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A€eTarbHO OIIMCAHO KOHCTPYKILIO I PO3TAIHYTO allapaTypPHO-METOANYHI OCOOAMBOCTI
po3poOAeHOro i pearizoBaHOTO B IHCTUTYTI reodizuku HAH YKpailHM aBTOMATU30BaHOTO
BUMIPIOBAABHOT'O KOMIIAEKCY, IPU3HAUEHOTO A AOCAIAKEHHS eAeKTPUYHUX ITapaMeTpiB
MiHepaAbHOI pe4oBUHU 3a TeMmepaTyp A0 1100 °C y KucHeBMiCHOMY Ta iHepTHOMY ce-
pepoBHUIllax. HaBepeHO pe3yAbTaTH AeSIKUX €KCIIEPUMEeHTIB, BUKOHAHUX Ha eTalli AOCAIA-
HUX BUIPOOYBaHb KOMIIAEKCY B TeMIIepaTypHOMY iHTepBaAi Bip KiMHaTHOI A0 700 °C.
AOCAIAKEHO Ta TPOAHAaAI30BAHO YMHHUKY, 110 BIIAMBAIOTH Ha XapakTep OTPUMAHUX TeM-
NIepaTypHO-4aCTOTHUX 3aA€KHOCTEN eAeKTPUYHUX ITapaMeTpiB 3pa3kKiB nopia. ITokasa-
HO, IIIO0 YTBOPEHHS OKCUAIB Y KUCHEBMiICHOMY CEPEAOBUIIL 30IABIITYE €A€KTPUYHUM OIIIP.
PisHu1s rpapieHTa 3MiHM BEeAMYHHU P Bip TeMIlepaTypu, 0oCOOAUBO B iHTepBaai 300 —
500 °C, 3yMOBA€Ha TUM, L0 EAEKTPOTIPOBIAHICTD 3AIMCHIOETHCSI B OCHOBHOMY 10HaMU AO-
MIIIOK i AedpeKTaMu KPUCTAAIYHOIL I'PATKHU. 3a HIABUIIIEHHA TeMIEPATyPHU AleAeKTPUYHA
IIPOHUKHICTh I0HHUX KPUCTAAIB 3pOCTAa€ BHACAIAOK OCAAOAEHHS 3B'3Ky Mi’)K OKPEMUMU
ioHamu. HU3bpKOUaCTOTHA AleAeKTPUYHA IPOHUKHICTE HAUUYTAUBIIIA A0 AeDOPMAIinHUX
$a30BUX MTEPEXOAIB i € iIHPOPMATUBHIIITUM ITapaMeTPOM, OCKIABKU 3MiHIOETLCS 3 HAMOIiAD-
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IIMM I'PAAIEHTOM.

Karwuosi croBa: PT-neTpodizuka, eAeKTpUUHI ITapaMeTpy, BUMipIOBaALHUYM KOMII-

A€KC, iHepTHe CepeAOBHIIIE.

BBepenmne. lsyuenune sAeKTpUUYECKUX IIa-
paMeTpoB MUHEPAALHOTO BeIlecTBa, UX M3-
MeHeHUMN 1 B3auMOCBsI3el B IIIUPOKOM AMa-
[Ia30He TeMIIepaTyp U AABA€HUU SBASETCS
HEOTBEMAEMOU COCTAaBHOM YAaCTbIO (PYyHAA-
MEeHTAABHBIX KOMIIAEKCHBIX Te0(pU3NIeCKUX
HCCAEAOBAHUN TAYOUHHOTO CTPOEHUST 3eMAU.

BoamoyxHOCTH 3KcHnepuMeHTaAbHOU PT-
MeTPOPU3UKU C IMEeAbI0 IIPOTHO3UPOBaAHUSI
pacupeaereHnss PU3NIECKUX CBOUCTB U CO-
CTaBa 'eOAOTUYECKOM CPEABI Ha PAa3AUUYHBIX
rAyOMHaxX AaAeKo He ucuepliadbl [Kopuus u
Ap., 2011, 2013], HO TpebOyrOT GOAEe TIIATEAB-
HOTO TIOAXOAA K YHUCTOTE 3KCIIEPUMEHTAADL-
HBIX U3MepeHUN B Pa3sAUUYHBLIX TePMOAWHA-
MUYECKUX U (PU3UKO-XUMUIECKUX OOCTaHOB-
Kax. [Ipeskae Bcero, 3TO KacaeTCsi BAUSTHUS
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OKMCAUTEABHBIX IIPOIIECCOB IIPU BO3AEMUCT-
BHUM BBICOKMX TeMIIepaTyp B IIpoliecce 3KC-
TIepUMeHTaAbBHBIX U3MepPEeHUMN 3AeKTpHudec-
KUX CBOUCTB TIOPOA,. DTO OOCTOSITEABLCTBO TIPEA-
OIIPEAEAMAO 33aAa9y CO3AAHUS IKCIIepPUMEH-
TAABHOTO KOMIIAEKCA AAS U3MEPEeHUs SAEKT-
pUYecKux mapaMeTpoB oOpa3IloB MHHepa-
AOB U TOPHBIX IIOPOA IIPU UX HarpeBe B HEUT-
PaABHOM CpeAge.

AAST yCTpaHEHUS BAUSHUS OKMCAUTEAB-
HBIX IIPOIEeCCOB IIPH U3YYeHUU 3AeKTPpUUec-
KHX CBOMCTB MUHEPAABHBIX 00pa30BaHUN IPU
BBICOKHX TeMIlepaTypax B KaueCTBe HEWT-
PaAbHOM CpeAbl UCIIOAB3YyeTCs aproH [Sha-
nov et al., 2000]. 3To MO3BOAIET MUHUMM3U-
POBATh OKUCAUTEABHBIE TPOIIECCHl B 0Opas-
11aX TOPHBIX TTOPOA NIPU BO3AEUCTBUU BHICO-
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KUX TeMIIepaTyp, TaK KaK OKHCAEHHEe JKe-
A€30COoAEepIKAIINX MUHEPAAOB B 3TOM CAY-
yae OypeT OOyCAOBAEHO IAABHBEIM 00pa3oM
BHYTPEHHUM KUCAOPOAHBIM IIOTE€HIIUAAOM.

B HacTogIIeN cTaThbe paCCMOTPEHEI alllla-
paTypHO-MeToANYeCcKre OCOOEHHOCTU pas-
paboTaHHOTO M peaAn30BaHHOro B MHCTHTY-
Te reopusuku HAH YkpauHBl aBTOMATU3U-
POBAHHOT'O M3MEPUTEABHOTO KOMIINEKCA, ITPEA-
Ha3HAYEeHHOTO AAS MCCAEAOBAHUS IAEKTPU-
YeCKHUX [IapaMeTpOB MHHEPAABHOTO Belle-
cTBa mpu Temieparypax Ao 1100 °C B Heut-
panrbHOU cpepe [KpaBuyk, Kopumn, 2014].

KoHCTpyKIusi n3MepUTEAbHOr0 KOMII-
Aekca. [Tpu co3paHnm U3MEpPUTEALHOTO KOMIT-
AeKCa MaKCHMMaAbHO HCIIOAB30BaHa COBpe-
MeHHas BLICOKOTOYHAs U3MEpPUTEALHAs all-
rmapaTrypa C aBTOMAaTHYeCKOM peTrucTpalu-
el U MOCAeAyIolIell 00pabOTKOM pPe3yAbTa-
TOB M3MEpPEeHUN Ha KOMIIBIOTEpE.

Ha puc. 1 npuBepeHa OAOK-CXeMa aBTO-
MaTM3UPOBAHHOI'O KOMIIAEKCA U3MepeHUs
9AEKTPUUYECKUX I1apaMeTpPOB MUHEPaAbHO-
r'o BellleCTBa IIPU BLICOKUX TeMIlepaTypaX
C HWCHOAB30BaHMEM HEWUTPAABHOU CPEABL.

Barok HarpeBa o0ecneduBaET PETYAUPO-
BaHUe TeMIIepaTyphl 00pa3iia, KOHTPOAD I10-
D41 MHEPTHOTO ra3a (aproHa) B KaMepy Iie-
Yy, a TakKKe M3MepeHue U Iepepady MCXOA-
HBIX AAHHBIX Ha KOMIIBIOTED. PeBYALTaTBI n3s3-
MepeHU!N, HapsgAy C UCXOAHBIMU AQHHBIMU
TEKYIIero TeMIepaTypHOTO pekuMa OAOKa
HarpeBa, PerucTpUpyIOTCs B 0Oa3e AQHHBIX
KoMIbIOTepa. [locaepHnil obecrieunuBaeT aB-

bAoOK Harpesa

v 1

Hccaepyembrin
oOpa3sen

,

A

Y

Hamepureasn

Puc. 1. Barok-cxeMa aBTOMaTU3UPOBAHHOTO KOMIIAEK-
Ca U3MepeHMs IAEKTPHUIECKUX IIapaMeTPOB MUHEPAAb-
HOTO BelllecTBa.
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TOMATHUYECKOE COTAACOBaHUE M OOPAabOTKY
IIOAYYEeHHOMN OT HarpeBaTEeABHOTO U U3MEpPH-
TEABHOTO OAOKOB MH(OPMAIUU.

[Tpu KoHCTpyHpOBaHUN OAOKA Harpena
OOABIIIOe BHUMAHUE YAEASIAOCEH IOADOPY Ma-
TEPUAAOB U AOIIOAHUTEABHBIX YCTPOUCTB, KO-
TOpPBIE MOTAY OBl COOTBETCTBOBATD IIPEABSIB-
ASIeMBIM TexHu4YecKuM TpeboBanmusaM. Dyre-
POBKAa IIeYr BBHITOAHEHa M3 CMeCU IOPOII-
Ka 9AeKTPOKOPYHAQ, IIaMOTHOU OTHEYyIIOop-
HOU TAMHEI (Mepreas), JKUAKOTO CTEKAA U BO-
ABL. AepsKaTeAr 3AeKTPOAOB HM3TOTOBAEHBI
u3 nupodunruta (HyAl, (Si03), ruapocu-
AMKAT aAIOMUHNS), KOTOPBINM IPOCT B 0Opa-
OOTKe U IPpHUOOPeTaeT XOPOUTYIO IPOYHOCTh
¥ YCTOWYMBOCTD K HAaTPy3KaM IIOCAE 3aKaA-
KUY, a TaKKe MMeeT XOPOIIe TEPMO- U DAEKT-
POM3OAAITMOHHBIE CBOMCTBA. B KauecTBe Tep-
MOHU3OASITUN KaMephbl HarpeBa OBIAU BBIOpa-
HBI acOecT u 6a3zanpToBasg BaTta. CKOHCTPY-
WpPOBaHHAs CHCTeMa PhIYaroB, MIAPHUPOB U
NPY>KUH OPH>KUIMHOIO YCTPONUCTBA ITO3BOAU-
Ad 06ecrneuyuTb MAaKCUMaAbHO IIAOTHOE IIPH-
A€eTaHMe SAeKTPOAOB K I'paHaM obpa3sia mo-
POABI C HEOOXOAUMBIM CBOOOAHBIM XOAOM AAST
KOMIIEHCAIIUN BAUSHUS AMHEMHOTO TEIAO-
BOT'O paCIIUPEHUs.

[MTopadya mHEPTHOTO Ta3a B KaMepy Harpe-
Ba KOHTPOAUPYETCS M PETYyAUDPYeTCs poTa-
metpoM PM 0,63 (Y3 TOCT 13 045-81). Uc-
TIOAB3yeMasd MOAEAD IIPEACTABASIET COOOM CTEK-
ASTHHYIO TPYOY C KOABLIEBBIMU YIIAOTHEHUS-
Mu. CeueHne TpyOBI C TpeMd I'PAaHAMH, IIa-
ParMeABHBIMU IIeHTPAABHOU OcH, o0ecIeun-
BaeT CaMOI[eHTPUPOBAaHUE [IOIIAABKA B IIOTO-
Ke. Takasi KOHCTPYKIIUSI IIO3BOASIET ITPOBO-
AUTH U3MEpEeHUsI AAaBAEHUS ra3a B KaMepe
C BBICOKOM TOYHOCTEIO. OIITMOHHEIN 3aIIUT-
HBIYU IIPO3PAyYHBIN KOJKYX U3 IIOAMKApOOHa-
Ta ob6ecrmeunBaeT 0630p 180°. PorameTp oc-
HallleH KOABIIEBBIMU YIAOTHEHUSIMU U CHT-
HaAW3aTOpPaMU IPEAEAbHBIX 3HAaUeHUY pac-
X0Ad rasa. 3aMeHa TPyOKHU M IIOIIAABKA MO-
>KeT IIPOM3BOAUTECS 0e3 AEMOHTa’Ka KOPIIYCa.

KoHTpoAB TeMIlepaTypHl B KaMepe Harpe-
Ba OCYIIIECTBASIETCS MHOTOYHKIIMOHAABHBIM
ABYXKAHAABHBEIM U3MEPUTEAEM-PEeryAITOPOM
OBEH 2TPM|1 ¢ yHUBepCAABHBIMH U3MEPU-
TeABHBIMU BXOAAMU (PYKOBOACTBO IO 3KCIIAY-
aranuu, OBEH 2TPM1). I'lo ycTotiumBocT
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K OAEKTPOMAarHUTHBIM BO3AEUCTBUAM U YPOB-
HIO M3Ay4aeMbIX PaANOIIOMeX OH COOTBETCT-
ByeT 000pyp0BaHMIo Kaacca B o 'OCT 29216.
I'lpepen OCHOBHOU IPUBEAEHHON MOTPENTHOC-
TH IIpU paboTe C TEPMODAEKTPUUECKIMH TIpe-
obOpa3oBaTeassMu coctaBasgeT +0,5 %, TepMo-
IpeoOpa3oBaTeAsIMU COIIPOTUBAEHUS U YHU-
DUIVPOBAHHLIMHA CUTHAAAMU IIOCTOSTHHOTO
Hanps>kXeHuss 1 Toka — +0,25 %.

OAEKTpHUYEeCKUe XapaKTEePUCTUKHU HUCCAE-
AyeMOro oOpa3sla roOpHON OPOABI U3MePH-
torcsa npubopom RLC-meter MHC-1100 [Py-
KOBOACTBO ..., 2008]. RLC-meTp npeapHa3Ha-
YeH AASL aBTOMATHUYECKOTO OIIPEASAeHUSI T1a-
pameTpoB umnepanca (emkoctu (C), HHAYK-
THUBHOCTH (L), akTuBHOTO conpoTuBAeHHUA (R),
B3aMMHOU UHAYKTUBHOCTH (M), TaHTreHCa yI-
Aa moteph (tgd) u TaHTeHCa yraa pa3zoBOTO
capura (tg¢) (ao6potnocTu (Q- 1 Q)) mo
AIOOOU M3 ABYX3AEMEHTHBIX CXeM 3aMellle-
HHs, @ TaK’Ke IIPOIEHTHBIX OTKAOHEHHU C
IpeACTaBAeHUEM pPe3yAbTaTOB U3MepeHUN
B nmdpposoM Bupe. RLC-meTp obOecneunBa-
eT: aBTOMaTUYeCKUM BHIOOP XapaKTepa pe-
AKTUBHOCTH OOBEKTa U3MEpPEeHUMN IO KpHU-
TepHUIo "IPEBAAMPYIOLINN apamMeTp'; y4eT
HaYaABHBEIX IIapaMeTpOB; YCPEeAHEHUe pe-
3yABTATOB U3MEPEHNH; YCTPaHEHUe BAUSHUS
CeTEeBBIX IIOMeX (Ha OTAEABHBIX OTOBOPEHHBIX
YaCTOTax); U3MePEHNE C PETyAUPOBKOU 3Ha-
YeHUs HaIpSKeHUs IIepeMeHeHHOTO TOKQ,
[I0AaBaeMOTro Ha OOBeKT usMepeHus. [lpu-
OOp MMeeT ABa peXUMa M3MEepeHUM: pa3o-
BBIM — AASI M3MEpPEHUsI HEU3BECTHBIX Be-
AWYMH; CAEAAITUN — AN HEIIPePBIBHOTO U3-
MepeHUsI U3MEeHSIOIINXCS BO BpeMeH! Be-
AWYMH, 00ecliednBaeT YeThIPEXIIapHOe IIOA-
KAIOUeHHMe 0OBbeKTa U3MepeHMsT M MOJKET TIOA:
KAtoyaThes K [1K gepes nmocaepOBaTeABHBIN
naTepderic RS232. OcHOBHLBIE TeXHUYECKUE
XapaKTepUCTUKU IIpubopa IPeACTaBAEHBI B
TabAUIIe.

Crsizp RLC-MmeTpa MHC-1100 ¢ kKommbiOTE-
POM ocyImecTBAsIeTcs 1o mporokory MODBUS
RTU. MHC-1100 onnpeaeAeH Kak BeAOMOE YCT-
POMCTBO U OTBeYaeT Ha 3alPOCH], TOCTYIIAIO-
IIMe OT Bepylero ycrpotictea (IT9BM). O6-
MeH Mexkpy ycrpouctsoM u [TOBM cocto-
UT U3 ABYX cooO1eHuii. [lepsoe — 3ampoc,
KOTOPHIU nocTtymnaeT oT [I9BM Kk BepoMoMy
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YCTPOUCTBY. BTOpoe — OAMHOYHEBIN OTBET,
KOTOPBIN OCTYIIaeT OT BEAOMOT'O YCTPOMCT-
Ba Kk [IOBM. O6Ga oTtdopmMaTupOoBaHbl KakK
cooOmenns nporokora MODBUS, naswiBae-
Mble nakeTaMu. Ka>KABIN [TaKeT COCTOUT M3
IIOCAEAOBATEABHOCTH OAUTOB, CTPYHIINPO-
BAaHHEIX B Ye€ThIPE IIOASA, OIMMCAHHBIX HUXKE.

AgpecHoe. CocTouT 13 opHOrO OauTa. B
dopMaTe makeTa 3TOT OAUT ONPEAEATIET aA-
pec yCTPOMCTBa, K KOTOPOMY HAaIlpaBASIeT-
cs 3anpoc. KaskpoMy BEAOMOMY YCTPOMCTBY
B mpoTtokore MODBUS nipricBauBaeTcs cBou
HEMOBTOPSIOIINICI aApec.

DynkyuoHarbHoe noAe. COCTOUT M3 OAHO-
ro Ganra. OnpepenrsgeT PyHKIUIO, KOTOPYIO
BEAOMOE YCTPONUCTBO AOAJKHO BBIITOAHUTB. Ec-
AN BepOMoe YCTpOfICTBO MOJXET BBIIIOAHUTH
3aIpaImMBaeMyr0 (DYHKIIIO, TO PYHKIIMOHAAE-
HOe TIOAe OTBeTa OyAeT TaKUM JKe, KakK U II0-
A€ 3aIIpoca, eCAM He MOYKET, TO (PYHKIIHO-
HaAbHOE TIOA€ BO3BPAIAEeTCs C eAUHUIIEN B
cTapiieM paspspe. 1o cooliaetr [TOBM,
YTO BEAOMOE YCTPOMCTBO BO3BPAIlAE€T COO0-
njeHre o6 omwubKe.

Ilore gannblx. AAVIHA TIOAS 3aBUCHUT OT
THIIa (PyHKIUH.

I'loae npoBepku. 3HaueHUE DTOTO MOAS BBI-
YHUCASIETCS IyTeM BBIIOAHEHUS HUKAWYEC-
roro kKoHTpoass (CRC-16).

CHUHXPOHM3AIHS TAaKETOB OCYIIECTBASET-
Cs 3a CUeT 3aAAHUS OTPaHNYEeHUsI MHTePBa-

OCHOBHbIE TEXHUYECKHE XapaKTePUCTUKH
RLC-merpa MHC -1100

HN3mepsiemas
Aunana3on
BEANYHNHA
R, OM Or 1 107> po 1 010"
C @ or 1107 50 10
Ry, OM Or 1107 po 1 010"
tg3, OTH. ea. Or 1 107> A0 65535
tg®, oTH. ea. Or 1 107 a0 £65535
IpoueHTHEIE +100
OTKAOHEHUA
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AQ BpEMEHU MeKAY IIOCAEAOBATEABHBIMU Oaii-
TaMU B IIpeAeAax OAHOTO cooOinenus. Ecau
3a BpeMs, HeOOXOAUMOeE Ha IIpUeM Tpex OauT,
He OyA€T PacIllo3HaH HOBBIM, TO CAEAYIOIINN
NPUHATHIN OalT OyAET pacCMaTPHUBATHCA KakK
aApecHOe MOoAe HOBOTO COOOIeHUs.

A]\H 3allnCUu AAHHBIX, HOAY‘{eHHBIX B IIpPO-
Iecce U3MepPeHNY, UCIOAL3YETCS TPUAOIKEe-
Hue "RLC-Meter'. B pe3yabTaTe morydaeM
alin B TEKCTOBOM (popMaTe, C KOTOPBIM MOJK-
HO paboTaTh B ATOOOM TaOAMUYHOM PEAAKTO-
pe (mampumep B Microsoft Office Excel).

[MpuHnunuarbHAs cxeMa KOHCTPYKIIUU
aBTOMATU3UPOBAHHOTO KOMIIAEKCA U3Mepe-

HUSA 3AeKTpudeckux cBoMcTB (AKVOC) npu-
BeAeHa Ha puc. 2.

OCHOBHBIMU CTPYKTYPHBIMU SA€MEHTaMU
KOMIIAEKCA ABAAIOTCA: OAOK HarpeBa, u3Me-
PHUTEAB U PETUCTPATOP (KOMIIBIOTED). DAEKT-
PHUUYECKUN HarpeBaTeAb () IpeACTaBASIET CO-
OOM Pa3ABUIKHYIO TEDMOU30AUPYIOIIYIO Ka-
Mepy C HUXPOMOBOU CIIMPAABIO AMaMETPOM
1 MM, KOTOpass HaMOTaHa Ha KBapIEBYIO TPYO-
Ky U IIOMellleHa B apMUPOBAHHBIN [UAWHA-
pUYecKul Kopiyc, @yTepOBaHHBIN BEICOKO-
TeMIepaTypHOU 0OMa3KoU. AOIIOAHUTEABHO
HAAEJKHAsT TEIAOUBOAAUSA 00eCIedrnBaeTCs
0a3aAbTOBOM BAaTOM. BepxHAA 4acThk TepMoO-

13 2 2
| 1
j"--22{}\/'
50Hz
—
RLCmeter
— \MHC 1100
1=
TOK 5 7 8
4 P
_/. i'.,'

Puc. 2. [IppHIMIMaAbHAsS CXeMa KOHCTPYKIIMM aBTOMaTU3MPOBAHHOTO KOMIIAEKCA U3MEPEHUS SAEKTPUYEC-
kux cBoMcTB (AKMIOC): | — HarpeBaTeAb JAEKTPUYECKUH (CIIMPAAb — HUXPOM); 2 — PETryAsITOP TOKa TUPUC-
TopHBIH BY3509-3282YXA4; 3 — obpa3sel] mopoakl; 4 — TepMomnapa XA (BepxHsis); 5 — TepMomnapa XA (HUX-
Hes); 6 — u3meputeab-peryastop 2TPM1; 7— npu6op RLC-meter MHC-1100; 8 — noTeHImomMeTp yCTaHOB-
KU TOKa HarpeBaTeAsl; 9 — aMIlepMeTp KOHTPOAS TOKa; 10 — IPUKUMHOE YCTPOUCTBO; 11 — KAEMHUKU AN
yeTkIpexnapHoro nopkatouenust RLC-metpa; 12 — npubopHas naHeab; 3 — GaANOH HEUTPAABHOTO ra3a;

14 — xBapiieBas TpyoOKa.
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KaMepsl 3alfuileHa acOoeCcTOBOM KPHBIIIKOMU
(ToammeOM 30 MM), B KOTOPYIO BMOHTUPOBAH
NUPOPUAAUTOBBIN AepPKATEAb IAEKTPOAOB.
B HuKHeNM yacTu TepMOKaMephl eCTh OTBEp-
CTUEe C KOHUYECKOM (PacKoM, KoTopasd Nnpu
ONTyCKaHWU KaMephl Ha HUJKHUMN ONOPHBIN
AeprKaTeAb I[eHTPUPYET SAeKTPOABL. B ka-
YecTBe NCTOYHUKA ITUTaHUS IIOCTOSTHHOTO TO-
Ka HCIIOAB3YETCSI TUPUCTOPHBIN PETYASITOPD
(2), obecrieunBarOIINM HAarpeB UCCAEAYEMO-
ro o6pasiia mopoasl Ao 1100 °C.

Oo0pa3er (3) pa3melaeTcs BHyTPU KaMe-
pPBI HarpeBa Me>XKAY HUKEAEBBEIMHU HAU I'pa-
(bUTOBEIMU dAEKTpoAaMu. TeMnepaTypa 00-
pasiia KOHTPOAMpPYeTCs TepMoIiapaMu (4, 9),
TEPMOIJAC OT KOTOPHIX YCPEAHSIETCS M IIO-
CTyIlaeT Ha MHOTOMYHKIJMOHAABHBIA ABYX-
KaHAABHBIM U3MepUTeAb-peryadarop 2TPM1
(6). VaMepuUTEAB-pETYAITOP PAbOTAaET B pe-
JKMe KOHTPOASI MAU PEryAupOBaHUS TEM-
IepaTyphl oOpasna mo 3apaHHOM IIporpam-
Me. VM3y4yaeMble nTapaMeTpsl oOpasna pHK-
CHPYIOTCSI IPeIU3nOHHLIM Iprbopom MHC-
1100 (7). HukeneBble 3A€KTPOABI U HUXPO-
MOBBIE TOKOIIOABOABI IIO3BOASIIOT IIPOBOAUTD
nccaepoBanus A0 TemrnepaTypsl 1100 °C. Tok
HarpeBaTeAbHOM CIVPAAW yCTaHABAMBAaET-
Cs1 IepeMeHHBIM Pe3UuCcTOpoM (8) U KOHTPO-
ampyetca amnepmerpoM (9). C mOMOIIBIO
TYMOAEPOB YCTaHOBKA BKAIOYAETCSI B PESKUM
KOHTPOASI UAML @BTOMATUIECKOTO PETYAUPO-
BaHUs TeMIlepaTyphl Harpesa. [ Ipubops! pas-
MellleHBl Ha IaHeAu (12). Aad ycTpaHeHUsd
BAMSHUS OKHUCAUTEABHBIX IIPOIECCOB IIPU Ha-
rpeBe 00Opas3moB B HavaAe OIBITOB B KaMme-
py HarpeBaTead u3 O0aanroHa (I13) mopaercd
aproH MOA PETYAUPYEMBIM N30BITOYHBIM AAB-
AerreM. [To OKOHYaHMIO IIpOIlecca m3Mepe-
HUM BepXHSS 4acTh HarpeBaTeAs IIOAHWMaA-
eTCsl CIeIVaAbHBIM ITOABEMHBIM MeXaHU!3-
MOM U oOpaser U3BAeKaeTCsI N3 KaMephl Ha-
rpeBa.

PesyAbTaThbl HCNIBITAHU. YCTAaHOBKA IIPO-
IIIAQ ONLITHLIE UCIIBITAHUS Ha COOTBETCTBUE
[IAQHUPYEMBIM ITapaMeTpaM. M3mepeHus TeM-
IIepaTypPHLIX 3aBUCUMOCTEN DAEKTPUIECKUX
XapaKTePUCTUK TOPHBIX IIOPOA Ba*KHO IIPO-
BOAUTE B 30HE C HAaMMEHBIIIUM I'PAaAUEHTOM
AT o0ecIiedyeHMsT PaBHOMEPHOTO Harpesa
obpasna. C 1eAbI0 OTIPEeAEAEeHUsT TaKOM 30-
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HBI HE3aBUCHUMOU TEPMOIIapOM OBIAU CAEAa-
HBI 3aMephI TeMIIEPATYPhI BAOABL CTBOAA TIe-
uym ¢ maroM 10 mm. I'lpu pukcupoOBaHHBIX
TeMIIepaTypax B U3MEPUTEABHOU JYeliKe —
250, 500 u 700 °C (KOHTPOAB IPOU3BOAUA-
(67} MHOI"O(bYHKLII/IOHdAbHBIM ABYXKAHAABHBIM
usMmepurereM-peryargaropom OBEH 2TPM1)
U AAS K@KAOM 3a(pUKCUPOBAHHOM TeMIlepa-
Typbl OBIAW IIOCTPOEHEBI KPUBEIE €€ U3MeHe-
HUM (puC. 3), U3 KOTOPBIX CAEAYET, UTO 30HA
C HQAUMEHBITUM TeMIIePATYPHBIM I'DAAUEHTOM
HaxopauTcd Ha ypoBHe 100—150 MM oT pHaA
KaMepbl ¥ IIPOCTPAHCTBEHHO COBIIAAAET C W3-
MEPUTEABHOUN SYENKOU.

IToryueHHBIE pe3yABTATH TADUPOBKH yC-
TAHOBKM ITO3BOAUAM IMEPEUTU K OTPabOTKe
METOAUKU HW3MEPEHUM JIAEKTPUUYECKUX IIa-
pPaMeTpOB IOPHEIX IIOPOA.

B KauecTBe MaTeprasa AASL IKCIIEPUMEH-
Ta OBIAU TOAOOPAaHBI 00pa3iiLl Tabopo (Ccpea-
HE3epHUCTHIN), Oa3anbTa (MEAKO3EPHUCTHIN)
¥ PO30BOT'0 KBapIUTa (MEAKO3EePHUCTHIN MO-
HOMMHEPAABHBIN). KBapIuTEI (OBpyYCKas ce-
pUs BEPXHETO IPOTEPO304) OTOOPAHEL B Ce-
BEPHOM YaCTU CEBEPO-3allaAHOTO patioHa YK-
panHCcKoro muta (YILI); 6a3arbTel (BEHACKAA
Tpanmnosasa popmalusg) — B IPeAeAdx 3a-
napHoOro ckaoHa YIII; rab6po (OyKMHCKUU
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Puc. 3. TeMnepaTypHBIN I'PAAUEHT B CTBOAE IIEUN.
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KOMIIAEKC HU)XKHETO IIPOTep030s1) — B IIpe-
AEAax I0JKHOM Y4aCTU CeBepOo-3allaAHOro pa-
VoHa YIII. 113 OA0KOB OpPOA OBIAW M3TOTOB-
A€HBI MAUQHEL, 110 KOTOPBIM BEIIIOAHEHO MX
nerporpadgudeckoe onmucanue. MccrepoBaH-
HBIM OOpa3zel] pO30BOT0 KBAPIIUTAa IIPEACTaB-
AfIeT COOOM MEAKO3EPHHUCTYI0O MOHOMMWHEDPAAD-
HyIO IIOPOAY 'PAHOOAACTOBOM CTPYKTYPEL, CO-
CTOSIIIIYIO U3 N30METPUYHBIX HEIIPAaBUABHOM
(OpPMEI (4aCTO YTAOBATHIX) 3epeH KBaplla.
'abopo — cpepHe-3epHUCTasA IOPOAA, CO-
CTOSIIIAS M3 AaAAOTPUOMOP(PHEBIX, peske IpU3-
MaTUIECKHUX ¥ TAOAUTYATHIX 3e€peH IIAAruo-
KAAa3a, NMPOKCEHA, a TaKKe 3epeH PYAHOTO
MHWHEpPAaAa, allaTUTa M Jelryek 6nortura. ba-
3aALT IPEACTABACH MEAKO3EpPHUCTOM pa3Ho-
CTBIO, COCTOSIIEN 13 OOABIIOIO KOAMYECTBA
0eCHopsIAOYHO PACIIOAOKEHHBIX ACUCT TIAG-
T'MOKAA3a, B YTAOBATHIX IPOMEKYTKAX MeK-
AY KOTOPBIMH IPUCYTCTBYIOT NHPOKCEH U
PYAHBINM MuHepaa. OOpa3snsl M3roTaBAWBA-
AMCH B OpMe AUMCKOB AuamMeTrpoM 21 MM u
BBICOTOM OT 4 A0 14 MM, IO HECKOABKO AYO-
Ael pa3HoU BBICOTHI. [IpoOkBI OpaAuch ecTe-
CTBEHHO-CcyxuMu. O0Opa3nsl NOMENIAAUCEH B
KaMepy HarpeBa, KyAda IIOAQBAACS aproOH.
[MTpou3BOAMAMICEH U3MEPEHUS UX IACKTPUIEC-
KUX XapaKTePUCTUK C IOBBIIIEHUEM TeMIle-
partyps (c marom 50 uanm 100 °C). CKOpoCTb
HarpeBaHusi — 10 rpaa / MuH. B Kakpou
“TeMIIepaTypHOU TOUKe" M3MEpEeHUU Aera-
AWCH AECSITUMUHYTHBLIE BpEeMEeHHBIE BBIAEDIK-
KU AASI PABHOMEPHOTO PaCIpeAeAeHUs Tell-
Ad IO 00BeMy oOpasia.

Pe3yAbTaThl 9KClIepUMEHTAABHBIX UCCAE-
AOBaHMN. YAEALHOE SAEKTPUUYECKOe COIIPO-
TUBAEHHE 006PAa3[0B IOPOA OIPEAEASINOCH IO
M3MEpPEHHLIM 3HAUYeHUSM OJAEKTPUIECKOTO
compoTuBAeHUs 1o popmyare R=pl/S, rae
S — mAOIaAb SAEKTPOAOB; | — ToAtMHA
obpasiia. OTHOCUTEABHAS AUBAEKTpruUecKas
[IPOHUIIAEMOCTEH PACCUYUTHIBAAACH ITO (POP-
MyA€ AASI €MKOCTH IIAOCKOI'O KOHAEHCATOpa:
C, = €¢, [S/|. TToanyueHHBIE AaHHBIE 00pa-
OGaterBaAuCh B mpuaoxennu Microsoft Office
Excel

B xope srcriepmMeHTa AA HEKOTOPBIX II0-
poa OBIAM IIOAYYEHBI YaCTOTHBIE TeMIIepa-
TYPHBIE 3@aBUCHUMOCTH YAEABHOTO 3AEKTPU-
YeCKOTI'0 COIIPOTUBAEHUA (P) Ha IIOCTOTHHOM
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Toke 1 yactoTtax 100 I'mm, 1, 10 m 100 xI'my, a
TAK’)Ke OTHOCUTEABHOM AMIAEKTPUYECKOU
nIpoHuIaeMocTu (€) Ha wactorax oT 100 I',
20 100 k' (puc. 4—7). MiI3yuyeHne 3AeKT-
pUYEeCKHX IIapaMeTpoB B BHIOPAHHOM dYac-
ToTHOM Amana3oHe (oT 0 oo 100 xI'1y) mpea-
CTaBASIET OCOOBIM MHTEpeC, Tak KakK MMEHHO
OH IPe0OAAAAET IIPU F€OIAEKTPUUECKUX HC-
CAepOBaHUAX 3eMHOM KOpHI [[Ileneas, Kpas-
uyk, 2007].

XapakTepHast 0COOEHHOCTb KPUBBIX SAEKT-
POCOIIPOTUBAEHMS 00pa3ia po30BOro KBap-
ouTa — Haauuyue "IIpoBasa’ B MHTEPBAAE
temmeparyp 400—600 °C (puc. 4, a), uto
IIPEAIOAOKUTEABHO CBSI3@HO C IIOAMMODPQ-
HBIM TTepexopoM (573 °C) o-KBapiia B [3-KBapii
(0-Si0, « B-Si0,). OTOT (ha30BLIH HEPEXOA
SIBASIETCSI AePOPMAILMOHHBLIM, 3aTparuBaro-
IIVM IEPBYIO KOOPAUHAIIMOHHYIO cdepy. Ae
dopManmOHHEBIE TIEPEXOALI IIPOUCXOAIT 0e3
paspblBa XUMHYECKOM CBSI3H, IIyTEM €€ HUC-
KaskeHUs1. [Ipm TakMX Nepexopax IIPOHCXO-
AUT AVIIITH HeOOABIIIOE N3MeHeHNe KPUCTaA-
ANYECKON pelleTKU. DHeprus aKTHUBaIuu
TaKUX IIEPEXOAOB MaAd, MO3TOMY OHM OT-
HOCATCA K "OBICTPBHIM ITepexopaM’” [I'ydaH,
1982; JKpaauos, 1988].

B aTOM TeMIlepaTypHOU OOAACTH TaK’Ke
MO>KHO HAOAIOAQTH CKAYKOOOpPAa3HOEe YBEAU-
YeHHe OTHOCUTEABHOU AUDAEKTPUUECKOM
IIPOHUIIAEMOCTH OT €AVHUI] A0 HECKOABKUX
AECATKOB (puc. 4, 6), YTO XapaKTEPHO AAS
cerHetosarekTpuueckon touku Kropwu [Ilas-
A0B, XoxaoB, 2000]. Hauboaee BhIparkeHa
9Ta @aHOMaAUs B OOAACTH HU3KHUX YacCTOT.

TeMnepaTypHO-4YaCTOTHBIE 3aBUCUMOCTU
SAEKTPUUYECKUX XapaKTepPHUCTHK 00pa3IioB
rab0po mpepcTaBAeHBI Ha puc. 5, 6. OauH
n3 AyOAel TOPOABI UCCAEAOBAACI B UHEPT-
HOM cpepe (puc. 5, a), a Apyrou — 6e3 110-
AQ4U aproHa B KaMepy Harpeaa (puc. 5, 0).
B obAacTi MOAIPOHHOU IPOBOAMMOCTH (20—
200 °C) BHaYaAe MPOUCXOAUT MOHUKEHUE
SAEKTPUYECKOTO COIIPOTUBAEHUS ITOPOA, (MH-
TepBaa Temneparyp 20—100 °C), a 3aTem
yBeAHUYeHUe, YTO CBI3aHO C YAAAEHUEM BAG-
TH, IPUCYTCTBYIOIIEN Ha I'PAaHUIAX 3€peH.
KpuBBEIle 5A€KTPOCOIPOTUBAEHUSI 06pasIig,
MCCAEAOBAHHOTO B OKHCAMTEABHOU CpeAe,
OTAWMYAIOTCSI OOABIIIUM KOAWYECTBOM H3AO0-
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MOB C PA3HBIM YI'AOM HAKAOHA KPUBLBIX. 3TO
COOTBETCTBYET PA3HLIM JSHEePIrudM aKTHUBaA-
VU TOKOHOCUTEAEH! 1, BO3MOJKHO, CB3aHO
C OKHCAUTEABHBIMH IIpOIeccaMy IIpu Ooaee
BBICOKOM KOHIIEHTPAIIUU KUCAOPOoAa [KpaB-
uyk, Kopuns, 2015].

OOpa3zoBaHue OKCUAOB B KUCAOPOACOAEP-
JKaler cpeae TOBBIIIAeT SIAEKTPUIECKOe CO-
HpOTI/IBAeHI/Ie, qTo O6yCAOBA€HO HNOHHBIMUA
CBA34dMU HpI/I MAABIX TOHHBIX paAI/IYCEiX Ka-
TUOHOB, OOAAAAQIONINX HEe3HAUNUTEALHOM II0-
AgpusdyeMocThsio [[lapxoMmenko, 1984].
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Puc. 4. TeMnepaTypHO-4aCTOTHBIE 3aBUCUMOCTH AOTapU(dMa IAEKTPUIECKOTIO COIIPOTUBAEHUS (@)
U OTHOCUTEABHOU AUBAEKTPUUECKOU TPOHUIIaeMOCTH (6) oOpasiia po30BOTO KBapIiUTa.
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XapakTep 3aBUCHUMOCTHU OT TeMIIEepPaTyphl B Hum3KOTEMIEepaTypHOU oOAacTH B 0O-
U 9aCTOTBI AeKTPUUECKUX IIapaMeTpPOB 00-  pasllaX BHauare HAaOAIOAQETCA yMeHbIIIeHUe
pasia 0a3zanrbTa CXOXK C QHAAOTUUYHBIMU 3a- SAEKTPUUYECKOTO COIPOTUBAEHUSA (IPU TEM-
BUCUMOCTSIMU AAS TaGOPO, UTO CBSI3aHO € Io-  meparypax Ao 100 °C) u HeKoTOpoe ero yBe-
AOOHOCTBIO MUHEPAABHOI'O COCTaBa MCCAe- AWUYEeHHe B pe3yAbTaTe YAAA€HUS BAATU U3

AOBAHHBIX IIOPOA, (puC. 7). OTKPHITEIX TTOP (A0 200 °C). C pAaAbHEHUITUM
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Puc. 5. TeMnepaTypHO-4aCTOTHBIE 3aBUCUMOCTU AOTapu(Ma SAEKTPUIECKOTO COITPOTUBAEHUSA
obOpa3siia rab0po: B UHEPTHOU cpeAe (a), B OKUCAUTEABHOM (0).
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TIOBBIIIIEHUEM TEMIIEPATYPHI SAEKTPHUUYECKOE
CONPOTUBAEHHE PABHOMEPHO MaAd€eT. Xapak-
Tep KPHUBBIX AUIAEKTPUYECKOU IIPOHUIIaE-
MOCTH OOPATHBIU — C MOBBIIIIEHUEM TeMIIle-
paTypsl € YBEAWYHUBAETCH, YTO XapaKTEPHO
AMT MOHHO-PEAAKCAIMOHHOIO MEXaHU3Ma IIO-

Aspu3anuu, HaOAIOA@EMOM B MOHHBIX AU-
ASAEKTPUKAX C HEIIAOTHOM YIIaKOBKOU MOHOB
B KPUCTaAAUUeCKOU pelieTke. [Ipu sTom HU3-
KOYAaCTOTHAsI AUDAEKTPUIECKasi TPOHUIIae-
MOCTH YBEAUYUBACTCA C HanOOABIINM r'pa-
AWEHTOM.
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Puc. 6. TeMniepaTypHO-4aCTOTHBIE 3aBUCUMOCTH OTHOCUTEABHON AMBAEKTPUYECKON ITPOHUITAEMOCTH
obpaaiia rabbpo: B UHEPTHOU cpeAe (a), B OKUCAUTEABHOM (0).
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OO0OcyXAeHue pPe3yAbTaTOB. BOALITUH-
CTBO MUHEPANOB U TOPHBIX IIOPOA, SIBASIOT-
Cs1 MOHHBIMU KPUCTAAUIECKUMU AUIAEKT-
pukamu. MloHHas 3AeKTPOIPOBOAHOCTD, KaK
[IPaBUAO, HUCHBITHIBAET yBEAWUYEHHE C TEeM-
neparypor. OAHAKO Ha KPUBBIX 3AEKTPOCO-
IIPOTUBAEHUS BBIACASIIOT HECKOABKO Pa3Ho-
IPAAUEHTHBIX OOAACTEN, B KOTOPBIX 3AEKT-

pUYecKoe CONMPOTHUBAEHUE TPUOAMIKEHHO SIB-
AeTCs AMHEeMHOW (PyHKIUeN TEMIIEPATYPHI.

OueBUAHO, OOAACTH PA3AMYAIOTCSI TUIIOM
SAEKTPOTPOBOAUMOCTU. BEIAEASIOT TpU TH-
Ta MMOCAEAHEN: MOASPOHHAsA, TpUMecHass u
COOCTBEHHas.

1. Iloaapornaa nposogumocms. OCyIecT-
BASIETCSI DAEKTPOHAMU UAW MOHAMU, KOAED-
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Puc. 7. TeMnepaTypHO-4YaCTOTHEIE 3aBUCUMOCTH SIAEKTPUUECKUX XapaKTEPUCTUK oO0pasiia 6a3arbTa: @ —
3aBUCHUMOCTH AOTapU(Ma IAEKTPUIECKOTO COTPOTUBACHUS, O — AUIAEKTPUIECKOM MPOHUIIAEMOCTH.
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AIOIIMMUCS B (DOHOHHOM IIOAE€ KPUCTAAAK-
YeCKOU peIleTKH, XapaKTepHa AAS HU3KO-
TeMIIepaTypHOM 0OAACTU (OT KOMHATHOU AO
200 °C). Bo MHOTUX AUIAEKTPUKAX ITOABUIK-
HOCTb 9A€KTPOHOB U ABLIPOK UpPE3BBIYANHO
Mana — B COTHU UM Aa’Ke THICSUM pa3 HUKe,
YeM B IIOAYIIPOBOAHUKaX. CTOAL HU3KHE 3Ha-
YeHUusa IIOABUMJXHOCTHM CBA3AHBI C TeM, 4TO
SAEKTPOHBI HAXOASATCSI B 3TUX BEIeCTBaxX B
CBSI3@aHHOM COCTOSIHUH, 00pa3ysi KBa3udac-
TUOBL (HOASIPOHEI). TakuM 00pa3oM, KpoMme
9AEKTPOHHOTO MeXaHN3Ma IIPOBOAUMOCTHU B
AUDAEKTPUKaX MOYKeT CYIIeCTBOBAaTh TakK-
JKe W APYTOM MeXaHH3M IIepeHOca 3apspa,
MOAYUYHUBIINM Ha3BaHHE NOASPOHHOrO. Ilo-
ASPOHHAS IPOBOAVMOCTL BO3HUKAET B TOM
CAydYae, KOTAQ SAEKTPOHEI UAU ABIPKY CHUAB-
HO CBI3a@HBI C KDUCTAAANYECKOU PEeNIeTKOM.
I'lpu HM3KOU KOHIIEHTPAUM CBOOOAHBIX HO-
cuTeAed 3apsAd B AMDAEKTPUKAX MOJKET Cy-
IIECTBOBATh IAEKTPUUECKOE TIOAE, IIPUBOAS-
1Iee K CMEIeHUIO CBSI3aHHBIX 3aPSIAOB (IIOAS-
pusanuu). B psgae CAydaeB 3A€KTPOHEBI IPO-
BOAUMOCTH IIOASPU3YIOT CBOUM IIOAEM OK-
PY’KAIOUIYIO UX OOAACTh AUDAEKTPUKA U AO-
KAAM3YIOTCS B HeU. JTa 00AACTh MCKaKeH-
HOM peIIeTKU BMeCTe C HaXOAAIIUMCS B Hel
SAEKTPOHOM (AU ABIPKOM), BBI3BABIIINM KC-
Ka’keHHe, W MOAYYHAA Ha3BaHUeE IIOASIPOHA.
I'op AeticTBUEM DAEKTPUUECKOT'O TTOAST IAEKT-
POH IIepeMeNIaeTcsi BMECTe C IIOAIPHU30BaH-
HOM OOAACTBIO, T. €. MPOUCXOAUT ABUIKEHUE
IIOASPOHA.

[MoArsspoHHAs TPOBOAMMOCTL XapaKTep-
Ha AAS MOHHBIX KPHCTAAAOB, TA€ KYAOHOB-
CKO€e B3aMMOAEUCTBUE MEXKAY IAEKTPOHAMU
¥ MOHaMH, 00pa3yIoUINMU KPUCTAANIECKYIO
CTPYKTYPY, OCOOeHHO BeAuKo [[1aBroB, Xox-
AoB, 2000].

2. I[Npumechasi npoBogumocms (200—600 °C).
OAEKTPOIIPOBOAHOCTD B AMIAEKTPUKAX OCY-
IIIECTBASIETCS B OCHOBHOM MOHaMW IIpUMecen
AeTioasdpu3alue 3a cueT Ae(PeKTOB KpUC-
TAAAMUYECKOMN pPeIIeTKHU.

3. CobcmBeHHAs1 NPOBOgUMOCMb. DAEKT-
POIIPOBOAHOCTE (DOPMHUPYETCST 3a CUEeT OC-
HOBHBIX MOHOB KpI/ICTaMI/IquKOfI peunieTku
(uHTepBan OOAee BBICOKMX TeMIIEPATyp).

Ha nponiecc mpoBOAMMOCTU B TOPHBIX T10-
pPoAax B O0IIEM CAydae HAaKAQABIBAETCS IIO-

I'eogusuueckuti xypnaar Ne 1, T. 40, 2018

Adpu3sanusg, o0yCAOBAWBaeMas AMOO OpUeH-
Tale AMNoAed, AmM0O CMeIeHUEM 3apPsAOB
OTHOCHUTEABHO APYT Apyra. [TosToMy Ha 3a-
BucuMocTsx Igp =f (T) ra66po m GazarbTa
B mHTepBare Temmepatyp 200—400 °C Ha-
OAIOAQIOTCSI AOKAABHBIE MAKCUMYMBI DAEKT-
poconpoTtuBAeHUs. [IPOBOAMMOCTE AUIAEKT-
pHKa IIpU IIepeMeHHOM TOKe (TakK Ha3blBa-
eMasi aKTUBHAas yAEABbHas IIPOBOAVUMOCTS)
CKAAABIBAETCSI KaK M3 MCTUHHOM OMUYECKOM
IIPOBOAMMOCTH, BBI3BAHHOMN rmepeMelnieHmemM
HOCHUTEeAEH 3apsipd, TaK U U3 IOTepb JHep-
TUU, CBA3AHHBIX C pAucnepcueli. CKOpoOCTh
pacIpoCTpaHeHUusI 30HAUDPYIOUINX AUIAEKT-
PHUYECKYIO CPEAY IAEKTPOMArHUTHBLIX BOAH
3aBUCHUT TOABKO OT €€ OTHOCHUTEABHOU AU-
SAEKTPUYECKOU MPOHUIIAEMOCTHU (£), KOTO-
past XxapaKTepu3yeT CBOMCTBO BeIllecTBa II0-
ASIDU3OBBIBATLCS B DAEKTPUUECKOM IIOAE.
[MToCKOABKY ITOAIPU3AIINs IPEACTABASIET CO-
0011 MHEePIIUOHHLIN IIPOIECC, TO AAS ee pas-
BUTHA TpeOyeTcs onpepereHHOe BpeMs. Ko-
AMYECTBEHHO 3alla3pblBaHME CTAaHOBAEHUS
MOASIPHU3AaLIUU XapaKTepU3yeTcss BpeMeHeM
perakcanuu T, B TeUeHHEe KOTOPOTO IIOASI-
pHU3anys CIapaeT IMOCAe IIPeKPaIeHus AeH-
CTBUS TIOAS.

Pa3AngaroT HECKOABKO BUAOB IIOAIPH3a-
OWY, OCHOBHBIMHU M3 KOTOPBIX SBASIIOTCS:

— DAeKTPOHHAas1, BLI3BaHHAs CMeIleHU-
€M B JAEKTPUYECKOM IIOAE IAEKTPOHHBIX
0DOAOYEK aTOMOB OTHOCHUTEABHO @TOMHBIX
SIAEP U XapaKTepHas AN BCEX aTOMOB (T=
= 10714 + 1071 ¢);

— MOHHAad, HabAr0pAaeMasd B MIOHHBIX KpU-
CTarrax, OOYCAOBAEHA YIPYIHUM cMelle-
HUEM B DAEKTPHUYECKOM IIOAE Pa3HOMMEH-
HBIX MOHOB U3 UX HOAOXKEHUM PaBHOBe-
CHUd B IIPOTUBOIIOAOJXHBIX APYI' OTHOCH-
TEABHO ApPyTa HalpaBAeHMsX (T= 10712+
+ 10713 ¢);

— aTOMHasi, OOYCAOBAEHHAsI CMeIeHNeM
aTOMOB Pa3HOTO TUIIA B MOAEKYAE ITOA AeH-
CTBHEM SAEKTPHUYECKOTO oA (T= 10712+
+ 10713 ¢);

— OpHEHTAIIMOHHAs, XapaKTepHAasl AAS
TIOASIPHBIX AUSAEKTPUKOB (KHUAKOCTEN U
ra3oB), COCTOAIINX M3 MOAEKYA C IIOCTO-
SAHHBIMU SAEKTPUYECKUMU AUIIOABHBIMU
MOMEHTaMH, a TaK)Ke AAS KPUCTAAAOB, B
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KOTOPBIX AUTIOABHBIE MOMEHTEL MOT'YT I10-
BOPAUYNBATHLCS;
— peAaKkcalluoOHHas (TeImAOBas), OOBIU-
HO HaOAIOA@eMast y MOHHBIX KPUCTAANOB,
rae CcAa0OCBsI3aHHBIE MOHBI MOI'yT UMeThb
HECKOABKO PABHOBECHBIX MOAOKEHUU, B
KOTOpPBIE OHU IIEPEXOAAT CKauKOOOPpa3Ho.
AAS ABYX TIOCAEAHUX BUAOB OAIPU3AINY
3HaYeHUs T AeKaT B OUeHb MIMPOKUX IIpe-
aerax (1=1072—10712 ¢) u cymecrsen-
HBIM 00pa30M 3aBUCAT OT TEMIIEPATyPHL.
B IIepeMeHHBbIX SAEKTPOMATIHUTHBEIX IIO-
ASX BBICOKHX YaCTOT, KOTAA ITOASIPH3AINs
13-3a CBOMCTBEHHOM el THEPIIMOHHOCTH Ha-
YUHAEeT OTCTABAThb OT IOASPUIYIOUIETO IIOA,
B TOKe CMEIIeHUS MOSIBASIETCSI KOMIIOHEHTa,
CABHHYTAs 110 CPABHEHUIO C ITOASIPU3YIOIINM
moAreM Ha 90°, KOTOpas 1O HaANpPaBAEHUIO
COBIIaA@ET C TOKOM IIPOBOAUMOCTH [Ay3HH,
Sanenwus, 2015]. [ToaTOMy ITOBHIIIIEHNE TEM-
mepaTyphbl YBeAMUYUBACT Me>XATOMHEIE pac-
CTOSTHUSI, BCAEACTBYIE UETO CBSI3b MEXKAY OT-
AEABHBIMM MOHAaMM OCAAOASIETCsI, B3aMMHOEe
CcMellleHre MOHOB IIOA AeMCTBHEM BHEIIHe-
IO SAEKTPUUECKOTIO IIOASI OOAETUaeTCs, B pe-
3yABTaTe AUIAEKTPHUYECKAs IPOHNIIaEMOCTD
HOHHBIX KPHUCTAAAOB BO3PAcTaeT. OTO MOA-
TBepskpaeTcss u 3aBucumoctsamu € = f (T).
BeiBoABI. CO3AQHHBIN 3KCIEPUMEHTAAD-
HBIM KOMIINEKC AAST MICCAEAOBAHUS IAEKTPU-
YeCKUX IIapaMeTpoB 00pasroB MUHEPAAOB U
TOPHEIX IIOPOA B IIIMPOKOM AMalia30He TeMIle-
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paTyp B HEUTPAABHON U KMCAOPOAHOM Cpe-
A€ TI03BOASIET MCCAEAOBATH 0OPA3ITbl MUHE-
PAABHOTO BeIecTBa B HU3KOYaCTOTHOM CITEKT-
pe 3AEKTPOMArHUTHBIX BOAH, YTO AA€T BO3-
MOJXHOCTB IIOAYYUTH HeOGXOAI/IMYI-O HOBYIO
UHQPOPMAIIUIO O TPUPOAE TTPOUCKOASIITUX
npotieccoB. [Ipu HeKOTOPOM! AOPabOTKE 3TOT
KOMIINEKC OyAET UCIIOAB30BAH AAS U3YUEHUS
AAEKTPUYECKUX XapPaKTEPUCTUK TOPHBIX TI0-
POA IIPU OAHOBPEMEHHOM BO3AEHCTBUU AAB-
AEHUM U TEMIIEPATyP, MOAEAUPYIOIIUX TeP-
MOAVMHaMU4YeCKue YCAOBUA I‘AY61/IHHBIX ro-
PU30HTOB 3eMHOM KOpHI. OCHOBHEIMU (haK-
TOpaMU, BAUSIONIMMH Ha XapaKTep IOAyYeH-
HBIX 3aBUCHUMOCTEM BAEKTPUYECKUX TIapa-
METPOB MCCAEAOBAHHBIX 00Pa3IioB, IBASIOT-
CsI BAA’KHOCTB, MUHEPAABHBINA COCTaB, COAEP-
>KaHUe KHCAOpoAa u TeMmueparypa. C yBe-
AWMYEHUEM YaCTOTHI TPUAOKEHHOTO 3AEKT-
PHUYECKOTO TIOAST 3HAUEHUS SAEKTPUUECKUX
mapamMeTpoB 0Opa3iia YMEHBIIAIOTCS, YTO CBU-
AETEABCTBYET O ITPe0OA3AAHUN €MKOCTHOM
COCTaBASIONIeN mMIlepaHca. I Toka3aHo, 4To
oOpa3oBaHNe OKCUAOB B KUCAOPOACOAEPFKA-
1Ied CpeAe YBEeANUYMBAeT IAEKTPUIECKOoe CO-
npoTtuBAeHUe. [Ipy MOBEIIEHUN TeMIIEPATY-
PBI AUBAEKTPUYECKasi IPOHUITaeMOCTh MOH-
HBIX KPUCTAAAOB BO3PACTaeT, UYTO CBS3aHO
C ocrabAeHUEM CBA3U MEXKAY OTAEABHBIMU
noHaMu. HM3K09acTOTHAST AMIAEKTPUIECKAs
IIPOHUIIAEMOCTh Hamboaee UyBCTBUTEABHA
K AebopMarimoHHEIM (DA30BEIM IIEPEXOAAM.
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Shanov S., Yanev Y., Lastovickova M., 2000. Tem-
perature dependence of the electrical conduc-
tivity of granite and quartz-monzonite from south
Bulgaria: geodynamic inferences. J. Balkan Geo-
phys. Soc. 3(2), 13—19.

A system of experimental studies of electric
properties of rocks in the inert medium

0 M. V. Kravchuk, V.A. Korchyn, V. P. Kobolev, N.1. Novik, 2018

In the work presented, the construction and the hardware-methodological features
of the automated measuring system developed and realized at the Institute of Geophy-
sics of the National Academy of Sciences of Ukraine designed to study electrical pa-
rameters of the mineral substance at temperatures up to 1100 °C in oxygen-containing
and inert media are described in detail. The results of some experiments performed at
the stage of experimental tests of the complex in the temperature range from room tem-
perature to 700 °C are shown. The factors influencing the character of the obtained
temperature-frequency dependences of the electrical parameters of the investigated
samples are considered and analyzed. It is shown that the formation of oxides in an
oxygen-containing medium increases the electrical resistance. The difference in the
gradient of the change in p from the temperature, especially in the range 300—500 °C,
is due to the fact that the electrical conductivity is carried out mainly by impurity ions
and crystal lattice defects. As the temperature is raised, the dielectric constant of ionic
crystals increases, which is due to the weakening of the bond between the individual
ions. Low-frequency permittivity is the most sensitive to deformation phase transitions
and is a more informative parameter, since it varies with a larger gradient.

Key words: PT-petrophysics, electric parameters, measuring complex, inert medium.
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