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KACMUACKM YHUBEPCUTET TEXHOJOMMM 1 UHXXUHVPUHIA WM.LL. ECEHOBA,
Pecnybnuka KazaxcraH, 130000 r. Aktay, 32 MKp.

AppekmusHocmb KOHMPOIIST 3a NPOUECCOM pa3pabomku 3agucum om Haau4yusi rMosiHoU U Ka-
4ecmeeHHOU UHGhopMayuu 0 2uGpOOUHaMUYeCcKuUX napamempax rnpodyKmueHbIX Miacmos, eMKocm-
HO-GbubMpayUOHHbIX C80UICMBaXx riacmos-Komiekmopos, MeXHUYECKOM COCMOSIHUU CK8aXKUH U m.O.

Llenb uccnedosaHuli Hegpmu, HeghmsiHO20 2a3a U rrracmosoll 800bl COCMOUM 8 MoTyYeHuUU
ucyepnbigarowux 0aHHbIx 06 ux ceolicmeax u cocmase, Komopble 8 rpedenax nPooyKMUBHbIX
20pU30HMO8 Mecmopox0eHuUUl, KaK npasusio, HeroCMOSIHHbI.

UeHopuposaHue He0dHOPOOHOCMU ceolicme Heghmu o rowadu 3anexu u omcymemeue
KOHMPOIs 3a U3MeHeHUeM (hU3UKO-XUMUYECKUX c8olicme 8 rpouyecce 3Kcryamayuu Mecmo-
POXOEHUST MO2ym rpu8ecmu K cepbe3HbiM owubkam npu npo2Ho3uposaHuUU napamempos paspa-
60mKU MecmopoXxOeHuUs.

OO0HUM U3 8axkHeUWUX UCMOYHUKO8 UHGhopMayuu sernsromcesi 2udpoduHamudeckue (rpo-
MbIC108bI€) uccredosaHus Maacmos u ckeaxuH. lNpeumyujecmeo 2udpoduHamMu4ecKkux Memooos
rosbiWeHUs1 Heghmeomadayu rnacmos cocmoum 8 MoM, Ymo OHU OMHOCUMENbHO POCMbI 8 pea-
nusayuu u He mpebyrom 60bWUX 3KOHOMUYECKUX 3ampam. Ha mecmopoxdeHuu Y3eHb OueHKa
Ha4arsibHbIX MPOOYKMUBHbIX U ¢husibmpayUOHHbIX Xapakmepucmuk raacmos ocyuwecmersisiach
Ha ocHose uccrnedosaHuli ycmaHosusuwielics punsmpayuu (MYO), ebinonHeHHbIx npu onpobo-
8aHUU HegbmeHachIWeHHbIX UHMeps8asos ninacma 8 nepuod pa3eedku U Ha HadarbHoU cmaduu
npombIwneHHoU pa3pabomku Mecmopox0eHusi npu pabome 3anexu Ha eCmMecmeeHHOM PEXUME
ucmouweHusi. B cmambe npusodsimesi pe3ynbmamei uccriedosaHusi MemMoOOM yCmaHOo8UBLUUXCS
ombopos (MYO), uccrnedosaHusi Memodom eoccmaHosneHusi daeneHust (KBL).

KITOYEBBIE CJIOBA: uccriedosaHue, ckgaxkuHa, niacm, 20pU30HmM, Memoo ycmaHo8u8-
wiuxcsi ombopos, Kpusasi 8occmaHosreHus 0asneHus, Heghmeomaoaya.
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Uzepy npoueciH bakbinaydbiH muimdiniai eHimMOi kKabammapdbiH 2u0poOUHaMUKaslbIK napame-
mpnepi, kabammapObiH-KornekmopnapobiH ChilibIMObIIbLIK-CY3y Kacuemmepi, YHFbiManapobiH Mex-
HUKarnblK xardalibl )XeHe m. 6. myparnbl MorbIK XoHe carnarsbl aknapammaiH 6onybiHa 6alnaHbicmel.

MyHal, myHal 2asbl xxoHe kabam cybiH 3epmmey0iH MaKkcamabl- KeH OpblHOapbIHbIH 6HIMO|
eopu3doHmmapbiHOa mypakcel3 6bonamsiH onapdbiH Kacuemmepi MeH Kypambl myparibi mMOosblK
Marivemmep ary.
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KeH opHbIHbIH aydaHbl 6olbiHWa MyHal KacuemmepiHiH bipmekcisdigiH eflemey xoHe KeH op-
HbIH natianaHy npoueciHoe ¢husuka-xumusisibiKk KacuemmepdiH e32epyiH 6akbirayObiH 6onmvaybl
KeH OpHbIH u2epy napamempriepiH 6ormkay Ke3iHOe eneyri kamerikmepae oKesnyi MyMKiH.

AknapammabiH MaHbI30bi K630epiHiH bipi-kabammap MeH yHfbiManapObl 2u0poduHaMuUKa-
nbIK (kecinwinik) 3epmmey. MyHali eHOipydi apmmbipyObiH 2u0poOuUHamMuKarsIiK adicmepiHiH ap-
MbIKWbINbIFLI-01ap0bl Xy3e2e ackipy casbiCmblpMarbl mypoe oHal XoHe YIIKeH 9KOHOMUKaIbIK
whirbIHOapObI Kaxxem emnelidi. ©3eH KeH opHbIHOa KabammapObiH 6acmarikbl 6HiMOI XXoHe cy3y
cunammamarapbiH baranay bapnay ke3eHiHOe kabammbiH MyHaliFa KaHblKkaH UHmMepeaandapbiH
CbIHay Ke3iHOe XoHe maburu capKbily PEXXUMIHOE KeH OPHbI XXYMbIC icmeaeH Ke30e KeH OpHbIH
eHepkacinmik uzepydiH 6acmarkbl cambicbiHOa opbiHOanFaH mypakmsl cy3y 3epmmeyrnepiHiy
(TAO) Heei3iHOe xy3eze acbipblndbi Makanada mypakmsi any adicimeH (TAD), KbicbIMObI Kasrbi-
Ha kenmipy adicimeH (KKB) 3epmmey Hamuxxenepi kenmipinzeH.

TYUIH CO3LEP: 3epmmey, yHrbiMa, Kabam, 20pU30HM, mypakmbi any a0ici, KbicbiMObl Kar-
MbIHa Kermipy KUcbifbl, MyHal 6epailumik.
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The effectiveness of monitoring the development process depends on the availability of complete
and high-quality information about the hydrodynamic parameters of productive formations, reservoir
reservoir properties, technical condition of wells, etc.

The purpose of oil, petroleum gas and reservoir water research is to obtain comprehensive
data on their properties and composition, which are within the productive horizons of deposits, as a
rule, are fickle.

Ignoring the heterogeneity of oil properties over the area of the deposit and the lack of control
over changes in physico-chemical properties during the operation of the field can lead to serious
errors in predicting the parameters of field development.

One of the most important sources of information is hydrodynamic (field) studies of formations and
wells. The advantage of hydrodynamic methods for increasing oil recovery is that they are relatively
easy to implement and do not require large economic costs. At the Uzen field, the assessment of
the initial productive and filtration characteristics of the formations was carried out on the basis of
studies of steady-state filtration (MSS) performed during testing of oil-saturated reservoir intervals
during exploration and at the initial stage of industrial development of the field when the deposit was
operating under natural depletion mode. The article presents the results of a study by the method of
steady-state selections (MSS), a study by the method of pressure recovery (PRC).

KEY WORDS: exploration, well, formation, horizon, steady state sampling method, pressure
recovery curve, oil recovery.

HE®Tb U A3 &5 2024 2 (140) 201



PA3PABOTKA

BeleHue. /(151 ucronp30BaHus JIF0OOT0 METO/Ia MOBBIIICHUS HE(PTEOTJa4u HE0O-

XO0AMO MPEABAPUTEIBHO U3YUUTD I'COJIOTUUCCKUEC XaPAKTCPUCTHUKHU Cllararolmnx

IIopoa U HAaChIAIOIINX (1)J'IIOI/IJJ;OB, KOTOPBIC IIpU pCaJin3aliui 3TUX METOI0B B3a-
MMOJIEHCTBYIOT C 3aKa4MBAEMBIMH B TIACT (IFOMIAMH, & 3TO MOXKET COTPOBOKIATHCS
HEeOIaronpPUATHBIMHE TOCIECTBHSIMH.

Hamnpumep, ecnu B 1utacte npucyTCTBYIOT IIIWHBI, TO 3aKaykKa B IIOPOJIbI MPECHON
BOJIbI, IICJIOYH WM JPYTUX BEIISCTB MPUBOJIUT K HAOyXaHUIO TVIMH M MOTEPE 3aKauu-
BacMbIX )I(HILKOCTCﬁ. Yro BIIOCJICACTBUU ACIACT 3aJa4y YBCIINYCHUS He(bTCOTI[a‘II/I HE-
peanmzyemoii. Eciin B m1acte NprcyTCTBYIOT BEBICOKOMHUHEPAIN30BAaHHBIE PACCOIIBI, TO
MIPH UX B3aUMOJICHCTBHY C 3aKa9MBaeMbIMHU (DITFONIAMH BO3MO)KHO BBITIIEHUE TBEP/IBIX
KPHUCTAIJIOB C 3aKyTMOPKOH MO IjIacTa.

Taxoke 17151 IPUMEHEHUST METOJIOB MOBBINIEHUS He(DTeoTaaur HE0OXOAUMO BBISIBUTh
MPUPOY BOSHUKHOBEHHSI OCTAaTOYHBIX 3aM1aCOB HE(TH B TUIACTE MOCIIE TIEPBOHAYATIBHOMN
JKCIUTyaTaluu He(TsHbIX 3anexeit [1,2].

BriepBbie runore3a 00 3hPEeKTHBHOCTH HECTAIIMOHAPHOTO 3aBOIHEHUS OblTa chopMy-
nupoBana B KoH1le 50-x romoB XX Beka [3]. DTOT MeTo IPUMEHSUICS Ha MHOTHX Pa3IMIHBIX
He(TSHBIX MECTOPOYKICHUSIX, TJIE IAJT XOPOIIIHE PE3YITBTaThl U BIIOCIIEICTBIN OBICTPO PacIIpo-
cTpanuics 1o Bcemy Mupy. CyTh METO/a IIMKITYECKOTO BO3/IEHCTBHUS 3aKIIFOYACTCS B TOM, YTO B
TUIACTaX, UIMEFOIIMX HEOHOPOIAHOCTH TI0 Pa3MepaM Mop, MPOHUIIAEMOCTH TIJIACTOB, ITPOILIACT-
KOB, 30H H pa3pe3oB, a TAKKE NX HEPAaBHOMEPHOCTh HE(TECHACKIIIIEHHOCTH, O0YCIIOBICHHYIO
STUMH BUIAMH HEOAHOPOJHOCTH, NCKYCCTBEHHO CO3/Ia€TCS HECTAIIOHAPHOE JaBlieHue [4].

DTO0 JocTUTAETCA 3a CUET MEePHOANYECKOTO M3MEHEHHS peXIMa PadoThI TTacTa my-
TeM OCTaHOBKH M BO30OHOBIJICHHSI 3aKa4KU M 0OTOOpA BOJIBI, 32 CUET 4ero OoJiee MOTHO
WCTIOJIB3YIOTCS KAMJUISPHBIE U TUAPOJMHAMUYECKUE CHITBI. DTO CIOCOOCTBYET MPOHUK-
HOBCHHIO BOJIbI B PaHEE HE3aTPOHYTHIC YUACTKH IuiacTa [S].

Llukimaeckoe BO3ACHCTBHE HA MJIACTHI CIIOCOOCTBYET MPEOI0ICHUIO TPEPHIBUCTOTO
XapaKTepa NposABICHUA KalTUJUIAPHBIX CUJI, BbIpABHUBAHUIO HACBIIICHUA, T.C. YBECJIMUCHUIO
OXBaTa 3aBOJJHEHUEM HEOJJHOPOIHBIX IJIaCTOB. I3MeHeHHe HaITpaBIeHHUs MOTOKOB JKUIKO-
CTH MKy CKBOKHHAMH YCHITUBAET 3TOT MPOIIECC YBEIMUYCHNS OXBaTa 3aBOJHEHUS [6,7].

ITockobKyY MpU MPAKTUYECKON pealu3aluy MUKINYECKOTO 3aBOIHCHUS YaCTO HE
yAaeTcs OJHOBPEMEHHO OCTAHOBHTB 3aKauKy MU TOOBIYY BO BCEX CKBaKMHAX, HEO0OXO-
JIMMO MEHSITh HaIlPaBJICHUs MMOTOKOB. [[uKinmueckoe (HeCTalnoHapHOE) 3aBOTHCHHE SIB-
JII€TCA OJHUM U3 Hauboiee 3(1)(1)CKTI/IBHBIX TUAPOANHAMUYCCKHUX MCTOJOB ITOBBIIICHUA
HeTeoTnaun U HOOBIYN HePTH. CHIKEHHE YISIFHOTO pacxoa BOAbI Ha TOOBITY HE(TH.

CoBpeMeHHBIE METO/IbI TTOBBIMIEHHS HE(PTEOTIauH TTACTOB MOIYUIITH IUPOKOE TIPO-
MBIIIJICHHOE MPUMeHeHue U anpodanuto. [1o 00001meHHbIM TaHHBIM, TOTCHIIHAIEHEIE
BO3MOYKHOCTH TTOBBILICHUS HEPTECOTIAUN PAIUYHBIMUA METOAMH CIICIYFOIINE: TEPMU-
yeckue MeTojel — 15-30%, rasoBsie — 5-15%, xumuueckue — 25-35%, duszndeckue —
9-12%, rugponuaamuaeckue — 7-15%.

[IpenmytiecTBO THAPOTNHAMHYECKAX METOOB MOBBITICHNS HEPTEOTIauH TIIACTOB
COCTOUT B TOM, YTO OHH OTHOCHTEIHHO MIPOCTHI B pEATH3AINH U HE TPEOYIOT OOIBIINX
SKOHOMHYECKHUX 3arpar. Hanbonee 0CBOSHHBIM U YACTO UCIIOIB3YEMbIM U3 BCEX THIIPO-
JIMHAMHYECKUX METOJIOB SIBIISICTCS TIPUHYAUTENBbHAS SKCTPaKIUs xkuakoctd. Ho mpous-
BOJICTBCHHBIC 3aTPaThl, CBI3aHHBIC C JOOBIYCH HE(TH U Ta3a, MOCTOSHHO PACTYT, B TO JKE
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BpeMsI LIeHbI Ha He()Th MaJJat0T, YTO MPUBOAUT K TOMY, UYTO SKOHOMUYECKas IPUBIICKATEb-
HOCTh METO/IOB YBEJIIMUCHUS HE(DTEOTa4uH TIACTOB CHMXKaeTcsl. B To sxe Bpemst pu uc-
MOJTH30BAaHUY COBPEMEHHBIX METO/IOB YBEITMUEHHS N3BIEKAEMbIX 3aI1aCOB MTPOITYKTUBHBIX
T1acToB KO3 UIMEeHT n3BNedeHns HeTu coctasusieT B cpeaaeM 30-70 % [8], 3 Hux
20-25 % — nepBUYHBIMU METOJAMHM Pa3padOTKH (C UCTIOIB30BaHUEM YHEPTUH IUIACTA).
MOTEHIUABHBIX ), a 25-35% — BTOpUYHBIMU METOAAMHU (3aBOJAHCHHUEM U 3aKaYKOH Ta3a
JULS IOZIJIep KaHus SHEPT Uy 1uiacta). Tak, MeToabl HOBbIIeHH HeTeoTaaun HeTH yBe-
JIMYMBAIOT U3BJICKaeMbIe MUPOBBIC 3amackl HedTu B 1,5 pasza, 310 70 65 mup ToHH [9].

MarepuaJjbl 1 MeTObI HccjieqoBanus. OeHKa Ha9aIbHbIX TPOAYKTUBHBIX U
(GUIBTPALIMOHHBIX XapaKTEPUCTHK [UIACTOB OCYILECTBIIUIACH HA OCHOBE HUCCIIEI0OBAHNI
ycra"oBuBiieiics ¢punprpannu (MYO), BRIIOTHEHHBIX ITPH OMTPOOOBaHNN He(TEHACHI-
IICHHBIX MHTEPBAJIOB IIACTA B TIEPUOJ Pa3BE/IKU U HA HAYAJILHOW CTaJlX IPOMBIILICHHON
pa3pabOTKH MECTOPOXKACHHS TIPH PadOTe 3aJIeKH Ha €CTECTBEHHOM PEKUME UCTOLICHHS.
B nepuon pa3BenouHbIx paboT B OOJIBIIMHCTBE CITydaeB OBUTH UCCIIEJOBAHbI MPOTYKTHB-
HbIE MHTEPBAJIBI C (POHTAHHBIM IPUTOKOM HE(TH B Iporiecce paboThl CKBaXHH Ha 1 — 4-x
PeXUMax ¢ IraMeTpoM mrytepa (maiiosr) oT 3 10 24 MM U IPOAOIKUTEITEHOCTRIO PAOOTHI
Ha PeXXrMe OT OJHHX CYTOK — 10, OoJiee ueM, Tpuauaru cytok. Ilpu orcyrerBuu onrtan-
HOTO MIPUTOKA Ha KQKIOM PEXKUME OTOMBAINCH AMHAMUYECKHE YPOBHH € MOCIIEIYIOIINM
nepecyeToM 3a00MHOT0 JaBiIeHHs Ha CEpeMHHYI0 OTMETKY HHTepBasia nepopanuu (1uc-
cnenoBanust). [1o okonuanuu nccienoBanust MYO CKBaXHHY OOBIYHO OCTaHABIUBAIN
JUISL PETUCTPAIHM KPUBOW BOCCTAHOBIICHUS JIABJICHHUS Ha 3200€ C ENbI0 OTpe/ICICHNUS
Ha4yaJbHOI'O MJIaCTOBOTO JAABJIEHUS U OLICHKU (PMIIBTPAIMOHHBIX IIapaMeTpoB Iuiacta. B
He()OHTAHUPYIOLIUX CKBAKMHAX MIPOCIIEKMUBAIach KPUBas BOCCTAHOBIICHUS YPOBHS C
npeo0pa3oBaHUEM B AaJbHEUIIEM B KPUBYIO BOCCTAHOBIICHHS JaBJICHUSI.

B pesynbrare unTEprIpeTai MHAMKATOPHBIX AHarpaMM JJisl KaXKI0ro HCCIIeI0BaHHO-
r'O MHTEepBaJja JIacTa Onpe/esieHa ero CpeaHss MPOAyKTUBHOCT, a TAKKe MPOYKTUBHOCTD,
NPUXOSIIIAsiCS Ha OJMH MeTp d(PPEKTHBHON TONIIUHBI, TOTYYEeHBI cpeaHne Kodhhuim-
€HTBI THAPOIPOBOAHOCTH, IPOHUIIAEMOCTH, IIbe30IpoBogHOCTH. Ha ocHOBE mapameTpoB
10 CKBa)KMHAM OLICHEHBI COOTBETCTBYIOIINE CPEIHUE HAYAIbHBIC XapaKTCPUCTHKH 110
TOPU30HTaM. AHAJIM3 PE3yJIbTaTOB 00pab0TOK MHAMKATOPHBIX JUarpaMM IoKa3al Hanbo-
Jiee BBICOKYIO Ha4aJbHYIO POAYKTUBHOCTD OAHOTO MeTpa 3((EeKTUBHON TOIIIMHEI TL1a-
ctoB 17 1 18 TOpHU30HTOB, COCTABISIONIYIO COOTBETCTBEHHO 3,18 M/cyT/MIla/m u 3,6 M/
cyt/MIla, a Takxke cample BRICOKAE 3HAYCHHS MPOHUIIAEMOCTH KOJIEKTOPOB JIAHHBIX
TOPH30HTOB, paBHbIE B cpeaHeM MKM? 0,514 u 0,179 Mkm2, HaONMIOHAETCS YIyUIIEHIE
MIPOIYKTHBHBIX U (PHIBTPAIIMOHHBIX TTOKa3aTenel ¢ yonHoit ot 14 x 18 ropusonty. [1o
JaHHBIM 22 uccieoBaHui sl 13 ropu3oHTa HomydeHbl 0oj1ee BHICOKHE (PUIBTPALMOH-
HbIE MMapaMeTpbl OTHOCUTENBHO 14 1 15 ropn3oHTOB. 3Hast BBICOKYIO HEOJHOPOJHOCTD
miacToB 13 ropusonTa (CoueTaHue 30H ¢ HU3KUMHU KOJIJIEKTOPCKUMH CBOMCTBAMH U 30H
pacnpocTpaHeHHs BBICOKOIIPOHHUIIAEMBIX KOJUIEKTOPOB OOJBIION 2P PEeKTHBHON MOIII-
HOCTHU U 3HAYUTEIbHOMN NPOTSHKEHHOCTH ), MOXKHO IPEANION0KHUT, YTO HA JaHHOM 3Ta-
e JIOMUHHUPYET KOJIMYECTBO UCCIICAOBAaHUN BBHICOKOIIPOHUIIAEMbIX HHTEPBAJIOB IIJIacTa
13 ropuzonra. 60sb1I0H Y3PPEKTUBHON MOIIHOCTH U 3HAYUTEIILHONW MPOTSHKEHHOCTH),
MOJKHO TMPENAIOII0KUTh, YTO HA JAHHOM 3Tale JTOMUHHUPYET KOIMYECTBO HCCIeI0BaHUM
BBICOKOTIPOHUIIAEMBIX HHTEPBAJIOB I1acTa 13 ropu3oHTa.
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B navanbHbIi eprof pa3paboTku Ha XyMypyHCKOM KyTojie HaOMogaeTcs yayyiie-
HUE MTPOIYKTUBHBIX M (DUIIBTPAIMOHHBIX TIOKa3aTelnel ¢ TyonHoit ot 21 x 23 ropuson-
ty. Tak yesapHas IPOAYKTUBHOCTH M0 He(hTH yBenuuuBaercs ot 0,93 m*/cyr/MIla/m (21
rop) o 1,51 m*/cyr/MITa/m (23 Top), MPOHHUIIAEMOCTH IIACTOB Bo3pacTaeT ot 0,0562
Mim? (21 rop) mo 0,1114 mxm? (23 rop), mbezonpoBogHOcTh — 0T 0,000046 M?/c (21 Top)
10 0,000075 m*/c (23 rop). [Tnacter CeBepo-3arnagHoro KyrmoJa 1o CpaBHEHHUIO ¢ XyMy-
PYHCKUM OTIMYAIOTCS HECKOJIBKO YXYAILICHHBIMH MPOIYKTUBHBIMU M (DUIBTPAIUOHHBI-
MU cBoiicTBamu. K pumepy, 1uist 21 ropu3oHTa, IpocIe:KUBaeMOro Ha 000HX KyToJax,
HavaIbHasl IPOIYKTUBHOCTH | MeTpa 2((eKTUBHON TONIIMHEI I1acta B npeaenax Ce-
Bepo-3aImatHoro Kymoia B 1,4 paza HuXKe, COOTBETCTBYIOIIETO TTOKA3aTells B paiioHe Xy-
MYPYHCKOTO TIOJHSATHS, TPOHUIIAEMOCTh — B 1,6 pa3 HMXKe, Mbe30MPOBOAHOCTh — B 1,3
pasza. Ha [lapcymypyHCKOM KyIIOJIe 110 TIACTOBBIM XapaKTEPUCTUKAM 3aMETHO BBIJICIISI-
eTcs 22 TOPU30HT: TaKUe MOKa3aTeNu, KaK yAeIbHas NPOJYKTUBHOCTh, TPOHULIAEMOCTb
[JIACTOB, TUJPONPOBOAHOCTE U MMbE30MPOBOIHOCTH MPEBBIIIAIOT COOTBETCTBYIOIINE
MaKCHUMaJIbHBIE TTapaMeTpbl XyMypyHCKoOro Kymona (23 ropu3oHT) B 1,3-1,5 pas. 3naue-
HUSI IPOHUTIaeMOCTH TuTacToB 20a ropm3onTa CeBepo-3anmagHoro Kymoia, a Takke 19,
21 u 24 ropuszontos [lapcymypyHckoro Kynona, onpeaenenssie no pesyasraram ['1C,
HE MPUHUMAJINCh BO BHUMaHUE BO U30ekaHUe OMMOOK IpH corocTapiieHnu. OreHka
CPEAHHUX 10 TOPU30HTAM TEKYIUX NPOJYKTUBHBIX U (PHIBTPALIMOHHBIX XapaKTEPHCTUK
MJIaCTOB MPOBE/IEHA 110 pe3yiIbTraTaM T'HIpOAMHAMUYECKUX UCCIIeIOBaHHH, BHITTOTHEH-
HBIX B ToOBbIBaronux ((poHTaHHBIX, MexaHnn3upoBanHbIx: ¢ LII'H, DLIH) u naraerarens-
HBIX CKBaKnHaX 3a mepuof 2017-2021 rr. I OIIeHKH HCTIONh30BAINCH KaK PE3yIbTaThI
WCCIIeIOBAaHUH yCTaHOBUBIIEWCSA (pUIbTpaniny (METOI yCTAHOBUBIIIUXCS OTOOPOB C 3a-
MEpOM PEXKMMHBIX 3a00WHBIX IaBJICHUN WIIM OTOMBKON TMHAMHYECKHUX YPOBHEH, METOT
YCTAHOBUBILMXCS PEKUMOB 3aKauKH1), TaK U JaHHbIE UCCIEJOBAaHUN HEYCTaHOBHUBILEHCS
¢bunpTpanuy (METO BOCCTAHOBJICHHS IABJICHHS C peTrHCTpanyell KpHBOW BOCCTAaHOBICHHS
nasienus Ha 3aboe (KBJI), MeTon BoccTaHOBIICHHS YPOBHSI ¢ (PUKCHPOBAHUEM KPUBOM
BoccTaHoBieHUs ypoBHs (KBY), MeTon maneHus 1aBieHUs ¢ PO CIS)KIBAHUEM KPUBOM
manenus gaienns (KI1/1).

ITo 13 — 24 ropuszonTam MectopoxaeHus Y3ens 3a 2017-2021 rr. mposeneno 5638
CJIIOXKHBIX THaponuHamudeckux uccnenoBanus ([JIN) (mabruya 1).

W3 aux 2121 uccrnenoBanuii B CKBaXKMHAX JOOBIBAIOIIETO (MEXaHU3UPOBAHHOTO) U
3517 uccnenoBaHuii B CKBXKMHAX HarHETAaTeIbHOTO (hOH1a. METOI0M BOCCTAHOBIICHHMS
ypoBHS (3aIHCh KPUBOI BOCcCTaHOBNIECHUS ypoBHS - KBY) 05110 mpoBeneno 1900 umcciemno-
BaHWIA, METOIOM Ta/ICHUs JIaBJICHHS (3aITMCh KPUBOH majieHuns nasieHus Ha 3a6oe (KI1JT)
u Ha ycrbe (YKII)) — 3021 uccnenoBanuii, MeTooM ycTaHOBUBIIUXCS 0TOOpoB (MYO) —
221 uccienoBaHni, © METOIOM YCTaHOBUBIIHMXCS 3akauek (MY3) — 496 uccnenopanuii.

Hcxonst n3 BRIIEH3II0KEHHOTO MOKHO CJIeNIaTh BBIBOJI, YTO OOJIbIIAst 4YaCTh HCCIIe-
JIOBaHUI IPOBOJIMIIMCH B HATHETATEILHOM (hoHIE.

ITo maHHBIM HCCIeIOBaHMS TOOBIBAOIINX CKBaYKUH METOIOM BOCCTAHOBJICHHS /1aB-
nenust (YpOBHSI) M HATHETATEIFHBIX CKBKWH METOJIOM TTaJICHUS JTABICHUS JIJIST KaKI0TO
uccnenosanus crpowics rpaduk KB/ (KBY), KITJI B norapudmudeckux KoopanHarax.
B cooTBeTcTBUU ¢ XapaKTepoM MOBEACHUS KPUBOH MPOM3BOTHON AABICHHUS, YIUTHIBAS
reoJIoro-PU3NIECKyI0 XapaKTepUCTHKY TIIACTOB, BRIOMpaiach COOTBETCTBYIOIIAS MOJICIb
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Tabnuua 1 — BbInonHeHUe CNOXHbIX TMAPOANHAMUYECKNX UCCNEA0BAHMIA CKBaXMHbI
3a aHanM3upyeMbIi nepuon

Kon-Bo nccnepoBaHun, ep
Kynon lfopunsoHT
KBY MYO yKkna Kng My3 Bcero
1 2 3 4 5 6 7 8
13 674 55 1092 184 205 2210
14 582 85 687 156 151 1661
OcHoBHoOW 15 224 33 259 51 61 628
cBop 16 113 9 131 28 23 304
17 56 5 90 29 16 196
18 48 6 64 27 11 156
18 3 2 4 9
19 1 1
XymypyH 21 27 3 30 7 5 72
22 17 3 11 3 2 36
23 16 1 14 3 34
15 8 13 5 5 31
CeBepo- e 2 2
19 6 2 8 1 17
3anan 20 18 4 15 3 3 43
21 21 3 21 4 1 50
15 15 2 17 3 40
17 3 2 5
18 5 5
19 2 1 3
MapcymypyH 20 12 22 5 5 44
21 16 3 24 2 45
22 14 1 15
24 7 1 6 1 15
25 4 4
BocTouHbIn %g ‘1‘ 1 2 1 2 110
MapcymypyH 24 1 1
Utoro 1900 221 2510 511 496 5638

npuToKa (pIronaa K CKBaKMHE, BKIIIOYAs FEOMETPHIO TUIACTa M IPAaHUL], ONPEACISUINCH
E€MKOCTHO-(DMIIBTpallMOHHbIE CBOMCTBa miiacta. C Heblo MPOBEPKH JOCTOBEPHOCTH BbI-
OpaHHOTO peKMMa TeYEHHS, a TAK)KE 3HAYCHHUI pacUeTHBIX TAPAMETPOB MOIYUYEHBI CIIEAY-
oniue 3aBrucuMocTi: rpaduk KB/l B 1ekapTOBBIX KOOpJHHATAX; IpadUK B KOOPAWHATAX
XopHepa, OTpaXarolluil XapakTep TeUeHUs B IUIacTe; rpaduK IPUTOKA (MHAMKATOPHAS
KpuBas). B kaxmom ciydae CTeneHb JOCTOBEPHOCTH MOIYYEHHbIX JaHHBIX OLIEHUBAJIACh
CXOAUMOCTBIO, (PaKTHUECKOM U CMOACTUPOBAaHHON KpUBBIX. COIIaCHO MTPOBEACHHOMY
aHaJIM3y HanOoJiee YacTo BCTPEUAIOLICHCS MOJICIIBIO SBIISACTCS MOJIEb HEOIPAHUUECHHOTO
panuanb,HOro TOMOTEHHOTO TIJIAcTa ¢ PaAHaIbHBIM IPUTOKOM (ITIOMA K 320010 CKBaYKH-
HbI. B Oonee penkux cirydasx pUKCHPYIOTCS: MOZIEIb PaJHalbHO-KOMIIO3UTHOTO IIacTa
C YBEJIMUYCHUEM HOABIXHOCTH (MItona Ha HEOOJIBIIOM YJaJeHUHU OT CKBaXKMHBI OTHOCH-
TEJIbHO MOABM)KHOCTH B IPUCKBAXXMHHOM 30He. Habmrogaercs Takoke XapakTepHOe VIS
CKB)XUH JJAHHOTO MECTOPOXKICHHUS CPEPHUUCCKOE TEUCHHE B OKOJIOCTBOJILHOM 30HE, UTO
03HayaeT JIMOO HEMOTHOTY BCKPBITHSI MPOAYKTHBHOTO IIACTA, TMOO BO3MOKHBIN IMOAIIOP
IJIACTOBOM BOABL. MIHTEpIIpeTanys UCCIIEA0BaHUI HATHETATEIbHBIX CKBAXKHUH TI0KA3bIBACT
Hanmnuue (6onee ueM B 50% cirydasix) MOJeNId BEPTUKATBHON TPEIIUHBL, OTPAHNYSHHOMN
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WM HEOTPaHUUEHHOM MPOBOAUMOCTH, YTO OOBSCHSIETCS Ype3MEPHO BBHICOKHM JIaBICHU-
€M 3aKauKH, COITIOCTaBUMBIM C JIaBJICHHEM T'HJIpopa3pbiBa MPU HE3HAYUTEIbHONW TPOHU-
[IAaEMOCTH KOJIEKTOpA.

CoracHO NOTyYEHHBIX PE3yJIbTaTOB, CPABHUTEJILHO 00JIee BBICOKMMH IPOLYKTHBHBI-
MH BO3MOKHOCTSIMH OTJIMYAKOTCS] CKBAXKUHBI ApeHUpYyromue miactel 13, 15,17 ropuson-
0B OCHOBHOTO cBOJ1a, 15, 19 ropuzonToB CeBepo-3anaaHoro Kynona, 17, 22, ropu30HTOB
[MapcymypyHckoro kynona, 20, 22, 24 ropuzonTtoB Boctouno- IlapcymypyHckoro kynona,
Cpe/HsIs y/IelIbHas MPOJYKTHBHOCTh KOTOPBIX BapbupyeTcst B muanazone ot 0,702 m*/cyt/
MITa/m 10 5,6 m*/cyt/MITa/m.

CpenHeB3BeneHHBIN 110 () ()EKTHBHON TOIIIMHE UCCIIETyEMbBIX HHTEPBAJIOB TUTACTa
KO3(h(HULIMEHT TPOHULIAEMOCTH MO pa3padaTbiBaeMbIM F'OPU30HTAM HAXOIUTCS B UANa30HE
ot 0,001 mMxm? (25 ropuzonT [TapcyMypyHCKOTO KyTIoIia, OMpe/IeIieH MO HCCISI0BAHHUIO B |
ckBaxkuHe) 1o 0,0867 mxm? (24 ropuzont Bocrouno [TapcymypyHckoro Kymona, onpese-
JICH TI0 MCCIIEAOBAHUIO B | CKBa)KHHE) U B cpeiHeM 110 00bekTaM coctarimsiet 0,018 mMrm>,
MunrMyM K03 dUIIMEHTa THIPOITPOBOIHOCTH PUXOAUTCS Ha 25 ropusoHT [lapcymypyH-
ckoro kymona (0,09 mxm? *m/mITa*c), MakcrMym — Ha 18 Tropu3oHTe XyMypyHCKOTO KyTIOja
(0,755 mxm? *m/mITa*c) u B cpemnem cocrasisier 0,225 mxm? *m/mIla*c. Hanbosee Bbicokast
CKOPOCTh IiepepacnpeieNieHus] AaBieHus B riacte puxkcupyercs Ha 17 ropuzonte OCHOB-
HOTOo cBojIa, 18 ropuzonTe XymypyHckoro kynona, 15, 20 ropuzonrax CeBepo-3ana Horo
Kymnona, 15, 22 ropuzonrax Ilapcymypynckoro kynomna, 24 ropuzonre Bocrouno - [1apcy-
MYPYHCKOTO KyTIOJia TIpH 3HadeHusIx — 6,6% 10 m%/c; 9,5%10-6 m?/c; 6,7*10° m%/c; 5,4*%10°
Mm/c; 13,9%10° m*/c; 5,1%10° m*/c; 5,4%10° m?*/c cootBeTcTBeHHO. CpeHee 3HaUCHHE CO-
crasister 3,3*%10° m*/c. I3MeHeHne GUITBTPAHOHHBIX XapaKTEPUCTHK IKCILTYaTallHOHHBIX
00OBEKTOB CBSI3aHO C YBEINYCHUEM OXBaTa CKBAXMH HCCIICJOBAHUSIMU.

[Ipu cpaBHEHNH TEKYILUX MPOAYKTUBHBIX U (DUIBTPALIMOHHBIX XapaKTEPUCTHUK IJ1a-
CTOB C HauyaJbHBIMH MTapaMeTPaMH BBISBJICHO UX CHI)KEHHUE Ha BCEX IKCIUTyaTallHOHHBIX
o0bexrax. Tak MakcumanbHOe (B 6,4 pa3a) CHIKEHHE YIeIbHON MPOILYKTHBHOCTH OTMeE-
gaeTcs Ha 18 ropu3onTe OCHOBHOTO cBo/a, MUHUMabHOE (B 1,8 pasa) Ha 21 ropuzoHTe
XyMmypyHckoro kynosa. CreneHb CHIKEHHUS K03 GHULINEHTa THAPOIPOBOTHOCTH B CPE-
HeM 110 ropusoHTam u3Mensiercs ot 0,8 pasa (20 ropuzont [lapcymypyHckoro Kymosa)
1o 12,5 pa3 (23 ropuzoHT XyMypyHCKOTO Kymoia). Tekyiias IpoHUIIaeMOCTh IIJIacTOB
cuuzmnack ot 57% (20 ropuzont [lapcymypyHckoro kymoina) 10 97% (22 u 23 ropu30HTHI
XyMypyHCKOro Kyroja). Habmonaemoe CHIKEeHNE POAYKTUBHON B (DUITBTPAuOHHON
XapaKTEPUCTUKHU MECTOPOXKICHUS 00YCIIOBIEHO IPOLIECCOM €CTECTBEHHOIO HCTOIEHHS
IU1acTOB 3a Oosiee ueM 50-1eTHUH Ieproz 3KCIUTyaTalud MECTOPOXKICHUS

Pesynbrartel n o0cy:xnenue. Pexomenayercs npenycMaTpuBarh HaJIeKHBIN KOH-
TPOJIb 32 U3MEHEHUEM TEXHOJIOTUUECKUX TapaMeTpOB pabOThl CKBaYKUH U MIPOMBICTIOBBIX
XapaKTEepUCTUK IJIACTOBON CHCTEMBI B TEUEHUH BCEr0 BPEMEHH pean3alliil MPOEKTHOTO
JIOKyMEHTa. B cBS3M ¢ 3TUM MPUBOINTCS MUHUMAIBHO HEOOXOAUMBII 00bEeM HCCIIen0-
BaTEIHCKUX padoT:

1. M3ydenue pexuma pabOThl MPOLYKTUBHON TOJIIM MO AAHHBIM JJTUTEIbHON 3KC-
IUTyaTalluy CKBayKUH.

BakneHmmM KpuTeprueM palnOHATBHOCTH Pa3pabOTKH 3aJICXKH SIBIISIETCS PACXO.
€CTECTBEHHOMH IMJIaCTOBOM YHEPTUU HA SIUHHILY JOOBIYM HEPTH, KOTOPBIA KOHTPOIHPY-
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eTCsl CICIYIONIMMH XapaKTePUCTUKAMU: CHUKCHHE IIJIACTOBOTO JIABJICHUS HA CIIUHUILY
n00bIYM HeTH, N3MEHEHUE MTPOQUIIS TPUTOKA HEPTH.

B coorBeTcTBUM € 3THM HEOOXOANMO OPraHU30BaTh KOHTPOJIb 32 M3MEHEHHUEM 3a00ii-
HOTO JIaBJICHNS, TTACTOBOTO IABJICHNUS, TEMIIEPATYPhI IIPH UTUTEIEHONW PaboTe CKBaKUH
TIPH TTOCTOSTHHOM PEKMMe; Ha KaK/IOM YCTAHOBUBIIIEMCSI PEXXHME ITPOBOIUTE UCCIIE0-
BaHME NpUTOKa nedutomerpom [10-14].

2. NzyueHne neOUTHOM XapaKTePUCTUKU CKBaXKUH. ONpeIenTh XapakTep yCTONYH-
BOCTH JICOUTOB CKBYKUH IMPH Pa3IMYHBIX pekUMax padoTel. KOHTpOIb 32 BEIHOCOM Me-
XaHUYECKUX MPUMECEH [l OIEHKU YCTOMYMBOCTH KOJUIEKTOPOB. JlJIs OLIEHKH TEKyIIEen
TIPOYKTUBHOCTH CKBKMH B KOHIIE K&KJJOTO TTEPHO/Ia JITUTEIHHON IKCILTyaTallii Ha OTHOM
PEeXUME MTPOBOAUTCS THAPOINHAMUYIECKOE UCCIIeIOBaHNE CKBAYKUH METOZIOM YCTaHOBHB-
mmxcst oT00poB (pociexxuBanue ypoBHs). Takum oOpazom, OyzieT BO3MOKHOCTb CpaBHe-
HUSI JUTUTEIBHBIX U KPATKOBPEMEHHBIX PEKUMHBIX XapaKTEPUCTUK TPOAYKTHBHOW TOJIIIIH.

HcciienoBanue MeToI0oM ycTaHOBUBIINXCSI 0TO0poB (MYQO)

[Ipu rccnenoBaHrK pabOThI CKBAKKH Ha TPEX PEKUMAaX HEOOXOIUMO 3aMEPUTH €€
JeOUTHI M 3a001HOE MaBIeHUE (TMHAMUYECKHUN YPOBEHB), a TAKKE N3MEPUTH TUTACTOBOE
JTaBJICHHE B OCTAHOBJICHHOW CKBa)KHHE.

HUccnenoBanue MYO B nepro]] IpOMBIIIICHHON SKCIUTyaTalluy TOJHKHBI IPOBOAUTHCS
KaK pa30BbIC MO0 BCEM HOBBIM CKBR)KHHAM IIEPEJl BBOJAOM B 3KCILTyaTallUIo, & TAKXKE TI0 I1e-
PEXOASIINM CKBRXXHHAM — IPU U3MEHCHHUHU PeKUMa paboThI (TIepest U MOCIIe MPOBEACHUS
I'TM u onrtuMm3anuy pexxuMa padoThl ckBaxkuHbI) [15-21]. Bo Bpemst 3amepa j1edura Ha
KQXKIOM PEXKIME OTIPEACIIIETCS Ta30BhI (DaKTOp, M OTOMPAIOTCS TOBEPXHOCTHEIE TPOOBI
JKUJIKOCTH JIJTSI TTOCIIETYFOIIETO aHaIN3a & 00BOTHEHHOCTD U COJIEPKAHNE MEXaHUIECKUX
npumMeceil. Ha ocHOBaHMY JTaHHBIX MCCIISIOBAHMS CTPOSTCS MHAUKATOPHAS TUarpaMmma
(3aBUCUMOCTB JeOUT — Aenpeccusi Ha 3a00e).

HccaenoBanue MeTonoM BoccTanoB/enus aasienus (KB/)

Merton BoccranoBnenust nasnenus (KB/I) Tawoke ucrons3yercst 1t n3ydeHus: THAPOIH-
HAMHYECKHX XapaKTEPHCTUK CKBAKWH U (PFITBTPAIMOHHBIX CBOMCTB B paiiOHe 3THX CKBAYKHH.

B nmporecce uccnemoBanus METOIOM BOCCTAaHOBIICHHUS JaBICHHS PETHCTPUPYETCS
3a00lHOE JIaBJIeHHE JIOOBIBAIOIIEH CKBAXXHHBI IIPU €€ SKCILTyaTallii Ha YCTaHOBUBIIIEMCS
pexumMe ( C TOCTOSIHHBIM JICOUTOM YKHUJIKOCTH) M U3MEHEHHUE 3a00HOTO JaBJICHHS MTOCIIE
OCTaHOBKH CKBaXXHHBI. J|0 0CTaHOBKM CKBa)KUHBI Ha McciaenoBannu KBJl HeoOxoquMbIM
YCIIOBHEM SIBJIICTCS pa00Ta CKBAKMHBI B TCUCHHUE ITPOIOJDKUTEIIBHOTO BPEMEHH Ha yCTa-
HOBHBIIIEMCS pexnme. Hanbomnee TouHbIe pe3yasTaTsl HCCIen0BaHusI 00eceunBaeT He-
MTOCPEACTBEHHAS PETUCTPAIlHs NaBICHUN Ha 3a005X CKBaYKUH TPU TIOMOIITH TITyOMHHBIX
MaHOMETpOB [22-27]. Ilpu uccnenoBaHuy JOOBIBAIOIINX CKBAKUH, UMEIOIINX H30bITOY-
Hoe OydepHoe u 3aTpyOHOE AaBIeHHEe, OAHOBpEeMeHHO ¢ peructpauneit KB/ Ha 3a60e
perucTpupyercst usaMeHeHne OyQepHoro 1 3aTpyOHOTO AaBieHus. JTa HHpOpMaLUs He-
noJib3yercs npu 0opadorke KB/ ¢ yueToM MOMOTHUTEIBHOTO MIPUTOKA KUIKOCTH. [le-
pell 0CTaHOBKOW CKBAXKWH TOJDKHBI OBITH OTIPE/IETIEHBI C BOSMOXKHO OOJBIIIEH TOYHOCTHIO
JIEOUT CKBaKMHBI 1 0OBOTHEHHOCTD €€ MPOYKIIHH.

3akuTi04eHne u BHIBOABI. METO/l yCTaHOBHUBIIIUXCSI OTOOPOB IO3BOJISIET OMIPEACITHTh
K03(PUIMEHT MPOAYKTUBHOCTH JOOBIBAIOIIEH CKBAKUHBI, & TAKXKE OICHUTh 3HAUCHUE
KOMILJIEKCHOTO TapaMeTpa — TUAPOIPOBOIHOCTH TUIACTA.
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HccnenoBanust CKBaXKMH METOOM BOCCTAHOBJICHUS JABICHUS B IEPUOJ TPOMBIIII-
JIGHHOM AKCITTyaTalluy JTOJKHEBI TPOBOAUTHCS B BUJC PA30BBIX UCCICIOBAHUM IO BCEM
HOBBIM CKBa)KMHaM, 110 MEPEXOISIINM CKBAKHMHAM — ITPH M3MEHEHUH PeKUMa pabOThI
(mepen u mocne poBeaeHUS [ TM 1 onTUMHA3aIAH pekuMa pabOThl CKBAYKHUHBI).

[leproamaHOCTE 3aMepa MIIaCTOBOTO JABJICHNUS JIBa pa3a B rojl, 3a00iHOTO TaBICHUS
— pa3 B KBapTajl. 3aMepbl JaBICHUN JOJKHBI MPOU3BOAUTHCS B KAXKA0U NEeHCTBYIOLIEH
ckBaxkuHe. B mabnuye 2 v Ha pucynke 1 npeicTaBieHa JMHAMUKA 00beMa BhITOJTHEHHBIX

THAPOJANHAMHYECKUX UCCIIEI0BAHUM 110 MECTOPOXKICHUIO Y3eHb. €
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PucyHok 1 - [InHaMuka o6bemMa BbINofHeHHbIX crioxHbix [AUC

Ta6nuua 2 — 06BbeM BbINOMHEHHbIX rmppoanHaMnyecKux nccnegoBaHuUi No MeCTOPOXOEeHUIo Y3eHb

n £ DaKTnyeckoe BbINoNHeHne
@ || Ermeereme=E epmogmquocn: Mo NPOEeKTYy AVHMLA
[232Base VSMEPEHnA | 2017 | 2018 | 2019 | 2020 | 2021
JMlo6biBatoLme CKBaXKUHbI
BEDCHEPETI—MEEREL | o 2179 | 2336 | 2561 | 2931 2836
1 | OnpepenervieH [PEER] 5 eh o)
B npouecce nccnegosanuin MyO Kon-Bo ckB. | 1827 | 1947 2561 2930 2836
o GISTEE I boway - 3amepaAnucb No Bcemy AeincTByioLemy
2 3amep pebuTa exenHeBHo o fencreyoLemy i
doHay - exxegHEeBHO Yy
3amep C nepuoanyYHOCTbIO 4 pasa B MmecsAl, i e e ST e
3 $OHAY C NePUOANYHOCTBIO He MeHee 4 pasa
06BOAHEHHOCTY 1 Mo Mepe HeobXo[MMOCTH
B MecAL|
ChsTye e T BbinonHAeTCA No Bcemy AelCTBYOLEMY
4 doHay, a Takxe nocne nposeaeHna MM u
[MHaMorpamMm HeobxoaumocTu
CMeHbl Hacoca
HarHeTatenbHble CKBaXXUHbI
e Mo peiicTeylolliemy GoHpy Mo Bcemy peiicTaytowemy GpoHay ¢
5 NpYeMMNCTOCTN — eXKeMeCAYHO 1 No Mmepe 3amepbl o
3a/10’KEHHOI MPOEKTOM MEePUOANYHOCTbIO
CKBaXWVH HeobxoaumocTu
OT6MBKa 32605 B HarHeTaTe/NbHbIX 1 JO6bIBalOWMNX CKBaXKMHAX
OT61BKa 32604 Npun BbinonHsAeTcA no Bcemy AencTByioLEMY
6 mPC Mocne kaxgoro MPC coHay npu MPC
Apyrue Buabl ccnepoBaHMin
7 3amep rasosoro Mo Kaxpaon ckBaxkuHe -1 pas B rog 3amepbl 656 1372 | 1935 1516 | 1727
dakTopa
9
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