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UMNYJIbLCHbBIN NMPOBOM 3JEKTPOJIUTOB IMPU MAJIbIX
BPEMEHAX BO3IENCTBUSA HANPAXXEHUSA

A. T. YEIIMKOB, b. B. CEMKHH, A. M. MUPOHOB

(ITpemcraBieHa HayyHBIM —CEMHHAPOM Hay4YHO-HCCJEIOBATEILCKOTO  HHCTHTYTA  BBHICOKHX
HamnpsizKeHui)

[TonyueHnsl BOIbTCEKYH/IHbIE XaPAKTEPUCTHKH MMIYJbCHOTO Hpo0os BOJI-
HpiX pactBopoB NaCl B uHTepBaJjie BpeMeH BO3JEHCTBUS HaNPAXKEHUS
8:1078+5-10"%cex B HEONHOPOTHOM 3JIEKTPUUYECKOM MOJIE MJsI PACCTOSI-
HUSA 5 MMm. YaedbHOe COMPOTHBJEHME pacTBoOpa HuaMeHs/och ot 10 mo
105 om cm, mpu 3TOM CONMPOTHBJAEHHE CHCTEMbl H3MEHANOCH COOTBETCTBEHHO
or 3,5 1o 3,5 10* om. YeraHOBJIEHO, UTO B HCCJIe0BAHHOM [JHAamas3oHe Bpe-
MeH 3JIeKTPHUYeCcKas MPOYHOCTb OOpATHO MPOMNOPIHOHAJIbHA JOrapudmy
YAEJBHONO «HU3KOBOJBLTHOTO®» CONPOTUBJAeHH pacTtBopa. Ilpu xpytusne um-
nyJbca HanpskeHuss 1000 k8 mxcex TIPOIIZBOAHJIOCH ‘OCIU/IJIOTpa(HpOBaHKE
npeAnpoOMBHOTO ToKa B mpoMerkyTke. OieHeHbl MaKCHMaJbHble 3HAYEHHS
pa3BuBaeMOH MOLIHOCTH W IHEPTHS, BbIJEJUBIIASCS B MPOMEKYTKe 10 MPo-
0051, B 3aBUCUMOCTH OT Y/eJbHOrO CONMPOTHB/JIEHHSI pacTBOPA.

Beenenue

BoabmunerBo ucclenOBaHU MO MMIYJABCHOMY [POOOIO 3J€KTPOJHUTOB
BBINIOJIHEHO HA UMIYJAbCaX JINTENbHOCTBIO nmopsiaka 10 ~*cex [1, 2, 3]. me-
Iolecss JaHHble 00 HMOYJAbCHOH 3J€KTPUUECKOH MPOYHOCTH 3JIEKTPOJHTOB
Ha MMIYJbCaX MUKPOCEKYH/IHOI JUINTEJbHOCTH BecbMa orpaHuuensl [4, 5, 61,

B cBsisu ¢ pacumupeHueM MOJE3HBIX TeXHHYECKHX NMPUMEHEHUH HMIYJb-
CHOT'0 3JIEKTPHUYECKOTO pa3psaaa B XKHJAKOCTH NMPEACTABJSI0 HAYUHBII H MpaK-
THYECKHII HHTEpeC HCCAeJloBaHHEe  3JeKTPUUECKHX paspsiIHbIX Xapakre-
PHCTHK 3J€KTPOJUTOB B 3aBHCHMOCTH OT HX YJAEJbHOI'O CONPOTHBJAEHHUS Ha
HMOYJbCaX MHUKPOCEKYHAHOH M HAHOCEKYHAHOH JJUTENbHOCTH. YCTaHOBJe-
1o [3], 4TO XapaKTep «BLICOKOBOJBLTHOrO» paspsjga B OCHOBHOM 3aBHCHUT OT
VIeJbHOH «HHU3KOBOJBTHONH» 3JEKTPONPOBOJHOCTH, a HE OT €ro XHMHYECKO-
ro cocraBa. [loatomy B Hactosimieil pa6ore OBIWIH HCIOJAB30BAHBI  TOJBKO
BoaHble pactBopbl NaCl ¢ ymeJbHBIM «HH3KOBOJBTHBIM» COMNPOTHBJIEHHEM
ot 10 no 105 omcm.

B nannoit paGore sKkcnepHMeHTaJbHO U3yUeHa 3aBUCHMOCTh HMITYJIbC-
HOI 31eKTPHYECKOll MPOYHOCTH YHOMSIHYTHIX BbIllie PACTBOPOB OT BPEMEHH
BO3EHCTBUSI HaNpsizKeHHs B HeoAHopoaHOM moJje. C Heabio NOJyUYeHHs MO-
JIe3HLIX KOJIHYEeCTBEHHBIX JaHHBIX, a TaKxkKe A1 OObSICHEHHS MexaHu3Mma
paspsiga noJydyeHbl 3aBHCHMOCTH HMIYJIbCHOH 3JEKTPHUECKOH NPOYHOCTH,
31IePrUH, BbIAENsIeMOH B NPOMEKYTKe, U MaKCHMaJbHOH MOILIHOCTH, Pa3BH-
BaeMoii 10 po6os OT yAeJbHOI0 CONPOTHBJIEHHS pacTBOpa.
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Meroauka 3KCNEePpUMEHTOB

HMCTOUHHKOM MMIYJABCHOTO BBICOKOTO HAMPSIKEHUS SIBJSJICI UYeThbIpex-
CiylmeHYaThll TeHepaTop MMMYJbCHBIX HampsxeHuil Ha 480 K8, ¢ €MKOCTbIO
B paspsge C = 15600 n¢. BoaHoBoe conpoTHBJEHHE Da3pPsJHOTO KOHTypa
reiepatopa 36 om. Hanps:keHnne Ha wHcciaeqyeMOM IPOMEXYTKe H3Meps-
JIOCh C MOMOIILbI0 €MKOCTHOI'O JeJMUTeJNs] HANpsAKeHUd U 3JIeKTPOHHOI'O0 OcC-
puagorpada OK 19-M2. [launa ¢poHTa BOJHBL peryjupoBatach GopMHpPY-
iomeit uenvio (Lgpu Cyp) B-mpepenax 8-10—8—7.10 ¢ cex. IIpoGoit npo-
MeKYTKa Bcerja NPOUCXOJWJ] Ha (PPOHTE SKCIOHEHI[HAJIbHOH BOJIHBIL.

M3mepenne ToKa OCYILIECTBJISIOCH C INOMOLIBIO KOAKCHAJBbHOIO IIYHTA,
curuaganl ot Kotoporo no kabemiwo PK-103 nopaBanuce Ha NJIaCTHHBL SIBJe-
Eusa Tpyoku ocuuisorpada OK19-2M. Ha Brixoje xabeuas PK 103 craBu-
JIOCh, COIJiacyiolllee CcOMpoOTHBJeHUe R,=75 om.

EMKocTHast cocTaB/siollas ToKa ONpejenssach pacueTHbIM NyTeM H He
npesBbimana 3 Y oT moaHOro ToKa, mportexarouiero yepe3d myHT. ConpoTus-
JieHWe IIyHTAa W €ero HHAYKTHBHOCTb OBWIX paBHBI ~ COOTBETCTBEHHO
Ri=02 osain L#=102.10722n

HccnenoBanust npoBefeHbl A5 9JEKTPOAHON CHCTEMBl «CTepPZKeHb-IJ10C-
KOCTb». MIMNyJbChl MOJIOKHUTEJABHOH WM OTPHIATeJbHOH MOJSPHOCTH MOJAa-
BAJICh Ha «CTEPZXKEHb», IIJIOCKUI 3JEKTPOJ 3a3eM/sycs dYepe3 CONpPOTHB-
JieHHe IIyHTa.

BBICOKOBOJILTHBIH 3JI€KTPOJ, BBINOJIHEH W3 MEIHOrO CTEDPXKHS JHaMer-
poM 6 -mm. I CHMXKEHHS pacTeKaHUs HMMIYJbCHBIX TOKOB CTepKeHb II0-
KPbIBAJCSl MOJHUITHAEHOBOH H3oJAfALHeH TodIuHON 6 mm. auHa HeusoJH-
POBAHHOM yacTH cTepxHusa 12 mm, yrosa 3anouku octpusa 30°

[TsockoCTbIO SIBASICA MOMMPOBAHHBIH  JIATYHHBI  JHCK JHaMeTPOM
120 mm. Paccrosinne MexXay 3JeKTPOJAMU COCTABJASAAO O mM. DJIEKTPOAHAS
cucTeMa nmnomeuiajsach B 6aK M3 OpPraHUyeckoro CTekJa pasMepaMH
350 > 320 XX 220 mm. YnenbHOe CONMPOTHUBJEHHEe pacTBopa H3MEHAJOCh Iy-
TeM pacrtBopenusi kpucrtamiaoB NaCl B  jaucTUAIMPOBAHHOMN BOJI€
(p=3-10%0mcMm).

HMamepenne yneabHOro  COMPOTHBJEHHSI PacTBOpa OCYLIECTBJASJIOCH
B CTAHJapTHOM COCY/e C IJIATHHOBBIMH 3JEKTPOJAMHU ¢ NOMOIIbIO MOCTHKO-
BOH CXeMBbl U reHepaTopa 3ByKoBo# uactorsl 3I'-10.

ITonyuennble pe3yabTarst U uX OO0CYyXKIeHHe

Ha pre. 1 u 2 nokasaHsl 3aBHCHMOCTH  3JIGKTPHUCCKOH NPOYHOCTH
BOAHBIX pactBopoB NaCl oT BpeMeHH BO3/J€HCTBHSI HANpsIXKEHUs B De3-
KO HEOJHOPOJHOM I10JIe NPH IOJOXKHTEJAbHOH H OTPHLATEJbHOH I10JIsPHOC-
TH ,CTepPKHA“ COOTBETCTBEHHO. [l0 BOJBTCEKYHJIHBIM XapaKTepHUCTHKaM,
yKa3aHHBIM Ha pUC. 1 U 2, OBIIM HOCTPOEHBl 3aBHCUMOCTH IIPOOHBHOTO

HATPSKEHUSA PACTBOPA OT €rO yJICIBHOIO CONPOTHBJCHHS NPH BPEMEHaxX
Bo3/leficTBusi Hanpsikenus: 10-7cex, 2-10-7cex, 5-10-7cex, 10-° cex.
Yxa3aHHble 3aBHCHMOCTH INpEJCTaBJeHb HAa puc. 3. B uccaenryeMoMm HH-
TepBaJe yJIeMbHBIX CONPOTHRACHUH pacTEopoB NaCl (10—10° ox cm) nas
BpeMeH Bo3jeficTBUs Hanpsikenuss 5-10-6+8-10-8cex 3aBucumoctu npo-
OGHBHOTO HAIPSAXKEHHA PACTBOPA OT €r0 YJCJbHOTO COIPOTHBJAEHHUS JJIs
JI060r0 BPeMEHH BO3/IeHCTBHS HANPSXKEHHS MOTYT OBITb IPeJCTABJCHHI

B BHJAE
Do = A, B;1gp, (1)
raie A, u B, — nocrosinuble, onpejesnseMble KPYTH3HON I0JaBaeMOro HM-
nyJabCa HaIpPAKEHHS,
p — YJAeJbHOE CONPOTHUBJIEHHE pacTBOpa, U3BMEPDEHHOE Ha HHU3-
KOM HallpAXKEHHH.
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Hafijlem 3aBHCHMOCTL IIPOGHBHOTO HAIPSKEHHST 3JEKTPCJAHTA OT KOH-
LLeHTPALHH JUCCOIHHPOBAHHBIX MOJIEKYJ B HEM.
Coraacuo |[7]
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gtt) y g(-) — NOJABHKHOCTH IOJIOKHUTENbHLIX H OTPHLATEIbHAIX HOHOB;
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(i P = lvton cu; puc. 1, HO TpH OTPHIATE]bHOM
®—p=10°0m e MOJISIPHOCTH , CTEPIKHA“.

[ToaBHKHOCTh HOHOB He 3aBUCHUT OT HAMPSKeHHS BIVIOTH J0 MOJel 10-
psilka MHJIJIMOHOB BOJIBT Ha caHTHMeTp [7].

B uccaenyemoM aunanasone yaesdbHas 3JEKTPONPOBOAHOCTb pacTBoOpa
JuHeflHo 3aBHCHUT OT ero KOHIEHTPALMHU M B MePBOM IMPHOJHKEHHH MOXKHO
CYMTATb, YTO MOJABHKHOCTb HOHOB He 3aBUCHT 0T KoHUenTpauuu. ITostomy
JIUIsI MCC/lelyeMbIX 3Ha4eHHUIl yeJabHast IPOBOAHMOCTD

1
prm e (4)
const- N
Ioacrasass (4) B (1), umeeMm
1
Upp=A}B/lg ———. (5)

const+/NV

B pabore [6] uccaenoBasach 3JaeKTpHUECKas NPOUYHOCTh BOJHOTO PacTBO-
pa NaCl B 3aBHCHMOCTH OT KOHUEHTpauUMH pactBopa N, NpU BpeMeHax
0 1pobosa 9 mrcex; 3,9 amrcex u 0,1 MKcex; MEX3JEKTPOJHOE PacCTOs-
Hue cocraBassao 2 mm. Ilpu £ =9 mrcex u t =3 mrcex B jpuanasoHe
konuenrpauuii 0,001 — 0,1 % nDpoOMBHOE HaNpsiKeHHE M3MEHsI0Ch 06GpaT-
HO IIPONOPLHOHAJILHO JIOTAPH(PMY KOHLEHTPALMH pacTBOpa. Y uHTHLIBAA,
4TO IPH OOJLIIOM Pa3BeJEeHHH CHJALHOTO aJjekTpoauta o<1 u N=U,,
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T0JAYyYEeHHbIE 3aBUCHMOCTH XOpouwo coraacyworces ¢ (5). [pu ¢ = 0,1 mrcex
B juanasone xoHueHrpauuii Ny = 1-+109% O6BJIO NOJYUEHO YBeJHUYEHHE
3JEKTPUYECKOH MPOYHOCTH C POCTOM KOHUEHTPALUHMH. ABTOPBI OOBSCHSIIOT
3TO sIBJI€HHE BO3MOXHOH CMEHOW MeXaHu3Mma paspsijia.

A. M. JlumacoBbiM [5] OBIIM MOJydeHbl 3aBUCHMMOCTH NMPOGHBHOTO HAa-
npsikenus: pactsopa NaCl B Boxe oT ero kouuentpauud Upp = (N, %)
npu £=0,5-10"% cex u t =2-10°% cex B mosie ,crepiueHb—MIOCKOCTD. "
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Puc. 3. 3aBucuMOCTb 1NpPOGMBHOTrO Ha-

npskenusa BoaHoro pacrsopa NaCl ot

JAorapupMa €ro yueibHOro CONPOTHB-

JeHHd JUJIS PA3JMYHBIX BpeMeH BO3-
neficTus:

@ — =01 urcex:

O —t=02 wuxrcex;

X —1t =05 mrcex;

A —t=1 mxcex;

a4 — NPH NOJOXKUTENLHOH 108 DHOCTH

»CTEPUCHT “.

0 — npH OTPHUATENbHOH MOASIPHOCTH

»CTEPIKHA “.

B nuanasone xounuentpauuit 0,05--1%
3TH 3aBHCHMOCTH JOCTaTOYHO Y/OB-
JIETBOPUTEJLHO ONHCHIBAIOTCS paBeH-
ctBoM (5). Ilpu yBe/HUEHHH KOHILEH-
TpauMH Bblle 2% 3JeKTpHuUecKas
MPOYHOCThL  PACTBOpa OCTaBaJach IOC-
TOSIHHO#. M3 aHaJ/usa JaHHLIX, MOJY-
YEHHBIX B HacToOsiLle#l paboTe M IpH-
BEeJIeHHHIX B paboTax [d, 6], caenyer,
YTO  3aBUCHMOCTb  3JEKTPHUECKOMH
[POYHOCTH BOJHOIO pacTsBopa IpH
00JIbILINX pa3sBeAEHHAX OT €ro ,HH3-
KOBOJIbTHOTO“ Y JI€/JLHOIO0 COIPOTHB-
JIEHUS] TIPH JIIHTEJNbHOCTSX BO3Jei-
ctust Hampsikenuss 1077 -+ 107° cex
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Puc. 4. 3apucumoctb  sHepruu W,

paccenBaeMoil B IPOMEXKYTKe, M MaK-
CHMaJbHOH MOLIHOCTH P, pa3BUBaeMOH
B MPOMEKYTKE N0 Mpobod, OT yaelb-
HOrO CONPOTHBJAEHHS BOAHOTO PAacTBO-
pa NaCl; xpyTH3Ha T0OJIABAEMOTO HM-
nyasca 1000 x8/mrcex

1 — W = f(p) —upu nOJOMHTENLHOH

HOJMAPHOCTH , CTEPKHA,
2 — W= f(p) —upu orpuuarejbHoH

MOJNAPHOCTH ,CTEPWKHAY,
3 — P =/f(p) —upu. mnoJoxuren-Hon

NOJSPHOCTH ,CTEPIKHAS,
4 — P = f(p) —npu OTpHLATEJbLHOM

NOJIIPHOCTH ,CTEPHKHA .

a0 10 mm uwocur JorapudMHuecKHit xapaktep. B kxpenkux pactBopax
XapakTep 3aBHCUMOCTH MeHsiercsi. [lis Boauoro pacrBopa NaCl Touka
neperuba COOTBETCTBYET
Ny=2% (p =40 0m cm).
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HccaeoBanue TOKOB, MPEAIIECTBYIOLHUX NPO00I0, MO3BOJUAO OIEHHTH
9HEPTHIO, pacceMBaeMylo B NPOMEKYTKE 10 1pobos,

np
W = | Uidt, (6)

0
¥ MaKCHMaJbHYIO MOUIHOCTb, PAa3BUBAEMYIO B IIPOMEKYTKe Hepej NpoboeM,
p e UI'lp inp, (7)

rae Upp — NpOOGMBHOE HANPSIKEHHE;
inp — MIHOBEHHOE 3HAU€HHE TOKa Iiepej; IpOoOoeM.

Ha puc. 4 npexncraB/ieHbl 3aBUCHMOCTH PAacCeMBAeMOl SHEPTUH U MaKCH-
MaJibHOH MOIIHOCTH, pa3BHBAaeMOHl B MPOMEKYTKe A0 Npo0O0s, HPU KPYTHU3-
ye wuMmnyabca Hanpsxenuda 1000 xe/mxcex. IIpoGoH npoucxoausa Mmpu
tnp==(0,16+0,28) 10~ ¢ cex. [IpuBenenusie 3aBucumoctu W==f(p) u P=f(p)
MoJIy4eHbl HAa ocHOBaHuU oO6paboTku 20 ocnuaaorpaMM Ha ToukKy. Kak BHAHO
u3 puc. 4, aas ¢pyukuun W=f(p) npu pasnuvyHOA MOJSIPHOCTH <«CTEPIKHSI»
uMeloTesl Be xapakrepsable odJsactd. [Ipu p>3.102 omcm 3nayenue 3Hepruy,
BLIAEASIeMON B NPOMeXKYTKe 10 ero mpo0os, NpHU OTPUIATENLHOH MOJAAPHO-
CTH «CTEpIKHS» Bbillle, UeM IIPU MOJOXKUTEJbHOH. DTO 0ObACHSACTCS, BO-Nep-
BBIX, 60J/lee BBICOKOH 3JeKTPUUEeCKOH NMPOUHOCTbIO MPOMEKYTKAa NPU OTpHULLA-
TeJbHOH IOJSIPHOCTH CTepXKHA U, CJAeL0BaTeNbHO, OOJbIIMM BpeMeHeM
J10 mpobos; BO-BTOPBIX, OOJiee BbICOKMM 3HAueHHWEM CpefHero npeanpobuB-
HOTO TOKa IpH  OTpUIATeNbHOH  mosasipHocTH  «cTepxkusi» [10]. Tlpu
p<3.10%2 omcm 3HayeHue 3HepPrHH, BBHIAEASIEMOH B MPOMENKYTKE 10 ero npo-
0osl, TP OTPHUILATEABHOH MOJSIPHOCTH «CTEPIXKHS» HUKE, UeM IMPH TOJOXKHU-
TeIbHOH. DTO sIBJIEHHE XOPOILO cOTJacyercs ¢ 0OoJiee HH3KOH 3/JeKTPUYECKOH
MPOYHOCTBIO PACTBOPA JJISA OTPHUATEJNBHOrO «CTePXKHA» 1npu o< 102 omcm.

MaxkcumanbHoe 3HaueHHe MOILHOCTH, pPa3BUBaeMOH B MPOMEXKYTKe M0
ero npodos, NPU MOJOKHUTEJIBHOM «CTEpIKHE» JIeKHUT HUKe, YeM MPH OTPH-
[[aTeJbHOM, BO BCeM MHTepBa/Je HCCAeAYEeMbIX YIEJAbHLIX CONPOTHBJAEHHH.

BbIBO b1

1. ¥YcranosieHo, uTO HMIYJAbCHAS 3JEKTpHUECKasi MPOUHOCTb BOAHBIX
pasbaBJIEHHBIX PACTBOPOB 3JEKTPOJUTOB ONpeesasieTcss KOHIeHTpallnei auc-
COIHHPOBAHHBIX MOJIEKYJ/ PAaCTBOPEHHOrO BELIeCTBA. 3aBUCHMOCTb MMIYJIbC-
HOrO MPOOHMBHOIO HaNpPsIXKeHHsl Pa30aBJEHHOIO0 pPacTBOpPa OT €ro YAeNbHOro
«HHU3KOBOJIbTHOT0» CONMPOTHBJIEHHS HOCUT JlorapumMuuecKuii xapaxkrep.

2. Ilokaszano, 4to 3 (heKT MOJSIPHOCTH NPU HMMYJIbCHOM MpoGOe BOJI-
HOrO pacTBOpa B HEOJHOPOAHOM IOJIe OCjJa0eBaeT ¢ yBeJHUEHHEM 3JIeKTPO-
IIPOBOJHOCTH pacTBopa.
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