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METHODS OF ZONE DEVISION OF HAZARDOUS NATURAL AND TECNOGENIC
PROCESSES ONTERRITORY IN THE OIL AND GAS COMPLEX OF THE ARCTIC ZONE

Akovetsky V.G., Afanasyev A.V., Lavrenchuk V.A
Gubkin Russian State University of Oil and Gas (NIU), Moscow

Abstract Longterm oil and gas project implementation periods in the Arctic zone atislseof natural
and technogenic emergencies. These are caused by changes in the Earth's climate system, as well as equipmer
wear and tear and reduced corrosion resistance. This paper focuses on developing methods for assessing
geoecological risks causday the longterm operation of oil and gas facilities in the Arctic zone. Particular
attention is given to localization to désion of geodynamically active disturbance zones. Remote methods for
their of zone devision and certification are considered.

Keywords: risks, geoecological monitoring, Earth remote sensing, climate change, geodynamic pro-
cesses, oil and gas fields, geoinformation environment.
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wigcCtsfplsd dL d3j dgv & Isfpws dddssiobslls 8 2851 20. fted 7

Il sBhjdd Mz yOj uydmdzs Etetse dzj 2 € Mu@dpldct eHQ dixfivis fmy d
Mstslsdesh j dad v

d
U
B
J

R(RM) = My = (Umax-Umin)/ DJS s,

G HUmax, UMminT &3O ¢ d 3O dz! detsy d d3d ded dsOdz! detsy L dzOyd ded v y«
Bsydets?2 DOHEJOC;, CoOdzlstso Odzdwvy ydWwtese sets fMd e dzOdzO,
Mo jlssykzoafMmlsadlsj dz' dgse s 1 dzj d3j dels© ff tod j dgded €'O. ( §f tcd B

t OMMdiislstej deder | BSHjdzd T sLodvsls MeawL Ols! f Ots
cOCIsjtcdMmMisdC OB toj Odzt dz" = GBI jClsso dzO L j @Bz s
dz" = fMdmlsjd, dMmftsd Lkzjdd" = OS] H&v ftetseo jH,jddW

l osMmistcOdzMmise j dzdz’ j s3Bd fz@dzsd S fL azgPedzj dedw H j W tstecC
Mow L Odgdzzr M € iBHdEZOBJUIMEdB] d c¢jsCtedsdasedyd M
nOtcOCIsjtedL s Rteso jdz@ otsLHj2Mmlsoadw d WdLdud MCEk
f OOl Ister dL dzz yOls j dg' Cdigs®@. M tHifriis B datdiyls oF SxiBlS s dzv 9 &
HgdzOBd ud MSdn ftetsyj Mimtse o ddlstsmi¥ jtej, dddyddtiz]
COiRd, dMftsd Lz lsmw Isjtetcdlsstcd Odz! dzr §| dBsSH | dzd Mmj 2
MCdr dmsded ststod dzgc tso ' 7 RiPjEOCAs jde@iBsRE Hsjidep Y .dzdrtsils + 8w
LO bktesodz"d3d HJjWBSdBOYdtsdzdz" =~ ftetsyd Mmtsea, FJtetslsy & C
Msedd ftodtesHder » d Ijrdasejdede » Mi2MdABdyd MSdr 1§ to
fMtse, BEMdse dzj dzdz’ 7 Is j dgdf j e ® s jz s Bztlziki Is dis e oA dag ™ o3
fstetsH ([ f1), orLoOdzdzr » 90tdOYdw ddd § OttOdJ stetso

r dzodzsd ud MSdd HIiWBSBOYdd odkzlttdSstetsoar a L j d3d
Ctesdsy Mlstewihjdd?2 [a f§tsMmtejHmlse thd o s B dd uHgWdsHs
oHBd oL ks L jddes? o jtorndesisd. 1 tod otL ded €
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h jdedw Bsclkls HesMisdeOls: dzj MStdr Sqrn osjlstese d §tod
edfetsd Mhse' R d BOcdMstOd d' @ bSEHHOMREL sHEOB &
Ly j 20 WstedzdO osdHO [ 7] :

log Ay = 0,6M-3,8,
G HA iMtej Hdzd § ddz'd jzls(j dc o iQfitlze € PEz) Oy dzdIskzH ™ M3 M j dzd
pHBSd dzddzj Odgj delstse Oz © h q ted datsad, daff wd Gsdidu @addid d
L j B3z Is to wfisjodedsti Isfptz s b jR. BOC dzd sz T

s OB d&zd yo 2. gowy! BOcdzd IskzH T L J dgdzj Istew fj dzd 2 d
(dzd dzj Od3j dzls s 9 )

[ A () W, ( Stoot , (

8.5(8.38.7) |20 (15 30) 40 901 180

8.0 (7.88.2) | 10 (7 13) 20 40i 80

75(7.37.7) |5.0(46.5) 10 20i 40

70(6.87.2) |25(2G3.0) |5 101 20

6.5(6.36.7) | 1.3(11.6) 3 6/ 10

6.0 (5.86.2) | 0.6 (0.50.9) 2 3i5

1 O0dzdudd MmewiLd d3d Y HE BACdEd lolkHdm{dy dLdgtsdgiomj) Idsta:g fiefdy dzc
B2 (oo jwrhdshisd B' O SOCY] §sHIso | ted® | EHiPdzwo jic OB
&L O Bdjj 300 Ljddjlsevmjdd2 (kOsddyd 3) .

s OBdZdyO 3. wowL! d&OGddIlskzH' L Jjdgdzjlstewmjded?2 d ¢t
[ 4.0 4.5 5.0 55 6.0 6.5 7.0 7.5 8.0

[ OC fjd dsCoix’ ¢z€ 0.05 |01 |03 |07 20 |40 |70 |10/12 [12115
wicj HDOwd j( d5) |0.01 |0.02 |004 |0.10 |0.24 |057 |1.36 |3.23 |7.67
1 j totswndzt§ jd3) | 0.005 | 0.005 |0.01 | 0.025 | 0.06 |[0.15 |0.35 |0.81.0|25

dsdzjHEZjl BlsBjIsdls:, ybt dOtewHE M ftodtetsHdz &3d d
OClkdodzr » Ltsdz dzOtelzh jdzd2 (41 0711), ddiBdels &) )b ® dzdzC
sjrndetse jdede” 3 W OCIststeOBZBd. [ded MowL Odgr M ftesMOHE
HOo dzj dedw L Odzj 3 j2 kcecdzjosHBtsHEss, L OCOYECts2 Y dHE

j ©0LLOBSICd d L ChYdzOLOYydd weldjoxt) Aadds) Wk L
tor dzsisd wodzw jIsiw oL dzdC dzso jded] ©OL dztsdzso
? ettedy m fstetsH, ybts fwdesHdl ¢ tcOL tolzh j dzd &
d oL dzdCdetso jdeds L j d3dzj Istew | dzdiRtc ts &R jd3y jdabafs] daldis c
so ' A dzOdeBHszq’Q sf OfMder 7 ftodtesHde 7 d Isj - dats
Yyofmlsdesmisd, © kOBdkdyy 3 ftedeojHjdr Htodd3jter
d d ¢OLO M fsdmantsHwh ddBd GJBHddZ@deMJff]Cdde
e sz ded§ OoOted?2 d L jdgdzj stewfjdad?2. wowlL!
B3 LOCOYSd osH" d YsWedz dzd] o3 fnJi’ff]dSCfqunQd
2, B' O fsCOLOdO o OBy [ 9] . d3Q mdzi s dif iy
dﬂ(‘?ﬁif@mlz(als Oydd d3j Miststetsy Hid dedi?dzdziTs tedzOry] o] jts Bi

sLYJ .
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vOBddyO 3. [fOfmdy §j cjtHddOBIYMSdy ftesyjmmr d
t 02 sdz 11, Bodf |[1R (etgoph,|Vsiz M3 1)
] OL dzd , 1350 [, 1964 1968, 10,10 6,8 | 14
vLBJ $SdMmlisOdg 19681974 [12,31|711,92 7,3
RdzG dzo ZH, #3050 r, 19261962 | 12,32 55 | 36
Wil Il mingto|7601830 |11, 19281966 | 18,8 |i71 33121
d4lsOtes6 tots iy dz 4000 [, dz/ H dz/ H| dz/ H 48 | 8
t sd3Oh € d dzif € | 1600018001 \ , 1962 2008 10,7 3i4 |39
dlsOQo totsff sdz! | 8001000 |1 4 19561962 | 11,5 |13,7
Ltc] dzge 52 MC 5| 10304000 |1\ , 19741995 | 0,34 |i1,5
] ©¢, AteOdzy| 6003000 |11, 19571989 | 10,06 44 |12
Lagunil as 30001200 |1 , 19282012 |16,4 | -20 52 |70
East Texas]|1113 [, dz/ H dz/ H|dz/ H 4.3 | 28
1 ztglz dzdats § 119044601 \ , dz/ H dz/ H| dz/ H 6,0 | 13
szqgOc, v lzte| 4851520 |1 , dz/ H dz/ H| dz/ H 57 | 34
CCsWdmEe, 1 |2900 I 1984,1999 | 110 |1i50 34 |11
1 tod d3j WOHEddglz B  dzO L OdeSBifduO [ qaNOIsUk ;0 YolsiHSB" YO ¢ OO ¢RrBj o] ded

P dL d3d dej dedj o' MsIs’
dzj Istew fj ded@y O ety

b JBOd ¢ QizstpOM C BT sto® s ¥ 3@ eded I§ Hag @ 1 Jn
Ljdsdzj stewmjdzd?2 (CEBHO §sid dOyOdd 1 My dkC

1l dzOmlstswh jj oty B3y 2 sz uiszctsy j MmMtse HtsBT yd kG
Gjbitsedyj M2 MtejHr B MstetsyHjded?2 dagj Wilsd d cOL
Medr fodzdetsdse, GcHJ dMisd Lkslsmw ejijsWdLdy M¢d
ZzOBdzt Hjdzgd2. Rn oW WG thaidzs @l MdIls Bl Issydesmisd
dzts? dzsC OdzdL ©Oydd 16711, G6HY ftsdmMatsHWwls L dzOydlsj dz
dzaj BYtcjHJjdzjdew GJosMmisteOdeMmlise jdaede J d otcj o3j dede’ § d
Mo, O OS¢y J (toddalpdisf 'ls Ofstis®@o dfjdgfjcjtdzd 2,  sdz2yo, ¢
Is§ dz! dzg' &3d MdMlsj BOB], Ut JBjjls o0)dtsy L dzOYJ dzd

Metsets dBsddlsstcddzc O.
[ sBjMyjujddy SodfdSmdses Moo dj ded v 1 5 dkz
Oshd2 fjtejntcH Bl BYyj &t d
fesyj Mifse ¢ 5 dsHjd df & ftej HilsOo dzj dzd ¥ o3
L bjBsets fisjClO. [Yyjdto Mmsswddy ¢j sdse
& dzOB dz* Bzted T UE NEGSES BsddlsstddeO i HYi cdkOcO

uydw dd

ALCLLE LN A TEREE
J
Is |

dzj dgzdz" 2

1 dz0 dedDjdzdz"
or Msls Istsyyg ¢
Il yomlsdesmisd,

Hd Od3d Iste  §ildnafyigQe s, 'R | dnusdfd, dzj dzd J

G BYf stolsOdzts o
[ dzd Is j dz' dzOw
GJBdtedyj M¢ 2
Isj - dztsG j dzdzts G 5
G dziz B d dzO
dL d3j dzj ded j

GHJ

ddzls j Gap@®dz o tcj d&3j dzq

H dzw

f OOk stetso
L 4 d3dats 2

Bj Miststetsy Hj dd 2
9 O dzts jls jLiggO ulzivdzddjj doc]taiex
20 Mflstw ded j
b ke tsfisa],

GJ BHJAOB] Y M dn
L Cif &z OlsOydw
fted nr,
oBLHJ2MIsa W
LOdzj g Qdzedss | ff dz@dnR O dits H Iz dz
§ dzO misosto, ts Gotsj  t611O0h S ddzd g tsj2  fiff dsjo N jtecdiims fylsjdd3dz

HJB(JdIsO

f sdzd ¢ s dzts o

de W Is d

G isric dz' -

o 3 f

fsLotdY jls EMlsOdtss dIs:
fsojtendsiisd  Memssw
e W L t ) kdulfiois j edf tetef @'y disid 2z fj dit @ Iy

dzdw dzO otcj d3j dedetsds ddzls jtco Odzj o twWOBEKISj [ 10] BT ZO
o Ot i .
Yo — V0K
O v
O HdY ByjdSd § kOMmstotsets HOodzj dzgd™ §tod dL d3j daj
¥ °—Y Vo i
CGHQ TtdL dijodd J 1§ zOMmistsodEEdsdzsOwad)dzde'te d3d ded d Bio dzj ud
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[ Odzdzr | dBOIsj BOIduUuiMSEd) dBoHjdzd fCOLT 908 s oL C
fstswddj 6Jdsedy] figé Hi da‘utdaudzd d toy fixzQ ¥ X d3j frllsdz fls
LOHOYO tihoOjlmMw o t©OHREOR 6JiBHJdO®BId YU MEdr § tsdzd
si2 d Mikj?2 Gomlsswdsdets Hj2Mlseakzs hdn BOLBO™ 7 Mls
M zlsded S s ts?2 MmdMmisg d3r ded|y [H Ghdrdets 6. 5 [HeaCdEfHUR 5B Iz i dzts
J BB fsdzjer n ttOBBls, yYybts bkijBlkzjl L doydlsj d dr -
mMikh j Mlse j dedzts MBS teOIsdls: §oMtejHMmMlsotsdy dMYf sdz' L 59 Odz
IzsC Oydtsdzdzs?2 ddzlsj oW j to syl Isie{dpdO.Is ! [ da dla®ds] € dzv jdls d3d dz
B MisdzsMisd, §sdzEyoOj d@i3s?2 dzO tMmdetse §j dL d3j dzi dzd W d dzls,
otsdzdz slIs otz sor n tSlstcOYOlsjdzj?2, t©WOLEGBINO] B ~ dzO
tcOL dz' » ftosdzj SOr MY kzls dedts O3 Is[EHEED ddigf oy LoD dz' Hfl@dZHZISISq
$3d Mils tOL BI M jdzdw EZetsdzEtsear o GlsteOy Olsj dzj 2, d My J

2

vfmfjr tjOdzdL Oydd ftcoj HMIsOo dzj dedzts G 5 l]’lSH.-.tSHO
deoydd twOL dzdyde » OdzOdzsetsor n fto] Bips @ g dgj pf &

iMsstcsyHjded?2 dgjWisd d ceOLO fsfMmtcjHMmlsotsds dr
Odzdzts sz f totsflstcOdemilse j dhimdzj Hizj Bs?2 Isjtetcdlststed (.
HgdOBdSCd dL djdsj dzd™ 4§ OwOd3j stesd dnjstidatse diag
StesH dzj WiIsj eOL sdesmdz’ = § dzOMistse L Odzj 3 4 2
2O L j Bsdes?2 o jtendesmisd. 1 Odeder j Mlstelz¢
Yd B sEdzQdats dz" j| toj " jlsyOls’ »  ddf 'z @qisy dzls
L dzd ydzz® wtedj dzlsOydes . [ dzad IstcOHdyd s dedzts
dZHd C Olsstc O tOMYf sdztsy J dedW L Odzi 3 42 dej Wls
Ol S sMABduj MSdn M j&sS [10].

| 5OyudY  dststel 2] de® sl dgiS af i isbdzj @afs) dals dats ©
GitiibeduimMédn d MY jSClteOdz dzg' n

dzedwdz. [ded fJtosweodzweIlsfipw o odHJ
d ) ) dtfj siLzej RV s B fij fCtHsdB oL, 5 of@Blds  H O
dd OdtszOdzd?2 WdLdudmMédm §tsdzj 2,

Csbtster | ftodkztesyjd € ¢J sHJdAzOM
HdC Ol tsto s d3.

dEstedIs O dtsC OoddL Oydd cteOdedy 1 ¢)
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fd
9 ts
d i
qw

U

©
g =
g_r—

Rl
11 7 =
g <

Qv L m R g
&
(7}

0, (72
FOor*“g
S X Ufﬁ'q_&p"@

WUTQ.QQ

c 1
&@QI O X%

QQ,dg-SQ e agazxo Q=
[en
O 5+
&
e

11900000 OO0 F

&
O
FTSars
wWDJJQ—-S‘QI
WN_W
§g ©
o) =
%“SJJQ—-

LbeReadi 3a¥Ya OpA OCA <iimosmyomoRadeoaYRcoa00fQg sagoeadedZes Y of:



EURASTRENCOLE2025

1 HOPMATHIATNA CHIHATTOER: (pec. 4.2) — (pac. 4.5);

BEGE — Gray (F-red, G-gresn u B- blus -xosmozests Mogens BGE.
Liypjp=0200-R+0387-5+0114 - 8; I/ L, J)-nHECEAN YepHO-BEN0rD CHHMES
¥
I HHZREOTACTOTHOE CTTTARHEAHWE: (pec 4.8) — (puc. 4.8) ;

Fii, =G, i & =0amssizn Bhir — croaseeasmes densTp oo [avooy;

F {1 - crozeernse BRofpaseHRe.

»

J.BRIIJENEHHE KOHTYPOE: (pc. 4.8) — (pHC. 4.T);
3.1 BRMMHC/IEHHE TPATHEHTA:

|
Gy (1) = [GULIP + GL1F 122 GAD = G # F (L.1): Gr(Lj} = 65 # FALJ):

R (F - COEPMONHLIE Aok, S = arctg (5oL Gl 800 1 = {07, 45",90", 135},
3.I.MMOOABMEHHE «I0RHBIX MAKCHMYMMOB:
1. I'paERme 0dpaza TPOTOTAT E TOMEDL, E EOTOPME IPASHSHT HMSeT MAECHMATEEDE SHITSHEE, 3
TOHEKH II0EHET MEAECHMYMOE: IOTAETSHEL
2. BenrameEa G0 B BaOpIEneERe SYL [} rpaIHeETa ERUHCTEASTCS E KEOET0s] MHKCETS,
3.CoxpaHeHre ECSN TOEAMREED MAKCHAYMOE THATHSHTHITD KE00DaEeHHE B YIZMeHEE I0EERT
MEECHMVMOE: [IOIEQMTLT T00HTECT TOHEIDD KPEEE
33 MIOPOTOBAR SHIIBTPAITHA:

1, ecmm &, (i, j) = Ty, (TDASHEHT MHKCENT EROOe ESPXHETD MOPOTE Ty,

Bit (i, ji= 21, e Ty, < Gy (1 J) < Ty (TDARHEHET MHEECETT MeEy mOPOTASE Ty, Ty ),
0, ecam &, ;01 f) < T, .(TPAOHEHT MHECETE HIGEE HIDEHETO D0para T, ).
= By, j) -0ET0E0e HzolpEseENe EOHTYDOE (pHC. 4.T).

!
4. IOCTPOEHEHE CTPYETYE THHEAHEIY 3MEMEHTOE: (prc.4.r) — (pac. 4.1);

E ocEoEe meERT mpeodpatoEaEEe Hadat g = xo 8 oo § + o s S8

F — DAIMYC-ESETOpD (HOPMATE E NPAMOE, MICESIEHE0H B HI9ana EoOpIEEST [ xn ), (g
8- VTOn MEEIY PATHYC-ESETOPOM B OCRED 2bcimco.

Jadgomea; ofrgcmuy mowey fumoeeze useOparreNuA ¢ Reopdusaneaan BT (1, §) -

Ling lengin- MUNEUETEHAA ARURG LOKOMER ORITEIRGS,

Livg gap - AIURT SOTWOMHEY POSPEia0s N UCEOMOU TURULL

!
5. TOKATMHIAITHY TPAHWI]TAZH: (prc.4.0) — (pEC.4.€):
Brxmomzer: [TocTposERE Pos OPHSHTALHE THHSIMEETOE H OMPeIieEHs BE [MIOTHOCTH.

Hrxogeele DapaMeTPED PAMEDEl KESIPAT I8 DOCTHOSHRHS,
gargle - ¥TOI INA DOCTPOSHES PO ODEEETEORE.

tdm. 3. okettEdlsd Ltsddess OddY cwOddy 4 6)
o  teftsef deffi@8ekdety d3 § SEABE @ji S ' ¢

[ 5COddLOydY | ¢
mMzj HEE h dr bkjrdsdtecdyjmMSédrs ftoesyj mMmtse: dested3Odzd L
tcOy J dzd v ; dzq’LQtsuOfr]lstslsdztsJ e dzO»edjodsdgdsi du dsiBtdd<oy " j ~dzc
i dedj Cdgbktess SYdujmCdr f dopjsumsifs j2dzj dfjsdpstiods:
yde ctOdedy 4r o711 (tedMm.
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@) Y

tdfh. lwsyjHikzter L 6dd g seds)dggOizih ey BHpted s
OR M= 5Hd 2 Bf) dscleddtXdzd L Oy d &} datf@ yiaPaiBazd j "
GJ) " HJjdzjdzd | HS) uBiddAdddsjedzd | dzq dejok dpisdElOEAd. | ¢ 11

tdLbkzd sOIst .ot eclisB PryHdzd 3 ssHtse L sdzdtetseo Oded W
ftedd3d tcd vt dzets2mMEtsets | | s/ . Rmn Ol BBt tBERZMdzse
OdZd ydjd3 L dzOydlsj dz’ dz' 7 o @EsR distgde™ 7 PSS IEH Isg

Vicj dzes2MCts] dgjWlisj cOL ts5C tsdzte P lipl) © ztles j dztlz) )b s 15 ¥z
l e OL somMEts?2 dgjWisjoOL sdetsmdes?2 tsB dzOMiIsd. [ dets o9 jH

l ©OLtejL] BiMtssyHjdd?2 1 td hsects Ibdj ddejstw - ded
L IsOf)j desd3OdemCdj cOLBoOT" j L Odzji1@80L Gdzj & ®Y I8 dalp®@ ¢ dz
dets fijilsdgff 4 dzj o3 dztsor j dzj Wisj e OL sCtsdzH j dzgOlsdzr j L Odzj 3 d,
Utej deG 52 fpCnjdem Crtg-p o g gzg RS 5 d 1 J My oasq dzO dpxpaf] dzfipCl
LOdzj O3, o SCBlstster 7 wWOMf sdkzOcOjIsmw 17 cOL tsdesmdz
dzd2 1150y cOOQdesozgftyg dzj WisicOL sCtsdzH j dzgOlsder § L
Bddzj iBBEGD® d3.

[ dzv kefmezsead?2 vi4sf o COUujnbehigRisl s jdw bk YELD
Bjdzels ¢ jsdztsedyj Misets tOLjL O. 1 HJ figtsdejjlsat?jdedyjwic Lud
f stotsH Bsiafstisds;s HOdzj | t©0OMmf sdztsy j dz Mdzs 22O ded digf fls
LOIj 3 Mdzts?2  j MyOdze = s1ddt0y jdezdR cilgtf tzdzig ist & f BB B H
i550 d3; O o dadydej?2 yYyomlsd LOdzZjcOjls Istsdzh © o odH
tesdzdlstso, fjMmMyodedCtso hish detsfyls! 86 200 5.

CCif kOl OYydw fMj sBO&MNS R, o0dkOdy ddnSdd d C
dvis: pw f) 1998¢. ,196BsIge PIOflse j dzdzets. [ tB' YO ¢ OL O
HOztsfyp! JOHjded j 3 f dzOMlstsotsédts HOo dzj Ay [ol Q.j Qylg tsizlst
o jdzs ¢ BtOLBOoOdd® HJjHtojMmdtsdades?2 o ttetsdzC d, o ¢ dz
(g rddZNiBysd s j ootz s2 MEts?2 cEcOLBor 7 L Odzilzgj 2.
Hdzdid2CBB 0 € d3, 1 64 18 d &E53.

l StH] OftttsBOYydd dBjltsHse ¢ jtsHJdBOBI Y MEsets
dzdL Oydw gy jddw | o)1 dO sMmdse j:

R steduj Mésets dzdoj dzd teSte @®fded ¥  ff sdztsy j dzd v 6]

f OtcOd3j Istotdsal dtc QLAa® Byt v 1281 {(Lid)tedm. 6. (1

fsMisswdadets Hj2Mlsokze hdrn B OBLED-RAMBODEBRE2 (11 1 v

CcOH Bz Oydsdedzts? ddzlsj toW j tots dzdliq tbedfij3)6t. ] R)3 MY s
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dzd dzj O3 dels dzts ¢ O dfdeCRAAL O {dftf \dfiptz b 2@G Wiy (3 4)).

10 dOyoOdz: detsdls + IsOf § CtsdzZlstesdzr MsMmissw dzdw 6 Sicds
Micj HMiso sds dzdo j dzdtetso OdzdV dzO G j sHJ dZOBI Yy MSsd3 s
dzdd 0i199B84c6c. [dz Msfiplsyjds dd Ll | dzdbodgCipfieiztsf totsls W 3 j dz
CltstcOY 9 Cdzt yodzO 11 ¢fjted yder » fJtosW ddzj 2, Hdzdc
ftiosatsHWh jets yjtejL MotsHtakzy yOMmls! doj Miststetsy Hj dad
Yyd dzstese, Mmtej Hdz] J e figdigls tf visdzdRRil tedf jH > HOzlzC thissth) s O 9 d dzd
LOCdZOHSC O tjtf jtetse f totsdi9e jlH jCad® B Qtgdats tsuljdtayjjLin Isle,t
ydrs tjtfjtese dzO wBI jCIsj MtsMisOeaddzs 568 jHddzdy.
f sdzdzj dets 4 MmMjteddSHzpedze By tlzd? ,  E®gPMMr MHodeO L §
MstesyHjdedd L O 20 dzjls. GCIlsd HOdzdzr j B' dzd d MY tsdz
BsHjdzj2 MmewiLd dL d3j de dedv f dzOMis tste fBY)E1H O0 dzj ded ¥

ph =1 f(s@(l-m) 9 bl P,
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CLIMATIC RESISTANCE AND DURABILITY OF BASALT FIBER-REINFORCED
POLYMER COMPOSITES IN EXTREMELY COLD ENVIRONM ENTS: A MULTI -SCALE
(MICRO -MESO-MACRO) APPROACH

Kychkin A.K?, Lebedev M.P, Startsev 0.\, Gavrilieva A.A!
v/.P. Larionov Institute of Physical and Technical Problems of the Northi&ib@ranch Russian Academy
of Sciences
2Federal Research CentfE€he Yakut Scientific Centre of the Siberian Branch of the Russian Academy
of Sciences

Abstract A review of longerm studies on the durability of basalt fibreinforced polymer compost
operated in cold climate conditions is presented. The necessity of an integrated analysis at thenesero
and macrescale levels is substantiated. The key degradation mechanisms of the epoxy matrix within the com-
posite structure are identified,dluding moisture and thermal diffusion processes;ittliiced degradation,
biological impact, and the development of internal stresses under thermal cycling, which lead to changes in
fiberi matrix interfacial adhesion and defect accumulation. The advantafgleasalt composites over glass
fiber-reinforced composites in terms of property retention during prolonged service are demonstrated.

Keywords:basalt fiberreinforced polymers, durability, climatic aging, thermal cycling, epoxy matrix,
interfacial adhesia
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BOREHOLE PILES FOR FOUNDATIONS OF OIL AND GAS FIELDS IN THE PFS AREA,
PROBLEMS AND SOLUTIONS

Yalygin S.A, Golikov N.I, Ermakov B.S, Sleptsov O, Shvetsov O.¥.
1PJSC GAZROMNEFT
2IPTPN SB RAS
3Peter the Great St. Petersburg Polytechnic University

Abstract.The development of the oil and gas industry is solely related to the development of new north-
ern territories of the Russian Federation. The development of deposémiafpost conditions dramatically
increases the cost of construction, primarily foundation work. One of the ways to reduce the cost of construc-
tion is to abandon the pestelding heat treatment of welded joints of straight seam welded microwave pipes.
Thepaper presents the results of studies of mechanical properties, corrosion resistance, crack resistance, and
fatigue tests confirming the possibility of eliminating excessive heat treatment.

Keywords:permafrost soils, borehole piles, pegtlding heat treament
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ABRASIVE WEAR OF MINING EQUIPMENT COMPONENTS IN THE ARCTIC
AND METHODS FOR ITS MITIGATION
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Nikolay I. GolikoV, Sergey V. SemerfpGavriil N. Sleptsoy Yuri N. Saraey Ruslan P. Tichondy
Sergey V. Kuznetsgv
1 FRCc¢Yakut Scientific Centre ahe Siberian Branch of the Russian Academy of Sciénces
2Almazy Anabara

Abstract. The climate and mining conditions of Yakutia (temperature fluctuations, vibrations, shock
loads) cause accelerated wear of quarry equipment. A study on bulldozers id#mifiedst vulnerable com-
ponents: ripper tips/shanks and the crawler system. Laboratory analysis of tips from various manufacturers
revealed a direct correlation between wear resistance and both hardness atehiperature impact tough-
ness. Forged tips demstrated the best results. Practical solutions include developing special material re-
guirements for the Arctic and implementing hardfacing technology. This has allowed Almazy Anabara to sig-
nificantly reduce annual tip consumption and improve operatioffigiency.

Keywords:wear, ripper crown, fullscale tests, mechanical properties, pulsed arc surfacing
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INFLUENCE OF WELDING TECHNOLOGY PARAMETERS ON THE STRUCTURE
AND PROPERTIES OF WELDED JOINTS MADE OF MARTENSITIC CHROME STEELS

Zhuzhgina T.A., Skutin V.S.
CRISM ¢Prometeg of NRC ¢Kurchatov Instituté

Abstract The purposef the work is to assess the effect of welding process parameters: preheating
temperature and welding current strength on the structure and properties of thaffeeted zone of welded
joints of 9 and 126 chromium martensitic steels. Based on the reteagsults, conclusions are drawn about
the limitation of the preheating temperature and the inadvisability of reducing the welding current, and rec-
ommendations are given on the aboventioned welding parameters, which have a direct impact on the for-
mation of the optimal heaaffected zone structure and the properties of the welded joint.

Keywords: welding parameters, microstructure of the HAZ, hardness of the HAZ, chromium martensitic
steels, softening, delta ferrite
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9% Cr | 0,089| 0,29| 0,56 | 0,011 0,003| 8,84 | 0,21| 0,13| 0,88| 0,21| 0,14| - - 0,001
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(2)
12% Cr | 0,100| 0,22 | 0,65 0,014 0,003 | 12,20| 0,94 | 0,08| 0,97| 0,21| 0,07 | 0,029| 0,053 | 0,002
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STUDY OF METALLURGICAL DEFECTS DETECTED IN THE BASE METAL OF MAIN GAS
PIPELINES

K.A. Kurgart® A.A. Klopoto¥, V.A. KlimeoV?, I.L. Strelkova
1L LC ¢Gazprom transgaz SurgyEngineering and Technical Center
2Tomsk State University of Architecture and Building
®National Research Tomsk Polytechnic University

Abstract.The conducted studies allowed us to identify three cleniatic signal patterns during ultra-
sonic testing of samples from used A710 Grade A steel pipes: fromfdefanietal; from a sample with metal
contamination by nometallic inclusions; and from a sample with delamination. Furthermore, during the
studyof samples contaminated with noretallic inclusions, a clustering of poilike nonmetallic inclusions
into linear chains was observed in some cases. During ultrasonic testing, thdikealistribution of sorbite
like pearlite produces a similar sighi@ that of metal contamination by nometallic inclusions. During tensile
testing of the samples, only in one case did a sample rupture at the intended point (at the defect). However,
the strength data obtained for this sample, as for all others, metdahdard requirements.
Keywords:delamination, metal contamination by Aowvetallic inclusions, ultrasonic testing, sorbite
like pearlite, tensile testing.
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RESTORATION OF THE WORKING SURFACE OF THE MEDIUM MOLDBOARD BLADE
OF A MOTOR GRADER

Maksimova E.M-?, Sl eptsov G. N. T, Sl eptsov O.1.171, Noe
v.P. Larionov Institute of the Physie@kechnical Problems of tHgorth of the Siberian Branch
of the RAS
Feder al Research Centre AThe Yakut Scientific Ce

of Scienceso

Abstract This paper examines the structure and properties of worrmoidr blades on heawjuty
maor graders operating in Yakutia. The wear characteristics of midor blades at low temperatures are
revealed, and operational data are analyzed. The chemical composition, structure, and properties of motor
grader blades from two different manufacturemsre analyzed. The results showed that the working parts of
heavy road construction equipment are characterized by the presence of a finely dispersedikaestdlie-
tural component, which undergoes appropriate heat treatment.

Keywords:abrasive wear, rad transport equipment, frozen ground, surfacing, structure
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INVESTIGATION OF THE EFFECT OF ULTRASONIC SHOCK TREATMENT ON RESIDUAL
STRESSES IN WELDED JOINTS MADE OF 10XSD STEEL’

Mikhailov A.YU'?, Sidorov M.M:
V.P. Larionov Institute of Physical and Technical Problems of the North, Siberian Branch of the Rus-
sian Academy of Sciencésa separate subdivision of the Yakutsk Scientifentre SB RAS
?North-Eastern Federal University named after M.K. Ammosov

Abstract The study is devoted to the urgent problem of residual welding stress management in welded
joints made of lovalloy steel 10XSD. The effect of ultrasonic shock treatifi#} on the redistribution of
HP after welding at room and subzero temperatures has been experimentally studied. It is established that
after welding, significant tensile stresses are formed in the seam area, the level of which increases during low
tempeature welding. It is shown that UO effectively transforms tensile stresses into compressive stresses,
which contributes to an increase in the fatigue life of joints.

Keywords:welded joints, postveld treatment, lovalloy steel, residual welding stressaltrasonic im-
pact treatment
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INFLUENCE OF THE STRUCTURAL STATE OF THE METAL OF RING WELDING SEAMS
OF PIPELINE STEEL ON DEFORMATION PROCESSES AND FRACTURED DEGRADATION
DURING OPERATION OF UNDERGROUND GAS PIPELINES

Moskvitina L.\2, Sleptsov G.N, Ammosov G}
V.P. Larionov Institute of the Physie@kchnical Problems of the North SB RAS, Yakutsk

Abstract In this work, the influence of the structural state of the ZTV metal of 09G2S pipe steel after
welding and heat treatment on the deformation procedsesg the delayed destruction of an abareund
pipeline under the influence of seasonal soil deformations in the permafrost zone was studied. The influence
of the restructuring of the ZTV metal structure from puslkding heat treatment on the strengtid ductility
characteristics was examined. The deformation and fracture processes duringdimebending were rec-
orded using acoustic emission.

Keywords:welding, heat treatment, strength, plasticity, acoustic emission, delayed failure
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ANISOTROPY OF WELDED JOINTS OF MAIN GAS PIPELINES MADE OF COLD -RESISTANT
HIGH -STRENGTH STEELS

Nikolaev A.S, Parshin S.G, Ivanova I.\%, Koroteev A.G.
!peter the GreattSPetersburg Polytechnic University
2BelarusianRussian University, Mogilev, Belarus

Abstract. The paper studies welded joints of higglength pipe steels in twarc automatic welding in
a shielding gas. The microstructure, transverse and longitudiveadre and microhardness distribution in
various zones of welded joints are studied. Mechanical tests for static tension and impact toughness at low
temperatures are carried out. The causes of heterogeneity and the degree of softening iretffechedione
are established. The principles of reducing microstructural and mechanical heterogeneity are formulated.
Keywords:arc welding, gas pipelines, higgtrength pipe steel, weldability, microstructure, microhard-
ness, impact toughness.
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ANALYSIS OF THE STRUCTURE AND PROPERTIES OF 10HSND STEEL WELDED
JOINTS UNDER SUBZERO TEMPERATURE WELDING CONDITIONS

Sannikov I.E, Golikov N.I*, Semenov SV Ivanov M.A?
institute of Physicallechnical Problems of the North named afteP M.arionov, Siberian Branch
of the Russian Academy of Sciences, Yakutsk (Russia)
2South Ural State University (National Research University)

Abstract The article presents the results of a study on rpaltis welded joints made at subzero and
ambient ai temperatures. Experimental myftass welding of lovalloy bridge steel 10HSND (Grade 3) was
performed using WN 62U electrodes with registration of the welding thermal cycles. The research results
confirm the possibility of producing higfuality weldedoints in 10HSND steel under subzero temperature
conditions without significant degradation of its performance characteristics.

Keywords:welded joint, welding thermal cycle, mechanical properties, microstructure, impact tough-
ness.
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ON THE DEVELOPMENT O F PHYSICAL PRINCIPLE S FORACHIEVING PERMANENT
JOINTS IN SAFETY -CRITICAL STRUCTURES EXPOSED TO THE LOW AMBIENT TEMPER-
ATURES OF THE NORTH*

Saraev Y. N., Golikov N.I., Sidorov M.M., Dmitriev P.S., Semenov S.V.
IPTPN, FRC YSC, Siberian Branch of the Russian Academy of Sciencesskakut

Abstract The material presented in this article is part of research aimed at finding ways to improve the
efficiency of assembly and repair technologies for critical structures operating in the low climatic tempera-
tures of the NorthThe developed diotion is presented as a discussion of research results obtained through
the comprehensive application of advanced methods for controlling their strength and operational character-
istics. An important component of the proposed article is the fundamentalheselts obtained by leveraging
the capabilities of adaptive pulse control methods for heat and mass transfer characteristics. This is achieved
through full control over the systegpower sourcé arci weld pooli workpiec@& under various disturbing
influences. The article also presents research results on a new generation of domestically produced welding
and surfacing electrodes. The concept presented in the article does not cover all the numerous examples aimed
at ensuring the operational reliability afrthern structures, but it illustrates one of the few effective options
for a comprehensive approach to achieving the set goals.

Keywords:Welding, surfacing, heat and mass transfer, melting, crystallization, structure, properties,
low climatic temperattes, adaptive pulse technologies.
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METHOD FOR MEASURING WELDING THERMAL CYCL ES USING THERMOELECT RIC
THERMOMETERS*

Saraev Y.N., Dmitriev P.S.
V.P. Larionov Institute of Physical and Technical Problems of the North SB RAS, Yakutsk

Abstract. Ensuring the reliability of welded structures in Arctic conditions is a critical issue, as ex-
tremely low temperatures intensify heat dissipation during welding. This increases the cooling rate and the
risk of forming quenched structures, whigduces resistance to brittle fracture. The article describes a meth-
odology for measuring thermal cycles using thermocouples atesabtemperatures and presents the data in
the form of a graph. It is shown that in mydtiss welding, the selifeating of he metal reduces the cooling
rate of subsequent layers.

Keywords:multi-pass welding, subero temperatures, thermal cycle, cooling rate,-floy steel.
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INFLUENCE OF THE ENERGY CHARACTERISTICS OF THE SURFACING PROCESS
ON THE PROPERTIES OF THE FORMED COATINGS
Semenov S.V., Golikov L.1.
Siberian Branch dafhe Russian Academy of Sciences

Abstract. The study is devoted to solving the problems of abrasive wear of mining equipment parts
operating inharsh Arctic conditions. The effectiveness of surfacing with direct current and modulated current
was compared. It was found that the use of puégedechnology reduces the buoff of alloying elements in
the melt. This ensures better transfer of tleeteode's chemical composition to the surfacing layer and tar-
geted adjustment of its properties. The results showed that the influence of the technology on the coating
hardness varies depending on the composition of the surfacing material, confirnpoigitsal for managing
the quality of restoration of critical components.

Keywords:surfacing, wear, mining equipment, pulsed welding, chemical composition, hardness.
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IMPROVEMENT OF METHODS FOR ASSES SING THE PROCESS STRENGTH
OF WELDED JOINTS BASED ON THE ACOUSTIC EMISSION METHOD

Sleptsov G.N, Sleptsov O.1.
V.P. Larionov Institute of Physical and Technical Problems of the North, Siberian Branch of the Russian
Academy of Sciences

Abstract. This mper demonstrates the feasibility and necessity of using the acoustic emission method
for assessing the process strength of welded joints. The presented improvement of the methods allows real
time monitoring of the kinetics of the occurrence and develdpaiarold cracks in welded joints of high
strength steels during delayed fracture, which undoubtedly improves the level of assessment of the technolog-
ical strength of welded joints. Using the acoustic emission method, new ebitéeeal approaches to assiw)
the process strength of welded joints are proposed, based on appropriate processing of acoustic emission data.

Keywords technological strength, cold cracks, acoustic emission
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