VK 550.832
DOI: 10.33764/2618-981X-2019-2-3-79-88

FEO3NEKTPUHECKUE MOAENIU MEJNIOBbIX KOJIJIEKTOPOB
3ANAOHOU CUBUPU N CUTHATBI SJNIEKTPOKAPOTAXA

Kapuna Baaoumupoena Cyxopykoesa

HuctutyT HedTerazoBoit reonoruu u reopusuku uM. A. A. Tpopumyka CO PAH, 630090, Poccus,
r. HoBocubupck, np. Akanemuka KonTrora, 3, Beaymuii HayuHblii coTpyanuk; HoBocuOupckuii rocy-
napcTBeHHbIN yHuBepcutet, 630090, Poccus, r. HoBocuOupck, yi. [Tuporosa, 2, JOKTOp TEXHUYECKHX
HayK, JIOLIEHT, CTapIIni pernoaBarenb, phone: (383)330-49-52, e-mail: SuhorukovaKV@ipgg.sbras.ru

Anexceit Muxaiinosuu Ilempoe

WHuctutyT HedTerazoBoit reosioruu u reopuszuxu uM. A. A. Tpopumyka CO PAH, 630090, Poccus,
r. HoBocubupck, np. Akagemuka Komntrora, 3, muanmmii HaydHbIH cOTpyaHUK; HoBOCMOMpCKuit
HallMOHAJBHBIN MCCIIEIOBATEBCKUN TOCYIapCTBEHHBIN yHUBEepcuteT, 630090, Poccus, r. HoBocu-
oupck, yi. [Tuporona, 2, acupanT, e-mail: PetrovAM@ipgg.sbras.ru

Hnoa Anekceeeuu Mockaeg

Wuctutyt HedTerazoBoit reosioruu u reodpusuxu uM. A. A. Tpopumyka CO PAH, 630090, Poccus,
r. HoBocubupck, mp. Akagemuka Kontrora, 3, umxenep; HoBocubupckuii HallMOHANBHBIN Hccle-
JIOBaTENbCKUNA TOCYIapCTBeHHBIN yHUBepcHuTeT, 630090, Poccus, r. HoBocubupck, yi. [Tuporosa, 2,
MaructpasT, e-mail: MoskaevIA@ipgg.sbras.ru

Onez Banenmunosuu Heuaes

Wuctutyt HedTerazoBoii reosoruu u reodpusuku uM. A. A. Tpopumyka CO PAH, 630090, Poccus,
r. HoBocubupck, mnp. Axagemuka Kontrora, 3, kaHauaatr Gu3uKo-MaTeMaTHYECKUX HAayK, CTAPIINMA
Hay4HbIH cOTpyIHUK, e-mail: NechayevOV@ipgg.sbras.ru

Mapuna Huxonaesna Hukumenko

WuctutyTt HedTerazoBoit reosioruu u reodpuszuxu uM. A. A. Tpopumyka CO PAH, 630090, Poccus,
r. HoBocubGupck, np. Axamemuka KomnTrora, 3, kKaHAMAAT TEXHUYECKUX HAyK, CTApIIUA HAyYHBIN
corpynuuk, e-mail: NikitenkoMN@ipgg.nsc.ru

FCO3J’IGKTpI/I‘-IeCKI/Ie MOZACIM OMHCBIBAIOT INIACTBI OCHOBHBIX IOPOA MCJIIOBBIX OTIIOKCHUH 331'[21,[{-
Hoit CuOupu. IIpoHuIaemple miacTbl MOTYT OBITh M30TPONHBIMU MM aHHU30TPOIHBIMU U BKIIIOYAIOT
HU3MCHCHHBIC IIPpH 6ypeHI/II/I 30HEL 110 AuarpaMMam raJiBaHUYCCKOro U JJICKTPOMAIrHUTHOI'O KapOoTaxKa
B MOJIEIISIX, COCTABJICHHBIX U3 TOHKUX 3JEKTPUYECKU KOHTPACTHBIX IJIACTOB, YaCTO HENb3s TOYHO Olle-
HUTh YOC 1uactoB. YacTUYHBIM pelieHreM TpoOJIeMbl SBISIETCS IPUMEHEHHE 0COObIX TpaHCchopMa-
1A, 6oJIee TOYHOE OTIpeieIeHIe MOJICNTFHBIX MapaMeTpoB odecrieunBaet 2D MHBEpCHSL.

KiroueBble €10Ba: reodIeKTPUUECKIE MOJAETH, YHCICHHOE MOJICIIUPOBaHUE, OOKOBOE Kapo-
Ta’)KHOE 30HUPOBAHME, BBICOKOYACTOTHOE 2JIEKTPOMArHUTHOE KapOTAKHOE 30HAMPOBAHUE, OOKO-
BOM KapoTax.

GALVANIC AND ELECTROMAGNETIC LOGS IN MODELS
OF WEST-SIBERIAN CRETACEOUS FORMATIONS

Carina V. Sukhorukova

Trofimuk Institute of Petroleum Geology and Geophysics SB RAS, 3, Prospect Akademik Koptyug
St., Novosibirsk, 630090, Russia, Leading Researcher; Novosibirsk National Research State Uni-
versity, 2, Pirogova St., Novosibirsk, 630073, Russia, D. Sc., Associate Professor, Senior Lecturer,
phone: (383)330-49-52, e-mail: SuhorukovaKV@ipgg.sbras.ru

79



Aleksey M. Petrov

Trofimuk Institute of Petroleum Geology and Geophysics SB RAS, 3, Prospect Akademik Koptyug
St., Novosibirsk, 630090, Russia, Junior Researcher, Novosibirsk State University, 2, Pirogova St.,
Novosibirsk, 630090, Russia, Ph. D. Student, e-mail: PetrovAM@ipgg.sbras.ru

Ilya A. Moskaev

Trofimuk Institute of Petroleum Geology and Geophysics SB RAS, 3, Prospect Akademik Koptyug
St., Novosibirsk, 630090, Russia, Engineer; Novosibirsk National Research State University,
2, Pirogova St., Novosibirsk, 630073, Russia, Graduate, e-mail: MoskaevIA@ipgg.sbras.ru

Oleg V. Nechaev
Trofimuk Institute of Petroleum Geology and Geophysics SB RAS, 3, Prospect Akademik Koptyug
St., Novosibirsk, 630090, Russia, Ph. D., Senior Researcher, e-mail: oleg.v.nechaev@gmail.com

Marina N. Nikitenko
Trofimuk Institute of Petroleum Geology and Geophysics SB RAS, 3, Prospect Akademik Koptyug
St., Novosibirsk, 630090, Russia, Ph. D., Senior Researcher, e-mail: NikitenkoMN@ipgg.nsc.ru

Geoelectric models describe the main types of the Cretaceous sediments of Western Siberia.
Permeable layers in thin-layered model may be isotropic or anisotropic and include invaded and an-
nulus zones formed during drilling. Galvanic and electromagnetic logs do not provide an accurate
resistivity evaluation for thin electrically contrasting layers. The use of special signal transfor-
mations partially solves this problem, but 2D inversion provides a more reliable estimation of mod-
el parameters.

Key words: geoelectric model, computational simulation, lateral logging, Russian lateral log-
ging, electromagnetic logging.

OnHO W3 MEpPCHNEKTUBHBIX HAMpPaBICHUN MPAKTUYECKOTO Pa3BUTHS KOJIUYECT-
BEHHOW MHTEPNPETAIMU JAHHBIX JEKTPOMETPUU B BEPTUKAJIBHBIX CKBAXKUHAX — CO-
BMECTHAsl YMCJICHHAsT WHBEPCUS CHUTHAJIOB OOKOBOTO KapOTa)XHOTO 30HAMPOBAHUS
(BK3) u BpICOKOYACTOTHOTO 3JEKTpOMarHuTHOro kapotaxka (BOMK3). Orot noaxon
MOKa3aJl XOpOILIKE Pe3yJNbTaTbl B OJHOMEPHBIX MOJEISAX IECUYAHBIX KOJUJIEKTOPOB,
o0ecreunB HaJEKHOE BOCCTAHOBIIEHUE pajuanbHOro pacnpenenenus YIC npu pe-
HIEHUU 3a7a4 QUIbTPALMK TIIMHUCTOTO OypoBoro pactBopa [1]. Co3naHue u BHeIpe-
HUE KOMIUJIEKCHOM KapoTaxkHou ammapatypsl cepun CKJI [2] obecneuuBaer reodu-
3ukoB curHanamu 30H710B bK3, BOMK3 u 6okoBoro kaporaxa (poKycHpoBaHHBIMU
3ongamu (BK), n3MepeHHbIMU TPAKTUYECKHU OJJHOBPEMEHHO, YTO JIENIAET BO3MOKHBIM
ONpEeIeNICHHUE 10 UX KOMIUIEKCY NapaMeTpOB ABYMEPHOU re03IeKTPUUECKON MOIETn
[3, 4]. [TapameTpsl MOAENH: TMOJOKEHUE TOPU3OHTAIBHBIX M PagualbHbIX T'PaHMII,
yaenbHoe 3ekTpuueckoe conpotuienue (YIC) mis M30TPOIHBIX 00J1acTel, TOpu-
30HTaJbHOE U BepTuKaibHOe YOC Il aHU30TPOMHBIX 00JACTEeH, AUAIEKTpUYECKas
IPOHULIAEMOCTh U AUAMETP KOpITyca anmnaparypsbl.

Curnansl 305108 BK, BK3 1 BOMK3 nipu HOpMaibHOM NepeceyeHnu IIacToB
B Pa3HOW CTEMEHH YyBCTBUTEIBHBI K UX MapaMeTpaM U OTPax)aroT HECUMMETPUUHOE
cTpoeHue 30H10B. Hanbonee cinoxHas 175 BU3yalbHOr0 aHanu3a (popma xapakTepHa
JUTsl AuarpaMm 3HadeHuit kaxyuerocsa YOC (py), onpeaenenHoro no curnaiam bK3.
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YToOBl UCCIEeN0BaTh CUTHANIBI B YCIOBUAX TUIMYHBIX pa3pe3oB 3anagHoil Culupw,
MPOBEJICHO UX YUCIECHHOE MOACIUPOBAHUE JJISI OCHOBHBIX TUIIOB I'€03JIEKTPUUYECKUX
Mozeneit u Habopa 3ou10B annapatypbl CKJI-76 (nuametp kopmyca 0.076 m).

Hnsa monenmupoBanus curHasioB bK, BOMK3 u BK3 B nByxmepHbix Moaensx
Cpea UCIOJIb30BAIKCH Mporpammbl koMmiuiekca AlondraWL [5-6], ocHOBaHHBIE Ha
KOHEUYHO-AJIEMEHTHBIX aJIrOpuTMax. Bo Bcex HUCIONb3yeMbIX IPOrpaMMax MOJENb
COCTOUT U3 TOPU3OHTAIBHBIX AHU30TPOMHBIX IIACTOB, B KAXJAOM U3 KOTOPBIX MOYKHO
3a/1aTh CJIO0KHOE pauaibHOE CTPOCHHME MPUCKBAKUHHONW 00JIACTH, a TAKXKE JUAMETP
ckBaxuHbl U1 YOC OypoBoro pactBopa. OJIMH M3 BaXKHBIX MAapaMEeTPOB MOJEIH —
JMaMETpP HEMPOBOJAIIETO KopIyca Mpudopa, MOTOMY YTO BBITECHEHHE UM OYpOBOTO
pacTBOpa U3MEHSAET CUTHAJIBI 30H]I0B IOCTOSIHHOTO TOKA.

CurHanel npeacTaBlieHbl B BUAE Auarpamm Kaxymierocs YOC. s rpaiueHt-
30HJI0B 3HAYEHUS Py TPAAUIIMOHHO PACCUUTAHBI MO OJHOPOJHOM cpexe. s 30H10B
BK 1 BOMK3 npoBeieHa KOppeKITusi BIUSHUS CKBAKUHBI (Py ; — TpaHCHOpMAITHUS 110
JBYCJIOMHON HWIMHAPUYECKU-CIOUCTON cpene). st kaxaoro 3oun1a BOMK3 nocie
KOPPEKITUHU BIIUSHUS CKBAXUHBI TAK)KE MOCTPOCHA TpaHCHOPMAIIHSI TTO TOPU30HTATh-
HO-CJIOUCTOU cpenie (Px ) MyTeM WHBEPCUHM CHUTHANAa B TIyOMHBI TOPU3OHTAIBHBIX
rpanui 1 YIC miacTtoB [7-8].

TI'eoanekmpuueckue moodenu

OCHOBHBIE THUIIbI T€OAIEKTPUUECKUX MOJAEIIEH TEPPUTCHHBIX OTJIOXKEHUN 3anaj-
Ho¥ CubOupu BBISBIEHBI 10 KomIuiekcy naHHbIX ['MC, BKiIOuaromeMy MeTObl pa-
JMOAKTUBHOI'O KapOTa)a, MOTEHIMala CaMOMOJsIpU3alid U SJIEKTPOMETPUM Ha TIO-
CTOSIHHOM U NE€PEMEHHOM TOKE.

Mojenbp TIMHUACTBIX OTJIOKEHUW — ATO HENPOHULAEMBIA OJHOPOJHBIA IUIACT,
XapaKTepU3yeMblil TOPU3OHTAIBHBIM U BEPTUKAJIBLHBIM CONPOTUBICHUIMU (Pp, Py)
U 3(PGEKTUBHON OTHOCUTENIBHOW AMAJIEKTPUYECKONW MPOHUIIaeMOCThi0 (g). Xapak-
TE€pHas JJIsl TIIMHUCTBIX OTJIO0KEHUNW MHKPOAHU30TPOIUS BIMSIET HA CUTHAJbBI KOPOT-
kux 30H10B BK3, ecmm YOC OypoBoro pactBopa otinuvaercs oT p; (00br4HO YIC
pactBopa 0.5-2 Om-M, p;, ruH 4—8 Om-M). COOTHOLIEHHUE pP; U P, MEIOBBIX TJIMHU-
CTBIX OTJIO)KEHUU OIEHEHO MO JIaHHBIM PAa3HBIX METOJOB W3 BEPTUKAIBHBIX U TOPH-
30HTAJIbHBIX CKBaXXUH [9—11].

Mogenbs NpOHUIIAEMBIX [IECUYAHBIX U MECYAHO-TIMHUCTBIX OTJIOKEHHUI BKIKOYAET
NPUCKBAXKUHHBIE 30HBI, 3aMOJHEHHBIE (PUIBTpATOM OypOBOrO0 pacTBOpa U OTTECHEH-
HOM rmacToBoi Bojoi. [Ipu OypeHuu B 0caqouHbIX OTJIOXKEHUAX 3anannoit Cubupu
Ha MPECHOM TJIMHUCTOM PacTBOpe 03 aKTUBHBIX 0OABOK, €CIIU JIaBlieHHE OypOBOTO
pacTBopa mIpeBbIIaeT miactoBoe, 1mo aaHHeiIM BOMK3+bK3 B BomoHachIIEHHOM
TIECYaHNKE OMpeaesseTcs moBbimatomas 30Ha nponnkHoseHus (311), B HedreHacor-
MICHHOM TIeCHaHWKe — moHmxkaromas 3[I, B mecyaHwke C HaCHIMICHHEM HE(PTHIO
u mactoBoi Bojoi — 311 u okaimisromas 30Ha (O3). YOC O3 nmxke, yem YOC 311
U macra. /uanekrpudeckas NpOHUIIAEMOCTD HE ONPEAEAeTCs IPU HEBBICOKUX Y DC
MeCcyYaHbIX IJIACTOB. BinsiHue n3aMeHeHHbIX 30H Ha curHaibl BK3 He mo3Bosisier ore-
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HUTH CNa0yl0 aHU30TPOIMIO MECYAHBIX KOJUIEKTOPOB, MOATOMY IIACTHI TaKOI'O CO-
CTaBa PacCMATPUBAIOTCS KaK M30TpoIHbIe. CIOUCThIE MECYaHO-TIMHUCTBIE KOJUICK-
TOPBI aHU30TPOIIHBI ITpU KOHTpacTe Y IC npociIoeB pa3HOro COCTaBa.

Henpounuilaemble HETJIMHUCTBIE OTJIOKEHUSI, OOBIYHO HEOOJBIION TOJIIUHBI,
XOpOIIIO BBIAEISAIOTCS MO OOJBIIMM 3HAUYEHHUSIM CUTHAIa HEHTPOHHOTO KapoTaxka
n kaxymerocs YOC. Ilo manubeiMm I'MC KOppeKTHO OmpenesnsitoTcss MX TI'PaHMILIbI,
a YOC oueHuBaeTcs mo HauOOJIbIIEMY 3HAUCHUIO Py (BKIIOYask MUKPO30HbI). [Ipu
BbIcOKHX 3HaYeHusiXx YOC no nanasiMm BOMK3 onpenensieTcs 3HaueHue €.

TunuuHble TeodIEKTpUYECKUE MO pa3pe3oB 3anagHoit Cubupu oOBIYHO
IPEACTABISAIOT COO0M HEe(PTEHACHIEHHBI WM HE(PTEBOJOHACHIIICHHBIN TeCYaHbIN
KOJUIEKTOP, YaCTO BOJOHACHIILIEHHBIM B HUKHEU YaCTH, NIEPEKPHIBAEMbIN U MOJACTHU-
JaeMbIi TIIMHUCTBIMU TOJIIIAMHU M OCJIOKHEHHBIN TJTMHUCTBIMH WU KapOOHATHU3UPO-
BaHHBIMH MPOCTOsMU. [11acThl 4aCcTO OTHOCUTEIBLHO OJTHOPOJIHBI IO CBOMCTBAM, IO-
ATOMY MOXHO cunuTath Y IC MEXIy UX KPOBJIEH U MOJIOUIBOM OJAMHAKOBBIM.

Paccuutanbl curHaiisl Jyisi Ha0opa MojieJield, COCTaBICHHBIX U3 TNIMHUCTBIX U He-
TJIMHUCTBIX HEMPOHHUIIAEMBIX IJIACTOB U MPOHUIIAEMBIX IJIACTOB-KOJUIEKTOPOB C Pa3-
HeIM YOC. Tommuaa mractos oT 0.5 10 2.0 M. YOC rimuHucTeIX miactoB 4 u 7 OM-m
(pr), HETTUHUCTBIX HeMpPOHUIIaeMbIX Tu1acToB oT 30 10 70 OM:-M, IPOHHUIIAEMBIX TLJ1a-
cToB: 5 OM'M IpU HACBHIILIEHUH TJIACTOBOM BOJIOM, 9 1 12 OM-M npu cMelaHHOM Ha-
ceimernu, 30 OM-M npu HackieHUd HedThio. YIC TIIMHUCTOro OypoBOro pacTBopa
1.0 Om M. lnametp ckBaxkunbl 0.216 M, coocHoro ckBaxkune npudopa CKJI — 0.076 m.
MakcumainbHasi 6JIM30CTh MapaMeTpPOB IJIACTOB, U3MEHEHHBIX 30H, CKBXHHBI C Oy-
POBBIM PacTBOPOM U MPUOOpPaA K XapaKTEPHBIM YCJIOBUSIM MEJIOBBIX Pa3pe30B U TeX-
HOJIOTUH BEPTUKAJILHOTO OypeHHUs JejlaeT pacCMOTPEHHbIC MOJIENU BIOJIHE pealv-
CTUYHBIMU. Jlanee mpuBeIeHbl IPUMEPBI MOENEH, B KOTOPBIX AUArPaMMBbI Py 10CTa-
TOYHO TPYJHO aHATM3UPOBATH M3-3a UX crienuduaeckoir Gopmsl.

Cuznanvl u mpancghopmavyuu

OTHOCHUTENBHO TPOCTON (HOPMOU XapaKTEPHU3YIOTCA CUTHAIBI B MOJEIISIX
C HENmpOHHUIaeMbIMU Iu1actamu. Hanpumep, B Mozenu 1, cocTaBieHHOM U3 IJIACTOB
co cpeauuM YOIC (TONIMMHONW MO 2 M) U BBICOKOOMHBIX TOHKHX IUIACTOB (TOJIIIH-
HOM mo 0.5 M), Mo auarpaMmaM P, OJHO3HAYHO OMIpeessieTcss KOJIUYeCTBO ILia-
ctoB U cooTHoleHue YIC B Hux (puc. 1). [lonoxenue rpanuil 1erko OLEHUTH 1O
auarpaMMmam Bcex MeToqoB. 3HadeHue YIC miacTtoB Hanbosiee OJIU3KO K MOJIEb-
HOMY Ha JHarpammax py,; aauHHoro 3ouaa bK (LLd) u cpeanux 30u108 BOMK3
(DF07, DF10), opu stoM YDC TOHKHMX IUIACTOB CYIIECTBEHHO 3aHUKAETCH:
1o 40 Om-Mm 30u10M LLd 1 mo 25-27 Owm-m 30u10M DFOS. UHBepcus curnanos
BOMK3 ¢ koppekuueil BIMSHUS CKBOXKHUHBI Ha 0a3e TOPU30HTAIBHO-CIOUCTOM
MOJIEJIM BOCCTAHABIMUBAET MOJeNbHbIE 3HaueHus YO BO Bcex IUIACTax, BKIIOYAs
BBICOKOOMHBIE (CBepxy BHU3: 41-46, 42-47 u 40-50 Om-M), 119 BCEX YaCTOT.
Cnoxsspiil TUN TpaHcpopmanuil HE MOXKET ObITh MPUMEHEH JIJISI CUTHAJIOB Ipajiu-
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€HT-30HJ0B, Mo3ToMy auarpammbl bK3 TpyaHo ananusupoBaTh 0€3 MajleTOK WU
NpUMeHEeHUs uHBepcuu Ha 6aze 2D monenu [12—13], npu KOTOpoii MOJIeNIbHBIE Ma-
paMeTpbl BOCCTAHABIMBAIOTCS HanboJiee TOYHO.

Mod 1 BK BK3 B3MK3 B3MK3
00é€Jib Px 2, OM-M P OM-M P 2n OM-M P o OM-M
2 20 2 20 2 20 2 20 60
7 OMm-m

50 Omm, H=05m l
5 12 OM-M
= H=2m
i 50 Omm H=05m — 1
L.
= 9 OMm-m
3 H=2m
Bl 50 Omm, H=05m I

A0.2MO.1N
AQ.4MO.1N

— LLs

7 Omm — LLd — DF05

DF07
— DF10
— DF14
— DF20

A2.0MO.5N

A4.0MO.5N
N13.0M0.5A

Puc. 1. JlnarpamMmpl Ka)KyIerocst COpoOTUBIICHUS
bK, bK3, BOMK?3 B moaenu 1

VYcilo)kHEeHHEe MOJIENIM — BBEJICHUE M3MEHEHHBIX 30H B MPOHUIIAEMBbIE IJIACTHI
u a"nuzoTponuu YOIC BO BMENIAIOIIUE MJIACTHl — MIPUBOJUT U K YCJIOKHEHHIO TIO-
BeseHus: curHanoB (puc. 2). Juarpammsl BK3 B TOii e cTeneHu TpyaHO aHAIU3H-
pyeMBbl, KaK U B IPEIbIAYLIEM Clydae, 10 HUM MOYKHO TOJIbKO JIOKaJIM30BaTh rpa-
HUILBI TUIACTOB. Jlmarpammel py o, muHHOTO 30HAa BK (LLd) m xopoTkoro 30H1a
BOMK3 (DF05) orpaxator cooTHomenne Y IC BBICOKOOMHBIX MPOCIOEB, HO TO-
Ka3bIBAIOT B HUX MeHbIue 3HadeHus: Ha 10-15% (LLd) u ma 55% (DFO05). Pa3-
opoc px BOMK3: 30-55 Om-M miis BepxHero miacta, 35-50 — nis cpeanero (s
DF20 — 6osbmie 100 Om-m), 30-60 Om-M — qasa HukHero. YOC BMemamouux mnia-
CTOB HE HMCKaxkaeTcs, BiusiHue p,= 14 OM-M mposiBisieTCS B HEOOJIBIIIOM MOBBIIIIE-
HUM 3HAYEHUU Py »; KOPOTKOTO nATUANEeKTpoaHoro 3ou1a BK (LLs) no cpaBHEeHUIO
¢ 3oug0M LLd.

PanunansHoe pacnpenenenne YOC B NPOHULIAEMBIX IIJIACTaX MPOSBIAECTCS
B 0OJIbIlIEeM, Y€M B MOJICNIM 1, pacXOoXKJAECHUM 3HAYEHHH Py 30H10B BK: 30871 LLs
orpaxkaetr Bbicokoe YOC 3II. 3nauenme nns LLd paBHo oxono 12—-13 Om-Mm
B BEpPXHEM IIacTe, 4To COOTBEeTCTBYeT YOC HEHM3MEHEHHOW 4YacTH Iuiacta, HO
oko0Jio 11-12 Om-M — B HHKHeEM, uTo Ha 30% OoJbIlIe MOJIEIBLHOTO 3HAUYEHHU. DTO
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TOBOPHUT O TOM, 4TO HU OoAuH U3 30H10B bK He nmokaseiBaer YOC nnacTtoB npu Ha-
JIMYUU U3MEHEHHBIX 30H, a COBIaJcHUE 3HaueHUs ¢ YD BEpPXHEro IJjacTa BCEro
JUIIb pe3yJbTaT "yAadyHoro'" coyeTaHus napaMmeTpOB M3MEHEHHBIX 30H U HEU3MeE-
HEHHOW 4acTH.

M a 2 BK BK3 BSMK3 BOMK3
ooerb Py 2 OM-M By OM-M P2 OM-M P« e OM-M
2 ] 20 2 20 2 ) 20 2 20 100

0.108 m

1 0M:m, r

A0.2MO.1N
A0.4MO.1N

— DF05
A2.0MO.5N DFO7

— DF10
A4.0M0.5N — DF14
N13.0M0.5A| — DF20

= . — LLs
pp =4 OM-\m, — s

Puc. 2. JluarpamMmbl KaxyIierocs COnpoTUBICHUS
BK, BK3, BOMK3 B monenu 2

B anarpammax BOMK3 sBHBIM 00pa3om oTpaxaercs Hanuuue nposojsamein O3
B MUHUMAJIbHBIX 3HaueHUsIX st 30H71a DF10 u Oonee BHICOKMX 3HAUEHUSIX KOPOTKO-
ro u aiuuHHoro 30H710B (DF05 u DF20). IIpu atom Ha YOC 311 u O3 He BBIXOAUT HU
OJIH 30H/I; TOJIIMHBI 30H HE JI0CTATOYHBI JJIsl TOTO, YTOOBI KaKasi-TO U3 HUX OIpe/ie-
Jsia curHai. 3Hadenue, 0iam3koe Kk YOC HeM3MEHEHHOM 4acTH, MPUHUMAET Py o 30H-
na DF14 u p,;, — DF20.

Cunbnas 3aBucumocth curiaiioB bK ot Beicokoro YOC 311 xopomio 3ameTHa
B MOJIEJIA 3 C BOJOHACHIIIEHHBIM IIACTOM: Ha MoJeabHoe 3HaueHne YOC 4 Om-Mm
HEM3MEHEHHOW 4acTH He BRIXOAUT naxke 30Ha LLd (pgo; Oomeme 9 Om-Mm; puc. 3).
B 1o ke Bpems yBenmuenue tommuHbl 311 1o 0.4 M npuBOIUT K TOMY, YTO JIHa-
TPaMMBI P2 U Py iy 30HAa DF0S moka3pIBalOT NMpakTUYECKH MOAEIbHOE 3HAYECHUE
ee YOC (16 Om-Mm). B BepxHEeM NpOHHUIIAEMOM ILIACTE WX 3HAUYCHHE HE Oolee
13 Om-m, xota YOC 3II npu tonmmue 0.3 M 6onbiie (20 OmM-M), 4eM B HHKHEM
miacte, 1 YOC O3 Bolimie, yeM YIC HuxHero miaacta. Hanuuue O3 nposiBisieTcs
B Tpanchopmanusix BOMK3 oboux tumos. [Jns 3ou1a DF20 3HaueHus py o U Py i
paBHBI MOJIEJIBHOMY B BEpXHEM IMpoHHUIlaeMOM Iutacte U Ha 10% BbilIe — B HUAXK-
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HeM. TonmuHel 1 M gocTaTo4Ho I TOTO, 4TOOBI HAa Y OC BBICOKOOMHOTIO IIJIacTa
BBIXOJIWIIA TpaHCchopMaIum Py ; 30HAa DFOS u py ;; Bcex 30u10B. [lo guarpammam
bK3 yBepeHHO BBIAECIAIOTCA TOJIBKO BEPXHSS U HUXKHSIS TPAHUIIbI, OCTAJIbHbIC Ta-
paMeTphl MOJEINU OTPaXKAIOTCSA OOIIUM CHUIKCHHUEM P, OT BBICOKOOMHOTO ILIACTa
K HDKHEMY MPOHUILIAEMOMY.

Mod 3 BK BK3 BOMK3
00eiTb Py 21, OM-M [ 78 OM-M Pk an Om-m
2 20 2 _ 20 2 2 20
pp =7 OM-M,
p, =14 Om-m
300mMm, H=1m
E /
= = =
B 2o |29 10 Oum
[e)=] (=)
Slan Q| H=2m
| S [f=
L.— = =
b= CE) = 4 Om-m
= _
H=2m
S| el
AD.2MO. 1N
0y = 4 OM-M AQ.4MO.1N
p, =12 OM-M A2.0MO 5N — 0%
= DF10
— LLs A4.0MO.5N — DF14
—LLd N13.0MO.5A — DF20

Puc. 3. JluarpamMmbl KaxyIierocs COnpoTUBIICHUSI
BK, BK3, BOMK3 B moaenu 3

Brusaue snekTpuyeckoil aHU30TPONUKA BMEIIAOIINX KOJUIEKTOP MOPO, OObIU-
HO IMPEJICTABICHHBIX TJIMHUCTBIMU OTJIOXEHUSIMHU, MOXKET JIOBOJIbHO 3HAYUTEIIBHO
U3MEHATh CUTHaJIbl TpaaueHT-30HA0B BK3 Ha uHTepBane kosekropa. Hampumep,
npu cpaBHeHuu curHaigoB bK3 B monenu 4 ¢ aHM30TPONHBIMA BMEUIAIOUMMU ILJ1a-
CTaMU MOKHO OTMETHUTh CHUJIBLHOE M3MEHEHHE JAUarpamm P, B 00JacTH HUXKHEH Tpa-
HUIIBI 110 CPABHEHUIO C MU30TPOMHOM MOJIENbl0. Takoe U3BMEHEHUE MOXKHO MHTEpPIpe-
TUPOBATh Kak Oosiee HU3Koe Y DC HIKHEH YacTu KosuiekTopa (puc. 4). ToT e BhIBOJI
OyzeT ciellaH W JUIsl BEpXHEro IMPOHMUIIAEMOI0 TUlacTa Ha OCHOBaHUHU 0o0Jiee HU3KUX
B aHU3OTPOMHON Mojienu 3HadueHud aisg 3oHaa A4.0MO.5SN. M3MeHeHHne CUrHalioB
IIOJOIIBEHHBIX I'PAJUEHT-30H0B TP BBEACHUU aHU30TPOIMU MAKCUMAJIBHO B BEPX-
HEW 4YacTU MOJCTWJIAOLIEIO IUIacTa W MOJ IPAHULIEH C MEPEKPBIBAIOIIMM ILJIACTOM.
HNuTepBan n3MEHEHHUsI COCTABIIIET OKOJIO JJIMHBI 30HAA, aMIUIUTY/1a TAKKE YBEJIUYH-
BACTCA C JUIMHOM 30HJAa. Takoe M3MEHEHUE MPUBEIET K HEBO3MOXKHOCTHU ITOCTPOUTH
U30TPOITHYIO0 MOJIEINb Ipu coBMecTHOM nuBepcun bK3 u BOMK3.
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Modens 4 i BK3 BK3 Modenes 4 an ((Pxan — &f)lpu)-

M3OTPONHAas Pes OM-M Peam OMM — aLu30TpONHAS
2 _ 20 2 20 220 0 2040 60 BO
. Pp =7 OM-M,
e 0, = 14 Om-m
300Mm, H=1m > . 300Mm, H=1m
= 7 r =
S 100mm ( S 100mm
= H=2m S H=2m
] /} ]
A A
= =
= 40MMm H=2Mm f = 40MMm H=2m
o o}
A0.2M0.1N
A0.4MO.AN
4 Om-m oy =4 Ll
A2.0M0.5N p, =12 OM-M
A4.0MO.5N
N13.0M0.5A

Puc. 4. Jlnarpammsl kaxyuierocs conpotusiienuss bK3 B mogenu 4

Buoieoowt

TunuuHeie re03IEKTPHUUECKUE MOJEITH MENOBBIX pa3pe3oB 3amagHoil Cubupu
XapakTepu3yroTcss OoapmuM KoHTpacToM YOC, HeOONbLION TONIMHOW IJIacCTOB
U HaJIUYMEM U3MEHEHHBIX NPU OypeHUU 30H, YTO MPUBOAUT K CIOKHOU (popMme cur-
HAJIOB IIMPOKO MCHOJIB3YEMBIX METOJOB JJIEKTpOMETpUH. OHO M3 BO3MOXKHBIX pe-
HMIEHU 3TOW MpoOJeMbl — MPUMEHEHUE CIOXKHBIX TpaHChOpMallMii CUTHAJIOB, Ha-
IpuUMep, KOPPEKIMHU BIUSIHUS CKBAXUHBI C OYpOBBIM pACTBOPOM U JIMAMETPa KOPITY-
ca nmpubopa, a Takxke nHBepcuu paznoctu paz BOMK3 (mocne BbieykazanHoN Kop-
PEKIIMK) B ITapaMEeTPhbl TOPU3OHTAIBHO-CIIOUCTON MOJIEIIH.

CuiibHOE BIMSHUE aHU30TPONHUM TJIMHUCTBIX OTJIOKEeHWI Ha curHaisl BK3 or-
paHUYMBAET BO3MOXKHOCTh MX MHBEPCHUH COBMECTHO ¢ curHamamu BOMK3 nHa 6aze
1D nnm 2D m30TpOomHON MOIeTH. Y YUThIBasi HEOOJbIITNE TONIIUHBI IJIACTOB OCaA04-
HOTO pa3pe3a, HeOOXOAUMO MPOBOJIUTH COBMECTHYIO MHBEPCUIO JAHHBIX 3TUX METO-
70B Ha 0aze 2D ocecCUMMETPUYHON MOJIENH, 3aaBasi TOPU30HTAIBHOE M BEPTUKAJIb-
HO€ YOC B MNIMHUCTBHIX U TOHKOCIIOUCTBIX MMECYAHO-TJIMHUCTBIX IJI1ACTaX.

Hccnedosanus evinonnwenvt npu QuHancosou noooepoicke npoekma DPHU
Ne 0331-2019-0014 "Creasxrcunnasn ceoguzuxa 8 21eKmponposoosuyux anuzompon-
HbIX  OUCHEP2UPYIOWUX Cpeoax HA OCHOBE BblCOKONPOU3ZBOOUMENbHBIX DeUuleHUll
MpexmepHuIX 3a0ay, blICOKOMOUHBIX OAHHBIX KAPOmMaica u 1abopamopHbix uccieoo-
sanuu kepna" u npoexma PODPU Ne 18-35-00240.
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