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PAHXKXHUPOBAHMUE YYHACTKOB TPACCBI METPO
IHO CTEIIEHUA IMTPOBJIEMHOCTHU HA OCHOBE
KOMBHUHHUPOBAHHOI'O METOJA OIHEHKHA
PAKTOPOB PUCKA U UX YPOBHEHA

AnnoTtamus. /s nopeimenus >GGEKTHBHOCTH MOHHTOPHHTA 32 COCTOSHHEM TPAcChl METPO MPEIaracTcs paH)KMPOBAHUE yYaCTKOB TPACCHI IO CTECNECHH
NpoOJIEMHOCTH HAa OCHOBE KaUYECTBEHHOM M KOJIMUECTBEHHOH OLIEHKH (haKTOPOB PUCKA, UX YPOBHEH 110 KOMOMHHUPOBAHHOMY METOJLY, COUETAIOLIEMY SKCIEPTHBIH
aHaJIM3 MU MaTEMATHYECKOE MOJIETMPOBAHHE BO3MOXKHOIO MPOSIBICHHS PHCKOBBIX CUTyanuii. MaremMaTndeckas MOJEb NPUOIMKEHA K PEaIbHbIM YCIOBHAM 3a-
JICTAHUSI Y9aCTKa TPACCHI METPO € y4ETOM (hU3MKO-MEXaHMYECKHX CBOMCTB BMEIIAOIIEr0 MAacCUBA, T€0JIOTHUECKOrO CTPOCHUSI, KOHCTPYKIMHU, YIPYTUX U IPOU-
HOCTHBIX XapaKTEPUCTUK OCTOHHOI OOKIa[AK/ TOHHEIS. DTO IO3BOJISET TOBBICUTH 3G ()EKTUBHOCTD, a TAK)KE 0OBEKTUBHOCTH OLICHKH (haKTOPOB pHCcKa. B ocHoBe
aHaaM3a NpoOJEMHOCTH y4acTKa METPO JI€KAT IPUHIIMIIBL: CII0KEHUs (PAaKTOPOB PUCKA YEPE3 YCIIOBHBIE OalIbl, IPUCBaUBAEMbIE SKCIIEPTAMH; HHNBUY aIbHOCTH
— Haubosee 3HaUMMBbIe (PAKTOPHI PUCKA YCTAHABIMBAIOTCA UL KAXKI0T0 METPONOIUTEHA MHAUBH/YalbHO; PAH)KUPOBAHUE YYACTKOB [0 CTENEHU IPOOIEMHOCTH
OCYMLIECTBISIETCS IO KPUTEPHUIO KBAPTHIBHO, B COOTBETCTBUH C TPEMS YPOBHIMU PHCKA (HU3KHM, CPEIHHN, BEICOKUIT), ONIPEACIAEMbIX CyMMOii 6amI0B (hakTopoB
pHucKa yyacTka. B pesynbTare MoBBIIIACTCS KAUECTBO CUTYAI[HOHHOTO KOHTPOJIS U MPOrHO3a PHCKOBBIX CUTYyalnii.

Knrwoueevie cnosa: paHdicuposarue, qbaKmopbz pucka, ypoeeHb puckd, SKCnepmmnas OyeHKd, yClOo6Hble 6(1}1/Zbl, Keapmiub, /14068}114[)08(1Hu€, pacnpede]zerme,
CMamucmu4eckull AHaau3s.

Kayin ¢akTopJ/iapbiH skoHe 0JIapAbIH JeHreiiepin 0arajayablH apaJjac daici Herizinae mpooJeMalbIK Jdpexeci

00IibIHIIIA METPO TPACCACHIHBIH yYaCKeJIePiH paHKUpJIey

Anparna. MeTpo TpaccachIHbIH JKaif-KyliiHe MOHUTOPUHITIH THIMJUIITiH apTTBIPY YILiH ToyeKel (paKTOpIaphlH CanalbIK )KOHE CaHABIK Oaraiay Heri3iHae Ipo-
Gema opeskeci OOMBIHINA TPaCCAHBIH yYacKeIepiH KoHe OJIap/IbIH JICHIeHIIepiH Kypama oic OOMBIHIIA capanThIK Tajlay MEH TOYEeKe JKaFJalbIHBIH BIKTHMA
KOpPiHYiH MaTeMaTHKAJBIK YJITiIeyai YHIeCTIpeTiH capanay YChIHbUIAIBI. MOJENb T'e0JOTHSIBIK KYPBIIBICTBI, CHSATHIH MAcCCHUBTIH (H3HKAIBIK-MEXaHUKAIBIK
KAaCHUETTEePiH, TOHHENb/IH OCTOH/BIK KaOAaThIHBIH KOHCTPYKIMSCBIH, CEPIiH/AI XKoHe Oepik cumarramaiapblH Koca ajFaHzia, opOip ydacKeHiH KaTybIHBIH HaKThI
JKaFJalnapeiHa OapblHIIA ColiKec KeleTiH Oomambl. Byn Toyeken ¢axropiapblH OaraiayAblH THIMAUICIH, DYPBICTBIFBIH KOHE OOBEKTHMBTLIITIH apTThIpyFa
MYMKIHIIK Oepeni. MeTpo ydacKeciHiH TpoOJIeMachlH Taliay IbIH HeTi3iHe MbIHaail KaruaaTTap *aTajbl: capanibllapMeH OepijeTiH mapTThl Oauiaap apKbLIbl
ToyeKkes (pakTOpIapbiH KOCY; TapajiblK — TOYEKEIAiH €H MaHbI3/bl (haKTopiIaphl SpOip METPOIOIMTEH YIIiH jKeKe OelrijieHe1i; mpodiieMabIK Jopexeci OoibIHIIa
ydackesep/i capaiay yi ToyeKes JeHreHiHe coifkec TOKCAHABIK eJIIeM OOMbIHIIA )Ky3ere achIpblIajibl: TOMEH, OpTallia, )KOFapbl. PaHyKUpIIey yJyacKeHiH ToyeKel
(akTOpIApBIHBIH OAJUIIAPBIHBIH COMACBIMEH AMKbIHAATATIH KPUTEPHii OOMBIHIIA YIII ICHTeiire 0elIe OTBIPBII, TOKCAHIBIK XKyprizizeni. HoTmkecinne xarqaiiinbik
OaKpLIay KOHE TOYEKeIIiK XKaFAaiap sl 60/pkay carmackl apTajibl.

Tyitinoi cesdep: pandicupney, mayexken Gakxmopiapvl, mayeken Oeneelli, capanmamanivl 6Oazanay, wapmmol 6aiioap, Keapmuib, mooenoey, 6ony,
CMAMUCMUKANbIK Manoay.

Ranking of sections of the metro route by the degree of problems based on the combined method of assessing risk

factors and their levels

Abstract. To increase the efficiency of monitoring the condition of the metro route, it is proposed to rank sections of the route according to the degree of
problematicness based on a qualitative and quantitative assessment of risk factors and their levels using a combined method combining expert analysis and
mathematical modeling of the possible manifestation of risk situations. The model is created as much as possible corresponding to the actual conditions of
occurrence of each site, including the geological structure, physical and mechanical properties of the enclosing massif, structure, elastic and strength characteristics
of the concrete lining of the tunnel. This allows you to increase the efficiency, reliability and, most importantly, the objectivity of the assessment of risk factors. The
analysis of the problematic nature of the metro section is based on the following principles: addition of risk factors through conditional points assigned by experts;
individuality — the most significant risk factors are established individually for each metro; ranking sites according to the degree of difficulty is carried out according
to the quartile criterion, in accordance with three risk levels: low, medium, high. The ranking is carried out quartile with the division into three levels according to
the criterion determined by the sum of the points of the risk factors of the site. As a result, the quality of situational control and forecasting risk situations improves.

Key words: ranking, risk factors, risk level, expert assessment, conditional points, quartile, modeling, distribution, statistical analysis, situational control.

BBeaenue COIIPOBOXKAAETCS MPOTPECCUPYIONIMMHI  YCTEIIHOTO PEMIeHUusT HE00X0InMO
Hcnonb3oBanue MOA3EMHOIO  HAPYUICHWSIMH CIUIONIHOCTH M CTPYK-  CO3/I1aHHME KOMIIJIEKCHOW CHCTEMBI Ha-
TPAHCHOPTAa MO3BOJSET pPasrPy3UTh TYpHBIMH HW3MCHECHUSMH CBOWCTB HO-  OJIOACHHS 3a Pa3BUTHEM CHUTYallWH,
Ha3eMHbIE MAarucTpajld, MOBBINAET POJHOTO MAacCHBa, aKTHBH3ALHUEH Cy-  CONPOBOXKAAIOIIEH MOA3EMHOE CTpO-

CKOPOCTh M KaueCTBO MEPEABUKEHHUSI,
CHIDKAeT IOKAa3aTelld 10 BBIOpOcaM U
LIyMOBOMY Bo3zerncTBuio. [loazemuoe
CTPOUTENILCTBO B TOPOJAX COMpSIKE-
HO C OMNPENeJICHHbIMU TPYAHOCTSIMHU:
IUIOTHAsl 3acTpOMKa, HACHILEHHOCTh
KOMMYHHKALIUSIMUA, aKTUBHOE JOPOXK-
HOE JIBMKEHHE. B HEKOTOpBIX ciydasx
Crola JOOABISIFOTCSI CIIOJKHBIE TOPHO-
reoJI0rnYeCKre YCIOBUSI, a TAKXKE MPO-
SIBJIGHUSI T€O0JIOTMYECKUX MPOLIECCOB,
BKJIIOYAsl CECMHYECKHE. DTO CBSI3aHO
C Te€M, YTO MOJ3EMHOE CTPOUTEIHLCTBO

LICCTBYIOIUX M NPOSIBICHHEM HOBBIX
reoMeXaHHYeCKHX IPOLIECCOB Ha (hoHe
PEaKIMOHHOTO M3MEHEHHS ero Hamlpsi-
JKEHHO-Ie()OPMUPOBAHHOTO  COCTOSI-
aust (HZC). OTi mpomeccsl OCIOKHS-
0T OOCTaHOBKY, CO31aBasi yrpo3y IUIs
0e30IacHOTO BEICHUSI TOPHBIX PadOT
M OKCIUTyaTallid Ha3eMHBIX U MOJ-
36MHBIX COOPY>KCHHH, HaXOISIIHXCS
B 30HE B3aWMHOT'O BIIMSIHHS, TPOBOLH-
pys CO3IaHHE PUCKOBBIX CUTYaLHH.
AHaJIu3 COBPEMEHHOI'O COCTOSHUS
pOOJIEMBI ITOKa3bIBAaeT, YTO IS €¢
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WTEJIBCTBO KaK Ha IOBEPXHOCTH, TAK
W BHYTPH IIOPOJHOTO MaccHBa Ha
OCHOBE COBPEMEHHBIX TEXHOJOTHH H
METOJIOB. YUYHUTHIBas MPOTSHKCHHOCTb
Tpacchl METPO, JUIsl TOBBILICHUS (-
(beKTHBHOCTH MOHHTOpPHHTA TPEOyeT-
Csl 10 ero Hayayia ONpe/eIUTh IOTeH-
[HAJIBHO OMACHBIC YYaCTKH BEPOSITHO-
T'O MPOSIBIICHUS PUCKOBBIX CHUTYallUH.
B cBsi3M ¢ 9TUM COBEPIICHCTBOBAHHE
AMEIOINXCS W pa3paboTKa HOBBIX
METOJIOB OLICHKH (haKTOPOB PHCKA H
WX YPOBHS YYacTKOB TPAacchl METpO




[loz3eMHOE M IIAXTHOE CTPOMTENBCTBO

MPEJICTABISICT  OOJIBIION
W MMPAaKTUYCCKUN WUHTEpEC.
MeToabl/ucciae0BaHus
IIpu co3gaHuM KOMIUJIEKCHOTO Me-
TOJIa PaHXXHPOBAHUS TPACCHl METPO
M0 CTEICHU MPOOIECMHOCTH OBLIH
HCIIOJB30BaHbl METOJbl IKCIEPTHOMU
OLIEHKH, CTaTUCTUYECKOTO aHAJIN3a U
MaTEMaTHYECKOTO  MOJICIIUPOBAHUS,
MO3BOJISIIOIINE OLIEHUBATh COCTOSIHUE
Ka)XJIOr0 y4acTKa 4yepe3 CyMMHUpOBa-
HHe 0AJUTOB OIICHKH (DAaKTOPOB PHUCKA.
Pe3ynbTaThl HCCJIETOBAHAS
B mHacrosimee Bpemsi CyILIECTBY-
IOT pa3/IMYHbIe METObI ONpPEAeTICHUS
(akxTopos pucka [ 1]. [Ipumepom pere-
HUsSI aHAJIOTHYHBIX 33/1a4 OpPTaHU3aI[uN
MOHHUTOPHHIA SIBJISICTCSI  TIOJI3EMHAs
pa3paboTKa MECTOPOKIACHHUIN TMOJe3-
HBIX HCKOINACMBIX, CTPOHUTEIHCTBO U
SKCIUTyaTaIlsl MaruCTPaIbHBIX HedTe-
mpoBoioB. Ha Ttepputopun pazpaba-
TBHIBAEMBIX MCCTOPOXKICHHM, OXBAThI-
BAIONIUX 3HAYUTCIBHBIC TEPPUTOPHH,
B pe3yibTaTe MPOSIBICHUS IMPUPOJI-
HO-TCXHOTCHHBIX M TCOTEXHUYCCKUX
MPOLIECCOB, MOTYT UMETh MECTO aHO-
MaJIbHBIC TIe(OpMaIIAX T€OTOTUICCKON
Cpelbl, MPOSIBIISIOLIMECS B BUIE TTpOCa-
JTOK 3€MHOM MOBEPXHOCTH WJIH MYJIbJIbI
CIOBWDKCHUs. B 3THX ycloBHsX 3amada
pemiaeTcss  pasIUYHBIMH ~ METOIAMU
30HHOTO PallOHUPOBaHUSI 3€MHOM TO-
BEPXHOCTH MECTOPOKJICHHS TIO CTere-
HH ONACHOCTH K OOpYIIICHUSM Ha OC-
HOBE YCTAHOBJICHUS TPUYUHHO-CIIC]I-
CTBEHHOM CBSI3U MEXIY MPOLECCaMH B
MacCHBE U Ha TOBEPXHOCTU [2-4].
PaifonupoBaHue ocyiecTBisieTcs o
KPUTEPHIO, 0a3HC KOTOPOTO COCTOUT U3
BEJIMYHMH (IIAPAMETPOB), XapaKTEPH3Y-
FOIIMX COCTOSIHUE MaccuBa. BriOop ma-
PaMEeTpOB OIpEAeIIsIeTCS paMKaMU pe-
IIACMOM 33/1a49U U TPCOOBAHUSIMH K TOY-
HocTu [5]. YUuciieHHOe 3HayeHue rpa-
HAYHOTO KPHUTEPHUSl YCTaHABIIMBACTCS
SKCHEPTAMHU TSI KaXKJI0OTO MECTOPOKIE-
HUSI HA OCHOBE PETPOCIEKTUBHOIO MPHU-
YHMHHO-CJIEJICTBEHHOI'O aHalli3a MpOHC-
XOJISIIUX TCOAMHAMUYCCKUX COOBITHIA,
CTPYKTYpPHBIX OCOOCHHOCTEH MacCHBa
TOPHBIX MOPOJ, (TCOIOTHIECKOE CTPOE-
HHE, TEKTOHUYECKHE HApYIICHUs, Tpe-
IIUHOBATOCTh, IPUMCHSCMAsi CHCTEMa
pa3paboTKH,  (PH3HUKO-MEXaHHUYCCKUC
csoiictBa 1 HJ/IC ropaoro maccusa). [To
pe3ysbTataM 30HHOTO PaOHUPOBAHUS
TOBEPXHOCTh MECTOPOMKACHUSI PAHKHU-
pyercsi 1o cTerneHu prucka (puc. 1).

Hay4HBIN

IIpm crpoutenscTBE M OKCILTyaTa-
M MarucTpajibHBIX HEPTEIPOBOIOB
0COOYIO POJIb B OIICHKE PHUCKOB TaKIKE
WUrpaeT MOHUTOPUHT €r0 COCTOSIHUS [6].

B ycnoBusix 00161101 TPOTSKEHHO-
CTH OpraHM3alyst HENPEepPbHIBHOIO MOHH-
TOPHUHTA IT0 BCEH Tpacce TEXHUIECKIMHU
CPEICTBaMU M3-32 UX OIPAaHHYCHHOTO
paanyca IeHcTBHsI BechbMa IpodieMa-
THYHA W 3aTpaTHa. Ha mpakTuke orpa-
HUYMBAIOTCSl YCTAaHOBKOH HMX B KOH-
TPOJIBHBIX ITYHKTaX, IOCIIEA0BATEILHO
PacroNIOKEHHBIX TI0 BCEH JIMHE TpY-
00IpOBO/Ia, KOTOPBIE TI0 TEXHUYECKUM
BO3MOJKHOCTSIM HE MOT'YT OXBAaTHUTh BCIO
Tpaccy. [loaromy mpobGiiemHbIe ydacT-
KM HETENnpoBO/Ja MOTYT OKa3aThCs
BHE JICHCTBHUSI ITyHKTOB HaOJFO/ICHHUSL.
B cBs3u ¢ aTUM, mepen yCTaHOBKOM
TEXHUYECKUX CPEACTB  HAOJIOJCHUS
TpeOyeTCsl 3HaTh PACIIOJIOKEHUE TaKUX
YYacTKOB. JTa 3aJja4ya yCIEIIHO pemla-
€TCsl METOAAMHU DSKCIIEPTHOW OLICHKH
(hakTOpOB pHICKA U X YPOBHEH.

Oxcnepmuotit. memoo (WIH METON
SKCIEPTHOH OIIEHKN) OCYIIECTBIISICTCS
IyTeM OOpaOOTKH MHEHUW OMBITHBIX
CHENMAINCTOB M PAaOOTHUKOB JIaHHOH
OTpaciy, U3 YNCIIa KOTOPBIX (POPMHPY-
eTcst DKcrepTHasi Komuccusi. Kaxmomy
9KCIEPTY MPEIOCTABISICTCS TEPEYCHb
BO3MOJKHBIX PHCKOB M TpEJIaracrcs
OILIGHUTH BEPOSITHOCTH X HACTYILICHHSL.

Crieyromuii Tar OIeHKH JKCIep-
TOB — aHAJIW3 HAa MX MPOTHBOPECYH-
BOCTh. JKenaTesbHO, YTOOBI SKCIIEPTHI
COIIPOBOKJIAJIM CBOW OIICHKH JaHHBI-
MH O BEPOSTHOCTH BO3HUKHOBEHUS
rnoTepsb nin yuep6Oa. [Ipn ananuze He-
00Xx0/1IMMO 00paTUTh BHUMaHHE Ha TO,
4TOOBI MAaKCUMAaJIbHASI Pa3HHUIA MEXKIY
OIICHKAaMHU OJKCIIEPTOB IO OJHOMY H3
rokaszaTeyied KaKIOoro OTIECIBHOIO

BHJIa prcKa He npeBbimaia 50 6amioB.
Ilpu sTOoM 000N W3 OICHUBAEMBIX
BHJIOB PHCKA XapaKTEpU3yeTCsl He-
CKOJIbKUMH TTOKa3aTCISIMU, KaXK]IbIH
13 KOTOPBIX B CHCTEME OIICHOK MMEEeT
CBOH BEC, COOTBETCTBYIOIINI €r0 3Ha-
YUMOCTH. 3aTe€M IOJIy4YE€HHBIE B IPO-
1Iecce HKCHEPTHU3bl OaIbl CyMMUPY-
I0TCSL TTO BCEM ITOKA3aTEeIsIM C Y4eTOM
BECOBBIX KOX(PUIIMEHTOB, 00pa3ys
00OOIICHHYIO OIICHKY TaHHOTO BHA
pHCKa IO MHBECTUIIMOHHOMY ITPOEKTY:

R, =2kxz D)
TAC £ — 3HAYCHUA KAXXI0I'0 IMOKa3aTeCIsd B 6a.rmax;

k — BecoBoi KOd(PHHUIHEHT;
R — 0000meHHasl JKCIEepTHasl OICHKA

axen

JAaHHOTO BUAa pHUCKa.

MHeHHUSs SKCIIEPTOB O CTEICHH pHU-
CKa MOTYT CHJIBHO PacXOIHUTHCS IO
MPUYMHE CYOBEKTHBH3MA, ITOITOMY
oco0oe BHHMaHHE CICAYET YJIEISITh
1mos00py SKCHEepTOB, T.K. OT TOY-
HOCTH UX OLIGHOK 3aBHCHUT IPABHIIb-
HOCTb IPHHSITHS PEIICHUH.

HecMoTpst Ha yCHIEIIHOCTH MTPaKTH-
YECKOro NPHMEHEHHUS! METOJOB JKC-
MIEPTHOM OLEHKH (haKTOPOB pHCKa,
OHM HMEIOT CYIIECTBEHHBIE HEN0-
CTaTKH, IOCKOJIbKY OCHOBBIBAIOTCS Ha
CyOBEKTUBHOM IPHHITHH OILIEHOYHBIX
pelIeHui, 9TO HEe MOXKET HE CKa3aTb-
Cs Ha WX JIOCTOBEPHOCTH. Bo3MOXK-
HOCTH METOZa Ha IpPHMeEpe 30HHOTO
paliOHUPOBAHMSI TOBEPXHOCTH MECTO-
POKJIEHHSI MOTYT OBITh 3HAYUTEIHHO
pacUIMpEeHb! B HAIPABICHNUH MTOBBIIIIE-
HUs 3P PEKTUBHOCTH, JIOCTOBEPHOCTH
MU, 4TO OCOOEHHO BaXHO, OOBEKTHB-
HOCTH IIPH UCIIOJIb30BAaHUU B OILIEHKE
YPOBHSI PUCKOB Pe3yJIbTaTOB (hr3U4e-
CKOT'0 MJIM MaTeMaTHYeCKOr0 MOJIEIIN-
poBanus. Bun MoaenmnpoBanust onpe-
JIeJISIeTCSl paMKaM¥ pelraeMoi 3a1aun

Puc. 1. 30Hb1 Han00JIbLIEr0 PHCcKA (OTMEYEHbI KPACHBIM: CJIeBA C
HCI0/Ib30BaHueM kputepust H/m, cnipaBa — an./m).
Cyper 1. EH skoFapbl ToyekeJI aiiMa¥rbl (KbI3bLI, €OJI skaKTa H/m kpurepuiiin
Nai1aJ1aHa OTHIPBIIL, OH KAKTA — an./m).
Figure 1. Areas of greatest risk (marked in red, on the left using the H/m
criterion, on the right — an‘/m).
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W MCXOJHBIMU JTaHHBIMU. JlIsl paHXu-
pOBaHUS yYaCTKOB TPacChl METPO IO
CTEIeHN MPOOJEMHOCTH Tpe/iaraer-
¢Sl KOMIUIEKCHBIA METOJ], O0OBEAMHSIO-
LU BO3MO>KHOCTH DKCIIEPTHON OIEH-
KM (aKTOpOB pHCKa U PE3yJbTATOB

MaTeMaTHYeCKOro  MOJCINPOBAHUS
YUCJICHHBIMHA METOJIaMH. MoJIelb c03-
JIaeTCs MaKCHUMaJIbHO COOTBETCTBYIO-
el peasbHOMY YCIJIOBHIO 3aJIeraHus
Ka)kJIOTO ydJacTKa TOHHEJsI, BKIIOYas
TeOJIOTUYECKOe CTpoeHue, (QHU3nKo-
MEXaHWYECKHEe CBOMCTBA BMEIAOIIIE-
ro MaccHuBa, KOHCTPYKLHH, YIPYIHX
W TPOYHOCTHBIX XapaKTEPUCTHK Oe-
TOHHOH OOKJaAKW TOHHENsS. Pe3yinb-
TaTbl MOJEJIMPOBAHUSI IO YPOBHSIM
pUCKa YCTaHABIMBAIOTCS HAa OCHO-
BE INPUYMHHO-CIICICTBEHHON CBSI3U
MPOSIBIICHUSI KPWU3WCHOW CHTYyalluu
o 10-0anbpHOM cucTeme.

B kaudecTBe 2KCHEpTHON COCTaBIIS-
IOIIEel KOMIUIEKCHOTO METO/1a BEIOpaH
OJIH U3 METOJIOB SKCIIEPTHON OLICHKH
(hakTOpPOB pHCKAa M MX YPOBHEH INpHU
CTPOMTENLCTBE W JKCIUIyaTallMd Ma-
TUCTPAJIBHBIX HEPTEITPOBOIOB. MeTo
OPHEHTHPOBAH Ha OIEHKY IIMPOKOTO
criekTpa (hakTOpOB pHCKa HE3aBUCH-
MO OT HMPHUPOJBI UX HMPOUCXOKICHUS,
BKJIIOYAs TPYHOIIPOTHO3UPYEMBIE CO-
ObITHs. J{711 9TOr0 MpUMEHsIETCs 01~
X0/1, KOTOPBIA MOKHO 0003HAYUTh KaK
«YHCTBIN JINCT», T. €. 0€3 NCITOIB30Ba-
HUS KaKUX-JINOO M3BECTHBIX METOIUK
WJTU CYHIECTBYIOIINX «C HYJISD) TOIXO0-
noB [7-9]. Ilpu sTom doxyc aHammza
HalleJIeH Ha OLIEHKY WHUIIMHPYIOIINX
COOBITHH (PUCKOB), KOTOpPbIE HE MOJI-
JTAfOTCSI IPSIMOMY YIIPABJICHHIO B XOJI€
SKCIUTyaTalliy TPyOOIIPOBOJIOB.

VYcranoBinenue (akTOpoB pHCKa U
WX OIICHKa IPU aHAJU3€ COCTOSHUS
He(TenmpoBOoa TPOMZBOAMUTCS IKC-
MEepTHOM KOMMCCHUEH IO CEeKLHSM,
JUTMHA KOTOPBIX ONPEEIsIeTCsl MPOo-
TSDKEHHOCTBIO yYaCTKOB MEXKIy y31a-
Mu 3anopHbIx apmaryp (Y3A). Takoe
JiesieHue 0O0yCIIOBIIEHO TEXHOJIOTHYe-
CKOM CXeMOH He(TenpoBoja, MO KO-
TOpOI1 B Cilyyae aBapuiHON CUTyaluu
Ha JII00OM y4acTKe MPOUCXOIUT Iepe-
KpBITHE TpPYyOONpOBOAa 3aCIOHKAaMHU
CEKIIMH, B KOTOPOH OH pacrioiaraercs.

B pesynbrare sKCIEpTHOrO aHaJIN-
3a COCTOSIHUSI He(TenpoBoaa IMOIy-
YaeTcsl CIHUCOK MMEIOMIMXCS CEKINH

TpyOONIPOBOJIOB € OOIIMM KOJHYE-
CTBOM OajulOB pHICKa ISl KaXAOH,
IIPU 3TOM HEKOTOpBIE CEKIMH (ydacT-
KU MeXay Y3A) MOryT OBITH HPOTSI-
JKEHHOCTBIO B | KM, TOI/1a KaK JIpyrue
— JIOCTUTaTh JIECSATKOB KHJIOMETPOB.
OTOT akT cpazy HCKIIOYAET KOPOT-
KHE YYacTKH IIPU TOIBITKE JaIbHEH-
IIero KadyecTBEHHOro aHanm3a (paH-
JKUPOBAaHMUSI) HA HU3KUH, CpeaHUM,
BBICOKHW YPOBEHb PHCKA, XOTS, BO3-
MO>XHO MMEHHO Ha ATOM KHIIOMETpeE
HaxOJWUTCS TOTEHIMAJIbHO  CaMBbIH
omacHbIi y4acTok. Jlist ycTpaHeHHs
JTAaHHOTO HEJOCTaTKa BBOJUTCS JO-
MOJTHUTENIbHAST ~ XapaKTepUCTUKa —
«IUIOTHOCTH PHUCKa», paBHAs CyMMe
0aJJTOB PUCKOB K JUTMHE YYacTKa.

C nenslo manpHEHIIEro, yxe Ka-
YECTBEHHOT0 (cucTemMa «CBETO(op»)
BBIJICJICHUSI Tpajaluii pucKa Ipen-
JIaraeTcst OLEHUBATH «IUIOTHOCTH KO-
JINYECTBA» PUCKOB BHICOKOTO YPOBHS
KpPUTUYHOCTH. B pesynbpraTe pacuera
MOJIy4aeTcsl pacnpeeIeHue TPex Xa-
PaKTEpUCTHK IO BBIJICIICHHBIM CEK-
nusiM TpyoomnpoBozaa. [lomydeHHble
IOKa3aTean paclpeielieHbl OT MU-
HHMMaJbHOTO 10 MaKCUMaJIbHOTO JJIsI
CceKInH (CyMMapHBIA PUCK B Oayiax,
«IUIOTHOCTH PUCKA», KINIOTHOCTH KO-
JINYECTBA PUCKOB BBICOKOT'O YPOBHSI»
KPUTUYHOCTH), C TOMOIIBI0 KOTOPBIX
XapakTepuszyeTcss oOmmuii puck. B
CBSI3U C T€M, YTO METOAUKA HE UMe-
€T NPUBS3KU K CTATHCTHUKE aBapui,
a ycIOoBHbIE OallsIbl HE HECYT B cebe
(u3nyeckoro cmeicia, Kak HalpHu-
MEp, BEPOSITHOCTh aBapUU, OTHECEH-
Hasl Ha JUIMHY B T'OJ, TO U KpUTHYE-
CKUE WM TpaHWYHBIC 3HAYCHHWS, IO
KOTOPBIM MOXHO CKa3aTh, YTO PHUCK
MpUeMIIeM/HE IPUEMIIEM, OTCYTCTBY-
10T. [lanee, ¢ UCIIOIB30BAaHUEM CTa-
THCTUYECKOTO aHAJIN3a IPOBOIHUTCS
pPaH>XXHUPOBAHHOE pacnpeneneHue
0aJuIoB ISl TUIOTHOCTH PHCKA, CyM-
MBI 0amnoB Mexay Y3A u 50%, 75%
KBapTWJICH TPaHMI] ISl IPUMEHECHUS
CHCTEMBI «CBETO(OP».

B kauecTBe 2KCHEepTHON COCTaBIIs-
FOINEH IS OLICHKM (haKTOPOB pHCKa
MIPUMEHUTEIBHO K YCIIOBUSM OKC-
IJTyaTallil METPOIOJIUTEHA HEKOTO-
pble IPUHIUIIBI TOCTPOCHUST aHAJIN3a
OBITM 3aMEHEHBI, a CaM METOJ[ YCO-
BEpILIEHCTBOBaH. B mepByro ouepens,

BBEJICH IPUHIUI DSKBHBAJICHTHOCTH
— JIeJIGHHE TpacCchl METPO IMpPU paH-
JKHPOBaHUHU HAa YYaCTKH OJIMHAKOBOW
JUHBL VICKIIIoUeHne COCTaBIIsSIeET Tep-
puTOpHUs CTaHLUM, OLEHHBaeMas IO
ydJacTKaM, B KOTOpBIE OHa BIMCaHA.
OTO 3HAYUTENBHO YNPOIIAET MPOLECC
paH>XXUPOBAHUSA, MOCKOJIBKY MOXKHO
MOJIb30BaThCSl TOJIBKO OJHUM KpHU-
TEpUEM — CYMMapHBIM OasIoM Bcex
(hakTOpOB pHCKa ydacTKa'.

PamxupoBanne yuacTka Tpacchl
METPO 1O CTENEHH NMPOOIEMHOCTH CO-
IJaCHO MPEAaraéMoOMy METOAY KOH-
LENTyalbHO Oa3upyeTcsi Ha CIeaylo-
IIUX OCHOBHBIX MPUHIUIIAX:

= K aHaJIN3y (PaKTOpPOB pHICKa IPU-
BJIEKAETCs TPyMIa dKCHEPTOB pa3HO-
ro ypoBHS KOMIETEHIIUM U 3HAHUHU

ocoOeHHOCTeH MIPOEKTUPOBAHUS,
CTPOUTENBCTBA U DKCIIyaTallUu Me-
TPOTOJIUTEHA;

= aHAJTU3 COCTOSIHUS TPACCHI METPO
MMPOBOJAUTCSI IO HanOoJIee 3HAYUMBIM
(akTopam pucka, ONpeacIIeMbIM
MO0 pe3yJibTaTaM, MPEICTABICHHBIM
YJICHAMH DKCIICPTHOW KOMHUCCHUHU IO
CyYMMapHbIM OaJllTaM U BBIOpAaHHOMY
3HAYCHUIO KpUTEpHUsl 0TOOpa, IMyTeM
MMPOU3BOJHOTO TPHUCBOCHUS YyCIOB-
HBIX 0aJIJIOB HA OCHOBE HE3aBHCUMO-
0 dKCIEPTHOTO MHEHUS IO JSCSITH-
0aJUTLHOM IIIKAJIE;

* IPUHIIAIT SKBUBAJICHTHOCTH — JICJIC-
HHE TPACCHI METPO TIPH PAHKUPOBAHWUH;

* IPUHIUI WHIABUIAYAITHBHOCTH —
HanboJiee 3HAYNMBbIC (PAKTOPBI PHUCKa
YCTaHABIUBAIOTCS ISl KaKJIOTO Me-
TPOIIOJIUTCHA UHIUBUY JTHHO;

* TPUHIHN CJIOXKCHUSA (PaKTopoB
pHCKa Yepe3 yCIOBHBIC OallTbl: KPUTE-
pHeM SBIISICTCS cyMMa OajuioB (cpen-
HHX BEJIMYMH) YPOBHEH (haKTOPOB pH-
CKa y4acTKa;

* paH)XUPOBAHUE YYACTKOB IO CTe-
TICHU IPOOJICMHOCTH OCYIICCTBISICTCS
10 KPUTECPUIO KBAPTHIIHHO B COOTBET-
CTBHUU C TPEMs YPOBHSMH PUCKA: HHU3-
KUM, CpeITHUI, BBICOKHIA;

= BBIOOp HAUXYJIIECTO CICHAPUS,
T. €. CIICHapHsl, IPU KOTOPOM HEKOTO-
PBIM y4acTKaM OJTHOTO YPOBHSI PHCKa,
HMMCIOINM CYMMAapHBIH Oali, 3Ha4Yh-
TEIIFHO MPEBBIIAIONIAN CPSITHUN CBO-
€ro ypoOBHSI, SKCIICPTHBIM PEIICHHEM
MOJKET TPUCBAMBATHCSI 0OO0JEe BBICO-
KU YPOBCHB PHCKA.

!@Dupcosa O.A. Cnocobwr oyenxu cmenenu pucka // Hayunas snexmponnas 6ubnuomexa. https://cyberleninka.ru/article/n/sposoby-otsenki-stepeni-riska/viewer

T'opnwuin scypnan Kazaxcmana Ne5’° 2020




[lox3eMHOE 1 AXTHOE CTPOMTENBCTBO

CIIHUCOK UCIIOJIB30OBAHHbBIX HCTOYHHUKOB

1.

HUmancakunosa H.b. Dxcnepmmuulii puck-anaiu3 coCmoAHUs YUaCMKOE MA2UCMPATbHO20
Hegpmenpoeooa u ux paHICuposarue no cmenenu npobremuocmu. // I'oprolil socypHan
Kaszaxcmana. — Anmameot, 2019. — Nel0(174). — C. 37-41. (ra pycckom A3viKe)

Cnuywvin A.A., Umancaxunosa b.b., Yeprnos A.B., Kuoupbaes b.U. Pazsumue nayuno-wemoouueckou
6as3vl 6uls6NIeHUS OCAAOIEHHBIX 30H HA 3eMHOU NOBEPXHOCHU PYOHBIX MECMOPOICOCHU.

// Lopuwiti scypran. — Mocksa, 2019. — Ne9(2266). — C. 63-66. (Ha pycckom sa3blKe)
Anuooocmu A., A30anu M., @onaoeap M.M., Bacupu M.X. Oyenka pucka Kpumuieckux
AKMUBO8 C UCNONLIOBAHUCM CUCTEMbl HEYemKO020 102U4ecKoeo 6vleooa. // Ynpasienue
puckamu. — 2012. —Nel4. — C. 77-91. (na aneautickom s3vike)

Xawn 1O Bane, Camysnv P. 3D ceomexanuueckoe moodeiupoganue nogedeHus noi3yyecmu
colu Ha 0OCAOHOU KOJOHHE CMBOJIA CKBANCUHBL 01 Npedcoie8blx niacmos. // bypenue

u 3agepuienue SPE. — 2016. — T. 31. — Boin. 4. — C. 261-272. (Ha aneautickom s3vike)
Kuoupbaes b.U., Kaxumocanos E. X., Umancaxunosa H.b., Kocnurxos B.A. Cneyuanusuposantas
2COUHDOPMAYUOHHAS cuCmeMd YNPAGLeHUsl MEeXHO2eHHbIMU PUCKAMU NPU CIMPOUMENbCmEe
U IKCNAYAMAayuu HA3eMHbIX U N003eMHbIX coopyauceruu. // 'opuwiti acyprnan Kazaxcmana.
— Aamamur, 2019. — Ne2. — C. 36-41. (na pycckom s3viKe)

Camueynnun I X., Casenves /.B., Umancaxunoea H.b. Oyenxa 3KcniyamayuoHHblX
PUCKOB MA2UCMPATbHBbIX Hedhmenposo00s. // COopHuUK uzbpannvlx cmamei no Mamepuaiam
nayunvix kongepenyuti 'HUU «Haypazeumuey. — Cankm-Ilemepoype, 2019 (Anpenv).

— C. 123-126 (na pycckom s3viKe)

Cmpoxkoea JI.A. Epmonaesa A.B. Paiionuposanue meppumopuu no cmenenu oOnacHocmu
0ceoanus 3eMHOU NOBEPXHOCMU NPU NPOEKMUPOBAHUU MASUCTPATLHO20 2A30NPO0E00d

6 Ooicnou Axymuu // H36ecmus Tomckoeo norumexuuueckozo ynugepcumema. Unocunupune
ceopecypcos. — 2016. — T. 327. — Nel(. — C. 59-68. (na pycckom s3vike)

Camueynnun I'.X., Ecoposa J.B., Kymykos C.E. Ananu3 ypoeHnsa pucka Kxax memoo
obecneyenus 6e30NACHOU IKCNAYAMAYUY TUHEUHOU YACTNU MALUCTPATbHBIX MPYOONPOBE0008.
// Becmuuk monoooeo yuenoeo YI'HTY. — Ypa:YI'HTY, 2016. — Ne4(8). — C. 207-211.
(Ha pycckom si3vike)

baiieypun XK. /., Anmaeeéa A.A., Umancaxunosea b.5., Cnuyvin A.A. ['eoungpopmayuonnasn
cucmema ynpagieHus puckamu npu noo03emHou paspadbomke MecmopoiCOeHull NOIe3HbLX
uckonaemuvix. // I'opuwvii socypnan Kazaxcmana. — Anmamur, 2018. — Ne7. — C. 41-46.

(na anenutickom s3vike)

HAUJAJIAHBIIIFAH OJESUETTEP TI3IMI

1.

HUmancakunosa H.b. Mazucmpanbovlk MYHai KyOvipvl yuacKeiepiHiy Hcal-KyuiH
capanmamanvlk mayeKei-maioay HaHe oaapovl NPooOIemManvlK 0apediceci OOUbIHUA CApalay
// Kazakcmaunwviy ken swcypuanvt. — Aamamot, 2019. — Nel0(174). — b. 37-41. (opsic mininoe)
Cnuyvin A.A., Umancakunosa b.b., Yeprnos A.B., Kuoupbaee b.U. Ken opbinoapuviHbly
arcep bemindeei ancipezer aumMakmapobl AHLIKMAYObIH bLILIMU-20IiCMeMeNIK OA3ACbIH OAMbINLY
// Ken oicypranvl. — Mackey, 2019. — Ne9(2266). — b. 63-66. (opsic mininoe)

Anuooocmu A., A30anu M., @onadeap M.M., bacupu M.X. Tax wwizapy sxcytiecin
nanoanana omvlpuin, CblHOAPIbl AKMU8mMiy mayekeiin oaganay. // Toyexkenoepdi backapy.
—2012. — Ne 14. — b. 77-91. http:// dx.doi.org/10.1057/rm.2011.19. (agvinwein mininoe)
Xawnw 1O Ban, Comiosn P. 3D ceomexanuxanvik mooenoeyoe YHbLMA2A HCbIHbICMAPObLH
ChIpEYy My3bl MY3 ACMbl pe3epeyapiapblHa ApHAI2aH weeenoey Kyovipnapul. // SPE 6ypsviiay
aocone askmay. — 2016. — T. 31. — llvie. 4. — b. 261-272. (agvinwvln mininoe)
Kuoupbaes b.U., Kakxumocanos E.X., Umancaxunosa H.b., Kochukos B.A. )Kep ycmi
arcone JKep acmuvl KYpolivblCMApPbiH CALY JHCIHe NAtOAIAHY Ke3iH0e MeXHo2eHOIK mayeKkendepoi
backapyovlly MamanoanObIPLLIIEAH 2e0aKnapammaolx Jcytieci. // Kasaxcmannuviy Ken scypHasi.
— Aamamuor, 2019. — Ne2. — b. 36-41. (opvic mininoe)

Camueynnun I X., Cagenves J.B., Hmancaxunoea H.b. Mazucmpanvovlx mynau
KYOwIprapviHbly nadairany mayexkenoepin 6azanay. // « ¥aimmuoix oamyy 31U vinvimu
KOH@epenyuanrapvliviy mamepuanroapel oouvinua Tayoayivl MaKaiaiap HCuHavly.

— Canxkm-Ilemepoype, 2019 (Caoyip). — b. 123-126. (opvic mininoe)

Cmpoxosa JI.A. Epmonaesa A.B. Oymycmix Axymusoa mazucmpanivovlk 2a3 KyOvipulH
acobanay kesinoe xcep O6emiHiy We2yIiHiy Kayinminik 0apeaceci O0UbIHUA AYyMAKMbl
ayoanoacmulpy. // ToMCK nOIUMeEXHUKANLIK YHUBEPCUMEMIHIY JHCAHANLIKMADbL.
Leopecypcmuiy unocenepus. — 2016. — T. 327. — Nel0. — b. 59-68. (opvic mininoe)

Topnwui sccypnan Kazaxcmana Ne5’° 2020




[loz3eMHOE 1 AXTHOE CTPOMTENHCTBO

8.  Camueynnun I''X., Ecoposa /I.B., Kymykos C.E. MazucmpanbovlKk KyOulpiapOvly Hcenilik
benicin Kayinciz natoaianyovl KaAmMmamacslz emy 20ici peminoe mayekei OeHeelin maioay.
// YIHTY ocac 2anvimsinsiy xabapuweicol. — Ypa: YIHTY, 2016. — Ne4(8). — 5. 207-211.
(opvlc mininoe)

9. Baueypun XK.J[., Anmaeea A.A., Umancaxunosa b.b., Cnuyvin A.A. [latioanrvl kazbanrap Kewn
OPBIHOAPBIH JHCep ACMbIHOA uzepy Kesinoeei mayexkendepoi Oackapyovly 2e0aKnapammaolk
arcyueci. // Kazakcmannviy ken scypuanvl. — Anmamot, 2018. Ne 7. 41-46 bemmep. (agvlawviy mininoe)

REFERENCE

1.  Imansakipova N.B. Expert analysis of risk areas of the main oil and their ranking in problematic
degree. // Mining journal of Kazakhstan. — Almaty, 2019. — Nel10(174). — P. 37-41 (in Russian)

2. Spitsyn A.A., Imansakipova B.B., Chernov A.V., Kidirbaev B.I. Development of scientific
and methodological base for detecting weakened zones on the earth's surface of ore deposits.
// Mining journal of Russia. — Moscow, 2019. — Ne9(2266). — P. 63-66. (in Russian)

3. Alidoosti A., Yazdani M., Fouladgar M.M. & Basiri M.H. Risk assessment of critical
asset using fuzzy inference system. // Risk Management. — 2012. — Nel4. — C. 77-91.
http:// dx.doi.org/10.1057/rm.2011.19. (in English)

4. Han Yi Wang, Samuel R. 3D Geomechanical Modeling of Salt Creep Behavior
on Wellbore Casing for Pre-Salt Reservoirs. // SPE Drilling and Completion.

—2016. — Vol. 31. — Iss. 4. — P. 261-272. (in English)

5. Kidirbayev B.1., Kakimzhanov E.H., Imansakipova N.B., Kosnikov V.A. Specialized
geoinformation system for managing technogenic risks in the construction and operation
of ground and underground structures. // Mining journal of Kazakhstan. — Almaty, 2019.
— Ne2. — P. 36-41. (in Russian)

6. Samigullin G.H., Savelev D.V., Imansakipova N. B. Assessment of operational risks of oil trunk
pipelines. // Collection of selected articles on the materials of scientific conferences of the State
Research Institute «National Developmenty. — Saint Petersburg, 2019 (April). — P. 123-126. (in Russian)

7.  Strokova L.A. Ermolaeva A.V. Zoning of the territory according to the degree of danger
of subsidence of the earth's surface in the design of the main gas pipeline in southern
Yakutia. // Proceedings of Tomsk Polytechnic University. Engineering of geo-resources.
—2016. — Vol. 327. — Nel0. — P. 59-68. (in Russian)

8. Samigullin G.H., Egorova D.V., Kutukov S.E. Risk level Analysis as a method for ensuring
safe operation of the linear part of main pipelines. // Bulletin young scientist UGNTU
— Ufa:UsNTU, 2016. — Ne4(8). — P. 207-211. (in Russian)

9.  Baygurin Zh.D., Altayeva A.A., Imansakipova B.B., Spitsyn A.A. Geoinformation system
of risk management for underground mining of mineral deposits. // Mining journal
of Kazakhstan. — Almaty, 2018. — Ne7. — P. 41-46. (in English)

Caefennsi 06 aBTopax:

Hmancaxunosa b.bB., noxrop PhD, 3aBenyromas kadenpoii «Mapkuieiaepckoe Aeno u reojesusi» HekoMmepueckoro akioHepHoro odmectsa «Ka3zaxckuii HAMOHAIbHBIN
HCCIIeI0BaTeIbCKUiT TexHuYeckuil yansepeuret uM. K.M. CarmaeBa» — Satbayev University (r. Anmarsl, Kazaxcran), b.imansakipova@satbayev.university

Mockosuyk IT.A., KaHJ. TeXH. HayK, PyKOBOJMTEIb MPOCKTHOTO oTjena ToBapHIecTBa ¢ OrPaHMYCHHON OTBETCTBEHHOCTBIO «MetponpoekT» (T. Anmarsl, Kazaxcran),
kzmetro@mail.ru

HlakuesaI.C.,PhD nokropaHt kadeapsl «KMapkuieiaepckoe aeno u reoaesus» HekoMmepueckoro akiimoHepHoro oomuiecTa «Kazaxckuii HalmOHaIbHBINH HCCIIC0BATEILCKHI
TexHuueckuil yausepcuter uM. K.M. CarnaeBa» — Satbayev University (r. Anmatsl, Kasaxcran), g.shakiyeva@satbayev.university

Kuoupoaeg b., PhD nokropanT kadeaps! «KMapkuieiepckoe Ieio 1 reojie3usi» HekoMMepueckoro akiimoHepHoro obiecTBa «Ka3zaxckuii HAIIMOHATBHBIN HCCIIC0BATCIILCKHIA
TexHndecknii yausepcnter uM. K. M. CaTtnaesa» — Satbayev University (r. Anmarsl, Kazaxcran), kid_pochta@mail.ru

ABTOpJIap TypaJibl MAJIiMeT:

Hmancaxunosa B.b., PhD nokropsl, «K.M. Cor6aes areingarsl Kazak YITTEIK TEXHUKAJBIK 3€pPTTEy YHHUBEPCHTET» KOMMEpPIHMSAIBIK eMec aKIMOHEPIiK KOFaMBIHBIH —
Satbayev University «Mapxkmieiiepiik ic xoHe reoe3us» kadeapacsiHbIH MeHrepymici (Anmartsl K., Kasakcran), b.imansakipova@satbayev.university

Mockosuyk II.A., TexHUKa FBUIBIMAAPBIHBIH KaHIUIATHI, jko0anay OGemiminiH Gacmbickl «Merponpoext» JKayankepmriniri mekreyni cepikrectiri (Anmarsl, Kaszakcran),
kzmetro@mail.ru

Hlokuesa I'.C., «K.W. Corbaes aTeiHaarsl Ka3ak yJITTBIK TEXHUKAIBIK 3€pTTEy YHUBEpCHTETi» KOMMEpIMANBIK eMec aKIMOHEpIiKk KoraMbIHEIH — Satbayev University
«Mapkureitiepiik ic sxoHe reoaes3us» kadeapacsiHbiH PhD nokropanTsl (Anmatsl, Kazakcran), g.shakiyeva@satbayev.university

Kuoupoaes b., «K.W. CorbaeB atbiHnarsl Kazak YITTHIK TEXHHKAIBIK 3€pTTEY yHHBEpCHTETi» KOMMeEpIHANBIK eMec aKIMOHEpiK KOFaMbIHBIH — Satbayev University
«Mapknreiiepiik ic xoHe reojesns» kadeapacsieig PhD noxropants! (AnMatsel, Kasakcran), kid_pochta@mail.ru

Information about the authors:

Imansakipova B.B., PhD, Head at the Department of Mine Surveying and Geodesy of the Noncommercial Joint-Stock Company «Kazakh National Research University
after K.I. Satbayev» — Satbayev University (Almaty, Kazakhstan), b.imansakipova@satbayev.university

Moskovchuk P.A., Candidate of Technical Sciences, Head of the Project Department of the Limited Liability Partnership «Metroproject» (Almaty, Kazakhstan), kzmetro@mail.ru
Shakiyeva G.S., PhD Student at the Department of Mine Surveying and Geodesy of the Noncommercial Joint-Stock Company «Kazakh National Research University
after K.I. Satbayev» — Satbayev University (Almaty, Kazakhstan), g.shakiyeva@satbayev.university

Kidirbaev B., PhD Student at the Department of Mine Surveying and Geodesy of the Noncommercial Joint-Stock Company «Kazakh National Research University
after K.I. Satbayev» — Satbayev University (Almaty, Kazakhstan), kid_pochta@mail.ru

IIpooonscenue cmamou wumaiime 6 Ne6 2020 2.

T'opnwuin scypnan Kazaxcmana Ne5’° 2020




‘

V MEXOYHAPOOHAA
CNELUANUN3NPOBAHHAA BbICTABKA

MINING & MINERALS EXPO".020

TEXHOJ1IOI i1, ObOPYOOBAHUE, MATEPUAJIbI OJ1A
FOPHOLOBbIBAIOLWEN U YTOJIbHOM MPOMbILLNEHHOCTHA

(|| 10-12mom6pa __[[[

OPTrAHU3ATOP: -t
MeXXayHapOAHbIN BbICTABOYHbIN LLEHTP

TeXHUYECKNIA NaPTHEP: Rest(Dedia

MEXOYHAPOAHbIN

BbICTABOYHbI/ LLEHTP Ten./¢axc: (044) 201-11-67
r. Knes, bpoBapckown np-T1, 15 e-mail: energoprom@iec-expo.com.ua
cTaHuuA meTpo "JleBobepexHan" WWwWWw.iec-expo.com.ua, WWW.MBL,.YKpP




Oxpaa Tpya 1 0€30MaCHOCTb B TOPHOM MPOMBIIITCHHOCTH

Kox MPHTH 52.35.29
R.S. Samet, N.Sh. Akimbekov, A.A. Zhubanova

Al-Farabi Kazakh National University (Almaty, Kazakhstan)

THE USE OF MICROORGANISMS AS A
BIOLOGICAL METHOD FOR CONTROL OF
METHANE CONCENTRATION IN COAL DEPOSITS

Abstract. Coal seams contain a huge amount of methane. Traditional methods of methane control in coal mines in the conditions of constant intensification
of mining operations cannot always ensure a high level of coal mining and safe working conditions at the same time. Thus, a search for new approaches and new
methods for reducing methane concentration is necessary. Therefore, the development of microbiological methods is gaining popularity. It seems promising to
use microorganisms to reduce the concentration of methane in the atmosphere of coal mines. This article discusses the microbiological method, namely the use of
methane-oxidizing bacteria, as well as a description of their modes of action.

Key words: coal, lignite, brown coal, methane-oxidizing bacteria, methane, microbiological method, biogeotechnology, methanotrophs, gas content of coal,
degassing, methanogens.

Hcnosib30BaHHe MUKPOOPTraHU3MOB KaK OHOJOrHYeCKHH MeTo/ KOHTPOJIS KOHIEHTPAMH MeTaHA B yroJIbHbIX

MECTOPOKIACHUAX

AunHoTanus. B mactax kaMeHHOTO YTt COACPIKUTCA OTPOMHOC KOJIMYECTBO METaHa. TpaZ[I/ILIHOHHLIe METOIBI GOPLGLI C METAaHOM B YI'OJIbHBIX IIaXTaX B YC-
JIOBHUSIX ITOCTOSIHHOM I/IHTeHCI/I(l)HKaLIHH TOPHBIX pa60T HE BCerga MOryT obecneynTh OJHOBPEMEHHO BBICOKHI YPOBEHB yrnen06mlm H Oe30IacHbIe ycioBusa Tpyaa.
Takum 06pa30M, HEOO0XO0IMM TTOMCK HOBBIX IOJXOJA0B U HOBBIX METOJOB CHUKCHUS COonCpKaHUsA METaHa. CﬂeﬂOBaTeJ’leO, pa3pa60r1<a OHOJIOTHYECKUX METOI0B
60p]>6]>1 C MCTAHOM Ha614paeT TIOMYJIAPHOCTb. HpC,I[CTaBJ'IS[CTCﬂ TIEPCIEKTUBHBIM UCIOJIB30BAHUE MAKPOOPTaHU3MOB ISl CHUKCHUS KOHIICHTPAlUN METaHa B aT-
Moc(bepe YTOJIBHBIX MIaXT. B nanHoOli cTaThe paccMaTpuBacTCs MHKpOGHOHOFP{'—IeCKI/Iﬁ METOA, @ UMCHHO HCITIOJIb30BAHUEC METAHOKUCIIAOMINX GaKTepHﬁ, a TaKXKe
MPUBOAUTCA OITUCAaHHUE CIIOCOO0B MX JCHCTBHIA.

Kniwoueevie cnosa: Ye0ilb, MemaHoKucuanouue 6aKmepuu, Meman, .MMK[JOﬁMOJZOZM‘teCKuﬁ Memad, Ouo2ceomexHonio2usl, JtemtlHOmpOd)bl, 2A30HOCHOCHb y&'léﬁ.

KemMip keH OpBIHAAPBIHAAFBI METAHHBIH KOHIECHTPAIMSCHIH OaKblLIayAblH OHOJOTMSJIBIK dJici periHge

MHUKPOOPraHu3M/Aep/i naigajany

Anparna. Kemip kabarrapeinga yiakeH Mesepae metaH Oap. Kemip maxTajgapblHIa Tay-KEH JKYMBICTapblH YHEMI KYLICHTY jKaFAaidblHAA METaHIbl
GakbUIayABIH AOCTYPJIi dicTepi KOMIp OHIAIPYIiH XKOFaphl ACHIeiliH )KoHEe Kayinci3 eHOek xaraainapeia 6ip Me3rinae kamraMmachi3 ete 6epmeiiai. Ocbliaii-
11a, MeTaH KYpaMblH TOMEHIETYAIH jKaHa TOCIIAepi MEH jKaHa dJICTepiH i3aey Kaxer. JleMek, MeTaH/ bl OaKblIay bIH OHOIOTHSIIBIK 91iCTepPiHIH JaMybl Ta-
HbIMau Gosryaa. Kemip maxranapblHeIH arMochepachlHAarbl METAaHHBIH KOHLEHTPALMICHIH TOMEHAETY YIIiH MUKPOOPraHUu3MIAep/ i KOJIAaHy MepCIeKTUBTI
Ooubln KepiHenai. bys mMakanaga MUKpOOHOJOTHSIIBIK 9/IC, aTan aifTKaHaa METaHMEH TOTBIKTHIPATBHIH OaKTepHsUIapbl KOJIIaHy, COHAAN-aK oJapablH acep
€Ty 9/IiCTepiHiH CHMaTTaMachl KapacThIPbLUIA/bL.

Tyiinodi co3oep: xomip, MemanObl MOMBIKMbIPAMbBIH OAKMEPUALAD, MEMAH, MUKPOOUONOSUANBIK d0ic, OU02e0mexXHON02Usl, Memanompogmap, Komipoiy

2a30blK KYpambl.

The problem of coal degassing in coal deposits

Provision of energy resources and petrochemical raw
materials is a prerequisite for the successful development
of the economy of any country. Currently, the most popular
energy-chemical resources are the main sources of natural
organic raw materials — oil and natural gas, also the value
of the others increase — coal and biomass.

In the process of metamorphism of coal matter, that is,
changes in its structure, properties and composition under
the influence of temperature and pressure, hydrocarbon
gases are formed in coal seams. Their main component is
methane. It is released during coal mining, and a portion of
the gas emitted depends on the gas content of the seams.
Moreover, the higher the quality of coal — the more methane
is contained in it in the adsorbed state. The coal bed methane
can be in two phases — free and bound to the microporous
structure of coal by physico-chemical forces. Free phase
of methane, which is approximately 10-15% of the natural
methane content of coal, is easy to extract, however the
extraction of the rest bound methane is extremely slow [1].

Methane — a hydrocarbon that is a greenhouse gas. It has
no smell and is harmless to humans, which cannot be said
about the atmosphere. Being the second most widely spread
greenhouse gas, it has an effect of 20-25 times greater
than carbon dioxide with the same amounts [2]. Therefore
reducing its emissions could have a significant impact on
slowing the development of the greenhouse effect in the
coming decades. World reserves of coalbed methane exceed
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natural gas reserves. The most significant resources are
concentrated in China, Russia, the USA, Australia, South
Africa, India, Poland, Germany, Great Britain and Ukraine.
The problem of reducing methane emissions has
advantages not only in economic and energy terms, but
also in the issue of environmental protection and safety
in the coal industry. Methane and coal dust explosions are
the most common type of accident at coal mines. In the
coal mass CH, is distributed uniformly, but as soon as the
extraction begins, methane is released and spreads through
the mine workings. Accumulations of this explosive gas in
mine workings pose a constant threat to the life of miners.
There have been cases of large methane explosions in coal
mines of the world, which claimed hundreds of lives [3].
Therefore an integral part of the development of the
deposit is degassing — methane extraction, which is the first
method of mining. The volumes of methane produced are
small, and gas is used mainly for local needs [4]. The second
method of extraction is industrial. In this case, methane is
considered not as a by-product in coal mining, but as an
independent mineral. In the case of industrial production of
methane from coal seams, it becomes possible to provide gas
as an energy carrier and raw material to the entire region. In
addition, further work in coal mines is becoming safer.
Microbiological method of methane control
Productive labor is practically impossible without
preliminary reduction of methane content in coal deposits.
Despite powerful ventilation system, the methane content
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Figure 1. Biogeotechnology sections.
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in the atmosphere of the shaft increases proportionally
to the increase in coal per unit time. As soon as the
concentration of methane becomes dangerous, an
emergency automatic system is turned off, turning off
the electricity and the entire production process in the
mine stops until the methane content decreases. In many
mines with an increased likelihood of hazardous methane
concentrations due to emergency blackouts, modern
coal-mining complexes stand idle for more than 50% of
the working time [5]. Thus, the methods used to reduce
the methane content of coal seams are far from effective
in some cases, therefore, a search for new approaches
and new methods for reducing the methane content is
necessary. Consequently, the developmentofmicrobiological
methane control methods is gaining popularity [6].
Microorganisms are actively involved in geological
processes. Biological properties of the various groups
of microorganisms, and especially their ability to live in
the fields of mineral resources constitute the scientific
basis of biogeotechnology. Biogeotechnology is rooted in
geological microbiology. Along with bacterial leaching of
metals, other sections of biogeotechnology have also formed —
the removal of sulfur from coal, methane control in coal
mines, and the enhancement of oil recovery (figure 1) [7].
The biogeotechnological methods of methane control are
based on the process of absorption of this gas by methane-
oxidizing bacteria in coal seams and mined spaces. Despite the
widespread occurrence of methane-oxidizing bacteria in nature,
they are absent in coal seams and adjacent rocks. Therefore, the
required amount of active methane-oxidizing bacteria is grown
in fermenters and served in the pore volume of coal seams as
a suspension in a nutrient medium. The working suspension
is prepared directly in the mine. A predetermined amount
of biomass of methane-oxidizing bacteria and mineral salts
lacking for their active life are added to mine water. Usually
these are mineral compounds of nitrogen and phosphorus [8].
In this way, coal is saturated with methane-oxidizing
bacteria. But for the development of these bacteria, free
oxygen is needed, which is absent in coal seams. Therefore,
in the area of the coal seam saturated with methane-oxidizing

bacteria, air is constantly pumped through the same wells
by the compressor. In this case, an intensive consumption of
methane by bacteria occurs, which leads to a 30-70% reduction
in the methane content in the coal seam or mine atmosphere'.

The main difference between methane-oxidizing
microbes from other representatives is their ability to carry
out low-temperature oxidation of methane and use the
products of its oxidation — formaldehyde and carbon dioxide —
for the synthesis of all carbon-containing components
of their cells. In the process of low-temperature
microbiological oxidation of methane, a series of
consecutive intermediate compounds are formed: methanol,
formaldehyde and formic acid [9]. Methane production
occurs by fourkinds of processes which are hydrogenotrophic
methanogens, homoacetogens, acetoclastic methanogens
and methylotrophic methanogens (figure 2).

Prospects for the development of coalbed methane

production in Kazakhstan

This area is innovative in the field of hydrocarbon
production, and is also one of the most important non-
traditional energy sources. Forecast reserves allow us to
consider it as an alternative component of the fuel and
energy base of the Republic of Kazakhstan. For example,
KazTransGas JSC starts studying the possibility of methane
extraction from coal seams in the Karaganda coal basin.
An agreement was signed between KazTransGas JSC and
LeMar CA Inc. group of companies (USA) on the creation
of a joint venture to implement an investment project for
exploration and production of methane.

Certainly, serious state support is needed. The experience
of foreign countries shows that large-scale production of
coal methane in the United States, Australia, and China
began after states began to stimulate these projects,
providing significant tax benefits to companies involved in
the extraction of gas from coal seams.

Methane producti

Produce CH., by deriving carbon from CO, and by using hydrogen as reducing agent.
Meth h dtmanii and Methanobrevi wolfeii. In the presence of acetate the
formation of CH, by hydrogenotrophic methanogens is inhibited.

Hydrogenotrophic

methanogens

Produce acetate from a mumber of substrates ke sugars, alcohols, amino acids;
methoxylated aromatics, CO, and H,/CO.. They also utilize various electron acceptors
such as nitrate, nitrite, fumerate, dimethylsulfoxide, p; thiosulfate and sulfate.
Clostridium aceticum has been reported to be the first homoacetogen microorganism

M
Acetoclastic
methanogens
Methylotrophic
methanogens

Figure 2. Four Kinds of processes by which methane
production occurs.
Puc. 2. YeTnIpe Bua MPOLECCOB, ¢ MOMOIIbIO KOTOPBIX
NPOMCXOAUT MPOU3BOICTBO METAHA.
Cypert 2. MeTaH oHJipici :kypeTiH npouecTepaid
TOPT TYPpi.

Capable of forming methane from acetate. These methanogens are obligate archaea
anaerobes, and convert acetate into methane and carbon dioxide. Methanosaeta species is
reported as dominant aceticlastic methanogen under low acetate condition

The C, compounds like methanol is used by methylotrophic methanogens as the only
organic carbon and energy source to produce methane. Two types of methylotrophic
methanogens occurs-facultative methylotrophs and obligate methylotrophs.

Parmuzin P.N. Foreign and domestic experience in the exploitation of coalbed methane resources: Monograph. —2017. — 9 p.
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Obviously, this must be urgently done in Kazakhstan.
Indeed, the extraction of coalbed methane will not only
allow expanding the resource base, but will also have a
significant socio-economic effect throughout the country.
Successful implementation of coal methane production
projects will increase the safety of miners in the coal regions
of Kazakhstan, create new jobs and meet the production
and domestic needs of coal regions in gas.

If microbiological methods make it possible to neutralize
10-15 m? of methane per tonne of coal mined, they will
occupy a solid place in the system of measures to combat
methane in mines [9]. However, the competitiveness
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TPEBOBAHUS K O®OPMJIEHUIO U YCJIOBUSA NPEJOCTABJEHUS CTATEN
B PeJaKIHUIO MEePHOANYECKOro nevyaTHoro uzaanus «Iopusiii xxypuana Kazaxcrana»
(aeiicTBytoT ¢ 1 cenTsa6ps 2019 rona)

1. «Topublii :kypHan Ka3zaxcrana» npuHHMaeT K My0JMKAIMH OPUTHHAJIBHBIE CTATHH HAYYHOI0 M HAYYHO-TEeXHHYECKOI0
co/lep:KaHHUs, OTPAMKAIONUINE Pe3YJIbTAThI HCCJIe0BATEIbCKONH M HAYYHOH JeATeJbHOCTH, HMeIoINe PeKOMEH/IAlUHU K NPaKTH4e-
CKOMY NPHMEHEHHIO PelaeMbIX BONPOCOB I10 CJIEYOIMM HAaPaBJICHHUAM (ITOJIHBIH NIepedeHb pyOpUK yKa3aH Ha caiite minmag.kz):

v’ F'eomexnonozust (n0O3eMHAsL, OMKPLINAS U CIMPOUMELbHAS)

v’ ['eomexanuxa, mapkuietioepckoe 0e10 u 2e00e3us

v’ Paspywenue 20pHbix nopoo

v’ lopubie mawunsl u 06opydosanue

v Obozawenue nonesnvlx UCKONAemMblLx

v’ I'eoskonozust 2opro-nepepabameléaioweii NPOMblULICHHOCTIU

v Oxpana mpyoa u npomviuiiennas 6e30nacHoCcmo

v’ Teopemuueckue 0CHO8bI NPOCKMUPOBAHUSL 20PHO-MEXHUYECKUX CUCMEM

v’ Memannypaus

v’ 'opHo-npombluiienias 2eo102us u 2e0pu3uxa

V' DKOHOMUKA 20PHO-MeMALLyp2UutecKoli ompaciu

Ilo yka3aHHBIM HANpaBJICHHUSAM TaK)Ke€ MNPUHUMAIOTCA CTAaTbH OO30pPHOTO  XapakKTepa, OTBEYAIOUIUE KPUTEPHUIM
MEePBUYHON HAy4YHOU MyOJIUKAINH.

Hononnumenshvie pyopuku:

v’ [lodzomoska Kadpos (npumeHumenbHo K meme HCypHana)

v Hemopus 20pno2o oena, Memaiiypauu u 2e0io2uu

v [06uneu

v’ Pexnama

2. OcHOBHBIE TPEOOBAHUS K CTATHAM, INIPEJICTABJIEHHBIM VISl IyOJMKALMH B KYypPHaJIe:

= Habop craTeu npousBoauTcs mpuprom Times New Roman 12 ¢ mosyTOpHBIM HHTEPBAJIOM;

= 001N 00BEM CTAThH, BKJIIOYAsi PUCYHKH, TAOIHIIbI, METaJaHHBIC HE JIOJKEH MPEBBIIIATh 8 MeYaTHBIX CTPaHUII;

* CTAThU (32 UCKIIOYEHHEM 0030POB), IOJKHBI COACPIKATh HOBbIE HAYYHBIE PE3YJIbTaThI;

* CTaThs JOJKHA COOTBETCTBOBATH TEMATHUKE (CM. M. 1), HAy4YHOMY YPOBHIO XYypHaJa;

* cTaThs JOJDKHA OBITH OOpPMIIEHA B ITOJIHOM COOTBETCTBUHU C TPEOOBAHUSIMH, OTPAXKEHHBIMHU B II. 3;

® CTaThs MOXET OBITh IPE/ICTABIICHA HA Ka3aXCKOM, PYCCKOM MJIM aHTIUHCKOM SI3bIKE;

* B PEAAKILHUIO MPEACTABISICTCS OKOHYATEIbHBINM, THIATEIbHO BBHIBEPCHHBIM BAPHAHT CTATbH, HCKJIIOYAIOIIMI HEOOXOAMMOCTH
MOCTOSIHHBIX JOPaOOTOK TEKCTa Ha 9TAIax M3AaTelbCKOTo Mpoliecca;

= 7iepes OTIPABKOIl CTaTbM B PEAAKLMIO JKypHaIa aBTOpaM HEOOXOAMMO MPOBEPUTH TEKCT HA MpEeIMET OTCYTCTBHS Iaruara
C TIOMOIIBIO CIIEUAIBHON IPOrpaMMBbI (HAaIpUMeEp, Www.lext.ru);

= He0OXOIMMO yKa3aTh OJJHO U3 HAYUHbIX HAIIPaBJICHHH, KOTOPOMY B HAMOOJIbIIEH CTENEHN COOTBETCTBYET TEMaTHKA CTAThH.

3. CTpPYKTYpa cTaThH J0JDKHA COACPKATh CISNYIOUINE pa3/ebl:

= xon MPHTUW (I'PHTW http://grnti.ru/?pl=52) — mecTU3HAYHBIH;

= Ha3BaHHUE CTAThH (COKPAILCHUS HE JOIYCKAIOTCs, HE IOIYCKAeTCsl HCIOJIb30BaHNUe ab0peBuaryp U GpopmMyir; MaKCUMaIbHOE KOIHYe-
cTBO cnoB 10-12) nomxHO ObITH MHPOPMATUBHBIM, COOTBETCTBOBATh HAYYHOMY CTHUJIIO TEKCTA, COJIEP)KaTh OCHOBHBIE KIIIOUEBBIE CIIOBA,
XapaKkTepu3ylolue TeMy (MpeaMeT) UCCICIOBaHUS U COIePKAHUE PAOOTHI, IPEIOCTABISIETCS Ha Ka3aXCKOM U PYCCKOM SI3bIKaX;

* UHUIMAJIBI U (paMUIIUN aBTOPOB; CTAaThs JOJDKHA UMETh He Oosiee 4 aBTOPOB;

= CBEICHHUS O KaXkJ0M aBTope (y4eHas CTEleHb, YYEHOEe 3BaHHE, OJKHOCTb, MECTO OCHOBHOH pabOThl, KOHTAKTHBIC JaHHBIC
(ampec 3JIEKTPOHHOM MOYTHI), TOPO, CTPAaHA) MPEIOCTABIAIOTCS Ha Ka3aXCKOM M PYCCKOM SI3bIKaX;

* TIOJIHO€ Ha3BaHHUE OpraHu3alui (-if), rae padoTaioT aBTOPHI (C yKa3aHUEM BEJOMCTBEHHON NPUHAAICKHOCTH);

= QaHHOTAIMS B COOTBETCTBUU C TPEOOBAHUAMHU MEKYyHAPOIHBIX 0a3 TaHHBIX JIOJDKHA JOCTATOYHO MOJHO PACKPHIBATh COACPIKaHHE
CTaThH, BKJIIOYAsl XapPAKTEPUCTHKY OCHOBHOW TEMBI, TPOOJIEMBbI 00BEKTa, LIeJH UCCIICOBAHNS, OCHOBHBIC METO/IbI, PE3YJIbTAaThl HCCIE0-
BaHU U IIaBHbIE BBIBO/IBL. B aHHOTAIIMK HEOOXOIMMO YKa3aTh, YTO HOBOT'O HECET B ce0e CTAThsl B CPABHEHUH C JPYTUMH, POACTBEHHBIMU
10 TEMAaTHKE U LIEJICBOMY Ha3HAUCHUIO MaTepuajaMu. AHHOTaus (pedepat) mpenocTaBiseTcs Ha Ka3aXCKOM U PYCCKOM SI3bIKaX 00bEMOM
He meree 700 u He 60see 900 cumBonos (mpumepHo 150...200 cnos);

* KJIIOYEBBIC CJI0Ba B KOoJnuecTBE 6...10 yCTOWYMBBIX CIIOBOCOYETAHUMN, 10 KOTOPBHIM B JaIbHEHIIEM Oy/leT BBIITOJHSTHCS MOUCK
CcTaThH (COKpalIeHus 1 abOpeBHaTyPbl HE JOMYCKAIOTCS): KIIOUEBbIE CIIOBA OTPAXKAIOT CIICHU(PUKY TeMbl, 00BEKT U PE3yIbTaThl HC-
CJEIOBAHMS M NPEIOCTABIAIOTCS HA Ka3aXCKOM U PYCCKOM sI3bIKaX;

* TEKCT CTaThH, COACPKAIIMUN CIEAYIONUNe pa3/elibl (BBEICHHE, METO/IbI/UCCIEAOBAHUS, PE3YIbTaThl, 00CYXK/IEHNE PEe3yJIbTATOB,
3aKJIIOUCHUE);

* CIIMCOK MCTOJIb30BaHHBIX HCTOUHUKOB (10...12), B ToM unciie He MeHee 3 3apy0exHbIX He paHee 2010 roma, mpenocraBisieTcs Ha
Ka3aXCKOM M PYCCKOM SI3bIKaXx.

Ocho6HOIL pazden cmambu HA KA3AXCKOM UL PYCCKOM A3bIKAX 00NHCEH ObINb YeMKO CHPYKMYPUPOBAH.
v’ Beenenue (Introduction) NOIKHO OTpakaTh aKTyallbHOCTh T€MbI HCCIIEIOBAHUS, 0030 JIMTEPATyPhI 10 TEME, IOCTAHOBKY IPO-
OneMbl, GOPMYIHUPOBKY LieJel U 3a71a4 HCCIEAOBaHM.
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v’ Meronbi/uccnenosanus (Materials and Methods) — onucaHne METOJOB UCCIIEIOBAHUSI, CXEM DKCIEPUMEHTOB (HabIIo/1e-
HHUH) C TeéM, YTOOBI TO3BOJIUTH APYTUM YUSHBIM M IPAKTHKAM BOCIIPOM3BECTH PE3yIbTAaThl, OJB3YSICh JIMIIb TEKCTAMHU CTAThH;
ONHMCaHNEe MaTepHUaIoB, IpHOOPOB, 000PYIOBAHHUS, BEIOOPKA U YCIIOBHS IPOBEACHUS YKCIIEPUMEHTOB (HaOIIOAeHHI).

v’ Pesynbrarsl (Results). DTOT pasieln JOJKeH OTpakaTh (paKTHUECKUE Pe3yIIbTaThl HCCIIEA0BAHUS (TEKCT, TaOMUIBI, TpaduK,
JIrarpaMMBl, ypaBHEHHUs, poTorpaduu, pUCYHKH).

v  O6cyxaenne pe3yiasraToB (Discussion) — TUIIOBAsi CTPYKTYpa dTOTO pasjiesia MMEeT TaKoi BUI:

* YeM MOTYT OBITh OOBSICHEHEI IOy YCHHBIE PE3yIbTaTHI,

= Ojarojapsi KAKUM UMEHHO OCOOEHHOCTSIM MPEJIOKEHHEIX pelIeHu 00ecreunBaloTCs IPenMyIIecTBa;

®* 9TO MOKHO CUHTATh NPEUMYIIECTBAaMHU JAaHHOTO MCCIIEJOBAHHUSI 110 CPABHEHHIO C aHAJIOTaMU;

* B U€M COCTOSIT HEIOCTATKU HCCIIEIOBAHHUS;

* B KaKOM HaIIpaBJICHUH HCCIIEJJOBaHUE IeJIeCO00Pa3HO pa3BUBATh, C KAKUMH TPYXHOCTSIMU IIPH 9TOM MOKHO CTOJIKHYTHCSI.

v’ 3axmouenue (Conclusion) — KpaTKue HTOTH Pa3/eNIOB CTAaTbH 0€3 MOBTOPEHHS (POPMYIHPOBOK, TPUBEICHHBIX B HEH.

v’ Braropapuoctu (Acknowledgments) — BeIpakeHHE MPU3HATEIBHOCTH KOJIIETaM 32 TIOMOIITb.

NOoANMUCHU K PUCYHKAM n 3ATI'OJIOBKH TABJINIL odopMIISIOTCS OTASIBHEIM OJIOKOM Ha Ka3aXCKOM, PYCCKOM M aH-
TIIUACKOM SI3BbIKAX.

PUCYHKMH nomxHE MMeTh pacmupenne rpadgudeckux pegakropoB CorelDraw, Photoshop, Illustrator u 1. m1.). ®oTorpadun
JIOJDKHBI OBITH MpenesibHo yeTkuMu B rpadudeckom ¢popmare (TIFF, JPEG, CDR) ¢ paspemennem e menee 300 dpi. Bee Oyk-
BEHHBIC U ITU(poBBEIe 0003HAUEHHS Ha PUCYHKaX HEOOXOIMMO MOSICHUTh B OCHOBHOM MJIM IOJPHUCYHOYHOM TekcTax. Hanmucu n
npyrue o003HaYeHHUs Ha rpaUKax U PUCYHKaX JOJDKHBI OBITh YETKMMU U JIETKO YnTaeMbIMH. [Toanucy kK pucyHKaM U 3ar0JIOBKH
Taban OBSI3ATEJIbHBI.

MATEMATHUYECKHUE ®OPMYJIbI cienyer Habupats B popmynsHoM penaktope MathTypes Equation niaun MS Equation, rpe-
YeCKHe U pPycCKHe OYKBBI B (hOpMyJIax HaOMPATh MPSIMBIM MIPU(PTOM (ONMIHS TEKCT), IJATHHCKUE — KyPCHUBOM. Q003HaAUeHUA GeIUY U
u npocmole popmynst 6 meKcme u madauyax Hadoupams Kax nemenmst mexcma (a He Kak 00BEKTH (POPMYIBHOTO PEIaKTOpPa).
HywmepoBaTts citeyer Toiapko Te pOpMyIIsl, Ha KOTOPEIE €CTh CCBUIKH B MOCIIEAYIONMeM n3noxeHnn. Hymeparust popMyIr CKBO3HasL.

CIHUCOK UCHOJb30BAHHbBIX HCTOUYHUKOB cocraBnsiercss B IOPSAIKE [UTHPOBAHUS B ODOPMIISIETCSI B CTPOTOM COOT-
BerctBuu ¢ 'OCT P 7.05-2008. Ccbulku Ha JuTepaTypy B TEKCTE OTMEYAIOTCS [0 MEpEe HUX IOSBJICHUS MOPSIKOBBIMU HOMEpaMu B
KBaJIpaTHBIX CKOOKax. B crmcok nureparypbl He BKIIIOYAIOTCS JIIOOBIE MaTepHalibl, HE MMEIONNe KOHKPETHOTO aBTOpa, B TOM YHCIIE:
3aKkoHbI, cranfapTsl (Bodast 'OCT), ctaTey U3 cioBapel ¥ SHIMKIIONENH, CTPaHUIBI CAlTOB, I MaTepPHaIOB KOTOPLIX HE YKa3aH
KOHKPETHBII aBTOp M MHTepBai crpanui. Ecim y Bac Bo3HHKaeT He0OXOJMMOCTE COCIaThes Ha IIOA00HBIE MaTepHAIIBl, TO CCBIIKU HA HUX
0(hOpMIIIIOTCS KaK CHOCKH B TeKcTe cTaTbi. CIUCOK MPUBOIUTCS HA PYCCKOM (Ka3aXCKOM) SI3BIKE, a TAKXKe B IIEPEBOJHOM U TPAHCIIUTE-
pUpOBaHHOM BapuaHTe (TpaHCIUTEpaNys BEITIONHsETCs 10 cranaapty BSI: https://translit.net/ru/bsi/). O6a BapraHTa CIIICKa JIUTEPATYPEI
JIOJDKHBI OBITh MICHTHYHEI 1O cojepkaHnio. CHavajga MOATOTAaBINBACTCS PYCCKOSI3BIYHBIN (Ka3aXCKOS3BIYHBIN) CIIMCOK JINTEPATYPHI,
BKJTFOUAIONINH BCE UCTOYHHKH (J1ayke Ha MHOCTPAHHBIX SI3bIKaxX), 3aT€M OH NMEPEBOANTCS Ha aHTIIMHCKUIL SI3BIK U TPAHCIIHTEPUPYETCSI.

K cmambve npunazaomcsa c6e0eHUn HA AH2IUTICKOM A3bIKE:

v’ 3arnasue (Title)— 6e3 cokpaleHnii 1 TpaHCIUTEPAIIUH, KPOME CIIy9aeB, KOT/Ia BCTPEYAIOTCS HETIePEeBOANMbIE Ha3BaHUsI HMEH
COOCTBEHHBIX, HAllpUMep, Ha3BaHUE MPEANPHUSITHH, TPUOOPOB U 1Ip.;

v’ pamunus u maunHans (aBTopa (-oB) (Byline) — Tpanciurepanus no cucteme BSI (http:/www.translit.ru). J[s aHTITOSA3BITHBIX
MeTaJaHHBIX Ba)KHO COOI0aTh BAapHAHT HAIIMCAHHS CBEIEHHI 00 aBTOpE B ITOCJIEI0BATEILHOCTH: TIOJTHOE UM, HHUIIHAJI OTYECTBa,
bammus;

v’ cBesienus 06 aBTope (-ax), 6e3 COKpalleHni;

v/ [oNHOE Ha3BaHWE OpraHu3anuu (abOpeBHATYPHI HE JOIYCKAIOTCS, aeTCs MOJTHOE Ha3BaHWE OPTaHU3AlMK W BEJOMCTBCHHAS
MIPUHAUIEKHOCTE, B TOM BHUJE, B KOTOPOM HX npoduib nnentudunuposan B BJ] Scopus), ee anpec, ropos, cTpaHa ¢ yKa3aHHEM
HHJIEKCA;

v’ pedepar (annoranus) — Abstract. B pedepar He qomyckaeTcsi BKIFOYATh CCBIIKYA HA HCTOYHUKH M3 TIOJIHOTO TEKCTA, & TAKKe
ab06peBHaTypbl, KOTOPEIE PACKPBIBAIOTCS TOIBKO B IIOJTHOM TekcTe. Pedepar moikeH ObITh:

* THPOPMATHBHEIM (HE COJEPIKATh OOIINX CIIOB);

* OPUTHHAIBHBIM (HE OBITH KAJIBKOW Ka3aXCKO-PYCCKOSI3BITHON aHHOTAIMY C JJOCIIOBHEIM IIEPEBOIOM);

* COZIePKaTENBHBIM (OTpaXkaTh OCHOBHOE COJIEpP)KaHUE CTAaThU U Pe3yJIbTaThl HCCIIEOBaHNN);

* CTPYKTYpPHUPOBAHHEIM (CJIEIOBATH JIOTHKE ONMHMCAHUS PE3YJIHTATOB B CTAaThe, KPATKO 0TOOpaskasi OCHOBHBIE MBICIIH, COJIEpIKalIIHe-
Cs B €€ CTPYKTYPHBIX 9aCTSIX — OT IPOOJIEMBI, eI U METOMIOB 10 PE3yJIbTaTOB UCCIISIOBAHUI, IPEJIOKEHNH 1 TTIABHBIX BEIBOJIOB);

* OBITH HAITMCAHHBIM Ka4eCTBEHHBIM aHTIINHCKUM SI3BIKOM;

= 00beMoM He MeHee 700 3HaKOB.

v’ xmouessie cioBa (Keywords) B konmndectse He MeHee 10, COKpaIeHUs He JOMYCKAalOTCs, TAKXKE HE TOMYCKAeTCsl UCIOIb30Ba-
HHE CJIOB B KaBBIYKaX.

4. YcioBus NpuodpeTeHNs *KyPHAJIOB ABTOPaMH.

C aBTropoMm(aMHM) 3aKiIIO4aeTcs AOTOBOP O MPHOOpeTeHHH He MeHee S5 (TISTH) 2K3eMIUIIPOB kypHana ¢ 50% CKUAKOW, KOTOpHIe
OH(OHHM) UMEIOT MPaBO PACIPOCTPAHSITH CPEIN TOPHON OOIIECTBEHHOCTH. {51 aBTOPOB, MPOXKUBAIOIINX B JPYTHX ropoaax (Kpome
T. AIMaTBl) M He HMEIOIINX MPEeICTaBUTENIEH B T. AJIMaThl, B CYET BKIIIOUAIOTCS IIOYTOBBIE YCIyTH. [Tocie orIaTsl craThs myOnuKyeTcs
B OUYEpEHOM HOMEpe KypHaja, a aBTOpy(aBTOpaM) IPeI0CTaBISIOTCS SK3eMILIIPHI XKypHAJIa, COTJIACHO CUETY.
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