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AHHoOTanus. B nanHoil ctarbe paccmaTpuBaeTCs BONPOC MOBBIINICHUS U3BJICUEHUS HEPTH
13 HEOJHOpPOAHOro miacta. KoMOMHMpPOBaHHBIM METOJ OCHOBAH HAa TEXHOJOTMHU OCYIIECTBIICHUS
BHYTPUILJIACTOBOTO TOPEHHUS C 3aKaykKol OTOpOYKH pacTBopa kapOamuaa. Cama TexXHOJOTHUS
BHYTPUILJIACTOBOTO TOpPEHUsS SBISIETCd KOMOMHALMEW 3aKkauykd Topsiued BOJBI WM Iapa ¢
[epeX0JIOM Ha 3aKaykKy BO3JAyXa. OTO MO3BOJSET OCYIIECTBUTh HWHULMHUPOBAHUE TOPEHUs
HENOCPEACTBEHHO B IUIacTe. B nanbHelemM npeaycMaTpuBaeTCsl NEpexXo]l Ha MPOLECC BIAXKHOIO
WIH  CcBepXBiIaxHOro ropeHus. Jlns Oonee 3d¢deKkTUBHOrO BbITECHEHUS HePTH U3
CIIOMCTO-HEOJHOPOJIHOTO IUIacTa IMpeaaraeTcsi Ha CTaJuy BJIAXKHOIO BHYTPUILIACTOBOIO FOPEHUS
OCYIIECTBUTH 3aKaYKy OTOPOYKY pacTBopa Kapbamuia. B 3Tom ciyyae MCHonb3ylOTCsS OCHOBHBIC
cBoiicTBa kapOamMuja @pU BO3JAECUCTBUM Ha HEro BBICOKOW TemmepaTypsl. [lpu BbIcOKOM
TeMIeparype KapOaMuj pasjaraeTcs Ha aMMHaK M JUOKCH]l yriiepoja. PacTBopssch B BoJe,
aMMHaK o0pasyeT IIeJoYb, 3a CUET YEro MPOUCXOJUT CHUKEHHE NMOBEPXHOCTHOI'O HATSKEHHUS Ha
rpanune (a3 U MopoAbl, YIyyllIaeTcs cMadyuBaeMocTh. [[Mokcua yriepojga pacTBOpsieTcs Kak B
BOJIC, TaK M B OOJIBIICH CTEIICHN B HEPTH. ITO CIIOCOOCTBYET CHMKEHHIO BSI3KOCTH HeTH. Bee 3To
B COBOKYITHOCTH IO3BOJISIET HAM JIOTIOJIHUTENBHO YBEJIWYHUTH JTOOBIYY HE()TH U3 HEOJHOPOTHOIO
miacra.

KiroueBbie ciioBa: mnap, ropsdas BOJa, BIaXXHOE TOPEHUE, CBEPXBJIAXKHOE TOpPEHHE,
kapOamu, HepTh, aMMUAK, JUOKCHUJ YIJIEpOJia, KOHIICHTPAIMs, CIOUCTO-HEOIHOPOIHBIN IJIaCT,
cooOmiaronecs Ciou, U30JIMpOBaHHbIE CJIOU, He(TeoTaua.

Beenenue

OcHoBHast 107151 HEQTH, TOJIYYEHHOM 3a CYET METOJOB MOBBIIIEHUs HePTEOTAauH, CBA3AHA C
MPUMEHEHHEM TEIUIOBBIX METOJIOB Pa3pabOTKU HEPTSIHBIX MECTOPOXAECHUH (HarHeTaHUe ropsden
BOJIbI, MIapa ¥ BHYTpUIUIacTOBOE ropeHue). Hambomnee rccnea0BaHHBIMU KaK TEOPETUUYECKH, TaK U
9KCIIEPUMEHTAIBHO HA OJHOPOJIHBIX U HEOJHOPOAHBIX MOJEIAX IUIACTA, & TAK)KE UCIBITAHHBIMU B
IIPOMBIIIIEHHBIX YCIOBUSX SABJISIFOTCS METOBI BO3ACHCTBUSA HA IIACT TOPSYEH BOJOW U IMapoM. ITO
MPEONPEeNINIO MacIITabbl HarHEeTaHHUs B IUIACTBI TEIUIOHOCUTENEH, 0COOEHHO 3aKaykH mapa, B
MIPOMBIIIJIEHHYIO pa3paboTKy MHOTHX MECTOpOXaeHuH, Kak B crpaHax CHI', Tak u 3a py6exxom.

C pacmupenueM MacimiTaboB NMPUMEHEHHUS TEIUIOBBIX METO/IOB pa3padOTKH He(TSIHBIX
MECTOPO’KICHHUI BO3HUKAIOT BOIIPOCHI: O MOBBIILIEHUHU 3P(HEKTUBHOCTH MPUMEHEHHBIX TEXHOJIOTHIA,
0 pa3paboTKe pEKOMEHJALM{ 10 TOBBIIIEHUIO €€ PEHTA0ETbHOCTH B  PAa3JIMYHBIX
reojoro-(hU3nYeckux YCJIOBUAX M O PacIIMPEHUH O0O0JAaCTH MPUMEHHMMOCTH IpEAaraéMbIX METO-
JI0B.

bonpniol oneIT, HAKOIUIEHHBIM IIPU NMPUMEHEHHH IMTAPOBO3JEHCTBHS M BHYTPUILIACTOBOTO
TOPEHUs1, TO3BOJIMII BBIABUThH HApSAIy C MOJOKUTEIbHBIMU CTOPOHAMHU U CJ1a0ble CTOPOHBI METOJIOB.
MHorue HeJOCTaTK/ METOJI0B HAarHETAHMS TEIUIOHOCHUTENIEH M BHYTPHUILIACTOBOTO TOPEHHSI MOXKHO
MIPEOIOJIETh MyTEM MX KOMOMHAIMM, KOTJa HarHeTaeMasl B IUIACT ropsiyas Boja mpeodpasyercs B
nap HemocpeAacTBeHHOo B miacte [4,8]. Ilpu 3ToM obecmeunBaeTcsi 6e30mMacHOCTh Iporecca
WHUIMAPOBAHUS TOPEHHs, BO3MOXXHOCTh TOBBIIICHUA 3(P(EKTUBHOCTH Ipolecca BO3JCHCTBUS
HarHeTaHWeM Iapa Ipu 0oJiee peKUX CeTKaxX pa3MeIleHHs] CKBaXXHUH, CHIKEHHE ra3oBoro (akropa
B J00OBIBAEMOM MPOTYKIIMH CKBAXKHH.
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CyIHOCTh KOMOMHUPOBAaHHOW TEXHOJOTHHU "TETUIOHOCUTENh-OKUCIUTEND' 3aKII0YacTCs B
TOM, YTO HarHeTaemas B IUIacT ropsyas Boga ¢ Temmeparypoir He Hmxke 100°C moxer OBITH
IepeBeieHa B apoo0pa3Hoe COCTOSIHUE ¢ 00siee BBICOKMMU TEPMOJUHAMUYECKHMMHU ITapaMeTpaMH.
JlonosIHUTENBHOE TEIUIO JUIsl IEPEBOJA B IIACTE TOpsiued BOJBI B IAp, a TaKXKe AJIs MOBBIILICHUS
TeMIepaTypbl B TEIUIOBOM OTOPOYKE IOJIydaeTcs B PE3yJIbTaTe€ OKUCIEHUS HE(PTH KUCIOPOIOM
BO3yXa, MOJO00OHO BHYTPHUIUIACTOBOMY TOpeHHI0. HeoOXonuMbpIMU YyCIOBUSMH HTPOTEKAHUS
KOMOMHUPOBAaHHOI'O Ipoliecca SBJISIETCS HaJlM4Me B IJIacTe YIJIeBOAOPOAHOIO TOIUIMBA, BOIHOM
(a3bl ¢ TeMIIepaTypou, 10CTaATOYHON JJIsi HHTEHCUBHOTO OKUCJICHUSI HEPTH, OKUCITUTENS (KUCIOPO.
BO3yXa MIM 4uCTbIN). KoMOMHUpPOBaHHAS TEXHOJIOTUS MOKET OBbITh OCYLIECTBIEHA COBMECTHBIM
HarHeTaHWEM B IUIACT TEIUIOHOCUTENSI M BO3/yXa, CO3JJaHUEM TEIUIOBOM OTOPOYKH TOpsiued BOAbI
WIH Tapa ¢ MOCIEeAYIOIIMM HarHeTaHWEM BOJOBO3AYIIHONW cMecH. BonoBo3ayliHas cMech MOXET
CO371aBaThCs KaK ¢ ropsiyeil BOAOW, TaK U C HEHArpeTou BOJOM.

MartepuaJbl 1 METObI

PaccmaTtpuBaemasi KoMOMHUpPOBaHHAs TEXHOJOTUS, OCHOBAaHHAs HA MIEPEBOJIE TOpsiuei BObI
B IIap 3a CUET BHYTPUIUIACTOBBIX OKHCIMTEIbHBIX (HU3KO- WJIM BBICOKOTEMIEPATYPHBIX) peaKiuii,
sBisieTcs 9(Q(HEKTUBHBIM METOAOM CO3JIaHHUSI OTOPOYKH Tapa HEIOCPEACTBEHHO B Iuiacte. [lanHas
TEXHOJIOTUS 103BOJIIET MHUIMMPOBATH TOPEHUE BHYTPH IUIACTa C MOCIEAYIOLUIMM MEpeXoaoM Ha
OHY W3 MOIU(HKAIMA BHYTPHUIUIACTOBOTO TOpeHus. B craree [4] mpuBoamTcs ¢u3mveckas
CYLIHOCTb METOJa COBMECTHOM 3aKkauku ropsyeil BOJbl M BO3JyXa. OKCIEPUMEHTAJIbHbIE
WCCTIEIOBAaHUSl JIAaHHOW TEXHOJIOTHU TPUBENEHBI B cTartbe [8]. DTH HCCIeIOBaHUS TOKa3ain
3G (HEKTUBHOCTh PACCMOTPEHHONW TEXHOJOTMHM BHYTPHUIUIACTOBOro mnaporenepuposanus (BIIIIT).
JlaHHAs1 TEXHOJIOTHUSI CIIOCOOCTBYET pOCTy 100buM HedTH, obecneunBaeT 6e30MacHOCTh MpoLecca,
HSKOHOMHMYECKM BbIrojHA. J[1s AajbpHEHIIEro ee paclpoCTpaHEHMs IMpeaaraercs COBMECTHas
3aKayka pacTBOpa KapbaMuaa u BO3Iyxa.

Kapbamun wnu, xak ero emie HaspiBatoT - MoueBuHa (NH2CONH»), npencrasnser coOoi
OeclIBEeTHbIE KPHUCTAJUIBI, XOPOILIO pacTBOpHMMBbIE B Boje. MoueBuHa oOpa3yercs B JKHMBBIX
OpraHusMax, SIBJSISICh OJHMM M3 KOHEYHBIX MPOAYKTOB MeTabosm3ma OenkoB. Kapbamua mupoko
UCIIOJIb3yeTCsl B KauecTBe yAo0OpeHus. OH He arpecCMBeH M €ro IpPOU3BOJCTBO SIBIISETCS
KPYITHOTOHHQXHBIM. B TIpPOMBIINIJIEHHOCTH MOuY€BMHA CHHTe3upyerca u3 ammuaka (NH3) u
muokcuga yraepoga (CO). Ilpu marpese cbime 150°C pasnaraercs Ha aMMMAaK M JMOKCHIL
yriepona, T.e. peakius obpatuma. Ilpu pasnoxkenuu 1 T kapbamuna Beinenserca 746,6 M> aMmuaka
u 373,3 »° nuokcuaa yriepoaa [7]. Takoe peskoe yBenauueHHe oObeMa Tra3oBoil (asbl, TOMHMO
BCEro IMpPOYEro, CHOCOOCTBYET YBEJIWYEHHIO JIaBJICHHUS B IUIACTe, UYTO MOXKET SBUTbCA
JIOTIOJIHUTENBHBIM  (pakTOpOM yBenuueHusi Hedpreornaun. OOpa3oBaHMe B IUIacTE aMMHaka
CIOCOOCTBYET M3MEHEHHIO BSI3KOCTH HE(PTH M MOBEPXHOCTHOTO HATSDKEHHUS Ha TpaHMLE pasjerna
"HedTh-BOma". Kpome Toro, mpu HarpeBaHuu pacTBOpoB ModeBHHBI Oonee 80°C HaumHaeTrcs
nporecc THApoTanuu (CBSI3bIBAHUE BOJBI XMMHUYECKMMHU BEIIECTBAMH) U MEpexoi B KapOamar
amMmonus. [Ipu Temneparype 130°C kapOamui B BOJTHOM pacTBOPE JUCCOIMUPYET HA YTIECKHUCIOTY
v ammuak. IIpu BbicokMX TemmepaTypax 250-300°C mpoucXomuT pasnoskeHHe Kapbamuna Ha
MenamuH (cimaboe ocHOBaHWE), aMMuak W auokcun yrieponxa [1,10,13]. KapGamum wu ero
MPOU3BO/IHBIE HAXOJAT NMpHUMEHEHHEe B HedTemoObIue, TakkKe Kak aMMHauHas BOAA U JTUOKCH[
yriepona [1,2,3,6,7,9,11,12].

PesyabTarhl

HccnenoBanus ocymiecTBiaeHsl Ha yctaHoBke YBI'-2-200M [8] . B onbiTax ncnoiab3oBaiach
HedTh mI0THOCTBIO 918 Kr/M® M BsaskocThio 86 MITa ¢ mpu 20°C. Bo Bcex dKCIEpUMEHTaX CTENeHb
HEOJTHOPOJHOCTH  Iulacta paBHa 3. HeoaHOpOIHBIM IJIACT  MOAEIMPOBAICT Kak C
THJIPOAMHAMUYECKH U30JUPOBAHHBIMH, TaK M C COOOIIAIOIIMMUCS CIOSIMHU Pa3HOM MPOHUIIAEMOCTH.
B uccrnenoBanusx mcronp3oBaau pacTBOp kapOamuna ¢ koHmneHtpanuen 7% u 10%. JlaBnenue B
Mozenu 1iacta pasHo 2,5 Mlla. Jlns conocTaBiaeHus pe3ybTaTOB UCCIEAOBAHUS NPEABAPUTEIBHO
OCYILECTBJIEH NPOLECC BHYTPUIUIACTOBOTO MApOr€HEPUPOBaHMS B HEOJHOPOAHOM IUIACTE C
W30JIMPOBAaHHBIMU CIOSMU 0€3 3aKauku OTOPOYKH. Pe3ynbTaThl MCCIEIOBaHHWHA INPHUBEICHBI B
Tabymme 1.
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[Tponiecc BHYTPUIIIIACTOBOIO NAPOT€HEPUPOBAHMS € 3aKaYKOM pacTBOpa KapOamuia COCTOUT
u3 Tpex 3TanoB. Ha nepBoM sTane Bo BcexX dKCIIEPUMEHTAX B IIJIACTE CO3/1aBajlach OTOPOUYKA TEIUIA,
OTJIMYAIOIIas pPa3MEpPOM M paclpe/ieIeHUeM TeMIlepaTypbl B Heil, BbI3BaHHbIE 3aKauKod B ILIACT
ropsiueii BoJbl pa3HeIX 00BEMOB U TemmepaTypoil [8]. B Hammx mccienoBaHUAX AT MOKa3aTeNn
ObUIM TOYTHU OJMHAKOBBI, YTO I103BOJIJIA HAM IIPOBOJUTH CPaBHUTENIbHBIM aHAIN3, B YUCIHUTENE
3HAa4ECHUs1 BBICOKOIIPOHUILIAEMOTO CJI0s1, B 3HAMEHATEIE—MaJIOIPOHULIAEMOrO CJIOSL.

Tabmuua 1. VicxoHble TaHHBIE M PE3YIbTATHI ONBITOB

No IMAPAMETPBI (0 1| bl T bl
Ne 1 2 3 4 5
1 Cron H30JINPOBaHHEIC cooOmaronmecs
2 | HedtenaceimeHnHOCTS, % 41/37 43/37 42/36 40/35 40/35
3 BonoHackIIEHHOCTS, % 15/11 16/12 15/10 14/10 14/10
4 | CreneHb HEOTHOPOAHOCTH IuTacTa, Ko 3 3 3 3 3
5 | IlpoHHIIAEMOCTH CJIOCB, MKM? 6,5/2,2 6,3/2,1 6/2 6,4/2,1 6,3/2,1
[. OTAIL. 3AKAYKA I'OPSIYE BOJIbI
6 | OObem ropsiueit BoJbI, TIOPOBBIi 2/1,2 2/1,2 2/1,2 2/1,5 2/1,5
7 | Jlnuna 30HBI IPOTpEBa, M 1,1/0,6 1/0,7 1/0,6 0,9/0,7 0,9/0,7
8 | Koadhdumuent uzsneuenus vedru (KMH) 22,7 24.3 23.0 25.0 26.6
10 CJIOSIM, % 16,0 17,0 17,0 12,5 13,0
I 1. OTAIL CBEPXBJIA’XKHOE I'OPEHUE (CBBI)
9 | Bomososayunoe otHommenue, 107 m3/am? 3,6/2,1 3,7/2,1 3,7/19 | 3,6/2,6 3,5/2.,5
10 | ITnoTHOCTH MOTOKA BO3AyXa, M>/M% - u 70/60 75/62 74/60 72/68 70/65
11 | KoHneHTpamus croparolero TominBa 12 11,5 12.0 16.5 16.0
10 CJIOSIM, Kr/M> 20 19,0 20,5 18,0 18,0
12 | KMH no cnosm 3a II sram, % 31/20 42/23 40/23 44/19,5 44,6
Boznyxo-
HepTSIHOE
OTHOIIIE-
1 une/20,5
III. DTAIIL CBBI' ¢ 3AKAYKOHN OTOPOYKH PACTBOPA XUMPEATEHTA
13 | Tun xumpearenra - KapOamMun
14 | KonueHnTpanus pacTsopa, % - 10 7 7 10
15 |O6bem otopoukH, % OT oOBbeMa 1mop - 30 30 30 30
16 |BomososaymHoe otHomerue, 107 M>/HM> 3,6/2,0 3,4/2,2 3,5/2,1 3,0/2,6 3,0/2,8
17 |ILI0THOCTH TIOTOKA BO3/yXa, M3 /M 70/60 72/68 71/69 68/71 67/70
18 | KoHueHTpamus croparomniero TormBa 14.0 9,8 10,0 13.0 12.8
10 CJIOSIM, Kr/m> 23,0 16,0 16,5 14,0 13,6
19 |KHH no cnoswm 3a 111 starm, % 22/20 22,5/38 22/35 24/34 23,8/32
20 | O6mwmit KMH 1o cimosiM, % 75,7/56 88,8/78 85/75 93/66 94/66
21 | O6mmit KMH no mracty B menom, % 65,85 83,4 80 79,5 80
22 | Bo3ayxo-He(TsIHOE OTHOIIEHHUE, HM /M> 2100 1540 1600 2300 2200

3akauka ropsueil Boasl ¢ Temmeparypoit 190-210°C mpu naBnenuun 2,5 Mlla [5] u B
konuyecTBe 1,2-2,0 oObeMa mop MO3BOJIMIIA CO3/AAaTh B CIOSAX PAa3HOW MPOHUIIAEMOCTH TETUIOBYIO
oTopouky. B kadectBe mpumepa Oyaem paccmarpuBaTh OmbIThl Ne3 u 4. XapakTep TeueHHUS
mporecca B JPYTUX OMBITaX TOT Ke, OTIMYMS JIMIIb B KOJUYECTBEHHBIX 3HAUYCHUSIX. B
W30JIMPOBAaHHBIX CIIOSIX TEIUIOBas OTOpOYKa, orpaHudeHHas wuzotepmoii 100°C, wumeer B
BBICOKONIPOHMUIIAEMOM CJlo€ JuIMHY 1,2M, B Manonponunaemom — 0,62M. JluHa TerioBou
OTOpPOYKH, oOrpannueHHoil uzorepmoit 150°C, B BbIcOKONpoHHIIaeMoM cjoe paBHa 0,61Mm, B
MasnonponunaeMoM — 0,29m (puc.l). OTHOIIEHHE TETUIOBBIX 30H CIIOEB Pa3HBIX MPOHHUIIAEMOCTEH
paBHO 2-2,2, 4TO MEHbIIE, 4eM cTeneHb HeogHopoaHocTu 1acta (Ko=3). CHukenue BIMSHUS
HEOJIHOPOJAHOCTH Ha pa3Mep TEeIUIOBBIX 30H MPOMCXOAMT 3a CUET TEIIoBOM uHTepdepeHuu. B
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COOOMIAIONTUXCS CJIOSIX JIJIMHA TETUIOBOM 30HBI, OTPAaHUYEHHOH HW30TEPMON B 150°C, B
BBICOKOIIPOHMIIaeMOM ciioe paBHa 0,54M, a B ManonponutiaemoM—0,32m (puc.l). B nononnenne
TEIUIOBOM MHTEp(EpEeHIIMN MEXIy CIOSMHU 3/1eCh, 3a CUET KaNWJUIAPHBIX NEPETOKOB, CHUKEHHE
BIIMSIHUS HEOJHOPOJHOCTH Oojbine. OTHOLICHHWE TEIUIOBBIX 30H CJIOEB pa3HOW NMPOHUIIAEMOCTH
paBHO 1,7, MeHblIe, 4eM B H30JUPOBAHHBIX CHOAX. COOTBETCTBEHHO C 3TUM MPOUCXOIAUT
BBITECHEHHE HE(PTH U3 CIOEB PA3HOH NPOHUIIAEMOCTH W Pa3HOW THUAPOJAWHAMHYECKOW CBSI3U
(Tabmuua 1, oram I).
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Pucynok.1. Pacnipenenenue remneparypsl 1o JJIMHE CIOUCTO-HEOAHOPOIHOIO IJ1aCTa MOoCie
3aKayKy ropsiuei BoJbI 1,4 —BBICOKO- U MAJIONIPOHUIIAEMbIE N30JUPOBAHHBIC CIIOH,
cooTBeTCTBEHHO (OmbIT Ne3). 2.3 - BEICOKO- M MaJIOTPOHUIIAEMbIE COOOIIAIOIINECs CIIOH,

COOTBETCTBEHHO (OmbIT Ned)

Ha BTOpOM 3Tane ocyliecTBieHa 3akadka Bo3yXa. 3akauka Bo3ayxa B Tedenue 0,3-0,5 yaca
WHTCHCU(UIPOBAJIa OKHUCIHUTEIbHBIE TPOIECCHl B TEIUIOBOW OTOPOYKE W TpHBENIA K POCTY
TeMIepaTypsl B BhIcoKonmponunaeMoM cioe Ha 105°C (puc.2). Uepes 1 yac mociie 3akauku BO3myXa
MIPOUCXOIUT BOCIUIaMeHeHne HedTu. Temneparypa Ha ppoHTe ropenust nocruraet 457°C. B Buny
TOT0, YTO B MAJIONPOHULIAEMBIH CJIOH MoMajaeT MEHbIIee KOJMYECTBO 3aKauuBaeMOro BO3/lyXa, TO
WHUIIMAPOBAHUE TOPEHUS B HEM OCYIIECTBWIIOCH ¢ 3ama3abiBanmeM (puc.2). Temmeparypa Ha
dponTe ropenus gocturia 350°C. Iocne 06pazoBaHus ppPOHTA FOPEHUs HEPENLIH HA COBMECTHYIO
3aKauky Bo3Ayxa M Bojbl. OcCyIIECTBIEH MEpexo] Ha BIAXXHOE U CBEPXBIAXKHOE TOpPEHHE.
Heo06xomuMo OTMETUTb, YTO 3TOT MEPEXOJ 3aBHCUT OT CTENEHH B3aMMOJEHCTBHS CJIOEB
(M30JIMpPOBAaHHBIE WM COOOIMIAIOIINECs). YPOBEHb TEMIEPAaTyphl B TEIJIOBOM 30HE BbIpoc Ha 20-
50°C, uro npuseso k ee pocty. C Hepexoa0oM Ha BJIaKHOE WIH CBEPXBJIaXKHOE FOpeHHe B Gonblueii
CTETIEHU TIPOSBISIETCS TEIJIOBass MHTEPPEPEHIHMS MEXIY CIOSMH pa3HOW TMPOHHUIAEMOCTH, a B
COOOMIAIONIUXCS CIOSAX HA 3TO HAKJIAJBIBAETCS €Il U KalWUIAPHBIE MEPETOKH. JTO CIOCOOCTBYET
YMEHBIICHHUIO Pa3HHIIbI TEPETHEH TPAaHHIIBI TEIUTOBOW 30HBI MEXK/TY CIIOSIMHU.

[Ipuyem B COOOIIAIOIIMXCS CJHOSAX ATO CHUKEHHE Oojblne. DTO MPHUBOAUT K POCTY
koapduLreHTa U3BICUEHUS HEPTU U3 CIIOMCTO-HEOJHOPOJHOIO IUIAacTa, KaK IO CJIOSIM pa3HOM
MIPOHUIIAEMOCTH, TaK U U3 IjIacTa B 1enoM. HecMoTps Ha 3TO, BIUSHHE HEOJHOPOJHOCTH IJIacTa
BCce ele cKasbplBaeTcsi Ha mnponecce. C Lenblo yIydlleHHs @polecca BHYTPUILIACTOBOIO
MaporeHepUpPOBAHMs, YBEIMUYCHHUsS OXBaTa IIacTa IMPOLIECCOM OCYIIECTBICHA 3aKauyka OTOPOUYKHU
pacTBopa kapOaMpaa. 3akauyka OTOPOYKM pacTBopa KapOamuaa MNPUBOAUT K IMPOSIBICHUIO B
MIOPUCTOH cpesie OCHOBHBIX €ro cBOMCTB. [IponcxoauT pasnokeHue kapbamuia Ha razooOpa3Hbie
IPOAYKTBl aMMHAK M JUOKCUJ yriiepoia. B 3aBHUcHMOCTH OT ypOBHSI TeMIIEPATyphbl BO3MOXKHO
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oOpazoBanne MenamMuHa — cinaboe ocHoBanuwe. OOpasyrwoleicss aMMHak, Tomaaas B 30HY
BBITECHEHHS HETH BOJIOW, 00pa3yeT ruAPOKCH] aMMOHUS (IIETI0Yb) M BO3MOKHO CYIIIECTBOBAHUE
MenamuHa. [Ipy KOHTakTe ¢ OpraHUYEeCKUMHU KHCIOTaMH (0COOEHHO HA(PTEHOBBIMH) THIPOKCH
aMMOHHUS 1 MEJIaMHUH 00pa3yloT MOBEPXHOCTHO-aKTHBHBIEC BEUIECTBA, CIIOCOOCTBYIOIINE CHIXKEHUIO
MMOBEPXHO-CTHOTO HATSXKEHUS Ha TpaHulle (a3 «HePTh-pacTBOP LIEIOUN», IMYIbIUPOBAHUIO HEPTH
U YyJIy4UIEHUI0 CMauuMBAaEeMO-CTH IOpOJ KoJulekTopa. JlokazarenbCcTBO 00pa3oBaHUS B IUIACTE
mienoun sBisiercss aHanu3 pH Boawl, orOupaemoil u3 monenu 1uacta. PactBop kapbammuia
IIPUTOTOBJIEH HAa JAUCTWUIMPOBAHHOW BOJE M B 3aBUCUMOCTU OT KoHueHTpauuu (1-15%) umeer
pH=8,16-8,35. Kaxxiplii 3Tan xapakTepusyeTcsi CBoei BenmunuHou pH.
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Pucynok 2. /lunaMrka MaKCUMaJIbHOW TEMIIEPaTyphl B CIIOUCTO- HEOJHOPOIHOM TIJIACTE C U30JIH-
poBaHHbIME crosimMu B miporiecce BIIIII ¢ 3akaukoit oTopouku pactBopa kapbamuga (ombIT Ne3) 1 u
2 —BBICOKO- ¥ MAJIOITPOHHIIAEMBIE CJIOM, COOTBETCTBEHHO.

a-B — 3aKauka 7% pacTBopa kapbammuia

Ha »tane 3akauxku ropsiuedt Bonbl pH orOupaeMoil BOjbl HEWTpasbHBIM M IMOCTOSHHBIN
(pH=6,7-7). C mepexoaomM Ha 3akauyky Bo3ayxa (3tam II) 1 ¢ Haua’IOM OKUCIHUTEIHHBIX MPOILIECCOB
pH otr6upaemoii Boabl u3Mmensercs. OHa CTaHOBUTCS KHUCIOH. B 000MX CIOAX MPOUCXOIUT
cHmkenue pH Boawl ot HeltTpansHOTO (6,7-7) A0 Kucnoro (3,7-2,6). 3akauka pacTBopa Kapdbamuaa
npuBoauT K pocty pH Bonmpl. Boga, oroOpaHHass W3 BBICOKONPOHHUIIAEMOTO CJOs, OBICTPO
npuobperaer menou-Hoi xapakrep (pH=8,9-9,6), a u3 ManonpoHHuIIaeMoro ciaosi — HEUTpabHBIN
xapak-tep (pH=6,8-7,7), mpu OJHOBPEMEHHOM CYLIECTBOBAHMM OKHMCIHUTENbHBIX MpoleccoB. B
ombiTe Nel (6e3 3akauku oTopouku kapbamuma) pH orOupaemoil Boabl Ha BCeM MPOTSHKEHUH
OCYIIECTBJIEHUSI BTOPOTO 3Tara ocTaercs Kuciaoi. B coolmiaromuxcs ciosix Boja, oToOpaHHast U3
pasHBIX CJIOEB Ha JTale 3aKayKd OTOPOYEK pacTBOpa KapOamuaa UMeeT LIEJTOYHON XapakTep
(pH=8-9,5), duro eme pa3 MOATBEP)KIAET CYIIECTBOBAHUE KAMWUIAPHBIX TEPETOKOB (IIFOMIOB
MEXIy CIOSMH pa3HOM mpoHUIaeMoctd. TakuM oOpa3oM, HajdMyhue B 30HE BBITECHEHUS
TUAPOKCHAA aMMOHMS (ILEJIOYM) MPUBOIUT K OOpa30BAaHUIO BBICOKOBSI3KOH AMYJIbCHH. IJTO
CIOCOOCTBYET pOCTy Iepenaja JaBieHUs B BBICOKOMPOHMUIIAEMOM CIIO€, a CIIEZJOBATEIbHO K
yxyaumenuto ¢uiabTpanuu Quaronnos (puc.3). Ilepeman naBieHHs B BBICOKOIOHHUIIAEMOM CIIOE€
BeIpoc B 5,5 pa3, a B MaJONpOHHMIIAeMOM cioe Tonbko B 1,55 paza. Ilpoucxomur
nepepacnpeesieHue MOTOKOB 3aKauMBaeMbIX (IIOMAOB MO CIOSM. YBEIMYEHHE KOJIMYECTBA
3aKauMBAEMOI0 BO3[yXa B MAJONPOHMIIAEMBIN CIIOH NPUBOJUT K POCTY TEMIIEPATypbl B HEM.
[Tpoucxoaut moBTOpHOE OOpa3zoBanue GHpoHTa TOpeHHs (pUC.2).

B cratee [6] oTMewaeTcs, YTO B TMPOIECCE BBITECHEHUS HEPTH ITUOKCUA Yriepoja
pacTBopseTCsl Kak B BOJAE, TaK MU B HE(TH, IPUYEM PACTBOPHUMOCTb €ro B B HE()TU HA HOPSAOK
Bbime. [1o3ToMy OH MOXKET HepexoAuTh M3 BOIHOTO pacToBpa B HedTh. Bo Bpems mepexona
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Mek(pa3zHOe HATSDKEHHE MEXTy HUMH CTAHOBHTCS OY€Hb HU3KMM M BBITECHEHHE MPHUOIIIDKACTCS K
CMeIMBaIEeMy pexumy. [Ipu pacTBopeHUM NHOKCHAA yriepoja B HETH U BOJAC YIyUIIAETCS
CMa4MBaeMOCTb IOPOJBI BOJOH, YTO HPUBOJUT K OTMBIBY HE(TSHOH IJICHKM C TOBEPXHOCTH
ImopoJbl, IMEpeBOAA €€ U3 IINICHOYHOI'O COCTOAHUA B KaIlCJIbHOC W TCM CAaMbIM YIIy4dlIacT
BeITecHeHHEe He(pTH. Kpome Toro, pacTBopeHHe AMOKCHAA YriepoJa B HE(QTH CONPOBOXKAACTCS
MPOIIECCOM OOpaTHOTO MaccomepeHoca, T.e. Jerkue (pakuuu HedTH NEepexoAiT B JHUOKCHI
yrnepona. Ilo mepe nBHKEHHS B IUIacTe AMOKCHA YIJIEpoJa HENPEPHIBHO 00OTaIlaeT JeTKhe
yrieBoopobl. BHavane KOHIEHTpalus JErKUX YIJIEBOJOPOAOB YBEJIMYMBACTCS, a COJCpPIKAHUE
IMOKCH/IA yriiepoia yobIBaeT 10 Hyis. [Ipu 3ToM B mutacte oOpa3yercst He(TSHOM Bal ABHKYIIUICS
BIICPCOU BBITCCHAIOMIUXCA )KI/II[KOCTCI;'I.
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Pucynok 3. /lunamuka nepenana aasiuenus npu BIIIID ¢ 3akaukoit oropouku
pacTtBopa kapOaMuja B CIOMCTO-HEOJHOPOIHBIX IJIaCTaxX
1 1 3 — BBICOKO- ¥ MaJIONIPOHUIIAEMBIE U30JIUPOBAHHbIE CJIOM, COOTBETCTBEHHO (OMBIT Ne3),
2 1 4 - BBICOKO- U MAJIOIIPOHUIIAEMBIE COOOIIAIOIINECS CJION, COOTBETCTBEHHO (OTBIT Nod),
a-B — 3aKayka pacTBopa kapbamuja

[TonoOHBIN XapakTep B3aUMOJCHCTBUS AMOKCHAA YIJIEpoAa C HACHIAIOIUMHI IJIacT
¢barougaMu MPOMCXOIUT U B MpOLIECCE BHYTPUIUIACTOBOTO TOPEHMsI C 3aKadykol kapOamuia.
[TosToMy aHanmu3 BBIXOAALIMX Ta30B TOpPEeHUS HE (UKCHPYET MOMOJHHUTEIBHOTO KOJMYECTBA
IUoKcuaa yriaepona. PacTBopeHue auokcuaa yriepoja B HE(TH CONPOBOKIAETCS CHHKEHHEM
BSA3KOCTH M IIJIOTHOCTH HE(TH, YTO HE XapaKTEpHO JUIsI OOBIYHOTO BHYTPHUILIACTOBOTO T'OPEHHS,
0COOGHHO Ha mocienHed ctaauu mpouecca. [1oaTomy aHanu3 BBIXOAAIIUX ra3oB HE (UKCHPYET
JIOTIOJTHATEIBHOTO KOJIMYECTBO BBIXOSAIIETO JUOKCHIA YIIIEpOa.
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Pucynok 4. 3menenune konuentpanuu CO2 00pa3oBaHHBIN B IPEIBAPUTETHEHO
HarperoM 1acte 1o 200°C mpu 3akauke pactBopa kapbamunaa 1,2,3 — 1; 7; 10% pactBop
KapOamuia

Obcyxaenne

Jns nmoxazarenbcTBO 00pa3oBaHUS JAMOKCHIA YIliepojJa B IulacTe ObUT TMPOBENCH
CHEHabHBIM KCIEpUMEHT. DTO HCCIEIOBAaHUE MOKa3alo, 4TO 3akayka pacTBopa kapOamuia B
npeaBapuTenabHo mporpetsiit o 200°C miacT MpUBOAMT MPAKTHUECKU Cpasy K OOPA30BAHUIO B
racTe AMoKcuaa yriepoaa (puc.4). M3 pucynka BumHO, 4TO TipH 3akauke 1% pactBopa kapbamua
auokcua yriaepoaa B konudectse 20,5% oOpasyercst yepe3 0-10 mun (1=0,05), npu 3akauke 5% u
15% pactBOpa kapOamuaa pa3aoKeHUe MPOUCXOIUT 3a TO KE BPEMsI, HO KOJTMUYECTBO, BBIJICIIEHHOTO
JUOKcUJa yriaepoja Bbiie U paBHO 28,5% u 80%, cooTBeTCTBEHHO. UeM BbIlle KOHILIEHTpALUs
pactBopa kapOammia, TeM Oosble oOpasyercss MUOKcHuaa yriepoja. PacTBopuMocTh auOKCHIa
yriaepoaa B He(pTH MPUBOAWT K CHIDKEHUIO €€ BSA3KOCTH, YTO HE XapaKTepHO IS Mpoliecca
BHYTPUILJIACTOBOTO T'OPEHHUS, 0COOCHHO B €€ KOHEYHON CTa/INH.

3akio4enue

TakuMm oOpazom, pa3paboTaHa U M3yuyeHa HOBasi KOMOMHMpOBaHHAasl TEXHOJIOTUS Mpoliecca
BO3JICHCTBUSI HAa CIOHUCTO-HEOAHOPOIHBIA IUTACT MyTeM KOMOWHHPOBAHHUS BHYTPHUILIACTOBOTO
MaporeHepupoBaHusl C 3aKaukoM OTOPOYKM pacTBOpa Kapbamuja. DTO TMO3BOJSET, IO
1abopaTOpHBIM JaHHBIM, YBEIUYUTh HEPTEOTAAUy HEOJHOPOIHOTO TuiacTa Ha 3-4% 1Mo CpaBHEHUIO
C BHYTPUILIACTOBBIM TOpEHHEM C 3aKayKoil OTOpOuYkM pacTBopa Kapbamuaa, Ha 9-24% 1o
CPaBHEHUIO C MMaporeHepupoBaHueM u Ha 12-35% 1no cpaBHEHUIO C BHYTPUILJIACTOBBIM TOPEHHUEM.
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COMBINED METHOD OF STIMULATING A HETEROGENEOUS RESERVOIR
BASED ON OXIDATION REACTIONS

E. Mammalov’, E.Gorshkova
Institute of Oil and Gas, Baku,Azerbaijan
e-mail: evgenly mamalov(@rambler.ru, jenyaGarshkova@rambler.ru

Abstract. This article discusses the issue of enhancing oil recovery from a heterogeneous
reservoir. The combined method is based on the technology of in-situ combustion with the injection
of a slug of urea solution. The in-situ combustion technology itself is a combination of hot water or
steam injection with a transition to air injection. This makes it possible to initiate combustion
directly within the reservoir. Subsequently, a transition to a wet or super-wet combustion process is
envisaged. For more efficient displacement of oil from a layered heterogeneous reservoir, it is
proposed to inject a slug of urea solution at the stage of wet in-situ combustion. In this case, the
main properties of urea under the influence of high temperature are utilized. At high temperatures,
urea decomposes into ammonia and carbon dioxide. Dissing in water, ammonia forms an alkali, due
to which the interfacial tension at the phase boundary and rocks decreases, and wettability
improves. Carbon dioxide dissolves both in water and, to a greater extent, in oil. This contributes to
a reduction in oil viscosity. All these factors combined allow for an additional increase in oil
production from a heterogeneous reservoir.
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TOTBITY PEAKIHUAJIAPBI HET'I3IHAEI'TI BIPTEKTI EMEC KABATKA 9CEP
ETYAIH BIPIKTIPUII'EH 91CI

E.H. Mamanos*, E.B. I'opmkoBa
MyHaii )xoHe ra3 HHCTHTYThI, baky Kanacel, O3epbaiikan
e-mail: evgeniy mamalov(@rambler.ru, jenyaGarshkova@rambler.ru

Anparna. byn wmakamaga opTekTi KabaTTaH MyHaill eHAIpydi apTThIpy Maceleci
KapacTelpblianbl. KoMOuHammsuianran ofic kapOaMuj epiTiHIICIHIH MIOFBIPBIH algayMeH Oipre
Ka0aTIMIUTIK )KaHy TEXHOJIOTUSCHIHA HeTi3aenreH. KadaTiniiik >kaHy TeXHOJOTHUSICHIHBIH 631 BICTHIK
Cy HeMece Oy aimaynwl aya aifayra KellpyMeH YijecTipyai kamTuabl. byn skany mnporecin
Tikenel Kabart imrHae 6actayra MyMKiHaiK Oepeni. KelliHHeH puFanapl HEMECEe aca bUIFANIIBI KaHy
mpoleciHe KeIlly KapacTblpbuiajbl. KaOaTThI-opTeKTI IUIacCTTaH MYHAWIbl THUIMIIPEK BIFBICTBIPY
YIIiH BUIFaNABl Ka0aTimIUlK jKaHy caThIChIHIA KapOaMua epiTiHAICIHIH IIOFBIPBIH  aijgay
yChIHBUIAAbl. byn karmaiina kapOamMHITIH KOFapbl TeMIlEpaTypa ocepiHeH OONaThIH HETi3Ti
KacuerTepl mnaimananpuianpl. JKorapbl TemmepaTypaga KapOaMui aMMHaK TEeH KOMipKBIIIKBLUI
ra3plHa bIABIpAiiIbl. AMMUAK CyJa epim, CUITI Ty3€[i, COHBIH HOTHXKeciHae (a3anap MeH >KbIHBIC
IIeKapachIHaFbl OCTTIK KEPiTy TOMEHET, CYJaHFBIITHIK Kakcapaabl. KeMipKbIIIKbUT ra3sl cyna
1a, acipece MyHaiiia ®akchl epuai. by MyHail TYTKBIpIBIFBIHBIH TOMEHIEYiHe bIKIan erefi. Ochbl
(bakTopmapablH OapiIbIFbl KHUBIHTBHIK TYPAE OPTEKTI KabaTTaH MyHall eHIIpy KeJieMiH KOCHIMIIA
apTTBIPyFa MYMKIHJIIK Oepeti.

Tyitin ce3nep: Oy, BICTBIK Cy, BUIFAJABI KaHy, aca bUIFAIABI KaHy, KapOamuj, MyHau,
aMMHaK, KOMIPKBIIIKBUI Ta3bl, KOHIICHTpalus, OIpTeKTI eMec KabaT, e3apa OalaHbICKaH KabaTTap,
OKIIayJIaHFaH KabaTTap, MyHalOeprimrTik.
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