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IIpuMeHeHuUe yIJeKncJI0ro ra3a
B MpoLeccax MoBbIICHUA He(PTEOTAAYM IJIACTOB

AHHoOTanus. B Hacrosiimee BpeMsi 3HEpPromnorpediieHne B KaKIOW TOYKE IIAHEThI 3eMils
HEHU3MCHHO paCTéT. OCHOBHBIMH HCTOYHMKAMH TOIUIMBA SIBISIOTCS KOHEYHO JKE He(bTCHPOJIYKTBI, a
takke ra3. OmHako, mMpu CkuraHuu HedTH, raza U HEPTEMPOAYKTOB B aTMOC(epy BbIIACIICTCS
OTPOMHOE KOJIMYECTBO YIIIEKUCIIOTO ra3a, YTO HETaTUBHO BJIHSIET HA KOJOTHYECKYIO 0OCTaHOBKY BO
BCCM MUDPC. MHO0XeCTBEHHBIMU HUCCIICAOBAHUAMUA U UCTIBITAHUAMUA YCTAHOBJICHO, YTO yrHeKHCHBIﬁ ra3
MOJKET IPUMEHSTHCS B KAUECTBE areHTa JIJIsl OBBIIIEHHs HeTeoTauH 11acToB, 3akauka CO; B rutact
TaKKe pemraer npobiembl ero coopa U yTunusanuu. B mpuMep NmpuBEACHBI HEKOTOPBIE CBOWMCTBA,
TaKye KaK 3aBUCUMOCTh PACTBOPUMOCTH B BOZIC OT JABJICHUS M TEMIIEPATYPHI, KaK yIIEKHCIIOro Ta3a,
TaK U €ro cMecu ¢ HedThl0. B NMaHHOW cTaThe paccMaTpuBAIOTCS HEKOTOpHIE 0a30BBIE CIIOCOOBI
WCIIOJIb30BAaHUS YIIIEKUCIIOTO Ta3a C IIeTbI0 MOBBINICHUS HE(PTEOTHAa4M TUIACTOB M OCOOCHHOCTH
OIMCaHHBIX METOJ0B. Takke paccMOTpeHsl YCIOBUS APPEKTUBHOIO MPUMEHEHHSI YIIIEKUCIOro ra3a
Ui TOBBIICHUS dA(QekTuBHOCTH J00bUM HEPTH, B YACTHOCTHM HA MECTOPOXKICHHUAX C
TPYAHOU3BJICKACMBIMHU 3allaCaMH, a UMCHHO BBICOKOBSI3KOH He(bTLIO. OTMeu€eHbI OTpULATCIIBHBIC
CTOPOHBI HCITOJIb30BAHMS YIJIEKUCIOrO rasza JiJisl TMOBBIINICHUS HEe(TEOTHaud IJIACTOB, a TaKKe
mpo0JIeMbl, BOSHUKHOBCHHE KOTOPBIX BO3MOXHO B Ipolecce pa3pabOTKU TUIACTOB YKa3aHHBIMU

CrpaHnua 113 10
06NZVN518

WznarensctBo «Mup Haykm» \ Publishing company «World of science» http://izd-mn.com


https://esj.today/
http://izd-mn.com/
https://esj.today/
https://esj.today/issue-5-2018.html
https://esj.today/PDF/06NZVN518.pdf
http://elibrary.ru/author_profile.asp?id=729944
http://elibrary.ru/author_profile.asp?id=920587
http://elibrary.ru/author_profile.asp?id=877025

Bectnux EBpa3uiickoii Hayku 2018, No5, Tom 10 ISSN 2588-0101
The Eurasian Scientific Journal 2018, No 5, Vol 10 https://esj.today

MeToJaMM. YJelIeHO BHUMAaHHE TEXHOJIOTUSAM YBEJIMYEHUs He(TeoTnaun, OCHOBAaHHBIM Ha
HCIIOJIb30BAHUH YIJIEKUCIIOIO Ta3a B CBEPXKPUTHYECKOM COCTOSIHUHM. YTIOMSIHYTBI COBPEMEHHBIE
TE€XHOJIOTUH, IO3BOJIAIOIIME II01y4YaTh YIJIEKHUCIbIA ra3. [IpuBeneHsl mpuMepsl HCIOIb30BAaHUSA
YTJIEKUCIIOTO ra3a Ha MECTOPOKIEHUSX, a TaKXKe pe3yIbTaThl IPUBEIECHHBIX UcHbITaHul. CraenaHbl
BBIBOABI O HEOOXOAMMOCTH JaJbHEWIIMX MCCIEIOBAHUNH B HANpPaBIEHUH CBEPXKPUTUYECKOIO
COCTOSIHUS BEIIECTB, B YACTHOCTH YIJICKUCIIOrO rasa.

KuiroueBble c10Ba: BEICOKOBSI3Kast HEPTh; 10ObIUA; CBEPXKPUTHUECKHE (ITFOUIBI; TOBBIIICHIE
He(TeoTIauM TIIACTOB; YIIIEKUCIBIN Ta3; pa3padoTka MECTOPOKICHHMN; TEXHOIOTHU

BBuny TeHaeHUMM MOCIENHUX ACCATHIETHH, CBA3aHHON CO CTPEMMTEIbHBIM COKpallleHHEM
quciaa MECTOPOXKICHUH C JIETKO M3BJIEKaeMBbIMU 3alacaMM, MH)KEHepaM-He(pTAHUKaM HpPUXOAUTCS
CTaJIKMBATbCSI CO BCE OOJBIIMM KOJUYECTBOM TPYIHOCTEW MpH 100bIYe HE(YTH, PELIUTh KOTOPHIE C
IPUMEHEHHEM KJIACCHUECKUX TeXHOJIOTUH MO MOBBIICHNIO He(DTeOT]auu IIIaCTOB HE MPEACTaBISCTCS
BO3MOKHBIM [ 1, 2]. JIns ycrenHo# pa3paOoTKy OT00HBIX MECTOPOKIACHUI HEOOXOIUMO MPUMEHSITh
6onee 3¢ (heKTUBHBIE U B TO K€ BPEMsI CIIOKHBIE METOJbI, CIOCOOCTBYIOIIME COXPAHEHUIO YPOBHS

100619, OTHUMHU U3 TOJO0OHBIX METOJOB SIBJSIOTCS Ta30BbIE METO/Bl YBEIMYCHHs He(TEOTAauH
(MVYH) [3, 4].

OnHUM W3 HauMEHee 3aTPaTHBIX W MPOCTHIX B TEXHOJOTHYECKOM IUIAHE METOIOB SIBIISICTCS
3aKavka B TUIACT Bo3nayxa. [Ipm momamaHuu BO3dyXa B IUIAcT, Onarogaps HHU3KOTEMIIEPATypPHBIM
OKHCIIMTEIBHBIM IPOIIeccaM, BO3AyX IpeBpamaeTcs B 3 (HEeKTUBHBIN BHITECHSIONINI areHT, B COCTaB
KOTOPOTO BXOJUT a30T, YTIICKUCIBIN ra3, a TAKKe MHPOKUe (PpaKIny JETKUX YriIeBo10poaoB. [laHHbIe
OKHCIIUTEJIbHBIC MPOIECCHl WHUIIMUPYIOTCS TOBOJIBHO OBICTPO, @ UX WHTEHCUBHOCTH BO3PACTAaCT C
YBEJIMYEHHEM TeMIepaTypsl [5, 6, 7].

OpHUM U3 MPEeUMYIIECTB METO/1a 3aKaUKH BO3/IyXa B IJIACT SBJISIETCS UCTIOJIb30BAaHUE BO3/IyXa
B POJHM HEJIOPOrOro BBHITECHSIOIIETO areHTa, a TakKXKe CIOCOOHOCTh IUIACTOBOW CHCTEMBI C
YBEJIMYECHHUEM IIJIACTOBOM TeMIIEpaTypbl MHUIIMUPOBATh OKUCIUTEIbHbBIC MpoLecchl [, 6, 7]. Takxke B
POJIH BBITECHSIOIIETO areHTa MOTYT OBITh UCTIOJIB30BaHBI YTIICBOIOPOIHBIE M COKMKCHHBIE Ta3bl. [Ipu
mioTHOCTH HedTH MeHee 800 Kr/M°, a TakKe JaBIEHHH HATHETAHHS CyXOTO YITI€BOJOPOJHOTO ra3a
OonpiieM win paBHoM 25 MIla, a mis oborameHHoro raza naeieHue coctaBisier 15-20 Mlla,
MIPOUCXOIUT cMmelleHue rasa ¢ Hedroio [8]. g Mcmonb30BaHUA MPUPOAHBIA Ta3 HEOOXOAMMO
OUYUCTUTH W TIOATOTOBUTH. JJaHHBIE MEPOTPUSTHS MPOBOASATCS HA TA30BOM MPOMBICIIE TaKXKe, KaK U
JUUISL MAaruCTPaJIbHOTO TpaHcopTa [3, 4].

B nporiecce 1o0bau HEGTH BCTAET BOMPOC O MOAAEPKAHUN BHYTPUILIACTOBOTO JaBICHUS HA
3aJaHHOM ypoBHe. COOTBETCTBEHHO, OO pacxo/l ra3a Ha HarHeTaHUE B TUIACT JIOJDKEH PAaBHATHCS
CyMMe JIeOUTOB HEQTH, ra3a U BOJIblL, IPUBEACHHBIX K IJIACTOBBIM yciaoBusiM [9, 10]. Ognako, pe3koe
CHIDKeHHE 3((EKTUBHOCTH IMPOLECCa BBHITECHEHHUSI M YBEJIUYEHUE SHEPreTHMYECKHX 3aTpaT MOXKET
MIPOM30WTH BBUAY TPEXKIECBPEMEHHOTO IPOphIBAa raza K JoObIBaIOIIECl CKBaxHHE. [IpophIBBI
BBISIBIIIFOTCS. C MTIOMOIIIBbIO KOHTPOJIS 3@ Ta30BbIM (PAKTOPOM M XMMHUYECKHM COCTaBOM Ta3a. C 1embio
MPEIYNpPexXIEeHUs] TPOPHIBOB ra3za B OOBIBAIONINE CKBAKUHBI HEOOXOJUMO YMEHBIIUTH OTOOD
AKMJIKOCTH U3 CKBA)XKMH, a TAK)KE€ OCTAHOBHUTH CKBAXKHHBI, B KOTOPBIX OTMeUaeTcs popbiB. Kpome Toro,
BO3MOYKHO CHH3HUTh OOBEM HArHETAeMOTO Ta3a, MPOJOJDKHUTh 3aKauKy Ta3a C KHUIKOCTBIO WIIN
IIPOBOAMTH LUKINYECKYIO 3aKauKy rasa [11].

[Iupoko u3BecTeH QakT, FOBOPSIIMNA O MeHbIIeH A3P(HEKTUBHOCTH ra3a, KaKk BBITECHSIOIIETO
are’Hra, B CpPaBHEHWM C BOJOW. OTO CBS3aHO CO CBOMCTBOM Ta3a IPOPBIBATBCS IO
BBICOKOIIPOHUIIAEMBIM 30HaM K JIOOBIBAIOLIMM CKBa)XMHAM IO MPUYMHE HU3KOM, IO CPaBHEHHIO C
BOJIOM, BA3KOCTH Ta3a [8, 12]. JlaHHbIe HEAOCTATKH CBA3aHbI C OCOOCHHOCTAMHU (DMUIIBTPALIUYU JTaHHBIX
(ha3: MPOHUKHOBEHHE BOJBI B MEJIKME MOPHI U CY’KEHHUS B 3aBOJIHEHHOM 30HE THAPOPMIBHOTO IIacTa
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oA JEHCTBUEM KalMWUIAPHBIX CWJI M TPOHUKHOBEHHE Ta3a, 3aKauaHHOTO B IUIaCT B BHIE
HecMauuBaromiei (a3pl B 3ara3oBaHHOW 30HE, B KPYIHbIE TOpbI. JlJIS JOCTHIXKEHHUS BBICOKHX
Mokasaresieil u3BleYeHUs] He(DTH palMOHANBHBIM PEIICHUEM SIBISUIOCH COBMEIICHHE MOJO00HBIX
O0COOEHHOCTEH Ta3a U BOJBI C BOBMOXXHOCTHIO ITUKJIMYECKOT0 HATHETaHUsI MX B MJ1acT. ONTHMaIbHBIM
COOTHOIIIEHHEM OOBEMOB BOJABI M Traza NpU HAarHETAHHWH B JAHHOM METOJE MPOIMOPLHUOHAIBHO
OTHOILIEHHIO O00BEMOB MEJIKMX IMOp (HMXKE CPEJHEro pa3mepa) U KPYNHBIX MOp (BBILIE CPETHEro
pasmepa) B KoiuieKTope. D(D(PEeKTUBHOCTH BHITECHEHHS BOJOTa30BOl CMEChIO B JaHHOM Cllydae
o0ycioBnuBaeTcss TeM, 4To (ha3oBasi MPOHUIIAEMOCTh BOJBI, SBJSIONMICHCS CMayuBarome (a3oi,
3aBUCHT TOJBKO OT BOJOHACHIIICHHOCTH, a HalW4Me B IUIACTE CBOOOJHOTO Ta3a YBEIHMYHMBAET
BBITECHEHHE HE(PTH Ha BEIMYMHY TMpeaeiabHoi razoHackimeHHoctd (10-15 %), mpu kotopoii ra3
HEMOJIBUXeEH [8].

OmauM w3 HamboJee TMEepPCINEeKTHBHBIX METOJIOB YBEIWYCHUS HEPTEOTAaunu SIBISETCS
ucnons3oBanueM CO, ans BogorazoBoro 3aBogHeHwus. Yriekucisli ra3 (COz, quokcun yriaepona,
JIBYOKHUCH yTJIepoja) — OECUBETHBIA Ta3, TshKelnee Bo3ayxa. [IpM HOpPMAalbHBIX YCIOBHUSX HMEET
mwioTHOCTh 1,98 kr/m®. Yriekucnelii ra3 He TOKCHYEH, 3amaxa He umeeT [12]. [duokcun yriepona
o0JasiaeT yHUKAJIbHBIM M KpaiiHe MOJIEe3HbIM JJIsi yBeJIWYeHHUs] HeTeOoTJaul CBOMCTBOM, a UMEHHO
CHOCOOHOCTBIO YBEIIMUYUBAThH BSI3KOCTH BOJBI MPU pacTBopeHuu B Het (mpu t = 20°C u p = 11,7 MIla
BSI3KOCTh KapOOHHM3WPOBaHHOW BoAbl coctaBisieT 1,21 wmlla-c). Bs3skocTs BOABI BO3pacraer c
yBenudeHneM B Hell koHueHTpanuu COp. IIpu yBenuveHUM AaBJICHUS YIICKUCIBIA Ta3 HaYMHAET
aKTHBHEE pacTBOPATHCS B Bojie (puc. 1). Oqnako pactBopuMocTs CO2 yMEHBIIAETCS TPH MOBBIIICHUH
temriepatypsl 10 80°C u Munepanuzauuu Boasl [12, 13, 14].
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Pucynok 1. 3asucumocms pacmeopumocmu y2ieKucioeo eaza
8 800e om 0asleHUsl U memnepamypul (Wugp Kpusvix — 0asieHue HACblUeHUs
800bl 08YOKUCHIO Y2lepooa) y2ie8000p000s (cmol, napagpunos u m. 0.) [12]
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B cnydae xxe ¢ pactBopenuem COz B HepTH BSI3KOCTBH MOCIIEAHEH HA00OPOT CYIIECTBEHHO
ymeHbIaetcs (puc. 2). CnenoBaTeIbHO, YMEHbBIIIAETCS TOBEPXHOCTHOE HATSXKEHUE HE(TH Ha TPAHULIS
C BOJOW. BelmeonucaHHble CBONCTBA YIJICKUCIOTO Ta3a KpailHe BakHbl IpH pa3paboTke
MECTOPOXIICHHI C BRICOKOBSI3KO# HedThio [8, 12, 13, 15].
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Pucynok 2. 3asucumocmo 6sa3xocmu Hegpmeti
om 0agleHUs HACbLUeHUsl UX 08YOKUCHIO yerepooa [15]

B noGaBiieHne K y)Ke OMMCAaHHBIM CBOMCTBAM HEJb3s1 HE OTMETUTh CBOWCTBO YIJICKUCIIOTO Ta3a
yYBEJIMYUBATH 00beM HE(TH TPU PACTBOPEHUH B HEHM, YTO MO3BOJISICT CYIIECTBEHHO YBEIUYUTH
Hedreornauy [8, 12, 15].

OnHako, HECMOTpPST HA BCE TMOJIOXKUTEIBHBIE CTOPOHBI MPUMEHEHHUS YIIIEKUCIOTO ras3a i
yBeIWYCHUST He(TeoTnayn, AaHHBIE TEXHOJOTHH HWMEIOT CBOM OTPaHWYEHUS, 3HAYUTEIHHO
MOHUXAXOIIMUE BO3MOXKHOCTh ucnojibzoBanus CO» kak aredra uis ra3ossix MY H.

OnHUM W3 CaMBIX CEPhE3HBIX HEJOCTATKOB SIBIISCTCS BBICOKAs KOPPO3MOHHAS aKTUBHOCTH
JIBYOKHCH YIJIEPOJIa, YTO MPUBOJUT K HEOOXOJUMOCTH UCTIOIB30BaTh 0C000€ KOPPO3UOHHOCTOMKOE
obopynoBaHue ISl XpaHEHHWs, TPAHCIOPTUPOBKKM M HArHETaHUS B IUIACT JIHOKCHAA YIJEpoja.
CoOTBETCTBEHHO, CE0ECTOMMOCTh HEPTH, JOOBITON C IIOMOIIBIO JAHHBIX METOJIOB, PE3KO BO3pacTaeT
[16]. Takxe HemOCTATKOM IPUMEHEHHS JABYOKHCH YIJEpoJa SBISETCS €ro CIOCOOHOCTh IpH
HETOJIHOM CMENIMBAHWH C He(DTHIO SKCTPAarupoBaTh U3 He€ JIETKHE YIIIeBOAOPOIbL. B pe3ynbrare uero
He(Th CTAHOBUTCS MaJIOTIOABMYKHOM 1, COOTBETCTBEHHO, BO3PACTAIOT 3aTPaThl Ha € u3BjaedycHue [16].
CyIiecTBeHHOW OCOOCHHOCTBIO TMPUMEHEHHUS VYIJICKUCIIOrO Tras3a B TpoIleccax IOBBIMICHUS
HereoTmaum MokeT ABIAThCS cBoMcTBO CO2 mpu HACBIIIEHWH TapaMd BOJIBI 0Opa30BBIBATH
Kpuctaymioruapatsl [16].

HpI/IMeHeHI/Ie JaHHOTO MCTOAAa IIO3BOJIICT HE TOJIBKO YBCIMYHMBATDL HC(I)TCOTI[a‘-Iy
CPaBHHUTCIBHO ACIICBBIM W MNPOCTBIM B OCYIICCTBICHHU METOJOM, HO M OKaXXCT 3HAYUUTCIIHBHOC
TMMOJIOKUTCIIBHOC BIIMAHUC Ha KOHLCHTPAIIUIO YIJTICKHUCJIOTO I'a3da B aTMocq)epe, TaK KakK ,Z[aHHBIfI MVYH
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SABJBICTCA TAaKXKEC 3KOHOMHMUYCCKH BBII'OJHBIM crmocoboM 1o YTUIK3alluKu ra3a ImyreéM 3aKadku €ro B
HC(l)TeHaCI)IHIeHHI)Ie IJI1aCThI.

CYH_[CCTByeT HECKOJIBKO CITOCOOOB MCITOJIb30BAHUS YIJIICKHUCIIOTO Ira3a IpH1 3aKa4ke €ro B IIaCT
C ICJIBIO YBCIIMYUCHUA He(l)TGOTI[a‘II/I.

1. 3aKaJka B IUIACT KapOOHM3MPOBAHHOM BOIbI (BO/IA, HACKIIICHHAS YTIIEKHUCIIBIM Ta30M);
2. 3aKadvka B muacT HermocpeactBeHHo CO2 B ra3000pa3HOM MITH KUIAKOM COCTOSTHUM;
3. 3aKauka B TJIACT YIJIEKHCIIOTO T'a3a B CBEPXKPUTHUECKOM COCTOSTHHH.

3akaueHHas B IUIACT BOJIA, HACBILICHHAs JIBYOKUCBIO YIJIEpOJa, MPEACTaBiIAeT U3 ceds
OTOPOYKY BBITECHSAIOLIETO IUIACTOBbIe (iarouabl areHta. JlaHHBIH MeTox sABIseTcs Oonee
3¢ (GEKTUBHBIM, 10 CPABHEHUIO C METOJIOM 3aBOJIHEHMS I1ACTa, 6y1aroAapsi CHoCOOHOCTH YIIIEKHUCIIOrO
ra3a yBeJIM4MBaTh BA3KOCTb BOJBI IIPY paCTBOPEHUH B Hel [12].

Tak»e U3BECTHO, YTO HUCIOJIb30BaHNE KApOOHN3UPOBAHHON BO/IBI KaK BHITECHSIOILIETO areHTa
MOKa3bIBa€T MEHBIIYI0 3(()EKTUBHOCTh, B CPaBHEHHWH C peE3yJbTaTaMu MpPU HCIOJIb30BaHUU
KOMILUIEKCHOTO BO3JEHCTBUS Ha IUIACT JIUOKCHA YIIIEpo/a B ra3000pa3HOM MM JKUIKOM COCTOSIHUU
3aTeM KapOOHU3MPOBAHHOM BOBI B BUJIE BHITECHAIONIETO areHTa [15].

JlanHast 0cOOEHHOCTH, BO3MOXKHO, CBSI3aHA C YBEIMYCHHEM 00beMa He(PTSHOM TUICHKH, a TaKKe
TSDKEJIBIX KOMIIOHEHTOB Ha cTeHKax mnop non neiictsueMm COz. B pesynbraTe dyero ymeHblIaeTcs Mx
TJIOIA b KOHTAKTa CO CTEHKaMH TIOp, TPEIINH U KaBEPH, UYTO B TTOCJICICTBUH TTO3BOJISIET Y PeKTHBHEE
BBIMBIBATh UX W3 JAHHBIX HyCTOT HpI/I BBITCCHCHHU IIJIACTOBBIX (bJ'IIOI/II[OB Kap6OHI/I3I/IpOBaHHOI7I i
oJaTOBapHOM Bojou [12, 15, 16].

HosgeiimuM, a Taxke OJHUM U3 CaMbIX NEPCHEKTUBHBIX, U BMECTE C TEM, MaJOU3Y4YEHHBIX,
METOJZIOB  YBEJIMYEHUS HePTeOoTAayd, B OCOOCHHOCTH MOAXOJAIIMX M MECTOPOXKIACHUN
BBICOKOBSI3KOH Hedrtu, ¢ mnpumeHeHuem CO; sABisercs 3akauka B IUIACT YIJIEKHCIOIO rasa B
CBEPXKPUTUYECKOM COCTOSIHMM. B TaHHOM COCTOSIHMM JHOKCUA yriiepoja ABiseTcs 3(pGEeKTUBHbBIM,
9KOJIOTMUECKH UHUCTBIM, U HKOHOMUYECKM BBITOAHBIM pacTBopuTeneM. CTOUT 3aMETHTh, YTO
pactBopstomas crnocooHocts CO2 B CBEPXKPUTUYECKOM COCTOSHUM BO3pAcTaeT € YBEIMUYCHHEM
IUIOTHOCTHU IIPU ITOCTOSIHHOM TeMIeparype, T. €. IpU yBeJIW4eHUH aaBienus [17].

OKOJNOTUYHOCTh JAMOKCHIA YIJIepoJia B CBEPXKPUTHYECKOM COCTOSIHUM OOYCIIOBJIEHA
MIEPEX0I0M Ta3a U3 CBEPXKPUTHIECKOTO B ra3000pa3HOE COCTOSIHHE TPH €T0 YTEUKE B OKPYKAIOIIYIO
cpeny, B TakoM cocTossHuK CO2 He criocoOeH MPUHECTH 3HAUUTEIBHBIN Bpel OKPYKAIoIIel cpefie, TaK
KaK y)K€ B HEH NPHUCYTCTBYET U SIBIICTCS HEU3MCHHBIM CIIYTHUKOM JKHU3HEIEATEIHHOCTH KHBBIX
OpPTraHHU3MOB.

B CcBEpXKpUTHYECKOM COCTOSIHMM (IIFOWAA MCYE3aI0T Pa3iiHyusl MEXIY KUIKOW W Ta30BOU
¢azoil. CpoiicTBa (hroua B TAKOM Ciydae MPeJCTaBIIAIOT U3 ceOs MPOMEXKYTOUHBIM 3Tanm MexXIy
CBOMCTBAMM JKUAKOCTU U ra3a. [lTIoTHOCTh Takoro BemecTsa NpUOIMKEeHa K INIOTHOCTH KUAKOCTH, a
C)KUMAeMOCTh OJM3Ka K CXKMMAaeMOCTH Ta30oB. Perymupys naBieHue M TeMmmepatypy ¢uarounna
IIPEICTABISAETCS BO3MOKHBIM YIIPaBIISITh €T0 CBOMCTBAMM, MPUOIIMKAS X K CBOMCTBAM JKUKOCTH MU
raza [18].

Tak, Ha pucyHKe 3 npejcTaBlIeHa 3aBUCUMOCTb BA3KOCTH ABYOKUCH YTJI€poa P pa3iInuHbIX
3HAYECHUAX TEMIIEPATYPhI U 1aBJICHHUS.
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Pucynok 3. 3asucumocmo 6sa3xocmu CO2 om dasnenus npu paznuunvlx memnepamypax [15]

VYriekucnplil ra3 Takke UMEeT BaKHOE MPEUMYIIECTBO Mepesl IPYIMMH ra3aMH aHajoramu,
CO; nerue mepeBecTH B CBEPXKPUTHUECKOE cOCTOsHUE. JlaHHBIN (akT 00yciIaBIUBaeTCs HU3KUMHU
KPUTHYECKUMH TOKa3aTeNsIMU JaBJICHUS U TeMIepaTyphl, IO CPAaBHEHUIO C OCTAJbHBIMU I'a30BBIMU
arentamu. Tak, /Ui mepexoja AMOKCHAA YIIepoaa B CBEPXKPUTHYECKOE COCTOSHHE HEOOXOAMMO
oOecmneunts nasieHue Boie 7,38 MIla nmpu remnepatype Boie 31,1°C, 4To HarIsgHO MOKa3aHO Ha
($ha3oBoil TuarpaMMe yriieKUcloro rasa Ha pucyske 4 [12].

P, Mila|
i
meepdas ghaza colcumaemasn : C8EPXKPUMUYECKAs
", HCUOKOCIB | HCUOKOCHIb
KPUTHYECKOe :
7 3g |AaB/eHue R
Px KpUTHUYeCKast
! JHcUOKAA
': Pasa TOUKa
TpOlHad
0.5167 |Pr TOYKa » nepezpembviii nap
2azoobpaznas
Gaza

KpPHUTHYe CKasi
TemIieparypa

TT K =

-56,4 31,1 T,°C
Pucynok 4. /luacpamma pasosoco nepexooa CO2 [12]
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YCJ'IOBI/ISI, YAOBJICTBOPAIOIMIUE HAXOXACHHUIO YIJICKHCIIOIO TIa3a B CBCPXKPUTHYCKOM
COCTOSAHUH, NPCACTABIACTCSA BIIOJIHC BO3MOKHBIM BCTPETUTH B IIJIACTaX Ha HM3BCCTHBLIX B ﬂﬂHHI:IfI
MOMCHT Heq)TSIHBIX MCCTOPOKACHUAX. 910 CHOCO6CTByeT HCIIOJIb30BAHUIO JJUOKCHAA YIJICpoda B
CBEPXKPUTUYCCKOM COCTOSAHUM IJI MOBBIICHUSA HC(i)TGOTI[a‘-II/I IJ1aCTOB.

CoBpeMeHHbIE TEXHOIOTUU T03BOIISIOT Nony4yaTh CO», ¢ mocienyroliei TpaHCIIOPTUPOBKOM
10 Ta30BOMY TPYOOIIPOBONY, B IIMCTEPHAX IOCPEACTBOM KEJE3HOW JOPOTH I aBTOMOOHMIIBHBIM
TPaHCIOPTOM, C IOMOUIBIO CIAEAYIOIINUX METOAOB:

L4 N3 OTXO0O0B XUMHUYCCKOI'O IIPOU3BOACTBA MCTAHOJIA, 4 TAKIKC aMMHAKa,

o U3  TOPOAYKTOB, OOpasylomMXCs TpPU  CKUTAHUM  TONYTHBIX Ta3oB  Ha
He(dTenepepadaThHIBAIONINX 3aBOJIAX;

° U3 0TX0/10B, 00pa3yromuxcs B xoje padotst TOLI;
° 13 ra30B, MOOOYHBIX MPOAYKTOB MMPOM3BOICTBA CITUPTA, PACIIEIIIICHHUS YKHPOB.

JlanHble CrOCOOBI OCHOBAaHBI HA MPUHIMUIE YTWIM3AIMH OTXOAOB, YTO CIIOCOOCTBYET
COKpaIlleHHI0 00beMa BbIOpachiBaeMbIX B aTMoc(epy BpEIHBIX BEIIECTB, CJIEI0BAaTEIbHO, U
YMEHBILEHUIO BPEAHOIO BO3JCHCTBUS Ha OKPYKAIOIIYIO CpPENy.

Ha ceromusmnuii nenp npumeHenue CO: uMeeT MEpCHEKTHBHI B 00JACTH YBETUYCHUS
He(dTeoTIaul, 0OCOOCHHO ISl aKTyaJIbHOTO B OyIylleM W pa3BHBAIOIIETOCS Ha JIAHHBIA MOMEHT
HaMpaBlIeHUsI Pa3padOTKH MECTOPOKIEHHHM € BBICOKOBA3KOM HedThro. OAHAKO CYLIECTBYIOIIUE
HEJIOCTAaTKA TEXHOJIOTHI, CBA3aHHBIE CO CBOMCTBAMHU YIJIEKHCJIOIO Ta3a, a TaKKe TPYIHOCTH B
TPAHCTIIOPTUPOBKE HAKIAABIBAIOT CEPhE3HbIE OTPAHUYEHUS, HAUMHAS OT MOBBIIICHUS CTOUMOCTH
MPOBEACHUSI OTEpalNK, 3aKaHYMBas HEBO3MOKXHOCTBIO HCIOJIb30BaHUsI MoA00HRIX MVYH Ha
MECTOPOXKICHUSX.

MHpOBOfI OIIBIT HACYUTHBIBACT MHOXXCCTBO HpOCKTOB, OCHOBAHHBIX Ha MHMCIIOJIB30BAaHUHU
YIJIEKHUCIIOTO Ta3a B pOJIM HarHeTaeMoro B miact areHTa, kak B CIIA, Kanane, Benecyane, Tak u B
Poccun.

MMeeT cMBICT NPHUBECTH B TpPUMEp pe3yiIbTaThl NPHUMEHEHHS CXOKEH TEXHOJOTMH Ha
MECTOPOXIICHHU BBICOKOBsI3Koi Hedtn Bachaquero (Benecyama), B pe3yibTare KOTOpOW Ha
NPOTSDKEHUHM YETBIPEX MECSIEB JOCTHTaloch yBEIMYEHHE IoKazarenei no0bum nmo Hedru. [pu
HICTIOB30BAHNN TEXHOIOTHHU HarHeTaHus B wiactT CO2 ynanock yBennuuts ae6ut 10 71,5 m® Hedytu B
JieHb TIpoTuB 16,2 M IpH X0M0AHOM criocobe n06bruu [19].

B CHIA onwir npumeHeruss CO2 BO3MOXHO OTMETHTh Ha MecTOpoxacHum Sacroc. Ilo
MIPOCKTHOMY JOKYMEHTY MPUPOCT JOOBIYM OIleHUBaJICS B 7,5 %. Jlo BHEAPEHHS TEXHOJIOTUH J100bIUa
cocrapisia 1869,7 m° He(TH B JIeHb, 0fHaKO mociie 3akaduku CO7 — 4060,5 M HedTH B 1eHb [20].

Taxke He CTOMT 3a0bIBaTh 00 OTEUECTBEHHOM OIBITE MPUMEHEHHUS TEXHOJIOTUU 3aKauyKH
JBYOKHCH yriepoja B miacT. SIpkum npumMepoM siBisiercs PajgaeBckoe MecTopoXkieHHE, Ha KOTOPOM
3akauka Hadajnach eme B 1984 roay. JlomomuurenbHas no0bda HeTH coctaBwia 218 Thic. T, a
yaenbHbIA 3G ¢deKT oT KonmdecTBa 3akauynBaeMoro COz — 0,28 /1. OHAKO BO3HUKAIU CIIOKHOCTH,
CBSI3aHHBIC C MPOPBIBAMH YIJIEKUCIOTONPOBOJA, B pE3yJIbTaTe KOTOPBIX HKCIUIyaTalus cTaja
HEBO3MOKHOHM M DKCIIEPUMEHT ObLI 3aBepicH [16].

Ha naHHBII MOMEHT CyLIECTBYET HEOOXOAMMOCTb CHMXEHHS KOPPO3MOHHOTO BO3ACHCTBUS
YIJIEKHUCIIOro Ta3a Ha Ha3€MHOE U MOJ3€MHOE 00OPY/I0BaHUE, B CBA3M C YEM IIPEXKJIE BCEro CleryeT
MHHUIMMPOBATh MPOBEACHUE J1a00OpAaTOPHBIX HCCIIEAOBAaHUN Kak B OOJACTH CBEPXKPUTUUYECKHUX
¢bnron10B, Tak U B 1uiaHe npumeHeHus CO2 B XKUIKOM, a TaKKe ra3000pa3HOM COCTOSTHUSAX.
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Tak, aBTOpaMM TaHHOU CTaThU IUIAHUPYETCS CO3JaHue crenuanu3upoBanHoi PV T-sueiiku ¢
LETIBIO W3y4YEeHUS BO3JICUCTBUS CBEPXKPUTHUYECKOTO YTJIEKUCIIOTO rasa Ha
acdanpTeHocMomnonapaduHOBBIC BEIIECTBA, a TAK)KE BIUSHUS Ha BBICOKOBSI3KHE HE(PTU B IIEIOM.
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Application of carbon dioxide in enhanced oil recovery

Abstract. At present time energy usage at every point of planet Earth constantly growing. The
main sources of fuel are of course oil products, as well as gas. However, during oil and gas combustion
a huge amount of carbon dioxide is released into the atmosphere, which negatively affects the
ecological situation throughout the world. Numerous studies and tests are estimated that carbon
dioxide can be using as an agent for enhanced oil recovery, injection of CO: into the reservoir also
solves problem of its collection and utilization. For example, some properties are given, such as the
dependence of the solubility in water on the pressure and temperature, both of carbon dioxide and its
mixture with oil. This article discusses some basic ways of using carbon dioxide for enhanced oil
recovery and the specific features of the methods described. Also, the conditions for the effective use
of carbon dioxide to improve the efficiency of oil production, in particular in fields with hard-to-
recover reserves, namely hight-viscosity oil, are considered. Negative aspects of the use of carbon
dioxide for increasing oil recovery of reservoirs, as well as problems that arise during the development
of seams by these methods are noted. Attention is paid to enhanced oil recovery technologies based on
the use of carbon dioxide in the supercritical state. Mentioned are modern technologies that make it
possible to produce carbon dioxide. Examples of the use of carbon dioxide in deposits are given, as
well as the results of the tests given. Conclusions are drawn about the need for further research in the
direction of supercritical state of substances, in particular carbon dioxide.

Keywords: heavy oil; recovery (production); supercritical fluids; enhanced oil recovery;
carbon dioxide; oil field development; technologies
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