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TESTING THE RESULTS OF NUMERICAL SIMULATION
OF PROBLEMS OF ELECTRICAL PROSPECTING
WITH DIRECT CURRENT

B. G. Mukanova', T. Mirgalikyzy ', I. N. Modin 2
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’Lomonosov Moscow State University, Faculty of Geology, Moscow, Russia.
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Key words: direct current electrical prospecting, testing of the numerical results, method of integral equations,
layered medium, relief contact boundaries.

Abstract. Theory of direct current electrical prospecting's methods are mainly developed for media with a flat
surface. But, in practice the difficult terrain surface often come up. This raises the task of studying the impact of
different forms of ground surface relief on the results of geophysical researches. Nowadays the developed methods
aimed at some degree to account for the effect of topography, did not led to the creation of a unified theory and
methodology and have no the application of interpretation of direct current electrical prospecting data on the relief
surface. In this paper, to solve the direct problem of electrical prospecting with direct current was chosen the method
of integral equations, which has a simple physical meaning and well established for the two-dimensional simulation.

The numerical solution of the direct problem of electrical prospecting with direct current for layered medium
with complex contact boundaries on the relief surface on the basis of the method of integral equations is analyzed.
Curves of apparent resistivity for a two-layered medium with different specific electric resistance was constructed.
Testing of the numerical results was conducted by two ways on the models of media with known solutions and by
using the inversion program "IPI2win", which showed positive results.

VJIK 004.054

TECTUPOBAHME PE3YJIBTATOB YUCJIEHHOI'O
MOJAEJIUPOBAHUA 3AJAY DJIEKTPOPA3BEJIKHA
HOCTOAHHBIM TOKOM

B.T. MyKaHOBal, T. MHpFaJII/IKLBbIl, H. H. Moaun®

'EBpasuiickuii HanmoHabHbI yauBepcuter um. J1. H. Tymunesa, Acrana, Kasaxcran,
*MOCKOBCKHil rOCYJapcTBEHHbIH yHUBepcuTeT nM. M. B. Jlomonocoa, MockBa, Poccust

KioueBble c10Ba: 3IEKTPOpa3BeKa MOCTOSHHBIM TOKOM, TECTHPOBAHUE YHCICHHBIX PE3YyIbTAaTOB, METOJ
MHTETpalbHBIX YPaBHEHHH, CIIONCTO-3aJIeralolas cpe/ia, pebeHble KOHTAKTHBIE TPAHUIIBL.

AHHoTanus. B paboTe paccmarpuBaeTcsi YUCICHHOE PEIIEHUE MPSMON 3a1a4i 3IIEKTPOPA3BEIKH TOCTOSHHBIM
TOKOM JUIS CIIOMCTOM MOZENN CPeAbl CO CIOXHBIMU pelbe(HBIMH KOHTAKTHBIMH I'DaHUIIAMHM Ha OCHOBE METOHA
UHTETrpallbHbIX ypaBHEHUMU. II0CTpOEHBl KpUBBIE KAKYIUMXCS COIPOTUBIICHUN AJI JABYXCIIOMHBIX MOJEINEH cpel ¢
pa3HbIMU 3HAUEHHSIMH YAEJIBHBIX 3JEKTPUYECKUX COIPOTUBIEHHU cioeB. J[Byms criocobamMy MpPOBEIECHO TECTHUPO-
BaHHME YHCJICHHBIX PE3yJbTaTOB Ha MOJIENSIX CPEJ] C M3BECTHBIMU PELICHHUSIMU U C IIOMOILbI0 TiporpamMmsl "[P12win",
KOTOPOE MOKAa3aJI0 MOJI0KUTENIbHBIE PE3yJIbTAThI.

BBenenue. Teopuss METOIOB 3JCKTPOPA3BEIKH MOCTOSHHBIM TOKOM OOBIYHO pa3pabaThIBaeTCs IS
Cpeq C MIIOCKOH MOBEpXHOCThI0. OHAKO, HAa MMPAKTHKE YaCTO BCTPEUYAIOTCS CPEMBI CO CIIOKHBIM pelbehomM
JTHEBHOM MOBEPXHOCTH. B CBSI3M C ATHUM BO3HMKACT 3a/lada U3YUCHHS BIUSHUS pa3sIuIHbIX (popm penbeda




Becmuux Hayuonanvrot akademuu nayk Pecnybnuku Kazaxcman

Ha pe3yJbTaThl TeO(U3NYECKUX HCCIeNoBaHUN. V3ydyeHne BIUsSHUS peibeda Ha JaHHBIE METOJIOB
MTOCTOSTHHOT'O TOKa pacCMaTpPUBAINCh B paboTax [1-5].

[To mMeTromaM 30HAMPOBAHUS MOCTOSHHBIM TOKOM Ha CETOAHSIIHHUI JIeHb pa3pabOTaHbl HECKOJIBKO
OCHOBHBIX METOJIOB PEIICHUS MPSAMBIX 3a/1a4: METOJ KOHEUHBIX paszHocted (Mufti, 1976; Day, Morrison,
1979; Loke, 1996), meton xoneunsix 3nemenToB (Coggon, 1971), MeTox rpaHUYHBIX 31eMeHTOB (Xu et
al.. 1998), meron uHTerpanbHbIX ypaBHeHudt (MUY) (AnmemuH, 1947; Hohmann, 1975; Hvozdara, 1983;
Orunkhanov M., Mukanova B., 2006) [6-15]. K ocHOBHBIM pab0oTaM B 3’TOM HampaBICHUU MOKHO OTHECTH
Inman et al., 1973; Ellis, Oldenburg, 1994; Lehmann, 1995; LaBrecque et al., 1996; Loke, Dahlin, 1997;
Maurer et al., 1998; Lesur et al., 1999 [16-22].

B ymomsiHyTBIX BBIIIE paboTax [6-22] ciyuan penbedHO GOopMbI THEBHON MOBEPXHOCTH 3eMITH HE
PaccMOTPEHBI, JIMOO HE JTOBEICHBI 0 CHUCTEMATHYECKOTO YMCICHHOTO MojaeiupoBaHus. Mmerommecs B
HACTOSIIEe BpeMsl METOIMKH TIOIIPABOK 3a penbed) MMEIOT MpHOImKEeHHBINH XapakTep. be3 cnennanpHOTO
MaTEeMaTUYECKOr0 MOCIUPOBAHUS, HAPABICHHOTO Ha CHCTEMATH3AIMI0 UCKAKEHUH T'€OAICKTPHUICCKOTO
pa3pes3a, BBI3BAHHBIX BIIMSHUEM peiibeda MPHU BBHIMOJHCHUHM JIBYMEPHOM WIIM TPEXMEPHON WHBEPCUU
HEBO3MOIKHO MPHOIM3UTHCS K IIOCTPOCHHUIO OKOHYATENFHBIX Pa3pe30B, a/IeKBaTHBIX UICTHHHBIM. B manHOM
HCCIIEIOBAHUM JJIsl pacuera MoJied B CIOUCTO-3JIETAIONIMX Cpelax CO CIOKHOM reomMeTpued KOHTaK-
TUPYIOLIUX T'PaHUI] C pelbe(GHON THEBHON MOBEPXHOCTHIO, MBI IIPUMEHSIEM METOJ, XOPOIIO 3apEKOMEH-
JTIOBABIIMK ce0sl TIpU MPOBEIEHUH MOJISIUPOBAHUS B METOZE COMPOTHBICHUH - METOJ[ WHTETPaTbHBIX
ypaBHeHu# [11-15].

MarteMaTH4yecKkasi MOJ€eJIb U CHCTEMA HHTErPaJbHBIX YPaBHeHHUI. PaccMOTpUM MaTeMaTHYECKYIO
MOJIE/Tb BEPTUKAIBHOTO 3JCKTPUYSCKOTO 30HIUPOBAHMS HaJ CIOMCTO-3aJICTAIONICH CPElor CO CIIOKHOMN
reoMeTprell KOHTaKTUPYIOIUX TPaHUIl U C pelbedHONW THEBHOW MOBEPXHOCTHIO. ClenmaeM HEKOTOpbhIe
MPEINOJIOKEHHUSI OTHOCUTEIIBHO TeOMETpUH cpeabl. [1ycTh cpena ¢ penbedHON MOBEPXHOCTHIO [ MMeeT
KYCOYHO-TIOCTOSIHHOE DPAaCIPEJICIICHUEe yACIbHON AJIEKTPUYECKON mpoBoaumoctu o(M). Jlomyctum, 4to
cpema MokeT ObITh pa3dura Ha N oOmacTeil ¢ TOCTOSHHBIM 3HAYEHHEM YJISNBHOM AIEKTPUYECKOH
MPOBOAUMOCTH G}, 03, ,.., Oy. LIyCTh TPAHHUIIBI MEXIY 00JIACTIMHI 00pa3yIOT IBYMEpPHBIE KYCOYHO-TIIaKNE
MOBEPXHOCTH, HAa KOTOPBIX MOYTH BCIOAY OMpesesieHa HopMalb. [1ycTh 0y €CTh y/e/bHas MPOBOJUMOCTh
Cpelbl, Ha TIOBEPXHOCTh KOTOPOH MOMEIICH MUTAIIIUHN 3IeKTpol, a [ ecTh ee JHEBHAas MOBEPXHOCTb.
Bynem cumrtaTh, 4TO MUTAIOMIMKA JEKTPO HE IMOMANaeT HU Ha OJHY M3 TPAHUI] MEXAY KOHTAKTUPYIO-
nmu cpenamu. Ilycrs Iy, I3,..., [ — 4acTU NOBEPXHOCTEH KOHTAKTUPYIOLIUX CPEJ C PA3HBIMU YJENb-
HBIMH TIPOBOJUMOCTSIMH, B TOM 4YHCJIE MOBEPXHOCTH CPeJl, KOHTAKTHPYIOIIKUE ¢ BO3ayXoM. bymem 000-
3HAUATh Yepe3 0,0, 3HAYEHHUs YJENbHOM MPOBOJMMOCTH C Pa3sHBIX CTOPOH TOBepxHOCTH [} s cper,
KOTOPBIC UMEIOT OOIIYI0 BHYTPEHHIOW TpaHuily [;. BBeeM HOBbIC HEM3BECTHBIC QYHKIMH 1, (3, --, Kk,
3aJlaHHbBIE HA ATHX YaCTAX TPAHUI] U UMEIOIINE CMBICI MOBEPXHOCTHBIX TUNIOTHOCTEH BTOPHYHBIX 3apsJIOB,
pacmpeseneHHbIX Ha 3TUX Y9acTKax TPaHUI.

Bynem uckaTh MOTEHIMAN MOJS B MPOU3BOJILHOW TOYKe P B BHJE CYMMBI MOTEHIIMAJIOB MPOCTOrO
CJI0s1, 33/IaHHBIX Ha ATHX YaCTAX FPAHUI] ¥ MOTCHIIMAIA TOYSYHOTO HCTOYHUKA B TIOTYIIPOCTPAHCTBE:

T e ar () (1)

_ 1 K —
U(P) - UO(P) + 41O Ek:o uk‘(P) - 2mag|AP|  4moy [PM|

Uy(P) - moTeHmnuan TOYEYHOrO0 MCTOYHMKA, / - CHJIa TOKA MUTAIOIIEro seKkTpona, U, (P) - moTeHmman
k-rpannnpl, k=0..K, A - TOUKa pacmoJOKEHHs MUTAIOUIETO 3JeKTponaa; M - Touka pacrlojOXKeHHas Ha
rpaHune [j.

OueBHIHO, YTO OMNpEeAeICHHAs TAaKUM CIOcOo00M (YHKIUS yIOBJIETBOpsSET ypaBHeHHIO Jlammaca
AU =0 B 00JacTsX MOCTOSHCTBA ¢ U SBJISACTCS HEMPEPHIBHOW (PYHKIMEH B CHIIy CBOMCTB IOTEHIIMAA
MpOCTOro ciosi B obmactw, 3aHsTon cpenoi. I[lorpebyem, utoOwmr ¢yHkmsa U(P) ynoBieTBopsiia
TPAaHUYHOMY YCJIOBHIO HA 36MHOH ITOBEPXHOCTH:

O'% :—a% +L6(7'—621) (2)
on|. on | 2«

3nece O - Touka Hayanma KoopauHat. IloTpeOyem Takxke YAOBICTBOPEHUS YCIOBUS yOBIBaHUS

HOTEHIMaNa Ha OECKOHEYHOCTH:

U(0)=0. 3)
—— () ——
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IlocTaBuUM JOIOIHUTEIBHEIC YCJI0BUA Ha BHYTPCHHUX KOHTAKTHBIX I'paHUIIAX. Ot YyCi10BUA O3HA-
YarT HENIPEPBIBHOCTD IMOTOKA 3apsajia 4Y€PE3 KOHTAKTHBIC I'PAHUIIBI U MOT'YT OBITh 3aIKCaHbl B BHIC:

ot (5, = o) @

Unes MeTona WHTETPATbHBIX YPaBHEHHH 3aKJIFOUACTCS B TOM, YTO KOHTAKTHBIE TPAHUIIGI U HEOTHO-
POIHOCTH TEOANEKTPHIECKOTO pa3pe3a pacCMaTPUBAIOTCS KaK BTOPUYHBIC BO30YAUTEIH AIIEKTPUIECKOTO
mojst. 3a7aya pacyera mosiei CBOAUTCS K CUCTEME WHTETPANbHBIX YPABHCHUH HA TUIOTHOCTH BTOPHYHBIX
WUCTOYHUKOB, HWHIYIUPYEMbIX Ha TMOBEPXHOCTSIX KOHTAKTa MPOBOMAIIMX CpeJ U Ha pelbedHOil
IMOBCPXHOCTU CPCIBbI. I/IHTeI‘paJ'II)HI)Ie YpaBHCHUA MOT'YT 3allUChIBATHECA KaK JJId MHTEHCUBHOCTEH
BTOPUYHBIX MCTOYHUKOB, TAK W JJI 3HAUCHHUHA MOTEHIMATOB. MBI MOCTPOMIIM HHTErPAIbHOE ypaBHEHHUE
[23] nns pacmpenencHuss BTOPUYHBIX WCTOYHUKOB JUIS BBIIIC OMHMCAHHON CpeNbl, YUUTHIBAs 3alaHHBIC
TpaHUYHbBIC YCIOBHUS:

A cosy A0 1 A cosy
qi(P) = - [, a(M) = dTy (M) + 2o+ = iy, (M) =254 dT e (M), )
)
rae, A; = (or=oi) ).
(of+0;)

W3 cucremMbl MHTETpalibHBIX ypaBHeHHH (5) TpeOyeTcs BBIUYMCIHTH TUIOTHOCTh TOKA BTOPUYHBIX
HUCTOYHHUKOB B TOYKe P. MBI MeeM pOBHO CTOJBKO YPaBHEHWH, CKOJIBKO €CTh HEM3BECTHBIX (VYHKITHH —
IJIOTHOCTEH MHAYIIMPOBAHHBIX 3aps/I0B HA YACTSIX KOHTAKTHBIX TPAHUIl. PelieHre MHTErpalbHOTO ypaB-
HeHU (5) MOXKHO MOJTyYUTh ITyTEM MPEOOPa30BaHUs B CHCTEMY JTMHEUHBIX allreOpanyecKuX ypaBHEHUM.

TecTupoBaHMe 4YHUCJIEHHBIX PpPe3yJabTATOB. /[ TECTUPOBAaHUS YHCIECHHBIX PpPE3yJbTaTOB, MOJY-
YEHHBIX ITyTEM PEIICHHs] CHCTEMBI MHTETPAJIBHBIX YpaBHEHUH (5), MBI MOCTPOMIH (PYHKINU KaXKYIIIHXCS
COINPOTUBJIEHUN [JI1 JBYXCJIOWHOW MOJENU CPEAbl C MIOCKOM MOBEPXHOCTHIO U IIOCKUMHU TOPHU30H-
TaJbHBIMU KOHTAKTHBIMH TpaHHIaMU (PHCYHOK 1), JJisi KOTOPOW pEIlIeHUue NMPSIMOM 3ajadu 3JIeKTpopas-
BeIKM M3BeCTHO [24]. Takke 1A ATOW e MOIESIH CPEeAbl MBI BHITIOJHUIM TECTHPOBAHHE C TIOMOIIBIO
MpOrpaMMBbl HHTEpIIpeTanuy reodusndyeckux qanueix "[P12win" [25].

zZ M

Pucynok 1 — Cxema BEpTHKAIBHOTO AJICKTPUIECKOT0 30HAUPOBAHMS IS TPEXAIEKTpoaHOU ycTanoBku LmombGepike
HaJ| IByXCJIOHHOMN cpeson

Hnst nByXCIOMHOW MOJEIN Cpenbl MOXHO BBIIHMCATH CIEAYIOLIYI0 CHUCTEMY HMHTErPaJbHBIX YpaB-
HEHUH:

10 1

_ 1 cosYpy 1 cosYpuy _

qO(P) 2 fro qO(M) |PM|2 drO(M) 2 frl ql(M) |PM|2 drl(M) - on |AP|'P € 1—‘0 (6)
A cos e 2 cos e _i9 1

ql(P) zn.frl ql(M) |PM|2 drl(M) Zﬂfro qO(M) |PM|2 drO(M) _71'671|AP|’P erl

Pacuer (1)YHKI_II/II7I KaKymerocsa CONpOTUBIICHUS BBIMTOJIHACTCS 11O CIICAYHOIIUM COOTHOIICHUCM:
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prc = K2, (7
rae AUyy - pa3HOCTh MOTEHLHMAJIOB MEXAY NMPUEMHBIMH snekTpogamMu M u N, K - reomerpuyeckuit
KO3 GUIIMEHT YCTAaHOBKH. 3HAUEHUS MOTCHIIMAIIOB HA MMOBEPXHOCTH HAXOMATCS MOCIE PEIISHUS CUCTEMBI
YW HaXOXIEHHUS pPACIpelleIeHNs BTOPUYHBIX HMCTOYHHUKOB MO Qopmyie (1) myTeM 4YHCICHHOTO HWHTE-
TPUPOBAHUSL.

Pe3ynpTaTel YHCIIEHHOTO MOICTIMPOBAHUS MIPEICTABICHBI Ha pUCYHKe 2. PacueTsl ObuN caemaHsl AIis
TpeXdJIeKTpoaHON ycTaHoBKH lllmomOepike M MBYXCIIOWHON MOMIETH Cpelbl ¢ BBICOKOOMHBIM OCHO-
BaHUEM (p; < py) U C TIPOBOJAIIMM OCHOBaHUEM (P > pP,). MomHOoCTh (TyOuHa 3ajeraHusi) mepBOro
ciost I = 0.5 m, HWKHUIA cloii mpocTupaeTcs Ha OeckoHeuHylo rryOuHy. s Bcex ciydaeB MONyueHHBIE
KPHUBBIE KQXKYIIUXCS COTMPOTUBICHHUN BBIXOAT HA ACHMIITOTHYECKHE 3HAYSHIsI BTOPOTO CIIos pP,. Ha rpa-
HUYHBIX TOYKaX PacYeTHOW 00JACTH Ha KPHUBBIX KAXKYIIHXCS COMPOTBIECHHI MOXKHO YBHIETh HEOOIbIINE
CKa4yKH. JTO CBSI3aHO C TE€M, 4TO JJIsl ONMCAHUA paclpeneieHns IOTHOCTH TOKOB IPUMEHSETC CeTKa C
norapu(MUYECKU PACHIUPSAIONIUMCS MacIiTaboM 10 paguycy, aJalnTUpOBaHHAs TOJ[ TIOJIOKEHUE
MUTAIOIIETO 3JeKTpoaa. BenmeacTBrue 3Toro, BOMM3M IPaHUYHBIX TOYEK pacdeT BBITOJHSAETCS Ha Tpy0oit
CeTKe, YTO YXYJIIIaeT TOYHOCTh. Kpome 3Toro, OeckoHeuHas 00JacTh MHTETPUPOBAHUS 3aMEHSETCs Ha
KOHEYHYI0, 3TO 03HAYACT, YTO MBI MpeHeOperacM MHIYIIMPOBAHHBIMHE 3apsaMy 3a Tpe/ieliaMu PacyeTHOM
obnmacti. DTUMHU JBYMsI NPUYHMHAMH OOBSCHSIOTCS WMEIONIMECS OTKIOHEHHsS 3HAYCHHH KaKyIIerocs
COTIPOTHUBJICHUS OT TEOPETUYECKUX BOJIM3H I'PaHUI] pacueTHON 00IacTH.

it ot P2 1,0MM

1 10

Pucynok 2 — JIByxcnoiHble KpUBBIE KaXKYIIUXCSI COMPOTHBIICHHUHN, MOTyYeHHbIE PEIIEHUEM HHTErPAIbHOTO yPABHEHUS

Kax u3BectHO B [24], mnsi paccMaTpuBaeMOil MOJENU CPENbl CYIIECTBYET CIEAYIOLIEE BBIPAKCHHE
pacdera KakyIIerocs COpOTHUBICHHUS:
_ © k"3 _ P2—P1
P = p1 |1+ 2 X g b = 2 (8)
3meck py - CONPOTUBIICHNE BEPXHETO CIIOS, Py - COMPOTHUBIEHUE HUYKHETO CIIOs, K - KOO UIMEHT 0Tpa-
JKCHHSI, T - PACCTOSHUE OT MUTAIOIIEro 3JIEKTPOAa M0 LIEHTpa MpreMHO# uuuu MN, | - rnyOuHa 3aie-
TraHUA BEPXHETO CJIOA.
Ha pucynke 3 npuBefieHbI pe3yIbTaThl TECTUPOBAHUS, BHIIIOJIHEHHBIC TyTEM CPAaBHEHUS YHCICHHOTO
pelIeHus] ¢ pPelIeHHeM MMOCTPOCHHBIM 110 (opMyIe (8) A HUCXOAAIMIEH M BOCXOJSIICH MOJENeH IBYX-
CIIOIHOM cpezibl. MBI 3a1a11 MOIIHOCTD TiepBoro ciiost [ = 0.5 m mis obeux Mozened, s HUCXOIAIICH
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Pucynok 3 — @yHKIMH KaXKyIIUXCS COMPOTHBIICHUIL: a) - MOJIENb C BOCXOISIIEH BETBBIO; 0) - MOIETh C HUCXOIAIICH BETBBIO.
1 - pemeHne MOMyYeHHOE My TEM peICHHUS HHTETPAJIbHOTO ypaBHEHHS, 2 - pelIeHHe MOCTpoeHHoe 1o hopmyie (8)

MOJENHN yaenbHbIe conpotuBieHus p; = 100 Om - m, p, = 10 Om - m 1 4719 BOCXOIAIICH MOJETH YICIb-
HBIE CONMpOTHBICHUS P = 1 Om M, p; = 5 Om - M. MakcuManbHasi OTHOCUTENbHAS MOTPELIHOCTh COCTa-
Bria 6% Ha BOJHM3M IPaHUYHBIX TOUEK KPUBOW KAXKYIIETOCS COMPOTHBICHUS.

[Iporpamma "IPI12win" mpenna3HadeHa Il HHTEPIIPETAIIMN JAHHBIX BEPTHKAIBHOTO JICKTPHIESCKOTO
3oHaUpoBanus [25]. B mporpamMmMe mocie BBOJA MapaMeTPOB CPEIbl, YCTAHOBKH W IOJIEBBIX (HAOIIO-
JICHHBIX) NAHHBIX B OKHE HMHTEPIPETAIMA CTPOUTCS KpWBas KaXKyIIETOCs COMPOTHBIICHHUS IO HAOIO-
JIEeHHBIM TaHHBIM. OIHAM W3 TJIABHBIX HpPEeUMyIIecTB mporpaMMbl "IPI2win" sBiseTcs BO3MOKHOCTH
OIICHKHM KadecTBa WMHTEpIpPETalldil KPHUBBIX KaXKyIIerocs CONMpoTHBIeHHs. Ha skpaHe BMecTe ¢ HMHTep-
MPETUPYEMOil KPHBOH pHCyeTcsl TeopeTHdecKass KpuBasi KaKyIlerocs conpoTuBieHus. OLEeHKONH pe3ylib-
TaTOB MHTEPIIPETALINH SBISETCS HEBSI3Ka MEXKITy TEOPETUIECKON KPUBOW U KPUBOMU TMOJIEBHIX JaHHBIX. MBI
BBHITIOJTHIIIM TECTHPOBAaHUE C MOMOIIbI0 TMporpammbl "[PI2win" myTeM BBOJA YHCICHHBIX pPE3yJbTaTOB
BMECTO IIOJICBBIX JaHHBIX. HeBf3Ka MeXIy KpHUBOW Ka)KyIIErocs COMPOTHBIICHHUS MOTYYEHHOW METOAOM
WHTETPATLHBIX YPaBHEHHH U TEOPETHUECKOW KpWBOHM mocTpoeHHO# mporpammoii "IPI2win" cocraBumna
JUT MOJIENH ¢ Bocxozsmed BeTBbio 3.49% (pucyHok 4,a), Ans MOAeNnu ¢ HUCXoxasmeid BeTBbio 1.99%
(pucyHoKk 4,0), CBsI3aHHBIE C OTKJIOHEHUSMH Ka)XyIIErOCsl CONPOTHBIICHHS OJM3U TPaHUI] pacyeTHOU
o0macTH.

BoiBoabl. PaccMoTpeHO dYHCIEHHOE pelieHHe MpsSMOW 3afadd JJIEKTPOPa3BEAKH ITOCTOSHHBIM
TOKOM METOJIOM HHTETPAJbHBIX ypaBHEHWH, KOTOPBIH IO3BOJSET PACCUMTHIBATH (DYHKIHIO Kaxkylle-
rocs CONPOTHBIIEHUS B CIIOMCTO-3AJIETAIOIIMX CpelaX CO CIOKHOM TeoMeTpueill KOHTaKTHPYIOMIHX
rpaHul] ¢ penbedHON JHEBHOH MOBEpXHOCTHIO. [IpHBeneHBI YHCIIEHHBIE TPUMEPHI pacyeTa KaxKy-
IIUXCS COMpOTHBIeHWH. [IpoBemeHO TecTHpOBaHHME YHCIEHHBIX pPE3yJIbTaTOB, IOMYyYEHHBIX IIyTEM
peLICHNsT TPEJIOKEHHOTO HMHTETPalbHOTO YpaBHEHHS, KOTOPOE TMOKAa3ajo yIOBICTBOPUTEIbHEIE
pe3yIbTaTHI.

Paboma noooeporcarno epanmom MOH PK, 0ozoop Ne46 om 12.02.2015 e.
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Pucynok 4 - TectoBble pe3ynbTatsl Ha mporpamme "IP12win":
a) - MOZIENb C BOCXOAAIIEH BETBEIO; 0) - MOZIEJIb C HUCXOASIIEH BETBBIO
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TYPAKTBI TOKIIEH 2JIEKTPJIIK BAPJIAY ECEINITEPIH
CAHJABIK MOJAEJBAEY HOTU/XKEJIEPIH TECTUIEY

B.F. Mymaﬂonal, T. Ml/lpfa.ﬂl/l]QbBLll, . H. Mo;mn2

'JI. H. T'ymunes atbianarst Eypasus yITThIK yHEBepCTeTi, Actana, Kasakcran,
> M. B. JIoMOHOCOB aThIHIaFkl Mackey MeMIleKeTTik yHuBepcuteti, Mackey, Peceit

Tyiiin ce3mep: TYpaKTHl TOKICH AJIEKTPIIK Oapiay, CAHABIK HOTIKENEPi TECTiIey, HHTETPAIIbIK TeHICYIIep
omici, KabaTThI OpTa, penbedTi OaiaHbIC IeKapackI.

AnHoTanus. Makaiaza Kypaem penbedTi OaiaHbIic IIeKapaiapbl 0ap KadaTThl OpTa MOJENTI VINIH TYPAKThI
TOKIIEH 3JIEKTPJIK OapnayabiH Typa eceOiH MHTerpaibIblK TEeHICYJIep OMICIHIH Heri3iHaeri caHAbIK LIeHiMi Kapac-
ThIpbUIa/Ibl. KabaTTapablH MEHIIIKTI JIEKTPIIIK KeAeprijiepi op Typiii eki KabaTThl OpTa MOJEINEP] YIIiH KybIKTamMa
KeZAEpriHiH KUCHIKTaphl TYPFbI3bLIbL. "[PI2win" OarnapnamMachlHbIH KOMETIMEH XKoHE IemimMi Oenrii opra Moaesb-
Jiepl YILiH CaH/IBIK HOTIKENIEPAl TeCTIeY KYPTi3ii.

Hocmynuna 02.10.2015 2.
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Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint,
see http://www.elsevier.com/postingpolicy), that it is not under consideration for publication
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the responsible
authorities where the work was carried out, and that, if accepted, it will not be published elsewhere in the
same form, in English or in any other language, including electronically without the written consent of the
copyright-holder. In particular, translations into English of papers already published in another language
are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be
checked by the Cross Check originality detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of Sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.

[IpaBumna opopmiieHHUs cTaThU IS MyOJIMKALUK B )KypHaJIe CMOTPETh Ha CalTe:
www:nauka-nanrk . kz

http://www .bulletin-science.kz/index.php/ru/
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