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T WHcTuTyT reonorumn u munepanorun um. B.C. Cobonesa CO PAH,
Poccus, 630090, r. HoBocubupck, np. Ak. Koniora, 3.

AxkmyanbHocmb uccredogaHus 0bycriosneHa He06X00UMOCTMbIO pa3sumusi POCCULICKUX Noka3amenel OUeHKU cOCMOsHUST O0HHbIX Om-
TIOKEHUL! U UX 8MUSIHUA Ha Xugble 0p2aHu3Mbl, a makxe 8odoemos & yenom. [pobnema 3aeps3HeHuUs NpUPOOHbIX 800 NOMEHYUasbHO-
MOKCUYHBIMU 311eMeHmamu akmyanbsHa. B Poccuu omcymemsytom chedeparbHbie HOpMamushbl, peaiiaMeHmupyoujue kayecmeo OOHHbIX
omoxeHuti. Kpome mozo, 06bekm uccredosaHusi pacnofioxeH 8 nonyaspHOM mypucmuyeckom patioHe Pecnybnuku Anmad. SHaHus o
€OCMOSIHUU 800HOL 3KOCUCMEMBI 8 3MOM palioHe uMeem 8aXHb Il UHGhopMamuBHbIU Xxapakmep.

Lenb: usydums pacnpedeneHue nomeHyuanbHo-moKCuYHbIX anemeHmos (Hg, As, Cu, Zn, Ni, Pb, Cd, Sb, Se) 8 so0ax u doHHbIX omio-
XKEHUsAX pek Spnbi-AMpbl u Yubumka u nposecmu OUEHKY 3KON02UYECKO20 COCMOSIHUSI AOHHBIX OMIOXEHUL coa1acHo pocculickum U 3a-
PY6EXHbIM HOPMamUSHbIM NOKa3amensaM, a makxe 8bIS8UMb UX MOKCUYHOCMb OIS KUBbIX OP2aHU3MO8.

O6bexkmbl. Peka Yubumka u ee npumok peka Spnbi-Ampbl (YnagaHckul patioH, n.Akmawi) pacnonoxeHs! 8 npedenax Kypalickol
pmymHoU 30Hb! U QONOTHUMENBEHO NOOBEPXKEHBI BNIUSHUI OPEONa PaccesHUs AKmawcko2o 20pHO-Memarnypauyeckoeo npednpusmusl.
E20 omeanbi cknadupogaHbi Ha bepeey p. Spibi-Amps!.

Memodsi. B godax uamepersbi pH u Eh (Memodom nomeryuomempuu). CodepxaHue pacmgoperHo20 Cope 0Onpedensinocs memodom UK-
cnekmpockonuu. AHUOHHBII cocmag u3y4yarncs MemoOoM KanumispHo2o anekmpogpopesa. CodepxaHus NOMEHUUaTbHO-MOKCUYHBIX
371eMEHMO8 8 peyHbIx 800ax onpedensnucs Memodamu niameHHOU U 371eKkmpomepMuYecKoli amoMHO-abcopbUUOHHOU cnekmpoMempuu,
a makxe MemoOoM Macc-cnekmpoMempuu ¢ UHOYKMUBHO-C8sI3aHHOU ninasmoll Ha keadpynobHOM Macc-cnekmpomempe; Hg onpedens-
nacb Memodom «x0f00H020 napa» ¢ hocredyrowell amomMHo-abcopbyuoHHOU cnekmpomempueli. CodepxkaHusi NnomeHyuanbHo-
MOKCUYHbIX 371eMEHMOo8 8 OOHHbIX omuioxeHusix onpedeneHl memodom POA-CU, nnamerHOU u 371€KMpomepMuyeckoli amomHo-
abcopbyuoHHoOU cnekmpomempuu U Memodom «Xor00H020 napay amomHo-abcopbyuorHol cnekmpomempuu. OueHKa 2e0XUMUYECKUX
ocobeHHocmeli Q0HHBIX omoxeHull nposedeHa Ha OCHOBaHUU pacdema cmeneHu o0bozaweHuss AOHHBIX OMIIOXEHUl OMHOCUMESTBHO
8epxHell KOHMUHeHmanbHoU Kopbl. CmeneHb 3aepsa3HeHuss OOHHbIX OMIIOXEHUU PeK U 8EPOSMHOCMb HE2amUBHO20 BMIUSHUS Ha Xugble
Op2aHU3Mbl OUEHEeHa Ha OCHOBaHUU CPagHEeHUs co0epXaHull NOMEHYUaNbHO-MOKCUYHbIX 3TEMEHMO8 C POCCULICKUMU U 3apybexHbIMU
nokasamensmu.

Pesynsmambl. 3a cyem nonadaHus omxodo8 AKMalCKO20 20pHO-Memartypaudecko2o npednpusmus 8 p. Spnsi-Ampsi npoucxodum
yeenuyeHue sasnosbix codepxarutl Cu, Cd, Hg u Se & peyHoli gode. Codepxarusi Ni, Zn, As, Pb, Sb npeobnadatom 8 ucmoke p. Spnb-
AMPBI, N0 CPABHEHUIO C YacmbH0 PeKU, NodsepXeHHOU MUSHUI0 0mMeanos AKMaliCcKo20 20pHO-Memarypau4eckozo npednpusimusi. Boda
p. Yubumka ebiwe yembs p. Apnbi-Ampsi (ydacmok 1) co0epxum Zn u S 6onbwe, Yem Ha yyacmke 2 (Huxe ycmbs), 20e ysenudugaom-
cs codepxanus Ni, Cu, As, Hg. MpesbiweHus npedenbHO-00nycmuMbIx KOHUeHmpauyull 0ns 600HbIX 06beKmMo8 pbi60X034licMeeHH020
3HaveHus Ana Zn, Cu u Hg cocmaenstom 4,9; 1,7 u 46 pa3 e eo0ax 0beux pek. [JoHHbIe omnoxeHusi 06eux pek 3HadumenbHo obozaue-
Hbl Hg, As, Ni, Sb, Se no cpagHeHuto ¢ eepxHell KoHmuHeHmanbHol kopol. CodepxaHus Hg, As, Sb, Se & omnoxeHusx yyacmka 1
p. Yubumka eo3pacmatom c ydaneHueM om ucmoka. YcmaHogneHo peskoe ysenuyeHue Hg u Sb 8 omnoxeHusix yyacmka 2 p. Yubumka.
3aepsasHeHue Hg, As, Se u Sh doHHbIX ocadkos 0beux pek eapbupyem om yMepeHH020 00 0YeHb CUMbHO20 U Aaxe OnacHo20 yposHs
(coanacHo nokazamensim 0onycmumbIx KOHUeHmpauyul, hakmopy 3aepA3HeHUSs, CyMMapHOU CmeneHu 3agpa3HeHus U nokasamens kaye-
cmea omnoxeHull); 3azpsasHeHue Ni, Cu, Zn, Pb, Cd — om Hu3ko2o 30 yMepeHH020 ypoeHs. [JOHHble ommnoxeHus p. Apabl-AMpbl U
yyacmka 2 p. Yubumka umetom 50-100 % eeposmHocmb pucka eosdeticmeusi Ha Mukpobuomy (coenacHo nokasamensam ERL/ERM u
TEL/PEL) 3a c4em nonadaHusi omxodo8 AKmauwicko20 20pHO-Memarniiypauyecko2o npednpusimus u ebicokux co0epxaruli Hg, Ni, As, Cu.
BeposimHocmb mokcuyHocmu Q0HHbIX omioxeHul obeux pek oueHusaemcs 8 5-30 % u obycriosneHa codepxaHusimu Zn, Pb u Cd.
CpedHee 3HaueHue seposimHocmu buonoauyeckoeo eo30elicmeusi cpedHezo yposHs (M-ERM-Q) nokasbieaem cymmapHyo moKcuy-
Hocmb QOHHbIX omnoxeHul pek Yubumka u Apnb-Ampbi u 8apbupyem om 21 3o 76 % 6 3agucumocmu om yOanéHHOCMU Om omearnos
AKmauwicKoeo eopHo-memaniypeuyeckozo npednpusimusi. Ommoxenus p. Yubumka 86nu3u n. Akmaw moxe 8bICOKOMOKCUYHbIE;, 8epo-
SAAMHOCMb MOKCUYHOCMU CHWxXaemcs 00 ymeperHol (21 %) monbko 8 9,2 km om ycmbs p. Apnbi-AMpbl. Knoyessmu hakmopamu 3a-
2pA3HEHUST AOHHbIX OMITOXKEHUL U peyHbIX 800 SnIsoMCs NPUPOAHBIL 8bICOKUl 2eoxumuydeckuli ¢ooH Kypalickoli pmymHoU 30HbI ¢ CO-
nymcmeytoweli pyoHol muHepanusayuel U mexHo2eHHble aHoManuu, chopmupogasgwiuecs 8 pesyemame desmenbHOCMU AKMawicKo-
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20 20PHO-MEMarTypauyecko20 npednpusmusi. M3MeHeHUe COCMOsIHUS U kadecmga 8000eMo8 (NPeuMyuwecmeeHHO AOHHbIE OMIIOKEHUS)
usbupamerbHO onpedensiemes 2eoxuMudeckol cneyugbukoll palioHa u 3aeucum om codepxaHusi NPeUuMyWecmeeHHo Hg U  MeHbLel
cmeneHu As, Cu, Ni, Se, Sb. Mony4eHHble pe3ybmambi 8axHb! O OUEHKU 3KOT02UYECK020 COCMOSIHUS MypUCMUYECKo20 palioHa pe-
2uUoHa. B anobanbHom macwmabe oHU Oatom 803MOXHOCMb NPOBEAEHUS CPagHUMENbHO20 aHau3a 3Koo2UYecKUx 06cmaHoeok ¢ Opy-
2UMU pMYMHbIMU 30HaMU MUPa C UeSTbio 8bIS8NIeHUs 0COBEHHOCME 3a2pA3HEHUS U Mugpayuu NOMeHYUabHO-MOKCUYHBIX 371EMEHMO8.

Knioyeenble cnosa:

Kypatickas pmymHas 30Ha, AKmauwickoe pmymHoe MecmopoxOeHUe, 0peos paccesHus, peyHas 8o0a,
O0HHbIe 0cadKu, 3aepA3HeHUe, Pmymb, NOMEHUUANbHO-MOKCUYHbIE 31EMEHMBI.

BeepeHue

B nocnennue roapl BcE Oonblie BHUMAHUA YIEIAETCA
SKOJIOTUIECKON 0OCTaHOBKE B MECTaX NPOXKUBAHUSA H OT-
nbixa mogeit [1, 2]. C kaxapIM roJIoM yBETHYUBACTCS MH-
TEHCUBHOCTh AHTPONIOTEHHOTO BIMSAHHS HA TPUPOIHYIO
skocuctemMy. OJHON U3 COCTABIISIOIMX HETATHBHOTO BIIH-
SHUS SBISETCS TOPHONOOBIBAIOMIAS TIPOMBIILICHHOCTD
(CID). B pesynbrate ee ASATENBHOCTH (OPMHPYIOTCS
MacmiTaOHbIe OPEoJIl paccesHust [3], rae Bce KOMITOHEHTEI
IPUPOIHOM  IKOCHCTEMBI  TOABEPIKEHbl TEXHOTCHHOH
HAarpy3Ke ¥ 3HAYUTENbHO 3arps3HEHbl PasHBIMH TIOJUTHO-
tantamu. K HeratuBHeiM nocnenctusm ['JIIT oTHocATCS:
TIBLICHUE OTXOJIOB [4], 3arps3Henue Bo3ayxa Hg [5] u Cu,
Zn, Cd, As, Sb [6], 3arps3Henne BogoeMoB [7, 8] u mous [9]
Pa3HBIMH TIOJUTFOTaHTaMu U 1p. Beé mepeuncneHHoe B TOH
WIM HHOM Mepe BIUSET Ha 370poBbe venobeka [10].

AHTpOTIOTEHHBIE OpPEONBl paccesHUs OT OOBEKTOB
I'II1 HakmagpIBAOTCS HA MOBBIMICHHBIH M€OXHMHICCKUX
(GoH TeppuTOpHl, Ha KOTOPBIX PACMONATAIOTCA MECTO-
POKIICHHS ¢ TIEPBUYHBIMU U BTOPUYHBIMU OPEOTIAMH PAC-
cedHus pynHelx noneid. IlocnenHue xapaxrepusyrorcs
KOHIIEHTPAIMAMH XUMHYECKHX 3JIEMEHTOB (BKJIFOYAs 110-
TEHIMANBHO TOKCHYHBIC 3neMeHTHl ([1T3)), cremuduny-
HBIX I MecToposkaenust [7, 11, 12], mpeBblimaromumu
cpenmHee cojepxkanue B 3eMHOM kope [13]. Baustuue ra-
30BBIJICNICHUN U3 Help 3eMIH TakKe MPUBOJUT K MOBBI-
IIEHHOMY TeoXuMuueckoMy (oHy Kak Bosayxa [14], Tak
¥ TIOBEPXHOCTHBIX BOX (TepManbHble ucTounmKH) [15].
K npumepy, B CuOups pactonoeHsl TPH PTYTHBIE IIPO-
BuHuuu: Anmai-Caanckas, 3abatikanvckas u Bepxoano-
Konvimckas, BXOJAIIAE B COCTAB CPETHEA3UATCKUX U TH-
XOOKECAHCKHX OKCAHWYECKUX TI00ANBHBIX PTYTHBIX IOS-
coB [16]. Anraii-CasHCKHH DETrMOH, TJA€ DACOIOKEH
00BEKT HALIero MCCIEN0BaHUA — AKTAlICKOE MECTOPOK-
nenne (PecmyOmuka  Anrail, VYnaranckuii —paifoH,
. Aktann, cu. Obvekm uccie0o8awnus), MMEET apea
nposBieHus HQ ¢ ee kpymHeimen akkymynsimeit [17].

HeratuBHoe Bo3zeiicTBue [1TD Ha XuBBIE OpraHU3MBI
TPOMCXOIUT TIPH TIPEBBILICHUN OTPEACTCHHON KOHIICH-
Tpalii B KOMIIOHEHTAX JKOCHCTEMBI, YTO MPHBOIUT K
TOKCHYHOCTH, KaHIIEPOTeHHOCTH, OMoakkymysisiimn [18].
[Mocne moctymnenus B Bojuyto cpeay [T, kak mpasuio,
M3MEHSIOT (M3UKO-XHMIYECKYIO (POpMY, PacCeHBAIOTCS
MEPEHOCATCS MOJ BO3ACHCTBUEM T'UIAPOAMHAMUYECKHX
TIPOIIECCOB, OCAKIAIOTCA W3 BOJHOM Cpelbl, aacopoupy-
J0TCS M HAKAIUIMBAIOTCA B TOHHBIX ocajkax [19]. Akkymy-
JUpYs 3arps3HAIONIME BEIIECTBA, KOTOPHIE MOCTYMAOT B
BOJIOEM Ha MPOTSKEHUH TIPOJIOJKUTEILHOTO TEPUOJa,
JIOHHBIE OTJIOKEHHS BBICTYMAIOT B KaueCTBE WHIMKATOpA
9KOJIOTUYECKOT0 COCTOSIHHS TEPPUTOPHH, MPEACTABIAIOT
coboit mokazarenb ypoBHs 3arpsi3aenroctd [20, 21].

8

[Tpobnema 3arps3aeHns npupoansix Box [T 1o cux
Hop ocraercsd aktyanbHoil. B Poccun oTcyTeTByIOT dene-
paJbHbIe HOPMATHBbI, PEraMEHTHPYIOIINE Ka4eCTBO JOH-
HBIX OTJIOXeHUH [22], CYMIECTBYIOT JIMIIb PErHOHANBHBIE
HOPMATHBBI, CO3/[aHHBIC HAa OCHOBE 3apyOeXKHBIX, HAPHU-
Mep, «HOpMBI U KpHUTEpHH OIEHKH 3aTPS3HEHHOCTH JOH-
HBIX OTJIOXKEHHH B BOJHbIX 00bekTax CaHkT-IleTepOypray.
[Ipu pa3paboTke TaHHOTO HOPMATHBA 38 OCHOBY IIPHHATHI
HopMEI 1 Kputepnu Hunepnanmos [23]. DToT HOpMaTHB
permamentupyer copepxanus (Cd, Hg, Cu, Ni, Pb, Zn, As)
B JIOHHBIX OTJIOXEHHSX B 3aBHCHMOCTH OT KOHIICHTpAIIHIA
(Tabm. 1), cpaBHUBaEMBIX C JOMYCTHMBIMH KOHIIEHTpPAIU-
amu (1K) mo xaxmoMmy snmeMeHTy. Beiensrorcs matTh
KIIACCOB OTIOKEHHMI — OT YHCTHIX [0 OMACHO 3arpsi3HeH-
HbIX [23]: IK-0 — uncThie (KOHIEHTpAIMS 3IEMEHTa HIDKE
norpannyHoro 3Havenus JIK-1); OK-1 — cnabosarpsisHes-
Hble (KOHLIEHTpAls SJIEMEHTa BapbUPYeT B JMANa3oHe
norpanuynelx 3HaueHui JK-I-K-11); JK-II — ymepenno
3arps3HCHHBIC OTIOMKEHMS (KOHIICHTpAIMs SIEMEHTa Ba-
pBHPYET B AHMaIa3oHe MorpaHuyHbIX 3Hayenui JIK-11-/K-
[11); AK-1I — cunbHO 3arpsi3HEHHBIE OTIOKEHHS (KOHIEH-
Tpailus SJeMEHTa BapbUpyeT B UANa30He MOTPAHUYHBIX
snavyenuit JK-11I-IK-1V); IK-IV — onacHo 3arps3HeHHbIe
OTIOKEHHS (KOHI[EHTPAIMS 2NEMEHTA MPEBHIIIACT MOrpa-
angroe 3uaverHne JK-1V).

B 3apy0exHoii TpakTuKe 71 OLECHKH KavyecTBa JOH-
HBIX OTJIOEHHMI BOJOEMOB M UX BIUSHHUS HA KUBBIE Op-
TaHU3MBI MCTIONB3YIOTCS KPUTEPUHU TOJ] OOIUM Ha3BaHH-
em «sediment quality guidelines» (SQG) [24, 25]. He-
cMoTps Ha TO, 4To SQG He ABJIAIOTCA OKOHYATEIbHBIMH
HOPMATHBAMHU TOKCHYHOTO BIUSHUS JJOHHBIX OTI0XKECHHUI,
MX MOJKHO HCITIONB30BATH KaK MHCTPYMEHT IS OLCHKH
OTIACHOCTH 3aTPSA3HEHHBIX OTIOXKEHHH IS BOJHEIX Opra-
Hu3MoB. Kpurepun SQG, mpeiaraeMble B pasHbIX CTpa-
Hax (Tabm. 1), OTIMYArOTCS APYT OT Apyra M3-3a PasHbIX
METOJIOB pacueTa MOPOroBBIX ToKa3aTenei [26].

ITepBblii TUII KPUTEPHUEB IO3BOJAET OLEHUTb COCTOS-
HHUE JIOHHBIX OTJIOXEHHUI — OT He3arps3HEHHBIX JI0 CHIIb-
HO3arps3HEHHBIX 0cajakoB. M3BectHbl cnemyromme: (1)
SQG-1-3 (<SQG1 - HesarpssHennbie ocaaky; SQG2-
SQG3 - ymepeHHo 3arpssHeHHbIE ocamkd; >SQG3 —
CUJIEHO3Arps3HEHHbBIE OCAJIKH), COTTTaCHO ATEHTCTBY IO
samure okpyxkaromeit cpenst CLIA (US EPA), xoTopsie
OTHOCATCS K pedepeHTHOH 0aze JaHHBIX, C KOTOpPOi
CPaBHHUBAIOTCS COIepKanHus B ocankax (ta6m. 1) [27, 28];
(2) ko3 durMeHT 3arpsa3HeHNs I KKIOTO OTIEIBHOrO
anemenTa (contamination factor (CF)); (3) obmas cre-
neHp 3arpsisHenus Heckonmpkumu IITD  (degree of
contamination (DC)). ITocnemnue aBa mokasarens pac-
CUHTBHIBAIOTCS 1O (pOpMyJaM, NPHBEACHHBIM B paboTax
[25, 27, 28], u namee cpaBHMBAOTCS ¢ ped)epEHTHBIMHU
3HAYCHUSAMH.



Tabnuya 1. Banosoe codepaicanue 21eMeHmo8 ¢ OOHHbIX OMI0NICEHUAX (2/m) pex Apavi-Ampol u Yubumka 6 cpasreruu ¢ TUmMepamypHuiMu OAHHbIMU U MEXCOYHAPOOHBIMU NOKAZAMENIMU CO-
cmosinus/kavecmea 0onnvix ocadkos (AK-1-JK-1V, SQG1-3) u ux erusnue na scusvle opeanusmel (US EPA, ERM-ERL, TEL-PEL)

Table 1.

SQG1-3) and their impact on living organisms (US EPA, ERM-ERL, TEL-PEL)

Elements total content in bottom sediments (ppm) of the Yarly-Amry and the Chibitka Rivers vs. References and Guidelines of the state/quality of bottom sediments (DK-I-DK-1V,

Mecro or6opa

Howmep Touku

. - - Ni Zn Cu As Pb Hg Cd Se Sh
Sampling area Sampling point
pApns-Avp | DRICAIMII A-1/Ya-1 54,7 53 74 345 10,3 0,27 0.1 0,44 1,9
up off AMME
the Yarly-Amry e ALMIT
River down off AMME s-7/Ya-7 56 50,7 30,2 72,7 17,7 34,14 0,043 0,23 6,2
Vuacrok 1* Yb-1,4,6-8 34,2 56,2 234 20,6 10,22 0,08 0,092 0,22 14
p. Unbutka Section 1* Chb-1,4,6-8 (26,4...45,2) (48,5...67) (16,1...34,3) (4.,6...39) (7.9...12) 0,01...022) | (0,075...0,1) | (0,11...034) | (0,68...2.4)
the Chibitka River Vuacrok 2* Yb-9-12,14-15 47 51,8 34,1 36,6 8,92 15,8 0,081 0,51 8,25
Section 2* Chb-9-12,14-15 (41...61) (43,3...102) (28...77) (13,1...44) (6,7...11,2) (0,34...30,7) (0,05...0,11) (0,3...0,71) (2,2...17)
Jlumepamypnuie dannvie/References
Cpennee cofiepKaHue B IOHHBIX OTJIOKEHUSIX
p. SApasi-Ampsl B paiione AI'MII [34, 35] B B
Average content in bottom sediments of the Yarly-Amry 72...76 106 104 100 20...24 368...371 20
river in the AMME area [34, 35]
UCC [13] 20 71 25 15 20 0,05 0,098 0,05 0,2
JK-1/DK-1[23] 35 140 35 29 85 0,3 0,8 - -
JIK-11/DK-11 [23] 35 480 35 55 530 05 2 - -
JIK-11/DK-111 [23] 45 720 90 55 530 1,6 75 - -
JIK-IV/DK-1V [23] 210 720 190 55 530 10 12 - -
SQG-1 cormacro US EPA/SQG-1 by US EPA [27] <20 <90 <25 <40 <40 - - - -
SQG-2 cormacuo US EPA/SQG-2 by US EPA [27] 20-50 90-200 25-50 40-60 40-60 - - - -
SQG-3 cornacuo US EPA/SQG-3 by US EPA [27] >50 >200 >50 >60 >60 - >6 - -
ERL [30] 21 150 34 8,2 47 0,15 1.2 - 2[29]
ERM [30] 52 410 270 70 218 0,71 9,6 - 25[29]
TEL [32] 15,9 124 18,7 7,24 30,2 0,13 0,68 — —
PEL [32] 42,8 271 108,2 41,6 112,2 0,7 421 — —
US EPA [33] 22,7 121 31,6 9,8 35,8 0,18 0,99 2 2

Ipumeuanue: * — cpednee no yuacmky pexu (00U ce3on omoopa); 6 ckOOKax — pazdopoc 3HA4eHUtl Om MUHUMATLHO20 00 MAKCUMALLHO20, NPOYEPK — Hem OaHHbIX.
Note: * — average content for the river section (one sampling season); in brackets — range of minimum to maximum; dash — no data.

" 0JONOMELNY BMELOMST aL08do 8 XIGHHEXOLOLIRd ‘BALUQUR 1 19diny-19Lrd ¥ad exHao Bexoshunmxoalone “d v "H'|| BesIB
97—/ 7 oN €8¢ "1 "2z0z 809dAoadoal JHUANHIKH] eLaLMIde8aNHA 0JONOBRMHXSLULIOL OJOXOWO | BULOSEE|


https://www.multitran.com/m.exe?s=references&l1=1&l2=2

113BecTrst TOMCKOrO NONUTEXHUYECKOTO YHUBEpCUTETa. MHXMHMPKH reopecypcos. 2022. T. 333. Ne 4. 7-26
Msirkast V1.H. u ap. Qkoreoxummyeckas oLeHka pek Aprbl-AMpbl 1 YnbuTka, pacronoXeHHbIX B OPEOe AeCTBUS AKTALLCKONO ...

Bropoit THn kpuTepueB MO3BONSET OLEHHTH CTENEHb
BrusHus [1TO Ha Onoty. Yacro ucnons3yembivu B CLIA
KputepusiMu 3toro Tuma sisrores ERL (effect range low)
u ERM (effect range median) [29-31]. bmmskumu k HEM
cunratorest kanaackue kpurepun TEL (threshold effects
level) u PEL (probable effects level) [32]. TIpu ycnosun
ecn <ERL/TEL, To BepOsTHOCTh HETaTHBHOTO BIIHSHUS
Ha okuBele oprammmel — 5-30 %; >ERL/TEL wu
<ERM/PEL - 50 % u Bbllie BEpOSTHOCTh HETaTHBHOTO
BITHSHHA Ha kuBble opranmsmsr; >ERM/PEL — 50-100 %

BEPOATHOCTD HETATUBHOI'O BJIMSAHUS HA JKUBBIC OPraHU3MBbI.

Jlnst onieHKH 001IeH TOTEHIIMAIbHON TOKCUYHOCTH JOHHBIX
OCaJIKOB U1 OMOTBI pacCUMTHIBAIOT Kodbdumuent M-
ERM-Q (ycpensennoe ERM) [24, 31]. He mis Bcex aie-
MeHTOB (S 1 Se, B 4aCTHOCTH) PacCUUTAHBI MOPOTOBBIE
3HaueHus nokasarencii SQG, Mo 3To# mpuyMHe IS OleH-
KU JJOHHBIX OCAJIKOB HUCTIOJB3YIOT pe(epeHTHbIE 3HAUCHHUS,
YKa3bIBAIOIIME HA BO3MOXKHOCTh TOKCHYHOTO BIIHSHHISA.
Hanpumep, 6a3a nannbix US EPA (tabn. 1) [33].

Llenp uccnenoBanus — U3y4uTh pacmpenenenue Hg,
As, Cu, Zn, Ni, Pb, Cd, Sb, Se B Bomax 1 HOHHBIX OTJIO-
KeHHIX pek Spibl-AMpel 1 UnOuTKa B opeolie AeHCTBHSA
AKTAIIICKOTO PTYTHOTO MECTOPOXKICHUS U €r0 OTBAIOB H
TNPOBECTH OIEHKY HX JKOJIOTHYECKOrO0 COCTOSHHS CO-
[JIACHO POCCUICKUM U 3apyOEKHBIM HOPMATHBHBIM TTOKa-
3aTeNsIM, a TaKKe OLEHUTh TOKCHYHOCTH OTIOKCHHH Ha
JKUBBIX OPTaHHU3MOB.

06bLeKT uccrnegoBaHus

Y4acToK, TIe pPacmoNoKeH OOBEKT HCCIECIOBAHIA
(Axramickoe Mectopoxenue, PecryOmuka Anraii, Yia-
raHckuil paiioH, M. AKTall), HAXOAUTCA Ha TEPPHTOPHH,
KOTOpasi BXOOUT B cocTaB Kypaiickoil akkpernunoHHOM
30HBI BEH/ICKO-PaHHEOPI0BUKCKOH Kysmnerxo-
AunTaiickoil OCTPOBHOM JyTM U COCTOUT U3 (hparMeHTOB
CUCTEMBl OCTPOBHBIX JAYT, U TPEACTAaBICHA TPEMS CIU-
HUI[AMH, OTPAHUYCHHBIMH Pa3lOMaMU B OCHOBHOM C 3a-
majga Ha BocTok: (1) cpenHe-mo3qHeKkeMOpHHCKIE TIOpO-
16l (Anyiicko-Uyiickuit mpenmyrosoi mporud); (2) Ky-
paiickuii  akkpenwoHHel  kmuH, (3)  YiimMeHCKO-
JleGenckas octpoBHas nyra (puc. 1) [36]. Teppuropus
XapakTepu3yeTcsl CI0XKHOW 30HOW pasnoMoB (puc. 1),
KOTOpas MPEeNCTaBIAET COO0H CepHIO MapaNTENbHBIX Y-
rooOpasHbIX Pa3phIBOB, OOPAMIIONIMX CEBEPO-BOCTOK
Kypaiickoi u Uyiickoil BnaguH. B mpenenax 30HsI IiTy-
OMHHOTO pa3aoMa BBIAENAIOT 1BE BETBH PA3IOMOB: Ce-
BepHast BeTBb — KyOapauHckuii, u 10xHast BeTBb — Ky-
paiickuii pasnomst [37].

Ha roro-Bocroxe Amyiicko-UyHckoil 30HBI pa3BUTBI
SMUTEPMANBHBIE MECTOPOXKACHHS PTYTH, KOTOPHIE BBIJIE-
nens! B Kypaiickyio pryTHyto 30Hy (KP3) [38]. Axram-
CKOE MECTOPOKICHHE SIBIISICTCS OJJHUM U3 TJIABHBIX MPE-
craputeneil Mectopoxaenuit KP3. Ono pacnonoxeno B
npenenax Amnyicko-Uylckuil npeamgyroBoro mporuba, B
npenenax cownteHenus Kanpunckoit u Kypaiickoii BeTseit
Kypaiickoro riyOuHHOTO pasnoma [37], mpuypoYeHo K
30He MOJOro cOpoca (AKTANICKOTO HAJBHTA), Jiexauee
KpbLIO CIOXEHO M3BECTHSKAMH C MPOCIOSMH MECYaHU-
KOB (HIKHUH KeMOpuii), BUCAYEE KPBUIO — IJIMHHUCTO-
M3BECTKOBBIMH CNAHIIAMH M aNeBPOJUTAMH (CpeaHui
kemOpuid) [39, 40]. PyaHast snuTepManbHas MUHEpantn3a-
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WS CBS3aHA C OCHOBHBIM M YIBTPAOCHOBHBIM MOCTTEp-
IUHCKUM MarMatu3mMoM [38]. Pymmble Tema oOpasyror
IUIACTBI, THE3a M JKIIBI CPEIU M3BECTHSIKOB M CIAHIIEB;
pyZa TpezcTaBieHa OpPEKIMPOBAHHBIMIL, a TAKKe BKpaIl-
JICHHBIMU ¥ TUICHOYHBIMH JIOJIOMHTE3UPOBAHHBIME 13-
BecTHsAKaMU [39], a Takxke MpeTepreBIIMMH OKBapleBa-
HHE W apriuiu3anuio. MuHepansHBIA COCTaB pya Mpea-
CTaBJICH KMHOBAPBIO, AHTHMOHHTOM, TTHPHTOM, OIEKIIEI-
MH PYyAaMH, pEanbrapoM, KajiblUTOM, IONOMHTOM H
kBapueM [38]. OcHOBHbIE MHHEpalbl Pyl — KUHOBApb,
aHTUMOHUT, IHPUT, Oneknble pyAsl (B ToM umcne Hg-
cojiepxkamue, mBarut (terpasaput ¢ HY mo 20 %, B co-
CTaBe TaKkxke MPUCYTCTBYIOT AS M Sb), aKTaimmr, peanb-
rap, KaJblLUT, JONOMHUT U KBapl. Opy/eHeHHe HepaBHO-
MepHoe, cpenHee cojepxanne Hg Ha MmecropoxiaeHnn
0,38 mac. %, Bapsupyer ot 0,0001 1o 10,81 mac. % [40].

MecropoieHrHe  OTpadaThiBAIOCh  AKTAIICKMM TOPHO-
metamtypriadeckuM npempustiem (ATMIT) ¢ 1937-1990 rr.,
pacrmonaranoch BHe HacelleHHOM MecTHocTH, B 10 kM Bo-
CTOYHee 1. AKTall Ha FOro-3amajHoM Makpockione Ky-
paiickoro xpebta (puc. 1). [IpombinuieHHas 30Ha pacro-
noxeHa Ha Beicotax 2150-2200 m B BepxoBbe p. Spibl-
Awmpsl (ieBbrit putok p. Yubutka, 6acceitn p. Uys (rias-
Hetid mputok p. Katyns)). B 2009 r. FO.B. PobepTycom ¢
coasTopamu [41] naHa MHpOpPMALMA O TOM, YTO TEXHOJO-
rudeckuM mporeccoM Ha AIMIT ObUT OOXKHMT IIHMXTHI
PTYThCOIEPKAIIMX OTXOIOB, CMEIIAHHBIX C OTapKaMH, B
neun mpu temmeparype 750-800 °C. Tlomyyaembie pTyTh-
COJIepKaIlie TEXHOJIOTHYECKHE Ta3bl OUUIIATHICH OT IBLIA
1 KOHJCHCUPOBATUCh. TakiuM 00pa3oM, 3a CUET NPOLECCOB
BO3TOHKH PTYTH, aTMOCepa U OKPYKAFOIIHEe KOMITIOHEHTHI
9KOCHCTEMBI 3HAUUTENBHO 3arpsS3HSUIINCh TOKCUKAHTOM.
B mocnemyromeM mepepabaThIBAINCE PTYTHCOICPIKAIIIE
OTXOJIBI, TIOCTYMABIIME OT TpeanpuatHii Cubupckoro u
Vpanbckoro ¢enepanbHbix okpyros [35]. B 2007 r. mpexn-
npusATAe OBLIO TMKBHIAPOBAHO.

OtBanmbet AIMII cknamupoBanel Ha Oepery p. Spisi-
AMpBI ¥ 1ONAJaoT B PeKy, CMBIBAACH JOKIAMH, CHETO-
TaJIbIMK BOJaMHU U NEPEMCIIAACh BETPAMU. B oTXoaax
YCTAHOBJICHBI MOBBIIICHHBIC U AHOMAJIbHO BBICOKHE CO-
aepxanus Ni (mo 2500 r/t), Li m Hg (>10000 r/t), Sn (10
500 r/1), Cu (mo 10000 r/t) w mp. [34, 42], a B TIOHHBIX
oTnoxkeHusx p. Apmel-Ampsl u p. Unbutka B 2007 T.
YCTAHOBJICHBI 3HAYUTCIIBHBIE COACPIKAHUA TAKCIBIX MC-
tamoB 1-3 knaccoB ToxcmuHoctH: Hg, As, Sb, Zn, Cu,
Ni, Pb u ap. [35]. Paiton 6siButero AI'MII sBisietcst Tep-
pUTOpHEH ¢ BRICOKIM YPOBHEM HAKOIUICHHOTO JKOJOTH-
ueckoro ymepba [42]. [TosTomy u3ydyaeMas B TaHHOM pa-
00oTe TeppUTOPHS MOABEP)KEHA KaK MPUPOAHBIM, TaK M
TEXHOTCHHBIM (pakTopam 3arpssHeHus. K mepov dak-
TOpaM MOXXHO OTHOCHTH TIpHponHble aHomamuu [1TD,
TPUCYIIHE PYIOMPOSBICHAIM TEPPUTOPHH, KO BTOPHIM —
Pa3BHTHE TOPHOJOOBIBAIONICH ACATENBHOCTH M HOCIELY-
folee XpaHEeHHe 0TX00B 000TAIICHHUS.

MeTogab! uccnenoBaHus

JkcneanLmMoHHble paboTbl

Omnpo6oBarne pex SApmsl-Ampsl 1 Unbutka (puc. 1)
IPOBOAIIIOCH B OKTsi0pe 2018 r., manee B Mapre, ampene
u mone 2019 r. Ha ero ocHOBaHMHM PaccUMTHIBAIOCH
cpenree Banosoe conepxanue I1TD B pekax. Ompobosa-
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Hue p. SApnbl-AMpsl (mpoTskeHHOCTh 10 KM) mpoBeneHo
Ha JIBYX Y4acTKaX: IEpBBI — 3TO MCTOK PEKH, Pacroio-
’KEHHBIH CEBEPO-BOCTOUHEE H FOTO-BOCTOYHEE OT OTBAJIOB
ATI'MII u Boinre HUX Ha 3—4 kM (puc. 1; Touku f-1). Bro-
po#t yyacTok — peka Ha yjanenuu ot otBanoB AI'MII Ha
5,7 km (puc. 1; Touku f-7). Pexa Yuburka ompoboBasa
Ha TPOTSKEHUU OT UCTOKa 10 BrmajgeHus B p. Uys. Ilpo-
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BpemerHme BOACTOKN

TAXKCHHOCTD OHpO6OBaHHOFO ydyacTka  COCTaBJIACT

274 km. Pexa pasjmeneHa Ha 1Ba ydacTka. YdvacTok 1
(mpoTskeHHOCTh 17,7 KM) — peka BBIIIE YCThs p. SApiibl-
Awmper (puc. 1; Toukn 46-1, Ub-4, Ub-6-8). Yuactok 2
(mpoTskeHHOCTh 9,7 KM) — peka HUKe YCTbs p. Spibl-
AMpbI, BIUIOTH JI0 BraneHus p. Yndutka B p. Yy (puc. 1,
touku 46-9-12, Ub-14-15).

Puc. 1. I'eonoeo-eeoounamuueckas cxema Kypaiickoti pyOHOU 30HbI Ha 0CHOGe Komnaekma eeonocuveckux kapm CCCP
macwmaoa 1:200000 Cepuu Anmaiickas (1962 2.), kapm 2eonoeuuecko2o cmpoerus u nonesuvix uckonaemwvix Ky-
paiickou 30nbl ['opHoco Anmas (Omuem Yyiickoli napmuu 0 pe3yTbmamax 2e0102U4ecko20 0ousydenus niowaoerl
macwmaoa 1:50000, nposedennozo ¢ 1983—1991 ee.) u I'eonoeo-eeodunamuueckoii cxemwl Kypaiickoii 30Hb1 1020-

eocmounoul wacmu I'opnoeo Anmas [36] ¢ ymounenusmu

Fig. 1. Geological and geodynamic scheme of the Kurai ore zone based on a set of geological maps of the USSR at a scale of
1:200000 Altai series (1962), maps of the geological structure and minerals of the Kurai zone of Gorny Altai (Report
of the Chuya party on the results of geological additional study of areas at a scale of 1:50000 carried out in
1983-1991) and the geological and geodynamic scheme of the Kurai zone of the southeastern part of Gorny Altai [36]

with clarifications

pH u Eh Bon onpenensuinch Ha MecTe MOTEHIMOMET-
PUUYECKUM METOJIOM C HCIOJB30BAHUEM MOPTATHBHOTO
aHamzatopa AnnoH 7051 mpowmsBojactBa «MH(pacmak-
Amnammur» (Poccust). IIpoGsl Boxbl ObUIM OTOOpaHBI M
ONpeleNeHns KaTHOHHOTO M aHHOHHOro cocrasa, Copr,
conepxanuit [ITD. Boga ans anmonHoro cocraa u Copr
oTOHMpanach B TOMMIIPONMICHOBEIE TPOOUPKH U HE TOA-
kucisnack. Boxusie mpoOsl Ha HY otbmpanicek B 60po-
CUJIMKaTHBIC MpoOHMpKH, Anms ocTtanbHbX IITD — momu-
HpornmiIeHoBble pobupku. [loakucnenue mpod mMpoBoIH-
nock B cooTHomeHuu 2:500.

Ot100p NOHHBIX OTJIOXEHWH NPOBOAHMICS B OKTIAOpE
2018 r. Ha Teppuropuu I'oprHoro Anras u3-3a KaMeHH-
CTOr0 JHa TFOPHBIX pEK JOHHBIE OCaJKH KaK TaKOBbIE
0npo0OBaNHCh HE BE3/IE, @ TONBKO B NPHOPEKHOH HacTH,
3aueprbplBaHMEM Hambonee MSArKoro Marepuana. B
p. Spnbl-AMpBI ObUTH B3ATHI 2 OCHOBHBIE TOUKH — BBILIE
otBanoB AI'MII (f-1) u Ha ynanenun ot Hux (f-7). B
p. Yuburka: Ha yuactke 1 (V-1) onpoboBanbl Touku Y6-

1, 4, 6-8, wa yuactke 2 (Y-2) — touku 46-9-12, 14-15
(puc. 1).

AHanus Boapb!

ConeprxaHuie pacTBOPEHHOTO OPraHUYECKOTO YTIIepo-
na ompenensiock MetofoM UK cnexrpockomuu Ha aHa-
mm3atope pactBopeHHoro yriepopa 10C-Vesy mpous-
BojcTBa «Shumadzuy (SImotus). AHHOHHBI COCTaB U3Y-
qaJIcs METOZIOM KalWUIAPHOTO 31eKTpodopesa Ha aHATH-
zarope Kanens 103P mponssoactsa «JIromake» (Poccus).
CozepxaHus 3IEMEHTOB B TIpo0ax BOJBI, OTOOPaHHBIX B
okTsiope 2018 T., ompenensiiuch B aHATUTHYESCKOM IECH-
tpe UM CO PAH merozamu miameHHOM U 3J€KTPO-
TEPMHUYECKOH aTOMHO-a0COPOIMOHHON CIIEKTPOMETPHH
Ha cnektpomerpe Solaar M6 mpowmssoactsa «Thermo
Electrony (CIIIA). CozmepskaHHs 5JEMEHTOB B OCTAIIbHBIX
npobax  BOOBl  ONpEeNeNSUIMCh  METOAOM  Macc-
CIIEKTPOMETPHH C HWHAYKTHBHO-CBS3aHHOH IUTa3MOH Ha
KBaapynojibHOM Macc-crektpomerpe Agilent 7500 CE

11
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npoussojctea «Agilent Technologies» (CIIIA). Conep-
Kanus Hg ompezensmces MeToI0M «XOJOTHOTO Mapay Ha
aTtoMHO-abcopbuoHHOM aHanmm3artope «PA-915M» ¢

npucraBkoii "PI1-92" mpoussoacrsa «JIromake» (Poccns).

AHanu3 AOHHbIX OTNOXEHNIA

JIoHHBIE OTNOXKEHWS BBICYNIMBATH JO BO3AYIIHO-
CyXoro coctosuusd mpu +25 °C, nanee u3Menbyanu u ro-
MoreHu3upoBany 1o 200 Menl ¢ TIOMOIIBI0 BUOPOMCTHpA-
TeNs.

Coxepxanns Cu, Ni, Pb, Zn, As Gbuti ompemeneHs!
METOJIOM PEHTIeHO(ITyOPECEHTHOrO aHallu3a C CHHXPO-
TpoHHbIM M3ny4yeHueM (POA-CU) wHa cmextpomeTpe
BOIII-3 ¢ Si(Li) merexropom PentaFET mpomssoacTa
«Oxford Instruments». Comeprkanne Hg ompenensiioch
METOJIOM «XOJIOJIHOTO ITapa» Ha aTOMHO-a0CcOpOLMOHHOM
anammsarope  «PA-915M» ¢ mpucraBkoif  «PII-91»
(«JTromakc», Pocenst). Conepxannst Cd, Se u Sh omnpee-
JSUTACH METOJIOM aTOMHO-a0COPOITMOHHON CTIEKTPOMETPHH
¢ anekrporepmuueckoid arommsammern (OTA-AAC) Ha
cnektpomerpe  Solaar M6 mpowmssoxcta  «Thermo
Electron» (CIIIA). Pasnoxenue odpasiios as DTA-AAC
MPOBOIMNIOCH cMechio MuHEpaibHbX KucnoT HF-HCIO,-
HNO;-HCI nmocie mpensaputenbroro ooxura mpu 480 °C.

PacueT nokasatenei reoXumMmn4ecknx 0Co6eHHOCTEN
11 Ka4eCTBa OHHbIX OTMIOXEHMI

Crenens oboramienus (CO) TOHHBIX OTIOKEHUSIX PEK
TopHoro Anrasi MOTEHIMATBHO-TOKCHYHBIMU JJIEMEHTa-
MU OTHOCHTENBHO BepXHEH KOHTHHEHTATBHOH KOpbI (Up-
per continental crust — UCC) [13] paccuntana coriacHo
dopmyae (1).

o = Ao )
Cucc
rae Cpo — KOHLEHTpALUs 31eMEHTa B JOHHOM OCajKe
(r/1); Cycc — xonuentparms snementa 8 UCC (r/t) [13].

CreneHb 3arps3HEHNS JOHHBIX OTIOKEHIH pex SApisI-
Awmpsl 1 Unbutka orieHeHa Ha OCHOBAHWH CPaBHEHHH CO-
JepKaHUH 3IEMEHTOB C COOTBETCTBYIOIIMMH pedepeHT-
HeiMu 3HaYeHusMH JIK-0-IK-1V (taon. 1) [23], SQG-1-3
[27], a Takke pacuera (akTopa  3arpsS3HEHUS
(contamination factor — CF) kaxmpIM 3IEMEHTOM H CyM-
MapHo#t crenenu 3arpssuenns (degree of contamination —
DC) [27, 28].

B kauectBe (hoHOBOH TOUKM OBLIM BBIOpPAHBI TOHHBIE
OTIOXKEHHUS, 0ToOpaHHble Ha yyacTke | p. Ynburka, B ya-
cTH, Hanbosee Omu3Koii K ee uctoky (U0-1, puc. 1), 1. e.
HE TOJBEPraloIInecss HEMOCPEACTBCHHOMY TEXHOTCHHO-
MY BITHSIHHIO.

Kosddumment 3arpssnenus (CF) paccuntsBancs co-
rnacHo Qopmyine (2) [25, 27, 28]. nst Crean pEKOMEHTY-
ercs OpaTh cpefHee CoJepKaHhe dIEMEHTa Mo KpaiHer
Mepe U3 MATH YYacTKOB 0TOOpa mpob, KoTopeie obecre-
YUBAIOT PABHOMEPHOE MOKPBITHE O0JACTH HAKOILICHHUS
[27]. B nameit pabote xoadduument 3arpsisnenus (CF)
PACCUHTHIBAICSA B KOXKIOH W3 Touek ompoboBanus. Eciu
CF<1, To ocamku UMEIOT HHU3KYIO CTENCHb 3arps3HCHHUS;
1<CF<3 - ymepenHoit crenenn 3arpsiuenne; 3<CF<6 —
3HAYUTENbHAs CTereHb 3arpsasHeHns; CF>6 — oueHs BEI-
COKasi cTeneHs 3arpssuenns [27, 28].
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CF = fmemn, V)
Cn
e Cpean — CPEIHSS KOHIEHTpaIWs dieMenta; C, — KOH-
IIEHTPAIKs dIeMEHTa B POHOBOI TOUKE.

OO6miast cTeneHp 3arpsS3HeHHs HECKONBKMMH IIOJUTHO-
tantamu (DC) paccuntana cornacuo popmyne (3) [25, 27,
28]. DC paccuuran ams Beex mpod Mo BCeM JCBATH diie-
MenTayM, ciegoBaTenbHo DC<9 — Huskas cremeHb 3a-
rps3HeHns; 9<DC<18 — yMepeHHOU CTeleHu 3arpssHe-
Hue; 18<DC<36 — 3HauuTenbHas CTENEHb 3arpsS3HEHHS;
DC>36 — oueHb BBICOKAs CTEIEHb 3arps3HeHus. Torma
kak s Y6-12 u U6-15 pacuer DC npoBoamcs 6e3 yue-
ta comepxkannii Cd, Se, Sb (u3-32 OTCYTCTBHS JAHHBIX),
CIIeZI0BATENbHO, IS OLEHKHM KavyecTBa 3THX ABYX MpoO
Oepercs DC<6, 6-12, 12-24 u >24.

DC = Y CF, ©)
rae N — xoauyectso I1TD.

OLieHKa TOKCUYHOCTM [JOHHbIX OTIIOXEHMI

ONA X1BbIX OpraHu3moB

BeposTHOCTh HETaTHBHOTO BIMSHUS JOHHBIX OCA/IKOB Ha
KUBBIC OPTAHW3MBI OIICHIBATIACH HA OCHOBAHHH pedepeHT-
HbIx nokazareneit ERL/ERM [30], TEL/PEL [32], US EPA
[33] (tabn. 1) u pacyera cyMMapHOTo MOKa3aTens 1Mo BCeM
snemertaM M-ERM-Q (cpennee 3nauene ERM) [24, 31].
Jlnst Sb, HECMOTpST Ha €r0 TOKCHYHOCTB, TAKHE MEXIyHa-
POJIHBIE TIOKA3aTen OIEHKH TOKCHYHOCTH, Kak ERL/ERM,
TEL/PEL, otcytctrytor [26], Tak e Kak 1 mis Se [43]. T
OLICHKH TOKCHYIHOCTH JIOHHBIX OTJIOKEHHUH MO COACPIKAHIIM
Sb u Se 6511 Henonp30Ban Hopmatus US EPA [33].

Kosdppuumenr M-ERM-Q paccuutan cornacHo ¢pop-
myine (4) mmst Bcex mpob 6e3 yuera Se, Sh, a mwis mpo6
6-12 u 46-15 — 6e3 yuera Cd, Se, Sb (mo mpuuune ot-
cyrcrus nokasarens ERM mis Se, Sh u conepxanuii Cd,
Se, Sh). 3nauenne M-ERM-Q<0,1 o6o3HayaeT HU3KYIO
BEPOATHOCTD BO3HHKHOBEHHUS MOO0UHBIX dddexroB (9 %
BepOATHOCTH ToKcHuHOCTH); 0,11<M-ERM-Q<0,5 — yka-
3BIBAIOT HA YMEPEHHYIO BEPOSTHOCTb TOKCHYHOCTH (21 %
BeposATHOCTH TokcuuHocTH); 0,51<M-ERM-Q<1,5 — ot-
HOCATCS K 3HAYUTEIbHBIM (49 % BEpOSTHOCTb TOKCHYHO-
cti) 1 M-ERM-Q>1,51 — BeIicOKast BEpOATHOCTh TOKCHY-
HoctH (76 % BepOsATHOCTh TOKCUYHOCTH) [24, 31].

G
M-ERM-Q = ¥} (—“ (4)

rae Cj — KoHIeHTpanus ieMenTa B Touke; ERM; — xpu-
tepuil ERM 119 COOTBETCTBYIOLIErO 3MEMEHTa; N — KO-
mmyectso [1TD.

PesynbTaThbl U 06CYyXaeHUs
OcoBeHHOCTY pacnpeaeneHist 3NIeMEHTOB B PEYHOIl Boge

Bonsr pex Spnei-Ampsr u Yubutka cnabomenod-
HBIE/IENI0YHbIE U YIbTpanpecHble/mpecHsle (Tabm. 2). B
Boje p. Spisi-Amper Hike otBaioB AI'MII yBenuuua-
torest conepxanust Cu, Cd, Hg u Se otHocHTENBHO €€ He-
toka. Comepskanns ocranshbix I1TD (Ni, Zn, As, Ph, Sh)
B HCTOKE . SApnei-Ampsl Beimre (1abi. 2). [loBbimeHHbIe
COZIepXKaHus IEMEHTOB CBA3aHBI C ONM30CTBIO MeECTO-
poxneHuil BocrouHoe u AKTamickoe, OHpeaesHOLINX
JIOKanbHBIH (oH (puc. 1).
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Tabnuua 2. Banosoe cooepoicanue snemenmos ¢ 6ooe (Mke/1) pex Apavi-Ampol u Yubumka 6 cpaguenuu ¢ TumepamypHoiMu OGHHLLMU

Table 2.

Elements total content in water (ug/L) of the Yarly-Amry and the Chibitka Rivers vs. the Reference

Mecro orGopa Howmep Touicu pH | Eh, mB/MV |TDS, gL | TOS MLy Zn Cu As Pb Hg cd Se sb
Sampling area Point number mg/L
. L § iAl"MH-l S-1/Ya-1 8,30 434 0,29 3,3 2,2 20 1,3 4,5 0,77 0,16 0,027 0,16 2,2
EERE *AMME-1 (8.2...8,43) |(380...461) | (0,18..0,45) | (2,8...4,2) | (0,80...3,5) | (5.1...49) | (1,2...1,4) | (0,21...13) | (0,54...1,2) | (0,06...0,23) [(0,008...0,038)](0,10...0,22) | (0,26...5.7)
X Z % 2| ZAIMII2 . 8,29 351 021 38 0,66 20 14 0,78 0,48 0,29 0,029 041 075
s T E § ZAMME (8,22...8,35) | (315...387) | (0,16...0,24) | (2,1...6,1) | (0,49...0,82) | (0,45...54) | (1,3...1,5) [(0,49...0,93)[(0,19...0,93)| (0,08...0,63) |(0,018...0,038) |(0,36...0,45) | (0,42...1,1)
s 8 y.1 U1 Yb-1, 4,6-8 8,01 456 0,18 51 0,79 49 14 0,56 0,38 0,08 0,025 0,30 1,0
& 25 Chb-1,4,6-8 |(7.17...8,38) | (313...558) | (0,05...0,67) | (1,7...8,1) | (0,58...2,0) |(3,2...445) | (1,1...2,2) |(0,23...0,78) | (0,10...1,2) | (0,01...0,23) [(0,010...0,037)|(0,13...0,63) | (0,07...4,3)
= >
.;E S x Sy 0 3.2 Ub-9-12, 14, 15 8,16 412 0,19 39 1,05 9,0 1,7 0,70 0,38 0,16 0,020 0,28 0,51
a2 Chb-9-12, 14,15 | (7.4...8,4) |(304...543) [(0,07...0,28) | (1,7...6,2) | (0,74...2,0) | (1.6...42) |(0,68...6,4) | (0.3...1,1) |(0,07...0,85)| (0,03...0,5) |(0,003...0,043)| (0,04...0,7) |(0,17...2,5)
Jlureparypusle nauusie/Reference
“TIAK-1/“"MPC-1 [44] 6,5...8,5 - - - 10 10 1 50 6 0,01 5 2 -
S"US EPA-1 [45] 6,9...9 - - - 52...470 120 - 150...340 2,5...65 0,77...1,4 0,72...1,8 - -
STIAK-2/"MPC-2 [46, 47] 6,5...85 - 1 - 20 1000 1000 10 10 05 1 10 5
¥He omacro
™BO3/™ ¥Not dan-
BO3/" WHO [48] 6,5...8,5 - 1,2 [6] - 70 . 2000 10 10 6 3 40 20
gerous[48];
5000 [49]
“US EPA-2 [50] 6,5...85 - - — 15 5000 1300 10 15 2 5 50 6
= Brimie ATMIT Ha 1 kxm q*-1-4
ggm 1 km up off AMME Va*_14 - - - - 0,14 0,04 0,0037 0,0016 0,0006 0,035 0,00001 - -
F Lo,
E > 5 [ATMII AMME S1*5 Ya*-5 - — — - 0,065 0,02 0,005 0,009 0,0001 0,077 0,00001 - -
a5 >
N > & |Huwxe ATMIT 1a 1 km S*-6-7
éﬂ-g 1 km down off AMME | Ya*-6-7 - - - - 0,034 0,022 0,0055 0,0011 0,0006 0,045 0,00001 - -
p. Akrpy/the Aktru river [52] 7,17...8,27 — 0,05...0,16 — — 54...21,1 13...7 — 0,5...49 0,005...1,41 0,1 — —
Tenenkoe 03epo
Teletskoe lake [53] - — — - 0,32 112 134 0,34 0,09 - 0,007 0,056 -
DOHOBbIE COJIEPIKAHUS HE 3arpsA3HEHHBIX
MNPECHBIX BO/ TIAHETHI
Background contents of uncontaminated fresh - - - - 0,5 0,15...20 15...7 1,7...2 0,11...1 0,07 0,01...0,2 0,02...20 0,04...1
waters of planet [54, 55]
O3sepo Baiikan
Baikal lake [56] - - - - 0,1...0,5 04...43 0.2...1 0,3...0,5 0,03...0,06 {0,0001...0,0014 | 0,001...0,01 0,03...0,06 | 0,03...0,2

IIpumeuanue: npouepk — nem Odannwix; bold — snauenus, npesviuarowue IAK-1; 6 ckobkax — pazopoc 3navenuil om MUHUMANIbHO20 00 Makcumansvhozo, ATMII-1 — eviue omeanoe ATMII;
AI'MII-2 — nusice omeanos AITMII; 2* — cpednee 6 mouke 3a mpu cezona ombopa; V-1 — yuacmox 1 na p. YQuoumxa; Y-2 — yyacmox 1 na p. Yubumxa; 3* — 633mo cpeonee no yuacmxy pexu 3a
mpu cezona ombopa, 4* — IIJJK 600nbix 06bexkmog pbibooxosaticmeennozo snavenus (IIK-1); 5* — Kpumepuii ons npecrnoeoowoti 600Hou gaoper CLLIA (US EPA); 6* — ITJK 600Hbix 06beKkmos
NUMBEBO20, XO3AUCMBEHHO-0LINOBO20 U PEKPeayUOHH020 8000noab306anus (IIK-2); T* — Meoicoynapoonwiii nokazamens numwvegvix 600 BO3; 8* — ne npedcmasisiem onacnocmu 0ns 300po-
6bs1 HA YPOBHSIX, OOHAPYIHCEHHBIX 8 NUMbesol 600e; 9* — Makcumanvhas konyenmpayus 6 numvegvix 600 CLIA (US EPA-2); 10* — cpeonee ¢ p. Hpnoi-Amput, remo 2006.
Note: dash — no data; bold — values exceeding MPC-1; in brackets — range from minimum to maximum; AMME-1 — up off AMME; AMME-2 — down off AMME; 2* — average at a point for three
sampling seasons; U-1 and U-2 — section 1 and 2 on the Chibitka river; 3* — average for the river section for three sampling seasons; 4* — MPC for fishery water bodies (MPC-1); 5* — USA National
Recommended Aquatic Life Criteria for freshwater (US EPA); 6* — MPC of water bodies for drinking, household and recreational water use (MPC-2); 7* — WHO International Drinking Water Index;
8* — does not pose a health hazard at levels found in drinking water; 9* — US Maximum Concentration in Drinking Waters (US EPA-2); 10* — average in the Yarly-Amry River, summer 2006.
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Peunsie Boabl yuacTka 1 p. Yubutka umeroT Oonee
BBICOKHE comepxanns Zn u Sh, yeM Ha ydactke 2, rae
Boimre comeprxkanns Ni, Cu, As, Hg; comepxxanus Cd u Pb
Ha 000MX y4acTkax Omm3ku (tadm. 2, V-1). Conepxanus
paccMaTpHBaeMbIX 3JEMEHTOB B BoJe p. UnOuTka Huxe
p. Spnbi-Ampbl (y4acTok 2) He NpPEBBIAIOT 3HAYEHHH,
XapakTEepHBIX IS BOJ P. Spibl-AMpHI, 32 HCKITIOUEHHEM
Cu (tabm. 2, V-2).

B o0enx pekax conepxanus Zn, Cu u HQ mpepbimaot
[MAK-1 ang BoAHBIX OOBEKTOB PHIOOXO3AWCTBEHHOTO
sHaueHus [44] B 4,9, 1,7 u 46 pa3 COOTBETCTBEHHO
(tabu. 2). CormacHO KpUTEpHSM ATEHTCTBA IO 3aIUTE
okpyxaromeit cpenpl CILIA [45], IITD B Bone pek Spibi-
Awmpol 1 UnOuTKa He MPEACTABIAIOT 3HAYUTEIBHOTO PHC-
Ka [ OONbIIMHCTBA BHAOB BOJHBIX OPraHH3MOB
(Tabm. 2). TlockonbKy BO3MOXKHO HCIIONIb30BAHUE BOJIBI
TOPHBIX pEK B KayecTBE MUTHEBOH, comepxanus [1TD B
pekax Apis-Ampbl 1 UnOWTKa COTIOCTABICHBI C POCCHH-
ckumu (TTIK-2; tabm. 2) [46, 47] u 3apyOexubvu [48-50]
(BO3, US EPA; Tabn. 2) HOpMATHBAMH MUTHEBBIX BOI.
Conepsxanus uccnenyemsix [1TD B Bogax obeux pek He
TPEBBIMNAIOT KAK POCCHHACKHX, TaK U 3apyOeKHBIX HOpMa-
trBOB (Tabmn. 2). B 2017 r. BO3 yBenuueHs moporoBsie
suavenus Hg ¢ 1 go 6 mxr/x [48, 49].

B pabote [35] oueneno obmiee conepxanue Hg B Bo-
nax pek SApaei-Ampel u YuOutka. B Bomax p. SApisi-
AMpBI B pailoHEe HCTOKA COAEPKAHUS B BECEHHHHN MEPUO]
2007 r. BappupoBamu ot 0,08 mo 0,5 MKr/in, B paiioHe
AT'MII cocransinu 0,42 mxr/n, Ha ynanenuu ot AIMIT —
0,88-1,05 mxr/m; B Bozie p. Ynburka comepxanus ObLTH
HamHoro Hmke — 0,06 Mkr/m. B atoii xe pabore [35]
npencTaBiensl ganupie o cogepxkanmsix Cd, As, Cu, Ni,
Pb, Zn, Hg B nerunii mepuox 2006 . B Boge p. Spisl-
Awmpsr B padione AI'MII (Beime u Hipke Ha 1 KM OT
AT'MIT; tabn. 2). Hamm uccnenoBanus (Tadmn. 2) moxasbi-
BAIOT, 4TO conepxanus HY B p. Spmbl- AMpHI B BeCeHHHI
TIEPHO] CHIBHO HE W3MEHHIHCh, H TONBKO Ha y4acTKe 2
p. Yuburka comepxanus HY ysemuunmucs 1o 0,16 MKr/m.
OnHaKo 1o CpaBHEHHIO C JIETHUMHU JaHHBIMH 3a 2006 T.
(Tabn. 2) HaMM yCTaHOBIEHBI OOJiee BBICOKHE COMEPXKa-
Hus BceX paccmarpuBaeMmblx [ITO B Bomax p. Spimb-
Awmper B paiione AT'MIL. B 2010 r. Pobeptyc ¢ coasTo-
pamu [51] ycraHOBHIH, YTO B BOAax p. SIpiei-AMpHI B
paiione AI'MII (0,5-5 kM) comeprxanus [TTD coctapmnsnm
(mxr/m): Cd - 1-7,4; Cu — 4,9-16,1; Pb — 1-9,6; Zn 3,2-
6,2; Hg 0,14-0,42, uTo BBINE, YeM B Ooliee PAHHHUX HC-
cnenoBanusax [35]. Hamm pe3ynbTaTsl yKa3eiBaloT Ha TO,
4TO cojiepxkanus HY B HE3HAYUTENBHOH Mepe CHU3HMIIKCD,
toraa kak conepxanus Cd, Cu, Pb cymecTeenrHo cHu3H-
JUCh, @ ZN 3HAYUTENBHO YBEIMYIINCh, B CPABHEHHH C
JanHbMHE [51].

B xadecTBe OCHOBHOI NPUYUHBI 3HAYMTEIBHOU pas-
HUIBI B COIEPKAHUSIX MOXKHO Ha3BaTh CE30HHBIE KoneOa-
HUS W Pa3HbIC METOJIBI AHANH3A.

Conepxanus uzyyaemblx I1TD B Bomax pek Spisi-
Awmpsl 1 YnOuTKa COMOCTABICHEI C COJCPIKAHUAMHA Ya-
JIEHHBIX OT MECTOPOXAEHHIl BOJOTOKOB M BOAOEMOB
(tabn. 2). Comepxanmst Zn, Cu, Pb u Hg B p. Spmbi-
Awmpsl Boimre, ueM B p. Aktpy (Komr-AraueHckuil paiioH,
ceBepHbIi ckioH Ceepo-Uyiickoro xpedra) [52]. Pasnu-
ma jgocruraer Zn — 3,2 pasa, Cu u Pb — 1,2-1,3 pasa,

14

Hg — 36-92 pa3a; MakcuMaibHAs pa3HUIA yCTAHOBJICHA
BOmm3n  AIMII.  CopepxaHust 3THX 3JIEMEHTOB B
p. Uubutka BBIIIE, 4eM B p. AkTpy: Zn B — 1,6-9 pas,
Cu - 1,3 paza, Hg — 14-32 pa3a. B Tenenkom o3epe [53]
comepxanus Ni, Zn, Cu, As, Pb, Se namuoro Hmxe, yem
B Bojax pek Spasi-Ampsl u Uuburka (tabn. 2). B Bogax
pek Spmoi-Amper 1 Yuburka comepxanust Ni, Zn, Hg, Sh
BEHIIIE, YeM B OOJBIIMHCTBE HE 3arpSA3HEHHBIX MPECHBIX
BOJaX MIaHeThl (Tabun. 2) [54, 55]. [lo cpaBHeHHIO C BO-
Jamu 03. baiikan, KoTopble CUMTAIOTCSA 3TATOHHBIMH IO
gucrote [56], Bombl B p. Spibi-Ampsr oboramensl Ni B
16,3 pas, Zn — 42 pasa, Cu — 7,5 pas, As — 14 pas, Pb —
21,6 pa3, Hg — 4600 pas, Cd — 38 pas, Sb — 32 pasa, Se —
12 pas.

MeI cpaBHIIH 00IIHE conepkanus HY B peYHBIX Bojax
CO 3HAYCHMSMH B IPYTUX PTYTHBIX MPOBHHIIASX Mupa [7, 11,
12, 57]. Tlo cpaBHenuo co 3HaueHusMd B p. [lambst (oo
1,4 mxr/m; mpoBwHIMsA MonTe-Amuara, Utamas) [7] conep-
xanus HY B Boze pex SApas-Ampst (0,059-1,82 mkr/n) u
YubuTka (0,005-0,50 MKr/I1) HaX0AATCSA Ha OJHOM YPOBHE.
Pynueiii paiion MoHTe-Amuara SBIIETCS 4YacTbiO Tak
Ha3BIBAEMOTO «PTYTHOTO Mosicay B Oacceiine Cpem3eMHo-
TO MOpS, KOTOPHIM BKIFOYAET TAaKKe MPOBHHIMH ATbMa-
ned (Ucnanus), Unpust (Cnoserns) u Memxepaa (TyHuc).
TopHonoObIBatomas AesTenbHOCTh B paifoHe MoHTe-
Awmmara ocymiectBisnack 10 1980 r., a Gonblmas 4actb
axT pacrojiaraiach B BogocOopHoM Oacceiine p. [labs
(B WCTOKax ee TPHTOKOB), KOTopas Bmamaer B p. TuOp
(xpynHeifmas pexa LenTpansnoit Wramuu) [58]. o cpas-
HEHHIO CO 3HAUEHUAMH 00mero copepxanus Hg B pexax
Wnpus u Coua (0,00076—0,041 MKI/m — B yIaneHHBIX Me-
crax ot gedctBusa HQ maxt; 0,049—0,71 Mxr/n — BOIH3H;
TpoBHHINS U Ipust; TopHOHOOBIBAIONIAS IEATENEHOCTD 110
1995 1.) [12, 57] conepsxanust HY B pexax Spiasi-AMpsl 1
Yubutka Taxke Ha ONMM3KOM YpOBHE. 3arps3HEHHE ek
Wnpus u Cova pTyThIO BBI3BAHO COPOCOM OCTAaTKOB 00-
’KHTa PyIbl © OTXOJOB B PYCIIO PEKHU, KOTOPBIE 3aTeM IIe-
PCHOCWINCH BHU3 MO TCUCHUIO BO BPEMS HaBOZ[HCHI/Iﬂ u
3arpsA3HAIN AJUTIOBUANBHBIE M MOPCKUE OTIOXeHUS [57].
Conepxanne Hg B Bomax p. SApaei-Ampsr u p. Ynbutka
HUKe, yeM B p. Banmpaeacorec (0,11-20,3 MKr/i; mpoBHH-
s AnbMajieH), BOIBI KOTOPOi OTHOCATCS K ciabore-
no4HbIM. ['OpHOJ00BIBArONIAs JEATENbHOCTh HA pailoHe
Anpmaznen npexpauiena B 2002 T., a HU3KHE KOHLEHTpa-
1mu Hg B BoJie MOTYT OOBACHATHCS BHICOKOH JIETYYECThIO,
€€ CKJIOHHOCTBIO K COpOIMH TITMHAMH, THAPOKcHIaMu Fe
1 Mn u oprannyeckumy BemectBamu [11].

CO,Elep)KaHI/IFI ONNEMEHTOB B JOHHbIX OTNOXEHUAX PeK

Conepxanus HY B TOHHBIX OTIOXeHHSX p. UnbuTka
Ha yJacTKe | YBETMUMBAIOTCS 110 Mepe YAANCHUS OT HC-
Toka (puc. 2, Tabn. 1). B otnoxenusx p. Yuburka Hixe
ycTha p. Apnbl-AMpsl (yuacTok 2) copepxanue Hg pesko
yBenuuuBaercad (B 200 pa3) u B CpeHEM COCTaBISEeT
15,8 r/r. Ilo Mepe ypmaneHus ot ycThsl p. Spisi-AMpsI B
oTnoxkeHuax p. Unburka (ydactox 2) comepxanus HQ
OCTAIOTCS BBICOKMMH Ha TIpoTskeHud 7 kM. Ha paccros-
HuA 9,7 KM 0T yeTba p. Spisl-Ampst (puc. 2, Y6-15) co-
nepxanue HY cHmkaercs 10 ypoBHA ydactka 1 (puc. 2).
B p. fApnsi-Ampsl conepxanus HY B TOHHBIX OTJIOKEHH-
AX BBIIIE, 4eM B p. UnOHUTKa, U B CPEIHEM COCTaBISIOT
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17,2 v/1. B noHHOM ocamke UcToKa p. SIpmbl-AMpel co- 0T mcroka (¢ 19,2 mo 34,3 /1, cpennee 23,4 r/1); pe3ko
nepxkanue Hg 3HaumrensHoe — 0,27 T/T, 4TO BBI3BAHO  YBENMYHMBAIOTCSA CONEPKAHWS HAa ydacTke 2 (cpenmHee
OMM30CTBI0  MecTopoXkIeHUM W pynompossaennid Hg 34,1 r/t1). Ha nporsbkenuu 7,3 KM ydacTka 2 cojiepkaHue
(puc. 2, Tabm. 1). CU B JOHHBIX OTIOXKEHHSAX COXPAHSETCS OTHOCHTENBHO
He ycraHoBneHo 4éTKnX 3aKOHOMEpHOCTEH pacmpele- — [OCTOSHHBIM, a Hibke yBenmuusaercs ¢ 40,3 jpo 77 r/t
neHus AS B IOHHBIX OTJIOKEHUSX yuacTka | pexu Unbutka  (puc. 2, U6-15). B 1oHHBIX OTIOXKEHUAX P. SApns-AMpel
(puc. 2, Tabn. 1), cpenHee colepKaHue dIEMEHTa B JIOH- B paidoHe MCTOKa cojepanue CU BbIIe, YeM B YacTH pe-
HBIX OTJOKEHMAX ydacTka coctaBimser 20,6 1/r. Hwke  xu, pacmonoxenHoi Huxe AIMIL Cpennee comepxanue
yCThs p. Spibl-AMpEI, Ha ydacTke 2, conepxkanns AS Bo3-  Cu (52,1 1/T) B JNOHHBIX OTJIOXCHHSX BBINIE, YeM B
pacrarot B cpeHeM 110 36,6 /1. Conepxanus coxpansior-  p. YuOutka (28,7 /).
sl BBICOKMMH Ha PAcCTOSHHUM 7 KM OT YCTbs p. SIpibI- B nonumIx oTnoxenusx ydactka 1 p. YuOutka Zn
Awmpst (puc. 2, H6-15). Cpenree comepxanne AS B 0TJI0-  pacmpejieieH paBHOMepHO (Tabm. 1, puc. 2). biuskue co-
KeHusX p. SApias-Ampsr (53,6 T/T) 3HAUMTENBHO BBINIE,  JIEPKAHHS YCTAHOBIEHBI HA y4YacTKe 2 HA NPOTSIKEHUH
geM B p. Ynbnrka. B p. Spibl-AMps! pesko yBennuuBaercs 7,3 KM, a janee cojiepikanue ysenuunsaercs 10 102 r/T.
conepxanne As oxono orxonos AI'MII (puc. 2, Tadm. 1). B p. Spns-AMpbl cpefiHee 10 HALIUM JAHHBIM COCTaBILS-
3akonomepHOCTH pactpenenenns Cu mogo6nsr Hg 1 er 51,9 /1, HO APYIMMHM HCCIIEIOBATENSIMH BBISBJICHBI
As: Ha ydactke 1 p. UnOutka cojepxanus BospactatoT  comepxkanus >100 1/t (puc. 2).

p- Undurka pSpasi- p. Hudurka p- Undurka p-Spasi- p- Unburka p. Unburka p-Apani- p. Yndnrka

Vuacrok 1 AMpoi Vuacrok 2 Vuacrok 1 AMpBI Vuacrox 2 Vuacrok 1 AMphI VYuacrok 2
120 300 Iy
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Puc. 2. Pacnpedenenue 6an06bix cOOEPHCAHUL DNIEMEHMO8 8 OOHHBIX 0caokax pek Apnvi-Ampul u Qubumxa (2/m) 6 cpaehe-
HUU ¢ MEHCOYHAPOOHBIMU NOKAZAMENAMU COCMOosHus/kKauecmea 0onnblx ocaokos (HK-0/K-1IV, SQG-1/SQG-3) u ux
enusnus Ha acusvle opeanusmul (US EPA, ERM-ERL, TEL-PEL) na gpone cpeonezo codepoicanus snemenmos 8 0oH-
HbIX omodcenusx pexu Apavi-Amput 6 patione AI MIT (mouxa A*) no oannvim [35]; no ocu X — mouku onpobosanus,
Komopwle coomeemcmeyiom cxeme omoopa 600, puc. 1; onsa Hy u Cd — nocapugmuueckue wixanst

Fig. 2. Distribution of total contents of elements in bottom sediments of the Yarly-Amry and the Chibitka rivers (ppm) in
comparison with international indicators of the state/quality of bottom sediments (DK-0/DK-1V, SQG-1/SQG-3) and
their influence on living organisms (US EPA, ERM-ERL, TEL-PEL) against the background of the average content of
elements in bottom sediments of the Yarly-dmry river in the area of the AMMP (point «5I»*) according to [35]; the
X-axis — sampling points that correspond to the water sampling scheme, Fig. 1; for Hg and Cd — logarithmic scales

B nmonnbix ornoskenusx ydyactka | p. Unburka Ni  Ero comepxanusi, He3HAUMTENbHO mpesbimratomnye 10 r/t,
pacmpesiennéH HEpaBHOMEPHO, CpeHee COAepKaHHe —  HaOmiomaloTcss BHawane ydactka 1 um 2 p. Uubutka
34,2 v/t (puc. 2, Tabn. 1). Ha y4actke 2 cpennee comep-  (puc. 2, Tabm. 1). biuskoe k paBHOMEpHOMY pacmpenene-
KaHue deMeHTa Boiie 47 r/T. B MOHHBIX OTIOXKEHHSX  HHUe ycraHoBieHo Takxke s Cd (puc. 2, Tabm. 1).

p. Spas-Ampst B cpertem conepxanust Ni Bbiie, dem B Coneprkannst Sh B JTOHHBIX OTIOXEHHSX ydactka |
oTnoxeHusx p. Yuburtka, — 55,4 v/t (puc. 2). p. Unbutka Bozpacraer or ucroxka ¢ 0,68 no 2,4 r/t un

Conepxanus Ph B TOHHBIX OCajiKax JBYX PeK UMEIOT  PE3KO YBENHUYMBACTCS HIDKE YCTBSA P. SIPIb-AMpBI TIOUTH
Omi3kue 3HaueHus M B cpeaHeM He mpesbimator 10 v/, j0 6,2 r/T (puc. 2). Ha yuactke 2, B 5 kM oT yctbs p. Sp-

15
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JBI-AMpEIL, cofiepxkanus nocturaior 17 /1. YV ucToKa
p. Spne-AMpBl  colepkaHuS AIEMEHTa B OTJIOXKECHHSIX
HU3KME, 3HAYMTENbHO oboramiarorcs Sb or orxomoB
ATI'MII (tabm. 1, puc. 2).

B nmonHbIX oTnoxeHusx ydactka 1 p. Uubutka co-
JepKaHue SE€ yBEeNIMYMBACTC C YIOACHHEM OT HCTOKA
(puc. 2). Otnoxenus yJactka 2 conepkar Oompiie Se B
2,3 paza, uem oTI0KeHns yuactka 1 (Tabmn. 1). B moHHBIX
ocasikax p. SApis-Ampsl conepkanus Se B paioHe HCTO-
Ka BbIlte, yeM pagom ¢ ATMII (tabam. 1).

3HaueHus cpeaHero cojepxanus [ITO B oTnoxkeHUsIX
p. Spasi-Ampst B paiione AIMII, o mammeiM [34, 35],
CYIIECTBEHHO BBIIIE, YeM 3HAUCHHS, MOTyYCHHBIC HAMH
(Tabmn. 1, puc. 2). OcobeHHO BBIAETAIOTCS BHICOKUE KOH-
uenrparmn HY u Cd (puc. 2). Pasnuuns 3aKmi04aTcs B
TOM, YTO B PAaHHHX HCCIEIOBAHHIX OTIOKEHHS OTOHMpa-

p. Unburka - Yuacrox 1 p.SIpabi-Amper

p. Unburka - Yuac

nuch B ocHoBHOM BONM3KM AI'MII. Utak, pactpenencHue
10 TEYEHUIO PEKH OYCHb PA3MUUACTCS VIS KaKIOTO OT-
JETBHOTO DIIEMEHTA.

'eoxuMm4ecKme 0COBEHHOCTH AOHHBIX OTHOXEHUI

JloHHBIE OTIIOKEHHS ydacTka 1 p. Ynburka oborarie-
HBl OTHOCHTENBHO BEPXHEH KOHTHHEHTANBHOM KOPHI
(UCC) [13] B pasmuuHOii cTerneHy (B MOPSAKE yMEHbIIIE-
uus): As>Sb>Se>Ni (puc. 3). Jms 3THX 37MeMEHTOB
LogKK cocrasnser 0,49-1,4 mns As, 0,53-1,08 st Sb,
0,34-0,83 mns Se u 0,12-0,35 g Ni. Conepxanus Cu
Boime, uem UCC Tombko B 16,7 kM ot uctoka (U6-8, puc.
3), Hg — B 13,9 kM ot ucroka (puc. 3, Y6-7). Bepostro
BIIMSHHE HA JOHHBIC OTJIOKEHHS OJM3MIEeKAIIEr0 PTYTHO-
ro pynomnpossienus Yeitoekkensckoe Il (puc. 1).
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Puc. 3. Cmenens obozawenus OOHHbIX OmaoNceHul pek [ opHo2o Anmas nomenyuaibHO-MOKCUYHBLMU INEMEHMAMU OMHO-
cumenvno eepxieii konmunenmanvhoil kopvl (UCC) [13] na gone cpednezo cooeporcanust snemenmos 6 OOHHbIX 0Om-
nodcenusx pexu Apavi-Ampul 6 patione AI'MII (mouxa A*) no dannvim [35] (0603nauenvt 36e300uKoti); no ocu X —
MouKu onpobosanUs, KOMopvie COOMEEMCMEYIoN cxeme omoopa 600, puc. 1

Fig. 3. Degree of enrichment of bottom sediments of the Gorny Altai rivers with potentially toxic elements relative to the up-
per continental crust (UCC) [13] against the background of the average content of elements in bottom sediments of
the Yarly-Amry river in the AMMP area (point «fI»*) according to [35] (marked with an asterisk), the X-axis — sam-
pling points that correspond to the water sampling scheme, Fig. 1

JloHHBIe OTIOXEHHS ydacTka 2 p. UnbuTka Oonee
3HAYATENBHO OOOTAIEHB 3JIEMEHTAMH OTHOCUTEIHHO
UCC, uem yuactok 1: Hg>Sh>As>Se>Ni>Cu (puc. 3).
OG6orarmeHne MoXeT ObITh CBA3aHO C JICTIOHUPOBAHHEM B
0CaJIOK B3BENICHHOTO BEIIECTBA, MEPEHOCHMOTrO BOJAMH
p. Apmne-Ampst (otxoaer AT'MII). Bo B3Becu ycranoBne-
el coemurenns Hg ¢ S ¢ mpumecsio Ni u Cu [59]. B ot-
JOXEHHUIX ydacTka 2 p. Yubutka, Ha paccTosHuu 9,7 KM
OT yCThs p. Spmbl-AMpbl, HaOMIOAAETCS PE3KOE CHHKE-
uue conepxkannii Hg, As, Ni 1 He3HAUHTENBHO yBEIUIH-
Baercst CU (puc. 3, U6-15). Conepsxanus Cd, Pb u Zn 8
JOHHBIX OTJIOXEHMAX p. Unbutka Ha obenx mccnenoBaH-
HBIX yuacTkax Hike, 4yeM B UCC (puc. 3).

B wucroxe p. Spasi-AMpsI JOHHBIE OTIOKEHHS 000Ta-
menst Ni, Cu, Hg, Se, Sb, As otrocurensno UCC cuib-
Hee, YeM OTJIOXKeHHs B ucToke p. Yuburka (puc. 3), 4to
CBSI3HO C HETMOCPEACTBEHHON OMM30CTBIO OpeoIia PTYTHOH
MUHEpaNIu3allud U MecTopoxaeHui Boctounoe n Ax-
tamickoe. CTeneHs 000raIe s TOHHBIX OTI0KEHHUH HC-
toka p. Spnei-Amper otHOcuTensHO UCC cHmkaetcs B
pagy As>Sh>Hg>Cu>Ni>Cd.
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B pesynbrare antpomnorennoro 3arpsizHenns ot AI'MIT
B JIOHHBIX OTJIOKEHHSX . Spisl-AMpsl comepxanus Hg,
As u Cd yBenuuuBatotcs, Ha TOPAIKH MPEBBIIAS CONEP-
xanust B UCC (puc. 3, 51-7). Ha HopMupoBaHHBIX rpadu-
Kax XOpOIIO 3aMETHO O0OTAalleHWe NOHHBIX OTIIOMKEHHUH
p. Spasi-Ampsr Ni, Cu u naxe Zn u Pb (puc. 3). Ctenens
oboramenus IOOHHBIX OTIOXeHud otHocurenpHo UCC
camkaercst B psaay Hg>As>Sh>Se>Ni>Cu>Zn>Ph. Koag-
¢uument oboramenns Hg, Cd, Zn, Pb ortHocuTenbHO
UCC B IOHHBIX OTIOXKEHUSAX peKu Spibi-AMpH B paiioHe
ATMII (Bbimie u Hinke Hero Ha | kM), Mo gaHHbM [35],
eme OONMbIIE BBIACIACTCS HA HOPMHPOBAHHOM Tpaduke
Ha (hoHE JTaHHBIX, TIONYYECHHBIX HaMH (puc. 3).

Takum 00pazoM, BUIHO, YTO JIOHHBIC OTIOXKEHHUS PEK
Spnei-Ampsr 1 YnOuTka B HAMOOIbIIEH CTemeHn 00ora-
mensl HY orrocutensro UCC. Dto 00ycioBineHo TpH-
pOXHBIM (DaKTOPOM, PACIONOKEHHEM pEK B Mpenenax
KP3, u ycunuBaeTcs aHTPOIOIEHHBIM BIMSHHUEM 3a CUET
otaioB AI'MII. Conepxanust HJ B TOHHBIX OTJIOKEHHAIX
p. SApne-Ampsrt (0,27-34,1 r/1) u Yuburka (0,01-30,7 r/1)
HE CTOJb BBHICOKH, Kak B mpoBuHImy Mpus (0,59-1970 r/r,
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cpennee 254 r/1; Cnoenns) u AmbMazen (5,53-1005 o/t
BOmm3u newctrust; 0,53-0,57 T/T — He TOABEPIKEHHBIE BITH-
SHHIO PYOHOTO BEINecTBA; VcmaHus), HO BBINIE, YEM B
npouHIuM Monte-Amuara (0,26-15 r/t; Uramas) [7, 11,
12, 57]. dnsa nposunimu Monte-Amuara (Mramus) o6o-
rameHne pTyThio MMeeT «reoreHHyo» npupoay [7]. Co-
JIEp’KaHus B IOHHBIX OTIOXEHHSX pek SApmbi-Ampsl u Yn-
OuTKa BBIIE B 2 pa3a, YTO TAKKe MO3BOJSET TOBOPUTD O
«reoreHHoi» HY 11 m3ygaemoit yactu KP3.

OL\EHKa COCTOSIHWSI IOHHbIX OTNOXEHUI

Ha npotsoxennn 13,9 kv yuactka 1 p. Yuburka (puc.
4, Y6-2-Y6-7) noHHBIE OTIONKEHUS XapaKTepU3YHOTCS
KaKk 3Ha4uTenpHO 3arpsauenHbie (3<CF<6) pmymvbio,
CTCIIeHb 3arpA3HEHHS OTJIOKEHHH YBEIMYMBACTCA MO
cwibHO 3arpssHeHHbx (CF>6; U6-8, puc. 4). [lpu sTom
3HaueHne CF B 3TOM MecTe comocTaBuMO CO 3HAYEHMAMI
B ocajke uctoka p. SApns-Ampst (f-1, puc. 4). JlonHsie
oTIoxkeHus p. SApnei-Ampsl B yaanerun 5,7 km ot ATMIIT
ele cuibHel 3arpssHensl Hg (S-7, puc. 4), 9o mpuBo-
IUT K OOOralieHHI0 JOHHOTO OCajka ydacTka 2
p. Unbutka, rie CF>6 Ha BceM NPOTSKEHHH PEKH OT
yctbs p. Spnei-Amper (U6-9-46-15, puc. 4). CornacHo
pOCCHICKMM JOTyCTHMBIM KoHIeHTpammsaM (JK-0-J1K-
IV, rtabm. 1, puc. 2) JOHHBIE OCamKH YydacTka |
p. Uubutka u otnoxeHus p. Spasi-AMpsl B paiioHe ee
HCTOKa MOXKHO paccMaTpuBath kak uucTsie (krace JIK-0;
puc. 2), Torja Kak OTJIOkKeHUs peku Spibsi-AMpsl Ha yza-
e ot otBanoB AI'MII u ornoxenus ywactka 2
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p. Yuburtka xapakrepusyrorcs kak cuiibHo (kmace JK-111)
1 omacHo 3arpsisaennsie (krace JK-1V).

3arpsi3HEHHE MblUibAKOM TOHHBIX OTJIOXKEHUH ydacT-
ka 1 p. YuOuTKa B OCHOBHOM COOTBETCTBYET YMEPEHHO-
(1<CF<3) u s3HaumrensHo- (3<CF<6) 3arps3HEHHBIM
ocajkaMm (puc. 4), uTO CONOCTAaBISETCS C KPUTEPUEM
>SQG-3 (puc. 2). Comepxanue AS B JOHHOM OCaJKe B
p. Spnsr-AMpst nipeBbimaeT nokasarenu CF>6 u >SQG-3,
9TO OTBEYACT 0YEHb CHIIBHOMY U JIaKe OTIACHOMY 3arpsi3-
HEHHIO MBIIIBAKOM (pHC. 2, 5), BIUSA B CBOO 04epe/b Ha
ypOBeHb  3arpsA3HeHms  y4yactka 2 p. UnOutka
(CF>6, >SQG-3). OnHako BO3HMKAIOT MPOTHBOPEYHS C
poccHiCKIM pedepeHTHBIM 3HAYCHHEM JIOIyCTHMBIX
KOHIeHTpauuid mo AS (tadm. 1), cornmacHo KoTopomy
KJ1acc 3arps3HeHns ocakoB pex Undurka u SApis-AMpsl
He TpeBbImaer nokasarens JIK-11, uto oTBeyaer ymepen-
HO 3arpsA3HEHHBIM OTIOKCHIIM.

3arps3HeHHe Meoblo JIOHHBIX OCAJKOB y4acTka |
p. Yubutka ymepennoe (1<CF<3, puc. 4) u npakTidecku
HE MEHSETCS Ha BCEM ero MPOTSIKEHHH, KaK U Ha yYacTKe
2 p. Unburka. Mckmrouenne cocTaBIseT yqyacToK HIKHE-
ro TeyeHus p. YuOurtka Ha ynaneHud 9,2 KM OT yCTbs
p. SIpabi-AMpBI, TAE OCAOK CUMTAETCS 3HAYMTENBHO 3a-
rpsasHeHHBIM (3<CF<6, Y0-15; puc. 4); ¢ yem 310 cBsi3a-
HO TIOKA HE YCTAaHOBIIEHO. [IOHHBIE OTIIOXKEHHS p. Spibl-
Awmpsr umeror CF, oTBeyarommuii ocajkaM OT yMEpEeHHO-
I0 CWIBHO3ATPS3HCHHEBIX. [IpencTaBneHHas OIeHKa 3a-
TPSA3HEHUS MEJIbIO JIOHHBIX OTJIOXKEHHH 00enx pek (puc. 4)
COTJIACYeTCs ¢ OLCHKOM MX COCTOSIHMS COITIACHO MOKa3a-
TEJSIM IOy CTUMBIX KoHIeHTparmid u SQG-1-3 (puc. 2).
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Puc. 4. Kospdpuyuenmor 3aepsznenuss (CF) ona anemenmos 6 dounvix omaoogicenusnx pex Apnvi-Amper u Yubumxa va gone
CcpeoHez0 co0epIICanust INeMeHmos 8 OOHHbIX omaodcenusx pexu Apavi-Ampol 6 patione AIMII (mouka A*) no oan-
noim [35]. Ilo ocu X — mouxu onpo6oganusi, Komopbvie cCOOMEemcmayiom cxeme omoopa 600, puc. 1

Fig. 4. Contamination factors (CF) for elements in the bottom sediments of the Yarly-Amry and the Chibitka rivers against
the background of the average content of elements in the bottom sediments of the Yarly-Amry river in the AMMP
area (point «fI»*) according to [35]; the X axis — sampling points that correspond to Fig. 1
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CornacHo pOCCHICKAM ¥ 3apyOeKHBIM HOPMATHBAM
amst Zn, Pb u Cd nowmble 0T/I0KeHHs 000HMX pEeK Xapak-
TEPU3YIOTCS KaK He3arps3HeHHble 0TIoxkeHus (kmace JIK-
0 m <SQG-1, puc. 2) WK OTIOXEHUS C OYECHb HHU3KOU
crenenbio 3arpsuenus (CF<1, puc. 4).

3arps3HeHHe HUKENEM TOHHBIX OTIOKEHHH yyacTka 1
p. Yuburka B ocHoBHOM Hu3koro yposus (CF<I, puc. 4),
HO HaOMIOHAaeTcss HECKOIBKO TOUEK C YMEPEHHBIM YPOB-
HeM 3arpssHenns (1<CF<3; puc. 4). Ocamku yyactka 2
p. Yuburka u ocanku p. Spis-AMpBI XapaKTepH3yIOTCS
Kak yMepeHHo 3arpssHenHsie (puc. 4). Copepxanus Ni B
OTJIOXEHUIX 000MX Y4acTKoB p. UnOHTKa OTBEUArOT pe-
¢epentabM 3HaUeHUAM <SQG-3 (puc. 2), 4To TaKKe Xa-
PaKTepU3yeT WX KaK YMEPEHHO 3arpsi3HEHHBIE, COTIIACHO
JIOTYCTAMBIM KOHICHTPAIMAM OHH MECTaMH JOCTUTAIOT
kiacca JIK-111, uto ykas3eiBaeT Ha cuiibHOE 3arps3HEHHE.
Otnoxenust p. SIpabi-AMpBI OIEHUBAIOTCS K CHIBHO3a-
Ips3HEHHBIE, T. K. comepkanne Ni>SQG-3 u JIK-11I.

MHTeHCHBHOCTD 3arpsi3HeHust Sh 1 Se B TOHHBIX OTIIO-
KeHusIX yyactka 1 p. Yubutka yBenuuuBaeTcs ¢ yIaieHu-
€M OT MCTOKa peku (aHanmoruyHo HQ), u3MeHssICh 0T yMe-
pennoi (1<CF<3) 1o 3HAYNTENBHOM CTENeHH 3arpsS3HEHHUS
(3<CF<6). 3arps3uenne Sh otnoxenuis pexu SApasi-AMpo
MEHSEeTCs OT YMEPEHHOTo [0 oueHb Bhicokoro (CF>6) mox
BiusHueM otxonoB AI'MII, a Se cHukaercd co 3HAYH-
TENBHOTO 10 yMepeHHoro yposHs (puc. 4). Ha ywactke 2
p. UnOuTKa NOHHBIC OTIOKEHHS OYEHb CHIBHO 3aTPS3HEHEI
Sb (CF>6) u 3Hauntensho Se (3<CF<6). st maHHbIX i1e-
MEHTOB OTCYTCTBYIOT MoKazateny 3arpsisHeHns SQG-1-3 u
JIOMyCTHUMBIE KOHIEHTPaImy (Tabit. 1).

Takum oOpasom, Omaromaps JOCTaTOYHO BBICOKOMY
reOXUMHUYECKoMy (OHy W AHTPOTIOTEHHOMY BIHSHHIO
(puc. 3), 3arps3HeHHe TOKCHYHBIMH 3nemeHTamu (Hg, As,
Se, Sb) JIOHHBIX 0CaIKOB MCCIIENOBAHHBIX BOAHBIX O0BEK-
TOB BapbUPYET OT YMEPEHHO JI0 OYeHb CUJIBHO 3arps3HeH-
HBIX M Jaxe omacHeix. 3arpssuenne Ni, Cu, Zn, Pb, Cd
JIOHHBIX OTJIOKEHHH OMUCHIBACTCS HU3KOM M YMEPEHHOM
cTereHblo 3arpsisHeHus. Cpel BCeX JJIEMEHTOB BbIJIENS-
ercst Hg, st KoTopoil XapakTepHbl HAaUOONbIIKE 3HAUCHHUS
CF. TToatomy ¢ GONbIION BEPOSTHOCTBIO €€ COIEPKAHUS
BHOCAT OTpPEACIIONHI BKIAT B OOIIYIO CTEIIECHD 3arps3-
wennst (DC) noHHBIX OTOMNKEHNH (pHC. 5, a). B oTnoxkenu-
X p. Spisl-AMpsl 1 yuacTka 2 p. Unburka obmas creneHs
sarpsisHenus Beicoka (DC>24-36). Otnoxenus ydyactka |
p. Ynbutka omuckiBatoTcs mokazateneM 12-14<DC<24-
36 KaK 3HAYMTEIIBHO 3arps3HEHHBIE (PHC. 5, a).

Koaddummentst sarpssuenns ans Hg, As, Cu, Ni, Cd 8
JOHHBIX OTJI0XEHUAX pexu SApibl-Ampel B paiione AT MII
(BbIE W HIKE HA | KM), COTTaCHO MaHHBIM [35], MMEOT
HaWBBICHIYIO CTCIICHb 3arpsA3HCHUA TII0 CPaBHCHHUIO C
HAalIMMU JAaHHBIMH (puc. 2, 5). OOwwas cTeneHp ux 3arpss-
HEHUS TAK)Ke OTpesienseTcst B ocHoBHOM H( (puc. 5, a).

OueHka BEPOSTHOCTY HETATUBHOTO BIUSIHUS [IOHHbIX

OTMNOXEHUI Ha XVBbIE OPraHU3Mbl

Jounbie ocanku ydactka 1 p. Yuburka mo Oonbmieit
gactu snementoB (Hg, Zn, Pb, Cd) tokcuunsr ¢ 5-30 %
BEPOATHOCTHIO JUTS JKMBBIX OpraHm3MoB (puc. 2). Ins Hg
YBEJIMYMBACTCSA BEPOATHOCTb HETATHBHOIO BIMSHUS [0
50 % B 1 kM OT ycTbs p. SApisl-Ampst (puc. 2, 46-8). Co-
nepxkanust As u Ni mpesbimmaror yposers >ERL/TEL, a
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Cu>TEL, HO wuX conepKaHWs He BBHIIE YPOBHS
<ERM/PEL, uto otBeuaer 50 % BeposTHOCTH (pHC. 2).
Cormacuo US EPA cymiecTByeT puck TOKCHYHOCTH OCa[l-
KoB m3-3a comepkanuit AS u Ni, a comepkanne ocTaib-
ubix snementos (Hg, Cu, Zn, Pb, Cd, Sbh u Se) e Bbimre
pedepentnbix 3nauennii US EPA (puc. 2). Cpennee 3Ha-
YeHHE BEPOSTHOCTH OHOJOITYECKOTO BO3ACHCTBUS CpeIHe-
ro ypoasi M-ERM-Q cootserctByer unrepsany 0,11-0,5,
YTO T03BOJIICT CYUTATh OCAJKH ATOM YacTH PEKU TOK-
CHYHBIME ¢ BepOATHOCTHIO B 21 % (pHuc. 5, 6).

BeposTHOCTD HEraTUBHOTO BIMSHHUS HA JKUBBIE Opra-
HH3MBI JIOHHBIX OTJIOKEHUH ydyacTka 2 p. Unbutka ot 50
10 100 % u obyciosiena conepxkanmsimu Hg, Ni, As, Cu
(puc. 2), KOTOpbIE MPEBBIMIAIOT Pe(ePEHTHBIE 3HAUCHHUS
US EPA. Tombko conepxanus Zn, Pb u Cd He mpeBbi-
matoT yposerb <ERL/TEL u Hopmatusos US EPA (kak
Sb u Se), HO BEPOATHOCTD BIMSHHMS AOHHBIX OCAIKOB Ha
*KuBble opranmmel coctapinser 5—-30 % (puc. 2). Cornac-
Ho 3HaueHusM M-ERM-Q Ha naHHOM ydacTke peku JOH-
HbIE OTJIOXEHHS UMEIOT 3HauuTenbHy (49 %) u BbICO-
Kyto (76 %) BEpOATHOCTh TOKCHYECKOTO BO3JCHCTBUS Ha
KUBBIC OpTaHW3MEL B TOM umcne u ocamku BOZOTOKOB
BONM3U mocenka AKTam XapakTepu3yIOTCs KaK TOKCHY-
ueie (46-10-46-11, puc. 5, 6), Tonpko B 9,2 KM OT yCThbs
p. SIpibI-AMpBI BEPOSTHOCTh TOKCHYHOCTH JOHHBIX OT-
JOXEHHUH CHIKaercs 1o ymepenHoil (21 %), cormacHo
M-ERM-Q, 3HaueHns KOTOpPOro MOMNAJaloT B JHUANa30H
0,11-0,5 (46-15, puc. 5, 6).

JloHHbIE 0TNOXEHUS p. Spib-AMpHI B paifoHe UCTOKA
MOTYT OKa3bIBaTh BIMSHHE HA )XUBBIC OPTaHU3MBI C BEpO-
aTHOCTEI0 50 % m3-3a TpeBbIlIeHuil conepxanmit HY, As
u Cu yposns >ERL/TEL, kotopsiii <ERM/PEL (puc. 2);
BEPOATHOCTD BiusiHUs Ni B TOHHBIX OTIOXKEHHSIX COCTAB-
aster 50-100 % (yposens >ERM/PEL). Haumenbmas Be-
POSTHOCTh BIMSHHSA Ha JkuBble opranmsmbr (5-30 %)
ycranoBiieHa o Zn, Pb u Cd, Tak Kak uXx coaepiKaHus He
npesbimaioT yposerb <ERL/TEL (puc. 2). Tokcuunoro
BIUSHUS JIOHHBIX OTJIOXKEHWH Ha OMOTY M3-3a cofepxka-
nuit Sh u Se, a Taxke Zn, Pb u Cd, cornacHo pedepent-
HbIM 3HaueHusAM US EPA, He ycTaHOBNEHO, B OTIHYHE OT
apyrux u3ydaeMbix anementos (Hg, As, Cu, Ni; puc. 2).
CyMMapHEIil TIOKa3aTenb BIUSHIS OTIOKEHHH HA OHOTY
B 9TOM paioHe 3aHuMaet auanason 0,1 1<M-ERM-Q<0,5
(puc. 5, 6), yka3bIBas Ha YMEPECHHYIO BEPOSTHOCTb TOK-
cuyHoro BiustHuS (21 %).

B nouHbIX oTnOXeHHSIX pexu Spnbi-AMphl B paiioHe
AT'MII (Beime u Huke Ha | kM), cormacHo [35], comep-
xanust Hg, As, Ni, Cd, Cu mpesbimrator ypoBeHb>
ERM/PEL (puc. 2), ykasbiBast Ha 50-100 % BeposiTHOCTD
HEraTHBHOTO BJIMSHUS Ha XKUBbIe opranu3Mbl. s Zn u
Pb cymectyer 5-30 % BepositHOCTh BiusiHust. Cymmap-
HbIH TIoKa3atenb BiausHug Ha 6uoty (M-ERM-Q) camsrii
BBICOKHII M3 BCEX TOYEK, C BEPOSATHOCTHIO TOKCHYHO-
cti >76 % (puc. 5, 6).

B IOHHBIX OTIOXEHHAX Ha y4acTke p. Spiabi-AMpEL, B
ynanenun Ha 5,7 kM o otBanoB AI'MII, BeposTHOCTH
tokcruroro BiustHus Hg, As u Ni Toke BBICOKa, Kak u
O3 AI'MII, u cocrasiasger 50-100 % wus-3a 3Ha4m-
TEIBHOTO YBEIMYCHUS HX COMACpXKAHWHA (YpOBeHb >
ERM/PEL, puc. 2). BepoSTHOCTh TOKCHYHOCTH OCaJIKOB,
BBI3bIBAEMOM BimsiHMeM conepxanuii Cu, Zn, Pb u Cd,
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cocrasmser 5-30 % (yposenb <ERL/TEL, puc. 2). Co-
riacHo US EPA cymecTByeT puck TOKCHYHOCTH OCAJIKOB
TSt XKMBBIX OPraHu3MOB M3-3a comepxannid HY, As u Ni,
a colepkanus ocrambHex smementos (Cu, Zn, Pb, Cd,
Sb u Se) ue npesbiaoT 310T HOpMaTHB (pHC. 2). B 1te-

JIOM OCAJIKM B 3TOH YacTH PeKH UMEKT BBICOKYIO (76 %)
BeposATHOCTh TokcuuHocTH (M-ERM-Q>1,51, puc. 5, 6),
4T0 BhIIIE B 21 pa3 1Mo CPpaBHEHHIO C OTIOKEHUSIMH, OTO-
OpannbiME B peke Boime ATMII, Ho B 10,5 pa3 Huxe,
deM s oTioxeHuit BOmmzun AT MIL

p-Apibi-
AMpbI

p. Ynonrka - Yuacrox 1 p. Yndnrka - Yuacrok 2

10"

] .
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Puc. 5. Cymmapnouii nokazamenv cmenenu 3azpsaznenus (DC) (4) u cpednee 3nauenue sepossmmocmu GUONO2UHECKO20 803~
Oeticmsus cpednezo ypoers M-ERM-Q (B) 0ns dounsix omaodcenuti pex Apnvi-Ampol u Quoumxa Ha ghone cpednezo
cooeparcanusi 2AeMeHmos 6 oniodicenusx p. Apnvi-Ampul 6 patione AIMII (mouxa A*) no danneim [35]: * — DC pac-
cyuman 0ns 96-12 u 96-15 6e3 yuema codepacanuii Cd, Se, Sb (coenacno dannvim puc. 4); ** — M-ERM-Q paccuu-
man o ecex npo6 6e3 yuema Se, Sb, a ons 46-12 u 46-15 — 6e3 yuema Cd, Se, Sb (coenacno dannvim puc. 2);
ocb X — mouku onpobosanusi, coenacro cxeme (puc. 1)

Fig. 5. Degree of contamination (A) and average value of the probability of biological impact of average level
M-ERM-Q (F) for bottom sediments of the Yarly-Amry and the Chibitka rivers against the background of average
content of elements in the bottom sediments of the Yarly-Amry river in the area of the AMMP (point «5I»*) according
to [45]: * — DC was calculated for Chb-12 and Chb-15 without taking into account the contents of Cd, Se, Sb (ac-
cording to Fig. 4); ** — M-ERM-Q was calculated for all samples without taking into account Se, Sh, and for Chb-12
and Chb-15 — without taking into account Cd, Se, Sb (according to the data in Fig. 2); the X axis — sampling points

that correspond to Fig. 1

[IpumeHeHue BBHIIIEONUCAHHBIX TI0Ka3aTeNell OLEHKH
Ka4eCcTBa COCTOSHMS TOHHBIX OTJIOXEHHH M MX BIHSHHAS
Ha JKUBBIE OPraHU3MBI OCYIICCTBIIOT MPEHMYIICCTBEH-
HO JUIS MOPCKHX OcankoB [25, 27]; B MeHblIeH CTENEHH
JUis pevHbIX oToxeHui [60, 61]. PaboTsl, rie oneHnBa-
10T COCTOSIHHE PEYHBIX KOCHCTEM B TIpeleiax OpeojioB
paccestHus MecTOposkaeHuH [21] u B mpezenax KpyHHbIX
NIPUPOJIHBIX AHOMANHH, HAMPUMED, PTYTHBIX POBUHIAH
[7], coBceM HeMHOTOUMCIEHHBI. B KOHTEKCTE MPOBOMIH-
MO HaMH pabOTHl TIOCIEHNUE TPUMEpPhl Haubonee Bax-
Hel. Jlns ornoxenuil peku Uranukypy-Mupum (XKaxo-
Ouna, bams, bpaswumms), B BogocOopHOM OacceiiHe KOTO-
poil pacronokeHa 3070TOA00BIBAIOMAsS KOMIAHUS C
IBYMs XBOCTOXPaHWINIIAMH, TIPOBEICHA OLIEHKA COCTOS-
HUS OTJIOXKCHMH M WX BIHMSHHS HA JKUBBIC OpTaHHU3MEI
[21], ¥ BBISIBIEHO: TOHHBIE OTIOKEHHS OXAPAKTEPH30BA-
HBI OT YMEPEHHO JI0 cephe3Ho 3arpssHeHHbx HY n Cu;
CYIIECTBYIOT PUCKHU JUIs OWOTHI, BHI3BAHHbBIC TOBBINICH-
HeiMu cogepxkanusamu Cr, Ni, Pb u Hg; Ho Toneko Hg, Cd
u Cu MMenu aHTpONoTeHHOe mpoucxoxkaeHne. Ha mpu-
Mepe KpYMHOHl PTyTHOW TNpoBUHUMH MoHTe-AMuara

(Utamus) OBIO YCTAHOBIEHO, YTO JOHHBIE OCAIKH
p. [Manbs umetot 50 % ypoBeHb BEPOSTHOCTH TOKCHYHOTO
BIASHUS Ha OPraHM3MBI, OOMTAIONINE B 3TOH cpene, IpH
cpemueM coxepxanun Hg 1,06 r/1 [7]. CormacHo pe3ynb-
TaTaM, MOJy4YEHHBIM aBTOpaMH, cojepxanus Hg B 1oH-
HBIX OTJIOKEHHUSIX JTOCTHTAIOT B cpeaHeM 34,14 1/T, Bepo-
ATHOCTb BIIMSHUS HA )KMBbIE OPraHU3MBI B IIpelenax u3y-
yeHHOH yactu Kypaiickoli pTyTHO! 30HBI MOKET JOCTH-
ratb 100 % BOmu3u AIMII. CreneHp 3arps3HeHHs TOH-
HBIX OTJIOXeHHH p. Apabl-AMpsl 1 p. UnbuTka M0 TakuM
snemenram, kak Hg, As, Cu, Ni, Sb, Se, cornacho pas-
ueM 3HaueHmsM (CF, 1K, SQG, DC), cooTBeTcTBYeT BHI-
COKOMY YPOBHIO. MOXHO BBIJICIHTH [Ba UCTOYHHKA 3a-
TPA3HEHUHN: IPUPOHBINA — 3TO MOBBIICHHBIH T€OXUMUYE-
CKkuii (OH PTYTHOM TPOBMHIIMH C COMYTCTBYIOMIEH Py
HOW MHWHEpaTu3alyel; TEeXHOTEHHBI — BIMSHUE BEIe-
crBa 0Tx0108 AI'MII.

Ha npumepe noHHBIX oTiokeHUH p. [Inpacukada
(Can-Tlayny, bpaswmius) OO c/ienaHo 3aKT0YeHHUE, YTO,
BO-TIEPBBIX, cymecTBytomue 3arpsisaenns Cd, Cr, Ni, Pb,
Sc MMEIOT reoreHHoe MPOUCXOXKAeHHE. Bo-BTOPBIX, HH-

19
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TepnpeTupoBaTh Takue nokasarend, kak TEL n PEL,
HY)XHO OCTOPOKHO, IIOCKOJBKY OHH BCETHA OTPAKAIOT
PETHOHAIBHBIA MPUPOIHBIA TCOXUMHUUESCKUHA (OH M MO-
TyT HEpPEONECHNBATh MM HEJOOLCHHBATh CTEMEHb TOK-
cuyHocTd. Ho TecThl HA TOKCHYHOCTb MOTYT IIPEeAOCTa-
BUTH 00Jible MH(POPMALHUK O OMOJOCTYIHOCTH MHUKPO-
BNIEMEHTOB U OCHTOCHBIX H STTHOCHTOCHBIX OPTaHU3MOB
M, CIIEZI0BATENbHO, YKA3aTh Ha TIOTCHIUANBHEIC SKOIOTH-
YeCKHE PUCKH MHUKPO3IEeMEeHTOB B oTioxkeHusx [61]. Co-
TMIOCTABIICHUE COAEPKAHUI HIEMEHTOB C PAa3HBIMU TOKa-
3aTeNSIMH MOXKET Pa3NuyuaThcs MEXIy co00W MHTEHCHB-
HOCTBI0 TOKCUYHOCTH U CTETICHBIO 3arpA3HEHHS; MOPOH
OHH MOTYT TIPOTHBOPEUUTH JApYyT Apyry. Hammame Takumx
Pa3IMYUiA, BCTPEUAIOMIUXCS U B JPYTUX HCCIEAOBAHUAX
[60], 0OycroBIEHO pa3HBIMU METOJAMHU pacyeTa Moporo-
BBIX TIOKa3aresieil B pasHbIX cTpaHax [26]. B cBoeii pabo-
T€ MBI TAKKe CTONKHYJIUCH C CHTyarmuei, Korxa BO3HU-
KaloT MPOTHBOPEUNBBIC HHTEPIPETAINH B XOJC CpaBHe-
HUS JaHHBIX C pe(epEeHTHBIMU TIOKA3aTENSIMH COCTOSHHUS
JIOHHBIX OTIOXCHUH W BIMSHUS HAa JKUBBIC OPTAHU3MBIL.
OT0 MOATBEPKIAET HEOOXOIUMOCTD [22] pa3BUTHUS CBOUX
(poccHiicKnX) moKa3aTeneil OIECHKH COCTOSHHUSA JIOHHBIX
OTIOKCHHH W WX BIHSHAS HA JKMBBIC OPraHU3MBL [l
TOATBEPXKACHHUS TOKCHYHOCTH U OMOJOCTYIHOCTH OCal-
KOB pex Spib-Ampsl 1 UnbuTKa B JanbHeimemM Heo0Xo-
JIMMO OIICHUTBH (hopMbI HaxoxaeHus [1TD B 0TIOKECHHUSX.

BbiBoAbI

1. 3a cuer 6nmm30cTH MecTopoxkaeHU BocTouHoe 1 Ak-
TAIICKOE PEYHBIC BOJIBI MCTOKA P. Apibl-AMphl 000-
ramarores Ni, Zn, As, Pb, Sh, a norHbIe 0TI0XEHUS —
Cu, Pb, Cd, Se. B wactu peku, 4to HUKE OTBAJOB
ATMII, u3-3a momaianust BEMIECTBA OTBAIOB B PEKY B
Boge ysemmumBaercs Cu, Cd, Hg u Se, a B mOHHBIX
ornoxkennsx — Hg, As, Sb, Ni.

B Boge p. Unbutka Husxe yctbs p. SIpibl-AMpEl yBe-
maumBatotes comepxanns Ni, Cu, As, Hg oTHOCHTEBHO
YacTH PEKH, YTO BBINIE YCThsl, TJI¢ BBICOKH COJCPIKAHMS
Zn u Sb; comepxamms CU BbIE 3HAYEHHWH B BOJE
p. Slpnbi-AMpel. B JIOHHBIX OTJNOXEHMSX ydacTka |
p. UnbuTka HabmrogaeTcs yBenuueHue cojepxanuii Hg,
Cu, Ni, Sh, Se mo mepe ymanenust ot ucroka pexu. Ha
ydactke 2 p. YuOurka JoHHBIE Ocaky oboramarores Hg,
As, Cu, Ni, Sh, Se mo cpaBHeHIO ¢ OTIOKEHHUSIMH BEBILIE
ycThs p. SApabl-AMpbl. B cpeiHeM B JOHHBIX OTJIOXEHUSIX
p. Apasi-Ampsl copepskanus Hg, As, Cu, Ni Beime, uem B
otnoxenusx p. Yubutka, a comepskanus Hg, As, Ni BbI-
1€ JIaKe MO0 CPABHEHHIO ¢ yJacTKoM 2 p. YnOurka.

Conepxanus Zn, Cu u Hg B Bogax 00eux pek mpeBbl-
mratotT [1JIK BogHBIX 00BEKTOB pEIO0X03SHCTBEHHOIO 3HA-

yennst — 4,9-TIIK mo Zn; 1,7-T1JIK mo Cu u 46-TIJIK mo Hg.

2. 3arps3HeHue JoHHBIX oTioxenui I1TD (Hg, As, Se,
Sb) pex B usyuaemoit yactu KP3 Bapbupyer ot yme-
PEHHO JI0 OYEHb CHJIbHO 3arpsA3HEHHbIX U Jake orac-
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ubIx (cornacuo CF). 3arpssuenue Ni, Cu, Zn, Pb, Cd

JIOHHBIX OTJIOEHUH HU3KOoe M yMepeHHoe. Oco0eHHO

oTnu4aercs Hg, g KOTopoil XapakTepHbl HaOONb-

mue 3HaueHns CF. Ee conepxanus BHOCAT ompene-
nsrommi Bknag B DC nouusix otnoxenuit. DC oTio-

KeHUH p. Spmbl-AMpel U yuactka 2 p. Uuburtka xa-

pakTepusyercss Kak OYEHb BBICOKAs, a OTIIOKCHHS

ydactka 1 p. UnbHuTKa MMEIOT 3HAYUTENBHYIO CTETICHb
3arps3HEHHL.

3. JloHHBIC OTIOXEHWS P. SIpibl-AMpBI, COTNIACHO MOKa-
satensim ERL/ERM u TEL/PEL, moryr oka3biBath
TOKCHYHOE BIHIHHE Ha OHOTY ¢ BepositHOCTHIO 110 100 %
TI0JI BIMSIHAEM TIOBBIICHHBIX coziepkanuit HY, As u
Ni; BepositHOCTS Bimstems Zn, Pb u Cd — 5-30 %; Cu -
5-50%. B noHHbIX oTnoxeHusax p. Yubutka Huke
yCThA p. Spnbl-AMpBI HAOMIOJAETCA aHATOTHYHAS CH-
Tyanus, 3a uckaroueHnem Cu, ee 6osee BHICOKHE CO-
JepKaHMs YBEIMYUBAIOT TOKCHYHOCTH JOHHBIX OT-
nosxenuit (o 100 %). CornacHo kputepusim US EPA,
comepxanns Sh u Se He oka3BIBAIOT BIAMAHHUS HA Op-
TaHU3MBI, HECMOTPS Ha BBICOKHE 3HAueHus (akropa
3arps3HEHHS JAHHBIME HJIEMEHTaMH.

I[Mokazarens M-ERM-Q Takxke ykasblBaeT Ha TO, 4TO
JIOHHBIE OTIOXEHUA ydactka | p. UuOutka M HCTOKA
p. Spabl-AMpBI XapaKTePU3YIOTCS YMEPEHHOH TOKCUYHO-
ctpi0 (21 % BEPOATHOCTH TOKCHYECKOTO BO3ICHCTBHS).
Torna Kak TOKCHYHOCTH OTIOXKEHHH . SIpIbI-AMpBI, 9TO
Hmke AIMII, u ygactka 2 p. UnOuTka yBenmuuuBaeTcs 10
3HAUUTETHLHON/BBICOKON (4976 % BEPOATHOCTH TOKCH-
YECKOro BO3/ICHCTBUs). B TOM umcne W ocaaku BOJOTO-
KOB BOJII3H II. AKTAIll XapaKTepH3YIOTCS KaK BEICOKOTOK-
cugnbie. Tompko B 9,2 KM OT ycTbs p. Apisi-AMpEI TOK-
CHYHOCTD JIOHHBIX OTJIOKECHUH CHIDKACTCS JI0 YMEPEHHOH
(21 %).

4. KiroueBbiMU (pakTOpamMu OOOTAIIEHUS M 3arps3HEHHs
pek Spiel-AMpel 1 UuOHTKA SBIAIOTCA TIPHPOIHAS
AHOMANUA B BHJE PTYTHOW 30HBI C COIYTCTBYIOLIEH
PYAHOM MUHEpanu3alyel 1 MOCIEeACTBYS IeATeNbHOCTH
AI'MII. UccnenoBanue qaeT OLEHKY SKOT€0XUMHUYECKO-
TO COCTOSIHHS BOJOEMOB B TIpeJieNiax paifoHa ¢ NpHpoa-
HoOM Hg-aHoManueid. V3MeHeHue COCTOSHUS M KauecTBa
BOZOEMOB H30MPATENBHO OMPEIEIACTCS TeOXIMITIECKOH
crel(uKoii palioHa  3aBUCUT OT cofiepkanus Hg u B
menbluel crenenu As, Cu, Ni, Se, Sb.

Buipascaem 6razooaprocms ananumuxam: Kumnum Ouio-
poste baomaesoi, Jluouu Hukxonaesne bykpeegou, Onvee Ana-
moavesne Casunou (L[KI «Mno2osnemeHmublx u u30monHwlx
uccaedosanutiy, U'M CO PAH) u FOputo Ilemposuuy Koamo-
2opogy (LUKII « CLICTH» na 6asze YHY «Hosocudupckuti JICO»
6 UAD CO PAH).

Paboma swinonnena 6 pamxax eoczadanus UI'M CO PAH
um. B.C. Cobonesa. Pmymo 8 800e t OOHHBIX OMIOHCEHUAX UC-
cnedosana npu noddepacke PH® Ne 18-77-10056.

2. Ecotoxicological status and risk assessment of heavy metals in
municipal solid wastes dumpsite impacted soil in Nigeria /
J.P. Essien, E.D. Inam, D.I. lkpe, G.E. Udofia, N.U. Benson // En-
vironmental Nanotechnology, Monitoring & Management. —
2019. - V. 11. — Article 100215.

3. Ecological risk assessment of trace metals in soils affected by
mine tailings / A.C. Buch, J.C. Niemeyer, E.D. Marques, E.V. Sil-



113BecTrst TOMCKOrO NONUTEXHUYECKOTO YHUBEpCUTETa. MHXMHMPKH reopecypcos. 2022. T. 333. Ne 4. 7-26
Msirkast W.H. n gp. Skoreoxumnyeckas oueHka pek Apnbl-AMpbl 1 YnbuTka, pacnonoxeHHbIx B Opeore AeNCTBIS AKTALICKONO ...

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

va-Filho // Journal of Hazardous Materials. — 2021. — V. 403. — Ar-
ticle 123852.

Ojelede M.E., Annegarn H.J., Kneen M.A. Evaluation of aeolian
emissions from gold mine tailings on the Witwatersrand // Aeolian
Researslide — 2012. — V. 3 (4). — P. 477-486.

Measurement and scaling of mercury on soil and air in a historical
artisanal gold mining area in Northeastern China / Z. Wang,
G. Zhang, X. Chen, Q. Zhao, W. Wang, L. Sheng, H. Bian, Zh. Li,
D. Wang // Chinese Geographical Science. — 2019. - V. 29 (2). -
P. 245-257.

Assessment of emissions of trace elements and sulfur gases from sul-
fide tailings / S.B. Bortnikova, N.V. Yurkevich, N.A. Abrosimova,
A.Y. Devyatova, A.V. Edelev, A.L. Makas, M.L. Troshkov // Jour-
nal of Geochemical Exploration. — 2018. — V. 186. — P. 256-269.
Concentration, distribution, and translocation of mercury and
methylmercury in mine-waste, sediment, soil, water, and fish col-
lected near the Abbadia San Salvatore mercury mine, Monte
Amiata district, Italy / V. Rimondi, J.E. Gray, P. Costagliola,
O. Vaselli, P. Lattanzi // Science of the total environment. —
2012. - V. 414. - P. 318-327.

The impact of natural weathering and mining on heavy metal ac-
cumulation in the karst areas of the Pearl River Basin, China /
W. Wu, S. Qu, W. Nel, J. Ji // Science of The Total Environ-
ment. — 2020. — V. 734. — Article 139480.

Pollution and ecological risk assessment of heavy metals in the
soil-plant system and the sediment-water column around a former
Pb/Zn-mining area in NE Morocco / A. El Azhari, A. Rhoujjati,
M.L. El Hachimi, J.P. Ambrosi // Ecotoxicology and environmen-
tal safety. — 2017. — V. 144, — P. 464-474.

Environmental and human health risks of arsenic in gold mining
areas in the eastern Amazon / H.F. de Souza Neto, W.V. da Silvei-
ra Pereira, Y.N. Dias, E.S. de Souza, R.A. Teixeira, M.W. de Lima,
S.J. Ramos, C.B. do Amarante, A.R. Fernandes // Environmental
Pollution. — 2020. — Article 114969.

Berzas Nevado J.J., Garcia Bermejo L.F., Rodriguez Martin-
Doimeadios R.C. Distribution of mercury in the aquatic environ-
ment at Almade’n, Spain / Environmental Pollution. — 2003. —
V. 122. - P. 261-271.

Distribution and partitioning of mercury in a river catchment im-
pacted by former mercury mining activity / D. Kocman, T. Kandug,
N. Ogrinc, M. Horvat // Biogeochemistry. — 2011. — V. 104 (1). -
P. 183-201.

Taylor S.R., McLennan S.M. The geochemical evolution of the
continental crust // Reviews of geophysics. — 1995. — V. 33 (2). -
P. 241-265.

Diffuse emission and transport of gaseous elemental mercury
(GEM) in the Mapamyum geothermal system, Western Tibet
(China) /Y. Sun, Z. Guo, J. Du, W. Zhao // Journal of Volcanolo-
gy and Geothermal Researslide — 2020. — V. 397. — Article 106825.
Onshore mud volcanoes as a geological source of mercury: case
study from the Kerch Peninsula, Caucasus continental collision
zone / S.N. Kokh, E.V. Sokol, M.A. Gustaytis, I.A. Sokol,
A.S. Deviatiiarova // Science of The Total Environment. — 2020. —
V. 751. — Article 141806.

Vasiliev O.F., Obolenskiy A.A., Yagolnitser M.A. Mercury as a
pollutant in Siberia: sources, fluxes and a regional budget // Sci-
ence of the total environment. — 1998. — V. 213 (1-3). - P. 73-84.
[IeBbipes JI.T. 3akOHOMEPHOCTH B pacIpeIeICHUN JIETYYnX diie-
MCHTOB B HOBCDXHOCTHOﬁ 060J‘[0‘-IK6 36MJ‘IHZ BEPOATHAA UCTOPHUKO-
MuHeparennueckas uatepnperanust. Cratest 1. Ptyts / BectHuk
BODOHG)KCKOFO TOCYAapCTBCHHOT'O0 YHHUBEPCUTETA. Cepm{: I'eomno-
rust. — 2013. - Ne 2. — C. 106-117.

Bibliometric overview of research trends on heavy metal health
risks and impacts in 1989-2018 / R. Han, B. Zhou, Y. Huang,
X. Lu, S. Li, N. Li // Journal of Cleaner Production. — 2020. —
V. 276. — Article 123249.

Korenpsnen E.A., Konosanos C.K. Tskensie MeTamisl B JOHHBIX
otnoxkeHusx Kepuenckoro mponusa // Mopckoil ruapopusnde-
ckuil xypHai. — 2012, — Ne 4. — C. 50-60.

How sulfate-rich mine drainage affected aquatic ecosystem degra-
dation in northeastern China, and potential ecological risk /
Q. Zhao, F. Guo, Y. Zhang, S. Ma, X. Jia, W. Meng // Science of
the Total Environment. — 2017. — V. 609. — P. 1093-1102.
Geochemical evaluation of potentially toxic elements determined
in surface sediment collected in an area under the influence of gold

22.

23.

24,

25,

26.

21.

28.

29.

30.

3L

32.

33.

34.

35.

36.

mining / M.V.S. Santos, J.B. da Silva Jinior, C.E.V. de Carvalho,
C. dos Santos Vergilio, G.M. Hadlich, C.O. de Santana,
T.B. de Jesus // Marine pollution bulletin. — 2020. — V. 158. — Ar-
ticle 111384.

CHeLll/laHbeIe Ha6J’IlOLL6HPIS{ 3a 3arpA3HCHUEM TAKCJIBIMH METal-
JIJaMHd JOHHBIX OTJI0KEHHI BOJHBIX 06”bCKTOB B CUCTEME MOHHUTO-
punra / H.B. Konomuiines, 5.1. Kopxxenerckuii, I'.10. Tonkaués,
H.O. Terbman // T'eorpaduuecknii Bectauk. — 2020. — T. 1. —
Ne 52, —P. 139-154,

HODMLI 1 KPUTCPHUH OLCHKHU 3arpA3HCHHOCTH JOHHBIX OTJIOKEHHUH
B BOIHBIX 00bekTax CankT-IleTepOypra. PernoHanbHbI HOpMa-
THB. YTBEP)KIECHO INIaBHBIM T'OCYIApCTBEHHBIM CAaHMTAPHBIM Bpa-
yoMm 1o Cankr-IlerepOypry 17.06.1996 r. u Komuretom mo
OXpaHe OKDV)Ka}OI]_ICﬁ Cpeabl U NPHPOAHBIX PECYPCOB CaHKT-
TlerepOypra u Jlenunrpaackoit odnactu 22.07.1996 r. Paspaboran
OAO «JIeHMOPHHUHUIIPOEKT» IO 3aKa3y YIPaBICHUS IO OXpaHe
okpyskatomeit cpezpl Mapun Cankt-IlerepOypra. — CII6, 1996. —
10c.

Marine pollution in the Libyan coastal area: environmental and
risk assessment / M. Bonsignore, D.S. Manta, E.A.A.T. Sharif,
F. D'Agostino, A. Traina, E.M. Quinci, L. Giaramita, C. Monas-
tero, M. Benothman, M. Sprovieri // Marine pollution bulletin. —
2018. - V. 128. - P. 340-352.

Tan I., Aslan E. Metal pollution status and ecological risk assess-
ment in marine sediments of the inner 1zmit Bay // Regional Stud-
ies in Marine Science. — 2020. — V. 33. — Article 100850.
Derivation methods of soils, water and sediments toxicity guide-
lines: A brief review with a focus on antimony / S. Bagherifam,
T.C. Brown, C.M. Fellows, R. Naidu // Journal of Geochemical
Exploration. — 2019. — V. 205. — Article 106348.

Ecological risk assessment using trace elements from surface sed-
iments of Izmit Bay (Northeastern Marmara Sea) Turkey /
H. Pekey, D. Karakas, S. Ayberk, L. Tolun, M. Bakoglu // Marine
pollution bulletin. — 2004. - V. 48 (9-10). — P. 946-953.
Assessment of the contamination level of bottom sediments of
Amursky Bay (Sea of Japan) and their potential toxicity /
M.A. Vashchenko, P.M. Zhadan, T.N. Almyashova, A.L. Kovaly-
ova, E.N. Slinko // Russian Journal of Marine Biology. — 2010. —
V. 36 (5). — P. 359-366.

Long E.R., Morgan L.G. The potential for biological effects of
sediment-sorbed contaminants tested in the National Status and
Trends Program. NOAA Technical Memorandum NOS OMA 52.
National Oceanic and Atmospheric Administration. — Seattle,
Washington, 1990. — 175 p.

Incidence of adverse hiological effects within ranges of chemical
concentrations in marine and estuarine sediments / E.R. Long,
D.D. MacDonald, S.L. Smith, F.D. Calder // Environmental man-
agement. — 1995. — V. 19 (1). - P. 81-97.

Classifying probabilities of acute toxicity in marine sediments with
empirically derived sediment quality guidelines / E.R. Long,
D.D. MacDonald, C.G. Severn, C.B. Hong // Environmental Toxi-
cology and Chemistry: an International Journal. — 2000. —
V. 19 (10). - P. 2598-2601.

Development and evaluation of sediment quality guidelines for
Florida coastal waters / D.D. MacDonald, R.S. Carr, F.D. Calder,
E.R. Long, C.G. Ingersoll // Ecotoxicology. — 1996. — V. 5 (4). —
P. 253-278.

US EPA Region Il BTAG Freshwater Sediment Screening
Benchmarks ~ 8/2006 // US EPA.  2006. URL:
https://www.epa.gov/sites/production/files/2015-09/documents/r3
btag fw sediment_benchmarks_8-06.pdf  (mara  oGpamenus
05.06.2021).

Po6eprtyc 10.B., Jliooumos P.B., Caknanos A.C. HoBble nanusie o
BEIIIECTBEHHOM COCTaBE CHIPbA M 0TX070B Akrtamickoro I'MII //
bromn. Ipuponnsie pecypest ['oproro Anras. — 2006. — T. 1. -
C. 83-85.

Apxunos N.A., Ily3anoB A.B. AkraIiickoe pTyTHOE MECTOPOK/IE-
nue (FOro-Boctounblit Antaii) Kak NMOTEHIHATbHBIA HCTOYHHK
MOCTYIUICHUSA PTYTH B OOBEKTHI OKPYXKAIOIIEH MPUPOIHOM cpe-
161 /[ Mup Haykw, KymbTypsl, oOpasosamms. — 2007. — Ne 4. —
C. 23-26.

Kulikova A.V., Buslov M.M., Travin A.V. Geochronology of the
metamorphic rocks in the Kurai accretionary prism (South-Eastern
Gorny Altai) // Geodynamics and Tectonophysics. — 2017, —
V. 8 (4). - P. 1049-1063.

21


https://link.springer.com/article/10.1007/s11769-019-1026-2#auth-Hongfeng-Bian
https://link.springer.com/article/10.1007/s11769-019-1026-2#auth-Zhenxin-Li
https://www.infona.pl/contributor/0@bwmeta1.element.elsevier-dd7d1e89-dc48-3f2a-8097-394eae1f3264/tab/publications
https://www.infona.pl/contributor/1@bwmeta1.element.elsevier-dd7d1e89-dc48-3f2a-8097-394eae1f3264/tab/publications
https://www.infona.pl/contributor/2@bwmeta1.element.elsevier-dd7d1e89-dc48-3f2a-8097-394eae1f3264/tab/publications
https://www.infona.pl/contributor/2@bwmeta1.element.elsevier-dd7d1e89-dc48-3f2a-8097-394eae1f3264/tab/publications
https://www.elibrary.ru/item.asp?id=16976949
https://www.elibrary.ru/item.asp?id=16976949
https://www.elibrary.ru/contents.asp?id=33691726
https://www.elibrary.ru/contents.asp?id=33691726&selid=16976949
https://www.epa.gov/sites/production/files/2015-09/documents/r3_btag_fw_sediment_benchmarks_8-06.pdf
https://www.epa.gov/sites/production/files/2015-09/documents/r3_btag_fw_sediment_benchmarks_8-06.pdf

113BecTrst TOMCKOrO NONUTEXHUYECKOTO YHUBEpCUTETa. MHXMHMPKH reopecypcos. 2022. T. 333. Ne 4. 7-26
Msirkast W.H. n gp. Skoreoxumnyeckas oueHka pek Apnbl-AMpbl 1 YnbuTka, pacnonoxeHHbIx B Opeore AeNCTBIS AKTALLCKONO ...

37.

38.

39.

40.

41,

42.

43.

44,

45.

46.

47.

48.

49,

Poroxwun E.A., [InaronoBa C.I. Ouarossie 30HbI CHJIBHBIX 3€MIIe-
tpsiceruit ['oproro Antas B rononese. — M.: OU®3 PAH, 2002. —
130 ¢.

Gaskov 1.V. Features of magmatim-related metallogeny of Gorny
Altai and Rudny Altai (Russia) // Russian Geology and Geophy-
sics. — 2018. — V. 59 (8). — P. 1010-1021.

Oo6bsacauTenbHas 3amucka (M-6 1:200000 muct M-45-XVI nepsoe
nokonenne) / 10.b. Anemxo, M.H. Jlanma, U.B. Cron0una,
0.A. Pakogen / oz pea. U.®. [Moxapckoro.-CoctaButenb KapThl:
BAI'T Cepusi: I'opro-Antaiickas. — M.: ['ocreontexuspaar, 1962. —
101 c.

TocynapcTBennas reonoruyeckas kapra Poccuiickoit ®enepaiu.
Macmrad 1:1000000 (tperbe moxonenue). Cepus Aunrae-
Casnckas. Jlucr M-45, 'oprHo-AunTaiick. OObsCHUTENbHAS 3aMUC-
ka /| C.U. ®epax, 10.A. Typkun, AW T'yces, C.II. lllokasbckuii,
I'T. Pycanos, b.A. bopucos, I'M. benses, E.M. JleonTseBa. —
CII6.: Kaprorpaduueckas padpuxa BCET'EY, 2011. — 567 c.
Hayuso-texnuueckuii otyer mo rockontpakry Ne 8-KT-BO or
08.05.2009 r. 1Mo OLEHKE JKOJOTMYECKOrO COCTOSHMSA OOBEKTOB
OKpy>Xaroieit cpezipl B paifone Axramckoro 'MII i nocenka Ak-
taut / 10.B. Pobeptyc, P.B. Jlrobumos, U.A. Apxunos, I".A. Illes-
yenko, B.I1. BanoBa. — ['opHo-Antaiick: [HY PA «APU "Oxko-
norus"y, 2009. — 71 c.

Po6epryc 10.B., Ily3anos A.B., Jliooumos P.B. Ocobennoctu pryT-
HOT'O 3arpsi3HEHUS OKPYKAIOLIEH cpeibl B paiioHe AKTAILCKOTO Top-
HO-MeTaJlTypruyeckoro npeanpustus (PecnyOmuka Aurait) // T'eo-
rpadus 1 npupoxssie pecypesl. — 2015, — Ne 3. — C. 48-55.

Roach A.C. Assessment of metals in sediments from Lake Mac-
quarie, New South Wales, Australia, using normalisation models
and sediment quality guidelines // Marine environmental re-
searslide — 2005. — V. 59 (5). — P. 453-472.

ITpuxa3 Ne 552 MuHHCTEPCTBO CENBCKOro X03sicTBa Poccnn ot
13 nexa®pst 2016. O6 yTBepkHCHAN HOPMATUBOB KAayecTBA BOJBI
BOJHBIX 00BEKTOB PHIOOXO03AMCTBEHHOTO 3HAYECHHS, B TOM YHCIIE
HOPMATHBOB INpEJEIbHO JOMYCTUMBIX KOHLEHTPALMH BPEIHBIX
BEIIECTB B BOJAX BOJHBIX 00BEKTOB PHIOOXO03SHCTBEHHOTO 3HAYE-
Hus. — M., 2016.

US EPA National Recommended Aquatic Life Criteria. URL:
https://www.epa.gov/wac/national-recommended-water-quality-
criteria-aquatic-life-criteria-table (mara o6pamenus 05.06.2021).
I'uruennueckue nopmatussl ['H 2.1.5.2280-07. IIpenensHo pomy-
CTHMBIE KOHIICHTPAIMH XHMHYECKAX BEIIECTB B BOIE BOJIHBIX
00BEKTOB XO3HCTBEHHO-NIUTHEBOTO M KYJIBTYPHO-OBITOBOTO BO-
nononb3oBanus. — M., 2007.

Canutapusie npaBuia 1 HopMsl CanlluH 2.1.5.980-00. T'uruenn-
YyecKkre TpeOOBaHMS K OXpaHe MOBEpPXHOCTHBIX BOA. MwuH3IpaB
Poccun. — M., 2000.

WHO. Guidelines for drinking water quality. 4" ed. with 1** ad-
dendum. — Geneva, 2017. — 631 p.

WHO. Guidelines for drinking-water quality: incorporating 1% and
2" addenda. V. 1, Recommendations. 3" ed. — Geneva, 2008. —
515p.

WUHdopmauus o6 aBTopax

50.

5L

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

The drinking water standards and health advisories tables, EPA
822-F-18-001. Office of Water U.S. Environmental Protection
Agency Washington, DC /[ US EPA. 2018. URL:
https://www.epa.gov/sites/production/files/2018-
03/documents/dwtable2018.pdf (nata o6pamenus 05.06.2021).
DKOreoXuMus PTYTH B IPUPOAHBIX CPENaX M TEXHOTEHHBIX 00BEK-
tax paiiona Aktamckoro I'MII (PecryOmmka Anrait) / FO.B. Pobep-
1yc, A.B. Ily3aHoB, P.B. Jlrobumos, U.A. Apxumnos / Mup Hayku,
KyJbTypbl, 00pasoBanus. — 2010. — T. 2. — Ne 21. — C. 280-282.
Savichev O.G., Paromov V.V. Chemical composition of glacial
meltwaters and river waters within the Aktru river basin (Gornyi
Altai) // Geography and Natural Resources. — 2013. — V. 34 (4). -
P. 364-370.

IMannueB A.M., Cepenxun 1.B., Bax E.A. HoBble JaHHBIE 10 XU-
MHYECKOMyY cocTaBy BoA byrysyHckux uctounuxos, I'opHbiii An-
Tait, Poccus // Tlonesbie uccnemoBanus B Anrtaiickom Onocdep-
HoM 3anoBegnuke. — 2019, — Ne 1. — C. 110-117.

Spomesckuii A.A. Kinapku reocdep: crpaBoYHHK 10 re0XHMHYE-
CKHM IOUCKaM MoJie3Hbix uckomaembix. — M.: Hexpa, 1990. —
C. 7-14.

Kopx B.JI. Teoxumust anemenTHOro coctaa ruapocdepst. — M.:
Hayxka, 1991. — 243 c.

Vetrov V.A., Kuznetsova A.l., Sklyarova O.A. Baseline levels of
chemical elements in the water of Lake Baikal // Geography and
Natural Resources. — 2013. — V. 34 (3). — P. 228-238.

Gosar M., Zibret G. Mercury contents in the vertical profiles
through alluvial sediments as a reflection of mining in Idrija (Slo-
venia) // Journal of Geochemical Exploration. — 2011. - V. 110 (2). -
P. 81-91.

Metallogeny, exploitation and environmental impact of the Mt.
Amiata mercury ore district (Southern Tuscany, Italy) / V. Ri-
mondi, L. Chiarantini, P. Lattanzi, M. Benvenuti, M. Beutel,
A. Colica, P. Costagliola, F. Di Benedetto, G. Gabbani, J.E. Gray,
E. Pandeli, G. Pattelli, M. Paolieri, G. Ruggieri // Italian Journal of
Geosciences. —2015. - V. 134 (2). — P. 323-336.

Ocobennoctu hopm neperoca HY B pexax Spnsl-Ampsr 1 Unbut-
Ka B 30HE BIUSIHUS AKTAIICKOTO TOPHOMCTAIIIYPIrH4CCKOro mpea-
mpuatis (Fopueiii Anrait) / MH. Msrkasa, B.JO. Capsir-ooun,
M.A. TI'ycraiituc, B.U. Manos, U.C. Kupuuenko, O.H. Cypkos,
E.B. Jlazapesa // I'eonoruueckas 9BOIOLMS B3aUMOIEHCTBHA BO-
161 ¢ ropaeiMu opogamu. — 2020. — C. 250-253.

Pollution characteristics of mercury (Hg) in surface sediments of
maijor basins, China / B. Gao, L. Han, H. Hao, H. Zhou // Ecologi-
cal Indicators. — 2016. — V. 67. — P. 577-585.

Multi-tracer analysis to estimate the historical evolution of pollu-
tion in riverbed sediment of subtropical watershed, the lower
course of the Piracicaba River, Sdo Paulo, Brazil / F.T. da Con-
ceicio, A.M. Fernandes, C. Hissler, C.M. Lupinacci,
A.A. Menegario, R.B. Moruzzi // Science of The Total Environ-
ment. — 2020. — V. 743. — Article 140730.

Ilocmynuna 24.11.2021 e.

Mackaa U .H., xannunar reojoro-MUHEpaIOrMuecKuX HayK, CTapIIuil Hay4dHbId COTPYIHUK, MIHCTUTYT reosoruu u
munepanoruu um. B.C. Co6onesa CO PAH.

Capuiz-oon b .10., Hayunblii cotpyauk, MacTutyT reonorun u munepanoruu uM. B.C. Co6onesa CO PAH.
Kupuuenxo H.C., Hayunslii cotpytuk, MucTutyT reonorun u munepanoruu uMm. B.C. Co6onesa CO PAH.
TI'ycmaiimuc M.A., KaHIUAAT T€0JIOTO-MHHEPATOTHYECKUX HAYK, CTAPIINK HAYYHBIH COTPYIHHUK, VIHCTUTYT Te€0NOTHH
u munepanorud uM. B.C. Co6onera CO PAH.
Jlazapesa E.B., xaHauiaT reooro-MUHepalorHueckuX HayK, CTapIIMil HAyYHbI COTPYAHHK, VIHCTUTYT reosoruu u
munepanoruu uM. B.C. Cobonesa CO PAH.

22


https://www.elibrary.ru/item.asp?id=35718520
https://www.elibrary.ru/item.asp?id=35718520
https://www.elibrary.ru/contents.asp?id=35712622
https://www.elibrary.ru/contents.asp?id=35712622
https://www.epa.gov/wqc/national-recommended-water-quality-criteria-aquatic-life-criteria-table
https://www.epa.gov/wqc/national-recommended-water-quality-criteria-aquatic-life-criteria-table
https://www.epa.gov/sites/production/files/2018-03/documents/dwtable2018.pdf
https://www.epa.gov/sites/production/files/2018-03/documents/dwtable2018.pdf
https://www.elibrary.ru/item.asp?id=21885436
https://www.elibrary.ru/item.asp?id=21885436
https://www.elibrary.ru/contents.asp?id=33983666
https://www.elibrary.ru/contents.asp?id=33983666
https://www.elibrary.ru/contents.asp?id=33983666&selid=21885436
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;

Myagkaya |.N. et al. / Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2022. V. 333. 4. 7-26

UDC 504.4.054

ECOGEOCHEMICAL CHARACTERISTICS OF THE YARLY-AMRY AND THE CHIBITKA RIVERS,
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The relevance of the study is caused by the need to develop Russian guidelines for assessing the environmental state of bottom sedi-
ments and their impact on living organisms, as well as water bodies in general. The pollution of natural waters by potentially toxic elements
is currently important. There are no federal standards regulating the quality of bottom sediments in Russia. Additionally, the study area is
located in a popular tourist region of Gorny Altai. The knowledge about environmental state of the aquatic ecosystem in this region is of
great importance.

The main aim is to study the potentially toxic elements (Hg, As, Cu, Zn, Ni, Pb, Cd, Sh, Se) distribution in the waters and bottom sedi-
ments of the Yarly-Amry and the Chibitka Rivers and assess the environmental state of bottom sediments based on Russian and Interna-
tional guidelines as well as identify their toxicity to living organisms.

Study area. The Chibitka River and its tributary, the Yarly-Amry River (Ulagan District, Aktash village) are located within the Kurai mercury
zone and are additionally influenced by the Aktash Mining and Metallurgical Enterprise wastes stored on the Yarly-Amry River bank.
Methods. pH and Eh were measured in waters by potentiometry. The dissolved Cog was determined by IR spectroscopy. The anions were
studiied by capillary electrophoresis. The potentially toxic elements contents in river waters were determined by flame and electrothermal atom-
ic absorption spectrometry, as well as by mass spectrometry with inductively coupled plasma; Hg was determined by «cold vapor» atomic ab-
sorption spectrometry. The PTE contents in bottom sediments were determined by SR-XRF, flame and electrothermal atomic absorption spec-
trometry and «cold vapor» atomic absorption spectrometry. The geochemical features of bottom sediments were identified calculating their en-
richment degree relative to the upper continental crust. The pollution degree of bottom sediments and the toxic impact probability on living or-
ganisms were estimated based on a comparison of potentially toxic elements content with Russian and International guidelines.

Results. The increase of Cu, Cd, Hg and Se total contents in river water takes place due to the effect of Aktash Mining and Metallurgical
Enterprise wastes on the Yarly-Amry River. The contents of Ni, Zn, As, Pb, Sb are higher in the source of Yarly-Amry River than in the part of
the river affected by Aktash Mining and Metallurgical Enterprise wastes. The Chibitka River water above the mouth of the Yarly-Amry River
(section 1) contains more Zn and Sb than section 2 (below the mouth), where the contents of Ni, Cu, As, Hg increase. The exceedances of the
maximum permissible concentration for water bodies of fishery importance for Zn, Cu and Hg are 4,9; 1,7 and 46 times in the waters of both
rivers. The bottom sediments of both rivers are significantly enriched by Hg, As, Ni, Sb, Se than the upper continental crust. The contents of Hg,
As, Sb, Se in the sediments of the section 1 of the Chibitka River increase with distance from the river source. Hg and Sb sharp increase in in
the sediments of the section 2 of the Chibitka River was found. Hg, As, Se and Sb pollution of bottom sediments of both rivers varies from
moderate to very strong and even dangerous levels (according to the guidelines of permissible concentrations, contamination factor, degree of
contamination and sediment quality index); Ni, Cu, Zn, Pb, Cd pollution is from low to moderate levels. Bottom sediments of the Yarly-Amry
River and section 2 of the Chibitka River have the 50100 % probability of the toxic effect on the microbiota (according to the ERL/ERM and
TEL/PEL) due to the effect of Aktash Mining and Metallurgical Enterprise wastes and high contents of Hg, Ni, As, Cu. The probability of bottom
sediments toxicity of both rivers is estimated at 5-30 % and it is due to the content of Zn, Pb and Cd. The mean effect range median (M-ERM-Q)
shows the total toxicity of bottom sediments of the Chibitka and the Yarly-Amry Rivers, and varies from 21 to 76 % depending on the distance
from Aktash Mining and Metallurgical Enterprise wastes. Bottom sediments of the Chibitka River near Aktash village is also highly toxic; the
probability of toxicity decreases to moderate (21 %) only 9,2 km from the Yarly-Amry River mouth. The key factor of bottom sediments and river
waters pollution is the Kurai mercury zone high natural geochemical background with accompanying ore mineralization and technogenic
anomalies formed as a result of the Aktash Mining and Metallurgical Enterprise activity. The change in environmental state and quality of water
bodies (mainly bottom sediments) is selectively determined by geochemical specifics of the area and depends on the content of Hg and, to a
lesser extent, As, Cu, Ni, Se, Sh. The obtained results are important for assessing the environmental state of the Gorny Altai tourist region. Al-
so, they make it possible to carry out a comparative analysis of environmental conditions with other world mercury zones in order to identify the
features of pollution and migration of potentially toxic elements.

Key words:
Kurai mercury zone, Aktash mercury mine, dispersion train, river waters, bottom sediments, pollution, mercury, potentially toxic elements.
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AxkmyanbHocmb. VccredogaHue 060CHOB8aHO UenecoobpasHocmbio pa3pabomku mexHonoauu nepepabomku akmusupo8aHHbIX LUPKO-
HOBbIX KOHUEHMPamos ¢ nosydeHuem 6addeieumogoeo KoHUeHmpama, ucnosb3yemoe0 O1si U320moesieHus 8bIcokomemnepamypHoU
KepaMuKU, U C 803MOXHOCMbI0 Pe2eHepayuu OCHOBHO20 peazeHma. [pu amom nonydaembli OUOKCUO KPEMHUS 8 Kayecmee NoBOYHO20
npodykma mMoxem bbimb UChob308aH 01151 U320mossieHus usdenull U3 cunukamHol Kepamuku.

Lenb: onpedenums makcuManbHylo cmeneHb 06eCKPEMHUBAHUS akmugUPOBaHHO20 UUPKOHOB020 KOHUEHmMpama 600HbIM Pacmeopom
2udpodughmopuda aMMOHUSI ¢ nonmyyeHueM 6addeneumogoeo KoHUeHmpama, npednoxums cxemy nepepabomku akmusupos8aHHO20
UUPKOHOB020 KOHUEHmpama ¢ nonydeHuem 6addeneumosoeo KoHueHmpama u duokcuda KpeMHuUs!.

06BekmbI: pacmeop 2udpodudmopuda aMMOHUS, MePMOaKMUBLPO8aHHb I UUPKOHO8bIL KOHUeHmpam, 800HbI pacmeop aMMuaka.
Memodbi1:  aKkcnepumeHmarnbHble UCCie008aHUs, PEHMREHOMIMIOOPUCUEHMHBIL  aHanu3, peHmeaeHoasosblli aHanus, amomHoO-
3MUCCUOHHas CNEKMPOCKONUSI, UHGDPaKPacHasi CNeKMpPOCKONUSI.

Pe3ynbmambl1. OnpedenieHb! ycriosusi CENekmusHo20 ydaneHusi KDeMHUS U3 akmusUpo8aHHO20 YUPKOHO8020 KOHUEeHmpama ¢ nomyye-
Huem 6addeneumosozo KoHUeHmpama 8 kayecmee uenego2o npodykma u duokcuda KpeMHUs 8 kayecmee nonymHo2o npodykma. Briu-
AHUE KOHUeHmpayuu udpoduchmopuda aMMOHUS 8 8biueTayusarouem pacmeope Ha cmeneHb 006ecKPEMHUBaHUS akmusupO8aHHO20
UUPKOHOB020 KOHUEHMpama HesHaqyumenbHo. OnmumarbHbie ycrnosus nposedeHus ebiuenadusaHus credyroujue: KoHueHmpayus pac-
meopa NHsHF2 — 30 %, npodomxumensHocms — 60 muHym, memnepamypa — 90 °C; coomHoweHue meepdoeo K xudkomy — 1:5. lpu
OaHHbIx ycrnosusix 6onee 97 % kpemHusi nepexodum e pacmeop. B npouecce 8biuenaqugaHuss QUOKCUO YUPKOHUS YacmuyHO peagupyem
C 8bILWEIaYUBAIOWUM PeaceHMoM ¢ 0bpa3osaHueM eenmapmopoyupKkoHama aMMOHUS, Xapakmepusyemoeo bonee HU3KOL pacmeopu-
MOCMBI0 8 Pacmeope 8 CPaBHEHUU ¢ hmopudamu aMMOHUSI U 2eKkcaghmopocuiukamom amMmoHust. locredyrowuli 0bxue no3gonsem ne-
pegecmu 2enmagmopoyupkoHam 0bpamHo 8 duokcud yupkoHus. omyyaembiil pacmeop aekcaghmopocunukama aMMOHUS UCNOMb3yemcest
0ns nofyyeHuss amopghHo20 OuokKcuda KpeMHus U pacmeopa (hmopuda aMMOHUS, CrTyxale20 ChipbeM 8 NPOUEcce peceHepayuu ebluiena-
yusarowe2o pacmeopa ¢ NOBMOPHbIM €20 LChorb30saHueM 011 nepepabomku Hogol napmuu cbipbsi. Mo pesynmamam pabom npednoxe-
Ha mexHooauyeckas cxema nosmydeHusi 6addesieumosoeo KoHueHmpama. Cxema Xxapakmepu3yemcsi omcymcmeauem omxo0os.

Knroyesnie cnosa:
Tudpodughmopud aMMOHUST, aKMUBLPOBaHHBIL UPKOHOBKIU KOHUeHmpam,
6ad0eneumognIti KoHUEeHmpam, HuU3KomemnepamypHoe 06eCKpemMHUsaHue.

PUIIATENBHO CKA3BIBACTCS HA PEHTA0ENBHOCTH IPOEKTOB
— He BCs MOTEHIMANbHAS MPOIYKIMS B TMOMHOM 00beMe
MOKeET OBITh peaTn30BaHa Ha BHYTPEHHEM WM HA BHEII-
HHX pbIHKaxX. BeIMyckaeMblid B cTpaHe OajieieHTOBBIA
KoHueHTpar (Zr0,) sBiseTcs YHUKAILHBIM BRICOKOKAUe-
CTBEHHBIM LMPKOHHUEBBIM CHIPBEM M NPAKTUYECKH MOJ-

BeepeHue

Cormacho  CTpaternu  pa3BUTHS  MHHEpAIbHO-
ceipbeBoit 0a3bl Poccuiickoit denepanin 1o 2035 roga,
onpezenenHoi [IpaBurensctBom P® or 22.12.2018
Ne 2914-p, uupKoHHHA OTHOCHTCS K TpyIIe JeQHUIUTHBIX
MOJIE3HBIX HCKOMACMBIX, BHYTPEHHEe MOTPEONEHUE KOTO- oo SKCTIOPTHPYeTCs. BaieNenToBbIil KOHLEHTpaT
PBIX B 3HAYUTENBHON CTEHEHH O6eCHCqI/IB%eTC$I BBIHYK-  oousBOANTCA TONBKO B POCCHHM; OCTATBHBIE CTPAHI
JeHHbIM UMIOpTOM. Kpome Toro, upKoHUH OTHOCHTCS K (Asctpamus, IOAP, CIIIA, Mosambux, Ceneran, Wrio-
OIIHOMY H3 BHJIOB CTPATETHYECKOrO MHHEDATBHOTO Chl-  penyg i 1o} BEIMYCKAIOT MPEHMYIIECTBEHHO MHPKOHO-
pbsl, TiepeteHh KOTOPhIX YTBEPIKICH DPAaCTOPIKEHHEM  pyre wopmentparsl (ZrSiOy).

lpasurenscrsa PO ot 16.01.1996 Ne 50-p. . OTeYecTBEHHbIE NPEANPHUATHS HCTIOIb3YKOT MMIIOPT-
Poccus pacrionaraet KpynHoif chIpbeBOif 0a30ff, 10~ yyit yupKkoHOBBI KOHLEHTpAT I MPOM3BOACTBA Me-
CTATOUHOI A1 O0CCIIUCHHs BHYTPEHHUX MOTPEOHOCTEH 1oy myuecioro mupkoHHst (B T. U, sLICPHOI YHCTOTEL), €T0

CTpaHbl B MUPKOHHUEBOM CBIPLE. OreuecTBEHHBIE MECTO- CIUTaBOB W M3JeIUi n3 HuX. 1o BBIIYCKY IMPKOHUEBOIO

POKCHIA LIHPKOHHS ABIAIOTCH B OCHOBHOM KOMIUICKC  nnokara cTpana SBISETCS OHUM M3 MHDOBBIX JTHIEPOB,
HBIMH, 4TO OCIOKHSACT NPOLECC NEPepabOTKH PYA 1 0T (Geceunas OkoMO IATOH ACTH PHIHKA.
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Meranmyecknii TMPKOHUN M CIIAaBbI HA €T0 OCHOBE, &
TaKkKe TUOKCU] IUPKOHHS SBIAIOTCSA HauOoyee BOoCTpeOo-
BaHHBIMH ITHPKOHMICOAEPKAIIIME TIPOTYKTAMH Ha MHPO-
BOM phIHKe. Tak, cormacHo [1], 3a mepuoz ¢ 2010 mo 2020
IT. CTOMMOCTb MPEMHUAIEHBIX aBCTPATHACKHX IIAPKOHOBBIX
KOHIIGHTPATOB BbIpocaa moutu B 1,5 pasa (¢ 965 no 1385
$ 3a TOHHY), IPU 3TOM CTOMMOCTH 0O[IIEIEUTOBOrO KOH-
IIEHTpaTa BRIPOCIa mouTH B 2,5 pasa (¢ 2262 o 5491 §$ 3a
TOHHY), YTO CBHJETENBCTBYET O POCTE MOTPEOHOCTEH B
BBICOKOKAYECTBEHHOM IIUPKOHUEBOM ChHIPbE.

B cBs3u ¢ 0003HAYCHHBIMI JKOHOMUYECKUMH TEH-
JCHIMAMI BOMPOC pa3pabOTKH OE30TXOMHOTO CIocoba
TONMy4YeHHS 0aIIeTeNTOBBIX KOHIICHTPATOB U3 IUPKOHO-
BBIX KOHIICHTPATOB CTAHOBHUTCS aKTyaTbHBIM.

JIMOKCH 1IMPKOHHS HMEET TEeMIEepaTypy ILTABIICHHS
okosio 2700 °C, xapakTepu3yercs psaoM CBOKCTB (Hampu-
Mep, BBICOKAS TEPMUIECKAst CTOMKOCTE), KOTOPBIE AENAr0T
JaHHBIA MaTepHan BOCTPeOOBAHHBIM B MPOWM3BOACTBE Ke-
pammueckux m3nenuit. [Ipu temmeparype 1000-1100 °C
JIMOKCH]] IIMPKOHUS TpeTepIeBacT 00paTuMoe M3MEHEHHE
KPUCTAILTUIECKOHA CTPYKTYpBI, COMPOBOXKIAIONIEECS H3Me-
HeHneM B 00beme Ha 3—4 %, 4To PUBOIUT K pa3pyLICHAIO
u3eNuid 13 Hero. s mpefoTBpalleHus MepeKprCTalIy-
3alMH B JUOKCH] IMPKOHHS BBOIAT CTAOMIM3UPYIOLIKE
nobasku (oxcuasl Kansuusd, P32 u np.) [2].

WcXomHBIM MHHEpaJOM, HCTIONB3YEMBIM [N TIpo-
MBIIIICHHOTO TOMYYEHHs JUOKCH/IA IPKOHHUS, SBISETCS
mpkoH (ZrSi0O,). OnHa u3 ero 0cobeHHOCTEH 3aKITH0Ya-
€TCS B €r0 JUCCONMAIMM TIPH HATPEBAHHH 1O BBICOKHX
temmepatyp (oxono 1800 °C), mpu 3TOM Tpolecc HOCUT
oOparuMbIi Xapakrep [3].

ZrSi0,52r0,+Si0,.

C y4eToM IepeyrcIeHHbIX BBILIE MPOLECCOB 3aMelle-
HUe OajjienenTa UPKOHOM HEBO3MOKHO, B CBSI3U C YEM
CTAHOBHUTCS aKTyaJIbHBIM BOIpOC MOTyYeHUs Oanmeneu-
TOBBIX KOHIIEHTPaTOB IyTeM MAaKCUMAIbHOIO yHaJeHHS
JUOKCH/IA KPEMHHUS.

B npompImneHHOCTH BHEAPEH METOX 00ECKpEMHIBA-
HUS AKTUBUPOBAHHOTO [IUPKOHOBOTO KOHIIEHTPATA MyTEM
ero obpabotku 50 % pactBopom menoun mpu 120 °C ¢
NOJYYEHHEM COOTBETCTBYIOLIEro cuiukara. llomyyae-
MBI OCTATOK IMOKCHIA IUPKOHHS OT(UIBTPOBEIBAIOT Ha
neHTpudyre M3-3a BA3KOCTH PAacTBOpPA, a CHIHUKAT IIe-
JIOYHOTO MeTallIa YTHIN3UPYETCs Kak MoOOYHEI ToBap-
Helii poxaykt [4]. HemoctaTok mpuBeneHHOro crmocoba
COCTOUT B HEOOXOAMMOCTH PEeANM3alUy CHIIMKATa HATPHUS
Ha PHIHKE U HEOOXOAMMOCTH EPMaHEHTHON 3aKyIKH HO-
BBIX MAPTUH IIENIOYH WM OPraHU3aIliH JIOTIONHUTETBHO-
r0 XUMHYECKOTO TIPOU3BOJCTBA C MOCTOSHHOW 3aKYMKON
ChIpbst. JaHHBEI BOMPOC MOXKET OBITH PELICH IMyTeM
BHEZIPEHHST 0e30TXOJHOTO crocoba 00eCKPEMHUBAHUS €
pereHepanyeil OCHOBHOTO PEareHTa W €ro IMOBTOPHBIM
HCIIOJIB30BAHIEM B OCHOBHOM TIpOIIECCE.

O030p IUTEPaTYPHBIX JAHHBIX TIOKA3aJ, YTO (hTOPH/IBI
AMMOHHS MOTYT OBITh PACCMOTPEHBI B KAYECTBE PENICHHS
TIIOCTaBIEHHON 3a/1auyl BBUIY MX BBICOKOM PeaKLHOHHON
CIIOCOOHOCTH 110 OTHOIIEHUIO K AMOKCUIy KpemHus. Ha
IpuMepax Kak MHHEpanoB (TaHTanut [5], mateput [6],
MoHatuT [7], cogymen [8], Tpunutut [9, 10], uupkon
[11-15], unbMenur [16, 17], Tutranomarnerut [18, 19] u
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Ip.), TaK ¥ YHUCTBIX OKCUIOB (AuoKcun mwiyToHus [20],
auokcun Topust [21] m mp.) ycTaHOBIEHa BO3MOXKHOCTh
TPUMEHEHHS paciiaBa GTOPHI0B aMMOHHS KaK peareHra
IS TIepepaloTKy Hanboiee XUMHYECKH CTOMKHX KHCIIO-
POJICOAEpKAIMX COEMHEHUN 3IEMEHTOB. J[aHHBIE pac-
IUIABBI XAPaKTEPU3YIOTCS BBICOKOW XMMHYECKOM aKTHB-
HOCTBIO U, B COYCTAHUH C OJHOBPEMEHHEIM H3MEIbUCHH-
€M PEaKIMOHHOW cMecH [22], MO3BOJSAIOT TOCTUTaTh BHI-
COKOM CTETIeH! KOHBEPCUH HIEMEHTOB.

Hapsiny ¢ 3TuM CTOMT OTMETUTH BO3MOXHOCTH TIPH-
MEHEHHSI BOIHBIX PAcTBOPOB (DTOPHAOB aMMOHHS, Tak
KaK 3TH PacTBOPHI 001a/1at0T OoJiee HU3KOH BSI3KOCTBIO U
BCJIEZICTBHE 3TOTO CHOCOOCTBYIOT 0Ooliee BBICOKOHM Mu()-
(y3uK MOHOB B CpaBHEHHH C paciiaBoM. OTHOBPEMEHHO
C OTHM BOJHBIC PACTBOPHI MOXKHO HCIIOJNB30BATH MPH 00-
nee Hu3kux Temmeparypax (menee 100 °C). Taxxe 3a
CUCT pA3MMYHOM PACTBOPUMOCTH  (TOPAMMOHHHHBIX
KOMILIEKCHBIX COEHHEHHH MOXKHO ITOOHWTBCS OIHOBpE-
MEHHOTO Pa3/eICHUS ONMPEIEICHHBIX MEMEHTOB. B cBA3M
¢ 3TUM ObLIa MpeyIoKeHa anpodaIys BOJHOTO 00eCKpeM-
HUBAHMS aKTUBUPOBAHHOTO IMPKOHOBOTO KOHIIEHTPATA C
TeJTBI0 MEHAMH3AIINH COJCPKAHNS B HEM KPEMHIISL.

MeToauka akcnepumeHTa

JUis TpOBENeHMs WCCIENOBaHUN ObLT  KCIIOJIB30BaH
IUPKOHOBBIl KOHLEHTPAT, MOTYYEHHBI B pe3yibTare
TEPMUUECKON aKTHBALMH, BKII0YArOIIEH B ce0st 00paboTKy
B BO3/yIIHO!N BBICOKOYACTOTHON MHIYKIMOHHOH Ia3zMe.
Vcnoust 06paboOTKH MPECTaBIeHsI B ImyOmukammn [23].

BrmmenaunBanyue TmpuMecel W3 aKTHBHPOBAHHOTO
IIUPKOHOBOTO KOHI[EHTpAaTa OCYILECTBISIOCH ClIERyIo-
M 00pa3zoM: 25 T aKTMBUPOBAHHOTO B IUTa3Me HUPKO-
HOBOTO KOHIICHTpaTa CMEMIMBATK C PAacTBOPOM THUIpPO-
mupTopuoa aMMOHMS B  MAacCOBOM  COOTHOIICHHH
T:X=1:5. B xXome OJKCIEpUMEHTOB TpH TIOCTOSHHOM
HarpeBaHuy (TeMIepaTypa HaxoAunach B auanaszone 80—
90 °C) u mepeMeIIMBaHUH ONPEACIANACh 3aBUCHMOCTh
CTeTeHH O0ECKPEMHHMBAHIS OT KOHIICHTPAINH THAPO-
auTOpUIa aMMOHHS B PACTBOPE ¥ OT BPEMEHH.

B xone mpomecca mpoucxoouT peakmus 00pa3oBaHus
rekcaTOpOCHIIMKaTa aMMOHHMS, MEpPEXOIAlIero B pac-
tBOp. [locnenytomeii ¢unbTpanueir TpoBOAUIOCH OT/Ie-
JICHHE TBEPJOTO OCTaTKa OT PacTBOpa (pTOPAMMOHUIHHBIX
KOMIUICKCHBIX ~ COCOMHCHHH TPUMECHBIX 3JIEMEHTOB.
Omnpezenexue CTENEHN yAANCHUS NpUMeceil COCTOMIO B
BBIYHCIICHUH COJIEPKAHUS 3EMEHTa B 00pasiax 10 U mo-
Clle COOTBETCTBYIOLIErO 3KCIepuMeHTa. Pacuer mposo-
JWIICS TIO CIeyIomeH GopMyIe:

o= (ngq. - m%l—req.
M2,
C}?z{l‘q.'mﬁg:u.._Cl?cj)lﬂeq.'mﬁg}‘?e.u.
= ( ) 100 %,

3,06
CHa‘i. mHa‘i.

)-100%=

TZI€ 0 — CTCNICHb YHANCHHUS JIEMEHTA, Y0, Migyeq. — MACCA
alieMeHTa B 00pasiie mocie KCIePUMEHTa; M), — Macca
aieMeHTa B 00pasie 10 dKcrepuMenta; Ca, — KOHICH-
Tpamus dMeMEHTa B mpo0e 10 JKCIEPUMEHTa; Codyey —
KOHIICHTPAIMS 3IEMEHTa B MPo0Oe IMOCie IKCIEPUMEHTA;

o, o,
Mooy, — Macca 00pasia Mocie SKCTIEPUMEHT; Mgy —

Macca o0pasiia 1o IKCIIepUMEHTA.
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Macca 00pasioB ompeaeNsiiach Ha aHATHTHYECKUX
Becax (Becol ananmurnyeckue AND GR-200).

KoHmenTparus 51eMeHTOB ONpeneNnsiach ¢ HCIOJb-
30BaHUEM PEHTTCHO(IYOPECEHTHOTO (peHTreHOdIIyo-
PECLEHTHBII 3HeproaucnepcHoHHsli crextpomerp ARL
Quant’X) u aTOMHO-DMHCCHOHHOTO aHanW3a (aTOMHO-
AMUCCHOHHBIH CIEKTPOMETP C HMHIYKTHBHO CBS3aHHOM
mwia3moit iICAP 6000 Series). Iy aTOMHO-3MHCCHOHHOTO
aHanmm3a npoOBl MPeBAPHTENBHO MEPEBOAIIIICH B pac-
TBOPUMYIO (POPMY B T€()IOHOBBIX aBTOKJIABAX C HCIIOJNb-
30BAHHEM MHKPOBOIHOBOH CHCTEMBI PA3JIOXEHHs Mpod
(MARS 6).

Pacuer comepxaHus OKCHIOB AIEMEHTOB B 00pa3max
TIPOBOJIMJICS T10 Cienyromel hopmyie:

(L)oxcl/l;( = (mBIIEMeHT'MUKCHA)’

N'Ms pement

TIE Wogeny — A0S OKCHIA dIemeHTa B obpasue, %;
Ospemenr — MO DIIEMEHTA B 00pasie, OmpeNencHHas B
X0Jle JIEMEHTHOro aHamus3a, %; Moge, — MonApHas
Macca OKCHJA JJIeMEeHTa, a.6.M.; M, evenr — ATOMHAS
Macca JJeMeHTa, a.e.M.; N — KOJIMYECTBO aTOMOB dlie-
MEHTa B OKCHUJIE.

Kpucramrimaeckyio cTpykTypy 00pasIoB HCcae0Bal
METOIOM peHTreHoBCcKo# mudpakimu (Shimadzu XRD-
7000S) B xoH(urypanuu bparra—bpeHTano ¢ UCHoNbB30-
BanueM Cu-Kal-u3nyuenus npu 40 kB u 30 MA. dazo-
BEIIl COCTaB 0OpAa3lOB OMPENEISUIN C MOMOMIBI0 IIPO-
rpammel PDF-2.

Omnpenenenne KauecTBEHHOTO COCTaBa HCXOJHOTO
CBHIPBS M TPOYKTOB MPOBOJHUIOCH METOIOM HH(ppaKpac-
HOIl CIIEKTPOCKONHH ¢ MOMOIIbI0 Dyphe-crekTpoMerpa
NICOLET 6700 Thermo Electron Corporation. Jns u3-
Mepennii B o6nacti 4000-400 ¢ 06pasisl GbUId TpH-
TOTOBIIEHBI IPECCOBAHUEM CMECH HMCCIIeyeMoro o0pasia
1 Opomuna kanus B Tabnetku. COOTHOIIEHHE MEXTy 00-
pasuom u KBr cocrasmsio 1:300.
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PesynbTathl U UX 06CyXAeHNEe

ONeMEeHTHBIH COCTaB aKTHBHPOBAHHOTO LUPKOHA U CO-
CTaB B TiepecueTe Ha OKCUIBI MPEJICTaBICHBI B Tabm. 1, 2
COOTBETCTBEHHO. CTOUT OTMETHTD, YTO B TIPOYHE TOMYT-
Hble TIPUMECH BXOJAT COCJAMHEHUS PA3MUYHBIX DJIEMEH-
TOB, B TOM YHCIE PEIKHX W PEIKO3EMENbHBIX (UTTPHiA

U J1p.).

Taﬁﬂuua 1. Cocmas AKMUBUPOBAHHOCO UYUPKOHOB02O0 KOH-

yenmpama

Tablel.  Composition of the zircon concentrate after ac-
tivation

Kowmmonent/Component Zr Si Al Hf

Copnepskanue/Content, % 54,60 9,18 2,58 1,06

Taonuya 2. Cocmas axmuupo8aHHO20 YUPKOHOBO20 KOH-
yenmpama 6 nepecieme Ha OKCUObL

Composition of the zircon concentrate after ac-
tivation in terms of oxides

Table 2.

KommonenT
Component

IIpoune npumecu

210, Other impurities

SiO; | AlLO; | HfO,

CopnepxxaHue

Content, % 73,80

19,67 | 4,87 | 1,25 0,41

Io pesynmbTatam pentreHodasoBoro axammsa (puc. 1)
YCTaHOBIICHO, YTO TIOCNE TEPMUYCCKOW AaKTHBAIMH B
IUTa3Me KPUCTAUIMYECKAs COCTABIAIONAA ITMPKOHOBOTO
KOHIIEHTpaTa IPeACTaBIseT coboil Oannenent ¢ HeOomb-
IIMMH IPUMECSIMH IIUPKOHA, KOTOPBIi HE Pa3lokKUICA HA
COCTABIISIONINE OKCHIIBI B TPOIIECCE BHICOKOTEMIIEPATY -
HOW aKTHBAIMH B BO3/AYIIHOIN BBICOKOYACTOTHOH TIa3Me.
KpemHueBas cocTapisromas Ha peHTTEHOTpaMMe He OT-
MeueHa, 4TO COTJIacyeTcsi C ONMUCAHHBIM B [2] dakToM 00
aMOp(HOCTH TMOKCHIA KpeMHHs (KpemHe3éMa), obpasy-
FOIIEroCs TIPH TEPMUYECKOH TUCCOIUAINK IUPKOHA.

CoeviHeHNS ATIOMUHHS M JIPYTUX KOMIIOHEHTOB HE
UIECHTAQUITMPOBAHBI.

70 80 20

Puc. 1. Penmeenozpamma ucxoo0Ho20 akmueuposanHo20 yupkonoeoz2o kouyenmpama: 1 — ZrO, (6aodeneum); 2 — ZrSiO,

(yupron)

Fig. 1. XRD of the initial zircon concentrate after activation: 1 — ZrO, (baddeleyite); 2 — ZrSiO, (zircon)
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Ha UK-cmexktpe MCXOMHOTO AKTHBHPOBAHHOTO IHUp-
KOHa (pUC. 2) CTOWT BBICIUTH XaPaKTEPHBIC ITOJIOCHI

OTH. e THHHIIBI

4000 3000 2000

Bomnoroe uncno, eyl

1120, 798 1 469 cM ", KOTOpBIC TAKKe IPEICTABICHBI Ha
crekrpe grcroro amopduoro SiO, (puc. 3).

984 7106

11203
169,1

1000

Puc. 2. UK-cnekmp ucxo0H020 aKmueupo8aHHO20 YUPKOHOBO20 KOHYEHMPama
Fig. 2. IR spectrum of the initial zircon concentrate after activation

OTH. eJHHHIBL

4000 3000 2000
BomHoBoE uHCTO, Mt
Puc. 3. UK-cnexmp ouoxcuoa Kpemuus

Fig. 3. IR spectrum of silicon dioxide

[To pesysbTaTam SKCIEPUMEHTOB YCTaHOBIEHO (puc. 4),
9TO ONTUMAJBHEI PE3YNBTAT 110 BHIIETAUNBAHIIO KPEM-
HUA Jocturaercs npu ucnons3oBaHuun 30 % pactBopa
rugpoaudropuna ammonus (I'JOA) u mponomKuTeTbHO-
cru mpouecca 1 4. Ilpu yBenuueHMHm KOHLEHTpaLMU
['JI®A v mpomoKUTENFHOCTH Tpoliecca CTeneHb obec-
KpEMHUBAHHUS CHIDKaercs. JIaHHBIA 3 QekT cBA3aH ¢ HC-

98
96
94

92

Bpems BbiwenaunsaHusa, %

88
30 60 90 120

Bpems BbllenaunBaHua, MUHYTbI

150 180

90 @ e L @

508.1

1738

11087

1000

NAPEHUEM BOJbI U, CJIEOBATEIbHO, [EPECHILIEHUEM pac-
TBOpA, M MEPEXOJIOM TeKcadTOpOCHINKATa AMMOHHS W3
KUIKOH (asel B TBepayto. Mcmonb3oBaHue pacTBOPOB
'I®A c xonnentparmmei 10 u 20 % mo3Bonser n0cTHYb
OTIPE/ICTICHHON CTeNeHH OOECKPEMHMBAHUSA, MPH 3TOM C
YBEITMYEHHEM MPOJOIDKUTENBHOCTH IIPOLIEcca CTENeHb Ie-
pexojia KpeMHHUs B PaCTBOP OCTAaeTCs Ha MPEKHEM YPOBHE.

® 10 % pactsop IPA
20 % pactBop IAPA
30 % pactBop IAPA
40 % pactsop IAPA
240

210 270

Puc. 4. 3asucumocmo cmenenu 06€CKp€MHu6aHufl om npo@ozl:»cumeﬂbﬁocmu npoyecca
Fig. 4. Dependence of the desiliconization degree on the duration of the process
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Puc. 5. Penmeenozpamma 0beckpeMHenH020 yupkonogo2o konyenmpama: 1 — ZrO, (6addereum); 2 — (NH,)3ZrF;
Fig. 5. XRD of the zircon concentrate after desiliconization: 1 — ZrO, (baddeleyite); 2 — (NH,)sZrF

PentrenodasoBbiii aHaMM3 MPOIYKTA BBIIETAYHBAHUSI
(puc. 5) mokazain, 4To TMOKCUI IIMPKOHUS YACTUIHO HPOpe-
arupoBay ¢ 00pa3oBaHUEM renTadTOPIMPKOHATa AMMOHKA.
Hapsizty ¢ 3THM CTOMT OTMETHTH OTCYTCTBHE KpHCTAILIAYE-
ckoit (haswl rexcadropocumkara ammonus. [locnemnyromast
TEPMOTPaBUMETPHS. OOECKPEMHEHHHOTO aKTHBHPOBAHHOTO
KOHIIEHTpaTa B TOKe BO3dyxa (puc. 6) 3aguKkcupoBana
yObuTE Macchl B 20,32 %, UTO CBA32HO C Pa3NoKEeHHEM Tell-
TadTOPOIMpPKOHATA aMMOHHSA JI0 JTMOKCHA ITUPKOHUS, 00-
pasoBaHHE KOTOPOTO CBS3aHO C B3aMMOJCHCTBHEM (TOpCO-
JIePIKAIIX COSTMHEHNH IUPKOHKS C TIApaMHU BOJIBI BO3IYXA.

(N H4)3ZrF7—?(N H4)zsz6—?N H4ZI’F5—>ZrF4—>ZI’OQ.

JlaHHas omepauus NPUBOJUT K CHIDKEHMIO MOJH
¢ropunos B cucremMe. OZHOBPEMEHHO € 3TUM YAAeTCs
OCYILECTBUTH 0oJee TOIHYI0 PEreHepalnio pacTBOpa
ruapoaudToprAa aMMOHHS. M3 MOMydeHHBIX pe3ynbTa-
TOB CJIE/[YET, 4TO B MPOIIECCE BHINIETAYNBAHN KPEMHUS
B PEAKIHUI0 Takxke BcTymaeT He MeHee 30 % muokcuna
IUPKOHUSA ¢ 00Opa3oBaHMeM renTadopolUpKOHATA aM-
mounst ((NHy)3ZrF;), kotopsiit He IepexoauT B pacTBop,
YTO CBA3aHO C HM3KOH PACTBOPHMOCTBIO NAaHHOTO CO-
eIVHEHHs B YCIOBUAX IIpollecca B CPaBHEHHH C IeKca-
(TOpOCHIHKATOM aMMOHHS M THAPOAUPTOPUIOM aM-
MOHHUA.

161.32°C
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107 = = 21827°C
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K
95 245.39°C
94.98%
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9 90 92.67% _QQ.BOA
@ y
387.41°C
: : 480.68°C
85 87.29% ﬁ"ffsg""
T
g 601.37°C. . -
80.52% 681.38°C 978.36°C
79.75% 79.69%
75 : . ‘ ‘
0 200 400 600 800 1000

Temnepatypa (°C)

Puc. 6. Tepmocpamma 0becKpeMHEHHO20 YUPKOHOBO20 KOHYEHMPAmMa
Fig. 6. Thermogravimetric curve of the zircon concentrate after desiliconization

OJIeMEHTHBIHA COCTaB IPOJYKTA U COCTaB B LIEPECUETE
Ha OKCHJIbI PEJICTABIEHBI B Ta0J. 3, 4 COOTBETCTBEHHO.

Tabnuya 3. Cocmas 6addeneuno802o KoHyeHmpama
Table3.  Composition of the baddeleyite concentrate

Tabnuya 4. Cocmas 6addeneumosoco KOHYeHmpama 6 ne-
pecueme HA OKCUObL

Kommonent/Component Zr Si Al HfO,

Copepxanune/Content, % 66,24 0,26 2,51 1,25

Table 4.  Composition of the baddeleyite concentrate in
terms of oxides

KommoHenT . IIpoune npumecu

Component Z10; | Si0z | AlLOs |HIO, Other impurities

Conepxanue

Content, % 89,53 | 0,56 4,74 | 1,48 3,69
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OCHOBHOM KPUCTAIIMUECKOH CTPYKTYpOil B MOIydYEH-
HOM TpPOAYKTE SBISAETCS JHOKCHI LHUPKOHUA B (opme
6amnenenta (puc. 7).

CrouT OTMETUTH, YTO COCTAB JAHHOIO HPOIYKTa CO-
OTBETCTBYET COCTaBY ChIpbSl (KaK IO Makpo-, Tak M MO
MHUKpPOKOMIIOHEHTaM), KOTOPOE HpPHMEHSETCS B IPOM3-
BOJCTBE KEPAMUUYECKHX U3JENHH U3 JUOKCHA LIMPKOHUS.

Ha mnpencraBnennom UK-cmektpe momyuenHoro
0a11enenToBOro KOHIEHTpaTa MOCIe MPOKATUBAHUS TPH
700 °C (puc. 8), B CpaBHEHHHU CO CHEKTPAMU HCXOIHOTO
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AKTHBHPOBAHHOTO [IUPKOHOBOTO KOHIICHTPATA U JTHOKCH-
Ja kpeMHHS (puc. 2, 3, COOTBETCTBEHHO), CTOMT OTMETHTh
otcyrctBue nuHui Ha 1120, 798 u 469 oM XapakTep-
Hex 1 Si0,. JaHHbI (BakT cormacyercs ¢ pe3yabTara-
MU 3JIEMEHTHOTO aHATN3a M CBUJICTENBCTBYET O TONMyYe-
HUU 00ECKPEMHEHHOTO TIPOTYKTA.

[lo pesynsraTam pabOT NpPEANOKEHA TEXHONOTHYE-
CKas cXeMma IONMydeHHs Oa//eNeuTOBOIO KOHIICHTpATa,
OCHOBaHHAs Ha OOCCKPEMHHBAHWH TEPMUUCCKH AKTHBH-
POBAHHOTO [IMPKOHOBOTO KOHIEHTpaTa (puc. 9).
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Vrom 20, rpagveer

Puc. 7. Penmeenocpamma 6adoeneumosoo konyenmpama: 1 — ZrO, (6addeneum); 2 — ZrSiO, (yupron)
Fig. 7. XRD of the baddeleyite concentrate: 1 — ZrO, (baddeleyite); 2 — ZrSiO, (zircon)

OTH. eTHHHIBI

4000 3000

762.6
590,0

5387

2000 1000

BoneoBoe HeT0, cnr!

Puc. 8. UK-cnexmp 6addeneumosozo konyenmpama nocie npoxanusanusi npu 700 °C
Fig. 8. IR spectrum of the baddeleyite concentrate after calcination at 700 °C
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AKmu6euposannvlii YupKoH oGl
KOHYenmpam

PactBop NH,HF,

4% BelesiaunBanue KpeMHUs ‘

Puc. 9. Cxema nonyuenuss 6a00eneumogoco KOHYEeHmMpama
Fig. 9. Scheme of the baddeleyite concentrate production

3aknroyeHue

[lo pesyxnbraraM paboT yJanoch JOCTHYh BBICOKOH
CTENEeHN 00ECKPEMHHMBAHHS IMPKOHOBOTO KOHIICHTpATa
(6omee 97 %). Ilpu 3TOM OTMEYEHO pearupoBaHHe IHOK-
CHIa IMPKOHA ¢ 00pa3OBaHMEM TeNTadTopOIMpKOHATA
AMMOHHS, TEePeXo] KOTOPOTO B PAcTBOP MHHHMAJIEH
BBUJIy €0 HU3KOH PacTBOPHUMOCTH B MPUBEICHHOM pac-
tBOpe. [locienyromuii 0OKUTr TBEPOTO OCTAaTKa MO3BO-
JISIeT TMOBBICUTh KOHIEHTPAIMI0 KOMIIOHEHTOB CBIPbS 32
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DEVELOPMENT OF A LOW-TEMPERATURE DESILICONIZATION METHOD
FOR ZIRCON CONCENTRATE AFTER ACTIVATION WITH NH4HF
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The relevance of the research is caused by the expediency of developing a technology for processing zircon concentrates to obtain a
concentrate of baddeleyite, which is used for the production of high-temperature ceramics with the possibility of regenerating the main rea-
gent. In this case, the resulting silicon dioxide as a by-product can be used for the manufacture of products from silicate ceramics.

The main aim of the research is to determine the maximum degree of desiliconization of the activated zircon concentrate with an aqueous
solution of ammonium hydrofluoride to obtain a baddeleyite concentrate; propose a scheme for processing activated zircon concentrate to
produce baddeleyite concentrate and silicon dioxide.

Objects: ammonium hydrogen fluoride solution, zircon concentrate after thermoactivation, water solution of ammonia.

Methods: experimental research, X-ray fluorescence, X-ray crystallography, atomic emission spectroscopy, infrared spectroscopy.
Results. The conditions for silicon selective removal from activated zircon concentrate with the production of baddeleyite concentrate as a
target product and silicon dioxide as a by-product are determined. The influence of ammonium hydrofluoride concentration in the leaching
solution on the degree of desiliconization of the activated zircon concentrate is insignificant. The optimal conditions for leaching are as fol-
lows: concentration of NH4HF2 solution — 30 %, duration — 60 minutes, temperature — 90 °C; the ratio of solid to liquid is 1:5. Under these
conditions, more than 97 % of silicon goes into solution. While the leaching zirconium dioxide partially reacts with the leaching agent to
form ammonium heptafiuorozirconate, which is less soluble in water than ammonium fluorides and ammonium hexafluorosilicate. Subse-
quent calcination converts ammonium heptafluorozirconate back into zirconium dioxide. The produced solution of ammonium hexafluorosil-
icate is used to obtain amorphous silicon dioxide and ammonium fluoride solution, which serves as a raw material in regeneration of the
leaching solution with its reuse for processing a new batch of raw materials. Based on the results of the work, a technological scheme for
the production of baddeleyite concentrate is proposed. The scheme is characterized by the absence of waste.

Key words:
Ammonium hydrogen fluoride, activated zircon concentrate, baddeleyite concentrate, low-temperature desiliconization.
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AxkmyanbHocmb U3yyeHusi gocmoka Tomckol obracmu, e2o0 HepacnpedeneHHo20 (hoHda Hedp onpedensiemcsi NePCNEKMUBHOCMBIO U
HedousydeHHocmbio npagobepexbs peku O6u. Hedpononb3osamerb He Xenaem mam puckogams, 20cydapcmeo moxe. Kozda dobbiya
Ha Heghmenpombicniax nesobepexbs ynadem 00 KpUMUYECKO20 YPOBHS peHmabenbHocmu, HehmsHble KOMNaHUU 8bIHyX0eHbl 6ydym
ocgausamb 80CMOYHbIe palioHbl. Yxe celiyac Ha npasobepexbe 8bisseH PO NePCNEKMUBHBIX y4acmkos O Nouckogoeo bypeHus.
Llenbto uccrnedogaHuli 260510208 U 2e0¢hU3uKo8 HeghmsaHol ompacsu 3anadHoli Cubupu, u 8 yacmHocmu Tomckol obnacmu, cmaHosum-
€5 CywecmeeHHbIl Npupocm 3anacoe U, COomeememeeHHo, npedomepaweHue CHuxeHus 006b14u Heghmu. B amom 3akmoyaemcs yenb u
Hacmosiweli pabom!.

06Bexkmom uccredosaHus sensomes mpyoHoussekaeMble 3anack! yeneeodopodos, Ons Yye2o mpebyemces peweHue HayyHol npobie-
Mbl MEOPEmUYECcKo20 U KCNEPUMEHMAIBHO20 U3Y4eHUsi mepMoOUHaMUKU U 8eUecmeeHH020 cocmaea naneo3os 3anadHol Cubupu.
Knrouesbiv 2e00uHaMuyeckum napamMmempom, onpedesnsiowum 2eomemnepamypbl U epemsi 8030elicmeus UX Ha 04aeu eeHepayuu yere-
8000podos, sensiemes menogoll nomok kpoenu ghyHdameHma. OH cryxum ocHogol 0ns 6acceliHo8020 MOOEIUPOBaHUSI NPU NOUCKax U
paseedke. [ns uccnedosaHull 8 «0OHOM KITHoye» nepcnekmug Heghmeaa3oHoCHOCMU crnaboudydeHHoU bakyapckol me3oenaduHbi u
y4acmkog npedeapumesnbHo20 npoeHo3a BocmouHo-MalidysuHckol mezasnaduHbl 8bINOIHEHbI NOCMPOEHUS U 0BWull aHanu3 Kapmel
NIOMHOCMU Mensogo20 Nomoka Kpoenu gyHdameHma eocmoka Tomckoli obnacmu.

Memods!. [ins ebinoniHeHust ModenuposaHusi npuMeHsiock opueuHansbHoe 10 « TeploDialogy. 9mom npoepamMHb Il KOMNIEKC peanusy-
em cneyuasnbHo CGhopMynuposaHHble npsMble U 0bpamHbie 3a0ayu eeomepmuu 8 ycrnosusx cedumeHmayuu. OnpedeneHue 8eTuYUHb!
NIOMHOCMU MeNI08020 NOMOoKa U3 Kpognu (hyHOaMeHma OCIIOXHAEMCS y4emoM MHOXeCmaa npoyeccos, Npoucxo0sawux Kak 8 Hedpax,
mak u Ha nogepxHocmu 3emnu. [Toamomy npu pacyemax npUMeHeH UHmezparbHbIl NoAx00, NO38ONSHOWUL y4umbigams 3mu NPOUECCh!
C NOMOW{bIO CONPSKEHHBIX CMPYKMYPHO-MEKMOHUYECKUX PEKOHCMPYKUUU. McX00HbIMU daHHbIMU 0n1si MOOEsU S8MSomcs U3MEpPeHHbIe
npu onpob0BaHUsX CKAXUH Niacmosbie memnepamypbl, @ makxe cHImbie ¢ duaspamm memnepamypHo20 epadueHma. SHayeHusi om-
paxamesnbHol cnocobHoCcmU 8UMPUHUMA U mennogu3uYeckux c8olicme 20pHbIX NOPO0 cucmemMamuyecku NononHsom 6a3y OaHHbIX
UHIT um. A.A. Tpogpumyka CO PAH aHanumuyeckumu uccredosaHusmu nod pykogodcmeom A.H. ®omura u A.[. [yukosa.
Pesynbmambl. Ha cegepo-8ocmoyHy Yacme meppumopuu Tomckol obnacmu enepeble, Ha 6ase pacyemos 59 napamempuyeckux,
ONOPHbIX U NOUCKOBO-Pa3eed0qHbIX CK8AXUH, Nod20mossieHa Kapma (8 U30MUHUSIX Yyepe3 2 MBm/M2) nmomHocmu mensiogo2o nomoka u3
0CHOBaHUs1 0cad0yHO20 pa3spe3sa. 3HayeHuUss Menio08020 NOMoKa nNomyy4eHsl No eOUHOU Xopowo anpobupogaHHOU Memoduke, OCHOBaHHOU
Ha peweHuu obpamHoli 3adayu eeomepmuu. 1o Yyacmu nocmaHosku 3adayu 8bINOHEHHOU Hay4YHOU paboms! peleHa usecmHas dons
HayyHol npobnemsl meopemuyeckoao U 3KCnepuMeHmarnbHo20 U3yYeHust mepMoOuHaMUuKu eepxHell yacmu naneosos. lNony4eHHoe duc-
KpemHoe pacnpedeneHue (no ckeaxuHam) U Kapma 3HayeHull mennosoao nomoka u3 OoPCKo20 (hyHAameHma Mo2ym CiyXumb «Kap-
KkacHoli ocHogoll» KoppekmHo20 bacceliHo8o20 ModenupogaHus y4acmka bakuapckoeo palioHa uccrnedogaHull u cnabousyyeHHo20 Kpyn-
Hoe2o palioHa BocmoyHo-IMaiidyauHckol me2agnaduHbl. dmom palioH, y4umbieas HU3KUE 3HaYEeHUS COBPEMEHHO20 MENI08020 NOMOKA,
He nepcnekmugeH no ocadoyHomy 4exny. OdHako onpedeneHus nokasamens OmMpaxeHus sUMPUHUMA Naneo3olicko2o paspesa Mo2ym
CYWeCMSBEHHO paclupums Nepcnekmugb! Heghme2azoHOCHOCMU KOPbI 8bIBEMPUBAHUS U 8EPXHUX 20PU30HMO8 Naneo3os.
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Bb1600b1. BaxHbM pesynbmamom 6ydem nocmpoeHHas Ha crnedyrowem smane eOuHasi kapma NIomHOCMU Mensiog0e0 Nomoka Kpossu
¢hyHOamerma Tomckoli obmacmu, Ha meppumopuu Komopol nomyyunu pa3gumue mpu epabeH-pupma: Kommozopcko-Ypereotickut,
Yemb-Toeimekuti u Yysukckud. 3mom ¢hakm npedcmaensiem ocobbili uHmepec u mpebyem omoenbHO20 MuamesTbHO20 PacCMOMPEHUSI.

Knroyesble crnosa:

lpupocm 3anacos YB Ha 3emnsx eocmoka Tomckol obnacmu, Kapma niiomHocmu mensioeo02o Nomoka u3 Kpoesu dJyHOameHma,
meopemu4eckoe U 3KChepuMmeHmarbHoe U3y4yeHue mepMOOUHaMUKU U 8ewecmeeHHoe0 cocmaea naleosos.

BeepeHune

3anamHas CuOuph ocTaeTcss OCHOBHOM 0a3oil Hedre-
n00brau Poccnn. Ho mpupoct 3amacoB He HpeBbIIAeT
00BEMBI MX H3BIEUCHHUS. {7 MOIIEpkKAHUS CYIIECTBY-
ToIero ypoBHsi 100bum 70 2035 T. HYy’KHO NPHPACTHTH
3amacel He MeHee yeM Ha 10 mupx 1. [Toka Pocens B 10
pa3 ObICTpee «IpOeHaeT» 3aIachl, YeM YCIeBaeT X BOC-
nONMHUTE. [10 Ta3y TeMI MCTOMIECHHS 3aIacoB 3a MOCe/-
HHE TpU roja yckopuics Basoe [1]. Axmyanshubim
Hanpaenenuem HedTenOOBIBAIOMEH OTpaciy 3amajHoH
Culupy, ¥ B 9acTHOCTH TOMCKOH 00JNACTH, CTAHOBHTCS
CYIIECTBEHHBIA TPHUPOCT 3aIacoB M, COOTBETCTBEHHO,
NPEOTBpAICHUE CHIDKEHUS 100bun HedTH. ObOcyxa-

I0TCS M PEANH3YIOTCS [Ba HAMPABJICHHS PEIICHHS STOH
TpOONEMBI — U «B TIIYOb», M «B IIUPbY.

Obvexmol «8 2y0by HHTEPECHBI TEM, YTO OHH PacIo-
JIOKEHBI B CTaphIX paifioHaX He(TenoOBYM C Pa3BUTOH
uHpacTpykTypoi (puc. 1). IT0 3eMiH pacrpocTpaHeHHs
AQYUMOBCKHX KIMHOGOopM HIOposibCckoii MeraBIiauHBI,
PE3epByapoB  CIIAHIEBBIX O0aXCHOBCKOM M TOTYPCKOMH
(bopmanmii Hroponbckoit MeraBmaauasl 1 Konroropckoro
mezonporuda. K Takum oObekTam 1o o0ycTpoicTBy MH-
(bpacTpyKTypsl MOXHO OTHECTH CJ1abOHM3yYeHHbIE HHXK-
HEFOPCKUE CBHTBHI M JIOFOPCKUH HE(TEra30HOCHBIH KOM-
wiekc YcTh-ThIMCKON MeraBmaauHbl U bakdapckoil me-
30BIA/MHbI, IEHTPAIbHOMN YacTH U 10r0-BocToka ToMcKoit
obnacTu.
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Puc. 1. Ionoscenue Konmozopcrkozo, Hioponvckoeo, Yemo-Toimckoeo, baxuapckoeo u Bocmouno-Ilatioyeunckozo paiionog
uccnedosanuii Ha meppumopuu Tomckoil obracmu u pasmeujerue MecmopotcOeHull yenee00opooos (npoexyus I ayc-
ca-Kproeepa snnuncoud Kpacosckoeo): 1 — aomunucmpamusnasn epanuya Tomckoii obnacmu; 2 — HACENEHHbII NYHKNL,
3 — peunas cems; 4 — mecmopooicoernue. Pationvl asmopckux ucciedoganuti auumosckux kiunogopm (Hroponvckuti),
pesepsyapos cranyesvlx baxceHosckou u moeypckol gopmayuii (Hioponvckuil, Koamoeopckuii), crabousyuenHvix
HudicHelopckux ceum u ooopckozo HI'K (Yemo-Toimckuii, bakuapekuil), cxemamuuecko2o Kapmuposanus 04azos ee-
nepayuu moeypckou ne@pmu (baxuapckuii), npedsapumenvno2o npocHo3a HeDMEHOCHOCMU KOPbl 8blGempPUEAHs.

(baxuapckuii u Bocmouno-Ilaiioyzunckuii)
Fig. 1.

Location of the Koltogor, Nyurol, Ust-Tym, Bakchar and East-Paidugin research regions in the Tomsk region and the

location of hydrocarbon deposits (Gauss-Kruger projection Krasovsky ellipsoid): 1 — administrative border of the
Tomsk region; 2 — settlement; 3 — river network; 4 — oil and gas field. Areas of author's studies of Achimov clinoforms
(Nyurol), reservoirs of shale Bazhenov and Togur formations (Nyurol, Koltogor), poorly studied Lower Jurassic suites
and pre-Jurassic oil and gas complex (Ust-Tym, Bakchar), schematic mapping of Togur oil generation centers (Bak-
char), preliminary forecast of oil content of the weathering crust (Bakchar and East Paidugin)

38



/3BecTis TOMCKOrO NOMUTEXHUYECKOTO YHUBEpCUTETa. MHXUHMPUHT reopecypcos. 2022. T. 333. Ne 4. 37-52
Vcaes B.W. u ap. KapTa pacnpeneneHus nnoTHOCTY TENMOBOTO NOTOKA KPOBNW PyHAAMEHTa BOCTO4HOI YacTi ToMckol obnacTu

KnurodopMmel HEOKOMa MO-MPEKHEMY HPUBICKATEb-
HBI, T. K. JUPHEPEHIUPYIOTCS MO XapaKTepy HACHIICHHUS.
Jinst pemieHnst 3TOM 3aaddl MPOBENCHBI M POBOASTCS
3HAYUTEIbHbIC HAYYHBIE HCCIIEOBAHU [2].

[To mpobneme craHieBoil HeQTH, MO PYKOBOJICTBOM
akang. A.D. KonropoBuya, moiydeHsl U OMyOJIMKOBAHbI
JKCIIEpUMEHTAIbHBIE MaTepPHANbl, CBHCTEIHCTBYIOMINE
00 YHMKAIBHBIX TEKCTYPHO-CTPYKTYPHBIX TpeoOpa3oBa-
HISIX TI0pOoJ OaXCHOBCKOM CBHTHI IIPH TeMIEpaTypax
rnyOuH r71aBHOW 30HBI HedTeoOpasoBaus. [lokasamo,
YTO Te0TEeMIEPATYphl SABISIOTCA OCHOBHBIM (DaKTOpPOM He
TOJBKO MHTEHCHBHOCTH M 00BEMOB reHepannd YB, Ho u
00pa3oBaHMsA BTOPMYHOTO IYCTOTHOTO IPOCTPAHCTBA
(«opranuueckoil mopucrocti» [3]) — «cIaHIEBOrO» pe-
3epByapa.

OOmmen3BecTHO, 4TO OaXKEHOBCKAas CBHUTAa HMEET IIO-
BCEMECTHOE pacrpocTpaHeHue B 3amagHoit Cubupu [4].
HaganpHble cyMMapHBIE T€OTOTHYECKUE PECypehl Daxe-
HOBCKO-20allaKCKOr0  He()TEra3oHOCHOTO — KOMILIEKCa
Toipko B FOrpe ouenuBaroTcs B 11 mapa T u, cinenosa-
TENbHO, TOMJNEkKAT TNPUOPUTETHOMY XO3AHCTBEHHOMY
OCBOEHHIO. Ecnmm TporHo3HO-TIOHMCKOBEIE pa3paboTku
npoekra «baxkeH» CTaHOBATCA B KaKOH-TO Mepe OTKpPHI-
THIMA JUI HAayYHOM OOIIECTBEHHOCTH, TO PE3yJbTaThl
9KCTIEPUMEHTANIBHOTO OYpEeHHUs 1 IPOMBICIIOBBIX pabOT Ha
nonuroHe «baxen», pacnonoxernaom B XMAO, He BHI-
HECEHBI Ha IMHPOKYI0 HAYYHYIO AUCKYCCHIO.

B mocnennee Bpems 3HaumTENBHOE BHEMAHHE 00pa-
maercs Ha jotopckuit HI'K. B 2017 r. mpu mopnepskke
aaMuHUCTpalmu ToMcKol obmacTu ObLT 3asBJIEH TIEPBBIH
npoekt oT OO0 «["a3npomHeTb—BoCcTOK» 0 paspadoT-
K TEXHONOTWH TMOUCKOB TPYIHOM3BICKAEMBIX 3aIacoB
(TpW3) yraeBoJopotHOTO CHIPBS M3 JOIOPCKUX OTIOXKE-
uuit Tomckoii oGmactu [5, 6]. Hexotopble urorn mccie-
JI0BaTeNbCKUX PabOT OTpakeHbl B Marepuanax Bcepoc-
cuiickoit HayuHol KoH(eperuyun. B moacexnmu 2 «Ilownc-
KW W pa3Belka He(TH U ra3ay MpUBEACH TONBKO OJIMH 10-
KJ1ajl, B KOTOPOM YCTaHOBIIEHbI H PEKOMEHI0BaHbI Te0(pH-
3UYECKHE M METPODYHU3MIECKHE XapaKTEPUCTUKU FOPCKOTO
paspes3a KaKk MPOTHOCTHYECKHE MOKa3aTeNu JUIs MOHUCKO-
BOW OIICHKM He()Tera3oHOCHOCTH JIOKOPCKOTO (Iaueo30i-
ckoro) paspesa [7]. Cepbe3Hbli OT3BIB 3TOMY HOKIaIy
JaH akajgeMukoM. A.D. KoHTopoBHYeM: «METOMKa Tpe-
Oyer mpoBepku». CrlemyeT 3aMeTHTb, Y4TO Pe3YJbTaThl,
O3BYYCHHBIC B 9TOM JOKJIAJC, 6])1.]'[1/1 NOJy4CHbl MHHUIAA~
TUBHBIMH UCCIECIOBAHHSIMA.

BeposTHo, Oyzer kK MecTy yIOMSHYTh OIEHKH y4acT-
HUKOB KOH(EepeHIMH, B CBA3U C TaK HA3bIBAEMOIl «dexap-
OoHusayueily. Ha mneHapHOM 3acefiaHudl 1. T.-M. H.
AM. BpexyHIIoB BBICKa3an 03a009€HHOCTh CBOEBPEMEH-
HBIM pacCeIeHHEM PabOTHUKOB HE(TEra30BOro KOMILICK-
ca Cypryra u HuxHeBapTOBCKa B CBSA3H C MPEACTOALINM
COKpalieHHeM W JukBuianuerd 3amagHo-CHOUpcKoro
HedTAHOrO 1HEeHTpa. B cBOI ouepenp, akageMHK
A.D. KonTopoBuu jan mporso3 MocieAcTBHH «aexap0o-
HIB3ALUW», TIOCIIEICTBIH, KOTOPBIE COM3MEPUMEI ¢ TopOa-
YEBCKOM mepecTpoikoi. Ilo3umus y4eHBIX M Teosoros
PecryOmuku TatapcTan CBOAMTCS K HHTCHCUBHOMY pas-
BUTHIO KapOOHOBBIX monuroHoB «Kap6on-IloBomkbex
KaK LeHTpa cOopa JaHHbIX, KOTOpbIE B JalbHEHIIEM MO-
TyT OBITH MHTETPUPOBAHBI B OONIYI0 MOJENH AMUCCHU U

CTOKOB TAPHUKOBBIX Ta30B [8]. B To *ke Bpems craButcs
cTpatermyueckas 3anava Ha Ommkaiimme 20-30 net obec-
MIEYUTH CTPaHy KOHKYPEHTHBIMH Ha MHPOBOM PBIHKE yT-
JIEBOJIOPOIaMH, KOTOpbIE HEOOX0MMO JOOBIBATH 3KOHO-
MUYHO, JKOJIOTHYHO, C HU3KUM YTIEPOITHBIM «CICIOM).

Tem He MeHee HEOOXOAMMO aKTHBHO BOBJEKATh B pa3-
pabotky TpU3 HedTH, B 4aCTHOCTH, MOTECHIMAIEHO OOTa-
THIE 3QJICXKH B TOIOPCKOM KOMILIEKCE, K KOTOPOMY TIPHYpPO-
YEHBI CKOIUICHHS C HAYATHHBIMU TEOIOTHICCKUMH 3amaca-
MH He(yT! Beex kateropuit nopsaxa 0,5-1,0 mupp 1. Hona-
raercs, 4to i roro-Bocroka 3anagHoit Cubupu (Tomckast
o0mactp) ocBoeHneM noropckoro HI'K exeromHo MoxkHO
noObIBath, HaumHas ¢ 2025 1., 1o 1,3 MuH T HepTH. OXU-
JIaeTCs, YTO B MEPCMEKTHBE MANC030HCKUE 3aNIeKH oOecrie-
4ar J10 MOJNOBHHbI Beel 0071acTHOM HedyTeno0bruu [1].

Ko BropoMy HampaBneHHI0 («6 wupb» — HOBbIE
HeTera30HOCHbIE PAHOHBI) OTHOCHTCS —ApKTHUCCKHH
IIenb(, 0CBOCHHE KOTOPOTO, B CHITYy KOMIUIEKCA TIPHIHH,
OTKJIQJIbIBAETCS. HA HEONpejeleHHoe BpeMs. B aTom xe
psy crout mpobnema MOBBIIEHUS Ko3pduiueHTa Hed-
teotnaun — KMH [9]. Ho 3mech Ta xe cutyanus, 4to 1 ¢
ocBoeHneM menbda. U ¢ aTumu 3¢ ek THBHBIMU MeTo a-
MH Ta ke Ipo0nemMa — MoJ CAaHKIWH MOTAI0 NMIIOPTHOE
obopynoBanue ans BekpbiTist [ 10-20].

JleoOepexbe pexkn OOM XOpOIIO M3Yy4eHO M Mpen-
CTaBIsIeT co00H pacnpeieeHHbIA QOHM, a «wupby — 5Mo
Hepacnpedenertblil PoHO, HedousyueHHoe npasobepedlCcwe.
Henpomons3oBarens He KemaeT TaM PHCKOBATH CBOMMU
JIeHbI'aMH, TOCYIapCTBO TOKE Ha 3TOM 3KOHOMHUT. Ho pa-
HO MM MO3JHO (KOT/ia 100bIua ymajeT A0 KpUTHYECKOTO
YPOBHS PEHTA0ENBHOCTH) HE(TAHBIE KOMIIAHHHN BBIHY K-
IeHbl OyIyT OCBaMBaTh HOBBIE TEPPUTOPHH, €CITH HX HE
omnepeaut rocyaapcto [21]. Yike ceifuac Ha mpaBoOepe-
KbE BBISBJICH DS/l IEPCIEKTUBHBIX YIACTKOB IS TOUCKO-
BOTO OypeHus.

KiTtoueBsIM TeoIHHAMITIECKAM TTApaMeTpoM, OTIpesie-
JIIOIIMM T€OTEMIICPATypEl M BpeMs BO3JCHCTBHS WX Ha
OYard TeHepaluu YIIEBOAOPOJIOB, SBISETCS TEIIOBOM
NOTOK KpoBiIM (yHZameHTa. OH CIyXHT OCHOBOH Jid
OacceifHOBOro MOJICTHPOBAHMUS MPU TIOUCKAX U PA3BEJIKE.
BMmecTe ¢ TeM M3BECTHO, YTO KOPPEKTHO BOCCTAHOBHTH
IUIOTHOCTH TIYOMHHOTO TEIUIOBOTO TOTOKa 3EMIIH, OCO-
OeHHo Ha rpanHure (yHJZaMEeHTa M OCAJOYHOTO Yexia
(kpoBiH (pyHEAMEHTa) — OJUH M3 HEMPOCTHIX, MPoOIeM-
HBIX 3TANOB MozemupoBanust [22-25].

B cBs13u ¢ 3TIM Ha 1oro-BocTOKe 3amagHoi Cubupwy, B
npenenax KpYyMHOH 30HB He(TEHAKOIUICHHS (HOpsOKa
120 ThIC. KB. KM), BBITIONTHEHO KapTUPOBAHHE pacrlpeje-
JIeHUS TUIOTHOCTH TEIIIOBOTO MOTOKA KPOBIH (b;anaMeH—
Ta [26]. Kapra ¢ ceuenuem msonuauii 2 MBT/M" monyuye-
Ha MHTEPIOJANUEH pacueTHBIX 3HAYCHUH JUIS pa3pe3oB
200 riybokux ckBaxuH (puc. 2, a).

Jlnst uccrneqoBaHUN B «OAHOM KITIOYE» TMEPCIEKTHB
HedTerazoHoCHOCTH cnabou3yueHHol bakdapckoir Me-
30BIIAJIUHEI M YYaCTKOB MPEIBAPHTEIBHOTO MPOrHo3a Bo-
crouno-IlaiiryruaCKON MeTaBIAIMHEL TaJiee BBIIOIHEHO
HOCTPOEHUE U OOIIHMI aHAIU3 KapThl MIIOTHOCTH TETIOBO-
o IOTOKa KPOBIHM (pyHZaMeHTa BOCTOKa ToMcKoii obia-
CTH. 3/1eCh B Ka4ecTBE MOIOKKH (pHC. 3) I KOHTYPOB
paifoHOB MCCIIEI0BAaHMI MCIIOJIb30BaHa OJHA M3 MOCIE]-
HuX KapTt, mocrpoerHas B 1992 r. A Jl. JlyukoBbIM ¢ KoJI-
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JIeTaMH, B W3ONMHUSX, ¢ ceuerneM 10 MBT/M. [Tpu mo-
CTPOCHHH ITOH KapThl AaHATM3UPOBANICEH TIACTOBBIC TEM-
HepaTypbl, TOMyICHHBIE B TTyOOKHX CKBAXXHHAX.

31ech HYXKHO CKa3aTh, YTO Ui paiioHa bakuapckoit
ME30BIaMHBl M MPUIETAlONUX K Hel CTPYKTYp paHee
BBITIOJNIHEH MPEIBAPUTEIBHBIA TIPOTHO3 HE(TEra30HOCHO-

100 km

a/a : ~ [ 50

CTH JIOIOPCKOH KOpbl BbiBeTpHBaHUA. OCYIIECTBIAIOTCA
aHAJIOTUYHBIE KOPPEKTHO-yTOUHSIONMNE paboTH W Ha ce-
Bepo-BoCcTOKe TOMCKOW o0macTu, mpuypoueHHble K Bo-
crouHo-IlaiiIyrMHCKON MeraBmaiuHe W CTPYKTypam ee
00pamIIeHus, TIe TIPOCIEKUBACTCS 3HAYUTEEHOE YBEIU-
YeHKe MOIIHOCTH HIXKHEIOPCKUX OTIIOKeHuU [27].
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Puc. 2. 3anaonas wacmo Tomckoti odracmu. Dpacmenm cxemamuiecKkol Kapmol Meniogo2o NOMoKa Kpoeiu (ynoamenma (a)
6 CONOCMAGIEHUU C NOAONCUMETLHLIMU MEeKMOHUYECKUMU deMEHMAMU 0cadouno2o yexaa (6): 1 — mecmopooicoenus

2.
VB; 2 — uzoaunuu niommocmu menyiogo2o nomoxa, mBm/m*; 3 — npedcmasumensras ck8ajiCuHa, UCROIb306AHHASL OISt

naneomemMnepamypHo20 MoO0eaupo8anus
Fig. 2.

Western part of the Tomsk region. The fragment of the heat flow schematic map of the foundation roof (a) in compari-

son with the positive tectonic elements of the sedimentary cover (b): 1 — hydrocarbon deposits; 2 — isolines of heat
flow density, mW/m?; 3 — representative well used for paleotemperature modeling
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Puc. 3. Cxema mennogoco nomoxa 3anaono-Cubupckoii
naumet (no [28]). I[loxkazanwvl pationvl ucciedo8anus
sanaoa u socmoka Tomckoii oonacmu: 1 — uzonunuu
naoOmMHocmu menjioeo2o Nomoka, MBm/MZ; 2 — epa-
Huya 3anaouo-Cubupckoii naumvl; 3 — 2uopocems.
3anaonaa wacme Tomckoil obnacmu [26] — 6 epanu-
yax KpacHoco npsAamoycOollbHUKA, 60CMOYHASA HaACmb
Tomckoti obnacmu, nacmoswas paboma — 6 2pamu-
yax cuHe2o npAamoy2oibHuUKa

Heat flow scheme of the West Siberian Plate (accor-
ding to [28]). The study areas of the west and east of
the Tomsk region are shown: 1 — isolines of heat flow
density, mW/m? 2 — boundary of the West Siberian
plate; 3 — river network. The western part of the
Tomsk region [26] is within the boundaries of the red
rectangle, the eastern part of the Tomsk region of this
work is within the boundaries of the blue rectangle

Fig. 3.
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Kpatkasi xapaKkTepucTuKa paioHa uccnefoBaHus

B crpykrypax ocamounoro yexna [29] mo kporine 6a-
JKEHOBCKO! CBUTHI B BOCTOUHOH 4acTu ToMckoii obnactu
BBIJCIAIOTCS TATh MONOXKUTENbHBIX (V — ANeKcaHapoB-
ckuif cBog, | — IMadixyrunckuii u | — ITsuis-Kapamunckuit

UHeuHoe
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TeiMckas u | — Bocrouno-Ilaiimyruackas MeraBIiaIiHbI)
CTPYKTYpHl 1-TO mOpsIKa, JOKAIM30BaHHBIE HA CEBEpO-
BocToke Tomckoit obnactu (puc. 4).
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Puc. 4. Bocmounas wacmv Tomckoii obnacmu. Ob3opnas cxema neghmezazoHocHocmu (Ha ochoge [29]): 1 — mecmopodwcoeHue

Fig. 4.

VB u e20 nassanue; 2 — enybokas cxkeaxcuna ¢ npusHakamu YB 3a npedenamu mecmopooicoenuil; 3, 4 — cmpykmypol
ocadounoeo uexna: 3 — nonodxcumensras cmpykmypa l-eo nopsoka u ee ycnognwiii homep: | — ITolno-Kapamunckuii meea-
san; || — Iavioyeunckuii mezasan; 1l — Baaoumuposckuii mezasvicmyn; \V — Iapabenvcxuii mezagvicmyn; N — Anexcan-
oposckuti c600; 4 — ompuyamenvnas cmpykmypa |-eo nopaoka u ee ycnosuwiii Homep. | — Bocmouno-Ilaiioysunckas me-
easnaouna; |l — Yemo-Toimckas mezasnaouna; 5 — ompuyamenvnas cmpykmypa l-co nopsaoxa u ee ycnosuwiii nomep:
1 — Bakuapckas me308naduna; 6 — npsimole NPUHAKU HEGMe2A30HOCHOCIU 8 CKBAICUHAX 30 NPedelamM MeCmopodicoe-
Hull 6 topckom u doropckom HI'K: nenpomwviutiennviil npumox neghpmu (a), eaza (b); 3anax negpmu 6 xepue (c); 7 — dhpae-
Menmbl 300 Yysukckozo u Yemo-Toimckoeo epaben-pugnmos paHHeme3030UcKo20 803pacma

Eastern part of the Tomsk region. Overview scheme of oil and gas potential (based on [29]): 1 — hydrocarbon deposit
and its name; 2 — deep well with signs of hydrocarbons outside the fields; 3, 4 — structures of the sedimentary cover:
3 — positive structure of the 1% order and its conditional number: | — Pyl-Karamin megaswell; 11 — Paidugin megaswell;
111 — Vladimirov megaprotrusion; IV — Parabel megaprotrusion; V — Alexander swell; 4 — negative structure of the | or-
der and its conditional number: | — East Paidugin megadepression; 1l — Ust-Tym megadepression; 5 — negative structure
of the 1l order and its conditional number: 1 — Bakchar mezodepression; 6 — direct signs of oil and gas content in wells
outside the fields in the Jurassic and pre-Jurassic oil and gas complex: non-commercial inflow of oil (a), gas (b); smell of
oil in the core (c); 7 — fragments of the Chuzik and Ust-Tym graben rifts zones of Early Mesozoic age
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VCnoBHO palloH HMCCIIeI0BaHUH MOXKHO pa3leNuTh Ha
JIBE YacTH: I0r0-BOCTOUHYIO, IPUYPOUEHHYIO K CTPYKTYpe
2-ro nopsaka — Kk bakuapckoit Me3oBmaauHe U ee o0pam-
JIEHHI0, a TaKXKe CEBEPO-BOCTOUHYIO, B LEEHTPE KOTOPOH
pacnonoxeHa Bocrouno-llaiiyruackas MeraBlajuHa,
Apusomascss B penbede OaKEHOBCKOTO TOPU30HTA
Hau0oJiee KPYIMHOM W KOHTPACTHON Ha BocTOKe TOMCKOH
obmacTi.

Ha mexmonuuecxoii xapme ¢ynoamenma BOCTOKA
Tomckoit obmactu [30] rmyOuHHBIE pervoHANbHBIE pa3-
JIOMBl OTPaHUYHMBAIOT KPYIHBIE TEPUUHCKHE CTPYKTYPHI.
Bech paifon m3ydeHus yCIOBHO MOXKHO Pa3/IeNuTh HA de-
THIpE KpYIHBIE 30HBI CEBEPO-3allaHOIO HPOCTHPAHMS
(c BocTOKa Ha 3amaj): ANUNCKUH MPorud u Yiyrombeko-
CpenneuynbsiMckuii, TuOMHAKCKHI BBICTYIIBI cananpckoi
ckiamyarocty, [Ipuib-KapamuHCKuil MeraaHTUKINHOPUNA
u HapriMcko-KonmameBckas BHyTpeHHsS BHaAHHA paH-
HErepIMHCKOI 00nacTu. B uccienyemMoM paiione Gpukcu-
pytotcs ¢pparMentsl Y cTh-ThiMcKoro u Yy3uKckoro rpa-
OeH-pUdTOB PaHHEME3030HCKOTO BO3PACTA, UMEIOLIUX
CEBEPO-BOCTOUHOE HampapneHue. DYyHAAMEHT JOKaIbHO
TpOpBaH HMHTPY3UBHEIME 00pPa30BaHHAMHI PEHMYIIe-
CTBEHHO KUCIIOTO ¥ CPEIHETO COCTaBa.

ITepen HauamoM (QOPMUPOBAHUA 0CAOOUHO20 HUexnd
KpynHble OnOKM OBUIM  pasOMTBl  Maccoil  pasHo-
OPMEHTHPOBAHHBIX PA3OMOB PA3IUYHOM aMIUIUTYHBL.
JM3bIOHKTHBHBIE [UCIOKAUMM 3aKapTHUPOBAaHbl Ha II0-
BEPXHOCTH ceiicMmuecKoro ropuszonta @, (mojgomsa top-
CKHUX OTJIOKEHHIA).

ITo cpaBHEHHIO ¢ TPOMBICIOBBIMH 3aTaHBIMU 3EMJISI-
Mmu ToMckoif o0nacTi paiioH HCCIeNoBaHWi KpaiiHe He-
PaBHOMEPHO OXBaueH re0(pU3NYSCKUMH paboTaMH, B TOM
9ICIe CeHCMOpa3BENOYHBIME, C IUIOTHOCTBIO TPOQIIIeH
mertona obmuiei rmyounHoi Toukn (MOI'T) B BocTOuHO#M
wactH, gocthrapoumeii 0,4 kw/kv’. W3yuenHocTh paiioHa
TIy0oKiM OypeHHeM Takxke HepaBHOMEPHA H, COOTBET-
CTBEHHO, YMEHBIIIAETCS C 3amaja B BOCTOYHOM Hampasie-
Hun. CTOMT OTMETUTh, 4TO Hambojee MOrpyKEHHbIE
y4acTKi YcTh-THIMCKON MeraBnainHbl H3y4eHbl OypeHu-
eM cnabo. 3xech npoOypeHbl TpH TTyOOKHX CKBAXKHHBI Ha
TonmapoBckoil miomany 1 ABe CKBaXUHBI HAa BepToner-
Hoii. B mueHtpanbHoil yactu Bocrtouno-Ilaiinyrunckoii
MeTaBMaJMHbl MpoOypeHa NapaMeTpuyeckas CKBaXHHA,
PACTIONOXEHHAS B MPUIIOAHATON 4acTH MEXIy MOHMKe-
HISIME penbeda.

Joropcknii QyHIAMEHT CIOKEH TeOCHHKIHHATBHBIMA
CIAHIEBEIMHA (hOpMAIUAMH, BKITIOYAsS KPEMHHCTEHIE, TIH-
HUCTBIE, KapOOHATHO-TJIMHUCTBIE M AaCHUJHBIE, BO3PACT
HOpoJ — OT OpJOBUKA 10 TepMH. [IpoMeKyTOUHBII 3Tax
CJIOKEH PaHHE-MEe3030MCKUMH TPUACOBBIMH BYJIKAHOTCH-
HBIMH TI0pOJIaM OCHOBHOTO COCTaBa, 3allOJHSIIOLIUMH
rpabeH-pudTHL.

B ocamounoM 4exyie ycTaHOBIEHBI I0PCKas U MEJIOBAs
CUCTEMBI M€30304, IEPEKPBITIE KaiHO30HCKUMH TONILA-
mu. FOpa npencrasnena ypmarnckoi, mo2ypckoil, canam-
cKoll, mioMencKol, sactoeanckol (Haynakckoil), 2eopau-
esckotl ¥ badxcenosckoti ceutamu. Hanbonee nonusie pas-
Pe3bl BCKPHITHL B Tipenenax BraanH. OcoOblidi HHTEpEC BbI-
3BIBACT PACCMOTPEHHE HIDKHEIOPCKHX TOPH30HTOB C IUTa-
cramu 1014 17 ypmanckoit cButsl (J;Ur). Ha nonoxurens-
HBIX CTPYKTypax HaOmoJaercss BbIKIMHUBAHHE HUKHE-

42

IOPCKUX CBHT, YTO 3HAYMTENBHO COKPAIIAET MOIIHOCTH
OCaJI0YHOTO YeXNa M €ro IMEpPCTEeKTHBH B OTHOIICHHH
HeTera30HOCHOCTH.

CunTaercs, 4TO OCHOBHOW HEe()TEMaTepPUHCKOH TOJ-
el Juid 3anexen B HIKHEIOPCKUX 0a3anbHBIX TOPH30H-
TaxX 0CaJ0YHOTO YexJa SBISETCS HIKHETOapcKas TOTyp-
ckasg cputa (Jitg). Ha Tepputopum BOCTOYHOW dacTH
Tomcko# 00acTy 3TH OTIOKEHHUS UMEIOT IIUPOKOE pac-
IPOCTpaHEHHe B HANOOIEE MOTPYKEHHBIX YIaCcTKaX.

BepxHeropckas OaxeHoBcKkas cButa (J3bg) seisercs
He()TEeMATePHHCKOH IS OTIIOKEHUH MEJOBBIX H BEpXHe-
IOPCKHX KOJUIEKTOPOB M PACHPOCTPaHEHA IIPAKTHYECKH
TIOBCEMECTHO B 3alajHOW YacTW paiioHa MCCIEHOBAHMIL
Cgamaga Ha BOCTOK OWTYMHHO3HBIE  TJIMHHCTO-
KPEMHHUCTbIE TOPOJbl CBUTHI 3aMEIIAIOTCS €€ KOHTHHEH-
TAGHBIMH QHANIOTAMH — MAapbSHOBCKOH W MaKCHUMOSP-
CKO CBHTAMH — C HU3KHM COZIEp)KaHHEM OpParHHYEeCKOTo
Bemectsa (OB).

MenoBbie OTNOXEHUS MPEACTABICHB HUKHEMEIOBBI-
mu kymomsurckoit (K klm), tapckoit (Kitr), kusmunckoit
(K4Kls), ambimckoii (Kiay.p), mokypekoit (Kiopk) u Bepx-
HeMenoBbIMH Ky3HeroBckoi (Kokz), mmaroBckoit (Kaip),
cnasropoackoit (Kosl) u rampkumckoit (Kogn) cBuramm.
OO0mas MOIIHOCTH CTPaTUrPahUUECKOro YPOBHS COCTaB-
aset nopsaka 2000 m.

Kaiinosoit npencrasnen Tanumkoi (Pgstl), momuasop-
ckoii (Pg,ll) u geranckoii (Pg,.3hg) cBuTamMu u mepexphI-
BaIOIIIEH UX HeKpacoBckoit cepueit (Pgsnk).

Mecmopodicoenus nepmu u 2a3a OTKPHITHI TIIABHBIM
00pa3oM B 3amafHOM yacTH paifoHa UCCIENOBAHUS U TIPH-
YPOUYEHBI K PA3NHYHBIM CTPATHTPaUIECKHM YPOBHSM.
Tak, Hanmpumep, Ha BepXHekoMOapCKOM MeCTOPOXKICHUH
NPOAYKTUBHBI TANCO30HCKHE OTIOXKeHHs, Ha Kues-
Eranckom 3anexu He()TH MIMPOKO TPHYPOYECHBI K MENo-
BBIM I1acTaM, a Ha Y cTb-CunbruackoM U JInHeiHOM Me-
CTOPOXKICHHAX TPOMBIIUICHHBIE CKOTUICHNsT YB BEIABITE-
HbI B BepxHetopckom HI'K.

[Iputoku YB oTMeueHbl B psijie CKBaXKHH, HE MIPHYpO-
YEHHBIX K MecTopokaeHusM (puc. 4). B ckBaxune Kyp-
KMHCKast 235 MpUTOK He(TH MONy4YeH NMPH HCIBITAHUHU
KWSUTMHCKOM  CBUTHL  HEOKOMCKO20 —Hepme2a30H0CHO20
komnaexca. HedTemposBIeHNs B omiodceHusx eepxuell
10pbl BbIABIEHBI B CkBaxkuHax JIuneiinas 2 u 5. Boissie-
HBI IPU3HAKU HE(TH B kepHE B ckBaxuHax lapOurckas 3
u Kommamesckas 7. HempoMblnuieHHbIH TPHTOK HedTH
TIONMY4YeH PU COBMECTHOM OTIPOOOBAHIH HUIICHEIOPCKUX U
KpOGIU NAneo30UcKuX omaoxceHuti B ckBaxune Kppuios-
ckad 1.

MeToauka pacuyeta NOTHOCTU TENNOBOIO NOTOKa

Takum 00pazom, He0OXOJUMBIM YCIOBUEM YCTIEITHOTO
ocBoeHust TpU3 sBnsAeTCS pemieHue HayuHou npodiemvl
meopemuyecko20 U  IKCHEPUMEHMANbHO20 — U3VYEHUs
MEPMOOUHAMUKYU U BEUJeCBEHHO20 COCMABA NANe030
3anaonou Cubupu. Ha pemenue 3TOH TpoOIemMsl u
HampaBjieHa HacTosmas padota. CTaBuTCS CIedyroIas
3aja4a: Ha Oasze naileomemnepamypHo20 MoOeIUpoBaHus
0CaJIOYHOr0 paspesa 59 riayOOKMX CKBaXHH ONPEETUTh
pacmpesieNneHne IIOTHOCTH TITyONHHOTO TEIIOBOTO MOTO-
Ka KpoBJH (yHAaMeHa.
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JIs BBIMONHEHUS MOJETUPOBaHUs TpuMeHsuioch [10
«TeploDialogy [31, 32]. VicXonHBIMA TaHHBIMHA JUIS MOJIe-
mu (1abm. 1) SABISAIOTCS M3MEPEHHBIE TPH ONMPOOOBAHKAX
CKBKHH IUTACTOBBIC TEMIIEPATYPbI, & TAKKE CHATHIE C AHa-
rpaMM TEMIEPATYPHOTO TPAJIMEHTA. 3HAUYCHHS OTpaxa-
TEIBHON CIIOCOOHOCTH BUTPUHUTA U TEINOMU3UICCKUX
CBOHCTB TOPHBIX TOPOJ] CHCTEMATHYECKH MOTOMHAIOT 0a3y
nannbix MHIT um. A.A. Tpopumyka CO PAH anamutu-
YeCKHMH HccenoBaHusIMu noj pykoBoacteom A.H. ®o-
muHa, A.JI. dyuxosa [33]. Ilapamerpusanus ocagoqyHOTO
paspe3a  ompeneisdercs  JTHTONOr0-CTPaTUrpapuIecKiuM
pa3pe3oM CKBAKHHBL

[To wroram comoctaBneHus Tokasano [34], uro «Tep-
loDialog» He ycTymaerT OTEHeCTBEHHBIM H 3apyOeKHBIM
ananoram [35-40].

OnpeneneHne BENUYAHBI UIOTHOCTH TEIUIOBOTO TTOTO-
Ka M3 KPOBIH (QYHAAMEHTA OCIOKHACTCS YIETOM MHOXKe-
CTBA TIPOLIECCOB, MPOMCXOIAMMX KaK B HEOpax, Tak U Ha
noBepxHocTH 3emid. [103TOMy mpH pacueTax MpUMEHEH
MHTETPAbHBIA TOX0J], MO3BOJSIOIIANA yYHTHIBATH ITH
TNPOIECCHl € TOMOINBIO COMPSHKEHHBIX  CTPYKTYPHO-
TEKTOHHYECKHX PEKOHCTpYKImi [41-43].

Bpemst 1 ckOpocTb 0CaAKOHAKOIUIEHHS BBIYIHCISIOTCS
IO BO3pacTy IOpOJ, CIArarolX OCAaJOYHBIN paspes, U
BPEMEHHBIX JHANa30HOB TEOXPOHOJIOTHYECKOM IIKAIBI UM
COOTBETCTBYIOIMX. Ha OCHOBE 3TOTO Co3/aeTcs TUTOCTpa-
tarpaduueckas pa3OMBKa ¢ YKa3aHHEM CeIMMCHTAIOH-
HBIX JaHHBIX M TEIO(H3UIECKUX TapaMeTpoB CBUT. JTH
napameTpsl TPUHUMAKOTCSA 10 W3BECTHBIM PE3yNbTaTaM
aHaIN3a KEpPHA U KAPOTAKHBIM Teo(U3UICCKIM MaTepHa-
saM. CKOpOCTh OCaIKOHAKOIUICHHUS MOXKET OBITh HYJIEBOH
W OTPHUUIATENBHOMN, UTO CBUIETENECTBYET O BO3MOXKHO-
CTH TIepEpHIBa B 0CAIKOHAKOIUICHIH WIH ICHY JAIIH CIIOS.

Taonuya 1. Ilpumep conocmaeieHus U3MepeHHbIX U pdc-
UemHolx memnepamyp 6 Mooenu cksadicunvl be-
peeosas napamempuueckasa 1 (b1n, puc. 5)
Example of measured and calculated tempera-
tures comparison in the model of the well Bere-
govaya parametric 1 (F1n, Fig. 5)

Table 1.

Temneparypa
Temperature, °C a
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2415 83 - - 80 -3
2330 78 - 77 -1
2500 — — 81 82 +1
2390 — | 99(0,64) — 96 -3
2405 — 199(0,64) — 96 -3
2410 — | 99(0,64) - 97 -2 4912576
2449 — | 99(0,64) — 98 -1
2560 — 1103(0,68)| - 101 +2
2573 - 1100(0,65)| - 102 +2
«Hessizxan/«True errory, °C +2

Takasg OTHOCHTENBHO MpOCTas MOJENb BIOJHE KOp-
PeKTHA U1 MOZAETHPOBAHHS CyOrOPH30HTAIBHOCIONCTO-
r0 0caJloyHoro paspesa 3amamHoi Cubupu. BeiOpaHHbIiH
I7sL TIPOBENEHHS MOJCTHPOBAHMS PAHOH MPUYpOUEH K
yCTOHYMBOM TeppuTopuu 3amanHo-CHOUpCKON TEeKTOHU-
YeCKOW TUIUTHI, NPUCYTCTBUE KOHBEKTHBHOM COCTaBIAIO-
el Takke BIMACT Ha pacyeT 3Q(PEKTHBHOTO 3HAYCHHUS
IVIOTHOCTH TETUIOBOTO TIOTOKA.

JUIsl OIIEHKH JIOCTOBEPHOCTH PE3yNbTATOB MPOBEACH-
HOTO MOJICITMPOBAHHUS ONPE/ENIeTCs «HeBA3Kay (BeMUyu-
Ha COrTIACOBAHHOCTH) TEMIIEpaTyp, OMpPEENEeHHBIX IO
OCB, n MakcMMyMa pacueTHBIX T'€OTEeMIIEpaTyp, MOIy-
YeHHBIX B PE3yNbTaTe MOACIMPOBAHHL. AHATIOTHYHO BBI-
YHCIAeTCS BEMYMHA «HEBSI3KI) IUTACTOBBIX M TEMIEpa-
Typ, onpeaenenHbix no OI'T ¢ MakcHMaJbHBIMH pacdeT-
HBIMHU 3HAYCHUSAMH.

«HeBsi3Ky» TpPUHATO CYNTATh ONTHMAIIBHOM, €CIU
CpeIHEKBANPaTHIECKOE  OTKIOHEHHE PACYETHBIX U
HaOIIOIEHHBIX T€0TeMIEPaTyp IKBUBATIEHTHO MOTPEIIHO-
cti HabmioneHus. B paHHOHW paboTe cTaTHCTHYECKH
YCTAHOBJICHHAs TOTPEIIHOCTh HAOMIONCHUH COCTaBiseT
nopsaka £2 °C # eil ONTHMaTbHO COOTBETCTBYIOT «HE-
BS3KHY» TeoTeMmepaTyp (tabm. 2).

B pesynmbrate pemenus oOpaTHOH 3aaud Hpu COB-
MECTHOM HCIOJIb30BaHHU TEMIIEPATyp, PACCIUTAHHBIX IO
OCB, u CcOBpeMEHHBIX T€OTEMIIEPATYp BBISBIECHO, UTO
IS psifia CKBaXHH B CEBEPO-BOCTOYHOW HYacTW paioHA
«HEBS3KM» MPUHAMAIOT 3HAYEHHS BEHIIIE ONTHMATBHOM
BEJNMYMHbI, IO3TOMY TEIUIOBOM TMOTOK KPOBIH (yHIaMEH-
Ta OBLT OTpe/IeNeH ABAXK/IBI — OTASIBHO C KaXKIBIM THIIOM
Temmeparyp. Ha KapTy 1mo 3THM CKBa)KHHAM BBIHECEHEHI
cpennue 3HaueHus. OXHAKO 3TOT Bompoc Tpedyer OT-
IeTBHOHW MPOpadOTKH, TaK Kak, BEPOATHO, 3IECh MMEET
MECTO IPOABJICHUEC HCU3BCCTHLIX IEPEPBLIBOB OCAJKOHA-
KOTIeHHs 1 9po3ur. KoHeuHo, B nanbHeinieM HeoOXo-
IVMO U3Y9HUThH 3Ty HEMPOCTYI0 MpoOIeMy H peleHie o
mapaMerpax JCHYHAlMOHHBIX IIPOIECCOB YUHTHIBATH B
CTpyKType Mozienu [43-46].

PacnpepaeneHue NnoTHOCTN TENNIOBOrO NOTOKA

KpoBnu pyHaameHTa

PesynbraThl IuckpeTHOro0 IMAPOBOTO MOICTHPOBAHHUS
B paiiOHe MCCIIeIOBaHUs MPEACTABICHB PACCUMTAHHBIMU
[0 MPUHATOI METOAMKE 3HAYEHHSAMH TEIIOBOIO MOTOKA
U3 KpOBIHM (yHIaMeHTa B 59 TiyOOKMX CKBaKHHAX
(Tabm. 2, puc. 5).

MeToz0M HMHTEPMONAIMK TMOCTPOCHA KapTa BOCTOU-
HBIX pailoHOB (pHC. 6) ¢ TMEPEKPHITHEM KapThl 3aIaHOH
qact Tomckoit obnactu u3 pabotel [26].

Ha kapre nHabmionmaroTcs clepyrouiue aHoManbHble
OCOOCHHOCTH: 2 KpPYIHBIE SPKO-BBIPAXKECHHBIE «IIOJOXKH-
TeIbHBIE aHOMAIMU» U 1 OTHOCHTEIBHO HeOOoJbINas, 2
KPYITHBIE «OTPHIIATENBHBIEY» AaHOMAJbHBIC 30HBI C HU3KH-
MU 3HAYEHISIMH TEILIOBOTO MOTOKA KPOBIH (yHIAMEHTa,
a TaKKe «TPAJUEHTHBIE 30HBI», OKAUMIIAIOUINE KPYIHbIE
AHOMAJIUN.

Ha ceBepo-3amazie nokaqn3oBaHa TOCTATOYHO KPYII-
Has MOJIOXKUTENbHAS aHOMAIIKs, NpuypodeHHas K Jlunei-
HoMmy (ckB. Jluul) um Kues-Eranckomy (ckB. KE350)
HE(TSHBIM MECTOPOKICHISAM C MAKCHMAIbHBIM 3HAYCHU-
€M IJIOTHOCTH II0TOKA, PaBHBIM 56 MBT/A.
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Taonuya 2. Bocmox Tomckoti obnacmu. @pacmenm nonrno2o kamanoaa, skuodaoweo 59 npedcmagumenbHulx CKEANCUH
naneomemnepamypHo20 MoOeIUpo8aHus

Table2.  East of the Tomsk region. Fragment of the full catalog including 59 representative wells of paleotemperature
modeling
. «HeBs13ka» pacyeTHBIX PacuerHblit
Y CIOBHBIN HHIEKC MorHocTh .
E [Tnowans (MeCTOpoXkIeHUE) U U3MEPEHHBIX TEIJIOBOH MOTOK,
= U HOMEP CKBaKHMHbI CKBAXKHHBT (ga pHC. 3) 0CANOMHOTO HeXIa, M reotemmeparyp, °C MBT/M?
o - Well conditional in- Sedimentary cover g .
Z | Area (field) and well number A . «True error» of calculated and | Estimated heat flow,
dex (in Fig. 5) thickness, m o 2
measured geotemperatures, °C mW/m
Conombaibckas 2 s
45 Solombalskaya 2 Con2 3079 +2 52
Tonnaposckas 1
46 Tolparovskaya 1 Tol 3237 +3 45
TpocTHukoBas 281
47 Trostnikovaya 281 Tpe281 2815 +3 49
48 ToiMckas 1 onopHas T1o 2021 41 43
Tymskaya 1 key
VYerp-Cunbrunckas 30
49 Ust-Silginskaya 30 VC30 2429 +1 51
Yerp-Cunbrunckas 3 1
50 Ust-Silginskaya 31 ve3l 2413 0 53
VYerp-Trimekas 1
51 Ust-Tymskaya 1 VT1 2965 +2 49
Yumynskcekas 1
52 Chimulyakskaya 1 Yuml 2494 +0 46
Yapycnas 190 -
53 Charusnaya 190 Yap190 2997 +0 43
Yunxapcekas 1
54 Chinzharskaya 1 Yul 2396 +3 58
Yunxapckas 2
55 Chinzharskaya 2 2 2467 =l 50
UYynxenbckas 1
56 Chunzhelskaya 1 Hynl 2917 0 45
Omropckas 303 *
57 Emtorskaya 303 5m303 2605 +3 53
TOxHo-TIbDKMHCKAS MTapa-
MeTpuueckas 1
58 Yuzhno-Pyzhinskaya IOIIs1 1 3127 +2 56
parametric 1
59 Spckas 1 TapaMeTprIecKast Spln 2528 £ 42
Yarskaya 1 parametric

*BCKpblmaﬂ MOUWHOCNb 0CaA004H020 yexua, **cxeaoicuna pacnoJjioscena 3a npe()eﬂamu KOHmypa I’lOCmpO@HHOIZ Kapmbul pac-

npeoenenus meniogo2o NOMoKa Kpoeiu QyHOAMeHma.

*discovered thickness of the sedimentary cover; **the well is located outside the contour of the constructed heat flow distri-

bution map of the foundation roof.

B roro-3anmagHoi 4acTH, B 30HE aHOMAIBHO BBICOKHX
3HAYEHUHN TETUIOBOTO TOTOKA, pacioioxens! [lapourckoe
(ckBaxunsl [lapl, [Tap2), Bepxuexombapckoe, Carmnaes-
ckoe, Bocrouno-Bepxnexombapekoe (ckpaxkunsl BK290,
['A15) u Cenumxanosckoe (ckBaxuna Cend) MecTOpOx-
JIEHHS — IUIOTHOCTH TEIUIOBOTO IMOTOKA 10 61-62 MBT/M.
AHoMmanbHas 30Ha IPOCTHpAeTCs K LEHTPAIbHOM yacTH
TEPPUTOPUHU HcciefoBanus 10 KoimameBckoll CTPyKTy-
pbl, TIIe BENMYMHA TEIUIOBOrO MOTOKA M3MEHsETCS OT 48
110 52 MBT/M’ (cxBaxunsl K3, K7, K10m).

[ToHnxeHHble 3HAYEHHS TEIUIOBOIO MOTOKA KPOBIH
(dyHIaMeHTa TIPEUMYIICCTBEHHO JOKANM30BAHEI B CEBE-
PO-BOCTOYHOM YacTu TEPPUTOPUH HccieoBaHus. MUHY-
MalbHbIC 3HAuCHWS B 33-36 MBT/M’ (GuKcUpyrOTCS B
ckBaxuHax 3anl u Be33n. 3amagHas ¥ BOCTOYHAS 30HbI
MOHWKEHHBIX 3HAUEHUH TEIJIOBOTO MOTOKA CBSA3AHBI C
CBOCOOPA3HON «TEPeMBIUKOi», (UKCHPYyeMON TpyMIoH
ckBaxuH ([Ta3, Hap2, Tol, B360 u B362) co 3HaueHus-
MH IUIOTHOCTH 110TOKa 47-48 MBT/M2.
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Panee ormeuanocs [47], uto Ha 3anagHo-Cubupckoi
IUTUTE B Mpeenax MOJNOKUTENBHEIX CTPYKTYp Habmroza-
€TCA NOBBINICHUEC BECJINYUH IJIOTHOCTU TCILUIOBOI'O IIOTOKA
Ha 5-20 %, 1O CpaBHEHHIO C 30HAMU OTPHIATENBHBIX
CTPYKTYp, TeM OoJbliee, 4eM OOJbIIe pa3Mephl ITHX
crpyktyp. Kak Ha 3amane ToMckoii 001acTy, Tak M Ha BO-
CTOKE 3Ta 3aKOHOMEPHOCTDH NPOSBIAETCS, HO HE BCETHA.
ITo pesynmbraTaM HCCIeIOBaHHS HAa BOCTOKE 9Ta TEH/CH-
U TIPOCIIEKUBACTCS 3HAYUTENbHO clabee. [ledicTBu-
TENIbHO, IIPU COBMECTHOM aHAJIU3€ paclpeieeHus wioT-
HOCTH TEIUIOBOTO IIOTOKA M CTPYKTYPHBIX 3JIEMEHTOB
0Ca00uH020 uexna B mpeaenax [laifayruHckoro Merapaa
UMECT MECTO ITOBBIIICHUEC BECIWYHUHBI INIOTHOCTHU TCILIO-
BOTO MOTOKA. OTHAKO COBEPIIEHHO OTCYTCTBYET JIOKAJH-
samms  BmamumupoBckoro MeraBeictyma  u [Ipuib-
Kapamunckoro merasana (puc. 7).

[Ipn comocTaBIeHUH KapT pacupesieieHus] 3HAYCHUH
TETJIOBOTO MOTOKA KPOBIH (PyHIaMEHTA 3amajia 1 BOCTO-
ka Tomckoil oOnacTu HaOmonaeTcs XOpomias Coraaco-
BAHHOCTD B 00JACTH TepeKkphuITis. [Ipum 3TOM ceBepHas
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YacTh 3aMajHOTO paiioHa, paHee OXapaKTepH30BAHHAS
BBICOKUMH 3HAYEHHSMH TEIJIOBOTO IOTOKA, MOATBEp-
KJIEHA 3HAYCHUSIMH, TIOTyYEeHHBIMH B PaHee He Y4TEHHBIX
B pacuere ckpaxunax (Jluul, Jlun3, Om330). Umeer me-
CTO OYEHb XOPOIIIas MePCIEKTHBA IS IOCTPOCHHS KapThI
IUIOTHOCTH TEIUIOBOTO TIOTOKA KPOBIH (hyHIaMEHTa B Iie-
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jgomM ToMckoll o0acTH Ha OCHOBE €IMHOM 0a3bl JIHc-
KPETHBIX 3HAYECHUH.

BaxHO OTMETHTH OYEHH XOPOIIYIO COTJIACOBAHHOCTD
B 00JaCTH MEpeKpBITHA KapT 3alaJHOTO M BOCTOYHOTO
paiionoB Tomckoit obnact (puc. 8).
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Puc. 5. Bocmox Tomckoii obnacmu: 1 — cxkeadicuna naneomemnepamypHo20 MOOeIUpOSaAHUsl: 8 YUCIUMeNe — YCIOGHbIL UH-
2
0eKC CKB8AJICUHDL, 8 3HAMEHAmee — NIOMHOCHb MENI08020 NOMOKA ) HOOOUIBbL 0CAOOUHO20 Yexad, MBm/m

Fig. 5. East of the Tomsk region: 1 — well of paleotemperat
well, in the denominator — the heat flow density at the

ure modeling: in the numerator — the conditional index of the
bottom of the sedimentary cover, mW/m?
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Puc. 6. Bocmounas wacmo Tomckoi obracmu: 1 — mecmopoosicoenusi VB, 2 — cxeadicuna naieomemnepamypro2o Mooeiupo-
2
6aHusl; 3 — U3OAUHUU MENT0B020 NOMOKA KPO&IU (pyHoamenma, mBm/m

Fig. 6. Eastern part of the Tomsk region: 1 — hydrocarbon deposits; 2 — well of paleotemperature modeling; 3 — heat flow

isolines of the foundation roof, mW/m?
M BocTouHo-MaiayruHckmin 6 / b
[T 0% )
R
17/

A
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\
¥ / “?
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Puc. 7. Bocmounas uacms Tomckoii obracmu. Pacnpedenenue niomnocmu meniogo2o nomoxka Kpoenu gynoamenma (a) 6
CONOCMABNICHULU C MEKMOHUYECKUMU DIIEMEHMAMU 0CA00UH020 uexia (0)

Fig. 7. Eastern part of the Tomsk region. Distribution of heat flow density of the foundation roof (a) in comparison with tec-
tonic elements of the sedimentary cover (b)
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,

3
,‘1; o TOMCK

Puc. 8. Coenacosannocms kapm pacnpedeieHus NIOMHOCMU MENi08020 NOMOKA KPOBIU (PYHOAMEHMA 3anaoHOl U 80CMO Y-
Hotl yacmeti Tomckoul obnacmu; nonoxicenus 1w0xcHo2o cekmopa Konmozopcko-Ypeneoiickoeo naneopugpma (A4), 06-
aacmw pacnpocmpatenusi Ycemo-Toimckozo (B) u hppaemenm Yysuxckozo (B) pannemesosotickux epaber-pughmos

Fig. 8. Consistency of distribution maps of the heat flow density of the foundation roof of the Tomsk region western and
eastern parts; positions of the Koltogor-Urengoy paleorift southern sector (A), distribution area of the Ust-Tym (5)
and fragment of the Chuzik (B) early Mesozoic graben rifts

3aknioyeHue

Ha ceBepo-BoCcTOUHYIO YacTb NEpPCIEKTHBHOM Teppu-
topun Tomckoit obnacth, Ha 6a3e pacderoB 59 ray0oKux
CKBA)KMH, IMOCTPOEHA KapTa paclpeleleHus IUIOTHOCTH
TEILUIOBOTO MOTOKA KPOBIH (PYHAAMEHTA C CEUEHHEM U30-
JuHAA 2 MBT/M®. 3HaUCHHS TETIOBOTO MOTOKA TIONYYCHEI
[0 EAMHOH XOPOIIO ampoOUpPOBAHHON METORHMKE, OCHO-
BAHHOH HA PENICHAN 00PATHOI 3a/1a4l TEOTEPMHUH.

ITo yacTy MOCTaHOBKY 3a/1auMl BHITIONHEHHOH HAY4HOH
paboTHl pelieHa M3BECTHAs HONS HAydHOM HpoOIeMBI
TEOPETUYECKOTO U DKCHEPHMMEHTAIBbHOTO  M3Yy4YeHHs
TEpPMOAMHAMUKY BepXHel yactu maneo3os. [lomyueHHoe
IUCKPETHOE pacmpeziencHre (M0 CKBAXWHAM) M KapTa
3HAYEHHil TEIUIOBOIO MOTOKA M3 JOIOPCKOTO (QyHAaMeHTa
MOTYT CIYXHTb «KapKacHOHl OCHOBOI» KOPPEKTHOIO
OaccelfHOBOro0 MoJenupoBanus bakyapckoro paioHa mc-
CIElOBaHM M CIab0M3y4eHHOTO KpyMHOro paiioHa Bo-
CTOYHO-IIaliTyTHHCKOM MeTaBIIaIHBbL.

HecomHeHH1i nHTEpEC OyJeT MpencTaBisaTh MOCTPO-
€HHas Ha CJIEIyIOLIEM JTale euHas KapTa IUIOTHOCTH
TEIUIOBOTO TOTOKa Tomckoit obmactu. Bocrouso-
ITajixyruuckuil palioH, y4MTBIBAas HU3KUE 3HAYEHUA CO-
BPEMEHHOIO TEIUIOBOTO IOTOKA, BEPOATHO, Malo Iep-

CIIEKTHBEH 0 OcafoyHoMy uexniy. OJHako HcCienoBa-
HUS BUTPUHHTA MAJE030ICKOr0 paspe3a MOTYT Cylle-
CTBEHHO PACIIMPHTH MEPCIEKTHUBBI HE)TEra3oHOCHOCTH
KOpBI BHIBETPUBAHHUSA U BEPXHUX FOPU30OHTOB MAIE0305L.

Ha wuccnenyemoii tepputopun Tomckod obmactu K
KpOBIIE IOIOPCKOTO OCHOBAHHS MPUYPOUCHBI TPH IpabeH-
pudta. OTOT akT mpencrasnser ocodsli uuTepec. Ilo-
BHIMMOMY, 3TOT BOMPOC TPeOYeT OTAENBHOTO TIIATEeb-
HOTO PACCMOTPEHHS C BBIIOIHEHAEM COBMECTHOIO aHa-
JM3a TeKTOHUKH ¥ CBOXHOI Kapsl TEIIOro motoka Towm-
cKoii obmactH.

He MeHbplIMii TEOPETUUECKUN U NPAKTUYECKUI MHTE-
pec MpeJCTaBlIseT NOCIeIyOas OLEHKa IPUPO/Ibl aHO-
MaJTHii TNIOTHOCTH TEIUIOBOTO MOTOKA KPOBIH (hyHIaMeH-
Ta 0CAJIOYHOr0 Yexia — JudPepeHIpoBaHHAs OIEHKA
BO3MOXKHOTO BIMSHHMS TEKTOHHKH, BEIIECTBEHHOIO CO-
CTaBa M He(PTEra30HOCHOCTH 00Pa30BaHMH (yHIAMEHTA.

Asmopvr  61a200apsm  Onvey Cmenanosny Hcaesy 3a
npedocmasienue OMKPLIMbIX 2€071020-2e0PUIUYECKUN OAHHBIX
1o 2yOOKUM CKANCUHAM U MECHOPOJICOCHUSM.

Paboma evinoanena npu noodepocxe npoexma DPHU
Ne FWZZ-2022-0011.
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The relevance of studying the unallocated subsoil fund of the east of the Tomsk region is determined by the prospects and underexplored
right bank of the Ob River. The subsoil user does not want to take risks there, the same about the State. However, oil companies will be
forced to develop the eastern regions when production at the oil fields on the left bank drops to a critical level of profitability. A number of
promising areas for exploratory drilling have already been identified on the right bank.

The main aim of the research of geologists and geophysicists in the oil industry in Western Siberia and in particular the Tomsk region is a
significant increase in reserves and accordingly prevention of decline in oil production. This is the aim of the present work.

The objects of the study are hard-to-recover reserves which requires the solution of the scientific problem of theoretical and experimental
study of thermodynamics and material composition of the Western Siberia Paleozoic. The key geodynamic parameter that determines ge-
otemperatures and the time of its impact on the centers of hydrocarbon generation is the heat flow of the foundation roof. It serves as the
basis for basin modeling in prospecting and exploration. The construction and general analysis of the heat flow density map of the founda-
tion roof of the Tomsk region east were carried out for a joint study of the prospects for the oil and gas potential of the poorly studied Bak-
char mezodepression and the areas of the preliminary forecast of the East Paidugin megadepression.

Methods. The original software « TeploDialog» was used to perform the simulation. This software package implements specially formulated di-
rect and inverse geothermal problems under sedimentation conditions. Determining the value of the heat flow density from the roof of the foun-
dation is complicated by taking into account many processes occurring both in the bowels and on the surface of the Earth. Therefore, an inte-
gral approach was used in the calculations, allowing these processes to be taken into account with the help of conjugated structural-tectonic
reconstructions. The initial data for the model are reservoir temperatures measured during well testing, as well as taken from temperature gra-
dient diagrams. The values of the reflectivity of vitrinite and the thermophysical properties of rocks systematically replenish the database of the
IPGG named after A.A. Trofimuk SB RAS by analytical studies under the supervision of A.N. Fomin and A.D. Duchkov.

The result. The heat flow density map (in isolines through 2 mW/m2) from the base of the sedimentary section for the northeastern part of
the Tomsk region was prepared on the basis of calculations of 59 parametric, reference and exploration wells. The heat flow values were
obtained using a single well-tested method based on solving the inverse geothermal problem. In terms of setting the task of the completed
scientific work, a certain part of the scientific problem of theoretical and experimental study of the upper part of the Paleozoic thermody-
namics was solved. The resulting discrete distribution (by wells) and the map of heat flow values from the pre-Jurassic basement can
serve as a base for correct basin modeling of the Bakchar study area and the poorly studied large area of the East Paidugin megadepres-
sion. This region is not promising in terms of the sedimentary cover taking into account the low values of the modern heat flow. However,
the determination of the vitrinite reflectance index of the Paleozoic section can significantly expand the prospects for the oil and gas poten-
tial of the weathering crust and the upper horizons of the Paleozoic.

Conclusions. A unified map of the heat flow density of the foundation roof of the Tomsk region constructed at the next stage on the territo-
ry of which three graben rifts: Koltogor-Urengoy, Ust-Tym and Chuzik, were developed, will be the important result. This fact is of particular
interest and requires separate careful consideration.
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! HauuoHanbHbI nccnegoBatenbCkuii TOMCKUIA NONUTEXHUYECKUIA YHUBEPCUTET,
Poccus, 634050, r. Tomck, np. JleHuHa, 30.

2 [llaxpyAckuin TEXHONMOrNYECKUI YHUBEPCHUTET,
WpaH, 3619995161, boneap [aHeLka, LLaxpya.

AkmyanbHocmb uccnedosanusi 0bycrogneHa HeobX00UMOCTbI0 PaCLIUPEHUS MUHepPabHO-ChbIpbesoli 6asbi delicmsyowux 3010mo0o-
bbigarowux npednpusmuti BocmoyHol Skymuu u MazadaHckol obnacmu.

Lenb: usyyeHue MuHepanozuu pyd CoxamuHozo 3070mopyoH020 MECMOPOXAEHUS U ycmaHoeneHue nociiedosamenbHOCMU MUHePasno-
0bpazosaHust.

Memodb1: monoMuHepano2u4eckoe KapmuposaHue pyd U Memacomamumos; Usy4eHue Npo3padHbIX, NPO3PaYHO-NONLUPOBAHHbIX U NO-
nuposaHHbix wrugos (Carl Zeiss Axio Imager.A2m.); ckaHUpyrowas 3neKmpoHHas MUKPOCKONUST C JI0KasTbHbIM 3HEP20OUCNEPCUOHHbIM
aHanuzom (TESCAN VEGA 3 SBU ¢ 3[C OXFORD X-Max 50);, peHmeeHodugppakyuoHHbili aHanu3 (Rigaku Ultima 1V), macc-
cnekmpomempuyeckull ¢ UHOYKMUBHO cesidaHHOU nna3moll aHanus, 2eoghuaudyeckue (kannamempus).

Pe3ynbmambi. YcmaH08MIeHo, Ymo 2uno2eHHasi 30710mopydHasl MuHepanulayus Ha mecmopoxdeHuu CoxamuHoe npedcmaeneHa
KUMBbHO-NPOXUIKOBBIMU menaMu K8apy-kapboHam-Cynb(hUOHO20 cocmasa, NpuypOYEHHbIMU K 30HaM Me30mepMaribHbIX Memacoma-
mumog nponunum-6epesumogoeo psida. MuHepanusayusi pasgugaemcs Ha CONPsKEHUU nostoeonadaroujux HadsueosbIix 30H U Kpymona-
Oarowjux nonepeyHbix pa3pbisos. Bmewarowas cpeda npedcmasneHa Memamopumamu ghayuu 3eneHbIx crnaHyes: amgpubon-buomum-
NoneeoWwnamossIMU U MyCKOBUM-K8apUesbIMU CliaHyamu, Nod8epaLuMUCS npoyeccaMm nponunumusayuu. B pesynbmame npogedeHHbIx
uccnedosaHull usyyeH MuHepanoaudeckuli cocmae pyd u Memacomamumos, onpedenieHa nocre0o8amesisHoCMb PYOOOMIIOKEHUS; NPO-
8e0eH0 MOphoI02UYECKOE ONUCaHUe caMopPOdHO20 30/10Ma; 8bISBNEHbI HOBbIE MUHEPATbI (apKybucum, ceneHoapkybucum, 8UCMYMUH,
cepsenneum, MmamunbOuUM, wanbaxum, HayMaHHUM, Kraycmanum, 2eccum), He onucaHHble Ha CoxamuHOM MecmopoXdeHuu paHee.
OmpoxeHue pyOHbIX MUHEPaos W0 8 mpu CMyneHu, KomopbIM coomeemcmsyom crnedyloujue MuHepasbHbie accoyuayuu: 1) keapy-
kapboHam-bapum-nupumogasi; 2) 30/10mo-nouMemannuyeckas; 3) 3omomo-gucMym-mennypudHas. KoHuermpayus 3o10ma eo3pacma-
em om paHHUX napazeHe3ucos kK nNo30HUM. B aunepeeHHbIx ycnogusx 8005k pyOHbIX 30H CGhopMUpPO8asucCh fuHeliHble KOpbI 8bI8emMpuU-
8aHUSs 2/IUHUCMO20 coCMasa C MakCuManbHbIMU KOHUeHmpayusimu 3o;10ma. 30/10mo 8 OKUC/eHHbIX pydax bonee 8bICOKONPObHOE,
8 3HaYUMesbHOU cmeneHu oYuLeHHOe om npumecel cepebpa u Opyaux 3emeHmos.

Knroyeenie crnosa:
3onomo, mecmopoxdeHue CoxamuHoe, MuHepasnoaus pyd, MemacoMamumel, TUHEUHbIE KOPbI 8bIBEMPUBAHUS.

BeepeHue

3a mocnenHue AECATUICTUS OPOTEHHbIC, MM TaK Ha3bl-
BAEMBIE «ME30TEPMAIIbHBIEY, MECTOPOXKAEHHUS 30J10Ta B
MeTaMOP()HIECKUX TIOSICaX IPHUBJICKIH 3HAYUTENbHBINR
MHTEpPEC M3-3a MX LIMPOKOTO TEONOTMYECKOr0 pPacmpo-
CTPaHEHHMS U CYLIECTBEHHOTO BKJIAJa B CTPYKTYpy 3ama-
COB ¥ MPOTHO3HBIX pecypcoB 3omota [1-6]. Bee atu me-
CTOPOK/IEHUSI OTHOCATCS K 30J0TO-KBapLEBOM U 30JI0TO-
PEeIKOMETATBHOH (OpMANIAM COTTTACHO PETHOHATBHBIM
kinaccudukamusm [7]. Ha teppuropuu Poccun opmoi u3
TEPCTIEKTUBHBIX JUIs TIONCKOB M Pa3paboTKH KOPEHHBIX
MECTOpOsKIeHUH 30710Ta siBysieTcs: Bepxosno-Kompimckas
IPOBHHLMUA, TJIe COCPEAOTOUEHbl MHOTOUYUCIEHHbIE Me-
cropoxeHust 30i0ta [8]. O10 0OBsCHAETCS TeM, 4TO
reoJuHaMuueckas OOCTaHOBKAa OpOreHe3a  SBIAETCS
HauboJiee TIPOAYKTHBHOM B IIIaHE (OPMUPOBAHHS YHU-

DOI 10.18799/24131830/2022/4/3585

KaJIbHBIX PYAHBIX 00bekTOB (benmuro, Kanrypiu, Konap,
Cyxoit Jlor, Mypynray, Anscka-/lxyHo, JlxeitmMcrayH,
Haranka u ap.) [1, 4, 9]. BepxosiHo-Komnbmvcknii oporex
TNEPEeKHUT CIOXKHYI0 HCTOPUIO CYOAYKIMH, aKKpELHH H
CTOJIKHOBEHMI1, HEOJHOKPATHbIE UMITYJIbChl MarMaTh3mMa
1 MetamopduzMa U GOPMUPOBAHIE KPYITHBIX MECTOPOIXK-
nenuit 3omota (baszoBckoe, banmpan, [lpaxnoe, Maro-
Taprinckoe, Xanranacckoe, Hatanka, ITaBnuk, Pomuo-
noBckoe) [10]. B menmom Ha o6bekrax IIpHKOMBIMCKOTO
TeppeiiHa, Kak 1 Ha JPYyruxX Me30TepPMAalIbHBIX MECTOPOXK-
JEHHUAX 30710Ta CEBEPO-BOCTOKA A3HH, OPYACHEHHE 30J10-
Ta SBISETCS THAPOTEPMATLHBIM, C 0053aTEIBHBIM CTPYK-
TYPHBIM PYZOKOHTPOJHPYIOIIMM (DAKTOPOM MEPECCUCHHUsS
30H HAJBMIOB M CEKYLIMX CTPYKTYp, U IIHMPOKO MPOSB-
JEHHBIMH ~ TO3JAHUMH  30J0TO-BHCMYT-TEIUTYPUIHBIMH
MHHEPaTbHBIME accolmarusmu [11].
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THNIYHBIM TIPEACTaBUTENEM TaKHX 0OBEKTOB SBIICT-
cs CoxarnHoe 3070TOpyAHOE MecTopokaeHue. OHO pac-
nonaraercss Ha rpanune pecrnyomukn Caxa (SkyTus) u
Marananckoir obnactu (puc. 1), B mpenenax Bepxue-
WHIMrEpeKkoro ropHOMPOMBIILIEHHOTO paifoHa, 4TO SB-
JAeTCs OIArompUATHBIM (AKTOPOM JUIL OCBOCHHS MECTO-
poxaenus. ['eomoro-monckoBeIME pabOTaMH B HEPUOL
1990-1995 rr. Ha Tepputopur COXaTHHOTO PYIHOTO TI0-
79 OBUIM BBISABICHB NPOMBIIUICHHBIE MECTOPOKICHUS
(CoxaruHoe, BocTouHoe), CBS3aHHBIE C OKOJIOPYIHBIMU
METacOMAaTHTaMH MPOIIIUT-0ePe3UTOBOTO Psfia, & TaKKe
PSI MENKUX TIPOSIBIICHHUH M TOYEK MUHEPATH3aINHU 30710~
Ta. BONMBIIMHCTBO 30I0TOPYOHBIX MeECTOpOXAeHHH Bo-
crouHoil fIkyrun u Maraganckoil o6nacTu, IpHypodeH-
HBIX K 30HaM CONPSKEHHs HABUTOB M CEKYIIMX pPY-
JOKOHTPOJNHUPYIOLWIUX CTPYKTYP, ABIAIOTCS MOTEHIMANb-
HBIMH OOBEKTaMH IIPOMBIILIEHHOr0 ocBoeHns [11-14].
OpHako HA MHOTHX W3 HHX, BKIIOYas MECTOPOXKICHHE
CoxatuHoe, yCI0BHs JOKAIU3AUUU U BEIIECTBEHHBIN CO-
CTaB PYJ U3y4eHBI HEAOCTATOUYHO, YTO CHEPXKHUBAET UX
OCBOGHHE U OMNPEJCISCT aKTYalbHOCTb BBIIOTHEHHbIX
HCCIIETOBAHUH.

Llenpro nanHO pabOTH ABIAETCS U3yUCHHE MHHEpA-
JOTHH THAPOTEPMANbHO-METACOMATHUECKUX 00pa3oBa-
Huil COXaTHHOTO MECTOPOXKJICHHSA M YCTaHOBJEHHE IIO-
CIIEIOBATENBHOCTH OTJIOKEHMS 30JO0TOHOCHBIX MHHE-
PaANBHBIX ACCOUMALMH I YTOYHEHUS BOTPOCOB T'€HE3N-
ca ¥ ONTHMH3AIIA TEXHONOTHH MepepaboTKU py1I.

Feonornyeckoe cTpoeHue

B peruonansHo-reosiornyeckoM minane CoxaTHHOE
pyaHoe mone mpuypoueHo k [llamannxo-CronboBckomy
PYIHO-POCCHITHOMY 30JI0TOHOCHOMY paiiOHy, KOTOPBIN B

Peen. Caxa (Sxyrns)
Rep. of Sakha (Yakutia)
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MHHEpareHN4eckOM OTHOIIEHHH BXOJUT B COCTaB CHHAK-
kpenronHoro SHo-Komeimckoro meramosica [15, 16]. B
TEOTEKTOHMYECKOM OTHOLICHUM PAHOH HCCIeIOBaHMs
NpHHALIEXKAT [IPUKOJIEIMCKOMY MONHATHIO (TeppeiHy)
MACCHBHOH KOHTHHEHTAIBHOH OKPAaWHBI, CI0KEHHOMY
TepPUTreHHO-KapOOHATHBIMH M BYJIKAHOTE€HHBIMH TOJIIIA-
MH, HAKOIUICHHEIMH B MHTEpBAJIE OT PAHHETO IPOTEPO30s
110 mo3rero Mena [16].

Mectopoxnerne CoxaTHHOE pACTONOKEHO B IICH-
TpalbHON 4acTH OJHOUMEHHOTO pyaHoro mons (puc. 1).
B crpoeHnn MecTopoxieHHs NPUHAMAIOT y4acTHE Me-
TaMOP(UUECKHE CIIAHIBI COXAaTUHCKON TOJIIN PaHHENPo-
Tepo3oiickoro Bo3pacta (PR;Sh) MyCKOBHT-KBapLEBOTO
aM(pu601-OHOTUT-NIONEBOIINATOBOTO COCTaBa, MOJBEPT-
MHecs Ha TEPPUTOPHH PYIHOTO TONS HHTEHCHBHOMY
BO3/IEHCTBHIO THAPOTEPMAIBHBIX MPOLECCOB TPOIMIHUT-
OepesutoBoro psima. Marmaruyeckie oOpa3oBaHus mpe/-
CTaBJICHBl CHJUIAMH METATPaXHPUONALUT-TPAXUPHOIHT-
nophupoB 3ypHHHCKOTO Kommuiekca (TAEPR;zr) u maiika-
MH MHKPOIOJIEPHTOB TPS3HUHCKOrO KoMILTekca (vJsgr)
[16, 17]. CtpykTypHas 06CTaHOBKA MECTOPOMACHHUS 00Y-
CIIOBIICHA HHTEHCHBHBIM DAa3BUTHEM Da3pbIBHBIX Hapy-
LICHUI B COYCTAHNHU C KPYITHBIMU IIMKATUBHEIMH CTPYK-
Typamu. Cknajyatble CTPYKTYphI TOJII KpUCTAILIMYe-
CKHX CIIaHLIEB MMEIOT CJIOXKHBIE (POPMBI, U1 HUX Xapak-
TepHbI KPYIHBIE Pa3Mepsl M B OCHOBHOM IIOJIOTHE YIVIBI
3aneranyus. PaspbIBHAs TEKTOHMKA ME3030(CKOro BO3pac-
Ta TOBCEMECTHO Pa3BHTA HA TEPPUTOPUH MECTOPOXKIE-
Husa. Hauwbonee paHHME — NM3BIOHKTUBBI  CEBEPO-
BOCTOYHOTO M CEBEPO-3aIla/IHOTO MPOCTHPAHUHA OTHOCHT-
Csl, COOTBETCTBEHHO, K CIBUTOBOMY M COPOCOBOMY KHHE-
THYECKAM THITAM.

00€— |

005 |

00—
5

Puc. 1. Cxema 2eonozuueckozo cmpoenuss Coxamunoeo mecmopooicoenus () u kapma maenumnozo noas (b): 1 — keapy-
myckosumosvie cranyvt (PRiShg); 2 — osnudom-amgpubon-nonesownamosvie u 3nuUdom-xiopum-noiegounam-
reapyesvie cranyvl (PR1Sh,); 3 — cunnvr memampaxupuodayum-mpaxupuonum-nopgupos (tAEPR1zr); 4 — oatiku do-
nepumos (vJ39r); 5 — obracmu pacnpocmpanenus MemacomMamumos nPORULUM-0epPe3uUmo8020 Muna,; 6 — nepeuiHblil
opeon 30n0ma (>0,1 e/m); 7 — eeonocuneckue epanuysbl; 8 — paspeisnvie Hapyuienus, 9 — noiozonadalowue Haosu2u;

10 — nunus paspesa na puc. 3

Fig. 1. Geological scheme (a) and magnetic field map (b) of the Sokhatiny deposit: 1 — quartz-muscovite schist (PR;sh,); 2 —
epidote-amphibole-feldspar and epidote-chlorite-feldspar-quartz schists (PRish,); 3 — rhyodacitis and rhyolite sills
(zAEPRyzr); 4 — dikes of dolerites (vJsgr); 5 — propylitic and sericitic (phyllic) alteration; 6 — primary gold halo (>0,1
ppm); 7 — geological boundaries; 8 — faults; 9 — gently dipping thrust faults; 10 — section line in Fig. 3
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Bosee Monospie cyOImMPOTHEIE Pa3phIBBI EPECEKAI0T
X, hopmupys copocsr u Hagsurd [11, 18]. 3omHb! HanBH-
TOB COCTOST U3 CEPHH MOJOTHX Pa3IOMOB C OOLIMM Maje-
HHEM TUIOCKOCTeW cMemeHust Ha ceBep. K HuM mpuypo-
YeHBI THAPOTEPMATbHO-METaCOMaTHIeCKHe 00pa30BaHHUH,
BMeEIIAIOLINE 30J0TOPYIHYI0 MHHEpAIM3AlMI0 B ydacT-
KaX CONpSKCHHS HAJBUIOB C CEPUSAMHU KPYTOMAIAOIIHX
Pa3pbIBOB CEBEPO-3aIaHOT0 U CYOIIMPOTHOTO MPOCTH-
panuii (puc. 1, 3).

Ha MecTopoxIeHnn IIMPOKO PasBUTHI I'MIEPTeHHbIE
TIPOLECCHI, KOTOPbIE TPOSBIIIMCH B 00Opa30BaHUH JHHEH-
HBIX KOp BBIBETPHBAHHS BJIOJIb 30H TEKTOHMYECKHX
Hapymenwuit [19, 20].

JInueHswell Ha reoNoTHYecKoe W3YYeHHe W PasBEIKy
somota B CoxaruHoM pynHoM mnone Baageer OO0

«/lroamenby» (yupenurens — «3010T0H AKTHBY, T. MOCKBa).

B 2018 r. xommanueil ObUTH 3aBEpHICHBI T€OIOTOpa3Be-
nouHele pabotsl Ha yuyactke Coxaruublif, 1 B 2019 T.
HayaTa OIBITHO-MPOMBIIUIEHHAS SKCILTyaTalus MeCTo-
POXKICHHUS.

B xogne reomoropassenounbix pabot Ha CoxaTHHOM
MECTOPOXKICHAN OBUTM BELIBICHB TPH PYIHBIX TeJa.
[IpocTpaHCTBEHHO OHH COOTHOCATCS € 00TACTSIMH Pa3BH-
THSL METacOMaTHTOB. PyJHbIE Tela TMpHypOYeHBl K CO-
IPSKEHUIO KPYTONAA0IIUX TPEIIMH ¢ OIaronpusTHEIMH
B CTPYKTYPHOM OTHOLICHHH TOJOTMMU HAJBHTOBEIMH
CTPYKTYpaMH.

Hns pyx MecTOpoXIeHHS XapakTepHa CIEeHYIomIas
reoxumudeckas crermatmsanus: Au-Ag-Pb-Bi-Cu-As-
Zn-Te-Cd.

dakTuyeckun maTtepuan u MetToabl UCCnegoBaHusa

Munepanoras pyxl ¥ METacOMAaTHTOB H3ydalach IO
obpasmaM W3 pa3BEIOYHBIX KaHAB W KEPHA MOUCKOBO-
OIICHOYHBIX CKBaXHH. [leTporpadudeckue OmucaHus mo-
POA ¥ Py NPOBOJMIACH METOAOM ONTHYECKOH MHKPO-
CKOTIMM Ha TOHKHX cpe3ax o0pa3loB FOPHBIX MOPOJI, BbI-
TIONHEHHEIX B Jlabopatopuu otneneHus reojormsn HU
TIIY (r. Tomck) ¢ mcmonb3oBanneM Mukpockoma Carl
Zeiss Axio Imager.A2m. Xumudeckuii cocTaB MHHEpa-
JIOB OIIPEZIENAIICS METOAOM CKaHUPYIOLIEH 3IEKTPOHHOM
mukpockorm (COM) ¢ HCHONB30BaHHEM MHUKPOCKOIA
Tescan Vega 3 SBU (Yexus, TESCAN), ocHamieHHOro
PCHTTCHOBCKUM ~ DHEPTOAMCIEPCHOHHBIM  JETEKTOPOM
Oxford X-Max 50 (EDX) ¢ Si/Li kpucTa/IHIeCKuM Je-
TEKTOpOM. Y cKopstomiee Hampsikenue anst COM cheMku
U aHanu3a coctaBisio 20 KB ¢ MHTEHCHBHOCTBIO TOKa
30712 B mpenenax 4...11,5 HA. JlokaibHBIN peHTTEHO-
CIIEKTPATBHBIA AHANHM3 BBIMOJHANICS C HPeIBAPUTEIbHON
KanuOpoBKoi MHTeHCHBHOCTH 30H1a (11,4...11,5 HA) mo
K00ansTOBOMY CTaHmapTy npu pabodeM ((okycHOM)
paccrosaum 15 Mm. COM doTtorpaduu HaKaIIHBAIHCH
INsL IByX OCHOBHBIX JETEKTOPOB: BTOPHUYHEIX SIEKTPO-
HOB (SE — secondary electrons) u 00paTHO-paccessHHBIX
anektponoB (BSE — backscattered electrons) B naboparo-
pun otaenenus reoxorun (HU TITY, r. Tomck, aHamuTuK
T.IO. Sku4). O6beMHBIH MHHEPATOTHYECKUH COCTaB 00-
pasuoB  ompepensiici B TOMCKOM — Hay4HO-
HCCIIEIOBATENECKOM H TPOEKTHOM HHCTUTYTE HE(PTH H
rasa C TIOMOIIbIO PEHTIEHOBCKOTO JH(paKToMeTpa
Rigaku Ultima 1V, ocHaIéHHOr0 HCTOYHHKOM H3ITyde-

Hug Cu-Ka mpu toxe 30 MA ¥ HanpsHKEHUH PEHTTEHOB-
ckoit TpyOku 40 xB. [IpenBapuTenbHO TTOATOTOBICHHBIC
Tpenaparbl CKaHUPOBANKCH B MHTEpBase yriioB 20 3...65°
¢ marom 0,02° u ckopocTbio ckanupoBanus 1°/mun. Co-
JepkKaHUs MUKPOIIIEMEHTOB B MOJTOTOBIEHHBIX MPO0ax
TIOJTy4eHbl METOJIOM MAacC-CIIEKTPOMETPHU C HUHIYKTHB-
HO-CBSI3aHHOM TMITa3MOH (XMMHKO-aHATUTUYECKUI IICHTP
«[na3zman, r. Tomck, aHamutukn — T.A. ®wunumac,
A.H. Makosenko). MaruutHast BocnpuuMuuBocth (MS)
mMepsnack ¢ nomorpro kammnomerpa KT-10 ¢upmsl
TerraPlus, mo3BOJAMONIEr0 MPOBOJUTH 3aMEPHI C UYB-
ctBHTeNBbHOCTRIO 1-107° emuann CU ¢ xpaneHuem pas-
HBIX W Tocnexyromieit 3arpy3koi Ha IIK. Jlns Tounsx
M3MEpEHuUH onpe/IeNieHus IPOBOJUIIMCH Ha INTOCKUX CITH-
Jlax KepHa CKBAXKHH.

Pe3ynbTathbl 1 06CyxaeHNA
MapoTepManbHO-MeTacoMaTYECKuii aTan

B mpenmenax mecTopoxueHHs pyIOBMEIIAIOMHE IT0-
POZBI  TPENCTaBICHBI  XJIOPUT-KBAPLEBBIMH, XJIOPHT-
SMUJOT-KBAPIEBHIMH U MYCKOBUT-CEPUIIUT-KBAPIICBHIMU
CTAHIAMH, SBISIOMUMACA TPOAYKTAMH BO3JCHCTBIL
THAPOTEPMATBHBIX PACTBOPOB HA MCXOAHBIE KPHCTAILIH-
YyecKue CJIAHIIBI aMuO0-OHOTHT-TIONEBOITIIAT-
MYCKOBUT-KBAapIeBoro cocraBa. OTHOCHTENIBHO C1a00
M3MCHEHHBIC TOPOJBI C COXPAHMBIIMMHUCS MEPBUIHBIMH
TEMHOI[BETAMH W TIOJNEBHIMU IITATaMH BCTPEYAIOTCS
TOJNBKO HA 3HAYHTENHHOM yIAICHHH OT PYIHBIX 30H. bo-
Jiee YCTONUMBBINA B YCIOBHAX KHUCIOTHOTO BBIIIENAYIBA-
HUS MYCKOBHUT YaCTHYHO COXPAHSAETCS BIUIOTH JO BHYT-
PEHHHUX 30H OEPE3UTOB, I7Ie OH B UTOTE TOKE MOXKET MO~
HOCTBIO 3aMECTHTHCS CEPHIUTOM.

Haunbonee panHEME THAPOTEPMATBHBIMI TIPOIIECCAMM
SBJIIOTCS M3MEHEHHS TIPOMMIMTOBOTO THIIA, BHIPaXKaio-
[Mecd B 3NUIAOTHU3ALMU U XJIOPUTU3UIUK BMEIIAIOIIUX
nopogn. K meracomaTtuTam JAaHHOTO THUIIa TATOTEET Mar-
HETHTOBAs MHHEPANM3AlUS U PAcCesHHAS CYIb(UIHAs
BKPAIUIEHHOCTD, T0-BHAMMOMY, 3aBEpIIaBIIast 3TOT Hpo-
necc. B nienom mpomunuthl GUKCUPYIOT JOCTATOUHO 00-
IHUPHYI0 001acTh THAPOTEPMATEHON MPOPAOOTKH MOPO,
BHYTpPH KOTOPOH JIOKAIH3YIOTCS OKOJIOPYIHbIE Oepe3UThl
u 30110T0¢ Opyaenenne [14, 21, 22]. OxonopyaHsie MeTa-
COMATHTHI TIPEICTABIICHB! KBApII-CEPUIIUTOBEIME Oepe3u-
TaMH, KOTOPBIE PUYPOYEHBI K TEKTOHHYECKUM HapyIle-
HISM U cofiepskaT B cebe Oombloe 4HCIO KBAapIEBO-
KIWIBHBIX 00pa3oBaHui. MOIIHOCTH OEpEe3UTOBHIX 30H
MOET JJOCTHTaTh MEPBBIX IECATKOB METPOB.

CocraB 0epe3nTOB W KOJNIMUECTBEHHBIC COOTHOIICHHS
HOBOOOPa30BaHHBIX MHHEPANOB B CYIIECTBEHHOH CTere-
HH OTIPEIETAIOTCS HE TOJNBKO MHTEHCHBHOCTBIO TpOIiecca,
HO U XapakTepoM BMEIIAIOIHX TOPOA. B Toi minm uHON
Mepe HOBOOOpa3OBAaHHbIE XJIOPUT, KapOOHAT U CEPULUT
MOTYT TIPHCYTCTBOBATH B Pa3HBIX 30HAX METacOMATHYE-
CKOH KOIOHKM Oepe3nToB, TEM HE MEHEE B €€ CTPOCHHH
MOXHO YBEPEHHO BBIACIUTH TPU 30HBI — BHYTPCHHIOIO,
NPOMEKYTOUHYIO M BHEIIHIO. Bo BHeIHUX 30Hax Gepe-
3UTOB TIPOHUCXOJUT M30MpATEbHAS TIepepadoTKa MOPO bl
C 3aMeIICHIEM OCHOBHBIX TTOPOI000Pa3yIONINX MHHEPa-
JIOB XJIODUTOM, KOTOPBI B IPOMEXYTOUHOM 30HE MHTEH-
CHBHO 3aMEIIaeTcsi aHKepuToM (puc. 2, a, b).
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S
i k.

Puc. 2. 3onbl kor0HKU Oepe3umod (pomo 6 npoxodsuyem ceeme). a — eHewsis xaopumosgas, b — npomescymounasn kapbo-

o

Hamuas, C — eHympennss keapy-cepuyumosast; Ank — anxepum, Chl — xaopum, Ser — cepuyum, Qz — ksapy
Fig. 2. Zones of the beresite column (photo in reflected light): a — outer chlorite, b — intermediate carbonate, ¢ — inner
quartz-sericite; Ank is ankerite, Chl is chlorite, Ser is sericite, Qz is quartz

[To Mepe npuOIMKEHNS K BHYTPEHHEH 30HE KOJIIOHKH,
HACBILIEHHOM KBapLEBBIMH MPOKUIIKAMH, B METACOMATHU-
TaxX MCYE3AI0T XJIOPHUT U KapOOHAT, MPH 3TOM yBEIUYNBA-
eTcsl KONMYECTBO CepulluTa M KBapua. Bo BHyTpeHHHX
30HaX CTPYKTypa M TEKCTypa MEpBUYHBIX MOPOJ CMEHS-
eTcsl TUIMYHOM JIETMI0TPaHo0IacTOBOM CTPYKTYpOi Me-
TACOMATUTOB, TTOPOIB MPUOOPETAIOT MACCUBHOE CTpOE-
HHE, CBETIIO-CEPYI0 OKPACKY U HEPEKO CIOKEHBI TONBKO
KBApII-CEPUIIUTOBBIM arperatom (puc. 2, ¢).

[lepBruHBIE pyIBI TIPEACTABIAIOT COOOH CUCTEMBI CO-
OPSUKEHHBIX — [OJIOTONAJAIOMMX U KPYTONAJAroLIUX
JKHIBHO-TIPOKHIKOBBIX Te KapOOHAT-KBAPIIEBOTO COCTa-
Ba C HEPAaBHOMEPHO pacrpeleneHHOH cynbGuaHoi Mu-
Hepau3alueil B mpesienax 30H 0epe3suTH3aIuu.

BxpamneHHOCT paHHEro, MpakTHYECKH HE 30J0TO-
HOCHOTO, IIMPUTA MUPOKO Pa3BUTA JANeKo 3a HpejeaMu
Oepe3uTOBbIX TEN U CBA3aHA, [0 HAIIEMY MHEHHIO, C 3a-
BEpIIEHUEM MPOMUIUTUH3AUNU. DTO SABICHHAE YPE3BBIUAL-

HO BOKHO B KauecTBE IIOMCKOBOH IPEATIOCHUIKH i
OKOHTYPHMBAHHMS BO3MOKHBIX 30J0TOPYIHBIX 30H IO JIaH-
HBIM MarHUTOPa3BeIKH.

JUis OlEHKH BO3AECHCTBHS METACOMATHYECKUX MPO-
IECCOB HAa MAarHWTHBIC CBOMCTBA MOPOJ HAMH M3MeEpeHa
MarHUTHas BOCIPUAMYHMBOCTH OOPA3IOB KEepHA IOMCKO-
BO-OLIEHOYHBIX CKBAXKUH [23, 24].

Pesynbrathl m3MepeHuil MoKas3any, 4T0 MarHUTHOCTH TO-
PO B LEJIOM OTpa)kaeT MX OCHOBHOCTB: TOPOJBL, COIEpPIKa-
IHe OWOTHT, XJTOPHUT H 3MHJIOT, O0JIee MArHUTHBL, YeM KBap-
TIeBO-THIPOCITIOMCTHIC TIOPOIbL. [0 CKBaXKMHAM OTMEYaeTCs
COTPSDKEHHOCTh MEXKIY aHOMATBHBIMH KOHIICHTPAIAMH P,
V, Fe, Mn, Zn, Co, Ni 1 y4acTkamu TIOBBIILIEHHOH MarHUTHOM
BOCHIPMUMYMBOCTH. OfIHAKO KOJIMYECTBEHHAS B3aUMOCBS3b
JIAHHBIX TIApaMETPOB He SBJIIETCS IPAMO-TPOIOPIMOHATLHOM.
Vyactki Hamboliee MHTEHCHBHOM MPOMIATH3AIMK COTIPO-
BOKIIAIOTCA CYNb(HIHON BKPAIUIEHHOCTHIO U 00JaIat0T HU3-
KOW MarHUTHOM BOCTIPHMMYHUBOCTBIO.
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Puc. 3. punyunuanvras cxema pacnpeoeienus memacomamumos u pyo (8) u macnummuas eocnpuumuusocms nopoo (b) 6
paspese no aunuu ckeadicun 6—3-1-2 Coxamunozo mecmopocoenus. 1 — nponunumuszayus; 2 — okonopyouvie bepe-
3Umbl ¢ 3010MO-CyIbOUOHO-KEAPYESOU Munepanusayuell; 3 — 001acmu aHOMAIbHO20 HAKONAEHUS 3010Md, 6KII0UAS
pyouvie mena; 4 — epanuya OCHO8HBIX HAOBULOBLIX Nepemewenuti; 5 — Kpymonaoaiouue pyooKOHMpOIUpylowue

Hapywernus

Fig. 3. Schematic diagram of the distribution of metasomatites and ores (a) and magnetic susceptibility in the section along
the line of holes 6-3-1-2 of the Sokhatiny deposit: 1 — propylitic; 2 — sericitic (phyllic) alteration with gold-sulfide-
quartz mineralization; 3 — areas of development of gold-bismuth-telluride mineralization; 4 — boundary of major
thrust movements; 5 — steeply falling ore-controlling faulting

MakcuManbHO MarHUTHBIME SBIISFOTCS TIOPOJIBI Ha (PPOH-
T MPOMUWIUTH3ALMH, B KOTOPBIX TPOIIECC 3aMelIeHHs aM(pu-
0oJoB ¥ OHMOTHTA BIHIOTOM M XJIOPUTOM, COTPOBOMKIAKO-
IUIACS BKPAIUICHHOCTBIO HOBOOOPA30BAHHOIO MATHETHUTA,
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etie He 3aBepunica. C BO3pacTaHUeM UHTEHCHBHOCTH IPO-
11ecca MarHeTUT 3aMelaeTcs MUPUTOM. MarHutHast BOCHpH-
MIMYMBOCTB TIOPOJL TIPH 3TOM PE3KO CHIDKACTCS, 8 KOHIICHTpa-
IS 30710Ta B METACOMATHUTaX MIOCTETNICHHO BO3PACTACT.
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Takum 00pa3oM, B MacmiTabax MECTOPOXKICHHH me-
puQepus 30H MPOMMIHTH3AINA XapaKTepH3yeTcs MOBbI-
IICHHOH MArHUTHOCTHIO, & B TEHTPATBHBIX YacTAX, T/
PasBHUTHI 30JI0TOHOCHBIE GEPE3UTHI, TOPOJIBI PAKTHIECKH
HemarHutHb! (puc. 3, b). Ha kapTe MarHUTHOTO OIS MH-
HEpaTH30BAHHBIE 30HBI U PYJOKOHTPOIHUPYIOIIHE Pasio-
MBI TaKXe OTYECTIHBO (UKCHPYIOTCS WHTCHCHBHBIMU
3HAKOTICPEMEHHBIMH aHOMATHSIMI Ha (OHE JOCTATOYHO
CIIOKOMHOTO MMOJIA HEM3MEeHeHHbIX mopon (puc. 1, b).
JaHHblil GaKT MOKET CIYKHUTh KPHUTEPUEM TS TOMCKOB

30JI0TOPY AHBIX MCCTOpO)I()IeHI/Iﬁ 1 OIICHKH UX MacITaboB.

Ot1cyTcTBHE BHYTPUMUHEPATM3AUMOHHBIX JaeK, MpU-
YPOUYEHHOCTh Pa3sHOBPEMEHHBIX PYIHBIX MUHEPAIOB K OJI-
HUM M TEM XK€ CTPYKTypaM, eIMHCTBO OKOJIOPYIHOTO Me-
TacoMaTo3a OEPE3UTOBOTO THIIA TIPH HAMYUU OJJHOU BOJI-
HbI 9BOJIFOLIMHU KHCIOTHOCTH-IIIEI0YHOCTH PACTBOPOB — BCE
3TO HE MO3BOJSET Pa3JeNATh Oepe3nT-CyIbOUIHYI0 MIHE-
paIM3AlMI0 HA CTAOWH B TIOHMMAHHHM O3TOTO TEPMHHA
J.C. KopxuHckuM 1 ero mocienosarensimu [25]. Boige-
JICHHBIE PYHBIC aCCOMMAIINN MBI MApAILIENH3yeM CO CTY-
TIEHSMUA MUHEpAIbHOT0 PAaBHOBECHS B Tpeenax eIrHOM
Oepe3ut-cynbduIHON CTaTiu PYA00TIOKEHHUS.

Jran F'maporepmMalibHO-MEeTACOMATHYCCKHUI I'nnepren-
Stages Hydrotermal-metasomatic HEIH
Supergene
Cranum MponuauTtoras bepesnr-cyabdpuanan alteration
Substages Propylitic Sericitic (phyllic)-sulhide
Accoumanmm : :
Mineral . Iocrpyanas
.\ln.nepa.'m association 1 | 11 1 | v 24 VI Post-ore
Minerals | |
Ksapu / Quartz | prm—— ——— —
Snuaot / Epidote — lr :
Cepunut / Sericite | —_—
Xaopurt / Chlorite —'  — o
Kapoonarni / Carbonates : —
Marunerut / Magnetite —i-
Femarut / Hematite -
Gapur / Barite — =
IMuput / Pyrite S

Apcenonuput / Arsenopyrite

Cdanepur / Sphalerite

IMupporun / Pyrrhotite

Xaaskonuput / Chalcopyrite

Tasenut / Galena

3oa010 / Native gold

Burrnxennt / Wittchenite

Aiiknnnt / Aikinite

Muxapant / Miharaite

Apxyoucut / Arcubisite

Se-apkyoucur / Se-arcubisite|

Iecent / Hessite

Bucmyrtun / Bismuthinite

Maruasant /[ Matildit

Iandaxut / Schabachite

Haymannur / Naumannite

Cepgeaant / Cervelleite

Bopuur / Bornite

Kosesann / Covellite

Xaubkosun / Chalcocite

Maaaxur / Malachite

A3sypurt / Azurite

Siposut / Jarosite

Jlumonnt / Limonite

Monrmopuiuionnt /

| Montmorillonite

I'napocaionst / Hydromica

Kaosmmuut / Kaolinite

TexTonnueckue NOABHKKY /

1

Tectonic

Puc. 4. Cxema nocnedosamenvrocmu munepanoobpazosanus Coxamunoeo mecmopodicoenus. Munepanvusie accoyuayuu:
| — snuoom-xnopumosas;, |l — keapy-kanvyumosas; 1l — keapy-xapbonam-cepuyumosas (bepezumosas); \V — xeapy-
Kkapbonam-o6apum-nupumosasn; V — 3o0n0mo-noaumemannuyeckas (1-a npooykmuenas); VI — 3010mo-eucmym-
menaypuonas (2-sa npooykmuenas). Tonwuna nunuu yxasvigaem Ha OMHOCUMENbHYIO pACHPOCMPAHEHHOCHb MUHe-
panos

Fig. 4. Sequence of mineral formation in Sokhatiny deposit. Mineral associations: | — epidote-chlorite; Il — quartz-calcite;

Il — quartz-carbonate-sericitic (phyllic); IV — quartz-carbonate-barite-pyrite; V — gold-polymetallic; VI — gold-
bismuth-telluride. The line thickness marks the relative abundance of minerals
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Munepanvuvie accoyuayuu  Coxamunozo MecmoporcoeHus: (U300padrcenus 6 0OPAMHO PACCEAHHBIX DNEKMPOHAX):
a) muxposxtouenus 6apuma (Brt) 6 anxepum (Ank)-xeapyesom (Qz) nposcunxe, émecme ¢ nupumom (Py); b, ¢) exmouenue
nuppomuna (Po) ¢ nupume (Py), o6pacmaiowee 3onomom (Aul); d) exmouenus u npoocunxu eanenuma-1 (Gnl) émecme ¢
apcenonupumom (Apy), cipanepumom (Sp) u xeapyem (Qz) ¢ nupume (Py); e) keapy (Qz)-anxepum (Ank)-earenum (Gnl)-
xanoxonupumoswiti (CCp-1) agpezam, yemenmupyiowuii pazopoonennvie 3epua nupuma (PY); f) carenum-2 (Gn2) ¢ 2eccu-
mom (Hs) zamewaiom seprno xanvxonupuma-1 (Ccp-1); q) eanenum-2 (Gn2) u apxybucum (Arc) ¢ sanvbanoax ankepumo-
sobix (AnK) npoorcunxos, cexywux xamvkonupum-1 (Cep-1); h) eanenum-2 (Gn-2) 6 accoyuayuu ¢ summuxenumom (Wit) u
muxapaumom (Mh), yemenmupyiowue nupum (Py) u xanoxonupum-1 (Ccp-1); i) expanaenus wianbaxuma (Sch), summuxe-
numa (Wit) u atikunuma (Aik) 6 accoyuayuu ¢ nozonumu xanvkonupumom-2 (Cep2) u canenumom-2 (Gn2) 6 anxepum
(AnK)-xeapyesom(Qz) npoocunxe; j) carenum (Gn2)-ceccumoswie (HS) npoocunku 6 xanvkonupume-1 (Ccp-1); K) nepece-
uenue u 3amewjerue xanvkonupuma-1 (Ccp-1) aspecamom sepen eanenuma-2 (GNn2), eummuxenuma (Wit) u Haymannuma
(Nm); ) svi0enenus cepsenneuma (Crv) cpedu sxkpannennuxos canenuma-2 (Gn2), samewaiowezo nupum (Py)

Mineral assemblages of the Sokhatiny deposit (backscattered electron images): a) microinclusions of barite (Brt) in an-
kerite (Ank)-quartz (Qz) veinlet, together with pyrite (Py); b, c) inclusion of pyrrhotite (Po) in pyrite (Py) overgrown
with gold (Aul); d) inclusions and veinlets of galena-1 (Gnl) together with arsenopyrite (Apy), sphalerite (Sp) and
quartz (Qz) in pyrite (Py); e) quartz (Qz)-ankerite (Ank)-galena (Gnl)-chalcopyrite (Ccp-1) aggregate cementing
crushed pyrite (Py) grains; f) galena-2 (Gn2) with hessite (Hs) replace the grain of chalcopyrite-1 (Ccp-1); g) galena-2
(Gn2) and arcubisite (Arc) in selvedges of ankerite (Ank) veinlets intersecting chalcopyrite-1 (Ccp-1); h) galena-2 (Gn-2)
in association with wittichenite (Wit) and miharaite (Mh), cementing pyrite (Py) and chalcopyrite-1 (Ccp-1); i) inclu-
sions of schapbachite (Sch), wittichenite (Wit), and aikinite (Aik) in association with late chalcopyrite-2 (Ccp2) and ga-
lena-2 (Gn2) in an ankerite (Ank)-quartz (Qz) veinlet; j) galena (Gn2)-hessite (Hs) veinlets in chalcopyrite-1 (Ccp-1); k)
intersection and replacement of chalcopyrite-1 (Ccp-1) by an aggregate of grains of galena-2 (Gn2), wittichenite (Wit)
and naumannite (Nm); I) segregation of servelleite (Crv) among phenocrysts of galena-2 (Gn2) replacing pyrite (Py)
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B npenenax CoxaTHHOTO MECTOPOX/EHHS HaMH BbI-
IeNA0TCA  CEAYIOMHEe MHHEpPATbHBIE — ACCOLHAINH:
| smpoT-xnoputoBas u |l KBapi-KanbIUTOBAsA, XapaKTe-
pUBYIOMINE POMINTOBYIO0 ctaauio; |1 kBapi-kapOoHart-
ceputuroBas, |V kBapu-kapOOHAT-0apUT-MUPUTOBAS,
V 3onoto-nomumeramindeckas  (1-1  mpoaykTuBHAL),
VI 30510T0-BUICMYT-TeTypuaHas (2-1 TPOAYKTHBHAs),
KOTOPBIE BMECTE € TOCTPYIHBIMU KBapI-KapOOHATHEIMH
NPOKUIKAMHA ~ OOBENUHAIOTCA HAMU B OepesuT-
cynsbunnyto cramuio (puc. 4) [26]. B xope BhIBeTpHBa-
HUS PA3BUTHI THIICPTEHHBIC MAHEPANBI, B TOM YHCJIE BTO-
PHUYHOE 30J10TO.

PaccMoTpuM mapareHe3uchl MPOMYKTHBHOUW OepesuT-
CyNb(QUIHON CTANN MUHEPATH3ALHH.

Kesapy-xapbonam-oapum-nupumoeas. MuHepanbHasl
accoyuayus (CTyIeHb PaBHOBECHS) BCKPHITA HA MECTO-
POXJICHNY TPAKTHUECKH BCEMH MOBEPXHOCTHBIMU TOP-
HEIMH BBIPAOOTKAMH ¥ CKBRKHHAMH W TIONB3YETCS
HauOonpIIMM pacnpoctpaneHneM. OCHOBHBIMU Hepy -
HBIMH MUHEpanamy SBISIOTCS KBapll M KapOOHATHI, pe-
ke Oaput. KBapi nmeer, kak NpaBHiIO, CEphId IIBET.
CrpykTypa €ro paBHOMEPHO3EPHHCTAS C POBHOM HIH
3y04aroil rpanmIei 3epeH. TekcTypa 0OBIYHO MaccHB-
Hasi, MUKpoapy3oBuaHas. KapOoHar, Hapsaay ¢ KBapuem,
claraeT OCHOBHON 00bEM SKWIbHBIX 00pa3oBaHUH U
TpEe/ICTaBICH aHKePUTOM. B KBapm-kapOOHATHBIX IIPO-
KIDIKaX, a TaKKe B HUHTEPCTULHAX IHPHTA, HEPEOKH
BKJTIOUEHHS PETMKTOBEIX MHHEPAIOB BMEMIAIONIAX MO-
PO M METacoOMaTHTOB: PYTHNA, LMPKOHA, MOHAIUTA,
aratuTa, Xjaopura. baput Berpevaercs 1100 B BHJE ChI-
M BKIIOYEHHI Cpe KBapua W aHkeputa (puc. 5, a),
MO0 CaraeT CaMOCTOATENBbHBIC MPOXKIUIKH MOITHO-
CTBIO B IIEPBBIC CAHTHMETPHIL.

EnunctBenHbli cymb(uIHbI MUHEpAT JaHHON accolu-
amy — maput. OH OTMeuaeTcsl B KBapLEBO-KapOOHATHBIX
KUTaX ¥ IPOXKIIKAX B BHJIE THIMIMOMOP(HEIX arperaros,
9acTo pa3IpoOJICHHBIX W CLHEMEHTHPOBAHHBIX Oolee Mo3.-
HUMH MUHepanami. BHyTpeHHee CTpoeHHe KPHUCTAIIIOB K-
puTa B H31IOMe CNabo PaKOBHCTOE, YacTO 3ePHUCTOE, HHOT /1A
BCTpevatoTcst  (pamOouaaibHble  00pa3oBaHMS —UPHTA.
B 3aBrcuMocTH OT MpeoONajiafoNiero pa3BUTHs TpaHeH B
KOMOMHAIUSAX KPYCTAIIOB BBIAEICHO 5 MOP(OIOrHIecKux
tunoB kpuctamioB (MTK) nupura: npeobnaatommii Kyou-
yeckuid (70-100 %), pexe — MEHTAroHIOAEKAdIPUIECKHIA
(0-23 %) u xy6-nenraronnoackadapryeckuii (0-23 %) u B
SIMHUYHBIX CTyYasX — KyO-OKTad[IpHYecKHil W TEHTaroH-
okTayIpudeckui. KyOmyeckie KprCTaLTBI Jarme BCero Xo-
polo o0pa3oBaHbl, ¢ PABHOMEPHO Pa3BUTHIMH U OJiecTs-
vy rpassivi (100), TOKPBITEIME O4YeHb TOHKOM, HEPEKO
MHOTOLIEHTPOBOM IITPUXOBKOH pocTa. Cozepkanus 30/10Ta
MHUHUMAJIBHEI B TTHPUTE KyOM4ecKoro raburyca u BO3pac-
TalOT MPOTIOPIOHATBHO YBENWUYECHHIO JI0JTH TIEHTaroHI01e-
Ka3IPUYECKNX M KyO-TICHTArOHAOACKadAPHUECKUX THIIOB
KPHCTAJIOB, YTO XapaKTEpPHO IS BCEX THIPOTEPMATBHBIX
MECTOPOXICHHUH 30510Ta [27].

[IpoxykTHBHOCTE KBapI-KapOOHAT-OapHUT-THPHTOBOM
MUIHEPAIBHOH acCONMAMK KpaiHe HU3KAas, TONBKO MpPH
HaJNOXKEHUN MHHEPAJOB 30JI0TO-MOJTHUMETALTMYECKOH ac-
COLIMAIIMK 30JIOTOHOCHOCTh IHPHUTA PE3KO BO3pacTaer,
YTO TPAMO CBA3aHO C MEXAHMYECKHMH BKITIOUCHHAMH
no3Hero 3o1o0ta (puc. 5, b, ¢; 6, a—).

3onomo-noaumemannuyeckas accoyuayus SBISETCS
CaMOW MPOTYKTHBHOW Ha 30JI0TO, OPEONBl €€ pPaclpo-
CTPAHEHWS! OTPEMICNIIOT KOHTYPBI PYAHBIX Tel. JTOT Ma-
pareHe3nc MaKCUMAIBHO PAa3BUT B IICHTPATLHOH dacTH
MECTOPOXKICHUS U MOCTENICHHO BBIKIMHUBACTCSA K rIaH-
ram. [IpencraBneH B Buje MPOKIIKOBO-XKIIBHEIX 00pa-
30BaHHil, HHOT/]A B BUE OKOJNOKUILHOH BKPAIUICHHOCTH
cympuIoB B MeTacoMaTuTax. HemocpencTBeHHO B KH-
Jax ¥ MPOXUIKAX CyTb(HAB BCTPEUAIOTCS B BUIE pel-
KOIl paccesHHON BKPAIIEHHOCTH WM THE3I000pasHbIX
arperatoB. [1oJ MUKpPOCKOIIOM BHAHO, YTO MUHEPAIBI 30-
JIOTO-TONMMETAIITHYECKOH ~ aCCONMALMH  IEMEHTHPYIOT
pa3apoOneHHbIe 3epHA MHPHUTA, NPOHHKAIOT B HHUX IO
TPEIMHAM W 3alONHAIT MEX3EPHOBBIE NPOCTPAHCTBA
paHHell MUPUTOBO# accoruanyu (puc. 3, €).

®opmMupoBaHe 30J10TO-MOJIUMETAIIIHYECKON acCOLH-
aIiy HAYMHACTCS C MUPPOTHHA. EIMHUYHBIC BRIIEICHIS
3TOT0 MUHEpala BCTPEYCHB! B MHTEPCTHIIAX 3€PEH IIH-
purta (puc. 5, b). B3anMOOTHONICHHH ¢ IPYyTMMH MUHEDa-
JaMH HE YCTaHOBJIEHO, HO acCOIMALMA C HAapaCTaIOIIIM
Ha ero rpaHsix 30J0TOM TO3BOJIAET OTHECTH MUPPOTHH, C
y4eTOM €ro XMMIYECKOr0 COCTaBa, K Havyaly 30J0TO-
TIOTMMETAIUTHYECKOR CTYIEHH OTI0XKeHHS (pHc. 5, C).

He MeHee pefxuM MUHEpAIoOM pyJ SBIAETCS apceHo-
muput. BeTpeueH B Bufie eIMHUYHBIX BBIICICHAN B TH-
pHTe, COBMECTHO CO C(ATEpUTOM U TATCHHTOM-1, dTO,
COOCTBEHHO, ¥ MO3BOJISIET OTHECTH €r0 K Havyaly TOU ke
crymnenn Munepanmsamun (puc. 5, d). Xapakrepso, 4to B
TEOXUMHYECKOM I0JIe AHOMAIIMK MBILIBSKA OYeHb TECHO
koppenupytores ¢ Au, Ag, Bi, Pb, Cu.

OmHrM 13 TIIaBHBIX MAHEPATIOB 30JI0TO-TTONMMETLTAYECKON
accolManyy sBIseTcs XarbkonupuT-1. OH BCTpeyaercs B
BHJIC BKPAIUICHHOCTH ¥ JIMH30YEK B KBApIle U KapOoHATe,
a Yalie BCEr0 COBMECTHO € TaJeHMTOM-1 LEMEHTHpYET
KaTaKIa3upoBaHHbIC 3epHA UpHTa (pHC. 5, €).

[anennt-1 M0 CTENEHN PacIpOCTPaHEHHS TIPAKTHIECKH
HE YCTyTaeT XalnbKOmipHTy-1. Berpedaercs B Buje Bkpan-
JICHHOCTH B MUPHUTE U KBAPLEBO-KAPOOHATHBIX MPOKUIKAX,
MHKPOTPOCEUEK, CEKYIINX MUHEPAIBl PAHHUX accOUaIIi
(puc. 5, d, €). B mpocTpaHCTBEHHOM pacipe/ie/IeH I Taje-
HHATA W XaIbKOHMPHTA MOKHO OTMETUTD JIATEPATBLHYIO 30-
HATBHOCTB: TAICHUT MpeoONiaiaeT B 3aMagHON JacTH Me-
CTOPOXKACHUSA, XaJIbKOIIUPHUT — B BOCTOYHOM.

Cdanepur BcTpeuaetcs B pyax KpaiiHe penko, oOpa-
3ys TOHKYIO PaccesHHYI0 BKPAIUIEHHOCTh B IHPHUTE, BMe-
cre ¢ ranenurom-1 (puc. 5, d).

MuHepans! 3010mo-6UcMym-mentypuoHoll accoyuayuu
BBISBIICHBl TOJBKO C TOMOIIBIO 3JIEKTPOHHO-30HIOBOIO
MUKpoaHain3a. [IpocTpaHCTBEHHO OHU TATOTEIOT K y4acT-
KaM COINpPSKEHMS TIOJNIOTMX M KPYTOIAJAIOIMX CTPYKTYP,
TO €CTh K Hamboyiee 30JOTOHOCHBIM YacTsM PYIHBIX Tel.
['maBHBIN PeACTABUTEND 3TOTO TAparcHe3mca — FaIeHAT-2,
TIOCTOSIHHO aCCOLMUPYIOUTMH ¢ KOMIUIEKCOM MUHEPAJIOB
TEIUTYPUIHO-CYTb(QHUA-CYTH(POCOTLHOTO Psia: BUTTUXCHH-
TOM, alKHHUTOM, BUCMYTHHOM, apKyOHCHTOM, CEleHoap-
KyOHCHTOM, CEpBEIUICHTOM, MATWIBIUTOM, MUXAPaUTOM,
mandaxuToM, HAyMaHHUTOM, TECCHTOM, KIIayCTalHTOM
(puc. 5, Tabmnuma).

BounbIasg yacte 9THX MUHEPAJIOB, B TOM 4YHUCJIC OYCHb
PEeIKHil MUHEpAl CEPBEILICHT, BIIEPBBIC OTKPHITHIA U 3a-
peructpupoBanHbiid B 1986 r. [28], BbIsBIEHA HA MECTO-
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poxieHuu Briepble. OTaeNbHbIE MUHEPabl 000TalleHBl,
OTHOCHUTENIFHO TEOPETHYECKHX (OpMYJ, MEABIO U CBUH-

1I0M, YTO MOXHO CBS3bIBATh C HAIMYUEM MUKPOIIPUMECer
3aMemaeMbIX MHHEPAJIOB: XaJbKOMUpHUTa-1 U rajenHnra-1.

Tabnuya. Xumuueckuil COCMAe MUHEPALO8 30I0MO-GUCMYM-MELLYPUOHOU accoyuayuu (mac. %)
Table. Chemical composition of Bi-Te-minerals association (wt. %)
Munepan Burtuxenur AUKUHUT ApkyOucut Cenenapkyoucur Bucmytun Muxapaut
Mineral Wittikhenite Aikinit Arcubisite Se-Arcubisite Bismuthinite Miharaite
S 19,73 17,42 14,1 12,69 17,71 20,25
Fe - 1,23 — 0,62 2,73 6,29
Cu 38,1 20,54 10,07 11,32 0,87 25,83
Se — — — 3,66 1,47 —
Ag - — 57,1 55,59 — —
Te — — 1,82 0,99 — —
Pb - 25,19 — — — 24,84
Bi 40,67 35,62 17,03 15,15 72,94 20,07
Cymma/Total, % 99,48 100 100 100 96,89 97,28
®dopmyna
TEeOopeTUYeCKas CU3BiS3 CUPbB|S3 AgGCUB|S4 Agf;CuBi(S,Se)4 BizS3 PbCu4FeBi85
Theoretical formula
Popmyna - - . Ags.Cuy g Bi - -
(l)aKTI/I‘ICCKaﬂ CU2.9B|0,9583 CU1‘05Pb1‘34B|0.93S3 Age‘3CU1‘74B|0‘7S4.5 (Ss'zse 18 ) 07 B|1‘953 Pb1‘2CU3‘35Fe1,07B|0,956
Actual formula 1OR0SA
Munepan Cepseieut Maruibaut Haymanuut Nau- [Tan6axur Knaycranur T'eccur
Mineral Cervelleite Matildite mannite Schapbachite Clausthalite Hessite
S 591 12,67 1,47 12,76 — 0,4
Fe — 3,7 0,49 — 2,07 —
Cu 6,33 3,38 1,9 6,33 2,66 -
Se 0,71 4,24 22,1 4,92 24,99 —
Ag 67,72 21,26 72,85 17,3 — 62,44
Te 22,87 — 1,19 — 35,22
Pb — — — 24,6 67,96 1,71
Bi — 36,41 — 34,09 - -
Cymmal/Total, % 103,54 100 100 97,68 100
®Dopmyna
TeopeTHyecKas Ag.TeS AgBIS; Ag, Se PbAQ.Bi,Ss PbSe Ag,Te
Theoretical formula
Dopmyina
dpaKTPl‘{eCKaﬂ (Ag3,4Cuo_54)Teo‘975 AgBISZ Agz_4Se Pb1‘5Angi2CUO‘2555 Pb1,045e AgzlogTe
Actual formula

MuHepansl 3TOro KOMILIEKCa OOBIMHO HApacTaroT Ha
KPUCTaLIB! Oonee PaHHUX CYJIb(UIO0B M MPOHUKAIOT B HUX
o TpelIMHaM, HO KOHTAKTbI YaCTO Pa3MBITBIC, YTO YKa3bI-
BACT HA 3aMEIICHIE PAHHIX MUHEPAJIOB, B TIEPBYIO OYEPE/b,
xanpkomuputa-1 (puc. 5, f, h, k). Tanennt-2 u apkybucur
9acTo TPUYPOUCHBI K 3aTbOAHAAM AHKEPHTOBBIX IPOKII-
KOB, CEKYILHX XaJIbKOIUPUT-1, IEMOHCTPUPYS 30HAIBHOCTD
oTIoXkeHus (puc. 5, §). XalbKOMUPHT-2 B 3TOM MapareHe3 -
Ce SBIICTCS OJTHAM U3 CAMBIX PEKIX MHHEpAIOB M BCTPE-
YCH JIHIIb B BUIE OYEHb MEJTKHX IMHIIHBIX BKITIOUCHIH.

Cexymmx B3aMMOOTHOLICHHMH MEXAy MHHEpaTaMu
BHYTpH JJaHHOH CTYNIEHU HE YCTaHOBIEHO, YTO PACLiCHU-
BACTCA HAMM KaK MX OJM30JHOBPEMEHHOE OTJIOXKCHHE.
MosKHO ITHIIE TPEION0XUTh OoNee UTUTENBHBIA TepH-
Ol OTJIOEHHUS TalleHUTa-2 B CPaBHEHHH C OCTAIbHBIMU
MUHEpaTaMH aCCOLMAIHH.

XapakTepHolt 0c00eHHOCTBIO COXAaTHHOTO MECTOPOXKIe-
HUS SBISETCS HAIMYME B COCTAaBE  30JI0TO-BHCMYT-
TEJUTYPHIHON MUHEPATM3AIMH TOJBKO CYTb(OBHCMYTHTOB
TIONHOE OTCYTCTBHE CYIb(OCONEH Ha OCHOBE CYITb(OapCeHH-
TOBOH M CYIh(hOAHTHMOHHTOBOH COCTABISIOMMX (OIEKITBIX
PYI, SHAPTHTA, IPYCTHTA, MUpapTHpHTa U Jp.). CTOMb XKe Ho-
Ka3aTeNbHO NOCTOSIHHOE HAKOILICHNE 3/16Ch TpUMecei ceneHa
BIUIOTH 10 00Pa30BaHMs COOCTBEHHBIX MHUHEPAIOB (HayMaH-
HWT, KJIAYCTATUT, CeleHapKyOucur). ['umporeoxumuyeckue
QHOMAJIMU CENIEHA YCTAHOBIICHB! K B BOJOTOKAX, JPCHHU-
pytormx CoxaTHHOE MECTOPOK/ICHHUE.
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BMmecte ¢ rameHuTOM-2 W APYTHMH MHHEpaJIaMH
TMO3JHEH acCOLMAIMM YacTO BCTPEYAeTCs 30J10TO, YTO
YKa3bIBAET Ha €€ 30JI0TOHOCHOCTb.

Camopoonoe 3010mo SBIAETCS TIABHBIM MUHEPATIOM,
OTIpEIEIIIONINM TIPOMBIILICHHYI0 IeHHOCT pyn CoxaTu-
HOTO MECTOpPOXJIEHHS. B rimporepmansHOM mporecce 30-
JIOTO OTJIATAOCH B ABYX HPOAYKTHBHBIX MUHEPAIBHBIX ac-
conpanusix. [lo HatmM HaOMOCHUSAM M JaHHBIM TIPE/Ibl-
JyIux ucciaenosanuit [19] mopdonornyeckn 3epHa 3010~
Ta MOXHO Pa3feNIUTh HA TPH TPYMIBL: 1) KOMKOBHIHO-
M30METPUYHBIE; 2) yANMHEHHbIE U 3) CIOXHOH (QopMBL
IlepBbie mpecTaBIeHB! KOMKOBATHIMU M 0OBEMHBIMH 30-
JIOTHHKAMH; BTOpbIC — YIIOIIEHHO-Y/TMHEHHBIMH, ILTa-
CTUHYATHIMH; TIOCIIE/THAE — IPOBOJIOUYKOBUIHBIMA 1 KPIOU-
KOBATBIMU. B KONMYECTBEHHOM OTHOLICHUM KOMKOBMJIHO-
M30MeTpHYHas opMa 30J0THH ABIAETCS MPeoOIIaIaromieit.

OCHOBHOE KOJNHYECTBO CAMOPOIHOIO 30710Ta CBSI3AHO €
cymsgumamu. [1o BpeMeHn OTIOKEHNS BBIICACTCS JIBE TeHe-
AWy THTIOTEHHOT0 3010Ta. 30710To-1 Yarme Beero HaOmoza-
€TCs COBMECTHO C XaIBKOTIMPHUTOM-1 ¥ TAlEHUTOM-2 B TIPO-
KWIKAX, [IEMEHTHPYIOIMX pa3po0JieHHbIC 3epHa MUPHTa
(puc. 6, d). 3omoTo-1 B MUpHTE MPUCYTCTBYET U OT/EIHHO, B
BHJIC MCXaHHYECKOW mpuMecH (pHc. 6, a), HO B OONBIINH-
CTBE CIy4acB CBS3b OTHX BbIJCNCHUI C TaleHUT-
XaIbKOIMPUTOBOM MHUHEpaTM3aliell BCe-TaKU YCTaHABIIH-
Baercs (puc. 6, b, ¢). TTuput, BUIUMO, CITyKIAT XHMIYECKH
ONMaronpusTHON CPEIoi [T OCAXIICHHUS 30J10Ta.
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30510T0-2 BMECTE C TaICHUTOM-2, BUTTHXCHHTOM U
IPYTHMH MHHEPATAMH TO3JHeH accomuanun obpacraet
3epHa XaNbKOMUPUTA-1 U IPOHMKAET 10 TPEIIHHAM B He-
1o 1 boiee pannue MuHepais! (puc. 6, e, f).

[IBeT 30710Ta COMOMEHHO-KENTBIN, HHOTIA ¢ OPOH30-
BBIM OTTEHKOM, Pexe — ONemHO-KenThiid. Berpeyarores
3epHA KaK C CHIBHBIM 0JIECKOM, TaK i MaTOBBIE.

>

OCHOBHO# TIPHMECHIO B 30JI0TE SIBIISIETCS CEPEOPO, OIS
kotoporo mensiercs ot 7 10 38 %. Kak 3omoto-1, Tak u 30-
JI0TO-2 UMEIOT JIOCTATOYHO IMUPOKHH JHAMa30H H3MEHEHHUS
npobbL. B Tex ciydasx, Koraa reHepaims 3070Ta Mo MUK-
POCKOIIOM YCTaHABJIMBAETCS OJHO3HAYHO, 30JI0TO-1 MMeeT
JuarasoH Kojiebauuit mpolsl ot 662 10 920 %o (cpenHee
788 %0), 30m010-2 — 0T 636 10 832 %0 (cpemmee 734 %o).

WD: 15.17 mm

w fleld: 104 um Det: BSE 20 ym

Puc. 6. Dopmwl videnenus 3010ma u 63aumoomuouenus ¢ opyeumu muneparamu: Aul — sonomo-1, Au2 — 30n0mo-2, Py —
nupum, Gnl — zarenum-1, Gn2 — 2anenum-2, Ccpl — xanvkonupum-1, Wit — summuxenum, Qz — keéapy, Chl — xropum,
Ank — anxepum; a—d — pomo, e—f — uzobpasicenue ¢ obpammno paccesiHHbix I1EKMPOHAX

Fig. 6. Forms of gold precipitation and relationships with other minerals: Aul — gold-1, Py — pyrite, Gnl — galena-1, Gn2 —
galena-2, Ccpl — chalcopyrite-1, Wit — wittihenite, Qz — quartz, Chl — chlorite, Ank — ankerite; a—d — photo, e—f —

image in backscattered electrons

Tennennus cHmkeHUS NPOOBI TPOCIEKHUBACTCA, HO
CTAaTHCTHYCCKH 3HAYMMOTO PasNAyUs MEXIY 3010ToM-1 I
30JI0TOM-2 He ycTaHaBImBaeTcs. CpemHss mpoda mo BeeM
3aMepaM THIIONeHHOr0 30J10Ta cocTaBister 744 %o, 4To ro-
BOPUT B TIOJNIB3Y TOTO, YTO B Pyax NpeodnaaeT 3010To-2.

vneprenHbIf aTan

OO6pasoBaHue MUHEPANOB B TMIEPIeHHBII 3Tam CBS-
3aHO ¢ Tpeobpa3oBaHMEM MPOIYKTOB THAPOTEPMATBHO-
METaCOMAaTHYECKOT0 3Tama B pe3yJbTaTe MpOCAYNBAHHUS
BIOJIb OCNA0JNECHHEIX 30H IO TPEIIMHAM TOBEPXHOCTHBIX
BojI, o0orameHHbIX KuciopoaoM [20, 29]. HanbGonee we-
YCTONYMBBIMHU SBJIAIOTCS KapOOHATHI — AHKEPHT, CHACPHT
M KanblAT, 32 HUMH CJICOyIOT OCHOBHBIC CYJIB(HIBL:
XQIBKOIUPUT, UPUT, TaeHAT. OTHOCHTENBHO YCTOHYH-
BbI K BRIBETPUBAHHUIO KBAPI[ U OAPHUT.

[Muput 00bIYHO 3aMenIaeTcs aMOP(QHBIMA arperaTaMu
THAPOOKHCHIOB JKene3a — TeTHTOM M THAPOTETUTOM, B
KOHEYHOM HTOTE — PBIXJIBIM JHMOHHTOM. 3aMeIIeHHe
XQIBKOMUPHUTA TUNEPTEHHBIME MHUHEpaNaMu 0OBIYHO CO-
TIIPOBOXK/IACTCS 0Opa30OBAaHMEM 30HANBHBIX arperaTtoB coO
CTPYKTYpOH KpaeBbIX kaeMoK. CHayana mo XaabKOMHUpPH-
Ty 00pasyetcst OOpHUT, 3aTEM — KOBEJUIMH U XaJIbKO3HH, B
TIPUIIOBEPXHOCTHBIX YCIOBHAX — KapOOHATHl Memu (Ma-

JAXUT U a3ypHT). XaIbKONUPHT HaUMEHEE YCTOIYMBBIIA
M3 BCEX CyMb(UIOB, TEM HE MEHEE TONHOE €ro 3amele-
Hye HaOMoaeTcs JaJeko He BCeraa, B OONBIIMHCTBE 00-
pasioB coxpansiercs 10 50 % xanbkomupura (puc. 7, a).
bonee ycToituuBbIi raneHUT B 30HE OKHUCIEHUS 3aMella-
TSl IIEPYCCUTOM, CaepUT — CMUTCOHUTOM.

ITpoGa 3omoTa U3 30HEI OkUceHAS — 0T 788 10 920 %o
(B cpennem 858 %o), IpUMeECH TIPEACTaBIEHB! TOJBKO Ce-
pedpom. CratucTudeckas 3HAYMMOCTh OTIMYMS IO CO-
CTaBYy THIIEPIEHHOTO 30JI0Ta OT THIIOTEHHOTO YCTaHABIH-
BAETCS C JIOBEPUTENbHON BepOsATHOCTBIO 99,99 %. Okic-
JNIEHHOE 30JI0TO, TaKUM 00pa3oM, 00JIaropoKeHo 3a CueT
NPOLIECCOB XMMUYECKOTO PACTBOPEHHUS U NIEPEOTIONKEHHSA
TMIEPBHYHOTO 30710Ta, ¢ BBIHOCOM cepebpa. CymiecTBeH-
HBIX pa3IMIUi B MOP(ONOTHUECCKHX OCOOCHHOCTSX H
Pa3MEPHOCTH THIIOTEHHOTO W THIEPreHHOTO 30JI0Ta Ha
CErOJHSIIHUN JIeHb HE YCTAHOBJIEHO.

XapakTepHbBIMI HOBOOOPA30BAHHBIMH MHHEpaTaMH
TUIMEPTeHHOTO 3Tala SBISIOTCS KAOJMHAT U MOHTMOPHUII-
TOHUT. Kaonunum BCTpedaercs B Buje OCCIBETHBIX TOH-
KOYEIIyHYaThlX M IUTACTHHYATHIX arperatoB, oOpasyer
NPOXKIIKOBUHBIE WM THE31000pa3Hble TOHKO3EPHHU-
croie (<0,01 mM) ckoruienus. MOIHOCTb MPOKUIKOB CO-
crapiser 1-2 mMm. Koppommpyer xBapiu, kapOOHATHI H
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MHHEpaibl paHHUX MeTacomarutos (puc. 7, b). B cBoro
ouepesh KAOMMHHT CEYeTCsS MPOKHUIKAMH MO3IHEr0 TH-
TIEPTeHHOr0 KapOOHaTa, SBIAIOMIETOCS THIMIHBIM MIHE-
panoM 3070TOHOCHBIX Kop BeiBeTpuBanus [30-35]. Co-
nepxanue kaomuuuta pocturaer 30 % u Gomee B
ONM3MOBEPXHOCTHBIX YCIOBHSAX, C TTyOMHON Pe3KO CHHU-
xaetcst 10 1-5 %, B maTepBane 30-40 m u rmy6xe mpax-

THYECKH UCYE3aeT. JTO HE TMOJATBEPKIAET TOUKY 3PEHHS
Te0JIOTOB, MPOBOJMBINKX MOMCKOBBIE PaboTHL, O Cymle-
CTBOBaHWH Ha MECTOpOKIeHHH aprummm3utoB [19]. Be-
POSITHEE BCETO, JTMHEHHBIE KOPBI BHIBETPUBAHMUS SBIISIOT-
¢Sl OCTATKAMH MOIIHBIX, HBIHE 3POAUPOBAHHBIX, ILIONIA]I-
HBIX KOD BBIBETPHBAHHUS, HOPMHUPOBABIINXCS B PETHOHE C
naeorena mo muoreH [20].

™ |

Puc. 7. Hosoobpazosannvie munepanvl 6 30He oxucienus COXAMUHO20 MeCMOpONCOeHUs: 8) 3aMeujeHue XaitbKonupuma
(Ccpl) boprumom (Bn) u xanvrosunom (Cct) co cmpyxmypoti kpaeswix kaémox, b) o6pasosanue kaonunuma (KIn) no
MPEUWUHKAM U 8 MENHCIEPHOBOM Rpocmpancmee ¢ 3amewenuem kapbonama (Cb); Gnl — canenum-1; Py — nupum;

Qz — keapy

Fig. 7. Newly formed minerals in the oxidation zone of the Sokhatiny deposit: a) replacement of chalcopyrite (Ccpl) by
bornite (Bn) and chalcocite (Cct) with the border structure; b) formation of kaolinite (KIn) along cracks and in the
intergranular space with replacement of carbonate (Cb); Gnl — galena-1; Py — pyrite; Qz — quartz

Moummopunnonum  obpazyercs 1m0  3MUIOT-
XJIOPUTOBBIM METacoMaTuTaM (IPONWINATaM) U pylaM B
30HaX BBIBeTpUBaHMA. [lo peHTreHo(asoBOMy aHATH3Y
KONTMYECTBO MOHTMOPWIIOHATA B 30HE OKHCIEHHS MO-
*xeT pocturath 28 %, ¢ TITyOHHOM OH Hcue3aer.

B nenom okucnenue pys HauMHAeTCs C TOSBICHHUS
kaonuHuTa (1-2 %) U 4acTMYHOTO 3aMEelIeHUsS MYCKOBHU-
Ta TUAPOCIIONOH (MIITMTOM). 3aTeM HaYMHAETCS OKHCIIe-
HOE Cymb(UIOB, KONMYESCTBO TNHMHICTHIX MHUHEPAIOB
Bospacraer 10 20-30 % u Oonee. B ydacTkax Maxcu-
MAJIBHOTO OKHCJICHUS TIEPBUYHLIC MUHEPAJIbI, 38 UCKIIIO-
YeHHeM KBapI(a, MOYTH MONHOCTHIO 3aMEIICHB! KAOIHHH-
TOM, MOHTMOPIJUIOHHTOM, SPO3UTOM, THIICOM, HILTATOM.
[Ipu 3TOM BaNOBBIN XMMHYECKHI COCTAB OKUCISIOIINXCS
DY CYIIECTBEHHO HE MEHSETCHL.

3aknroyeHue

IIpoBeneHHBIMHE HMCCIENAOBAHUAMU YCTAHOBIIEHO, YTO
TUIIOTEHHAs. 30JI0TOPYAHAs MHHEpaInM3alyus Ha MeECTO-
poxaennun  CoxaTMHOe — NpEICTaBleHa  JKHIBHO-
TPOKAIKOBEIME TEaMH KBapI-KapOOHAT-CYIbGUIHOTO
COCTaBa, IPUYPOUYEHHBIMU K 30HaM METAaCOMAaTUTOB IPO-
MITHT-0Epe3uTOBOrO psia. MuHepanmu3anus pa3BUBacTCs
HA COIpPSKCHUM IIOJNOTONAJAIOIMX HAJBHUIOBBIX 30H U
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The relevance of the study is caused by the need to expand the mineral resource base of operating gold mining enterprises in Eastern
Yakutia and the Magadan region.

The main aim: to study the material composition of the ores of the Sokhatiny gold ore deposit and to establish the sequence of mineral
formation.

The methods: topomineralogical mapping of ores and metasomatites; study of transparent, transparent-polished and polished thin sec-
tions; scanning electron microscopy (TESCAN VEGA 3 SBU OXFORD X-Max 50); X-ray diffraction analysis (Rigaku Ultima IV), ICP-MS,
geophysical (kappametry).

Results. It was established that the gold ore mineralization at the Sokhatiny deposit has a hydrothermal-metasomatic and hypergenic
genesis. In the first case, vein-veinlet bodies of a quartz-carbonate-sulfide composition were formed, confined to the zones of circum-ore
beresitization rocks. In the second, there was a transformation of the products of the hydrothermal-metasomatic stage under the influence
of exogenous factors. The metasomatic processes in the field are manifested in the form of areal propylization and beresitization of the
host metamorphic shale rock. As a result of mineralogical and mineralografic research methods, the material composition of ores was stu-
died in detail and the sequence of ore deposition was determined; a morphological description of native gold was carried out; new minerals
were identified that were not previously described at the Sokhatiny deposit. The deposition of ore minerals went in three stages, which cor-
respond to the following mineral associations: 1) quartz-calcite-barite-pyrite; 2) gold-polymetallic; 3) gold-bismuth-telluride. Based on the
names, it follows that increased concentrations of gold are confined to later steps. In oxidized ores, native gold is also noted, which in its
morphological parameters does not differ from primary one. The oxidation zone is characterized by low levels of addition of silver and other
elements in gold, due to chemical dissolution in surface conditions.

Key words:
Gold, Sokhatiny deposit, ore mineralogy, metasomatites, linear weathering crusts.
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AxkmyanbHocmb. C kax0biM 2000M ucmouwjeHue neeskodocmynHbix 3anacog yaneeo0opodos onpedensiem Heobxo0umocmb pa3pabomku
mMecmopoxoeHull, XxapakmepU3yrUUXCS CIIOXHBIMU 20PHO-2€0102UYECKUMU yernosusMu. Cmpoumenbemeo CK8axUH 8 OaHHbIX YCrosusiX
yacmo conpogox0aemcsi pasnu4YHbIMU OCITOXHEHUAMU U agapusimu. [108bILEHHBIE PUCKU UX B03HUKHOBEHUS 00YCI08MEHb! YCITOKHEHUEM
KOHCMPYKUUU CK8aXUHbI, Mpaekmopuu cmeona, a makxe HedocmamoyHo AoCmo8epHbIMU OaHHBIMU O 20PHO-2€0/102UMECKUX YCIOBUSX
6ypenus. lpuxeam 6ypunbHoU unu 06cadHOU KOMOHHBI siensiemcsi 00HOU U3 CaMbIX CIIOXHbIX asapuli, Komopas okasbisaem Cyuje-
CMBEHHOe BIUsHUE Ha 3(hghekmuBHOCMb BYPEHUS U CMOUMOCMb CMPOUMENbCMea CK8axXUHbl. 3a4yacmyro npu 803HUKHOBEHUU NpUX8a-
ma mpebyemcs nposedeHue dopo2ocmosux meponpusamuil no e2o nukeudayuu. B Hacmoswee apemsi npusHaku npuxeama onpede-
nF0mes no napamempam bypeHust UHXEHEPHbIM cOCmagoM, 00Hako 8gudy 0cobeHHOCMel Yer08e4ecko20 80CNPUSIMUS U CMEHHO20
pexuma pabombl 3mMo npoucxo0um HecgoespemMeHHo. Hedocmamku ucnonb3yemoeo 8 Hacmosawul momeHm nodxoda npedonpedenunu
UCNOMb308aHUE a2opuUMMO8 MalUHHO20 0BY4eHus. VIHmennekmyanbHasi cucmema MOXem asmoMamuyecku aHanu3upogams MeH-
OeHyuu u3meHeHus napamempos bypeHusi, 0BHapyXusamb aHOMasnuu 8 peasbHOM 8PEMEHU, 3abaz08peMEHHO NPO2HO3UPO8amb 8epo-
AMHOCMb 803HUKHOBEHUS agapuu u npedynpexdamb UHXeHepa no bypeHuto Ha paHHel cmaduu, Ymo NO38oMIUM peanu3osams NPEGEH-
mugHble Meponpusmusi 30 moeo, kak KoroHHa 6ydem npuxsadeHa.

Llenb: cos0aHue aneopumma, nO380MAWE20 NPOSHO3UPO8amMb 8EPOSIMHOCMb 803HUKHOBEHUS npuxeama bypunbHol unu 0b6cadHol Ko-
TI0HHbI 8 npoyecce bYPeHUs CK8aXUHbI Ha 0CHOBaHUU aHanu3a 0aHHbIX 260/1020-MeXHON02UYECKUX uccredogaHull.

Memodbi: aHanus cogpemeHHbIx docmuxeHull & obnacmu onpedeneHusi aHomanuli 80 8peMeHHbIX psadax Npu NOMOWU an2opummos
MawuHHo20 0byyeHus:; co3daHue aneopumma NPosHO3UPOBaHUS npuxeama Ha sisbike npozpammuposaHusi Python ¢ ucnons3ogaHuem
6ubuOMeK ¢ OMKPbIMbIM UCXOOHbIM KOAOM.

Pe3ynbmamb1. Aeémopamu pa3pabomaH anzopumm npoeHO3UpPosaHUs npuxgama, nposedeHa OUeHka €20 s¢hghekmusHOCMU Ha mecmo-
80(i 8b160PKe, @ makxe MaclmabupyeMocmb Ha Npodue agapuu U OCIOXHEHUST, 03HUKaKowue 8 npoyecce bypeHus. OnpedeneHb nep-
chekmueHble Hanpagnerus OanbHeliwux uccnedosarudl.

Knioyesbie cnosa:

TexHomoauyecKue onepayuu CmpoumebCmea CKBaxuUH, NPOSHO3UPOBAHUE NPUX8AMO8 KOMOHHB,

MaWUHHOE 0BY4EHUE, MHO2OMEPHbIe 8DEMEHHbIE PSdbl, PACN03HasaHuUe aHoManuli, uepapXu4eckasi GDeMEHHas Namsime.
BeepneHue rajouieiicas aBapud. TpaJuUMOHHO MPHU3HAKU IPUXBATa

TIpuxsar GypHiIbHOM M 00CATHON KOTOHHBI ABNAeTcs — ONPEACISIOTCS MO napamerpam GypeHHs, perucrpupye-

OJIHOM M3 CaMbIX CIOKHBIX aBapHii, KOTOpask OKa3bIBAET CY-
IIIECTBEHHOE BIIMSHME HA 3(PEKTUBHOCT OYpeHHS U CTOU-
MOCTb CTPOUTENBCTBA CKBAKUHBI. 3a4aCTyI0 IIPH BO3HUKHO-
BEHNH TIpHXBaTa TpeOyeTcs MPOBEICHIE TOPOTOCTOSIINX
MEpOTPUATHIA M0 JIMKBUJALMK MOCIEICTBUN aBapHy, KOTO-
pble MOTYT BKJTIOYATh B ce0s JOBUIbHBIE PabOTHI, OypeHue
OOKOBOTO CTBOJNA WM, B KpailHeMm ciydae, JMKBHUIALMIO
aBapuiTHOW 1 OypeHue HOBoM ckBaxuHBL [loaTomMy pasmmy-
HBIE OTPACNEBbIC OLIEHKH, YTBEPKIAIOMINE, YTO CTOMMOCTh
TIPOBEJICHHUST MEPONPHATHHA 10 JUKBUAAIMK MOCIENCTBUN
npuxBata OypHIIBHOTO MHCTPYMEHTA MOXET MpEeBbIIATh
HECKOJIBKO COTEH MIJUTMOHOB JIOJIIAPOB B TOJ, HE SBJIAIOTCS
HaJyMaHHBIMA. VIHIMICHTEL, CBS3AaHHBIC C TIPUXBATOM OY-
PWIBHOTO MHCTPYMEHTA, COCTaBIISIOT 3HAYMTENBHYIO YacTh
HEMPOU3BO/IUTENHHOTO BPEMEHH, TIPH 3TOM OLIEHKU Bapbu-
pytores ot 25 10 35 % [1].

[ToHnMaHue MEXaHU3MOB BOSHUKHOBEHHS IIPHXBaTa U
€ro MPU3HAKOB MIOMOTaeT Ha PaHHEH CTaJUH PEaNn30BbI-
BaThb MEPONPUATHS IO CHIKEHHIO TOCIEACTBUN HAaJBHU-
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MBIM CTQHIMEH Te0JI0r0-TEXHOIOTHYECKUX HCCIeI0Ba-
Huit (I'TH). XapakTepHbIMH Ipu3HaKaMu AuQdepeHiu-
aNbHOTO TIPHXBAaTa SBIAIOTCS YBETMUCHHE COTPOTHBIE-
HUS TIPOJONBHOMY TIEPEMEIICHAI0 W TOBBIIICHIE KPYTS-
MET0 MOMEHTA TpPH CTPardBaHUU KOJOHHBI IOCIE TIpe-
ObiBaHus 0e3 JBWXEHHS. B ToMm chywae, eciii mMOMHMO
BBIIICYKA3aHHBIX TIPH3HAKOB OTMEYAETCS MOBBHIMICHHE
JaBICHHUS HA CTOSIKE, MOXKHO TOBOPUTH O BEPOSTHOCTH
BO3HMKHOBEHHS MEXaHHUECKOT0 puxBara [2].

3a4acTyio NMPU3HAKK NPEACTOALIErO MpHXBaTa He O0Ha-
pyXuBaoTCs 3a07aroBpeMeHHo. B 0CHOBHOM 3TO Tiponc-
XOMIUT B pe3ynbTaTe 0COOCHHOCTEH UenOBEYECKOro BOC-
npusTas nHGopMarmu. Kpome Toro, mpu3HaK| MpeicTo-
slllel aBapuu He PACIO3HAIOTCS 3a01aroBPeMEHHO B pe-
3yJbTaTe CMEHHOTO rpauka paboThl MepcoHana (WICHOB
OypoBoii Opurajpl, HHXEHEPHOTO cOcTaBa Ha OypoBOMH
IUIONIA/IKe M B OMEpaTHBHOM odce) — Mo CTaTUCTUKE
OOJBIIMHCTBO aBapHil MPOMCXOAUT B TEYCHHE HECKONb-
KHX 4acoB MocJie «mepecMeHkmy [1].

DOI 10.18799/24131830/2022/4/3590
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Brenpenne MamuHHOTO 00YYEHHS B aHANHM3 H3MEHE-
HHUS TIapaMeTpoB OypeHWs CTAHOBUTCA Bce Oojiee TOMy-
JPHBIM TI0 BBIIIEYKa3aHHBIM MPUYHHAM. Pasnudnble an-
TOPUTMBI MAIIMHHOTO OOYYEHHs TpeiaraloT aBTOMATH-
3UPOBAHHbIC PEIICHHUS JUIS TIPEOOIEHHS ATHX OrpaHuye-
HUH, YTO MO3BOJISIET aaNTHPOBATH YEIOBEYCCKHE 3HAHUSA
¥ TIPAKTHYECKOH OTIBIT IS PEIICHHUS TAHHOU NPOOJIEMB.

ABTOMATHYECKHI aHAIN3 TEHICHIMA W3MEHEHHS IIa-
paMeTpoB OypeHHs, OmpeNeNeHHe eBa 3aMETHBIX, HO
KPUTHYECKUX OTKIOHCHUH M MX B3aHMOCBS3eH, KOTOPHIC
334acTyl0 HE SBISIOTCS JTHHEHHBIMY, TTO3BOJIOT 3a0Ia-
TOBPEMEHHO TPOTHO3UPOBATH BEPOSATHOCTH BOSHHKHOBE-
HUS aBapHy U TIPeayPEXIaTh HHXEHEpa Mo OypeHHo Ha
paHHeii craguu. JIaHHBIE CHCTEMBI O3BOJSIOT M30€KATh
Cephe3HOH aBapuUM U YMEHBIIUTH MOCIEACTBHS TI0 OCBO-
0OKICHUIO MPUXBAYCHHON KOJIOHHEI.

0630p nuTepatypsbl

OxHOM U3 MepBhIX 3apyOeKHBIX MyONUKAIKi, B KOTO-
POil MCMONB30BATHCH CTATHCTHUSCKHE METOMBL VIS MPO-
THO3UPOBAHHA BEPOSTHOCTH BO3HMKHOBEHHS IpHXBara
KOJIOHHBI, Oblia pabora Xemmkuuca u ap. [2]. Coser-
CKMMH YYEHBIMH TaKKe pa3padaThIBalHCh CTAaTHCTHYE-
CKHE METO[IBI, B YaCTHOCTH METOJ MOCIEI0BATEIbHOI
JWarHocTHIeckoi mpoueaypst [3]. CoBpeMeHHBIE TOIX0-
Bl K PaHHEMY OTpE/ENeHHI0 IPU3HAKOB PUXBATOB OIH-
caHsl B pabore [5].

Pap anroput™MoB MamIMHHOTO OOY4YEHHsS CIOCOOHBI
HPE/ICKA3bIBATh HEM3BECTHBIE B3AMMOCBS3U MEKIY BXOJ-
HBIMH W BBIXOJHBIMU Mapamerpamu. [IporHosupoBaHue
BEPOSATHOCTH BOSHUKHOBEHHUs aBapHH TPeOYeT co3iaHus
Oonee TOYHOIN MOJENH BBU/IY BBICOKOH HEIMHEHHOCTH U
HECTAOUIBHOCTH B3aHMMOCBS3€H MEX/y BXOJHBIMU U BbI-
XOJIHBIMH 3HAYCHHSIMH.

K HacTosiiieMy MOMEHTY OIHCaHO HECKOJBKO TOJX0-
J0B Il MPOTHO3UPOBAHUA BEPOATHOCTU IIPUXBATA KO-
JIOHHBI TIPY NOMOIIX Pa3JIMYHBIX AJITOPUTMOB MAIIMHHO-
T0 00yUEHHS:
® CTATHCTHYECKHH aHAJIN3 MHOTOMEPHBIX BPEMEHHBIX

psnos [6];

e JorucTHyeckas perpeccus [7];
e mHeiiponnas cets [8-10];
e Merox omopHbIX BekTopos [10, 12].
B ynomsHyTBIX paHee CTaTUCTHUYECKHX METOHAX MC-

II0JB30BATIMCHh JaHHBIC C 0OJIBIIOr0 KOJHYECTBA CKBAXKHUH.

OTH CTATHCTHYECKHE METOMIbI OOBIYHO HUCTIOJIB30BATH CY-
TOYHbBIC OTYETHI O OYPEHHH, OTUETH 00 OKOHYAHHH CTPO-
UTEIbCTBA CKBAKUHBI M JPYTYI0 MH(OPMAIMIO, KOTOpas
OTpajKaeT OJIHO M3MEPEHHE B JICHb JUIsl IapamMeTpoB, Hc-
MOJIb3yEMbIX IS TIPOTHO3UPOBAHMA MPUXBATA. BXOHHBIC
JaHHBIC BKIIOYANH HH()OPMAIMIO O TPACKTOPHH CTBONA
CKBa)XMHBI (TTyOMHA MO CTBONY W IO BEPTUKAJH, 3CHUT-
HBIH yroil 1 MHTCHCUBHOCTH I/ICKpI/IBHeHI/IH), JaHHBIE O
CBOIiCTBaX OypoBOTO pacTBopa (yIenbHBIN BEC, PEOTIOTH-
YeCKUe MapaMeTpsl PacTBOpa, BOAOOTIAda, BOAOOTAAYA
TIPH BBICOKOM JIaBICHHH M BBICOKOH Temmeparype, pH u
KOHIICHTPAIHS XJIOPUIOB), apaMeTphl OypeHus (Harpys-
Ka Ha J0JI0TO, prTHHH/Iﬁ MOMEHT Ha MNOBCPXHOCTH,
Harpys3ka Ha Kproke, JIaBlieHHe Ha Hacoce, pacxoj Oypo-

BOTO PacTBOpA, YACTOTA BPAIICHUS POTOPA MIIH CHCTEMBI
BepxHero npusona) [3].

OCHOBHBIM OTpaHHYCHHEM MPUMEHEHHUS 3TOTO TOA-
X0/ia K IPOTHO3UPOBAHMUIO TIPHXBATa B PEATHHOM BpeMe-
HU SBIAETCS TO, YTO YCIOBHS, IPUBOJIAIINE K TIPHXBATY,
YacTO BO3HHUKAIOT B TCUCHHUE HECKONBKHX NECATKOB MH-
HyT WK 4acoB. [loaTomMy Tpebyercs Gosee BhICOKAs da-
cTOTa OOHOBIEHHS NAHHEIX, TI0 CPABHEHHIO C CYTOUHBIMU
OTYETaMH 0 OYpPEHUH M OTYETaMH 00 OKOHYAHHH CTPOH-
TENbCTBA CKBAXHHBL KpoMme TOro, B MpakTUKE CTPOH-
TENbCTBA CKBAXKHH 3aMep MapaMeTpoB OYpOBOTO pacTBO-
pa TPOHM3BOAMTCS C HEAOCTATOYHOM IEPHOAMIHOCTHIO,
9TO OCIOXKHSAET paHHee OOHAPYKEHHE IPH3HAKOB IpPH-
xBaTa. Pa3paboTaHHBIC CUCTEMBI I HENMPEPHIBHOTO aB-
TOMATHYECKOTO HM3MEPEHHs OCHOBHBIX IapaMeTpoB Oy-
POBOTO PAacTBOpa B HACTOSIIMI MOMEHT HE TIONYYWIA
IHPOKOTo pactpoctpanenus [13].

B cmygae ncmons3oBaHus moaxoxa K 0OHAPYKEHHIO
TPUXBATa MPH OMOIIU AITOPUTMOB 00YUCHHUS «C YUUTE-
7eM» (JIOTHCTHYECKash PEerpeccus, HeHpOHHAs CeTh, Tpa-
JUCHTHBI OYCTHHT) BO3HHMKAeT INpoOiIeMa pa3sMeTKH
oOyugarormed BRIOOPKH, TTOCKONBKY TpeOyeTcs mpeaBapu-
TENBHBIN cO0p MH(OpMAmUK JUIS 00yUYEHHs aIrOpUTMa,
NPOBEPKA KAyecTBA BXOIHBIX JAHHBIX, MX IPEIBApH-
TenbHas 00paboTka, pyyHas pa3MeTka (BBIICTEHHE HH-
TEpPBAJIOB C MPH3HAKAME HPENCTOSAMIEH aBapuu). B ciy-
Yae M3MEHEHHS paclpeleNeHns IapaMerpoB OypeHHs
TPH HCTIONB30BAHIU MOJEIH B YCIOBUAX IPYTOTO MECTO-
pOoXIeHus TpeOyercs MOBTOpHAs MOJATOTOBKa 00ydaro-
el BeIOOpKH, 00yueHHe MOJIENIH U OLieHKa ee paboTHI B
YCIOBHSX PEAbHOTO OypeHus.

Jpyro#t OIX0[ 3aKITI0YAETCS B UCTIONB30BAHAN aHA-
JTUTAYECKAX MOJENEH, TPOTHO3UPYIOMHX CKPYIHBAIO-
IIIME ¥ OCEBbIC HATPY3KH, BO3JCHCTBYIOMINE Ha OYpHIIb-
Hyt0 KoJloHHY (T&D) B COOTBETCTBHM C IITAHOBOU TPaeK-
TOpHel CKBaxWHEI. CpaBHEHHE INPOTHO30B AHATUTHYE-
CKOM Mozieny ¢ (paKTUIECKAMHE NTAaHHBIMH MO3BOJIAET BEI-
SBUTH paHHHUE NpU3HAKy npuxsarta [14]. Takum obpazom,
Ha 9Tale MOJATOTOBKU K CTPOMTEIBCTBY CKBAXKHHBI pa3-
pabaTbIBaeTCsl MOJIENb CKPYYHBAIOIINX M OCEBBIX HArpy-
30K, JEACTBYIOIINX Ha OyPHIBHYIO KOJOHHY, MPOTHO3H-
pylommas Bec Ha Kpioke M MOMEHT Ha yCThe MpH OypeHHH
JUIA Ka)KI{Oﬁ TOYKH 110 CTBOJIy CKBaXXHWHBI HA OCHOBE MH-
(opManu 0 KOMIOHOBKE HU3a OYpHIILHOH KONOHHBI,
peonoru OYpoBOTO PacTBOpa M TUIAHOBOM TPaeKTOPHH
CTBOJIA CKBakMHBIL. Mcrmonp3oBanne naHueix T&D HE0O-
XOIUMO JUIS aBTOMATHYECKOTO BEIYHCICHHS HECOOTBET-
CTBHS MapaMeTpoB OypeHHS U HPOTHO3MPOBAHMS BO3-
MOXHOI'0 IpuXBaTa, HO YTBEPKIAACTCA, YTO TOYHOCTH
MOJCIU 3HAYUTECIIbHO TTOBBIIIACTCA MPU JIO6aBJ'[eHI/II/I J0-
TIONTHUTENBHBIX JaHHBIX, TAKHX KaK JABJICHHE HA CTOSKE
1 pacxo]1 0ypoBOTo pacTBoOpa.

Merozuka, npevioKeHHas Janee B 3Tod pabote, He
OTPUILAET BAKHOCTH HMMUTALMOHHBIX Mogeiel. OmqHako
TPETaraeTcsl HHOW MOAXOM, MPU KOTOPOM He Tpeldyercs
pa3paboTka MpeaBapUTEIEHON MOJIENH, TIOCKONBKY CHCTE-
Ma WCIONB3yeT CaMOOOYYAIOMyIocs W CaMOHACTPAUBAIO-
OIyrocs MOJCNIb U aBTOMATUYCCKH BBIABIIACT aHOMAJIMU B
NOCTyNaroImuX AAaHHBIX B PEXKUME PCAIbHOr0O BPEMCHH,
YTO MO3BOJIAET MPEAOTBPATUTD MPEACTOSIIYIO ABAPHIO.
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OnuncaHue NCXOAHbIX AAHHbIX

OcHOBHBIM (DAaKTOPOM YCIIEITHOTO OYpeHHs CKBAXH-
HBI 0€3 BO3HUKHOBEHHS aBapHH, CBA3AHHBIX C TIPUXBATOM
OypHUIBHOTO HHCTPYMEHTA, SBJIAETCA BO3MOXHOCTH
HETPEPHIBHO OTCIEKUBATH MHOTOUHCICHHBIC TCHICHIIUH
V3MEHEHHS TIapaMeTpoB OypeHHs JUIs paHHEro oOHapy-
JKEHHsS. aHOMAJIui B MX MOBEAEHHU. B ananuse TeHmeH-
WA BaXHO HE CTOJBKO abCONIOTHOE 3HAYCHHE KaKOro-
100 W3 MapaMeTpoOB, CKONBKO HATIPABICHHE M3MCHEHHS
OJTHOTO M3 ATHX TAPAMETPOB 110 OTHOIIECHHIO K JIPYTHM.

B mpomecce cTpouTeNbCTBA CKBAKUHEI KIIOUEBEIMH
TapaMeTpaMu SBISIOTCS:

e Harpy3ka Ha kproke (HKLD);
e MowmeHT Ha yethe (TRQ);
o naBienue Ha crosike (SPP).

[MoHnmanue 0XHUIAEMON TCHACHIIMH W3MEHEHHS 3TUX
napamMeTpoB MMeeT OONbBIIOE 3HAYeHHEe IS paHHero 00-
HapyXCHUS M, CIEHOBATENBHO, M CHWKEHHS IOCIeN-
CTBHIT IpHXBata OypHIBHOTO HHCTpyMerTa [1].

Jls KOpPEKTHOTO aHauu3a TCHICHIMH H3MCHCHHS
MapaMeTpoB B Tponecce OypeHHs HEOOXOIUMO peri-
CTPHPOBATh BeC Ha Kproke 0e3 BpalieHus OypIbHON KO-
JIOHHBI, TIOTOMY KaK B TOT MOMEHT, KOT/ia OypuibHas Ko-
JIOHHA HETOJBIDKHA, TPEHHE ACHCTBYET MPOTUB OCEBOTO
TMIEPEMEIIICHUS U €T0 BIMAHUE Ha M3MEPEHHOE 3HAYCHHE
Beca Ha KPIOKe MaKCUMAJTBHO [2].

OcHoBHOW TpoOJeMOll TIpH OYpeHUH HAKIOHHO-
HAIPABJICHHBIX, TOPH30OHTANBHBIX CKBAXKHH, a TaKKe
CKBXUH C OOJBIINM OTXOIOM OT BEPTHKANH SBIACTCS
o0pa3oBaHHe CJI0f 1IamMa B 3aTpyOHOM IpPOCTPaHCTBE.
BBuIy HemoCTaTOYHON OYMCTKH 3aTPyOHOTO MPOCTpaH-
CTBa MPOMCXOUT HAKOIUIEHHE MLIAMOBOH MOTYIIKH, UTO
TNPUBOIUT K TIOCTOSHHOMY MOBBIIICHMIO TPEHHUS U 3aKy-
MOPHBAHKIO 3aTPyOHOTO MPOCTPAHCTBA JI0 TEX TOp, MOKA
KOJIOHHA HE MOTEPSET MOABMKHOCTD M IUPKYISIUI HE
Oyner motepsiHa. JlaHHas CHTyaius MOXET OBITh BBISB-
JieHa Ha paHHEH CTajuy IYTeM MOCTOSHHOTO aBTOMATH-
3MPOBAHHOTO MOHHTOPHHTA W aHANN32 TCHICHINH H3Me-
HEHHUS HM3MEPeHHBIX KioueBbix mapamerpoB (HKLD,
TRQ u SPP) B pexume peanbHOTO BpeMEHHU JUIs Kaxa0u
npoOypeHHOH cBeYr. JTO MO3BOJIUT MPOBOAUTEH MPEBEH-
THBHBIC MEPOIIPUATHS HA paHHEH cTamnd, 9To0BI H30e-
’aTh MOTEHIMANBHBIX JTOPOTOCTOSIINX MOTEPh BPEMEHH
M PECYPCOB HA JIMKBUJIAIMIO TIOCIEACTBHI MEXaHHYECKO-
T0 MpHUXBaTa.

JuddepeHInaTbHbIil TPUXBAT XapaKTepU3yeTcs I0-
BEIIICHUEM TPCHHS MEXITY OYpPHIGHBIM HHCTPYMEHTOM
WK 00CaTHON KOJOHHOW W CTEHKOW OTKPHITOTO CTBOJIA
CKBXMHBI B pe3ynbrare mepenaga aasiacHusa. OObIHO
M3-32 YPE3MEPHOTO Iepenaja AaBieHHUs NPHITHIAHHE KO-
JIOHH TIPOHCXO/IUT B TIOPHUCTHIX U MPOHHUIAEMBIX TIIACTAX,
TaKUX KaK MECUYAHWK WM M3BECTHSK, B KOTOPHIX B THpO-
necce OypeHus oOpasyeTcs TojcTas (UIBTPAIMOHHAS
KOpKa Ha CTECHKEC CKBAKMHBL. PaHHMMH MNpU3HAKAMH
Iu¢depeHIMaTbHOTO TIPHXBaTa ABISIOTCS MOCATKY | 3a-
TSOKKH TI0CIIE HAPAI[UBAHKS, PETHCTPUPYEMBIC TaTIHKOM
Beca Ha KPIOKe, TOBBINICHHE PETHCTPUPYEMOTO MOMEHTA
Ha YCThE TIPH OYyPEHNUH POTOPOM, @ TAKKE «CKAUKM» MO-
MEHTa I0CJIe 3alycKa BpAlICHHs BCJel 3a MPOJIOIIKH-
TEIbHBIM HETOBIYKHBIM COCTOSIHUEM KOJOHHBI.
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PexoMeHgauuu mo mpepoTBpAIIEHUIO MpUxBata Oy-
PUIBHOTO UHCTPYMEHTA B OCHOBHOM KacaloTcs TEXHOIIO-
TMYECKHX AaClEKTOB MPOLECCa CTPOUTENbCTBA CKBAXKHU-
HBI — TOJJIepKanue HeHTpanbHoil Touku Beime YBT, mo-
0asnenue pacmupurens B KHBK u noBbleHHbINH KOH-
TPOJIb TIapaMeTpoB OYpOBOTO pacTBOpa 3a cueT obecre-
YeHUS HAJUIEKAIMX PEOJOrUYEcKHX CBOWCTB pacTBOpa,
CHIKEHHUS (QUIbTparu OypoBOrO pacTBOpa, YMEHbIIE-
HUS TOMIUHBI QHIBTPAHOHHON KOpKH [2].

I[Tocne Toro kKak ompeeneHsl MEXaHU3MBl BO3HHUKHO-
BEHUS Pa3IMYHBIX TUIOB MPUXBATOB M HX MNPU3HAKH,
CIeIyeT ONpeeuTh OCHOBHBIC TPEOOBAHMS, PEIBABIIS-
eMBIe K PETHCTPHPYEMBIM IapaMeTpaM OypeHHsL.

OzHa W3 OCHOBHBIX MPOOJEM pErucTpalud AaHHBIX
napameTpoB OypeHHs 3aKiIoyaeTcs B TOM, YTO THII, 4a-
CTOTa U KAayeCTBO JOCTYIHBIX JaHHBIX HE COTIIACYIOTCS
OT CKBaKUHBI K CKBA)XHMHE, UTO CBSI3aHO C IPMMEHEHHUEM
Pa3NMYHBIX CTAHLUH TeO0NIOr0-TEXHOJIOTMYECKUX HCCIie-
nosauuii (I'TH).

Venemnas uaeHTH(UKALMA PaHHUX MPU3HAKOB Tpen-
crosimell aBapuu OyaeT 3aBHCETh OT cOOpa KOHKPETHBIX IO-
TOKOB JIaHHBIX B PEXHUME PEANbHOTO BPEMEHH U HCIOJB30-
BAHMA 3TUX JAHHBIX T (hOPMUPOBAHKS TPOTHO30B YCIIO-
BuiA Oypenus. B 3aBHCUMOCTH OT KOMIAHHH, IPEJOCTABIIs-
tomed cepsuc ['TH, u konu4ecTBa NaTYNKOB, YCTAHOBJICH-
HBIX Ha OYpOBOW YCTAHOBKE, KOMMIECTBO TOTOKOB JAHHBIX,
HOCTYNAOIMX HAa CEpBEP IOCPENCTBOM S3bIKA Pa3METKH
nepenaun uHGopMarmu WITSML, MoxkeT BapbUpOBaThCS
ot 10 go 100. B tenom Hanmuyue GOBIIET0 KOIMYECTBA T10-
TOKOB JIAHHBIX TIO3BOJIACT JIyHIlle HHTEPIPETHPOBATH CKBA-
KHHHBIE YCIIOBHS, OTHAKO OONBIIMHCTBO OYPOBBIX YCTaHO-
BOK CHA0KEHBI TOJIBKO 0a30BbIM HAOOPOM JIATUHKOB.

UroOBI rapaHTHPOBATH, UTO CUCTEMA OTIOBEIICHHS OY-
JeT paboTaTh HAa PA3NMYHBIX TUNAX CKBAXHH, Mpenara-
eTcst pa3paboTka anropuTMa il MOHHTOPUHTA CKBaXH-
HbI U NIPEJOCTABIEHUS PEAYIPERKACHUM, Taxe ecn J10-
CTYIIHBI TOJBKO «KPUTUYECKHE» MOTOKH NAHHBIX. JTH
KPUTUYECKHE TOTOKU JIOMKHBI COOTBETCTBOBATH CIEMY-
romuM kpurepusm [1]:
® TIOJTHOTA (CTENEHb, B KOTOPOU KaKIas TOUKa JaHHBIX

JIaTYHKA COJIEPKUT OKUIAeMbIe TIOKA3aHHs);
® YyBCTBUTEJNBHOCTb (CTENEHb, B KOTOPOW 3HAYEHUS

MOKa3aHUM JaT4hKa COOTBETCTBYIOT OMNPENETCHHBIM

MIOPOTOBBIM 3HAYEHUAM KauecTBa);
®  OJJHOPOJHOCTH (CTETIEHb, B KOTOPOH MOTOKOBBIH 00B-

€M TOYeK JaHHBIX JaTYMKOB COTTIACOBAH C TEUCHHEM

BPEMEHH);
® CTpyKTypa (CTeNeHb, B KOTOPOH TOYKH MOTOKOBBIX

JaHHBIX COOTBETCTBYIOT COITIACOBAHHON CTPYKTYPE).

Cornacuo npenocrasienHbM kommanueir 000 «['a3-
npomuedTs HTL)» HCXOMHBIM JaHHBIM, B COOTBETCTBUH C
0003HAYCHHBIMH paHEe KPUTEPUSMH, TIPHBEICH CIHCOK
KPUTHYECKUX MApaMETPOB, UCIOJNb3YyEMBIX B JAHHOM HC-
CJIeJOBaHUHU:

o BxojHble JaHHBIE: MapaMeTphl, HEMOCPEICTBEHHO
KOHTPOJUpYeMble OypWIBIINKOM Ha TOBEPXHOCTH
TIPY TIPOBOJIKE CKBAXKHHBI
— pacxoj OypoBoro pacTBopa Ha Bxoe (J1/c);

—  YacToTa BpaIleHHs OypIIIEHOH KOJOHHBI (00/MHH);

—  BBICOTA TajeBoro O1oka (M).
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¢ BrIxosHble JaHHBIE — H3MEPEHHS, KOTOpBIE MOKa3bl-

BAIOT PEAKIMI0 CKBAKMHBI HA BXOIHBIC MapaMeTphl

6ypeHI/1;1

JIaBJICHHE Ha CTOsKE (aTM);

— MOMEHT IIpH BpamieHuH Ha moBepxHocTd (H*m);

— Harpyska Ha Kproke (T);

— rIyOuHa 1070Ta, TIIyOMHA CKBaKHHBI (M).

PasnuuHble mapaMeTphl B CKBaXMHAX, KaK IPABHIIO,
peructpupytotcs ¢ yactotoil 1 Touka/S cexkynn (0,2 I'm).
AHanu3 moKazai, 4To JUIA HajIe)KHOTO NPOTHO3MPOBAHHS

rnybuHa gonota, m

Bec Ha Kpioke, T

,U'aBJ'IEHME Ha CcTofAKe, aT™M

THr -
¥ e
TR

Bpemsa

BEPOSTHOCTH BO3HUKHOBEHWS aBapum TpeOyercs He Me-
Hee 1 Toukn/10 cexynn (0,1 ['m) ans kaxkaoro mapamerpa
[14].

Ha puc. 1 npuBenen npumep ucxonusix Aanusix [ TH,
TPEICTAaBICHHBIX BPEMECHHBIME PSaMU HapaMeTpoB 0y-
penns (rayOWHA JONOTa M CKBAXKHHBI, BEC HA KPIHOKE,
JaBICHHE HAa CTOSIKE), CO CKBAXKHHBI, HA KOTOPOH mpo-
mommen auddepeHImanbHpi mpuxsar. Ha pucyHke ot-
MEUEHBI TPH 30HBL, B KOTOPEIX OypIUIbHAS KOJOHHA Oblna
TPUXBayYCHA.

I'nyﬁnna 3aboa, m

Puc. 1. Hexoouvle dannvie napamempos 6yperus odyyaroueli 8b100pKu

Fig. 1. Drilling parameters time series of training dataset

CTouT OTMETHTb, YTO B COOTBETCTBHH C aHAIU30M
Pa3MYHBIX MHIUACHTOB, CBS3aHHBIX C MPHUXBATOM OY-
PWIBHOTO HHCTPYMEHTa, MOXXHO YTBEPXKJAaTh, YTO BO
BCEX CIy4asx He ObUIO OOHAPYKEHO EAMHOTO ONepexa-
IOIIETO MPU3HAKA NIPEACTOSIIEH aBapuH, IO3TOMY Tpely-
ercs pa3paboTarh alnrOpuTM, KOMIUIEKCHO aHANH3HPYIO-
Ui Pa3TIYHBIE TapaMeTPhl Oy peHHs.

MeToavka npoBeaeHNUA UccnenoBaHui

Kak ormeuanocs panee, IpUMEHEHHE AITOPUTMOB Ma-
IIMHHOTO 00yYEHHS MO3BOMSIET HCKITIOUHTh YETOBEUECKHI
(akTOp, TEM CaMBIM COKPATHTh HETPOU3BOAMTEIBHOE
BPEMS 1 TIOBBICHTH 3()()EKTHBHOCT OYPEHNS CKBAKHH.

Ha puc. 2 mokazana Omok-cxema TpeiaraeMoi cu-
CTEMBI TIPOTHO3UPOBAHNS MPUXBATA OYPHIBHON HITH 00-
CaJIHO# KOJIOHHBI [1].

Kak tonpko nanusie I'TU B pexume peanbHOro Bpe-
MEHH MOJYYeHbI ¢ OypOBOH TIONIAIKH, BBIMOIHIETCS
KOHTpPOJb KauecTBa JAHHBIX U UX o0paboTka (ynaneHime
TPOIyCKOB, BEIOpocoB ® mp.). Ha ciexyromem mare
BBIIIONHACTCS KIACCH(UKAINSA JAHHBIX IIOCPENCTBOM
OTpEeNeHNs TEXHOJIOTUUECKOH Omepalii, BBIMOIHSIC-
Mol Ha OypoBoil ycraHoBke (OypeHHE POTOPOM HIIH
CIaiiiupoBaHNeM, TPOpabOTKa, HApaN[MBAaHHE W TIp.)

(Tabu. 1) [14].

MonyyeHue

AaHHbIX TU

B pea/sibHOM
BpemeHu

KoHTponb Onpepenexnune
KauyecTBa TEXHO/I0rM4YecKomn

NCXOAHbIX onepauuu
AaHHbIX

AHanus BbluMcneHue BbluncneHue
NPU3HaKoB OTKNIOHEeHUA BEPOATHOCTHU
npuxsara OT haKTUUECKUX asapuu
AaHHbIX

Puc 2. bnok-cxema cucmemvl NPOCHO3UPOBAHUA 6epOsIMHOCMU npuxeamd

Fig 2. Stuck pipe model flowchart
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Tabnuya 1. Ycnosus knaccugpuxayuu mexHono2udeckux onepayuti, GbINOIHAEMbIX Ha OYPOBOIl yCMaHOBKe

Table 1.  Classification conditions of rig states
TexHonornyeckas Hannune Hanuune tuupkymsaunn | Hanpasnenue nsmkenust | YBennuenue riryounst | Hamudue arpy3ku
ornepanus pamtenust CBI1 | GypoBoro pactBopa KPIOKOOJIOKA CKBa)KUHbI Ha KpIOKe
Rig state Rotation Flowrate Bit movement Hole depth increase Hookload
g%{gfyﬂg fi |? i);%eﬂne HalYes IalYes Buuz/Down IalYes IalYes
gﬁg?:;g;ﬁ?ﬁgnpommw Her/No IalYes Buus/Down IalYes IalYes
\C,:\Z};(;]Kd(;\lllvl;l]s\llzzzuuen Het/No NalYes Buus/Down Het/No IalYes
gv(;/::ﬁm \7\/ :é[;Kynﬂuneu Her/No JalYes Beepx/Up Her/No NalYes
Ream dowmards HelYes e Brans/Down Her/No Haives
gg;)r?]Tﬁgcv ;Ir%()sp%oTKa Ila/Yes HalYes Bsepx/Up Her/No Tla/Yes
SIJ%’CII:] ggTeHI/IPKYHﬂHPIPI Her/No Her/No Bumsz/Down Het/No Ila/Yes
II;IL(I)I/:Iu;euntA 06er g:l;pxymunn Het/No Het/No Beepx/Up Her/No TalYes
Eﬂliiuégﬁizﬁgon Her/No Het/No - Het/No Her/No
TIpombiBKa Haz 3a00eM be3 nBmxenus
Circulate hole Her/No HalYes Static Her/No Ta/Yes
Bpammenne nax 3a60em be3 nBrkeHus
Rotating hole HlalYes HalYes Static Her/No JalYes

3ateM JIaHHBIE MOJAIOTCS Ha BXOJI PsjTy aITOPUTMOB, Tpefi-
Ha3HAYCHHBIX JUTT TIOFMCKA PA3IAIHBIX TIPI3HAKOB, CUTHATH3H-
PYIOIIFX O TPEJICTOSIIEH aBapHiL, CBS3AHHOU C TIPIXBATOM 0y-
PWIBHOTO MHCTpyMeHTa. B ciryyae 0OHapysKeHws OHOTO Wi
HECKOJIBKVX TPH3HAKOB TPYXBATa KOJIOHHBI MOJIENb PacCUHTa-
€T BepOSATHOCTh BO3HMKHOBEHWA aBapui. Eciiy oHa mpeBBICHT
OTIpeIIeNIeHHOE TIOPOTOBOE 3HAYCHWE, MOJENb COOOIIHT WH-
’KEHEepy O BBICOKOH BEPOATHOCTH BO3HHKHOBEHHS aBaPHIL

Kak yxe ynomuHanoch paHee, HeT €IMHOTO ONEPExKalo-
LIero MpH3HAKa, OMPEJENSIOIEro BepOSTHOCTh BO3HHKHO-

(

\

Y ¥

BeHus aBapuu. ClieoBaTeNbHO, TpedyeTcs, 4ToObl METoq
paHHero OOHapyXeHUs ObLI JOCTATOYHO THOKMM, YTOOBI
TeHEpUPOBATh JCHCTBUTEIBHBIC TIPEAYIPEKICHHS, HE 3aBH-
CAIIUE OT OTKJIOHEHHS OJTHOTO KOHKPETHOTO TIapaMeTpa.

MeTozpl MaIIMHHOTO 00YYEeHUS MOTYT OBITh JOCTa-
TOYHO T'MOKHMMH, 4TOOBI 00€CIeUYNTh MHHHUMAJIBHOE KO-
JIMYECTBO JIOKHBIX cpadaThiBaHuit. [[yis 3a1a4 BBISBICHHUS
AHOMAJTMH BO BPEMEHHBIX PAJIAX MCIOIB3YETCS OTPOMHOE
MHOXECTBO paSJII/I‘lHLIX aJ'IFOpI/ITMOB, KHaCCI/I(I)I/IKaI_[I/Iﬂ
KOTODBIX MpeCTaBieHa Ha puc. 3 [16].

Taxonomy of Anomaly Detection Techniques

Y Y ¥ 3

Techniques Natureof | | Anomaly
- Data Types
4—1 . o
i i i Data Point
h | Deep L fl |
Machine Learning eep Learning _Stream | Anomaly
( ) |, Time | | Contextual
% CHm ™ 15TMs Series | Anomaly
ﬁ AutoCloud > Autoencoders  Evolving | Collective
b || Anomaly
C amRE | JOFAT Deep Neural
‘-{ TEDA Network

{ BDLMs & RBPF| || SPikingNeural

Network
,{ HTM H ISTL
Artificial Neural ,, -SREBOM
Network {
ﬁ MDADM

ﬁ Multiple-kernel

ﬁ xStream

Evaluation
Criteria

Learning
Mode

I

Windowing Datasets

i Sliding || / » > Precision
4 Supervised ||» Window | » Real Data’
Ll Semi- . Damped \_ Synthetic (2| Recall
| Supervised Window J Data
3 > Accuracy
| Unsupervised | L» Landmark| Altered .
| el Window | | Real Data | |,/ Time
 Complexity
,| Detection
Rate
,| Statistical
Tests

[ Sensitivity

,/Equal Error
Rate

Puc. 3. Kﬂaccud)ukauu}z aneopummos MauuHnHoco O6y’~l€Huﬂ, Memooos u Kpumepuee OYyeHKu Kaiecmaeda 6bli6J1eHU aHomanui

80 8PEMEHHBIX PAOAX

Fig. 3. Taxonomy of anomaly detection techniques using machine learning
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AHoManmu — 310 HAOMIOICHHS, KOTOPBIE 3HAYUTENHHO
OTIIMYAIOTCS OT APYrHX HAONIOJEHHH, 4TO, BO3MOKHO,
00yCIIOBIIEHO JPYrUM MEXaHW3MOM pPabOThl CHCTEMBL.
AHoManuu ObIBAIOT TOYCUHBIMU M KOHTEKCTYATbHBIMH.

Toueunas aHOManus BO3HHKAET, KOTAA Kakas-THO0
TOYKA B MOTOKE JAHHBIX 3HAYUTENHHO OTIMYACTCS OT
OJKHJaeMOil 3aKOHOMEPHOCTH PACTIpEeeHUs ITHX JaH-
HbIX. Takue TOUKH Ha3sIBalOT BEIOpocamu [16].

OOHapyxkeHHe aHOMANMH TaKOTO THIA BKIIOYACT B
cebs HaOmoJeHNe 3a KaxIoi TOYKOH B oOIIeM MOTOKeE
nauHbix. Ha puc. 4 nokasana toueunast anomanus [16].

s,

Anomaly

Value

Time
Puc. 3. IIpumep @visa61eHUsL MOYEUHOU AHOMATUU
Fig. 3. Point anomaly detection

Hpyroii Tum aHoMamuu HaOmrojaercs Ans Jo0oro
maboHa JaHHBIX, KOTOPHI aHOMAJIeH B OJHOM W3 CIie-
HapueB pacmpefeNeHns TaHHBIX. PacmpocTpaHeHHBIM
NIPUMEPOM SIBIIAIOTCS OONbIIHME JOPOXKHBIC HPOOKH, KO-
TOPBIE MOTYT OBITh KOHTEKCTYalbHO aHOMAIbHOH aKTHB-
HOCTBIO JBHKEHHS TI0CIIE TONYHOYM M3-3a aBapuH, IUIO-
XOif BHAMMOCTH WIH OPYTHX TPHYHMH, CBSI3aHHBIX C IO-
TOIHBIMH YCIOBHSMH. [IprMep KOHTEKCTyalbHON aHOMa-
JIMH TI0Ka3aH Ha puc. 5 Puc. 4[16].

Context 1 Context 2

Value

Point

Point B

Time
Puc. 4. [Ipumep 6visenenus KOHMEKCMYANbHOU AHOMATUL
Fig. 4. Contextual anomaly detection

B cooTBeTcTBHY ¢ KITaccH(UKAIMeH, TPUBEICHHON Ha
Puc. 3, anroput™ MOKET HCIOJNB30BATH CXEMY 00yUCHHS
«C YUHTENEeM», «C YaCTHYHBIM HPHBICUCHHEM YUHTEISD
(momyaBTOMaTHYeCKOE 00ydeHHe), wim o0ydarbes «be3
yaurens» [17].

[Momxox K 0OHapyXeHHIO aHOMANMH TIpH paboTe a-
TOPHTMA «C YYHTENeM» IIpeAroaraeT oOHapykKeHHe
AHOMAJIUH MyTeM CO3JaHNs HaOOpa MPABILI, BBISBICHHBIX
B Tporecce oOy4eHHs aNropuTMa Ha pPa3MEUEHHBIX
Ha0Opax JIaHHBIX, KOTOPHIE TOMOTAIOT TPOTHO3HPOBATH
Oyayiue TaHHbIE.

[Moxxon k oOHapyKEHHIO aHOMATWH TpH padote ai-
TOPUTMA «C YACTHYHBIM IPUBICUCHUEM YUHTEID» MPEi-
nonaraetT 0OHapyKeHUEe aHOMANMH ITyTeM CO3JaHUs Hep-

BOHAYANBHOT0 HA0Opa MpPaBHI, BHISBICHHBIX HA HEOOIb-

IOH pa3MeYeHHON BHIOOPKE JaHHBIX, B TAlbHEHIIEM -

TOPUTM KOPPEKTHPYET IepBOHAYANBHEIC TIPABHIA MyTEM

00pabOTKH MOCTYMAININX HEPA3MEUCHHBIX JAHHbIX.

[loxxon k 0OHApYKEHUIO aHOMAUi mpu pabore ai-
ropurMa «0e3 yduTeNns» MpeanonaraeT OOHapyKeHHe
aHOMAQJINH HAa OCHOBE HEPa3MEUYEHHOTO MOTOKA JAaHHBIX,
TaKUM 00pa3OM, aNTOPUTM ABTOMATHUECKU OIPEIEIISeT,
KaKue JAHHBIC CUUTAaTh HOPMAIBHBIMU M aHOMATBHBIMIL
JlaHHBIH TOX0A HE TpeOyeT OTAENbHBIX 3TAMNoB 00yue-
HUS ¥ TECTHPOBAHHL.

Kax yxe ynmomuHanocs panee, mpu o0y4eHNN «C yIH-
TeJIeM» CYIIECTBYeT MpoOieMa cOopa W pasMeTKH o00y-
yaromedl BeIOOpKM. [lns pelueHus AaHHON NpoOieMbl
TIpeaaraeTcs UCMoJb30BaTh CUCTEMY aBTOMATHUYECKOTO
oOHapyKeHUs aBapHil U OCIOXHEHUH B mpolecce Oype-
HUS Ha OCHOBE MeToJa oOyueHus «0Oe3 yuwmrens». JlaH-
HBIH TIO/IXO[T TIO3BOJIUT COKPATHTh BPEMEHHBIE M MaTepH-
anbHBIC 3aTpPaThl HAa MOATOTOBKY M OOy4YeHHE MOJETH.
Kpome Toro, CTOMT OTMETHTB, UTO MPEJIaracIcs peanu-
30BaTh CUCTEMY, KOTOpast 00y4aercst HEMOCPEACTBEHHO B
nporecce paboThI, TAKHM 00pa3oM, aITOPUTMY He TpeOy-
€TCs H3HAYANBHO MMETh BeCh HA00p JNaHHEIX, TIOTOMY KaK
C Kax10i1 HOBOH TOUKOI OH Oy/eT KOPPEKTHPOBATh CBOIO
paboTy B pesKUMe PeaTbHOT0 BPEMEHH.

OO0HapyeHe TPU3HAKOB aBapvd MO3BOJISET 3abia-
TOBPEMEHHO TIPOBOJUTH IIPEBEHTHBHBIE MEPOTIPHSATHS,
M03TOMY TpebyeTcs, uToObl 3Ta MH(pOpMAIHsI ObLIA JIO-
CTaTOYHO MPEKAEBPEMEHHON [ €€ MCIONb30BAHHUS.
CymiecTByeT KOMIPOMICC MEXITY PaHHUM OOHApykEHHU-
€M U JIOKHBIMH CPa0aTHIBAHIAMH, TIOCKOJBKY aITOPHTM,
KOTOPBII 4acTo IeJaeT HeTOYHbIE 0OHAPYKEHHS, CKOpee
BCETO, OyIeT MpONTHOPHPOBAH.

PestoMupys, MOXHO BBIAETUTH ClEAyIONUe TpeOoBa-
HUS K IPenaraeMoMy perIeHuio:

1) IIporHO3H! TOIKHEI OBITH CAENAHBI B PEKUME peaib-
HOTO BPEMEHH — aITOPHTM JOIDKEH HICHTH(UIEPO-
BaTh COCTOSIHUE X; KaK HOPMAJIbHOE MM aHOMAIbHOE
J0 HOJYYEHHS OCTETYIOIIETO Xt41.

2) AnroputM JOKEH HENpepelBHO o0ydaThes 0e3
HEo0XOIMMOCTH W3HAYAGHO MMETh U XPaHUTh BECh
00BbEM JaHHBIX.

3) Anroput™m JomkeH oOyuyaTbes «0e3 yuutens» — 0e3
IpEeBApUTENbHOM pa3METKM [aHHBIX WIM PY4YHOH
HaCTPOHKH TIapamMeTpoB.

4) ANTOpWTM [OTKEH AMHAMHYECKH aJalTHPOBATHCS K
M3MEHEHISIM COCTOSIHHS CUCTEMBI M CMEHE pactpere-
JICHUS NAHHBIX, MOCKOJIBKY 0a30BEI€ CTATHCTHUKH I10-
TOKa JAHHBIX TapaMeTpoB OypeHHMS 3a4acTyi0 HECTa-
LMOHAPHBI.

5) AJTopuTM JOIDKEH Paclo3HaBaTh aHOMANHH B Tapa-
MeTpax OypeHHs Kak MOXXHO paHbIIIe.

6) ANTopuTM NOJKEH MMETh MUHAMAIBHOE KOJIMYECTBO
KaK JIOKHOIMOJOXHUTECIbHBIX, TaK W JIOKHOOTpHUIIA-
TENbHBIX CpabaTHIBAHUI.

AHanu3 NpUBEJICHHBIX BBIIIE KPUTCPHEB MO3BONSET ClIe-
JaTh BBIBOJ] O TOM, YTO &ITOPUTMBI OOHAPYKEHI aHOMATHI
B HCU3MCHHBIX BPEMCHHLIX pAAaX NPUHIANUAIBHO OTJIM4Ya-
J0TCSL OT TeX, UTO TPpeOyIOTCs [T paboTHI B PESKIME PEATHHO-
TO BPEMEHH, TI03TOMY OOJBIIMHCTBO ATOPUTMOB, TIPHBE/ICH-
HBIX paHee, He IPUMEHNMbI B KOHTEKCTE JaHHO! MPOOJIEMBL.
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Jnst pelieHust HOCTaBICHHOW 33]]a4i U BBIIOJNHEHHUS T10-
CTaBIICHHBIX TPEOOBAHMIA MPEJIaraeTcs MCIIONB30BaTh CIie-

aytoumit airopur™ — Hierarchical Temporal Memory (HTM).

Hierarchical Temporal Memory (Mepapxudeckas Bpe-
MeHHast [TaMsiTh) — 3TO YacTHAs MOJETh MO3ra, KOTOpas
MOJIETTUPYET HEKOTOPIE CTPYKTYPHBIC W aIrOPHTMHYE-

CKHE CBOMCTBa HEOKOpTeKca. J[aHHBI METOJ MAIIMHHOTO
00y4eHHsI OCHOBaH Ha OOJNBIIOM KONHMYECTBE IMAOIOHOB
TMOCIeIOBATEbHOCTEH, XpaHsIMXCs B HeM, (popMupye-
MBIX C TIOMOIIIBIO TOTOKA JaHHBIX BPEMEHHBIX psifnoB. Ha
puc. 6 TpejcTaBieHa cxemMa paboThl ATOPUTMA B Clydae
HCTIOJIB30BAHKS OJTHOMEPHOTO BpeMeHHOTO psiia [18].
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Puc. 5. Ilpunyunuanvras cxema pabomut areopumma HTM ons obpabomxu oonomeprozo epemernnozo paoa
Fig. 5. Primary functional steps in HTM algorithm for univariate-sensing time-series

Texymuii BXoaHOH curHan X mogaercs Ha aexozaep (En-
coder), KOTOpbIil MEPEBOUT BXOIHBIEC 3HAYCHUS B JIBOMY-
HBIA KOJI, 3aTeM BBIIOJHACTCS MPOLECC Pa3peskeHHOTo TIpo-
crpaHcTBeHHOro obnenmmerus (Spatial pooler). Pesyista-
pyIoLIHii BeKTOp a(X;) MPEACTABISET COOON paspesKeHHbII
JBOMYHBIA BEKTOp, OTOOpAXKAOUM TEKyIIMH BXOAHOM
CHTHAII B AICOPUTM HEPAPXUUYCCKOH BPEMCHHOH NaMATH
(Sequence memory) — KiIrOYeBOM KOMIIOHEHT IaHHOH CH-
cTeMbl. J|aHHBII KOMITOHEHT MOJEIIPYET BPEeMEHHBIE 3aKO0-
HOMEPHOCTH (X;) ¥ BBIBOJUT TPOTHO3 B BHJIE JPYTOro pas-
pexeHHoro Bektopa m(x;). Takum obpazom, m(x;) sABISETCA
npeackazanueM mus a(Xw) [18]. Ommako a(x) # m(xy)
HaIpPSAMYIO HE OTPaKAIOT aHOMATHH BO BPEMEHHBIX PSIax.
JInist co3NaHusT HAGKHOK CUCTEMBI 0OHAPYKEHHUS aHOMAJTHIA
B QITOPUTM BBOIWTCS JBA JOTOJHHUTENBHBIX Inara. Bo-
TepBBIX, HeOOpaboTaHHAs oreHKa aHomanuu (Prediction er-
rOr) BBIMHCISAETCS 10 ABYM pAa3peKCHHBIM BEKTOpaM —
TIPEZICKA3aHHOMY U JICUCTBUTEIFHOMY 3HAUeHHIO. Tak Kak
HeoOpabOTaHHBIC OLEHKH aHOMAIIMU MOTYT OBITH 3alTyMmIie-
HbI, C LECJIbK0 CHMXXCHUA KOJMYCCTBA JIOKHBIX Cpa6aTI>IBa-
HU BBIYACIISETCS BepositHocTh aHoMammu (Anomaly likeli-
hood) B cooTBeTCTBUM ¢ TaycCOBBIM pacmpesecHHeM, pH
TIPEBBIIEHAN BEPOSTHOCTH AHOMAIMHM TIOPOTOBOTO 3HAMeE-
HISI COCTOSTHHE CHICTEMBI OTMEUAETCS aHOMATBHBIM.
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Hepapxuueckas BpeMeHHas NaMATh COCTOMT U3 CIIOEB
HEHPOHOB, OPraHM30BaHHBIX B HAOOp cTONMOIOB (pHC. 7).
CeTh NpUHMMAET TMOTOK BXOIHBIX JAHHBIX, 3aKOIHPO-
BAHHBIX B BHUJE PAa3pPEKECHHBIX BEKTOPOB, MOJAEIUPYET
TIOCIIEIOBATENLHOCTH BBICOKOTO TOpsaKa (TOCIe0Ba-
TENIBHOCTH C JIOITOCPOYHBIMH 3aBUCHMOCTSIMH), UCTIONb-
3y KOMIIO3WIMIO M3 JBYX OTHAETBHBIX DPa3peKEHHBIX
npezncTaBneHnd. TeKymmil BBO, X; M KOHTEKCT MpPEIbl-
AyIIeHd IOCIea0BaTenbHOCTH (Xi-3, X2, X(1) OOHOBpE-
MEHHO KOAMPYIOTCS C HCIOJNB30BAHMEM JHHAMHYECKH
OOHOBIAEMOTO PAa3pPEXEHHOT0 PACHpPENENeHHOT0 Mpe/-
craBnenns. CeTb HCIONB3YeT 3TH TIPENCTaBICHUS JUIS
TPOTHO3UPOBAHHMS CIIEAYIONIEr0 BPEMEHHOTO MIara B BH-
Jie Pa3pekeHHOro BekTopa. [Ipu TONyYeHHH BXOIHBIX
JAHHBIX JUIS CIEAYIOIIET0 BPEMEHHOro Miara ceTb Hc-
TI0JIB3YET Pa3HUILYy MEXKAY MPOTHO3UPYEMBbIM 3HAYEHHEM
1 (haKTHIECKUM BBOJIOM JIIi OOHOBJICHHS CBOMX CHHAI-
THYECKUX coepuHeHnd. OOyueHHe TPOMCXOIUT Ha Kax-
JIOM BpPEMEHHOM INare, HO IMOCKOJBKY MpEACTABICHHSA
OUYCHb PA3PEkKEHbI, OOHOBIACTCS JHIIb KPOIIEUHBIH TIPO-
teHT cunarcos [18].

Jononuurensueie aeranu anroputma HTM u cBolicTBa
€ro MPEJICTABICHMS BBIXOJIAT 32 PaMKH JJAHHOM paboThI, HO
0IpOOHO OMKCaHBI B cleayromux paborax [18, 18].
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Tak kak BXOJHbBIC JAHHBIE COJACPIKAT OONBIIOE KONH-
9eCTBO MOTOKOB JAaHHBIX C PAa3NMYHBIX JTATYAKOB Oypo-
BOW YCTaHOBKH, TaKMe Cpelbl HE MOTYT OBITh d((eKTrB-
HO 00pabOTaHbI C MOMOIIBID OJHOM CIOXKHOW MOJEIH,
TaKk KaK CIOXKHOCTb OOYYCHHS ¥ BBHIBOJA H3MEHSCTCS
KBaJ[PaTHYHO C YBEIMUCHHEM BXOIHOW pa3sMepHocTH. B
TaKOM CIlyJae CieyeT pa3JeluTh OOJBIIYI0 CHCTEMY Ha
Ha0Op MEHBIINX MOjeneH, KaXaas U3 KOTOPBIX MOJEIH-
pyeT HOAMHOXECTBO Cpeibl. MeHbmme Mojenu ooJer-
Yal0T 00yYeHHE W TOBBIIIAIT MPOU3BOIUTEIBHOCTD, HO
MOTYT TOTEPATh TOTCHIUANBHO MONE3HBIE KOPPEISIUH
MeXIy apyruMu Momesimu [19].

BxonHoii Habop JaHHBIX MPEACTABISET MHOTOMEp-
HBI BPEMEHHOW s, MO3TOMY HCIIONB3YETCS CIEeIyIo-

1as IPUHIMIKATbHAS cxeMa paboThl anroputMa (puc. 8).

|
|

1appo |* BecHakptoke (HKLD)
|

Peanusyercs Tpu sapa anropuT™Ma, Ha KOXIbIA U3 KO-
TOPBIX IOZAOTCS HA BXOJ BBIIETICHHBIC YACTH JOCTYITHO-
ro Habopa JaHHBIX. {711 IPOTHO3MPOBAHUS BEPOATHOCTH
HpuxBaTa OypHIBHOTO HHCTPYMEHTA OTCIEKUBAIOTCS Ta-
KHE KITFOUEBbIC TapaMeTphl, KaK HAarpys3ka Ha Kproke, Mo-
MEHT Ha YCTbE, JABICHHC HA CTOSKE, VT Pa3MYHBIX
TEXHOJIOTHYECKUX omnepamuit. [ Toro 4To0sl CyMMHPO-
BATh PE3YNBTATHI PaOOTHI OTIACHBHBIX SEp U COKPATUTH
00BEM BBIYMCIICHUH, PACCUMTHIBACTCS TOTapu(pM BEPOST-
HOCTH BO3HUKHOBEHHS aBapHH MO KAXIOMY OTACIBHOMY
mapaMeTpy, 3aTeM Pe3yJbTaThl MPEICKa3aHuil suep CyM-
mupytotes. [lpn TpeBBIIEHNH CYMMAapHOTO 3HAYCHUS
TIOPOTOBOTO 3HAYCHHS COCTOSHHE CHUCTEMBI OTMEYACTCs
AHOMAJTBHBIM.

BxodHbie daHHble
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Fig. 7. Functional diagram illustrating a complex system for multivariate-sensing time-series
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Table 2. Hierarchical temporal memory hyperparameters
HaumenoBanue napamerpa 3HaueHue

Parameter name Value

Komuuectso sueex/Number of columns N 2048

KomuuectBo ci1oeB B sueiike 16

Number of cells per column M

ITopor akTuBaIK cerMeHTa 19

Dendritic segment activation threshold ©

Hexonmoe cocTosrue cunanca 0,23075451521239015

Initial synaptic permanence

VBenuueHne CBsI3M CHHAIICOB

Synaptic permanence increment p* 0,04329160631961319

YMGHL{HGHI/IB CBsI3U CHUHAIICOB B 0,007285708940843109

Synaptic permanence decrement p

VMeHbIlIeHHE CBA3U CHHAIICOB JUIg mpea-

CKaSaHI-IOPl HCAKTHUBHOU SSYCUKH 0,00102650387546339

Synaptic permanence decrement for

predicted inactive segments p-

C wenbl0 OTCIEKUBAHHS [MHAMHKH W3MEHEHHS CO-
CTOSIHHSI CHCTEMbI B CKOJIB3SIIEM OKHE BBIYHCISETCS KO-
JINYECTBO TOYEK 3a mocneanne 30 MUHYT, B KOTOPBIX T10-
BEJICHHE CHCTEMBI ObLTO aHOMaNbHBIM. [IpH MPEBbIIICHIH
YACTOTHI TOSIBJICHHS aHOMATBHBIX HHTEPBAIIOB IOPOTOBO-
r0 3HaYeHHs Oy/IeT CreHePUPOBAHO MPEAYIPEKIACHAE ISt
MHKEHepa Mo OypeHHIo.

Ha oOyuaromeii BbIGOpKe OBLTH OMpEeIIeHbI Cley-
IOIIIHE TUIepTapaMeTpsl Moen (Tabm. 2).

Pe3ynbTathl UcCnefoBaHus

JUist BBITIONTHEHUS TAHHOM MCCIIEN0BaTeNbCKOH pabo-
o1 kommanueit 000 «[aznpomuedts HTL» Obi1 mpemno-
CTaBJICH WCXORHBIH HabOp JAaHHBIX BPEMCHHBIX PSIOB
mapaMeTpoB OypeHHs CKBaXKHHBI, HA KOTOPOH IPOH30-
nuta cepus AudepeHtuanbHpIX NpuxBaToB. [IpenocTas-
JICHHBIC JaHHBIE OBUTH MepeaHbl PeaTn30BaHHOMY AJIro-
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PUTMY Ha BXOJ, TIPH BBHITIONHEHUU MPOTPAMMHOTO KOJa
JIaHHbBIE TIepeIaBaINCh CTPOYKA 3@ CTPOYKOM, TAKUM 00-
Pa30M, H3HAYAIBHO AITOPUTM HE UMEN BO3MOKHOCTH HC-
T0JT30BaTh BeCh HAOOP JAHHBIX, TEM CAMBIM 00€CIIeyH-
BAIIOCH O0YUCHHE ANTOPUTMA B PEXHUME PEATHHOrO Bpe-
MEHH.

Jlist oleHKH KadecTBa paboThl alropuT™Ma MCIOb30-
BAIIMCh TAKHE METPUKH, KaK CPEIHEKBaIpaTHYHAS OIIHO-
Ka TPOTHO3MUPOBAHKSA OIPEICICHHOTO apaMeTpa, Bpems
TOJTYYEHHS MPEIYIPEKICHAS 10 TOTO, Kak aBapus Mpo-
H30I1UIA.

Bec Ha Kploke, T

Mpu3Haku asapumn

Pesynbratel paboThl anroputMa Ha OOydaromieH BbHI-
Oopke mpencrapieHbl Ha puc. 9. Ha BepxHem Tpeke
0TOOpaKeHBI 3HAYEHHS BeCa Ha KPIOKE B TEUCHHE peiica,
Ha HIDKHEM OTMEYCHBI 30HBI, VI KOTOPBHIX BEPOSTHOCTD
BO3HHKHOBEHHUS aBapuM MPEeBBICHIA IIPEAOPeIeNeHHbIN
TOpOT, U B JAHHOH TOYKE OTMEYAIOTCA MPU3HAKU MPH-
XBaTa.

[Mapamerpsl ncmonb3yeMoil MOJENH, a TaKKe apXu-
TEKTypa alropuTMa ONpelesUINCh Ha JTaHHOM Habope
JaHHBIX MyTEM 3alycKa CepHH HKCIEPUMEHTOB C Pasiny-
HBIMH KOH(QUTYpaIIIMH.

Bpema

Puc. 8. Pezynomamoi pabomul aneopumma uepapxuieckoll 6pemMeHHoU namsamu Ha obyuaioueli 8bloopke
Fig. 8. Hierarchical temporal memory results on training dataset

Ha mepBoM wuHTEpBaNe NPOHM3OMICAIIET0 NPHXBAaTa
TpeaynpexaeHne ObII0 CreHepupoBaHo 3a 31 yac 1o WH-
nuaeHTa. Ha BTopoMm mHTEpBane mpeaynpekaeHne Obuio
creHepupoBano 10 noasema KHBK, nocnexyromux npe-
IYTNpPEeXICHIH HETOCPEICTBEHHO J0 MOMEHTA IpHXBaTa
He ObLT0, MO3TOMY OYy/IeM CUMTATh, YTO MOJETH KOPPEKT-
HO HE pacro3Haia NpH3HAKU npeacTosmeil aBapuu. Ha
TPEThEM HHTEpBAJE TPOM3OIIEANIEr0 MPUXBaTa MPery-
npexJeHre ObIo CreHepupoBaHo 3a 20 4acoB JI0 UHIU-
JIeHTa. MevaHHas OICHKA CPETHEKBAAPATHIHOM OmImMo-
KU MPOTHO3MPOBaHMs paBHa 2,42 T, 4TO SBISETCS JIOCTa-
TOYHBIM TOKA3aTENeM NS BBIBICHHUS MPH3HAKOB TIpe.-
crodueil aBapuu. Takxe HeManoOBaXHOW XapaKTEPUCTH-
KO pa60T1>1 MOJCIN ABJIACTCA KOJIUYECCTBO JIOKHBIX Cpa-
OaTeBaHUii, MPU paboTe aNrOpuTMa C JAHHBIMH TIPENO-
CTaBJICHHOW BHIOOPKH OBUIO OOHAPYKEHO HYETHIpE JOXK-
HBIX cpabarbiBanus. [Ipu OypeHHH MOI KOHIYKTOp HpH-
3HAKOB MPHUXBaTa HE HAOJIOANOCK, JIOXKHBIE cpabaThiBa-
HUS TAKXKE OTCYTCTBOBAIIH.

C meibio MpoBEpKH KadecTBa pabOThl alrOpUTMa Ha Te-

CTOBOH BBIOOpKE OBLTH 3a()HKCHPOBAHBI TAPAMETPHI MOJICIH.

TecroBas BhIOOpKa BKIIFOYANa B ce0sl IBE CKBAKUHBI, HA KO-
TOPBIX B ONPEHCNCHHBIA MOMEHT BPEMEHH IMPOM3OIICH
muddepeHmaTbHE TpuxBaT. Pe3ynpTaTsl paboTsl airo-
pHUTMa Ha TECTOBOH BBIOOpKE MpescTaBneHsl Ha puc. 10, 11.
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Kax BumHO U3 mpencTaBIeHHOTo Tpaduka, Ipeaympe-
KJICHIE O BEPOSATHOCTH BO3HUKHOBEHHS MPHXBaTa OBLIO
creHepupoBaHo 3a 30 4acoB 10 BO3HUKHOBEHHS HHIIH-
JeHTa. MeuaHHas OlIEHKa CpeHEKBAAPATHIHOH Omu0-
K{ TPOrHO3MpoBanus coctaBuser 1,02 T, uto smusercs
JOCTaTOYHBIM TOKa3aTeaeM Ui BBIABJICHHS HNPU3HAKOB
npencTosiiei apapuu. [Ipu paboTe anropuT™a ¢ JaHHBI-
MU TECTOBOM BBIOOPKH CKBaXMHBI Ne | Obl1o 0OHapyxe-
HO YETHIPE JIOKHBIX CpadaThIBaHHUS.

AHanmm3 pes3yinbTaTOB PadOTHI MOIENH HA TECTOBOM
ckBaxuHe No 2 mokasal, 4To NpeaynpexieHue O BeposT-
HOCTH BO3HHKHOBEHHSI IIPUXBATa OBUIO CTEHEPHPOBAHO 3a
13 yacoB 10 BO3HHMKHOBEHHUS HHIMAcHTAa. MenuanHas
OIIEHKA CPEHEKBAIPATUYHON OMUOKK MPOTHO3UPOBAHHUS
cocranser 0,89 T, 4To ABNAETCA JOCTATOYHBIM IOKa3a-
TeJIeM [UIA BBIABIEHHUS NPU3HAKOB MPEACTOAIIEH aBapuH.
[Tpu pabote anropuT™Ma OBLIO CTEHEPHPOBAHO CEMB JIOXK-
HBIX CpabaThIBaHHIA.

3aknioueHne

B nmannoit paboTe OBLIM TpHBeEACHB TpeOOBAHUS,
TpexbsBIAeMble K anropuTMaM, obydarommmcs «6e3
yUHTeNs», 1A OOHApY)KEHHS aHOMalHi B IOTOKOBBIX
JaHHBIX B peXuMe peatbHOro Bpemenu. Ha ocHoBanuu
HEJJOCTAaTKOB pa3pabaThIBaeMBIX paHee MOJXO0A0B K Mpo-
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THO3UPOBAHUIO NMPHUXBATa KOJIOHHBI ObLI OpEAIOKEH HO-

BB METOJ] aBTOMATHYECKOTO OOHAPYKEHHUS MHIHICHTOB.

AnNTopuTM, OCHOBaHHBII Ha MEPAPXMIECKON BPEMEHHON
MaMSATH, CIOCOOCH OOHAPYXKMBATH TOYCYHBIC M KOHTEK-

CTyalbHBIC aHOMAJNHHU B 3alIYMICHHBIX JaHHBIX. OH OT-
BEYaeT TPpeOOBAHHSAM HETPEPHIBHOTO OOHAPYKEHHS aHO-
MaiHil B pexuMe PeaibHOr0 BpeMeHH 0e3 mpenBapu-
TEJBHOTO JIOCTYIa KO BceMy 00beMy BXOJHBIX JaHHBIX.
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Puc. 9. Pe3ynomamol pabomul aneopumma uepapxuiecKoi 6pemMenHol NAMsImy Ha mecmosoll bloopke, ckeaxcuna Ne |
Fig. 9. Hierarchical temporal memory results on test dataset, well no. 1
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Puc. 10. Pesynomamor pabomul aneopumma uepapxuiecKoi 6pemMenHol namMsmu Ha mecmosou gvlbopke, ckeadcuna Ne 2
Fig. 10. Hierarchical temporal memory results on test dataset, well no. 2

PesynmbTatel paboThl aNroOpuTMa JOKA3bIBAIOT €ro
IIPUMEHUMOCTb B 33J1a4€ IPOTHO3MPOBAHUS BEPOSATHOCTH
BO3HHKHOBEHHS aBapuil B mporuecce OypeHus.

B coOTBETCTBMM C TIONYYECHHBIMH pE3yJIbTaTaMU
OIIpEENICHB! HAPaBICHN NaIbHEUIINX HCCIIEI0BAHUMI:
1) coBepuIEHCTBOBaHHE METOAMKM aBTOMATHYECKOIO

IIPOTHO3UPOBAHKSA IPHXBATA;

2) pa3paboTka METOIOB aBTOMATHYECKOH OICHKH Kaue-
CTBa BXOJIHBIX JIAHHBIX B PEATbHOM BPEMCHH;

3) TpOBEACHHE OMBITHO-POMBIILICHHBIX HCTILITAHUI;

4) pazpaboTka MoJIb30BATENLCKOTO HHTEpdetica;

5) MacmrabupoBaHue TPEIIOKEHHOTO METOAA Ha JpY-
TUe TUIBl OCIOKHEHUH W aBapuil C LENbI0 MOBBIIIE-
Hust 6€30macHOCTH U 9Q(EKTHBHOCTH PadoT MO CTPO-
UTENBCTBY CKBAXHH.
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USING UNSUPERVISED MACHINE LEARNING ALGORITHM
TO PREVENT THE STICKING OF DRILLING AND CASING STRINGS

Roman E. Shcherbakov'2,
res718@bk.ru

Artem V. Kovalev!,
Kovalevav@tpu.ru

' National Research Tomsk Polytechnic University,
30, Lenin avenue, Tomsk, 634050, Russia.

2 «Gazpromneft NTCy,
75-79, liter D, Moika River embankment, St. Petersburg, 190000, Russia.

The relevance. Drilling failures and accidents will continue to attract attention in drilling for oil and gas as more complex wells are being
drilled across depleted zones to reach deeper reservoir targets. Stuck pipe incident continue to be a major contributor to non-productive
time in drilling operations for oil and gas. When a stuck pipe incident occurs, costly corrective actions may include fishing operations, side-
tracking the hole, or completely having to drill a new well. Stuck pipe warning signs are often undetected early enough for the deployment
of effective mitigation strategies due to human mistakes and crew changes during drilling operations. The unsupervised machine learning
algorithm is programmed to automatically detect abnormalities in real-time drilling parameter trends and predict potential stuck pipes,
communicate observations in the form of alerts to engineers in advance to allow proactive corrective actions. Early detection of a stuck
pipe and mitigating the incident in real time not only help to prevent its occurrence, but also help in making informed decisions to the ap-
propriate freeing mechanism to adopt if it occurs.

The main aim: create the stuck pipe detection model which predicts failure probability during the well drilling using mud logging service data.
Objects: multivariate-sensing time-series data of mud logging service.

Methods: analysis of current anomaly detection techniques achievments in the field of using machine learning; developing the stuck pipe
detection model with open-source Python frameworks.

Results. The authors have developed stuck pipe detection model with HTM algorithm, evaluated performance with test dataset. Promising
areas of further research were identified.

Key words:
Drilling operation, stuck pipe, machine learning, multivariate-sensing time-series, anomaly detection, hierarchical temporal memory.
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2 HoBoCHBMpCKUIA HALMOHANBHbIA UCCIeA0BaTENbCKUI FOCYAAPCTBEHHbIN YHUBEPCUTET,
Poccus, 630090, r. Hosocubupck, yn. Muporosa, 1.

3 HaumoHanbHbIn ncenegoBaTensekiii TOMCKMNA MONUTEXHUYECKUI YHUBEPCUTET,
Poccus, 634050, r. Tomck, np. flenuna, 30.

4 CeBacTonOIbCKWI roCy4apPCTBEHHbIA YHUBEPCUTET,
Poccus, 299053, r. CeBactonons, yn. YHuBepcuteTckas, 33.

5 TocynapcTBeHHOE YHUTapHOe npeanpusiTue ropoaa CesacTonons «BogokaHany,
Poccus, 299011, r. Cesactonons, yn. Agm. Oktabpbckoro, 4.

AkmyanbHocmb. [Jo Hacmosuwez2o uccredosaHusi no npupodHbivM eodam Cegacmonorbekoll 20po0cKol aznomepayuu omcymemeosanu
akmyarnbHble c8e0eHUs no pacnpedeneHuUr0 WUPOKO20 CNeKMPa 8bICOKOMOKCUYHBIX 71EMEHMO8.

Lenb: ycmaHosumb xapakmepucmuku 2udpo2eoxuMu4ecko20 (hoHa U usy4ums pacnpedenieHue 8bICOKOMOKCUYHBIX XUMUYECKUX 31e-
MeHmos 8 8o0ax numbeso2o 80docHabxeHUs HaceneHusi Cesacmonosbckol 20podckoll aziomepayuu Ha 0CHOBe akmyarbHbIX ceede-
HUli 06 UX XUMUYECKOM cOCMase, NoMy4eHHOM COBPEMEHHBIMU MemModaMu aHanu3a.

Memodbi. JlabopamopHoe U3y4eHUE XUMUYECKO20 cocmaga Memodamu mumpuMempuu, UOHHOU xpomamoepagbuu, Macc-
cnekmpomMempuu ¢ UHOYKMUBHO cea3aHHoU nnasmoll nposodunock 8 pobnemHol Hay4yHo-uccnedogamenbekoli nmabopamopuu 2udpo-
2e0XUMUU UHXeHepHOU WKombI NPUPOOHBIX Pecypco8 TOMCKO20 NONUMEXHUYECK020 yHusepcumema. OueHKa MOKCUKOI02UYECKUX 0CO-
6eHHocmell 800 nposodunack ¢ ucnonb3o8aHuem delicmeyrowux HopmamugHbix dokymeHmos: CanlMuH 1.2.3685-21, FTOCT P 51232-98,
CanlluH 2.1.3684-21, u pekomeH0ayuli BcemupHoli opaaHu3ayuu no 30pagooXpaHeHUro.

Pesynbmamel. [Jns npupodHbix 600 meppumopuu Cesacmononbckoli 20p00ckoll aznomepayuu ycmaHo8eHbI Xxapakmepucmuku aud-
PO2EOXUMUYECK020 (hoHa U aHoManull. BbisgneHo, Ymo KoHueHmpayuu 60nbwuHCmBa U3yYeHHbIX MOKCUYHbIX 31eMEeHmMo8 Haxodamces
Huxe MAK (V, Cr, Cu, Zn, Mo, Cd, Pb u Bi). P50 06bekmos omnuyaemcs npesbiwieHueM npedenbHo donycmumbix KoHUueHmpayud no Fe,
Mn, Co, Ni u TI. [To HOpMUPyeMbIM XUMUYECKUM drieMeHmam 8 Hacmosuiee epemsi Haubosnee HebazonpusimHble YCrogus Xapakmepu-
3ytom 800b! cena Konxo3Hoe. Mpakmuyecku Ha eceli meppumopuu epaknelickoz0 nomyocmposa ycmaHo8eHb! 8bICOKUE COOepx)aHus
ypaHa U nogblweHHble Mbiwbsika. O2pOMHOE 8rusiHUe Ha yXyOweHue Ka4yecmBeHHbIX Xapakmepucmuk npupodHbIX 800 OKasanu 3acyxu
2018-2020 2e., npusedwue Kk pocmy KOHUeHmpayuli NPaKmMu4ecKU 8Cex MUKPOKOMNOHEHMO8 He MOJIbKO 8 NOBEPXHOCMHbIX, HO U 8 N00-
36eMHbIX 800aX, 6K/K0Yasi CK8aXUHbI, POOHUKU U KOoOubl. BbiseneHue ponu npupoOHbIX U aHMPONO2eHHbIX hakmopos 8 npoyeccax
¢hopMupOBaHus 2udPO2EOXUMUYECKO20 NOJIS AKCNTyamupyeMbIx 8000HOCHbIX 20pU30HMO8 Ha meppumopuu Cesacmononbekoli 20p00-
cKoll aznomepayuu mpebyem npo0OmKeHUs MOHUMOPUH208bIX uccriedosaHull, Hayamsix 6 2018 2.

Knioyeenle cnosa:
MpupodHbie 800b1, 8bICOKOMOKCUYHBIE dn1eMeHMbI, paduoHyknudbl, NuMbegoe 8000CHab)eHuUe HaceneHus,
Cegacmononbckasi 20p00ckas azrnomepayus, Kpbim.

Beepeue 3IEMEHTaMH TIEpPBOTO Kiiacca omacHocTH. CoriacHo TIo-
TTpo6nema YMCTOH MUTHEBOH BOIBI B MUPE B MoCIe/iane  CTAHOBJICHHMIO [TIABHOrO rocy1apcTBeHHOro Bpaua P®
JeCATHICTHS. TONbKO HapacTaeT. Pactymas antpororen-  (CanllnH 1.2.3685-21), B rpymmy 1 knacca onachoctn
Has Harpy3Kka OKa3bIBAeT BCe Gobiiee Biusnue Ha Box-  Bxoaar Be, As, Hg, Tl u U. Kak ormeuaercs B mHoro-
Hble JKocucTeMbl. OCOGEHHO CHIBHO TpOSBISETCA 3a-  YHCIEHHBIX PabOTaX POCCHHCKMX U 3apyOEKHBIX YUEHBIX,
IPA3HEHHE BOJ TSDKEIBIMH METAIAMH M TOKCHYHBIMH  [I€PEYHMCICHHBIC BBILIE DIEMEHTbI O0NA/AI0T BHICOKOTOK-
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CHYHBIMH, KaHIIEPOTEHHBIMH M MYTATCHHBIMH CBOMCTBA-
u [1-21]. Tlpu stom tammuit (TI), SBASICH BEICOKOTOK-

CHUYHBIM 3JIEMEHTOM, ropa3io MCHbIIE U3YUYCH, YEM PTYTh,

ypaH u Jpyrue [22], 9To CBS3aHO C HECOBEPIICHCTBOM
KIIACCHYECKUX AHAJIUTHYECKUX METOJOB, HMEIOIHX K
HEMY HH3KYI0 4yBCTBHTENBHOCTh. HO DKOTOKCHKONOTHU-
9ecKas BAKHOCTH TalIHs 00YCIOBICHA €r0 OCTPOH TOK-
CHYHOCTBIO ISl JKUBBIX OPraHU3MOB U COIOCTaBUMA C
takoBoi st pryta [23]. K TsDKenbsM MeTannam OTHO-
curcs 6osee 30 XUMHUUECKUX SIIEMEHTOB U3 MEPHOANYE-
ckoit cucremnl J[.M1. Menneneesa. B HacTosmem uccie-
JIOBaHUM PAcCMOTPEHBI: MapraHell, BaHa[ui, XpoM, xe-
€30, K0OanbT, HUKENb, MeIIb, [IMHK, MOMHO/ICH, KaIMHUH,
CBHHEII ¥ BUCMYT, T. K. OHH 00J1afaloT HanOobIIei ToK-
cUYHOCTHI0. OTHUMHU U3 OCHOBHBIX UCTOYHUKOB 3arpsis-
HEHHS BOJA 3TUMH 3JIEMEHTAMH BBICTYNAIOT aBTOTPAHC-
IOPT ¥ IPOMBIIUIEHHBIE IPEIPUATHS.

Kak mmcan Benukuii ecrectBoucmbitatens B.. Bep-
HJICKUH «...TOPUH CTOUT BHE T'€OXHMHH BOJBI, TOPHI
HE BXOJUT B BOJHBINA PEXKUM 3EMITH. ..», TIOTOMY YTO CUHU-
Tanock, 9T0 Th ¥ MPOAYKTHI €0 paciiajia B BOJE MPUCYT-
CTBYIOT B CTOJIb HMYTOXKHO MAJbIX KOJIHYECTBAaX, KOTO-
peie Henmb3s ObuTo 3adukcupoBath [24]. CoBpeMeHHBIE
MCCIICIOBAHHUS TIOKA3a/IH, YTO Th MOXKET SBISATHCS HHIHU-
KaTOPHBIM 3JIEMEHTOM, OTPAKAIOMIUM BKIaJ Kak TpHU-
PONHOTO, TaK M TEXHOTEHHOTO (hakTopa B IKOJIOTO-
TEOXUMHYECKYI0 XapakTepucTuky. IlosTomy oH Taxxke
OBLT paccCMOTpPEH B paMKax HacTosmieid paboTel. B atoi
CBSI3U OCHOBHOM IIETIbI0 HACTOSIIETO MCCIENOBAHUS SB-
JAeTCs OLEHKA pacrpeeNeHns BBICOKOTOKCHYHBIX XH-
MIYECKUX 3JIEMEHTOB B BOJAX IHTHEBOTO BOJOCHAOXe-
Hus HaceneHns: CeBacTOMONBCKOM TOPOICKON armomepa-
1uu (CT'A) Ha OCHOBE aKTyaJbHBIX CBEIEHHH 00 UX XU-
MHUYECKOM COCTaB€, IMOJYyYCHHOM COBPEMCHHBIMH METO-
JIaMH aHAJH3a.

Matepuanbi u meToabl

Ham xomnextuB ¢ 2018 r. 3aHmMaercs m3ydeHHEM
0COOEHHOCTEH THAPOTEONOTHH, THAPOTCOXUMHH U MeXa-
HU3MOB (hopmupoBanus HpupodHbix Box CI'A [25, 26].
B teuenue storo BpeMeHu BrepBoie 17 BoA KpbiMckoro
TI0JyOCTPOBa Ha €IMHOM METOIMYECKON OCHOBE C HC-
TI0JIb30BAHUEM COBPEMEHHOM XMMHKO-aHAJIUTHYECKON
0asml BBINOJHEHBI KOMILIEKCHBIE M30TOIHO-
T€OXUMHUYECKUE WCCICNIOBAHMS, Pe3yJbTaThl KOTOPBIX
OTpaXkeHbl B Ienoi cepum pabor [27-31], mpu 3ToMm
OlIEHKa WX TOKCHKOJOTMYECKHX OCOOEHHOCTEH elle He
BBIIIOJIHANACH M BIEPBBbIE NPEICTaBICHa B HACTOSIIEM
HCCIIEI0BAHUH.

B xoge sxcnequuuoHHbIX paboT B JIETHE-OCCHHMI TIe-
puon 2018-2021 rr. 6bu10 0TOOpano 105 nmpod mpupoa-
HBIX BOJ 113 76 00bekToB B npezenax CTA (puc. 1, a).

Otbop m mpemBapuTenbHas MPOOOMIOATOTOBKA BEI-
TIOJTHSUTHCH B COOTBETCTBUM C OOMICTIPHHATEIMH METO.IH-
kamu. JlabopaTopHoe H3ydeHHE XHMHYECKOTO COCTaBa
METO/IaMU TUTPUMETPHH, HOHHOU XpoMaTorpauu, Macc-
CIIEKTPOMETPHH ¢ MHIYKTUBHO CBA3aHHOM IIa3MOH Npo-
Boguioch B IIpoGneMHON HaydHO-HCCIIEOBATENBCKOM
nabopaTopul THAPOTCOXMMUM HKEHEpHOH IIKOIEI
NPUPOJHBIX pecypcoB TOMCKOTO TONHTEXHAYECKOTO
yauBepenteta (anamutuka B.B. Kyposekas, A.C. Ilory-
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na, 3.C. lsenckas, F0.®. Tarapckas, M.A. I'nymkosa).
OrleHKa TOKCHKOJIOTHYECKHX 0COOEHHOCTEH BOJ IPOBO-
JMach C WCIONB30BAHUEM JEHCTBYIOMINX HOPMATHBHBIX
noxymentoB: CanlluH 1.2.3685-21, TOCT P 51232-98,
CanlluH 2.1.3684-21, u pexomennauuii BeemupHoii op-
raHu3alluy 1o 31paBooxpaHenuto [32-35]. Ilpu ananuze
THAPOTeOXUMHYECKOI HH(POPMAINH OTpeIeIeHbl XapaK-
TEPUCTHKH pacTpesiencHus (OHOBBIX KOHIICHTPALMH H
YCTAaHOBJICHB THAPOTCOXUMHYCCKHE AHOMANHH NS TS-
KENBIX METANIOB M TOKCHYHBIX 3JIEMEHTOB IIEPBOIO
Kiacca omacHocTd. ['maporeoxummyeckuii oH — cpen-
HS1 M3 HAHOOIee JacTO BCTPEUAIOIIUXCS KOHICHTPALHH
TOTO HJIM HMHOTO KOMIIOHEHTa MOA3EMHBIX BoA. ['mapo-
TEOXMMUYCCKAs AaHOMATUS — KOHIIGHTPAINS, 3HAYUTEIb-
HO mpeBbinIaoias GoHosyo (>30 %).

PesynbTathbl U 06cyxaeHue

Panee oTmeuanoch, 4TO aKTyalbHbIE CBEJCHUS IO
npupoaHeM BogaM CI'A cTanm mosSBIATHCS HETABHO H C
2018 r. mo HacTosiiee BpeMs BEAETCS UX MOHHUTOPHUHT.
B tabn. 1 mpuBesneHsl THIOBBIE TPoOBI Boj PojnHUKOB-
ckoro, OpioBckoro, benpbexckoro u HMHKepMaHCKOTO
B0J103200pOB, aKTHBHO HCIONB3YIONIETOCs HaceleHUeM
ponHuka Jlecrinta 1 YepHOPEUEHCKOTO BOJOXPAHIIHILA,
KOTOpOE BBICTYIAeT OCHOBHEIM HCTOYHHKOM BOJOCHA0-
xenust HaceneHus CI'A. Kpatko paccMotpuM 0coOeHHO-
CTH UX TEOXUMHUH.

Boxbl rumpokapOOHATHOTO —KaNbLMEBOTO COCTaBa
PonHukoBckoro Bomo3abopa MpypodYeHBI K BEpXHEIOP-
CKOMY BOJIOHOCHOMY KOMIUIEKCY, BENHYHHA UX 06LueH
MUHEpaIu3aluu Bapsupyer ot 359 no 606 MF/I[M o-
Jepxanue kpemuus — ot 1,42 o 3,03 /o, FeOXHMH-
YeCKUE MapaMeTPhl CPEIbl OTBEUAIOT OKICIUTENLHOH 00-
cranoBke ¢ Eh +118,7 — +180 5 MB, HeftrpanshpM pH
7,4 1 Opers. 8,03-8,51 Mr/av’, BanaHcoBbie 3amachl MoJ-
3EMHBIX BOJI OTHOCATCA K KaTeropusm B u C; u cocras-
15107 4,76 1 4,047 ThIC. M /cyT COOTBETCTBEHHO.

Bomsr OpmoBckoro Bojozabopa MpeHMYIIECTBEHHO
XJIOPUIHO-THAPOKAPOOHATHOTO  KANBIHEBO-HATPHEBOTO
COCTaBa OTHOCATCS K CpPEIHE-BEPXHECAPMATCKOMY BOJO-
HOCHOMY KOMIUTeKCy. Benndnna o6u1e14 MUHEpaTU3aIiHI
mMensierca ot 544 no 1213 MF/}:[M COJICPXKaHUs KpeM-
mus — ot 4,31 no 7,49 MF/,I[M ['eoxumuyeckue mapamer-
PBI CpeIBl U3MEHSIOTCS OT BOCCTAHOBHTEIBHOH 10 OKHC-
JuTenbHON o6ctanoBku ¢ Eh ot —151,2 mo +220,3 mB,
XapaKTepU3yTCs HEHTPaNbHBIM U cna601uen0qH},1M pH
(7,0-8,0) 11 Ozpaers. 2,91-7,15 mr/mv°. Banancosbie 3ama-
CBl MOJ3EMHBIX BOL OTHOCATCA K KaTeropusim AuBuco-
crastor 28,2 u 11,8 Tic. M /cyT COOTBETCTBEHHO.

Bopr BenLGeKCKoro BO/103a00pa THAPOKapOOHATHO-
XJIOPUAHOTO KaJbIINEBO-HATPHEBOTO W THAPOKApOOHAT-
HOTO KallbIIUEBOTO COCTaBA OTHOCATCSA K YETBEPTUUHOMY
AJUTIOBHANILHOMY BOJOHOCHOMY KOMIUIEKcy. Bennunna
ux oOmed MuHepamu3amuu coctapisier oT 604 1o
805 mr/mv’, 1 COJIEP7KAHNE KPEMHILS BAPBUPYET B MPEJLe-
nax 4,67-5,17 wr/m. Teoxumuueckue mapameTphl cpe-
IbI OTBEYAOT OKUCIIUTENBHOM 00cTanoBKe ¢ Eh ot +69,3
no +176,3 B, wmeiitpamsomy PH (7,3) 1 Ogpens.
452-4,77 MF/,I[M banancoBrie 3amacel HOI[3CMHI>IX BOJ
OTHOCATCS K KaTeropuu A 1 pasHbI 3,5 ThIC. M /cyT
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Puc. 1. Kapma-cxema u3zyuenuvix obvekmos (a): 1 — 6o0o3zabopvl (1-6 — Poonuxosckuii; 7-10, 13 — Unrxepmanckuii;
11, 12 — Benvbexckuii;, 14-20 — Opnosckuii); 2 — poonuxu, konooysl (nomepa 21-67); 3 — nosepxnocmuule 600bl
(Homepa 68—76) u ouacpamma Ilatinepa npupoonwvix 600 CI'A (6)

Fig. 1. Schematic map of sampling (a) and Piper diagram of the studied waters (b). Objects: 1 — water intakes (1-6 — Rodni-

kovsky; 7-10, 13 —
face waters (numbers 68—76)

Boner Mukepmanckoro Bomo3abopa ruapokapOoHaT-
HOTO KaJIbIIUEBOTO COCTaBA C BENMYMHOM 00IIel MIHepa-
Ju3aruen, Bapbupyomen ot 485 1o 624 Mr/11M3 U Co-
JepxkanueM kpemuus 3,88-5,78 MI/1M° OTHOCATCA K HeT-
BEPTUYHOMY AJUTIOBUAIBHOMY BOJOHOCHOMY KOMILIEKCY.

leoxumuueckue mapameTpsl Cpeibl OTBEYAIOT OKHC-
aurensHOM obcranoske ¢ Eh or +131,3 mo +168,2 MB
HeirpansHomy PH (7,3-7.,5) 1 Opers. 2,96-5,82 Mr/mve,
BanaHcoBbie 3amachl MOJ3eMHBIX BOJ OTHOCSTCS K KaTe-
ropud A u paBHsl 27,3 ThIC. M?’/cyT.

Bropas rpymma (pomHWKH, KONOAUBI M HETTyOOKHE
CKB&)XUHBI) SIBIISETCS HanOoJIee pasHOoOpa3HOH Mo XUMHUe-
CKOMY COCTaBYy. YCTaHOBJEHO 13 XMMHYECKHMX THIIOB OT

Inkerman; 11, 12 — Belbeksky; 14-20 — Orlovsky); 2 — springs, wells (numbers 21-67); 3 — sur-

CYIB(MATHO-THIPOKAPOOHATHO-XIOPITHOTO KaIbIIeBO-
MarHueBOro 710 XJOPHIHOTO KalbIIMEBO-HATPHUEBOTO, MPH
JIOMUHHPOBAHUK THIPOKAPOOHATHOTO KAIBIMEBOTO THIIA
(puc. 1, 6). Benuunna o0mieil MUHEpATH3AIAN M COEPKa-
HHE KPEMHHS B HIX BapbHpYCT B 60J‘ILH.II/IX npenenax — oT
253 mo 2083 MT/Z[M u 1,51-14,02 Mr/z[M COOTBCTCTBCHHO
HanGonee MusepaisoBannbie Bosl (Gonee 1 r/av’) yera-
HOBJICHBI B KoJojie xpama Bockpecerust Xpucropa (Ne 64),
B cene Komxosnoe (Ne 54, 63, 65, 66) u B poaHUKE Ha YII.
I'pomosa (Cesepnas cropona r. Cesactomnons) (Ne 67). I'eo-
XHMHYECKHE TAPAMETPBI CPEbl OTBEYAIOT OKUCITHTENBHOM
obcranoske ¢ Eh or +5,8 1o +209,3 MB, HeI/ITpaHBHBIM u
cnabomenounsiM PH (7,0-8,3) 1 Onpers. 2,22-15,87 M/,
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Taonuya 1. Xumuueckuii cocmas npupoonsix 600 CI'A u cooepoicanue 6 HuX 1eMennos nepeoco Kiacca ONacHoCmu

Tablel.  Chemical composition of natural waters of the Sevastopol urban agglomeration (SUA) and the content of the
first hazard elements class in them
N | Fon OGBeKT - [HCO; [SO” [CI' [Ca® [Mg* [Na" [K*] As [ Hg | U [ Be | TI
| Year Object P mr/mv/mg/| MKr/ Mg/l
BenbbOekckuii Bogo3abop/Belbeksky water intakes
12 {2020 | Cks. (well) Ne 3 7,7|604 | 332 58 |31 |110| 13 |27 | 4 |0,200 (0,013 {1,140 | 0,05 | 0,003
11 {2020 | Cks. (well) Ne 10 7,7|805 | 334 114 117|116 | 24 |81 | 4 |0,242|0,019|1,216 | .. | 0,01
Wukepmanckuii Bogo3adop/Inkerman water intakes
7 12019 | Cks. (well) Ne 5 7,7|485 | 278 45 | 23 | 99 8 18 | 2 10,180 {0,031 {0,690 | u.mm. H.IL.
132019 | Cks. (well) Ne 6 781|624 | 304 72 |43 | 124 | 9 31 |3 (0,216 | u.m. |0,809 {0,019 | w.m.
10 {2019 [ Cks. (well) Ne 15 7,7|604 | 316 73 |32 |118 9 30 | 2 {0,447 (0,026 |1,136 | m.m. H.IL.
8 |2019 | IlaxTa (Mine) Ne 2 7,7|516 | 307 43 |24 |100 | 12 |17 | 2 [0,148]0,005 [0,661 | 0,02 | 0,003
9 2020 | IaxTa (Mine) Ne 5 7,7| 576 | 305 77 (30 ]108 | 12 |26 |3 |0,485| un. |1,098 | . | HOL
Opaosckuii Bogo3abop/Orlovsky water intakes
1712019 | Cks. (well) Ne 3 7,5(1128 | 281 123 345|155 | 34 |[157 |2 |0,590|0,017 {1,324 | v.n. | H.IL
17 {2020 | Cks. (well) Ne 3 7,7 1122 | 262 139 (344|156 | 29 |163| 2 (0,461 | v |1,344 | un | 0,016
16 | 2020 | Cks. (well) Ne 5 7,6 1122 | 293 138 |313(190 | 31 (115|2 |0/511 | v |[1,863 | v | 0,012
18 | 2020 | Cks. (well) Ne 7 7,8 1149 | 264 148 352|156 | 29 (173 |2 |0,461 | v |1,522 | v | 0,022
14 {2020 | Cka. (well) Ne 9 75| 947 | 266 96 (266|160 | 31 |89 | 2 |0,509|0,001|1,506 | u.n. | 0,004
19 12019 | Cks. (well) Ne 10 7,6 1162 | 273 146 |354 (170 | 40 (144 |2 |0,415| v [1,448 | w.n |0,0006
19 {2020 | Cks. (well) Ne 10 7,7|1144 | 273 138 |344 (156 | 31 |166 | 3 |0,701 (0,020 [{1,590 | .. | 0,009
1512020 | Cks. (well) 55-61 7411099 | 336 154 1235(180 | 40 (93 |2 {0,472 0,028 |1,743 | u.. | 0,007
20 {2020 | Cxks. (well) Ne 55-74 7,7 1213 | 256 142 1397|165 | 31 |[187| 2 |0,647 |0,003 [1,468 | H.m. H.IL
PopuukoBckwuit Bogo3adbop/Rodnikovsky water intakes
1 [2018 | Cks. (well) Ne 5531 7,9|359 | 262 6 3 | 83 3 2 100,136 | v {0,130 | v |0,0005
4 2018 | Cks. (well) Ne 5566 791|430 | 311 9 5 | 90 8 6 |1 (0362| no [0,335]0,016 | 0,003
4 12019 | Cks. (well) Ne 5566 7,6 | 411 | 293 8 8 | 86 9 5 10 (0,336 0,008 {0,187 | u.m. |0,0002
2 12018 | Cks. (well) Ne 5595 7,3 407 | 293 10 5191 4 4 |101]0022| . {0,281 /0,016 | 0,004
2 2019 | Cks. (well) Ne 5595 751|412 | 295 9 6 | 88 7 5 10 (0,228 10,019 (0,252 | u.m. | 0,001
5 2018 | Cks. (well) Ne 5760 8,1| 476 | 348 7 5 1107 | 5 4 (10180 (0,019 {0,156 | u.i. | 0,003
3 12018 | Cks. (well) Ne 5775 8,2 | 422 | 303 10 5 | 93 6 5 11 (0,200 | v [0,312 | um. | 0,003
6 |2018 | Cks. (well) Ne 5776 8,2 | 606 | 441 10 5 1139 | 5 51110190 | v {0,301 | wm. | 0,002
Bopoxpanuimuiie, pogHuk/reservoir, spring
70 | 2018 | 1CPHOPEUCHCKOE BONOXPAHWIHING | g )| 557 | 135 | 15 | 6 | 43 | 4 | 3 |1 |0,486 (0,020 |0,178 | wn. | 0,009
Chernorechenskoe reservoir
70 | 2019 | ICPHOPCUCHCKOE BOXOXPAHWIMING | g5 | 517 | 151 | 7 |6 |44 | 4 | 4 |1 |0484|0042 0,189 | wn. |0,0004
Chernorechenskoe reservoir

3712018 8,0 | 683 | 470 28 [19 133 | 18 |14 |1 |0,078| u.n. |0,473] 0,02 | 0,004
37 [2019 g"“?‘t"ﬂ?mm 76|608 | 404 | 28 |23 [107 | 23 |16 |1 [0,114]0,029(0,375 | mm. | 0,002
37 2020 | P! PN 791630 | 405 | 38 |29 |104 | 27 |19 |1 0,342 | mm. [0410 | mm. |0,0005

H.n. — HUDdice npedena oonapyscenus, Ne — nomep Ha puc. 1, M — eenuuuna obweti Munepanuzayuu.
n.n. — below the detection limit, Ne — number in Fig. 1, M — total dissolved solids.

Cpemu OBEPXHOCTHBIX (TPETHS TPYIMNA) IIUPOKO pac-
TIPOCTPAHEHbI  THAPOKAPOOHATHBIC  KATBIMCBBIC  BOIBI,
MEHBIIMM PACTPOCTPAHEHHEM TIONB3YIOTCS THIPOKapOo-
HaTHBIE W  THIPOKAPOOHATHO-XJIOPHAHBIE —KATbIHEBO-
HaTpUeBbIC M THAPOKAPOOHATHBIC HATPUEBBIC THITHL. [ €0XH-
MITYECKHE MTApaMETPhI CPe/Ibl OTBEYAIOT OKHCIUTENBHON 00-
craHoBke ¢ Eh ot +95,5 no +177,0 MB, crabommenounsiv 1
menoybM PH (7,9-8,9) 1 Oypaers, 5,02-12,55 M/,

OcraHoBumMcs noapoOHee Ha pactpesieneHnn Haubo-
Jiee TOKCHYHBIX XMMHYECKHX DJIEMEHTOB B TPHPOIHBIX
BoJax (puc. 2).

B Bomax nepBou Ipynmsl (Bog03a00phl) KOHIIECHTpa-
mun Be (vxr/nm®) memensrorest ot 0,005 10 0,02; As — ot
0,14 0 0,70; Hg — ot 0,001 mo 0,031; Tl - or 0,005 0
0,023 u U — or 0,13 o 1,86. ®oHOBBIE KOHIEHTpPAIH
OTHX OJIEMEHTOB HMEIOT CHEYIOllEe paclpeseneHie
(MKT/IM ) U (1,116)>As  (0,302)>Be  (0,019)>Hg
(0,018)>TI (0,004) (puc. 3). Hu 1o oaHOMY M3 3JIE€MEHTOB
TIEPBOTO Kjlacca OMAcHOCTH HeT 3HaueHwmid Bbime [1JIK.
[IpakTudecku Bo Beex ckBaxuHax OpioBCKOro Bo03abo-
pa YCTaHOBJICHBI TIPEBBIICHHS ()OHOBBIX 3HAUCHHI ypara,
mbimbsika v tamus (1,3-1,9; 0,5-07 u 0,02-0,07 mxr/am
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COOTBETCTBEHHO); B ckBaxkiHax Ne 10 u 55-61 OTMEYZIOT-
cst ipeBblmerns (hora o pryta (0,02 u 0,03 Mxr/av® co-
OTBeTCTBEHHO). B Bomax ckBaxuubsl Ne 10 BenbOekckoro
BOZ03200pa YCTaHOBJICHE] NPEBBILLICHNS ¢)OHOBLIX 3Have-
HUK Taus (0 01 mxr/mv’), ypana (1,2 mxr/av’) u pryta
(0,02 Mxr/mv’), B CKBAKHHE Ne 3 — ypana (1,1 Mxr/mv’) 1
Geprmmast (0,05 MKr/aM’).

Bonsr mraxter Ne 5 MHKepmaHckoro Bomo3abopa xa-
PaKTEPU3YIOTCS TOBBIUICHHEIMH 3HAICHHAMH MbIllBSKa
(0,5 mxr/nv’) u tawms (0,006 MKr/z[M ); CKBXHHBI
Ne1l5 — wmpimbsxa (0,05 MK/ M ) u pryru (0,003
wkr/am’); B maxte Ne 2 u ckaxune Ne 6 YCTaHOBJIEHBI
HPEBBILIEHUS @OHOBHX 3Havenuit Oepwumust (0,020 u
0,019 MKF/ZIM COOTBeTCTBeHHO) B CKBaXuHEe Ne 5 —
prytu (0,03 MKT/IM ). B Bomax PoanukoBckoro Bojo3a-
60pa YCTaHOBJICHBI TIPEBHIIICHHS (POHOBBIX KOHLCHTpa-
1Mt MBIBsKA B CKBaxuHe Ne 5566 (0,4 Mkr/ov’) i pTy-
™ B ckBakuHax Ne 5760 u 5595 (0,020 u 0,019 MKT/1M,
COOTBETCTBEHHO). Cpenm TKETBIX METamioB (JOHOBBIE
CONEPKAHNA _yMCHBIIAIOTCA OT Kelesa K BHCMYTY
(vxr/nv’): Fe (118531)>Zn (17,677)>Cr (1,7)>Cu
(0,89)>Mn (0,511)>V (0,5)>Ni (0,237)>Mo (0,214)>Co
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(0,055)>Pb (0,027)>Cd (0,006)>Bi (0,002). IIpessbimure-
Hust [TIK 1o sxene3y BoisiBnensl B ckBaxune Ne 5 Opnos-

ckoro Bojo3abopa (0,43 MF/I[M) 1 CKBANKHHE Ne 5775
PonnukoBckoro Bomozabopa (0,42 /o’ ) (puc. 4).
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Puc. 2. Pacnpedenenue mviubska, pmymu, ypana u mopus ¢ npupoonusix eooax CI'A
Fig. 2. Distribution of the concentrations of arsenic, mercury, uranium and thorium in natural waters of SUA

B skcruyatupyembeix  Bon03abopax  KOHICHTPAIUH
Topus m3Mmensitorest ot 0,0004 ;[0 0,015 MKr/L[M3 COCTaB-
ass B cpenaeM 0,005 MKF/Z[M HaH6onbume ero cojiep-
KaHus ycTaHoBieHb! Ha OprnoBCkOM U MHKEpPMAHCKOM
BOJ03a00pax (puc. 2).

B Bojax BTOpO#t rpymmbl (POIHUKH, KOMOMIB! H HETITY-
OOKHMe CKBKHHBI) COMIEPIKAHISA BHCMCHTOB TIEPBOTO KJacca
OIIACHOCTH 3HAYUTEIILHO BBIIIIE (MKF/}IM) Be ot 0,003 mo
0,16; As — ot 0,05 10 3,61; Hg — ot 0,001 10 0,23; Tl — or
0,0005 10 0,48 u U — ot 0,014 1o 5,37. Ux doHOBBIC KOH-
LICHTpaI.[I/II/I CHWXAIOTCS B pAdy OT ypaHa K TAUIHIO
(vkr/mv’): U (0,948)>As (0,435)>Hg (0,027)>Be (0,018)>Tl
(0,006). VcranoBneHO NpeBBILEHHE HJIK Mo TAUIHIO B
ckBaxune B ¢. Komxosnoe (0,48 MKF/}IM) Conepxanus
ypaHa B BOJAxX BbIlIC (JOHOBBIX YCTAHOBJICHBI HEMOCPE-
CTBEHHO Ha ['epakieiickoM TMONMyocTpoBe (POJHHKH Ha YII.

I'pomoBa, CapanmuHakckoi Oanmke, MakcumoBo# nade), B
cenax Komxosnoe u [Tuporoska (ot 0,003 1o 0,005 mr/mm )
3HaYUTETBHEIE KOHIICHTPAIlUK MBIIITbAKA BBIABJICHBI B BOAAX
I'epaxuieiickoro monyocTpoBa, BOAOIYHKTOB cena Komxos-
HOE M NIPAKTHYECKH Bceil toro-3anaaHoi oxpamnsl CI'A
(0,001-0,004 mr/mv’). TTOBBILIICHHBIC COIEPAKAHNS PTYTH BbI-
SBJICHBI B Psiie POAHKKOB Ioro-zananﬁon OKpAHH! CTA, a
TaKKe B Kojtoax ¢. KomxosHoe (ot 3 10° Io 2 107 MI/IM )
HpeBBIIHeHI/IC (bOHOBBIX cozlepncamm TaJuTus YCTAHOBJICHBI B
Boax ['epakineiickoro [JI0IYOCTPOBA . BOJOMYHKTAX Cella
Komxosroe (ot 1,7:10° 1o 4,810 mr/mm’). HauGossime
KOHIICHTpaIlK OSpUILIHS BRIIBICHBI B BOJAX cea Komxos-
HOE, MCTOUHNKOB CTpaHHBIM, Jlecmmlé HHKonaechoro a
takoke B kosoie Kyro-Anas (ot 1,8:107 10 1,61 10 MI/IM )
CToUT OTMETUTb, YTO BBICOKHE KOHLEHTPALH TPAKTHYECKH
BCEX AIIEMEHTOB IEPBOTO KJAcca OMACHOCTU YCTAHOBJIEHBI B
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BOJax Komojua xpama Bockpecenns XpI/ICTOBa B nenom co-
nepmaﬂm TOpUS B BONAX BTOPOH TPYIMIBI JOCTHTAIOT
01 MKI‘/ZlM B KOJIOZIE ¥ CKBAXKKHE, PACTIONOKEHHBIX B ¢. Koi-
x03Hoe. Ero TIOBBIITICHHBIE COIEPKAHMS TAKKE MOYKHO OTMETHTB
B poIHMKax Ha yii. Ipomosa (Ne 67), cafoBOro ToBapuIlecTBa
«Pomarmok» (Ne 47) u ckBakiHe cena Oprioka (Ne 34).
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HUS TSDKEJIBIX METALIOB MMEIOT CXOXKee pacipe/eneHie
MU YMEHBIIAIOTCA OT JKele3a K BHCMYTY (MKr/z[M3):
Fe(137,103)>Zn(9,865)>Cr(1,793)>Mn(0,903)>Cu(0,679)
>Ni(0,603)>V(0,482)>Mo(0,221)>Co(0,102)>Ph(0,056)
>Cd (0,008)>Bi (0,003).
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Fig. 3. Histograms of the concentrations distribution for (a) As, (b) U, (c) Hg, (d) Tl, and Be (e) in waters of the SUA water
intakes (green) and springs and wells (red). The dashed line is the value of the hydrogeochemical background; the

dotted line is the hydrogeochemical anomaly

Ipepsimaronue 1K xonuentpamuu Fe ) CTaHOBIIE-
HBI B Bojax c. Komxosnoe (1,1-2,1 Mr/z[M) a TaKxe
poxnukoB Jlecnura, CtpanHslif, YepToBa jecTHuua, KO-
noxues c. CaHaTopHOE U Bose Xpama Bockpecenus
Xpucrosa (0,3-0,77 mr/mv’) (tabi. 2). [IpeBbineHus
[TJIK mo mapraHily ycTaHOBIIEHbI B o0bekTax cena Kon-
XO3HOE: CKBAKHHBL Ne 2 (0,57 r/nv’ ), KonoAua s IHTEA
(0,11 mr/nm); POAHUKOB KI/IJ'ILCC -bypynom (0,14 r/mm 9,
YeproBa necTHUIA (0 12 MF/,[[M ) u komoxna B ¢. CaHa-
topHoe (0,30 MF/ILM ). Hambonbimme copepxanus Ko-
Oanbra (0,31 MF/I[M ) BBISABICHBI B Bozlax KOJIOIIa JUIst
muths ¢. Konmxosunoe; aukens (0,041 mr/mm ) — B POJIHHKE
«Casaroro H?ez[TeqH» c. OOoponHoe u Tamms
(0,0004 mr/om’) — cks. Ne 1 ¢. KonxosHoe.

B xumideckom cocrtaBe moBepxHOCTHBIX Bojg CI'A
(TpeThs Tpymma) NpakTHUecku He oOHapyxeHo Be, coxep-
KaHUA OCTANIbHBIX JIEMEHTOB MEPBOTO KJIACCa ONACHOCTH
B IIETIOM HIDKE, 9eM Y BTOPOH TPYIIIEL, W HE MPEBBIMAIOT
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TJIK (Mxr/ad’): As — ot 0,48 1o 1,81; Hg — ot 0,009 110
0,042; Tl - o1 0,002 10 0,009 11 U — 07 0,16 110 1,59.

Tabnuuya 2. M3yuennvie 00vekmvl ¢ npesvluleHueM npe-
0ebHO QONYCIMUMBIX KOHYEHMPAyuil

Table2.  Objects with excess of threshold limit value
(TLV)
HevictByrommit | Exnauist
DnemeHT K B Poccuu usMmepe- Homep BomomyHkTa
Element Current TLV in HUS Water point number
Russia Units
Mn 0,1 25,41, 48, 54, 66, 73
3,16, 34, 37, 41, 44,
Fe 03 wr/mv® | 48,51, 53, 54, 64, 65
Co 0,1 mg/I 66
Ni 0,02 52
Tl 0,0001 65

Homep 6odonynxma ¢ mabnuye cosnadaem ¢ Homepom Ha puc. 1.

The number of the water point in the table coincides with the
number in Fig. 1.
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Fig. 4. Dependence of the heavy metals concentration on the value of the total mineralization. Red dotted line — threshold
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limit value values by [32]. See the legend in Fig. 1
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3acyxa nocneJHuxX Tpex Jet (3a uckiouenuem 2021 r.)
CTaja CIEACTBHEM pPOCTa KOHICHTPAIMH MPAaKTHYECKH
Bcex MukpokommonentoB ¢ 2018 mo 2020 rr. [36-41].
B 2020 r. B Bomax YUepHOpEUEHCKOTO BOJOXPAHMIHINA
YCTAHOBJICHBI MOBBIIICHHBIC COICPIKAHMS PTYTH U TAJLTHS
(0,042 u 0,009 MKF/[[Ms, COOTBETCTBEHHO); MBIIIbSKA — B
pexax Kawa u Ai--Togopka, 03. Kontomns B ¢. Opnunoe.
Taxoxe B p. Kaua ycraHoBIeHO MOBBINIEHHOE COJIEPIKaHNE
ypaxa. Cpeau TOBEPXHOCTHBIX BOJ HAMOONBIIHE COZEp-
*KaHUA Topus Takxke BblsBIeHb! B 2020 r. B Bogax UepHo-
peuenckoro Bojgoxpanumima (0,025 MKT/IM), o3epa Ko-
mromHs B cene Opnunoe (0,014 MKF/I[Mg) u p. YepHoit
(0,011 MKr/ﬂM3), IpU CPETHHUX 3HAYCHHSAX, H3MEHSIO-
muxcs ot 0,0002 mo 0,0036 MKT/IM.

B nosepxunocTtHbix Bojax CI'A HekoTopsle (OHOBBIE
COZICPIKAHMS TSOKENBIX METAIIOB OTIMYAIOTCA Ha TOPSIOK
OT paHee ONMHUCAHHBIX IPYII M YMEHBIIAIOTCS OT JKeles3a K
kamvmo (Mxr/mv’): Fe(66,4)>Mn(4,7)>Cr(1,03)>Cu(0,92)
>7n(0,83)>Ni(0,55)>V (0,33)>Mo(0,17)>Co0(0,047)>Ph
(0,042)>Bi(0,004)>Cd(0,002). TIpeBbimieHus MpeaETBHO
JIONYCTUMBIX KOHICHTPAIlMii MapraHia yCTAHOBJICHBI
Tonpko B peke Yepnas (0,17 MI‘/Z(Mg), 410 Tpebyer mo-
TIOJTHATENBHBIX HCCIIETOBAHHIA.

BbiBoabl

Takum 00pa3oM, MOXKHO CENATh CIAETYIOIIHE BEIBOADL:
1. BmepBsle st mpupoaHbIX BoA Tepputopuu CeBacto-

TOJILCKOM TOPOJICKON arinoMepaluy yCTaHOBJIEHBI Xa-

PaKTEepHCTHKY THApPOreoxuMudeckoro ¢omna. [lo m3y-

YEHHOMY CIIEKTPY XUMHYECKHX JJIEMEHTOB NPaKTH-

YeCKH BCE PACcCMOTpeHHbIe BOJbl CeBacTOMONBCKOM

TOPOJCKON arnoMeparuu He HMEIT KPUTHYECKHUX

KOHIIEHTPAINH TOKCHYHBIX 3JEMEHTOB.

Cpenu nepBoil rpymIbl BEISBIECHBI OBBILICHHbIE 3Ha-
4yeHus ypaHa B Bojgax OpioBcKoro Bojo3abopa M3MeHs-
tomuecst B uuteppane 1,32-1,86 MKF/}IMS. Boasr BTOpoii
TPYNIbl (POJHUKH, KOJIOAUB! M HErTyOOKHE CKBAXKHHBI)
OTINYAIOTCA 00Jee BBHICOKHMH COIEPKAHHUAMH 3JIEMEH-
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The relevance. Prior to the present study on the natural waters of the Sevastopol urban agglomeration, there was no relevant information
on the distribution of a wide range of highly toxic elements.

The aim of the research is to establish the characteristics of the hydrogeochemical background and study the distribution of highly toxic
chemical elements in the drinking water supply of the population of the Sevastopol urban agglomeration based on current information
about their chemical composition obtained by modern methods of analysis.

Methods. Laboratory study of the chemical composition by titrimetry, ion chromatography, inductively coupled plasma mass spectrometry
was carried out at the Problem Research Laboratory of Hydrogeochemistry of the TPU School of Natural Resources. The assessment of
the toxicological characteristics of waters was carried out using the current requlatory documents: SanPiN 1.2.3685-21, GOST R 51232-98,
SanPiN 2.1.3684-21, and the recommendations of the World Health Organization.

Results. The hydrogeochemical background of the distribution of highly toxic chemical elements in the natural water of the Sevastopol ur-
ban agglomeration are established. The concentration of highly toxic elements (V, Cr, Cu, Zn, Mo, Cd, Pb and Bi) does not exceed the
threshold limit value. Several objects are characterized by exceeding the threshold limit value for Fe, Mn, Co, Ni and TI. The waters of the
Kolkhoznoe village have the most unfavorable characteristics. Almost throughout the entire territory of the Kheracleian Peninsula, high
concentrations of uranium and arsenic were established. The droughts of 2018-2020 had a huge impact on the deterioration of the quality
characteristics of natural waters, which led to the increase in the concentrations of almost all microcomponents not only in surface waters,
but also in groundwater (including wells and springs). Identification of the role of natural and anthropogenic factors in formation of the hy-
drogeochemical field of exploited aquifers on the territory of the Sevastopol urban agglomeration requires the continuation of monitoring.

Key words:
Natural waters, highly toxic elements, radionuclides, drinking water supply of the population,
Sevastopol urban agglomeration, Crimea Peninsula.
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1 Yhumckuit rocyapCTBEHHbIN HE(HTAHOM TEXHUYECKUIA YHUBEPCUTET,
Poccusd, 450062, r. Yha, yn. KocmoHasTos, 1.

AxkmyanbHocmb uccredosaHuss 0bycriogneHa HeobX0AUMOCMbI0 CHUXKEHUS pucka agapull Ha nepexodax MasucmparbHbIX 2a30NPo8o-
008, NPOMOXEHHBIX 8 3aWUMHbIX (hymnsipax no0 aemoMOBUBHBIMU U Xene3HbiMu dopoeamu — 0OHUX U3 Haubosee onacHbIX U omgem-
cmeeHHbIX y4acmkos. J1ed, obpasosaswulics 8 MeXmpybHOM NPOCMPaHCMee NPU HamuYUU Ce30HHO NPOMEP3atOLYUX U OMMAUBaIoULUX
2pyHmMOo8 UNU Npu nepekadke easa npu ompuyamenbHOl memnepamype COBMECMHO C HeKa4yeCmeeHHOU yCmaHO8KOU MopuesbiX
YNIoMHeHu(l, MoXem npusecmu K CMSmUto NONEPEYHO20 CEYEHUS 2a30nposoda, mem caMbIM NOBbILAs PUCK asapuu Ha daHHOM ydacm-
ke. [posodumble uccredogaHusi N038ONISAM 3apaHee U3y4umb NOMEHYUAbHO YA38UMbIE y4acmKu nepexo008 ¢ NOMOWbI KOMNbIomep-
HO20 ModenuposaHus u npedycmampusamb 0715 HUX KOMNIEKC 3aWUMHbIX Mep.

Lenb: ouyeHka 803MOXHOCMU NOBPEXOEHUS MagucmparbHbIX 2a30nposodos, NPOMOXEHHbIX 8 3aWUMHbIX hymnspax, 1b0oM, KOmopbil
obpasosarcs 8 MexmpybHoM npocmpaHcmee,; 060CHo8aHuUEe AONOTHUMENbHbIX Mep U pekoMeHOayul, HanpasneHHbIX Ha obecneyeHue
6e3onacHol akcnnyamayuu no03eMHbIX nepexodos MasucmpasbHbIX 2a30npogodos No0 a8momMobUTbHBIMU U JKene3HbIMu Oopo2amu.
O6BbekmbI: y4acmKu MasucmparbHbIX 2a30nposo0os, NPOOXEHHbIE 8 3aWUMmHbIX hymuspax nod aemomobUNTbHbIMU U KENe3HbIMU
dopozamu 8 ycrosusix Ce30HHO OMMausaloWe20 U npoMep3aruie2o pyHma e61u3u 3awumHo20 (ymnsapa unu mpaHcnopmupyrowjue
2a3 npu ompuyamesnsHol meMnepamype.

Memodbi: mamemamuyeckoe modesnuposaHue, ModenuposaHue MemodoM KOHEYHbIX 3IEMEHMO8, MemoObi CMPOUMENbHOU MeXaHUKU U
CONpomusIIeHuUs Mamepuanoe, niaHuposaHue 3KCnepuMeHma.

Pesynbmambi. OnpedenieHa 803MOXHOCMb NOBPEXAEHUS MagucmparnbHbIX 2a30nposodos, NPOMOXEHHbIX 8 3aUmHbIX hymuspax,
nbdom, KomopbIil 06pa3sogarcs 8 MexmpybHoM npocmpaHcmee; npednoxeHa MamemMamuyeckas MoOesb onpedeneHus dagneHus, 803-
HuKarowe20 8 mexmpybHom npocmpa+Hcmee ecnedcmeue ysenudyeHusi obbema 3amep3arowiell 800bl, U NPogepeHa ee adeksamHoOCMb ¢
ucnonb308aHueM npozpamMmHo2o komniekca ANSYS Ha npumepe ea3onposoda 219x6 Mm u 3awumHozo gymnspa 325x12 mm; 0bo3Ha-
YeHb| pekomeHOayuu 015 8H08b NPOEKMUPYEMbIX 2a30Npo8odoe U UX nepexo00s, @ makxe Ons yxe Cyuecmsyoujux.

Knroyeenie crnosa:

MazucmparnbHbili 2a3onposod, 3auiumdbiti oymnsip, ned, nepexodsbi nod asmomobUIbHbIMU U Xene3HbiMu 0opo2amu,

HanpsikeHHO-0ehopMUpPOBaHHOE COCMOSTHUE.
BBepeHue €4 3HAYUTENBHBIMHU COLMAbHO-3KOHOMUYECKIMH YIIEp-

CoBpeMEHHBIE MarHCTpaNbHbIE Ta30mpoBofbl — dro  Oami [1]. OuUeHKy puCKa BOSHUKHOBCHNs aBaphu Kak Ha

CIIOKHBIC JIMHEHHO-TIPOTSKEHHBIE WH)KEHEPHBIE COOpY-
KEHUS, KOTOPBIE TAHYTCS HA MHOTHE TBHICSYU KHIOMET-
POB, TIPOJIOKEHHBIE B PA3IMYHBIX KIMMATHYECKUX YCIIO-
BUSX M NIEPECEKAIONINEe HA CBOEM MyTH 0OJbIIOE Pa3HO-
00pa3sue eCTeCTBEHHBIX U HCKYCCTBEHHBIX MPEISTCTBHIL.
OxHOM U3 COCTaBHBIX 4acTeH 3TUX COOPYKEHUIl ABISIOT-
¢Sl IO/I3EMHBIE NIEPEXO/bl MATUCTPAIbHBIX A30IPOBOIOB
NOJl aBTOMOOMIIBHBIMH U JKENE3HBIMH  JIOPOTaMU.
B Hacrosmee BpeMs K COOPY)XEHHIO NAHHBIX YYacTKOB
NPEIBSBISIOTCS. TOBHIIICHHBIE TPeOOBaHMSA 0e30MacHo-
ctu. OJIHAaKO, KaK MOKa3bIBAET MPaKTHKA, JaXKe 3THX Mep
ObIBaeT HEJOCTATOYHO, YTOOBI H30EKATH aBAPUH.

BaxHoil cocTaBisromell YNpaBiIeHUS MPOMBIILICHHON
0e30MacHOCThIO SIBISIETCS AHANM3 TEXHOT'GHHOTO PHCKA.
ABapuy Ha 0003HAYEHHBIX yUacTKaxX, KaK MPaBUIIO, HMe-
10T 0oJ€e BBICOKYHO YAENBbHYIO YacTOTy (B Iepecyere Ha
€IVHULY [JIUHBI), 4Y€M B CPEIHEM Uil JUHEHHOH uacTu
MarucTpaIbHBIX Ta30IIPOBOAOB, U MOTYT CONPOBOXKAATD-

DOI 10.18799/24131830/2022/4/3449

JIAaHHBIX Y4YacTKaX, TaK W Ha BCEX MPOYMX, SKOHOMHYE-
CKHH yIiep0 ¥ BO3MOKHOE YUCIIO TIOCTPAJABIINX TIPOH3-
BOJIAIT 10 PA3JIMYHBIM YTBEPXKACHHBIM MeTOAnKaM. Mmes
HEo0X0JUMBIE JTAaHHBIC O 30HE MOTECHIIHATLHOTO TTOpaxe-
HUA, 0 OMDKalX 00bEKTaX U TMPOYHE JaHHbBIE, MOKHO
TIPOU3BECTH KOJIMYECTBEHHYIO OIICHKY PUCKa HA JAHHOM
yuactke. K mpumepy, crangapt [2] comepxut mompobHoe
OIKCAHUE MOCIENOBATENBHBIX JTAallOB KOJIHYECTBEHHOTO
aHAIW3a PHUCKA TPUMEHHUTENHHO K TEXHOJIOTHYECKUM
00BEKTaM TPAHCMOPTAa Ta3a M Ta30BOr0 KOHJEHCATA U
noa3emMubIx xpanwui raza [TAO «I"aznpom».

ITomuMo 3TOTO, B MUPOBOM NPaKTHKE TAKKE aKTUBHO
BHEJIPSIOTCS. M TPUMEHSIIOTCS Pa3MYHBIE TIOJXOIBI K
OIIEHKE PUCKA BOSHMKHOBEHUS aBapUi HA OMACHBIX TPO-
M3BOJICTBEHHBIX 00BEKTaX, B YACIO KOTOPHIX BXOMAT Ma-
TUCTpaJibHbIe Ta30mpoBojbl. Cpequ HHUX MOXKHO OTMeE-
THTh TPUMEHEHHE KOMIUIEKCHOTO METOJa KONMYECTBEH-
HOTO aHaIn3a PUCKOB [3] MM NpHMEHEHHE METOJa HMH-

93



V13BecTrst TOMCKOrO NONUTEXHUYECKOTO YHUBEpCUTETa. MHXMHMPKHT reopecypcos. 2022. T. 333. Ne 4. 93-104
Tapacos B.A., Cyntanmaromenos T.C., Cyntanmaromegos C.M. /3yyeHve npobnembl noTepyn YCTOAYUBOCTY NMOMEPEYHOTO CEYEHNS ...

JIEKCAIlMU IS OIIEHKU PUCKA C UCIIOIb30BAHMEM TEOUH-
(opMarmoHHbIX cucteM [4].

PesynpTHpyromas oneHKa PHCKOB MO YKa3aHHBIM Me-
TOJMKAM, TIPUMEHUTENBHO K MePeXoaM MarucTpalbHbIX
ra30mpoBOJOB O] ABTOMOOUIIBHBIMU U HKEJIE3HBIMU J[0-
poramu (0COOEHHO ¢ BBICOKOHM MHTEHCUBHOCTBIO JIBUKE-
HHUS), TOBOPHT O BBICOKOHW CTENEHHM OMACHOCTH 3THUX
YYaCTKOB, B INEPBYIO OYepeilb, JUIS KU3HA U 3I0POBbS
mopeii. [ToaToMy Tak BaXHO COOJIOICHHE MOBBIIICHHBIX
TpeboBaHUH 0€30MaCHOCTH, MPEABABIAEMBIX K JAHHBIM
y4acTKaM MardcTpajibHBIX Ia30MPOBOAOB HA BCEX dTamax
JKM3HEHHOTO IMKJIA 3TOTO 00BEKTa: OT MPOCKTHPOBAHMSA
IO ero JUKBHAamuu. Y XOTA IOIHOCTBIO HMCKIIIOYHTH
BO3MOKHOCTh BOSHHKHOBEHHS aBapuii Ha JIIOOBIX MPOU3-
BOJCTBEHHBIX NPEINPUATHIX HENb3sl, CHU3UTh PUCK HUX
BO3HUKHOBEHHS BCE-TaKU BO3MOXKHO.

OnacHble COCTOSIHMA Ha nepexoagax

OmacHoe COCTOSHHE Mepexona XapaKTepu3yercs co-
BOKYITHOCTBIO H XapaKTepoM €ro Ae(heKToB W HEHCIIpaB-
HocTel. JledekTsl M HEHCTIPABHOCTH, BO3HUKAIOIIME HA
JaHHBIX YYacTKaX, aHAIOTMYHBI TeM, 4TO MOTYT MpoO-
SBUTHCS HA JIMHEIHHOM 4acTH MarkucTpaabHbIX Ta30IpoBo-
I0B. B mepByio ouepenp, 3T0 KOPPO3UOHHOE PaspyLICHHE
MeTalla BCIEACTBIE HAPYIICHAS ENOCTHOCTH M30JAIH-
OHHOTO TOKPBITHS, TOQPBl U BMATHHBI, IMPOFOJIbHBIE
TPEILMHBI, TPEIIMHBl HAa CBAPHBIX COCJUHEHMAX U T. 1L
netextsl. Hamuune u panbHeiuiee ux pasBUTHE TPHBO-
IUT K BOSHUKHOBEHHMIO ONACHOTO COCTOSHHS, KOTOpOE
BIIOCIIC/ICTBHH MOJKET TIPHBECTH K Pa3repMETH3AINH Ta-
30MIPOBOJA.

[Ipy4uHbI ¥ YCIOBUS UX BO3HUKHOBEHHUS MOTYT OBITh
Pa3NIYHB, HAYMHAs ¢ Opaka CTPOMTENBCTBA M 3aKaHUH-
Bas ECTCCTBEHHBIMH IIporeccamu Koppo3nd. OpHako
3leCh HMMEIOTCS HEKOTOpHIE OCOOCHHBIC YCIOBHS, HE
BCTpevarolyecs Ha JuHeldHod wactu. Ilpenmochuiku k
HUM MOTJIM OBITH 3aJI0KEHBI KaK Ha 3Tane NpOeKTHPOBa-
HIIS (HaI[puMep, HEBEPHBIN BEIOOP KOHCTPYKIAH TIEPEX0-
Ia, HeBepHas OICHKA TPYHTOBBIX YCIOBHIi), TaK U Ha
9Tl CTPOHUTEIBCTBA.

B pesynbrate Hapymenus TpeboBaHHil HOPMAaTHUBHO-
TEXHUYECKOH JOKYMEHTAIWH, OTCTYIUIEHHH OT Tpebye-
MBIX TEXHOJOTHI CTPOUTENBCTBA JIHOO K€ TIPH JOBOJIBHO
ITATENBHON SKCIUTyaTallid Ha TaKUX Tepexofax Maru-
CTPATIbHBIX Ta30IPOBOJOB, MPOIOXKEHHBIX B 3AIIUTHBIX
(yTnIpax, MOXET BO3HHKATh SIEKTPUYECKUH KOHTAKT
«Tpy0a—(yTisapy (HEmoCpeACTBEHHOE B3aUMOJACHCTBHE
WM B3aHMOJIEHCTBIE depe3 KOppPO3HOHHYI0 cpeny). Ta-
KO€ B3aUMOJIEIiCTBIE NPHBOJUT K HHULMUPOBAHUIO KOP-
PO3HOHHOTO Pa3pyIICHUs B MECTE KOHTAKTA MM CHIXKe-
HAIO 3(P(EKTUBHOCTH DIEKTPOXUMHYECKON 3aIUTHI Ta-
3omposoja [5].

OpnHoii u3 Hanbosee BaXHBIX 33/1au IIPH COOPYKEHUH
TNepexoJi0B MOJ00HOTO THIMA SBIAETCS KauyecTBEHHAS
TepPMETH3AIMA MEXTPYOHOTO TIPOCTPAHCTBA C IEIBIO
NIPEeIOTBpANICHNs MOMAJaHus IPyHTOBBIX Boj. Ha cero-
IHAIIHKUA TeHb pa3paboTaHO MHOKECTBO BapHaHTOB HMC-
NONHEHUS TOPLEBBIX TIEPMETU3UPYIOIIUX MAHXET MU
yKpbITHI 11 HUX. ONBIT 3KCILTyaTaluy Kaxaod U3 HUX
TI03BOJHN BBIABUTH HEIOCTATKH, KOTOpHIE OBUIM yCTpa-
HEHBI B MIOCTICAYIONMX BapuaHTax. M Tem He MeHee pa3-
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TepMETH3AIM MEXTPYOHOTO TMPOCTPAHCTBA BCE-TAKH
cnydaercst.  [locimencTBust — pasrepMeTH3aluu  0OBIYHO
MPUBOAAT K TMOMAJAHUI0 TPYHTOBBIX BOJ B MEKTpyOHOE
MPOCTPAHCTBO U HEraTHUBHO BIHSIOT HA COCTOSHUE CTEH-
KH 3alMTHOrO (yTiasdpa M KOHCTPYKIHMH OHNOPHO-
HaMpaBJIAIONINX KOJEIl, MOCTEIIEHHO paspyias ux. B pe-
3yJbTaTe JIaHHBIX KOPPO3HOHHBIX MPOLECCOB PUCK aBa-
PHH Ha [epexo/iax BO3PacTaer.

BeliieonucanHbpie CHTYalll K HACTOSIIEMY BPEMEHH
JI0CTaTOYHO XOPOIIO M3YYEHBI, pa3pabOTaHbl PasiddHbIC
METOJBl ¥ PEKOMCHIAMH IS WX HENONYIICHHS I
CBOECBPEMEHHOTO ycTpaneHns. OpHako Oblia oOHapyxe-
Ha 0J[HA HHTEPECHAs! 0COOEHHOCTh: BO3MOXHOCTh MOTEPH
YCTONYMBOCTH MOTIEPEYHOTO CECUEHHS Ta30MpoBOIa B pe-
3ynmbTare 00pa3oBaHHSA JbJa B MEKTPYOHOM MPOCTPaH-
cTBE. B muTepatype MOXHO BCTPETUTH JIUIIb HECKONBKO
MyOJMKamuid, B KOTOPBIX TaK IWIM HHA4Ye 00O3HaueHa
HaHHas mpo0JieMa NMPUMEHHTENHHO K Tra3opacmperenu-
TENbHBIM CHCTeMaM. BO3MOXHOCTh BO3HHKHOBCHHUS Ta-
KOH CHTyaIluH Ha MAarkCTPAIbHBIX Ta30IPOBOJIAX M MpPe/-
CTOUT OIICHHUT.

Lenun n 3apgaun

OCHOBHOHM LIETBI0 HCCIIEAOBAHUS SBISETCS OICHKA
BO3MOKHOCTH TIOBPEXIECHUS MarkcTpalbHbIX Ia30Mpo-
BOJIOB, MPOJIOKEHHBIX B 3aIIUTHBIX (yTiApax, JIbAOM,
KOTOpBIA 00pa3oBajics B MEXTPYOHOM MPOCTPAHCTBE.
JlomomHUTENbHAS LIENb — 000CHOBAHHE JOTIONHUTENbHBIX
Mep M PEKOMEHJIAIN, HANpABICHHBIX HA OOECICUCHHE
0e30macHO IKCILTyaTAIlNH TIOA3EMHBIX TIEPEX0I0B Mari-
CTpANTbHBIX I'a301IPOBOJIOB MO ABTOMOOUIBLHBIM H U XKe-
Je3HbIMH. J1J1 9TOr0 HEOOXOIUMO MOCIEA0BATENbHO pe-
IIUTh PAJ 3a]a4:

o aHauM3 MMerllelics MHDOPMAIMK TI0 JAHHOH Tpo-
Oneme;

® TIPOBCACHUC CO6CTB€HHLIX OKCIICPUMCHTAJIbHBIX HC-
cJeJoBaHMi1 Ha MOJIENM M CPABHEHHUE MX PE3YJbTaTOB
C pesynbTaTaMu 00CIeJoOBaHUil 1 UCTIHITAHUN U3 IPY-
TUX HCTOYHHKOB,

¢ IIOCTPOCHHE PACUETHONH MOZENH M pa3paboTka MeETo-
JUKU pacyeTa ¢ HCIMOJb30BAaHUEM METOJOB COMpO-
THUBJICHUSA MAaTCPUAJIOB U CTpOHTeHLHOﬁ MCXaHUKH,

® IIOCTPOEHHE KOMIIBIOTEPHOI MOJENU B IPOrPaMMHOM
kommiekce ANSYS u pacuer ¢ ucmonb30BaHieM Me-
TOJa KOHEYHBIX 3JIEMEHTOB, POBEPKA €€ aJeKBATHO-
CTH U CPaBHEHHE C MPEIIOKECHHONW PacueTHOW Moze-
JBIO U C 3KCHEPUMEHTAJIbHBIMU HCCIEI0BAHUAMU Ha
peabHON MoJIEnHy;

o 000CHOBAaHME JIOTIOJHUTEIBHBIX MEP M PEKOMEHJa-
Wi, HampaBICHHBIX Ha oOecredeHne 0e30macHoOH
SKCIUTyaTally TOA3EMHbBIX TEPEX0J0B MAarucTpaib-
HBIX T'a30IPOBOJIOB I10]] aBTOMOOIJIBHBIMI U XKeJe3-
HBIMHU JIOpOoraMu C Y4Y€TOM HMCIOIIUXCSA BapUAHTOB
pemeHns 0003HaYCHHOH TIPOOITEMBI.

HopmatuBHas 6a3a u TekyLuve npeAcTaBneHus

0 nNpoGneme Ha CErogHALWHNIA feHb

B Hacrosimee BpeMs Ipu IPOEKTUPOBAHUU M COOPY-
KCHUH TIEPEXO0JI0B IO/l aBTOMOOMIBHEIME H KEIC3HBIMH
noporamu B Poccuiickoit @enepanyy pyKOBOACTBYIOTCS
TpeboBaHuAMH T0KyMeHTOB [6, 7], a Takxke TpebGoBaHus-
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MH CIEIHATBHOTO OTpacieBoro jokymenta [8]. B mux
YCTAHOBJICHBI HOPMbI TPOEKTUPOBAHNS, KOHCTPYKTHUBHBIE
TpeOOBaHs, TEXHOJIOTHS CTPOUTEILCTBA, a Takxke Tpebo-
BaHUS K KOHTpPOJTtO KavyecTBa. OCHOBHOH (M, COOCTBEHHO,
HpeJCTaBIAOMEeH U HAC MHTEPEC) KOHCTPYKLMEH Tie-
pexoja SBIAETCA MPOKNIAiKa Ta3ompoBOAa B 3ALIUTHOM
dyTspe.

OpHUM 13 MPUMEPOB 3apyOEIKHBIX HOPMATUBHBIX J10-
KymenToB sBistercst crangapt CIIA [9], ycranasnusaro-
MU HOPMBI MPOCKTUPOBAHHS M CTPOHMTEIBCTBA IS
YYacTKOB TPYOOIPOBOIOB, MPOJOXKEHHBIX MOJ €CTe-
CTBEHHBIMH U HCKYCCTBEHHBIMU MPEIATCTBUAMH KaK C
HCIIONb30BAHNEM 3alMTHBIX (YTIIPOB, TAaK U 03 HHUX.
Kpome TOro, MaHHBIA CTAHAAPT MOXKET HPUMEHATHCS M
ISl ONEHKH cOCTOsHUS mepexona. [Ipumep Takoro wmc-
TONB30BAHMS  CTaHAApTa — OIEHKA  HANPSKCHHO-

ne(OPMHPOBAHHOTO COCTOSHHS TA30TIPOBOIA, OTMHCAHHAS
B pabore [10]. meeTcst Takxke W MEKIYHAPOIHBIH CTaH-
aapt [11] st OpoeKTHPOBAHHS M COOPYKEHHS TEPEXo-
0B TPyOOIPOBOJIOB, MPOJIOKEHHBIX B 3AIIUTHBIX DYTIIs-
pax. B 3apy0exHO# MpakTHKe TakKe UMEHTCS MPEeio-
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JKEHHUA 0 O0TKa3y OT 3allUTHOrO (yTIspa B MONB3Y yBe-
JMYCHHS TONIIMHBI CTEHKH Ta30mMpoBOfa Kak Hambomee
3KOHOMHYHOTO U MPAKTUIHOTO CIOCc00a, U3IOKEHHBIE B
pabore [12].

Ha cerogusAmumil 1eHb NOTEP0 YCTOWYMBOCTH TIOTIE-
PEUYHOTO CEYEHHs ra3ompoBoja B pe3yibraTe oOpa3oBa-
HUSA JIbJIa B MEXTPYOHOM TPOCTPAHCTBE IO UMEIOLTAMCS
JaHHBIM CBSI3BIBAIOT € OJJHOM M3 ABYX IIPUYMH: HAXOXKIE-
HHE CE30HHO OTTAaMBAIOLIEr0 M IPOMEP3AIOIIEro IpyHTa
BOJM3HU 3aNIUTHOTO (YTISIpa WM TPAHCTIOPTHPOBKA Ta3a
NpU OTPULIATENBHBIX TEMIEPaTypax COBMECTHO C HeKa-
YECTBEHHO! YCTaHOBKOM TOPIEBBIX YINIOTHEHUH U B TIep-
BOM, ¥ BO BTOPOM CIIyyae.

Hanuuue ycnoBuil, npeacTaBleHHbIX BbIIIE, MOKA3bI-
BAET NMOTCHIMAIBHYI0 BO3MOXKHOCT 00Pa30BaHUs U pas-
BUTUS BMATHH, TPEUIUH, PA3JIUYHBIX KOPPOSUOHHBIX MO-
BPEXKJEHUM CO BCEMU BBITEKAIOLMMH IOCIEICTBUAMHU
(puc. 1). Bo3aMOXHOCTD MOBPEXICHUH TakOTO poja To/I-
TBEPUIIM PE3yIbTaThl 00CIIEIOBAHUI PaccMaTPUBAEMbIX
TIEPEXO/IOB, & TAKKE PE3YJIbTAThl MOJICIBHBIX HCIIBITAHUH,
omucannbie B pabote [13].

Puc. 1. Cuamue 2azonpogoda écneocmeue 006pazo8anusi 1b0d 8 MeICMpyOHOM NPOCMPancmee
Fig. 1. Crumpling of the gas pipeline due to the formation of ice in the inter-pipe space

ITpoucxomuT 3T0 MO CcIeyoIEel cxeme: B pe3yibTaTe
pasrepMeTH3aINN TOPIEBHIX YIUIOTHEHHH TPYHTOBAS BO-
Jla CTIOCOOHA TIPOHUKHYTH B MEXKTPYOHOE MPOCTPAHCTBO
¥l TIPUBECTH K MOTEpPE YCTONIMBOCTH TONEPEIHOTO ceye-
HUS Ta30TpPOBOAA (CMATHIO) 38 CUET YBENHYEHHSI 00beMa
B [IPOLIECCE 3aMEP3aHHUSL.

CoOCTBEHHbBIC JKCIIEPUMEHTANBHBIC HCCIIEIOBAHMS,
TIPOBEICHHBIE Ha MOJIEIH, IOKA3aJIH CXOKUE PE3YIIbTATHI.
B xauectBe 3amuTHOr0 (yTaspa BBICTYNAET OTPE3OK
TpyOBI mmuHOH 250 MM, TrameTpoM 108 MM M TONIHHOMN

CTCHKH 3 MM C TIPHBApECHHBIM MAaTPyOKOM JUIS 3aIloiHe-
HUS MEKTPYOHOTO MPOCTpaHCTBA BOAOW. st MMuUTAINH
ra3onpoBojJa HCIMOJB3YETCs OTPE30K TPYObl JIHHON
310 mm, nuametpoM 51 MM 1 TommuHON cTeHKH 0,5 MM.
Manas tpyba moMemmaercs BHYTPH OOINBIIOH, OMUPAsCh
Ha BBIPE3aHHBIC BCTAaBKH W3 ITeHOIUTacTa. KoHIBI TpyO
TePMETH3UPYIOTCS CAMOJETBHBIME MAHKETAMH U3 PE3H-
HbI 0€3 BCSKUX YCUIEHUH U QUKCUPYIOTCS HAa 00EUX TpY-
0ax TpHM TOMOIIM CTANbHBIX YEPBAYHBIX XOMYyTOB. OO-
MM BUJ MOJIEIH TIPECTABICH Ha puUC. 2.
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Puc. 2. Obwuii 6uo modenu 015 sxcnepumenma: 1 — 2azonpoeod; 2 — zawummuwlii pymasp; 3 — cmanvhotl xomym, 4 — pesu-
Hoeas maHacemada, 5 — nenonnacmosuvle 6CmaeKu-onopwsl, 6 — nampy601<; 7 — KpbliuKa

Fig. 2. General view of the model for the experiment: 1 — gas pipeline; 2 — protective case; 3 — steel clamp; 4 — rubber cuff;
5 — styrofoam support inserts; 6 — branch pipe; 7 — cover

MexTpyOHOE NPOCTPAHCTBO MOZIENH IOJHOCTBIO 3a-
TOJHSUIOCH BOJOM, 3aT€M MOMEIIANOCh B MOPO3HIBHYIO
Kamepy Ha 24 yaca /10 OJTHOTO 3aMOpPaXUBAHHS BOJbL, a
ToCNie TO/BEPTaoch IMONHOMY OTTaWBAHMIO NPU KOM-
HaTHOM Temmepatype. [locie mojiHOro OTTaMBaHHUA MO-
ZeNb TIO/IBEPIIach 0CMOTPY U (UKCALMH PE3YIIBTATOB: 1O
BepXHel o0pasyroniell BHyTpeHHEH TpyObl B TIONOXECHAN
12 yacoB pacronaranach MpOAOJIbHO BEITSHYTas BMATHHA,
C OJIHOTO M3 TOPLOB PACIIMPSIOIASCS TPU 3aMep3aHuH
BOJIa PACTSIHY/IAa IMIPOBH3UPOBAHHYIO MamKkety (puc. 3).

Puc. 3. Pesynomam sxcnepumenma
Fig. 3. Result of the experiment

W3 puc. 3 BUIHO, YTO CHTyalHs OYCHb HATIOMHHACT
pe3ymbTaThl 00CIeOBaHNH, O KOTOPHIX OBLIO CKa3aHO
BhIIe. CMATHE (IIOTEPsT YCTONIMBOCTH TIOTIEPEIHOTO Ce-
YeHWs) MPOU30ILIO B TOW ke camoil mosunuu. JaHHoe
CXOJICTBO, OYEBH/IHO, TOBOPUT 00 OJIMHAKOBBIX YCIOBHAX
KPHCTALTH3ALAH.

AHanmu3 WMeromeics JUTepaTyphl MOKa3al, 4To K
HACTOSIIEMY MOMEHTY YK€ CYIIECTBYIOT HEKOTOPEIC
CIoco0BI penieHus MocTaBleHHOH npobnembl. CTaHmapT
[8] momyckaer mpokTaAKy MarkcTpanbHOTO Ta3ompoBoja
0e3 3amuTHOrO YyTIApa B CIydyae TPAHCIOPTHPOBKH ra3a
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C OTPHUIIATENLHON TEMIEPATypOll WM € MPHU HAIUIHH
MHOTOJIETHEMEp3IBIX TpyHTOB. OnHAKO 31eCh TpebyeTcs
COOTBETCTBYIOIEE TEXHUKO-3KOHOMHYECKOE O00OCHOBA-
HHUE, MOCKOJNBKY Ta30mpOBOJ TOABEPracTCs 3HAYMTENb-
HBIM HArpyskam OT ABHKYIIETOCS TPAHCIOPTA M TOTpe-
OyeT yBenmueHns 3HaYeHNS TPOCKTHOH TOJIIUHBI CTEHKH.
[Ipwn mammawnw xe GpyTaspa 1 60pbObI ¢ JTen000pa3oBa-
HHEM B MEXKTPYOHOM MPOCTPAHCTBE (IPHUMEHHUTEIBHO K
CHCTEMaM Ta3opacipeleleHus) yxe pa3paboTaH psn
TEXHHYECKHX penreHuil. CaMbIM MEpPBBIM CPE HUX SIB-
JSETCs CIOoco0 3aMOTHEHUS MEXTPYOHOTO MPOCTPaHCTBA
BCIICHEHHBIM TOJMMEPOM, OMHCAaHHBI B pabore [14].
[lombITkH €ro MOAUMDHUKANKK TPHBEIH K MOSBICHUIO
KOHCTPYKIIHil 3aIIUTHBIX (yTIIAPOB, OMHUCAHHBIX B pado-
tax [15] (ucmonb3oBaHKe KOMBIIEOOPA3HBIX OTPE3KOB 3a-
MKHYTOTIOpHCTOr0 momuMepa) u [16] (ucmomp3oBanme
CIIMPAIbHO-HAMATHIBAEMBIX OTPE3KOB M3 PYIOHHOTO Iie-
HOTIONMATUICHA). Elle oivH M3BECTHBIH COCOO 3aKiio-
YaeTCs B CHIDKCHHM TEMIEPATyphl 3aMep3aHusi pacTBopa
C TIOMOIIBI0 MOPOIIKOOOPA3HOTO XJIOPHCTOTO KBS U
onmcan B padote [17]. OnHako BBIBOIBI 0 HEOOXOIMMOCTH
HCTIONB30BAHMS OTHX PENICHHH OCHOBAHBI HA PE3yNbTaTax
MOJICTIbHBIX HCTIBITAHUMH, B TO BPEMs KaK MATEeMaTHUCCKHU
TapaMeTphl ITUX SIBICHUM eie He ObUtH monmydeHsl. [Ipu
HAIMYAM MaTEMaTHYeCKOM W KOMITBIOTEPHOH MOJenen
MOKHO OLCHHTb HANPSHKEHHO-Ie(OPMUPOBAHHOE COCTOSI-
HHE Tiepexo/a 0e3 MPOBEACHHS MOJICTIBHBIX MCIIBITAHUN U
TPHHATH COOTBETCTBYIOLTHE MEPHI.

PacueT faBneHns yBenuunBarolLerocs

B 00beMe NbJa B MeXTPyGHOM NpocTpaHCTBe

[puposa pazpymuTenbHO CHIIBI JIba B 3aMKHYTOM
o0beMe [OCTaTOYHO IIMPOKO M3BECTHA. B sureparype
MOXHO HalTH paboThl, B KOTOPBIX MOAPOOHO OMUCHIBAET-
Cs 3TO ABJIEHHE, YCTAHABIMBAIOTCS 3aBUCHMOCTH JaBIie-
HUSA JIbJa OT TEMIIEPaTypsl, OT HATMYHMSI PACTBOPEHHBIX B
samep3atomieil Boge ra3os [18-20]. Omxako crmporHosu-
pOBAaTh TIOCIEACTBHS YBEMHYCHHS 00beMa 3amMep3atomeit
BOJbl B 3aMKHYTOM IPOCTPAHCTBE JAOBOJBHO TPYIHO.
Jlaxe B JaHHOM KOHKPETHOM CIIy4ae HENb3sl C YBEPEHHO-
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CTbIO CKa3aTh, YTO HanOOJIEe YA3BUMBIM JJIEMEHTOM B CH-
CTEME «Ta30TPOBOI—NIE/I-3AMMUTHBIN (GyTIAP» OKaAKETCS
MIMEHHO Ta30mpoBoA. BosneiicTBue nmbia MOXET OKa3aTh
pa3pyIINTENLHOE BIWSHIE U HA 3AIUTHBIN QYTIsp, BHI3HI-
Basl B HEM KOJIbLIEBbIE HATPSIKEHUS BBILIE YCIOBHOTO M
(usnyeckoro npeena TeKy4ecTH MaTepuaia Tpyosl.

[losToMy mpexzae 4eM menaTh Kakue-THOO BBIBOJBI
KacaTeIbHO TaHHOM CHTYalld, He0OX0MUMO 000CHOBATH
X pacyeTaMmu, 4ToObl aIeKBaTHO OLCHUTD MpearaeMeie
IPOEKTHbIE PELICHHUSL.

[Ipu 3amep3anun BoAB 00beM 00pa30BaBIIETOCS JIbAA
MOJKET YBEMIMBATHCS 10 9 % OT MepBOHAYANBHOTO 00-
eMa BOJB! (3TO MOKa3bIBaeT OTHOIIEHHE IIOTHOCTEH BO-
Ibl ¥ JbJa). ITO TOBOPUT O TOM, YTO HANpPSIKEHUS B
cTeHKax o0emx TpyO OyIyT BOSHHMKATh, €CITH MEXTpYO-
HOE TPOCTPAHCTBO 3aIOJHEHO BOJAOH Kak MUHMMYM Ha
92 %. Ha ocHoBe mH(OpMAINM O PACHIMPEHHH JbIA

[

MOHO PacCUUTaTh KOJNBIEBIC HATPSIKCHHS B CTCHKE ra-
30MPOBOJIA M 3aUIUTHOrO (yTIspa, BHI3BAHHBIE HX Ie-
(opmarueil BCaenCTBHE PACIIMPEHHs JbAa, U CPABHHUTH
UX €O 3HaUeHHEM (hU3MUecKoro (YCIOBHOTO) TpeeNna Te-
KY4eCTH MaTepUaloB.

Pacuer naBneHus yBenuuuBaromerocs B 00beMe Jbja
B MEXTPYOHOM MpOCTpaHCTBe OyleM MNpOM3BOAMTH Ha
OCHOBE B3aMMOCBSI3H MEXKy HAMPSUKEHUAMH U aeopMa-
IMAMH B CTEHKaxX 3al[UTHOrO (yTisipa M ra3ompoBoja.
Jlns pereHus JTaHHO# 3a1a4y NPUHAMAEM BO BHUMAHHE,
YTO JABIICHHE PACHIMPSAIONIErocs JbIa OJUHAKOBO JUIS
CTEHOK Ta30MpOBOJIa M 3alUTHOrO0 ¢yTispa. M36bTou-
HOE JIABJICHHE BHYTPH Ia30IPOBOJA OTCYTCTBYET (CIydan,
KOTJIa Ta30IpOBOJl HAXOMTCSA Ha KOHCepBaluH). Topie-
BBIC CTCHKH PACUCTHON MOJENH TAKKe MPUHIMAIOTCS He-
nebopmupyeMbiMu. PacueTHas cxema HpelCTaBIeHA Ha
puc. 4.

]
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Puc. 4. Pacuemnas cxema
Fig. 4. Calculation scheme

O0BeM MEKTPYOHOTO TPOCTPAHCTBA O U TIOCIE H3-
MeHeHHs 00beMa 3aMep3arolneil BoJbl IpH JehopMalin
ra3onpoBojid W 3allUTHOTO (YTIspa BHIYHCIAETCS IO
dopmyrnam (1) 1 (2) COOTBETCTBEHHO:

Vo = mR3h — nrih; (6]

Vl Tchzh - TEleh, (2)
e Ry — cpenuHHbIIN pafuyc CTEHKHU 3alUTHOTO QyTIIsipa;
Iy — CPEIMHHBIA pajyc CTEHKH ra3omnpoBona; R; — cpe-
IVHHEI Pafiyc CTEHKH 3aIIUTHOTO (yTIIpa MOCTE €ro
nedopmanym; 4 — CPEIMHHBIN Pajiyc CTEHKH ra3ompo-
Bozia mocie ero aedopmarum; h — amuHa 3amuTHOTO By-
TIPa U Ta30MPOBOJIA.

VBenudeHune neppoHayanbHOro 00beMa OyjeM BhIpa-
XKatb 4yepe3 Kod(puuueHT pacumpenns K, — oTHOIEHHE
YBEJMYECHHOTO 00heMa K TIEPBOHAYANTBHOMY:

ko=l wRih-nrih _ Ri-rf
P vy aR3h-mrgh  RE-1E

®)
HUcxons u3 hopmyist (3) onpenenseTcs HOBOE 3HAUeE-
HHUE CPEAMHHOTO PajJlyca CTEHKH ra30mpoBoa Iy

= fRf —ky(RG — 1)

)

OTHOCUTENBHOE YIIMHEHHE CTEHKH Ta30MpOBOAA
ompenensercs o gopmyne (5):
1~ To
o

(©)

OGoOmeHHsIit 3akoH ['yka IS MIOCKOr0 HampsKeH-
HOTO COCTOSTHHS Ta30TIPOBO/IA UMEET BUL:

) A
oy =

r oo

gy =
E E (6)
O.T O.T‘F

el = B, K

fp E E

rie E — MOaynb ynpyroctu CTaiu; &y, — OTHOCHTEIbHBIE

nedopMar OT JICHCTBHS TPOJOJBHBIX HAMPSKCHHUI;
Ogy — KOJIBILEBBIC HANPSKEHHA B CTEHKE Ta30IPOBONA;
Ogp — TIPOJIOJIbHBIE HATIPSKEHUS B CTEHKE ra3olpoBOja;
v — ko3 ¢urment [lyaccona.

O6paszoBaBmmiics nex OyZeT NpemsTcTBOBATh IpO-
JOJIbHBIM TMEPEMEIIEHHSIM Ta30POBO/Ia, TI0ITOMY 3Haue-
HHUE NIPOJIOJIbHBIX HAIPSKEHUH B CTEHKE TPYObI ompese-
nseTea Kak Voy,. Ha ocHoBe sToro momyyaem dopmyity
JUIsl pacyeTa KOJbLEBbIX HANPSKEHUH Oy, .
Eegy
1-v2

(7)

-
Ogy =
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JlaBreHue, BbI3BaBIIEE JAHHBIE KOMBIIEBbIC HAMPSKE-
HUS B CTEHKE ra3omnpoBoja (8):
= Tl ®)

T To )

TZie O; — TOJIIMHA CTEHKH Ta30MpOBOa.

OpHaKo paciMpeHue Jba OKa3bIBaeT OJTHOBPEMEHHOE
BJIUAHHE Ha 00€ 000JOUKM. DTO 03HaYaeT, yto JAeopma-
MK B CTEHKAX ra30lpoBO/a M 3allUTHOrO (yTiIspa 3aBH-
CAT JPYT OT APYTa, T. K. SBISIOTCS COCTABHBIME TapaMeT-
PaMH OJTHOTO M TOTO ke 00beMa — ueM Ooblie eopMu-
pyercs BHEIIHsA 000J104Ka, TeM MEHbIIE Je(opMUpyeTcs
BHYTpEHHSs1, © HA000pOT. UTOOBI y4ecTh 3Ty 3aBUCHMOCT,
3a/[aJIMMCSL HEKOTOPBIM 3HAYEHHEM KOJIBIEBBIX HaIpshKe-
HUI{ B CTCHKE 3aLUTHOrO (yTIsipa Opy M ONPEIENHM COOT-
BETCTBYIOIIME MM JehOpMAlMK B CTEHKE 3aIUTHOTO (y-
TIpa £, 10 3aKoHy I'yka. FIcX0/ 13 9THX JAHHBIX 0.1y
4aeM HOBOE 3HAYEHHE CPEIMHHOIO palMyca CTCHKH 3a-
muTHOrO Qymispa R;, KOTOpoe MOXHO HCIIONB30BaTh B
(opmyne (4) mpu ompeneneHUH HOBOTO paauyca Iy.

TTOCKOMBKY MBI YCIOBHIHCh, YTO JABICHHE PACIIH-
PSIOLIEroCs Iibjid PACIPOCTPAHSETCS BO BCE CTOPOHBI
OJMHAKOBO U PaBHOMEPHO (PR=P;), MOXHO OMPEIETHTH
BEJIMYMHY  JABJCHHS, BBI3BIBAIOLICTO  KOHKPETHbIE
HalpsDKeHUs ¥ Je(OopMalliy B CTEHKE Ta3olpoBOfa C
Y4ETOM KOHKPETHBIX HampsukeHud u aedopmanuii B

40

CTeHKe 3amuTHOro (Qytispa. JlaHHoe napieHue Oyzer
COOTBETCTBOBATH TEKYLIEMY KO3((HIMEHTY PaCIIUPEHHIS.
JUIst 3TOTO IOCTaTOYHO HAWTH OONIHH KOPEHb BYX YpaB-
Henu# (9) u (10), npupaBHSIB UX MeXITy COOOii:

R
O-Kué‘R .

Pr=—"F— (9)

Ro

E5r<r0— /Rg_k,,(xg_rg))

g (1-v?)

pr = : (10)

e R; onpexnensercs ciaenyrommm oopazoM:

of (1 - v2)>

—z |
O~ KONbLEBbIC HANPKCHUS B CTEHKE 3ALUUTHOTO (y-
TIAIPa; JR — TONMINHA CTEHKH 3alIUTHOTO ByTIspa.

Pemmast 311 ypaBHeHus rpaduuecku (puc. 5), HAX0IUM
TOUKY TiepeceueHus rpaukoB 3TUX QYHKIMHA ¢ KOOpAH-
Hatamut (05; p). D10 U GyzeT HCKOMOE 3HAYeHNe JaBiie-
HUS, BHI3BAHHOE M3MEHEHHEM 00beMa Jbaa B MEKTpPYO-
HOM TIPOCTPAaHCTBE B K, pa3, COOTBETCTBYIOIIEE Hamps-
JKEHHIO 0, B CTCHKE (QYTIIAIpa U 0y B CTEHKE Ta30MPOBO-
na. Hampsbkerus u meopMaruu B CTEHKE Ta30MpoOBOAA
MOXHO ompeaenutb u3 Gopmyn (8) u (7), UCoNb3ys 1M0-
Jy4eHHOE 3HAYCHHE JIaBIICHHL.

R1=R0(1+

i P, MIla
35 |
30 +
T =0=pR
I or
25 |
20 |
1 oR, MIla
15 + + + + : + + + + : + + + + : + - —+—F—+—+—+—+P
300 350 400 450 500 550

Puc. 5. I'paghuk ons onpedenenust 0asnenus 160a P 8 MeHCMpPYOHOM NPOCMPAHCMEE
Fig. 5. Graph for determining ice pressure in the inter-pipe space

Takum o6pa3om, yBenmauBas 3HaYeHHE K0dDHIICH-
Ta pacIIMpeHUs M AHAIM3UPYS HU3MEHEHHE KOJbLEBBIX
HanpsDKEHWH [T CTEHKH Ta30TpOBOJa M 3alIUTHOTO (Y-
TIApa, MOXHO TPEINONOKUTh, HA KAKOM 3Tafe W 4To
KOHKPETHO MEPBBIM MOTEPAET YCTONUMBOCTD MOMEPEUHO-
TO CEYCHHs CTCHKU TPYOBI — ra30MpOBOJ WX 3aIIUTHBIA

dyTaap.

MopenupoBaHue ¢ ncnonb3oBaHUeM
nporpammHoro komnnekca ANSYS

Pacuer mpowmsBoautcs B Moayie Static Structural Me-
chanical. TIpu mepBuuHOM pacuere s TOCTPOCHHS KOM-
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TBIOTEPHON MOJENU HCIONb30BANMCh MaTepHalbl U U3-
Jenus, KOTopble ObUTM NPUMEHEHB! B UCIIBITAHUAX, OTHU-
caHHBIX B pabote [5]. B kadectBe 3amurtHOTO (QyTIsipa
BBICTYIIACT OTPE30K TpyOsI 325%12 MM mmuHoii 1,5 M, ra-
301poBOJ MpezcTaBieH TpyOoi 219x6 M nuHoi 1,5 M.
Marepuan Tpy6 — cranb 091'2C ¢ BpeMEHHBIM CONPOTHB-
nenreM 490 MIla u mpenenom texyuectu 345 Mlla, mo-
Jyllb YIPYTOCTH — 2,06><105 MIla. B nansHeiimem, u3me-
HASL KOKJBIA U3 3TUX TTApaMeTPOB, MOXKHO TONy4YaTh pe-
3yNBTaThl I PA3IMYHBIX MepexojoB. TuIl omopbl — He-
nozsikHast (fixed support), ycranapmusaercst o Topiiam
ra3onpoBoja M 3amuTHOTO (yTidpa. [asinenue P npu-
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KIaJbIBAETCS. K BHYTPEHHEH MOBEPXHOCTH 3alIUTHOTO
¢byTispa M X HapyKHOW MOBEPXHOCTH Ta3ompoBoja. Be-
JUMYUHOM pa3BUBAEMOr0 B MEXTPYOHOM IPOCTPAHCTBE
JaBIICHHS 3a4aeMcsi MCXOIS M3 pe3yJbTaTOB PacueToB
BBILIEONIMCAHHOH MaTeMaTUYeCKOil MOJIEINH, B 3aBUCHMO-
CTH OT KO3(p(UIMCHTA PACIIMpPEHHs JbJaa. Pe3ynpTarhl

A: Static Structural

Equivalent Stress

Type: Equivalent {von-Mises) Stress
Unit: MPa

Time: 1

25.11.2021 15:13

423,41 Max
38374
344,06
304,39
264,72
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145,69
106,02
66,348 Min

0,00
200,00

A: Static Structural

Equivalent Stress 2

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 1

25.11.202115:14

398,87 Max
35793
31699
276,04

2351

194,16
153.21
1227
71327
30,384 Min

0,00

200,00

400,00

pacuera ia fapieHuss P=25,722 Mlla, cooTBETCTBYIO-
mero kodh¢uumenty pacmmpenns K,=1,009, npencras-
JeHbl Ha puc. 6. Pe3ynpTaTel pacueToB MpU paziUYHBIX
3HAYCHWAX [aBICHHA B MEKTPYOHOM IPOCTPAHCTBE
MOHO MPEJCTABUTH B BHJIE TAONHIIBI U B BHIE TPAQUKOB

(puc. 7-9).

800,00 {mm)

600,00

800,00 (mm)

600,00

Puc. 6. Pacnpedenenue Hanpsaicenull 8 3aujumuom gymiusape (ceepxy) u 2azonpogode (CHU3y), coomeemcmsyoujee 0ae1eHu0

6 medicmpyorom npocmpancmee — 25,722 MIla

Fig. 6. Distribution of stresses in the protective case (top) and gas pipeline (bottom) corresponding to the pressure in the in-

ter-pipe space — 25,722 MPa

JHamMuKa pocTa HampsDKeHHi B CTeHKaxX TpyO moka-
3BIBAET, YTO B CTEHKE Ta30MpOBOJA MPU JTaHHOM JaBjie-
HUW OHH BHIIIE, BEPOSTHEE BCErO, €r0 000JI0YKa U MOTe-
pAET YCTOMYUBOCT.

Ha nanHOM 3Tame Mozenb HE YUMTBIBAET TEPMOJUHA-
MUYECKHE OCHOBBI 00pa3OBaHMS JbJa M MPEACTABIACT
co0o# 3amaqy U3 00NACTH CTATHKH ISl KONMYECTBEHHOM
OIICHKHM TMOBPEXKICHUI Ta30mMpoBoja U 3alUTHOrO y-
TISIPa, TE JIeT BBICTYTACT B KAa4eCTBE aOCOTIOTHO TBEP-
noro tena. Ha mpakTuke e MOBEICHNE JIbJ]a HECKOIBKO
CIIOXKHEE: JIe]] TAKKE ABIACTCS Ae)OPMUPYEMBIM TEIIOM U
0011a1aeT HEKOTOPOI YIPYrOCThIO E; HMEET B CBOEM CO-
CTaBe TMOPUCTBIE BKIIOYEHHUS, 3aTIONHEHHBIE Ta3aMH, KO-
TOpBIE CMOCOOCTBYIOT CHIDKEHHIO CKOPOCTH POCTa JaB-
JICHUA,; TIPU MOBLILICHUU JTAaBJICHUS B 33M€p3alOHleI>i BOJC

PaBHOBECHOE COCTOSHHE «BOJa—JNEA» CMEIIaeTcs B CTO-
POHY MEHBIIUX TEMIIEPaTyp, MOHIKAs TEMIepaTypy 3a-
MEp3aHHs BOJIBL.

CpaBHEBasi pe3yJIbTaThl PACUETOB MO 00CHM MOZEISM,
Je7laeM BBIBOJI, YTO NPEMTONKEHHAs MaTeMaTH4eckas Mo-
Jenb JaeT ONMW3Kue 3HAYEHWs HANpSOKECHHH (MaKkCHManb-
Hoe pacxoxeHue 5,8 % 10 HOCTIKEHHs Tpeena TeKyde-
cTn) u neopManmii (MaKCHManbHOe pacxoxaerue 6,2 %
J0 JOCTWKEHHMS Mperena TeKy4ecTH) B CTCHKax TpYoO.
HeGompimoe pacxoxueHne pe3yibTaToB MO MEpe pocTa
JaBICHHUS COXPAHSETCS JUIIb 0 TEX HOp, MOKA B CTCHKE
ofHOH W3 TpyO He OyIeT NpEBHILIEH TpPEAeN TEKY4eCTH
IS JaHHOTO MaTepuana. AHAaTUTUYECKH BBIYMCIUTH HC-
TUHHBIC Ae(OPMAIMH IO TIPEACTABICHHON MOJICIH B Ta-
KOM CJTy4ae OKa3bIBACTCS HEBO3MOKHO.
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Tabnuya. Pezynbmamol pacuemos no npeodoiceHHON MamemMamuieckol mooenu u 8 npoepammuom xomniexce ANSYS

Table. Results of calculations based on the proposed mathematical model and in the Ansys software package
laru/Steps 1 2 3 4 5 6 7 8 9 10
kp 1,001 1,002 1,003 1,004 1,005 1,006 1,007 1,008 1,009 1,01
P, MITa/MPa 2,858 5,716 8,574 11,433 14,291 17,149 20,007 22,865 25,722 28,58
or, MITa/MPa 50,73 101,47 152,20 202,93 253,66 304,39 355,12 405,84 456,57 507,30
oR, MITa/MPa 37,28 74,55 111,83 149,10 186,37 223,65 260,92 298,19 335,46 372,73
Ar, mm/mm 0,0239 0,0477 0,0716 0,0955 0,1193 0,1432 0,1671 0,1909 0,2148 0,2387
AR, mM/mm 0,0258 | 0,0515 0,0773 0,1031 0,1288 0,1546 0,1804 0,2062 0,2319 0,2577
or(Ans), MITa/MPa 47,93 95,87 143,80 191,75 239,68 287,61 335,54 352,36 396,93 442,30
oR(Ans), MITa/MPa 35,81 71,63 107,44 143,26 179,08 214,89 250,70 286,52 322,32 357,71
Ar(Ans), mm/mm 0,0253 0,0507 0,0760 0,1013 0,1266 0,1519 0,1773 0,6804 3,5169 6,4078
AR(Ans), mm/mm 0,0265 0,0530 0,0795 0,1061 0,1326 0,1591 0,1856 0,2121 0,2386 0,2637
600,00
o, MIla
500,00
400,00
oR
300.00 or(Ans)
oR(Ans)
200,00 —&—or
100,00
P, MIla
000 +—+—A———+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—t—+—+—+—+—+—+—+—+—+—+—+—+—++pl
0 5 10 15 20 25 30 35

Puc. 7. ['pauueckoe npedcmasnenue pe3yibmamog paciema HAnPANCEHUil 8 CMeHKax mpyb no npeonodlceHHol mMamema-
muueckoil moodenu (og u oy) u 6 npoepammuom xomniexce ANSYS (or(Ans) u a(Ans))

Fig. 7. Graphical representation of the results of calculating stresses in pipe walls according to the proposed mathematical
model (or and or) and in the ANSYS software package (or(Ans) and or(Ans))

0,3000
A, MM

b

0,2500

0,2000

AR
AR(Ans)

0,1500
0,1000

0,0500

P, MIla
0,0000 +——A——+—+—+—+—+—+—+—+—+—+—+——+—+———————————— P
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Puc. 8. I'paguueckoe npedcmasnenue pesyibmamos paciema 0epopmayuti 6 cmenke 3auumHo2o Qymiapa no npeodnoxtceH-
Houl mamemamuyeckoi mooenu (AR) u 6 npogpammnom komnnexce ANSYS (AR(ANS))
Fig. 8. Graphical representation of the results of the calculation of deformations in the protective case wall according to the
proposed mathematical model (AR) and in the ANSYS software package (AR(Ans))
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Puc. 9. I paguueckoe npedcmasnenue pesyivmamos paciema oepopmayuii 8 CmenKe 2a3onposooa no NpeodioHCeHHOU ma-
memamuueckoi mooenu (Ar) u 6 npoepammuom komnaexce ANSYS (Ar(Ans))

Fig. 9. Graphical representation of the results of the calculation of deformations in the gas pipeline wall according to the
proposed mathematical model (Ar) and in the ANSYS software package (Ar(Ans))

3aknioueHue

[Ipr NpOEKTHPOBAHMI WM OLEHKE COCTOSHHS Tepe-
XO0/IOB MaruCTPaNbHEIX Ta30IPOBOJOB IO aBTOMOOHIE-
HBIMH ¥ XKeJIE3HBIMH I0pOraMi 0c000¢ BHIMAHHE TOJIK-
HO OBITh y[ENeHO TakuM (hakTopaM, Kak TeMmIepaTypa
IKCIUTyaTallly, YPOBEHb TPYHTOBBIX BOJ M €r0 MPOTHO-
3UpyeMble  M3MEHEHHS, BO3MOXHOCTH IPOMEP3aHHUS
TPYHTOB TIPH CMEHE CE30HHBIX TEMIEpaTyp, HalMdie
BOMIM3M (yTIIIpa MHOTOJNETHEMEP3NbIX TpyHTOB. COBO-
KYITHOCTb 3THX (haKTOPOB MOXKET NPHBECTH K 00pa3oBa-
HUIO JIbJIa B MEXKTPYOHOM IPOCTPAHCTBE U NOBPEKACHUIO
ra3onpoBoja W 3amuTHOTO (yTiapa. Cremyer Takxke
YYUTBIBATh, 9TO A TPYO OONBIIOTO IMaMeTpa 00BeM
MEXTPYOHOTO TPOCTPAHCTBA 3HAYMTEIBHO OOJNBIIE, TMO-
3TOMY TIpOiJeT Oonblue BPeMEHH, IPEex/e YeM Bojaa 3a-
TOJTHUT €ro XoTsa ObI Ha 92 %. OnHako He CTOHUT 3a0bI-
BaTh, YTO KOJBIEBbIC HANPSIKEHHS OT BHEIIHETO HITH
BHYTPEHHETO JABJICHHS B CTEHKE TPYO YBEIHUHBAIOTCS
TIPOTIOPLMOHANBHO UX AUAMETPY, MOITOMY NPH HEAOCTa-
TOYHOH TONIINHE CTEHOK Ta30IPOBOA HIH (yTIAP MOTYT
TIO/IBEPTHYTCS CMATHIO TpH 0oJee HU3KUX 3HAYCHUSX
JaBIICHHS JIbJA B MEKTPYOHOM TPOCTPAHCTBE, YeM IS
TpyO MEHBIIETO JHAMETpA.

Bo3MOKHBIX CLiEHapUEB IIpH HEMPABMILHONW OLIEHKE
CUTyalldl MOXeT OBITh JOCTATOYHO MHOTO, TO3TOMY
NPUHATHE TPABIWIBHBIX PEIICHHH 1O BBIACICHHBIM ac-
IEKTaM MOXET 3HAYUTENbHO CHU3UTh PHUCK aBapuM Ha
JaHHBIX y9acTKaXx.

[IpennoxeHHas MareMaTndeckas MOJETb pacyera
MO3BONSCT OLCHWTh BENMYMHY JAaBICHHA JIbAa B
MEXTPyOHOM TIPOCTPAHCTBE B 3aBHCHMOCTH OT M3MEHe-
HUA ero oObema. [IpoaHanmsmpoBas cremeHb Bo3zeH-
CTBHA JIEIOBBIX 00pa30BaHMH B MEXTPYOHOM IpOCTpaH-
CTBE Ha Ta30MPOBOJ U 3ALIUTHBINA (QYTIsp, MOKHO OIIpe-

JEIUTh HEeoOXOJMMOCTh HCIIOJIb30BAHUS JOIOIHUTEN b

HBIX MeEp 10 MpPEeNOTBPANICHHIO JIeI000pa30BaHus.

Ha ocHoBaHWH TOMyYEHHBIX PE3yJIbTATOB HA TEKYIIEM

9TaIe MOXKHO C/IeIaTh PSJI MPAKTHYECKUX BBIBOJIOB!

1. Tlpu mpoeKTHPOBaHMM HOBBIX MArdCTPAIbHBIX Ta30-
TPOBOJIOB U UX TEPEXO0JI0B MO aBTOMOOUIBHBIMU U
KENEe3HBIMH JIOPOTAMH, MPOKIAJIBIBAEMBIX B YCIOBH-
SX MHOTOJIETHEMEP3JIBIX TPYHTOB, CE30HHO IPOMep-
3a0IIMX U MPOTANUBAIONINX IPYHTOB, & TAKXKeE MPHU OT-
PHULIATENIHHON TeMIIepaType MepeKauky rasa, cieayer
PAacCMOTpETh BAPHAHT MPOKIAAKH O3 WMCIIOIb30BAHKS
3almTHOrO (yTspa. B aTom ciiydae Heobxommmo mpen-
CTABUTh  COOTBETCTBYIONIEE TEXHMKO-3KOHOMHYECKOE
000CHOBAaHHE ISl YBENMICHHS TOJMIMHBI CTEHKH T'a-
301pOBOJIa M 00ecTeUeHus Mmocneayronmen oe3omac-
HOCTH TIPH KCILTyaTaIlH.

2. Ecnn kOHCTpYKIMS Tepexojia BCE XK€ Tpearnonaraet
3aUTHBIA  QYTIIAp, TPH TPOCKTHPOBAHHM MOXKHO
BOCIIOJIb30BAThCA MPEIOKEHHON MaTeMaTHYecKoil
MOJICIBI0 MITH KOMITBFOTEPHOH MOJIEIBIO TS OTpese-
JICHUsI OTACHOTO COCTOSIHHS TEPEX0jia M YCIOBHH,
TIPH KOTOPBIX OHO BO3HHKAET.

3. Ha srane crpoutenbcTBa 00eCIEUNTh HaJICKAIIHE
BXOJIHOM KOHTPOJIb MOCTYIAMOIIMX MaTEPHATOB JUIs
TePMETH3AIUN MEKTPYOHOTO MPOCTPAHCTBA, MOOIIE-
PAILMOHHBIA KOHTPOIIb TPOLECCa YCTAHOBKU PE3UHO-
BBIX MAHXET U YKPBITUH 171 HUX, IPUEMOYHBIH KOH-
TPOJb  BBINOJHEHHBIX PabOT MO TrepMETH3AIMH
MEXTPYOHOTO MPOCTPAHCTRA.

4. ]lng npenoTBpalieHus Jieg000pa3oBaHus B MEKTPYO-
HOM TIPOCTPAHCTBE CIEAYET PACCMOTPETh BO3MOXK-
HOCTh MPUMEHEHHUS OJJHOTO U3 YCTPOMCTB U CIIOCOOOB,
IpeUIoKEHHBIX B padotax [15-17].
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STUDY OF THE PROBLEM OF STABILITY LOSS OF THE MAIN GAS PIPELINES CROSS-SECTION
IN PROTECTIVE CASES UNDER HIGHWAYS AND RAILWAY LINES AS A RESULT
OF INCREASE IN THE VOLUME OF FREEZING WATER IN THE INTER-PIPE SPACE
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The relevance of the study is caused by the need to reduce the risk of accidents at the crossings of trunk gas pipelines laid in protective
cases under highways and railway lines — one of the most dangerous and responsible sections. Ice formed in the inter-pipe space in the
presence of seasonally freezing and thawing soils or when pumping gas at negative temperature together with poor-quality installation of
end sealing cuffs can lead to stability loss of the gas pipeline cross-section, thereby increasing the risk of an accident at this site. The con-
ducted research will allow us to investigate potentially vulnerable sections of crossings in advance using computer modeling and provide
for them a set of protective measures.

The aim of the research is to assess the possibility of damage to trunk gas pipelines laid in protective cases by ice formed in the inter-pipe
space; justify the additional measures and recommendations aimed at ensuring the safe operation of underground crossings of trunk gas
pipelines under highways and railway lines.

Objects: sections of trunk gas pipelines laid in protective cases under highways and railway lines in seasonally thawing and freezing soil
near the protective case or transporting gas at a negative temperature.

Methods: mathematical modeling, finite element modeling in the ANSYS software package, methods of structural mechanics and re-
sistance of materials, experiment planning.

Results. The possibility of damage to trunk gas pipelines laid in protective cases by ice formed in the inter-pipe space was determined; a
mathematical model for determining the pressure arising in the inter-pipe space due to increase in freezing water volume was proposed
and its adequacy was verified using the ANSYS software package on the example of a 219x6 mm gas pipeline and a 325x12 mm protec-
tive case; recommendations for newly designed gas pipelines and their transitions, as well as for existing ones, were indicated.

Key words:
Trunk gas pipeline, protective case, ice, crossings under highways and railway lines, stress-strain state.
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NPUMEHEHUE NEH WU MEHOMNACTOB ANA NOBbLIWEHWA KPEMW CKBAXWH

3anusuH Bnagumup Mpuropbesuy,
zalivinVG@yandex.ru

VipKyTCKMi HALMOHANBHBIN UCCRER0BATENBCKUIA TEXHUIECKUIA YHUBEPCUTET,
Poccus, 664074, r. MpkyTck, yn. llepmonToBa, 83.

[MosbIweHue Kpenu cK8axuHbI — 3MO CO30aHuUe UCKYCCMEEHHOU NepeMbIdKU 8 OKOTOCMBOTbHOM NPOCMPaHCMBE CK8aXUHbI, 3aNOMHAI-
well nycmombI 8 20pHbIX nopodax (nopbl, MpewUHbl, KaBepHbI), CKpennswel cmpykmypb! cnaboceadaHHbIX NOpod U mem caMbiM cno-
cobemeyrowell 3aKynopke kaHanos yxoda bypogoeo pacmeopa 8 nnacm u npedomepauwiarowieli ocbinu U 068asb! HeycmoUYUBbIX 20PHbIX
nopod. PaccmompeHb/ KOMNO3UUUOHHbIE Mamepuarbl! Omeep)KanMbIX maMnOHaXHbIX NeH, MeXHo/102uA U yCrnosusa UX NPUMEHeHUA.
B npednazaemoll mexHomoauu hpednonazaemcs ocyuiecmensimb OypeHue Ha NeHax U 8 OCOXHEHHbIX UHmepganax 20pHbIX nopod ne-
pesodums ux 8 meepdoe cocmosHUe (neHonnacmbl), mem caMbiM 3aKynopusas KaHasb! yxoda 6yposoeo pacmeopa.

AxkmyanbHocmb. Passumue omevyecmgeHHol 2eonozopassedoyHoll ompacnu denaem eecbMa akmyasnbHbIM pa3pabomky HayuyHbIX
no0xodos k cocmasam byposbix pacmeopos, NO3BOIOWUX OCYWUECMBIAMB YUK BYPEHUSs C 8bICOKOU MeXaHUYeCKol CKOPOCMbIO U 00-
HOBPEMEHHbIM MaMNOHUPOBaHUEM 30H NO2MTOWEHUL 8 30HaX NOHUXEHHO20 Nimacmosozo dagneHus. C amux no3uyuli npUMeHeHUe 2a-
30XKUOKOCMHBIX CMeceli 8 Kayecmee 04UCMHO20 aeeHma U maMNOHaXH020 Mamepuana Haubonee akmyanbHo. lomepu 6ypogoeo pac-
meopa 8 CK8axuHe npoucxodsim us-3a npesbieHus1 3aboliHo20 dagneHusi Had nnacmoebiM. VIHMeHCUsHOCMb no2roweHus onpedens-
emcs HanuyueM omKpbIMoU NOpUCMOCMU 20pHbIX NOPO0, UHMEHCUBHOLU MPeWUH08amMOCMbI0 U kagep3Hocmblo. Paspabomka mexHo-
n1o2uli Ans No8bILIEHUS UeIOCMHOCMU CMEHOK CK8aXUHbI U OKOTOCMBO/bHO20 NPOCMPaHCmea, No38oMSHWUX OCYWecmssms Npoyecc
6ypeHus Ha neHax U 8 OCIIOXHEHHbIX UHMepsasax 20pHbIX NOpod nepesodums ux 8 meepdoe CoOCMOsIHUE, NPU 3MOM CYLECMBEHHO No-
8blLUas Kpenb CK8aXUHbI, — 3a0aya 8ecbMa 3Ha4uUMas.

Llenb: nokazame aghchekmusHOCMb NPUMEHEHUS NEH U NEHONNAcMO8 8 LUKITe CMpoumencmea CcKeaxuH npu 6ypeHuu no MHozonem-
HeMeparbiM nopodam, 8 30Hax Nomepb YUPKYNayuu, 8 Heycmolyugbix u crnabocyeMeHmuposaHHbIx nopodax (2/uHa, NecKu, us, MssKue
2nuHucmele crnanubl). Omeepxdaembie NeHbI C pe2yupyeMbIMU CPOKaMU CX8amblgaHUs NO38ONSOM ycunume ad2e3uto U NPOYHOCMb
maMnoHaXHo20 kKaMHsl, co30amb HenpoHuyaeMbili bapbep npu nuksudayuu nomepb bypogo2o pacmeopa.

MemodsI. [ins peweHust nocmasnenHbIx 3ada4 bbina ucnonb3ogaHa MemoOuKa, skYalwas 0630p aumepamypHbIX U NameHmHbIX
UHGhOPMAYUOHHBIX UCMOYHUKOS, UX Hay4HbIli aHanu3; amMnupuyeckue uccrnedosaHusi (hyHKUUOHabHbIX C80UCM8 2a30KUOKOCMHbIX CMe-
celi; nabopamopHbie U cmeHO08ble UchbimaHrus; anpobayus nofmyyeHHbIX 3asucumocmeli 8 NPou3BoOCMBEHHbIX ycrnogusix. B uccredo-
8aHUU NPUMEHEHbI: NEHbI U NEHONacmbl Ha 0CHO8e kapbaMUOHBIX CMOIT U Kamarnu3amopog 0meepx)OeHUs U UX cocmasbl, cnocobb! 00-
CMagKu 8 30Hy 0CMOXHEHUS no0 U3bbIMOoYHbIM dagneHuem npu 0OHOBPEMEHHOM CHUXEHUU 3HEP20eMKOCMU Npoyecca HaeHemaHus.
Pesynbmambl. [pumeHsiemcss mexHonoausi bypeHus Ha cocmasax neH (moboli KpamHocmu) U Nepesod neH 8 criyyae 8CKpbIMuUs no-
2rowarowe2o 20pu3oHMa 8 neHonsIacm, Ymo no3eonum 6e3 npexpawieHust npouecca byperus besagapuliHo npodmu ocrnoxHAWUG 20-
pusoHm. PaspabomatH u pekomeHA08aH KOMNO3UYUOHHBIL cocmag omeepxdaemoli CMecu o cpokamu nonumepesayuu: 12-22 MuH u o
yepes 24 yac — 100 ke/cM?, cocmas nosbIeHHOU 2udpoghobHocmu U npo4YHocmu kapbamMudHo20 neHonnacma ¢ modugbukayuel Kybo-
8bIM 0cmamkom aHmuokuciumens ®Y-16 TY 3830257-76. PexkomeHO0s8aHa MeXHOM02US MaMNOHUPOBAHUST 30H OCITOXHEHUU C y4emom
npupocma memnepamypbi om aduabamudeckoeo cxamus 8030ywHoU ghasbl npu 0asneHuU HagHemaHus U npodasugaHus.

Bb1800b1. PagpabomaHHble cOCmMasbi NEHONIacmos Ha 0CHO8e kapbaMUOHBIX CMOT OMeeYaom OCHOBHbIM mpebosaHusIM, npedbsess-
EeMbIM K maMnOHUPYrWUM CMeCaM.

Knroyesble cnoea:
Tlukeudayus noanouieHus 6ypoeoeo pacmeopa, KpenneHuss CMmeHOK CK8aXUHbl, NneHb! U omsep)KdaeMble NeHbI (neHonnacmb/),
maMnoOHaXHble CMecCU, Kap6aMude/e CMO/bI.

BeepeHve ® HH3KHUMM IUIACTOBBIMM JaBICHUAMH, INPOU3BOJHUTH
HCKYCCTBEHHOE YIIyUIIEHWE IPOYHOCTHBIX XapakKTe-
PHUCTHK CTEHOK CKBAXKMHBI M CHIKATH X IMPOHHUIIAE-
MOCTh [2].

VhpouHeHre CTEHOK CKBa)XHH IMPOBOAAT B IPOLECCE
OypeHHs TAMIIOHAXKHBIMK PacTBOPAMH Ha OCHOBE [IEMEHT-

HBIX CMECEH, MOJIMMEPOB, CMOJ, OMTYMOB, CUITHKATOB [3].

I'eonoruyeckue ycnoBus IPOXOIKU CKBaXHH Xapak-
TEPU3YIOTCS HATMYMEM OCIOXKHEHUH, CBA3aHHBIX C 30Ha-
MU TEKTOHHYECKMX HAPYLIEHMH M THAPOTEpPMANbHbIX
TIPOLIECCOB, KOTOPbIE COIPOBOXKAANOTCS HMHTEHCHBHOH
TPEIIMHOBATOCTEI0 M JPOOIEHHOCTHIO TOPHBIX MOPOJ.
MomHOCTs 30H THAPOTEPMANBHBIX HapyMEHHH Komeo-

neTcsl OT OJHOTO 10 IECATKOB MeTpoB. Ilpu OypeHuu

CKB&)XMH HANHMYKE 3THX 30H BBI3BIBACT MOTEPIO LIUPKYIIs-

uui OypoBoro pacteopa, o0Bajibl M OOPYIICHHS CTEHOK

CKBaXHH, cyxenue crBona [1]. TIpu pemMoHTe CKBaKHH

BO3HHKAIOT MPOOIEMbI [IPH H30JISIIHH BOJOTPHTOKOB.
LenecoobpasHo 11 OeszaBapuiiHoro OypeHus 30H

OCIIOXHEHHIt, 00YCIIOBICHHBIX:

e moTepeil yCTOHYMBOCTH CTBOJIA CKBAXKHHbI,

* TOTIIONICHAEM GYPOBOTO PacTBOPA;

o  Crna0bIMH CBS3MH MEXIY YACTHIAMH, 36PHAMH U OT-
JeMBbHBIME 3MEMEHTAMH TOPHBIX TTOPOT;

DOI 10.18799/24131830/2022/4/3174

Jlnst KombMaTalyy TPEMHOBATOM 30HBI UCTIONB3YIOT KaK
BSDKyIME (TBEpJCIONINE W HETBEPJCIONINE) MATCPHAIbL,
TaK M pa3IuyHble HaronHuTenu [4]. B ocHOBHOM HcmoNnb-
3yeTcs TEXHONOTHs M TEXHHYECKHE CPEeICTBA IS TaMIIo-
HUPOBAHMS CKBAXUH TPAIULMOHHBIMU METOJAMH U Mare-
puanamu: (BS3KOymnpyrue pactBopsl — BYP, Bszkoymnpyrue
cmeck — BYC, renblieMeHTHEBIE CMECH, TAMIIOHAKHBIC TTac-
THI, OBICTpOCXBaTHIBatoNIMe cMecH — BCC, mepexprIBaTen)
[5]. OnHaxo 311 METOAMKH TpeOYIOT OCTAHOBKH MpoLiecca
OypeHus Ha JUIMTENBHOE BPEMs, MPUMEHEHHS JIOMOJNHHU-
TENBHBIX MATEPUAIIOB U 000PYI0BAHHSL.
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Hcxons u3 4ero BO3HUKAET OTPEOHOCT B TEXHOIOTHH
M TEXHHYECKHX CPECTBAX, 00ECTICUMBAIOMINX MPOMBIBKY
CKBKHMHBI TICHOH U TIPH HEoOXOOMMOCTH TaMIIOHHPOBa-
HII€ 30H TIOTTIONICHUS M KPEIUICHUS CTEHOK CKBaKHHBI OT-
BEP)KIAOIIMMH KOMITO3ULMAMH TIeH Ha TOM e 000pyo-
BaHnu. [Ipu 3TOM cXema HarHeTaHus 0OecCIIedHMBaeT Mpo-
CTOC W HAJI)KHOE YIPABICHHS MPOLECCa B IIMPOKHUX Mpe-
Jenax W3MEHEHHsS IIPOYHOCTHBIX CBOICTB IICHOILIACTA,
TEXHHYECKHE CPEICTBA O0NANaloT BBICOKOW MOOHIBHO-
CTBIO, @ HCXOJIHBIE MATEPHAIBI ISl TIOMYUCHIS TAMIIOHAK-
HO CMECH JIOCTYITHBI U CPaBHUTEIBHO JICIICBEIC.

W3ydeHne 30H TOTJIOMEHHS MOKAa3BIBAET, YTO MOII-
HOCTb 30H OCJIOXKHEHHMH B OCAJ0YHBIX MOPOAaX (KOHIIO-
Meparthl, TIECYAHUKH, AIEBPONHUTHI) HAXOMUTCI B Ipere-
nax 5-10 M, ux KonuyecTBo Ha ckBaxuHy ot 1 go 10, ¢
K03 uIMeHTOM mornomamen crnocodHoctH K>2.
B 2 dy3uBHBIX 00pasoBaHUAX ((ETB3UTHI, TAUTHI, aH-
JIe3UT0-0a3aIIbThI) MOIITHOCT 30H KoneOnercs ot 10 1o
80 M, HX KOIMYECTBO Ha CKBAXUHY 1-3, K03(hduIHEHT
noromatomeit cnocobnoctu K=0,6—-18. [anHble kaBep-
HOMETPHH CBHJIETENBCTBYIOT O TOM, YTO B 30HAX IOIJIO-
IeHns OypoBOro pacTBOpa HAONFOAAETCS HE TOJIBKO YBe-
JIYeHAE UaMeTpa CKBaKUHEL, HO H 00pa3oBaHue KaBepH
pasmepom 10 400 mm [6]. Bee cymecTByromue MeTo bl
NpeayNpexeHUs 1 00pbOB! ¢ TOTIOMEHUAMH OYpOBOTro
pacTBOpa MOKHO Pa3IeIUTh HA TPU TPYIIIIEL:
¢ METO[BI PETYIHPOBAHUS PEONOTHYECKHX CBOUCTB Oy-

poBsix pactBopoB (BP);
® METO/bl YMCHBIIICHHS NIEpPEnajia JaBICHHS B CUCTEME

CKBaXXMHA—TLIACT;
® METOJbl YMCHBIICHUS CCUCHUS WM MOJIHOW W30JIs-

LIMH KaHAJIOB MOTJIOMIEHHS.

[TepBbie nBa METOA HE BCET/IA AAIOT TMOJIOKUTENbHBINA
pe3yJIbTart, T. K., CHA3UB IUIOTHOCTH BP, MOXHO 1po0y-
PUTDH CKBXUHY 0€3 TOTIOMEHAH, HO MOTYT BO3HUKHYTH
npo0IeMbl TIPH LEMEHTHPOBAHNH KOJIOHHBL. Tpernii Me-
ton HaubOonee >ddexTuBeH. [ TUKBUIAINN KaTacTPO-
(MYeCKUX TOTJIOMECHAN ¥ 3aKOJIOHHBIX MEPETOKOB, 00Ba-
JIOB B TPENIMHOBATHIX KOJUIEKTOpaX HaMH OBLT pazpabo-
TaH C1oco0 BCKPBITHS 3THX FOPU30HTOB MEHOHU C mocie-
JYIOLIKM €€ OTBEPIKICHHEM.

0 meToamke NPUMeHeHusa neH U oTBepXXAaeMbiX NeH

[IpoBeneHubie uccnenoBanus B MpKyTCKOM Hamuo-
HAIIBHOM HCCJIE/IOBATENIHCKOM TEXHUYECKOM YHHBEPCH-
tere (MPHUTY) noxassBaioT 3((eKTUBHOCTH HCTIONb-
30BaHUS B KaUeCTBE TAMIIOHUPYIOIIETO MaTeprana cMech
MouesrHO(OpManbaeruaHoi cmonsl (M®C) u pactBopa
KHCIIOTBl C Pa3JeNbHOM T0Jauell B CKBRXHHY CMOJBI U
pacTBopa TpU HEMPEPHIBHOM HMX CMENICHUH B OTpEJe-
NeHHO 3ajanHoi mpomopimu [7]. HempepsisHoe cme-
IIEHUE KOMIIOHEHTOB MOJKET MPOUCXOAUTH B MAaHU(OIb-
JIe, IMHUK BBHICOKOTO JABJICHUS WM B [IEMEHTHPOBOYHON
TOJIOBKE, YCTAHOBJICHHOW Ha OypWIBHOW KOJOHKE, C T10-
CIIENYIONIAM CXBATHIBAHHEM CMECH B TLIACTE JUIS M30IS-
I[MH 30H MOTTIOIIEHHUS.

ITepexon kapOaMUIAHBIX CMON W3 HAYAIBHOTO B OT-
BEPXKICHHOE COCTOSHHE SBISIETCS PE3yIbTaTOM XUMHUUE-
CKUX PEaKIMH, COMPOBOXKIAIONINXCS 00pa30OBaHUEM XH-
Muyeckux cBsizedl. CKOpocTb OTBEpKICHUSI 3aBUCHUT OT
COOTHOIICHUS CMOJIBI M OTBEpAUTENS. B kaduecTBe OTBEp-
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JUTENS MOTYT TPUMEHATHCS: OPTAHMYECKUE KHCIOTHI —
I[aBeNeBas, JUMOHHAS, MIHEpPAIbHBIE KHCIOTH — COS-
Hast, hocopHasd, a TaKKe COINM — XJIOPHUCTHI aMMOHHH,
XJIOPUCTOE JKENe30, XJIOPHUCTHII IMHK, X HEKOTOpBIe 3(u-
PBI KUCTOT — MOy THIICYIb(AT U Jp.

Teopernueckue u IKCIEPUMEHTATBHBIE UCCIEOBAHHUS
TOATBEP)KIAIOT, YTO VTS TIOMyICHHS OTBEPKIAEMBIX TIEH
Ha OCHOBE KapOaMHUIHBIX CMOJI MOTYT OBITh HCIIOJIB30Ba-
el cMonbl: KO-MT, K®-b, KO-bX, K®-X, a Taxke
cmodsl M-70, KC-68, menamunodopMaibaeruaHble cMo-
751 MJIOC, M-270, MM®-50 u zip. [8].

B mpakTuke mONMy4YeHHS MEHOIUIACTOB HA OCHOBE
M®OC npumensitorcss [IAB, comepxamue akTHBHYIO
cynbdorpymmy [9]. ITo TEXHHYECKUM M SKOHOMHUYECKUM
COOOpaKEHHSIM HAMOOMBIINA HHTEPEC TPEACTABNIAIOT aJl-
KHICYb(OHATHI HATPUSA — TOProBoe Ha3BaHUe Bonrowar,
Owmyneratop E-30, CynbgoHon (ankwrapuiacyibhoHaT
Harpusi), CynbQoHaT (QIKWICYIb(QOHAT HATpHS). OTH
MIeHO00Pa30BaTEIN JIETKO PACTBOPHMBI B XOJIO/IHON BOJIE,
COZICPKaT BBICOKMH MPOICHT AKTHBHOTO BEIIECTBA U
00ecreyrBaloT IONY4YeHHE IeH IOCTaTOYHO BBICOKOI
CTENEeHH adpaliy P Manbix pacxoaax [10].

Ha puc. | moka3aHel 3aBHCHMOCTH KPHTHYECKOH
KPATHOCTH TOJHMEPHON TEHBl OT KOHICHTPALMK CYJIb-
(onona HII-3 mns pasmuyHbIX TemmepaTryp CMOJSHOTO
pacTtBoOpa | nexooOpaszoarens. Kpuas 1 momydeHa st
TeMIIepaTypsl cMmosiHoro pactBopa 10 °C, cynbdoron
BBOJIIICSA HE TOHOTPETHIM. MOXHO 3aMETHTh, UTO IIPH
TAaKOM TEMIEPAaType HCXOIHBIX PACTBOPOB HE MOMXKET
OBITH TIOJTy4CHA TIeHA BBICOKOW KPaTHOCTH TPH HOPMAaJb-
HBIX YCIOBUSX.

K
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Puc. 1. 3asucumocms Kpumuueckol Kpamuocmu noaumep-
Houl nenvi om konyenmpayuu cyrs@anona: 1 — 30 %
pacmeop M®D-17 ¢ KMI], t pacmeopa 10 °C, t,
cynopanon 10 °C; 2 — 30 % pacmeop M®-17 ¢
KMIJ, t,=10 °C, t, cynvghanon 40 °C; 3 — 30 % pac-
meop M®-17 ¢ KMI], t,=40 °C, t, cynvghanon 40 °C

Fig. 1. Dependence of the critical multiplicity of polymer
foam on sulfanol concentration: 1 — 30 % mixture
MF-17 with KMTs, mixture t is 10 °C, sulphanole t,
is 10 °C; 2 — 30 % mixture MF-17 with KMTs,
t,=10 °C, sulphanole t,is 40 °C; 3 — 30 % mixture
MF-17 with KMTs, t,=40 °C, sulphanole t, is 40 °C
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KpuBas 2 cooTBETCTBYeT Ciy4aro, Korja B CMOJITHOMH
pactBop, mmetommidi T=10 °C, BBommics cymbhoHON,
npenBaputenbHo moporpeteiii 10 T=40 °C. KparHocTh
TIeHBI TIPH 3TOM BO3pOCIa B /B pasa.

Kpusas 3 nomyuena mis mogorperoro no T=40 °C
cynb(oHONA ¥ CMONAHOTO pacTBopa. [Ipn aToM momyda-
€TCs MeHa HauOOoIbIIel KpaTHOCTH.

B tex uHTepBanax, rje IIACTOBOE JABICHHE MO3BO-
JSIeT TPUMEHATh a3PUPOBAHHBIE PACTBOPHI, HEOOXOIMMO
OCYIIECTBIATH OypeHue Ha neHe (tadm. 1). [Tens addek-
THBHBI JUTS TIPOXOXKICHHS 30H TOTJIOMCHHHA MANoi MH-
TEHCHBHOCTH OCBHITIAIOIIUXCA TOPOJ, TEPSIOIUX TPHU
BCKPBITHH CBOIO ycTOuMBOCTS [11].

Tabnuya 1. Pexomenoyemvie peyenmypsvl ReHOOOPA3VIOWUX COCMABO8

Tablel.  Recommended formulations of foaming compositions
KMIQ I'TTAA-1 %
BeHTOH_MT Carboxymethyl Hydrolyzed Na,COs ITAB Bona FopHo-reon_orI/Iqung. YCTOBHS NIPHMEHEHH
Bentonite - Surfactant Water Geological conditions of application
cellulose polyacrylamide
Octanbioe HeycroiiunBbie pbIXible OTIOKEHHS C MAJIBIMU BO-
35 0,2-0,3 — 0,2-0,3 0,3-0,8 Rest JONPUTOKAMH
Unstable loose sediments with low water inflows
B B 10 B 03-05 OTHOCUTENBHO YCTOWYHBBIE TPEIIMHOBATBIE TOPOIbI
' s Relatively stable fractured rocks
_ o _ _ 02570’5 IInotHbIE MOI:IO.T.II/ITHBIB TIOpOABI
Dense monolithic rocks

U3-3a ManbIx BECOBBIX PacxojoB TieH B mpoliecce Oy-
peHHUS U HU3KOH TEIIOEMKOCTH MEeHA MMEET HEOOJbIIOH
3amac Teria 1 MoxeT 3(Q(QeKTUBHO IPUMEHATHCS TpH Oy-
PEHNH MHOTOJIETHEMEP3IIBIX TIOPOJ, HE PACTEIUTSsS CTEHKH
ckBakuHbI [12]. Bo3MOXKHO Takike MPUMEHEHHE I TaM-
MOHMPOBAHMS CKBAKUH IOJMMEPHBIX  KOMIIO3HIIUH,
BKJIIOYAIOIIMX TIOJUBUHUIXIOPH U CIOKHBIA dUp Ju-
ITHICHTIIMKONSA M CHHTCTHYECKMX  KHUPHBIX KHCJIOT
¢pakmuun C7—-C9, 1 TOBBINICHHS MOPO30CTOMKOCTH U
CHIKEHHS BoJOmOrnomeHns. Jnsd CHIKEHHS TeMIepa-
TYpPBI 3aMEP3aHKs EHBI U COXPAHEHHS CBOICTB IPH HH3-
KUX TeMIepaTypax B IEHOOOpa3yIIIui pacTBOp HE0O0-
xoaumo jo6anaTe NaCl, CaCl, (mo 10 % koHIeHTpa-
IUH).

HemanoBaxxHyro ponb Urpaer crocod MoTydeHHs Tie-
HbI? ONpEAENAIONINNA COOTHONICHHE TA30KUIKOCTHOTO
KommoHenTa [13].

Jnst ymydImeHnst CBOUCTB TICHB! T00ABIAIOT TOMIMO
peareHTa BCTICHUBATENS CTAOWIM3HPYIOMHE W CTPYKTY-
poolpasyromue 100aBku [14] (opraHMYecKHe MOTHMEPbI
¥ TJIMHBI), PETYIATOPB! BennduHsl pH 1 cMmsryurenu Bo-
16l (NayCOg3), MOHM3UTENH THAPABIMYECKUX COMPOTHB-
JICHWH (0ETeNOBBIN CIIUPT).

OCHOBHBIM KpHUTEpHEM i BEIOOpa meHoo0pa3oBate-
Jisl, IOMUMO €T0 JOCTYIMHOCTH U yZ[O6CTBa OpUMECHCHUS,
SBJIETCS €0 XOPOIIas COBMECTHMOCTh CO CMOJITHBIM H
KHCJIOTHBIM PAcTBOPOM ISl MOJYYCHHS Hepa3pyllaro-
IAXCS BEICOKOKPATHBIX KapOaMHIHBIX TIEHOIIIACTOB.

OCHOBHBIM KOMIIOHEHTOM KapOaMHIHBIX IEHOILIA-
CTOB TAaK)Xe SIBIACTCS OTBEPAMTENIb — KATalu3aTop OT-
BepxaeHus [15].

Katanmsarops! oTBepkueHns KapOaMUIHBIX CMOI Jie-
JITCS HA JIBE TPYIIIBL: KATATH3aTOPBI XOJIOAHOTO OTBEp-
JKJICHHUS M KaTalu3aTopsl ropsaero oteepxkaeHns. K mep-
Bo# rpynme (otBepxaenue npu 5—-50 °C) oTHOCATCS: MU-
HepallbHbIE KHUCIOTHl (CMONAHAs, cepHas, (ocdopHas,
oprodocdopHas, a3oTHas); apoMaTHYecKue Cyib(oKuc-
JOTH (DEH301, TONYOJ, HA(TATMHCYIb(OKHUCIOTA); TO-
JHATKANIAPOMATAYCCKAE TTONHUCYIb(OKHCIOTE ¢ MOJIe-
KyJIspHOH Maccoil Menbime 500 (IMHOHMIHA(TATHHIH-
Cyb(QOKUCIIOTA U JIP.); AMMOHHEBBIE CONM MUHEPATbHBIX

KHUCTOT (CONSTHOM, a30THOH, ocdopHoii u ap.). Ko Bro-
poii rpynme (orBepxnenue npu 50-165 °C) — opranuye-
CKHME KMCIOTHI (IaBelieBas, ceOAlMHOBAs, MypaBbUHA,
TpudTOpYyKCYyCHAs, OCH30MHAS, JIMMOHHAS); IMHKOBBIC U
KaJMIEBBIE CONH OPTaHUYECKHX (MYpaBBHHOH, MOIOY-
HOHM, (TaneBoi, IaBeNeBOH, BUHHOM), MHUHEpAIbHBIX
(cepHoit, dochopHOH, a30THOH, constHON) U cynbdoapo-
MaTHYeCKHX (ITONYONCYIb(QOKHUCIOTE M JP.) KHUCIOT;
XJIOPH Maraus, cynb(aTel aTOMUHAS | kene3a. Hanbo-
Jee AKTHBHBIMH KaTalm3aTopaMH IIpH TEMIepaTypax
Boime 100 °C sBnAOTCA Kampuiuar Kaamus, cyibdar
IIMHKA ¥ OOpHAs KHMCIIOTA.

Yamre Bcero mpUMEHSIOT KUCIOTHI CPeHEH CHITEL, Ta-
KHe KaK MypaBbHHas, IaBeieBas u 0cobeHHO GochopHas,
u oprodochopHas, KOTOpble 00IafatoT OBICTPBIM KaTa-
JIUTHYECKUM JICHCTBHEM, CIOCOOCTBYIOT —IOJNYYCHHIO
CTaOMIBHOM MEHBI U HE BBI3BIBAIOT KOPPO3HIO alMapary-
pbl. Ucnonb3oBanue opTo(ocdopHOi U IaBeneBoil Kuc-
JOTH YMEHBIACT yCalKy INEHBl B IpOIEcce e OTBEp-
KJICHIS U YBENHYHUBACT DIACTUYHOCTH 00pa3loB MEHO-
TIACTA MO0 CPABHEHHUIO C MCIIONB30BAHMEM B KAQUECTBE Ka-
TaNU3aTOPOB OTBEPXKACHHS CEPHOM U CONSTHOM KUCITIOTHI.

Bornee cumbHBIE KHCIOTHI He 00€CTICYMBAIOT HEOOXO-
IMMOH KH3HECTIOCOOHOCTH COCTaBa, a KATalTHTUICCKUE
neiicTBus 0ojee c1a0dbIX KUCIOT HEAOCTATOYHEI IS 110JI-
HOr'0 OTBCPXKICHUA CMOJIBL. W3menss KOHILICHTpALMIO
KHACJIOTHOI'0O OTBEPAUTE]IA B IEHE, MOXKHO PETryJMPOBATH
CKOpOCTB €€ OTBEpJEHHS — OT CEKYH/[ 0 HECKONBKHX Ya-
coB. Pabovasi KOHIEHTpAIHs KUCIOTH OAOHPAETCS IKC-
MEPUMEHTATBHO B K&KIOM KOHKPETHOM ClIydae.

Ha TexHomornueckue mnokasaTenu TaMIIOHUPOBAHUA
CKBAXUH OTBCPKIAOIUMHU Ta30KUAKOCTHBIMUA CMECAMU
(OI'XC) Ha ocHOBe KapOAMHIHBIX CMOJ OOJBIIOE BIHS-
HHUE OKa3bIBACT MPUHATAS PEIENTYPa, BHIOPAHHBIE TEXHO-
JIOTUYCCKUE PEXKUMBI U PETJIIAMCHTBI, TEMIIEpaTypa
OKpy»Katolleil cpelibl, XUMUYECKUH COCTaB BOJ B CKBa-
JKWHAX, COCTaB TOPHBIX MOpoAd W JpYru€ TOPHO-
TEOJIOTHYECKHE YCIOBHL.

BriOpanHas perentypa TeHOIUIACTa JOJDKHA COZEp-
KaTb MUHHUMAJIBHOC YHUCJIO MCXOAHBIX KOMIIOHCHTOB, HE
TPeOYIOIIMX NPEIBAPUTETLHOM MX MOATOTOBKH.
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B cBs3u ¢ TeM, 4TO 103MpOBaHUE PaCTBOPA BCIIEHUBA-
TeNs, CMOJBI M KHUCIOTHl HAJEKHEE W MPOIIE OCYI[ECTB-
JIITH 103aTOpaMH 00BEMHOTO JEHCTBIS, HAPUMEpP JO3H-
poBouHbIMH Hacocamu Tuna HJI, pementypy mms momy-
YeHHs TaMIOHUPYIOLIEro IMEHOMNacTa yaoOHee BbIpa-
KaTh B JAHHOM Cclyyae B OOBEMHBIX COOTHOIIEHHAX
KOMITOHEHTOB.

Penenrypa koppekTupyercs B 3aBHCUMOCTH OT T€0J10-
TO-TEXHHYECKHX YCIOBUN TAMITOHHPOBAHNS.

Crenens aspauuu o, win xkpatHocts OIKC, perynu-
pyercs MyTeM U3MEHEHHs Ia305KUIKOCTHOTO OTHOIICHHUS.

KpaTHoCTb TIeHBI — TepMUH, yHOTpeOIseMbIid B JIUTE-
patype IO TEOpHH K IIPAaKTHKE MEHHBIX cucteM. Kpat-
HOCTh TeHb! (K) — 310 oTHOIIEHHE 00beMa TeHbI K 00be-
My KHIKOCTH, M3PacXoJ0BaHHOM Ha ee oOpasoBaHue.
B HOpMaInbHBIX YCIOBUSX TIEHOTEHEPATOPaMK BO3IYIIHO-
MEXaHHYECKOTO MPUHIHNA IEHCTBHS yIaeTcsl MOTyYHTh
TeHy KpaTHOCThIo 710 80.

[Ipu ouieHKe Ta30KUIKOCTHOTO OTHOIICHHUS B MPAKTHU-
Ke OypeHHs CKBAXKHMH HCIONb3YeTCs TEPMUH «CTETIEHb
a’palum», T. €. COOTHOIIEHHE PacxXoja KUAKOH M razo-
BOH (ha3.

Q
Q)x

YmotpeOneHie TepMHUHA «CTENIEHb a’palui» B Kade-
CTBE OLIEHKM TEXHOJOTMYECKOr0 MpOLecca UM XapaKTe-
PUCTHKY KOHKPETHOTO PeXHMa MPOKAYUBAHHS [A30KU-
KOCTHOW CMECH SBIISIETCS BeCcbMa HeyJauHbIM. To xe ca-
MO€ OTHOCUTCS M K TEPMUHY «KPaTHOCTb MEHbI». B ca-
MOM JIeNe, BeNMYNHA CTETIeHH adpallni, K IpuMepy 0=28,
MOXeT OBITh TOMy9eHa MPH PA3TNIHBIX COOTHOIICHHIX
PAcXoJI0B JKHJIKOW 1 Ta30BOH (a3 cMecH, T. €.

©)

a=

& 48 M /MuH 32 M /MHH 16 w®/muH —28 (2
Q, 287nakc 185k 9,1 n/c '

OpHako TpPH 3TOM TEXHOJOTHYECKHE TapaMeTpel 1
THAPOJVHAMUIECKHE YCIOBUS B CHCTEME CKBAXKHHA—
miacT OyAyT Aaneko HeoAMHaKOBBIMH. llosToMy, korma
peub UIET O BENUUUHE CTEIIEHH adpaiuu (2) ¥ KpaTHOCTH,
CIeIyeT JUIS MOJHOTHl OIEHKU TEXHONOTHYECKOTO TpO-
mecca 00S3aTEeNbHO yKa3aTh €Il OJWH Tapamerp, MpH
KOTOPOM TONydYeHa IeHa, — PacXof KHAKOCTH UK BO3-
xyxa. [Ipu 3TOM ¢ y4eToM M3BECTHBIX NAHHEIX H IO JaB-
JICHHIO B CKBOXKMHE MOXHO CYIUTh O ACHCTBUTENHHOM
PEKIME B CKBKUHE Ta30KHIKOCTHOH CMECH.

Jlnst moBbImIeHNs THAPOGOOHOCTH M MPOYHOCTH Kap-
0aMHTHOTO TIeHOIIIacTa OBLT UCTIBITAH KyOOBBIH OCTaTOK
PEKTUDHUKAINH IKCTPAKTUBHBIX (hEHONOB (OTXO.IbI XHUMU-
YEeCKOTO TPOU3BOJICTBA, COMACPKAIINE PE3OPIIHH), BBITYC-
KaeMblil 0OBEeIMHCHHEM «AHTAPCKHE(PTEOPICHHTE?) —
KyOoBBIi octatok anTHokuciutens ®U-16 TY 3830257-
76 [16]. TlockonbKy KyOOBBIA OCTaTOK TIJIOXO PacTBOPS-
€TCs B BOJIE, HO JIOBOJIBHO XOPOIIO 3MYJIBIUPYeTCs, ObLIa
UCTOJIB30BaHA IMYJIbCHS KyOOBOTO OCTaTKa B BOJE H €T0
30 % pacTBop B ITUICHIIIUKOIE.

PesybTaThl OMBITOB MO HCCIEIOBAHHIO CBOMCTB Iie-
HOIUIACTOB C PA3IMIHBIM COAEpKaHIeM KyOOBOTO 0CTaT-
Ka MPUBEJICHHI B TA0M. 2.

Ky06oBbIii ocTaTok B 2-3 pa3a yMeHbIIAET BOJOIO-
TJIONICHAE W YBENMYMBACT MPOYHOCTH 00pA3LOB IMEHO-
wracta. OHaKko yBenMUEHHUE ero cojepxanuii 6onee 1 %
TPUBOJUT K CYMIECTBEHHOMY YMEHBIICHHIO KPaTHOCTH
neromtacta (1), a mis HOAAepKaHHUs OCTOSHHON KpaT-
HOCTH NOoTpedyeTcsl yBeInYeHNe pacxoja NeHooOpa3oBa-
TeNs B HOPMATBHBIX yCIOBHSIX.

Taénuya 2. Brusnue ky608020 ocmamka Ha 2udpopobHOCmb U RPOYHOCTb KAPOAMUOHO20 NEHONAACIA

Table 2.  Influence of the distillation residue on the hydrophobicity and strength of urea foam
2 _ ~ g =
Fh “~|g | £ &8 |z 2
Croco0 e 2E =IO ] Q. Sy Bw S, B«
“x5 | 8E |=m%3E| E%5E |s%%E
MIPUTOTOBJIEHHS Ne o - 2.8 E fe35 SE£ 23 =£83 [pumeuanue
Preparation n/m £ = 58 | 28X 5 28X 2 %5 X Note
] Q S = Q = > E 8% 3 Qb g o
method XES 23 2 £ - e g2
SRS o B e = EN =
= > Q
3 "7 £ 38
1 05 20 78 280 333 Cocras TIeHOILIACTA
Bopnast smynscus Foam composition
Water emulsion 2 1,0 16,6 8,75 168 178 Cmomna M-16-62 — 20 %
3 15 12,7 12,9 68 360 Resin M-16-62 — 20 %
30%-it pacTBop B 4 0,5 30,9 7,2 224 305 IMenoobpa3zoBatens cynsdoron — 0,44 %
STUJICHTIIUKOIIE 5 1,0 27,0 5,7 293 249 Foaming agent sulfonol — 0,44 %
30 % solution in 6 2,0 18,0 7,6 410 405 Kucnora/Acid
ethylene glycol 7 3,0 11,5 13,1 326 278 H3PO,—15%

MoBbIwWeHMe kayecTBa TAMMNOHUPOBaHMS

npeAynpexaeHueM npexaeBpeMeHHOro oTBepXAeHUs

neHbl NPY OAHOBPEMEHHOM CHUXEHUN 3HEProeMKOCTH

HarHeTaHWsi U NPOAABNUBaHUSA

O peKTHBHOCTh TAHHON TEXHOJIOTHHM 3aKITI0YACTCs B
TOM, 9TO B CKB&XHHY HATHETAIOT Ta30XKHAKOCTHYIO
cmeck ([7KC) u oTBepauTens M MpoAaBiIMBAOT UX [0
Havana MHTEHCHBHOTO OTBEPKACHHUS U Ae(OpMaIOHHO-
ro pasympounerust [17]. Tlpu mpomasnusannu [KC B
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UHTEPBAI TAMIIOHMPOBAHHUA MNPOHMCXOJUT YBEIMYCHHE
TEMIIEPATYPhl BO3AYIIHON (a3bl 32 CUET CHKATHS My3bIPb-
KOB Ta3a MO W30BITOYHBIM AaBICHHEM. Tak Kak Temno-
npoBoaHOCTh oTBepkaaeMoit [JKC odenp Mana mpu He-
3HAYNTENHHOM BPEMEHH TEII000MEHa, IOTepH TeIia Ha
TEMI00OMEH ¢ OKpYyXkarolieil cpeoi MPaKkTHYECKH PaBHBI
0 m mporecc paccMarpuBaeTcss Kak aauadaTHUeCKUi.
IIpupoct temneparypst IKC npu aToM onpenensercs 1o

(opmye:
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0 1/K
At = 2Pl R_(RY] @)

rie Cp — TemnoeMKoCTh BO3/lyXa IPU JaBIEHUH NPO/IaB-
maBanus, Jx/kr °C; pﬂo — TUIOTHOCTb BO3IYIIHOH (ha3bl B
HOPMAIIBHBIX YCIIOBHSAX, (Kr/M3); K,— Ta30XKHIKOCTHOE
COOTHOIICHWE; 11 — HAaYalbHAS TEMIEpaTypa BO3IyXa B
tamnonupytomeii emecu, Jx/kr °C; Cy 4 — TEMI0EMKOCTh
KuIKo# (asel TamnonaxHo# cmecH, JUK/Kr °C; oy —
TUIOTHOCTD JKUIKOH (pa3bl TAMIIOHUPYIOMIEH CMeCH, KI/M™;
P, — armocdepHoe nasienue; P, — kOHeuHOE NaBieHHE
NpoJaBIuBaHus cMecH; K — mokasatenb aanabathl cxka-
THS BO3/TyXa.

Koneunast TtemmepaTypa TaMIOHHpYIONIEH cMecH C
YYETOM €€ MPUPOCTA OT CIKATHUS BO3IYITHON (pasbl:

tTAc = Tl + AtTAc' (4)

B cBs31 ¢ 3TUM HATHETaHHE ra3a U OTBEPIUTENS OCY-
MIECTBIISIOT € y4ETOM MPHUPOCTA TEMIEPATYPBI OT ajna-
0aTHYECKOTO CKATHA BO3MYINHOM (ha3el TPH JaBICHHUH
HArHETaHHUs U TIPOJIABIUBAHNS.

B tabn. 3 u Ha puc. 2 NpUBENCHBI PE3yIBTATHI pacye-
Ta t;. mo gopmyrne (3) B 3aBUCUMOCTH OT JABJICHHS TPO-

JaBIUBAHUS U Ta305KUIKOCTHOTO COOTHOLIEHHS TaMIIO-
Hupytomei cmecu Ka.

Tabnuya 3. 3asucumocmsv 0a6ieHUs NPOOAGIUSAHUS OM
npupocma  memnepamypvl  MaMHOHUPYIOujell
cmecu

Table3.  Dependence of the punching pressure on the
temperature rise of the plugging mixture
JlaBnenue IIpupoct Temnepatypsl At; TaMIOHHpYrOLIEH cMe-
IpoJaBIMBaHuA | CH, OC, TIpHY Ta30KUAKOCTHOM COOTHOILIEHHUE, Ka
P,, kricM? Increase in the temperature of the plugging mix-
Squeezing pres- ture, °C, at gas-liquid ratio, Ka
sure Py, kglcm? 20 50 70 100
5 0,33 0,84 1,16 1,67
10 0,88 2,19 3,07 44
20 2,09 5,22 7,31 10,44
30 3,39 8,46 11,85 16,92
40 4,73 11,83 16,56 23,66
50 6,11 15,28 21,39 30,56
60 7,51 18,78 26,29 37,56
100 13,27 33,18 46,45 66,36

Ipumeuanue: At, — memnepamypa omeepicoeHus, umu Ko-
HeuHas memnepamypa mamnoHupyloujell cmecu, 8 uxmep-
6ae mamnonuposanus nocie caycamus (curing temperature
or the final temperature of the plugging mixture in the plug-
ging interval after compression).

v 60
3
S 45 e
= 30 - _
g 15 /,/"’ e——
E— I )
= - ——
o0 g .

1 2 3 4 5 6 7

Hasnenne npoaasansanus, P,, MITa

——Ka=20 =—e—Ka=50 =—e—Ka=100

8 9 10

Puc. 2. 3asucumocms npupocma memnepamypvl om 0asiieHusi nPOOAGIUSAHUSL
Fig. 2. Dependence of temperature increase on the squeezing presser

Tabnuya 4. 3agucumocms  memnepamypbt  MAMROHUPYIO-
wetl cmecu om coO0epIICanusi Omeepoumes

Dependence of the plugging mixture tempera-
ture on the content of the hardener

Table 4.

BpeMs{ HayaJia ”THTCHCHUBHOI'O OTBep)KeHI/ISI, MWH, HpI/I CO-
niep>KaHUU OTBEpAUTENs, Mac. %
Ate Time of the beginning of intensive curing, min, with the
content of the hardener, wt. %
0,1 0,15 0,3 0,6 1,0
0 — — — 50 27
5 - - 66 30 18
10 - 56 38 22 13
15 52 36 26 16 8,5
20 34 26 20 12 6
28 21 16,5 13,1 8,5 3,4
30 19 15 11,5 75 3,2
33 16,5 13,3 10 5 2,8
37 13,6 10 7 4 2
40 11,8 8,5 6 3 15
42 10,5 7.8 5 2,5 1,2
50 7 5 3 1,4 0,8
60 4,5 3,3 1,8 0,8 0,4

B tabn. 4 u Ha puc. 3 npuBeEHBI SKCIIEPUMEHTANb-
HbIE JTaHHBIE, XapaKTEPHU3YIOIIUe 3aBUCHMOCTh BPEMEHH
Hayalla WHTEHCHBHOTO OTBEPXKICHHS Ta303KUIKOCTHOM
TaMIIOHUPYIONIEH CMECH OT TeMIepaTyphl MpH pasiny-
HOM COJICpYKAHUH OTBEPIUTENI.

[IpuBeneHHbIC JIAHHBIE COOTBETCTBYIOT OTBEpIKIac-
MOW cMecu, UMEIOLIeH Cleyollee COOTHOIIEHHE KOM-
TIOHEHTOB, Mac. %: kapbamuo-hopManbaeruaHas cMoa
KO-MT (mo TOCT 14231-78) 71; menoobpa3oBareinb
(cynbdanon) 0,37, otBepiauTensb (IaBeneBas KUCIOTA)
0,1...1,0; Boma; ocTanbHOE.

Ha puc. 4 orpaxkeHa 3aBUCHMOCTh CPOKOB CXBaThIBAHHS
CMecH OT cojiepkanus otBepautens. [lomimepu3samus cme-
CH MHTEHCUBHO MPOMCXOJIUT TIPH COIEPYKaHUH OTBEPUTENS:
5-10 %, mocTyrast TIpy STOM 3HAYEHHI G, 100 kr/em’ (Taom. 5).
B mipakruke OypeHust JOCTATOUHOW TPOYHOCTBIO SIBIISETCS
0=00 Kr/eM’ [18]. Takum 00Opa3om, B 3aBHCUMOCTH OT
TyOWHBI CKBXHMHBI M COJICPIKAHUS OTBEPAMTENS MOXKHO
BapbUPOBATH BPEMEHEM CXBATHIBAHHS TAMITOHAXKHOM CMECH.
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Puc. 3. 3asucumocms épemeny HAUANA OMBEPIHCOCHUSL ON MEMNEPAMYPbl OMEEPOUMes
Fig. 3. Dependence of the hardening starting time on the hardener temperature

Tabnuya 5. Ilapamempsvl mamnoHaMiCHoU cmecu
Table5.  Grouting mixture parameters

Cwmech cmona/Boma, r | Kon-Bo otBepmuters, %

Temneparypa cpensl, °C

CpOKI/I ToJIMMepu3alu, MUH

Polymerization time, min G uepes 24 uac, kr/cm’

Resin/water mixture, g | Amount of hardener, % | Medium temperature, °C | 3arycreamne | Hawano | Kowen | o after 24 hours, kg/cm?
Thickening Start End
565/435 10 18-20 12 15 22 100
350 TeXHONOormsi TaMnoHMPOBaHUSA

HeoOxoauMo 3aTaMMoOHMPOBATh MHTEPBAN 3aKapCTO-
300 BaHHBIX Mopoj Ha rayoune 885-890 M. Ha ocHoBanum
OTBITHBIX JAHHBIX AN 3Toro mHTepBana oobeM OIKC
250 cocTaBiser 3 M3, a MaKCHUMAaJILHOE JaBJICHHE NPOJABIIN-
2 BaHWS TaMIIOHHpYIOmEH cmecu cocrapiser P=3,0 MIla.
& 200 HauanbHas Temmeparypa TamIOHMPYIOLIEH CMecH Ha
% 150 yctbe ckBaxkunbl T1=25 °C. OnTuManbHOE Ta30KHIKOCT-
=T Hoe cooTHomeHue oTBepkmaemorr [KC nms maHHBIX
A 100 yenosuid cocraBistier Ka=20-70, a jomyctumoe BpeMst
HAarHETaHWS W MPOJIABINBAHMS JI0 HAYAlla MHTEHCUBHOTO
50 P oTBepxkaeHUs cMec 18 mun. [To naHHBIM Tabm. 2 winm
——— puc. 2, KOTOpbIe moy4YeHs! o hopmyie (3), onpenensieM,
0 gyro mus P;=3,0 MIla, Ka=20-70 u T,=25 °C npupoct
0 5 10 15 20 25 30 35 40 TEMIICPATYPhI TaMHOHI/Ip}II()H_[eﬁ cMECH YKaBaHHOﬁ pe-

Copepsanne oTEepOMTEICT B cMecH, Yo

Hawano monumeprsarinm

Konew mnonmmepnsarm

Puc. 4. 3asucumocmo 8pemenu nonumepuzayuu om cooep-
JACaAnUsL OMBEPOUMEIsL 8 CMECU

Fig. 4. Dependence of the polymerization time on the con-
tent of the hardener in the mixture

110

nentypsl (dtT °C) cocraBur 3,39...11,8 °C cootsert-
CTBEHHO, a e¢ KOHe4Hasi Temmeparypa 1o dopmyse (4)
Oyner HaxoauThes B penenax 28—37 °C cOOTBETCTBEHHO.
Janee, ucxoas U3 HEOOXOAMMOTo 00bEeMa 3aKauMBaCMON
OI'XC (3M3) U TIPOJJABOYHOM JKUJKOCTH, a TAKKE TEXHU-
YeCKOW XapaKTEePHCTHKH HArHETATEIBHOrO 000pYI0Ba-
Hus (puc. 5), HaxoqUM HE0OX0MUMOE BpEMs HAarHETaHHSA
1 IPOJIABITHBAHHS CMECH.
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HUcnonws3yembiit poxumuorr Hacoc Hb4-320/63 npu
AMBMETPE ILTYHIKEPa 80 MM obOecrieunBaeT nozaty 125,
180 u 15320 om 3 /v, Jlns HarHeTaHUS 3n° OKC ma
3-# cTymeHW mOJaud HEOOXOIUMOE BPEMs COCTABHT
94 MHH, a A1 HATHETAHHA NPOJABOYHON KUIKOCTH
(0,885 M’ mpu BHYTPEHHEM o0beme 1 M OypunbHBIX TpYO,
paBHoM 1 nm°) Ha 1-it crymenn momauun — 7,1 muH. OO6-
mee Bpemsi HarHetanusi u npopaBnuBanus OIKC s
JIaHHBIX YCIIOBHI cocTaBisieT He MeHee 16,5 muH. Takum
o0pazoM, HeoOX0AMMO BBIOpaTh Takoe coueranue Ka u
CoJIepiKaHue OTBEPAUTENS B TAMIOHUPYIOLIEH cMecH,
9T00BI BpeMs Hayala e MHTCHCHBHOTO OTBEPKICHHS M
nedopMaIMoOHHOTO pa3ynpoyHeHns (Tabu. 4), onpenens-
€MO¢ TI0 KPHBBIM KHHETHKH OTBEPXKICHHS IS TEMIIepa-
TypHOTo HHTepBana 28-37 °C, T. €. ¢ y4eTOM MOBBIIICHUS
TEMIIEpaTyphl OT CKaTHs ra3oBoi (hasbl, ObLIO PaBHBIM
FUITH HECKOJIBKO IMPEBHIMAN0 O0IIee BpeMs HATHETAHHS H
nponasimBanusa OIKC (16,5 mun) (puc. 3).

ITo nauubM Tab. 3, 4 (wiu puc. 2, 3) 3TOMY YCIOBHIO
oTBeuaeT Ka=20 u KoHIeHTpalus oTBepAnuTeNs (IaBene-
Boii kucnotsl) B OIKC 0,15 mac. %, a Taxke Ka=50 u
koHneHTpamus otepaurens 0,1 mac. %.

C yderom obecreueHns MHHAMAIBHOTO —pacxona
koMnoHeHToB OI'KC, KoTopblii yMEHbIIAETCS ¢ yBENU-
yeHneM Ka, npuaumaem Ka=50 u KoHLEHTpauoo 0TBEp-
gutens 0,1 mac. %. Torma HeoOXomuMBIH 00BEMHEIH
pacxoq BOSI[?’X& IpH pacxole KUAKOH (asbl OF KC
V.= 10 1M /muH cocrasut Ve=Ka* V=50*10 oM $/vym=
=500 oM 3 /MUH.

TamnonupoBaHue Mo mpeanaraeMoMy crocody mocie
pacdera HEOOXONMMBIX NAHHBIX OCYIIECTBIIOT CIETY-
OIIUM 00pa3oMm.

©

s iy
SLRTRRVVRP RIS

i st Bin,

Puc. 5. Cxema mamnonuposanusi OIKC: 1 — emxocms co
cmonoli; 2 — eMKOCmb ¢ pAcmeopoM  KUCI020
omeepoumens; 3 — eMKOCMb ¢ NPOOABOUHOU JHCUO-
xocmblo;, 4, 5 — Kpamvi;, 6 — NOONOPHBII HACOC,
7 — Ooorcumnoil Hacoc, 8 — Komnpeccop, 9 — Kuc-
nomuwiil Hacoc, 10 — Gypunvhvie mpyowi; 11 — mam-
nonupyemulii naxkep, 12 — pacxooomep 6030yxa

Fig. 5. Tamponing scheme of HGLM: 1 — container with
resin; 2 — container with acidic hardener solution;

3 — container with displacement liquid; 4, 5 — cranes;

6 — booster pump; 7 — jokey pump; 8 — compressor;

9 — acid pump; 10 — drill pipes; 11 — plugged packer;

12 — air flow meter

B emxoctn 1 (puc. 5) mpurotaBiuBaeTcs pacTBOP
emonbl (K®-MT) u meHooOpazoatens (cymbpoHoN), B

€MKOCTH 2 — pacTBOP KHCJIOTO OTBEPAUTENS, U B EMKOCTH
3 — mpojaBoyYHas KUIKOCT. KpaH — 4 OTKpBIT, a KpaH —
5 3axpoiT. [Ipon3BoaUTCS BKIIOYEHHE MOINOPHOTO HACO-

a — 6, TOXKMMHOTO Hacoca — 7, Komrpeccopa — §  Kuc-
noTHoro Hacoca — 9. Ilogaya mozmopHoro Hacoca — 6 u
KHCIIOTHOTO HAacoca — 9 OTperyjiupoBaHa U3 pacuera
obecrievueHus cymmapHon momaun sxkuakon dhazsr OIKC
(Vx.d), BKIFOYAs pacTBOP CMOJIBI, MEHOOOpA30BATENS
KHCIIOTHOTO OTBepauTens, 10 aAM /MHH TIpH COOTHOIIE-
HuM nojauu (koHueHTpaunun) oteepaurens 0,1 mac. % ot
Vx.¢ Pacxon Bo3nyxa ot KOMIIpeccopa pacxo0MepoM —
12 ycranosnen Ha 500 1M 3/MuH, aT0 OGecrieunBacT Tpe-
Oyemoe Ta30KHAKOCTHOE COOTHOIIEHHE 3aKauynBaeMOn
OI'KC (Ka=50). OI'’KC uepe3 KOJOHHY OypUIBHBIX
Tpy6 — 10, Ha KOHIE KOTOPOH CMOHTHpPOBaH makep — 11,
TOCTYIIAeT B TAMIIOHUPYEMbI HHTEPBAIL.

B rteuenne pacuerHoro Bpemenu 9,4 MIHH HoCIle 3aKa-
yuBaHus Tpedyemoro o0bema OIKC (3 m ) BBIKJTFOYAIOT
KOMIIpeccop — 8, KUCJIOTHBIH Hacoc — 9 M MOMIIOpHBIIL
Hacoc — 6. 3aKpbIBAOT KpaH — 4, OTKpHIBAIOT KpaH — 5, U
JOKUMHBIM HAcOCOM — 7, BKIIOYCHHBIM Ha I0Jauy
125 I[M3/MI/IH, OCYIIECTBIIIOT B Te4eHHe 7,1 MHUH MposaB-
mmBaane OIKC u3 OypwibHOW KOJOHHBI B 30HY TamIlo-
HUPOBaHMs. 3aTeM BBIICPKUBAOT TAMIOHHUPYIOIIYIO
CMECh TOJT IaBJICHHEM B TeueHNe 1—4 4. 10 OKOHYATEIBHO-
10 (hOpMHIpPOBAHKS MPOCTPAHCTBEHHON CTPYKTYPHI HEHO-
IUIacTa, MOCJe Yero MPOM3BOAMTCS pasTepMeTH3alus 3a-
TpYOHOTO TPOCTPAHCTBA OTKPBITHEM TaKepa ¥ IPOIOIKa-
0TCS JabHele paboThl Ha ckBaxkuHe. [Ipu 3TOM mIpo-
HCXOJIUT YBEIMYCHHE TEMIIEPATyphl BO3MYIIHOA (a3bl 3a
CUET CXKATHSA TY3BIPHKOB ra3a MoJ W30BITOYHBIM JaBIICHH-
em. Ilpu TakoM criocobe HarHEeTaHws! MPOUCXOAHUT YIUIOT-
Henwe TeHbl 0 30 %, COOTBETCTBEHHO YMEHBIIAETCS
yCaJika TaMIIOHAXXHOTO KaMHS U YBEIIMYMBACTCS €ro Mmpoy-
HocTb. [loBblIIeHNE TeMIEPaTyphl CPefibl IPUBOAUT K I10-
BBIIICHUIO TMEHO00pasytonielt crnocobHocTH. Jlo0aBkn B
TAMITOHAKHYIO CMECh YACTHII IIIaMa FUTH TIPOIIIAHTA YBe-
JIMYMBAIOT €€ CTAOUIBHOCTh M YCTOHUMBOCTH [19].

BbiBoAbI

[TeHomnacTsl Ha OCHOBE KapOaMHUIHBIX CMOJ OTBEYa-
10T OCHOBHBIM TPEOOBAHUSAM, MPEABABIAEMBIM K TaMIIO-
HupyomuM cMmecsM [20]:

e XOpollas TeKy4ecTb ¥ COXPAaHEHUE TEXHOIOIMYECKUX
CBOWCTB BO BPEMEHH, HEOOXOMMMOM M 3aKa9KH U
TIPO/IaBIMBAHMS B TAMIIOHUPYIOIINH TIIACT;
JIOTIOJIHUATENIFHOE COTIPOTUBIICHHE TPH JBWKECHHH B
TIOPUCTOI cpejie ¥ B 30HAX TAMIOHUPOBAHUS C OOJIB-
muM 3QQpexTHBHEIM cedenueM (3pdext Kamena),
YTO TPUBOJUT K YMEHBIICHHUIO TTyOHHBI MPOHUKHO-
BEHIS B OTH KaHAJIB! U 0oJiee paBHOMEPHOMY 3aIioJi-
HEHHMIO TI0p B IPUCTBOJIBHOM 30HE CTBOIA;

®  YCTOMYMBOCTD K Pa30aBICHHMIO TIACTOBBIMU BOJAMH
npu 00NajaHui BA3KOYNPYTUMH CBOWCTBAMH, IIpO-
CTPAHCTBEHHOM CTPYKTYPOH M peryJupyeMbIMH Ma-
pameTpamu;

JIETKO PETYIUPYEMbIE CPOKH OTBEPIKICHHS;
® CIOCOOHOCTh OTBEPXKIAThCS MPU HOPMAIBHOH, TI0-

BBIIIEHHON U [IOHIKEHHON TEMIIEpaType U AaBICHUH,

TIOBBILICHHOI BJIXKHOCTH 1 B BOJHOH cpeje;
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o Jierko pa30yprBaeMblil TAMIIOHAXKHbIN KAMEHb;

® JIOCTYIHOCTh ¥ HEBBICOKAs CTOMMOCTb UCXOJHBIX pe-
areHToB,;

¢ CMOCOOHOCTD M3MEHATH CBOH CBOMCTBA B MEHSIOLINX-
s TOPHO-TE€OJIOTHYECKUX YCIIOBUSX;

® BBICOKAs a[re3us U KOTe3us B OTBEPKAEHHOM COCTO-
SHUY;

® BO3MOKHOCTb NMPUMEHEHHUS JPYTHX METOAOB TaMIIo-
HUPOBAHMUS, HAPUMeEpP, B KOMOMHALIMH C IIEMEHTHPO-
BAaHUEM.
[IpuMeHeHye CTPYKTYpUPOBAHHBIX IIEH C IOCIELYI0-

IIIAM TIEPEBOJIOM HX B OTBEPKAaeMbIE TICHBI IPH OYpeHHH

CKB&XHH B OCIIOXHEHHBIX MHTEpBajax mopoj, 0e3 mpe-
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INCREASING WELL FASTENING BY APPLICATION OF CURING FOAMS
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Increasing the support of the well is the creation of an artificial bridge in the borehole space of the well, filling voids in rocks (pores, cracks,
cavities), fastening the structures of loosely bonded rocks and thereby contributing to the blockage of the channels of the drilling mud into
the formation and preventing scree and collapses of unstable rocks. Composite materials of cured grouting foams, technology and condi-
tions of their application are considered. In the proposed technology, it is supposed to drill on foams and transfer them to a solid state
(foams) in complicated intervals of rocks, thereby clogging the channels of the drilling mud exit.

Relevance. The development of the domestic geological exploration industry makes it very relevant to develop scientific approaches to the
compositions of drilling fluids that allow drilling cycles with high mechanical speed and simultaneous padding of absorption zones in areas
of low reservoir pressure. From these positions, the use of gas—liquid mixtures as a cleaning agent and grouting material is most relevant.
The loss of drilling fluid in the well occurs due to the excess of the bottom-hole pressure over the reservoir. The absorption intensity is de-
termined by the presence of open porosity of rocks, intense fracturing and cavities. The development of technologies to improve the integ-
rity of the well walls and the borehole space, allowing the drilling process to be carried out on foams and in complicated intervals of rocks
to transfer them to a solid state, while significantly increasing the well support, is a very significant task.

The purpose of this article is to show the effectiveness of the use of foams in the well construction cycle when drilling on permafrost rocks,
in circulation loss zones, in unstable and weakly cemented rocks (clay, sand, silt, soft clay shales). Curable foams with adjustable setfting
times allow you to increase the adhesion and strength of the grouting stone, create an impenetrable barrier when eliminating drilling mud
losses.

Methods. To solve the tasks set, a methodology was used, including a review of literary and patent information sources, their scientific
analysis; empirical studies of the functional properties of gas—liquid mixtures; laboratory and bench tests; approbation of the obtained de-
pendencies in production conditions. The study uses foams based on urea resins, curing catalysts and their compositions, methods of de-
livery to the complication zone under excessive pressure while reducing the injection energy intensity.

Results. The author has developed the technology of drilling on foam compositions (of any multiplicity) and their transfer in the case of
opening the absorbing horizon into foam, which will allow without stopping the drilling process passing the complicating horizon without an
accident. The author developed and recommended a composition of the cured mixture with polymerization terms: 12-22 min and o after
24 hours — 100 kg/cm?, a composition of increased hydrophobicity and strength of urea foam with a modification of the cubic residue of the
antioxidant FCH-16 TU 3830257-76. The technology of tamponing of complication zones is recommended, taking into account the temper-
ature increase from adiabatic compression of the air phase at the pressure of injection and pushing.

Conclusions. The developed compositions of foams based on carbamide resins meet the basic requirements for tampon mixtures.

Key words: Elimination of drilling mud absorption, well wall anchoring,
foams and curable foams (foams), grouting mixtures, carbamide resins.
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! HaumoHanbHbIi uccnenoBaTenbCkuii TOMCKUMIA MONUTEXHUYECKUIA YHUBEPCUTET,
Poccus, 634050, r. Tomck, np. JleHuHa, 30.

AkmyanbHocmb. Xo3slicmeeHHas desimenbHOCMb Ha 3a60I04eHHbIX meppumopusx 3anadHol Cubupu e yCcrosusix USMEHEHUs Kuma-
ma mpebyem Hay4yH020 060CHOBaHUST MEMOOUKU 3KOI02UYECKO20 MOHUMOPUHaa U npupodooxpaxHbIx Meponpusimudl. OOuH u3 sghebek-
musHbIx cnocobos makoao 0bocHogaHus ¢ ydemom decpuyuma HabnwdeHul — Mamemamuyeckoe ModenuposaHue 2udpo2eoduHamuye-
CKUX U 2UOPO2EOXUMUYECKUX NPOUECCO8 8 BOTOMHbIX 3KoCUCmeEMaX.

Lenb: gbisigneHue MexaHU3Mo8 npUpOOHO-MeXHO2EHHO20 pachpedesnieHust KoHueHmpayul Cl- 8 800HbIX ebiMsxKax u3 mopghos no any-
6uHe mopeghsiHoU 3anexu.

Memodb1: nonesoli skchepumerm, MemoOb! onpedesieHust XUMUYecKo20 cocmasa 60/10mHbIX 800 U 600HbIX 8bIMSKEK U3 MOPEHO8 U MU-
HeparnbHbIX OMIoXeHul, MemoObl MameMamu4yecko2o Modenupo8aHus.

Pesynbmambi u ebig00bl. [IposedeH 3KCNEPUMEHM NO U3YYEHUD camoodueHus eampogHozo Obckoeo bornoma Ha toee Tomckoli 06-
niacmu (sbinyck Ha nosepxHocmb 6oroma 50 n pacmeopa NaCl ¢ koHueHmpayueli 20 2/0m3) u ycmaHossneH xapakmep U3MEHEHUS! KOH-
ueHmpayuti Cl- e mopeghaHoli 3anexu 0o u nocre 8binycka pacmeopa. [n1si 06bsCHEHUS 8bIABNEHHBIX (hakmoe 8bINOHEHbI paspabomka
u anpobayus Mamemamuyeckux modeneli 00HO20 U 2e0XUMUYECKO20 pexuma ydacmka mopgsHo2o boroma. B pesynbmame noka3aHo,
umo: 1) 6onomHbie 80db1 06pa3yrom obwuli nomok ¢ nod3eMHbIMu 800amu 8 cmopoHy peku Obu; Ha epaHule 6o1oma 803MOXHbI NEPU-
oduyeckue KonebaHusi Hanopa nod3emMHbIX 800; 2) 8 HUXHel Yacmu mopgsaHol 3anexu Ha uccrnedyeMoM ydacmke cehopMupogarncs o-
KanbHbIli 80doynop, npensmemeyrowiuli pacnpocmpaHeHuro geuiecms no mopghsiHol 3anexu; 3) pacnpedenerue uHdukamopa (CF) no
MopghHOU 3anexu 8 3Ha4yumensHol Mepe 3agucum He MosbKo 0m nepeoHayarnbHbix obbema u koHueHmpayuu NaCl u Hanudus 8000-

ynopa, Ho U om xapakmepa yenaxHeHusi 6osoma. [Jans! pekomMeHdayuu no UCNob308aHUID Pe3yNbmamog MOOeUpOBaHUs!.

Knioyesnbie cnosa:

Mamemamuyeckoe modenuposaHue, Xumuyeckuli cocmas, mopsiHasi 3anexe, 6onomHbie 800b1, Obckoe 6o10mo, 3anadHasi Cubupe.

BeepeHue

3arps3HeHHe OKpYXkaloliel cpefibl — OJHa M3 KITtoue-
BBEIX IIPOOJIEM COBPEMEHHOCTH. BecbMa 0cTpo OHa CTOHT B
3amagHo-CHOMPCKOM perMoHe — OJHOM W3 BaKHEHIIHMX
He()Tera3o100bIBAIOIINX PETHOHOB MHpa, 0COOEHHOCTBIO
KOTOPOTO SBJIAETCA O4eHb BHICOKAs 3a00J04EHHOCTh BOJIO-
cbopHbix Tepputopuit [1-4]. Takue Tepputopun xapakre-
PUBYIOTCA  CIOXXHBIMU ~ MHXKEHEPHO-TEONIOTHYECKHMH U
TUIPONIOTHYECKUMH YCIOBUAMHU. B psne ciydaeB ux Hanu-
Ypie MOXET CIOCOOCTBOBATH OTKIOHEHHSAM (DaKTHUECKOTO
COCTOSHHS TEXHMYECKHX CHCTEM OT MPOEKTHBIX TpeOoBa-
HUW BIUIOTH [0 ABAPUHHBIX CHUTYallWid, CBA3aHHBIX CO
cOpocoM B 00JI0Ta 1 Ha 3a00J0YEHHbIC 3eMITH He(Teraso-
BOJISIHOM 3MYJICHH U MUHEPATU30BaHHBIX BOJ M3 CHCTEM
nozyiepxanus miactoBoro nasnenus (ITI1]T). ITpidem Bo
MHOTHX CJTy4asx HauOOJBIINK Bpel OKpYyXkaromiel cpee
HAHOCHT MMEHHO COPOC MUHEPAIM30BaHHbIX BOJ [5—8].
C yuerom 31010 B TOMCKOM MOJIUTEXHUYECKOM YHHBED-
curere (TIIY) B 2021 r. mpoBejeH 9KCIEPUMEHT 110 U3Y-
YEHHIO YCIOBUH PacIpoCTpaHeHus B OONOTHOH cpejie 3a-
rpsausionux BemecTB (pactBop NaCl, ocHOBHOH HHAH-
Katop — coxepxkanue Cl°) u camoounmieHus eBTpodhHOH
OonotHOH sKocucTeMsl Ha mpumepe OOckoro 6omota,
PAcTONIOKEHHOTO Ha I0T0-BocTOKe 3amanHoii Cubupy, B
neBoOepekHOH yacTH JonuHbBl pekn OOb (mpenmyiie-

DOI 10.18799/24131830/2022/4/3656

CTBEHHO — Ha TEPBOM HAJMOMMEHHOH Teppace), B BHIE
nonockl JmuHON okono 104 kM u mupuHoit 1,5-7,0 xm
[9]. YkazanHOE 6070TO XapakTepusyeTcsi CpeiHed riy-
OWHOW TOP(AHOM 3alexKK OKOJIO 3,2 M, MaKCHMAIIbHOU —
6 M W pacmpocTpaHeHHeM HH3WHHBIX TOpP(OB cO cTeme-
HBIO pasnoxenus 34 % u 3ompHOCTBIO 28-29 %. Bomee
nozpobHas uupopmarms 06 O6ckom bosoTe MpuBEACHA
B paborax [9-13]. Mcmonp3oBaHHE HMMEHHO pacTBOpa
NaCl 00ycIoBI€HO CXOICTBOM IO COCTAaBY C BOJAMH CH-
cremsl TII1J] ¥ BBICOKOW MHIpalliOHHOW CIOCOOHOCTBIO
XJIOPHIOB, YTO TO3BOJISET OLECHUTh MaKCHMAIbHBIE pa3-
MeEpbI 30HBI PACTIPOCTPAHEHHS.

18 mapra 2021 r. Ha OGckoMm 6onote (tor Tomckoin
obnactu) B pailone c. Hamekoso (Illerapckuii aamunu-
cTpaTHBHEIH paiion ToMmckoit 00mactu) mpoOypeHo IATh
ckaxun (H1, H2, H3, H4, H5), otobpansl mpobsl 6o-
JIOTHBIX BOJI B JICATEILHOM TOPH3OHTE TOPDSHOM 3alexu
1 TopoB gepes 0,25 M. YeTbipe CKBaXXHHBI Pacrooxe-
Hbl B BUJIE BEepIIMH KBajaparta co cropoHoii 100 m. B ce-
penrHe KBajpara Ha noBepxHoctu Oomota 19.03.2021 .
(ckBaxkuHa H3) Beimonuen Boimyck 50 1 pactBopa NaCl ¢
KoHLeHTpanuei 20 /v’ (puc. 1). TloBTopHBIE OypeHue
1 0TO0p Tpo0d OOJOTHBIX BOA M TOP(OB IIPOBEICHEI
16.10.2021 r. PaboTHI BBIIONHEHEI ¢ YYETOM TPeOOBaHHH
u pexomeHanuii [ 14-18].
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Pexa O0b
the Ob river
<_
oH5 oH4
oH3
oH1 oH2

Bueninss rpanuna 060y0Ta
The outer boundary of the Obskoe fen

Puc. 1. Cxema pacnonooscenus cxkeasxcun na Obckom 6ono-
me 'y c. Hawexoeo 6 nesobepedicholi uacmu 0onuHbl
p. Obb npu nposedenuu SKCNEPUMEHMA; « €—» —
Hanpaenenue meyvenus 6 p. Obb U CHUICEHUA Bbl-
comuwvix ommemox Obckozo bonoma [9]

Fig. 1. Boreholes layout on the Obskoe fen at Nashchekovo
village in a left-bank part of the Ob river valley;
«<—» is a direction of current in the Ob river and re-
ductions in high-altitude marks of the Obskoe fen [9]
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Puc. 2. Hzmenenue xonyenmpayuti CI° 6 600HbIX Gblmsiic-
Kax uz mopos ¢ ckeancunax HI-HS5 18 mapma ()
u 16 oxmabps (b) 2021 e.; hilhy — omnowenue cpeo-
Heu enybunvl ombopa npobwl (no unmepsany 0,25 m)
K enybune mopghsiHou 3anexcu

Fig. 2. Change of CI™ concentration in water extracts from
peats in borehole from HI to H5 on 18 March (a)
and 16 October (b) 2021; hi/h, is the ratio of the
average sampling depth (over an interval of 0,25 m)
to the depth of the peat deposit
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briio mokaszano, uto ¢ 19 maprta mo 16 oxra0ps
2021 T. HemOCPENCTBEHHO B MeECTE BBIyCKAa pPacTBOpa
NaCl B nntepsaie riayoun 1,50-2,00 m copmupoBaiuch
OTHOCUTEJLHO TIOBBINICHHBIE KOHIEHTPAIUH Na* (mo
11,5 MF/)IMa) u Cl (mo 22,4 MF/)IMS). B npounx ckBaxu-
Hax (Ha yjaneHud okono 70 M OT BBIMYCKa) 3HAYMMBIC
u3MeHeHns 3HadeHuni pH, yaenbHO# 37eKTponpoBOAHO-
cru EC, xoHnenTpamuit Na" u Cl” B 6ONOTHBIX BOJAX U
BOJHEIX BBITSDKKAaX M3 TOP(OB, CBS3aHHBIE C BBITYCKOM
pactBopa NaCl, He BBIIBICHBI, UTO CBHACTEIBCTBYET O
3HAYUTENBHOM CMOCOOHOCTH OONOTHOH JKOCHCTEMBI K
camooumennio. boiee moapoOHO MeTo/mKa U pe3yabTa-
THI 3KCIIEPUMEHTa OXapakTepu3oBanbl B pabore [9]. Hu-
e PacCMOTPEHBI TPHYMHBI BBIABICHHBIX M3MCHEHHH, a
TOYHEE — TIOBBINICHHBIX KoHIeHTpamid Cl™ B HIkHel ya-
CTU TOP(AHON 3aJIEKH JI0 BHITYCKAa PACTBOPA U JIOKAITH-
3aruu pactBopa NaCl HemocpenCcTBEHHO B MECTE €r0 BbI-
mycka B uHTepBaite rnyouH a0 2,00 M (puc. 2).

MeToaunka uccnegoBaHus

OcHOBHOW MOAX0J K OOBACHEHHIO XapakTepa H3Me-
Henui koHnentpamuid CI° B BOAHBIX BBITSKKAX U3 TOP-
(o 10 1 nocie Beimycka pactBopa NaCl zakmouaercs B
nonbope Maremariieckoid monenu pacnpenenenus Cl ¢
YUETOM pEXAMa MOI3eMHEIX U 00TOTHEIX Bod. CooTBET-
CTBEHHO, METO/IUKA UCCIEHOBAHUS OJHOBPEMEHHO SIBIISI-
eTcs U ee pe3yapTatoM. [loaToMy nanee OTMETHM TONBKO
OCHOBHBIE TIOJIXOJBI K Pa3paboTKe MOJENN U UCTOUHUKH
MHGMOPMAIUH TS OIICHKH €€ apaMeTPOB.

Jns omicaHWS TEOMHTPAINM B MOJ3EMHEIX BOJAX
O0BIYHO HCIIONB3YETCs CUCTEMA YPaBHEHUH COXpaHEHHUS
KOJIMYECTBA ABMKCHUI, HEPa3PhIBHOCTH BOJHOTO MOTOKA
¥ HEPa3pHIBHOCTH MOTOKA BEIIECTBA, PACTBOPEHHOTO HITH
B3BCIICHHOTO B TOTOKE, C y4eTOM PaBHOMEPHOTO HIIH
HEPaBHOMEPHOTO, YCTAHOBHUBIIETOCS MM HEYCTAHOBHB-
LIErocs JBIKEHHS, KECTKOTO IIH YHPYTOro peknuma
(uibTpanuy W psga JONMYLIEHWH, COCTAaBIAIONMX CO-
JepKaHie TUIMU3anuH (THIPOANHAMIYECKOTO PaiilOHIpO-
BAHS C BBIJICIICHIEM OJTHOTHITHBIX PaiOHOB) M CXEMATH-
3anuy (YIpOIICHHs IPUPOJHON 00CTaHOBKH M (haKTOPOB
B IIpe/esiax BBIICICHHBIX PailOHOB) IHAPOTre0NOTHIECKUX
¥ THPOTCOXMMUUECKIX YCIToBHil [19-24].

OueBHIHO, YTO AHAJOTHYHBIA MOIXOX MOXKET OBITh
MCTIONB30BAH U [T M3yUCHHS TEOMUTPALIUH B TOPPSIHOM
bonote [10, 25], B CTpyKType KOTOPOro OOBIYHO BBIIE-
JSAIOT JEATENbHBI M MHEPTHBIA TOPU3OHTHI [26, 27).
ITepBblil (neATENBHBIN TOPH30HT) PACIONOXEH B BEpXHEH
vacTh TopdsHor 3anexu (no 0,5-1,0 M), mpuMepHO co-
OTBETCTBYET KOPHEOOUTAEMOMY CIIOI0 U XapaKTepusyeT-
sl IOCTYIIOM KHCIIOPO/ia, CE30HHBIM M3MEHEHHEM ypOB-
Heil 0OJIOTHBIX BOJ M Oo0Jiee MHTEHCHBHOM (IO cpaBHe-
HHIO C OCTAIBHON 4acThlo TOphSHON 3anexu) GumbTpa-
[MeH MPEMMYIICCTBEHHO B TOPU3OHTAILHOM HATpaBie-
HuM. B ycnoBuSX HENOJIHOTO BOJOHACBHILIEHUS 3TOTO
CT0SI B MEXCHHBIH Mepruo 00BIYHO PacCMaTpPHUBAIOT BIIa-
TONEPEHOC, XapaKTepu3yIomuics K03 PHUIeHTaMH BIa-
roneperoca Ky, B 3aBHCUMOCTH 0T KO3 GHIIHEHTOB (PHiib-
Tpatuu K¢ (IIpH MOJTHOM HACHIEHHH) M OTHOCHTEIBHOM
BrIaxHocTH ® [21], Hanpumep, o popmyie C.D. Aseps-
sHOBa [28]:
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ky = ky - (w)3's, )

n-wy
TZe @ — BIAKHOCTb, @y — CBA3AHHAA BNAra, N — MOpH-
CTOCTh TPyHTa (Bce B HOJAX eauHmIb). [Ipu aTom cko-
POCTb TIOCTYIUICHHUS BIard K TOPH30HTY OONOTHBIX BOT lgy
MO>XeT OBITh ONMCAHA ypaBHEHUEM (2) C yUEeTOM MOJENIH
uHunsTpanuu I'puna—Omnrona [29]:

Xor+Xsw
T = ky - (1 + fh—f) )

rae hy — rybuHa 3aneranus GONOTHBIX BOJ, M; Xgy — CIIO
CTOYHBIX BOZ, M/cyT (B pacyere, 4To MH(mIbTpamms S50 i1
pacTBOpa MPOUCXOAUT OJHOMOMEHTHO Ha TIOBEPXHOCTH 3a-
JeXKH TUIOIIABI0 MPUMEPHO | Mz); Xet — 9 dexrrBHOE aT-
Moc(epHOoe YBIaKHEHHE (M/CYT); pacueT MECSAYHBIX 3Haye-
Huid X (MM/Mec) ipoBoutest o ypasHerusM (3)—(10):

Xef,t = Xr,t + Xsm,t - Ewp,tr (3)
Xt: Tatmt > Tatml
X, = { : 4 4
nt 0, Tatm,t < Tatm,l @)
Xsn,t = Xt - X‘r,tl (5)
X —Xop X - X, >0
X — S,t-1 Sty ASt-1 St = ’ 6
e { 0, X5 -1 — X5 <0 ©
XS,I—l + Xsn,t - Ecp‘t - Xsp,t'
XS,t = XS,t—l + Xsn,t - Ecp,t - Xsp,t >0; (7)
0’ XS,t—l + Xsn,t - Ecp,t - xsp,t < O’
Xsp,t = ksp ' Tatm(>0) My, (8)
Ecp,t = kcp ' datm,t My, (9)
A LI (10)

Py ZTatm,t>0 datm,t,

rae X; — aTMoc(epHbIe 0caiKkd B MecAl t, MM/Mec; X, I
Xsnt — aTMOC(EpHBIE OCaIKH B BHAC TOXII U CHETa, CO-
OTBETCTBEHHO, MM/MEC; Tatmt — CpPEIHEMECSIHAS TeMIIe-
patypa MpH3eMHBIX CIOEB aTMOC(EPHOro BO3ayXa B Me-
can i, °C; Tam — pacdeTHas TeMmeparypa arMoc(epHoro
BO3/IyXa, BBINIE KOTOPOIl aTMOC(EPHBIC OCATKH MPEHMY-
IIECTBEHHO B JKHIKOM COCTOSHHU (YCIOBHO HPHHATO
0 °C); X5 — B1aro3amacsl B CHEHOM TIOKPOBE, MM; Xgpt —
TIOTEHIUATBHO BO3MOXKHASI BOAOOT/[a4a M3 CHEXKHOTO T10-
KpoBa (IIPHHATA OPUEHTHPOBOYHO KaK MOTCHIMAIbHAS
MHTEHCHUBHOCTh CHETOTAsHUSA, BBIYMCICHHAS TIPH KO (-
dummente crauBanms Kgy=5 MM/CYT), MM/MeC; Xt — pac-
YeTHas BOJOOTAua U3 CHEXHOTO MOKpoBa, MM/Mec; M, —
KOJIMYECTBO CyTOK B Mecsue t; Eqyy — ncmapenue ¢ mo-
BEPXHOCTH BOZ0COOpa B XOJOMHBIA TEPHOR B Mecsll {
(mp#t Tt <0; pacuer mo popmyrne ILIL Ky3zsmuna ¢ yue-
TOM 3HAYeHHs SMIHpHUUEcKOro koddduuuenta Kg,=0,34
[30]); Ewpy 1 Eupt — HcIapeHHe ¢ MOBEPXHOCTH BOZ0COO-
pa 3a BeCh XOJIOIHBIH MIEPUO U MecsIT {, MM/Mec; 3Have-
HHe Eyp, BEIYMCIIANOCH MO Pa3sHHIE HCTIAPEHNS 3a TOf U
3@ XOJIOJHBIA MEPHOJ, TOJO0BOE MCIAPEHHUE PACCUUTHIBA-
Jock 0 MogudunmpoBanHoi popmyne Ilpaiibepa [31];
Qatmt B Ny 50 datmt — CPEAHEMECAUHBIA JeuuuT
BIQKHOCTH aTMOC(EPHOr0 BO3dyxa 3a Mecsan t u ux
cymMa 3a Temwislii mepuon, rlla. PacuerHas momiHocTb
JeATeBHOT0 TOPH30HTA TpHHATa B pasmepe 0,5 M ¢ yde-
TOM YMEHBIICHAS (DHUIBTPALIMOHHBIX CBOMCTB M OTIOXE-

HHUSL MAJIOPACTBOPUMBIX COCIMHEHHH MPUMEPHO Ha TIy-
oune 0,75 m [12, 13].

Bropoii (MHEpTHBINA) pacmoNoxeH Hike, KodQhuuu-
eHThl QHIbTpamyK ki pe3ko yMeHsmaoTes ¢ Tnyounow h,
MpUYEM B CIy4ae HU3MHHBIX OOJNOT 3TO CHIDKEHHE OpU-
CHTHPOBOYHO OMHChIBacTCs ypaBHenueM b.C. Macmnosa

[32]:

kf(h) = kf(O,S) ' exp(—1,3 . (h - 0,5)), (11)
e ki(h) u ki(0,5) — koadpurmentsr hunpTparmn (M/cyT)
Ha ryOuHe h u B BepxHeM cioe Ha riyoune 0,5 m. Tak-
*Ke CIeIyeT OTMETHTh, YTo, coriacHo [33], B TopsHOi
3aeXH BEPXOBOTro yuacTka Bactoranckoro 0oiota otMe-
YeHBl [IBa TEOXHMHYECKHX Oapbepa — Ha TpaHuIe Oes-
TEJIFHOTO TOPHU30HTA M B HWXKHEH YacTH Top(siHOH 3ane-
k1. Bepxuuii 6apbep NpuypoUeH K Pe3KOMY CHUKCHHIO
CKOPOCTHU aJBEKTUBHOTO MEPEHOCa, HUKHUH — K MPAKTH-
YeCKH MOJHOMY OTCYTCTBHIO AH((Y3HMOHHOTO TepeHoca.
B o6oux ciydasx BBIBICHO BO3MOXKHOE B3aHMOBIHSHIE
OCaXICHIS MATOPACTBOPUMBIX COEIHHEHNN M YMEHbIIIe-
HAS K03 PUIEeHToB GuUIbTpamuy (Ha BEpXHEM Oapbepe
— MPEUMYIIECTBEHHO TMAPOKCHBI JKeNe3a, Ha HIDKHEM —
cynbuaBl U KapOOHATH METAJJIOB, TIMHUCTBIE MHHEpa-
761). [Toxokast 0 HEKOTOPHIM TIPH3HAKAM KapTHHA paHee
OblTa BeIsBIEHAa ¥ Ha Hu3uHHOM OOCKOM 00J0TE, HO C
PAIOM OTIHYHI — 3HAYUTENHHO OOJBIINE 3HAYCHHUS MU-
Hepanu3auust ¥ pH 6on0THEIX Boa, Gojee BHICOKAs aM-
ININTY A KoleOaHuil cofepkaHuil JKene3a U OKHCIIEMO-
cTH ¥ Tak jainee [12], 4To, ¢ OAHON CTOPOHBI, M TOCTY-
KHIIO JTOTIOJHATEEHBIM apTyMEHTOM ISl H3y4eHHS THI-
pOreoMHaMHUYECKHX yCIOBUH Ha 3ToM obbekre. C apy-
TOH CTOPOHBI, MHOTUMH HCCIE0BATENSIMH KOHCTaTHPO-
Bancs (axt BausHUA Ha O6CKoe 00JI0TO MOA3EMHBIX BOJ
[10, 34]. Pacnpenenexne TOpOB 10 3aIEKN MPHHATO TIO
[34] ¢ yuerom [10] u mMaTepuanoB COOCTBEHHBIX HCCIe-
noBanuii [9, 11-13], ko3¢ dunuentsl GunbTpaLMy U 10-
PHUCTOCTH — MO IaHHBIM [35] ¢ yueTom Tuma Topda.

Jlnst perieHust yKazaHHOM BBIIIE CHCTEMbI YpaBHEHUH,
OTIMICHIBAIONIMX COCTOSTHIE TIO/I3EMHBIX U OOTOTHEIX BOJI,
B TIOCJICTHUE TOMBI TOCTATOYHO IIUPOKO HCIONB3YIOTCS
YHUCJICHHBIC METOABI, YTO 6])1.]'[0 CICJIaHO, HaIlpuMeEp, U
aBTopamu padoTsl [10]. Ho npu 3TOM HE0O0Xx0AMMO OTMe-
TUTh OTCYTCTBHE NAHHBIX PEKMMHBIX HAONMIONCHHUH 3a
YPOBHSIMH TIOJI3¢MHBIX B OOJOTHBIX BOJ HA UCCIEAYEMOM
yaactke O6ckoro 6omota. [IpnHIMas BO BHIMaHUE B Iie-
JIOM HEBBICOKYIO THJIPOT€0NOTHUECKYI0 H3y4EHHOCTb, 3TO
NpUBOAUT K MHOTOBAPUAHTHOCTHU BBIBOIOB (O CTCIICHU
B3aHMOCBSI3eH MEXITy BOIHEIMH OOBEKTAMH) H HX, CKO-
pee, KaueCTBEHHOM, a He KOJUYECTBEHHOM XapakTepe B
CIyYae BBIACHCHHS MPHUYUH 3a(UKCUPOBAHHBIX H3MEHE-
Huit copepxanuii Cl ¢ 19 mapra o 16 oxta6ps 2021 1.

[To 3t0it mpuumHe u ¢ yuetoM AauHbIX [10, 34] namu
OBLT MCIIONB30BAH TOJXOM, B COOTBETCTBHU C KOTOPBIM:
1) moj3emHbIe U GONOTHBIC BOJBI 0OPA3YIOT €IUHBIH MMO-
TOK OT BOJOpa3/cna B CTOPoHy peku OOb; 2) X BOJHBIH
PEKHAM MOXKHO PaccMaTpHBaTh KaK LeMb U3 CTal[HOHAp-
HBIX COCTOﬂHHﬁ, Ka)X10€ U3 KOTOPBIX COOTBETCTBYIOT M€~
CIYHOMY HHTEpBANy; 3) CTPYKTypa MOJIENH pa3pabdaThl-
BaeTCA M anpoOUpyercs I 3JIEMEHTOB MECAYHOrO BOJ-
Horo OanaHca B CpefHEM 3a MHOTOJNECTHHH mepuon (Io
HMCIOIIHUMCA MHOI'OJIETHUM JaHHBIM Ha6HIOJ16HHﬁ Ha
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TUJPOTEONIOrnueckoil ckBaxkune 63p u peke OO0b y
1. [ToGena [36]) u m1s mepuona ¢ 18 Mapra mo 16 okTsI6-
ps 2021 1. ¢ IPUOTHU3UTETHHBIM BBIIEICHAEM MECSIIHBIX
MHTEPBATOB (IepecueT CPeIHEeMHOTONCTHHX 3HAYCHUH
YPOBHEH MOJ3EMHBIX BOJ C MOMPABKOH Ha (hakTHUecKoe
s dexTHBHOE YBIAXHEHNUE); 4) BHYTPU MOTOKA BBLICIS-
I0TCS TPU XapakTepHBIX y4yacTka: L;) cyxomon, mpuiera-
torui k rpanuie O6CKoro 60I0Ta CO CTOPOHBI BOJOPa3-
nera O6s—Uprteimr; L,) yaactok O6ckoro Gomota; L)
ydacTox moimsl pexkut O0b 0T rpanunsl O6ckoro 60moTa
JI0 ype3a pedHbIX BOJ; 5) pacxoj BOABI MPU YCTAHOBHB-
IIEMCS IBHKEHUH B JIFOOOH TOUKE MPODMIIS OIICHUBACTCS
no ypasuenusm (12), (13); 6) ypoBers OOIOTHBIX BOX B
MecaIl t Ha rpanHuIe 600Ta ¢ BOIOPA3/IENOM OMHCHIBACT-
¢s (C YYeTOM JaHHBIX SMH30]MYECKUX HAOMIOICHHH Ha
uccneayeMoM ydactke OOckoro 0070Ta) BhIpaXKEHHEM
(14), B Touke Tepernba KpUBOH MOBEPXHOCTH 00JIOTA —
(15), na rpanumue 6omota ¢ pexoir O6b — (16), Ha yyacTke
Ly — (17), na yuactke L, — (18), Ha yuactke Ls — (19):

Axt = Qo + 1o X, (12)
220,22 L
Qi = kfl %j” = Iy '71, (13)
Zfl,t = (Zsfl - AZf) + (Zgo,t - Zgo,a)l (14)
Zige = (Zspy — BZg) + KXo, (15)
2L L
Zp3p = \/Zrz + Fi (‘h,t + Iy -x) + Iy '73, (16)

X1

i
Zixt = \/Z;o,t - (Z;O,t - ZJZLt) o + k);_’i(l'l = x1)xy, (17)

Zoxt = Lopxn)s _(ql,t + If,tx) x
AX

X

(kfg,xa,tmg,xa,t + kfip,xa,tmip,xa,t + kfap,xa,tmap,xa,t)

i
Zaxt = \/Zfz3,t - (Zf23,t - Zf,t)z_Z‘F ﬁ(lzs - x3)x3, (19)

rzie li; — ckopocTh HHPUABTpaIKK 32 Mecsll t, M/CyT; it
CPETHEMHOTOJIETHETO TIepHo/ia onpeiesieHa B padote [13],
a jist neproza ¢ 18 mapra mo 16 oktsi6ps 2021 1. — ¢ mo-
NpaBKOil Ha (paKTHUeCKoe MecsuHoe S(PPEKTUBHOE
yBraxHenue (ecnu 3pdekTuBHOE yBIaXHEHHE (IOXKIb +
BOJI0OT/Ia4a M3 CHEXKHOTO TIOKPOBA — UCTIAPEHHE) B MeCs-
1e t oTpunaTensHoe, TO MPOBOAUTCS HepepactpeieeHIe
M3 MecsNa C TMPEABITYIIAM MaKCHMATbHBIM YBIaKHCHH-
€M Ha MECSIIbl C OTPHIATEIHBIME 3HAYCHISIMHE TaK, UTO-
Obl MUHUMYM He OBLT MEHBIIE HYJs C Y4eTOM TOTO, 4TO
BIara HAKAIUTABACTCS HA MOBEPXHOCTH W B TPHUIIOBEPX-
HOCTHOM CJIO€, & TIOTOM PacXoIyeTcs Ha HCTapeHue M
MHOUIBTPAIHIO); Oyt — YACTBHBIA PAcX0]] BOJBI 38 MECSIl
t, M2/CyT; Zu1t, Zioy, L3t — CpEOHEMECSIHBIC YPOBHU 00-
JIOTHBIX BOJI B OTIOPHBIX TOYKax B mecsll t, M (B banTuii-
CKOH cucteMe BBICOT); Zixt, Zoxty Z3xt — CPEAHEMECSIHBIC
YPOBHH TIO3EMHBIX M OOJNOTHBIX BOJ MEXIY OTMOPHBIMH
Toukamu B Mecal t, M (B banrtuiickoit cucreme BbICOT); X,
X1, X3 — pacCTOSIHME OT YCIIOBHOTO Hayana WiId COOTBET-
CTByIOIIETro yyactka, M; L, Ly, Ly, L — obmas mmvHa n
JUTMHA KQXKJIOTO U3 YYACTKOB, M; AX — JIIMHA PUPAIICHHUS
MEXIy PACYECTHBIMU TOUKAMH TI0 PODHITIO, M.
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Havarno mepBoro yyacTka MpHHATO MO YCIOBHOM JIH-
HUH, TIPOXOIAMIECH depe3 THAPOTeONOINIECKYI0 CKBaXKH-
Hy 63p y ¢. MenbHEKOBO mapajuienbHo peke O0b (Hyoe-
Basl OTMETKA B YCIOBHOM IIOEPEYHOM MPOpHIE JOTUHEI
peku O6b), 1o otmerku 1500 M (rpanuua 6osota). Bro-
poil ydacTok pacmonoxeH Mexay oTmerkamu 1500 u
4730 M, Tperuii — Mexay 4730 u 4800 m (4800 M — pac-
CTOSHHE JI0 CPEIHEMHOTONIeTHEro ype3a peku OOb).
OmopHble TOYKM Ha OONOTE COOTBETCTBYIOT OTMETKAM
1500 u 1686 M ot ycrnoBHoro Hayana. Ha mepsom ydact-
K CPEeIHEB3BENICHHBIN KOI(QQUIMEHT (UIBTPalU BO-
JIOHOCHOTO TOPM30HTA cocTaBiseT 9,97 m/cyrt, Ha TpeTh-
eM — 10,6 M/cyT (ko3 durmenTsl GUIBTPAIK B MUHE-
PATBHBIX TPYHTAX ONpPEIEICHBl MO 3aBHCUMOCTH OT
MOIIIHOCTH paccMmarpuBaeMoro ropusonta [13]). B mpe-
Henax 06onoTa OOIIKiT BOJXOHOCHEIH TOPH30HT paccMaTpH-
BAJICA KaK TPH B3aHMOCBSI3aHHBIX (B Pa3HOU CTETIEHH) I'O-
pu3oHTa: 1) BOJOHOCHBIE OTIOXKEHHS, CIOKEHHBIE MUHE-
PATBHBIMU TPYHTaMH (CPETHEB3BEIICHHBINA KOI(PUIIHECHT
¢unsrparuu 10,72 M/cyT); 2) UHEPTHBIA TOPU3OHT TOP-
¢GsaHOM 3amexu  (CpenHEB3BEUICHHBIH KO3 UIMEHT
(IIBTPALINY B 3aBUCUMOCTH OT THIIA TOP(OB TI0 JAHHBIM
[35]); 3) nmesATenbHBIA TOPU3OHT TOPQSHON 3aNeKH
(cpenHeB3BeLIeHHbIE KOA(PGUIMEHTE (QUIBTPALMK MOA-
Oupatorcs cpenctBamu MS Excel ¢ ucnonbs3oBanueM Me-
Tola OOIIEro TOHWKAIOIIEr0 TPaIdeHTa) C IIeNeBOH
¢GyHkimedt B Buae Momuukanud Kputepus Homra—
Catxmuada [37]:

Z(Yg,i‘)ba)zy (20)
e R’ — KBapar KOppesHOHHOTO OTHOMICHHS; Yo 1
Ys,i — I3MEPEHHBIE U PACUCTHEIC 3HAYCHUS XapaKTePICTH-
KH Y; Yoa — CPEIHEE apH(PMETHIECKOS M3MEPEHHEIX 3Ha-
YEHUIl.

[lo pesymbratam ampoOalMy W3T0KECHHOTO BBIIIE
MOJX0Ja YTOYHSJIACh CTPYKTypa Mojeieill B3ammonei-
CTBHS TOA3EMHBIX M OONOTHBIX BOJ U PacTpOCTPAHCHHUS
ClI" mo TopdsHO# 3aekn € HCMOIB30BAHMEM METOJa
HaUMEHBIIHMX KBaApaToB mpu ycnouu (21) cormacHo [38]
M MeTo/ia OOIIEro TOHMKAKONIETo IPAJNEHTa C 1eIeBOH
¢ynximeit (20) umu (22):

Irl = 070> 2
5

k

bls o, 21)

Sk
1007y, =Vs,i

f = | 0,1 Sll, (22)

Yo,i

rie I 1 & — K03)HUIMEHT KOPPENSIMH U TIOTPENIHOCTD

ero ompezenenus; ky 1 & — Ko3pUIMEHT perpeccuu u

TIOTPEIIHOCTh €0 ONpeieNieHus. PacyeTsl BHIMONHEHHI B

MS Excel.

Pe3y]1bTaTbI uccneaoBaHusa U UX chymeHMe

Anpobarms Moxenu (1)-(19) mokasana ymoBIeTBOPH-
TENbHYI0 cxoauMocTh (kputepuit (20) menee 0,1) c
HabmogaeMbIM cocTostHHeM OOckoro 6oj0Ta 10 COCTOS-
HUIo Ha 18 Mapta u 16 okTa0ps 2021 T. B myHKTax OMpo-
0oBaHUS TOP(IHOM 3aJIEKU U B Y3IOBBIX TOYKAX PacyeT-
Horo mpodmis. OIUH U3 BBIBOJOB, KOTOPHIN MOXKHO CJie-
JaTh TO pe3yJbTaTaM aHAIN3a PacdeTHOro mpo¢uis B
pasHble MecAIbl THApoNornyeckoro roaa (kax B 2021 r.,
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TaK U B CPEIHEM 32 MHOTOJICTHUH MEPHO]T), 3aKITI0YaLTCs
B TOM, 4TO TOBepXHOCTH OOCKOTO 00JI0TA B IIEIOM COOT-
BETCTBYET KPUBOH JETIPECCHH MOI3EMHBIX BOJ (pHC. 3;
TEPMHH «KPHBAs ACTIPECCHI YIMOTPEOIAETCS COTIACHO
[19, 21] nns onucaHus TOBEPXHOCTH MOJ3EMHBIX BOJ Ha
TEPPUTOPUH, ApeHHpyeMol BojokoM). CieoBaTenbHo,
9BOMIONHSA OONOTHOH 3KOCHCTEMBI KOHTPOJHPYETCS
YCIIOBHSMH B3aHMOJIEHCTBHS MOA3EMHBIX, PEYHBIX U 00-
JOTHBIX BOJ.
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Paccrostnue ot yciioBHOTO Hauamna, M
Distance from the conditional start, m
Puc. 3. Pacuemmnwiii npoguie Obckozo boroma, Z(sf) — vi-
comHuas ommemxa 3emHou nogepxnocmu, Z(bt) — om-
memka OHa bonoma; Z(rw; 18.03) u Z(rw,; 16.10)—
yposenvb 600bl peku OOb 6 cmeope pacHemHo2o
npouns; Z(fw, 18.03) u Z(fw; 16.10) — pacuemmwiii
Vpogenb 6010MHBIX 800
Fig. 3. Calculated profile of the Obskoe fen; Z(sf) is the ele-
vation of the Earth's surface; Z(bt) is the mark of the
bottom of the fen; Z(rw; 18.03) and Z(rw; 16.10) are
water levels of the Ob river in the cross-section of
the calculated profile; Z(fw; 18.03) and Z(fw;16.10)
are calculated levels of fen waters

Hpyroii, He MeHee BaKHbIH, BBIBOJ 3aKJIIOUAETCs B
TOM, 4T0 Ha TpaHune OOcKoro 60J0Ta ¢ CyX00J0M BO3-
MO’KHBI Pa3HOHATIPABICHHBIC JBIDKCHUS OOJOTHEIX BOJ
KaKk B cTopoHy OOH, Tak ¥ B CTOPOHY BOJOpa3jena, uro
(OopManbHO COOTBETCTBYET OTPHUIATENBHBIM 3HAUCHUAM
TIIPOBOAMMOCTH IEATENBHOI0 TOPU30HTA TOphSHOH 3aie-
xu. [locnenHee 00CTOATENBCTBO, B CBOIO OUepelb, TPH-
BOJUT K BBIBOJY O TOM, UTO B PsI€ CTy4aeB BO3MOMKHBI
KoneOaTeNbHEIe M3MEHEHNS YPOBHS OOJOTHBIX BOJ IPH
pelieHny ypaBHeHns noanepToi ¢puisrpamuu. Tak, ecin
HPUHATH, coraacHo [21, 39], 4To u3MeHeHHe yIeNbHOTO
pacxoja BOJbl ONKCHIBAaeTCA ypaBHeHHEM (23), To mpu
TEPEMEHHON TIPOBOJMMOCTH TIOTOKA Ky * My B BOMO-
HOCHBIX OTJIOXCHUAX M3MEHEHHE YPOBHEH BOJBI COOT-
BETCTBYeT ypaBHeHuio (24). Ero pemienuem, coriacHo
[40, 41], mpyu KOMILIEKCHBIX 3HAYEHUAX KOPHEH XapakTe-
PUCTHYECKOTO ypaBHEHHs OyzeT BeIpaxkeHue (25) c me-

pHOIOM KoJieOaHuit T = 7” u mapamerpamu y u f (26),
(27):

d kpn

% = an (Zt - wa,t)v (23)
9% 7, 1 dkeg-mg\0Z, ken «

d x? keg - my dx dx  \my - kpg-my
X (2 = Zpy) = 0, (24)
Zy = Zpyy + €7V (Zy cos(Bx) + Zpsin(x)),  (25)

__ 1  dkegmy
y= 2kpgmg dx ' (26)
2
_ kfn _1 (1 dkegmg

ﬁ - (mn-kfg-mg) 4 (kfg-mg dx ) ! (27)

rae §; — YACTBHBIA pacxoj BOABI Yepe3 TOpPSHYIO 3a-
TexXpb (0 aHATOTHH ¢ OTHOCHTENBHO BOJOHETPOHHMIAC-
MBIM CJIOEM) MOIIHOCTBIO My U ¢ KO3 dUIMEHTOM (HITb-
tpatud Kg; Zy 1 Zgyy — YPOBHH TOJ3EMHBIX M OONOTHBIX
BOJI.

VTo4YHEeHHBIH MPodMIb TMOTpaHUYHOTO ydactka O0-
ckoro Oonota mpejcTapieH Ha puc. 4. Ero untepnpera-
[Us 3aKII0YaeTCs B KOHCTATAIlMU BO3MOKHOCTH MOCTYTI-
JIeHHs TIO/I3EMHBIX BOJ ¢ 0oJiee BHICOKON MUHEpaIn3ally-
el u comepxanneM Cl” B pasHbIe MeCSIBI THAPOIOTHYC-
CKOTO TOJia M B pasHbIX yacTax OOckoro 0oyoTa, 4to B
00IIUX YepTax W MOATBEPXKAACTCSA Pe3yabTaTaMu THApPO-
TeOXUMHYECKUX HAOIIOIeHNH, TPUBEIEHHBIX B [9].
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Puc. 4. Ymounennouii pacuemmuwiti npogunv yuacmka O6-
cKo20 bonoma Ha epanuye ¢ Cyxo00I0M No COCMOsl-
nuto na 18.03.2021 2.; Z(bt) — ommemxa ona 60.10-
ma; Z(sf) — ommemxa nosepxnocmu 6oroma;
Z(fw) — yposenv boromuwix 600; Z(Sl) — nanopuwii
YposeHb No03eMHbIX 800

Fig. 4. Updated design profile of the Obskoe fen site on the
border on 18.03.2021; Z(bt) is fen bottom mark; Z(sf)
is fen surface mark; Z(fw) is fen water level; Z(sl) is
groundwater pressure level

B 1o ke BpeMs HEOOXOAMMO OTMETHTh NOTEHIMANb-
HBII XapakTep YKa3aHHOTO BBILIE B3aUMOJEIHCTBHS OONIOT-
HBIX U NOJ3€MHBIX BOJA. DaKTUYECKU BIMAHUE NOJ3EMHBIX
BOA OTPAHMYCHO HIDKHEH 4YacThio TOP(AHON 3alexu
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(puc. 2, a), 9T0 MOXET OOBSCHIATHCS XapaKTEPOM H3MEHe-
HUS (QIIBTPAIMOHHBIX CBOMCTB TOP(HOB (pHC. 5; pakTHye-
CKoe M3MeHeHHe ko3 duienTa QpuiIbTpamyy, Ipearono-
JKHUTEIBHO, TIPOUCXOUT ¢ OONbIICH aMILTUTYIO0H), Onaro-
Japst ueMy: 1) HakomeHue xnopumoB 18 mapra 2021 r.
IpUypoUYeHo K uHTepBany 3,50-4,25 M, ClOKeHHOMY HH-
3UHHBIM JPEBECHBIM TIepeyBIXKHEHHBIM TOp(hoM; 2) co0-
CTBEHHO pAacyeT paclpOCTPAHEHHS HHAMKATOPHBIX Be-
IECTB 110 TOP(IHOM 3aNEeKH MOKHO OTPAHHYUTH ydacT-
KOM TOp(SHON 3aIeXkH OT €€ MOBEPXHOCTH JO TTyOHMHBI
3M, CHOPMHPOBAHHBIM MPEUMYIICCTBEHHO HU3MHHBIM
OCOKOBO-THITHOBBIM TOpoM; 3) B Ipejienax 3Toro yyacrka
aJIBEKTHBHBIN MIEPEHOC 3HAYMM (C YUETOM YpPOBHEH 00NIOT-
HBIX BOJ y CpefHeH MOBEpXHOCTH 00J0Ta) B OCHOBHOM B

cloe 04eca, a OCHOBHON MEXaHW3M IepeHOca 3arps3HsIo-
IUX BEIIECTB 110 TOP(IHON 3aIenu — Au(Py3HOHHBIH C
YIETOM TIPOIIECCOB COPOIMU M PACTBOPEHHS — OCAKICHIS
[42]; 4) yuacrok TopdsHOi 3anexu ot 3,0 10 3,5 M, cro-
KEHHBIH HU3WHHBIM OCOKOBEIM TOP(OM, MOXKHO paccMat-
pHBaTh KaK JIOKAIBHBIA BOAOYIOp (PUMEYaHHE — TOJIBKO
B pacueTHoM npoduire OOckoro 60J10Ta, YTO HE HCKITIOYa-
er Oonee 3HAYMTENBHBIX (IUIBTPALMOHHBIX CBOWCTB 0CO-
KOBOTO TOpha W OTCYTCTBHE YKA3aHHOTO BOIOYNOpa Ha
Apyrux yuyactkax OOckoro 00710Ta), B IIpefieiax KOTOpPOro
npeoOnajiaeT B3auMO/ICHCTBHE «BOJIa — OPraHHYecKoe Be-
IIECTBO — I'a3 — MUHEPAIbHBIE BKIIOYEHHSD) C TIPAKTHYECKH
OTCYTCTBHEM aJBEKTHUBHOTO IEPEHOCA M MUHHUMAIBHBIM
Au(y3HOHHBIM HEPEHOCOM.
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Puc. 5. Pacuemnoe usmenenue kodghpuyuenma ¢punompayuu mopgos no enyoune mopgauou 3anexcu Obckoeo 6oioma
Fig. 5. Calculated change in the peat filtration factor by the depth of the peat deposit of the Obskoe fen

C y4eroM yKa3aHHBIX BBHIIIE TOMYIICHHH U (akTHde-
ckoro pacnpenenenus ClI° B y350BbIX Toukax (puc. 1, 2)
I7SL M3YYCHHS PACTIPOCTPAHCHHS WHIUKATOPHOTO Bele-
CTBa B BOJHBIX BBITSDKKAX M3 TOP(OB Ha HCCIELYEMOM
y4acTKe ObLIa MCMOJB30BAHA OJHOMEPHAs CTAIHOHAPHAS
MoJieTb TU((PY3MOHHOTO PacTIpOCTPAHEHHS BEIIECTBA C
KoHIeHTparuet C B MecsIl t mo TopdsHOH 3aIexH OT Mo-
BEPXHOCTH 10 TiyOouHbl Z=3,0 M B Buje (28) ¢ yacTHBIM
AHATMUTHYECKUM petneHueM (29):

2
Thi(5)(Ce-C)=0,  (29)

9 z2 D
Cre = Cop + (CO,t - Ce,t) " €xXp (_ g_; ) Z), (29)

rae Ko — yhenbHas cKOpOCTh M3MEHEHHs KOHIIEHTPAIUH
semectsa C B Mecsill t Ha Ty6uHe Z, cyT - Dy — K0d(H-
HHeHT Tuddys3nm, MZ/CyT; Cot — HaUambHAS KOHLCHTPAIIHS
B MecsI t, mepexoasias 13 NpeAbIAyIIero Mecsna, OLeH -
BaeMas 1o ypaeaeHnio (30); Cq¢ — KOHIGHTpAIHs, COOT-
BETCTBYIOIAs PABHOBECHIO B CHCTeME «0ONOTHas BOAA —
TOp( — ra3 — MUHEPAIBHBIC OTIOKEHIS» C YIETOM IIPO-
IIECCOB COPOIMU—IeCOPOIIMH M PACTBOPEHUSI—OCAKICHNUS B
COOTBETCTBHM C ypaBHeHueM (31); dakrmuecku 3Ta Benu-
aiHa (Cey) OmpezeneHa METOAOM OOIMIEr0 MOHMKAOIIETO
rpaJleHTa o0 MUHUMYMY OTHOCHTEJIbHOM OmOKu (22):
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dm;

Cor ="

D
_ mt—1+Catm,t'A_?'(Czl(o,lzs),t—l_CO.t—1)+Catm,t'Xef,t (30)
Vi-1+Xef ¢ ’
C.. = kpm-CptksS
et ™ ko mtkskes (Sm=S)’
pMTRs Kes"om

(31)

rae dm; u dV; — u3MeHeHne Macchl 1 00beMa BELECTBA Ha
TIOBEPXHOCTH 00J0Ta B MecsIl , HayanbHas Macca H 00b-
eMm B Mapte 2021 r. onpezieneHbl Kak cyMMa IoKa3aTelel
coxepxanuii C1” B ucxoxnom pactope NaCl u s¢dexk-
TUBHBIX MECSYHBIX aTMOC(EPHBIX 0canKoB; Cymt — KOH-
IEHTpalys MHINKaTopa B Mecdne t (mo HabmoaeHusIM B
2021 r. conepxanne Cl OpueHTHPOBOYHO MPUHSTO B Ta-
JBIX CHETOBBIX BOJax 12,3 mr/mmM°, B JOKICBHIX —
6,1 MF/21M3); Az — nntepsan onpobosanus (0,25 M); Ko,
ks, Kes — K03dHIMEHTBI, XapaKTepU3YIONMIKE YCIOBHS
B3aUMOJICHCTBHS BOJBI ¢ TOPPOM M MUHEPATLHBIME OT-
noxenusaMy; C, — KOHIEHTpalKs BellecTBa B Boje (BOJ-
HO# BBITSDKKE), COOTBETCTBYIOIIAS JIOKATLHOMY PaBHOBE-
cuto; S 1 Sy — dakTHyeckas ¥ MAKCUMAIBHO BO3MOMKHAS
KOHIICHTPAIMS BENIECTBA B TPYHTE (KHUCIOTHOM BBITSIKKE);
Oonee moapoOHAs HHPOPMALHUS O CTPYKTYpE U MapameT-
pax ypasHenus (31) npusenena B [43].
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3nayenue kputepus (20) MO BBIYUCIEHHBIM U U3Me-
PEHHBIM TOMHTEPBATBHBIM conepkanusM Cl B BOXHBIX
BBITSDKKAX UX TophoB coctaBmo 0,04, 4To MOKET CBHJIE-
TENbCTBOBATh 00 Y/OBIETBOPUTENBHOM OINUCAHMU KO-
HEYHOT'0 COCTOSHUS Top(sHOi 3anexu. [Ipu sToM momy-
YeHa JOCTATOYHO HEeOKHUAAHHAS KapTHHA pacrpeeleHus
konuenTpamuii Cl™ o riryOuHe TopdsHO# 3a5exku 10 Me-

10000,0

1000,0 -

100,0 A

10,0 +

Cl-, mr/mm3/mg/dm3

1,0 -

0,1 r r
0,0 1,0 2,0
I'ny6una, m/Depth, m

3,0

canam. Tak, pe3koe CHIDKEHHE COfepKaHHi OTMeyaeTcs
yxe B anpene. OHAKO B MOCTEAYIOIIHE MECSIIBI IPH OT-
CYTCTBMH JOTOJHHTENBHOTO MOCTYIUIEHHS PacTBOpa
HaOJII0JAal0TCs 3aMETHEIC KOJIEC0aHus, CBSI3aHHBIE C IO
TATHBAHMEM) HABEPX BOJHOM MACCHI NPH YBEIUUYCHHUH
JOKIEBBIX OCAJIKOB U «OIYCKaHUEM» BHH3 TIPH mpeodia-
JaHWY ucTiapeHus (puc. 6).

- --19.03.21
- - =17.04.21
— —17.05.21
----- 16.06.21
16.07.21
eeeee216.08.21
=——16.09.21
—16.10.21

Puc. 6. Pacuemnvie usmenenus xonyenmpayuii CI° 6 800HbIX bimadicKax u3 mopghos no enyoune mop@auou 3anexcu 8

ckeadicune H3 ¢ 19.03.2021 00 16.10.2021 2e.

Fig. 6. Calculated changes in CI™ concentration in water extracts from peat at the depth of the peat deposit in borehole H3

from 19.03.2021 to 16.10.2021

3aknioueHue

B pesynsrare Beimycka 50 1 pactBopa NaCl ¢ kon-
nenTpanuen 20 /o’ Ha TOBEPXHOCTh eBTpodHOrO O0-
ckoro Oosnota 19 mapta 2021 r. (nata BBIycKa MHAUKA-
TOPHOTO PacTBOpa; UCXOAHOE paclpeseNeHne o Topds-
HOY 3a5exu oneHeHo 18§ mapra) mo cocTosHuo Ha 16 ox-
Ta0ps 2021 T. mpowm3onnio (OpPMHUPOBAHHE HETOCPE]-
CTBEHHO B 3TOM Mecte (ckBaxunHa H3, puc. 1) otHOCH-
TeJIHO TOBBIIECHHBIX cofepxanuit ClI™ B mestresbHOM TO-
puzoHTe TOp(SHONM 3aleku W B HHTEpBale TITyOWH
1,50-1,75m. [lo Bemycka pactBopa NaCl eusisiero
HAJTMYME JHH3BI OONOTHBIX BOJ C TIOBHIIICHHBIM COJEP-
xanneM Cl™ B unrepsane rmyoun 3,5-4,5 m [9]. Boimoi-
HEHbI pa3paboTka M ampolarus MaTeMaTHYecKuX Moje-
Jnefl BOJHOTO M TeOXMMHYECKOTO PEKMMa y4acTka Top-
¢sHOTO 0OJIOTA, TOKA3ABIIHE, YTO OTMCUYCHHBIC (DAKTHI
CBSI3aHBI CO CIIEIYIONUMH 00CTOSTENbCTBAMU: 1) OONOT-
HBIC BOIBI 00pa3yioT oOIIMil MOTOK C MOJ3EMHBIMHU BO-
Jamu B cTopoHy pekn OOu, HO Ha rpaHune 6o10Ta BO3-
MOJKHBI Pa3sHOHAIPABJIICHHBIC MNEPEMCIICHUA GOHOTHLIX
BOJ W ITIEPUOAMYECKUE KOTEOAHHMSI HATOpa MOI3EMHBIX
BOJ; 2) B HIDKHEH YacTH TOP(MIHOH 3aNeKH Ha HCCIEye-
MOM y4YacTke C(OPMHPOBAICS JIOKAIbHBIH BOJOYNOp B
BHJEC OCOKOBOI'O CiI0S C OTHOCHTCIBbHO HHU3KHMH q)I/IJ'II)-
TPALMOHHBIMU CBOMCTBaMHU (TI0 CPaBHEHHMIO € APYTHMH
CIOSIMH), TIPETISITCTBYIOMMI PACTIPOCTPAHEHHIO MOI3EM-
HBIX BOJ] ¢ 00Jiee BBICOKOH, YeM Y OOJOTHBIX, MIHHEPAITH-

3anuei, mo Beeil rmyouHe TopdsHOH 3anexu; 3) 3TOT Ke
BOJIOYIOp NpPEHATCTBYET M PACHPOCTPAHCHHIO HMHIMKA-
toproro pacteopa NaCl, moctymusmrero Ha moBepXHOCTh
Oonora 18.03.2021 1.; 4) pacmpejeieHre WHIAKATOPA
(CI') mo TopdsiHoii 3aexku B 3HAYMTEIBHON Mepe 3aBH-
CUT HC TOJIBKO OT MEPBOHAYAJIbHBIX obbeMa u KOHIICH-
tpatmu NaCl u Hamuuns BoJOymopa, HO M OT XapakTepa
YBI&XKHEHHS 00JIOTa.

VKa3aHHBIE BBIBOABI MOJNYYeHH Ha ydacTke OO6cKoro
Oonota y c. HamekoBo, KOTOpBIi sIBISETCS BEChbMa TH-
IMMYHBIM JUIA 3a00JI04EHHBIX YacTeH JOJIMH 00JIBIINX peK
B TaexkHOH 30He 3amagnoit Cubupu [1, 2]. Ilo 310it npu-
YIHE OHH MOTYT OBITh PAaCIPOCTPAHEHHI W Ha IPYTHE €B-
TpoQHBIE OOTOTHBIE YKOCHCTEMBI H YUTEHBI MPH HPOBE-
ACHUU 3KOJIOTMYCCKOr0 MOHUTOPUHIA. B YaCTHOCTH, I10-
BBIIICHHBIC KOHICHTPAIUN MUHEPAIBHBIX coJiel B BOJax
¥ BOJHBIX BHITSKKAX HHU3HHHBIX OONOT B psfie CTydaes
MOTYT OBITh CBS3aHBI HE C 3arpA3HCHHUEM, a ¢ 0COOCHHO-
CTAMH B3aMMOCBSI3eH OOJOTHBIX M TOA3EMHBIX BOA H
BOJHEIM peskuMoM Oonota. Kpome Toro, mepcreKTHBHEIM
NPUPOJOOXPAHHBIM MEPONPUATHEM I MPENOTBpAlLe-
HUS 3arpA3HEHHS MO/I3EMHBIX BOJ Ha 3a000YEHHBIX Tep-
PUTOPHSX MPENCTaBIACTCS OPraHM3alus JOKAIBHEIX BO-
JOYTIOPOB B TOP(SAHOH 3aJIeKH MyTeM YIUIOTHEHHS Topda
W/WJIM BBOJIA TIIMHUACTOTO PacTBOpA.

Paboma svinonnena npu Qunancosoii noddepicke epanma
PO®U FPUKC T Ne 18-55-80015.

121



V13BecTust TOMCKOrO NONUTEXHUYECKOrO YHUBEpCUTETa. MHXMHMPKHE reopecypcos. 2022. T. 333. Ne 4. 115-125
Cauyes O.I"., AH XaH, Uxoy [aHb. MaporeonvHaMuyeckie 1 ruaporeoxmmmyeckie yenosus camooumienmns Bog Obckoro Bonora ...

10.

11.

12.

13.

14.

15.

16.

CMUCOK NUTEPATYPbI

Bonorueie cuctembl 3amagHoit CHOMPH W MX HPUPOJOOXPAHHOE
suauenue / O.J1. Jluce, JL.U. A6pamosa, H.A. Aseros, H.A. bepe-
3uHa, JL.U. Unnmesa, T.B. Kypuumkosa, 3.A. Cnyxa, T.1O. Tox-
neimeBa, H.K. IIBequnkosa / nox pen. B.b. Kyeaesa. — Tyma:
I'pud u K°, 2001. — 584 c.

Eurasian mires of the Southern Taiga Belt: modern features and
response to Holocene palaeoclimate / T. Minayeva, W. Bleuten,
A.Sirin, E.D. Lapshina // Wetlands and Natural Resource
Management. Ecological Studies. V. 190 / Eds. J.T.A. Verhoeven,
B. Beltman, R. Bobbink, D.F. Whigham. — Berlin: Heidelberg:
Springer-Verlag, 2006. — P. 315-341.

Global wetlands: potential distribution, wetland loss, and status /
S. Hu, Zh. Niu, Y. Chen, L. Li, H. Zhang // Science of the Total
Environment. — 2017. - V. 586. - P. 319-327. DOI:
10.1016/j.scitotenv.2017.02.001.

0030p cocTosHUS | 3arps3HEHHs OKpYysKarollel cpensl B Poccuii-
ckoit denepamnm 3a 2020T. / otB. pen. I'M. Ueproraesa. — M.:
Pocrumpomer, 2021. — 205 c. URL: http:/downloads.igce.ru/
publications/reviews/review2020.pdf (nata obpamenus 15.01.2022).
OxpaHa oOKpyxkaromeil cpeasl B TEppPUTOPHAIBHOM 3araiHo-
Cubupckom kommiekce / B.A. Ilmmos, B.}0. Ilemeros,
B.J. Psbuenxo, B.IL. lapdenos. — M.: BHUMODHI, 1988. —
50¢.

Connuesa H.II. JloOblua HeT M reoXumus IPUPOAHBIX JNAHJ-
madros. — M.: U3x-8o MI'Y, 1998. — 376 c.

Ecosystem recovery and natural degradation of spilled crude oil in
peat hog ecosystems of West Siberia / W. Bleuten, E. Lapshina,
W. Ivens, V. Shinkarenko, E. Wiersma // International Peat
Journal. —1999. — No 9. — P. 73-82.

Mocxkosuenko /I.B., babymxkun A.I'., Y6aiinynae A.A. ConeBoe
3arpsA3HEHKE MOBEPXHOCTHBIX BOJ HA HE()TSHBIX MECTOPOKICHHIX
Xantbl-Mascuiickoro aBroHOMHOT0 okpyra — lOrpsr / Bonmbie
pecypes. — 2017. — T. 44. — Ne 1. — C. 91-102. DOI:
10.7868/S0321059617010102.

DKCIepUMEHT 10 OleHke camoounienus O6ckoro Gomorta (3a-
nazuas Cubupb, Tomckas obnacte) / O.I'. CaBuues, H.B. I'ycesa,
A.A. Xsamesckas, A.10. UBanos, fln XoH, Yoy [anb // U3Be-
ctust TOMCKOro MONMUTEXHUYECKOTO YHUBepcuTeTa. WHKUHUPHHT
reopecypcoB. — 2022. — T. 333. — Ne 1. — C. 73-84. DOI:
10.18799/24131830/2022/1/3514.

Vegetation characteristics and eco-hydrological processes in a
pristine mire in the Ob River valley (Western Siberia) /
AM. Schipper, R. Zeefat, F. Tanneberger, J.P. van Zuidam,
W. Hahne, S.A. Schep, S. Loos, W. Bleuten, H. Joosten,
E.D. Lapshina, M.J. Wassen // Plant Ecology. — 2007. - V. 193. -
P. 131-145. DOI: 10.1007/s11258-006-9253-X.

VenoBus TpaHchopMaiu KOMMYHAITBHO-OBITOBBIX CTOYHBIX BOJ
B 00NoTHBIX 3KOcHcTeMax (Ha mpumepe OOckoro 6oroTa, 3amaj-
nasg Cubups) / W.C. UanoBa, O.I. Casuues, E.A. Connarosa,
H.T'. Hanugaiixo, JI.C. Koprees, H.B. T'yceBa, H.A. CmupHoBa //
W3Bectust ToMCKOTO TIOMMTEXHHYECKOTO YHUBEpCHTETa. VIHKUHU-
puar reopecypcos. — 2020. — T. 331. — Ne 3. — C. 39-51. DOI
10.18799/24131830/2020/3/2530.

Mineralogical and geochemical features of peat deposit of
eutrophic the Obskoye fen in anthropogenous conditions (the
Western Siberia) / O.G. Savichev, M.A. Rudmin, A.K. Mazurov,
N.G. Nalivaiko, V.I. Sergienko, I.P. Semiletov // Doklady Earth
Sciences. — 2020. - V. 492. — P. 1. — P. 320-322. DOI:
10.1134/S1028334X20050219.

CasnueB O.I',, fIn Xoub. ['maporeonorndyeckne u ruApONOrHde-
ckne ycrnous (yHkmmoHupoaHus OGckoro u bakcurckoro 6o-
10T (roro-Boctok 3amagHo-Cubupckoit pasHuHbI) // M3Bectus
TOMCKOT0 MONHUTEXHUYECKOTO YHUBCPCUTCTA. I/IH)KI/IHI/IpI/IHI‘ Tre-
opecypcoB — 2021 - T. 332. — Ne 4. — C. 43-56. DOI:
10.18799/24131830/2021/04/3147.

T'OCT 17644-83. Topd. Metonpt otbopa npob u3 3anexu u odpa-
0OTKH X s TabopaTOpHBIX MenbITaHuid. — M.: M3x-Bo cTanmap-
ToB, 1983. - 12 ¢c.

TpeGoBaHus K IPOM3BOJCTBY M pe3yJIbTaTaM MHOTMOLENEBOTO T0-
XHMHYeCKoro KaprtupoBanus Macmraba 1:200 000 / oTB. pen.
9.K. Bypenkos. — M.: UMI'PD, 2002. - 92 c.

Weight W.D. Hydrogeology field manual. 2nd ed. — USA: The
McGraw-Hill Companies, Inc., 2008. — 751 p.

122

17.

18.

19.

20.

21.
22.

23.

24.

25,

26.
27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Manual on stream gauging. V. I. Fieldwork. WMO. No. 1044. —
Geneva, Switzerland: World Meteorological Organization, 2010. —
252 p.

Coldewey W.G., Gobel P. Hydrogeologische Gelande- und
Kartiermethoden. — Berlin: Springer Spektrum, 2015. — 221 p.
DOI: 10.1007/978-3-8274-2728-1.

OcHoBel ruaporeonorny. I'maporeomuuamuxa / W.K. TaBuu,
WU.C. 3exuep, B.C. Kosanesckuit, JL.C. S3Bun, E.B. Ilunnekep,
C.C. Bonnapenxo, JI.B. bopesckuit, A.A. /I3t06a / mox pen. U.C.
3exuepa. — HoBocubupck: Hayxka, 1983. —241 c.

Loucks D.P., Van Beek E. Water resources systems planning and
management. An introduction to methods, models and
applications. — Turin: UNESCO Publ., printed by Ages Arti
Grafiche, 2005. — 679 p.

WlectakoB B.M. I'mnporeogunamuxka. — M.: KAV, 2009. — 334 c.
Martin H., Pohl R. Technische Hydromechanik. Hydraulische und
numerische Modelle. — Berlin: Beuth Verlag GmbH, 2015. — 406 p.
Pymbinun B.I'. Teopus u MeToap! M3yueHuUs 3arps3HEHUS TIOA3eM-
Heix Boa. — CI16.: Hayka, 2020. — 559 c.

Research progress on the migration and diffusion of pollutants at
the sediment-water interface / Lei Pei, Zhang Hong, Wang Chao,
Pan Ke // Lake Science. — 2018. — V. 30. — Ne 6. — P. 1489-1508.
A numerical study of the effect of wetland shape and inlet-outlet
configuration on wetland performance / N. Sabokrouhiyeh,
A. Bottacin-Busolinb, J. Savickis, H. Nepf, A. Marion //
Ecological Engineering. — 2017. — V. 105. — P. 170-179. DOI:
10.1016/j.ecoleng.2017.04.062.

I'OCT 19179-73. Tunponorus cyum. TepMuHbI U OmpeieIeHus. —
M.: T'occrannapr CCCP, 1988. —47 c.

VBanos K.E. BogooOmen B GonotHeIx mangmadrax. — JL.: ['uapo-
mereomnsaat, 1975. — 280 c.

Monna A.C. O maTeMaTHyeckoM MOJEIHPOBAHHU IIPOLECCOB
THAPONOrUH Cyuin // Teopus ¥ METOBI yIpaBICHHS PecypcamMu
Bop cymm. — M.: Hayxka, 1982. — C. 20-28.

Hynun ©.X. MoaenupoBanue HHOUIBTPALMH B PHOIMKEHUN K
nioneBsIM ycnowsaM // T'pany runpornorun / mox pex. K. Pomna. —
JI.: Tuppometeonsnar, 1980. — C. 241-275.

Pecypcnt mosepxHoctHeix Bog CCCP. T. 15. Anraii u 3amagnas
Cubups. Boin. 2. Cpennsts O6b. — JL.: I'mapomereounspar, 1972. —
408 c.

CasuueB O.I'. T'maposkomormueckoe 00OCHOBaHHE BOIOX03ii-
cTBeHHBIX pemenuil. — Tomck: M3n-Bo ToMmck. monuTexH. yH-Ta,
2021. - 167 c.

Menuopatust u BogHoe xo3siictBo. B 5 1. T. 3. Ocymienne / mox
pen. b.C. Macnosa. — M.: Arponpomnspar, 1985. — 447 c.
Geochemical barriers in oligotrophic peat bog (Western Siberia) /
0. Savichev, E. Soldatova, M. Rudmin, A. Mazurov // Applied
Geochemistry. - 2020. - V. 113. - 104519. DOl
10.1016/j.apgeochem.2019.104519.

Ans00oM a’pO(OTOCHUMKOB PACTHTETBHOTO MOKPOBA TOPQAHBIX
MECTOPOX/ICHHIT IeHTpanbHOH vacTh 3amamHoit Cubupu. — M.:
Teontopdpassenka, 1973. - 83 c.

EmenbsroBa T.S1., Kpamapenko B.B. Xapakrepuctuku ¢uibtpa-
[IMOHHBIX CBOWCTB TOphoB Tomckoit obmactu // Obckoit BecT-
Huk. — 2001, — Ne 1. — C. 36-39.

JIerotun B.A., CaBuueB O.I'., Makymun 10.B. MuoronetHue us-
MEHEHHS CPETHECE30HHBIX U CPEIHETOOBBIX YPOBHEI 1 Temmepa-
TYpBI NOA3EMHBIX BOJX BerHeﬁ FH)IpO)IHHaMH‘{CCKOﬁ 30HBI B TOM-
ckoit obmactu // Teoskomorus. — 2010, — Ne 1. — C. 23-29.

Nash J.E., Sutcliffe J.V. River flow forecasting through conceptual
models. P. I. A discussion of principles // Journal of Hydrology. —
1970. — Ne 10 (3). — P. 282-290.

CII 33-101-2003. CBox mpaBHI IO NPOCKTHPOBAHMIO U CTPOH-
TCIBCTBY. OHpeaeneHne OCHOBHBIX PACYCTHBIX THAPOJIOIrHYCCKUX
xapakrepuctuk. — M.: I'ocerpoit Pocenn, 2004. — 72 c.
PeKOMCHHaHHH 0 METOAMKE OLICHKU W IIPOrHO3a T'UApPOreoJIoru-
YECKHUX YCIOBHH MPH MOATOTUICHHH TOPOACKHX TePPUTOPHIL. — M.:
Crpoiinzpar, 1983. — 194 c.

Korn G.A., Korn Th.M. Mathematical handbook for scientists and
engineers: definitions, theorems, and formulas for reference and
review. Originally publ. — New York: Mc Graw-Hill, 1968. —
Reprint in the US by Courier Corporation, 2013. — 1152 p.
3enpaosuy S.b., Memmkuc A.J[. DnemMeHTH NpUKIaJHON MaTeMa-
tuku. — M.: Hayka, 1972. - 592 c.



V13BecTust TOMCKOrO NONUTEXHUYECKOTO YHUBEpCUTETa. MHXMHMPKHT reopecypcos. 2022. T. 333. Ne 4. 115-125
Casuyes O.I"., fAH XaH, Uxoy [aHb. MaporeonvHaMuyeckie 1 raporeoxmMmU4eCcKie YeroBus camooumyenmns Bog Obckoro 6onora ...

42. Jlmmrsan .1, basun E.T., Kocos B.U. ®usmeckue mpomeccs B tera. UmxuampuHr reopecypcos — 2021, — T. 332, — Ne 6. —

TopdsiHbIxX 3anexax. — Munck: Hayka u Texuuka, 1989. — 287 c. C. 107-117. DOI 10.18799/24131830/2021/06/3241.
43. CasuueB O.I'., Uxoy Jlaub. Crioco0 OLEHKH JOMYCTHMBIX KOH-

LICHTpaI_II/IfI 3arpsA3HAIOIUX BEIICCTB C YU€TOM COCTOSHUSA JOHHBIX

. THocmynuna 02.02.2022 2.
otnoxennit // U3pectust TOMCKOro MOMUTEXHUYECKOTO YHUBEPCH-

UHdopmauua 06 aBTopax
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Relevance. Economic activity in the wetlands of Western Siberia in the conditions of climate change requires scientific justification of both
methods of environmental monitoring and environmental protection measures. One of the effective ways of such justification, taking into
account the lack of observations, is mathematical modeling of hydrogeodynamical and hydrogeochemical processes in fen ecosystems.
The aim of the research is to identify the mechanisms of natural-technogenic distribution of CF-concentrations in water extracts from peat
over the depth of peat deposits.

Methods: field experiment, methods of definition of a chemical composition of peat and water, methods of mathematical modeling.
Results and conclusions. An experiment was conducted to study the self-purification of the eutrophic Obskoe fen in the south of the
Tomsk region (release of 50 liters of NaCl solution with a concentration of 20 g/dm? to the fen surface), and the nature of changes in Cl--
concentrations in peat deposits before and after the release of the solution was established. To explain the revealed facts, mathematical
models of the water and geochemical regime of the peat fen site were developed and tested. As a result, it is shown that: 1) fen waters
form a common flow with groundwater towards the Ob river; periodic fluctuations in groundwater pressure are possible at the border of the
fen; 2) in the lower part of the peat deposit, a local water barrier has formed in the study area, preventing the spread of substances in a
peat deposit; 3) distribution of the indicator (CF) over the peat deposit largely depends not only on the initial volume and concentration of
NaCl and the presence of a water barrier, but also on the nature of the wetness of the fen. Recommendations on the use of simulation re-
sults are given.

Key words:
Mathematical modeling, chemical composition, peat deposit, fen waters, the Obskoe fen, Western Siberia.
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1 XaHOWCKN ropHO-TeonorM4eCcknii YHUBEPCUTET,
BbetHam, 100000, r. XaHon, yn. BeeH, 18.

2 POCCUICKIIA TOCYAAPCTBEHHBIN reonoropa3segoyHblin yHneepcnteT um. Cepro OpakoHukuase,
Poccus, 117997, r. Mocksa, yn. Muknyxo-Maknas, 23.

3 BbeTHamckas akagemusi Hayk 1 TEXHOMOTMHI,
BbeTHam, 100000, r. XaHoit, yn. YyanaHr, 84.

4 MockoBCKui rocyaapCTBEHHbIN yHuBepcuTeT um. M.B. JlomoHocoea,
Poccus, 119991, r. Mocksa, JleHnHckue ropsl, 1.

5 BbeTHaMCKMI1 MHCTUTYT reOHayK 1 MUHEpanbHbIX Pecypcos,
BbeTHam, 100000, r. XaHoit, yn. TeeHTXaHr, 67.

AxkmyanbHocmb. [IpoeHo3upogaHue u MuHumu3ayusi nocrnedcmeuti cmuxuliHeix 6edcmeuli sensromes gaxHelwumu 3adayamu Onst
npagumesnbCmg 80 8ceM mupe, ekmoyasi Boemnam. OnonsHu sensomes 00HUM U3 Haubonee pacnpocmpaHeHHbIX 8udog CMUXUUHBIX
6edcmeuti 60 BoemHame, 0COBEHHO 8 CE8EPHbIX 20PHbIX NPOBUHYUSX, Ym0 NpugoduUM K 3Ha4UMesTbHbIM Ye108€4ECKUM Xepmeam U Ma-
mepuasnbHomy yuepby. B amom uccnedogaHuu 0515 OUEHKU homeHyuanbHo20 passumus ononaHel 6 palioHe Lllana, nposuryus JTaokal,
npuMeHsNUCL cmamucmuyeckue memoObl, C UCNOTb308aHUEM 2€0UHGOPMaUUOHHbIX cucmem (TMC). nsa peweHus nocmasnexHol 3a-
Oayu 6bimo omobpaHo Oessmb ¢hakmopos, OnpedenswWUX ONnOMI3HE8YID B0CNPUUMYUBOCMbL Ha paccMampugaeMoll meppumo-
puu: 8bicoma Had yposHeM Mops, paccmosHue 00 dopoe, Kpymu3Ha CKITOHO8, paccmosiHUE 0m Pa3iioMo8, CPEGHEMECTYHOE KONUYECmB0
ocadkoe, 8epmuKasibHOE pacyieHeHUe penbea, 3eMIenonb3o8aHue, Mun Kopbl 8bIBempuUsaHus U paccmosiHue Ao 3pO3UOHHOU cemu.
OcHoeHasi yenb uccnedogaHus 3akmoYaemes 8 N0020mosKe Kapm NomeHyuanbHo2o pa3gumus ononsHeli Ons pationa Llana. Kpome
moeo, 8bINOMHEHHbIe pabombi npodemMoHcmpuposanu 3hgheKmUBHOCMb UCNOb308aHHbIX CMamuCmuYeckux Memodo8 npu OUeH-
Ke 80CNpUUMYUBOCMU MEPPUMOPUU K ONOI3HEBOMY NPOUECCY.

06Bexkmom uccredosaHus sersiemes ononaHesas socnpuumyusocms 6 patioHe LLlana nposuryuu Jlaokail (BsemHam).

Memodbi: cmamucmuyeckue Memodbl C ucnonb3osaHuem [UC, ekmoyas memod COOMHOWeEHUs yYacmomHocmel (aHen.
Frequency Ratio method — FR), memod aHanusa ononsesol gocnpuumyugocmu (aHen. Landslide Susceptibility Analysis method —
LSA) u memod cmamucmudeckoeo uHOekca (aHen. Statistical Index method — Sl).

Pe3ynbmambI. bbinu nocmpoeHb! Kapme! NOMeHYUabHo20 pa3sumusi ononsHel 0nis uccnedyemoli meppumopuu, komopasi bbiia pas-
OefleHa Ha nmb 30H: 04eHb HU3KO20 NOMeEHYUana, HU3Ko2o NomeHyuana, cpedHe20 NomMeHyuana, 8bIcoK020 NOMEHYUasa U O4eHb 8bl-
cok020 nomeHyuana. lnowads nod kpugoll owubok bbia ucnonb3ogaHa Ans oueHku docmogepHocmu amux modenell. lMpoueHmbl
ycnexa modeneli Anis mpeHUpo8oYHbIX daHHbIX cocmaensom 74,60 % (FR), 70,82 % (LSA) u 76,36 % (SI). [MpoueHmb1 npo2HO3uposaHuUst
modenell dns OaHHbIX mecmuposaHus cocmaensiom 77,01 % (FR), 74,36 % (LSA) u 78,11 % (Sl). OueHka agpcpexkmueHocmu modeneli
nokasana, Ymo ece mpu Memoda s8/1srmcs PHexmuBHbIMU OISt OUEHKU NOMEHYUAbHO20 Pa3sumusi ONOI3HE8020 npouecca 8 pal-
OHe uccnedosaHusi. Pesynbmambi uccnedosaHull UMEOm UCKIIOYUMENbHO 8aXHOE 3HaYeHuUe OIS NTaHUpOBaHUs 3eMIENOsb308aHUST U
3KOHOMUYECKO20 pasgumus, a makxe 0ns MUHUMU3ayuu yuepba om ononsHed.

Knroyeenie crnosa:
OnonisHesas 60CNPUUMYLBOCMb, NOMEHUUAbHOE pa3eumue ononaHel, Memod COOMHOWEHUs YyacmomHocmel,
Memod aHanu3a 0nos3Hesol gocnpuuMyugocmu, Memod cmamucmuyecko2o uHOekca, MG, patioH llana, BbemHam.
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BBeaeHune

Omnomsny SBISIOTCS OHAM W3 Haubonee OMacHBIX CTH-
XHUAHBIX OCICTBHI B MHpE, IPHBOIAIIMX K 3HAYATEIHHOMY
9KOHOMHYECKOMY yIIepOy 1 yenoBedyeckuM xkepream [1-3].
CornacHo WCCIeNOBAHMIO [4], BBIIOTHEHHOMY Ha OCHOBE
JaHHBIX 13 128 ctpan 3a aBa pecarwietus (1995-2014 1),
B pesyibTare 3876 omoON3HEH BO BCeM MHpE TOTHOJIO
163658 uenopek u 11689 yenopek nomyuunu panenus. O0-
IIEC YHCIO ONOJ3HEH CO CMEPTENBHBIM HCXOJIOM, 3aperu-
CTpHPOBaHHBIX B Mupe B mepuof ¢ 2004 mo 2016 rr. (Bkio-
YUTENBHO), COCTABIIIO 4862, MICKIF0Uast CTy4au, BHI3BAHHBIC
3EMIIETPSICEHUSAMY, 1 OOJBIIMHCTBO OTION3HEH MPOH30IILIO B
Asuu (75 %) [5]. Bo BretHame, 0cOOEHHO B CEBEPHBIX rOp-
HBIX MPOBHHIISX, OMOI3HH YaCTO MPUBOIMIA K 3HAUUTENb-
HBIM YEJIOBEUECKHAM JKEPTBAM U MATEPHAIBHBIM TOTEPSIM
[6-8]. Ha Bo3HHKHOBEHHE M AKTHBH3ALMIO OMON3HEH BIIAS-
10T TEOJNIOTUYECKHEe M TeOMOP(HONOTHYecKie 0COOCHHOCTH
TEPPUTOPHH, a TAKKE KOIMIESCTBO OCAIKOB M AHTPOTOICH-
Hoe Bo3zeiicTaue [9]. Jlns MUHUMU3AIIH yiiiepOa OT O3~
Hell HeoOXOJIMMO MPOBEICHHE JICTATHHOTO H3yYeHHs (ak-
TOPOB, OTPEACIIONIX PA3BUTHE OIOI3HEBBIX TIPOIIECCOB C
yYETOM MEXaHN3Ma HX PA3BUTHUSA, A TAKKE aHANN3 TIOJTyUCH-
HBIX 3HAYCHUII OTIOJI3HEBOH BOCTIPUAMYHBOCTH.

Ornon3HeBas BOCHPUUMYHMBOCTD, OMACHOCTh U PHCK
Pa3BUTHS OTON3HEH SBIAIOTCA TPEMs OCHOBHBIMH KOM-
TIOHEHTaMH HCCIIEN0BaHUSA CKIOHOBBIX mporeccos [10].
Omnon3HeBas BOCIPHIMYHBOCTE—3TO MPOCTPAHCTBEHHAS
BEPOATHOCTH OTOJ3HEH, MPOUCXOIAMINX B TAHHOM paii-
OHE, B 3aBHUCHMOCTH OT JIOKAJIBHBIX TOMOrpaduuecKux
YCIOBUM, YKAa3bIBAKOIIAsA, «TAE» MOTYT HPOM30UTH
omomnu [11, 12]. Crmexyer oTmernTh, 9T0 B paborax
POCCUHCKHX HCCIEI0BATENEH MOHATHE «OTON3HEBAS BOC-
NPUHMYUBOCTY) TAKXKE TPAKTYETCS KaK «IPeapacrono-
KEHHOCTb TEPPUTOPHH K PA3BUTHIO OTOJI3HEH».

Kaprupopanue ononsueBoit Bocrpuumunsoctd (LSM —
Landslide Susceptibility Mapping) — sto mporecc ompe-
JIeICHUsT TIPOCTPAHCTBEHHOTO PACTIPEICICHNS U KIacCH-
(UKAIMK eIUHNI] TEPPUTOPHHE HA OCHOBE MX CKIOHHOCTH
K 00pasoBaHuio omnoms3Heil. Ha 3to BiustoT Tomorpadus,
TEOJIOTHS, XapaKTEPHUCTUKH CBOWUCTB TPYHTOB, KINMAT,
PacTHTEIBHOCTh M TeXHOTeHHOe Bo3meicTaue [13]. Tlpo-
CTPaHCTBEHHBIH aHanu3 ¢ ucnons3oBanueM ['MC mposc-
HACT CBA3U MCEXKIY PA3JIAMYHBIMHU 3JIEMCHTAMU yCTOIZ‘IPI-
BOCTH JIMTOTEXHMYECKUX CUCTEM M Pa3BUTHEM OIOI3HE-
BEIX IPOLIECCOB, SBISLACH PQPEKTUBHBIM METOAOM LIS
OIICHKH OIONI3HEBOH BocmpuumunBocTu [14-17]. Moge-
nu Ha ocHoBe ['MIC ycreInHo MCmonb30BaMCh B Pa3iuy-
HBIX HCCJIICJOBAHHUAX OTIOJI3HEBOM BOCIIpUUMYHUBOCTU BO
Brername [18-22]. Tloaxoibl K OLIEHKE OMON3HEBOM BOC-
NPUAMYUBOCTH MOXHO Da3JieNuTh HA KAYCCTBEHHBIC H
KoinuecTBernsie [23-27]. B mocnemnue rofps Habioma-
€TCA 3HAYUTCIIBHOC YBCINYCHUC YMCJIa KOJMYCCTBCHHBIX
OIIEHOK OTON3HEBOW BOCTPHUUMYMBOCTH. JTO CBS3AHO C
TEM, YTO KOJMYCCTBEHHBIE NOJIXOIBI 00eCTIeUnBAIOT 00-
Jiee TOUHBIEe pe3ynbTarhl. OJHAKO KAaYeCTBEHHBIE MOIXO-
JIbl BCe elI€ He TOTEPSUTH CBOeH aKTyalbHOCTH MPH OLEH-
KE OIOJN3HEBOH BOCIPHHMYHBOCTH Ha OOJNBIIMX TEPpH-
TOpUAX WM B TEX CIy4Yadx, KOrjaa KOJMYCCTBEHHBIC MO~
XOJIBI HEOCYIIIECTBUMBI H3-33 OTCYTCTBHS JAHHBIX.

CraTucTHYECKHE METOMBI IUPOKO TPUMEHSIOTCS TS
OLICHKH OIOJI3HEBOH BocmpuuMuuBocTH [28-32] Omaro-
Japs ceayrommmM npenMyiectam [33]:

1) IlockonbKy MaTeMaTHYeCKHe Omepamud (HUKCHPOBa-
HBI, PE3YJIBTATHI TIOBTOPSCMBI.

2) Brnarosmaps HEe3aBUCHMOMY aHATH3y KAXKIOM M3 KapT
(akTOpOB Pa3BUTHS OMOJ3HEBBIX MPOLIECCOB PE3YJib-
TaThl JIETKO O0BACHUTD.

3) DKcmepTHOE MHEHHE MOXET OBITh BKIIOYEHO B aHa-
JTU3, TIOCKOIIbKY KOHKPETHBIE KOMOMHAINM MEPEMEH-
HBIX MOTYT OBITH PACCMOTPEHBI U OLCHEHBI HA Tpe]i-
MeT MX 3HAYUMOCTH B BO3HUKHOBEHHH OTOJI3HEH.

4) ToYHOCTD IONYYEHHBIX KAPT MOXKET OBITh IIPOBEpPEHA
C WCIOJNB30BAHMEM [AHHBIX O MPOCTPAHCTBEHHOM
pacTIpe/ieieHuH OTION3HEH, 0COOCHHO KOTJa OlCHKA
OCHOBaHA HAa PACTpPEIENICHUH MCTOPUIECKUX OION3-
Hell ¥ CPaBHUBAETCS C MPOCTPAHCTBEHHBIM pacmpe/e-
JICHHEM TPOSIBIICHHHA COBPEMEHHBIX OMOJ3HEBBIX
TPOLIECCOB.

B atoM mccnenoBaHnu s ONEHKH OMOJN3HEBOH BOC-
TPUUMUYABOCTA M CO3JAHHS KapT MOTCHIUAIBHOTO pas-
BuTHs omoimHed B paifone Illama mpoBuxmmm Jla-
okaif (BbeTHaM) OBUTH WCTONB30BAaHBI TPU CTATHCTHYC-
CKHMX METOJIa: METOJl COOTHOIIEHHS YaCTOTHOCTEH (QHIJL.
Frequency Ratio method — FR), MeTon aHatu3a omosisHe-
Boil BocmpuumumBoctH (amri. Landslide Susceptibility
Analysis method — LSA) u MeTOx CTaTHCTHYECKOTO HH-
nexca (anri. Statistical Index method — SI). B pe3ynsrare
BBHITIONIHEHHOTO aHAJIN3a MCCIeMyeMasl TeppUTOpHs ObLT
pasfieiicHa HA MATh 30H MO CTENEHU MOTEHIHATBHOIO
Pa3BUTHS OMOJ3HEBOrO MpOLECCa — OYEHb HHU3Kasi, HU3-
Kasl, CPE/IHSIs, BHICOKAS U OUCHb BBICOKAS.

JloCTOBEPHOCTD MOTYYCHHBIX MOJIeIIel OblTa OlleHeHa
¢ mpumenenneM AUCROC (mmomanp moj KpuBoi omiu-
0oK) aHanu3a.

ROC-kpuBas, win kpuBas omuOoK (amrit. Receiver
Operating Characteristic), — rpaduk, mo3sossomuii ome-
HUTh KauecTBO OMHApHOH KIaccH(UKAIMH, MOKa3bIBAET
3aBHCUMOCTh KOJMYECTBA BEPHO KIACCUDUIIMPOBAHHBIX
TIOJNIOXUTENBHBIX MPUMEPOB OT HEBEPHO KIAcCH(HUIUPO-
BAHHBIX OTPHUIATEIIBHBIX IPUMEPOB.

[Tnomans mox ROC-kpusoit AUC (Area Under Curve)
ABJIAETCS arperupoBaHHOM XapaKTEPUCTUKOM KauecTBa
KIacCU(UKAIMK, HE 3aBUCSIICH OT COOTHOIICHHUS BEITH-
g ommOok. Yem Oombine 3uauenne AUC, TeM Kaue-
CTBEHHEE MOTyYEeHHAS MOJICIb KIaCCHDUKAIMH.

BaxHble xapakTepuCcTUKK paioHa UccnefoBaHus

Jlaokail — oJiHa M3 ceBEpHBIX MPOBUHIMK BbeTHama,
HauboJiee MoJBEPKEHHAS OMOI3HEBBIM MpOIecCaM H3-3a
TOPHOM MECTHOCTH, CJIOHOM T'€0NOTUH U TPOMUYECKOTO
MYCCOHHOTO KJIMMaTa ¢ BHICOKMM CPEIHET0JIOBBIM KOJIU-
uecTBOM ocajkoB [34]. PacrosoxkeHHBIH Ha ee ceBepo-
samaze pailon llama Haxoputcs nmpumepHo B 38 KM OT
nentpa ropona Jlaokaii u B 376 kM ot XaHos (puc. 1).
Paiton uccnenoBanus mokpeiBaeT miomans 675,8 kM2 U
FIMEET BBICOTY HaJl ypoBHEM Mops oT 150 M 1o Goiee uem
3000 M. B reonoruyeckoM cTpoeHuH paiioHa MccieaoBa-
HU{ IPUHAMAIOT YYacTHe 0CaT0YHBIE, METaMOp(UICCKHE
1 MarMaTH4EeCKHe MOPO/IbI PA3IMYHBIX BO3PACTOB.
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Puc. 1. Pacnonooicenue pationa ucciedoeanus
Fig. 1. Location of study area

Paiton Illama, mo cpaBHEHWIO C APYTHMH paiioOHAMH
ceBepHOro BreTHama, BCIEACTBHE CENBCKOXO3SHCTBEH-
HOTO OCBOEHHS M PA3BUTHS TypH3Ma, CTONKHYJICS C MPO-
OneMol aKTHBM3AIMU OTON3HEBBIX M 3PO3UOHHBIX MPO-
eccos [35].

B nocnemnue roxpt B Illane wabmromaercs yBemude-
HHE Koan4ecTBa onoirsHeid. OmomsHu Hauboee 4acTsl B

Ce30H JOXIEH W SBISIIOTCS NPUINHOM 3HAYUTENHHO-
TO COIMAIBHOTO M 3KOHOMHYECKOro ymiepoa. Omon3eHb
MourceH (puc. 2, a), akTuBu3upoBasiuiics B 1998, 2000,
2002, 2009 rT., sBaseTcsa Hanbojee U3BECTHRIM OMOI3HEM
B paione wmccnemoBanmsi. OH pacronokeH HA HAIMO-
HanpHOU mopore 4D, coemummstomedt ropon Jlaokail u
paiion Illama.

\! N B el

Puc. 2. Akmusuzayus ononsHesvlx npoyeccos 8 KommyHax: Mounecen (a), Xaymxao (b) u ononzus Yyneuaii (c)

Fig. 2. Photo of the Mong Sen landslide (a), the landslide site in Hau Thao commune (b) and the landslide site in Trung

Chai commune (c)
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5 asrycra 2019 r. Ha km 9+100 npoBHHIMANBHOI KO-
poru 152, coenuusitorneii paitonnsiit nentp 1llama ¢ xom-
MyHOU XayTXxao, IPOU3OIIEN OMON3€Hb, B PE3yIbTaTe KO-

Toporo morud oxuH venoBek (puc. 2, b). 19 asrycra 2020 r.

B pe3ynbTaTe OMOJ3HA B JepeBHE TauyHTX0 KOMMYHBI
banxo Taxxe morub oIUH YeI0BeK.

Hapsiny ¢ ocagkamu TeXHOTEHHas JESATENbHOCTH (Tie-
pEeHATpaBJICHUE CHCTEM TOBEPXHOCTHOTO JpPEHAKa, 3eM-
JIsiHBIE Pa0OTHI HA CKJIOHAX B TIPOIIECCE IOPOKHOTO CTPO-
UTENbCTBA) CIOCOOCTBYET aKTUBH3ALIMK OTOJI3HEH B pail-
OHe wuccnenoBaHus. [IpumepoM sBiseTcs OMOJN3HEBOH
MAacCHB BJIOJNb TMPOBHHIMATBHOX Aoporn 152, Ha KM
12+600-xm 12+900, B paiiore kommyHb Uyrrdaii (puc. 2, C).
Ha momeHT oOcnenoBanus B mpejenax OMNON3ZHEBOTO
MaccuBa HaOMIOANTUCh TPEIIMHBI U CMEIIEHHS.

Matepuansi 1 MeToAbI UCCeA0BaHNA
MeToz COOTHOLLEHMS YaCTOTHOCTEN

[Ipy OpOTrHO3MPOBAHWM OION3HEH IETECO0OPa3HO
TNPETNONOKUT, YTO HMX BO3HUKHOBECHHE OIpPEIEIACTCS
NPUYMHHBIME (DAKTOpPaMU U 4TO OYAYIIHE OTON3HH MO-
TYT HPOMCXOMHUTH B TEX JK€ YCIOBHAX, YTO W IPEABIY-
mue [36]. Mcxoas W3 3TOro MpemooKeHHs, MOMKHO
YCTAHOBUTh B3aWMOCBA3b MEXKIy paiiOHaMH, IIe Mpo-
M30IIITH OTIOJI3HH, U HaKTOPaMH aKTHBHM3AIUU OOJI3HEH,
KOTOpasi MOXXET OBITh OMpe/eNieHa Ha OCHOBE METOJIA CO-
OTHOIIEHHS YaCTOTHOCTEH, COrIACHO KOTOPOMY KayKIBIH
HPUYMHHBIE  (DAaKTOp TOAPA3IENSCTCS Ha HECKOJIBKO
KyaccoB, U 3HaueHue yacTothl (FR) mis xaxmoro kmacca
¢axTopoB (Tabn. 1) ompenensercs ¢ HCHOJIB30BAHHEM
cnenytomero ypasuenus (1) [37]:

(%)
FR = (},"—l) 1)

P
rae Nj— KomuecTBO Touek (TMKcenei) ono3Hel B Kiac-
ce ¢axropos i; N — obmee komMYecTBO TOUeK (IHKCe-
Jieid) omom3Hel Ha KapTe paiioHa uccnenoBanus; Pj— ko-
NUYeCTBO TOUeK (mMKceneil) B Kkiacce (aktopos i; P —
o0Iee KOMMYECTBO TOYEK (TIMKCeNeil) Ha KapTe paifoHa
HCCIIEJOBAHNS.

Wnunexc omomsHeBoi BocmpuumunBoctd (LSI) mpm
JIAHHOM TIOJIXOJI€ PACCUMTHIBACTCS M0 CIEAYIONIEMY
ypaBHEeHHUIO (2):

LSI = Y FR;, )
rae LS| — uHpmexe omnon3HeBo# BoCIpHUMIMBOCTH; FR; —
snavyenne FR ki1acca dakropa i.

Cpennee 3Hauenue FR pasuo 1,0. Korna 3nauenune FR
npesbimaet 1,0, HaOmrogaercs Oonee CHIbHAS KOppes-
U MEXIy YacTOTHOCTBIO ONON3HEH u  (akTopamu
onon3HeBoil BocmpuumuuBocTH. Korga 3nauenue FR
menpmre 1,0, 310 mozmpaszymeBaer Oonee cabyro CBSA3b

MEX/y YaCTOTHOCTBIO OTION3HEH M OMON3HEBBIME (haKTo-
pam [38].

MeTog aHanuaa ononsHeBoN BOCIPUUMHMBOCTY

AHanu3 onon3HeBOM BOCHPUMMYMBOCTH — 3TO MPO-
cToil U APEKTHUBHBIA METOJ IS OLCHKU BIHSHHUS pa3-
JMYHBIX (AKTOPOB HA BOSHHKHOBEHHUE OTOM3HEH. B pam-
Kax OJTOr0 MeTojia JUIS aHamu3a BIMAHUA KaXIo-
ro (hakTopa UCIOJB3YIOTCS BECOBBIE KOA(D(HUIMEHTHI, KO-

TOpbIC CPABHHBAIOT OICHOYHYH IUIOTHOCTh C OOMmIei
IUIOTHOCTBIO B paccMarpuBaeMoM paiione [39]. [ls
OTIpe/IeNIeHHs] 3HAYCHHS Beca Kiacca (pakTopoB B METOJIE

LSA (tabnm. 1) wucmomp3yercs ciemyiomiee ypaBHEHHE
[3, 29, 39] (3):
Ni N

Wysa = 1000(Dy; — D) = 1000 (P—i— 30
rae Djj — mioTHocTh omomsHel B Kiacce | (akropa j;
D — mnoTHOCT omom3Hell Ha KapTe pailoHa KCcieaoBa-
Hud; Nj — KoInuecTBO Touek (MUKcenel) OmoJi3Hed B
Kkiacce dakropa i; N — obiee KOIHIECTBO TOUEK (MHKCE-
JIeil) omoN3HeH Ha KapTe paioHa WccienoBanus; Pj— ko-
JIMYIECTBO TOYeK (MuKceneit) B kimacce dakropa i; P — 00-
1ee KOJIMYecTBO TOUeK (THKCenei).

Nupexc omnonsHeBoi BocmpuumunBoct (LSI) mpu
3TOM IOZXOJe PACCUMTHIBACTCA IO CIEIYIOIIEMY ypaB-
Henuio (4):

LSI =Y W, 4)
rae LS| — unnexc omomsHeBo#t BocnpuumuuBocty; Wi —
suauenune Wysa kimacca dakropa i.

MeToa cTaTUCTUYECKOrO MHAEKCa

MeToz CTaTHCTHYECKOTO MHACKCA, MIIM METOI OTION3-
HEBOTO MHJIEKCa, ObLT BIIEpBBIC mpeoxeH Ban Becre-
uom (Van Westen) B [40] n nmpumeHsics BO MHOTHX HC-
CIEZIOBAHMAX ISl KAPTUPOBAHKS OTION3HEBON BOCTIPHUM-
unBoctd [29, 31, 41]. B pamkax paccMaTpuBaeMoro Mme-
TOZa 3HAYEHHE Beca Kaxuoro kimacca (tadm. 1) paccum-
TBIBACTCA II0 HATYPIBHOMY JIOTapUMy IUIOTHOCTH
OTION3HEH B KJacce, TEICHHOMY Ha OONIYI0 TIOTHOCTH
omos3Heit B paiione uccnenosanus (5) [40]:

Dy ,

We ==L =In (’:—xg) ©)
rae Djj— miotHocTs omomsHs B Kiacce i (axropa j; D —
IUIOTHOCTD OTIOJN3HA Ha KapTe paifona ucciaenoBanus; Ni—
KOJIMYECTBO TOYEK (TMKCENEei) Omon3HsI B Kiacce (akTo-
pa i; N — obree KoaM4ecTBO TOYEK (IMKCENIEH) OTOM3HS
Ha KapTe pailoHa ucclenoBaHus; Pj — KOIMYECTBO TOYEK
(mukceneit) B kmacce dakropa i; P — ofliee KoJIHIECTBO
Touek (TMKceNei) Ha KapTe paiioHa UCCIEI0BAHMSL.

Unpexc onomueBoit BocnpuumunBoctr (LSI) mpu
3TOM TIOJXOIE PACCUUTHIBACTCS 10 CIEHYIOMEMY ypaB-
Heuuio (6):

INEDN A (6)
rae LS| — wnnexc omon3ueBoit BoctpuumumnBocTd; Wi —
snagenne Ws) Kimacca axropa i.

KapTta nHBeHTapu3aumu ononsHemn

Kapra nHBEeHTapH3aIiy OMON3HEH—ITO KapTa, HA KO-
TOPO#t TIOKA3aHO PACTIPE/ICTICHHE CYIIECTBYIOMUX MPOSIB-
JeHuit omom3HeBbix mporeccos [23]. TIpu cocrapnenun
MHBEHTApH3aIMOHHBIX KapT omomskeit (LIM — Landslide
Inventory Mapping) BHUMaHHe (QOKYCHPYETCS Ha Ompe-
JENCHNN TPAHHULIBI OTON3HEH ¥ HTHOPUPYET 0COOCHHOCTH
omon3HeBbIX Jedopmanuii. LIM sBisercs BakHEHIINM
3IEMEHTOM B OIleHKe pucka omoisuei [42]. Hapsny ¢
H300paKeHHEM  MPOCTPAHCTBEHHOTO  pacmpeeneHus
OMoJ3Hell KapTa WHBEHTAPU3AMH OMON3HEH MOXKeET
BKJIOYATh JIPyTHe BHABI HHPOPMAINH, TaKWe KaK reo-
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METPUYECKHE XAPAKTEPUCTHKH OMOJ3HS (Pa3Mephl, ILIO-
Iajpb, TIyOnHa 3aXBaTa CKIOHOBOTO MAacCHBA OION3HE-
BBIMH JIepOpMAIUAME), OCOOCHHOCTH TEOJOTHIECKOTO
CTPOEHHS (JIUTOJIOTHUS, CTPYKTYpa, CBOWCTBA IPYHTOB) M
THAporeonornyeckux ycnosuii [43]. Metompl, npuMeHs-
€MBIC IIPH CO3JAHUHM KApThl MHBCHTAPH3AIMH OION3HEH,
MOJKHO pa3fieNiuTh Ha Tpu rpymmsl [43]:

®  METOJBI, OCHOBAHHBIC HA BI3YAIbHOH HHTEPIPETALIN;
¢  [I0JyaBTOMATHYECKUE METOIHI;

® ABTOMAaTHYECKHE METOABI, OCHOBAHHEIE HA ITyOOKOM

o0yueHnH.

[lpy BBHIMOTHEHNM HACTOSAIIMX Pa0OT KapTa WHBEHTA-
pU3aluK OMOJ3HEH ObUIa COCTABNEHA C UCTIONb30BAHUEM
Pe3yIbTaTOB TOJEBHIX HAOMIONCHWH M JAHHBIX TEMAaTH-
4ecKoi 00pabOTKN MaTEPHAIOB TUCTAHIIMOHHOTO 30HIH-
POBaHHSL.

B paifone uccnenoBaHus ObLIO BBIABICHO B 00IIEH
cnoxkHocTH 130 omon3HeH, Npy 3TOM HAaMMEHbIIAs TIO-
maab OIMOJ3HA cocTaBuma 395,6 MZ, a camas OosbLias
mromaznp ormoia3usa —70447,4 M. BONBIITMHCTBO OMOT3HeH
ObIIO 3auUKCHPOBaHO B KOMMYyHe UyHruail, B meHTpe
paiiona Illana, B xomMmyHax Jlaouaii, TaBaun u banxo. [lnsa
OLICHKH TMOTEHIHaNa PasBUTHS ONOJN3HEH MECTOIONOKe-
HHS CKJIOHOBBIX Je(hopMalnii ObUTH CIIy4ailHO pasjiere-
HEl Ha B¢ Tpymmsl: 70 % (91 MecTomomoXeHns omoms3-
Heif) ucrosb30BaIuCh Mt o0yueHus moxened, a 30 %
(39 MecromonoxeHuil onona3Hel) — [ IPOBEPKH JOCTO-
BEPHOCTH MOJIETEH.

®dakTopbl, BbI3bIBaOLME ONON3HU

PaspaboTka KapThl ONOJ3HEBOH BOCHPHHMYHBOCTH
3aBHCHUT OT CJIOKHOH B3aMMOCBS3M MEXTy 00pa3oBaHUs-
MU OTOJI3HEH U OTOI3HEBBIME TIPHUMHHBIME (AKTOPaMH.
[TepeMeHHBIC, KOTOpHIE CIMOCOOCTBOBANH COCTABICHHIO
KapT OTOJI3HEBOH BOCHIPUUMYMBOCTH, OBLTH BHIOpPAHBI Ha
OCHOBE 0030pa JIUTEpaTypsl U MOAPOOHBIX MOJEBBIX HC-
cnepoBannit [44].  XapaxtepucTikun TeoMopdonoriye-
CKHX ¥ OporpapuyecKux yCIOBHii, THIIBI CTPOCHHS BEpX-
He YacTH TreoNIOTMYECKOro pas3pesa, paccMaTpHBaeMble
7100 COBMECTHO, JTHOO Pa3ebHO, BUJBI 3EMIICTIONb30-
BAaHHUS M ONHMCAHME T'HIPONOTHYECKHX YCIOBHI (opmu-
PYIOT OCHOBHBIE TPYMIIBI BXOJHON HH(popMaluu, HE0O-
XOMUMOM 17 OLEHKH OIOJ3HEBOW BOCHPHUMYUBO-
cru [45].

B nacrosmeit pabote, MCX0oAd W3 UMEIOIIMXCS JAaH-
HBIX, OCOOEHHOCTEH OTONM3HEH M B3aMMOCBSA3H MEXIY
00pa3oBaHMEM CKIOHOBBIX AeopMaimii U (akTopamu,
BbI3BIBAIOIIMMY ONOJ3HH, U1 COCTAaBIEHHUS KapT OMOJ3-
HEBOM BOCIPUUMUMBOCTH U MOTEHIUAIBHOTO Pa3sBUTUS
OTON3HEH OBUTH BBHIOpAHB! IEBATH (PAKTOPOB, CBSI3AHHBIX
C OIOJ3HAMH, — BBICOTA HAJl YPOBHEM MOpS, PAacCTOSIHHE
JI0 IOpOT, KPYTH3HA CKIOHOB, PACCTOSHUE OT PA3IOMOB,
CPEIHEMECSYHOE KOIUUECTBO OCAAKOB, BEPTUKATIBHOE
pacuneHeHne penbeda, 3eMIIETIONb30BaHNe, THII KOpHI
BBIBETPUBAHUS, PACCTOSHUE 10 3PO3UOHHON ceTH. KapTsl
BBICOTBI HaJ YPOBHEM MOpS, KPYTH3HBI CKIIOHOB M BEPTH-
KaJIbHOTO paculieHeHns penbeda ObUIH COCTaBIEHHI ¢ UC-
nonp3oBanueM 1uQpoBoii Momenn penbepa (LUMP) c
paspewennem 10 M. PaccTosHue 0T pasnoMmoB, paccTos-
HHE 10 JOPOT U PAacCTOSHUE 10 SPO3MOHHON CeTH ObLIH
OIICHEHBI C TIOMOIIBI0 HHCTpyMeHTa EBKimnoBo paccro-
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saune B ArcGIS. Kapra cpennemecsyHoro KkomuuecTsa
0CaIKoB OblIa COCTABIEHA MyTeM HHTEPIIOSAIIH JAHHBIX
0 KOJIMYECTBE OCATKOB C METEOPONIOTUYECKHX CTAHIUH B
npoBuHIEY Jlaokaid. OcTalbHbIe TaHHBIE OBLTH COOpPAHBI
B MHCTUTYTE reonornyeckux Hayk BreTHamckoil akane-
MuM Hayk W TexHonorud. Ilocie 3Toro kaptel ObuIH
TpaHCHOPMHUPOBAHBI B PACTPOBBIN HOpMAT € TEM Xke pas-
MepoM Tmkcenei (paspemenne 10x10 M) mmsa pacuera
BECOB KIIACCOB ¥ (DAKTOPOB M CO3TAHUS KapT ONOI3HEBOI
BOCIIPHUMYHBOCTH (puc. 3).

Banupauua mogenu

[Tocne MOATOTOBKH KapT OMON3HEBOW BOCIPHUMUUBO-
CTH U TIOTEHIHAIBHOTO Pa3BUTHS OMON3HEH KpailHe Baxk-
HO OICHHTH JOCTOBEPHOCTH PE3yJIBTATOB, IOMYYCHHBIX
no TpéM MoJensAM. JTa 3ajauya BBINOJHSAECTC MyTeM
CPaBHEHHUS 3THX KapT ¢ KAPTOM MHBEHTAPU3AIUH OTOJN3-
ueit. C momomnipio Meroma ROC [46] TouHocTs monydeH-
HBIX KapT OIlEHMBAJIach 1o Tuiommany non kpusoit (AUC)
paboueii xapakrepuctukn npuemunka (ROC). Jlng nan-
HOro Habopa MOPOTOBBIX MK MpPEEIbHBIX 3HAUCHHIA
kpuBas ROC oToOpaskaeT MO0 BEpHBIX NOIOKHTEb-
HeIx pesynbratoB (TPR — True Positive Rate), ykaseiBa-
TOIIYIO, UTO KJIAcCH(UKATOP NPABUIBHO ONpPEHEIIET Me-
CTO OTOJI3HEH, W OO0 JIOKHO TIOJOXKHUTEIBHBIX Pe3yIb-
tatoB (FPR — False Positive Rate), ykaspiBaromtyto, 4to
OTIOJI3HU UICHTH(UIMPYIOTCS B MECTaX, TIe OHH HE CY-
mectByioT. UysBcTBUTENBHOCTE (Se — Sensitivity) u cre-
muduaHocTs (Sp — Specificity) obo3nauatorcs TPR u
1-FPR, cootBercrenno [47]. 3uauenus AUC i xpu-
BBIX TMPOLECHTA yClieXa M TMPOLEHTA MPOTHO3MPOBAHHUS
ObUTH paccunTaHbl ¢ wHcroib3oBaHueM 70 % (maHHBIE
obyuenns) u 30 % (IaHHBIE IPOBEPKH) TAHHBIX OT OOIIe-
0 KOJTMYECTBA JAHHBIX 110 OTION3HIM COOTBETCTBEHHO.

PeSyanaTbI uccnegoBsaHusa u chyx(neHMe

B Hacrosmieii pabote Oblia MpoaHATM3UPOBAHA B3aHU-
MOCBSI3b MeXIy (hakTOpaMH, BHI3BIBAIONIMMHE OTIOJN3HH, U
(aKTHUECKUM BO3HUKHOBEHHEM OIOJI3HEH B paiioHe Mpo-
BOJMMEIX HccIenoBaHni. COOTHOIMEHHS YaCTOTHOCTEH 1
3HAYCHHS Beca OBUIM OMPENENCHBl C HCIONb30BAHHEM
mozxeneit FR, LSA u SI, coorerctenHo (tabdun. 1). s
paccMmarpuBaeMoit Tepputopuu 3HadenHus LSI mpu mon-
TOTOBKE KapT MHJEKCAa OIMOJ3HEBOW BOCHIPUUMYHBOCTH
ObLTH paccuMTaHbl 1Mo ypasueHusM (2), (4) u (6). 3uaye-
Hus LSI BapeupoBanum ot 11,3 10 98,9 (FR), ot —15,2 1o
34,9 (LSA) u ot -58,7 no 19,4 (SI). Ilocne atoro Osumn
TONYYEHbl KapThl OTEHIMANBHOTO PA3BUTHS OTON3HEH
Ha ocHOBe 3HayeHmd LSI ¢ wucmonp3oBaHueM MeETOAa
KIaccuuKanuy ectecTBeHHBIX rpanul B ArcGIS. Paiion
uccrne0BaHus ObLT pa3jieNieH Ha MATh 30H MO NOTEHIHa-
Ty pa3BUTHS OTON3HEH: OUCHb HU3Kas, HU3KAs, CPEeIHIS,
BBICOKAS M OYEHB BBICOKAS.

Pesynbrar amanmza FR mokasan, 4to 30HBI ¢ O4YeHb
HU3KMM, HH3KUM, CPEIHHM, BBICOKMM H OYCHb BBICO-
KUM MOTCHIMANIOM PAa3BUTUSA  OTON3HEH COCTABISIOT:
21,02; 22,26; 20,39; 16,36 u 19,97 % niomaan u3ydeH-
HOW TEpPUTOPHH, COOTBETCTBEHHO. B pesyibrare aHamu-
3a LSA onenka nmokasana, yro 25,01; 20,95; 17,16; 19,52
u 17,37 % nnomaau paiioHa uccneaoBaHus HAXOAUTCS B
30HaX OYeHb HU3KOTO, HU3KOTO, CPEJHETO, BBICOKOTO U



V13BecTust TOMCKOrO NONUTEXHUYECKOTO YHUBEpCUTETa. HXMHMPKHI reopecypcos. 2022. T. 333. Ne 4. 126-140
3bloHr BaH BuHb 1 ap. MpumeHeHre cTaTucTieckux MeToaos Ha ocHoBe MAC ans oLeHKW NoTeHUMarnbHOMo pa3BuTHS OMON3HEN ...

OUYEHb BBICOKOTO MOTEHIMANA Pa3BUTUs OMON3HEH, COOT-
BerctBeHHO. [lo pesynpraram anammza SI 30HBI OYeHB
HU3KOTO, HU3KOTO, CPETHEr0, BEICOKOTO W OYCHb BEICOKO-

rO TIOTCHIMANA PAa3BUTHS OMON3HEH cocTapisoT: 19,26;
18,54; 24,14; 19,33 u 18,73 % momanua TeppuTo-
pun pabor (tabu. 2).
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Puc. 3. Kapmul ¢hakmopos: a) svicomel Hao yposhem mops, b) paccmosnus 0o dopoe; c) Kpymusnuvl CKIOH08; d) paccmosanus
Om pasnomos, e) Koauuecmea ocadkos; f) eepmukaibHo2o pacunenenusi peivea, g) 3emaenoavzosanus; h) muna
KOp 8bl8emMpUBaAnsl; i) paccmosanus 00 IPO3UOHHOU cemu

Fig. 3. Maps of factors: a) elevation; b)distance to roads; c) slope; d) distance to faults; e) precipitation; f) relative relief;
g) land use; h) crust weathering; i) distance to drainage
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Tabnuya 1. Ananus ceasu mexcoy axmopamu, 6bl3bl8aAUUMU ONON3HU, U paACHpedeneHueM ONOa3Hell ¢ UCNONb308AHUEM

mooeneu FR, LSA u ST

Table 1. Analysis of the relation between landslide causative factors and landslide distribution using FR, LSA, and SI
models
Iomaab
®dakrop Knacc KJlacca TUTOTUA/IB OTIOT3HA
Factor Class class area landslide area FR Wisa Wi
%
<800 9,69 31,03 3,2 2,45 1,16
800-1100 13,19 30,92 2,34 15 0,85
BricoTta Hag ypoBHEM MoOpsi, M 1100-1400 22,43 11,86 0,53 -0,52 -0,64
Elevation, m 1400-1700 23,83 15,45 0,65 -0,39 -0,43
1700-2000 16,61 10,47 0,63 -0,41 —-0,46
>2000 14,26 0,27 0,02 -1,09 -3,98
0-200 30,78 74,23 2,41 1,57 0,88
200-400 14,33 7,3 0,51 -0,55 -0,67
Paccrosinue 10 nopor, M 400-600 9,04 1,78 0,2 -0,89 -1,62
Distance to roads, m 600-800 6,52 2,77 0,42 —0,64 —0,86
800-1000 4,95 1,13 0,23 0,86 -1,48
> 1000 34,38 12,79 0,37 -0,7 -0,99
0-10 4,41 11,29 2,56 1,73 0,94
10-20 14,34 15,61 1,09 0,1 0,09
Kpyru3Ha CKIIOHOB, Ipal. 20-30 29,01 25,39 0,88 -0,14 -0,13
Slope, deg. 30-40 33,37 29,83 0,89 -0,12 -0,11
40-48 13,19 11,6 0,88 -0,13 -0,13
>48 5,69 6,28 1,1 0,12 0,1
0-1000 32,12 52,8 1,64 0,72 0,5
1000-2000 20,72 8,88 0,43 -0,64 -0,85
Paccrosinre oT pa3ioMoB, M 2000-3500 17,45 9,72 0,56 -0,49 -0,58
Distance to faults, m 3500-5000 12,12 12,67 1,05 0,05 0,04
5000-7000 11,91 8,47 0,71 -0,32 -0,34
>7000 5,68 7,45 1,31 0,35 0,27
240-280 11,94 8,6 0,72 -0,31 -0,33
280-320 16,51 7,94 0,48 -0,58 -0,73
CpeaHeMecs uHOe KOJIMYECTBO OCAKOB, MM 320-360 15,25 20,57 1,35 0,39 0,3
Average monthly precipitation, mm 360-400 24,88 31,75 1,28 0,31 0,24
400-440 16,16 18,13 1,12 0,14 0,12
440-500 15,27 13,01 0,85 -0,16 -0,16
<340 9,80 18,26 1,86 0,96 0,62
340-430 19,81 20,87 1,05 0,06 0,05
BepruKaibHOe pacuieHenue penbeda, M/xm? 430-520 28,93 37,61 13 0,33 0,26
Relative relief, m/km? 520-610 22,26 15,6 0,7 -0,33 -0,36
610-700 12,88 3,38 0,26 -0,82 -1,34
700-990 6,31 4,28 0,68 -0,36 -0,39
Boma/Water 0,24 0 0 -1,11 —2,89
Jlec/Forest 80,72 59,9 0,74 -0,29 -0,3
Tpasa/Grass 0,12 0,2 1,67 0,7 0,49
Cem,cxo_e XO3SICTBO 8.44 5,28 0,63 042 047
Agriculture
3eMIIerob30BaHNe
Land use Kycraprmi 7,73 24,46 3,16 2,41 1,15
Shrub
[Tnomanp 3acTpoiiku
Build area 2,7 10,16 3,76 3,07 1,33
Tonas sems 0,05 0 o | 11 | 12
Bare land
Canposnur Saprolite 2,6 0 0 -1,11 -5,28
Cuanurt/Sialite 8,26 2,42 0,29 -0,79 -1,23
Kopa BriBeTpHBanus Cuandepur
Weathering crust Siahgériﬁe 62,62 86,87 139 043 0,33
depocuanut
Ferosialite 26,52 10,71 0,4 -0,66 -0,91
0-200 28,02 50,7 1,81 0,9 0,59
200-400 22,99 24,59 1,07 0,08 0,07
Paccrostaus 10 9pO3HOHHOI CeTH, M 400-600 19,11 14,87 0,78 -0,25 -0,25
Distance to drainage, m 600-800 14,32 5,67 0,4 —0,67 -0,93
800-1100 11,84 2,85 0,24 -0,85 -1,43
>1100 3,73 1,33 0,36 -0,72 -1,03
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Fig. 4. Landslide susceptibility map (a), landslide potential map (b) using Frequency ratio method
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Fig. 5. Landslide susceptibility map (a), landslide potential map (b) using Landslide susceptibility analysis method
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Fig. 6. Landslide susceptibility map (a), landslide potential map (b) using Statistical index method

Ta6ftuua 2. Cmamucmuka pacnpeaeﬂeyuﬂ 0noJI3Hell o KIAccam NOMEHYUANIbHO2O PpA36UMUL ononsuell

Table2.  Statistics of landslide distribution in landslide potential classes
Merop Ouenp Hu3Kast | Huskas Cpenusist Beicokas OueHb BBICOKAs
Method Krace/Class Very low Low Moderate High Very high
TTInomans kinacca/Class area, % 21,02 22,26 20,39 16,36 19,97
OO0y4enue
FR [nowaas Onos3Hs Training 3.17 3,78 13,47 13,02 66,56
i 0,
Landslide area, % Iposepxa 0 5,80 1057 10,39 73.24
Testing
TTnomans kinacca/Class area, % 25,01 20,95 17,16 19,52 17,37
Oo6yuenune
LSA Tlnomans onon3Hs Training 2,98 9.07 6,20 1347 68.28
i 0,
Landslide area, % Iposepxa 412 5,72 1,82 17,46 70.87
Testing
TInomans xknacca/Class area, % 19,26 18,54 24,14 19,33 18,73
Oo6yuenune
SI Tlnomans onon3Hs Training 0,48 3,36 1549 1343 67.23
Landslide area, % TIpoBepka
Testing 0 3,06 11,88 12,83 72,22

30HBI C BBICOKHM H OYCHb BBICOKHM ITIOTCHIIMATIOM
pa3BUTHA OMNON3HEH, ompeaeneHHele Merogamu FR m
LSA, B ocHOBHOM pacnpefeneHsl B kKoMMyHax UyHryaii,
Xayrxao, 1. lllana, Jlaouai, Illynan, Txanb(y, Ha ceBepe
koMMyH banxo u Hammail. CeBepHble U 10)KHBIE PaHOHBI
UCCIIEIOBAHMS ABIAIOTCSA 30HAMU ¢ HU3KMM M OUCHb HH3-
KMM TOTEHIMAIOM pa3BUTHS omoi3Hed. CoriacHo oneH-
Ke 1o Metoay SI, B mpesenax TeppuTopur padboT HalIko-
JIA€TCsl YBEMMYECHUE 30H BBICOKOTO U OYEHb BBICOKOTO T10-
TEHI[MAa Pa3BUTHS ONON3HEH. 30HBI HU3KOTO M OYEHb
HH3KOTO MOTEHIMANa Pa3BUTHS OMOJ3HEH pAaclONOKEeHbI
B KoMMyHax TaszsHr¢unb, banxoanr, Taan, llana n Ha
10ro-3amaje paiioHa uccnegaoBanus. JJoCTOBEPHOCTh MO-
Jeneit s JaHHbIX 00ydenus cocrasnser: 74,60 % (FR),
70,82 % (LSA) u 76,36 % (SI). IIporieHT mporHo3upoBa-
HUsL MOJIeNel Ansl JaHHBIX TIpoBepku coctasiser: 77,01 %
(FR), 74,36 % (LSA) u 78,11 % (SI). Heobxoaumo oTme-
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THUTH, UTO JUIA BCEX HCIIOJIb30BAaHHBIX MOZ[CHQﬁ 6I)I.Ha Io-
Jy4eHa JOCTATOYHO BBHICOKAs BEIMYMHA JOCTOBEPHOCTH
pe3yJbTaroB, npesbimakonas 75 %. Bmecre ¢ tem 3Ha-
gyenne AUC mokazano, uro meton SI gaér mydmyro To4-
HOCTH U1 KapTI/IpOBaHI/IH OHOJI3H€BOI71 BOCHpI/II/IM‘H/IBOCTI/I
U TIOTEHIIMAlla pa3BUTHS OMOJ3HEN B paloHEe MCCIIEN0Ba-
HUSL.

Teppuropuu pacpocTpaneHus (30HbI PACTIPEICTICHS )
KOp BBIBETPUBAHMA cHal(epuTa U (epocHaTnTa UMEIT
BBICOKHH M OUEHb BBICOKHI1 MOTEHIMAN PA3BUTHS OTON3-
Heil. Onos3HY Yale BCTPEYaloTCs B CENbCKOXO03ACTBEH-
HBIX palioHax ¥ XWIBIX paiioHax. Kpome Toro, pa3surue
JIOPOXKHOM CETH B paifoHe WCCIEOBAHUS TPUBOIUT K
yBeHI/IquI/IIO NOoTCHIMAJIa UX pa3131/1m51. CoquaHHe 3CM-
JITHBIX pa0OT Ha CKJIOHAX U OOJBIIOT0 KOJNMYECTBA OCAI-
KOB yBeJ’II/I‘II/IBaeT OINIACHOCTH BO3HUKHOBCHHUA OIIOJI3HA HA
paccMaTprBaeMon TEPPUTOPHH.
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Puc. 7. I pagux, unnrocmpupyrowuii docmogeprocms (a) u npoerosupogarue (b) mooeneii FR, LSA u SI no ROC
Fig. 7. Success (a) and prediction (b) curve of FR, LSA and SI models by ROC curve

3aknroyeHue

OLeHKa OIOI3HEBOM OMIACHOCTH SABIIAETCS BaKHEHIIINM
KOMIIOHEHTOM HAI[MOHAJBHOM CTpaTeruu IMpenoTBpalie-
HUS U YMEHBLICHNUS MOCTEICTBUM CTUXUIHBIX OeICTBHI BO
Brername. PaiionmpoBanue TeppuTOpuE 1O TOTEHIUALY
Pa3BUTHS OINOJ3HEBOTO MpoLecca ABJIAETCS OCHOBOW I
OIICHKH OTOJI3HEBOW OMACHOCTH CBSI3aHHBIX C 3THM PHCKOB
U TIPOEKTUPOBAHMS CHUCTEM PAHHETO MPEXYNPEKACHHUS.
Hcxons w3 3Toii njen, ObUT BBITIONHEH aHATU3 TIOTEHIHANA
Pa3BUTHS ONON3HEBOro mpolecca B paifone [llama, Ha ce-
Bepo-3anaze BreTHama. [Ind cocTaBneHHs KapT OMON3HE-
BOU BOCTIpUMMYHUBOCTA W KapT MNOTCHUHAIA Pa3BUTUA
OTIOJI3HEH OBUTH MCTONB30BAHBl TPU CTATHCTHYECKHE MO-
nemu (Ha ocHoBe ['MIC), m03BONMMBIIKE OTPEAETUT 3HAUH-
MOCTh KaXIOro Mapamerpa, BIMAIOIIEr0 Ha pa3BUTHE
OTOJI3HEBBIX MPOLECCOB. B nanpHEWIeM OLEHKa BOCIPHU-
MMYHMBOCTH U NOTEHIMANa Pa3BUTUS ONON3HEH Oblia mpo-
V3BEJICHA TyTEM arperupoBaHus pe3yJbTara aHallu3a Bbl-
OpaHHBIX (PaKTOPOB C WCIIONB30BAHMEM IPOCTPAHCTBEH-
HbIX AHAIUTHYECKUX YpaBHEHWd. PalloH wmccnemoBanus

CMUCOK NUTEPATYPbI

1. Tiranti D., Cremonini R. Editorial: landslide hazard in a changing
environment // Frontiers in Earth Science. — 2019. — V. 7. - Iss. 3.
URL: https://doi.org/10.3389/feart.2019.00003 (nata obpaeHus
15.02.2022).

2. Mandal S., Mondal S. Statistical approaches for landslide
susceptibility assessment and prediction. — Switzerland: Springer
International Publishing, 2019. — 200 p.

3. Landslide susceptibility mapping based on the combination of
bivariate statistics and modified analytic hierarchy process
methods: a case study of Tinh Tuc Town, Nguyen Binh District,
Cao Bang Province, Vietnam / N.T. Kien, T.V. Tran, V.T.H. Lien,
P.LH. Linh, N.Q. Thanh // Journal of Disaster Researslide — 2021. — V. 16.
— Iss. 4. — P. 521-528. URL: https://doi.org/10.20965/jdr.2021.p0521
(mara obpamenus 15.02.2022).

4. The human cost of global warming: deadly landslides and their
triggers (1995-2014) / U. Haque, P.F. da Silva, G. Devoli, J. Pilz,
B. Zhao, A. Khaloua, W. Wilopo, P. Andersen, P. Lu, J. Lee,
T. Yamamoto, D. Keellings, J.-H. Wu, G.E. Glass // Science of
The Total Environment. — 2019. — V. 682. — P. 673-684. URL:
https://doi.org/10.1016/j.scitotenv.2019.03.415 (mata oGpaierus
15.02.2022).

ObLT pa3zeneH Ha IATH 30H IO CTENCHH MOTEHIHAIBEHOTO
Pa3BUTHS OTON3HEH: OUeHb HU3KAS, HU3KAs, CPEIHss, BBI-
COKas ¥ 0YEHB BBICOKAs. JJOCTOBEPHOCTH MOMYIEHHBIX MO-
neneit Obuta onenena ¢ mpumeHenueM AUC ROC (mo-
[aJb MOA KpHBOIl OMMOOK) aHAmM3a, KOTOPBIA MOKa3al
BBICOKYIO PE3YJbTaTHBHOCTh BCEX TPEX HCIOIB3YEMBIX
MOJIeJIeH, TIpH ATOM HamOoJiee TOYHBIC PE3YNIbTATHI OBLTH
noy4eHsl ¢ Tomornpto SI Mopenu. Pesynbrarer mpose-
JICHHBIX ~WCCIIEIOBAHUM KpaiiHe BaXHBl JUIS  OLCHKH
OTOJI3HEBOH ONMACHOCTH M PHUCKOB, IIAHUPOBAHHS YCTOIi-
YHBOTO 3EMJICTIONG30BAHMSA W YMEHBIICHHS ymepba OT
OTOJ3HEH Ha paccMarprBaeMod Tepputopud. bnaromaps
BBICOKOI MPOM3BOJUTEILHOCTH HCIOIB30BAHHBIE MOJEIH
MOTYT OBITH NPUMCHEHBI JJId OLCHKHW TMOTCHIKAIa pa3BU-
THs OTOJ3HEN B pa3IU4HbIX pErMoHax BrerHama.

Hccnedosanue npogunancuposano Hncmumymom 2eonozu-
yeckux Hayk BvemHamckoll akademuu HAyK u mexHoio2utl 8
PAMKAX — HAYUOHATLHO20 — HAYYHO-MEXHUYECKO20 — NpoeKkmd,
epanm Ne DTDL.CN-81/21.

5. Froude M.J., Petley D.N. Global fatal landslide occurrence 2004 to
2016 // Natural Hazards and Earth System Sciences. — 2018. —
V.18, — Iss. 8. — P. 2161-2181. URL: https://doi.org/10.5194/
nhess-18-2161-2018 (nata obpamenus 15.02.2022).

6. Spatial prediction of rainfall-induced landslides for the Lao Cali
area (Vietnam) using a hybrid intelligent approach of least squares
support vector machines inference model and artificial bee colony
optimization / D. Tien Bui, T.A. Tuan, N.-D. Hoang, N.Q. Thanh,
D.B. Nguyen, N. Van Liem, B. Pradhan // Landslides. — 2017. —
V.14, — Iss. 2. — P. 447-458. URL: https://doi.org/10.1007/
$10346-016-0711-9 (nara obpamenus 15.02.2022).

7. Le T. Kawagoe S. Impact of the landslide for a relationship
between rainfall condition and land cover in North Vietnam //
Journal of Geological Resource and Engineering. — 2018. — V. 6. -
P. 239-250. URL: https://doi.org/10.17265/2328-2193/2018.06.002
(mata oOpamenus 15.02.2022).

8. Rainfall-induced catastrophic landslide in Quang Tri Province: the
deadliest single landslide event in Vietnam in 2020 / P. Van Tien,
L.H. Luong, D.M. Duc, P.T. Trinh, D.T. Quynh, N.C. Lan,
D.T. Thuy, N.Q. Phi, T.Q. Cuong, K. Dang, D.H. Loi // Landslides. —
2021. — V. 18. — Iss. 6. — P. 2323-2327. URL: https://doi.org/
10.1007/510346-021-01664-y (naraobpamerus 15.02.2022).

135


https://doi.org/10.3389/feart.2019.00003
https://doi.org/10.20965/jdr.2021.p0521
https://doi.org/10.1016/j.scitotenv.2019.03.415
https://doi.org/10.17265/2328-2193/2018.06.002

V13BecTnst TOMCKOrO NONUTEXHUYECKOrO YHUBEpCUTETa. MHXMHMPKHI reopecypcos. 2022. T. 333. Ne 4. 126-140
3bloHr BaH Butb 1 ap. MpumeHeHre cTatucTuieckux MeTogos Ha ocHose [MAC ans oLeHKM NoTeHUMarnbHOMo pa3BuTHS OMON3HEN ...

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Physical and anthropogenic factors related to landslide activity in
the Northern Peloponnese, Greece / H.D. Skilodimou,
G.D. Bathrellos, E. Koskeridou, K. Soukis, D. Rozos // Land. —
2018. — V. 7. — Iss. 3. URL: https://doi.org/10.3390/land7030085
(nara obpamenns 15.02.2022).

Shano L., Raghuvanshi T.K., Meten M. Landslide susceptibility
evaluation and hazard zonation techniques—a review // Geoenvironmental
Disasters. — 2020. — V. 7. — Iss. 1. URL: https://doi.org/10.1186/s40677-
020-00152-0 (nara obparmerus 15.02.2022).

Probabilistic landslide hazard assessment at the basin scale /
F. Guzzetti, P. Reichenbach, M. Cardinali, M. Galli, F. Ardizzone //
Geomorphology. — 2005. — V. 72. — Iss. 1. — P. 272-299. URL:
https://doi.org/10.1016/j.geomorph.2005.06.002 (nata obpareHus
15.02.2022).

A review of statistically-based landslide susceptibility models /
P. Reichenbach, M. Rossi, B.D. Malamud, M. Mihir, F. Guzzetti //
Earth-Science Reviews. — 2018. — V. 180. — P. 60-91. URL:
https://doi.org/10.1016/j.earscirev.2018.03.001 (mara obpamieHust
15.02.2022).

Guidelines for landslide susceptibility, hazard and risk zoning for
land use planning / R. Fell, J. Corominas, C. Bonnard, L. Cascini,
E. Leroi, W. Z. Savage // Engineering Geology. — 2008. - V. 102. —
Iss. 3. — P. 85-98. URL: https://doi.org/10.1016/j.enggeo.
2008.03.022 (nata obpamenus 15.02.2022).

McColl S.T. Chapter 2. Landslide causes and triggers // Landslide
hazards, risks and disasters / Eds. J.F. Shroder, T. Davies. —
Boston:  Academic Press, 2015. - P. 17-42. URL:
https://doi.org/10.1016/B978-0-12-396452-6.00002-1 (mata 00-
pamenus 15.02.2022).

Nefeslioglu H.A., Duman T.Y., Durmaz S. Landslide
susceptibility mapping for a part of tectonic Kelkit Valley (Eastern
Black Sea region of Turkey) // Geomorphology. — 2008. — V. 94. —
Iss. 3. — P. 401-418. URL: https://doi.org/10.1016/j.geomorph.
2006.10.036 (nara obpamenns 15.02.2022).

GIS-based landslide susceptibility mapping for land use planning
and risk assessment / A. Roccati, G. Paliaga, F. Luino, F. Faccini,
L. Turconi // Land. — 2021. — V. 10. — Iss. 2. URL: https://
doi.org/10.3390/land10020162 (nata obpawenus 15.02.2022).
Van Westen C.J., Van Asch T.W.J., Soeters R. Landslide hazard
and risk zonation — why s it still so difficult? / Bulletin of
engineering geology and the environment. — 2006. — V. 65. — Iss. 2. —
P. 167-184. URL: https://doi.org/10.1007/s10064-005-0023-0 (xa-
Ta obpamenns 15.02.2022).

Developing a landslide susceptibility map using the analytic
hierarchical process in Ta Van and Hau Thao Communes, Sapa,
Vietnam / T.T.T. Le, T.V. Tran, V.H. Hoang, V.T. Bui, T.K.T. Bui,
H.P. Nguyen // Journal of Disaster Researslide — 2021. - V. 16. —
Iss. 4. — P. 529-538. URL.: https://doi.org/10.20965/jdr.2021.p0529
(mara obpamenus 15.02.2022).

GIS based frequency ratio method for landslide susceptibility
mapping at Da Lat City, Lam Dong province, Vietnam /
D.Q. Thanh, D.H. Nguyen, I. Prakash, A. Jaafari, V.T. Nguyen,
T.V. Phong, B.T. Pham // Vietnam Journal of Earth Sciences. —
2020. - V. 42. - Iss. 1. — P. 55-66. URL.: https://doi.org/10.15625/
0866-7187/42/1/14758 (nata obpamenus 15.02.2022).

Landslide susceptibility modeling using different artificial
intelligence methods: a case study at Muong Lay district, Vietnam /
T.V. Phong, T.T. Phan, I. Prakash, S.K Singh., A. Shirzadi,
K. Chapi, H.-B. Ly, L.S. Ho, N.K. Quoc, B.T. Pham // Geocarto
International. — 2021. — V. 36. — Iss. 15. — P. 1685-1708. URL:
https://doi.org/10.1080/10106049.2019.1665715 (nata oGpammeHs
15.02.2022).

PernonansHast OIICHKa OTIOJI3HEBOM OMACHOCTH MOHI/I(I)HHHpOBaH—
HBIM MCTOJOM aHaJIn3a Hepapxnﬁ B FeOHH(lJOpMaHHOHHOﬁ CHUCTC-
Me (Ha npumepe paitona Illana nposunimu Jlaokait Bretnama) /
B.B. 3s10mr, N.K. ®omenko, X.JI. By, T.X. Hryen, O.H. Cupotkina
// Nmxenepras reonorus. — 2021, — T. XVL. - Ne 2. - C. 6-20. URL:
https://doi.org/10.25296/1993-5056-2021-16-2-6-20 (nata obpa-
wenus 15.02.2022).

Spatial prediction of landslides along National Highway-6, Hoa
Binh province, Vietnam using novel hybrid models / H.T. Hang,
H. Tung, P.D. Hoa, N.V. Phuong, T.V. Phong, R. Costache,
H.D. Nguyen, M. Amiri, H.-A. Le, H.V. Le, |. Prakash, B.T. Pham //
Geocarto International. — 2021. URL: https://doi.org/10.1080/
10106049.2021.1912195 (nara obpamenus 15.02.2022).

136

23.

24,

25,

26.

21.

28.

29.

30.

3L

32.

33.

Landslide hazard evaluation: a review of current techniques and
their application in a multi-scale study, Central Italy / F. Guzzetti,
A. Carrara, M. Cardinali, P. Reichenbach // Geomorphology. —
1999. — V. 31. — I. 1. — P. 181-216. URL: https://doi.org/10.1016/
S0169-555X(99)00078-1 (nata obpawenus 15.02.2022).

Gaidzik K., Ramirez-Herrera M.T. The importance of input data
on landslide susceptibility mapping // Scientific Reports. — 2021. —
V. 11. - Iss. 1. URL: https://doi.org/10.1038/s41598-021-98830-y
(mata obpamenus 15.02.2022).

Mersha T., Meten M.GIS-based landslide susceptibility mapping
and assessment using bivariate statistical methods in Simada area,
northwestern Ethiopia // Geoenvironmental Disasters. — 2020. —
V. 7. — Iss. 1. URL: https://doi.org/10.1186/s40677-020-00155-x
(mata obpamenus 15.02.2022).

A GIS-based comparative study of frequency ratio, analytical
hierarchy process, bivariate statistics and logistics regression
methods for landslide susceptibility mapping in Trabzon, NE
Turkey / A. Yalcin, S. Reis, A.C. Aydinoglu, T. Yomralioglu //
CATENA. - 2011. - V. 85. — I. 3. — P. 274-287. URL: https://
doi.org/10.1016/j.catena.2011.01.014 (nata oGpamerns 15.02.2022).
[lennun B.B., ®omenko M.K. Metononorus oneHku U mporHosa
onon3HeBoi omacHoct. — M.: IEHAHZ, 2015. — 320 c.
Assessment of landslide susceptibility using statistical- and
artificial intelligence-based FR-RF integrated model and
multiresolution DEMs / A. Arabameri, B. Pradhan, K. Rezaei,
C.-W. Lee // Remote Sensing. — 2019. — V. 11. — Iss. 9. URL:
https://doi.org/10.3390/rs11090999 (nara oGpamenus 15.02.2022).
Berhane G., Tadesse K. Landslide susceptibility zonation mapping
using statistical index and landslide susceptibility analysis
methods: a case study from Gindeberet district, Oromia Regional
State, Central Ethiopia // Journal of African Earth Sciences. —
2021. - V. 180. URL.: https://doi.org/10.1016/j.jafrearsci.2021.104240
(mata obpamenns 15.02.2022).

Landslides susceptibility assessment based on GIS statistical
bivariate analysis in the hills surrounding a metropolitan area /
P. Sestras, S. Bilasco, S. Rosca, S. Nag, M.V. Bondrea, R. Galgau,
I. Veres, T. Silagean, V. Spalevi¢c, S.M. Cimpeanu //
Sustainability. — 2019. — V. 11. - Iss. 5. URL: https://doi.org/
10.3390/5u11051362 (nata obpamenus 15.02.2022).

Landslides hazard mapping in Rwanda using bivariate statistical
index method / L. Nahayo, C. Mupenzi, G. Habiyaremye,
E. Kalisa, M. Udahogora, V. Nzabarinda, L. Li // Environmental
Engineering Science. — 2019. - V. 36. — Iss. 8. — P. 892-902. URL:
https://doi.org/10.1089/ees.2018.0493 (nara obpammenns 15.02.2022).
Landslide susceptibility zonation mapping using bivariate
statistical frequency ratio method and GIS: a case study in part of
SH 37 Ghat Road, Nadugani, Panthalur Taluk, The Nilgiris /
S.E. Saranaathan, S. Mani, V. Ramesh, S.P. Venkatesh // Journal
of the Indian Society of Remote Sensing. — 2021. — V. 49. —Iss. 2. —
P. 275-291. URL: http://dx.doi.org/10.1007/s12524-020-01207-3
(mata obpamenns 15.02.2022).

Naranjo J., Westen C.J., Soeters R. Evaluating the use of training
areas in bivariate statistical landslide hazard analysis — a case
study in Colombia // ITC Journal. — 1994, — Iss. 3. — P. 292-300.
URL: https://filetransfer.itc.nl/pub/westen/PDF_files/1994%
201TC%20Journal%20Naranjo%z20et%20al.pdf (zata obpamenns
15.02.2022).

34.Developing recognition and simple mapping by UAV/SfM for local

35.

36.

resident in mountainous area in Vietnam —a case study in Po Xi
Ngai Community, Laocai Province / N.K. Thanh, T. Miyagi,
S. Isurugi, D. van Tien, L.H. Luong, D.N. Ha / Understanding and
reducing landslide disaster risk. V. 2. From mapping to hazard and
risk zonation / Eds. F. Guzzetti, A.S. Mihali¢ et al. WLF 2020. —
Cham: Springer International Publ., 2021. — P. 103-109. URL:
https://doi.org/10.1007/978-3-030-60227-7_10 (mata oGpareHns
15.02.2022).

Modelling and mapping natural hazard regulating ecosystem
services in Sapa, Lao Cai province, Vietnam / K.B. Dang,
B. Burkhard, F. Miller, V.B. Dang // Paddy and Water
Environment. — 2018. — V. 16. — Iss. 4. — P. 767-781. URL:
https://doi.org/10.1007/s10333-018-0667-6  (mata  oOpareHns
15.02.2022).

Lee S., Pradhan B.Probabilistic landslide hazards and risk
mapping on Penang Island, Malaysia // Journal of Earth System
Science. — 2006. — V. 115, — Iss. 6. — P. 661-672. URL:


https://doi.org/10.3390/land7030085
https://doi.org/10.1186/s40677-020-00152-0
https://doi.org/10.1186/s40677-020-00152-0
https://doi.org/10.1016/j.geomorph.2005.06.002
https://doi.org/10.1016/j.earscirev.2018.03.001
https://doi.org/10.1016/B978-0-12-396452-6.00002-1
https://doi.org/10.1007/s10064-005-0023-0
https://doi.org/10.20965/jdr.2021.p0529
https://doi.org/10.1080/10106049.2019.1665715
https://doi.org/10.25296/1993-5056-2021-16-2-6-20
https://doi.org/10.1038/s41598-021-98830-y
https://doi.org/10.1186/s40677-020-00155-x
https://doi.org/10.3390/rs11090999
https://doi.org/10.1016/j.jafrearsci.2021.104240
https://doi.org/10.1089/ees.2018.0493
http://dx.doi.org/10.1007/s12524-020-01207-3
https://doi.org/10.1007/978-3-030-60227-7_10
https://doi.org/10.1007/s10333-018-0667-6

V13BecTust TOMCKOrO NONUTEXHUYECKOTO YHUBEpCUTETa. HXMHMPKHI reopecypcos. 2022. T. 333. Ne 4. 126-140
3bloHr BaH BuHb 1 ap. MpumeHeHre cTaTucTieckux MeToaos Ha ocHoBe MAC ans oLeHKW NoTeHUMarnbHOMo pa3BuTHS OMON3HEN ...

https://doi.org/10.1007/s12040-006-0004-0  (mara obpamenns ~ 43. Deep convolutional neural network-based pixel-wise landslide

15.02.2022). inventory mapping / Z. Su, J.K. Chow, P.S. Tan, J. Wu, Y.K. Ho,
37. Kose D.D., Turk T.GIS-based fully automatic landslide Y.-H. Wang // Landslides. — 2021. — V. 18. — Iss. 4. — P. 1421-1443.
susceptibility analysis by weight-of-evidence and frequency ratio URL: https://doi.org/10.1007/s10346-020-01557-6 (nata obparie-
methods // Physical Geography. — 2019. — V. 40. — Iss. 5. — Hus 15.02.2022).
P. 481-501. URL: https://doi.org/10.1080/02723646.2018.1559583  44. Getachew N., Meten M. Weights of evidence modeling for
(mara obpamenus 15.02.2022). landslide susceptibility mapping of Kabi-Gebro locality,
38. Oh H.-J,, Lee S., Hong S.-M. Landslide susceptibility assessment Gundomeskel area, Central Ethiopia // Geoenvironmental
using frequency ratio technique with iterative random sampling // Disasters. — 2021. — V. 8. — Iss. 1. URL: https://doi.org/10.1186/
Journal of Sensors. — 2017. — V. 2017. URL: https:/doi.org/ 540677-021-00177-z (nara obpamenus 15.02.2022).
10.1155/2017/3730913 (nara obpamenus 15.02.2022). 45. Soeters R., Van Westen C.J. Slope instability recognition analysis
39. Siizen M.L., Doyuran V. A comparison of the GIS based landslide and zonation // Landslides, investigation and mitigation. Special
susceptibility assessment methods: multivariate versus bivariate // report (National Research Council (U.S.). Transportation Research
Environmental Geology. — 2004. — V. 45, — Iss. 5. — P. 665-679. Board) /Eds. A.K. Turner, R.L. Schuster. — Washington,
URL: https://doi.org/10.1007/s00254-003-0917-8 (nara oGpare- D.C.: National Academy Press, 1996. — P. 129-177. URL:
Hust 15.02.2022). https://onlinepubs.trb.org/Onlinepubs/sr/sr247/sr247.pdf (mzata 06-
40. Van Westen C.J. Statistical landslide susceptibility analysis. pawenus 15.02.2022).
ILWIS 2.1 for Windows application guide. — Enschede: ITC Publ., ~ 46. Swets J.A. Measuring the accuracy of diagnostic systems //
1997. - P. 73-84. Science. — 1988. — V. 240. - Iss. 4857. — P. 1285-1293. URL:
41. Long N.T., De Smedt F. Analysis and mapping of rainfall-induced http://dx.doi.org/10.1126/science.3287615  (mata  oGpareHus
landslide susceptibility in a Luoi District, Thua Thien Hue 15.02.2022).
Province, Vietnam // Water. — 2019. — V. 11. — Iss. 1. URL:  47. A ROC analysis-based classification method for landslide
https://doi.org/10.3390/w11010051 (nata obpamenus 15.02.2022). susceptibility maps / I. Cantarino, M.A. Carrion, F. Goerlich,
42. Landslide inventory mapping from bitemporal images using deep V. Martinez Ibafez // Landslides. — 2019. — V. 16. - I. 2. — P. 265-282.
convolutional neural networks / T. Lei, Y. Zhang, Z. Lv, S. Li, URL: https://doi.org/10.1007/s10346-018-1063-4 (nata oGpaie-
S.Liu, AKK. Nandi // IEEE Geoscience and Remote Sensing Hust 15.02.2022).
Letters. — 2019. — V. 16. — Iss. 6. — P. 982-986. URL: http://
doi.org/10.1109/LGRS.2018.2889307 (nara obpamenus 15.02.2022). ocmynuia 25.03.2022 2.

WUHdopmauus 06 aBTopax

3vione Ban Buns, npenonasartenb Kadenpsl HEKEHEPHOH Teoorny (GakyapTeTa HayK 0 3eMile M re0lIOornIecKod NH-
KeHepur XaHOWCKOTO FOPHO-Te0JIOTMYECKOT0 YHUBEPCUTETA; aCIMPaHT Kaeapbl HHKCHEPHOH reoforuu I uaporeo-
Joruueckoro (axynprera Poccniickoro rocyfapcTBeHHOTO reonoropassefodyHoro yausepeurera uM. Cepro Opmxo-
HUKHUJ3E.

®@omenxo H.K., TOKTOp reonoro-MUHEPANOTHYECKUX HAYK, mpodeccop Kadeapsl HHXEHEepHO! reonoruu I'maporeo-
Joruueckoro Qaxynprera Poccuiickoro rocyiapcTBeHHOro reonoropasefouHoro ynusepcurera uM. Cepro Opaxo-
HUKHUJI3€E.

Hzyen Yyne Kuen, crapmiuil Hay4Hblil COTpYJHUK OTAENA Pa3BUTHUsI TEXHOJIOIMH M HKOJOTMUECKON MHIKEHEPUH U H-
CTUTYTA T€0JIOTHYECKUX HAyK BreTHAMCKOM akaJieMUH HAyK M TEXHOIOTHH.

Bu Txu Xonz Jluen, crapmiuil HayuHblii COTPYAHUK OTAENA Pa3BUTHS TEXHOIOTUM M AKOJIOTMYECKON WH)XEHEPUHU UH-
CTUTYTAa I€0JIOTMYECKUX HayK BreTHAMCKOM aKkaJeMUu HayK ¥ TEXHOJIOTUIl.

3epkans O.B., kanmunaT reoI0ro-MHHEPATOTHYECKHX HAYK, 3aBEAYIOMINH J1abopaToprelt MHKEHEPHOH I'e0IMHAMHUKH 1
000CHOBaHHS MHXEHEPHOH! 3all[UThl TEPPUTOPHI, BEAYIIMH HAYUHBIH COTPYAHMK Kadeapsl HHKEHEPHOH M 3KOJIOrHye-
ckoit reonoruu ['eonoruueckoro axymbrera MOCKOBCKOTO TOCYIapCTBEHHOTO YHUBEpcuTeTa uM. M.B. JlomoHOCOBA.

By Xonz /lanz, Hay4yHbll COTPYIHMK OTJENa TUAPOrEOJIOTMH U UHKEHEPHOM Ieolornd BbEeTHaMCKOro MHCTUTYTa
TEOHAYK ¥ MUHEPAJIbHBIX PECYPCOB.
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The relevance. Predicting and minimizing the impact of natural disasters are critical tasks for governments worldwide, including Vietnam.
Landslides are one of the most frequent types of natural disasters in Vietnam, especially in the northern mountainous provinces, resulting
in significant loss of life and property. In this study, the GIS-based bivariate statistical methods were applied for assessing landslide
potential in Sapa district, Laocai province, Vietnam. For assessing landslide susceptibility, nine landslide-related factors were selected,
including elevation, distance to roads, slope, distance to faults, average monthly precipitation, relative relief, land use, crust weathering,
and distance to drainage.

The main aim of this study is to prepare landslide potential maps for the study area. In addition, the study also demonstrated the
effectiveness of bivariate statistical methods for landslide susceptibility assessment.

Object of the study is the landslide susceptibility in Sapa district, Laocai province, Vietnam.

Methods: GIS-based bivariate statistical methods including frequency ratio, landslide susceptibility analysis, and statistical index.

Results. Landslide potential maps were prepared using GIS-based bivariate statistical methods. The study area is divided into five
landslide potential zones: very low, low, moderate, high, and very high. The area under the curve of the receiver operating characteristic
(AUCROC) was used to evaluate the performance of these models. The success rates of the models for the training data are 74,60 %
frequency ratio, 70,82 % landslide susceptibility analysis and 76,36 % statistical index. The prediction rates of the models for the testing
data are 77,01 % frequency ratio, 74,36 % landslide susceptibility analysis and 78,11 % statistical index. The performance evaluation of
the models revealed that all three techniques are efficient in assessing landslide potential in the study area. Study results are critical for
land use planning and economic development, as well as minimizing landslide-related damage.

Key words:
Landslide susceptibility, landslide potential, frequency ratio, landslide susceptibility analysis, statistical index, GIS, Sapa, Vietnam.
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T WHcTuTyT cnctem sHepreTuku um. J1.A. MenenTbeBa CO PAH,
Poccus, 664033, . MpkyTck, yn. JlepmonTosa, 130.

2 /ApKyTCKMIA HALMOHANBHBIN NCCNEA0BATENBCKUI TEXHUYECKWNIA YHUBEPCUTET,
Poccus, 664074, r. UpkyTck, yn. llepmoHToBa, 83.

AkmyansHocms uccredosaHusi 06ycriosneHa HeobXo0UMOCMbIO LCNOMb308aHUSI HENPOeKMHbIX yeneli Ha OelicmeytoweM obopydosaHuu
TOC. Kak usgecmHo, ucnosnb308aHue makux yaned Moxem He2amusHO ckazambCsl Ha pabome, 8 nepayto 04epedb, yeorbHO20 Koma.
Lenb: onpedenums MexpeMoHmMHbId nepuod, @ makxe cKOpoCcmb HU3KOmeMnepamypHoL Koppo3uu U abpasugHo20 U3HOCa KOHBEKMUS-
HbIX nosepxHocmell (8030yxonodozpegamensi U 8005IH020 IKOHOMaLI3epa), 8bI38aHHbIX UCNOIb308aHUEM pasnudHbIX yenel (Aselickozo,
MyeyHckozo, Mepescnosckoeo u Mpbelickoeo mecmopoxdeHull) u ux cmeced.

Memodb1: mamemamuyeckoe MOOeUPOBaHUE U KOMNIIEKCHash MeXHUKO-3KOHOMUYeCcKas onmumu3ayusi napamempog modenell ¢ npu-
MEHEHUEeM asmomamu3upo8aHHOL CUCMEMbI MaWUHHOZ0 NOCMPOEHUs npoapamm, komopasi npedHasHadyeHa Ons eeHepayuu Mamema-
muyeckux modenel uccrnedyembix yCmaHO80K Ha OCHOBaHUU MameMamuyeckux mModeneli omOenbHO 835MbIX 31EMEHMO8, UHhopMayuu
0 MEXHOMO2UYECKUX C8A3SX MeXOy HUMU, Uensx pacyema. LanHbil Komnnekc paspabomaH 8 MHcmumyme cucmem 3Hepeemuku um.
J1.A. Menenmseea CO PAH.

Pesynbmamel. [Insa oueHku nocnedcmeull Ucnofb308aHUs HENPOEKMHO20 monnuga paspabomaHa docmamoyHo moyHas MamemMamu-
yeckas Modesnb napogozo komsna bK3-420-140. MpogedeHsi uccrnedosaHusi Ha Mamemamudeckol Modenu Komma ¢ Uesbio onpedeneHust
onmuMarbHbIX COCMasos monsusa 01 MUHUMU3AUUU SKCnyamauyuoHHbIX U30EpXeK, CesidaHHbIX C USMEHEHUEeM monsuea, U ysenuye-
HUSI MEXPEMOHMHO20 nepuoda KOHBEKMUBHBIX nosepxHocmell Hagpesa /1St NosbIWEHUs Ha0eXHOCMU pabomb| KOMesbHO20 agpeeama.
[ocmpoeHs! annpoKCUMAaYUOHHbIE 3a8UCUMOCMU CKOPOCMU HU3KOmeMnepamypHoU Koppo3uu Memarnia om cpedHeli memnepamype!
CcmeHKu mpy6 u cepHUCmOCcmU CXuaaeMoeo monsuea. [1onydeHb! MexXHUKO-3KOHOMUYECKUe nokasamenu paboms! komioagpeeama Ha
yensix Aselickozo, MyayHckoeo, [Nepescriogekoeo u Mpbelickoeo MecmopoxdeHul, a makxe Ha yeorbHbIX cmecsix (Aselickull yeons (7 %)
+ Wpbetickull yeorb (93 %), Asetickutl yeonb (23 %) + lNepescrnosckull yeons (77 %), Mepescnosckuil yeorb (80 %) + MyayHckul y2orb
(20 %), Ypbetickuii y2onb (95 %) + MyayHckuli yeonb (5 %)).

Knioyesnble cnosa:
YeonbHbIli komen, abpa3usHbili USHOC, HU3KOmeMnepamypHasi KOpPo3Uusi, HENPOEKMHbIL y20rb,
Mamemamuy4eckoe MoOeuposaHUe, MeXPEMOHMHBIL nepuod.

HcnonpzoBanne Ha TOC HEMPOEKTHBIX YTIEH MOXKET
HETaTHBHO BIHATH HA HAEKHOCTh KOTENLHOTO 000pYI0-
BaHUA, & UMEHHO OOJiee OCTPO CTOAT MPoONEeMbl M3HOCA,
IIUTAKOBAHUS ¥ 3arpA3HEHHs TIOBEPXHOCTEH HarpeBa, CHU-
KCHHUS HAfEXHOCTH pabOThl TEMIOOOMEHHBIX TOBEPXHO-
cTell, I3MeHeHns MeXpeMoHTHOro Tiepuona [10, 14].

B Hacrosiiee BpeMs B JaHHOM HaNpaBIEHUU BETYTCS
HICCIIEIOBAHMS KaK B Halle CTpaHe, Tak U 3a pyOexoM, HO
OONBIIMHCTBO PabOT MOCBAIIEHBI MPOOIEMaM IITAKOBAHKS
¥ 3arps3eHus nmoBepxHocteit Harpesa [10, 11, 13-21].

B pabote [11] npencraBnena oneHka BIusHAS GHU3H-
KO-XMMHYECKUX CBOICTB yIJIeH, CXKUraeMblX Ha TEIo-
BBIX 3NeKTpocTaHmaX UpKkyTckoit o0iacTu, Ha IKCILTya-
TAIMOHHBIEC XaPAKTEPUCTHKU KOTENBHBIX arperaroB. AB-
TOPBI MPEACTABMIIM PE3YNbTaThl PacyeToB MOKa3aTeneil,
ONpeleNsomuX UTAKYIOUMe U 3arpsA3HAIOIIE CBOHCTBA
TBEPIbIX TOILIMB, a TAKXKe MPEMIOKUIM MEPONPUATHUS,
TI03BOJISIONINE YMEHBIIUTh UKIAYHOCTH OUYHUCTKU IIO-
BEPXHOCTEH HarpeBa KOTEIbHBIX arperaroB.

E.A. boitko u U.B. 3aropoxuuii paccMotpenu mpo-
OMeMBl MITAKOBAaHWSA ¥ 3arpsS3HEHHS MOBEPXHOCTEH
HarpeBa BbK3-420-140 ¢ TBepapIM mImakoyAaieHHEM
Abaxanckoit TOII. PacueTHO-3KCIIEpUMEHTANBHO OTpe-

BeepeHue

TomnnuBHO-3HEPreTHUECKUH KOMIUIEKC HAIIEH CTPaHbI
00najiaeT 3HAYMTENbHBIMU Pa3BEJaHHBIMA ¥ MPOTHO3-
HeIMH 3amacamu yris [1]. 3a mociexHee aecsTHETHE
o0beM m00BIMHE yrisg BIpoc B 1,3 pasa W IpeBEIIIAcT
440 maH T B roJ. 3 3TOT TEPUOJ TIPOIOJIKHIIOCH Pa3BH-
tre Kysunenkoro, Kancko-AunHckoro, MUHYCHHCKOTO U
T'opnoBckoro 6acceiHOB, a TaKKe HOBBIX MECTOPOX/IE-
Huit B Bocrounoit Cubupu u Ha Jlamsaem Boctoxe [2].

B 2020 r. na yromsasie TOC Poccuu mnst BeIpabOTKH

9HEpruy OBUIO MOCTABJICHO OKOJIO 93 MIIH T YT, U3 KO-
TOphIX 73,4 MIH T — C POCCHHCKHX MECTOPOKICHHUI.
Heob6xoauMo OTMETHUTB, YTO yTroJbHAS SHEPreTUKa Urpa-
€T BaXHYI0 poJib B 9KOHOMUKE Poccuu, ocobeHHO B BO-
CTOYHbIX PErMOHAaX CTpPaHsI [2].
Jond TOIVIMBHOM COCTaBisIomed B ceOECTOMMOCTH
sHepruu npeseimaer 50 % [3-9]. Ucromenue 3amacos
MPOEKTHOTO TOIUIMBA, 3aKPBITHE HEPEHTA0ETHHBIX MECT
yri1eqo0bluM, pocT LeH Ha NPUBO3HOE TOTIMBO — NPUYH-
HBI, 10 KOTOPBIM Ha MPOTSKEHUH HECKONbKHX JIET Ha Psi-
ne cymectBytomux TOC BO3HMKIA HEOOXOAUMOCTh B
CKMTAHMH HETPOEKTHBIX yriedt [10-13].
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nenund (HakToOphl IUTAKOBAHHS TOBEPXHOCTEH Harpesa
KOTEJNBHOTO arperata mpH CXXHTAHUH yTJel mepeMeHHO-
T0 KauecTBa C PA3NHIHBIMH TEXHHUIECKUMH XapaKTepH-
CTHUKAaMHU ¥ COCTaBaMH MUHepanbHO# dactu [10].

IL.B. PocnsikoB ¥ Jip. HA OCHOBAHUM 3KCILTyaTalliOH-
HBIX JIAHHBIX, PEXUMHON KapThl, HOPMATUBHBIX TOKYMEH-
TOB W SKOJIOTHYECKIX TPeOOBAHMI OMPENEIHIN KPUTEPHH
OIIEHKH PabOThl 00OPYNOBaHHS C TO3UIMEA HAJCKHOCTH,
30 (DEKTUBHOCTH M 3JKOJOTHYECKOH Oe3omacHocTH. [lo
JIAHHBIM KPUTEpPUAM aHAM3UPOBATH PE3yNbTaThl pacyuerT-
HBIX PabOyMX MapaMeTpoB KOTENbHOH YCTAHOBKH IpH
CKUTaHUU CJIAHNIA M YT B PA3IUYHBIX COUeTaHUsX [16].

B cratbe [17] aBTOpBI OMBITHBIM MyTEM OTpPEENTIIIN,
YTO HMCIOb30BAHUE KEPOHCKOTO YIS MPUBOJUT K IILIa-
KOBAaHHUIO PAJHALOHHOTO MaponeperpeBaTens, KOHBEK-
THUBHOM [IaXTbl, HEYI0BJIETBOPUTENHHOMY BBIXOJY IITaKa
HA MHHUMAJBHOW HATPY3KE W YBENMUCHUIO MEXaHUIe-
CKOTO Heloxora Ha kotnoarperarax bK3-420-140.

M. IIponobuc u ap. [18] mpexcraBuan Maremaruye-
CKMH MeToJ BbIOOpa ONTHMAJBHOTO TOMOJA YIS HpU
M3MEHEHWH XapaKTePUCTUK TOIUIMBA JUIS TIBUIEBUIHBIX
KOTJIOB. JTOT METO]] OCHOBaH Ha SKOHOMHYECKHX KPHUTe-
PUSX ¥ YUMTHIBACT M3MEHEHHS HATPY3KH YHEProOIoKa, a
TaKKe MOIIHOCTh M CPOK CITYKObI MEBHHUII

Jox. M6abasu u gp. [19] paspaboranu maremaruye-
CKYIO MOJIEITb JUIS OTIpEZeNCHIS BIUSHISA CKOPOCTH U yT-
Jla yaapa 9acTHIl 301161 Ha aOpasHBHBIN H3HOC TIOBEPXHO-
CTeH M3 HU3KOYIIIEPOAUCTOMN CTaIIH.

P. Harapamxan u ap. [20] onpenensnu BiusHue Gu-
3MYECKHX CBOICTB YACTHIL 30JIbl M TPAEKTOPHH WX JIBH-
KeHUsS Ha abpaswWBHBIA M3HOC TPEX PA3IMYHBIX MapoK
HU3KOJIETHPOBAHHON CTAJM Ta30BO3AYIIHOTO TPaKTa KOT-
7a.

Y. Banr u ap. [21] uccnenoBany mpoieccsl 3arps3He-
HUA W IUIAKOBaHMA, CBA3aHHBIE C CKHUI'aHHUEM yrneﬁ C
BBICOKHM COJIEpKAHAEM HATPHSL.

JlaHHas paboTa HalpaBJicHa Ha OICHKY H3HOCca (abpa-
3UBHOTO M HHU3KOTEMIEPaTypHOIl KOppO3Hel) KOHBEK-
THUBHBIX MOBEPXHOCTEH (BO3IYXOMOAOTPEBATENS U BOAS-
HOTO JKOHOMai3epa) U 00YyCIOBIEHHOTO 3THM H3MEHe-
HIIl MX MEKPEMOHTHOTO mepropa. [IpoBeneHo marema-
THYECKOE MOJICTUPOBAHNE OTHETBHBIX IEMEHTOB H KOT-
Joarperara ¢ yueToM abpa3vBHOTO M3HOCA M HU3KOTEM-
nepaTypHoi Kopposuu. OmnpejieneHbl CKOPOCTH H3HOCA
KOHBEKTHBHBIX TOBEPXHOCTEH HarpeBa KOTJIOAarperara,
TIONYYEHBl ONTHMANBHBIE CMECH IOCTABIAEMBIX YIIEH,
OTIpeZIeNeH MEKXPEMOHTHBIH MEPUOI B 3aBHCHMOCTH OT
COCTaBa yTOJIbHOM CMECH.

MeToauka npoBeAeHNst MCCref0BaHNi KOTNIOArperaTos

yronbHbix TAC npu MCNONb30BaHUN HEMPOEKTHOTO

TONNMBa

OnHMM W3 OCHOBHBIX MPUHIIMIOB, MO3BOJISIONINX
IIPOHM3BOAUTE HETOCPEACTBEHHOE COMOCTABICHHE CIOX-
HBIX TEXHHYECKUX CHCTEM, B TOM YKCIE BapHaHTOB
Ha00pOB 000PYIOBAHHS, BXOAAIIETO B COCTAB DHEPTETH-
YECKMX YCTaHOBOK, SIBJISIETCS MPUHIIMI ONTHMAIBHOCTH,
B COOTBETCTBHM C KOTOPBIM KaXKJIblii U3 paccMarpuBac-
MBIX BAPUAHTOB JIOJKEH OBITh TIPUBEICH K ONTUMANbHBIM
ycnoBasaM [22-28]. DTHM, B 4aCTHOCTH, BEI3BaHA HEOO-
XOAUMOCTh HPOBEACHHS ONTUMH3ALMH NapaMeTpoB I
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K&XKJIOT0 M3 PacCMATPHBAEMBIX B pabOTE BApHAHTOB pa-
00YnX TapaMeTpoB KOTIOATPErara.

B xauecTBe OCHOBHOTO HHCTPYMEHTA B JIAHHOU pado-
T€ HCIOJIB3YeTCS MPOTPAMMHO-BHIYUCIUTENBHEI KOM-
IUIEKC MAaTeMaTUYECKOTr0 MOJAEIMPOBAHUS M ONTHMH3A-
nuu TemnosHepretudeckux ycranosok CMIII-TIK (cu-
CTeMa MAIIMHHOTO TOCTPOCHHMS MPOTPaMM), TIpeAHA3HA-
YeHHEIH JUI TeHepalii MaTeMAaTHYeCKHX MOJeNel wuc-
CIEIyEeMBIX YCTAaHOBOK Ha OCHOBAHMM MAaTeMaTHYECKHX
MOJIENIeH OTHENBHO B3ATHIX SIEMEHTOB, MH(OPMAILHH O
TEXHOJIOTHYECKUX CBSI3IX MEXIY HUMH, IEIAX pacyera.
JlaHHBIA KOMIUIEKC paspaboTan B MHCTUTYTE cHCTeM
snepretuxu uM. JLA. MenenteeBa CO PAH u 3a Bpems
€ro MPUMEHEHUS B HCCIEIOBAHUAX TETUIOdHepreTHye-
CKMX YCTaHOBOK OblIa co37aHa 0a3a MaTeMaTHYECKHX
MoJieneil OTAeNbHBIX Y3II0B U 3IEMEHTOB, HCTOIb30BAHIE
KOTOpOH TO3BOJIAET NOCTATOYHO 3()PEKTHBHO CO3/1aBaTh
MaTeMaTHYECKHe MOJENH YCTAaHOBOK PA3TUYHON CIIOXK-
HOCTH /ISl pACUETOB Pa3IMUHON HAMPaBIEHHOCTH.

Pabora mocBsilieHa HCCICAOBAHUIO HCTIOIb30BAHUS
HEMpPOEKTHBIX YIJied Ha JeHCTByOIIEeM 000pyAOBaHUH,
TI03TOMY MAaTeMaTHYECKIEe MOJEIH KOTIOArperaroB, pas-
paborannbie ¢ npumenernem CMIIII-TIK n ucnone3ye-
MBIE JUIS TIPOBEACHUS KOMIUIEKCHBIX ONMTHMHU3AI[HOHHBIX
UCCNEeNIOBaHUM, ObUIM  WACHTU(UIMPOBAHB  MyTeM
HACTPOUKH KO3((DHUIMEHTOB TEIUIOBOH 3((EKTHBHOCTH
TETIOOOMEHHBIX TTOBEPXHOCTEH, KO3((HUIMEHTOB MeXa-
HAYECKOTO M XUMHYECKOTO HEeI0XO0ra ! Ip., 9TO T03BO-
JUJI0 JOCTHYb COOTBETCTBUS MapaMeTpoB paboThl KOTIIO-
arperaToB, PaCCUUTAHHBIX C NPUMEHEHHEM NaHHBIX MO-
JIeTIeid, mapamerpaM paboThl JAEHCTBYIOMET0 000pyI0Ba-
HUS. Pe3ynpTaThl nccnenoBaHUN MOKA3ald XOpOIIEe COo-
OTBETCTBHE PACCUUTHIBACMBIX TTAPAMETPOB MAPOBBIX KOT-
JIOB OKCHNEPUMCHTAIbHBIM JaHHBIM. OTHOCI/ITGHLHI)IC oT-
KIIOHEHHUS TIapaMeTpoB pabOThl YCTAHOBKH B Pa3TUUYHBIX
PeXKIMax COCTABIIOT: TMAPONPOU3BOAUTEIBHOCTD —
0,06...0,1 % (0,03...0,08 T/4), naBieHWE MEPETPETOrO
mapa — 0,3 — 0,5 % (0,11... 0,21 krc/em?), Temneparypa
neperpetoro napa — 0,33...0,65 % (1,4...2,8 °C), Temme-
patypa yxomammx razos — 0,8 ...1,4 % (0,9... 1,65 °C),
KIIJ xotnoarperara 6pyrro — 0,03... 0,06 %.

C [menmplo OIEHKH 3KOHOMHYECKOH 3((MEKTHBHOCTH
paccMaTpuBaeMbIX B paboTe BApHAHTOB 38 OCHOBY MPHHS-
Ta METOANKA, pa3paboTaHHas B VIHCTHTYTe CHCTEM 3Hep-
reruku uM. JI.A. MenentbeBa CO PAH [29], no3Bomnsio-
Ias HanOoJIee MOJHO Y9ECTh MOCIEICTBHSA OT HCIONB30-
BAHKS HETIPOEKTHOTO TOTLIMBA TI0 BCEM IEMEHTaM KOTJIO-
arperata. [JlaHHas MeToAuKa JopaboTaHa ¢ LETbI0 ydyeTa
MEXKPEMOHTHOTO MNEPUOJa KOHBCKTHUBHBIX HOBerHOCTeﬁ
KOTENBHOTO arperara, OOYCIIOBICHHOTO HMX aOpa3sUBHBIM
M3HOCOM U HU3KOTEMIIEPATYpPHOH KOppo3HeH.

B ocHoBe MeTOOUKH JNEKHUT ONpeIeNeHHEe YacTH CyM-
MapHbIX JKCIUTyaTalMoHHbIX u3ziepxkek 1no TOC, ci3an-
HBIX C 3KCILTyaTaluell KOTeJIbHOTO arperara Mpy UCIOJb-
30BaHHH HEMPOEKTHOTO TOIUTMBA. 3aada ONTHMH3AINH
chopMymupoBaHa KaK 3a1aqa MEHIMU3ALHH CYMMAPHBIX
©KETOMHBIX JKCIUTYaTallMOHHBIX 3aTpaT, CBS3AHHBIX C
HUCTIOJIb30BAHUEM HETIPEKTHOI'O TOILIUBA

] Z(Xplxk,y’u T’U T. CKH,UPCKH,U p. KoTlu's. yn'U p. 3. yn'\
min 3.y p.3.ya 3. Xp 3. BBIOOP SO, BBIOP
u*u Uu>*u U
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npu YCJ'IOBI/IHX
H(x,y)=0;

G(x,¥)=0;

Xoin < X < X,

'max ?

rae U' — 3aTpaThl Ha MOKYIKY M IIEPEBO3KY TOILIMBA, P.;
x* — BEKTOp He3aBHCHUMBIX ONTHMU3HPYEMBIX TAPAMETPOB
(BXOZIHBIE pACUETHBIE TAPAMETPHI, ONPEAENSIONHUE pe-
UM pabOTBI KOTIOArperara; X — BEKTOP KOHCTPYKTHB-
HBIX 1aPaMETPOB; Y — BEKTOP 3aBUCHMBIX BBIYMCIIAEMBIX
napaMeTpos; X — BEKTOp OTpaHMYCHUI-DAaBEHCTB (YpaB-
HEHHS MATEPHAILHOT0, SHEPTETHYECKOTO OANTaHCOB, TEl-
jomepenaun ® ap.); G — BEKTOp OTpaHHYCHHUM-
HEpaBEHCTB (OrpaHMYeHUS HAa COONIOJCHUE TEXHONOTH-
yeckux TpeOoBaHMH K paboTe KoThoarperara); Xmin,
Xmax — BEKTOPBI TPAHMUHBIX 3HAYEHUH ONTHMH3HPYEMBIX
TIApPaMEeTPOB, ONPENEAIONMX PEKUM PabOTHI KOTIOATpe-
rata; U™ “" — 3aTpaTel Ha pasrpysKy, CKIaIupOBaHHE U
nofauy Tomwmsa, p.; U™ ™" — sarparsl Ha peMOHT cucTeM
pasTpys3Kkd, CKIAIMPOBaHMA M TOJaYd TOINIMBA, D.;
UP*" — 3aTpathl Ha PEMOHT OCHOBHOTO M BCTIOMOTATENb-
HOTO KOTEnbHOro obopynosanus, p.; U™ ¥ — 3arpatel na
sonoynasnusanue, p.; U™ * " — 3arpatel Ha peMOHT cu-
cTeM 3omoynasnuBanus, p.; U™ ¥ — satparsl Ha 3010m11a-
koynanenue, p.; U™ — 3atpaTel Ha peMOHT cHCTEM 30-
nountakoynanenus, p.; U™ — satpartsl Ha xpaHenue 30-

.1 13- BBIOp .
JIbl W 1IJIaKa, p.; U — IlIaTa 3a BI)I6pOCI)I 30JIbl, P.;

US%2™ % _ yiata 3a Bei6pocst SOy, p.

PesynpraTtom pemieHus 3a1auu ABIASETCS MUHUMAIb-
HOE B 33/IAHHBIX YCIOBHSAX 3HAYEHHE CYMMApHBIX €xKe-
TOJHBIX 3aTpar VI KaXKIOro U3 paccMaTpUBaeMbIX Ba-
PUAHTOB, CBA3AaHHEIX ¢ a0pasMBHBIM H3HOCOM M HHU3KO-
TeMIepaTypHOH KOoppo3uel KOHBEKTHBHBIX MOBEPXHO-
CcTel KoTioarperara.

MatemaTuyeckoe MofenupoBaHue

KoTnoarperarta bK3-420-140

C 1enbl0 OLIEHKHM IOCIENCTBHI HCIOJIB30BAHHSA He-
NPOEKTHOTO TOIUIMBA pa3paboTaHa MaTeMaTH4ecKas Mo-
nexs napooro kotna bK3-420-140 (puc. 1), mo3Bomsto-
st ¢ IOCTATOYHON TOYHOCTHIO OMHCHIBATH MPOUCXOIS-
Iye B KOTJIOArperaTe mporecchl. [IpuHsTee Ha puCyHKe
obosnavenus: KIIII — KOHBEKTHBHBIA TmaporeperpeBa-
tenb, BOK — BopstHoOl skoHOMaiizep, B3I1 — Bo3myxomo-
JIOTpeBaTelb.

Kotnoarperar bK3-420-140 mpeanasnaden mns da-
KENbHOTO CKUTAHHUSA YTOJBHOW MBUIH (KAMEHHBIX H 0y-
pBIX yriei) ¢ TBepAbIM IUTakoynanenneM. HomuHanbHas
NPOU3BOAUTENBHOCTh KoTioarperata 420 T1/u, pabouee
JaBleHHE U Temiepatypa meperperoro napa 13,8 Mlla u
550 °C cooTBETCTBEHHO.

MeperpeTblil

LWupma 1 I Wnpma 2

nap T

Knns3
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|
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Osimoesie
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Puc. 1. bazosas pacuemnas cxema komaoazpeeama bBK3-420-140

Fig. 1. Basic design diagram of the BKZ-420-140 boiler unit

MarepuanbHble 1 YHEPreTHYECKUE IOTOKH YYTEHBI
CBS3AMHU MEXIY COOTBETCTBYIOLIMMH DJIEMEHTaMU CXe€-
MblL. Kax10il cBA31 MEXY 3EMEHTaMHU CXEMbI COOTBET-
CTBYeT HH(OPMALMOHHAS CBA3b MY Moaens M. CBs3b
MEK[IY NIEMEHTAMH OCYILECTBIIAETC:
® [0 BO3JyXYy: MEXAY AYTHEBBIM BEHTWJIATOPOM, BO3-

JyXOIOAOIPEBATENEM U TONKON KOTNA; CBA3b Xapak-

TEpPU3YETCA TEMIIEPATYPOH, JaBIEHUEM U PACXOJIOM;
® [0 JbIMOBBIM Ia3aM: MEXIYy dIEMEHTaMU a30BOIO

TpakTa (TONKA KOT/NA, WIUPMBbI, KOHBEKTHBHBIE apoO-

TieperpeBareli, KOHBEKTHBHBIC MOBEPXHOCTH HArpe-
Ba BOK u B3II, geiMococ); CBSI3U OCYHIECTBISIOTCS
10 JaBJIEHHI0, TEMIEpaType M pacxoly Kaxuoro
KOMIIOHEHTA yXOASIIUX Ia30B;

¢ 110 BoJe (IapOBOAAHON CMecH, Mapy): MEXKIY 3JeMeH-
TaMH IIAPOBOASHOTO TpakTa (BOASHOH SKOHOMaii3ep,
KOHJICHCATOp BIIpbICKa, OapabaH, TOTOYHBIE SKPaHBI,
IIMPMBI, KOHBEKTHBHBIE MApONeperpeBaTesu, KOHBEK-
TuBHbIE noBepxHOcTH Harpesa BOK u B3II); cssb xa-
paKTepu3yeTcs HTAIbIUEH, TaBICHHEM H PACXOJ0M.
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B kadectBe KOHCTPYKTUBHBIX — HH(OPMAIMOHHO-
BXOJIHBIX MApPaMETPOB HCTIONB3YIOTCS: HAPYKHBIE M BHYT-
peHHHE JHaMeTphl TPyO MOBEPXHOCTEH HATPEBa, HX IIArH
¥ KOJIMYECTBO, MapKa CTaJH, PAacIoNoKeHHe TpyO B MyUKe;
cXeMa [BIKCHHS TCIUIOHOCHTENS; IIMPUHA W TIyOHMHA
TOTIKH, IIMPHUHA M TTyOUHA Ta30X0/a B PA3HBIX CCUCHHUIX;
TUIONIA/Ib TOBEPXHOCTH TEIIOOOMEHHUKOB | T. 1. [21].

PexxuMHbIME  MH(OPMAIIMOHHO-BXOAHBIME TapaMeT-
pamu SBISIOTCS: COCTaB TBEPOTO TOILIHBA, €T0 TEINIOTa
CTOpaHHUsA, PacxXoj, TEMIEpPaTypa NHUTATEINBHON BOJBI,
BO37yXa, TpedyeMas TeMnepaTypa mnapa.

Paspaborannas MaTemaTmueckas MOJEIb HACTPOCHA B
COOTBETCTBHH C IKCIIEPUMEHTAIbHBIMU JAHHBIMH, HONTY-
YEHHBIMH B PE3YJIBTATE OMBITHOTO CHKUTAHHUS, W MO3BOIS-
€T ONpPEIEeNATh XapaKTCPUCTHKY U MAPAMETPhl KOTIa MPH
paboTe Ha TBEPJOM TOINIMBE PA3IMYHOTO COCTABA U MpPH
Pa3NMYHBIX HArpy3Kax, TpeOyeMble I OLEHKU TEXHOJIO-
THYIECKAX W JKOJOTHUECKUX IOCTENCTBHH HCIONb30Ba-
HUS TOIUTMBA PA3IMYHOTO COCTaBa.

MartemaTndeckas MoJENIb KOTJIOArperara JOMOIHEHA
pacyeToM CKOPOCTH NpPOTEKaHWS HU3KOTEMIEpaTypHOI
KOpPpO3HM M PacueToM CKOPOCTH aOpa3sWBHOTO H3HOCA
KOHBEKTHBHBIX TIOBEPXHOCTEH KOTI0Arperara.

Haubonee cunbHO abpa3vBHBIE CBOMCTBA 30711 IBIMO-
BBIX Ta30B IPOSBIAIOTCS B 30HE TEMIEPATyp Ta30BOTO
notoka Hike 600 °C — To ecTh B BepXHEH 4acTH KOHBEK-
THBHOTO Ta30X0la YaCTHIEl TEPSIOT MOBEPXHOCTHYIO
IUTACTHYHOCTD. 30J0BOH M3HOC KOHBEKTHBHEIX MOBEPX-
HOCTEH, TeMmmepaTypa CTeHKH KoTopbix Himke 350 °C,
paccMaTtpuBaeTcss OOBIYHO KaK 4YHCTO MEXaHHYECKUil
TpoIecc, a CBOMCTBA MaTeprala MoIBepralomeiics H3Ho-
Cy TOBEPXHOCTH CUHTAIOTCS HEM3MEHHBIMHU. [lodTomy
TIPIMEHHUTENBHO K 30JI0BOMY M3HOCY KOHBEKTHBHBIX T10-
BEpXHOCTEll HarpeBa K03 GHUIMEHT U3HOCA IPHHIMACTCS
paBHBIM KO3((UIHEHTY a0pa3sMBHOCTH 30BI, OIpEe-
JICHHOMY OTHOCHTENBHO MaTepHana, W3 KOTOPOro Io-
BEPXHOCTH HATPEBa M3TOTOBJICHEL.

BennunHa 30710B0r0 M3HOCA CTYTEHEH BOASHOTO 3KO-
HOMaif3epa M BO3LYyXONOJOTpEBaTeNs KOTJIoarperara
ompenensercs B cootBercTuu ¢ [30].

Bennunna abpa3suBHOTO M3HOCA CTEHKH TPYO BOJSHO-
T0 SKOHOMam3epa (MM) OTIpe/ieNIseTcs U3 ypaBHEHHS

3
3% _g.5.10 2KekutttM [k, | 0 ~1) (%j“’
P g2y E ke )\

rie a — ko3pduupent adpasusHocTH 30151, M7/H; Kp —
KO3(Q(UIMEHT, YYUTHIBAIONINN BIMSIHHE MONEPEYHOTO
mrara Tpy0 (IIaxMaTHble IIaJKOTpyOHbIe 1 MeMOpaHHbIE
nyukn:  61<2,8-Kp=3,5;  2,8<6:<5,4-kp=4,8/(01-1,4);
01>5,4-kp=1,2; KOpuIOpHbIC TNAAKOTPYOHBIC MydYKH —
kp=1,2); 1 — KOHIIEHTpAIIUS 30JIbI B Ta3aX B PACCUMTHIBA-
eMOM CEUCHHH TaKeTa, I/M°; T — CPOK CIIYkKOBI TpyO, ;
W — CKOpOCTb I'a30B Ha BXOJI€ B IOBEPXHOCTb HArpeBa,
M/c; Rgg— ocTaTok 30161 Ha cute 90 MkM, %; d — quamerp
TpyOBI, MM; § — Temmepatypa razos, °C; M — ko3 dunu-
CHT WCTHPAeMOCTH MeTana Tpyd: Ui YIIepOAUCTHIX
1py6 M=1, nna neruposannsix M=0,7; ky u K, — k03¢-
(MIUEHTHl HEPaBHOMEPHOCTH COOTBETCTBEHHO IOJEH
CKOpOCTEil ra3oB M KOHUEHTpauuil 3onbl: mpu II- u
T-o0pa3Holi KOMIIOHOBKE KOTIa IS MOBEPXHOCTEH 3a
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TNoBOPOTHOH Kamepoit ky=1,45 n k, =1,25; npu mosopore
ra3o mepex maxerom Ha 180° ky=1,6 u k,=1,6; npu Ga-
meHHo# kommoHoske ky=1,2 u K, =1,1; kp— oTHOIICHNE
pacYETHOW CKOPOCTH Ta30B MPH HOMHHAIBHOW HAarpyske
KOTENBHOTO arperara K CKOPOCTH I'a30B IPU CPEeIHEIKC-
IUTyaTalHOHHOM Harpyske: i kowioB D<35 xr/c
kp=1,15; g kornos D=14-20 kr/c kp=1,4-1,3.

30110BO# M3HOC BXOJIHBIX YYACTKOB TEILIOOOMEHHBIX
TpyO TpyOuaToro Bo3myxomomorpeBarens (MM) ompee-
TAETCS U3 yPaBHEHHS:

3

g3 _ 37ak"#r{l|jN_DW] k, exp(0,041p),
rae K, — xooduimeHT HepaBHOMEPHOCTH pacipesiene-
HUS KOHICHTPALWH 30151 0 CEYEHHIO: JIS BCTPOCHHOTO
B KOHBEKTHBHYIO IIAXTy Bo3zyXomojorpesarens K,=1,6;
JUsL BO3YXOIOOTPEBATENs] BBIHECEHHOH KOMIIOHOBKH
k,=2,0; kw— xo3(duiuenT HepaBHOMEPHOCTH pacrpesie-
JICHUS CKOPOCTH TI0 CEYCHHIO: JUIA BCTPOEHHOTO B KOH-
BEKTHBHYIO IIaxTy Bo3myxomogorpesarens Ky=1,45; ms
BO3IYXOMOJOTPEBATENsT  BBIHECEHHOH  KOMIIOHOBKH
kw=2,0; k; — ko3umueHT 3ammUTHL: IS SYEHKOBOM 3a-
IUTHl W HAcTaBOK Oonburoro auamerpa K,=0,25; mpu
wiaBHOM Bxoje B TpyOy K,=0,6; mis BctaBok K,=0,5; ecin
3amuTel HeT, T0 K;=1,0; B — yrox (rpamycel) MexIy Bek-
TOPOM CKOPOCTH Ha0eraromero Ha TpyOHYI0 JOCKY TOTO-
Ka TPOIYKTOB CTOPAHUS M TPOJOJBHBIMU OCSMH TEIIO-
0OMEHHBIX TPYO.

Ha ocHoBe maHHBIX, H3I0XKEHHBIX B [31], mocTpoeHs!
aIIPOKCHMAIMOHHBIE 3aBUCHMOCTH CKOPOCTH HHI3KO-
TEeMIIePaTypHOIl KOPPO3UH METaIa OT CPeIHEil Temiepa-
TYPBI CTEHKH TPYO W TIPHUBEICHHOIN CEPHUCTOCTH CHKUTa-
eMoro TomiuBa (puc. 2). YKa3aHHbIE 3aBUCUMOCTH OBLIH
MCTIONE30BAHBl B pacueTax s OTpEACICHAs HU3KOTEM-
TEpaTypHOH KOPPO3NH KOHBEKTHBHBIX ITOBEPXHOCTEH
B3IL

HeoOxoaumMbie TemmepaTypbl Ta30B U HX OOBEMB,
3HAUYCHUA CKOpOCTeﬁ, KOHILCHTpALMU CEPBI, 30JIbI U T. [.
IS TIPOBEICHUS HCCIEIOBAHMN a0pa3MBHOTO M3HOCA H
HI3KOTEMIIEPATYPHON KOPPO3HH KOHBEKTHBHBIX MOBEPX-
HOCTEH HarpeBa OMpe/esINCh B PE3YJIbTaTe HOBEPOUHO-
r0 pacyera ¢ MCMOJb30BAHUEM MATEMATHYECKOH MOJEIH
KOTJIOArperara.

PeSyanaTbI uccnegoBsaHusa

Ha ocHOBe BBIIEH3I0KEHHOTO MaTeprana TpoBee-
HBI WCCNICJIOBAHAS HA MAaTeMaTHUeCKOW MOJENH KOTia ¢
TENbI0 OTPEJCNCHNs. ONTUMAIBHBIX COCTABOB TOTLIHBA
JUIl MAHUMH3AIUK JKCIUTYaTallHOHHBIX H3JIEPKEK, CBS-
3aHHBIX C M3MEHEHHEM TOILINBA, W YBEIMYCHHS MEKpe-
MOHTHOTO TIEPHO/Ia KOHBEKTUBHBIX MOBEPXHOCTEH Harpe-
Ba BOK u B3Il nis moOBbIIEHHS HAACKHOCTH PabOTHI
KOTEIIbHOTO arperara.

Hcxons W3 TONYYECHHBIX PE3YNBTATOB TOBEPOYHBIX
pacyeToB Ha MATEMaTUYECKOW MOJENH KOTIa B HOMH-
HAIBHOM PEXUME PaOOTHI KOTJIA MPH CKUTAHUU Pa3Iud-
HBIX TOIUTHB, HCmoyb3yeMbix Ha TOII, B Tabm. 1 mpen-
CTaBIIEHBI UTOTOBBIE MAPaMeTPhl pabOTHI KOTIOATperara.

U3 pesynbratoB pacuera (puc. 3, Tabm. 1) BUIHO, 4TO
NpY HOMHHATBHBIX HArpy3Kax IO MapOoIpOU3BOUTENb-
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HOCTH U JIaBJICHUIO OCTPOro Mapa, IpU MCIONb30BaHMM  NoBepxHocTell Harpesa. Ha puc. 3 moka3ano, uto BOK 2
Pa3HBIX yIJIEH, CYIECTBEHHO OTIMYAOTCA PACXOIBI TOM-  CTYIEHH XapakTepHu3yercs 0ojiee BHICOKMM aOpa3sHBHBIM
JMBa, & TaKXKe CKOPOCTH KOPPO3WH, CKOPOCTH abpasMB-  H3HOCOM, 00YCIOBIECHBIM OOJNBLICH IUIOMIAABIO MPOXOA-
noro m3Hoca BOK u B3II. Kak ciemcTBue, OTIHYaeTCS  HOTO CEUEHHS IO Ta3aM M, KaK CJIEACTBHE, HECKOJIbKO
Hapa0oTKa IOBEPXHOCTEH HarpeBa 0 H3HOCA M, COOTBET-  OoJbliell cpelHel ckopocThio ra3oB B TpyOkax B3IT 1
CTBEHHO, CYMMAapHBIE 3aTPaThl HA PEMOHT KOHBEKTUBHBIX  CTYIEHH, 110 cpaBHeHHIo ¢ B3I1 2 cryneHn.
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Fig. 2. Dependence of the low-temperature corrosion rate of the air heater on the reduced sulfur content in the initial fuel
and the average wall temperature

0,25
02
=
e
= 0,15
=
4 025
2
021
& 01
=
@)
0,05
0,08
l )
: ENN EESE
Aszeiickuii yronp Myryuckuii yronb [TepescnoBckuii yronb Hpbeiickuii yrons
M cxopoctb koppo3un B3I W ckopocTh abpaszusHoro uzHoca B3I1
&0 ckopoctb abpasuBHoro uzHoca 1 crynenn BOK .~ cKopocTb abpasuBHOro uszHoca 2 crynenu BOK

Puc. 3. Cxopocmu koppo3uu u adpas3uHo020 UHOCA BOOAHBIX IKOHOMALZEPOS8 U 8030YXON0002pe8amens
Fig. 3. Rates of corrosion and abrasive wear of water economizers and air heater

145



V13BecTnst TOMCKOrO NONUTEXHUYECKOrO YHUBEpCUTETa. MHXMHMPUHI reopecypcos. 2022. T. 333. Ne 4. 141-150
TiopuHa 3.A., MegHukos A.C. Liudposast Mogenb 13HOCa KOHBEKTUBHbIX NOBEPXHOCTEN TennoobMeHa NbleyronbHOro KoTna

Taéﬂuua 1. Umozosvie mexHuxko-sxKoHoMuyecKue nokazamenu paﬁombl Komaoazcpezama

Table 1.  Technical and economic indicators of the boiler unit operation
HaumenoBanue napamerpa Yromy/Coal
Parameter A3el?1_c1<1/1171 Myrynckuii | IlepescrnoBckuii | Wpo6elickuit

Azeisky Mugunsky Pereyaslovsky Irbeysky

Pacxon TomuBa, kr/c/Coal consumption, kg/s 20,3 18,8 20,3 17,4

ITaponpon3BOAUTENBHOCTS, KI/c/Steam capacity, kg/s 117

Pacxop nurarenbHoii Bojibl, Kr/c/Feed water consumption, kg/s 120,8 120,3 120,2 1214

Temneparypa yxonsuux ra3os/Flue gas temperature, °C 1445 143,4 150,8 133,7

KI1JI kotmoarperara/Boiler efficiency, % 91,5 91,52 90,5 93,6

Temneparypa Touku pockl/Dew point temperature, °C 1110 1216 93,1 109,1

Hapa6otka 10 n3Hoca, sier/Operating time before wear, years 2,18 1,96 3,3 3,6

CyMMapHbI€ 3KCIUTyaTallMOHHbIE 3aTPAThl, CBS3aHHbBIE

C UCHOJIB30BAaHUEM YI'JIEU PA3HOI'0 COCTaBa, ThIC. P.

Total operating costs associated with the use of different coal 300901 362702 142501 196500

composition, thousand rubles

N3 1abn. 1 BUAHO, 4TO SKOHOMUUECKH HE3(P(HEKTUBHO
UCTIONb30BaTh YK A3eicKoro 1 MyryHCKOTo MeCTOpOK-
JICHHH, HO HEOOXOMMMO OTMETHTh, YTO A3EHCKHH yromib
ABJIAETCA MPOEKTHBIM yriaeM 1A kormia bK3-420-140, a
OCTaJIbHbIE YINIM UCIONB3YIOTCS 3HEPreTHYecKoi KoMIa-
HUell B KauecTBE HEMPOEKTHHIX yrieil B cmecu. Hanbomb-
LMt MHTEpec MpeCTaBIseT HCIonb3oBanue yris Ilepesc-
JIOBCKOTO MECTOPOKICHHS B UHUCTOM BHJIE C TOUKH 3PEHHU
IKCILTyaTallOHHBIX 3aTpaT. Habmomatotes cymmecTBeHHbIE

M3MEHEHHS HKCILTyaTallOHHBIX 3aTpaT, BKIHOYAOIINE 3a-
tpatsl Ha peMoHT BOK u B3I, a Taxxe MeXpeMOHTHOro
UHTEpBaJla, CBSA3aHHbIE C JKUTAHHEM YIJIeH pa3HOro cocra-
Ba. [1o3TOMY IPOBE/IEHBI UCCIENOBAHUS C UCIIONb30BAHU-
€M CMecell yIJel C LEeNbI0 YCPEAHEHUs DKCILTYaTalHOH-
HBIX 3aTpaT U YBEIMYEHHS MEKPEMOHTHBIX IEPHOOB
KOHBEKTUBHBIX [IOBEPXHOCTEN KOTIIOArperara.

B tabm. 2 pmaHel pe3ynpTaThl pacueToB A cMeceH
Pa3NIUHBIX YTIEH.

Taonuua 2. Iloxazamenu pabomosl KOMa0Azpe2ama Ha pasiudHbIX Y2OIbHbIX CMECAX

Table 2.

Indicators of the boiler unit operation on various coal mixtures

VYrons/Coal, %
HanMeHOBAHHE apaMeTDa Aseiickuit (7)+ Aseiickuii (23)+ Iepesiciosekuii (80)+ Up6eiickuit (95)+
Parameterp P Up6Geiickuii (93) | Ilepesiciocknii (77) Myrysckuii (20) MyryHckuii (5)
Azeisky (7)+ Azeisky (23)+ Pereyaslovsky (80)+ Irbeysky (95)+
Irbeysky (93) Pereyaslovsky (77) Mugunsky (20) Mugunsky (5)
Pacxon TOILINBA, Kr/c 176 203 20 175
Coal consumption, kg/s
TMaponpon3BoauTeNEHOCTD, KI/C
. 117
Steam capacity, kg/s
Pacxoj1 nuTaTensHOM BOJIbI, KI/c
Feed water consumption, kg/s 120,9 120,2 1203 1208
Temneparypa yxozmm:lx rasos, °C 1342 149.4 149.4 1339
Flue gas temperature, °C
KIII xotnoarperara, %
Boiler efficiency, % 928 9.1 902 927
TeMnepgTypa TOYKH pOCOLI, C 109 98 102 110
Dew point temperature, °C
Hapa6otka 110 u3Hoca, et
Operating time before wear, years 2,28 2,42 2,39 2.3
CyMMapHbI€ 3KCIUTyaTal[MOHHBIE 3aTPaThl,
CBA3aHHBIC C HCITIOJIb30BAHUEM yrnef/'l pasHoro
cocTaBa, THIC. P. 250650
Total operating costs associated with the use
of different coal composition, thousand rubles

Kak BuzHO U3 Tabi. 2, mpu cpeqHuX dKCIUTyaTalloH-
HBIX 3aTparax, CBA3aHHBIX C MCIIOJIb30BaHUEM yrieil pas-
HOro cocTaBa, B ToM yucie Ha pemoHT BOK u B3II, B
paszmepe 250650 p. ucmoONb30BaHHE BCEX MPEATAraeMbIX
cMecell NPHBOJMT MPUMEPHO K OJUHAKOBOMY MEXpe-
MoHTHOMY Tiepuony. Hanbonpmmii KIIJI kotna mpu pa-
Oote Ha cMecax Aseifckuii yroms (7 %) + HpOeiickuii
yronb (93 %) u Upbeiickuii yroas (95 %) + MyryHckuii
yrons (5 %).

3aknoyeHue

Ha 6a3e mporpaMMHO-BBIYHCIHTEIBHOTO KOMILIEKCA
CMIIII-IIK pa3paboTaHa MaremaTHyeckask MOJAEIb KOT-
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noarperata BK3-420-140, HacTpoeHHAas Ha BBIMOTHEHHE
ONTHMHU3AIHOHHBIX pacueToB. Pa3paboTannas u Bepudu-
[MpPOBAHHAS MaTeMaTHyecKas MOJENb KOoTJoarperara
T03BOJIET JOCTATOYHO TOYHO OMUCHIBATH MPOMCXOMAIINE
B HEM MPOLIECChI, YeM JJOCTHTaeTcsl He0OXOAMMAas CXOH-
MOCTb [TapaMeTPOB €ro paboThl, PACCUUTAHHBIX C MPUME-
HEHHEM MaTeMaTU4YeCcKOd MOJENH, ¢ MapaMeTpaMH JKc-
IIyaTupyeMoro 000pyaoBaHus. JTo obecreunBaercs
TIOJTHOTOM MCXOJIHBIX JIAHHBIX U TIO3BOJIAET TPOM3BOIUTH
To0BIe MccneoBanus 0e3 BMEIIaTeNbCTBA B TEXHONOT H-
yeckuil npouecc. Mojenu mo3BosoT NPOBOJUTH ONTH-
MU3AIlOHHBIE PACYETHI 10 KPUTEPHSIM SHEPTETHUESCKON U
3KOHOMHYECKOH 3 PEKTHBHOCTHL.
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[MonyueHnble pe3ynbTaThl TOKA3bIBAIOT CYLIECTBEH-
HBIE PA3INYUs 10 CYMMapHBIM 3aTpaTaM Ha PEMOHT KOH-
BEKTHBHBIX MOBEPXHOCTEH HArpeBa B pe3yibTare Hc-
TIOJIL30BAHKS HEMPOEKTHBIX yriied. HamOonpimyro Hapa-
00TKy 10 U3HOCA MOBEPXHOCTEH HAarpeBa KOTJa MOKa3al
pexuM paboTsl Ha [lepescnoBckoM yrie, COOTBETCTBEH-
HO M HaHMEHBIINE CyMMapHbIC TIPHBECHHBIE 3aTPaTHl Ha
uX peMoHT. HamMeHbmas, B CBOIO odepenp, HApaOOTKa
nony4ymiach mpu pabore Ha MyTYHCKOM yrie, a Takke
HauOOIIbIIKE 3aTPATHl HA PEMOHT MOBEPXHOCTEH Harpesa.

[Monyyensl pe3ysbTaThl € MCHOJIB30BAHHEM CMecel
yIIeH, HCTONBb3YEeMBIX Ha CTaHINH, C HEbI0 YCPeIHeHAS
SKCIUTYaTAI[MOHHBIX 3aTPaT W TIOBBINICHHS HAIEKHOCTH
paboThl koTensHOTO arperara bK3-420-140. DxoHoMus
3aTpaT MpHU UCTIOJIB30BAHUH BBILIEYKA3aHHBIX CMECeH HC-
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The relevance of the study is caused by the need to use off-design coals on the operating equipment of TPPs. As you know, the use of
such coals can adversely affect the operation, first of all, of a coal-fired boiler.

The main aim of the research was to determine the overhaul period as well as the rate of low-temperature corrosion and the rate of abra-
sive wear of convective surfaces (air heater and water economizer) caused by the use of various coals (Azeisky, Mugunsky, Pereyaslov-
sky and Irbeysky deposits) and their mixtures.

Methods: mathematical modeling and complex optimization studies on models using System of Computer-Aided Construction of Pro-
grams, designed to generate mathematical models of the investigated installations based on mathematical models of individual elements,
information on technological relations between them, and calculation purposes. This complex was developed at the Melentiev Energy Sys-
tems Institute of Siberian Branch of the Russian Academy of Sciences.

Results. To assess the consequences of the use of non-design fuel, a sufficiently accurate mathematical model of the BKZ-420-140 steam
boiler has been developed. Research was carried out on a mathematical model of the boiler in order to determine the optimal fuel compo-
sitions to minimize the operating costs associated with changing the fuel, and to increase the overhaul period of convective heating surfa-
ces to improve the reliability of the boiler unit. The approximate dependences of the rate of low-temperature corrosion of metal on the
average temperature of the pipe wall and the sulfur content of the combusted fuel are constructed. The technical and economic indicators
of the boiler unit operation were obtained on the coals of the Azeisky, Mugunsky, Pereyaslavsky and Irbeysky deposits, as well as on coal
mixtures (Azeysky coal (7 %) + Irbeysky coal (93 %), Azeysky coal (23 %) + Pereyaslovsky coal (77 % ), Pereyaslovsky coal (80 %) +
Mugunsky coal (20 %), Irbeysky coal (95 %) + Mugunsky coal (5 %)).

Key words:
Coal-fired boiler, abrasive wear, low-temperature corrosion, off-design coal, mathematical modeling, overhaul period.

The research was carried out under the State Assignment Project (no. FWEU-2021-0005) of the Fundamental Research
Program of Russian Federation 2021-2030, and INRTU in master training program 13.04.01 «Heat power engineering and
combustion engineeringy.
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OCOBEHHOCTW YYETA AHU30TPOMMUU NPOHULAEMOCTW BEPXHEIOPCKUX TEPPUMEHHbIX
KOJNNEKTOPOB HA NMPUMEPE HE®TAHOIO MNMACTA

KopoBuH Muxaun OneroBuy,
korovinmo@hw.tpu.ru

HauuoHanbHbIM uccnenoBaTenbCkuii TOMCKMA NONUTEXHUYECKUA YHUBEPCUTET,
Poccus, 634050, r. Tomck, np. Jlennna, 30.

AkmyanbHocmb uccriedogaHusi cCocmoum e noucke cnocobos NPodnuMb epemst 3KCnIyamayuu MecmopoXxoeHus u ygenuyums 006bMy
Hegomu. OcHogHas 3a0aya cocmoum 8 000bide Kak MOXHO bomble20 Konudecmea yanegodopodos. B Hacmosuwee epems paspabomara
mMemoduka, No38oNIsoWas 8bINUCTUMb hapamempb! aHu3omponuu A5 00HO20 U3 nnacmog MecmopoxdeHusi. Takum obpasom yoaémes
demarbHO ydecmb 8MuUsIHUE aHU30mponuu 8 omoensHOM meppueerHoM niacme. O0Hako MecmopoxdeHus bbigatom MHO20N1acmosbl-
MU — ¢ 0c0beHHOCMAMU CMPOEHUS U GhopmuposaHust Konnekmopa. CoomeemcmeeHHO, 803HUKaem Heobxodumocms ydocmosepumscs 8
yenecoobpasHocmu usMeHeHus Memoduku pacyéma aHU30mpPONHbLIX Napamempos 8 3agUCUMOCMU Om U3MEHeHUs1 06cmaHoeKu, nod
enusiHueM Komopoli ghopmuposanca mom unu uHol nnacm. [JaHHoe mecmopoxOeHue s8/1emcs MHO20NIAcMOoBbIM, @ OCOKHSOWEL
0C0bEHHOCMbI0 A8MIAEMCA pa3udue 06CmMaHo80K 0CcadKOHaKONIEHUs npu (hopMUPOBaHUU NIacmos-Kommekmopos. Ecmb 803MOXHOCb,
HE U3MEHSISi MeCmopoXOeHUe, npuMeHUmb MemoOuKy Ha Opyaux ninacmax MecmopoxOeHusi, 8 YyacmHocmu Ha ninacme FO1'. Pacuyémei
3aliMym MeHblue 8PEMEHU, MaK Kak 8CA UHGHOPMauUsi N0 MeCMOPOXOEHUI0 3aepyxeHa U CKoMnoHosaHa. JononHumeneHo ydacmes
npubnu3umsCs K co30aHuUK0 NOTHOCMbIO aHU30MPONHOU MOOeU 8ce20 MECMOPOXOeHUs U nposepums pabomy memoduku 8 6ombuiem
mMacwmabe. CmpemumenbHOe UCMOWeHUe 3anacos npugooum K momy, Ymo HeobxoO0umo ysenuyueamb KO3huyUueHm u3eneyeHus
Hepmu u noHUxXame 8e/IUYUHY 0CMamoYHbIX 3anacos. B bnuxaliwem bydywiem, 803MOXHO, 3ma npobnema cunbHee obocmpumcs, u
noka Ymo ecme epems An1s 8bipabomku MemoOUKU NOCMPOEHUST aHU30MPONHbIX Modenel yenukom Onsi MecmopoxdeHuli ¢ y4émom
8cell 260/1020-260hU3UYECKOL UHChOPMALUL U MEXHOM02UYeCKUX nokazameneli pa3pabomku.

Lenb — nposepums, MOXHO /iU npuMeHUMb MemoOUKy onpedeneHusi napamempos aHU30mponuu npoxuyaemocmu Ha nnacme K01 pa-
Hee uccnedosaHHo20 MecmopoxdeHus. [nacm tO1' croxeH meppueeHHbIM Mamepuanom u omsuyaemes om niacma K012 obcmaHogkol
0Ca0KOHaKONEHUS U 8eTUYUHaMU ¢hUTbMPayUOHHO-EMKOCMHBIX ceolicme.

06BeKm — meppuzeHHbIll niacm MecmopoXoeHUsi, meppumopuasnbHO pacnooxeHHo20 8 3anadHoli Cubupu. BepxHeropckue omnoxe-
HUSI C HUSKUMU GhUSTbmpayUOHHO-EMKOCMHbIMU ceolicmeamu Heobxodumo uccredosamb Ha NpedmMem 803MOXHOCMU PacnPOCMpPaHEeHUst
nodxoda pacyéma napamempog HeoOHOPOOHOCMU NPOHULA@EMOCTIU.

Memodb1. CmaHOapmHbIli KoMniieke 2eohusudeckux uccrnedosaHull CKBaXUH 8 YUghposbIX kapomaxHbix duagpaMmax NpuMeHEH Ons
pacunieHeHus npo0ykmugHO20 niiacma Ha nadku. lMempocbusudeckue ceolicmea onpedesieHbl ¢ UCNOIb308aHUEM 3a8LUCUMOCMU MEXOY
KepHOBbLIMU OaHHbIMU (nopUCMOCMb—NPOHUYaeMocms). Ha npumepe 00HOU U3 CK8aXUH NOCMPOEHO pachpedeneHue npoHuyaemocmu
no 6rusnexawum ckeaxuHaMm no pesynbmamam mpaccepHbix uccredosaHul, a Ha npumepe nnacma K01 ompaxeHo pacnpedeneHue
2padueHmog npoHuyaemocmu no mamepuanam MMC, Ha OCHOBaHUU KOMOPbIX cOenaHbl 8bi800kbI O 3aKOHOMEPHOCMU pacnpedeneHust
aHU30mpoNUU C y4EMoM 2e0s102udeckUX 06CMaHoBOK 0CadKOHaKONIEHUS.

Bbino onpedeneHo, ymo Onst nnacma tO+1' aneopummbi onpedeneHus napamempos aHU30mMpPoNUU NPOHULAEMOCMU 0Cmalomes makumu
Xe, kak u dns nnacma FO13, PazpabomarHasi Memoduka ygepeHHO npuMeHsemces Ha ninacme ¢ 0pyaoli 06cmaHoekol 0cadkoOHaKoNEHUS!.
Pesynbmamsi nomyyatomesi 00CmogepHbIMU U nodmeepxoatom LenecoobpasHoCmb LUCNOb308aHUsS MemoOUKU 6e3 8HECEHUs U3MeHe-
Huti. Yoanock npubnuaumscs K co3daHuto 06bEmMHOL Modenu Ons 8ce20 MECMOPOXOEHUS C y4EmomM 8cex nmacmos U K y4émy cburb-
mpayuu y2negodopo0os. 3mo 0YeHb 8aXHO, Mak KaK COBPEMEHHbIE KOMNbIOMEPHBIE MOWHOCMU NO3BOMISIOM CMPOUMb U pPaccyumbi-
8amb 6CE 60r1ee CrIoXHbIe U KOMNTEKCHbIe MOOeNU ¢ 8bIcokoli demanusayueli npocmpaHcmea Konnekmopa.

Knioueenie cnoea:

AHU30MPONUS NPOHUYaeMocmu, Macwimab aHu3omponuu, 2udpoduHaMuyeckoe ModesLposaHue,

meppuU2eHHb I KONIEKMop, Nempoghu3UYecKue pacyémel.
BeegeHue nmapameTpoB Ui ynpoueHus pacy€roB. C TeueHHeM

Pazsutue KOMITBFOTEPHBIX TEeXHOJIOTUN I/UléT CTpEMHU- BPEMCHHU 1 COBECPIICHCTBOBAHNEM TEXHOJIOTHH CTAaHOBUT-

TENBHBIMH TEMIIAMH, M 3TO MO03BOJSIET 00padaThBaTh
Oonbime 00BEMBI MHPOPMAIMK 33 TOPA3N0 MEHbIIEE
Bpems. CloxHeHine MaTeMaTHYecKUue 3aKOHBI pacipe-
J€JEHUs TapaMeTPOB MPUMEHSIOTCS ¢ HOMOILBIO MOIIHO-
T0 MaTeMaTHYECKOro ammapara, KOTOPbIM CHa0XeHbl co-
BPEMEHHBIE JK3eMIUIAPB MPOTPAMMHOTO 00eCTIeyeHHS.
B coBOKyNHOCTH 3TO MO3BOJIAET CO3/aTh OUCHD CIOKHBIE
JeTaNU3UPOBAHHEIC OOBEMHBIC MOJENM W HAOMIOIaTh
TIPOIECCHl PIIIBTpAHH (ITIOHIOB.

Panee B ycioBusix 00eTHEHHOTO KOMILIEKCa cOOpa M pe-
TUCTPAIMM  TEONOr0-Te0U3NUECCKHX ~ NAHHBIX  OBLIO
CIIO’KHO CO3/aBaTh JICTATbHBIC T'€OJOTHYECCKIE MOJIEIH.
[IpuMensnocs OcpeHeHHe (QUIBTPAIHOHHO-EMKOCTHBIX

DOI 10.18799/24131830/2022/4/3499

s BO3MOXKHBIM HE TOJIBKO coOpath 0OJNBIION 00hEM HMH-
(opmarmu, HO Takke 1 06pabOTaTh €ro, MPOAHANH3UPO-
BaTh. Temepp 3Ty mpoOiemy MO3BOJSET pemiath Ooiee
COBEPIICHHBIH KOMIUIEKC TeO(pU3NIECKUX HCCIe[OBAHUN
CKBXMH ¥ HOBBIE METOAMKH 00pabOTKM TIeoJoro-
reouzngeckoit nHGopmarmm.

Ho ne TonbKo ocpeHeHNe MapaMeTpoB MPUBOIMIO 1
MOXET NPHUBOJUTH ceifyac K 3arpyONeHMIO MOJeNeH, a
emé W HeJOCTATOYHAs JACTATM3ALMI MPOCTPAHCTBA KOJ-
nextopa. KoHkpeTHee, XoTenoch Ok 00paTHTh BHUMAaHNeE
MMEHHO Ha HEOJHOPOAHOCTh CTPOEHHSA KOJUIEKTOpa, B
YacTHOCTH TOPOBOTO TpoCTpaHcTBa. [lapamerpsr Heon-
HOPOJHOCTH OYCHb CII0XKHO Y4ECTh M PACIPOCTPAHUTD TI0
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wIomam Mectopoxkerus. OcHOBHas mpo0neMa — B pas-
HOHM MacIuTaOHOCTH MCXOMHBIX JaHHBIX. Hanboee ToUHO
HEOJJHOPOJHOCTh MOYHO BBIABUThH IO 00OpasaM KepHa,
HO TakuX 00pa3IioB, Kak MPABHIIO, OUYEHb MAJO 110 BCEMY
paspesy. CrenyrommMu MO MAacliTabHOCTH SBISIOTCS
reopu3MUecKre MCCNe0BaHMI CKBaXHH. Kak mpasuio,
onn mposoxarcs B 100 % QoHIa CKBaXWH, M TIO HUM
MOHO BBIYHCIATh (DHIBTPAIIMOHHO-EMKOCTHBIE CBOM-
CTBa B Tpejieax Bcero MecTopoxaeHus. OCHOBHOM He-
JOCTAaTOK reo(M3NYecKuX UCCIeIOBaHUi — JAeTalbHOCTb,
KOTOpas MOXET OBITh JOCTUTHYTA HPU HCCICAOBAHUH
pa3pe3a CKBaXHH. DTOT HENOCTaTOK HUBEIUPYETCS 32
C4€T pa3pabOTAHHBIX TEXHOJOTWH pachpeseeHus TaH-
HBIX U COIIOCTABJIEHHS MPOHUIAEMOCTH C JIaOOPaTOpPHBI-
MU HCCIEJOBAHUAMU KepHa. SIBleHue HeoJHOPOIHOCTH
IPOHMLAEMOCTH M3Y4YaeTcsi CHEHUAUCTAMU C PasHBIX
no3ummit [1-19].

KpaTKVIVI 0YepkK MeCcTopoXaeHUA U uccnegyemoro nnacra

[Ipn W3ydeHWH CBOWCTB KOJUICKTOPOB HEOOXOIMMO
o0pamarb BHUMaHUE Ha (OPMUPOBAHUE MECTOPOKACHUSA
H €ro reoJoruueckue ocodbeHHocTu. B aToM ciyyae yna-
éTCs BBIBUTH 3aKOHOMEPHOCTH M IPOTHO3MPOBATh aHa-
JIOTMYHbIE 3aKOHBI paclpeleneHus CBOHCTB Ha APYrHX
MECTOPOXKACHASX CO CXOXHUMH TEKTOHO-(alHaibHBIMI
(axTopamu GopMUpOBaHHS.

KaiimpicoBckuii cBom u Hroponbckas MeraBmajguHa B
30HE COUICHEHMS SIBIAIOTCS 30HOH pasMelleHus hccienye-
MOro MecToposkaeHus. [IpuypodeHHOCTs MeCTOpOKIeHUS K
TpéM JoKabHBIM TomHATHAM (JlecMypoBckoe, Mexype-
YeHcKoe, 3anagHo-MouceeBckoe) 00ycIaBIMBACT TeKTOHH-
yeckuil pexxuM opmupoBanus Iwiomamu. Taxxe HeobXo-
JMMO OTMETHTb, YTO MOJHATHS PACTONOKeHbl MexTy Mou-
ceeBCKMM U KapaH/aoBcKuM MOAHATHAMHU KYTIOJIOBUIHOM
(opMBI. 30Ha, BMEIIAIOMAS 3TU TIOJHATHS, B CBOIO OUEPE/Ib,
SABJISIETCS TUTICOMETPUYECKH TTOTPYKEHHOM.

Hedrerazoreonornyecku MeCTOPOXACHHE OTHOCHTCS
K KaiimMpicOBCKO# HedTerasoHOCHOW 00IacTH, K H0XKHON
vacT KaiimpicoBckoro He(rerasoHocHoro paiona. Ca-
MBI€ MEPCIEKTHBHBIE OTIOXEHUS AUCIOLMPOBAHBI B
BepxHeropekux 3anexax. bomree 90 % 3amacoB cocpeno-
TOUYEHBI B BEPXHEH I0pe.

Pexum  opmupoBaHus KOJIEKTOPOB BactoraHckon
CBUTBHI SIBJISETCS MEIKOBOJHO-MOPCKUM H TIPHOPEKHBIM.
Ortan pa3BUTHS — PETPECCUBHBI, MEPEXOIAMINIA B TpaHC-
FpeCCHBHLIﬁ. Jluronoruyecku cBuTa JCJIUTCA HA IMOJACBH-
Thl (BEPXHIOK M HWXKHIOW). HIKHAS MOJICBHUTA COCTOUT
U3 apruuIToB  (NPEMMYIIECTBEHHO) C MPOCIOHKaMu
aneBpOJUTOB M NECUaHHKOB. BepxHss monceuTa mpen-
CTaBJIseT co0OH TONIIY MECYAHNUKOB, ABEPOIUTOB U ap-
TUIUTATOB, TEpeCclanBalOMUXCsS MexIay coboil. Taxke
BKJIIOYAIOTCSL Npocioiku yriedl. CyMMapHO BepxHA
TIOJICBHTA COCTOUT M3 IMTH TUIACTOB IecYaHWKa U (op-
MUpYET perHOHaNbHbL ropu3oHT 10;.

HUccnenyemas gacTb paspesa miacta F0; Takxke Ha3bl-
BAETCS HAJYTOJBHON TONIIEH, TAK KaK B IMOJOLIBE MPU-
CYTCTBYET YTOJIbHBIH IUIaCT M SBJISAETCS XapaKTEepPHBIM
MapKepoM Hayalla HaKOIUIEHWsS BEpXHEH 4acTu paspesa.
MoIHOCTb TONIIY COCTABISIET OT ABYX A0 OAMHHAILATH
MGTPOB WHnexcanys miacToB, KaK MPaBUIo, CIETyIOmas

, 10,2, I necuanble MIACTHI B GOBIIMHCTBE Ccly4a-
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€B Ppa3leNATCs TJIMHUCTBIM [POCIOEM MOI[HOCTBIO
1-1,5 M. ®opMupoBaHre KOMIEKTOPOB MPOUCXOAMIO BO
BpEMs TPAHCTPECCHH MOPCKHX OTIOKEHHH ¢ mpeobiaia-
HHEM TIPHOPERKHO-MOPCKUX (aIlHANbHBIX 0COOCHHOCTEH
0CaJIKOHAKOTLICHHS. Memuypeqencxaﬂ IUTONIA/b BKJIIO-
gaer o6a mracta (0" u F0;%), xorsa B Gobmeii yactn
ckBakuH B mracte }0;” HabmiomaeTcs ymioTHeHHE OTIO-
KEHHH, yXyIIIaronee KOIUIEKTOpeKie cBoiicTBa. Brikimu-
HHUBaHWE IUIACTa IOl gaOnromaercs Ha 3amagHo-
MouceeBcKoil 4acTH MECTOPOXICHHUS, a 10 B cBow
ouepelb MOMYUYMI IIOMAHOE PA3BUTHE, KPOME CKIIOHA B
I0r0-BOCTOYHOM 00nacTi. B KpoBlie KOJUIEKTOpa TOpH-
30HTa }O; MEpeKpHIBAIOTCS TIMHHUCTHIME OTIOXKCHUSIMH
['eoprueBckoit CBUTHL

MNpenBaputenbHble pacyéThbl

ITnact I013 UCCIeyeMOT0 MECTOPOXKACHHS YKE H3Y-
YeH ¢ TO‘{KI/I 3peHust aHM30TPONHbIX dhdektos [20].
[Tnacr IOl HaXOJIUTCS TUTICOMETPHYECKH BBIIIE, HO TaK-
e CIOKEH MPEHMYINECTBEHHO TEPPUIeHHBIM MaTepHa-
nom. Jlnist pacuera KapoTaxa MPOHUIIAEMOCTH HEo0X01-
MO HailTH KOPPEIALMOHHOE YpaBHEHUE MEXIy MPOHUIIA-
€MOCTBIO M TIOPUCTOCTBIO TI0 KepHY. AHaNu3 ObLT BBIMON-
HEH Ha OCHOBe 94 ToYeK JAHHBIX MO MPOHUIAEMOCTH IS
mracra 10;". OxoHuarensHoe KOPpPENAIMOHHOE YpaBHe-
HHUE [T ONpeIeNieHHs] TIPOHUL[AEMOCTH:

k =0,0022 - e*7933¢ R =0,886,

rae K — Ko3(UIMEHT NPOHUIAeMOCTH M0 KepHy, M]I;
¢ — k03 QUIHEHT NOPUCTOCTH, J1.€.

3OHV|pOBaHVIe MecTopoXaeHusa

Paznenenne Ha 30mHBI, mpoBenEHHOE panee [20], wc-
TI0JIB3YETCA B KA4ecTBE OTIIPABHOM TOYKHM aHanu3a mpo-
CTPaHCTBEHHOIO pacnpeneneHus. IlepBonayanpuslii noa-
X7l — MpEAONOKEHHE 00 JKBHBAJICHTHOW 30HAJIBHOCTH
st nacra 0, Kapta pacnpesenenus cpenHeit mpoHu-
I[aeMOCTH TI0Ka3aHa Ha puc. 1.

[TonyyeHnas kaprta Oblia UCIONB30BAaHA VI OMpejie-
JIEHUsI BETMYUH MEpBOI mpou3BoaHoi. [Tpu 3toi mpore-
Jlype YYUTHIBAJIOCh 30HUPOBAHUE KAPTHI IS OBBINICHUS
TOYHOCTH pPacyeToB. B mepByro ouepenp, Kak yKa3blBa-
JIOCh paHee, 3HAYCHHS TPaINEHTOB TIPOHUIIAEMOCTH OBLITH
ONpeJeNeHbl KaK KBaJpaTHbI KOPEHb U3 CyMMBI KBajpa-
toB mpupamienus (dX u dY). A3UMYT TOYeK PacCUUTHI-
BaJICS 110 TPUTOHOMETPUUECKOH €AMHUYHOM OKPYKHOCTH.
3arem kpyr ObLT pasjeneH Ha HHTepBaibl o 10 rpaxycos,
¥ TOYKU JAHHBIX OBLTH ycpemHeHsl. [lomydeHHbIE po3bI-
JUarpamMMbl NOKa3aHbl Ha puc. 1. 3HaueHus OOJbLION U
MaJloif OCH, PacCUMTAHHBIE METOIOM HAMMEHBIINX KBAJ-
partoB, 00001eHk B Ta0. 1.

Tabauua 1. 3uauenuss OCHOBHOU U 6CNOMO2AMENbHOU OCU
NIUNCA U OYEHKA AHUZOMPONUU

Table1.  Values of the main and minor axes of the ellipse
and the anisotropy estimate
frar [owa| 2o [ropestenomes| Koxbbon
Layer | Zone Major axis Minor axis Anisotropy
0.1 1 0,0074 0,0048 1,542
] 1 2 0,0059 0,0033 1,788
" [737] 00055 0,0035 1571
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Fig. 1. Average permeability distribution maps for J;* layer
(left), rose diagram for permeability gradients
orientation within zone 1 for J;* layer (right)

Tabnuya 2. 3uauenusn azumyma 0as niacma 1011
Table 2. J;* azimuth calculations

mnacra 10", lopusoHTanbHas ocb B 3TOM CIydyae IOKa- o R Asmvyt/Azimuth
3bIBa€T MHTEpBaT yrioB ¢ maroM 10 rpaaycos. Bepru- Lg;g: Zg’;z TlepBbiit MaKCHMYM BTopoii MakcHMyM
KaJbHasg OCh TOKA3bIBAET YACTOTY MOSBICHUS 3HAYCHUH First maximum Second maximum
rpajiieHTa MPOHUI[AEMOCTH B KaX/I0M HHTepBaje. [na- 0.1 1 110-120° 310-320°
IpaMMBbl MPEJCTABICHBl HA PHUC. 2, 3HAYCHUS a3UMYTOB 31]1' 2 130-140° 320-330°
TSt BCEX IIacToB 0000IIEHb! B Ta0I. 2. 3 100-120° 310-320°
3oma 3 Makc 3ona 1 makc o 30Ha 3 Makc
100-110° 110-120 R0 310-320°
50 2 T~ | o e =) e ) e -
45 2 o
3oHa 2 Makc 3oHa 2 MaKc

40 130-140° 320-330°

35 '
< 30 |
g I
225
2 I
5 20
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) I
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Fig. 2. Permeability gradients density function for J;* layer
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AHanu3 meTtopa pacnpegeneHus ﬂpOCTpaHCTBeHHOVI
cpe.quﬁ NPOHMLaeMoCTun

Ananu3 crpaBOYHOM IHTEPaTypLI NOKasal Heo0Xxo-
JIUMOCTh 30HHpoBaHus miacta KO, Ha Tpu 30HbL. [lanHas
nporeaypa Obia caenana ajs 60ibliel TOUHOCTH pacue-
TOB M JAJbHEHIIEr0 MOJENMPOBAHHS KOJIIEKTOpa IS
HOATBEPAKACHUS BIUSAHUA AaHU30TPOIUHU TPOHUIIAEMOCTH.
3HaueHns TPAJUECHTOB M OPUEHTHPOBKA, IOJyYCHHBIE
T0CJIe IPUMEHEHHST METO/[a POCTPAHCTBEHHOTO pacipe-
JIeNeHus, TPOJAEMOHCTPUPOBAIIH, YTO BENMYMHBI aHHU30-
TPOIHMH, OIEHEHHbIE C MOMOLIBIO ATMPOKCUMAIUH 3II-
JMIca ¢ MPUMEHEHHEM METO/1a HauMEHbIIMX KBaIpaToB,
JIeMOHCTPHPYIOT pas3HbIE pe3yIbTaThl M 30H. CornacHo
Ta011. 2, 0000IIEHHOH TTOCITE H3YYEHHS PO3- THArpaMM Ha
puc. 4, MOXXHO 3aMETHUTb, YTO HAHOOIbIIEE 3HAUCHHE JIa-
TepaIbHOH AHH30TPOMHH MPOHHLACMOCTH COOTBETCTBYET
3oHe 2 mnacta f0;". B To e Bpems BenMYnHBI aHH30TPO-
mid Ui 302 1 ¥ 3 OZHOTO M TOro K€ IUIacTa UMET
OUYCHb ONU3KIE 3HAUCHUS.
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FEATURES OF CALCULATION OF UPPER JURASSIC TERRIGENOUS RESERVOIRS
PERMEABILITY ANISOTROPY ON THE EXAMPLE OF THE OIL FORMATION
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30, Lenin avenue, Tomsk, 634050, Russia.

The relevance of the research consists in finding the ways to extend the life of the field and increase oil production. The main task is to
extract as much hydrocarbons as possible. At present, a technique has been developed that makes it possible to calculate the anisotropy
parameters for one of the reservoir layers. Thus, it is possible to take into account in detail the influence of anisotropy in a separate
terrigenous reservoir. However, deposits are multi-layer with structural features and formation of the reservoir. Accordingly, there is a need
to verify the feasibility of changing the methodology for calculating anisotropic parameters, depending on the change in the environment,
under the influence of which a particular reservoir was formed. This field is multilayer, and the difference in sedimentation environments
during the formation of reservoir layers is a complicating and at the same time good feature. It is possible, without changing the field, to
apply the technique on other layers of the field, in particular on the J1' layer. Calculations will take less time, since all information on the
field is loaded and compiled. Additionally, it will be possible to get closer to creating a fully anisotropic model of the entire field and to test
the operation of the methodology on a larger scale. The rapid depletion of reserves leads to the fact that it is necessary to increase the oil
recovery factor and reduce the amount of residual reserves. In the near future, this problem may become more aggravated, and so far,
there is time to develop a methodology for constructing anisotropic models entirely for fields, taking into account all geological and
geophysical information and technological development indicators.

The aim of this work is to check whether it is possible to apply the technique for determining the parameters of permeability anisotropy in
the J1' layer of a previously explored field. J1' layer is composed of terrigenous material and differs from J1° layer in terms of sedimentation
and reservoir properties.

The study object is a terrigenous layer of a deposit located geographically in Western Siberia. Upper Jurassic deposits with low porosity
properties should be investigated for the possibility of extending the approach for calculating the parameters of permeability heterogeneity.

Methods. Standard set of geophysical well logging in digital charts is used to dismember the producing formation on the packs.
Petrophysical properties are determined using the relation between the core data (porosity, permeability). On the example of one of the
wells the permeability distribution in the nearby wells is constructed, and the example of the formation J1' shows the distribution of
permeability gradients, on the basis of which the conclusions on patterns of distribution anisotropy considering the geological depositional
environments were made. It was determined that for the J1' layer, the algorithms for determining the parameters of the anisotropy of
permeability remain the same as for the J:3 layer. The developed technique is confidently applied in a reservoir with a different
sedimentation environment. The results are reliable and confirm the feasibility of using the methodology without making changes. It was
possible to approach the creation of a three-dimensional model for the entire field, taking into account all reservoirs and the filtration of
hydrocarbons. This is very important, since modern computer power allows building and calculating more and more complex models with
high detail of the reservoir space.

Key words:
Permeability anisotropy, anisotropy scale, simulation modeling, terrigenous reservoir, petrophysical calculations.
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AxkmyanbHocmb. [eooeopa3gedoyHble pabombi, npogodumbie 8 nociedHee epems no ecell [leHo-TyHaycckol Heghme2a3oHOCHOU npo-
8uHyuu, Oenarom uccnedogaHus KapboHamos 0CUHCKOU Nodceumsl 0COBEHHO akmyarbHbIMU, NOCKOMTbKY OHU NO38OMSOM yCMaHo8uUMb
3aKoHOMepHOCMU 0bpa308aHust 108ywek yenesodopodos.

Llenb uccnedogaHusi — u3yyeHue 0cegoll U CKIOHHOU Yacmu KpynHo20 NueduHcko-bonbluemupckoeo bappepHoz0 puga Ha toze Hencko-
BbomyobuHckol aHmeknu3b!.

O6BbexkmbI: kapboHamHbie nopods! NueduHcko-bonbwemupckozo bapbepHoe0 pucha, cpedHeli (ocuHcKol) nodceume! yconbekoli ceums|
MOMMOMCKO20 Sipyca HUXHE20 Kembpusi, 8CKpbImble ckgaxuHamu Ne 45 u 361 3anadHo-SpakmuHckol nowadu.

Memodei: komnnekc MMC, demansHoe numonozo-cedumeHmonoauyeckoe onucaHue 90 u 33 M KepHa cOOMBEMCMBEHHO, CEK8EHC-
cmpamuepagpuyeckuli aHanu3, nempoepaguyeckuli aHanuz 120 06pasyoe u usy4eHUe NameoHMOoN02UYECKUX 0CMamKos, 0mobpaHHbIX
U3 KepHa ckgaxuH 3anadHo-ApakmuHckoll nnowadu.

Pesynbmambl. bbiiu 8b10eneHbI CeMb 1UMOI02UYECKUX MUNog nopod, 3aKOHOMEPHO cMeHswue Opya Opyaa no paspesy. HakonneHue
nopod ocuHcKo20 niacma npoucxoduno e cnedytowem duanasoHe hayuanbHbIx 06cmaHosoK (no HanpasneHuto om bacceliHa ocadko-
HaKoNfIeHUs K KOHMUHEHMY): 8epxHsIs cybnumoparis, numopars, cynpanumopans (cebxa). ObpasogaHue kapcma npoucxoduno 8 cyb-
aspanbHbix ycnosusix. lMposedeHHbili buocmpamuepaghudeckull aHanu3 nodmeepxdaem HuxHekembpulickuli eo3pacm. B ckeaxuHe
Ne 45 obHapyxeHbI ocmamku ussecmkosbix odopocneli Renalcis polymorphum, Renalcis levis, Botomaella zelenovii, Epiphyton zonatum,
Epiphyton celsum, Epiphyton scapulum, Chabakovia ramosa, Chabakovia nodosa, a makxe menkopakoguHHas hayHa Namacalathus sp.
B cksaxuHe Ne 361 bbinu 06HapyxeHb! u onpedeneHbl ussecmkossie 800opociu Renalcis polymorphum, Renalcis granosus, Renalcis sp.,
Renalcis levis, Renalcis seriata, Korilophyton sp., Chabakovia sp. u menkopakoguHHas ayHa (SSF) poda Namacalathus sp. B paspese
nodcsumsi 8bideneHbl MpU CcekseHca Yemsepmozo nopsidka. paHuubl cekeeHca hukcupyrom cybasparbHble nepepbisbl, npedcmassieH-
Hble 8 KepHe cedumeHmayuoHHoU 6pekyueli, 30Hamu kapcma. Haubonbwee no amniumyde u npodomKUMeIbHOCMU NOHUXEHUE yPOBHS
MOpS NPUYPOYEHO K epaHULie 8MOPOS0 U MPembe20 CekseHca. V138ecmkoeble 8000POCIU, U3Y4EHHbIE U3 KEPHA CKBAXUH, SBMIAIUCH OC-
HOBHbIMU pUhOCMPOUMENAMU paHHeKeMOPULICKUX Op2aHO2EHHbIX NOCMPOoeK. L amux opaaHu3mMo8 xapakmepHbi Hebonbwiue 21y6uHbl
numopanu — cybumopanu, Ymo Xopowo coanacyemcsi ¢ pesynbmamamu npogedeHH020 NUMono2o-hayuanbHo20 ucciedo8aHusl.

Knroyeenie crosa:
Kem6puti, ocurckuti 20pusoHm, BocmouHasi Cubups, apxeoyuamsl, yuaHobakmepuu,
Op2aHo2eHHbIe NOCMPOLIKU, CEK8EHC-CmpamuapaghuyecKull aHanu3.

BBeaeHune

AxrtuBHas reonmoropasBenka Ha Hemcko-Boryobunckoit
aHTEKIK3€ 1aeT BO3MOXKHOCTh [POBOJUTD JIETANbHBIE JIU-
ToJIOTr0-(haruanbHbIe 1 OMOCTPATUTPAPUUECKIE UCCITEI0-
Banui. Ha coBpeMeHHOM 3Tare HcclesjoBaHus y Teolo-
TOB €CThb SBHBIC NPEMMYINECTBA — BBICOKHI NPOLEHT
TIOJTHUMAEMOTO KEePHA U3 MHTEPECYIOIIEro cTpaTurpadu-
YECKOro MHTEpBAJIA. O}IHI/IM N3 OCHOBHBIX O6’I)CKTOB I10-
MICKA YIJICBOJOPOJIOB B KapOOHATHOM KOJUIEKTOPE SIBIIS-
I0TCA TIOPOJBI OCHHCKOTO INPOTYKTHBHOTO TOPH30HTA.
PaboTa sBNIAETCA MPONOKEHHEM LMKJIA PadoT, MOCBA-
IMEHHBIX ~ CTpoeHHI0  OapsepHoro  Muesmmncko-
Bonpmerupexkoro puda [1-3].

DOI 10.18799/24131830/2022/4/3451

O6bLeKT M MeToAbl MCCneaoBaHUs

OObexT m3yueHust — kapOoHaTHBIE TOPOABI MuenuH-
cko-bonbimernpckoro 6apsepHoro puda [4, 5] cpenneit
(ocuHCKOHM) MOJCBUTHI (TOPU30HT) YCOJNBCKOW CBHUTHI
TOMMOTCKOTO SIpyca HIDKHETO KeMOpHS, BCKPHITHIC CKBa-
xuHamu Ne 45 u 361 3amagno-SpakTHHCKOH TTOMAIM
(351-45 u 34-361), pacmonoxxeHHoil Ha tore Hemcko-
BoryobuHcKoit aHTeKIH3bl. B anMuHHCTpaTHBHOM IUTaHe
CKB)XHMHBI HaxoJaTcs Ha ceBepe WpkyTckodt obmactu B
80 kM cesepHee moc. Bepxuemapkoso. CornacHo daru-
QJIbHOMY PallOHMPOBAHHIO KEMOPHICKUX OTIOKEHHH [6],
TEPPUTOPHS MCCIECHOBaHUN OTHOCUTCA K Herckoil 30He
Amnrapo-Henckoro  dammansHoro  paifoma  Hemcko-
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Boryobunckoit anTekmm3bl tora CHOMPCKON MLIAT(GOPMBI
(puc. 1). OcuHckas moscBUTA (TPOAYKTHBHBIA TOPH30HT)
B ckBaxuHe 35-45 mumeer tommuny 101 m, B 35-361 —
37 M ¥ TIOYTH B TIONHOM 00BEME OXapaKTepPHU30BaHa Kep-
HOBBIM MaTepHaIoM. JTO O0OCTOATENbCTBO MO3BONMIO C
BBICOKOH CTEMEHbI0 JOCTOBEPHOCTH IIPOBECTU JTUTONOTHU-
qeckue, OMocTpaturpaduueckie MCCIeTOBAHUS, BBIIOJ-
HUTH  (amuanbHble  PEKOHCTPYKIMM M CEKBEHC-
CTpaTHTpa(IecKuil aHaH3 pa3pesa.

B ocHOBY paoThl Nerna KOMIUIEKCHAS MHTEPIIpETAIHS
OOLIMPHOTO (paKTHYECKOr0 MaTepHala, BKIIOYAKOIIEro: KOM-
wiekc [MC, neranpHOE JUTOIOr0-CEAUMEHTOIOIMUECKOE
omucanne 90 m 33 M KepHa COOTBETCTBEHHO, CEKBEHC-
CTpaTurpaQuueckuil aHaiu3, metporpaduueckuil aHau3
120 06pa31oB 1 U3yueHHe NaTeOHTOIOTHYECKIX OCTATKOB,
0TOOPAHHBIX U3 KEPHA CKBAKHUH.

[Ipy IUTOMOTUYECKUX HCCIENOBAHUAX MPUMEHSITUCH
OOIIENPHHATBIE KITACCH(HUKALMH 110 BEIECTBEHHOMY CO-

102

CTaBY, CTPYKTYPHO-T€HETUYECKUM TIpU3HaKaM KapOOHAT-
HBIX TIOpOJ, W3JIOKEHHBIE B PabOTaxX OTEYECTBEHHBIX H
3apyOekHBIX aBTOpoB, Takux kak C.I'. Bumusakos [7],
B.H. Kupxunuckas wu gp. [8], B.I. Kyznenos [9],
A.B. Macnos [10], T"11. Teonoposuu [11], R.J. Danham
[12], E. Flugel [13].

danpanpHble PEKOHCTPYKIMM OCYIIECTBILUIACH Ha
OCHOBE CEIMMEHTAIMOHBIX MOJIENCH, pa3paboTaHHBIX H3-
BECTHBIMH CTICMATUCTAMH B 00JacTH KapOOHATHOTO
ocankoHakorenus: JxJI. Yuncona [14], G. Einsele
[15], G. Stanley [16], B.A. Xemuyrosoii [17], B.I'. Ky3-
HeroB u ap. [18].

JUist BOCCO3aHusA ABOIFOIMK OacceliHa MPUMEHEH ce-
KBEHC-CTpaTUrpauuecKuii aHanu3, HAMNPaBICHHEIH HA
BBIABIIEHHE MPU3HAKOB IBCTATHYECKUX M3MEHEHHH ypOB-
1 Mops. [lpu cekBeHc-cTpaTHrpaduueckoM aHau3e
paspesa aBTOpsl pyKoBojcTBOBanuch padoramu O.I1. Ko-
Bastesckoro, JI.C. Maprynuca [19], O. Catuneanu [20, 21].
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Puc. 1. Mecmononooicenue uzyueHHbIX CKEAdNCUH HA Kapme payuanvhozo pationuposanus Hpxymcko-batikumckoil oonacmu
[6]. I'panuywl: 1 — pationos; 2 — 301, 3 — admunucmpamusuvie, 4 — ckeaxcunvl Ha pucyukax. 3onel: 1.1 — Aneapckas,
1.2 — Henckasa, 1.3 — Ipunenckasn; 2.1 — Taceesckas, 2.2 — boeyuanckas, 2.3 — Koeunckas, 2.4 — Taiinunckas,

3.1 — Huorcneaneapckas, 3.2 — batikumckas

Fig. 1. Location of the studied wells on the map of the facies zoning of the Irkutsk-Baykit region [6]. Boundaries: 1 — dis-
tricts; 2 — zones; 3 — administrative; 4 — wells in the figures. Zones: 1.1 — Angarskaya, 1.2 — Nepskaya, 1.3 — Prilen-
skaya; 2.1 — Taseevskaya, 2.2 — Boguchanskaya, 2.3 — Kovinskaya, 2.4 — Taininskaya; 3.1 — Nizhneangarskaya,

3.2 — Baykitskaya

INuTonoro-cauuanbHoe cTpoeHne

B wu3ydeHHBIX pa3pe3ax OCHHCKOTO TOPH30HTA BbIfle-
JICHO BOCEMb THIIOB IOPOJ, 3aKOHOMEPHO CMEHSOIINX
JpYT ApyTa [0 pa3pe3y CHU3Y BBEPX U COOTBETCTBYIOLINX
Pa3TMYHBIM (DalMATBHEIM OOCTAaHOBKAM METKOBOIHOTO
menbga.
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1. N3BeCTHSKH JONOMUTHCTBIE 0 AOJOMHUTOBBIX, TEMHO-
cepble U KOPUYHEBATO-CEPBIE, BOXOPOCIEBBIE H CTPO-
MaTONHUTOBBIE CO CTPYKTYpOil OayHIACTOYH, CIOXKEHBI
PA3MUYHBIME [IHAHOOAKTEPUATHHBIME 00pa30BaHUAMH,
(OpMUPYIOIMMH CEPHI0 MENKOMACIITA0HBIX MOCTPO-
ek OMOTepMHOTO THITA, HAPACTAIOLINX APYT Ha JpyTa.
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2. V3BeCTHSKHM JONOMHUTHUCTBIE TO JOIOMHUTOBBIX, KO-
pUYHEBBIE W TEMHO-KOPHYHEBBIE,  PETUKTOBO-
BOJOPOCIEBEIC CO CTPYKTYpOH OayHICTOYH, BOJNHH-
CTO-TIOJIOTOCIIONCTHIE, C(OPMUPOBAHHBIE HA 00II0-
MOYHOM (MHKPO(UTOIUTOBOM) KapOOHATHOM CcyO-
cTpare, NEePUONIECKU MOJBEPTaBILINECsS OCYLICHHUIO.
O perymsipHbIX Cy0a’paibHBIX JKCTO3HUIHAX CBHIE-
TENbCTBYIOT TPEIIMHB CHHEPE3UCa, BBINMOTHEHHBIE
TIITOM, a TAaKKe paccesHHas CynbpaTH3amus, MH-
TEHCHUBHAS JOJIOMUTH3ALUS U KaBEPHO3HOCTb.

3. JloMOMHUTHI U3BECTKOBHCTBIC 10 M3BECTHIKOB, TEMHO-
KOPUYHEBBIE W KOPHIHEBBIE, MUKPO(QHUTOIUTOBEIE CO
CTPYKTYpOH  TpeHHCTOYH,  cnab0  BOJHHCTO-
TOJIOTOCIIOUCTBIE.

4. JlonoMuTBl U3BECTKOBBIE O M3BECTHAKOB JOIOMHTH-
CTBIX, KPHCTAUIMYECKHE, KOPHYHEBATO-CEPhIE, pe-
JMKTOBO MEJKOOOIOMOYHBIE CO CTPYKTYpOH TpeiiH-
CTOYH, TOHKO-IIAPAIUICIEHOCIONCTEIE, OTHOHAIPAB-
JIEHHO-KOCOCJIOUCTbIE, Y4ACTKH € Ae(hOPMALIOHHBIMU
TEKCTypaMH, cnabo GpeKurpoBaHsIe.

5. Kapcroas mebeHouHO-TIBI00BAs OpeKuHs H3BECT-
HAKOB JJOJIOMHTHCTHIX BOJOpPOCIeBHIX. [lopomst mpe-
CTaBJICHBl 3aKAPCTOBAHHBIMH OWOT€PMHBIMH BOJIO-
POCTIEBBIMU M3BECTHSKAMH, WHTEHCHBHO Pa3OUTHIMU
TPEIIMHAMH U IIENEBUIHBIMU KaBEPHOBBIMH TIOJIO-
CTAMH Ha OTIEIBHBIE OIOKHL.

6. JomoMHTHI TEMHO-KOPUYHEBBIE, IUIOCKO-TaJeHBIE
KOHTJIOMEPATHI, KOCOCIOHCTEIE, CIOKEHHBIE IIOCKU-
mu (0T | 10 5 cM B IMHY) 00JI0MKaMK MUKPUTOBBIX
¥ MHUKPO(HUTOJUTOBBIX JOIOMHUTOB, TIOTPYKEHHBIX B
CIWJIBHO OMTYyMIHU3UPOBAHHBIN TONOMHTO-
TJIMHUCTBIA MATPHKC.

7. AHTHIPUTHL W aHTHAPHUTO-TOIOMHTHI CEphIe, CBETIIO-
cepele, TOIyOOBaTO-Cephle, SCHOKPHCTAIMYECKHUE,
KEBAKOBO M TOHKOCJIOKCTBIE, IIOTHBIE, KPETIKHUE.

8. KameHHble conmu Oeible, po30BaTo-cephbie, KPaCHOBA-
TO-Cephle M TEMHO-CEphIe, PA3HOKPUCTAILTHICCKHE,
TNIPEUMYIIECTBCHHO KPYMHOKPUCTAIIMYECKHIE, Mac-
CHUBHBIC U MOJOCYATHIC, Y4aCTKaMH C OPUCHTUPOBAH-
HBIMM HHTPAKJIACTaMU apriUINTa U KapOOHATHBIX
nopon pazmepom ot 0,1 10 5 cM, MIOTHBIE, KPENKHE.
B pa3pe3e OCHMHCKOIl MOACBHUTHI TaqHT BBIMONHIET
KPYITHBIE MEX-ITYCTOTHBIE M MEX-OPraHOr€HHBIE I10-
Pbl, KaBEpHbl M IMELIEPUCTHIE MOJOCTU. Takxke OH
NPUYpPOYEH K KApCTOBBIM IIOJOCTSAM U TpELIMHAM
Pa3IIMYHOTO TEHE3UCa.

Haxomnenne mopox OCHHCKOTO TIIACTa TPOUCXOIUIO
B CIEIYIONIEM JuanasoHe (anranbHeIX 00CTaHOBOK (IO
HAIPaBJICHUIO 0T OacceifHa 0CaIKOHAKOIUIEHHS K KOHTH-
HEHTY):
® BepxHdAA CyOnuTOpanb, I Hee XapaKTEpPHBbI IOPOIbI

CO CTPYKTYpOii OayHICTOYH;
¢ JMTOpaNh (NPIIMBHO-OTIMBHAS DAaBHHHA), IS HEe

XapaKTEePHbI OPOJIbI CO CTPYKTYPOH IPEHHCTOYH;

e cympanutopais (cedxa), mpeacTaBIcHa aHTHAPUTAMH
1 KaMCHHBIMHU COJISIMU.

KapcroBast meGeHoIHO-IBI00BasT OpeKYns # J0JIO-
MUTOBBIE ILIOCKO-TAJIEYHbIE KOHIJIOMEPAThl NPUYPOUEHBI
K JTamaM BBIXOJa PH(OTEHHEIX TOPOI B CyOadpanbHbIE
yCIIOBHS.

Kaxnas ¢amuanbhas 30Ha XapakTepu3yeTcs CIEIH-
(MYHBIM KOMIUIEKCOM CTPYKTYPHO-TEHETHYECKHX THIIOB
nopoJ (OmMUCaHue KOTOPHIX JAHO BHIINIE), OTPAKAIOMINAM
yCIoBMS ocankoHakoruieHus. O003HaueHHBIN (aruanb-
HBIA PSAJl MEHSUICA B TEUCHHE OCHHCKOTO BpeMeHH. 13y-
YeHHBIC CKBAXKMHBI MPEJICTABISIOT JIBa THIA pazpe3a Oa-
pbEepHOTO pHda: OCEBOH, XapaKTEPU3YIONIUHCS IOBHI-
LIEHHBIMH MOIIHOCTAMHU OTIOKEHHMH CKB. 45, M CKIIOHO-
BBIA — ¢ MHHMMAJIBHBIMH MOIIHOCTAMH cKB. 361. Oco-
OCHHOCTH UX CTPOCHHS OYIYT pacCMOTPEHBI Jajiee.

CekBeHc-CTpaTurpacthuyeckas nocnegoBaTenbHOCTb

B paspese ckBaxun 45 u 361 Bblmensercs Tpu ce-
KBEHCa deTBepToro nopsaka (puc. 2—4). Cekeenc nepeblil
SQL. TomomiBa cekBeHca B M3YUCHHBIX CKBAXKHHAX TPO-
XOJIUT MO TMOZOLIBE CONEH, HECOTNIACHO MEPEKPBIBAIOIIIX
HIDKEIICHKAIIE JTONOMUTHI HIXKHEH TIOJICBUTHI YCONBCKOM
cBUTHL. CUCTEMHBII TPAKT CTA/IUK TAJCHUS YPOBHSA MOpS
(Falling Stage System Tract — FSST) npencrasnen cosnst-
MHI CyNpaTUTOPATH. Brlmenexammue JOTOMHUTH TTHHU-
CThle, HEPaBHOMEPHO CYNb(haTH3UPOBAHHBIC OpeKdme-
BHJIHBIC IPUYPOUCHBI K TPAKTY HU3KOIO CTOSHHUS YPOBHSI
mopst (Lowstand System Tract — LST), B mogomuise orpa-
HHYEHBI CEKBEHC-CTpaTUrpaduyeckoi rpanunen. Tpamc-
TPECCHBHAS TOBEPXHOCTH IPOBEACHA B IOJOIIBE IIPH-
JMBHO-OTIMBHOTO KOMIUIEKCA, MPEACTABICHHOTO HOJIO-
MHTaMH C PEIUKTOBOM CTPYKTYpOi TPEHHCTOYH B CKB. 45
M JOJIOMUTaMH TLIOCKO-TaneqHbIMu B ckB. 361. Otnoxe-
HUS TpaHcrpeccuBHOTO Tpakta (Transgressive System
Tract — TST) B paspese ckB. 45 mpeACTaBIEHBI JTOJIOMH-
TaMH HM3BECTKOBUCTHIMH, MHUKPO(HTONHTOBBIMH, CIOH-
cThiMA ((auus TpUIMBHO-OTIAMBHON OTMeNH). B paspese
ckB. 361 — osToMHTaMH BOJIOPOCIIEBBIMH, B BEPX TIO pas-
pe3y TMepexOmAMUMH B MHKPODUTOIHUTOBBIE (MEJKHE
XOIIMOBHJIHBIE TIOCTPOIMKH Ha MPIUTMBHO-OTIMBHOA OTMe-
7¥). BIle 3aneraior oTI0XKeHNs TPakTa BHICOKOTO CTOS-
Hus ypoeHs mops (Highstand system tract — HST), npen-
CTaBJICHHBIC OJMHOYHBIMH BOJOPOCIEBBIMH MOCTPOHKA-
MH XOIMOBHIHOTO, OHOTepMHOTO TWma. B  kposme
HaOIFOIAIOTCA TPHU3HAKK  CY0a’PaTbHON  IKCIIO3UIIHH.
Paspes ckB. 361 umeer cxoxee crpoenue. OTamuus 3a-
KITIOYAI0TCS B MPE00IafaHui BOAOPOCIEBBIX MOCTPOEK €
JAMUHAPHOU CIIOMCTOCTBIO (CTPOMATONHUTOB).

@opMHIpOBaHUE OTIOKECHUN HA TaHHOM 3Tare MpOuc-
XOJAWIO B YCIOBMSIX BEPXHEH U HIDKHEH JIUTOpalei, Bpe-
MCHaMU CMCHAIOMIMMUCA Ha CYTIIPATUTOPAJIbHBIC. BI/I)lHa
pa3HMIA B TEMIAX POCTa OPTaHOTEHHBIX MOCTPOEK Oce-
BOM M CKIIOHOBOW YacTH, YTO CBS3aHO C MpeoOnajgaHueM
BOJOpOCIEH B OCEBOM pazpese.

Cexeenc emopou SQ2. V3yueHHble pa3pe3bl CKBaKHH
MMEIOT cxoxee cTpoeHue. [lomonBa cexkBeHca MPOXOAUT
no c1abo 3aKapCTOBAHHOW IOBEPXHOCTH BOJOPOCTIEBBIX
KapOOHATOB TPaKTa BEICOKOTO CTOSHHUS ypoBHS Mops SQL.
OTnoXXeHHUs TpakTa HU3KOTO CTOSHHS YPOBHSI MOPS
OpeACTaBJICHBI JOJIOMUTAMU TIJIOCKO-TaJICUYHBIMU. Tpch-
FpeCCI/IBHHﬁ TpaKT NPEACTABJICH OTJIOXKCHUAMHU TIPUIIUB-
HO-OTJIMBHOK oTMenmd. B ckB. 361 nHalOmromaercs
HauMEHbIIas MOIIHOCTD OTNOXKEHWH Tpakta. Ha srame
BBICOKOTO CTOSHHSA YPOBHS MOpS (JOPMHPOBAIHCH JIO-
BOJILHO MOIIHbIE MUKPOOUANbHBIE MOCTPOHKH, TOCTIEN0-
BaTENBHO HAPACTAIOIIME JAPYT HA JApPYra, SMH30JUYCCKH
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BBIXOJIMBIIHE TIOJ YPOBEHb Cy0adpalbHOH SKCIO3UIHH.
Hanbonpmas aMmuTyna HOHIDKEHAS YPOBHS U TIPOJOT-
KHUTEIBHOCTh CyOapaIbHOM SKCIO3UIMHN (PUKCHPYETCS Ha
TpaHuIE BTOPOTO W TPETHETO CEKBEHCA, T/Ie MOIIHOCTH
BHYTPHPH(OBOr0 KapcTa COCTaBIseT Topsaka 16 M B
oceBoii yacty 1 10 M B CKIIOHOBO#H 4acTu.

Bropoii mukn hopMupoBaHis OTIIOKEHHI HAYAICS C T10-
HWKEHUS OTHOCHTENBHOTO ypoBHSA Mops (OYM), npowmso-
IITa CMEHA YCIOBHI OCAIKOHAKOIUICHNUS C TIOTPHIMBHBIX
Ha CYHpaIMTOpaIbHBIe. JTO TPHBENO K (HOPMHUPOBAHHUIO
KapcTa Ha 9Tare cy0adpaibHOi dkcno3uimy. Ha Tpancrpec-
CHBHOM 3Tarne (pOpMIpYeTcs TPUIMBHO-OTIMBHAS OTMEIb,
HIOCTENIEHHO 3acesiemMas cTpomaronutamu. JlanbHeliuee
pacImpenre MOPCKOro 0OacceiHa M TEPEKpPHITHE BOIHBIM
CIoeM 00JacTell CHOCA B YCIOBUAX BBICOKOTO TOJIOMKEHHS
OYM npusenu Kk 00pa30BaHUI0 OOLIMPHONW MENKOBOITHOM
30HBI, T[E pa3BUBAINCH BOIOPOCIEBEIE O00pa3OBaHIL,
HaKOIUIEHHE KOTOPBIX B pe3yJbTare OBICTPOrO pocTa, Impe-
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BBIIAKIIETO TEMI NOrpyxeHHs jAHa OacceiiHa, cHocoo-
CTBOBAJIO 3aIOJHEHHMIO TPOCTPAHCTBA AKKOMOJAINA U Ya-
CTOMY BBIXOAy HOPOA B Cy0a’paibHBIC YCIOBUS, UTO
TPHBENO K 00pa30BaHUIO KapCTa.

Cexsernc mpemuti SQ3. TlozoniBa cekBeHCa TIPOXOIHUT
T0 3aKapCTOBAHHON MOBEPXHOCTH BOJOPOCIEBBIX KapOo-
HATOB TPAKTa BBICOKOTO cTOsTHUSA ypoBHSI Mopsa SQ2. O1-
JIOKEHHMST TPaKTa HU3KOTO CTOSHHS YPOBHS MOpS Ipen-
CTaBJICHBl KapCTOBOW INEOCHOYHO-TIBIOOBOM OpeKkuHe,
KoTopasi 00pa3oBaach B TEPHOI OCYIIEHHS M PA3BUTHS
KapcTa HIDKENEeXAIIUX BOJOPOCIEBBIX H3BECTHIKOB
TpakTa BBICOKOTO cTosHHSL ypoBHS Mops SQ2. Tpamc-
TPECCUBHON TPaKT B paspese CkB. 361 mpencrapieH 00-
JIOMOYHBIMU 3€PHHCTBIMU TpeiHCTOyHamu. B paspese
CKB. 45 TpaHCTPeCCUBHBIN TPAKT He BbiAensercs. Ilocie-
AyIolIasl, OTHOCHTENBHO ObICTpas TpaHCrpeccus MpHBena
K arrpajganuy puda ¢ He3HaUMTENbHOM Mporpajialumei Ha
3TaIe BEICOKOTO CTOSHHS YPOBHS MOPSL.

OBCTaHOBKH 0CATKOHAKOTITCHHS

Cy6-
rropan

Tekcrypbl
Touku
HAXOI0K
aynm

| |

Cynpaniropain

® o0 o
o o W

o0
o~

e 10

Puc. 2. Jlumonozo-cmpamuepagpuueckuil paspe3 ckeaxdcunvl 3anaono-Apakmunckou 45 ¢ moukamu naieoHmon02Udeckux

HAX000K

Fig. 2. Lithological and stratigraphic section of the West Yarakta well 45 with points of paleontological finds
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TpeTnii UMK CEIUMEHTAMH TAKXE HAYUHACTCS C
Tpakta Hu3koro nonoxenus OYM. IlepeeiMu oOmene-
HOIO ¥ YaCTHYHOMY OCYIICHHIO MOTJIH TIOJBEPTHYTHCS
KpaeBble W Ooliee penbedHO BRIpaXKEHHBIC YacTH Oaccei-
Ha. B pesynbrare nocnenyomen TpaHCTpecCun BOSHUKIH

OnmarompusTHEIC yCIOBHs s popMupoBaHus sapa puda
B OCEBOI YacTH paspesa. B ckioHOBoW yacTH HaOmOIa-
10TCS 00JIOMOYHBIE 3€PHUCTBIC 00pa3OBaHMS, MEPEKpPHI-
ThIE MHKPOOHAIEHO-BOJOPOCIEBRIMU [OPOAMH, Xapak-
TEPU3YIONINE BEPXHUI CIOH OapbepHOTo pHda.
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Fig. 4. Lithological and stratigraphic section of the West Yarakta well 361 with points of paleontological finds
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Taonuya 1. Ilareonmonocuyeckue HaxoOKu 6 paszpese ckeadcunvl 3anaono-Apaxmunckas 45. @ue. 1. Namacalathus sp. win.

Table 1.

162

Chabakovia nodosa schl. no. 110673

Ne 110540 an. 2488.72; ®ue. 2. Namacalathus sp. ww. Ne 110540 2. 2488.72; due. 3. Chabakovia ramosa wuu.
Ne 110675 2n. 2511.40; ®ue. 4. Namacalathus sp. ww. Ne 110540 2n. 2488.72; @ue. 5. Renalcis levis wu.
MNe 110101 2. 2521.74; @ue. 6. Epiphyton scapulum. wuwi. Ne 110684 an. 2514.36; ®ue. 7. Botomaella zelenovii
wn. Ne 110645 2n. 2503.54; @ue. 8. Epiphyton celsun. wuwi. Ne 110696 en. 2520.06; @ue. 9. Epiphyton zonatum.
win. Ne 110696 en. 2520.06; @ue. 10. Renalcis polymorphum. ww. Me 110675 an. 2511.40; @ue. 11. Chabakovia
nodosa wuwr. Ne 110673 2n. 2510.91; @ue. 12. Renalcis levis wwn. Ne 110101 2n. 2521.74

Paleontological finds in the section of the Ichedinskaya 45 well. Fig. 1. Namacalathus sp. schl. no. 110540 slide
2488.72; Fig. 2. Namacalathus sp. schl. no. 110540 slide 2488.72; Fig. 3. Chabakovia ramosa schl. no. 110675
slide 2511.40; Fig. 4.Namacalathus sp. schl. no. 110540 slide 2488.72; Fig. 5. Renalcis levis schl. no. 110101
chap. 2521.74; Fig. 6. Epiphyton scapulum. schl. no. 110684 slide 2514.36; Fig. 7. Botomaella zelenovii
schl. no. 110645 slide 2503.54; Fig. 8. Epiphyton celsun. schl. no. 110696 slide 2520.06; Fig. 9. Epiphyton zo-
natum. schl. no. 110696 slide 2520.06; Fig. 10. Renalcis polymorphum. schl. no. 110675 slide 2511.40; Fig. 11.
slide 2510.91; Fig. 12. Renalcis levis schl. no. 110101 chap. 2521.74
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Taonuya 2. [lareonmonocuyeckue HAX0O0Ku 6 paspese ckeadicunvl 3anadno-Apaxkmunckas 361. @ue. 1. Renalcis

Table 2.

polymorphum win. Ne 118419 2n. 2572.85; @ue. 2. Renalcis granosus wuw. Ne 118421 2n. 2573.24; @ue. 3. Re-
nalcis sp ww. Ne 118392 2n. 2565.44; ®ue. 4. Chabakovia sp uwr. Ne 118424 2n. 2574.23; ®ue. 5. Renalcis levis
wn. Ne 118424 2n. 2574.23; @ue. 6. Namacalathus sp. ww. Ne 118398 an. 2567.65; @ue. 7. Korilophyton sp .
MNe 118391 en. 2564.53; @ue. 8. Renalcis levis. wwn. Ne 118419 en. 2572.89; @ue. 9. Chabakovia sp. win.
MNe 118419 2n. 2572.89; due. 10. A — Chabakovia sp., 5 — Renalcis seriata. uw. Ne 118391 an. 2564,53; @ue. 11.
Renalcis polymorphum. wuwi. Ne 118391 2n. 2564.53; ®ue. 12. Renalcis granosus. uw. Ne 118392 2n. 2565.44

Paleontological finds in the section of the Ichedinskaya 361 well. Fig. 1. Renalcis polymorphum schl. no. 118419
slide 2572.85; Fig. 2. Renalcis granosus schl. no. 118421 slide 2573.24; Fig. 3. Renalcis sp schl. no. 118392
slide 2565.44; Fig. 4. Chabakovia sp schl. no. 118424 slide 2574.23; Fig. 5. Renalcis levis schl. no. 118424 slide
2574.23; Fig. 6. Namacalathus sp. schl. no. 118398, slide 2567.65; Fig. 7. Korilophyton sp schl. no. 118391
slide 2564.53; Fig. 8. Renalcis levis. schl. no. 118419 slide 2572.89; Fig. 9. Chabakovia sp. schl. no. 118419
slide 2572.89; Fig. 10. A — Chabakovia sp., 5 — Renalcis seriata. schl. no. 118391 slide 2564.53; Fig. 11. Re-
nalcis polymorphum. schl. no. 118391 slide 2564.53; Fig. 12. Renalcis granosus. schl. no. 118392 slide 2565.44
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Buoctpaturpadusa

B pesyinbpraTe MEKPOCKOIIYECKOTO M3YUCHHMS OHOTEHI
KEepHA CKBAXUH 3amajHo-SpakTHHCKOW Miomany (CKBa-
xunbl NeNe 45, 361) GbUTH BBIICTEHBI KOMILTIEKCHI Opra-
HIYECKUX OCTaTKOB (M3BECTKOBBIC BOAOPOCIH, MEIKOPa-
xoBuuHas (ayra (Small Shelly Fossils — SSF)). Ipose-
JIeH TAJICOHTONIOTHYESCKUA W OuocTparurpaduuecKuii
aHaIM3, KOTOPBIH MOITBEPIN pPaHHEKEMOPHIACKHI BO3-
pacT BMENIAIONINX OTIOXEHHI. BriepBbie B OTIOKEHHUSIX,
BCKPBITBIX CKBaXHHOW 3amajgHo-SpakTunckas 45, oOHa-
PYXEHBI ¥ OTIPEZENECHB! OCTATKH H3BECTKOBBIX BOIOPOC-
nei (umaHoOakTepwmii). Hambomee XapakTepHbIe BHIBI
npejcTaBieHbl B Tabnuie:  Renalcis  polymorphum
(tabm. 1, ¢ur. 10), Renalcis levis (tabn. 1, ¢ur. 5, 12),
Botomaella zelenovi (tabn. 1, ¢ur. 7), Epiphyton
zonatum Korde (tabm. 1, ¢ur. 9), Epiphyton celsum
(Tabmn. 1, ¢ur. 8), Epiphyton scapulum (tat6ux. 1, dur. 6),
Chabakovia ramosa (ta6u1. 1, dur. 3), Chabakovia nodosa
(Tabm. 1, ¢ur. 11), a Taxxe MeIKopakoBHHHas (ayHa
Namacalathus sp (ta6. 1, wr. 1, 2, 4).

B ckBaxune Ne 361 Obuti 0OHAPYKEHBI M OTIPEACIICHBI
M3BECTKOBBIE BOIOpocH Renalcis polymorphum (Tabu. 2,
¢ur. 1, 11), Renalcis granosus (tabnm. 2, dur. 2, 12),
Renalcis sp (1abm. 2, ¢ur. 3), Renalcis levis (Tabm. 2,
¢wr. 5, 8), Renalcis seriata (ta6m. 2, dur. 10(A)), Korilophyton
sp (tabu. 2, ¢ur. 7), Chabakovia sp (ta0m. 2, ¢ur. 4,9, 10 (A)) u
SSF Namacalathus Grotzinger (ta6u. 2, ur. 6).

3aknroyeHue

JluTonoro-anuanbHele  UCCIEIOBAHUS  O3BOJIIIH
BBIJICTHTh CEMb THIIOB MOPOJ, XapaKTEpPU3YIOIIHX pa3-
JMYHBIE 00CTAaHOBKM MEJIKOBOJHOTO IIeib(a OCHHCKOTO
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naneo0acceHa: OT MPUINBHO-OTIUBHBIX KapOOHATHBIX
OTMeel JIUTOPAH JI0 OPTaHOTEHHOM TTOCTPOUKHU Ha Cy0-
JUTOPATIH.

B paspese ckBaxuH BBIZICICHBI TPH CEKBEHCA YETBEP-
TOTO MOPAJKA, OTOXJIECTBIEHHBIE C TalUT-CYJIb()aTHO-
KapOOHATHEIM 0CA/IKOHAKOIUIEHHEM, KOTOpOE MpOHCXO-
IO Ha OTHOCHTEBHO MEKOBOIHOM Irenb(e. Paspurue
CEKBEHCOB CBSI3aHO C YIITyOJieHUeM Iienb(a Mph paciiu-
pernn [laneocuOupckoro okeaHa. MeNKOBOJHBIE YCIIO-
BHS IPUBOJIWIIN K 3aTONTHEHUIO TIPOCTPAHCTBA aKKOMOIa-
LMK 32 cYeT OBICTPOro pocTa Bojopociei, hopMupoBaB-
KX OPraHOT€HHBIE TIOCTPOIKH, W BEIXOY OTJIOXCHHII B
cympanuTopanbsHele yenoBusd. Hanbonpmee mo amminty-
J¢ ¥ TIPOJODKUTENBHOCTH MOHMKCHHE YPOBHS MOPS
BIICPBBIC BBISBICHO HA TPAHHUIE BTOPOTO M TPETHETO Ce-
KBEHCa. 311€Chb CTOUT OKUIATh XOPOIINE KOJUIEKTOPCKHE
CBOMCTBA, CBA3aHHEIC C 30HAMHU BHYTPUPH(OBOTO KapcTa.

MenkopakoBurHas ~ (payHa poma  Namacalathus
Grodzinger paHee Oblia MUPOKO W3BECTHA M3 HIMAKAP-
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CTBYET U O €€ paHHEKeMOPHICKOM BO3pacTe.

U3BecTkOBBIE BOAOPOCIH, H3yYEHHBIE H3 KEpPHA CKBa-
KUH 3amagHo-SIpakTHHCKOM MIOIIA/H, ABISUIHChH OCHOB-
HBIMH PUDOCTPOUTENSIME paHHEKEMOPHICKHX OpTraHo-
TeHHBIX TOCTPOEK (OMOCTPOMBI, OMOTEPMBI, OMOTEPMHBIC
Maccusbl, prudorennsie oopasosanus) [28]. [t atux op-
TaHU3MOB XapaKkTepHbl Hebombinye Tyounsl (10 100 M,
(oTHyeckas 30Ha) JTUTOPAIH — CYOIUTOPad, YTO XOpO-
IO COTTACYETCs ¢ Pe3yNbTaTaMU MPOBEACHHOTO JIUTONO-
ro-(aImantbHOTO UCCISTOBAHNUS.

7. Bumnskos C.I'. ['eHeTHuecKie THIIBI ONTOMHUTOBBIX OPOJ CEBE-
po-3anajHoil okpaunbl Pycckoit maropmst / Tpynst I'eon. uH-
cruryta AH CCCP. — 1956. — Ne 4. — C. 209-225.

8. Kupkunckas B.H. Cmexos. E.M. KapboHatHbie mopoast — KO-
nexkTopsl Heh u raza. — J1.: Uzn-Bo «Henpan, 1981. — 255 c.

9. Kysneuos B.I'. Jlutonorus — ocHOBBI 0011IeH (TEOPETHYECKOM) TH-
tonoruu. — M.: U3n-Bo «Hayunstit mupy, 2011. —360 c.

10. Macnos A.B. OcajouHble TIOpOJBI: METOJBI U3YYCHHS W MHTEp-
TpeTanys HoNyYeHHbIX JaHHbIX. — ExkatepunOypr: YITY, 2005. —
289 c.

11. Teonoposuu I'M. AyTurenHble MHHEpanbl OCaJOYHBIX MOPOA. —
M.: U3a-Bo «[octonrexuzaaty», 1958. — 572 ¢.

12. Dunham R.J. Classification of carbonate rocks according to
deposition texture // Classification of Carbonate rocks. Simposium
Amer. Assoc. Petrol. Geol. Mem. — Tulsa, 1962. — P. 108-121.

13. Fliigel E., Fligel-Kahler E. Phanerozoic reef evolution: basic
questions and data base // Facies. — 1992. - V. 26. — P. 167-277.

14. Yuncon [Ix.J1. KapbonarHsle dauum B reoqorn4eckoil HCTOPHH. —
M.: U3n-Bo «Henpay, 1980. — 463 c.

15. Einsele G. Sedimentary basins, evolution, facies and sediment
budget. — Berlin: Springer-Verlag, 2000. — 792 p.

16. Stanley G. The history and sedimentology of ancient reef
systems. — New York: Kluwer Academic, 2001. — 458 p.

17. XKemuyrosa B.A. Tlpakruueckoe npuMeHEHHE pe3epByapHOi ceu-
MEHTOJIOTHH TIPH MOJIEJIMPOBAHUH YIIIEBOLOPOIHBIX cHCTEM. — M.:
U3n-Bo «PT'Y et u raza um. .M. T'yOkunar, 2014. — 342 c.

18. JlpeBnue xapboHatHble TonmK Bocrounoi Cubupu u ux Hedrera-
3oHocHocTh / B.I'. Ky3nernos, JL.H. Umoxun, O.B. ITocTHukoBa,
B.B. bakuna, A.b. I'opuna, C.A. Imutpresckuii, H.M. CxoGene-
Ba, [.W. Tuxomuposa, B. Cyxsl, JLH. ®omuuea. — M.: Uzx-Bo
«Hayd. Mupy, 2000. — 104 c.

19. Kosanesckuit O.I1, Maprymuc JI.C. Jononnenue 1. CexBeHc-
crparurpaduueckue noapasaeneHus // JlomonHeHus K cTpaTHrpa-



V13BecTust TOMCKOrO NONUTEXHUYECKOTO YHUBEpCUTETa. MHXMHMPKHI reopecypcos. 2022. T. 333. Ne 4. 157-167
Tokapes [1.A., MniocHuH A.B., Tepnees A.A. HoBble pesynbTaTsl KOMMIEKCHOrO NUTONOro-haLmanbHoro 1 GrnocTpaturpauieckoro ...

20.

21.

22.

23.

(uaeckomy kozexcy Poccun. — CI16: U3n-o «BCEI'EN», 2000. —
C. 59-66.

Catuneanu O. Principles of sequence stratigraphy. — Amsterdam:
Elsevier, 2006. — 375 p.

Sequence stratigraphy: methodology and nomenclature /
0. Catuneanu, W.E. Galloway, C.G.S.t.C. Kendall, A.D. Miall,
H.W. Posamentier, A. Strasser, M.E. Tucker // Newsletters on
Stratigraphy. — 2011. — V. 44, — P, 173-245.

Pa3spes nepexoaHbIX BEHA-KEMOPHIACKHX OTIOXEHHI BOCTOYHOI
yacTH 3anagHo-CHOMpCKON reocHHEKIH3El (10 pesynbTaram Oy-
peHus MapaMeTpHYecKol ckaxuHbl Boctok-3) / A.D. Konropo-
By, A.M. Bapnamos, JI.B. I'paxmankun, [.A. Kaprosa,
AT.Knen, B.A. Konroposuy, C.B. Capaes, A.A. Tepnees,
C.IO. benses, U.B. Bapakcuna, A.C. E¢umos, b.b. Koumnes,
K.E. Harosuuun, A.A. Tloctaukos, 10.®. ®ununnos // I'eonorus
u reousuka. — 2008. — Ne 12. — C. 1238-1247.

OcoOCHHOCTH CTPOCHHs pa3pe3a BEHICKO-HIKHEKeMOPUHCKIX
otnoxenus Cubupckoit mnaThopmbl, BCKpITHIX YalikuHCKON ma-
pamerpuueckoir ckaxuubl 279 / [.I'. lllemun, A.A. Tepnees,
A.A. Hocruukos, J.A. Tokapes, b.b. Kounes // ['eonorus u mu-

HepaJbHO-chIpbeBbie pecypebl Cubupu. — 2011, — Ne 4. — C. 21-29.

WHdopmauus 06 aBTopax

24.

25,

26.

27.

Grotzinger J.P., Watters W.A., Knoll A.H. Calcified metazones in
thrombolite-stromatolite reefs in the terminal Proterozoic Nama
Group, Namibia // Paleobiology. — 2000. - V. 26. — P. 334-359.
Hofmann H.J., Mountjoy EW. Namacalathus-Cloudina
assemblage in Neoproterozoic Miette Group (Byng Formation),
British Columbia: Canadas oldest shelly fossils // Geology. —
2001. - V. 29. - P. 1091-1094.
Cloudina-Namacalathus-Kolophyton association in the Vendian of
Altai-Sayan Foldbelt (Siberia) / A.A. Terleev, A.A. Postnikov,
D.A. Tokarev, O.V. Sosnovskaya, G.N. Bagmet // Neoproterozoic
sedimentary basins: stratigraphy, geodynamics and petroleum
potential: Proc. of the International conf. — Novosibirsk, 30 July —
02 August, 2011. — C. 96-98.

M3BecTKOBBIC BOJOPOCIH U CTPOMATOJIUTBL: CUCTEMATHKa, o1o-
ctpaturpadus, dauuanbHblii aHamu3: COOPHUK HAYYHBIX TPY/AOB
Ul'ul’ CO AH CCCP / ots. pen. B.H. Jlybaronos, T.A. Mocka-
nenko. — Hoocubupcek: M3n-Bo «Haykay, 1988. —228 c.

Tocmynuna 01.04.2022 2.

Toxapes /I.A., KaHIUZIAT TEONOTO-MUHEPATIOTHICCKAX HAYK, CTAPIINHA HAYIHBIA COTpyIHUK MHCTHTYTA HedTerazoBoit
TEOJIOTUM M Teo()M3UKH; CTapIIMi NpenojaBareib KadeApbl UCTOPHYECKOW I'eOJIOTMH M IaeoHTosNornu I'eosoro-
reogu3ndeckoro paxyynbrera HoBOcHOMPCKOro rocy1apcTBEHHOTO YHUBEPCUTETA.

IHnwcnun A.B., ceIMMEHTOIOT, IeapTaMeHT Ieoorut U pazpabotku Mectopoxkaenuit, 000 «MHK».

Tepnees A.A., KaHTUIAT TEONOTO-MUHEPATIOTHUECKUX HAYK, CTAPIIHNI HAydHBIN coTpyaHHUK MHCTHTYTa Hedrerazopoit
I'eonorum u reodusnkw.

165



Tokarev D.A. et al. / Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2022. V. 333. 4. 157-167

UDC 551.732.2:56(571.5)

NEW RESULTS OF A COMPREHENSIVE LITHOLOGICAL-FACIES AND BIOSTRATIGRAPHIC
STUDY OF THE OSINSKY HORIZON OF THE LOWER CAMBRIAN IN THE SOUTH
OF THE SIBERIAN PLATFORM (WELLS WEST YARAKTA 45, 361)
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Relevance. Geological prospecting work carried out recently throughout the Lena-Tunguska oil and gas province makes the study of the
Osinskaya subformation carbonates especially relevant, since they allow establishing the patterns of hydrocarbon traps formation.

The goal of the research is to study the axial and inclined part of the large Ichedinsko-Bolshetirsky barrier reef in the south of the Nepa-
Botuobinsky anteclise.

Objects: carbonate rocks of the Ichedinsko-Bolshetirskiy barrier reef, middle (Osinskaya) subformation of the Usolskaya suite of the
Tommot stage of the Lower Cambrian, penetrated by wells no. 45 and 361 of the West Yarakta area.

Methods: GIS complex, detailed lithological-sedimentological description of 90 and 33 m of core, respectively, sequence-stratigraphic
analysis, petrographic analysis of 120 samples and the study of fossils sampled from West Yarakta area core.

Results. The authors have identified seven lithological types of rocks, consistently alternating each other along the section. The accumula-
tion of rocks of the Osinskaya stratum occurred in the following range of facial environments (in the direction from the sedimentation basin
to the continent): upper sublittoral, littoral, supralittoral (sebkha). Karst was formed under subaerial conditions. The conducted biostrati-
graphic analysis confirms the Lower Cambrian age. In the well no. 45 the remains of calcareous algae: Renalcis polymorphum, Renalcis
levis, Botomaella zelenovii, Epiphyton zonatum, Epiphyton celsum, Epiphyton scapulum, Chabakovia ramosa, Chabakovia nodosa, as well
as small shell fauna Namacalathus sp., were discovered. In the well no. 361 calcareous algae Renalcis polymorphum, Renalcis granosus,
Renalcis sp., Renalcis levis, Renalcis seriata, Korilophyton sp, Chabakovia sp., were found and SSF Namacalathus sp. was identified. In
the section of the subformation, three fourth-order sequences were identified. The sequencing boundaries are fixed by subaerial hiatuses,
represented in the core by sedimentation breccia, karst zones. The largest, in terms of amplitude and duration, lowering of sea level is con-
fined to the border of the second and third sequences. Calcareous algae studied from borehole cores were the main reef builders of the
Early Cambrian organogenic structures. These organisms are characterized by shallow depths of the littoral — sublitforal, which is in ac-
cordance with the lithological-facies study results.

Key words:
Cambrian, Osinskaya subformation, Eastern Siberia, archaeocyaths, cyanobacteria,
organogenic structures, sequence-stratigraphic analysis.
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AkmyanbHocmb uccredosaHus obycrogneHa mem, ymo 0nisi obecneyeHus 6e3onacHoll skchiayamauyuu mpybonposodHbIx cemell Ha
meppUMOopUSIX ¢ akKmMUBHO NPoMeKaoWUMuU npupodHbIMU npoyeccamu ece2da He0bX00UMO OpeaHU308biBamb MOHUMOPUHe Kopudopa
mpaccel mpybonpogoda. KomnnekcHbIll aHanu3 cocmosHusi mpybonpogoda npogodsim no daHHbIM pasfiuyHbix eudos OuagHOCMUKU,
260063UYECKUX U 260/102UMECKUX U3bICKaHUL, @ makxe Mamepuanos, NOy4eHHbIX C UCNOMb308aHUEM a3pOCheMKU, BKIT0Yasi Mamepua-
b1 8030YWHO20 N1a3ePHO20 CKaHuposaHus. [Tpu amom KpaliHe 8axHOU A8nsemcs UHopMayus o penbege kopudopa mpaccel, 2eoMem-
puu mpybonposoda u OQUHaMUKE USMEHEHUL COCMOsHUS NPUPOOHO-mexHUYecKol cpedsi 8 npoyecce skcninyamayuu mpybonpogoda. Uc-
nosb308aHuUe 2e0UHGOPMaLUOHHOU Modenu meppumopuu siesiemcs 3GpeKmMuUeHbIM UHCMPYMERMOM A1 OUEHKU COCMOSIHUS npupod-
HO-mexHuYecKol cucmembl mpy6onposodHol cemu, onpedenieHust 8 npocmpaHcmee nonoxeHuss deghekmos mpybonpogodos, aHanusa
NPUYUH UX BO3HUKHOBEHUS U 8blsgeHuss meHOeHyul duHamuku npoyeccos. OcobeHHocmb makol Modenu — Heobxo0uUMOCmb UCNOMb30-
8aHUS UCXOOHbIX OaHHbIX U3 pasHbIX UCMOYHUKO8 O ee co3daHusi. Imo OaHHble 8HympumpybHoU OuagHOCMUKU, Mamepuarbl 8030y -
HO20 1a3epHO20 CKaHUPOBaHUST, aapochomoCkeMKU C UCNOTb308aHUEM BECNUNOMHBIX lemamelibHbIX annapamos, Mamepuarnb! UHXe-
HEPHO-2800€3U4eCKUX U3bickaHud. [Tpu 3mom ucxoOHble OaHHbIe UMEIMm pasHbie Xapakmepucmuku, Mo2ym bbimb nomyyeHbl 3a pasHble
nepuodsl MOHUMOPUHea, 8 PasHbIX cucmemax KoopduHam U 8bICom, Mo2ym UMemb PasHyko NPOCMPaHCMBEHHYK MOYHOCMb. Xapakme-
pucmuku 2eouHghopmayuoHHol modenu onpedensomes 8 nepeyr ouepedb xapakmepucmukamu UCXOOHbIX AaHHbIX, NO3MOMy 3mom
sonpoc mpebyem omdenbHO20 8HUMaHUS.

Lenb: npoaHanuauposams 803MOXHOCMU UCNO/Ib308aHUS UCXOOHBIX OaHHbIX U3 PasiuUYHbIX UCMOYHUKO8 — Mamepuanos aspoghomo-
CbLEMKU C UCNOMb308aHUEM BECNUOMHbIX lemamenibHbIX annapamog, 8030YWH020 N1a3epHO20 CKaHUpPOBaHUs, 8HympumpybHoU dua-
2HOCMUKU, USMEPEHUL NPU UHXEHEPHO-2e00e3UYECKUX U3bICKaHUSIX — Npu pabome ¢ 2e0UHEOPMAaLUOHHOU MOOENbHO.

Memodbi: OewugbpuposaHue aspoCHUMKOB, 3KCnepUMEHMalbHbIe UCCcredogaHust 8 nonesbix ycrnoeusx Onsi onpedenieHus moyHocmu
OaHHbIX 6eCnuIoOmHbIX iemamesibHbIX annapamoe U 8030YWHO20 1a3epHO20 CKaHUPOBaHUS, 220UHGHOPMAULOHHbIE MEXHOMO2UU.
Pe3ynbmamsl. [pugodumcs aHanu3 npocmpaHCMBEHHOU MOYHOCMU UCXOOHBIX OaHHbIX, UCNOMb3YeMbIX Npu MoOenuposaHuuU penbegpa
U npochuns mpaccbi mpy6onposoda. Paboma ¢ uHcmpymeHmamu fIuHelHoU cucmembi KoopAuHam no3gosisiem Ucnoib308amsb 6 Kaye-
cmee KanubposoyHbIx moyek 06bekmbl MasucmpanbHo2o mpybonpogoda, Komopbie MOXHO dewughpuposams N0 Mamepuanam aspo-
cbemku. KoopOuHamb! U OmMemKU ebicom 06beKmos, Ucnob3yembix Ofisi Kanubposku, Mo2ym 6bimb NomyyeHb! U3 3KCnTyamayuoHHOU
doKyMeHmayuu ¢ npussskoli K KumoMempy mpacchl uiu U3 Mamepuanos 2e00e3udeckoli cheMku. [TpumeHeHue UHCmpyMeHmos fuHel-
HoU cucmembl KoopAuHam no3gonisiem makxe HanofHume Modenb OaHHbIMU O Oechekmax mpy6onpoeoda, NOMyyeHHbIMU 8 npoyecce
8HympuUmpy6Hol OuagHOCMUKU, C MOYHOCMbI0, AOCMamoyHol Onis aHanu3a NPUYUH UX 803HUKHOBEHUS. [Tpu 2e0MeXHUYECKOM MOHUMO-
DPUHe€e MagucmparbHo20 mpy6onpoeoda OCHOBHas POIlb OMBOAUMCS MEXHOM02USM 8HympUMpPY6HOU duagHOCMUKU C Uesbio onpederne-
Hus deghekmos mpybonpogoda u ducmaHyUoHHO20 30HOUpogaHus. Ocoboe sHUMaHuUe yOensemcs KOHMPOIK NNaHO80-8bICOMHO20 No-
JIOXeHUsT npu ¢hopMuposaHuU mpexmepHoU yughposoll Modennu mecmHocmu no daHHbIM 8030yWHO20 N1a3EPHO20 CKaHUPOBaHUST, KOmo-
PbIli NO380IIEM OUEHUMb B/IUSHUE 3K3026HHbIX 2€0/102U4ECKUX Npoueccos Ha mpybonposod. Mpu (hopmuposaHuL 2e0UHGHOPMAULOH-
HO20 npocmpaHcmea mpybonpogo0HO20 mpaHcnopma e npouyecce MoOenuposaHus NuHelHbIX U ninowadHbix 06bekmos mpybonposoda
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OaHHble 8HympumpybHoU OuagHOCMUKU, @ makxe anobanbHble 0aHHble 0 penbege cnedyem ucnonb308ame ¢ 60bWIOL OCMOPOXHO-
CMbI0, UNU UCNO/b308aMb UX NOCe AONOTHUMEbHOU NPOBEPKU U KOPPEKMUPOBKU.

Knroyesble crnosa:

[MpupodHo-mexHu4eckas cpeda mpy6onposodHO20 MpaHcnopma, 8HympumpybHas OuagHoCMUKa, a3pohomoCchemKa,
8030yIHOE N1A3EPHOE CKaHUPOBaHUE, 2e0UHEOPMAUUOHHHAs MOOesTb, mpexMepHasi Mooerb,

npocmparxcmeeHHasi moyHocmb, SRTM, ArcticDEM.

BeepeHune

[Ipu cTpowTensCTBE M IKCILTyaTalK TPYOOIPOBOI-
HBIX CUCTEM BOXKHCHIIIMMY 331a9aMH SBILTIOTCS U3yUCHHE
NPUPOIHBIX YCIOBHH M OIEHKAa BIHSHHS IIPOLECCOB,
IPOTEKAIOMINX B TEOJOTHUECKOH cpefie, Ha COCTOSHHE
TpyOonpoBoaa. Cpeny NPUPOIHBIX (HAKTOPOB, OKa3bIBa-
FOIIMX HauOoJIblee BIUSHAE HA IPHPOIHO-TEXHIIECKYIO
CHCTEMYy TpYOOIPOBOJHOTO TpPAaHCIOPTa, OTMEYAIOTCS:
reoMopQonorus penbeda, MPOSBICHUS SHIOTCHHBIX U
9K30TE€HHBIX Teonmormdeckux mpomecco (OIT), B Tom
9ICIIE B CICHN(UYECKUX U MHOTOJIETHEMEP3IBIX TPYHTaX
(MMI') [1-11]. Pemenue oueHOYHBIX 3aiady BIEYET 3a
c000ii moBbIIEeHNEe TPeOOBAHMI K FeOMH()OPMALIOHHOMY
obecneveHuo I paboThl ¢ MHMOPMAIHEH, MoTydaeMon
Ha MPEMPOSKTHON CTajIH, B paMKax padoT MO TEeXHUKO-
9KOHOMHYECKOMY O0OCHOBAaHWIO TPOEKTa, Ha CTammsX
MPOEKTHPOBAHHMS, CTPOMTENBCTBA, a TaKXKe B Mpolecce
BBITIOJIHEHNS KOMILIEKCa paboT 10 Te0TeXHHYECKOMY
MOHHTOPHHTY Tpybomposoma [12-21].

Wnudopmarms, noxydaemas mpu 00CITeIOBAHUAX TIPH-
POIHO-TEXHHYECKOH CHUCTEMBI TPYOOIPOBOJHOTO TpaHC-

a/a

MOpTa, HMMEET IPOCTPAHCTBEHHO-PACTIPE/CNCHHBIA Xa-
pakTep, pH STOM JaHHBIE, IONyJaeMbIe B IIpoIecce Teo-
TEXHHYECKOTO MOHHTOPHHTA, KaK MPaBHIO, NMEIOT pas3-
HBIC XapaKTePUCTHKU (Pa3Hy0 MPOCTPAHCTBEHHYIO TIPH-
BSA3KY, Pa3HbIC CHCTEMbI KOOPIUHAT M BBICOT, TOYHOCTH).
[losToMy ANt KOPPEKTHOTO aHaNMM3a Je(eKTOB W IPHIHH
MX BOSHHKHOBEHHS TPeOYeTCs COBMECTUTH pPe3yIbTaThl
o0cie10BaHlil IPUPOTHO-TEXHUYECKOH cpeibl (HazeM-
HbIe HAONIO/ICHNUS, TaHHbIC BHYTPUTPYOHOU HATHOCTHUKH,
MarepHuaibl JTUCTAHIMOHHOTO 30HIMPOBAHUS 3EMIH) B
eIMHOM T€OHH(OPMATNOHHOM TIPOCTPAHCTBE.
VBennuenne 00BEMOB M BHIOB JHATHOCTHYECKOH
MHOOPMAIMK O TEXHUYECKOM COCTOSHHH TPYOOIpPOBO/I-
HOI CHCTEMBI, & TAK)XE O COCTOSHUH TPUPOIHON CPEIbI 1
MPOTEKAIOIIMX TMPOIECCaX MPUBOIUT K HEOOXOIUMOCTH
co3nanus reonHopManuoHHbx Mojenei (ITMM) o0bex-
TOB TPYOOIPOBOIHOTO TPAHCIIOPTA I COBMCIICHHS B
SIMHOM KOOPJIHMHATHOM INPOCTPAHCTBE MATEPUAIIOB, TO-
Jy4eHHBIX B MPOIIECCE PA3TMYHBIX BHAOB HAOMIOICHUI U
M3MEPEHHUI U UX KOMIUIEKCHOTO U3y4eHns (puc. 1).

Puc. 1. IIpumep coemewyenusi OaHHbIX BHYMPUMPYOHOU OUASHOCIMUKYU U B030YUIHO0 NA3EPHO20 CKAHUPOBAHUS 6 2COUHPOD-
mayuonnotl cucmenme. Ilonosicenue nodsemnoil yacmu mpybonpoeooa HaHeceHo No OAHHbLIM GHYMPUMpPYOHOU Oua-
CHOCMUKY (KPACHBIM YGEmoM), OMMemKU 3eMaU 8 KOpUuoope mpaccvl — o OAHHLIM 8030YUIHO20 JIA3EPHO20 CKAHUDO-
6aHUs (YepHBIM Yeemom): a) Ha (oHe aspopomousobpadicenus; 6) Ha GoHe omMbIeKU pelbedhd, HOCMPOEHHOU HO

OaHHbIM 603()yum020 d3epHOocO0 CKAHUPOBAHUs

Fig. 1. Example of combining in-line inspection and aerial laser scanning data in Geographic Information System. The posi-
tion of the underground part of the pipeline is plotted by the data of in-line inspection (in red) and ground level in the
corridor of the route — according to the airborne laser scanning (in black): a) against background of aerial image;
b) against background of hill shading, built according to the aerial laser scanning data
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Hunst paboter ¢ MM nenecooOpasHo MCMONIB30BATh
reonH(POPMAIIOHHOE 00ECTICUeHHE C BO3MOXHOCTBIO
TPEXMEpHOU BU3yaIn3amuy [22—26], mo3Bostomniee ocy-
I[ECTBIIATH KOMIUIEKCHBIN aHA3 1e()eKTOB W MPUINH HX
BO3HUKHOBEHHS, & TaKxke C BO3MOKHOCTBIO MOJICIHUPOBA-
HUS W BHU3YalU3alldd PAa3BUTUS ONACHBIX HPUPOTHBIX
HPOILIECCOB BO BPEMEHH U MPOTHOZMPOBAHUS UX BIHIHHS
Ha uHppacTpykTypy TpyOomposoza [27, 28].

B mpom3BoaCcTBEHHOH IEATENHHOCTH B MPOIIECCE IKC-
IUTyaTalldil  JUIs ~ @HaiW3a  COCTOSHUS  MPUPOJIHO-
TEXHUYECKOH CPelbl, MOHUTOPHHTA MPOTEKAIINX Mpo-
IIeCCOB, AHANM3a TEOMETPUH TPyOOIpPOBOAA HACTO HC-
TOJB3YIOT aKTyalbHBIH (TeKymud) mpoduis penbeda
Tpacchl W MpoduIb TPyOOMPOBOIA, BKIIOYAIOMIErO I0-
MHMO TIpodmiIs penbeda MonokeHHe TpyOompoBoja M
XapaKTEPUCTHKH OTIEIBHBIX 3JIEMEHTOB (CEKIUi TpyOo-
npoBoJia, 00BbEKTOB HHPPACTPYKTYPHI, IEPECCUCHHUIH).

[Ipn nocrpoernn npoduns penbeda U npoduis Tpa-
Cbl TPyOOIpPOBOa HEOOXOAMMO TOHMMATh M YYHUTHIBATH
XapaKTEPUCTHKK MCXOJHBIX JAHHBIX (IETalbHOCTb, MOJ-
HOTY, JOCTOBEPHOCTb, AKTYalbHOCTh, MEPHOCTbH, TOY-
Hocth [13, 14, 29, 30]), 4T06bI, HCIOIB3YS HHCTPYMEHTSI,
BEPHO OLEHUTH COCTOSHHE MPHUPOIHO-TEXHIMIECKOH cpe-
a1, Hacrosmas paboTa MOCBSIIEHA OLEHKE TOYHOCTH
MCXOJHBIX JAHHBIX, MCIIONB3YEMBIX TIPH MOJICTUPOBAHUH
penbeda u mpodIIs TPAcChl MarHCTPAIBHBIX TPYOONpO-
BOJIOB, TS AHANIM3a UX COCTOSHUM.

OO0BEeKTOM HACTOSIIET0 WCCIEIOBAHUSA  SBIIAETCS
TPOQIITH TPACCHl MATHCTPATBLHOTO TPYOOIPOBOIA.

IIpeamMeT — TOYHOCTH MCXOMHBIX JAHHBIX, UCTIONB3Y-
eMBIX TIPH MOJICITUPOBAHAM pesibeda M MPOQUIS TPACChI
TpyOOIPOBOJIOB.

Matepuanbl u meToAbl UCCIEA0BaHUA

[poduns penbeda u mpodunb Tpaccs TpyoOOIpoBoIa
SABISAIOTCS COCTABIAIOIIMMHI T'€OMH(POPMALMOHHOTO MpO-
CTpaHCTBA TPYOOIPOBOHOTO TPAHCIIOPTa U XapakTepH-
3yI0TCSL PSIOM TeOMH(OPMAlOHHBIX CBOMCTB M mapa-
METPOB, KOTOPEIE B CBOIO OUepeIb OMPENENIOTC Xapak-
TEPUCTHKAM HCXOJHON TeONPOCTPaHCTBEHHOHW MHPOpMa-
uu (I'N) (puc. 2).

Tounocts I'Y xapakTepusyercst CpeHUMH WU CPEJ-
HUAMH KBAJ[PATHYCCKUMU TOTPEIIHOCTAMH OTOOpaXKeHHUs
HPOCTPAHCTBEHHBIX, BPEMEHHBIX U IPYTHX H3MEPSEMBIX
CBOWCTB TIPOCTPAHCTBEHHBIX mpeameros [13, 14, 29, 30].
Bompockl TOYHOCTH TIPOCTPAHCTBEHHBIX NAHHBIX TEPHO-
IMYECKH paccMaTpHBAIOTCS uccienoBatenamu [31-37]
TPY CO3JIaHUHM TEOMH(OPMAITHOHHBIX MoOJeNell 00bEeKTOB
TpyOOTIPOBOJHOTO ~TPAHCIOPTa, MPH  (HOPMUPOBAHUU
npoduIs Tpacckl WK TpoGuIs penbeda, BOMPOCH TOY-
HOCTH U BO3MOXXHOCTH COBMECTHOTO HCIIOJIb30BaHHS
JIAHHBIX U3 PA3HBIX UCTOYHMKOB OCTAIOTCA KpaifHe aKTy-
ANBHBIME ¥ TPEOYIOT IOTIOTHUTENBHOTO PACCMOTPEHHS.

B pabote paccmatpuBaroTCs MCXOIHBIC TAHHBIE IS
MOJICIIUPOBaHKA peibe(a M MpOQiIs Tpacchl Ha Tpex
y4acTKax MaTHCTPaNbHOTO TpybompoBoaa: Lu(ppoBas
Mmogenb penbeda (LIMP), moctpoeHHas mo martepuanam
BO3IYIIHOrO naszepHoro ckamupoBanus (BJIC) ¢ mpo-
CTPAHCTBEHHBIM paspemendeM g0 20 cM, opTodoTo-
CHAMKH C TIPOCTPAHCTBEHHBIM pa3pemIeHHEeM 10 6 CM,
nonyyeHHsle npu aspodorocremxe (ADC), LIMP 1o
nannbeiM SRTM [38-45], IMP mo nmanueiM ArcticDEM
[46-51], pesynbTaTsl BHYTPUTPYOHOH JHATHOCTHKH
(BTM), sxcruryaranuonHas JOKyMeHTaIus (acmopT Ma-
TUCTPAJIbHOTO TPYOOIPOBO/A).

[aHHble 0 npupoaHo- FeonpocTpaHcTBEHHan FeonHpopmaLMOHHbIe
TEXHUYECKOU cpege: MHPopmauma: mopenu:
- faHHble SRTM; - NOBEPXHOCTb 3eMnu B - npodunb penbeda;
- AaHHble BJIC; Kopuaope Tpacchbl; - npodunb
- AaHHble ADC; - opTodoTONNaAH; Tpybonposoaa;
- AaHHble BT/A; - HPOopMaLMA 06 06beKTax - MOZENN OOBEKTOB;
- JaHHble reoAe3nyecknx WMHPPaCTPYKTYpblI; - 3D mozenun 06beKToB;
U3bICKaHWN... - MONOXKEHME OCH... - MOAEeNu NPoLEeccos...

Monb3oBatenb TNC

Monb3oBatenb 'NC

Monb3oBatenb NMC

Puc. 2. Ocnosnvie cocmagsiowjue 2eOuHGoOpMayuoHHO20 NPOCMPAHCMEA MALUCHPATLHO20 MPYOONpPo8ood
Fig. 2. Main components of the Geoinformation space of main pipeline

B HacrosmeMm HccleOBaHHH PAacCMATPHBAIOTCSA BO-
TPOCH OLIEHKH TOYHOCTH MCXOJIHBIX JAHHBIX, TOCTYITHBIX
JUISE TIOCTPOCHHUS MPOGUIS perbeda i mpoduIIs TPaccsl, u

170

HX MPOCTPAaHCTBCHHAA TOYHOCTH IIO BBICOTE. OI.IGHKa
HpOCTpaHCTBCHHOﬁ TOYHOCTHU OCYHICCTBJIAIACH C MMPUME-
HCHUEM JAaHHBIX BO3AYIIHOIO JIA3CPHOT'0 CKAHWPOBAHUA
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KOPHJIOpa TPACChl, HA OCHOBAHWH KOTOPBIX ObLIa MONY-
4yeHa mudpoBas Mojenb penbeda ¢ MpocTpaHCTBEHHBIM
paspemenreM 20 cM 1 TOYHOCTBIO 10 BbicoTe 10 cM.

Jlnist 00pabOTKY M aHATM3a TIPOCTPAHCTBEHHBIX JTAHHBIX
HCTIONB30BANOCh  HporpaMMHoe  obecmeueHne  ArcGIS
(ESRI). JTnst npuBsizku rannbix BT]I HCMONB30BATNCH HH-
crpymenthl ArcGIS Pipeline Referencing (ESRI).

Jlnst mocTpoeHus mpodmist penbeda NCoab30BaHCH:
® [OBEPXHOCTH, MOCTpOeHHAs M0 naHHeIM SRTM (nan-

HBIC JIOCTATOYHBIE [0 TOYHOCTH JUTs1 OOIIEro aHammsa

MECTHOCTH Ha TIPEATPOCKTHOM CTA[UH, a TAKXKe MpH

BBITIONHEHAN PabOT 10 TEXHUKO-3KOHOMHYECKOMY

000CHOBAHHIO TIPOCKTA);
® [OBEPXHOCTh, MOCTPOEHHAS MO JaHHBIM ArcticDEM

(s moJAPHBIX o0nacTei);
® T[OBEPXHOCTb, MOCTpOCHHAs 10 JaHHBIM BJIC

(Hambosee TOYHBIC JJAHHBIE, B HAIIEM HCCIICIOBAHIH

SBIISIOTCS 3TANIOHOM );
® TIOBEPXHOCTh, MOcTpoeHHas o AaHHeM ADC mero-

JIOM (pOTOTpaMMETPHUH;

LInpuHa TpaHLwen

® [IOBEPXHOCTb, TIOCTPOCHHAS [0 TOPH30HTANSIM TOIO-
rpauyecKon KapTh;
o 1po)uib, MOCTPOCHHBI MO AAHHBIM I€0/Ie3HMYECKUX

U3BICKaHMUIL.

[lpn moctpoeHnn mpodmis Tpacckl TPyOOMpPoBOIa
JaHHBIE pernbeda MOMONHAIOT MHPOPMAIMEH O MojosKe-
HAM TpyOompoBoia M 00beKTaM HH(PPACTPYKTYpHI, a
TaKKe O MEPEceYeHHsIX ¢ JPYTUMH TeorpadhuyecKuMu
oObekTaMU. 31ech B KauecTBE OCHOBHOTO HMCTOYHHKA
JaHHBIX BBICTYMAKOT MaTepHajibl BHYTPUTPYOHOU maua-
THOCTHKHY, KOTOpBIC TNPEIOCTABIAIOT HAM JaHHBIC IO
HIKHEH 0TMeTKe TpyOoIpoBoja (CeKIuy TpyOompoBoa).
Bericora moBepxHocTH 3emiu (o paHHeIM BTJI) Moxer
OBITh TOJTy4eHA TYTEM CJIOKEHHS BBICOTHOIM OTMETKH HU-
3a CEKIMH, JuaMeTpa TpyOOmpoBoja W TIYOMHBI IPO-
KIaJKH (3a10KeHns) Tpydonposoza (puc. 3).

Juametp ¥ riyOuHa TPOKITAIKU (3aI0XKeHHs) TpyOo-
NpoBoJa OBUTM HAMH TIOJIYYEHBI W3 MAcHopTa Tpybompo-
BOJIA VTS KAXKIOTO PACCMATPHBAEMOT0 YYACTKA.

] s .
- N AT §
; 5 od© o o
: ‘e
ol |8
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TPYHT ol i ( : = x =
* . Il O |
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Tpybonposog
Puc. 3. I'nyouna 3anoscenus mpybonposooa Ha cxeme
Fig. 3. Depth of pipeline in diagram

Pe3yn bTaTbl UCCNeAOBaHUA

OrneHka MPOCTPAHCTBEHHOH TOYHOCTH HCXOJHBIX
JIaHHBIX ObLa TPOBE/ICHA HAMH HA TPEX TECTOBBIX Y4acT-
Kax: pAIOM ¢ Kamepoil mycka (y4acTok 1), Ha yIancHuu
Oonee 50 kM OT Kamephl mycka (Y4acTok 2) U pAIOM C
KaMepoil mpuema CHapsga BHyTPUTPYOHOH JUarHOCTUKU
(ydacrok 3).

TecToBble YYaCTKM pACIONIONEHBl Ha IOro-3amaje
Sxyrun, Ha Cubupckoii mwiardgopme, penbed MmIocKorop-
HBI. YUYacTK MMEIOT CXOXHUH penbed) W YCIOBUS MPO-
KKk TpyOONpoBOAa, Tepenaj BhICOT HAa y4acTKax OT
220 no 410 M Hax ypoBHeM Mops. Paccrosnue mexny

OcHoBaHuWe TpaHLieu
(ecnu Heobxoaumo)

ydacTkamu okojio 100 kM, y4acTKu pacroioXeHbl Ha O]
Ho#l mmupote (60° c.u1.), TpyOOIpoBOA NPOCTHUPAETC C
3amajia Ha BOCTOK.

Yyactok 1

Ha nepsom yuactke ObTa IpOBeIEHA OLEHKA MpO-
CTPAHCTBEHHOH TOYHOCTH TIpodmis penbeda, TOCTPOCH-
Horo 1o aauHbM BT/I.

Jl1s TOoro 9TOOBI NMOMYYHTH 3HAYEHHE BBICOTHI I0-
BEPXHOCTH 3eMJIM K OTMETKE HH3a CEeKIMH, MBI 100aBHIH
JMaMeTp MarkcTpaibHOro TPyOOIPOBO/a HA ITOM y4acT-
Ke i ryOuHy 3anoxeHus (puc. 3).
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Zn3 = ZuT + DMT + h3an,

rae Zpz — OTMETKA TOBEPXHOCTH 3eMIH; Zyr — OTMETKA
HHU3a TpyOBL; Dyr— AMameTp MarucTpaisHoro Tpyoompo-
BOAa; N3a— TyOKHA 3aNI0KEHHUS.

Takxe Ha mepBOM y4acTke OBLTH MOCTPOEHBI PO -
T penbeda mo rno0aTbHBIM TaHHBIM 0 pebede SRTM u
ArcticDEM.
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Puc. 4. Jlannvie o nonoscenuu mpyosi 8 COOMEEemMcmauu ¢ OGHHLIMU 6HYMPUMPYOHOU OUASHOCMUKU U 3eMHOU NOBEPXHOCIU
6 coomeemcmeuu ¢ BT/, 6030yuwnvim nazepuvim ckanuposarnuem, SRTM u danuvimu ArcticDEM na yuacmre 1

Fig. 4. Data about position of the pipe according to in-line inspection (ILI) data and the earth's surface according to ILI,
aerial laser scanning, SRTM and ArcticDEM data on site 1

Tounocts Mozenu penbeda, CO3TaHHOM Ha OCHOBE
nanueix BT/, cocraBmna 6=6,9 M (tabn. 1). Tounocts
Mozenu penbeda mo maHHBIM SRTM 6=5,9 M u s
ArcticDEM 6=3,5 m.

Tabnuya 1. Cmamucmuyueckue OanHvle MoOenell penveda
Ha yuacmxe [

Table 1.  Statistical data of relief models on site 1
I/ICTO‘IHHK JAHHBIX
C o penbede
Tméct;g:;zgrg ftgHHl’Ie Source of relief data
BT/l | SRT | ArcticD

ILI M EM
20 20 20

KonunuectBo KOHTPOJIBHBIX TOYCK, IIT.
Number of control points, pcs.
Cpennsist pasHuna BeicoT Ah, m
Average height difference Ah, m
CTaHZ[apTHOC OTKJIOHCHUE G, M
Standard deviation 6, m

HawubGonpmast paszuuna BICOT ANpma, M
Greatest height difference is Ahmax, M

6,9 58 35

6,9 59 35

72 8,2 3,8

penbeda He MeHee 16 M [14]. CornacHo JJaHHBIM HAIIUX
UCCNeI0BaHN, MPHUBEACHHBIM B TalOnm. 1, (axtuueckue
3HAYEHUS OKA3aIUCh TOUHee (puc. 7).

YyacTok 2

Ha BropoM ywacTke Takxke OblTa mpoBeAeHa OLCHKA
TPOCTPAHCTBEHHOH TOYHOCTH MOJENH penbeda, ImocTpo-
eHHoii o janHbM BT]I, a Taxke mozeneii pembeda mo
nauueiM SRTM 1 ArcticDEM (puc. 5).

Oco0EHHOCTEIO BTOPOTO YYACTKA SABISETCS TO, YTO OH
pacrmonarancs Ha CyIIeCTBEHHOM PAcCTOSHAH OT KaMephl
TycKa/Iprema, Ha paccTosHun okoio 100 km.

TounocTs Monemn penseda mo nanusiM BT/[ cocra-
Buia 6=8,4 M, mo gaHHeiM SRTM 0=6,1 M u ArcticDEM
0=4,0 M (tabm. 2).

Tabnuya 2. Cmamucmuueckue OanHble Mooenell penvega
Ha yuacmie 2

Anamaz npoduns, noctpoeHHoro 1o AaHHeIM BTJ]
TOKa3all, YTO OH B LIEIOM OTpaXkaeT M3MEHEHUs penbeda,
HO HAXOAHMTCS BBINIE MOBEPXHOCTH 3€MIH 10 JaHHBIM
BJIC 6oxee uem Ha 6 M. Takum 00pa3oM, MBI BUIHM CY-
IECTBEHHOE PACXOXJICHHE B JIAHHBIX, MOTYYECHHBIX B
npouecce BJIC u BT/L.

3HaveHns TIOOATBHBIX HaHHEIX 0 penbede (SRTM,
ArcticDEM) okazanuch fgaxe Ommke K JaHHBIM, MOTY-
yeHHpM B nporiecce BJIC, wem k mannasiM BT]I. TIpoekt
SRTM npenycMarpuBaeT INOIPEIIHOCTb 1O BBICOTE LA
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Table 2. Statistical data of relief models on site 2
I/ICTO'{HI/IK JAaHHBIX O
C penbede
Tamg;g:gzzrz ;:Hm’le Source of relief data
BT | SR | Arctic
ILI TM | DEM
KOJ‘II/I’-{&CTBO KOHTpOJ'ILHLIX TOYECK, IIT. 34 34 34

Number of control points, pcs.

Cpenusist pa3Huna BeicoT Ah, M

Average height difference Ah, m 82 6.9 40

CraHIapTHOE OTKIIOHEHHUE G, M

Standard deviation 6, m 8.2 .2 4.0

10,
2

Hawubonpmast pasauna BEICOT ANpax, M
Greatest height difference is Ahpmax, M

10,4 4.8
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Fig. 5. Data about positions of pipe and ground surface on site 2
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Puc. 6. [lannvie o nonosicenusx mpyovi u HOGEPXHOCU 3eMAU HA yyacmke 3
Fig. 6. Data about positions of pipe and ground surface on site 3

Tabnuua 3. Cmamucmuueckue OanHble Mooenell penveqha
Ha yuacmxe 3

Table 3. Statistical data of relief models on site 3

Hcrounuk JTAHHBIX
c o penbede
Tanéct;ﬁ:;zgrz igHHHe Source of relief data
BT | SR | Arctic
ILI TM | DEM
KomnnaecTBo KOHTPOJIBHBIX TOYECK, IIT.
Number of control points, pcs. 20 20 20
Cpennsist pasHuna BoicoT Ah, M
Average height difference Ah, m 14,3 18 4.2
CTaHHapTHOB OTKJIOHCHHUEC G, M
Standard deviation 6, m 14,6 21 42
Hawubonpmast pasuuna BICOT ANpay, M
. . ; 1 4.7
Greatest height difference is Ahpma, M 86 | 39 '

Yyacrok 3

Ha Ttperbem yuacTke ObLna TpOBeieHa ONEHKA MPO-
CTPAHCTBEHHOM TOYHOCTH MOJENH penbeda, MOCTPOCH-
HoW mo maHHbIM BT]I, a Takke Mojened penbeda 1o
nanHeIM SRTM u ArcticDEM. Pe3ynbTaThl puBe/icHb B
Tab1. 3 u Ha puc. 6.

O6cyxaeHune

[Ipn co3gaHuu reoMH(pOPMAIMOHHBIX MoJenel 00b-
€KTOB TPyOOIPOBOJHOTO TPAHCIOPTA, MOBBILEHMSI HX
MPOCTPAHCTBEHHONW TOYHOCTH IEIeCO00pPa3HO HCIONB30-
BaTh MHCTPYMEHTHI PalOThl C JIMHEHHBIMH CHCTEMaMH
koopauHat (JICK). Hcmons3oBamme JICK mo3Bomser
IPUMEHATH B KaueCTBE KalTHOPOBOYHBIX TOUECK OOBEKTHI
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MarucTpalbHOro TPyOONpPOBOAA, KOTOPHIE MOXKHO [e-
I PHUPOBATH TI0 MATEPHANAM adPOCHEMKH. JTO MOTYT
OBITb: 3a[BIDKKH, BAaHTY3Bl, KaMephl IMycka W mpuéMa
CPEeICTB OYHCTKM M IMArHOCTHKH H T. I., OOHAPYXUTH
KOTOPBIE MOXKHO C UCTIONIb30BaHUEM METO0B BU3YaIbHO-
ro nemu¢puposanus [1-3, 52-56]. Koopaunatsr u oT1-
METKH BEICOT 00BEKTOB, HCIIONB3YEMBIX IS KATHOPOBKH,
MOTYT OBITH TOTYYCHB! U3 SKCILUTYaTallMOHHON JOKYMEH-
TAllM{ MK MAaTEpPUANoB Te0e3NYECKON CheMKH (HCIOT-
HUTENbHBIE CHEMKH/MOHUTOPHHT/HHKEHEPHO-
re0Ie3M4EeCKUe U3BICKAHUS).

Ha yuactke 2 Obimi mpoBeIeHBI paboOThI MO KOPPEK-
THPOBKE 3HAYCHMH, MONYYEHHBIX CPEACTBAMH BHYT-
puTpyOHOH JMarHOCTUKH. Pe3ynbTaThl MHpUBENCHHl B
Ta011. 4 1 Ha puc. 7.

AHanmu3 pe3ynbTaToB KOPPEKTUPOBKH JAHHBIX KJIaccuye-
CKUMH Te0Ie3NICCKIMH METOZIAMH TIOKA3a)T YTy HdIICHHE TOY-
HOCTH IO pernbeda, ToCTpoeHHOro 1o JaHHeM BT,

[Ipumenenne unctpymento JICK mosBonser Taxxke
HAIOJHUTb MOJIEb TaHHBIMU 0 AedeKTax TpyOoonpoBoa,
TIOJTyYEHHBIMHU B IIpoLiecce BHYTPUTPYOHOI AMArHOCTHKH,
C TOYHOCTBIO, JOCTATOYHOHN IS aHANK3a IPHIKNH HX BO3-
HUKHOBEHHS.

L]
&
=]

I-I

Taonuya 4. Cmamucmuueckue Oanmuvie Mooenu penvea
nocie KOppeKmuposKu

Table 4.  Statistical data of the relief model after adjust-
ment
M cTOYHMK JAaHHBIX O
penbede
CTaTUCTHYECKUE IAHHBIE Source of relief data
Statistical data BT
EI,E)II (Kopp.)_/ ILI
(updating)
KomuuecTBo KOHTPOJIBHBIX TOYECK, IIT.
. 20 20
Number of control points, pcs.
Cpenmsist pa3uuia Beicot Ah, Mm 8.4 11
Average height difference Ah, m ' '
CraH1apTHOE OTKJIOHEHUE G, M 84 13
Standard deviation 6, m ! !
HauGonbuas pasauia BbICOT ANpay, M 104 30
Greatest height difference is Ahmax, M ' '

IMomumo storo, JICK mo3BonseT MOMONHHTL MOZAETD
uHdopmaimennt 00 o0beKTax, ONMUCAHHE TIONOXEHUS KO-
TOPBIX TIPUBEACHO B IKCIUTYaTAIIMOHHON JOKYMEHTAINH C
TPUBSA3KON K KWJIOMETpPY Tpacchl, 0€3 yKa3aHWs reorpa-
(MYECKOTO TIONOXEHUS WM TPUBEICHHOTO HA CXeMe
HPUOTH3UTEIBHO.
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The bottom of the pipe by ILI{corr.)

—— BwicoTa 3smnu no BTH
Ground height by 1L

— BoicoTa sennu no BT (kopp.)
Ground height by ILI{CArT. )

BricoTta semny no BNC
Ground height by ALS

Puc. 7. IIpogpunu nonoosicenus mpyovl no OAHHLIM GHYMPUMPYOHOU OUASHOCMUKU, NOBEPXHOCMU 3eMAU NO OAHHLIM GHYNI-
pumpy6HOL7 OuazHoCmuKu u @030ymuoeo JA3€PHO20 CKAHUPOBAHUS, d MAKIHCE CKOPPEKMUPOBAHHbIE 3HAYEHUS NOJIO-
HCEeHUA mpy6b1 6 npoyecce noJjiesvlx 2e00e3udecKUx U3bICKAHUL Ha ydacmke 2

Fig. 7. Sections of position of pipe according to in-line inspection data, ground surface according to in-line diagnostics and
aerial laser scanning, as well as corrected values of pipe position during field geodetic surveys on site 2

3aknroyeHue

[Ipn ¢popmupoBaHuE TeOMH(POPMAIMOHHOTO MpO-
CTpaHCTBa TPYOONPOBOZHOTO TPAHCIOPTa B MpOLECCE
MOJIE/IMPOBAHAA JMHEHHBIX W IUIOMIAJHBIX OOBEKTOB
TpyOOIpPOBO/a JJaHHBIC BHYTPUTPYOHO! TMArHOCTHKH, a
TaKke TI00aNbHbIE TaHHBIE O penbed)e CIeAyeT UCTIONb-
30BaTh ¢ OOJBIION OCTOPOKHOCTBIO, MITH HCIONB30BATH
HX [OCIE JONOIHUTENbHON NPOBEPKU 1 KOPPEKTUPOBKH.

174

ITpy reoTeXHUUECKOM MOHUTOPUHIE MAruCTPaNbHOIO
TpyOOIPOBOIa OCHOBHAS POIb OTBOJUTCS TEXHONOTUAM
BHYTPUTPYOHOM! IMarHOCTUKH C LENBIO ONPEIeacHHS Je-
(exToB TpybOmpoBOJa M AMCTAHIMOHHOTO 30HAMPOBA-
HUs (M1 HAaOMOZIEHUs 3a NPUPORHBIMU IIPOLECCAMH B
Kopuzope Tpaccsl). [Ipu KOMIIEKCHOM aHaNu3e pe3ylb-
TAaTOB TEOTEXHUYECKOTO MOHHTOPUHIra TpedyeTcs Tpej-
BAPUTENBHO MPOBECTH TEOAC3MICCKUHA KOHTPOIb Pe3yib-
TaTOB HAOIIOAECHUH.
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VCTaHOBNEHO, YTO MPU PACTIONOKEHUU TPYOOIIPOBO-

0B B 30HAX CO CJIOKHBIMU TIPHPOIHEIMH YCIOBUAMH aK-
TyaJbHOH SBIAETCS 3aJada aHaun3a JAHHBIX 00CIeIoBa-
HUH OOBEKTOB TPYOOIPOBOJHOM CETH, TONYYCHHBIX 32
HECKOJIbKO LIUKIIOB HAOMIOASHHU, 1 KOHTPOJIS AUHAMU-
KM TPOTEKAHWs TPOLECCOB U OICHKH 3(PPEKTHBHOCTH
KOMIICHCHPYIOMUX Meponpustuid. Ilpum 3ToM o0coboe
BHUMaHue yaenstor Bausgauio O[Tl Ha TpyOompoBox u
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The relevance of the research is caused by fact that in order to ensure the safe operation of pipeline networks in areas with active natural
processes, it is always necessary to organize monitoring of the pipeline route corridor. Comprehensive analysis of the condition of the
pipeline is carried out according to various types of diagnostics, geodetic and geological surveys, as well as materials obtained using aerial
photography, including aerial laser scanning materials. At the same time, information about relief in the route corridor, geometry of pipeline
and dynamics of changes in state of natural and technical environment during operation of the pipeline is extremely important. The use of
geographic information model of territory is effective tool for assessing state of natural and technical system of pipeline network, determin-
ing position of pipeline defects in space, analyzing the causes of their occurrence and identify trends in dynamics of natural processes. The
peculiarity of such model need to use source data from different sources for create it. These are the data of in-line inspection, materials of
aerial laser scanning, aerial photography using unmanned aerial vehicles, materials of engineering and geodetic surveys. Initial data have
different characteristics, can be obtained on different monitoring phase, in different coordinate systems and heights, and may have differ-
ent spatial accuracy at same time. The characteristics of geographic information model are determined primarily by accuracy of source da-
ta, so this issue requires special attention.

The purpose of the research was to analyze the possibilities of using initial data from various sources when creating geoinformation mo-
dels: aerial photography materials using unmanned aerial vehicles, aerial laser scanning, integrated diagnostics, measurements during
engineering and geodetic surveys.

Methods: decoding of aerial photographs, experimental research of accuracy of unmanned aerial vehicles and aerial laser scanning data,
geoinformation technologies.

Results. The article provides an analysis of the spatial accuracy of the initial data used in modeling the relief and profile of the pipeline
route. Working with the tools of the linear coordinate system allows you to use as calibration points, objects of the main pipeline, which can
be discerned from aerial survey materials. Coordinates and elevation marks of objects used for calibration can be obtained from operation-
al documentation with reference to the kilometer of the route or geodetic survey materials. The use of linear coordinate system tools also
makes it possible to fill the model with data on pipeline defects obtained in the in-line inspections, with accuracy sufficient to analyze the
causes of their occurrence. In geotechnical monitoring of main pipeline, main role assigned to the technologies of the in-line inspection in
order to determine pipeline defects and remote sensing. Special attention is paid to the control of the planned altitude position during the
formation of a three-dimensional digital terrain model based on aerial laser scanning data, which allows us to assess the impact of exoge-
nous geological processes on the pipeline. Smart pigging data, as well as global terrain data, should be used with great care, when form-
ing the geoinformation space of pipeline transport in the process of modeling linear and areal pipeline objects, or they should be used after
additional verification and correction.

Key words:
Natural and technical environment of pipeline transport, in-line diagnostics, aerial surveys, aerial laser scanning,
in-line diagnostics, aerial laser scanning, geoinformation model, three-dimensional model, spatial accuracy, SRTM, ArcticDEM.
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AkmyanbHocmb. Bubpayuu 6yposoeo cHapsida /106020 nPoUCXOXOEHUSs, B03HUKaOWUE 8 NPouecce BypeHUs: CK8axXUHbI, npusodsim K
CHUXEHUI kayecmea npogoduMbix pabom. MaeecmHbie MemolObl 60pbbbI ¢ OaHHbLIM SB/IEHUEM OCTOXHEHBI MEXHUYECKU U MEXHOM02U-
yecku. lpu 6ypeHuu nopodopaspywarouwum uHcmpymermom muna PDC 00HOU U3 npudUH 803HUKHOBEHUS NONEPEYHbIX KonebaHull 6y-
08020 UHCPYMEHMA S8/IIeMes HU3KUL ypogeHb cun mpeHusi paboyell epaHu pe3yos 0 20pHyo nopody. CospemeHHbIe 803MOXHOCMU
CUHMe3a anMasHo20 Mamepuana nossonsiiom uszomagnusams PDC pasnuyHoll hopmbi u pasmepos. Paspabomku 8 obracmu co30aHust
koHempykyuu pesya PDC ¢ g8oeHymoli pabodeli nogepxHOCmbIo cnocobemeyiom passumuto Memodos npoghusiakmuku NONepeyHbIX Ko-
nebaHuli pe3ya U Kak criedcmeue CHUKEHUIO yposHS subpayuu ecell 6ypusibHOU KOSIOHHB.

Lenb: paspabomka KoHCmpykyuu nopodopaspywatowiezo uHcmpymesma muna PDC, cnocobemsytowieli eaweHuto subpayuli 6yposoeo
CHapsoa.

06Bexkm: ocobeHHocmu npouecca 83aumodeticmaus 20pHol nopods! ¢ pesyom PDC, obnadatowum gozHymol ghopmoli paboyeli no-
8epxHoCMU,

Memodb1: Memod UMUMayUOHHO20 KOMNLIOMEPHORO MOOENUPO8aHUS, MEeMOd Hay4HO20 NO3HaHUS, aHaIUMUYeckue Uuccriedo8aHus!, aHamnus.
Pe3ynbmameI. BosHukarowue Ha eoeHymol nogepxHocmu pesuya PDC ycunus HanpagneHbi Ha ecmpeyy dpye Opyay u, npomugodel-
cmeys, npedomepalwyarom nonepeyHoe cmeweHue 6ypogoeo uHcmpymeHma. OnmumanbHsil yeon 8oeHymocmu paboyell nosepxHocmu
pe3ua domkeH Haxodumecs 8 npedenax om 104 do 155 epadycos, umMeHHO makol uHmepegan 3HayeHul yena cnocobemeyem co30aHuUK
onmuManbHbIX ycnosuli npou3godumenisHocmu 00/ioma ¢ CoOXpaHeHueM aHmugubpayuoHHo20 aghgpekma. Konempykyus pesya PDC ¢
802Hymoll pexyuieli NogepxHOCMbI0 8 8UOe KOHyca Unu cghepbl NO3BOSEM HE MOMIbKO CHUXamb 8uGpayuu UHCmpyMmeHma, Ho U cno-
cobcmeyem oyuweHur 3abos U co30aHuK0 30HbI npedpa3pyweHusi 20pHoOU nopodbl neped Pe3yoM 3a cuem 3HepauU CmMpyu NPOMbIBOY-
HoU x)udkocmu, Ymo nosbiaem a¢hghekmugHOCMb pa3pywieHus 20pHOU Nopods.

Knroyeenie cnosa:
EypeHue, bopsba ¢ subpayuamu, pesey PDC, komnsiomepHoe ModenuposaHue, 2udpasiuyeckue npouecchbl, 20pHas nopooa.

Takue KoneOaHHs ycuiuuBaroTcsa. BuOpanmm momoOHOTO

BeepeHue

Braronosyune npoTekanus OypoBOro mpoiecca 3aBu-
CHT OT MHOXECTBa pa3HOOOpasHbIX (akropoB [1-32].
Tak, Mexanuueckne KojeOaHus T000H 3THOJIOTHH, CO-
MyTCTBYIOIME OypeHHIO, HE PEAKO BHICTYMAIOT MPHYH-
HOIl BO3HMKHOBEHHS NPOONEM NpPH NPOXOAKE CKBAKUH
Pa3JIMYHOTO HA3HAUYCHHWS. YCTPAaHEHHE BCEBO3MOXKHBIX,
Jlake MeNbYailinX, CTOYHUKOB BHOpAIHi CrIocoOCTRY-
€T TOBBIICHAIO TPOM3BOJUTEILHOCTH M CTaOWIM3AIMH
HarnpaBlieHus OypeHus.

OnHolt u3 obnacTeil reHepanuy MONePeYHbIX KoneOaHui
ABJIACTCS TUIOCKOCTh KOHTAKTa TMOPOAOpPa3pYIIAKOIIETo
MHCTPYMEHTa ¢ MOpoJoi. [IpuurHaMu TPOSIBICHHS pa-
JIMANTbHBIX BUOpAIMi B 3TOW 30HE ABJIAIOTCS: HECTAOMIIb-
HBIH PeXKUM OYpEeHHs, HEOJHOPOIHOCTh I'€0JIOTHISCKOTO
paspesa, HaIM4YHE THAPOAMHAMUYECKUX M JPYIHMX sBIIE-
HHUH, CIIOXHOCTh CHCTEMBI CHIIOBOTO BO3JICHCTBHSA Ha 3a-
Ooit. B ciyuae aHM30TPOMHOCTH mepeOypUBAEMBIX
TOPHBIX MOPOJ WM HAKJIOHHO-HAMPABIEHHOTO OypeHus

DOI 10.18799/24131830/2022/4/3488

NPOUCXOXKICHUS ~ OTPAKAIOTCA Ha  (POPMHUPOBAHUH
HENPaBUJIbHBIX KOHTYPOB CTBOJIa CKBAaXXWHBI, YPOBHE
OTKJIOHEHHSI OT 3aJ[AHHOTO HATPABJICHHS, OCIOKHSIOT
SKCILTaTaIlHI0 3a00HHBIX TENEMETPHYECKUX CUCTEM, I0-
BBIIIAKOT YPOBCHb JUHAMUYCCKUX YIAPHLIX HArpy30K Ha
BOOPYKEHHE, CKa3bIBAIOTCSA HA M3HOCOCTOMKoCTH Oypo-
Boro crasa. I[lomumo YXYOAICHUA Ka4yeCTBa COOPYKCHUA
CKBJKMH M KOHTPOIS Ipoliecca OypeHus, Takue BHOpa-
IMA BEOyT K CHIKEHHIO pecypca HHCTPYMEHTA, HYTO
YXY/IIaeT SKOHOMHYECKUE MOKa3aTenu OypoBBIX padoT
[6,8, 9, 18, 20, 24].

MocTtaHoBka npobnembl

OO6bI4HO TarmeHust BUOpALi TOCTUTAIOT IyTEM pery-
JTPOBAHHS PEKUMOB OypEeHHS WM BBEAECHHSA B MPOMBI-
BOYHYIO XHJKOCTh PEareHToB, 00NafalonnX CMa3bBato-
M dddexrom. OnHako Tako# cmocod 6opsOE! BiedeT
3a co0oil CHIDKEHHE CKOPOCTH OypeHHs, SKOTOTHIECKYIO
YIrpo3y WM TIOBBIICHUE SHEPTOCMKOCTH, YTO MPOTUBO-
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PEUUT COBPEMEHHBIM TpeOOBaHMAM mpou3BojcTBa. On-
HIM W3 XOpPOIIO 3apEKOMEHJOBABIIMX CeOS METOIOB
00phOBl U TIPOGUIAKTHKH BUOpAIMH, BO3HUKAIONINX B
nponecce OypeHHs, SBISCTCS M3MEHEHHE KOHCTPYKTHB-
HBIX TIapaMeTPOB MPUMEHSIEMOro OypoBOrO CHapsia H
ero aIeMenTos [3, 5, 6, 15, 18, 20-24].

[lpu mpoekTrpoBaHKU OYpOBOTO MHCTPYMEHTA THIIA
PDC ocoboe BHUMaHWE YIENSIOT CXEME Pa3MEIICHAS U
dbopme pesos. [lonoxuTenbHbIe pe3ynbTaThl B 00phbe ¢
BUOpAIMAMH MMeET KOHCTPYKIUs 10i0Ta kKommnanuu Ul-
terro’s New Counter Force Texnology [33]. TIpou3ssomu-
TEJH, ONUPASCh Ha OTBIT OpHeHTHpoBaHus pe3noB PDC ¢
IENbI0 MOBBINICHUS 3PNEKTUBHOCTH OypeHHs, MpeIo-
XKITH HOBYIO TEXHOJNOTHIO TPOCKTHPOBAHHUS JTOJNOT TaKO-
ro tuma. PDC Ha Tople 10N0Ta yCTAHABIMBAIOTCS TaK,
4TOOBI IBA COCEAHMX pe3lia paboueil rpaHblo ObLIH IO-
BepHYTH HaBcTpeuy Apyr apyry [30]. Takas packiamka
TI03BOJISIET CHIDKATH MOTIEpedHbIe Konebanus nonota. 13-
TOTOBHTENb YTBEPXKAACT, YTO, MOMHMO CTA0MIM3AIUH
paboThl MHCTPYMEHTa, KOHCTpyKims gonota Ulterro cro-
COOCTBYET HATpABICHHI0O BHOPAIMOHHON 3SHEPTHH B
IUTACT /TS TIOBBHINICHHS A(D(EKTHBHOCTH pa3pyLIeHHUS 110-
poumst. IIponsBomurensHoCTs mpuMerenns gomot Ulterro
HE BBI3BIBAET COMHEHHH, T. K. Joka3aHo OypeHuem Oonee
15 miH M B rog. CornacHo IaHHBIM, OITyOITHKOBAaHHBIM B
KypHane MexayHapoIHOM accOlMaliy MOAPSTYUKOB
«Drilling contractor», mpumenus gosoro Ulterro, na me-
cropoxxaenun Eagle Ford (Texac) ymamoch ycTaHOBUTH
PEKOp]I IO TOKA3aTeNsIM CKOPOCTH OypeHus (LPUPOCT Co-
craBui 0koJ10 41 %). IIpu 3ToM 3KOHOMHUS MONyYHIach B
15 gacos Bpemenn u 50000 monmapos CIIA [34].

VYron passopora pesnoB goior Ulterro masctpeuy
ApYT ApYry HE3HAUUTENbHbIHA, OJHAKO MPUMEHEHHE JaH-
HOM TEXHOJIOTHHU pasMenieHud HEAOCTYIIHO Uil U3rOTOB-
JEHHS MHOTMX THIIOB IIOPOJOPA3PYINAOIIET0 HHCTPY-
MEHTa, OCOOCHHO KOJNOHKOBOrO. B oTimume 0T KOH-
CTPYKUMI C TPaJULHOHHOW CXEMOH pacKIaJKH Pe3LOB
PDC, rtexuonorust Ulterro mompasymeBaeT H3MEHCHHE
3HaKa (POHTAIBLHOTO yIJia YCTAHOBKH KAXKIOrO MOCIe-
JyHollero pesia pajuanbHoro psana. Ecnu nepbiii peseln
FIMEET TOJOKUTENBHBIN (POHTANBHEIN YTON, TO CIEAY-
TOIIHIT — OTPHIATENbHBIA, U Tak gaiee [30, 33].

CormacHO MHOTOYHMCIIEHHBIM HccnenoBanusam [7, 11],
pesell, UMeroInil GPOHTAIBHBINA YroJl OTAUYHBIN OT HYJIS,
IpexJe Beero cnocoOcTByeT ounctke 3abos. [Ipu paspa-
00TKe KOHCTPYKIHH MOPOAOPAa3PYIIAIONIETro HHCTPYMEH-
Ta MOAOHMpAeTcs Takoe 3HAYCHHE yIia, KOTOpoe conei-
CTBYET MEXaHMYECKOMY BBIXOMY IITaMa H3-TOJ pe3Iia.
[lprdeM B KOHCTPYKIMH OECKEPHOBOIO MOPOAOPa3py-
ITAIONIET0 MHCTPYMEHTA OTBOJ OCYIIECTBIACTCS TONBKO
B HAIPABICHAHN CTCHOK CKBAXKUHEL, 2 B KOHCTPYKIUH KO-
JIOHKOBOTO €CTh BO3MOXXHOCTh HAIPABIATH PaspyIIcH-
HyI0 TI0POJY B JBYX HANPaBJIECHHUAX: B CTOPOHY CTEHOK
CKBXHHBI 1 KepHa [7, 16, 21]. Hakomnenue tBepaoii da-
3BI TIEpe Pe3loM MpUBOAMT K nprkery wiactud PDC u
HAPYIICHHIO Ka9ecTBa OypeHHs.

Hayunble uccnenosanus [7, 11] ompemenunu, 4To
¢ponTanbHbI yron ycranoBku pesna PDC oxaspiBaer
KOJIOCCANIbHOC BJIMSHHE HA TOBBINICHHE MOKa3aTeleH
npornecca Oyperus. [Ipu ontumansHOM, B ipezenax ot 5°
10 10°, 3HaueHNH (POHTAIBEHOTO YTIIa YCTAHOBKHU pe3lia
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MOJKHO JI0OMTECS Hanbolee BBICOKHX MOKa3aTeneil Mexa-
HIYECKOH CKOPOCTH OypeHHs, OAHOBPEMEHHO CHU3HB 3a-
TPaThl MOIHOCTH.

CornacHo pesyaprataM HaydHbIX pabot [2, 11], cko-
pOCTh TIEpeMEIIeHHs pe3lia OKa3bIBaeT BIHSHHE HAa CO-
TIPOTHBJIEHHE €ro BHEPEHHIO B Mopoy. B 3aBucnmoctn
OT PACMONOXKEHHS Pe3Ia CKOPOCTh €r0 MepeMeIleHHs 1o
320010 yBEIMYMBACTCA B HAMPABIEHUH OT OCH K CTEHKaM
ckBaxuHbL. [Ipy 3TOM ITyONHA BHEOPEHHS pe3na B MOpo-
Iy HanpsAMYO 3aBUCHT OT 3HaueHHs (PPOHTAIBHOTO yIia
ero ycraHoBky. CornacHo Belpaxenuto [11]:

Poc sinyec(1-f-tgyn)

h =
Ok COS P thn\/a(l_tg‘Pn)

rae P, — 0ceBoe ycuime; Yo — yroi ckona moponsi; f —
KO3((UIMEHT TPEHUS; G — HPEe] IPOYHOCTH HOPO/IbI
Ha CKaJILIBAHKE; ¢, — (POHTAJIBHBIN yToN pe3na; y, — Ie-
pelHuil yroa ycTaHOBKH pesna; d — nuamerp pesua; ¢, —
YTOI BHYTPEHHETO TPEHHS, MOBBIMICHHE (DPOHTANBHOTO
yrna ycraHoku pesna PDC (g,) Bemer k yBemmueHnIo
TTyOMHBI Pe3aHUS—CKaNBIBAHUS IOPOJBI U KaK CIEACTBHE
K MOBBINIEHHIO TIOKa3aTeNs yriyoneHus 3a 000poT.

VauTeBasg paHee MOTyYCHHBIC PE3YIbTAaThl, MOXKHO
BBIIEIHTh CIEAYIONHEe 00IIre TpeOOBaHUA K apMHPOBa-
HOIO COBPEMEHHOTO OypOBOTO HHCTPYMEHTa pe3laMH
PDC: ¢pontanshbiii yron ycraHoBku pesna PDC mon-
KeH OBITh OTIIMYEH OT HyJs; pe3ell, PacTol0okKEeHHbIN Ha
BHEIIHEM IWaMeTpe TOpHa MOpOAOpa3pyIIAlOMmero HH-
CTPYMEHTa, JOJDKEH MMETh HauOONbINHi (YpPOHTAILHBIN
yToJl; ONTHMAIbHBIM MHTEPBAIOM 3HAYeHHIl (pOHTANb-
HOTO yria siBistercs mpejen or 5° go 10°; B 6ypoBbIX Ko-
POHKaX CKBRXHHOOOpa3yHOIIMH pe3el] HeoOXOAUMO pac-
T0Narath B TPOTHBOIONOKHOM HAIpPaBICHHH KEPHOOO-
Pa3yIoIIEero.

IlepeuncneHHble PEKOMEHAAINN PEATH30BaHbI B KOH-
CTPYKLHSIX  CEpUHHO-BBIYCKAEMOr0  HHCTPYMEHTA,
Hanpumep, npomssoauteneM «bupyn-texHo» [35], a¢-
(eKTUBHOCTH PabOTHl KOTOPHIX JOKa3aHa MPOMEIILICH-
HBIM BHenpeHneM. Taxoke, MpUACpKUBasAChH TIepenCcIeH-
HBIX YCIIOBUH apMHUPOBAHUS HHCTPyMEHTA, ObLIA CIIPOEK-
TUPOBAHA KOHCTPYKIMS CTaOWIM3HpYIOUIEH aHTHBHOpa-
IIHOHHOI KOPOHKH, pa3paboTaHHOH Py YUCHBIX IO
pykoBojcTBoM mpodeccopa A.A. TpeTbsika, aKTyaib-
HOCTb KOTOPOH MOITBEpXKJCHA IMATEHTOM Ha H300pere-
Hue [16]. B reomeTpun 1aHHOH KOPOHKU CKBAXXKHHOOOpa-
sytomue pesusl ATID (anmMasHble TBepAOCIUIaBHbBIE Ta-
CTUHEI) dYepemyioTcss ¢ KkepHooOpasyrommmu. Kaxkmas
TPyIIa pe3loB (POHTAIBHO Pa3BepHYTa B MPOTHBOIIO-
JIOKHBIE JIPYT OTHOCHTENBHO Jpyra cTOpoHbl. CTadmmu-
3UpYIOLIas CHOCOOHOCTh Takoi KOPOHKH OOBSCHACTCS
TEM, YTO KAKIBIA M3 ee PE3LOB MpeACTaBIseT coOoii
9IEMEHT OT/ENbHOH BHHTOBOH JIMHUH, a EPEIHHUHA yTroN
Pe3LOB HAaX0aUTCA B npejenax ot —5° o —15° [16].

VuuTbIBasg, YTO KONMYECTBO PE3LOB HA TOPLE HH-
CTPYMEHTa 3aBHCHT OT €r0 JUaMeTpa, TMPHACPKUBASCH
textosornd UIerro, BEIMONHUTE TiepedrceHHbIe Tpe6o-
BAHMS K aPMHPOBAHHIO OYPOBOTO MHCTPYMEHTA Pe3LaMu
PDC sarpyauurensHo. Pasmernenre PDC mo meroay Ul-
terro ycmoxxHseTcs HEOOXOAMMOCTBIO IONAPHOTO HX
OpPHEHTUPOBAHHSL.
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OpHUM 3 U3BECTHBIX BAPHAHTOB PENICHHUS MPOOIEMEI
TIOTIepEeYHBIX KoneOaHnit OypoBOro MHCTPYMEHTA SBIIET-
cs npuMenenne pe3noB PDC ¢ paboueii moBEpXHOCTHIO,
COZIepIKalllell BOTHYTHIE KaHABKH, HEKOTOPHIE M3 KOTOPHIX
umetor V-o0pasueiit Bun [31]. Paszpabotumku Taxoit
(OpMBI pe3la CChUIAIOTCA Ha TO, YTO BOTHYTOCTh IIO-
BEPXHOCTH CIOCOOCTBYET MOBHIECHAIO CIEIUICHUS H
TPeHHs pe3na o 32001, a TAkKe MO3BOJAET OCYIIECTBIATh
cOaTaHCHPOBAHHOCTD YCHIIHI pe3aHHs BCEX PE3LOB, YTO
SABJIETCS YACTON TPHYMHOH BO3HHKHOBEHHUS BHOpAIIHIA.
B ommune ot texuonorun Ulterro, pasmemienue Takux
pesroB B OypoBOM MHCTPYMEHTE MO3BOJIIET OCYIIECTB-
JITH TAllCHHE IONEepeYHbIX BHOpAmuil HE3aBHCHMO OT
KOJIMYECTBA PE3L0B B paUalbHOM psfy, u3beras HeoO-
XOIMMOCTH UX MOMapHOro opueHTHpoBanus. K Tomy xe,
apMUpPYs. HHCTPYMEHT TAaKHUMH pPe3laMu, 0e3 Tpyaa MOx-
HO TIPHAEPXUBATHCA PEKOMEHAYEMBIX 3Ha4eHui (poH-
TANbHBIX U TIEPEAHNX YTIOB MX ycTaHOBKH. OIHAKO Ode-
BUJTHO, UTO pe3el] ¢ KaHaBKaMu Ha padoueii OBEPXHOCTH
B ONPEJICNICHHBIX TEONOTUYECKUX YCIOBHAX OyIeT UMETh
CKIIOHHOCTb K 3aIITAMOBAHHMIO, YTO TPEICTABIACT INaB-
HYIO OIIaCHOCTb JUIS alnMa3HoH mractuabl pesia PDC.

Ha ocHOBaHWME TIpeACTaBICHHOTO OTBITA, OTMEYACTCS
HE00X0IMMOCTh pa3paboTku KoHCTpyKiuu pesna PDC,
TO3BOJIIONICH MPEOTBPAINATh MOMEPEYHbIE CMEIICHUS
HHCTPYMEHTA, TIPH 3TOM obecrieurBas 3 (HeKTHBHOE pa3-
PYIICHHE TOPHOH MOPOIBI M OYUCTKY 32005 OT IIIama.

Metopgonorus

[IpoBexem anamu3 B3ammopeicTeusa pesna PDC ¢
TOpHOM MOpooH B Hporecce OypeHns ckBaxuHbl. CTaH-
naprbie pesil PDC cocTosT U3 mIockoro abpa3uBHOTO
CTI0SI TIONIMKPHCTAITMYECKIX alMa30B — 1, TBepIoCIIIaB-
HOM MOJTOKKK — 2 1 Kopryca pe3na — 3 (puc. 1). Bypo-
BOe J0J10TO apmupyloT pesnamu PDC  ¢ukcuposaHo,
INIaJKOHM PEeXyIIEl IOBEPXHOCTBIO B HAIPAaBICHUU pe3a-
HUA—CKaJbIBaHUA nopofsl. IIpu Takoil paccTaHOBKE U
(opMe pe3noB ypOoBEHE CHII TPEHHS Ha MX paboueii rpa-
HE JIOBONBHO HU3KHH, YTO TPUBOAUT K BO3MOKHOCTH
BO3HUKHOBEHHMS IIOTICPEYHBIX  KOJNeOaHHH OypoBOTO
MHCPYMEHTA.

CornacHo MexaHu3My paspyIIeHHs TOpHBIX IOpOJ,
pestiom tuna PDC, mopoOHO ONMICaHHBIM B HAYYHBIX pa-
Ootax [7, 11], Ha pabouem TopIie pe3lia 10 HANPaBJICHUIO
BpallleH!s1 MHCTPYMEHTa 00pasyercs Cuila, peaiusyemas
Ha pe3aHue—cKanbiBanue ropaoi mopossl (R) (puc. 1). Cu-
Ja pesaHus—CKaibBaHUSA R sBiseTcss pesymbTaroM BO3-
neiictBust Ha peserr oceBoil (P,.) W TanreHmmansHoi (F)
Harpy3ok. JIoka3aHo, 4TO BO3MOKHOE M3MEHEHHE Halpas-
JICHUA BCKTOpa YyCWIHA PE3aHUA—CKAJIbIBAHUA B MPEACIax
IUIaCcTa TOPHOH MOpoAbl OyIeT CBSA3aHO NpEkKAE BCEro C
nepepacipesielieHieM 00JIacTell CONPOTHBICHHS CO CTO-
POHEI 320051 ¥ MOJKET U3MEHATHCS B 3aBHCHMOCTH OT BEH-
YHHBI K COOTHOIIeHUs yeunuit P u F [11].

[Ipu ycraHoBHBIIEMCS pexkuMe OypeHHs (¢ MOCTOSH-
HOM IJTyOHHON BHEAPEHHUS pe3iia B mopoay h) paBHoaei-
CTBYIOLIASl YCHJINS pe3aHus—cKaibiBanus mopoxst (R),
co3qaBaeMas pe3roM, KOHIGHTPUPYETCS MO MPIMBIM
YTJIOM K LEHTPY ero pexyuei rpanu — 5 (puc. 1).

Takum o0pasom, Ui KOHIEHTpAIlUK pa3pylIaromei
sHepruH B neHTpe pesa PDC u HampaBieHus ee B miacT

C LENbI0 TOBBIMIEHHE YPNEKTHBHOCTH PaspyIICHHS J0-
CTATOYHO BJOJIb BCEH IOBEPXHOCTH €ro paboueidl yacTu
C0371aTh BOTHYTOE MPOJIONbHOE YTiTyOneHus (puc. 2).

4 Hamnpasnenue konebanuit

woN

Puc. 1. Cxema pabomul 08yx psa0OM pACNOIONCEHHBIX pe3-
yos PDC (suo ceepxy): 1 — cnou noaukpucmaniuye-
CKUX anmasos; 2 — meepoochiagnas noonodicka; 3 —
Kopnyc; 4 — npedenvi obracmu paspyuleHus nopoosi;
R — sexmop ycumus pezanus—cranvieanus nopoovl,
5 — pesrcywas nosepxrnocme

Fig. 1. Working diagram of two side-by-side PDC cutters
(view from above): 1 — layer of polycrystalline dia-
monds; 2 — carbide substrate; 3 — case; 4 — limits of
rock destruction area; R — vector of the cutting-
shearing force of the rock; 5 — cutting surface

[Tpu OypeHun pe3uamu ¢ BOTHYTOH (hopMOH pexyiueit
MOBEPXHOCTH YCUINE PE3aHUSI—CKATBIBAHMS TTOPOIBI MOKET
pasIenuThCs Ha HecKonbko BekTopoB R; (R = Y. R;), koTo-
pele OYIyT HAmpaBlieHBI HABCTpEYy OPYr Apyry (puc. 3).
IpotrBOACHCTBYS, YCHIIHSA R; IPEIOTBPAILAIOT IIOIEPEUHBIC
KoneOaHus pe3lia U TaKuM 00pasoM TaciT BHOpAlMH HH-
ctpyMenTa. OHAKO 3TO MPOM30MACT TOJLKO B TOM CITydae,
KOT'JIa BEJIMYMHA KPaiHUX BEKTOPOB ycuwand Ry 1 Ry Oymer
JOCTAaTOYHA VIS CTa0MIM3aLiK JBIKEHHUS pe3ta (puc. 3).

Ecnu obOmactu paspyuieHust mopoasl — 4, co3maHHbIE
yeunusMud Ry m Ry, compukacathess He OyayT, B IIE€H-
TPAIBHONM YacTH DPEXYIIEH T'PaHd — 5 BO3HHUKHET ele
OIIMH BEKTOp ycwiusd — R3, He0OXOMMMBIN I8 pa3pylie-
HHMS  I[IEJIMKa, OCTaBIIerocs Iepen  pesnom. Ilpwm
R;>(R1+R,) ramenus konebaHuii MOXET HE IPOM3OMTH.
AHTHBHOPAIHOHHBIH S(O(EKT rapaHTUPOBAH TONBKO B
TOM Cily4ae, KOrJa BEKTOPHl YCHIHS  pe3aHusi—
ckaneiBanug Ry u R, HanpasiieHsl Tak, 4To 00JacTH pas-
PYIIEHHS MOPOAsl — 4, BO3HHUKIIME OT AEHCTBHSA JTHX
YCHITHH, TIEPECEKTNCH WK XOTS ObI IMEIOT TOUKY COMPH-
KOCHOBEHHSI, HAXOSIIIYIOCS Ha JIMHUM, COBIAAIONICH C
ochl0 pesma (puc. 3, 6). B aTroM ciaydae BeKTOpoB Oymer
JBa, a paBeHCTBO 3THX cull (R1=Ry) obecreunT ramenune
MOTIEPEYHBIX KOJIe0aHuH pe3la.

PerynupoBanue pacmpefencHuss YCHINS pe3aHHA—
CKaNBIBAHUA MO PEXKYIIEH I'paHH pe3lia — 5 BO3MOKHO
IIyTeM H3MEHEHMS YIJa BEPLIMHBl €€ BOTHYTOCTH ().
IpeoxkenHoe NpoxoNbHOE YINIyOaeHne Ha padodeit
moBepxHocTH pesiia PDC MoxeT OBITH BHITONHEHO B BH-
Jie BOTHYTOTO KOHyca (puc. 2, a) una cdepsl (puc. 2, 6).
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ala 6/b

Puc. 2. Koncmpykyus pe3yos 0oioma, pexcywyas NOBEPXHOCMb KOMOPbIX GbINOIHEHA 8 6UOe. a) NPOOOIbHO20 KOHYCHO20
yenybaenusi;, 6) npooobHOU 602HYMOU chepbl: 1 — Clol NOMUKPUCATIIUYECKUX AIMA308; 2 — MEepOOCNIA8HAs NOO-
n02rcKa; 3 — kopnyc; 4 — obnacmu paspyuteHus nopoobl, 5 — pexcyuyas HOBEPXHOCHb

Fig. 2. Design of the bit cutters, which cutting surface is made in the form of: a) longitudinal conical recess; b) longitudinal

concave sphere: 1 — layer of polycrystalline diamonds; 2 — carbide substrate; 3 — case; 4 — rock destruction area;
5 — cutting surface

a/a o/b

6/c e/d

Puc. 3. Cxema 6o3modrcnozo pacnpeodenenus cun u ceomempuu PDC ¢ npooonvneim yenybnenuem na paboueti nogepxnocmu 6
sude 802HYmMo20 Konyca. a, 6) euo ceepxy; 8) 6uo cOoKy, 2) 6ud co cmoponul pedcywei epanu; 1 — ciou noruxpu-
CMANIUYecKux ammaszos; 2 — meepoocniagnas noonodcka; 3 — kopnyc; 4 — obnacme paspyuienust nopoovl; 5 — pe-
ACYUAA NOBEPXHOCb

Fig. 3. Possible distribution of forces and PDC geometry with a longitudinal recess on the working surface in the form of a
concave cone: a, b) view from above; c) side view; d) view from the side of the cutting edge; 1 — layer of polycrystal-
line diamonds; 2 — carbide substrate; 3 — case; 4 — rock destruction area; 5 — cutting surface
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CornacHo cxeme (puc. 3, 0), moka3bpIBaloIen pac-
npeAencHue CUl MPpY B3aUMOIEHCTBHHU peslia ¢ mopo-
JOH, KOTJa [Ba BEKTOPA YCHIMS Pe3aHHSI—CKaIbIBAHMS
R; 1 R, HanpasieHs! TaK, 4To 00JIaCTH PA3PYLIECHHUS I10-
poxsl — 4 or JEeHCTBHS OTUX YCHIHH CONPHKACAIOTCS B
TOUYKE, HAXOIAIIEHCS B INIOCKOCTH, IPOXOMALIEN 4epes
OCh De3Ia, Yrol BEepIIMHBI BOTHYTOTO KOHyca MOXKHO
OTIpeNeNuTh M0 GopMyIIe:

2a
a = 2arctg 5
rae a — JnuHa BekTopa R; B — miuHa obpasyrouiei
BOTHYTOTO KOHYCA.

I'eoMeTpUYECKH MPOAHAIU3UPOBAB CXEMY B3aH-
MOJICHCTBHSA pe3lia ¢ MOpoa0i Ha BHae cOOKy (puc. 3,
8), IMEEeM 3HAYCHHUS

a =0B-sinp,
B:90-YCK-YH1
_ h

sinye

CnemoBarelbHO, JITMHY BEKTOpa R MOXKHO HAUTH Kak:

_ sin (90=yek—Yn)h
SINYcek

Jlnnaa oOpasyiolneil BOrHYTOro KoHyca B Oyiaer
3aBHCETh OT AuameTpa pe3ma 0 W TIyOMHBI pe3aHHsI—
ckanpIBaHus mopomst N (puc. 3, 2) U cOCTaBUT

B =+Vdh - h?.

Takum 00pa3oM, yron BepHIMHBI BOTHYTOTO KOHYyca
TIOBEPXHOCTH PEXyIed TpaHd pe3na (clos MOTHKPH-
CTAIUTMYECKUX alMa30B), CMOCOOCTBYIONIMH TalleHHIO
TMONEPEYHBIX KOJTEOAHMH, JOKEH ONpEACNAThCA II0
dbopmye:
2:h-sin(90=Yex=VYn)

sinyc,(-\/m

ITpu 3amanHO¥M TIIyOMHE BHEAPEHUS pe3lia B IOPo-
oy (mo yriyOlIeHuio 3a 000poT), IPUAEPKUBAACE pe-
KOMEHYEMBIX 3HAUEHHUH YIJIOB €ro YCTaHOBKH, MOJXK-
HO OIIPEACIUTH OHTI/IMaHbHHﬁ yFOJ'I BOFHyTOCTI/I pe-
xymeit rpanu PDC.

a = 2arctg

Tabnuya. Pezynomamul pacuema yena eeputuHvl B0H)-
mMo20 KOHyca MNOBEPXHOCMU pe3yd, CHocoo-
cmeyrueco cauleruro nonepeylvlx Konebanuil
(ex=20°; 7,=20°)

Table. Results of calculating the angle of the concave
cone apex of the cutter surface, contributing to
the damping of lateral vibrations (y..=20°;
72=20°)

d | h | B
mm/mm o rpat
8 4 4 155,0
2 3,5 137,5
13 6,5 6,5 155,0
3 55 135,7
8 8 155,0
16 4 7 1375
2 5 104,0
19 9,5 95 155,0
5 8,4 139,0

CepuitHo Bbimyckaemble pesisl PDC mmeror cnemy-
OLIMH psiI AMaMeTpanbHbIX pasmepoB: 8; 13; 16 u 19 mm.

CornacHo pe3yibTaTaM aHATMTHYECKUX PACUETOB, MPE-
CTaBIICHHBIX B TaOJuIe, /I HOPMAIBbHON pabOTHl pe3na
YTOJI 0L IOJKEH HaXOAUThCS B mpesienax ot 104° mo 155°.

B ciy4ae dhopmMbl pexylieii moBepXHOCTH B BHE BO-
THyTOH cepsl (puc. 4) paguyc BOTHYTOH MOBEPXHOCTH
Takxe OyleT ompenendTcss 3HauUeHHeM yria o. B coot-
BETCTBHH CO CXeMOH (puc. 4), TIOKa3bIBAKOIIEH pacmpeie-
JIEHWE CUII TIPH B3aUMOJEHCTBUM pPe3lia C MOPOIOH, paiu-
yC BOTHYTOIT chepsl I' OmpeensieTcs Kak

AB

. A
Zsmi

Ha xoHCTpyKIMIO [070Ta, apMHPOBAHHOTO pe3LaMH
PDC ¢ Boruyroii pexymeii rpaHbro, ObLIO HONy4eH pe-
LIeHHe 0 Bblade narenra [36], uto akryanusupyer mpo-
BEJICHUE JalbHEHIIEro M3ydeHus padoThl peslia Takoi
TeOMETPHH Ha 3200€ CKBaKHHBI.

Puc. 4. Cxema 0ns onpedenenusi 2eoMempuieckux napa-
Mempos pesyd, pedicyudsi NO8EPXHOCHb KOMOpOo2o
8bINOIHEHA 6 8UOe NPOVOTLHOU OZHYMOU Chepbl

Fig. 4. Scheme for determining the geometric parameters of
the cutter, which cutting surface is made in the form
of a longitudinal concave sphere

CornacHo paHee MPOBEACHHBIM HAYYHBIM UCCIEN0BA-
wusim [ 11-13], B mpomnecce Gypenus B pu3aboiHOi 30He
obpasyercst ONpeieNeHHAs «Cpefay, MPEACTaBIIIOmas
co00# cMech TIPOMBIBOYHON KHAKOCTH C Pa3pylICHHOH
ropHoii mopooit [12]. KadectBo «cpenpn» ompenensercs
TUIIOM, CBOMCTBAaMH MOPOJBI U BHIOPAHHOTO [T OypeHns
OUYMCTHOTO areHta. ['MapoJuHaMUYEecKue IPOLECCHl, CO-
My TCTBYIOIIME OypeHuto, GOPMUpPYIOT MO pabouuM TOp-
oM pesnia PDC tpu 30mb1 gaBnenns [12, 13], pasmep
00J1acTH pacTpoCTpaHeHns KOTOPHIX 3aBHCHT OT Tapa-
METPOB «Cpefibl» (INMOTHOCTH, BS3KOCTU U T. J.), Xapak-
Tepa LUPKYJIALHUN KUIKOCTH, & TAKKE OT BUJA OPHEHTH-
pOBaHHS pe3lia B NOPOJOPA3pYLIAIONIEM HHCTPYMEHTE.
B 3aBucumocty ot yrina Hakinona PDC otHocuTensHO 3a-
0011, «cpesa» MOKET OKa3bIBaTh CONPOTHBIICHIE BHEIpPE-
HUIO pe3lia B MOPOAY M CIOCOOCTBOBATH MpEApaspyIIe-
HHIO TIOPOJIBI 32 CYET 3HEPruM CcTpyH. llomydeHHble pe-
3yJbTaThl YKA3bIBAIOT HA HEOOXOAMMOCTD MCCIEOBAHHA
THAPOJAMHAMUYECKHX TPOLECCOB, BO3HUKAIOMMX HA 3a-
Ooc mpu OypeHHM CKBaXHH OYpOBBIM HHCTPYMEHTOM,
apmupoBanHbIM pe3namu PDC ¢ Boruytoit paboueit mo-
BEPXHOCTBIO.
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ITo mpenBapuTenbHON OLIEHKE, YYUTHIBasg BOTHYTOCTh
(bopMBI pexyIIeil rpaHu pe3na, NPy ONpPEeNeNeHHOH OI-
TUMAJIBHON BENMYMHE MEPEeIHEro yria yCTaHOBKU ()
AKTHBH3HUPYETCS OYMCTKA 32005 ¥ TOBBINIACTCS IPOU3BO-
JUTENBHOCTh OypeHHs 3a CUeT LieJeHAMpPaBIeHHOTO JBH-
KEHUS CTPYH JKUIKOCTH B MOPO.Y, IIpH 3TOM (B Ciydae
MaJbIX Y,) CYIIECTBYET PHCK 3aILTaMOBAHHS BOTHYTOH
YacTH pe3lia ¥ CO3JaHus JONOIHUTENBHOTO COIPOTUBIIE-
HUS «CpeIbhy BHEAPEHHIO pe3lia B 32001

Ob6nactb B3auMOIEHCTBHS pe3lia ¢ IOPOIOH — MENKo-
rabapuTHas CHCTEMa UCCIEIOBAHHU, [T JOCTOBEPHOTO U
JOCTYIIHOTO H3y4Y€HHUs TMIPOAMHAMUYECKHX HPOLIECCOB,
nporekaromux mon pesnoM PDC, mnpuHAT MeTon
KOMIIBIOTEPHOTO ~ UMMHTAIMOHHOTO — MOJEJUPOBAHMUS,
XOpPOILIO 3apEKOMEH/IOBABIINY ce0s MpU HCCIEeA0BaHUN
XapakTepa paclpefielieHus JaBieHds B Mpo3aboifHoii
3oHe [1, 4, 17, 19, 26-29, 32].

WmuTaunoHHoe moaenupoBaHue

MopenupoBaHue OCYLIECTBIAIOCh C IPUMEHEHHEM
MeTO/1a KOHEUHBIX 3eMEHTOB. J{Jisl yIPOIIEHUs CUCTEMBI
HCCIIEIOBAHUS MOJENb COCTOSIa M3 JOMEHOB: pe3la,

a/a

npu3ab0iHON 30HBI M MPOMBIBOYHOM KUAKOCTH. Jlis
BO3MOKHOCTU CPaBHEHUS Ha [IEPBOM ITalle IPOU3BENEHO
MOJIEIMPOBAHUE THAPABIMYECKUX IIPOLECCOB, MPOTEKa-
IOIUX TIpH OypeHHH JOJOTOM, apMHPOBAHHBIM IO TEX-
wonorux UIterro, u monotom, apMHpOBaHHBIM pe3LAMH
PDC, pexymias mOBEpXHOCTh KOTOPBIX BBINOJHEHA B BU-
Jie BOTHYTOI'0 KOHYyca.

CornacHo pe3yJpTaTaM KOMIBTEPHOTO MOJEIUPOBAHUS
(puc. 5), mpu ycranoBky ByX cocenrux PDC no TexHono-
run Ulterro (HaBctpedy Apyr k Apyry) 30Ha MakCHMAlb-
HOTO JaBIEHUS «CPEebl» COCPENOTAUMBACTCS MEXTY pe3-
TIaMH, TIPUIEM deM OJIbKe pacroioraloTcs Pesibl, TeM Be-
JIMYMHA AaBieHus Oonpine. K Tomy xke, Masblii 3a30p BeeT
K CO3/[aHHI0 MECTHBIX CONPOTHBICHUH, U TaKoe THapoba-
PUUECKOE COCTOSHUE MOXKET NMPUBECTU K TOMY, UYTO 00-
JaCTh MEXJy pe3LlaMH OMBIBAThCA HE OyjeT. YuMThiBas,
9T0 (DPOHTANBHOE PAIOJIOKEHHE PE3IOB 110 TEXHOIOTHH
Ulterro Bezer k cMelieHuO [IITaMa HMEHHO B MEXPE3LI0-
BOE IPOCTPAHCTBO, 3/IECh NIPU ONPEJIEICHHBIX Ie0Nornye-
CKMX YCJOBHSX MOXET 00pa3oBaThCs «mpoOKa» IIIama,

KOTOpasd MpU HAKOIJICHUH MPUBENACT K MPHIKETY.

Puc. 5. Pesynomamsl MOOenuposanus cUOPOOUHAMUYECKUX NPOYeCccos8, NPOMeKarnwux Ha 3a00e CK8AXNCUHbL Npu OypeHuu
nopoodopazpyuaiowum uncmpymenmom, apmuposannvim pesyamu PDC no mexnonozuu Ulterro: a) pacnpedenenue
30H 0aBIeHUsI 8 NPedeax 08YX CMENCHbIX Pe3yos (KPACHbIM 8blOEICHO MAKCUMANbHOE 3HadeHue); 6) HanpaeieHue u
CKOpocmb medernus ACUOKOCTNU 8 npebeﬂax aeyx CMEDICHBLX pe3yoe6

Fig. 5. Results of simulation of hydrodynamic processes occurring at the bottom of the well when drilling with rock cutting
tools reinforced with PDC cutters using Ulterro technology: «) distribution of pressure zones within two adjacent in-
cisors (maximum value is highlighted in red); b) direction and speed of fluid flow within two adjacent cutters

Tax xe kak mpu Oypenun pesnamu PDC cranmapt-
HOU OpMBI, TOX PEe3LOM C BOTHYTOH MOBEPXHOCTBIO
pexyuieil rpanu HabmogaeTcs GopMUpOBaHUE 30H, OT-
JIMYAromuXCs M0 BEIUIYUHE THAPABINYCCKOr0 JaBJICHUA
(puc. 6). VsmeHeHue 3HaueHHs mepemHero yria ()
YCTaHOBKH pPe3Ila OKA3bIBACT BIHSIHHE HA XapakTep pac-
TpeJeNeHNs 30H TaBJieHUS Mo pesuoM. [Ipu aTom, co-
[JIACHO pPe3yNbTaTaM MPOBEACHHOrO HCCIENOBaHUA U
CPaBHUTCJIILHOT'O aHalin3a, CTCIICHb BJIUAHUA MapaMeTpa
Yr OOJIBIIIE MPH HMCIIONB30BAHHHM pe3lla C BOTHYTOH pe-
XKYIIEH TPaHbIo, YeM TpH OYPEHHH PE3OM C IIOCKHM
toproM. K ToMy ke, Kak OKa3bIBAIOT Pe3yIbTaThl HMHU-
TallUOHHOT'0 MCCJICNOBAaHUsA, NIPU MPOYUX PABHBIX YCJI0-
BHSIX, BOTHYTOCTh PEXKYLICH TpaHH CIOCOOCTBYET MO-
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HIDKEHHUIO YPOBHS 3HAUCHMi naBienHus. Tax, mpu Oype-
HUH B OJMHAKOBBIX YCIOBHSAX U apMHUPOBAHHH MHCTPY-
MEHTA ¢ TiepefHIM yrioM yctaHoBkH PDC paBHbIM —25°
MO/l PE3LIOM C BOTHYTOM PEXYIIEeH TpaHbl0 [JaBIEHUE B
1,5-2 paza HmKe, YeM MO/ CTAaHAAPTHBIM TIOCKUM Pe3-
oM (puc. 6, a, 6). AHamornyHas cutyauus HabI01aeT-
Ci Y MPU MEHBUIMX 3HAYEHHAX IMEPeJHero yria ycra-
HOBKH. [Ipy 3TOM B ciydae apMHPOBAaHHS MOPOJOPa3-
pymatoniero uHcTpymenta pesnamu PDC ¢ mepennum
yIJI0M, paBHBIM —15°, naBieHue N0 PE3LOM C BOTHYTON
pexyIIeH MoBepXHOCThIO Oosee 4eM B JiBa pasa HIDKE,
ueM 10]] CTAHAAPTHBIM (pHC. 6, 6, 2).

BorayTocth pexyimied rpaHm Bcernga (mpH JIEOOBIX
ycnoBusx OypeHHS W apMHUPOBAHHS MHCTPYMEHTa) CIIO-
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COOCTBYeT KOHILEHTPALMH 30HBI BBICOKOIO JIABJIECHHS M
MaKCHMAaIBHOTO HAIOpa MPOMBIBOYHON KUAKOCTH B LEH-
TpasHOi gactu pabouero topia PDC. C ymenbnenuem
3HAYEHHS TIePeqHero yria yCTAHOBKHM pe3la ¢ BOTHYTOMH
pexyIell TOBEpXHOCTBIO HAOMIONAETCs TeHISHINSA CMe-
IIEHHs 30Hbl MAaKCHMaJIBHOTO JIaBNEHHS K TOUKE Tepece-
9eHHUs IUIOCKOCTH BOTHYTOCTH pe3la ¢ INIOCKOCTBIO €ro
KOHTAKTa C TIOPOJIOH (TaHHBIE OMYYEHBI IPH H3MEHECHHH
Yu OT —25° 10 —15°) (puc. 6, 6, 2). [Ipuuem 4eM MeHbIIe
YTOJI BOTHYTOCTH 0., TeM OOJIbIIIE BEIMYMHA NAaBICHUA 1
CKOPOCTH TEYEHHS XKUIKOCTH B 3TOH Hamboliee Harpy-
KEHHOH (C TOYKH 3peHHs pa3pyIlaromedl crocoOHOCTH)
obnactu pesna. Ha puc. 7, a mokasaHo, Kak T0J pe3noM
PDC ¢ yrnom BepuIMHBI BOTHYTOIO KOHYCa 0, PaBHBIM
104°, chopmupoBamuch TpH 30HBI HaBIeHHA (KPacHBIM
0003HaYeH y4acTOK C HAaWOOJBIIMMH MOKA3aTeNsIMH,
KENTHIM — ¢ HauMeHbImuMH). [lo 3ameranuto n3o06ap
BHAHO (pHC. 7, @), 9TO 30Ha MAKCHMAJIBHOTO IABJICHHAS

pacrosnoraeTcsi NPEMMYIIECTBEHHO BJIONb BOTHYTOCTH.
[lpu yBemuyeHWH yria BepLIMHBI BOTHYTOTO KOHYca 10

KOHTaKT ¢ mopoaoii
ala

155° naBnenue mox pesuom nagaet Ha 30 %, a 30Ha Mak-
CHUMAJILHOTO JaBIICHHUs MPeoOpeTaeT MEeHee CKOHIEHTPHU-
POBAHHBIA y JIMHUM BOTHYTOCTH BHA (puc. 7, 6). Ilpm
3TOM 30Ha MaKCHMAJIBHOTO J[ABICHHS CMECTHIIACH OIMKe
K KOHTaKTy pe3Ia ¢ HOpoJIoil.

Yem Ooxblie 00macTh paclpoCTpaHEHHs 30HBI Mak-
CHUMAJILHOTO JaBIICHHS MO PE3LIOM, TeM 0OJIble BEposT-
HOCTh 00Pa30BaHUs CHJI CONPOTHBICHUS «CPEIbD» BHEJ-
peHuIo peslia B mopoy. Bmecte ¢ TeM ToueuHAas KOHIIEH-
Tpanus JaBIeHUS Yy 3a00s CHOCOOCTBYET MPOHUKHOBE-
HHIO JKUIKOCTH B IUIACT C HEMBI0 JIOTOIHUTENBHOTO €ro
pa3o0mieHus], 4TO OJArompHATCTBYET MpenpaspyIleHUI0
320051

VBesuueHue Yriia o X HEM3MEHHOM IEPEIHEM YTiie
YCTAHOBKH Pe3i[a MO3BOJISET CMEIIATh 30Hy MaKCUMAlb-
HOTO JABJICHHS KHIKOCTH OJIKE K IIOCKOCTH KOHTAKTa
pesua ¢ Mmopojoi, NpH 3TOM ILIOMA/h MaKCUMAIbHOIO
JABJICHHUS KUIKOCTH HA PE3el] YMEHbIIAETCS, YTO C APY-
TOH CTOPOHBI CIOCOOCTBYET CHIKEHHIO COTPOTHBIECHHS
BHE/IPEHHUIO pe3la.

ra

/
KontakT ¢ noponoii

6/c
Puc. 6. Pesynomamoi

MOOeNUpoBanust  SUOPOOUHAMUYECKUX — NPOYECCos,

2/d

npomexkaiowux 6 npederax pesya PDC:

a) cmanoapmHuou hopmul ¢ nepeOHUM Yenom YCmanosku y,= —25°; 6) ¢ pescyueti NOBEPXHOCMBIO 8 GUAE BOCHYIMO20
Konyca ¢ yenom a=123°, y,= —25°; 6¢) cmanoapmmnoii popmul ¢ nepedHum yenom ycmanogku y,= —15°; 2) ¢ pescywei
N0BEPXHOCMbIO 6 8UOe BO2HYMO20 Konyca ¢ yenom a=123°, y,=—15°

Fig. 6. Simulation results of hydrodynamic processes occurring within the PDC cutter: a) standard shape with front
mounting angle y,= —25° b) with a cutting surface in the form of a concave cone with an angle 0=123°, y,= —-25°;
c) standard shape with front mounting angle y,= —15°; d) with a cutting surface in the form of a concave cone with

an angle 0=123°, y,= —15°
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He3aBrcuMo OT BENMYHHBI yTiia BOTHYTOCTH 0. OCHOB-
HOH 00BEM JKHIKOCTH, TIOCTYNAONmIEH TMON pe3erl,
yCTpEeMJIETCS CTPOTO B IIeHTp pexymiel rparn PDC, co-
3maBas TaM BHXph TypOyneHtHOCTH. [locnme Betpeun c
TOPOJION CTPYs TIPOMBIBOYHOMN JKUJKOTH Pa3NeNseTcs Ha
JIBa PAaBHBIX MPOTUBOIIONOKHO HAPABICHHBIX MOTOKA
Jajiee IBIDKETCS 3a MPeeNsl pesia, OMbIBas OOKOBEIE Ya-

cru ero paboueii mosepxHoctH (puc. 7, 6). Mamenss yron
0, TOSIBIIAETCS BO3MOKHOCTD YIPABJIEHHS HAIIOPOM JKHJ-
KOCTH. YMEHbIICHHE BEINYMHEI 0. CIOCOOCTBYET yBEIH-
YEHHI0 CKOPOCTH TEUEHHS TI0]] PEKYIIeH TPaHbI0 pe3na u
KaK CIIC/ICTBHE MOBBIIIEHHI0 MHTEHCUBHOCTU MPOHUKHO-
BEHUS XKUAKOCTH B OPOJY.

Puc. 7. Pezynbmamul KOMRbIOMEPHO20 MOOCTUPOSAHUS 2UOPOOUHAMULECKUX NPOYECCO8, NPOMEKAIOWUX 8 Npedenax pesyd
PDC ¢ pescyweii nogepxnocmuio 6 sude 6ocnymozo konyca (y,= —25°): a) pacnpedenenue 301 0agienus 6 ciyuae,
eciu yeol eepuiibl 802HYmMo20 KoHyca o=104°; 6) pacnpedeienue 301 0agienus & ciyuae, eciu Y20l 6ePUILHbL 60-
2Hymozo konyca 0=155°; 8) nunuu moka npomwisounoi scudxkocmu 8 npedenax pesya PDC, yeon eepuiunet 6ocnymo-

20 Kouyca komopozo a=155°

Fig. 7. Results of computer simulation of hydrodynamic processes occurring within the PDC cutter with a concave cone
cutting surface (y,= —25°): a) distribution of pressure zones in case the angle of the apex of the concave cone a=104°;
b) distribution of pressure zones if the angle of the apex of the concave cone a=155°; ¢) flow lines of the flushing
fluid within the PDC cutter, the angle of the apex of the concave cone of which a=155°

006cyxaeHne, BbIBOAbI, NPeanoXeHUs

Takum o6pasom, mpumenenue pesnos PDC ¢ Boray-
TOW PeXyIIe rpaHbI0 00ECTIEUNBAET TAlICHHE TIOTIepeY-
HBIX KoJieOaHuil OypoBOTO CHapsiia M, YCTpaHss BO3/IEH-
CTBUE HA pe3ell yJapHbIX HAaTPY30K, YBEIUUUBAET PECYPC
NOpoJopaspyIIaoIero nHerpymenta. K tomy xe npen-
noxennas gopma PDC c¢ yrnyOnennem Ha paboueit mo-
BEPXHOCTH CIOCOOCTBYET HAINPABJICHUIO CTPYH NPOMBI-
BOYHOW JKMAKOCTH, TIOCTYMAIOMIEH M3 KaHAJIOB J0J0Ta,
CTPOTO B LIEHT PEXYLIeil TpaHu pesla, 4To0 COAEUCTBYET
OXITKICHUIO U YJTYYIICHHIO OYUCTKH aIMa3HON TLIACTH-
HBI pe3lia OT [UlamMa B CaMOM HarpyKeHHOH ee 4acTH.
OnHOBPEMEHHO, IyTeM PEryJINPOBAHHS YITIOB OPHEHTH-
POBaHUS pe3lia M yIia BepIIMHEL BOTHYTOCTH €TI0 PEXKy-
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el TpaHd, MOKHO JOOUTHCS TaKOTO ONTUMAILHOTO T10-

noxennst PDC, mpu KOTOPOM HHTCHCHBHOE TEUCHHE

KHIKOCTH B 30HE KOHTAKTa pe3lia ¢ mopojoii Oyaer oka-

3bIBaTh HAMMEHBIIEE JABICHHE HA MOBEPXHOCTH pe3lia.

[Ipu 3TOM KOOpPIMHALWMS YIJIOB O U Yy AOJDKHA COTIIACO-

BBIBATBCS C TEONOTHYCCKIME YCIOBHSIMHE Oyperus. Ecnu

3TO HEOOXOIUMO, HAMPABIATH CTPYIO KHAKOCTH B HOPO-

Iy WIM HaoOOpOT, CHIKAs NaBICHHE, MHHUMH3UPOBATH

CONPOTHBIICHHE BHEPEHHIO Pe3lia B MOPOJY.

OCHOBHBIE BEIBOJIBL:

1. Konrpykuus pesna PDC ¢ BormyToit pexymieit rpa-
HBIO TIO3BOJIIET apMHUPOBAThH OYPOBOU MOPOAOPa3py-
IAIOLIMI MHCTPYMEHT C COOJIOJIGHHEM BCEX PEKO-
MEH/IyeMbIX 3HAYEHUH YIJIOB €0 YCTAHOBKH.
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10.

11.

12.

13.

14.

15.

16.

OnTUMasbHBIA yron BOTHYTOCTH paboyeil moBepxHO-
CTH pe3la, 00ecTIeYnBAIONINI TaICHHE TIOTIePETHBIX
KoneOaHuil mpy 3QQEKTHBHOM paspyIieHHH TOPHOM
TOPOJIbL, OJDKEH HAaXOAWThCA B mpepenax ot 104 mo
155°.

[Ipu Gypenuu B Oonee MATKHUX MOPOJAX PEKOMEHAY-
€TCs YMEHBIIATh YToJd BOTHYTOCTH M YBETHYHBATH
TepeIHUI Yo YCTAHOBKH pPe3ld, YTO COJACHCTBYET
00pa30BaHMIO 30HBI MPEPasMICHIs IOPOIBI 32 CUET
SHEPTUU CTPYH MPOMBIBOUHOM KUIKOCTH.
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The relevance. Vibrations of a drill string of any origin, arising while drilling a well, lead to a decrease in the quality of the work performed.
The known methods of combating this phenomenon are technically and technologically complicated. When drilling with a PDC-type rock
cutting tool, one of the reasons for the occurrence of lateral vibrations of the drilling tool is the low level of friction forces of the working
edge of the cutters against the rock. Modern possibilities for the synthesis of diamond material make it possible to manufacture PDCs of
various shapes and sizes. Developments in the field of creating a PDC cutter with a concave working surface contribute to the develop-
ment of methods for preventing lateral oscillations of the cutter, and as a result, reducing the vibration level of the entire drill string.

The purpose of the research is to develop the design of the PDC-type rock cutting tool, which helps to damp the vibration of the drill string.
Methods: method of computer simulation, method of scientific knowledge, analytical research, analysis.

Results. The forces arising on the concave surface of the PDC cutter are directed towards each other, counteracting and preventing la-
teral displacement of the drilling tool. The optimal angle of concavity of the working surface of the cutter should be in the range from 104 to
155 degrees, it is this range of angle values that contributes to the creation of optimal conditions for the performance of the bit while main-
taining the anti-vibration effect. The design of the PDC cutter with a concave cutting surface in the form of a cone or sphere allows not only
reducing tool vibrations, but also contributes to cleaning the bottom and creating a zone of pre-fracture of the rock in front of the cutter due
to the energy of the jet of drilling fluid, which increases the efficiency of rock destruction.

Key words:
Drilling, vibration control, PDC cutter, computer simulation, hydraulic processes, rock formation.
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1 TIOMEHCKMI1 MHOYCTPUAMNbHBIN YHUBEPCUTET,
Poccus, 625048, r. TromeHb, yn. MenbHukaite, 70.

AxkmyanbHocmb. B Hacmoswee spems Hechmeea3odobbigarowell npombiwneHHocmu Poccuu npuxodumces cmarnkueamscs ¢ onpede-
TIeHHbIMU MPYOHOCMAMU, 8IUSIOWUMU Ha 3ghghekmusHOCmb 006bINU Yereeodopodoe U yposeHs paspabomaHHOCMU MecmopoXoeHul
Heghmu u 2a3a, coomeemcmeeHHo. Ocobbili uHmepec 0obbisarowux npednpusmuti u Hay4yHo20 coobuwjecmea npedcmagnsom mpydHo-
ussrnexaeMble 3anackl, NOCKOMbKY UX 06bEM 8eNUK U C KaxdbiM 2000M NOBCEMECMHO ygenuyugaemces. Ha daHHbIi MOMEHM, NO OUEHKE
MunaHepzo P®, dons mpyOHouseekaeMbix 3anacog cocmasnsiem bonee 65 % om obuwe2o obbema doka3aHHbIX 3anacos 8 CmpaHe.
Bpemsi «nezkoli Hechmu» 3akaH4usaemcsi. Ha daHHbiIl MomeHm e obuepoccutickoll dobbie Aonisi mpyOHOU3BNEKaEMbIX 3anacos Co-
cmagnsiem okono 10 %. o amoli npuyuHe cyuiecmayem Heobxodumocme pa3pabomku u 8HeGPEHUS HOBbIX MEXHOMo2uUl 8030elicmeust
Ha nnacmel, codepxauyue makyr Heghmb, U yCOBEPUWEHCMBOBAHUS CYLUECMBYIOLUX MEMOOUK.

Lenb: pazpabomamb aghehekmusHYI MEXHONO2UI NOBbILIEHUS KOAghhuyUeHma HeGhMeU38nedeHus 3anexu MaccugHo2o muna, cro-
JKEHHOU HEOOHOPOOHBIM MEPPUEHHBIM KOSITEKMOPOM C Hanu4uem 2a3oHemsiHO20 U 8000HEMSAHO20 KOHMaKMOs.

06BeKmoMm 58/155emes 3a/eKb MaccUBHO20 Muna, CIOKEHHasi HEOOHOPOOHLIM MePPUSEHHBIM KOMIEKMOPOM € Haiuyuem 2a3oHems-
HO20 U 8000HEMSHO20 KOHMAKMOe.

Memodbi: aHanu3 cospeMeHHOU Hay4HO-mexHU4eckoU numepamyps! U npou3godCMBEHHbIX OMYEmOo8 No pesybmamam NPUMEHeHUs
Pa3IUYHbIX MEXHUKO-MEXHOM02UYECKUX PEeWeHul No noebiweHuo 0ebuma CK8aXUH U CHUXXeHUI0 006800HEHHOCMU NPodyKyuU; onucaHue
HOB0( mexHonnoauu pa3pabomku He0OHOPOAHOU 3anexu MaccusHO20 Muna ¢ 2a30He(MsIHbIM U 8000HEEMSIHLIM KOHMakmamu.
Pesynbmamel. [pednoxeHa mexHomnoausi pa3pabomku He0OHOPOOHOU 3anexu MaccugHo20 muna ¢ 2a30He(pMAHbIM U 8000HEPMSAHBIM
KoHmMakmamu. TexHOmo2usi No360UM nosbicums 3ghghekmusHocmb A06bIMU Heghmu 3a cyem y8esUuYeHUst 30HbI 0Xgama 3anexu
HeghmeHachIyeHHOU Yacmu nmacma. HosusHa 3akmoyaemcs 8 cucmeMe paccmaHoeku 000biBaOUWUX CKBAXUH C 20pU30HMAITbHbIM
OKOHYaHUEM U HaKITOHHbIMU 0MeEemeneHUsIMU OMHOCUMENbHO yposHel 8000HEEMSHO20 U 2a30HEMAHO20 KOHMAaKMO8 8 3aexu Mac-
CUBHO20 MUNa, @ MakXe HanpasneHHOCMU U 04epe0HOCMU 6YPEHUS HaKITOHHbIX 0MeemeeHul 0m 30H yka3aHHbIX KOHMAaKmMos.

Knioueenie cnoea:
TpydHou3snekaeMble 3anachl, CK8AXUHA C 20pU30HMasbHbIM OKOHYaHueM, CeHoMaHCKul Apyc,
[Nokypckasi cauma, 2a30HeqmsaHOU KOHMakm, 8000HEMSHOU KOHMaKM, HeOOHOPOOHAS 3aNeXb.

BeepneHue KHE 3IEKHU, XapaKTePU3yIOTCH CPABHUTENBHO HU3KMMHU

Tlocnequue romsl B He(bTeFa30}106bIBa}0H.leﬁ npo- Z[C6I/IT8.MI/I, a CaMH 3aJIC)KM — HCBBICOKMMM TEMIIaMH pa3-

MBIIJIEHHOCTH POCCHM BOZHMKAIOT MPOOIeMbl, KOTOPHIE
HE TONBKO HETaTHMBHO BIHMSIOT HAa HBIHENIHIOK d(dek-
TUBHOCTH Pa3padOTKH MECTOPOXKICHHUI YIIIEBOAOPOIHO-
TO CBHIPBSI, HO M B OYy/yIIIEM MOTYT CKa3aThCs Ha 3arlIaHu-
POBaHHBIX YPOBHSX N0ObuM HeTH 1 raza. K Takum cu-
TyallsAM OTHOCATCS: CHIDKCHHE TPUPOCTA 3amacoB, exe-
TOJHOE  YBEIMYEHHE TPYOHOM3BIEKAEMBIX  3alacoB
(TPU3), BcTymiueHue OONbIIMHCTBA KPYIHBIX U YHUKANb-
HBIX MECTOPOK/ICHUH B MO3HIOK CTA[UI0 Pa3paboTKu U
npou. [1-7].

Kak yxe ObUI0 CKa3aHO BBIIIE, C KAXKJIBIM TOJIOM pacTeT
nois TPU3 — Tex 3amacoB, KOTOpbIE, KaK MPaBHIIO, 3a-
KIIIOUEHbI B T€0JOTHYECKH CII0KHOMOCTPOCHHbIX I1acTax
(3aexxax) W MpeCTaBIEHB HE(THIO C BBICOKOH BA3KO-
cThi0. Jl0OBIBaIONINE CKBAKUHBI, SKCILTYaTHPYIONINE Ta-

DOI 10.18799/24131830/2022/4/3293

paboTKH.

Bce BrimenepeuncneHHoe 00YCIOBIHBAET HEO00XO-
JUMOCTb Pa3pabOTKM M BHEJPEHMS HOBBIX TEXHOJIOTHIA
BO3/JCUCTBHs HA MPOJYKTHBHBIX IUIACT M CHCTEM pa3pa-
OOTKH 3anexKeH, coaepKallliX TPyIHOH3BIEKaeMble 3ara-
cot [8-13].

I[Ipennaraemast aBTOpaMy TEXHOJIOTHS PEKOMEHIYETCS
K TIPHMEHEHHIO NpH pa3paboTke 3amexell MacCHBHOTO
TUMA, KOTOPBIE CIOXKEHbl HEOJHOPOAHBIM TEPPUrEHHBIM
KOJUIEKTOPOM, a Takke ¢ HanmuaueM rasonedrsaoro (IHK)
u BofoHe¢TsHoro kontakToB (BHK). Texmomorus mos-
BOJISIET O0ECTICUNTh MOBBIICHHE 3(PPEKTHBHOCTH A0OHI-
9y He)TH 32 CUET YBENMYEHHs 30HBI APEHUPOBAHUS JO-
OBIBAIOMINX CKBAKHH C TOPH30HTAIBHBIMH OKOHYAHHAMH,
NpoOypEeHHBIX B HE(TEHACHIIIEHHOM HHTEpBAJE IUIACTa,
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a TaKoKe CHIKEHHE NPEXIEeBPEMEHHOH 00BOJHEHHOCTH U
3ara30BaHHOCTH MOOBIBAEMON CKBAKUHAMH IIPOTYKIHH
[14-16].

TexHomorus pa3pabOTKX HEOAHOPOIHON 3aJEekKH Mac-
CUBHOTO THIA C Ta30HE(GTAHBIM U BOAOHE(PTIHBIM KOH-
TaKTaMmH, 3ajeraiomei B kpoBeibHOi 4acTu CeHoMaH-
ckoro sipyca [lokypcko#l CBHUTBHI, MOKHO PEKOMEHIOBATh
Ha ofHOM m3 Mectopoxaenuin IHAO, 3anexu kotoporo
HaxoAsITcs B poaykTuBHOM Twtacte 11Ky 3.

Kpamxue ceedenus o mecmopodcoenuu. Paccmarpu-
BAaeMOE MECTOPOXKJIEHHE OTHOCUTCSH K KAaTEropuH CIOX-
HeIX B 3amagHod CubupH, YTO ITaBHBIM 00pa3oM 00y-
CIIOBJICHO MHOTOIITIACTOBOCTBI0 W HEOTHOPOAHOCTBIO
CTPOEHHS MPOTYKTUBHBIX INACTOB, HATUYMEM 30H 3aMe-
IIEHUS TUIACTOB-KOJUIEKTOPOB HENPOHULAEMBIMU TOPO-
JaMH M MHOTOUYMCIICHHBIMH JIU3BIOHKTHBHBIMU HapyIIie-
HIIME, MHOTO()a30BBIM XapaKTepoM (ITIONTOHACHIIICHIS
OOJIBIIMHCTBA 3aliekKed W CBOMCTBAMH He(TH IuIacTa

1Ky 3, a ©MeHHO HamuuueM HeTAHOI mepemMbluky ¢ 00-
IIPHOW Ta30BOW IMAMKOW W HUKE3ATETAIOIMMHU 00T~
BEHHBIMH Bogamu [9].

Ha wmecropoxnennn mns 3QGeKTUBHON pa3pabOTKH
miacta 1Ky 3 mpoBomdTcs Takue METOABI YBEIMYCHHS
He(TeoTHauu IJIACTOB, KaK:
¢ MHOTOCTaJMHHBIN THAPOPA3PHIB IIACTA B CKBAXKIHAX

C TOPM30HTAIBHBIM OKOHIAHHEM;
® CTPOMTENBCTBO CKBAXKMH 1O TexHomoruu Fishbone

(puc. 1);

e OpraHuzalys TNOAAEPXKAaHUS IUIACTOBOTO AABICHHUS
IpU PEATH3aNUU YIULIOTHEHHOM CETKH CKBAXHH II0
Pa3NMYHOM CHCTEME W PA3NUYHOU KOHCTPYKIUH
HarHETaTeNbHBIX CKBAKIH;

¢  (U3HKO-XMMUYECKHE METO/bl YBENMUCHUS He(TeoT-
Ja4y TUIACTOB, a TOYHEE 3aKaYMBAHME MONMMEPHBIX
KOMITO3HILHH.
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Puc. 1. Ipunyunuanvuas cxema peanusayuu mexuonoeuu Fishbone e npodyxmuenom nnacme I1Ky_3
Fig. 1. Schematic diagram of the implementation of Fishbone technology in the PK,_; productive reservoir

TexHonorus pa3paGoTku HEOAHOPOAHOM 3anexHu

MacCMBHOTO TMNA C ra3oHedITAHbIM

1 BOAOHETAHLIM KOHTaKTaMM

[Ipenmaraemast aBTOpaMH TEXHOJIOTHS OJIM3KA K TEXHONO-
ruu Fishbone. TexHonorus pa3paboTKi HEOHOPOIHOI 3are-
KM MACCHBHOTO THIA C ra3oHeTSHBIM — 1 M BomOHE(TS-
HbM — 2 konTakTamu ([HK u BHK, cootBeTcTBeHHO) mepBo-
HAYQTBHO BKITIOYACT OYpeHHME HAKIOHHO HATPABICHHOM
CKBAXKHHBI — 3 C TOPU30HTAIBHBIM BXOXKICHHEM — 4 B HedTe-
HACBIIIEHHBI MHTEPBAT Tacta — 5. [Opi3oHTaNbHBIN yya-
CTOK CKB&)KMHBI MPOEKTHPYIOT HE MeHee ueM Ha 10 M Hibke
ypoust THK. Tlocrme Oypennst ropu3OHTAIBHOTO ydacTka
CTBOJI CKBXKIHBI OOC)KMBAIOT U IEMEHTHPYIOT (pHC. 2).

ITocne ycTaHOBKM KIMH-OTKIOHUTENS — 6 (puc. 3) ¢
KOHIIA TOPU30HTATILHOTO YYacTKa OCYIIECTBISAIOT Oype-
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HUE HAKJIOHHOTO OTBETBIEHHS (A), HANpPaBICHHOTO B
CTOpOHY HeTEHACHIEHHOW YacTh Tuiacta. HakionHoe
OTBETBIICHHE TIPH HEOOXOIUMOCTH OOCAKUBAIOT TIO
ypoBHto cnoxHoctd TAML-3. Tlocie npoBenenns pabot
10 00CaXMBAHMIO HAKIOHHOTO OTBETBICHHS yCTAHABIIH-
BAIOT KJIMH-OTKIOHUTENb ONMXe K BEPTHKAILHOMY
Y4acTKy CTBOJIa CKBaXHHBI (K mpumepy, 400 M ot mepBo-
TO OTBETBIICHHS) ¥ TI0 aHATOTHH OCYIIECTBIAIOT OypeHne
HaKJIOHHOTO O0TBeTBJICHUS (B), HanpaBieHHOTO B CTOPOHY
HeTeHaCHIEHHON JacTH iacta. HakinoHHOE OTBETBIIE-
HHE TpU HEOOXOMMMOCTH OOCAXHBAIOT TI0 YPOBHIO
cnoxHoctH TAML-3. I[ToBTOpsIoT paboTH B 3aBHCHMO-
CTH OT HEOOXOAMMOCTH KOJIMUYECTBA HAKIOHHBIX OTBETB-
JIHWH ¥ JUTMHBI TOPH3OHTANBHOTO Y4YacTKa CKBAXKHHBI
(x mpuMepy, 5 oTBeTBIICHHI) (pHC. 4).
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\
He menee 10m

A

[l

Puc. 2. Cxeadicuna ¢ 20pu3oHmanvbubiM OKOHuanuem, 20e 1 — 2azonepmsnoil koumakm, 2 — 6000He@hMAHOU KOHMAKNM;
3 — HAKJIOHHO Hanpaeﬂenﬁbzﬁ YHacmokK CKeddHCUHbL, 4 — 20pu30Hma/szblﬁ YUacmoK CKedadXCUHbl, 5 - He¢mena0b1meH—
Has yacmsv niacma

Fig. 2. Horizontal well, where 1 — gas-oil contact; 2 — water-oil contact; 3 — directional part of the well; 4 — horizontal part
of the well; 5 — oil-saturated part of the reservoir

A
He mexee 10 M

Puc. 3. bypenue bokosoeo omeemenenus, 20e 1 — eazonegpmsnoti konmaxkm, 2 — 6000HepMAHOU KOHMAKM; 3 — HAKIOHHO
Hanp(l@ﬂeHHbll? YUaAcCmoOK CK6dIHCUHbL, 4 — 20pu30HmaJZbell7 YUacmoK CK8AICUHbL, 5 — Hed)meuacwmeﬁuaﬂ qacno
niacma, 6 — KIUH-OMKJIOHUMEIb, A - nepeoe HaKjloOHHoe omeemeJjienue

Fig. 3. Drilling of the side track, where 1 — gas-oil contact; 2 — water-oil contact; 3 — directional part of the well; 4 — hori-
zontal part of the well; 5 — oil-saturated part of the reservoir; 6 — whipstock; A —first directional side track
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3
He menee 10 M

y

[

Puc. 4. Bypenue 6okosbix omeemeanenuil, 20e 1 — 2azonedpmsnoti konmaxm, 2 — 6000HeMAHOU KOHMAKM; 3 — HAKIOHHO
HANPAGNEHHbLI YHACMOK CKBAJICUHbI, 4 — 20PU3OHMANbHLIN YYACMOK CKBAJICUMbL, 5 — HeghmeHacvluyennas 4acmo
naacma; 6 — kaun-omxnonumens; A, B, C, D, E — naxnonnvie omeemenenus

Fig. 4. Drilling of a side tracks, where 1 — gas-oil contact; 2 — water-oil contact; 3 — directional parts of the well; 4 — hori-
zontal part of the well; 5 — oil-saturated part of the reservoir; 6 — whipstock; 4, B, C, D, E — directional side tracks of

the wells

[Mocne OypeHust mepBOil HAKIOHHO HAMpPaBICHHOH
CKBJKMHBI C TOPH30HTATBHBIM OKOHYAHHEM M OTBETBIIC-
uusimu A, B, C, D, E ocyuiecTsisiior OypeHue HakIOHHO-
HAIpaBIeHHOH CKBaXUHbI — 7 € TOPU3OHTAILHBIM BXOX-
IeHneM — 8 B He()TCHACHIEHHBIH MHTEpBA IUiacta. [ o-
PU3OHTAIBHBIA YYACTOK CKBAXKHHBI POCKTHPYIOT HE Me-
Hee 4eM Ha 10 m Beinte yposas BHK. Ilocne Gypenus ro-
PUBOHTAIBHOTO YYacTKa CTBOJ CKBKHHBI 00CAXUBAIOT U
meMeHTHpytoT. Jlaee Tmocne  YCTaHOBKM — KJIMH-
OTKJIOHUTENS C KOHIIA TOPU30HTAIBHOTO Y9YacTKa OCy-
LIECTBIAIOT OypeHHe HAKJIOHHOTO OTBETBIEHHS (A),
TaKke HAIpPaBICHHOTO B CTOPOHY He(TEHACHICHHOM
qacTH mnacta. HakmoHHOE OTBETBIEHHE MPH HEOOXOAH-
MOCTH 00CaXMBAIOT 10 ypoBHIO cioxHocTH TAML-3.
[Mocne mpoBeaeHws paboT Mo 00CAKUBAHUIO HAKIIOHHOTO
OTBETBJICHHS YCTAHABIMBAIOT KIMH-OTKIOHHTENb ONIKeE
K BEPTHKAIBHOMY YYacTKy CTBOJIA CKBaKHHBI (K HpUMe-
py, 300 M oT mepBoro oTBeTBICHUA (A)) M MO AHAIOTHH
OCYILIECTBISIOT OypeHHe HAKIOHHOTO oTBeTBICHHS (B),
HAIPaBJICHHOTO B CTOPOHY HE(TEHACHIIICHHOH YacTH
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mwiacta. HakmoHHOe OTBETBICHWE NPU HEOOXOIUMOCTH
o0caxuBaroT M0 ypoBHIO cioxHocTH TAML-3. TloBTo-
PAIOT paboThl B 3aBUCUMOCTH OT HEOOXOAMMOCTH KOJH-
YeCTBA HAKJIOHHBIX OTBETBIEHUI U JTMHBI TOPU3OHTAIIb-
HOTO yYacTKa CKBOXHMHBI (K TPHMEPY, 5 OTBETBICHHMIA)
(puc. 5). Jlaee B CKBaXWHbBI CIyCKAeTCS BHYTPHUCKBA-
KUHHOE 000pY/I0BaHHE, CKBAXKUHBI OCBAMBAIOTCS M BBI-
BOJISTCS HA PEXKHM.

KoHcTpykTHBHAS 0COOCHHOCTh TAKHX CKBAKMH 3aKITIO-
Yaercs B TOM, YTO OT OJJHOTO TOPU30HTAIBHOTO CTBOJIA OT-
XOJIAT MHOTOYHCIICHHbIC HAKJIOHHBIE OTBETBJICHMS. Takue
CKBAKMHBI TI03BOJIIOT CYIIECTBEHHO YBEIWYUTH OXBAT
He(hTCHACHIIEHHBIX YYACTKOB IUTACTA 110 CPABHEHHMIO C IO-
PUBOHTANIBHBIMU CKBaKHHAMU. KOHCTpyKUMS MO3BOJIAET
HAIPaBHUTh KAKIOC U3 OTBETBICHUH B OTIEIbHBIC HE(TS-
HbI€ YYaCTKH, CHUKast puck mepecedenus yposaeit ['HK n
BHK B mMaccuBHo# 3aexu. OTBETBIECHHS MOTYT OTXOIUTh
B JIOOOM HATIPABICHUH OT TOPU3OHTAIBHOTO CTBONA CKBA-
KMHBI, 1 UX CTOMMOCTb 3HAYUTENIbHO HUKE, YeM 3aTparhl
Ha OypeHIe OTICITBHBIX CKBAXKHH.
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A

He menee 10 M

Y

A
He mexee 10 m
Y

Puc. 5. Bypenue nosoti ckeadicumvl ¢ 60K08biMU omeemenenuamu, 20e 1 — cazonedpmsanoii konmakm,; 2 — 6000He@MANHOU
xoumaxm; 3, T — HAKIOHHO-HANPAGNEHHbIE YYACMKU CKEAJICUH, 4, 8 — 20pU3OHMANbHbIE YHACMKU CKEAICUH,;
5 — ne¢pmenacviyennas wacmo niacma; A, B, C, D, E, 41, B1, C1, D1, E1 — naxionnvie omeemenenus ckeaxicum

Fig. 5. Drilling of a new well with side tracks, where 1 — gas-oil contact; 2 — water-oil contact; 3, 7 —directional parts of the
wells; 4, 8 — horizontal parts of the wells; 5 — oil-saturated part of the reservoir; 4, B, C, D, E, 41, B1, C1, D1, E1 -

directional side tracks of the wells

TexHonorusa go6blum rasa

ABTOpaMH Takke TNpeanaraetcsi K O03HAKOMICHHIO
TEpPCTIEKTHBHAS TEXHOJOTHS, peann3yeMas B KOHCTPYK-
UM Ta30000bIBAIOMEH CKBOXHHBI C TOPH30HTANBHBIM
OKOHYaHMEM. 3ajlaveid, 1 peleHus KoTopoi pazpado-
TaHAa TEXHOIOTHS, SBISETCS COXpAaHEHHE Ta30700bIBaI0-
e CKBAXHHBI C TOPHU30HTATBHBIM OKOHYAHHWEM B IEH-
cTByIOImEM (OHJIE 3a CYET ONTUMHU3AILNU PaboTHl ee To-
PU3OHTATIBLHOTO YYacTKa.

Konctpykims ra3oo0biBarolieil CKBaXHHBI C TOPHU-
30HTAIBHBIM OKOHYAHHEM BKIIOYACT: KOHIYKTOP; JKC-
IUTyaTallMOHHYI0 KOJOHHY, CIYIIEHHYIO IO KPOBIHU TpO-
IYKTHBHOTO ILTACTA; YCTAHOBICHHBIH B TOPH3OHTANEHOM
HEOOCAKEHHOM yYacTKe CTBOJA CKBAXXHHBI XBOCTOBHK C
IIEHTPaToOpaMy M 3aKOJOHHBIMU MaKepaMu (MOXeET OBbITh
OCHAIIEH (IIBTPAMH PA3HOTO THIIA WK Tep(OPHPOBaH);

XBOCTOBHK IMOJIBEIIMBACTCS K HHMKHEH YacTH 9KCILTyaTa-
IIMOHHOH KOJIOHHBI C OMOIIBIO MIO/IBECHOTO yCTPOICTBA,;
BBIIIE XBOCTOBMKA B CKBAXHHY Ha KOJIOHHE HACOCHO-
KOMIIPECCOPHBIX TPY0 CITycKaeTcs BHYTPHCKBaXKHHHOE
obopyoBanue mst 100bIMU Taza (MpUMep CHU3Y BBEpX):
BOPOHKA C KOCBHIM CpPE30M, NMOCAHOYHBI HHMIENb s
YCTAaHOBKH JaTUMKa JABICHHS M TEMIEPaTyphl, mep-
(opupoBaHHEIH TaTPyOOK, Makep MEXaHHYECKOro IeH-
CTBUS, MUPKYISIMOHHBIN KJIAMaH, KIAMaH-0TCeKaTeNb C
MOJI3EMHBIM YIPaBIeHHEM. XBOCTOBHK, COCTOSIIMN U3
TIOCIIEIOBATENLHO COSMHEHHBIX MKy c000i 00CaTHBIX
TpyO ¢ MpenBapuTeNbHO MephOPAMOHHBIMU OTBEPCTHS-
MU (W1 GUIBTPAMH) TTOCPEICTBOM MY(TOBBIX COSIHMHE-
HU} ¥ OCHAICHHBIA LICHTPATOPaMH, 3aKOJOHHBIMH I1aKe-
pamu (pacIoNOKEHHBIMU JPYT OT JApYyra Ha OMpeJeicH-
HOM PAacCTOSHUHM ), OCNEI0BATENIHHO COOUpAETCsS U CIIyC-
KaeTcss B HEOOCAKEHHBIH yYacTOK CTBOJNA CKBAKHHBL
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XBOCTOBUK MOJBENINBACTCS K HIKHEH YacTH HKCILTyara-
[IMOHHOW KOJIOHHBI C TOMOIIBIO OJJBECHOTO YCTPOUCTBA.

[a30kuAKOCTHOH MOTOK (pHuc. 6), JABHUTAsCh BHYTPH
XBOCTOBHMKA, IIPU CONPHKOCHOBEHHH C BHYTPEHHEH II0-
BEPXHOCTBIO 00CATHBIX TPYO 32 CUET KaHABOK mpHoOpe-
TaeT MOCTYNATENbHO-BPAIaTeNbHOe ABMKeHHE. [lomHas
JHEPTUs TOTOKA YBEIMUMBACTCS 3a CUET CyMMHPOBAHHUS
KUHETHYECKON SHEPTHHM IMOCTYMATENBHOTO IBIKEHHS H
JHEprUy BpameHus. BHyTpr XBocTOBHKA 00pasyeTcs Tak
Ha3bIBacMasi BUXPEBAs HUTh, BJIOJb KOTOPOl IPOUCXOIUT
yBEIMUCHHE KUHETHYECKOW 3Hepruu motoka [17-20].
[Ipu 5ToM 0bmIast CKOPOCTh MOTOKA TAK)KE YBEIHYHBACT-
Cs 3a CYET BUXPEBOTO P peKra.

Puc. 6. JJsudsicenue 2a302cuOKOCMHO20 NOMOKA (CXEMAMUYHO)
Fig. 6. Schematic movement of a gas-liquid flow

3aknroyeHue

Exeronno B Poccun pacrer jponst TpyAHOM3BIEKae-
MBIX 3aIacoB B 00meM o0beMe JOKa3aHHBIX 3alacoB B
crpane. [lo mpuywmHe TOro, uTO HE(TH, MOOBIBACMAs U3
TaKAX CIOKHOTIOCTPOCHHBIX 3aJIekKeH, SBIACTCS, Kak
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TPaBHIIO, BRICOKOBS3KOM, & CAMH CKBAKUHBI MAJIOJICOUT-
HBIMH, CYIIECTBYeT HEOOXOIUMOCTh B pa3paboTKe H
BHEIPCHNU HOBBIX TEXHONOIWH, CBA3AHHBIX C J0OBIYEH
YTIIEBOIOPO/IA.

OCHOBHBIMA 3a[]ayaMH TIPEINAraeMod TEXHOJIOTUH
SBJIETCS MOBBIMICHNE KO3PDUIMEHTa He(TCH3BICUCHUS
3QIeKH MACCHBHOTO THUIIA, CJIAracMod HEOXHOPOIHBIM
TEPPUTCHHBIM KOJUIEKTOPOM, C HATHYHEM Ta30He()TIHOTO
¥ BOZOHE(TSIHOTO KOHTAKTOB; CHIDKCHHE IPEKIEBpe-
MEHHOH O0OBOJHEHHOCTH W 3ara30BaHHOCTH JIOOBIBAEMOM
TPOAYKIMH. TeXHONOTHsS MO3BOJUT MOBBICHTH 3ddek-
TUBHOCTH TOOBIMM HE(TH 3a CUET YBENHYEHHS 30HEI
0XBaTa 3QJICXKH B HE(TEHACHIIIECHHON YaCTH IUTACTA.

HoBu3zHa 3akiioyaeTcs B CHCTEME PAcCTaHOBKH JIOObI-
BAIONIMX CKBAXHH C TOPU3OHTAIBHBIM OKOHYAHHEM C
HAKIOHHBIMHA OTBETBJICHHUSMU OTHOCHTENBHO YPOBHEH
BOJIOHE(TSHOTO M Ta30HE(TAHOTO KOHTAKTOB B 3aJICHKU
MAcCHBHOTO THIIA, & TAaK)Ke HATPABICHHOCTH M OYepen-
HOCTH OYypeHHs HAKJIOHHBIX OTBETBIICHUH OT 30H ra3oHe-
(TAHOTO ¥ BOJOHE(TAHOTO KOHTAKTOB.

[TomMEMO 3TOTO, aBTOPAMHU MPEUTATACTCS TEXHOJIOTHA,
peanm3yeMasi B KOHCTPYKLHH Ta30J00BIBAIONICH CKBAXKN-
HBl C TOPH3OHTAIGHBIM OKOHYAHIEM, HOBHM3HA KOTOpOii
3aKIIOYAeTC B Pa3paboTKe KOHCTPYKIMH XBOCTOBHKA,
CIyCKaeMOTO B TOPH30HTAIBHBIN y4aCTOK CTBOJA CKBa-
’KHHBI, TO3BOJIIONNH ONTHMI3HPOBATh HOOBITY Trasa,
TPEeIOTBPATUTD MPEKACBPEMEHHBIH BBIXO]] CKBAKIHBI 3
JeicTBYIOMETro (OHIa, YBEIMIUTH CPOK €€ paboThI.
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Relevance. Today due to the entry of most large oil fields into the late stage of development, as well as the increase in the share of hard-
to-recover reserves, non-standard methods of increasing oil recovery, characterized by increased controllability, energy efficiency and en-
vironmental friendliness, are becoming increasingly popular. For hard-to-recover reserves, which are characterized by complex geological
features, expressed in the heterogeneity of reservoir layers, low filtration and capacitance properties, controlled physical impact on filtration
processes will allow targeted impact on zones with residual reserves.

Objective: to develop an effective technology for increasing the coefficient of oil recovery of a massive type deposit composed of an inho-
mogeneous terrigenous reservoir with the presence of gas-oil and water-oil contacts.

Object: massive type deposit composed of an inhomogeneous terrigenous reservoir, with the presence of gas-oil and water-oil contacts.
Methods: analysis of modern scientific and technical literature and production reports on the results of the application of various technical
and technological solutions to increase the flow rate of wells and reduce the water content of products; the proposal of a new technology
for the development of heterogeneous deposits of massive type with gas-oil and water-oil contacts.

Results. The authors have proposed the technology for the development of an inhomogeneous deposit of a massive type with gas-oil and
water-oil contacts. The technology will improve the efficiency of oil production by increasing the coverage area of the deposit in the oil-
saturated part of the reservoir. The novelty lies in the system of placing producing wells with a horizontal end with inclined branches rela-
tive to the levels of water-oil and gas-oil contacts in massive deposits, as well as the direction and sequence of drilling of inclined branches
from the zones of gas-oil contact and water-oil contact.

Key words:
Hard-to-recover reserves, horizontal well, Cenomanian tier, Pokurskaya formation,
gas-oil contact, water-oil contact, heterogeneous deposit.

The research was carried out within the implementation of the State task in the field of science for fulfilment of scientific projects
by the groups of scientific laboratories at the high education bodies under the jurisdiction of the Ministry of Science and Higher
Education of the RF in the project: «Techniques of low-pressure gas production in the Cenomanian producing complexy
(no. FEWN-2020-0013, 2020-2022).

The research was carried out using the equipment of the Central Research and Development Center «Center for Advanced Re-
search and Innovative Developmentsy at Tyumen Industrial University.
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The relevance. The issues of studying the scale of distribution and causes of engineering-geological processes in the Republic of Belarus
are positioned as one of the priority issues among the wide range of geoecological problems. Obtaining such information allows identifying
and analyzing the factors of human economic activity that impact the geological environmental state, identifying the emergence and pre-
sence of threats in urbanized territories, leading to decrease in the safety and living conditions of humans.

The aim of the research is to analyze the causes and degrees of manifestation of the most noticeable in the regional plan engineering-
geological processes occurring in Belarus.

Objects: urbanized territories, mineral extraction and processing facilities, reclaimed land, phenomena and processes resulting from engi-
neering and geological human activity.

Methods: research and classification engineering-geological processes developing on the territory of Belarus; expert and comparative
methods were used to systematize and analyze the main factors of their occurrence and development on the territory of the country, based
on the results of earlier published works and present time field investigations carried out by the authors.

Results. The author's expert evaluation and field methods of research have established that the most common factors of occurrence and
activation of engineering-geological processes in the Republic of Belarus include: land reclamation, open-pit mining and subsurface mining,
groundwater overexploitation, static and dynamic loads from structures and transport, engineering and human economic activities in urban-
ized areas, natural climatic conditions, and the genesis and composition of rocks. Engineering-geological processes and the phenomena
such as groundwater table drawdown, gravitational processes, local earthquakes, suffusion, frost heaving, flooding, and waterlogging are
identified and characterized. The spread of engineering-geological processes and phenomena has both a local character within seftle-
ments and covers vast areas of dozens of square kilometers. As a result of the study, the mapping of sources of technogenic impact on the
geological environment and the manifestations of engineering-geological processes in the territory of Belarus were compiled.

Key words:
Engineering-geological processes, drainage reclamation, groundwater,
quarries, mines, dumps, urbanized territories, deformations of buildings.

Introduction

The study of processes occurring in the upper hori-
zons of the lithosphere in relation to human engineering
activities can ensure the safe functioning of engineering
structures and human economic activities. In this case the
subjects of research are most often earthquake and flood
which account for 50-90 % of the total number of geo-
logical disasters each year, and, to a lesser extent, land-
slides [1-3]. Most often such geological phenomena are
associated with tectonics, the nature of the relief, the im-
pact of water, climatic conditions, and are characterized
by a certain geography of occurrence. For example,
flooding results from grade lowering and it is a serious
problem in coastal cities. Flood incidence also increases
in interior basins where stream gradients are affected by
subsidence. Earthquake occurrence predominates in three
major belts: island chains and land masses forming the
Pacific Ocean; the mid-Atlantic ridge; and an east-west
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zone extending from China through northern India, Tur-
key, Greece, Italy, and western North Africa to Portugal
[4]. The research on such processes mainly focuses on the
establishment of disaster prediction models [1-3].

At the same time, various types of human economic
activity (industrial, civil, road and hydraulic engineering,
land reclamation, development of mineral deposits, etc.)
often cause not only the activation of natural, but also the
development of engineering-geological processes that
create certain dangers and cause losses to human life and
property, as well as damage to the environment [1, 5].
The latter are essentially the analogs of natural geological
processes; however, they are distinguished by a faster rate
of development, a smaller area of distribution, and in
some cases by a greater intensity and, of course, a lesser
degree of knowledge.

The manifestation of these processes is due to a number
of technogenic factors, such as the transformation of the

DOI 10.18799/24131830/2022/4/3479
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conditions of surface runoff, the earth's surface, changes
in the hydraulic gradient, temperature regime, pressure
from the weight of structures, shaking, etc. Every engi-
neering-geological process has a major or determinant
factor. It should be bear in mind that the same technogen-
ic impact under different engineering-geological condi-
tions of the object can cause different engineering-
geological phenomena.

Among the engineering-geological processes in the
territory of Belarus, the most noticeable manifestation
and development have the processes: a) due to land rec-
lamation; b) arising during the creation of quarries and
construction excavations; c¢) arising during subsurface
(mines, wells) development of useful fossils; d) arising
during the construction of earth structures; e) arising in
urbanized areas (Fig. 1).
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Fig. 1. Schematic map of the sources of technogenic impact on the geological environment and distribution of engineering-
geological processes on the territory of Belarus: 1-8 — mining operations:1 — subsurface mining of potassium salt;
2—7 open-pit mining: 2 — granite; 3 — dolomite; 4 — sand; 5 — clay; 6 — sand loam; 7 — chalk; 8 — oil field develop-
ment territories; 9 — areas of intensive land reclamation; 10 — large industrial dumps; 11 — groundwater intakes in
large cities; 12 — drainage from quarries; 13 — surface subsidence; 14 — gravitational processes; 15 — in-
crease/decrease groundwater level due to land reclamation; 16 — flooding within water reservoirs; 17 — deflation (on
reclaimed land, in mine workings, industrial dumps); 18 — suffusion (in areas of mine workings, industrial dumps,
urbanized areas); 19 — decomposition of organic matter (on reclaimed land)

Cxemamuyeckas Kapma UCHMOYHUKOE MEXHO2EHHO20 B030€liCMEUs HA 2e0NI02UYeCKYI0 cpedy U pacnpOoCmpaHeHus
UHDICEHepHO-2eoN02uteckux npoyeccog Ha meppumopuu berapycu: 1-8 — copnooobuisarowas OesmenvHocmo:
1 — paspabomka Kanutineblx conei NOO3EMHbIM (WAXMHBIM) CROCObOM; 2—7 paspabomka noie3HvIX UCKONAEMbIX OM-
KpbimbiM cnocobom: 2 — epanumsi; 3 — donomumel; 4 — necku, 5 — enunvl; 6 — cynecu, 7 — men; 8§ — meppumopuu
pazpabomxu He@msnvlx MecmopodicoeHuil, 9 — patioHvl UHMEHCUSHOU Meuopayuu 3emens, 10 — kpynnvle npomwlii-
JleHHble waamoomeanvl, 11 — 60003a60pvl nod3eMHbIX 600 6 bonbLUUX 20podax; 12 — 60000MAUE U3 KAPLEPOS,
13 — oceoanue nosepxnocmu zemnu, 14 — epagumayuonmvle npoyeccol; 15 — nosviuieHue/cHudiceHue YposHs noo3em-
HBIX 800 6 pe3yabmame Meauopayuu 3emens, 16 — noomonnenue 6 npedenax 6o0oxpanunuwy,; 17 — oegpnayus (na me-
JIUOPUPOBAHHBIX 3eMIISX, 8 20PHbIX GbIPADOMKAX, NPOMBIUICHHbIX omeanax); 18 — cydosus (Ha yuacmrax 2opHvix
8bIPAGOMOK, NPOMBIUIEHHBIX OMBANAX, YPOAHUUPOBAHHBIX meppumopusx); 19 — pasnodcenue opeanuieckozo ee-
wecmea (Ha MerUoPUPOBAHHBIX 3eMJISX)

Puc. 1.
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Processes due to land reclamation

Land reclamation is one of the significant factors af-
fecting the engineering-geological situation of the territo-
ry and, as experts admit today, is not always positive. In
the conditions of Belarus, reclamation transformations
cover more than a century and are mainly associated with
the drainage of Swamps and wetlands. At present,
34,2 thousand km’ have been drained, which is about
16,5 % of the country's territory [6]. However, together
with the lands adjacent to the hydrotechnical facilities,
the reclamation impact extends to about 1/3 of the coun-
try's area.

Drainage reclamation is a powerful means of impact,
mainly on groundwater and overburden. It changes the
balance of groundwater, the recharge of which can in-
crease or decrease depending on the hydraulic connection
of aquifers. In addition, within the reclaimed lands, main-
ly created with peat soils, deflation processes are ob-
served [7].
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To a greater extent, the environmental problems associat-
ed with land reclamation were manifested in Belarusian
Polesie (Fig. 2). As a result of drainage reclamation, both the
micro-component and macro-component composition of
groundwater are changing. M.F. Kozlov et al. [8] conducted
research on one of the drained bog massifs of the Belarusian
Polesie and discovered that the total mineralization of
groundwater increased by 15-25 times in the post-
reclamation period, owing primarily to bicarbonate, calcium,
magnesium, and, at later stages of drying, sulfate. This is
caused, firstly, by the increase in the inflow of pressurized
bicarbonate calcium water. Secondly, the decrease in the ab-
sorption capacity of peat soils and Ca** and Mg®* removal.

Third, oxidation of peat organic matter and iron sulfide min-
erals, which are present in small quantities in peat. Particular
close attention should be paid to the presence of high iron
concentrations in groundwater. It leads to a decrease in the
efficiency of drainage systems due to their clogging. There is
ironification of near-surface strata of drained peatlands due
to capillary pulling of groundwater, etc.

— ]0
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]
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Fig. 2. Sites and facilities of engineering-geological processes in the south-east of Belarus. Sites of manifestation of the pro-
cesses caused by: 1 — land reclamation; 2 — oil field development; 3 — quarrying of non-metallic raw materials;

4 — mining of potassium salts; 5 — water intakes; 6 — waste dumps; 7 — urbanized territories; 8 —

lakes and reservoirs;

9 —rivers; 10 — roads: a) railways, b) highways; 11 — state border

Puc. 2. YVuacmku u ob6vexmuvl nposigieHusi UHIICEHEPHO-2e002UNeCKUX NPOYeccos Ha meppumopuu 12o-eocmoxa Benapycu.
Yuacmku nposenenus npoyeccos, obycnosnennvix: 1 — menuopayueli semens, 2 — paspadomKou Heghmanbix mMecmo-
PodrcOenUll; 3 — KapbepHoll 000bIuel HepyOHO20 Cbipbs, 4 — waxmuoll dobbIuell KaTulinblx conetl;, 5 — eodozabopamii;
6 — omearamu; 1 — ypbanusuposanuvimu meppumopusimu, 8 — ozepa u eodoxpanunuwa; 9 — pexu, 10 — oopoeu:
a) orcenesnvie, b) asmomobunvrvie; 11 — 2ocyoapcmeennas epanuya

According to the study [9], fluctuations in the concen-
tration of iron (Il, I11) in groundwater are primarily de-
termined by the level regime in the bog massifs of various
genetic types of the Belarusian Polesie. The highest
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groundwater Ievels corresponded to iron concentrations of
0,1-0,5 mg/dm®. Iron concentrations increased to 8-10 mg/dm®
and higher during low-water periods. As a result of the
deterioration of the connection with the atmosphere, the
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oxygen concentration in the upper zone of groundwater
decreases from 3,0-5,0 to 0,5-1,0 mg/dm®. This contrib-
uted to the formation of a more restorative environment,
favorable for the accumulation of iron (I1) in the waters.
Bog drainage causes a decrease in groundwater levels.
When levels drop to 1,0-1,5 m, this leads to a S|gn|f|cant

increase in iron concentration of 10-18 mg/dm and more.

Oxygen concentratlons in water reach a minimum and are
0,5-0,8 mg/dm?. The greatest increase in iron concentrations
is characteristic for lowland floodplain peatlands, which ac-
cumulate large reserves of total iron in various forms.

The abundance of organic matter in them has a great
influence on iron migration in bog waters. The organ-
mineral form of migration is of the greatest importance
for iron (111). In the waters of undrained bogs, the share of
these forms averaged 72 %, and in the surface waters of
bogs — 54 %. Such waters are capable of maintaining sig-
nificant supersaturation with respect to Fe(OH); for a
long time. After draining, a sharp decrease in the concen-
tration of organic substances in groundwater was ob-
served, accompanied by a decrease in the proportion of
organically bound iron (I11) to 39 % and an increase in
the content of the form Fe(OH)s. The degree of supersat-
uration of groundwater in terms of iron hydroxide has
aged 60-300 times, which created favorable conditions

for its precipitation at the oxygen barrier when these wa-
ters enter the drainage pipes [9].

Processes arising from the creation

of quarries and construction excavations

During open-pit mining and transport construction, a
large number of excavations appear, which causes signif-
icant changes in the relief, surface and underground run-
off, the stress state of soil massifs, conditions of heat and
mass transfer in the upper layers of the soil, etc.

A striking example of the activation of landslide pro-
cesses is the Gralevo dolomite quarry. It is located on the
left bank of the Western Dvina in the Vitebsk district and
occupies an area of 0,39 km?. The thickness of overbur-
den reaches 20 m or more. They are mainly represented
by moraine sandy loamy, loamy soils, and alluvial sands.
The confinement to overburden soils of the underground
aquifer, the weatheredness of moraine deposits, and a
significant steepness of slopes (up to 50°) caused wide-
spread development of landslides (Fig. 3). In dolomite
rocks on the slopes there are lateral fissures, the density
and strength of the rocky mass decrease, which leads to
the formation of scree and rockfall. Drilling and blasting
operations, which are often carried out in the quarry, also
contribute to their development [10].

Fig. 3. Southern wall of the Gralevo open pit for dolomite mining with numerous rockfall-landslide areas (May 2010). Photo

by A.N. Galkin

Puc. 3. FOxcnviii 6opm kapwvepa «I panesoy no 006viye 00I0MUMOE C MHO2OYUCTEHHBIMU 008ATbHO-0NON3HEGbIMU YIACMKA-

mu (mait 2010 2.). @omo A.H. I'ankuna

In Belarus, gravity processes are widespread in almost
all mining excavations, but they differ in type, shape, and
volume of displaced masses of rocks (Fig. 4) [10].

Concentrated water withdrawal is part of the techno-
logical process often used in open-pit mining. Drainage
from quarries leads to the formation of depression fun-
nels, the area of which can reach dozens of square kilo-
meters. As a result, groundwater levels drop and small
rivers and reservoirs dry up. For example, in the Mika-
shevichi open- p|t the permanent drainage often exceed-
ed 60 thousand m 3/day, and the maximum value reached
430 thousand m*/day and more. This led to a lowering

of the groundwater table by 3,5-11,0 m, and the zone of
influence extended to a distance of up to 3 km. The nat-
ural chemical composition of groundwater has changed,
and two small rivers in the zone of influence of the
quarry have dried up [11].

Zone of influence of concentrated water withdrawal in
the amount of 370 thousand m‘/day from the quarry
Gralevo spread over a distance of 10-12 km. Within its
boundaries, there was a decrease in groundwater levels,
which led to a change in the low-water runoff of the river
Vitba and the failure of water wells near located rural set-
tlements [10].
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Fig. 4. Gravitational processes in the sides of the quarries: a) talus in the Leskovichi quarry for sand extraction (Shumil-
insky district, 2008); b) talus in the Mikashevichi quarry for the extraction of granite (Luninetsky district, 2010);
c) landslide in the open pit «Khmelevskie ponds» for sand extraction (Minsk district, 2015) [10]

Puc. 4. I pasumayuonnvle npoyeccol 6 6OPMax Kapbepos: a) 0Cbinu 8 Kapbepe no 000blue cmpoumenbHo2o necka «Jleckosu-
yuy (Iymununckui paiion, 2008); b) ocvinu 6 xapvepe no dobwiue epanuma «Muxawesuyuy (Jlynuneyxutl patiow,
2010); c) ononsens 6 necuanom kapvepe «Xmenesckue npyooy (Munckuil pation, 2015) [10]

Processes caused by subsurface mining

and water withdrawal

Regional changes in engineering-geological condi-
tions can also be observed during subsurface mining or
during the withdrawal of water for water supply to large
settlements [12-15]. There are a number of artificial and
natural causes for ground subsidence. Short- and long-
term conversion of underground burning coals to clinker
results in a significant volume loss that can lead to sub-
sidence. In other mining areas, trimming of mine pillars
can cause their failure, inducing subsidence of overlying
geologic materials. Withdrawal of petroleum in many
sedimentary basin units results in surface subsidence
when proper reservoir pressure management (e.g.,
secondary water-flood or tertiary fluid pressure support)
is not applied [16]. Thus, during the development of
minerals by the subsurface method, large cavities are

206

formed, which often leads to deformations on the earth's
surface. These are the so-called deflection troughs or
sinkholes. They began to form on the territory of the re-
public relatively recently and began to appear in the areas
of subsurface development of potash salts of the Staro-
binsky deposit (Soligorsk region), oil deposits (Rechitsa
region) and large water intakes (Fig. 2).

The most noticeable sinkholes are found near
Soligorsk. The total area covered by the deflection
troughs is more than 200 kM2 with a depth of 4,0-4,5 m.
The steepness of the slopes is close to 3-4°. The
combination of factors including surface subsidence,
shallow groundwater table (from 0 to 2,0-4,0 m), well-
developed engineering and reclamation system, numerous
shallow reservoirs (lakes, ponds) with water surface area
up to 0,01-0,03 km", large Soligorsk reservoir, led to the
processes of waterlogging and swamping [17-19] (Fig. 5).
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Fig. 5. Scheme of subsidence of the earth's surface in the
territory of the Soligorsk industrial region:
1 — isolines of actual subsidence of the earth's
surface; 2 — tectonic faults. Adapted from [20]

Puc. 5. Dpacmenm xapmocxemvl 0cedanust 3eMHOU NOGeEPX-
Hocmu na meppumopuu Conucopckozo npomviui-
JIeHHo20 pationa: 1 — uzonunuu ghaxmuieckoeo oce-
OaHuUsi 3eMHOU NOBEPXHOCMU; 2 — MeKMmOHUuecKue
paznomvl. Adanmupoearo no [20]

Surface subsidence from fluid extraction is a common
phenomenon and probably occurs to some degree in any
location where large quantities of water, oil, or gas are
removed. Short-term detection is difficult because surface
movements are usually small, are distributed over large
areas in the shape of a dish, and increase gradually over a
span of many years [4].

The amplitude of subsidence over the exploited oil
fields of Belarus is no more than 1 m. It was found that
within such areas in the Pripyat Trough, ground surface
subsidence can reach up to 10 mm/year [19].

Ground subsidence due to groundwater withdrawal
occurs when groundwater is withdrawn from an aquifer
faster than it can be replenished [16]. Lowering the
groundwater level reduces the buoyant effect of water,
thereby increasing the effective weight of the soil within
the depth through which the groundwater has been
lowered [4].

Water intakes of large cities in Belarus have a serious
and growing impact on the subsidence of the earth's
surface [21]. This influence is most noticeable in the
Minsk region, which is characterized by the maximum
water withdrawal in the republic. So, for example, at the
Novinki water intake, the long-term operation of
groundwater led to the subsidence of the earth's surface
by more than 0,5-0,6 m. As in the case of water
withdrawal in mining by quarrying, the exploitation of
groundwater at water intakes leads to a change in the
hydrogeological situation. Basically, the chemical
composition and groundwater recharge change, and
depression funnels are formed. At water intakes in river
valleys with a hydraulic connection between groundwater
and surface water, 50 to 90 % of the water received at the
water intake is provided by the river. The impact of the

water intake leads to reduction in the river flow and a
decrease in the groundwater table towards the watershed
at a distance of 1-2 km. In shallow aquifers, a
groundwater regime is formed due to overflow, and the
zone of influence extends to 2-6 km [21, 22].

For deep-lying layers, a transient filtration regime is
characteristic during operation. Here, the resulting
production rates are provided by the resources of the
reservoir itself. In this case, the radius of depression of
the piezometric surface of the horizon reaches 10-15 km.
As the difference in the heads of the exploited and
adjacent horizons increases, overflows form from the
latter, which serve as additional sources of power for the
exploitable reserves, which often leads to a change in the
chemical composition of groundwater [21, 22].

Processes arising during the construction of earthworks

The creation of embankments, dams, dumps leads to a
violation of the existing natural balance due to high pres-
sures transmitted over a large area. This entails inhomo-
geneous deformations with the formation of alternating
depressions and shafts, landslides, rockfalls, changes in
the relief of the territory, the manifestation of seismic
phenomena, violation of the surface runoff regime, water-
logging, etc.

So, for example, in the overburden dumps of the
Gralevo dolomite quarry, there are often landslides. Most
of them are relatively small in size. But sometimes land-
slides cover large areas. So, in November 1998, due to
frequent rains in the direction of the bridge over the river
Western Dvina slipped a vast mass of land, which had a
diameter of about 70 m with a displacement height of up
to 10 m. This landslide displaced about 20 thousand m? of
soil. As a result, private buildings located near the dumps
were destroyed [7].

Long-term operation of the Gomel Chemical Plant led
to the creation of phosphogypsum dumps on an area of
0,9 km? a height of 60-70 m and a weight of over
21,3 million tons [6]. Dumps are comb-shaped and plat-
eau-shaped. The dumps significantly change the surface
topography, transforming its natural state and morphome-
try (Fig. 2; Fig. 6, a). The storage of wastes from the pro-
duction of phosphorus fertilizers caused a significant rise
in the level of groundwater and, as a consequence,
swamping of areas adjacent to the chemical plant at a dis-
tance of up to 1 km.

In the Soligorsk mining region, the storage in dumps
of large volumes of potash production wastes (over 1 bil-
lion tons of halite waste on an area of more than 5 km?)
over underworked mine fields due to a violation of the
isostatic equilibrium in the earth's interior has caused
man-made earthquakes (Fig. 2; Fig. 6, b). Such earth-
quakes in the Soligorsk region are recorded up to a hun-
dred per year, and some of them reach 4-5 points [23, 24].

Processes occurring in urbanized areas

The existence of any city in itself presupposes chang-
es in the geotechnical environment of the territory where
it is located. Currently, on the territory of Belarusian cit-
ies, a whole complex of engineering-geological processes
is sufficiently developed, among which there are the pro-
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cesses caused by static and dynamic loads from structures
(industrial and residential) and transport, suffusion, frost
heaving, flooding, etc.

The development of multistorey buildings in the cities
of Belarus leads to a significant increase in static loads on

a

the rocks, the value of which can be anywhere from 0,5 to
2,0 MPa. Soil compaction and a decrease in its moisture
content occur in the zone of active compression at a depth
of up to 30 m or more, which can lead to the settlement of
engineering structures.

Fig. 6. Transforming of the natural surface topography: a) phosphogypsum dumps of the Gomel chemical plant (October
2020); b) salt dumps of the JSC «Belaruskali» (October 2020). Photo by O.V. Shershnev

Puc. 6. Tpancghopmayus ecmecmsennoco penvegha: a) omsanvt pocgoeunca I omMenbeko2o0 XUMULECK020 3a600a (OKmsabps
2020); b) coneomsanvr OAO «Benapycokanuiiy (okmsabps 2020). @omo O.B. lllepunésa

Soils of different composition, genesis, and state react
differently to stress. For example, the deformations of the
foundations of structures, represented by lacustrine-
glacial clay deposits, are distinguished by significant un-
evenness. This is evidenced by the experience of con-
struction in Vitebsk, Polotsk, etc. Thus, in the residential
building under construction on Moskovsky Avenue in Vi-
tebsk, after two years of conservation, deformation of the
foundation wall blocks occurred, expressed in the for-
mation of cracks with an opening width of up to 50 mm.
This occurred as a result of the destructuring of the foun-
dation soil caused by uneven watering and the various
physical and mechanical properties of the sandy loam un-
derlying the foundation.
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Dynamic loads affect soils in different ways, depend-
ing on the peculiarities of their composition and structure,
as a result of which loose underconsolidated soils are
compacted (with a density of less than 0,6) and the struc-
ture of thixotropic soils is disturbed. Dynamic loads on
the ground are transmitted as a result of vibration during
vehicle movement, the action of construction and other
shock-vibration mechanisms. Deformations of founda-
tions and wall structures in Vitebsk quite often occur in
buildings and structures located along streets with heavy
traffic. These deformations are especially intense in
buildings built on the soils of the cultural layer, which are
characterized by low strength and increased compressibil-

ity (Fig. 7).
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Fig. 7. Building of the first power station in Vitebsk (1897-1898) along Frunze Avenue in the historic part of the city and
cracks in wall structures resulting from vibrations during the movement of urban transport (2016) [25]

Puc. 7. 30anue nepsoii ¢ Bumebcke anexkmpocmanyuu (1897—-1898 ee.) na npocnexme @pyuse 6 ucmopuueckoil vacmu 2opo-
0a u mpewuHvl 8 CMEHO8bIX KOHCMPYKYUSX, 00pa306asuiuecs 6 pesyiomame subpayul npu OBUNCEHUU 20POOCKO20

mpancnopma (2016 2.) [25]

One can observe suffusion on the territory of many
settlements of Belarus due to technogenically disturbed
hydrodynamic regime. Quite often, it manifests itself
along the routes of underground utilities in soils that are
not uniform in grain size distribution, causing the for-
mation of craters on the surface of the earth (Fig. 8). This
process can also begin in filled up large ravines as they
continue to serve as natural drains.

Construction on relatively steep slopes (creation of
pits, long-term zero cycle work) can contribute to the ac-
tivation of suffusion both in terms of creating conditions
for unloading and in terms of the formation of large pres-
sure gradients of the filtration flow due to the unhindered
entry of atmospheric precipitation into the strata.

Frost heaving is quite widespread. Especially in the
northern regions of the country. It occurs due to volumet-
ric deformations of clay, silty and fine sandy soils during
their freezing (the volume of soil increases by 10-20 %)
and manifests itself mainly in the form of deformations of
the asphalt pavement, as well as buildings and structures.
This process is especially dangerous for the foundations
of structures and engineering communications, laid above
the base of the active layer (Fig. 9).

Their composition has a great influence on the depth
of freezing of soils. So, inclusions of organic matter with
low thermal conductivity significantly reduce the depth of
freezing. Lowering the level of groundwater, removing
snow cover and other processes increase the depth of
freezing. However, the shallow occurrence of groundwa-
ter contributes to the inflow of moisture to the freezing
front, which activates the heaving process.

The process of raising the level of groundwater is typ-
ical for many cities in Belarus, up to the flooding of resi-
dential buildings and industrial facilities. The reasons for
flooding are varied. This is also a change in the existing
surface topography, which determines the surface runoff
(construction of embankments, dams); destruction of the
existing hydrographic network (elimination of small riv-
ers and streams, canalization of rivers, backfilling of ra-
vines, etc.); silting and littering of natural drains; reser-
voir construction; shielding the earth's surface by build-
ings and asphalt; loitering with buried structures and
structures of the underground stream; leaks from water-
carrying communications and dumping of technogenic
soils with poorly water-permeable and impermeable lay-
ers, etc.

Flooding processes are widespread in many settle-
ments in Belarus. For example, the area of flooding in
Gomel reaches 30 km?, including up to 50 % of residen-
tial buildings. Settlements in the country can be grouped
into several categories depending on their proneness to
flooding. The first category includes such settlements as
Minsk, Bobruisk, Svetlogorsk and Stolbtsy. They are in
the zone of local flooding and require preventive
measures. The second category includes settlements that
are in the zone of probable flooding area and require cer-
tain technical measures for protection. Such settlements
include the cities of Gomel, Brest, David-Gorodok, Turov,
Mogilev, Bykhov and Zhlobin. The cities of Vitebsk,
Polotsk, Verkhnedvinsk, Soligorsk and Pinsk are in the
zone of active flooding and are referred to the third group
of cities requiring engineering protection [7].
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Fig. 8. Deformations of sidewalks and highways caused by suffosion: a) in Vitebsk near the Summer Amphitheater (2012);
b) in Minsk along Mogilevskaya street (2014); c) in Gomel near the Ice Palace (2013); d) in Zhlobin near gymnasium

no. 1 (2014) [10]

Puc. 8. [lepopmayuu mpomyapos u asmomoOuibhulx 0opoe, evizgannvie cygdosueil. a) 6 Bumebcke sonuszu Jlemnezo am-
Gumeampa (2012); b) 6 Muncke no ynuye Mozunesckoii (2014); ¢) ébausu Jleoosozo osopya ¢ Iomene (2013); d) ¢

JKnobune 60nuzu cumnazuu Ne 1 (2014) [10]
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Fig. 9. Cracking in a residential building on the Lenin
street, 101 in Liozno (Vitebsk region) as a result of
heaving of moraine soils (2005) [10]

Puc. 9. Tpewunoobpasosanue na 30anuu HCUL020 00Md no Y.

Jlenuna, 101 6 2. Jluosno Bumebckoil obnacmu 6 pe-
3ybMame nyyeHusi MopeHHwix epyumos (2005 2.) [10]
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As a result of technogenic waterlogging of soils, their
strength and deformation characteristics change. For ex-
ample, the decrease in the angle of internal friction may
reach 10-15 %. There is a 2,0-2,5 times decrease in the
cohesion intercept of the soil, and the modulus of defor-
mation may decrease by 2,0-3,5 times. Several examples
can be cited as accidents that happened for this reason.
Thus, in the building of the joint-stock company Tech-
nopark Mogilev in Mogilev, due to uneven deformations of
the base because of flooding, inclined and vertical cracks
formed along the load-bearing walls, the basement of the
building was filled with groundwater. Reinforcement of the
outer walls with strained steel straps was carried out, sys-
tematic control of the behavior of underground and above-
ground structures of the building was established [10]. In
the town of Bykhov in the Mogilev region, in the building
of the Belagroprombank branch, due to soaking of the base
soils and uneven settlements, vertical cracks exceeding
20 mm appeared on the inner bearing wall. The repair work
did not stop new cracks from appearing [7]. The flooding
of urban areas and the often accompanying chemical and
bacterial contamination, increasing temperature and ag-
gressiveness of groundwater can lead to the destruction of
the body of the foundations, corrosion of reinforcement
and concrete, and leaching of lime mortar from rubble
foundations. Such processes are observed almost every-
where in the buildings of the old layout.
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Conclusions

Engineering-geological processes, which are wide-
spread on the territory of Belarus, are the most active and
most powerful factor in the development (or transfor-
mation) of engineering-geological conditions at the pre-
sent stage. They are also a factor that changes the engi-
neering-geological conditions of both large areas and lo-
cal areas.

Various types of engineering-geological processes
caused by human economic activity have been estab-
lished in the Republic of Belarus: 1) groundwater table
depletion as a result of land reclamation and drainage
during open-pit mining; 2) landslides, rockfall and talus
actively occurring during the creation of quarries and ex-
cavations; 3) subsidence of the earth's surface during sub-
surface mining or during the direct groundwater abstrac-
tion for water supply; 4) landslides, seismic phenomena,
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The relevance of the study is determined by the need to understand the influence of the oxidizer on the formation of acid gases (COx,
H2S, COS and CS2) during thermal decomposition of high-viscosity hydrocarbons. This is important for predicting the purification efficiency
of the produced gasification products and estimating the economic costs.

The aim: using the simulation to study the effect of an oxidizer in the form of steam on the composition and properties of asphaltene gasi-
fication products obtained from natural bitumen, as well as to determine the cleaning efficiency depending on the amount of steam and the
absorbent based on NaOH water-alkaline solution.

Object: asphaltene of natural bitumen of Ashalchinskoe field of the Tatarstan Republic (Russia), oxidizer in the form of steam, the value of
which varied from 0,1 to 1 depending on the amount of asphaltene.

Methods: simulation of asphaltene gasification and acid gas absorption taking into account influence of an oxidizer in a form of steam with
regard for basic chemical kinetics, ultimate analysis and TGA.

Simulation results of gasification and absorption showed that steam used as an oxidizer during asphaltene gasification has a significant in-
fluence on the composition and properties of gasification products, as well as on the purification of syngas. With the increase of steam, a
parabolic dependence of the concentrations of syngas components is observed, which values decrease with time, except for CO2. The
calorific value of syngas decreases from 11,3 to 7,2 MJ/m? and the cold gas efficiency increases from 53,4 to 62,5 % due to growth of syn-
gas yield. As the amount of steam increases, the amount of absorbent decreases and the purification efficiency of acid gases rises. Thus,
the amount of absorbed COz increases by 20,7 % while the absorbent decreases by 6,7 %. At the same time the amount of absorbed H2S

increased by 0,39 % with decrease of NaOH by 40,9 %.

Key words:
Asphaltene, gasification, syngas, acid gas purification, NaOH.

Introduction

According to the International Energy Agency, in 2021
global CO, emissions increased by nearly 4,8 percent to 33
Gigatons, thereby approaching the 2018-2019 peak [1].
This increase, as noted by the International Energy Agen-
cy, is due to a recovery in demand for classic energy
sources such as coal, oil and gas in the second year of the
Covid-19 pandemic. In this regard, the use of conventional
energy technologies will lead to an increase in acid gases,
which will not only worsen the environmental situation,
but also have a negative impact on energy equipment. One
way to solve this problem is to use clean technologies,
which reduce the negative impact on the environment by
significantly improving energy efficiency, sustainable use
of resources or environmental protection activities. Clean
technologies include a wide range of technologies related
to recycling, renewable energy, etc.

In this regard, the use of fuel gasification is a more envi-
ronmentally attractive technology compared to direct
combustion. According to the Global Syngas Technolo-
gies Council, there are several hundred gasification plants
work in the USA, Europe, Asia, South Africa and other
countries which process various raw materials for the
production of liquid and gaseous fuels [2]. Oil sands and
bitumen are the important sources of raw materials and
are being studied in Canada, USA, Venezuela and other
countries. According to [3], bitumen reserves are estimat-
ed at 5,9 billion tons in the United States, 24,1 hillion

DOI 10.18799/24131830/2022/4/3474

tons in Canada, and 36,4 billion tons in Venezuela.
A significant amount of bitumen in Russia is concentrated
in the Tatarstan Republic (about 7 billion tons). Gasifica-
tion of bitumen will produce syngas and related products
for various industries.

Natural gas, associated petroleum gas, syngas may
contain acid gaseous components — carbon dioxide (CO,)
and hydrogen sulfide (H,S), as well as sulfur com-
pounds — carbonyl sulfide (COS), carbon disulfide (CS,),
and other impurities that negatively affect the environ-
ment and equipment. For example, the presence of CO,
and H,S creates conditions for metal corrosion and also
reduces the efficiency of catalytic processes. In addition,
H,S and COS are highly toxic substances. Removal of
these acid gases is driven by operational, economic, and
environmental factors [4].

Various absorbents and methods, including alkanola-
mines [5], organic solvents [6], membrane separation [7],
adsorption, and biological methods [8], are used to purify
acid gases. One way to purify acid gases in industry is to
use aqueous-alkaline solutions, particularly based on so-
dium hydroxide (NaOH) [9]. One of the advantages of the
latter is that it does not contain harmful impurities. Waste
NaOH can be used for simple neutralization or in pulp
and paper mills after quality control analysis [10].

The use of NaOH today is quite widespread and still
relevant. A study [11] described the simultaneous remov-
al of gaseous NOy and SO, from the flue gases of coal-
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fired power plants, where NaOH was used as an absor-
bent in the wet scrubber cleaning process, are described.

In [12] the authors conduct a comparative analysis of
the use of different membrane contactor for effective and
selective removal of SO, from the exhaust gases of ships
using NaOH.

The authors of [13] used NaOH to reduce H,S concen-
trations in wastewater collection system wells, which re-
duced the average H,S content by a factor of about 10.

A work [14] proposes using NaOH in a scrubber to
remove H,S from the geothermal fluid in the pilot plant
of the Castelnuovo geothermal power plant. Due to the
adopted countercurrent scrubber nozzle design, H,S re-
moval efficiency was achieved and allowed high CO,
concentrations to be treated.

One of the recent works related to NaOH concerns its
application as a catalyst together with Ni to effectively
increase hydrogen production and decompose phenol in
the treatment of complex phenolic wastewater [15].

NaOH is mainly used in the form of a solution in lig-
uid form. However, the authors of the work [16] proposed
a technology for purification of flue gases of power plants
from CO, and obtaining from it a solid carbonate, which
uses NaOH in solid form.

In addition to technical solutions for the use of NaOH,
scientific research related to this alkali is being conducted.

Paper [17] presents a method for measuring CO; in
synthetic biogas by passing it through a dilute NaOH so-
lution.

The authors of the paper [18] developed a polarizable
sodium hydroxide force field for modeling the structure
and thermodynamics of concentrated NaOH solutions.
This force field allows us to describe the structural and
thermodynamic properties of NaOH salt in aqueous solu-
tions, which is confirmed with experiments for a wide
range of concentrations.

In [19] four mass transfer rate models and two en-
hancement factors were estimated using CFD modeling for
CO, uptake in aqueous NaOH solution by comparing simu-
lation results with previously published experimental data.

The purpose of this work is to evaluate the influence
of the oxidizer on the formation of syngas components
and the efficiency of its purification from acid gases us-
ing NaOH-based aqueous-alkaline solution.

Model development
Model description

Bitumen contains heteroatomic compounds, including
sulfur, oxygen, nitrogen, metals, and high-molecular oil
hydrocarbons [20]. Asphaltene of natural bitumen of the
Ashalchinskoe oilfield (Russia) was chosen as the object
of numerical simulation as a substance containing a sig-
nificant amount of carbon and hydrogen.

The ultimate analysis and properties of asphaltene un-
der study are presented in Table 1. According to work
[21] the structural formula of asphaltene was chosen.
CHNS contents were determined using elemental analyz-
er (EuroEA3000, Eurovector SpA, ltaly). The calorific
value of the sample was determined in an IKA C200 calo-
rimeter (Germany).
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Tablel.  Ultimate analysis and properties of the asphal-

tene under study

Tabnuya 1. Dnemenmuwlll GHATU3 U CEOUCMBA UCCLEOYEMO-
20 acganvmena

Formulal(I)opmyna C154H150N404S3
Carbon/Yrnepon 84,28 %
Hydrogen/Boxopo 6,47 %
Oxygen/Kucnopox 2,73 %
Nitrogen/Asor 2,4%
Sulfur/Cepa 4,12 %

Molar mass/MounsipHast macca 2,337 kg/mol/kr/mons
Calorific value/Temora cropanus 35,4 MJ/kg/MJTx/xr

Fig. 1 shows a flow chart of asphaltene gasification
and syngas purification. Asphaltene is sprayed in the in-
ternal space of the gasifier and interacts with the steam.
As a result, syngas and a solid residue in the form of un-
reacted hydrocarbon are formed. The produced syngas
containing sulfur products is directed to the absorber for
purification, where it is purified from acid gases by a
NaOH-based aqueous-alkaline solution.

Purified
syngas

Steam
Asphaltene . I

1

Heating

Evaporation of
light hydrocarbons

Gasification A

Absorption
Solid residue products
Fig. 1. Flow chart of asphaltene gasification and syngas
purification
Puc. 1. Cxema easugpuxayuu acgpanomena u ovUCmKY Cum-
me3s-easa

For the numerical simulation, steam was taken as the
oxidizer. The steam/asphaltene ratio (S/A) was chosen as
a variable parameter, on which the amount of formed gas-
ification products depends. A temperature value of
1400 °C corresponds to the gasification temperature of
heavy oil residues according to Texaco technology. The
gasification pressure was calculated based on the ideal
gas law. The values given in Table 2 were used as operat-
ing parameters for asphaltene gasification simulation.

Table2.  Operating parameters of tgasification
Taonuya 2. Pexcumnble napamempsl npoyecca 2asupuxayuu

Gasification temperature 1400 °C
Temnepartypa razudukanuu
Asphaltene flow rate/Pacxox cbipbst 100 kg/h/kr/a
Oxidizer/Okucnurens H,0 (steam)/(map)
Steam/asphaltene ratio 01-1
(S/A)/Map/achanpren '

NaOH-based aqueous-alkaline solution was chosen as
an absorbent for purification of acid gases produced dur-
ing asphaltene gasification simulation. Table 3 shows the
absorption specifications based on data from work [22].



Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2022. V. 333. 4. 215-223
Ermolaev D.V., Daminov A.Z. Influence of the oxidizer on the formation and purification efficiency of acid gases produced during asphaltene ...

Table 3.  Absorption specifications
Tabnuua 3. Xapakxmepucmuxu npoyecca abcopoyuu
Absorption temperature

Temneparypa abcopbunn

Absorbent/A6copbent

Solution concentration

KoHueHTpanus pactsopa

Molar mass/MouisipHast Mmacca

25°C

NaOH
10 % NaOH, 90 % H,0O
0,019 kg/mol/kr/mob

The methodology for evaluating the oxidizer effect on
the formation and purification efficiency of acid gases
produced during asphaltene gasification included several
steps (Fig. 2).

Asphaltene gasification model
Input data
Feedstock
Gasification parameters
Kinetics of the gasification process

Obtained data
Gasification simulation results

Validation

Syngas purification model

Input data
Absorbent
Absorplion parameters
Kinetics of the absorption process

Obtained data
Absorption simulation results

!

Validation

|

Determination of acid gas
purification efficiency depending on
the amount of oxidizer and absorbent

Fig. 2. Flow chart of research
Puc. 2. Ancopumm uccnedosanus

Stage 1 — development of the asphaltene gasification
model, including the following tasks:

e gathering information about the gasified feedstock
(elemental composition, molar mass, calorific value,
formula);

¢ determination of operating parameters of gasification (tem-
perature, oxidizer, oxidizer/feedstock ratio, flow rates);

e determination of the kinetics of gasification (initial
concentrations of reagents, gasification reactions, re-
action rate constants);

e obtaining gasification simulation results (concentra-
tions of gasification products, calorific value of syn-
gas, cold gas efficiency, gasification pressure);

o comparison of simulated results with the known data.
Stage 2 — development of the syngas purification

model, including the following tasks:

o gathering information about the absorbent (solution
composition and concentration, molar mass);

¢ determination of absorption specifications (tempera-
ture, acid gas and absorbent flow rates);

o determination of the absorption kinetics (initial con-
centrations of reagents, absorption reactions, reaction
rate constants);

e obtaining absorption simulation results (concentra-
tions of absorption products);

o comparison of simulated results with the known data.
Stage 3 — determination of acid gas purification effi-

ciency depending on the amount of oxidizer and absor-

bent, including the following tasks:

o (determination of maximum permissible concentra-
tions (MPC) of acid gases in accordance with regula-
tory documents;

o determination of the necessary amount of absorbent to
achieve safe values of the acid gas content at different
S/A ratios;

o determination of the purification efficiency of acid
gases at different S/A ratios.

Model assumptions

In order to simplify the simulation, some assumptions
are made as follows:

o The reaction of asphaltene and steam produces syngas
and a solid residue in the form of unreacted carbon
(reaction R1).

o Part of the carbon interacts with CO,, H, and steam.

e The produced dry syngas consists of CO, CO,, H,,
CH4, N, and HzS

Methods
Gasification kinetics

Gasification kinetics can be viewed as a complex of
several stages (Fig. 1). Having reached the required spray
temperature, fuel and oxidizer continue heating until mi-
crocracks form on the asphaltene surface due to water
evaporation. As a result, light hydrocarbons are released.
Then oxidation-reduction, steam-methane reforming and
water-gas shift reactions take place. At this time solid
residue and syngas are formed.

In developing the asphaltene gasification model, the
following chemical reactions were considered.

Chemical reactions with steam and asphaltene:

Asphaltene+H,0—Hy+CO+CO,+CH,+H,0+H,S+N,+C (R1)

CH,+2H,0~C0,+4H, (R2)
H,0—H,+0,50, (R3)
Steam-Reforming reaction:
CO+3Hye>CHy+H,0 (R4)
CH4+0,50,—CO+2H, (R5)
Water-gas shift reaction:
CO,+H,»CO+H,0 (R6)
Methanation reaction:
2C0+2H,CH,+CO, (R7)
Chemical reaction with carbon:
CH,—C+2H, (R8)
C+H,0CO+H, (R9)
C+2H,0-C0,+2H, (R10)
C+C0,2C0 (R11)
Chemical reactions with sulfur-containing substances:
CH,+2H,SCS,+4H, (R12)
CO,+H,S—COS+H,0 (R13)
2C0S—C0,+CS, (R14)
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CS,+2H,0—C0,+2H,S (R15)
Oxidation reaction:
C+0,50,—CO (R16)

To determine the rate constant in the reaction R1, the
experiments were carried out to determine the mass
change using TGA and DSC methods and a NETZSCH
STA 449 F3 thermal analyzer (Germany) [23].

Using the relation from work [24], the rate constant of
the second-order reaction was calculated as:

C,—C

k=—0—",
T:CyC

1 is the time, min; ¢y is the initial sample mass, kg; cis the
sample mass at time t, kg.

The obtained average value of the rate constant for the
reaction R1 was 5,997-10"°. This value was used for as-
phaltene gasification model. For the other reactions R2—
R16, the rate constants and equilibria were obtained from
the data from the works [25-27].

Kinetics of the absorption process

The absorber is supplied with a water-alkaline solu-
tion, which is sprayed onto the incoming gas and captures
the acid gases. The purified syngas is used for energy
production, and the absorption products are used as feed-
stock in various industries.

The following reactions occurring in the interaction of
hydrogen sulfide and NaOH were used for syngas absorp-
tion model [10]:

H,S+NaOH—NaHS+H,0 (R17)
H,S+2NaOH—Na,5+2H,0 (R18)

The interaction of CO, with NaOH was based on the
following kinetics [22]:

CO,+NaOH—NaHCO, (R19)
CO,+2NaOH—Na,CO3+H,0 (R20)

The produced additional organosulfur compounds also

interact with NaOH:

COS+4NaOH—Na,5+Na,COs+2H,0  (R21)

S/IA=0.1

C, mol/im3 C, mol/m?
26 26

40
—H2 ---CO --CO2 - CH4 — N2 —H2 —-CO -

[} 20 40 60
—H2 ---CO - -Cc02 CH4 N2

e T, min

CS,+6NaOH— 2Na,S+Na,CO4+3H,0 (R22)
According to Kopylov [22] the values of the reaction rate

constants for sulfur compounds [R17, R18, R21, R22] were
taken as 1,87-10* and for CO, [R19, R20] - 1,23-10°°.

Methods of data analysis

The cold gas efficiency (CGE) is defined as [28]:
CGE= (H HVgas d)) / HHeredstock

Here, ¢ is the gas yield in m3/kg HHVgas is the higher
heating value of the producer gas in MJ/m?; and HHV feeqsiook
is the higher heating value of the asphaltene in MJ/kg.

Model Validation

As for validation purpose the results of simulation of
asphaltene gasification and syngas absorption were com-
pared with known literature data. The accuracy of the
proposed models is estimated by the root mean square er-
ror (RMSE) using follow equation:

n Exp. — M .2
RMSE:JZ”( Xp, — Mod,) )

n

Here, Exp is the experimental (literary) value; Mod is
the simulated value; n is the number of values.

Results and discussion

Using Comsol Multiphysics software the following
results of the asphaltene gasification and syngas absorp-
tion simulation were obtained.

Gasification simulation results

Fig. 3 shows the non-stationary dependences of the
concentrations of the syngas components at S/A=0,1, 0,5
and 1. As can be seen from the figure, in the beginning of
gasification there is a rapid increase in the concentration
of CO and H,, then the process slows down. At the same
time, there is an increase in the concentration of CO,.
With the increase of steam, a parabolic dependence of the
concentrations of syngas components is observed, which
values decrease with time, except for CO,.

SIA=0.5

e = T, min
60

40
-co2 CH4 — N2

Fig. 3. Dependences of syngas component concentrations on time at S/A=0,1, 0,5 and 1
Puc. 3. 3asucumocmu HeCmayuOHapHbIX KOHYEHMpayuti KoMnoHenmog cunmes-zaza npu SIA=0,1,0,5 u 1
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Fig. 4 shows the dependence of the calorific value of

syngas (HHV,) on the S/A ratio. It can be seen that as the
amount of steam increases, the calorific value decreases
from 11,3 to 7,2 MJ/m®. Meanwhile, CGE increases from
53,4 t0 62,5 % due to the increase in syngas yield.
Fig. 5 shows the dependence of the change in the average
gasification pressure on S/A ratio. It can be seen that with
increasing steam, the average gasification pressure de-
clines. This is due to a decrease in the initial molar con-
centrations of the reagents as the S/A ratio increases.

HHV, kJ/m? CGE
11 500 4 r 64%

11000 4
10 500 4
10 000 -
9500 -
9000 +
8500 -
8000 4
7500
7000

F 62%

r 60%

r 58%

r 56%

F 54%

"
T T T T T T T T 52%
014 02 03 04 05 06 07 08 09 1

SIA

Fig. 4. Dependence of HHV syngas and CGE value on the
S/A ratio

Puc. 4. 3asucumocmo menniomeol ceoparust cunmes-easa u
KIIJ] 2azugpurayuu om SIA

Pressure, MPa
0.672 -
0.6700

0.668 -

0.664

0.660 -

0.656 -

0.652 4

06488 g 6482

0.648 4 0.6478 0.6474 0.6471

T T T T T T T T . S/IA
0.1 0.2 03 04 05 06 07 08 09 1

Fig. 5. Dependence of gasification pressure on S/A
Puc. 5. 3asucumocms dasnenus cazugpuxayuu om SIA

0.644

For validation of the results of asphaltene gasification
simulation, the concentrations of syngas components
were compared with the data [29, 30] at S/A=0,4 and
T=1400 °C (Fig. 6). Our results showed good conver-
gence with the results of other researchers (RMSE=4,7
and RMSE=6,13 respectively). The low values of CO
and CO; are related to the deficit of oxygen during steam
gasification.

The values of acid gas concentrations obtained during
asphaltene gasification simulation at different S/A ratios
are presented in Table 4. For comparison, the values of
maximum permissible concentrations (MPC) for acid gases
according to Sanitary-hygienic standard 2.2.5.2100-06 [31]
are also presented. The table shows that concentration of
CO, exceeds the standard by 2-5 times. For H,S this in-
dicator is higher by 3000 times. COS and CS, concentra-
tions do not exceed MPC, so we did not consider them
further.

Syngas
composition,
% vol
60%

50%
40%
30%

20%
11.8%

10.4% g gy,
10%

0.5%0,2%0.3% 0.5% 0.9% 1.3% 0.3% 0.29%0.3%

0%

H2 co co2 CH4 H2S H20 N2
=Our results  mVaezi etal (2011) = Ancheyta (2013)

Fig. 6. Comparison of the results of asphaltene gasification
simulation with the known data

Puc. 6. Cpasnenue pe3ynomamos MoOemuposanuss 2a3ughu-
Kayuu acpanbmeHos ¢ U36eCmMHbIMU OAHHbIMU

Table 4.  Obtained values of acid gas concentrations at

different S/A

Tabnuya 4. [onyuennvie 3HaueHUs KOHYESHMPAYULI KUCTBIX

2a306 npu pazauunolx SIA

CO; | H,S | cos | cs,
SIA mg/m°/mr/m®

0,1 56 109 10 307 0,251 0,936
0,2 84 894 9042 0,198 0,362
0,3 102 309 8 164 0,165 0,188
0,4 112 446 7 556 0,143 0,115
0,5 119579 7 046 0,126 0,073
0,6 124 929 6577 0,111 0,046
0,7 127 965 6 243 0,101 0,032
0,8 130 394 5901 0,001 0,022
0,9 131 815 5 626 0,084 0,016
1 132 704 5 368 0,077 0,011

MPC/TIJIK | 27000 3 10 10

Absorption simulation results

As a result of syngas purification simulation, the
values of purification efficiency and amount of absorbent
at different S/A ratios were obtained.

Fig. 7, 8 show the dependences of the absorption
degree of acid gases on the amount of absorbent at
S/A=0,1, 0,5 and 1. According to results of calculation it
is visible that with increase of steam, purification
efficiency increases and amount of required absorbent
declines. Meanwhile, the curves of CO, purification
efficiency become parabolic with increasing S/A ratio,
while for H,S it is closer to a linear dependence.

CO, absorbed
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

. . . . \NaOH/CO,
0.5 1 1.5 2 2.5 3
-#-8/A=0.1 +-S/A=0.5 % S/A=1

Fig. 7. Dependence of CO, absorbed on the absorbent at
different S/A

Puc. 7. 3asucumocmo noznowennozo CO, om abcopbenma
npu paziuunslx SIA
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H,S absorbed
100% 1

95% A
90%
85% A
80% A

75% 1

70% NaOH/H,S

05 1 15 2 25
-#-S/A=0.1 -+ S/A=05 -=-S/A=1
Fig. 8. Dependence of H,S absorbed on the absorbent at
different S/A
Puc. 8. 3asucumocme nocnowennozo H,S om abcopbenma
npu paziuunsix SIA

w

For validation the results of syngas purification simu-
lation, we compared them with the known data [32, 33]
under similar conditions (Figs. 9, 10) and they showed
good convergence (RMSE=3,62 and 4,98 respectively).

CO, absorbed
90%
e -
80% o
70% e
60%
50%
40%
30% 1 .
l
20% NaOH/CO,
0.5 1 1.5 2 2.5

—#-0ur results -#-Trisnaliani et al (2020)

Fig. 9. Comparison of the dependence of CO, absorbed
with the known data

Puc. 9. Cpasnenue 3asucumocmu noenowenus CO, ¢ us-
6eCIHbIMU OAHHBLMU

H,S absorbed
96% -
94% A
92% A
90%
88% A
86%

84% A

82% A

. : . . . . . ,NaOH/H,S
12 14 16 1.8 2 22 24 26 28 3
—#-Our results - ®-Chen et al (2001)
Fig. 10. Comparison of the dependence of H,S absorbed
with the known data

Puc. 10. Cpasnenue 3asucumocmu nocnowenus H,S ¢ uz-
6ECMHBIMU OAHHBIMU

80%

Effect of the oxidizer on acid gases

Table 5 shows the safe values of acid gases (below the
MPC value) depending on the amount of absorbent,
steam and purification efficiency. The table shows that as
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the amount of steam increases, there is a decrease in the
amount of absorbent and an increase in purification
efficiency. Thus, the amount of absorbed CO, increases
by 20,7 % (from 53,68 to 74,38 %) with a decrease in the
amount of NaOH for purification by 6,7 % (from 1,5 to
1,4). At the same time, the amount of absorbed H,S
increased by 0,39 % (from 96,34 to 96,73 %) with a
decrease in NaOH by 40,9 % (from 4,4 to 2,6). The
obtained dependence of purification efficiency on the
amount of absorbent agrees with the results of Alvarez-
Cruzetal. [34].

Table5.  Safe acid gases values at different S/A

Tabnuya 5. bezonacnuvle 3nauenuss KUCAbIX 2a308 Npu pas-
nuunbix SIA

=3 =3
S | E:| B @ |E% | 32
O |t | €8 | £ |2t | €%
S|z E=| 225 I E=| g8y
@ | 56| BRE€0 @ |gsd | |Ex
2180 | gf | 2 |£T| af
O T
0,1 15 26552 53,68 4.4 2,93 96,34
0,2 15 23808 57,05 3,6 2,96 96,38
0,3 15 22295 60,42 3,3 2,79 96,43
0,4 14 24306 63,79 3,1 2,84 96,47
0,5 14 23096 67,16 2,9 2,98 96,52
0,6 14 22284 68,61 2,8 2,95 96,56
0,7 14 21773 70,05 2,8 2,75 96,60
0,8 14 21435 71,49 2,7 2,81 96,65
0,9 14 21148 72,94 2,6 2,93 96,69
1 14 21056 74,38 2,6 2,78 96,73
Conclusions

It was revealed that steam used as an oxidizer during
asphaltene gasification has a significant effect on the
composition and properties of gasification products, as
well as on the syngas purification.

The results of asphaltene gasification simulation
showed that in the beginning of gasification there is a rap-
id increase in the concentration of CO and H,, then the
process slows down. With the increase of steam, a para-
bolic dependence of the concentrations of syngas compo-
nents is observed, which values decrease with time, ex-
cept for CO,. The calorific value of syngas decreases
from 11,3 to 7,2 MJ/m® and the cold gas efficiency in-
creases from 53,4 to 62,5 % due to an increase in syngas
yield.

Comparing the obtained concentrations of acid gases
with MPC, it was found that the concentration of CO, ex-
ceeds the standard by 2-5 times, H,S — by 3000 times.
COS and CS; concentrations do not exceed the MPC.

The results of syngas purification simulation showed
that as the amount of steam increases, there is a decrease
in the amount of absorbent and an increase in purification
efficiency. Thus, the amount of absorbed CO, increases
by 20,7 % (from 53,68 to 74,38 %) with a decrease in the
amount of NaOH for purification by 6,7 % (from 1,5 to
1,4). At the same time, the amount of absorbed H,S
increased by 0,39 % (from 96,34 to 96,73 %) with a
decrease in NaOH by 40,9 % (from 4,4 to 2,6).

This work was supported by the Ministry of Education and Sci-
ence of the Russian Federation (project no. FMEG-2021-0001).
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1 ®enepanbHblil MCCNeA0BaTENBCKUI LEHTP «KasaHCKWA Hay4HbIN LEHTP POCCUIACKON akagemuu Hayky,
Poccus, 420111, r. KasaHb, yn. Jlobauesckoro, 2/31.

AxkmyanbHocmb uccriedogaHusi onpedensiemcss He06X00UMOCMbBIO NOHUMAHUS 8/1USIHUS OKUCIUMens Ha 0bpa3osaHue KUCTbIX 2a308
(CO2, H2S, COS u CS2) 8 npouecce mepmu4ecko20 pas3ioxXeHuUs 8bICOKOBA3KUX y2neso00pod08. Imo 8axHO 07151 NPO2HO3UPOsaHUST Igh-
¢hekmugHOCMU O4YUCMKU NOMyYeHHbIX NPOOYKMO8 2a3uhuKayuU U OUEHKU SKOHOMUYECKUX 3ampam.

Lenb: ¢ nomowbro MameMamu4ecko2o MoOesuposaHus uccredosams 8USIHUE OKUCTUMENs 8 sude hapa Ha cocmas u cgolicmea npo-
Oykmos 2asucghukayuu acehanbmeHa, noMy4eHHO20 U3 NPUPOdHbIX Gumymos, a makxe onpedenumb CMeNeHU O4UCMKU 8 3a8UCUMOCMU
om Konuyecmesa napa u abcopbeHma Ha 0cHose 800HO-Weno4Ho20 pacmeopa NaOH.

O6Bexm: achanbmeH npupoOHo20 bumyma AwansyuHcKo2o mecmopoxoeHusi Pecnybnuku Tamapcman (Poccusi), okucnumens 8 sude
napa, eenu4uHa komopozo 8apbuposanack om 0,1 do 1 8 3asucumocmu om Kofuyecmaa acganbmeHa.

Memod: mamemamuyeckoe ModenuposaHue npoueccos 2a3ugpukayuu achanbmeHos u abcopbyuu Kucrbix 2a308 npu eosdelicmeuu
oKucrumens 8 sude napa ¢ y4emoM OCHO8 XUMUYECKOU KUHEMUKU, 3EMEHMHO20 U MmepMo2pasuMempuYeCcKo20 aHanu308.
Pe3ynbmambi MoOeNUpo8aHUs NPoueccos 2asugukayuu u abcopbyuu nokasasnu, Ymo nap, Ucnonb3yeMblli 8 Ka4ecmee OKUCIumens npu
2a3uchbukayuu acganbmeHos, OKa3biBaem CyWecmBeHHOe 8MuUsHUE Ha cocmag u ceolicmea npodykmos 2asuchukayuu, a makxe Ha
o4ucmKy cuHmes-2asa. C yeenuyeHuem napa HabnoOaemces napabonudeckas 3agUcCUMOCMb KOHUEeHmpayulli KOMNOHEHMO8 CUHME3-2a3a,
3HaYeHUs1 KOMOPbIX CO BPEMEHEM yMeHbwatomces, 3a uckmoyeHuem CO,. TennomeopHas cnocobHocmb cuHme3-2asa cHuxaemces ¢ 11,3
0o 7,2 MDx/m3, a KINJ easucpukayuu nogbiwaemes ¢ 53,4 0o 62,5 % 3a cyem ysenuyeHus ebixoda cuHmes-zasa. 1o Mepe pocma Konu-
yecmea napa ymeHblwaemcs Konudecmeo abcopbeHma u ygenudusaemcs aghehekmusHOCMb OYUCMKU CUHMEe3-2a3a OM KUCIbIX 2a308.
Takum o6pa3som, konuyecmso noenoweHHo2o CO2 ysenudusaemces Ha 20,7 % npu cHuxeHuu abcopberma Ha 6,7 %. lNpu amom konude-
€meo noanouieHHo20 H2S ebipocno Ha 0,39 % npu cHuxeHuu NaOH Ha 40,9 %.

Knioyeeble cnosa:
AccthbanbmeH, easughukayusi, CUHmMe3-2as, 04yucmka Kucnbix 2azos, NaOH.

Paboma svinonnena npu noddepaicke Munucmepemea obpasosanus u nayku Poccutickoli @edepayuu (Toc. 3adanue Ne FMEG-2021-0001).
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The relevance. An increase in the contribution of renewable energy sources to the generation of the autonomous hybrid energy industry is
important in order to reduce the environmental impact of diesel generator plants and decrease operating costs in the production of electri-
cal energy in smart microgrids with distributed generation, including so-called «green» generation. This issue has the highest relevance for
cell towers of mobile communication, rotational residential camps, meteorological stations and other remote consumers, the rated capacity
of which is tens to hundreds of kW.

Objective: the development of computer models for optimizing the management of the operational staff and modes of an autonomous
photo-diesel power supply system with a DC bus, so as to make it possible to minimize the operating time of a diesel generator plant by in-
creasing the contribution of the photovoltaic plant at optimal technical and economic indicators. The use of a DC bus for the electricity inte-
gration from distributed energy sources is considered promising in reducing the number of hours of inefficient operation of a diesel genera-
tor plant, which will make it possible to save diesel fuel and extend the life expectancy of the diesel generator.

Novelty. This work expands the known options for modeling and optimizing the modes of a standalone hybrid DC power plant in terms of
using an objective function with appropriate restrictions, adapting models of power equipment for the intended purposes of modeling, pre-
senting the structure of a feasibility study based on commercially available characteristics of the elements of the power supply system.
Methods. The study entails the development of computer models of the intelligent control architecture of a standalone hybrid power plant
including a photovoltaic plant, a diesel generator plant, an electric energy storage system, a remote consumer, as well as auxiliary con-
verter devices. Modeling of control processes is implemented in the Stateflow library, as well as by using the language syntax of the Matlab
high-level package, the capabilities of which are acceptable for the intended purposes.

Results. The analysis of the results shows that DC PV-diesel power supply systems can be cost-effective in all scenarios that include dif-
ferent types of batteries while for systems without power storage, DC distribution is often not cost-effective. The results will be of interest to
specialists developing or operating standalone power supply systems and organizations planning to upgrade existing diesel power plants.

Key words:
Solar energy, renewable energy, northern territories, photovoltaics, microgrid energy efficiency.

Introduction World total electricity generation: 26 936 TWh

The natural increase in demand for electricity, as well
as the forecast depletion of fossil fuels, are causing active
discussions among countries that are the leaders of the en-
ergy sector: the use of traditional hydrocarbon energy
sources has led to a significant increase in the level of car-
bonization of the air. Today, it is the growth of the carbon
footprint that is the main cause of global warming [1-3].
The concentration of carbon dioxide in the atmosphere has
increased by about 40 % since the beginning of the indus-
trial revolution [4]. Today it is feasible to improve the eco-
logical situation by the reintroduction of renewable energy
sources (RES). The contribution of RES has been increas-

Nuclear: 15.1%

Natural gas: 34.3%

Hydro: 15.1%

Non-hydro renewables Qil: 4.0%

and waste: 15.8%

ing in recent years: by the end of 2019, 30 % of the world's
electricity had been produced from RES (Fig. 1) [5]. Re-
newable energy sources such as solar, wind, hydropower,
geothermal energy and biomass, as the name suggests, are
easily renewable and relatively eco-friendly.

It has been proven that RES can be effectively and ra-
tionally used in microgrid solutions due to some technical
and economic advantages. A microgrid is a localized en-
ergy system that involves distributed generation, includ-
ing renewable energy sources, electric energy storage de-
vices, loads, a power plant and energy consumption con-
trol system, communications, etc.
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Coal:15.8%
Fig. 1. Energy balance of world electricity production, end
of 2019 [5]

Puc. 1. Dnepzemuueckuili 6ananc mMupogozo npoussoocmed
anekmposnepeuu, koney 2019 2. [5]

This is a small power system that can operate inde-
pendently or in conjunction with centralized networks.
The microgrid is capable of disconnecting from the cen-
tralized network and working autonomously in case of
critical situations: lightning strikes, storms, planned and
unplanned power outages, fallen trees, earthquakes, inter-
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actions with animals, earthworks, etc. It is RES technolo-
gies that are used as the most appropriate in terms of en-
suring an autonomous mode of operation of microgrids
that produce environmentally friendly electricity.

An urgent problem of today's research is to increase
the contribution of RES, in particular photovoltaic (PV)
systems, to the overall energy balance of the microgrid.
Attention to photoenergy is explained by a steady trend
towards improving its technical and economic character-
istics. It is this trend that has shaped the relevance of this
work: to optimize the microgrid with photo-diesel genera-
tion according to economic and environmental criteria.

Today, a common way to reduce the operating costs
of diesel AC power supply systems is the integration of
solar power plants with grid inverters, partially replacing
the generation of diesel generator (DG) plants [6-8].
A disadvantage of such systems is the limitation of the
generation capacity of the solar power plant relative to
the power of the DG in terms of the condition of the sta-
bility of the solar power plant grid inverter in the local
diesel network. It is possible to eliminate this disad-
vantage by building photodiesel power plants (PDPP) on
direct current at optimal rated capacities of power equip-
ment controlled by an intelligent control system. The
choice of rational control algorithms is of decisive im-
portance: it sets the direction of energy flows in the sys-
tem components and determines the priority of function-
ing of each energy source [9].

The authors analyzed some of the literature. In partic-
ular, B.K. Das et al. [10] presented a genetic algorithm
(GA) for the formation of costs of energy (COE), of CO,
emissions and waste heat from a standalone hybrid power
plant (SHPP). SHPP includes a PV system, an electric
energy storage system (EES), a DG and gas turbines. In
another study, I.R. Cristobal-Monreal and R. Dufo-Lopez
[11] analyzed the impact of RES on the microgrid, which
consists of an EES, DG and PV system, also using GA.
Their innovation was to take into account the monthly
ambient temperature, as well as the average solar radia-
tion. W-W. Kim et al. [12] presented the optimal structure
of the EES, taking into account the reliability and econo-
my for the microgrid. Battery state of charge (SOC) was
taken in the work as a parameter of the influence of the
entire EES on the reliability of the power system. P. Ci-
cilio et al. [13] presented a set of tools for microgrid per-
formance design and planning, as well as the optimization
of system size for power generation based on statistical
load estimates. B. Li et al. [14] proposed a method for en-
ergy flow control and sizing for an autonomous system
that includes PV, fuel cells (FC), and EES. The goal of
the work was achieved using linear integer linear pro-
gramming and constraint-based GA. B. Zhao et al. [15]
proposed a method for determining the size of important
components of an autonomous system, such as a solar
power plant, a wind power plant (WPP), an EES, and a
DG. The multi-objective function took into account the
following key performance indicators: greenhouse gas
emissions, construction costs, and renewable energy pro-
duction.

Thus, the correct energy control strategy, the optimal
value of the rated capacity of energy sources can increase

the stability of the energy system, ensure the reliability of
power supply, minimize electricity costs and increase the
contribution of renewable energy. Depending on the sys-
tem configuration and optimization goals, different ener-
gy management strategies are implemented based on dif-
ferent technical and economic criteria. These strategies
can vary in complexity, requiring the use of different op-
timization algorithms [16].

Application options of PV DC power supply systems

in the Russian Federation

In Russia, autonomous generation is a practical option
for remote consumers to access to electricity. Autono-
mous power supply systems are the most widely used to
provide electrical energy to the following groups of con-
sumers: individual consumers of small rated capacity
from units to tens of kW: cottages and country houses,
weather stations, cell towers, field facilities and expedi-
tions, farms, border, radar and navigation posts. This also
concerns domestic power consumer groups of rated ca-
pacity from tens to hundreds of kW: individual large resi-
dential buildings and districts, various social facilities,
villages, and low-rise settlements.

The objective, i. e. saving on maintenance, construc-
tion of power lines, roads and fuel delivery services, has
long been technically and economically justified for such
systems running on diesel generator plants. However, at
the current exchange rates, the cost of energy generated
from small-scale generation sources operating on fossil
fuels is at least 0,40-0,50 $ per kWh. For this reason, in-
creasing energy efficiency and the use of renewable ener-
gy are becoming extremely attractive. The scale of re-
newable energy use in Russia is still lagging behind that
in Europe or Asia, but the trend towards expansion is no-
ticeable. According to [17], more than 50 billion rubles is
spent annually from the federal budget to subsidize elec-
tricity tariffs in remote regions. Taking into account the
goals of the Russian energy strategy until 2035, it is nec-
essary to create premises for an increase in the share of
renewable energy: to achieve up to 3,7 % of the share of
RES in the total volume of commissioned power plants,
up to 2,2 % in the production of electricity from RES, and
subsequently, the replacement of local diesel generation.
Consideration of DC systems may contribute to the
achievement of these indicators.

DC photo-diesel power plants can be used for the con-
sumer groups described above. The experience of Alaska,
Norway, and the Arctic part of Canada proves the cost-
effectiveness of such solutions [18-20]. According to the
authors, the implementation of such projects will signifi-
cantly reduce the fuel delivery expenses of the budget. To
ensure high reliability of the supply to autonomous con-
sumers, the system contains a guaranteed power source: a
diesel or gasoline generator. The authors propose a block
diagram for constructing a DC photo-diesel power plant
(DC PDPP), which is advisable to use for low-power
power supply systems; it is shown in Fig. 2. In this design
of the PDPP with a DC bus, the sources are connected
through their own converters to the DC bus. The EES is
connected to the same bus through a bi-directional
DC/DC converter. The alternating current bus (AC bus) is

225



Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2022. V. 333. 4. 224-235
Lukutin B.V., Muravyev D.|. Optimization of operational control of autonomous photo-diesel power supply system with DC bus

used to connect the load to it. If there is a sufficient ener-
gy reserve in the EES, the load is powered by the PV
plant through an autonomous voltage inverter. When the
residual capacity of the EES drops below the allowable
limit (the SOC indicator is monitored), the control system
generates a control signal to turn on the generator, which
provides electricity to consumers, and the EES switches
to the charge mode.

@ PV station

DC/DC
converter

DC bus

== DC/AC
inverter

AC/DC
rectifier

»
Diesel generator

Consumer

Battery storage

Fig. 2. Scheme of a photodiesel power supply system of
small capacity

Puc. 2. Cxema cucmemvl numanusi (pomoousenvHou cucme-
Mbl MALOU MOWHOCIU

The authors propose analyzing and suggesting an up-
grade of such a microgrid for a non-industrial consumer,
the village of Kmovaara, the Republic of Karelia, Russia
(63°39' N, 31°30' E). The consumer consists of low-rise
buildings, and the village is supplied with electricity
around the clock. A feature of this consumer is that the
existing diesel-electric plant consists of four DGs with a
total capacity of 138 kW. At the same time, only one DG
[21] with a rated capacity of 32 KW is in constant opera-
tion while the rest perform the function of a reserve. It is
not difficult to conclude that all the unused DGs increase
the rated capacity of the DPP, which leads to a significant
decrease in the rated capacity utilization factor and an in-
crease in the cost of the equipment.

Methodology for optimizing DC PDPP in Matlab

In this article, the authors use the regular integer linear
programming solver of the Matlab software package,
intlinprog. The official website of MathWorks provides
help on this function [22]. The unique features of the
solver are the simplicity of the call syntax, relatively low
computational time. This meets all the necessary re-
quirements for solving the problem of optimizing the
composition of the DC PDPP. Below are the input pa-
rameters of the solver in general form:
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x(intcon) are integers
A-x<b 1)
Aeq- x =beq
Ib<x<ub

min f"x subject to

The intlinprog function (1) includes a system of con-
straints that contains variables that must be declared be-
fore the solver is called: x is the vector of the variables to
be solved for, i. e. the solver is able to optimize the func-
tion in regard to several variables; intcon is a vector that
determines which of the variables to solve for must be in-
tegers. This is followed by various kinds of restrictions:
since the required variables are a vector, the parameters A
and Aeq are matrices, because for each of the unknowns
there may be more than one restriction; Ib, ub are the
lower and upper limits for the vector of the unknown var-
iables. The main condition for the operation of the pro-
gram code is the fulfillment of the power balance.

The optimization process is carried out for each average
day of each season, i. e. 4 times. It is first necessary to calcu-
late the energy generated by the photovoltaic module in each
case. This process will be presented below. Further below is
a code fragment of the program that calls the solver:
1b = [0,0];
ub = [N_pv,W_dg];
x_all = zeros(1,2);
fval_all = zeros(1,1);
for i = 1:4

f on_i_step=f(i,[1,2]);
A_on_i_step=Aeq(i,[1,2]);
b_on_i_step=beq(i);
[x,fval]l=intlinprog(f_on_i_step,intcon,[],[]
,A_on_i step,b_on_i_step,lb,ub,options);
x_all(i,[1,2]) = x;

fval_all(i) = fval;
end

The intlinprog function is used to optimize the objec-
tive function of the total cost of building and operating
the system. This approach makes it possible to distribute
the generated power among the components of the power
system as a basis for maximizing the technical and eco-
nomic advantages of DC technology. Below there is the
objective minimization function (2):

f(X) =nC2YW,, +n,C2W, . +nCEW, ., (2

spec spec spec

where Wpy, Wpe, and Wees are the actual annual electrici-
ty generation by each generating source, as well as the
amount of energy stored in the EES; Cy,. .CO%, ,CEES
are the specific costs for the generation of 1 kWh by each
generating source; ng, Ny, Ny are the vectors of required
variables: the optimal number of photovoltaic modules,
part of the energy taken from the DG, the optimal number
of EES monablocks, respectively. The system of re-
strictions for the objective function (3) is presented below:

n,n,,n, >0;

PV .
nl < nmax 1

n, <Wgg:
W, +NWpe + NWeeg =W, ®)

load *
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As initial data, we use the nominal data of the equip-
ment, insolation values in the area of the power supply
facility, ambient temperature, the calculated data on the
orientation of the photovoltaic module in space, as well as
the proposed options for the location of the photovoltaic
power station. Based on these data, the actual annual
electricity generation from one photovoltaic module is
determined. Next, the unit costs per unit of generated
electricity are calculated for the resulting annual output.
By minimizing the objective cost function (2), we deter-
mine the optimal number of reference photovoltaic mod-
ules for each season, the expected use of energy from the
DG, and the number of EES monoblocks.
W_sum_pv_y = 0;
for i = 1:4

W_sum_pv_s = 0;

for j = 1:24

W pv = KPD_pv * S _pv * Insol(i,j);
W_sum_pv_s = W_sum_pv_s + W_pv;
end

if W_sum_pv_s > P_nom_pv / 1000
W_sum_pv_s = P_nom_pv / 1000;

end

W_sum_pv_s = W_sum_pv_s * 90;
W_sum_pv_y = W_sum_pv_y + W_sum_pv_s;
end

In the presented fragment of the program code, the
calculation is carried out according to the principle of
summing the energy generated by each PV module for
each hour of the average day of each season. Two nested
for loops are declared. They change the season and the
average day, respectively. Throughout the program code,
the variable i means the number of the season (the first
season is summer), the variable j means the current hour.
The code provides for the limitation of electricity genera-
tion by one photovoltaic module, based on its maximum
(nominal) power. In this regard, every hour we check
whether the generated hourly energy exceeds the limit set
in the source data (the variable W_sum_pv_s). If the limit
is not exceeded, then the hourly energy is calculated ac-
cording to a linear functional dependence; otherwise, it is
limited by the maximum (nominal) power. Next, the vol-
ume of electricity for each season is calculated by evalu-
ating daily — not hourly — energy by 90 days.

After determining the actual annual energy, it is neces-
sary to calculate its cost and the profitability of using cer-
tain sources compared to others. The authors conclude that
today the dependences of the cost of rated capacity units of
PV plant equipment on their nominal rated capacities are
close to linear; therefore, the optimization results are flexi-
ble and the recommended number of reference elements
can be replaced by a proportional number of elements with
other rated capacities. However, this statement is hardly
applicable to EES; therefore, it is necessary to provide for a
more accurate, hourly calculation of the energy defi-
cit/surplus and determine the number of references EES
monoblocks recommended for installation. For a PV elec-
tric system, the costs are calculated approximately, taking
into account only the main components. The yearly
maintenance costs of a photovoltaic module are determined
and the resulting annual costs (4) are divided by each kWh
of electricity generated per season.

s PV
- Price

(L 4
spec I—Tpv W ( )

sum_pv_y

where Price” is the price of one photovoltaic module;
LTpy is the nominal service life. Accounting for the cost
of operating a DG (5) consists of two components: the
cost of the apparatus and the cost of fuel. Fuel consump-
tion is given at the average load factor (Load_factor2) of
the average day of each season:

oG Fuel _cost

e | gad _ factor2- Pnom,DG

Price®®
+ , ()
Load _ factor2-P,,, 8760 LT,

where Fuel_cost is the cost of fuel; Price®® is the price of
a DG; LTpg is its service life.

The main criterion of cost-effectiveness is the cost of
1 kWh of electricity (6). This criterion is determined
based on the following expression:

1-K+C

COE=1 (6)
rated
where Praeq iS the rated capacity of the power supply fa-
cility (kW); K is the total investment in the power plant, $;
T is the economic service life of the equipment, years;
C is the total annual operating costs, $.

By this time, the number of photovoltaic modules has
been determined, as well as the predicted use of DG power.
Since weather conditions are predictable only statistically
and pre-calculated RES capacities are not always available,
it is impossible to specify the exact number of batteries
necessary and sufficient for the uninterrupted power supply
to the load. To guarantee the supply to the load during pe-
riods when it is impossible to generate sufficient energy
from RES, for example, in winter, or in case of emergency
situations, the following method is proposed for determin-
ing the number of batteries in the EES.
Nb=zeros(1,4);

Cost_bl=zeros(1,4);
Cost_b2=zeros(1,4);
for i = 1:4

Wb=0;

for j = 1:24

if Del(i,j) < @

Wb = Wb + Del(i,j);

end

end

Nb(i) = round(-Wb / P_bl);
Cost_b1(i)=round(Nb(i) * Price bl / LT bl / 365);
Cost_b2(i)=round(Nb(i) * Price b2 / LT b2 / 365);
end

The unbalance matrix Del(i,j) was preliminarily
formed: the energy deficit or surplus was determined
hourly for each average day of the season. Next, the
available total hourly energy of all photovoltaic modules
is determined (the process is similar to the annual output
of photovoltaic modules that were presented above), then
the energy required by the load at a given hour is sub-
tracted from the obtained value. It is necessary to exclude
any energy surplus from the resulting matrix and analyze
only scarce hours. After the minimization of the cost
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function, the estimated use of DG power will be indicated
for each average day; therefore, it is necessary to mitigate
the most scarce hours with this energy. When all the es-
timated energy of the DG has been used, the remaining
total energy deficit for the day is calculated. This amount
of energy should be covered by EES monoblocks.

The authors propose considering two types of storage
technologies that have become frequently used in solar
power plants: lithium iron phosphate batteries (LiFePOy,
LFP) and armored subclass of batteries (OPzS). These
technologies meet the requirements of PV power plants:
high cycling (number of sustained charge/discharge cycles),
low self-discharge, a wide operating temperature range,
minimal maintenance, and the acceptability of deep dis-
charge (up to 80 %). Such technologies have a significant
resource for cyclic operation in summer, as well as a good

potential for a predominantly buffer operation in winter.
The authors compare these technologies and give their rec-
ommendations for their use as part of DC PDPP.

Results and discussion

Case A. The technical indicators of the Kimovaara
power supply system without upgrading to DC PDPP are
shown in Fig. 3. An autonomous power supply system
based on a DG operates at extremely high consumption of
diesel fuel per 1 kWh, a significant level of anthropogenic
impact on the environment, as well as an unsatisfactory net
capacity factor (NCF) of the DG. The generator is operated
in such modes in accordance with the energy consumption
schedule, with a life expectancy of more than 3000 hours.
A detailed analysis of the system is presented below.

=O==\\/_load_sum ==@=\\_load_wint

Power, kW
= [
[e°] - N

(4]

2

12:00 AM 3:00 AM 6:00 AM 9:00 AM

12:00 PM

3:00 PM 6:00 PM 9:00 PM

045

e=Om=NCF_sSum e=@==|F sum == == Bottom limit

3:00 AM 6:00 AM 9:00 AM
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Ratio
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Fig. 3. Indicators of the Kimovaara power supply system for summer and winter days (Matlab)
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6:00 AM 9:00 AM

The dependence of the inefficient use of the electricity
generated from the DG, as well as the indicator of elec-
tricity demand for a specific hour (W_load_sum,
W _load_wint), are shown on the time scale of the average
summer and winter days (NCF). The DG in operation
does not provide the desired load in the range between 30
(bottom limit) and 85 % of the rated load (the LF indica-
tor). Most of the time, both seasons are characterized by
low consumption, which significantly increases the fuel
consumption rate, which averages 0,42 kg/lkWh. An addi-
tional negative effect is manifested in the form of a car-
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bonization caused by the accumulation of unburned fuel
fractions in the cylinders, which, in its turn, adversely af-
fects the engine life of the diesel engine (7).

Table 1. Emission costs and emission factors
Taonuya 1. Cmoumocms u HaumeHo8aHUe 8bIOPOCOE

Emission factor Costs per 1-ton emissions, $/t
HaumenoBanue CtouMoCTh BBIOpOCA KOMITOHEHTA
BEIOpOCca 3alT, $/t
CO, 1,45
NOy 1,87
SO, 0,61
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Table 1 shows the cost of emissions of pollutants in
accordance with Russian legislation, where the
Kimovaara DG produces 2,35 tons of emissions of air
pollutants per year.

This number is determined based on the following ex-
pression:

=3, @
" 1000
g is the specific mass emission of the i-th substance per
1 kg of diesel fuel; Gy, is the DG fuel consumption per year.

The graphs in Fig. 3 do not show significant fluctua-
tions between summer and winter consumption. Most of
the energy is consumed by 120 local residents for electric
heating. In summer, there is a clear difference between
morning and evening with insignificant fluctuation. The
peak of energy production is 13 kWh (6:00 PM — 7:00 PM)
in summer and 18 kWh (8:00 PM — 9:00 PM) in winter.
The base load on the system is 9 kW with 90 % accuracy.

Table 2.  Parameters of the diesel generator AKSA AJD 45 [21]

Tabnuya 2. Iapamempor dusenv-2enepamopa AKSA AID 45 [21]

AKSA Parameter Value

AJD 45 Iapamerp 3HaueHue
Maximum power
MakcumasbHasi MOLHOCT 32 kW/xBr
Output voltage

=] BrIX01HOE HANPSKEHHE 380/400
Fuel cons. prime with 75 % load V (AC)/B (AC)
Pacxon TornmBa npu 75 % Harpyske 7,5 It/hrin/a
Price/llena 11700 $
Life cycle/Cpok ciyx0bl 10 years/ner

The technical parameters of DG of interest are collat-
ed and presented in Table 2. The operation of one DG
with a capital cost of about $18,000 also entails mainte-
nance costs of about $2,000 per year, where most of the
operating costs are the cost of diesel fuel and its delivery,
which in its turn costs $21,980 per year. These economic

50

indicators formed a high cost of electricity generated for
the autonomous consumer, 0,48 $/kWh. The cost of fuel,
which accounts for the largest share of total costs, can be
reduced with the use of a DC PDPP. Partially, this is con-
firmed by the fact that the operating costs of the DG are a
function of the power demand, which is clearly seen in
dependence (5), because there is no other generating
source that could satisfy the load requirements.

The authors emphasize that the configuration of an au-
tonomous DG is unjustified, primarily from an environ-
mental and economic point of view, due to its high fuel
consumption, any hikes in the cost of which significantly
affects the total costs. However, due to the results ob-
tained from other studies [23, 24], in the conditions of
continuous operation in the specified DG modes, it may
seem worth considering alternative designs of inverter-
type DGs in AC systems.

Case B. The results of the system analysis using the
intlinprog solver made it possible to develop various ener-
gy management strategies for the classic seasons in terms
of power consumption: summer and winter. These strate-
gies are also applicable to the transitional seasons of the
year (spring, autumn), in which pronounced fluctuations in
insolation, ambient temperature, and load are observed. Of
course, for the transitional seasons, alternative regimes
should be provided for the priority of the operation of gen-
erating sources. Based on the solution of the program, it
follows that the most economically justified season of «de-
lay» for the design of a DC PDPP is summer. However, the
use of only the PV plant-EES combination as the cheapest
and most efficient is not always possible, as there are a
number of limitations, for example, the inability of the mu-
nicipality of the power supply facility to allocate several
hundred square meters, and sometimes even kilometers, for
photovoltaic modules. The code of the program takes into
account this nuance, which limits the stationing area of
photovoltaic modules in current case study to 210 m”,
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Fig. 4. Indicators of a DC PV-diesel power supply system for a summer day in Matlab
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Technical indicators for the average summer day of
the power supply system after upgrading to a PDPP on di-
rect current are shown in Fig. 4. The PV energy varies
depending on the amount of incoming solar radiation
(W_pv). In the absence of PV energy, the exchange ener-
gy of the EES discharge follows the change in the level of
power consumption (W_discharge). The voltage on the
DC bus remains constant despite the PV plant changes
during the period from 07:00 AM to 4:00 PM, the PV

plant generates more power than it is required by the load.

To determine the excess in the program code, the stand-
ard Matlab function trapz (x,y) was used, which returns in
numerical form the area of the trapezoid between the
PV_output and W_load functions. In doing so, based on
results for the summer season, the Matlab intlinprog solv-
er offers 165 photovoltaic modules as the minimum in
terms of solving the objective cost function (2). The
Matlab trapz (x,y) function has determined 147 kWh of
electrical energy for 10 hours of excess generation for the
accumulation in the EES. The number of hours of auton-
omous power supply from the EES is determined by the
requirements of the consumer, and in most cases is be-
tween 6 and 24 hours. Fig. 4 shows that during this time
the SOC indicator increases, remaining within the operat-
ing limits of the optimal operation of the cyclic mode,
from 20 to 95 %.

It should be noted that the proposed SOC change
graph in Fig. 4 is an iteratively tested result of supplying
during three successive average summer days, starting
with a fully charged EES. Thus, the capacity of the EES
is enough to ensure the same operation mode for the next
summer day, even with an initial charge level of 47,5 %,
provided that the outcome is unfavorable in terms of the
level of solar radiation, as well as the ambient tempera-
ture. The NCF indicator was calculated taking into ac-
count the joint work of the generation of the PV plant and
the charge/discharge of the EES. The NCF varies from 16
to 24 % over time, taking into account the correction for
the efficiency of the charge/discharge of the EES, as well
as the efficiency of the DC/DC converter devices. The
technical indicators of the photovoltaic module are pre-
sented in Table 3.

Table3.  Parameters of the monocrystalline solar module
SilaSolar 200W

Tabnuya 3. Illapamempvr MOHOKPUCMANIUYECKO20 CONIHEY-
nozo mooyns SilaSolar 200W

The constant and noticeable reduction in prices for re-
newable energy generating equipment has led to the fact
that batteries are becoming the most expensive element of
the energy complex. In addition, batteries, with their rela-
tively short lifespan, are expendable in practice. It is nec-
essary to pay special attention to the choice of batteries
for the project, as well as their subsequent correct opera-
tion. Typically, in the documentation for batteries, manu-
facturers indicate the service life in buffer mode and un-
der ideal operating conditions (temperature 20 °C, rare
shallow discharges, constant optimal charge). Even in a
system with a backup, it is difficult to provide such con-
ditions; in an autonomous system, batteries operate in the
most difficult cyclic mode, charge/discharge.

Table 4 shows the main technical and economic indi-
cators of two types of batteries: LFP and OPzS, a com-
parison of which should help to make quality recommen-
dations for EES use for various consumer groups. A wide
range of batteries on the market allows choosing the right
ones for a particular consumer, taking into account their
territorial, temperature, and regime features.

Table 4.  Comparison of batteries for DC PV-diesel pow-
er supply system [25]
Tabnuya 4. Cpagnenue axkymyasmopos 0is ¢omoousens-

HOU cucmembl 2NEKMPOCHAOICEHUS. NOCMOAH-
Ho2o moka [25]

Parameter/ITapamerp LiFePO, OPzS
Nominal voltage
HomuHanbHOE HANpsHKEHHE 3,22 V/B 2,0V/B
Usable capacity/Pa6ouas émkocTsb 90 % 80 %
Efficiency of battery/KI1J] Garapen 92 % 88 %
Operating temperature range
Jluana3on pabo4ux Temmeparyp 0...+45°C |-20...+50°C

Cost/Cronmocts 65 34
Lifespan (stand-alone)

Cpok cityk0bl (aBTOHOMHBIIA)
Lifespan (floating)

Cpoxk cinyx6s (6ydepHsIit)

$/KWh/kBT-u
20 years/ner
30 years/mer

$/KWh/kBtu
12 years/ier
17 years/ner

Number of cycles (DoD=80 %) 5000 1500
Komnmnuecrso mmkios (DoD=80 %)

Environmental friendliness High Medium
DKOJOTMYHOCTH TEXHOJIOIHU Bricokas Cpenusis
Cost of operating and maintenance Not required 18
Croumocts obcimykuBanus U pemonta | He tpebyercst | $/year/$/ron

SilaSolar Parameter Value
200W IMapamerp 3HaveHne
Maximum power
MaxkcumainbHasi MOIIHOCTb 200 W/Bt
Optimum operating voltage
OnrumanbHOoe pabovuee HATPSHKEHHE 36,7 V/IB
Efficiency of solar module
KII/] comnHeqHOro MOIyist 172 %
Temperature range
TemmnepatypHblii 1HanazoH —40...+85°C
Solar module area/TInomans mogymst | 1,28 m%/u?
| | Degradation factor per year
®daxTop Jierpajayu 3a roj 0,6 %
Price/llena 120 $
Life cycle/Cpoxk ciyx06bt 30 years/net
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The test results show that the energy management
strategy to minimize the operation of the DG is working
correctly. It should be concluded that all components of
the system work correctly, namely, the load schedule is
fully supplied with energy, the EES unit switches as it
discharges/charges in accordance with the developed op-
eration logic. Let us consider the case where during the
hours of shortage of energy stored in the EES and the en-
ergy of the FES, the DG should be started (autumn). In
such cases, the DG is operated in such a way as to gener-
ate a power deficit if the exchange energy of the PV and
EES do not meet the load requirements.

According to the results shown in Fig. 5, electricity
generation from the DG is inefficient: the DG plans to
cover the load demand in the morning hours from 03:00
AM to 08:00 AM, where the average 6-hour NCF is 8 %,
the DG load factor (CSF_dg) will be 21 % on average.
From 08:00 AM to 11:00 PM, the DG is completely disa-
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bled due to generation from the PV plant-EES combina-
tion. During this time, the power generated by the PV can
satisfy the load demand, while the excess electrical ener-
gy is used to charge the EES. The charge capacity of the
EES will be enough to ensure the same operation mode
for the next autumn day, even with an initial charge level
of 35,7 %, provided that the outcome is unfavorable in
terms of the level of solar radiation, as well as the ambi-
ent temperature. Taking into account the obtained data, it
is recommended that the option of installing two diesel
generator units with a lower nominal value be considered.
These will operate simultaneously during the seasons
with maximum load consumption (winter) while using

45

the diesel generator resource more efficiently. To model
the mode of PDPP operation on a winter day, the input
data were also changed. The performance of the PDPP
system at a low level of PV power generation is shown in
Fig. 6. The PV power generation is less than the required
load from 09:00 AM to 03:00 PM. Based on the input pa-
rameters and operating conditions of the control logic of
the central controller, the system responds to the imple-
mentation of the mode of using the EES to equalize the
load curves of the DG, participating in peak coverage.
Until 09:00 AM, the DG provides the load in full. The
EES is in the state of running in the discharge mode at
times of the peak voltage drop on the DC bus.
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Fig. 5. Indicators of a DC PV-diesel power supply system for an autumn day in Matlab
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Fig. 6. Indicators of a DC PV-diesel power supply system for a winter day in Matlab
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Fig. 6 shows the EES and DG performance during their
joint operation. After the morning and evening peaks, it can
be seen that the EES-PV plant combination receives suffi-
cient charging power to supply the next day (parameter
SOC). However, the current command generated by the
power controller performs a fast recuperation of the load
power without optimizing the optimal load of the DG. This
condition can be achieved by discharging the battery by
supplying a proportional current according to the character-
istics of the DC/DC converter. In this case, it is necessary
to consider a rectifier DG with a controlled converter link.

The graphs in Fig. 6 show that the developed ex-
change energy management and control system is accept-
ably operable in the absence of sufficient electricity gen-
eration from renewable sources. A smooth transition be-
tween the charge and discharge states is also observed
under different input conditions.

Conclusions

In this research paper, the authors explored the cost,
technical and environmental benefits that can be gained
from upgrading a standalone power system to a DC PV-
diesel power supply system. The initial data of the analy-
sis are the latitude of the area, the atmospheric transpar-
ency index, the albedo of the earth's surface, the number
of the day of the year, the azimuthal and vertical angles of
installation of photovoltaic panels, the average daily air
temperature, the technical characteristics of the PV plant,
as well as the characteristics of the EES and DG. The
studies were carried out using the Matlab software pack-
age. Original code for optimizing the composition of a
DC PV-diesel power supply system was developed.

The simulation results showed that the program code
makes it possible to justify the choice of the optimal op-
erating mode of the power plant, the required capacity of
storage devices, rated capacity and rated voltage of the
photovoltaic panels. It also helps determine effective al-
gorithms for managing the energy complex. Various
combinations of accumulators as part of a DC PDPP are
considered. Thus, a decrease in the level of fuel consump-
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! HauuoHanbHbI nccnegoBatensCkuii TOMCKMIA NONUTEXHUYECUI YHUBEPCUTET,
Poccus, 634050, r. Tomck, np. JleHuHa, 30.

AkmyanbHocmb. YeenudeHue exnada 80306H08MSEMbIX SHEP2OHOCUMENel 8 2eHepayUr0 a8MOHOMHO20 2UbPUOHO20 3HEP2emuUYeCcKo20
Komnnekca akmyarnbHO 075 CHUWXeHUs 8o3delicmeusi Ha OKpyxXatouyyto cpedy Ou3esb-2eHePamopHbIX yCMaHOBOK U YMEHbWEHUS IKCny-
amauyuoHHbIX u3depxek npu npou3godcmee anekmpu4eckoli IHepauU 8 UHMEIeKmyarbHbIX MUKpocemsix ¢ pacnpedenéHHol, 8 mom
yucne «3enéHoll», eeHepayuel. Haubonee akmyaneH 3mom eonpoc Ons ComosbIX 8biwek MOOUMbHOU C8A3U, 8aXMO8bIX XUIbIX NOCEN-
K08, Memeopornoaudeckux cmanyull u Opyeux OeyeHmpanu3osaxHbIx nompebumenel, ycmaHoeIeHHash MOWHOCMb KOMOPbIX cOCMas-
nisiem 0ecamKu—comHu kBm.

Lenb: paspabomka KomnblomepHbIx Modenieli onmuMu3ayuu ynpaeneHusi onepamugHbIM COCMasoM U pexuMamu asmoHoMHol ¢homo-
OusenbHOU cucmeMbl 31EKMPOCHABKEHUST C WUHOU NOCMOSIHHO20 MOKa, NO3BOMSIOWUX MUHUMU3UPO8aMb epeMsi pabombl Au3esb-
2eHepamopHoU ycmaHoBKU 3a CYEM yeenudeHus exknada homoanekmpuyeckol cmanyuu npu onMuUMasTbHbIX MEXHUKO-3KOHOMUYECKUX
nokasamerisix. Mlcnonb3oeaHue WuHbI NOCMOSIHHO20 Moka 0151 UHmezpayuu 31ekmposHepauu om pacnpedenéHHbIX 3HeP2OUCMOYHUKO8
paccMampugaemcs Kak nepcnekmugHb Il 8apuaHm yMeHbWEHUS Konudecmsa Yyacos HeaghghekmusHoU pabombi OU3esb-2eHepamopHoU
YCMaHoBKuU, Ymo No3gOSIUM CYUECMBEHHO SKOHOMUMb AU3EbHOE MONIUBO U NPOANUMBL MOMOPECYPC AU3enb-2eHepamopa.

HoeusHa. [JaHHas paboma pacwiupsiem u3eeCmHble eapuaHmbl MOOEIUPOBaHUST U ONMUMU3AUUU PEXUMO8 a8MOHOMHOU 2ubpudHOl
3HEepeemu4ecKoll ycmaHoBKU Ha NOCMOSIHHOM MOKE 6 nnaHe UCNOMb308aHUs KpumepuanbHol Uenegol (hyHKUUU ¢ COOmeememeayouu-
MU 02paHu4eHusMu, adanmayueli Modenell sHepeemuyeckozo 0bopydosaHus O nocmassneHHbIX yenell modenuposaHnus, npedcmas-
JIEHUEM CMPYKMYypPb! MEXHUKO-3KOHOMUYECKO20 aHasu3a, 0CHO8aHHOU Ha KoMMepYecku 00CMYnHbIX Xapakmepucmukax 31eMeHmoe cu-
CMEMbI 371EKMPOCHABKEHUS.

Memods1. Vccnedosanue npedycmampusaem paspabomky KoMnbomepHbIX Modenell UHMennekmyansHol apxumekmypbl ynpagneHust
aBMOHOMHO020 2UbPUOHO20 IHEP2EMUYECK020 Komniiekca Ha 6a3e homoanekmpuyeckoll cmaHyuu, Ousesb-2eHepamopHoOU ycmaHoeKU,
cucmemb| HakoNfeHUs anekmpuyeckoli sHepauu, OeyeHmpanu3oeaHHo20 nompebumens, a makxe 8cnomo2amerbHbIX npeobpasoga-
menbHbIX yempoticme. ModenuposaHue npoueccos ynpaeneHus peanusyemcs e 6ubnuomeke Stateflow, a makxe ucnonb308aHuUeM
CUHMaKcuca si3bIka nakema 8bIcokoeo ypoeHs Matlab, eoamoxHocmu komopoeo npuemnemb Ot nocmaeneHHbIx yened.

Pesynbmamel. AHanu3 pe3ynbmamos nokasbigaem, Ymo pomodusesibHble CUCMEMbI 31EKMPOCHabXeEHUSI Ha NOCMOSHHOM MOKe MO-
2ym 6bImb 3KOHOMUYECKU 3GhheKMUBHBIMU 80 8CEX CUEHAPUSIX, KOMOPbIE 8KT0Yam 6 cebs pasHbile 8UdbI akKyMynsamopHbix 6amaped,
moe0a Kak 0n1s1 cucmem 63 akkyMynuposaHusi 31eKmposHepauu pacnpedesieHue NOCMOSHHO20 MoKa 4acmo He S6/IIemcs SKOHOMUYe-
cKu aghgpexkmugHbiM. Pe3ynbmambi 6ydym uHmepecHs! cneyuanucmam, paspabambi8aloujum umu 3KCnyamupyowuM agmoHOMHBIE CU-
CMeMbI 371IEKMPOCHABKEHUS, U Op2aHU3auusiM, NaHUPYIOWUM MOOEPHU3AUUI0 CYLUeCMBYIOUX OU3eTb-31eKmPUYecKUX cmaHyud.

Knroyeenie cnosa:
ConHeyHasi aHepausi, 80300HOBISIEMasi SHEP2emuKa, CEBEPHbIE MePPUMOPUL,
¢homoanekmpuyecmso, 3HeP203hheKMUBHOCMb, MUKPOCEMU.
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AxkmyanbHocmb 06ycrioeneHa meM, Ymo 3M1eKmMpPOIHepeemuYecKUe cucmembl HeghmezasonpoMbiciosbix nompebumeneli npedcmas-
JIEHbI NPEUMYLECMBEHHO 8030YLWHBIMU MUHUSMU 311eKmponepedayu, 8bINOTHEHHbIMU HEU30UPO8aHHBIMU 8UMbIMU NposodamMu muna A,
AC. lNpu amom Ha 0o 8030ywHbIX MUHUL Knacca HanpsixeHust 6-35 kB, akcnnyamupyembix 6onee 35 nem, npuxodumces nopsdka 55 %
om eceli npomsiXeHHOCMU fUHUL AaHHO20 Klacca HanpsSXeHusi, Ymo 2080pum o Heobxodumocmu ux ModepHu3ayuu 8 briuxaliwem 6y-
Oywiem. Mmes HU3Kyo cmoumocmb U Xopowiue nokazamesu menoomadayu, daHHble npogoda ycmynatom Opy2uM munam 8 Ha0exHocmu
U MexaHu4yeckol npoyHocmu npu 8emposoll U 20/10M1edHOl Hagpyskax. B mMeHbwell cmeneHu 8 3eKmpo3IHepaemuYeckux cucmemax
Heghmeza3zonpombicioskix nompebumeneli npedcmagneHb! CaMoHeCyu ue U30nupo8aHHbie npogoda, obnadaroujue, 00HaKo, MeHbwel
mennoomoayeli 8 cpagHeHuu ¢ A u AC npogodamu. C yenbi y8enuyeHuUsi MexaHu4ecKoll NpoYHOCMU 8 cucmemax anekmpocHabXeHus
ucnons3ytom nposoda muna ACBIT, AAAC, ACCC, Aero-Z u dpyaue, makxe ycmynatoujue npogodam muna A u AC e mennoomdave. Ta-
Kum 06pa3oM, NOUCK HOBbIX MEXHUYECKUX peweHUl U 060CHO8aHHbIU 8bI60P MUNog NPogod0o8 ¢ MOYKU 3PEHUS IHEP203hhekmusHOCMU
nepedayu anekmpuyeckoll 3Hepeuu ¢ yyemom Oelicmeus Ha HUX MEXaHUYECKUX Haepy30K SI8NAOMCS akmyarbHbIMU Hay4yHo-
mexHu4yeckumu 3adayamu.

Llenb: ysenuyeHue nponyckHOU cnoCOBHOCMU 311eKMPUYECKOl cemu U nogbIeHUe 3Hepa03ghhexmugHocmu Oelicmayrouieli arekmpo-
3HEepeemu4ecKoll cucmeMb| Heghmeea3onpoMbIcosbix nompebumeneli

O6BekmbI: 37IeKMPOIHEP2eMUYECKasi cucmema Heghme2a3onpombiciosbix nompebumenel, npedcmasneHHas pacnpedenumesnsHol
3M1eKMPUYECKOU Cembio, 8bINOTHEHHOU 8030yWHbIMU UHUAMU 3nekmponepedayu. lMpedmem uccredos8aHUs — 3a8UCUMOCMb NPONYCK-
HOU cnocobHocmu anekmpuyeckol cemu U 3Hep20aghhekmugHocmuU nepedayu anekmpuyeckoll 3Hepeuu IUHUU dnekmponepedayu om
KOHCmpyKyuu npogoda 8030yWHOU MUHUU.

Memodb1: mameMamuyecko2o aHanu3a, NOMOXeHUs MeoPemUYECcKUX OCHO8 3/IEKMPOMEXHUKU, MameMamu4eckoe ModenuposaHue 8
npozpammHom Komnnekce RastrWin3.

Pesynsmambl. B npouecce MameMamu4ecko20 MOOenuposaHusi yCmaHOB/EHO, YMO NpuMeHeHue npedioXeHHOU asmopamu SHep-
203¢hchekmusHoll KOHCMPYKYUU hpogoda cnocobHO CHU3UMb OnepayUOHHbIe 3ampambl Ha NOMePU dNIEKMPO3HEPaUU Ha NPOBIEMHbIX
ydacmkax 8030ywHbIX AuHull Ha 11,8 %. Mpu amom nponyckHasi cnocoBHOCMb PEKOHCMPYUPYEMbIX y4acmkoe anekmpudeckol cemu
yeenuqumcs Ha 19,6 % 6e3 cmpoumenscmea dononHumenbHbIx BJ1-6 kB.

Knioueenie cnoea:
OnekmpoaHepaemudeckas cucmema, Heghme2asonpoMbICIIo8ble Nompebumenu, 8030ywHasi NIUHUS 3ekmponepedadu,
3HEP203(hheKMUBHOCMb, NPONYCKHAS CNOCOBHOCMb AIEKMPUYECKol cemu.

BeegeHve HarpaBJICHHBIX Ha HEMPEPHIBHOE U 0€3aBapUIHOE 3MEKTPO-
B HacTosimee BpeMs B dNIEKTPOJHEPTETHUECKHX CHCTeMax — CHAOXKeHHe dMmeKTponpreMHikos [1]. K ocHOBHbIM 3a1auam
HedyTera3onpomeIcioBsIx TotpebuTeneiin (ICHIT) Habmio- — PASBHTHS SIICKTPOIHEPrETHUCCKHX CHCTEM He(pTerasonpo-
JIaeTCS 3HAYUTENBHOE PA3BUTUE TEXHUKA U TEXHONOTWH,  MBICIOBBIX notpeuTeneii cneayer otrecTH [2-7]:
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1. CoBepuIeHCTBOBaHUE TEXHONOTHYECKOTO YIIPABICHUS
ANEKTPOIHEPTETHYECKUMH O0BEKTAMU ¥ TIPHMEHEHHE
COBPEMEHHBIX METOAOB IUIAHMPOBAHHS PA3BHUTHS,
BKJII0YAs IPUHIUIEI CHCTEMHOTO aHAIH3A.

2. BHenpeHne cOBpeMEHHBIX TEXHOJOTHH 3KCIITyaTa-
IIMH, TOBBILIAIOMHX 3)()EKTHBHOCTH MPOLECCOB MPo-
M3BOJICTBA, TIepeladn, pacmpejeleHis H moTpedie-
HIS STIEKTPUYECKON SHEPIHH C HCIONB30BAHHEM CO-
BPEMEHHBIX CPEICTB JUATHOCTHKH, MOHUTOPHUHTIA,
UICHTU(DHUKALNY, & TaKkKe TeXHUYECKHX U HHpOpMa-
IIOHHO-U3MEPUTENBHBIX CUCTEM.

3. OOecmeueHre JOCTAaTOYHOW HAEKHOCTH 3NEKTPO-
CHAOKEHHUSL.

4. Pa3paboTka 3KOHOMHUYECKH 000CHOBaHHBIX MEPOIpH-
ATHH TI0 CHIDKGHHIO IOTEPh MOIIHOCTH M 3IEKTPO-
JHEPIUM B HNEKTPHUECKUX CETAX.

5. IlepcrekTHBHOE TUIAHMPOBAHHE PA3BUTHS JIEKTPHYC-
CKHX CHCTEM C TIPHMECHEHHEM aKTYalbHBIX JOCTIDKE-
HUH HAYKH ¥ TCXHUKH, BHEAPCHUC MHHOBAIIMOHHBIX
TEXHUYECKUX PEIICHUH M TEXHOJOrMH 0OCIyKUBa-
HUS, YIIPaBJICHHU, 3aIUTHl U TIepefad HHpOpMAaIUH,
CUCTEM CBSI3M M CHCTEM TEXHIYIECKOTO M KOMMepde-
CKOTO YYETOB JNIEKTPOIHEPTHH.

6. OOecreueHne NPOMBILIIEHHOH, MOXapHOH Oe3omac-
HOCTH, MPUPOJOOXPAHHBIX MEPOIPUATUA U OXPAaHbI
Tpyza.

7. CHImKeHHE BPEMEHHU YJacTHs YENOBEKa B TIPOLECCax
IKCIUTyaTallMd, TEXHWYECKOT0 OOCTyXKHBAHUI U
YIpaBICHHS SHEPrOCUCTEMAMHU.

8. CoBepieHCTBOBaHHE HOPMATHBHO-TEXHHYECKOH JI0-
KYMEHTAlMK X METOAMYECKOr0  COIPOBOMICHIS
HaIpaBJICHUH TeATEIPHOCTH B SHEPTETHKE.

B nmanHOW pabote paccMmatpuBaeTcs 3ajauya pasBUTHS
NEKTPOIHEPreTUIECKUX CUCTEM HE()TEra3onpOMbICTIOBBIX
noTpebuTenel, cBI3aHHAA ¢ Iepenadell IEKTPHUECKO
MOIITHOCTH OT MCTOYHHKA JNEKTPOIHEPTHH 10 KOHEYHBIX
TOTpeOHTENEH — 3TO MPEHMYIIECTBEHHO PacpeNeTHTENb-
HBIE CETU CPEIHEro Kiacca HampsbkeHust 6-35 kB, mpen-
CTaBJICHHBIC HCU30JIUPOBAHHBIMHU IIPOBOJIAMM THUIIA An
AC [8, 9]. lna pemeHns maHHOW 3ajauu B paboTe pac-
CMOTpEHBI 0COOCHHOCTH TOCTPOCHHS ANEKTPOIHEPTeTIHYe-
CKHX CHCTEM He()Tera3onpoMBICIOBBIX MOTPEOUTENEH.

AneKTpo3HepreTMyeckne CMCTEMBbI

HehTera3zonpombICNIOBbIX NOTPeduTENnen

Jnst  sekTpocHaOKeHUs  He(TEra30mpoOMBICIOBBIX
noTpeOuTeneii B INMEKTPOIHEPTETUIECKUX — CHCTEMAX
NIPHMEHSIOTCS CIEAYIONIE BapHAHTHl HCTOUHUKOB DHEP-
TUU: CTOPOHHUI UCTOYHUK 31EKTPOCHAOKEHNUS (BHELIHEE
9NEKTPOCHAOKEHNE); U30NMPOBAHHBI HCTOUHHK 3NIEK-
TPOHEPTUHU (3NMEKTPOCTAHIMK COOCTBEHHBIX HYXI), TIpe-
oOpazyrore ra3000pasHoe W/WIM KUIKOE TOIUIMBO B
NEKTPUUECKYI0 SHEPIUI0; COBMECTHAS pab0Ta BHEIIHETO
9NEKTPOCHAOKEHUS. M  H30NHPOBAHHBIX MCTOUHHKOB
aektposnepruu [10].

Texnnueckue pemreHus, NPUHATBIE B AIEKTPOIHEPTETH-
YEeCKHX CHCTeMax He(Tera3omnpoMBICIOBBIX MOTpeOHTENEH,
JOIKHEI obecrieunBath [11-15]: HOpMupOBaHHEIE KaTero-
pHM HaZI&KHOCTH SMEKTPOCHAOKEHHS [T KaXOH TPyIIIbl
notpebuTenei; TpedyeMoe KauecTBO ANEKTPOIHEPTHH; KO-
HOMHYECKH OOOCHOBAHHBIH YpOBEHb TOTEPh HIEKTPOIHEP-

TUH B 9JIEMEHTAX CETH; MOjUIepkaHue TpeOyeMbIX napamer-

OB TEXHOJIOTHYECKOTO PeXHUMA PabOTHI 000PYIOBAHHUS IPH

V3MCHEHHH HIEKTPIYECKIX HArPy30K; MUHIMANbHBIC KaIli-

TAIBHBIC 1 SKCILTyaTAIMOHHBIE 3aTPATHL.

JUisi BHOBb BO3BOJMMBIX CHCTEM AJIEKTPOCHAOMKEHHUS
He(Tera3onpoMBICIOBBIX OOBEKTOB HA CEroJHAIIHUN
JeHb TPUHATO PYKOBOICTBOBATHCS CHEAYIOLINMHU TIPHH-
mamamu [16, 17]:
¢ HOMHUHANGHBIC HATPSKCHHAS OOBEKTOB DICKTpUUE-

CKHX CeTell MepeMeHHOro TOKa CleIyeT BHIOUpaTh U3

CIENYIONIEro psAfa HOMMHAJBHBIX HampsukeHuid: 10,

35, 110 xB;
® TIepeBOJI ICHCTBYIOMINX AIEKTPUUECKUX ceTell Ha 00-

Jiee BHICOKHE 000CHOBAHHBIH KJacc HATIPSKEHHS MO-

KET MPOM3BOAUTLCS NS YBEMHYEHHS UX TIPOILYCKHON

CHOCOOHOCTH M OJJHOBPEMEHHOTO YMEHBIIEHUS MO-

Tepb DJIEKTPUYECKON PHEPTHU B SJIEMEHTax CeTH, a

TaKkKe 11 00ecTIeyeH s oKa3aTelnel KadecTBa dIeK-

TPOIHEPTHH Y MOTPEOUTENEH;
® TpU OJWHAKOBOW YIENBHOM CTOMMOCTH BO3IYIIHBIX

mmaui (BJI) pasHBIX Ki1accoB MpeaoyYTeHne CaeayeT

oTaaBath rabaputam BJI Gosbirero kiiacca Hampsike-

HUS;

e TIpu BBIOOpE CeYeHWs MPOBOJOB M Kalesei mo more-
pAM HANpPSOKEHHUS HEOOXOAMMO BEIIONHATH PacdeT
TOTEPh AKTUBHOI MOIIHOCTH TS BapHAHTOB C OIm3-
KIMH CTaHJAPTHBIMU CEUYEHHSIMH C YYeTOM TapHpa
3JeKTpodHeprun. HeoOxomumMo BBHIMONHATH CpaBHU-
TENbHBIE TEXHUKO-IKOHOMHYECKIE 0OOCHOBAHWS Ha
TpUMCHEHIE BapUAHTOB CEUCHUH MPOBOJOB U Kale-
JieHt ¢ TOPH30HTOM Ha BECh CPOK CITYIKOBI.
DJeKkTpocHaOXKeHHe OTAANEHHBIX TOTpeOuTeneid B

9JIEKTPOIHEPTETHUECKUX CHCTEMaX He(Terasonpombic-

JIOBBIX TIOTPEOHTENEH OCYIIECTBIAETCS, KaK MPaBHIIO, TI0

JIBYM OJTHOTICTTHEIM B3anmopesepsupyembiv BJI 10(6) kB,

MOJKJIOYECHHBIM K HE3aBHUCUMBIM UCTOYHHUKAM I JJICK-

TpocHaOxeHus motpedbutenei 1 u Il kareropun Haméx-

HOCTH dIIeKTpocHa0xeHus, u oxHoten#siMu BJI 10(6) kB

JUA SneKTpocHaOxeHns motpeduteneit |1l xareropuu

HaIEKHOCTH AIEKTPOCHAOKEHHS.

B snextposHepreTnyeckux cucteMax HegTerasomnpo-
MBICIIOBBIX HOTpeOuTeNneil MpUCYTCTBYIOT 3NEKTPONPHU-
C€MHUKU:

e [ONyYaroUue nuTaHue mo ogHoMy BBoxy — III kare-
TOPH;

¢ [OJYYAIONHe MUTAHNE OT IBYX HE3aBUCHMBIX UCTOU-
HUKOB [IMTAHUSA C Py4HBIM NepekiouenHueM — II kare-
ropus;

¢ TIOJyYarouue MUTaHue OT ABYX HE3aBUCUMBIX UCTOY-
HukoB muTanus ¢ ABP — I kateropus;

® [ONyYalolye UTaHUE OT TPEX HE3aBUCHUMBbIX UCTOY-
HUKOB THTanust ¢ ABP — ocobas rpymma.

[Tpu pacnpenenenun Harpy3ku B cet 10(6) kB u BbI-
me NpUMEHACTCA KOMILIECKCHBIN MNOAXO0M, YYUTBIBACTCA U
TIPOBOJIUTCS aHANM3 U3MEHEHHH XapakTepa Harpy30K M UX
BIMSHUA B CeTH O0Nee BHICOKOTO KIacca HaNpshKEeHHs, Bbl-
TIOJIHAETCS MPOTHO3 TOTEPh EKTPUYECKON SHEPTHH TIPH
Pa3IUYHBIX PEXKUMAX pa6OTbI CE€TH, ONTUMH3AIHUA MECT
pa3mbikanus BJI ¢ IByXCTOPOHHMM MUTaHUEM, BHEAPEHHE
YCTaHOBOK KOMIICHCAIINH peaKTHBHOﬁ MOIIHOCTH.
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TexHUYeckue peleHns, NpUMeHsieMble ANs NOBbILEHNS
3HeproadtheKTMBHOCTN M NPONYCKHOWN CMOCOGHOCTH
anekTpuyeckon cet B CHIN

[loBbimenne 3HeprodhPeKTUBHOCTH TIepeNavn dJeK-
TPOSHEPIUH H YBENHYEHHE MPOIYCKHOH CIOCOOHOCTH
snektpuueckoit cet B ICHIT MoxkHO HocTryb myTeM pe-
TYJIMPOBAHUS OCHOBHBIX MAapaMeTPOB, XapaKTepU3UPYIO-
mux paboTy CHCTEMBI: akTHBHas P u peaktuBHas Q
MOIITHOCTH;, HampshkeHne mnuTaromeidr cetn U; Tok |
Harpy3Ku.

B paborax [18-20] npeanaraercst mpoBOAUTH Perynu-
pOBaHHE O OJTHOMY U3 BBHIOpaHHBIX mapamerpos P, Q, U
u |, cBA3aHHBIX mNepeMeHHbIMU ToTepsmu B BJI u
HauOOIbIIeH TIepelaBaeMoOll M0 JIMHAM aKTHBHOM MOII-
HOCTBIO, TEM CaMbIM YBEJIUYMBAs MPOMYCKHYIO CIOCO0-
HOCTb JNEKTpHYecKoi ceTu. B ciydae perynupoBaHus
9IEKTPUYECKON HArpy3KH BBHIOJHAIOT MEPOMPUATHS 110
KOMIICHCAIIMM PEaKTHBHOW COCTABJIIONICH (MPOIOJIbHAS
1 TIOTIEPEYHAas KOMIICHCAINS PEAKTHBHON MOIIHOCTH), a
TaKKe MPUMEHSAIOT aBTOMATHKY Pa3rpy3KH CETH, OCTaB-
791 B paboTe OTBETCTBEHHBIX MoTpebuTenei. [ns pery-
JMPOBAHUS HANIPSKEHUS CETU B PACTIPENETUTENbHBIX Ce-
1ax DCHII vamie Bcero MpUMEHSAOTCS BOJIBTON00ABOY-
HbIE TpaHC(HOPMATOPBI, KOTOPHIE 00eCTeunBaOT Tpedye-
MBI YPOBEHb HATPSKCHUSA HA IIMHAX OTAANCHHBIX OT
SHEPrOLeHTpa MOTpeduTeNeH.

Eme oganM cmoco6oM perymupoBaHms IOTEPh JIEK-
TPOSHEPTUH W YBEIUUYCHHS MPOIYCKHOH CIIOCOOHOCTH
pacnpenenutensHbix cereit JCHII sBnsercs ucmons3o-
BaHHUE TIPOBOJIOB OOJIBIIETO CEYEHHS, a TAKKE paclllerie-
HUE (a3HBIX MPOBOJOB (YBENHUEHHE JUTUTENBHO JOMY-
ctuMoro Toka nmHWHM) [21]. JlaHHBEIH crocob TpeOyer
3HAYATENBHBIX KATUTATBHBIX 3aTpaT, CBA3aHHBIX HE
CTOJIBKO C TIOBBIMICHHEM CTOMMOCTH CaMHX TIPOBOTHHKOB,
CKOJIbKO ¢ HeobXoamMocThio ctpoutensctsa BJI ¢ mpu-
MEHEHHEM OTIop ¢ OoIbIIei HecyIel CIOCOOHOCTBIO M3-
3a YBEJMYCHHS BECa MPOBOIOB.

H3BeCTHO, YTO aKTUBHOE COMPOTHBICHUE BO3MYIIHON
JMHUY 3JIEKTPoTiepeaun 3aBUCUT OT MaTepraina IMpoBoj-
HUKa U TEMIIEPaTyphl OKpYXarotei cpemst [3, 22-24], To
€CTb CONPOTHUBJICHUE YMCHLIIACTCA C YBEIMYCHUCM HH-
TEHCHBHOCTH OXJIKICHHS, KOTOPOE 3aBUCHT OT ILIOMIA-
I TETI000OMEHA C OKPYXKAIOMIEH CPeoid, 4TO TO3BONSAET
AOMOJIHUTEJIbHO CHU3UTD MOTECPU JJICKTPOOIHCPTHUU B BO3-
JyUIHOW JIMHUHM 3IIEKTPOTIEPEIadn.

CnenoBaTenbHO, CHIKEHHE OTEPH HIEKTPOIHEPTUH U
YBENMYCHHIE TIPONMYCKHONW CIHOCOOHOCTH B pacTpesieni-
tenpHON cetn DCHII mMoxkHO mocTwyb mMyTeM OJHOBpE-
MEHHOTO PeryJUpOBaHHS BCEX MapamMeTpoB, XapaKTepH-
3UPYIOMUX PabOTy CHCTEMBI.

B pabote npenoxen crocod, OTAMIHBIA OT paccMoT-
PCHHEIX, OCHOBAHHBIA HA OTpEJeNeHHH dHeprodddek-
TUBHOHM (POPMBI TIOTIEPEIHOTO CEUCHIS POBOJIA, MPAMe-
HEHUE KOTOPOr'o MO3BOJACT AOMOJHUTEIBHO CHU3UTD I10-
TEpH JIMEKTPOIHEPTHH H MOBBICUTH MPOMYCKHYIO CIOCO0-
HOCTb JIMHUM SIIEKTPONEpeayd 3a CUET YBETMYEHHOH
MIOBEPXHOCTH OXJIXACHHS MPOBOJAA JUHHUH BJIEKTpOIe-
penauu, ¢ y4eroM ycioBuil okpysxatomeil cpeapl. C 1e-
Jb0 000CHOBAHHUS JAHHOTO CIOCO0a HIDKE PUBEICH Ma-
TEMaTHYECKUI aHAJIN3 TPOIIECCOB HATPEBA M OXJIAKICHUS
TIPOBOHIKA B 3aBUCHMOCTH OT ()OPMBI €70 CCUCHHIS.
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MartemaTnyeckas Moaenb Harpesa U oxnaxaeHus
NPOBOAHMKA NTEKTPUYECKUM TOKOM

oT s
pn'Can=Q—d|V(q), 1)

IJIe py — IIOTHOCT TPOBOAHKKA, KI/M®, Cpy — yaeIbHAS
TEMIOEMKOCTb TIPOBOIHHUKA TIPH TIOCTOSHHOM JIaBICHHUH,
Jix/(krxK); T — Temmeparypa npoBoanuka, K; t — Bpems,
c.; Q — 0ObéMHAs MOITHOCTh HAarpeBa MPOBOJHHUKA TO-
koM, BT/M®,  — BEKTOp ILIOTHOCTH TEILIOBOTO [OTOKA,
06y CIIOBICHHOrO TEILIONPOBOAHOCTHI0, BT/M%.

OO6bEMHast MOILHOCTb HArpeBa MPOBOJIHHMKA TOKOM PaBHa:

2
r-1
Q=-1 )
TR
Sl'l
rae I — WICHTUDHUIMPOBAHHOE YAENBHOE COTPOTHBIIC-
HUe mpoBouuka, OM/M; | — cua Toka, A; Sy — momans
CEUCHHS MPOBOIHUKA, M".
CoracHo 3aKOHY TeILIONpoBOAHOCTH Dypbe BEeKTOP
TJIOTHOCTH TEMJIOBOTO TIOTOKa { paBeH:

G =-4,-grad(T), ©)]
rae Ay — K03 (UIMEHT TEIIONPOBOJHOCTH TIPOBOJHHKA,
Br/(m-K).

B mummanpudeckoit cucreme KOOpAMHAT ypaBHEHHE
(1) mpuHMMaeT Bup:
ar(rt) 10

il —— =75 () +Qry), @

rze I — pagiyc TOUYKH, M.

Takum 006pazoM, 171 OJHOXUIBHOTO KaOens MUIHH-
JpUYECKOi TeoMeTpur W3 CHUCTEMBbI ypaBHeHuil (3), (4)
TOMyJaeM:

oT(r,t 10,
pHCPH%:_Fa(rq(rlt))-kq(rvt): (®)
Q(r’t):_}”n aT(r't)-

ot

OnpenenuM TpaHAYHBIE YCTOBHS JIS CUCTEMBI ypaB-
Henuii (5). Ha ocu mpoBoguuka (r=0) B cuity cuMMeTpun
TemnoBoii motok ((r, t) JomKken 00paIarThCs B HOJIb:

q(r.t)  =0. (6)

r=0
TennoBoil NOTOK ¢ TPaHULBI IPOBOJJHUKA U OKPYKa-
IOIEH cpebl OMIChIBaeTC 3akoHOM HbroToHa—PrixMana:

a(ry),_ =a(T(RY)-T,), (7)

e o — K09 QHUIMEHT TeIIO0TAAYH C TOBEPXHOCTH HpO-
BOJIHHKA, BT/MZ; R - panuyc mpoBoaHuKa, M; T — TeMIIe-
parypa okpyxatomei cpespl, K.

Cucrema ypaBHeHH# (5), IOMOJHEHHAS TPAaHUYHBIMH
ycaoBusaMu (6), (7), ABIIETCA MaTEMaTH4YeCKONH MOJIENbIO
OJTHOKHJIBHOTO TIPOBO/THHKA.

KoadduupmenT TemnooTaaun M3NyYeHus 3aBHCHT OT
TEMIIEPaTypbl HApY>KHOW MOBEPXHOCTH IIPOBOJA M HAXO-
autes o 3akony Credana—bonbimana:

4 4
T -1 8)

rac € — K03(1)(1)I/ILII/ICHT YCPHOTBI MOBECPXHOCTHU IIPOBOAA,
Co — NOCTOAHHAA M3JTyUYCHUSA abCOJIFOTHO YCpHOro Teja,
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T — abcomtoTHas Temmeparypa mpoBoja; 1o — abcomoT-
Has TEMIIEpaTypa OKpYKaromIel Cpembl.

KosdpumueHT TemmooTnaun KOHBEKIMH, KOTOPHIH
3aBHCHUT OT MEPUMETPA MOTIEPETHOTO CEUCHHS IPOBOAA H
ONpeeNnseTcss COOTHOIIEHHEM:

b-4-0°
Uy =—————57, ©)
v+ (0,5P)
rae a, b — nocrosHHbIE KOdQQUUHEHTBI; A — TemIonpo-
BOJHOCTb BO3/1yXa; V — KUHETHYECKasl BA3KOCTb BO3/YXa;
0 — CKOPOCTH BETPa; P — IIepiMeTp MOMePEeYHOro CEUCHHUS
TIPOBOJIA.

3uauenust ko3 duIMenToB @ u b mpuHUMaroTCS U3

CIEAYIOMNX YCIOBHIA:

ecmn 102 < 2220 2 10% 10 a=0,44: b = 0,813;
1%

e 10° < 22 PV 105 1o a=0,59: b = 0,288.
1%

bA
3HayeHHe OTHOIICHUS — NpUHUMACTCA U3 Cleay-
a

1%
FOLIUX YCIOBUH:
4.P.
comn 102 < 2004 P 5o o BA 5 73,
1+0,0068- T, 2
ecnu 10° SMSIO5, TO ﬂ:5,19.
1+0,0068- T, 2

Coorromrenue (9) mMoka3bIBaeT, YTO YBENMYCHHE ITe-
pUMeTpa TMOMEPEeYHOro CeUeHUs P TpoBOja yMEHbIIACT
KO3(DHUIMEHT TETIOO0TIa91 KOHBEKIIHH.

Torna ko3(pUIMEHT TENNOOTAAUM HATPETOTO MPOBO-
Ia, O00TEeKaeMoOro BO3IYXOM, TEMIepaTypa KOTOpOro
MEHBIIIE TeMIIEPaTy I IPOBOJIA, PABEH:

o= oy + oy, (10)

e 0x — K0d(Q(UIHEHT TEMI00TAa4YM KOHBEKIHEH; oy —
KO3 (DHIMEHT TEMIO0TaUH H3TyYCHAEM.

CTauMOHapHbIN PeXuM Harpesa

B cranmonapHOM pexuMe HarpeB IIPOBOJHHKA TIPOTe-
KAIOMAM TOKOM KOMIICHCHPYETCS TEIUIOOTHAYeH ¢ €ro
TIOBEPXHOCTH, a TeMmieparypHoe moie T(r,t) He 3aBucuT
oT BpeMeHH. [IpupaBHuBas B (5) HyJII0 MPOU3BOJHYIO OT
T no BpeMeHH nonyqaeM'

of (
6rL .

Wnrerpupys ypasuenue (7) mo nepemenHoi I ot 0 1o
R, ¢ yuérom rpaHnyHOTO ycnoam (6) momyqmnm:

(N=o0. @

2

T(r)=T,+ % 1 [ ) \, r<r, (12
4nA, L J

e ¢ yuétom (2) Q=R*Q=(sRryl*)/Sy (Br/m) mpex-

CcTaBiseT co00M MOIIHOCTh HArpeBa TOKOM NPOBOAA ANU-

HOM | M.

AHANOTHYHO BBIBOAWTCS CTAIMOHAPHBIA MPOdIIL
TEMIIEPATyphl B MPOBOJHUKE, COCTOSAIIEM H3 JBYX MaTe-
puanos (cranb 1 amomuuui). [lycts Ry — paguyc BHyT-
pEeHHeH >KuIibl (CTallb) IPOBOJHMKA, a R — paauyc BHe-

Hell (anroMuHMit). YCTaHOBHMBLIYIOCS TEMIEpaTypy Ha
TPaHHMIIe BYX JKAI 0003HAUMM 3a T1, TOTJIA TIONYYHM CH-
CTEMy YpaBHEHHUH:

riue

_ 7(R*=R?)r,,1°
SH,Z

Temmeparypa Ty B (10) onpezemnsercs U3 yCIoBHS He-
TPEPHIBHOCTH TEIIOBOTO MOTOKA HA TPAHUIIE ABYX JKUIT:

2, (5)

U3 popmynsr (13) ciremyer, 4To MaKCUMalbHas TeMIIe-
parypa OyJer Ha OCH HPOBOHHKA, OHA OIPEACIAETCS M0

(hopmyue:

(B1/ m).

T =T+

QS 1

A,

TO)=T,+

C ynaneHueM OT ocH TIPOBOJHHKA TEMIIepaTypa Iaja-
€T TIPOTIOPIIHOHAIBHO KBAJIPaTy PaCcCTOSHUA.

HamartbiBaHue poBojJa He MEHSET €ro IIIUHIpHYe-
ckoit gopmsl, cnenoBatensHo, Gpopmydst (10)—(12) ocra-
IOTCA CHOpaBCAJIMBBIMUA U I BUTOTO MIPOBOJHUKA. 21.]'[5[
TPOBOJIHUKA, COCTOSNIETO M3 HECKOJBKUX BHUTHIX KU,
(Gopmyina (6) ocraeTcs CHIpaBeIIUBOM, HO JIMIIb B
HalpaBJIeHUM KOHTAKTA Wbl ¢ BHeWHeH cpenoif. Pac-
npeieNiecHie TEeMIepaTypbl B HAMpaBICHWM KOHTAKTa
JIBYX KHJI IPOBOTHAKA OTIUCHIBACTCS (HOPMYIION:

Q. [ ()] ,
T(r)= L 4;%,( LRU’ r<R

T, R <r<R,
Ilo ycnoBuio TemnoBoro OamaHca MOJYYMM BBIpaxe-
HHUE s ONPEICNIEHNs] UTUTENBHO JOMYCTHMOIO TOKA:

aPL(T —To)SnZ3 (14)
P

U3 Beipaxenus (14) BUIHO, YTO MITUTENBHO JOMyCTH-
MBI TOK 3aBHCHT OT TEMIIEpaTyphl HarpeBa IpoBoja, Ko-
TOpast, B CBOIO OUEPE/ib, 3aBUCHT OT OOKOBOW TMOBEPXHO-
CTU OXJAXKIEHUs MPOBOJA, — P YBEIMUEHUU TEPUMET-
pa orubaromeil cedeHHe NMPOBOAA JUINTENBHO HOMYCTH-
MBI TOK YBEJMYUBACTCS, & YMEHBIIECHHIE TOT0 TIEPUMET-
pa IPUBOINUT K CHUKEHHIO BENTHYHHBI TOKA.

UL gom

Pexum ocTbiBaHMA nposoaa

OcTpiBaHHE TIPOBOJHMKA OIHMCHIBACTCS CHUCTEMOMN
yparerni (12) ¢ Q=0:
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aT(rt) A, o aT(rt))
o roal e )

PackpbiBast ckoOku B mpaBoif yactu ypasHenus (15),
OKOHYATENbHO MOTy4aeM:

PuCoy OT (1) 07T (r,t) +yaT(r,t)
A, or ot r o

Bripaxenne (16) mpencrasiser coboi auddepeny-
aNbHOE YPaBHEHHWE B YACTHBIX NPOM3BOIHBIX, JUIA €TO
peleHns HeoOXOAMMO 3aiaTh IPAaHMYHBIE YCIOBHS IIO
Tuny ypasHeruil (6), (7). Pemenue ypaBHeHuS B 4aCTHBIX
IIPOU3BOAHBIX BO3MOXKHO TOJIbKO UHCIIEHHO.

M3BecTHO, 4TO AKBUBAJECHTHBIEC TEIUIOBBIC NOTEPH UL
TPEXIPOBOIHOM JIMHUH OMPEIEISIOTCS MO BBIPAKEHHIO [24]:

AW, =312 R,AL, (17

niepemM

PuCen (15)

(16)

TA€ |lyarp — TOK HATpy3KH, MPHHUMAECMbII HA HHTEpBale
BpeMeHN At Hem3MeHHBIM; Rg — CONMPOTHBICHHE JHHIH
npu Temmeparype ® Ha wHTepBanme BpemeHu At; At —
TPOMEXYTOK BPEMEHH PacueTHOr0 HHTEPBAIa.

[Ipunnmast 17s pacueToB yCTAHOBHBIIMHCA PEXUM pa-
0OTBI CHCTEMBI TIPH TEMIEpaType OKpyXaromeil cpempl
20 °C (cpemmsis TeMIIEpaTypa BO3IyXa CaMoro JKapKoro Me-
cAMa (1roi)), Beipaxkerue (17) MOXKHO TIPe/ICTaBUTh B BUIIE:

a/a
Puc. 1. Koncmpyxmughvle UCNOTHEHUs. HEU3ONUPOBAHHBIX NPO80008 BJI
Fig. 1. Structural variations of non-insulated overhead line wires

ITo meronuke, mpuBeaeHHOM B [22], ko3hduIMEHT
3aI0JTHEHNS MOJTHOTO CEYEHHST MaTEepUAaoM ONpesensIeT-
¢s 1o opmye:

cepn TOKOBEJI. qacTu) (18)

Z%m = H

npoBOJa

/1€ Scepy— HOMUHAJIbHAS ILIOWIA/b CTAJBHOTO CEPJEUHUKA
npoBojia (MPU HAMYMM HECYIIEH YacTH); Sioxosen wactn —
HOMMHAJIbHAs IUIOWA/b TOKOBEAYWIEH YacTH; Siposora —
TIOJTHAS IUIOIaAb QUTYPHl B CEYEHHH MPOBOAA C YYETOM
TIPOBOJIHAKOB ¥ 3a30pOB MEXIYy HHMH, 00pasyrommxcs
TIpH CKPYyTKE MPOBOJIA.

Koaddumuent rmagkoctu mopepxHocTH U3 [22]:

L

__ o okp
My = =5
d

(19)
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AW, ., =3I
(

nepem
LRZO L1+ ak in Rao (1 e J ZOJU At,
2OlT npos

rie Ry — yaensHOe MeKTpruYecKoe CONPOTHBICHHE MPO-
BOJIOB Tipu Temmeparype mposoxa 20 °C; a — temmepa-
TYpHBIH KO3 HUIKEHT aKTHBHOTO CONPOTUBICHUS ANI0-
MHHHEBBIX TPOBOJAOB, KOTOPBI paBEH IMPHMEPHO
0,004 °C’1; ar— K03 GUIUEHT TEMI00TAAYH; Prpes — I
puMeTp (QUrypsl B MOMEPEYHOM CEYEHMH TpoBoja; L —
JUIHHA TIPOBOIHKKA; T" =GC;(3anmﬂp/(2aTL(FHOMﬂ)m) — TI0-
CTOsIHHAsl BpeMeHH HarpeBa, G — Bec MPOBOJHMKA, ¢ —
y/IeNbHAs TEIIOEMKOCTh MaTEPHANA MPOBOTHUKA.

HeproaddekTmBHbI npoBog ACHIN

B pamkax HamumcaHWs HCCIEIOBATEIBCKOH PaOOTHI
ObUTO pa3paboTaHO W 3alaTeHTOBAHO KOHCTPYKTHBHOE
UCTIOJTHEHYE 3HEPro3((PEeKTHBHOTO HEHU30JIMPOBAHHOTO
MpOBOJIa BO3IYIIHOH JIMHWM OIIEKTpOIepesiaun Kiacca
Hanpsokenus 6-35 kB [22, 25]. Ananorom s pazpabort-
Ki 3HeprodG(eKTHBHOTO MPOBOJAA SBISETCA MPOBOJ C
TpamnelnenaaIbHBIME  [IPOBOJIOKaMH B moBuBax [17].

Ha puc. | mpezacraBieHO KOHCTPYKTHBHOE HCIIONHEHHE
npoBoioB: a) npoBo Tuna AC [

91; 0) [17]; 6) [25].

1€ Loy oxp — JUIMHA OKPY’KHOCTH, ONUCAHHAS BOKPYT (u-
TYpHI B CEYEHHH NPOBOJA; Py — epuMeTp QUrypsl B ce-
YCHUHN MPOBOJIA.

CpaBHHUTENBHBIA aHATN3 SHEPTOI(YPEKTUBHOTO TIPO-
Bozia ¢ mpoBoioM THna AC 0JJMHAKOBOTO HOMUHAIBHOTO
CEUEeHMS ANFOMMHHEBOTO M CTalbHOM 4YacTeil MpejcTaB-
7eH B Tabn. 1. B Tabnuiy Taxxe BHECEHB KO3(puUIHeH-
Thl 3aIOJHEHHUS TMOJHOTO CEUYEHHS MATEPUANOM Jyy H
TIIAJKOCTH TIOBEPXHOCTH TPOBOAA My, OMKMCAHHE KOTO-
pBIX TpencrasneHo B pabote [22]. B mporpammuoit cu-
cTeMe KoHeuHo-3nemeHTHoro ananuza ANSYS 16.0 mpo-
BEJICHO MOJICTIMPOBAHKE TPOIIECCa HATPEBA M OCTHIBAHMS
TIPOBOJIOB B 3aBUCHMOCTH OT (DOPMBI MOTIEPEUHOTO cede-
Husd. PacnpeneneHue BEKTOPOB TEILUIOBOTO IOTOKA, a
TaKKe M3MEHEHHE TEMIIEpPaTyphl HAarpeBa IOBEPXHOCTH
IpoBofia ceueHueM 35 Mv® B 3aBHCHMOCTH OT (opmbr
TIONIEPEYHOTO CEYEHHS POBO/IA TIPEICTABICHBI HA PHC. 2.
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Y4acToK 3

Y4acToK 2

ala

slc

Puc. 2. Pacnpede/zenue B6EKMOpPO6 menjloeoco NOMOKA U U3SMEHeHUue memnepamypol Hazpeed NOBEPXHOCMU npoeoba:
a) npedcmasienue yuacmKkog ¢ pasHoll YopMoU NONEPeyHo2o ceuenus,; 6) pacnpeodenerue 6eKmopos menio8ozo no-
MOKA ¢ NOBEPXHOCMU NPOBOOA; 8) MeMnepamypa no8epXHOCMU Y4acmKo8 npoeooa npu NPOmMeKanuyu moKda Hazpy3Ku
Fig. 2. Distribution of heat flux vectors and change in the heating temperature of the wire surface: a) representation of sec-
tions with different cross-sectional shapes; b) distribution of heat flux vectors from the wire surface; c) surface tem-

perature of wire sections during the flow of load current

Amnanu3 puc. 2 MOKa3bIBAET, YTO YBENMUCHHE ILIOIIA-
I OOKOBOH MOBEPXHOCTH OXJTAXKAECHHS MOBBIIIACT TIIOT-
HOCTb BEKTOPOB TEILIOBOTO NOTOKA, TIPU ITOM CHUIKACTCS
TeMIepaTypa HarpeBa NpoBOJa MPU MPOTEKAHWM TOKa
Harpy3sku Ha 18,4 u 28,7 % nnd ydactkoB mposoga 1 u 2
COOTBETCTBEHHO, B CPaBHEHHH C YYacTKOM 3 B PaccMOT-
PEHHOM IpHMepe.

Taonuua 1. Cpasnumenvuwiii anaius nposodos [9] u [25]
Tablel.  Comparative analysis of wires [9] and [25]

ITatent
Patent
2631421

TIpoBon/Wire AC

Ceuenne, MM (aTFOMHHHIA/CTAITB)

Cross-section, mm? (aluminium/steel) 95,4/15,9

95/16,3

Koadduuunent 3amonHeHns MOITHOTO CeUCHHs
MaTepHAIIOM Yy, (18)

Coefficient of filling a wire full cross-section
with material (18)

0,92 0,99

Koo dununent rinaaxocTi MOBEpXHOCTH IPO-
BOZA My, (19)
Coefficient of a wire smoothness (19)

0,832 0,61

Juamerp mpoBoja, MM

Wire diameter, mm 135

12,52

HepHMeTp TIONEPEIHOro CEUYCHU IPOBOAA, MM

: ( : 48,86
Perimeter of wire Cross-section, mm

52,38

JImiTeNnbHO TOMyCTUMBII TOK IPY TEMIIepaTy-
pe 90 °C (BHe moMeneHuii), A
Current-carrying capacity of the wire at 90 °C
(outside), A

330 395

Amnanms Tabm. 1 MOKas3hIBaeT, YTO 3amaTeHTOBAHHAS
KOHCTPYKIHS MPOBOJA TTO3BONSET YBEIUIUTH BETHUHHY
nepeaBaeMoro 1o JiuHu Toka (>10 %) 1 COKOHOMUTH
Matepual Ha U3rotoBieHue mposoaa (~16 %).

PaccmotpuM mpuMep BO3MOXXHOTO HCIOJIB30BAHHUS
npoBoyoB i BJI sHeproaddexTuBHON hopmbl s pe-
KOHCTPYKIHH Y4acTKa JNEKTPHUECKOH CeTH HE(TIHOTO
MECTOPOKICHHS.

MopenupoBaHue 3neKTpo3IHepPreTUYEcKoil CUCTEMBI

HedhTAHOro MeCTOPOXAEHNSA B NPOrpaMMHOM

komnnekce RastrWin3

HUccnenyemoe He(TiHOE MECTOPOXKACHHE PACIONO-
’KEHO B ceBepHOi yactu 3anagHo-CuOupckoil HU3MEHHO-
CTH, B MEXIypeube pek AinBacenomyp u [laxymyp.

B Tabn. 2 mpencTaBieHbl 3MEKTPHYECKIE pacueTHBIE
MOIIIHOCTH KYCTOBBIX ILIOLIAJIOK, ONpEIENeHHbIE C yue-
TOM TEXHOJNOTHUECKHX HArpy30K M PEeXHMOB DabOTHI
obopynosanust mo PTM 36.18.32.4-92 «PyxoBoasmuit
TEXHUYECKUI MaTepuai. YKa3aHus 10 PacueTy dJICKTpH-
YeCKHUX Harpy30K».

Tabnuya 2. dnexkmpuueckue pacuemHuvle MOWHOCMU Ky~
cmoguvix naowadox ICHIT

VBenuuenue Toka, %

- - 16,4
Increase in current, %

VY ienpHOE aKTHBHOE CONPOTHUBIICHHE IPOBOAA
IIpU TeMIiepatype okpysxaromed cpeapt 20 °C,
Om/kM

Wire resistivity at the ambient temperature of
20 °C, Ohm/km

0,3007 0,265

Y enbHoe peakTUBHOE COMPOTUBIICHUE MPO-
BOJIa IIPU TEMIIEPAType OKPYyKarollel cpesibl
20 °C, OM/kMm

Specific wire reactance at the ambient temper-
ature of 20 °C, Ohm/km

0,385 0,379

OKOHOMMSI aKTHBHOIO MaTepHaia, % * (Ha 1 kv)

Saving of active material, % * (per 1 km) B 16

* oKoHOMUS Mamepuaia paccuumana npu ycioeuu, 4mo
ONUMENLHO ()onycmuMblﬁ MOK 3anameHmoBaHHO020 npoeoz)a
pasen onumensHo donycmumomy moxy AC.

* saving of active material calculated assuming that the
continuous carrying current of the patented wire is equal to
the continuous carrying current of AC.

Table 2. Electric calculated power of well pads PSOC
Pacdernas MomtHOCTH
Calculated power « &
o =
e  E
Haumenoanue DI1 e le B << |2<3%
m = = . -
Name of the electrical 55 £ Q—Q_ g2 =Z8%
receiver N EgS %E Eg‘—;‘g
=818 § 55 |[£ =
2|2 § 2¢g o
Kycrosas nuomana Ne1 1453361 1758 | 124606 | 114,2
Well pad no. 1
KycroBas miomaka Ne 2
Well pad no. 2 993,8 | 141,6 | 1003,84 92,0
Kycrosaz nnomanxa Ne3 11163 4| 1657 | 117514 | 1077
Well pad no. 3
Kycrosas nomamca No4 | 9707 | 1385 | 98049 | 89,8
Well pad no. 4
Kycrosas mromanxa Ne5 1191991 1737 | 12313 | 1128
Well pad no. 5
BypoBas ycranoBka Ha Ky-
crosoii momanke Ne S| ygny | 75 | 16449 | 1507
Drilling rig on the well pad
no. 5
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Taonuuya 3. Yciosuvie 0603nauenus

Table3.  Legend
Oﬁo%ﬂa%.ﬂ e Haumenosanue/Name
Designation
I1C 35/6 kB. HanmeHnoBaHue HCTOYHHMKA ITUTAHMUS,

KPYH-6 kB. 1 c.in.
Substation 35/6 kV.
CDEI-6kV. 1s.b.

CCKI M IIHH
Name of power-supply,
substation of busbars

Kycr 1 (T1)
Well pad 1 (T1)

HaumeHnoBanue y3i1a Harpy3ku (Homep
TpaHchopmaTopa)
Name of the consumer (transformer number)

1,5+J0,2 AxrtuBHast (kBT) 1 peakTuBHas (KBap) MOLI-
_’ HOCTH n€peaavn
Active (kWt) and reactive (kvar)
power of supply
0,6+J0,1 AxtuBHas (kBT) u peakTuBHas (kBap)
—> Harpysku ysJia
Active (kWt) and reactive (kvar)
power of consumer
6,05 VYpoBenb HanpsbKeHus B y3ie (kB)
Voltage level in network node (kV)
Haz[el—me HaIpsHKEHUS Ha YYaCTKE OT UCTOY-
376 HHKa ITUTaHUA 10 y31a Harpy3ku (%)

Voltage drop on branch of a network
from the power-supply to the consumer (%)

BbrlmonHuM pacyer pexUMOB CETH Ha MEePHOA IKCILTY-
aTanuy 1 OypeHHs KYCTOBBIX ILTOMAIO0K B IIPOTPAMMHOM
kommmekce RastrWin3 mis mByx BapuaHTOB: MEPBBIA —
nutatonmid nposox AC-95/16; Bropolt — mpoBoa mpej-
JOXXEHHOH 5HeproadGexTuBHOI GopMBl.

B pabote nprMeHeHs! ciiefytolue yciIoBHbIEe 0003Ha-
veHus (Taln. 2).

Ucxoansle naHHbIE:

o nmraromas JuHus dugepo NeNe 1, 2 — papuanr 1:
npooa AC-95/16, BapuanT 2: poBoj 3Heprodpdek-
TUBHOH (OpMEL;

®  OICKTPUYCCKUE HATPY3KU KYCTOB CKBAXKHH MPEICTAB-
JIEHEI B Ta0II. 2;

o jmHbl BJI ipencrasnens B Taou. 4.

I'papuueckoe n3odpaxkenne ICHII paccmarpuaemo-
T0 MECTOPOKJACHMS B MHPOrPAMMHOM  KOMILIEKCE
RastrWin3 mpencrasneno Ha puc. 3.

PesynbTaThl pacueToB TOKOBBIX HArpy30K U IMOTEPh
3JIEKTPOIHEPTHH B BETBSAX MPEICTABICHE B Ta0I. 4.

U3 ananm3a pacyeTHBIX JAHHBIX CIETyeT, 9YTO BapUaHT
TUTaHUs TOTpeOuTenell KycToBOM IUIOMANKH OT CyIIe-
CTByIOLIeH ceTu (BapuaHT 1, puc. 3) HEBO3MOXKEH, TaK
KaK TaJeHUe HANpPSOKCHHS HA yYacTKax OT OTIAWKU Ha
KycToByr0 Tiomanaky Ne 2 mo kyctoBoit miomaaku Ne 5
IpU TTHTAHUH OypOBOHM YCTAHOBKM OT CETH IMPEBBINIACT
Jomyctumyro BenmuumHy Oonmee 10 % (m 4.2.2
['OCT 32144-2013). I1pu sToMm TOKOBas 3arpyska BeTBei
NpeBBINACT  JOMYyCTUMYIO  BEeNMYHHY  (Tabm.  4)
| ron.acosie>330 A mms BetBert 1-101, 101-102 (ot mc-
TOYHHMKA TMHUTAHHS [0 OTMANKH Ha BTOPOH KYCT CKBAXHH
(I=2,36 km, puc. 3).

Bapuanm 1/Variant 1
NC 358 kB. KPYH-6 kB. 1 cau. - g.am ine oer sgs s
= | 34+T1+ | ZuE+T0.5+ | zeiger  sviare  asese | B L5+ I0.7
. B3 = T TPEuET T T T THEpstIoa }—BU.B+JD.1 0.5+10.1 .48
KyeT ilill('?l? .Rgcr 2;_‘(‘?1) KyeT 3 (TD Kyct 4 ¢Tix» 5.5 KyeT 5 (BypenHe Ses NARPH)
u | Vuacrok cetn L=2,36 kM, mposox AC-95/16 |
+ -89 -4.52 -4.8 -5.18
2.2+410.3+ LerToae | LI+I0.2+ | oseinas |
6.3
& }—BD.S+JD.1 0.5+J04 0.6+10.1 }—BD.5+JD.1
NG 356 kB. KPYH-6 kB 2 cull £.05 et s
KycT 1 (723 KyeT 2 (T2 KycTt 3 T2 Kyct 4 (T2
Bapuanm 2/Variant 2
Nt 35-6 kB, KPYH-B kB | cu. —o.E7 _rog 779 55 _asE
@ | FrIng+ | 254708+ | Lernze | L5707+ |
T ST T~ B T T j_ﬁn.szmr --- _}—_sns_nr[ﬂ -—=- Emg,m.;
* S - A = T 0 =98
Kyct 1 (T Kder 2 (Tl Kycr 3 (Tl Kycr 4 (T1) Kyct 5 (Byperwe Gez MAPH)
. VYuacrtok cetn L=3,56 kM, mpoBox sHeproaddextruBHON Gopmbl |
- -2.65 =326 =345 -3.77
2.2+ T 04+ | LE+I02+ | 11+I0.2+ | oseroge |
.38
DE+I0A 0.5+T0. D.6+T04 0.5+T0.
NC 35-6 kB KPYSH-8 kB 2 c. 13 e0s 608 608
Kycr 1 (T2 Kycr 2 (T2 Kyct 3 (T2 Kycr 4 (T2

Puc. 3. Cxema snexmpocrnabicenus nompebumeneil Kycmogou niowaoxu Ne 5
Fig. 3. Power supply drawing of wells of the multiple well platform no. 5
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Taonuya 4. Pezynomamul pacuemos

Table 4.  Calculation results
} z E AKTHBHOE PeakTHBHOE | Pacucthbiii Tok Iotepu axTusHoi | [Torepn peaKnZBnoﬁ
ESlE 4 - _j | conpotuBIienue | conpoTHBICHHE Ipaca., A MOILHOCTH morHocTH, AQ,
Z‘% % < E}‘ O| sersu R, Om | Beru X, Om Calculated A ?P, kBT . tIfBaP
£2lc3 Hassarue vaia ¢ G | Wire resistance | Wire reactance | cyrrent I, A cuve power eactive power
Z o< Y 55 R, Ohm X, Ohm losses AP, kWt losses AQ, kvar
ES|lg 2 Node name 8§ 5 — « — < — -
SE|zE Z | Bapuanrl Bapuanr 1 o Y o oo o o
252 g z Bapuanr 2 Bapuanr 2 =] S =] S =] S z < = S5 = =
2@z Eg| \Variantl Variant 1 E5| &5 | &% £5 £5 £5
N & |  Variant 2 Variant 2 B> | @2 | 2> | &~ @ > @ >
Kycr 1 (T1) — Kycr 2 (T1)
101 [102 | Wellpad1(Ty)— |o046| 2138322 OLIIL | 33000 | 322,15 | 45,245 | 43,085 | 57,029 | 55,139
0,1219 0,17434
Well pad 1 (T1)
Kycr 1 (T2) —Kyer 2 (T2)
201 | 202 Well pad 1 (T2) — 0,47 0,141239 0,18095 148,17 - 9,308 | 11,918 - -
Well pad 1 (T2)
Kycr 2 (T1) — Kycr 3 (T1)
102 [103 | Wellpad2(T1)— |02 | 206014 0077 | g1 93 | 27331 | 14,341 | 13477 | 18361 | 17,255
0,053 0,0758
Well pad 3 (T1)
Kycr 2 (T2) — Kycr 3 (T2)
202 | 203 Well pad 2 (T2) — 0,22 0,066154 0,0847 102,34 - 2,079 2,661 - -
Well pad 3 (T2)
Kycr 3 (T1) — Kycr 4 (T1)
103 | 104 Well pad 3 (T1) — 0,8 %2;1—% OQ,;_(%BZ 222,55 | 215,86 | 35,744 | 33,627 | 45,764 | 43,054
Well pad 4 (T1) ' '
Kycr 3 (T2) — Kycr 4 (T2)
203 | 204 Well pad 3 (T2) — 0,81 0,243567 0,31185 46,37 - 1571 2,012 - -
Well pad 4 (T2)
Kycr 4 (T1) — Kycr 5 (T1)
104 [ 105 | Wellpad4 (T1)— | 02 | 02.06014 0077 1 17458 | 166,86 | 5499 | 5023 | 7,040 | 6431
0,053 0,0758
Well pad 5 (T1)
I1C 35/6 xB. KPYH-6 kB.
1 cam. — Kyer 1 (T1) 0,57133 0,7315
1 | 101 Substation 35/6 KV (T1) — 19 05035 07201 392,35 | 382,64 | 263,849 | 250,951 | 337,818 | 321,304
Well pad 1 (T1)
TIC 35/6 xB. KPYH-6 B.
2 cau. — Kyer 1 (T2) B B B
2 | 201 Substation 35/6 KV (T2) — 1,88 0,565316 0,7238 206,36 72,221 | 92,467
Well pad 1 (T2)

1 3aepyska eemeu npegviuiaem nponyckrylo cnocobrocms npogéoda BJI/Branch loading exceeds the capacity of the OL.

/1 Tomepu axmueHoll u peakmusHOl HeP2UU CHUNMCEHbL NPU UCTIOTbI0BAHUU FHEPLOIDPEeKMUBHO20 NPO8OOA
Losses of active and reactive energy are reduced by using an energy efficient wire.

VBENHYHUTh MPOIYCKHYI0 CIHOCOOHOCTD 3JIEKTpHYe-
CKOM CeTH MOXHO IyTeM PEKOHCTPYKIHH MPOOIEMHBIX
ydacTkoB Quaepa Ne 1 mpencraBneHHo cxembl. Tak kak
PEKOHCTPYKIHS HE TIPEAToNaraeT 3aMeny omop ams BJI,
TO HEOOXOAMMO BHIOPATH THII MPOBOJA, YIOBICTBOPSIO-
MW YCIOBHAM: BeC POBOJHNKA HE JOIDKEH MPEBHIMIATH
BeC pekoHcTpyupyemoit BJI; mpomyckHas cmocoOHOCTh
JWHUM dJIEKTporiepesaun JokHa ObiTh Bhime Ha 11 %.
Takum o0paszom, 1A HccaenyeMoro yyactka puuepa Ne
1 menecooOpasHO HCIHOJB30BaTh IHEProdYHeKTHBHYIO
KOHCTPYKIIHEO TIPOBO/Ia (BapHaHT 2, puc. 2).

W3 pacuera BUITHO, YTO 1O BapUaHTy 2 TOKOBAs 3arpy3ka
BETBEH HE TIPEBBINIACT JIONYCTUMYIO BETMUMHY (TaOm. 4)
L ronsneprospp <395 A. IlaieHne HampsKEHMA HA y4acTKax oT
OTIAKK Ha KYCTOBYIO Iuiotnaky Ne 2 10 KycToBOH MIOIAIKH
Ne 5 mpu rurarmu GypoBO# YCTaHOBKH OT CETH HE TPEBBIIIACT
ponycramyro Bemmunny 10 % (. 4.2.2 TOCT 32144-2013).
CrienoBatenbHO, TEKTPOCHAOKEHHE KYCTOBOW IUIOMAIKA OT
CETH BO3MOKHO TPH 3aMeHe MpoOeMHBIX yuacTkoB BJI due-
pa Ne 1 Ha 3HeprodddeKTHBHEIH POBOL,

BbimonHuM mpenBapuTENbHY0 SJKOHOMIYECKYIO OLIEHKY
VTS IBYX BapUAHTOB CTPOMTENBCTBA: MIEPBBIA — CTPOUTEND-
CTBO JIOTOJIHUTENBHOIO YYacTKa CETH, BKIIIOYAIOLIEr0 YCTa-

HOBKY OIOp Ay napaiuensHoi BJI; BoTopoii — 3amena mpo-
Boz0B THMa AC Ha 3HEPro3(peKTUBHBIE MPOBOJIA, TO ECTh C
HICTIOJTB30BAHKUEM CYIIECTBYIOIIUX OMOP M apMaTypBL.

Bapuanr 1. 3arparsl Ha 3aKymKy W CTPOHMTENBCTBO
onHoro kunmomerpa BJI-6 kB mo obwekry amamory co-
cranser 9523 toic. p. ¢ yuerom HJIC. C yyerom nports-
KEHHOCTH TIpoOJIeMHOro y4acTka 2,36 KM HTOroBas
cymma cocTaBuT 22474,28 ThiC. p.

Bapwant 2. PekoHCTpyKimWs ydvacTka ceTH Oyzer
BKJIIOYATH: TEXHIMUECKOE 0OCIENOBAHHUE PEKOHCTPYHpYe-
MBIX y4acTkoB BJI-6 kB (2 MiH p.); H3roTOBICHHE JHEP-
ro3¢dexTHBHEIX IPoBoIOB (Hoposxe Ha 20 %) — 234 Thic.
p. kM (¢ yuerom HJIC); paboThl mo MOHTaxy 3HEprodd-
(DeKTUBHBIX TIPOBOJIOB (B TOM WYHCIE TPAHCIOPTHBIC
yeayru) — 1785 Thic. p. 32 oqun kunomerp ¢ yuerom HJIC.
C ydJeToM NpPOTSKEHHOCTH DPACMATPHBAEMOTO yYacTKa
2,36 kM urorosas cymma coctasut 7933,04 Toic. p.

U3 CpaBHCHUA PACUCTOB BUIHO, YTO HCIOJb30BAHUEC
3HeprodGeKTHBHEIX TPOBOJIOB MO3BOJUT YBEINUYUTH
TPOTYCKHYI0 CHOCOOHOCTh MPOONeMHBIX y4yacTkoB BJI
HedTAHOTO MecTOopoXaeHus. [IpeaBapuTenbHas oleHKA
TOKa3aja, 4To 3aMeHa mpoBojoB Tuna AC Ha 3Hepros¢-
(eKTHBHEIE TPOBO/IA SKOHOMUYECKH 000CHOBAHA.
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3aknroyeHue

[IpencraBieHsl pe3yibTaThl UCCIECHOBAHUS IOBBIMIC-
HUS NIPOMYCKHON CIOCOOHOCTH pacmpefieIuTeNbHbIX Ce-
Teil knacca HampsbkeHus 6—35 kB, BHIIONHEHHBIE IIpe-
MMYIIECTBEHHO HEHM30JIMPOBAHHBIMH IIPOBOJAMH THIA A
u AC. IlpoBemeno maremaTHueckoe MOJETHPOBAHKE
TpoIecca HATPEeBAa U OXJIAXKICHHS IPOBOAOB B CTAILHO-
HApHBIX PEXHUMax, Ha OCHOBE HCCIENOBaHMs Mojeneii
TIpeUIOKEHBI SHEProdPeKTHBHBIE HOPMBI IPOBOJIOB.

Ha npumepe cxeMmbl 3NEKTpOCHAOXEHHUS MOTpedute-
Jiei KycToBoH Iuomanky Ne 5 HEQTSIHOTO MecTopoxkie-
HHUS OT BHEPTOCHCTEMBI OBLT PacCMOTPEH CrOco0 TOBBI-
IIEHUS] TPOMYCKHOH CIOCOOHOCTH 3IEKTPUUECKON CeTH
32 CUEeT WCIMOJNB30BaHUS dHeprodddexTHBHON (HOpMBI.
M3BecTHO, YTO CTPOUTENHCTBO JOMOJTHUTENHHOTO yIacT-
ka BJI mis mapamiensHoW paOOTHl YBENHYHT IIPOITYCK-
HYI0 CIOCOOHOCTD «IPOOJEMHBIX YYacTKOBY» JIMHHUH
37eKTponepeaaun B 1Ba pasa. lIpemnoxkeHo yBenuueHue
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The relevance of the research is caused by the fact that electrical systems of oil and gas consumers are represented mainly by overhead
power line made with uninsulated stranded wires type A, AC. At the same time, it is about 55 % of the entire length of the lines of 6-35 kV
voltage class that has been in operation for more than 35 years. This means the need of its modernization in the near future. These wires
are inferior to other types in terms of reliability and mechanical strength under wind load, but have lower cost and higher heat dissipation.
In electrical system oil and gas consumers use self-supporting covered wire (type SCW) less, which have less heat dissipation then type A
and AC. In order to increase the mechanical strength, wires of the type ACC, AAAC, ACSR, Aero-Z efc., which have the worst heat dissi-
pation then type A and AC, are used.

Thus, a searching for new technical solutions and justification of the choice of conductors’ types in terms of the energy efficiency of electri-
cal energy transmission, taking into account the influence of mechanical loads, is an urgent scientific and technical task.

The main aim of the work is to increase transmission lines’ capacity and improve energy efficiency of the existing electrical systems of oil
and gas consumers.

Objects: electric power system of oil and gas consumers represented by a distribution electrical network made by overhead lines. Subject
of the study is a dependence of the throughput and energy efficiency of the power line transmission of electrical energy on the construction
of the overhead line wire.

Methods: mathematical analysis, provisions of the theoretical foundations of electrical engineering, mathematical modeling in the software
package Rastrin3.

Results. Applying mathematical modeling, it was established that the use of the energy-efficient wire construction proposed by the authors
can reduce operating costs for power losses on troubled lines by 11,8 %. At the same time, the capacity of the reconstructed sections will
increase by 19,6 % without the construction of additional OL 6 kV.

Key words:
Electrical system, oil and gas consumer, overhead power line, energy efficiency, power line capacity.

wire of an overhead power transmission line with a voltage class of
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