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PASPABOTKA MATEMATUYECKOTO
OBECIIEYEHUS ABTOMATU3UPOBAHHBIX
CHUCTEM OIIPEJAEJEHUS DJIEKTPUYECKUX
CBOMCTB TEOMATEPUAJIOB

Pa3paboTka aBTOMATU3MPOBAHHbIX CUCTEM OMNPeAEeNeHUsa 3NEeKTPUYECKMX CBOMCTB reoma-
TEpUanoB ABNAETCA OLHOM M3 BarKHEWLIMX 3aZay ropHOro MpousBoAcTBa. MaTemaTtuyeckas
NOCTaHOBKa 33341 U ee peLleHMe OKa3aIMCb CI0KHbIMU A1 NOHUMAHWA TEXHOI0raMu, @ Ma-
TEMATUKN HeBPeXHO OTHOCUTCA K MOHATUAM B NpeaMeTHOM 06aacTu, U Nerko BBOAAT CBOU —
BeayLme K owmnbKam. OTCroA,a BO3HMKAET HE TO/IbKO HEMOHMMAHWE MEXAY HUMU, KOTOPOE He
[,aeT BO3MOXKHOCTU NPUMEHEHUA PeLLEHHbIX 33434 B NPOU3BOACTBE, HO HET COOTBETCTBYIOLLLEN
A,eKBAaTHOM MaTeMaTUYeCKON MoAeNM, NO3BONAIOLLEN C 4OCTaTOMHOM TOYHOCTbIO ONpPefeInTb
3/7IeKTPUYECKMEe CBOMCTBA reomaTepmanos. Mpu SToM OCHOBHAA 33Ja4a 3/1eKTPOPA3BEAKM, pe-
weHHaa A.H. TuxoHoBbiMm 1 A.A. Camapckum, ocTasnack 6e3 0ocoboro BHUMaHMA CO CTOPOHbI
TEXHO/I0rOB U CMeLManncToB B 061acTi GpU3nMUecKmnx NpoLLeccos ropHOro NPOM3BOACTBA U He A0
KOHLLa onpeaeneHHoM. B pe3ynbTate umeem HepeLLeHHYHO B SONIXKHOM Mepe 33434y No onpese-
JIEHMIO 3aNacoB Nose3HbIX CKoMaembix. PazpaboTaHO MaTemMaTuyeckoe obecneyeHne aBToma-
TU3UPOBAHHbIX CUCTEM OMpPefEeNeHNA INEKTPUYECKMX CBOMCTB reomaTepmnanos B Buae adpdek-
TUBHbIX TEH30POB 3/IEKTPOCONPOTUB/EHUA U YAENBHON 31EKTPONPOBOAHOCTM reOMaTepPmanos.

KntouyeBble cnoBa: aBTOMaTM3MPOBAHHAA cUCTEMa, MaTeMaTuyeckoe obecneyeHune, anek-
TPUYECKMEe CBOMCTBA, TEH30P 3NEKTPOCONPOTUBAEHUA, TEH30P YAEbHOW 3N1EKTPONPOBOAHO-
CTKn, reomartepuan.
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BeepeHue

CpeAM CyLecTBYOLMX TEOPETUYECKHUX
N MPaKTUUYECKMX NPOBAEM FOPHOIo NPOU3-
BOACTBA 0c0H60e MeCTO 3aHMMaeT 3apava
onpeAeneHNst INEKTPUYECKMX CBOWCTB reo-
mMaTepuranoB. M3 LWMPOKOro Yncaa napa-
METPOB, XapaKTEPU3YHOLLIMX INEKTPUUYECKME
CBOMCTBa reomartepuanoB, AASI TOPHOrO
Npou3BOACTBa HaMbonee CyLleCTBEHHOE
3HaUYEHUE NMEET YAEAbHOE INEKTPUYECKOE
COMPOTMBAEHME (MAM 0BpaTHaa BeAUUMHa —
YAEAbHas 3AEKTPONPOBOAHOCTL) [1].

CyluectBytolimne paboTbl B 06AACTH ON-
peAeAeHUs YAEABHOTO 3AEKTPUYECKOrO CO-

NPOTUBAEHUA MOXHO Pa3AEAUTb Ha ABa
HanpaBAeHUA. CorrnacHO NepBOMY U3 HUX
YCTAHOBAEHWE BEAUYUHBI YAEABHOTO SAEK-
TPUYECKOTO CONPOTUBAEHUA MPOU3BOAUTCS
B pamMKkax 3KCrnepuMEHTaAbHbIX METOAOB.
Cpeaun paboT, BbIMOAHEHHbLIX B AQHHOM
HanpaBAeHUKU, 0cOBOro BHUMaHMS 3acAy-
XUWBAOT TpyAbl [2—T7], pa3BMBatoLLMe Me-
TOAbI ONPEAEAEHNS SAEKTPOMNPOBOAHbIX Xa-
PaKTEPUCTUK reoMaTepuanoB B YCAOBUAX
€CTECTBEHHOIO 3aAeraHuns, U1 OCHOBaHHbIE
Ha BCECTOPOHHEM W FAYyOBOKOM aHaAu3e
AMarpamMm HOKOBOIro KapoTaXHOro 30HAM-
poOBaHWA, MUKPO3OHAOB, a TakXe AaHHble
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UHTEPNpPETaUnMn KPMBbIX 30HAUMPOBAHUA Y
CKBaXWH WMAU U3MEPEHUA INEKTPUYECKO-
ro COMPOTUBAEHUSI HA OOHAXEHMST MOPOA.
OAHaKo Npu onpeAeAeHUn CBOMCTB reo-
MaTepuanoB NPOABAAETCS MaclUuTabHbIN
3G PEKT, NPOSABAAIOLIMICSA B 3aBUCUMOCTH
3HAYEHUIN YAEAbHOrO 3AEKTPUUYECKOrO CO-
NPOTUBAEHUS, MOAYYEHHbIX 3KCMEPUMEH-
TaAbHbIM CMOCOO0OM, OT pa3amepoB 0HAACTH
BO3AENCTBUA 3AEKTPUUECKOro NoAs. K co-
XaAEHMUI0, CYLLLECTBYHOLLME SKCNEPUMEH-
TaAbHble METOAbI HE YUYMTbIBAKOT AGHHOIO
apdeKTa 1 Kak pesyAbTaT — BbIHYXXAEHHas
ownbKa B OMPEAENEHUN 3HAUYEHUI ycTa-
HaBAMBaeMOro napamerpa.

B paboTax BTOPOro HanpaBAEHWS onpe-
AENEHUE YAEABHOTO 3AEKTPUYECKOro COo-
NPOTUBAEHUST (MAM OBPATHOW BEANYUHbI —
YAEAbHOM 3AEKTPOMPOBOAHOCTU) OCYLLECT-
BASIETCS HA OCHOBE COOTBETCTBYHOLUMX Ma-
TemMaTMuyecknx Mmoaenen. Paspabotke ma-
TEMaTUYECKUX MOAENEN reoMaTepuanoB
OTHOCWUTEABHO MPOLLECCOB NepeHoca no-
CBSAILLEHO BOAbLLOE KOAMYECTBO Hay4YHbIX
TPYAOB, HanboAee NMOAHbIA aHaAM3 KOTO-
pbix, MpoBeAeH B pabortax [8—10]. K coxa-
AEHUIO, MOAABAAOLLEE BOABLLIMHCTBO TaKMX
MOAEAEN He OoTpaxaeT B AOAKHOW Mepe
CTPYKTYPHblE OCOBEHHOCTU MCCAEAYEMBbIX
reomaTtepuManoB, NPEACTaBAASA UX B BUAE
M30TPOMHbIX OAHOPOAHBIX cpea. U kak pe-
3yAbTaT HEAOMNYCTUMbIE MOrPELUHOCTU Npr
OMpeAEAEHUN INEKTPOMPOBOAHBIX Xapak-
TEPUCTUK reomMaTepmranos.

Takum 0bpa3om, CyLLECTBYIOLLINE TEO-
peTMyYecKne U akcnepmMeHTaAbHble METO-
Abl HE MOTYT PELLUTb 3apauy ONpeAeneHUns
9NEKTPUYECKUX CBOMCTB reomMaTepmranos.

B nepByto ouepeab 3TO CBAA3AHO C TEM,
YTO Ha CErOAHSILUHUM AEHb HET HW OAHOTO
AOCTOMHOIO OObSICHEHUSI MEXaHWU3MY BO3-
AENCTBUSI INEKTPUUECKOTO MOAS Ha reoma-
Tepuanbl. AaHHbIV MPOLECC HEYNPaBASIEM,
Tak Kak HET COOTBETCTBYHOLLEN aAeKBaATHOM
MaTeMaTUUYeCKON MOAEAU, MO3BOAAIOLLEN
C AOCTATOYHOM TOUYHOCTbKD OMPEAEAUTb
9NEKTPUUECKME CBOMCTBA reoMaTepranos,
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T.€. HE pelleHa oCHOBHasA GYHKUMOHAAb-
HasA 3apava aBTOMaTU3UPOBaHHbIX CUCTEM
B FOPHOW MPOMbILAEHHOCTU. TpK aTOM
TECHO CBfiI3aHHAA C HEW — OCHOBHAaA 3apa-
ya aNeKTpopasBeakM, peweHHas A.H. Tu-
XoHoBbIM U A.A. CamapcCKum, ocTanacb
6e3 0c060ro BHUMaHMA CO CTOPOHbI TEXHO-
AOTOB W CMeunarncTtoB B 06AaCTh GUanve-
CKMX MPOLECCOB FOPHOro MPOU3BOACTBA.
B pesyAbTaTe HepelleHHas B AOAXKHOWM
Mepe 3apava Mo onpeAeAeHUuto 3anacos
NMOAE3HbIX UCKOMaeMbIX, CBA3aHHasA C Oc-
HOBHOM 3apayelr INEKTPOpPa3BEAKM, MO-
NnpexHeMy ABASIETCS aKTyaAbHON HayUHOM
npobAeMON.

Takana peanbHOCTb Ha Hall B3rAfiA,
CAOXMAQCb MO CAEAYIOLLMM NPUUYMHAM.
C oAHOM CTOPOHbI MaTeMaTuyeckas nocra-
HOBKa 3apayu U ee pelleHne OKasaAUCb
CAOXHBIMU AASl MOHWUMAHUA TEXHOAOraMK
(TpeboBaAUCb 3HAHWUS cneLManbHbIX TAAB
BbicLIEeN MaTemaTuku). C aApyron — mate-
MaTWMKW, HECMOTPS Ha CBOW BbICOKMI NpPo-
deccroHann3m, HebpexHO OTHOCKMTCH K
MOHATMAM B NPEeAMETHOM 06AaCTH, U Aer-
KO BBOAAT CBOM — BeAylUME K OnbKam,
He BHMKaA (@ MOXET U HEe MOTYT) B TOHKO-
CTU U13-3a cneunMduyeckoro marematuye-
CKoro obpasa MbILWAEHUS OTAMYHOIO OT
CNeUMarUCTOB B pa3AMUHbIX NMPEAMETHbIX
obnaacTax. OTctopa BO3HUKAET HEMOHUMa-
HUE MEXAY HUMU, KOTOpOE He AaeT BO3-
MOXHOCTW NPUMEHEHNS PELLEeHUA 3aAau B
NPOU3BOACTBE. ITO NPOTUBOPEUNE MOXKHO
pewunTb B pamMkax pa3paboTku aBToMa-
TU3UPOBAHHbIX CUCTEM, MaTeMaTUyecKoe
obecneyeHne KOTOPbIX, MO3BOAAET 3@ CUET
6oAee apeKBaTHOMO yuyeta CTPYKTYPHbIX U
TEKCTYPHbIX OCOOEHHOCTEN MCCAEAYEMbIX
06bEKTOB OMPEAEAUTL C BbICOKOW CTene-
HbO TOUYHOCTU 3SAEKTPUYECKWE CBOWMCTBA
reomarepuanos. M1 1em cambiMm B COBO-
KYMHOCTU CAEeAaTb MPOLIECC BO3AEMCTBUSA
INEKTPUYECKOTO COMPOTUBAEHUA Ha reo-
MaTtepuanbl ynpaBASEMbIM U NPUBECTU B
COOTBETCTBME OCHOBHYIO 3apauy 3AEKTPO-
pa3BeAKM.



OcHoBHasA yacTtb

Mpu mateMmaTMUyeCcKon NOCTaHOBKE OC-
HOBHOM 3aAauM INEKTPOPA3BEAKMU UCMOAb-
3yeTca aBTopaMu CAeAyoLan CoAepXa-
TeAbHas Moaenb. Lleanb ocHOBHOM 3apauu
9AEKTPOPA3BEAKN — 3TO U3YyUEHNE HEOAHO-
POAHOCTEN 3EMHOMN KOPbI C LIEABKO Pa3BeEA-
KW MOAE3HbIX MCKOMAEMbIX C MOMOLLbIO
NPUMEHEHUST SINEKTPUUECKMX METOAOB. [Mpn
3TOM NpeAAaraeTcs CAeAylollasi cxema
3NEKTPOPA3BEAKM MOCTOSAHHLIM TOKOM, KO-
Topas 3akAtouaeTcsa B caepytolleM. C no-
MOLLbHO 3a3€MAEHHbIX 3AEKTPOAOB B 3EMAIO
nponyckaeTcs MOCTOSAAHHbIM TOK OT MUTato-
len batapeu, U U3MeEPSIETCA Ha MOBepX-
HOCTW 3EMAU BO3HUKAIOLUME HAMPSKEHWUS.
Mo pesyAbTataM HabAIOAEHWI Ha MOBEPX-
HOCTW ONPEAEASIOT NMOA3EMHYHO CTPYKTYPY.
Takum obpa3oM, METOAbl OMpPeAEeAeHUs
NMOA3EMHbIX CTPYKTYP 3aKAKOUAKOTCS B WH-
TepnpeTaLmm NoOAyYEHHbIX PE3yALTAaTOB Hab-
AOAEHWI M HBa3UpyoTCA Ha MatemMaTuye-
CKOM pPELLEHMM COOTBETCTBYHOLLMX 3aAaq.

AaHHasa copepxateAbHas MOAEAb He
NOAHA; He ONpPeAeneH AOCTAaTOYHO ACHO
NPeAMET UCCAEAOBaHWUS B BUAE NMOHATUN:
3eMAs1, NoA3eMHas CTPYKTypa. Kpome Toro,
He onpepeneHbl MaclTabbl HAOAOAEHWUN
Ha NMOBEPXHOCTW M NOoA 3eMAEN (MOAL3YSICb
TEPMUHOAOTMEN aBTOPOB).

McnoAb3ys 3Ty CoAepXaTeAbHYD MO-
AEAb, MOCTPOEHA MaTeMaTMUecKas MOAEAb
noTeHLUMaAa NOAS MOCTOSTHHOIO TOKa B OA-
HOPOAHOW cpeae, KOTOopasi CBOAMUTCS K
ypaBHeHUI0 Aanaaca. [oAyyeHo pelueHue
OTHOCUTEAbHO COMPOTUBAEHUS OAHOPOA-
HOro MOAYNPOCTPaHCTBa B BUAE

B 2nr? 6_(p
| or

FA€ r — PacCTOAHME TOUKM LEeHTpa Npuem-
HOW Lenu OT MUTAKOLLETO SAEKTPOAR; ¢ —
noteHumnan; | — cuaa Toka.

AAS HEOAHOPOAHOW CPEAbI BEAUUMHY P,
onpeaeasemMyto no ¢opmyae (1) HasbiBatoT
KaxyLwmmcsa conpotuBaeHnem. Camo Ha-
3BaHWE 3TOro NMOHATUSA TOBOPUT O HEMOAHOM

: (1)

MHTEPNPETALMM HAOAOAEHUI, U O TOM, UTO
ellle He pelleHa COOTBETCTBYHOLLAs MaTe-
MaTuMueckas 3apava.

B cBA3K C 3TUM PAacCMOTPUM CAEAYHO-
LLYHO 3apady Nno onpepeneHuo addeKTmB-
HbIX CBOMCTB SAEKTPOMPOBOAHOCTH, KOTO-
pasi MO3BOAWUT A0 KOHLA PEeLlInTb OCHOB-
HYIO 3apauy SAEKTPOPA3BEAKM, a Takxe
nepecMoTpeTb BCe TEXHUUECKUE 3apauH,
CBfI3aHHbIE C SAEKTPOMNPOBOAHOCTHIO ME0-
MaTepPUaNoB.

Pazpabotaem MateMaTUUYeCKytd MO-
AEAb MMHEepana OTHOCUTEABHO npolecca
3AEKTPOMNPOBOAHOCTU. M3 OCHOBHOM 3aAa-
UM IAEKTPOPA3BEAKU CAEAYET, UTO YAEAb-
HOE COMPOTUBAEHWE ABASIETCS CTPYKTYPHO
UyBCTBUTEAbHBIM MapamMeTpom. BcaeacT-
BUE 3TOr0, ANl PELLEHWUs paccmaTtpuBae-
MOMI 3apaun TpebyeTtcs CTPyKTypHas maTte-
MaTUMueckasi MOAEAb.

MOCTPOUM COAEPXATEAbHYIO MOAEAb
CTaLMOHAPHOIO SAEKTPMUECKOrO MOASI B
MUHepane. MiccaepyeMblit reomaTepuan
COCTOUT U3 3epPeH, NAOTHO MPUAETatoLLINX
APYT APYTY, @HU30TPOMHbIX MO OTHOLLEHWIO
INEKTPUUECKMUX CBOMCTB, B YaCTHOCTU —
K YAEABHOMY 3AEKTPUUYECKOMY COMPOTUB-
AEHUI0. 3HAaUEHME NOCAEAHUX AAS KPUCTANA-
AOB MOXHO HaWTW B CIPaBOYHON AUTEPATY-
pe. OTCIOAa CAEAYET, UTO MaTeMaTMueckas
MOAEAb OYAET MPOAYKTUBHONM, a ypaBHe-
HUSI, K KOTOPbIM OHA CBOAWTCSH, AOAXHA
ObITb 3aMMcaHa OTHOCUTEAbBHO TEH30PHbIX
BEAUUMH. DNEKTPUUECKOE B3aUMOAENCTBIE
3epeH OCYLLIECTBASIETCS Uepes CTaLMoHap-
HOE INEKTPUUECKOE MOAE.

Ha ocHoBe pa3pabotaHHOW copepxa-
TEAbHON MOAEAU MOCTPOMM MaTemaTtuye-
CKYIO MOAEAb. PaccMOTpUM TPEXMEPHYHO
HEOrPaHUUYEHHYIO CMIAOLLIHYIO CPEAY CO CAY-
YalHO-OPUEHTUPOBAHHbBIMU B MPOCTPAH-
CTBE 3AAUMCOMAAABHBIMU HEOAHOPOAHO-
CTAMMW, KOTOPblE COOTBETCTBYIOT 3e€PHaM.
MOCKOAbKY A@HHble HEOAHOPOAHOCTW fB-
ASIOTCSI @HU30TPOMHbIMU, TO UX IAEKTPO-
NMPOBOAHbIE XapPaKTEPUCTUKKU ABASIOTCSA
TEH30PHbIMU BeAMuMHaMU. B pesyabtaTe
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UMEEeM HeOorpaHUUYEHHY0 aHU3OTPOMHYO
YrAPYryt CAAOLUHYHO CpeAy C HEOAHOPOA-
HOCTAMMW B 3AAMNCOMAAABHBIX 0OAQCTSX.

B pesyabTate poaHHaA matemaTtnyeckas
MOAEAb CBOAMUTCA K CAEAYHOLLEN cUCTEME
ypaBHEHWMN, 3anucaHHbiX B CUMBOAUYE-
CKOM BUAE:

divj=q, (2)
rae j — obbemMHan NAOTHOCTb CTauMOoHap-
HOro TOKa; g — MAOTHOCTb HENpPepbIBHO
pacnpeAeAeHHbIX UCTOYHUKOB TOKa.

J=\E, (3)
rae A — TeH30P YAEAbHOM 3AEKTPOMNPOBOA-
HOCTU; E — HanpsAXeHHOCTb 3AEKTpuye-
CKOTO MOAS.

rotE=0, (4)

(efm)
<j>= A <E>, (5)
rA€ 3HAK «< >» OCpeAHeHue 1o aHcambAo
MoAer HEOAHOPOAHOCTH; 5 — 3pdek-
TUBHbIV TEH30PHbIN KOIDOULMEHT YAEAD-
HOM 3AEKTPOMPOBOAHOCTH.

YpaBHeHUE (2) sABAAETCA aHaAOrom
ypaBHEHUA paBHOBECKSA B TEOPUK yMpyro-
CTW; ypaBHeHUe (3) — 0606LIEHHbIN 3aKOH
Oma siBAsieTCst aHaAorom 0606LLEHHOrO 3a-
KoHa [yka; ypaBHeHUWe (4) — aHanor ypaB-
HEHWsA COBMECTHOCTH.

AaHHasa cuctemMa ypaBHEHUIM B UHAEKC-
HOM 0603HaYEeHUU UMEET BUA

% =q(x) na V,ji(x)=-q(x)
I
ji(X):kik(X)_Ek(X) (6)

rot,E, =0
. (ef)
< ji(X)>= Aik(X) <E, (x) >

ra€ q(x) — cKaansipHas NMAOTHOCTb UCTOUYHU-
KOB TOKa; rot; =€, V,, & — CUMBOA N\e-
BU-YnsuTa.

MOCKOABKY NpoLEeCC CTauMOHapHbIN, TO
3AEKTPUYECKOE MOAE sIBASiETCS Be3Buxpe-
BbIM, T.€. CYLLECTBYeT Takasd CKaAfpHad
bYHKUMA @(X), MMEeHyeMasa NOTEHLMaAOM,
AN KOTOpOW E = -grad® vAM B CUMBOAU-
YECKOM MpPEeACTaBAEHUU
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Ei(x)=V;0(x) (7)
Otctopa cnaepyet
j=-Agrad @ nau
Ji(¥) ==y (X)V (). (8)

TpeTbe ypaBHeHWE B (6) BbIMOAHSETCS
aBTOMAaTUUYECKHK, a M3 NEPBbLIX ABYX MOAY-
yaem nepBoe ypaBHEHWE HOBOMW CUCTEMBI

Viki (X)V p(x) = —q(x) (9)
ji(X) = —XIK(X)Vk(p(X) (10)
< ji(x)>= (i)m(x) <V,o(x)> (11)

Pewasa no aHanormm ¢ [11], a Takxe
NPUMEHASA KOMMNAEKCHbIM METOA CaMOCo-
rAacOBaHHOro MoAs [12], MOAYYMM CAEAY-
IOlLee BbipaxeHne AAA pacyeTa addek-
TMBHOIO TEH30pa YAEAbHOW 3AEKTPOMpPo-
BOAHOCTU

ef) @amy\?t
L=< x(/w’ A ] >

(

(12)
@am)*
< (/ +¥ A j >
rae | — eAMHM‘—IHbIﬁ AByXBa/\eHTHbIVI TEH30P;
gL JD(Ak)dS :
41 S,

D(Ak) — npeobpasoBaHue Qypbe-sippa DU(X),
NPeACTaBASOLLErO cOB0M BTOPYHO NMPOU3-
BOAHYHO OYHKUMIO TpMHA MaTpuLbl, CBOM-
CTBa KOTOPOW XapaKTepuaytoTcs TEH30POM
<A>. (ef) (ent

Takkak P = A, 70 AAA OPDEKTUBHOTO
TEH30pa INEKTPOCOMPOTUBAEHNSA UMEEM

(ef) @my\?*
p =< x£/+\y A J >
(12)
@amn?t
< [I+‘I’ A j >
JTO U ecTb Ta BEANMYNHA, HA3BaHHAA Ka-
XyLwmmca conpotuBAEHUEM, NOAyHaEMbIM



npuv yCAOBUU, KOFA@ PacCTOAHUE MEXAY
IAEKTPOAAMU HE MEHbLUE XapaKTepPHOro
pa3mMepa NpeAcTaBUTEABHOIO 06bema, HO
He 6OAblLE XapaKTePHOro pasmepa BCEro
MUHepana. Takum 06pasom, peLleHa MHO-
ro GyHKUMOHaAbHasA 3apaya No onpeaene-
HUIO 3OPEKTUBHOIO TEH30PHOIO KO3DDHU-
LMEHTa SAEKTPOCOMPOTUBAEHMSA, MO3BOASA-
foLLaa C OAHOM CTOPOHbI NEPECcMOTPETb
BCE TEXHMUYECKME 3apayM Mo onpepene-
HUIO 3AEKTPUUYECKMX CBOWCTB reomarepu-
an0B, C APYrol — AOBECTU A0 AOTMUYECKOIO
KOHLL@ OCHOBHYIO 3aAauy IAEKTPOpa3BeA-
KW MO ONPEAEAEHUID 3anacoB MOAE3HbIX
NCKOMaeMbliX.
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TaHO MaTematuyeckoe obecrneyeHue, crno-
CcobHOe 3a cueT bonee apeKBaTHOro ydeta
CTPYKTYPHbIX U TEKCTYPHbIX 0COBEHHOCTEN
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DEVELOPMENT OF MATHEMATICAL SUPPORT
FOR AUTOMATED SYSTEM TO DETERMINE
ELECTRICAL PROPERTIES OF GEOMATERIALS

Development of automated systems for determining the electrical properties of geomaterials is
one of the most important tasks of mining. It is intended, along with the acquisition of new knowledge
that allows to control electrical processes in geomaterials, to solve the following contradiction aris-
ing when applying this knowledge in production. On the one hand, the mathematical formulation of
the problem and its solution turned out to be difficult to understand by technologists (knowledge of
special chapters of higher mathematics was required). On the other hand, mathematicians, in spite of
their high professionalism, carelessly treat concepts in the subject domain, and easily introduce their
own — leading to errors, without delving into (or may not be) in subtlety due to a specific mathemati-
cal way of thinking different from specialists in different subject areas. Hence, there is not only a mis-
understanding between them that does not allow the application of solved problems in production,
but there is no corresponding adequate mathematical model that allows to determine with sufficient
accuracy the electrical properties of geomaterials, i.e. the main functional task of automated systems
in the mining industry has not been solved. At the same time, the main task of electrical reconnais-
sance, which was closely connected with it, solved by A.N. Tikhonov and A.A. Samara, has remained
without special attention on the part of technologists and experts in the field of physical processes of
mining production and not completely determined. As a result, we have an unresolved task in deter-
mining the reserves of minerals, which is connected with the main task of electric reconnaissance. To
solve the problem under consideration, the presented article has developed a mathematical support
for automated systems for determining the electrical properties of geomaterials in the form of effec-
tive tensors of electrical resistivity and specific electrical conductivity of geomaterials.

Key words: automated system, software, electrical properties, electric resistance tensor, conduc-
tivity tensor, geomaterial.
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SpryraHoBa dAbMUpa AAEKCaHAPOBHA — KaHAMAAQT TEXHUYECKUX HayK, AOLIEHT,
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PaccmoTpeHbl OTAMYMA CUTHANOB aKTMBHOCTU aKycTuMyeckon amuccum (AAJ), BO3HMKalOLWLEN npu
nedbopMmnpoBaHMU N PACTBOPEHUU HEHAPYLIEHHOTO U NpeABapUTENbHO HapyLWweHHOro obpasLoB Kap-
HannAuta. MonyyeHHble 3aKOHOMEPHOCTU MOTYT 6bITb NO/IE3HbI U NPWU COBEPLUEHCTBOBAHUMN NPOLLECCOB
pa3geneHuns conei CAOXKHOro coctaBa npu ux oborauieHmu. MokasaHo, YTo Npu AedopMUPOBaAHUMN U
pPacTBOPEHMU HEHapYLEHHOro U NpeaBapuTe/ibHO HapyweHHOro obpasLoB KapHanAuTa BblaenseTca
CTagMIHOCTb 3TOTO NpoLLecca, NPU 3TOM CTaguM PACTBOPEHMA OTANYAOTCA APYT OT APYra BblpaXKeHHbIM
M3MeHeHMeM CKOPOCTU HapacTaHuA 1 ybbiBaHMA AAD cpa3y nocne norpy»keHus obpasua B Boay.

KntoyeBble C/10Ba: aKyCTUYECKAn IMUCCUA, MAaCCUB NOPOS, KAapHANAUT, AedpopmurpoBaHue, paspyLue-
HUe, paCTBOPEHUE, CUrHa, HapyLEeHHbIM, HEHAPYLWEHHbIN, 0bpased,

RECOGNITION OF PRE-DEFORMED AND UNDEFORMED SAMPLES OF CARNALLITE
IN THE PARAMETERS OF ACOUSTIC EMISSION DURING THEIR DISSOLUTION

(DOI: 10.25018,/0236-1493-2017-7-16-3-12)

Ertuganova E.A., Candidate of Technical Sciences, Assistant Professor, e-mail: assistent@mail.ru,
Mining Institute, National University of Science and Technology «MISiS», 119049, Moscow, Russia.

Distinctions of acoustic emission activity (AAE) that occur when deformed and dissolve undestroyed and
pre-destroyed carnallite samples are considered. From the point of view of establishing the mechanisms of
destruction of salt rocks by dissolution, as well as determining the dynamics of structure defects, it is of interest
to compare the characteristics of the AE signals produced when the salt is dissolved in its initial state and after
preliminary deformation. The obtained regularities can be useful also at perfection of processes of separation
of salts of complex composition at their enrichment. It is shown that during the deformation and dissolution of
undestroyed and pre-destroyed carnallite samples, the staginess of this process is distinguished, while the disso-
lution stages differ from each other by a pronounced change in the growth rate and decrease in AAE immediately
after immersing the sample in water. For both samples K1 and K3, several stages can be distinguished, at each of
which the rate of change of the AAE differs quite sharply from the others. If in the experiment K1 a gradual AAE
is observed, the increase is practically from 0, then in K3 experiment there is a sharp burst up to 500 imp/sec.
And then, a decrease to the level of 150 imp/sec. A sharp increase is associated with the movement of water
through the capillaries when the pore space is filled, which is absent when dissolving the undestroyed sample
in experiment K1.

Key words: acoustic emission, the array of breeds, carnallite, deformation, destruction, dissolution, signal,
broken, unbroken, sample.
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