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MeToAMKa onpeeieHUA ONTUMAJIbHOTI0 06'beMa peareHTa
JIJIS1 KHCJIOTHBIX 06pa6oTOK KapGOHATHBIX KOJJIEKTOPOB
Ha OCHOBE METO0/1a KpUBOM BOCCTAHOBJIEHUA JAABJIEHUS
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AHHOTanus. AKmyaasHOCMb WcCae[0BaHHs 06yC/J0BJIeHA HEOOXOJUMOCTbhIO MOBbIMIEHUSI 3PPEeKTUBHOCTH KHCIOTHBIX
06paboTOK KapOOHATHBIX KOJIJIEKTOPOB. 3a4acTyi0 B Au3ailiHe 06pabOTOK He YYUTBHIBAIOTCS peajibHble YCI0BHUSA PabOThI
JI0OBIBAIOIIMX CKBAXKHH, YTO BeJleT K 3aBbIIIEHUIO WM 3aHWKEeHHUI0 TpebyeMoro o6beMa peareHTa. Lless: npeasiokuTh Me-
TOJIMKY OTpe/ieJIeHUs] ONTHMAaJbHOI0 KOJIMYeCTBa peareHTa JJsi NPOBeJleHUsI KUCAOTHBIX 06paboTOK KapOOHATHBIX KOJI-
JIEKTOPOB C I]e/Ib}0 BOCCTAHOBJIEHUSI TPOHUIIAEMOCTH FOPHOHN MOPO/bI OKOJIOCKBAXXMHHOM 30HBI C y4eTOM peaslbHbIX yCJIO-
BUM paboOThl CKBa)KMHBI, TI03BOJIAIOLIYI0 PAljMOHAIM3UPOBATh HCII0JIb30BaHUE PECYPCOB He/pOINoJb30oBaTessd. 066eKmbl:
Jo6bIBatolive HepTsHbIe CKBAXKUHBI, IKCIIyaTUPYIOLIMe 3aJeXH HepTH B KapOOHATHBIX OT/I0XKeHUsX [lepMcKoro kpas, a
TaKXXe pe3yJbTaThl FHPOJHMHAMUYECKUX UCCAeJ0BaHUN, TPOBeieHHbIe HAa JAaHHBIX CKBOXKHMHAX. Memodsl: TeopeTHYecKoe
060CHOBaHHE BO3MOXKHOCTH OTIpe/ie/IeHUs 30HbI YXY/ALIEHHON POHUI[AaeMOCTH BOKPYT CKBXKUHBI 110 rpaduKy KpUBOMH BOC-
CTAHOBJIEHUS JjaBJieHus], rpadruyeckasi 06paboTKa JUAarHOCTUUECKUX IPpadUKOB KPUBOU BOCCTAHOBJIEHUS JJaBJIEHUS, MaTe-
MaTH4YeCKUH pacyeT TEXHOJOTHYeCKUX NT0Ka3aTesiel Ha OCHOBe JJAHHbIX I'MPOJUHAMUYECKUX UCCAeJ0BaHUN CKBaXKUH, UH-
TerpUpoBaHUe 06'b€MOB IPUTOKA, AaHAJIN3 TEXHOJIOTHUYECKUX JAaHHBIX U YCJI0BUM MPUMEHUMOCTH MeTOAUKH. Pe3yibmamul.
Pa3spaboTaHa MeTo/AMKa ONpe/ieJIeHHs ONTUMaIbHOTo 06'beMa peareHTa [t KUCJIOTHBIX 06paboTOK Kap6OHATHBIX KOJLIEK-
TOPOB Ha OCHOBe MeTO/la KPUBOIN BOCCTAaHOBJIEHHUS JlaBJeHUs. BbINo/IHEH pacyeT ONTHMaJbHOr0O 06'beMa peareHTa s 21
Jo6biBatolleld ckBakUHbL. Ha npumepe 13 ckBakHMH onpejesieH KO3QOHUIMEHT M0JE3HOTO AeHCTBUA 3aKaueHHOTro 06'beMa
peareHTa Y NPOJEMOHCTPUPOBAH 3aBbILIEHHbIH 06'beM 3aKa4YeHHOI0 B IJIACT peareHTa. BblloJIHeHa OLleHKa 3aTpaT HeJpo-
N0JIb30BaTeJIs C y4eTOM Iepepacxoja peareHTa. Onpe/iesieHbl GaKTOpPBI, BJAUSAIOIME HA YCIEUHOCTb IPUMEHEHNUs METO -
KM B 3aBUCHMOCTH OT YCJIOBUH PabOThbl CKBa)KHH. BbIsIBIEHbI KDUTEPHUH, IPU KOTOPBIX IPOBEJIeHHE KUCJIOTHOH 06paboTKU
Helles1ecoo6pasHo.
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Abstract. Relevance. The need to increase the efficiency of acid treatments of carbonate reservoirs. Often, the design of
treatments does not take into account the actual operating conditions of production wells, which leads to an overestimation
or underestimation of the required volume of the reagent. Aim. To propose a method for determining the optimal amount of
reagent for carrying out acid treatments of carbonate reservoirs in order to restore the permeability of the rock in the near-
well zone, taking into account the actual operating conditions of the well, which allows rationalizing the use of subsoil user
resources. Objects. Producing oil wells exploiting oil deposits in carbonate deposits of the Perm region, as well as the results
of hydrodynamic studies carried out on these wells. Methods. Theoretical substantiation of the possibility of determining the
zone of deteriorated permeability around the well using the pressure recovery curve graph, graphical processing of diagnos-
tic graphs of the pressure recovery curve, mathematical calculation of technological indicators based on hydrodynamic test-
ing data of wells, integration of inflow volumes, analysis of technological data and conditions of applicability of the methodol-
ogy. Results. The authors have developed the methodology for determining the optimal volume of reagent for acid treatments of
carbonate reservoirs based on the pressure recovery curve method. The optimal volume of reagent for 21 production wells was
calculated. Using the example of 13 wells, the efficiency of the injected volume of reagent was determined and an overestimated
volume of reagent injected into the formation was demonstrated. The authors assessed the subsoil user's costs taking into ac-
count the excess consumption of the reagent. The factors influencing the success of the method application depending on the
operating conditions of the wells were identified. Criteria inappropriateness of acid treatment were identified.

Keywords: permeability, deterioration of filtration properties, blockage of pore space, formation acid treatment, reagent
volume, pressure build-up curve
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BBeaenue

IIpn pabGote MOOBIBAIOMIMX CKBAXHH IPOUCXOIHUT
3arpsi3HEHUE TOPHOM TMOPOJBl B OKOJOCKBRKMHHON
30HE IUTACTa M3-32 TPOHUKHOBEHHS B IMTOPOBOE IIPO-
CTPAHCTBO TEXHOJOTMYCCKUX KUIKOCTCH W3 CKBaXKH-
HEI [ 1] wim BeIHOCA 9acTHIT U3 TuTacTa [2, 3], 9To BeAeT
K CHIDKCHHIO TPOHHUIIAEMOCTH TOPHOW TOPOJBI U TIPO-
JMYKTUBHOCTH CKBaKWHBI. J[JI1 BOCCTAHOBJICHUS TPO-
QYKTUBHOCTH JOOBIBAIOIINX CKBAXHH INMHPOKOE pac-
MIPOCTPaHEHHE TMOJYYMIIM KUCIOTHBIE 00pabOTKH TuTa-
cta. CoriacHo [4], OCHOBHBIMH BONPOCAaMU TIPH IMPO-
E€KTUPOBAaHUHM KHUCIIOTHBIX O0Pa0OTOK SIBISIFOTCS: (-
(exTHBHOE YyINpaBJICHUE HalpaBlicHHEeM (IOHa,
OTpaHUYCHHUE YCPBOTOYMHBI W UYPE3MEPHOU YTCUKU
JKUJKOCTH, TPUMEHEHHE OOpabOTKH NP BBICOKUX H
HU3KHUX TEMIIEpaTypax, a TakKe MOoAOOp KOHICHTpa-
UM KHUCJIOTHL. B IIEJIOM CUUTAETCS, YTO C YBEITUUCHH-

eM o0beMa 3aKaueHHOH KHCIIOTHI B IUTACT IMPOUCXOAUT
CHIDKEHUE CKMH-dPdekTa [S] 1 yBelIndeHHe pOHHIIA-
€MOCTH TOPHOH MOPOJIBI OKOJIOCKBAKWHHOM 30HBI TIac-
Ta [6]. BBeneHO MoHATHE MOPOrOBOH NMPOHULAEMOCTH
(cutoff permeability) [7], BbIIe KOTOpO# KHCIOTHAs
o0paboTka MaTpubl 6osee SpPEeKTHBHA, YeM KHUCIIOT-
HBI{ THOPOpa3phiB, W BBHIIOJHEHO MOACIHPOBAHHE
MHOXECTBA CIICHAPHEB, ICMOHCTPUPYIOIINX, YTO C
YBEIHMYCHUEM 00BbeMa KHUCIOTHI d((GEKTHBHOCTh KHUC-
JIOTHOH 00paboTKM moBbImaeTcs. OTHUM U3 KPUTHYC-
CKM B@XHBIX aCIIEKTOB B JM3aliHE KUCIOTHBIX 00pado-
TOK SIBJISICTCSl aHAJIM3 HA COBMECTHMOCThH KHCIOTHOTO
cocTaBa ¢ miactoBeiMu (ironmamu [8]. B padore [9]
Ha OCHOBE TpeX MOJIENeH KHUCIOTHBIX >KHMIKOCTEH
(Dowell, McLeod, and Kalfayan) BeirmosiHeH anHanmm3
COBMECTUMOCTH COCTaBOB C TOPHOM MOPOJIOM U ompe-
JieJieH TpeOyeMbIii 00beM KUCIIOTHOTO COCTaBa.
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CoBpeMeHHbBIC OAXO0/IbI K TH3aiHY KHCIOTHBIX 00-
pabOTOK BKIIIOYAIOT HCIOJIB30BAHUE MPOTPAMMHBIX
npoAykToB (Hampumep, [10]), MamMHHOTO OOydYeHUs
[11] wu reHernueckoro mnporpammupoBanus [12].
BxoaHbIMu napaMeTpamu Ui pacdera B JIabopaTop-
HBIX YCIOBHSX SIBIIIOTCS: TOPHCTOCTH, IPOHHUIIAC-
MOCTB, pa3Mepbl 00pasiia KepHa, HACBIIIIEHHOCTh (ITto-
UJIOM, BSI3KOCTh, IUIOTHOCTh, CIKUMAaeMOCTh HE(TH,
CKOpPOCTh 3aKauKH, TEMIIepaTypa, KOHIICHTPAIHS KHC-
JIOTHI, MOJICKYJISIpHAsT TUPQY3US KUCIOTH U CKOPOCTH
peaxiuu, mepenaj JAaBleHus,, CKOpocTh motoka [13].
OrneHuTh 3()HEKTHBHOCTD KUCIOTHOW O00paOOTKH TaK-
’K€ MOYKHO TI0 pe3ylbTaTraM THAPOAWNHAMHYICCKUX HC-
cnenoBanuii (I'JIM) ckBaKWH, TPOBEACHHBIX TMEpe.
00paboTKOl MmIacTa U IHOCJIE HEe, CPABHUB 3HAUCHUS
ckuH-3pdekra [14] 1 moaCTaBUB B ypaBHEHHE IPOIYK-
TUBHOCTH [15].

JUis ycnenrHoro mpoBeAeHUsI KUCIOTHOH o6paboT-
KM TITacTa IMMOMHAMO JaHHBIX JTAOOPaTOPHBIX MCCIEIO-
BaHUH M UCTOPHH PabOThI CKBaXXWHBI [16] mu3aiiH 00-
pabOTKN MOIKEH YYUTHIBATh MHOXECTBO (DAKTOPOB,
BKITIOYAsl PacXoj, KOHIIEHTPAIHIO, TEMIIEpaTypy H
JaBJICHUE B 00padaTHIBACMOM IUTACTE, a TaKkKe 00BEM
pearenta [17]. Cpenu mpoumx (GakTopoB Ha BBIOOD
TpedyemMoro oobeMa peareHTa B IUIACTOBBIX YCIOBHIX
BIHMSCT pacmoiokeHne (TIyOWHa) 3arpsi3HEHHOTO
y4acTKa IUIacTa OTHOCHTENIBHO CKBaKHHBI, KOTOPOE
JIOJDKHO YYUTBIBATHCS B JM3aifHE KUCIOTHOH 00paboT-
ku [18]. JIas olleHKH 00beMa peareHTa MHOTHE WHKe-
HEpBl M MCCIE0BATEIN HCIOIB3YIOT HACANN3UPOBAH-
HBI TOJXOM, KOrja oOBbeM peareHra OINpenesseTcs
UCXOISl W3 pa3MepoB TMPH3a0OWHON 30HBI ILIACTa
(IT3IT). OnmHako TpW MPOBEACHUH PACUETOB C TAKUM
MOJIX0JIOM IPH BeIOOpE 00beMa peareHTa He yYUThIBaA-
€TCS PACCTOSHHUE OT CKBAXKHHBI B TUIACTE, HA KOTOPOM
pacroyioKeHa 30Ha YXYALICHHOW IPOHUIIAEMOCTH.
HeraTvBHBIMH TIOCIICACTBHSIMUA TOTO MOTYT SIBJISITHCS
KaK HEeJJOCTaTOYHBIA 00bEM peareHTa, 4To BEIeT K I10-
Tepe BPEMEHHBIX M (DMHAHCOBBIX PECYPCOB, TaK M IIO-
BBIIICHHBIA PAcXo0]] pearcHra, yTo BEACT K M3MCHCHH-
M MEXAaHHYECKHX XapaKTEPHCTHK TOPHBIX MOPOA, B
YaCTHOCTU K cHiKeHuto moayis FOura [19]. B o6oux
CIIydasix BRIOpAHHBINM HEONTUMAIBHBIM 00beMa pearcH-
Ta CHIOKAeT Y (PEKTUBHOCTH KUCIOTHOW 00pabOTKH.

[MoMuMO yKa3aHHBIX TIOAXOIOB, CYIIECTBYIOT H
Ipyrhe, omucaHHble jaanee. Ha ocHOBe MaTeMaTHue-
cKoro MojenupoBanusi aBtop [20] paspaboran ama-
TpaMMBI JIJIsI OTIPEICIICHHs TPeOyeMOro 00beMa KHUCIIO-
TBI 17151 00pa0OTKH TPEIIMHOBATHIX KapOOHATHBIX KOJI-
JICKTOPOB W MPEAJIOKMI PACCUUTHIBATH TITyOMHY 30HBI
YXYIIIEHHOHN MPOHUIIAEMOCTH 10 YKCIIOHCHITUATILHOMY
3akoHy r/~r,exp(S/(k,/k;~1)) Ha OCHOBAaHWH 3HAHHUS
TOJIBKO JIMIIb CKHH-3(Q(EKTa U TPOHHUIIAEMOCTEH JIBYX
30H. B pabGore [21] mpemnokeHO omnpeensTh OMNTH-
MaJIbHBIH 00BEM PAaCcTBOPA COJISTHON KUCIOTHI HA OCHO-
Be KPUBOW KUCIIOTHOHM peakiuu (acid response curve),

JIaHbl COOTHOIICHUS JIJIsl OTPENETICHUs UTOTOBOTO KO-
a¢duImeHTa TPOHULIAEMOCTH, PacYeT KOTOPOTO OCHO-
BaH Ha TEKYyIIEM M IMPOTHO3UPYEMOM KO3 UIMECHTE
MPOJYKTUBHOCTH, OJHAKO HE MPEICTaBJICHO COOTHO-
meHUH JUIsl ompejesieHus Tpedyemoro oObeMa KHc-
JIOTHOTO COCTaBa I yCIIOBHM Iacta. s onpenene-
HUS ONTUMAIBHOTO 00BEMa peareHTa IIPH COJSTHO-
kucnotHoi oOpadotke (CKO) B [22] mpemioxkeHo uc-
none30Bath Gopmyay V,,=In(a)/(—b), B xoTopoii a xa-
paKkTepHU3yeT JIOJNI0 OCTaBIIErocs CKHH-3pQeKTa o
OTHOILICHUIO K 0011eMy ckuH-3pdexTy, b — 3T0 Xapak-
TEPUCTHKA KPUBOHU, BIHSIONIAS HA COOTBETCTBHE pac-
YeTHBIX M (DAKTUYCCKHX 3HAYCHHWHA. AHAJIOTHYHBIN
MOJIX0J] OTOOpakeHUsI CKUH-3(PPEeKTa B pealbHOM Bpe-
MEHHU sl OleHKH 3()()EeKTUBHOCTH MPOBEACHUS KHC-
TOTHOH 00pabotku ObUT mpemrokeH B [23]. OmHako
TEXHOJIOTHS OIPE/IEIICHUS] ONITUMAIBHOTO 00BheMa KHUC-
JIOTHOTO COCTaBa B PEKUME PeajbHOrO BpeMeHH [24]
HE TIOJTyYWJIa MIHPOKOTO PACIIPOCTPAHEHHS, B PE3YIIb-
TaTe Yero B IUIACT MPOIOJDKACT 3aKAUMBATHCS 3apaHee
MIPUTOTOBJICHHBIA 00hEM KUCIOTHOT'O COCTaBa.

YdauThIBas pacxoXkue MOAXOIBl K OLEHKEe Tpedye-
MOTO KOJMYECTBA pearceHTa sl KUCIOTHBIX 00paboToK
miacra, B JIOTIOJHEHUH K YKa3aHHBIM B [4] HampaBie-
HUSIM MOYXHO BBINENUTH €IIe OJWH HE MECHEE aKTyallb-
HBI BOIIPOC, CBSA3aHHBIA C JU3aHOM KHCIIOTHBIX 00-
paboToOK — ompeseNeHre ONTUMAaIbHOTO 00beMa KHC-
JIOTHOTO COCTaBa.

[TomMuMO yKa3aHHBIX BBIIIE METOAWK IUIS pacdeTa
ONTUMAJIBHOTO 00bEMa XMMUYECKOTO peareHTa IIMpo-
KO€ PacnpoCcTpaHeHHE TOJTYYHIUN METOJIWKHA, OCHOBAH-
Hble Ha yuciax [lamkenepa (Hampumep, [25, 26]) u
ITexne. Yucno [damkemiepa ucnosib3yercs uisi ompe-
JICJICHUS] KOJIMYECTBAa KHUCIOTHI M3 pacueTa TOJIIUHBI
wracta. OCOOEHHOCTBIO U OJHOBPEMEHHO HEIOCTAT-
KOM TEOpUH Ha OCHOBE MCIIOJIb30BaHMs 4ucia Jlam-
Keluiepa 1o BBIOOPY 0O0beMa KHCIOTHOTO COCTaBa SiB-
JISieTCsl TO, YTO OHM BCE 3aKJIAJbIBAIOT B pacueT uie-
QIBHBIC YCJIIOBHSI M HE YYUTHIBAIOT SIBIICHUS, KOTOPHIC
HaAOTIOAIOTCS B TIACTE MPH AKCILTYaTaI[H CKBAKUHBL.
Ecnu, x mpumepy, Ha TuiacTe HEOONBIIOW TOJIIUHBI
MPOBOIMIACHE KHUCIIOTHAs 00paboTka (M HE OIHA), TO
HEKOTOPBIH 00BEM MOPOJIBI YKE ObLT PACTBOPEH KHC-
JIOTHBIM COCTAaBOM. JTO O3HAYAeT, YTO IPH pacueTe
o0bemMa KHCIOTHOTO COCTaBa IS CIEAYIOIIeH KUCIOT-
HOM 00padOTKM MO METOAMKaM Ha OcHOBe uucen lam-
KeJuiepa TpeOyeMblii 00beM peareHTa OyIeT 3aBhIIIIeH.

Wnes Hactosimedl paboOTHI 3aKIIIOYaeTCsl B ONpee-
JIeHUU 00bEMa peareHTa Ha OCHOBe pe3ynbraToB I'JIU
JI0 KHCJIOTHOW 00pabOTKH, KOTOPHIC OTPAKAlOT aKTy-
QJIbHBIC YCJIOBHSI JKCILUTyaTallud CKBAXKHUHBI. B padote
mpeyiaraeTcs ONpenessiTh ONTUMAIbHBIM 00BEM KHC-
JIOTHOTO COCTaBa IO KPHBOH BOCCTAaHOBIICHHS JaBJIC-
Hus (ypoBus) (KBJI/KBY). Cratesi opranuzoBaHa cie-
JOyIOLUM 00pa3oM. Beliie mpuBeneHa METOJUKa HC-
nonb3oBanusi KB/ st onienkn pasMepoB 30HBI yXy/I-
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IIEHHOW TPOHMIIaeMOCTH. PaHee Ha OCHOBE pe3yJbTa-
TOB IPOMBICJIOBBIX MCCJICOBAHHI IPUBEICHBI PE3yilhb-
TaThl TECTUPOBAHUS METOJMKH U OOCYXKICHHUE, 33 KO-
TOPBIMH CJIEYeT 3aKIFOUYCHHE.

OnucaHve METOAUKH
Kpueas eoccmanosieHus daseHus
KaK uHcmpymeHm 0151 04YeHKU 06eMa 30Hbl
YXyouleHHOIl npoHuUyaemocmu

Ju3zaiiH KHCIOTHBIX 00pabOTOK JOJKEH Mpenoia-
raTb IPEABapUTENIbHYIO OLIEHKY 3arps3HEHHOCTH OKO-
JIOCKBOKMHHON 30HBI IUIacTa U PACCTOSAHUE OT CKBa-
JKUHBI, HA KOTOPOM PaCIOJI0KEeHa 00JIacTh YXy/LICH-
HOU MPOHUIAEMOCTH. Hanmdre 30HBI BOMU3M CKBaXKH-
HBI C yXYyJIIEHHOW MPOHUIIAEMOCTHI0 TOPHOU TTOPOIBI
MOXHO ompenenuts 1no (opme rpadpuxka KBJ. Ecnu
MIPOHUIIAEMOCTh TOPHOW MOPOJABI B OKOJIOCKBAKHMHHON
30HE HE yXyJlleHa (COOTBETCTBYET NPOHULIAEMOCTH
acra), TO JIaBJICHHE B CKBaKMHE BOCCTAHABIMBACTCS
¢ MpUOJIM3UTETHHO PaBHON CKOPOCTBIO, YTO MPOSIBIIS-
eTCs B IUTABHOM POCTE KPHUBOW 3aBHCUMOCTH 3a00MHO-
ro AaBiieHUs P, OT BpeMeHH ¢ Hayaljla HCCIelOBaHUs ¢
(c MOMEHTa OCTAaHOBKH CKBA)KHHBI). DTOMY SIBJICHUIO
COOTBETCTBYET OCCIIPEIIATCTBEHHOE (338 MCKIIOUCHHEM
€CTECTBCHHBIX  (DMIBTPAIIMOHHBIX  COMPOTHBIICHUI)
HaroJHeHue (IIIOMJIOM OKOJIOCKBRKWHHOW 30HBI U
MOCTYIUICHHE (IIronaa B CKBaXXHUHY (puc. 1).

P 4
3
2
P}’L‘I
1
t
Puc. 1. T'paguk usmeHeHusl 3a601iHO20 dasneHUsl npu pezu-
cmpayuu KB/[/KBY e cksascuHe ¢ 0KO/10CK8AMCUH-
Holl 30HOll 2de: (1) npoHuyaemocmbs He yXxyduieHa;
(2) npoHuyaemocms yxydwieHa
Fig. 1. Graph of changes in bottomhole pressure when re-

cording pressure build-up curve in a well with a
near-wellbore zone where: (1) permeability is not
deteriorated; (2) permeability is deteriorated

B ciydae, ecim mpoHUIIaeMOCTh OKOJIOCKBAKUHHOM
30HBI yXYAIICHA, OJOKHPYIOIIUH ITOPOBOE MPOCTpPaH-
CTBO MaTepuan (KOJIbMATaHT, MECOK WM Mapa(HbI)
UTpaeT pojib LITYLEpa U OrPaHUYMBACT MOCTYIUICHUE
¢mona w3 TIacTa B OKOJIOCKBAXHHHYIO 30HY, B pe-

3yJlbTaTe 4Yero JaBliEHHE B OKOJOCKBOKWHHOW 30HE
CTAaHOBMTCS 3HAUMTEIILHO HMXKE, YEM cpa3y 3a e€ rpa-
Huueil. B Takux yciaoBusx, mocie OCTAaHOBKU CKBaXKH-
Hbl Ha HayaJbHOM HTalle MCCIEIOBAHUS TPOUCXOIUT
WHTEHCHUBHBIM pocT 3a00MHOTO AaBIEHUs, CBSI3aHHOTO
C TEM, YTO 3HAUYMUTEJIBbHOE MOJINUPAIOLIEe JaBJICHUE
¢rona Ha TpaHUIE 30HBI YXYIIICHHON ITPOHUIIAEMO-
cTH OBICTPO HAIOIHSIET 00bEM OKOJIOCKBKWHHOW 30-
HBl U MOCTYINAeT B CkBakuHy. IIpu aTOM ueM meHblIe
00BEM OKOJIOCKBRKHMHHOM 30HBI C YXY/IICHHOW IPO-
HHUIIAEMOCTBIO (T. €. 30Ha YACTUYHO 3a0JI0KUPOBAHHOTO
MIOPOBOI'0 MPOCTPAHCTBA TOPHOM NOPOJBI PacIONOKe-
Ha OJNIMKEe K CTBOJNy CKBa)XHMHBI), TeM ObIcTpee Ha
HayalbHOM »7dTame OyJeT yBEIMYMBATHCS 3a0o0iHOE
nasneHue (puc. 1). JlaHHoe yTBepKAEHHUE CIIpaBEAIH-
BO U B OOpaTHYIO CTOPOHY: C yBEIHYEHHEM 00beMa
OKOJIOCKB&)KMHHOHM 30HBI (T. €. 30Ha 4aCTHYHO 3a0J10-
KHPOBAaHHOTO TIOPOBOTO IPOCTPAHCTBA PACIOIOKEHA
Janmbllle OT CKBKUHBI) 3a00HHOE MaBIICHWE BOCCTa-
HaBimBaetcs Meiennaee. [Ipumepst peansubix KB/ co
CKB&KHH C OTCYTCTBHEM 30HBI YXYIIICHHON MPOHUIIA-
€MOCTH U B NMPHUCYTCTBUU 30HBI YXYIUIEHHOH MPOHU-
LAEMOCTH TOPHOM MOPOJBl OKOJOCKBAaXMHHOM 30HBI
TJ1acTa MpUBEICHBI HA PUC. 2, , 6, COOTBETCTBEHHO.

B cnyyae oTcyTCTBUS 30HBI YXY/IIEHHONW MPOHUIIA-
emoctH (puc. 2, a) 3a00ifHOE NaBICHUE PACTET Mpak-
THYECKH C OJIMHAKOBOW CKOPOCTHIO, Ha rpaduke mpu
9TOM BBIICTISICTCS HECKOJIBKO MPSIMOJIMHEHHBIX y4acT-
KOB (3TanoB). [lepBblil MPAMOTMHEWHBIH YIaCTOK (HUK-
cUpyeTcs Ha MPOTSHKEHUH MOJTyTopa MECSIIeB ¢ Havaia
WCCIICJIOBaHUS. DTOT ATall XapaKTEpU3yeTCs paBHO-
MEpHBIM OE€CHpPENSTCTBEHHBIM MOCTYIUIEHUEM KUAKO-
CTH B CKBaXXHHY, I10CJI€ YEero JIaBJeHHE NepecTaeT yBe-
JIMYUBATLCSA C TEM JK€ TEMIIOM BBUAY OIPAHUYEHMSI
(mTymepa), BBI3BAHHOTO, MO BCEl BUAMMOCTH, 00Ia-
CTBIO YXY/IIEHHOW MPOHUIAEMOCTH, PACIIONOKEHHON
Ha JOCTATOYHO yJAJCHHOM PAcCTOSHUH OT CKBa)KHUHBI.
[Mocne Toro, kak 29.05.2023 nmamieHwe B IBYX 00a-
CTSAX CTa0MJIM3UPOBAIOCh, POCT 3a00HHOIO JaBICHUS
BHOBB MPOJIOJDKaeTcs (3Tam 2), HO yKe C MEHBIIUM
TeMmrnioM. B nanpHedieM B IjacTe BHOBb BO3HUKAET
HEKOTOPOE COMPOTHUBIIEHUE, MTOCTIE KOTOPOro Ha 3Tare
3 JaBiieHHWE CHOBAa pacTeT C IIOCTOSHHBIM TEMIIOM.
BpemMennsle meproasl HEMUHEHHOTO pocTa 3a00HHOTO
JABJIICHUS MEX]y BBIJCIICHHBIMU JTallaMHd COOTBET-
CTBYIOT Tie€pepacipeieeHUIO JaBICHUs] MEXKAY 30HaMU
B 1uiacte. Ha puc. 2, 6, B cpaBHEHHWU C pHC. 2, a,
Ha0III0JaeTCs BBICOKUN TeM pocTa 3a00WHOTro JiaBiie-
HUSl B TEUEHME IEPBBIX Tpex AHeH (3tanm 1) ¢ Hauama
HCCIIE0BAaHUSA. DTOMY SIBJIEHHUIO COOTBETCTBYET OUEHb
He0OoJIbIIas 30Ha YXYAIIEHHONW IPOHUIIAEMOCTH BOKPYT
CKB)KUHBI, 32 KOTOPO paclojokKeHa 30Ha C BBICOKUM
JaBJICHUEM, B pe3yibTaTe uero 3aboifHoe TaBiicHHE
y)Ke B TE€YCHHE Hezenu (3Tam 2) JOCTUTaeT 3HAYCHHS
IJIACTOBOIO JAABIICHHUSL.
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Puc. 2. T'paguku usmeHeHus 3a60iiH020 dasieHusl no epemeru npu pezucmpayuu KBY Ha ckeaxcuHnax: (a) c omcymcmesuem

30Hbl ¢ yxyoweHHOU npoHuyaemocmuio: Ps soccmaHasiusaemcsi naasHo, 8bl0eAsIMCcs UHMepsansl JAUHEUH020
pocma, ommeyeHHble cmpeakamu; (6) ¢ yXyoweHHOU NPOHUYAeMOCMbl0 20pHOU NOpodbl OKONOCKBANCUHHOU 30HbL
naacma - Ps eoccmaHnasaueaemcss UHMEHCUBHO 6Ha4aJje U MedJeHHO nocae nepeauba. Cmpeakamu NOKA3AHbI
UHMepeabl AUHeliH020 pocma 3a601iH020 0aseHuUs

Fig. 2.  Graphs of changes in bottomhole pressure over time when recording water pressure in wells: (a) without a zone with
deteriorated permeability: Ps is restored smoothly, intervals of linear growth are identified, marked by arrows; (b) with
deteriorated permeability of the rock near the wellbore zone of the formation - P; is restored intensively at the begin-
ning and slowly after the inflection. The arrows indicate the intervals of linear growth of bottomhole pressure

(@ P a (6) P (8) P a

Puc. 3.

Fig. 3.

= 2
»

- linTepepan mmacta
C yXy/IeHHOT
NPOHHIAEMOCTEIO BOMI3H
CTEHKIH CKBRMIIHBE —
ofneM 11311 man

... HuTepnan miacta
C YXY/IMeHAOH
IPOHIIAEMOCTEIO
B riyGuHe wiacta —
o6nem 11311 domsmoil

MpoHnaeMocTs BOKPYD
CEBKITHD He YXYIMICHa

CxemamuuHoe u3obpadxceHue pacnpedeeHusi 0aejeHuss 6 nJadcme 6 MOMEHM OCMAHOBKU CKBANCUHbl 0/
uccsaedoganusi, kozda: (a) 3oHa yxydweHHot hpoHuyaemocmu omcymcmayem; (6) 30Ha yxyoweHHol npoHuyaemocmu
20pHOU Nnopodbl pacnosoxHceHa y CMeHKU CKBAMCUHbL, (8) 30HA YXyOweHHOU npoHuyaemocmu 20pHOU nopoobl
pacno10xceHa 8 aaybuHe naacma

Schematic representation of the pressure distribution in the formation at the time of stopping the well for research,
when: (a) there is no zone of deteriorated permeability; (b) a zone of deteriorated rock permeability is located near the

well wall; (c) a zone of deteriorated rock permeability is located deep in the formation

CxeMaTH4YHO BIIUSIHAE PACHOJIOXKEHUs 30HbI yXY-
IIEHHOW MPOHHUIIAEMOCTH B TuIacTe Ha (GOpMy KPHBOH
KB/l nokazano Ha puc. 3. Eciu nNpoHHUIIaeMOCTh OKO-
JIOCKB)XMHHOMN 30HBI HE YXYJLIEHA, TO B HayaJbHbIN
MOMEHT BPEMEHM DPACHpE/CICHUE JABICHUS COOTBET-
cTByeT puc. 3, a. Ecnu Onokupyronmii MaTepual pac-
MOJIOKEH BOJM3HM CTBOJNA CKBAKMHBI, TO paclpeaeie-
HHUE JIaBJICHUs COOTBETCTBYET puc. 3, 6. Ecnu 6moku-
pYIOIINH TOPOBOE MPOCTPAHCTBO MAaTepHanl HPOHUK
rIyOOKO B TUIACT, TO paclpeielicHue JaBlieHUs Oyaer
COOTBETCTBOBATH pUC. 3, 6.

IIpumep ucnov3zoeaHus1 dauHwix KB/]
no npedsazaemoii Memoduke

[MpuBenem mpumep pabotsl ¢ manabME [JIM 10
OJIHOM M3 HE(PTSHBIX 3aIEKEH B OAMTKUPCKUX OTIIOXKE-

Husx Cob (cpemumii kapOoH) Ha fore [lepMckoro kpasi.

Ha ckBaxxune B HOs10pe 2020 T. OBUIM IIPOBEACHBI UC-

cienoBanus o0 obpaboTku (puc. 4, a, 6) U B MapTe

2023 r. nocie obpadotku (puc. 4, 8, 2).
IIpensapurensublii ananus pesynabraroB I'JIM mo-

cJie KHCIIOTHOW 00pa0OTKH TO3BOJISIET OTMETHTBH Clie-

IyIomiee:

1) B cpaBHeHun ¢ pesynpratamu ['JIM no oOpaboTkn
rpaduk n3MeHeHus 3a00itHoOTO JaBneHus (puc. 4, 8)
JIEMOHCTPUPYET BBHINOJAKUBAHNEC KPUBOH, O3HAYAS
YTO B 1eJIOM KHCJIOTHas o0paboTka mnpouuia
ycneuHo (Hajnuuue neperuda Ha puc. 4, 6, BEposT-
HO, CBSI3aHO C BO3HHKHOBCHHEM HOBOM KOJIbMAaTa-
mun [13I1, oOpa3oBanHO# yxe mociie 00paboTKu
CKBQ)KUHBI);
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Puc. 4. Pesyaomamot I'/]H do kucaomHoli obpabomku: (a) kpueas 60cCmaHo81eHus 3a60liH020 dasieHus Ps eo epemenu; (6)
duazHocmuueckuli epagux KBY u nocsae kuciomuotl o6pabomku: (8) kpusasi 80ccmaHos/eHusl 3a60liH020 das/ieHus
P; 80 8pemenu; (2) duazHocmuyueckuii epagux KBY
Fig. 4. Results of hydrodynamic studies of the well before acid treatment: (a) recovery curve of bottomhole pressure P; over

time; (b) diagnostic graph of water pressure control and after acid treatment: (c) recovery curve of bottomhole pres-
sure Ps over time; (d) diagnostic graph of pressure build-up curve

2) mepern® MPOU3BOIHOI TOCHE KUCIOTHOH 00pabdoT-
k1 HaOmromaercst Ha 30-i1 1eHb, B TO BpEMs Kak I10
JAHHBIM JI0 00paOOTKH MEeperud BBIACISIICS TOIBKO
nocine 10 gueit. Puc. 4, 2 neMoHCTpUpYyeET, YTO 1MO-
cite 00paboTku Hakoruienue sxuakoctu B 11311 mpo-
UCXOIUT OBICTpee, 4eM 10 00paboTku. BeposTHoii
UHTEpIpeTaleii  Opu  CpaBHCHWH  JAHHBIX
puc. 4, 2, 6 sBIsETCS CHITHE CKUH-3(dekTa BOKpYT
CKBa)XHHBI B pe3yJIbTaTe 00paboTKH;

3) mocie 06paboTKK OTMEYAETCsl CHUKECHUE I1aCTOBO-
ro JaBJICHUS, CBSI3aHHOE C yBEJIMUYEHHEM OTOOpa
JKUJIKOCTH B PaliOHE CKBa)KUHEI.

BpInoHEM pacyeT onTHMaIbHOTO 3HAYCHUSI 00be-
Ma KHUCJIOTHOH 00paboTku. J1Jis STOro HaM MOHAI00HT-
ct KB/ (puc. 4, a) m pumarHocTHYSCKHU rpaduk
(puc. 4, 0), CHATBIC Tepe] KUCIOTHOH 00paboTKH Ha
ckBakuHe. Ha muarHoctudeckoMm Tpaduke neperud
KPHUBOH POU3BOMHON JaBJICHUS BO BPEMCHH BBIICIISI-
ercsi B paiione 14 Ttoic. MuH (uiu 9,7 gHEi), 4TO COOT-
BETCTBYeT OKoHYaHuto HarmosHeHus [1311 urrongom.

Wnes 3axiroyaeTcs B orpe/iesieHrn 00beMa KUJIKOCTH,
noctynusiieid B [1311 1o MmomeHTa nieperuda npou3BoJHON
Ha puc. 4, a, 0. JIy1st 5Toro HaM MmoTpedyeTcst IPOCYMMHEPO-
BaTh OOBEMBI, MOCTYIMBIINE B IUIACT K STOMY BPEMEHIL
U3 puc. 4, a, 6, onpezensercs 3HaueHne 3a00iHOTO JaBiie-
HUSL, TIPH KOTOPOM pabO0TaeT CKBAKHMHA 10 OCTAHOBKH, a
TaKKe 3HAYCHWE TEKYIIEro IUIACTOBOTO JABJICHUS, YTO
JlaeT TIOHVMaHHUE TOJTHOM JIeTIpeccru Ha TuiacT (tabm. 1).

Ta6auya 1. 3HaveHus napamempos Ucc1e008aHUs1 CKAMCUHbL

Table 1. Values of well test parameters

[TapameTp/Parameter
_ | Bpems neperu6a
Jenpeccus Jle6ut Koaddunu rpaduKa npous-
Ha IJIacT CKBa)XXHMHBI €HT MPOAYK- BOHOM
(nmonnas) /10 OCTAaHOBKH THUBHOCTH Inflection time
Pressure | Well rate before | Productivity S
. of the derivative
drop (full) shutdown index
graph
5,48 MIla 0,8 M3/cyT 0,146 14000 Muu
MPa m3/da m/cyr/Mna min
Y m3/day/MPa

Hanee ¢ ucrnons3oBanueM Kod(duimenTa mpoayk-
TUBHOCTH BBITIOJIHACTCA PaCUCT 2166I/IT21 CKBa>XUHbI B
M /eyt (puc. 5, a). UTOBBI IPOMHTErPHPOBATH KPHBYIO
Ha pHUC. 5, a BBINOJHEH IEpecueT ee 3HaueHUi B
M’/MuH (puc. 5, 6).

3aremM orpaHWYMBaEM 3HAYCHHS AOCIUCCHI MOMEH-
TOM IIepernoda Mpou3BOIHON M aNNPOKCHMHUPYEM JaH-
Hble. B pe3ynbrare moiydaeMm anmpoKCUMHUPYIOLIYIO
¢dbyHKIMIO J1e0bnuTa, KOTOPYIO HYXXHO TPOUHTETPUPO-
BaTh (MOJPOOHOCTH WHTETPUPOBAHMS B CIICIYIOIIEM
nonpaszaene). UToroM MHTErpupoBaHus SBJISIETCA 3Ha-
YeHne o0beMa JKUAKOCTH, MOCTYIHBIICH W3 IUIacTa U
nanonamBmierd [I3[1. B caywae paccmarpuBaemoit
CKB@KMHBI 00bEM KHMIKOCTH, noctynusiued B 1311,
coctaBui 4,3 M.
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coordinates m3/min/min

OpnHako 00bEeM peareHTa JUIisl KHMCIOTHOW 00padoT-
KH GBI BEIOpaH paBHEIM 30 M’, 9TO MOYTH B 6 pa3
Oospliie pacyeTHOrO 3HaueHHs. JlaHHBINH TpUMEp CBH-
IETEIbCTBYET O Nu3aiiHe KHUCIOTHOW 00paboOTKH ¢ He-
ONITUMAJBHEIM 00BEMOM pEarcHTa, B Pe3ylbTaTe Yero
TPYJIOBBIE M MaTepHalbHbIE PECYpChl ObUIM H3pacxo-
JIOBaHbI HEA((HEKTUBHO.

Anzopumm memoduku
Mertonuka omnpesencHus o gaHaeM /I noObiBa-

IOl CKBaXWHBI TPeOyeMOoro oObeMa XHMHYECKOTO

pearenTa juist 06padotku 1311 BKIIFOYaeT 1MIeCTh STAIOB:

1. Ha ocHOBe TaONMMYHBIX 3HAYCHU TpaduKa N3MCHCHUS
3a00HOTO JaBJICHUS BO BPEMEHHU BBITIOTHSCTCS OLICH-
Ka TEXHOJIOTMYECKUX TIOKa3aTeNeid paboThl CKBAKHUHBI,
TAKUX KaK: JCMpeccHsl Ha IUIACT, NeOUT CKBKHHBI U
Kod(bHIHEHT TpoXyKTUBHOCTH. Pacyer Be3ze BBINOI-
HSIETCS B OJTMHAKOBBIX €IMHUIIAX BPEMEHH.

2. Tlo Tpaduky m3mMeHeHHs 3a00MHOTO JaBJICHUS BO
BPEMEHH BBISBIIICTCS TIEPETHO, COOTBETCTBYIOIIUI
TpaHUIIe 30HBI YXYIIICHHOW MTPOHUIIAEMOCTH.

3. To mmarnoctmueckomy rpaduky KBJI onpenenser-
cs Touka (MOMEHT BpEMEHH), B KOTOPOM HabJo/1a-
ercsi Teperud TPOM3BOJHOM, COOTBETCTBYIOIIMN
MOMEHTY BPEMEHH, KOTJla BOJIHA BO3MYIICHUS J10-
[ia OT CKBAKMHBI JI0 MHTEpBAJa IjiacTta yxXyIlleH-
HOM MPOHHUIIAEMOCTH, YTO COOTBETCTBYET 3ameljie-
HUIO TEMITa pocTa 3a00HHOTO JaBICHHUSI.

4. Crpourcst rpaduk MU3MEHEHHUs NeOUTa ¢ MOMEHTa
Hayaja McclieIoBaHMs 10 MOMEHTa mepernda mpo-
W3BOJIHON W OmpeaenseTcst (PyHKIHSL, arpOKCHMU-
pyroLas 1aHHbIE UCCIIeI0BaHMU.

5. HHarerpupyercs 0o0beM KUAKOCTH, TOCTYNHBIIECH B
OKOJIOCKB)KMHHOE IPOCTPAHCTBO 10 MOMEHTA IIe-
peruba mpon3BoAHOH. B kayecTBe mpumepa wuc-
MOJIb30BaH METOJ] Tpareuuil. B npenenax unterpu-
POBaHMsI YCTaHABIMBACTCSI BPEMEHHOM Imar /1 u Ko-
JMYECTBO IIATOB MHTETPUPOBAHUS [ (I€M MEHBIIE
BPEMEHHOM 1mar u 0oJiblIe 1aroB MHTErPUPOBAHHUSA,
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I'paduku debuma ckeaxcuHvl: (a) Ha npomsixceHuu ecezo uccaedosaHusi 8 KoopduHamax m3/cym/muH; (6) do

Well flow charts: (a) throughout the study in coordinates m3/day/min; (b) before the inflection of the derivative in the

TeM TOYHEee 3HAYeHHE HHTerpaja U MEHbLIE II0-
IPeIIHOCTh). Jlanee Mo MOJTy4YeHHOU anmpOKCUMHU-
pyomeit GpyHKIME Ha KaXXJI0OM HOBOM IIIAre pac-
CUUTHIBACTCSI 00BEM SKUIKOCTH f{X;) IUIS KaXIOTO
MOMEHTa BpPEMCHH X;, a TaKkKe CyMMa OOBEMOB
MpeNbIIyIero mara u Tekymero fix; )+fx;). Cym-
MUpPYIOTCSl 3HadeHus flx; |)+fx;) u mo dopmyie
) zg 1 f(xi—1) + f(x;) paccuntbiBaeTCs MHTe-
rpalbHOE 3HAueHHE O0BEeMa ILIACTOBOTO (IIoMIa,
MOCTYMHUBIIETO B OKOJIOCKBAXXMHHOE MPOCTPAHCTBO.
OmnpenensieTcst HOrpPenHOCTb.

6. Hcxons u3 obbema >KHUIKOCTH, MOCTYNUBIICH B
OKOJIOCKB&KUHHOE MPOCTPAHCTBO J0 MOMEHTA Iie-
peruba mpou3BOAHOMN, C UCIIOIH30BAHIEM MapaMeT-
POB 1UIacTa (TOJIIMHA, TOPUCTOCTD) ONpeaeseTcs
paccTosiHue », Ha KOTOPOM B OKOJIOCKBAaKHHHOM
IIPOCTPAHCTBE PaCIOIOKEH MHTEPBaJl HU3KOU Ipo-
HUL@eMOCTH. Jlo 3TOro paccTosHus W HEMHOIO
JIaITbIe B IDTACT HEOOXOAMMO 3aKadaTh KUCIOTHBIH
pacTBOp, YTOOBI paz0IOKUpoBaTh (yOpaTh IITYIIEP)
MTOPOBOE IIPOCTPAHCTBO.

Brok-cxema MeTOIMKHM NPUBEIEHA Ha pHC. 6.

Pe3ysbTaThl U 06CYyKeHUEe

Boinonnen ananus pesyneratoB I'IU mig 26 no-
OBIBAIONIMX CKB&KHWH, OKCIUIYaTUPYIOIIMX 3aJICKH
He(TH B KapOOHATHBIX KOJUIEKTOPAx, Ha KOTOPBIX MPO-
Boamwiack CKO. CkBakuHbI BEIOpaHbl B COOTBETCTBUU
C TEM, YTO MO0 HUM HUMEIOTCS, BO-TIEPBBIX, OTHOCUTEIIb-
HO cBexkne manabie mo OII3 — 3a 2021-2022 rT., BO-
BTOpBIX, pe3ynbratsl ['JIW no obpabotkn u mocie 00-
paboTKH, 4TOOBI MOKHO OBLIO CPaBHHUTH KaK M3MCHU-
nack ¢popma kpuBbix nociie CKO (cooTBeTcTBEHHO IS
OOJIBIIEr0 PAacCMAaTPUBAEMOrO MEPUOJA CKBAXHMH MJIS
aHanuza OyJeT OoJblie; MOMUMO 3TOTO, CKBaXKHH, I10
koTopeiM ectb ['JIM TONBKO 10 00pabOTKH, TaKKe
OO0JIBIIOE KOJMYECTBO, HO QHANN3 IO TEM CKBAKHHAM
SIBIISITCS 3a/1auell MOCIEqyOINX UCCIECJOBAHHIA).
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30Ha ¢ yXyAMEHHOH
TPOHHAIAEMOCTEIO ITTY0OKO B I7IACTE,
H o0beMa peareHTa noTpedyercs
0UEHb MHOTO

HET

OnpeieneHHe Ty GHHEI
TIposeaerue OIT3 PACIIONOXeHHA YXyAMEeHHOH
HETenecoodpasHo TIPOHATIAEMOCTH

Puc. 6.
Fig. 6.

Ilo muarnoctuueckoMy Tpaduky 10 00pabOTKH
CKB)KMHBI BBIMOJHCHA OIICHKA O0beMa 30HBI YXYII-
IICHHON IIPOHUIIAEMOCTH U TpedyeMoe KOIHUIECTBO
o0beMa KHCIOTHOTO cocTaBa Uit oopabortku. Jlamee
BBIMOJHEHO COIOCTABJICHUE C (haKTUICCKUM 3HAUCHH-
eM 00beMa 3aKa4eHHOT'0 B IUTACT KUCIOTHOTO COCTABa.
Ecmu paccunTaHHOE 10 MOJETH 3HAUCHHE 00beMa HH-
e (PaKTHIEeCKOro 3HaYeHUs 00beMa, a 00padoTKa Ipu
3TOM OKa3ajxach YCHCHIHON (KPUTEpPHEM YCIEUTHOCTU
CKO sBrnsuicss ycTOWYHBEIA IPUPOCT ASOUTA CKBAXKH-
HBI 110 KHUJKOCTH Tocie 00paboTKM), TO JeIaeTcsl BbI-
BOJ O MOATBEPKIACHHUU TUIIOTE3bI U, COOTBETCTBCHHO,
paborocnocobHocTH MeTouKn. Eciu mo mojenu 3Ha-
4yeHne o0beMa OoJbile, YeM (paKTHIeCKOe 3HAYCHHUe, a
00paboTKa He ycreniHa, TO CHOBa JIENaeTCsl BBIBOJ —
METO/MKa paboTocmocoOHa.

Ecnu o mozenu 06bEM OKOJIOCKBaKMHHOM 30HBI €
YXYALIICHHON MPOHUIIAEMOCTBIO ONPENENsICTCS 3HAYH-
TENBHBIM, TO TPEICTABISICTCS JIOTUYHBIM IPEIIONO-
JKUTh, YTO HA TAKOW CKBAKHHE YCIICIIHOCTH OT OOpa-
0otk Oyzner Hu3kas. OmgHAKO Oe3 OIEHKU 00BheMa OKO-
JIOCKBOKMHHON 30HBI, HWCIONB3YSl THATHOCTHYCCKHN
rpaguk TO MpeiaraeéMoil METOJHMKE, HEBO3MOXKHO
MIpe/IcKa3aTh Pe3yJIbTATUBHOCTh KUCJIOTHOW 00pabOTKH.
B mono6HOM ciydae HCHOJIB30BaHKE IIpearaeMon
METOJMKH TO3BOJISICT M30€kKaTh MAaTCPHAIBHBIX U BpC-
MEHHBIX TI0TePh Ha MPOBEICHUE KUCIOTHONW 00paboTKH
W TIPOBOJUTH OOpabOTKY TUIacTa TOJILKO Ha TE€X CKBa-
JKHHAX, HA KOTOPBIX UMEETCs IIOTSHITUAN JJIsl 9TOTO.

T'JIN g0 oGpaGoTKH

HeT MOKA3EIBAET YXY/IIICHHE Ja v
TIPOHHIIAEMOCTH BO/TH3H
TI3TT
Omnpe/eTerHne 00seMa

OKO/IOCKBa;KHHHOH 30HEI €
YXYALCHHOH IPOHHALIACMOCTBEO 110
JanarsocTaaeckomy rpaduky KBY

OmnpegeneHue o0peMa peareHra

IIpoeenerue OIT3

Bbaok-cxema onpedesenust o6sema peazeHma 0451 npogedeHus1 KUCA0MHOU 06pabomku
Flowchart for determining the volume of reagent for carrying out acidizing

AHanmu3 mokasan, uyto s 21 u3 26 oToOpaHHBIX
JUIS aHaJM3a CKBAXWH HAOIIOAACTCS COBMAACHHUE T'H-
MOTe3bl W OTMEYaeTCs paboTOCIIOCOOHOCTh MOJEIU
(tabn. 2). Kpurepusmu pabOTOCTIOCOOHOCTH MOJIEITH
SIBIISIFOTCSL YCTICITHOCTh 00pabOTKU: yBeNIWYCHHE J1eOu-
Ta CKBRKUHBI U TOIEPKAHUE €0 B TEUCHHE HECKOIb-
KHX MECSIICB, JTHOO HEYCIICIIHOCTh 00paboTKH B pe-
3yNIbTaTe HEIOCTATOUYHOTO 3aKauCHHOTo oObeMa pea-
rerra. Koadduument monesnoro aevicteus (KITJT)
3aKaYeHHOI'0 B IUIACT 00bEMa pearcHTa OLECHEH Kak
KITI=V\/Vyx100 %, rne V,, — 00beM, pacCuMTaHHBIH 110
npejularaeMoi Mozenu, Vy — daxruueckuii oobem 3a-
TpadeHHOro peareHTa. M3 tabn. 1 BumHO, 4to Oe3 yuera
CTOMMOCTH POBEICHHS CKBOXMHHBIX ONEPAIHi (BpeMs
paboTHI CepBUCHOW OpHTAIbI) 3aTpPaThl HA PEarcHT, KO-
TOPBIA OBUT TIepepacxoIoBaH, COCTaBIIOT 11,5 MuH p.
(M3 pacuera, 4TO CpEIHSS CTOMMOCTH 1 M’ paBHa
20 TBIC. P., BCErO MEPepacxo/l o MOJIENN Ha YCIEUIHbIX
CKBOXHHAX 359 M°, a 3aKaueHHBIl B HEIOCTATOYHOM
KOJTMYECTBE PEareHT Ha HEYCIEIIHBIX CKBaYKHHAX
218 M%), Ecim Y4E€CTb, YTO Yy KPYIHBIX KOMIIAHMM-
HEIPOIOJIb30BaTeNieid ¢ OOoNbImuM (HOHAOM JOOBIBAIO-
IIMX CKBAKUH B TOJT IPOBOIUTCS] HECKOJIBKO COTEH KHC-
JIOTHBIX 0OpabOTOK C HEONTUMAJIBHBIM O0BEMOM pea-
TeHTa, MeperuiauynBacMasi KOMIIaHHSIMH CTOUMOCTh CO-
cTaBlsieT 0oJiee CTa MHUJUTMOHOB PYOJICH B TO/I.

Ha 13 ckBaknHax, MOATBEPAAIONIUX METOJIHUKY,
ObLT BEIOpaH 00BEM KHCIIOTHOTO COCTaBa OoJIbIe 00be-
Ma II3I1 u nomyueH 3¢¢pexT, MOITOMY MOXKHO OLEHU-
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BaTh HENPOHM3BOIMTENBHBIA PacXo] KHCIOTHOTO COCTa-
Ba u ompeaenars KIIJ| 3akauenHoro obvema. Ha 8
CKBa)XHMHaX TUIaHUpyeMblid 3dekt ot OII3 He ObuT J10-
CTUTHYT, TaK Kak O0BEM 3aKayeHHOro peareHTa ObuI
MeHblIe N0 cpaBHeHHIO ¢ oobemoM [I3I1, yro Takxe
MOATBEPKAaeT METOANKy. (DaKTOpPHBIA aHAN3 OCTaB-
IIUXCS TISITH U3 26 CKBaXKUH MPOJEMOHCTPUPOBAI, YTO
M0 HEKOTOPBIM JBYM 3(QEKT ObLI JOCTUTHYT IOCHE
00paboTKu He 3a cyeT PocTa Kipoy, @ 3@ CUET ONTUMU3A-
UM PEeXKMMa pabOThI TNTyOMHHO-HACOCHOTO 000py/10Ba-
Hust ([HO) ¢ yBennveHueM Jenpeccuy Ha IjiacT 3a cyeT
HAJIIYHS TIOTEHIINANIA TI0 3a00HOMY TaBIICHUSL.

Ta6auya 2. Pezynomamel avanusza sggdekmusHocmu OI13
no npedsaazaemoti Memoduke

Table 2. Results of the treatment effectiveness analysis on
the method proposed
« 06beM peareHTa, M3 KI1/] 3axaueHHOTO
£ _ | Reagent volume, m? SaxaueHo cmkom o06'beMa peareHTa
£3 - —| MHOI'0/MaJI0 peareHTa Efficiency of the
B x| momMoae baxTn Too much/too little |. y
& % 4ecKH reagent injected injected volume of
by model | in fact reagent, %
1/1 4,3 25 MHoOro/much 17,2
1/2 64 30 maJio/little 0
1/3 151 20 maJio/little 0
2/1 188 40 maJio/little 0
2/2 44 23 maJio/little 0
2/3 63 70 MHoro/much 90
2/4 2 20 MHoro/much 10
2/5 78 18 maJio/little 0
2/6 86 12 maJio/little 0
2/7 24 25 MHoOro/much 96
3/1 27 70 MHoro/much 38,6
4/1 15 30 MHoro/much 50
5/1 28 50 MHoro/much 56
6/1 13 45 MHoro/much 2
7/1 4 30 MHoro/much 13,3
1/4 74 25 maJio/little 0
8/1 77 50 MaJio/little 0
9/1 44 100 MHoro/much 44
9/2 1 80 MHoro/much 12
10/1 17 20 MHoro/much 85
11/1 3 40 MHoro/much 7,5
Cpennuii KI1/1/Average efficiency 41,4 %
CyMMapHbIH Ilepepacxo/] peareHTa B 06’beMHOM
BbIPAXKEHNUHU
Totzl overconsumption of reagent in volume 577 mi/m?
terms
CyMMapHBI# lepepacxo/] peareHTa B GUHAHCO-
BOM BblpaK€HUHU 11,5 mJH p.
Total overconsumption of reagent in financial million rubles
terms

B pesynpraTe TecTHpOBaHUS METOIUKH U aHAJIH3a
MIPOMBICIIOBBIX JaHHBIX BBUIBICHO IEBATH (DAKTOPOB
(IpUBEICHBI HIDKE), KOTOPBIC OINPEICISIOT YCIeIl-
HOCTh €€ MPUMCHEHUsSI B 3aBHCUMOCTH OT YCJIOBHUH pa-
OOTBI CKBAJKHH.

@axmop 1. Tun xornexmopa

OcBoeHHEe JOOBIBAIONINX CKBaXHWH B KapOOHATHBIX
KOJIJIGKTOpax, Kak MPaBUIIO, BBITOJIHSIETCS COBMECTHO C

KHCIIOTHBIMU 00pabOTKaMH, KOTOpBIE PACTBOPSIIOT B
1311 HekoTOpBIit 00BEM FOPHOM TIOPOIBI, B PE3yJIbTATE
4ero 00pas3yrTCsi XOPOIIOo MPOBOJUMBbIC KaHAIBI (DHITh-
Tpalyu KUJIKOCTH U3 TUIaCTa B CKBOKUHY.

Ji TeppUreHHOTO KOJUICKTOpa 0Oe3 NpOoBEACHUS
MPOMIIAaHTHOTO THIPOpa3pbiBa IDIacTa XapaKTepHO
HaJIM4Me HECOBEPIICHCTBA CKBAKUHBI IO XapakTepy
BCKPBITHSL MPAKTHMYECKH BO BCEX CllydasiX. lakxke B
OTIIMYHE OT KapOOHATHOTO KOJUIEKTOpa ISl TEPPHUTCH-
HOT'O KOJUICKTOPA YCHEIHOCTh KHCIOTHOW 00paboTKH
3aBUCUT OT MHOXKECTBa JPYruX (PaKkTOpoB, B HYAaCTHO-
CTH, OT CONCp)KaHUS TIMHHUCTBHIX YaCTHI[ B IIEMCHTE
TOPHOH TTOPOIBI, MUHEPAJIOTHIECKOTO COCTaBa TIINHU-
cThIX yactull u Ap. Ilpeanaraemas B HacTosmeil pado-
T€ METOJIMKAa OPUEHTUPOBAHA UCKIIFOYUTEIBHO Ha KHUC-
JOTHBIE 00pabOTKH KapOOHATHBIX KOJIICKTOPOB, IJIE
MEXaHU3M JIOCTH)KCHHUS d(PQeKTa CBs3aH C pacTBOpe-
HUEM TOPHOW MOPOJBI, & HEe C yAaJCHHEM KOJIbMaTH-
PYIOLIMX YacTULl B TIOPOBOM MPOCTPAHCTBE, YTO XapaK-
TEPHO ISl TEPPUTCHHBIX ILTACTOB.

@axmop 2. Cpok meaxncoy [ JIU u OI13

B cmydae ecnu ¢ momenTa npoBenenus I'IU mpo-
[Ie7 TOA WU OOJNbINe, Hy)KHO C OCTOPOXKHOCTBIO HC-
MOJIb30BaTh Mpe/iaraeMyro MeToAuKy. OCOOEHHOCTHIO
SIBJIIETCS] TO, YTO B MOJIENb 3aKJIAJAbIBAIOTCS pPe3ysibTa-
THI HCCIICIOBAHUH, KOTOpbIE K MOMEHTY HpPOBEICHUS
OII3 craHOBsTCA HEaKTyaJbHBIMHU, €CIM 33 paccMmar-
pUBaeMblii MEPUOJ MPOU3OILIO H3MEHEHHE YCIOBHH
paboThl CKBaXHHBI, HampuMep: kombMatarus 1311,
CHIDKEHHME 1e0nTa CKBakMHBI 00j1ee yeM Ha 10 %, 3Ha-
YUTENFHOE CHIDKEHHE TIACTOBOTO JABJICHUS M APYTHE
¢daxTopel. [lpu moacTaHOBKE B MOJCIB IApaMETPOB,
nonydeHHbIX npu ['/IU, pesynpTupyromiee 3Ha4YeHHE
o6néma I13I1 yxyamenHo# mpoHUIAEMOCTH HE OyneT
COBIMAJATh C JAHHBIMU Ha MOMeHT npoBeneHus OI13. B
MoI00HOM Cilydae JUIsl MCIOJIb30BAHUS METOJIMKHU IIe-
pen MIaHNpPOBaHUEM KHCIOTHON 00paboTKu TpedyeTcs
npeaapurensHo mposoauTs I'JIN. B To ke Bpems ec-
JI 32 paccMaTpUBaeMblil IEpUOJ 3HAYUTEIbHBIX U3Me-
HEHWI HE TPOU30IIII0, METOANKA MOKET IPUMEHSThCSI.

@axmop 3. JJocmosepHocmb NPOMbICI08bIX OAHHBIX

[Tepen npoBenenuem CKO u1st UCTIONIB30BaHMS Me-
TOJIUKHU TpeOyeTcss yOeOuThCs, YTO TUHAMHUKA TEXHO-
JIOTHYECKUX TOKa3aTeneil (Hampumep, ACOUT CKBaXKH-
HBI IO JXKUJIKOCTH) AOCTOBEpPHA M 3HAYCHUS MapaMmeT-
poB B 0a3ax HaHHBIX BepHbl. OIHUM U3 TPUMEPOB
OIMMOOYHBIX JAHHBIX MOXKET SIBJSIETCS] HEKOPPEKTHBIN
(3aBBILLIEHHBII) 3aMep pPacxo/a KUIKOCTU CKBAKHUH Ha
ABTOMAaTU3UPOBAHHON T'PYNIOBOM 3aMEpHOM YCTaHOB-
ke. B pesynprare mogo0HBIX 3aMepoB 3((HEKTUBHOCTh
OII3 Oyzaer ckpbiTa 3aBBILICHHBIMH MTOKa3aTENIsIMU J1e-
OuTa CKBaKHHBI.

Dakmop 4. I'azoswiii haxmop

B 3aBucumoctu ot merona, mpumensiemoro tipu ['JIN,
ra3oBbIi (PAKTOP MOKET OKA3bIBATH PA3IUYHOC BIIHSHHC
Ha paboTOCNOCOOHOCTH MpeIaraeéMoi METOTUKH.
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B cnyuae uccnenosanust metogom KBY Huskuii ra-
30BBIH (bakTOp HE BiMsieT Ha rpadguxk KBY B MomeHT
nposeacaus ['JIW. Eciam npu ¢umsTpamuu HehTH OT-
MeuaeTcss BBICOKHM Ta3oBblil ¢akTop, To npu KBY
MPUMEHATh METOJMKY HEIb3s, TaK KakK 3a CYeT BBICO-
Koro razoBoro ¢akrtopa (I'®) OymeT BCICHHMBATHCS
JKUAKOCTh M HCKaXaTh IOKa3aHUs H3MEPUTEIHLHOTO
yctpoiicTtBa. [Ipu ymepenHo BeicokoM I'®d npumeHsTH
METONKY TpeOyeTcsl ¢ OCTOPOKHOCTBIO. PexomeHmy-
emoe 3Hauyenue I'd cocrasmster He Oosee 100 M3/T,
XOTS JUIA Pa3IMUHBIX MECTOPOXKIECHUH U JIaXe OT/elb-
HBIX CKBQXUH 3TO COOTHOILLEHHE WHAUBUIYATbHO.

B caywsae wuccnemoBanus meromom KBJI, xorma
MIPOU3BOIUTCS TIPSIMO 3aMep 3a00WHOTO aBJICHHUs, HE
WCKa)XCHHBIM BCTIEHUBAHUEM JKHJIKOCTH, TIpejiaraeMas
METO/NKa PabdOTaeT NaXke B YCIOBUSIX OYCHD BBHICOKOTO
I'd. U3 onbiTa KOMIaHUI-HEPOIIOIb30BATENIEH OTME-
yeHa pa0oTa METOAMKM Ha CKBaxuHax ¢ ['d Gomee
1000 Mm%/t TIPU yCIIOBUU WHTEPIPETAIUN JTAaHHBIX, T10-
mygeHHbIX MeTosioM KBJI.

Daxmop 5. O6600HEHHOCb CKBANCUHOU NPOOYKYUU

[Ipennaraemast MeToIMKa MPUMEHUMA JUIsl CKBAXKUH
C HU3KOH OOBOTHEHHOCTHIO CKBKHHHOW IPOMYKIIHH.
AHAJIOTHYHO BIUAHHIO BBICOKOTO I'®D, Ha BBEICOKOOO-
BOJIHEHHBIX CKBa)kKMHaX (C 0OBOJHEHHOCTHIO Bblie 50
% mts Mectopoxnenuii [lepmckoro kpast) HabIrOMACT-
cst apdext obpazoBanus ckuH-akropa B 11311 3a cuer
CHIDKCHHUS (ha30BOM MPOHUIIAEMOCTH KaK IO HE(TH,
TakK ¥ Mo BoJie. DTO SABJICHUE CHUKAET TOUHOCTb METO-
JIUKW, B pe3yJbTaTe 4ero Ha CKBaKWHAX ¢ OOBOJHEH-
HocThIO Bbiie 50 % ee cienyer MPUMEHSATH C OCTO-
poxkHocThIO. [Ipu 3TOM B OOJIBIIMHCTBE CIIy4aeB KHC-
JOTHBIE 00pabOTKH HA BBEICOKOOOBOTHEHHBIX CKBAaXKH-
HaX MPHUBOJAAT K YBEIHMUCHUIO ACOHUTA KHUIKOCTH C PO-
CTOM OOBOTHEHHOCTH MPOAYKIMH. B Takux cirydasx
PEKOMEHyeTCsl IPUMEHSTh dMYJIbCHOHHBIE MJIU Teje-
oOpasyronie OTKJIOHUTENH KHCIOTHOTO COCTaBa.
B nro0oM ciydae MOBBIMICHHAS OOBOTHEHHOCTH SIBIISI-
€TCsl PHUCKOBOM COCTaBISIONIEH INpU NPUMEHEHUH
mpeJiaraeMoil METOJIUKH U TIPUMEHSITh €€ Ha BBICOKO-
OOBOJIHEHHBIX CKBa)XXMHAaX PEKOMEHIYETCS aBTOpaMu
JUIIb TTOCTe HAKOIUICHUS CYIIECTBEHHOTO OIBITa 00-
paboTOK HM3KOOOBOJHEHHBIX CKBAXXHH C YUIETOM OCO-
OCHHOCTE OTJEILHOTO MECTOPOKICHHSL.

@Daxmop 6. Yoanennocms 0odvlearoujell CK8ANCUHbL
om HazcHemamenbHou

B ciydae ecnm noOpIBaromasi CKBa)KMHA HAXOIUTCS
MOJl BJIMSHUEM HArHETaTeJIbHOM CKBaXXUHBI, HEOOXO-
JIMMO HKCIIOJNIb30BaTh akkypatHo nanusie ['/I. Oco-
OCHHOCTBIO SIBIISICTCSI TO, YTO B IOJOOHBIX CITydasx
neperud Ha JUArHOCTUYECKOM Tpaduke COOTBETCTBYET
MOMEHTY BpEMEHH, KOT/1a JIaBJICHUE B CKBaXKUHE Tepe-
BOCCTAaHOBHJIOCH 32 CUET BJIMSHUSA JKUIKOCTU HAarHeTa-
TEITFHOM CKBaXWHBI. 3aKia/bIBas B MOJENb JeIpec-
CHIO, TOJIYYEHHYIO HampsiMmyro u3 pesynpratos 1'/IU
0e3 BIYMUYMBOIO aHAJM3a, MOXXHO TakhM 00pazom

MIPOBECTH HEKOPpeKTHbIA pacuer obwvema [I3I1 ¢

YXYJIIIEHHOH MPOHUIIAEMOCTBIO.

Daxmop 7. Koncmpykyus cmeona ck8aicuHul

KoHcTpykiust cTBoma CKBaKMHBI (IPOGUIIL) pOH
HE urpaeTr. Meroauka MpUMEHUMa K BEPTHKAIBHBIM,
HAKIOHHO-HATIPABJICHHBIM ¥ TOPH30HTANLHBIM CKBa-
xwuHaM. OJHAKO CTOUT OTMETHTH, YTO CKBa)KHHEI, 3a-
KOHYEHHBIC TOPU30HTAIBHBIM OTKPBITBIM CTBOJIOM, a
TaKXe CKBaXMHBI C MHOTOCTAUHHBIM THAPOPA3PHIBOM
IIacTa ¥ MHOT03a00MHBIE CKBaKUHBI OTIMYAIOTCS
oueHb BhIcOKUME oObemamu 1311 u, kak mpaBuio, Tpe-
OYIOT OYCHb BHICOKHX 00BEMOB KHCIIOTHOTO COCTABA.

Daxmop 8. Onmumuzayus I'HO

Hcnone3yst mpeayiaraeMyto METOJMKY MPU aHAJIHM3e
MIPOMBICTIOBBIX JIAHHBIX, HY’)KHO UMETh B BHILY, UTO pe-
3ynbTaTUBHOCTE OT OII3 MOXeT OBITh MCKYCCTBEHHO
3aBBIIICHA 33 CUET ONTHUMU3AIMU PEXKUMA PAOOTHI TIy-
OMHHO-HACOCHOTO  Oo0opymoBaHus. Takoe MOXKET
HAOMIONAThCS B CIIydasx, KOTJIa MOIETBHBIA pacder
JEMOHCTPUPYET OTCYTCTBHE pe3yibTaTa (M3-3a HEIo-
CTaTOYHOT0 00BbeMa 3aKaUEHHOTO pearcHra), a (hakTH-
gecku 3¢ dekt ot OI13 moryueH moa0KUTEIBHEIH.

@axmop 9. Tun ckeadicumbvl

[Ipennaraemast MeTo KA MPUMEHUMa KaK K JT0ObI-
BalOIINM, TaK M K HarHETaTeIbHBIM CKBaKHHaM. [lo
JaHHBIM FWCCIICIOBAaHUN METOIOM KpPUBOU TIaJCHUS
JIABJICHUSI MOXKHO OIICHUTh 00bEM OKOJOCKBAKUHHOTO
MPOCTPAHCTBA YXYIUIEHHOW NMPOHUIIAEMOCTH. B oTnn-
9re OT JOOBIBAIONINX HE(PTIHBIX CKBAKHUH, KOJIbMaTa-
1M HA HATHETATEJhHBIX CKBOKHWHAX OOBIYHO TPOMC-
XOAWT O0Jee MHTCHCUBHO (OCOOCHHO B YCIOBHUSIX HH3-
KOro KayecTBa IOJArOTOBKHM 3aKauWBaeMOW B IUIACT
BOJIbI), YTO MPAKTHYECKH BCEI/a MPOSIBIAETCS B HU3-
koM ooweme T1311.

Ha cerogssmHuii JeHb KPUTEPUSMH MPOBEICHHS
KHCIIOTHBIX 00pabOTOK IIacTa Ha JOOBIBAIOIIUX CKBA-
KMHAX B POCCHHUCKUX KOMITAHUSIX-HEIPOTIOIh30BATEIIX
3a4acTyIO SIBJISIOTCA:

e CHIDKEHHE N1eOMTa CKBOKUHBI IO JKUIKOCTH (TIPH
9TOM HET TEHJCHIIMM Ha CHIDKEHHE IIJIaCTOBOTO
NABJICHUSI) W CHIDKEHHE KOA(UIMEHTA IMPOIYK-
TUBHOCTH CKBA)KUHBI;

e pe3Koe MajcHHE AeOWUTa CKBAXHHBI, B PE3yJbTaTe
4ero MPUHUMAETCS PEIICHHE O MPOBEACHUU KHC-
JOTHOW 00paboTkn Oe3 aHanmm3a JaHHBIX PaOOTHI
CKBaKHHBI;

e KHCJIIOTHas 00paboOTKa Ha COCEIHEH CKBaXMHE TI0-
ka3ana 3(peKTUBHOCTD, B Pe3yabTaTEe YEro MPHHU-
MaeTcsl pelleHue, YTO KUCIOTHas pa3paboTka Ha
paccMmarpuBaeMoil CKBaxkuHE OyneT Takxke 3ddek-
THBHA.

B nono6HbIX citydasix MpoBeAeHHUsS KUCIOTHBIX 00-
paboTok Oe3 yueTa mpeayiaraeMoi MeTOJIMKA BEPOSTHO
oTCyTCTBHE 3 (eKTa, YTO CBSI3aHO C HEAOCTATOYHBIM
00BEMOM peareHTa JJIsl CHSTHUS KOJNbMAaTalluy Ha Tpa-
nuue [I3[1. Taxxe B ciiydae, ecnmu B MOPOBOM IIPO-
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crpanctee [I3[1 mpucyrcTByloT napaduHoBBIE OTIIO-
JKEHUs, B JM3aiiHe KUCIOTHOH 00pabOTKH PEKOMEH]TY-
eTcsi  IIpelycMaTpuBaTh YacTOTHOEC  BO3ZeHcTBHE
[27-29], uTo mo3BONMUT MOOMIN30BATH NMapa(UHBbI.

3akj4eHue
B pabore BbimonHeH ananus pesynbratoB ['JIW no-

OBIBAIOIIUX CKBKHH B KapOOHATHBIX OTJIOKCHUSX, HA

KOTOPBIX TIPOBOJWIINCH KHUCIOTHBIE 00paboTKH. BwI-

MIOJTHEHO COMOCTABJIICHUE IOJMYYCHHBIX PE3YIBTATOB C

MPOMBICIIOBBIMU JTAHHBIMHU JKCIUTyaTallud CKBKUH 10

u mociie o0paboTku. IlpemrokeHo OleHUBaTh 00bEM

MIPUCKBOXWHHOW 30HBI, TpeOyromie o0padOTKH st

BOCCTAHOBIICHUS IPOHUIIAEMOCTH, HA OCHOBAHUU JIaH-

HeIx ['JIM. Pa3paborana MeToamKa OIpEICIICHUS OIl-

TUMAaJFHOTO 00BheMa XUMHUYECKOTO peareHra Ui mpo-

BEJICHHUS KHCIOTHBIX 00pabotok mo ganubiM ['JIU. Tlo

pe3ynpTaraM UCCIEIOBAaHUN MOKHO OTMETUTH CICIy-

IOIIHE BHIBOJIBL:

1) ucnone3oBanue pe3ynabpraroB 1'JIM CKBaKHH 1O3BO-
JSIET B An3aiiHe KUCIOTHOH 00paboTKM y4ecTh aKTy-
IPHOEC COCTOSIHHE IIIACTa TPHCKBAKUHHOW 30HEI
(paccTosHEE OT CKBa)XKUHBI, HA KOTOPOM PacIIojo-
JKEHa 30Ha YXY/IIIEHHON MPOHUIIAEMOCTH) U JIOTIOJI-
HUTB PacueThl, OCHOBaHHEIC Ha 0OBEMHOM METO/IE;

CIIUCOK JIMTEPATYPbI/REFERENCES

2) cpemHuii KO3((UIMEHT MOJE3HOTO ACHCTBUS 3aKa-
YEeHHBIX 00BEMOB KHCIOTHI IO JaHHbIM 13 100bIBa-
FOIMX CKBXKHH, Ha KOTOphIx OII3 ObuM pe3yibra-
THUBHEI, cocTaBisgeT 41,4 %, 4T0 He SIBJIIETCS BBICO-
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