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Mcnonb3oBaHue cUCTEM XpaHeHuUA U ynpaBerieHnA AaHHbIX
And onTuMn3auunm reosfioro-noNCKoBbIX pa60T

C.A. bapaHoBa®*“, A.B. bnuHoB", C.H. lNpocekunH®

= iHcmumym eeoxumuu um. A.l1. BuHoepadosa CO PAH, Upkymck, Poccust
Y pkymckuli HayuoHasnbHbIlU uccriedosamernbCcKuli mexHu4deckull yHueepcumem, Vipkymck, Poccusi

Pe3tome. Npouecc novcka 1 pa3sedkun NoMesHblX MCKonaeMblx npearnonaraet 6ombLioe Konm4ecTBo (UHAHCOBLIX PUCKOB,
YTO BbI3bIBAET HEOOXOAMMOCTb MOAXOANTb K AaHHBIM paboTaM, pacnonaras Kak MOXHo 60nbLLMM 06bemMoM MHOPMALMK.
OT0 0COBEHHO aKkTyarnbHO B YCIOBUSX UCTOLLEHUS pOHAa NErko OTKPbIBAEMbIX MECTOPOXAEHWI. 3HAaYMMOCTb reornoru-
YeCKUX, reoPU3N4EeCcKnx, reOXMMMYECKNX U rOpHO-OypOBbIX METOAOB BO3PACTaET B YCIOBUSAX MOCTOSIHHOIO NMPOBEAEHNS
reorioro-passefoyHbIX paboT, YTO B CBOKO odepedb TpebyeT OT HMX NoBbileHNs addeKTUBHOCTU. MNMpumeHeHe reouH-
dopmMaLmoHHbIX cMcTeM 1 6a3 AaHHbIX B reosioro-novckoBbIX paboTax yxe AaBHO ABNSETCH HEOTbEMIIEMON UX YaCTbHO.
Bonee TOro, Ha Ha4YanbHbIX 3Tanax NOMCKOB Y PasBeaKku PyAHbIX MECTOPOXAEHMNI OHN OKa3bIBaKOT CYLLECTBEHHOE BNNSHWE
Ha CHWXeHWe BPeMeHW MOAroTOBKM U npoBeaeHust pabot. OCHOBHbLIM KOMMOHEHTOM Nto6ON reonoro-nonckoBon paboTsbl
saBnsieTca 6asa gaHHbIX, BKoYarLas B cebs rpadmyeckne n atpnbyTnBHble AaHHble. OT KOPPEKTHOCTH paspaboTaHHOM
CTPYKTYpbl 6a3bl AAHHBLIX BO MHOTOM 3aBUCAT (DYHKLMOHAMNbHbIE BO3MOXHOCTM, NMPON3BOANTENBHOCTb U 3(EKTMBHOCTb
paboTbl cuCTeMbI U, Kak CreacTBue, pesynsTaTMBHOCTb NPOBEAEHNS re0noro-nomMckoBbIx pabot. Liens gaHHoro uccneno-
BaHMS 3aKnoyanack B NpeAcTaBneHun pe3ynsraTtoB aHanvsa paspabartbiBaeMoro noaxofa adhdeKTMBHOIO ynpaBneHus
AaHHbIMUN reonoro-noNCKoBbIX PaboT C CaMblX PaHHMX CTaAWIN 1 A0 KOHLA NpoeKTa, KOTOPbIN MO3BOMWT BbINOMNHATL pabo-
TY MakcMmanbHO MPOAYKTUBHO M C MMHUMaIbHbBIMK 3aTpaTamu No BpeMeHu. Peub naeT o co3gaHnm yHMuLmpoBaHHON
CTPYKTYpbl 6a3bl AaHHbIX U cuCTEM 06paboTKM AaHHbIX, KOTOPble MOryT ObiTb MCMNOMb30BaHbI NMPW FEONOro-MONCKOBBLIX
paboTtax Ha pa3anu4yHbIX 06bekTax 6e3 HeobxoaMMOCTH PaspaboTkn MHAMBMAYaNbHOW 6a3bl JAHHbIX MO KOHKPETHYHO Mo-
Lwaab Unu nof pasHole MeToAbl NOUCKOB.

Knroveeble crnoea: reonoro-nouckoBble paboTbl, 6a3a AaHHbIX, reoMHMOPMaLMOHHasA cucTema, yHUULMpoBaHHas
CTPYKTYypa, 3 PeKTUBHOE ynpaBneHre AaHHbIMU

®uHaHcupoeaHue: VlccnefoBaHve NpoBeAeHO B paMKax BbIMOMHEHUs FOCYAapCTBEHHOMO 3aAaHus no npoekty NHCTuTy-
Ta reoxvmun uM. A.lN. BuHorpagosa CO PAH 1X.130.3.1 (Ne 0284-2021-0001).

Ans yumupoeaHus: BapaHosa C.A., bnivHos A.B., MNpoceknH C.H. Vcnonb3oBaHne cucTeM XpaHeHus W ynpasne-
HWUS OaHHbIX ANs ONTUMM3aLMK reonoro-nouckoBelx pabot // Hayku o 3emne n Hegpononb3oBaHue. 2024. T. 47. Ne 2.
C. 140-148. https://doi.org/10.21285/2686-9993-2024-47-2-140-148. EDN: IXPSWE.

GEOLOGY, PROSPECTING AND EXPLORATION
OF SOLID MINERALS, MINERAGENY

Brief report

Using data storage and management systems
to optimize geological prospecting works

Sofia A. Baranova®“, Anton V. Blinov®, Sergey N. Prosekin®

a<A.P. Vinogradov Institute of Geochemistry SB RAS, Irkutsk, Russia
a*|rkutsk National Research Technical University, Irkutsk, Russia

Abstract. The process of mineral prospecting and exploration involves a large number of financial risks, which requires to
be armed with substantial amount of data before starting the works. This is particularly true in the context of the depleted
fund of easily discovered deposits. The importance of geological, geophysical, geochemical, mining and drilling methods
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is increasing under continuous geological exploration that demands the methods to be more and more efficient. The
geographic information systems and databases has long become an integral part of geological prospecting. Moreover,
they have a significant impact on reducing the time for preparation and executing works at the initial stages of ore deposit
prospecting and exploration. The database including graphical and attributive data is the main component of any geological
prospecting work. The capability, productivity and efficiency of the system as well as resulting effectiveness of geological
prospecting largely depend on the correctness of the developed database structure. The purpose of the study was to
present the analysis results of the developed approach for effective management of geological exploration data from
the early stages to the end of the project, which will enable maximally efficient work performance with minimal time
expenditures. This concerns the creation of a unified database structure and data processing systems to be employed in
geological exploration works at various sites without developing an individual database for a specific territory or for different
prospecting methods.

Keywords: geological prospecting, database, geographic information system, unified structure, efficient data management
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BBepneHue

Ha coBpeMeHHOM 3Tane pasBuTUS reonornye-
CKOM HayKu MOWCK 1 pasBeka nonesHbIX nckona-
€eMbIX — 3TO 3aja4a, K KOTopon HeobxoanumMo noa-
XOAUTb, pacronaras Kak MOXXHO GonbluMM obbe-
MOM uHopmauun. pouecc noucka npeanona-
raeT 6onbLUIOe KOnmM4ecTBO PMHAHCOBLIX PUCKOB,
OCODEHHO B YCMOBUSAX UCTOLEHMS hOHAA NEerko
OTKpPbIBAEMbIX MECTOPOXAEHWIN (BbIXOAALLMX Ha
AHEBHYO MOBEPXHOCTL) [1, 2] 1, Kak cneacTeme,
MOMCKOB CKPbITbIX MECTOPOXAEHWN, NpeacTaB-
NSWNX OCHOBHOW pe3epB obecneyeHns cTpa-
Hbl MUHeparbHbIM CbipbeM [3]. 3Ha4YMMOCTb reo-
NOTNYECKnX, reodPU3NYECKUX, FeOXUMUYECKNX U
rOpHO-OYpPOBbLIX METOAOB BO3PACTAET B YCIOBUSAX
NMOCTOSIHHOTO NPOBEAEHNS re0roro-pa3BeaoyHbIX
paborT, YTO B CBOIO o4epenb TpebyeT OT HMX OnTu-
MU3auun 1 NoBblLEeHUS 3ddeKTUBHOCTU. [pume-
HeHue reonHdopMaLmMoHHbIX cuctem (FNC) n 6a3
AanHbIX (B) B reonoro-nonckoBbix paboTtax yxe
AABHO SIBNSETCA HEOTbEMITEMON NX YacTblo [4—6].
[axe Ha HayanbHbIX 3Tanax NOUCKOB U pPa3BeaKU
PYOHbLIX MECTOPOXAEHMI OHN OKa3blBaOT Cylue-
CTBEHHOE BIIMSIHNE Ha CHWXKEHWe (PUMHAHCOBbLIX
3aTpar npu ganbHenwen akcnnyartauuu [7, 8].
Onpepgenstoulee 3HadeHne Onsi onpeaeneHuns no-
NOXUTENBHOrO UM OTpULATENBHOIO pesyrnbrarta
npoekTa ropHogobbIBaloLLE MPOMbILLIEHHOCTM
NPUHAANEXNT KayecTBY CODpaHHbIX AaHHbIX. [1o-
aToOMy An1s obecneyeHnst X HaoeXXHOCTN HeOOXO-
anmo cobnogaTtb onpeaeneHHble NPUHLKUMbLI 00-
paboTKK, YTO CTano HaAaMHOro npoLle ¢ ObICTPbIM
pa3sutnem texHonormn. F'MC B couvetaHum ¢ B
ABMNATCA HE3aMEHUMbIMW MHCTPYMEHTaMU Ais
AOCTWXKeHNs1 aTon uenm [8].

Llenbto gaHHon paboTbl ABnsieTcst pa3paboT-
ka nogxona adpeKTUBHOro ynpasneHnsa gaHHbI-
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MW reonoro-rnoncKoBbIX paboT C cambIX PaHHUX
cTaguin 1 OO KOHLA NpoeKTa, KOTOPbIA MO3BONUT
BbIMNONHATL paboTy MakCMManbHO NPOJYKTUBHO
1N C MMHUMarnbHbLIMKU 3aTpaTamu Nno BpeMeHun. Ha
OCHOBE MMetoLerocs onbita [9—12] Hamu paspa-
GaTbiBaeTca WHpopmaumoHHaa cuctema (UC),
obbeauHsowas B cebe KOMMMIEKC pPasnuUyHbIX
CPeLCTB M METOOOB AJ15 peLleHns 3agay onTumu-
3aumu 1 aBTOMaTnsaummn npoueccos cbopa, xpa-
HeHus, 06paboTkn U NpeacTaBneHns pasHopoa-
HOW MHbOpMaLMM Ha BCEX 3Tanax reonoro-nouc-
KOBbIX paboT ¢ Lenbio ahHeKTUBHOIO UCMONb30-
BaHWs AaHHbIX. B gaHHon paboTte npencrasneHa
yHUdmnumpoBaHHasa cTpyktypa B, kotopad mo-
XeT ObITb MCMONb3oBaHa NpW reorioro-nonCcKo-
BbIX paboTax Ha pasnuyHblix obbekTax 6e3 He-
obxogmmocTtu paspaboTtkn nHanemayansHon B
MOA4 KOHKPETHYIO Nnowadb Unu nog pasHole Me-
TOObl MOUCKOB. B KayecTBe McxogHoOro marepua-
na, Ha OCHOBE KOTOPOro Benach paspaboTka b[l,
MCMNOMNb30BaHbl re0NorM4Yeckne n reoxXMMmmnyeckue
AaHHble, a Takke COnyTCTBYOLME UM neTporpa-
duveckme n MMHepanornyeckne UccrneaoBaHus.
B yacTtHOCTM, aHanuTUyeckue gaHHble nUToreo-
xummyeckmx (6onee 30000 npo6) n reonorunye-
CKMX paboT Mo KOpPEHHbIM Mopogam u wrydam
(6onee 2000 obGpasuoB) MO pasHbIM OObeKTaMm
3abarikanbckoro kpas, MpkyTtckon obnactu, Ma-
ragaHckon obnactu n gpyrux permoHos Poccuin-
ckon ®epepauun [11-13].

MaTtepuanbi 1 meToAbl
uccnenoBaHus
Ha Bcex aTanax reonoro-nouckoBbIX paboT
perynsapHo ckannueaetcsa 6onbLion obbem pas-
HopoaHoOW nHdopMauun B UMdpoBOM opmare,
B TOM 4MCre NPOCTPaHCTBEHHbIX AaHHbIX. CooT-

I 141


www.nznj.ru
https://doi.org/10.21285/2686-9993-2024-47-2-140-148
https://doi.org/10.21285/2686-9993-2024-47-2-140-148
https://elibrary.ru/ixpswe

Hayku o 3emne u Hegpononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online) £

2024;47(2):140-148 !

BETCTBEHHO, 06paboTka n npeacraBneHne Aax-
HbIX MONEBbLIX NCCNeaoBaHWA, KapT U APYron UH-
dopmauun aBnseTcs OYeHb TPyooeMKoW 3aja-
Yyeun, C KOTOPON C MUHMMATTbHLIMW BPEMEHHbIMU
N (OMHAHCOBBIMM 3aTpaTamMy MOryT CrpaBUTbCSA
MC n B [14, 15]. Kaxgblin NpoeKkT MMEET CBOU
0COBEeHHOCTK, Korga pedvb uaetr o Bblbope MH-
CTpymMeHTOB Ans obecneyeHms paboTbl, NO3TO-
My onpegensaowmm akTopom 3pPeKkTMBHOCTU
NC saBnsetca obecnevyeHne OOCTOBEPHOCTU U
MONHOTbI MHdOPMaLUMN O NpegMeTHOW obnacTtu
[16, 17] nyTem kOHCONUAAUMN OaHHbIX.
ABTOpamn npegnaraeTcsa MeTOLOoNorms Be-
OEHUs1 reonoro-noMckoBbIX pPaboT, OCHOBaHHas
Ha paspabotke NC. NC pasgensieT nHdbopma-
LMOHHbIe npouecckl cbopa, 06paboTkm 1 npea-
CTaBIEeHMs1 AaHHbIX HA Pa3fMYHble NOACUCTEMBI,
oTBevatoLLMe 3a onpeaeneHHble 3agayn n atanbl
pabot. Takum o6pa3om, JaHHbIe, NONyYEHHbIE Ha
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pasHbIX 3Tanax reornormyecknx NOMCKoB, He3aBu-
CVMbI, HO B3aUMOLENCTBYIOT B paMKax eauvHOM
NC (puc. 1). Kaxabin atan paboTt pasgeneH Ha
yeTblpe OCHOBHblE MOACUCTEMbI, OTBEvalLme
3a KOHKPETHble CBOWCTBEHHbIE OnpeaerieHHOMY
aTany UHOpPMaLMOHHbIE MpoLecchbl:

1. C6op u nepBuyHasi obpaboTka (gaHHas
nogcucTema BknoyaeT B cebst cOop AaHHbIX npe-
OblOyLmx mccnegoBaHun n gobaeneHne HoOBbIX
matepuanoB B npouecce Hay4YHo-uccrnenosa-
TeNbCKNX UMY NPOM3BOACTBEHHbIX paboT, a Tak-
e nornesylo KameparnbHyt ob6paboTky n nogro-
TOBKY AaHHbIX K nocnegyrowmm atanam pador).

2. XpaHeHue 1 ynpasneHve gaHHbIMuU (npea-
cTaBneHa dannoBon CUCTEMOWN 1 COBOKYNMHOCTLIO
B, dyHKUNOHUPYIOLLMX N CBA3AHHbLIX MeXay Co-
6o C mcnonb3oBaHMEM CUCTEMbl ynpaBneHUs
6aszamu paHHbIX PostgreSQL ¢ reonpocTpan-
CTBEHHbIM pacwupeHnem PostGIS, nossonsito-

C6op » nepBnuHan obpaborka

Xumunueckui [eonoro -reoxumuyeckune GPS
aHanus nccnesoBaHuA HaBwuraTop
[aHHble npeabl nx e penes
PEALIAYLY netporpaduyeckue
nccnesoBaHuUM
onucaHus
Xpanenue O6pa6orka
®ainosoe
basa aaHHbIX
XpaHuavie 8 Astopckoe MO S
Ana 0bpaboTkm v
Pactposble BekTopHble HU[> RN e o
AaHHble AaHHble AaHHBIX ]
-
s
TekcToBble AHanutuyeckue <]Dﬂ s}
JAaHHble JAaHHble rmc Q
QGIS, g
[JlavHble GRID SAGA/Surfer =
=
G MpuknaaHoe MO
Mpeacrasnenne
Word QGIS Excel PDF reader
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CpepncTtBo npocmoTpa n3obpaxeHuin

Puc. 1. Cmpykmypa uHghopmMayuoHHbIX cucmemM OJisi 2e0/1020-0UCKO8bIX pabom

Fig. 1. Structure of information systems for geological prospecting work

Www.nznj.ru



@Eapaﬂoaa C.A., bnivHoB A.B., lNpocekuH C.H. Ucnonb3oBaHue cucTeM XpaHEHUS U YNIPaBIIEHWUS. .. |
Baranova S.A., Blinov A.V,, Prosekin S.N. Using data storage and management systems...

LWMM XpaHWUTb, 3anpalvBaTb U aHanM3npoBaTb
KapTorpaduyeckme gaHHble B B1).

3. ObpaboTka pesynbTaTtoB  XMMUYECKOrO
aHanusa (npegnonaraet obpaboTky BCex aHanm-
TUYECKUX MaTepuarioB Npu MNPOBEAEHUN TeOro-
ro-novCcKoOBbIX PaboT Kak C MOMOLbIO CTaHAapT-
HbIX MHCTPYMEHTOB, peanun3oBaHHbIX B 'C-npo-
ayktax (QGIS, Surfer n Tomy Nnogo6HbIE), Tak U €
NCMNOnb30BaHNMEM aBTOPCKOrO MporpaMmHoro obe-
cneyeHns Geochemistry processes no3sonstoLe-
ro aBTOMaTM3MpPOBaTb NPOLIECCH 0OpPaboTKN aHa-
NUTUYECKNX A@HHBIX MO NPUHATLIM MeToaMKam).

4. lMNMpeacTaenexHne (gaHHas nogcucrtema He-
ceT B cebe MHCTPYyMEHTbI U nporpammHoe obe-
crneveHuve, npegHasHayveHHble Ang npeacrasne-
HUS KOHEYHOMY noTpebuTento nHdopmMaLmm pas-
NNYHOrO TUNa 06 OObeKkTe M3ydeHusi, MOMNyYeH-
HOW 1 0OpaboTaHHOW Ha Apyrnx aTanax padorT).

Pe3ynbraTthl uccnegoBaHus
M NUx obcyxaeHue

MogocucTtema «xpaHeHust N ynpaBneHus aaH-
HbIX» (CM. puc. 1) ABnSeTcs LeHTpanbHON YacTbio
NC 1 urpaeT BaxHyto posib B €e (OYHKLUMOHUPO-
BaHun [17], npegocTaBnsas CTPYKTYpUpoBaHHOE
XpaHeHue, opraHu3auuio, ynpasneHune u obpa-
60oTKy H6onbLnx 06beMOB AaHHbIX [18]. BaxHon
COCTaBNALLEN NPU MPOEKTUPOBAHUU CTPYKTY-
pbl XpaHeHUs1 JaHHbIX SABNSeTcA adhdheKTUBHOE
yrnpaBneHve pecypcamMn CUCTEMbl XpaHeHUs
OaHHbIX [19]. MNpegnaraeTcsa opraHM3aumsi CUCTe-
Mbl XpaHeHUs OaHHbIX cnocobom dual solutions
(OBOViHOE pelleHue), KOTOpbIM noapasymeBa-
eT nog cobow xpaHeHWe OOHOW 4acTu AaHHbIX
B B[, a gpyron — B (hannoson cucteme. Takoe
pelweHne 060CHOBAHO TeM, 4YTO BO Bpems cHo-
pa 1 06paboTKM reornoro-reoXUMMYECKNX AaHHbIX
HakannuBaeTcs OonbLIoN 0ObeM TEKCTOBOW W
rpadpuyeckon nHpopmauuun. Kak npasuno, K kKa-
XOOMY OTHETY npefocTaBnsercs He meHee 150—
200 kapTorpauyeckmx NpUnoXeHnn, Kaxxgoe n3s
KOTOPbIX MOXET gocturatb pasmepa go 200 M6.
B cpegHem, obLnin pasmep TOMbKO MOYyYEHHbIX
N306paxeHUn N TEKCTOBbIX AOKYMEHTOB NO Of-
Homy o6bekTy pabot moxer gocturate 30 6.
XpaHuTb Takon OObEM «HEpPEMNSILMOHHbBIX» OaH-
HbiXx B B[] npenctaBnsieTca HeLenecoodpasHbIM
C TOYKU 3pEeHUs NPOUN3BOANTENBHOCTU Kak caMon
B, Tak u nepcoHanbHOro KomnetoTepa. aHHble
e «pensiuMoHHoro» (TabnuyHoro) Buaa npegna-
raetcs xpaHuTb yxxe B b/.

B[ xpaHuT B cebe gaHHble, NoCTynawLwme B
Hee Ha BCex aTanax paboT, HadMHas C KOOpAu-
HaT yyacTka uccnegoBaHuin, KOTopble ABMASIOTCA

| 2024;47(2):140-148

nepBuYHbIMUK N5 doopmmpoBaHus MMC-npoekTta
n BegeHua b1, sakaHunBas pasnuyHbIMN NPOU3-
BOAHbIMW AaHHbIMU [20].

Ha ocHOBaHUM BXOOHbIX AAHHbIX Pa3fMyHO-
ro BuMga paspaboTaHa yHMBepcanbHasi rmokas
CcTpykTypa B[, B KOTOpOW Npeanonaraercsa pas-
OreHne gaHHbIX Mo OTAENbHbIM Briokam (puc. 2).
Bcero BblgeneHo yetbipe 6roka, kaxabli U3 Ko-
TOpbIX COOTBETCTBYET oOnpeaeneHHoMy aTtany
NpOBEeAEHMST MOUCKOBbLIX PaboT, YTO OTpaKeHo
B UX HasaHun. CBA3b Mexay pasHbiMu Oro-
KaMyM nNpov3BOAUTCS Yepe3 [maBHylo Tabnuuy
«Mnowagb». Takum obpasom Kaxabli OObEKT
(nnowanb) nccnegoBaHv NogpasymMeBatoT nog
cobor oTaenbHy 6asy YHUPULMPOBAHHBIX OaH-
HbIX C BO3MOXHOCTbIO BblBOAA MHGOPMaLUKU MO
nobon 13 nccregyemMelx niowagen, Hag KoTo-
pbiMn paboTtaloT cneumanuctel. Ho HecmoTps
Ha He3aBMCUMOCTb Kaxaon 6asbl, ocTaeTcs BO3-
MOXHOCTb WX B3aUMOLEWNCTBUS OPYyr C OpYroMm
ONS UCNONb30BaHMS AaHHbIX, CoAepXKaLlmX akTy-
anbHy MHGOPMALNIO MO U3yYaeMoMy OOBEKTY,
HanpuMmep, Npu paboTax Ha CoceaHnX NULEH3N-
OHHbIX Mrowaasx.

MepBbIN Gnok «[pegnoneBble AaHHbIE» CO-
OTBETCTBYET MOAroTOBUTENbHOMY 3Tany. B Hem
cobpaHbl U CTPYKTYpUpOBaHbl BCce MaTepuansl,
nony4yaemMble MCMOMHUTENAMM Mepes Havanom
paboT Hag HoBbiM 0ObekToM. He meHee 90 %
MaTepuaroB, XpaHALWMUXCSA 34eCb, UCNOMb3YTCA
Ha NpPOTSXeHuM Bcero npouecca paboTt, noTomy
yTO cogepxaTt obsizaTerbHble CNou, TakMe Kak
TONOOCHOBa (peku, o3epa, penbed), rpaHubl
nLEeH3nN 1 reoniornyeckas obcTaHoBKa (reono-
TSl CO BCEMM COMYTCTBYIOLLMMW CIIOSIMU, cpean
KOTOPbIX CNOW reosiorM4eckmnx KoOMMIeKkcos, rpa-
HULL, TEKTOHUYECKNX HapyLUEeHUA U T. n.).

Btopon 6nok «lonesble gaHHbIE» COOQEPXUT
AaHHble, nonyyaemble UCNOMHUTENAMWU BO Bpe-
MSI NPOBEOEHUSA MOMEBbIX EeOroro-NOMCKOBbIX
paboT. K TakMm aaHHbIM OTHOCATCS hakTuyeckme
TOYKM MNpobooTOOpa C OnucaHWeM reonoruye-
CKON OBCTaHOBKWN TEPPUTOPUU U FTEOXUMUNYECKNX
npob, Tpekn NoneBbIX MapLUPYTOB, peecTp LTy-
¢oB 1 KaTanor reonormyecknx obpasLoB C Co-
NyTCTBYHOLUM MUHEpanoro-neTporpacgmyecknmv
OMNMUCaHneM.

Tpetuii GNOK «AHanNUTUYECKNE OaHHbIEY» CO-
OepPXUT B cebe faHHble, OTHOCALMECA K XUMMU-
YeCKOMY aHanuay, OLEeHKe KavecTBa LaHHbIX U
nocriegyowemy MHOroMepHoMy aHanmay. K Hum
OTHOCATCHA UcxoaHble, 06paboTaHHbIe, NCrpaBneH-
Hble 1 HOPMMPOBAHHbIE AaHHbIE, pe3ynkTaTbl MHO-
roMepHOro aHanusa, 6a3oBble CTaTUCTMKN U T. .
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Puc. 2. Jloeuyeckasi Modesib 6a3bl OaHHbLIX
Fig. 2. Database logic model

UeTBepThin 6rok «Pe3ynsraTbl» HeceT B cebe
WHpopMaumio 0 pesynbratax NpPoBedeHHbIX reo-
1oro-nNoMCKOBbIX PaboT M BKNKOYaAET NPOU3BO-
OHble JaHHble, MOMyYeHHbIE YXXe Ha OCHOBaHWUU
BCEX MPOaHanM3npoBaHHbIX JAHHbBIX, HAaNpuUmep,
YTOMHEHHYIO Teorornyeckyto KapTty, copepxa-
YO CKOPPEKTMPOBAHHbIE FPaHULbl reonoruye-
CKNUX KOMMIEKCOB, TEKTOHNYECKUX HapyLUEeHU 1
ToMy nogobHoe, peecTp WAMGOB, YTOYHEHHbIE
YyCNoBUsI NNTOrEOXMMUYECKOr0 OMNpoOOBaHnS 1
apyrve. bnok 6asvpyetca Ha JaHHbIX, CooepXa-
LUMXCS B npeablaywnx 6nokax, HoO B oTnn4yme ot
HUX NPY HeOBXOOUMOCTU U3MEHSAETCH HanornHe-
HMe yXe co3daHHbIX Tabnuy nnm co3garTes Ho-
BblE.

[OCTOMHCTBO TakoW OpraHusaumyM AaHHbIX
B TOM, YTO, SBMSAACH LeHTpanbHbiM 3BeHoM NC
ANs reonoro-nouckoBblx paboT, pa3paboTaHHas
CTpyKTypa obecneymBaeT rapaHTUIO COXpPaHHO-
CTV UMeloLMXCa AaHHbIX Briarogaps He3aBuUCH-
MocTu B[] no kaxxaomy 13 nsydaembix OOBHEKTOB.

Kaxxgas n3 HMX co3gaHa Ha ocHoBe pa3paboTaH-
HOro LWabnoHa, MMEKLWEro yHUULMPOBAHHLIE
3N1EeMEHTbI, BCEACTBMNE YEro BCe AaHHbIE CTPYK-
TypupoBaHbl 1 CTaHgapTuanpoBaHbl. [pu pabo-
Te Hag HOBbIM OOBLEKTOM He BO3HUKHET Takux
TPYLHOCTEN NpY CTPYKTYPUPOBAHMM U NOCneay-
owen ngeHtTndnkaumm gaHHblx, Kak, Hanpumep,
Npu XpaHeHUN AaHHbIX B 0ObIYHbIX OUPEKTOPUSAX
Ha XKeCTKOM OUCKe, KOrda BO3HMKAKT NyTaHuLbl C
BepcuamMu dpannos. B npouecce paboTsl cneyuna-
NNCTbI MOTYT NEPEKIYATLCA MEXAY y4acTKaMu,
He 605Cb, YTO BO3HMKHYT NPOOnemMbl C MOMCKOM
Hy)XHoro dharna. Ona npenoTBpalleHust Takom
cutyaumm B 6ase cyulecTByeT OOHoBMsieMas
cnpaBoyvHas Tabnuua, cogepkawasi CruMcok C
YHUPULMPOBAHHBIMA  HA3BaHUAMMW  XPaHUMbIX
Tabnmu 1 ux onncaHueM, K KOTOPOM MOXHO 00-
pawaTtbca B Nobon MOMEHT paboThbl.
Heobxoanmo oTMeTuTb, YTO 3a cYeT pasbu-
€eHus1 BCel MHGOPMaUUN Ha oTaeNbHble GroKu
npu paclMpeHNN KOMMMEKCca NONCKOBLIX paboT
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HOBbIMW MeToA4aMWU U, Kak crneactsve, BO3HUK-
HOBEHUN HeobxoammocTn AobaBneHus HOBbIX
BMAOOB AaHHbIX, CTPyKTypa B[ GyaeTt Tonbko go-
NONHATBLCH, @ He LUenukoM uameHsTbes. K npu-
Mepy, Mpu A00aBNeHMM MarHUTOpasBeOOYHbIX
UNN  3NeKTpopasBedoyHbX pPaboT BO3HUKHYT
HOBble [aHHble O MarHUTHOM UK 3NEKTPUYECKOM
nonax COOTBETCTBEHHO. B Takon npennoxeHHoOM
CTPYKTYpe OaHHble pa3MmecTdaTcs B brioke, cooT-
BETCTBYIOLLEM TON CTaguun paboT, B KOTOPOW OHU
ObININ MOMyYeHbl, C LOMNOMIHEHMEM, KOTopoe Oy-
AeT yKasblBaTb Ha MeTo paboT (4Na NMToreoxm-
Muyeckoro metoga wndp éyaet « _LGH»).

HeocrnopumbiM  nNpenMmyLLeCcTBOM  AaHHOIO
noaxona ABMAseTCS BO3MOXHOCTb aBTOMaTU3NPO-
BaHHOW OLIEHKU 1 NPOBEPKM NEPBUYHBLIX AaHHbIX
HEMOCPEACTBEHHO B MpoLuecce MnoreBbix pabor,
MOCKONbKY B BonbLUMHCTBE NOAOGHbBIX Mccneno-
BaHWN, Kak NpaBunno, NpoBepka KayecTBa AaHHbIX
npoBoanTca nocne noneebix pabot [8]. JaHHbIn
acnekT UCKIYaeT BEPOATHOCTb BO3HUKHOBEHNSA
owmnbok Ha nocrnegyrLWmMx atanax paboT 3a cyet
onepaTMBHOINO peLleHnd, YTO B CBOK oyepenb
COKpalllaeT Tpy4o- U BpemasaTpathl Npu nocne-
AyroLmx onepaumsax ¢ AaHHbIMU.

3akn4eHune
B pesynbrate gaHHOrO mccregoBaHus, Le-
nblo KoToporo Obina paspaboTka nogxoda 3d-
GeKTUBHOrO ynpasneHnsa AaHHbIMWU reoforo-no-
NCKOBbIX paboT, HeobXxoaMMO MNoOYEPKHYTb
BaXHOCTb ucnonb3oBaHnsa TMC n Bl ¢ cambix

| 2024;47(2):140-148

paHHUX CTaguMh U A0 KoHua npoekta. Paspabo-
TaHHbIA NOAXOA4 MOXET OblTb UCNOMNb30BaH Iio-
ObIMW  Feonoro-pas3BefoyvHbIMU  KOMMAaHMSIMMU,
TaK Kak OCHOBaH Ha WUCMOMb30BaHUN OTKPbITbIX
nporpaMmMHbIX cpefcTB. CosgaHHasa CTpyKTypa
Bl nossonser onTMMM3MpoBaTb CUCTEMY Xpa-
HEeHWs OaHHbIX KaXX4oro atana npy nposeaeHun
reorioro-noncKoBbIX paboT, a TakkKe MPUBHECTU
OOMOINMHUTENbHYIO PYHKLMOHANbHOCTL B paboTty
KOHeYHOMY noTpebutento. B pamkax npegnone-
BOrO 1 MOJSIEBOrO 3TAnoB peanv3oBaHbl npoueay-
pbl MMMOPTa M 9KCrNopTa HeobxoaMMbIX Tabnuuy
mexay B[ v nonesor paboyen crtaHUMEN, YTO
no3BOMseT Npou3BoauTb onepaumy ¢ AaHHbIMK
Ha aTane nonesbIX paboT cpasy B TOM BuAe, KO-
TOpbIV ObIN 3anfaHNUPOBaH AMs BCEW NMOCTynato-
e nHcopmaummn. Takke ncknrovaetcs npobre-
mMa oybnmpoBaHua AaHHbIX Npyu obMeHe MHop-
Maumen B 0bblMHOM dhannoBon cucteme. [lpu
HanNMynMn MHTEpHETa BO3MOXXEH OOMEH JaHHbIMK
¢ ocHoBHon B[1, Haxogswencsa B oguce, bnaro-
Aapsi Yemy NpefocTaBnsaeTcsl BO3MOXHOCTb elle
bonee onepaTtuBHoOn 06padoTkn. Kpome TOro, Ha
duHanbHOM aTane paboT cokpalleHue 3aTpa-
YMBaAEMOro BpeMeHW AOMyCTUMO 3a CYeT OOHO-
BPEMEHHOIO noAkmnoyeHns K 6ase HeCKOIbKUX
crneumanuncToB, napannenbHOro MCnosb30BaHUs
N peoakTMpOBaHUs OaHHbIX, 6e3 HeobxoanMMoCcTH
nx gybnuposaHusa. OTcyTcTBYEeT He06X0AMMOCTb
OTKpbIBaTb MHOXECTBO PasfnyHbIX AMPEKTOPUN
no pasHbIM nrowagsam paboT 3a pasHble rogbl u
nmnopTmpoBaTh AaHHble B [VC-npoexkT.
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O Heo6Xo0AUMOCTU KOHTPONA MUrpaLum rasa
NP LeMeHTUPOBaHUN CKBaXXWUH

E.B. ABepkuHa®’, A.B. Kopotkos®, J1.C. AnabepguH¢
“UpKkymckul HayuoHarbHbIU uccriedosamernbCKull mexHudYeckul yHugepcumem, Mipkymck, Poccusi

Pe3rome. B npoLecce CTpouTenbCTBa CKBaXXWH M MX AKCMIyaTauMmn YacTo BO3HMKaKT Npobrembl, CBSI3aHHbIE C NposiBre-
HUSAMW NNacToBbIX PrIOVAOB M UX ABWKEHNEM MO 3aKONIOHHOMY MPOCTPAHCTBY B pesyrnbrate HeKayeCTBEHHOro LieMeH-
TMPOBaHUs. 3HauuTernbHble 3aTpaThl CPEACTB Y BPEMEHWN HA NNKBUAALMIO 3aKOMOHHbBIX U MEXKOMNOHHBLIX NEPETOKOB BO3-
MOXHO CHU3UTb 3a cyeT ahdeKTUBHOro NpedynpexaeHns aTux seneHni. Liene gaHHoro nccnegoBaHus 3akntoyanach B
npeAcTaBneHny pesynsTaToB aHanmaa hakTopoBs, NPUBOASALLMX K 06pa3oBaHMo KaHaNoB ABMKEHNS NNacToBbIX dnonaos
Npy LEMEHTMPOBaHMK, a Takke B MOMCKe pelleHns NpobneMbl 3aK0NOHHbLIX MEPETOKOB B CKBaXuHe. B xoge nccnegosaHuia
aBTopamu ObINn pacCMOTPEHbI MEXaHW3Mbl MPOLIECCOB, MPOTEKALWMX NPY 3BOMOLUM LLEMEHTHOIO pacTBopa B 3aTpybHOM
NPOCTPaHCTBE CKBaXXMH BO BPEMS KpenneHus obcagHbIX KOMOHH, CyLLEeCTBYHLME CNocobbl pelueHns npobnemsl Murpa-
UMM NnacToBbIX ritonaoBs, a Takke cnocobbl X npegynpexaeHns. B kayectse Hanbonee NnepcnekTMBHOMO, C TOYKM 3pe-
HMS aBTOPOB, cnocoba nsbexxaHns HeraTMBHbBIX NOCNEACTBUI AaHHONM Npobnembl NpeanaraeTcs MeToq npeaynpexaeHns
obpasoBaHust kaHanoB murpaumun. [ins ero peanusauuy pasobpaH npuHUun paboTtel nabopatopHon yctaHoBku OFITE u
MeToA MOAENMPOBAHUS CKBAXMHHbIX YCIIOBUIN paboThl LieMeHTHOro pacteopa. [NpuseneHbl rpadukn, NonyyYeHHbIe B pe-
3ynerate UCMbITaHUA LEMEHTa, U UX UHTepnpeTauuns. YCTaHOBMNEHO, YTO B BOMbLUMHCTBE CIy4YaeB LLEMEHTHbIE CUCTEMBI
6e3 mogudukaLum COOTBETCTBYHOLLIMMU peareHTaMum He CNOCOOHbI cAepXunBaTh MUrpaumio cnouaa B npoecce nepexoaa
N3 XWOKOrO COCTOSHUS B TBEPAOE, a TaKkKe YTO MUrpaumns dronaa nponcxoaut B TEHEHWE KPUTUYECKOro nepuopa npu
CXBaTbIBaHWUM LeMeHTa — cnycTsi 3—8 yacoB TBepAeHus. B pesynbrate npoBefeHHbIX paboT BbISBMEHO, YTO BbIOPaHHbIN
cnocob oLeHKM 1 MOANMULIMPOBaHMS LLEMEHTHbIX CUCTEM MO3BOMSAET NOBLICUTL NOTeHLMan adeKTUBHOMO peLLeHns Npo-
6rembl MyUrpaummn NNacToBblX POUAO0B NyTEM CHUXEHUS BEPOSTHOCTM 06pPa3oBaHWs 3aKOMOHHbLIX MEPETOKOB.

Knroyeenlie crioea: MUrpaums rasa, Bpemsi nepexogHoro neproaa, LeMeHTUpoBaHue, 3aTpy6GHOe NpoCTPaHCTBO, 3aKOMOH-
Hble NEepeToKM, KpenneHne, TaMNoHaXHbIA LIEMEHT, MEXKOMNOHHOE AaBneHune

Ans yumupoeanusi: AsepkmHa E.B., KopotkoB A.B., AnabepguH J1.C. O HeobXxoaMMOCTVM KOHTpONs Murpa-
UMM rasa npu uemeHTupoBaHun ckBaxuH // Haykm o 3emne n Hegpononb3oBaHue. 2024. T. 47. Ne 2. C. 149-157.
https://doi.org/10.21285/2686-9993-2024-47-2-149-157. EDN: NAJZRE.
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Original article

To necessity of gas migration control under well cementing

Elena V. Averkina®“, Alexey V. Korotkov®, Lev S. Alaberdin®
a*|rkutsk National Research Technical University, Irkutsk, Russia

Abstract. Well construction and operation is often complicated by the occurrence of formation fluids and their movement
through the annulus as a result of poor-quality cementing. It is possible to reduce costs and time for eliminating behind-the-
casing and inter-casing flows significantly due to effective preventing of these phenomena. The purpose of the research is
to present the analysis results of the factors causing the development of the formation fluid flow channels during cementing
as well as to find a solution to the problem of well annulus flows. The research involved the examination of the mechanisms
of the processes occurring under cement slurry evolution in the well annuluses under well-casing, existing methods for
solving the problem of formation fluid migration, as well as the ways to prevent them. The authors propose a method
preventing the formation of migration channels, which they think is the most promising to eliminate the adverse effects of the
named problem. To implement the method, the operation principle of the OFITE laboratory installation is analyzed as well
as the modeling method for cement slurry borehole conditions.The graphs obtained as a result of cement tests and their
interpretation are given. It has been determined that in most cases cement systems not modified by appropriate reagents
are not able to restrain fluid migration during the transition from liquid to solid state. Moreover, fluid migration occurs during a
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critical period under cement setting after 3—8 hours of hardening. As a result of the work carried out, it was revealed that the
chosen method of evaluating and modifying of cement systems makes it possible to increase the potential for an effective
solution of the problem of formation fluid migration by decreasing the probability of behind-the-casing flow formation.

Keywords: gas migration, transition time, cementing, annulus, behind-the-casing flows, well-casing, oil-well cement, inter-

casing pressure
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BeBepgeHue

Murpauus rasa (dpntonga) B CKBaxunHe npea-
cTaBnsieT cobon sBneHMe ABMXEHUs rasa no
3aTpyOHOMY NpoCTpaHCTBYy. [BMXEHME 3TO B
OCHOBHOM BepTUKanbHOe, MOCKOMNbKY npouecc
murpauumn obycrnosrneH pasHOCTbI NIOTHOCTEN
cpen, Haxogsawmxcsa B ckBaxkunHe. OHO BbI3biBa-
€TCA  MHOrOYUCHEHHBIMN  B3aMMOCBS3aHHbIMU
dhakTopamm, CnocobCTBYOLNMU NEPEMELLEHNIO
rasa B 3aTpyOHOM npocTpaHCcTBe 06CaaHbIX KO-
TNOHH CKBaXXWHbI.

Mpobnema murpaumm rasa B npouecce 3a-
KauKy TaMMOHaXXHOro pacTBopa, a Takke Npu ero
TBEPOEHUN ABRSETCA OOCTAaTOMHO aKkTyarbHOW B
Hawe Bpemsa. CyTb ee 3akfo4aeTcs B TOM, YTO
MUrpaumsi rasa Bo BpeMs LLEMEHTUPOBaHMUS Bbl-
3blBaeT HECBS3BHOCTb CTPYKTYpbl MOMy4yaemoro
LEMEHTHOIO KaMHsi, BCNEACTBME Yero BO3HUKa-
€T HerepMeTMyHOCTb LIEMEHTHOrO Konbla, 4YTO
B JanbHenweM npuBOoAUT K BO3HUKHOBEHMIO
MEXKOITOHHbIX NEPETOKOB. NoaBnstomeca Mex-
KONOHHbIE MEPETOKM MNPMBOAAT K OOBOAHEHMIO
CKBaXuMHbl 1M 6e3B0O3BpaTHOM notepe HedpTn U
rasa, a TaKke Co30aloT Yyrpo3y AN OKpyKatoLemn
cpenbl. laHHOMY BOMpoCy nocBsLeHo 6onbLuoe
KONMMYECTBO Hay4HbIX UCCregoBaHMiA 1 Nyonuka-
uun [1-3].

ABTOpPbI pa3gensarT MEeXKONOHHbIE ra3onpo-
ABMEHMS Ha ABe rpynnbl: ra3onposiBieHus, ob-
YCINOBMEHHbIE HENOCPEACTBEHHbIM MOCTYyMe-
HMEM rasa M3 NpPOOYKTUBHLIX FOPU3OHTOB Yepes
LEeMEHTHOE KOfbLO MO KOHTaKTy LIEMEHTHOro
KaMHSI CO CTEHKaMM CKBaXXWHbl U 06CagHOM Ko-
NOHHOWN; MEXKOJTOHHbIE ra30nposiBNEHUS, CBA-
3aHHbIE C HErEPMETUYHOCTbLI0 06CaaHbIX KOMOHH
[4, 5]. MocTynneHve rasa u3 nnacta B 3aKOMNOH-
HO€E MPOCTPAHCTBO MOXET NPOM30NTH Toraa, Kor-
Aa AaBreHne B 3aTpyOHOM NPOCTPaHCTBE B 30HE
ra3oHOCHOIO MHTepBana NagaeT HMXe BENUYMHDI
AaBreHns NnacToBOro rasa, To eCTb NOSABMASIETCA
rpaguveHT gaBneHusi, 4eNCTBYIOWMIA NO Hanpas-
neHVo U3 nnacta B cKBaxuHy. lNepeTekatoni
ra3 MoOXeT AOCTUrHYTb Nnbo ycTbs, NM6o murpun-
poBaTb B Bbille3aneratoLiue nnacthbl [6].

Hanbonblumin nHTEepec npeactaBnsAwoT doak-
TOpPbI NEPBOW rPYMMbl, Tak Kak B CNeLnnIecKnx

YCIOBUSIX CKBaXXMH BO3HMKAKOT PasfvyHbIe Mpo-
Lieccbl U ABNeHus, cnocobeTayoLwmne opMmpo-
BaHUIO pnonaonposBASIOLLNX KaHANoOB B CTPYK-
Type LEMEHTHOTO KaMH$, KOTOPbIN MOXET paspy-
LaTbCH 3a CYET SBMEHUSA OCMOCa, arpeCCUBHOIO
BO3OEWNCTBMS BbICOKOMWHEPANM30BaHHOMO Mnna-
CTOBOro donovaa, OencTBUS TEPMUYECKUX Ha-
NPS>KeHW, Aenpeccuu Ha nracTbl, cegumeHTa-
uunK, ynpyron gedopmauumn o6cagHon KOMOHHbI
BO BpeMS! UCMbITaHUS €€ Ha repMEeTUYHOCTb, Nep-
dopaumm 1 T. 4. AHann3npya NpUYnHLI Nosiere-
HUS1 9TUX KaHaroB, MOXHO YCITOBHO pa3genuvTb
X Ha ABe rpynnbl: MPOSBSIOLLMECS BO BpPeEMS
oXuaaHua 3aTBepaeBaHusa LemeHTa 1 nocre. B
OCHOBHOM 9TO CBS3bIBAlOT C TEXHOMOrnemn Kpe-
NNeHns N NPUMEHSEMbIMA TaMMNOHAaXHbIMU Ma-
Tepuanamu, He Y4YUTbIBaOLWMMU (aKTUYecKkune
reonoro-TexHn4eckne ycrnoBus CKBaxuH [7-9].

Takum obpasom, pelleHne npobrnembl obe-
crneyeHns KayeCTBEHHOW M3onsaummn 3atpybHoro
NpOCTpaHCTBa MpU LEeMEeHTUPOBAHUN CKBaXWH
ABNAETCSA BaXKHeNLlen 3agaden.

MaTtepuanbl u meToAbl
uccrnenoBaHusA

PaccmoTpym MexaHu3Mbl MPoOLIECCOoB, NpoTe-
KatoLLmMX Npuv 3BOSOLMN LIEMEHTHOMO pacTeBopa.
BbigensatoTcsa Tpyu OCHOBHbIX Nepuoaa:

1. MNpouecc rmgpatauyuun. MNpu cmelleHnn Le-
MEHTa C BOAOW NpoOMCXoanT pacTBOpeHUe 3epeH
BSDKYLLLErO BELLeCTBa, BO3HUKHOBEHME HOBOOOpa-
30BaHuMI, 0Opa3oBaHNe NepeChILLEHHOro pacTBo-
pa. B atom cocTtosiHun ctonb pacrteBopa NOSHO-
CTblO NepedaeT rmapocTaTM4eckoe AaBneHne Ha
nnacT, 4em NpPenaTCTBYET BHeAPEHUIO dontomaa.

2. CTtpykTypoobpasoBaHMe U CXBaTbIBaHUE.
Mo mepe pocTta KpucTannoB HOBOOOpa3oBaHWi
MPOYHOCTb KOarynsiuMOHHOM CTPYKTYpPbl MOBbI-
LUAETCs, YBEMMYMBAETCA YUCIIO WUX KOHTaKTOB
N BO3HMKAET HernocpeacTBEHHas CBA3b Mexay
yactuuyammn [10]. Bmecte ¢ Tem nog gencrteu-
eM rnepenaga AaBreHurn LEeMeHTHbI pacTBop
cnocobeH oTAenATb HECBSI3HYK BoOAy (npouecc
unerpaummn). lNpeobnagaiowee BnusHWe B
cucteme npuobpeTarnT NPoYHbIE XMMUYECKMUE
CBS13M, OAHAKO BbICOKOE 3HadeHue unbTpauumn
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HapyLlaeT npouecc pocta HOBOOOpa3oBaHUA ©
CHWXaeT KONMUYeCTBO TakUX CBSA3EWN, YTO B CBOKO
ouepenb CHWXaeT MNpPOYHOCTb obpasytoLlencs
CTPYKTYpbl. VIMEHHO B 3TOT MPOMEXYTOK Bpe-
MEHWN BO3HMKAET PUCK MUrpaLMn rasa, Tak Kak B
npouecce CTpykTypoobpaszoBaHUs 1 BOAOOTAAYM
rmgpocTtatmdeckoe gaBrieHue ctonba cHuxaert-
Cs1, HO MPOYHOCTb CTPYKTYPbl CYCNEH3UM eLle He
crnocobHa npensiTcTBOBaTb BHeApPeHUIo dhnoun-
na. B HayanbHOM cTagum cxBaTblBaHUS LIEMEHT-
HOro pacTBOpa, NoKa LeMeHT MMeET eLle cnabyto
CTPYKTYpY, OCTaeTcq BO3MOXHOCTb 06pa3oBaHus
BA3KOYNpYrux TpewmH. NosaHee, korga CTpyKTy-
pa obpasyloLerocs KamHa CTaHOBWUTCHA AocCTa-
TOYHO MPOYHON, BTOPXKEHWE rasa v nocneayto-
Lee ero nepemMeLleHne NpoaormkaeTca B Nopo-
BOM MPOCTPAHCTBE, YTOOLI MPOTUBOCTOATE 3TOMY
adppekTy. NMPOHMKHYB B MOPOBOE MPOCTPAHCTBO,
ra3 MoXeT nogHumaTtbcs brnarogaps BbiTankusa-
tollen cune. Takke BbICOKOE JaBrneHue B nnacre
MOXET MpoTankueaTb ras ganblue no 3arpybHo-
MY MPOCTPAHCTBY.

3. TBepaeHune — okoH4aTenbHoe dopmMmpoBa-
HMe KpUCTannmn3aumoHHON CTPYKTYpPbI, UMetoLLEeN
BbICOKYI0 MeXaHWYeCKylo MPOYHOCTb U ynpyrue
cBoncTea. PaspylleHune ceazen mexagy vYactuua-
MM Takmx CTPYKTyp HeobpaTtumo. B 6onblumHcTBE
Crny4aeB ras He MOXeT 6oree MUrpMpoBaTb BHY-
TPM KOMNbLIEBOrO NPOCTPAHCTBA, HO OCTAETCs BO3-
MOXHOCTb €ro ABWKEeHUs Yepes KaHanbl Ha rpa-
HMUax pasgena cpeq unu Yyepes Mecta MexaHu-
YeCKUX HapyLLIEHWI LEMEHTHOro kamHsa [10-12].

CocTosiHMEe TaMMOHAaXHOro KaMHs 3aBUCUT OT
KOHCUCTEHLIMM CMECU K MOMEHTY CXBaTblBaHMSI.
B pesynbrate HepaBHOMEPHOIO YMNOTHEHUSA
CMeCU MPOYHOCTb M MPOHMLAEMOCTb PasfUYHbI
no BbICOTE CTOrNba TaMMOHaXXHOMO KaMHSI.

Ha ocHoBe Bbillecka3aHHOMO MOXHO Bblae-
NUTb TPU OCHOBHbIE MPUYMHBLI MUrpauLuK rasa:
BbiTanKMBawLLlasi cura, [gaBreHue nnacta wu
CTPYKTYPHbIE U3BMEHEHUS LIEMEHTA.

MmeHHO B npouecce popMUpOBaHUS KaMHS
B CKBaXXMHE 1 COBEPLLATCS NpoLecchl, KOTopble
nprBoaAT kK 06pas3oBaHuIo B HEM (proMaonpoBo-
OALLMX KaHamnoB, JalolmMX Havano Takum gBre-
HUAM, KaK POHTaHbl, NEPETOKMN GOIONO0B U MPo-
ABMNEHNSI MEeXKOIMOHHbIX gaBneHuni' [12—15].

[ns pewenusa npobnembl Murpaumm rasa cy-
LLEeCTBYIOT CrieaytoLlime TeEXHUYECKME N TEXHOIO-
rmyeckne peLLeHnd: yCTaHOBKa 3aKOMOHHbIX Ma-
KEpOB UMNN LIeMEHTHbIX MOCTOB B MOTEHLUMANbHO

| 2024;47(2):149-157

onacHow 30He, NpoBefeHne PEMOHTHO-U30MALN-
OHHbIX paboT nocrne uemeHTUpoBaHus. Kpome
psida NpeMMyLLecTB, Ha3BaHHbIe CNOCObbLI UMe-
0T HEKOTOPbIE HEJOCTaTKM B BUAE OrpaHUYeHus
NMPUMEHEHUS, YCINOXHEHMS TEXHOMNOMMM Kpenre-
HUS U YBENUYEeHUs HernpousBOLCTBEHHOIO Bpe-
MeHun [16—19]. Takke pewnTb Npobremy 3ako-
MNOHHbIX NEPETOKOB BO3MOXHO, MPUHSAB Mepbl MO
npeaynpexaeHnto BO3HWKHOBEHUS KaHanoB B
npoLecce KpenneHnsa ¢ NoOMOLLbH YMEHbLUEHUS
NMPOHMLAEMOCTM MaTpuLbl CUCTEM LIEMEHTHbIX
pacTBOPOB N perynupoBku ux ceoncTs. Onpeae-
nnTb (akT MuUrpaumm rasa CkBo3b TBEPAEIOLLYIO
CMeCb MOXHO, UCNOMb3ys MeToq UccrnegoBaHus
Ha nabopaTtopHOM aHanu3atope Murpawmm -
noos u rasa OFITE.

AHanmsaTop No3BONSAET HA KOHKPETHOW Tam-
MOHaXXHOW CMeCK CrNpPOrHo3npoBaTb U OLEHUTb
npouecc murpauuu rasa nocrie AocTaBku Le-
MEHTHOro pacTteopa. Ha gaHHouM ucnbiTaTensHON
nabopaTopHON yCTaHOBKE BO3MOXHO BOCMPOU3-
BEOEeHNE TaKNX BHYTPUCKBAXKUHHBIX YCIOBUN, KaK
Temnepartypa, rMgpoctaTtmyeckoe M MnacToBoe
OaBreHnd, rpagueHT OaBreHun, Bbl3blBalOLLNA
nepetok cnongos (NPopbiB) Yepes3 LeMeHTHoe
KonbLUo 13 obrnacTu BbICOKOrO AaBneHus B 006-
nacTb HU3KOro AasrieHus [4].

Mpouenypa TecTMpoBaHMS MO3BOMSIET B pe-
anbHOM BPEMEHW OLEHMBATbL MUrpauunio donon-
Aa B TeYeHue KpUTUYecKoro nepuopa nepexoga
LEMEHTHOro pacTBopa W3 XWOKOro COCTOSIHUSA
B TBepaoe, Korga MpPOHUKHOBEHWEe Haubonee
BEPOATHO. Takue KnioueBble napameTpbl, Kak
BOOOOTAAYa, rMapaBnvMyeckoe AaBfieHne CTon-
6a ueMeHTa Ha nnacT, cTabunbHOCTL MaTpuULb
uemeHTa, obbembl bunbrpata, Temnepatypa,
pacxof rasa u gpyrme nepemeHHble BeM4YuHbI
HernpepbIBHO OTCNEXUBAIOTCH, aBTOMaTUYECKU
N3MepsIoTCH, 3aHOCATCS B 6a3y aHHbIX KOMMbHO-
Tepa n oTobpaxatoTcsa B peanbHOM BpeMeHu. Ha
puc. 1 NpegctaBneHa MpuUHUUNManbHas cxema
aHanuaaropa.

Adenka aHanusatopa oOcCHaleHa nofnbiM
MOpLUHEM, KOTOPbIV B NPOLIECCe UCMbITaHUSA pac-
nonaraetcs Hag LeMeHTHbIM pacTBOPOM, U CeT-
YyatbiMu dunbsTpamu. [aBneHue rmapocTaTuku
NpuKNagbiBaeTcsl K MOPLUHIO, a AaBfeHue rasa
(oaBneHne npopbiBa) OKasblBaeT BO3gencTBUE
Ha pacTBop yepes noplleHb. o mepe 3aTBepae-
BaHWS LLEMEHTHbIN PacTBOP MOXET CTaHOBUTLCS
NPOHMLIAEMbIM, @ ra3 — MUIPMPOBaTb CKBO3b HETO.

' BekbaeB A.A. CoBepLUEHCTBOBaHNE peLenTyp 0bneryeHHbIX PacLLUMpSIOLLMXCS TaMMOHaXKHbIX MaTepuanos: aBToped.

auc. ... KaHa. TexH. Hayk: 25.00.15. Yda, 2019. 24 c.
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Puc. 1. MpuHyunuanbHasi cxemMa aHasu3amopa:
1 — ucnbimyembil pacmeop; 2 — ¢punbmpam; 3 — 06bem npowedwezo 2asa; 4 — eepxHuli hunibmpam
Fig. 1. Schematic diagram of the analyzer:
1 — test solution; 2 — filtrate; 3 — volume of the gas flown; 4 — upper filtrate

lMpouecc nccnenoBaHU OCYLLECTBNSAETCS B
cnegywLwlen nocrneaoBaTenbHOCTU: LEMEHTHbIN
pacTBOp, MPUrOTOBIEHHbIN COMMacHO PEKOMEH-
paumam API 10B-22, KoHAWLMOHMPYETCSA B TEPMO-
OapnyeckoM KOHCUCTOMETPE C MOAENUPOBaHU-
€M CKBaXXKWHHbIX YCMOBUI B TEYEHME PACHETHOMO
BPEMEHM ero AOCTaBKN Ha Tpebyembln MHTepBarn
KpenneHus, 3aTemM NOMeLLaeTcH B S4ENKy aHanm-
3aTopa mMurpauumu rasa u TeCTUpyeTcsl CorracHo
CXeMe UCMbITaHuA.

B pesynerate wuccnegoBaHuin nosiBNAETCS
KOMMIEKC [OaHHbIX AONfS MpoBedeHus aHanusa
NPOTEKAKLLMX MPOLIECCOB C TOYKU 3PEHUS MU-
rpauumn rasa CKBO3b 3aTBEPAEBANOLLY0 CMECh —
Ha TrpaHVLe npoLeccoB CTpyKTypoobpasosa-
HWe-cxBaTblBaHNE-TBEPAEHME.

Pe3ynbrathl UCcriefoBaHuUA

M ux obeyxaeHue
B nccnepoBatenbckon nabopatopun kadpe-
Opbl HedbTeraszoBoro gerna VIpkyTckoro Haumo-
HanbHOrO UWCCNeaoBaTeNbCKOr0 TEXHUYECKOro
YHUBEpCUTETA NpoBeAeH psa  UCCreLoBaHUN
Le€MEHTHbIX CUCTEM, UCMONb3YyEeMbIX MPU Kpenne-
HUM oBcagHbIX KOMOHH B MHTEpBarnax BO3MOX-
HbIX NPOSBMEHUI MNacToBbiX roNgoB Ha Me-

cTopoxaeHusax BoctouHon Cnbupu.
BbisiBNEeHO, 4TO B GOMbLIMHCTBE Criy4YaeB Le-
MEHTHbIE CUCTEMbI HA OCHOBE MOPTNaHALEMEHTa

Tvna |-G, 6e3 mogmdumkaumm COOTBETCTBYHOLLIM-
MW peareHTamu [OMycKakoT murpauuio dnionga
B npouecce nepexoga W3 XXWUAKOro COCTOSIHUSA B
TBepaoe. Hmxe nprBeaeHbl XxapakTepHble rpacu-
Kn (puc. 2) TeCTUPOBaHNS TaKOro LIeMEHTHOro pac-
TBOpa, oTpaxaroLwue HacTynneHve dakra Mmurpa-
U 13 obractn BbICOKOrO AaBrneHus B obrnacTb
Bonee HM3KOro AaBneHusl, 0 YeM CBUOETENbCTBY-
€T yBenuueHne 3HadeHunst Gas Volume npu Heuns-
MEHHbIX nokasaHuax wkanel Filtrate Volume. Ha
OCHOBE CEpuUN 3KCMEPUMMEHTOB BbIOENSAETCA TOT
dakT, 4To MuUrpaums dnionga NpoucxoanT B Te-
YeHne KpUTUYEeCKOro nepuoga npu cxeaTbiBaHWM
uemeHTa — cnycTd 3—8 yacoB TBepAEeHUS.

WHTepnpeTnpya nonyyYeHHble pesynsrathbl
O4YEeBUAHO, YTO 3a BpeEMS TeCTMpPOBaHUA OaBne-
HVe, nepegaBaemoe CToNboM LEeMEHTHOro pac-
TBOpa Ha partyuk (Pore Pressure), CHM3MNOCb
00 MVWHMMarbHbIX 3Ha4YeHUN (HWXe AaBreHus
yyacTtka, umuTUpylowero cniongo-npossnsio-
LM NRacT) BCneacTame BrMSIHUS COBOKYMHOCTH
akTopoB (chunerpauus, ycagka, Habop npou-
HOCTWU CTPYKTYpbI rens, cxsaTbiBaHue). [ponso-
LUa MUrpauma rasa ckBo3b 06pasubl OT yyacTka,
UMUTUPYIOLLIETO NIacT C BbICOKMM AaBneHneMm, K
yyacTKy, UMUTUPYIOLLEMY MNNacT C HU3KUM AaB-
neHneMm, 0 YeM CBUAETENMbCTBYHOT YBENUYEHUS
3HayeHun Gas Volume npu HEN3MEHHbIX NoKa3a-
HUsX wkanel Filtrate Volume (cm. puc. 2).

2API RP 10B-2: 2013. Recommended practice for testing well cements. Pexxum goctyna: https://www.api.org/~/media/files/
publications/whats%20new/10b-2%20e2%20pa.pdf (aata obpaLueHns: 05.02.2024).
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Puc. 2. Mpachuku npomekarowjux npoyeccoe e ueMeHMHOM pacmeope
€ 3aghuKcupoBaHHbLIMU CIyHasiMu Mu2payuu 2a3a:

a — npopble 2a3a rpousoweri criycms 4 yaca 47 MuHym; b — npopbig ea3a rpousowern criycms 7 4acos 30 MuHym

1 — Piston Distance, paccmosiHue, npotdeHHoe nopuiHeMm rnod delicmauem 0aesrieHusl,

uMumupyowe2o audpocmamu4eckKoe 6 3ampy6HOM MPocmparcmee, MM, Ha coomeemcmeayioulel WKane

cripasa om epachuka; 2 — Pore Pressure, 3Ha4yeHue 0aerieHus, nepedasaemoao cmoribom

ueMeHmMHo20 pacmeopa rnod deticmeauem 2udpocmamudeckozo daeneHusi, MlMNa, Ha coomeemcmayrowieli wkarsne

criesa om egpacgpuka; 3 — Filtrate Volume, 3HayeHue obbema chunbmpama, ebidenuauie2ocsi

u3 yemeHmHo20 pacmeopa rod deticmeauem OasneHusi, umMumupyrouje2o eudpocmamudeckoe 8 3ampybHom

npocmpaHcmee, cM®, Ha wkane Volume cnipasa om epacghuka; 4 — Gas Volume, 3HadyeHue
obvema 2asa, cMP, Ha wkarne Volume cripasa om epaghuka; 5 — Sample Temperature,
3HadyeHue memrepamypsbi obpa3ua, °C, Ha coomeemcmesyrowiel wkane creea om epaguka
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Fig. 2. Graphs of the processes occurring in cement slurry with recorded cases of gas migration:
a — gas breakthrough occurred 4 hours 47 minutes later; b — gas breakthrough occurred 7 hours 30 minutes later
1 — Piston Distance, piston travel under the pressure simulating hydrostatic pressure in the annulus, mm,
on the corresponding scale on the graph right side; 2 — Pore Pressure, the value of the cement slurry column pressure
under the action of the hydrostatic pressure, MPa, on the corresponding scale on the graph left side; 3 — Filtrate Volume,
the value of the filtrate volume released from the cement slurry under the pressure simulating hydrostatic pressure
in the annulus, cm?, on the Volume scale on the graph right side; 4 — Gas Volume, the value of the gas volume, cm?,
on the Volume scale on the graph right side; 5 — Sample Temperature, the value of the sample temperature, °C,
on the corresponding scale on the graph left side

C uenbto NoBbILEHUSA KavyecTBa KpenneHus
B BUAE CHWXEHUS BEpOATHOCTU obpasoBaHus
3aKOMOHHbIX MEPETOKOB ObINM MpPOBeAEeHbl UC-
NbITaHWSA Pa3fMYHbIX MOAUMULMPOBAHHbIX Lie-
MEHTHbIX cucTtem, obpaboTaHHbIX rasobrnoka-
TOpaMy KOMMPECCUOHHOIo TUMNa Ha naTekCHOM
OCHOBE, a TaKKe Ha OCHOBE CUHTETUYECKUX
CyNb(UPOBaHHbLIX MOMMMEPOB U NOMMMEPOB Ha
OCHOBE aKpUNOBOW KUCMNOTbl U3BECTHbIX MPOU3-
BOAUTENEN.

[MpUMeHeHne TaKkMX LIEMEHTHbIX CUCTEM MO-
3BONSET CTabUNN3MpoBaTb CTPYKTYPHO-PEONOr-
YyecKne CBOWCTBa pacTBopa, CHU3UTb ero usnb-
Tpauuio 1 NpegoTepaTnTh 06pasoBaHue KaHaNoB
mMurpaumm pnonaos.

Ha puc. 3 npuBeneH xapakTepHbln rpaduk
npouecca OpMMUPOBaAHUS LIEMEHTHOIO KaMHS
0e3 murpaumun rasa. [aHHbii rpacmk oTpaxkaet
Knaccuyeckuii Npounb KpMBbIX B Criyyae, korga
MuUrpauum rasa ckBo3b obpaseL, He NPomn3oLLIIO.
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O6 aTtom cBMOeTenbCcTBYET WAEHTUYHOCTbL PO-
cTa 3HadyeHun Gas Volume u Filtrate Volume Ha
KpMBbIX rpaduka npu ToM, YTO AaBrneHue, nepe-
AaBaeMoe LIEMEHTHOW CUCTEMOWN pacTBOp — Ka-
MeHb (Pore Pressure), CHU31nocb 4O MUHMMaSb-
HbIX 3HAYEHWURN, YTO, B CBOK OYepeab, roBOpUT O
nepexoae 13 nepuofa CTpykTypoobpasoBaHus u
CXBaTblBaHUA B Nepuon TBepaeHUs.

3aknrioueHune

B pesynkrate nccnegoBaHUin LEMEHTHBIX CU-
CTeM CTaHOBUTCH O4YEBUAHBIM, YTO MUCMOSb30Ba-
HWe crneunanmM3mpoBaHHbIX 006aBOK MO3BOMSIET
MOBbICUTb Ka4YeCTBO KpenneHus obcafHbiX Ko-
NOHH C TOYKWM 3PEHMUST peLleHns npobnemMbl Mu-
rpauuun nnacToBblx QIOMAOB NO KaHanam, obpa-
30BaBLUMMCS B LLEMEHTHOM KaMHe Ha HavyalbHOM
aTane ero opMmnpoBaHUS.

Takum ob6pasom, Gnarogaps Mcnonb3oBa-
HUIO JaHHOro UCMbITaTeNIbHOro CTeHaa NosBMsA-
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Puc. 3. Npachuk npomekarowux npoyeccos 8 UeMeHMHOM pacmeope 6e3 Muepayuu 2a3a
YcnosHbie 0603HayeHuUs cM. 8 nodnucu K puc. 2
Fig. 3. Graph of the processes occurring in the cement slurry without gas migration
For the legend see the caption to Fig. 2
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€TCA BO3MOXHOCTb CpaBHEHUA pa3HbIX peuen- PaCCMOTpeHHaFI TeMa MOXeT ObiTb UCNOSb-
TYP LEMEHTHbLIX CUCTEM AJ14 onpeaeneHna on- 30BaHa B KayecTBe OCHOBbl A4S AarbHenLero
TUManbHOro coctaBa TaMMNOHa)XXHOrNo pacTBO- n3ydeHna n aHann3a aktyalrbHbIX pa3pa60T0K B
pa noa KOHKpeTHble YyCIoBUA CTPOUTENbCTBA obnactn npenorBpalleHnsa 3aKONMOHHbIX NepeTo-
CKBa>WH. KOB Mo npuninHe murpauunu rasa.
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BHyTpunnactoBas 3akayka OypoBbIX 0OTXO40B
B TEKTOHMYECKU 3KPaHMPOBaHHbIE NOBYLUKU

K.B. Ywakos®“, H.B. 3uHoBbeB®, B.B. Tkaues¢, I.P. PomaHoB®
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Pe3srome. Liukn GypeHus niobori CKBaXMHbl CONPOBOXAAETCS NPOM3BOACTBOM OFPOMHOIO KOMNMMYeCTBa OTXOA40B, COAepKa-
LLMX B CBOEM COCTaBe XMMMYECKMe BELLECTBA U peareHTbl, KOTOpble SIBMATCA OCHOBHbLIM MOTEHLUManbHbIM U MacLiTao-
HbIM 3arpsi3HUTENEM OKpyXatoLlen cpeabl. NMonoxuTensHas TeHAeHUMs pocTa 06beMOB Pa3BefOHHOO M 3KCNIlyaTaLmMoH-
Horo BypeHns Ha cylue, CBA3aHHas ¢ HeobXoaMMOCTbIO NoaaepXxaHnsa 06beMoB A06bIMM HeTM B HaLLel CTpaHe, Hanpsi-
MYIO YKa3blBaeT Ha yBenuyeHne 06bemMoB OypOBbIX OTXOAOB, MPENMYLLECTBEHHOE KONMMYECTBO KOTOPbIX HakannmBaeTcs
B LWNaMoBbix ambapax. [pobnema ytunusaumm, nepepaboTkm NOCTOSHHO pacTyLwmx 06bemMoB BypoBbIX OTXOAOB B COBO-
KYMHOCTM C HEOBXOAMMOCTbLIO COBNIoAeHNS CTPOrnx TpeboBaHni NPUPOAOOXPaHHBLIX MEPONPUATUI TpebyeT NpruMeHeHns
WNHHOBALIMOHHBIX U KOMMNIEKCHbIX NOAXOAO0B. [Ans pelleHns Takoro poda 3afay 6bina paspabotaHa KOHUeNuust ytunmaa-
Lmmn BypoBbIX OTXOAOB B TEKTOHWYECKN IKPaHMPOBAHHbIX MTOBYLLUKaX, KOTopas npeanaraet adpdekTnBHbIN 1 Ge30nacHbIni
cnocob yTunusauum GypoBbIX OTXOAOB, peanuays NpPUHLMN «HyneBoro cbpoca» OTXOLOB B OKPYXKalLLylO cpedy, YTo C
Y>KEeCTOYEHNEM HOPM 3KOMNOrMYECKOro KOHTPONs npuobpeTaeT Bce 60nbLUy0 akTyanbHOCTb HE TOMbKO B YCNOBUS LWenbgo-
BOro 6ypeHus, HO 1 Ha cywwe. Llenb AaHHOro nccnegoBaHus 3aknoyanach B NpeacTaBneHmn pedynsTaTtoB aHanmaa npev-
MYLLIECTB 3aKayku BypoBbIX OTXOA0B B TEKTOHUYECKM KPAHUPOBaHHbIE MOBYLLKM MO CPABHEHMWIO C APYTMMU BO3MOXHbLIMU
MeToAaMu NoA3eMHOW yTunusauum. ABTopaMm paccMoTpeHbl 0COBEHHOCTN NOArOTOBUTENBHOMO 3Tana npoBedeHns yka-
3aHHoro metofa. OnuncaH onbIT NpYMeHeHns TexHonornu. MNpeactasneH KoMnnekc 060pyA0BaHNA POCCUINCKON KOMMNaHWK
AnNs NoAroTOBKM U 3aKavku 0Txo4oB BypeHns B mnacT. Ha npumepe reonormyeckoro paspesa npuBegeH Npumep CKBaXuHbI,
C BbICOKOW [jONeln BEpOATHOCTM NPOBYPEHHOW B TEKTOHUYECKM N30MMPOBAHHYIO NMOBYLLKY W NEPCNEKTUBHON ANs NepeBoa
nopg oCyLLEeCTBIIEHNE 3aKkayvkym 0TXo40B bypeHus.

Knroyeenble crioea: 3akayka B MnacT, TEKTOHUYECKM SKpaHUPOBaHHbIE NOBYLUKW, yTUM3aLus GypoBbIX oTxodoB, Gesonac-
HbI cnoco6 yTunmsaummn 6ypoBbIX OTXOLOB, HyNeBoKn copoc

Ansa yumupoearus: Ywakos K.B., 3uHoBbeB H.B., Tkayes B.B., PomaHos I".P. BHyTpunnacroBas 3akayka OypoBbIX OTXO-
[OB B TEKTOHMYECKN 3KpaHMpoBaHHble nosyLuku // Haykn o 3emne n Hegpononb3oBaHue. 2024. T. 47. Ne 2. C. 158-169.
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Review article

In-situ injection of drilling waste into tectonically screened traps
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Abstract. The drilling cycle of any well is accompanied by the production of a huge amount of waste containing chemicals
and reagents, which are main potential causes of large-scale environmental pollution. The positive trend in the growth of the
on-shore exploration and production drilling associated with the need to maintain oil production in our country clearly shows
an increase in the volume of drilling waste, which is predominantly accumulated in slurry ponds. The problem of constantly
growing volumes of drilling waste disposal and recycling together with the need to comply with strict requirements of
environmental protection measures requires the use of innovative and integrated approaches. To solve the problems of this
kind, the concept of drilling waste disposal in tectonically screened traps has been developed. It offers an efficient and safe
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way of drilling waste disposal via the implementation of the principle of waste “zero discharge” into the environment, which
increases its relevance since the environmental control standards are becoming stricter for both onshore and offshore
drilling. The purpose of this study is to present the analysis results of the benefits of drilling waste injection into tectonically
screened traps as compared with other possible underground disposal methods. The article deals with the features of the
preparatory stage of this method and the application experience of the technology described. A set of equipment of the
Russian company for the preparation and injection of drilling waste into the reservoir is presented. Using the case of a
geological section, an example of a well is given, which with high probability has been drilled into a tectonically screened
trap and is promising for drilling waste injection.

Keywords: injection into the reservoir, tectonically screened traps, drilling waste disposal, a safe method of drilling waste
disposal, zero discharge

For citation: Ushakov K.V,, Zinoviev N.V,, Tkachev V.V., Romanov G.R. In-situ injection of drilling waste into tectonically
screened traps. Earth sciences and subsoil use. 2024;47(2):158-169. (In Russ.). https://doi.org/10.21285/2686-9993-

2024-47-2-158-169. EDN: BFLYQQ.

BBepneHue

HakonneHne otxogoB OypeHusi, obpasyto-
LUMXCHA B npouecce pasBegku u gobblum yrneso-
OOpOOOB, OKasblBAeT HeraTMBHOE BO3OencTsue
Ha 300pPOBbE YErioBEKa M OKpYXKatoLLylo cpeny.
OcCHOBHOM 06bEM OTXOAOB COCTaBMseT OypoBON
Luam, BbIHOCUMBIN U3 CKBaXuMHbI. B Poccum exe-
rogHo obpasyetca ot 10 go 25 mnH T BypoBbIX
OTX00B, U3 KOTOPbIX yTUNuanpyetcs He 6onee
10 % [1]. BaxHon npobnemon npu obpalieHumn
C JaHHbIM BUOOM OTXOAOB SABMSiETCs BbIOOp On-
TUManbHOM CXeMbl UX yTUnNusaumm unm obesspe-
XNBaHUS.

BypoBble 0TXo4bl UMEIT pasnuyHbIA COCTaB
1N MOTyT NpeacTaBnsaTb BbIGypeHHY0 nopoay, oT-
paboTaHHbI BypoBOM pacTBop, OypoBble CTOY-
Hble BOAbl M UX OTCTOW, OypoBOM LInaM W Aap.
B cBa3n ¢ Tem, yTo BypoBON LINaM COCTOUT Ha
60-80 % w3 nopoabl, Ha 8—-10 % w3 opraHuye-
CKOro BeLuecTBa, Ha 6 % 13 BOAOpPacTBOPMMON
Conn, a Takke N3 HeddTU K yTskenuTtenen [2], B
OCHOBHOM oOTpuuaTtenbHbi addekT Byaet oka-
3blBaTb BO3LENCTBME Ha OKPYXKaKLWLyH cpeay
XUMUYECKUX PEaAreHToB, MUHEpPanbHbIX CONen 1
HedTenpoayKToB.

MWHUCTEPCTBO MPUPOOHLIX PEcypcoB U
akornorun Poccunckon ®depepaumm nbiTaetcs
CHM3NTb BO30eNCTBME HeMTAHOW OTpacnun Ha
OKPY>KaIOLLYHO Cpefly 3a CYET YXKEeCTOYEHUS 3aKo-
HoAaTemnbHbIX HOPM, B TOM 4ucne B cdepe 06-
palleHusa ¢ otxogamu bypeHus. B cBasn ¢ atum
cyllecTByeT HeoBXoANMOCTb B NPUMEHEHUU On-
TMMarnbHOro peleHus ans 6esonacHomn 1 onro-
CPOYHOW yTUNM3aumMn Takmx matepuanos. Bos-
BpaLleHne JobbITbIX PECYpCOB B MOYBY CHMXKAET

BO3OENCTBME Ha MOYBEHHbLIV MOKPOB W 3aTparthl
Ha XpaHeHwe, TPaHCMOPTUPOBKY U YTUIM3aLUuio
oTX040B, obpasytoLmxcs npy bypeHnn n oceoe-
HUW ckBaxkUH [3]. TexHonorus obpaTHOM 3aKayku
OypOBbIX OTXO4OB Ha Cylle MOXET WCMOMb30-
BaTbCH B PA3MMYHbIX KMMMATUYECKNX YCIOBUSX,
YTO JAeT el NpenmyLecTBO nepen apyrmmmn Bu-
AaMn yTunusaumm oTxogos.

TexHonornsa 3akadkm 6ypoBbIX OTXOAOB U He-
dTewnama B nnacT sABMseTca NepcrnekTMBHOM U
yxe ncnoitaHa B CeBepHom Mope, Hopeerun, Ha
Anscke, B MekcukaHckoM 3anvee u BeHecyane.
B Poccun TexHonorns 3akadkm oTxogos OypeHus
B nnacT Brnepsble Obina ncnonb3osaHa B 2004 ro-
Ay koMmnaHnen «CaxanuvH JHepmKu» Ha Mop-
CKMX MecTopoxaeHuax octpoBa CaxanvH [4]. B
2016 rogy Ha NpupasnoMHOM MECTOPOXOEHUN B
BbapeHueBoM Mope koMmnaHua «lasnpom HedTb
wenbc» BBena B MPOMbIWSIEHHY 3KCnya-
TauuMio nornowarowyro ckeaxuHy'. B 2017 ro-
Ay komnaHus «PocHedTb» nposena onbITHbIE
NCNbITAHUS MO YyTUNM3auum oTxoaoB BypeHus B
nnact Ha TeppuTopun HwxHeBapTOBCKOro paw-
OHa (XaHTbl-MaHCUACKUIA aBTOHOMHbIN OKpYr —
tOrpa) ¢ nponsBoAMTENBLHOCTBLIO KOMMekca 6o-
nee 140 Tbic. M® OypoBOro LWama B rog?.

TeKTOHMYECKN SKpPaHUPOBAHHbLIE  NOBYLLKA
npeactaengaoT cobown reonormdeckme obpasosa-
HWs, obnagatowme CnoCOBHOCTLIO YAEpPXKMBaTb
3arps3HAOLLME BeLLECTBA U3 OTXO4OB OypeHus.
OHn obpasyoTca B pesynbrate eCTeCTBEHHbIX
reoniorm4eckmx MpoLeccoB, TO eCTb cercMuye-
CKOW aKTUBHOCTWN Y TEKTOHUYECKUX ABMXEHUN [5].

CyLecTBylOT Apyrve metoabl ytunusauum by-
POBbIX OTXOA0B C MOMOLLBIK 3aKa4yku UX B NacT.

" B XMAO PocHethTb NpUMeHMna MHHOBALMOHHLIA METOZ, YTUIM3aumnm oTX0A0B BypeHus nyteM mx obpaTHOM 3akayku
B nnacT // Neftegaz.ru. Pexkum goctyna: https://neftegaz.ru/news/drill/207049-v-khmao-rosneft-primenila-innovatsionnyy-
metod-utilizatsii-otkhodov-bureniya-putem-ikh-obratnoy-zaka/ (aata obpawuenns: 04.01.2024).

2 «PocHedTb» npumenunna B KOrpe MHHOBaLMOHHbIN MeToA yTUnu3aumum otxoao bypenns // Rosneft.ru. Pexxum goctyna:
https://www.rosneft.ru/press/news/item/187683/ (nata obpaiyeHus: 04.01.2024).
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OTo 3akayka C ruapopaspbiBOM nnacta u 3a-
Kayka B creuunarnbHO MOCTPOEHHbIE MOA3EMHbIE
pe3epByapbl B MHOFONETHEMEP3MbIX MNOpPoAaXx.
3akadka B nnacTt ¢ NpoBeAeHMEM rMapopaspbl-
Ba nriacta HeceT 3a cobown donblune puckn. He-
3anaHMpoBaHHOE paclUMpPeHne TPeLLMH MOXeT
NMPMBECTU K MonagaHuio OTXOAOB B BOAOEMbI U
pacrnpocTpaHeHUo BPEeOHbIX BELLECTB, YTO 3KO-
nornyeckn HebesonacHo [6]. 3akayka e B Mo-
CTPOEHHbIE pe3epByapbl B MHOrONETHEMEP3IbIX
nopogax sIBNSieTCs B NepByl0 ovepenb OOpOorom
TEXHOMNOrnem, Ho 1, NOMUMO 3TOrO, COMpsKeHa
c puckamu. Ha nnaHete, kak M3BECTHO, HabmMo-
faetcs noTenneHue BcrneacTBMe pocTa cpef-
HerogoBoW TemnepaTypbl, U 30Ha MHOrOneTHe-
Mep3rblX NOPO Yepe3 HECKOMNbKO AECATKOB MeT
MOXET MCYE3HYTb, YTO MPMBEAET K OTTauBaHWUIO
3aMOPOXXEHHbIX OTXOAOB WU 3arpsi3HEHMIO NMOYBbI
N BOAbl Ha MOBEPXHOCTU, a 3TO TaKXKe IKONOoru-
Yyeckn HegonycTumo. B cBoto ovepedb, 3akadka
B TEKTOHWMYECKN 3KPAHMPOBAHHbIE TOBYLUKM SAB-
nsetca 6e3onacHblM U OTHOCUTENbLHO HEOopPOo-
MM METOAOM YTUNM3aLUKN, MOCKOSbKY FOBYLLKM
MOMHOCTLIO MMAPOreonorM4Yeckn WN30NnMpoBaHbI,
TO €CTb HEe MMEIT CBSI3M C BOOOW U APYTUMU ro-
PU30OHTaMKU M UCKMOYaT BO3MOXHOCTb 3arpsia-
HEeHWsi NoA3eMHbIX BOA.
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Ha MHOrMx cyxonyTHbIX MECTOPOXOEHUAX
MMEIOTCA CKBaXMHbI, NPOOYpeHHbIE B OXuaae-
MOW HE(PTEHOCHOW 30HE, HO BbILLMO Tak, YTO OHU
aanu HebonbLIOW NPUTOK UM BooOLLE He Aanu
nputoka. Ha Takue ckBaXknHbl HENPUMEHUMbI
METOAbl MHTEHCUMMKALMN U YBENUYEHNA HEdITE-
oTgayn. Ha puc. 1 npuBegeH npumep nogobHom
CKBa)XMHbI, PacrnosioXXeHHOM Ha 04HOM N3 MeCTO-
poxaeHunn NpkyTtckon obnacTu.

C BbICOKOV BEPOSITHOCTLIO TakMEe CKBAKUHbI
pacnornaratoTcsi B TEKTOHUYECKU N30NMPOBAHHOMN
NOBYLLKE, YTO OOMMKHO ObiTb NMOATBEPXKOEHO O0-
NoNHUTENbHBLIMK UccnegoBaHamn. Ecnv Gyget
AOKa3aHo, YTO CKBaXKMHA SIBMSIETCHA MMOpOreoso-
TMYECKM U30NUPOBAHHOW, TO €€ MOXHO UCMOMb30-
BaTb ANs 3aKadku O0TX04oB BypeHus, a He NUKBU-
AMpoBaTb. ATO NO3BOSNUT HE NOTEPSATH AEHEXKHbIE
CpeacTBa, NOTpPaYeHHbIE Ha ee CTPOUTENBCTBO.

MoaroroBuTenbHbIe PaboThbl

B uenax cobniogeHus HOpM 3KOMormyecko-
ro 3akoHogaTenbCTBa peanu3aums OaHHOro
TMNa npoekTa AOSMKHa COMpoBOXAATbCs COOT-
BETCTBYIOLLEN AOKyMEHTaumen no obpalieHuto
c oTxogamwu ©ypeHus [7]. Ana aToro KoMnaHum,
NPUHSIBLLEN peLleHne OCyLLeCTBNATbL NOA0OHY0
OesaATenbHOCTb, HE0BX0aUMO:
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Puc. 1. MpogpunbHbIli 2eono2uyeckuli paspes no JIUHUU ckeaxxuH 15-144-20-30-6°
Fig. 1. Profile geological section along the line of wells 15-144-20-30-6°

3Bbapbiwes C.A., Mbiwesckuii H.B. OT4yeT o0 pesynbraTtax cencmopassefnovHbix pabot MOIT danunosckon CPI Ne 2/91-92
mactuTaba 1:50000 Ha [JaHunoBckow nnowaan. Mpkytck, 1992. 23 c.
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— OonpeaennTb Knacc OnacHOCTU OTXOLO0B W
NnonyyYnTb NacnopT C ykasaHMEM cocTaBa OTXO-
noB (Boga, BbibypeHHas nopoga, HedTenpoayk-
Thl, BELLIECTBA, YBENNYMBAKOLLME BA3KOCTb MyMb-
nbl);

— MNOMNyYnTb JNIMLEH3MIO Ha MpaBo MOMb30Ba-
HUS HeApaMKn U rOPHOOTBOAHbIE aKTbl 4SS CTPO-
NTENbCTBA M 3KCMnyaTtaumm NOA3EMHbIX COOpY-
>KEHWUN, HecBsA3aHHbIX C JOoOblYEe NonesHbIX Uc-
KonaemblX, Ans ONbITHO-NPOMbILLIIEHHOIO U NPOo-
MbILLSIEHHOMO pa3MeLLleHns BypoBbIX OTXOAOB Ha
MECTOPOXOEHUAX B MeCTe, MraHnpyemMoM oA
peanusaumio NpoekTa No 3akadyke oTxonos bype-
HUSA B NJacT;

— 3aperncTpupoBaTtb 0ObLEKTbI XpaHEHUS OT-
Xo4oB OypeHusi KoMnaHuM B rocygapCTBEHHOM
peecTpe 00bLEKTOB pa3MeLLeHNsi 0TXOOOB;

— MONyYnTb NMLEH3N0 Ha obpalleHne ¢ oT-
xogamu.,

lMepen Havanom peanusauum ndOro npo-
eKTa NpoBOAATCS reonornyeckme nccregoBaHuns
N MOCTPOEHNE MOAENN 3aKadku, YTO MO3BONSET
3KCNNyaTUpPYLWMM KOMMAHMUAM UCKITIOYUTL pU-
CK/M B ganbHenwem npouecce. [ns onpegene-
HUSI CXEMbl 3aKaykuy MPOBOAUTCS reomexaHuye-

BETE00 SRR L]
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Ckoe MoaenvpoBaHue, a Takke CTpouTCcs rmgpo-
AnHaMunyeckas Mofenb pacnpeaeneHns nopoBo-
ro gaeneHus [8]. MiccnegoBaHna HavyMHalTCA C
aHanuaa reornormyecknx u reoomsnyeckmx gaH-
HbIX (JaHHblEe KapoTaxa, KepHa 1 Tak ganee) ans
onpeaerneHus nepBnYHOro, To eCTb OCHOBHOTO, U
3anacHoOro MHTepBanoB pasMeLleHUs OTXOAOB.
YucneHHO mMopenvpoBaHMe Mpouecca 3akaudku
MO3BOMSET OLEHNTb pasMep MOBYLLUKA U paccyu-
TaTb MakCUMarnbHOE KONMMYECTBO OTXOO0B, KOTO-
poe MOXHO 6e3onacHO 3akayaTb B MOrroLlato-
LLYIO CKBaXKUHY.

Ha puc. 2 nsobpaxeH npumep rugpogmHamm-
YeCcKOro MOAENUMPoBaHUs, KOTOpoe MPOBOAMUTCS
0N aHanuaa reonornyecknx HeonpeaeneHHo-
CTEN, U3MEHEHWS NNIAaCTOBOrO AABEHUS U PUCKa
BO3ENCTBMA Ha pacrnorfioxXeHHble nobnmsocTu
CKBaXXWHbI B npoLiecce GypeHus.

TexHonorusa npouecca
Mocne noaTBepXAEHWUS MPUroAHOCTU nna-
CTOB MOA 3aKauyKy, NpoBeAEeHUs] TEXHUKO-3KO-
HOMWYECKOro 060CHOBaHMA MPOEKTa, MOCTPO-
€HUS TMAPOreonorM4ecknx U reomexaHn4eckmx
mMogaenewn, norny4YeHnsi COOTBETCTBYHOLLNX AOKY-
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Puc. 2. lMMpumep 2udpoduHamuyecko20 Modesiupo8aHusl 3aKa4dku*
Fig. 2. An example of hydrodynamic injection modeling*

4 KomnrekcHoe peLleHue Mo 3akadyke OypoBbiX OTXOOOB B MiacTbl ropHeix nopog // Akros-lic.com. Pexum goctyna:
https://www.akros-llc.com/upload/iblock/da3/da3bb9868ca07c3c1e63b66b0eb71ab4.pdf (naTta obpaiyeHunsa 08.01.2024).
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MEHTOB Nno obpalleHno ¢ oTxogamu BypeHus
MOXHO MepexoauTb K MNpakTU4YeckonW vacTw,
KOoTOpas HayMHaeTcs C TOro, 4YTo B npouecce
BypeHUs CKBaXXWMHbl LIUPKYNNPYIOLWNA B HEWN By-
POBOW pacTBOP BLIHOCUT HA MOBEPXHOCTb KYCKM
FOPHbIX MOpoA U cKamnbHble ocTaTku. Ha aTom
aTane npu nomowm BuBpocuTa npomcxoaut
oyncTka OypoBOro pactBopa OT TBepAblX 4a-
ctny. OumweHHbIn GypoBOM pacTBOp Hamnpas-
nsgeTcsa Ha MOBTOPHOE ucnonb3oBaHue. KamHu
M YacTuubl TpyHTa pacnpeaensatTcs no pasme-
py C NomoLblo KanubpoBoYHbIX cuT. KpynHo-
3epHUCTBIN MaTtepuan, K KOTOPOMY OTHOCSATCSH
yacTuubl pasmepom 6ornee 300 muKkpoH [9],
NPOBEPSIETCS Ha OTCYTCTBME HA NOBEPXHOCTU
ocTaTkoB OypoOBOro pactesopa 1 B AarbHenwem
MOXeT ObITb MCMNONb30BaH B Ka4yecTBe CTPO-
UTEeNbHOro Martepuana Arns OTCbINKU Jopor u
OypoBbix nnowagok. OctaneHOM matepuan no-
JaeTcsa B ApoOUbHY YCTAaHOBKY ANS U3Merb-
YeHus TBEPAbIX YacTuLbl 40 pa3mepa He bonee
80-100 mkMm, nocne 4Yero OHW CMELLMBAIOTCH C
Xngkon casonm — octatkamm GypoBOro pacTBo-
pa vnn BoOOW, NCNONbL30BAHHOW NPU NPOMbIB-
ke. EcTecTBeHHasa peonorus nossonser Lina-
MOBOW Mynbne nogaepXxuBatb TBepAyl dasy
BO B3BelleHHOM cocTosHuKn [10]. B utore co-
OTBETCTBYIOLUNA NMPOEKTHbIM KPUTEPUSIM pacT-
BOp 3aKkauMmBaeTCsl B NnacT HarHeTaTenbHbIM
HacOCOM BbICOKOro JaBneHus.

OcHoBoM [Onsi TpaHCMOPTMPOBKN  TBEPAOW
dasbl ABnseTcsd wnamoBas nynena. B cBssu
C 9TUM co3gaHue nynbMhbl C HYXHbIMW Napame-
TpamMu onpeaensieT ycrnex npouecca NpoKayku
OTXOOOB B FOBYLWIKY. HM3koe KayecTtBO MOXeT
CYLLIECTBEHHO CHU3WUTb MPMEeMMUCTOCTb NracTta B
npoLecce 3akayku, YTO MOXET CHU3UTb NpUeMu-
CTOCTb NOIMOLLALLEN CKBAXMHbI, 8 B HEKOTOPbIX
cnyyasx npveecTu K nonHoun ee notepe [11]. Na-
OopaTopHble MCMbITaHMSA Mynbhbl NPOBOAATCS C
NCNonb30BaHMEM HaTyparnbHbIX 06pa3LOoB BbIOY-
peHHoro wnama. KayecTso nyrbbl OLeHnBaeTcs
B npouecce aHanu3a ee napameTpos. Jlabopa-
TOpHblE nccnegoBaHus (pyc. 3) NO3BOMSAKOT Mo-
Ny4nTb OCHOBHYH WH(pOpMaumio 06 onTuManb-
HOWM KOHLIEHTpauun 3aryctutens nynbhbl 4ns
pasHbIX TUMOB MOPOA W AOMYCTUMOM BpPEMEHMU
npebbiBaHMSA NynbMbl B CKBaXXMHE B CTAaTUYECKOM
cocTosiHuK [12].

[Monesow aHanu3 Nynbnbl NPOBOAUTCS B NPO-
uecce peanusauuun npoekta. NapameTpbl nynb-
MNbl CrnegyeT KOHTPONMPOBaTb U NOAAEPXKMBATE B
pekoMeHayeMbIX rpaHuuax. MisamepeHus nposo-
OSTCA, KaK MUHUMYM, ANs ogHOW npobbl M3 Ka-
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Puc. 3. UccnedoeaHusi wnamoeoll nynbnbl
8 1abopamopHbIx ycrnoeusix*
Fig. 3. Slurry research in laboratory conditions*

XOO0W NOpUMKM 3aKadeHHOW Nyrbhbl UM XUOKUX
oTtxogos [13]. B xoge peanusauun npoekta Heob-
XOANMO NPOBOAUTL MOHUTOPWHT, aHann3npoBaTb
Ka4yecTBO NyribMbl NpWY ee 3akadyke B nnact. Ons
3TOr0 MCMNONb3YeTCsl CneuunanbHoe MnporpaMmm-
Hoe obecrneveHne, KOTOPOe B OHManH-gopmMare
NoO3BOSIIET KOHTPONMPOBaTb TEXHOSOrMyYeckun
npouecc.

O6opyaoBaHue

B Poccum HedTecepBucHaa KoMMaHus
«AKPOC» npuMeHSIeT KOMMMEKCHbIA MOAxXod K
yTunmsaumm 6ypoBoro wnama, KOTopbii COCTOUT
13 criegyrLmnx STanos:

— TEXHUKO-3KOHOMMYEeCKOe OOOCHOBaHME WU
paspaboTka NpoekTa;

— nabopaTtopHble nccnegoBaHuUs Nynbnbl;

— paspaboTka 1 M3rotoBrneHne obopynosa-
HUS;

— BbIMNOMHEHNE U yNpaBIiEHNE MPOEKTOM;

— KOHTPOJb U aHanun3 AaBneHus.

MeTogbl, ucnonb3yemble KOMMaHuew, Cco-
OTBETCTBYIOT cneumduke POCCUNCKMUX YCNOBUN
OypeHunst 1 akcnnyataumm ckBaxkuH. Komnnekc
no obpaTHon 3akadke OypoBbIX OTXOL4OB B MiacT
(Cutting Reinjection) BkntO4YaeT HECKOMbKO KO-
YyeBbIx 6nokos (puc. 4):

— cuctema cbopa/TpaHCNoOpPTUPOBKN OTXOAO0B
no3BoNseT cobupaTb 1 JOCTaBNSATb UX B CUCTEMY
MPUroTOBNEHNS NyNbbl;

— yCTaHOBKa Ans NpUroToBNeHNs Nynbnbl S1B-
nseTcsa CTaHOAPTHOW, C BO3MOXHOCTbIO M3MEHe-
HUSA oObema eMKoCTel;
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— YCTaHOBKa ANA 3aKayku Nynbhbl AOMMKHA
COOTBETCTBOBATb TPEHOBaHUAM MO AABMEHUIO HA
yCTbe, CKOPOCTUN 1 NOLAYM HACOCOB;

— BydhepHbI HaKONUTENb OOIMKEH OOHOBpPE-
MEHHO XpaHUTb HeobXoANMOe KoNnM4ecTBo Oypo-
BbIX OTXOA0B B CryYyae eMHOBPEMEHHOIO BbIXO-
0a ua ctpos (oTkasa) obopynoBaHus.

MpounssoauTensHocTb paboT Cutting Injection
MOXET MEHATBLCS B 3aBUCUMOCTU OT Tuna BblOY-
PEHHOM MOopoabl, a TakkKe KonmyecTBa TBEPAOWN
dasbl.

I 2024;47(2):158-169

MoHUTOpPUHT Npouecca

lMpouecc KOHTPOMSA U aHanmn3 xapakTepucTumk
npouecca 3akadky wrama B nnact sBnseTtcs
yacTbl npouecca obecneyeHns akcnnyaTauu-
OHHOro KavecTBa M Ge30MacHOCTM MpoBedeHUs
paboT. B cBA3M C 3TMM MNpPOLIECC MOHUTOPUHra
HeobxoamM, YTOObl CHU3UTb PUCKN 0Bpa3oBaHUs
TPELLMH B NnacTe BO BPeMsi Takoro poga ornepa-
umn [14].

MOHUTOPUHT OaBNEHUs B NPOLECcCe 3aKayku
N OCTaHOBKM, Hapsigy CO CBOWCTBAMWU MyrbMbl,

Puc. 4. Cucmema o6opydoeaHusi KOMnaHUu «AKpoc» Ons1 3akayku 6ypoebix omxodoe 8 riacm®:
1 — eubpocumo; 2 — WwHekosbIl KoHeelep, 3 — ueHmpugyeaa; 4 — ycmaHoeka 05151 Mpu20moerieHust ryJsbribl;
5 — cemyamelli counibmp,; 6 — Hacoc 8bICOKO20 0asreHust; 7 — UHXEKUUOHHas CK8axXuHa
Fig. 4. Equipment system of the AKROS company for drilling waste injection into the reservoir’:
1 — vibrating screen; 2 — screw conveyor; 3 — centrifuge; 4 — pulp preparation plant;
5 — strainer; 6 — high pressure pump; 7 — injection well

5 KomnnekcHoe pelleHne no obpatHon 3akadke BypoBbix otxopoB B nnact ICRIS® // Akros-lic.com. Pexum goctyna:
https://www.akros-llc.com/products/ekologicheskie-reshenia/po-zakachke-burovykh-otkhodov-v-plast/ (nata obpalueHus:

08.01.2024).
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SIBNSIETCS OCHOBOW, OnpenensitoLen 4onrocpoy-
HOCTb M HAAEXHOCTb JAHHOIO TEXHOMOrMYECKOro
npouecca, a obHapyxeHne onacHOCTEN Ha Ha-
YyanbHbIX 3Tanax Nno3BoNsAeT NPaBUbHO CraHn-
poBaTb BO3MOXHbIE MepPbI MO CHYKEHWIO AAaHHOIO
pucka, KoTopble CBeAyT K MUHUMYMYy BPEMEH-
Hble NoTepu 1 3atpaTbl. MOHUTOPUHI BKMOYaET
B cebsi HenpepbIBHYIO perncrpauuio n aHanums
OCHOBHbIX NapaMeTpOB 3aKayku: pacxof 3akauu-
BaeMOW XNOKOCTU, TemrnepaTypa 3akaunBaemonm
XnakocTn, 3abonHoe gaenexne, 3aTpybHoe gae-
rnieHne, YCTbeBOE [aBMeHMeE.

B nocnegHee BpeMsi MOHUTOPWUHI MpoLec-
ca 3aKayku 3Ha4YMTErNbHO YCUNWUICH B CBSI3N C
yXXectouyeHneMm TpeboBaHMI MO OXpaHe OKpy-
atowen cpefpl, YTO NoBbicUIO Ge3onacHOCTb
NPYMEHEHMS TEXHOMOMN OOpaTHON 3aKayku Oy-
poBbIx oTxodoB B nnact [15]. Komnnekc no 3a-
Kayke Wnama B nnacT BKMOYaeT B cebsl Hagex-
HbIi METOA N3MEPEHUS N PErMCTPaLMU CKOPOCTH
3aKayky, [OaBMEeHUs, PEeoriorMYecknx CBOWCTB

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

nynbnbl 1 o6bemMa B AMHaAMKKe No BpeMeHu. Ha
puc. 5 BUAHA Kaxaasi 3akadaHHasi nayka XKunako-
CTK, 0003Ha4YeHHas pasnNUYHbIMK LBETaMu, 4TO
NMo3BONSIET WHXEHepy-TEXHOMOory Habniogatb u
CpaBHMBaTb MNOBEOEHWEe AaBfieHWs C napame-
TpaMu Kak Ha MOBEPXHOCTU, Tak U B 3aOOMHLIX
ycnoeusix. B kavyecTtBe OONONHUTENBHOW MeEpbI
pekomMmeHayeTca obopyaoBaTb CKBaXkMHy 3abon-
HbIM MaHOMETPOM.

AHanuna paboymx XxapakTepUCTUK BbIMOSHS-
eTca Onsi NPOBEPKM Pe3yrnbTaToB MOCTPOEHMS
MOZENM TeonormM4YecKkon cpedbl, a pesynbraThbl
nepecMaTtpuBaloTCs B Clyyae MNOSIBIEHUS OT-
KIOHEHWI, KOTOPble MOryT yKa3biBaTb Ha Mpo-
6nembl ¢ 3akaykon. Hagnexatiee BbiNnonHeHne
npouenypbl MOHUTOPUHIa U aHanu3a obneryat
yrnpaBreHne KPUTUYECKN BaXKHbIMW COCTaBNS-
IOLLMMM NPOEKTa, TeM caMbiM obecrnevnBas on-
TUMarnbHble paboyne napameTpbl U CBOASA K MU-
HUMYMY 3KCNIyaTauMoOHHbIE W 3KONOrnyeckune
PUCKN.
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Puc. 5. lMpumep 2paghuyecko20 uzobparkeHuss nepuoda 3aKa4yku wiamoeol nynbnbl
u3 npozpammsbl komnaHuu «AKPOC» WorkFlow®:
1 — OaeneHue 8 3ampybe A; 2 — OaeneHue Ha 3aboe, pacdem; 3 — 0asrieHUe Ha ycmbe; 4 — M2HOBEHHbIU pacxoo;
5 — memnepamypa noddepxaHus rnracmoeozo 0asneHus; 6 — UHmMepearibl 3aKkadku
Fig. 5. A graphical example of the period of slurry injection
from the WorkFlow software of the AKROS companys®:
1 —annulus (A) pressure; 2 — bottomhole pressure, calculation; 3 — head pressure; 4 — instantaneous flow rate;
5 — reservoir pressure maintenance temperature; 6 — injection intervals

6 TexHonorusi obpaTHO 3akadkM OTXOOOB OypeHus B MOMMOLLAIOLLYI0 CKBaXKMHY kak Hambonee akorornyecku addek-
TMBHbIA cnoco® ytunusauum orxopos // Akros-lic.com. Pexum poctyna: https://www.akros-lic.com/innovation/projects/
tekhnologiiya-obratnoy-zakachki-otkhodov-bureniya-v-pogloshchayushchuyu-skvazhinu-kak-naibolee-ekolo/ (nata ob6pa-

weHns: 04.01.2024).
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HenpepbiBHbIN aHanNu3 OaBneHus U pacxo-
42 XNOKOCTN BO BPEMS 3aKayku NpeaoctaBnser
BecueHHyI0 MHdopMaLmio 0 NOA3EMHbIX NpoLec-
cax BO BpeMs 3akadku oTxonoB. [oBeneHve nas-
NieHVa B NpoLecce MOHUTOPWHIa MO3BOMSET UH-
XeHepy OLEHWTb PUCKMN 3aKayku 1 BOBPEMS Npu-
HATb HEOBXOANMbIE MEpPbI MO NX CHMXKEHWUIO [16].
Mpouecc 3akaykm TpebyeT Xxopoluen Bu3yanu-
3auun napameTpoB, MO3TOMY AN 3TUX Lenen
MCNoNb3yKTCA CneunannavpoBaHHbIe Nporpam-
MHble MPOAYKTbI, MO3BOMALLME aBTOMATUYECKN
CTPOUTbL rpadhukn 3aKaykv HemnocpencTBEHHO C
YCTbEBbIX Y NOA3EMHbIX AaTHMKOB.

Wcnonb3oBaHue TexHonorum ytunmsauum oy-
POBbLIX OTXOOOB CO BCEX CKBaXWH HAa HA3eMHOM
NpoekTe MO3BOMSET MCKMYNTE HENPOM3BOAM-
TenbHOE BPeMS MO NPUYMHE HakoneHns 6yposo-
ro wrnama Ha paboyer nnowaam [17]. KoHTporb
pasMeLLeHns 0TxXod0B OypeHns Yyepes CKBaXKWMHY
NCKIoYaeT BCEBO3MOXHbIE PUCKM M pa3meLlaeT
MakCMMarnbHO BO3MOXHOE KONMYECTBO OTXOLOB
B obbekTe 3akayku. [Npu ocylecTBneHnn AaH-
HOW Mpouenypbl NPOekT byaeT oTeBedatb Tpebo-
BaHWsIM HyneBoro cbpoca 0TXo40B Ha NOBEPXHO-
CTU N MOXET ObITb peannsoBaH B 3KONOrMYECKN
YyBCTBUTENbHbIX panioHax, rae yaensawT ocoboe
BHMMaHWE BOMpPOCcaM, CBA3aHHbIM C 3arpsi3HeHu-
eM OKpyxatoLlen cpebl [18].

Pe3ynbrathl UCCcriefoBaHuUA
n nx obeyxaeHue

[aHHaa npobnema paccmaTtpmMBaeT MNOTEH-
uMan ucnornb3oBaHUsl «TEKTOHUYECKM IKPaHU-
POBaHHbIX NTOBYLLEKY» B KQ4ecTBe MeToaa yTumu-
3aumm BypoBbIX 0TX040B B Poccuu. YkasaHHbIN
MeTo NoAYEepPKMBaAET Kak NpenmMyLlecTsa, Tak 1
npobnemsbl, CBA3aHHbIE C 3TON TEXHOSOTMEN.

JKonorn4yeckoe nNPenUMyLLECTBO CBSI3aHO C
TEM, YTO 3aKkaumBaHue OypOBbIX OTXOOOB B 3TU
MNOBYLUKM Npegnaraet cnocob yMeHbLUeHNsT Xpa-
HEeHNs1 OTXOA0B Ha MOBEPXHOCTU N MUHUMU3ALIMN
BO3ZENCTBUA Ha OKPYXaloLLylo cpeny, a Takke
CBSAI3aHHbIX C 3TUM 3aTpaT. CHUXKEHME HaNoroBom
Harpy3kun MOXET MOTEHUManbHO CHU3UTb Haro-
FOBYHO Harpysky Ha HedTerasoBble KOMMNaHu1 3a
CYET MUHUMM3ALUN XPaAHEHUs1 OTXOOOB U CBS-
3aHHbIX C 3TMM 0653aTenbCTB MO OKPYXatoLLen
cpene. ObpaboTka 3KONOrMYECKUX HOPM MOXKET
nomMoub KoMnaHuam cobnogaTtb Bce 6onee CTpo-
rme 3KOMorn4yeckne Hopmbl B HedTerasoBon oT-
pacnu. Mpobnembl gaHHOrO MeToda CBsA3aHbl C
paspeLleHneM 1 NULEH3MPOBAHMEM: NOMyYeHue
HeobXoOMMbIX paspeLLeHniA U KOOpAMHALUUS Nn-
LEH3UN Ha yTUImM3aumo OTXOL4OB B 3TUX JIOBYLU-
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Kax B HacTosiLLee BpeMs SBMSIHOTCS CITOXHbIMU U
TPyoOEeMKUMM npoLieccamu.

TwartenbHble reonornyeckme U rmaporeoro-
r’MYeckne UCCreaoBaHUs MMEKT Ba)KHoe 3Haye-
HMe ans obecneyeHnsi 6€30MacHOCTM PeCcypcoB
NMOA3EMHbIX BOA W MPeAoTBpaLleHust 3arpsasHe-
HUSE OT yTunusauum otxogoB. OO6cyxaaemas
Hamu npobrema npeanonaraeT, YTO pa3paboTka
3TOWN TEXHONOMMN UMEET 3HAYUTENbHbIN NOTEHLMU-
an ans W1poKoro pacnpocTpaHeHusi, 0COBEHHO
YyUMTbIBas pacTyllee BHUMaHUE K 3KONOrMyecku
YMCTBIM U YCTOMYMBBLIM METOoAaM MPOU3BOACTBA
Hed TN 1 rasa. ATOT CABMI B OTpacnn B coyeTa-
HUM ¢ Bornee CTPOrMMM 3KONOTMYECKUMM NpaBu-
naMmm M noTeHumanbHbIMA HanoroBbIMK NbroTa-
MU MOXET co3daTb bnaronpusiTHylo cpegy Ans
LLMPOKO pacnpoCTpaHeHHOW peanu3aunmn gaHHo-
ro Mmetoga.

MepekaunBaHme OypoOBLIX OTXOAOB B TEKTO-
HUYECKN 3KpaHMPOBaHHLIE NOBYLLKX Npeanaraet
MHoroobGellatllee peleHne Ans ynpa.reHus
OTXo4aMm B POCCUNCKOMN HedbTera3oBow oTpac-
nn. YuntbiBasa npobrnembl ¢ paspeLLeHemM n re-
OrlorMYeckom OLEeHKOWM, 3TOT Noaxod UMeeT 3Ha-
YuTeribHble 3KONMOrMYeckMe W 3KOHOMUYEcKue
BbIrOAbI.

3aknroueHune

TexHonornsa 3akayku 6ypoBbIX OTXOAOB B TEK-
TOHUYECKM 3KPaHMPOBAHHbIE JTIOBYLLKWN SIBMSIETCA
WHHOBALIMOHHOM N nepcrnekTuBHon ona Poccuw.
Ha Tekywuin MOMEHT LUMPOKOE ee pacnpocTpa-
HEHVE COEPXMBAETCS CMOXHOCTbIO MOMy4YeHus
paspeLLeHnid, CornacoBaHUn NULEH3UA Ha OCy-
LLlEeCTBMNEHNe OeATENbHOCTM MO pa3MeLLeHUo
OypoBOro Lnama B TEKTOHMYECKM SKpaHUPOBaH-
Hble NOBYLLUKW, @ Takke HeobXO4MMOCTLIO TLla-
TeNbHbIX FE0NIOrMYECcKUX U rMaporeosiorMyeckmx
000CHOBaHWI ONs YCTAHOBMEHUS 3aLUULLEHHO-
CTV MOO3EMHbIX BOA OT MOCTYMMEHUS 3arpsi3Hsi-
OLLMX BELLECTB U3 3aKayeHHbIX B NNacT OTXO40B.

B cBsi3n ¢ HanpaeneHMeM BEKTOpa pPa3BUTHUS
HedpTerasoBor OTpacnM Ha 3KOMornM4yHoe n 6es-
OTXOOHOE NPOM3BOACTBO, YXXECTOYEHWEM HOPM
n npaesun B cdoepe Aobblum NonesHbIX Nckonae-
MbIX, YBENTMYEHNEM HANOroBbIX CTABOK 3a pa3me-
LLleHWe OTXOA0B, a TakKKe BBEAEHWEM [OMONHU-
TeNbHbIX KO3 MLMEHTOB NpU pacyeTe Harnoro-
BbIX MJlaTeXeW 3a HeraTMBHOE BO3ENCTBME Ha
OKPY>KaloLLYtO Cpeady MOXHO NMpearnonoXnuTb, YTO
pas3BMTME METOAOB 3aKayky OTXOOOB B MNacT, B
YACTHOCTU TEKTOHWYECKM 3KPaHMPOBAHHBLIX NO-
BYLUEK, MMeET BOonbLUON NOTEeHUMan ans noece-
MECTHOrO pacnpocTpaHeHusi. OTO MO3BOMMUT He-
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CbTeI'a3OBbIM KOMMNaHNAM COKpaTuUTb obbembl OT- CHATb 6y,u,yu.|,1/|e aKonornyeckne obszarenbcTea
Xoaos 6ypeH|/|;|, CKInagnpyemblX Ha NoBepPXHOCTU nepen KOHTponunpywwmmn opraHammn B 4acTu
3eMI, CHU3NUTb HarnoroByr Harpys3ky, a TakKxXe pasmMeLlleHnda 6yDOBbIX OTX0A0B Ha NMOBEPXHOCTMU.
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O BNUAHMM nokasartenen HeOAHOPOOAHOCTHU
Ha 3P PeKTUBHOCTb NPOrHo3mpoBaHnsa KoadduumeHTa
NPOAYKTUBHOCTU (Ha NpumMmepe 3anexen B KapOOHaTHbIX
Konnekropax Ypano-lfloBonxbs)

P.A. T'mnasetgmHoB®, J1.C. KynewoBa®

ablHemumym Hegbmu u easa Yhumckoao 2ocydapcmeeHHO020 HEhMSIHO20 MEXHUYECKO20 yHuUsepcumema —
unuan 8 2. Okmsabpbckom, Okmsbpbckul, Poccus

Pe3trome. Llenb faHHoM paboThl 3aknodanachk B NpeacTaBneHnn pesynsTatoB aHanmnsa uccnegoBaHus, NPOBEAEHHOTO Ans
onpeaernexHns CTeneHn BN1siHUA nokasaTenen HeoaHOPOOHOCTU Ha 3W(PEKTUBHOCTb MPOrHO3MPOBaHUSA KO3hdULIMEHTA MPO-
OYKTUBHOCTW Npu nomMoLLy AnddepeHLMpOBaHHOMo aHanmaa rno Tpem KpyrHbiM cTpaTurpadunyeckum eguHmiLam, npuypoYeH-
HbIM K kapBoHaTHbIM KornnekTopam Bonro-Ypanbckoin HedTerasoHOCHOM NPOBUHLIMK. Ha Ha4anbHOM aTane peLueHnst 3agaqum
6bInn B35iTbI ABE BbIOOPKN AaHHbIX, COCTOSLLME W3 PasfIM4HOM NO NOTHOCTU re0fioro-NPOMbICIIOBON MHAOPMaLIMK 1 NyTem
MCNOSb30BaHUSA MOMyYEHHbIX paHee (hOpMys OCYLLECTBMEH MOUCK OOBbEKTOB-aHANoroB Ansi MeHblueln no obbemy BblGOp-
Kn 3anexein. 3ateM npy pasnuyHbIX BXOAHbIX AaHHbIX MOMyYeHbl aHanmUTUYeckre 3aBUCMOCTM NPOrHO3MPOBaHMS BPEMEHU
O4UCTKM Npr3aboNHOW 30HbI MNacTa Ans TPeX KPYMHbIX CUCTEM, KOTOpble B AanbHelnwweM Obinv MoamdmumpoBaHbl Npu no-
MOLLIY MOBCEMECTHOIO U €AMHUYHOTIO Y4eTa YeThbIPeX NapameTpPOB KOMMIEKCHON HEOQHOPOAHOCTU, XapakTepuayroLwmx urb-
TPaLMOHHO-eMKOCTHbIE CBOVCTBa NPOAYKTUBHBIX MNacToB. [ns nonyveHHbIX Modenew BbiaeneHbl Kputepyumn nx npumMeHeHus
B paMKax pelleHus 3agad paspaboTkn HedTAHbIX MecTopoxaeHui. CaenaHbl BbIBOAbI, KacaloLMecs MexaHU3MOB OYUCTKY
Npv3aboiHON 30HbI NacTa, NPOrHO3UPoBaHUs KO3hduULMeHTa NPOAYKTUBHOCTMN B Pa3MNYHbIX FEONOrMyYecknx cucteMax, 0co-
60e BHMMaHue yaeneHo HeobXxoauMOCTU NPOBeAEHUS rIyOOoKOro aHanmsa B NOCKOCTM NPeAcTaBneHns TpexX BblAENeHHbIX
CMCTEM Ha CregyoLlemM MepapxuyeckoM ypoBHE: MO Apycam M rOpuM3OHTaM B LIEMSX NMOMCKa 3aKOHOMEPHOCTEN M3MEHEHWS
napameTpoB BHYTPW ManbIiX rpynn 1 0606LLEHHON OLEHKW BNNSHUSA HEOAHOPOAHOCTU Ha KO3 MULMEHT NPOAYKTUBHOCTH.

Knrovesnble crioea: kapboHaTHbIE KOMNEKTOPbI, KO3MMULMEHT NPOAYKTUBHOCTMN CKBaXWH, CTpaTurpaduyeckas cuctema,
HEOAHOPOAHOCTb reOSIONMMYECKOro CTPOEHUsI O6BLEKTOB, (OUNBTPALIMOHHO-EMKOCTHbLIE CBOWCTBA MPOAYKTMBHbIX MiacToB,
reosioro-cTaTucTM4Yeckoe MoaenupoBaHme

Ansa yumupoeaHusi: TvnasetauHos PA., Kynewosa J1.C. O BnusiH1M nokasartenei HeogHOPOAHOCTU Ha 3hdEKTUBHOCTbL MPOrHO3u-
poBaHus kKo3bhrLMEHTa NPOAYKTUBHOCTY (Ha MpUMeEpe 3anexen B kapboHaTHbIX konrektopax Ypano-losormkest) // Haykv o 3emne
1 Hegpononb3oBaHue. 2024. T. 47. Ne 2. C. 170-179. https://doi.org/10.21285/2686-9993-2024-47-2-170-179. EDN: BNNZPK.
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Original article

Influence of heterogeneity indicators on
productivity index prediction efficiency (on example
of carbonate reservoir deposits in the Ural-Volga region)

Ruslan A. Gilyazetdinov®, Lyubov S. Kuleshova®

ablnstitute of Oil and Gas of the Ufa State Petroleum Technological University,
Oktyabrsky Branch, Oktyabrsky, Russia

Abstract. The purpose of the work is to present the analysis results of the research conducted to determine the influence
degree of heterogeneity indicators on the efficiency of productivity index prediction using the differentiated analysis for
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three large stratigraphic units confined to carbonate reservoirs of the Volga-Ural oil and gas province. At the initial stage
of solving the problem, two data samples were taken, which consisted of geological and field information of various
completeness. Using the formulas received before, a search for analogous objects for a smaller sample of deposits was
carried out. Next, having different input data, the authors obtained analytical dependences for predicting the cleaning
time of the bottomhole formation zone for three large systems. The latter were later modified using widespread and
single accounting of four parameters of complex heterogeneity characterizing porosity and permeability of productive
formations. The application criteria were identified for the obtained models to solve the problems of oil field development.
The conclusions regarding the cleaning mechanisms of the bottomhole formation zone and productivity index prediction in
various geological systems were drawn. Particular attention was paid to the need for in-depth analysis of the hierarchical
representation of the identified three systems: by tiers and horizons in order to find the patterns of parameter changes
within small groups and a generalized assessment of the effect of heterogeneity on the productivity index.

Keywords: carbonate reservoirs, well production ratio, stratigraphic system, heterogeneity of the geological structure of
objects, porosity and permeability of productive formations, geological and statistical modeling

For citation: Gilyazetdinov R.A., Kuleshova L.S. Influence of heterogeneity indicators on productivity index prediction
efficiency (on example of carbonate reservoir deposits in the Ural-Volga region). Earth sciences and subsoil use.
2024;47(2):170-179. (In Russ.). https://doi.org/10.21285/2686-9993-2024-47-2-170-179. EDN: BNNZPK.

BBeneHune

BakHbIM acnekTom NpoekTMpoBaHUs 1 peanusaunm 3 ekTUBHON CUCTEMBI Pa3paboTKn HEPTAHBIX
MECTOPOXOEHUN SBNAETCA CBOEBPEMEHHOE YTOYHEHWE reonoro-npoMbICNOBbLIX NapamMeTpoB U NPUHA-
TWe Ha OCHOBE UX aHan13a 1 MHTepnpeTaLnm BbICOKOKBaNMOUUMPOBaHHbBIX 1 OOOCHOBAHHbIX MPOEKTHbIX
peLleHnid Anst HapalwmBaHUsa TEMMOB POCTa TEXHUKO-9KOHOMUYECKMX nokasatenen [1-2]'. CoBpemer-
Has aKcnnyataums AaBHO paspabaTbiBaeMbIX M TOMbKO BBOAUMBIX B MPOMBILLMEHHYO JKCMyaTauuo
3anexen OCMNOXHeHa LenbiM KOMMIIEKCOM Npobrnem, Cpeam KOTOPbIX KMOYEBYHD POrib UrpaeT HU3KUN
MPOLEHT OCBELLEHHOCTU MAPOANHAMNYECKUMU U re0PU3NYECKMMU UCCNEQOBAHUAMMN IKCMyaTaLOoH-
HOro ooHaa CKBaXkVH 13-3a NpobrnemM opraHn3aLMoOHHO-3KOHOMUYECKOTO XapakTepa, KOTOpbI MPUBOANUT
K CKOMMEeHMI0 HenpeacTaBUTENbHOM 1 yCTapeBLUen MHbopMaLMK U HaknaabiBaeT psifi OrpaHU4eHnn Ha
NCNOMb30BaHWe AaHHbIX B pasfyyHbIX NPUKITagHbIX Lensx, B TOM YMCne Ang nomcka 3akOHOMepHOCTEN
mMexay napametpamu [3].

Tak, HanpymMep, Npy YNIIOTHEHWUM CETKN CKBAXXMH Ha TEPPUTOPUN cpeaHen No NIoTHOCTH pasby-pu-
BaHUSA 30HbI B Npefenax ogHOM M TOW Xe 3anexu yCTaHOBMEeHO, YTO Bapuauus nokasartenen, otpa-
Xarowmx unsTpaLMoOHHO-eMKOCTHbIE CBOMCTBA NPOAYKTMBHbBIX MMAACTOB, MOXET ObITb 3HAYUTENBHO
HEOQHOPOOHOW KaK B MEHbLUYHO, Tak U B 60MbLUYI0 CTOPOHY OT 3TANIOHHOMO 3Ha4YeHWs Mo paccMaTpuBa-
eMblM 00bekTam [4]. ATO roBOpUT 0 HEOBXOAMMOCTN 3HAYUTENBHOIO COBEPLLUEHCTBOBAHUS CYLLECTBY-
IOLLIMX HAYYHO-METOANYECKUX OCHOB, anropuTMOB 1 MOAEerNen.

MaTtepuansl n metToabl
uccreqoBaHusA

OpHVM 13 NapamMeTPOB, YUUTLIBAOLLUX B UHTErpanbHON hopmMe 0COBEHHOCTY MPOAYKTUBHBIX NaCcToB
N HacbILLAKLWMX UX OrOMAOB, SABMSETCA KOIMULMEHT NPOAYKTUBHOCTM CKBaXKUH. TOMHOE onpeaeneHve
AaHHOro nokasaTens Ha pasfnuyHbIX aTanax aKCnnyaTauum CKBaXKUH OrpaHNYeHo CriedyowmmM BInsHUEM
MPOLLECCOB, NPOTEKAKOLLMX pa3aenbHO UN NOBCEMECTHO B Npeaerax nracTtoBbIX ycrosun [5, 6]:

— oumncTka npusabonHon 3oHbl nnactos ([13I1) oT npoaykToB 6ypeHus (B 3aBUCUMOCTM OT TEKTOHU-
YecKoW eguHULbI BpeMsa BoccTaHoBneHnsa cBoncTB 311 kapOoHaTHbIX KONMEKTOPOB U TEPPUTEHHbIX
KONMMEeKTOPOB COCTaBnNsAeT 2—3 roga u 5—7 nNeT COOTBETCTBEHHO) [7];

— BOCCTaHOBfEHNE 0O HEKOTOPOro npedena napameTpoB, XapakTepuayoLwwmx psg CBOMCTB Mpo-
OYKTUBHbIX NNACcTOB W HACbIWALWMX X nionaoBs, a Takke aHepreTuyeckoe CoOCTOSHME 3anexu;

— M3MeHeHue CTPYKTypbl noposoro npoctpaHcTea M3[1 B cBA3M ¢ BO3HUKHOBEHMEM Aenpeccumn
npy OCBOEHUY;

— HacblleHne NopoBOKr cpedbl MenkoaucrnepCcHoOMm CMeChbio rOpPHbIX MOPOA, paspyLUEeHHbIX 40MNo-
TOM MPU CTPOUTENBCTBE CKBaXXMHbI U BBIHOCUMbIX MPOMbIBOYHOW XNOKOCTbIO;

— KOMOVHMPOBaHHbIM N HEOOAHOPOLHbIM BIIMSIHMEM MHOroasHon cpefbl, COCTOSILLEN U3 XXUAKO-
CTU MYyLIEHNs 1 NNacTOBOM XNAKOCTU, HA MaTpuLy ropHbIX Nopos;

" AHgpwuacoB P.C., MuweHko W.T., MeTtpos A.W. [n ap.]. CnpaBo4HOE pPyKOBOACTBO MO MPOEKTMPOBaHUIO pa3paboTku 1
aKcnnyartaumm HedpTsHbIX MecTopoxaeHui. [lobblva HedTu / nog obw. pea. LW.K. MTmmatyouHoBa. M.: Hegpa, 1983. 455 c.
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— KOmnbMartaums yoaneHHbIX u bnuanexaiimx 3oH gunstpatom 6ypoBOro pacteopa Unm TeXHUYe-
CKOW >XNMOKOCTU Npu BypeHnn, OCBOEHUN, PEMOHTE UMK SKCMyaTaumnm CKBaXUH;

— oboralleHre NNacToOBOW XMAKOCTU BOAAMU Pa3fMYHON MUHEpPanuM3aLmen, B pesynbsrarte Yero Ha
NMOBEPXHOCTU chrtomaa obpasyoTcs ydacTkM, Ha KOTOPbIX NPOSIBNAETCSA NMEHKa 13-3a pasHuLbl BeNu-
YMH NOBEPXHOCTHbIX HATSXKEHWUNA;

— M3MEHEeHUe TeMnepaTypHOro pexxmmMa ckerneta ropHblX Nopoa U pasnuyHbIX 30H NPOAYKTUBHOMO
nnacTa, obnagatwLmx NPeNMyLLECTBEHHO SIPKO BbIPaXXEHHOW B3aMMOCBSA3bIO C APYrMMU nnactaMmu
yepes CMCTEMY eCTECTBEHHbIX TPELLUH 1 Pa3fioMOB.

Bce BbllwenepevncneHHble hakTopbl ABMSOTCS B CBOK ovepedb M MpUYMHaMy OTKITOHEHUs Te-
KyLUMX 3Ha4YeHUI KoahdumumeHTa NpoayKTMBHOCTU OT MPOrHO3HbIX nokasatenen [8—12]. OgHon m3
ocobeHHOCTeN paccMaTpvMBaeMoro napameTpa SIBASieTCs ero BbICOKas 3aBUCUMOCTb OT reonoruye-
CKOro cTpoeHus obbekTa. [ina nogrBepXaeHns JaHHOro yTBEPXKAEHUSA NPoBeAEM UccneoBaHue, no-
CBSILLIEHHOE KOMMMEKCHOMY aHanu3y OUHAMWKM BbIXO4A CKBaXKWUH Ha MaKCUMaribHbI ONTUManbHbIN
aebut (MOL) B ycnoBusix pasnnyHon cTpaTurpaddnyeckon NpuypoveHHOCTH 3anexen B Lensax ycra-
HOBIEHNSA 0OOCHOBAHHbIX U aKTyarbHbIX 3aKOHOMEPHOCTEN M3MEHEHUI NMapaMeTpPOB NpU NPOrHO3u-
poBaHuUn kKo3ahuumeHTa NpoaAYyKTUBHOCTH.

B kauecTBe 0b6bekTa nccnegosaHusa 6binm BoibpaHbl 6onee 200 3anexen kapboHaTHbIX KONMEKTo-
poB Bonro-Ypanbcko HepTerasoHOCHOW NPOBMHLMMK, OTBEYAIOLLMX CreayoLwmMM YCNoBUsSM NOeHTH-
dourKaLmMoHHOM BbIGOpKK [13—15]:

— BCKPbITbl 3HAYNTENbHBIM KONMYECTBOM CKBaXXMH OCHOBHOIO M TPaH3UTHOro hOHAOB;

— pa3bypeHbl NIIOTHOW CETKOW CKBaXWH;

— B [JOCTATOYHOW Mepe OCBELLEHbI PSIAOM reonoro-npoMbICNOBbLIX UCMbITAHWNA.

[ns ganbHenwmx nccnegoBaHnii K ICXOAHOW BbIGOPKE AaHHBLIX Obini OTHECEHbI TaKKe N HEKOTO-
pble 3anexu, BCKPbITble eAUHNYHBIMW CKBaXXMHaMU 1 pacronoXeHHble B Npegenax panoHos, cnabo-
OCBELLIEHHbIX pa3BedoyHbIM U ONOpPHbIM BypeHuem, reonornyecknmun, reoPuanyeckumm 1 rmapoam-
Hamu4eckmmun nccnegoBaHuamn [16]. OHM chopmmpoBanu KOHTPONbHYK BbIGOPKY AaHHbIX. O6Lwmi
00bEM reonoro-NpoMbICAIOBON MHGOPMALMK A5 NPOBEAEHMS MOOENMPOBAHWUS COCTAaBUI 3HAYEHUS
19 pasnuyHbIx NnapameTpoB (Tabn. 1) no 6onee yem 300 ob6bekTam, basnpyoLWLMMCA B Npeaenax Kpyn-
HbIX Y MEMNKNUX MECTOPOXAEHUN HeddTH.

Tabnuua 1. MNapameTpbl, Ucnonb3yemble ANs MoaerMpoBaHUA
Table 1. Parameters used for modeling

O6o3HaveHne PaclundpoBka napameTpa, eanH1La n3MepeHns
H,,, [mybuHa 3aneranns, M
Hyg O6was TonwmHa nnacra, M
H, AbekTBHas HedTeHaChILLEHHAs TOMNLWMHA, M
H, CpepnHsas TonuimHa HedhTeHaChILLEHHbIX MPOMAacTKOB, M
m, KoadhdpmumeHT nopuctocTn, 4onu ea.
tun HauanbHas nnactosast Temnepartypa, °C
B, HayanbHoe nnactoBoe gasnexune, Mlla
Uy BsAskocTb HebTH B NNacToBbIX ycnosusx, mia-c
Pu MnoTHOCTL HedhTW B MNACTOBLIX YCNOBHUSIX, Kr/M3
B O6beMHbI kKO3DDULMEHT HEdTH
P [laBneHve HacblweHns HedhTn rasom, Mla
Uy BsAskocTb BOAbI B NIACTOBLIX YCNOBUsIX, MINa-c
K, KoathhmumeHT HedbTeHaChILLEHHOCTW, AONK ef.
Kipon KoadhpuLMeHT NPOHNLIAeMOCTH, MKM?
K, KoadhdpuumeHT necyaHncTocTu, Jonm eg.
K, KoadhdpuumeHT pacyneHeHHoCTH
I, MapameTp HEOAHOPOAHOCTM NO NOPUCTOCTM
Iy, MapameTp HeOAHOPOAHOCTU MO AMPEKTUBHON HEDTEHACHILLEHHOW TOSLLMHE
My, MapameTp HEOAHOPOAHOCTM NO TONLUMHE He(PTEHACHILLEHHBIX NPONIaCcTKOB
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Pe3ynbraTthl uccnenoBaHus
M ux obecyxxaeHue

MepBoHayanbHO 6onee 200 06HLEKTOB C MCNOMb30BaAHMEM AUCKPUMUHAHTHOIO aHanu3a 6binv pas-
OeneHbl No cTpaTurpadouieckomy KpUTEPUIO B Npeaenax KpyrnHbIX CUCTEM (GEBOHCKON, MEPMCKOW 1 Ka-
MEHHOYTOMbHOM) Mo NepBbIM 16 napameTpam (pucyHok). Mocne atoro 6binun BeibpaHbl Hanbonee npea-
ctaButenbHble moaenu (1)—(3) ona onucaHnsa AMHaAMUKN U3MEHEHUSA KoadhdpmumeHTa NpoayKTUBHOCTU
CKBaXXVMH 10 MOMEHTa BbIXO4a Ha onTUMarbHoe 3HadeHne aebuta npu nomoLy Beibopa 3aBUCUMOCTEN
C BbICOKUM KO3 ULMEHTOM AeTepMuHaumm (B cpegHem 0,897) n HU3KoM norpeLlHocTbio (4,4 %):

— Ang rpynnbl OObEKTOB NEPMCKON CUCTEMBI:

KI t,
— 22 =0,18+0,82—; (1)
Knpo,c[ tO
— Ana rpynnbl obbekToB KameHHoyroanoﬁ CUCTEMDbI:
tl
K o B 2,31%, |
K - tl ) (2)

woa 0,09 +
0

— Aana rpynnbl 0ObEKTOB AEBOHCKOW CUCTEMBI:

K! tl
npoj
— 2 = 0,134+ 1,2In—, 3
K t
poj, 0
roe K'HWL — Tekyllee 3Ha4YeHue KoadpduumeHTa NpoayKTUBHOCTM CKBaXXMH B MOMEHT BpeMeHu t', To
€CTb BPEMEHM KOTOpOe MPOLLIO C MOMEHTa Mycka CKBaXMHbI B akcrnyaTtaumio; K 'npoﬂ — KO3hpULMEHT
NPOAYKTMBHOCTW, ONpeneneHHbli Ha MOMEHT BpeMEHU cTabunusauun ty, To ecTb Npu OOCTUKEHUU
ckBaxknHon MO[.

T T T T T T T T T T T T T
-4 1 0 1 2 3 4 5 6 7 g M1

3 2 R
Gm on om ow (3:1-11533v @ﬁz—}m

PacnpedeneHue o6bekmoe e kapboHamHbIX KosileKmopax 0e80HCKOU, KaMeHHOY20/1bHOU U nepMcKol
cucmemM 8 0CsIX KAHOHUYeCKUX OUCKPUMUHaHMHbIX ¢byHKUULU:
| — yeHmpoudsbI u 30HbI epynnuposaHusi obbekmos; lI-1V — obbekmei: Il — degoHckol cucmembl, Il — kameHHoy201bHOU
cucmembl, IV — nepmckol cucmembi; V — 30Ha HeoripederneHHocmu 06beKmMo8 0e80HCKOU U KaMeHHOY20/TbHOU cucmem;
VI — 30Ha HeornpedeneHHOCMU 06BLEKMO8 KaMEeHHOY20/TbHOU U rnepMckol cucmem
Distribution of objects in the carbonate reservoirs of the Devonian, Carboniferous and Permian formations
in the axes of canonical discriminant functions:
| — centroids and grouping zones of objects; II-1V — objects: Il — Devonian formation, Ill — Carboniferous
formation, IV — Permian formation; V — zone of uncertainty of objects of the Devonian and carboniferous systems;
VI — object uncertainty zone of Carboniferous and Permian formations
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YpaBHEHUsI KAHOHMYECKUX NEPEMEHHbIX Ans noucka o6bEeKTOB-aHaNoroB B OCSIX KaHOHUYECKMX
OVCKPUMUHAHTHBIX (PYHKUMA NPU TEKYLMX YCMOBUSIX CUCTEMbI, MOSlyYeHHble MO AaHHbIM Gonee
200 3anexen 6e3 y4yeTa NOCNeaHMX YeTblpex KOMMMEKCHbIX NapameTpoB:

yy = 114 = 0,79H,,, + 2,6Hysy — 1,3Hy + 0,78H, — 3,3my + 1,8t,, — 24Py, + 3,71, —

—44p, — 928 + 1,1P,ac — 0,871, — 6,2K, + 2,4K 0, — 03K, — 7,1K, (4)
Y2 = 0,6 = 0,98H,, + 0,37Hosy — 5,5H, + 11,3H, + 1,2m, + 0,9t,, — 0,7P,, + 11y, —
~2,1p, — 0,68 + 0,23P,c — 1,51, — 23K, + 0,01K,py — 02K, — 0,1K, ()

[onsa BepHO crpynnmMpoBaHHbIX 0GbEKTOB C MCMOMb30BaHMEM ANCKPUMUHAHTHOIO aHanm3a coctaBuna
bonee 89 %. B npegenax pasnuyHbIX KPYMHbIX CUCTEM HabnogaeTcd murpauns o6bLEKTOB U NPUCYT-
CTBUE NOrpaHuUYHbIX 06BLEKTOB, KOTOPbIE MOTYT BblTb OTHECEHbI K ABYM PasfvyHbIM rpynnam ogHoBpe-
MEHHO, YTO B CBOIO o4epenp:
— 00ByCrnoBneHo 3Ha4YNTENbHOW HEPAaBHOBECHOCTbLIO NAapaMeTPOB, XapaKTepmsyoLLMNX YCNoBms 3a-
neranusi U ouneTPaLMOHHO-eMKOCTHbIE CBOMCTBA NPOAYKTUBHLIX nnacToB [17];
— cnocobcTByeT (POPMMPOBAHUIO 30H HEOMpeaerneHHOCTEN, KOTOpble CYLLECTBEHHO COKpaluatoT
BO3MOXXHOCTW UCNOMb30BaHUSA NOMyYeHHbIX pe3ynsTaToB AN peLleHns 3agad paspaboTku.
3aTem Ha OCHOBE MOMy4YeHHbIX paHee ypaBHeHur (4), (5) n nssectHom popmynbl €BKNUOOBA pac-
CTOSIHNSI NPOBEAEH NOUCK OO EKTOB-aHaNoroB A5 KOHTPOIbHOM BbIGOPKM OaHHbIX, B pe3ynbrate Yyero
OJ151 COBOKYMHOCTM BCEX BbIOOPOK MO TPEM KpPYMHbIM CTpaturpacoruyecknm cMcteMam nomy4veHbl cre-
Aayowme o6obLieHHble mogenu (6)—(8):
— Ansa rpynnbl 06bEKTOB NEPMCKON CUCTEMBI:
! !
% = 0,69 + 0,89 In—; (6)
poj, tO

— Ons rpynnbl 06beKTOB KAMEHHOYTONbHOW CUCTEMBI:

T - 0,024 1,321
poz tO

— Ons rpynnbl 06beKTOB 4EBOHCKOM CUCTEMBI:

t,
Coms_ 27" (®)
Kupor 0,14+ &
to

[onsa BepHO CrpynnMpoBaHHbIX 06BLEKTOB MpY NMPOBEPOYHOM ANCKPMMUHAHTHOM aHanvae B OaH-
HOM CfyyYae 3Ha4mMTernbHO nosbicunack (4o 93 %), npu aToM B nNpefenax norpaHuYHbIX U conpeaens-
HbIX 30H TOW UM MHOW TPYNMbl OOBbEKTOB HabNgaeTca ckonneHne psga 0O6bEKTOB KOHTPOSTbHOM ©
naeHTUMMKaLNOHHONM BbIBOPKM C paccTosiHueM mexay Hummn meHee 0,1 eamHuubl (Mpy paccMoTpeHnn
cMcTeMbl OOBbEKTOB B Npeaenax ocen KaHOHUYECKUX ANCKPUMUHAHTHBIX (OYHKLUWUIA), YTO rOBOPUT O Ha-
NNYUKN CXOACTB MexXay oObekTamu pasnuyHbix rpynn. KosdduumneHTt getepmmuHaLmm n norpeLHocTb
Moenen B LENOM He3HAYMTENbHO CHU3WUNCH, YTO ODYCMNOBMEHO MOBbLILLIEHNEM MOKa3aTens Bapua-
umm napametpos [18].

CTONT OTMETUTL, YTO XapaKTep KpMBOW, OMNUCbIBAKOLLEN ONHAMUKY BbiXxoda CKBakMHbl Ha MO,
N3MEeHUINCA s BCex TpexX CUCTEM OLHOBPEMEHHO NPW BBEAEHMUN KOHTPOSbHOM BbIBOPKN:

— Ons rpynnbl 06bEKTOB NEpMCKO M KaMEeHHOYTomnbHOM cucTem B npegenax t'/t, < 0,765 Habnto-
JaeTca peskun Temn yBenuyeHUs KoadduumMeHTa MpOaYKTUBHOCTU U3-32 BbICOKOWM CTEMNEHU OYUCTKU
yyacTkoB M3, pacnonoXeHHbIX B Npeaenax MasbiX pacCTosHUA OT MHTepBanoB nepdopaumm; 3To noa-
TBEPXKOAETCA PaCCUUTAHHBLIMW 3HAYEHVSIMWN BPEMEHM BbIXoAa CKBaXkMH Ha MO[I, KoTopble cOCTaBunu B
cpegHeM no rpynnam obbekToB AByx cnuctemM 493 1 486 CyTOK COOTBETCTBEHHO, MPUYEM BKIlag, KOHTPOSb-
HOW BbIGOPKKM B CpeaHuUin nokasaTenb BpemeHu Bbixoaa Ha MO/ cyuiectBeHeH n coctaBnsieT 6onee 60 %;

— Ans rpynn oGbeKTOB AEBOHCKOW CUCTEMbI Ha NPOTSKEHUU U3MeHeHus t' /t, oT 0 oo 1 Habnto-
naetca paBHoMepHasa n 6onee rmy6okas ounctka M3I1 B cnny 3HaUNTENBHON OOHOPOAHOCTU KPUBOW,
YTO MOATBEPXKAAETCA MEHbLUMM 3HAa4YEHNEM BPEMEHM Bbixoda ckBaxkvH Ha MO[] paBHbIM B cpegHeMm
297 cyTok.
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B Tabn. 2 npeacraBneHbl KO3MMULMEHTbI U X 3HAYEHWUS, KOTOpble BXOAAT B MOAEMb MPOrHO-
31POBaHNSA NPOAYKTUBHOCTM CKBaXKMH MO 16 napameTpam 1 oTpaxaloT psih XapakTepucTuk obbekTa
nccnefoBaHus Ans pasnuyHbIX TUMOB BbIGOPOK.

Tabnuua 2. OCHOBHbIE YMCIOBbIE NOKa3aTenu Moaenen Ans NPorHo3npoBaHUs
ko3adppuumneHTa NPOAYKTUBHOCTU MO Pa3fiMyHbIM BbIOOPKaM OaHHbIX

Table 2. Main numerical indicators of the models predicting the production index
for various data samples

OcHoBHbIE NaoeHTugmkalmoHHas NoeHTndrkaumoHHas Beibopka
nokasaTenu Mogenm Bblbopka 1 KOHTpOIbHas BblbopKa
CBOGO/HBIH YIeH CBOGO/HBIH YIeH
37,3 -114
HSaJl HSHJ[
—-3,27 2,24
Ho6m Hon
0,4 -1,2
H, H,
-11,2 8,
H, Hy
KoadpcpuumeHTt 9,2 —47
3HaueHue My Fin
-34 6,78
m, K,
—34 —0,48
ﬁ KIIpOH
1,3 54
e K,
—-2,4 ﬁ
ﬁ KnpOH i Kn Kp
46’ 231°'-13 -2,4
KoacbdpnumeHT fetepmuHaLmmn R* = 0,632 R? = 0,597

Cnegyrowmn atan aHanmsa 6bil OCHOBaH Ha MOCTENEHHOM BBEAEHWU B MepevYeHb UCXOOHbIX
OaHHbIX MapaMeTpoB, OTPAKAMOLLUMX B KOMMIEKCHOM U MHTErparnbHOM BMAE Fe0NOrM4ecKyto HeOgHOo-
poAoHoCTb O6BLEKTOB, NMpudem Ana 6onee getanbHOro nccreaoBaHvsa AaHHas npoueaypa 6bina ocy-
LLleCTBMNEHa KaK Mo KaXgaoMy M3 HUX, Tak U B Lernom no rpynne napametpos. OHW, B CBOO oyepenp,
paccynTbiBanMCb No criegyoLwmmM aMNMpmuyYeckum opmMmynam, KoTopble YCTPaHAT (PakTop Hannyns
BbICOKOW CTOXaCTUYECKOW CBA3M MeXAy nccnegyeMbiMmn xapaktepuctmkamm sanexen (9)—(11):

My = O Wy * 3 * I (9)
My, = oy, - Wy, - 3y, - :_‘)H:_,; (10)
My =oy Wy, - 3}1H ) §Hn, (11)

rae Om, 0y, , Oy, — CTaHOAPTHOE OTKITOHEHWE MO MOPUCTOCTH, APIEKTUBHOM HEPTEHACHILLIEHHON TOMLLMHE
V1 TOMNLWMHE HEPTEHACHILLIEHHBIX MPOMJTACTKOB COOTBETCTBEHHO; W, , Wy, , Wy — Bapuaums NopuctocTu, ad-
heKT1BHOW HE(PTEHACHILLEHHOW TOMNLLMHbBI U TONLWMHBI HEITEHACHILLEHHbIX NPOMIacTKOB COOTBETCTBEHHO;
Im, In,, Iy, — SHTPONMUSA NOPUCTOCTU, SPDEKTUBHON HEPTEHACHILLEHHOW TOMLLUMHDBI 1 TOMLUMHBI HedpTEHA-
CbILLEHHBIX MPOMMACTKOB COOTBETCTBEHHO; Iy, ., Iy, — OTHOCUTENBHAS SHTPOMMS MOPUCTOCTH, SPPek-
TUBHOW HE(PTEHACHILLEHHOW TOMNLLUMHBI U TOMLWMHBI HEOTEHACHILLEHHBIX MPOMMACTKOB COOTBETCTBEHHO.

B pamkax sBeaeHusi napameTpos Iy, Iy , [Ty 1 ux komGuHaumii B 06Ly0 MAEHTUDUKALUOHHYO
BbIOOPKY UCXOLHbIX JAHHBIX BbISABIEHbI CNeAyHoLIMEe OCHOBHbIE TEHOEHLNN:
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— YMeHbLUeHVe nnoLwiaan 30Hbl HeonpeaeneHHOCTU B OCAX KaHOHUYECKUX AUCKPUMMUMHAHTHbIX
yHKUMIA: B cpegHeM Ha 21 % Ons nepMCKOW U KaMEeHHOYTOnbHOM cuctem v Ha 4,9 % Ons AeBOHCKON
N KAMEHHOYTONbHOW CUCTEM; MOBLILLIEHWE 40NN BEPHO CrPyNNUPOBaHHbIX 00bEKTOB Ha 3 % (Mpu KOM-
GuHauum napameTpos I, [y );

— M3MEeHEeHUe MNONoXeHUsA KPMBOW Ha yyacTKe, OnuchbiBatoLweM Havaro Bbixofda ckBakuH Ha MO/,
B CTOPOHY YBENUYEHMS OTHOLLEHNS MPOMEXYTOUHBIX 3HaYeHuit t'/ty Ans nepmMcKomn cucTembl 1 B CTO-
POHY YMEHbLLEHWSA OTHOLWEHMS t'/t, AN AEBOHCKON CUCTEMBI; ANt KAMEHHOYTOMbHON CUCTEMbI TPEHA,
cteneHn oumcTku MN3I1 octancsa npexHuMm (Npu BBeaeHun napametpa Il,, );

— yBenu4yeHue cpegHero BpemMeHun ounctkm M3I1 ana nepmckon cuctemsl 4o 504 cyTok, 4Tto 06-
YCIOBMNEHO HEO4HOPOOHOCTBI MEXAaHM3MOB BbIHOCA Pa3fMYHbIX MPOAYKTOB OypeHUsl, TEXHUYECKNX
XWUOKOCTEN U 4acCTuL rOpHbIX Mopof, U CHMXeHne BpeMeHn ouncTkuy M3IM gng kaMeHHoYroneHom cu-
ctembl 8o 439 cyTok (Npu BBeaeHun napametpa Il,, ).

C yuyeToM BbiLLecKazaHHOro nony4mmM o606LLeHHbIe Mogenu NpPorHo3a koadduumeHTa NnpogyKTnB-
HOCTW CKBa>KWH MPU y4eTe KOMMIEKCHOro BNnsiHMS obLLMX noKasaTenen HeoqHOPOAHOCTY reornornye-
CKOro cTpoeHust oobektoB (12)—(14).

— AN 0O0BbEKTOB MEPMCKOW CUCTEMBI:

Kl ,
=03+ 095, — 13K, 129, —0.0T, 1 079, — 11y, ~ P2 T 0Atings (12)
— Ansi OGbEKTOB KAMEHHOYTONbHON CUCTEMBI:
Kipor 082+ 0,115 (13)
72+ 1,2Hy, + 0,05H, — 19By, — 6K, — 011, + 0,79, "~ " g’

— [Ns OOBbEKTOB IEBOHCKOW CUCTEMBI:

!

Kr;poa t
= 0,43 4+ 0,22—- 14
14 + 0,78H, — 0,6P,c + 2,9K,, — 2,811, — 1,711, + 0,611 to 14

Mokasatenun ko3PULNEHTOB KOPPENALMN ANSA MOMTyYEeHHbIX MOAENEN BapbUpyTCS B CPEAHEM
ot 0,903 o 0,961. lNpumeHeHne ypaBHeHui (12)—(14) onst NPOrHo3npoBaHUst kKoahdurumeHTa npo-
AYKTUBHOCTU OrpaHNYeHO NCXOOHbIMU YCMOBUSIMU, YCTAHOBMNEHHBbIMU B X0A4e 0606LeHns onbiTa pas-
paboTKn 06BLEKTOB B paMKax BblOENEHHbIX cTpaturpaduyecknx egmyml (tabn. 3).

Tabnuua 3. YucnoBble orpaHu4eHUs NnapaMmeTpoB Afii 060CHOBaHHOIO UCMNOfIb30BaHUSA
NoslyYeHHbIX pe3ysiLTaToB
Table 3. Numerical limitations of the parameters for the reasonable use of the obtained results

MapameTtp 3HayeHve
KI
pOJ
P >0,14
Knpo,u
to <561 cyTtok
t' > 32,9 cyTok
3akntoyeHue

Takum obpasom, B pesyrnbrate KOMMNNEKCHOro aHanuaa reornoro-npoMbICIIOBbIX JaHHbIX MO 6onee
yem 300 3anexam, B cTpaturpacpmyeckomMm OTHOLLIEHUN NPUYPOYEHHBIM K JEBOHCKOW, KAMEHHOYTOMb-
HOW 1 NEPMCKOM cMcTeMam KapOOHaTHbIX KonnekTopo Bonro-Ypanbckon HedhTera3oHOCHOW NPOBUH-
LUK, NoryyeHsbl cnegyolme BbiBoab!:

1. [1ns 0o60CHOBaHHOIO N YCNELLHOIO NPUHATUSA 3O EKTUBHLIX YNPaBNEHYECKMX peLLueHnin Tpeby-
eTCd peanu3auuns kKadeCTBEeHHbIX MOZernern NPorHo3a reorioro-TeXHONOrMYecknx nokasarenen.

2. KoahdpuLmMeHT NpoayKTUBHOCTU SBMSIETCA KMIOYEBLIM NapaMeTpoM, OTpaxaroLlMMm nepcrnek-
TMBHOCTb OCBOEHWSI TOW MMM MHOWM 3aneXu C y4eTOM TEKYLLEro reosiormyeckoro CTpoeHnst obbekTa
N TEXHUKO-TEXHOMOMMYECKUX YCIOBUIA SKCMyaTauumn CKBaXKWH; onpegeneHne JaHHOro napameTtpa B
pexunme pearnbHOro BpeMeHW HEBO3MOXHO 3a CYET CIOXHOIO M HEeNMMHEMHOro XapakTtepa BIMAHUSA
BonbLUOro KonuyecTsa KOMMNOHEHTOB (MapaMeTPoB) CUCTEMbI «CKBaXMHa — MracT» Ha ero ctabunb-
HOCTb; 3HaYMTENbHOE BrMSHWE Ha KOIPMDULNEHT NPOOYKTUBHOCTU OKa3blBaeT HEOAHOPOAHOCTb re-
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ONOMMYECKOro CTPOeHUsa obbekTa, KoTopas B TeKyLlem uccrieqoBaHumn Gbina oTpaxeHa yepes psaj
KOMIMIEKCHbIX (PUNLTPaLUOHHO-EMKOCTHBIX NapaMeTpoB.

3. MNMpuMeHeHne JUCKPUMUHAHTHOIO aHanmaa g8 NoMcka 0GbeKTOB-aHaNoroB NO3BOMSET AaXeE B
YCIOBWSIX HU3KOWM NNOTHOCTM AaHHbIX 006 nccnegyemom obobekTe (B YaCTHOCTM NPW OTCYTCTBUWN Npea-
CTaBUTESNbHbIX JAHHbIX O FE0NIOMMYECKOM CTPOEHNN OOBEKTOB Ha NpUMepPe KOHTPOITbHOW BbIBOPKK) Ha
BbICOKOM KOMNNYECTBEHHO-Ka4eCTBEHHOM YPOBHE OCYLLECTBAATL rpynnupoBaHue 3anexen. Murpauns
OOBEKTOB B OCAX KAHOHUYECKNX ANCKPUMUHAHTHBIX (OYHKLMIA M Hannune ux B npegenax ConpsiKeHHbIX
N rPaHNYHbIX 30H OBYCrOBMEHA CXOXECTbI0 peannsaLmmn NnacToBbIX NPOLECCOB B Npegenax pasnuy-
HbIX KPYMHbIX CUCTEM.

4. BnusiHne KOMMMEKCHbIX NokasaTenen HeogHOPOOHOCTM Ha 3(PPEKTMBHOCTL MPOrHO3MPOBaHUS
KoadhdumLmeHTa NPOAYKTUBHOCTI 3anexen n spemeHn ounctku M3 B npegenax KpynHbIX CTpatu-
rpacuyecknx egnHnl, B 60MbLUMHCTBE CryvyaeB pasfuMyHO, YTO NOATBEPXOEHO PSAOM NPUKNagHbIX
nccrnegoBaHWiA, HanpaBneHHbIX Ha WUCMOMNb30BaHWE PasfvMYHOW MAOTHOCTM Feonoro-npoMbICNOBbIX
OaHHbIX MPU BapyMaTUBHbIX FPaHUYHbIX YCMOBMSAX M HA pacdeT BpemeHu ouncTku M3l B 3aBMcMMO-
CTM OT cTpaTUrpadnieCcKkon NPUypoYEHHOCTN OOBHEKTOB U KOMMIIEKCHOIO aHann3a AUHaMmnk1 Bbixoda
ckBaxkmH Ha MO[ n koadhduumeHTa NpoayKTUBHOCTM.

HecmoTpsa Ha aT0, Npu MHTeprnpeTaumMm pesynbTatoB AUCKPUMUHAHTHOrO aHanmsa u npakTtuye-
CKMUX pacyeToB MO MPOrHO3MpoBaHuo BpemMeHu odnctkm MN3I1 n koadbdurumeHTa NPoayKTUBHOCTU C
NCNonb30BaHMeM NOMyYEeHHbIX MOAENEeN BbISIBNEH PS4 HECOOTBETCTBUM, KaCatloLLMXCH CyLLEeCTBEHHOM
Murpauum o6 beKTOB Kak BHYTPU cTpaturpadomyeckmx CUCTEM, Tak U MEXAY HUMWU. DTO roOBOPUT O He-
06X0AMMOCTIN PAaCCMOTPEHUSA UX C YHETOM CreayHoLLEro epapxmyeckoro YpoBHSA — Ha YPOBHE SipycOB
N TOPU3OHTOB, YTO MO3BOSIWT, HA HaL B3NS4, YCNELWHO MAEHTUOUUMPOBaTbL (PakTopbl, BANSAIOLWNE Ha
3pPEKTUBHOCTb NPOrHO3NPOBaHUS KO3hMLMEHTA NPOLYKTUBHOCTW.
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NMpumeHeHne hoTorpammeTpumn ans onpepeneHns
Ko3acpcpmumeHTa ycTonumBOCTU GOpTa Kapbepa

A.A. Kupukos?, A.M. Kanyruna®=, A.l. Xrunes¢, E.H. Benser, B.M. Ctynunx®

e Jpkymckul HayuoHasbHbIl uccriedosamernbCKull mexHu4eckul yHueepcumem, VMipkymck, Poccusi
9000 «Cubupckuli mepuduaHy, Upkymck, Poccusi

Pe3rome. Llenb JaHHOro nccrneqoBaHus 3akrodanacb B paCCMOTPEHUN METOAUKM MONYHEHUS 1 BO3MOXHOCTU NMPUMEHEHMUS
doTorpammeTpryeckon 06paboTkM AaHHbBIX a3pOPOTOCHEMKN C GECMMITOTHOO NETATENBLHOrO annapara ¢ Lenbio NocTpoe-
HUS LUMdpoBON Moaenu bopTa ycTyna MpaMOpHOro Kapbepa 1 onpeaerneHns XxapakTepucTuk TpELLMHOBATOCTM YCTyna Mo no-
nyYeHHbIM CHUMKaM. B xoge paboTbl BeiNoNHeEHa aapodoToChbeMKa UCCIeQyeMOro yCTyna ¢ NoMoLLbo dhoTorpaMmmeTpuye-
cKor 06paboTKM AaHHbIX U OCYLLECTBIIEHO CO3aHMe LM poBbIX MoAenen penbeda B NporpammHom obecnedeHnmn Agisoft,
a TaKxke NnocTpoeHne avarpaMMbl TPELLIMHOBATOCTM YCTyNa Nno noflyvYeHHbIM cHUMKaM. [pon3BedeH pacyeT koadduumneHTa
3anaca ycTondmMBoCTM BopTa ycTyna ¢ ncnonb3oBaHneM nporpamm GeoStab, Plaxis n «feoMuke». [is OLEHKKU, KOHTPOMS U
CPaBHEHMSA NOITyYEHHbIX PE3YNBTAaTOB BbIMOSTHEH PacyeT KO3hPULMEHTA YCTONYNBOCTM KITACCUYECKMM MEeToA0M. BbisicHeHO,
yTO NporpammHoe obecneveHne Plaxis 2D n GeoStab nyyie nogxoauT Ana onpeneneHns koadduumeHTa ycTon4umBoCTr
B Cry4ae OOHOPOAHbIX MacCUBOB IPyHTOB 6€3 BbIPaXXEHHbLIX reOAUHAMUYECKMX HapyLleHui. MNporpammHoe obecneveHune
«eOMUKC» YYNTBIBAET U re0AMHaMNYECKE XapaKTEPUCTUKN OLHOPOAHOrO yCcTyna bopTa kapbepa, U XxapaKTep ero TpeLLmHo-
BaTOCTW, YTO MO3BOMSET TOYHEE ONpeaennTb KOIMULIMEHT 3anaca yCTOMYMBOCTM YCTYNa, a Takke fy4yLle CnporHo3nposaTb
noTeHumnanbHble MecTa obpyLLEHUA 1 NapaMeTpbl NepeMeLLiaeMor TOPHOM MaccChl. YCTaHOBIEHO, YTO MeToAbl dhoTorpam-
MEeTpUYeckon obpaboTkM CHUMKOB, MOMYYEHHbIX C BECMUNOTHOrO NEeTaTeNbLHOrO annapara, No3BONAT HE TOMbKO TOYHEE
BbINOMHWUTL MOAENMPOBAHME UCCeayeMbIX OTKOCOB, HO 1 BbICTpee NonyyYnTb JOCTOBEPHbIE AaHHbIE O ero TPELUMHOBATOCTH.
OTO NONOXUTENBHO BMMSIET Ha Ka4eCTBO pacyeTa yCTONYMBOCTU OTKOCOB M NPOrHo3a ero AedopMaLinii, YTo SABNAETCS BaX-
HbIM (DaKTOPOM MOBbILLEHMS 6E30MacHOCTN rOPHOA00LIBAIOLLENO NPON3BOACTRA.

Knroueenbie crioga: hoTorpaMMeTpusi, reOMexaHnka, TPeLmnHOBaTOCTb, reoanHaMUYecKne HapyLleHns, KoadmuumneHT
ycTonumnsocTm 6opTa Kapbepa
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Ansa yumupoeaHus: Kupukos [.A., Kanyruda A.M., XKrunes A.l., Benses E.H., CtynuH B.T1. NpumeHeHne doTtorpam-
MEeTpUK AN onpefeneHns kKoadduumneHTa yctonumnBocTm 6opTa kapbepa // Haykn o 3emne u Hegpononb3oBaHue. 2024,
T.47.Ne 2. C. 180-189. https://doi.org/10.21285/2686-9993-2024-47-2-180-189. EDN: QQQSYB.

APPLIED MINING AND PETROLEUM FIELD GEOLOGY,
GEOPHYSICS, MINE SURVEYING AND SUBSOIL GEOMETRY

Original article
Using photogrammetry to determine
quarry slope stability coefficient
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Abstract. The purpose of the research is to consider the methodology for obtaining and possible using of photogrammetric
processing of aerial photography data from an unmanned aerial vehicle in order to construct a digital model of the marble
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quarry bench slope as well as to determine bench fracturing characteristics from the obtained images. The study included
aerial photography of the explored bench using photogrammetric data processing, creation of digital terrain models in
Agisoft software, and plotting a diagram of bench fracturing on the basis of the images received. The stability margin factor
of the bench slope was calculated using the GeoStab, Plaxis and Geomix software. To evaluate, control and compare the
results obtained, the stability coefficient was calculated using the classical method. It was found that Plaxis 2D and Geo-
Stab software are more efficient in determining the stability coefficient for the case of homogeneous soil masses free from
pronounced geodynamic disturbances. The Geomix software takes into account both the geodynamic characteristics of a
homogeneous bench of the quarry slope and its fracturing nature, which allows more accurate determination of the stability
margin coefficient of the bench, more precise prediction of potential locations of failures and sliding rock mass parameters.
It has been determined that the methods of photogrammetric processing of images obtained from an unmanned aerial
vehicle allow to perform more accurate simulation of the studied slopes and to obtain reliable data on the slope fracturing
faster. The latter has a positive effect on the quality of slope stability calculation and prediction of its deformation, which is
an important factor in improving the safety of mining production.

Keywords: photogrammetry, geomechanics, fracturing, geodynamic disturbances, quarry slope stability coefficient
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BeeneHue

Ha Bcex aTanax [esaTenbHOCTU TOPHOro
npeanpuaTMs HeobXO4MM KOHTPOMb 3a reome-
XaHUYeCKMMN U reoguHamMu4eckMMmy npotlecca-
MU NpuBopToBbLIX MaccmeoB [1, 2], 0cOB6eHHO Ha
cTtaguu paspaboTtkn mectopoxgeHuii. KoHTponb
BKMIOYAET uMcCrnegoBaHue TpewmHOBaToOCTM W
CTPYKTYPHbIX OCODEHHOCTEN FOPHOrO MaccuBa,
a Takke MpOrHo3MpoBaHMe 06BanoB, OMOM3HEN,
0oOpyLUEeHNA 1 OpYrMX OMacHbIX reoguHamu4e-
CKmx npoueccos [3].

B npouecce koHTponsi HeobxoamMmo onpege-
NATb pasnuyHblie napameTpbl U CTPYKTYPHO-TEK-
TOHUYECKNE XapaKTepUCTMKN NpubopTOBOro Mac-
CMBa, B 4YACTHOCTWU TPELLMHOBATOCTb, KOTOpasi
oTpaxaeT reoMexaHu4eckme npoLecchbl BHYTPU
maccuea. Ocoboe BHMMaHue yaoensioT napame-
Tpam TPELUUH: a3nuMyTy U Yriy nageHuns, asumyTy
NpoCTUpaHus, pacrnonoxeHuto u 1. . Cyuwiectay-
€T MHOro cnocoboB aHanuaa TpeLuH, B TOM Ync-
e Knaccuyeckuii Metog ¢ NPUMEHEHNEM FOPHO-
ro Komnaca u MepHown neHThbl [4, 5].

YBenuyeHue ryctoTbl TPELUH U KONn4ecTea
OonacHbIX TPeLLMH cBuaeTenbCcTByeT 06 yxyaLle-
HUM YCTONYMBOCTM FOPHOrO MaccuBa [6], koTopas
xapaktepusyeTtcs KoaddULUMEHTOM YCTOMYUBO-
CTM — nokasaTerneM MpPOYHOCTU MaccuBa C yye-
TOM CuUIl, OeNCTBYIOLWMX Ha Hero. JTOT Mnokasa-
Tenb NO3BOMSIET OLEHUTb CUMbI, yAepXnaatLimne
OTKOC OT NoTeHUManbHoro paspylenus [7]. Tpa-
OVLMOHHBIN pacyeT gaHHoro koadpduumeHTta 3a-
HMMaET MHOrO BPEMEHU MU 3aMETHO MOABEPXKEH
BNUSIHUIO YernoBeYeckoro akrtopa.

CoBpeMeHHble TEXHONOrMM No3BONSOT pacLum-
pUTb NepeyYeHb METOA0B UCCNENOBaHNS CTPYKTYp-
HbIX 0COBEHHOCTEN ropHOro MpocTpaHcTea [8, 9].

WWW.Nznj.ru

Hanpumep, B ropHOM [erne rnoBCEMECTHO CTanu
NCMNONb30BaTbCs OeCnMMOTHLIE NeTaTenbHble an-
napartbl (BIMNA), xoTa 4118 reoMexaHNn4ecKkoro Mo-
HUTOPUWHra 3TOT METO[, Havar NPUMEHATLCS cpaB-
HUTENbHO HepasBHO [10—12]. B cBA3mM ¢ 3Tnm cTano
aKTyarnbHbIM N3ydeHne BO3MOXHOCTEN NOonyyeHnst
n npumeHeHna ganHblx BIJIA gns wccneposa-
HMS reOMeXaHNYEeCKNX CBOWCTB FOPHOrO MaccuBa,
CpaBHEHME WX C BO3MOXHOCTAMWU KMacCUYECKUX
METO/IOB, a Takke OLeHKa KayecTBa MeToaa.

MaTtepuanbl n metToabl
uccnegoBaHus

B uensx wnccnemoBaHus Obina BbIMNOSHEHA
cbemka ¢ BIMJIA Ha ogHOM M3 y4acTKOB ycTyna
MPaMOpPHOro Kapbepa, pacronoXeHHoro B NpkyT-
ckomn obnacTtun. YCTyn CNoXeH ckarnbHbIMW, TMapo-
GoOBHbIMK nopodamK, yaobHbIMM Anst Habnoae-
HMS 32 NPOMCXOOALLMMM Ha HeM AedopmaLnsmu.

AspodoTockbeMka Obinia BbIMNOMHEHA C UC-
nonb3oBaHnem pgpoHa Mavic 2Pro. Cbemka
OCyLLecTBNANacbL Kamepon € OOHOOOWMOBBLIM
obbektmBom CMOS B paspeweHnn 20 Mn
(5472-3648 nukcenen). CHAMKN COXpPaHANUCh B
dopmate JPG 1 obpabaTbiBanuch B nporpamme
Agisoft Metashape meTogom BbipaBHUBaHMS ©
KOOPOVMHUPOBAHUSA OaHHbIX C MCMOMb30BaHNEM
onosHaBaTelNbHbIX 3HaKoB. B pesynsrate kame-
panbHOM 06paboTKM ObIIO MOMy4YeHO MAOTHOE
obnako Tovek bopTa ycTyna.

Mo maTepranam asapoOTOCLEMKM ObINO Bbl-
SBNEHO 257 TpeLuH, B TOM YMcne 5 onacHbIX, KO-
Topble O0YCrOBMMBAOT KIMHOBYO Aedbopmaumio
Ha obbekTe [13]. 3aTem Obina nNocTpoeHa aua-
rpaMma TpeLLUMHOBaTOCTU U NPOn3BedeH KUHEMa-
TUYECKUI aHanu3 uccrnegyemoro yctyna (puc. 1).
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Puc. 1. Yemyn uccnedoeaHHO20 MpaMOpPHO20 Kapbepa:
a — CHUMOK y4acmka bopma ycmyna ¢ omoewughpuposaHHbIMU mpeuuHamu;
b — kuHemamuuyeckasi Ouazpamma uccredyemMoeo ycmyna:

1 — nuHUA NpocmupaHusi ycmyna; 2 — IUHUSI 02paHUYeHUs 1o yarly 8HYMmMpPEeHHe20 MPEeHUsi; 3 — NTUHUS 02paHUYeHust
10 yany 3a0MmKOCKU; 4 — MUHUU 02paHuYeHuUs o azumymy rnadeHusi; 5 — obracme Momroco8 opUeHMUpPOBOK
rrnockocmel ocnabrieHusi Maccusa, o KOmopbiM 803MOXHbI CKOJTbXXEHUS Mpu3Mbl 0bpyuweHuUst
Fig. 1. Bench of the explored marble quarry:

a — photograph of the bench slope section with deciphered cracks;

b — kinematic diagram of the bench under study:

1 — bench strike line; 2 — limitation line by the internal friction angle; 3 — limitation line
by the sloping angle; 4 — limitation lines by the fall azimuth; 5 — area of massif weakening plane
orientation poles along which a rupture prism might slip along the strike line

PacueT koadppumumeHTa 3anaca yCTOWNYMBO-
cTn 6opTa NpoM3BOANIICS C NMOMOLLBIO NPOrpamMm
Plaxis 2D, GeoStab n «'eomuke». B kauecTtse uc-
XOAOHbIX AaHHbIX ANs paboTbl B 3TUX Nporpammax
ncnonb3oBaH pa3pe3 6opta Kapbepa, KOTOpbIf
OblN NOCTPOEH MO pa3pexeHHOMY obnaky ToYek.
Vcnonb3oBaHue pa3spesa, NOCTPOEHHOro Mo npo-
€KTHbIM JaHHbIM, HeXenaTenbHO, MOTOMY YTO B
OonbLUMHCTBE Cry4YyaeB 3TW OaHHble B onpege-
NEHHbI MOMEHT BPEMEHWN CTAHOBATCS HEaKTy-
anbHbIMU M3-3a2 NOCTOSIHHOW WU3MEHYMBOCTM rop-
HOro MpocTpaHcTBa. Takke HeobXxoaMMO MMETb
OaHHble O reOMexXaHW4YecKMX CBOWCTBAx rOpPHOW
nopogpl o6bekTa, MHGHOPMALIMIO O KOTOPLIX OObIY-
HO MOMy4akT SKCNepUMEHTanbHbIM CnocoboMm.

Onsa pabotbl ¢ nporpammoini Plaxis 2D [14]
HeobXxoAMMO MMMopTUpoBaTb hann paspesa
6opTa 1 3agatb nNapameTpbl Nopoabl. Ha ocHo-
BaHMN 3TUX OAHHbIX FEHEpPUpPYeTcs CeTb, KOTO-
pasi NO3BONSET MpPOrpaMMe «MOHATb» XapakTep
MaccuBa, cMogenMpoBatb Tpu dasbl 0b6pyLueHus
N CcoCTaBuTb NporHo3. B nepson, Hyneson ase
npegnornaraeTtcsi, YTO Ha MacCuMB He [OEeWCTBYy-
0T OOMOMNHUTENbHbIE CUMbl, @ BO BTOPON — 4TO

npovcxoamT nnacTnyeckas pgedopmauusi, TO
€CTb YTO Ha MaccuB OEWCTBYHT CWilbl, CNOCO6-
Hble MPUBECTU K pa3pyLUeHunto. TpeTben aBnseT-
¢4 ¢hasa NnporHo3npyemMoro paspyLleHus. Nocne
co3faHua das 3anyckaeTcs pacyeT, Nno pesyrbra-
Tam KOTOPOro nony4arT KoaPULUMEHT YCTONYMN-
BOCTM BopTa Kapbepa.

MpuHuKMn paboTbl B nporpammHom obecneve-
Hun GeoStab [15] aHanornyeH oHoMy B npeabl-
aylwen nporpamme. [ns nonyyvyeHus pesynsrarta
B GeoStab Takke HeobXxoguMMO BbIMOMHUTL UM-
nopT paspesa GopTa ycTyna u 3agaTb napame-
TPpbl TOPHOM MOPOAbI, CriaratLlen 3ToT ycTyn, a
3aTeM BbIMOSIHNTE aBTOMATMYECKUIA pacyeT, B pe-
3ynbTaTe KOTOPOro BblYUCASETCA KO rLneHT
ycToumBocTm bopTa.

PesynbTaTbl pacyeToB KOadhuLmneHTa ycTom-
UYMBOCTU, Nony4yeHHbIx B Plaxis 2D, 6binn oueHe-
Hbl MyTEM WX CpaBHEHMSI C pes3ynbratamu, Mo-
NyYEeHHbIMU TPaAULUMOHHBIM METOAOM pacyeTa
KoathdmumeHTa YCTONYMBOCTHU, N NpeacTaBneHbl
B BuAe rpaduka (puc. 2), Ha KOTOpOM Mo BEPTU-
Kanu ykasaH Koa(puLMeHT YMeHbLUEHNS NpoY-
HOCTW, @ MO rOPU3OHTaNM — LWar AUCKpeTnsaLmm.
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Puc. 2. Pesaynomam pac4yema koagh¢huyueHma ycmolivueocmu e rpozpamMMHOM obecneyeHuu Plaxis 2D
Fig. 2. Result of stability coefficient calculation in Plaxis 2D software

MakcmmanbHoe 3HavyeHune nokasarens Koad-
duumeHTa ycTon4mBocTn BbopTa ycTyna cCoOTBET-
CTBYET OTMETKe 21.

GeoStab npenocraenser pesynsratbl, 6nma-
Kne K TeM, KOTOopble MOMy4yarTca B TpaguLMOH-
HOM MeTofe, YTO OAaeT HEKOTOpoe Mpenmylle-
CTBO 3TOW nporpamme, Tak Kak OHa Mo3Bonser
HabnioaaTb NOBEPXHOCTb, MO KOTOPOW Mpeano-
noxuTenbHo Gyagetr npoxoguTb obpyweHune. Ha
puc. 3 NpeacTaBneH aBToMaTU4eckn onpegeneH-

19.313

@ 20 0 20 0 &0 80

10

HbI KO3 PMLMEHT yCTONYMBOCTM BopTa ycTyna,
KoTOopbIn paBeH 19,313.

CpaBHuBas pesynbratbl, MOXHO CKasaTb O
TOM, YTO MNOMyYeHHble B aBTOMAaTU3MPOBAHHOM
BapuaHTe 3HAYEHUSI XOPOLLO KOPPEMUPYHT CO
3HaYeHUeM, NONyYEeHHbIM TPAOULMOHHBIM METO-
aom. PacxoxaeHue coctaBuno B cpegHem 4 %.

Mo cocTtosiHuto GopTa Kapbepa cAaenaH Bbl-
BOZ, YTO YCTynN, B3ATbIA AN NpOBeAeHUs nccre-
OOBaHUA, HE UMEeeT TeHOEHUMN K paspyLUeHuto

N Mamocesse DpTs <8 9,% P,k

1 a0 % »

Malin|n soft

180 00 no 0 20 28 300 320

Puc. 3. Pesynbmam pac4yema ko3agh¢huyueHma ycmolidueocmu e rnpozpammMHom obecnedeHuu GeoStab
Fig. 3. Result of stability coefficient calculation in Geotab software
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B Gnivxkanwee Bpems [16], nockonbky cobntoga-
eTca ycnosue K., >1.

MockonbKy AaHHbIE NporpaMmbl MPUHUMAKOT B
pacyeT TONbKO reOMexaHUYeCKMEe XapaKTePUCTUKN
nopoAbl, CraraeMoii MaccuB, He YYUTbIBask BrUS-
HMEe TEKTOHUYECKUX HapyLleHW (B TOM Yucne Tex
TPELLUMH, KOTOopble BblNy onpeaeneHbl HaMU paHHee
C MOMOLLBIO KMHEMATUYECKOrO aHanu3a), Henb3s
cKasaTb, OKa3bIBalOT NN BIIUSHNE 3TU TPELLUHBI HA
YCTOMYMBOCTb MAaccuBa B AaHHOM Crydae.

Cnocobbl pacyeta ko3dhdULNEHTa YCTONYU-
BOCTU B nporpammax Plaxis 2D n GeoStab siBns-
OTCA BNOMHE MHHOBALMOHHBIMU M B 3HAYUTENb-
HOW CcTeneHu aBTOMaTM3NpoBaHHbIMKU. OpHako
Ons OObeKTUBHOM OLEHKM 3PPEKTUBHOCTU W
uenecoobpasHoOCTM NPUMEHEHMST STUX METOLOB
HeobX04MMO LOMOMHUTENBHO BbLIMOMHUTL KOH-
TPOMbHbIN pacyeT KO3 PULMEHTA YCTONUYNMBOCTH
TPaaMLUMOHHBIM CMOCOOOM, KOTOPbIN nNpeanona-
raet NOCTPOEHNE NOBEPXHOCTU CKOMbXEHUS Anst
onpeaeneHus npuambl 0bpylieHns, pasbueHve
ee Ha b6rnoku n pacyet gopmyn’.

[MocTpoeHne NMOBEPXHOCTM CKOMBbXEHUS Ha-
YMHaKT C onpedeneHns LWMPUHbI NpuU3Mbl 0O-
pyweHna AB (puc. 4). 3atem dopmmpyetcs
nrowagka nopog n onpeaensercs Mecto Hava-
na opMUpoOBaHUSA NOBEPXHOCTM ObBpyLUEeHUs —
Todyka C. [Janee HeobGxogumo onpenenuTb Mo-
NOXeHWE KPYrNoUUITMHOPUYECKON MOBEPXHOCTHU
CKomnbXeHus. [4na aToro NpoBoAAT paavyc AaH-
HOW NOBEPXHOCTU U3 Toukn C C 3amblkaHWEM Ha
HWXHen 6poBke ycTyna.

8 A

Puc. 4. [loeepxHOCMb CKOJIbXXEHUSI,
pa3desieHHasi Ha 6J10Ku
AB — wupuHa npusmbi 0bpyweHusi; C — mecmo Ha4arna
popmMuUpoBaHUsI M08EPXHOCMU 0BPYWEHUS;
BCD — kpyano-yunuHopudyeckasi mogepxHocmsb
CKornbxxeHusi; 1-4 — Homepa 6510Kk08
Fig. 4. Sliding surface divided into blocks
AB — rupture prism width; C — place where
the rupture surface begins to form;
BCD — round-cylindrical sliding surface;
1—4 — block numbers
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Mocne pa3buBKM MOBEPXHOCTU CKONbXEHWS
Ha Groku ans kaxagoro Grnoka Npou3BOAAT pac-
YyeT cOBUMrALINX U yOEpXUBAKLWUX CUN AUC-
KpeTHbIM MeToaoMm. [pn aToM Takke onpenens-
0T reOMeTpMYECKNE NapameTpbl Boka: LWNPUHY,
CPELHHI0H0 BbLICOTY, AJIMHY MO NOBEPXHOCTU CKOJb-
XeHunda. HakoHeu, onpemensitoT KoadhdULMEHT
yCTOMYMBOCTM BopTa kapbepa no opmyne

. % Tyearr, _ 136924 _ 203,
YT YT, 67368

roe ZTpeaKT. — CyMMa KacaTenbHbIX MpoeKuni
BCEX PeaKTUBHbIX cun i-fo oTceka; L Takr. — cym-
Ma KacaTteribHbIX NPOEKUUN K OCHOBAHUIO j-ro OT-
ceka paBHOAENCTBYIOLLEN BHELLHUX CUST.

[eonoro-CTpyKTYpPHbIN ~ MOAYMb  WHHOBALW-
OHHOM OTEeYEeCTBEHHOM nporpammbl «leoMuKe»
[17, 18] peanunayeT TpeTuin BapuaHT Mony4vyeHus
KoadhpmumeHTa ycTonumBoCcTn BopTa Kapbepa.
[nsa paboTel B NporpaMMHOM NPOAYKTE TPpebyHoT-
ca obnako Toyek bopTta, reoMeTpuyeckue napa-
METPbI TPELNH (KOOPAMHATLI, a3uMyT NMageHus,
yron nageHusi) 1 reoMexaHn4eckme xapakrepu-
CTUKM yCTyna.

B npouecce dotorpammeTpunyeckon obpaboT-
KM CHUMKOB YCTyrna ObIfIo Nofy4yeHo nroTHoe 06-
NaKo TOYEK M NMOCTPOEHA Ero NOBEPXHOCTb, Ha KO-
TOpyto 6biN Npon3BeaeH MMMOPT AaHHbIX MO Tpe-
wuHaMm. OgHUM M3 NPEUMYLLECTB NPUMEHEHMS
reorioro-CTPYKTYPHOrO MOAYNSA SBMNSIETCA BO3MOX-
HOCTb pacyeTa yCTOMYMBOCTU C Y4ETOM TPELLMH,
KOTopble BM3yanbHO MpeacTaendawTca  bonee
OPWEHTUPOBAHHbIMK Ha 00pyLLeHune. MNapameTpbl
TPELMHOBATOCTM NpeacTaBneHbl Ha puc. 5.

Mocne 3agaHus Buaa gedopmauumu, Tvna
cuenneHns nopopg, yrna BHYTPEHHEro TPEHUS U
napameTpoB Hanboree onacHbIX TPeLmH ObIno
NpOM3BEAEHO MOAENMpOBaHME npegnonarae-
MbIX Aedopmaumii U paccunTaH KoadpduumMeHT
3anaca ycrtonumBoctn 6GopTta Kapbepa. bbino
BbISIBNIEHO, YTO YCTYN MMEET OMNacHbIE€ KINHOBbIE
aedopmaumn.

Pesynbrathl uccnenoBaHus
M nx obcyxaeHue

B pesynbrate pacyeTtoB B reornoro-cTpyk-
TypHOM moayne «eoMuKe» nocrne BbINOMHEeHUS
MONOXEHHbIX npouenyp 6bino onpegeneHo BO3-
MOXHOE MeCcTOononoxeHue 6yayLimx obpyLLueHni
(puc. 6), a Takke MakcumanbHas BblcoTa 1 KOad-
PULMEHT 3anaca ycTon4mMBocTu (Tabnmua).

" VIHCTpYyKUMs no HabnogeHnsm 3a gedopmaumsimm 60pToB, OTKOCOB YCTYMNOB M OTBaroB Ha kapbepax U pa3paboTke Me-
ponpuaTuin no obecnevenHunto nx ycrondmsoctu. J1., 1971. 193 c.
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Puc. 6. CnpozHo3uposaHHoe obpyuieHue
Fig. 6. Predicted failure

MapameTp O6bem, m3

BbicoTta, m KoahmLmeHT 3anaca yCToNYMBOCTM

3HauyeHne

212,6

8,58 415,9

Mony4eHHbIn kKO3PULMEHT 3anaca YCTomn-
4YMBOCTM MO3BONSET cAenatb BbiBOA, YTO Crpo-
rHO3MpOBaHHAas 0bnacTb He MMEET TeHOAEeHUUN K
00pyweHunto [16].

3akntoyeHue

leoguHammyeckme npouecchbl Ha 6opTax Ka-
pbepoB BeCbMa WM3MEH4YMBbI BO BPEMEHW, YTO
CBS13aHO B MeEpPBYH0 odepenb C UHTEHCUBHbIM Be-
OeHneM ropHbix paboT, B npoLecce KOTOpbIX Mpo-
NCXOOMUT MOCTOSIHHOE BIMSIHWE HA YCTOMYMBOCTb
ropHoro npoctpaHcTea. K Tomy e ropHoe npo-
M3BOACTBO MOCTOSIHHO HapallMBaeT CBOW MOLL-
HOCTM, NO3TOMY TPAAULMOHHBIMWM METo4aMMn BCe
TpyOHEe KOHTPONMpOBaTb COCTOSIHUE TOPHbIX
BbIPAabOTOK M MPOrHO3MpPOBaTb MOTEHUUAsbHbIE
JedopmMaLnmm ropHbIX NOPOA.

BHeapeHve MHHOBALMOHHbIX METOAOB B MPO-
Luecc BefeHus ropHbiXx paboT MMEeeT OorpoMHoe
3HaYeHue, Tak Kak ynpowaeT n aBTomatusmpyert
CTaHOapTHble METOAbl KOHTPOMSA YCTONYMBOCTM
rOpHbIX BblpaboTok. Ko BceMy npoyemy, nporpam-
Mbl B npouecce 06paboTkM BhISBNSAT 00CTOSA-

TenbCTBa, KOTOPble YernoBek He BepeT BO BHUMa-
HMe B CBOMX pacyeTtax, Takmm obpa3om rnomoras
UCKIMIOYNTb YeroBevecknii haktop, CrocoBHbIN
MPVBECTM K CEPbE3HBIM BHELUTATHLIM CUTYaLIMSIM.

CpaBHUTErNbHbIN aHanu3 nporpamm, paccmo-
TPEHHbIX B UCCMedoBaHWW, Mo3BONseT caenatb
cneaytoLme BbIBOAbI:

1. Wicnonb3oBaHne nporpamMmmHoro obecne-
yeHus Plaxis 2D n GeoStab npegnoytutensHee
ans onpefeneHns KoadduumeHTa yCcToONYnBO-
CTM B TEX CNy4asix, Koraa MaccuB HE UMEET APKO
Bblpa)KeHHbIX reognHaMn4ecknx HapyLLueHUn.

2. lMporpamma «l'eomuke» Hanbonee addek-
TUBHA, €Cnn B pacdeTax NpUHMMaroTCst BO BHUMa-
HMe reoguHaMmMyeckme HapyLleHUs ropHoro Mac-
cvBa. OgHaKo BbISBNEHME 3TUX HAPYLUEHWUA Tpe-
OyeT MCNonNb30BaHWUST OOMOMHUTENBHBIX METOOOB
N nporpamMmMHbIX NPOAYKTOB. B kayecTtBe ogHOro
N3 TakMX METOA0B MOXHO NMPUMEHATb hoTorpam-
METPUIO C NCMONb30BaHNEM, HanpuUMep, Nporpam-
mbl Agisoft PhotoScan, CHUMKOB € npyMeHeHnem
BINJ1A n undposbix Mogenen penbeda. [aHHble,
noryyeHHble B Xo4e KpynHomaclutabHoro ¢oto-
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rpacompoBaHns GOPTOB KapbepoB W Mocredyto-  LUEHWI, a Takke OLEeHUTb U Y4eCTb UX BIUSIHWE Ha
wen obpaboTKM CHMMKOB, MO3BOMAIT BbISIBUTb  YCTOMYMBOCTb FOPHOMO MaccuBa, YTo 3HauYnUTeSb-
BHELLHee MNpOosiBIIeHMEe TeoAMHaMUYECKMX Hapy-  HO MOBbIWAET 6Ge30MacHOCTb FOpHbIX paboT.
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Petrophysical taxa of diamond
deposit of Komsomolskaya kimberlite pipe
(Yakutsk diamondiferous province)
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Abstract. Petromagnetic and paleomagnetic studies of oriented samples from the main petrophysical taxa of the
Komsomolskaya pipe diamond deposit (kimberlites, different-phase basites and terrigenous carbonate formations)
were carried out in order to build a petrophysical model and solve various geological and geophysical problems on its
basis: analysis of the behavior of the observed gravimagnetic field for diamond prospecting areas of geotypes 4 and 5,
paleomagnetic dating of magmatic events, geodynamic reconstructions, etc. The features of the structural relationship of
the petrophysical taxa of the deposit influenced the distribution of their physical properties which, as a result, affected the
nature of the observed gravitational and magnetic fields. It is shown that when using vector parameters of petrophysical
taxa in the “method of subtracting” potential fields from interference objects (basites of the Tunguska syneclise) it is possible
to obtain a “pipe type” anomaly from the prospecting object (kimberlite pipe). In addition, based on the petrophysical model,
the existence of gravimagnetic anomalies genetically related to the structures of the diatremic association - anomalies of
the structural type, which should be taken into account in the process of interpreting geophysical survey data within the
Yakutia diamondiferous province, was proved. Titanomagnetites have been identified as magnetization carrier minerals
in dolerites, while kimberlites have a more diverse spectrum — magnetites, titanomagnetites, ilmenites and chrome
spinelides. In the course of step-by-step demagnetization and subsequent component analysis of the vectors of natural
residual magnetization, virtual geomagnetic poles were obtained characterizing the direction of the Earth’s magnetic field
at the time of introduction of kimberlites and basites. This makes it possible to establish not only the temporal sequence
of tectono-magmatic events that formed the Komsomolskaya diamond deposit but also to clarify their scenario for the
Yakutsk diamondiferous province as a whole. The paleomagnetic data on kimberlites of the Komsomolskaya pipe are
in good agreement with the paleomagnetic data obtained on the basalts of the Upper Devonian D;ap Appai Formation
basalts (Frasnian, 385-375 Ma) and the pre-ore dike of dolerites of the Vilyuiko-Markhi intrusive complex of the Mir mine
(373.5 Ma) which may indicate its relatively early age and, possibly, a deeper level of erosion section. Paleomagnetic
reconstructions have shown that the epochs of kimberlite and trap formation correspond to the current position of hot spots
which can be used as a basis for predicting new kimberlite fields on the Siberian platform.

Keywords: Yakutsk diamondiferous province, Alakit-Markhinskoye field, Komsomolskaya pipe, kimberlites, basites,
petrophysics, palaeomagnetism, petrophysical model, petromagnetic taxa, structural type anomaly
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MeTpodmnanyeckne TaKCOHbI MECTOPOXKAEHUSA aNIMa30B
KnmobepnutoBon Tpyokn «Komcomonbckasa»
(AxkyTckasa anma3oHoCHas NPOBUHLUMUSA)

K.M. KoHcTaHTuHOB®*, [1.M. Ky3uHa®, M.C. Xopowux°©

aMpKkymckul HayuoHarnbHbIl uccrnedo8amernbCKul mexHuyeckul yHueepcumem, Mipkymck, Poccust
bKasaHckuli gpedeparnbHbili yHusepcumem, KasaHb, Poccusi
°[1AO «JleH3onomo», Godatibo, Poccusi

Pesrome. Lienb NnpoBeAeHHbIX METPO- U NaneoMarHUTHbIX NCCNeaoBaHW OPUEHTUPOBAHHBLIX 06pasLIOB 13 OCHOBHbLIX NETPO-
hM3NYECKMX TAKCOHOB MECTOPOXAEHNSA anMasoB KMMOepnmMToBon Tpybku «Komcomonbckas» (kumbepnutel, pasHodasHble
6a3nTbl 1 TeppureHo-kapboHaTHbIe 06pa3oBaHNst) 3aKnoyanack B NOCTPOEHUM NETPOPU3INYECKON MOLENMN U PELLEHUN Ha ee
OCHOBE pasHbIX reornoro-reou3nyecknx 3agay, Takmx Kak aHanmsa xapakrepa noBefeHus HabniogeHHOro rpaBUMMarHUTHOTO
nonst Ans anmMasornouCcKOBbIX MIOLaAeNn YeTBEPTOrO M NATOr0 reoTUnoB, NaneomMarHUTHOE AaTMpOBaHWe MarMaTuy4eckmx
COObITWI, reOANHaMUYECKNX PEKOHCTPYKLMIA 1 np. OCOBEHHOCTN CTPYKTYPHOrO B3aUMOOTHOLLEHMS NETPOU3NYECKNX TaK-
COHOB MECTOPOXAEHNS NOBNMANM Ha pacnpegeneHne nx usanyecknx CBOMCTB, YTO B pesyrnbraTte 0TPa3nnock Ha xapaktepe
HabnoAeHHbIX rPaBUTaLMOHHOTO U MarHUTHOro nonewn. NokasaHo, YTO NMPY UCMOMNb30BAHUM BEKTOPHbLIX NapaMeTpoB MeTpo-
h13NYECKMX TAKCOHOB B «METOAE BbIMUTAHUSI» NMOTEHLIMANbHbIX NMOMen oT 06bEKTOB-NoMeX (6a3uTbl TYHIYCCKOM CUHEKIN3bI)
MOXHO MOSy4YnTb aHOMarnuo «TpyOoYHOro Tunay ot oobekTa NonckoB (knmbepnutoBas Tpybka). Kpome Toro, Ha ocHoBe ne-
TPOhM3NYECKON MOAENM [OKA3aHO CYLLECTBOBaHME rpaBUMarHUTHbIX aHOManmui, reHeTUYeCKU CBA3aHHbIX CO CTPYKTypamMm
OvaTpeMOoBOW accoumauum — aHoManuu CTPYKTYPHOTO TWMa, KOTopble crieayeT yYMTbiBaTh B NMPoOLecce MHTepnpeTauum AaH-
HbIX reoM3NYeCcKnX CbeMOoK B npegernax SKyTCKOW ariMasoHOCHOW NPOBMHLMK. B kayecTBe MuHepanoB-HocuTenen Hamar-
HWYEHHOCTU B JONEPUTaxX YyCTAHOBIIEHb! TUTAHOMAarHETUTbI, B TO BPEMS Kak B KuMbBepnuTax ux cnektp 6onee pasHoobpaseH —
TaMm BCTPEYaloTCst MarHeTUTbI, TUTaHOMarHeTUTbl, UNbMEHUTBLI U XpoMLINUHENMAbl. B xoae noLluaroBbix pasmarHuimMBaHuiin 1
NoCrneayrLLEro KOMMOHEHTHOTO aHann3a BEKTOPOB €CTECTBEHHOW OCTATOYHOW HaMarHU4EHHOCTU MOofyYeHbl BUPTYyaribHble
reoMarHMTHbIE MOMKChI, XapaKTepUsyLLMe HanpaBreHne MarHUTHOrO nonst 3eMnu, BpEMEHV BHEOPEHUS KUMOEPMTOB U
6a3nToB. JTO NO3BONSAET YCTAHOBUTb HE TONBKO BPEMEHHYIO NOCNeA0BaTENbHOCTb TEKTOHO-MarmaTnyeckmx cobbiTui, cop-
MWPOBABLLNX paccMaTpvBaeMoe MeCTOPOXAEHVE anvasoB KumbepnutoByto Tpybky «Komcomonbcekasi», HO U YTOYHUTL KX
cueHapui Ansa AkyTCKOW ariMa3oHOCHOW NPOBUHLIMK B LienoMm. [aneomarHuTHble AaHHbIe No kKumbepnuTtam Tpybku «Komco-
MObCKasi» XOPOLLIO COrMacytoTCsi C NaneoMarHUTHBIMU AaHHBIMU, NOSyYeHHbIMK No 6a3ansTamM annanHCKON CBUTLI BEPXHE-
ro aesoHa D;ap (ppaH, 385-375 MnH neT) 1 [opyaHOW Aaikv [ONEepUTOB BUIMKOMKO-MapXMHCKOTO MHTPY3MBHOIO KOMMNIeKca
pyoHvka «Mwup» (373,5 MInH NeT), 4TO MOXET CBUAETENLCTBOBATL O €€ OTHOCUTENBHO paHHEM BO3PacTe 1, BO3MOXHO, 6oree
rmy6oKOM ypOBHE 3PO3MOHHOTO cpesa. [aneomarHMTHbIe PEKOHCTPYKLMM NoKasanu, YTo aMnoxm KuMbepnuTo- u Tpannoobpa-
30BaHNsi KOPPECMNOHAMPYIOTCS C COBPEMEHHBIM MOMOXEHNEM rOpAYMX TOYEK, HYTO, B CBOKO OYepefb, MOXET ObITb NOMOXEHO B
OCHOBY MPOrHo3a HOBbIX KUMBepnuUTOBbLIX Nonen Ha Cubupckon nnartgopme.

Knroyesnie crnoga: fAkyTckaa anmasoHocHas npoBuHUMs, Anakut-MapxuHckoe none, Tpybka «Komcomonbckas», Kum-
OepnuTbl, 6a3nTbl, NeTpodusmka, naneoMarHeTu3am, netpoduanyeckas mMogernb, NETPOMArHUTHBIN TaKCOH, aHOManua
CTPYKTYPHOro Tuna

BnazodapHocmu: 3a NoMoLLb B NPOBEAEHUN UCCIEefoBaHMI Ha Kapbepe «KoMCOMOMbCKM» aBTOpbI BbipaxatoT ona-
rogapHoctb paboTtHukam AK «AJTIPOCA» LN.B. MakoB4yky, rmaBHOMY reoriory AinxanbCKOro ropHoo60ratuTenbHoOro Kom-
OuHata, C.I. MuweHuHy, GbiBLUEMY HaYanbHUKY AMaKMHCKOro ropHooboraTtnTensHoro koMoumHarta. 3a akTuBHOe yyacTue
B M3y4eHnn obpasuos asTopbl 6narogapsTt T.A. AvtoHosy, K. KoHcTaHTMHOBa, A.l. Kyraesckoro, H.A. CagoBHuKoBY,
C.IM. CyHuosy, M.A. TomwunHa, M.3. Xy3auHa u gp.

Ans yumupoeaHus: KoHctanTuHoB K.M., KyanHa .M., Xopowwnx M.C. MeTpodunanyeckne TakCOHbl MECTOPOXOEHMUS
anmasoB kumbepnuToBoun Tpybkn «Komcomonbckasy (FAkyTckasi anMa3oHocHasa npoBuHUMS) // Haykm o 3emne n Heppo-
none3osaHue. 2024. T. 47. Ne 2. C. 190-219. https://doi.org/10.21285/2686-9993-2024-47-2-190-219. EDN: TBAMTC.

Introduction discovery of new primary diamond deposits are

The majority of kimberlite pipes, which had  associated with areas within which the geological
access to the day surface or were reflected by  section contains thick covers of traps and/or
contrasting geophysical anomalies of the “pipe  terrigenous-sedimentary strata (2-5 diamond
type”, have already been found. Prospects for the  exploration geotypes) [1]. In these conditions,
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the efficiency of geochemical, mineralogical and
geophysical methods is significantly reduced'. It
is necessary to develop additional unambiguous
geological and geophysical prospecting criteria and
signs of control of kimberlite pipes and a reliable
methodology for their identification in potential
geophysical fields. The fairness of such an approach
with respect to the search for primary diamond
deposits in the areas characterized by complex
geological and geophysical conditions is evidenced
by trap “windows” and “corridors” surrounding them
on their flanks [2—4]2. It is not excluded that there
may be other geophysical anomalies genetically
related to the diatreme association structures —
structural anomalies (SA) [5-7]. We see one of the
ways to solve this problem in the integrated study
of physical, petro- and paleomagnetic properties
of petrophysical taxa (PPhT — structural-material
complexes of a geological object characterized
by certain shapes and sizes, as well as values of
various physical parameters: density, electrical
resistivity, magnetic susceptibility, natural residual
magnetization, Q factor, etc.). Their volumetric
distribution in the geological space forms a
petrophysical model (PPhM) [8] of kimberlites, host
and overlying rocks at known diamond deposits in
order to build a generalizing PPhM of the indigenous
diamond deposit.

The Komsomolskaya kimberlite pipe, which
is located in the Daldyno-Alakitsky district of the
Yakutsk diamondiferous province (YaDP) (Fig. 1),
is not only an interesting object, but also allows
for a systematic selection of oriented samples
from the walls of the mining pit. The objectives
of the complex material, physical, petro- and
palaeomagnetic study of the Komsomolskaya
deposit PPhT were to form on their basis:

1. A posteriori deterministic physical and
geological model (PhGM) [8] as a basis for
complexinterpretation of the obtained materials to
establish the nature of gravimagnetic anomalies
for the areas of 4-5 diamond geotypes.

Haykun o 3emne u Heapononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

2.Dynamic PhGM [8] as a quantitative basis for
geodynamic interpretation of paleomagnetic data:
dating of kimberlite- and trap-forming processes
by YaDP, paleogeographic reconstructions of
the Siberian Platform for the epochs of tectono-
magmatic activation [9], forecasting of mineral
deposits, etc.

Materials and methods

The Daldyno-Alakitsky district, to which
the Komsomolskaya kimberlite pipe diamond
deposit is confined, is located in the area of
juxtaposition of two large structures of the
Siberian Platform: the Anabar Anteclise and
the Tunguskaya Syneclise (Fig. 1, a). The pipe
was discovered in 1974 by geologists of the
Amakinskaya expedition G.B. Balandina, l.Ya.
Bogatykh, M.G. Kontareva, |.V. Lashkevich,
V.l. Stegniy, |.K. Sarychev during prospecting
drilling works on a 500500 m grid.

The Komsomolskaya diamond deposit
[10-12]® belongs to the 5" prospecting geotype
(Fig.1, b, c)—an area of predominant development
of highly magnetic eruptive rocks in the upper
part of the geological section (up to 250 m).
Carbonate rocks of the Oldondin (€;-O,0l),
Sokhsolokh (O,sh), Kylakh (O,;kl) formations
and Landover (S,In) stage (Fig. 1, d) serve as a
host frame (carbonate basement) for kimberlites
of the Daldyno-Alakisky intrusive complex of the
Middle Paleozoic age (iD,-C,dl). According to
the content of petrogenic oxides such as FeO,,
(7-11.5 %) and TiO, (2-3.2 %) kimberlites of the
Komsomolskaya pipe belong to petrochemical
type 3 (magnesian-iron, high-titanic, low-potas-
sium), which is consistent with the relatively
high content of ilmenite. The studied deposit has
an elongated shape with isometric extension
approximately in the central part. Its long axis is
orientated in the north-eastern direction along the
azimuth of 65°. The deposit is composed of two
types of kimberlites:

' Serov L.V., Grakhanov O.S., Koshkarev D.A., Ageenkov E.V., Boyarov V.M., Gerasimchuk A.V., et al. Forecasting and
prospecting of primary diamond deposits on the Siberian platform: Methodological manual. Mirny: ALROSA; 2020, 155 p.
(In Russ.) / Cepos W.B., 'paxaHoB O.C., Kowkapes [.A., AreeHkoB E.B., bosipos B.M., l'epacumuyk A.B. [u ap.] lNporHo-
31MPOBaHME N MOUCKN KOPEHHbIX MECTOPOXAEHMI anma3oB Ha Crubupckon nnatgopme: MeToamyeckoe nocobuve / nog pea.

A.B. TonctoBa. MupHbin: M3g-so AJIPOCA, 2020. 155 c.

2 Nikulin V.1., Lelyukh M.I., Von-der-Flaass G.S. Almazoprognostka (methodical manual). Irkutsk: ALROSA; 2002, 320 p.
(In Russ.) / Hukynuu B.W., Nentox M.U., ®on-gep-dnaacc I.C. AnmasonporHoctuka (Metogunyeckoe nocobue). MpkyTck:

M3n-Bo AITPOCA, 2002. 320 c.

3 Kostrovitsky S.I., Spezicius Z.V., Yakovlev D.A., Von-der-Flaass G.S., Suvorova L.F., Bogush |.N. Atlas of root diamond
deposits of the Yakutsk kimberlite province. Mirny: ALROSA, 2015, 480 p. (fig. 475, tab. 125). (In Russ.) / KocTpoBuukumn
C.U., Cneuunyc 3.B., Axkosnes [.A., doH-[dep-dnaacc I.C., Cysoposa J1.®., boryw V.H. ATnac KopeHHbIX MECTOPOXAEHNI
anmasoB SAKyTcKon kumbepnuTosoi npoBuHUMK. MupHbi: M3g-Bo AJTIPOCA, 2015. 480 c. (puc. 475, Tabn. 125).
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— flanked by a dyke of coherent kimberlite  (Table 1). According to isotopic studies and
(CK) of northeastern strike of the early phase of  taking into account geological materials, the

emplacement; time of formation of the kimberlite pipe can
— in the centre, a diatreme of pyroclastic refer to both the Late Silurian-Early Devonian
kimberlite (PK) of the late intrusion phase. (S,-D,) and Late Devonian-Early Carboniferous

The age of the deposit is ambiguous epoch (D;-C,).

Fig. 1. Work area:
a — location of the Daldyno-Alakitsky area (rectangle) on the tectonic scheme of the eastern part
of the Siberian platform. Basement structures of the Siberian Platform: first order — anteclises (I — Anabarskaya,
Il — Aldanskaya, Ill — Nepa-Botuoba), syneclises (IV — Vilyuiskaya, V — Tunguskaya); the second order — uplifts
(SunU — Suntarskoe, OIU — Olenekskoe, UdU — Udzhinskoe, SyugU — Sugdzherskoe), depressions
(BPD — Baikal-Patom, KemD — Kempendyayskaya, YgD — Ygyattinskaya); b — position of the studied kimberlite bodies
on the summary map of the local component of the magnetic field AT, (red/yellow asterisk indicate known diamond
deposits/off-balance ores). Mapping of igneous formations: 1, 2 — sills of trap intrusions reserving watersheds:
1 — Olenek-Velingninskiy and Katangsky intrusive complexes (non-separated), 2 — Kuzmovsky intrusive complex;
3 — kimberlite pipes; 4 and 5 — positively and negatively magnetized dolerite dykes of the Vilyuisko-Kotuiskaya fault zone
(supply channels); 6 — near-dyke transgressive and sublayer dolerite intrusions;
7 — accumulation zones of trap formation destruction products in the floodplains of watercourses.
AMF and DF are Alakit-Markhinskoe and Daldynskoe kimberlite fields, respectively;
¢ — aerial view of the Komsomolskaya pipe open-pit; d — geological section along the line I-Il (see c):
CK — coherent kimberlite; PK — pyroclastic kimberlite; red dots — petromagnetic heterogeneities of the firing zone;
yellow dash-dotted lines indicate the zone of increased fracturing; Ag, and AT, indicate geophysical anomalies
of the gravitational and magnetic fields respectively; SA — structural type anomaly and its contour;
Arabic numerals stand for the absolute mark of the open-pit horizon
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Puc. 1. PatioH pabom:
a — nonoxerue [andbIHO-Anakumcko2o patioHa (MpsiMoy20/ibHUK) Ha MEKMOHUYECKOU Cxeme 80CMOoYHOU Yacmu
Cubupckol nnamgopmbl. Cmpykmypbi cpyHOameHma Cubupckol nnamgopmbi: nepabil nopsi0oK — aHMeKu3bl
(I — AHabapckas, Il — AndaHckasi, Il — Hencko-bomyobuHckasi), cuHeknu3bi (IV — Buntotickas, V — TyHeycckas);
emopou rnopsidok — nodHsmus (SunU — Cynmapckoe, OIU — Onenekckoe, UdU — YoxuHckoe, SyugU — Croedxepckoe),
enaduHbl (BPD — Bbatkano-lNamomckasi, KemD — KemneHdstlickasi, YgD — blebiammuHckasi);

b — nonoxeHue udy4eHHbIX KUMGepnumosbix mes Ha C80OHOU Kapme floKanbHoU cocmasrsouwel MagHUMmHo20
nons AT, (KpacHasi/xxenmasi 36e3004Ka — U38ECMHbIE MECMOPOXOeHUsT ariMa3oe/3abanaHcoabie pyobl).
KapmuposaHue mazmamuydeckux obpasosaHul: 1, 2 — cusnsbl mparnmnoebix UHMpy3ud, 6poHupyrouux eodopasoerns:
1 — oneHeK-8enuUHeHUHCKUU U KamaHaCKUl UHMPY3UBHbIe KOMIMIIEKChI (Hepa3oeneHHble), 2 — Ky3bMOBCKUL
UHMPY3UBHbIU KOMIIeKe; 3 — kumbepnumossie mpybku; 4 u 5 — nonoxumernsHoO U ompuyameribHO HaMa2HUYeHHbIe
Oatiku donepumos Buntolicko-Komytckol 30HbI pa3riomMos (nodgodsiujue kaHarbl);, 6 — okonodalikosbie cekyujue
u cybnnacmosbie UHmMpy3uu 0onepumos; 7 — 30Hbl aKKyMynsayuu npodyKmoas pa3pyweHuUss mpannosbix obpa3osaHull
8 notimax sodomokos. AMF u DF — Anakum-MapxuHckoe u [an0bIHckoe KuMbepriumosbie rosisi CO0meemcmeeHHO;

¢ — 8ud Kapbepa mpybku «Komcomorbckasi» ¢ 8030yxa; d — 2eonoaudeckuli pa3pe3s o nuHuu -1l (cm. c):
CK — koeepeHmHbIl kumbeprnum, PK — nupoknacmu4eckul Kumbepnum, KpacHble MoYKU — nempomMazHUmHble
HEeoOHOPOAHOCMU 30HbI 06XXU2a (mempomagHUMmHbie HEOOHOPOOHOCMU 2 mura); Xenmbie WMpPUX-MyHKMUPHbIE
JIUHUU — 30Ha nosbiweHHOU mpewuHosamocmu; Ag, u AT, — eeochusudeckue aHomanuu epasumaylioHHO20

U Ma2HUMHOo_20 roseli coomeemcmeeHHo; SA —

aHomarsiusa cmpykmypHo20 muria u ee KOHmyp,

apabckue yugpbl — abconomHasi omMemka 20pu3oHmMa Kapbepa

Table 1. Absolute age of kimberlites from the diamond deposit of the Komsomolskaya kimberlite pipe
Tabnuua 1. AGCONIOTHLIN BO3pacT KUMOEPNIMTOB MECTOPOXAEHUA ariMa3oB KUMOEpPNUTOBOM TPYOKU

«Komcomonbckas»
No. Type and variety of rock [source] Method Age, millions of years, Ma Epoch
1 Rb-Sr 41112 S,-D,
§ Pyroclastic kimberlite [13] EEE: jfgi; 22:31
4 Rb-Sr 41611 S,-D,
5 Kimberlite [14] Rb-Sr 358 D,-C,
6 Kimberlite, zircon [15] U-Pb 358 D,-C,

The deposit is overlain by a low thickness
(up to 3 m) of terrigenous sediments of the
Carboniferous Aikhal Formation (C,_;ah) (Fig. 2, a).
In addition, the deposit is armoured by traps
belonging to two late volcanic phases of
basite magmatism of the eastern side of the
Tunguskaya syneclise (the first, second, and third
phases correspond to the Olenek-Velingninsky,
Katangsky and Kuzmovsky intrusive complexes
of the Vilyui sheet series)*: the second phase
(Bo-yYBP,-T,) and the third phase (yBT,) [3, 16],
with a total thickness (above the pipe) of about
65 m (see Fig. 1, d). Sills of the studied phases
are composed of different petrographic types of
dolerites and differ in the content of Fe,O,, TiO,,
etc. oxides (Fig. 3, a).

The dolerite sill of the second phase
(yBP,-T,) and co-magmatic lenses of tuffs of the
Alakit Formation (P,-T,al) armour the daytime
surface lying subhorizontally on the rocks of the
Aikhal Formatio (see Fig. 1, d). The dolerite sill

of the third phase (yBT,) forms a scarp during the
transition from the lower horizon (O,_kl and S;In
boundary) to the upper horizon (to the bottom
of the fluorine phase traps) thereby cutting off
the northwestern block of the diatreme to form
a kimberlite detached mass (Fig. 2, b, c; 4, d).
The peculiarity of basites of the second and third
phases of the Komsomolskaya deposit [16],
in contrast to the previously studied deposits
Aikhal, Sytykanskaya and Yubileinaya [17],
is that they were formed in the epochs of,
respectively, direct (N) and reverse (R)
polarity of the Earth’s magnetic field [6, 18],
when the Siberian platform occupied a high
latitudinal palaeogeographic  position [9].
According to [19], the deposit in terms of
geological and geophysical complexity belongs
to the third variant of the prospecting situation,
which is the most difficult for the detection of
diamond deposits by gravimagnetic anomalies
(Fig. 4, a, b, d).

4 Salikhov R.F., Salikhova V.V., Ivanyushin N.V., Okhlopkov V.I. State geological map of the Russian Federation at a
scale of 1:200000, Verkhnevilyuyskaya series (second edition). Sheet Q-49-XXI, XXII (Aikhal). Explanatory note. Saint
Petersburg; 2005, 284 p. / Canuxos P.®., Canuxosa B.B., VBaHtowunH H.B., Oxnonkos B./. MNcygapcTeeHHas reonorunye-
ckasi kapta Poccuickon ®enepauun macwtaba 1:200000, BepxHeBuntonckasn cepus (M3gaHue BTopoe). Jlnet Q-49-XXI,

XXl (Anxan). O6bsacHuTenbHas 3anucka. Cl6.: 2005. 284 c.
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Fig. 2. Relationships between petrophysical taxa of the Komsomolskaya pipe:
a — kimberlites and overlying terrigenous sedimentary rocks of the Aikhal Formation
and dolerite sill of the third phase; b — kimberlite detachment;

¢ — fragment of the contact between kimberlites and the third phase dolerites

Puc. 2. Xapakmep e3aumoomHoweHuli nempoghusuyeckux makcoHoe mpy6ku «KoMmcomonbckas»:
a — KUMbepriumoe u rnepekpbI8aroUuX UX meppuaeHHo-0cad04yHbIX Mopod alixasbCKol ceumsl

u cunna donepumos mpemsel ¢hasbl; b — KuMbepumosbIl OMMmMopPXeHey;

¢ — (hpaeMeHmM KoHmMakma Kumbeprumos u oriepumos mpemseli ¢hasbi

40Ar/*Ar geochronological studies of dolerites
by the step heating method [20] performed at the
V.S. Sobolev Institute of Geology and Mineralogy,
Siberian Branch of the Russian Academy of
Sciences. V.S. Sobolev Institute of Geology and

I 2024;47(2):190-219

Mineralogy SB RAS (Novosibirsk) showed that
the introduction of sills corresponds to the Permo-
Triassic period (Table 2) but directly contradict
the sequence of magmatic events established in
the course of geological studies [3, 16].

Table 2. Results of “°Ar/*°Ar isotopic dating of dolerite sills from the diamond deposit
of the Komsomolskaya kimberlite pipe
Tabnuua 2. PesynbraTtbl M3oTonHoro “°Ar/**Ar gaTMpoBaHuWUs CUIIIOB AOSNIEPUTOB MECTOPOXKAEeHUA
anmasoB KumbepnutoBon Tpy6ku «Komcomonbckasa»

o . |“°Ar, 10° cm?®
T, °C |t, min STP OArPAr| 1o [ ArAr | t1o | CArPAr | 210 | “Ar/PAr | t1o | CalK |Z%Ar, %|Age, Ma| t10
Dolerites of the Kuzmovsky intrusive complex — the third phase (yBT,), sample K-3 (21.35 mg)

J =0.005416+0.000077; total age = 297+4.5 Ma
650 | 10 4.9 37.6 | 0.501 | 0.036 [0.01071| 0.2 |0.04| 0.0001 |0.01322| 0.7 29 | 3342|323
800 | 10 44.5 384 | 0.072 | 0.022 |0.00148| 153 | 0.6 | 0.019 |0.00197| 55 | 282 | 295 | 6.2
900 | 10 35.8 371 |0.073 | 0.025 [0.00148| 159 | 0.4 | 0.0221 |0.00211| 57.3 | 49.4 | 2764 | 6.4
1000 | 10 34 37.9 | 0.059 | 0.019 |0.00166 9 0.5 | 0.0142 [0.00151]32.39| 69.1 | 302.3 | 5.4
1130 | 10 54.3 38.5 | 0.049 | 0.017 |0.00103| 1.2 0.5 | 0.0147 |0.00109| 4.36 | 100 | 305.7 | 4.8

Dolerites of the Katangsky intrusive complex — the second phase (B,-yBP,-T,), sample K-2 plagioclase (35.31 mg)

J =0.005402+0.000076; total age = 255+4.3 Ma
650 | 10 4.3 20.2 | 0.149 | 0.073 |0.00856| 3.2 24 | 0.005 |0.00637| 11.4 | 341 174 116.9
800 | 10 26.6 28.7 | 0.063 | 0.026 |0.00171| 20.8 | 0.8 | 0.0053 |0.00227| 74.7 | 16.8 | 246.9 | 6.6
950 | 10 111.7 29.4 | 0.035 | 0.017 |0.00029| 17.8 | 0.1 | 0.0018 |0.00157 | 64.1 | 72.8 | 270.4 | 5.3
1500 | 10 275 30.2 | 0.065 | 0.025 [0.00153| 155 | 0.4 | 0.0017 |0.00225|55.94| 86.2 | 268.7 | 6.6
1150 | 10 30.5 325 | 0.074 | 0.024 |0.00137| 6.3 0.5 | 0.0194 | 0.0022 |22.84| 100 | 2438 | 6.4
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Fig. 3. Chemical composition of magnetisation carrier minerals of the Komsomolskaya pipe:
a, b — basites by [16] (1/2 — dolerites/tuffs of the second phase, 3 — dolerites of the third phase);
¢ — kimberlites® (4 — magnetites, 5 — titanomagnetites, 6 — limenite, 7 — chromospinelides)
Puc. 3. Xumuyeckuli cocmae MuHepasiog-Hocumersiel HamazHu4eHHocmu mpy6ku «Komcomonbckasi»:
a, b — 6asumsbi no ucmoyHuky [16] (1/2 — donepumbi/mychbl emopoli ¢hasbl, 3 — dornepumsi mpembel ¢hasbl);
¢ — Kumbepnumsr® (4 — MaeHemumbl, 5 — mumaHomazHemumsl, 6 — UnbMeHUMbI, 7 — XPOMWINUHENUObI)

According to the geochemical classification
FeO -Fe,0,-TiO,[21], all magnetisation carriers
of the Permo-Triassic basites Daldyno-Alakitsky
district, despite the marked differences in the
chemical composition of the studied embedding
phases, belong to the same titanomagnetite
series (Fig. 3, b). This conclusion agrees well
with the results of independent differential
thermomagnetic analysis of basites [16].

Thus, the Komsomolskaya pipe is a unique
object for establishing petrophysical, geological-
geophysical and other prospecting criteria
and developing, on their basis, an optimal set
of geological and geophysical methods for
prospecting for primary diamond deposits within
the eastern side of the Tunguskaya syneclise (4
and 5 diamond prospecting geotypes of areas).
In this regard, the study of the structure and
distribution of physical properties of PPhT of
the Komsomolskaya deposit is an urgent task of
the present research in order to form its PhGM
and develop on its basis a methodology for

correct geological interpretation of gravimagnetic
exploration materials, geodynamics, mineralogy,
etc.

A total of 30 outcrops (sites) were studied
in the quarry from which 334 samples were
collected (Fig. 2; 5). The studied rocks of the
Komsomolskaya pipe deposit are classified
into seven PPhT. The most representative is
the collection of basites (dolerites and tuffs),
as the data on them are important for solving
a wide range of problems: petromagnetic
mapping, interpretation of observed geophysical
fields, etc. The collection of kimberlites is
the most representative. For kimberlites, the
representativeness of the sample is smaller, but
it is sufficient for constructing a correct PPhM
[19]. The relatively small number of samples from
terrigenous sedimentary rocks is explained by
the fact that their magnetic properties are weak
and do not significantly affect the character of the
anomalous field. At the same time the physical
properties of the carbonate basement are well
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Fig. 4. A posteriori deterministic physical-geological model of the diamond deposit
of the Komsomolskaya kimberlite pipe:
a, b — maps of anomalous fields: a — gravitational, b — magnetic; ¢ — distribution of the crack density
parameter (the distribution of isolines is shown starting from the value of 10 cracks per m?);
d — geological and geophysical section along the line -1l (1 — modern eluvial-deluvial deposits Q,; 2 — Alakit
Formation P,-T,al, tuffs and tuff-sandstones (second phase); 3 — C,.;ah — Aikhal Formation,
siltstones and sandstones; 4—7 — rocks of the host complex (carbonate basement): 4 — S,In — Landoverian stage,
limestones and dolomites, 5 — O, ;kl — Kylakh Formation, limestones, 6 — O, ,sh — Sokhsolokh Formation, limestones,
7 — €;-0,0l — Oldondinskaya Formation, limestones; 8 and 9 — Permian-Triassic traps: 8 — negatively magnetized dolerite
sill yBT, of the Kuzmovsky intrusive complex (third phase), 9 — positively magnetized dolerite sill yBP,-T,
of the Katanga intrusive complex (second phase); 10 and 11 — Daldyno-Alakitsky intrusive complex iD4-C.dl:
10 — pyroclastic kimberlite, diatreme (late phase), 11 — coherent kimberlite, dyke (early phase); 12 — petromagnetic
heterogeneities of the firing zone (2 geotype petromagnetic heterogeneities)
For other explanations, see Fig. 1

WWWw.nznj.ru | 197



www.nznj.ru

2024;47(2):190-219 | Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online) £
’ ’ | Hayku o 3emne n Hegpononb3osaHue / ISSN 2686-9993 (print), 2686-7931 (online)

Puc. 4. AnocmepuopHasi demepMuHuUpo8aHHasi hu3uko-2eosio2uyeckasi Mooesib
MecmopoxxOeHusi afiMa3oe kKumbepsiumoeoli mpy6ku «KoMmcoMonbckasi»:
a, b — kapmbl aHoMarbHbIX nonel: a — 2pasumayuoHHO20, b — MazHUMHOZ0; ¢ — pacrpedesnieHue napamempa
nomHocmu mpeuwuH (nokasaHo pacrpedesieHue U30nuHUl, Ha4yuHasi ¢ eenuyuHbl 10 mpewuH/m?);

d — 2eonozo-eeochusuyeckuli paspes ro nuHuu I-Il (1 — cospemeHHbIe aro8uanbHO-0en8uaribHble OMAoXeHUs Q,;
2 — anakumckasi cauma P,-T,al, mygbl u mygho-necyaHuku (emopas ¢pasa); 3 — C, ;ah — alixanbckasi ceuma,
anesponumabl U necyaHuKku; 4—7 — nopoob! eMelwarou,eco komniekca (kapboHamHbIl UOKOb):

4 — S,In — naHdosepckul sipyc, uzgecmHsiku u donomumsl, 5 — O, k|l — Kbiraxckasi ceuma, U38eCMHSIKU,

6 — O,.,8h — coxcomnoxckasi ceuma, uzgecmHsiku, 7 — €,-0,0l — ondoHOUHCKasi ceuma, u3eecmHsiku; 8 u 9 — mparnribl
nepmMompuaca: 8 — ompuyamesnibHO HamagHUYeHHbIU cusin 0onepumos yBT, Ky3bMOBCKO20 UHMPY3USHO20
Komriniekca (mpembsi ghasa), 9 — nonoxumesibHO HaMagHU4YeHHbIU curnn donepumos yPBP,-T, kamaHaCcKko2o
UHMPY3UuBHO20 Komriniekca (emopas ¢asa); 10, 11 — dandbiHo-anakumckul uHmMpy3usHbili kommnekc iD4-C.,dl:

10 — nupoknacmu4eckull Kumbepnum, duampema (Mo30Hss ¢pasa), 11 — koeepeHmHbIU Kumbeprum, dalika (paHHSS
¢asza); 12 — nempomacHuUmMHble HEOOHOPOOHOCMU 30H O0bXu2a (nempomacHUMmHbie HEOOHOPOOHOCMU 2 2eomurna))
[pyaue nosicHeHusi cm. Ha puc. 1

a Nw N[ i BN SO

Fig. 5. Sampling in the open pit of the diamond deposit of the Komsomolskaya kimberlite pipe:
a — view of the north-eastern side of the open pit; b —sills of the second and third phase dolerites;
¢ — contact of two phases of dolerite sills (outcrop 5); d — tuffs of the Alakit Formation;
e — dyke of coherent kimberlites; f — main body of pyroclastic kimberlites
Yellow dashed-dotted lines indicate the zone of increased fracturing; red dots indicate petromagnetic
heterogeneities of 2(5) type; yellow squares indicate the location of the studied samples (number)
Puc. 5. Om6op obpa3yoe e KapbLepPHOM 0oJsie MeCMOopPOXAeHUsI asiMa3oe
kumbepriumoeoli mpy6ku «Komcomonbckasi»:
a — 8ud cesepo-80cmMoyHO20 bopma Kapbepa; b — cunsnbl dornepumos emopoll U mpemsel ¢hasbl;
¢ — KoHmakm 08yx ¢ha3 curnios donepumos (obHaxeHue 5); d — myghbi anakumckol ceumal;

e — Oalika Ko2epeHMHbIX KuMbepriumos; f — 0CHO8HOe MeJio NUPOKIacmu4YecKux Kumbepumos

Kenmeblie wmpux-nyHKMUpPHbIE IUHUU — 30Ha 108bILEHHOU MpPewuHo08amocmu; KpacHbIe MoYKu —
rnempomazgHUMmMHble HeoOHOpoOHocmu 2(5) muna; xenmslie keadpamabl — MOIOKeHUe U3yYeHHbIX 06pa3yos (yugpa)
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enough studied at the neighbouring objects
(Aikhal, Yubileinaya pipes, etc.) [22, 23].

Oriented stufs were selected in the modern
coordinate system using a mountain compass
(selection of strongly magnetic rocks was carried
out with constant control of magnetic declination,
additionally spatial landmarks with known
surveyor’s reference were used) [9]. For this
purpose we selected ledges in the quarry walls
with rock occurrence undisturbed by blasting
(Fig. 2; 5). In general the studied interval was
>400 m: from hill. 650 to hills. 235 (hereinafter
absolute elevations are given) (see Fig. 1, d). At
least 3 cubes with a 20 mm rib were sawed out
of the sample. As a result, more than 1250 cubes
were studied.

The complex of studies of kimberlites
included:

Petrophysical studies characterizing the
gravitational and magnetic state of rocks in situ.
The studies are based on the bulk density o,
natural remanent magnetisation (NRM) vectors
In, inductive magnetisation /i = a&eH (where H is
the vector of the Earth’s magnetic field strength
in the study area) and total magnetisation Is =
li+In, which determine the type of the anomalous
magnetic field above the kimberlites. In turn, the
magnetisation vectors (/n, li or Is) are defined in
space by three components: magnitude (In, Ii
and /s, respectively), declination (0 < D < 360°)
and inclination (-90° < J < 90°) [9]. The In/li ratio
characterises the Konigsberger coefficient (Q
factor), which is usually 0.3-0.6 units for YaDP
kimberlites [17, 24—26].

Magneto-texture analysis, which is based
on measurements of the anisotropy of magnetic
susceptibility & (AMS) of oriented samples. From
the AMS tensors (long K, middle K, and short K,
axes of the ellipsoid) according to the formulae
given in [27], the parameters were calculated:

— refined degree of anisotropy

Py = expy/ 2001 = 1m)? + (12 = 1m)? + (13 = )21},

where 1, = InKy; n, = 1nKy; Nz = 10K, np = (04 +
N, + N3)/3;
. . Ky
—lineation P, = L = —;

K,
K,
—plane P; =F = o
—grain shape T =3[M -
g P In(K,/K;)

Flattenedbodieshavevalues0< T<1,whereas
negative values -1 < T < 0 are characteristic of
elongated bodies. For neutral grains, resembling
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the so-called plano-deformed ellipsoids in shape,
T — 0. The long K, and middle K, axes of the
AMS ellipsoid form the magnetic stratification
plane along which the matter moves: a relatively
increased velocity (more than 0.01 m/s)
will be observed along the K, axis, and a
decreased velocity along the K, axis.

The AMS of different-phase dolerite sills in
outcrops was studied in detail: 1 and 20 — second
phase; 4 and 7 — third phase; 3, 5 and 19 — PMHs
of 2 and 5 geotypes (Fig. 6).

Magneto-structural analysis was carried
out to determine the hysteresis parameters
of ferrimagnetic minerals of kimberlites: the
values of specific magnetic saturation moment
(Ms), coercive force (Bc) from the inductive
magnetisation curve and determination of the
values of specific magnetic moment of residual
saturation (Mrs) and its destructive field (Bcr)
[28, 29]. To increase the accuracy of the obtained
values of hysteresis parameters, corrections for
the background of paramagnetic minerals were
introduced into the graphs.

Thermomagnetic analysis allows us to
determine the component chemical composition
of ferrimagnetics by Curie points (©) on the
graphs of the dependence & = f(T) on the basis
of the Hopkinson effect (the Hopkinson effect is
a sharp increase in the magnetic susceptibility of
magnetic materials in weak magnetic fields near
their Curie point, due to a sharp decrease near
this temperature in the magnetic anisotropy of the
materia). Two heating cycles were used to study
the magnetisation carrier minerals. The method
of stepwise demagnetisation by temperature
was substantiated on the basis of the data of
thermomagnetic analysis.

Paleomagnetic studies of the component
composition of NRM vectors [9]. Samples of
kimberlites (CK and PK) were subjected to
laboratory experiments on demagnetisation by
an alternating magnetic field and temperature.
The characteristic components In°" of kimberlites
were taken along straight lines passing through at
least three points and the centre of the Zijderveld
diagram [30]. In complicated cases the joint
analysis of single directions and remagnetisation
circles was used [31]. The resulting statistics
included data on one sample from each piece
which underwent stepwise demagnetisation by
temperature or alternating magnetic field.

Petrographic and geochemical studies were
carried out to study the composition of minerals
of the ferrimagnetic fraction of kimberlites and
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Fig. 6. Diagram of the fault-block structure of the localization area of the Komsomolskaya pipe with
the elements of the magnetic texture of dolerite sill “flow” that reserve the Komsomolskaya pipe deposit [9]:
1 — estimated direction of sill movement; 2 — faults and their occurrence elements;

3 — ore body contour; 4 — open-pit bench; 5 — blue/red and green circles — dolerites of the second/third phase
and petromagnetic heterogeneities of 2(5) type, respectively, the number inside the circle indicates the azimuth of the
long axis of the magnetic susceptibility anisotropy ellipsoid (K,), the number next to the circle is the outcrop number
For further explanations, see below.

Puc. 6. Cxema pa3/10mM0-6/10K08020 CIMpOeHUsl y4acmka Jiokanusayuu mpy6bku «kKomcomonbckasi»

C 3JleMeHmamMu Ma2HUMHoOU meKkcmyphbl «MeYeHUs1» cusisioe 0osiepumos,
6poHupyroujux mecmopoxxdeHue mpy6ku «Komcomonbckasi» [9]:

1 — npednonazaemoe HarnpasneHue 08UXEHUS CUIos; 2 — pa3fioMbl U 3/1eMEHMbI UX 3arie2aHust;

3 — KoHmyp pydHozo mena; 4 — ycmynbl Kapbepa,; 5 — CUHUG/KpacHbIU U 3e51eHbIl KpyKoK — dorepumas! 8mopoll/
mpembel hasbl U nempomMazHUMHbIe HEOOHOPOOHOCMU 2(5) muna coomeemcmeeHHO, YUCIIO 8HYMpPU KpyxKa
obosHadaem azumym OnuHHoOU ocu annauncouda aHU3omponuu MmazHuUmHou eocripuumyusocmu (K,),
yugbpa psiOoM ¢ Kpy>KKOM — HOMep OOHaXeHus
Jpyaue nosicHeHus1 CM. HUXe 1o mekcmy

basites according to generally accepted methods
[21, 30-34].

Apparatus and equipment. Laboratory
researches were carried out on modern apparatus
and equipment: Camebax-micrho microprobe,
scanning microscope JSM-6480LM, X-ray
tomograph V/tome/ XS 240 Phoenix GE, high-
resolution autoemission electron microscope
TESCAN MIRA 3 LMU series, scales VMK

4001, multifunctional magnetic susceptibility
meter MFK1-FA, spin-magnetometer JR-6,
demagnetising units with alternating magnetic
field AF-Demagnetizer and LDA-5 and tempe-
rature MMTDS80A, vibro-magnetometers and
magnetic fraction meters, etc.

Material processing and interpretation.
The obtained factography (sampling schemes,
measurement and experimental data, analyses,
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etc.) was summarised in the “RESEARCH”
database [35].

During the studies we used domestic and
foreign methodological developments on graphic
and analytical implementation of solutions of
petro- and palaeomagnetic problems using the
computer programs Statistica-6 [36], Enkin-96
[37], Anisoft-42 [38], OPAL-3 [39], PetroStat and
AMSStat [35].

To solve the set task of physical and geological
modelling, ModelVisionPro-17.5 (MVP-17.5)
software (Encom Technology, Australia) was
used, which allows building geological models
and comparing their simulated characteristics
with field observation data. MVP-17.5 automates
the forward and backward modelling process,
which allows to verify the decision on the
suitability of a particular PhGM as well as to
predict some properties of its constituent PPhTs.
The software is a 3D shell that can be used to
create simple geological models, with a high level
of performance, or complex models with a large
number of objects.

Results and discussion

At the stage of laboratory works the spectrum
of values of physical parameters of PPhT, which
are the constituent elements of PPhM of the
Komsomolskaya deposit, was obtained (Table 3;
Fig. 7). Subsequent paleomagnetic and magneto-
mineralogical analyses revealed the nature of
their magnetisation.

PPhT-1, which includes unaltered host
rocks of the carbonate basement of the Early
Palaeozoic — silt-sandstones and limestones
of the Oldondin (€,-O,0l), Sokhsolokh (O,_sh),
Kylakh  (O,;kl) formations and Landover
(S4In) stage (Fig. 1, d; 4, d), characterised by
bulk density o = 2600143 kg/m® magnetic
susceptibility @& < 10-10° SI, NRM /n < 5-10° A/m
and factor Q < 0.2 (i.e. practically non-magnetic
formations) (Table 3; Fig. 7). The directions of
NRM vectors are clustered in northern rhumbas
Dm = 353° with a gentle inclination Jm=18°. The
average values are quite similar to the host rocks
of the carbonate basement of the Nyurbinskaya
pipe [22]. In the zones of “firing” (PMHSs of type 2)
with kimberlites and dolerites of the third phase
of embedding, the inclinations of NRM vectors
become negative in the 15t and 3 sectors of the
stereogram, respectively: D = 61° and J = -20°,
D =284° and J = -65°.

PPhT-2 (CK) and PPhT-3 (PK) represent
objectsofgeologicalandgeophysicalprospecting—
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primary diamond deposits (Fig. 1, d; 5, e, ). Their
bulk density varies from 2300 to 2500 kg/mé,
slightly increasing with depth (see Table 3;
Fig. 7). Magnetic characteristics of the studied
kimberlites are elevated, relative to sedimentary
PPhT-1 and PPhT-4, but have a number of
peculiarities.

According to the results of petrochemical
studies in kimberlites there are several
minerals-carriers of magnetisation: Magnetite —
Mgt, Titanomagnetite — Timt, limenite — Ilm
and Chromospinelide — ChSp (Fig. 3, ¢)®. In
(Table 4; Fig. 8), the results of chemical and
magneto-mineralogical studies of fine-medium
porphyry kimberlite (sample kom16-04) are
presented. Curie points highlighted on the
thermomagnetogram ae during heating (Fig. 8, b)
correspond to the minerals Mgt (=560 °C) and IIm
(=400 °C).

The results of magneto-structural analysis
of the kimberlite magnetisation carrier minerals
are given in (Fig. 8, ¢, d). Almost all the studied
samples belong to pseudo-single-domain grains
capable of fixing the primary thermal NRM.

The kimberlites of the upper horizons,
especially those of the “Detachment”, clearly
experienced a temperature impact from the sill of
dolerites of the Kuzmovsky complex (third phase)
(Fig. 9, a; Table 5) — the metachronous mean-
temperature component of the NRM vector B in
the temperature range from 250 to 400 °C agrees
with the direction of the primary NRM of the sill
(Fig. 9, d; Table 5) [17, 44, 45]. Such kimberlites
have increased values of Q > 1, and, directly,
in the endocontact with the dolerite sill &2 =
5200-10% SI, In = 2600-10-% A/m, the NRM vector
is Dm = 229° and Jm = -59°. At depth, where the
influence of magmatic and exogenous processes
decreases, the kimberlites have common factor
values of 0.3 < Q < =0.4 and gentle inclinations
of the J vector from -18 to 14° in the first sector of
the stereogram. In general, the NRM vectors of
kimberlites retained the primary high-temperature
component C, which corresponds to the Middle
Paleozoic tectono-magmatic stage [17, 46, 47].

PPhT-4 (sandstones of the Aikhal Formation
C,;ah), which occur as lenses of low thickness
on kimberlites, are practically non-magnetic
formations (see Fig. 2, a). The density of unaltered
sandstones o = 2160+£34.6 kg/m?® is significantly
lower than that of carbonate basement rocks and
sandstones orogenised by dolerite sills — o =
2296+80.2 kg/m? (Table 3; Fig. 7). The directions
of in situ NRM vectors of the latter (PMHs of
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Fig. 7. Distributions of sample physical parameter values from the diamond deposit
of the Komsomolskaya kimberlite pipe:

a — histogram of bulk density; b — dependency graph of magnetic susceptibility a, natural remanent magnetisation
In and factor Q; ¢, d — stereograms of vectors of natural remanent magnetisation In (c) and total magnetisation Is (d)
Puc. 7. PacnpedeneHus 3Ha4eHull ¢husuveckux napaMmempoe o6pa3yoe MecmopoxoeHusl aima3os
kumbepnumoeol mpy6ku «KomMmcomonbckasi»:

a — eucmoepamma obbemHoU nnomHocmu; b — epaghuk 3agucumocmu mMagHUMHoU 80CPUUMYUBOCMU &,
ecmecmeeHHOoU ocmamoy4Hol HamazHu4YeHHocmu In u gpakmopa Q;
¢, d — cmepeoepamMMbl 8EKMOPO8 ecmecmeeHHOU ocmamoyHoU HamazHu4yeHHocmu In (c)

u cyMmapHoU HamagHu4eHHocmu Is (d)
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Table 3. Spectrum of density and magnetic parameters of the main petrophysical taxa

of the diamond deposit of the Komsomolskaya kimberlite pipe in situ

Ta6bnuua 3. CnekTp NSIOTHOCTHLIX U MarHUTHbIX NapaMeTPOB OCHOBHbIX NeTPodU3N4YeCKkMX TaKCOHOB
MecCTOpPOXAEeHUA ariMa3oB KUMbepnuToBon Tpyoku «KomcoMornbckas» B «eCTeCTBEHHOM 3areraHumn»

In
Site o (s), & (¢), - Q (¢),
No. (horizon) Nl kgime | ™ [10ssi| M@ | g o | g o | KUnits/ | unis
103 A/m ’ ’ Qgs, °
Carbonate basement intervening rocks, PPhT-1
26, 28, 29 2600 8 0.5 0.13
! (280-235) A0 sy | 18| (roe) | 17y | 398 | 18 | STIRA g
. 2606 3 2 0.98
2 28* (280) 2 (103.7) 10 (103) | (1.21) 61 -20 | 89.6/5.1 (1.19)
o 2352 28 6 0.43
3 | 4,5,7,15,23* (625-610) | 6 (133.8) 24 (138) | (1.66) 284 | -65 | 4.2/16.6 (151)
Coherent kimberlites of the Daldyno-Alakitsky intrusive complex 1D4-C,dl, PPhT-2 (dyke)
27,28 2321 44 6 0.29
4 (280-235) 16 (59.6) 65 (1.17) | (1.23) ! 18 | 2927 (1.1)
Pyroclastic kimberlite of the Daldyno-Alakitsky intrusive complex 1D,-C,dl, PPhT-3 (nec)
9-12 2311 828 438 1.09
5 (595) S| aar) | 23| (134) | (20 | 29| 50 | 23207 4oy
21** (595), kimberlite 5205 259 1.02
6 detachment L T sy | ze) | 220 | 59| 198139 1
2466 1673 271 0.33
7 22, 23 (560) 7 (20.8) 55 (1.11) (1.08) 10 8 2.9/13.9 (1.07)
25, 26, 29, 30 2509 447 92 0.42
8 (330-235) Bl oasay |22 (13| (a3 | 7] 2T g g
Overlying sandstones of Aikhal Formation C,;ah, PPhT-4 (lens)
2160 9 15 3.55
9 3(632) 3 (34.6) 14 (106) | (1.21) 107 | 79 | 81.3/44 (122)
" 2296 73 28 0.8
10 11** (605) 5 (80.2) 16 (156) 2.11) 257 | -58 | 12.9/10.7 (155)
Tuffs of Alakit Formation P,-T,al, PPhT-5 (lens)
19, 24 2425 37 7 0.38
" (650-625) 61 (1204) | | (104) | (113) | 62 | 88 | 247TRI 1445
1,19** 2401 36 7 0.42
12 (650-640) 41 332) | % | (103) | (11a) | B4 | 62| 22342 1 40
Dolerites of the Katangsky intrusive complex By-yBP,-T,, PPhT-6 (sill)
2925 1349 1808 2.75
13 | 1-3, 18-20, 24 (650-625) | 53 (6.4) 249 (103) | (1.04) 77 83 | 31.1/1.6 (1.04)
5, 15-19** 2887 1288 949 1.51
14 (650-625) 221 207y | M® ] 03y | (ory | B0 | | TIST g0y
Dolerites of the Kuzmovsky intrusive complex yBT,, PPhT-7 (sill)
4-7,10, 13-15
"oa ’ 2962 1808 842 0.96
15 21-23 52 225 284 | -51 3.8/5.6
(625-550) (4.5) (1.02) | (1.05) (1.04)

Note. N — is the number of pieces; o — is the arithmetic mean value of bulk density; s — is the error of the arithmetic mean;
n —is the number of cubes; e, In, and Q — are the geometric mean values of the magnetic susceptibility, natural remanent
magnetization, and Koénigsberger coefficient (In/li), respectively; € — is the error of the geometric mean; Dm — mean
declination; Jm — mean inclination; k — accuracy; ays — radius of the 95 % confidence circle of vectors In. */** — samples
taken in contact with kimberlites/dolerites (petromagnetic heterogeneity of the firing zone [7, 16]).
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Table 4. Component chemical composition of magnetisation carrier minerals in the sample kom16-04
Tabnuua 4. KOMNOHEHTHLIN XMMUYECKUIM COCTaB MUHeparioB-HocuTerie HamarHuieHHocTu obpasua kom16-04

Oxide Probe points
2.1 2.2 2.3 24 2.5 2.6 2.7 2.8 2.1 212
MgO 5.17 1.17 0.89 9.86 1.65 13.45 0.81 1.98 0.89 7.56
Al,O, — - — 0.36 — 0.97 — — — 0.23
SiO, 4.49 1.05 0.72 0.14 1.86 0.13 0.32 1.9 0.67 —
CaOo 0.14 0.17 0.16 - 0.16 - 0.08 0.22 0.1 0.08
TiO, 0.13 0.09 - 51.17 - 54.41 - - 0.23 46.79
V,0; - - - 0.71 - 0.77 - - - 0.71
Cr,0, - - - 2.06 - 1.77 - - - 243
MnO - - - - - 0,49 - - - -
FeO 80.68 95.42 94.8 39.72 91.19 35.3 90.89 91.15 90.48 42.44
Nb,O, - - - 0.37 - 0.3 - - - 0.44
Sum 90.61 97.9 96.57 104.39 94.86 107.59 921 95.25 92.37 100.68
Mineral Mgt Mgt Mgt lIm Mgt lIm Mgt Mgt Mgt lIm
Note. The probing points are shown in Figure 8, a.
Kt [E-6)
a kom16-04 b a000 -
b kom16-04
3500 3
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1000
500 : é
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Fig. 8. Magneto-mineralogical studies of the Komsomolskaya pipe kimberlites:

a — backscattered electron micrograph of the sample kom16-04; b — thermomagnetogram of magnetic susceptibility ae
(red/blue line — sample heating/cooling process); ¢ — hysteresis loops of induced Mi (red) and residual Mr (blue)
saturation magnetisations; d — Day plot: 1 — pyrite vein; 2 — coherent kimberlite; 3, 4 — pyroclastic kimberlites
at horizons: 3 — from +595 to +560 m, 4 — from +330 to +235 m (see Table 3)

SD, PSD, MD and SPM — distribution areas of single-, pseudo-, multi-domain and superparamagnetic particles
Puc. 8. MazHumo-muHepasiocu4deckue uccredogaHusi kKumbepsiumoe mpy6bku «Komcomonbckasi»:

a — Mukpoghomoepagpusi obpasua kom16-04 8 06pamHoO paccesiHHbIX 31eKMpoHax; b — mepmomazHUmMozpamma
Maz2HUMHOU 80CrpuUUMYUBOCMU g (KpacHasi/CUHsIS IUHUST — MPoUecc Hagpesa/oxnaxdoeHust obpa3ua);
¢ — nemnu aucmepe3auca UHOyyuposaHHoU Mi (kpacHasi) u ocmamoyHoU Mr (cuHsisl) HamagHU4YeHHocmeu
HacbiweHus; d — Quazpamma [esi: 1 — nupumosasi xuna; 2 — KoeepeHmMHbIl Kumbepnum, 3, 4 — nupoknacmu4yeckue
Kumbepriumsl Ha eopu3oHmax: 3 — om +595 do +560 m, 4 — om +330 do +235 m (cm. mabn. 3)

SD, PSD, MD u SPM — obnacmu pacnipedeneHusi 00HO-, 1cegdo-, MHO2000MEHHbIX U CyneprnapamagHUmMHbIX Yyacmuy,
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Fig. 9. Paleomagnetic studies of petrophysical taxa of the deposit of the Komsomolskaya kimberlite pipe:
a — kimberlites; b, d — dolerites of the intrusive complexes of Katanga (second phase)
and Kuzmovsky (third phase), respectively; ¢ — Alakit Formation tuffs
Puc. 9. lNaneomazHumHsbIe uccriedogaHusi nempoghusuyecKkux maKCoHoe
MecmopoxxdeHusi Kumbeprumoeol mpy6ku «KomMcomosibcKkasi»:
a — kumbepnumel; b, d — donepumsl kKamaHaCKo20 (8mopasi ¢hasa) u Ky3bMOBCKO20 (mpembsi ¢ha3a)
UHMPY3UBHbLIX KOMI1/IEKCO8 COOMBEMCMBEHHO; C — Mydhbl anakumckol ceumal
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type 2), also agree with the zones of PPhT-1
remagnetisation by sill dolerites of the third
phase: Dm = 257° and Jm = -58°. In general
(in terms of size and physical properties), the rocks
of this complex are unlikely to significantly distort
the anomalous gravimagnetic field of the deposit.
The most serious anomalies-interferences in
the observed geophysical fields of the deposit
are created by basites of the second and third
phases (Fig. 1, ¢, d; 5, a—c) [19]. They are
characterised by significant size in volume and
varying in a wide range of values of density and
magnetic parameters (see Table 3; Fig. 7).
PPhT-5, which includes tuffs of the Alakit
Formation P,-T,al (Fig. 1, d; 4, d; 5, a, d), is
located at horizons from 625 to 650 m and is
characterised by average values of density and
relatively low values of magnetic parameters
(Table 3, Fig. 7; 10) comparable to PPhT-4:
o = 2400 kg/m?, & = 37-10° Sl, In = 7-10° A/m,
Q = 0.38. Tuffs are deposited as lenses of rather
significant volumes (length from 50 to 100 m
and more, thickness of the first tens of m), which
should be taken into account when constructing
deterministic PhGM of diamond deposits in the
areas of 4 and 5 geotypes. These objects are
capable of creating false gravity anomalies on
the day surface, similar to kimberlite bodies
(pipe-type anomalies). According to NRM vectors

Ig(In), 10-3 A/m
3.0

Haykun o 3emne u Heapononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

in tuffs, two petromagnetic taxa (PPhT) are
distinguished: petromagnetic groups (PMG) and
PMHs of type 2 [16, 44, 45]. In PMHs of type 2,
in contrast to PMG, in addition to the primary
component D, NRM vectors of metachronous
(component B) nature (Fig. 9, c; Table 5),
characteristic of the “firing” zones: Dm = 284° and
Jm = -62°, which indicates their remagnetisation
by the sill of the dolerites of the third phase, were
established within the temperature range from
150 to 350 °C. In the northern section above the
tuffs, characterised by low values of density and
magnetisation, there is an increased positive
(up to 2 mGal) gravity and intense negative
(up to -1000 nT) magnetic anomaly (Fig. 4, a,
b, d), which is a paradoxical phenomenon in
geophysics. Most likely the cause of the observed
gravimagnetic anomaly is explained by the deep
structure of the deposit. On this basis, it should
be interpreted as a structural type SA anomaly,
reflecting a favourable prospecting environment
on the flanks of the deposit (Fig. 1, ¢, d; 4; 5, a).

PPhT-6 (together with PPhT-5) armours the
Komsomolskaya deposit at horizons from 625 to
650 m (Fig. 1, ¢, d; 2, a, b; 4, d; 5, a—c; 12, a).
Its bulk density reaches o = 2900 kg/m® and
magnetic susceptibility e = 1300-10 Sl (Table 3,
Fig. 7; 10). This fact confirms that the dolerite
sill of the second phase is characterised by a

ig(In), 10-3 A/m
38

Dolerite facies

25

20

36

34

/Jdphas
>

32

3.0

28 PMHs-2
/ v Third phase
26 {
— = T o o | o5 —
0 12 14 16 18 20 22 24 26 27 28 29 30 3.1 32 33 34
Ig(K), 10-5 SI °~1 '°‘2 ‘°‘3 @‘4 Ig(K), 10-5 SI

Fig. 10. Facies classification of basite petrophysical taxa of the diamond deposit of the Komsomolskaya
kimberlite pipe on the In-se-Q diagram (according to [44, 45]):
figurative points with 95 % confidence ovals for basites: 1 — PPhT-6a (second phase dolerites);
2 — PPhT-7 (third phase dolerites); 3 — PPhT-6b (firing/stress zone dolerites);
4 — PPhT-5 (Alakit Formation tuffs)

Puc. 10. ®ayuanbHasi Knaccugukayuu nempoghuszuyeckux makcoHoe 6a3umoe MecmopoOeHusi aiMa3oe
Kum6epnumoeol mpy6ku «Komcomonbckasi» Ha 2paghuke In-ze-Q (co2nacHo ucmoyHukam [44, 45]):
uaypamueHble moyku ¢ oganamu dosepusi 95 % 6azumos: 1 — PPhT-6a (Gonepumsl emopol ¢hasbl);

2 — PPhT-7 (donepumbl mpemsel ¢hasbl); 3 — PPhT-6b (Qonepumsi 30HbI 06xU2a/cmpecca);

4 — PPhT-5 (mychbi anakumckol ceumai)
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Table 5. Paleomagnetic characteristics of petrophysical taxons of the Komsomolskaya

pipe in comparison with reference data for the Yakutsk diamondiferous province

Tabnuua 5. lNaneomMarHUTHbIEe XapaKkTepUCTUKM NeTPodPU3NYECKUX TaKCOHOB TPYyOku «Komcomonbckasa»
B CpaBHEHUM C penepHbIMU AaHHbIMU MO SIKyTCKON aniMa3oHOCHOW MPOBUHLIUK

Object
[source]

o

No. Nin | Dm,° | Jm,

o

k Qgs, ° ®?,° A° dp/dm, © fm,

Komsomolskaya diamond deposit (author’s data): ¢ = 66° 00’; A = 111° 37°

Third phase of dolerites,

In® (component B) 1732

259

12.5 7.5 - - - -

Second phase of dolerites,

In™ (component B) 1/41

254

9.3 7.7 - - - -

Tuffs of the Alakit
3 Formation,
In" (component B)

1711 | 245

15.9 11.8 - - - -

Tuffs of the Alakit
4 Formation,
In° (component D)

M7 | 42

10 11.9 - - - -

Second phase of dolerites,

In® (component D) 157

65

254

Kimberlites,

In™ (component B) 114

302

49 | 20 - - - -

Kimberlites,

In® (component C) 1725

32

14.5 7.9 -5 81 4.8/8.7 17

4+5, second phase

(component D) 274

52 81

749 9.1 71 157.5 17117.6 73

1+2+3+6, third phase
9 of dolerites
(component B)

4/93 | 262

84.1 10.1 53 175.2 15.7/17.8 57

Published data

10 Dolerites BPZ,vm _ _ _
Nyurbinskaya pipe [22]

-14.6 174 3.7/71 10

1 Kimberlites 1PZ,nk B B B
Nyurbinskaya pipe [22]

-11.5 111.2 3.5/7.5 13

12 Basalts D,ap B B B
Frasnian Stage [40]

1.9 91.7 6.1/9.7 26

Dolerites BPZ,vm
Mir pipe [41]

96.6 8.3/13.3 26

Kimberlites 1PZ,dI
14 Verkhnemunskoe - - _
deposit [42]

26.5 142.2 6.2/7.8 46

Kimberlites tMZ,0l
15 Obnazhennaya - - -

pipe [43]

59.6 143.9 11.1/11.3 75

Note. N/n — number of sites/samples participating in the statistics. Parameters of grouping vectors of the characteristic
NRM: Dm — mean declination; Jm — mean inclination; k — accuracy; aq; — is the confidence angle with a probability of 95
% of vectors In. Paleomagnetic pole: @ — latitude; A — longitude; dp/dm — semi-axes of the oval of 95 % confidence of the

paleomagnetic pole; fm — paleolatitude.

rather homogeneous chemical and petrographic
composition [3]. The geotype of magnetic
susceptibility anisotropy (AMS) (see Fig. 6,
outcrops 1 and 20) is sedimentary [23]: the
magnetic stratification plane is subhorizontal, and
the direction of sill movement is south-southwest
(Fig. 11, b), which indicates their connection with
the Vilyuisko-Kotuiskaya fault zone (Fig. 1, b).

At the same time, PPhT-6 as well as tuffs (PPhT-
5) are divided into two types by NRM vectors
and Q factor. The first PPhT-6a is represented by
unaltered dolerites (PMG) and is characterised
by In = 1800-103 A/m and Q = 2.75 and compact
vectors Dm=77°,Jm=83°, k=31.1and ay;=1.6°.
Generally, the NRM vectors are magnetically
rigid with a D component (Fig. 10, b; Table 5).
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In the second PPhT-6b sill dolerites of the
second phase, as well as in PPhT-1, 3, 4 and 5,
30 % of the studied samples (22 pieces) have
NRM vectors with In = 950-10° A/m and Q = 1.51
with negative polarity Dm = 285°, Jm = -29°,
characterised by large scatter k = 1.7 and ay; =
15.7° (Table 3, Fig. 7; 10). This is a clear sign
of PMHs, the formation of which occurred due
to heating and/or pressure from the negatively
magnetised sill of dolerites of the Kuzmovsky
complex (PMHs-2 and 5 types, respectively, of
firing and stress) [6, 7, 16, 47—49]. In addition,
in sites 3 and 19, the dyke geotype AMS (the
magnetic stratification plane is subvertical,
southwestern strike, and in site 5 — sedimentary
geotype (Fig. 11, ¢) [5, 23]. The studied PMHs
are characterised by rather large sizes (thickness
20 and more m, extension from 100 to 150 m)
and wide development in the upper part of the
quarry.

The first (PPhT-6a) and second (PPhT-6b)
taxa differ markedly in the values of hysteresis
parameters (Fig. 12). The second one is
characterised by increased values of Mrs and
Ber, which may be determined by the pressure
induced from the sill side of the dolerites of
the third phase [48, 49]. According to [50],
ferromagnetic samples that have experienced
stress have an altered domain structure, which
can cause a simultaneous change in the AMS
geotype. Temperature has little or no effect on
the transformation of the original AMS geotype.

At the same time the metachronous NRM B
component was formed due to the temperature
in PPhT-6b (Table 5). In the footwall of the
dolerite sill of the second phase, which is in
contact with the dolerite sill of the third phase,
it completely erased the primary component D.
With increasing distance (horizon height), the
influence of metachronous component Bweakens
and component D gradually appears [16, 18].
According to our observations, the thickness
of the firing zone can reach from 20 to 25 m
(Fig.1,d;4,d;5, a; 11, a). Thus, the petromagnetic
boundary is shifted upward relative to the
petrodense (geological) boundary, which should
be taken into account when constructing the
PPhM.

PPhT-7 or dolerite sill of the third phase is
mainly developed in the carbonate basement
at horizons from 550 to 580 m (boundary of the

Haykun o 3emne u Heapononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

O,;kl and S,In formations), sometimes reaching
the horizon 625 m (Fig. 1, d; 4, d; 5, a—c; 11, a) [10].
The formation of almost all metachronous NRM
vectors we have identified in the PPhT of the
Komsomolskaya deposit is associated with it. The
sill of dolerites of the third phase is characterised
by relatively high bulk density o = 2960 kg/m?
and, accordingly, magnetic susceptibility e =
1800-10° Sl (see Table 3; Fig. 7; 10), which
indicates an higher percentage of iron and
titanium [3]. On the other hand, dolerites of this
phase are characterised by reduced, relative to
PPhT-6, values of In=840-10° A/m and Q = 0.96.
The in situ NRM vectors have mainly negative
polarity: Dm = 284°, Jm = -51°, k = 3.8 and
0y = 5.6°. According to [16], PPhT-7 basites
belong to the PMHs-1 type —bodies remagnetised
by the geomagnetic field: the NRM vector
includes a viscous low-temperature (up to 250 °C)
component A and a primary high-temperature
component B (Fig. 9, d; Table 5). There are no
metachronous NRM components of geological
nature. The dolerite sill of the third phase dolerites
also has a sedimentary AMS type, indicating its
southwestward movement (Fig. 6; 11, d) from the
Vilyuisko-Kotuiskaya fault zone (Fig. 1, b).

The obtained petrophysical, petro- and
paleomagnetic data (Table 3; 5) formed the basis
for solving the above tasks on the formation of
static (deterministic) PhGM and dynamic PhGM
of the diamond deposit of the Komsomolskaya
kimberlite pipe, which made it possible to
establish a connection between the observed
anomalous gravimagnetic field and the structure,
material composition, physical characteristics,
nature and age of magnetisation of the PhGM
in order to substantiate the prospecting physical
and geological criteria.

The geological exploration data [10]® were
used to construct a framework for 3D PPhM of
the deposit (Fig. 13, b). The petrophysical data
for the studied PPhT (Table 3) allowed us to
calculate the model gravimagnetic fields in the
MVP-17.5 programme and compare them with
the available geophysical survey data (Fig. 13, a).
Of particular importance in the construction of
a correct PhGM were the PPhTs of types 2 and
5 that we identified in the basites. After removing
PPhT basitic bodies from the 3D PPhM
(Fig. 13, c¢) using the “exclusion method™, their
gravimagnetic effect was determined using the

SNikitsky V.E., Glebovskiy Y.S. Magnetic prospecting. Reference book of geophysicist. Moscow: Nedra; 1980, 367 p. (In Russ.) /
MarHutopassegka. CnpaBovHuk reocpmanka / nog pea. B.E. Hukutckoro, FO.C. Mebosckoro. M.: Heapa, 1980. 367 c.
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Fig. 11. Study of dolerite magnetic susceptibility anisotropy
in the open pit of the diamond deposit of the Komsomolskaya kimberlite pipe:
a — geological section of the north-eastern side of the open pit;
b—d — stereograms of magnetic susceptibility anisotropy
1-3 — ellipsoid axes with 95 % confidence ovals, long K,, middle K, and short K;, respectively; 4 — direction of dolerite
sill movement; 5 — magnetic stratification plane formed by the K, and K, main axes of the ellipsoid
For other explanations, see Fig. 6
Puc. 11. U3yyeHue aHuU3omponuu MazHUMHoOU eocrnpuumM4yusocmu 6os1epumos
8 Kapbepe MecmopoxOeHus1 anma3oe Kumbepsumoesoli mpy6ku «Komcomonbckasi»:
a — eeorioauyeckuli pa3pes cegepo-80cmoyHo20 bopma Kapbepa;
b—d — cmepeoepammbl aHU30MPONUU MagHUMHOU 80CMpPUUMYUBOCMU
1-3 — ocu annuncouda ¢ osanamu dosepusi 95 %: dnurHHas K,, cpedHssi K, u kopomkas K; coomeemcmeeHHO;
4 — HanpaeneHue d8uxxeHUs curia 0osiepumos; 5 — nIo0CKOCMb Ma2HUMHO20 PacCiOeHUs,
obpasosaHHas anasHbIMu ocsimu annuncouda K, u K,
[pyaue nosicHeHusi cM. Ha puc. 6
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Fig. 12. Magnetostructural analysis of the Komsomolskaya pipe dolerites:

a — dependency diagram of hysteresis parameters of different-phase traps (blue/red/green circles —
second phase / third phase / petromagnetic heterogeneities, respectively, numerical symbols — piece numbers);
b — Day plot (SPM, SD, PSD and MD - distribution areas of superparamagnetic, single-,
pseudo-single- and multi-domain particles, respectively)

Puc. 12. MaecHumocmpykmypHbIl aHanu3 dosiepumoe mpy6ku «KomMmcomonbckasi»:

a — epachuk 3agucumMocmu 2ucmepe3uUcHbIX napamempos pasHoghasHbIX Mparnos (CUHUe/KpacHble/3eneHble
KpY>XO4KU — emopasi ¢hasa / mpembsi ¢ha3da / nempomazHumHbie HEOOHOPOOHOCMU COOMEEMCMEBEHHO,
uugbpsl — Homepa wmygos); b — duazpamma Les (SPM, SD, PSD u MD — obnacmu pacrnipedeneHusi
cyreprnapamazHUMmHbIX, 0OHO-, 1ce80000HO- U MHO2000MEHHbIX Yacmul, COOMEeMmCmeeHHO)

“exclusion method” of their gravimagnetic effect
from the total anomalous field, a classical pipe-
type anomaly was obtained (Fig. 13, d).

The dynamic PhGM of the Komsomolskaya
field is based on the obtained palaeomagnetic
data on PPhT: kimberlites, basites of the second
and third phases of intrusion (Table 5). The
calculated poles are compared with previously
obtained palaeomagnetic data [27, 40—43] and
with the basic apparent polar wander paths
(APWP) of the Siberian Platform [51] (Fig. 14, a).
The virtual geomagnetic pole of kimberlites of the
Komsomolskaya pipe (no. 7) agrees quite well with
the paleomagnetic poles of kimberlites (no. 11)
and basites (no. 10) of the Nyurbinskaya deposits,
dolerite dyke ofthe Mirdeposits (no. 13),and basalts
of the Appain Formation (no. 14). At the same time,
it is noticeably distant from the palaeomagnetic
pole of the Verkhnemunskoe diamond deposit (no.
14) [42], the age of which is estimated to be Late
Devonian-Early Carboniferous (D,-C,, =360 Ma).
The age of the Komsomolskaya kimberlite pipe
may be older (Table 1) [13], which is consistent
with the data on the size of its erosion cut [52].
The virtual geomagnetic poles of basites of the
second (no. 8) and third (no. 9) phases of intrusion
(Table 5; Fig. 14, a) correspond to the Early-Middle
Mesozoic APWP interval of the Siberian Platform
and the palaeomagnetic pole of the Obnazhennaya
kimberlite pipe (no. 15).

Palynspastic reconstructions performed under
the OPAL-3 programme [39] indicate that the
Siberian Platform moved from the equatorial belt
of the western hemisphere through the northern
polar region during the Phanerozoic, overcoming
a path of more than 150° in latitude (Fig. 14, b).
At the same time, the palaeogeographic
reconstructions of the Siberian Platform for the
main epochs of kimberlite and trap formation
correspond to the position of hot spots [53],
which confirms the decisive role of the latter in
the manifestation of these tectono-magmatic
processes [54]. For example, in the Middle
Palaeozoic (376-344 Ma), when the Siberian
Platform passed over the hotspots of Madeira,
Azores, and Canary Islands, the formation of the
Vilyuiskaya Syneclise and associated intrusions
of basites and kimberlites occurred [55, 56]. These
hot spots left on its surface the Alakit-Kuoisky,
Mirninsky, and Okinsky tracks, along which the
previously known and newly discovered (Hoptu-
Mayskoye and Syuldyukarskoye) kimberlite fields
are located (Fig. 14, c) [10]"2. In the south of the
Siberian Platform, according to this dynamic
PhGM, the Biryusa-Chunskiy diamondiferous
region is predicted to lie to the west of the
Mirninsky track. A correction of approximately 22°
clockwise angle for the reversal of the Aldan block
in post-Middle Paleozoic time is introduced into
the northeastern section of the Okinsky track [57].

Www.nznj.ru

210 I



I 2024;47(2):190-219

KonctantuHoB K.M., Kyauna .M., Xopowmnx M.C. MNeTpocmsnyeckme TakCoOHbl MECTOPOXAEHMUS. .

Konstantinov K.M., Kuzina D.M., Khoroshikh M.S. Petrophysical taxa of diamond deposit...

&

1anAdAy — L) “(0L) Banxgo n (g) B228dWd NWIOHPOAOHPOBH dI9HWNH2ewodwWwaL — (L N 6
‘19geqp neqwisdw 19windsLrog — g fiI9wned noxownxewre 19pAw — ; ‘19gegh nodows 1quwindaLop — 9 ‘ewnsd sexoqLexne — G
‘neHaxdowwo nigsownLrdeguny — ¢ ‘wnLrdegwny nnxosknwoeLodnu — g ‘wnudaguiny NIGHWHada20) — Z ‘BLIoXon o2o0HWeHogdey 19podou — |
SKBNHBROILYION WOQOWBW» NYNenghos2 nrepee NoHwedgo enHemad — p (2) €89 n (q) sownegeg acadeed o wowshA o
BnHapxodowoan 9LreEoNW BexdarnengodwaL — 9 ‘q ‘n¥nengos2 nrepee nowsdu snHamad — e
1«BBNIGLION0IWOY» nigAdw nosownwdagwny socenwre sBNnHapxodowaanw
NLrBPOW NO0X23hN20LI092-0NENG NOHHES0dNHNWABWSPE 990HI0 BH «BNHRWNhITS WOQOWAW» NINENGh0a2 nhepes NOHWedgo anHamad "¢l "and
swnuny — LI {(0L) Buuy pue (6) ssa4js jo saisusboisjay onsubewodjad — 0 pue 6 ‘sejusjop aseyd piiy) — g ‘synj) uonew.o- e — /

‘sejliejop aseyd puooss — g ‘UORBULIO [eUYXIY — G JUsLIyoB)ep d)iioquI — t ‘BjilJequuly d1SejooJAd — & ‘ejiiaquuny JUsIayoo — Z ‘$00J JusWaseq 8)euoqles — |

spoyow uoisnjoxa, oy Aq wejqoud saisAydosb asienur ayj Jo uonnjos — p (2) uoiposs jiIsodsp ayj ul Sejseq Junodoe ojul bupjej Jou
‘(q) uonoss ysodap ay) ur sajseq Junosoe ojul bunje; sjjIs 8y} Jo [apow [eaisAydodjad — o ‘q ‘wejqoud saisAydoab josuip oy} Jo uonnjos —e
radid aj1uaquury eAeysjowoswoy ayjy jo }sodap puowelp ayj jo
Japow [eaibojoab-jeaisAyd onsjuiwLiajap e uo paseq ,,poyjaw uoisnjaxa,, Aq saisAydoab jo wajqo.id asiaaul ay} jo uonnjos gL "bi4

3

oce [ o oz

PEPETSE EPEPETE Y

R
-
-
4
4
g

) i —t ] n@ﬁ-

PR A /P PETw Fewed |

WWW.Nznj.ru

21



www.nznj.ru

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online) &

2024;47(2):190-219 I

Haykun o 3emne u Heapononb3oBaHue / ISSN 2686-9993 (print), 2686-7931 (online)

a b e c 75
Present 70
R ]
’ N 22’
\ ° %
13‘~ ‘"‘;\ lr' o ¢ -
- A ° A - 7
= ° G yuldyu
{”’” ° o e e (20 60
/. P:T, \® \
s
Jo; D:‘clc Bin A7 I" 0 140
) \':' ety v’ P 00
7 LJ A
1 & | ® e 55
? (2 Dy) :
30'—
%o . 0 100 sk 130
+ 0 o -
110 120
1 [@]2 (3 4 [#®)s (26

Fig. 14. Dynamic physical and geological model of kimberlite and trap intrusion
in the Yakutsk diamondiferous province:
a — paleomagnetic poles (see Table 5); b — paleomagnetic reconstructions of the Siberian Platform

in the Phanerozoic; ¢ — position of

the Middle Paleozoic kimberlite fields

of the Siberian Platform relative to the calculated hotspot tracks
1 — apparent polar wander paths of the Siberian Platform according to [561], figures — geological age million years;
2 — Paleomagnetic poles; 3 — hot spots according to [63]: C — Canary Islands,
M — Madeira Islands, A — Azores Islands, Il — Iceland, JM — Jan Mayen;

4 — estimated tracks of hotspots according to [54]: | — Alakit-Kuoisky, Il — Myrninsky, Ill — Okinsky;
5 — hotspot tracks with 95 % confidence intervals (brown stripes) and kimberlite fields (circles): known — blue (old)

and blue (new with discovery dates); inferred — yellow; 6 — location of the area under investigation

Puc. 14. QuHamuyeckasi ¢hu3uko-2eosio2udeckasi Moodesib 8HeOPEHUST KUMbepiumoe
u mpannoe 5Ikymckoul asiMa3oHOCHOU MPo8uUHYUU:

a — naneomazHumHsble nomnkckl (cM. mabn. 5); b — naneomasHumHsle pekoHecmpykuyuu Cubupckoli
nnamaeopmbi 8 haHeEPO30e; C — MONIOXKEHUe cpedHernaneo3olcKux Kumbepumossix rnonel Cubupckol
nnamagopmMbl OMHOCUMEsIbHO PacCyumaHHbIX MPEKo8 20PSYUX MOYeK
1 — mpaekmopus Kaxxywelcs Mmuepayuu nomoca Cubupckol rnnamagopmsi Mo ucmoyYHuUKy [51], uugbpbr —
eeorioauyecKul gospacm, MIIH fiem; 2 — nafeomMagHumHbIe Mosrckl; 3 — 20psyue MoYKuU o UucmoYHUKy [53]:

C — KaHapckue ocmposa, M — ocmposa Madelipa, A —

A3opckue ocmposa, Il — VicnaHndusi, IM — [IxxeH MalieH;

4 — npednonazaeMble MPeKU 20pA4UX MOYeK 1o ucmoyHuky [54]: | — Anakum-Kyotickud, Il — MupHuHckud,
Il — OkuHckul; 5 — mpeku eopsiqux moyek ¢ 0ogepumernbHbiMU UHmMepesanamu 95 % (kopu4yHeable nonochl)
U Kumbepriumosble nors (Kpy>XO4KU): U3eeCmHble — CUHUE (cmapbie) u 20r1ybbie (Hogbie ¢ amamu OMKPbIMUS);

fU?eC”7CU7aE%36AﬂbIe — Xenmele; 6 —

The formation of the Tunguskaya syneclise
and associated plateau basalts (=250 Ma) and
kimberlites (231-215 Ma) corresponds with the
Iceland hot spot [58, 60]. The Jurassic epoch of
kimberlite deposition (175-147 Ma) in the north
of the Siberian Platform is most likely due to the
“work” of the Jen Mayen hot spot.

Conclusion
The works performed in the quarry field of the
Komsomolskaya pipe allowed for the first time
for YaDP to carry out a comprehensive analysis
of the material and structural components in the
field structure and to argue for a deterministic
PhGM and dynamic PhGM (Fig. 13; 14), which

include the following elements:

rosnioxeHue patioHa uccredosaHull

1. The fault-block tectonics that host the
kimberlite pipe determined the behaviour of
the third phase of dolerites sill in the carbonate
basement. Its transition to the upper horizon was
carried out along zones of increased fracturing,
due to which such a kimberlite-bearing structure
(sigmoid, step) is marked by characteristic gravity
AG, and magnetic AT, anomalies (Fig. 1, d; 4, d,
10, a; 11, a).

2. In the zone of contact between dolerites
of the third phase and host rocks (kimberlites,
dolerites and tuffs of the second phase), the latter
form PMHs of types 2 and 5, i.e., areas of change
in the initial magnetic characteristics due to “firing”
and “stress” [6, 7, 16, 18, 44,45, 48, 49]. Moving in
the south-southwest direction (within 185-215°)
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from the Vilyuisko-Kotuiskaya fault zone (Fig. 1, b;
4, b; 6; 11), the negatively magnetised sill of the
third phase rose from the lower structural floor of
the carbonate basement (horizon 550 m) along
the zones of increased fracturing to the bottom
of the positively magnetised sill of the second
phase (horizon 625 m) (Fig. 1, d; 4, d; 11, a).
As a result, the occurrence of reverse polarity
NRM vectors in all previously formed PPhTs
studied by us is determined by remagnetisation
from the sill side of dolerites of the third phase
(PPhT-7). Consequently, it is reasonable to
consider the firing and stress zones as peculiar
PPhTs, the formation of which is associated with
a certain geological and tectonic setting. During
the formation of type 2 and 5 PMHSs in the traps
of early intrusion phases, there is a noticeable
displacement of petromagnetic boundaries (20
and more m upwards), which should be taken into
account in the physical and geological modelling
of the upper part of the section [19].

3. The location of the “blind” Komsomolskaya
kimberlite pipe is marked by the presence of
PMHs of types 2 and 5 in the overlying traps and
accompanying elevated gravity AG, and negative
magnetic AT, anomalous fields, which are con-
trolled by zones of increased fracturing (Fig. 1, d,
4, a—c; 5, a; 11, a). It is shown that PMHs are
characterised not only by the presence of the
metachronous component of the NRM vectors
of dolerites of early intrusion phases (first and
second), but also dyke type of AMS, increased
values of hysteresis parameters, etc. [6, 7, 16,
18, 44, 45, 48, 49]. For this reason, it is logical
to consider the PMHs of firing zones in traps
of early phases of intrusion as a petrophysical
search criterion for the presence of kimberlite
pipes in diamond prospecting areas of geotypes
4 and 5 [1] (of course, in combination with
geophysical, structural-tectonic, etc. features),
and the associated geophysical anomalies as

| 2024;47(2):190-219

SA of areas promising for the manifestation of
kimberlite bodies.

The proposed deterministic PhGM combines
the established features of the location and
kinematics of the discontinuities with the regularities
of changes in the material structure, shape,
physical (including magneto-mineralogical and
paleomagnetic) properties of the PPhT diamond
deposits of the Komsomolskaya pipe and the
behaviour of the geophysical fields observed above
them within the framework of the functioning of a
single tectono-magmatic system as a whole.

Since the geological structure of the
Komsomolskaya deposit is not unique (a similar
geological situation was also established at the
Krasnopresnenskaya pipe [10]), the probability of
finding deposits of a similar type in other areas
of the eastern side of the Tunguskaya syneclise
cannot be ruled out.

4. The NRM vectors, by which the coordinates
of the virtual geomagnetic poles of the PPhT are
calculated (Table 5; Fig. 14, a), are determined by
the motion of the Siberian Platform (Fig. 14, b).
Obviously the age of the Komsomolskaya
kimberlite pipe is relatively older compared to a
number of YaDP kimberlite pipes [17, 42, 43].
The obtained geomagnetic poles have a
sufficiently high statistical representativeness,
which is reasonable to use to refine the APWP of
the Siberian Platform.

5. The position of the Siberian Platform at the
epochs of kimberlite and trap formation agrees
well with the currently known hot spots (see
Fig. 14, b) [53], which may indicate their close
parasteric connection [54, 60]. On this basis, it
is recommended to develop a regional predictive
scheme for the location of kimberlite fields of the
Siberian Platform, which will be controlled by hot
spot tracks projecting onto its surface. It can be
used more widely for forecasting and prospecting
of other endogenous deposits in Eastern Siberia.
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FOPHOMPOMBIWIEHHAA N HESTETA30MNMPOMbBICITOBAA MTEONOIMA,
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Pornb U 3HaYMMOCTb reoniorM4ecKon HeogHOPOAHOCTHU
B hopMupoBaHUM NPOAYKTUBHOCTU N3BECTHSAKOB
c¢hameHckoro aipyca KOxxHo-TaTtapckoro cBoaa

Nn.C. KynewoBa®*

alHcmumym Heghmu u 2a3a YumckKoeo eocydapCcmeeHH020 He(hMSIHO20 MEXHUYECKO20 yHUBepcUumema —
unuan 8 Okmsabpbckom, Okmsbpbckud, Poccusi

Pesrome. Llenb npoBegeHHOro UCCrefoBaHns 3aknoyanach B MaeHTUdMKaLMM CTENEHN U XapakTepa BMUAHUS reornoru-
YeCKOW HEOQHOPOAHOCTU Ha NPOAYKTUBHOCTL 3arnexen Anst UCNoNb30BaHUSA NOMyYeHHbIX 3aKOHOMEPHOCTEN NPU PeLIEHUN
dyHOameHTanbHbIX 3a4a4 pa3paboTkn HEDTAHLIX MECTOPOXAEHMIN C YH4ETOM PasfMYyHOW MIIOTHOCTM reonoro-npoMbICIO-
BOM MHGOPMALIMM N 3HAYUTENBHON HEPABHOBECHOCTU AaHHbIX 3KCnnyaTaumm ckBaxuH. O6beKToM nccrnegoBaHns ABns-
nnck 3anexu gameHckoro sipyca KOxHo-Tatapckoro cBoaa, pacnonoxeHHble B npegenax Bonro-Ypanbckon HedTeraso-
HOCHOW NpoBuHUMK. B xoae paboTbl Npu NOMOLLM 311IEMEHTOB MHOTOMEPHOTO PErPECCUOHHOIO MOAENUPOBaHNS ObInun no-
nyYeHbl 3aBUCMMOCTY MPOAYKTUBHOCTU 3anexern oT Habopa reonoro-npoMbICIIOBbIX MApaMeTpPoOB U YCTAHOBMEHbI criefy-
toLMe 0COBEHHOCTU: CTENEHb BIUSHWS NapaMeTPOB Ha MPOAYKTUBHOCTb PasfnyHa B YCIOBUSAX BbIAENEHHbIX rPynn naeH-
TUYHBIX OOBEKTOB; B OTAENbHbIX ClyYasx OTMEYaeTCsa M pasfMyHbIA XapakTep BrUSHMSA NapaMeTpoB, YTO NoaATBepXaaeT
aKkTyanbHOCTb M HeobxoaMMOCTb peanu3aumu npouenyp AvddepeHumralmmn npyu NpoBeaeHUM NPorHo3a AN CHUKEHUS
PUCKOB MPUHATUS HE3((EKTUBHbBIX YNpaBneH4Yecknx pelueHuin. NMpeacraBneHHble pesynsratbl MOryT ObiTh MCNONb30BaHbI
Anst 060CHOBaHHOWN OLIEHKM NMPOAYKTUBHOCTM 3anexen Ha cTaguu Ux BBOAA B NMPOMBbILLMEHHYHO akcnnyaTtaumio. C y4eTom
TOro, YTO MOrpeLUHOCTb NPeACTaBNeHHbIX MOAENEN Ha YeTBEPTb BhILLE, YEM MPU UCMONMb30BaHUN MOAENEN, B KOTOpbIe
BXOAAT NokasaTenuv reoniormyeckort HEOAHOPOAHOCTU, UX MPUMEHEHNE AN COCTABMNEHUS NEPBbIX MPOEKTHbIX AOKYMEHTOB
BMOJSIHE 06OCHOBAHHO 1 MO3BONSIET HEAPOMONb30BATENSAM YCMNELWHO (hOpMMPOBaTL ONTUMASbHbIA NOAXOA K peanv3auum
3(hpeKTUBHOM cUCTEMbI pa3paboTky MECTOPOXOEHUN.

Knrovesnble crnoea: reonornyeckasl HEOQHOPOAHOCTb, 3arnexu dpameHckoro sipyca KOxHo-TaTapckoro cBoAa, reonoro-cta-
TUCTUYECKOE MOAENVPOBaHue, AvddepeHumauns n rpynnmpoBaHns 3anexen, oueHka koadduumneHTa npogyKTMBHOCTMH,
pa3paboTka HePTAHbIX MECTOPOXKAEHNIA

Ans yumupoeaHus: Kynewoga J1.C. Ponb 1 3Ha4MMOCTb reonorm4eckon HeOLHOPOAHOCTN B (hOPMUPOBAHNM MPOAYKTUB-
HOCTU M3BECTHSAKOB hameHckoro sipyca KOxHo-TaTtapckoro ceoga // Haykn o 3emne n Hegpononb3oBaHue. 2024. T. 47.
Ne 2. C. 220-226. https://doi.org/10.21285/2686-9993-2024-47-2-220-226. EDN: MAHTWB.
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Brief report

The role and significance of geological heterogeneity
in the formation of limestone productivity
in the Famennian stage of the South Tatar arch

Lyubov S. Kuleshova®“

alnstitute of Oil and Gas of the Ufa State Petroleum Technological University, Oktyabrsky Branch, Oktyabrsky, Russia

Abstract. The purpose of the research is to identify the degree and nature of the geological heterogeneity impact on deposit
productivity in order to use the obtained patterns in solving fundamental problems of oil field development considering
different density of geological and field information and drastically uneven data of well operation. The object of the study
is the Famennian stage deposits of the South Tatar arch located within the Volga-Ural oil and gas province. The use of
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the elements of multidimensional regression modeling allowed to obtain the dependences of deposit productivity on the
number of geological and field parameters resulting in the establishment of the following features: the degree of parameters
influence on productivity varies in the conditions of selected groups of identical objects; there are some cases featuring
the different nature of parameter influence, which proves the relevance and necessity of implementing differentiation
procedures when making a forecast in order to reduce the risks of making ineffective management decisions. The presented
results can be used for reasonable estimation of deposit capacity at the stage of their commissioning. Since the error of the
presented models is a quarter higher than the one of the models including the indicators of geological heterogeneity, it is
quite reasonable to use them for drafting the first project documents as they allow subsoil users to successfully formulate
an optimal approach to the implementation of an effective field development system.

Keywords: geological heterogeneity, Famennian stage deposits of the South Tatar arch, geological and statistical
modeling, differentiation and grouping of deposits, productivity factor estimation, oil field development

For citation: Kuleshova L.S. The role and significance of geological heterogeneity in the formation of limestone productivity
in the Famennian stage of the South Tatar arch. Earth sciences and subsoil use. 2024;47(2):220-226. (In Russ.).
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BBepneHue

M3BecTHO, 4TO reonornyeckass HeOQHOPOA-
HOCTb OKasblBaeT CYyLIECTBEHHOE BUAHME Ha
N3MEHEHME TEKYLUUX N KOHEYHBLIX TEXHONornye-
CKMX nokasartenen paspaboTkn HedpTaHbIX Me-
ctopoxaeHun [1, 2]. C apyroit CTOPOHbI, OOHUM
13 Hanboree 3Ha4YMMbIX NapameTpoB, OKa3blBa-
IOLLMX BNUSIHME Ha CTEeMeHb BbipaboTKM 3anacos
HeTH, aABnaeTcs Koa(PPULUMEHT NPOOYKTUBHO-
CT Kipoy - [3, 41

B aTux ycnoBusaX BaKHO 3HaTb, HACKOIIbKO
3Ha4YMMa porb reornorM4eckor HeogHOPOOHOCTU
Mo pasnuMyHblM NapamMeTpam Ha NpPOJYKTUBHOCTb
3anexeu, MOCKOMbKY OOHOW U3 akTyarnbHbIX 3a4a4
athdbekTnBHOM pas3paboTkM 3anexen sBNSETCS
NPOrHo3 HedpTeoTAAuYM Ha CTaguy BBOAA MECTO-
poXaeHui B pa3paboTky. STOT NPOrHo3 BO3MOXEH
C VMCMonb3oBaHWeEM Mofenemn, NOCTPOEHHbIX MO
OaHHBbIM UCTOpUK paspaboTku 3anexen, Haxoas-
LLMXCS ANnTeNbHOE BPeMs B pa3paboTke Ha OCHO-
BE NMpMMeEHeHna metoga aHanornn [5—8]. Tem He
MeHee B paHHel cTaamm pa3paboTkm BONpoc O re-
OnornyecKon HeO4HOPOLAHOCTU OCTaEeTCA OTKPbI-
TbiM 13-3a cnabon pasbypeHHOCTN MEeCTOpOXae-
HVUA. B CBSI3N C 9TM BaXXHO 3HATb MOrpPeLIHOCTH
MPOrHo3a B YCMOBMSX MOMHOMO M OrPaHUYEHHOro
obbema nHdopmMaLmm O 3anexax.

MaTtepuansl n metoabl
uccnenoBaHus
[ns ycnosun dpameHcknx 3anexen Hedptn B
KapboHaTHbIX KornekTtopax HOxHo-TaTtapckoro
CBO[a Ha OCHOBe NpoBefeHus npouenypbl naeH-
Tumkauun' ObINo BblAENEHO YeTbipe rpynnbl
0o6beKkToB, BeCbMa Gnuskux Apyr gpyry no reo-
noro-npoMbICoBON  Xapaktepuctuke. [lo pgo-

ObIBaOLMM CKBaXKMHAM 9TUX 3anexen Obinu
oToBpaHbl 3HayeHus K., onpeaeneHHble Mo
OaHHbIM  TMAPOAMHAMMUYECKUX  MCCNEAOBaHUN
B nepwog crabunusaumm K, nocne Bbixoaa
CKBaXXMH Ha MakCcumanbHbI ONTUManbHbLIA Oe-
out. PaccuntbiBanvck cpegHue sHadenus K.,
MO KaXXOoMy OObeKTY.

C wuvcnonb3oBaHMEM MHOTOMEPHOro Koppe-
NSAUMOHHO-PErPECCMOHHONO aHanm3a ObIno npo-
BeleHO MOCTpPOEeHne Moaenewn, rae B KavecTBe
(PYHKLMM UCMonb3oBaH Ky, @ B ka4ecTBe apry-
meHTa: Hygy — obLias TonwmHa nnacta, m; Hy —
appekTMBHAsAs HedTeHacblWeHHas  ToswmHa
nracra, m; Hg — adpbpeKkTMBHAsA HehTEeHACbILLEH-
Hasl ToNWmMHa nnacta B 30He pa3bypuBaHus, M;
H, — cpegHss TonwmHa HedTeHacbILLEeHHbIX
nponnacTkoB, M; M, — KO3PULUNEHT NOPUCTO-
CTu no reopusmke, %; My — KOIPPOULMEHT Nopu-
CTOCTM MO KepHy, %; K,, — koacpdumumeHT HedTe-
HacblleHHOCTW, A. end.; Ky, — koaduumeHt
MPOHNLAEMOCTUN, MKM?; K, — KO3(hULMEHT nec-
YyaHucTocTu, Aa. en.; Kp — KO3 PMUMEHT pacune-
HeHHocTW; H,,, — rmybuHa 3aneraHua nnacra, Mm;
tun — HavanbHaa nnactoBas Temnepatypa, °K;
P, — HavanbHoe nnactoBoe paenexue, Mra;
Uy — BSIBKOCTb HeddTU B MNACTOBbIX YCIOBUSIX,
mla-c; 1, — OTHOCUTENBbHAs BA3KOCTb HEQTH; Py —
NNOTHOCTb HedTK B NNACTOBbIX YCNOBUSX, T/M3;
P, — AaBneHve HacbllweHns HedpTu rasom, Mla;
G — rasocogepxaHue nrnacTtoBon HedpTn, M3/T.

Kpome Toro, B kayecTse apryMeHTOB MUCMOSb-
30BanMCb NapameTpbl, XapakTepusyloLime cre-
neHb HeynopsigO4YEeHHOCTU CUCTEMbI MO pPasnuny-
HbIM NapameTpam, TO eCTb MapamMeTpbl, Xapak-
TepUsyloLlmne reoriormM4eckyto HeoaHOPOOHOCTb
00ObeKTOB?:

" Kynewosa J1.C., MyxameTwuH B.B., MnsasetanHoB PA. Mcnonb3oBaHne metoda aHanorui yYepes uaeHTudukaumo
B pelueHnn 3agad pa3paboTkm HedTAHbIX MecTopoxaeHun: y4eb. nocobue. Yda: N3p-so YITHTY, 2023. 150 c.

2 MyxameTwwuH B.LL. MpoayKTUBHOCTb CKBaXXMH W 3anexen, ee NporHo3npoBaHne U UCMONb30BaHUE MpU peLleHnn 3aaaq
paspabotku: y4eb. nocobue. Ypa: N3g-so YIHTY, 2005. 81 c.
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— Kijeos — KOMANEKCHBIN NOKa3aTenb HeoAHO-
pogHocTtu no M.A. Tokapesy [8];

— 1o acppekTnBHON HEDTEHACHILLIEHHOW TOM-
WMHe: 5H3— cpeaHekBagpaTUYHOE OTKITOHEHME,
WHB— KoahpuumeHT Bapuauyuu, 3H3— 3HTpONUA,
9p,~ OTHOCUTENbHAsA SHTPOMWS, [y, — napameTp
HEeoOQHOPOOHOCTMU;

— NO TOMNWWHEe HedTeHAaCbIWEHHbIX MpPOo-
MMacTKOB: 6Hn— cpegHekBagpaTuYHOEe OTKITOHe-
Hue, WHH— KO3 pULMEHT BapmaLmm, 3Hn_ 3HTPO-
nus, Iy — OTHoCcUTeNnbHas aHTponus, [1; — napa-

n n
METP HEOOQHOPOOHOCTMU;

— MO MNOPUCTOCTU MO AAaHHBIM reodPN3NYECKNX
nuccnegosaHuin: 6,,— cpeaHeKkBagpaTtuyHoe OT-
knoHenue, Wy, — Bapuauus, 3,, — aHTponus, 3,, —
OoTHocUTenbHas aHTponug, I, — napameTp Heoa-
HOPOOHOCTM.

Mogenu cTpounucb Npyv  UCMONb30BaHMMU
OrpaHMYEeHHOro M MOSIHOro KoMmmnekca MHAGOop-
Maummn (C napameTpamMm reofiorm4yeckon HeoaHo-
poOHOCTK).

Pe3ynbraTthl uccnegoBaHus
M nx obecyxaeHune

Mogenn no dameHckum rpynnam o6b-
€KTOB B kapboHaTHbIX Kornektopax HOxHO-
Tatapckoro cBofa ¢ UCrnonb30BaHUEM MOTHOro
Komnnekca vHopMauum UMeT crnefyoLwmi
BUA (MHOeKkcbl 06beKkToB MpuBEAEHbl B COOT-
BeTcTBUK ¢ paboTton J1.C. KynewoBa c coaBTo-
pamn'):

— no obbekTam rpynnbl 2.3.7.7.1

Kupon = —167 — 4,47H; + 10,4H5 -
— 7,66y, +0,027Wy + 40,3H; — (1)
— 68,50y, + 2,33m,; (R? = 0,989);
— no obbekTam rpynnel 2.3.7.7.2
Kupox = —65,3 + 11,6H5 — 0,48H5 —
— 186y, + 0,95Wy, — 1,24H; + (2)
+ 8,096y, + 0,47Wy ; (R* = 0,959);
— no obbektam rpynnbl 2.3.7.7.3
Kipox = 295,3 + 6,04H; — 205,6H5 +
+ 479,26y, — 55,8Wy,; (R? =0,979);

— no obvekTam rpynnbl 2.3.7.7.4
Kupon = 54,5 — 2Hy — 3,51H5 + 16,85, —
- 1,17Wy, + 8H, — 23,26y ;

(R* = 0,983);

Earth sciences and subsoil use / ISSN 2686-9993 (print), 2686-7931 (online)

— B Lenom no obwektam ramMeHCcKoro sipyca
rpynnel 2.3.7.7

Kupon = 140 + 2,48H; + 0,56H —

npog
— 5,096y, + 0,19W, — 1,07H, + 7,86, —
~0,13Wy,_+ 4,27m, — 0,74m, —
—3,148,, — 0,03W,, — 197,7K, +
+21,13y, — 25,33 — 0,393,
(R? = 0,941).

OcobeHHoCTbIO (hameHckux 3anexen Hox-
Ho-TaTapckoro csoga B KapboOHaTHbIX KOmnmnek-
Topax ABMASETCA WX BbICOKasl TPELLMHOBATOCTb.
Ee Hanuune KOCBEHHO NOATBEPXKOAKT NOMyYeH-
Hble mogenu (1)—(5). I3 nx aHanusa B1aHoO, 4TO
yBenunyeHne apeKkTMBHON HepTeHaChILEHHON
TOMNWMHBI NPUBOAUT KaK K yBENUYEHWIo, TaK ”
K CHWKEHUIO MpOJYyKTUBHOCTU, 4YTO sBNHAETCH
CNeAcTBMEM pPasfnUYHOM CTeneHu TpeLunHoBa-
TOCTM MOPOA-KOMMEKTOPOB, KOTOpask UCKaKaeT
peanbHoOe 4ucToe BnusiHue H, n H§ Ha Kipos-
AHanorvyHasi KapTuHa ckragblBaeTca 1 no napa-
MeTpaMm, OTpaxarLMM HeogHopoaHOCTb no H, n
H,, aumenHo &y , Wy, 6y, Wh,, 3y, Ip,-

HeobxogMmMo OTMETUTb TO, YTO B YCNOBMSIX
hameHa He ckasblBaeTca BrvsiHUE KO3(hduLm-
€HTOB MECYAHWCTOCTU M pPacCYIEHEHHOCTM Ha
NPOAYKTMBHOCTb, KaK B YCIOBUSX 3anexen Typ-
Helnckoro gpyca. Ha Hanuuue TpeLimMHOBaTOCTU
yKasbIBaeT 1 TOT (haKT, YTO C YBENMYEeHNneM nopu-
CTOCTW MO AaHHbIM nabopaTopHbIX Uccrenosa-
HWI K, CHWXXAETCS, YTO roBOPUT 06 yBENMUYEHUM
TPELLUMHOBATOCTU B MSIOTHBIX NOPOAAX, UMELLMX
MEHbBLLY MOPUCTOCTb. Takke He OTMeYeHa CBA3b
NPOHNLIAEMOCTU MO KepHY U KoaduLmeHTa npo-
OYKTMBHOCTU. B TO e Bpemsi oTMevaeTcs pocT
Kipos C yBENMYEHMEM MOPUCTOCTU MO reoduanke
N CHWXEHMEM MO 3TOMY MapameTpy HeogHopoa-
HOCTW, OTpaxaemow ¢ nomowpbto b8, Wy, 3,,.
MHauye roBopsi, C OOHOW CTOPOHbI 3TM OOBLEKTHI,
nmesi NOPOBYIO NOPUCTOCTb B UHTepBarne 6—10 %,
MOXHO XapaKkTepu3oBaTb Kak 06beKTbl C rpaHy-
NSPHBIM TUMOM KOMfekTopa (UCxoas U3 BIUSHUS
OTAENbHbIX MAapamMeTPOB Ha NPOAYKTUBHOCTL), a C
OPYrov CTOPOHbI — Kak 0ObEKTbI C TPELLMHOBATHIM
TMNom Konnektopa [9-14].

MonyyeHHble MoAenu No3BONAT Y4EeCTb 3TK
ocobeHHocTU. HeobxoanmMo OTMETUTb, YTO U B
YCINoBUSIX 3anexen pameHa rpynnuposaHue no-
3BOMSIET MOBLICUTb TOYHOCTb PELUEHUS 3agayu
MporHo3a NpogyKTUBHOCTMU.

Ons ycnosun 3anexen hameHcKoro dpyca
FOxHo-Tatapckoro cBoga C WCMNOb30BaHUEM
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orpaHu4YeHHoro obbema MHopMaLMm NosyYeHsbl
cnepyowe Moaenu:

— no obbekTam rpynnel 2.3.7.7.1

Kupop = 765 — 1,71H; + 21,7HS —
—39,2H, + 0,57m, — 717K, — (6)

— 412K, — 5,28u,; (R? = 0,797);

— no obbekTam rpynnsl 2.3.7.7.2

Kipop = —1124 + 61,5H; — 70,7H5 +
+22,4H, — 34,4m, + 1946K, + 129K, - (7)

— 16u,; (R? = 0,759);
— no obbekTam rpynnsl 2.3.7.7.3

Kupop = —544 + 27,5H; — 13,6H +
+54,1H, + 27,9m,; (R? = 0,73);

— no obbekTam rpynnsl 2.3.7.7.4
Kupog = 64,2 + 0,74H5 — 1,54H; +

+3,62H, + 3,5m, — 115K, + 9)
+3,8K,; (R? = 0,683);

— no obbekTam rpynnel 2.3.7.7

Kupox = 6121 + 7,13H; — 2,56H3 —
— 1,91H, — 9,28m, — 4804K, — 27,8K, +
+239u, — 680, — 26,4; (R* = 0,594).

(10)

AHanua nony4eHHbIXx Mopenen MnoKasbIBaEeT,
4yTo KO3PPUUMEHTbI AeTepMUHALMN CHUSUIUCH
B cpeaHeM Ha 27 % no CpaBHEHUIO C MOOENSMMU,
NMOCTPOEHHBLIMU C UCMOSIb30BAHNEM MOSTHOMO KOM-
nnekca nmetoLLencs nHgopmauum no reonornye-
CKOWM HEOHOPOAHOCTN 06BLEKTOB. HecMoTpst Ha To,
YTO MOTPELUHOCTY OLEHKM K, HECKOIBKO YBENn-
YUMUCb, TEM HE MEeHee MONyYeHHbIe MOOENU MOo-
ryT 6bITb MCNOMb30BaHbl HA CTagun BBO4A MECTO-
poxaeHun B paspaboTky. ConocTtaeneHne Hanpas-
NEeHNst BMUSIHUSE OOHOMMEHHBLIX MapaMeTpoB Ha
N3MEHEHNe NPOAYKTUBHOCTW MOKa3bIBAET, YTO BO
BTOPOM BapuaHTe 3To HanpaereHve Ha 70 % He ns-
MEHWIOCH MO OTHOLLEHWUIO K NEPBOMY. VI3meHeHne
HanpaBsreHnsl BANSHUSA CBS3AHO C SMEPIPKEHTHO-
CTblO CUCTEMbI U CUIBHOW KOPPENsLMM OTAeNbHbIX
napamMeTpoB, XapaKkTepusyoLmx HeOaAHOPOAHOCTb
CO cpeaHMn 3HadeHnamn [15-18].

Tak, Hanpumep, C pocToOM cpegHen addek-
TUBHON HedTEeHaCbIWEHHON TOMWMHbI HEOQHO-
pPOAHOCTb MO 3TOMY NapameTpy, oTpaxaemas C
MOMOLLIbIO  CpeaHEeKBaapPaTUYHOro OTKIOHEHUS
TaKke pacTeT, a OTpaxaemoe C NOMOLLbIO Ba-
puaumn cHuxaeTcs (Tak Kak cpefHee 3HavyeHue
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HaxoauTcst B 3HameHaTterne). MNockonbKy anpuo-
pY Mbl HE MOXXEM CKa3aTb, YTO OKa3biBaeT 60mb-
LUee BNusiHME Ha NPOAYKTUBHOCTb — TOMLLUMHHbIE
CBOWMCTBa NOPOA-KOMNNEKTOPOB UM HEO4HOPOA-
HOCTb MO NapameTpam, OTpaxarLum 3TN CBOK-
CTBa, MOXET MPOU3ONTN CUTyaLusl, B KOTOPOWN
BO3MOXHO HeMpaBuIibHOE TONKoBaHWe uanye-
CKOro CMbICNna BAUSIHMS NapamMeTpoB Ha Npoadyk-
TMBHOCTb. VI TONMbKO BHYTPEHHWUN N BCECTOPOH-
HWA aHanu3 no3BOMsET ONpeaenuTb UCTUHHOE
BMMSIHWE TOFO UMM UHOMO apryMeHTa Ha U3MeHe-
H1e dpyHkuum [19, 20].

B cBSA3M C 3TUM NpK UCKMOYEHUM NapamMeTPOB
reoriorm4eckor HEOAHOPOOHOCTU U NMPOUCXOANT
N3MEHEHME 3HaKa BMUAHWUS CPeaHUX 3HaYeHWI
Ha NPOAYKTMBHOCTb. JTK pakTbl Heobxoanmo
UMETb B BUAY OJ1S UCKITHOYEHMS OLUMOOK Mpu MH-
TepnpeTauum Mmogenen.

B uenom HanpaBneHne BANAHUS NapameTpoB
B MOMNyY€HHbIX MOAENSAX C Y4ETOM NPOBEAEHHbIX
Bbllle pe3ynbLTaToB aHanusa COOTBETCTBYET
KraccuyeCcKnM NpencTaBrneHusIM.

3aknro4eHune

Takum obpas3om, B xode NpPOBEOEHHOro UC-
cnefoBaHWs AN YCrOBUW  pasfUYHbIX TPy
OOBbEKTOB, MPUYPOYEHHBIX K U3BECTHSKaM da-
MeHckoro Bo3pacta KOxHo-Tatapckoro ceoaa:

— MOCTpOeHbl MoAenn AN OUEHKU Koad-
duumeHTa NpoayKTUBHOCTU 3anexen Kak Ha
cTagum BBOJA MECTOPOXAEHUA B paspaborT-
Ky, TaKk 1 CTagumn MX NOSIHOro pasbypuBaHus C
NCMNONb30BaHMEM KOCBEHHOW reonoro-reogu-
3M4ecKkon MHgopMaLUn B YCNOBUAX OrpaHu-
YeHHOro obbema ruapoanHaMnYecKnx nccre-
JOBaHWUMN;

— YCTaHOBreHa 3Ha4YMMOCTb y4eTa BNUSHUSA
reoriorn4eckon Heo4HOPOOHOCTU OOBLEKTOB MO
pasnMyHbIM MapameTpaM Ha U3MeHeHune Koad-
duUumneHTa NPOAYKTUBHOCTU 3anexen;

— NpY UCMOMb30BaHUN OrpaHUYEHHOrO 00b-
eMa MHopmMaumm nonyyeHbl Mogenu, nNo3Bosns-
toLLME B paHHelr cTaguun pa3paboTku OLeHMBaTb
NPOAYKTMBHOCTb 6€3 yyeTa reonorm4eckomn Heoa-
HOPOLHOCTM, OAHAKO MOrPELLUHOCTb MOAENEN Npu
3TOM BO3pacTaeT Ha YeTBEpPTb;

— [aHa MHTeprnpeTaums pe3ynbraTtoB aHanm-
3a BIUSAHWUS reororo-pu3nyeckux napameTpoB
Ha NPOOYKTUBHOCTbL 3anexen;

— obocHoBaHa HeobxoammocTb AnddepeH-
umaummn ob6bLEKTOB B Npedenax oameHCKoro spy-
ca ONs CHWKEHNS PUCKOB NPUHATUS OLLIMBOYHBIX
PELLUEHUA MNpW yrpaBneHMn pa3paboTkon 3ITUX
00BbEKTOB.
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MeTpoynpyroe mogennpoBaHue BepPemMCcKMX U 6aKUpCKnx
OTIIOXXE€HUW Ha NpuMepe OQHOro u3 HePTAHbIX
mMmecTopoxaeHnn Pecnyonuku TatapcTaH

E.A. AumeHéBa®, 3.M. batranosa®
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Pe3rome. Llenb gaHHOro vMccneaoBaHus 3akntoyanacb B NpeacTaBrieHny pesynstaToB NeTpoynpyroro MogenvMpoBaHus
BaLLKMPCKUX N BEPENCKNX OTIIOKEHUI HedTAHOro MectopoxaeHust Pecnybnukn TatapcTaH. [Ons pelueHus 3agaydm mo-
[EenupoBaHnst yNpyrmx CBOMCTB M3y4yaeMoro obbekTa (NoTHOCTb, CKOPOCTb NPOAOMLHON BOSHbLI Y CKOPOCTb MOMNEPEeYHOW
BOJTHbI) MCMOMb30Banack MoAernb CaMOCOrnacoBaHHOW anmnpokcMaumm aekTUBHbIX Moaynen. Ha HavyanbHOM aTane
NeTpoynpyroro MOAENMPOBaHMS NPOBOANTCS BbIGOP CKBaXWH KaHAMAATOB M OMOPHOW CKBaXKMHbI. [ris 3TOro npoBoauTCA
OLIeHKa KapoTaXHOro MaTtepuarna Ha LOCTOBEPHOCTb N0 BCEM CKBaxunHaM. BbibupaeTca ckBaxuHa ¢ Hanbornee norHom u
KOPPEKTHOWN reonoro-reousnyeckon nHgopmaumen. 3ateM OCyLLECTBASETCS co3faHne neTpoduranyeckon mogenu ny-
Tem pacyeta (OUNLTPALMOHHO-EMKOCTHBLIX CBOWCTB M onpeaeneHnst o6beMHbIxX KO3ULMEHTOB KOMMOHEHTOB NOPOAbI.
MopgenupoBaHue ynpyrux CBOMCTB HAYMHAETCS C CO34aHUsA KPUBOW MIIOTHOCTM MO reoU3nyYecKUM U NeTpon3nyeckum
JaHHbIM, Ha 3TOM 3Tarne NPoM3BOAUTCH OLEHKa NeTpoduanyeckon Mmogenu. Beibop neTpoynpyror Mogeny OCHOBbLIBAETCS
Ha TEOPETMYECKMX N IKCNEPUMEHTAlbHbIX METOAaX, 3PEKTMBHOCTL BbIOPaHHOM MOAENN NOATBEPXKAAETCA CXOOUMOCTBIO
pes3ynbTaToB MOAENMPOBaHUS C 3aperMcTpUpoBaHHbIMU CKBAXMHHBbIMU AaHHbIMU. B pesynstate mogenupoBaHus Obinu
nony4eHbl KpMBbLIE pacnpeneneHns ynpyrux napameTpoB no M3yvyaeMoMy reornornyeckomy paspesy. Habnwopaetcsi xo-
poLuas KoppensunoHHas 3aBUCUMOCTb MeXAy UCXOOHbIMU AaHHBIMU reoPuU3n4ecknx NCCrnefoBaHUM CKBaXKUH 1 MOAerb-
HbIMU KpuBbIMU. [ony4eHHble pesynsTaTbl NO3BONUN MOBLICUTL Ka4eCTBO MMEILLErocs reousnyeckoro marepuana,
a TaKke BOCCO3aaTh yrnpyrve CBOMCTBA B CKBaXXMHAX 6€3 MeToa0B X NPSIMON pervcTpauum.

Knroueenle crioea: neTpoynpyroe mogenmpoBsaHue, reomanyeckme nccnegoBaHms CKBaXknH, MECTOPOXAEHNE

Ans yumupoeaHusi: Auveréra E.A., battanosa 3.M. NeTpoynpyroe MmogenMpoBaHue Bepencknx n 6aLlKMpCKnx oTno-
XXEHU Ha npuMepe OOHOro 13 HedpTAHbIX MecTopoxaeHun Pecnybnvkn TatapctaH // Haykn o 3emne u Hegpononb3osa-
Hue. 2024. T. 47. Ne 2. C. 227-235. https://doi.org/10.21285/2686-9993-2024-47-2-227-235. EDN: XOVHJH.
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Original article

Petroelastic modeling of Vereiskian and Bashkirian
deposits on example of an oil field in the Republic of Tatarstan

Ekaterina A. Yachmeneva®~, Elvira M. Battalova®
abKazan (Volga Region) Federal University, Kazan, Russia

Abstract. The purpose of this research was to present the results of petroelastic modeling of the Bashkirian and Vereiskian
deposits of the oil field in the Republic of Tatarstan. To solve the problem of modeling elastic properties of the object
under study (density, P-wave velocity and S-wave velocity), a self-consistent approximation model of effective moduli
was used. The initial stage of petroelastic modeling included the selection of candidate wells and a reference well. To do
this, the reliability of logging material in all wells was evaluated. The well with the most complete and accurate geological
and geophysical information was selected. Then a petrophysical model was created by calculating filtration and reservoir
properties and determining the formation volume factors of the rock components. Elastic property modeling began with the
creation of a density curve on the basis of geophysical and petrophysical data. At this stage the petrophysical model was
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evaluated. The choice of the petroelastic model was based on theoretical and experimental methods. The efficiency of the
chosen model was confirmed by the convergence of modeling results with the recorded well data. The modeling resulted in
obtaining the curves of elastic parameter distribution over the studied geological section. A good correlation was received
between the initial data of geophysical studies of wells and model curves. The obtained results made it possible to improve
the quality of available geophysical material, as well as to recreate elastic properties in wells not using the methods of

direct recording.

Keywords: petroelastic modeling, geophysical well logging, deposit
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BBepneHue

Ha cerogHAWHNMN OeHb MNPUPOCT 3anacos
HedTn 1 rasa, nogaepxaHve 1 yBenvyeHvne go-
ObluM CBA3aHbl C BOBIEYEHMEM B pas3paboTky
N 3Kcnnyataumio paHee He 3a4enCcTBOBaHHbIX
y4acTKOB MecTopoXaeHui. CKBaXKWUHbI, KOTO-
pble pacnonoXeHbl Apyr oT Apyra Ha HebonbLUMX
pPacCcToAHUSAX, MOTYT BCKPbIBaTb pa3pesbl, Cylle-
CTBEHHO OTnMYaroLmecss no JIMTONOrMYecKkomy
cocTaBy, (UINbLTPALMOHHO-EMKOCTHLIM  CBOMR-
CTBaM U, Kak crieactsume, no JoObIYHbIM Xapak-
Tepuctukam. lNpoBeneHne OOMNOMHUTENbHbBIX UC-
cnegoBaHUn NOCcpPeacTBOM OYypeHUst CKBaXKUH —
OYeHb TPYOOEMKUA U OOPOroCTOSILLMIA MpoLuecc.
[nsa pewennsa npobrnem, cBA3aHHbIX C HeAoCTaT-
KOM UHhopMaLumn, paclumnpsoLen BO3MOXHOCTHU
onpegeneHnsa AobblYHbIX XapakTepUCTUK MecTo-
POXOEHMS, B MUPOBOM NPaKTUKE BCe Yalle npu-
MEHSAITCA MeToAbl NETPOYNPYroro MoaenMpoBa-
Hua [1-3].

MeTpoynpyroe MmoaenMpoBaHue SBASETCS XO-
POLLUMM MHCTPYMEHTOM A1 BblOENEHUsT KOMSeK-
TOPOB, pasferneHns no INUTOMOorMu, Takke OHO
rnomoraeT ChpOrHO3MpoBaTh XapakTep HachblLle-
HUS B 30HAX, r4e CKBaXKMHbI HE BCKPbINM NPOAYyK-
TUBHbIE OTNOXeHMs. Pe3ynbraTtbl neTpoynpyroro
MOLENMPOBaHNA HeOOXOAMMbI NMpu NpoBeaeHU
AanbHeNLeNn CENCMNYECKON MHBEPCUM C LIENbIO
NMOCTPOEHUS MPOrHO3HbIX KapT NETPOM3NYECKNX
CBOWCTB LeNeBbIX nnactoB [4]. OTO OTKpbIBaeT
LLMPOKME BO3MOXHOCTM OS5 NOMCKa NePCrNeKTUB-
HbIX OObEKTOB.

OObekToM UccrneaoBaHUs ABMSETCA  He-
dTAHOE MecTopoXaeHue, KOTopoe pacnonara-
eTca Ha Tepputopum Pecnybnukn TaTapcTaH.
MecTtopoxaeHne 6bi1o0 oTkpbITO B 80-x rogax
XX Beka, nosgHee 6b1no BBEAEHO B MPOMBbILLSIEH-
Hyto pa3paboTky. B obLen crnoxHocTn Ha MecTo-
poxaeHumn BbiBrieHo 6onee 20 3anexen HedTw.
B naHHoOM paboTe 3agencTtBoBaHO 16 CKBaXWMH C
AaHHbIMN reoU3NYECKNX UCCIEeaoBaHW CKBa-
XXWH 3aperncTpmMpoBaHHbIMUN B BALLKMPCKUX N BE-
PENCKUX OTNOXEHUAX, NPUYPOYEHHBLIX K OOHOW 13
3anexen.

MaTtepuansl n metToabl
nccrenoBaHus

B0O3MOXHOCTM MEeTpoynpyroro MoaenupoBsa-
HWS1 OCHOBBIBAKOTCA Ha CBA3M NETPOU3NHECKMX
CBOWCTB 06beKkTa C yNpyrummn xapakrepuctTmkamu.
PesynbraToM ke MogenupoBaHus SBRsieTcH nnot-
HOCTb, CKOPOCTb NPOAOMbHOM Y MONEPEYHON BOMH.
Takum 0Opasom, BOCCTAHOBMEHWE aKyCTUYECKMX
AaHHbIX U NNOTHOCTHOMO KapoTaxa OCYLLeCTBNSA-
€TCa Ha OocHoBe Mogenu adypekTnBHOW cpenbl,
koTopas TpebyeTr u4eTKoro neTpocmnsn4ecKoro
060CHOBaHUA 1 MpW NpPaBUIIbHOW OLIEHKE CBOWCTB
oObeKkTa MO3BOMSET PEKOHCTPYMpOoBaTb HeOo-
cTtarowme gaHHble. Nog mogenbto adhdekTmBHOM
cpenbl NoapasymeBatoTCsd MHOrOMeEpHble 3aBuCK-
MOCTU MeXay YNpyrmmu Moaynamu, MuHeparsno-
TMYECKUM COCTaBoOM, (ONIOMAOM, 3aMnONHALNM
MOpoOBOe MPOCTPAHCTBO, O6GBLEMHOM MAOTHOCTLIO.
Teopus adpdbekTMBHOM cpeabl NO3BOMSET npea-
CTaBUTb M3y4YaeMbli OOBbEKT KaK CBS3b KOHLEH-
TpaLU BKIFOYEHWUI 1 UX TOMOMOIMIO (CTPYKTYpHOE
pacnpegeneHue). NpumeHeHne OOGBLEMHBLIX KOM-
MOHEHT B 0bLLEeM Criyyae AaeT BO3MOXHOCTb onpe-
AEeNUTb rpanHnLbl 9PdEKTMBHBIX NapameTpoB. VH-
dopmaLmsa o CTPYKType cpenpbl NO3BOMSET Cy3UTb
3TU rpaHuubl. B nutepatype npeanoxeHo 3Hauu-
TenbHOoe KONMYecTBO MoAenen ansa onpeneneHns
napameTpoB adheKTUBHLIX cpen [5—7], HO cTouT
YUUTbIBaTb, YTO MOZESb — 3TO NPUBNXEHNE K pe-
anbHOW cpeae 1 ANg KaXgoro reoriorm4eckoro cny-
Yyasi OHa MOXeT BbITb MHAMBUAYanNbHOW. MNMpumeHe-
H1e 3 dEKTUBHONM cpeabl — 3TO cnocob onncaHns
peanbHOW nopodbl U3NYEeCKUMN NapameTpamMu.
KoHTponb kayecTBa co3gaBaemMon 3dhdeKTUBHON
MOZENN OCYLLECTBAETCA MyTeM CpaBHEHUSA pe-
anbHbIX U MOAENbHbIX KPUBbIX, PaCcCYUTLIBAEMbIX
o 3ajaBaeMbIM NapameTpam.

[Ons npoeBeaeHus neTpoynpyroro moaenu-
pOBaHNSA HeOobOXOOMMO W3Ha4yanbHO MPOBECTU
MOMHbIM aHann3 reouanyecknx NUccrneaoBaHnn
CKBaXXVMH 1 aHanNu3 AaHHbIX KepHa, BbIbpaTb onop-
HYIO CKBaXXWMHY, B KOTOPOW NpeacTaBneH MOrHbIN
HeobXxooMMbIN KOMMNEKC reom3nyeckmx ncerne-
AoBaHui. BaxHbIM aTanom, pesyrnsraTbl KOTOPO-
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ro CTaHyT OCHOBOW ANS MOAENMPOBaHUSA, SBMS-
eTcq onpegeneHve PUNbLTPaLNOHHO-EMKOCTHbIX
CBOWNCTB (MOPUCTOCTb, HacbilWeHne) 1 pacyet
neTpocusmyeckon Moaenn n3yy4yaemoro reoro-
rmyeckoro paspesa. [1nsa pelweHuss 3Ton 3agaydn
B AaHHOW paboTe MCMONb30BanNUCb M3BECTHbIE
neTpogusmyeckne 3aBUCMMOCTU (MaTepuansl
13 nogcyeTta 3anacos) AMns M3y4aemoro MecTo-
poXaeHus, a Takke pesynbraTbl UCCNeaoBaHWU
KepHoBOro matepuana. lNonyyeHHasa neTpodu-
3uyeckasi Mo4erb, MO3BOINT HACTPOUTL Napame-
Tpbl ANA NeTpoynpyroro MogenvpoBaHus, OCHO-
BblBasiCb Ha OOBLEMHbIX XapakTepucTukax Kom-
MOHEHTOB N UX YyNPYrnx napameTpax (NNoTHOCTb,
MOAynb cAaBura, Mogynb 06bEMHON YNPyrocTy).
HeobxogumbiMy BXOAHLIMY AaHHBIMM 4151 CO3-
JaHns mogenn apbdekTMBHON cpeabl ABMSHOTCS:
TepMmobapuyeckne ycrnoBusi 3aneraHus nnacra;
CBOWMCTBA MMacToBbIX nonaoB; KO3IPPUUNEHT
HedTe- U BOAOHACLILWEHUS; MUHEparnbHbIN COo-
CTaB nopopapl; 06beMHOE cogepXaHne KOMMOHEH-
TOB NOPOAbI; MOPUCTOCTL; aCMEKTHOE OTHOLLIEHWE;
OaHHble reoon3nYeCcKmMX NCCreqoBaHNN CKBaXKMH.
CB43b yNpyrnx n NrOTHOCTHbIX CBOMCTB OObeKkTa
yepes OMMCaHHble Bbille napameTpbl HarnggHo
MOXHO NPeACcTaBUTb B CNEAYOLWNX YPaBHEHUSAX:

4
Kt

b= [ (1)

v =j§’ @)

rie K — o6beMHbI MOgyNnb CXaTus; U — MOZYrb
caBMra; p — NIoTHOCTb; V, — CKOPOCTb MPOAOIIbHOW
BOJTHbI; V — CKOPOCTb MONEPEYHO BOMHbI'.

PeanbHble reonornveckne ob6bekTbl Npea-
CTaBnaT coboM CMEeCb PasfiMyHbIX MUHEparb-
HbIX KOMMOHEHT. Pnonapl, HacbILWaoLmne nopo-
BOE NMPOCTPaHCTBO Takke Yalle BCero HeyHudum-
uMpoBaHHble. HO 1 cama CcTpyKkTypa MnopoBOro
NPOCTPaHCTBa B HaLLEM MUCCneaoBaHUN ABMAAET-
CA BaXHbIM MOMEHTOM Afs CO34aHuMs Moaenu
adpheKTMBHOM Cpeabl.

B marepunanax CKBaXKWH, OTOOpaHHbIX Ans
co3gaHus mogenu, obssatenbHO NpucyTCTBYET
raMmma-ramMmma nnoTHOCTHOM 1 aKyCTUYECKUI Kapo-
Tax. [JaHHble MeTOAbI NO3BOMAT HACTPOUTL NETPO-

| 2024;47(2):227-235

ynpyryto Mogernb U OUeHUTb ee OOCTOBEPHOCTb.
BBuay 3TOro, BaXkHbIM LIArom nepepn cosgaHnem
Moenn siBNAETCA OLUeHKa KavyecTBa 3aperncrpu-
poBaHHOro reodmsnyeckoro matepuana. MeTo-
Abl raMmMa-ramMma nyoTHOCTHOMO U akyCTU4eCKUI
KapoTaxka MpoBepslTCA Ha HaOeXHOCTb NyTem
COMoCTaBMeHNs N0 BCEM CKBaXMHam B M3y4ae-
MbIX OTNOXeHusAX. [ns nNNoTHOCTHOrO KapoTaxa
TaKkke NPOBOAMIOCH CONOCTaBIeHNE ¢ 06beEMHOM
MMOTHOCTLIO ONpefeneHHon Ha obpasuax KepHa.
ConocTtaeneHne faHHbIX reousnyecknx uccrie-
AOBaHWN CKBaXWH MO raMmma-raMma nnoTHOCT-
HOMY WM aKyCTUYEeCKOMY KapoTaxy NpeacTaBreHo
Ha ructorpaMmmax Ons OTNOXEHUN BEPEencKoro u
GaLLKMPCKOro ropu3oHTOB Ha puc. 1.

Takoe conocTaBneHwe AaHHbIX MO3BOMUIO
BbISIBUTb CKB2XXWMHbI C OTKITIOHEHMEM 3Ha4YeHUn
OT HOpPManbHbIX U UCKMIOYUTb U3 KaHAMAATOB B
onopHele. M3BecTHoe nuTonoru4yeckoe onwuca-
HWe N Hannyne UccrnegoBaHWi KepHa No3BonseT
onpefenuTb, YTO 3Ha4YeHus NIIOTHOCTU 3a npe-
aenamu nHtepsana 2—2,8 r/cM® MOXHO cuynTaTb
HEKOPPEKTHLIMW OAHHBIMU, KOTOpblE TPeOyrT
BHECEHMS MOMNPaBOK UMM UCKMOYEHUSA nX 13 ob-
paboTkn. VIamMeHeHne MHTepBarbHOro BpeMeHU
npoucxoaut B npeaenax 100—400 mkc/m, npudem
B BEPENCKUX OTMNOXEHUAX pasmax amnnutyabl
N3MEHEHNS MHTEpPBANbHOrO BpeMeHW Oonblue,
yem B BGaLLKMpPCKMX NpumMepHo Ha 100 MKC/M, 4TO
0ByCnoBneHo nMTONorM4yecknMm ocobeHHOCTS-
MU M3yyaemblx oTrnoxeHun. CosgaHue neTpoy-
npyron MO4Eenu no3BonmuT BOCMONHUTb B JAHHbIX
CKBaXXMHaxX HeOOCTaloLWy WM HEKOPPEKTHYHO
nMHopMaLmo, 4YTo OygeT KOCBEHHbIM MOMNOXM-
TernbHbIM PaKkTOPOM METPOYNPYroro MOLENUpPOo-
BaHusA. 1o pesynbraTtam OLEHKM KayecTBa Kapo-
TaXHOro mMaTepuana 6bina BbibpaHa ornopHas
CKBaXkMHa Ansi NeTpoynpyroro Mo4ennMpoBaHus.

Onsa peweHns npsMon 3agaym (pacyert nnot-
HOCTM, CKOPOCTU NPOOOSIbHOW W MNOMNepeyvHon
BOJSIH MO M3BECTHbIM NapameTpam cpedbl) Obin
M3yyYeHbl pasnuyHble COBPEMEHHble MNOAXOAbI
MoZenupoBaHus 3(MEKTUBHBIX cped C Lernbio
MPOrHoO3a KonnekTopckux CBOMCTB B paboTax poc-
cunckux astopos U.0. Batok [8], MN.C. KynanuHa?,
JL.A. YcneHckon®. B paboTtax aBTOpoOB paccmaTtpu-
BaeTCcd MNPUMEHMMOCTb MEeTPOoynpyroro mMogenu-

"Mavko G., Mukerji T., Dvorkin J. The rock physics handbook. Cambridge: Cambridge university press, 2020. 756 p.

2KynsinuH MN.C. PaspaboTtka MHTEpNpeTaLnMoHHOM 1 NeTpoynpyro Mogdenen nopoa-KonnekTopoB MHOTOKOMIMOHEHTHOIO
COCTaBa U CNOXHOW CTPYKTYPbl EMKOCTHOIO MPOCTPAHCTBA: AMUC. ... KaHA. reon.-muHepan. Hayk: 25.00.10. M., 2016. 136 c.
3 YcneHckas J1.A. MogenvpoBaHue ynpyrmx CBOMCTB NOpo4 C y4eTOM FIMTONOrMYECcKoro coctaBa M Tuna 3anonHsoLLle-
ro corironga (Ha npyMepe MeCTOpPOXAEHWU YPHEHCKO-YCaHOBCKOWM 30HbI): AWC. ... KaHA. reon.-muHeparn. Hayk: 25.00.10.

M., 2014. 123 c.
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Puc. 1. lucmozpammMbi pacripedesieHusi 0511 UCXOOHbIX KpUBbIX 2aMMa-2aMmMa Ms1omHOCIMHO20
U aKycmu4ecKo20 Kapomaa e eepeliCKux U 6awKupCcKux omsioxeHusX:
eamma-zamMmma niomHocmHol kapomaxx Orist eepelickux (a) u bawkupckux (b) omnoxerud, e/cm?;
uHmMepsarnbHoe speMs 0715 8epeliCKux (c¢) u bawkupckux (d) omnoxeHul, MKC/M
Hymepauyusi 1-14 coomeemcmeyem Homepam uccriedyeMbix CK8aXUH
Fig. 1. Distribution histograms for the original curves of gamma-gamma density logging
and acoustic logging in the Vereiskian and Bashkirian deposits:
gamma-gamma density logging for Vereiskian (a) and Bashkirian (b) deposits, g/cm?®;
slowness for Vereiskian (c) and Bashkirian (d) deposits, us/m
Numbering 1—14 corresponds to the numbers of the wells under investigation

poBaHuSA LS PELUEHUsT Teororo-reomnsnyeckmnx
3agad4. CnegyeT OTMETUTb, YTO, HECMOTPS Ha
OOLLHOCTb OCHOBHOW MpPOGMEeMbI, UCMOb3YHTCS
pasnuyHble NOAXoAdbl, YTO CBA3AHO C NIUTONOrnye-
CKUMK OCOBEHHOCTSIMM KOMMEKTOPOB, CTPYKTYPON
€MKOCTHOrO MPOCTPaHCTBA, MUHUCTOCTH, droun-
OOHACbILLIEHNEM M3yYaeMblX 0ObEKTOB. Kaxabin
uccrnegosaTtefnb M3 MHOroobpasunsi CyLLEeCTBYHO-
LLIMX NETPOYNPYrnX Moaenen Ha ocHoBe neTpodu-
3MYECKNX U re0PU3NYECKUX OAHHBIX OCTaHaBMK-
BaeTcsa Ha Mmoaenu Hanbonee Gnn3ko hrU3nko-ma-
TeMaTU4eCKM ONMCbIBaKOLLIEN OOBEKT.

B paborte [9] Ans NOCTPOEHNs MOAENU CyXOMn
NopoAbl Ha OCHOBE COOTHOLLEHWSI MOAYIIS yNpYro-
CTM M NOPUCTOCTU NPEATOKMUIN MOONDULIMPOBAH-

Hyto mogernb Voigt-Nur ans BbICOKONOPUCTOro Kap-
©oHaTHoro HepTaHoro konnektopa. B padote [10]
aBTOp OTMEYaEeT, YTO Co3daHHble Ha OCHOBE Ne-
TPOYNpyroro MO4EeNMpoBaHNA MOAENN NO3BOSI-
10T caenaTtb OLEHKY MO CENCMUYECKMM AaHHbIM.
Ho, B cBOK o4epeab, aBTOp NOAYEPKMBAET, YTO
HeobXxoaQMMo NPOBOAUTL OeNneHue moaenen Ha
knaccbl nMToTunoB. NpruMeHeHHas B nccrnenosa-
HUM 0b606LEeHHasa Modernb No NIUTOTUNaM He OX-
BaTWa KBapLeBble MeCYaHMKM C KanbLMUTOBbLIM
LLEMEHTOM, Kak OTMeYaeT cam aBTop.

Takum 0b6pa3oM, KNn4eBbIM MOMEHTOM CTa-
HOBUTBLCA BbLIOOP noaxoAsilien mogenu, Hanbo-
riee TOYHO OMKMCbIBAOLLEN FE0NOrMYECKY CUTY-
aumio n3yvyaemoro obbekTa nccnegoBaHus.
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MogenvpoBaHve MNNOTHOCTU OCYLLECTBNA-
nocb C UCNOMb30BaHUEM OLEHKM YMpYyrux Mo-
aynen ckeneta nopogbl no Voit-Reuss-Hill [11].
CeoricTBa nnactoBbixX QIOUO0B Takke oKasbiBa-
0T BAUSIHME Ha yNpyrne xapakTepucTmku nnacra
B LEnom, Kak BellecTBa 3arnorHsaoLlWwme nopbl
nopodbl. OAnNs pelleHns 3agadn nNo co3naHuio
3P PEKTUBHON MOAENN B 4acTu, OTHOCsLLencd
K doniongy, Heobxogumo onpenenntb ero nnoT-
HOCTb U 06beMHbIN Mogynb cxatua K. Obbem-
HbIN MOAYNb cABUra | Anga donovaa paBeH HyrHo.
OpHa 13 mogernen paccmaTpuBaroLlmx CMeLun-
BaHue cntongos — moaens bpu. B cBoux ncecne-
poBaHusx bpu ¢ coasTopamm [12] oTmevaer, 4To
Ons nydwen CxXoaMMOCTU pesynbTaToB Teope-
TUYECKOro MOAENMPOBaHUS YNpPyrnx xapakrepu-
CTUK Nopoabl C hakTU4eCKNMM 3amepamMun B CKBa-
XMHHBIX MccrneaoBaHMaX Heobxogumo yaenuTb
oTAernbHOEe BHMMaHue onpeaeneHnio addek-
TMBHOroO MoAyns noposoro gnounga. beino no-
NnyyeHoO ypaBHeHWe Ans crny4yae., Korga »KuakKo-
CTW He CMeLLMBatoTCA B MOPOBOM MPOCTPAHCTBE,
a pacnpegensoTcsa natHamu. [daHHaa mopenb
npeanaraet pacyeT 06bemMHoro Moaynsa Koo
COCTOSILLEro U3 MWHEpanv3oBaHHOW BoAbl U
yrneesogopoaa:

Kd)mon,qa = (KB - KVB) ,Sé?rieNum + Kys, (3)

roe Kpmousa — 0ObEMHBIM MOaYNb cpritovaa; K, —
0o6beMHbIN Modynb nnacTosoi Boabl; K, — 06b-
€MHbIN MoAyMb YrneBoaopoadoB; S, — BOAOHACHI-
LWEeHHOCTb nopoapbl; BrieNum — aMnupuyeckuin
KoadbdpumumeHT, konednowwmincs ot 1 oo 40, kanu-
OpyeTcsa B COOTBETCTBUM C IKCMEPUMEHTANbHLIMM
OaHHbIMMU.

OnpegeneHne nNMIOTHOCTM  HachbILWAKOLErO
nopbl drovga Takke pellaeTcs pasfvyHbIMU
noaxogamn. B pabote [13] npeonoxeH pacyet
NNoTHOCTM dnouga ¢ y4eTtom o6bLEMOB €ro co-
CTaBNAOLMX:

Pomonna = SB *Pen T (1 - SB) ) pyB, (4)

A€ Pymousa — MMOTHOCTL OMOMAA, HACHILLAOLLIErO
MOPOBOE NPOCTPAHCTBO NOPOAbI; O, — NMOTHOCTb
MnacToBOM BOfbl; O, — NMOTHOCTb YIMEeBOAOPOA0B.

[ns onpegeneHns NMNOTHOCTM MNacToBOW
BOAbl Heobxoaumo y4decTb obuyto (K, ) W OT-
KpbiTyto (K, ,) NOPUCTOCTb, NNOTHOCTb BOAbI, KO-
Topasd HaxoauTCs B MOABWXKHOM COCTOSAHUM (0,),
N NAOTHOCTb CBA3aHHOW BOAbI (0):

Pus = (Kn.o ’ pB)/Kn.OG + (( Knos — Kn.o) " Pes )/Kn.OG, (5)
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MopgenupoBaHme 0BbEMHOMO MOZyrns U MO-
Aynsa cgpura gns mMsydaemoro obbekta ocy-
LLleCTBNANOCL, OCHOBLIBAsAiCb Ha MoAenn camo-
CornacoBaHHON annpokcumMaunm 3deKTUBHBbIX
mogynen. B aTtom noaxoge ucnosnb3dyerca maTe-
MaTuyeckoe pelleHne Ang gegopmaumm nsonu-
POBaHHbIX BKMOYEHUI, 8 B3aUMOLENCTBUE BKITHO-
YeHU annpoKCUMUPYETCA 3aMeHON (OOHOBOM
cpenbl Ha adbdekTnBHyO cpeay [14].

CamocornacoBaHHble OUEHKU Ansi AByxdas-
HbIX KOMMO3MTOB MOTYT ObITb BbIpaXXeHbl Kak (m =
MaTpuLbl, i = BKMAOYEHUS):

Kse = K + x;(K; — Km)P*‘i; (6)
Mse = tm + X (1 = pm) Q™ @)
Ibx. BeppumaH gaet 6onee obuwyto dopmy

camocornacoBaHHbIX npubnmxkennn ana N-gas-
HbIX KOMMO3UTOB*:

i1 xi(K; = K )P = 0. (8)

Dt (g — g )Q = , (9)
roe i obosHavaeT maTepuan; x; — ero obbemHas
ponsi; P n Q — reometpuyeckme KoapuumeHThl,
a HaACTPOYHbIN MHAEKE *i Ha P n Q ykasbiBaeT Ha
TO, YTO KOIPPULMEHTbI NpUBEaeHbl AN BKIIO-
YeHusa maTepmana i B )OHOBYIO cpey C CaMoCo-
rmacoBaHHbIMU 3PMEKTUBHLIMU Moaynsamu K,
n uz.. CymmmnpoBaHve Begetcs no Bcem hasam,
BKMOYMAsi MUHepanbl U MNopbl. OTW ypaBHEHUS
CBsi3aHbl Mexay cobon 1 JOMKHbBI peLlaTbCcs Me-
TOAOM OAHOBPEMEHHOM UTEPALMN.

Pe3ynbrathl uccnenoBaHus
M ux obeyxaeHue

B pesynbrate mogenvpoBaHusa Obinn nony-
YeHbl MofenbHble KpuBble MMOTHOCTKU, CKOPO-
CTW NPOAOJSIbHON BOSIHbI, CKOPOCTM MOMEepeyHomn
BOMH. Ha puc. 2 npeacraBneHbl pesynsraTbl MO-
AenvpoBaHWs Ha NpuMepe OOHOW U3 CKBaXVMH.

B pabGote paccmatpuBanucb nBe cTpaTu-
rpaduyeckme egumHULbl, Tak Kak obe oHu npen-
CTaBNAT cOOOM NPOMBILLIIEHHBIA MHTEPEC Ha
obbekTe nccnegoBaHus. Ho crnegyetr oTtmMeTuThb,
YTO OHW CYLIECTBEHHO pPasnu4yarTcs Mo JnTo-
NOrnYecknM xapakTepucTukam, 4To HarnggHo
npeacTaBneHo Ha anarpaMmmMme AaHHbIX reousm-
YECKNX MCCNEedOBaHUN CKBaXWH W pesyrnbrarax
WMHTepnpeTauumn Ha puc. 2. [Ina MmogennpoBaHus
yrpyrmx CBOWCTB WCMNOMb30Barcs OAWHaKOBbIN
NMOAXOA camMocorfnacoBaHHee annpokcumauum
appekTMBHBLIX Moaynen. Takke aBTopamu CTa-

4Berryman J.G. Mixture theories for rock properties // In rock physics and phase relations: a handbook of physical constants /
ed. T.J. Ahrens. Washington: American Geophysical Union, 1995. P. 205-228. https://doi.org/10.1029/rf003p0205.
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Puc. 2. Pe3ynsmamsbi nempoynpy2020 MoOes1upo8aHusi Ha npumMepe 0OHOU U3 CK8aXKUH:

NGK — HelimpoHHbIl 2amma-kapomax; GK — eamma-kapomax; PS — kapomax MemoOoM nomeHyuanos
camorpou3eosibHol nonsapusayuu; IK — uHOyKYUoHHbIU kapomax; BK — 6okoeol kapomaxx; DTP — uHmepearnsHoe
8pemsi MpodosibHOU 8051HbI; GGKP — eamma-2aMma rniiomHocmHoU kapomak; Kp — koaghgpuyueHm
rnopucmocmu paccqyumanHbil; C2b — bawkupckul sipyc; C2vr — gepelicKull 20pU30HM
Fig. 2. The results of petroelastic modeling on the example of one of the wells:

NGK — neutron-gamma ray logging; GK — gamma-ray logging; PS — spontaneous polarization potential logging;

IK — induction logging; BK — lateral logging; DTP — longitudinal wave slowness; GGKP — gamma-gamma density logging;
Kp — calculated porosity coefficient; C2b — Bashkirian stage; C2vr — Vereian horizon

TbW UCMOSb30BaNMCh M3BECTHbIE NeTpodunsnye-
CKMe XapaKTepUCTUKW ONs pacvyeToB MNOPUCTO-
CTU, HacCbILLEHNS 1 KapBOHATHOCTU, YTO BO3MOX-
HO Takxke TpebyeT 6onee TLaTENBHOIO U3y4eHUs
Ons yTO4HeHna neTpoduandeckon mogenu. Kpo-
M€ TOro, H/ B OOHOW M3 CKBaXKMH, Y4aCTBYHOLLNX
B paboTe He Gbina onpeageneHa cKOpoCTb nore-
peyHoW BOMHbI NO AaHHbIM reodU3NYeckux uc-
CrnefoBaHNUA CKBaXWH.

[Ona onpegeneHnss 4OCTOBEPHOCTU pesyrb-
TaToB MOAENVPOBaHUS UCMNOMb3yeTcsi cnocob
OLleHKa pe3yrbTaToB MOrpeLIHOCTM MOOENMpoBa-
HWUSA, KOTOPLIN paccunTbiBaeTCA Mo hopmyre:

2% (a—Db)
@ty

rae a — noKasaHus 3aMepeHHbIX KpuBbIX; b — no-
KaszaHus MmogenbHbIX KpuBbix. 3HadeHns ERROR
JOIMKHbI ObITb B Npegenax ot -0,2 oo 0,2.

Mo pesynsrataMm MO4ENMPOBaHWUS NIIOTHOCTH
B MccrnegyemMblX CKBaXMHaxX MOXHO caenatb Bbl-
BOA, YTO pesynbraTbl MOAENMPOBAHUSA XOPOLUO
COrMacylTCsl C UCXOOHbIMU KPWBbLIMMW, 3aperu-
CTPMPOBaHHbIMU B CKBaXKMHax. B GonbluMHCTBE
Crny4aeB pacxOXAeHue CBA3aHO C Hann4MeM Ka-
BepH. CXoaAMMOCTb pe3yrnbTaToB NexuT B gnana-
30HEe gonyctumon norpewHocTu (£0,2), 4To cBK-
AeTenbCTBYET O AOCTATOMHO KOPPEKTHOWM NeTpo-
domsnyeckon Moaenn n BO3MOXHOCTU nepexona

ERROR = (10)

Ha fanbHerwee MOAENMPOBaHME akKyCTUYECKUX
CKOPOCTEN, KOTOpble HEMOCPEACTBEHHO CBA3aAHbI
C NNoTHOCTb. Pesynbrar pacyeta owmbku Ha
OMOPHOMN CKBaXWHe MO napameTpy NIOTHOCTU U
WHTepBanbHOMY BpeMEHU NPOOOSIbHOW BOJHbI
npeacTaeneH Ha puc. 3.

3akntoyeHue

B kadyecTBe 3akmnyeHUss MOXHO caenatb
cnegyoLime BbiBOAbI:

1. BbINo npoBedeHO NeTpoynpyroe Mopenu-
poBaHMe BEpPenCKUX U BALLKMPCKMUX OTIOXEHWUI
Ha nNpyMepe OAHOro U3 HedTAHbIX MecTopoXae-
HUA C MCMONb30BaHMEM MOZENW Camocornaco-
BaHHOM annpokcumauun adEeKTUBHLIX MOAOY-
nen.

2. PesynbraT COMOCTaBIEHUA [aHHbIX reo-
puU3nyeckux nuccrnegoBaHUi CKBaXKMH MO NIOT-
HOCTHOMY WM aKyCTMYEeCKOMY KapoTaxkam C MOo-
AenbHbIMW  KPUBLIMW  NOKa3blBaeT CXOAMMOCTb
B pamMKax OOMyCTUMOW MOrpeLliHOCTU, NPUHSTON
ANst NOA06HbIX UCCNefoBaHWUN.

3. lNonyyeHHble pesynbTaThbl MOKa3blBatoT,
YTO MoAenbHas NIOTHOCTb 4OCTAaTOYHO XOPOLLO
cornacyeTcs € AdaHHbIMKM ramma-ramma nnot-
HOCTHOrO KapoTaxa. Pe3ynbraThl xxe Mogenupo-
BaHNSA MHTEPBaNbHOIO BPEMEHM MO NPOA0STbHON
BOIMHE XOTb W NnexaT B JONYyCTUMBbIX Mpeaernax
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Puc. 3. Pe3ynbmam pacyema owubKu 1o niomHocmu (a) u uHmepeasbHOMy 8peMeHU NMPodosibHOU 80siHbI (b):
1 — sepelickuli sipyc; 2 — bawkupcKkul spyc
Fig. 3. The calculation result of density error (a) and P-wave slowness error (b):
1 — Vereiskian stage; 2 — Bashkirian stage

MOrPELLUHOCTN, BCE XX€ UMEKT HaKOH OTHOCK-
TenbHO BepTuKanu, bornee sBHbIN B OalUKup-
CKMX OTIoOXeHusx. B pamkax ganbHenwunx uc-
cnefoBaHU MOXHO PacCMOTPETb OTAEeNbHbIN
noaxon 4ns NeTpoynpyroro MogenumpoBaHus B
BEPENCKNX M BALLKMPCKUX OTIIOXKEHMUSAX C LIENbIO
nonyyeHunsa 6onee TOYHOro pesynsrata MOLENM-
pOBaHMs.

4. Astopbl pabot [15, 16], npoBoas aHanus
TEPPUrEHHbIX KONIEKTOPOB Ha HedTerasoBbiX
MecTopoxaeHusx Hopeerm ¢ umcnonb3oBaHu-
eM mogernen (OusrKM ropHbIX NOpoLd, OTMeYatoT,
YTO pesynbTaTbl NETPOYNPYroro MoAeNMpoBaHuUs
MOTYT ObITb MCMOMNb30BaHbl MO0 ANs MHTepnpe-
Tauuu HabnwgaeMblX akyCTUYECKUX U CercMU-

YeCKMX CKOPOCTEN C LeNnbio onpeaeneHnsa napa-
METPOB KONnekTopa, NiMbo Ansa aKcTpanonsuuun
3a npegensl HabnogaeMoro gManasoHa c Lernbio
npeackasaHus onpeaeneHHbIX CLEeHapuUeB «4To,
ecnuy» ansa 3amelleHnsa nionaoB Unu NUTono-
rmn. Mogenn omsmkm ropHbIX NOPOL Takke MoryT
ObiTb MCMOMb30BaHbl AN OLEHKN OXMOAEMbIX
CencMmnYecKnx CBOMCTB No HabngaeMblM CBON-
CTBaM Kornektopa. Takmm oOpas3om, MonyyeH-
Hble MOZAErNbHbIE pe3yrbTaTbl MOryT ObiTb N3yye-
Hbl B AdafbHENLEeM CO CTOPOHbl CENCMUYECKON
WHBEPCUM N OMpPeaerneHmnst rpaHnYHbIX 3Ha4YeHUM
Ans pasgenennsa Ha cTpaturpadunyeckme eguHu-
Lbl, KONMNEKTOPbl — HEKONMNEKTOPbI, HACILLEHNS B
norne cermcMnyecknx napameTpos.
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YBaxaemble aBTOpHbI!

TpeboBaHus K 0OPMIIEHNIO HAYYHBIX CTaTEN, U3NTOXKEHHBLIE HXKE, pa3paboTaHbl pegakunen xyp-
Hana ansa Toro, 4Tobbl NOMoYb Bam npepoctaBuTb BCe HEOOXOAMMbIE ANA NyOnukauumn cBeaeHUs v
nsbexaTtb Hanbonee pacnpoCTpaHeHHbIX OLLNBOK.

1. Hay4Hbin xxypHan «Hayku o 3emne n Hegpononb3oBaHMe» NPUHUMAET K NybrnvkaLmm Hay4Hble
MaTepuvanbl B Buae crtateun no criegyowum cneymanbHOCTSM:

—1.6.9. leopusmka (TexHU4ECKNE HAYKK);

—1.6.9. leodunsnka (reonoro-MMHepanornyeckme Hayku);

— 1.6.10. 'eonorus, nouckn 1 passegka TBepAbIX NOME3HbIX UCKOMAEMbIX, MUHepareHus (reono-
ro-MMHepanornyeckne Haykm);

— 2.8.1. TexHonormsa n TexH1Ka reorioro-pa3BefoyvHbIX paboT (TEXHUYECKNE HAYKN);

— 2.8.3. TopHONpoMbILWSIEHHasa U HedTerasonpoMbICIOBas reornorus, reoguanka, Mapkwengep-
cKoe [eno 1 reoMeTpusi Hegp (TEXHUYECKne Haykm);

— 2.8.3. TopHOMpOMBILWNEHHas U HedTerasonpoMbICNoBas reonorus, reouanka, MapkLiengep-
CKOe [eno 1 reoMeTpust Hegp (reornoro-MuHepanormyeckne Hayku).

2. MNpvopuTeTHBIMK ANS NyGnMKaumMn SBRSKOTCA CTaTbi B 00NacTy MEXANCUMNIMHAPHbBIX U MYyMbTU-
OVCLMNIMHAPHBIX MCCNEeO0BaHWUI, a Takke pesynbratbl paboT C UCMONb30BaHNEM LIMPPOBBIX TEXHOIOMMN.

3. CtaTbV NPUHUMALOTCS HA PYCCKOM, @aHTTIMNCKOM, KNTAUCKOM M MOHIOSTbCKOM S13blKax OT aBTOPOB,
paboTaloLmx B POCCUNCKNX U MHOCTPaHHbIX By3aX, akageMUYecKMX 1 OTpacneBblX Hay4YHO-Uccneao-
BaTeNbCKUX MHCTUTYTaX, a Takke NPON3BOACTBEHHbIX FOPHO-TEONOMMYECKUX OpraHu3auunsXx.

4. CTaTbs conpoBOXaaeTcs:

— 3NEKTPOHHLIMU BEPCUAMU BCEX AOKYMEHTOB (CKaH), B TOM 4uchne:

aBTOPCKOrO 3asIBMEHUS, 3aMOfIHEHHOIO 1 NOANUCAHHOIO BCEMU COaBTOpamMM CTaThy;

aBTOPCKOro A0roBopa;

cBefeHni 060 BCex aBTOpax Ha PYCCKOM WM aHIMMACKOM fA3blkax C yKa3aHWEM Ha3BaHusi MecTa
paboTbl, AOMKHOCTM U CTPYKTYPHOIO MOApasneneHnsi, Hanmunus y4eHoW CTeneHu, yY4eHOro 3BaHus,
MOYTOBOrO W 3rIEKTPOHHOIO agpecoB KaXJoro aBTopa CTaTbW, a Takke HoMepa TenedoHa aBTopa,
OTBETCTBEHHOI0 3a KOMMYHUKaLUWIo;

aKTa 3KCMNepTHOro 3akmntoyeHns 0 BO3SMOXHOCTM OTKPbITOW Nybnvkauum matepuanos;

— UBETHbIMY MNOPTPETHbIMKU poTOorpacmsamMm aBTOPOB Ha CBETIIOM (POHe (4enoBON CTUMb) B XOPO-
wewm kavectee B popmate PNG/JPEG;

— MO XEeraHu aBTopa B CTaTbe MOryT ObiTb yKasaHbl ero Npounn B cuctemax LUTUPOBaHUS U
apyrve ceegexus (npocunm B PUHL, ORCID, Scopus, B Opyrux cuctemMax LUTUPOBAHUS, MOXHO
NPEeAOCTaBUTb CChINIKY Ha NMMYHYI0 CTpaHuLy B VIHTepHETe, BKMoYasa CTpaHULbl B COLMAnbHbIX CETSIX).

Obpawaem Bawe sHuMaHue, 4mo 8C5 nepeyucrieHHas ebiue UHgopmayus rnybrnukyemcs 8 Xyp-
Harne 8 omkpbimom docmyrne!

5. Ctatby NpMHUMAIOTCA OTBETCTBEHHBIM CEKPETapeM B 3reKTPoHHOM Buae B chopmate Microsoft
Word gns Windows no anektpoHHon no4vte nzn@istu.edu. Lpundt — Arial, paamep wpundgta — 12 (cTpoku
yepes 1 MHTepBarn), NepeHoc CroB — aBToOMaTMYeCKUin. llapameTpbl CTpaHULbl: OTCTYMbI CBEPXY U CHUY —
2,5 cm, cneea v cnpaea — 2 cM, ab3auHbin otcTyn — 0,6 CM, OpreHTauus CTpaHuLbl — KHIDKHaS.

6. B XXypHarn npuHMMaroTcs CTaTtbu Tpex TUMNoB:

HayyHas cmambs. HaydHas ctaTtbsi npefctaBnsaeT cobov opurmHanbHy UCCregoBaTeNbCKYH py-
konuck. Takoro poga pabota gomkHa coobliate 0 pesynsratax NpoBeAeHNss Hay4HO 06O0CHOBAHHbIX
3KCMNEepMMEHTOB U COoAepXKaTb 3HAYNTENbHbIN 06bEeM HOBOW MH(popMaumu. [NoarotoBka opurmHarnbHOM
cTaTbM NoapasyMeBaeT UCMONb30BaHME CaMblX CBEXUX U aKTyanbHbIX UCTOYHUKOB B AaHHOW obna-
ctn. CTpykTypa nogobHon paboThl BKNtoYaeT pasaensl «BeeaeHney, «Matepuansl U MeToAbl Ucche-
poBaHusay, «Pesynbtatbl uccnegosaHus», «O6cyxaeHue MnonyyYeHHbIX pesynsratoBy» M «3akmove-
Hue». PekomeHayembii MUHUManbHbIM 06bem HayyHon ctatbu — 3500 cnos.

0O630opHas cmampbs. Ob30pHas cTaTbd NpegnonaraeT NpoBeaeHe BCECTOPOHHENO aHanmaa cylle-
CTBYIOLLEV NUTEpaTypbl B 06NMacTh UCCregoBaHnst, KOTOPbIV BbISBIISIET TEKyLLME Npobenk! nnm npoobrne-
Mbl. Takasi paboTta gomkHa 6biTb KPUTUHECKON 1 KOHCTPYKTUBHOWM M coaepXaTb pekomeHaaumn ans by-
Aywmx nccriegosaHuin. B Hen He cnedyeT NpeacTaBnaTh HUKAKMX HOBbIX HEOMYONMKOBAHHbLIX AAHHbIX.
CrpykTypa 0630pHOM CTaTby MOXET BKIOYaTb BBEAEHWE, Apyrie Heobxoanmble pasaernsl, obcyxaeHve
nornyyYeHHbIX pe3ynsTaTtoB, a TakkKe 3akrioveHne ¢ ykasaHveM ByayLmx HanpasneHun Aris BO3MOXHbIX
nccrnegoBaHuii. PexomeHayeMbln MMHUMAarbHbIN 06beM 0630pHoN ctatbn — 4000 cros.
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Kpamkoe coobuweHue. KpaTkoe coobLieHne NnpeacTaBnsaeT cobom KpaTKyo CTaTbio, MOCBSLLEHHYH
HOBOMY 06BbeEKTY, TexHornoruu, metogy. OHO Takke MOXET coaepxaTb nNpeaBapuTenbHble pedynsraThl
nccrnegoBaHnst MMBO KpaTKoe M3IOXEHWE MOSTHOro MccrefoBaHus. B kpaTkoM COOBLLEHUN OOIMKHbI
ObITb ONMcaHbl BaxHble MoaAMUKaLMN NN YHUKaNbHbIE NPUMEHEeHUs onucaHHoro metoga. Kpar-
Kne coobLueHns obbIYHO coaepKaTt ABa-TpU pUCyHKa u/unu Tabnuuy; pasgen «Matepuanbl U MeTo-
Obl UCCMNEeOBaHMsI» B HUX OOJDKEH OblTb OeTanv3npoBaH, 4ToObl 00ecneunTb BOCMPOM3BOAMMOCTb
npeacTaBneHHon paboTbl, a 0630pHasa YacTb cokpalleHa. CTpykTypa nogobHon paboTbl aHanormyHa
CTPYKTYpE Hay4HOW CTaTbM M BKIIOYAET Takue pasgensl, kak «BeegeHuey, «Matepuansl n metogbl
nccnegoBaHusi», «Pesynerathbl nccregoBaHusay, « OBcykaeHne nomnyvyeHHbIX pe3ynsTaToBy U «3aknto-
YeHuney. PekoMeHayeMbli MUHMManbHbIM 06beM KpaTkoro coobLueHmst — 2500 cnos. [lonyckaeTcs no-
cnegytollas nybnukaums pacluMpeHHOro matepuarna, U3noXeHHOro B KpaTtkoM CooBLLEeHUN, B HALLEM
nmMbo MHOM M3gaHum ¢ 06s1I3aTerNbHON CCbISIKOM Ha NEPBYHO CTaThHO.

7. CTaTby AOMKHbI ObITb CTPYKTYPUPOBAHbI U BbINOSHEHBLI MO MexayHapoaHomy ctaHgapty IMRAD.
CtpykTtypa ctatbu: nHgekc YK, Ha3BaHue ctatbu, hamunus, nms, oT4ECTBO aBTOPOB, Ha3BaHWE yu-
pexneHuvsi, rae BbiNoSIHEHA paboTa, aHHOTaUUA M KIOYEBbIE CIIOBa Ha A3blke opuriMHana (pycckom/
KMTaNCKOM/MOHIOMNbCKOM) U aHIMMACKOM S3blKax, BBeAeHWe, Lenb NCcCcreqoBaHus, Mmatepuyarn u MeTo-
bl MccnegoBaHug, pesynstaTbl UCCNEAOBaHNS 1 UX obCcyxaeHue, 3aknoyeHne, bubnuorpaguyeckmmn
crnucok u references, KpUTepun aBTOpPCTBa, KOHQIUKT MHTEPECOB U CBeaeHusa o6 aBTopax (BCS MH-
hopmauusa npeaocTaBnsaeTcs ogHMM dannom, HasBaHHbIM criegyowmmMm obpasom: Pamususi Nepeozo
asmopa — lNepsble mpu-4emsipe crioea Ha3eaHus.doc).

8. PekomeHayemas anuvHa HaseaHus ctatby — 0o 100 3HakoB ¢ npobenamu. HasBaHue ctatbu
OOMKHO BbIThb NULLIEHO COKpaLLeHunin, abbpeBmaTyp, ONUCbIBaTb COAEPX)XaHMe CTaTb TOYHO U KOHKpEeT-
HO, MPX 3TOM OHO JOSMKHO BbITb 4OCTATOYMHO ANWHHBLIM, YTOOLI OQHO3HAYHO BbIPA3UTh MMAaBHYIO NAED
CTaTbM, U KOPOTKMM HACTOJSbKO, YTOObI HM OOHO CITOBO HENb3s ObINo BLIGPOCUTL 6€3 NoTepn cMbicna.

9. AHHOTaUWs OOMKHA OTpaxaTb OCHOBHYI MAEK CTaTbW, NOCKOMbKY AN BOnbWMHCTBA YnuTaTe-
ner oHa SIBMASIETCA MaBHbIM UCTOYHUKOM MHGOPMaUUM O NpeacTaBneHHoOM nccriegosaHmn. Obbem
aHHoTauumn — 1500—2000 3HaKkoB, NMpMMepHas CTPYKTypa: Lenb, MeToapbl, NpeaMeT, 06bekT n pesyrb-
TaTbl UCCreqoBaHuWs, BbiBOAbl. He criegyeT cebinatbeca Ha Tabnuvubl U/VMAKM PUCYHKW, NpUBEOEHHble
B OCHOBHOM B TEKCTe CTaTbW, a TaKkKe MCMONb30BaHHY NUTEPATypy, NOCKOMbKY aHHOTaLMK Takke
nNyGNUKyTCS OTAENbHO OT CTaTbW. He vcnonb3ynte B aHHOTaAUUKM COKpalleHusi, abbpeBuatypebl, a
Takke opMyIbl, Tak Kak aHHOTauumn B 6onblumMHCTBE 6a3 faHHbIX, HadnHasa ¢ PUHLL, nybnukytotea B
dopmare, ucknovarowem otobpaxeHne dopmyr.

KntoueBble crioBa QOIMKHbI OTpaXaTb CyTb MCCNeaoBaHUs, cnocobcTBOBaTb paboTe MOUCKOBLIX
CUCTEM, MO KonnyecTsy He npesblwaTtb 10 eguHUL, crioBocoveTaHus — He Bornee 3 eanHuL.

10. ®opmynbl B TEKCTE OOMKHbI BbITb HabpaHbl B cneumansHoM pegaktope dopmyn Microsoft
Word nocpencTtBom onumm «BCTaBKa» — «ypaBHEHUEY.

11. Tabnuupl JOMKHBI CoaepXaTb TONbKO HEOOXOAMMbIE AaHHbIE U NpeacTaBnaTb cobon 0600LLeH-
Hble 1 cTaTUCTUYeckn obpaboTaHHble MaTepuarnbl C ykasaHueMm 06o3HadveHus nepeMeHHbiX. Kaxaas Ta-
bnvua cHabxaeTcs 3aronokoM. PopmaTt Tabnumuy, — KHDKHBIW, HanpaeneHme WwpnudTa — Mo ropusoHTanu.

12. Npadhnyeckne matepuanbl K cTatbe (PUCYHKN K boTorpadunn) NpeacTaBnalTCca B MMHMMalb-
HOM KonuyecTBe (He bonee 6 eauMHUL) U OMKHbI ObiTb BbIMNOMHEHbI B COOTBETCTBUU C TpeboBaHUSMU
K reoniormyeckon rpacvke. BelbrupaeTtcs macwitad, npurogHbii 4ns TMpaXKMpoOBaHUA, a pasmep — He
bonee 170x245 mm. padmyeckme matepuanbsl OOMMKHbI 4OMycKaTb NEPEMELLEHNE B TEKCTE N BO3-
MOXXHOCTb M3MEHEHUS pa3mepoB. Kaxabln pucyHOK CONPOBOXAAETCS HAAMUCAMN B COAEPKaTENbHOM
yacT! N NOAPUCYHOYHOM NOAMUCHID, B KOTOPOW MpeacTaBnsieTcs 0ObsCHEHME BCEX €ro 3/1EMEHTOB.
Ha3sBaHuns pyCyHKOB U MOAPUCYHOUHbIE NOAMUCU AOIMKHbI BbiTb MakCUManbHO KpaTkne, OCHOBHAs UH-
dopmauusa npegocTaBnseTcs B TEKCTE.

Bce Hagnmcy Ha pucyHKax OOSMKHbI OblTb peaakTMpyeMbIMU U BbIMOMTHEHHBIMK 8 Kernem wpud-
Ta Arial (OCHOBHOW) Ha s3blke TeKCcTa cTaTbi. B HEKOTOPbLIX cnyyasx pasmep wpudTta MoxXeT ObiTb
yMeHblLUeH Ao 5-6 pt. Ecnv Ha pucyHke umeroTcsa ycroBHble 0603HAYeHNs, OHU JOSMKHbI ObITb MPOHY-
MEPOBaHbI, @ UX PacLUMPOBKY CTOUT BbIHOCUTL B SKCMMMKALMIO K PUCYHKY. BykBeHHas Hymepauns
pucyHkoB BbinonHseTcs 10 kernem wpudTa Arial (NoNy>XMPHbLIA KYPCUB) Ha aHIIMNCKOM s3bike. o-
MUMO MPEeACTaBNeHNst B TEKCTE CTaTbW PUCYHKM OOSMKHbI OblTh JOMOMHUTENBHO NPeoCTaBneHbl OT-
JenbHbiMn dharinamun. BekTopHas rpadurka gononHuTtensHo npegoctaensercd B gopmatax CDR, Al ¢
BO3MOXXHOCTbIO peakTMpOBaHMWs, NpU 3KCNopTe U3 APYrnx NporpamMm crieqyet ucnonb3oBaTtb hopmar
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PostScript (EPS) ¢ paspewwennem 300 dpi. doTorpadumn, CkaHMpOBaHHbIE MaTepuarbsl NpeacTaBns-
etcq B cpbopmate TIFF nnm PNG/JPEG (coxpaHeHue B popmate PNG/JPEG Heobxogmmo npounsso-
OUTb B MakcMMarnbHO BbICOKOM KayecTBe). PaspelueHne pactpoBor rpadomkn JOMKHO COCTaBnATb He
meHee 600 dpi ans 4yepHo-6enbix pucyHkoB U He meHee 300 dpi ans doTorpaduin. Cxembl, rpadunkm,
AunarpaMmbl NpeaocTaBnaTCa ¢ paclumpennem .xis (MS Excel).

13. CcblKM Ha NUTEepaTypHble UCTOYHUKM MPUBOAATCS B KBaApaTHbIX CKOOKax B Mopsake Bo3pac-
TaHus. bubnuorpaduyeckun cnmcok hopmmupyeTcsa no mepe YnoMmMHaHNSA NCTOYHMKOB B TEKCTE.

PekomeHayemoe Konn4ecTBo NCTOYHMKOB B BmMbnmorpadumyeckomM cnucke — He meHee 20, Npu 3ToM
MUHUMYM 50 % crnncka pekomeHnayeTcsl 3aHMMaTb MaTtepuanamiu, BbillegWwMn B TeHEHNE NOCNegHMX
5 neT, B TOM uncne He MeHee 5 NCTOYHUKOB JOSMKHbI COCTaBMSATbL CTaTbM N3 MHOCTPAHHbIX XYPHAaroB.
CamouuTnpoBaHue aBTopa He AOMKHO npeBbiwaTth 25 % oT 0bLero konmyecTea MCTOYHMKOB, Camo-
LMTUPOBAHNE XXypHana pekoMeHOYyeTCs CBECTU A0 MUHUMYMA.

B cnucke nutepatypbl SOMYCKaOTCA CCbIfIKA Ha CTaTbM M3 HaYYHbIX >XYpHanoB, M3 COOPHUKOB
MaTepMarnoB Hay4HbIX KOHEPEHLMN, N3 HeNepuognyecknx COOPHUKOB HayYHbIX CTaTeNn, Ha KHUTK,
MOCBSILLEHHbIE HAyYHbIM MCCNEOOBaHUAM, a Takke aBTOPCKME MaTeHTbl. PedakumoHHast konnerns
pekoMeHAYEeT B CMMCKe NUTepaTypbl CCbINIAaTbCA Ha CTaTbM U3 XKXypHarnoBs, Bxoadwmx B agpo PUHLL
(Russian Science Citation Index, Web of Science Core Collection, Scopus).

He ponyckatoTcst CCbIfkU Ha HOPMAaTMBHbIE MPABOBbIE aKTbl (3aKOHbI, KOAEKCHI, yKa3bl, MONTOXEHUS
1 np.), yd4ebHble n3gaHus (y4ebHukm, y4ebHble Nnocobusi, KOHCNEKTbI NEKLNN, METOANYECKME YKa3aHUs
W T. 4.), CNpaBoYHbIE U3O0aHNS (CNpaBOYHMKK, CIIOBApY Y SHUUKNONEAMM), guccepTtaumm n astopede-
paThbl, reoriormyeckmne KapTbl, @ TakKe CTPaHMULbl SMIEKTPOHHBIX PECYPCOB, HE UMEIOLLIME KOHKPETHOMO
aBTopcTea. [1pn HeobxoanMOoCTM obpaLLeHMs K STUM UCTOMHUKAM CCbISIKY Ha HUX cnegyeT pasmeluartb
B NOACTPOYHOWN CHOCKE.

14. Cnncok nutepatypbl COCTaBnsieTcs B ABYX BapuaHTax. [NepBbii BapmMaHT (CAIMCOK UCTOYHU-
KOB) odhopMmsieTcsl Ha sA3blke UcTtovHmMka B cooTtBeTcTBuM ¢ TOCT P 7.0.5 2008. Bropown BapuaHT
(references) odpopmnseTcs B BUAE TpaHCAUTEPaLMM PYCCKOro TEKCTa B NTAaTUHULLY C MEPEBOAOM Ha aH-
FIIUNCKUIA A3bIK U CAYXUT ANA OTCAEXNBaHUS LMTUPYEMOCTU aBTOPOB. NMprmepsbl 0hopMIieHns NCToY-
HWKOB B CMMCKaX MOXHO NOCMOTPETb Ha HalleM canTe B pasgene « TpeboBaHus K CTaTbsiMy.

15. lNpu nogave ctatbyn aBTOpamMu NPeLOCTaBSTCS HA aHIMMNCKOM S3blKe criedyoLne aremMeH-
Tbl paboThl: Ha3BaHWe cTaTbu, CBeAEHMs1 06 aBTOpax, aHHOTaLUUS, KMYeBbIE CrioBa, brarogapHocTw,
Ha3BaHWs Tabnuy 1 No4PUCYHOYHbIE nognucK, Gubnunorpadums.

16. ABTOpbI CTaTen AOMKHbBI MPUAEPXKMBATLCA 00S3aHHOCTEN, NPeayCMOTPEeHHbIX «PegakunoHHoM
NOMNUTUKON XXypHana.

17. Pegakums octaBnsieT 3a cobom npaBo OTKITOHATb CTaTbyW, HE OTBeYarLme ykazaHHbIM Tpebo-
BaHuAM. [ocTynatoLlime B pedakuunio matepuarnsl BO3BpaTy He Noanexar.

18. Pegakuus octaBnsaeT 3a cobor NpaBo Ha Hay4vHOE U NUTEpaTypHOE peaaKkTMpoBaHWeE CTaTen ¢
nocreayrLmnmM CorfiacoBaHMeEM C aBTOpaMu.

19. MNpencraBneHHble cTaTb NPOXOAAT NPOBEPKY Ha HanMyme 3aMMCcTBOBaHUMN.

20. XKypHan BbinyckaeTcsi ¢ NepnognYHOCTbIO 4 HOMepa B rof.

BHumaHue! Ny6nukauma ctaten saBnseTcs 6ecnnaTHOM.

Mbi npuenawaem Bac K ydacmuto 8 HalleM rpoeKkme 8 Kadecmee asmopos, pekrnamodameriel
u yumamened.

Mo Bonpocam ny6nukauuMm obpawartbcAa no agpecy: 664074, Poccua, r. UpkKyTck,
yn. Akagemuka KypuaTtoBa, 3, ka6. 207 (MHcTuUTyT «Cubupckas LWKona reoHayk», UpKyTckumn
HauMOoHanNbHbLIN UccreaoBaTeNbCKUA TeEXHUYECKUA YHUBEPCUTET).

MaBHbIN pepakTop AnekcaHap BagumoBuy [MapwwuH, Ten.: +7 (902) 7666990,
e-mail: sarhin@geo.istu.edu.

3amecTutenb rnaBHoro pepaktopa Jlapuca UBaHoBHa Ay3uHa, Ten.: +7 (3952) 405108,
e-mail: lauzina@mail.ru.

CTtaTbu crnegyeT HanpaBfsiTb OTBETCTBEHHOMY cekpeTtapto Mapuu HukonaesHe [onrux
yepe3 NIMYHbIA KaOMHET Ha calTe WWW.NZNnj.ru Unu no 3feKTPOHHOW noyTe nzn@istu.edu;
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Obpa3sey oghopmrieHusi cmambu
YOK 549.09

MwuHepanoro-rexHonorn4yeckme Tunbl pya
TomuHckoro mectopoxaeHusa meaum (KOxxHbIn Ypan)

E.M. KypueBckas?, M.B. fAxHo"*, A.E. CeH4yeHKO®

aHUulMN « TexHonoauu oboeaweHusi MUHepanbsHO20 Cbipbsy, 2. pkymck, Poccusi
bUpkymckul HayuoHanbHbIU uccrnedosamernbCKuli mexHu4Yeckul yHueepcumem, 2. Mipkymck, Poccusi

Pestome. Llenb. Llenb faHHOro nccnenoBaHns 3aKio4aeTcs B U3yHeHUM TEXHOMOTMYECKMX TUMOB pyA TOMWHCKOrO MecTo-
POXAEHMSA Meaw, a Takke MYHepanbHOro CocTaBa BMELLaoLWMX MOpoa U pya KaXaoro n3 Tpex TUMoB, BbISBIEHUN MUHEpPa-
NOrNYECKMX N CTPYKTYPHO-TEKCTYPHBLIX OCOBEHHOCTEN pya, BbISBNEHNW B3aMMOCBA3W U3MEHEHUS PYAHOW MUHEpanm3auum
N cTeneHn MeTamopdmama Ans kaxgoro tuna pya. Metoabl. PygHble Tena TOMWMHCKOrO MeAgHO-NopdrMpoBOro MecTto-
poOXAeHWs, 3aneratome B AUOpUTax 1 KBapLEBbLIX ANOPUTaX, NPeacTaBnsioT COBON NPOXMUIKOBBIE U MPOXUIIKOBO-BKpa-
MMAeHHble CKOMMEHWs B 30Hax ApobrneHus. Ha MecTopoXAeHWM LUMPOKO Pa3BUTbl METAacOMaTUTbl KBapLi-CEPULMTOBON
dopmauumn. N3yyeHre TMNOB pya NPOBOAUIIOCH C UCMOMb30BaHNEM MUKpockonoB. PesynkTaTthl. B pesynsrarte BbigeneHo
TPW reornoro-TeXHONOrM4YeCcknx Tuna pya B npegenax TOMUHCKOro mMectopoxaeHus. MepBbii TUM nNpeacTaBneH nepBud-
HbIMU CynbUOHLIMW pyAamun, KoTopble HabngaTcs B cpegHeM Hke rmyouHsl 50-55 m. o coctaBy 31O XnopuT-My-
CKOBWT-KBapLieBble MeTacoMatuTbl. Bmelyatowime nopogel npeacraBreHbl CepUUMTU3MPOBaHHBIMW, XIIOPUTU3UPOBAHHbI-
MW 1 kapboHaTu3nMpoBaHHbIMK AvopuTtamu. B coctase pya npeobnagatoT xaneKonuput u nupuT. MNpaktuyecku Bcs Medb
CoAdepXMTCA B Xanbkonupute. BTopon Tmn — 3TO pyAHble 30Hbl BTOPUYHOIO CynbMUAHOrO oboralleHusi. ATOT TN CIOXeH
NepBNYHLIMN 1N BTOPUYHbIMK Cynbdugamvu mean. Bece nopoabl aprmnnmanpoBaHHble U NpeacTaBneHbl MeTacoMaTtnutamm
pa3snunyHoro coctasa. Bce Buapl nopoa HecyT B cebe pyaHyto muHepanm3aumio. K TpeTbemy Tvny OTHOCATCS OKUCTIEHHbIE
pyAbl, KOTOpble 06pa3syloT 30HY OKUCNEHUS MecTopoxaeHus. OHM OenaTcs Ha Tpu NOATUNA: IMUHUCTbIE, MMUHUCTO-LLEBHN-
CTble ¥ WebHUCTble pyabl. [MUHUCTBIE Pyabl 3anerarT B CaMbIX BEPXHUX YacTsX KOPbl BbIBETPUBAHUS, MMUHUCTO-LLEOHN-
CTble pyAbl cnaratoT LeHTparnbHYyH ee YacTb, a PyAbl B LLEOHNCTbIX 06pa3oBaHMAX OTMEYEHbI B HUXKHUX ropu3oHTax. MNpea-
CTaBMeHoO nerporpaduyeckoe onncaHne Kakaoro M3 TUMoB. BbisiBNeHbl MUHepanornyeckne u CTpyKTYPHO-TEKCTYPHbIE
ocobeHHoCTV pyA. B pesynerarte nsyveHns netporpadmyeckoro coctaBa Kaxaoro Tuna py4 yCTaHOBMeHa pasnuyHas cre-
neHb MeTamopdunsmMa 1 BCneacTBue 3Toro — M3MeHeHne pyaHou MyuHepanusauun. BeiBogbl. MNMpocnexuBaeTcs BnnsHue
MeTacoMaTUYeCKUX NPOLECCOB, M3MEHUBLLMX CTPOEHNE N MUHEParibHbIV CcoCTaB pya. [Ana nepsoro Tvna pyabl XapakTepHo
Hanuyve NepBUYHbIX NOPOA — ANOPUTOB C HACLILLEHHOW CyrnbMWUAHON BKPANSIEHHOCTbIO U C HE3HAYUTENbHBIMM MeTaco-
MaTU4eckMMn uamMeHeHnsiMu. B 30He BTOpuuHOro oboralleHust nopodbl NpeTepneny MHTEHCMBHOE MeTacomaTnyeckoe
nameHeHune. MNopoabl 3TOM 30HbI HAChILEHbI TMAPOKCMAAMM Xxernesa. [Ina 30Hbl MHTEHCUBHOTO BbIBETPMBAHUSA XapakTep-
Hbl MMIVHUCTBIE W XNOPUTU3UPOBAaHHbIE NopoAbl. PyaHas MUHepanusaumsa npeactasiieHa UCKIIOYUTENbHO OKUCIIEHHbIMM
MuHepanamu. Cynbunapl eAMHNYHBL. Pasnuunsa B MMHepanbHOM COCTaBe Tpex TUMOB pyA BMAMSIOT Ha BbIGOp cnoco6os
nepepaboTku pyapl B npegenax TOMUHCKOTO MECTOPOXOEHNS.

Knroyeeble crioea: TOMUHCKOE MeCTOPOXAEHWE, MeLHO-NopcMpoBOe OopyaeHeHUe, MeTamMopdmr3M, TEXHOMOormyeckme
TUNbI pya

QduHaHcupoeaHue:

BnazodapHocmu:

Mineralogical and technological types
of Tominskoye deposit copper ores (Southern Ural)

Elena M. Kurchevskaya?, Marina V. Yakhno**, Arkady Y. Senchenko®

acNIPI TOMS (Scientific Research and Design Institute “Technologies of Minerals Separation”), Irkutsk, Russia
bIrkutsk National Research Technical University, Irkutsk, Russia

Abstract. Purpose. The purpose of the article is investigation of the technological types of Tominskoe copper deposit ores;
examination of the mineral composition of the host rocks and ores of each of the three types; identification of mineralogical
and structural-textural features of ores, research of the relationship of mineralization and metamorphism intensity alteration
for each type of ore. Methods. Ore bodies of the Tominskoye porphyry copper deposit occurring in the diorites and
quartz diorites are veinlet and porphyry-stringer clusters in crush zones. The deposit is characterized with the predominant
metasomatic rocks of quartz-sericite formation. Results. Three geological and technological ore types are distinguished
within the Tominskoye field. The first type is represented by primary sulfide ores, which occur on average lower than
50-55 m depth. By composition they are chlorite-muscovite-quartz metasomatic rocks. The host rocks are represented
by sericitized, chloritized and carbonated diorites. Chalcopyrite and pyrite are predominant elements in ore compo-
sition. Chalcopyrite contains carbonated diorites. Chalcopyrite and pyrite are predominant elements in ore composition.
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Chalcopyrite contains almost all of the copper. The second type includes the ore zones of secondary sulfide concentration.
This type is composed of primary and secondary copper sulfides. All the rocks are dirty argillaceous and are represented
by metasomatic rocks of different composition. All types of rocks feature ore mineralization. The third type covers oxidized
ores, which form the oxidation zone of the deposit. They are divided into three subtypes: clay, claydetrital and detrital
ores. Clay ores occur in the uppermost parts of the crust of weathering. Clay-detrital ores compose its central part, while
ores in detrital formations have been found in the lower horizons. Each of the type is given a petrographic description.
Mineralogical and structural-textural features of ores are identified. The study of the petrographic composition of each
type of ores showed a varying degree of metamorphism that resulted in changes in ore mineralization. Conclusions. The
influence of metasomatic processes is indicated. The last have changed the structure and mineral composition of ores. The
presence of primary rocks — diorites with saturated sulfide impregnation and insignificant metasomatic alterations is typical
for the first type of ore. The rocks in the zone of secondary concentration have undergone intense metasomatic alteration.
These rocks are saturated with iron hydroxides. The presence of clay and chloritized rocks characterize the zone of intense
weathering. Ore mineralization is represented exclusively by oxidized minerals. Sulfides are rare. Variations in the mineral
composition of the three types of ores influence the choice of ore processing methods at Tominskoye ore deposit.

Keywords: Tominskoye field, porphyry copper mineralization, metamorphism, technological ore types
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