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IMeyaraercsi MO pemeHHI0 Y4eHOro COBETAa XHMHYECKOTO
¢axyabrera (nporokoxn Ne 13 or 21 pekaGpsi 1974 r.).
B BecTHHKe NMpHBEEHB! Pe3yJbTaThl HCCJELOBAHHS pa-

CTBOPOB S3JIEKTPOJIMTOB B HEBOJHLIX H CMEIAaHHBIX cpejax, -

KHHETHKH SJEKTPOJHBIX TMPOLECCOB, KOMIUIEKCOO6pasoBa-
nusi. PaccmarpuBalorcs MOHOOOMeHHast COpPOIHS M KOJJIO-
HAOXUMHYECKHEe XapaKTePHCTHKH UIJIAMOB B IPOMBIIIJIEH-

HBIX CTOKaXx.
Paccuntan Ha Hay4YHbIX PaGOTHHKOB M CHENHAJHCTOB

B 06/1aCTH XHMHH. 3
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YIK 541.8
C. B. TOPBAYEB, n-p xum. nayx

3JEKTPONPOBOAHOCTb PACTBOPOB NPH BHICOKUX
TEMNEPATYPAX

[MoBbiuenue uuTepeca K HCCAEAOBAHHSIM  3JEKTPONPOBOJHOCTH PacTBOPOB
B IIMPOKOM AHANa30He TeMIeparyp o6YCc/IOBJeHO HEeCKOJbKHMH npuuynHaMu. ITpex-
Zle BCero mnoJjiyyaembie B 3TOH 0GJIaCTH CBE/IeHHS CYIIECTBEHHO JOMNOJHSIOT H YIiyGe
JSIOT MOHMMaHue NPHPOJALI PAacTBOPOB 3JeKTpoauToB. Ho Kpome Toro, smexrpo-
TPOBOAHOCTH PACTBOPOB B BLICOKOH CTeNeHH ONpeessieT Pacxo 3JeKTPOIHePrHH
B mponeccax 3JeKTPOJH3a, KOTOPole MMEIOT MaciiTal He KPYIHOro IPOH3BOJACTBA,
a BaxHOIl oTpacam HapojaHoro Xxossiicra. HaMm ynazoch mokasatb, 4To 3J€KTpo-
XHMHYECKHII CHHTE3 NpPH NOBBIIIEHHbIX TeMIepaTypax Hen3GexKHO MOJNYYHT LIHPO-
KOe mpuMeHeHHe B NpPOMBIIIJIEHHOCTH. BOmpochl 3/eKTPONpPOBOAHOCTH pPacTBOPOB
IpH BLICOKHX H Ja)e 3aKPHTHYECKHX TeMIepaTypax craju pa3pabaThiBaTh s
CHCTEeM TeNJiO- H aTOMHOH SHEpPreTHKH, a Takxe B 06jacTH XxeMoTpoHuku. [IpoGae-
Mbl KOPPO3Hid H IeOXHMHH NOJIE3HBIX HCKONAeMbIX TaKXe OOpPaTHJH BHHMaHHe HC<
c/iefioBaTesell Ha SIBJEHHSI 3JeKTPONPOBOIHOCTH PacTBOPOB IPH BHICOKHX TeMIepa«
Typax.

Hccemenopanus BIHSHHS TEMIepaTyphl Ha  3JeKTPONPOBOLHOCTL PACTBOPOB
Brepsble Gbuti BuimoaHenbl A, C. Casesnbesbim (1844, Kasanckuii yHmBepcurer).
| UnoGbl BLISICHHTD BJHsIHHE BA3KOCTH PAaCTBOPA HA TOJBHIKHOCTH HoHOB, C. Appe-
HHYC H3MEPHJ 3JIEKTPONPOBOAHOCTh PACTBOPOB 3JMEKTPOJHTOB, K KOTODHIM JJIA
'BapbUPOBAHHA BSSKOCTH NOOABJSJHCH TJIMIEDHH, Caxap, JKeJaTHHd H Kpaxmal.
PeayapraThl naMepenuit He fanu (N0 NMOHSATHBIM B Halle BpeMsi IPHYMHAM) KOJHYe-
CTBEHHOrO TMOATBEPIKJAEHHS] AOTAlKH O BJHSHHH BASKOCTH Ha NMOABHIKHOCTb HOHOB.
Bekope E. Koabpaym nposesn usMepeHHsi 3/€KTPONPOBOAHOCTH pactBopos KCI
npu temneparypax ot 10 go 90° C u Hames, 4TO H3MEHEHHsI 3JEKTPONPOBOIHOCTH
C HEeKOTOpbIM NPHOJAHKEHHEM COOTBETCTBYIOT H3MeHeHHSM BSI3KOCTH PacTBOPOB
TPH M3yueHHBIX Temnepatypax. [losgHee HOSIBHAOCH HECKOJIBKO HCCAEOBAHHI 3JIEK-
TPONPOBOJHOCTH PAacTBOPOB INIPH PA3JIHYHBIX TeMIepaTypax, CpelH KOTOPBIX BbI-
Aaioweecs 3Hauenne umeorT patorsl A. Hoiteca ¢ corpynnmkamu. B stux paborax
BliepBbie 5JeKTPOIPOBOAHOCTL BOAHBIX PAacTBOPOB Psifa COJIeH H KHCJOT CHCTeMas
THYeCKH HccjaenoBaHa B uHTepBaje temnepatyp 18—306° C. Ho npumensiBmuasicst
Holiecom MeTonnka u3MepeHuil NM03BOJsAA H3Y4aThb 3JEKTPOIPOBOLHOCTL TOJBKO
BecbMa pasGasienHnx pactsopoB. M. C. aamHKep, CyIIECTBEHHO YCOBEpIIEHCTBO-
BaB METOAHKY 3KCIEDHMEHTOB, PacCMaTPHBAJ SJIEKTPONPOBOJIHOCTh BONHBIX pa-
CTBOPOB. NPH BBICOKHX KOHIEHTpaUHaX n0 Temnepatryp 340—360°. OcoGoe suaye-
Hue uccaenosanus WM. C. lasunkepa B TOM, YTO YKa3aHHble H3MePeHHS AOMOJIHS-
I0TCSl H3MepeHHsIMH IJIOTHOCTH, TEMJIOEMKOCTH, THAPOJH3a W PacTBOPHMOCTH.

*/ Merognka u3MepeHHil 3JeKTPONPOBOAHOCTH PACTBOPOB HAXOAMTCS B CTAaLHH
passutus. B maGoparopusix U. C. lamunkepa (Xapbkos), C. B. I'op6auesa (Mo-
cksa), I1. A. Kpiokosa (HoBocuGupck) mpoBeneHa 3HauuTeJbHasi pafora 1o yco-
BePHIEHCTBOBAHHIO aBTOXJaBOB. [IpojosKaercs cOBeplIEHCTBOBAHHE H3MEPHTEJNb=
HEIX fiYeeK; OCHOBaTesbHble paboThl B 3T0# o6aactu Bbimoanens C. H. CMHPHOBBIM
(Mocksa). He mosHOCTBIO yCTpaHeHB 3aTPYAHeHHs, CBi3aHHble C BBICOKOH pacTt-
BOPHMOCTBIO KBaplia B BOJie NpPH NOBLIIEHHBIX TeMIIEDAaTYPaX M BLICOKOH MAaCTHY-
HOCTBIO TeduioHa, XoTa B HccaepoBanusax A. M. Cupotnt u 10. B. IlIsuipsiesa (Mo-
CKBa) HAMETHJHCh OGelulaiol[ue peKOMeHIauuH. 3aTpyiHeHus, CBs3aHHbie CO CMe-
LIeHHEeM PaBHOBECHs Mapa ¢ MXKHAKOCTHIO, JHKBHAHPYIOTCS He BCErja YCHemHo, XO-
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T yXKe IpUMEHeHHe OMACAHHOrO B JIHTEpAType METOAA CHHIKEHHS 3epKajga HCna-
PEHHS MOTJIO Gbl MIOBBICHTb TOYHOCTb H HAJEKHOCTb H3IMEpEeHHIL.

Ilpn ompeneseansix 3/1eKTPONPOBOAHOCTH NpeebHO PAa30aBICHHbIX pPacTBOPOB
He BCerla yYHTHIBATCS BO3MOXKHAS JHCIEPCHS 3JEKTPONPOBOJHOCTH, BHI3LIBAE-
Masi spdexkroM PasbKeHxareHa.

BsiskocTb pacTBOpOB, HecoMHeHHO, BJHSIET HA NOJBHKHOCTH HOHOB H 3J1eKTPO-
npoBoxHOCTh. COOTHOWMIEH e MeXKAY BSI3KOCTbIO M 3JEKTPONPOBOLHOCTHIO HCCJGNO-
Basoch emte C. Appenuycom n E. Koabpaymenm. HanGosee ocoBarteasHO OHO H3y-
ueHo I1. V. Bampaenom. Ypasuenne CTOKCA NOJOMKEHO B OCHOBY TEODHH 3JIEKTPO-
NPOBOAHOCTH pacTBOpoB [eGas. Oxnako ¢opmyna Basbaena, BhiTekaomas s
ypaBHeHust CTOKCa, He NMOATBEPIKIAETCS ONBITHBIMH JAAHHBIMH 06 3JeKTPONpOBOX-
HOCTH pacTBOPOB B IIHPOKOM JHana3oHe Temrepartyp. COOTBETCTBYIOLIHE PacXO-
AeHHsT 0GYCJIOBJEHB! CIENYIOMUMH NPHIHHAMH: 1) BJHSIHHE TEMIEDATYpH HA Bsi3-
KOCTb Tra3oB M 2KHJKOCTeH OKAa3bIBAeTCSI KAYECTBEHHO PA3JHYHBIM, COIVIACHO Teo-
pun I'. M. TlanuenkoBa 3HauHTe/JbHOE H3MEHEHHe TEMIEPATyPhl NPHBONHT K Cy-
LECTBEHHOMY H3MEHEHHIO NPHPOJAL BHYTPEHHErOo TPeHHs; 2) HOH B DAcCTBODE fiB-
JISieTCsl NPOJAYKTOM B3auMOAEHCTBHs ra30o0pasHoro HOHa € MOJIEKYJaMH PacTBO-
puTeisi, KOTOpoe, B CBOIO OY€pPe/b, CYMECTBEHHO 3aBHCHT OT TEMIEpPaTypHI.

HekoropbiMu aBTOpaMu clesiaHbl NOMBITKH YJYYIIHTb —COTIacHe  (hOPMYJbl
Banbziena ¢ onbITOM BBeJLeHHEM N0XO0SIINX ToOKa3aTesell cTenenn. CXeMaTHIeCKHIt
YUeT B3aMMOJICiCTBHS HOHA C PACTBOPHTEJEM, XapaKTEPH3YeMBIM €ro AH3JIeKTPH-
YeCKOH IPOHHIAeMOCTbIO, MO3BOJHJ HECKOJbKO YJYYIIHTb COIVIACHE C -ONBITHBIMH
nanaeiMH GopMyssl A. M. Illkoxuna u ¢opmyast P. ®dyocca. Oxuaxo HEKOTOpbIH
CXeMaTH3M I[OCTAHOBKH 3aJlayH He JaeT BO3MOMXKHOCTH YCTPAHHTb SHAYHTeJbHHE
PACXOK/EHUS C ONBITHBIMH JAHHBIMH B obJlacTH TeMIlepaTyp, IpeBbILAIOUHX
200° C.

b. C. CMOIAKOBBEIM BLINIOJHEHB CeNHAJIbHO MOCTABJIEHHBIE HCCJEI0BAHHS Tpe-
JleNIbHbIX 3JIeKTPONPOBOAHOCTEH H IOJABHKHOCTEH HOHOB B BOJHBEIX pacTBOpax MpH
Temnepatypax or 25 no 200°C. ABTOp NpHIUea K 3aKJIIOYEHHIO, YTO B H3YYEHHOM
nHTepBase Temneparyp lg(AoMo) MoOuTH JMHEHHO 3aBHCHT OT OGpaTHO TeMmepa-
Typel T—!. Onnaxko 3 @eKTHBHAsT SHEPrHsi AKTHBALHUHM NPHBELEHHOI 3/JeKTPONpO-
BOJIHOCTH OKa3hIBAeTCs [JIsI MHOIMX H3YYeHHBIX HOHOB BEJHYHHOIl He BIIOJIHE NOCTO-
anHoH. B cornacum ¢ BerBogamu A. Il Fopnona, H. A. UsmaitioBa U 1pyrux mccJe-
JoBaTesell BA3KOCTb PACTBOpPA He SIBJISETCS €MHCTBEHHOH M JaXkKe pellaiomled mpH-
YHHOH H3MeHEHHH SJIeKTPONPOBOAHOCTH INpPH H3MEHEHHAX TeMmrnepaType. Bwmecrte
¢ TeM H3MEHEHHsI BASKOCTH HE MOLYT HE BJIHSTh Ha 3JI€KTPONPOBONHOCTb PAaCTBOPOB.
WsmepeHHsi BSISKOCTH NpPH BBICOKHX TeMIepaTypax CONPSIKEHBl CO 3HAYHTeJbHBIMH
SKCIIePUMEHTAJbHBIMH TPYAHOCTSMH. TeM He MeHee B JiIHTepaType HEKOTOpOe KOJH-
4ecTBO HEOOXOAMMBIX JAHHBIX HMeeTcsl, OCOGeHHO B OO6CTOATENbHEIX paboTax
H. ®. T'ony6esa. Hepenko naxe B OCHOBATeJbHBIX paboTax npH oGCYXKAEHHH KOP-
PeNSFH MEXAY SJEKTPONPOBOLHOCTBIO M BSIBKOCTBIO PACTBOPOB BBOJHTCS JONY-
LIEHHE, YTO 3HEPTHIO AKTHBALMM BSI3KOCTH MOXKHO CUHTATh BeJHUHHOH MOCTOSHHOIN,
He 3aBHCsILeil oT TeMmneparypsl. MHorza Takoe [omylleHHe MOXKET A€30PHeHTHPO-
BaTh o6cyxpaenne npoGiaemel. st XapaKTepHCTHKH NPHOINKEHHOCTH YKazaHHOro
JIONYIEHHsI NpHBeJleM 3HAueHHs SHEPrHH AKTHBALMH BSASKOCTH BOJABI B LIHPOKOM
HCCIeyeMOM AManasoHe TeMmiepaTyp (IO JHHHH PAaBHOBECHsS MKHAKOCTH W Iapa):

¢ °C 0 50 100 150 200 250 280 300 320 340 350 360
E ykxaa/moas 5,00 3,96 2,80 2,58 2,40 2,18 2,12 2,34 2,58 4,45 5,95 9,65

JInsnekTpudeckasi MPOHHLAEMOCTh CPell He MOXKeT He OKasblBaTb BJHSHUS
Ha B3aMMOJICHCTBHE HOHOB B pacTBOpaX. ECTECTBEHHO, YTO Y4YeT 3TOrO BJHSAHUS
BOIIeJ B KauecTBE OMHONW M3 OCHOBHLIX MJeHl B TeOPHIO Pa30aBJeHHLIX PacTBOPOB
saexrposntoB I JeGas, 3. Tokkens, I'. ®amvkenxareda, P. ®yocca, JI. Onsa-
repa, B. C. CeMmeH4eHKo. BaxkHOoCTb H MJIOIOTBOPHOCTD STHX HJIeil, IOATBEPIKAeHHAS
MOCJAENYIOMHM PA3BUTHEM HAyKH, HAllja CBOe OTPaXKeHHe B (yHIaMeHTaJbHBIX
Tpynax A. M. IlIkoanna. EcTecTBeHHO, YTO NPH HHTEPIPETALHH 3aBHCHMOCTH 3Je-
KTPONPOBOIHOCTH PACTBOPOB OT TeMIeEpPaTyphl HEKOTOphle HCCiefoBaTesi oGpaTH-
JM BHUMAaHHe HA M3MEHEHUS! [M3JEKTPHYECKOH IOCTOSHHOH B H3ydaeMOM HHTEp-
Base TemmepaTyp. JIns BOABI COOTBETCTBYIOUIHe H3MepeHHsi ObliM  BBINOJIHEHH
P. Yumenom (1930), B. Axepaogpom (1932), B. Axepaopom u A. Owpu (1950),
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M. ®panxom (1956). PesysbTaThl H3MepeHHit 151 BCEr0 MHTepPBajJa TeMNeEpaTyp or
TeMrepaTyphl 3aMep3aHusi BOJIbl NMPAKTHYECKH O KPHUTHUECKON TeMMepaTyphl, Kak
nokasan B. I1. KouapaTtbeB, ¢ YAOBJETBOPHTEJNbHOH TOYHOCTbIO MOTYT OBITh B~
paxens popmynoit DT =28280—0,0581.

BsanuMmojeficTBHeM MeXAy HOHAMH, 3aBHCSIIHM OT JM3JIEKTPHUECKOH MPOHH-
L8eMOCTH Cpejbl, TOBOPSI O MOJSPHOIl 3JEKTPONPOBOAHOCTH pPacTBOPOB, MOXKHO
npeHeGperath. ONHAKO MOXKHO JOMYCTHTb, YTO H3MEHEHHsS JHSJEKTPHUECKOR Nnpo-
HHIIaeMOCTH PACTBOPHTEJsl NOBJHMSIOT Ha B3aUMONEHCTBHE HOHA C MOJIEKYJaMH
OKpyskaiomeit cpeasl. [Tog BausIHHEM YCTeXOB Y4eHHs O cTpoeHuH aToma . Pe-
sepdopna, H. Bopa, JI. C. Pox[IeCTBEHCKOrO BOSHHKJIA HaJexJaa Ha BO3MOXK-
HOCTb OGBACHEHMSI CHJI XHMHUECKOTO B3aHMOJEHCTBHSI KYJOHOBCKHM B3aHMOMENHCT-
BUEM 3apsDKEHHBIX YacTHI. DTO HAWJIO CBOe BhpaxkeHHe B paGorax I'. Kocceas
4 M. Maruyca. Onnako yxe Bckope mosisumuecst paGotst 0. B. Xonakosa u Jle-
Hapxn-J{koHca mokasanu Heo6xoanmocTh Gosee obiiero u Gosee OCTOPOKHOTO MOA-
XOlla K TPaKTOBKe NPHPOAHBI B3amMojeicTBHs vacTHU. B stor mepuox M. Bophom
OblIO MpenioKeHO YYHTHIBATH B3aWMOJIEHCTBHE HOHOB C DAcTBODHTENEM TOXKe
¢ momouibio 3akoHa Kyzona. JIJisi Toit 3MOXH TaKas NMOCTaHOBKA MPOGJeMBl COJbBa-
Taluu GblIa BIOJIHE eCTeCTBEHHOMH, MOCKOJbKY KYJOHOBCKHM B3aHMOJeHCTBHEM 3a-
PSKEHHBIX YaCTHI[ MHITATMCh OGBACHHTD M CTPOEHHE apPOMATHYECKHX COeXHHEHHI
H Jlaxe NPOYHOCTb KPHUCTAIOB asaMaza. Uepes noJjcToseTHsi elle He JOCTHIVIO
TIOJIHOH 3aBEPUIEHHOCTH Y4YeHHEe O MNPHPOJE XHMHYECKOH CBfI3H, HO TEOPHSl 3THX
ABJIEHUIl W METOJAbl HCCJENOBAHHSI B JaHHOH 0oO6JacTu mperepmenau rayGokoe pas-
BuTHe. OIHO3HAYHON CBA3H MEXAY MNpPEeNeJbHBIMH MOABHKHOCTAMH HOHOB H JH-
3MIEeKTPHYECKHMH CBOMCTBAVH PAaCTBOPHTENsI YCTaHOBUTb He yanaercs. Ho mpu cpeas
HHX KOHIEHTPAIUSX 3JSKTPOJHTOB, KOr/la MeXHOHHOe B3aHMOJEHCTBHE HMeeT Cy<
UlecTBEHHOE 3HAYeHHWe, HaOuonaeTcsi MHTepecHoe siBjeHue. Kak wu3BecTHO, nad
BOJHBIX PACTBOPOB 3JIEKTPIJHTOB GOJBIIOH TPyNIe BemlecTs NpHCYIla (B COOTBET-
ctBun ¢ Teopueit [leGas—TIiokkeas—On3arepa) JuHeHHass 3aBHCHMOCTb MOJISIPHOMN
3JIEKTPONPOBOJHOCTH OT KOPHSI KBaJPATHOrO KOHUeHTpamuu. st craGhix 3JeKs
TPOJUTOB MOJyJalOTCSI B TeX JKe KOOPJHHATaX XapaKTepHble KPuBble JuHHH. [Ipn
TeMnepartypax B Auanasone 150—340° C THNHYHBIE CHJIbHBIE 3JIEKTPOJIHTHI, TakHe,
kak KCl, B yka3aHHBEIX KOOPJHHATAX AIOT KPHBbIE, XapaKTepHble IS CAa6LIX 3Je-
Krposuros. CrekTpasbHble HCCJAENOBAHHS MOKAa3ald, 4TO NPH 3TOM 0O6pasyioTcs ue
TOJILKO MOHHBIE NMapHl, HO H MOJEKYJIbI.

B paGorax H. U. Xuraposa (uccaefoBaHHSI 3JEKTPONPOBOAHOCTH BOJHLIX pa-
crBopos o TeMnepartypsl 300° C) u ocoGenno B paGorax B. H. Peixenko (to xe
1o rtemmeparypsl 700° C) mokasaHo, uTo st MHormx BemlecTs pK amcconmanmu
H COOTBETCTBEHHO 3HEPTHs AHCCONHAINH JHHEHHO CBA3aHbl C BEJHYHHOI, 06paTHOI
AH3IEKTPHYECKOH ITPOHHIAeMOCTH.

3HauHTeNbHBIE HCCJAEJOBAHHS  3JEKTPONPOBOJIHOCTH PACTBOPOB  MPOBOASTCS
B J1a6opaToOpHsiX, IJe 3aHHMAIOTCH Npo6GJeMaMH 3HEPreTHKM M reoxumuu. [las
ITHX o6JacTeli HayKH XapaKTepHO IIHPOKOe H3yueHHe OGJacTeif He TOJbKO
JOKPHTHYECKHX, HO H 3aKPHTHUECKHX TemnepaTyp. IIpm 3TOM OCHOBHHIM mapamer-
POM COCTOSIHHSI CHCTeMBI NPHHHMAETCS He TeMNepaTtypa, He BSI3KOCTb, a NJOTHOCTh
pactsopurens. Pa6orst A. M. Cuporsl, 10. B. Illsuipsiea, B. H. Poixkenko nokasa-
JM, 9TO IpelesbHble MOABUKHOCTA HOHOB, HOHHOE TPOW3BENeHHEe BOJbl, KOHCTAHTHI
IHCCONKANMYE PACTBOPEHHLIX SJIEKTPOJHTOB BbIPAXKAIOTCS YETKHUMH IVIABHBIMH JIH-
HHSIMH 3aBHCHMOCTH OT TJIOTHOCTH H TEePeXojl B 3aKPHTHYECKYI0 o0aacTb He Ha-
Pymaer efMHOl MJaBHON 3aBucHMOCTH. KpuBasi «He 3ameuaer» nepexona B 3aKpH-
THYECKYI0 00J1acTh.

HMeloTcss OCHOBAHMS TOJAraTh, YTO MCCJEIOBAHHs 3JEKTPOINPOBOJHOCTH pa-
CTBOPOB TPH NOBBIEHHHIX TEMNEpPaTypax MO3BOJSIOT He TOJbKO NOJYYHTh CBesle-
HHUSA, HACYIHO HeOOXOAMMble Jisi NMPOMBIILIEHHOCTH, HO M OOGHAPYKHTb SIBJEHHS,
NpencTaBIAIoNIHe Cepbe3Hblil HHTepec /I o6ulell TeOPHA PaCTBOPOB.
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B. b. CTE[IAHOB,
A. H. 1Y3AHOB,
B. K. 1bIBCKHHA

HHU3KOYACTOTHASI BECKOHTAKTHASl KOHAYKTOMETPHS.
PEIIEHUE CXEMO-TEXHHYECKHMX 3AJAY

B necstoii naTHIeTKe npejycMATPHBAeTCs pacliHPeHHe TIPOH3BOACTBA MPOMBILI-
JIEHHBIX TOBApPOB H NPOAYKUHH CEJbCKOrO X035fiCTBA B OCHOBHOM IIyTeM yBeJHue-
HHA NPOU3BOAUTENBHOCTH TPyAa. 3HAUHTENbHYIO J0JI0 POCTa IPOH3BOAHTEIbHOCTH
TPYAA MAcT MOBBIIEHHe KYJAbTYPbl MPOH3BOACTBA — OCHAIEHHE ero KOHTPOJBHO-
H3MEPHTEJbHBIMH NPUOOpaMK, aBTOMATH3ALHS TEXHOJOTHYECKHX NpPONEeCCOB. B na-
CTOsillee BPeMs Cepbe3HOe BHHMaHHe YJeNSeTCs OCHAIIEHHIO NPeANpHATHI CcpencT-
BaMH, TMO3BOJSIOMKMH KOHTPOJMPOBATb TeXHOJOrHYeCKHe MPOLECChl H YNpaBJsiTh
uMH. B He menee 76% nojpsexaiux KOHTPOMIO MPOLECCOB B XHMHYECKOi IPOMBIili-
JIEHHOCTH HCIOJIb3YIOTCS JKHAKHE CPelbl-DACTBOPLI B BOJE MJIH B APYTHX PacTBOPH-
TeJIsX, N03TOMY 0C000e 3HauyeHHe NPHOOPETAIOT NPHOOPHI KOHTPOJS CONEpPIKAHHS
PacTBOPEHHOr0 BelleCTBA.

OnHuM M3 MeTOJ0B, NMO3BOJIAIONINX CO3aTh OTHOCHTENBHO NPOCTHE,.Ha/LeKHbIE,
YYBCTBUTEJNbHEIE H ObICTPONEHCTBYIONIHE TIPHGOPHI, SIBJASETCS KOHAYKTOMETpHS, HC-
MOJb3YIONasi 3aBHCHMOCTb 3JIEKTPONMPOBOJHOCTH PACTBOPA OT PACTBOPEHHOTO B HEM
Bemectsa. K npuGopam, npennasnagenHbiM Jsi 0OIIeNPOMBILIIEHHOTO PUMEHEHHS,
TIPEIbSABJIACTCS PsAX TPeGOBaHHIL, OT yyeTa KOTOPHIX B IIPOIleCCe Pa3pabOTKH 3aBH-
CHT HX «KH3HEHHOCTb». OCHOBHBIE W3 HHX: NPOCTOTA MOHTAXKAa M HAJAAKH, BHICO-
Kasi HaJle}KHOCTb H PeMOHTONPHIOAHOCTb, MHHHMA/JbHOE PerJiaMeHTHOe O0C/AYKHBA-
HHe, AOCTAaTOYHAsi TOYHOCTb, BOSMOIKHOCTb HCIOJH30BAHHS B PA3JHYHBIX TeXHOJO-
THYECKHX TOYKaX (WHPOXUi AMana3cH paGoYHX TEeMNEpaTyp H JaBJeHHil, BO3MOXK-
HOCTb H3MEPeHHsSI 3JEKTPOIPOBOAHOCTH CYCNEeH3Hit, 3IMYJbCHI, IOMeXo3au(uien-
HOCTb), HaJHYHe CTaHAAPTHOrO BLIXOAHOTO CHTHAJA.

Ot TpeGoBaHHs OrPAHHYHBAIOT pa3HOOOpasue cnocoGOB 3amepa 3JIEKTPONPO-
BONHOCTH. B NMPOMBINIJIEHHOCTH NPUMEHSIOTCA IVIABHBIM O0Pa3GM KOHAYKTOMETpH-
YeCKHEe aHaJH3aTOPbl C KOHTAKTHBIMH (ABYX- H YeTHIDEX3JEKTPOJAHBIMH) YYBCTBH-
TeJIbHBIMH 3JIeMEeHTaMH, HCTIOJIb3YIOUHE TepeMeH bl TOK HH3KOl 9acTOThl, 0 GecKoH-
TAKTHBIMH (BBICOKOYACTOTHLIMH U HH3KOYACTOTHBIMH).

KoHTakTHBIE UYBCTBHTENbHBIE 3JEMEHTHI HCMOJAb3YIOTCA JJIS YHCTHIX BOXHBIX
H HEeBOJHBIX PacTBOPOB, a Takxe JIJs 3JeKTponpoBopHocreir or 104 Cam/cu n ni-
Ke, GeCKOHTAKTHBIe BBICOKOYACTOTHBIE — B OCHOBHOM JJIi HEBOJHBLIX PacTBOPOB,
2 GecKOHTAaKTHBIE HH3KOYACTOTHbIE (CXeMbl ¢ TAK HA3BIBAGMBIM MKHMIKOCTHHIM BHT-
KOM CBfI3H) — JUJIA 3aMepa SJeKTPONPOBOXHOCTH YHCTHIX M 3arps3HeHHLIX BOAHBIX
PAacTBOPOB 3JEKTPOJHTOB C 3JeKTponpoBofgHocTsiMH 10— Cm/cm n Buime. Taxux
PacTBOPOB B NPOMBIIIJIEHHOCTH MOAABJSOIee GOJBLUIHHCTBO, MOITOMY OCTAHOBHM-
Csl JIMIIb Ha KOHAYKTOMEeTPaX, HCHOJB3VIOUIHX NPHUHIUI XKHAKOCTHOrO BHTKA.

AHanH3 JHTePATYPHBIX HCTOYHMKOB, MATEHTOB W  ONHCAHHI  BBIIYCKaeMbIX
B CCCP u 3a py6exoM npxuGopoB MO3BOJISIET C/les1aTh BHIBOX O TOM, YTO JIYYIIHMH
METPOJIOTHYECKHMH TOKa3aTensiMu obaafaeT KOHAYKTOMETD ¢ JAByXTpaHchopmaTop-
HbIM KOMIEHCALHOHHBIM UYYBCTBHTEJNbHBIM 3JI€eMEHTOM, INPeICTaBJAIINM  Co6OiH
TpaHCHOPMATOPHBIH H3MepuTeabublii Moct. [Ipuuuun ero pa6orh onucan B [1, 2].
OcTaHOBUMCS Ha HEKOTOPBIX OCOGEHHOCTSIX PaGoThl TAKOro YYBCTBHTEJHHOTO 3J]e-
MEHTa, MaJO OCBeNIeHHBIX B yKa3aHHBIX HCTOYHHKAX.

OcHOBHOIT 3J1eMeHT TPaHcHOPMATOPHOrO MOCTAa — KOMNapaTop TokoB Ip2, na
KOTOpHt ¢ Tp I mojaioTcs uepe3 M3MepsieMOe H YPaBHOBelIHBalollee COTIPOTHBJE-
HHe HanpsKeHus, pasandaomuecs no ¢ase na 180°. B saBucumocTn oT cooTHOmIe-
HHSI MEXAY BXOJHBIM CONMPOTHBJIEHHEM HArpy3kKd (OOBIUHO YCHJHTEJb) H BBIXOJHEIM
COTIPOTHBJIEHHEM KOMIIapaTopa BO3MOXKHBI Pa3JiMuHble PexKUMbl paGoThl. [Ipenens-
HBIMH SIBJISIIOTCSL PEXHM XOJOCTOrO Xofa (Ryx= ~) M PeXHM KOPOTKOro 3aMbIKa-
HuA (Rux=0).

O6biyHO crapawTcsi 06ecneunTb peknM, OJH3KHHA K pPEeXHMY XO0JOCTOro X01a,
4TO ONpefensiercst CTPeMJIEeHHeM MOJYYHTh HanGOJbIIYI0 YYBCTBHTEALHOCTb MO Haf-
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PAKeHnI0. an BBIIOJIHEHHH [AAaHHOro YCJOBHSI BBIXOJAHOE HaNpsKeHHe 4YYyBCTBH-
TeJLHOrO 3JeMeHTa

»— W, W;Cg
e=4A STy AR S (1)
Tie A — xo3(pGHIHEHT, ONpeieJsiONlHii YyBCTBHTENbHOCT MOCTa, NpPONOPLHOHA-

JEH KBajgpaTy YacTOThl MHTAIONIEr0 HANPSIKEHHS H 3aBHCHT OT TeOMeTPHYeCKHX
Pasmepos, cBOMCTB MaTepHaja CepAeYHHKOB TPAHCHOPMATOPOB H KOJHYECTBA BHT-
KOB ux 06MOTOK; C — 3JEKTPOJHTHYECKAs MOCTOSHHAA YYBCTBHTEJILHOTO 3JEMEeHTa;
% — ymenbHas 3JeKTPONPOBOAHOCTb aHAJH3UPYEMOH Cpelbl; g — MPOBOAHMOCTD
KOMIeHCaIlMOHHOTO 3JIeMeHTa.

YKazauublii pexXuM IpHMEHeH BO BCeX KOHAYKTOMETPAX, BbIyCKaeMbIX B Ha-
c'l'Ofllimee BpeMs, ucnosabaylomux tpaHcopmaropumi  moct  (KHY, KK, OKB,

H 1p.).

Kom?apamp, paGoraiomuii B pexume, GIH3KOM K DPeXHMY XOJOCTOrO Xona,
Npexcrasaser co6oit cucreMy, 06J1a1alonylo0 BEICOKOH n06poTHOocThI0. C 0fHOM cTo-
POHEI, 3T0 CHHIKAET ee NOMEXO3aUHIIEHHOCTb, C JPYroii — H3-3a CHJIbHOI 3aBHCHU-
MOCTH cOGCTBEHHOIl 4acTOTHl Pe30HaHCa OT BHEWIHHX (AKTOPOB M HeCTaGHJbHOCTH
Napamerpos, Bxoasiinx B Kosdduunent A (1), NpHBOAHT K Pe3KOMY H3MEHEHHIO
UYBCTBHTE/IbHOCTH UyBCTBHTEJNbHOro saeMeHTa. IlombiTkn ee craGmausnpoBaTh
OGhlyHO GesycneumlHbl. YKa3aHHBle HEJOCTATKH 3aTPYAHSAIOT CO3laHHe JOCTATOYHO
TOYHBIX ¥ cTaGHAbHO paboTalomux NPHGOPOB.

PexuM KOPOTKOTO 3aMbIKAHHS NPAKTHYECKH YCTPAaHSIET BCe HEJOCTATKH pexkH-
Ma xosocroro xoma. Pa6ora kommaparopa 3iech aHajorugHa paborte TpaHcdop-
MaTtopa Toka. MamMeHneHHe mapaMeTpoB CepledyHHKa yiKe He CKa3hiBaeTCs Ha KO3d-
Dunuente mepesaun KoMNaparopa; pPe3KO IOBHIIAETCS IOMeXOYCTOHYHBOCTD,
HCKJII0YAIOTCSl Pe30HaHCHBIE sIBJIEHHSl, TAK KaK H3-3a pPeXHMa KOPOTKOro 3aMbiKa-
HHS BHIXOAHOH OGMOTKM KOoMmapartopa A06poTHOCTb cucrembl Gu3ka K Hymo. Ta-
Kasg cucreMa o6ecreunBaer JyYIIYI0 CXONHMOCTh YPaBHOBeIHBaeMOH H ypaBHOBe-
WyBaomiefi 1eneil ¥ cTaGHALHOCTL a6COMOTHONH YYBCTBHTEJNbHOCTH B IIHPOKOM JHa-
NasoHe H3MEeHeHHA M3MepsieMoro napamerpa [3, 4].

B nanHOM ciydae YyBCTBHTEJbHOCTb CHCTEMbl ONpeJiesisieT TOK B BBIXOJIHOM Ile-
TH KomnapaTopa. [1OCKOALKY KOHCTPYKTHBHO MYBCTBHTEJIbHBIE 3/EMEHTHl OGBIYHO
BLIIOJIHAIOTCA TAK, YTO XKHAKOCTb OXBATHIBAE€T TOPHl OJHHM BHTKOM CBA3H Wo=
=W,=1 (puc. 1),

U »—W,WCg

i = W——WT C . 2)
Yenosue PaBHOBECHA MOCTa 3alHIleM TaK:
x=W3sWsCg. (3)

PeakTuBHEIMM COCTaBAAIONMMH BBHLY HX MaJOCTH npeHeGperaem.

Peannsauusi pexuMa KOPOTKOro 3aMblKaHusi 6e3 NOTepH YyBCTBHTEJbHOCTH H3-
MepuTesbHOH IeNH He BCTpeuaerT OCOOBIX 3aTPYNHEHHH, NpHYeM TeXHHYeCKH 3Ta
Peasusanus He CJOXKHee, YeM JUIs peXKHMa XOJOCTOTo Xoja.

W3 Buipaxenus (2) caenyer, YTO YYBCTBHTEJbHOCTL OOpaTHO NMPONOPIHOHAMb-
Ha KOJIMYEeCTBY BHTKOB BBHIXOAHOIN 06MOTKH Ws. Onnako ycnoBueM obecnedeHHs pe-
¥KHMa KOPOTKOrO 3aMBIKAHHS Zpx € 0L HaKJajAblBaeTcsi OrpaHHYeHHe HA MHHH-
MaJbHOe YHCJIO BHTKOB Ws.

TakuM 06pasoM, CymieCTBYIOT JBa NYTH TNOBBHILIEHHS YYBCTBHTEJNbHOCTH IS
KOPOTKO3aMKHYTOTO KOMMapatopa: yBeJHWYeHHe YIeJbHOH HHIYKTHBHOCTH BBIXOX-
HO¥ O6MOTKH 32 CYET MAaTepHasa cepJeyHHKa M CHHXKeHHe BXOAHOrO CONpOTHBJEHHS
CXeMBI. .

Kak yxe ykassiBanoch, BCe BhiNycKaeMble HbiHe KOHIYKTOMETPbl HMEIOT PexiM
koMmnaparopa, 6JH3KHiT K pexkHMY XoJocToro xona. IlepeBol HX B pPeXHM KOpOT-
KOro 3aMBIKaHHSI HECJOXEH W CBOJAHMTCA K mepecyeTy o6MOTOK KOMOaparopa H K co3-
NlaHuio HAa BXOJe YCHJHTeNs YCTpOHCTBa, ObGecneuHBalollero MaJjoe BXOAHOE COM-
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potuBaenne, ITostomy Gymem paccmatpuBath OGLiHe IJIsi STHX DEXHMOB TpeGo-
BaHHA H PelleHHs.

B GosblIHHCTBE aBTOMaTHYECKHX KOHIYKTOMETDOB B KaueCTBE KOMI@HCAIH-
OHHBIX 3JIEMEHTOB TPHMEHEHbl 3JIEKTPOMEXAaHHYECKHEe CHCTEMBI: JBHTaTesib — peo-
XOpA, ABHraTeldb — AH(GepeHnHaNbHasi TpaHCHOPMATOpHAs KaTyllKa, CeJbCHH
u T. 1. HenocTaTok Takux cHCTeM — HaJHuHe NOJBHXKHBIX YacTeil B H3MEPHTeJbHOMH
LIeNH, 9TO Pe3KO CHHKAET HAJEKHOCTb H yBEJHUYHBaeT 00beM perjaMeHTHBIX paGoT.

Bosee nepcrekTHBHB GeCKOHTaKTHblE KOMIEHCAIHOHHBIE 3JeMeHTsl. FiMu moryT
6bITh TPAH3HCTOPHl (OCOGEHHO MOJIeBbIE),
sneMeHThl Xo0JJa, NOJOTNPeBHbIE TepMOpe-

aucTopsl M ap. Ceflyac HCCJAeLOBAHBI H HAH- 'm
Gojlee IIHPOKO MNPHUMEHSIOTCS MOAOTpeB-
ol z Tp2
U w, We %Wq W > R
W Ws s
Puc. 1. Puc. 2.

Hble TepMOpesucTopbl. Yacrory, Ha KOTOPOil NPOH3BOASTCS H3MepeHHs, LeJeco0s-
pasHo BbIOHpaTh 0KOMO 10 K2y, MOCKOJNBKY YMEHbLIEHHe YacTOTHl B COOTBETCTBIH
¢ ¢opmyJoit (1) CHHXKAeT YyBCTBHTENbHOCTb, a IOBBILIEHHE YACTOTHl TPHBOXHT
K HeJIONyCTHMOMY YBEJHYEHHIO KOHCTPYKTHBHBIX EMKOCTHBIX CBsiell, ()asoBbix
C/IBHTOB B TleNsAX KOMIIAPAaTOpa H B NOABOASANIMX IeNnsAX. DTO 3aTPyAHSAET HACTPOHKY
H TIPHBOJAHT K IIOSIBJIEHHIO HecGaJaHCHPOBAHHOTO CHTHAJA KBafpaTypHOH MOMeXH,
CPaBHHMOrO C MNOJIE3HBIM CHI'HAJOM HJM Ja)ke NPEeBBILIAIONIEro ero 1o BeJHYHHe.
Onnako paxe Ha wacrore 10 key KBajpaTypHas moMmexa HMeeT BeJHUHHY, He TO3-
BOJISIIONLYIO TNpeHeOpeub elo. BriabiBaeTcsi OHa CJAeAYIOUMMH TPHYHHAMH: PasHHIedH
B ()a3oBbIX yrjax CHTHAJOB, MOCTYNAlOUIHX HAa KOMIIApaTop, HAaBOAKAMH H TOMe-
XaMH B PasjHYHBIX y3jax NpuGopa, KOTOphle ONpPEAeNsioTCs raGapHTHBIMH CBS3A-
MH MeXZy 3JeMeHTaMH MOHTaxkKa.

HaBoxka Ha npoBoAa, coeauHsOMmHe OGMOTKY KOMMapaTopa ¢ YyCHJHTeJeM
curHaza pasbasaHca, B 3HAUHTeJNbHON CTENEeHH YCTPAHSETCS CHMMETPHYHBIM BKJIO-
YeHHeM Harpysku KoMmIaparopa — BXoAa ycHJuTeas. I YMeHbIIeHHS BJHSHHS
IIOMeXH, MOSABJSIOLIEHCS B pesysbTaTe eOMETPHYECKOTO CJOXKEHHS B KOMIaparope
pasnuyaiHExcs 10 (ase CHTHAJNOB JKHAKOCTHOTO M KOMIIEHCALHOHHOrO BHTKOB,
MPUXOUTCS CO3/1aBATh CIElHaNbHble cXeMbl. B HUX MOXKeT GbITh HCNOJb30BAHA PyU-
Hasg KOMMeHcalHsi NOMEXH BBeJeHHeM MNPOTHBO(A3HOro nomexe curHaja (HampH-
mep, B npuGope KJ/IB) uan aBromaTHuecKH BBejeHa NoAoGHAs KOMMEHCaLHs. rl)-lo
4BTOMAaTHYECKHE CHCTeMBl TAKOTO THIA J0BOJBHO CJOMKHBL

Bonee nesnecooGpasnbl cxeMmbl, HeuyBCTBHTeJbHBE K KBaJPaTyPHBIM IOMeXaM,
obnanawomue (asoBoil H3GHPATENBHOCTHIO. DIOK-cXeMa TaKOro KOHAYKTOMETpa
ApHBefeHa Ha pHC. 2. 31ech | — reHepaTop CHHYCOMIANbHHIX KojeGauuit B 10 kay:
Il — 9yBCTBHTENbHbI 5JeMeHT; /] — ycuauTenb curiana pasGanamca; IV — KoM-
TIEHCAllHOHHBIN 37eMeHT (Tepmopesucrop); V. — sueiika «H»; VI — xmou; VII —
tdhasocnsuraomas uenb; VIII — dopMupoBaTtesb ONOPHBIX HMIYJbcoB; /X — 60K
TepmononpaBki; X — G6JOK crangapTHoro BeixoxHoro curiana (BCBC). Heuyscr-
BUTEJLHOCTh JAHHON CXeMBl K KBaJAPaTypPHHIM NOMeXaM oObsCHseTcs TeM, 4To da-
3a curHana pasbananca TpaHcgOpMAaTOPHOrO MOCTA ONpeNessieTcsi B OY4eHb KOPOT-
KHil NIPOMEXYTOK BPeMeHH, B TNpeleslaXx HeCKOJbKHX MHKpOceKyHig. 1o obecneun-
BaeTcs rnojauei Ha Joruyeckwuii smement «M» omopHoro mmmysbca, chOpMHPOBAHHO-
ro B (dopmupoBaTese ONODHBIX HMNVJIBCOB H C(HasHPOBAHHOro ¢asocABHTraomIesH
LEnoYKoA TaK, 9TO OH NOCTYNaeT HA ero BXOA B TOT MOMEHT, KOTJla KBaJpaTypHas
COCTaBJAIOIAS CHTHAJla pasHa Hymo. B cBsian ¢ STHM NpHmeNmHA HA K04 HM-
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