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PosragHyTo pi3Hi BapiaHTH po3TalllyBaHHS €A€KTPOAIB MiKPDO30OHAIB Ha IIOBEPXHIi «OalIMaKar:
AMNB, NAMB, BAMN, AAST IKHX 3@ AOTIOMOTOIO MaTeMaTUYHOTO MOAEAIOBAHHS AOCAIAJKEHO TIH-
TaHHs KICHOT'O PO3YAE€HOBYBAHHS TOHKOIIAPYBATOr'O PO3pidy. Ha 0CHOBI ITIOPIBHAABHOI'O aHAAIZY
OTPUMAaHUX Pe3yAbTaTiB 3allPOIIOHOBAHO ONTHMAAbHY reOMEeTpPil0 MiKPO30HAIB, 11O A€ 3MOTY

KIABKICHO IHTepIIPeTyBaTU AQHiI MIKDOKAPOTaXKYy.

Different variants of microprobe electrodes arrangement on the surface of a «shoe»: AMNB,
NAMB, BAMN, AMNB, NAMB, BAMN, have been considered for which the problem of qualita-
tive partitioning of thin-layered section has been investigated. Optimal geometry of microprobes
that allows to interpret quantitatively the data of micro-logging has been proposed on the base of

comparative analysis of the obtained results.

BeepeHune. OpAWH 13 MIMPOKO ITPUMEHSIEMBIX
Ha IPaKTHKE METOAOB BBIAEAEHUS IIAACTOB-
KOAAEKTOPOB (MUKPOKAPOTa’k) 3aKAIOUAETCST B
OAHOBPEMEHHOM MCIIOAB30BAaHUM HECKOABKUX,
KaK ITPaBUAO ABYX, MUKPO30HAOB Pa3AMYHOM TAY-
ounHocTHu [[Tupcon, 1996; 2005], pacnoarokeH-
HBIX Ha TaK Ha3bIBaeMOM «ODalIMake» — 9acCTHh
30HAQ, MTPUKUMAIOIIENCST K CTeHKEe CKBa>KMHBI
TaKUM 00pa30oM, 9YTO SIAEKTPOALI HAXOASATCS B He-
ITIOCPEACTBEHHOM TaAbBaHUYECKOM KOHTAKTE CO
CTEHKOM CKBa)KUHBI. TPAAUIIMOHHO Ha TPAKTUKE
HUCIOAB3YIOT TpapueHT-30HA A0.025MO0.025N n
nmoTeHnan-30HA A0.5M, KOoTopbie paciioAaratoT
Ha MMOBEPXHOCTHU «OaIMaka», IAOTHO IIPUAETato-
el K CTeHKe CKBa’KUHBI B IIpoIiecce KapoTayka
[Anderson, 2001]. OOpaTHBIN TOKOBBIM 3AEKTPOA,
B 0060ux 30HAOB CUHTAETCS YAAAEHHBIM Ha Oec-
KOHEYHOCTD (KaK ¥ U3MEPUTEALHBIH dAEKTPOA
N norennuan-3osAa) [Anderson, 2001]. OpHako
KOHCTPYKTHUBHO Pa3MeCTUTb 9IAeKTPOAHI B 1 N Ha
OEeCKOHEYHOCTH He YAQETCSI U IOTOMY MX PacIiona-
raloT Ha KOHEYHOM PACCTOSIHUM OT OCTAAbHBIX
9AEKTPOAOB (KakK IPaBUAO, Ha KOPIyCe 30HAQ,
KapoTakHoOM KabeAe, 0OpaTHOU CTOpoHe «Oalil-
MaKa»). PacrionoskeHre Ha KOpITyce 30HAQ MAY Ha
KapoTa’kHOM Kabene MPUBOAUT K 3aBUCUMOCTH
KO3((PUITMEHTOB 30HAOB OT AMaMeTpa CKBa’Ku-
HBI (M3-3a HAAWYMS KaBEepH M TAMHUCTON KOPKH
n3MeHeHUe AaMeTpa CKBa’KUHBI IIPU TIAOTHOM
mpr>KaTUM OalIMakKa K CTeHKe CKBa’KMHBI M3Me-
HSIET ¥ B3aUMHOE PACIOAOKEHUE IAEKTPOAOB).
Kpowme Toro, pacnmoao>xkenmue 3AeKTpopoB B 1 N
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TMOTEeHITMAA-30HAQ He Ha IMMOBEPXHOCTHU «OarMa-
Ka», IPUAETaIoNe K CTeHKe CKBa’KUHBI, BBI3bI-
BaeT 3aBUCUMOCTD TOKa3aHUM 30HAOB OT BEAUYH-
HBI YAEABHOTO OAEKTPHUUYECKOTO COIPOTHUBAEHUSI
(y.2.c.) OypoBoro pacTBopa (Tak KakK 4aCTb AU-
HUU TOKa Henm30eKHO IMTPOXOAUT IO CKBa’KUHE).
B aAanHOM paboTe paccMOTpeHa BO3MOXKHOCTD
3 (PEKTUBHOTO BLIAEAEHNS IIAACTOB-KOAAEKTOPOB
IIyTeM MCIIOAB30BaHNSI HECKOABKUX Pa3HOTAYOMH-
HBIX MUKPO30HAOB ITPU PACIIOAOKEHUN BCEX UX
SAEKTPOAOB Ha MMOBEPXHOCTHU «OalliMaKa», IpHU-
A€Taloler K CTeHKe CKBA’KWHBI, UTO ITO3BOASIET
n306e’KaTh YKa3aHHBIX BBIIIIE HEAOCTATKOB.

Tak>ke MpUBEAEH CPABHUTEABHBIN aHAaAU3 Xa-
PaKTEPUCTUK 30HAOB TPU PA3AUYHBLIX BO3MOJK-
HBIX CXeMaX PaCIOAOKEHUSI SAEKTPOAOB: KAAC-
cuyeckort AMNB (BK3), Tak HazsIBaeMoM POoKy-
cupoBounot NAMB (OK3) u pumoasaort BAMN
(AK3). OTumu TpeMda TUIaMU UCYEPIBIBAIOTCS, C
YYE€TOM TEeOpPEMBI O B3aVMHOCTH PACIIOAOKEHMS
3AEKTPOAOB [AaxHOB, 1967], BO3BMOKHEIEe BapUaH-
TBHI TIEPECTAaHOBOK AAEKTPoAOB A, B, M, N. Kon-
CTPYKTUBHOE OTpaHMUYEeHWe Ha AAMHY OalrMaka
(ue 6oaee 0,2 M) 1 Ha MUHUMaABHOE PACCTOSTHIE
Me>XKAY 9IAeKTpopaMu (He MeHee 0,2 M) CylleCTBEeH-
HO OTPaHUYMBaET BapUaHTHI BO3MOKHEIX 3HaUe-
HUUW ME>KIAEKTPOAHBIX PACCTOSHUM.

OcHoBHas pelnraemMast MUKPO30HAAMU 3a)Aada:
HanboAee aPPEKTUBHOE KaueCTBEHHOE BhIAEAE-
HUe ITPOHUTIaEMBIX TIAACTOB (Ha KOTOPHIX MTOKa3a-
HUSI MUKPO30HAOB Pa3AWYHOMN TAYOMHHOCTH CY-
1IIeCTBEHHO Pa3AMYAIOTCSI MeXXAy co0o01t). Takke
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OyA€eT pacCMOTPEH BOIIPOC BO3MOSKHOCTH KOAWYE-
CTBEHHOU MHTepIpeTalluu AQHHBIX MUKPOKApO-
Ta)ka AL pacCcMaTpUBaeMOM reOMeTPUU 30HAOB.

I'eoMeTpust MEUKPO30HAOB. DOKYCUPOBOUHblE
30Hghl. CyllecTBeHHOE OTANYHE CXEeMBI (DOKyCH-
POBOYHBIX 30HAOB — HCIIOAB30BaHUE PA3ANYHBIX
TOKOBBIX SIAEKTPOAOB B B pa3aAWUHBIX 30HAAX. DTO
MO>KeT OBITh AOCTUTHYTO BPEMEHHBIM Pa3peAeHu-
eM (OAWH reHepaTop) UAM YaCTOTHBIM paspene-
HUeM (ABa reHepaTopa) NUTaHUS 30HAOB. TOKO-
BBIe U U3MEPUTEABHBIE DAEKTPOABI YEPEAYIOTCH,
IIPXA 3TOM 3AEKTPOABI BHyTpeHHel napsl (M, B)
U BHelrHel (A, N) pacnoArosKeHbl CUMMETPUYHO
OTHOCHUTEABHO IIeHTPa 30HAA — TOYKHU 3allUCU
(puc. 1, a) [Oporos u Ap., 2006].

Vcnioabp3ysl OTHOIIIEHHUE PACCTOSTHUU MEXAY
IIapaMu 3A€KTPOAOB:

|BM| | AN]|
|[aM|  |AM|’
3anuiieM KoaPPUIUeHT 30HAQ:
|BM|d
d*—d-1
Kaaccuueckue rpaguenm 30Hgbl. K HUM OypeM
OTHOCHUTH 30HABI C KAQCCUYECKOU CXeMOU pac-
TTOAOKeHUS dIAeKTPopA0oB AMNB (puc. 1, 0).
Aunoabnbie 30HghL. Ellle opAHa BO3MO>KHas CXe-
Ma PacIIOAOJKEHUSI IAEKTPOAOB — CXeMa, IIpH
KOTOPOM Me>KAY NapOX TOKOBBIX IA€KTPOAOB HET
HU OAHOT'O U3MEPUTEABHOTO. B TakoM cxeMe nmapa
TOKOBBIX IIPEACTABASIIOT COOOM AUIIOAB OTHOCH-
TEeABHO U3MEPUTEABHBIX SAEKTPOAOB (puc. 1, B).

Pe3yAI:TaTBI 1 aHAAU3. MOAeAHpOBaHI/Ie MUK-
PO30OHAOB, OAVMH AW HECKOABKO SAEKTPOAOB KO-

K=2n

A A B
M M A
NO

B MO
NCT) B @ NJ)
a 6 B

Puc. 1. CxeMa 2AeKTPOAHOM cuUCTeMBI 30HAOB: a — OK3;
6 — BK3; B— AK3.
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TOPBIX PACIIOAOJKEHBI Ha CTEHKE OallMaka, Ipu-
>KQTOTO K CTeHKEe CKBa’KWHBI, TPUHITUITNAABHO
aBasiercss 3D 3apaueit. B HacTosIe craThbe 3Ta
3aAada pelnrarach C TOMOIIBIO MaTeMaTUIeCKOTo
3D MOAeAMPOBaHUS TOAS dAEKTPUIECKOTO II0-
TEHIMaAQ, UCIIOAB3YIOIIEro IPEeACTaBAEHHE Cpe-
ABl B BUAE CETKHM PE3UCTOPOB, OMMCHIBAOIIEHN
SAeKTpoOMHTerpaTop (Hanpumep, [AabnuH, 1962;
Muposr1os, 2007]), HO B OTCYTCTBHE aKCUAABHOU
cumMmerpun. OAHUM W3 OCHOBHBIX PE3yALTATOB
MOAEAMPOBAHUS CTaA BEIBOA O BBICOKOM 3(pdeK-
TUBHOCTH IIPUMEHEHMS METOAA ITOAHBIX TOKOB AAST
petrenust 3D 3apa4 9AEKTPHUUECKOTO KapOoTaska.

[Tpm mepexoae OT MPOHUII@EMOTO IAACTa K
HETPOHUIIaeMOMY CUMUTAAOCh, YTO TaAbBaHUYE-
CKMU KOHTAKT MEXXAY IAEKTPOAAMHU U TOPOAOU
COXPAaHSIACS.

Pacuer a5t aHaAM3a XapaKTEepPUCTUK MUKPO-
30HAOB IIPOBOAMACS, B YaCTHOCTH, AASI MOAEAU,
COCTO4IIeN U3 TAMHUCTON KOPKHU ¥ OAHOPOAHOM
OAM>KHEN 30HBI ITAACTa. MOIIHOCTh TAMHUCTOM
KOPKHU A, m3MeHsrach or 0,25 oo 2 cm. 3ame-
THM, 9TO UMEHHO B 3TOM AMAlla30He ITOKa3aHMs
MMKpPOOOKOBOTO KapoTa’ka IIPaKTHYECK! He 3a-
BUCST OT HAAWYUSI TAMHUCTOM KOPKY, a 3HAYUT,
€AMHCTBEHHBIM METOAOM II0 OIIPEAEAEHHIO ee
CBOMWCTB OCTaeTCsI MUKpPOKapoTayk. OTHOIIIeHne
% — 9TO OTHOIIIEHNE y.3.C. OAVIKHEH 30HBI ITAACTa
Py K Y.2.C. TAMHECTOM KOPKH P, — HU3MEHSAOChH
ot 0,01 po 100. Ha puc. 2 npepcTaBAeHBI FpapuKU
3aBUCHUMOCTHU Ka’KyIIerocsi CONPOTUBACHHUS P,
HOPMHPOBAHHOTO Ha y.3.C. TAMHUCTON KOPKHU OT
%, ¥ IpPUBEAEHHBIE B TaOAWIlEe BEAMYVMHBI Pa3HU-
LI P, AAST PA3AMYHEIX IIap 30HAOB IIPU HauOoAee
AKTyaAbHBIX AAS TTPAKTUKY 3HAUEHUSIX .

OKazanoch, 4TO IIpUMeHeHne POKyCHPOBOU-
HBIX 30HAOB, A KOTOPBIX d#1 (N0.04A0.02M0.04B,
NO0.06A0.02M0.06B), HeadPEeKTUBHO, TOCKOABKY
B MOAEAM TAMHUCTAsI KOpKa+iaacT Arst 3D cpepnt
3aBUCHUMOCTB P, /P =Py/Pri(Pr/Pry) HEMOHOTOHHAS
(cm. puc. 2). CoOTBETCTBEHHO TaKOU XapaKTep
3aBUCUMOCTH AEAaeT HEOAHO3HAYHOU NHTEPIIpe-
TAIMIO AQHHBIX KapoTa’ka 3TUX 30HAOB. AHAAO-
TUYHYIO OCOOEHHOCTH MOJKET UMEeTh 3aBUCUMOCTh
P/ P=Px/Pc(PL/Pc) (P — ¥.3.C. OYpOBOTO PacTBO-
pa) B OAHOMEPHOU MOAEAH CKBa’KUHAHIAACT AAS
2D cpeabt [Oporos u Ap., 2006].

XapaKTepuCTUKHN (DOKYCHPOBOYHBIX 30HAOB C
d=1 ycrynaroT xapakTepuctukaMm 30HA0B AMNB
u BAMN. Tlpu maawix y @3K KoAndYeCcTBEHHO
HE3HAUYUTEABHO AYYIIE BHIACASTIOT KOAEKTOPHL.

C yBeAWYeHMEeM TOAUIUHBI TAMHUCTON KOPKU
(hx) PA3HHUILIA IOKA3AHUY PA3HOIAYOMHHBIX 30H-
AOB COXpAaHSIeTCs, OAHAKO, 3aBUCUMOCTH TaKOH
PasHUIEI OT /i, HEMOHOTOHHASI.
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Puc. 2. [TareTKa pa3AUYHBIX TUIIOB 30HAOB MUKpOKapoTaka. [lapaMeTpbl TAMHUCTON KOPKU:
a—0,25cm, 6 —0,5¢cm, B—0,25¢cm, r— 1 cMm.
Pa3Huila B noKa3aHUsIX MUKPO30HAOB AASI Pa3ANYHBIX MapaMeTPOB IAMHUCTON KOPKHU
x=4 Y=7 x=10
Tun MuKpo3oHAa MOoOUHOCTb TAMHUCTOM KOPKU, CM
0,25 0,5 1,0 0,25 0,5 1,0 0,25 0,5 1,0
A0.02N0.02B0.02M 0,49 0,8 1,01 1,39 1,8 1,72 2,36 2,62 2,2
A0.06N0.06B0.06M (15 (32) (53) (29) (52) (76) (40) (56) (90)
A0.04N0.02B0.04M 0,61 0,85 0,86 1,48 1,61 1,32 2,3 2,17 1,59
A0.08N0.02B0.08M (25) (99) (128) (54) (135) (401) (87) (252) (1754)
A0.02M0.02N0.16B 0,61 1,0 1,2 1,69 2,1 2,0 2,84 3,1 2,5
A0.08M0.02N0.10B (19) (40) (66) (37) (66) (95) (51) (83) (112)
B0.02A0.02M0.02N 0,75 1,01 0,96 1,75 1,82 1,41 2,66 2,38 1,5
B0.02A0.16M0.16N (25) (46) (66) (44) (69) (89) (58) (84) (101)

INpumeuanue: B siueiikax BepxHee 3HaueHue B OM'M; HIJKHee (B CKOOKax) B % OTHOCHUTEABHO MEHBIIIero mokKa-

3aHUS U3 TIapHL.

[Tpu MoAeAUPOBAaHUM B ITaUKe AACTOB (puc. 3)
0Ka3aA0Ch, YTO TOABKO KPUBEIE MUKPO30HAOB
KAQCCHUYECKOU CXEeMBI II03BOASIOT HAAEKHO BEI-

AEASITh IPOHUIIaeMble IIAACTHI MOITHOCTHO 0,3 M.
B TO ke Bpems rpaHudHbIe 9PPEKTHL AAT DOKY-
CUPOBOYHBIX 30HAOB YBEAUUMBAIOT MUHUMAALHO
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Puc. 3. KpuBble MUKpOKapoTaska: @ — (POKYyCHPOBOYHBIX 30H-
OB (d#1), 6 — KAaCCUYECKUX 30HAOB, B— (POKYCHPOBOYHBIX
30HAOB (d=1).

Cnucok AutepaTrypbl

Aabnun A. M. TIpuMeHeHUe CETOUHOTO MOAEAUPOBAHUST
AAST pellleHusT 3aAa9 TEOPUM dAEKTPUUECKOro Ka-
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BO3MO>KHYIO MOIITHOCTE BEIpAeAeHUs A0 0,5—0,6 M.
[TpuMeHeHWEe AMTIOABHBIX 30HAOB OKa3aA0Ch BO-
o0111e He THPOPMATUBHBIM AAS TIAACTOB OTPaHU-
YEeHHOU MOITHOCTH: B CUAY 3HAQUUTEABHBIX I'Pa-
HUYHBIX 3(p(PeKTOB KPUBBIE KapOTa’ka OKa3bIBa-
IOTCS CAMIIIKOM MCKa’KeHHBIMU U He TTO3BOASIOT
BBIAGAUTH Aa’Ke TPAHUITBI OTAEABHBIX ITAACTOB.

3aMeTuM, 9YTO OOBITHO TIAACT CUYUTAIOT IIPO-
HUIIaeMbIM, eCAY HaOAIOAQETCST TIOAOKUTEABHOE
PacXO’KAEHME 1 y.3.C. €T0 YaCTH, IIPUAETAION e K
CKBa’kMHe, IIPEBHIIIAET y.3.C. HETPOHYTOU YacTH
6oaee uem Ha 20—30 %. Takoe MOAOKUTEABHOE
pacxo’XAeHWe OTMedaeTcs dallle BCero B Ipo-
HUIlaeMBIX ITeCYaHO-aAeBPOAUTOBEIX ITAACTaX C
TAUHUCTON KOPKOU HEOOABIIIOU TOAIMHBI U €e
COITPOTUBAEHUEM, B HECKOABKO pa3 MEHBIITUM
y.3.C. 30HBI MPOHUKHOBeHUsI. OKa3aroCh, 4TO
pPaccMOTpeHHBIE TUITEI MUKPO30HAOB ITO3BOASIOT
BBIAEASITh TaKMe TTPOHUIIaeMble TAACThI, OAHAKO,
KaK y’Ke OBIAO OTMeYeHO, TOABKO cxeMa AMNB
TTO3BOASIET OAHO3HAYHO MHTEPIIPETUPOBATE TAKOE
BEIAEGAEHIIE,

B xoae MopeAmpoBaHUS OBIAO TAKIKE OTMEYEHO
TOAOJKUTEABbHOE pacxokpeHne KpuBbix KC mo
CPaBHEHUIO C HEMPOHUIaeMbIMU MAACTAMU BhI-
COKOIO COIIPOTUBACHHU (3HAUEeHHsI p,, OOAee yeM
B 25—30 pa3 NpeBLIIaloT 3HAYCHUS P ).

BriBoAbI. 1o pe3yabTaTaM MOAEAUPOBAHUS
OBIAO YCTAHOBAEHO CAEAYIOIee:

— TpuMeHeHHe (POKYCHPOBOYHBIX M AUTIOAD-

HBIX MUKPO30HAOB He 3P (PEeKTUBHO;

— Hauboaee 3(p(HEKTUBHOM, TTO3BOASIONIEN
OAHO3HAUYHO WHTEPIIPETUPOBATH PE3YAb-
TaT, IBASIETCS KAaccruuecKasa cxeMa AMNB;

—  and pemnenust 3D 3apa4 9AEKTPUYECKOTO
KapoTayka XOPOIITNH Pe3YALTAT AQeT METOA
TTOAHBIX TOKOB.

ABTOp BEIpa)kaeT rAyOOKYIO IPU3HATEABHOCTh
3a BBICKa3aHHBIE 3aMedaHusi, 0e3 KOTOPHIX pa-
0OoTa He OBIAA OBl IIOAHOM, A-py. (hU3.-MaT. HayK
B. H. IITymany 1 KaHA. TexH. HayK P. C. UerokbaHy
3a BHUMaHMe K paboTe 1 IToAe3HOe 0OCYyKAEHTe
Pe3yAbTaTOB.

Paboma BrinoAHeHa npu noggep>xke rpaHma
Ilpedugenma YKpauHbl gAsi MOAOGbIX YUEHBIX,
npegocmaBAeHHOro I'ocygapcmBeHHbIM (POHGOM
yHgameHmMarbHbIX UCCAgOBAHUU YKpauHsbl (Npo-
exm GP/F32/033) u rpanma Ilpezuguyma HAH
YKkpaunhl.
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