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LlaHa KpaTkas MCTopus Pa3BUTHS y4eHus 00 I1eKTPUYECKOM Npoboe An3NEeKTPUYECKUX XMBKOCTEN, COBEPLLEHCTBOBAHUSA TEXHUKM 1 Me-
TOAWKM MCCIIEQ0BAaHWS 3TOrO ABAEHMSA. [10Ka3aHo, 4T0 M0 LUENOMY PAAY HanpaBieHuil COBETCKME (POCCUICKIE) Y eHbIe 1, B YaCTHOCTH,
COTPYAHVKM TOMCKOrO MOSITEXHWNHECKOTO YHNBEPCUTETA ONepexani 3apybexHbIX KOer 1 BHECIV ONPEAENSIOLLMI BKNA B MOHMMA-
HUWe MexaHn3MoB npobos XuakocTed. [pencTaBieHbl COBPEMEHHbIE HU3NYeECKNe MOJEN UHULMMPOBAHWS 1 Pa3BUTUS Paspsaa rnpv

UMy J1bCHOM BO37EUNCTBAN HarnpsXxeHns.

1. Wcropuyeckas cnpaska

Ucrtopus yueHus o mpoboe IUBIEKTPUUECKUX
KUIKOCTE HacUMThIBAeT OoJjiee MOJyTOpa CTOJECTUI,
HO TIOUTMHHBIH MHTEPEC K 3TOMY SIBICHUIO IPOOYINII-
s B Hayajie XX BeKa B CBSI3U C Pa3BUTUEM ITpaKTHYeC-
KO 9JIEKTPOTEXHUKU 1 3IeKTpo3HepreTuku. 1o Ha-
KOIIEHHE HJAHHBIX 00 3JIeKTPUYECKOH IMPOYHOCTHU
KUIKOCTe (TMpexe Bcero, MUHepaIbHbBIX Maces) 1 e€
3aBUCMMOCTU OT pa3lMYHbBIX (DaKTOPOB: CBOHCTB U
COCTOSIHUSI XXKUIKOCTH, TEOMETPUU Pa3psiTHOTO MTpoMe-
JKyTKa ¥ CBOMCTB MaTepuaa 3JIeKTpoJoB, TapaMeTpoB
HanpspkeHus:. OMHOBPEMEHHO M3yYaluCh IIpUpoga 1
CBOMCTBA XMAKOCTEH, BHIIOJHSINCH HEKOTOPHIE KO-
JIMYECTBEHHbIE U3MepeHUs (HaIlpsLKeHMe, TOK, 3apsii,
CBETOBasl SMMCCHUS) M BU3yaJibHble HAOMIOACHUS AJIS
YCTaHOBJICHUSI MeXaHM3Ma MPo0OosT KUAKOCTEI.

Onpeneauauch Ba MPUHLMIMAIBHO Pa3TMYHbIX
MOJAX0AA K SIBJIEHUMIO 3JEKTPUYECKOTO MPo0Ost Xui-
Kocteil. CornacHO OTHOMY M3 HUX, 3JIEKTPUUYECKUI
npo0oii XXUAKOCTEH (PaKTUUECKH SBISETCS PA3PSAOM B
ra30BbIX My3bIpbKaX (IOJOCTSIX), KOTOPbIE MPUCYT-
CTBYIOT B XMIKOCTSIX ¥ Ha 3JIEKTPOIAX 10 MPUTOXECHUS
nojist ¥ o0pa3yloTcsl MpM MPOTEKaHWU TOKA 3a CYeT
BCKMIIAHUS, 2JIEKTPOIU3a, KaBUTalMKu 1 ap. B coBpe-
MEHHON TepMMHOJOTMM TaKoi IpoOOK Ha3bIBaeTCS
"Iy3bIPbKOBBIM .

CTOpPOHHMKM MHOTO TMOAXOAA Pa3psi B XKUIKOCTU
paccMaTpuMBalOT Kak CJeACTBUE JaBUHOOOPA3HOTO
Pa3MHOXEHMST CBOOOTHBIX HOCUTENIEH 3apsiaa B caMoit
>KMAKOCTU MOJI IEUCTBUEM CUIIBHOTO TOJISI M MCTIONb3Y-
10T MOJIeJTb, KOTOPAsl, MO CYLLECTBY, SIBJISIETCS MOJIEIbIO
ra3oBOro pa3psja, paclpoCTPaHEHHOW Ha XUAKYIO (a-
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3y BeleCTBa. DTOT MEXaHU3M ITPO0OS CTAIN Ha3bIBaTh
"MOHM3ALMOHHBIM" WM COOCTBEHHO 3JIEKTPUIECKUM.
K 70-M rogaM mpo1iioro cToaeTys ObLIM OIy0IMKOBa-
Hbl HECKOJIBKO JIECATKOB MoJeNei (KayeCTBEeHHBIX U
KOJMYECTBEHHBIX) KaK My3bIPbKOBOTO, TaK M MOHM3a-
LIMOHHOTO 1pobod xuakocteil [1-3]. CenyeT Ha3BaTh
JIBa IPUHIIUITMALHBIX HEJOCTATKA 3TUX MOJIEIEH.

Bo-niepBbiX, MpakTUUYECKK BCE OHMU SIBJISIOTCS KpUTE-
PUATIBHBIMU, T.€. OPUEHTUPOBAHBI HA BBIYMCIEHUE HE-
KOTOPOM KPUTUYECKOW Pa3HOCTU TOTEHLIMATIOB MEXIY
3NIEKTPOAAMM MJIM KPUTUUECKOMN HAMPSIKEHHOCTH MO,
TIPY KOTOPBIX HAPYILAETCSl PABHOBECHE CUCTEMBI M KO-
TOpble MPUHUMAIOTCS 3a MpoOUBHBIE. M3 Bcero MHOTO-
00pa3zusi POLIECCOB, OTBETCTBEHHbBIX 32 (POPMUPOBAHUE
Ipo00s1, BLIOMPAIOTCS ONUH-IBA (HaIIpUMep, Pa3orpeB 1
BCKMITAHME XUJKOCTH, SMUCCHSI 2IEKTPOHOB U3 KaTo/a,
B3aMMOJICICTBUE YCKOPSTIOLIMXCS 3JIEKTPOHOB C KOJUTEK-
THBOM MOJIEKYJI XXUAKOCTHU U JIp.), & CIIOHTAaHHOE Hapac-
TaHWE WX WHTEHCHBHOCTH MPUHMUMAETCS 3a BBIMONHE-
Hue ycaoBus Ipo0ost. Iponecchl, ygacTytorue B (op-
MMPOBaHKU TIPOOOSI, HE pacCCMAaTPUBAJIUCD B X BPEMEH-
HOIM U IPOCTPAHCTBEHHOM MOCIEN0BATETbHOCTHU.

Bo-BTOpBIX, MHOTME MapaMeTpbl KpUTePUATbHBIX
ypaBHEHWI He TTOANAIOTCS TOYHOMY OIPENENCHUIO U
OKa3bIBAIOTCS BeCbMa IyBCTBUTENTEHBIMU K TPYIHO KOHT-
POJIMPYEMOMY COCTOSTHUIO XKMAKOCTH U 3JIEKTPOIIOB.

WUcropust ¢usuku razoBoro paspsija, pa3BUBalo-
hieiics co 3HaUYUTEIbHBIM OIEpeXeHNEM, ITOKA3hIBAET,
YTO JOCTOBEPHAsI TEOPHsI IIPOOOS MOXET OBITH CO3AaHa
JIMIIb Ha OCHOBE JIeTaJIbHOI (DU3MYECKOM KapTHHEI SIB-
JICHMsI, BKJIIOYAIOIIEH omucaHue pa3BUTHS BceX (a3
paspsiaa B UX BPEMEHHOM 1 MPOCTPAHCTBEHHOM IOCIIE-
JIOBaTEIbHOCTH.
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BrepBrle omucaHue pa3BUTHS MPOOOS B KUIKOC-
TsIX (TpaHchopMaTOpHOE MACIO U AUCTUIIMpPOBAHHAS
BOJIa) HA OCHOBAHUU CKOPOCTHOM (hoTorpadpuyeckoii
perucTpalMy KaHajaa paspsaa U CUHXPOHHOTO C Hei
ocuujorpadbupoBaHusl TOKa W HAMpsiKEeHUs Iai
B.C. KomenbkoB [4, 5]. ITozmnee T.W. Liao u
1.G. Anderson [6, 7] BbITIOMHMUIN aHAJIOTUYHBIE UCCIIE-
JIOBaHWS Pa3BUTUS pas3psaa B o0beMe TpaHcdopma-
TOPHOTO MacJja W Mo TOBEPXHOCTH TBEPAOTO AUBJIEKT-
pMKa, TIOrPYXEHHOTO B MacJIo.

br110 1oKa3aHo, 4TO MPO0OIi ATMHHBIX pPa3pPSAHBIX
MIPOMEXYTKOB C HEOMHOPOTHBIM TIOJIEM OCYLIECTBIISI-
€TCsl IMPOLIECCOM, UMEIOLIIMM CXOJICTBO C MHOTOCTA/IN -
HBIM TOJTYKOOOPa3HBIM JIUIECPHBIM MTPOLIECCOM B JUTUH-
HBIX BO3IYIIHBIX IPOMEXYTKAX, BKJIIOUas MOJHMIO.

[lepBBie 3KCMIEPUMEHTATBHBIC MCCIEIOBAHMS pa3-
psia B KMUAKOCTSIX C MPUMEHEHMEM METOIOB CKOPOCT-
HO# (oTorpacduu co Bcedl OYEBMAHOCTBIO MOKA3aIM
MePCIIeKTUBHOCTh TAKOTO METOAMYECKOTO TpHeMa.
OmHAaKO TEXHUYECKOE HECOBEPIICHCTBO MMEIOTITUXCS B
TO BpeMs (OTOKaMep ¢ MEXaHWYEeCKON pa3BepTKOM
(MayToe BpeMeHHOE pa3pelleHne 1 HU3Kast ONTHIeCcKast
YYBCTBUTEILHOCTD) HE TIO3BOJISIIO Pa3BUBATh 3TO HAIl-
paBJieHUE MCCIIEIOBAHUIA.

Bo Bropoii monoBuHe XX cToneTusi, Kak U B €ro Ha-
yajie, HaOJonasICcsl pe3KUii pOCT MHTEpeca K SIBIEHUIO
UMITYJIbCHOTO 3JIEKTPUYECKOTO TMPob0si XUIKOCTEel B
CBSI3U C OYPHBIM Pa3BUTHEM MOIIHOM BEICOKOBOJIBTHOM
texHuku (Pulsed Power). BbICOKOBOJBTHBIE MUKpPO- U
HaHOCEKYHIHBIE UMITYJIECBI HAXOAST BCE OoJiee mMpo-
KO€ MPUMEHEHNE B BOCHHOU TeXHUKE, B SKCTIEPUMEH-
Tax TO YMPaBiISeMOMY TEPMOSIIEPHOMY CUHTE3Y, B
ANEKTPOPA3PATHBIX TEXHOJOTUSIX U Ap. MCKiIounTeb-
HO BBICOKME 3HAUEHUS MApaMETPOB UMITYJIbCOB TIPEIb-
SBJISIIOT PSII XECTKUX TpeOOBaHWIT K M30JUpYIOLIeit
cpelie B OCHOBHBIX 3IEMEHTAX T€HEPATOPOB UMITYJIbCOB
— B HAKOMUTEJSIX MU KOMMyTaTopax. Kak mokasain ombir,
B HamOoJjblIel Mepe 3TUM TpeOOBaHMSM OTBEYAIOT
KUAKKE TUAJIEKTPUKU — IEMOHU30BaHHAs BOJa, MUHE-
paIbHbIE MAC/Ia, CMECH HA OCHOBE CIIMPTA U IJIMLIEPUHA.

B Havane ceMuaecsThiX rog0B MOSIBUIACh BO3MOX-
HOCTb MPUMEHSTD ISl UCCIIENOBAHMS TPOOOST KUIKOC-
Teli MPUOOPHI CKOPOCTHOI (hoTorpaduu Ha 6a3e 2JIeKT-
POHHO-ONTHYECKHX TIpeobpa3oBaresieil ¢ BpeMEHHBIM
paspemeHueM 10 107 ¢ 1 ¢ ycuseHueM 1o ceTy a0 10°,
a TakXe MeTObl M MPUEeMbl HAHOCEKYHAHON TeXHUKMU,
BBICOKOCKOPOCTHOH OocIUJLIorpaduu u ap.

[lepBble HccIeNOBAHUS IEKTPUYECKOTO IIPOOOS
SKMIKOCTEH ¢ MCIIONIb30BAHUEM 3JICKTPOHHO-ONTHYEC-
KX TIpeoOpa3oBaTesieli ObUIM  BBINIOJHEHH B
1962—1964 TT. aBTOPOM TaHHOIA CTaTbK B TaOOpaTOPUU
BBICOKOBOJIETHOTO Ta30BOTO pa3psAga M MOJTHUE3AIIH-
sl DHUH um. 'M. Kpxikanosckoro [8, 9], mo3xe
OHM ObLIM IpomoKeHbl B TOMCKOM IIOJIMTEXHMYEC-
KOM UHCTHUTYTE. McClenoBaHbl OCHOBHbIE 3aKOHOMED-
HOCTY MHMIIMUPOBAHMS ¥ PAa3BUTUS TIPOOOS KUIKOC-
Teil B ILMPOKOM MHTEPBAJIE U3MEHEHUS [UIUTEIbHOCTH
MMITYJIbCA U [UTMHBI Pa3psiIHOTO MPOMEXYTKA, TEpeK-
PBIBAIOLIEM [IMANA30H M3MEHEHNSI STHX I1apaMeTPOB B
peabHbIX UMITY/IbCHBIX BHICOKOBOJIBTHBIX YCTAHOBKAX.

brina cocraBneHa geTanbHash MPOCTPAHCTBEHHO-
BpeMEHHas KapTMHA Pa3BUTHUS MPoOOsST XUAKOCTEN B
JUTMHHBIX TIPOMEXYTKaxX C HEOMHOPOIHBIM TosieM. Pe-
3y/IBTAaThl ATUX UCCIEA0BAHUI M MCCIEIOBaHUN, BbI-
MOJTHEHHBIX 10 197073 IT. B BeAyLIMX OTEYECTBEHHBIX
1 3apyOeXHBIX TabOPAaTOPHSIX, ObLINA 0600LIEHBI B MO-
Horpacduu [3].

B nocnenytomue 30 ner B CCCP (no3nxee B Poc-
cun), @panmmu, CIIA, Bemko6puranuu, Hopse-
rin, Snonnn, Ilomsime, Maauu, Kutae n B HekoTo-
PHIX IPYTHX CTpaHaX MCCIENOBAHMUS TPOBOIMMOCTH 1
npo00sT KUIKOCTE! XapaKTepU3yIOTCsl HE TOJIBKO ITH-
POKUM (DPOHTOM PabOT, HO ¥ UCTIONB30BAHMEM CaMOii
NepeioBoii aKcrepuMeHTanbHOI TeXHUKU. CoBeTcKue
(poccuiickue) Ipymbl KccaenoBaTeseil yacTo onepe-
KaJI CBOMX 3apyOeKHBIX KOJIIET B 3HAYUTEILHON Me-
pe Gnaromaps CJI0OXKMBIIEHCS TECHOM KOOIIEPaluu yue-
HBIX Pa3HBIX HayYHBIX HATPABICHUH TPU PEIICHUU
HayYHO-TEXHUUYECKUX TPOoOJeM ToCyIapCcTBEHHOM
BaXHOCTH (CHCTEMbI BOOPYKEHU HA HOBBIX MPUHIIU-
Tnax, yrpasJsieMblii TEpMOSIIEPHBIiA cuHTE3 U jp.). Ca-
MbIe COBPEMEHHBIC TIPUOOPH M 3KCIIEPUMEHTATBHBIC
METOIMKHU OKA3bIBAUCH TOCTYITHBIMU CIEIIMAICTAM,
paboTaloIMM B 00JaCTH (PU3MKU ITPOOO0ST XXKUIKOCTEH.
MHorue sKcrepuMeHTaTbHbIe METOTUKY OB pa3pa-
0oTaHbl MU caMuMHU "TIpoOoiikaMu”. B Hamei crpa-
He HaubOJbIIMKI BKJIaJ B U3YUYEHHE MEXaHU3MOB MPO-
0051 XWIKOCTEH BHECTH TPYIIIBI MCCIemoBaTeneil u3
HWMU Boicokux HanmpspkeHui mpyu TOMCKOM MOJIMTEX-
HuueckoM yHuBepcutete (B.f. Vinakos, B.B. Jlona-
tuH), CuOHWUUN sHepretuku (IO0.H. BepumuHuH,
9.B. SHmmH), HoBocuOMPCKOTo rocymnapcTBEHHOTO
TexHn4yeckoro yausepcurera (B.®. Kimvkun), CaHKT-
IMeTepOyprckoro TOCYTapCTBEHHOTO TEXHUYECKOTO
yuusepcuterta (I.C. Kyunnckuit, E.A. Mopo3zos), UHc-
tutyta spepHoit ¢usuku CO PAH (I.I. PioTos,
B.M. JloryHoB), MHCTUTYTa MPUKIAAHOW MEXaHUKHU
CO PAH (A.T’ [TonomapeHko), Bcepoccuiickoro anexT-
potexHuueckoro uHctutyta (FO.B. TopiuuH), MHCTUTY-
ta rugponuHaMuku CO PAH (A.JI. Kynepmrox). (Ha3-
BaHbI (haMUIIUK TOJIBKO PYKOBOAUTENEH padoT).

Martepuaiibl, MOJYYeHHbIE C IOMOLIbIO OoJiee COo-
BEPILEHHOI 3KCMepUMEHTATbHOM TEXHUKH, MTO3BOIU-
JI1 BHOBb OOpaTUThCs K KOMIUIEKCHOMY PaccMOTpe-
HUIO TIPHPOIBI 3IEKTPUUECKOrO TPO0O0s KHUIKOCTEH
Ha HOBOM, 00Jjiee BEICOKOM ypoBHe. Cae1aHo 3T0 B MO-
Horpaduu [10].

2. Annapatypa ¥ MeToAMKU UCCIef0BaHMI

[Iporpecc B HOHMMaHMK MEXaHU3MOB SJIEKTPUUEC-
KOTO pa3psiia B XXUIKOCTSX JOCTUTHYT B 3HAUMTETHHOM
Mepe Ojarogapsl NMPUMEHEHUIO JIa3epPHOIl TEXHUKHU.
OOBICHSIETCS 3TO TeM, YTO COYETaHMe JIa3epHbIX MC-
TOYHMKOB CBETA C ONTHYECKUMHU METOfaMM (LITMpEeH-
METOJBI, MHTEP(PEPOMETPHS U ApP.) TIO3BOJISACT YIOB-
JICTBOPUTH TPEeOOBAHUSM BHICOKOTO BPEMEHHOIO H
MPOCTPAHCTBEHHOTO Pa3pellieHUs], YTO 0COOEHHO BaX-
HO MPY U3yYeHUH HAaYallbHBIX CTaauii paspsaa. Chemy-
€T OTMETUTh, YTO BHICOKOE BPEMEHHOE pa3pelleHME,
obecrieunBaeMoe 3IeKTPOHHO-ONMTUYECKUMU TIPe0d-
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pazoBaTeNsIMK, COITPOBOXIACTCS YXYIIICHUEM KayecT-
Ba U300paXeHus P HAHOCEKYHAHBIX SKCIIO3ULIMSIX.
BT0 OrpaHMYMBaET BO3MOXHOCTU MX HMPUMEHEHUS
MpU M3YYEHUU MMKPOOODBEKTOB, M3MEHSIOIIUXCS C
OOJIBIIMMU CKOPOCTSIMU.,

B CCCP nepsble nccienoBanus pu3ndeckoi kap-
TMHBI 3JEKTPUYECKOTO pas3psiia B KMAKOCTSAX C UC-
T0JIb30BAHUEM PYOUMHOBOTO Jla3epa B KAYECTBE UCTOY-
HUKa TIOJCBETKM B CXEME BBICOKOCKOPOCTHOTO IILTH-
peH-dororpadupoBaHus  ObIIM  BBITOJHEHBl B
1970-1971 rr. B uHcTUTyTE siaepHoii pusuku CO PAH
(UA®D CO PAH), [11, 12]. DTO MO3BOMUIO BBISIBUTh
HEKOTOpble BaKHbIE AETATM 3apOXKIECHUS U Pa3BUTHS
paspsiza B Bofe. [lomydeHHbIe pe3ysbTaThl MOKa3aau
MepCreKTUBHOCTL JAHHOTO HampaBJIeHUs MCCenoBa-
HU, KOTOpOe TIONYyIMIO MHTEHCHBHOE Pa3BUTHE B
nocienyomue roapl. [IpuMeHeHne MHOTOKaIpOBBIX
CHCTEM TTO3BOJISET OoJiee HAIEKHO U3YyYaTh AMHAMUKY
nporieccos. JlanbHelee pa3BUTHe HOBOTO IKCIEPU-
MEHTAJIbHOTO TMOAX0AA K MCCIeNOBAHMIO MeXaHU3Ma
3JIEKTPUYECKOTO pa3psiia B KUAKOCTSIX CBSA3AHO C CO-
BEPIIEHCTBOBAHMEM METOIOB M TEXHUKH CBEPXCKOPO-
CTHOM OITUYECKOM pETUCTpaLIVU.

OCoOEHHOCTH 3IEKTPUUECKOTO pa3psiia B KUIKOC-
TIX (MHOr00Opasue v CJI0XHOCTD SIBIEHUI, MaJTbIe Xa-
pakTepHble pazmepbl <10 MKM, BBICOKME CKOPOCTH
pazButust ~10°...107 cM/C) TIO3BONSIOT BBIICIUTD PSI
TpeOOBaHMI, PEABSIBIAEMBIX K METOIAM BHICOKOCKO-
POCTHBIX ONTUYECKUX U3MEPEHMit: 1) AIUTETbHOCTDH
UMITY/IbCOB ToAcBeTKU He Oonee ~10...0,1 He; 2) vac-
TOTa CheMKH B KafipoBoM pexume ~10°...10° kanpos/c;
3) U3MeHeHKe MHTepBaJia MEXIY KaapaMy B IIMPOKOM
muramnasone (~1...100 Hc); 4) BRICOKAsI TOYHOCTh CHHX-
POHM3AIUY KaIpoB, a XKeJaTeIbHOE YMCIIO KaipoB He
MeHee 4—7; 5) Heprus CBETOBOTO ITyYKa J0JKHA ObITh
JIOCTATOYHOM /ISl MOMYYeHUsI MOCENYIOIIMX KaJPOB C
COOTBETCTBYIONIEH 3aMepXKKOif; 6) BBICOKOE KauyecTBO
Myyka ISl TOJYYeHMs] HaAeXHBIX KOJMYEeCTBEHHBIX
JaHHBIX. CxeMBl MHOTOKampoBOTro ororpadupoa-
HUSI, OCHOBAaHHBIC Ha JIMHMSAX CBETOBOM 3alepKKH C
JIa3epHBIM MCTOYHMKOM OCBELIECHUS, pa3paboTaHbl U
NPUMEHSUIUCh B MHCTUTYTE TPUKIATHON MeXaHUKU
CO PAH u HoBocubupckoM rocynapcTBeHHOM YHU-
Bepcutete [13, 14].

B nauane 80-x romoB B HUM Bbicokux Hampske-
Huit ipu TOMCKOM TMOJUTEXHUYECKOM YHUBEPCUTETE
ObLTM pa3paboTaHbl HHTEPGhEPEHLIMOHHbBIE U TEHEBbIE
METO/Ibl JIa3ePHOI IMArHOCTUKM SIBJIEHUI, CBI3aHHBIX
C U3MEHEHMEM KOMILIEKCHOTO MOKAa3aTeJis peomie-
HUS MCCIeOyeMOi Cpelbl, BKIIIOYas CO3MaHUE ajro-
PUTMOB BOCCTaHOBJICHHUS TIPODIIIS AUIEKTPUIECKOM
MPOHUIIAEMOCTH BO3MYILIEHHOH CPeIbl IO aMILTUTYJIE
1 ¢asze TMarHOCTMYECKOM BOJHBI C yueToM audpak-
1y, pedpakiuuy U norioumeHusl. beut cos3nan auar-
HOCTHYECKUI KOMIUIEKC BKITIOUAIOLIHIA:

— Jla3ep C aKTUBHOM CMHXpOHM3aLMER Mo, obecrie-
YMBAIOIIUI CIIEAYIOIAE TIapaMeTphl eJUHUYHOTO
UMITY/bCa: ATUTENbHOCTh 1 He, aHeprus 40 mIx,
ITrHA BOTHB 0,69 MKM, HeCTaOMIEHOCTD TIOSTBIIE-
HUS UMITyJIbca cpabaTbiBaHus paspsiaHuka <1 Hc;
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— CHCTEMY CHMHXPOHU3ALIMK, MO3BOJISIOLIYIO MTPOU3-
BOIUTDH 30HIMPOBAHME MPOMEXYTKA B IUAIa30HE
0,1...10000 MKC OTHOCHMTEJIbHO Hayaja BBICOKO-
BOJIBTHOTO UMITYJTbCA;

— JIBYXKaIpOBYIO CUCTEMY C IIPOCTPAHCTBEHHBIM pa3-
JeNeHUeM 30HANPYIOIINX ITyYKOB;

— JIBYXKaJPOBYIO OTHOPAKYPCHYIO CUCTEMY C MOJSI-
PU3ALMOHHBIM pa3fie/ieHneM TTy4KOB;

— wuHrepdepomerp CaHbsika C TPEyroJbHbBIM XOAOM
Jy4eii, pacrojoXeHHbBIM BHE 0OBEKTa MCCIIenoBa-
Hug [15].

[TpumepHO B 3TO e BpeMsi ABe Ipyrue rpyMIibl UC-
cnemoBarenieii — B Cubupckom HUMWM sHepretukm
(r. HoBocubupck) [16, 17] u B Cankr-IletepOyprckom
rOCyJapCTBEHHOM TEXHMYeCKOM YHUBepcutete [18]
pazpaboTaay ¥ MPUMEHUIN AJI UCCIIeA0BAHUS TIPS -
POOMBHBIX U MPOOUBHBIX MPOLIECCOB B KUIKOCTH OII-
TUYECKUE METOIUKHN PerucTpaliui IMHaAMUKY riepepa-
CTIpeNieIeHHST DNEKTPIUECKOTO TIONS U (MJTN) M3MeHe-
HUS IIOTHOCTY XMAKOCTU Ha ocHOBe 3¢rdekTa Keppa.

B [18] npuMeHeH JazepHblii uHTEpdepomeTp Ma-
xa-LleHngepa co cxemoiil perucTpalMi MHTePQpEePEeHIIN -
OHHBIX KAPTUH B pexXruMe OTOXpOHOrpahuu Ha 3JEKT-
poHHO-onTHIeckoM ¢otoxpoHorpade. I[locmenHee
obecrnevnBano BO3MOKHOCTD PETUCTPAIIMU KPaTKOBpe-
MEHHBIX SIBJIEHUI B TOM YMCJIE U B HAHOCEKYHIHOM M-
arasoHe JJIUTeJIbHOCTe BBICOKOBOJIBTHBIX MMITYJIbCOB.

3. du3nyeckme MexaHU3Mbl MHALMUPOBAHUS
(3axxuraHus) paspsga

bosbuioil 3KcHepuMeHTaNIbHBIM MaTepual 10
3JIEKTPUYECKOMY MPOOOI0 XUAKOCTEH, HAKOIIJIEHHBII
K HACTOSIIEMY BPEMEHU, MOATBEPXAAET CAETaHHBIA
paHee BBIBOI O TOM, YTO CYILECTBYET HECKOJBKO pa3-
JIMYHBIX MEXaHU3MOB ITPO00sI, OMUCATh KOTOPhIE €I~
HOW TeOpUei MPUHLMITHAIbHO HEBO3MOXHO.

JLnst cTaauu 3aXUraHus pa3psiia MOXKHO BbIIEIUTD,
KaK MUHUMYM, YeTbIpe Pa3IMYHbIX MeXaHWU3Ma WHU-
LIUUPOBaHUS paspsiga: 1) nyseipvkogolii, 2) Mukposs-
Dbl6HOIL, 3) UOHU3AUUOHHBLIL, 4) 2AeKmMPOmenaoBoil.

Pe1natoliyio posib B ny3sipbk06om 3aXXUTraHUK pa3-
psiia UTpaeT ras, KOTOPbIA CYLIECTBOBAI Ha 31EKTPO-
IaX 1 B KAIKOCTH IO TIPHITIOKEHMS TIOJIS.

B Mmozgenu [19, 20] mpuHATO, YTO My3bIPbKU pa3Me-
POM OT €IMHMIL 0 AECATKOB MUKDPOH CYIIECTBYIOT B
KUIKOCTH, TPerMYIIECTBEHHO Ha 3jieKTponax. Ilonm
JEMCTBUEM 3JIEKTPUYECKOTO OIS TIOCIIE TOCTIKEHHUS
Ha ITy3bIpbKe MaJeHNs HanpsokeHust Up B HeM BO3HU-
Kal0T MOHU3ALIMOHHBIE TIPOLIECCH (YACTUUHBIE pa3psi-
abl1). Tlocne paspsiza mojie B My3bIpbKe YMEHbIIAETCS
BCJICACTBME 3KPaHUPOBAHUSI OCEBINMMM 3apsaaMu
BHEILIHEro IOJIs, YTO BBI3BIBAET OCNabieHHe 100
IIpeKpaleHe MOHM3aLMOHHEIX IpoleccoB. [leiicTBre
SNIEKTPUYECKOTO MOJIS HA OCEBILMIA 3apsI IPUBOIUT K
BBITSTMBAHUIO ITy3bIPbKa BIOJIb MOJIsI, a TAKXKE K IPOJI-
BUXGHUIO 3apsija BIIYyOb KHMAKOCTH CO CKOPOCTHIO,
OTpenenssieMoil MOABMKHOCTbIO HOCHUTENIEH 3apsja.
[Tp 3TOM BO3MOXKHBI IBE CHUTyal[MM: IOJJCpPXKaHUE
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paspsiga B Buje "TIeIolIero pa3psga” oo mpekpaiie-
HUe paspsifa.

B mepBoM ciiydae Ha TMy3BIpbKE MOANEPKMBACTCS
HarpsoKeHHe, TO-BUIMMOMY, COOTBETCTBYIOIIEE 3aK0-
Hy Ilamena. B mocinenHeM ciyvae HanpsoKeHUE Ha ITy-
3bIPbKE PACTET, YTO BEAET K TOBTOPHOMY paspsimy U
JIBUXKEHUIO B XKMIKOCTU HOBOI BOJIHBI 3apsinoB. Omnpe-
JENSIONINN TMapaMeTp — JaBJIeHNe Ha CTEHKY ITy3bIphb-
Ka — 00YCJIOBJIEH NIeiiCTBUEM KYJIOHOBCKUX CUJ HA MH-
SKEKTHPOBAHHBIN 1 TOBEPXHOCTHBIN 3apSIIbl 1 POCTOM
TaBJICHUS B ITy3BIPHKE 3a CUET HATpeBa ra3a B HeM. 3a-
JKMTaHKe pa3psiia B XUIKOCTH TIPOM30MIET ToTIa, KOT-
Jla HaPSDKEHHOCTD T10JIsI B XKUAKOCTU BOJM3M MOJIIoca
My3bIpbKa JOCTUTHET KPUTUYECKOTO 3HAYCHHSI.

[MockombKy nedopMans 3aBUCUT OT BHEIITHUX yC-
JIOBMIA, CBOMCTB XMIKOCTA Y TPaHMIIBI pasaesa, TO B
MOJIEJIM MTPOSIBIISETCS SIBHAS 3aBUCMMOCTb M UMITYJTbC-
HOH 271eKTPUYECKON POYHOCTH OT ITHUX MapaMeTpoB.
B Monenu uMeeTcs Takxke BO3MOXHOCTb yyeTa mapa-
METPOB MUMITYJIbca HaTPsKeHUs, (KPYTH3HBI (pOHTa
HMMITyIIbCa), TUIIA ¥ (POPMEI 2JIeKTponoB. JanpHeiiiee
COBEpIIECHCTBOBAHNE MOIENN BO3MOXHO IPU ydeTe
CTaTMCTUKM TTy3bIPbKOB, YTO TMPUBEAET K YUETY BIMS-
HMS TEXHOJIOTMHM Ha F,,, a Takke K 60J1ee KOPPEKTHOMY
y4eTy pa3MepoB 31eKTpoaoB ("3ddexTa miomann”).

DTOT MEeXaHU3M WHMIMMAPOBAHMS C HAMOOJBINEH
BEPOSITHOCTBIO pean3yeTcsl B HeleTa3upOBaHHBIX
KUIKOCTSIX NPY JJIMTEIbHOCTU BO3AEHCTBUSI Hampsi-
KeHMS OT eIMHULL JO COTEH MUKPOCEKYH]I.

[Tpu Muxpoe3psieHoM MHUIMMPOBAHUY pa3psiia co-
OBITMSI Pa3BUBAIOTC B ClIEAYIOIIEil MOCIeN0BaTeNb-
HOCTH: BMMCCHSI SIIEKTPOHOB B XKMAKOCTb (paspsn ¢
KaTojia) WM MOHM3ALIMSI MOJIEKYJT XUAKOCTH (pa3psii ¢
aHo/a) — OBICTPBII JIOKANIBHBIA Pa3orpeB KUIKOCTH
TOKOM, NTEPEHOCUMBIM HaBeAEHHBIMU HOCUTEJISIMU 3a-
panma, — popMuUpOBaHKE U ABMXKEHUE YIAPHON BOJHBI
— B3pBIBHOE MapooOpa3oBaHue 3a (PPOHTOM YIAPHOIA
BOJIHBI — MOHM3ALIUS Fa30-TIAPOBHIX MY3bIPHKOB — 3a-
POXIEeHUE MIa3MEHHOT0 KaHaa.

KosuyecTBeHHas OLIEHKA MTPOLIECCOB, CBSI3AHHBIX C
JIOKAJIbHBIM TIEPErPeBOM KUIKOCTU MOHM3ALMOHHBI-
MU TOKaMU IS OOBSICHEHUS] MEXaHM3Ma 3aXXUTaHUs
ANEKTPUIECKOTO paspsaa ¢ aHoma, npeanpuHsra B.D.
KimumkunbeiM [21]. ®usuyeckas Momenb KaTOTHOIO
MUKPOB3PBIBHOIO MHUIIMMPOBAHMS pa3psiia ¢ XOPOIIO
000CHOBAaHHBIMU KOJTMYECTBEHHBIMU OLIEHKAMU TIPH-
MEHMTEJIbHO K BOJE M CXIKEHHBIM 0JIarOpOIHBIM Ta-
3aM TIpY BO3JIECUCTBUM HAa HUX MMIIYJIbCOB HarpsoKe-
HUSI CYOMUKPOCEKYHIHOM IINTENbHOCTH Pa3BUTA B
cepuu padot H.M. Jones, E.E. Kunhardt [20, 23].

B maHHoO¥ Momenu Tpolece paccMaTpUBAETCs de-
ThIPEXCTAAUNHBIM:

1. BOMM3M KaToma oOpasyeTcs 00JacTb CIIOHTAHHOTO
00pa3oBaHMs Ta3oBbIX 3apojsiiieil. HeoOxomumas
JIJISI 3TOTO IJIOTHOCTh 3HEPTUM COCTABJISET ISl BOIbI
—10° Ixx/M*, mnst cxuxeHnHoro aprona — 108 [Ix/m?;

2. POCT U pacIHIMPEeHHUE 3TOM 001aCTH 0 TAKOM CTere-
HU, TIPY KOTOPOH TJIOTHOCTh BEIECTBA YMEHbIIIA-
eTcs 70 BEJMYMHBI, JOCTATOYHOM ISl pa3BUTHS

yIapHON MOHM3ALMU; pa3Mep 00JacTH AOKEH
OBITH He MEHBIIE, YeM PACCTOSTHUE, HEOOXOIUMOE
TS pa3BUTHUS JTABUHBI KDUTHYECKOTO Pa3Mepa;

3. PpOCT 3/IeKTPOHHOM JIaBUHBI U ee TpaHchopmaLus B
MOHM3UPOBAaHHBIN (PPOHT;

4. mpomBuxeHue (ppoHTa Oaromapst Ha3BaHHBIM BbI-
11Ie TPEM IIPOLIECCaM, HO MPOMCXOASIIMM B 00J1ac-
TH BIIEPENN HOHM3MPOBAHHOTO (DPOHTA.

Mopenb 3aXXKnUraHusl 1 pa3BUTHS pa3psaa OCHOBaHA
Ha TPEeAJIOXEHUM O TOM, YTO KO3(hdOULIUEHT yIapHOi
WoHu3auuu « paseH 0 mpu E=FE,, 1 Ha 3KCIepHUMEH-
TaJbHO YCTAHOBJEHHBIX 3aBUCUMOCTSIX BPEMEHU TpOo-
004 T,, OT TMAPOCTATUYECKOTO NABJICHUS Hall KWJ-
KOCTBIO P, ylebHOM 3IeKTPOIIPOBOTHOCTH ¥ M MEXK3-
JIEKTPOJIHOTO PacCTOsIHUSA d.

[TockoJbKY, COTIaCHO 3KCIEPUMEHTAIbHBIM JTaH-
HBIM, TIpY CYOMUKPOCEKYHIHBIX 9KCIIO3ULIMSX HATIPSI-
KEHUSI HM3KOBOJIBTHAS IIPOBOAMMOCTD KUIKOCTEH
MIPAKTUYECKU HE BIUSIET Ha MPOOMBHBIE XapaKTepUC-
TUKH, IPUHSTO, YTO POJIb MIOHHOTO TOKA IIPEeHEOpeXu-
Mo Maja. Pemaroasi pojib B 3HEPrOBBIICICHUM U 00-
pa30BaHMM 3apojblllieii Ta30BoOi (ha3bl OTBOAUTCS aB-
TO3SMUCCHH 3JIEKTPOHOB C KaTofa.

OCHOBHBIM YCJIOBUEM peau3alui MUKPOB3PbIB-
HOTO M€XaHW3Ma MHULIMMPOBAHUS SBJSETCS BbICOKAS
HaIpsDKEeHHOCTh TMOJISI B MPUAJIEKTPOJHOM 00J1acTH,
KOTOpasi TOCTHXKMMA TpU HAHOCEKYHIHBIX IJIUTENb-
HOCTSIX MMITYJIbCa HampsDKeHWs. biaarompusTHeIMA
(baxTopamu J1s MPOSIBIICHUS] TAKOTO MEXaHU3Ma MHU-
LIMUPOBAHUS SIBJISIOTCS TAKXKe Majlblii panuyc 3aKpyr-
JIEHUS! UTHULIMUPYIOLIETO 3JIeKTpoja (€AMHULBI — Je-
CATKM MMKPOH) U MaJible MEX3JIEKTPONHBIE PACCTOSI-
HUSl (CyOMUIIMMETPOBBIE).

Honuszayuonnslii MEXaHU3M WHULIMMPOBAHUS — 3a-
POXIeHNE TTa3MEHHOTO KaHala KaK HeloCPeICTBEH-
HOE CJICICTBIE MOHM3AIIMU MOJIEKYJ XXUIKOCTH 33 CYET
aBTOMOHM3AIUU (aHOJHOE WHULMUPOBAHUE) WU
yIapHO# MOHM3alMU (KaTOJHOE MHULUUPOBAHUE).
BHeprosoieeHNe, (Ha3oBblii mepexoq NepBoro poaa,
(bopMHpOBaHUE yIAPHBIX BOJH B 3TOM CJy4ae SIBJISIOT-
sl BTOPUYHBIMH TTPOLIECCAMH.

J171s1 ero peam3aliiu YCIOBMS TOJDKHBI ObITh e1tie 00-
Jiee "KecTKue", 4eM B TIPEAbIIYLIEM CIydae — IpeiebHO
BBICOKME HampskeHHOCTH mosist (mopsiaka 10° B/em) u
OYeHb MaJjlble JIMTEJBHOCTY WMITY/IbCA HAMpPSDKEHUS
(10~ c m menee). [1pu 3TOM HaIIPSKEHHOCTH OIS IOCTA-
TOYHBI JIJIs1 MOHU3ALIUM MOJIEKYJ XKUIKOCTH, HO BpeMEHH
HEIOCTaTOYHO 151 (Pa30BOTO Mepexosia MepBoro poja.

BaxHyto posib B MOHU3AIMU KUIKOCTH MOXET UT-
paTh reHepalusi MHTEHCUBHBIX JIOKAJIbHBIX 3JIEKTPU-
YeCKMX IOJIeli M3-3a CTPYKTYPHBIX (DIYKTyaIllii BHYT-
pu auaaexkTpuka. B [24, 25] npemnoxeHa (QaykTyaiu-
OHHas MOJIeNIb TPO0O0S KUAKUX IUIIEKTPUKOB. [Ipo-
LECC 3aPOXIECHHUS U POCTa Pa3psiIHBIX KAHAJIOB NIPUO-
JIDKEHHO OTUCHIBAETCS KPUTEPUEM TUTIA TOPOTOBOTO.
Ecnu nokanbHoe mofie (3aBUCUT OT MOTeHIMAaNa U pa-
JIyca MUKPOOCTpPHSI TOJIOBKM KaHasa)

E >E 40,
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TO B 9TOM MECTE BO3HMKAET HOBBI/ Y4aCTOK MPOBOLIS-
mieit aspl. 3aech E. —XapakTepucTHKa BellecTBa, Gpu-
3MYECKUI CMBICIT KOTOPO#i €CTh TTIOPOTOBOE ITOJIE MPO-
0051 MAEATBHOTO MUBJNEKTPUKA, a O — CIydaliHbIe
(bykTyaluy 3TOM BeJIMYMHBI, BO3HMKAIOIME BCieN-
CTBME MHOTUX MpuurH. ONHOI U3 HUX SIBJSIETCS TO,
YTO TI0JIE, AEUCTBYIOILEE HA MOJSIPU3YEMYIO MOJIEKYJTY
B XWJKOCTH, U3MEHSIETCS MO BEJIMYMHE U Harpaslie-
HUIO M3-3a TEMJIOBBIX (IYKTyallMii B MOJOXEHUM CO-
CeIHUX MONSPU30BaHHBIX YacTull. C IpYTroil CTOPOHHI,
COCTOSIHMSI KOJieOaTeNbHBIX CTereHedl cBOOOAbI U
AJIEKTPOHHBIX KOHGUrypaluil ¢ HEKOTOPOH BEpOsIT-
HOCTBIO SIBJISIIOTCSI BO30YXKA€HHBIMU U3-32 B3aUMOJIEH -
CTBUSI MOJIEKYJT MEXIY COOOM B TIPOLIECCE UX TETLIOBO-
ro aBuxkeHus. [ToaToMy cylliecTByeT 3aMeTHasl BEpOSIT-
HOCTbh MOHU3ALUU MOJIEKYJI B 3JIEKTPUUECKOM TI0JIE Ha
JlaJlbHEM Kpblie O0O0JbLIMAHOBCKOTO pacrpeneseHusl.
OKas3bIBaIOT TaKXKe BIMSHUE HEOMHOPOJHOCTH AM3JIE-
KTpHYKa B TipocTpaHcTBe. Omnpenesionlyto pojib urpa-
10T OTPULIATEIIbHBIE 3HaUEHUS (DITYKTyaLWii J.

3axuraHue 3apsija Mo MUKPOB3PHIBHOMY U MOHU-
3alIMOHHOMY ME€XaHU3MaM, peaju3yeMbIM B CHUJIbHO
MepeHanpskKeHHbIX TPOMEXYTKAX, COMPOBOXIAETCS
TUIaBIeHUEeM U Jaxe cyOaMMalieid MeTajia OCTpHii-
HBIX 3JIEKTPOJIOB C MIBIMU 7y © MUKPOOCTPHIi Ha T10-
BEPXHOCTH 3JIEKTPOAOB ¢ OOMBIION TIOINAALIO "HaM-
psoKeHHOM" moBepxHOCcTH [26, 27]. Hambonee mocto-
BEpHbIE KOJMYECTBEHHbIE JaHHbIE 00 3TOM SIBJIECHUU
yIAI0Ch MOAYYUTH JJIS1 OCTPUMAHBIX 3JEKTPOJOB C Ma-
JIbIMU yr1aMu KoHyca (8...30°) 1 paguycamMy BepILMHBI
(1...10 mx™). B 3aBUCUMOCTH OT 3KCHIEPUMEHTAIBHBIX
YCJIOBMIA (TeOMETpHSsI 3JEKTPOaa, BUI KUIKOCTH, HAl-
PSKEHHOCTB MOJIs1) Macca MeTalia, YHOCUMOTO C OCT-
PUIAHOTO ANIEKTPO/Ia 38 OIMH, TPEPBaHHBII pa3psin Je-
xut B npenenax ~107...107° &. YacTb ero nepeHocuTCs
Ha MPOTUBOIMOJOXHBIN 371EKTPOA (B MUITMMETPOBBIX
1 CyOMUJTMMETPOBBIX TPOMEXKYTKAX).

[Mon s1exmpomennogbim MEXaHU3MOM UHULMKPO-
BaHUs pa3psiaa OyaeM moapa3ymMeBaTh CJAEAYIOLIYIO CO-
BOKYITHOCTb SIBJICHUM: NPOTEKAHUE IIOA HEHCTBUEM
MPUJIOXKEHHOTO TIOJSl TOKA BBICOKOBOJIETHOM ITPOBO-
JMMOCTU — pa3orpeB XUAKOCTU B MPUBNEKTPOTHBIX
00JIacTsIX ¢ MaKCUMaJIbHOW HAMpPSDKEHHOCTBIO MOJIS -
BCKWITAHUE XUIKOCTH — MOHU3AIUS TMapO-Ta30BbIX
noJjiocteit — popMUpoBaHUE 3a4aTKa IJ1a3MEHHOTO Ka-
Haja. OTOT MEXaHU3M MOXET peaM30BbIBATHCS MpPU
0O0JIBIIMX 3HAYEHUSX TIPOU3BEACHUS YAETbHOM 271€KT-
POMPOBOJHOCTHY XUIKOCTH () Ha JUTUTEILHOCTb BO3-
neictBust HarpskeHust (7). [TocKonbKy Mpu UMITYITbC-
HBIX BO3ICUCTBUSIX HATIPSIKEHUS T OOBIYHO HE TIPEBOC-
XOIUT HECKOJbKUX COTEH MUKPOCEKYH]I, TO TaKOi Me-
XaHM3M MHULMMPOBAaHUS Haubosiee BEPOSITEH B XHUII-
KOCTSIX C 0OJIBIION ¥ — MPEXJIE BCETO B 2JIEKTPOIUTAX.

4. MexaHu3Mbl pa3BuUTMA pa3papa
W rpaHunLibl MX peanu3saumm

Jnst cranuy pa3BUTUST pa3psiia CyLIECTBEHHO pas-
JIMYHBIMA MOXHO CYMTATh TPM MeXaHHW3Ma (TpW BHIa
paspsiga): 1) "OblcTphIii” (CBEPX3BYKOBOIA), 2) "MemIeH-

HBIA" (103ByKOBOI) 1 3) "a1eKTpoTemioBoil”. B meppom
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clydae Tpo0oii KUAKOCTEH 0ObIMHO HA3hIBAIOT "MOHM3a-
LIMOHHBIM", BO BTOPOM — "Iy3bIPHKOBBIM", XOTsI B 000MX
CclTyyasix MepBoHaYaabHOE HapylieHue (M3MeHeHue) (a-
30BOTO COCTOSTHUSI KUAKOCTH MPOMCXOAUT 3a CUET JIBU-
SKeHUSI HOCHTeJTel 3apsia B caMoii KIIKOCTH, 00pa3yio-
IIMXCSL BCIGACTBME MOHM3ALMKU (pa3psid ¢ aHOma) WIIN
3MUCCUM W MOHM3aMK (paspsif ¢ Katona), a 00pa3oBa-
HME TUTa3MEHHOro KaHaia oOyC/IOBIEeHO MOHM3AlMel B
ra3ooit (haze. Ix 0cobeHHOCTH 00OYCIOBIEHBI Pa3IMuK-
€M B MHTEHCHMBHOCTYM M IOCJENOBATeJbHOCTH TPOLIeC-
COB, 00€CreyrBaloIIMX TpUpalleH e AIUHbI TIa3MeH-
HOTO KaHaJIa, 3apOIMBILETOCS Ha CTAIMHN 3aKUTaHWS.

B Tex ciyyasx (10cTaTOYHO PenKUX IS UMITYJIbC-
HOTo Mpo0ost KMAKOCTEH), KOraa peannusyercs 1eKT-
POTEMJIOBOM MeXaHM3M WHULMUPOBAHUS, Mpoboii
BKJTIOYAET: Pa3orpeB XUIKOCTU (IPEUMYIIECTBEHHO
MOHHBIMM TOKaMH), BCKMIIAHUE XUAKOCTH C 00pa3o-
BaHUEM Ta30-TIapOBBIX TMOJOCTEl, MOHM3ALUIO B T0-
JocTd. Pa3psiiHbIil KaHal YATMHSIETCS 3a CYET IBMXKe-
HUSI K MPOTUBOIONOXHOMY 3JIEKTpoay 00J1acTu Jio-
KaJIbHOTO pa3orpeBa U BCKUMAHMUS XXUAKOCTH.

[MepBrie aBa BUAA pa3psiaa 3aBUCHT OT IOJISPHOCTH
MHULMUPYIONIETO 3JIEKTPOAA, XOTS M B HECKOJbKO
MEHBILIei CTereHy, YeM CTaaus 3aKUraHus pas3psiaa.

Haubonee oTueT/IMBO MOHU3ALIMOHHBIN MEXaHU3M
po00st MPOSIBIISIETCS B BUIE PA3BUTHMS ObICTPHIX KaHA-
JIOB C aHOJIA, My3bIPbKOBBIM — B BUJE Pa3BUTHUS Mejl-
JIEHHBIX KaHaJIOB ¢ Karoja. CienyeT UMeTh B BULY, UTO
B OJIHOM aKTe 3JIEKTPUYECKOTO NPOOOSI MOTYT HAOII0-
JIaThCs M MEJIEHHBIE, U OBICTPBIE KaHaNbl. Kak mpaBu-
JI0, TIepBbIe MpeodpasytoTcs Bo BTopble. OnHaKo, B OI-
pelieJieHHbIX YCIOBUSX (HAampuMmep, NpU Pa3BUTUU
paspsiia Ha XBOCTE UMITYJIbca, KOT/A Pa3HOCTh MOTEH-
LMAJI0B Ha AJIEKTPOAax B TMEPUOM Pa3BUTHUS paspsnia
OBICTPO MafaeT), MOCien0BaTeIbHOCTh COOBITHI MO-
€T OBITh MPOTUBOIOIOXHOM.

Ousnyeckas KapTHHA PACIIPOCTPAHEHUS ObiCIMpPO2o
1040XCUMebHO20 KaHaIa TIpY 3TOM TakoBa. MoHu3a-
LUOHHBIE TIPOLIECCHI PA3BUBAIOTCS B XXKUIKOCTU OJ1aro-
JapsT BLICOKOM HANPSKEHHOCTH OIS BOJIU3K TONIOBKU
pa3psiTHOTO KaHajga. DIeKTPOHBI 00pasyroTcs mepen
TOJIOBKOM BCJIEICTBME aBTOMOHM3ALUU U IBIKYTCS K
Helt Ton neiictBreM ee Tons. OHM BXOIST B TTOJIOXM-
TeJIbHO 3apsKEHHYIO TOIOBKY KaHalla M OCTABIISIOT O-
33/l HOBYIO 00J1aCTh MOJOXUTEJBHOTO TPOCTPaH-
CTBeHHOTO 3apsiaa. O0pa3oBaHKe U ABUXECHUE B CUJb-
HOM 3JIEKTPUUYECKOM I10Jie HOCUTeNIEeH 3apsiaa obecre-
YHUBaeT MHTEHCUBHOE BBIIETCHNE TEIIOBOM SHEPTHH.
[MocnenHee mepeBOONUT XUIKOCTh B CBEPXKPUTHIECKOE
COCTOSIHME, COMPOBOXIAIOLIeeCs MPAKTHIECKUA MTHO-
BEHHBIM 00pa30BaHMEM 3apojblllieil raszoBoil (a3l
BBICOKOTO JaBJIeHUS U TeMIIepaTyphl. 3a 3TUM CJIEIyeT
ObICcTpoe (CBEPX3BYKOBOE) PAaCIIMPEHHUE, CONIPOBOXKA-
1o1eecd (OpMUPOBAHNEM YIAPHOI BOHBI, CHIKEHU -
€M TeMIIepaTyphl ¥ JaBIeHUS ¥ 00pa30BaHUEM Ta30BO-
o KaHaja. PacimmpeHue cTBoJIa KaHana MPOMCXOIUT C
MaJjioii (103ByKoBoit) ckopocThio ~10°...10* cm/c. Oc-
HOBHBIM MEXaHU3MOM YIUTMHEHHUS TIEPBUYHOTO KaHa-
Ja SIBJISeTCS He ABIIKECHME TPAaHMIIBI Ta3-KUIKOCTh, a
TIOCTOSTHHOE CO3IaHKe TaKO! IPaHUIIBI.
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[Mocne 3axuraHus paspsga Ha Kamode SMUCCHS
3JIEKTPOHOB B XUAKOCTb OCYILECTBIISIETCS HE U3 META-
Jia, a U3 TJ1a3Mbl 3apOAMBLIETOCs Pa3psITHOTO KaHaua.
[TnoTHOCTH 3HEPTUM, BbIAEASEMON Mepea ToJO0BKOK
Pa3BUMBAIOIIETOCS KaHala, M, COOTBETCTBEHHO, CKO-
POCTB €T0 YITMHEHUS 3aBUCST OT 3JIEKTPOIIPOBOIHOC-
TH KaHasa, 00eCcreunBaloIIero ralbBAHUYECKYIO CBI3b
00J1aCTH MOHU3AIMHU C BNEKTPOIOM. DTO 03HAYAET, YTO
BpeMs JIOKAIbHOTO Pa3orpeBa XUIKOCTU U CKOPOCTh
VIJIMHEHUS KaHaJla 3aBUCST OT AMHAMUKH KaHaa.

Llenslit psim SKCIIEpMMEHTANBHBIX TaHHBIX — Iy-
3BIPbKOBAsI CTPYKTYypa pa3psn KaHaJIOB, TeHepaius
yIapHbIX BOJH B MpoIecce MPOABMXEHUSI KaHAJOB,
JI03BYKOBasi CKOPOCTb Pa3BUTHS KAHAJIOB, CHJTbHAS 3a-
BHCUMOCTb Pa3psIHBIX MPOLECCOB OT BHEIIHETO JaB-
JIeHWST ¥ HE3aBHCHMOCTh OT 3JIeKTPOHHBIX CBOMCTB
KMIKOCTH — TIOKA3bIBAIOT OIPENEIISIIONIYI0 POb B
MHUIMMPOBAHUM M Pa3BUTHU pa3psaa oOpa3oBaHUs
naporazoBoi das3bl. DHEPreTUYeCKUil aHaIM3 MpolLiec-
COB B pa3psiTHOM MPOMEXYTKE ITOKa3bIBaeT, YTO MPO-
IeCCHI Ta3000pa30BaHMS M TIOCIIETYIONIAsT MOHM3AIIMS
Ta30BBIX MY3BIPEKOB ABISIETCS BITOJHE PEan3yeMbIMU
TIPH OTIPEeIeNICHHOM COYeTAHMH HATIPSDKEHHOCTH TIOJIS
Y JUTUTEIBHOCTH BO3MEHUCTBUS HATIPSKEHUS.

B co3maHHBIX Ha CEeroaHs MOJIE/ISIX MOHU3ALIOHHO-
TO Y My3bIPbKOBOTO MEXaHU3MOB MPO00SI HE YUMThIBA-
eTcs poJTb (POTOMOHM3AIINY 3a CUET M3TydeHHST KaHaa.
OOBsICHSETCS 3TO, TIPEXE BCETO, TEM, YTO B OOJIBILIIH-
CTBE IKCHEPUMEHTAIBbHBIX YCJIOBUI CKOPOCTh MPOIBU-
JKEHUST KaHajla He MPEBOCXOMUT ApeioByI0 CKOPOCTh
ANIeKTPOHOB B Xuakoctd, T.e. ~10" cm/c. OmHako B
OYeHb JJIMHHBIX MPOMEXYTKAaX B TPaHC(HOPMATOPHOM
Macne pu U=1...10 MB B [28, 29] 3aperucTpupoBaHbl
ckopocti ~2-10° cM/c. biauskue ckopocTr HaOMOAAKOT-
s ¥ Ha (GMHATBHOM CTaIny pa3psiia My MEHBIIUX Me-
K3MIEKTPOIHBIX PACCTOSIHUSX Y HANPSDKEHMSIX (9] .

B obmact MUKpPOCEKYHIHBIX JIUTEILHOCTEN MM-
TYJbCOB M B JUTMHHBIX Pa3psSITHBIX TIPOMEKYTKAX (MILT-
JIMMETPBI 1 00Jiee) paCCMOTPEHHBIE BHIIIE pa3psiIHbIE
KaHallbl SIBIISIIOTCS JIMIIb TIEpBOI cTamueit deyxcma-
Ouiinoeo audeproeo npoyecca. Ilpu ero onucaHUM 3TU
KaHaJIbl HA3BaHbl HePEUHHBIMU.

[NepBrYHBIE KaHABI IUAMETPOB B ¢AMHMIIHI MHK-
POH pa3BUBAIOTCS HEMPEPHIBHO (BO3MOXHO, KBa3M-
HenpepbiBHO) co ckopocThio 10°...107 cm/c. M pa3Bu-
THE CONPOBOXKIAETCS NMpoTeKaHrueM Toka ~107...107° A;
TJIOTHOCTh TOKA TIpU 3ToM cocTapsieT (1...8) 10° A/cm?
(mo manHbM [3]) wim 1,5:10* A/cMm (Mo DaHHBIM
[20, 31]), cpenHue IPOOONBHBIE TPANUEHTHI IIOTCHIIMA-
na —(1,5...3,0)-10* B/cM, ynenbHast IpOBOIUMOCTD Be-
mecTBa nepsuyHoro KaHaga — 0,1...0,8 Om™cm™ (1o
gaHHbM [3]) wim 1,3-10* Om~'cM™ (10 JaHHBIM
[20, 31]). B mpotuiecce pa3BuTHsI MEPBUYHOTO KaHaua B
€r0 OCHOBAaHMM CO3IAIOTCS HEKOTOPhIE KPUTHIECKUE
VCITOBUSI, TIPMBOIAIIE K YIAPHOMY PacIIMpeHHIO Ka-
Haia co ckopocthio (1...6):10° eM/c 1o 50...120 mMKM,
YBEJIMYEHUIO TOKA Ha 3—4 mopsiika, IpKOW BCITBILIKE
KaHasa. [IpeoOpa3zoBaHue IepBUYHOTO KaHaa, Tpejc-
TaBjIsiIoIIee cO00I BTOPYIO CTaiWIO JIMAEPHOIO TPO-
1ecca, OT OCHOBaHMS TIEPBIIHOTO KaHala pacIipocTpa-

HsIeTCS K ero rojioBke co ckopoctbio (1...3)-107 cm/c.
DTUM 3aKaHYMBAETCS MepBasi CTyNeHb TOTYKO0Opa3HO-
T0 Pa3BUTHSI JTMAEPHOTO KaHaja, ¢ MPOAOJbHBIMU I'pa-
JMeHTaMu noteHuuMana 2...11 xB/cM u yaenbHoii mpo-
BoAMMOCThIO BemecTBa 2...10 Om”'cMm™ (o maHHBIM
[3]) unu 10 Om~'em™" (1o marnbM [30, 31]). B mociemy-
IOIIEM TIEPBUYHBINA KaHal pa3BUBAETCS C TONOBKH JIM-
JIEPHOTO KaHajia, ¥ ero npeodpa3oBaHue B JUACPHBIA
OCYILIECTBIISIETCS aHAJIOTUYHO omucaHHoMY. CKOpoCTb
Pa3BUTHS MIEPBUYHOTO KaHaja, May3bl MeXIy TOMTYKa-
MM JIWZIepa 1, CIeI0BaTeIbHO, 3P MEKTUBHASI CKOPOCTh
VIUIMHEHUS JMOEPHOTO KaHajla 3aBUCSIT OT CBOMCTB
SKMIKOCTH, TTapaMeTpoB UMITYJIbca HATPSKEHHUST, KOH-
(burypauuu monst B pa3psiIHOM IPOMEXYTKE.

OueBHIHO, YTO TEOPETHYECKOE OIMCAHUE 3TOTO
mpolecca M, CIeIOBATENIbHO, TEOPUS MMITYIBLCHOTO
npo0osI KUAKOCTEH B YMEPEHHO KOPOTKHUX TTPOMEXKYT-
Kax JOJDXKHA BKJTIOYAaTh OMMCAHWE TaKMUX IOCJIenoBa-
TeJbHBIX CTAIMI pa3psija, Kak: 1) 3axxuraHue paspsia,
2) pa3BuUTHE NIEPBUYHOTO KaHaja, 3) mpeobdpa3oBaHue
MePBUYHOTO KaHajTa B JMACPHBIA, 00eCTIeunBalomIee
BBIHOC TIOTEHITMANa BBICOKOBOJIBTHOTO 3JIEKTPONA B
IJTyOb IIPOMEXYTKA.

5. 3aknioyeHune

[TonBenst uTor KPaTKOro 0000IEHNS IKCIIEPUMEH -
TaJIbHBIX ¥ TEOPETUYECKUX PA0OT, IIOCBSILEHHBIX MHU-
LIUUPOBAHMIO (3aXKUIaHUIO) W PaA3BUTUIO pa3psna B
SKUIKOCTSIX, MPUXOAMTCS KOHCTaTUPOBATh, UTO, HEC-
MOTpsI Ha 3HAYUTEJIbHBIA IMPOrpecc, NOCTUTHYTHIA B
MOHUMAaHUM MEXaHU3MOB TIPO00SI 3a MOCIeTHUE AeCs -
TUIICTUS, HEKOTOPBIe (DParMEHTHI 3TOTO CJIOXKHOTO SIB-
JICHMSI OCTal0TCS "OebIMU IISITHAMMU .

Haubonee ciaoxHbIMU [JIs1 KOJMYECTBEHHOTO (U
Jlaxe KayeCTBEHHOTO0) OMUCAHUS SIBIISIIOTCS TPOLIECCHI
B TOJIOBKE Pa3BMBAIOLIETOCsS Pa3psAHOrO KaHajia U B
MEePeXOHON 00aCT MEXIy Heil M razopaspsiiHoii
T1a3MOM, 3amoHSIONIeN CTBOJ KaHata. IMeHHO 3Tn
MIPOIIeCCHl 00ECIeYnBalOT MPeodpa3oBaHUE KUIKOM
TMBNIEKTPUYECKOM CPeibl B TIIa3MYy.

YMeCTHO OTMETUTB, YTO U ITPH SIEKTPHUYECKOM ITPO-
0oe JApyrux IU3JEKTPUYECKUX Cpell — Ta30B U TBEPIbIX
JMBNIEKTPUKOB — 3TH TPOIIECCHI MIPU3HAIOTCS HAanboJIee
CIIOXHBIMU JIJIS1 M3YYEHUS U HalIMeHee ITOHSTHBIMM.

B yacTHOCTH, B [32] IPMMEHUTEILHO K JIMACPHOMY
paspsily B Bo3ayxe oTMmevaetcs, yTo "CTpUMEpHO-J1-
JIEpHBIH Tepexo — HanboJiee TPYAHBIN 1Sl TEOpUH, Ha-
MMeHee M3yJeHHBI, BO MHOTOM JaXe He TMOHATHIA 10
KOHIIa ¥ BMECTe C TeM OIMH U3 HanboJIee BaKHBIX 3Ta-
OB JiuaepHoro mmpouecca”. [lox cTpyMepHO-THUAEPHBIM
TIEPEXOIOM TTOIPa3yMeBalOT 3apOXXIEHHE TUAEPA OKOJIO
3JIeKTpo/a B cTe0JIe HAYaTbHOM BCIIBIIIKY UMITYTbCHOM
KOPOHBI, a TakXXe 00pa30BaHue HOBOTO YUacTKa Jujaepa
13 CTPUMEPOB €ro CTpuMepHoii 30HEL. CormacHo [32] B
TeUeHUe IMay3bl IIUTEIbHOCThIO ~10 MKC Mexmy
BCITBIIIKO# MEPBUYHON KOPOHHI U MOSIBJICHUEM 3a4aTKa
JIMAEPHOTO KaHaja IJIOTHOCTh TIa3Mbl B CTe0se KOpo-
HBI MaiaeT IPUMEPHO Ha jBa mopsiaka (1o ~107 cm™).
“IIpu cTOJNb HM3KOM TUIOTHOCTM HapacTalolliee B Xojie
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MOIbeMa HATIPSKEHUSI 110JI€ TIPOHMKAET BO BHYTPEHHUIA
00beM cTed1s1. B pesynbrare 1o cTe0i1io MpoXoauT BTO-
pUYHAasI BOJHA MOHM3ALMU, poxaatoiast muaep”. [Toka-
3aHO, YTO "MpPOLECCHl MEePBOHAYATIBLHOTO 3apOXKAEHMS
JWfiepa U TOCIEYIONIEro BOCIIPOU3BeAeHNSI KaHala B
JIMIEPHOI TONOBKE TPOTEKAIOT OoJiee WM MEHee OIU-
HAKOBBIM 00pa3oM".

[TpuMeHUTENBHO K pa3psAHOMY MTPOLIECCY B JUTUH-
HBIX TIPOMEXYTKAX B XKUIKOCTSIX MTPUMEPHO TaKOM e
Mojixof1 ObUT HaMu pa3BuT B [3]. Monesb mpeobpas3oBa-
HUS TIEPBUYHOTO KaHajda B JIMICPHBI OCHOBAaHA Ha
MIPEATNONOXKEHUH O PEelaloNIeil POy MOBBILIEHHS Tpa-
JIMEeHTA TIOTeHIMaa B IEPBUYHOM KaHasle BCJENCTBUE
peKoMOMHALMY HOCUTEIel 3apsaa 10 BEIUYUHBI, A0C-
TATOYHOM JUIsl Pa3BUTHUSI UHTEHCUBHOM YIapHOI MOHU-
3al1y B CJ1a00 MOHU3MPOBAHHOM Ia30BOM KaHaJle, Ka-
KOBBIM SIBJISIECTCS TIEPBIUYHBIN KaHaJ.

B dusuke mpo6ost TBEPAbIX AUIIEKTPUKOB MHOTHE
JIECATUIETUS] OCHOBHBIE YCUITUSI ObLIM COCPENOTOUCHBI
Ha OMNpENeIEHUU KPUTEpUs Hapacrarolleidl ynapHOu
MOHU3AIIMM BaJEHTHON 30HbBI, KOTOPBIA OTOXZEC-
TBIISLICS € ycIoBrEM Ipo0osi. COBpeMEHHBIE NOCTHXE-
HUS B 00jacT (bM3MKM TBEPIOTO Tejda, AaHHBIE O
MPOCTAHCTBEHHO-BPEMEHHBIX 3aKOHOMEPHOCTSIX pa3-
BUTUSI pa3psijia B TBEPABIX ONTUYECKH TPO3PAUHBIX U~
anextpukax nozponwn 10.H. Bepumauny [33] pas-
BUTH UHOM MOJXOJ K OIIMCAHMIO TPOOOST TBEPABIX AU3-
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YecrBa Martepmarsios.

B MOHHEBIX KpHcTa/U1aXx 00pa3oBaHUe pagualliOH-
HBIX J1e(heKTOB MPOUCXOIUT MPEUMYIIIECTBEHHO B pe-
3yJIbTaTe pacraja 3JeKTPOHHBIX Bo30yxaeHuit. Co3-
JlaHHBIE B MEPBMYHOM aKTe pacrajga mnapbl AeheKToB
OpeHKest Co BpeMeHeM MCUe3aloT WM peodpasyioT-
CS1 B CTAOMJIbHBIE TTPU YCIOBUAX SKCTIEPUMEHTa Aedek-
Thl. UHTEHCHBHOE M3yYeHHME ITUX MPOLIECCOB METO/IA-
MU UMITYJIbCHOM CIIEKTPOMETPUH C UCTIONBb30BAHUEM B
KauecTBe UCTOUHUKOB BO30YXI€HMS UMITYJIbCHBIX JIa-
3epOB U YCKOPUTENEH 2JEKTPOHOB MO3BOJIUIO MOJY-
YUTb PNl BAXHEWIIMX PE3YJNbTaTOB, COCTABJSIOLIMX
OCHOBY COBPEMEHHBIX TpeACTaBlIeHU 0 (HU3MKe pa-
JMAlOHHOTO AeheKT000pa3oBaHus B MOHHBIX KpHUC-
tajnax. [lokasaHa mepcrneKTHMBHOCTb METOAOB HM-
MyJbCHOM CHIEKTPOMETPUU JIsl UCCIIEI0BAHUI 3BOJIO-
UMK Ae(PEeKTHOCTH, OUHAMUKHM KaTacTpo(PUUECKUX
MPOLIECCOB TIPY MOIIIHOM BO3IEWCTBUMU.

B HacTosmieii craThbe MpeacTaBieH OOIIMiA 0030p
BBITIOJIHEHHBIX Ha Kadeape Ja3epHoii U CBETOBOM TeX-
HUKM MCCIIeNOBAaHUI OBICTPOIIPOTEKAIOIINX IIPOLIEC-
COB B MOHHBIX KPUCTA/IaX C MCIOJIb30BaHMEM IKCIIe-
PUMEHTAIbHOM TEXHUKU C BHICOKMM BPEMEHHBIM pa3-
petieHreM. O630p UMeEET LeJIbI0 OKa3aTh KPYT Hayy-
HBIX TIPO0JIeM, B pellleHUM KOTOPBIX Kadeapa MpuHU-
MaeT aKTMBHOE yJacTHe, HO He 00CyXaeHue ITyOuHbI
MX pa3pabOTKM ¥ BKJIaAa B pa3paboTKy KaxkIoi U3 HUX.
Pesynbratel ucciaenoBaHUil OTAEIBHBIX IpoOIEM pa-
JUAIMOHHONM (U3MKM, BBHITIOJHEHHBIX Ha Kadenpe,
MpeJCTaBieHbl B 0030pHBIX padoTax [1-6].

NMnynbcHbIN cnekTpomeTp

B 1976 romy coBMeCTHBIMU YCHIMSIMHM ABYX Kadenp,
"CBETOTEeXHUKU U UCTOUHUKOB cBeTa" (MpexXHee Has-
BaHue Kadenpbl "JIazepHOi U CBETOBON TEXHUKHU'") U
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