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TEOPETHYECKAA OLIEHKA B/IHAHHA
MHKPOTPEIIHHOBATOCTH I'OPHBIX I1OPOA
HA HX IITPOBOAHMOCTbD

B INIPUB/TH2KEHHH MAKCBE/T/IA

PaccmatpuBaetcsa Teopetuyeckoe pelileHHe 3a4add O B/MAHUH KOHLIGHTPALIMM MUKPO-
TpelrH B obpasilie TOpHOH MOpoAbl Ha ero 3/1eKTpHYecKoe COMpPOTHB/IeHHe. 3aaaya
pelliaetcsi B IpubakeHud MakcBesia MpUMEeHHUTe/IbHO K TpelliHaM B BHAE 3/I/TUTICOH-
0B BpallleHHs ¢ 3aaHHbIM 3HadeHHeM R 6o/1b1110k momyocu u Masior ronyochio, cTpe-
msericsa K Hymo. Ipearionaraercs, 4to pe3yssTaThl pellieHUs O6YayT 3aBUCETb TO/BKO
OT OpHeHTaLMH TpellMH OTHOCHTe/IbHO H3MEepUTe/IbHBIX 3/1eKTPOAOB, Be/MYMHBI R u
OTHOILeHUs CpeaHero PacCTOAHHA MeXay TpellMHaMH K MX XapaKTepHOMY pa3Mepy.
I'lpoaHanm3nupoBaHbl c/Iydad OPTOTOHA/IbHOTO M Mapasl/Ie/IbHOTO PACIIO/IOKeHHS Tpe-
IIMH 110 OTHOLIGHHIO K HallpaB/IeHHIO MPOTeKaHHsA TOKa, a TaKXe pPaBHOMEPHOIO HX
pacrpeze/sieHUs 110 Te/leCHOMY YI/Y, IMPH Pas/IHYHBIX COOTHOUIEHHUAX MPOBOAUMOCTH
BK/IIOYeHUI U BMelaolieit rmopoasl. OTMedeHo, YToO Mo/1ydyeHHble aHa/IUTHUeCKHe CO-
OTHOIIeHUs 6YAYT CIpaBeA/MBbl M /5 OLIeHKH B/AMSHHUS MHKDPOTPEUIHHOBAaTOCTH Ha
AM3/IeKTPUYECKYIO MMPOHHLIaeMOCTh 06pasLoB. [ IpeacTtaB/ieHsl YHc/IeHHbIe OLIeHKHU OT-
HOCHTe/IbBHOIO M3MeHeHHs IMPOBOAUMOCTH H AU/IeKTPUYECKOH IMPOHHLIaeMOCTH obpas-
LIOB /71 pa3/TMYHbIX 3HaUYeHHI KOHLIEHTPALIMH TPelHH. DTH OLeHKH CBUAETe/IbCTBYIOT O
Ma/IOH YYBCTBUTE/IbBHOCTH MeToza COMPOTHB/ICHHI K MUKPOTPelIMHOBATOCTH Hcc/1enye-
Mottt reocpessl. OTMeYeHO CyIlecCTBeHHOe HeCOBIaZeHHe TTO/TYYeHHbIX TeOPETHUECKHUX
OLICHOK C UMEIOIIMMHUCS 3KCIIepUMEeHTa/IbHBIMU AaHHBIMHU, KOTOPOE MOKeT ObITh OOBsIC-
HeHO OTCYTCTBHEeM B IPe/IOKeHHOH MoJe/IU yyeTa K/lacTepH3allii TPeIlUH Aaxe IPH
He3Ha4yHuTe/IbHbIX MeXaHUYeCKHUX HarpysKax.

KrtoueBble c/ioBa: ropHele 1oposbl, MUKPOTPEeLIHHbI, reohU3HIecKHe MeToAbl, MeToA
COINPOTHB/ICHUI, TeopeTHYecKas Moaes, Mpub/amxeHHe MakcBesnsa.

BBeneHue
XapaKTepHOI?I OCOOEHHOCTBIO TTPAKTUYECKHU BCeX THIIOB TOPHBIX MOPO/A fB-
asetcs MX CTPYKTYpHas IMOBPEXKAEHHOCTb, KOTOpas MpOosBAgeTcs B BUIE
edPeKTOB PA3/TUUHOM MTPUPOALl U MacITaboB, OT AWMC/IOKALIMN 0 MaKPOTPeIlrH.
B Tex cnyyasx, Koraa peyb UaeT 06 UCCIeA0BaHUU CBOMCTB TOPHBIX MMOPOA Ha 06-
pa3lax, oIpeaensiomyM BHAOM AedeKTOB BBLICTYMAeT MHKPOTPEIlMHOBATOCTD,
OKasblBalolllasg Haubo/ee CYleCTBeHHOE BAMSHWE MPaKTUYeCKH Ha BCe CBOMCTBA
reoMatepuana. B Toxke Bpems adpdpeKTHBHas KO/THMUeCTBeHHasl OlleHKa MHUKPOTpe-
IIMHOBATOCTH OCTaeTCs 10 KOHIIA ellle He PellieHHOM 3agaadeil. Tak UCob3yeMblit
Q7151 TAKOM OLIEHKU METO/T MUKPOCKOTMU MIZIMGPOB AOCTATOYHO TPYAOEMOK U, KpoMe
TOTO, SAB/sSIETCs 10 CYTH padpymatoimm [1]. Uto kacaercst reodpusmueckrx MeTozos,
TO C OZIHOWM CTOPOHbI, UX MTPEHMYIIeCTBa OUEBH/IHbI U CBS3aHbI C BO3MOXKHOCTBIO T10-
MyUeHUsi CTAaTUCTUYECKU YCPeIHEeHHOM o BceMy 06beMy oOpasiia MHOPMALIHH, a C
[PYror — OAHO3HaAUHas MHTeprpeTalrs reopU3nyeckrx AaHHBIX 3aTpPYaHUTE/bHA.
Bornee Toro, Ha ceroaHsIHUI AeHb A8 GOMBIMHCTBA Fe0PU3NYECKHUX METOIOB OT-
CYTCTBYIOT /axKe NMPUOAU3UTE/IbHBIE OLIGHKH UX TOTeHLIMa/IbHOM MHOPMATHBHOCTH
10 OTHOIIEHMIO K Ha/IMUHMIO M KOHLIEHTPaLMK MHUKPOTpellrH. B KauecTBe oaHOro 13
HEeMHOTMX HCK/IOUEHUI 3/1eCh BBICTYIMAeT Y/IbTPa3BYKOBOM BBICOKOYACTOTHBIN Be/1O-
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CUMETPUUYECKHUM MeTO/, TTO3BO/SIONINI KOMMYECTBEHHO OLIeHUBAaTh I/IOTHOCTb MH-
KPOTPEINIMHOBATOCTH C UCIIO/Ib30BAHNEM aHA/TUTUYECKUX Y KOPPE/ISIIMOHHBIX 3aBH-
CUMOCTeM, CBSI3BIBAIOIIMX €€ CO CKOPOCTBIO MPOAO/ABHBIX YIIpyrux BosH [2]. MoxHO
OTMETHTb TaKkKe TeOPeTUYECKYIO MO/Ie/lb, OTPakalollyio B3aHMOCBS3b 3/1eKTpUYe-
CKOTO COIPOTUB/ICHUS C KOHLIGHTpaLMel z-06pasHbiX MUKPOTPEIIMH B TOPHBIX M0-
posax B YCIOBUAX MX MexaHUYEeCKOro HarpyxeHus [3], koTopasi, oAHAKO, sB/ISETCs
YKCTO KaueCTBEHHOM. B CBs3M ¢ M3/10:KeHHBIM B paMKax HacTosimer paboTsl rpe//ia-
raercsi TeoOpeTHUecKkoe pellleHre 3a7aur KOMMUeCTBeHHOM OLIeHKH BWSHUS MHUKPO-
TPELIMHOBATOCTH Ha MPOBOAMMOCTb TOPHOM MOPO/bl, KOTOpas AB/IfeTC OCHOBHBIM
MH(OPMaTUBHBIM MTapPaMeTPOM 3/IeKTPOMETPHUUECKOTO MeTO/a TeOKOHTPO/IS.

Peulenne 3agauu

ﬂIIH BbIUKC/IEHHA TIPOBOAMMOCTH Te/la C TpellrHaMH H€O6XO[[I/IMO KOHKPETH3U-
poBaTh hopmy rocieaHux. Ha ceroansiHui neHbs Harbonee 060CHOBAHHOM Mpea-
CTaB/sIeTCS MO/e/b Z-00pasHbIX TPelIrH, KOTOpasi HalllZ/ia B TOM UHC/e W 3KCIIepU-
MeHTazIbHOe noarBepxaeHve (4], B stoit Monenu TpemiviHel UMeIOT POPMY 3/1/IUIT-
ca ¢ AByMs OTpOCTKaMu. PaccuntaTth cOmMpoTHBAeHUe obpasiia C TaKoM TPeIMHOMN
aHa/IMTUUECKU He TTPe/ICTaB/IseTCsl BO3MOXKHBIM. [ lo3ToMy yripocTuM 3azady, cuutast
TPeIrHbI AMCKOOOPa3HbIMU, a TOYHee, S/TUIICOMAA/ILHBIMU. TpelHy, UMeoIyio
dopmy arcka paamycom R, ans yno6cTBa 3aMeHHM CIITFOCHYTHIM 3/I/TUTICOUIOM Bpa-
1eHwust, 6oblast Mo/YoCh KOTOPOTO paBHa R, a Marnast cTpeMuTcs K Hyrmo. Boamox-
HOCTb KOPPEKTHOTO BBIUMC/ICHHsI TAKOTO Mpeaena 6yaeT o3HauaTh, YTO MHUPHUHA pac-
KPBITHS TPELIMH He MMeeT CYIIeCTBEHHOro 3HaueHHWsl B HallleH 3az1ade, Pe3y/IbTaThl
peleHusi KOTOPO¥ OYaYT 3aBUCETh TO/IBKO OT PaAnyca TPEIIMH U UX PAcIiOIOKeHUs .
Takxke rnpeHeOpeRUMO Masia OIIMOKa, BbI3BAHHAs TEM, UTO TO/IMIMHA TPEIIMHBI Ha
PA3INYHBIX ee YJacTKax BPs /1M COBMNAAaeT C «TO/IIMHON» 3/I/IUIICOUA.

[losiBrieHyie ¥ POCT TPeIrH MOXKeT IIPUBOANTh KaK K YMEHbIICHHUIO, TaK U K PO-
CTY MPOBOAMMOCTU TOPHBIX MOpoA. B ciyyae mosbix TpelyH CornpoTHB/AeH e, oue-
BUAHO, pacter. OnHako B reodusrke 6oree peanmMCTUUHBIM OKasbIBaeTCsl CyJal,
KOr7Zla TPEeUIMHbI 3arlo/IHEeHbl BOAOM W/ MUHEPa/IbHBIM PacTBOPOM, MTPOBOANMOCTD
KOTOPOTO CYIIeCTBEHHO BhIllle MTPOBOAMMOCTH BMEIIAoIel MoPOobl, UTO MPUBOANUT
K TaZIeHUIO COTIPOTHB/IeHUs oOpa3liia Kak 1ienoro [5]. Kpome Toro, B o6pastie BOs-
MOZKHBI CaMble Pas/IMuHble BapHaHThl PacrionoxeHus TpeirH. Hurke 6yayt paccmo-
TPEeHBI C/IeayiolIe OCHOBHbIE cr1ydar. BauvsiHye ro/bix TpelivH Ha [MPOBOAUMOCTD
MOPO/Ibl MAKCUMA/TBHO, €C/IM OHU TIePIIeHANKY/ISIPHBI HAlIPAB/ICHHIO 3/1eKTPUUCCKO-
o 110/14. TaKI/Ie TpelriHbI B HaPI60[IbU.I€IZ CTerieHHU IpPertaTCTBYIOT ITPOTEeKaHHIO 371eK-
TPHUUYECKOrO TOKa. Mbl pacCMOTPUM 3TOT C/Iydai, a TakkKe CAydad paBHOMEPHOTO
pacrpeaeneHus OpHeHTally TPeIIrH Mo TesiecHoMY yray. Ecau ke ronbie Tpeim-
HbI Mapaszi/ie/IbHbl MPHU/IOKEHHOMY HAIIPSAKEHHIO, TO UX B/AUSHUEM 3aBeIOMO MOKHO
npeHebpeub. B cayuae, ecv mpoBOAMMOCTb TPEIIMH MHOTO BhIlle MPOBOAMMOCTH
[OPO/Ibl, TO, HAIIPOTHB, HAUOO/IBIIWHI BK/IaA B USMEHEHHEe MPOBOAMMOCTH OYayT Aa-
BaTb TPEIIMHBI, [IZIOCKOCTh KOTOPHIX Mapa/iZie/ibHa HallpaB/IeHUIO TT0/1s1 — OHU Urpa-
IOT PO/Ib «IIPOBOIHUKOBY /71 TOKa. Hike 6ymer paccMOTpeH Kak 3TOT c/1yyait, Tak U
cryyai XaOTUYEeCKOM (paBHOMEPHOL) OpUEHTAlUY MTPOBOAANIMK TPEUIHH.

Peuenrie 3amaun o nMpoBOAMMOCTU O6pa3lia € BKAIOUYEHUAMH BO3MOXKHO C I1O-
MOIIIbIO M3BECTHOTO MprbmmkeHus Makcsenna. [Tyct B 6eCKOHEUHOM OAHOPOAHOMN
Y M30TPOITHOM Cpese ¢ MPOBOAMMOCTBIO G, MMeeTCsl BK/IOYeHHe C MPOBOAUMOCTBIO
G, B popMe a/1IUINConAa, OCH KOTOPOTO Hampab/leHbl BAO/Ib KOOPAWHATHBIX OCeH.
Ha 6eckoneuHoctu 3amano oaHopoaHoe mnone E , Hanpanennoe Brons ocu OX.
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Toraa mone BHYTPU 3/1AUIICOMAA OAHOPOIHO, HArpaB/ieHO BaAoAb ocu OX U paBHO
10 Be/IM4yuHe

EW — E o,
X
o, (1—nx)+clnx ) (1)
B (1) n_ — onun 13 koachduLIMeHTOB AenonApu3aLiy smrnconaa (6], onpenens-
eMblii POPMYIoH

abc 7 ds

n —
X
2 0(52+a2)\/(52+a2)(52+b2)(32+c2) 9
: (2)
rae a, b v ¢ ecth MoyocH 31AUNCOMAA, OPUEHTUPOBAHHBIE COOTBETCTBEHHO BAO/Ib
ocer Ox Oy u Oz. KoadpdurimeHTs n, ¥ n, MOryT OBITb BBIYMC/ICHBI IO aHA/IOTHU-

HBIM (bopmynaM C 3aMeHOM TO/MYOCU amnabuc COOTBETCTBEHHO, OIHAKO ITPOIle
BOCIIO/Ib30BaThCH COOTHOILIEHUEM [6]:

n +n,+n,=1

b
a TaKzKe PaBeHCTBOM /BYX I0/1yocelt smriconaa, b = ¢ = R, u nonyuuts n, = n
=(1-n)/2. Bcayuae b = c = R > a ansa n_nmeercs an/I6aneHHoe Bblpa}KeHI/Ie r6]
l+e
—(e arctg e) e=
e

’

(3)
Ocrapass nepBble ABa Y/ieHa Pa3nokeH s 3ToM (POPMY/IbI MO Ma/IoMY TTapaMeTpy
1/e, nonyuaem

1 T a T a
n ~—(e-arctge)~l-—— n,=n,~——
e 2R, "’ 4R. (4)
Ternepb 71erko HaMTH MO/Ie BHYTPY 3//IWTICOMAA/IBHOTO BK/IAOUeHus. PacecMoTpyM
TpelmmHy ©e3 3arlo/HeHWs, [POBOANMOCTh KOTOPOM MOMKHO T[I0/IONKHTh PaBHOMN
Hyo. Torzaa rnose BHYTPY TPElHb
E(xf) = 1& ~E, ZE
“n " na (5)
B TO e BpeMs TOK BHYTPH TaKOM TPEIIMHBI OUeBHAHO PaBeH HY/IO.
B ofuem cayuae, ecy BHeliHee ro/e, 3a7aHHOE Ha 6ecx%gquEEm Harpas-
neHo Baonbs ocu OX, a ro/ne BHYTPY BK/IIOYEHHs OAHOPOAHO, , A7 TIPO-
BOVIMOCTH Cpezbl C 3/I/IMIICOUAANBHBIMY BK/IIOUEHHSMH CIIPaBe//IiBa (bopmyna [7]:

61 — Oy
o,=0,|1+pk—/—=
Gy

: (6)
rae p = V,/V — o6beMHas KOHLIEHTpaLKsA BK/IIOUEHUH, OTHOLIEHHe CYMMApPHOTO 06b-
ema BKoveHni V, K o6vemy obpasua V. /laanmm KpaTkuit BbIBOA 3TOM hopMyrbl. Bhi-

YUC/IUM ABYMS CIIOCOBaMU Be/TMUKHY W= —J( j—o,E ) dV . 3amerum, uto B Mmoo

Touke cpensl j =6E . B cpene, Opr}KaIOH.IeI/I BK/IOUCHNA G = O,; j = o,E, uee
BK/Ia/1 B UHTerpas paBeH Hy/mo. OcTaeTcsi NPOHHTErpHUpPOBaTh 10 061>e1vly BK/TIIOUEHUI:

_ 1 _ A _
== E-o,E =—1F - = pkE -
W v ‘_[ (Gl o, )dV v b (61 02) PKE,, (01 62) | o)
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OnpenenuMm cpeaHyie 3HaYeHHs <7> = é'ﬁdv v <E> = é _[ EdV | Torma adpdex-
i ) J

{7)

TUBHas MPOBOAMMOCTb G, = <_E> . B stux 06o3HaueHmsx
W =(7)-0,(E)=(c.~0,)(E)= (0, - )E. ®)
Cytb npubmixkeHus MakcBes1a COCTOMT B TOM, UYTO MPH CTPEM/IEHUH KOHLIeH-
TPALMK BK/IIOUGHUI K HY/IO MOXKHO TMPUHATh <E> ~ E_ . Toraa us (7) u (8) nonyyaem
cdopmyny (6).
B criyuae HyneBo mpoBoAMMOCTH BR/IIOUEHUI hopMyria (6) MprHHUMaeT rmpoCToi
BU:

o, =0, (1~ pk) 9)
CasizkeM Ternepb MPOBOANMOCTb MTOPOAbI C KO3 (HULIEHTOM KOHLIGHTPALIUU Tpe-

mMH. ByneM cunrtath A7s1 MPOCTOTHI, UTO 06pasell roaeneH Ha KYObl ¢ AMMHON peb-
pa L, v B LIeHTpe KakaAOTo HaxXOAWTCH TpellrHa paauycoM R, Toraa 3a ee pasMep

npuMeM 2R, u K = (ﬁj . [peanonoxuM cHayaza, 4TO BCe AMCKOOOpPasHbIe Tpe-

IIMHBl OPUEHTUPOBaHbI MepreHaukyaspHo ocu Ox. B cooterctBun ¢ (5) umeem

k= ZB , 0OBEeM 3/I/IMICoNAa BpalleHns V) = %aR2 , TOTZIa KOHLIEHTPALIMsA BK/IIO-
"0 Y
YeHUlN P = e v (9) naer
4n aR* 2 R 1
6, =0y l-——5-——|=0,| 1 -
3 " na 3K° ). (10)

[TonyyeHHBIN pe3y/IsTaT He COACPXKUT MaIVIO MO/IYOCh a, YTO O3HAaYaeT KOPPEeKT-
HBIN Mepexon K rpeneny 6ecKoHeuHO TOHKUX TpemnirH. OKas3biBaercs, UTo OT/IH4Ue
NPOBOAMMOCTH OT 3HaueHus G, 6e3 BK/MIOYeHHH OueHb HeBe/MKo. CunTaercs, 4To
npu 3HaueHusix K ~ 3 obpasell HauMHaeT pa3pyiuaThcs. Menbive 3HaueHus K,
TO eCTb OO/BIIYIO KOHLIGHTPALIMIO TPEIIMH, pacCMaTpUBaTh He nMeeT cMbicia. [lpu
TaKOM IMpeaenbHOM KOHLIEHTPALIMKM TPEIIMH OTHOCHTE/TbHOE U3MEeHeHHe ITPOBOANMO-
CTU (M COOTBETCTBEHHO 3/IEKTPHUUECKOrO COINPOTHB/IEHHs) 0Opa3lia B COOTBETCTBHUH
¢ (10) cocraBasier okono 1%. ITo Kak MMHKMMYM Ha IOPSAAOK MeHbIle peasbHO Hab-
MIOAaeMOro B 3KCIIePHMEHTaX OTHOCHTE/IbBHOIO M3MeHeHus [5].

Bonblix coMHeHM B pOpMasibHOM CITPaBe/IMBOCTH 3TOTO pe3y/kTaTa HeT. Xo-
POIIO M3BECTeH Pe3y/IbTaT A/1sk Cpebl C BK/IIOUEHUSIMH B BH/E HEMMPOBOASAMINX cdhep:

c=0,|1 ) p | . PaccmaTpuBas cdepsl paanyca R B 1ieHTpax Ky6oB ¢ pebpom L,
HaXoAnM
4n aR* 2 R 1
6,=0,|l-————|=0,|1-—5
3K )

3necs npu K ~ 3 OTHOCHUTE/IbHOE M3MEHeHUe MPOBOANMOCTU OOpa3lia COCTaB-
asiet okono 3%, MpH TOM UTO BKAaa cdpep B M3MeHeHHe MPOBOANMOCTH o6pa3liia
OYeBUAHO Oo7bllle, YeM BK/aA TOHKUX AHCKOB TOTO Ke paavyca.
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B cnyuae paBHOMepHOTroO pacripesiesieHrs TPellrH 10 OpPHeHTalllH YCpeaHeHUe
IO Te/leCHOMY YI/1y faeT

c,=0, (1 —%}
9K?® ). (11)

OTo CBfA3aHO C TeM, YTO MPH OpPHeHTaLMH Mo/, HarpuMep, Baoab ocu Ox, Tpe-
IIMHBI, HOPMa/Il KOTOPBIX OPHEeHTHPOBaHbl BAO/Ib ABYX APYIUX OCeH, He AaloT BK/a-
[a B U3MeHeHHe MPOBOAUMOCTH Cpe/IHbl.

[lycTh Teneps BKAIOUEHKe AB/ISETCA XOPOLIO NPOBOAAIINM, G, = G,. B sToMm cay-
Yae 11o/1e BHYTPU BK/IIOYEHUS

E o, _E,o,

G2 (1_ny)+clny 6.1, (12)

0 _
E’ =

[lockonbky n < 1, sto npubnnxeHre paboTaeT TONbKO MPH OueHb GO/bIKX G .
CHoBa nprpaBHuBaeM (7) u (8) u ¢ yuerom (12) nonyuaem
G, =6,
IR (13)

W OKOHYaATe/TbHO

c,=0,|1+p

c,=0,| 1+ P
n, ). (14)
Hcnons3ya n ~ra
YR
LIGHTPALIMU TPEILUH:

4n aR* 4 R ( 2 J
:GZ

, BHOBb [10/1y4aeM BbIpazkeHue yepe3d KO3 (PULIMEeHT KOH-

Fran 71 145
3 ° na 3K? (15)

3mech OTHOCUTe/IbHOE M3MeHeHHe MPOBOAMMOCTH B aABa pasa Ooribliie, ueM B
cydae HernpoBOAANMX TpelidH u npyu K ~ 3 cocraBasier npubnusntensHo 2,5%.
OpaHaro 3TO BCe PaBHO B HECKO/BKO Pa3 MeHbllle Hab/mozaeMblX 3HauyeHuit. [lpu
XaOTUUYeCKOM OPHEeHTAaLIMH TPellH YCpeaHeH e M0 YI/iaM AaeT

c. =0 (1+iJ
¢ 72U 9K®), (16)

B atoM cniyyae oTHOcHTe1bHOE M3MeHeHue TTpoBoaruMocTH Ipu K ~ 3 cocTtaBasiet
npubnusutensHo 1,5%.

MozkHO npearionaraTh, YTO MO/MYYEHHbIE Pe3y/IbTaThl 06/1aAaloT BEICOKOM OBIIHO-
ctbio. B yacTHOCTH, MpU paccCMOTpeHHH AU3/IeKTPUYECKON MPOHHULIAEMOCTH CPe/Ibl
MOBTOPSIIOTCS BCe Te Ke BBIK/AAKU /71 CII/IIONIEHHBIX 3/I/TUTICOM/IOB U MOMYYatoTCs
BITO/IHE aHa/IOTMYHbIe POPMY/IBI 711 UMEHEHHS TU3/TeKTPHUUECKOM MPOHUIIaeMOCTH.
Ecnu npu paccMoTpenny NpoBoASAILIero s//MIcomaa UCIonbayeTcst HelpephblBHOCTh
Ha ero rpaHulie BeKTopa j = oE , TO [/1s AN3NeKTPHUUYECKOro 3//IMIICOUa Herpephl-
BeH BeKTop D =¢,eE . /Ina nonsa BHYTpU annuriconsna oKasblBaeTCs CIpaBeATMBbIM
BbIpaxkeHye aHanormyHoe (1):

E &,
g,(1-n,)+en, (17)

c,=0,| 1+

(i _
E’ =
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rae €, U g, — AU3/ICKTPHUYECKas MMPOHHMIIa@MOCTh Cpe/lbl BHE M BHYTPH BK/IIOUCHHS
cooTBeTcTBeHHO. [Ipu paccMoTpeHnr AM3IEKTPUYECKON MPOHULIAeMOCTU TTOPO/IbI
C TpellMHaM{ IPaKTUYeCKU BaxKeH /IMIIb C/Iy4ai «T10/IbIX» TPeLIVH, 4715 KOTOPBIX
g, < &, 4TO CMpaBe/IMBO TaKXe A7s TPeIlMH , 3aro/HeHHbIX BoAoK. Toraa nony-
YaloTCs CAeayIolie pe3ybTaThl A1 dP@EeKTUBHONM AU3/IeKTPUYeCKON IMpOHULIae-
MOCTH Cpezsl € :

e, =&, (1- pk) (18)
[ns ananekTpryeckow MPOHUIIAeMOCTH B 3aBUCUMOCTU OT KOHLIGHTPALIMH BK/IIO-
YeHWH B C/1y4ae TPelUH MeprieHANKY/IIPHBIX MO/0:

€ =¢ (1 - LJ
© U 3K, (19)
a A7 XaOTUYeCKOM OpHeHTaLlUM TPellvH
1
= 1 _—
fe T ( 9K* ) (20)

Dopmyret (18-20) ananoruutsl popmynam (9—11) a1s MpoBOAUMOCTH TIOPO/IBI C
nosibiMu TpenmHaMu. OTandure AUs1eKTPUYecKo MPOHUIIaeMoCTH ofpasiia ¢ Tpe-
IIMHAM{ OT AW3/IGKTPHUUECKOM MPOHHULIAEMOCTH «JUCTOro» Oo6pasia MPH PasyMHBIX
3HavyeHusx K < 3 He mpeBsiaer 1%.

3akaioueHue

[TonyyeHHble TeopeTHUecKu pe3y/isTaThl CBUAETE/ICTBYIOT O He3HAUWTe/IbHOH
UYBCTBUTE/IBHOCTU 3/IeKTPOMETPHUUECKOro MeTozla COMNPOTUB/ICHWM K MUKPOTpPellH-
HOBATOCTH 0OPasLIOB ropHbIX ropo. [Ipuyem, sty peayasrartsl CYIIeCTBEHHO OT/U-
YaloTCcH OT HabrogaeMblx B MaO0PaTOPHBIX 3KCIIePUMEHTax OTHOCUTE/IbHBIX U3Me-
HEeHUSX MMPOBOANMOCTU 06Pa3LIoB, HapYIIEHHBIX MUKPOTPeIIMHAMH W HaXOASIINKCS
B YC/IOBHSX OTHOOCHOTO HAIIPs?KeHHO-Ae(POPMHUPOBAHHOIO COCTOSAHUA. DTO MOXKHO
OOBACHUTDb TeM, UTO faxKe MPU He3HauHuTe/IbHOM CXKATHH peasibHOro obpasiia B HeM
BCeraa MpOMCXOAUT KacTepr3alivs TpemrH. OHY He BO3HMKAIOT PaBHOMEPHO I10
BceMy 0ObeMy, a IPYIIMPYIOTCA BOIN3U Pas/INYHBIX A1e(DeKTOB, IpUYeM Ha/ludyue
TpelyH IMPOBOLIMPYET BO3HWKHOBEHKE HOBBIX MOOMU30CTU. TakuM oOpasoM, cre-
ayer MOHWMaTh, UTO TMpe/CTaB/IeHHas MO/1e/Ib A0/MIKHa PacCMaTPUBAThCH B KaueCTBe
MepBOro, A0CTAaTOUHO H/eaM3HPOBAaHHOIO MPUO/IMKEH s U TpebyeT CBOero aallb-
HeWllero pasBUTHUA.
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THEORETICAL ESTIMATION OF MICROCRACKS INFLUENCE
ON ROCKS CONDUCTIVITY WITH MAXWELL APPROXIMATION
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Shkuratnik V.L., Head of Chair, e-mail: ftkp@mail.ru, Moscow Mining Institute,
National University of Science and Technology «MISiS», 119049, Moscow, Russia.

Theoretical solution of problem of microcracks concentration in rock samples influence on its electrical
resistance is considered. The problem is solved in the approximation of Maxwell applied to cracks in the form
of ellipsoids of revolution with a given value R of major axis and minor axis tending to zero. It is assumed that
the results of solution will depend only on orientation of cracks with respect to measuring electrodes, values
of R and the ratio of average distance between cracks to their characteristic size. The cases of orthogonal and
parallel cracks arrangement relative to direction of current flow, and their even location over the solid angle for
different values of the conductivity of the inclusions and rock are analyzed. It is noted that the obtained analyti-
cal expressions are valid for assessing the impact of microcracks on dielectric constants of samples. Numeri-
cal evaluation of relative change of conductivity and permittivity of the samples for different values of cracks
concentration are presented. These estimates indicate low sensitivity of electrometric control of microcracks
geoenvironment study. A substantial mismatch of theoretical estimates with available experimental data is not-
ed. It can be explained by the absence of clustering cracks in proposed model even at low mechanical stress.

Key words: rocks, microcracks, impedance method, theoretical model, Maxwell approximation
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HH}KeHep AO/M2K€eH 3allHIlaTb CBOIO 4YeCTh He KY/IaKaMHU,
a SHAaHHAMH H /IOTHYHBIMH TEOPHAMH.
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