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AHHOTauus. AkKmyaasHocms. OnpejiesisieTcsl TeHJeHUeN exXeroHoro yBeJMyeHus 10U MeCTOPOXKAeHUN, BOBJIEUEHHbIX
B [IPOMBILIJIEHHYIO Pa3paboTKy U MPHUYPOUYEHHBIX K KAPOOHATHBIM KOJJIEKTOPAM, IIpeionpesiessieT NepCcueKTUBbI Pa3BUTHSA
MeTO/I0B MHTeHCUPHUKALMM NPUTOKA. B cTaThbe paccMaTpHBalOTCS BONPOCH], CBS3aHHLIE C NMOBbILIeHHEM 3 (eKTUBHOCTH
COJISTHO-KHUCJIOTHBIX 06paboTOK KapboHATHBIX KOJIIEKTOPOB. Iless. OnpeiesieHre TEXHOJOTUYECKOT0 PelleHH s, T03BOJISI0-
IIEero MOBBICUTh 3PPEKTUBHOCTb COJISHO-KHUCIOTHBIX 06paboTOK HAa KapbOHATHBIX KoJIEKTOpax. Memodsl. JKcnepuMeH-
Ta/IbHble UCC/IEe/0BaHUs, CTATUCTUYECKHE MeToAbl. Pe3ysbmams!l U 8b1800bl IIpoBefiEH aHa/NM3 KUCJIOTHBIX COCTABOB,
NPUMEHSIEMbBIX JJIsI COJITHO-KUCJIOTHBIX 00paboTOK. IIpuBe/ieHbl pe3ysbTaThl JIAOOPATOPHBIX HCCAEJL0BAHUH COJISTHO-
KHUCJIOTHBIX COCTAaBOB Ha KEpHE C MeCTOpOoX/ieHHs BocTouHoit Cubupu. OnpesesieHa COBMECTUMOCTb MJIACTOBBIX GJIIOU0B U
KHUCJIOTHBIX COCTABOB, @ TaKXe CKOPOCTb PAacTBOPEHUS] KepHA Ji/Il BbIOPAHHBIX COCTABOB. [IpoBeZieHbl 3KCIEPUMEHTHI 10
onpejeseHn0 GUIbTPALMIOHHO-EMKOCTHBIX CBOWCTB 06pasLioB KepHa. OnpesesieHbl CpeJiHME BeJIMYMHbI NPUPOCTA NOPHU-
CTOCTH Y IPOHULAEMOCTH 00pPa31|0B KepHA Nocsie QUIbTPALMOHHBIX 3KCIIEPUMEHTOB NPU IPOKAaYMBAHUH YePe3 HUX HCCIle-
JlyeMbIX KMCJIOTHBIX COCTaBOB. [loATBepK/AeHa B JJAGOPATOPHBIX YCA0BUAX 3G PEKTUBHOCTh NPUMEHEHHUs Kap6aMu/ia B Ka-
yecTBe MOAUQUKATOPA COISTHOW KUC/IOTHI JUJIS1 CEJIEKTUBHBIX COJITHO-KUCJIOTHBIX 06paboTOK Kap6OHATHBIX KOJIJIEKTOPOB.
[TosiyyeHa 3aBUCHMOCTb U3MEHEHHsI CKOPOCTH PeaKLUU COJITHOM KHUC/JOTBHI C JOJIOMHUTOM OT KOHLEHTpaLUU KapO6aMuza.
[ToxTBepX/ieHa BO3MOXKHOCTb NPUMEHEHHs Kap6aMK/ia B KauecTBe MOAUPHUKATOPA COISTHOW KUCJIOTHI /LISl OBBIIIEHUS €é
peaKLIMOHHOM CIOCOGHOCTH € Kap6oHATHOU mopooi. OnieHEH oxxugaeMbli 3ddeKT OT NpUMeHeHUs] Kap6aMuJa MpU CoJisi-
HO-KHMCJIOTHBIX 06paboTKax KapGOHATHBIX KOJIJIEKTOPOB, @ TAK)Ke NMPOTHO3HbIe 3HAYEHUS] IPUPOCTA MO 06bue HedTH 1HO-
CJle IPOBeJleHUs CeJIEKTUBHBIX COJITHO-KUCIOTHBIX 06paGoTOK MeXaHUYeCKHM METO/0M C Kap6aMuzoM. [lokasaHo, YTO MpH
HCI0JIb30BAaHUH KMCJIOTHOTO COCTaBa € Kap6aMU/I0M MOTeHIMal 3¢pdeKTa 10 NPUPOCTy JOObIYM HePTH HA 26 % NOBBIIIAET
30 }EeKTUBHOCTD 1O CPAaBHEHUIO C HCIOJIb30BaHHEM 6Ga3oBoro pactBopa 24 % HCl npu cosssHO-KUCIOTHBIX 06paboTKax.
Taxke MpoBeJiéH aHA/JM3 KOHKYPEHTHBIX NPeHMyllecTB KapbaMuZa 10 OTHOIIEHHIO K aHajoraM Ha PoccHiCKOM pbIHKe.
[TokasaHo, YTO JAaHHBIA peareHT IHUPOKOJOCTYIEH HA POCCUHCKOM PBIHKE U CTOMUMOCTDb €ro HIXKE, YeM Y peareHToB, NpeJ-
CTaBJIEHHBIX IPY TECTUPOBAHUU KHCJIOTHBIX COCTABOB.

Kiio4eBsle c10Ba: coJiiHasA KUCJIO0Ta, Kap6aMug, MoAudHUKaTop, KAp6OHATHBIN KOJIJIEKTOP, peaKIiMOHHAsA CIOCOOHOCTD, KEPH
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Abstract. Relevance. The trend of an annual increase in the share of fields introduced into industrial development and
confined to carbonate reservoirs. Predetermines the prospects for the development of inflow stimulation methods. The
article deals with issues related to increasing the efficiency of hydrochloric acid treatments of carbonate reservoirs. Aim.
Determination of technological solutions to increase the efficiency of hydrochloric acid treatments on carbonate reservoirs.
Methods. Experimental research, statistical methods. Results and conclusions. The paper introduces the analysis of acid
compositions used for hydrochloric acid treatments and the results of laboratory studies of hydrochloric acid compositions
on core samples in the Eastern Siberia. The authors have determined the compatibility of formation fluids and acid
compositions as well as the rate of core dissolution for selected compositions. The authors carried out the experiments on
measuring the filtration-capacitive properties of core samples. The effectiveness of using urea as a hydrochloric acid modifier
for selective hydrochloric acid treatments of carbonate reservoirs was confirmed in laboratory conditions. The authors
obtained the changes in the rate of hydrochloric acid with dolomite from urea residues. They assessed the expected effect
from urea use in hydrochloric acid treatments of carbonate reservoirs and the predicted values of the increase in oil
production after hydrochloric acid treatments with urea. It was shown that using an acid composition with urea increases the
efficiency of oil production by 26% compared to the application of a base solution of 24% HCI during hydrochloric acid
treatments. The paper introduces the analysis of the competitive advantages of urea in comparison with analogues on the
Russian market. This showed that this reagent is widely available on the Russian market and its cost is lower than that of the
reagents presented when testing acid compositions.
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BBeaeHue ¢ MomuduKalMs KHUCIOTHBIX COCTaBOB (janee —
TenneHnus exeronHoro ysemuuenus noiau Mmecro-  KC(AC)) Ha 6as3e CONSIHOM KUCIIOTHI.
PO IEHHIA, BOBJICUEHHBIX B MPOMBIIIICHHYIO pa3padoT- Henp HaydHO-HICCIENOBATEIHCKON pabOTHI 3aKITIO-

Ky ¥ TPUYpPOUYCHHBIX K KapOOHATHBIM KOJUICKTOpAaM, 4Yajach B ONPENEIEHHH TEXHOJOIMYECKOTO pEIIEHMS,
NIPeJONpeAENAeT MEPCICKTUBEI PA3BUTHS METOAOB MH-  TO3BOJIAIONIETO MOBBICUTH 3(pdextuBHOCcTE CKO Ha
TeHCU(UKAINU MPUTOKA. 3a4acTyl0 KapOOHATHBIC KOJI-  KapOOHATHBIX KOJUIEKTOPAX.

JICKTOPBI XapaKTEPU3YIOTCS CIIOKHBIM T'€0JIOTHUSCKIM [IpoBenéuuplii aHanu3 myoOIUKAIMA [0 TeMe Hayd-
CTPOEHHEM M 00Jaaf0T TPYJHOM3BIECKAEMBIMHY 3alaca-  HOro HCCieaoBaHus [1-7] MO3BONUI OMPENeuTh OC-
Mmu HedTH. B ycnoBmsax yxymmieHus pecypcHoi 0a3el  HOBHBIE TeHICHIMH B chepe ynyumenus KC na Oase
HedTerazomo0IBarONIel OTpacid MPOAOIDKAIOT OCTa-  COJHON KHCIIOTBHI. Y CTaHOBJIEHO, YTO HamboJjee rmep-
BaTbCs HEPEIICHHBIMHM BOIPOCHL, CBSI3aHHBIE C KOJIbMA-  CIIEKTHBHBIMH METOAAMU MOBBIIICHHUS 3PPEKTUBHOCTH
Tanuel mpu3aboitHOW 30HBI IUIacTa npu OypeHud W B KC siBiserTcs BKIIOYEHUE B COCTAB COISHOM KUCIOTBI
mporecce SKCIUTyaTalldd CKBAXHH, YTO OCIOXHEHO  CIEAYIOIINX J00ABOK:

HHU3KOH PEaKIIMOHHON CIIOCOOHOCTBIO COJISTHOM KUCTOTBI e  3aMemiuTencii (ciaa0ble OpraHM4YecKUe KHUCIIOTEI,

C JIOJIOMUTOM U TOTJIOUIEHUAMH KUCIIOTHBIX COCTaBOB HE(TEKUCIIOTHBIC AMYJIECHH, 3aryIICHHBIC HIIH BSI3-
NpU COJITHO-KUCIIOTHBIX 00pabotkax (mamee — CKO). KM€ KHUCJIOTBI, ICHOKUCIIOTHI U T. 11.);

OnHuM M3 KIFOYEBBIX TOAXOJIOB 110 HAMPABICHUIO MO- e  OTKIOHHTENCH (TBEPIBIC YaCTHIbI, TTONHMEPHbIC Te-
Bhimenus 3¢ pekTrBHOocTH CKO NpoomkaeT octaBaTh- JIM, OTKJIOHHTEIIHM-TICHBI, BS3KOYIPYTHE MOBEPXHOCT-
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HO-aKTHBHBIE BewlecTBa (naiee — [IAB), camooTtkiio-
HSTFOIIMECS KUCIIOTHBIE COCTaBhI U T. 1.) [8—14];
BCIIIECTB, BIMSIOIIMX HAa CMAaYWBAaCMOCTH (QHHOH-
HbIe U KaTHOHHBIC [IAB, B3anMHBIC PacTBOPHUTEIH,
HU3KOMOJICKYJIIPHbIC CIIUPTHI U T. 11.).
3HAUNTENBHBIA WHTEPEC IPEACTABISNET HCIIONB30-
BaHHE KapOaMuIa B KaueCTBE MOTU(PHUKATOPA COISTHOU
KHUCNOTHI. JlaHHBII MeToA MOBBIIIEHUS 3()(HEeKTUBHOCTH
CKO Ha ceromgHsmHAiA IeHb SBISETCS HAUMEHEEe M3y-
YECHHBIM I10 CPaBHEHHIO C YIIOMSHYTHIMH BEIIIIE.

KapOamuyg (MoueBHHA) — a30TCOAEpKAIEe COEAU-
HEHME, yI0OpeHHe, MPEeACTaBseT co0OH KpHCTAIIH-
9gecKoe BemecTBO 0e3 3amaxa, XOpomio pacTBOPSIETCS B
Boze. B3priBonokapoOe3onaceH, HETOKCHUECH, KOPPo-
3UITHO HE aKTUBEH.

B pabore [15] onmchiBaeTcsl YCHEMHBINA OMBIT MPH-
MEHEHHUs KapOaMuaa Uil KOMIUIEKCHOW 00paboTKh
npu3aboitHoi 30HbI (Hanee — OI13) TeppUreHHBIX KOJI-
JIEKTOPOB Ha TpHMepe SIperckoro He(TIHOTO MECTO-
poxnenus. Ilpu mocinenoBaTeNbHON 3aKayKe B IDIACT
kapOamuja, HUTPUTA HATPUS U CONSHON KUCIIOTHI 00-
pasyercs OOJBIIOE KOJNWYECTBO HETOKCHYHBIX Ta30B
(yraekuenoro u a3ota), KOTOPBIE MHTCHCU(UIHPYIOT
nporecc HeTenspiaeueHus. [loaTBEpXKIEHO, YTO KOM-
OMHUpPOBAaHHOE BO3ACHCTBHU HA IIACT MApOM U IPO-
OYKTaMH DPa3JI0KEHUS a30TCOICPIKAIINX COCIHHEHHUN
(xapbamMusia 1 HUTpPUTA HATPUS) CIOCOOCTBYET yBEIIU-
YCHUIO TEMIIOB 0TOOpa HEe(TH W TOBHIIICHHIO OXBATa
3aJIe)KH MPOIIECCOM TEILIOBOTO BO3ACHCTBHSI.

WzBecten mateHT [16], B KOTOpOM Mpeaiaraercs K
MPUMEHEHUIO COJSTHO-KUCIIOTHBIM COCTaB [UIsl 00paboTKH
Y pasrJIMHU3AIMA TPU3a00HON 30HBI IIACTa, COJCPIKa-
it consHyro kucnory, [IAB, no6aBku u Boxy, oTnnya-
IOIIMICS TEeM, UTO B KauecTBe JOOABKU COCTAB COJECPKHUT
HUTpPAT KapOaMuia, OUCyIb(ar HaTpHsi, KOMIUICKCOH.

B pesynbrare NmpoBeAECHHOIO aHalU3a MpUMEHsE-
MbIX TexHU4eckux pemeHuil st CKO ycraHoBIeHO,
9T0 Hamboyee YCHENIHON TEXHOJIOTHEH SIBISIETCS ce-
aektuBHass CKO MexaHHYeCKUM METOJOM, a TaKKe
BBISIBJIEHA BO3MOXXHOCTH MozaepHu3anuu KC. Ha me-
cTopokaeHmsx Bocrounoit Cubupu ms CKO mpume-
usieres 24 % pacteop HCl 6e3 Mmomudukatopos.

O6'beKTHI U METOJMKA HCC/IEJOBAHNSA

B kagectBe Hanboee MEpPCIEKTUBHBIX MOAHM(HKa-
topoB HCI Gbuti BeIOpaHs! clieyromme 100aBKu:
Karon-40 ('K «Muppuko»);
KoMmIutiekcHas nobaBka AO «HedterpanccepBuc»
(manee — HTC), cocrosimas u3: aucnepratopa AS-
DI — 0,1 mac. %, crabuimzaropa xene3a AS-IR —
1 mac. %, neamymnsraropa AS-DA — 0,5 mac. %,
uHrudutopa xoppozuu AS-CO — 0,1 mac. %;
MoueBHHa (KapOaMu).
Katon-40 u HTC axtuBHO pumensitoTcst mpu CKO
HA MECTOPOXKICHHUSIX-aHAIOrax W 00JamaroT MOATBEp-
XKIEHHOM Ha MpakTUKe 3((HEKTUBHOCTEIO.
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Hnsa mpoBeneHus: N1abOpPaTOPHBIX HCCIEIOBAHUN

Ob11H puroToBneHs! 6 KC:

24 % HCI,

24 % HCl1 + 6 % Karon-40;

24 % HCI + HTC;

24 % HCI + 4 % xapbamuna;

24 % HCI + 8 % xapbamuna;

24 % HCI1 + 12 % kapbamuza.

Kowmmeke mabopaTopHBIX HCCIIETOBAHUN COCTOHT
U3 TISTH STAIOoB:

e OIpeneNeHne COBMECTUMOCTH BBHIOPAHHBIX KHCIIOT-
HBIX COCTAaBOB C IUIACTOBBIMH (ITIOUIAMHU;
OIIpeJieJICHUE CKOPOCTH PACTBOPEHUS KEPHA;
H3MepeHne OPUCTOCTH KepHa;

ornpeneicHne Kod(pUIMEHTa MPOHUIIAEMOCTH I10
rasy;

(UIBTpallMOHHBIE SKCIEPUMEHTHI C KHCIOTHBIMHU
cocTaBaMH Ha oOpa3max KepHa.

OnpeneneHre COBMECTHUMOCTH BBIOPaHHBIX KHC-
JIOTHBIX COCTaBOB C ITACTOBBIMH ()IIOMIaMH IIPOU3BO-
JIATA TI0O METOJIMKE, OIMcaHHOU B padote [17]. PacTBop
KHCJIOTBI M TECTHPYEMBIC KHCIOTHBIC COCTaBBI C JIO-
6askoii 2000 1 5000 ppm Fe** cmemmpanu ¢ HedTio B
cootHomenuu 25/75 %, 50 /50 % u 75/25 % (06.), u B
cootHoueHnu 5:95 % ¢ momyTHO-100BIBAEMO BOJION,
THIATEJIbHO NepememuBaid B TeueHue 30 ceK. U BhI-
Iep)KUBAIA TIPU  TeMIlepaType 3a00s CKBaKHHBI
(30 °C) B pexuMe CTATHYECKOTO OTCTOSI B TEPMOCTATE.
[To ucreuennu 5, 10 u 30 MmuH ukcupoBaiu paxt 00-
pa3oBaHUS SMYJIbCHH, IOMYTHCHHS, U3MECHCHHSI 1IBETA
W/WITA BBIMAJICHUS. OCAJIKOB, 00BEM OTICIHBILICHCS BO-
nel. Uepes 30 MUHYT BBIACPKUBAHUS CMECH (DPUIIBTPO-
Banu uepe3 cuto 100 Mermr Ha mpeaMeT oOpa3oBaHUS
CTYCTKOB HJIH OCAJIKOB.

CKOpOCTh pacTBOpPEHHUsI KEpHa olpenesiach I0
MeToauKe, onucanHoi B [17, 18]. B émkocTtn momemnra-
mu 30 T KuCJIoTHOTO coctara (u3 pacuéra 1/10 k macce
KyOUKOB KepHa, Macca KOTOPBIX B CPEIHEM COCTaBIIS-
ma 3,0 r). B émMKoCTh MOMEIAU MOTOTOBJICHHBIE KY-
OWKM KepHa M BblIepkuBaiu B Tedenue 10, 30, 90 u
300 munHyT, nomemas HoBbIH oOpaser B ToT ke KC. [1o
UCTEUYECHUH BPEMEHH NpoOBI HelTpanuzoBaau 5 % pac-
tBOpoM mieroun NaOH u mpombIBaimy mpoTOYHOW BO-
JI0i. PhIXiyto MOpoay ¢ MOBEpPXHOCTH KyOMKa yJais-
7, KyOUKH CYNIMIM B CYIIWJIBHOM IIKady IO IOCTO-
sHHOro Beca npu Temmneparype 110 °C, oxnaxnanu B
HKCHKATOpE IO KOMHATHOM TEMIIEPaTyphl U B3BEUIHBA-
M ¢ TouHOoCThIO 70 0,0002 .

CxopocTs pacTBOpeHHs KepHa Vo, B /M- MuH pac-
CUMTBIBAIIU 11O popMyIe:

my—mp
S-At

Vp=

rie M; — mMacca mpoObl O Hayala aHanusa, I; My —
Macca IpoOkI 1ociie aHaIn3a, T; S — IUIONIa/b ITIOBEPX-
HOCTH TPOOBI, M%; At — BpeMsl KoHTakTa nopoasl ¢ KC,
MHUH.
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PaCTBOpI/IMOCTB KE€pHa paCcCYUTBIBAJIMA I10 (1)opMyJ1e:

K=%-100%,
1

rze M; — Macca mpoObl 10 Havasla aHanu3a, T; My — Mac-
ca mpoOBI TIOCIIe aHAJIN3A, T.

Usmepenne mopucTocTH 00pa3loB KepHA OCY-
LIECTBIIEHO METOJIOM >KHUJKOCTEHACHIIICHUS MO Iula-
CTOBOW BOJZIC C Y4E€TOM BHEUIHWX KaBepH M TPEIIWH,
coriacHo [19].

HccnenoBanue NHPOHUIIAEMOCTH O0pa3IoB KepHa
IIPOBOJIAIIOCH € TOMOIIBIO riepMeamerpa PERG-200™
— 9TO Ta30BBII IEpMeaMeTp C PYYHBIM YIpaBICHHEM
Ha 6a3e HU(POBBIX TEXHOJOTHH JUIA TOYHOTO OIpee-
JIEHWsI TPOHWIIAEMOCTH B OTPaHUYCHHOM JIMAIa3oHe
00pasIoB W MPOHHUIAEMOCTH (M3MEPUTENBHBIN auarma-
30H 0T 0,1 10 1500 M/T).

OUIBTPAIMOHHBIC SKCIIEPUMEHTBI C KUCJIOTHBIMH CO-
CTaBaMH Ha o0Opa3nax KepHa IPOBOAWIIKCH HA YCTAaHOBKE
nepmeamerp PREL-200  CORE LABORATORIES
INSTRUMENTS. OuibTpallMOHHbIE HUCHBITAHUS IIPO-
BOITCS TIPH TEPMOOAPHIECKHX YCIOBHAX ILIACTa
(30 °C, cooTBercTBYyIOIIIECE AABICHHE 00KUMA U [IPOTH-
BozaBiieHUe). Vcromnb3yeTcsa KOJJIEKIHS SKCTparupo-
BaHHBIX 00pa3IOB KEepHA MPOIYKTUBHOTO ILIACTA C H3-
BECTHBIM 3HAueHHEM KO3(QQHIMEHTa MPOHHIAEMOCTH
mo razy. OuibTpalus IUIACTOBOW BOJIBI MPOBOIUTCS
Yyepe3 BOJIOHACKHIICHHBIA 00pasel] KepHa B KOJMYECTBE
TpeX MOpPOBBIX 00BEMOB. BEIMoONHSACTCS oONpenencHue
ko3 dumenta nponunaemoctu no Boze. Janee mpo-
BOJUTCS (PUIBTPALMS W30BHCKO3HON Mojenu HedTh
yepe3 oOpasell KepHa B KOJMYECTBE TPEX MOPOBBIX 00b-
émoB. Ompenensiercss ko3hPuuueHT (Ha3zoBOH MPOHHUIIA-
emoctd mo Hedrtu. Ilocie 3TOro BhIMOMHSETCS (HUIIb-
TpaImys TECTUPYEMBIX KUCIOTHBIX COCTaBOB Uepe3 o0pa-
3ell KepHa B KOJMYECTBE, TpeOyeMOM JUIs IMOJIy4YeHUs
MPEJCTaBUTENBHOTO pe3ynbTaTa. OCYIIeCTBISAETCS BBI-
Jep)KKa B TEPMOOAPHUUECKHX YCIOBUSX HACBHIIEHHOTO
KHCJIOTON 00pasiia 0 TMOJHOM HEeUTpaau3aliyi KHCIIO-
Tol. Jlanee (UIBTpyeTCS M30BHCKO3HAsI MOAENb He(TH
gepe3 o0paszer KepHa B KOIMYECTBE TPEX MOPOBBIX 00B-
€MOoB Ut onpeeneHus ko3hduimeHT $ha3oBoil POHU-
LAEMOCTH 10 He(hTH HOCIe KUCIOTHOU 00paboTKu.

Pe3yibTaThl MCC/IEJ0BAaHUS U UX 0GCYXKIeHHE

[Ipu HECOBMECTUMOCTH KUCJIOTHOTO COCTaBa M ILIa-
CTOBBIX (b.]'HOI/UIOB MPOUCXOIUT KOJbMaTalusa IIyCTOT
KOJIIEKTOpA BBICOKOBS3KMMH 3MYJIBCHSIMH W/ 00pa-
3yromumMucs ocaakamu [20-22]. Beuay 3toro Bce uccie-
JyeMble KUCJIOTHBIE COCTAaBbI MIOABEPTAIOTCSA aHAIU3Y Ha
COBMECTHMOCTb C TUIACTOBBIMH (iTIoMIaMH (TabjInIIa).

Bce uccnenyemeie KC, 3a uckimoueHrem cocrara 24
% HCI+6 % Katon-40, mpouumi TecT Ha COBMECTH-
MOCTb ¥ MOTYT OBITh UCIIONIB30BaHHI B kKauecTBe KC mst
CKO na mectopoxxaenuu Bocrounoit Cubupu. Beumy
MOJYUCHUA HCEYHOBJICTBOPUTCIIBHBIX PE3YJIbBTATOB II0
TecTy Ha coBMectuMocTh 24 % HCl + 6 % Karon-40 ¢
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1acToBeIM (uronaoM fanHblil KC He pekoMeHyeTces K
npuMeHeHuto. OHako U3 JaJbHEWIIed CepuM UCIbITA-
uuii KC Ha ocHoBe KaTon-40 He uckimoueH.

Ta6auya. Pesysbmambl mecmupo8aHusl KUCAOMHbBIX CO-
cmaeos ¢ naacmogsvim arwudom Ha obpasosa-
Hue ycmol4ugsoll aMyabcuu u ocadka
Table. Results of testing acid compositions with
formation fluid for the formation of a stable
emulsion and sediment
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24 % HCl 2000 | + |+ |+ |+ | TECTOPOAACH
Test passed
24 % HCI+6 % | ncroinim nena
Karos-40 2000 [lena/Foam | Test failed because
(Cathol-40) )
of persistent foam
24 % HCI+HTC 2000 | + |+ |+ |+
24 % HCl+
4 % CH4N20 2000 )+ ] TecT npoiieH
24 % HCl+ Test passed
89 CHN,0 | 2000 | + [+ ]+ ]+
24 % HCl+
129%CHN,0 | 2000 *+ [+ ]+ |+

C 1espl0 OMNpe/eNieHns] BIHMSHUS KOHICHTPAIUH
kapbamuga B KC Ha CKOpOCTh pacTBOpPEHHUS KepHA
MpOBE/IEHa CEpHsi IKCIIEPUMEHTOB MO PacTBOPEHHIO
KyOHKOB KepHa (puc. 1).

200.00

160.00 =24% HCI

——24% HCI+4% KapGamuaa
120.00

==24% HCI+8% Kapbamuaa
80.00

r/MM2*MHH

24% HCI+12% Kap6amuzaa

CKOpOCTh PacTBOPEHHs,

40.00

0.00

0 100 200 300 400
Bpemsi, MuH
Puc. 1. Ckopocmb pacmeopeHusi KepHa KUCJAOMHbIMU CO-
cmasamu Ha ocHoge kapbamuda
Fig. 1.  Coredissolution rate with urea-based acid compositions

[oBwimenne koHueHTpauu kapbamuma B KC Ha
ocHoBe 24 % HCI ¢ 4 no 8 % mpuUBOJMUT K HE3HAUHU-
TEIFHOMY CHIDKCHHIO Ha4allbHOM CKOPOCTH pacTBOpE-
Hus KepHa (Bpemst 00padoTku 30 MUH) U YBEIMYCHHIO
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CKOpOCTH PacTBOPEHHUS IpPH AJUTEIbHOH 00paboTke
(Bpemst o6paboTku 10 300 mun). [Tpu sTOM yBenHMue-
HUE KOHIICHTpanuu kapbamuaa 1o 12 % cHukaer cko-
POCTh pacTBOpPEHMUS HIDKE, YeM B 0a30BOM pacTBope 24
% HCI. Takum oOpa3oM, nobaBieHHe K CONSHOU KHUC-
J0Te KapOamua B KOHIEHTpAIUK J0 8§ % IMOBBIIIACT
peakunoHHyto crocobHocTh KC mpu o0pabotke mpu-
3a00iHOI 30HBL. ONTHMAaNIbHAsE KOHIIEHTpaIs kapoOa-
muga st 24 % HCI coctasistet 8 %.

Jnsa KC Ha ocHOBE YHCTON COJISTHOM KUCJIOTHI C JI0-
6askoii Karon-40, HTC u 8 % kapbamuna Obutn onpe-
JIEJIEHBI CKOPOCTh PACTBOPEHUS U PACTBOPUMOCTD Kep-
Ha. Ha puc. 2 npexncraBieHbl pe3yibTaThl CpaBHEHUS
MaKCHUMAaJIbHOM CKOPOCTH PacTBOPEHUS KepHa.

9.204
9.698

6.506

W 24%HCI

B24%HCI+6% Karon-40
B24%HCI+HTC

B24% HCI + 8% Kapbamun

4.653

Makc. CKOpOCTh pacTBOpEHHUS
KepHa, I/MM2*MHH

Puc. 2. Pesyabmambul onpedeseHus cKopocmu pacmeope-
HUS KepHa

Fig. 2.  Results of core dissolution rate determination

MaxkcumarnpHasi CKOpPOCTh PacTBOPEHUS I COCTa-
BoB Karon-40 u HTC B 1,4 u 2,5 paza MmeHblle 1o
cpaBHeHuto ¢ 24 % HCI 6e3 106aBOK COOTBETCTBEHHO.
[Ipu 3ToM MakcuManbHas ckopocTh pactBopeHus KC c
kapOamugoM B 1,4 pasa Beime 6a3ooro KC. Ilomy-
YCHHBIC JAHHBIC IMO3BOJIAIOT CIENIaTh BBIBOA O MeEXa-
Hu3Me pabotsl mobaBok — Karon-40 u HTC BricTyma-
IOT B Ka4ecTBE 3aMEIJTUTENEH M ITIO3BOJIIOT obecrie-
quTh Oolee rimyookoe npornnkHoBeHHe KC B mact npu
CKO, a nobaBka xapb6amuia Mo3BOJSIET MOBBICUTh pe-
aKIMoHHY0 criocobHocTh KC mipu ouncTke npu3adbou-
HOU 30HBI IIACTA.

Hna ouenkun spdexktuBHOCTH Hecaenyembix KC
MPOBEACHBI (DUIBTPAIMOHHBIC HCIBITAHUS Ha 00pas3-
Hax KepHa, OIpPEIeNICHbl IMOPUCTOCTh W IpPOHHUIAc-
MOCTb 00pa31oB kepHa. Ha puc. 3 npuBeieHbI cpennue
3HAYCHHS MPHUPOCTa TIOPUCTOCTH W TPOHHMIIAEMOCTH
o6pasnos kepra nocie CKO uccnenyembivu KC.

Onupasice Ha JaHHBIC, TPUBEAEHHBIC HA PUC. 3, OTI-
tumanbHbiM KC sBnsiercs 24 % HCIl + 8 % xapbamuna,
IUTSL KOTOPOTO XapaKTepHO MaKCHMAIBFHOE YBEIHMUCHUE
MPOHHUIIACMOCTH ¥ KOHKYPEHTHOE YBEIHUYCHHE MOPH-
CTOCTH I10 CPAaBHEHHUIO C aHAJIOTaMU.

m24%HCI

9.20
9.70

B24%HCI+6% Karon-40
B24%HCI+HTC

6.51

B24% HCI + 8% Kap6amua

4.65

2]
L
o

1.71
2.35
2.29

CpenHee yBelInuceHUE
OPOHUIAEMOCTH, pas3

CpenHee yBeIHYCHUE
MOPUCTOCTH, pa3s

Puc. 3. Pesyabmambsl  puabmMpayuoHHuIX UccaedosaHull
KUC/I0MHbIX COCMAB08 HA 06pa3yax KepHa
Fig. 3.  Results of filtration studies of acid compositions on

core samples

Pesynbrater onenkn 3ddekTa 1o 3amyckHbIM J1eOu-
TaM U T00bIYe He(TH OT MPUMEHEHHUS KapbaMuia B Kave-
CTBE MOIU(PUKATOPA COISIHON KUCIIOTHI JIsl CEIEKTUBHBIX
CKO mMexaHn4ueckrM METO/IOM MPHUBEICHBI Ha pHC. 4.

m24%HCI
(crarucruka)

@ 24%HCl+xapbamu
(mporuo3)

24% HCI + 8% Kapb6amnna

QH, %

o/b

a/a
IIpoeHo3HbIE 3HaYeHUs u3meHeHUs debuma u o6se-
Mo8 do6bivu Hegpmu nocae CKO: a) cpeduee ygeau-
yeHue 3anyckHuix debumos Hegpmu, %, 6) nomeHyu-
as agpgpekma no npupocmy do6bwvruu Hedpmu, %
Forecast values for changes in flow rate and oil
production  volumes after hydrochloric acid
treatment: a) average increase in starting oil
production rates, %; b) potential effect on the increase
in oil production, %

Puc. 4.

Fig. 4.

Ha puc. 4, a Ha nuarpaMme cpefHero yBeIUueHHs
3aITyCKHBIX JIeONTOB HepTH mokasano, uto mocie CKO
pactBopoM 24 % HCIl mebut Bo3pacraer Ha 144 % mo
CpPaBHEHHIO C JEOMTOM, KOTOpBI OBII Ha CKBa)KHHE
nepen nposeaeanem CKO. ITo mpornozam mnocne odpa-
0oTku ckBaxkuHBI pactBopoM 24 % HCI + 8 % kapba-
MHJIa O>KUJIACTCsl yBeIUdeHue aebuta Ha 44 % 1o cpas-
HeHuto ¢ 6a30BbIM pactBopoM 24 % HCI, uro cocraBut
188 % ot nebuta ckBaxkuH nepen nposeaeHueM CKO.
Ha puc. 4, 6 nokazal 3¢ ¢exT nmpupocTa J0O0bIMH HEPTH
ot nposeaeHust CKO. TlokazaHo BiusiHEE 0OpaOOTKU
MpHU3a00HHON 30HBI KUCIOTHBIMH COCTAaBaMH: CHHHHN
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cronbel] — JaHHbIE, MOTYyYCHHBIC IPH MPOHUKHOBEHUU
pactBopa 24 % HCI Ha paccTostHUE, KOTOPOE COCTaBIIs-
er 10 % ot panuyca 3arpsA3HEHHOrO y4yacTka; KpacHbII
cTon0erl — Mpu MPOHUKHOBSHUH Ha paccrosaue 60 % ot
paauyca 3arpsi3HEHHOrO yuyacTka pactsopa 24 % HCI;
3eNEHBIA CTONOCT — IPH paanyce MPOHUKHOBEHUS pac-
tBOpoM 24 % HCl + 8 % kapbamuma, KOTOpoe cocTaB-
sstet 100 % ot paauyca 3arpsi3HEHHOTO Y4acTKa.

[Te] o
— N
o
B Karon-40
BHTC
(o]
B KapGamuz 4
o
— — Yol

Cp. ctoumocTh 1 Kr
Bell-Ba, pyo

Kon-Bo mocTaBI[MKOB B
Poccun

a/a o/b
KoHnkypenmHbvle npeumywecmea kapbamuda Ha
Poccutickom poiHKe: a) duazpamma oyeHKuU Kouye-
cmea nocmasuwjukos; 6) cpedHsisi cmoumocms 1 ke
peazeHmos

Competitive advantages of urea on the Russian
market: a) diagram for assessing the number of
suppliers; b) average cost of 1 kg of reagents

Puc. 5.

Fig. 5.
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Puc. 6. Kapma nocmasuukog kap6amuda e Poccuu
Fig. 6. Map of urea suppliers in Russia

ITokazaHo, 4TO MpU HCIIOJIL30BaHUK pacTBopa 24 %
HCI + 8 % xapbamuza u mpu paguyce MPOHUKHOBEHHS
100 % ot pammyca 3arps3HEHHOTO ydacTka S(PQeKT
MpUPOCTa JOOBIYM COCTaBUT 26 % MO CpPaBHEHHIO CO

CITMCOK JIMTEPATYPbI

cllyyaeM, KOTJa paJuyC NPOHUKHOBEHUS PAaCTBOPOM
24 % HCI cocrasnsier 60 % oT pagnyca 3arps3HEHHOTO
y4dacTka.

[IpoBenéHHBIM aHAW3 pHIHKA OTOOpPAaHHBIX paHee
MOIU(UKATOPOB COJSTHONW KHUCIOTHI TOJATBEPKAAET
KOHKYPEHTHBIE TIpEeHMyIIecTBa kKapOaMuIa 1Mo cpaBHe-
HUIO ¢ aHajoramu (puc. 5). HacuuteiBaercs 15 odunm-
aJbHBIX NIOCTaBIIMKOB kKapbamuaa B Poccun (puc. 6).

3aki4eHue

[IpoBenén aHann3 KUCIOTHBIX COCTABOB, MPUMEHSI-
embIx 11 CKO, mo pesynbrataM KOTOpOro OBIIH OTO-
OpaHbI COCTAaBHI-IIPETCHICHTHI.

OmnpezneneHa COBMECTUMOCTD IUIACTOBBIX (DIFOMIOB
M KHUCIIOTHBIX COCTaBOB, a TaK)Xe CKOPOCTh PacTBOpe-
HUS KepHa U1 BRIOpAaHHBIX cocTaBoB. [lonTBepkaeHa
B 71a00paTOPHBIX YCIOBHUIX 3PPEKTUBHOCTh MPUMEHE-
HUs KapOaMuJa B KadecTBe MOIU(PHUKATOPA COJSTHON
KHCHOTHI Ut cenekTuBHBIX CKO kapOOHATHBIX KOJI-
nekTopoB. [TodydeHa 3aBHCHMOCTD U3MEHEHUS CKOPO-
CTH PEaKIH COJSTHON KUCIIOTHI C JOJIOMHUTOM OT KOH-
neHTpanun kapbamuna. [loBeIIIeHHE KOHIEHTpAIUU
kapOamuza ¢ 4 1o 8 % B KC Ha ocHoBe 24 % HCI npu-
BOJAUT K HE3HAUUTEIFHOMY CHIDKEHUIO HadalbHOUN
CKOPOCTH PAacTBOPEHUS KEPHA M YBEIMUYEHHIO CKOPO-
CTH PacTBOPEHUS MpPH JUIUTEIbHOW o0padoTke. [lpm
9TOM YBeJIMYEHHE KOHIIEHTpaluuu kapoamuaa 1o 12 %
CHW)KaeT CKOPOCTh PAaCTBOPEHUS HUXKE, YeM B 0a30BOM
pactBope 24 % HCI. Takum obpazom, mobaBiieHHE K
COJISTHOW KHUCNOoTe KapOaMua B KOHIEHTpauuu 10 8 %
MOBBIMIAET PeakUoHHYI0 criocobHocTs KC mpu obOpa-
00TKe TpHU3a0OWHOW 30HBL. [TOMHMO 3TOrO, OIICHEHBI
MPOTHO3HBIC 3HAYCHHs NPUPOCTa MO M00bIYe HedTu
niocse npoBeaeHus cenekTuBHBIX CKO mexanndeckum
MeToIoM ¢ KapOamumoMm. IlokazaHo, YTO TP HUCIONb-
30BaHUU KHUCIOTHOTO COCTaBa ¢ KapOaMHOM MOBBIIIA-
erca 3(dexTuBHOCT, AOOBIMM HedpTu Ha 26 % 1O
CPaBHEHHUIO C WCIOJb30BaHWEM 0a30BOr0 pacTBOpa
24 % HCI mpu CKO. Takxe npoBeaéH aHaIu3 KOHKY-
PEHTHBIX MPEUMYIIECTB KapOaMuaa 1Mo OTHOLICHHIO K
aHasioraM Ha PoccuiickoMm peinke. IlokazaHo, uTo naH-
HBIM peareHT MHUPOKOJOCTYNEH Ha POCCUICKOM PBIHKE
U CTOMMOCTb €r0 HHXe, YeM Y pearcHTOB, NpEeACTaB-
JICHHBIX TIPU TECTUPOBAHWHU KUCIOTHBIX COCTaBOB. Ta-
KAM 00pa3oM, B pe3yibTaTe MPOBEAEHHOTO HCCIEIO-
BaHMsI MOXKHO PEKOMEHIOBATh MPUMCHEHHE J00aBKU
KapOamma s yBenuueHus ¢pdexrusnoctu CKO.
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