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W3BECTHSI BBICHIMX YYEBHBIX 3ABEJIEHUI. HE®Th U I'A3 — 510 Hayu-
HO-TEXHUYECKUH pelieH3UpYeMBIi KypHal B KypHane myOnuMKyroTcsl pe3ysibTaThl HayYHBIX
HCCIIE/IOBAHNI B OOJIACTH TEOJIOTHH, TOKMCKA W pa3BelKH; OypeHHs! CKBOXHH U pa3pabOTKU
MECTOPOJK/ICHUH; MPOSKTHPOBAHKS, COOPYKEHHS U SKCIUTYaTallliid CHCTEM TPYOOIPOBOIHOTO
TPAHCTIOPTA; CTPOUTEIBCTBA U 00YCTPOICTBA MPOMBICIIOB; XHMHHU W TEXHOJIOTHH TIepepaboTKH
He()TH W Ta3a; NPOYHOCTH, MATCPHATIOBEACHMS, HAACKHOCTH MAIIMH W 00OPYIOBAaHUS TIPO-
MBICIIOB; MH(OPMAIMOHHBIX TeXHOJOTUH. OCBEIAroTCs MPOOJIEMbI SKOJIOTHH He()TEra30BbIX
PETHOHOB, MO>KapHOW 1 MPOMBIIIIEHHOH OE3011aCHOCTH B HE)TEra3oBOi OTpaciy, pa3MemiacT-
st TH(OpMAaIys 0 BHEJPESHUN B IPOU3BOJICTBO HAYYHBIX pa3paboToK.

Harme m3nanne paccuntano Ha mpoeccopcKo-IPenoaBaTenbCKiid COCTaB, aclMpaHTOB,
CTYJCHTOB BY30B, COTPYIHUKOB Hay4YHO-HCCIENOBaTEbCKUX U MPOEKTHBIX HHCTUTYTOB,
HAYYHBIX [IEHTPOB, HH)KCHEPHO-TEXHUIECKUH TIepCOHAT He(Tera3o100bIBAIONINX KOMITAHHI
U NIPEITIPUSTUN CepBUCa.

Haumenosanue u cooepoicanue pyopux s#cypHaia coomsemcmsyom ompaciam HayKu
U epynnam chneyuanibHocmetl HAy4Hovlx pabomuuxos Homenkiamypol Hay4YHbIX cneyuaib-
HOocmel, N0 KOMOPbIM NPUCYHCOAIOMCS YHeHble CIEeNneHU.:

= 1.6.6. l'uaporeonorus (TEXHUYECKHE HAYKH)

= 1.6.6. F'uaporeonorus (T€0JIOr0O-MHHEPATOIHIECKHAC HAYKH)

= 1.6.9. I'eodusnka (TeXHHIECKHE HAYKH)

= 1.6.9. I'eodusuka (reosoro-MHHEPATOTHICCKAC HAYKH)

= 1.6.11. I'eosnorusi, MOMCKH, pa3BeiKa U IKCILTyaTalusl HEQTSHBIX U Ta30BBIX MECTO-
POXIEHHUIT (Te0T0ro-MHUHEPAIOTHYECKIE HAYKH)

= 1.6.11. I'eosiorusi, NOUCKH, pa3BeKa U IKCILTyaTalus HeQTAHBIX U ra30BBIX MECTO-
POKACHU# (TEXHUYECKHE HAYKH )

= 2.8.2. Texnonorusi 6ypeHuUs: 1 OCBOCHHUS CKBOKUH (TEXHHUUYCCKHE HAYKH)

= 2.8.4. Pa3paboTka W dKCIuTyaTalus He(TIHBIX M Ta30BbIX MECTOPOXKICHHUN (TEXHHYE-
CKHE HAayKH)

= 2.8.5. CtpoutensCTBO M IKCIUTyaTanus He(TEra3onpoBojoB, 0a3 W XPaHWIHUII
(TeXHUYECKUE HAYKH)

OIL AND GAS STUDIES — a scientific and technical peer-reviewed journal. The jour-
nal publishes the results of scientific research in the field of geology, prospecting and explora-
tion; well drilling and field development; design, construction and operation of pipeline
transport systems; construction and equipping of ailfields; chemistry and technology of oil and
gas processing; strength, material science, reliability of machines and equipment of crafts;
information technologies. The problems of the ecology of oil and gas regions, fire and indus-
trial safety in the oil and gas industry are covered. Information on the introduction of scientific
developments into the industry is described.

Our publication is intended for university professors, graduate and postgraduate students,
employees of research and design institutes, scientific centres, engineering and technical per-
sonnel of oil and gas production companies and service enterprises.

"Qil and Gas Studies" is included in the list of peer-reviewed scientific journals pub-
lished by the Higher Attestation Commission in which the main scientific results of disser-
tations for the degree of candidate and doctor of science should be published. Scientific
specialties of dissertations and their respective branches of science are as follows:

= 1.6.6. Hydrogeology (technical sciences)

= 1.6.6. Hydrogeology (geological and mineralogical sciences)

= 1.6.9. Geophysics (technical sciences)

= 1.6.9. Geophysics (geological and mineralogical sciences)

= 1.6.11. Geology, Prospecting, Exploration and Exploitation of Qil and Gas Fields
(technical sciences)

= 1.6.11. Geology, Prospecting, Exploration and Exploitation (geological and miner-
alogical sciences)

= 2.8.2. Drilling and Well Development Technology (technical sciences)

= 2.8.4. Development and Operation of Qil and Gas Fields (technical sciences)

= 2.8.5. Construction and Operation of Oil and Gas Pipelines, Distribution Depots and
Storages (technical sciences)
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IlepcneKTHBBI OTKPHITHS M BOBJIEUeHHUS B Pa3padoTKy NPOIYKTUBHBIX
WHTEPBAJIOB JIOIOPCKOro KoMIulekca 3anaaHoit Cudupu
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Annomayus. B cratbe pacCMOTPEHBI IEPCHIEKTUBEI IOMCKA, IPOTHO3a U BOBJICUCHUS B Pa3paboOTKy
MPOJYKTHBHBIX MHTEPBAJIOB OTJIOKEHHH J0IOpPCKOro Komiuiekca 3anmagnoi Cubupu. B mpenemax
JIOIOPCKOTO KOMIIJIEKCA BBISIBIEHBI HEKOTOpPbIE OCOOEHHOCTH T€O0JIOTMYECKOr0 CTPOEHHs TPHUAaco-
BBIX BYJIKAHOT'€HHO-0Ca/I0YHBIX OTJIOKEHUH 1 00pa3oBaHuil maneo3oiickoro GpyHaameHra.

B ocHoBe mocTpoeHnst UPPOBBIX TEOTOTNUECKUX MOAIENEll TPHACOBEIX M MAJIC030HCKHIX 00pa-
30BaHUM, MPUHIMIHUAIBHO OTAMYAONIUXCSA T€OMETpUeil BHYTPEHHEIO CTPOEHUs OTKPBITBIX B HUX 3a-
Jiexeil yriaeBonopoaoB, Haxoautes nHdopManusa 3D ceficMUUecKHX MCCIeJOBaHUI M ee MHTepIpeTa-
1ys. B 3ameskax TPHAcOBBIX M MaIe030MCKUX OTIOXKEHMH 3aUKCHPOBAHB! 3HAYUTEIBHBIE OTINUHS
cocTaBa U (QHIBTPALMOHHO-EMKOCTHBIX CBOMCTB KOJUIEKTOPOB MOPO/I, IIPHHIMIIBI CO3/IaHUs CTPYKTYp-
HBIX KapKacoB MX IU(POBBIX Mojenel Tawke oTmmdarorcs. JlanHsle 3D-ceficMopa3Beiky O3BOJISIIOT
BBIIIOJIHUTH KOPPEILILUIO TPUACOBOM TOJIIM U BBIACIUTH OTACIBbHBIC LUKIbBL, TPAHULIBI U T€OMETPUs
KOTOPBIX HCIOJB3YIOTCS TIPH CO3JaHNH IM(PPOBBIX TPEXMEPHBIX I'e0JIOTHYecKiX Mojenel. [1pu cosma-
HHUU MOJENEH 3alie)kei yriaeBoZOPOIOB B MaJe030MCKUX 00pa30BaHMAX, NPHYPOUCHHBIX K BBICTYIIaM
(yHIaMeHTa, Ha OCHOBAaHMH HMHTEPIIpETaliK MaTepranoB 3D-ceiicMopasBeky M aHaimM3a celcMmde-
CKHX aTpHOyTOB, B KOMIUIEKCE C MH(pOpPMAIEH 0 KepHy, NeTpodu3nuKke M OMpoOOBAHMIO CKBAKHH,
BBIIIOJIHACTCSA IIPOTHO3 PA3BUTHSA YYAaCTKOB U HHTEPBAIOB IIOBBIIICHHOH TPEIIMHOBATOCTH TOPHBIX
TIOPOJI, SIBILTIOIIMXCS OCHOBHBIMH HHTEPBAIAMH IIPUTOKA B TOOBIBAFOIINX CKBAXKUHAX.

Ha mpumepe oTmenbHBIX pa3pabaThIBAEMBIX 3alIeKel, MPHYPOUCHHBIX K JOIOPCKOMY KOM-
IUIEKCY HA MECTOpOXIeHMAX 3anaguoil Cubupy, mokasaHsl (akTHUECKUE Pe3yJbTaThl KOMIUICKCH-
POBaHHMS Te0JIOro-reo(pu3NIecKoi nHpopManuy ¢ JaHHbEIME 3D-ceficMopa3BeKy, Ha OCHOBE KOTO-
PBIX BBIINOJIHEHA HE TOJBKO OLIEHKA ICOJIOTMYECKHX 3allacoB YIJIEBOJOPOJOB, HO U I'MAPOAUHAMUYC-
CKHE PacdeThl 110 BOCCTAHOBJICHUIO HCTOPUH MX Pa3pabOTKH, a TAKKe PEKOMEH/IOBAaHBI MECTOIIONO-
KEHUsI 4711 OypeHUs CKBaXKHH, UX TEOMETPUSI M HHTEPBAIbI HCTIBITAHUIA.

HaxoruieHHBI ONBIT pa3BeaKH U pa3pabOTKK MPOAYKTUBHBIX 3AJIEKEH TOIOPCKOTO KOM-
IUIEKCA MO3BOJISIET OLEHUTHh TEOMETPHIO M OCOOEHHOCTH IENEBBIX OOBEKTOB B 3TOM HHTEPBAJE,
BBIOpaTh Hanbosee HHPOPMATHUBHBIE METOIBI X KAPTUPOBAHMS U CIOCOOBI CO3IaHUs U(POBBIX
Te0JIOTNIECKUX MOJIeIIeH, SBISIOINXCS OCHOBOI POEKTHPOBAHUS HX Pa3pabOTKH.

Knrouesvie criosa: Te0IOTHIECKOE CTPOEHHE, TOIOPCKUH KOMILIEKC, TPUACOBBIE OTIOXKEHHS, 00pa-
30BaHMs MAJIE0305, Pa3pBIBHBIC HAPYIICHHS, TPEIIMHOBATOCTh, HEPTETa30HOCHOCTD, 3aJI€XKb, MPO-
JTyKTUBHOCTb, CEHCMOpPa3BeaAKa

Jna yumuposanua: bembens, C. P. IlepcrieKTUBBI OTKPBITHS U BOBJICUEHHS B Pa3pabOTKy MPOIyK-
THUBHBIX HHTEPBAJIOB JAOIOPCKOro komiuiekca 3anagHoi Cubupu / C. P. bemb6ens, P. M. bembens,
M. O. Kapmios. — DOI 10.31660/0445-0108-2024-5-11-22 // W3BecTrsi BBICLINX y4eOHBIX 3aBeie-
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Abstract. The article discusses the prospects of productive strata of deposits of the pre-Jurassic
complex of Western Siberia for searching, forecasting and involving in the development. Some
features of the geological structure of Triassic volcanic-sedimentary deposits and formations of the
Paleozoic basement have been identified within the pre-Jurassic complex. The construction of
digital geological models of Triassic and Paleozoic formations, which are fundamentally different
in the geometry of the internal structure of the hydrocarbon deposits discovered in them, is based
on 3D seismic information and its interpretation. In deposits of Triassic and Paleozoic sediments,
significant differences in the composition and filtration-capacitive properties of rock reservoirs
have been recorded; the principles for creating the structural frameworks of their digital models
are also different. 3D seismic data makes it possible to correlate the Triassic strata and identify
individual cycles, the boundaries and geometry of which are used to create digital three-
dimensional geological models. When creating models of hydrocarbon deposits in Paleozoic for-
mations confined to basement high areas, based on the interpretation of 3D seismic survey materi-
als and analysis of seismic attributes, in combination with information on core, petrophysics and
well testing, a forecast is made for the development of areas and strata of increased fracturing of
rocks, which are the main inflow strata in production wells. Using the example of individual de-
veloped deposits confined to the pre-Jurassic complex in the fields of Western Siberia, the actual
results of integrating geological and geophysical information with 3D seismic data are shown.
Based on these results not only an assessment of the geological reserves of hydrocarbons was car-
ried out, but also hydrodynamic calculations were conducted to perform history matching, as well
as recommendations were made for the locations for drilling wells, their geometry and test strata.
The accumulated experience in exploration and development of productive deposits of the pre-
Jurassic complex allows us to assess the geometry and features of objects of interest in this inter-
val, select the most informative methods for their mapping and methods for creating digital geo-
logical models that are the basis for designing the development.

Keywords: geological structure, pre-Jurassic complex, Triassic deposits, Paleozoic formations,
faults, fracturing, oil and gas potential, reservoir, productivity, seismic exploration

For citation: Bembel S. R., Bembel, R. M. Karpov D. O. (2024). Prospects of productive strata of
the pre-Jurassic complex of Western Siberia for the discovery and involvement in the develop-
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Beenenue

WHuTepec B OTHOIIEHNN HIKHHX 3TaXeil HeTera30HOCHOCTH Ha TEPPUTO-
puu 3anagHoi CuOupu Bo3pacTaeT ¢ KaKIbIM rofioM. IIpuanHoit 3Toro sBiser-
Csl 3aKOHOMEPHOE CHIDKEHHE TEKYIIUX T€OJIOTHYECKHX 3aIacoB YIIIEBOAOPOOB
(YB) B 10pCKO-HIDKHEMEIIOBOM HMHTEpBaJieé TEOJOTHYECKOTO pa3pe3a. Beap
MMEHHO 371eCh OBUIM OTKPBITHI M pa3pabaThIBAIOTCS YXKE€ HECKOJIBKO JIECSTHIIE-
TUH KpYIHBIE U CpeJIHUE MECTOpOKACHUS HedTH W raza [1]. 3a sToT mepuon
OOJBLIMHCTBO 3ajiekeil B HIKHEMEJIOBOM MHTEPBaJie T€0JIOTHUECKOro pa3pesa
3HAYUTENIFHO BBIPAOOTaHBI, a 3aJIe)KH IOPCKOH TOJIIM OTIMYAIOTCS HU3KUMHU
(UIBTPAaIMOHHO-eMKOCTHBIMHU XapaKTEPUCTHUKAMHU U TIOITOMY B OOJIbILIEH cBOEH
YacTH OTHECEHBI K TPYAHOMU3BIEKAEMBIM 3aI1acaM.

OnHa U3 aKTyaJbHBIX 327144 110 BOCIIONHEHUIO pecypcHOl 6a3bl 3amaHo-
Cubupckoro HedTerasoBoro IMOTEHIMada — pa3BeKa U BOBJEUYCHHE
B pa3paboTKy Tiy0OKO 3ayeralomux OOpa30BaHUU JOIOPCKOTO KOMIUIEKCA.
B HacTosmmit MoMeHT 31ech mpoOypero Oomnee 5 000 CKBaXXMH CO BCKPBITHEM
00pa3oBaHMid TOIOPCKOTO KOMIUIEKCA, MPENCTaBICHHBIX MOPOJaMH Majixe030i-
CKOT0 ()yH/IaMEeHTa U BYJIKaHOT€HHO-0CaJI0YHBIMHU TIOpoaamMu TpHuaca. [Ipu atom
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OTKpBITO Oomee 50 MecTopokaeHuil HedTH W Tasa, BBISIBICHO OOJbLIE
100 Hedre- u razonposieHui [1].

Hecmotps Ha oTkpeiTHe 3anexeil YB B goropckoM KoMmIulekce 3amagHon
Cubupu, cTereHb UX BOBJICYECHHUS B IKCIUTyaTallMIO U pa3pabOTKy HE BBICOKasl.
[Tpr4mHBEI 3TOTO CBSI3aHBI CO CIIOKHBIM CTPOSHHEM pe3epByapa MPOIYKTUBHBIX
3aJie’Kel, BBEIEHHBIX B pa3paboTKy. CyliecTBYIOLIME MOAXOAbl K MPOTHO3Y H
MOJICJIMPOBAHUIO (DUIBTPAIMOHHO-EMKOCTHBIX CBOMCTB 3alie)KeH JI0I0PCKOro
KOMILJIEKCa OCHOBaHbl Ha HH(POPMALIMK 1O JaHHBIM re0(hU3NIEeCKUX HCCIeq0Ba-
HUH CKBa)XWH M KEPHOBBIX MccliefoBaHni. KonruecTBo MOCIeAHNX OYeHb orpa-
HUYEHO B CBSI3U CO CBOWCTBAMH CYIIECTBEHHO TPEIIMHOBATHIX 00pa3loB J0IOp-
CKOTO KOMITJIEKCA, YTO 3aTPYAHSIET UX 0TOOP.

Kpome »THX orpaHMYeHHBIX MaHHBIX HauOoyiee BaXXKHYIO HH(OPMAIUIO
0 CTPOCHHH M CBOWCTBAaX 00pa30BaHHUN W MOTCHITMAIBHBIX 3aJIEKEH JOIOPCKOTO
KOMIUIEKCa MOTYT MIPEICTABIATh MaTEpPHAIbI CIIEUAIBHON 00pabOTKN U MHTEp-
npetaruu 3D ceficMopa3BenouHBIX padoT [2, 3, 4], Omaromapss KOTOPHIM Ha ce-
TOJHS CYIIECTBYIOT PUMEPHI UX 3(PPEeKTHBHOTO HCIIOIF30BAaHUS HA OTACITHHBIX
MecTopoxacHIIX 3anagaoi Cubupu [2, 5].

O0beKT U MEeTOAMKA Hcc/IeJOBAHUM

OOBEeKTOM UCCIIEZIOBaHUS BBICTYHNAIOT OOpa30BaHUSA TOIOPCKOTO KOM-
iekca 3amagHor Cubupu. OmBIT pa3BeAKH W OTKPBITHS 3ajexel HepTr u raza
3neck mmutcess ¢ 1950-x romoB mo Hacrosimiee Bpems. llepBoe TazoBoe
MECTOPOXICHHE, CBA3aHHOE C O00pa3oBaHUAMHU (yHIAMEHTa, OBLIO OTKPHITO
eme B 1953 roxy B bepé3oBo. OmHaKo 10 CMX TIOP Y HEKOTOPHIX TEOJIOTOB €CTh
MHEHHE, YTO 3aJIeKb Ta3a NPHUypoUeHa K 0CaJOYHOMY YeXIIy.

JlanpHelume reosoropa3BeioyHble padoThl, BBIIOJHEHHBIE HA TEPPUTOPUN
3anmagaoi CubWpH, TOATBEPAMIH TIEPCIIEKTUBBI HE(DTETa30HOCHOCTH 00pa30BaHU
noropckoro komiuiekca [1]. Hauunnast ¢ otkpbitust B 1960-x rogax 3anexei HehTH
u ra3a B bepézoBckom u lllanmckom HedTera3oHOCHBIX pailoHax, Ha TEPPUTOPUHI
TonbKO XaHThI-MaHcuiickoro aBToHOMHOTO OKpyra — FOrper (XMAO-IOrpa)
HaCTOsIIEMY BpeMeHH OTKpBITO Oostee 159 3anexeit HedTH U raza.

Ha monroroeneHHbIX K pa3paboTke 3anexkax YB B 0IOpCKOM KoMILIEKce
KpOME BBITIOJTHEHHSI JOCTOBEPHOM OIIEHKH T'€OJIOTHYECKHUX 3allacoB HEOOXOIMMO
MOCTPOCHUE IM(PPOBBIX T€OJIOTUUESCKUX MOJIENICH, KOTOPBIE SIBJISIOTCS OCHOBOM
MPOCKTHPOBaHUsI pa3pabOTKH, IMPOBEACHUS THUAPOIUHAMUYCCKAX PACUYCTOB U
000CHOBaHUS pa3MEIIECHHs IKCILTyaTallMOHHBIX CKBaXXHH. B 3TOM citydae cnemyeT
MpEeIBAPUTENBHO ONPENEIUTECS C KOHIENTYaJIbHOW TE€0JOTHYECKOH MOJETBIO
3anexxei u pesepByapoB. C 3TON TOUKH 3pEHHUS, Pa3BeIbIBAEMbIE M OTKPBITHIC
sanexu YB B goropckom komruiekce Cpennero [IpnoOwst 3amamnoit Cubupu
MOYXHO YCJIOBHO Pa3JIeTUTh Ha JiBe Karteropuu. K mepBoi KaTeropuu OTHOCATCS
3aJICKU, TMPUYPOUCHHBIC K TPHUACOBBIM BYJIKAHOI'CHHO-OCAAOYHBIM OTJIOXKCHHAM,
KO BTOpOI>’I — CBA3AaHHBIC C JIOKAJIbHBIMH  BBICTYIIaMHU aaeo030MCKUX
00pa3oBanHmii, epeKphIBACMbIE OTIONKEHUSIM TIOMEHCKOM CBHTHI [6, 7].
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Kpome cymiecTBeHHBIX OTIMYMA B COCTaBe M (DMIBTPALIMOHHO-EMKOCTHBIX
cBoiicTB (PEC) KOMIEKTOpPOB MOpOA, CHATAIOMIMX 3TH KaTerophH, KOTOpPHIE
CIIy’KaT ~OCHOBOH TIOCTPOCHHUSI  JIMTOJOTMYECKMX  MOJENIeH 3alexed
pacnpenenenuss OEC, B nepByr0 odepear HEOOXOAMMO YTOUYHCHHE MPUHIIUIIOB
CO3JaHUSl CTPYKTYpPHOTO Kapkaca LU(POBBIX MOJENEH, OIpeAeIIeMoro
reoOMEeTpHe STHX Pa3HBIX M0 BO3PACTY U YCIOBUSIM (JOPMHUPOBaHHS 0Opa3OBaHUi.

Hampumep, B mnpenenax YHHKaJIbHOIO POTOKHMKOBCKOTO HEQTSHOTO
MeCTOpOXKIeHUsI (BocTouHas dvacTh KpacHomeHuHckoro ceoma) ¢ 2005 roma
pa3palaTbIBalOTCA  CIIOXHOMIOCTPOGHHBIE  3aJIe)KM  HETH B  TPHUACOBBIX
OTJIOKEHHSIX, 9T HEPTECHOCHOCTH KOTOPBIX olleHMBaercs Boiie 300 meTpos [4].
Bonbmias gacts mpuTOKOB HE(DTH CBA3aHa MPH ATOM ¢ 3(PPy3UBHBIMHU ITOPOJAMH.

C TOuKM 3peHHs TEOMETPH3ALUM 3aTedHCell MPUACOBLIX OMIONCEHU,
BCKPBITBIX B BEPXHEH YaCTU IIOMCKOBO-PA3BENOYHBIMH M 3KCIULyaTalIOHHBIMHU
CKBOXHMHAMY, BKHYIO MH(OpMALMIO B OINpEeleHUH CTPYKTYpHOTO Kapkaca
TEOJIOTMYECKOM MOJIENU 3alekell POroKHMKOBCKOTO MECTOPOXKIEHUS COMepKaT
Matepruaibl 3D celicMudecknx padot. Tak, Ha BpeMEHHOM CEHCMIYECKOM paspese
(puc. 1) qepes 3aI0THEHHYIO BYJIKAHOT€HHO-0CaI0YHBIMHU ocagKaMu
rpabeHo00pa3Hyl0 BHAAMHY IPEKPacHO IPOCIEKUBAIOTCS HAKJIOHHBIE OCH
cua(pa3zHOCTH HIDKe oOTpakaromero ropusonta (OI)) A (KpoBmst JOFOPCKOTO
KOMIUJIEKCA), BBIKIIMHUBAIOIMECS HA €r0 KPOBIIO. [10 MHEHHIO HEKOTOPBIX I'€0JIOTOB
[4, 8], HabromaemMast BOJTHOBAsI KapTHHA (pHC. 1) COOTBETCTBYET TOJIIIIE ITepecianBa-
HUSI BYJIKQHOTEHHBIX W BYJIKAHOT€HHO-OOJIOMOYHBIX TMOPOJ KHCIIOrO0 cocTaBa [4],
00pa30BaBILMXCS B pe3yibrare cepur u3BepkeHuil. CelicMuuecKue MaTtepuasbl
TIO3BOJIMJIM BBITIOJIHUTH KOPPEJLILMIO TPUACOBOM TOMIIN U PA30UTh €€ Ha HECKOJIBbKO
mukioB (puc. 1), TpaHWIBI M TEOMETPHS KOTOPBIX OBLIM HCIIONIB30BAHBI TIPH
CO3JJAHUM CTPYKTYpHOTO Kapkaca u pacrpeaeneHnn OEC npu cozmanny mpdpoBoit
TPEXMEPHOM I'e0JIOrMYECKON MOJIEIIH 3aJIEKEN TOFOPCKOr0 KOMILIEKCA.

Puc. 1. ®pazmeHm epeMeHHO20 celicMu4ecKo20 paspesa yepes mpuacosbili
«2pabeH» e paiioHe socmoyHoli yacmu KpacHoneHuHcKoz20 ceoda:
1 — uHAeKcbl ompaxcarowux 20pU30HMos; 2 — npednonazaemsie YUKbl pa3sumus
8Y/IKAHO2EHHO-0CAA0YHbIX MOPOd omsoxeHul mpuaca
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3anexn YB, cBs3aHHBIE C BBICTYNIAMHU HAIEO30UCKUX  0OpA308aHUL
(mampumep, Ha CeBepo-Bapréranckom, Kannnosom, Ypmanckom, Manonuckom
U JpyruxX MecTOopokaeHusx 3amagHoil CuOupw), CyIIECTBEHHO OTIMYAIOTCA
CBOMM TJYOMHHBIM CTPOEHHEM M XapaKTepOM CEHCMHUYECKOTO BOJIHOBOIO IOJIS
JIOIOPCKOT0 KoMIutekca [4, 8], uro TpeOyeT HOMONHUTEIbHBIX U3bICKAaHUN B MO-
HCKax B3aUMOCBS3€H ¢ X MPOAYKTUBHOCTBIO U OLIEHKE 3aIlacoB.

B otnnume ot ceiicMuueckoro oopasza ByJKaHOT€HHO-OCAJIOYHBIX TOJI] TPHU-
aca B MHTEpBaje Najneo3oiickux oOpasoBanuii Hke OI' A MpakTU4YecKHu OTCYT-
CTBYIOT OTpa)Karolllue FOPU30HTHI HA BPEMEHHBIX CEHICMUYECKUX pa3pe3ax.

Hwxe npencraBineH BpeMeHHOH paspe3 (pHC. 2), XapaKTepHbIH Ul JIEMOH-
CTpaLM TPOSIBJICHUS B CEHCMHYECKOM BOJIHOBOM IIOJI€ JIOKAJIBbHBIX BBICTYIIOB
[aJIe030MUCKOro (hyHAaMEHTa. YUacTOK C BBIIBICHHBIMH 3aJIe)KaMH HE(TH pacio-
JIO)KCH Ha OJHOM W3 HE(PTSIHBIX MECTOPOXACHWU B 3amagHoi dactm XMAO-
IOrpe1. O6pazoBaHus JOIOPCKOTO KOMITIEKCA TIPEACTABICHBI 31€Ch KPUCTAILTHYIC-
CKHMH ITOPOAAMH [aJIE030MCKOro (hyHAaMEHTa U KOPbI BBIBETPUBAHMUSI.

Puc. 2. dpazmeHm epemeHH020 celicMu4ecKo20 paspesa Yepes /10KasnbHble 8bicmynbl
00/0PCKO20 OCHOBAHUSA C 8bIIB/ICHHBIMU 3a1eXamMu Hedhmu
1 — UHOeKcbl OMPaMAWUX 20pU30HMO8; 2 — MecmoroaoxeHuUe MPoOyKMuUBHbIX
CKBAMCUH,; 3 — y4acmKU C pacnpocmpaHeHuem mpewjuHo8amelx UHMepsasno8 20PHbIX
nopoo e sepxHeli yacmu 00KPCKO20 KOMIIAEKCa

XapakTepHO 0COOCHHOCTBIO PE3EPBYapPOB BEPXHEW YaCTH MAaJCO30HCKUX
o0pa3oBaHMii, B TMpeaeiax KOTOPBIX pa3padaThIBalOTCS 3alexkud YB Kkak
B 3amagHoi Cubupw, Tak U B IIEJIOM 10 BCEMY MHUPY SIBILICTCS TPHUYPOUCHHOCTH
paboTHl CKBaXWH B OCHOBHOM B TPCIIMHOBATBHIX HMHTEpBajax paspesza [2, 5].
OIMBIT T€0JI0TOpa3BeNOYHBIX PadOT M TeOPU3NUSCKUX HCCIICIOBAHUN ITOKAa3all,
YTO YYaCTKH IMOBBIMIEHHON TPEIIMHOBATOCTH TOPHBIX MOPOJ KaK B TUIaHE, TaK H
paspes3e B3aMMOCBSI3aHbI C HAH0OJIee TEOAMHAMUYECKH aKTHUBHBIMU 30HAMH 3EM-
HOM KOPBI, K KOTOPBIM OTHOCSTCS] THATUPOTIONO0HBIE M IPKO BBIPaKEHHBIE JIO-
KaJIbHBIE TIOJTHATHS, BEICTYIIBI M pa3pBIBHBIE HapyIIeHus [9].
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IIporuo3 yyacTKOB NOBBIIIEHHON TPEIIMHOBATOCTH TOPHBIX IOPOJ KaK IOTEH-
LUaJIbHO MPOIYKTHBHBIX HHTEPBAJIOB OCHOBaH Ha KOMIUIEKCHOM aHAJIU3€ MaTepH-
anoB 3D-celicMopa3Beiku ¢ JaHHBIMH KEPHOBBIX, NETPOMUIMUECKUX HCCIEI0Ba-
HUM, OrpoOOBaHUs W TUHAMHUKH PaOOTHI SKCIUTyaTaIl[MOHHBIX CKBaXHH [5]. Bemy-
asi poJib B MPOrHO3€ MPOAYKTUBHOCTH MaJIC030MCKIUX 3aexelt Y B mpuHaane:xur
3D ceiicMopa3BeioyHON HHPOPMALIIK B ee HHTepIIpeTauu [2, 6].

JKCNepUMEeHTAIbHAS YaCTh

C TOUYKM 3peHHs CO3IaHKS U TIPOTHO3a MPOTYKTHBHOCTH UHTEPBAJIOB JIOIOP-
CKOTO KOMITIEKCa Hanbollee akTyalbHa Ha CEerogHs 3a/ada TOCTPOSHHUS I(POBBIX
Te0JIOTMYECKHX MOJIeNIel 3alleKeid, IPUYPOUSHHBIX K BBICTYIIaM Malie030HCKHUX 00-
pazoBaHuii. CBS3aHO 3TO C TEM, UYTO, [0 CPABHEHHUIO C T€OJIOTHYECKHUMH MOJIEIISIMU
3aJIe’Ke B TPUACOBBIX OTIIOXKEHUSX, TIE MO0 JAHHBIM CEHCMUYECKHX MCCIIEI0BaHUI
PEaIBbHO BBIMOJHHUTE JOCTOBEPHBIN MPOTHO3 TEOMETPHUCCKUX OCOOSHHOCTEH BHYT-
penHux rpanun 1 pactpeznenenust PEC, 3apada nporanosa @EC u BHyTpeHHEH reo-
METPHUH TAJICO30HCKIX PE3EPBYapOB JI0 CHX MOP OCTACTCSI HETPUBUATIBHOM [5].

Kak 6I)IJ'IO CKa3aHO BbIIIC, OCHOBHBIMH IPOJAYKTUBHBIMHU HHTECpBaJIaMU
BEpPXHEH YacTH TMaJle030MCKOTr0 (PyHIaMeHTa SBISIOTCS TPEIIMHOBATHIE WHTEP-
BaJIbl, IPOTHO3 KOTOPHIX SIBIISIETCS HEOOXOAMMEIM YCIOBUEM ISl CO3JIaHUs JO-
CTOBEpPHBIX T'€OJIOTMYECKUX MoJiesiel 3anexeid YB npu mpoekTUpoBaHUU pas-
MEIICHUS CKBaXHH U IUIAHUPOBAHUU T'EOJIOTO-TEXHUYECKUX MEPOTPUSTHHA
(I'TM) o BeIpaboTKe 3amacoB [5, 6]. B cBs3u ¢ 3TUM co3naBaeMbie ITUGPOBLIC
reoJIOrO-TUAPOANHAMUYECKHE MOJENIM TaKHMX OOBEKTOB B HACTOSIIEE BPEeMs
MPEJICTABIISIFOTCS. MOJICTISIMHA C JIBOMHON MOPHUCTOCTHIO / MPOHHUIIAEMOCTEIO [5],
/i KpOME BBIZICIICHUS YYaCTKOB Pa3BUTHUS TPEIIMHOBATHIX TOPHBIX OPOJ] HEOO-
XOJIMMO BBITIOJTHATHh IPOTHO3 TMapamMeTpoB TpemmHoBaToct [5, 10]. Ilpumep
WCTIOJIb30BaHUS METOJIOB IBOMHOMN Cpellbl M PACIPEICIICHUS] Pa3HBIX TUIIOB KOJI-
JEKTOpa TpH  MOJCIUPOBAHWU  pa3zpadarTbiBaeMoi  HEPTSIHOM  3aliexu
B MAJIE030MCKMX 00pa30BaHUAX (pyHITaMeHTa MPEeACTaBICH Ha PUCYHKE 3.

Puc. 3. O0uH u3 eapuaHmoe pacnpedesneHus NPoOHUYAeMbIX UHMepPe8asoe 6 eepxHeli
yacmu naneo3olickux o6pazoeaHuli: 3eameil ygem — ¢ MampuyHoli MopuCmMocmeoio;
KpacHsIl ugem — ¢ mpewuHo8amocmsio

16 HechTb M ras No 5, 2024



[IpakTHdeckoe MCHOIB30BaHUE PE3YIHTATOB KOMIUICKCHOTO aHajIn3a Ma-
TEPUANIOB MCCIIEOBaHIH KepHA, IEeTPOPU3NIECKUX, IPOMBICTIOBBIX H ceiicMuye-
CKHX JIaHHBIX MO3BOJISIET CO3/1aBaTh IOCTATOYHO JOCTOBEPHBIE LU(POBBIE reo-
JIOTMYECKHE MOZEH JJISl BHIMOJIHEHHUS OLEHKH T'e0JIOTMYECKUX 3amacoB YB, a
TaKXKe MPOBEJCHUS THAPOANHAMHYECKHX PACYETOB T10 BOCCTAHOBJIECHHUIO HCTO-
puH yxe pazpadbaTbiBaeMbIX 3anexeii [2, 5].

Ha ocHoBe ombITa BBEIOIHEHHBIX Pa0OT MO aHAIN3Y MHTEpIpEeTalnuy AaH-
HBIX OIpPOOOBAaHUS MOUCKOBO-PA3BEOYHBIX M OKCIUTYaTallMOHHBIX CKBaKUH
B MHTEpBaJie BEpXHEH YacTH Majieo30WCKUX oOpa3oBaHMil HA OJHOM W3 MECTO-
poxnennii KpacHonenunckoro cona 3ananHoid Cubupu ¢ JaHHBIMU aTpHOyT-
HBIX pacueToB MatepuanoB 3D-ceiicmopa3Beaxu [2, 5] aBropaMu ObLTH MTOTyde-
HBI MHTEPECHBIC PE3YIIbTAaThl, TIO3BOJISIONINE BBIOJHUTE POTHO3 pacrpeaeste-
HUS IPOTYKTUBHBIX HHTEPBAJIOB KaK I10 IJIOMIAM YIacTKa, Tak U B pa3pese. Ta-
KAM 00pa3oM, TOMy4eHHbIE Pe3yJabTaThl MO3BOJIMIIM BBIIEIUTH OCOOCHHOCTH
pacnpenesneHus IpoIyKTHBHBIX HHTEPBAJIOB MaJ€030HCKUX 00pa3oBaHuii ¢ Iiry-
6umoii 10 300 M OT KPOBIIH TOKOPCKOr0 KoMIDIekca (puc. 4).

Puc. 4. dpazmeHm pa3pesa Kyba celicmuyeckux ampubymos
C MPOEeKMHbIM noaoxceHUeM 8cKpbimusa ob6bekma PZ: 1 — uHOeKc ompaxcarou,e2o
20pu30oHMa; 2 — M0/I0XHEHUE MPOEKMHbIX CKBAM(UH; 3 — hakmuyecKull uHmep8san
npumoka YB 6 npobypeHHoU ckgaxcuHe XX U npo2HO3HbIl UHMepsas 8 rnpoeKmMHbIx
CKBAM(UHaX; 4 — 8eposamHsbie ghroudono0s8oosawue passnomMsl (KAHAbI)
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BrisBieHHBIE aHOMAIMK B pa3pe3e KyOa celicMUUYecKHX aTpuOyTOB SIBILSI-
FOTCS IEPCIIEKTUBHBIMU C TOYKH 3pEHHS MPOSKTUPOBAHUS pa3MEILEHHs SKCILIya-
TAIMOHHOTO (POHIA CKBAYKMH M YTOYHEHHS UX MPOEKTHOM IITyOHHBI, TEOMETPHU U
WHTEpBAIOB Tepdopauuy As BOBJICYCHHS B Pa3pabOTKy 3TOr0 JIOCTATOYHO
CIIOKHOTO M TPYIHO MPOTHO3UPYEMOT0 IPOAYKTHBHOTO Ha HE()Th M Ta3 pe3epBy-
apa masneo3oickoro ¢gyHnamenra. ConocTaBieHHe aHOMAIM CEHCMUYECKHX at-
pUOYTOB Kak B IUIaHE, TaK U B MHTepBajiax nepdopaunu yxe npoOypeHHBIX CKBa-
YKHUH MOJITBEP>KJIAIOT BBISBICHHBIE B3aUMOCBSI3U MPOJYKTUBHOCTH Mane030MCKUX
00pa3oBaHMi C MPOTHOZHBIMH YYaCTKaMH IOBBIIIEHHON TPEIMHOBATOCTH TOp-
HBIX TIOPO/I, @ TAK)KE BEPOSITHHIMH KaHaIaMK TTyOuHHOM Murpauuu YB [9, 11].

Pe3yabTaThl M 00CyKIEHHE

[Towck, pa3BeAKy ¥ BBIJIEIEHNE MPOIYKTHBHBIX MHTEPBAIOB B OTIIOKEHH-
SIX TOFOPCKOTO KOMIDIEKCa MPeJTaraeTcs BHITOMHATE M0 Pe3yIbTaTaM KOMITIEK-
CHUpPOBaHUS TeoyloTo-Teor3nueckol wH(pOpMannu, coaepKamed CBEICHHS
0 JINTOJIOTO-CTPATUTPaAdUIECKOM PACUIICHEHUH pa3pe3a U KOPPEISIHN pa3pe30B
CKB&)KHH C TTOJTHBIM KOMITJICKCOM KapoTaxa, 00 ocooeHHocTaX n3MeHennss PEC,
MeTPOPU3NIECKUX U TeO(hU3NICCKIX JTAHHBIX, OMPOOOBAHUAX M AWHAMHKE pa-
OOTBI MTOMICKOBO-Pa3BEOYHBIX M AKCIDTYATAIIHOHHBIX CKBA)XMH, HHTEPIPETAIHH
MaTepHaJoB crienualbHON 00paboTku ceiicMuueckux 3D-nccnenoBaHmid.

[lomxomel K TEOMETpH3AIMK H CO3JAHWIO IH(PPOBBIX TeEOIOTo-
TUAPOJUHAMHYECKAX  MOJIENEeH 3ajekell B TPHACOBBIX  BYJIKAHOTEHHO-
OCaJIOYHBIX OTIIOKCHUAX U METaMOP(UUECKUX 00pa30oBaHHAX IMaJICO30HCKOTO
(yHIIaMEHTa UMEIOT CYIIECTBEHHOW paznnyrie. OIHAKO OCHOBHBIMHU (hakTOpa-
MU, BIHSIOIIAMHA Ha JIOKaJH3aIuio U (OpMUPOBAHUE MPOTYKTUBHBIX MHTEPBA-
JIOB U 3QJICkKEH, CITy)KaT aKTUBHBIC T'C€OAMHAMUYCCKUE MPOIIECCHI, BRIPAXKCHHBIC
B 3a()MKCHPOBAaHHBIX Pa3PBIBHBIX HAPYIICHUSX W COMYTCTBYIOIIUX MM 30HAM
IPOOJICHUS U TPENTUHOBATOCTH TOPHBIX Topox [12].

[pomykTuBHEIC Ha HETH U ra3 3a1exku (YIaCTKH) U MHTEPBAJIBI BEpXHEH da-

CTH TAJICO30UCKUX 00pa30BaHMH, 3a(UKCUPOBAHHBIC HA OT/ACIHHBIX 3aIC)KaX U Me-
cTopoxieHusx 3amagHod  CuOMpH, JIOCTATOYHO  YBEPEHHO  BBIICISIOTCS
C HCTIOJIb30BaHNEeM MaTepraioB 3D-celicMopa3Benky, 4To Mo3BoiisieT 3pdeKTHBHO
NPUMEHSATH TOTy4aeMble CBeJeHHsS 00 OCOOSHHOCTSIX TE€OJIOTHMYECKOTO CTPOCHUS
JTIOFOPCKUX 00pa30BaHU MIPH UX pa30ypHBAHUHU U BOBJICUCHHUN B pa3paboTKy [5].

B HekoTOphIX JTOOBIBAIONINX CKBAKWHAX, HAXOSIIUXCS B SKCIUTyaTalluu
Ha OOBEKTaX Male030MCKUX 00pa3oBaHU, OTMEYaeTCs pe3Kass U3MEHUYHBOCTD
JUHAMUKH UX PabOTHI, UTO, 10 BCEH BEPOSTHOCTHU, YKa3hIBAE€T HA B3AMMOCBS3b
¢ cyOBepTHUKAJIBHBIMH KaHaJAMU TIOBBIINIEHHOW TPEIMHOBATOCTH TOPHBIX MTOPO/I,
MO KOTOPBIM HJET MocTyruieHue (ronnoB. HekoTopsIMu reojoramMu Takue 3a-
JIE)KHU TIPUHSTO HA3BIBATh «CKHIBLHBIMIY [13].

BriBoabl
OTKpbITHE U BOBJIEUCHHUE B Pa3pabOTKy MPOLYKTUBHBIX HHTEPBAJIOB HIK-
HUX OTaXel reojorndeckoro paspesa 3amagHod CuOHUpH, OTHOCALIMXCS
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K JIOIOPCKOMY KOMIUIEKCY, TPeOYIOT HE TOJIBKO IIPOBEIEHHs JONOIHUTEIbHBIX
Te0JIOropa3BeIouHbIX paboT MW TeOPHU3MUECKUX HCCICIOBAHUN Pa3IMIHOTO
HANpaBJIeHUs, HO W MepexoAa KOHLENTYaIbHBIX MpeACTaBIeHUH o hopmu-
POBaHMY JIOBYIIEK, 3aeXeil 1 MECTOPOXKICHUH HEPTH U ra3a Ha MPHHIUITNAID-
HO WHBIC HMJEH, CBS3aHHbIC C KOHLEMIMEH Nerazanuu U TiIyOMHHON HedTH.
DddeKkTUBHOCTL PadOT MO pa3BeaKe M pa3pabOTKE CIIOKHOIOCTPOCHHBIX 3alie-
JKeH ompenensercs MOJTHOTON reoJoro-reopu3nieckoil HHPOpPMaLuK, Ha OCHOBE
KOTOPO# (hOPMHUPYIOTCS T€OJOTHUECKHE MPENCTABICHNS O KOHIENTYaIbHOH MO-
JIEJIA, ¥ MPOUCXOAMT CO3JaHue HU(GPOBOH I'€OJOrHUECKON MOACIH 3ajeKed U
MECTOPOKACHUI HeTH U rasa.

HaxkormsieHHBIH ONBIT pa3Belkd U pa3pabOTKH MPOJYKTHBHBIX 3aliekei
JIOIOPCKOT'O KOMIUIEKCA MO3BOJIET OLIEHUTh T'€OMETPUI0 U OCOOCHHOCTH Lielie-
BBIX OOBEKTOB B 3TOM MHTEpBaJle, BRIOpaTh Hanbosee HHPOPMATUBHBIE METO/IBI
WX KapTHPOBaHUsI M CHOCOOBI CO3/aHMs MU(QPOBBIX I'€OJIOTHYECKUX MOJIENEH,
SBJISIFOIIMXCS OCHOBOM MPOECKTHPOBAHMS UX Pa3pabOTKU.

Ilouck  y4yaCTKOB  MOBBIIIEHHOW  NPOAYKTHBHOCTH  HMHTEPBAJIOB
B TIaJic030iickoM (hyHIaMeHTe, MPOTHO3 U YTOUYHEHHE WX MOJIOKEHUSI HA OCHOBE
KOMILJICKCHOTO aHaIK3a Ie0JIoro-reopu3nyeckoil HHGopManu ¢ 00s13aTeIbHBIM
MpHUBIIEYCHUEM aTpUOYTHOTO aHajn3a MarepuanoB 3D-celicMopa3Benku MO3BO-
JSIIOT B HACTOsAIIEE BpeMs MOAOHpATh HAO0Op TeoJIOro-TEXHUYECKUX MEPOIpHs-
THH 10 BBIpaOOTKe 3amacoB YB Ha pa3padaTsiBaeMbIX 3ajie’kax 3TOTO HHTEpBaIa
Te0JIOTHYECKOTo pa3pesa.
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IlepcieKTHBBI PAHHEIOPCKHUX OTJI0KEHHI B Mpeaesax
Xanmuaraiickoro Mmerapajia Buioickoil CHHEKIN3bI

E. A. leany

00O «l'aznpom BHUUT'A3», Tromenw, Poccus
Tromernckuii uHOycmpuanoHulil yHugepcumem, Tromenv, Poccus
e_deliu@vniigaz.gazprom.ru

Annomayus. 3ydeHue TEppUreHHBIX IOPCKUX OTJIOKEHUH Buimoiickoil cuHeKIM3bl B HacToOsLIEe
BpeMsi SBIICTCS aKTyaJbHOM 3ajadei, Tak KaKk MECTOPOXKICHUS, PACIIOJIOKEHHBIC B pailoHe HC-
CJICIOBAHMS, COJEPXKAT 3amlachl ra3a ¢ HEeOONBIIMMH TIIyOMHAMHU 3aJIeTaHUs] W OBUIM OTKPBITHI
B aHTHKJIMHAJBHBIX JIOBYIIKaX B 60-e rojsl mpomuioro croyietus. BozoOHOBIEHHE reosoropasse-
JIOYHBIX PabOT B 3TOM PErHOHE NMPHUBEJIO K TOSBICHUIO HOBOH reonoro-reopusnyeckoi nupopma-
muu. Lens uccnenoBanust — BBIOOP MOUCKOBBIX KPUTEPUEB TSI JIOKATH3AIMH OOBEKTOB MOUCKA U
pa3BeoKn 3ajexel yrieBOJOpPOJOB Ha H3ydaeMoil Tepputopuu. Ha ocHoBe ceiicmopasBenku,
KOTOpas CIyXHT BEIYIIUM METOJIOM HCCIEJOBaHUSA, IPOBOAUTCS AaHAIU3 OCOOEHHOCTEH
(OpMHUpOBaHUS 1 pa3MEIIeHHUs 3aJIeXell yTIIeBOZOPOJHBIX Ta30B B PAHHEIOPCKOM CTpaTHrpaduye-
CKOM KoMIUIeKce Buimrolickoit HedTerazoHocHOH o0siacTH, Ha IpUMEpe MECTOPOXKICHUs Xarda-
raiickoro merasana. B pesynbrare ucciaeqoBaHHsS YCTaHOBIEHO, uTo HemkeluHckoe JokaabHOE
MOJHATUE — UHBEPCUOHHAs CTPYKTypa. B KpoBile NpPOJYKTUBHBIX HUXKHCIOPCKUX OTJIOXKECHUI
KBI3BUICBIPCKON CBUTHI B IEHTPAILHOM OJIOKE OTMEYaeTCsl JUHAMUYECKAsi aHOMAITHS TUIA «IPKOe
nsATHOY». PasHuna B (IIOMIHOM HACBHIIIEHHM YTIEBOJOPOJAMH 3aMaJHOW M BOCTOYHOHM 4YacTH
HemxenuHcKol CTPyKTypBI OATBEPKAAETCA UCTIBITAHUSIMU O CKBakuHaM. Hanmuane nuHammnde-
CKHX aHOMAaIN{ HHBEPCHOHHOTO THUIA MOXXHO PacCMaTpUBAaTh KaK ITOMCKOBBIN TNPHU3HAK 30H
CKOIUICHUH YIJIEBOJOPOAOB B TEPPUTEHHBIX OTIOXKEHUSAX Bumrolickoll cuHeKIM3bl, B ueM U
3aKIII0YaeTCsl MPAaKTHIeCcKass 3HAaYMMOCTh BBIOJHEHHON paboTHI.

Kniouesvie crnosa: Buiolickas cuHexnu3za, Xamuaraiickuil meraBall, paHHEIOPCKUE OTJIOKEHHUS,
KBI3BUICBIPCKAst CBUTA, HHBEPCHOHHO-KOJIBIIEBBIE CTPYKTYPBI, 3aJI€Kb ra3a

Jna yumuposanus: [emny, E. A. [lepceKTHBE paHHEIOPCKUX OTJIOKEHUH B Mpeaenax XamJarai-
ckoro MeraBana Buittoiickoit cuneximssl / E. A. Ilenuy. — DOI 10.31660/0445-0108-2024-5-23-33 //
W3Bectus Boicinx yueOHbIX 3aBeaeHuil. Hedrs u ras. — 2024. — Ne 5. — C. 23-33.

Prospects of early Jurassic deposits within the Khapchagay megaswell
of the Vilyuy syneclise

Ekaterina A. Deliu

Gazprom VNIIGAZ LLC, Tyumen, Russia
Industrial University of Tyumen, Tyumen, Russia
e_deliu@vniigaz.gazprom.ru

Abstract. The study of terrigenous Jurassic deposits in the Vilyuy syneclise has become increas-
ingly important. This is because the fields contains shallow gas reserves and were first discovered
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in anticline traps during the 1960s. Renewed geological exploration in this region is now providing
valuable new geological and geophysical data. The aim of research is to select exploration criteria
for locating hydrocarbon deposits in the territory. Seismic exploration is a leading method of re-
search. Based on this, an analysis is conducted on the characteristics of hydrocarbon gas deposit
formation and distribution within the early Jurassic stratigraphic complex of the Vilyuy oil and gas
Vilyuy oil and gas bearing region. In particular, the Khapchagay megaswell has been analyzed.
The study has identified the Nedzhelinskoye local uplift as an inversion structure. A dynamic
anomaly of the "bright spot" type is observed at the roof of the productive lower Jurassic deposits
of the Kyzylsyr suite in the central block. Well tests confirmed the difference in hydrocarbon fluid
saturation between the western and eastern parts of the Nedzhelinskaya structure. The presence of
dynamic anomalies of inversion type can be seen as an exploration indicator for hydrocarbon ac-
cumulation zones in the terrigenous deposits of the Vilyuy syneclise. This is a practical signifi-
cance of the work.

Keywords: Vilyuy syneclise, Khapchagay megaswell, early Jurassic deposits, Kyzylsyr suite, in-
version-ring structures, gas deposit

For citation: Deliu, E. A. (2024). Prospects of early Jurassic deposits within the Khapchagay
megaswell of the Vilyuy syneclise. Oil and Gas Studies, (5), pp. 23-33. (In Russian). DOI:
10.31660/0445-0108-2024-5-23-33

Beenenue

B Hacrosimee Bpems C LEIbI0 YBEJIWYEHUS! ChIPEBON 0a3bl BOCTOUHBIX
PETrMOHOB ObljIa IOBBILIEHA AKTUBHOCTH I'€0JIOTHYECKOr0 U3Y4eHHsI B TPYIHOAO-
CTYNMHBIX paiioHax Cubupckoit miaT@opmbl, OCBOCHHE KOTOPHIX HA4aTo eIlle
B 60-¢ ToIBI IPOILTIOTO BeKa. ITO OTHOCUTCS M K Bruttoiickoit HedTera3oHOCHOM
obnactu (HI'O), B mpenenax KOTOpoil HAXOASITCS MECTOPOXKICHUS YTIIEBOAOPO-
JI0B, IPUYpOUYCHHBIE K XamuaraickoMmy meraBaily. BozoOHOBIeHHE reonoropas-
BEJOYHBIX pabOT B 3TOM PErvoHE MPUBENIO K MOSBJICHUIO HOBOM MH(OpManuy,
Ha OCHOBE KOTOPOH MPOBOAWTCS aHAIM3 OCOOCHHOCTEH (OPMHUPOBAHHSA M pa3-
MEILEHHsI 3aleXel YrieBOJOPOAHBIX Ta30B B PaHHEIOPCKOM CTpaTHrpaduye-
ckoM kommiekce Bumroiickoit HI'O. [ing netanpHOro n3y4eHus MepcrneKTHBHBIX
OTJIO)KEHUI MpH MOMOIIM KOMIJIEKCHPOBAaHUs MPENBIAYIINX HCCIEJOBaHUN H
MOJTYYEHHBIX HOBBIX JaHHBIX T€0JIOrOPa3BeJOYHBIX PA0OT HEOOXOIUMO MPH HH-
TeprnpeTaly UCIONb30BaTh METOMABI aHAIN3a, KOTOPble MPUMEHSINCh AJS HC-
CIIEOBaHH OTJIOKEHHH, CHOPMUPOBAHHBIX B AHAJIOTHYHBIX YCIOBUSIX.

B nepuos ¢ 2000 o 2023 roJ1 BEITIOIHEHBI UCCICAOBAHMS ¥ OITyOIMKOBa-
HBl Pe3yJbTaThl T'€OJIOTHYECKUX paboT Mo Buimioiickoil CHHEKIHM3e aBTOPOB:
A. T. bep3un, B. B. byansirepos, T. U. I'yposa, E. B. Xyxosa, A. B. Pykosuy,
A. U. Cusues, B. C. Curaukos, M. M. Taxsarynus, JI. C. UepHoBa u apyrux
CHEIMATUCTOB. B H3ydyeHHe TeoJornyecKkoro CTPOEHUs Xamdaraiickoro
MeraBana Oonpimoi Bkiang BHecnu A. H. [ImutpueBckmii, B.Il. Kucunes,
A. @. Cadponos, A. B. [loromaes u apyrue ucciaenoarenu. B ux padorax npu-
BEJICHBl PE3yJbTaThl PETHOHATBHOW CEHCMHUYECKOH KOPPENALUH, BBISBICHBI
ycloBuUsl POPMUPOBAHUS POIYKTUBHBIX TUIACTOB M MPEAJIOKEHBI HATPABICHUS
JAIBHEHIINX T'eoJI0TOpa3BeoUHbBIX padoT B permoHax. Ha ocHoBaHWU TpyaoB
9TUX AaBTOPOB YCTAHOBJECHBI M IIOATBEPXAEHBI MEPCHEKTHBbI KOMIUIEKCOB
HIKHEIOPCKHUX OTIIOKEeHNH Bocrounoit Cubupn.
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OO0BLEKT M METOIBI HCCIEIOBAHNS
Buumrolickas cuHeknn3a — HAAMNOPSIKOBBI TEKTOHMYECKHH 3JIEMEHT
Cubupckoii matdopmsr (puc. 1).

YCJIOBHBIE OBO3HAHYEHHA
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Puc. 1. Kapma nepcnekmue HegpmeHocHocmu Busroiickozo pugpmozeHHoz0 6acceliHa
(MHcmumym npobnaem Hegpmu u 2a3a Cubupckozo omoeneHua PAH, 2016 2.)

DopMHUPOBAHUE OCHOBHBIX 3JIEMEHTOB BUITIOMCKON CHHEKIU3bI 3aBEPILU-
JIOCh B M€3030McKoii dpe. [yOnHa ee B HamOoee TOTPyKEHHOW YacTH JIOCTHU-
raer 14 kM. B ocHOBaHHMM OHa BBITTOJIHEHA TOJIICH OTIIOKEHHUI HIKHETO I1ajico-
305 ¥ CHIIypa oOIIel MOITHOCThIO HEe MeHee 3 kM. Ha 3Toli npeBHeii Tomie 3a-
JIeraeT MOIIHAS TOJIIA ME3030MCKUX OTIIOKEHUM, MOIITHOCTh KOTOPBIX B IICHTPE
cuHEeKIn3bl JocturaeT 4 kM. FOpckue TeppureHHble OTIIOKeHusT Butroiickoil cu-
HEKJIU3bI, CYMMapHOI MOIIHOCTBIO 70 1,5 KM, COepKaT 3aJIeXkH ra3a, OTKPHITHIE
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B aHTUKJIMHAIBHBIX JOBYIIKaX B 60-¢ rojpl mporuioro Beka. HecMoTpst Ha He-
OOJTBIITHE TTYOUHBI 3aIeTaHusI, OHU SBJISFOTCS HAaUMEHee M3yueHHbIMU [ 1-4].

OTnoxeHus: IOPCKOM CHUCTEMBI HCCIEAYEeMOH TEPPUTOPHUH C Pa3MBIBOM
MEPEKPHIBAIOT MOACTUIAOINNE TOPObl. ['paHnIia MEXTy TPHACOBOW U IOPCKOM
CUCTEMaMH YCJIIOBHO TPOBOJUTCS IO TOJIONIBE aPTUILTUTOBOM MAYKK TOJIIIUHOM
10-15 M, XOpoIIO BBIPAXXEHHOW HA JUarpaMmax KapoTaxka MOTEHIayia co0-
ctBenHoi nossipuzanuu (I1C).

Jluronoro-cTpaturpaduyueckoe pacuwieHEHHE pa3pe3a U3y4aeMoro paiioHa
MPOBENEHO B COOTBETCTBUU C PEUICHUSIMH MeKBEIOMCTBEHHOTO cTpaTUrpadu-
YECKOT0 KOMHUTETA C YTOYHCHHSMH U JOIIOJIHCHUSIMH, pa3pabOTaHHBIMH CO-
tpyaaukamMu OI'YIT «CHUUT TuMC» u qpyrux opraHu3aliiii.

CornacHo cxeMe CTPYKTYpPHO-(araaIbHOTO PaifoHUPOBAHUS FOPCKUX OT-
noxkeHr CHOMpPCKOW TIaThOpPMBI, TEPPUTOPHUS WCCICIOBAHUSA PACIIOIOKEHA
B Buutroiickoii darmanpHOM 30HE.

B crparturpadmdeckomM OTHOMIEHHH OTIOXKEHUS HWKHEW IOPHI 110 JTUTOJIO-
THYECKIM MPU3HAKaM pa3/IeleHbl Ha JIBE CBUTHI: KBI3BUICBIPCKYIO M CYHTapCKYIO.

Kessuiceipekas (J1KS) ciioxkeHa rmecuaHHKaMHy ¢ TPOCIIOSMH aJ€BPOJIHTOB
W apriiIiuToB. BBepx 1o pa3pe3y CBUTHI HAONIOAAETCS TIOCTENICHHAas CMEHa
CpeIHe-KPYIMTHO3EPHHUCTHIX M CPEAHE3EPHUCTHIX MMECYaHUKOB MEJIKO3EPHUCTHIMH,
YBEIMYEHHE KOJIMYECTBA M MOIITHOCTH QJIEBPUTOBBIX M TNIMHUCTHIX IJIACTOB.

[lecuanuku CBETIIO-CEpBIE C 3€IIEHOBATHIM OTTEHKOM, IJIOTHBIE, HESICHO-
WJIF KOCOCIIOHMCTHIE, C BKITIOYSHUSMH YTIIMCTOTO BEIIECTBA O TNIOCKOCTH HACIIO-
€HUS ¥ CTSDKEHUSIMHU HPUTA. AJIEBPOJIUTHI M apTHIUIATHI Cephle U TEMHO-CEphIe,
TUIOTHBIE, TOHKOCJIOMCTBIE C BKIIOUCHHUSIMA PACTHTEIHHOTO JeTpuTa. TommmHa
OTIIOXKeHUH m3Mensiercs ot 188 10 263 m.

Bozpact cBuUTBI COOTBETCTBYyeT TreTTaHTcKoMy (Ji8t), CHHEMIOpCKOMY
(Jysm) 1 mmmHCOaxckckoMy (J1pb) sipycaM U MOATBEPKIEH OCTaTKaMK (BIIOPHI K
MHKPO(DayHOMH.

K oTnoxeHusM KBI3BUICBIPCKON CBHUTHI MIPHYPOYEHBI MTPOAYKTUBHEIE ITIa-
crel Ji-1 u J4-11.

[oxpeITKOM HaJ ECYAHBIMHU OCAIKAMH KbI3bLUICHBIPCKON CBUTHI SIBIISIOTCS
APTULTUTHI CYHTapCKOM CBUTHI.

Cynrapckas cButa (JiSN) TpecTaBlieHa aprUJUITHTaMU C TIPOCIIOSMH aJIeB-
POJIUTOB W CIy’)KUT OTIUYHBIM PETHOHAJIHHBIM MAapKHUPYIOIIUM TOPU30HTOM,
YETKO MPOCISKUBAIOIIUMCS Ha KapOTaXKHBIX JUarpaMmax. ApruJUIUThl TEMHO-
cephle, MOYTH YEepHBIC, TUIOTHBIC, B HIDKHEH W BEPXHEH 4YacTsAX paspesa ydacT-
KaMH TOHKOCJIOMCTBIC C QJICBPUTOBBIM MATEPUAIIOM, C PEIKHUMH ¥ MaJIOMOIIIHBI-
mu (ot 0,15 10 0,3 M) CHITFHON3BECTKOBUCTHIMH NPOCIONKAMH TJIOTHBIX Iecya-
HUKOB U aJICBPOJIMTOB, BKJIFOUECHUSMH MTAPUTA.

BospacT cyHTapckoil CBHUTHI OmpeneNeH MO OCTaTKaM MHOTOYHCIEHHON
MUKpO(ayHbI, BYCTBOPOK, AMMOHHUTOB U OCJICMHHUTOB U COOTBETCTBYET TOAp-

ckomy (Jit) apycy.
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OTIIO’KEeHUST CBUTHI MOXKHO PacUICHHWTh Ha TpW Mavku. HwkHss mayka,
o0mieit TommuHOM 20 M, TIpeACcTaBlieHa YSPHBIMUA U TEMHO-CEPBIMUA TOHKOCIIOH-
CTBIMHU TJIMHAMH, COACPKHUT TOHKHE MPOCIIOH, NIECUAHUCTHIX, AIEBPUTUCTHIX H
TJIMHUCTBIX M3BECTHSAKOB., CpeHss mayka, OOIeH TONIUHON 8 M, OXapaKTepu-
30BaHa TEMHO-CEPBIMU U 3€JICHOBATHIMU AJICBPUTHCTHIMU TJIMHAMH U JKEJITOBA-
TO-CEPHIMU TJIMHAMHM, BCTPEUYAIOTCS JIMH3BI TMECKOB ¢ 00JOMKaMu OOYTICHHOHN
IpeBecuHbl. BepxHss mayka, o0mieit TommuHon 10 19 M, mpencraBicHa KenTo-
BaThIMH ¥ TEMHO-CEPHIMHU aJICBPUTUCTHIMU U MECYAHUCTHIMU TJIMHAMU, C OBAJIb-
HbIMH KOHKPEIMSIMH W3BECTHSKOB WM CHACPUTOB. TOJINIMHA OCAJKOB CBUTHI
B pa3pe3ax CKBaXMH MU3MEHSAETCS B Auamna3zoHe oT 34 10 58 m.

Ha m3ywyaemoii TeppuTOpuH HIDKHEIOPCKHE OTIIOKEHHS OBUTH BCKPBITHI
44 TOUCKOBO-OIICHOYHBIMH U Pa3BEAOYHBIMU CKBRKHHAMH.

[TmacToBo-cBOmOBas 3ajekpb IUIacta Ji-1 ObIIa BCKPHITA OMHOM CKBaXKH-
HOH, B pe3yJIbTaTe UCIBITAaHUH KOTOPOM OBLI MOJydeH MPUTOK T'a30KOHICHCAT-
HOM cMecn neburom 337,7 Teic. M° Ha auadparme 19,3 M.

MaccupHas 3anexb 1iacta Ji-1l OpIma BekpbITa OMHON CKBAXKUHOM, IT0
WCIIBITAHUSAM KOTOPOU OBLT MoNTy4deH (POHTAHHMPYIOMIMI MPUTOK Ta30KOHAECHCAT-
HOM cMecn geburom 313,2 teic. M° Ha 15,9 MM xuadparme.

MecTopoXIeHus YTISBOJOPOIOB HA TEPPUTOPUN MCCIIEIOBAHUS B OCHOB-
HOM INpUypOoUYEeHbI K JIoriopckoMy n XamnuaraiiCKomy Bajam.

Xamyaraiickuii MeraBajl pacrojoKeH B IEeHTpaJibHOW vacTu Butoickoit
CHUHEKJIM3Bl M TPEICTABISET JUHEWHO BBHITSHYTYIO CTPYKTYPY CyOIIMPOTHOTO
MIpocTHpaHus IUHOHN cBhimie 240 kM u mupuHond 40—45 kM. MeraBayr KOHTPO-
JTUPYET MENOYKY aHTHUKIMHAIBHBIX MOAHSITHHA, B KOTOPBIX OTKPBITHI T'a30KOH-
neHcaTHeie MecTopoxkaeHust Bumoiickoit HI'O: Cpennesmmrotickoe, HmkHeBr-
moiickoe, Macraxckoe, TomoHckoe, bamapanckoe u Cobonox-Hemxenmackoe.
Ha ocHOBaHNMU BOCCTaHOBJIEHUSI HCTOPUM TEKTOHUYECKOrO Pa3BUTHs XamJarai-
CKOTO MeTraBaja IMEHHO HIKHEIOPCKOEe BpeMsI MHOTHMH MCCIIEZ0OBATEISIMHA CUH-
TaeTcsl HadasioM (POPMUPOBAHUS OCHOBHBIX CTPYKTYPHBIX DJIEMEHTOB MeEraBaJia.
C sTOr0 BpeMeHH Hadaia pa3BUBAThHCS MareoXarderaiickas CTPyKTypa | OCIOXK-
HSIIOIIUE €€ JIOKATbHBIE JICMCHTHI.

3aBepmicHre (HOPMHUPOBAHMS Xamyaralickoro MeraBajia M OCJIOXKHSFOIIUX
€ro CTPYKTYPHBIX 3JIEMEHTOB CBs3aHO C WHBepcueil Bumoiickoro maneopudra
B PaHHEMEJIOBYIO 310Xy (puc. 2). B 3T0 BpeMsi MPOUCXOIUT MHTCHCUBHEIA POCT
Xarmueralickoro Meraaia. [ OpH30HTANBHBIC IBUXKEHHS M TIPOLIECCHI COKATHS TIPH-
BEJIH K Pa3/IeJICHUIO Baja Ha YacTU M CMEIICHUIO MX OTHOCUTENLHO APYT Npyra [5].

ukiel ropcKoil cemuMeHTauu U (GOPMHUPOBAHKE MPUPOJIHBIX pPe3epBya-
poB Buitrolickoii CHHEKITU3bI CXEMaTHYHO MPUBEICHBI B paboTe [6]. YcraHoBIIe-
HO, YTO HWKHCIOPCKHE TCPPUICHHBIC OTJIOKEHUS B paiioHe Xamyaraiickoro me-
raBajia (J)OPMUPOBAJINCH B YCIIOBUSIX CyOaKBaJIbHOM NIENBTHI, OXapaKTePU30BaH-
HOW TJIMHUCTO-aJICBPUTO-TICCYAHON U aJIeBPUTO-TJIMHUCTO-TIECYaHON TUTO(haIH-
SIMH, PaCIOJIOXKCHHBIMHM B IpEJENax BEPXHEH 4acTH IMOJBOJHOIO OEperoBoro
MaJIe0CKIIOHA.
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B mpenmenax CoGonox-HemkenuHCKOro MECTOPOXKICHUS  aJIeBPHUTO-
MECYaHbIC ¥ aJIEBPUTO-TJIMHUCTBIC OTIIOKEHUs TommuHon 190-550 M chopmu-
POBaHBI B TIOJIBOJIHBIX KOHYCaX BBIHOCA JCILT MEIKOBOIHOTO mienbda. Ha atamne
TpaHCTpeccuu Mopsi C(HOPMUPOBAIKMCH TITYOOKOBOJHBIC TJIIMHUCTBIE Pa3HOCTH
OTIMCAHHOW BBIIIE CYHTAPCKOW CBUTHI, SBISIONICHCS PErHMOHAIBHBIM (DIFOUIIO-
yIOPOM Ha MJIOLIa/H UCCIIEA0BAHUS.

Pe3yabTaTrhl

B mponecce aHanmza CTpyKTYpHBIX 3JIEMEHTOB HemKennHCKOro JIoKallb-
HOTO MOJHSTHS, CBSI3aHHOTO ¢ XamyaraiiCKMM MeTraBajioM, KOTOPBIH B pe3yibTa-
T€ TeKTOHWYECKHX JBIKEHHI pa3OMT Ha OTAENbHBIE OJOKH, aBTOPOM BBISBIICHA
0COOCHHOCTh BOJTHOBOM KapTHHBI IIEHTPAIBLHOTO OJIOKa B MHTEPBAJIC FOPCKUX
omnoxkeHnii. Ha pucynke 3 oTMedaercs, 94To B IEHTPATHHOM OJIOKE I10 BCEM HH-
xKenexamuM oTpakaomuMm ropm3oHTam (OI), maumnas c¢ OI' P2-III mo
OI' T1-mn, — 3T0 MONMOKKUTENBHAS CTPYKTYpa, a B uHTepBasie or OI' T1-mn go
OT J3-br — 3T0 AenpecCHOHHBIH JIEMEHT, B TO BpeMs Kak B COCETHHUX OJIOKax
TaKUX U3MCHEHUH HE OTMEYaeTCsl.
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VEINBITHE OGOUIASETITA

e

Puc. 3. Mpumep duHamu4ecKoli aHomanuu e Kpoene naacma J1-11

ManoBeposTHO, YTOOBI TaKkOe W3MEHEHHE BOJHOBOM KAapTHHBI TOJBKO
B OTJIIEJIBHOM 0JIOKe OBLIO CBA3aHO C TEKTOHHMYECKUMHM IE€PECTPOMKaMu Teppu-
TOpUM. ABTOp IPEAINONAraeT, 4To 34€Ch WHBEPCHUOHHBIN IPOLIECC COIPSIKEH C
JIOKAJIbHBIM Pa3yNJIOTHEHHUEM IIOPOA M COOTBETCTBYIOLIUM CHHXEHHUEM CKOPO-
CTeH yIpyrux BoJiH. PeaslbHOro jke M3MEHEHUsI B CTPYKTYPHOM IIJIaHE OTJIOXKe-
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HUI HE yCTaHOBJICHO, a HAaOII0IaeMbIe B pa3pe3e BBIIIE MOJI0KUTENBHBIX CTPYK-
TYp IENPECCHHU SBJISIOTCS JIOKHBIMH U TIPOSIBIIIOTCS JIUIIB BO BPEMEHHOM I10JI€.

OTO yTBEepKIEHHE CBS3aHO M C TUHAMHUYECKOW aHOMaJIHMEH BOJIHOBOTO
monst Baonb O Jlsn (puc. 3). AHOMallMM TaKOro THUIA, TaK Ha3bIBAEMbIC
rIIyOMHHBIE KOJBLEBbIE Aenpeccuu, BrepBeie BbiaesneHsl JI. L. ['mpmropaom
B 3anaaHo-Cubupckom pernone B konne 1980-x rogos [7].

OTH CTPYKTYphl, HECMOTps Ha MHOroo0Opasue TpencTaBieHUd 00
UX Te0JOrM4ecKoil Mpupojie, BceMU 0e3 HCKIIIOYEHHUS! UCCIEeNIOBAaTeNsIMU pac-
CMaTpHUBAIOTCSl B KAUYECTBE BAYKHOT'O MMOMCKOBOI'O KPUTEPHUS BO3MOXKHOTO OOHa-
PYXEHHUSI CKOIUIEHHH YTJIEBOJOPOJOB NPHU OOOCHOBAHWH TEOJOTOPa3BEAOUHBIX
pabot. OOGBIYHO WHBEPCHOHHBIE CTPYKTYPHI MPEACTABIIOT OO0 pa3HOBHI-
HOCTH JTUCTapPMOHWYHBIX MMOJHATHH, Pa3BUBAIOIINXCS HAJl N30METPUIHBIMH Jie-
npeccusamu. OHH TTOIPOOHO OIMCAHBI B INTEPAType aBTOpaMH [8].

B nyOGmukanmsix mociegHuX IeT, M0 MaTepuaiaM CelcMOpa3BelOYHBIX
JMAHHBIX, TIPUBEICHBI JaHHBIE N0 HAIWYHIO CTPYKTYp 3TOTO THIIA Ha CeBepe
3anmagHo-CHOMPCKOTO PernoHa 1 B 3amagHoi gactu Exnnceii-XaTaHTCKOTO peru-
OHAJIFHOTO MPOTu0a M yCTaHOBIIEHA MX CBSA3b C MECTOPOXKICHHSIMH YTIIEBOIOPO-
10B. B OCHOBHOM WMHBEpCHOHHBIE CTPYKTYpbl 3amagHoit CHOUpH TPHYpOYEHBI
K HanOoJiee IPOTHYTHIM 30HaM OacceifHa, HO B MOCTIETHNE TOABI €CTh OTKPHITHIE
MECTOpPOXACHHUA B TIpeAenax EHuceil-XaTaHTCKOTO perHOHaJIbHOTO MPOruoa,
KOTOPBIE OTHOCSTCS K MOJIOKUTEIEHBIM CTPYKTYPHBIM DIIEMEHTAM.

Tot ¢hakT, 9T0 HHBEPCHOHHBIE CTPYKTYPHI 3anagHoit CHOUpH xapakTepHBbI
JUIS TEPPUTEHHBIX OTIOKEHUH W BCTPEUYAIOTCS TMPH HAIWYUH XOPOIIeH
TJIMHUCTON TIOKPBIIIKH, TIO3BOJISIET MPEIMONOKUTh X HAMYMe W B Tpefenax
CTPYKTyp XamyaraicKoro MeraBaja, B TEPPUIE€HHBIX OTJIOXKEHUSX HWXKHEH
IOpPBI, KOTOPHIE XapaKTePU3YIOTCS aHAJOTUYHBIMH YCIOBHAMU (POPMHUPOBAHHS
0CaJIOYHBIX TTOPOJI.

CrnemyeT OTMETHTD, 9TO B 3anagHoit CuOupy MprU3HAKOM WHBEPCHOHHOTO
MTOHATHUS SBISETCS Pa3HOBUIHOCTHh TOJHATHHA, Pa3BUBAIOIINXCS HaJ H30MET-
PUYHBIME JeTIpeccHsIMHA. B TpuBeIeHHOM IIpUMEpEe BOJIHOBasS KapTHHA —
IPOTHBOIIONI0XKHAA, HO OTCYTCTBHE YHACIIEHOBAHHOIO PAa3BUTHUS CIPYKTYPBHIL,
MO CPaBHEHHIO C COCEJIHUMH OJIOKaMH, B OTAEIBHO B3ATOE BPEMS CBUCTEIIb-
CTBYeT 00 M3MEHEHHMH CKOPOCTHBIX XapaKTEPUCTHUK ITOTO WHTEpBasia, CBS3aH-
HBIX C 3aJIC)KaMU ra3a B HUJKHCIOPCKUX OTJIOKCHUAX.

CTpyKTYpHI, CBSI3aHHBIE C €CTECTBEHHBIM (DIFOMI0Pa3PhIBOM MOPO/I, KaK U
apyrue (QpIrourIoIuHaMUYecKue CTPYKTYpPBI, H3ydeHbl o4eHb cinabo. Heobxomu-
MO THIATCJIBHOC U3YYCHUC UX HAJINYHA HAa UCCICAYEMBIX TCPPUTOPUIAX U 06T>$1C-
HEHUS IPUPOBI STUX AaHOMAJIMM.

30HBI TPCHIMHOBATOCTHU, BBIACIACMBIC II0 CCﬁCMOpa?;BCI[O‘IHBIM JaHHbIM
C MCTOJIb30BAaHHEM HM3BECTHBIX METOJIMYECKUX MPHEMOB (pa3pe3bl U KyObl Kore-
PEHTHOCTHU, PACCCAHHBIX BOJIH U T. H.), MOT'YT ABJATHCA KaHaJlaMKU (1)HIOI/II[0MI/I-
TpaIyu, OJHAKO MOTYT OBITh C HEHl U HE CBSI3aHHBIMHU [9].
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[Ipu aHanu3e NaHHBIX MCTIBITAHUN MO CKBaKWHAM, BCKPBIBIIHUX HCCIENY-
eMBIi HMHTEpBaJl HIKHEIOPCKUX OTIOXKeHuil (puc.3), Oblma OTMeucHa
CIIEAYIOIIAsl 3aKOHOMEPHOCTh: B 3alaHOM U LIEHTpaibHOM Onokax Hemkenun-
CKOW CTPYKTYpBI, CBS3aHHBIX C AMHAMHYECKOH aHOMalluei, B ckBakuHe X-4
TOJTydeH NPUTOK 354,4 ThiC. M°/CyT rasa, B ckBaxuHe X-2 — 476 Thic. MY/cyT
rasa, B TO BpeMs Kak B BOCTOYHOM OJIOKe, 3a Pa3iOMOM, B CKBaXXHHE X-3
MOJIyYeHbl NMPUTOKM IJIACTOBOM BOJBI. B 1enoM MOpUCTOCTh HMKHEIOPCKUX
otnoxeHnit Hemxenunckon ctpykTypsl usmensiercs ot 11 go 27 %, a nponuna-
emocTh nocturaet 2 000 m/1.

BoiBoabl

. TeppureHHsie OTIOXKEHUSI HUKHEH 0opbl Bumioickoill CHHEKIU3BI
Cubupckoii miatopMbl CHOPMUPOBAIHCH B YCIOBHUSAX, aHAJIOTHYHBIX IMTPOIIEC-
caM oOcaJKOHaKoIUIeHus 3anaaHo-Cubupckoi tiardopmbl. KosutekTopbl Kbi-
3BUICBIPCKOM ~ CBHUTBI  XapaKTCPU3YIOTCS  XOPOIIMMH  (BHIIBTPALMOHHO-
€MKOCTHBIMHU CBOMCTBAMH M MEPEKPBITH HAJIEKHOU TTTMHUCTON MOKPHIIIKON ap-
THJUIUTOB CYHTaPCKON CBUTHI.

. Ha ocHoBe ceilicMOpa3BeIOUHBIX JAaHHBIX YCTAaHOBIEHO, 4yTo He-
JOKEIIMHCKOE JIOKAJbHOE MOJHSITHE — UHBEPCUOHHAS CTPYKTYypa. B kpoBie mpo-
JTYKTUBHBIX HIDKHEIOPCKUX OTIIOXKEHHM KBI3BUICHIPCKOM CBUTHI B IICHTPAILHOM
0JIOKE OTMEYASTCs TMHAMUYCCKAs aHOMAJIHS TUTIA «IPKOE MATHOY.

. Pazanna B urrongHOM HACHIIIEHWH YTIIEBOIOPOJAMH 3arafHOW U
BOCTOYHON 9acTH HemKennHCKON CTPYKTYpHI MOATBEPIKIAACTCS WCIBITAHUSIMHE
10 CKBaYKWHAM.

. Hanuune nuHamMuyeckux aHOMAalWid WHBEPCHOHHOT'O THUIA MOXKHO
paccMarpuBaTh KaK MPU3HAK /IS IOMCKA 30H CKOIUICHHWH YTIIEBOAOPOJOB B HO-
BBIX IOMCKOBBIX 30HaX BHIIFOMCKOM CHHEKIN3HI.
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I'eos10ro-reoxumMuyecKne aceKThl MOJCITUPOBAHUSA
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Annomayus. BaxHEHIIMM 3TaloM MOJCIMPOBAHUS T'EOJOTHYECKHMX YITIEBOIOPOAHBIX CHUCTEM
(YBC) sBnsercs mporHo3upoBaHue (Ha30BO-TEHETHYECKUX THUIIOB YIJIIEBOAOPOJIOB, ITOCKOJBKY
KaueCTBEHHAsl U KOJIMYECTBEHHAs! OLIEHKA PECYPCOB BEPOATHBIX 3a/IeKell MMEIOT BaXKHOE TPAKTHU-
4ecKoe 3Ha4YeHHE B MPOLECCEe NMPHHATHS PelIeHHs 00 WHBECTUPOBAHMU B I€OJIOrOpPa3BelOYHbBINH
akTHB. Taroke CHIDKEHHE T'e0JOTMUeCKUX PHUCKOB NP OCBOSHHMH aKTHBOB M HOBBHIMIEHUE d(dek-
TUBHOCTH WHBECTHIIMH MOTYT OBITH ITOJYYCHEI 33 CUET MOBBIMIEHHS TOYHOCTH KadeCTBEHHOTO M
KOJIMYECTBEHHOT'O TPOTHO3a HedrerazoHocHOCTH. [103TOMY TEXHOJIOTHH, MO3BOJISIOIINE ITPOBO-
uTh MonenupoBanue YBC, nprobperatoT Bee OoJbliee MpakTHIECKoe 3HaueHne. B cBsi3u ¢ 3THM
OCHOBHasl LieJIb UCCIIEIOBaHHUs — PAacCMOTPETh BaXKHBIE T€OJIOr0-TCOXMMHYECKUE aCIIEKThl MOIe-
JMpPOBaHUs yrieBoaopoHbix cucteM. ITon YBC noHMMAKOTCSA CUCTEMbI, B KOTOPBIX B3aUMOYBS-
3aHbI BCE JIEMEHTHI M I'€0JIOTHYECKUE TIPOLIECChI, BIMAIONLINE Ha (GopMUpOBaHHE HedTera30HOCHO-
CTH B 0CaI0YHOM OacceliHe.

B pe3synbrare paccMOTpEHHsI OCHOBHBIX BOIIPOCOB IIPOIIECCa MOJEIUPOBAHMS ObIIIO OTMEUEHO,
4T0 TeopeTHnyeckoll ocHOBoH YBC city)kHT KOHIEIIHS «HE(TSIHOTO OKHA», M y4eHHe O (a3ax
HedrerazoobpazoBanus. OHa MOCIEIOBATEILHO OXBATHIBAET UCTOPHIO PAa3BUTHUS OCAJ0YHOrO Oac-
celiHa, SBOJIOIMIO TEPMHYECKOTO M TepMOOApUUECKOT0 PEXHMMOB B OCAJOYHBIX OTIOXKCHUSIX,
pa3BUTHE IPOLECCOB MPEOOPa30BaHMs OPTaHMYECKOTO BEIIECTBA, TCHEPAIMIO YIIIEBOAOPOJIOB,
HPOLIECCHI UX MUTPALIMH, aKKyMYJISIIIUK H COXPaHHOCTH.

Hcnonb30BaHKe MONYYEHHBIX PE3yIbTaTOB MoJeNipoBaHusi YBC mpu oleHKe reoJorH4eckux
PHCKOB U I'€0JIOr0-3KOHOMHYECKOT0 3 deKTa 0T OCBOCHHUs T'€0JIOropa3BeJOYHOTO aKTHBA MOXKET
BBICTYIIaTh MOIIHBIM WHCTPYMEHTOM IIPH IPHHSATHU KOMITAHUSIMH MHBECTHIMOHHBIX PEIICHHI B
reojioropasenouHeIx paborax (I'PP).

Kniouesvie cnosa: yrneBogopo/sl, yrieBoAOPOHAs CUCTEMA, MECTOPOXKEHHE, T€0I0ropa3Be10d-
Hble paboThl, 30HBI U (a3bl HedTera3oo0pa3oBaHus, KaTareHe3, OPraHNYeCKoe BEIECTBO, BUTPU-
HUT, THPOIIU3

Jnsa yumuposanus: imamos, P. P. I'eonoro-reoxumuueckue acrekTbl MOJASIUPOBAHUS YIIIEBOIO-

ponusix cucrem / P. P. Umamos. — DOI 10.31660/0445-0108-2024-5-34-45 // i3BecTust BhICIIUX
yueOHbIX 3aBeieHnit. Hed1s u ras. — 2024. — Ne 5. — C. 34-45.

Geological and geochemical aspects of modeling of hydrocarbon systems

Rustam R. Imamov

Meretoyakhaneftegaz LLC, Tyumen, Russia
imamov_rustam@bk.ru

Abstract. Forecasting the phase-genetic types of hydrocarbons is the most important stage in mod-
elling geological hydrocarbon systems. This is because accurate qualitative and quantitative as-
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sessment of potential reserves is necessary for making informed investment decisions in explora-
tion activities. Improving the precision of qualitative and quantitative oil and gas forecast can help
reduce geological risks in asset development and increase investment efficiency. Therefore, tech-
nologies that allow modelling of hydrocarbon systems are becoming ever more important.

This study aims to explore the key geological and geochemical aspects of hydrocarbon system
modelling. Hydrocarbon systems refer to interconnected elements and geological processes influ-
encing hydrocarbon formation in sedimentary basins. The study emphasizes that the "oil window"
concept, or the theory of hydrocarbon formation phases, provides the theoretical basis for hydro-
carbon systems. This concept consistently encompasses the entire history of sedimentary basin
development, the evolution of thermal and thermobaric regimes in sedimentary deposits, the trans-
formation of organic matter, hydrocarbon generation, migration, accumulation, and preservation
processes. Using the results of modelling of hydrocarbon systems to evaluate geological risks and
the economic impact of exploration activities can be a powerful instrument for companies that
make investment decisions in geological exploration.
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Beenenue

Konrenmust YBC siBnsieTcst 07fHOM M3 BaXKHBIX B COBPEMCHHOUM HE(TSIHOM Teo-
JIOTUH, TaK KaK MO3BOJISIET ()OPMATN30BATH CBSI3H MEXITY T€OJIOTMIECKUMH 3IEMEHTA-
MH BO BPEMEHH U MPOCTPAHCTBE, JIOKATH30BaTh MEPCIEKTUBHBIC 00BEKTHL, UTO HEOO-
XOJIMMO ]ISl YCTICIITHOTO MPOBE/ICHHS TIOUCKOBO-PA3BEIOYHBIX Pa0dOT Ha He()Th U ra3.

B nacrosmiee Bpemst B HepTera3zoBol reojIoTUU CYIIECTBYET JIBa BaKHBIX
noustust: YBC u Play. Ux oTnuuns 3akmrouarotest B cieayromieM. YBC Bkiio-
gaeT B cebs omuy HedrerazomatepuHckyro toimy (HI'MT) u mHOXKecTBO pe-
3epBYapoB U JIOBYIIIECK, KOTOPBIC 3allOTHUTMCH U3 3TOU ToJIIH. B Oacceiine mMo-
ryT ObITh Heckonmbko YBC, Tak Kak B HEM BO3MOKHO MPHUCYTCTBHE HECKOJIBKUX
HI'MT. Play sxe MOXeT coiepath yriIeBOIOPOIbl 3 HECKOJIBKUX MATEPHHCKHX
TOJI, HO UMeeT oauH pe3epByap. Konmnernmuu YBC Gonee Bcero cooTBETCTBYET
IBOIIONIMOHHO-TEHETHYECKOE yueHne 0 HedrerazoHocHbIX OacceiiHax b. A. Co-
kosoBa [1]. OH paccMaTprBai 3aKOHOMEPHBIE CBS3H MEXIY pa3MelIeHHeM Me-
CTOpOXKICHUH HePTH M ra3a u UCTopHuer GopMupoBaHus HePTEra30HOCHBIX Oac-
ceitnoB (HI'b). HedrerazonocHocts ocamoynoro OacceitHa — pe3yibTaT Mpo-
CTPaHCTBEHHO-BPEMEHHOTO COOTBETCTBHS (PAKTOPOB, OMPEAEISIONINX YCIOBHS
o0pa3oBaHwmsI, TIEpEeMEIeHNs, HAKOIUICHUSI U COXpaHeHUs HeTH U ra3a, a KOH-
KpeTHOE TPOsIBIIEHNE 3THX (HDaKTOPOB B 3HAUYMTEIILHOW CTETICHH OTpENeiseTcs
HMCTOPUKO-TEKTOHMYECKUM THIIOM OacceifHa W YPOBHEM €T0 Pa3BHUTHS.

OO0bexT HuccieoBaHus

YBC — 3T0 reHeTudeckoe MOHSITHE, B KOTOPOM OIMCHIBACTCS B3aUMO-
CBSI3b BCEX JJIEMEHTOB M I'€OJIOTMYECKUX MPOLECCOB B MpENeNax OJHOW cucTe-
Mbl. [Ipu sTom HedrerazonocHocTs HI'b sBnsieTcst ero cBoiicTBOM, KOTOpPOE TIO-
SBIISIETCS. TIPU ONpPENEeNECHHBIX YCIOBHSX €ro pa3BuTHi. B Hacrosiiee Bpems
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H3yUYCHHIO Tporiecca (GOpPMUPOBAHUS JAHHOTO CBOMCTBA 0CAIOYHOrO OacceiliHa
B HAy4YHO-TEXHHUYCCKOHW JUTEpaType yICICHO 3HAUYHUTEIHLHOEC BHUMAHHEC H TO-
CBSIIIIEHO MHOXECTBO CICHUATM3UPOBAHHBIX HccieqoBanuit. OMHAKO €CTh BO-
NPOCHI, TPEOYIOIIHE OTACIBHOTO PACCMOTPEHHS.

MeToa uccaenoBaHusi

OcHOBHBIM HHCTpYMeHTOM aHanu3a Y BC, MO3BOISIOIIAM MMOTydaTh KOM-
IUIEKC COTJIACOBAaHHBIX MEXIYy Cc000# Teonoro-reopu3mueckux, nerpodusmde-
CKUX, T€OXMMHUYECKUX, THIPOTEOJOTHYECKHX U I'€OMEXaHMYECKHX PaCcUeTHBIX
JTAHHBIX, CITY’KUT OacceHOBOE MOJETHPOBAHKE, ITOIYIHBIIEe CAMOCTOATEIHHOE
pa3BUTHE B BHIE OTAEIHHOIO HAYYHOTO HampaBleHHs. V3ydeHWe H3BECTHBIX
TEXHOJIOTHI 0accelfHOBOrO MOJICTUPOBAHUS, peallu3yeMbIX B CHEIHUATU3UPO-
BaHHBIX KOMITBIOTEPHBIX MPOrpaMMHBIX Komiutekcax PetroMod, TEMISPACK wu
IIp., TIOKa3bIBAET, YTO B UX OCHOBE aHAIIM3UPYETCS 10 IECATH U 00JIee KIOUEBBIX
KOMIUTEKCHBIX mapameTrpoB HI'b: 00bemM ucTouHMKa 00pa3oBaHUS YIIIEBOAOPO-
noB (YB) u ero oborameHHOCTh OPTraHMYECKHAM BEIIECTBOM; THUI KEPOT€HA U
YpOBEHb TPEeoOpa30BAHHOCTH; BpeMsi TeHepanuu YB; pa3Mepsl JOBYyIIEK s
He()TH U ra3a; TOJIIIMHBI IPUPOHBIX Pe3ePBYyapoB (MOPO/I-KOJUICKTOPOB); Kaue-
CTBO pe3epByapoB U (IFOUI0YIIOPOB (ITOKPHIIIEK); HAPABICHUS MUTPAIHUA 00-
pa3yronIuxcs TIACTOBBIX (IIIOWIOB; YCIOBUSI COXPAaHHOCTH 3aiiexkeit u np. JlaH-
HBIC MapaMeTphl TPYNIUPYIOTCS B YETHIPE OCHOBHBIX 0JIOKa MpOrHO3a HedTera-
30HOCHOCTH (pHcC.]), UMEIOIUX pa3IMYHbI YPOBEHb HEONPEACICHHOCTH U pa3-
JIMYHBIC UCIIOJIb3YEMbIC CUCTEMBI OFpaHI/I‘IeHI/II‘/’I.

Bpemsa reHepaumum VB,
Hanpas/JeHUA MUrpaumm

i
30HbI aKKymMmynaumm YB

HcTounmk YB

YcnoewuAa coxpaHHocTn YB
CKONNEHWMH

Puc. 1. OcHogHble 610Ku MmodenupoeaHus YB cucmem

Pe3yabTaThl M 00CyxKIEHHE

Teopernueckoli OCHOBOW MPOTHO3UPOBAHUS HE(PTETa30HOCHOCTH BCEX
M3BECTHBIX METOJIOB CIYKHUT KOHIICTIINS «HE(PTIHOTO OKHAY, WIN y4ueHHe o ¢a-
3ax HedTerazoo0pa3oBaHus, OCIEN0BATEIFHO OXBATHIBAIOIIEE HCTOPUIO Pa3BU-
THS 0CaZOYHOTO OacceiiHa, SBONIOIHI0 TEPMUYECKOTO ¥ TEPMOOAPUIECKOTO pe-
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KHMOB B OCaJOYHBIX OTJIOKCHUSX, Pa3BUTHE MPOLIECCOB MPeoOpa3oBaHusl opra-
Huueckoro BemecTBa (OB), renepanuo YB, mporecchl UX MUTpanny, akKyMy-
JIAUUHU U COXPaHHOCTH. /[aHHAast KOHIENIKs SIBJIAETCS, B OCHOBHBIX CBOMX MOJIO-
JKeHUSIX, OOIENPUHATON U, M0 MHEHHIO MHOTHX HCCIIEAOBATENeH, ClIOCOOCTBYET
CHIDKCHHUIO PHCKAa T'e0JIOrOpa3BelOYHBIX PadOT M ux onTuMuzauuu. OgHAKO He
BCE TOJI0KEHHUS ATOM KOHUEMNINHU MOTY4YHIN K HACTOALIEMY BPEMEHH JIOCTaTOYHO
TIOJIHBIE M COTJIaCOBAaHHBIE pelIeHHs. FIMEIoTCs pa3uyuHble BapuaHThl ee pa3pado-
TOK, OTJINYMSI BO B3IJISAAX B PELICHHUH Psijia BOIPOCOB, B OCOOCHHOCTH CBS3aHHBIX
C olleHKOW coxpaHHocTu YB ckomnennii B ocagounom yexsie HI'B. Haunbonee
OCTPO OHH TPOSBHIINCH MPH OCBOCHWH TITyOOKONOTPY)KEHHBIX TOPU30HTOB OCa-
IOYHBIX O6acceitHOB 70 5—10 KM B pa3IMIHBIX YaCTAX 36MHOTO Iapa.

OO6pryn0 B mipakTHKe I'PP orenka coxpannoct YB u UX CKOIICHHI B Oca-
nouHoMm 4yexsne HI'B ocHOBbIBaeTcs Ha NMOKa3aHUSX YPOBHsI KaTareHETUYECKOH
npeoOpaszoBanHocTH OB, 0003HaYaeMBIX B SIUHHIIAX OTPAKATEIHLHONW CIIOCOOHO-
ctu ButpuHUTa (OCB). K OCB ocymecTBnsiercst MpuBs3Ka MHOTOYHCIIEHHBIX T1a-
pametpoB HepacTBopuMoro OB, HedTei, ra30B, KOHAEHCATOB, OUTYMOH/IOB.

B kauectBe OCHOBHBIX (PaKTOPOB, KOHTPOJHUPYIOLIMX HPOLYKTHBHOCThH
He(Tera3oMaTeprUHCKUX OTIOXKEHUH, pacCMaTpUBAETCsl COACPIKAaHUE OpraHuye-
CKOT'O BEILECTBa B MOPOJIE, €T0 THII M YPOBEHb NPEOOPa30BaHHOCTH, KUHETHYE-
CKHE€ MOJAEIH TEePMHYECKON 3BOJIIOLIMH, MOKa3aTenud TepMoOapuueckoi oOcra-
HOBKH ¥ T. 1. IIpn ananmm3e macmTaboB HedTerazoobpa3zoBaHus mepes crenra-
JUCTAaMH BCTAaeT 3a/1a4a BOCCTAHOBIICHHS TEMIIEPATYPHOH HCTOPUHU OCaOYHOIO
OacceifHa. 31ech TakXKe MPUMEHSETCS METOJ ONPEAEICHUs MajeoreoTepMuye-
CKHX YCIIOBHH TIO JNaHHBIM OTpa)karomied CIIOCOOHOCTH BUTPHWHWTA. Bmecte
C TeM TeMIIepaTypbl JOCTHKEHHS ONpPEEeIEeHHbIX IPalalliil KaTareHe3a 3aMeTHO
otnuyaroTcs. 1o JaHHBIM pa3IMYHBIX UCCIIEeN0BaTeNeH, OTINYNE B IajleoTeMIIe-
patypax moxet nocturats 100 °C u 6onee. 3amepsl ke OCB mo o6pasmam kep-
Ha U3 CKBAXKUH IMO3BOJISIIOT BOCCTAHOBUTH KOHKPETHYIO MaJeOre0TePMUYECKYIO
UCTOPUIO TPeoOpa3oBaHUsl M3yYaeMBIX OCAJOYHBIX OTJIOKEHHWH W BBIICIUTH
B pa3pe3e 30HbI Hed)Te- U Ia3000pa30BaHMsl, a TAKXKE IMIIUPUUECKA 00OOCHOBATH
yCIIOBUSI COXpaHHOCTH Y B ckoruieHuit pa3nuyHoro (a3zoBoro COCTOSHUS B KOH-
KpETHOM IIPUPOTHOM pe3epByape.

Wzyuenne npupogHBIX pe3epByapoB He(TEra3oHOCHBIX OCAJO0YHBIX Oac-
CEHOB MPOBOAMTCSI KOMIUIEKCHO U 10 Pa3MYHBIM HANPABICHUSIM: Teou3nye-
CKOMY, JTUTOJIOTHYECKOMY, NETPOPYUZNIECKOMY, THIPOTECOIOTHYECKOMY, TeOXH-
MUYECKOMY, KNHETHYECKOMY, TE€PMOJUHAMHYECKOMY, THAPOIUHAMUYECKOMY H
npyruM. Ilpu 3TOM, Kak MOKa3bIBaeT MPaKTHKA, HAWIYUIIMe pe3yJbTaThl MpH
COTJIACOBAHMH TOJYYCHHBIX JAHHBIX, KaK Y€ OBbLIO OTMEUEHO, IOCTHUTAIOTCS
MIpY UCIIOJIb30BAaHUM TeXHONOoruii Mosenupoanus YBC. CnenyeT 3aMeTUTh, 4TO
K HACTOSIIIEMY BPEMEHH JOCTUTHYT BHICOKHI YPOBEHb HHCTPYMEHTAIBLHOH 0a3bl
M3Yy4eHUsl TMPUPOIHBIX PE3epPBYapoB U UX coAepkuMoro [2]. OgHaKo MeTOo.bl
WHTEPIPETAUN U COIJACOBAHUS AHAJIMTHYECKUX AAHHBIX OCHOBBIBAIOTCA Ha
KOHLIETITYaJIbHOM, YacTO YIMPOIICHHOM TEOPETHUYECKOM OCHOBE. DTO CBSI3aHO
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C psfoM IpuuuH. B mepByro ouepenp — cO CIONKHOCTBIO MOAETUPYEMBIX CH-
cTeM NpUpoIHBIX pe3depByapoB HI'B, a Taxke ¢ TpyaHocTsimu cozganus dpgex-
THUBHBIX METOJIOB MHTEPIIPETALMH MPOLECCOB, IPOUCXOAAIIUX B HEAPAX B IMpO-
CTPAaHCTBE U BO BPEMEHH.

MeTom0IOTHYECKH PernOHANbHBIA KadyeCTBEHHBI NMPOTrHO3 HedTeraso-
HOCHOCTH BKJIIOUAET PEIICHUE YETHIPEX OCHOBHBIX BOIPOCOB:

. BEIETICHHE B paspe3e OTIOXKEHWH He(Tera3onpoayupyoImnx
Touy (MCTOYHUKOB Y B);

. oTpeieIeHre TeHeTHIeckoro Trma ucxoguoro POB (uctounmkos YB);

. BbISIBTICHUE CTaaui KaTareHe3a POB B pa3pese nzyyaeMbIX OTIIOKECHUIA;

. orpeencHue yciopuii GopMmupoBanus Y B ckorieHui.

B opranuueckoil reoXuMuM CYIIECTBYIOT JIBa HAMPABICHUS MPOTHO3UPO-
BaHUs ()a30BOTO COCTOSTHUS 3aJICHKECH:

. Ha OCHOBE (panmaabHO-TEeHETHYECKOT0 THIIA M YCIOBHNA MPeoopas3o-
Banus OB;

. Ha OCHOBE M3y4eHHus He(Tell, KOHIEHCATOB U 3aKOHOMEPHOCTEN HX
cocTana.

[TomyunTs Tpencrasnenue o anuanpHO-reHeTHYecKoM Tutie POB Mok-
HO, MCIOJb3Yysd Pe3yJbTaThl XUMHUKO-OUTYMHHOJIOTHYECKUX aHAJIM30B PacTBO-
PUMBIX OMTYMHHO3HBIX KOMIIOHEHTOB U MX B3aUMOCBs3b ¢ OB mopoa. Oxnako
pacTBOpUMBIE OUTYMOWIbI, HanOoOJIee OJIM3KUE MO COCTaBy K HE(TIM, COCTaB-
JSIIOT JUIIB He3HaunTenbHylo yacth POB (0,01-1,0, ouens penko po 10 %), npu
3TOM HX COCTaB IIpeTepIieBacT HEOJHOKpPATHBIC W3MEHEHUs, CBS3aHHBIE C MU-
rpanuei, «IpIxaHueM» He(TSHON MU Ta30KOHACHCATHOM 3aJIeKH, KaK Mo Topu-
30HTaJIM, TaK U 10 BepTukanu. HepactBopumoe opranndeckoe Bemectso (HOB)
WM KeporeH — TiaBHBIN HocuTens nHGopmanuu o POB. B ero crpoenun co-
XpaHsIOTCS YepThl, YHacienoBaHHble oT ucxognoro OB. I[Ipu 3ToM KodaHUYecTBO
HOB cocragnsier 90 % u 6osiee ot POB [5].

OcobeHHOCTH TEeOXMMHYECKOH HCTOpuH HedTell B mporecce UX cyle-
CTBOBAaHHUA B 3¢€MHOW KOPE, U3BMEHEHHE UX Y B U MOJEKYJIApHOro COCTaBa TakKe
JAIOT OCHOBAaHHUE K MPOTHO3Y ($a30Boro coctosHust Y B B Tommie.

OtaenpHOrO0 BHUMaHHMS 3aCily’KHMBAe€T BOIPOC 0O0pa30BaHUS Ta30KOHACH-
CaTHBIX 3aJIeXKel, KOTOPOe MOXKET IIPOUCXOAUTH Pa3HBIMU ITyTSAMU: B Pe3yJIbTaTe
reHepaluy KOHACHCATHOIO rasa ra3oHe(TeMaTepuHCKUMH IMOPOJaMH M IPH
Pa3IMYHBIX NPEBPALICHUSIX HEPTAHBIX CKOIUIEHHUH. DTO MOTYT OBITH KaTarcHe-
THYEeCKHUe MpeBpaiienns HedTIHBIX YB B Oonee nerkue (BIUIOTH 10 Ta3o00pas-
HBIX) C Y)KECTOYEHHEM TepMOOapHUYEeCKHUX YCIOBHH, pa3In4Hble MPOLECCH B3a-
NMODPACTBOPEHHsI HeTeld W ra3oB C PETPOrpajHbIMHU SIBICHUSMH, U3MEHEHUE
(ha30BOTO COCTOSTHMSI, CBSI3aHHBIE C Tpolieccamu Murpannn. OcobeHHoctr op-
MHUPOBAHUS TA30KOHACHCATHBIX 3aJI€KEH OTPaXKAIOTCS HA COCTABE KOHICHCATOB.

JIro60i1 MeTox mporHo3a onupaeTcsl B NEPBYIO oYepeab Ha Hay4HO 00oc-
HOBaHHYI0 Teoputo. K HacTosmeMy BpeMeHH NpaKkTHYECKH BCsl MUpOBas Hede-
ra3oBasi reojorus M OpraHUYecKas reoXMMusl 0a3upyroTcs Ha 3BOJIOLMOHHOM
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OpraHWYECKOH, O0CaJ0YHO-MUTPAIMOHHOW KOHIENIu npeodpasoBanus POB
nopoJ ¥ reHepaumu YB ¢mronnoB, koTopas B TEUEHHE UIUTEIBFHOIO BPEMEHH
JIOTIONTHSJIACHh M YTOYHSIJIACh HOBBIMHU JAaHHBIMH, ITOJIyYeHHBIMU B MPOLIECCE I'e0-
XMMUYECKUX uccienoBanuii. CornacHo 3TOM Teopuu B 30HE MpOTOKaTareHesa
(ITK-TIK3) BO3MOXHO CYyILECTBOBaHHE T'a30BHIX (MeTaHOBBIE YB), He]TAHBIX,
¢ HemnpeAenbHBIMU Y B He(Tera3oKoHAEHCATHBIX M Ta30KOHJCHCATHBIX 3aJIekKei
(xuakue (iarouael Bce UMEIOT HahTeHOBBIN cocTaB). B 30He ciiaboro me3okara-
renesa (I1IK;—MK;-MK;) MoryT ObITh pacnpocTpaHneHbl HeTSHBIE, Ta30KOHICH-
caTHble (BTOPHYHBIE) W HEPTEra30KOHICHCATHBIC 3aJIe)KM METaHOBOTO THIIA,
(puc. 2). B 3one me3okartarenesa (MK; — Bepxu MK,) pacmpocTtpaHeHsl
He(TstHBIE (TIEPEXOMHOTO COCTOSIHUSA), Ta30KOHACHCATHHIC (IMPOMEKYTOUHOM
30HBI) 3aJIKU METaHOBOTo Tuna. PacnpocTpaHeHHeM IEepBUYHBIX Ia30KOHAEH-
CaTHBIX 3alle)Keil XapaKTepU3yeTcs 30Ha CHIIbHOr0 Me3okarareHesa (MK,—MKs).
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Puc. 2. ConocmasneHue OKOH 2eHepayuu ¥YB u cmaduii KamazeHe3a
op2aHu4ecKoz20 seujecmea

Hexkotopsie uccnenoBatenu Boiaeisor I'OI (rnaBHyto ¢a3y razoodpaso-
BaHMsI) KakK 3Tan 0co00 WHTEHCHBHOHN T'eHepaluu raza (MpeuMyIIeCTBEHHO Me-
taHa) u3 OB, B pe3ynbraTe ero AecTpyKIMU B KOHIIE ME30KaTarcHe3a — Havale
anokatareHesa (cragus MKs—AK) mpu t=180-200 mo 250 °C. I'dI" — compo-
BOXKJAETCS MaccoBOW SMHUTpanyeidl ra3oB H3 He(Tera3oMaTepHUHCKHUX MOPOX
(HI'MII) B nopoAbI-KOIIEKTOPEI.
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OO6pazoBanue ra3oB, B TOM 4nciie YB, BcimenacTeue npeodbpazosanns POB
COIIPOBOXKIAET B TOW MJIM MHOW MEpe BCE ATarbl JUToreHe3a. Ha craguu auare-
He3a B pe3yibTare Oumoxumudeckoro okucienus OB reHepupyercs npeumyiie-
cteerHo CO, u CHy, ognako Gonpimas ero acte paccemBaetcs. IlogpTan mpo-
TOKaTareHe3a XapaKTePU3yeTCs CPAaBHHUTEIHHO HEBHICOKOH WHTCHCHBHOCTHIO
reHepauu rasa c npeoodsiaganueM B cocrase CO,. ITHTEeHCUBHOCTH 00pa3oBaHUs
ra3a B HaJaje Me30KaTareHesa Takke HeBBICOKas, MPUYEM B COCTaBE raza Majo
CH,4 u npeo0nagaroT ero roMoJory, KOTOpble 00pa3yroTcs OJHOBPEMEHHO C YT-
JIEBOJIOpOiIaMu He()TSHOTO psifa. BaxkHbIii MOMEHT B 00pa3oBaHHU ra30B HACTY-
MaeT B KOHIIE dTala Me30KaTareHe3a, KOrja 3HAYWTEIbHO aKTHBU3UPYETCS Me-
TaHOOOpa3oBaHue u HauynHaercs ['®I, mpomomkaronascs B MPOLECCE 3TAIOB
MK;s u AK. Murpartust 1 akKyMyJisIiiiist YTIIEBOJIOPOIHBIX Ta30B, KOTOPHIC BBIJC-
JIATCS B BUAEC CBOOOMHOHN (ha3bl, MPUBOANT K 00pa30BaHUIO Ta30BBIX M Ta30KOH-
JICHCATHBIX 3aJIe)Kel (IEPBUYHBIX ).

Takum ob6pazom, I'3H — riyOmHHO-KaTareHeTHdecKas 30Ha B paspese
HI'b. Bo Bcex 6acceitnax I'3H mpuypouena k rpanmamuu xatareHeza POB ot
koHna I1K3 mo xonma MK, mim no smagana MKj; BkmrounTensHo. B 3aBucuMocTH
OT CTpoeHHUs1 OacceifHa, ero reoTepMuueckoro pexmma, tuna POB um mpyrux
¢dakropoB ['3H ¢Purcupyercs Ha pasnuUHBIX TIIyOWHAxX IS TUIATGOPMEHHBIX
oOnacTell ¥ rTyOOKKX BIAJWH M albIIMHACKUX MPOruooB [3, 4].

CrnenyeTr OTMETUTh, YTO B TIEpUOJI TJIaBHOM (ha3bl HeTeoOpa3oBaHUs ak-
THUBHO MPOUCXOAT MPOIECCH TePMOeCTpYKInu KomrnoHeHToB POB. DT0 mnpwu-
BOIUT K TEeHEepalmuu OOJIBIIOTO KonmdecTBa HeTsHBIX YB u acdambToBO-
CMOJIUCTBIX BeIIecTB. X KOHIIEHTpalUs TOCTUTaeT MakcuMymMa B coctae POB
(unorma no 50 %) m B MaTepuHCKuX nopozpax (mo 3-7 %). 3aeck obpasyercs
OoJpIas Macca JISTKUX YTJIEBOAOPOIOB, COCTABIAIONINX OCH3MHOBBIE U KEpO-
CUHOBBIC Ppakiuy HePTH, HA IO KOTOPBIX Ipuxoautcs 10 S0 % ot ee Macchl,
a Taxke romosioru Metana (C,-Cs), HO reHepariis MeTaHa MPOTEKaET CJIado.

B mHacrosmuit MOMEHT ypOBEHb M3YYEHHOCTH MPHPOJHBIX T'a30KOHIEH-
catabix cucreM (I'KC) mo3BosisieT BIIOJIHE YBEPEHHO KIacCH(PHUIIMPOBATH ra3o-
KOHJICHCATHBIE 3aJICKH 10 UX reHeTryeckuM tunam [6, 7]. Bce I'KC mensarcs Ha
JB€ TPUHIMIHAAIGHO OTIHYAIOMIMECS OPYT OT Apyra TPYINBl — IEePBUYHBIC
(ucxomHbIe) M BTOPUIHBIC (HOBOOOPA30BAHHEIE).

Jns neperuunbix 'KC xapakTepHO OTCYTCTBHE B 3alie)kax HE(TSIHOW OTO-
POYKH ¥ pa3MeleHre MX Ha OOJBIINX TIyOMHAX B CPAaBHUTEIHHO JKECTKUX Tep-
MOOapHYECKHUX YCIOBHIX. DTH CUCTEMBI XapaKTePHU3yIOTCA HIU3KUMHU 3HAUYCHUS-
MU KOHJICHCATHOTO (haKkTopa, MpeodalaHueM B JKUAKOW (a3e apoMaTHUECKUX
VB, a B razax — Mmetana u CO,.

OObpazoBaHue MEPBUYHBIX KOHJEHCATOB CBS3BIBACTCS C HWKHEH 30HOU
me3okarareneza (MK,—MKs5), pacnonoxennoit o ['3H (MK.,, MK3). T'enesuc
TaKOTO Pojia MEPBUYHBIX CHCTEM IMPOUCXOIUT, TO-BUINMOMY, HETIOCPEICTBEHHO
B Matpure POB MaTepnHCKHX TONII B YCIOBUSX MPEUMYIIECTBEHHOW ra30reHe-
panuu Wiv npu JeUIMTe HOBOOOPA3yIOIIUXCS KUIKUX YIIEBOIOpOIoB. JlaH-
Hasl CUCTeMa MPOXOIUT B AalIbHEHIIIEM BCe HBOJIOMOHHBIE 3TAIBI IEPBUYHON H
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BTOPUYHON MHUTpald C TIOCIEIYIOIUM OOpa3oBaHHWEM B KOJUIEKTOpax IMpo-
MBIIIICHHBIX CKOTUICHUH.

Bropuunsie 'KC oTnuvaroTcs mpexje BCEro HaJIMYMEM IIO0J Ta30BOM
mankoit HepTsaHoi oTopouku. ['azer B 'KC — xupHBIC, ¢ comepkaHleM TOMO-
smoroB MetaHa 0 15-20 %. KonuuecTBO KOHJIEHCATa B pACCMaTPUBAECMOM THUIIE
I'’KC Bemuxo (Ko ~ o1 120 10 900 cM’/m°, mopoit gocturas 1 500-2 000 evm®/m®).

Bropuunble KOHAECHCATHI MUMEIOT JBOSIKOE MpoucxoxaeHue. llomasisro-
miee ux OonpnHCTBO, oTHOCsIeecs K I'3H (MK;—MKS3), siBisiercst aepuBatamu
(IpOoU3BOIHBIMK) Ta30HEPTAHBIX CUCTEM. VIX BO3SHUKHOBEHHE OOBIYHO OOBSICHS-
etcs nuddepennmanyeii ra3o8oit U HeQTIHOH (a3 B mpoliecce MUTPAIUH (J1aTe-
PaNBbHON U BEPTUKAILHOM), KOT/Ia B PAC 3aJIeKel co3maeTcs n30bITOK Ta30Boi
($a3pl, 0JArONPUATCTBYIOIIUN PETPOrpaHOMY HMCHAPEHUIO HU3KOKUMIAIUX YB
He(PTSIHBIX OTOPOYEK B TA30BYIO IIANKY. ITH MPOIECCH OCOOEHHO YCHITUBAIOTCS
mpu 00IIeM TEKTOHMYECKOM TOTPYKEHHUH COPMHPOBABIIUXCS 3aJexel ¢ ma-
paJIEIIEHBIM BO3pacTaHUEM B HUX IUIACTOBBIX JABICHUH U TEMIIEPaTypHI.

Jlpyrasi, 3HAaUUTENHLHO YCTYMAIOIIAs 10 YUCIy MTPUMEPOB KaTeropusi BTO-
puunbix 'KC, reHeTruecky cBsi3aHa ¢ MEPBUYHBIMUA CHCTEMaMH, KOTOPHIE B pe-
3yJbTaTe TEKTOHHMYECKUX MHBEPCHH WIIU YK€ pasrepMETH3aIluH 3aJIekKeld oKa3a-
JIMCh B MEHEE KECTKUX TepMOOapUIecKuX YCIoBUsIX. B 9TOM ciydyae 3 ra3oBoit
(ha3bl MPOUCXOTUT PETPOTpaIHAS KOHCHCAIMS XXUAKUX Y B, 00pa3yromux noj-
YUHEHHBIE 0 00BEMY OTOpPOUYKM JIerkux HedTei. [locmemHue, Mo MaHHBIM
HN. C. Crapobunna [6], o0nanatoT OONBIIAM BRIXOOM HH3KOKUIAINX Y B (mpu
CPaBHHUTEIHHO TMOBBIIICHHON TEMIIEpaType KHUIIEHUS) U UMEIOT KpaiiHe HHU3KYIO
KOHIIGHTPAIMIO CMOJI W TBEP/BIX NMapaduHOB. B ra3ax Takux cucteM MOJspHas
nonst romosnoroB CH, He mpeBbimaet 7 %. B mienmom, HecMOTps Ha IPUHALIEK-
HOCTh K ofiHOMY Tumy, BropuuHble [ KC nMeroT HeTSHBIE OTOPOYKH PA3HOTO
MIPOUCXOXKICHUS — OCTaTOYHOTO W KoHAeHcanuoHHOoro (110 1. C. CrapobuHiry)
WK HeTSHOTO M PeTpOorpagHo-KoHAeHCAMOHHBIX (10 A. I'. lypmumbsny) [8].

Ha cragmm momckoBo-pa3BemoOvYHOTO OYpeHHS, 0 TOJIYYCHHS IEePBBIX
MPOMBINUICHHBIX TMPUTOKOB M HEPTENPOSIBICHUN KadeCTBEHHBIH IPOTHO3
HEPTEra30HOCHOCTH OCYLIECTBIIIETCS TI0 TeHETHUECKOMY TUIy ncxoanoro POB
W CTaiusM €ro KarareHesa. Pa3mnume B TWIle WCXOAHON OpPTaHWKH SIBISETCA
MEPBBIM T€OXUMHUYECKHMM 3BEHOM B mpolecce (OPMHPOBAaHHMS 30H ra3o- H
Heprenaxorienus (C. [1. Makcumos, B. I1. Ctporanos, 1978) [5]. [Ipumepom
KPYIHBIX 30H ra30HAKOILICHHS, 00pa30BaBIIMXCS 3a CUET MPeoOpa3oBaHUS Ty-
MycoBoro OB, sSBISIOTCS Ta30HOCHBIE palOHBI ceBepa 3amaaHoit Cuoupm.

AKTUBHOE pa3BUTHE B 00JaCTH M3yUYCHHUS! OPraHUYECKOTO BEUIECTBA IMO-
JYYUIH METOIBI, OCHOBaHHbIe Ha muponmuze OB. IlomydeHHsle mpu 3TOM pe-
3yNBTATHl PACHIUPAIOT HH(POPMALIMIO O 30HAX PACTIPOCTPAHEHUS Pa3IMIHBIX TH-
OB 3aJICKEH, a BEJIMYMHBI TAPAMETPOB Sy, S; SABISIOTCS MPSAMBIMH ITOKa3aTes-
Mmu o ciocobnoctu POB renepupoBath razoo0pa3sbpie U HU3KOKUIspe Y B (1o
C-7) u GoJiee BRICOKOMOJICKYIISIpHBIE Y B.

OCHOBOIIOJIO)KHUKAMHU JTaHHOTO METOJIa CUUTArOTCs reojiord DpaHirys-
ckoro uHctutyta He(TH |. ESpitalie u B. Durand, kotopsie B 1973 rony cosznanu
ABTOMATHYECKYI0 YCTaHOBKY Juts muponu3a OB, monyunBinyto Ha3Banue Rock-
Eval. B HacTosmuMii MOMEHT CYIIECTBYET y’Ke HECKOJIIbKO MOJAM(MUKAIUI ITOTO
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npubopa. Pe3ynbprarhl sKCIpecc-MUPoIn3a MPEACTaBISIIOTCS B BUAE MHUPOTrPaMM
OTJICJIBHBIX 00PA3II0B, C YKa3aHUEM MapaMeTpoB Sy, Si, Sy, S3, Ss.

BaxkHpiMu mapaMerpaMu muposiuza SIBISIOTCS: |y — WHIEKC BOAOpOja,
lo — uHAEeKC Kucnopona; T, C — TeMIepaTypbl MaKCUMaIbHOTO BbIXoaa Y B
B IIpoliecce KPEeKWHTa KeporeHa, nHAaeKe npoaykTuBHOCTH (lp); HEDTAHOM rene-
paIMOHHBINA MTOTSHITHAI (OCTATOYHBIH) Pp.

Wnpnexcer Iy u lg hakTraecku xapakTepu3yr0T XUMUYECKHUI COCTaB KEpo-
reHa, cogepkanne B HeM Hy n O, M0OXXHO OTMETHTB, UTO THarpaMma 3aBHCHMO-
ctu Iy u o moBTOpsieT m3BecTHYIO Auarpammy Ban-Kpesenena [9]. [Ipumep Tu-
na OB 1o pesynbraram ananuza Rock-Eval mpuseneH Ha pucyHke 3.
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no pesynsmamam Rock-Eval (npumep)
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Kpome Toro, kararenes OB oueHuBaercsi ¢ momouipio rpaduka 3aBHCH-
MOCTH lyy 0T Trax. O00O0IIAs TaHHBIE, MOXKHO yTBEPKAATh, YTO Pa3IUYHBIC CTa-
mun  3penocta OB xapakTepu3yloTcsl CIHCAYIOIIUMH BETUYMHAMU T
430-435°C — navanpHas (a3a renepaiuu Xuakux YB (vedtn); 435-465°C —
¢aza renepaunu HepTH («HEPTAHOE OKHON); 450-475 °C — da3za reHepauuu
KOoHjIeHcaTHOTO Tra3a; 475-530 °C — ¢aza reHepanuu )XUPHOTO Trasa.

Cormocrasienue JaHHBIX Tpa ¥ R’ MO3BONMIO yCTAHOBHTH 3aKOHOMEp-
HOCTBh MX U3MEHEHHSI, HarJISIAHBIA TIPUMEP KOTOPOH MPHUBEJCH Ha PUCYHKE 4.

BhIsIBIICHHAs BBINIE 3aKOHOMEPHOCTh Tray 1 RC i (pazoBast rpafarust Tiax
MOTYT CIIY>KUThb HHCTPYMEHTOM TpH 000CHOBaHWH ()a30BOTO THUIIA YIIIEBOAOPO-
JIOB B IPOTHO3UPYEMBIX CKOIUICHUSAX (MECTOPOXKICHUAX) IIPU KaueCTBEHHOH U
KOJINYECTBEHHOM OLIEHKE UX MTOTEHIHANA.
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no pesynasmamam nuponu3sa Rock-Eval (npumep)

BoiBoabl

Ha ocHOBe mprBeIeHHBIX BBIIIE PE3YIHTATOB aHAIM3a COBPEMEHHBIX T'€0-
JIOTO-TEOXMMHUUYECKUX ACIEKTOB YCIOBHUI T€Hepaluu yTriaeBOAOPOIOB U UX MO-
cienyroleli TpancopManuu B MPUPOIHBIX pe3epByapax MOXKHO CJeaTh BbI-
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BOJ, uTO mpouecc Moaenuporanust YBC B HacToslee BpeMsl OMUpaeTcst Ha J10-
CTaTOYHO CEPhE3HYI0 HAy4YHO-TIpakTH4ecKkyro 0asy. Ilpum 3TOoM TeopeTmueckoit
OCHOBOW TIPOTHO3UPOBAHUS CIYXKUT KOHIEHIHS «HES(PTSIHOTO OKHAY», WU yde-
Hue o (azax HedrerazooOpazoBaHMsl, TOCICIOBATEIHLHO OXBATHIBAIOIIECE UCTO-
pUIO Pa3BUTHS OCaOYHOTO OacceliHa, IBOIIIOLUI0 TEPMUIECKOTO U TepMOOapH-
YECKOTO PEKUMOB B OCA/IOYHBIX OTIIOKCHHUSX, PA3BUTHE MPOIIECCOB MPEodpaso-
BaHMSI OPraHUYECKOTO BEIECTBA, TCHEPAIMIO YTIEBOAOPONIOB, IMPOILIECCHl UX
MUTPAIUH, aKKYMYJISIIUU U COXPAaHHOCTH.

BaknelmmM 3TarmoM MOJICUPOBAaHUS T€OJIOTHUSCKUX YTIICBOIOPOIHBIX
CUCTEM SIBIIICTCSI IPOTHO3UPOBaHUE (ha30BO-TCHETUYCCKUX THUIIOB YIJIEBOIOPO-
JIOB, TIOCKOJIbKY KaueCTBEHHAsI M KOJIMYECTBEHHAS OLIEHKA PECYpPCOB BEPOSTHBIX
3aNekeld UMeeT BaXHOE MPAKTHYECKOe 3HAUYCHHE B MPOLECCE MPUHATHS pele-
HUS 00 MTHBECTHPOBAHNH B T€OJIOTOPA3BEJOYHBIN aKTHB.

Konnermust YBC B HacTosiiee BpeMsi — OJIHAa M3 BaXKHBIX B COBPEMEH-
HOW He(PTAHO reoorny, TaKk Kak Mo3BOIIsIET (HOPMATH30BaTh CBA3H MEXIY T€0-
JIOTUYECKUMH DJIEMEHTaMH BO BPEMEHH W IPOCTPAHCTBE, JIOKAJIM30BaTh Iep-
CIIEKTUBHBIE OOBEKTHI, 9YTO HEOOXOAMMO ISl YCIEITHOTO MPOBENEHHUS TTOUCKO-
BO-Pa3BEIOYHBIX PaboT HAa HEPTH U Ta3. DTO MOATBEPKIAET TO, UTO MCIOIB30-
BaHHWE Pe3ybTaToB MonenpoBannus Y BC, OCHOBaHHBIX Ha COBPEMEHHBIX TIPe/I-
CTaBJICHUSAX O TIpoIleccax reHeparuu Y B u GopMHpOBaHUAX MX CKOTUICHUN (Me-
CTOPOKACHHN), P OIIEHKE T€0JIOTHIECKIX PHCKOB U T€0JIOT0-9KOHOMHYECKOTO
a¢dexTa OT OCBOCHHUS Te0JI0ropa3BeJOYHOT0 AKTHBA MOXKET SBISTHCS MOIIHBIM
WHCTPYMEHTOM IPH NPUHATUU KOMIIAHUSIMU MHBECTULMOHHBIX pewieHuii B I'PP.
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Annomayus. TloctossHHO pacTymast HoTpeGHOCTS B IpecHoi Boze B llanMckoM HedrerazoHOCHOM
paiioHe 00ycIaBIMBacT HEOOXOAMMOCTh B pa3Be/IKe HOBBIX YIAaCTKOB U pa3paboTKe MEPONPUSITHH MO
COBEpIICHCTBOBAHUIO SKCILTyaTallUH CYIIECTBYIOIINX BOJ03a00poB. /I OCyIIECTBICHHS IPOTHO3a
KauecTBa MOA3EMHBIX BOJ, KaK OJHOTO U3 TEXHOJIOTHUECKHUX MapaMeTPOB IKCILTyaTal[uy BOJOHOCHO-
ro FOPHU30HTA HA MEPCNEKTHUBY, TpeOyeTcs akTyanbHas MHGOpPMALi O XMMUYECKOM COCTaBe IOJI-
3€MHBIX BOJI.

Lens wuccnenoBaHmss — YCTaHOBIEHHE OCHOBHBIX 3aKOHOMEPHOCTEH MPOCTPAaHCTBEHHO-
BPEMEHHOTO COCTOSIHUS XMMHIYECKOTO COCTaBa MOJ3EMHBIX BOJ OJUTOIEHOBOTO BOJOHOCHOTO TOpH-
30HTa Ha TeppuTopuu lllanmMckoro HeTEra3oHOCHOrO paiioHa B CPaBHEHUH CO CPEIHHMH 3Hade-
HUSIMHU €ro MoKa3aTelled Ha conpeeabHON TeppUTOPHH.

Merozpl HCClIeIOBaHMS BKIIIOYAIOT CUCTEMATH3AINI0 MaTepHaIoB JIAOOPATOPHBIX HCCIIeI0Ba-
HHIT P00 BOJIBI, aHAIN3 JAHHBIX 10 XUMHYECKOMY COCTaBY HOJ3EMHBIX BOJI, KAPTHPOBAHHE OCHOBHBIX
3aKOHOMEPHOCTEH IPOCTPaHCTBEHHO-BPEMEHHOTO M3MEHEHHS KOHIIEHTpaLUii KOMIIOHEHTOB.

Cpennue 3Ha4YEHMS MOKA3aTeNlel XMMUUECKOTO COCTaBa MOA3EMHBIX BOJ| B Mpejenax usy-
YaeMoro paioHa OMM3KM K TaKOBBIM Ha MPHIETAIOMIEH TEPPUTOPHH, NMPEBBINICHUE HOPMATHBOB
JUISL TIMTBEBBIX BOJ OTMEYAETCs M0 OAMHAKOBOMY IEPEUHIO MOKa3aTesei, CXOACTBO MPOSIBISIETCS
TaKke B MECTPOTE OCHOBHOTO COCTaBa, MPOCTPAHCTBEHHBIX 3aKOHOMEPHOCTSIX M3MEHEHHS 0OIb-
LIMHCTBA MOKa3aTeaeld XMMUYECKOrO COCTaBa MOJ3EMHBIX BOJ M HMPUCYTCTBUH YYacTKOB C JKC-
TpEeMaJIbHBIMH 3HAYECHUSIMU. AKTYaJIbHBIC CBEICHUS O XUMUYECKOM COCTaBE MOA3EMHBIX BOJ OJIU-
TOLCHOBOI'O TOPU30HTA, 3HAUCHUSAX €r0 OCHOBHBIX XapaKTEPUCTUK, 3aKOHOMEPHOCTAX MPOCTPaH-
CTBEHHO-BPEMEHHOI'O0 M3MEHEHUS, IPEICTABICHHBIX B BHUJC KapT pacHpeieneHHs MO IUIOLaau
OCHOBHBIX ITOKa3aTeNeil, MOTyT HCIOJIb30BaThCS MIPU NMPOEKTHPOBAHUH BOJI03a00POB MOA3EMHBIX
BOJI ¥ TIPOTHO3€ UX Ka4eCTBA B JOJTOCPOYHOM MEPHOJIE.

Knrouesvie cnosa: OHHFOHCHOBLIﬁ BOZ[OHOCHBIﬁ TOPU3OHT, XUMUYECKUN COCTaB MOJ3EMHBIX BOJ,
MMPOCTPAaHCTBEHHO-BPEMEHHOE COCTOSAHUC, KO3(1)(1)PIHPI€HT KOoppeiisun, MUHEpaIn3anus

brazooaprnocmu: paGoTHI BBITONHEHB NMPH (UHAHCOBON MOMIEPKKE MPOEKTa MHHHCTEpCTBa
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Abstract. The constantly growing need for fresh water in the Shaim oil and gas region necessitates
the exploration of new areas and the development of measures to improve the operation of water
intakes. To predict the quality of groundwater, which is an operational parameter of the aquifer
aquifer, it is needed up-to-date information on the chemical composition of ground-water. The aim
of this study to identify main spatial-temporal regularities of the state of the chemical composition
of groundwater of the oligocene aquifer in the Shaim oil and gas bearing area, compared to aver-
age values from adjacent areas. Research methods include the systematization of laboratory data
on water samples, analysis of groundwater chemistry, and mapping of the main spatial-temporal
patterns in component concentration changes. The average values of chemical composition indica-
tors in the studied area are similar to those of neighbouring areas, with some indicators exceeding
drinking water standards. Similarities are observed in the variability of the chemical composition,
spatial patterns of changes in most chemical indicators, and the presence of areas with extreme
values. Current data on the chemical composition of the oligocene aquifer ground-water, including
key characteristics and spatial-temporal trends presented in distribution maps, can be used in de-
signing groundwater intakes and forecasting long-term groundwater quality.
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Beenenne

OnuroneHoBbIi BOJOHOCHBIA TOpru30oHT B lllanMckoM HeTera3oHOCHOM
paitone (HI'P), kak u Ha Bcell Teppuropun 3anannoir Cubupu, siBIseTCS OCHOB-
HBIM MCTOYHHKOM BOJIOCHAOXECHHUSI HACEJICHUSI U OOBEKTOB MPOMBILIIICHHOCTH.
[TocTosHHO pacTyias NOTPeOHOCTh B MPECHOM BOAE 00ycnaBInBaeT He0OX0AuU-
MOCThH pa3Be/IKH HOBBIX YYacCTKOB M Pa3pabOTKH MEPOIPHUSATHHA MO COBEpIICH-
CTBOBAHMIO SKCIUTyaTallM CYLIECTBYIOIINX B003a00poB. JjIsi ocymiecTBIeHHS
MIPOrHO3a KauecTBa MOJ3eMHBIX BOJ, KAK OJHOTO M3 TEXHOJOTMYECKUX MapaMeT-
POB 3KCIUTyaTallid BOJOHOCHOTO TOPH30HTA HA MEPCIEKTUBY, HEOOXOJUMa aK-
TyaJbHasi HHQOPMaH O XMMUYECKOM COCTaBe MMOJ3EMHBIX BO/I.

Ha npoTsbxkenun psaa necaTuineTHii XUMUYECKH COCTaB MPECHBIX MOA-
3eMHBIX BoJ 3ananHoi CHOMpH BBICTYMAN MPEIMETOM MHOTOUYMCICHHBIX Hayy-
HBIX HCCIEJOBaHMUN, B X0/I€ KOTOPBIX CIOXHWJINCh OCHOBHBIE 3HAHMS O €ro Xa-
paKTepUCTHKAX, 3aKOHOMEPHOCTSX MPOCTPAHCTBEHHOTO MU3MEHEeHHUs, PaKTopax u
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ycnoBusx GopMupoBanus. JJaHHBII BOIPOC OCBELICH B TPyIax psia UccienoBa-
Tenel-runporeosioroB [1-6], a 06oOIIEeHHBIE XapaKTEePUCTUKA — B CBOJHOM
tpyne «'maporeonorus CCCP. Tom XVI. 3anagHo-Cubupckas paBHuHa» [7].
Hapsiny ¢ ony0iaMKOBaHHBIMM MCTOYHHUKAaMHU OOIIMpPHAs THAPOXUMHUYECKAs HH-
¢dbopmanus, garomiast IpeacTaBIeHHE 00 €CTECTBEHHBIX XapaKTEPUCTUKAX XUMH-
YEeCKOro COCTaBa MOA3EMHBIX BOJI paiioHa, MPHUBEJCHA B MaTepuanax (GOHIOBBIX
reosiorndyeckux ortdetoB: padorel 3anCuOHMUIHU ['nmaBTromeHbreosnoruu
(1O. K. Cmonenues, H. U. 3enkoB u np., 1968) no teme «llom3emHbie BOJBI
KallHO30HMCKNX OTHoXeHui 3anagHo-CHOMPCKOro apTe3uaHcKoro OacceliHa
B mpenenax TromeHckod, ToMckoii u ceBepHbIX paiioHOB HoBocuOupckoil u
Owmckoii obmacteit» u otueta THU (FO. K. Cmonenties, 1983) o teme «Otdet
[0 PErMOHANBHON OLIEHKE KCIUTYaTAL[MOHHBIX 3aI1acoB MOJ3EMHBIX BOJ I0XKHOM
gactn 3amanHo-CHOMpCKOro apTe3maHckoro OacceiiHay». Bompocy mpocTpas-
CTBEHHO-BPEMEHHOTO M3MEHEHMS XMMHYECKOI0 COCTaBa IIPECHBIX IOI3EMHBIX
Box 3amagHoit CHOMPH B YCIOBHAX WHTEHCHBHON TEXHOTCHHON HArpy3KH IIO-
CBAIIIEH A COBPEMEHHBIX UCCIIEN0BATENRCKUX paboT [8—16].

Ocob6ennocts pacronoxkenust [llamvckoro HI'P B orcyrcTBum B ero
npeznenax KpynHbIX HAaCEJIeHHBIX MyHKTOB. IIpecHble moa3eMHbIe BOABI UCIIOJb-
3YIOTCSl 3/1€Ch TPEUMYIIECTBEHHO U BOJIOCHA0XKEHUS OOBEKTOB HE(TSHOM
WHQPACTPYKTYpPEl W B TEXHOJOTHYECKOM TIporiecce HePTemoObran — I
NOJAEPKaHUs IUIACTOBOIO JABJIEHUS HA OTHENBHBIX KYCTOBBIX IUIOIIAAKAX.
B ycnoBuAx OTCYTCTBHS TOCYNApCTBEHHOW CETH HAONIONEHUH OCHOBHBIM
HNCTOYHUKOM THMIPOXUMHYECKON HH(OPMALUK SBJISIOTCS AaHHBIE MOHUTOPHHIA
MOJ3EMHBIX BOJl PAa3IMYHBIX HEAPONOJIb30BaTeNe. ODTH CBEACHUS KpaiiHe
pa3po3HEeHHBl: MecTa 0TOOpa Mpo0d HEpaBHOMEPHO pacIipelesieHb! 10 IUIOMAAY,
NEPUOIUYHOCTh 0TOOpa M NEepedYeHb ONpEAEsIeMbIX KOMIIOHEHTOB Pa3jIMYHBI,
TaK KaK 3aBHUCAT OT PErIaMEHTHUPYIOIIMX, MCXOIS M3 LEJIEBOr0 Ha3HAYECHUS
BOJIOCHA0KEHMS, HOPMATUBHBIX JOKYMEHTOB; MHOI'OYHCIIEHHBIE J1a00paTOpUH
MPUMEHSIOT OTIMYAIOIIMECs METOANKH ONPEIEIEHHUs OMHUX U TeX JKe MoKa3aTe-
neil. Bce mnepeuncieHHOE YCIOXKHSET CONOCTaBUMOCTb JAaHHBIX, BBI3BIBAET
TPYAHOCTb B UX MHTCPIPCTALIU. Tem He MeHee B COBPCMCHHBIX CJIOKUBHIIUXCH
YCIIOBUSIX TIOJYYEeHHBIE B XOJi¢ MOHHTOPHHIA CBEACHUS CIyXaT Oe3ajbTepHa-
TUBHBIM M HEOCIIOPHMO IE€HHBIM HWCTOYHHKOM aKTyaJbHOH wuH(pOpManuu
0 XMMHUYECKOM COCTaBE MOJ3EMHBIX BOJ] PETHOHA.

[anmckuit HI'P 3aHMMaeT 10BOJILHO HEOOJBINYIO TEPPUTOPHUIO B 3amaj-
HO#t uactu 3amagHo-Cubupckoro merabacceiina (MB) — 19,3 Ttoic. kM’. Vun-
THIBas TOT ()aKT, YTO NOA3EMHBIE BOABI — 3TO AMHAMHYHASI CUCTEMa, B KOTOPOH
THIPOXUMHUUYECKHE MPOLECCHl MPOUCXOAAT C IOCTATOYHO OOJIBIIONW CKOPOCTHIO U
MPOSsIBJIEHHE ONpEACICHHBIX 3aKOHOMEPHOCTEH B MPOCTPAHCTBEHHOM H3MEHe-
HUM XMMHYECKOTO COCTaBa MOJ3EMHBIX BOJ BO3MOKHO MPOCIEAUTH TOJNBKO Ha
3HAYMUTENIFHO OOJBIIEH IMJIOMAAH, B HACTOSILIEM HCCIEAOBAaHUU, HAPSLY C THI-
poxumuueckuMu JanHeiMU 110 Lllammckomy HI'P, ucmonw3yercs nnpopmanus
no cMmexHeM TepputopusiMm (KpacHonenunckomy, Boctouno-Ypaibckomy,
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BepesoBckomy, Ceprunckomy, Jlamunckomy, Kapabamckomy, VYBarckomy,
Ipuo6ekomy HIP) o6meii momansio 115,1 tsic. kv (puc. 1).

Lenv uccneoosanuss — aHaIM3 OCHOBHBIX 3aKOHOMEPHOCTEH IPOCTpaH-
CTBEHHO-BPEMEHHOTO M3MEHEHHsS] XUMHUYECKOTO COCTaBa IMOJ3EMHBIX BOJ OJIUTO-
LIEHOBOTO BOAOHOCHOTO ropu3oHTa Ha Teppuropuu llanmckoro HI'P B cpaBHe-
HUM CO CPEAHMMHU 3HAaYEHUSMH €r0 M0Ka3aTese Ha CONpeIeNIbHON TEpPUTOPUH.

Axmyanvrocms uccne0o8anus 3aKIH0YAeTCsl B HEOOXOAUMOCTH aKTyallu-
3allUM CBEJICHUI O XMMHYECKOM COCTaBe€ MOJ3EMHBIX BOJA M 3aKOHOMEPHOCTAX
€ro MPOCTPaHCTBEHHO-BPEMEHHOTO U3MEHEHHUS JUIsl IPOTHO3a KayecTBa MOA3EM-
HBIX BOJI Ha IOJITOCPOYHBII IEPHOJ.
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Puc. 1. 0630opHasa kapma: 1 — 3anadHo-Cubupckuli Mb;
2 — patioH uccnedosaHus; 3 — LWaumckuli HIP;
4 — AuUHUSA 2uOpPO2E0I02UYECKO20 pa3pesa
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O0bekT uccjeg0BaHus

OOBEKT WCCIIEIOBAHUS — OJUTOICHOBBIM BOJOHOCHBIM TOPU30HT, MPH-
YPOUCHHBIH K OTJIOKCHUSM CTPATUTPAPUICSCKUX aHAIOTOB — KYPTaMBIIICKON U
aTJILIM-HOBOMUXAWJIOBCKOW cBHTaM. [ OpH30HT MpeacTaBiseT COOOH TOIIIY
YepeyIONUXCs TIECKOB, aJICBPUTOB M IJIMH. B 11€]10M, BEepXHSsS 4acTh CIOXeHA
0oJiee TIIMHUCTHIMU CIA0ONPOHUIIAEMBIMUA OTJIOKCHUSMU, CPEIHSIS U HUKHASA
yactu (3¢ EeKTUBHAS MOIHOCTh) — MEJIKO- ¥ CPEIHE3CPHUCTHIMU TTIMHUCTHIMH
MEeCKaMU C TIPOCIOSIMHA aJI€BPUTOB U TJIMH. BepXHUM BOJOYINOPOM TOPHU30HTY
CIIy’KaT CYIIECTBEHHO TIMHUCTHIC OTJIOKEHUS TYPTACCKON CBUTHI, & B MECTaX €¢
OTCYTCTBUS — OCAJIKH HEOTE€H-YETBEPTUYHOTO Bo3pacTa. HMKHUM pernoHaibHO
BBIIEP)KaHHBIM BOJIOYITOPOM, 3aBEPIIAIONINM pa3pe3 30HBI aKTUBHOTO BOI000-
MeEHa, CIIy’>KaT TJIMHBI TaBAWHCKOM CBUTHI 01eHa (puc. 2). [lutanne moazeMHbBIX
BOJI TOPU30HTA OCYIIECTBISIETCS 32 CUET aTMOC(EpPHBIX OCAAKOB ITyTEM HHCXO-
TSTet GUIBTPAIMK CKBO3b BOJIOHOCHBIH HEOT€H-UYETBEPTHYHBIN TOPH30HT. Pa3-
rpy3ka — TyTeM BOCXOJSMIeH (QUIBTPAIlK B MECTaX TITyOOKUX 3PO3MOHHBIX
BPE30B M B TPYHTOBBIE TOPH30HTHIL.
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Puc. 2. Cxemamu4eckuii 2udpozeono2uyeckuii paspes paiioHa: 1 — 8000HOCHbIL
HeozeH-4YemeepmuuyHbll 20pu30HmM; 2 — 8000yrnopHLIl, NOKANbHO-C10608000HOCHbIL
mypmacckuli 2opuzoHm; 3 — 8000HOCHbIU KypmamblWCcKuli 20pu3oHm; 4 — eodoynop-
HbIli masOUHCKuUll 20pu3oHM; 5 — necku; 6 — cyenuHKu,; 7 — nepecaausaHue neckos,
2/1UH, a1es8pumos; 8 — 271UHbI NA0MHble; 9 — 10A0HEHUE YPOBHA MOO3EMHbIX 800;
cmpesnKoli 0603Ha4YeH Hanop Hao Kpoesel NPodyKkmueHO20 UHMepsana

CpenHre 3Ha4eHHsA TE€OJOTMUYECKHX MapaMeTpoB OJIMTOLEHOBOIO TOpPH-
30HTa B nnpeaenax [Manmckoro HI'P 1 Ha conpenensHON TEPPUTOPUH HAXOAATCS
B COIIOCTABUMBIX INpeEAeax, YTO MO3BOJIAET OLEHUBATH T€0JIOTMYECKUE YCIOBHSA
H3y4yaeMoro oObeKTa Kak OMHOPOAHBIE Ha BCEil TEPPUTOPUH UCCIIEIOBAHUS.
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Hcxoonvie oannvie

HcxonHpIMu AJsl UCCIEIOBAHUS SIBISIOTCS. CBEACHUSI O XMMUYECKOM CO-
CTaBe TOA3EMHBIX BOJ OJIMTOLICHOBOTO T'OPHU30HTA, MOJYYECHHBIE ABTOPCKHM
KOJIJIEKTHBOM B XOJ€ NPUKJIaTHBIX PaldoT, a TaKKe AaHHbIEe MOHUTOPHHIA MOJI-
3eMHBIX BOJI Pa3JIMYHBIX HeIponoib3oBaTenei 3a nepuoa 2013-2021 rr.

[lepeuens aHanuM3MpyeMbIX MoKazaTesel MpencTaBlieH BOJOPOAHBIM IO-
kazareneM (pH), obmeit sxectkocteio (0K), conepkaHueM CyMMBbl HOHOB HaTPHSI
u kamus (Na'+K"), xameumem (Ca®"), marmmem (Mg®"), ruapoxapGonaTamu
(HCOy), xnopunamu (CI), cymbdaramu (SO,”), obmmm xenesom (Fe), mapras-
em (Mn), kpemuuewm (Si) u ammonnem (NH,).

XVMUYECKUi aHaIH3 Mpo0, 0TOOPAHHBIX aBTOPCKMM KOJUICKTHBOM B IIpe-
Jenax paiioHa MCCIeIOBAaHNUH, IPOBOAMICS B JT1a00PaTOpUH (PU3NKO-XUMHUUECKUX
MeronoB wuccrnenoBanuit 3CO® HMHIT CO PAH (r. TiomeHp). XuMHKO-
aHAINTHYECKUE HCCIEIOBAHUS TPOBOAWINCH C HCHOIB30BAHUEM AaTOMHO-
a0COPOIIMOHHOTO CIIEKTPOMETPA C JIIEKTPOTEPMHUYECKON aTOMH3ALUEH ¢ PTyT-
HO-ruApuaHON npuctaBkoit MI'A-1000 PI'TI-915, xpomaTorpada >KHIKOCTHOTO
MOHHOTO C KOHJYKTOMETPHYECKUM AeTeKTopoM «Craiiep», CHCTEeMBbl KanuJuIsp-
Horo 3jekTpodopesa «Kameap-205».

MeTtonmbl ucciaer0BaHus

MeTopI MCCNEAOBAaHUS BKIFOYAIOT CHCTEMATH3AIMI0 MaTepHuaioB jabo-
PATOPHBIX UCCIIEOBAHUNA IPOO BOABI, aHATN3 XUMUIECKOTO COCTaBa TTOA3EMHBIX
BOJ, KapTHUPOBaHWE OCHOBHBIX 3aKOHOMEPHOCTEH €ero MpoCTPaHCTBEHHO-
BPEMEHHOTO N3MEHEHUSI.

B cucrematuzanuio MaHHBIX JTAOOPATOPHBIX HMCCIEIOBAHHWNA MPOO BOIBI
BXOJIAIT:

. 0TOpaKoBKa OIIMOOYHBIX ONIpEAeIICHUI 3HAUCHHI TIOKa3aTeleH;

. ONpe/eNeHNe 3HAUYCHUsS MHHepantu3amuu Bombl (M, mr/mm’) kak
CyMMEI cofiepkanus ocHoBHBIX noHos (Na'+K*, Ca*+, Mg*, HCOy, Cl' u SO,),
9TO 00YCIIOBJICHO ONpEACICHUEM Pa3HbIMH JTa0OPaTOPHAMHU TUOO MUHEpaIn3a-
UM, TUO0 CYyXOro OCTaTKa,

. pacyeT SKBUBAJICHTHBIX 3HAYE€HHH (MI-9KB, %-3KB) OCHOBHBIX HOHOB;

. MOJTydeHNe CPeTHUX 3HAUCHUH MMOoKa3aTeneil XUMUIECKOTO COCTaBa
TUTSL KK T0M BO103a00pHOIN CKBayKHUHEI;

. pas3zernieHre BCeX XMMHUYECKHX aHAJIM30B Ha JBE TPYMIbI IO 3HaYe-
HUIO MUHEpAIN3aIliN: TIepBas TPpyIa — ¢ BeIUnInHOW MuHepamm3aruu < 1000
mr/aM° Bropas — > 1 000 Mr/ e,

. pa3ziesicHMEe aHaIM30B Ha TPYMIBI 1O TEPPUTOPUHU: OTHOCSIIUXCS
k [Tanmckomy HI'P 1 k okpy>karomum paiioHaMm;

. reHepaIu3auusl CpEeIHUX 3HAaYCHWH MO ONM3KO PaclojOKECHHBIM
CKB2)XMHAM B y4acTKHM HaONIONEHHI AJISl MOCTPOSHHS KapT pachpeaeeHus Mo-
KazareseH 1o MIomaiH.
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Jnist XapaKTepUCTUKN KaueCTBEHHOTO XMMHYECKOTO COCTaBa MCIIONB3YET-
cs OCT 41-05-263-86 «Boapl momzemuble. Knaccupukanus no XUMHUYECKOMY
COCTaBY M TEMIIEpaType»; I OLIEHKH NPUTOIHOCTH BOABI JIsl MIUTHEBOTO BOO-
cHaOxenus: — CanlluH 1.2.3685-21 «'urueHnueckue HOPMATHUBEI U TpeOOBa-
HUS K 00€CTIeYeHHUIO 0€30MacHOCTH ¥ (Miiv) OE3BPEIHOCTH IS YelIoBeKa (DaKkTo-
pOB cpenbl OOWTaHUs»; A ONpEAeNieHHs THMa BOJ — Kiaccuukanus
O. A. Anekuna [17].

AHanm3 3aKOHOMEPHOCTEH MPOCTPaHCTBEHHOI'O M3MEHEHUs MoKa3aresen
XMMHUYECKOTO COCTaBa BBIMOJHSIETCS METOAOM IMapHOW JIMHEWHOW KOppeNsuu
¢ BU3yalu3alueil 3akoHoMepHocTel B Buae KapT [18].

3aKOHOMEPHOCTH W3MEHEHHUs] XMMHYECKOI0 COCTaBa BO BPEMEHH ycCTa-
HaBJINBAIOTCS IIyTEM COIIOCTABJICHUS THMIPOXMMHUYECKUX KapT Pa3iIN4YHBIX Bpe-
MEHHBIX IIEPHOAOB.

Pe3yabTaThl HCC/I€J0BAHMSA M UX 00CY:KIeHHE

Cucmemamuszayusi OGHHLIX 1AOOPAMOPHBIX UCCIe008AHUL

B xuMudeckoM cocTaBe MOA3EMHBIX BOJ PETHOHA CyMMa COJIEP KaHHUs OC-
HOBHBIX MOHOB cocTaBiisieT B cpenaeM 90 % obmiero coctaBa, octanbaeie 10 %
MPUXOIATCS Ha COAEpIKaHWE Kelle3a, KpeMHHsI, aMMOHHA W MapraHia. [Ipoune
KOMITOHEHTBHI XMMHYECKOTO COCTaBa HAXOMASTCSA B CIEJOBBIX KOJHMYECTBAX JIHOO
B KOJIMUYECTBE HIDKE MPEAEeT-HON YyBCTBUTENbHOCTH IpuOopoB. Ha ocHOBaHmH
3TOTO, B YCIIOBUSAX OTCYTCTBHS JJISl BCEX aHAJIM30B COMOCTABUMBIX MTOKA3aTeleH,
WCTION30BaHNE CyMMBI OCHOBHBIX MOHOB KaK XapaKTEPUCTHKN MUHEPATH3AIIH
BITOJTHE JIOITYCTHUMO.

JIms IpecHBIX OA3EMHBIX BOJI OJIMTOIICHOBOTO TOPHU30HTA 3aMaHON YacTH
3anagao-Crndupckoro Mb xapakTepHbl aHAIN3bI, COCTABIISIONINE ITOIABIISIONIEE
oompmmHCTBO (1 730 aHamm3oB, B ToM gucie 471 ananm3 [llaumckoro HI'P), co
3HaueHreM MuHepanuzauuu meHee 1 000 M/, KOTOpPbIE OTHECEHBI K MEepBOMH
rpymme. BTopast rpymia BKIIOYaeT eaMHIYHBIC aHanm3b! (33 aHam3a, B TOM 9HC-
ne 5 anam3oB lllamvckoro HI'P) ¢ skcTpeMandbHBIMU IS pErHOHA 3HAYCHUS-
mu — Boire 1000 mr/am°. Takue 3uauerus MHHEpAIU3al11 OLICHUBAIOTCA HaMU
KaK XapaKTepU3YIOIIHe YCIOBUS (POPMUPOBAHUS XUMHUYECKOTO COCTaBa TOIBKO Ha
JIOKaJIbHBIX y4acTkaX. CIenyeT OTMETUTh, B OJTHUX M TEX XK€ CKBXXHHAX palioHa
B Pa3HbIC TIEPUOIBI BPEMECHU TOIYYCHBI IaHHBIC XUMUYECKUX aHAJIM30B, OTHOCS-
IIMECs KaK K MEePBOH, TaK U KO BTOPOH rpyriIie.

Xapaxmepucmuxa XumMu4ecko2o cocmaga no03eMubix 600

Ha ocHOBaHuM CpefHMX 3HAYCHUI IMOKAa3aTeliell aHAIM30B MEPBOW TPyII-
mel (Tabn. 1) MOXKHO 3aKIIOYUTh, YTO XapaKTEpPH3yeMble HMHU BOJIBI Kak
B ITaumckom HI'P, Tak u Ha TeppuTopuu coceqHNX palloHOB — IPECHBIE C Be-
JIUYUHOW MuHepanu3aiuu 39-924 MF/I[Ma, M0 peakIuu Cpeabl — OT CIA0OKHC-
neix jpo menounbix (PH 5,5-8,8 en.), mo BenmumHEe O0OMIIEH KECTKOCTH
(0,2-10,2 MF-BKB/,Z[MS) — OT OYCHb MSTKHUX J0 OYCHB JKECTKUX. BapuatuBHOCTH
BCEX TIOKa3arelyicii OYeHb BBICOKAs, YTO OYEBHIHO OOYCIIOBICHO Pa3HOPOIHO-
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CThIO O0OBEKTA M3YUCHHUS U BO3MOXHBIM BIHMSIHUEM Pa3JIMYMiA METOJIOB OIpe/Ie-
JICHUS TTOKAa3aTeNei B Pa3InIHbIX Ja00paToOpUsIX.

[IpeBbrienne npeneasHo AomycTuMbIX KoutenTpanwit (I1/1K) mis nmutee-
BbIX BoA Kak B [llammckom HI'P, Tak u Ha coceHHX TEPPUTOPHULX OTMEUACTCS
M0 BOJIOPOJTHOMY TIOKa3aTelto, OOIIeH >KECTKOCTH, COJCPIKAHUIO aMMOHUS,
KpeMHHUSI, 0OIIETO JKene3a U MapraHiia, peIko — I10 COAEP)KaHUI0 HATPHS.

Cornacno knmaccudukammu O. A. Aneknna Bomas! Kak B [llanmckom HI'P, Tak
Y B IIpe/ieNiaX CMEXKHBIX PaiOHOB UMEIOT BeChMa IECTPBI COCTaB: MO aHUOHAM TIPH-
CYTICTBYIOT KIIACChl THAPOKAPOOHATHBIX W XJIOPUIHBIX BOJI, MO MPEoOIa aroiM
KaTHOHAM — TPYIITEI HATPUEBBIX, KAJTBIIMEBBIX 1 MaraueBbIX, I, 11 u 111 Tumos.

TakuMm o0pa3om, cpeaHHe 3HAYCHUS IMOKa3aTeied XUMHUYECKOTO COCTaBa
MOJI3EMHBIX BOJ| OJIMTOLIEHOBOTO TOpW30HTAa B mpexaenax l[llammckoro HI'P u
OKpPYKaroIlUX PalOHOB BIIOJIHE COMOCTaBMMBI. [IpeBbIllIEHHE HOPMATUBOB IS
MMUTHEBBIX BOJI OTMEUALTCS 110 SMHOMY IEPEYHI0 KOMITOHEHTOB; CXO/ICTBO TPO-
SIBIISIETCS TAK)KE B TIECTPOTE OCHOBHOT'O COCTaBa.

AHanu3pl BTOPOW TPYIIIbI XapaKTePU3YIOT BOABI B MecTaXx HMX OTOOpa
kak B IIlanMckoM, Tak U B COCEIHUX palioHaX KaK COJIOHOBATBHIE C BEJIMYMHOU
muHepammsammu 1 085-3 572 mr/mm°, mo peaxumm  cpest (5,1-7,2 ex.)
OT YMEpPEHHOKHCIBIX A0 HEHTpaNbHBIX, O BEIHUYMHE OOIIEeH KECTKOCTH
(3,6-9,8 Mr-5KkB/aM°) — Kak yMEPEHHO M OYCHb XKecTKHe (Tabu. 2).

Tabnuya 1

CpedHue 3Ha4yeHusA nokasameseii XuMmu4ecKo20 cocmaea rnoo3emMHbix 600
nepeoli 2pynnsl aHaAU308

[Hanmckuit HI'P CMexHBIe paiOHbI

o = Q o o B Qo

GE| 55 |95 EE|SE| 5F | U5 |58
pH 450 5,5-8,2 6,7 04 | 1061 | 59-88 71 0,5
K, Mr-oke/nv® 450 02-102 | 15 12 | 1203 | 03-7,0 2,7 15
M, mr/mv® 347 50-653 262 125 | 869 | 39-924 | 356 | 168
Na™+K*, mr/mv® 351 | 36-1884 | 474 | 371 | 954 | 14-4780 | 446 | 464
Ca®*, mr/nv® 351 14-631 | 167 | 104 | 1033 | 33-1266 | 29,7 | 20,0
Mg?*, mr/mv® 347 1,4-40,2 8,1 54 984 | 1,1-516 | 149 8,3
SO, mr/mv® 280 05235 | 57 44 521 | 01-878 | 62 10,4
Cr, mr/om® 406 | 082284 | 37,7 | 472 | 1100 | 03-2064 | 188 | 344
HCO5, M/’ 351 |17,74010 | 1388 | 784 | 972 |182-507,6 | 2431 | 1193
NH,*, mr/mv® 124 0,2-7,0 18 14 821 | 01-74 2,7 15
Si, Mr/mv® 86 09-243 | 150 5,7 461 | 14-280 | 151 | 44
Fe obwee, mr/av® | 112 21-173 | 96 38 947 | 02-195 | 54 41
Mn, mr/mv® 92 0,1-1,1 04 0,2 679 | 001-1,1 | 03 0,2
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W3 nepeuns onpenenseMbix nokasareneit npessimenue K ang nutee-
BBIX BOJ| OTMEYAETCSl M0 MHUHEpPAIM3alUK, BOJOPOAHOMY IIOKA3aTelto, oOmei
KECTKOCTH, COAEPKAHUIO XJIopa U HaTpud. OTIN4YUE B MEPEYHE MPEBBILIAOINX
IIJAK nokasareneit B otHocsamuxcs kK Hlaumckomy HI'P ananuzax oT aHanus3os
COIpeJeNbHBIX PAHOHOB OTMEYaeTcs Mo NoKaszaTensaM PH u obmeit xecTkocTH.

o xnaccudukanum O. A. AnekrHa aHaIU3bl JAHHOW IPYMITBI Kiaccudu-
IUPYIOT BOJBI B MecTax ux oroopa B Illanmckom HI'P kak xmnopuaHsle, Ha co-
npeaenbHBIX TEPPUTOPUSIX — Kak TuApokapOoHaTHbE W XjopuaHele. [lo mpe-
00J1agaroMM KaTHOHaM BCE BOJBI OTHOCATCS K TPYIIE HaTpueBBIX. Pazmuuue
orMeuaetcs o tumy: B [llaumckom HI'P Boxmel oTHOCsTCS KO || THITY, Ha compe-
JEJIBHBIX TEPPUTOPHSIX — K | THITy.

Takum 00pa3oM, XMMHYECKHH COCTaB BOJ B aHAIM3aX BTOPOW TPYIIIBI
uMeeT crenuduyeckue 4epThl U XapaKTepU3yeT OTJIMYHBIE OT €CTECTBEHHBIX
ycioBus popmupoBanus kak B [[lanmckom HI'P, Tak 1 B cocennux paifoHax.

Tabauya 2

CpedHue 3HayeHus nokazameseli XuMu4yecKo20 cocmaed nod3emMHbIX 600
emopoii 2pynnobl aHanu30e

[HManmcxkuit HI'P CMexxHbIe pailoHbl
5 ° ’§ 8o ) ’§ 8o
2 =5| 2§ | 2z | S¢g|z3 28 | £2 | 5¢
S g (== O 5 g £ e %u =)= O 5 g £
pH 51-5,7 54 05 6,8-7,2 71 0,2
K, Mmons/av® 40-45 43 04 36-9,8 6,1 20
M, mr/am® 1619-1630 1625 75 1085-3572 1652 747
Na"+K*, mr/om® 509,3-5444 | 5268 | 248 172,6-11822 | 4487 | 2798
Ca', wrlmd’ 5 ["se5612 | 588 | 33 | 2 [481-1363 | 880 | 296
Mg?", mr/mm® 14,5-16,7 15,6 16 7,3-365 20,5 104
S0,,% mr/ov® 55-7,2 6,3 12 1,2-40 22 0,8
CI', mr/m® 9358-941,6 | 9387 41 2499-1801,8| 6453 | 4414
HCO3, mr/av® 73,2-833 783 71 29286344 | 4478 | 1256

Ananuz 3akoHomepHocmell nNpOCMPAHCMBEHHO20 USMEHEHUs. noKazameeu
XUMUYECKO20 cocmasa

Ha ocHoBaHuu napHO¥ JTUHEMHON KOPpENANN NoKa3aTeaell XUMUYECKO-
T0 COCTaBa M MPOCTPAHCTBEHHBIX XapaKTEPHCTUK YYaCTKOB HaOMIONeHUH (mIu-
pOoTHI 1 moyroThl) (Tabm. 3) kak s [llanmckoro HI'P, Tak m ayis cMeXHBIX paii-
OHOB 3HAYMMEIE TTOJIOKUTEIbHBIC CTATHCTHYSCKHE CBS3H (KO3 OHUIIMEHT Koppe-
nsmun 0,6 M BBITIE) OTMEUAIOTCS JUTS TIOKa3aTee MUHEpaN3aliy, COIepKa-
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HUS THIPOKApOOHATOB (COCTABISIOMINX OCHOBHYIO €€ JI0JII0) U aMMOHUS. 3aBU-
CHUMOCTb TPOSBISACTCS B YBEIMYCHUH 3HAUCHWH IMOKasaTeje B HANpPaBICHUU
¢ 3amajia Ha BOCTOK. [Ipu 3TOM 3HAueHHs MoKas3areneill aHaIU30B BTOPOU TPyII-
Mbl IEMOHCTPUPYIOT UX HECOTJIACHOE MOJIOKCHHUE OTHOCHUTEIBHO OOIneil TeH-
neHnyu (puc. 3, a, 0, B).

Tabauuya 3

Mampuya KoppenayuoHHbIx 3aeucumocmel

[HManmcxuiit HI'P CMexHbIe paiioOHbL
Iloxa3zaTens
Jounrora [upora Joinrora [upora

pH 0,3 0,2 0,2 0,1
X 0,4 -0,1 0,1 0,0
M 0,7 0,2 0,7 -0,3
Na*+K* 0,5 0,2 0,5 -0,4
ca™ 0,6 -0,2 0,1 0,1
Mg** 0,2 0,2 0,1 -01
HCO;3 0,7 0,0 0,7 -0,4
cr 0,2 0,3 0,2 0,0
SO~ 0,3 -03 -0,2 0,3
Fe 0,7 0,3 -0,3 0,3
Si 0,5 0,3 0,3 -0,3
NH,* 0,7 0,1 0,6 -0,3
Mn 0,1 0,5 -0,4 0,5

Kpowme Toro, B [lTaumckom HI'P 3HauMMBbIE MOJOXKUTENbHBIE CBSI3U C JA0JI-
TOTOM OTMEYaroTCs ISl ToKa3aTeNell cofepyKaHus KajdbIus M OOIIero sxeiesa.
Conepxanne kanbitnsa B [1lanmckom HI'P, Tak ke Kak B IEJIOM Ha TEPPUTOPHH
WCCIIEIOBAHNS, YBEIIMYMBAETCA B HANPABJICHWU C 3amaja Ha BOCTOK, IIPH 3TOM
cozepkaHne Kalblug B aHAIM3aX BTOPOM TPyIIBI HE coryiacyercs ¢ o0miei TeH-
JIeHIe. 3aKOHOMEPHOCTh B MI3MEHEHHUH COJEPKaHHS OOIIEro jKele3a B IEI0oM
0 paiioHy uccienoBaHusl HeonHo3HayHa: B [llanmckom HI'P yBenuuenue 3Ha-
YeHUH TI0Ka3aTeNs IMPOUCXOIUT C 3amaaa Ha BOCTOK (puc. 3, T, ).

[Tomrmo 3TOTO, MEHee BBIpaKEHHBIE MOJOXKHUTEIhHBIE CTATHCTHYECKHE
cBs3u (ko3 durment koppemsiun 0,5) B [llammckom HI'P, xak m Ha compe-
JIeTbHON TEPPUTOPHH, OTMEUAIOTCS JJIS COACP)KaHUs: CyMMBl MOHOB HAaTpHA H
KaJusl ¥ KPEMHUS C IOJTOTOM, a TaKXe COAEepKaHUsl MapraHiia ¢ mupoToil. I1ep-
BBIE JIB€ 3aBHCHMOCTH TMPOSBISIOTCS B TOBBIIIEHWH 3HAYCHHWH ITOKa3aTesen
B HAIpaBJICHUM C CEBEpO-3alaja Ha Ioro-BocTok. s comep:kaHus MapraHia
3aBUCHUMOCTH 0OpaTHas: C CeBepo-3alaja Ha I0r0-BOCTOK OTMEYaeTcs CHUKEHHUE
3HAYCHMI MoKa3atens (puc. 3, e, X, 3).

Takum 00pazoM, 3aKOHOMEPHOCTH MPOCTPAHCTBEHHOTO M3MEHEHHS TTOKa-
3arene XMMHYECKOro cocTaBa BOJIOHOCHOTO OJIMTOLEHOBOTO ropu3oHnTa B Illa-
nMckoM HI'P xapakTepHsI 7151 paiioHa UCCIIEIOBAHUS B LIEIOM.
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Ananusz 3akoHoMepHOCmeEl 8PEMEHHO20 USMEHEHUsl noKazamenel Xumuye-
cK020 cocmasa

CpaBHUTENBHBIN aHANU3 TUAPOXUMHYECKONW KapThl, MOCTPOCHHOU IIO
MMEIOIIMMCS TaHHBIM ¢ KapTod u3 oruera «OTYET MO PErHOHAIBLHOM OLIEHKE
SKCIUTyaTallMOHHBIX 3alaCOB IMOJ3EMHBIX BOJ IOKHOM dYacTh 3amagHo-
Cubupckoro apre3naHckoro OacceliHay (puc. 4), IO3BOJISIET OTMETUTh, YTO KaK
B llaunmckom HI'P, Tak u B 11e110M no pailoHy HCCIICOBaHUS THAPOXUMHUYECKAS
30HAJIBHOCTh MOA3eMHBIX BOJ 3a 30—38-yeTHuil IeproJi B OCHOBHOM COXpaHEHa:
C 3amaja Ha BOCTOK ITPOUCXOJIUT CMEHa OCHOBHOI'O COCTaBa BOABI OT TUIPOKAP-
OOHATHOT'O KAJILIUEBOTO HA TUAPOKAPOOHATHBIA HATPUEBHIN THIT. OTIINYNE Kap-
THPOBaHUS THIPOXUMHYECKUX YCIOBHI B COBPEMEHHOM INepro/ie (B IEHTPaIb-
HOM M BOCTOYHOM 4YacTAX pailOHa CMELIAHHOTO KaK M0 aHUOHAM, TaK U MO KaTH-
OHaM THIIa BOJ) OOYCIIOBJIIEHO MOBBIIIIEHHEM JIETATFHOCTH UX W3YYCHHUS 32 CUET
YBEIMYEHHSI KOJTMYECTBA YIaCTKOB HAOIIOICHHA.

IIpakTHyeckasi 3HAYMMOCTh Pe3YJILTATOB HCCIEJ0OBAHUS

AKXTyanbHbIE CBEICHUS O XMMUYECKOM COCTaBE MOJ3EMHBIX BOJ OJIUTOLIE-
HoBoro ropuzonta [llaumckoro HI'P u comnpenenbHbIX pailoHOB, PacloIoKeH-
HBIX B 3amafgHod wactu 3amagHo-Cubupckoro Mb, 3HadeHHAX €ro OCHOBHBIX
XapaKTePUCTUK, 3aKOHOMEPHOCTSX IPOCTPAHCTBEHHO-BPEMEHHOTO H3MEHEHUS,
MPEACTAaBICHHBIX B BUJE KapT paclpeieeHus 10 IUIOLIaq OCHOBHBIX IIOKa3are-
JIel, MOTYT HCIOJIB30BaTHCS IPH MPOSKTUPOBAHUH BOJ03a00POB MOI3EMHBIX BOJ
U TIPOTHO3€ KaYeCTBA IOA3EMHBIX BOJ B JOITOCPOYHOM IIEPHOLIE.

BriBoabI

N3y4eHHOCTb Te0JI0rMYeCKUX YCIOBHI OJIMIOLIEHOBOTO BOJOHOCHOTO T'O-
pusonTa [Ilaumckoro HI'P u conpenenbHbIX pailoHOB MO3BOJISIET CYUTATh YCIIO-
BUS (DOPMHUPOBAHUS XMMUYECKOTO0 COCTaBa IOJ3EMHBIX BOJ Ha BCEW IJIOIIAIH
UCCIIEI0OBaHNSl ONHOTUIHBIMU. CpenHue 3HA4YeHUs IOKa3zaTeled XUMHYECKOIOo
cocraBa nmoa3eMHbIX Boj B [llamvckom HI'P 1 B okpy»karommx paifoHax OIU3KH.
HpeBI)IHICHI/Ie HOPMATHUBOB [JIA MUTBCBBIX BOJ OTMEUACTCA IO OJUHAKOBOMY
MEepPEeyHIO IMoKa3aTeslel, CXOJCTBO MPOSIBIAETCS TakkKe B IECTPOTE OCHOBHOTO
COCTaBa.

[IpocTpaHcTBEeHHBIE 3aKOHOMEPHOCTH M3MEHEHHS OOJBIIMHCTBA TOKa3a-
TeJIel XMMHYECKOro coctaBa moja3eMHbIX Boj st Illammckoro HI'P cxomHbl
C aHAJIOTMYHBIMHU 3aKOHOMEPHOCTSAMU JUIsl BCETO paiioHa MCClIeZIOBaHUs: C 3ama-
Jla Ha BOCTOK yBEJMUYUBACTCSI MUHEPAU3alHs BOJI, CoJepKaHue ruapoKkapOoHa-
Ta W KaJbIMsl, COCTABISIONINX €€ OCHOBY, C CeBepa-3arajia Ha I0ro-BOCTOK I10-
BBIIIACTCA COACPKAHNUE CYMMbBI HOHOB HATPUA U KaJIWd, COACP)KAHNEC KPEMHUA U
noHa aMMoHHsA. OOmIasi 3aKOHOMEPHOCTh OTMEYAETCsI [Tl CHIDKEHHSI COJeprKa-
HUS Mapratiia ¢ ceBepo-3amnaja Ha I0ro-BOCTOK. 3aKOHOMEPHOCTh B MOBBIIIEHUH
coJiep KaHusA JKeje3a ¢ 3amaja Ha BOCTOK, oTMeueHHad B [[laumckom HI'P B 11e-
JIOM, TIO paiioHy HE TPOCIEKUBACTCS U TpeOyeT AalbHEHIIETO N3yUeHHS.
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Bce cxonnble 3akOHOMEPHOCTH CIIPaBEIUBBI JJI €CTECTBEHHBIX YCIOBUMN
(hopMHPOBaHUSI XUMUYECKOTO COCTaBA. AHAIN3BI C AKCTPEMAJIbHBIMH 3HAYCHU-
SIMH TIOKa3aTeJIei UMEIOT CIeIU(pUIHBIN XUMUYECKUI cocTaB Kak B lllanmckom
HI'P, Tak u Ha coceqHUX y4yacTKax.

BpemeHnHble M3MEHEHUS B XHMHYECKOM COCTaBE IOA3EMHBIX BOJ Kak
B [ITanmckom HI'P, Tak u B nienom no paiioHy uccnenoBaHust He oTMedeHsl. [lo-
BBIIIEHUE JIETAIbHOCTH M3Y4YEHHUS THAPOXUMHUYECKOTO PEKHUMA MTO3BOJIAET aKTY-
aIU3UpOBaTh KAPTUPOBAHHUE THJIPOXUMHUYECKUX MTOKa3aTeNeH.

Takum 00pa3oM, XUMHYECKHH COCTaB IMOJI3EMHBIX BOJ OJUTOLIEHOBOTO
BOJIOHOCHOT'O TOPU30HTA B €CTECTBEHHBIX ycioBUsaX B lllaumckom HI'P Tunnuen
IUISL TIOJ3EMHBIX BOJ perruoHa u 3amagHo-Cubupckoro Mb B nemom. OCHOBHEIE
3aKOHOMEPHOCTH MPOCTPAHCTBEHHOI'O HM3MEHEHMS €ro MoKa3aTeseidl onpeaess-
1oTcs (PaKTOpaMH, COCTaB W CTETICHb BIUSHHS KOTOPBIX TPEOYIOT OTIEIBHOTO
paccMoTpeHus. Ha ocHOBaHMHM OMbITa, NOJYYEHHOI'O MHOIOYUCIEHHBIMU HCCIIE-
JTOBATEISIMU, MOXHO TIPENIOIOKUTE, 9YTO €CTECTBEHHBIA OOJUK TTOA3EMHBIX BOJ
pernoHa GopMHUpPYeTCs IMOJ BIUSHUEM MPUPOAHBIX (PaKTOPOB, 00yCIOBIEHHBIX
MpEeXAE BCEro XMMHYECKHM B3aMMOJACHCTBHEM B CHUCTEME BoAa — MOpoJa, a
TaK)Xe TUAPOIMHAMIYECKAMH YCIOBUSMH BOJI0OOMEHa. DKCTpeMallbHbIe 3HAUe-
HUS [OKa3aTelled XUMHUYECKOTO COCTaBa OIpPENEISIOTCS HapyLICHUEM ecTe-
CTBEHHOI'O THAPOXUMHUYECKOTIO PEXUMA.

Pesymprarel maHHOTO HMCCIENOBAaHUS MOTYT OBITh HCIONB30BaHBI TPU
MPOEKTHPOBAHUU BOI03a00POB MMOA3EMHBIX BOJ M MPOTHO3€ KadecTBa MOI3EM-
HBIX BOJ| B JOJATOCPOYHOM MEPUOJIE.
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AHaJu3 N3MEHEeHHUs1 CMaYMBAEMOCTH TOpHBLIX MMOPOJ
IPA PasHbIX COCTOAHUAX 06pa3u03 KepHa

M. C. Xopoasckasa™, I'. O. XopoJabckuii

00O «Tromenckuii negpmanou nayunviii yeumpy, Tiomens, Poccus
*mskhorolskaya@tnnc.rosneft.ru

Annomayusa. Ha ceromHAmHuil eHb AEHCTBYIONME CTaHAAPTHI 10 MOATOTOBKE OOPAa3IoB KepHa
K J1aDOpaTOPHBIM HCCIIEAOBAHIUAM pa3paboTaHbl Ul THIPOPIIEHBIX KOJUICKTOPOB U HE YUUTHIBAIOT
JIpyTUe THITBI CMauMBaeMOCTH. VcciaenoBanue BIUSIHUS Pa3IMIHBIX METOOB MOATOTOBKH 00pa3oB
KepHa Ha Pe3yJIbTaThl JJAOOPATOPHEIX MCCIEIOBAHNIA M M3MEHEHHE CMAYMBAEMOCTH SIBIISIETCS aKTy-
IBHBIM M BOXHBIM JUISI ETPO(PU3MIECKOTO COTPOBOXKICHHS IoJCUYeTa 3amacos. [Ipeanockuikamm
K JJaHHOIT paboTe MOCTy>KHUJI BONMPOC BIMSHHUS MOATOTOBKK 00pa3IoB KepHa Ha HM3MEHEHHE CMavynBa-
€MOCTH KapOOHATHBIX OTJIOXKEHHH HECKOJIBKHX MecTopokaeHuit Bocrounoit Cubupu. IIpuBomsres
Pe3yIbTaThl CHEMAIbHBIX JJAOOPATOPHBIX MCCIEAOBAHUI MO OMPEAENEHHI0 CMAauyHMBAaEMOCTH METO-
nom USBM, BBINONHEHHBIE HA 00pas3iax B pa3HbIX COCTOSHHAX: KEPH C COXPAHEHHON HACBHIIEHHO-
CTBIO (IO 3KCTPAaKIWH), KePH II0CIIe 3KCTPAKIMK M KEPH II0CNe BOCCTAHOBJIEHHS CMAauyHBaeMOCTH.
INokazaHo, Kak Ka)KAbIil M3 3TAlOB HOJIrOTOBKHM OOpa3lOB BIMSET HA W3MEHEHHE CMAaYMBaeMOCTU
TIOPOJI, M3y4EHHE KOTOPBIX OCIOKHEHO HHTEHCHBHBIMU BTOPUYHBIMH IIPE0OPa30BAaHUSIMU . HEPABHO-
MEpHBIM 3aCOJIOHEHHEM, OMTYMUHHM3alWed M aHrunpurmzaimed. Hambosiee TowHBIE pe3yibTaThl
MOJTy4€Hbl MPH MPOBEICHUH MCCIIENOBAHMN KEPHA C COXPAHEHHOM HACHIIIEHHOCThIO. CMaumBae-
MOCTB 00pa3LOB MOCIIE SKCTPAKLIUH B LIEJIOM YBEIMYHIIACH B CTOPOHY OoJiee THAPOGUIBHOTO COCTO-
SIHUSI, OTHAKO SKCTPAKIMS HE H3MEHUIIAa CMauuBaeMOCTh ¢ THIpo(oOHOH Ha THAPOOMIBHYO.

Kniouesvie cnosa: CMaunBaeMOCTb, KepH, THAPOQMIBHOCTH, THUAPO(GOOHOCTH, TabopaTopHBIE
HCCIIeJOBaHUS, KapOOHATHBIE ITOPOJIbI, 3ACOIOHEHHE

Hna yumuposanus: Xoponbcekasi, M. C. AHanu3 M3MEHEHHUs] CMauuBacMOCTU FOPHBIX IOPOJ IpU
pasHbIX cocrosHHAX oOpasmoB kepHa / M. C. Xopombeckas, I O. Xoponabckuii. — DOI
10.31660/0445-0108-2024-5-64-79 // V3Bectust BbICIIMX y4eOHBIX 3aBeneHuil. Hedts u ras. —
2024. - Ne 5. - C. 64-79.

Analyzing the wettability changes of rocks in various states of core plugs

Maria S. Khorolskaya*, Herman O. Khorolsky

Tyumen Petroleum Research Center LLC, Tyumen, Russia
*mskhorolskaya@tnnc.rosneft.ru

Abstract. Current core plugs preparation standards for laboratory studies are developed for water-
wet reservoirs and do not consider other types of wettability. Researching how different core prep-
aration methods affect laboratory studies and wettability changes is relevant and important for
petrophysical reserve estimation. Preconditions of doing this work was the question how core
plugs impacts wettability changes in carbonate formations from several Eastern Siberian fields.

The article describes the SCAL results of measuring the USBM wettability on core plugs at vari-
ous states: a core plug with preserved saturation (before extraction), a core plug after extraction,
and a core plug after wettability restoration. The authors showed how each of the stages of core
plugs preparation affects wettability changes in rocks, the study of which is complicated by strong
diagenetic changes: uneven salinization, bituminization, and anhydritization. The most accurate
results were obtained from core plugs with preserved saturation. Overall, wettability of core plugs
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shifted towards a more hydrophilic state after extraction, but extraction did not fully change wetta-
bility from hydrophobic to hydrophilic.

Keywords: wettability, core, water-wetness oil-wetness, laboratory studies, carbonate rocks, salinization

For citation: Khorolskaya, M. S., & Khorolsky, G. O. (2024). Analyzing the wettability changes of
rocks in various states of core plugs. Oil and Gas Studies, (5), pp. 64-79. (In Russian). DOI:
10.31660/0445-0108-2024-5-64-79

Beenenue

CMa4nBaeMOCTh SIBISETCS KIFOYEBBIM HapaMeTpOM, PETyIUPYIOIIIM MH-
Tpaluio U pacnpeneierne (IouaI0B B TOPOBOM MpocTpancTBe. CMaynBaeMOCTb
OKa3bIBaeT CHIJIGHOE BIHSHHE Ha Pe3yNbTaThl JTAOOPAaTOPHBIX HCCIEIOBAHHHA
KepHa, BKIII0Yasi KanMUIIPHOE JaBJIEHHE, OTHOCUTENBHYIO MTPOHUIIAEMOCTh, KO-
a¢dunmeHT uzBnedeHus: HeTH, eKTprudeckne cpoicTra [1]. He yder mnacro-
BOI CMa4MBAaeMOCTH MIPUBOJUT K HEKOPPEKTHOMY OTpEeNIeHUI0 eTpodu3mye-
CKHX ITapaMeTPOB U OIIEHKE T€O0JIOTMIECKUX 3aI1acoB.

Panee cumranoce, 9TO BCE MOPOABI-KOJUIEKTOPHI JO MUTpAIM B HHX
Heptr M3 HepTeMaTepHHCKHUX MOPOA OBLIM CHIBHOTHAPODUIHLHBIMH, TaK Kak
B IIPOIIECCE OCAAKOHAKOIUIEHUS KOHTAKTHPOBAIN TOJBKO C BOIOHW, a IO3THEE
3aMoNHTUCH HeThi0. CeromHsIIHEee MPEACTABICHUE O MTOPOIaX TOBOPHUT O TOM,
YTO MEepBOHAYaNbHAS THAPO(UIbHAS CMAaYMBAEMOCTh MOXKET OBITh U3MEHEHA 3a
CUeT a/IcOpOUpPyEeMbIX KOMIIOHEHTOB HE(TH, a TaKKe JaBJICHUS, TEMIEPaTyphl,
MHUHEPaAIBFHOIO COCTaBa MMOBEPXHOCTH MOPOABI U XUMUYECKOTO COCTaBa IIAcTo-
BOI Bozbl. B 3aBUCHMMOCTH OT 3THX ()aKTOPOB CMauMBAEMOCTb MOXKET U3MEHSTh-
Csl OT CHJIBHO TUAPOPHIBHON 10 CHIIbHO THAPOohoOHOI [1-3].

CymiecTByIoIye CTaHAapThl N0 MOATOTOBKE 00pa3loB KepHa K siabopaTop-
HBIM HCCIICAOBAaHMSIM pa3padoTaHbl sl THAPOPUIBLHBIX KOJJIEKTOPOB U HE YYHTHI-
BAIOT APyTHE THITHI CMAYMBACMOCTH . ITO IPHBOIUT K TOMY, 4TO IETPODH3UUCCKHE
napaMeTpbl, OLEHEHHBIE TI0 3aBUCUMOCTAM [UISl THAPOPUIBHBIX MOPOJ, HMEIOT 3a-
BBIILICHHBIC 3HAYCHUSI M HE OTPAXKAIOT PeaslbHbIC reoIornIecKue 3amnackl [4-8).

B coBpemeHHBIX 1ab0opaToOpusAX MpU aHAIH3E KEPHA BOZMOXKHO HCIIOJIB30-
BaTh 00pa3lbl B PAa3HBIX COCTOSHUSX: B HCXOAHOM, OYMIIEHHOM U BOCCTAHOB-
neHHOM. K HCXOIHOMY COCTOSIHAIO OTHOCATCS 00pas3ibl KEpHAa, KOTOpBIE
OTOMPAIUCH 1O TEXHOJOTHU C COXPAHEHHOHW HACHIEHHOCThI0. K ouyHIeHHOMY
KEepHY OTHOCSITCS 00pasIibl, M3 KOTOPHIX yIaJICHbI BCE KUIKOCTH U aJCOpOUpO-
BaHHBI MaTepuall MyTeM NMPUMEHCHHUS pa3IUYHbIX pacTBopuTeneii. K Boccra-
HOBJICHHOMY COCTOSHHIO OTHOCSITCS O0Opa3ilbl KepHa, B KOTOPBIX ILIACTOBAS
CMa4MBa€MOCTh HCKYCCTBEHHO COCTapHBAaeTCi B JAOOPAaTOPHBIX YCIOBHUSX
MyTEM HACBIIEHUS] CHWJIBHOTHIPOPUILHOIO OYMIIEHHOTO KEepHa IJ1aCTOBOM
BOIOW (MJIM MOAEJBIO IJIACTOBOM BOABI) C MOCIEAYIOIINM BBITECHEHHEM €€
He(pThIO 70 3HAYCHHWHA OCTATOYHOW BOJIOHACHINIEHHOCTH W BBIICPKUBAHHEM
B ChIpOi He()TH NPH TEPMOOAPHUUECKUX YCIOBUAX C MEPHOANIECKOIN MPOKAYKOM
CBE)KEH NOpUUU HEPTH B TEUCHUE OT HECKOJBKUX THEH O HECKOJIBKUX HEAEHb.

L TOCT 26450.0-85 TTopoxs! ropubie. O6mue TpeboBanms K 0TGOPY H IOATOTOBKE MPoG st
OTIPEIENICHNS KOJUIEKTOPCKHUX CBOMCTB.
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JlocTHXKEeHNE eCTeCTBEHHOW CMayMBaeMOCTH YCTaHABJIHMBaeTCs 10 cTabuim3a-
WY 3HAYCHUH 3JCKTPUUYECKOTO COMPOTUBIICHYSI U IPOHUIIAEMOCTH 110 HEe()TH.

Hccnenoanne BIUSHUS Pa3IMYHBIX METOJIOB MOJITOTOBKH 00pa3IoB Kep-
Ha Ha pe3yJbTaThl Ja0OPaTOPHBIX UCCIEIOBAHUNA M M3MEHEHHUE CMAaYHBACMOCTH
SIBIISIETCST AKTYAIBHBIM U BRXKHBIM JIJIs1 IETPOGUIUIECKOTO COMTPOBOMKICHUSI ITOJI-
cyeTa 3amacos.

OO0beKT uccieoBaHus

Jlyis mpoBeieHUs aHAJIM3a BIUSHUS PA3IMYHBIX METOOB IMOATOTOBKU ObI-
1 OTOOpaHBI 00pasllbl KepHa MPOIYKTHBHBIX KapOOHATHBIX OTJIOKCHHH He-
CKOJIBKHX MecTopokaeHuit Bocrounoit Cubupu. CrienuaibHble J1a00paTOpHbIC
WCCIIEI0OBAHMS BKIIIOYAJIM KCTIIEPUMEHTHI TI0 ONPENEICHHI0 CMauYlBaeMOCTH TO-
pOI, IPOBEACHHBIE Ha 00pa3lax B Pa3IMYHBIX COCTOSHUSIX: HEIKCTParupOBaH-
HBI KepH (OTOOPaHHBIA MO M3OJUPYIOMIEH TEXHOJIOTHH), KEpH MOCe IKCTpaK-
UM ¥ KEPH MOCJe BOCCTAHOBICHHUS CMAauMBaeMOCTH (CTapeHHe KepHa). Beero
KOJIJIEKIIMS HacuuThIBasa 93 oOpasia KepHa KapOOHATHBIX OTIOKEHHH HUKHETO
kemOpus (tract b1-2 ocmHCKOTO TopH3oHTa — 50 00pasmoB), KapOOHATHBIX
OTJIOKCHUH TepexoTHON BeHA-KeMOpuiickoi cuctemsl (miactel b3-4 — 9 006-
pasioB, wiact b5 ropsxckoro ropusonta — 24 o0pasia) ¥ KapOOHATHBIX OTJIO-
»keHUH BeHa (To1act b12 npeobpaskeHckoro ropuzonTa — 10 00pasmos).

Jlutonoruueckoe omucaHue KepHa MOKa3bIBaeT, YTO MOpojbl miacta bl
COCTOAT NPCUMYIIECCTBCHHO U3 U3BCCTHAKOB U JOJIOMUTOB OPraHOICHHBIX, PEKE
TIMHUACTBIX. Taxke MPUCYTCTBYIOT aHTHUAPUTHI W M3BECTKOBUCTHIE apTHILIUTHL.
[Tnactel b3-5 B OCHOBHOM CIIOKEHBI U3 TIOJIOMUTOB MUKPOKPUCTAIUTMYECKUX, HO
TAaKXC BCTPCUYANOTCA AaHT'UAPHUTHI, JOJIOMHUTOBBLIC MCPICIIH. O6HOMO‘IHI)II>'I Mmarte-
pHall TIOPOJ UMEET PA3NYHYI0 OPHEHTAINI0, MEXIy OO0JOMKaMH HaXOIUTCS
OUTYMHUHO3HO-TIIMHUCTBIA Marepuan u ranuT. [lnact B12 coctouT U3 monomu-
TOB MHKPOKPHUCTAJUIMYECKUX, HEPABHOMEPHO IMEPEKPUCTAIM3HPOBAHHBIX,
CTHUIIOMUTH3UPOBAHHBIX, CYIb(ATH3UPOBAHHBIX U CIIA00 TaIUTH3HPOBAHHEIX.

N3zyuaemblie 00pa3ibl KepHa XapaKTEPU3YIOTCS HU3KUMH (QUIIBTPAIHOHHO-
eMkocTHbIMHU cBokicTBamu (DEC). B Ttabmune 1 nmpuBeneHbl CBEACHUS O Juaria-
3oHax m3MeHeHnss PEC u crenenu 3acoi0HEHNs! KOJJIEKIIMK 00pa3IoB.

CtouT OTMETHTD, uTO onpeaenennii ®EC 00pa3ioB kepHa mociie 0doecco-
JUBAaHUS JJI U3y4aeMOil KOJUIEKIIMH HEJOCTaTOYHO M PEKOMEHIYeTCs B Jallb-
HEHIIeM TOMOJHUTH LETMOYKY CIeHUATbHBIX HCCIIEAOBAHUN Ha CMAaYMBAaEMOCTb
ompeeneHreM koddduimenTa 3acooHeHus TIociie Bcex UccienoBanuii. B 1e-
som 1o Tacty b1 crenens 3acononenus Bapsupyercs ot 0,3 mo 97,8 % (cpen-
Hsis coctaBnsieT 42 %), ans wiacra b3-4 — m3mensiercs ot 1,7 10 99,4 % (cpen-
11 — 59,9 %), s uracta bS — ot 0,1 10 61,8 % (cpemuss — 12,2 %) u mst
wiacta 12 — ot 1,9 no 84,1 % (cpenuss —18 %).

Haubonbiiee BiusHuE HA (QUIBTPAMOHHO-EMKOCTHBIE CBOMCTBa M3ydae-
MBIX KapOOHATHBIX KOJUIEKTOPOB OKa3ajl WHTEHCHBHBIE BTOPUYHBIC M3MEHEHMUS:
MEePEKPUCTALIUTH3AIMS, JOIOMUTH3AIMSA, CyIb(aTH3alus, TaTUTH3aMus, BbIIIe-
JIaYMBaHUE, OUTYMH3ALIUs, CTHIIONUTU3AIMS U TPEIUHO0O0pa3oBanue (puc. 1).
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Tabnuya 1

Auana3oHsbl usmeHeHUA ®EC u cmeneHu 3aCOMOHEHUA U3WG€MOﬁ Konnekyuu 06pa3uoe

IImact [opucrots,% [Iponunaemocts, M/] Crerenn 3acolioHeHus, %
Bl minc—pMaX ) 0,9 ;721,0 (50) 0,003;;24-23,7 (50) _
B34 minc—p Max ) 2,84}8,0 © 0,04—;,2— 0,5 © _
Bs minc—p Max ) 5,01—1'(1)8,9 (24) 0,053—2(')73203,6 (24) 53,(:;;854,5
B minc—pmax ) 6,51—1'12,9 (10) 0,09‘13'0— 2,8 (10) _

Puc. 1. a, 6 — doIOMUM HePABHOMEPHO 2aAUMU3UPOBAHHbIl, MUKPUM-

MUKpOKpuUcmannuveckuli, c op2aHo2eHHoii cmpomamoaumoeoli cmpykmypol,

C WeneeuoHO-KApPMAHO-8UOGHbLIMU 30HAMU (PUMOKIAcMOoB0-NesnouUdHbIX 3anosHeHull,

6UMYMUHU3UPOBAHHLI, NAOMHbIL, C peAKUMU MOPAMU, C MHO204UCAEHHbIMU MUHE-

PanbHLIMU mpeuwjuHamu. bayHAcmoyH cmonbyamo-cmpomamonumossili a22naomuHu-
pyouje2o muna, ¢ wiesnesudHo-KapMaHO8UOHbIMU 30HAMU (hUMOKAACMOB0-MenoudHbIX
3anonHeHuli (6e3 aHanuzamopa, yeeau4verue 25), 8 — [jonomum muKpum-
MUKpOKpucmasnnu4eckuli, c opzaHoz2eHHoli 6akmepuaabHO-MuKpobuanbHoli cmpykmy-
poli, cnabo 2anumu3supoeaHHbliii U cynbhamu3uposaHH.ili, Mukponopucmolii c pedkumu
KasepHamu. bayHAcmoyH 6akmepuanbHO-MUKpobuasnsbHbiil. Bud a — 6e3 aHanuzamopa,
yeenuveHue 50, 6 — c aHanuzamopom, yeesnuyeHue 50
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[Nepekpucraim3anuss TOJIOMUTa B TIOpOJaxX IUIACTOB HEpaBHOMEpHA W
HEPEJKO WHTCHCHBHA, YTO TPUBOJUT K H3MCHCHHIO TEPBUYHBIX PEITHKTOBBIX
cTpyktyp mopojibel. CynbdaTu3aiys HOCUT HEPABHOMEPHBIN XapaKTep U HEraTUB-
HO OTpa)kaeTcs Ha (PMIIBTPAIMOHHO-EMKOCTHBIX CBOWMCTBAX, YCIIOKHSS CTPYKTYPY
MOPOBOT0 TPOCTPAHCTBA, 3ale4yaThiBasi MOPbI, KABEPHBI U TPCIIUHBI, NCKPUBIISS
MOPOBBIC KaHAIKL. ["anuTu3aius uMeeT HepaBHOMEPHOE PACTIPE/ICIICHUE U SBIISCT-
cs HanOoJIee MO3HUM BTOPUYHEIM ITPOIIECCOM. [aluT B IOPOBOM MPOCTPAHCTBE
HAXOJUTCS B TBEPJIOM COCTOSHHM, 3QJICYMBACT MEIKKPHUCTAIUIMYECKOE TPOCTPaH-
CTBO, YaCTUYHO WU TOJHOCTBIO 3alleuaThIBACT IYCTOTHI W TPEUIMHBI, YXyAIIas
@®EC. BrienaunBanve MpUBOAUT K 00pa30BaHUIO MHOKECTBA MEIIKUX KaBEPH U
MYCTOT HEMPABWILHON (OPMBI, ITyCTOTH U30JIMPOBAHHBIE, PEIKO COOOIIAFOIITHECS
MEXIy CcOOOH, pachpOCTpaHEHbl HEPAaBHOMEPHO, YAacTO 3aJICUEHBI TallTOM,
HEepelKO YacTUYHO 3arevyaTaHbl OUTyMOM. Pa3zHOHampaBieHHbIC CTHIIONUTOBBIC
IIBBI MaJIOAMIUIMTY/HBIC, BBIIOJHECHHbIC OPraHUYECKHMM WJIM  TJIHHHCTO-
OpPraHMYeCKUM BEIIECTBOM. TpelMHBl B TOpPOJAax pa3BUTHl HEPaBHOMEPHO,
YACTHYHO WITU MOJHOCTHIO 3arieyaTaHHbIe CyIb(AaToM, ONTYMOM U TATUTOM.

[TnacToBbIe BOJBI IPUHAUICIKAT K BHICOKOMHHEPAITH30BAHHBIM XJIOPHTHO-
KaIBLUEBBIM paccoiaM. MuHepammsarus Bogbsl gocturaet 597 r/mv’. Boxa 06-
JIagaeT ImIoTHoCThIo oT 1,1 10 1,38 F/CMS, BOJIBI KHCJIBIE, OYEHb JKECTKUE.

Hedtp cpemnecepnucras, mapaguHUCTas, CMOIKCTas, C IUIOTHOCTHIO
B auanasone 0,747-0,859 I‘/CMS, Bs3kocThIO 1,4-7,51 MIla*c, razoconepxannem
78,2-193,2 M*/T. B IIACTOBBIX YCIIOBHSIX OHA HAXOMHUTCS IIPH HU3KHX JaBIICHH-
X ¥ remueparype 14,4-24,9 MIla u 14-21,6 °C.

XapakTepHble 0COOCHHOCTH U3Yy4aeMbIX MOPOJT U SPKO BhIpaXKEHHBIE BTO-
pHUYHBIE TPeoOPa30BaHUS SBISIOTCS OCIOKHSIONMMHU (HaKTOpaMHu JUTS HCCIIe0-
BaHMs JAaHHOTO pa3pe3a W TpeOYIT OCOOEHHBIX YCIOBHH NpPOBEISHHUS J1abopa-
TOPHBIX DKCIIEPUMEHTOB, MIPU KOTOPBIX CMauyUBAEMOCTh OyJIET TaKOW ke, Kak U
B TUIACTE, VITH MTPHOJIMKEHA K HEll.

MeToabl uccieI0BaHMS

Iloozomoska 0bpazyoe kepHa nepeo CNeyuanbHLIMU UCCIE008AHUAMU NO
3amepam CMavueaemMocmu

XapakTepHOH 0COOEHHOCTBIO MPH PaboTe ¢ MOPOAAMU AAHHOTO PErMOHA
ABIIIETCA COXPAHEHUE €CTECTBEHHOI'O 3aCOJIOHEHHUS B IIOPOBOM IIPOCTPAHCTBE.
B Ilentpe uccnepoBanmii kepa (OOO «TromeHckuil HePTSIHOW HAYYHBIH
LEHTP») TOATOTOBKAa 00pa3loB KepHAa K MCCIEJOBAHUSAM TPOBOJUTCS IO
TEXHOJIOTHH TIPEMSATCTBYIOLIEH OTMBIBY cosedl. Humke mnpuBeneH mporuecc
MOJrOTOBKH 00pa3-1[0B Iiepe T BHITOTHEHUEM U3MEPEHUI:

1. OO6pasipl 10 SKCTPaKIHU:

1.1. OcymectBisieTcsi MponoJbHas pacHUIOBKa KepHa Ha cyxyro. M3ro-
TaBJIUBAIOTCSI 00pas3Lbl ¢ UCIOIL30BAHUEM MAJOBSI3KOIO T'MAPABIMYECKOTO Mac-
na. O6peska, TOpLOBKa U IITH(OBKA OCYILECTBIAETCS TaKXkKe Ha CYXYIO.
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1.2.  OOpasupl OTKPYUYHBAIOTCS HA YIBTPaLEHTPU(YTre B HEPTU AT CO-
30aHMs OCTaTOYHOH BogoHachimeHHOCTH (KBO) M HOyT Ha ompenencHue cMadu-
BaEMOCTH.

2. OO6pa3supl mocie BOCCTaHOBICHUS:

2.1. OOpa3ubl TOPHBIX MOPOJ NPOXOJAT MPEABAPUTEIBHYIO XOJIOIHYIO
OUYHUCTKY B YUCTOM O€H30JIe, 1ajiee dKCTparupytoTcs B anmaparax Cokciera Me-
TOJIOM TOpPSYEH IKCTPAKIINYU TAKKE B YHCTOM O€H30J1e WK XI0podopM-OeH30IIe.

2.2.  OOpa3ubl MPOBETPUBAIOTCS, BHICYIIMBAIOTCS JI0 MTOCTOSIHHOTO Beca
B CYIIHIBbHBIX mKadax npu Temneparype 105 °C2.

2.3. Ompenensorcsi MOPUCTOCTh U MPOHUIIAEMOCTH TI0 Ta3y CyXoro 00-
pa3ua3. Jlanee oOpasmpl HACHIMAIOTCS TIACTOBON BOJOH, ONIPEAEISICTCS OTKPHI-
Tasi MOPUCTOCTh ¥ Ta30IPOHHUIIAEMOCTh MO Bojxe B coorBercTBuu ¢ ['OCT
26450.1-85*. BooHachImeHHbIEe 00pasibl OTKPYYIHBAIOTCS HA YIbTPALCHTPHU-
(dbyre B HePTH 171 CO3TaHMUS OCTATOUHOM BosmoHackeHHoCcTH (KBO).

2.4. Oo6pasupl ¢ KBo u HedThIO 3arpyKar0TCsi B KEPHOACPIKATEIIN U BbI-
JIEPKUBAIOTCSI B KEPHOCPIKATEISIX MIPH TeMIlepatype U jaBieHud 20 CyToK Juist
BOCCTaHOBJICHUSI CMauUBAEMOCTH, NIEPUOJIMUECKH TPOKAYMBACTCSI CBEXasl MOp-
s "HedTH. IloAroTOBIEHHBIE TaKUM O0pa3oM 00pa3bl HCIOJIB3YIOTCS IS
oTpeJIeNIeHHs] CMauuBaEMOCTH.

3. O0pa31ibl MOCIe SKCTPAKIIHH:

O0pa3ibl MOAroTaBIUBAIOTCS COrMIacHO . 2.1-2.3.

Onucanue IKCepuMeHTa

CymecTByeT 0OJBIIOE KOJIMYECTBO METOJOB OIpPEACICHUS CMAaYlBacMO-
ctu. Hambonee pacmpocTpaHeHHbIE: METOA KpacBOTrO yria; MeTol AMOTTa
("uacTo Ha3bIBaeMbI MeTOIOM AMOTTa — XapsHu); Mmerox ["opHoro 6ropo CIIHA
(U.S. Bureau of Mines — USBM) [9].

Hawnbounee pacpocTpaHeHHbBIE METO/BI B 3apYOEKHON MPAKTUKE — METOJ
Awmotrta u metog USBM, B Poccun — meton Tyne0oBruua (pernmaMeHTUpYETCS
OCT 39-180-85). Hemoctatkom metona Tynp00BHYa SBISIETCS OTpaHUYEHHE T10
MPOHMIIAEMOCTH, KOTOpasi JoibkHa ObiTh He MeHee 10 mJI, a Takke oOpasern
JOJoKEH OBITh MPaBHIBHON reOMETPUUECKOr (POPMBI, XOPOIIO CLEMEHTHPOBaH-
uerid [10]. Ilpu momomy MeToja KpaeBOro yriia M3MEpSeTcs CMayMBaeMOCTb
MOBEPXHOCTH KOHKPETHOTO MHHEpaja, TO BpeMs KakK NP TOMOIIM METOJIOB
Awmotrra 1 USBM wu3mepsiercss cpenusist (00beMHasi) cMauyMBaeMOCTh 0Opasla
KepHa [9].

2 TOCT 26450.0-85 ITopogs! ropubie. Obiiue TpeGoBaHUS K 0TOOPY M MOATOTOBKE MPOO s
OTIpEIENeHNs KOJUIEKTOPCKHUX CBOMCTB.

® TOCT 26450.2-85 Topoxsr ropusie. Meton ompeneneHust kod¢hGHUIUEHTa aOCOTIOTHOH Ta-
30MPOHUIIAEMOCTH IIPY CTaHJIAPTHON M HECTAIIMOHAPHON (DHIIbTPALIUH.

4 TOCT 26450.1-85 IMopoxst roprsle. MeTos! onpeeneHus K03 GHUIHeHTa OTKPHITOH ITOPHCTO-
CTH KHUJKOCTCHACHIILICHUEM.
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B nanHOi1 paboTe 3KCIEPUMEHTEHI 10 OTPEAETICHHIO CMaYlBaeMOCTH TIPO-
Boawiuch MetogoM USBM Ha cranmapTHBIX 00pasliax B Pa3HBIX COCTOSHUSIX:
HEIKCTPAarupOBaHHBIN KEPH, KEPH IOCJIe SKCTPAKIUK U TIOCIEe BOCCTAHOBJICHUSA
€CTeCTBEHHOW CMa4MBaeMOCTH TNpH atMocepHbIX ycioBusix. [IpenmyriectBo
JTAHHOT'O METOJa B TOM, YTO OH YYBCTBUTEJICH K HEHTPAIILHON CMauyMBaCMOCTH U
MTO3BOJISIET MPOBECTH SKCIIEPHUMEHT B KOPOTKHE Cpoku. OIHAKO HMCCIEIOBAHUS
MOTYT MPOBOAUTHCS TOJBKO Ha 00pasuax HUIMHIApHYeckoi gopmsl [11].

Namepenust cmaunBaemoctu MetogoM USBM mpoBoasites myTem mnome-
IIeHnsT 00pasiia B BOJY W IEHTPU(PYTHPOBAHHUE €TO MPH HECKOJIBKUX YacTOTax
BpalllEHUs 10 OCTATOYHOW HEPTEHACKHIIIECHHOCTHU C TIOTYYCHUEM KPUBOHN Karwil-
JIIPHOTO JIABJICHHA. 3aTeM oOpasel] MOMEeNaloT B HePTh U NEeHTPU(YTUPYIOT 110
3HAYCHUSI OCTATOYHOW BOJIOHACHIIICHHOCTH (BTOPUYHBIN JPEHAXK), TAKKE MOy~
YarOT KPUBYI KamwUIsIpHOro naBieHus. MHpexc cmaumBaemoctu nmo USBM
OTIpeIeNIeTCS KaK COOTHOIIEHHUE TUIOIIAICH MO IBYMSI KPUBBIMH KalJUISIPHO-
ro JaBleHWss W u3MeHsercs or —1 go +1, B KpaiflHe peAKuX Clydasx
oT =5 u 10 +5. [lonoXKUTENBHBIA UHIEKC CMAaYMBAEMOCTH XapaKTepeH IS TH/I-
podUIBHON CMayMBaeMOCTH, OTpPULATEIbHBIN — i TuapodobHoii. Obpazer
o0najaeT HEWTPaATBLHOW CMAYMBAaEMOCTBIO TPH HWHACKCE CMayMBaCMOCTH I1O
USBM, 6amskomy k Hyro [11, 12].

B tabnume 2 mpuBemeHbl CBeICHUS 00 YCIIOBHUSAX MPOBEACHHS SKCIEpPHU-
MEHTa 110 U3MEPEHUI0 cMaunBaeMoctu MetogoM USBM.

Tabauya 2
CeedeHus 06 ycnosusax nposedeHus IKcnepumeHma
no usmepeHuo cma4ueaemocmu memodom USBM
[TapameTtp YcnoBue B 3KCTIEpUMEHTE

Temmeparypa, °C 23
JaBienue AtmochepHoe
Hedrs W30BuCKO3HAs MOZENb
ITnoTHOCTH HEPTH, r/em® 0,787-0,865
Bsiskocts HEdTH, cI13 1,28-28,6
Bona ITnacToBast Boga

Komnnexkuus o6pa3noB Ha cMadMBaeMOCTh JTOJDKHA OTpakaTh BECh JHaria-
30H U3MEHEHUs (DUIIbTPAIHOHHO-EMKOCTHBIX CBOWCTB U3y4yaeMbix IiactoB. Co-
rocTtaBieHue kKodhdumuenTa abCcOMOTHON MPOHUIIAEMOCTH U MOPHCTOCTH 10
TelIiio, 3aMEpPEeHHbIEe /ISl CIEIHATbHBIX U CTAaHIAPTHBIX MCCIIEOBAaHUMN, XapaK-
TEpU3yIOT OCBEIIEHHOCTh NPOIYKTUBHBIX I1acToB bl u bS5 cneunanbHbIMU HC-
CIICIOBAHMSMHU IO OIPEIEICHUI0 cMauuBaeMocTH MerogoM USBM mo Bcemy
nuanazony m3meHenuss ®EC, mractel b3-4 u 12 ocBemnieHs! MEeHbIIE U TPEOYIOT
nIanpHEHTIero u3ydeHus (puc. 2).
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Puc. 2. ConocmasneHue Ko3gppuyueHma abcoaomHoli npoHuyaemocmu
U KoaghcpuyueHma nopucmocmu no KepHy no npodyKmueHbIM rnaacmam,
3amepeHHble 0414 cneyuanbHbIX U CMAaHOapmMHbIx uccaedosaHuli

PesyabTaTsl

Io pe3ynpTaTam nccreoBaHMil Ha CMAYHMBAEMOCTh OBLIH TIOCTPOCHBI pactpe-
JIeTIeHVS MHIeKca cMaunBaeMocTr 1o Metory USBM yist 00pasiioB B pa3HBIX COCTO-
sHusIX (puc. 3). Ha prucynke 4 mpeacTaBiieHO COMOCTABICHHE MHAEKCA CMaulBaeMO-
CTH JI0 SKCTPAKIHH, ITOCIIE SKCTPAKLMHU U TIOCIIE BOCCTAHOBJICHHUSI CMaYUBAEMOCTH.

B npouecce aHanu3a u3 comocTaBieHUI ObUIM MCKIIIOYEHBI 0OpasIbl
¢ Huzkumu OEC (npu nopuctoct Menee 4-5 % 1 TMHAMUYECKOH OPUCTOCTH
MeHee 1 %), a Taxoke 00pa3ubl ¢ OTMEYCHHBIMHU AeeKkTaMu: OOJbIINE KaBepHHI,
TpeiuHbl, ckoibl. ITpu Takux Hu3kux ®EC 00pasioB, 4TO CBA3aHO C BHICOKOMH
CTEIIEHbIO 3aCOJIOHEHMS IOPOBOT0 IPOCTPAHCTBA, IPUCYTCTBYET MOTPELIHOCTD
U3MepeHni nHaekca cMadnBaeMocTi MetogoM USBM B cBs3u ¢ Tem, 4to mpu
HEHTPUPYTUPOBAHIH 00BEM BBHITECHEHHOH HE(TH WM BOABI JHOO MOIHOCTHIO
OTCYTCTBYET, OO He3HauuTeNbHBIH. Takke ObUIM MCKIIOYEHBI 00pa3Lbl MPH
€CTECTBEHHOM HACHIIEHUH, B KOTOPHIX OBIJIO OTMEYEHO BO3ACHCTBHE TEXHOJO-
FHYECKUX KHIKOCTEH B mporecce orbopa kepHa. lIpm aHanmmse kauecTBa
BBITIOJTHEHHBIX pa0oT 1Mo 0TOOpPY M30JIMPOBAHHOTO KEpHA B OJHOW W3 MPE/ICTaB-
JICHHBIX B KOJUICKIUM CKBaXMH MPUCYTCTBOBAJIO HApPYIICHHE TEXHOJIOTUU
0TOOpa W30JMPOBAHHOTO KEPHA, YTO BHECIO HEOJHO3HAYHOCTh B PE3yJbTATHI
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I/I3MepeHI/Iﬁ CMa4YMBA€MOCTU NPU €CTCCTBECHHOM HACBIIMICHUHN U B IMOCICAYIOMIEM
MPUBECJIO K UCKIIFOUCHUIO JaHHBIX O6pa3I_IOB M3 COIOCTABIICHUM.

b1 u b3-4

e

-

-1.5 -1 -0.5 0 0.5 1 -1.5 -1 -0.5 0 0.5 1
Huaere cuaunpaemoctin USBM Humere caaunsaeMoctin USBM
0 IKCTPAKIHH w10 IKCTPAKITHH
sl loCTE IKCTPAKLHH s TOCTE IKCTPAKIINI
[Mocne BoCCTAHOBIEHHA TMocte BOCCTAHOBTEHIA
7 5

b12

/
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Puc. 3. PacnpedeneHue uHleKca cmayusaemocmu no memody USBM npu pasHbix
cocmosAHuUAX 06pa3yoe KepHa
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Puc. 4. ConocmaeneHue uHdeKkca cmavyueaemocmu no memody USBM
00 3KCcMpaKyuu, nocae IKCMpPAKyuU U rnocse 60CCMaHO6/AEHUA cMmavuedemocmu 01
06pa3yos6 8 pasHbIX COCMOAHUAX

B tabnuie 3 npencraBieHbl pe3yabTaThl ONPENC/ICHNUs UHICKCA CMayrBac-
MocTu MetozioM USBM, BBITIOTHEHHBIE TIPH Pa3HBIX COCTOSHUSAX 00Pa3IioB KepHA.
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CMa4nBaeMOCTh HEIKCTPArupoBaHHBIX 00pa3noB mactoB b1 u B3-4 us-
MEHsIeTCSl OT THAPOPOOHOH 10 HeHTpalbHOU, Ui Tacta bS — ot npeumyie-
CTBEHHO TuApo(OOHON 10 HelTpanbHOH, s miacta 612 — ot ruapodoOHoi
JIO0 IPEUMYIIIECTBEHHO THIPO(POOHOI.

CMaunBaeMOCTh KCTParupoBaHHBIX 00pa3noB iacta b1 uamensercs ot
rupodoOHON 10 MPEeUMyIIeCTBEHHO THIPOPUIBLHON, 4 00paslia OCTaluCh THI-
podoOHBIMU, 6 00pa3IOB — MPEUMYIIECCTBEHHO TUAPodOoOHBIE, 6 00pa3oB —
C HEUTpabHON CMaYMBaeMOCThIO U 8 00pa3loB — MPEUMYIIECTBEHHO THIPO-
¢wibHble. CMaumBaeMmocTh 1iacta b3-4 wm3mensieTcs oT TuapodoOHOW 10
HEHTpaabHOH, 2 00pasna octanuch THAPOGOoOHBIMU, 2 00pa3iia U3MEHUIIH CMa-
YUBAEMOCTh Ha HEUTpaspHyt0. [ iacta bS cMaumBaeMOCTh OCE 3KCTPAKLIUU
BapbUpyeTcs OT TUApPoPoOHOH o ruapoduinbHOH, 1 o6paser; — ruaApodOOHEIH,
6 00pa3oB — MPEUMYILIECTBEHHO THAPOGOOHBIE, 4 00pa3iia UMEIOT HEHTpash-
HYI0 CMa4yMBaeMOCTh, 5 00pa3llOB — TIPEHMYIIECTBEHHO THAPOQUIHHBIE,
2 obpasma — ruapodunbHeie. CMaunBaeMocTh macta b12 HaxoauTes B auara-
30HE OT PEUMYIIECTBEHHO THAPOPOOHON A0 MPEUMYIIECTBEHHO THIPO(PUIBHOH,
1 o6pasen npeuMyIecTBEHHO ruapooOHbIi, 1 0Opasel — ¢ HeWTpaibHOH cMa-
YHUBAEMOCTHIO, 3 00pa3iia — MperMyIeCTBEHHO THAPO(UITHHEIE.

= lopoxa “VBCL-CI5, %
Maccopoe comepakanne " VB C15-C40, %
OPraHMMEecKoro YITiepona B nopoae, % = VB KOMIIOHEHTH GiTyMa, %

Puc. 6. ®pakyuoHHbIii cocmae op2aHUYecKo20 eewjecmeda e o6pasyax KepHa
n1o pe3ynemamam nupoaAUMUYecKo20 uccaedoeaHus
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CMmaunBaeMOCTh 00Opa3LOB MOCTE SKCTPAKLUMH B IEJIOM YBEIHMYHIACH
B CTOPOHY OoJiee THIPOGUILHOIO COCTOSHHUS, OIHAKO YacTh 00pa3loB OcTanach
MPEUMYIIECTBEHHO TUAPOGOOHBIMU MM MpHOOpeNna HEWTpalbHYI0 CMadHBae-
MOCTh. [IpHuUMHOM STOro SBIAETCS HEZOIKCTPAaKLIMs O0OpasLoB, CBA3aHHAS
C BIMSHHUEM HEOAHOPOAHOH OnTymuHmzaumu u(wim) Huzkumu ®EC. Ha asrto
YKa3bIBAlOT PE3YJbTaThl MHUPOJUTHUYECKOTO HCCIEIOBAHUSI OPraHMYeCKOro
BellecTBa B 00pa3lax KepHa, KOTOPbIE MOKa3alld, YTO IMOCJe KCTPAaKIUU He
BCerja yaaeTcs MOJHOCTBIO PACTBOPUTH OUTYMBI, a TONydYaeTcs yJaluTh JIHULIb
HauOoJee MOJBUXKHBIE ero yactu (puc. 6, 7). JlonmoaHUTENbHBIE MUPOIUTHYEC-
CKHE HCCIIEIOBAHMS JI0 M TIOCHIE SKCTPAaKUUH 3apUKCHPOBAIM MOYTH MOJHOE
OoTCyTCTBHE HEPTSIHBIX yrieBojopoaoB (C1-C40) mociie 3KCTpaKIUU W MOYTH
MIOJIHOE COXPaHEHUE OMTYMOB, X COJAEPKAHUE IOCIE SKCTPAKLUN COKPATUIOChH
HE3HAYUTEeIbHO, B cpeaneM Ha 20 % (puc. 7).

Mr VB/r nopogsl mr VB/T nopojist
(0 DKCTPAKIHH) (10C1e IKCTPAKLIH)
5 10 15 20 25 0 1 2 3 5
16394 LE— 16394 mm N
1820.8 b1 15208 B b1
16879 EENE— 16879  —
17011 S 1701.]  —
17077 - 1707.7 p—
17082 17082 —
1710.1 @ 17101
17208 17208 -
1730.1 1730.1  —
19290 19290 wm
19384 LuSm— 19334 —
19415 pum— B3-4 10415  p— b3-4
1945.5 pum— 19455 @
1961.0 W 19610 m
19615 1961.5  —
19620 EEEE——— 1962.0  E———
19626 ST 1962.6
= 19631 E—— = 1963.1 |
2 19632 mom— E 19632 I
=
% 19644 S lg‘ 19644  DEEG—————
2 19648 I [ 10645
19655 1965.5
19655 19655  EG——
19658 1065.8
19663 EUEE— 1966.3 I
1966.5 Lumm— BS 1966.5  m— B5
19674 um— 19674 w—
19676 m— 1967.6  W—
19682 S 19682 mam
19692 W 19692 B
19689 m 1969.9 W
19713 @ 19713 mm
19732 = 19732 .
1973.7 - 1973.7  —
19741 19741 el
19750 W 19750 W
19759 m 19750 m
19804 1 19804 1
VB Cl1-15 VB Cl-15
= VB C15-C40 = VB C15-C40
B VB KOMIOHEHTHI GHTYMA = VB KOMIOHEHTH GHTYMa

Puc. 7. CodepicaHue ¢ppakyuli yenesodopodoe C1-C15, C15-C40, C40+,
6umym 8 06pasyax KepHa 00 U Nocsae IKCMpPAKYUU
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[Tocne BoccraHOBIEeHUSI cMaunBaeMocTh iacta bl Haxomutes B nuama-
30HE OT rUAPO(OOHON 10 MPEUMYIIECTBEHHO THAPOGMIBHOM, 3 00pa3ia cranu
ruapoQoOHBIMH, 5 00pa3LOB — MPEUMYLIECTBEHHO THAPOPOOHBIMH, 9 00pas-
OB UMEIOT HEUTpaIbHYI0 CMauMBaeMOCTh, 5 00pa3loB — MPEUMYIIECTBEHHO
rugpoduibHele. Jns mmacra b3-4 cMaunBaeMOCTh MpPaKTHYECKH HE W3MEHU-
nack, 1 obpasen — ocraics ruApoPoOHbIM, 1 00pa3el COXpaHWI HEUTPATHLHYIO
cMmauuBaeMocTb. [locne BoccTaHOBIeHUs] cMaunBaemocTu 1 oOpasen macta b5
ctan ruapodoOHbIM, 2 06pas3a — ¢ HEUTpaJbHON cMaunBaeMOCThIO, 2 00pa3na
— MPEUMYIIECTBEHHO TUIpoduiIbHble, 1 oOpasen — ruapodunbheiid. [Tokaza-
TeNb cMauuMBaeMocTH ajs miacta b12 ymensmmics, 1 obpasen — npeumyiie-
CTBEHHO THAPO(OOHEIH, 3 o0pasila — ¢ HEHTpaTbHOW cMadYnBaeMoCThiO, 1 00-
pasern — MpeuMyIiecTBEHHO THAPOMMITBHBIN. B 1IenoM mocie rama BoccTaHOB-
JICHHS TIOKa3aTellb CMAYHBAEMOCTH YMEHBIIAJICS.

BriBoabI

1. Kap6onarasre oTiioxerns Boctounoit Cubupu 001a1atoT CII0KHOMH
CTPYKTYpOH MOPOBOT0 MPOCTPAHCTBA U MUHEPAIBHBIM COCTaBOM. VIHTEHCUBHBIE
BTOpUYHBIE TIpeoOpa3oBaHus (IJOJOMUTH3AIMS, CYIb(aTH3amus, CTHIOINTH3A-
LUs1, 3aCOJIOHEHNE, HEpaBHOMEPHAasi OUTYMUHM3ALMS U aHTUIPUTH3ALNs) BbI3bI-
BalOT OCHOBHBIE TPYJHOCTH IPHU JIAOOPAaTOPHBIX HCCIEIOBAHUAX KEpPHA paHee
HEU3Y4YEHHBIX OPOJ.

2. CmaunBaeMoCTh 00pa3LOB MOCIE 3KCTPAKLUHU B LIEJIOM YBEIUYH-
Jach B CTOPOHY Oosiee THAPO(UIBHOTO COCTOSHUS, OAHAKO SKCTPAKLUS HE U3-
MEHWJIa CMa4MBaeMOCTh C THAPO(OOHON Ha THApPOPHUIBHYIO, YacTb 00pa3IoB
coxpaHWiIH TUAPoPOOHBIE CBOWCTBA, YaCTh CTAM O0JIagaTh HEUTPATHLHOU CMa-
ynBaeMocThi0. CoxpaHeHue rufpoPoOHOCTH CBSI3aHO C HEMTOIKCTpaKmuend o0-
pas1oB, U3-3a HEBO3MOXKHOCTH ITOJHOCTBIO PaCTBOPUTH OUTYMBIL. B ciydae npu-
CYTCTBHSI OMTyMa 3Tall SKCTPAKLUK U BOCCTAHOBJIEHUS IPUBOIUT K U3MEHEHHIO
CMayMBAaE€MOCTH U HECET HEOIIPEICIICHHBIN XapaKkTep.

3. W3yuaemble OpoAbl HAXOISTCSA B IUIACTOBBIX YCIOBHSIX IIPU HU3-
KHX Temiiepatypax ot 14 mo 21,6 °C u HibKe, a TEXHUYECKHE BO3MOXKHOCTH Jia-
00paTOpHOTO 00OPYIOBaHUSI IO BOCCTAHOBJICHUIO CMaYyMBAEMOCTH TpeaycMaT-
PHUBAIOT AUaNa30H TeMIIEpaTyp OT KOMHATHOM U BbIIIE. DTO U TO, YTO MPH MpPO-
BEJICHUH SKCIIEPUMEHTOB HCTIOIB30BANACh HE TUIACTOBas HE()Th, 2 U30BUCKO3HAS
MOACIIb, HECTATUBHO BJIMACT HAa U3MEPCHUA CMAYMBACMOCTH WU BHOCUT HCOOHO-
3HAYHOCTh B PE3yJbTaThl MOCJIE €€ BOCCTAaHOBJICHWS. B Hacrosimee BpeMms
B llentpe mccnemoranuii kepua OO0 «THHII» pabGoTel 1o pa3paboTke Kop-
PEKTHBIX METOJUK H3YUCHHA CMA4YMBACMOCTH Kap6OHaTHLIX KOJIJICKTOPOB Bo-
cTouHOoi CHOMPH MPOIOIIKAIOTCSI.

4. U3 paccMOTpeHHBIX 3TamoB MOATOTOBKH 00pa3loB Hauboiee 0-
CTOBEPHBIM SIBJISIETCSI KEPH C COXPAHEHHOM HACBIMIEHHOCTBIO (0 AKCTPAKIIHM),
0TOOpaHHBIN MO U30JIMPYIONIEH TEXHONOTHU. M3ydeHue mopoj JaHHOTO Perho-
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Ha U IOATOTOBKA KCPHA K UCCICAOBAHUAM Tpe6y}0T ):[aﬂbHCﬁ].HCﬁ HpOpa6OTKI/I u
YCOBCPHICHCTBOBAHUA MECTOANYCCKUX TOAXOIO0B.

CrucoK UCMO4YHUKO8

1. Anderson, W. G. Wettability literature survey — Part 1 : Rock/oil/brine
interactions and the effects of core handling on wettability / W. G. Anderson. — DOI
10.2118/13932-PA. — Direct text // Journal of Petroleum Technology. — 1986. — Vol. 38,
Issue 10. — P. 1125-1144.

2. Muxaiinos, H. H. BnusiHue MUKpOCTpYKTYpHOH CMauMBaeMOCTH Ha IET-
podusndeckue xapakTepucTuky noposa-koywiekropos / H. H. Muxaiinos, H. A. Cemeno-
Ba, JI. C. Ceunna. — TekcT : HemocpeacTBeHnbIi // Kaporaxuuk. — 2011. — Ne 7 (205). —
C. 163-172.

3. Muxaitto, H. H. T'eomoruueckue (HakTopsl CMadyHBaCMOCTH IOPOJI-
koyutektopoB Hedtu u raza / H. H. Muxaiuios, K. A. Motopoga, JI. C. Ceunna. —
Texcr : HenocpencTBeHnsli // Neftegaz.RU. — 2016. — Ne 3 (51). — C. 80-90.

4. Oco0eHHOCTH W3Y4YECHUS! CMAayMBAaEMOCTH CJIOKHO ITOCTPOCHHBIX Kap0o-
HATHBIX TTOPOJA-KOJUIEKTOPOB JabopatopHeiMu MeTomamu / W. I1. 'ypbartosa, C. B. Me-
nexuH, . b. Umkos, 0. B. ®aiipy3oBa. — Tekcr : HemocpenctBeHHbIH // ['eomorus,
reopusuka U pa3paboTka He(PTSHBIX W Ta30BBIX MecTopoxmeHmid. — 2016. — Ne 1. —
C. 43-47.

5. [Merpoduszuka HeruaPOPUIBHBIX KOJUIEKTOPOB HE(PTSHBIX MECTOPOIKIC-
nuii Tumano-Ilewopckoii HedrerazonocHoi npoeunmu / B. 10. Tepentses, T. ®. [ps-
koHOBa, A. JI. Caetrapaes [u ap.]. — [Tepms : Actep Jdumxuran, 2020. — 231 c. — Teker :
HEINOCPEJCTBECHHBIN.

6. ®danees, A. M. BiusiHue BocCTaHOBJIEHUSI CMAaUYMBAaEMOCTH Ha 3JIEKTpUYE-
CKHe CBOWCTBA KapOOHATHBIX MOPOJ] HIDKHEBEHIICKAX OTIIOXKeHU Bocrounoit Cubupn /
A. M. ®@ageeB. — Tekct : anextponHsblit // Heprsras npouamms. — 2020. — Ne 4 (24). —
120-128. — URL: https://doi.org/10.25689/np.2020.4.120-128

7. Ilynera, P. C. BausiHue cMauuBaeMOCTH Ha yJEIbHOE JIEKTPUUECKOE CO-
NPOTUBJICHHE BOJOHACHIIIEHHBIX W HE()TEBOJIOHACHIILIEHHBIX TOPHBIX IOPOJ B aTMO-
chepHbIX U TepMmobapuyeckux ycnoBusx miacta / P. C. lllymera, E. H. Camomarus,
. B. Hogsocamosa. — DOI 10.30713/2413-5011-2020-10(346)-99-105. — TekcT : Hemo-
cpeactBeHHbli // ['eonorus, reodusnka u pazpaboTka HEPTIHBIX U Ta30BBIX MECTOPOXK-
nennit. — 2020. — Ne 10 (346). — C. 99-105.

8. Anderson, W. G. Wettability literature survey — Part 3 : The Effects of
Wettability on the Electrical Properties of Porous Media / W. G. Anderson. — DOI
10.2118/13934-PA. — Direct text // Jornal of Petroleum Technology. — 1986. — Vol. 38,
Issue 12. — P. 1371-1378.

9. Max®u K. JlabopaTopHble BcciaeoBaHMS KepHA : THI TO JIYYIINM Hpak-
tukam / K. Mak®wu, Jx. Pun, U. 3youszaperra ; nepeo ¢ anrnuiickoro U. H. MBanoga ;
nox pepakuueit M. A. TyrapoBoil. — NxeBck : THCTUTYT KOMIBIOTEPHBIX HCCIEA0Ba-
Huil. — 2018. — 923 ¢. — Ilepeeon m3n.: Colin McPhee, Jules Reed, lzaskun Zubizarreta /
Core analysis: A best practice guide. Amsterdam, 2015. — TekcT : HeOCPEICTBEHHBIH.

Ne 5, 2024 HedTb M ras 77


https://doi.org/10.2118/13932-PA
https://doi.org/10.2118/13932-PA
https://doi.org/10.25689/np.2020.4.120-128
https://doi.org/10.30713/2413-5011-2020-10(346)-99-105
https://doi.org/10.2118/13933-PA
https://doi.org/10.2118/13933-PA

10.  Muxaiinos, H. H. CmaunBaeMocCTh HE(TEra3oBbIX IUIACTOBBIX CHCTEM :
yuebHoe nocobue / H. H. Muxaiinos, K. A. Moropoga, JI. C. Ceunna. — Mocksa : Poc-
cuiickuii rocynapcTBeHHbIN yHUBepcuteT HepTH U raza (HUY) umenn U. M. I'yOkuna,
2019. - 360 c. — TekcT : HeMOCPEACTBEHHBIH.

11.  Anderson, W. G. Wettability literature survey - Part 2: Wettability Meas-
urement / W. G. Anderson. — DOI 10.2118/13933-PA. — Direct text // Jornal of Petrole-
um Technology. — 1986. — Vol. 38, Issue 11. — P. 1246-1262.

12. Twuab, JIx. Ilerpodn3nka : TEOPHUS U MPAKTHKA U3YUCHHUS KOJUICKTOPCKHX
CBOWCTB TOPHBIX MOPOJT M JBIKEHUSI IIacTOBEIX (uitonioB / Jx. Tuad, D. U. downana-
COH ; IIepeBoJ ¢ aHrauiickoro, nmoa penakuueit Ilerepcunne B. U., beuesckoro I'. A. —
2-¢ m3n., gon. — Mocksa : IIpemuym Wmxunaupunr, 2009. — 838 c. — IlepeBox u3n.:
Djebbar Tiab, Erle Conrad Donaldson. Petrophysics. Theory and practice of measuring
reservoir rock and fluid transport properties. Amsterdam, 2003. — Tekcr : Hemocpea-
CTBEHHBIM.

References

1. Anderson, W. G. (1986). Wettability literature survey - Part 1:
Rock/oil/brine interactions and the effects of core handling on wettability. Journal of
Petroleum Technology, 38(10), pp. 1125-1144. (In English). DOI: 10.2118/13932-PA

2. Mikhailov, N. N., Semenova, N. A., & Sechina, L. S. (2011). The influ-
ence of microstructure wetting on the petrophysical characteristics of the reservoir rocks.
Karotazhnik, (7(205)), pp.163-172. (In Russian).

3. Mikhailov, N. N., Motorova, K. A., & Sechina, L. S. (2016). Geolo-
gicheskie faktory smachivaemosti porod-kollektorov nefti i gaza. Neftegaz.RU, (3(51)),
pp. 80-90. (In Russian).

4, Gurbatova, I. P., Melekhin, S. V., Chizhov, D. B., & Fairuzova, Yu. V.
(2016). Some specific features of studying wetting ability of complex carbonate reser-
voirs by laboratory methods. Geology, Geophysics and Development of Oil and Gas
Fields, (1), pp. 43-47. (In Russian).

5. Terentiev, V. Yu., D'yakonova, T. F., Saetgaraev, A. D., Gurbatova, I. P.,
Kristya, E. E., Postnikova, O. V.,... & Chizhov, D. B. (2020). Petrofizika negidro-
fil'nykh kollektorov neftyanykh mestorozhdeniy Timano-Pechorskoy neftegazonosnoy
provintsii. Perm', Aster Didzhital Publ., 231 p. (In Russian).

6. Fadeev, A. M. (2020). Impact of wettability recovery on electrical
properties of the Lower Vendian carbonate rocks in East Siberia. Neftyanaya
Provintsiya, 4(24), pp. 120-128. (In Russian). Available at: https://
doi.org/10.25689/np.2020.4.120-128

7. Shulga, R. S., Salomatin, E. N., & Novosadova, I. V. (2020). The effect of
wettability on the electrical resistivity of water-saturated and oil-saturated rocks at at-
mospheric and pressure-and-temperature reservoir conditions. Geology, geophysics, and
development of oil and gas fields, (10(346)), pp. 99-105. (In Russian).
DOI: 10.30713/2413-5011-2020-10(346)-99-105

8. Anderson, W. G. (1986). Wettability literature survey-part 3: the effects of
wettability on the electrical properties of porous media. Journal of Petroleum Technolo-
gy, 38(12), pp. 1371-1378. (In English). DOI: 10.2118/13934-PA

9. McPhee, C., Reed, J., & Zubizarreta, . (2015). Core analysis: A best prac-
tice guide. Amsterdam : Elsevier, 840 p. (In English).

78 Hedtb m ras Ne 5, 2024



https://doi.org/10.2118/13933-PA
https://www.researchgate.net/profile/Erle-Donaldson?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://doi.org/10.2118/13932-PA
https://doi.org/10.30713/2413-5011-2020-10(346)-99-105
https://doi.org/10.2118/13933-PA

10.  Mikhaylov, N. N., Motorova, K. A., & Sechina, L. S. (2019). Smachivae-
most' neftegazovykh plastovykh system. Moscow: Rossiyskiy gosudarstvennyy universi-
tet nefti i gaza (NIU) imeni I. M. Gubkina, 360 p. (In Russian).

11.  Anderson, W. G. (1986). Wettability literature survey - Part 2: Wettability
Measurement. Journal of Petroleum Technology, 38(11), pp. 1246-1262. (In English).

DOI 10.2118/13933-PA

12.  Tiab, D., & Donaldson, E. C. (2003). Petrophysics. Theory and practice of
measuring reservoir rock and fluid transport properties. Amsterdam, Elsevier, 920 p.

(In English).

Undopmayus 06 asmopax / Information about the authors

Xoponvckaa Mapua Cepzeesna,
sedyuuu cneyuanucm, OO0 «Twomenckutl
He()msAHOU HayuHvll yeHmpy, 2. TomeHb,
mskhorolskaya@tnnc.rosneft.ru

Xoponvckuii I'epman Onezoeuu,
sedyuuu cneyuanucm, OO0 « Tromenckutl
He(hmsHOU HayuHblil yermpy, 2. Tromens

Maria S. Khorolskaya, Leading
Specialist, Tyumen Petroleum Research
Center LLC, mskhorolskaya@
tnnc.rosneft.ru

Herman O. Khorolsky, Leading
Specialist, Tyumen Petroleum Research
Center LLC

Craths noctynuia B pefakiuio 19.07.2024; ogoOpeHa mocie pereH3upOoBaHUS
14.08.2024; npunsTa k nmyonukanuu 22.08.2024.
The article was submitted 19.07.2024; approved after reviewing 14.08.2024;

accepted for publication 22.08.2024.

Ne 5, 2024

HedTtb M ras

79


https://doi.org/10.2118/13933-PA
https://www.researchgate.net/profile/Erle-Donaldson?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
mailto:mskhorolskaya@tnnc.rosneft.ru

bypeHue cksaxuH
u paspabomka MmecmopoxoeHuu
e ——————

Drilling of wells
and fields development

2.8.4. Paspabomka u sxcniyamayus HemsanbIx u 2a306bIX MECHOPOICOCHUU
(mexnuuecxue nayxu)
VIK 622.279.4
DOI 10.31660/0445-0108-2024-5-80-103

3akauka yrjieKuc/I0ro ra3a B a4MMOBCKHE MJIACTHI 110 TEXHOJIOTHH PeHHKEeKINU
Ha nmpuMepe miacrToB A4z 4 HoBo-Ypenroiickoro yuacrka
YPEeHroiicKoro MeCTopOsKIeHHsl

A. C. PycaHOBl, A. B. CTpeKaﬂonl, A. C. POMaHOBl*, E. A. PeﬁTﬁnaTl'Z,
M. 10. Mocmmeul, A. H. Kaprll, J.H.T J1yMoBl

Y000 «Tiomencrui He@msano nayunviii yenmpy, Tomens, Poccus
iT roMeHcKkull uHoycmpuanvhull yrusepcumem, Tomens, Poccus
asromanov@tnnc.rosneft.ru

Annomayus. TIpennocbuIKaMu U1 HCCIICIOBAHMUS SBILIOTCS PE3Y/IbTAaThl PACYCTOB JUT CafK/IMHI-TIPOLIeCCa,
B KOTOPBIX BMECTO CYXOTO ra3a B KaueCTBE arcHTa JUlsl 3aKauky B QUMMOBCKHUE IIACTHI C IIEIbI0 YBEIUYCHHUS
k03¢ buLIeHTa H3BICUCHHS KOHICHCATA PE/JIaraeTcs HCIOJb30BaTh YITICKUCIBII ras.

Lenbto paboThI SBIISETCS OLIEHKA 3PPEKTUBHOCTH OT 3aKa4KH YIJICKHUCIIOrO Ta3a 10 TEXHOJIOTHH
PEMIKEKIMN U CHIDKEHHE YIJIEPOIHOro cjea Ha MO3AHEH CcTaauu pa3paboTku MectopoxaeHus. O0b-
€KTOM HCCJIC[OBAaHHs SBISIETCS IUIAacT Aus4 B mpenaenax HoBo-YpeHroicKoro JHIEH3NOHHOTO y4acTKa
VY PEeHrolcKOro MECTOpPOXKACHUS. Beayum MeTo10M JUtsl BBISIBIICHHS H3JI0KEHHON TPOOIIEMBI SIBIISIOTCS
pe3yabTaThl MOJCIMPOBAHHS HA MOJTHOMACIITAOHONH KOMIO3HLMOHHOM T'MAPOIMHAMUYECKONH MOJIENH,
peanuzoBanHoi B popmate ECLIPSE 300. B Mozenu yuteHa uctopusi pa3pabOTKH MECTOPOXKACHHS Ha
€CTECTBEHHOM PEIKHME.

B pabote paccMaTpuBaroTCs BE CXEMbl HArHETaHUsI YIJICKHCIIOrO rasza B IUiacT. B mepBoii cxeme
3aKayKa YUCTOrO YIVIEKHCIIOrO rasa OCYIIECTBIIETCS 10 3aMKHYTOH CXEMe, P ITOM JOCTIIKCHHE yIiie-
POIHOI HEUTPATBFHOCTH 32 CYET 3aXOPOHEHHS He o0ecriednBacTcst. Bo BTopoii cxeme, 3aKkauka YIIICKHCIO-
IO rasa OCYIIECTBIISIETCS 10 TEXHOJIOTHU pentkekuuy. C MOMEHTa Havalla 3aKauKy peau3alys rasa mnpe-
Kpamaercs. IIpexycMaTpuBaeTcs peanm3alist TOJIBKO KOHICHCATA, KOTOPBIH BBIACISCTCS M3 IIACTOBOIO
rasa Ha JIMHAM HI3KOTEMIIEPATyPHON Celapaliil W HAlpaBISIeTCs HA NalbHEHIIYI0 HOArOTOBKY. [locie
BBIJICIICHNUSI KOH/ICHCATA CMECh MPHPOIHOTO U YIIIEKUCIIOTO Ta30B B OIMPEICICHHOM MPOMOPINH OJaeTCs
Ha KOMIIPECCOPHYIO CTAHIMIO U1 0OpaTHON 3aKauKy B IUIACT B ra3000pa3HOM cocTosHUHM. IIpu 3akauke
YUCTOrO YTIIEKHUCIIOTO Ta3a AOCTHraeTcs Kod((HUIMEHT U3BIeUCHNsI KOHICHCATa, COIOCTABUMBINA C KO-
(unmenToM M3BIICUEHUS KOHJIEHCATa TpH 3akauke ra3a ¢ 30 %-HoW mpuMechlo yriaekucioro rasa. Ilpu
9TOM JIaHHBIH BApHAHT MPOUTPIBAET 6a30BOMY U JIPYI'UM BapHaHTaM 110 SKOHOMHUYECKHM MOKa3aTeNsIM 13-
3 BBICOKHX KaIlIUTAIbHBIX BIOKCHUH B PEKOHCTPYKIMIO CYIIECTBYIOIIEr0 000PYA0BAHHS MOATOTOBKH ra3a
(TpebyeTcsi CTPOUTENBLCTBO YCTAHOBKH aMUHOBOM OYHCTKH). IIpH 3aKaduke YrJIEKUCIIOro ra3a Mo TeXHOJO-
UM PEUH)KEKIMH, TOMUMO JIOTOJHUTENBHOMN J00bIYH KOH/IEHCATA, BBINABIIErO B IUIACTE TPU pa3paboTKe
Ha €CTECTBEHHOM PEXHME, TOCTUTACTCS CHIDKCHHE YTIIEPOIHOTO CIIC/Ia.

C TOYKH 3peHHs] MaKCHMH3alMd Kod((HIMEeHTa M3BJEUEHHs KOHJEHcAaTa M0J00paHa ONTH-
MaJlbHasi KOHIEHTPALHs YIJIEKUCIIOT0 ra3a B CMECH, KOTOpasi HarHetaercs B ruiacT. sk MaKCHMHU3aLUuu
ko3 uIMeHTa M3BJIEUCHHsT ra3a 00OCHOBAaH ONTHMANBHBIA CPOK Hadala 3aKadkd. JKOHOMHYECKas
3¢ PEeKTUBHOCTh 0XKUIACTCS 32 CUET JOMOJIHUTEIBHOIO W3BJICUCHHS KOHJ/ICHCATA BBIMABIIErO B ILIACTE,
JIOCTIIKCHUS YTIIEPOHOM HEHTPaIbHOCTH — 3a CYET MOHETH3ALUH U 3aXOPOHEHHUS YIIICKUCIIOro rasa.

Knrouesvie cnosa: 3akayka 4HCTOTO YIVIEKHUCJIOrO rasa, 3aKadka YIVICKHMCJIIOro rasa I0 TEXHOJIOI'MH
PEMHXECKIIMN, MUHUMAJIBHOC TaBJICHUE CMECUMOCTH, aMUHOBAs OYUCTKaA

Jns yumuposanus: 3axadka yrIeKHCIIOro ra3a B a4MMOBCKHE IUIACTHI IO TEXHOJIOTUH PEUHKCKIMU Ha
npumMepe miactoB Aus.4 HoBo-Ypenroiickoro ydactka Ypenroiickoro mecropoxxaenusi / A. C. PycaHos,
A.B. Crpexkanos, A. C. Pomanos [u ap.]. — DOI 10.31660/0445-0108-2024-5-80-103// W3Bectust BbIc-
X y4eOHbIx 3aBenenuil. Hedrs u ras. — 2024. — Ne 5. — C. 80-103.

Carbon dioxide injection into the Achimov formations using reinjection technology
by the example of Ach3-4 formation in the Novo-Urengoy area of
the Urengoy field
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Annotation. The prerequisites for the study are the calculation results for the cycling process, where
carbon dioxide is proposed as the injection agent into the Achimov formations instead of dry gas, with
the goal of increasing the condensate recovery factor. The work is focused on the efficiency assessment
of carbon dioxide reinjection technology and reducing carbon footprint at a late stage of field develop-
ment. The research object is the Achs.4 formation within the Novo-Urengoy license area of the Urengoy
field. The leading method to identify this problem is the results of the full-scale composite dynamic
model in the ECLIPSE 300 format. The model takes into account the history of field development on
depletion. The articles deals with two schemes for injecting carbon dioxide into the formation. In the
first scheme, pure carbon dioxide is injected in a closed-loop system, but carbon neutrality through stor-
age is not achieved. In the second scheme, carbon dioxide is injected using reinjection technology. Once
injection begins, gas production stops. Only the condensate separated from the formation gas during
low-temperature separation is sold and sent for further processing.

After allocation of the condensate, the mixture of natural gas and carbon dioxide, in a specific
proportion, is sent to the compressor station for reinjection into the formation in a gaseous state. Inject-
ing pure carbon dioxide achieves a condensate recovery factor similar to that of gas injection with a
30 % carbon dioxide mixture. However, this option is less economically viable compared to the base and
other scenarios due to high capital costs for upgrading the existing gas processing equipment (requiring
the construction of an amine treatment unit). With carbon dioxide injection using reinjection technology,
in addition to recovering extra condensate that had condensed during natural depletion, a reduction in
the carbon footprint is also achieved. To maximize the condensate recovery factor, the optimal concen-
tration of carbon dioxide in the injection mixture has been determined. The optimal timing for the start
of injection was identified to maximize gas recovery. Economic efficiency is expected from the addi-
tional recovery of condensate trapped in the reservoir and from achieving carbon neutrality through the
monetization and storage of carbon dioxide.

Keywords: pure carbon dioxide injection, carbon dioxide reinjection technology, minimum miscibility
pressure, amine treatment

For citation: Rusanov, A. S., Strekalov A. V., Romanov, A. S., Reitblat, E. A., Moskalets, M. Yu.,
Karp, A. N. & Glumov, D. N. (2024). Carbon dioxide injection into the chimov formations using
reinjection technology by the example of Ach3-4 formation in the Novo-Urengoy area of the Urengoy
field. Oil and Gas Studies, (5), pp. 80-103. (In Russian). DOI: 10.31660/0445-0108-2024-5-80-103

Beenenue

Pesynbrarhl ucciemoBaHmiA, BHIMOJIHEHHBIC HA CEKTOPHOM TUAPOIMHAMMU-
yeckod monenu [1], rae B KayecTBE OCHOBHOT'O areHTa JUisl 3aKauyKd B aUUMOB-
CKHE€ TUIACThl MpeJiaraJoch UCHONb30BaTh yriuekucnbii ra3z (CO,), mokazanu,
4TO TpU 0TOOpPE U3 3anexku He MeHee 30 % ra3a OT HAYaIbHBIX I'C€OJIOTHUSCKUX
3amacoB (HI'3) mocTturaercss MakCUMaNbHBIN KOA(QQUIIMCHT H3BJICUCHUS KOH-
nencara (KUK). [lepeHoc cpokoB Hauana 3akadky MPH YCIOBUU OTOOpa W3 3a-
nexerr 50 w/mm 85 % raza or HI'3 nmpuBoauT K yBenmndeHHIO Kod(QuImenTa
M3BIICYCHNS KOHJIEHCATa OTHOCHUTENBHO MaKCHMaibHOTO. IIpoBepka TexHHKO-
SKOHOMHUYECKON 3(P(HEKTHBHOCTH TaKOW pPa3HOBUIHOCTH CaWKIIMHT-TIpoIIecca
ObLIa TIPeIPUHATA aBTOPAMH HACTOSAIIECH CTaThbH HA TOJHOMACIITAOHON Moje-
JIU T1acTa Ada.g.

[lo HEKOTOpHIM OIlEHKAaM CyMMapHble BBIOPOCHI YIJIEKHCIOTO Tras3a
B Poccum cocrasmstor mopsaka 1,5—1,7 mipa TorH exerogHo [2]. @opmupoBa-
HUE IMHCCHU YTIEKUCIIOTO Ta3a MPOHMCXOJUT B OCHOBHOM 3a CUET BBIOPOCOB
B c(hepax FIEKTPOIHEPTETUKH U TEIUIOCHAOKEHMS, TPAHCIIOPTAa U METaJLTyprHH
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(cymmapuao 87 %). Jlons HedTerazoBoro cekropa OT OOIIET0 KOJIMYECTBA
BBIOpOCOB cocTaBisieT 5 %.

Haxomnsennslii onbIT paboTel ¢ razamu (TPaHCHOPTUPOBKA, IMOJI3EMHOE
XpaHeHHWe) M JAOCTYyN K OOLIMPHOH Te0NOTHYECKOW HMH(POPMALUU CO3IAI0T
He(TerazoBoi oTpaciu riodaibHOE NPEUMYILECTBO MIPU PACKPBITUHU MTOTEHIIHUA-
na Poccuiickoii ®enepanuu (PP) B Bonpocax 3axoponenust CO, B Hempax [3].
Haunbonee moaxopsmiue JIoKanuu IJisi CO3AAHHUS MPOEKTOB YTHIU3AIMU U Xpa-
Henusa CO, B Heppax P® pacronoxeHbl B TpaIuIIMOHHBIX He(Terazoq00bIBato-
LIMX PETHOHaX, OHUM M3 KOTOPHIX siBisieTcs 3ananHas CuOups.

Texnonorus CCUS (Carbon Capture Utilization Storage — ynaBnuBaHue,
XpaHeHue U ucnoias3oBanne CO,) nMeeT HAMOOJBIIHMKA MOTCHINAI IO 00BeMy
YTHIW3AIUU YTIIEKUCIIOTO Ta3a M UIPaeT KIIOYEBYIO POJIb B JOCTH)KEHUU YTIIe-
pOJHOM HEWTPATBLHOCTH.

[Iportecc n3BnedYeHNns BBINMABIIETO B IUIACTE KOHAEHCATa AMOKCHUIOM YT-
JIiepoJia M3ydJalics Ha J1abopaTopHOHW yCTaHOBKE, ONMCAaHHON B pabotax [4, 5].
[IpoBeneHHbIE OMBITHI ONPENENWIA YCIOBUS BO3HMKHOBEHHWS ABYX(a3zHOU
(¢uIpTpanM TPH HArHETAaHWH Ta3000pa3HOTO OHMOKCHAA YIiiepoja B IJIacT
C MCXO/HOHM HACHIIEHHOCTHIO KHUJIKAM JeKaHOM (KOHJEHCAT) HIDKE KpUTHUe-
ckoit. [lomroToBka Momeny K MPOBENEHUIO SKCIIEPHMEHTOB, MPOIIECC HACHIIIe-
HUSI MOJIENI YTJIEBOAOPOAHBIMU KOMITOHEHTaMHU (KUIKHMH, Ta3000pa3HbIMU) H
METOJINKa MPOBEJCHHUSI OCHOBHBIX JKCIIEPHMEHTOB MOAPOOHO OINMMCAHBI B COOT-
BETCTBYIOIIUX MyOnuKanusx [4, 5]. ABTopamu 3Tux paboT oTMedaercs, 4To Gu-
3WdecKas KapTHHA MpoIlecca W3BIEYCHHs KOHJIEHCAaTa M3 IUIacTa NpW HarHeTa-
HUU JUOKCHIA YTIIepoAa BO BCEX OMBITaX HWAeHTWYHa. J[MOKcuz yriepona B
HarHeTaeMOM Ta3e TOSIBILUICS TPHU MOCTIKCHHH mapameTpoMm V (o0BeM Ipo-
JTyKITNH, TIPUBEACHHBIA K TUTACTOBBIM YCIIOBHSIM M TIOPOBOMY OOBEMY MOZEIH)
3nauenwii 0,87, a JexkaH HAYWHAN U3BJIEKATHCS MPH JOCTIKEHNH KOHIICHTPAIHH
CO; oxomo 50 %. B HauanpHBIN TIepHOA TpOIECCAa HM3BJICUCHHS COIAEPKAHHE
JieKaHa B TMPOJYKIUH O0Ka3aJoCh MOCTOSHHBIM — 37 %, TO ecTh B TpU pa3a
OOJIBITIC MCXOMHOW HACBHIMICHHOCTH TIOPUCTOM CpeInl JeKaHoM, paBHOU 12 %.
OTO CBUACTENbCTBYET 00 0Opa3oBaHMU IBIMKYLICWCS 30HBI TMOBBILICHHOM
HACBHIIIEHHOCTH 8ajia JIeKaHa. 3aTeM, HECMOTPsSI Ha MAaKCUMAaJIbHYIO PacTBOPSIIO-
LIYI0 CLIOCOOHOCTD ra3a, MHTEHCUBHOCTD M3BJICUEHHS JIeKaHa U COJIEPKAHUE €TO
B MPOAYKIHMH PE3KO CHWXKAETCA M3-32 YMEHBIIEHHS TEKYIIeH HACBHIIIEHHOCTH
MOPHUCTOM CPEABbI JKUAKOCTHIO.

ABTtopamu pabort [4, 5] moka3aHo, YTO B YCJIOBHUSIX MOJHON CMECMMOCTH
WHTEHCUBHOCTH W3BJICUCHMsI KOHJIEHCATa MPOIMOPIMOHAIbHA COACPKaHUIO CMe-
LIMBAIOLINXCSI KOMIIOHEHTOB B MOPHUCTOH cpede. OMHO M3 BaXXKHBIX SIBICHHUH
C TOYKH 3PEHUS BO3JIEHCTBUS HA YaCTUYHO MUCTOILEHHBIE [IACTHl — YBEJIMUYECHHUE
HACBIIIEHHOCTH JKUAKOCTBIO B 30HE KOHTAKTa IUIACTOBOW CMECH M JHOKCHIA
yriepoAa Npy HarHETaHUU TOCIICAHETO B 3aJIEKb.

VYBenuueHne HaCBIIEHHOCTH IUIACTa >KUAKOH (a30d MpPOUCXOAUT TpPHU
MJIaCTOBOM JIaBJICHUH HWKE MUHHMAIBHOTO JABJICHUS] CMECUMOCTH 32 CUET pac-
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TBOpEHHS Ta3000pa3HOTO JAWOKCHIAA VIJIEpoAa B JKUAKOM KOHJICHCATe.
[Ipu ompeneneHHBIX YCIOBHUSIX BO3MOXKHO TaKO€ yBEJTHMUYCHHE HACHIICHHOCTH,
KOTOpOE CAelaeT KUAKYIO (pa3y MOIBMKHOM, TO €CTh BOZHHKHET IBYX(azHas
¢wmipTpanus [6]. 3akauka CO, B yucmom BUAE B YACTHYHO MCTOLICHHBIC Ta30-
KOHJICHCATHBIE 3aJIe)KM Ha 3aBEPLIAIOLICH CTaIul pa3pabOTKH MECTOPOKICHUS
(B TOoM ciyyae, KOrja IUIACTOBOE JABICHHE HIKE JABICHUS CMECHMOCTH
KOHJIEHCATa U TUOKCHAA YIJepo/ia) TO3BOJIUT U3BJIEKATh BHIMABLINNA KOHICHCAT
B yCJIOBUSIX NByX(a3HOW (QUIBTpaIuU Ta3a W PETPOrpajHON KUIKOCTH aHAJIO-
THYHO TOMY, KaK 3TO AeJaeTcsl pH MpoKadke 000ralieHHoro rasa.

OcHoBHBIE TIPOOIEMBI NIPH OCYIIECTBICHUH TaHHON MOAWGUKAIMH TIPO-
necca HaraeTanuss CO, OyIyT CBSI3aHBI C OTAEICHUEM €TI0 OT Ta30KOHICHCATHOM
CMECH | perupKyJsnuel B acte. CiemnyeT oTMETUTh, uTo Bhiaenenne CO, u3
n00BIBaeMOTO raza (0OCOOCHHO MPH 3HAYUTEIHLHOM COJCPKAHUU €ro B MPOIYK-
MU CKBa)KWH) — JIOCTATOYHO CJIOKHBIM TEXHOJIOTHYECKHH TpoIiecc, Tpedyro-
A 3HAYUTENFHOTO YBENWYCHHS KAHUTAJIbHBIX BIIOXKEHHH B CTPOUTEIHCTBO
YCTaHOBKH aMHUHOBOM OYHCTKH.

OO0BbeKT U MeTOABI HCCJIe0BAHUS

Xapaxmepucmuka meKywe20 COCMOSAHUA pa3paboOmKu UCCiedyemozo
obvexma

la3zokoHAeHCATHBIE 3ajJeXH TUIACTOB Ads, Ha HoBo-YpeHroiickom -
LIEH3MOHHOM YYacTKe YPEHIOMCKOro MECTOPOXKICHHUS HaXOAATCA B aKTUBHOU
cragnu pazpabotku ¢ 1996 roma. Ha o0bekTe peanm3oBaHa paBHOMEPHAs CeTKa
BEPTHUKABHBIX CKBOXHH C paccTosHuEeM Mexay 3abosmm 1 600 meTpoB, mpo-
CTUMYJIMPOBAHHBIX THIpopa3peiBoM Imacta (I'PIT).

Bcero B rpaHuWIiax JIUIICH3MOHHOTO ydacTka TpoOypeHo 80 CKBa)KuH.
B macrosimiee Bpemsi mepeOBIBaIo B JKCIUTyaTalliil 68 CKBaXXWH, KOTOPHIE H
MpeyiaraeTcsl UCMOIb30BaTh B pacueTax Ha MPOEKTHHIN mepuoj. Vccnemyemble
TUIACTHI B MIPE/eNax JINIIEH3NOHHOTO yJacTKa XapaKTepU3yIOTCs] HU3KUMHA (PHITh-
TPaAITMOHHO-eMKOCTHBIME cBOMcTBaMU (PEC), THH30BUIHBIM CTPOSHHEM W OT-
CYTCTBUEM KpPaeBBIX W MOJIOIIBEHHBIX BOJ. JlaHHBIE OCOOCHHOCTH T€OJIOTHYE-
CKOTO CTPOEHUS SIBIISIIOTCS MPEATNOChUIKAMHU Il 00pa3oBaHUS TIIyOOKUX Jie-
MPECCHOHHBIX BOPOHOK B LICHTPAJIbHOM 30HE.

HauanpHoe mnacroBoe naeneHue B 3anexax cocraBisuio 60 Mlla, Texy-
1iee cpejHee IJIacTOBOE AaBiieHHe cHusmiock 10 41 Mlla. B nenrpansHoit
(ocHOBHOM) 30He 0TOOpa MIACTOBOE JaBlieHHE CHU3UIIOCH Ha 52 % U COCTaBIseT
29 Mlla. Pacnpenenenue miacToBOro JaBICHUS MO CKBa)KMHAM YKa3bIBaeT Ha
(dopMHpOBaHHE IPKO BHIPAXKEHHOH JEMPECCHOHHOM BOPOHKH B CEKTOpax 3, 5, 6,
8, uTo cBs3aHO C HAUOOJBIIUMH OTOOpaMU raza U3 3Toi 00JacCTU B HAYAILHBIN
nepuof paspaborku. Cnaboii BEIpaOOTKON 3alacoB XapaKTepU3YIOTCS 00IacTH
B NIepU(epUITHBIX YacTax miactoB (puc. 1, 2).

Ne 5, 2024 HedTb 1 ras 83



84

Joma lli

50

45 |

Iractosoe nasnerne, Mlla

40 |

35 |

30 |

25 |

——01.01.2022 ——01.02.2022
—01.03.2022 ——01.04.2022
—(1.05.2027 ——01.06.2022
—01.07.2022 ——01.08.2022
—+01.09.2022 01.10.2022

—01.11.2022 ——01.12.2022

10303 10305 10402 11206 12405 10603

HoMep cKBasim

11001 11005

Puc. 1. PacnpedeneHue nnacmoeo2o 0aeseHus 8 30He pasmeuwjeHus
dobbisarowyux cKeaxX<uH, npobypeHHbIx Ha Ho8o-YpeH20licKom AUYeH3UOHHOM yYacmkKe
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(Cpean.)

Hachbll eHHoCTs B... X Yenontivie

O - AoBbiBalOLWan CKBaKUHA

0.75013

0.63199

0.51385

0.39571

0.27757

A - HarHeTareneHasa ckeaxuHa

x - NbE30MEeTPUYEcKan CKBRKMHA (He paboTeT)

XapaKTepucTHKa CKBaXWH B Moaenu

Beero gononHUTeNbHbIX perioHos - 11 ea., B T4,
- C ApeHMpyeMbIMK 3anacamMu -10en.;

- ¢ HeapeHvWpyemeliMu 3anacamu - 1 ea.;

- KONWYEGTBO HarHeTaTenbHbix okB. - 10 Wwryk;

- KOMMYecTBO AoDbIBaAKWMX CKB. - 58 WwTyk;
- UTOrO CKB. - B8 wryk;
- COOTHOLWeHWe HarH./aobeis cks. - 1:6
Monwowmac- Cextopran
Mapamerpul EA. mamep. wrabxan mMogens Mogens
K Aueek no ocu X wr.
AqeeK N0 ock Y wr.
KonuiecTao aueek no oci 2 wr.
Koniiectao suger ur.
AKTHEHBIX wr.
Dix -
Dy "
Dz '}
urr
BoHa wr.

150 0
kM
1: 150000

1.50 3.00 4.50 6.00

3oHa orpaHu4eHa TEKTOHU4ECKUM
HapyleHneM ¢ Manoi amnnnTyaoi
cMeleHus, NpobypeHHLIM doHAOM
CKBaXKMH HE APEHUpYETCA
(aanacel kat. B1)

Puc. 2. Cxema pasmeuwjeHUs CK8AMUH U XapaKkmepucmuka moodenu naacma A4s_,

Xapaxmepucmuxa mMooenu u NPUHYUnvl ynpaeieHus 00oviyell U 3aKaukou

Jna ynpaBieHus mporeccaMu oTOOpa M 3aKauykd B IMOJIHOMAcCIITaOHON
MOJIETTH TIPY HArHETAHUH YTJIEKHUCIIOrO ra3a B IDIACT B YUCTOM BUJIE U IO TEXHO-
JIOTUU PEHHKEKIUN OBUIO BbIJIEICHO 10 JOMOIHUTEIHLHBIX PETUOHOB, KOTOPHIS
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BKJIFOUAIOT 110 OJHON HAarHETaTebHON CKBOKWHE M OT YETHIPEX JO CEMU JIOObI-
BaIOIINX CKBAXHH (CM. puC. 2).

OCHOBHOUM 1IENBIO BBIJCICHUS JOMOJHUTEIBHBIX PETHOHOB SBIISICTCS
MpeBapUTelbHas HaKadyka OTIEIbHBIX 00JacTel miacta Adz 4 10 YCTAaHOBJICHHS
B MOJICTTH MHHUMAJTBHOTO aaBiieHus cmecumoctu (M/IC). [{nst aToro B BapuaHTte
¢ 3akaukoil uncroro CO, KOHTPOJIb MO 3JIEMEHTAM 3aKa4YKH/0TOOpa OCYIIECTB-
JIAJICSL ¢ TIOMOIIBI0 OIPaHUYEHUH O JABICHUIO, & B BApUAHTAX C HarHETAaHUEM
VTIEKHUCIIOTO raza Mo TEXHOJIOIMH PEHHXKEKIUU JOMOIHUTENIBHO 3a/aHbl Orpa-
HUYCHUS Ha JOObIUy M 3aKaukKy. B 3THX BapuaHTaX CyTOYHBINH TPYIIIOBOW KOH-
TPOJIb [0 OTGOPY Ta3a He MPEBBIIIAT 3,5 MIH M°, @ FPYIIOBOil KOHTPOIIb MO 3a-
KaJKe Ta3a He npeBbiman 7,0 MIH M,

Bo Bcex BapmaHTax y4TeHa HCTOpHSA Pa3pabOTKH IIACTa HAa €CTECTBEH-
HOM pexume. [Ipu mepeBoae MOOBIBAIONINX CKBOKWH B HarHETAaTEIbHBIE C Iie-
JBI0 TIOBBIIIEHUS OXBaTa BO3JEHCTBHEM IO pa3pe3y MperycMaTphBaeTCs IIO-
BTOpHAsl CTUMYJISAIUS HarHeTaTeldbHBIX ckBaXuH [Pl co BckpbiTHEM TmacToB
OT KPOBJIH 70 TIOJIOIIIBHL.

MexaHn3M BIHSHUS YTIIEKHCIOTO ra3a Ha IJIACTOBYIO Ta30KOHICHCATHYIO
CHUCTEMY HOCHUT JBOMCTBEHHBIN 3 (HEKT U 3aKITFOIAETCS B CIEAYIONIEM:

. YTIIEKHUCIIBIN a3 XOPOIIo PaCTBOPSIETCS B ra3e — MPU YBEIUYCHUHU
koHuentpanuu CO, cHIKaeTcd JaBlICHUE Havajla KOHACHCAIUM, BBIMIABIIUN Ha
3a00€ KOHCHCAT PaCTBOPSETCS B rase;

. YTIEKHUCIIBIN Ta3 XOPOIIO PacTBOPSETCS B KOHNEGHCATE, YTO I[O3BO-
JIeT JOCTUTaTh MUHUMAIBHOTO JABJICHUS CMECUMOCTH.

Jlyis BOCTIpOM3BE/ICHUS 3TOTO Ipoliecca ObLia BEIOpaHa MOJIENb ILIACTO-
BbIX ¢uironnioB (PVT-Mozens), onuckiBaromas HEJOHACBIIICHHYIO Ta30KOH]ICH-
CaTHYIO CHCTEMY IUTacTOB A4z, (HaBiieHue HachimeHuss — 50 MIla, HayanmsHOE
miacToBoe nasicHne — 55 MIIa), ¢ BRICOKMM COJIEpIKaHUEM KHJKUX YTIICBO-
nopoaoB Cs., KoTopoe cocTapisio B Moaenu 280-300 r/m°. KoHzeHcaT miacToB
Augz, miotHOCTBIO 780-790 Kr/M® XapakTepusyercs BBICOKHM COJCpIKAaHHEM
napaduHOBBIX (ppakuii (10 6—7 % macc).

ObocHosanue MUHUMATLHO20 0asnieHus cmecumocmu npu 3axauxe CO,
Jlyis HacTpOWKM ypaBHEHUSI COCTOSHUS MCIOIh30BAIUCH PE3yJbTATHI Ja-
OOpaTOPHBIX UCCIICTOBAHUMN:

. JIaBJICHUE Hayaia KOH/ICHCAIIVH;
. KOHTaKTHas KoHAeHcanus (Ko PHUIHEHT CBEpXCKIMAEMOCTH);
. KOHTaKkTHO-gud depeHInanbHas KOHIeHcanys (oTepy KOHIeH caTa

TIPU CHIDKCHUH JABJICHUS, KO3 GUIIMESHT U3BIICUCHUS Ta3a);

. cermaparop-TecT (BBIXOA HACHILEHHOTO WU AEra3sMpOBaHHOIO KOH-
JIeHcaTa, INIOTHOCTh Jera3upOBAHHOTO KOHEHCATA);

. BSI3KOCTH IIJIACTOBOTO rasa.

Co3zpmanne PVT-mozpenu npoBoamiioch B mporpaMMHoM Mozayne PVTsim
kommanun Schlumberger, ucmonp30Baioch KyOMUECKOE YpaBHEHHE COCTOSHHS
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Coase-Penxa-Ksonra (Soave-Redlich-Kwong) «SRK» ¢ nmonpakoit miotHo-
cTH U Koppemsauun Baskocta Jlopenna-bpes-Kmapka (LBC).

OCHOBHBIE Pe3yNbTaThl HACTPOWKH YPaBHEHUsI COCTOSIHHS TIPUBENICHBI B Ta0-
muie 1 u Ha pucyske 3. [IpoBenenue skcnepumenta Slim-tube B mporpamMMHOM
mMoayne PVTsim no3Bonmno onenuts Benmnunny MZIC mpu B3aumopeicTBum yriie-
KHUCJIOTO ra3a ¢ KOHACHCATOM [ 7], BBIABIIUM IIPH Pa3HOM JaBJIeHHH (CM. pHc. 3).

Tabnuya 1
ConocmasneHue n1abopamopHbIX U MOOesAbHbIX Napamempos
npu HacmpoliiKe ypasHeHUs COCMOAHUSA
JlabopaTopHbIit OTKIIOHEHHE
IMapametp paTop Monens 0 ’
SKCHEPUMEHT %
JlaBnenne Hadana Konaencanuu, MIla 49,5 49,2 -0,6
Konnencarorasosblii (hakTo
A Gaxrop 534,0 525,0 1,7
HACBIIIEHHOI'0 KOHAEHCaTa, M /M
Konnencarorasosblii (hakTo
A axrop 328,7 3230 17
CTaOMIILHOI'O KOHAEHCATa, M /M
IInoTHOCTH JETa3MPOBAHHOTO
Aierasgp 796,0 800,0 05
KOHJIEHCATa, KI/M
g 10 I 0,050 | —
a; .8 O JlaGopatopus 0,049 | © Jlaboparopus /{;}
EE :;_@ Monens :_, 0,048 | sm— {0100 Q,{
536127 ~NQ g 0,047 —7
3 E 2
=g \ S 0,046 1%
g 34 2 0,045 ~
=5 = v
S oo o
= 0,043 (4
0 | 0,042 +— . . —
0 10 20 30 10 50 44 46 48 50 52 54 56 58 60 62 64 66
Jlarnenne, MITa Jaenenne, MITa

Puc. 3. Peaynomamsl Hacmpoliku usomepmbl KOHOeHcayuu u easkocmu
naacmoeozo 2asa

PesynpTaTtel MonmenupoBaHMs TOKa3aiH, YTO Ui COCTaBa KOHAEHcCATa,
BBINaBIEro B Iuiacte npu nasieHuu 25 MIla u Hmxe, MJIC (Touka neperuba
KpUBOH) gocturaercst npu ycraHoBuBmemcs aasieHuu 30-32 MIla (puc. 4).
3TO JaBiieHHE MPUOTU3UTEIBHO PABHO JAaBICHHIO 3aKaYKH YTIJIEKUCIIOTO ra3a Ha
3a00€, yCTaHOBIIGHHOMY B MOiesi Ha ypoBHe 31-32 MI]1a.
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Puc. 4. OnpedeneHue MUHUMAAbLHO20 0aeAeHUs CMecuMocmu 05 yeneKucnozo 2asa (CO,)

Konyenyus gpopmuposanus eapuanmos

Jlns BeIOOpa HambOomee 3(pPeKTUBHOTO BapHaHTa ¢ MOIISPKAaHUEM ILTa-
crosoro masienus (I111/]) orennBanmock nBa daxropa:

. ONTHMANbHOE COOTHOIIeHHE KoHteHTpanyu CO, B HaTHETaeMOM Tas3e;

. ONTUMAJIHHOE BPEMs Havaja 3aKauKH.

MogenupoBanue 3kcriepuMmenta Slim-tube B PVT-cumynstope moka3si-
BaeT, UYTO yBEJIIMYCHHE KOHIICHTPAIMH YTJIEKUCIIOTO ra3a B HarHETaeMoOM Tase
MIPUBOJNT K YBETWICHUIO KOA(DHUIMEHTA N3BJICUEHUS KOHeH caTa (puc. 5).

1,000 .

0,900 | /7
/ ——0.3C02
Joro I/
5 0,600 /4 —0sco
& 0.500 / / ,/// —0.7CO2
E 0.400 / / // / 2002

oot /4 e

R
\

05 100 queThii CO2

0,000 ! !

Jasnenne, Mlla

Puc. 5. 3asucumocmeo UsmMeHeHUs KoaghgpuyueHma usesevyeHus KoHoeHcama
om KOHYeHmpayuu y2aeKuca020 2a3a 8 Ha2Hemaemom 2a3se

IIpenBapuTtenbHble pacueThl HA KOMIIO3UIIMOHHON THAPOJUHAMHYECKON
MOJIETTN TIOATBEP)KIAIOT TIOBBIMIEHUE COACPKAHUA IKUAKHX YTIEBOIOPOIOB
B Ta3e npu yBenandeHnn KoumeHTpamuu CO,. C apyroii CTOPOHEI, IPH yBEIIHUe-
HUU KOHIIEHTPAIIMM YTJIEKHCIOr0 Ta3a B HArHETAeMOM Ta3e YBEINYHBACTCA
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ero o0beM, IpU TOM OIS M3BICKAEMOTO YIJIEBOAOPOJHOTO Ta3za CHMXKAeTcs,
a CJICZI0OBATENIbHO CHIKACTCS U 00BEM JTOOBITOTO KOH/IEHCATA, YTO CKa3bIBACTCS
Ha KO3 PUIIEHTE U3BJICUCHUS U J0X0/1aX OT MPOJIaXKH KOHJeHcaTa (puc. 6).

100
£ # e TITITT, € 2041 1.+ 20 % CO2
&
% 70 \\\
£ o \\ . =TI ¢ 2041 7.+ 30 % CO2
S50
ERT N N
5 \ \ TITI ¢ 2041 1.+ 50 % CO2
E
5
E 2
10 e TITI]T, ¢ 2041 T+ 70 % CO2
0
0 20 40 60 80 100
Kormertpamas CO,, % Mo
5 300000
g = Q160p cmecH ([IT+CO2)
& 250000 A
S /
] P
2 //
£ 200000 e [TTT]T, ¢ 2041 £+ 20% CO2
::: // """’--
g
= // ,-—:,:-"‘"'—
g 150000 =t ——III1]] ¢ 2041 1.+ 30% CO2
2 pr———sun
2 100000 P
= / TITIT ¢ 2041 r+50% CO2
a
i
S 50000
———TITI7T c 2041 r.+ 70% CO2
0
NALTSRa8CERRL8EE 228899
QOO QOUOOOQOQOOQQOQQC r— r—r’dr o
[ B B oI o B B B B I B I I I e I s B B B B I B
Tomet

Puc. 6. UsmeHeHue codepxaHus 3UOKUX YB om KoHyeHmpayuu y2aeKucsao20 2a3a
(€CO,) 8 HaeHemaemom 2a3e u AuHAMUKa yucmozo ombopa 2asa
no eapuaHmMam npu 3aKayxke cmecu ¢ 2041 2.

Ha ocHOBaHMH BBIICH3IOKEHHOTO OBUTM C(OPMUPOBAHBI BAPHAHTEHI
C BO3JCHCTBMEM HAa YACTUYHO HCTOIIEHHBIE TIa30KOHICHCATHBIE 3aJIEKU
aYMMOBCKHX IUIacTOB B Ipenenax HoBo-YpeHrolckoro yyactka YpeHroickoro
mectopoxaenus. Bapuanter ¢ [1I1/] 6a3upoBannck Ha ABYX OCHOBHBIX CXEMax
3akauku. [lepBas cxema npennosiaraer opranusanuto Hareranus CO; B 4UCTOM
BUJE, BTOpas npenycmarpusaer 3akauky CO; 110 TEXHOJIOTUM peuHkeKIuu. Bee
BapHaHTHI ObUTH OOBbETUHEHBI B YETHIPE TPYMITHI (TalI. 2).

B rpynmy 1 Bommm 6a3oBbIi BapuaHT (pa3paboTKa Ha €CTECTBEHHOM pe-
xume) u BapuanT ¢ [1I1]] 3akaukoit unctoro CO;.
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B epynny 2 ot BapuaHThI ¢ HATHETAHHEM T'a3a M0 TEXHOJIOTHU PEHHKEK-
uu ¢ 2041 roga wnm yepe3 18 ner mocie npeaBapUTENsHOro UCTomeHus. CMbICT
STUX BApHAHTOB 3aKJIOYaeTCs B MOWCKE ONTHMaibHOM KoHUeHTpauun CO, mpu
CMEIIEHNH C IUIaCTOBBIM Ta3oM. lIpemBapurenbHBIE pacdeThl MOKa3bIBAIOT, YTO
MakcumanbHb KWK mocturaercs, ecian konteHTparuss CO, B HarHETaeMOM Tas3e
He npesbimact 20 %. Bapuantsl ¢ goneit CO, B raze 20 u 30 % comoctaBUMBI MO
snayennsm KUK, npudem, ¢ Touku 3penust oobema 3axopoHenus CO,, st nanb-
Hele npopaboTku ObLT BEIOpaH BapuaHT ¢ noneit CO, B HarHetaeMoM rase 30 %,
TaK Kak B 3TOM BapHaHTe MaKCHMaJbHBI 00BbEeM A 3aXOPOHEHHS YTIIEKHUCIIOTO
raza HaxOIWTCS B AMana3oHE 3HAUYCHUH MOTEHUHATbHBIX OOBEMOB TI'CHEpaLUH
CO, TTAO «HK «Pocredtb» (61 MiH M®) M CTOPOHHHX MPENNPHSTHIA PErHOHA
(73 s M%) 10 2050 roa, cymMMa KOTOpBIX cocTapiser 134 mtn M° [8].

B rpynny 3 BouuM BapHaHTBI ¢ HATHETAHWEM Ta3a MO0 TEXHOJOTHH PEHH-
kekuu ¢ 2048 roma uiam dyepes 26 JeT mocie MpeaBapuTeILHOTO UCTOMCHUS.
[Tepenoc Haydana 3akadyky Ha OoJiee TMO3AHUN CPOK MPHUBOIUT K POCTY KOIPhHU-
uuenrta u3Bnedenus rasa (KUI), Bauser Ha oObeM AOOBITOrO KOHACHCATA H
¢dopmy kpusoii usmenenust KUK. [lpu 3akauke yepe3 18 u 26 ner mocne mpen-
BapHTEJILHOTO UcToleHus ¢popma kpuBoi uamenenuss KUK Hocut runep6onu-
YEeCKHI XapakTep, a Ipu KpaTHOM yBelndeHuH KoHueHTpauuu CO, B HarHetae-
MOM ra3e BhIpaBHUBACTCS BIOJIL ocH abcriucc (puc. 7).
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Puc. 7. 3asucumocme KoaghgpuyueHma usenevyeHus KoHdeHcama (KUK)
om KoHyeHmpayuu yaneKucsnozo 2asa (CO,) 8 HazHemaemom 2ase

B epynny 4 Bounu BapuaHTHl C HATHETAHUEM Ta3a MO TEXHOJOTUU PEUH-
skekiuu ¢ 2058 roma unu yepe3 36 neT mocie NpeABapUTEIbHOTO MCTOIICHHUS.
OTH BapHaHThI HAIIPABJICHBI HA MOKWCK KOMIUIEKCHOIO pelieHus, koraa 3¢ dext
OT 3aKauyKH JOCTUIaeTCs HE TOJLKO 3a CUET JOIIOJIHUTEIHLHOI'0 U3BJICUEHUS KOH-
JICHCATAa, BBIMABIIETO B MJIACTE, HO U 3a CUET KOMIICHCAIIMU ONEPAllMOHHBIX 3a-
TpaT MyTeM IIPOAaXK JOINOJHUTEIBHBIX 00BEMOB YIJICBOIOPOIHOrO ra3a.
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U3 pucynka 7 BUAHO, YTO MEPEHOC Hayaia 3akaukd (depe3 36 Jer mocie
MPEeBAPUTEIHFHOTO UCTOLICHHS) HE OKa3bIBAET CYIIECTBEHHOTO BIIMSHUS Ha Xapak-
tep m3menenusi KUK. Buano, uro ¢popma kpusoit KUK mensiercst B o6paTHyto cTo-
POHY U TPHOOpETAET BBITYKIIBIA XapaKTep Ha OTPE3KEe W3MEHEHHs KOHIIEHTPALMU
CO; B HarHeTaeMoM rasze OT MUHHUMabHOTO 3HaueHus (30 %) mo 200 % u 400 %.

Cxembl n0020mosKu npoOyKyuu 000bl8AIOWUX CKEANCUH NPU 3AKAUKe Ye-
JIeKUc1020 2asa

Ha pucynkax 8a u 86 moka3aHbl CXeMBbI TTOJATOTOBKHU MPOAYKIIMHA B BapH-
aHTax C MmojjepkanueM riactoBoro nasnenus (I1T1/1).
B BapuanTe ¢ 3akaukoii uuctoro CO, mocie cOopa, MOJArOTOBKU U pasie-

JICHUSI TPOAYKIIMU TIPEyCMaTPUBACTCS Peau3alis MPUPOTHOrO ra3a U KOH-
neHcara. 3akauka yuctoro CO, OCyIIECTBISIETCS B KUJAKOM COCTOSHUU C TIPH-
MeHeHueM HacocHOU craniuu. Otnenenne CO, OCYIMIECTBIAETCS TIPU MTOMOIIIH
AMUHOBOI OYHCTKH, TOCIIE YEro YTJICKUCIBIA Ta3 HAMpaBiIsIeTCs Ha KOMIIPEC-
COPHYIO CTaHIIMIO JUIsl CXKAaTUs W Jlajiee MojaeTcs B OJIOK oxiaxkiueHus. B pe-
3yJIbTaTe KOMIPUMHUPOBAHUS W OXJIAXKACHUS IPOUCXOAMT (DAa30BBHIM Tepexos
CO; u3 ra3000pa3HOTO B XKUIKOE arperaTHOe COCTOsTHUE (CM. puc. 8a).

CornacHO TEXHOJIOTHYECKOH cxeMe oOpaTHol 3akauku CO, 1Mo TEeXHOIO-
TUH peuHXeKImn (puc. 80), IpeyCMaTpUBACTCs pealln3alus TOJIbKO KOHICHCA-
ta. KoHaeHcar oTaenseTcs Ha JIMHUM HHU3KOTEMIICPATypHOW Cemapaiuu |
HaMpaBIseTCS Ha JalbHEHIylo moArotoBky. Cmech mpupoaHoro raza u CO;
MO/IaeTCsl HA KOMITPECCOPHYIO CTaHIIMIO JJIsI COBMECTHOM 3aKa4KH B IUIACT B ra-
3000pa3HOM cOCTOSHUM. [Ipu 3HAYMTENBHBIX O0bEMaxX 3aKAaYKU JOCTHTACTCS
100 %-nHast komreHcalusi 0TOOpa U MPOUCXOAUT JOMOIHUTEIbHAS A00bIYa BbI-
MaBIIEro B IUIACTE KOHJCHCATA, PACTBOPSHHOTO B KHCJIOM rase, MPU 3TOM OXKU-
naetcs cymectBeHHoe nosbimenne KUK npu mmTensHOM cpoke pa3paboTKu
MECTOPOXKCHUS 110 CPABHCHHUIO C BapUaHTOM pa3pabOTKH MECTOPOXKIACHHS Ha
€CTECTBCHHOM PEIKUME.

Pe3yabTarsl

Pesynvmamsr mexnonozuueckux paciemos

Jlst MozemupoBaHUs HCTIOIB30BaIOCh 68 CKBOXKHMH W3 YHCIIA TIepeObIBaB-
IUX B JKCIUTyaTalldd M PACIHOJIOXKEHHBIX B TPaHUIAX PacCMaTPHUBAaEMOTO ITH-
[IEH3MOHHOTO yJacTKa.

B BapuanTax c III1J] 10 moObIBalOmMKX CKBAKUH MTEPEBOAATCS MO 3aKad-
Ky. B Mozenu yureHa nctopus pa3pabOTKH Ta30KOHJEHCATHBIX 3aJIeXkKel, Hauu-
Has ¢ 1996 rona. [IpoekTHBINM MTEpHOT BO BCeX BapHaHTaX 3a MCKIIOUYCHHUEM Ba-
puanta 1 cocrasnser 128 ner (maumHaetcs ¢ 2023 roxa u 3akagunBaetcs B 2150
roxay). PesynmpraTtel MogenupoBanus no cxeme 3akauku gnctoro CO, u mo Tex-
HOJIOTHUH PEHHKEKIINH CBEICHHI B Tadnuiry 2. Beero paccMoTrpeno 14 BapraHTOB
pa3paboTKwH.

B BapuanTe 1 oneHmMBaiCS MOTSHITHAN TIACTOB AUz 4 1O AOOBIYE Ta3a U
KOHZEHCaTa TMpH pa3paboTKe 3aleked Ha  eCTECTBEHHOM  PEXHME.
be3 Bo3aeiicTBUS Ha TUTACT pa3paboTKa Ta30KOHICHCATHBIX 3aJICKEH IpeKpania-

Ne 5, 2024 HedTb 1 ras 93




etcs uepe3 85 net, npu 3HaueHusx KUI' u KUK — 0,794 u 0,446 nonmu en.
COOTBETCTBEHHO (CM. TalOII. 2).

B BapumanTe 2 paccMmarpuBanach pa3paboTka IUIACTOB Auz4 B PEKHUME
[IT/] 3akaukoit uuctoro CO, no 3aMkHyTO# cxeme ¢ 2041 ronma. YBenuueHue
KUK obecrieunBaeTcs 3a CYET JOMOIHUTEIHLHOTO U3BICUCHUS KOHJICHCATA, BHI-
MaBIIero B IUIACTE JI0 MOMEHTA Hayalla 3aKayku MpH pa3paboTKe 3ajiekel Ha
ecTtecTBeHHOM pexume. [lo BapuaHTy 2 IUIacToBOE NaBlICHHWE HA JaTy Hayana
MIT camkaetrcs no 9 Mlla, a Ha koHen pa3pabOTKU BOCCTAHABIMBACTCS [0
11 MITa — MUHUMAaJILHOE JIaBJICHHE CMECUMOCTU HE JOCTHTraeTcs. DPQPEKT oT
3akauku yucroro CO,, 3axnrodaercs B yBenmmdyenun Ha 22 % (¢ 0,446 mo
0,543 nomu en.) KUK otHocuTenpbHO 0Oa3zoBoro BapuaHTa. s peagu3aiiuu
cuctremsl III1]] mo cxeme 3aMKHYTOTO IHKJIa MOTPEOYIOTCS IOIOTHHUTEIHHEIS
KalnTalIbHBIE BIOKEHUS B PEKOHCTPYKITUIO CYIIECTBYIOIIEH YCTAaHOBKH TOJIIO-
TOBKA Taza (CTOMMOCTh aMHHOBOM OYWCTKH), HYTO OTPHUIATENFHO BIHSAET
Ha YKOHOMHUKY B 11eJioM. I1o 3ToMy BapuaHTy HOJIydeHO MUHIMAIFHOE 3HAUCHIE
TUCKOHTHpOBaHHOTO MMoToka HammaHocth (NPV) (cm. tabi. 2, puc. 9).
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Puc. 9. 3asucumocmu KUK om nanacmoeoz2o daeneHus npu Ha2HemMaHuu
yanekucnozo 2a3a (CO,) 8 yucmom sude U Mo mexHos02uu peuHrHceKyuu

B BapmanTe 3 u mocnenyommx paccMaTpuBaiach pa3paboTka 3alexein
miactoB Auz4 B pexkume [I1]] 3akauxoif cMecH IIacTOBOTO U YTIACKUCIOro ra3a
[0 TEXHOJIOTUHU peUHX eKIUU. OTACNECHHBIN OT KUAKOCTU IJIACTOBBINA Tra3 C J0-
oasnenuem 20 % CO, ucnonssyercs B cucreme [111/] B momHOM 00BEME, 2 KOH-
JIEHCAT OTIpaBisieTcss Ha peanu3anuio. [lo Bapuanty 3 miacToBoe AaBICHHE Ha
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naty Hadana [1I1/] camxaercst no 9 MIla, a Ha koHen pa3pabOTKH BOCCTaHABIIH-
Baercs 110 20 MIla — naBneHue cCMEIMBaHUS HE TOCTUTACTCSL.

3a cuer HarHeTraHusa oborameHHoro rasa ¢ 20 %-unoit moireit CO, mo Tex-
Honorun penmxekun KUK ysenmuuBaercs ¢ 0,446 no 0,549 nonu ex., a a¢-
(eKT OT 3aKauky OTHOCHTENILHO 0a3oBoro BapuaHTa pocturaet 23 %. [obasne-
HUE B ra3 IOC/€ OTAENCHHs KOHJEHCaTa YIJIEKHCIOro raza B OIpEJeIeHHOU
MPONOPLHUH co3aaeT ABOMHOM 3¢ ekt (cM. puc. 5). Bo-nepBbIX, ABYOKHCH yriie-
pola crocoOCTBYET yAEp>KaHWIO BBICOKOKHUISIIMX YTIEBOAOPOAOB B Ta30BOM
(daze ¥ TeM caMbIM CHW)KCHHUIO JIaBJICHHMS Hauyajia KOHJieHcaruu. Bo-BTOpPBIX,
3akayka CO, obecneuuBaeT MoAAEp)KaHHE TAKOTO TEMIIa TMaJeHUs AaBJICHUS,
KOTOPBI HEOOXOMUM JIJISl BEITIOJTHEHHUS YCIIOBHS Prut. > PHK., 9TO 03HaYaeT mpe-
BBIIIICHNE TJIACTOBOTO JNaBJIeHHS HaJ ABJICHHEM Hadaia KOHICHCAIlMHU ILIAcTO-
BOHM YTJIEBOJAOPOIHON CHUCTEMBI (MPEACTABISIET COO0M CMECh IIIAaCTOBON CHCTe-
MBI Ha9aJIbHOTO COCTaBa M HATHETAEMOTO areHTa).

Takum 00pa3oM, Ha TMPOTSHKEHHUH BCETO MEepPHO/a BO3AECHUCTBUS PELUPKY-
TAUH 00ecTieuynBaeTcs HE TOJIBKO MPEAOTBPANICHHE TUIACTOBBIX MOTEPh KOH-
JIeHcaTa, HO M ¢ KaKOr0-TO MOMEHTa BPEMEHH YK€ BBHITABIINI B TUTaCTe KOH/ICH-
car mcmnapsercs oOpaTHO B Ta3 M BEIHOCHUTCSI BMECTE C HUM K 3a005M JT0OBIBarO-
OMX CKB&XHMH. PacyeTbl Ha KOMIO3UIMOHHOM THAPOAMHAMHYECKOW MOIEIU
MOATBEPKIAIOT TIOBBIMIECHUE CONEPKAHUS KUAKUX YTIIEBOAOPOAOB B Ta3e IMpH
yBemmueHnn koHteHTparmn CO, (cM. puc. 6). B 3ToM BapruaHTe JOTOIHUTEIEHO
K 3¢ dekTam, ONMMCAHHBIM BEIIIE, 00SCIICYNBACTCS YIIEPOaHAS HEUTPAIBHOCTD,
TaK KaK 9acTh YIJIEKHCJIOTO ra3a OCTaeTcs B IJiacTe 3a (PpOHTOM BBITECHEHUS
JUTSL 3aXOPOHEHHS, IPUYEeM €ro KOHIIEHTpAIlHsl B MPOIEeCCe PEeHUPKYJIISINHA yBe-
mrauBaeTcs (cM. Tabi. 2, cM. puc. 5, 6, 9).

B BapuaHTax 4-8 ocyIecTBISIeTCS IOUCK ONTHMAIbHONH KOHIIEHTPALUU
CO, mpu ee yBenuwueHWH B HarHetaemMom Taze mo 30, 50, 70, 200 u 400 %.
[To BapmanTam 4-8 1uractoBoe maBieHme Ha nmary Hadanma [II1]] cHmkaercs
10 9 MIla, a Ha KoHell pa3pabOTKH BOCCTaHaBauBaercs a0 24—27 MIla — nag-
JIeHNEe CMECHMOCTH HE JOCTHUTaeTcs. MexaHN3M B3anMOJAEUCTBUS YTIIEKUCIOTO
ra3a ¢ IUIaCTOBOM Ira30KOHJEHCATHON CUCTEMOM aHAJOTMUeH IMpebIyleMy Ba-
puanty. Kpome toro, B Bapuantax 4—8 3a c4eT HarHeTaHusl 0OOTall[EHHOT O ra3a
0 TEXHOJOTUY PEUHKEKIIMU U yBenudeHus koHreHTparyu CO, B HarHETaeMOM
raze MHTCHCUBHOCTb M3BJICUCHUSI PETPOrPATHOTO KOHJIEHCATA B MOJACIN CHIKA-
€TCsl U3-32 YMEHBIIEHHS TEKYIIeH HAaCBIILIEHHOCTH MTOPUCTOM Cpebl )KUIKOCTBIO,
COOTBETCTBEHHO CHIKAETCSI IPQEKT OT 3aKauKd OTHOCHTENBHO 0a30BOr0 BapH-
aHTa, KOTophIi manaet ¢ 22 1o 14 %, ¢ marom 1-3 % npu nepexojie OT BapuaH-
Ta K Bapuanty (cM. Tadi. 2, cM. puc. 9).

B Bapmanrtax 9-11 nauano [II1/] mo TeXHONOTHU pEHHKEKIHU MEPEHO-
cutcs Ha 2048 roj, a konneHTpanus CO, B HATHETAEMOM Ta3e cHayajaa COCTaB-
nsiet 30 % (ompeneneHa Kak ONTUMaJIbHASI C TOUYKU 3pEHUs 00beMa 3aXOPOHEHUS
CO,), a 3arem yBenmuuBaetcs 10 200 u 400 %. 3anepkka B CpoKax Hayaia pea-
nu3aruu [T1]] Mo TeXHOIOTHH PEHHKEKITUU, HECMOTPS Ha YBEJIIMYCHHUE CHaJala
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B CEMb, a 3aTeM B JBa pa3a koHreHTparmu CO, B HarHETaeMOM ra3e, He MPHUBO-
TUT K cymectBeHHOMY npupocty KUK, kak 0THOCUTETHHO TpEABIAYIINX BapH-
AHTOB, TaK M OTHOCUTEIHLHO 0a30BOr0 BapuaHTa Ha uctolieHue. [lo BapuanTam
9-11 mnactoBoe namieHue Ha nary Hadvana I[I1]] cHmxkaercs no 8 Mlla, a Ha
KOHeI[ pa3paboTku BocctaHaBiuBaercs no 15-34 Mlla — naBieHue cmemvBa-
HUS JIOCTHTaeTCs B BapuaHTe, B KOTOpoM KoHleHTpalws CO, B HarHeTacMoM
raze ysenuuusaercs 10 400 %. B atoit cepun pacueroB KUI' yBennuuBaercs 1o
0,717 nomu en., a KUK 3aBucur ot konneHTpanuu CO, B HATHETAEMOM Ta3e H
u3mensiercst ot 0,505 momu en. (30 % CO,) mo 0,479 momu ex. (400 % CO,).
D¢ dexT oT 3aKkaUKu OTHOCUTENHHO 0a30BOro BapuaHTa maaaet c¢ 13 xo 7 %, c
marom 3 % Tmpu mepexojie OT BapraHTa K BapHaHTY, IIPH 3TOM ITOTEPH B JOOBIUE
pEeTpOrpasgHOTO KOHAEHCATa KOMIEHCHPYIOTCS 33 CUET YBEIWUYCHHS KOJIHMIECTBA
CO,, npemHa3HaYeHHOTO JJIs 3aX0pOHEHUs (CM. Tab. 2, cM. puc. 9).

B Bapuante 3 npu makcumanpbHom KUK, paBHOM 0,549 monwm en., Tepsi-
eTCsl YIymieHHasl BBITOJIa OT MPOJAXH CBOOOIHOTO Tas3a, MPUYeM Ha MOMEHT
Hayvajia 3aKadku Ooliee MOJIOBUHBI JOOBIBAIOIINX CKBAXHH PabOTAIOT ¢ JeOUTOM
raza 90—100 Tbic. M*/cyr. C menbio moBbieHus dQPEKTHBHOCTH pa3paboTKH
3aJIe)KeH 110 TeXHOJIOTUY PEUHKEKIINY B BapuanTax 12-14 npemiaraercs nepe-
HecTH Havayo 3akaukw Ha 2058 rom mpum koHneHtpanuu CO, B HarHeTaeMOM
raze 30, 200 u 400 %. B BapuanTax 12-14 nmoxazano, yto Hambozee 3¢ddex-
THBHO TIPOIIECC M3BJICYECHUSI PETPOTPaTHOTO KOHAEHCATa MO TEXHOJIOTUU PEHH-
KEKIMU TPOTEKaeT Npu ycioBum, korga aonst CO, B IJIaCTOBOM rase HE Tpe-
Bermaet 30 %. [lotepu B 10OBIYe peTpOrpaHOTO KOHAEHCATa KOMIIEHCUPYIOTCS
3a CYeT MOTOJHHUTEIBHON MOOBIYM CBOOOIHOTO Tasa, MPeIHA3HAYEHHOTO IS
peann3anyuy M ONTHUMH3AIMH O0BEMOB YTJIEKHCIOrO ra3a, MpeaHa3HAYeHHOTO
JUTS 3aXOPOHEHHS. 3a MEPHOJT 3aKaYKH CPEIHETOI0OBOH 00bEM YTIIEKUCIIOTO Ta3a
JUISL 3aXOpOHEHMs cocTaBuT mopsiaka 110 mie M°. B BapuanTax 12-14 mmacro-
Boe namieHue Ha naty Havana III1J] camwxkaercs no 7 MIla, a Ha koHel| pa3pa-
00TKM BoccTaHaBnuBaeTcs o 13-34 MIla — naBieHre CMECUMOCTH JIOCTHTa-
eTCsl B BapuaHTe, B KOTOpoM KoHIeHTparusi CO, B HarHeTaeMoOM ra3e yBeJINJH-
Baercs 10 400 %. B oatoit cepum pacueroB KUI' yBenmumBaeTcs
1o 0,753 monu exn., npu 3tom KUK moutu He 3aBucut ot KoHueHTpauuu CO,
B HarHeraeMoMm rase u cocrtasiser 0,473 monu exn. (cm. Tabm. 2, cM. puc. 9).

Oyenka 3¢hgpexma om 3aKauKu yeneKucio20 2aza no MexHoN0UU PEUHIHCEKYUU

Pacuersl Ha momHOMacmTaOHOM MOJENM MOKa3ajH, YTO BHIOpaTh OMNTH-
MaJIbHBIH BapuaHT pa3paboTku ¢ 3akaukoil ynctoro CO, MO 3aMKHYTOMY LIUKITY
w ¢ 3akaukoil CO, 10 TEXHOJOTUHN PEUHKEKIMK Oe3 MPOBENCHUST SKOHOMUYe-
CKHX pacyeToB 3aTpyJHUTENbHO. KpoMe Toro, B BapuaHTax ¢ peWH)KEKIMEH He-
MaJIOB2)KHBIM SIBIIIETCS MOKa3aTh 3Q(QEKT OT 3aKayky Taza U OT BIMSHHS yIJie-
KHCJIOTO ra3a Ha IIaCTOBYIO T'a30KOHIEHCATHYIO CHCTEMY OTAENIBHO.

Hist onenku 3¢ dexta oT BIUSHUSA 3TUX (PAKTOPOB OBUTH pacCUUTaHbI J0-
TOJTHUTENIbHBIE BapHAHTHI, B KOTOPBIX BMECTO 3aKauku rasa ¢ mpumecsio CO;
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3aKayMBaJICsl CyXOM Tra3 IO TEXHOJIOTMH CaWKIMHT-TIpoliecca. BapuaHTh
C 3aKayKOW CyXOro ra3a aHaJOrM4YHbl BapuaHTaM C 3aKa4Kod 0OOrameHHOTro
raza ¢ 30 %-noii noieit CO, B 2041, 2048 u 2058 rT.

OntumanpHas koHmeHTparus CO, B HarHETAEMOM Tra3e YCTaHOBJICHA IO
MaKCUMaJbHOMY AWCKOHTUPOBaHHOMY MOTOKY HanmuHoctu (NPV) mpu mpose-
JEHUH SKOHOMUYECKHX PacyeToB Oe3 ydeTa 3aTpaT Ha MPHOOPETEHHE U JOXO0B
OT 3aXOPOHEHHUS YTIIEKHCIIOTO ra3a.

[Ipouecc narneranus raza ¢ npumecbio CO, B aYMMOBCKHE IUIACTHI IO
TEXHOJOTHH PEHHKEKIUH MPUBOAUT K MOCTEIIEHHOMY YBEIHUYEHHIO JaBIICHUS
10 JaBJICHHS, IPU KOTOPOM IIPOLIECC BBIMAAEHHS KOHACHCATa B KUAKYIO (azy
3aMeISIeTCS.

Takoilt ctoco6 BO3ACHCTBUSA HAa Ta30KOHICHCATHYIO 3aJICKb CIIOCOOCTBYET
WCTIAPEHMIO BBIMABILETO KOHJEHCATa B Ta3, NPUBOJUT K CHWKCHHUIO NABIICHUS
Havajla KOHJICHCAINH, U KaK CJIEJCTBHE, K CHIKEHHIO JIOJM IUIACTOBOTO Ta3a
B n00bIBaeMoM rase. [pyruMu cioBaMu, B NMPOLECCE 3aKaUK{ YBEIUYHBACTCS
nojist CO; B IUIaCTOBOM Ta3e. DTH MPOLECCHI BIUAIOT Ha K03()OUIIMEHT U3BjICUe-
HUS KOHJIEHCATa M0 pa3HOMY — II€PBBIE JBA MOBBIIIAIOT €T0, @ TPETHH CHIDKAET.

Ha pucynke 10 npusenena 3aBucumoctb KK ot 0o6vema noOsiBaemMoro
mwiactoBoro rasza. HauOounbiiuit 3ddexr ot 3akauku CO, HOCTHraeTcs mpu op-
ranuzanuu [T ¢ 2041 roga. Hoctmwkenue KUK 0,543 nonu ex. mpoucxoaut
NpY MEHBIIEM HAKOIUIEHHOM OTOOpe Ta3a IO CpaBHEHUIO C CaMKIMHI-
mporieccoM. B 3ToM BapraHTe pa3HHWIIA B HAKOIUIEHHOM OTOOpE ra3a COCTaBIsET
54 975 v M°. TIpy 3aKauke CyXOro rasa Io TEXHONOTHH CAMKIMHI-IIPOLECCA
KUK nocturaercs Ha 18 et paHbie, yeM IpH 3aKadke rasa ¢ npumecbio CO;
MO TEXHOJIOTUH PEUHKEKIIHH.

AHaJIOTHUHBINA TpoLiecC HAaOMI0AAaeTCs MPH MEepeHoce Havyala 3aKaykd Ha
Oonee mo3aaMA mepuo. Ilepenoc cpokoB Hagana 3akadku Ha 2048 rox mpuso-
ut K yBenuueHnto KUI™ u camxennto KUK, D¢dexT ot 3akauku rasa ¢ mpume-
ceto CO, cokpamaercs M0 9 7eT, a HAKOIUICHHBIH OTOOp Traza — 1o
17 404 muu M°. TlepeHoC CpOKOB Hadaima 3akaukd Ha 2058 TOZ IIPUBOIHUT
K JanbpHeileMy cokpaiueHnio 3¢ ¢exra ot HarHetanust CO,. B aTom Bapuante
pasHMI[A B HAKOIUICHHOM oTGope rasa cocraBisier 9 015 mun M, a KUK mpu
3aKayKe ra3a 1o TeXHOJOTHH CaWKIIMHT-IIPoLecca JOCTUTaeTcs Ha § JIeT paHblle,
YeM IpH 3aKauke ra3a ¢ npuMecbio CO, 0 TEXHOIOTUH PENH)KEKIIHH.

Takum 00pazoM, 3¢ (hEeKTUBHOCTD OT 3aKadyku rasza ¢ npumecsio CO, 1o
TEXHOJIOTHH PEUH)KEKIUH U BHIOOp ONTHMAaNbHOTO roja Havada 3akadku CO;
OTIPEIEISAIOTCS 110 Pe3yIbTaTaM SKOHOMHYECKHX PacdeToB, TaK KaK 3/IeCh HEO0O-
XOAMMO OLEHUTH CYMMapHbIH 3G ¢GeKT OT A0OBIYM YIICBOAOPOAHOIO Tasza H
KOHJIEHCAaTa, a TakxkKe miatel 3a yruauzanuio CO,.
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Puc. 11. OyeHKa 3KoHOMUYecKoli ahheKmuUueHOCMU 8apuUAHMO8
npu HaeHemaHuu CO;: a) 6e3 yyema 3ampam Ha npuobpemeHue U 0x0008
om 3axopoHeHusa CO,; 6) c yuemom mekyujux o6vemos CO, u 00x0008

om 3axopoHeHusa (cepmugukam = 50 donn./m); 8) ¢ yuemom mekyujux o6vemos CO,

u 0oxo008 om 3axopoHeHus (cepmuguxkam=100 801./m)
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Oyenxa 3KOHOMUYECKOU ¢hhekmuerocmu 6apuanmos paspabomxu Oe3
yuema 3ampam Ha npuoopemenue u 00X0008 Om 3aXOPOHEHUSL YeNeKUCT020 2a3d

Ha mepBom 3Tame olLeHKa 3KOHOMHUYECKOH 3(QQEeKTHBHOCTH BapUaHTOB
pa3paboTKH ocymecTBIsIach 6e3 yuera 3aTpaT Ha MPHOOPETEeHUE U J0XOI0B OT
3aXOpOHEHUsl yriekuciaoro raza. C y4eToM TeKyIIMX OOBEMOB 3aXOpPOHEHHS
CO; un guckoHTUpOoBaHus B pazMepe 20 % AOMOTHUTENBHBIA HOXOA OT 3aXOpo-
HEHHS HEe OKa3bIBaeT CYLIECTBEHHOTO BIUSIHUSA Ha BEIOOD BapuanTa ¢ [TI1/1.

[IpenBaputenbHble pe3ynbTaTbl SKOHOMHYECKHX PAcyeTOB MOKAa3aJlv, YTO
Ha MO3AHEH cTaguu pa3pabOTKH aYMMOBCKHX IIACTOB MpPHU OTOOpE HE MEHee
75 % raza ot HI'3 ¢ Touku 3penus nossimenuss KUK Hanbosee nepcrnekTHBHOM
SIBJISIETCSl MpensiaraeMasi aBTopamu HoBas TexHojorus [T myrem HarHeTaHust
B IJTACT CMECH IIJIACTOBOTO M YTIIEKHCIIOTO Ta30B MM TEXHOIOTHS PEHHKEKIINH.
[IpuMeHnTENbHO K Te0JI0T0-(pU3NIECKIM B TePMOOApUIECKIUM YCIOBUSAM 3ajie-
JKel TIacToB Ads.4 3aKa4Ky CMECH ILIACTOBOTO Ta3a ¢ moseir CO,, He peBbIIa-
tomeit 30 %, Heo6xoauMo HaunMHATH He paHee 2058 roga (puc. 11).

B 6azoBoM BapmaHTe TIpH pa3paboTKe HA €CTECTBEHHOM pEKuMe obecrre-
YUBaeTCs MakcuMmaiabHoe 3HaueHue NPV. M3 BapuaHTOB C HarHeTaHUEM YrJie-
KHCJIOTO Taza HambOomee 2 ()EeKTUBHBIM sBIIsIeTCS BapuaHT 12 (oTMedeH Kpac-
HBEIM KpPY>XKKOM Ha puc. 11a). B aTom Bapuante 3ppeKTHBHOCTS AOCTHUTAETCS 3a
CYeT JUTUTENFHOTO TEePHO/a Peau3aliil ra3a, MO3JHEer0 Hadajla 3aXOpOHEHHS
CO; ¢ COIyTCTBYIOIIMMH 3aTpaTamH.

Bapuanr 2, X0Th 1 HanboJNEe TEXHOJIOTUYEH C TOUKH 3PEHNST MAaKCUMU3AIHN
KUK, xapakTepusyercss MUHUMATGHBIM 3HaueHHEM NPV. OCHOBHBIM BIHSIONTAM
(haxTOpOM SIBIISTFOTCS IOTIOTHUTEIbHBIE KAITUTAIBHBIE BIOKEHHS B CTPOUTEIBCTBO H
AKCIUTyaTaruio 00HeKTOB HHMPACTPYKTYpHI 1o otaeneHnto CO,.

Oyenka 5KOHOMUYECKOU dPEeKmusHOCmU BAPUAHMO8 pPA3PAOOMKU
C yuemom 00X0008 Om 3aX0POHEHUs. YeNIeKUCI020 2a3a (cepmughuram,)

Ha BTOpoM sTame BbINOJNIHEHa OLIEHKA 3KOHOMHYECKOW 3(PEeKTHBHOCTH
BapHAHTOB Pa3pabOTKH C yUETOM 3aTpaT M JOMOJHHUTEIBHOTO J0X0Aa OT 3aXO0-
ponenus (ceprudukar). B sxoHOMHUYECKHX pacdeTax yuTeHa CTaBKa AMCKOHTU-
pOBaHMA IE€HEXKHBIX OTOKOB B pazmepe 20 %, a kBoTsl Ha CO, B pa3zmepe 50 u
100 f0s1./TOHH NPUHSATHI SKCIIEPTHO. 3aTPaThl HA MOKYIIKY U TPAHCIIOPTUPOBKY
CO; OT BHEMIHWX 3MHUTEHTOB JO JHUIICH3MOHHOTO YYacTKa C OPraHM30BaHHOW
CHCTEMOH 3aKauku NpUHATH B pazMmepe 60 % oT nensl ceprudukata. MuHu-
MaJbHas IieHa cepTuduKara, Mpu KOTOPOW JONMOTHUTEIBHBIN T0XOI OT 3aX0po-
HEHUS OKa3bIBa€T HEMOCPEICTBEHHOE BIUSHHE Ha BHIOOP ONTHUMAJIBLHOTO BapH-
anra c [1I1/], Oblya mosy4eHa pacueTHBIM MyTEM.

Pe3ynmbTaThl  KOHOMHYECKMX  pacyeToB TpH  IleHe cepTudukara
50 mOJI./TOHH TOKAa3ajM, YTO HamOoJiee TMEpPCIICKTUBHBIM SIBISICTCS HarHETaHUE
B IUIACT CMECH IUTaCTOBOTO M YTJIEKHCIIOrO Ta30B IO BapHaHTy 6 (oTMeueH
KpacHBIM KpY>KKOM Ha prc. 116). B aTom BapmanTe onTHMaILHBIM CPOKOM Hadasia
3akauku sieisgercs 2041 ron npu konuentpauuu CO, B HarHeTtaemoM raze 70 %.
[lo maHHOMY BapWaHTy IOJIyYe€H MaKCHMAJBHBIM JUCKOHTUPOBAHHBIA ITOTOK
HanuyHOCTH (puc. 11).
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[Ipu BrmroueHnn B pacyeT cromMocTu ceprudukara 100 momt./TOHH
HanOonee 3ppexTHBeH BapuaHT 7 (OTMEUYCH KpacHBIM KpY>KKOM Ha puc. 11B).
Kak u B npeapiaymemM BapuaHTe, ONTUMAIBHBIM CPOKOM Hauana 3aKauky SBIIsi-
etcs 2041 ron, npu 3toM KoHueHTpanus CO, B HarHETaeMOM Ta3e yBEJIUYHBa-
ercst A0 200 %. OtmeTuMm, uTO B BapuaHtax ¢ MoHetusanueit CO, s3koHOMUYe-
ckast 3¢ (EKTUBHOCTD JOCTUTAETCS 33 CUET PaHHEro Hayalla 3aXOPOHEHHUs YrJiie-
KHCJIOTO Ta3a ¢ CONMYTCTBYIOIIMMHU JOXOJaMH U 3aTparaMu. PocT LieHbl cepTu-
(uKaTa BIUSIET HA CMELICHUE IPHOPUTETA K BAPHAHTAM C YBEJIMYEHHBIMH 00be-
MaMH 3aXOPOHEHMUSL.

BriBoabI

1. J1a n3BNeYeHns peTporpagHoro KOHAEHcaTa U3 adMMOBCKHX IUTa-
CTOB HanOoJiee MEePCIEeKTHBHA TEXHOJIOTHS BO3JIEHCTBHS Ha Ta30KOHJICHCATHBIE
3aNeku yriiekucasiM ra3zoM. [Ipu 3akauke uncroro CO, momydeH MaKCHMallb-
HBIH K0d(h(OUIMEHT U3BJICUCHUS KOHIEHCATA, TIPH 3TOM BapHaHT He 2P hEeKTHBEH
M3-32 BBICOKMX KAIUTANBHBIX BIOXEHWH B PEKOHCTPYKLHUIO CYIIECTBYIOIIETO
obopynoBanus Ha YKIII'.

2. [Ipu Bo3meicTBUM Ha Ta30KOH/ICHCATHBIE 3aJIeKH AYMMOBCKHX ITLTa-
ctoB 3akaukoir CO; MO TEXHOIOTUN PENH)KEKIIHH, TOMUMO BBICOKHX 3HAYCHHN
KUK u KUI', mocturaercst yriepomHas HEHTPaTbHOCTH IIPOCKTa 0O€3 cyIie-
CTBEHHOTO yIOPOXKaHWSI 00BEKTOB BHYTPHUIIPOMBICIOBOTO cOOpa M MOATOTOBKH
MPOAYKIMK CKBOXWH. B mepcmexkTuBe Ba 3THX (pakTopa MOTYT OKa3aTh COBO-
KYIHBIA cuHepreTudecknuid d((eKT CHIDKEHHS SKCIUTyaTallMOHHBIX 3aTpaT H
yYBENMYEHHs] KOHEYHOTO KOd((HIIMEeHTa KOHJISHCATOOTAAYN AYMMOBCKUX IUIa-
CTOB YPEHIONCKOr0 MECTOPOKIEHHUS.

3. OreHka SKOHOMHYECKOW 3(h()EKTUBHOCTH BapHAHTOB pa3pabOTKH
c yueToM ¥ 0e3 ydera 3aTpaT Ha MPHOOpETeHHEe U JOXOA0B OT 3aXOPOHEHHUS YT-
JIEKHCIIOTO Ta3a BIHMSIET Ha BHIOOP ONTHMAIBFHOTO BapHaHTa Pa3padOTKH C MPH-
MeHeHneM [1T1/] 3akaukoil yriekuciIoro ra3a no TEXHOJIOTUU PEUHKEKIIHH.

4, B Bapmantax ¢ monetm3zanmerr CO, skoHOMHYECKas >(PGHEKTHB-
HOCTH JIOCTHTAeTCS 3a CYET paHHETrO Hadvaja 3aXOPOHEHHS YTJIEKUCIOro Tas3a
C COIyTCTBYIOIIMMH JIOXOJaMHU U 3arparamu. PocT 1eHbI cepTUdUKaTa BIHSIET
Ha CMEIICHUE NIPUOPHUTETA K BAPUAHTAM C YBEIUYCHHBIMUA 00bEMaMU 3aXOPOHE-
Husl. be3 yuera KBOTHpOBaHHS YKOHOMUYECKast 3((EKTUBHOCTD JOCTUTAeTCs 3a
CYET JUTUTEIILHOTO MEePHO/a PealTu3allui ra3a U MO3JHEeT0 Havalia 3aXOPOHCHHUS
CO; ¢ COMyTCTBYIOIIMMU 3aTpaTamu.
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MopeaupoBanue JUHAMHMKH AaBJIeHUs B ra3oNpoBojie ¢ NyTeBbIM 0T00pOM
N. ®. Yynpos, M. C. l'[apMymHa*, A. A. JIrotoeB

Yxmunckuii 2ocyoapcmeennviii mexnuueckutl yuueepcumen, 2. ¥Yxma, Poccus,
mparmuzina@ugtu.net

Annomayus MarucTpalibHble, IPOMBICIOBBIE M TOPOJCKUE Ta30HE()TENPOBOIBl JacTO paboTalOT B He-
CTaIlMOHAPHOM pexuMe. [IpuduHaMi HEeyCTOMYMBOCTH JABIICHHS, CKOPOCTH, PAacXoja Tra3a sSBILIOTCS
U3MEHEHHs PEKHMOB PabOThl HACOCHBIX CTAHILMM, BKIIOUCHHE M BBHIKIIOYECHHE arperaToB, IOMYTHBIH
0TOOp MM OJKAYKa U APYrue (paKkTOPbL.

MarucTpanbHble TPyOOIPOBOABI IPEICTABIIAIOT COO0H CIOXKHYIO HHXKEHEPHYIO cHcTeMy. Baxnelmit
(bakTop paboThl 3TOI cucTeMbl — 0e3aBapUitHOCTb. J{jisi 3TOro HEOOXOAMMO M3YYEHHE PEXUMOB JIBHIKE-
HHS TPaHCHOPTHPYEMOI Cpelibl, B YACTHOCTH, U3y4eHHE AMHAMUKU JaBJICHHS B IEPHOJ IIyCKa WM OCTa-
HOBKH, a TaKKe B CIy4ae oTOOpa B 3aJaHHBIX TOYKaX. Llenb TaHHOI CTAaThH 3aKIIOYAeTCs B MOCTPOCHHU
MaTeMaTHYeCKON MOJIENN U U3y4YeHUH JMHAMUKY JIaBJICHUs B Fa30IIPOBOJIE C TOYKOM 0TOOpa.

llIupokoe pa3BUTHE T€OPHs HECTALMOHAPHOTO ABIDKEHUS XKUAKOCTEH B KPYTIIBIX TPpyOax IOTydHIa
B pabotax U. A. YapHoro. B HUX paccMOTpeH 00JIbIION KOMIUIEKC WHXEHEPHBIX 3a]1a4 C y4ETOM BSI3KUX
CBOMCTB TpPaHCIOPTUPYEMOW Cpeabl M CONPOTUBJICHUS TPYObl B THIPABIMYECKOM INPHUOIMKEHUH.
B craTbe Ha ocHOBe uccnenoBanuii . A. YapHOro 0 ABMKEHUM peaybHOM KUAKOCTH B KPYTIIBIX TpyOax
COCTaBJICHO YPaBHEHHE B YaCTHBIX MPOU3BOAHBIX I'MIEPOOIMYECKOrO THUMA. YPaBHEHUE OIMCHIBAET
HECTALOHAPHOE JIaBJICHHE FOPU30HTAIBHOIO y4acTKa ra3onpoBoja ¢ Toukoi or6opa. Mcnonb3oBanue
UMIyIbCHON GyHKIMH Jlupaka mo3Bommio chopMyanpoBaTh 3ajady B BHIAE OJHOTO ypaBHeHHs. Ha
KOHIIaX 3aJJaHHOr0 y4acTKa 3ajaHbl JaBJICHHS, @ Ha4YaJIbHAsi CKOPOCTh CBsI3aHA C UMITYJILCHON (YHKIIU-
eif. C ucnosnb3oBaHHEM KOHEUHOr0 CHHYyc-TIpeoOpa3oBanus @ypbe ypaBHEHUE B YACTHBIX IIPOU3BOAHBIX
npeoOpa3oBaHO B OOBIKHOBEHHOE AuddepeHnuransHoe ypaBHEHHE W pelleHo. PenieHue ypaBHEHHS
IpecTaBisieT 00pa3 peleHust UCX0AHOH 3anaun. Popmyisl 00paTHOro Npeodpa3oBaHuUsl, OCHOBaHHbIE
Ha Teopuu pa1oB Dypbe, NO3BOJININ HEPEHTH K PELISHHIO IIOCTABICHHOM 3a/1auu.

INomyueHs! ABHBIC 3aBHCHMOCTHU JUIS IMHAMUKK HECTAI[MOHAPHOTrO NaBiieHHsA. KadecTBeHHBIH aHa-
13 (HOpMyJl CBHUAETENLCTBYET O BOJIHOBOM JBM)KEHHUHM Cpelbl B HayajbHbIA nepuox padorsl. Uepes
HeOOJIBIIOH MPOMEXYTOK BPEMEHH IIPOLIECC MEePeXOoJUT B CTAlHOHAPHBIM pexxuM. Bpems mepexoxHoro
HeproJa 3aBUCUT OT O0JbIIOro KonuuectBa (akropoB. [aBHbIMU (akTopaMu ciayxat Ko3(HUIHEHT
THAPABINYECKOr0 COMPOTHUBIIEHUS U CKOPOCTh TPAHCIIOPTUPYEMOH CPEJIbl.

PaccMoTpeH mpuMep AA TOPH30HTAIBHOTO y4acTKa IIPH M30TEPMHYECKOM TedeHUH. [Ipu mpuHs-
THIX YHCIJIOBBIX ITAPaMeTpax Iepexo] B CTAIHOHAPHOE COCTOSIHIE COCTAaBIIAET OKOIO 17 MUHYT OT Hada-
na nporecca. [IpuBeieHs! rpa MKy IMHAMHKHY JaBJIEHUS IIPU 0TOOpE B 331aHHOM TOUKe U 63 TAKOBOTO.

MaTtemaTHYecKre MOZENH IBIKEHHSA XKUIKOCTH U Ta3a MO TpyOaM MOTYT OBITh HCIIONIB30BAaHBI HH-
JKEHepaMH IIPU IPOSKTHPOBAHUH TPyOOIPOBOJIOB, a TAKKE MPHU PEIICHNUH 3324, BOSHUKAIOIIUX B IIepH-
o] UX 3KcIuTyatauu. K HUM OTHOCSTCS 3a7aud KOHTPOJIS COCTOSIHUSI TPYOOIIPOBOJHOW CHCTEMBI, OI-
THMH3aIUH pabOoThI, OLIEHKH aKKyMyIHpYIOIIeil ClIOCOOHOCTH U ApyTHeE.

Knrouesvie  cnosa: TpyOOIpoOBOJ, HECTAMOHAPHOE JABJICHHE, YPAaBHEHHE THUIEPOOIMYECKOro
THIIA, CHHYC-TIpeoOpa3oBaHue, KOIQGUIMEHT IMAPABINYECKOr0 COIIPOTHBIEHHUS, OTOOD

Jna yumuposanus: Uynpos, . @. MoxnenupoBanue TMHAMHUKH JaBJIEHHUs B ra30MPOBOJIE C MMyTEBbIM
or6opom / . ®@. Uympos, M. C. [Tapmy3una, A. A. Jlioroes. — DOI 10.31660/0445-0108-2024-5-104-
116 // 3BecTns BBIcIINX yaeOHBIX 3aBeneHuil. Hedts u ras. — 2024. — Ne 5. — C. 104-116.

Modelling pressure dynamics in a gas pipeline with an in-line sampling

Ilya F. Chuprov, Maria S. Parmuzina’, Alexander A. Lyutoev

104 Hedtb m ras Ne 5, 2024


mailto:mparmuzina@ugtu.net

Ukhta State Technical University, Ukhta, Russia
mparmuzina@ugtu.net

Abstract. Gas pipelines, whether main, field, or urban, often operate in non-stationary modes.
Changes in the operating modes of pumping stations, equipment start-up and shutdown, an in-line sam-
pling or pumping and various factors are causes of instability of pressure, velocity, gas flow rate. Main
pipelines are complex engineering systems with the pipeline itself being the main element. Fail-safety is
the major factor in the operation of this system. Ensuring operational safety requires studying the
movement regimes of the transported medium, particularly study of the dynamics of pressure during
start-up or shutdown and at specific extraction points. This article aims to build a mathematical model
and study the pressure dynamics in a gas pipeline with a sampling point. The theory of non-stationary
motion liquid in round pipes has been strongly developed in the works of I. A. Charnyj. These works
consider a large complex of engineering tasks taking into account viscous properties of the transported
medium and pipe resistance in the hydraulic approximation. In the article on the basis of I. A. Charnyj's
researches on the motion of real liquid in circular pipes the equation in partial derivatives of hyperbolic
type is compiled. The equation describes the unsteady pressure of a horizontal section of gas pipeline
with an extraction point. Using the Dirac delta function allows the formulation of the problem in the
form of a single equation. Pressures are set at the ends of a given section, and the initial velocity is relat-
ed to the Dirac delta function. By applying the finite Fourier sine transform, the partial differential equa-
tion is transformed into an ordinary differential equation and solved. Solution of equation is vision of a
solution to the initial task. Inverse transform formulas based on Fourier theory allowed us to proceed to
the solution of this task. Explicit dependences for the dynamics of unsteady pressure are obtained. The
qualitative analysis of the formulas indicates the wave motion of a medium during the initial phase of
operation, transitioning into a stationary mode after a brief period. The duration of the transition period
depends on factors such as the hydraulic resistance coefficient and the velocity of the transported medi-
um. Coefficient of hydraulic resistance and the velocity of the transported medium are the main factors.
An example is considered for a horizontal section under isothermal flow conditions. With assumed nu-
merical parameters, the transition to a stationary state occurs approximately 17 minutes after the process
begins, as illustrated in the graphs provided in the article. Engineers can use mathematical models of the
liquid and gas motion through pipes in the design of pipelines, as well as in solving tasks that arise dur-
ing their operation. These tasks include monitoring the condition of the pipeline system, optimizing the
operation, accumulation capacity estimates and others.

Keywords: pipeline, non-stationary pressure, hyperbolic type equation, sine transform, hydraulic
resistance coefficient, sampling

For citation: Chuprov, I. F., Parmuzina, M. S. & Lyutoev A. A. (2024). Modelling pressure
dynamics in a gas pipeline with an in-line sampling. Oil and Gas Studies, (5), pp.104-116. (In Russian).
DOI: 10.31660/0445-0108-2024-5-104-116

Beenenue

HecranmonapHelie (HeyCTOHYMBEIE) MPOIECChl B He(TEra3omnpoBoaax xa-
PaKTEepU3YIOTCSI U3BMEHEHHEM IO KOOPJAWHATE U BPEMEHH JaBJICHUS, CKOPOCTH,
pacxojia, TeMIEpaTypsl TpaHCHOPTUPYEMOM cpenbl. Jpyrumu cioBamu, mepe-
YHUCIICHHBIC TTApaMETPHI SIBIISIIOTCA (QYHKIUSAME BpeMeHH. HecrarmonapHeie pe-
JKUMBI Yallleé BCEr0 CBA3aHBI C PA3NIUYHBIMU TEXHUYECKUMH OINEPALUIMU: MyCK
WU OCTAaHOBKA, BKJIIOYEHHE W OTKIIOUCHHE arperaroB, MU3MEHEHHUE peXUMa
HACOCHBIX CTaHIUH, a TaKkKe pekuMa pabOThI MOMYTHBIX COCPEIOTOYCHHBIX OT-
OOpPOB-TIOIKAYCK.

B ¢dynnamentanbhoit padote [1] . A. UapHbIii OTyYMII CUCTEMY YpaB-
HEHUM, KOTOPasi B HACTOSIIIEE BPEMSI CUUTACTCSI OCHOBHOM MaTeMaTHUYECKON MO-
JISNIBI0 IS HECTAllMOHAPHBIX THIPABIMYCCKUX PAaCcYCTOB B KPYIJBIX TPyOax.
J1Jis TOpU30HTAIBLHOTO YYacTKa TPyOOIPOBO/Ia TP H30TEPMHUSCKOM TCUCHUH H
B CJIy4ae JIO3BYKOBBIX CKOPOCTEH, KOT/Ia MOXHO NpeHeOpedYh N3MEHEHUEM CKO-
POCTHBIX HAllOpPOB, IMHEAPU30BaHHAS CUCTeMa uMeeT Bun [ 1]
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P X

+ 24
ox ot Q (1)
1P R
2ot ox
rae P=P(x,t) — nasnenue; t — Bpemsi; Q = pv — MaccoBasi CKOPOCTb;

) — TUIOTHOCTB; V — CKOPOCTh (YCpeAHEHHAS M0 CEYEHHUIO) TPAHCTIOPTUPYEMOM

AV

CPenbl; 2g = (8 J , 4 — k03D (UIHMEHT THUAPABINYECKOTO COMPOTHBIICHHUS,
p

o
O — CMOYCHHBIN MepuMeTp TpyOonpoBoaa (i1 KPYIIbIX TpyO MU HAIIOPHOM

R’ _R_d rne d — BHyTpeHHHil muamerp, R — paamyc)
27R 2 4~ ’ ’

C — CKOPOCTh PacIpOCTPaHEHHsI yIapHOU BOJHEI B YIIPYTOM TpyOomnporoze [2, 3]:

TCUCHUU O =

E,
c= [’)O ,
14 2 Eu
E 6

rae Ex, ETp — o0bemHbIe MOgYyM yIPYyrocTu cpensl U Tpyobsl; D — auamerp
TpyObl (BHEWIHUH); J — TONIIMHA CTEHOK TPYOBI; p — IUIOTHOCTH KUIKOCTH.

Ecma E,,, — o0, T0 ¢ = L — CKOPOCTb 3BYKa B KHJIKOCTH.
\/ P

O0beKT U MEeTObI UCCJIEI0BAHUSA
[TycTs Ha paccMmarpuBaeMOM ydacTke TpyOompoBoaa mmmHONH L B Touke
X € (0; L) MPOMCXOJUT OTOOP ¢ MaccoBoit ckopocThio G (kr/c). B aTom ciyuae

HEO0XOIMMO JIOTIOTHHUTH BTOPOE YpaBHEHHE CHCTEMbl — ypaBHEHHE HEpPa3phIB-
HoctH. [Ipu aTom cucrema (1) mpumeT BuA:

P _Q 0
1 oP GQ G

- 5_
c® ot ax (x=x,)

rae O(X) — ummynscHas Gyskuus Jupaka [4, 5, 6], S — IU10mans BHyTpeHHE-

ro cedeHus TpyoOnl. @ynkmmsa [upaka moka3plBaeT, 9To B TOUKe X = x| mpowuc-
XOJUT OTOOp E€AMHUIIBI TPAHCTIOPTHPYEMO CPEAbI B €AUHHILY BPEMEHH.
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[epefinem ot cuctemsl (2) K OXHOMY YPaBHEHHIO OTHOCHTENBHO JlaBlie-
Hus [7, 8]. st 3TOro BEIYMCIUM NMPOU3BOIHBIE (TI0 X AJISl IEPBOTO yPaBHEHUS U
1o t 751 BTOPOTO YpaBHEHHS CHUCTEMBI (2)).

2 2
7P 79 5,00

o ook ox 3)
18P #Q
¢’ ot oxot

y‘-II/ITI:IBaH, 4YTO CMCHUIAHHBIC IIPOU3BOAHBIC OJHOI'O IMOPsAAKa B obnacTu HETIPEPLIB-

dQ
HOCTH PaBHBI, ¥ TIO/ICTABUB "y~ 13 BTOPOTO YPABHEHHS CHCTEMBI (2), momyanm

2 2
6_52%6_5+2_?6_P+@5(X_X1). 4)
oXx° ¢ o ¢~ o S

[TocTaHoBKa KpaeBBIX YCIOBUH K 3amade (4).
3agada (4) — 3T0 runepbOIMIECcKOe HEOTHOPOIHOE YPABHEHHE BTOPOTO TTOPSIII-
Ka. [Jyist penieHns KOHKPETHOH 3a7aun He0OXO0MMO 33J1aTh KpaeBble ycioBus. B
KaueCTBE TPAaHUYHBIX YCJIIOBUH 3a]a/IMM JIaBJICHHS Ha KOHI[AX pacCMaTpHUBacMO-
ro y4acTka TpyOOonpoBo/ia, TO €CTh YCIOBUS IIEPBOTO Pojia

P(x,t)| , =P, =const, P(x,t)| =P =const. (5)

HauanbHble yCIIOBHS A0JKHBI OMUCHIBATH JABICHUEC M HAYAIBHBIA UMITYJIbC IPH
t=0. [Tycts

P(x,t)|_, =P, =const . (6)

HavanpHb1id UMITyIIbC (CKOPOCTH) TOJDKEH OBITH CBS3aH C BO3ICHCTBHEM HCTOY-
HHKa B Touke x1. JIJIg 3TOTO BOCIIONB3yeMCS BTOPBIM YpaBHEHHUEM CUCTEMBI (2)

1 0P oQ G
mpu t = 0: _C_ZEIZO = gtzo +§5(X —X) . Orcroza cemyer
oP ’G
— :—C—§(x—x1), ()
ot oo S
TaK Kak xR :M =0. Oto ciexyer u3 ycmoBus (6). [Ipu moctossHHOM
Xl  OX |

JIABJICHUH 110 BCEH AnmuHe TpyOompoBoaa ckopocts V = 0.
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Takum oOpa3oM, MOCTaBlIeHa 3a/la4a: HANTH peleHrne ypaBHeHus (4) npu
TpPaHUYHBIX YCIOBUSIX (5) M HavalbHBIX ycinoBusx (6)—(7). Cxema y4acTka Tpy-
OonpoBoaa c oTOOpoM B Touke X1 mprBeaeHa Ha pucyHke 1.

Puc. 1. Cxema mpy6onpoeoda c ombopom

HOCTaBJ’ICHHy}O 3agavy 6y,Z[CM pemaTth ¢ MOMOIIBKO KOHCYHOI'O npeo6pasoBaHI/I$1

2 nzX
-sin——

Dypbe ¢ AApOM NpeoOpa3OBaHUs L L.
dopMyIta psSMOTO ¥ 00PaTHOTO MTPeoOpa3OBaAHMIA:

- 2 L . nNzX
Pn(t)=Ej0 P(x,t)~sdex, o
P(x,t):iﬁn(t)-sin”il_x.

Bce unensl ypaBHeHus (4) YMHOKHM Ha SIPO TpeoOpa3oBaHUs ¥ UHTETPUPYEM
or 0 mo L.

_j_s n%d —_—J'—| @d 2azj'—sm@dx

2aG 2I§(x xl)sinnLLde.

Berauciaum HWHTETpaJibl.

L 52 2nz (P, —(~1)"P
L5 ox L L L

2) L2120 g nxy 107 [ jP(xt)sm”’EX ]:izd P(),
C

c’ Ly ot? L ¢ dt? dt’
@g P . X Ix_z? d IP(X tsin X :2_?dPn(t)_
0 L dt L c” dt

[Ipu BEIYMCIEHNH ABYX MOCIEIHUX UHTETPAJIOB IIPUMEHEHa TeopeMa
o nuddepeHpoBaHn HHTETpaa IO MapaMeTpy.
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2aG 2 ¢ nzX 4 4aG . nrx
4) === . 2 [ 5(x—x)sin dx = sin :
'[ (x=x) L LS L

HpI/I BBIYHCIICHUU IIOCIICAHETO0 MHTErpajia HCIIOJIb30BaHO CBOMCTBO HM-

b
MyI5CHON (QyHKIIUK [4]:J f(X)-0(x=%,)dx = f(X,), ecu X, € [a; b] :

B pesynmbrare HWHTErpanbHOTO MNpPeoOpa3oBaHHs TONYYUM OOBIKHOBEHHOE
mudpepeHnnaI HOE YpaBHEHHE:

d2P,(t) dP (t) (cnﬂjz— 2n7c?
2/ y2a-—" P(t)=(P,-(-)"P —. 9
dtZ + dt + L n() ( " ( ) K) Lz ( )
2
_dac”-G sin 7%
LS L

[Tpeobpasyem HayanbHbIe ycnoBus (6)—(7)

_ 2k . Nrx 2P,
Pn(O)ztho-sdeX— —(1-(-D)")- (10)
J— L 2
dR,(0) _2oP mdxz_zﬁp(x x,)sin 2% dx =
dt  Lyotl, L L
2
__2%G . x| (11)
sL L

cnrz
O0603HaYMM KO3PPUIHEHT (T) = 3}, a paByIO YACTh yPABHEHHS

2nzc®  4ac®-G . nzx
-(-D)"P, -sin =A.
(P-CD"R)=5 S A,
Torna (9) npumer Bux
d’R(t) dP(t)
dt’

BR- A, (12)

Pemaem 3amauy (12) npu ycemoBusx (10) m (11).
XapakTepucTHIeCKoe  ypaBHEHHWE JUIS  OJHOPOJHOTO  ypaBHEHUS:
r’+2a-r+p4°=0. Pemenne XapaKTePUCTUICCKOTO ypaBHEHUS

. 2 2
r,=-a+Ja’-pf=-a+wi, e W=8-a" u w=,pg-a’,

| — MHMMas CANHUIIA.
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Obmiee pemenue nuddepenuuansHoro ypasHeHus (12), yuuTeiBasi, 4To
MpaBasi 4acTh HE 3aBHUCHUT OT t, mpuMeT BUJ

Pa(t)=e™ (M, cos(wt) + N, sin(wt))+ﬂi. (13)

2
n
[ogunnus pemenue (13) nHauansabM yeaoBusM (10) u (11), Haiinem, uto

2R A
Mn_nﬂ(l (1)) 7

2 2
N = aM, 2c GSin nzx _ 2ak (1—(—1)”)— aA, 2c GSin nzx,

" w  wSL L nzw wpB?  wSL L (14)

O6pas3 pemenus HaiiaeH. Hammmrem permerne corimacHo Gopmyite odpamenus (8)

P(x,t)=e") (M, cos(wt)+N, sin(wt))-sinnLLXJr

n=1

. NTX 1" sin X
+£isml-—ﬂi(_) smT_
T =N /Al n
. NzmX, . NaX
4alG ¢ smT-smT )
s &~ n? '

Perenne (15) mas aHamu3a MOXKHO IMPEICTaBUTH B OoJiee ymoOHOH (op-
Me, €CJTM HaWTH CymMMy psaoB. M3BectHo [9], uTO

Zm:ﬂ—_ynpnos y<2r,
a kK 2

o (_1\k-1qj

[Ipeobpazyem 3Tu HOPMYITBI VIS HAIIETO CITydast

sin”—nx T——X
T 09 n V4 2 L
. X
» (-D"sin——
ZPKZ—L:_Eﬂ—Xz—PKLHpH—LSXSL.
= n T 2L L

C y4eToM 3THX CyMMHpoBaHuii pemrerue (15) Oyaer UMeTh BUI
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P(x,t)=e™> (M, cos(wt)+N, sin(wt))-sinnLLX+
n=1
sin 7% gin X
sppbh, A L L (16)
L S =3 n

[IpoBenem ananm3 momydeHHOro pemieHus (16). Yder B IOCTaBIICHHOH
1 d?’P
c? dr’
HUIO B TPYOOINPOBOJIC C YOBIBAIOIICH aMILTUTYAO0N e ™. Bpewms nepexopa k cra-
IIUOHAPHOMY COCTOSHHIO MPOMOPIIMOHATBHO KOA(D(GUIIUCHTY THAPABIHYECKOTO

3aJa4c (4) HWHCPHOHUOHHOI'O CJIaracMoro IMIPpUBOAUT K BOJIHOBOMY TCYC-

v
CONIPOTHBIICHUS U CKOPOCTH JBIKCHISI Ta3a, Tak Kak 2a = /I(S—j .

G C
P

[Ipu cranroHapHOM peXuMe (TEOPETUUIECKU TIPU t—00) JaBJICHHUE OTIpe-
JeTseTCS 3aBUCIMOCTBIO

. nzx, . NzX
P-P dalc& M S
X=—

H

P(x,t)=P, +
B =F, L s n

(17

2

Jus tpybonposona 6e3 orbopa (G = 0) HecTalIOHAPHOE JABJICHUE MOXK-
HO BBIYHCIIUTH

P(x,t)=P, + " [ Foxse (K, cos(wt) +J, sin(wt))-sinnil_x,
n=1

ZPO n 2 F)H _(_1)” PK
e K, :E(l—(—l) )—%
b, =2y gy 2UBCUR), (18)

nzw wnz

Ipu 6onpumx Bpemenax (18) TpancopmupyeTcs B IMHEHHYIO 3aBUCUMOCTb

P(x,t)=P, +@x. (19)

PesyabTarsl

B kadectBe mpmMmepa paccMOTPUM YYacTOK Ta30MpoOBOAa ITHAMETPOM
D = 1,22 m (Buyrpennuii auamerp d = 1,196 M) Mexay ABYMS HACOCHBIMH
CTaHITUSIMH, PACCTOSTHUE MEXAy KoTopbiMu 120 kM. /[aBmeHne Ha HaYaaIbLHOM
yuactke P, = 5,44 MIla, napnenue Ha koHeuHoM P, = 4,23 MIla. Koaddpunuent
ruapaBnrdeckoro conporusiaeHus A = 0,02. KoaphunmeHT oTKIOHSHHS peab-
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HOTO ra3a OT ujcanbHOro mpumeM Z = 1. ["a3oBas mocTosHHAsS R=518H_>K,

KI‘ .
CKOpPOCTH 3ByKa ¢ = 427 m/c ipu T = 293 K [10].
Maccossrii pacxon [11, 12]
2 2 pe2
m =24 JB =P, (20)

4 AZRTL
B namem cinyyae
7-1,196 [(5,44° —4,23%)-10%-1,196
4 0,02-1-518-293-120000

M = =221 Kr/c.

[TnoTHOCTH oOmpenenseM JHHEHHBIM HHTEPIIONUPOBAHUEM HA 3aJIaHHOM
y4acTKe IPH IPHHSTHIX JABICHHSX HA KOHIAX y4acTka p = 33 kr/m® [10]. Cpex-
HsISl CKOPOCTB Ha 3TOM YYAaCTKE y — M _221_ 6,7 M/c.

p 33

Koa¢dpuuuent nuneapuzaumu

Av _0,02-6,7
a=—=—"—

=2 ~0,056~0,06( X |.
2d  2-1,196

¢

Taxum 00pa3zom, AJ1s1 YUCICHHBIX pacueToB 1o Gopmynam (16), (17), (18)
MOJYYHJIIH CIEAYIOIINE YUCIoBBIe napameTpsl: P, = 5,44 MIla, P, = 4,23 Mlla,
Py=4,23 MITa, L= 1,2:10°m, 2a = 0,06 1,

C

2
_ L1960 MR e =427 wie,

S

Ot60p B TOUKE X1 = 5-10% M ¢ MaccoBbM pacxogoM G = 70 Kr/c HadHHACT-

¢S MTHOBEHHO B HaYaJIbHBIE MOMEHT BpeMeHHu (HadanbHOe yciosue (7)). I'pa-

(dugeckn 3TOT (DAKT OTpa)kaeTcss OONBITUMHU aMIUTUTYIaMH 3a HEOOJBIIOMN

HadaIbHBIA TIepuos paboTel. C TedeHHMEM BpPEMEHH aMIUIATyda KoJeOaHMi
OBICTPO YOBIBACT, YTO BUIHO M3 PUCYHKA 2.

(3= +

th th tna

Jasnenme, MITa

=
= oy e

hal
2

ob‘w

Puc. 2. JuHamuKka daeneHus 2a3a 8 HA4AAbHLILU Nepuod

50000 100000

PaccTosmme, M
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[TpumepHo uvepe3 17 MUHYT IpH 3aaHHBIX BBIIE MapameTpax MpOIecc
MEPEeXOoANUT B CTallMOHApHBIA pexuM. Ha pucyHke 3 mpexacrtaBiieHa AMHAMHKA
_ 4
nasiieHus 6e3 0Toopa u ¢ 0TO0POM B TOUKE X; = 5107 m.

Jasnenue, Mlla
S B A o h
4 (=2 oo w (3] 4
—

&
o

0 20000 40000 60000 80000 100000 120000
PaccrogHue, M

Puc. 3. AUHGMUKG dasneHus 2a3a e CMAayuoHapHoOm pexcume
1) G=0 k2/c; 2) G = 70 K2/c 8 mouKe x; = 5-10° m

VYaudunupoBanHas MareMaTHdecKas MOJAENb TMHAMUKU HECTAllUOHAPHO-
T'O JABJICHUS B CIOXHBIX TPYOOIPOBOAHBIX CUCTEMaX C MCIOJIb30BaHHEM 0000-
meHHblX ¢yHkumi Jupaka u XeBucaiiza Oblla mpeasiokeHa mpogeccopoM
M. A. T'ycetinzane [5, 7]. [Ipu 3TOM mocTaBiIeHHBIE UM 33724l ObUIH PEIICHBI
0e3 yuera MHEPLUOHHOTO cJaraeMoro (BTOpOW MPOM3BOAHOI MO KOOpIMHATE),
TO €CTh pacCMaTpUBAIOTCS ypaBHEHUs mapabojuecKoro Tuma. Pemenus 3agay
OTPaHUYMBAIOTCA TMOJy4YeHHeM (OpMyN AWHAMHUKH JaBlICHHS, KOHKpPETHBIC
MPUMEPHI MTPU PETbHBIX MTapaMeTpax He paCCMaTPUBAIOTCHL.

Wzyuenne qMHAMUKH 1aBJICHUS C HCIIOJIb30BaHUEM MHEPIUOHHOTO cllara-
€MOTr'0 MO3BOJIMJIO AONOJIHUTENBHO ONPENeUTh TIEPHO/ BOJTHOBOTO TEUEHHS T10-
cJie Havasa paboThl TpyOOTIPOBOIA.

BriBoabI

1) Ha ocnoBe mccnmenoanmii M. A. UapHOTro 0 ABMKCHHH PEaTbHBIX
XKHUIKOCTEH B KPYIJIBIX TPyOax IOCTaBJICHA M peIleHa 3a/ada O AWHAMHKE He-
CTallMOHAPHOI'O JABJCHUS Ta3a Ha TOPU3OHTAJILHOM Yy4yacTKe TpyOompoBona
¢ oT0OpOoM B 3amaHHOHN Touke. JIJIsl onucaHus MaccoBOro 0TOOpa MCIONIb30BaHA
umnynbcHast QyHkuus Jupaka.

2) KauecTBeHHBIN aHAIU3 MOTYYEHHON 3aBUCUMOCTH 11 TIOJIS 1aBJie-
HUSI TIOKa3bIBAET, YTO B HAYAJbHBII Ieproa paboThl TPyOOIPOBOAA IPOUCXOIUT
BOJIHOBOE€ TEUEHHE KUAKOCTH ¢ OBICTpo yObIBaromen amrmutynoi. [lepuon He-
CTallMOHAPHOCTU 3aBUCHUT OT HECKOJBbKUX (hakTOpoB. ' TaBHBIMM SABISIOTCSA KO-
3¢ GUIKEHT THAPaBIMYECKOTO CONPOTHBICHHUS U CKOPOCTh IIOTOKA.

3)  Pacuersl mokasamy, YTO HPH 3aJaHHBIX B IPHMEpe MapameTpax
MPOLIECC NMEPEXOAUT B CTALMOHAPHBIA PEXUM MPUMEPHO depe3 17 MUHYT.
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VHbopmayuoHHbIe mexHos1o2uU, asmomamu3auus u
yrnpaerieHue 8 Heghmezaa3oeou ompacisiu

Information technologies, automation and manage-
ment in the oil and gas industry

1.6.11. I'eonozus, noucku, pazeedka u SKCHIYAMAyUs HeQMAHBIX U 2A308bIX MECHOPOHNCOCHUT
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Pentenue 3axauu TMHAMIYECKOM HHTEpIpeTanuu ceiicMHYeCKMX JaAHHbIX
IpHA NMOMOIIU METOA0B MAILIMHHOTO 06y‘leHﬂﬂ

B.P.Bokuna'* A. C. AB,Z[}OKOBl, A A. HGCI/IBl, n. A. KPYHKI/IH]', A. H. Emenbsnos?

L 000 «Twomencxuii He(hmanoul Hayuublll yenwmpy, Tromens, Poccus
? Tromenciuii unoycmpuanvusiil ynugepcumem, Tromenw, Poccus
*yrvokina@tnnc.rosneft.ru

Annomayus. B cratbe paccMaTpuBaeTcsl mpobiemMa IMHAMHYECKOW HHTEPIpETalun CelcMuye-
CKHX JIAaHHBIX C HMCIIOJIb30BaHUEM Mojielieil Mammuuoro ooydenuss Extremely Randomized Trees
(Extra Trees), Gradient Boosting (GB) u Adaptive Boosting (AdaBoost) B mpuMeHeHHH K yKa3aH-
HOM 3a7aye.

B crartbe nMpoaHaTM3UPOBAHBI HEKOTOPBIC CYLIECTBYIOIIME PEIICHHs MOCTABICHHON 3a/1a-
yr. OMUCAHO TPEUMYIIECTBO BBIOPAHHBIX MOJIENECH MAIIMHHOTO OOYYeHHUs W MPOBEICHBI UCCIIe-
JIOBAHHS TOYHOCTH 110 METPHUKE — CPEIHEKBAPATHYECKOE OTKIOHEHHE OT UCTHHHBIX 3HAYCHHH.
B miporiecce npenBapuTeIbHOTO aHAIN3a WCCIEIOBAHUIA, IIPOBOJAUMBIX HA CMEXHBIE TEMBI, aBTO-
paMu JaHHOW CTaThH OBLIO BBIABJIEHO, YTO BOMPOC JUHAMUYECKON HHTEPIIPETAIMH U MpPeIcKa3a-
HUSI JIAHHBIX C UCIIOJIb30BAHMEM MPUBEIEHHBIX B CTATHE METOJOB MAIIMHHOTO OOYydYCHUS HE ObLI
OCBEIIEH, YTO U CTAJI0 OCHOBHBIM 0OBEKTOM PabOThI.

[anee GpopManM30BaHO MPUMEHEHHE YIOMSHYTBIX paHee MOJENeH, OMMUCaHbl HX 0COOCH-
HOCTH ¥ IIPEUMYIIECTBA IPUMEHHMO K PEIaeMOi 3aj1aue.

HccneoBanbl HECKOJIBKO PACIPOCTPAHEHHBIX METOJOB MANIMHHOTO OOYYEHHS, MO3BOJIS-
FOIMX HAXOAUTh (YHKIMOHATBHBIE 3aBHCHMMOCTH MEXKIY BXOJHBIMH MApaMeTPamMH, MPOBEIACHBI
BBIYUCIIUTENILHBIE DKCIIEPUMEHTBI JUISi OLEHKA WX MPUMEHHMMOCTH M CPaBHHUTEIBHOIO aHalIn3a
aJITOPUTMOB.

IMo pe3ynbTaTaM SKCIIEPUMEHTOB OBLI C/IEJIaH BBIBOJ, uTO MeTo EXtra Trees B Gosbureit
Mepe MOIXOIUT JIIsSl MPAaKTHIECKOr0 MPUMEHEHHSI OTHOCHTEIBHO PElIaeMOl 3aj1auu, MOCKOJIBbKY
JIEMOHCTPUPYET HauOoJIee BHICOKYIO TOYHOCTH MOA00pa (PYHKIIMOHAIBHON 3aBUCHMOCTH W JJHHA-
MUYECKON MHTEpIpETALNN.

Kuiouesvie croea: mMammnHHOe 00yueHue, CelficMuKa, JUHAMHYECKas uHTepnperauus, Extra Trees,
Gradient Boosting, Adaptive Boosting, ceiicMuueckre aTpudyThl, IOPUCTOCTD, KAPTHI

Jnsa yumuposanus: Pelienue 3a1aun JUHAMUYECKON MHTEPIIPETALUMU CECMUUYECKUX JaHHBIX NIPU
MOMOIIIM METO/I0B ManirnHHOro o0y4eHus / B. P. Bokuna, A. C. ABuiokos, A. A. Jlecus [u ap.]. —
DOI 10.31660/0445-0108-2024-5-117-131 // W3Bectus BbicuinxX y4eOHbIX 3aBeacHuil. Hedts u
ras. —2024. - Ne 5. - C. 117-131.

The solution of the task of dynamic interpretation of seismic data using
machine learning methods
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Abstract: This article examines the problem of dynamically interpreting seismic data using ma-
chine learning models, which include Extremely Randomized Trees (Extra Trees), Gradient Boost-
ing (GB), and Adaptive Boosting (AdaBoost) for the given problem.

The study analyzes some existing solutions of the problem and describes the advantages of
these machine learning models. Accuracy is estimated using the root mean square error metric.
The authors found that dynamic interpretation and prediction of seismic data using these machine
learning methods had not been extensively explored in research on related topics, which became
the main focus of the study. The article formalizes the use of the mentioned models and highlights
features and advantages for the given problem.

Several common machine learning methods were investigated to find functional relation-
ships between input parameters. Computational experiments were conducted to evaluate their ap-
plicability and compare the algorithms.

The results show that the Extra Trees method is the most suitable for practical use for the
given problem, as it demonstrates the highest accuracy in determining functional relationships and
dynamic interpretation.

Keywords: machine learning, seismic data, dynamic interpretation, Extra Trees, Gradient Boosting,
Adaptive Boosting, seismic attributes, porosity, maps

For citation: Vokina, V. R., Avdyukov, A. S., Lesiv, A. A., Krupkin, I. A., & Emelyanov, A. N.
(2024). The solution of the task of dynamic interpretation of seismic data using machine-learning
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Beenenue

[IpoGiieMa TMHAMUYECKOH MHTEPIPETAIIMA CEHCMHUYECKUX JaHHBIX OTHO-
CUTCS K HEeTPUBHAIILHBIM 3a/iadaM uppoBoii 00paboTku uHdpopmarmu. B mpo-
recce 00pabOTKU CEHCMHUYECKUX JaHHBIX MBITAIOTCS BBIICIUTD TOJIE3HBIC TUITBI
BOJIH ¥ COXPAaHUTh TPOMOPIIMOHATBHOCTD aMILTUTYT U K03 uimeHToB oTpasxke-
Huit. Kpome Toro, mouck 6osee MENKHUX U CIOXKHBIX JIOBYIIEK, COAEPKAIINUX YT-
JIEBOJIOPOJIBI, SIBIISIETCS BOCTPEOOBAaHHBIM HAINpaBJICHHWEM TpU pa3pabOTKe Me-
cropoxxaeHnid. CIpaBUTBCS C ITHMH 3aJadaMd TIOMOTaeT celcMopas3BelKa H
KadecTBeHHAs 00pab0TKa MOTyUYEeHHBIX JaHHBIX.

Omnpenenenne MPOTHO3HBIX 3HAYEHUH  (MUIBTPAIIMOHHO-EMKOCTHBIX
cBotictB (PEC) mis KOUIEKTOPOB, Cofepkamux B ceOe IIacToBbIE (DITFOHIIBI
pa3HOTO KOMIIOHEHTHOTO COCTaBa, SIBJISETCS HEMPOCTHIM TEXHOJIOTHYECKUM
nporieccoM. CorracHo Kiaccu(ukaruu, IpuBeAeHHONH B padote [1], mporHos
CEeHCMHMYECKHX JaHHBIX MOXKHO pa3feliiTh Ha TPH JTalla, MEPBBIA U3 KOTOPHIX
3aKJIFOYaeTCs B M3BJICUEHUN aTpUOYTOB ceficMuueckoi 3amvcu. Ha Bropom sta-
e TPOU3BOUTCS MOWCK KOPPEJSIMOHHBIX CBA3eH MEXIy W3BICYCHHBIMH TIa-
pameTrpamu. Ha 3akimounTeTsHOM 3Tare 1Mo HAaWAECHHBIM 3aBHCHMOCTSIM IIPOBO-
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AUTCS TOCTPOCHUC U aHAJIU3 KapT, NOKA3aBHIUX JIYUIINC CTATUCTUYCCKUC CBA3U
C HCKOMBIMH I'€OJIOTUYCCKUMU TapaMETpaMu.
B MponcCCC UHTCPIPCTALIUU PCUHIAOTCA ABC 3aJa4u.

1. OOparHas KWHEMaTHuYeCKas 3a/laua — OIpeesieHne TPaHul] Te0JIo-
THYECKHX TEJI U CKOPOCTEH 10 KHHEMAaTHYeCKUM IapaMeTpaM BOJIH.
2. OOparHas TMHaMUYecKas 3a/1a4a — OTpe/IeIeHue CBOWCTB MOPO/I.

[locne 3aBepmieHHS TpeX STamoB NPOTHO3UPOBAHUS (UIBTPALUOHHO-
€MKOCTHBIX CBOHCTB ITOJy4aeTCsl HEKOTOPBI HA0Op BBIXOIHON HH(OpMAIIHH.

[TprdemM BBIXOIHBIE JAaHHBIE UMEIOT JOCTOBEPHOCTD, MPONOPIHOHATIBHYIO
COOTBETCTBHUIO CBOMCTB I'€OJIOTUYECKOM CPellbl M HOCTPOCHHON MaTEMaTUIECKOM
MOJCITH, IPUHUMAEMOH TIpH pa3paboTKe KOHKPETHON THHAMUYECKON WHTEPIIpe-
TallMOHHOM TEXHOJIOTHH.

Taxxe B MaHHONH TpEeAMETHOW 0OJACTH CyIIECTBYeT mpobiema OTCyT-
CTBHSI €IMHCTBEHHOCTH PEIICHMS NPH IOMCKE B3aUMOCBSI3M MEXAY celicMuye-
CKMMH JaHHBIMH U CBOMCTBAaMH I'OPHBIX IOPOJ, MO3TOMY MpeICKa3aHUe MeTpo-
¢u3nUecKuX CBOICTB Ha OCHOBE CEHCMUYECKUX JAaHHBIX — CIIOXKHAsI, HETPUBH-
anpHas 3a7adya. B HEKOTOpBIX HCCIEAOBAaHUAX MNPEIIPUHUMANNCH IONBITKH
ONpENeNINTh HCKOMYIO B3aUMOCBSI3b C HCIIOJIB30BAHHEM KOHTPOJIHPYEMBIX
METOAOB MALIMHHOIO OOYYEHHUs, HO CTaJKHUBAINUCh C OINPENCIIEHHOTO poia
mpoOiieMamu [2]. B CBSI3M C 3THM aKkTyalbHBIM SIBISIETCA TIOUCK IPYTHX,
aJTbTEPHATHBHBIX METOZOB OOPaOOTKM W TpeACKa3aHUs MeTPOPU3HIECKUX
CBOWCTB IO TaHHBIM CEHCMOPA3BEAKU.

[Toxoxue nccnenoBaHus MO HHTEPIPETALUN CEHCMUYECKUX AaHHBIX IIPO-
BOJATCS W IPYTUMH YYCHBIMH. B CTaThsX MOIHUMAIOTCS MPOOJIEMBI BBICOKOM
BBIYUCIUTEIBHON CTOMMOCTH OOyuYeHHs, HEJOCTaTKa MAapKUPOBAHHBIX AAHHBIX
U1 00y4eHus, CII0)KHOCTH UHTEPIPETALUH PE3YIbTATOB MOAETIEH.

Hanpumep, aBTOMaTu3upoBaHHAs  MHTEpPHpETalUsl  CEHCMUYECKHX
Pa3JIoMOB SBISIIAaCh 00JACTHIO MCCIIEIOBAaHUH ISl aBTOPOB CcTaThH [3]. ABTOpEI
JAHHOM CTaTbU OTMEYAOT IIOSIBJIEHME OTHOCHUTENIBHO HOBBIX METOIOB
UHTEPIPETALUN CEHCMUYECKUX aHHbIX, OCHOBAaHHBIX Ha IIyOOKOM 00y4eHuH,
KOTOpOe IMOKa3ajo MHOrooOemaromue pe3yiapraTtel. OJHAKO Ha CEroIHSIIHUMA
JIEHb 3TH METOJIbI HE OBUTH pa3yMHO 000O0IICHBI.

B HekoTophIX Ipyrux pabOTax OMMCHIBAIOTCS HUCHOJIb3YyeMbIC METObI
MAIIMHHOTO M TIyOOKOro OOY4eHHs], TaKue KaK CIydYaifHbIH Jiec, OTIOpPHbIC BEK-
TOpa, TPAJAMCHTHBIA OycTHUHr. B pesynbraTte OOydYeHHBIE MOJICIH JOCTUTATU
TOYHOCTH BbIIIE 85 %, 4TO AEMOHCTPUPYET CHOCOOHOCTh METOJIOB OMKCHIBATH
CJIO’KHO 3aBUCHUMEBIE CeiicMUYecKue nanubie [4, 5].

TouHOCT, M Ka4eCcTBO IM(PPOBOH 00pabOTKM HH(DOPMALMK HIPAOT
HEOTHEMJIEMYIO POJIb MPH JAIbHEHIIIEM MOJACTHPOBAHUN (PU3MUYECKHUX MpOIec-
COB B IUIACTE, MO3TOMY BaXKHO MOJ00paTh TAKOW METOJ MAIIMHHOTO OOydYeHUs,
KOTOPBI OyAeT UMETh MUHUMAIIbHYIO TIOTPEIIHOCTh U MO3BOJHT CTPOUTH pe-
aJIbHBIC KapThI PACIIPeIeIICHUN NeTPOPU3NICCKUX BEITUINH.
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Ha ocHOBaHHMM BBINICH3IIOKECHHOIO OCJIbIO I[aHHOﬁ pa60TI:I SABIISACTCA UC-
CJICAOBAHUC TTIPUMCHUMOCTH BI)I6paHHI>IX aHCcaMOJIEBBIX METOA0B MallMHHOI'O
06yquI/1;1 IJIg pelICHUs 3alavuun Z[HHaMH‘lCCKOﬁ HUHTCpHOpCTAllUN CEHUCMHMYECKUX
AAaHHBIX Ha TPUMEPE IMOCTPOCHUSA IMPOTHO3HBIX pacnpe;[eneHI/Iﬁ r[eTpO(bque—
CKOr'o mapamMeTpa B OIPEACICHHOM PECTrUOHEC.

MarepuaJibl 1 METOABI

B kxadectBe nccnenyemMoro nerpou3nYecKoro napamerpa Oblia BrIOpaHa
MOPUCTOCTh TOPHBIX TIopo/1. [TocTpoeHue pactpeneneHus o0IIei MOPUCTOCTH —
KapTa, K KOTOPOW CTPEMUIIMCh TPUITH aBTOPHI JIAHHOM CTaThH.

Jlnst mpoBeieHnsT HE3aBUCHMOW OIEHKHU TOJTyYE€HHBIX PE3yIbTaTOB OBLIH
3ampomieHsl 5 HaOOpOB HEKOTOPBIX MOIENBHBIX CEUCMHUYECKHX MaHHBIX —
Map;(x,y), onpeaensieMbIX CBOUMH 3HAYCHUSAMHU HA PETYISAPHOU MPIMOYTOJb-
HOM ceTke. Kaxknas U3 kapT COAEpKUT B ceOe BE MPOCTPAaHCTBEHHBIC KOOPIH-
HATBl ¥ OJIMH U3 aTPUOYTOB BOJIHOBOTO MOJISI, PACCYMTAHHBIX JUIS I[EJIEBOTO WH-
tepBaia. [lox arpuOyTamu B HalieM cirydae TIOHHUMAOTCSI aMIUTUTYABI U UX TIPO-
W3BOJIHBIC, YACTOTHI M MIX IPOM3BOJTHBIE, 4 TAKXKE KapTa YIPYTUX XapaKTEPHUCTHK.

Bce MaccrBBI HCXOAHBIX JAaHHBIX KOHTPOIUPYIOTCS HAOOPOM HEN3BECTHBIX
B3aMMOCBA3aHHBIX QyHKIWMH Fj(X,y), U3 KOTOPBIX B HECKOJIBKHX TOYKax (HeoOs-
3aTeNlbHO COBMAAAIONINX C y3JIaMH CETKH) 33JjaHbl 3HAUEHHS TOJIBKO OJHOW (DYHK-
un Fy (x, y). UcxoHbIe JaHHBIC HMECIOT MEKIY COOON HEU3BECTHBIC KOPPEISIIHU-
OHHBIE 3aBUCUMOCTH U 00Opa3yroT OOIIYI0 KapTy, MO3BOJISIONIYIO TIOCTPOHUTH pac-
MpeJieNieHne MOPUCTOCTH Ha OCHOBAaHMM CEHCMHUYECKHX JaHHBIX. Ha HavampHOM
JTarne He OBUTO W3BECTHO B KAKMX 3aBHCHUMOCTSIX HAXOMIATCS M3BECTHBIE KapTHI H
Kakasg (QyHKIHS TTO3BOJISIET IONYYUTh UCKOMOE pacmpeneneHne. CxeMaTmyecKas
WHTEPIIPETAIHs TOCTABICHHOH 3a/1auy MpeICTaBlIeHa Ha pUCyHKe 1.

~

PeaynbraT

Puc. 1. Tpagpuveckaa uHmepnpemayua 3ada4yu
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HccnenoBanne HMCXOMHBIX JaHHBIX YCTaHOBWIIO, YTO KaXIbld W3
5 Map;(x,y) npencraisieT co00il ceTOUHYIO (DYHKIIHIO, Y3JIbI KOTOPOH pacro-
JIararTCs Ha OJMHAKOBOM PACCTOSTHUU OTHOCUTEIBHO JIPYT JIpyTa.

[Tpu oTOOpakeHNH MCXOAHBIX JaHHBIX Ha rpaduKe MoydaeTcs HEKOTO-
poe pacnpeneneHHe 3Ha4YECHWH, MpeACTaBICHHOe Ha pucyHke 2. Ha rpaduxe
MOKHO HaOJOaTh BHIOPOCHI, OTMEUCHHBIC KPACHBIMU TOYKAMHU U HE TIOMaalo-
M Ha CeTOuHYI0 (YyHKIHMIO. J[JIsi MPOBENCHUS 3TAllOB MAIIMHHOTO OOy4YEeHUS
JTAHHBIC TOYKH ObLIH UCKIFOUCHBI U3 MACCUBOB MCXO/IHBIX JIaHHBIX.

45000 4

40000 4

35000 4

30000 A

25000 1

45000 50000 55000 60000 65000 70000
X

Puc. 2. Monu2oH 3HavyeHuli

[Tocne mpoBeaeHNs aHaTM3a M OLIEHKH JaHHBIX ObLTa BHIOpaHa NpE/ICTaB-
JICHHas PUCYHKE 3 apXUTEKTypa IPOCKTa.

Ha Bxonm momaercs msite HaOoOpoB ¢ naHHbIMH B Buae Map;(x,y),
roe 1 = 1,...,5. Jlanee ast Kakaoro Habopa € y3JaMd CTPOUTCS CBOSI MOJICIb
O0y4€EHHS € TENBIO TIOMCKA HEM3BECTHBIX (GyHKIMH Fj (X, y) IS KKIOH CETKH.
3aTeM TIONy4YeHHbIC 3HAYECHUS Z; TOAAIOTCA B PE3yIbTUPYIOUIYI0 MOJEIb
Uil o0y4deHUs] M HaxXOXKICHUs IIeJIeBOM Z Ha OCHOBE paHee NpelICKa3aHHBIX
Benn4rH (cM. puc. 3).

Map_1_model(X.Y) /1

Map_2_mod l(w)%
ap_2_model(X, ~

33
£3
XY ——= Map_3_model(XY) —— Result_model(Z172,73,74,75)—— Z

24/'//’7
\ Map_4_model(X.Y) &{

Map_5_model(X.Y)

Puc. 3. ApxumeKkmypa noucka HeuseecmHolii eenuqurol Z
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st peanu3aliyd apXUTEKTyphl ObUIM BBHIOPaHBI U MPOTECTUPOBAHBI TPU
aHcaMOJIEBBIX METOJa MAIIMHHOTO 00y4eHus. CyTh TaKUX METOJOB 3aKJII0YaeT-
csl B 00bE€AMHEHNH HECKOJIBKMX 0a30BBIX MOAENEH B OJHY MOLIHYIO IJIsl YBEIH-
YEHUSI TOYHOCTU Pe3yJibTaTa B CPABHEHUU C OLEHKOHN mpocToil moxaenu [6]. Ta-
KM€ METOJIbl YCTOMYMBEI K IIyMy U BEIOpocaM B JaHHBIX [7], IOYTH HE MOJBeEp-
JKeHBI TiepeoOydeHuro [8] 1 3a cueT ycpegHEeHHUs! MPOTHO30B YMEHBIIAIOT AMC-
MIEPCUI0 U CMENIeHHEe pe3yibTara [9].

HccnenyeMble METOIBL.

1. AnantusHbiiit 6yctunr (Adaptive Boosting) [10] — oana u3 moje-
neit Oyctunra [11], ucnonb3yemast UIsl pelIeHus 3a7ad Perpeccuy U Kiaccuu-
kammu. Wnest OycTHHTa 3aKiII0YaeTcsl B MMOCTPOCHUH aHcamOisi 0a30BBIX MoJe-
JIeH, TAe KaXkaas Mocienyomas MOAeIb CTPEMUTCS] HCTIPABUTh OIIUOKU Mpe.bl-
OyIMX. AJanTanys k€ COCTOUT B MCIIOJIb30BAHUHU PE3YJIBTATOB IPEACKA3AHUS
paHee CO3IaHHBIX 0a30BBIX MOJENEH IPU IOCTPOEHHM CIEAYIOLIMX MOAEIEH.
B Hauane pe3ynbpTaThl NpeaplAyIInX MOJENeH KOPPEKTUPYIOTCS 3a CUET Ha3Ha-
YeHUs OOJIBLINX BECOB JAaHHBIM, JUISI KOTOPBIX OB IHOITy4eH HEKOPPEKTHBIN pe-
3yJIbTaT. 3aTeM KaxJasl OoCcIenyromas Moiesb 00y4aeTcsl Ha 3aHOBO B3BEILCH-
HBIX JAaHHBIX OT IpeblAyIned Monenu. TakuM oOpa3oM cieqyromas CTpeMUTCS
YMEHBIINUTH OIMMOKY TEeKyIero aHcamOis. Beck mpuHIMT pa®oTHI Ui 3a1a49u
perpeccun MaTeMaTUIeCKH OMICHIBAETCS CIenyommM oopa3om (dpopmyna 1):

F(x) = Xa; X hi(x), @

TJIe a; — BeC i-0# MPOCTOI MOIETH B aHCaMOJIe, BRIYHCIIIEMBIN Ha KayKIOM IlIa-
1 l—error - o v

re no ¢popmyne a; = EIH(W)’ rzae error — omuoOKa I-oi mpocToi Moaen

Ha B3BEIICHHOW BBIOOpKE; h;j(x) — mpeackazaHue i-oi MPOCTOH MOJENH B aH-
cambre.

2. I'pamuentusiii 6yctunr (Gradient Boosting) [12], B ocHoBe MeToma
BCE TOT € OYCTHHT, IIPEICTaBIMIOMUNA COO0H IMOCIEeNOBATEIBHYIO JTUHEHHYIO
KoMOWHaIMo0 0a30BBIX MOJIENIeH. B oTimare oT amanTBHOTO OYCTHHTA, TAHHBIH
METOJI IpH TiepecueTe PyHKIMK NOTeph HEe MPUCBAUBACT HEMPABIILHO TPEICKa-
3aHHBIM JIAaHHBIM OOJIBIIMK Bec. BmecTo 3TOro OH ONTUMU3UpYET (PYHKIUIO
MoTeph Yepe3 TMONpaBKy, KOTOPYI BHOCHT cleiylomias 0a3oBas MOJEIb
B KOMITO3UIHI0. TakuM 00pa3oM MeToJ| MBITAeTCs Cpa3y TeHEPUPOBATh TOYHEIC
pe3yibTaThl, a HE HUCHPABIATH OMIMOKU. MareMaTn4ecku METO]l OMUCHIBACTCS
cieaytomum oopazoM (popmymna 2):

aN(x) = Zylzl Ymbm (X), (2)
bm(x) = argmin ¥t_,(b(x;) — s;)?;

Ym = argmin Yi_; Ly am-1(x) + ¥bm(x:);
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rae by, (x) — HOBBIN 6a30BbIi anroput™; ay(x) — ancam6ip u3 N anropur-
MOB; Yy, — Koddduipent 6asoBoro amroput™a; L(y;, a(x;)) — dyHkuus mo-
Tepb, B HAIIEM cJydae paccuuThiBaemas 10 (opmyie L(yi,a(xl-)) =

2
(y; —a(x;))"; s; — aHTUrpanMeHT KBaAPaTHUHOH (YHKLMH OTEPb, PACCUUTHI-
BaeMslil 1o hopmyiie s; = 2(y; — a(x;)).

3. Ceepxcinyuaiineie nepebst (Extremely Randomized Trees) [13].
[IpencrarnseT cobol aHCaMOJIb PENIAIONINX JEPEBBEB U SABISETCS MomupuKa-
mue anropurMa ciydaiinsiii ec (Random Forest) [14]. Jauusrit MeTox OTIH-
Yyaercsi OT CIy4alHOro Jieca CrnocoOOM pa3OMEeHHsi B BEpIIMHAX JIEPEBLEB.
B xiaccudeckoM ciryqaifHOM Jiece TpU MOCTPOSHHU KaXJIOTro y3Jia JiepeBa Mmpo-
WCXOJUT CIIyYaiHBIA BHIOOP TIOJAMHOMKECTBA NPHU3HAKOB, 3aTEM IS KaXKJIOTO
MPU3HAKA U3 3TOrO MOJAMHOXECTBA BBIYHCISIOTCS 3HAYCHUS KpUTEpHs WHPOP-
MATHBHOCTH M BBIOMPACTCS TOT MPU3HAK M TOPOT ISl HETO, IPU KOTOPOM KpH-
TEepUil JIOCTUTAET MakcHMyMa. B CBepXClyJalHBIX IEPEBBAX TaKKe MPOH3BO-
JTUTCS CITyYaWHBIA BBEIOOP MOIMHOYKECTBA ITPU3HAKOB, HO TS KAX/0TO MPU3HAKA
MMOPOTOBOE 3HAYCHUE BHIOUPAETCS CIy4YailHBIM 00pa3oM, a HE ONTUMHU3UPYETCSL.
DTO MO3BOJIIET YMEHBIINUTh BHIUUCIUTEIBHYIO CJI0XKHOCTh aITOPUTMA U YBEITH-
YHUTB €r0 CKOPOCTh paboThl. [lociie mocTpoeHus Bcex iepeBbeB B aHCaMOJIe MMpo-
THO3 JIJII HOBOTO OOBEKTa B 3a/laye PErpecCUU CTPOMTCS MyTeM YCPEIHCHHS
MPOTHO30B OT/CNIBHBIX JIePEBLEB. [IPHHITUIT paOOTH METOIA JJIS 3a1a4K perpec-
cu (hopmyia 3) ONMUCHIBACTCS KaK

fOO =33, (X, ®)
Cl',X € i
rie fi(X) = { fi's Xm < 85
fiZ'Xm 2 ti

fi (X) — dynkums, npencraBinstomas i-¢ 1epeBo; ¢; — CpeHee 3HAYCHHE IIee-
BOI TIEPEMEHHOM JIJIsl BCEX OOBEKTOB B JIMCTOBOM y3ie I; X,, — M-if mpu3HaK
00BekTa X; t; — MOporoBoe 3HAYEHHE B y31e i, f;* U f;* — (yHKIHH, TIpeIcTaB-
JISIFOLIHME TIOJICPEBBsl, 00pa30BaHHBIC MOCIIE pa3/IeieHHs y3ia I.

Jnst peanu3zauuy BHIOPaHHBIX MOJEJIEH MAIIMHHOTO 0OydeHHs ObLIM HC-
MOJIb30BAHBI KJIACCHI, PEICTaBIcHHbIC B OnbanoTeke Scikit-learn [15].

JKCcnepuMeHTAIbHOE HCCIe10BaHUe

OKCIIEPUMEHTHI OBITN TIPOBEICHBI HA MOTYICHHBIX 5 Ha0Opax C TaHHBIMHU.
IIpoBenenue uccnenoBaHus OCYIIECTBISIIOCh HA OTPOMHOM KOJIMUECTBE JAAaHHBIX.
Kaxnas Tabmuua Map; (x, y) conepxana okojio 1,2 MITH CTPOK € JTaHHBIMH.

Kaxnpiii Habop ObUT pa3fesieH Ha TPEHHPOBOYHYIO U TECTOBYIO BHIOOPKH
B COOTHOILICHMH, TAE TPEHUpPOBOUHAs BBIOOpKa coctaBmia 70 %. B xauectBe
METPHUKH AJIs1 CPAaBHEHUS PACCMATPUBAEMBIX aJITOPUTMOB MAIIMHHOTO 00Yy4EHUs
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UCTIONB3YETCsl KOPEHb U3 CpeHeKBaapaTHYHol ommOkn — Root Mean Squared
Error (RMSE) (popmyna 4) [16]. JlaHHast METpHKa UCIIOIB3YETCS [T CIydacs,
KOTJa €CTh HEOOXOJUMOCTD BBISIBUTH OOJIbILIUE OMIMOKH M BHIOpaTh MOAENb, KO-
TOpas JaeT HauOoJjee TOUHBIN pe3ynbTaT. DopMyrna A BEIYMCICHUS] METPUKH:

RMSE = 2, (v - 92 @

TJIe Y — UCTHHHOE 3HAYCHNE BEIMYMHBI; §; — pacueTHOE 3HAUYCHHNE BEINIHHBL;
N — KOJM4ecTBO JaHHBIX.

VY Kax[Ioro airopuTMa CyIIECTBYIOT CBOHM THIIEpHapaMeTphbl, HM3MeHe-
HUE/TIOA00P KOTOPBIX ITO3BOJISIET MOOWUTHCS JIYUIIEro pe3yibTaTa MO METPHKE
kadecTBa oOyueHws. [lombop onTMMaNbHBIX THIEPHAPAMETPOB MPOHCXOINT
¢ momompo wuHCTpyMeHta GridSearchCV [17]. Tlapamerpsl Mopjemn
¢ HauMeHbIel onenkolt RMSE cunranuck Hannyumumu. Kak BugHO U3 Tabmu-
IbI, [0 pE3yJIbTaTaM 3KCIIEPUMEHTOB JIYUIIeH MOENbI0 oka3anack Extra Trees
MIPOJIEMOHCTPUPOBaB pe3yibTar 1,168 % Ha TeCTOBOM HaboOpe JTaHHBIX.

Funepnapamempeol u pe3ynbomamesl noay4yuswuxca mooeneii

HazBanue anropurma l'umepnapamerp RMSE, %
n_estimators = 300
Extremely Randomized Trees mgx_features - 1. _ 1,168
min_samples_split = 2
min_samples_leaf =1
n_estimators = 200
Gradient Boosting learning_rate = 1.0 1,219
max_depth =5
n_estimators = 100
Adaptive Boosting learning_rate = 1,0 1,342
loss = exponential
PaccMoTpuM KakIbIl THITEpIIApaMeTp U3 TAOIHIEI TOIPOOHEE:
. n_estimators — uwcno aepeBbeB B Jiecy. UeM OoJIbIie JepeBbeB, TeM
JIydIlle Ka4eCTBO MOJIENN, HO TPEOYET OOJBIINX MOIIHOCTEH ISl IIOCTPOCHHUS;
. max_features — umcio mpu3HaKoB MPH MTOMCKE JYUIIETO pa3IeIeHus;
. min_samples_split — mMuHUMaTBEHOE YHCIO O0OBEKTOB, HEOOXOMIN-

MO€ IJIsl TOTO, YTOOBI Y3l JIepeBa MOT PacIIENUThCA. JTOT MapaMeTp TECHO
CBSI3aH C MaKCHMaJIbHOH TmyOnHO# mepeBa. [Ipu cimIIKOM BHICOKOM 3HAYECHUH
3TOTO MapameTpa TIyOMHa JepeBa HE MOXKET YBEIWIUTHCA M3-3a HEBO3MOXKHO-
CTH JTATbHEHIIIETO JIeJICHUS;

. min_samples_leaf — MuHHManbHOE YHCIIO OOBEKTOB B JIUCTBSX.
Uewm MeHbIIIE 00BEKTOB B JIMCTHIX, TEM TOUHEE, HO CII0KHEE MO/IEINb;
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° learning_rate — Bec, mpuUMeHsSEMBIH K KaXIOMy 0a30BOMY ajro-
putMy. UeM BEIIlIe 3HaYCHUE, TEM OOJBIIE BKIIAJ KaXKIOTO perpeccopa;

. max_depth — makcumManbHas riryousa gepesa. Uem riay0ske mepe-
BO, TEM Jyd4llle Mojenb. Ilapamerp momkeH OBITH MOZOOpaH TaKUM 00pazoM,
4TOOBI BCE JaHHBIE OBUIM PacIpe/IeNIeHbl TI0 JEPEBY ¢ MUHUMAIBHO JOCTYITHBIM
pas3zeNeHnueM 110 JHUCThSIM;

J loss — ¢yskums moreph, ucnonb3yeMas Ui OOHOBIICHHS BECOB
nocJie Kax 10l uTepanuu OyCTHHTA.

HccnenoBanue mokasaio, 4YTO MOJIENIb Ha OCHOBE aJallTUBHOTO OyCTHHTra
MposiBAJIa ce0sl XyXe OCTaJIbHBIX, OOBSICHUTH 3TO MOXKHO MOJOOpaHHOH uepes
GridSearchCV skcnonentmansHoit GyHKImeir motepb. OHa U3MeEpsieT BEPOSIT-
HOCTh TPaBWJILHOTO TpPEJCKa3aHMs KJlacca MCTHHHOTO 3HAYCHHUS. DTO MOMKET
OBITh A(DPEeKTUBHO I 3amad KiIacCH(UKAIIMU, HO MEHEe IOAXOMSIIAM IS
3ajad perpeccuH, rie TpeOyeTcs MpelcKa3biBaTh HENPEpPhIBHbIC 3HAYCHUSI.
Mojens Ha OCHOBE CBEpXCIyYalHBIX JIEPEBbEB HanOoJiee ONTUMAllbHA M3-3a
CIIy4aifHOTO BBIOOpA TIOPOTOBBIX 3HAYCHUU ISl pa3/ieieHus y3JI0B, 4TO JeNacT
o0yueHne MeHee YyBCTBUTEIBHBIM K IIyMy B naHHBIX [18]. Kpome Toro, anro-
PHUTM JIydIlle CHPAaBISIETCS ¢ HEJMHEHHBIMU 3aBUCHMOCTSIMH 32 CYET OOJIBIIOTro
KOJINYECTBA JICPEBLEB, TEM CAMBIM OXBaThIBasi OOJbINIEe KOJIMIECTBO YCIOBUIA.

Pe3yabTaThl M 00CyxKIEHHE

B xome uccnemoBaHus pemieHa 3ajada JUHAMHYECKOW HMHTEpHpeTanuu
celiCMIUeCKUX TAaHHBIX W MIOCTPOCHHUS MTPOTHO3HOM MOAENH KapThl 00IIel mopu-
CTOCTH C y4eToM ocoOeHHocTel 3amaud. [IpoBeseHb! BEIYMCIUTEIbHbIE JKCIIE-
PUMEHTHI ISl BBISBICHHS HanOosee moaxozsmero merona. CporHo3upoBaH-
HBIC 3HaUYCHHS OBUIN COMOCTABJICHBI C 3TAJIOHHBIMU peallbHBIMHU JTaHHBIMU.

[Mony4yeHnHble B X0 BBIYHCIUTENBHBIX IKCIIEPUMEHTOB PE3yJIbTaThl HH-
TEPIPETUPOBAHBI CIEAYIOIIUM 00pa3oM.

1. Mopuens Adaptive Boosting umeer Xyaiiuii mokasaTeib METPUKH U3
BCEX, NIPEACTABIEHHBIX B JJAHHOW cTaThe. [[aHHBIA METOJl BOCHIPUUMYMUB K LIY-
MaM B JIaHHBIX, COOTBETCTBEHHO, CKJIOHEH K mnepeoOyuenuto [19]. Kpome Toro,
MPUYMHOW HU3KOTO Pe3ysibTaTa MOXKET OBbITh HEMPaBUIBHO MOI0OpaHHas QyHK-
Ul TOTeph. OKCHOHEHLUaNbHAas (QYHKIHMA MOTEPh HE YYHUTBHIBAET Pa3IHUMs
B OTKJIOHEHHUSX U MOXKET OBITh MEHEE yCTOWYHMBOM K BEIOpOCaM.

2. Mopens Gradient Boosting umeer 3Ha4MTEIBHO JIyUIUi MOKa3a-
Tenb MeTpukH, 4yem Adaptive Boosting. B ocHoBe rpaaueHTHOr0 OycTHHTa 3a-
JIO’)KeHa 00JIee CIIOKHAs CTpaTerus O0YYeHHS — CTOXAaCTUYCCKHI rpaiueHTHBIN
CIIyCK, KOTOPBIM mo3BoJsieT Oonee 3hdekTuBHO 00y4aThcs Ha OONBIIMX O0Be-
Max naHHbIX [20]. Takxke MeTO UCTIOIB3YeT 00JIEe CII0KHBIC MOJICIH, TAKUE KaK
rIIyOOKHe JAepeBbs PELICHUH, YTO MO3BOJISET JIy4lle allpOKCHMUPOBAThH CIIOXK-
HBIC 3aBUCHMOCTH B JJAHHBIX.

3. Mopgens Extremely Randomized Trees mokasana cebsi HaWITydIIHM
obpasom. [IpencraBieHHas MoieIb MEHEE YyBCTBUTENbHA K IIyMaM B JaHHBIX

Ne 5, 2024 HedTb M ras 125



W3-3a CIy4aiiHOCTH BBIOOpa 3Ha4YeHWH B y3nax. bonee Toro, Goibplioe kKomude-
CTBO JI€PEBbEB MO3BOJISIET METOLY paboTaTh ¢ HENMMHEHHBIMU 3aBUCUMOCTSIMU H
OXBaThIBaTh OOJIbIIEEC KOJMYESCTBO YCIOBUN Il HAXOXKICHUS aIlllpPOKCUMUPY-
romel pyHKIuu.

4. Hcnonb3oBaHre METOJOB MALIMHHOTO OOYYEHHUS MOYKET YCHEIIHO
pemaTh 3afadd JUHAMHUYECKOW MHTEpPIIpeTalud CeHCMHYECKHX NaHHBIX M MO-
CTPOCHHUS KapT METPOPHU3MYECKHX CBOMCTB, B HalleM cllyyae ObUIa TOIydeHa
KapTa o0IIel MOPUCTOCTH, MPAKTUIECKN UICHTUYHAsS peajbHoi kapre. Cormac-
HO MeTpuke RMSE = 1,168 %, 3T0 TOBOpPUT O TOM, YTO IPOTHO3HOE pacIpe/ie-
JIHWE TIOPUCTOCTH U paclpe/iesieHre TaHHOTO NMapamMeTpa Ha MPOBEPOYHOH BbI-
OOpKe MPaKTHYECKHA COBIAAACT.

B pesysbrare nposeneHHoro uccneaoBanus Extremely Randomized Trees
MMeeT HamTy4IIn{ MMOKa3aTeNb 1Mo BhIOpaHHON MeTpuke. Ha ocHOBaHwmm moury-
YeHHBIX JaHHBIX ObLIa MOCTPOEHA MCKOMas KapTa paclpeieNeHHs MOPUCTOCTH.
ComnocraBieHre Moy9eHHON PU TOMOIIN MAaIIMHHOTO O0y4YeHwHs KapThl ¢ JTa-
JIOHHOH KapTOi MPEICTABIIEHO HA PUCYHKE 4.

MopUCTOCTE

20

-18

~-16

-1

-1z

MopUcToCTe

~10

Puc. 4. Umozoeoe pacnpedeneHue nopucmocmu:
A — Extremely Randomized Trees, B — amanoHHas kapma

MO’XHO 3aMETHTb, YTO MOMyYEHHOE HAMHU pacIIpellelieHrne C JOCTaTOYHO
BBICOKOW TOYHOCTBIO TOBTOPSIET 3TAJIOHHOE PAacCIpelleieHne BBIOPAHHOTO TIET-
podu3udecKkoro napameTpa — IMOPUCTOCTH.
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BrIiBOaBI

HccnenoBanue u pa3BuTHE MOAENEH W METOJOB, NMPEAHA3HAUCHHBIX IS
pelIeHns 3aJaud TUHAMHUYECKON HHTEpIpeTaluy CEHCMUYECKHX [aHHBIX, a
TaKXKe TMOCTPOCHHE MPOTHO3HBIX KapT, XapaKTEpU3YIOIIUX METPO(U3NUIECKUE
CBOMCTBa TOpHBIX TIOPOJ, MPEACTABISAIOT TMPAKTUYECKU M Hay4dHO-
HCCIIEIOBATEIbCKUI MHTEPEC U SBJISIOTCS aKTyaJIbHBIMU U B HACTOSIILIEE BPEMSI.

B nporuiecce aHanm3a MCXOIHBIX JTAHHBIX aBTOPHI CTaThU HCKJIIOUMIIN BCE
HE MONaJaNue B KOHTYpP CEHCMUYECKUX JaHHBIX 3HAYEHUs, OJTHAKO MpOBeEie-
HHUE KJIacTepu3aly He MOCYUTAIN Heo0XoaAuMBbIM. [IpeanonokuTensHo JaHHast
Mpoleaypa MOCIOCOOCTBYET MOBBIILIECHUIO TOYHOCTH pacueTa U yIIy4yIlIeHHIO T0-
Kaszaress METPUKU. B cOOTBETCTBUHU € IPHUBEACHHBIM 3aKJIIOUYEHHEM I10CTaBJIEHA
LI€JIb B JONOJHUTENBFHOM HCCIEI0BAHUM METOIUKH U MOJIEJIei MaIlIMHHOIO 00Y-
YEHUS, T03BOJIIFOIIUX IOBBICUTH TOYHOCTh POBEIECHHOT'O UCCIIEIOBAHNUS.

Ilo pesynpraTtam aHanu3a IpeaMETHONW 001acTH OBUIM PacCMOTPEHbI HE-
CKOJIBKO METOJ0B MAILIMHHOI'O 00YyY€HHUs], TO3BOJISIOIIUX IPOU3BOIUTH IIPOTHO3
YKa3aHHOTO mapamMetpa. Ilo uroram BBIYHMCINTENBHBIX KCIIEPUMEHTOB aBTOpA-
MU CJIeJIaHbl BBIBOJIBI, YTO U3 PACCMOTPEHHBIX MOJENIEH MAIIMHHOTO OOYyYeHUS
metoxn Extremely Randomized Trees B Gombimeii Mepe MOAXOAMT IS IPAKTHYE-
CKOT'0 MPUMEHEHHUS B CBSI3H C TEM, YTO UMEET Jy4lINe ITOKa3aTeIH 10 METPHKE,
MO3BOJISIIOLCH OLIEHUTH TOYHOCTh PEIICHUS.

Kpome Toro, Ha OCHOBaHMU IOCTPOEHHOI'O NMPOTHO3HOTI'O PACHpPEAEICHUs
neTpodu3nIeckoro napamMerpa B ONpPeNeIEHHOM PETMOHE M COIIOCTaBJICHHS II0-
JY4EHHOT'O pe3yjbTaTa ¢ 3TAJIOHHBIMU 3HAYCHUSIMH MOXKHO CJI€JIaTh BBIBOJ, UTO
BbIOpaHHBIE aHCaMOJIEBbIE METObl MAIIMHHOTO 00y4YeHUsI MPUMEHUMBI IS pe-
LICHUS 3a/a4d IWHAMUYECKOM MHTEpIpeTany CeMCMUUECKUX JaHHbBIX, B 4acT-
Hoctu Meron Extremely Randomized Trees, uMmeromuii JaHHBIC MO0 METPUKE
RMSE = 1,168 %.

JanbHeilne nepcrneKTUBbl PELICHUs 3a1adyd AUHAMHYECKOW HHTEpIpe-
TalUM ¥ MOCTPOCHMS NPOTHO3HBIX KapT NETPO(PU3NYECKUX CBOHCTB 3aKIIOYa-
10TCs1 B O0JIee AETAIbHOM M3yYeHHH UCXOIHBIX IaHHBIX, IPOBEACHUHU KJlacTepu-
3allMl U PaCCMOTPEHHHU JAPYroro Habopa Mojesied MalMHHOTrO 00y4YeHus C Iie-
JIBIO MOBBIIICHNS PACYETHON U IIPOrHO3HOU TOYHOCTH.
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HUuTeniekryaabHast GuiabTpanus NpoMbICI0BBIX AAHHBIX 100bIYH

P. 10. ITonomapes*, A. A. Jlemenko, P. P. 3uazes, M. M. I'anuysiun,
P. P. Murmanos, M. . UBneB

00O «Tomenckuii Hegpmanoi nayunviii yenmpy, Tromenn, Poccus
*ryponomarev@tnnc.rosneft.ru

Annomayus. B HedTerazoBoi oTpacnu mpu noObrue HeTH U Traza 3aMepsieMble MOKa3aTelnu Xa-
PaKTepU3yIOTCsl HAJIMYMEM IIYMOB, BHOCSIIMX CBOH BKJIan B ()OPMHPOBAHUE CIOKHOH HEMOHO-
TOHHOW AMHAMUKH, KpailHe TPYAHOH ISl pyYHOrO aHaJIM3a U MHTEPIPETAlllH, B CBS3H C YeM Lie-
JIBI0 pabOoTHI SBISIETCS pa3paboTKa alroprUTMa, CIIOCOOHOTO ONPENeNATh U HCKIII0UaTh NIyMBI (¥3-
MEHEHMS CuUTHaia Oe3 BBIPOKGHHOW NPUYHMHBI) B NPOMBICIOBBIX IOKA3aTENISIX SKCIUTyaTalluK
CKBaXMH. B paboTe paccMOTpeHBI CyIIECTBYIONIIME METOJbI CITIaKMBAHMS NAaHHBIX, TaKHe Kak
CKOJIb3sIlIeE CPEHEe, HKCIOHEHIHAIBHOE CIIIaXKHBaHUE, JUHEHHbIH (unbtp Kanmana, ¢unstp
Bunepa, meron Casurkoro-I'ones, npeobpazoBanue ®ypbe, BeiiBieT-nmpeoOpa3oBaHue, U BBISB-
JIEHBl UX JOCTOMHCTBA WM OTpaHWYEHHs NpuMeHeHus. [IpemroskeH anbTepHaTUBHBIH IOIXOZ,
NPEJCTABIAIONINN CHHEPIUI0 METOJOB MAUIMHHOTO OOY4eHHS M CTaHJAPTHBIX HHCTPYMEHTOB
¢GunbTpanyy NaHHBIX. Pa3paboTaHHBIN aNrOPUTM MO3BOJISIET BOCCTAHOBUTH HCTHHHYIO JTMHAMUKY
nokasaTesield paboThbl CKBaKMH, a TaKkkKe OT(MIBTPOBBIBACT M CIJIQKHBACT IIYMBI, CBS3aHHbBIC
C TEXHUYECKHMH HEHUCIIPABHOCTSIMH.

HoBusna anroput™a 3akiaro4yaeTcs: B IpUMEHEHHH HelHpoHHoit ceti LSTM st Beiienenust
TPEH/I0BOH COCTABIISIONIECH Ha 3allyMJICHHON AMHAMHKE B 3aBHCHMOCTH OT IIPOHUCXOISIINX COOBI-
THH Ha CaMOil CKBa)KMHE, TaK M OT COOBITHH, MPOMCXO/IIINX Ha CKBAYKUHAX OKPY>KSHUSL.

Kouegvie crosa: HeWpOHHBIE CeTH, (DYIIBTpaLHsl MPOMBICTIOBBIX JAHHBIX, pa3paboTka MECTOPOXKICHUH

Jna yumupoeanus: VIHTeIUIEKTyabHas GUIBTPAIMS TIPOMBICIOBBIX JaHHBIX j00brun. P. 0. ITo-
Homapes, A. A. Jlemenko, P. P. 3uazes [u ap.]. — DOI 10.31660/0445-0108-2024-5-132-147 //
HW3Bectus Boicinx yaeOHbIx 3aBeaeHuil. Heds u ras. — 2024. — Ne 5. — C. 132-147.

Intelligent filtering of field data

Roman Y. Ponomarev*, Anton A. Leshchenko, Ramil R. Ziazev,
Marat M. Galiullin, Ruslan R. Migmanov, Mikhail 1. Ivlev

Tyumen Petroleum Research Center LLC, Tyumen, Russia
*ryponomarev@tnnc.rosneft.ru

Abstract. In the oil and gas industry, the measured parameters during oil and gas production are
often affected by noise, which contributes to complex and non-monotonic dynamics. This makes
manual analysis and interpretation extremely difficult. Therefore, this article aims to develop an
algorithm capable of identifying and removing noise (signal changes without a clear cause) in the
production parameters of well operation. The article examines data smoothing methods, including
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moving average, exponential smoothing, Kalman filter, Wiener filter, Savitzky-Golay filter, Fouri-
er transform, and wavelet transform. The authors identified advantages and limitations. An alterna-
tive approach is proposed, combining machine learning methods with standard data filtering tools.
The developed algorithm restores the true dynamics of well performance metrics and filters out
and smooths noise related to technical malfunctions. The novelty of the algorithm lies in using an
LSTM neural network to extract the trend component from noisy dynamics, taking into account
events occurring at the well itself as well as events happening at surrounding wells.

Keywords: neural networks, production data filtering, field development

For citation: Ponomarev, R. Y., Leshchenko, A. A. Ziazev, R. R., Galiullin, M. M,
Migmanov, R. R., & Ivlev, M. I. (2024). Intelligent filtering of field data. Oil and Gas Studies, (5),
pp. 132-147. (In Russian). DOI: 10.31660/0445-0108-2024-5-132-147

Bgenenue

3agada 00pabOTKH CUTHAJIA OT IITYMOB SIBJIIETCS aKTyaJbHON M OTHOCHUTCS
K IIUPOKOMY KJIaccy 3a/iad, peliaeMbIX B Pa3IMYHBIX 00JaCTAX HAYK, TEXHUKE U
WH(POPMAIMOHHBIX TEXHOJIOTHSAX. 3aperMCTPUPOBAHHYIO B BHJC CHUTHAJIOB HH-
dhopmartiro 00pabaThIBAIOT, XPAHAT U MIEPEAAIOT B BUAEC TUCKPETHBIX (PYHKITHI 1
B mudposoit ¢opme. CyIiecTByeT MHOXKECTBO METOJOB OOpabOTKHA CHUTHAJIOB,
OCHOBHBI€ I1€JIM KOTOPBIX 3aKJIFOYAIOTCS B BBIJICIICHUH MTOJIE3HOW MH(DOPMAIH B
JIAHHBIX W TIOBBIIICHNE KA4eCTBa CUTHATIA.

B HedTerazoroii oTpaciu mpu 100sde HeTH U Ta3a 3aMepsieMbIe TToKa3a-
TEIU XapaKTePU3YyIOTCS HAIMYHEM MyMoB. K 1rymaMm MO’KHO OTHECTH TOTpEIll-
HOCTH/HEUCTIPABHOCTH KOHTPOJIEHO-U3MEPUTEIBHOTO 000pYy/I0BaHUS, HEKOPPEKT-
HBIN O0TOOP P00 CKBXXUHHOW MPOAYKIIUH, OTPAXKAIOIIHI YesIoBeYeCKUuil (hakTop.
Bce 3t nrymel BHOCST CBOH BKJaa B (D)OPMHUPOBAHUE CIIOKHOW HEMOHOTOHHOM
JTMHAMUKH, KpaifHe TPYAHOH JUI pyYHOTO aHAIN3a U UHTSPIPETALIUH.

B cBor0 oYepenh HEMOHOTOHHOCTh JIMHAMHUKH MOXKET OBITH BhI3BaHA HE
TOJIBKO TOSIBJICHUEM BHEIIHUX ITYMOB, a TAKXKE MOXKET ObITh 00YyCIIOBIIEHA pe-
QIBHBIMU (PU3NYECKUMH TPOLIECCaMK, MPOUCXOJSAIIMMU B Iiacte. B paborax
[1, 2] aBTOpPBI MOACTUPYIOT HEMOHOTOHHOCTh JMHAMUKUA OOBOJHCHHS CKBAXKH-
HBI 332 CYET yuyeTa KalMUIAPHBIX MPOILECCOB, YYeTa yINPYroCTH JKUIKOCTH U Jie-
¢dhopmupyemoctu moposibl. CTOUT OTMETUTh, YTO aBTOPHI MOJCIUPYIOT (DHIIb-
Tpauuio B Mpu3ab0iHOM 30HE CKBaKHHBI 0€3 yueTa MpOLECCOB WHTEPPEPEHLINT
COCEHUX CKBAXKWH, YTO TAKKEC MOXKET 3HAYUTEIHHO IMOBJIHITH HA TUHAMUKY
00BOTHCHUSI.

AHanu3 u GUIBTpaIys TPOMBICIIOBOM TUHAMUKU — CJIOKHBIA M HETPH-
BUAIBHBIA Tpolecc, TpeOyloummid ydera OOJBIIOTO KOJMYECTBAa (aKTOpPOB.
B manHO# paboTe MpUBOIUTCS 0030p CYIIECTBYIOIIUX METOJ0B 00pabOTKH CHT-
HAJIOB U NpeajiaracTcsa aBTOpCKI/II\/II AJITOPUTM BBIJACJICHHA HCKOHJIUIIMOHHBLIX 3a-
MepoB. OTAeNneHne KOHIUIIMOHHOW TMHAMUKY OT 3alIyMJICHHON JOCTUTaeTCs 3a
CUET pa3J0OKEHUs] MCXOJHOTO CUTHAIA 0 HEKOTOPOMY 0a3ucy MmapaMeTpoB,
C MOMOIIBI0 KOTOPOrO MOXHO MPOMHTEPIPETHPOBATH U3MEHECHHUSI B JIMHAMUKE
paboThl CKBaXKWH. ba3uc mapaMeTpoB Juisi HHTEPIPETAUU COCTABIICH UCKITIOYH-
TEJBHO JJIsl PEIICHHs 3a/1a4 YIPABICHUS pa3paboTKOW HeQTIHBIX MECTOPOXK Ie-
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HUHI U COCTOMT M3 Teosioro-TexHudeckux meponpustuii ('TM) Ha ananusupye-
MO CKBaXHHE U U3 COOBITHH, CBSI3aHHBIX C M3MEHEHHEM B PEKUMax paboThl Ha
COCETHUX CKBaXXMHAX OKPY>KEHUS.

3agaua uaeHTU(UKAIMA MTHOBEHHBIX (UIYKTyalluidi B JTUHAMHUKE, CBS3aH-
HBIX C JIOKaJIbHBIM (PU3MYECKHM H3MEHEHHEM XapakTepa TeueHHs B MpHU3a0oi-
HoM 30He (Kak B padorax [1,2]), He paccMaTpuBaeTcs.

CyuiecTByoIue MeTOAbI pelIeHUs TOCTABJICHHOI 32124

PacmipocTpaHeHHBIMU METOJIaMU, PEIIAIONIMMU 3a/iadyy 00pabOTKH HC-
XOJIHBIX JIaHHBIX, SIBIITFOTCS METOJbI MAaTEMaTHYSCKOW CTATUCTUKH M aHAJIH3a
BPEMEHHBIX PSIOB. PaccMOTpHM NpeUMYyINEeCTBa W OTPAaHHICHHUS] IPUMEHUMOCTH
TaKUX METOJIOB.

Cronvzauee cpeonee. OnuH U3 Hanboee MMPOKO M3BECTHBIX, MTOAPOOHO
W3JI0KCHHBIX U TPOCTBIX — METOJ CTIQKWUBAaHHS BPEMEHHOTO psla CKOIb3s-
MMM CPEJTHUM C Pa3InYHbIM OKHOM criakuBaHus. CriiaXuBaHue B JaHHOM Me-
TOJIE TPEJICTABISET COOON yCpeTHEHHEe JaHHBIX, IIPH KOTOPOM HECHCTEeMaTHYe-
CKHE KOMIIOHEHTBI CHTHAJIA B3aUMHO TIOTaIIaloT JAPYT JpyTra.

dopmanbHOE MPENCTaBICHHE METOMAa CKOJIB3AIIEro cpeanero [3], mmHa
KOTOPOTO BBIPAXKACTCS HEYSTHBIM YUCIOM P = 2m + 1, BBINJISIIUT CISAYIONIHM
obpazoM:

— 1
Ve = ;Zt]:-‘:-rtn—myj' (1)

TAE Y = Y1,Y2,-++»Yn: P — Pa3Mep OKHA CIVIAXKUBAaHUS; j — MOPSIKOBBII HO-
Mep YpOBHS OKHa CTJIQ)KHBAHUS; M — BEIMYHUHA, COOTBETCTBYIOIIAs

m =22 )

Br100op BenmM4YHMHBI OKHA CTIIaKUBaHMS OCYIIECTBISETCS SKCIICPUMEHTAIIb-
HO: 4ueM 0oJiblie pa3Mep OKHa, TeM OoJiee TTaakuii Buja OyneT UMeTh pe3yibTHu-
PYIOIUI CUTHAJL.

CylIecTBEHHBIM OTPaHWYEHHUEM JaHHOTO METOJIa SIBJISETCS OTCYTCTBHE
BO3MO>KHOCTH PAcIlO3HaTh LIYMOBYIO COCTAaBISIOLIYIO CUTHaja B Hadaje M Ha
KOHIIE TMHAMUKH B CBSI3U C YMEHBIICHHUEM OKHA CTJIaXKHUBaHMSL.

Oxcnonenyuanvroe cenasicusanue. IIpakTudeckuii MeTOJ CIVIaKMBAHUS
JAHHBIX BPEMEHHBIX PSIOB ¢ MpUMEHEeHHEeM (DYHKIHUHU SKCIIOHEHIIHAIbHOTO OKHA
HOCHUT Ha3BaHUE METOJ]la SKCIOHEHIIMAJIbHOTO CrIaKMBAaHUS, KOTOPBIA TaKxke
LIMPOKO PACHPOCTPAHEH U MOJIPOOHO M3N0kKeH. B oTnuuune ot npocroro Merona
CKOJIB3SIIIETO CPEIHEro, B KOTOPOM MPOIIIble HAOMIOJEHUS B3BEIIMBAIOTCS
OJMHAKOBO, B 3KCIIOHCHIMAJIBHOM CIVIA)KMBAHUHM (DYHKIHMU NPUMEHSIOTCS VIS
IIPUCBOEHUS 3KCIIOHEHIINAIBHO YMEHBIIAIOIINXCS BECOB ¢ TEUEHHUEM BPEMEHHU.
JlaHHBIN METO YacTO MPUMEHSETCS ISl KPATKOCPOYHOI'O IIPOrHO3UPOBAHUS.
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OcHoBHas GopMyJIa [/ IPUMEHEHUs METO 1A TIPEICTaBIeHa Jalee:
Fe=ayiq+ (1 —)F_q, (3)

rae F; — mporHo3mpyeMoe 3Ha4deHHWE MJIs TEKYIIETO IEepHoJa BpEeMEHH t;
O — KOHCTaHTa CIVIAXXUBaHWS, W3MEHAIOMmAsAcsA B Auama3oHe oT 0 mo 1, gem
MEHBIIIE 3HAYEeHHE O, TeM OOJIbIIe CTIKUBAETCS BPEMEHHOU PsIIt; Vi_q — (ak-
TUYECKOE 3HAYCHUE NAaHHBIX 33 MPEIbIIYIINi Tepuoa Bpemenu; Fp_; — mpo-
THO3MPYEMOE 3HAUCHUE IS MIPEIBIIYIIEro nepuojia BpeMenu t — 1.

MeTo SKCMOHEHIIMAIBHOTO CTIaKHWBaHUS 00JalaeT TakuM XKe CyIle-
CTBEHHBIM OTpaHHYEHHEM, KaK ¥ METOJ CKOJIB3AIIETO CPEIHETO — OTCYTCTBYET
BO3MOKHOCTH PAcCIO3HATh ITYMOBYIO COCTABIIIONIYIO CHTHaja B HAadaJle W Ha
KOHIIE MTWHAMUKHU. J|OMOITHUTENFHBIM OTPAHUYCHUEM SBISIETCS BPEMEHHOE WC-
Ka)kKeHHe TPEeH/1a BBUAY BIHUSAHUS HAKOTUICHUS MPEIbIIYIINX 3HAYSHHH.

Jlunetinotii punemp Kanmana — >PGEKTUBHBIA PEKYPCUBHBIN METO
crTaKuBaHws [4], TpeamnonararIinid, 9TO W3MEPEHHUS SBISIFOTCA JTHHEHHOMN
(yHKITHEH BEKTOpa COCTOSIHHASA TWHAMHYECKOI CHCTEMBI Ha OCHOBE pPsAa HETOJ-
HBIX W 3alIyMJICHHBIX H3MepeHWH. BEKTOp COCTOSHHS OmperenseTcss B XOie
HACTPOMKHM (PUIIbTPa HA UCXOHBIC JaHHEIE.

Jluneitnbrii GunpTp KamMana ocyriecTBisieTCsl B COOTBETCTBHE C ypaBHE-
HUEM

Xy = Fexe_q + Beug + wy, 4)

rae F, — MaTpulla 3BONIOLUU CUCTEMBI, KOTOpas BO3JCHCTBYET Ha BEKTOP CO-
CTOSIHUS X;_; B MOMEHT BpeMeHH t — 1; B, — MaTpulia yrpaBJIeHUs, KOTOpas
MPUKJIAJIBIBACTCSA K BEKTOPY YIPABIISIONIUX BO3JCUCTBUN U;; Wy — HOpMAaIlb-
HBIN CIIy4ailHBINA TMPOIIeCcC, OMUCKHIBAIOUIMN XapaKTep ABOJIIOIUMU cucTembl. Hemo-
CTaTKOM METOJa SIBIIIETCS HEOOXOAMMOCTh JIMHEHHOCTH TpOIlecca, TO €CTh BO3-
MOYKHO OOHapyXeHHE W CTJIAXHBAHWE TOJBKO IIUPOKOIIOIOCHBIX IMTYMOB, B TO
BpeMs KaK TOHAJLHBIE HTHOPUPYIOTCS U CUUTAIOTCS JJOCTOBEPHOW JUHAMUKOH.
Qunvmp Bunepa. Ele OMTHAM METOIOM pEIICHUS 3a1a9u 00pabOTKH TaH-
HBIX OT IITyMOB fABJIsieTCs GMIbTp BruHepa, mMpuMeHsIeMbIi 1715 TOTyYeHHsI OlleH-
KU MICXOJTHOTO CHTHAJIa WJIH IIeJIEBOTO CIIyYaHOTO MpoIiecca MyTeM JTMHEHHOTO,
HE 3aBUCSAIIETO OT BPEMEHH CTIIAKUBAHUS HAOIIOIaeMOT0 3allyMIJIEHHOTO TPo-
I[ecca ¢ y9eTOM M3BECTHBIX CTAIIMOHAPHBIX CIEKTPOB CHTHAJNA W IITyMa W IIUPO-
KomosocHoro myma. OuneTp BuHepa MUHUMU3HPYET CpeIHEKBaIPATHIECKYIO
OIMOKY MEXTy ITPEAIIoIaraeéMbIM MPOIIECCOM M MICXOTHBIM CUTHAIOM [5].
PaGora ¢unprpa BuHepa 3akimiodaercs B CIeAyIOMIEM: BXOJHOW CHTHAI
w[n] cBepteiBaetcst ¢ QunpTpom Bunepa G(z), u pe3yibTaT CpaBHUBACTCS
C OIOPHBIM CHTHAJIOM S [n] 1JIst Moy4eHHs: OuMOKH criaxkuanus e[n]. OcHoB-
HOM HEITOCTaTOK paboThl GmIbTpa BuHepa 3akimodaeTcs B HATHYUH KPAeBBIX d(-
(heKTOB, OCTAaBIIMXCS TOCIE 00paOOTKHM CHTHAJIA, KOTOPHIE TPOSBISIIOTCS B BHIC
OCHMJUTHPYIOIIEH TOMEXH, TAKOH KaK PSIOb M TIOJIOCHI, TO €CTh TOHAJBHBIE ITYyMBI.
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Memoo Casuyroeo-Iones — 1uppoBoil QUIBTP CTIaXKUBAaHUS JaHHBIX,
OCYIIECTBIISIOMMUI CBEPTKY CHTHajla MyTeM MoA0opa MocielI0BaTeNbHBIX MOJ-
MHOXECTB CMEXHBIX TOUYEK U3MEPEHUH K MOJMHOMY HU3KOW CTENCHH METOIO0M
HauMeHbIIMX KBajapatoB [6—8]. CyTe MeTona 3aKiro¥aeTcsi B MOCTPOCHHUHU I10
2k + 1 mocnenoBaTeIbHO PABHOOTCTOSIIIMM TOYKAM aIIPOKCHMUPYIOLIETO TI0-
JUHOMA N-i CTENEeHU M MPUMEHEHUH B KaYeCTBE CTJIAXKEHHOT'O 3HAYCHHS BEIU-
YUHBI TOJMHOMA B k + 1-if Touke. MaTeMaTHuecKH Takoe 3Ha4YEHHUE OIpeaess-
€TCs Ha OCHOBE CKOJIB3SIIETO B3BEIICHHOTO CPEIHETO C BECAMHU TOYEK, KOTOPbIC
SBJISIFOTCS MOJIOKHUTENBHBIMU B IIEHTPE OKHA CTJIAKUBAHUS M OTPULATEIEHBIMU
o ero nepudepum.

Merton Caunkoro-I'ones MoxeT ObITh IPeACTaBIICH B BUAE

_m-1

_m-
Vi=2 1 m Cidjvi (%)
2

rae i,j = 1,..,n; y; — Habmonaemoe 3Ha4eHue; M — Habop K03 HHUIMEHTOB
cBepTkH C;.

AnroputMm Tpebyer moadopa ONTUMAIBHOTO 3HAYCHHS TTOJIMHOMA M OKHA
CTJIOKUBAHMUS, XOPOIIO CIPABISIETCS € MIMPOKOIOJIOCHBIMU NIyMaMmHy, HO IpH
9TOM HE YJIaBIUBAET TOHAIBHBIEC, YTO MOXKET SIBIISATHCSI OTPAaHUYCHUEM AJISl IPU-
MEHEHHUSI.

Ilpeobpazosanue Dypve. CrinaxxuBaHue NaHHBIX C NPUMEHEHHEM IpPeo0-
pasoBanus Pypre UMeeT MUPOKOe pacipocTtpaneHue. IlpeodpazoBanne Dypoe
MO3BOJISIET PA3JIOKUTh UCXOJHBIN CHTHal Ha 0a3uCHBIE CUHYCOMAAJIbHbIC (YHK-
LUK, KOTOPbIE XapaKTepU3yIOT CO00 rapMOHUYECKUE KoJeOaHHUs ¢ Pa3INyuHbI-
MU aMIUTUTYAaMH, (pa3aMu 1 4acTOTaMH.

[IpeumymectBoM npeobpazoBanus Dypre sBIsIETCS BO3MOXHOCTH B pe-
IIbHOM BpPEMEHH aHAJIM3UPOBATh YaCTOTHBIN CIIEKTpP CUrHalla, Ha 6a3e KOTOpOoro
rHOKO MMOJOMPAIOTCs TTapaMeTphl U HaOMIoJaeTcsl pe3yabTaT criaxuBanus. He-
noctatkamMu ¢uisTpanuu Oypbe MOKHO CUMTATh OrpaHMYCHHOCTH Habopa Oa-
3MCHBIX (DYHKIMH (CHHYyCa, KOCHHYCa, DKCIIOHCHTHI), a TaKke HEOOXOIUMOCTh
B IOJI00OPE BECOBBIX KO3 PUIIMEHTOB.

Betienem-npeobpazosanue ocymecTBIsIeT IEPEBOJ] CUTHANA U3 BPEMEHHOTO
Mpe/ICTaBICHUs B YaCTOTHO-BPEMEHHOE. [IeKOMITO3HIINS CUrHaja OCYLIeCTBIISIET-
csl Ha JBa HaOopa K03 (UIMEHTOB: AeTaTH3allK U anmpokcuManun. Kospduuu-
CHTBI aNMpPOKCUMALIMH OMKCHIBAIOT JUHAMUKY MCXOAHOTO CHUTHANIA, B TO BPEMs
Kak KO3((HULIMEHTHl JeTaTU3alui XapaKTepU3yloT JACTall B UCXOAHOM CHTHAIIE,
TO €CTh OTBEYAIOT 33 aMIUIUTYAY U 4acToTy QuykTyanuid. {7t mpoBeneHus cria-
YKUBAHUS IITyMOB B CHUTHaJIE KOA((HUIIMEHTHI eTaIH3aliy OOHYIISIOTCS.

[penumyriecTBa BeWBICT-NIPEOOPA30BAHNUS 3aKITIOYAIOTCS B MHOTOO0pa3uu
0asucHbIX (PyHKIWHA. YPOBEHb BEWBIETa OTBEYAET 3a CTEIEHb CIIIAKHBAHHS
JIAaHHBIX, a MOPSJIOK — 3a Paclo3HaBaHKHe (IYKTyalud B TUHAMHUKE HUCXOHOTO
curHana. Henocratkom MeTtoja sBISETCS TO, YTO JUIA KaXKIOW 3ajadu
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HEOOXOIMMO HWHAWBUAYAIBHO MOAOHpaTh BHUI 0a3UCHOTO BEHBIETa M YPOBCHb
€ro pasioKEeHUs.

Ilocne ananu3a NpenMyIIECTB U HEAOCTATKOB BBIIICU3JIOKEHHBIX METOI0B
copmupoBaHa TadbnuLa 1, Ha OCHOBE KOTOPOH CAETaHbl CIECAYIOIINE BEIBOIBL:

1)  Jluneitnbnii punstp Kanmana, punstp Bunepa, meron CaBunkoro-
Ionest, BeliBieT-ipeoOpa3oBaHKe SBISIOTCS TNEPCHEKTUBHBIMU aJITOPHUTMAaMHU
JUI PELIeHus 3a]1a4i IIOATOTOBKY JAHHBIX U3-3a CBOEH YHUBEPCAJIBHOCTH.

2) Cxonp3sinee cpearee, IKCIMOHSHITHAIBHOS CTIaXKHBaHUE B paboTe
HE paccMaTpUBAIOTCS U3-3a OTPaHUUEHHOH 001aCTH IPUMEHEHUS.

3) [IpeobpaszoBanne @ypbe — YaCTHBIN Cly4ail BeiiBIeT-peoOpaso-
BaHUS.

Tabnuya 1

Ceo0HaA mabauya xapaKkmepucmuK paccmampueaembix Memoooe

Meton Ocobennocrtu

HeaddekTrBHOE  CriiaKuBaHHE IO  KpasM
JUHAMUKHA — [IYMBI B HAavyallc ¥ B KOHIIC JWHA-
MHKH He 00pabaThIBalOTCSI M3 Majoro OKHa
OCpeJJHEHHS

Cxounp3siiee cpeaHee

B03MOXHO BpeMEHHOE HCKa)KCHHE TPEHIA CHUT-
DKCHOHEHIMAJIbHOE CTIIAKMBAHNAE  |HAJA BBHUJY BJIMSHHS HAKOIUICHHUS MPEIbLAYyIICH
nHbOpPMaIH

ANTOPUTM CITIOCOOEH YYUTHIBATh (DU3HUIECKYIO
Jluneitapiii punpTp Kanmana COCTaBJISIIOIIYIO TIpollecca 3a CYET HCTOpHUYe-
CKOT'0 aHalln3a BPEMEHHOTO psijia

CrinaxuBaHue AOCTUraeTcs 3a CYeT MOATOHKU
OunsTp Bunepa MOJIEJIUPYEMOT'0 CIIy4aifHOrO MpoLecca ¢ peanb-
HBIM TIPOLIECCOM

CriaxxuBaHue JAOCTUTracTCa 3a CUCT KYCO‘IHOﬁ

Meron Casuikoro-I"ones
anmnpoKCUMAllMY CUTHAJa MOJIMHOMAaMHU

YacTHeli ciayyall  BelBieT-ipeoOpa3oBaHus,
IIpeobpazoBanue Oypre B KadecTBe Oa3MCHBIX (QYHKIUN pa3IoKEHUS
HCTIOJIb3YeTCs KOCHHYC, CHHYC M DKCIIOHEHTa

CriiaxuBaHue 3a CUeT Ppa3yI0KEHUA CUTHAJIa 1O

BeiiBneT-npeobpasoBanne N
0a3ucCHOMY BEHBIICTY

B kauecTBe TeCTHPOBAHUS, JJIs ONMPEACICHUS HAWIYYIIET0 METO/IA Cria-
JKUBAHUS JTAHHBIX CPEIH PACCMOTPEHHBIX M SIBJISIONIUXCS TEPCIICKTUBHBIMU aB-
TOpaMu CHOPMHUPOBAH U PACCMOTPEH CHHTETUUCCKHUI HAOOD MaHHBIX THHAMHKH
neowura sxuakoctH (puc. 1).

Mo pe3ynbTaram BBIMOIHEHHOTO TECTUPOBAHUS YCTAHOBIICHO CICYIOIIEE:

° AJITOPUTMBI HE CIIOCOOHBI MTOTHOCTHIO OT(i)I/IJ'ILTpOBaTB IIyMbI B U~
HAaMHKC, 4aCTb U3 HUX CIIJIA’)KMBACTCA, HO COXPAHACTCA,
° AJITOPUTMbI UMCIOT PAA HACTPOCUHLIX IMapaMETPOB, OT KOTOPBIX 3aBH-

CUT Ka4Y€CTBO CITIaAXKMBaHW:, 1'[0}.160}) OCYHICCTBIIACTCA SMIIMPUICCKUM METOA0M;
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cyuiecTByomme GUIbTPsl HENPUMEHUMBI B TIOJTHOW Mepe K HedTe-

ra3oBoii chepe 6e3 MomudHKaNUi, TaKk KaK HE YUUTHIBAIOT JHHAMHUKY pabOThI
CKBaXXFH OKPYXCHUsI, COOBITUS HA aHATH3UpYyeMOi ckBaxkune — ['TM.
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Puc. 1. Pesynomamel c2naxcueaHus npombic106020 HA60pa OAHHbLIX CKEANCUHHOU

npodyKyuu pasau4yHeIMu memooamu

Jlns HUBENMPOBAHUS BBIBICHHBIX OrpaHWYEHHH Tpedyercst mopaboTka
ANTOPUTMOB crilakuBaHusl. ClenyeT OTMETHTh, YTO BEWBIET-peoOpa3oBaHue
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HanOoJiee YHUBEPCAILHBIA alNrOPUTM, KOTOPBIH, Onaromapsi CBOUM BO3MOXKHO-
CTSIM HAacCTPOWKHM M BBIOOpa (DYHKUMM BEHBIIETa, MOXKET BOCIPOM3BOIHUTH pe-
3yJIBTaThl BCEX OMMCAHHBIX METOIOB. ABTOPaMHU MPUHATO pPeLIeHHE pa3padoTaTh
COOCTBEHHBIN alrOpUTM, MPUMEHUMBIH IJis 3a7a4 HedTera3oBoil 00yacTH, Ha
0a3ze MeToza BeiBIeT-IpeoOpa3oBaHusl.

Onucanue pa3pa0oTaHHOrO AJIrOpMTMA MNOATOTOBKH JaHHBIX —
HHTEJUIEKTYAJbHbIA uiasTp nanubix (UD/)

Jl1s1 ycTpaHeHHs! OrpaHUYEeHUH, BBIABIIEHHBIX Y CYIIECTBYIOIIMX METOJOB, ObLI
pazpaboTaH alropuT™ Mo HeHpoceTeBol (PUIBTPAIK JAHHBIX, OCHOBAaHHBIN Ha METO-
JIMIKE TIOCTPOSHUSI PETPECCHOHHOM CBsI3H ¢ moMolibio HeliponHoit ceti (MHC) LSTM.

HNHC pemaer 3amauy perpeccuM MeKAy BXOJHBIMHM M BBIXOJHBIMH 3a-
LIIYMJICHHBIMH TIapamMeTpaMd U BOCIPOU3BOAUT KOPpEIMpYEeMble COOBITHSA Ha
3alIyMJIEHHOH TMHAMUKE, CBSI3aHHBIE C paOOTON CKBa)KUH OKPY>KEHUSI, BBHIMOJI-
HEHHBIMU Ha aHAJTU3UPYEMON CKBAKMHE I€0JIOTO-TEXHUYECKUMU MEPOTIPUSATHS-
M (I'TM). UHpIMH cOBaMH, TPOM3BOJUTCS MHOTO(MAKTOPHBIA aHAM3 MPUYNH
W3MEHEHUS KaKI0To 3aMepa B TMHAMUKE PaOOThI CKBaXKMHBI OTHOCHUTENBHO 3apa-
HEe COCTaBICHHOTO Oa3uca BO3MOXKHBIX MPUYMH IOSBIICHUS] JAHHOTO COOBITHSI.
Cam mpouecc MHOrO(aKTOPHOTO aHajM3a MPOW3BOAUTCS B MOMEHT OOy4YEHHS
MOZIEIM — B TIEPHOJl BOCCTAHOBJIECHHS (DYHKIMOHAIBHOH pPErpecCHOHHOM CBS3H
MeXIy napamerpamu. Eciu y u3MeHeHust 3amepa HeT IPUYMH, TO C BBICOKOH J0JeH
BEPOATHOCTHU 3aMep HEKOHIULIMOHHBIA U MPU MOCTPOSHHUH PErpecCUOHHOMN 3aBUCHU-
MOCTH HE BOCTIpOM3BeieTcsl. Takue 3amMephl oJyIeKaT (PUiIbTpanym.

B ocHoBYy ncxomHoro 6asuca NpPUYMH H3MEHEHHUS BXOIST CIIEAYIOIHUE
napaMeTpsbl:

. JIeOUT KUIKOCTH 32 HEKOTOPBIH MEPUO]T BPEMEHHU;

° 4acToTa paboOThl YCTAaHOBKH 3JCKTPOICHTPOOSKHOTO Hacoca
32 HEKOTOPBIN MIEPHO]] BPEMEHH;

. 00BOIHEHHOCTH MPOAYKIINU JOOBIBAIOIINX CKBAKWH 32 HEKOTOPBII
TIepHO]T BpEMEHH;

. 3a00MHOE TaBJICHHUE 32 HEKOTOPHIH MEPHO BpEMEHH;

. MPUEMUCTOCTh TI0 HArHETATEeJIbHBIM CKBaXKMHAM 32 HEKOTOPBIH
MIepUO]T BpEMEHU;

° (hakT POBEACHUS T'€OJIOTO-TEXHIUUECKUX MEPOIIPHUSITHH.

JlarHbIie MTapaMeTpsl cocTaBisioT BxoaHoi BekTop MHC. BeixogHsIM BEeK-
TOPOM SIBIISICTCS ACOUT >KMIKOCTH M OOBOJHEHHOCTH JTOOBIBAIOIIECH CKBAYKMHBI
Ha CJICIYIOIIIEM BPEMEHHOM IIIare B 3aBUCUMOCTH OT TIOJIAHHBIX Ha BXOJ 3HaUe-
HUM NPOMBICTIOBBIX IMOKa3aTeeH.

OOy4eHre TIPOBOJIUTCS 32 CYST MOAU(MDHUKAIINY BECOBBIX KOA(PDUIIMCHTOB
JUTSL JIOCTHDKEHUS. MAaKCUMAIBHO TTOXOXKEro pe3yJibTaTa Ha IIeJICBbIC 3HAYCHUS U3
(akTryeckoi nuHaMUKU. [ 00y4YeHUs MoAaeTCs CyTOYHAs JMHAMUKA PaOOThI
CKB)KWHBI M €€ OKpYXeHUs 3a 1,5 roma paboThl CKBaXMH. J[J151 HUBETMPOBaHUS
3¢ (heKkToB TnepeoOyUeHUsT MOJETH BBIJIECISICTCS TECTOBBIM HAOOp JaHHBIX —
nocienaue 90 qHel A MPOBEPKH MPOTHO3HON CIIOCOOHOCTH MOAEIIH.
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Ha crmenyromniem sTare UCXOIHBIC JaHHBIC MOUICKAT (QGUIBTPAIIUN IITYMO-
BBIX 3aMEpPOB HAa OCHOBE OOBSICHUMBIX TPEHJIOB, moyrydeHHbIX LSTM ¢ gomyme-
HUEM: pacIpe/elieHUe OTKJIOHCHHH OT CMOJICIMPOBAHHOTO TPEHIA MMEET BHJI
HOPMAJIBHOTO pactpe/eneHus. Takum o0pazoM, (pakTHUECKHUE TOYKHU, OTKIOHE-
HHUE KOTOPBIX OT 3TAJIOHHOW KpHBOH, nmoiyueHHol B LSTM, Gonbie xopumopa
B 20 (0 — cpeaHeKBaJpaTHYeCKOe OTKIOHEHHE), SIBISFOTCS IIYMOBBIMH.
BeposiTHOCTh TIOSIBIIEHUS TAKOTO 3aMepa B JUHAMUKE MEHbIIe 5 %, a moToMy
TOYKH ITOIJICKAT UCKITFOUEHHUIO U3 00IIeH JMHAMUKYA BPEMEHHOTO Psijia.

3aKIFOUUTENBHEIM 3TAllOM O0pa0OTKM JAHHBIX SBJISAETCS CIIIKHBAHUC
orunpTpoBaHHOW nuHAMUKH. [Iporecc criakvBaHUs OCYIIECTBISETCS Ha OC-
HOBE MPUMCHCHHUS BEHBJICT-TIPe0Opa30BaHMUSL.

KitoueBasi 0cOOEHHOCTD JAHHOTO ATara — MOJA00pP TIYOHHBI PA3JIOKECHUS
BEUBIIET-IPEOOpa30BaHUs, KOTOPBIH HEMOCPEJACTBEHHO BIIMSCT HA KadeCTBO
criuaxuBaHus. [lapamMeTpsl CriaKUBaHUS MMOJAOUPAIOTCS JUIS JOCTHIKCHUS MaK-
CUMAJILHOW CyMMAapHOW KOPPEJISIIUU UTOTOBOM CTIIaXKEHHOW JWHAMUKH C TPCH-
namu, mosrydeHHbIMA B LSTM, 1 ¢ rcxoaHOo# (hakTHUecKor THHAMUKOM.

Pazpaborannsiii anroput™M (MHTEIUIEKTYalbHBINH (WIBTP MaHHBIX —
N®JI) ocHOBaH Ha CHHEPTHH METOJOB MAIIMHHOTO OOYYeHHS M CTaHIapTHBIX
WHCTPYMEHTOB 110 00pabOTKe TaHHBIX.

[pumenenne pekyppeHTHON HefpoHHOU cetn LSTM nnist ananmm3a u Bbije-
JIEHUs] TPEHIOBOM COCTABISIFOIIEH — JIOCTATOYHO PAaCHpPOCTPAHEHHOE SIBIICHHWE B
mreparype [9]. OnHaKo MONBITKA aHATN3UPOBATh KOHTUIIMOHHOCTH TIPOMBICIIOBBIX
3aMepoB U TONOHMPATh MapaMeTphbl alTOPUTMOB CIIQKUBAHUS JUTA TIOTYYEHHS Ofl-
TUMAJFHOTO Pe3yJbTaTa TPH MOATOTOBKE MTAHHBIX SBIAETCS YHHKATGHBIM OTBITOM
aBTOPOB, HE MMEIOIIMM IITUPOKOTO OMUCAHUS B OTKPHITHIX HCTOYHHKAX.

TecTupoBanue pa3padoTAaHHOIO ATTOPHUTMA

TectupoBanue paspaboranHoro anroputma M®Jl ocyiecTBisiock Ha He-
CKOJIbKHX MOJIENISIX JTAHHBIX, TAKMX KaK CHHTCTHUYCCKUN TPUMEpP, OCHOBAHHBIA Ha
JTAHHBIX U3 TUIPOMHAMHUYECKON MOJICTIH U PeajIbHBIN MPUMED, TUHAMHKA 3KCILTya-
TaluK 100BIBAIOIIMX CKBAYKHH OJHOTO U3 MECTOPOsKAeHUH 3anaaHoit Cubupu.

Jnst opMHUpOBaHMs CHUHTETUYECKOro HaOOpa JaHHBIX HCIIOJIL30BAIACh
CUHTETHYECKasl THIPOAMHAMUYECKAs MOJICIb, PACCUUTHIBAIOIIAS JEOUT KUJIKO-
CTH ¥ OOBOJTHEHHOCTH OT Pa3IMYHBIX YPOBHEW 3aKauKH Ha OKPYKAIOMINX HarHe-
TaTENbHBIX CKBAKUHAX.

Ha pesynbraThl pacueToB NCKYyCCTBEHHBIM IyTeM 100aBIeHBI IIyMbl. | 'e-
Hepanus IIymMa OCYIIECTBHJIACh 3a CYET J00aBIEHUS CIYYaifHOTO CMEUICHHS
HCXOJIHOTO 3HaueHus B nuana3oHe + 50 % B ciaydaiiHbIii MOMEHT BPEMEHU.

Janee 3anrymiieHHas TMHAMUKA TOJjaHa B Pa3pabOTaHHBIN alTOPHTM HHTEI-
JIeKTyallbHOU (DMITBTpAIy JaHHBIX. B KadecTBe mprMepa Ha PECYHKE 2 TPUBEACHBI
pe3ynbTartel 00pabOTKM MUHAMUKH pPAOOTHl ABYX CKBaXuH amroputMoM WD]]
B CPaBHEHHUH C CYIIECTBYIOMNMI METOIaMH, TAKUMH KaK JIMHEeWHbIH ¢rbTp Kamva-
Ha, prwisTp Bunepa, Meton CaBurkoro-I osies, BelBIeT-ipeodpa3oBaHue.
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Puc. 2. CpasHeHue pabomel cyujecmayroujux Mmemoooe u paspabomaHHoz20
anzopumma Ha cCUHMemuYecKux OaHHbIX 006bI18aAIOWUX CKBAMUH
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B tabnuue 2 oTpakeHbl pacXxOKICHHS MO NeOUTY HEPTH MEXKIY MCXOI-
HBIMH JaHHBIMH M 00pabOTaHHOH pa3IUYHBIMH alTOPUTMAMU IHUHAMHKOH.
Haumensiee pacxoxaeHne MeXIy JaHHBIMU 10 KaKAOMY IpuMepy (A cKBa-
xuabl WU1 1 — 0,67 %, nns ckBaxunsl WU1_3 — 0,44 %) Mbl Bunum y pas-
paboranHoro aBropamu anroputma UM/, uro xapakTepusyeT ero Kak HaumIyd-
UK cpean paccMOTpeHHbIX. Paszpabortanneiii anroputm M®DJl mo3Bosser co-
XpaHHUTh 0oJIble PU3NUECKH 000CHOBAaHHON MH(OPMAIMK U B OTIIMYHE OT JAPY-
T'HX METOJIOB HE MPOU3BOJIUT HOBbIE (DIYKTYyallH, KOTOPBIE SBISAIOTCS JIOKHBIMH
COOBITHSIMU B TMHAMUKE paOOThI CKBaXKHH.

Tabauya 2

CpasHeHue pabomel anzopummoe 06pabomKu cuHmemuyeckux Habopoe OaHHbIX

. CaBunkuii-
AnroputMm Kanman Bunep Beiisner Toucit NoJ]
CKBasKHHA Pacxoxnenne I/ICXOE[HOFO z(e61/1Tva HehTH
¢ 00paboTaHHOM TMHAMUKOH, %o
WU1 1 35,22 30,09 27,01 37,29 0,67
WUl 3 6,39 5,58 2,79 6,83 0,44

B kauectBe meMOHCTpanmu pabOTHI aNrOpuTMa Ha PeajJbHOM IpuMepe
CKB2)XMHHBIX JaHHBIX BBIOpaHBI MPOMBICIIOBBIE MOKA3aTEeNIM SKCIUTyaTallH Ye-
THIpeX IOOBIBAIOIIMX CKBAXKHH, I'l€ 3apETUCTPUPOBaH (PAaKT MOSBICHUS BHEIL-
HUX IIYMOB B MCXOJHOW JAWHAMHKE B XKYpHaJe dKCIUTyaTallil CKBAXHUH 3a CUET
HEKOPPEKTHON pabOThl U3MEPUTEIHLHOTO 000PYIOBaHH JIMOO 3a CUET MPOBE/Ie-
Hust ['TM. Kaxnaeiii u3 Tpex npuMepoB 00J1agaeT XapakTepHOH OTIMYUTEIbHOM
ocobeHHocThI0. Jlanee cpaBHEHHE OYAET MPOU3BOIUTHCS MEXKIY CTaHIAPTHBIM
ITOPUTMOM BelBIeT-TipeoOpazoBanus U anroputMom W], tak kak BeiiBiet-
npeoOpa3oBaHKe MOKa3bIBAET HAWIYULIYIO CXOOUMOCTb PE3YJbTaTOB CPEAU Cy-
LIECTBYIOUINX aJrOPUTMOB CIIIAXKUBAHMUSL.

[lepBbiM TpuMepoM cIyXHT paboTa A0OBIBaOLICH CKBaKUHBI C HEHC-
MPaBHBIM KOHTPOJIBHO-U3MEPUTEIBHBIM 000pYIOBaHUEM, KOTOPOE XapaKTepu-
3yeTcsl CyNIECTBEHHBIM OTKJIOHEHHEM 3aMepoB AcOMTa KUAKOCTH OT OOIIETOo
TpeHJa B KpaTKOCPOYHBIHM epro]] BpEMEHH (B ipuMepe — 5 Hek).

Hcxons u3 pe3yabTaToB, NPEACTaBICHHBIX HA PUCYHKE 3, MOYKHO CIIENaTh
BBIBOJT O TOM, 4TO anroputM D] ycremHo cpaBuiIcs ¢ OTOPaKOBKOH ITyMO-
BBIX 3HaYEHUH, KOTOPbIe HAOIIOJAIMCh HA BCEll JUHAMUKE U B IEPUOJ KPaTKO-
CPOYHON HEHCHPABHOCTH 000PYIOBaHHUS.

Crnenytommii mpuMep pabOTHI JOOBIBAIOMIEH CKBaKMHBI MPUMEYaTeNIeH
TEM, YTO B IMHAMUKE 3aMEpOB AEOUTa KUIKOCTH NMPHUCYTCTBYIOT €IUHUYHbIC
BEIOpOCHI B 3aMepax AeOuTa >KHIKOCTH, CBA3aHHBIE IOTPEITHOCTHIO PalOTHI
KOHTPOJIbHO-U3MEPUTENHHOTO IPHOOpPa, 4TO (PUKCUPYETCS LIEXOBBIM I€OJI0IOM.
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Puc. 3. Mpumep pabombi CK8AMCUHbI C HEUCTPABHbIM
KOHMPOsbHO-U3MepumesnsbHbiM 060pydosaHuem

[Ipoananu3upoBaB pe3yabTaThl 00pabOTKH JaHHBIX, W300pPaKEHHBIX Ha
pucynke 4, orMedaercs ycrnemrHocTs pabotel D] B cpaBHeHUH ¢ BeiBieT-
npeoOpazoBaHueM. Bee pakTnueckrne n3MeHeHHsI B JUHAMUKE pabOThl CKBAXKU-
HBI, CBSI3aHHBIE C pabOTOI CKBaXKWH OKPYKECHHUS U TPOLIECCOM pa3pabOTKH, KOp-
PEKTHO onpezenensl aroputmMom MO/,
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Puc. 4. Mpumep eduHUYHbIX 8bI6POCOE 6 3amepax debuma 3udKocmu
dobvbiearouweli cKeaycuHbl

Crenyromuii mpuMep — CKBaKHMHA, TWHAMUKa pabOTBl KOTOPOH COMpO-
BOoXKIaeTcs 3(peKToM OT BBIOIHEHHOT'O T'€0JIOr0-TEXHUYECKOr0 MEPONPUSITHS

(puc. 5).
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Anroputm UD]] xoppeKTHO omnpenenseT U yIuTeiBaeT 3Q(eKT OT BBIIOI-
HenHoro I'TM, B To BpeMsi Kak BeHBIET-IpeoOpa3oBaHre MPOU3BOIAUT IOIOI-
HUTEJbHBIC IIYMBl B AMHAMHKE PaOOThl CKBAKWHBI, IPOTHBOpEYAlINe (QHU3HKE
(haKTHUECKH MPOTEKAIOIIUX MPOLIECCOB.

OtnenbHBIM TPUMEPOM JJIsl aHanu3a sBisgercss paboTa JOOBIBaroLIEH
CKBa)XMHBI B TIEPHOAMYECKOM pekuMe dKcIuryataiud. OcoOeHHOCT AMHAMHUKH
JUIsSL TAKOTO pekuMa paboTbl CKBRKWHBI B TOM, YTO NPH PyYyHOM OTOOpE mpod
CKB2XMHHOW TPOAYKIWU OOBOAHEHHOCTH C MO3HMLUHM pPa3pabOTKH H3MEHSETCS
Xa0THYHO M3-32 3aBUCHMOCTH OT MOMEHTa BpEeMEHH NpHOBITHS orepaTopa Ha
CKBaXHHY W TEPHOJAa IHKJIAa pabOThl CaMOil CKBaKMHBI B 3TOT MOMEHT. JTO
BHOCHT B HM3MEpEHHUS OOBOIHEHHOCTH 3HAYHMTEIBHYIO TOTPEITHOCTH, KOTOpas
CBfA3aHA C TIEPUOJIOM ITMKJIa paObOThl CKBAXHWHBI, HO HE CBS3aHA C BHIPAOOTKOM
3amacos [10]. IIpu or6ope mpoOBl B HAYaNBHBIN TEPHO UKJIAa 0OBOIHEHHOCTH
MPOAYKIIMA WMEEeT CHIDKEHHBIE 3HaueHHs. B cepeawHe mHKIIa MPOLEHT BOJBI
CKBKWHHOW MPOTYKINH UMEET OJIM3K0€ K NCTHHHOMY 3HadeHHe, TaK KaK CKBa-
JKWHA B 3TOT MOMEHT BPEMEHH padoTaeT CTaOMIBHO, a B KOHIIC IUKJIa, HA000-
poOT, Jaile Bcero HabIoAa0TCS aHOMAITFHO BHICOKHME 3HAUEHHUSI 0OBOTHEHHOCTH,
TaK Kak B MPOAYKIUU CKBXUHBI OCTAETCS MO OOJNBIIEH 9acTH TOJIBKO BOJHAS
COCTaBIISIONIAS.

100
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Puc. 6. Mpumep pabomel cK8AXCUHbI 8 NEPUOOUYECKOM pexcume

OCHOBBIBasICh Ha JIUHAMUKE W3MCHEHHsS] OOBOJIHEHHOCTH MPOAYKIIUH
CKB2)XKHMHBI, TPEJICTABICHHOW HAa PUCYHKE 6, CIEAYeT OTMETHTh KOPPEKTHOCTH
pabotsl anmroputMa UD]] ¢ mo3ummm pa3paboTK — HanOoJiee TOUYHOE OIpeIe-
JICHHWE TPEHJIOB, OMUCHIBAIOIIUX CPEHIOK OOBOAHEHHOCTh B TIPU3a00iHOM 30He
I1acTa, B TO BpeMs Kak BeHBIeT-peoOpa30BaHUe YUUTHIBACT IIIyMbl B JIMHAMU-
ke. OJJHaKO JOCTATOYHO TOYHO OIICHUTH KayeCTBO PabOTHI (pUIILTPA MPHU 0Opa-
00TKe OOBOJIHEHHOCTH CKBa)KWHBI, pa0OTAIOIICH B TIEPHUOUICCKOM PEXKHUME, HE
MPEJICTABISICTCS BOBMOXKHBIM B CBSI3U C OOJIBIIMM KOJHUYECTBOM (PAKTOPOB, BIIU-
SIFOIIIUX HA 3aMep.
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BrIiBOaBI

Paspaboran anroput™ QUIbTpaIiuM JaHHBIX, KOTOPBIN TpeaHa3HAYCH IS
YCTpaHEHUsI IIYMOBOW COCTABJISIOIICH B JUHAMHKE JeOUTa KUJAKOCTH U OOBOJI-
HEHHOCTHU TIPOIYKIIUH TOOBIBAOIINX CKBAKHH. AJITOPUTM SIBISICTCSI CUHEPTHCH
METOJIOB MAIIMHHOTO OOYYEHHWS M CTaHIAPTHBIX WHCTPYMEHTOB (MIBTpAIMH
naHHBIX. HOBU3HA JaHHOTO aJIrOPUTMA 3aKJIFOYACTCS B IPUMEHEHUH HEUPOHHOM
cett LSTM 11t BeIIENEHUS TPEHIOBOW COCTABJISAIONIEH HA 3allyMJICHHOUN JH-
HaMUKE B 3aBHCHMOCTH OT MPOMCXOJSAIINX COOBITUH Ha CaMOil CKBRXHHE U OT
COOBITHH, MPOUCXOIAIINX HA CKBAXKUHAX OKPYKCHUSI.

PaboTociocoOHOCTh aNroOpuTMa MPOTECTUPOBAHA HA CHHTETUYCCKUX W
(haKTUIECKUX T€0JIOTO-TIPOMBICIIOBBIX NaHHBIX. [lo pe3ymbTaTam BBITTOJTHEHHBIX
TecToB anroputMm M®]] ycnemHo BOCCTAHOBUI UCTUHHYIO CUHTETHUYECKYIO JIH-
HaMUKY TIOKa3aTesei, OT(QUIbTPOBBIBAET M CTIIAXUBACT ITyMbI B pPEaNbHON ITH-
HaMHKe, CBSI3aHHBIE C TEXHUICCKUMHU HEUCTTPABHOCTSIMH.

JanpHeliiee pa3BUTHE HWHCTPYMEHTA CBA3aHO C COBEPIICHCTBOBAHHEM
anropuTMa — A00aBIIEHHEM BO3MOXKHOCTH (DAJIBTPAIlMH IIYMOB B AMHAMHUKE
paboTHl HAaTHETATEIBHBIX CKBAKHH.
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