3U, CHCTEMaM aBTOMATHKH H
TEJIEMEXaHUKHU, HEHTPAIU30BAHHOTO KOHTPOJISL U YIpaBJiICHUS, MEPONIPUATUAM 10
OXpaHe TpyJa U MPOMBIIIJICHHON 0€30MaCHOCTH;

o AIIEKTPOCHAOKEHUIO U TEIJIOCHA0KEHHUIO MPOMBICIIOBBIX 0OBEKTOB.

OOBeKThl Ha3eMHOr0 00ycTpoicTBa MpoekToB Y XY, BKIOUaromue B cels
yctaHoBKU ynaBiuBaHus COz, KoMIpeccopHOe 00OpYyIOBaHUE, XOJIOAWIbHBIE
arperatbl U TpyOONpOBOJbI, HE OTHOCSTCS HU K OJAHOMY M3 COJEpXaIIUXCS B
[Ipukaze TYHKTOB, U TNPOEKTUPYIOTCS COIJIACHO OOMIMM TpeOOBaHUSIM
0€30MacHOCTU U KOPPO3UOHHON YCTOMYUBOCTH.

Cormacno CanlluH 1.2.3685-21 [20], nwokcupa yriepoga HE BXOIUT B
YCTAaHOBJICHHBIN TIEPEUYCHb 3arps3HSAIOMMX BemecTB (atmocdepa, B pex. Ot
06.05.2022 r1.). B cBI3u c »aTUM, Ha cokpamieHue BbIOpocoB CO; He
pacripocTpansitorcsi TpeboBanus 1m.6.18 Dkonmoruueckas 6e3onacHocts 'OCTa P
58367-2019 [18].

Cornacno 11.6.4.2.64 u 6.4.2.70 storo I'OCTa, npu ucnosbzoBanun CO2 B
yBEIMYEHUH  He(TeoTHmaym  MIacToB,  KOMIPECCOpPHOE  0OOpyIOBaHHE,
TpyOOIIPOBOJBI U Mpouee O0OOpYIOBaHHE BBIOMPAIOT C YUYETOM KOPPO3MOHHBIX
CBOMCTB YIJIEKHCIIOTO ra3a.

Takum oOpa3om, MNpOeKTHbIE OQHUCHI W HMHCTUTYTHl TPH TMOATOTOBKE
MPOEKTHOM JOKYMEHTAIMK Ha 00YCTPOMCTBA MECTOPOKACHHM, 00s3aHbl YUUTHIBATh
HE0OXOAMMOCTh 00YCTPONCTBAa 0OBEKTOB, HALIEIEHHBIX Ha COKpallleHHe BHIOPOCOB
MApPHUKOBBIX Ta30B C IENbI0 BhIONIHEHUs TpeOoBanuii @3 u Ykaza [Ipe3unenra.
[Ipu 5TOM, HOpMATUBHO-TIPABOBOM 0a30i Ha 0OYCTPOMCTBO HE pETIaMEHTUPYETCS
COCTaB, KOHCTPYKTHBHbIE OCOOCHHOCTM U TpeOoBaHUS K O€30MaCHOCTU U

AKCIUTyaTally TAaHHOTO 000PYI0OBAHU.

1.4 TexHosioru4ecKkue acneKThbI MPOEKTOB JeKapOOHU3 AU

B HaCcTOoAIICC BPCMA M3BCCTHBLI IBa OCHOBHBIX criocoba I yJIaBJIUBAHUA U
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XpaHEeHUsI TUOKCUJIA YTAEPOa: TPUPOIHBIA U TPOMBIIUICHHBIN.

[TpupoaHbIii coco06 CBSA3aH ¢ BOCCTAHOBJICHUEM M BBICAIKOM JIECOB, a TAKKE
C APYTMMH BO3MOXKHBIMHU BapHWaHTaMU 3eMJIenofib3oBaHus. OHAKO, 3TOT CIOCO0
CIEIMATUCTEl CYMTAIOT ManodddextuBubiM [21]. Poccust obOiagaeT cambIMu
3HAYUTEIBHBIMH JICCHBIMU PECYpCaMU B MHPE, HO MX YJIABJIMBAIOIIAsI CIIOCOOHOCTh
B CBS3U C KIMMAaTHYECKUMU U reorpaduyeckuMu (akTopaMu JIOKaIH3aIluu
OCHOBHOT'0 00beMa UCTOYHUKOB BHIOPOCOB CO» SBISETCS HE TOCTATOYHOM.

[TpoMBIIUIEHHBIA CHIOCOO TMPEANoiaraeT CTPOUTEIHCTBO YCTAHOBOK TIO
YJIaBIMBAHUIO JTHOKCHJIA YTJIepoaa M3 arMoc(depbl W pa3MEIIeHHuEe €ro C IEIbIo
JOJITOCPOYHOT'O Te0JIOTHIECKOT0 XpaHeHwus. [lomHas nexkapOoHu3ams He BO3MOKHA
6e3 npsimoro ynaBauBanus CO; MPOMBIIIIIEHHBIMU CIIOCOOaMHU.

CornacHO CTaTHUCTHYECKMM JaHHBIM U CYIIECTBYIOIIMM METOJUKAM
pacdeToB, HAMOOJBIINI BKJIaJ B BHIOPOCHI MAPHUKOBBIX Ta30B HA MPEINPHITHU
BHOCSIT BEIOPOCHI OT CTAIIHOHAPHOTO CKUTAHUS TOTUTHBA.

HaunGonee npuMeHNMBIM U 4aCTO TPUMEHSEMBIM IMPOMBIIIIIICHHBIM CITIOCOOOM
COKpAIIIEHUS BHIOPOCOB MAPHUKOBBIX Ta30B OT 00HEKTOB CTAIIMOHAPHOTO CKUBAHUS
TOTUTMBA SIBJsieTCs MeTon ynaBmuBaHust COy mociie CXUTaHUS, MPU KOTOPOM
YTACKUCHIBIA Ta3 OTACISAIOT OT TOTOKA JBIMOBBIX Ta30B, O0pPa3yIOIIUXCS IMOCIE
C)KMTaHUSI TIEPBUYHOTO TOTLINBA.

IIpoexktet YXY — 9310 TexHONOrMU coKpamieHus BbIOpocoB COg,
00pa3yoIerocss Moclie CKHUTaHUus TPUPOIHBIX BUIOB TOIUIUB, COCTOSIIHE W3

HECKOJIBKUX ATANoB MPOEKTUPOBAHUS, KOTOPbIE OyAyT paCCMOTPEHHI Jaliee.

1.4.1 Vnasnusanue CO;

VYnaenmuBanue CO; — mepBbId 3Tanm MPOEKTOB Y XY, 3aKIIOYAIOIINNCS B
BbiieieHun  Mojekyn CO; u3 cocraBa JbIMOBBIX Ta3oB. OJTo HauOoiiee
KaIUTAJIOEMKAsl 4aCTh MPOEKTA. 3aTPAThl HA €€ PEAIM3ALUI0 COCTABISIOT OKOJIo 70
% BCceX MHBeCTHUIM [21].

B Hacrosiiee Bpemsi JOCTYITHO HECKOJIBKO TeXHOoorui ynasinuBanus CO;

(PucyHok 6).
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[ Texnoaoruu yaapausaausa CO2

1. A6coponns 2. Ancopbuust 3. Memopann! || 4. Kpuorennnie 5.
(xuaKne (TBepable MeTOabI AJbTepHATHBHbIE
pacTBOpHUTE/IH) cOp0eHThI) TEXHOJIOTHH

R/_/

TpedyroT pereseparu
(BBICOKHE TIepera bl JaBICHHI,

TeMIIepaTyphl)

Pucynoxk 6 — Texnonoruu ynasnuanusi CO;

AOGcopOrust 3aKiIr04aeTcsl B MOTJIOMIEHUN (XMMHUYECKOM WIN (DU3UIECKOM)
KuakuMu pactoputessiMu Mosiekyn COz. [Ipu 3Tom TpeOyroTcsi CylieCTBEHHBIE
3aTpaThl SHEPTUH B BHUJIC TEIlJIa M MMapa Ha pereHepanuio abcopoerTa. AGCopOeHT
JOJDKEH MMETh JOCTaTOYHYIO MOTJIOTUTENbHYIO crocOOHOCTh 10 CO2, BBICOKYIO
XUMHUYECKYI0 M TEPMHYECKYIO CTaOWIBHOCTb. THUIBI pacTBopuTeneit: 1)
XUMHUYECKHE (MOHOATAHOJIIAMMH, JTUATAHOJIAMUH, METWIUITAHOJAMHUH, aMMHUaK U
ap.); 2) ¢usmueckue (cenekcon, pPeKTH30J, Iypucon u Jp.). Perenepanus
abCOpOEHTOB MPOUCXOAMUT MPHU TOBBIIMIEHHOW TeMmmepaType WIH IpPU CHIKEHUU
JTaBJICHUS.

Ancopbuust  3akmrovaercss B - noryiomeHud Mojekyn CO;  TBepIbIMH
copbeHTaMu (TJIMHO3EM, LIE0JIUT, aKTUBHPOBAHHBIN YTIIEPO U T.1.). AICOPOECHTHI,
KaK MPaBUJIO, UMEIOT MEJIKOMOPUCTYIO CTPYKTYpPY C Pa3BUTON MOBEPXHOCTBIO, Ha
KOTOpPOM XUMHUYECKH WM (QU3NYecKH 3ajepkuBarorca Mmodekyiasl  COo.
Perenepanus acopOEHTOB TaKKe MIPOUCXOIUT MPH MOBBIILIEHHOM TeMIIepaType Win
IIPU CHUKEHUU JaBJICHUS.

MeMOpanbl (METaINIMYECKHE, TTOJMMEPHBIE WU KEPAMUYECKUE MaTepHAaIIbl)
qale MCIOJIb3YEeTCs Ul pa3/iesieHds YTIEBOAOPOJHBIX Ta30B, KOTOPHIE HMEIOT
JIOCTAaTOYHO BBICOKHE JIABJIEHUS, MOATOMY HE MOAXOAAT Juisl u3BiedeHus CO, u3
JBIMOBBIX T'a30B MpU aTMOcPepHOM AaBieHUU. MemOpaHbl MOTyT padoTaTh Mpu

BBICOKMX TeMIlepaTypax Ta30BOT0 NOTOKA. ODPGEKTUBHOCTH MeMOpaHHON
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TEXHOJIOTUH 3aBHCUT OT KOHUEHTpalMH yriaekuciaoro raza. [lpm Hu3KoH
koHUeHTpauu CO, MeMOpaHHasi TEXHOIOTUsl Manod(pPpeKTuBHA.

KpuoreHnHsiit METOI C UCITOJIB30BAHUEM HU3KOU TEMITEPATYPBI IS CHKMIKEHUS
n orgeneHuss CO; OT ABIMOBBIX TIa30B B CBEPXKPUTUYECKOM COCTOSHUU.
Temneparypa 3amep3anust yuctoro CO; cocrasnser 195,5 K npu armocdeprom
JTABJICHUMU.

[IpuHIMIIMaIbHBIE Pa3IU4Msl ONKUCAHHBIX TEXHOJIOTMH MIUTFOCTPUPOBAHbI HA

pPUCYHKE 7.
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Pucynok 7 — [IpuHIunuanpHasi pa3Huila B TEXHOJOTHX [22]

1.4.2 Iloocomoska yenekucio2o 2aza

Bropoii stan npoektoB YXVY npeanonaraet noAroTOBKY YIJIEKUCIOIO rasa

nepen TpancnoptoM (Pucynok 8). IIponecc moaroroBku CO2 BO MHOTOM TIOXO0K Ha
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MOATOTOBKY NpupojaHoro rasza. llepen TpaHCHOPTUPOBKOW AMOKCHUII YIJIEpoJa
TpeOyeTCsl OCYIIUTD B IEJSAX MPEIOTBPAIICHUS] KOPPO3UH U THAPATOOOpa30BaHMUs, a
TaKkKe KOMIPUMHUPOBATh 10 JaBJICHHUS, COOTBETCTBYIOIIETO IMPEANOIaraeMomy

criocoOy npanpHenmen yruauzanuu COs.

Ocywika u KOMNpUMUpPOBaHUe

Pucynok 8 — Oran 2 YXYV. I[loaroroBka nepen TpaHCIIOPTOM

1.4.3 Tpancnopm CO,

Tpetuit atan npoektoB Y XY 3akmtoyaercsa B Tpancnopre CO; 10 ero mect
WCIIOJB30BaHUsl WM YTWINW3aUWA W NPELyCMATPUBAET PA3JIUYHBIE BapHaHTHI,
KOTOpbIE TaK K€ BO MHOIOM TIOXOXH Ha TPAHCHOPT MPUPOJHOrO rasa:
TpyOONPOBOHBIN TPAHCIIOPT, MOPCKUMH CYyJIaMH, K/JT U aBTO IHUCTEPHAMH IS
nepeBo3ku CYT'.

TpyOonpoBoaHBIN TPAHCIIOPT SIBIISIETCS OCHOBHBIM crocooom
TPAHCIIOPTUPOBKHU OOJBIINX OOBEMOB YTIJIEKHCIIOrO raza ¢ IEIbl0 YTUIU3AIUU U
3aXOPOHEHUSI.

TepmoOapuueckue CBOWMCTBA JMOKCHAA YIJEepojia CYIIECTBEHHO Oolee
OJIaroNpUsATHBIE JJI1 TPAHCIOPTUPOBKHU, YEM Y MPUPOIHBIX Ta30B U MeTaHoua. [1pu
temmneparypax ot -20 xo +30 °C gasnenue ucnapenus CO, cocraiser 20 - 70 aTm,
YTO IIO3BOJISIET IE€PEKAYMBaTh YIJIEKUCIBI Tra3 B JKUJIKOM COCTOSIHUM MpHU
HEBBICOKMX JiaBlieHusX. K mpumepy, MeTaH mpu 3aJjaHHbIX TapaMeTpax B OCHOBHOM
HaXOAWTCS B Tra3000pa3HOM COCTOSHMH. Psjg  skcneproB ormedaeT [21]

TCXHOJIOTHYCCKYIO IIPOCTOTY TPAHCIIOPTUPOBKU JUOKCHUIA YIJICPpOda B CHUKCHHOM
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WJIU CBEPXKPUTUYECKOM COCTOSIHUM 110 CPABHEHUIO C TPAHCIIOPTOM YHUCTOU Tra30BOM

dbazoii.
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2 MOJIEJNPOBAHUE TEXHOJIOI'MYECKUX HHPOLIECCOB
PEAJIM3ALIMU TPOEKTOB IEKAPBOHU3ALINU

JlaHHBIM pa3nen OTCYTCTBYET, TaK KaK COJAEPKUT KOMMEPUYECKYIO TaliHy.
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3 KOMILIEKCHBINI HOAXO/ K OBYCTPOHUCTBY
MECTOPOXXJIEHUM B YCJIOBUAX JAEKAPBOHM3AIIUU
HPOU3BOJACTBA

[Toa KOMILUTEKCHBIM MOAXO0J0M K O0yCTPONCTBY HEPTSIHBIX U HEPTETra30BbIX
MECTOPOXKICHUM B YCJIOBHUSX JIeKapOOHU3ALMKM TPOU3BOACTBA MOHUMAETCS
KOMILJIEKC TEXHOJOTMYECKUX PpEIIEHUH U COOpYKEHUH, HEOOXOAUMBIX s
COKpAILIEHHs BBIOPOCOB APHUKOBBIX I'a30B JO LIEJIEBBIX YPOBHEW, YCTaHOBIEHHBIX
opraHuzaien (B cpelHeCpOYHON MEPCIEKTURE), WIIU 10 MUHUMAJIbHBIX 3HAYCHUM
U JIOCTHKEHHUS! «YTJIEPOJHOM HEUTpaIbHOCTH» (B JIOJITOCPOYHOW NEPCIEKTUBE).
Ba)xHO OTMETHUTH, YTO KOMIUIEKCHBIN MOAXO0/ K IeKapOOHU3aLNHU I0JKEH BKITIOYATh
B ce0s pelleHus MO HAJA3€MHOM M TOJ3€MHOM 4YacTsM, a TakKe METOJAMYECKOe
PEryJIMpPOBAHUE U PACUETHI.

[lepBeiM  3TamoM B mpoekTax  jaekapOoHU3amuu  He(TerazoBbIX
MECTOPOXKACHUN HEOOXOMMO OINpENeNsITh TPaHUIbl, B paMKaX KOTOPBIX
IUTAHUPYETCS JTalbHEHIasi MOArOTOBKA OTYETOB O BBIOpPOCAX MApHUKOBBIX ra3oB,
MOTOTOBKA U peanu3anus mpoekTHbIX pemeruii. Cormacuo ['OCT P UCO 14064-
1-2021 [26], naHHbIe TPAHHUILIBI ONIPEACSIOTCS OPraHU3aIUIMU CAMOCTOSATEIIBHO, U
MOTYT OBITh MPOBEJIEHBI MO TPAHULIAM JIMLIEH3MOHHOI'O YYacTKa, MECTOPOKICHUS
WM KJIacTepa B LIEJIOM.

Ot ompeneneHus TpaHULl 3aBUCUT JalbHEHIIas OIEHKAa HEeO0OXOAMMOTO
o0beMa CHIDKEHHSI BHIOPOCOB TMAPHUKOBBIX Ta30B, MOCKOJIBKY II€JIEBBIE O0OBEMBI
BbIOPOCOB YCTAHABIMBAIOTCA B YAENBHBIX €IMHULIAX, MPUXOASAIIMXCS Ha O0.H.D.
JNOOBITBIX YIIEBOAOPOAOB. B ciyyae, eciii B TIpaHULAX MECTOPOXKACHHS OJIMH
JMIIEH3UOHHBIN Y4acTOK XapakTepu3yercs 0omapimmmu oobeMaMu BeiOpocoB COy, a
JPYroil — BBICOKMM YPOBHEM J0OBIYHM, MPEANOYTHUTEIIbHBIM SIBIIIETCS BapUAHT C
IIPOBEJICHUEM TPAHUL[ OTYETHOCTU II0 TPAaHULAM MECTOPOXKJIEHHUS, IOCKOJIBKY
yAEIbHBINA OKa3aTeNlb BHIOPOCOB MaPHUKOBBIX Ta30B OYyIET HUXKE.

CrnenyomuM 3TanoM HEOOXOAMMO MPOBECTH KOJIMYECTBEHHYIO OLIEHKY
BBIOPOCOB MApPHHUKOBBIX Ta30B B MEPUMETPE pPacCMaTPUBAEMBIX TI'PaHULL.
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PesynbraTom mpoBesieHUs] TaHHOW OIIEHKH JIOJDKHA CTaTh HH(popMaims 00 obieM
o0beMe BEIOPOCOB MAPHUKOBBIX T'a30B, HEOOXOIUMOM 101 CHUKEHHS BBIOPOCOB, a
Tak)Ke MepeYeHb NCTOYHUKOB, BEIOPOCH KOTOPBIX BO3MOXHO COKPAaTUTh. JlaHHBII
ATaml SIBJSIETCS OJTHAM W3 KIIOYEBBIX B MPOEKTAaX JAEKapOOHU3AIUMH, MOCKOJIBKY
OTIpeIeTIsIeT HE TOTBKO BO3MOXKHOCTh JJOCTHIKCHHS IIEJIEBBIX IMMOKa3aTeleii BHIOPOCOB
MAapHUKOBBIX Ta30B, HO M OMpeeiseT Tpo(uiin Harpy30K 00ObEKTOB KAMUTAIBHOTO
CTPOUTENHCTBA, HEOOXOIMMBIE /1JIsl T0100pa 000pymoBaHus, a Takke 00beMbl CO,
KOTOphIE MOTYT OBITh HCIIONB30BAaHBl C IIENbI0 YBEJIMUYEHUS HE(PTEOTIAuH.
KoppektHocTh onpezeneHus 00beMOB BRIOPOCOB MaPHUKOBBIX Ta30B FapaHTUPYET
KOPPEKTHOCTh MPUHSATHS MOCIETYIONINX TEXHUIECKUX PEIICHUH.

B cnywae, ecnmu mpu OmpeneNeHWH OCHOBHBIX HCTOYHHUKOB BBIOPOCOB
MApPHUKOBBIX Ta30B CTAHOBUTCSA M3BECTHO O BO3MOXKHOCTH HMCKJIIOUEHUS JaHHBIX
BBIOPOCOB,  HEOOXOIMMO  MpopadaThiBaThb  COOTBETCTBYIOIIME  PEILICHUS
(uckmouenue pytuHHoro cxkuranus [ITHIT Ha ¢akenbHBIX ycTaHOBKaxX, 3amMeHa
CXEMBbI MOATOTOBKUA COOpa W MOATOTOBKH HEPTH IS MCKIIOYCHUS (DYTHTHBHBIX
BBIOPOCOB OT PE3€PBYAPOB ChIPOMt HEDTH).

Ha sToMm ke aTamne pekoMeH IyeTcs MPOU3BOAUTH COOpP MCXOTHBIX JaHHBIX AJIS
JanbHEHIIero MoJIeIMPOBaHMs 0O0BEKTOB U T0100pa 000PYI0BaHMUS.

Tpetwnii 3Tanm NpUHITHS TPOSKTHBIX PEIICHUH )T IPOSKTOB JIeKapOOHU3AIHH
JIOJDKEH BKJIIOYATh B Ce0si cOOp M MOJTOTOBKY BBIXJIOMHBIX T'a30B, U3 KOTOPHIX B
nanbHeieM oyaet otnensaTthess COz. ITockoNbKY BBIXJIOMHBIE Ta3bl MPECTABISIOT
co00# MPOAYKTHI TOPEHHSI U XapAKTEPU3YIOTCSI BBICOKON TEMIIEPAaTypOi U HU3KUM
JaBJeHUEM, OJIOK cOOpa U MOJATOTOBKH BBIXJIOMHBIX Ta30B JIOJDKEH BKIIIOYATh B CEOS
YCTaHOBKY OXJIOXKICHHSI, KOMIIPECCOPHI WM HHOE TITOIyTheBOEe 000pyAOBaHuE, a
Tak *e TpyOONpOBOABI IJsi TPAHCHOPTUPOBKH BBIXJIOMHBIX Ta30B OT MCTOYHHUKA
BBIOPOCOB J10 OJIOKA TTOATOTOBKH.

B cBs3u ¢ HanmuuMeM B COCTaBE BBIXJIOMHBIX ra30B OOJBIIOTO KOJUYECTBA
BOASHBIX MapoB (10 10% 06.) 1 yraekucioro raza, 000pya0BaHHE PEKOMEHTYETCS
NPOEKTUPOBATh M TMOAOUPATH B KOPPO3HMOHHOCTOMKOM ucmonHeHuHu. Ocymika

BBIXJIOITHBIX TI'a30B HC PCKOMCHAYCTCA B CBA3U C HX OOJIBIINMHA O6’BCMaMI/I, u
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3HAYUTEIbHBIM IPEBBIIIEHUEM CTOMMOCTH JAHHOW YCTaHOBKHM HaJl CTOMMOCTBIO
KOPPO3HOHHOCTOMKHUX TPYyOOIPOBOIOB.

[locne mMOArOTOBKM MPOEKTHBIX PEMIEHUH MO0 cOOpy M MOATOTOBKH
BBIXJIOITHBIX Ta30B, HEOOXOAMMO HaYMHAThH MPOPAOOTKY pEIICHU IO YJIABIUBAHUIO
u roaroroske COy.

[Tpu BBIOOpE TUTIOPA3MEPOB U XaPAKTEPUCTUK YCTAaHOBOK yinaBnuBaHus CO2,
HEOOXOJMMO yUUTHIBATh CIEAYIOUINE JaHHbIE:

1)  Hamwmuwme pesepBa miomaan Ha MecTopokacHuu. [Ipu Hammaum BOIM3H
ucroynuka CO2 10CTaTOYHOTO pe3epBa IUIONIA[AN, PEKOMEHYETCS MPUMEHEHUE
KOJIOHHOTO 000py/noBaHUs OOJIBIIUX AUAMETPOB (IO 8§ M) — MO aHAJIOTHH C
000pyJ0BaHUEM KPYMHOTOHHAXKHOTO MPOU3BO/ICTBA.

2)  Koppo3uoHHasi CTOMKOCTh 000PYA0BaHUSL.

3) Tun nornoturens COa.

biok ocymku CO, pexkoMeHAyeTcs MpPOEKTUPOBATb W pacHojararhb
COBMECTHO C OJIOKOM YJIaBIMBaHMUsI, B BUJIE €IMHOTO MPOU3BOACTBEHHOIO O0OBEKTA.

KommnpeccopHblii 0JIOK yIJIEKHCIOrOo Tra3a JOJDKEH BKIIYAaTh B ceOs
CenapalMio rasa ¢ ILeJbI0 HENONYIICHHUsS MONaJaHusl BOJbl B KOMIIPECCOPHOE
obopynoBanue. Ilocne ocymku, morok CO; MOXeT KOMIPUMHUPOBAThCS O€3
cenapauud. [Ipu nepexoe yriekucaoro raza u3 ra3o000pa3zHoi hassl B KUIKYIO HIINA
CBEPXKPUTHUYCCKYIO (ha3y, KOMIIPECCOpHOE 000pyI0BaHUE TPEeOyeTCs 3aMEHSATh Ha
HACOCHOE.

KomnpumupoBanHslii 10 TpeOyeMOro MaBiC€HHUS H OXJXKIACHHBIA J0
TpeOyemoii Temnepatypbl CO, pexkoMeHAyeTCs TpPaHCHOPTHPOBATh JI0 MecTa
MPUMEHEHUS WM I'€0JIOTMYECKOT0 XpaHEHUs TPYOOPOBOIHBIM TPAHCIIOPTOM.

[IpuaATHE pemeHMH O JajdbHEWIIEM MCIOJB30BAHUM WM  MeECTax
re0JIOTUYECKOTo XpaHeHus ynoBjaeHHOro CO, HEMOCPEACTBEHHO BIUSAIOT HA PEKUM
paboTel 00bekTOB TOAroTOBKM CO2, TOCKOJIBKY OIpPEAesSioT Tpedyembie
HOPOTSKEHHOCTH TPyOONpPOBOIOB, JaBJIEHWE KOMIPUMHUPOBAHHS M, B HEKOTOPBIX
cily4asix, TOIyCTUMOE COAEpKAaHUE B MOTOKE YTIEKUCIOT0 ra3a MpUMECeH, B CBSI3U

C 4eM MPOEKTUPOBAHUE O0BEKTOB MOATOoTOBKU CO2 HEBO3MOXKHO 0€3 MPUHSTHUS
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PEIIEHUI O €ro UCMOJIb30BAHUU.

[Ipu s3TOM, pemeHuss o pexumax padboTbl 00beKTOB MNOAroToBKH CO»
HaIpsIMYIO BIUSAIOT HAa NPUHITHE PEIICHUA O BO3MOYKHOCTH WJIM HEBO3MOXXHOCTHU
pa3IMYHBIX BapHaHTOB HCHOJIb30BaHHs (CQOj, MOCKOJIbKY HE BCErJa BO3MOXKHO
oOecrieyeHue TpeOyeMbIX yCIOBUN MOATOTOBKY U EPEKAYKU YTIEKUCIIOTO Trasa.

B cBa3u ¢ stum, mouck myteil nmpumenenuss CO; HE0OXOAMMO BeCTU
OJTHOBPEMEHHO C NPOPa0OTKONW TEXHUYECKHUX PEIIEHUH MO €ro yJaBIMBaHUIO U
MOJATOTOBKE.

Hawnbonee npeanoyturenbHbIMA BapruaHTaMu UCTIONb30BaHUsI CO; SBISIIOTCS
BapUaHTHI, Mpeoaralonme ero Moueruszamuto: nocraska CO, norpedurensm u
IPUMEHEHUE €ro B LEJAX MOBbIIIEHUS! He(TEOTAaun MIacToB. /[aHHbIE BapHaHThI
NO3BOJISIIOT IMOKPBITH 3aTPaThl Ha OpraHu3aunuio cuctemsl ynaBiauBaHus CO. u
CHU3UTH (prHAHCOBYIO Harpy3Kky Ha Heapononbs3oBateneii. [Ipu 3ToM, HE00X01MMO
IIPOBEICHUE TEXHUKO-3KOHOMHUYECKOW OLIEHKHU C LIEJIbI0 YCTAaHOBUTH, MPEBBIIIAET
Y TOTEHUHUalbHAs NMPUObUIL OT IOJIE3HOTO HCIOJIb30BAaHUS YIJIEKUCIOro rasa
3aTpaThl Ha peaIM3al1IO MOJIE3HOTO UCIIOJIb30BAHUS U MOHETH3ALIUIO.

B ciyuae, ecnu nonesnoe ucnonb3zoBanue CO2 HEBO3MOXKHO, IKOHOMUYECKH
Her((DEKTUBHO WM MpeArnosaraeT He UCIOoIb3yeMble U30BITKH YIJIEKUCIIOTO rasa,
HEO0OXOMM TOMCK MOAXOSIIMX JIOBYIIEK ISl reojiornyeckoro xpanenus CO; u
o0Opy/lOBaHUE KyCTa Ta30yTWIM3UPYIOIIUX CKBaXHWH. JlaHHBIA  BapHaHT
MO/Ipa3yMeBaeT OTCYTCTBHE KaKOW-IHOO JOXOMHOM dYacTh B  MPOEKTaX
JeKapOOHM3alMU, U MOXET OBbITh PEKOMEHJOBAH KAaK €IWHCTBEHHBIH METOJ]
yrwmzauun CO; nuiib i1 OTJAJIEHHBIX MECTOPOXKIAEHUH € IUIOXO Pa3BUTOU
MH(PACTPYKTYpOil 1 HU3KOBS3KOU HeThI0, puMeHeHne CO-MVYH Ha koTopbIx
HE JacT BUAUMOro 3¢ dexra.

3aKII0YUTENBHBIM ATAllOM B MPOEKTaxX JAeKapOOHU3AIMKU SBISETCS OIEHKA
sHepronoTpedsieHrs o0bekToB YXVY U NPUHATHE PEHICHUN IO YHEPrOCHAOKEHUIO
JAHHBIX ~ OOBEKTOB. OJHEprocHaOkeHHe OO0BEKTOB Y XY  peKoMeHmyeTcs
OCYUIECTBJISTh 32 CUET PACIIMPEHUs] 0OBEKTOB COOCTBEHHO T'€HEpAllMU SHEPTUH Ha

MECTOPOKACHHUH C MOCIIEAYIOIIEH OLIEHKON MPUPOCTa BHIOPOCOB MAPHUKOBBIX ra30B
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OT JIOTIOJTHUTEIILHBIX SHEPTOT'CHEPUPYIONTUX arperaToB U BKIFOUSHUH UX B CUCTEMY
yJIaBIMBaHUS TIPU HEOOXOAMMOCTH. B ciydyae HEBO3MOXHOCTH PACIIUPEHUS
COOCTBEHHOM 3JICKTPOCTAHIIMKM HA MECTOPOXKICHUHU, BO3MOXEH MOUCK CTOPOHHHX
MIOCTABIUKOB JJIGKTPOSHEPTUM WM aJbTCPHATUBHBIX BapHAHTOB TEHEPAINH
AJIEKTPOIHEPTUH.

OO6mmit nepedeHb 0OBEKTOB MOBEPXHOCTHOTO O0YCTPONUCTBA, HEOOXOIUMBIX
st 3¢GGEeKTUBHOTO (DYHKIIMOHUPOBaHUS cucTeMbl Y XY, BKIIOYaeT B ceOs:
TPYOOIIPOBOJIBI BBIXJIOMHBIX Ta30B, TIATOJAYTHEBOEC OOOPYIOBAHHE BBIXJIOMHBIX
ra3oB, YCTaHOBKH OXJIQXKJEHHUS BBIXJIOITHBIX Ta30B, YCTAHOBKY YJIaBIIMBAaHUS
YTJIEKHCIIOTO Ta3a, TMPEeACTaBICHHYI KOJIOHHBIM O0OpYyJAOBaHHEM, HACOCHO-
koMIipeccopHyto ctaniuio CO,, 000pyJIO0BaHHYIO CEeMapallMOHHBIMU arperaTaMu,
osok ocymku CO; u Tpy6onposox CO,. B ciydae, eciu yJIOBICHHBIH YIICKUCIIBIN
ra3 IIaHUPYeTCs 3aKa4MBaTh B IJIACT C IIEJIbI0 T€OJOTUIECKOTO XpaHEHUSs, TAKKe
HEOOXOJAMMO TPOBOJIUTH Pa0OTHI MO OTCHINKE KYCTOBOW IUIOIMIAAKE, OYypEeHHIO
CKBaXUH U 00Bsi3ke. [Ipu ycrmoBum nucnonb3oBanus CO; B Tporieccax MOBBIIICHUS
HeTEOTnauM, pPEIICHUE O OYpPEHUH JOMOJHUTEIbHBIX CKBOKHWH HMPHHHUMACTCS
WCXO/IS U3 BRIOPAHHOTO CIIOC00a 3aKauyKH YTIIEKUCIIOTO ra3a.

[TomHast cxema MOCIeIOBATEILHOCTH MPUHATHS TEXHUKO-TEXHOJOTUIECKIX

pELICHHH B MpOeKTax AeKkapOoHU3aIMu OTpakeHa Ha pucyHke 19.
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Onpenenenne KonuuecrBennas oneHka
HOPHJIMYECKHX obbema BEIOPOCOB
rpaHull 00BeKTa HNapHHKOBBIX ra30B
Hcrnrouerue
Onpejencrane BosmoxkHo
Ja PYTHHHOTO CKHTaHHSA
OCHOBHEIX HCTOYHHKOB HCKTIOUEHHE
0 ITHT, pyrurHBHBIX
BBEIOPOCOB BBHIOPOCOB?
BLIOPOCOB
HET
CBop MCXOAHBIX
JAaHHBIX 1A
[POEKTHPOBAHHSA
v ;
CGOP " l'J(),E[]'OTOBKa Y TF{I‘(;,I}TBEBOG OGO])VINBHHHE
TPYOOIIPOBOALI
BBIXIIOITHbBIX T'a308 v AIIIAPATEL OXTAAACHILA
v OUPEASICHUE KOIMYECTBA 1
VinasinusaHue COE XApaKTCPICTHE aGcopOepor
v Bpibop amuHa
v HACOCHO-KOMIIpE CCOPHOE
obopyoRaHTIe -
Y auIaparsl OXIWKACHIB Tlonroroska COZ ; :#e;lla:\;:'y;peunrmmm Bosmokna
¥ _ocymka v - .l ) Moneruzanua CO, MOHETH3aIHA
TEXIHKO-JKOIOMHYICCKAA a
O[I€HKa BapHAHTOB COZ'

Pemenne o METOIE
ucnosnbzosanus CO,

Ectb He
MOHETH3UPYEMBIi
n30b1TOK CO,?

a1 leonorunueckoe

Tpanenopr CO, xpanerne CO
5

Bypenmne,
obycTpoiicTBa Kycta
ra30yTHIHZHPYIOIIHX

CKBaKHH

|

Ornienka sHepronorpedneHus 00bEKTOR, MPHHATHE PEHICHUS 00 dHEProcHabKeHnn 00bEKTOB

Pucynoxk 19 — biok-cxema npuHATHS pELICHUH NpU JeKapOOHU3aIUN
IPOU3BOJICTBA

Takum oOpa3oM, KOMIUIEKCHAas OLIEHKM IIPOEKTOB JIeKapOOHU3aluH,
BHEJpEHUE OOBEKTOB KAMHUTAJIBHOTO CTPOUTENbCTBA, MEP W TEXHOJOTHM s
yJIaBJIUBAHUS ¥ UCIIOJIb30BAHMSI YTIIEKUCIIOrO Ta3a MO3BOJISIOT JOOUTHCS CHUKEHHUS
YPOBHSI BBIOPOCOB IMApPHUKOBBIX T'a30B Ha HE(TEra3oBBIX MECTOPOXKIACHUSIX IO
TpedyeMbix DenepabHbM 3aKk0HOM U [Ipukazom Ilpesunenra PO 3HauenHwmii.

IIpyn ycioBHMM IOJIE3HOTO MCIOJB30BaHUA YJIOBIEHHOrO CO2 BO3MOXKHO

IMOJIYUYCHHC I[OHOJ'IHPITCJ'IBHOﬁ HpI/I6BIJ'II/I oT ITPOCKTOB I[eKap6OHI/ISaHI/II/I,
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MOKPBIBAIOIIEH YACTUYHO WIIA B TOJTHOM MEPE 3aTpaThl HA PEaTU3allui0 CHUKCHUS
BBEIOPOCOB TTAPHUKOBBIX Ta30B.

B oTcyrcTBHE Mep TOCYIapCTBEHHOTO CTHUMYJIHWPOBAHUS K peaTu3aiiu
KIIMMaTHYECKHUX MIPOEKTOB, KOMITICHCAIIMS 3aTpaT Ha CHUKCHHE YTIIEPOIHOTO Clienia
MIPOTYKIIMHA MOXKET OBITh 3aJI0’)KEHA B CTOUMOCTh JIOOBIBAEMBIX YTJIEBOAOPOJIOB.

[Tonnas OIIEHKA AKOHOMHYECKOM s hexTuBHOCTH IPOECKTOB

JnekapOOHM3aIMY MpYBEICHA B TIaBe 4 TaHHOW paOOTHI.
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3AJIAHUE K PA3JEJTY
«PUHAHCOBBIII MEHEJUKMEHT, PECYPCOD®®EKTHUBHOCTD

N PECYPCOCBEPEXEHUE»
OOyuarormemycs:
I'pynna DPUO
2bM14 Cwmeranuna JIt0o00Bb AJieKceeBHA
HIkoJa WP OTaesieHUe MKOJbI OHJ
Yposens o6pazoBanus MaFI/ICTpaTypa Hanpasiaenne/OOIL 21.04.01 «Hedrerazosoe

neno»/Pa3zpabotka u
SKCIUTyaTanus He(DTSIHBIX
1 Ta30BBIX
MECTOPOKICHUN

Hcxonnbie 1aHHbIe K pa3aely «PHHAHCOBBIH MEHEIKMEHT, pecypcod(p(PpekTHBHOCTD U
pecypcocoepexenne»:

HAJ02086, omlmmenuﬁ, ()MCKOHMMPOBGHM}I u erdumoeaHuﬂ

1. Cmoumocmo pecypcoé nayunozo uccaedoganus (HH): CTOMMOCTD BBIMOJIHAEMBIX Pa0OT, MATEPUATEHBIX
MamepuanbHO-mexHu4ecKux, dHepeemuieckux, PECypcoB, COTJIAaCHO MPUMEHSIEMON TEXHOJIOTUH,
uHanCco8bIX, UHPOPMAYUOHHBIX U HEeN0B8EUECKUX B COOTBETCTBUU C PHIHOYHBIMU IIEHAMHU

2. Hopmbl u Hopmamuesl pacxo008anus pecypcos KanuransHbie U onepalliOHHBIE 3aTpaThl Ha

yJaBJIMBaHUE, TOATOTOBKY, TPAHCIIOPT U 3aKAUKy
COz
3. Hcnonvsyemasn cucmema Han02000104CeHUs, CINAGKU Hanoroseiit konekc Poccuiickoit denepannu O3

Ne67ot 24.07.2009 B pen. Ot 26.03.2022

Hepeqem, BOIIPOCOB, MOAJICKAINUX HCCICTOBAHUIO, IPOCKTUPOBAHUIO H pa3paﬁoTKe:

1. 0L[€HK(1 KOMMepUYeCKo2o nomeHyuaila, nepcnekmueHocmu u

anbmepHamus nPoseoeHs UCCIe008aHUA C NOSUYUU
pecypcosadpexmugrocmu u pecypcocbepeicenus

TeXHHUKO-IKOHOMHUYECKOE 000CHOBAHHE
HeﬂeCOOﬁpEBHOCTI/I BHCApPCHUSA HOBO# TEXHHKU
MJIM TCXHOJIOI'MW BBIIIOJIHCHU S pa60T

@unarncogotl, 0100A#cemHoll, COYUATbHOU U IKOHOMUUECKOU
aghgpexmusnocmu ucciedoganus

2. [IInanuposanue npoyecca ynpasnenuss HTHU: cmpyxkmypa u AHanu3 5KOHOMUYECKOH 3 PEKTHBHOCTH
epagux nposedenus, 6100xicem, pUCKU U OpeaHU3ayUs MIpeIoXKEeHHOro BapuanTa yruimsanun CO;
3aKynoK

3. Onpeoenenue pecypcroui (pecypcocbepezarouyetl), OreHKa YKOHOMHYECKON 2PPEKTUBHOCTH

BHEAPCHNUA HOBOU TEXHOJIOTUH

Ilepeyennb rpaguyeckoro marepuaJja:

JaTa Bpl1a4u 3aJaHUA K pa3/ie/ly B COOTBETCTBUHM €
14.03.2023
KAJIEHIAPHBbIM Y4eOHbIM rpaguxkom
3anaHne BbIIAJ KOHCYJBTAHT MO pa3aeny « DUHAHCOBBII MEHEIKMEHT,
ecypco3¢pGeKTHBHOCTH U pecypcocOepe:ReHn e
JI0JZKHOCTH DdUO Y4eHas cTenieHb, 3BaHHE Iloanuck Jara
Houent OHJT [{uGynbHIKOBa K.I.H. 14.03.2023
Maprapura PaguesHa
3anaHne NPUHAJ K MCTIOJHEHUI0 00y4YaloIIuiics:
I'pynna DPUO0 IHoanuch Jara
2bM14 CMmetannna JIro00Bb AjekceeBHa 14.03.2023
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4 ®UHAHCOBBIA MEHE)KMEHT, PECYPCOJ®EKTHUBHOCTh W
PECYPCOCBEPEKEHUE

OCHOBHOII TEeMOH BBITYCKHOM KBadU(UKAIMOHHOW pabOThl  SIBISIETCS
TEXHOJIOTUA  JEKapOOHM3alMW NPOU3BOJACTBA W  YBEIMYEHHS HePTEOTIauH
IPOAYKTUBHBIX IIACTOB ¢ IpuMeHeHueM CO», yJIOBIEHHOT'O B LIEJAX I€KapOOHU3ALUN
MIPOU3BOJICTBA, B KAYECTBE HArHETAEMOT'O areHTa.

B nannom pasnene mpuBeIeHO IKOHOMHYECKOe 000CHOBaHUE Y((PEKTUBHOCTH
npumeHeHus 3akauku CO; kak mMeroja yBeiaudeHus HedreoTaauu. Llenpro gaHHOTO
00OCHOBaHMUSl  SIBJIAETCS  YCTAHOBJEHUE HOKOHOMHUYECKON  I€1eco00pa3HOCTH
npuMeHeHus: TexHojorun YXY u CO-MVYH npu paspabotke HeDTSIHBIX
MECTOPOKICHUN.

B cBsi3u co cnenupuuHOCTHIO MPOESKTOB AeKapOOHHU3AMH U UX HU3KOM CTENEHH
npopaOOTaHHOCTH Ha TeppUTOpUM Poccuu, CTOMMOCTh KalluTalbHOIO CTPOUTENIBCTBA
00bekTOB YXVY npHHATA €IUHBIM YCPEJHEHHBIM 3HAUEHHEM M BKJIKOYAeT B cels
CTOMMOCTb TATOJYTHEBOIO 00OPYIOBAaHUS JIBIMOBBIX I'a30B, YCTAHOBKY YJIaBIMBAHUS
u ocymiku CO2, komnpeccopHslit 6510k CO2, TpyOonpoBobl AIMOBBIX ra3oB U COp,
anmnaparbl OXJIaXICHHUSI U CTPOUTENIBCTBO TPYOOPOBOAHBIX CTAKA.

CO,-MVYH mnpennaraercss npuMeHuTh Ha 10 CKBaKMHaxX HArHETaTEIbHOTO
¢onna mectopoxaeHuss M. IIponoIKUTENBHOCTh TEXHOJOTUYECKOrO 3(deKkra oT
poBeIeHusI MeponpusaTus coctapisietr 60 net (pazmen 2.4 HaCTOSIIEH padOThI).

CyMMapHbIil cpelHeCYTOUHBIN MPUPOCT AeOUTa MO0 BCEM CKBaXMHAM B Hayaje
AKCIUTyaTanuu nocie npumeHeHus: texHojgorun CO,-MVYH cocraBur 9,8 T/cyT. Ha
KKy CKBOXKHUHY.

JononaHutenbHas 700b4a He(TH 3a roJ1 MOCIEe MPOBEACHUS MEPOIPUATHS 110
3akauke CO, ompenensercs o popmyse 3:
AQ= Aq-T-Kas-N, (3)
rae AQ — IpupocT CPeIHECYTOUHOTO Je0uTa, T/CyT.;

T — BpeMs pabOThI CKBaKMHBI B TEUCHUE IO/, CYT.;
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N — KOJMYECTBO CKBa)XMH Ha KOTOPBIX HPOBOJAUTCS WHHOBALMOHHOE
MEpOTpUsTHE, €].;

K, — koadpuimeHT skcruryaTauuy CKBakKuH, J1.€71.

JlonoaHuTenbHas 100b4a 3a 1-i rog cocTaBuUT:

AQuw=9,8-365-10 - 0,94 =33623,8 TOHH.

B cpenHeM mnpoAomKUTENBHOCTh TeXHOJIOrHUeckoro 3d@dexkra mo yxke
peaTu30BaHHBIM MPOEKTaM COCTaBisieT mpubausuTeabHo 60 jer. C mociaeayronmm
TEYEHHEM BpPEMEHU TEMI CHIKEHHUS 3(PPEKTUBHOCTH OT JAOCTpesia CKBAKUHBI

coctaBiigeT okoio 5% B roa. Takum oOpa3om, pacdeTHOE 3HaUYE€HUE NeOuTa B Tof N
MOCJIC TIPOBEACHHS MEPOITPUATHS MOKHO HAWTH 1O cleayromiei Gpopmye 4:
Adp = Aqn-1) = (Aqn-1)  Kn), (4)
re AQn — IPUPOCT CPETHECYTOYHOTO 1e0UTa, T/CYT.;
AQ(n-1) — IPUPOCT CPETHECYTOUHOTO A€OUTA 3a MPEABIAYILINI T, T/CYT.;
K. — cpenneronoBoii ko3 GUIIMEHT NajeHus 100bIYH, .e]1.
B cBs3u ¢ mpogomkuTenbHOCThIO A (eKTa, MoCIeayoe pacueTbl OyayT
MPUBEICHBI HA TIEPBbIC 4 TOJ1a IKCILTyaTalUH.
Hedtp wmecTopoxkmennss M JoBOOWTCS 1O TOBAapHOTO COCTOSIHHS, B
nocieaywmieM Gopmupys Hepts mapku Urals.
JUist  nanpHeWInero pacyera CleIyeT IOCUMTaTh LIEHYy J0ObITO HePpTH
(tabmuna 7) [27]. Taxke yka3ain KOJIUYECTBO JOOBITOW HE(TH.

Tabnuua 7 — McxonHble TaHHbBIE AJI pacyeTa BBIPYUKH MPU PeaTU3alliy IPOESKTOB

[TapameTtp 2029 2030 2031 2032 2033
Ilena vedru mapku Urals, $/6app. 65,0 65,0 65,0 65,0 65,0
OOmenHBIH KypC, py0./$ 72,2 72,2 72,2 72,2 72,2
Hena nemn mapru Urals, 4693 4693 4693 4693 | 4693
py0./6app.

[TepeBon u3 Gappeneil B TOHHBI 7,28

Lena nedtu mapku Urals, py0./T. 34165,0 | 341650 | 34165,0 | 34165,0 | 34165,0
5;’;‘;““”"“" A00braa Hed, 0 33623,8 | 31942,6 | 303455 | 288282

[Tockonbky npumenenne CO-MVYH mnaHupyeTcss Kak IpOJIOKEHUE 3aMeHa

cuctemsl [II1J[ meromom 3aBoaHEeHUSs, OypeHHUE U OOYCTPONCTBO JOIMOJHHUTEIbHBIX
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HarHeTaTeNIbHbIX CKBaXHUH He Tpedyercsa. Ilpu 3TOM, C 1€bl0 Te€OJOTHYECKOTO
XpaHEeHUs U30bITKOB yJIOBIeHHOTO COy, KOTOPBI HE MPUMEHSETCS MPHU MOBBIIEHUU
HepreoTnaun, a Ttakxke CO,, oTAeneHHOro oT HepTH, TpeOyercs OypeHue Hu
00yCTpONCTBO KyCTa ra30yTHIN3UPYIOMINX CKBAXKHUH.

Takum 00pa3oM, K KanmuTaldbHBIM BIIOKEHUSIM OTHOCUTCS CTPOUTEIHCTBO
00bekTOoB YXVY, OypeHHe Ta30yTWIM3HPYIONUX CKBAaXUH, HUX OO0YCTpPOMCTBO,
CTOMMOCTB Ta301poBo10B CO; 10 HarHEeTaTeNbHbIX U Ia30yTHIIN3UPYIOLIUX CKBAXKHUH,
CTPOUTENBCTBO ABTOAOPOTM JIO0 KyCTa Ta30yTUIM3UPYIOUIUMX CKBAXKHUH, JIMHUH
anekTporiepeaad. Takke K KalluTajJbHbIM BIOKEHUSAM OTHOCST IPOYHE KallUTaJIbHBIE,
KOTOpBIE€ paccunThiBatoTCa Kak 10% oT cTouMocTr 00yCTpONCTBA MPOMBICTIA, a TAKKE

IPUPOIOOXPAHHBIE MEPONIPUATHS B 00beMe 5% OT KallUTAJIbHBIX BJIOYKEHUH C y4eTOM

OypoBBIX paboT, HO O€3 y4eTa MPOUYNX KaUTAIbHBIX BIOKEHHUH (Tabmuia 8).

Tabmnura 8 — KannranpHble BIIOKEHUS

[TapameTtp Ennnnna Ilena 3a KonuyectBo | 3Havenwue, MiH
MU3MEpEHUS eIMHUILY, PYO. pyo.

Bypenue ropu3oHTanbHBIX pyo6./M 37 432,37 3500 131,01

NIEPBBIX CKBAKHUH B KyCTE TIPOXOIKA

BypeHne ropu3oHTaIBHBIX pyo0./m 34 029,43 2x3500 238,21

CKBaXXHH POXOJIKH

OO0yCTpOHCTBO CKBAKHH 57 560 233,99 3 172,68
py0./CKB.

OO0yCTpONCTBO KyCTOB py6./KycT 142 905 924,59 1 142,91

CKBaXXKMH

O0bekTh YXVY 1000 000 000,0 1 1 000,00
pyO./mT

MonTaxx BPIT 600 000,00 1 0,60

py0./oneparuo

Brikuaaeie muanun D=89x6 3234 000,00 1 3,23
py0./km

["a30BO-KOJIIIEKTOP py6./xu 2931 723,74 5 14,66

l'azoBon-MVYH 2931723,74 7 20,52
pyo./xMm

[TonwesHas aBTomopora K 39176,00 5 0,20
py0./km

KyCTy

JluHMM SeKTponepeaq 1750 439,01 5 8,75

(BJ1-6 kB) py0./km

[Tpoune xanuTanbHEIE MJTH. pyO. - - 136,35

BJIOXKCHUS
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[TapameTtp Ennnuna Ilena 3a KonnuectBo 3HayeHue, MITH
U3MEPEHUs eIMHUILY, PYO. pyo.
[Ipuponooxpannbie MJIH. pyO. - - 86,64
MEPOTIPHSITUS
HUTOTI'O 1955,76

B nmpunoxenun A npencraBieHa Tabmuma 9, B KOTOPOM OTpakKeHbI
AKCIUTyaTallMOHHBIE 3aTPaThl IPU UCIIOJIB30BaHUU YJIOBIEHHOTO CO7 NpU MOBBIIEHUH
HeTeoTnaun W reojornueckoM XxpaHeHHMH wu30bITkKa COj. DKcmlyaTallMOHHBIC
3aTpaThl BKJIIOYAIOT B ce0s TEKyIIWEe 3aTpaThl M HAJOTH, KOTOpPHIC BKIIOYAIOT B
cebectonmocthb. Pacuer HJIITU ocymecTBisuics Ha ocHoBaHMM HaioroBoro xojekca
P® [28] u odurnnanbupix qaHHbIX DenepaabHON aHTUMOHOMOIBHOM CiTyKObI [29]. B
tabnuue 10 npencraBieHbl TaHHbBIE JIJIs1 pacyeTa IKCILUTyaTallMOHHBIX 3aTpar.

Tabmmua 10 — J[aHHbIE A1 pacyeTa dKCIUTyaTalMOHHBIX 3aTpaT

[Tapamerp Enununa uzmepeHus 3nauenue, pyo.

Pacxompl Ha conmepkaHue 1 pyo./T 612,0

IKCILTyaTaIuo 000PYI0BaHUS

Pacxozpl Ha peMOHT 000pYJOBaHUS % oTuuciieHui oT 6alaHCOBOU 0,50
CTOMMOCTH 000pYI0BaHUS

OO011exo3siicTBEHHbIE U pyo./T 107,9

00IIeTPON3BOACTBEHHBIE PACXOIbI

Pacxon Ha omnaty tpyna (10 yenoBek) py0./mec 49 396,67*10

CtpaxoBsie B3HOCHI [32] % 30,40

CyMma  UCYMCIEHHOM  aMOpTH3alMu  JJisi  OOBEKTOB  KalHUTaJIbHOTO
CTpOUTENHCTBA IpUBEIcHA B Tabmutie 11.

Ta6nuna 11 — Cymma uCHUCIEHHON aMOPTHU3alK, MJTH pyo0.
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= % | = | E | E > - by

) o 3 ) Ay ) ] S = 5y

’g - ’g g = i A |M 1 8—4 qli)

& E| &al & 5 | & | & 5 S =

[S) % o © ) = ~ [2a) [a) ) 5 E 8
= > S > 5 & g i 2 Q [ =l o
o o2 O s O T < < M = =1 =
= oS5O0 |0 = m ~ — < SIS o~
2029 | 0,00 0,00 0,00 | 0,00 | 0,00 | 0,00 0,00 0,00 0,00 0,00
2030 | 8,63 14,29 | 50,00 | 0,04 | 0,06 | 0,73 1,03 0,01 0,44 75,24
2031 | 8,63 14,29 | 50,00 | 0,04 | 0,06 | 0,73 1,03 0,01 0,44 75,24
2032 | 8,63 14,29 | 50,00 | 0,04 | 0,06 | 0,73 1,03 0,01 0,44 75,24
2033 | 8,63 14,29 | 50,00 | 0,04 | 0,06 | 0,73 1,03 0,01 0,44 75,24
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CrtpaxoBble B3HOCHI cocTaBisitoT 30,4% oT ymiadyeHHOW 3apaOOTHOW TUTAThHI

pabotHukoB. Hanor Ha umyiiecTBO paccuuThiBaeTcst Kak 2,2% OT CpeaHEeroJloBoi

CTOMMOCTH OCHOBHBIX IPOM3BOACTBEHHBIX (OHAOB. IIpoune Hamoru (3eMenbHBIN U

BOJHBIN), a TaKkXKe TPAHCIOPTHBIA HAJIOT pPacCUUTHIBAIOTCS Kak 1,5% oT romoBoii

CTONMMOCTHU TOBapHOﬁ IMPOOYKIINH. CYMMa HNCUYHUCIICHHBIX HAJIOIoB IIPpUBCACHA B

tabmurie 12.

Tabnuua 12 — CymMa HaJI0roB K yIUIaTe MpHu peaiu3aiyy MpoeKTa, MiIH pyo.

l'on [Ipouue nanoru Hausor na umymiectBo CTpaxoBbi€ B3HOCHI
2029 16,37 0,00 1,80
2030 17,23 28,34 1,80
2031 16,37 26,69 1,80
2032 15,55 25,03 1,80
2033 14,77 23,38 1,80

B Tabmune 13 mpencraBieHa cBojHas Tabivila ¢ yKa3aHUEM (PUHAHCOBBIX

MoKa3aTesel MepBoro BapuanTa pacuera (¢ ucciegoBanuem metoaom KBJI).
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Tabnuma 13 — ®uHAHCOBBIC TTOKA3aTEIN MPOEKTa MPOBEACHUS THAPOINHAMHIECKOTO
Hcce0BaHus CKBaXXUH MeToIoM KB ][

[TapameTtp Enununa 2029 2030 2031 2032 2033 Hroro
U3MEPCHUS
Cpepneronosas THIC. T 0,0 33,62 | 31,94 | 30,35 | 28,83 -
no0b19a HEPTH
Haxonennas 0,0 33,62 65,57 95,91 124,74
TBIC. T -

no0bI4a HeTH

Ilena peanusanuu| ThIC. pyO.

4,17 4,17 4,17 4,17 4,17 -

uedru 6e3 HIC /T 34 34 34 34 34
Kamurasbhsie wmmH py6. | 195576 | 0,00 | 000 | 000 | 000 | 189,37
BIIOKEHHS
Bripyuxka MJIH pyoO. 0,0 1148,76 | 1091,32 | 1036,75| 984,92 | 4261,75
DKCIUTyaTalMOHHBIE 48,29 168,95 | 169,50 | 165,10 | 157,61 | 709,44

MJITH pyo.
3arpatsl (0e3 H/IIN)
HIA MJIH pyoO. 0,00 690,92 | 656,22 | 623,41 | 592,24 | 2562,78

Basnosas npu6suib MJIH pyo0. 288,89 265,61 | 248,24 | 235,07 | 288,89 | 1037,82
Hanor Ha umytmecTBo | MIH pyo. 28,34 26,69 25,03 23,38 28,34 | 103,44
Hamnor na npu6suib

M pyo. | 5778 53,12 | 49,65 | 47,01 | 57,78 | 207,56
Yucras npuObLIb MJIH pyoO. 0,00 202,77 | 185,80 | 173,56 | 164,68 | 726,81
JleHeXXHBIH MOTOK MJIH pyO. -1955,8 278,0 | 261,03 | 248,8 239,9 -

Haxkoruiennsiit
NEHEXKHBIN TOTOK

MIHPYO. | 19558 | -1677,8 | -14167 | -1167,9 | -928,0

Yucteiit
JTIMCKOHTUPOBAHHBIN | MIIH pyoO. -
noxon (1= 20%) -1955,8 | -1724,1 | -1542,8 | -1398,8 | -1283,1
BuyTtpenuss
HOpMa % -21,97
JIOXOJTHOCTH

Hcxons u3 moilydyeHHBIX JTaHHBIX MOXKHO CIEJaTh BBIBOJ O TOM, YTO JIaXKe C
YYETOM IMOJIE3HOTO HCIMOJb30BaHus yioBlieHHOro CO; B mpoueccax MNOBBIILICHUS
HedTeoTAaun, naekapOOHU3AIMs TPOW3BOACTBA HE OKYMAeTCs B CBSI3U C
JIOTIOJITHUTEJILHBIMU 3aTpaTaMM, CBSI3AHHBIMU C HEOOXOAMMOCTHIO BBOJIa OOBEKTOB
KalUTaJIbHOTO CTPOUTEILCTBA JIJIsl F€0JIOrnYecKoro xpanenus n3onitka COs.

PentabenbHOCTh MPOEKTOB JIEeKapOOHU3ALUMU BO3MOXHA JIMIIL MPU YCIOBUU
(brHaHCOBOM MOJACPKKH CO CTOpOHBI ['ocyaapcTBa (HaIOroBbI€ JIBIOTHI, CyOCHIUN HA
peanu3aluio KJIMMAaTUYECKUX MPOEKTOB WU Mp.), WU MPU YCIOBUU BBOAA CUCTEMBbI

HAJI0ro00JI0XKeHus U ITPadoB 3a BEIOPOCH MTAPHUKOBBLIX ra30B B aTMochepy.
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I[OHOJ'IHI/ITGJ'IBHBIM CTUMYJIOM K BHCAPCHHIO IIPOCKTOB I[eI(ap60HI/IBaI_[I/II/I MOXCT
CIIY)XXUTb Ppa3BUTHUC MCKAYHAPOAHOTO PbIHKA YIUICPOAHBIX CAWMHUIL MCKIAY

JIPYKECTBEHHBbIMU cTpaHamu PO.

BbiBoa mo paszaeny

B pesynbrare peanuzanuu texHonoruu Y XY u npumenenus CO,-MVYH 3a 4
rojia BO3MOXHO TMOJy4YeHHE JOTOTHUTENbHONU N00bIYr HeQTH B pazmepe 124,7 Thic.
TOHH. [Ipy 3TOM YMCTBIM JTUCKOHTUPOBAHHBIN JTOXOJ 32 PACCMATPUBAEMBIN MEPHUO.
coctaBuT —1694,4 MiH. py0.

PaccuntanHbple mMoOKa3aTeNnM SKOHOMUYECKOM 3(PQGEKTUBHOCTH MO3BOJSIOT
c/ieslaTh BBIBOJI 00 yOBITOUHOCTH MPOEKTOB jAekapOoHu3auuu. IIpu sTom, mosesHoe
ucnoas3oBanue CO; B mpolecce MOBBILIEHUS HEPTEOTAAUM IJIACTOB IO3BOJISIET
MOKPBITh YacTh 3aTpaT Ha CTPOUTEIHCTBO OOBEKTOB YJABIMBAHMUS M XPaHECHMUS
yriiepoga. DTO MO3BOJSIET PEKOMEHI0BaTh MpuMeHeHue yioBiaeHHoro CO; B 1mensx

yBEJIUYCHHS HePTEOTIauu Ha HEPTAHBIX U He(PTETa30BBIX MECTOPOK/ICHHUSX.
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3AJJAHME JIJISI PA3JIEJIA
«COIMAJILHASI OTBETCTBEHHOCTDb»

Crynenry:
'pynna DPUO
2bM14 CwmetanuHoi JIro60BH AleKkceeBHE
xoaa UIIPpP OTaenenue OHJ
(HOLL)
Yposenr MarucTparypa Hanpasxenne/ | 21.04.01 «HedrerazoBoe aemoy,
06[)33033““51 CIIeNHAJIBHOCTD
Pa3pabotka u  aKcIuTyaTanus
HEPTAHBIX u ra3oBBIX
MECTOPOXKIACHUI
Tema BKP:

Bb160p 1 000cHOBaHHE 00BEKTOB 00yCTpPOIicTBA NPHU pa3padoTke HehTerazoBbLIX MeCTOPOKICHU I
3anagnoii Cuéupn

Hcxonnbie 1annblie K pa3neay «CouuaabHasi OTBETCTBEHHOCTDY !

MaTepuaji, Hpudop, airopHTM,

PELICHUS/TIPU SKCIUTyaTalluH

Benenue Obvexm ucciedosanus. ra30BbIe METOJbI YBEIMYCHHS
— XapakTepucTuka o0bekra | HeTEOTAAYM
WCCIIETOBAHUS (BemecTBO, | Obnacmy npumenenus. HArHETATEIIbHbIE CKBAKHHBI

Pabouas 30na: nonesbie YCIOBUA

MeToAMKa) M obmactu  ero | Knumamuueckas 30Ha: yMEpEHHASA

MIPUMEHEHUSI. Koauuwecmeso u naumenosanue obopyoosanus paboyei
— Omucanme  paGoueii  30HBI | 30HbL:  HACOCHOE 000py/IoBaHNE, KOMIIPECCOPHBIS

(pabouero MecTa) npy | CTAHIWH, TPYOOIIPOBOIBI BBICOKOTO ABICHUS

paspaGoTke IPOEKTHOTO Pabouue  npoyeccoi, ceaszamHble ¢ 00BLEKMOM

UCCNeO08anUs, OCYWeCMEITIOWuUecs 6 pabouell 30He:
KOHTDPOJbL AapaMETPOB HATHETATENBHBIX CKBAXKHUH,
00x01  000pYHOBaHMs, IPOBEPKA T'e€PMETHYHOCTH
000pyHOBaHUS

[epeueHb BONPOCOB, MOUICKAIIUX HCCISIOBAHHIO, IPOCKTUPOBAHHIO U Pa3paboTKe:

1. IIpaBoBbIe U OPraHU3aIUOHHBbIE BONMPOCHI
oOecrneyeHnusi 0€30NaCHOCTH NP
pa3padoTKe NPOEKTHOTO pellleHUus/TpU
IKCILIYATALMU

MEpONPHUSITUS TIPH KOMITOHOBKE
paboueli 30HbI.

TpynoBoit koxexkc Poccuiickoit denepanuu  OT
30.12.2001 N 197-@3 (pen. ot 27.12.2018) - TK PO —
I'maBa 47. OcoOeHHOCTH PEryIUpPOBaHHS TPYyJAa JIHI,
paboTaIMNUX BAXTOBHIM METOJIOM.

—  CIeuualibHbIe (xapaktepusie | ['OCT P UCO 6385-2016. Opronomuka. [Ipumenenune
MpH  JKCIUTyaTalud  OOBEKTa | APTrOHOMHYECKUX NPUHIUIIOB TIPU IMPOSKTUPOBAHUU
WCCIIEIOBAHUS, TPOCKTUPYEMOH | MPOU3BOACTBEHHBIX CHCTEM.
paboueit  30HBI)  mpaBoBeie | ['OCT 12.2.049-80 CCBT. O6opynoBanue
HOPMBI TPYAOBOTO | MPOU3BOACTBEHHOE. O6mue 3ProOHOMHYECKHE
3aKOHOJIaTEIIbCTBA; TpeOOBaHMsL.

— OpraHu3alMOHHBIE I'OCT 22902-78. Cucrema «4eIoBeK-MaIlIinHa.

OTcyeTHBIE YCTPOWCTBA HHAWKATOPOB BU3YyaIbHBIX.
OO61ue 3proHOMUYECKHe TPEOOBAHMS.

2. IlpousBoacTBeHHasi 0e30MaCHOCTb NpH
IKCILTYATAINH :
—  AHaiau3 BBEISIBIIEHHBIX BPEOHBIX U
OMACHBIX  IPOM3BOJCTBEHHBIX
(hakTopoB
— Pacyer ypoBHs omacHoro wiu
BPEIHOTO IPOU3BOJCTBEHHOTO
¢akropa

—  Bpeonvie paxmopuot:
- OmKIOHEeHUe noxazamenel
OMKPBLIMOM 8030yXe;
- npesvliieHUe YPOBHSL UYMA,
- npesvluleHue YpogHs eubpayuu;
- HEOOCMAMOYHAL OCECUWEHHOCMb pabouell
30HbL;
- 3a2A308AHHOCMb 8030YXa paboyell 30HbL.

- Onacnolte paxmopol:
- dagnenue (paspyuierue
pabomarowe2o noo dasneHuem);
- 08UdICYWUEC MAWUHBL U MEXAHUZMDYL,
- 9NEeKMpU4ecKull mox.

Kiumama Ha

annapama,
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Tpeoyemvie cpedocmea KonneKmuHou u
UHOUGUOYANIbHOU 3AWUMbL OM 6bIAGIEHHBIX
¢axkmopog: Hanuuue 3alUUTHBIX OTPAXKIACHUNA U
MpenyNpeUTEeNbHbIX 3HAKOB, HCIOJIb30BaHUE
CHELMATIBHBIX KOCTIOMOB, KacoK,
BUOPOU30IMPYIOIINX MEpUYaTOK, O0yBH.

Pacuem ypoena epeonozo axmopa:
pacueT BO3yx00OMeHa B IyHKTE KOHTPOJIS

3. Dkoqornyeckasi 6€30NaCHOCTH NMPHU
IKCILTYATAIIUH

BozneiicTBue Ha cenuTeOHYIO 30HY: 3ara30BaHHOCTh
TEPPUTOPUH IIPH Pa3repMeTH3alUK TPyOonpoBoia
BosgeticTBue Ha nuTochepy: 3arps3HeHUe MOYBBI
XMMUYECKUMH areHTaMy U He(ThIO

Bo3zneiictBue Ha ruapochepy: 3arpAa3HeHHE
MIOJI3EMHBIX BOJI, PACTBOPEHHE YTIEKUCIIOTO ra3a B
BOJIE

BoszelictBue Ha aTMOCc(epy: IpOU3BOACTBEHHbIC
BBIOPOCHI YITIEKMCIIOTO Ta3a, JISTKUX YIIeBOJ0POIOB

4. Be3onacHOCTh B Ype3BbIYaliHbBIX
CUTYaUMsX NPH KCILVIYATALUM

BosMmoskubie UC: paspsIB TpyOGOIIPOBOIOB,
[IOJAOIINX PEArEHTEI B CKBAXKHMHY, Pa3pyIlIeHue
JJIEMEHTOB, HAXOAALIUXCS O] BLICOKUM JIaBIEHHUEM,
HapyLIeHHe SJIEKTPOCHAOKEHNS, B3PLIB U IIOXKap.
Haub6onee tunnunas YC: paspylueHue 31eMeHTOB,
HaxOJAIINXCS 0] BEICOKMM JIaBJICHUEM.

JlaTa BpIIaYHM 3aaHMs JJIs pa3jieia 1mo JHHEeHHOMY rpaduKy | 04.03.2023
3agaHue BbI1aJ KOHCYJIbTAHT:
J0/ZKHOCTH DPUO0 Y4eHnasi cTeneHb, TMoanucey Jlara
3BaHHE
JIOLIEHT Ceunn AHapeit K.T.H 04.03.2023
AJleKCaHIpOBUY
3aaHue NPUHSJ K MCTIOJTHEHUIO CTYAEHT:

I'pynna [037(0] Hoanuch Jara

2bM14 CMmeranunsa JIro00Bb AjleKceeBHA 04.03.2023
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5 COHMAJIBHAA OTBETCTBEHHOCTD

HedTsnpie NpPOMBICIBI OTJIMYAIOTCA BBICOKMM YPOBHEM OMACHOCTH U
BO3MO>KHOCTbIO BO3HUKHOBEHHS DKCTPEMAJIBHBIX CUTYAILNI, YTPOKAIOIINUX 310POBbIO
pabouero nepcoHana. [I[pumeHeHne MeTONIOB yBelWYeHUs HEPTEOTAAauu IIIACTOB, K
KOTOpbIM  OTHOCcsTC TexHonorun CO,-MVYH, conpoBoxkaaercss pa3iudHbIMU
OCIIO)KHEHHSIMU M pUCKaMH, TpeOyIOUIUMU OCOOEHHOTO KOHTPOJs 0e30MacHOCTU
paboT.

Kak u mo0bie aApyrue MeponpusaTus, IpOBOAUMBIE Ha CKBa)KHHAX, 3akauka CO;
ABJISIETCSA CJIOKHOM TEXHOJOTHYECKOM ONepaluerd ¢ pa3jJuyHbIMU BpPEIHBIMUA U
OMACHBIMU (PAKTOpAMU, M HMCTOYHUKOM IIOBBIIIEHHOIO YPOBHS OINACHOCTU HIpH
MaJICWIINX  OTKJIOHEHUSX OT  TEXHOJOTMYECKOTO  pPEeXUMa  AKCIUTyaTaluu
000pyJOBaHUS WM MPABUIT TPOBEACHUSI MEPOIIPUSTHS.

B cB3M ¢ »TMM Ha JaHHBIX MPOU3BOJCTBAX HeoOxoauma pa3paboTka
MEpPONPUATANA MO O3J0POBJICHUIO U YIYUYUICHUIO YCIOBUW TpPyJa, TJIABHOW IENbIO
KOTOPBIX JIOJDKHO OBITh CO3/aHUE OJarompUsATHBIX YCIOBHUH, HEOOXOAMMBIX IJIs
BBICOKOITPOM3BOIUTENILHOTO TPYJla U yCTpaHeHHsl podeccroHalbHBIX 3a00IeBaHIH,
MPOU3BOJACTBEHHOr0 TpaBMaTH3Ma W NPUYUH KM CIHOCOOCTBYIOIIMX, a TaKXKe
MPENOTBPAIICHUS BO3MOXKHOTO BO3HMKHOBEHHUS YpPE3BBIYAMHBIX CHUTyalMd. ITO
BO3MOYKHO TOJIBKO JIUIIb MPU COOJIOJIEHUU CTPOTrOM AUCIUILUIMHBI BCEM MEPCOHATIOM

ITIPpXU BBITIOJTHCHUHU pa60T " CJICAOBAHNHN MHCTPYKIUAM IIO OXPAHC TPYIa.

5.1 IlpaBoBble U OPraHu3allOHHbIE BONPOCHI o0ecnievyeHust 6€30IaCHOCTH

B Poccun pa3paboTka G0JBIIMHCTBA MECTOPOKIAECHUN HEPTHU U ra3a OTHOCUTCS
K paboTaM MO M3BJICUEHHUIO TPYAHOAOOBIBAEMBIX MOJE3HBIX HUCKOMAEMbIX, KOTOPHIE
pacmoioXeHbl B TPYTHOJOCTYITHOW MeCTHOCTH. VIMEHHO M3-3a 3TOTO JaHHBINH BUJ
JeSITEIbHOCTH UMEET PsAJl CBOUX OCOOCHHOCTEH.

[IpaBoBoe perynupoBaHue TpyAa pabouux, B JaHHOW OTpaciu, COONIOAAETCS C
Y4E€TOM HOpPM, KOTOpbIE ObUIM YCTAaHOBJIEHBI B CTaThsix 297-302 TpynoBoro kojaekca

Poccuiickoii @enepanuu [30], rmaBa 47 «OcoOEHHOCTH pEryIMpPOBaHUS TpyAa JIHII,
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paboTalOMUX BaXTOBBIM METOJIOM». YUHUTBHIBAIOTCS TaK K€ W PAlOHBI PabOTHI H
HOpPMBI, ycTaHOBJIeHHble TnaBoii 50 TpymoBoro koaekca «OcoOEHHOCTH
peryjJvpoBaHusi TpyJa Jidil, padoTaroluMxX B pailloHax KpailHEro ceeepa U
MIPUPABHUBAEMBIX K HUM MECTHOCTSIM», cTaThu ¢ 313 mo 327.

B HedterazoBoit oTpaciu CyiecTByeT HeNbli psiji XapaKTEPHBIX OCOOEHHOCTEH,
OTHOCSIIIIUXCS K PETYIUPOBAHUIO TPYAa B 3TOM oTpaciu. Cpeau HUX MOKHO BBIACIIHTD:
BeMMYMHA pabovyero BpEMEHM, BEIMYMHA BPEMEHHU OT/bIXa, 3apaboTHas Iuiata |
OXpaHa TpyJaa.

CornacHo cratbe 299 TK P® mnpoaoKuUTEIbHOCTh BaxThl HE JOJDKHA
MPEBBIIATh OJHOTO Mecsia. B HCKIIOUHUTENbHOM cllydae Ha OTACJIBHBIX OOBEKTax
MPOIOIKUTETLHOCTh BaXThl MOXKET ObITh YBEJIMUEHA Pa00TOIaTeNIeM 10 TPEX MECAIICB
B mopsiake, ycraHoBJieHHOM crtatbe 372 TK P® nna npuHATHS JOKAJIbHBIX
HOPMAaTUBHBIX aKTOB.

Bpewms otnpixa u pabodee Bpems ycTaHaBiIuBaeTcs rpadukoM pabOThI HA BaxXTe,
KOTOPBIM yTBEpKJaeTcsl paboToaaTeieM B MOPSAKE, KOTOPBIM YCTAaHOBIICH CTAaThei
372 TK P®. I'padux nmpegycmaTpuBaeT BpeMsi, KOTOPOE€ HEOOXOAUMO JIJIsi JOCTaBKU
pabOTHUKOB Ha BaxTy U 00paTHO. J[HM 3ae3/1a U BbIe3/1a K MECTY paOOThI M 0OpaTHO B
pabouee BpeMs HE BKIIFOUAETCS.

PaGoTtHukaM MOTryT OBITh YCTAHOBJIEHBI JOTMOJHUTEIbHBIC O CPAaBHEHHUIO C
3aKOHOJIATEILCTBOM TPYJOBBIE M COIMATBHO-OBITOBBIE JBIOTHI W KOMIICHCAIIUU 3a
paboTy B HEOJArompUATHBIX YCIOBUSAX TpyJa 3a CYET COOCTBEHHBIX CPEJICTB
paboromarens. Ilepederr u pa3Mep JOMOTHUTENBHBIX JBIOT (DUKCUPYETCS B
KOJJIEKTUBHOM JIOTOBODE.

Cornacno crateam 129, 219, 164 TK P® B ycnoBusxX Hamuyus BpPEIHOTO
MPOU3BOJICTBEHHOTO  (paKTOpa MPETyCMOTPEHbI KOMIICHCAIIMOHHBIE  BBITLIATHI
MPU3BAHHBIMU KOMIIEHCUPOBATh PA0OTHUKAM HX TMCUXO(U3MOJIOTHUUECKHE 3aTpPaThI
(3aTpaThl 310pOBbSI), KOTOPbIE OHU HECYT Ha pabOTEe C BPEAHBIMU U (KJIU) OMACHBIMU
YCJIOBUSIMU TPYJa.

KoHcTpykiusi, B3auMHOE pacrojioKeHUe JIEMEHTOB pabouero mecrta (opraHbl

YIOPABJICHHUS], CPEJICTBA OTOOpaKEHUsI HHPOPMALIMH U T.J.) JOJIKHBI COOTBETCTBOBATH
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AHTPOMIOMETPUUECKUM, (DU3UOIIOTHUECKUM M TICUXOJIOTMYECKHM TpPEOOBaHUSAM, a
TaKke XapakTtepy paboTel. Pabodee MecTO MAOMKHO OBITH OpPraHU30BaHO B
COOTBETCTBUM C TpPeOOBAHUSIMU CTaHJAPTOB, TEXHUYECKUX YCIOBUU U (WJIN)
METOJMYECKUX yKa3aHUM 1o 0€30MacCHOCTH Tpyaa.

[Ipu opranuzanuu paboynx MECT OMepaTopoB 00s3aTeIbHO MX OOecreyeHue
WHCTPYMEHTAMH M PACXOJHBIMH MaTepuajaMu, HEOOXOIWMBIMHU JJIS BBITIOJIHCHHUS
KOHKPETHBIX PaboT ¢ coOmtoieHreM TpeOOBaHU AEHCTBYIONINX CAHUTAPHBIX HOpM. K
TaKOW OCHACTKE OTHOCSTCS CJIECAPHBIM HMHCTPYMEHT, TIEPEHOCHBIE TPHOOPHI,
OOTHUPOYHBIN MaTepHall, TEXHUYECKas TOKyMEHTAIUs U JIPYroe B 3aBUCUMOCTH OT

IIOCTAaBJICHHBIX 3a1a4.

5.2 IlpousBoacTBEeHHAsI 0€30IIACHOCTD.

[Iporieccrl, CBA3aHHBIE C MOJATOTOBKOW, TPAHCHOPTUPOBKON M 3aKauMBaHUEM
JUOKCHIAa YTAEpoAa B IUIACT C LEbI0 yBEIMUYEHUS HE(PTEOTHaul BKIIOYAIOT B CeOs
OIpE/ICTICHHbIE ONacHble U BpPEIHBIE (PAKTOPhI, KOTOPbIE KIACCU(UIUPYIOTCA
cornacHo ['OCT 12.0.003-2015 «Cucrema crannaptoB 6e3omnacHocTu Tpyaa (CCBT).
OmacHbIe U BpeIHbBIE MPOU3BOACTBEHHBIC (hakTophL.» (Tabnuma 14).

Ta6nuna 14 — Bo3mMo)kHBIE OITaCHBIC U BpEIHbIC (DAKTOPHI

daKkTOphI Orarnbl paboT
(I'OCT 12.0.003- [Toxroroska | Dkcmutyaraius | HOpMaTuBHBIC TOKYMEHTBI
2015) Pazpabotka CO,
1. CanlluH 2.2.4-548-96
O I'uruennueckue
TpeOoBaHUs K
MUKPOKJIHMATY
1.OTKII0OHEHHE MIPOU3BOICTBEHHBIX
MoKa3aTeyen + 4 4 nomerienuit.[31];
KJIMMata paboueit 2.TOCT 12.1.005-88
30HBI; CBBT OOume canuTapHo-
TUTUEHUYECKHE

TpeOOBaHMS K BO3AYXY
paboueii 30HbI(C
Wsmenennem N1). [32];

3.TOCT 12.1.003-2014

2. I1oBBIIEHHBIN

YPOBEHb IIyMa U - + + CCBT llywm.
BUOpanuu O61ue TpeboBaHUsS
0e30macHOCTH
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DaxTopsl
(I'OCT 12.0.003-
2015)

Otansl paboT

Pa3pabotka

ITonroroska
CO2

OKCIUTyaTaluust

HOpMaTI/IBHBIe JOKYMCHTBI

[33];

4.TOCT 12.1.012-2004
CCBT Bubpanuonnas
0€30IaCHOCTD.

Oomme tpedboBanus [34];

3.I1oBbIIIeHHAS

3aIbIJICHHOCTD U
3ara30BaHHOCTh
paboueit cpepl;

5.TOCT 12.1.007 - 76
CCBT Bpennblie BemiecTna.
Knaccudukanus

1 obmue TpeboBaHMs
0€30I1aCHOCTH

[35];

6.TH 2.2.5.3532-18
[IpenensHO TOTTyCTUMBIE
koHuentpanuu (IT1K)
BpPEIHBIX BEIIECTB B
BO3/yXe paboueit
30Hb1[36];

4. HegoctatouHas
OCBEIIEHHOCTH
paboueii 30HBI

7. CII152.13330.2016
EcrectBenHoe u
HCKYCCTBEHHOE
ocsetenue [37]

4. Anmapatel oj
JTIaBJIEHUEM;

7. Pocrexnanzopa I1. O6
YTBEPKICHUH
denepaabHBIX HOPM H
npaBui B 00J1acTH
MPOMBIIUIEHHOMN
6e3onacuoctu "lIpaBuna
MPOMBIIICHHOMN
0€30IMaCHOCTH OMACHBIX
MTPOU3BOICTBEHHBIX
00BEKTOB, Ha KOTOPBIX
HCIIONTB3YETCS
obopynoBaHue,
paboTaroriee moy
HM30BITOYHEBIM JaBiIcHHEM"
oT. — 25 mapta 2014 rona
—Ne. 116. (c
W3MEHEHHSIMHU Ha 12
nekadps 2017 roza) [38]
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daxTopsl Otansl paboT

(FOCT 12.0.003- [oaroroBka | Dkcrutyatarus | HopMaTnBHBIC 10KYMEHTEI
2015) Pa3pabotka CO,

8. TOCT 12.1.004-91
CCBT Cucrema
CTaHJIaPTOB OE30MMACHOCTH
Tpyaa. lloxapnas
0€3011aCHOCTb.

Oo6mrue TpeboBanus. [39]

5. IToxapoB3pbIBOO
€30I1aCHOCTh Ha + + +
paboueM MecTe

5.3 AHa/IM3 ONACHBIX M BPeIHbIX NPOM3BOACTBEHHBIX (JaKTOPOB

5.3.1 Omknonenue nokazameel Kiumama paboye 301bl

Ha 3m0poBbe uenoBEeKa CYIIECTBEHHOE BJIMAHUE OKa3bIBAET MHUKPOKIUMAT
OKpYXallied €ero MpOU3BOJICTBEHHON Cpe/bl, KOTOpPbIA CKIQABbIBACTCS U3
TEMIIEPATypPbl OKPYKAIOIIETO BO31yXa, BIAXHOCTH, HW3IYyYEHUS OT HArpeThiX
npeameToB. [lapameTpbl MuUKpokHMaTa B pabouei 30He TpeOyeTcs MO IePKUBATH 1O
CanlluH 2.2.4.548-96 B cooTBeTCTBHH C KaTeropuei pador [31].

B 3aBucumocTH OT METOJa NMPUMEHSIEMOrO NPU 3aKa4YKe YTIJIEKUCIOro rasa
paboThl MOTYT MPOBOJUTHCS B IPOM3BOJICTBEHHBIX IMOMEIICHUSAX, B KOTOPBIX
pa3MeIIeHbl HACOCHBIE U KOMIIPECCOPHBIE YCTAHOBKU WJIA HA OTKPBITOM BO3yXE C
IIPUMEHECHUEM IIEPEABUKHBIX HACOCHBIX YCTAaHOBOK.

Huskas Temmeparypa, Takxke, KaKk M BBICOKAs BBI3BIBACT HEOJArompHATHOE
BO3J/eiicTBUE HA opranu3M. Hambosee onacHoe JJ1s1 4eIOBEKa, SIBJICHUE TUIIOTEPMUS,
BBI3BIBACTCA MPOJIODKUTEIBHON paboTON B yCIOBUSX HU3KON TemmepaTyphl. UTOOBI
n30€KaTh MepeoxIaxACHUs PaOOTHUKAM PEKOMEHIYETCS HaXOJWUTCS Ha XOJIoJe He
oosnee 10 munyT npu TemmnepaType Bo3ayxa j10 -10°C.

B xoMIuiekT cpecTB MHAMBUYyaTbHOM 3amKThl OT X0oja (komiuiekt CU3 X)
BKJIFOUEHBI BCE MPEAMETHI, HAJIEThIC HA YEJIOBEKA: KOMHATHAs OJCXKIa, CIEI0IekK A,
rOJIOBHOHW yOOp, pykaBuipl, 0O0yBb. (OCHOBHOW MaTepHall JOJDKEH 00Ja1aTh
3allIUTHBIMU CBOWMCTBAMH, COOTBETCTBYIOIIIMMHU YCIOBUSIM TPYJOBOW JEITEIBHOCTH,
OBbITh CTOMKMM K MEXaHMYECKUM BO3ACHCTBUSIM, aTMOC(PEpPHBIM OCaJKam,
BO3JECHUCTBUIO CBETA, PA3JIMYHOTO pOJa 3arps3HUTENSIM, JErKO OYHWINATBCA OT

MOCJIEJHUX.
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5.3.2 Ilpesvluwenue yposHs wyma u 6u6pauuu

BuOpoakyctuueckue  yciaoBuUsSi Ha  pabOyuMX  MECTax  ONPEHeNsItoTCS
BUOpPAallMOHHBIMU ¥ IIIYMOBBIMH XapaKTEPUCTUKAMH MaIlMH M 00O0pYI0BaHMUS,
peKMMaMHM W YCIOBUSIMHM MX paloOThl, pa3MelleHus (Ha TEpPUTOPUM WU B
MOMEIIIEHUH) U PAIOM ApYyrux ¢dakTtopoB. K unciay Hanbonee THMMYHBIX HCTOYHUKOB
nrymMa M BUOpauui clieAyeT OTHECTH JJIEKTPOJIBUraTeNld, JBUTATEIU BHYTPEHHETO
CropaHusi U TypOOpEaKTHUBHBIE TBUTATENU, HACOCHI, KOMIIPECCOPBHl U BEHTUJISITOPHI,
pa3HooOpa3Hble MAIIMHbI U MEXAHU3MBbI (PEAYKTOpPHI, J€OEIKH, CTAaHKH U IMPOYHne),
CUCTEMBI TPAHCIIOPTA.

B npouiecce 3akauku paboydero areHTa B IJIaCT OCHOBHBIMHU UCTOYHHKAMU IIIyMa
ABJIAIOTCS. HACOCHBIE M KOMIIPECCOPHBIE YCTAHOBKH, JBUTATElId BHYTPEHHETO
cropanusi CHull 23-03-2003 mMoryT ObITh: HAYIIHUKH, IPOTHUBOIIYMHBIE BKJIA/IBIIIH,
HUIeMbl M Kacku. Tak ke 3aliuTa MOKET OBbITh OCYIIECTBJIEHA IyTEM YCTaHOBKU
HACOCHBIX U KOMITPECCOPHBIX arperaTtoB B MHAUBUIAYAJIbHBIX YKPBITHIX U OCHAIIICHHUE
UX CpeICTBaMU AaBTOMATUKH, AMCTAHLIMOHHBIM YIIpaBJICHHUEM, HE TpPeOyIOIINM
MOCTOSIHHOT'O MIPUCYTCTBUS 00CTYKUBAKOLIETO IEPCOHATIA.

3amuTa OT BUOpanuu oobecrieunBacTCs:

o 0amaHCHUPOBKOM BpAILIAIONIUXCA YacTeil 000pyAOBaHUS U MEXaHU3MOB;

o YCTPONCTBOM BUOpOracsauux onop u (pyHJIaMeHTOB.

K metomam u cpeactBam kosmekTuBHOM 3ammuThl cornacHo 'OCT 12.1.029-80
MOTYT OBITh IPUMEHEHBI B JaHHOM CiIy4ae 3BYKOU3OJUPYIOUINE KOXYXH, KaOWHBI,

BBII'OPOJKH, a TAKIKC pallMOHAJIbHOC Pa3MCIICHHC pa60‘H/IX OpraHoOB U pa60‘H/IX MCECT.

5.3.3 Ilosbluiennas 3anvlieHHOCb U 3A2A308AHHOCHLb Da60'{€l:Z cpedbz

[Ipu noObrve HedTH U ra3a UMEET MECTO MOBBIIICHHAS 3ara30BaHHOCTD BO3TyXa
paboueii 30Hb1. CoepkaHue BpEHBIX BEIIECTB B BO3IyXe paboueii 30HBI HE JOJKHO
NpeBblIaTh npenenbHo aomyctuMmbix kKoHueHTpauuit (ITK). ITAK HekoTopsix
TPAHCTIOPTUPYEMBIX Ta30B, BPEAHBIX IMPUMECEH W MNPUMEHSIEMBIX BEIIECTB MPHU

NPUMEHEHUH METO/IOB YBIIeUeHUs He(pTeoTIauu ¢ MOMOIIBIO YIIIeKUcIIoro ra3a [36]:
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o Cpennecmennas IIJIK cerpoit medptu 10 mr/m® (3 kmacc — ymepeHHO
OMacHbIE BpEAHBIE BEUIECTBRA);

o [TIJIK ceposomopona B nmpucyrctsun yriepoaos (C1-Cs) — 3 mr/m® (2-oit
KJIaCC OTMACHOCTH);

o Yraesogopoasl Ci - Cig — 300 mr/m3;

o ITJIK yriekucnoro raza 9000 mr/m® (4-0ii kacc onacHOCTH).

OCHOBHBIM areHTOM TMpPU TMPOBEACHUU PAOOT SBISICTCS YIJICKUCIBIM Tas.
CXIKEHHBIM  yraeKuCblid ra3  (KUIKUM JAUOKCHJl YIJiepoJa) HETOKCHYEH U
HeB3pbIBooMnaceH. l[IpenenbHO AomMycTUMasi KOHIICHTpAlMs YIJIEKMCIOrO0 Ta3a B
BO3JYIITHOM TMPOCTPAHCTBE pabodeil 30HBI He pernameHtupyercsa. [lo cremeHu
BO3JICMCTBUS HA OpPraHU3M YEJIOBEKa YTIJIEKUCHIBIM ra3 oTHocUTCS K 4 Kiaccy
OIACHOCTH.

[Ipu pabGoTe B MecTax, /i€ KOHLEHTPALUS BPEIHBIX BEIIECTB B BO3IyXE MOXKET
npeBbimath [IJIK, pabGoTHUKOB JOMKHBI 00€CleYnBaTh COOTBETCTBYIOIIUMHU
NpoTHUBOra3aMu. AHaIW3 BO3IYIIHOW cpeAbl paboyell 30HBI MPOU3ZBOAMUTCS C
MOMOIIBIO Ta30aHanu3aropa. Jlo Hagana paboT HeOOXOANUMO MPOBEPUTH UCTIPABHOCTH
MPOTHBOra3a u nuiaHro. PaboTaroiue B yCcaoBUsSX Mblie0Opa3oBaHusl JOHKHBI ObITH

B IIPOTUBOIIBIJIBHBIX pECIIMpaTOpPaAX.

5.3.4 Annapamul noo oasieHuem

O6GopynoBanue, paboTaroriee Mo BBICOKMM  JIaBJICHHEM, 00J1aaeT
MOBBINICHHON OMACHOCTHIO (Y4acTKU TPYOOIPOBOJ, 3aMEPHBIE YCTAHOBKH, arperaThl
JUTs HarHeTaHus1). K B3pbIBY MOTYT IPUBECTH HAPYIICHHSI HOPMAJTbHOU YKCILTyaTaI[|H
COCY/IOB ¥ YCTAaHOBOK, paOOTAIOIINX O] 1aBJICHUEM.

[IpaBuna yctpoiicTBa 1 6€30MacHON IKCILTyaTaIl[iyd 000py0BaHUS,
paboTaromiero moj JaBJIeHUEM, PACTIPOCTPAHSIOTCS:

o paboTarorue Mo JaBieHreM napa uin rasa ceeime 0,07 Mlla;

o Ha OaJUTOHBI, MpeAHA3HAYEHHBIC I TPAHCIIOPTHPOBAHUS M XPaHEHUS

CKaThIX, CKMYKEHHBIX U PACTBOPEHHBIX ra3oB noJ aasieHueM cbiie 0,07 Mlla;
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o Ha IUCTEPHBI U OOYKH JIJIs1 TPAHCTIOPTUPOBAHUS U XPAHCHUS CKUKEHHBIX
ra3oB, JaBJI€HUE MapoB KOTOPhIX Ipu Temneparype a0 S0°C mpeBbIIaeT J1aBlIeHUE
0,07 MI1a;

o Ha IMCTEPHBI U COCY/IbI U1 TPAHCTIOPTUPOBAHUSI MJIM XPAHEHUSI CIKATHIX,
CKMKEHHBIX a30B, KUJKOCTEH U CBhIMMYUYHUX TeJl, B KOTOPbIX NaBienue Boiiie 0,07 Mlla
CO3/aeTCs MEPUOANYECKHU.

[Tpu npumenennn MYH ¢ nomomipto CO, MOXKET MPUMEHSATHCSI 000pyI0BaHUE
MOJ, [JIaBJICHUEM C UEIbI0 TPAHCHOPTUPOBKH, MPOMEKYTOUYHOTO XPAaHEHUS U
HarHeTaHWs Kak caMoro pabodero areHra, Tak W JOTMOJHUTENIbHBIX XUMHYECKUX
peareHToB. OCHOBHBIM TPEOOBAHMEM K KOHCTPYKIIMU OOOpPYAOBaHHS PabOTaIOIIETO
MOJI BBICOKMM JIaBJICHUEM SIBJISIETCS HAJIEKHOCTH OOecrneueHuss 0e30MacHOCTH MpH

9KCIITyaTallh 1 BO3MOKHOCTHU OCMOTpPa U pCMOHTA.

5.3.5 Ioorcaposspwvieobezonactnocms Ha paboyem mecme

Opnnum u3 Hanbosee BEpOSTHBIX M PaCIPOCTPAHEHHBIX OMACHBIX (PAKTOPOB Ha
IIPOU3BOJCTBE, IJI€ MMEIOTCS TOPIOYME, B3PBIBOOIACHBIE BEIIECTBA U HWCTOYHUKU
3a)KUTaHUs, IBJSIOTCS MOXkKapbl ¥ B3pbIBbl. KOHIIEHTpalus HeTSAHOTO Ta3a WK NapoB
He(pTH B BO3JyXe, HIXKE KOTOPOW HE MPOUCXOAMT B3PBIB, HA3bIBACTCS HIKHUM
npenenoM B3pbiBaeMOCTH. KoHIIEHTpalusi, BbIlIE KOTOPOH CMeCh IMepecTaeT ObITh
B3PBIBOOMACHOW, HA3bIBAETCS BEPXHUM IMIPEAEIOM B3pbIBaeMOCTH. Yem Ooblie
IIPOMEKYTOK MEXAY HIDKHMM M BEPXHHUM IpEJEIaMU B3PbIBAEMOCTH, TEM OIIACHEE
JIAHHOE BEILIECTBO B OTHOIICHUH B3pbIBa U moxkapa [39].

Ta6nuna 15 — [peaensl B3ppIBAEMOCTH OINPEIEICHHBIX BEIECTB

Bemectsa Hroxuui Hpel[e(.l)'[ Bepxuuii npenen

B3pBIBAEMOCTH, %o B3pBIBAEMOCTH, %0
Meran 5,0 15,0

benszuHsb! (pa3nuuHoil MapKy) Ot 0,76 no 1,48 Ot 4,96 no 8,12

Anerunen 2,0 81,0
CepoBoaopon 4.3 46,0
Bomopon 4.0 75,0
Oxkuce Yriepoja 12,5 74,0

B obOecnieuennn  moxapHOW ~ 0€30MaCHOCTH  OOBEKTOB  HE(PTAHOH
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IPOMBIIIIEHHOCTH U B IEPBYIO 0Uepelb 00CITYKUBAIOLIETO MePCOHAa 3HAUUTEIbHOE
MECTO 3aHMMAaeT AaBTOMATHU3alMs  B3PBIBOIIOXKAPOOIACHBIX  TEXHOJOTMYECKUX
IIPOLIECCOB, BHEAPEHUE KOMIUIEKCA MEPONPUATHN 10 NPOTUBONOKAPHOW U
IIPOTUBOB3PBIBHON 3aILIUTE.

Haubonee xapakTepHbIMM NpPUYMHAMHU MOXKAPOB HA KYCTOBOHM IUIONIAJKE
ABJISIIOTCSL:

o HapyleHuss TpeOOBaHUW MMOXKapOOE30MacCHOCTH TMpPHU  IKCIUTyaTaluU
TEXHOJIOTUYECKOr0 O0OpYyJOBaHUSI M CHUCTEM (3ara30BaHHOCTb, MHUPOPOPHBIE
OTJIOKECHUS, KOHJIEHCAT);

o HEHUCIPABHOCTH 51 HapylIeHue IIPaBUII JKCIUTyaTaluu

AIIEKTPOOOOPYIOBAHUS, IINEKTPOCETEH;

L paspAadbl CTATHYCCKOT'O SJICKTPUYICCTBA U I'PO30BLIC pa3psAbl;

L HGCO6JIIOI[€HHG ITIpaBHJI HO)KapHOﬁ 0e301acHOCTH 06CJ'Iy}KI/IBaIOIHI/IM
IICPCOHAIIOM;

L CaMOBO3TOPaHHUC I'OPHOIUX BCHICCTB.

5.3.6 Pacuem 603@VX006M€H61 6 06W€CI’I’16€HHle nomeweHuAx

B o0uiecTBeHHBIX MOMEIIEHUSX TOCTOSSHHBIM BPEAHBIM BBIACICHUEM SBIISIETCS
BBIJIBIXaeMbld  JTroAbMU  yoiekuchbii a3 (COy). OmnpeneneHne MOTPEOHOTO
BO3/lyX000MEHA IPOM3BOAUTCS IO KOJIWMYECTBY YIIEKHUCIOTO Ta3a, BBIICISIEMOTO
YEJIOBEKOM M MO JIOMyCTUMOM KOHIIEHTPAIIMH €TO.

KonnuecTBo yrmiekucioro raza B 3aBUCUMOCTH OT BO3pacTa uellioBeKa U
BBITIOJTHSIEMON paboThl TpuBeneHBI B Tadimume 16. B wucciemyeMom moMemeHUn
HaxXOAUTCs 15 B3pOCHBIX JTI0CH, BRITTOTHSIONIMX JIETKYIO B (QPU3HYECKOM IJIaHe padoTy.

Tabnuna 16 — KonudecTBO yITIEKUCIIOTHI, BBIJAEISIEMON YEJIOBEKOM IPHU Pa3HOU
pabore

Bo3spact yenoBeka u xapaktep padOThbI Romrvectso €O,
/4 r/a
B3spocasie: npu ¢pusndeckoit pabore 45 68
TIPH JIETKOW paboTe (B yUPEKICHUIX ) 23 35
B COCTOSTHUU TIOKOSI 23 35
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Komuuectso CO;
/9 r/qa
Hetn no 12 ner 12 18

Bo3spacT uenoeka u xapaktep paboTbI

KommuectBo COZ, BBIICIIIEMOC BCEMU pa6OTHI/IKaMI/II
G = Nmo,ael?l.gCOZ (5)

rme G, I/94 — KOJWYECTBO BPEIHBIX BEIIECTB, BBIJACIAIOMMXCI B BO3TYX
MMOMECIICHUS;

Nmoz[eﬁ — KOJIMYCCTBO OJHOBPCMCHHO HAXOJAINMXCSA B ITOMCIICHHNHN JIIOIIGfI;

gco2, /94 — kommuecTBO CO2, BBIZICTAEMOE OJHUM YETIOBEKOM.
r
G =15-35=525—-
g

[ToTpeOHBIi BO31yX000MEH:

_1000-G

Xg—Xy

L

(6)

rie L, M® /94 — noTpe6HbIii BO31yX000MEH;

Xp, MI/M> — IPENENbHO JOMYCTHMAs KOHIEHTPALUS BPEIHOCTH B BO3IYXE
paboueii 30HbI noMmeenus, coracio 'OCT 12.1.005-88;

Xu, MI/M? — MakCHMMAaJIbHO BO3MOKHAs KOHILIEHTPALMs TOM K€ BPEAHOCTH B

BO3/1yxe HaceneHHbIX mecT o CanlluH 1.2.3685-21.

_1000-525
~ 9000 — 1000

KparaocTh Bo3myxooOMeHa:

= 65,625 M3 /4

=— 7
n=< )
e V — BHYTPEHHUI 00beM IIOMELIEHH S, M.

65.625

— — -1
=8 2525 0.131254

n

I[aHHOe 3HA4YCHUC KpPATHOCTHU BO3J_IYXOO6M€Ha ABIICTCA  AOITYCTHUMBIM

cornacuo CII 2.2.3670-20 [40].

5.4 JDkosornyeckas 0€30MaACHOCTh

P83p3,6OTKa MCCTOPOXKACHWA, BbBI3LIBACT AKTHBHOC BJIHMAHHC YCIOBCKAa Ha
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OKPYXAIOIIyI0 Cpefy. OTO BIMSHUE MOXKET CTaTh OYEHb OIMACHBIM, €CIH HE
MPEANPUHAMATh HUKAKUX MEp 10 YMEHBIIEHUIO BO3JACHCTBUSA Ha OKPYKAIOIIMI HAC
mup, Oyae 1o diopa, ¢payHa, mousa, atMmochepa win Henpa Hamiei 3emiau. Yenoseky
CTOUT 3aJyMaThCsl, OCO3HATh CEPHE3HOCTHh BCTAIOIIUX IEpe] HUM 3KOJOTHYCCKHX

npooieMm.

5.4.1 Meponpusmus no oxpane ammocgepol

[Ipu OypeHHH CKBa)XXUH 3arps3HeHUE aTMOC(EpPbl MPOUCXOIUT Ha CIAEAYIOIIHNX
3Tamax paboT: BHIIIKOMOHTa)XHBIE pa0OThI, MOATOTOBUTENbHBIE padOThI K OypEeHHIO,
OypeHuEe U KpeIuieHHe CKBaKWH, OCBOCHHE CKBAaYXKUH.

IIpu »skcrutyarauuu OOBEKTOB 3arps3HeHUE arMoc(epbl MNPOUCXOIUT B
pe3yJibTaTe BbIACIEHUS: IPOyKTOB CrOpaHUsl OMMYTHO AJO0OBIBAEMOT0 ra3a Ha (akere,
YTJIEBOJOPOJOB OT TEXHOJOTMYECKOrOo 000pynoBaHUs (CKBaXXUHBI, CEMapaTophl,
€MKOCTH, HAacOChl), MPOAYKTOB CrOpaHus TOIUIMBA (MEPEABUAKHON TpPaHCHOPT),
IIPOM3BOJICTBEHHBIX BHIOPOCOB MAPHUKOBBIX T'a30B.

CornacHo «CaHUTapHBIM  HOpMaMm IPOEKTUPOBAHUS TPOMBIIIIIEHHBIX
npennpustuity (CanlluH 2.2.1/2.1.1.1200-03) pa3smep caHUTapHO-3aLIUTHON 30HBI

JUISL TPOCKTUPYEMBIX 00BEKTOB mpeanpusTusi coctapisgeT 1000 m.

5.4.2 Meponpusamus no oxpaue 2uopocgepul

Meponpusituss 1O OXpaHE NOA3EMHBIX BOJA OT 3arps3HEHUS JOJIKHBI
COOTBETCTBOBATh TPEOOBAHUSAM CAaHUTAPHBIX MpaBuil «[ urneHnyeckre TpeOOBaHUS K
oxpaHe mnoja3emMHbix Boja oT 3arpsisHenus. CII 2.1.5.1059-01», ytBepxka¢HHBIM
['11aBHBIM rocy1apCcTBEHHBIM caHUTapHbIM BpadoM P® 16 utonsa 2001 r., BBeAEHHBIM
B nerictBue ¢ 1 okTsi6ps 2001 r.

Bo3zneiicTBue HeTEPOMBICIOBBIX OOBEKTOB HA MMOBEPXHOCTHBIE U MO3EMHbIE
BOJIbI, IPEXKJIE BCETO, CBSI3aHO C CO3JJaHUEM YCIIOBHI, U3MEHSIONINX XapaKTEPUCTUKHU
(GUIBTPAIIMOHHOTO BHYTPUOOJIOTHOTO M TOBEPXHOCTHOTO CTOKa (TPOKIIAIKa
aBTOJIOPOT, TPYOONPOBOJIOB, OTCHIMKA ILIOMIA0K).

B memax CHWKEHMsT HETaTMBHOTO BO3JCWCTBHS HAa BOJHYIO Cpefy Ipu
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pa3paboTKe MECTOPOXKACHHS TPEAyCMAaTPUBAIOTCS — CIEIYIONUE MEPOIPUSITHS:
U3BATHE TIOJI3EMHBIX BOJI B KOJUYECTBAX, 00ECIICUYNBAIOIINX COXPAHHOCTh OCHOBHBIX
CBOMCTB HCIIOJIb3YEMBIX BOJIOHOCHBIX TOPHU30HTOB; OOBAJIOBKAa KYCTOBBIX H
He(TECOOPHBIX IUIOMIAJI0K; OpPTaHM3AIMs 30H CAHUTAPHOW OXpaHbl apTE3MAHCKUX
CKBOXHH, TOBTOpHOE (00OPOTHOE) WCIOJB30BAHME BOJBI IPH CTPOUTEILCTBE H
OCBOCHHMH JKCIUTYaTallMOHHBIX CKBAXHUH; COOp U 00€3BpE)KUBAHUE KUIKUX OTXOJIOB
OypeHusi; obecrieueHHEe  MEpPONPUITHH, KOHTPOJMPYIOUUX  TePMETUYHOCTD
o0opynoBaHUsI.

5.4.3 Meponpusamus no oxpane aumocgepul

C uenpl0 COXpaHEHHs TOYBEHHO-PACTUTENIBHOIO IMOKPOBA PEKOMEHAYIOTCS
CJIeIyIOLIre MEpOTIPUSATHUS: WCIIOJB30BaHUE TpU  OypeHUu
HKOJIOTHYECKH MAJIOOTIACHOM PelenTyphbl OYpOBBIX pACTBOPOB, YKPYITHEHUE KYCTOBBIX
IJIOIIA/IOK, YTO IPUBOJUT K CYILIECTBEHHOMY COKPALIEHUIO OTBOJAA 3€MJIU, YCTAHOBKA
OoparopoB Asisi OETOHHBIX IUIOMIAJAOK JUISl YCThE€B CKBaXKHH, CIIOCOOCTBYIOIIEE
MPEeAOTBPAIICHUIO MPOJIUBOB MPOAYKIUH CKBAXKUH MPHU HEIITATHBIX CUTYaLUSIX, TS
IUIOLIAJ0OYHBIX OOBEKTOB NpPHHATA CIUIOIIHAS CHUCTEMa OpraHu3aluu penbeda,
pelIieHHas B HACHINU U3 MPUBO3HOIO IPYHTA.

C nenbio CHWXKEHHUA yiepda >KMBOTHOMY MHPY pEaM30BaHbl CIIEIYIOLIUE
MEPOTIPUSTHUSA:

o KOHIICHTpAIMSl OAKCIUTYaTallMOHHBIX CKBAXXWH W BCIOMOTaTEIbHOIO

060py,HOBaHI/I$I Ha OI'paHUYCHHBIX ILIOIIAJAAX — Ha INIOMIAAKaX CKBAKHWH,

o 3anpeleHue HEJIULIEH3UPOBAHHOMN OXOTBI Ha TEPPUTOPUHU
MECTOPOXKICHUS;
o PEKyJIbTUBALIUAS HAPYIIEHHBIX 3€MEIb.

5.5 be3onacHoOCTh B Ype3BbIYaHBIX CUTYALHUAX

Upe3BbluaiiHas CHTyalMs — 5TO 0OCTAaHOBKA Ha ONPEJICIICHHON TEPPUTOPHH,
CJIOUBIIASICA B pe3yjbTaTe aBapWHU, OMACHOTO MPUPOJHOTO SIBICHUS, KaTacTpodsl,
CTUXMMHOTO MM MHOTO OEICTBHS, KOTOPask MOXET MOBJIEYb WJIM MOBJIEKIA 3a COOOU

YeJIOBEYECKUE CMEPTH, a TakKe yuiepO 3J0pOBBIO JIIOJIEH WU OKPY>KaloIIel cpee,
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3HAYUTEIbHBIE MAaTE€pUAIbHBIE MMOTEPH U HAPYIIEHUE YCIOBUN KU3HEIEATEIbHOCTH
monel. Bo3aMokHbIE Ype3BhIUAHBIE CUTYyallMU NPHA OATOTOBKE, TPAHCIIOPTUPOBKE U
HarHeTaHWM YIJIEKHCIIOrO ra3a U COMYTCTBYIOLIMX areHTOB B ILJIACT:

e  MexaHuyeckue MOBPEXKACHHS  OOOpPYAOBAHMS, COOPYXEHUH U
KOHCTPYKIIMN BBI3BaHHBIE KOPPO3UEH, HEKAYECTBEHHBIM MOHTAKOM OO0OpYIOBaHMUS
WIM BHENIHUM  BO3JciCTBUEM. (CBOEBPEMEHHOE IMPOBEACHUE TEKYIIEro H
KaIlMTaJIbHOTO PEMOHTA 000pY10BaHUs MO3BOJsET U30exkaTh nanHoi UC.

e  B3peiBEl M MOXapbl, BBI3BAHHBIE YTEYKOW B3PBIBOOIACHBIX BEIIECTB
BCJICZICTBUE BBICOKOTO YPOBHSI M3HOCA, YEJIOBEUECKOTO0 WJIM HPUPOAHOro (akropa.
CBOEBpEMEHHOE TMPOBEJICHUE TEKYIIETO0 M KalUTAIbHOTO PEMOHTAa, a TaKkKe
MOCTOSIHHBIA KOHTPOJIb 32 COCTOSIHUEM TMPOU3BOJICTBEHHOTO (POH/A TO3BOJIUT HE
JOMYCTUTh CTOJb CEPbE3HOW UPE3BBIYAMHOW CHUTYallMH CIOCOOHON IOBJIEYb
YEJI0BEYECKUE KEPTBBI.

B cBa3u Cc BBICOKOW KOPPO3MOHHOM AaKTUBHOCTBIO YIJIEKHCIIOIO TIasa
CYILLIECTBYET OO0JIbINAsl BEPOSTHOCTh pa3pylIeHUs TPyOOIpPOBOJAOB U HATHETATEIbHBIX
JUHUK. OTO0 TpeOyeT NpPUMEHEHUS KOPPO3HMOHHOCTOMKUX MAaTEpHAIOB U CTPOrO
KOHTPOJISl KaK MPU CTPOUTENHCTBE TPYyOOIIPOBOIOB U HATHETATEIbHBIX JIUHUH, TaK U B
NEPUOJT UX IKCIUTyaTalUH.

[IpoexTupoBaHue, CTPOUTEIBCTBO W OKCIULyaTalus  MPOMBICIOBBIX
TpyOONPOBOJOB JIOJKHBI OCYILIECTBISATBCA B COOTBETCTBUU C TpeOOBaHUAMHU
benepanbHOM CITy>KOBI IO 3KOJIOTHYECKOMY, TEXHOJIOTMYECKOMY M aTOMHOMY Ha/I30pY
npuka3zoM oT 15 nexadbpst 2020 roga N 534 OO0 yrBepxkaeHuu deaepaibHbIX HOPM U
npaBui B 00JacTH NpPOMBIIUIEHHON Oe3omacHoctu «lIpaBuna Oe3omacHOCTH B
He(TIHOW ¥ Ta30BOM MPOMBIIUIEHHOCTHY», PYKOBOJCTBY MO 0O€30MaCHOCTH
«PEKOMEHJIallMd TIO0 YCTPOWMCTBY U O€30MACHOM HKCIUTyaTallMM TEXHOJIOTMYECKUX
TpyOOIIPOBOJIOB»  yTBepkAeHHOe  mpukazom  DenepanbHOi  CiIy X Obl 1O
HKOJIOTHYECKOMY, TEXHOJIOTHUYECKOMY U aTOMHOMY Ha/i30py ot 27 nekabps 2012 r. N
784 «IlpaBuna yctpoiictBa u 0€30MacHOM HKCIUTyaTallMM TEXHOJOTHYECKUX
TpyOOIpOBOAOBY, 0 HeApax (B penakuuu PeaepanbHOro 3akoHa ot 3 mapta 1995 roga

N 27-03) (¢ usmenenusimu Ha 8 aexadps 2020 rona).
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Ha cnyuait UC co3patoTcst 1 yTBEPKIAIOTCS IJIAHBI O JIMKBUIALNKU aBapUu.
OHM [OJKHBI BKJIFOYATh: MOCTAHOBKY IEPBOOYEPEAHBIX 3a]ad, MEPEUUCIECHUE
HEOOXOJIMMBIX IKCTPEHHBIX JCHCTBUM, OMpeercHue MOpsgKa OTYETHOCTH, CBS3H,
MOATOTOBKY M OOyuYeHHEe TMepCOoHalla, BBIJICIEHHOIO Ha JMKBHUIALUIO aBapHii,

JOKYMCHTHUPOBAHUE BCCX NPECANTPUHNUMACMBIX )IeﬁCTBHﬁ.
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3AK/IIOYEHUE

B BbIIIyCKHOM KBaJM(PUKAIMOHHOM pabOTe€ pPACCMOTPEHbI COBPEMEHHBIE
HOJIXOAbl K  OOYCTpPOMCTBY He(TEra3oBbIX MECTOPOXKACHUNA B  yCIOBHUSX
nexapOOHM3aIMi  TPOM3BOJCTBEHHBIM MporeccoB. HecmoTpss Ha  olmmpHOe
rOCyJIapCTBEHHOE PEryJHpOBaHUE BOIMPOCOB IMOJACYETAa W COKpAIICHHsS BBHIOPOCOB
MAapHUKOBBIX Ta30B, a TaK)Xe OOJBIIOro0 KoiaudecTBa TpeOOBaHU K OO0YCTPOIMCTBY
He(dTera3oBbIX MECTOPOXKIACHUI, B HACTOSIIIEe BpeMsI HE BBEJICHBI HOPMATHUBHBIE AKThI
U TIPaBUJIA, PETYIHPYIOIINE 00YCTPONCTBO 0OBEKTOB AeKapOOHHU3AIMH MPOU3BOICTBA
Ha MECTOPOXKICHUSX.

Hoctuxenue TpedoBannii @3-296 «O6 orpaHuYeHUH BHIOPOCOB MAPHUKOBBIX
ra30B)» HEBO3MOXHO 0€3 BBEJICHUS TOTIOJHUTEIbHBIX TEXHOJIOTHYECKHX MPOIIECCOB HA
MECTOPOXKACHHUSAX C IENbI0 YJABIMBAHMUS BBIOPOCOB TMAPHUKOBBIX TIa30B, HX
MOJITOTOBKY U TaJIbHEHINIEro NCTIOIB30BaHUSI.

VY CTaHOBJIEHO, YTO B YCJIOBUSAX JOCTHXKEHHUS HYJIEBOTO PYTHHHOI'O CKMTaHUS
MOMYTHOTO HEPTSHOTO ra3a, OCHOBHBIM UCTOYHUKOM BBHIOPOCOB IMaPHUKOBBIX 'a30B Ha
MECTOPOXKIACHUH SIBISIOTCA OOBEKTHI CTAIIMOHAPHOTO CKUTAHUS TOIIMBA — OOBEKTHI
COOCTBEHHOM T€HEPAIIMH dYHEPTHH.

[IpoBeieHO MOJENMPOBAHWE OCHOBHBIX TEXHOJOTHYECKHX IPOIIECCOB
MIPOEKTOB JeKapOOHU3AIMH, COCTABJICH MEPEUECHb HEOOXO0IUMOT0 000PYA0BAHUS IS
JOCTIKEHUSI CHUKEHUs BBIOPOCOB TMApHUKOBBIX Ta30B. Pa3zpaborana Oiok-cxema
NPUHATUS PellIeHnid U BbIOOpa 000pYyNOBaHUS ISl MPOEKTOB CHIXKEHMSI BHIOPOCOB
VTJIEKHUCIIOTO Ta3a, Mo3BoJisonias ao0utees 95 % cHmwkenus BbiOpocoB CO2 oT
O00BEKTOB COOCTBEHHOU reHepaIiuy YHEPruu.

B kauecTBe BapuaHTa MOJIE3HOTO WCIOJIB30BAHUS YIOBICHHOTO YTJIEKHCIOTO
ra3a pacCMOTPEH BapHaHT Tra30BOTO BO3JCHCTBUSA Ha HEPTSIHOM IUIACT C IIEIBIO
noBbieHust HedreoTnayn. [lomyden monokuTenbHbIN 3)PEKT, BEIpaKEHHBIN B POCTE
HAKOIUIEHHOM M0ObIUM HEPTH MO cpaBHEHUIO ¢ «ba30BbIM» BapuMaHTOB, CHMXKEHUU
OOBOJIHEHHOCTH NPOAYKIMM CKBA)KUH, [OBBIIIEHUU IJJACTOBOTO  JIaBJICHMS.
Hakomnnennas 1o6sr4a He(Tu B BapuaHTe pa3zpadbotku ¢ npumeHeHueM CO-MVYH nHa

50 % BbIIe «ba3zoBoro» BapuaHra.
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VY CTaHOBIEHO, YTO TMOJYYEHHUE MOTOJHUTEIBHOW 00bIYM HEPTH CIOCOOHO
MOKPBITh YacTh W3JIEPKEK HA KalmUTaJbHOE CTPOUTEIHLCTBO HOBBIX OOBEKTOB
00yCTpOMCTBa, HO HE OKYIAET PEATU3ALMIO KIMMATHUYECKOTO IPOEKTA B MIOJTHOU MEpeE.

PaccMmoTpenbl Mepbl TPOW3BOJACTBEHHOW O€30MAaCHOCTH TPH  peau3aliu
npoekta YXVY Ha MECTOPOXJICHUHU, KOTOPhIC MO3BOJSIOT M30€KaTh HACTYIUICHUS
BPEIHBIX M OMACHBIX MPOU3BOJCTBEHHBIX (paKTOPOB. Takke OBLIM PEKOMEHIOBAHBI
MEPONPUATHUS 110 UX YCTPAHEHUIO.

PexoMeHiyeTcss BHECEHHE U3MEHEHUM B HOPMATHBHO-NPABOBYIO 0asy,
PEryJHPYIONIYI0 MOBEPXHOCTHOE O0YCTPOMCTBO HE(TEra3zoBBIX MECTOPOXKICHHIM, a
TaK JK€ BHEIPEHHE MEp TOCYJAPCTBEHHOTO CTHUMYJHMPOBAHUS KIMMATHYECKUX

IPOEKTOB.
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Ipuiaoxenue A

Tabnuna 8 — DKcrutyaTalluoOHHBIE 3aTPaThl (B MJIH pyO.)

Ton Tekymue 3aTpathbl Hamoru, BK1rOUaeMble B Htoro
ce0eCTONMMOCTD
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2029 | 30,12 5,93 0,00 0,00 20,56 0,00 3,63 18,17 0,0 1,8 0,00 16,37 48,29
2030 | 144,33 5,93 19,54 0,00 3,63 75,24 16,21 | 737,80 | 690,9 1,8 27,84 17,23 | 882,12
2031 | 147,39 5,93 18,56 5,09 3,45 75,24 15,40 | 700,08 | 656,2 1,8 25,69 16,37 847,47
2032 | 145,47 5,93 17,63 5,09 3,27 75,24 14,63 | 664,29 | 623,4 1,8 23,53 15,55 | 809,76
2033 | 140,41 5,93 16,75 1,85 3,11 75,24 13,90 | 630,19 | 592,2 1,8 21,37 14,77 770,60
HUTOI'O| 607,72 | 29,64 72,48 12,02 34,02 75,24 60,15 | 2732,35| 2562,8 7,2 98,43 63,93 | 3358,24
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1 MODERN APPROACHES TO LICENSE BLOCKS OF FIELD
CONSTRUCTION FACILITIES

With the evolution of the oil industry, the progress of enhanced oil recovery
(EOR) technologies has become increasingly important. Starting from the middle of
the 20th century and up to the present, the development of oil fields is practically not
complete without the use of additional methods for oil recovery at the late stages of
development - tertiary EOR.

One of the most frequently discussed and used type of EOR is gas EOR, the
injection of carbon dioxide into the reservoir as example.

CO,-EOR methods began their development in the USA in the early 70s of the
20th century, and during the 1970-1980s have been widely used.

The key limiting factor in the application of CO,-EOR was the sources of CO,
searching, since in the 20th century it was only possible to use natural sources of CO..
However, the use of carbon dioxide to enhance oil recovery has continued to evolve
and over time has become one of the most common ways to obtain additional oil
production.

A new motivation for the CO,-EOR development was the introduction of the
climate agenda in the oil and gas industry.

Since the beginning of the 21st century, world scientists have become aware of
the threat of global climate change caused by the greenhouse gas emissions from
industrial enterprises growth around the world. In 2015, the Paris Agreement was
adopted, which overarching goal is «to hold the increase in the global average
temperature» by reducing anthropogenic CO, emissions. The Paris Agreement was
joined by 189 countries, including the Russian Federation, which gave a new impetus
for searching ways of CO, use [1].

CCS/CCUS (Carbon capture (utilization) and storage) — decarbonization
projects, which purpose is CO, capture from industrial emissions sources, its
preparation and use for oil recovery increase and/or underground gas storage.

Because the development of decarbonization cases gave impetus to the

evolution of industrial CO, withdrawal, the problem of searching CO, for CO,-EOR
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receded into the back burner, and the impact on the reservoir with carbon dioxide
became even more widespread.

Thus, inoculation since the 2010s, CO,-EOR has become a more indicative
method of enhanced oil recovery than the thermal methods, that was the most popular

in the 20th century, and began to be applied in some cases by 2017 (Figure 1).

r T T T T T T T T 1
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Thermal ® CO,-EOR Chemical o Other gas injection Other

Figure 1 - The dynamics of tertiary EOR methods development in the world

1.1 CO. sources in the field

Sources of CO, emissions are regulated by Orders of the Ministry of Natural
Resources and Ecology of the Russian Federation No. 371 and No0.330.

According to Order No. 371, 12 categories of greenhouse gas emissions are
subject to mandatory accounting. However, for oil and gas fields, emission sources
include: emissions from stationary fuel combustion, APG flaring, emissions arising
from technological operations carried out during exploration, extraction, processing,
treatment and transportation of oil and gas (fugitive emissions), emissions from fuel
combustion in transport (including cars), indirect emissions (emissions arising from
the production of energy purchased from another organization).

Fugitive emissions typically occur in two ways:

- leakage of operated equipment, occurrence of leaks and spills;

- the presence of crude oil reservoirs at the field that are not equipped with

pontoon covers.
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The first case refers to emergency and does not apply to permanent sources of
emissions. The second is rare, since most fields are currently being equipped in such a
way that well products are not fed into reservoirs without prior treatment. Also, fugitive
emissions mainly consist of methane, which is also a greenhouse gas, and therefore
cannot be considered as a source of CO..

CO; capture from transport, including cars, for the purpose of its further use, is
practically impossible.

Indirect emissions, although taken into account by the adventure that buys
energy, are actually produced on the territory of adventure that sell energy, and cannot
be used either.

Thus, the main CO; sources in oil and gas fields are flares and self-generating
facilities, the most common type of which are gas turbine power plants (GTPPs).

In the early years of the field development, when power generation facilities do
not operate at full capacity, and most of the produced APG is flaring, the main

contribution to greenhouse gas emissions is made by flaring emissions (Figure 2).

stationary fuel combustion APG flaring

Figure 2 — CO; sources contribution under the condition of 20% of the APG
utilization

Under the condition of requirements of Decree of the Government of the
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Russian Federation No. 1148 dated 2012.11.08 on 95% of the APG utilization are met,

stationary combustion facilities are the key source of CO2 emissions (Figure 3).

stationary fuel combustion = APG flaring

Figure 3 - CO; sources contribution under the condition of 95% of the APG
utilization

Thus, the most promising greenhouse gas emissions source on oil and gas fields

for CO; capturing and further use are the objects of their own energy generation.

1.2 The carbon dioxide use in the technological processes of oil and gas
fields
Despite the fact that the captured CO, use means its monetization and making
a profit that can cover part of the decarbonization projects costs, this methods are less
common in practice because of the deposits location in hard-to-reach regions and the
need for significant costs for transporting CO, to consumer.
In this regard, there are two main methods of using carbon dioxide in oil and
gas fields [2]:
— storage in underground reservoirs in deep aquifers or depleted oil traps;
— use in CO,-EOR methods;

1.2.1 Technological aspects of CO, underground storage

The geological CO; storage is the injection of CO; into rocks capable of
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absorbing and retaining it for a long time (thousand years) [2].

The following are considered as promising objects for geological CO, storage:

—  deep aquifers;

—  depleted oil and gas fields;

—  coal seams;

—  basalt deposits;

— mines in rock salt deposits;

—  mine workings.

The possibility of geological CO; storage in basalt rocks is determined by the
high porosity, permeability and activity of basalt in relation to CO,, which ultimately
leads to the formation of solid carbonate minerals (calcite, dolomite, etc.). This method
of storage is currently under investigation. Basalt formations are promising for CO;
storage in areas without a suitable sedimentary base.

The mechanism of CO, storage in coal seams is based on the adsorption of
carbon dioxide to the surface of the coal matrix after injection. The main reason for the
applicability of this storage method is the permeability of coal seams, which determines
the possibility of the injected CO, reaching the coal matrix. Coal that is too deep is
often highly compacted and has too low a permeability to ensure efficient CO,
Injection.

Thus, deep aquifers are considered to be the most preferred objects for CO,
storage.

There are two main types of aquifers - open, which are extended horizontal or
gently dipping formations, and closed, having natural, poorly permeable boundaries
formed by geological folds or faults. The presence of low-permeability boundaries in
closed aquifers causes a low probability of lateral outflow and CO, seepage of into
adjacent horizons.

In open aquifers, CO, can move laterally, but the low movement rate and the
large aquifers extent suggest that the gas halo will be limited in space for a long time.

Among the CO; retention mechanisms, there are physical, geochemical and

mineral ones. Physical mechanisms include [2]:
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— structural retention, which is caused by the presence of a trap beyond
which CO; is not able to migrate.

—  residual retention, which occurs due to CO; capillary pinching in small
pores in the form of immobile residual gas saturation.

Structural retention is limited by injection pressure. CO, injection requires
pressurization in excess of the water pressure in the aquifer. After injection, CO, rises
up the reservoir to impermeable formation, and therefore during injection it is
necessary to control the pressure in order to avoid exceeding the tensile strength of the
rock forming the seal (auto-fracturing). The presence of cracks in the tire can lead to
the disruption of underground storage and the subsequent CO, migration to the surface.

The calculation of the formation crack pressure is performed for each storage

facility according to the modified Eaton formula:

)
Pfraccing = m (O-U - Pres) + Pres (1)

where 9 — Poison's ratio; oy — ground pressure, MPa; Prs — formation pressure, MPa.

Geochemical mechanisms consist in the CO; dissolution in water. As a result
of the CO; dissolution, the density of water increases and it sinks to the formation
bottom.

Mineral retention is caused by chemical reactions between CO; and rock-
forming minerals and salts dissolved in formation water to form insoluble compounds.
For example, during CO; injection into rocks containing calcium or magnesium
silicates, stable calcium or magnesium carbonates are formed. The course of these
reactions is characterized by a significant duration - up to thousands of years.

A feature of the CO; geological storage in aquifers is the fact that all the
methods of CO, retention do not act selectively or simultaneously, but sequentially
over long periods of time: the physical retention that occurs when CO is injected into
the reservoir eventually flows into mineral retention. Due to this transition, the

proportion of immobile CO; increases over time (Figure 4).

98



100
Structural and
Stratigraphic
retention

improving storage securiw_j

solubility
retention

% holding share

1 10 100 1,000 10,000
Time since injection stopped (years)

Figure 4 —Relative contribution of retention mechanisms

For CO; storing in aquifers, the storage facilities are subject to the following
requirements:

— availability of reliable impenetrable barriers — tires;

—  sufficient pore volume;

— absence of conductive tectonic faults;

— absence or reliable sealing of previously drilled wells;

— absence of overflows risk.

1.2.2 Technological aspects of CO, using in hydrocarbon production processes

The main way to use CO- in oil production processes is its injection into the
reservoir in order to increase oil recovery - the CO,-EOR technologies.

The key factor that characterizes the increase in oil recovery is the decrease in
oil viscosity when CO; is dissolved in it. Moreover, the higher the initial value of the
formation oil viscosity, the greater will be the effect of its reduction, which makes this
method the most relevant for high-viscosity oil fields.

To date, the following CO2 injection technologies are used:
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e  CO; continuous injection;

e Injection of carbonated water;

e  COgcyclical injection into injection wells;

e  COgyslug injection followed by water injection;

e Oil displacement by alternating CO, and water injection;

e Oil displacement by injection of combined chemical slug and COy;

e  Cycle injection of carbon dioxide (Huff-N-Puff process).

1.2.2.1 Carbon dioxide continuous injection

The use of CO, continuous injection technology is quite popular in foreign
practice.

The advantage of continuous injection is to achieve a higher displacement ratio
compared to other technologies because the fact of oil bank formation towards CO; an,
which is characteristic of the processes occurring during miscible displacement.

The disadvantages of continuous injection include viscous instability, which in
some cases can significantly reduce the sweep efficiency and lead to early
breakthrough of carbon dioxide.

However, the continuous injection technology requires the highest
consumption of carbon dioxide, which can positively affect its application in CCUS

projects.

1.2.2.2 Injection of carbonated water

Carbonated water injection technology is the simplest of all CO,-EOR types.

The technology is based on injection into the formation of marginally or
partially carbonated water at a pressure of 1.1-2.3 times higher than the saturation
pressure of water with carbon dioxide.

During the treatment of the formation, CO, dissolved in water passes into the
oil remaining behind the displacement front, reducing its viscosity, increasing the
volume and reducing the surface tension at the oil-water interface, thereby increasing

the filtration characteristics of the oil and its mobility.
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The main advantage of this method is a low consumption of injected carbon
dioxide compared to other methods of CO; injection (by 6-7 times). At the same time,
if the volumes of captured CO, exceed the volumes of CO, required in this technology,
the same factor can also serve as a disadvantage.

The main disadvantage of the technology is a significant lag of the front, in

which carbon dioxide is concentrated in water, from the displacement front.

1.2.2.3 Carbon dioxode cyclical injection into injection wells

CO; cyclical injection technology developed and patented by «Tatneft» PJSC.
This method allows the development of heterogeneous reservoirs and reservoirs with
low permeability.

The essence of this method lies in the implementation of a cyclic mode of
carbon dioxide injection with simultaneous synchronous regulation of operating modes
of production wells.

Injection started when the formation pressure decreased by 20-50% of the
initial one and was carried out until the pressure was restored to the initial values or
close to it (0.9 - 1.1 of Py). Production was carried out at bottomhole pressure higher
than the saturation pressure of oil with both hydrocarbon and carbon dioxide (Figure 5).
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Figure 5 — Dynamics of injection wells pressure and production wells bottomhole
pressures during carbon dioxide cyclic injection.
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The advantage of this technology is its wider applicability compared to
continuous injection technology.
The disadvantage of using cyclic injection within the framework of the CCUS

project is the reduction in the need for the volumes of CO; injected.

1.2.2.4 Carbon dioxode slug injection followed by water injection

The main difference between slug injection technology and carbonized water
injection technology is the reduction or elimination of the lag of the carbon dioxide
concentration front from the displacement front.

In this method CO; can be injected into the reservoir in both liquid and gaseous
state, however, the method using liquid carbon dioxide is limited by the critical
temperature.

After the carbon dioxide injection, an intense mass transfer occurs between the
components of the flow, so all reservoir fluids quickly reach equilibrium saturation
with carbon dioxide and the displacement process approaches mixing. In this case, the
injected water remains stationary during the advancement of the CO; slug. Over time,
due to swelling and filtration of the injected water by the injected propulsion fluid, a
barrier is formed between the CO; slug and the propulsion agent, which prevents the
loss of carbon dioxide from the rim to saturate new portions of the propulsion agent.
The use of liquid CO;, rims can significantly increase the recovery of residual oil from
productive, highly watered or non-saturated deposits [3].

When the gaseous CO, slug moves by water, carbon dioxide moves as a volume
of free gas with clear boundaries, while its main volume is in front of the displacement
front and a small part is outside the front. Carbon dioxide is consumed for rock and oil
saturation, so its volume slowly decreases. As in the first method, a barrier is formed
between the rim and the pushing agent from carbonized water, which is extremely
saturated with CO..

The application of this technology is limited by the high dependence of oil
displacement by gaseous CO, rims on gravity separation conditions in reservoirs with

high vertical permeability.
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1.2.2.5 Cycle injection of carbon dioxide (Huff-N-Puff process)

Huff-N-Puff is a technology for carbon dioxide injection into a production well
with the shutdown of the well for wellbore formation zone impregnation and
subsequent oil production.

The duration of CO; injection can be up to 24 - 48 hours, depending on the
required amount of carbon dioxide. The duration of well shutdown can vary from 1 to
40 days, depending on the physical and chemical properties of the reservoir oil, as well
as the geological and physical characteristics of the reservoir.

Currently, there are two technologies for CO; injection into the reservoir: in the
liquid state and in the supercritical state.

The supercritical state is a state of matter in which the difference between the
properties of the gas and liquid phases disappears.

Supercritical carbon dioxide is an effective solvent that combines the properties
of a gas: low viscosity, low interfacial tension and a high diffusion coefficient, and a
liquid: high dissolving power. These properties allow supercritical CO; to penetrate
into the porous space and carry out faster and more efficient mass transfer.

The oil recovery increase during the supercritical CO; injection is usually
associated with a significant decrease in the kinematic viscosity of carbon dioxide
during the transition to the supercritical state, and with an increase in gas solubility in
hydrocarbons, which makes it possible to level the oil displacement front, as well as
increase the formation of viscous tongues.

The second method is the gas-cyclic carbon dioxide injection in a liquid state
under supercritical conditions. In this technology, the main mechanism for enhanced
oil recovery is: the ability of supercritical CO, to dissolve organic substances in high-
viscosity oil, reduce the viscosity of oil in reservoir conditions, cause it to swell,
increase its miscibility with oil, which leads to a decrease in capillary forces and the
involvement of drip oil in the development process.

The key advantage of this technology is a significant reduction in capital costs

due to the elimination of the necessity to drill and equip injection wells.
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The disadvantages of the technology include a long “lost time” of production

wells for the period of CO; injection and impregnation of formation pay zone.

1.3 Analysis of the legal framework for field development

Russian Federation Presidential Decree No. 666 dated 2020.11.04 “About the
Greenhouse Gas Emissions Reduction” obliged all socio-economic sectors of the
country to reduce greenhouse gas emissions by 70 percent by 2030 compared to the
1990 level, and also to develop strategies for the socio-economic development of
enterprises until 2050.

Federal Law No. 296-FZ dated 2021.07.02 “About Limiting Greenhouse Gas
Emissions also includes requirements for reducing greenhouse gas emissions, setting a
target for reducing emissions and annual reporting on emissions.

Despite this, there are no regulations and rules for arrangement of
decarbonization facilities at the fields.

According to GOST R 58367-2019, the development of oil and gas fields is the
construction of a complex of surface and / or underground structures on the territory of
the field, which allows for accident-free development of the field in accordance with
the approved deliverables.

The content of deliverables is regulated by the Order of the Ministry of Natural
Resources and Ecology of the Russian Federation No. 356 dated 2016.06.14.
According to section XIII. The field development system, collection, preparation and
transportation of hydrocarbons of this order, as part of the deliverables, determine
engineering and technical solutions for:

« gathering facilities, transport of oil, gas, condensate and produced water;

* process units, equipment and apparatus for field treatment of oil, gas,
condensate;

» prevention of asphalt-resin-paraffin deposits, salt deposits and hydrate
formation;

« technological measures and technical means to prevent equipment corrosion;

* technological measures and technical means for production and injection
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wells monitoring and regulating;

* controls and accounting of oil, gas, gas condensate, water production;

* equipment for determining the conditions of treated oil, gas and condensate;

« ensuring the design level of APG use;

« water supply, industrial sewerage, treatment and disposal of industrial
effluents;

* means of general field communication, automation and telemechanics
systems, centralized control and management, labor protection and industrial safety
measures;

» power supply and heat supply of field facilities.

CCS/ICCUS projects facilities, including CO, capture units, compressor
equipment, refrigeration units and pipelines, do not belong to any of the items
contained in the Order No. 356, and are designed in accordance with general safety and
corrosion resistance requirements.

According to SanPiN 1.2.3685-21, carbon dioxide is not included in the
established list of pollutants (atmosphere, as amended on 2022.05.06). In this regard,
the requirements of clause 6.18 Environmental safety of GOST R 58367-2019 do not
apply to the reduction of CO; emissions.

According to paragraphs 6.4.2.64 and 6.4.2.70 of this GOST, for CO, using in
enhanced oil recovery, compressor equipment, pipelines and other equipment are
selected taking into account the corrosive properties of carbon dioxide.

Thus, project offices and institutes are required to take into account the need to
develop facilities aimed at reducing greenhouse gas emissions in order to comply with
the requirements of the Federal Law and the Presidential Decree during preparing
project documentation for field development,. At the same time, the regulatory
framework for the arrangement does not regulate the composition, design features and

requirements for the safety and operation of this equipment.
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1.4 Technological aspects of CCS/CCUS projects

Currently, there are two main methods for carbon dioxide capture and storage:
natural and industrial.

The natural way is related to reforestation, as well as other possible land use
options. However, experts consider this method to be ineffective [4]. Russia has the
most significant forest resources in the world, but their capturing capacity due to
climatic and geographical factors of the main volume CO, emission sources
localization is not sufficient.

The industrial method involves the construction of capture installations and
CO; injection for the purpose of long-term geological storage. Complete
decarbonization is not possible without CO, capture by industrial methods.

According to statistical data and existing calculation methods, the largest
contribution to greenhouse gas emissions at the enterprise is made by stationary fuel
combustion.

The most applicable and commonly used industrial method for reducing
greenhouse gas emissions from stationary fuel combustion facilities is the post-
combustion CO, capture method, when carbon dioxide is separated from the flue gas
stream resulting from the combustion of primary fuel.

CCS projects are technologies for reducing CO, emissions from the combustion

of natural fuels, consisting of several design stages, which will be discussed further.

1.4.1 Carbon dioxide capture

CO, capture is the CCS projects first stage, stage, which consists in the release
of CO, molecules from the composition of flue gases. This is the project’s most capital
intensive part. The cost of its implementation is about 70% of all investments [4].

Several of CO; capture technologies are currently available (Figure 6).
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Figure 6 — CO; capture technologies

Absorption consists in the capture (chemical or physical) of CO, molecules by
liquid solvents. This requires significant energy costs in the form of heat and steam for
the regeneration of the absorbent. The absorbent must have sufficient absorption
capacity for CO,, high chemical and thermal stability. Solvent types: 1) chemical
(monoethanolamine, diethanolamine, methyldiethanolamine, ammonia, etc.);
2) physical (seleksol, rectizol, purisol, etc.). Absorbent’s regeneration need elevated
temperatures or reduced pressures;

Adsorption consists in the capture of CO, molecules by solid sorbents (alumina,
zeolite, activated carbon, etc.). Adsorbents, as a rule, have a finely porous structure
with a developed surface, on which CO, molecules are chemically or physically
retained. The regeneration of adsorbents also occurs at elevated temperatures or at
lower pressures.

Membranes (metal, polymer or ceramic materials) are more commonly used to
separate hydrocarbon gases which have high enough pressures. Thus, it is unsuitable
for extracting CO, from flue gases at atmospheric pressure. The membranes can
operate at high gas flow temperatures. The effectiveness of membrane technology
depends on the concentration of carbon dioxide. At low CO, concentration, membrane
technology is ineffective.

Cryogenic method consist in the using of low temperature to liquefy and
separate CO, from supercritical flue gases. The freezing point of pure CO; is 195.5 K
at atmospheric pressure.

The differences between the described technologies are illustrated in Figure 7.

107



N e

AA“

dot 4
tE 2 &
o ¢ & & £
Flue gas Heat IC
©CO2CRC Flue gas Pressure change
Absorption Adsorption
@ oo
' 2
o i - cw
N ) Pressure
,i ) Watlerenc
; A
Rl ) J
~ - Uqud CO,
.y e
, S
, Ve
Flue gas Ve
Flus gas
Membrane technology Cryogenic technology

Figure 7 — The difference in technologies [5]

1.4.2 Carbon dioxide preparation

The second stage of CCS projects is the CO, preparation before transport
(Figure 8). The process of CO, preparation is similar to the preparation of natural gas.
Before transportation, carbon dioxide must be dried in order to prevent corrosion and
hydrate formation, and compressed to a pressure corresponding to the intended method

of further CO, utilization.
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1.4.3 CO, transport

The 3" stage of CCS projects is CO, transport to its places of use or storage,
and provides for various options that are also in many ways similar with the natural gas
transport: pipeline transport, sea vessels, rail and road tankers.

Pipeline transport is the main way to transport large volumes of carbon dioxide
for the purpose of utilization and disposal.

The thermobaric properties of carbon dioxide are significantly more favorable
for transportation than those of natural gases and methanol. At temperatures from
-20°C to +30°C, CO, evaporation pressure is 20 - 70 atm, which allows pumping carbon
dioxide in liquid state at low pressures. For example, methane with similar parameters
is mainly in the gaseous state. A number of experts note [4] the technological simplicity
of transporting carbon dioxide in a reduced or supercritical state compared to transport

by a pure gas phase.
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