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AHHoTanuda. AkmyasasHocmb, OnpefiesisieTcs: HeOOXOAMMOCTbIO MOBBILIEHUS Ko3dduLreHTa U3BJIeyeHUss HedTH U3 Kap-
GOHATHBIX KOJIJIEKTOPOB 3a CYET YBeJU4YeHUs K03pHUIMEeHTOB 0XBaTa/BbITECHEHHUS], a TAKXKe MOMCKOM HalpaBJeHUH mo-
BblLIeHUs 3P PEKTUBHOCTH CUCTEMBI O/ AeP>KaHUs NJIAaCTOBOTO JaBaeHus1. IJesb: noBeiieHne 3¢ GeKTUBHOCTH pa3paboTKU
KapbOHATHBIX KOJIJIEKTOPOB C IPUMEHEHUEM CUCTEMBI NOJJep>KaHts IJIaCTOBOrO JJaBJeHHs 3a CUeT KOMIIJIEKCHOTO I0/[X0-
Jla K U3y4YeHUIO BJIMSHUSA 3aKayMBaeMOU *KUAKOCTH Ha IJIACTOBble CHUCTEMBI, 06J1aJjaloliie eCTECTBEHHON M TeXHOTeHHOU
TpPelMHOBATOCTbI0. 066eKkmul: 6amkupckui (C2bsh) u Bepeiickuit (C2vr) 06beKThI cpefiHero kap6oHa layHoN CTPYKTYpPhI
JauyHoro MecTopoxaeHust Pecniy6mku TaTapcTaH, B TEKTOHUYECKOM OTHOIIEHUH NIPUYyPOYeHHbIEe K YJIbIHOBCKON CTPYKTY-
pe lOxHo-TaTapckoro cBoza. Memodul: ceicMU4YecKre, aKyCTUUYECKUE, PaIMOAKTHBHbIE, TUAPOJAUHAMUYECKHE METO/bI, a
TaKXXe MeTO/ibl Ha3eMHOT0 MUKPOCEHCMUYeCKOI0 MOHUTOPHUHTA /1151 BbISIBJIEHUS XapaKTepa aKTHBU3aLUU eCTECTBEHHON U
TeXHOTeHHOH TPeIMHOBATOCTH IPH IMApPOpaspbiBe IJACTAa U LUKJIWYECKON 3aKauKe B HarHeTaTeJbHble CKBaXKHHBI. Pe-
3y/1bmamul. BeiNo/IHEH aHAIU3 TUAPOJUHAMUYECKON CHCTEeMbl KapbOHATHBIX KOJIJIEKTOPOB Bepen-6allKUPCKUX OTJI0XKe-
HUMH; BBISIBJIEHBI KaHa/Ibl QUJIbTpAlMM; POBeJieHa OlleHKa HallpaB/eHHUsl ABM)KeHHUs HarHeTaeMOMW XKUJKOCTH; NpOBeJieH
aQHaJIU3 BJIUSHHUS CUCTEMBI IO JeP>KaHUs IJIaCTOBOIO AaBJeHUs Ha PAa3/IMYHBIX PEXXUMaX 3aKayKH U YPOBHAX KOMIEHCcalUU
B KapOOHATHBIX KOJIJIEKTOPAx Ha J06bIBamOLMe CKBOXKUHBL. [Ipy MpoBejeHUH rUApopa3peiBa MJacTa B pacCMaTpUBaeMbIX
KOJIJIEKTOPAX YCTAaHOBJIEHO, YTO TPEIMHA pacIpoCcTpaHsieTcsl Ha 06a 06'beKTa, 06pa3ysl TeM CaMbIM eJJUHYI0 THPOANHAMHU-
YeCcKyl cHcTeMy. BbIBO/bI, MOJIy4eHHbIE 110 UTOraM paboThl, TOBOPAT 06 3G PEeKTUBHOCTH CUCTEMBI OAepKaHHUS TJIacTO-
BOTO JlaBJIEHHUS B JJAHHBIX KapGOHATHBIX KOJIJIEKTOpaX. YTOUHEHHeE JJaHHbIX 0 KaHa/laX GU/IbTPalMi KaK paGoyero areHTa,
TaK Y BbITECHSIEMOI UM HepTH, B KOMILJIEKCE CO 3HAHUSIMU CKOPOCTEH NMPOBHKEHHs 3aKauUBaeMOH XKUAKOCTH U podus-
MM ee pacnpejesieHus Mo3BoJsieT 3G GeKTUBHO PETyJIMpOBaTh IPOLECC pa3paboTKU MeCTOPOXKAEHHUS.

KioueBble cioBa: KapﬁOHaTHbIﬁ KOJIJIEKTOD, NogAepKaHUe IJIaCTOBOTrO AaBJIeHUS, €eCTeCTBEHHAasdA TPEeUIMHOBATOCTb, T /-
PoOpas3phIB I1J1aCTa, HUKJIUIECKOe 3aBOJHEHH E

Jia uutupoBanus: Hcaes AA, Jlesutuna E.E. KomnuiekcHbIN noaxo/ K onpefesieHuto 3peKTUBHOCTH CUCTEMbI NOAJAep-
’)KaHHUs IJIaCTOBOrO JlaBJeHUsl B KapboHaTHbIX KoJsuiekTopax // W3BecTuss TOMCKOTrO MOJMTEXHUYECKOTO YHUBEPCUTETA.
WUuxuHupUHT reopecypcoB. — 2024. - T. 335. - N2 12. - C. 220-230. DOI: 10.18799/24131830/2024/12 /4501

UDC 622.276.43
DOI: 10.18799/24131830/2024/12/4501

Integrated approach to determining the effectiveness
of the reservoir pressure maintenance system in carbonate reservoirs

A.A. Isaev!®, E.E. Levitina2

1Sheshmaoil LLC, Almetyevsk, Russian Federation
2 Tyumen Industrial University, Tyumen, Russian Federation

Pisaeff-oil@yandex.ru

220


mailto:isaeff-oil@yandex.ru

HU3Bectns ToMCKOro nosiMTeXHU4eCcKoro yHuBepcuTeta. MH>KHMHUPUHT reopecypcoB. 2024. T. 335. Ne 12. C. 220-230
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Abstract. Relevance. The need to improve the oil recovery factor from carbonate reservoirs by increasing|sweep/displacement
coefficients, as well as by searching for ways to improve the efficiency of the reservoir pressure maintenance system. Aim. To
increase the efficiency of developing carbonate reservoirs using a reservoir pressure maintenance system through an integrated
approach to studying the impact of injected fluid on reservoir systems with natural and man-made fracturing. Objects. Bashkir
(C2bsh) and Vereisky (C2vr) Middle Carboniferous objects of the Dachnoe structure of the Dachnoe deposit of the Republic of
Tatarstan, tectonically confined to the Ulyanovsk structure of the South Tatar arch. Methods. Seismic, acoustic, radioactive, hy-
drodynamic methods, as well as methods of ground microseismic monitoring to identify the nature of the activation of natural
and man-made fracturing during hydraulic fracturing and cyclic injection into injection wells. Results. The authors have carried
out an analysis of the hydrodynamic system of carbonate reservoirs of the Vereiskian-Bashkirian deposits; identified filtration
channels; assessed the direction of injected fluid movement; carried out the analysis of the impact of the formation pressure
maintenance system on producing wells at various injection modes and compensation levels in carbonate reservoirs. When car-
rying out hydraulic fracturing in the reservoirs under consideration, it was established that the crack propagates to both objects,
thereby forming a single hydrodynamic system. The conclusions obtained from the work indicate the effectiveness of the system
for maintaining reservoir pressure in these carbonate reservoirs. Clarification of data on the filtration channels of both the work-
ing agent and the oil displaced by it, in combination with knowledge of the rates of movement of the injected liquid and its distri-
bution profiles, makes it possible to effectively manage the oil field development.
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BBeaeHue

HecMoTpst Ha ANUTENBHYIO HCTOPHIO Pa3pabOTKH
HE(TIHBIX MECTOPOKACHMI, Ha CETOTHAIIHUHA IeHb
KapOOHATHBIC KOJUICKTOPA OCTAIOTCS MaJlOU3y4YEeHHBI-
MU U IO CPaBHEHHUIO C TEPPUTECHHBIMU pa3padaTbiBa-
IOTCS C MCHBIIEH CTENEHBIO YIPABIECHHUS B KOOPIHHA-
TaXx «moObIua/peryaupoBaHue pa3padOTKH MOCPEea-
CTBOM CHCTEMbI NOAACPKAHUA IUIACTOBOIO AAaBJICHUA
(TITTT)». CesizaHO 3TO MpPEXJIE BCETO C HECOBEPIICH-
CTBOM CYIIECTBYIOIINX METOJIUK IPOBEICHUS THIPO-
JTUHAMUYECKUX HCCIENOBAaHUN M MCCIEIOBAaHUM Kep-
HOBOTO MaTepHasla U OTCYTCTBHEM KOPPEIALIN MEXIY
rapaMeTpaMi CKBaKHH B TPEIIMHOBATHIX KOJUIEKTO-
pax, OTIMYAIOUIMXCSl BBICOKOM aHu3oTponuel. 11 xoth
TUAPOANMHAMUYCCKHUE HMCCICAOBAHUA CKBAXUH IIOA-
TBEPKIAIOT OKHIAEMBIE «PEXKUMBI IBOMHON MOPHUCTO-
CTH/HpOHI/IHaeMOCTI/I» o TPCUIMHOBATO-IIOPOBBLIM IJIa-
CcTaM, U OXujgaemast paC‘léTHafl MOJCJ/Ib TPCIIHUH Orpa-
HUYECHHOW M HEOTPAHUYEHHOW MPOBOJMMOCTH B Kap-
OoHaTax C OCYHIECTBIEHHBIM THIPOPA3PHIBOM IIIacTa
OTIpeNieNIsieTC € XOpOIIeH NOCTOBEPHOCTHIO, HEOOXO-
JVMO MOHMMAaTb, YTO CYLIECTBYIOLIAs CUCTEMA pa3pa-
00TKH KapOOHATHBIX KOJJIEKTOPOB SBISETCS MEHee
3¢ (HEeKTUBHOI 10 CPABHEHHUIO C CHCTEMOW Pa3pabOTKH
TEPPUTCHHBIX KOJIEKTOPOB. IIpuMeHseMble B HACTOs-
IIee BpeMs TEeXHOJIOTHH, TaKne Kak OypeHne OOKOBBIX
ctBonoB, I'PII, o6pabotka mpuszaboitnoit 30ub1 (OI13),
pemraoT TpoOJieMy BBIMOTHEHUS TUIaHA TPOCSKTHBIX
ToKasaTeneif, Ho Henb3sl He OT/AaBaTh cebe OT4ET B
TOM, YTO OHH BJIMSAIOT B OOJIBIICH YacTH Ha yBelINYe-
HHE TEeMIIOB oTOOopa HeTH M HE CTONb A(PPEKTUBHO
pemnIaoT 3a1avy MOBBIMIEHHs Kod(dHUIMeHTa n3Beyde-
HUS He(DTH TOCPEICTBOM YBEIHUCHUS KOI(D(DUIIMESHTOB
OXBaTa/BLITeCHCHI/IH, T. €. 3aJla4ya IO OINTUMAJIbHOMY
BBITECHEHHIO 3aracoB (1IeNMMKOB) He(TH B Marpuile

IOPOJ ¥ B TPEUIMHOBATOM IIPOCTPAHCTBE KapOOHATHO-

T'0 KOJUIEKTOPA BBIMOJTHSACTCS HE B JOJDKHOHN Mepe.
[IpoBomuMBIC MEPONIPHUSITHS MO KOHTPOIIO U PETy-

supoBanuio cuctemsl [I1/] nMeroT Manyro yCHemHoCTb,

KOTOpasi omrymaercss moctdakrym, u 3pQeKT ObBacT

MOJIOKUTENFHBIM B MaJIOM KOJIHMYeCTBe ciydaeB. Dakt

OTCYTCTBUA MPAMOIO BJIMAHUSA HArHeTaTC/IbHBIX CKBa-

JKUH ¥ TpsiMoit otieHkH s¢dextusHocTr [T (QuedTn

no/Quedtn  mocne)  0OycNaBIMBAaeT — HEKOTOPYIO

«ymepOHOCcTEY Meponpusatuit mo ¢ouay I/ mepen

MEpPOTIPUATHAMHE TI0 A00bIBaromeMy (onmy. [IpakTrye-

CKH y BCeX HE(TSIHBIX KOMIIAHWW CYIIECTBYET MOTpeO-

HOCTb B IOMCKE U ONPECACIICHUN HaHpaBHeHI/Iﬁ IIOBBIIIC-

U 3 dexruBHoctr TII1J] B KapOOHATHBIX KOJIIEKTO-

pax, HO eIWHBIX MHEHHH, Kak paboTaTh C 3aKadKoOi B

KapOoHaTax, HeT. B cJOXuBIIEHCS CHUTyallud II0

HanpagsyeHuro [111/] kapOoHATHBIX KOJIIEKTOPOB MOXKHO

OTMETHTBH CJIEAYIONIHE OCHOBHBIC MOMEHTHI:

1) IO MPHUYUHE OTCYTCTBUA UJIWM HCTATUBHOI'O BIIUAHUA
3aKa4yKa B IICJICBbIC 06’LCKTI)I MHHHMaJIbHA 1 BejléT—
Csl B OCHOBHOM B 3aKOHTYPHBIE 00JIACTHU 3aJIeKeH;

2) CyIIECTBYIOIINE PaACIIPOCTPAHEHHBIE METOMABI MPO-
MBICTIOBO-T€O(DH3HUECKUX UCCIIEI0BaHUI 001a1at0T
MEHBIICH CTENCHPI0O WH()OPMATHBHOCTH Ui Kap-
OOHATHBIX KOJJICKTOPOB TI0 CPAaBHEHHWIO C TEpPpPH-
TeHHBIMU (KapOOHATHI OYEHb 3aBHCUMBI OT TIOKa3a-
Tenell pexkuMa paboThl M3-332 TPEMIMHOBATOTO Xa-
pakTepa KOJUIEeKTopa);

3) B JanpHEHIIEM OXHAACTCS MPOTHO3HBIA  POCT
HATHETAaTeNBFHOTO (POHIA BCIEACTBUEC YBETUUCHHS
BEIpA00OTaHHOCTH OOBEKTOB (TIOBBIIICHHE O0OBEMa
JOOBIYN JKUIKOCTH MPH HEYKIOHHOM POCTe 00BOI-
HEHHOCTH HpI/IBCHéT K YBCIWYCHUIO TIOIIYTHO-
IOOBIBaEMOM BOJBI, ¢ HEOOXOIUMOCTBIO €€ Ialb-
HEHIIEeTO «pa3MeIIeHUs»).

221



Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2024. Vol. 335. No. 12. P. 220-230
Isaev A.A., Levitina E.E. Integrated approach to determining the effectiveness of the reservoir pressure maintenance system ...

MeabunKoseRoe Hennckoe

HLNN

o' Maa] Ky

Jaunoe

Hakmoncko

CAMAPCKAH

Hoa Kadeeeo

Aaa Lyt

: L

E - JHMUCHIHOHHBIC YHACTKH MECTOPOAICHHIT

- HACC/ICHHBIC MTYHKTHI
- PeK#M
- JICCHBIC MACCHBbI

- ABTOMOOH/IBHBIC J0poru

- AAMHHICTpaTHBHAR rpannua PT

N Wi o ORJACTh
Puc. 1. Cxema mecmonooxceHus JJayHo20 MecmopoxicoeHus
Fig. 1. Location diagram of the Dachnoe deposit

MaTepuaJjibl 1 METOAbI

Jlyis IpoBeJIcHHs MCCIIeIOBaHWN OBUT BHIOpaH ydva-
crok I mo Gamkupckomy (C,bsh) m Bepeiickomy
(Covr) obwektam cpenHero kapboHa J[auHON CTPYKTY-
peI Jlaunoro mecropoxkaenus PecryOivku TaTapcTaH.
TeKTOHNYECKH YYacTOK NPUYpPOUYEH K YIIBIHOBCKOM
crpyktype FOxHo-Tarapckoro cBoaa [1, 2]. Ha puc. 1
MpeICTaBIeHa CXeMa MECTOIOJIOKeHHsT [lagHoro me-
CTOPOXKICHUS.

OMBITHBIA y4acTOK (pHC. 2) OTIHYACTCS OT JIPYTUX
HaJIMYUEM ABHOI'O BJIIMAHUA OT 3aKa4YKH C MOMECHTA IIC-
peBojia CKBa)XWH B Harueranue u teM, uto B 2020 1. B
Mpolecce BBOJA CKBAKHMH U3 OypeHUs] C YIJIOTHEHHOMN
CeTKON pacnojoxeHus 3aboes (1-#, 2-if psuel oOT
HaTrHETAaTeNFHOM CKBAKWHBI MIPH CETKE pa30ypHBaHUs
150%150 M) BBISIBJICHBI CITy4ar H30BITOYHOTO YCTHEBO-
ro naeneHus (GpoHTaHMPOBaHUS) cpasy mocie nepdo-
pamuu, 6e3 nposeneHus OI13, I'PIT u 1. n. [TomoOHbIE
clIydaw 10 KapOOHATHBIM OOBEKTaM MECTOPOXKICHHN
FOT0-BOCTOKA PECIYOJIMKH HE CUUTAIOTCS OOBIICHHBIM
SIBIICHUEM U KpaiiHe penku. Llenpio nccnemoBanus ObI-
JIO BEISIBIICHHE 3aKOHOMEPHOCTEH M0 YYacTKy C HaH-
yreM siBHOTO BimsHUs cuctemsl [1I1]], ¢ unentuduka-
el MakCHMaJbHOTO KOJMYecTBa (aKkTOpOB, ompene-
JSIOIUX TAHHYIO KOHKPETHYIO CHTYAIHIO ISl OLICHKH
BO3MOYKHOCTH JAJIbHEHUIIEr0 THUPAXXUPOBAHUS Ha JIPY-
THUC aHAJIOTUYIHBIC MECTOPOKICHU.

AHamm3upys Tpeapirynme padoThl Ha IpeaMeT
OTIpENeNICHUS TIPOCTPAHCTBCHHBIX CTPYKTYpP, B TOM
yyuclie W JIMHEHHOTO XapakTepa paclpOoCTpaHCHUS,
HEOOXOJMMO OTMETHTh, 4TO B 2004 r. Ha /[auHoM Me-
CTOPOXKICHUU TPOBEICHBI ceficMopa3BenodHble pabo-
ThI MeTomoM oOmied riyounnoi Touku (MOI'T-2D)

[3]. LleneBbiM Ha3HAauYeHWEM pabOT OBLIO YTOYHCHHE
TeO0JIOTHUECKOTO CTPOCHUS JIOKAJIBHBIX TMOAHITUNH U
BbIJIaya PEKOMEHJAlUil M0 ONTHMAaJbHOMY pa3Mellie-
HUIO CETKU CKBA)KUH.

OCHOBHBIMH T€OJOTHYECKUMH 33/1a4aMH HCCIE]0-
Bauuit MOI'T-2D Obutu:

1) usydeHHe CTPYKTYPHBIX IUIAHOB IO OTPAKAIOLIAM
TFOPU30HTaM B OCAJI0YHOM YeXJIE C LENbI0 BblaeTe-
HUSI HE(PTENEePCIIEKTUBHBIX OOBEKTOB;

2) yTOYHEHHE KOHTYPOB 3alICKei;

3) aHajM3 BPEMEHHBIX Pa3pe30B C IIEJIBIO BBISIBICHUS
Y TIPOCIIKUBAHUS 30H TEKTOHUYECKUX HAPYIICHUH,
30H BO3MOXHBIX JIUTOJIOTHYECKUX 3aMELLEHHIA;

4) oleHKa BBIABJIEHHBIX OOBEKTOB M BBIAa4Ya PEKO-
MEH/IAlUi M0 ONTHMAaJbHOMY Pa3MEICHHIO CETKH
MOUCKOBO-PAa3BEOYHbIX W OKCIUTyaTallMOHHBIX
CKBAYKUH.

PesynbTathl celicMopa3BeloYHbIX paboT Ha JlauHoi
TUTOIIA/IA TIPEJICTABIICHBI BPEMEHHBIMU pa3pe3aMu, 4a-
CTUYHO TIepeoOpabOTAHHBIMA ¥ MOJHOCTBIO TIEPEHH-
TEpIPETUPOBAHHBIMU B OTYETHBIM IEPUOJ, a TaKKe
KapTaMyl WHTEPBAIBHBIX BPEMEH MEXJIY OCHOBHBIMHU
OTpaXarOIMMH IPaHULIAMH, COBMEILIEHHBIMU C KapTaMu
HMHTEPBAJIBHBIX CKOPOCTEH, CXEMaTUUYECKUMH CTPYKTYP-
HBIMU KapTaMH KpOBJIM HPOXYKTUBHOro Iuiacra CyVia
BEPEUCKOr0 TOPU30HTA, PACCUUTAHHBIMH METOJOM
CXOXKIIEHUSI OT OTpakaromux rpanHun B um Y, cxemon
COITIOCTABIICHUSI OCHOBHBIX TEKTOHHYECKHX DJIEMEHTOB.
Ha kapThl 1O TPOAYKTUBHBIM ILTACTAM BBIHECEHBI
BHEIITHHE KOHTYPHI HE(TEHOCHOCTH II0 JaHHBIM Oype-
HUSI U CEHCMOPa3BEIKH, IPOTHO3HBIE KOHTYPHI 3aIeKei
MO JIAHHBIM CEWCMOPAa3BEIKH M 30HBI OTCYTCTBHUS KOJI-
JIEKTOPOB IO AaHHBIM OypeHus (puc. 3).
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Puc. 2. 0630pHas kapma onblMHO20 y4acmka, eepetickuil 20pusoHm
Fig. 2.  Overview map of the experimental site, Vereisky horizon
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Puc. 3. CmpyxkmypHas kapma no kposse Czvrs gepetickoz2o 20puzonma /lauHo2o0 nodHssmusi
Fig. 3.  Structural map of the top Czvrs of the Vereisky horizon of the Dachnoe uplift
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IeneBpiM Ha3HAUYEHHEM pPaOOT SBISIIOCH YTOYHE-
HUE TEOJOrMYECKOTr0 CTPOCHUS JOKATBHBIX 3AJICKEH, B
ToM umcie u Jlaunoro nogusatusas. HeoOxomumo oTme-
TUTh, YTO MOJYYCHHBIC NPO(GWIM HE BHECIU pPaIH-
KaJbHBIX W3MCHEHUH B CYNICCTBYIOIIHME IPEICTABIC-
HUS O MECTONOJIOKEHIH TCKTOHHYCCKHAX JJIEMEHTOB U
ux cooTHommeHn. Onucanne CTPYKTYPHBIX TJIAHOB Ha
IUTOINAIA WCCIIEIOBAHUI B OCHOBHOM IOBTOPSIET W3-
JIOKCHHOE paHee, ¢ YTOYHEHHEM OTICIBHBIX AeTalei,
pa3sMepoB M aMIUIUTY.

Ha miomanu mnpeo0iagaroT B OCHOBHOM HPOTHOBI
CyOMEepHINOHATBFHOTO MMPOCTUPAHUS, B BOCTOYHOH Ya-
CTH MECTOPOXJICHUS HaMEYCHBI TaKKe MPOrruObI cy0-
IIMPOTHOTO M CEBEPO-BOCTOYHOIO HATIpaBJIcHMA. Bax-
HO TIOJYEPKHYTh, YTO MO pe3yJbTaTaM aHaJN3a UCCIIe-
noBaruii MOI'T-2D 1o 1ieneBbIM Beper-0alTKupCKIM
OTJIOKCHUSIM HE BBISBJICHO 30H PErHOHAJBHBIX TU3b-
FOHKTUBHBIX HAPYIICHHH U KAKUX-THOO CXOXKUX C HH-
MU CTPYKTYP JIMHEHHOTO XapaKTepa paclpoCTPaHEHHS.

Jliis oTBeta Ha BOIPOC «SBISAIOTCS M KapOOHAT-
HBIC Bepel-0alllkupCKUe OTIOKEHHSI CITUHOM TUAPOIH-
HaMUYECKON CHCTEMOI?» HEoO0XOAUMO OOpaTUThCS K
TCOJIOTHIECKOMY CTPOCHHIO U TEOJOro-(PH3MIECKUM
XapaKTepPUCTHKAM JaHHBIX KOJUIEKTOPOB, a TaKXkKe
npuOerHyTh K aHanu3y paHee nposefcHHbIX ['PIT Ha
OTIBITHOM YYacTKe.

Bepeiickne 3aexu HMMEIOT IIACTOBO-CBOAOBOE
CTPOCHHE, CIOXEHBI KapOOHATHO-TIOPOBHIMH KOJUICK-
Topamu. CpenHsisi o0Iasi TOJNIUHA COCTaBJsIeT 26 M,
a¢deKkTrBHAS HE(PTECHACHINCHHAS TOJNIIUHA 5—6 M.
KapOoHaTHBIE MIACTHl PACWICHSIOTCS TEPPUTCHHBIMU
niepeMblakaMu. OCHOBHBIMU HE(PTCHOCHBIMH SIBIISTFOTCS
mnactel Cyvrs u CyVrp, pacmoioKeHHbIE B TOJOIIBE,
OJIYDKE K MOJICTIIIAIONICH KPOBIIE OAITKUPCKOTO sApyca.

Bamkupckue 3anexu UMEIOT MAaCCUBHOE CTPOCHHE,
CJIIOKEHBI ~ KapOOHATHO-TIOPOBBIMUA  KOJIJICKTOPAMHU.
Cpennsist oOmmas TONIIMHA cocTaBisieT 26 M, dddek-
TUBHas He(dTeHachlmeHHas ToiamuHa 5—-9 M. OcCHOB-
HBIMH He()TEHOCHBIMHU sBJIsTIOTCS mracThl Cobsh,, pac-
MOJIOKECHHBIE B KPOBJE, OMIKE K MepeKphIBAIONICH
MOJIOIIBE BEPEHCKOro ropu3oHTa. IlepeMbruka MexIy
BEpPEHCKUM TOPU30HTOM W OAIIKMPCKUAM SIPYCOM CIIO-
JKCHa TJIMHUCTBIM IPOILIACTKOM MOIIHOCTBIO 1-2 M, B
OUYCHBb PEIKUX CIIy4asx JaHHAas MMEPEMbIYKa OTCYTCTBY-
er.

Ha paccmarpuBaeMoM ydacTke OBIIO TPOBEIEHO
JIECATh OIepanuil THIpopa3phiBa IUIACTA, 1O MATh HA
BepeiicKOM M OallKUpPCKOM ropu3oHTax. OObeIuHCH-
Hasg kapra ['PI1 JlauHoro momHsTHA 1O OOBEKTaM C
pa3dMBKOIl 1O romaMm, KOTOpas TOBOPUT O JOBOJIBHO
BeIcoKO# mmoTHOCTH ['PII ywactka, mpencraBiena Ha
puc. 4.
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Puc. 4. 06%seduHennas kapma I'PII no eepeli-6awkupckomy o6sekmy flauHo20 nooHsIMuUs1
Fig. 4. Combined hydraulic fracturing map for the Verey-Bashkir object of the Dachnoe uplift
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11 KOMIIEKCHOTO aHaJln3a PacCMOTPHM XapakTe-
puctuxu TpemuH I'PII, noay4eHHbIE Kak O pe3yibTa-
TaM JM3aifHa, TAK © METOJOM, MAKCUMAaJIbHO OJU3KHM
K TIpsAMBIM 3aMepaM (HMCCIEeOBAaHUAM), a MMEHHO K
ompeneneHno 3(Q(HEKTUBHOCTH THAPOpA3pbiBa C WC-
MOJIb30BaHMEM MapKHPOBAHHOTO TMPOIIIAHTA, KOTOPHIH
npoBoamics Ha ckB. Ne 1420 aunoro momusitus [4].
OCHOBHBIE XapaKTEPUCTUKH TPEIIMH MPEACTaBICHbI B
TaOJI. 1, COTNIACHO KOTOPOM CPEAHSS BBICOTA TPEIHH B
ckBaknHax mocne mposenenus: ['PII cocraBusier 33,6
M, cpeansasa anuHa TpemuH 108 M (monyanuHa 54 m).

Ta6auya 1. Xapakmepucmuka mpewuH ['PIl Ha yuacmke
JauHoz20 noonamus

Table 1. Characteristics of hydraulic fractures in the
Dachnoe uplift area
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1420 | Bamkup | C2bsh2 2014 32 44 18
1620 | Bepen C2vr2 2020 35 64 7
1621 | Bamkup | C2bsh2 2020 44 40 7
1622 | Bamkup | C2bsh2 2020 35 68 11
1623 | Bamkup | C2bsh2 2020 43 53 7
1624 | Bamkup | CZbsh2 | 2020 33 55 7
3552 | Bepeit | C2vr2,3 2015 28 65 20
3560 | Bepeii C2vr2 2020 28 56 20
3569 | Bepeii C2vr3 2021 31 48 23
3583 | Bepei C2vr3 2019 27 49 24

B cBoeit pabote 6onee moapoOHO KOCHEMCS] METOAA
C UCTOJH30BAHUEM MapKUPOBAHHOTO ng)onnaHTa. B
COCTaB AaHHOro mpormanTa Bxomutr Gd * 157,25, OTIH-
YArOIIMNACS BBICOKMM CEYEHHEM paJMallMOHHOTO 3a-
XBaTa HEHTPOHOB U ABISIONIMKCSA OJHUM W3 Hanbolee
CHWJIBHBIX M3 M3BECTHBIX IOIJIOTUTENIEH HEUTPOHOB.
Takum 06pa3oM, ¢ IOMOIIBIO METOJIOB CIIEKTPAITBHOTO
HUMITYJIbCHOTO HEHTpoHHOTO ramma-kapotaxa (MHI'K-
C) ¥ UMIyJIbCHOTO HEUTPOHHOIO TaMMa-KapoTaxka
(MHT'K) w™moxHO omnpenenuTb Mecta (MHTEpBajbl)
CKOIUICHUSI MapKUPOBAHHOTO MPOTIAHTa B MHTEpBAJe
I'PII. Tlo nanaeim MHI'K nannblil MHTEpBAI OTMEYAET-
cs MOHIKEHHEM Moka3zaHuil 3HaueHuil 130 u 160 mo
cpaBHeHuto ¢ (poHOBEIM 3amepoM j1o ['PII. Tlo metomy
HNHT'K-C paccuuthiBaeTcs yCIOBHOE COJEPKaHUE U30-
tora Gd 1Mo cTaHIAPTHBIM CHEKTPaM TraMMa-U3ITydeHHS
pamuanmonnoro 3axara (I'MP3) mo m mocnme I'PIL
DakT HaTU4YWS TPONIAHTA B TPEHIMHAX OMpPEENsIeTCs
M0 YBEJIMYEHHIO YCIOBHOTO coneprkanusi uzortona Gd

[5, 6].

J1g OLleHKH aHWU3O0TPOIHHU U OTIPEJIeIeHUs] HallpaB-
JIeHHUsI TPEIIMHOBATOCTH Bepei-0allIKHUPCKUX OTIO0XKe-
HUI TaKKe NPOBOAWINCH HCCICIOBAaHUS AaKyCTHYe-
CKMMHU METOJAaMHU JI0 U TOCIE OCYILIECTBICHUS THIPO-
paspbiBa 1uiacta B ckBakuHax [7-9]. OueHka aHu3o-
TPOIHHU CpPeAbl MPOBOIUIACE HA OCHOBE Pa3HUIIBI (HH-
3WYECKUX CBOICTB IOPOJ B PA3HBIX HAINPABICHUSX.
[IpyunHON aHWU3OTPONUU TOPOJ MOXKET IOCIYKUTh
HM3MEHYUBOCTH CBOMCTB MOPOIBI, TPEIIHHBL, Pa3IOMBL,
TOHKOCJIONCTOCTh,  OuCOaJlaHC ~ TOPH3OHTAIBHOTO
HanpspbkeHus. Maciitab v HanpaBieHHe a3uMyTaIbHON
AQHU30TPOITMH IO TONEPEYHBIM BOJHAM OIPEHEIIICTCS
Mo 4-KOMIIOHEHTHBIM ~KPOCC-IAMITONBHBEIM 3aMepaM.
A3uMyTanIbHasi aHU30TPOIIUS OMpeelsiach MO pa3HU-
1l CKOPOCTEW IMONEPEUHBIX BOJH, MNPUXOASIINX BO
B3aNMHO-TICPIICHINKYIISIPHBIX HAIIPABICHUSX.

Jlis OLleHKM HamNpaBIeHUS JBWKCHHS JKUIKOCTU U
BBISIBJICHUSI KaHAJIOB (DMIIBTPALIMU B Ipolriecce paboThl
HATHETATENBHBIX CKBAXHH, a TAKXKE JJIS ONCHKH aK-
TUBHOCTH €CTCCTBEHHOM TPEIIMHOBATOCTH KapOOHAT-
HBIX KOJUIEKTOPOB Bepei-OalllIKUPCKUX OTIOXKEHUN U
JOKANBHBIX U3MEHEeHHH 10 natepanu B 2021 r. mpoBo-
JIUJICA HA3eMHBIM MHUKPOCEHCMHUYECKUH MOHUTOPUHT
HMaunoro moxusitust Tagnoro mecropoxaenust [ 10-12].
W3mepennss ObUTM B HarHeTaTEIbHBIX CKBAXHHAX B
COOTBETCTBUU C IIAHOM IMPOBEACHUS padoT MO IUKIH-
YECKOMY 3aBOJHEHHIO.

Pe3sysbTaThl

B pesynbraTe NpOBEAEHHBIX UCCIENOBAaHUM C HC-
MOJIb30BaHMEM KOMILIEKCa SAePHO-PU3NIECKUX METO-
noB (SI®M), Brmrovaromux C/O-kaporax u MHI'K no
u niocsie I'PIT B ckB. Ne 1420 Gamkupckoro ropusoHTa,
YCTaHOBJIEHO, 4TO 3(h(eKT HaOMogaeTCsI B HHTEpBae
nryoun 930,0-957,0 M, 4TO CBHACTEIBCTBYET O IMPO-
HUKHOBEHHH TIPOITIAHTa U THApopa3phie miacta Covr,
Yyepe3 TMHKUCTYI0 mepembruky ¢ Cobsh,. 3mecs cpasy
BO3HUKAET BOMPOC O BO3MOXHBIX IMYTSIX MPOHUKHOBE-
HUSA W pacnpeneneHus nponmnaHta B 1uacte CoVrs.
TeopeTryecku MPOIMMAHT MOT MPOHUKHYThH Yepe3 Tpe-
muHbl ['PII, BTOpBIM MyTeM €ro MpOHUKHOBEHUS MOT-
T TIOCIYXUTh TPELIMHbI B HEKAUECTBEHHOM LIEMEHT-
HOM KaMHeE 3a 00CaJHOM KOJIOHHOW I10 KaHajlaM 3aKo-
JTOHHOW 1UpKyisiiud. OOpamasch K HCCISIOBAHUSM
LIEMEHTHOTO KaMHs aKyCTHYECKMMH METOJaMH Ioclie
npoBeaeHus nponecca ['PII, HeoOXOAMMO OTMETHUTH,
YTO HaJIM4YUE «CBOOOMHOI» 3KCIUTyaTallAOHHOW KO-
JIOHHBl B HWHTEpBaJe MCCIEJOBAHUN HE OTMEYaeTcs,
nement Ha rpanuie Covr, m Cobsh, xopommit, coort-
BETCTBEHHO MAPKHUPOBAHHBIN MPOMIAHT pacipeaesii-
¢ B tuacte o tpemmHaM ['PI1.

B Ttabn. 2 mpencraBiieHBl MHTEPBANBI C HAUOOJb-
[IMM CKOTIIEHHEM (TIPOHUKHOBEHUEM ) TIPOTIITaHTA.
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Ta6auya 2. PacnpedeseHue cKonjieHusi MapKupo8aHHO20
nponnaHma no uHmepsaiaam. Cke. Ne 1420,

HpeI[CTaBJ'IeHHI:Ie HUHTEPBAJIbI  XAPAKTCPU3YIOTCA
XOpOoUIMMHU KOJUICKTOPCKUMHA CBOMCTBaMHU: 3HAYECHUS

Czbshz MMOPHCTOCTH HaxomiaTcs B mpeaenax ot 9,0 mo 18,3 %,
Table 2. Distribution of marked proppant accumulation IPOHHUIIAEMOCTh COCTaBIAET oT 292,65 10 580,58 M.
by intervals. Well no. 1420, C2bsh2 ITo merony MHI'K oTmeuaercs: MOHMKEHHE MOKa-
Murepsan/Interval | Knpmay, MA/Kprmas mD | Kiima/Kpmaw % | 3agpit  BpeMeHM KM3HM — TEIUIOBBIX — HEHTPOHOB
939,8-942,0 292,65 16,8 _ N
SAE 49468 - 9 AT30=Ty 4 Trex (PA3HOCTHBIN TApPaMETpP) B CPEIHEM Ha
947.5-949 3 35136 174 33 mkc st 30812 30 (cBeTo-cunsis 3anuBka) u At60 B
950,5-953,1 580,58 18,3 cpenHeM Ha 36 Mkc g 30HAa 60 (TeMHO-CHHSIS 3a-
nuBKa) (puc. 5).
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Puc. 5. BausiHue MapKupog8aHHO20 nponnaHma Ha nokasavus memoda UHI'K
Fig. 5. Marked proppant impact on the pulsed Neutron-Gamma log method indications
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Mo merony UHI'K-C conmepxanme wuzortoma Gd
yBEJIMYMBaeTCs B cpefHeM 1o nHrepBairy 930,0-957,0
M Ha 18 yci1. eJ1. Mo cpaBHEHHUIO ¢ POHOBBIM 3aMEPOM.

O1ieHKa aHU30TPOIUU CKOPOCTH MOMEPEUHBIX BOJTH
MPOBOJMIACH BO BCEM UHTEpBae UCCIe0BaHus. brum
MOJTy4eHbl 3HaYeHHs Kod3(pduimenTa aHU30TpOIHH 110
CKOPOCTHEIM ~ XapaKTepUCTUKAM KpOCC-AHIIONCH, a
TaKke 10 M3MCHEHUIO SHEPTHU KPOCC-AMIIONCH, U
MpoBeIeHa OLEHKA HaIpaBICHHS MaKCHMAIEHOTO
HaTPSDKEHHSI TOPHBIX TTOPOJ.

Uzmenenue koddduipienTa aHU30TPONIUH TIPHA CO-
MOCTABICHUN JIBYX 3aMEpOB M0 M IOCJC MPOBEICHUS
I'PII, a Takke pacxok[Ie€HWE TOMEPEYHBIX BOJH IMPHU
pacumielUIeHun WX Ha «OBICTPYIO» U «MEIJICHHYIO»
HaOmojaeTcs B HMHTepBanax 926,6-946,7 u 950,9-
955,9 M. BricoTa TpemuH cocTaBWiIa COOTBETCTBECHHO
20,1 u 4,94 m. TpeuHa NpeuMyIIECTBEHHO PACHPO-
CTpaHWJIach BBepX. MakcuMasbHas PacKpbITOCTh Tpe-
IIMHBI HaOmromaeTcs Ha riryouHax 930,5-932,4; 938,4—
940,4 m. Ha ocHOBe po3 HampaBJIeHHUH TPEIIMHOBATO-
CTH, MOJYYEHHBIX 332 BECh IEPHOJ MOHHTOPHHIA, IO
[IEJIEBBIM TOPH30HTaM HaOJroAaeTcss o0mas CX0XecTh
a3UMYTOB HAIIPaBJICHUS Pa3BUTHS TPEIIMHOBATOCTH B
Beper-0alIKUPCKUX OTJIOKEHUSIX € MpeoOIIaaaroImm
a3uMyTOM TpocTHpanus paBHbM 350-360 ° ¢ pasma-
xoMm ~ +15°[13].

IuapomuHaMuyeckasi CBSI3b MEXIY CKBOKHHAMH U
CKOPOCTh (DMIIBTPAIMU JKUAKOCTH OMPEACISUIUCh T10
pe3yibTaTaM TPAcCEPHBIX UCCIEIOBAHUA aHAJIOTHIHO-
IO MO I'COJIOTHYECKOMY CTPOCHHUIO M THAPOJAMHAMUYC-
ckoil curyanun Kyremunckoro mnoassarus. Ilepsbie
MOPIIMU Tpaccepa IMOCTYIMIN B KOHTPOJIBHBIE CKBAKH-
HBI CIycTs 2—6 4YacoB OT Hayala 3akaykd. Makcu-
MaJbHbIE CKOPOCTH (GWIbTpAalMK HAOIIOAATUCh IO

Qux, Mm%/cyT
00BOJHEHHOCTD, %
120

100

o1, Ry
: ym

=@—3akayka Ha ckB. Ne 3574, m3/cyT
=8—P3a0 Ha ckB. Ne 1624, atm

o0bekTy pazpadotku C2b — no 8832 m/cyr, mo 06bek-
Ty pazpaboTtkn C2Vr oHM HWKE M He MpeBbmaroT 6072
M/cyT. Tlo aHanmM3y MaKCUMallbHBIX CKOPOCTEU (HUITb-
TPaIUH, MPOHUIIAEMOCTH, KOJIMYECTBY KaHAJIOB (priib-
TpaIUK, KOJIMIECTBY OOHAPYKEHHOTO Tpaccepa BhISB-
JICHO, YTO 00Jee CHIbHBIC THAPOIUHAMUICCKUE CBS3U
HaOIII0JA0TCsI ¢ HanboJiee yIaJeHHBIME CKBAKUHAMU,
npuueM 1o obouM IutactaMm. JIBukeHue Tpaccepa
«YpaHuH-A» 3a BCe BpeMs HAOJFOICHUS TIPOUCXOTUIIO
TOJIBKO TI0 TPELIMHHOMY THITY KoJiiekropa |14, 15].

[To pe3ynmpTaTaMm BHIOIHEHUS paboT MO Ompesene-
HUIO CKOPOCTH (MIIBTPAIH 3aKa9MBaeMOM >KUAKOCTU
YCTAaHOBJICHO Ipeodiafaromiee IBIDKCHHE B CTOPOHY
BHK, a Ttaxxke xopoumas KOppeslus HalpaBIcHUN
JBYDKCHHS JKUIKOCTU B IUIACTE C HANPABJICHUSIMH TPE-
IOIMHOBATOCTH W MAaKCHMAaJbHOTO TOPH30HTAIEHOTO
cTpecca. JTO TOBOPUT B MOJB3Y TOrO, YTO HaIpaBlie-
HUS IBIKCHUS JKUJKOCTU B IUIACTE U TOJOXKEHHS Ka-
HAJIOB (PHIBTpAIly 3aBUCHMEI OT €CTECTBEHHOH Tpe-
[IIMHOBATOCTH U €€ opuenTaruu [16-18].

Jns montBepkaeHus 3h(HEKTUBHOCTU BIMSHUS CH-
crembl [II1J] mo Bepel-OaKUPCKUM OTJIOXKCHHUAM M
JIOKa3aTeNbCTBa €€ HAIMYKSI OBUIH TPOBEIEHBI paObOTHI
M0 IUIAHUPOBAHUIO W OPraHU3alliHM UKIMYSCKOH 3a-
Kaukd Ha HarHerateiabHOM ckBakuHe Ne 3574 skcme-
PUMEHTAJIBHOTO YJacTKa. AHaJN3 MOKA3all, YTO BIHS-
HUE IHUKIUKH 10 JOOBIBAIOIIUM CKBOKUHAM €CTh U B
TOM WM MHOM CTENEHH MPOCIIECKUBAETCS MO BCEM JO-
ObIBarONIVM CKBaknHaM. Hamboiee mpsiMoe 1 ObIcTpOe
BJIMSIHUE TTPOCIIC)KUBACTCS Ha )1061;11321}01111/1171 CKBa>XHUHEC
No 1624 (C;ybsh,, TPIT 2020r.). I'padux BrusHuS B TIe-
puon ¢ oktsaops 2021 1. mo 31.12.2021 r. npeacrasicH
Ha puc. 6.

P3ad, atm
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Puc. 6. BausiHue HazHemame.ibHoli ckg. N2 3574 Ha do6bigatowyto cke. Ne 1624

Fig. 6.

Injection well no. 3574 impact on production well no. 1624
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Anamm3upys TpaduK BIUSHUSA, HEOOXOIUMO OTMeE-
TUTh, YTO YyBEIHYCHHE OOBEMOB 3aKayKM HA HATHETa-
TenbHOU ckBaxkuHe Ne 3574 orpaxaercst pocToM 3a00¥-
HOTO JIaBIICHUS W OOBOJHEHHOCTH Ha JOOBIBAIOIICH
ckBaxuHe Ne 1624, aHanorndHasi CUTyalus, HO TOJIBKO
B 00paTHYIO CTOPOHY M C MEHBIIINM BPEMCHEM PEaKIIIH
HaOJrOIaeTCs NMPU YMEHBIICHHH 00hEMOB HAarHETaHHMS.
OnepartrBHAs peakiys Ha 3aKauKy KOPPEIUPYETCs BbI-
SIBTICHHBIMU TIPH HA36MHOM MHKPOCEHCMHYECKOM MO-
HUTOPUHIe KaHataMu (QuUIbTpanuu U Tpemuaoil [PII,
MPOU3BEIEHHOI B mporiecce pa3psia B 2020 r., KoTOpas
Takke O0OyCIOBWIIA JaHHBIC KaHAIBl (DHIBTPAIIUH.
B xone 9KCHeprMEHTAaIBHOTO PEryIHpOBAHMS 3aKauKU
C/IeNaHbl BBIBOJABI O HAWOOJICe ONTHMAIBHOM ITHKIIE C
KOMITeHcanuel otoopa 3akaukoit B 42 % (1 neHb HarHe-
TaHusl ¥ 2 JHA MPOCTOS 3akadku). [loBemeHne KoMIieH-
carmu k kinaccudeckuM 100-120 % mo ananoruu c Tep-
PUTCHHBIMU KOJUICKTOPaMH IYTEM YBEIMYEHHS O00be-
MOB 3aKauKH WIN JHEW HATHETAHWS TIPUBOIUT K IPOPHI-
BY BOJIbI B TOOBIBAIONIMX CKBKHHAX M K POCTY OOBOJI-
HEHHOCTH CO 3HAaYUTENBbHBIMH ToTepsMu Hedtu [19].
YuuTteiBas IpoaHATN3UPOBAaHHBIE B PaboTe TaHHEIE 1O
CKOPOCTH W HAIPAaBIICHUSM (IIIETPALAH, B TOM YHCIIE
KaK 110 TOPU30HTANIH, TaK U TI0 JIATEPaITH, CIICJIaH BBIBOJI,
YTO JJIS1 JAHHOTO y4acTka KommeHcanus B 42 % onrtu-
MallbHa IUTS TIOJAEPKaHMs HEOOXOIMMOTO ILIACTOBOTO
JaBJICHUS. ¥ HEIOMYIICHUS TAJCHHUS MPOSKTHBIX YPOB-
HEH CBEPX yTBEPHKICHHBIX BEIUYUH.

3ak/nroyenue
o uroram paccMOTpeHHS pe3ysIbTaTOB KOMILIEKCA BbI-

TIOJTHEHHBIX Pa0OT MOYKHO C/IEJIATh CIICAYIOIIFE BEIBOIBL:

e Ilpu ompezneneHun 3PPEKTUBHOCTH THAPOPA3PHIBA
C HCIIOJIb30BAaHUEM MAapKUPOBAHHOIO MPOIIAHTa
ycTaHoBIIeHO, yTo TpemunHa ['PII npu npoBeneHuun
MIPOIIECCOB Ha KPOBEIBbHYIO YacTh OAIIKHPCKOTO
WM TOJAOIIBEHHYIO YacTh BEPEHCKOro KOJUIEKTOpa
BCJIEICTBUE OTCYTCTBHSI MOLIHOH KOHCOJIHMIUPO-
BAaHHOM IEepEeMbIUKM HEIPOHUIIAEMBIX MOPOJA pac-
MPOCTpaHsAeTcsl Ha 00a 00beKTa, 00pa3ys TeM ca-
MBIM €JUHYIO TUAPOJAUHAMUYECKYIO CUCTEMY.

¢ OreHKa aHU30TPOIIMY KapOOHATHBIX IIACTOB BEpei-
OaIIKUPCKUX OTIIOKEHHUH TTO3BOJNMIIA BELIBUTH 30HBI
aKTUBU3ALUKN €CTECTBEHHOM TPEIMHOBATOCTU 3aJle-
*u. U B BepelCKHX, U B OAIIKUPCKUX OTIIOKEHUSIX

CITMCOK JIMTEPATYPBI

OTMEYaeTcsl CXOKECTh a3MMYTOB HallpaBJIeHHS pa3-
BUTHS TPEIIMHOBATOCTH. A3MMYTHI OPUCHTAINN CO-
OBITHH CBs3aHBl C HANpaBJICHHEM ECTeCTBCHHOU
TPEIIUHOBATOCTH B JTAHHOM paiioHe, a WX MOJHAs
CXOXKECTh MOJKET PacCMaTpHBAaThCS KakK IOATBEp-
JKIICHUE CYIIECTBOBAHMS CIMHOW CHCTEMBI TPEIIUH
BEPEUCKUX M OAITKUPCKUX OTIIOKEHHH PETHOHA.

e OmpeneneHa cKOpPOCTh (PUIBTPAMK HaTHETAEMOT'O
aredta nnsi cuctemsl [II1J]. TTo pesynpTaram Tpac-
CEpHBIX HCCIIEIOBAHUI MaKCHMaJIbHAsI CKOPOCTD IO
OAIIKUPCKOMY TOPH30HTY HAMHOTO BBIIIE, YE€M IO
BepeiickoMmy ropu3oHTy (8832 u 6072 mM/cyT cOOT-
BETCTBEHHO). Taxke BBIICTICHBI IPEIIOIaracMble
BBICOKOITPOHHIIAEMbIC KaHABI (DHIBTPALINH, IO KO-
TOPHIM  MPOMCXOAUT JABIXKCHUE 3aKaudBacMOil
JKUIIKOCTH U BBITECHSEMOM €10 He(DTH.

e VYCTaHOBJICHO, YTO B PACCMATPUBACMBIX YCIOBUSIX
Haunoro mnomssATHsS J]auHOrO MECTOPOIKIACHHUSI
HanOonee 3(Q(EeKTHBHON SABISACTCA IHKIUYECKAs
3aKayKa ¢ IUKJIOM | ISHb 3aKa4uKH U 2 JHS MPOCTOS
B HarHetanuu (1x2).

B 1ienoM BBIBOABL, IOMY9IEHHBIE TI0 HTOraM paboThL, TO-
BopAT 00 3pdexrrBrOCTH cricteMbl [11/] B naHHBIX KapOo-
HATHBIX KOJUIEKTOpAaX M O BO3MOXKHOCTH PEryIMpOBAHUS
pa3paboTku mocpenctBoM 3akauku [20, 21]. YTouHeHue
JIAHHBIX O KaHATAX (PIIBTPAIK KaK pabodero arcHTa, Tak v
BBITECHsIEMON UM He(TH, a Takke 3HaHHEe CKOpOcTel mpo-
JBIDKCHUS 3aKauMBacMOW JKHIKOCTH W HAIpaBICHUS ec
pacrpocTpaHeHusT TIO3BOJISIOT 3(D(PEKTUBHO PETYIMPOBaTh
HPOLIECCHI Pa3pabOTKN MECTOPOKACHHSL.

Hannuue Pa3ymIOTHCHHBIX 30H, COBHNAaJarOlIUX II0
MTOJIOKECHUIO B BEPEHCKUX M OAMIKHPCKUX OTIONKECHUSIX
CBUJIETENBCTBYET O €UHON CHUCTEME TPELIUH JUIsl BCer
M3y4aeMOW TOJIIM, a HaIW4Yue THUAPOJAMHAMHUYECKOMN
CBSI3W TIO3BOJISICT pacCMaTPHUBATH BEpEHCKyro M Oarmi-
KHPCKYIO 3aJIC)KH KaK €AMHBII OOBEKT pa3paboTKH B
paccMaTpuBaeMOM paiioHe.

[Ipu stom 00s3aTeNIbHO HEOOXOAWMMO MPUHUMATH
BO BHHUMAaHHE, YTO KaXIblii 0OBEKT pa3pabOTKH YHH-
KaJIeH B CBOEH I'€0JIOTMH, METOHOJIOTHH Pa3paboTKu U
T. 1., © MacIITa0MPOBaHUE PE3YNbTATOB NAHHBIX HC-
CIICIOBAaHUH BO3MOXKHO TOJIEKO C YYETOM HCTOPHH H
MPEIBIIYIIET0 ONbiTa pa3paboTKU IJsl KaXIOro KOH-
KPETHOT'O OOBEKTA.
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