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BBEJEHIHIE

[oBEPXHOCTHHE CBOHCTBA METAMNOB, MNOJYNPOBOAHEKOB, RHEIJNERTDE-
ROB HPUBJIEKANT BCce Soxplee BHUMAHEG MCCAeRoBaTeNell pasNHYHNX
npodmaei. B nepByD OuepeXb STOT HHTepeC CBA3AH ¢ pasBHTHeM (H3H-
KM TOJYOPOBORHUKOB K TEXHOJOTHE MSIOTOBJEHUA OOJYIDOBOLHKKOBHX
upnéopoB. JlanbHefiuml mporpecc COBPEMEHHOI'0 NOJYTPOBOXHEKOBOI'O
IIoECOPOCTPOEHNA TpedyeT paspelleHHsa BONDPOCOB, CBA3AHHKX ¢ BHACHe-
FlieM JeTAIBHOT'O MEXQHASMA SNEKTPOHHHX NpPOIeccOB, NPOTERADmEX He
DOBEPXHOCTH, ¥ COBHAHUEM HANERHHX CDEICTB ROHTDOXA 38 HpPOHECCOoM
OpOJ3BOACTBA NOJYNPOBOTHNKOBHX NDHECOPOB € SANAHHHME XADAKTEPUCTHE-
KoMr. HecMOTDA HA TO, 49TO B 9TO# 00JaCTH HOCTATHYTH CYMECTBEHHHS
ycnexuw, AeTanbHHR MeX &HUSM MHOTHX SJEKTDOHEHX HPONECCOB, OpOTe-
KaNmuX Ha NOBEPXHOCTH TBEDIHX TeNl, ellé HeAb3A CYHTATH DPACKDHTHM.

MIEKTPOHHHE CBORCTBA HOBEPXHOCTH MIDANT pelamny® pOJb B Opo-
neccax paamoxelficTBEA TBEpHOro Tesa ¢ oxpyxamme#t cpemo#. Hecrae-
IOBAHAA BTUX NPOUECCOB BAXHH, ¢ OXHOY CTODOHH, IJNA OfecHeveHAs
HarexRHOCTH PadOTH DOJYUPOBONHMKOBHX HPAGOPOB B DA3NHYHHX cpenax,
& ¢ [Opyroif, — IAd OPATOTOBJEHEA AKTHBHHX KATAJE3aTOPOB, IpEMEHS-
€MEX B DASMMYHHY XEMHUYECKUX Nponeccax.

B nocrexunee BpeMa DACHMDUJINCH MCCIENOBAHEA OPOLECCOB, MpOTe-
KECUEY 112 DOBEPXHOCTH TBEPAOTO TeJa B HOJe EOHASHDYDILEI0 H3Jayde—
HIT M HA NPeABapETEeNLHO 00XydeHHOR NOBEeDXHOCTH. ITO CBA3BAHO
Ipodre:.oif cTaCHABHOCTHE ¥ RAUEXHOCTH MOJYNDOBOXHEKOBHX YOTPO#CTB
B yi.OBINIX pamyanuu, & TeKxe ¢ 3a7auaMM, CBASAHHRMA C TeopHeit
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I OparRTEkol paguANMORHO-RATAIMTUYeCKEX IDONECCOB.

Ipa BsamMoneilicTeur TBepAoro Teja ¢ oKpyxammel#f cpemof#f, ocoden-
HO B yCJOBUAX NefCTBHA HOHESHDYDMEIO H3AYYeHUSI BaXHYD POJb ATpa-
0T IpOEeCcCH IepepacnpeneseHud BHePIrad, B NEPBY0 oYepeRb IPONECCH
pelaxcam|n 2JIeKTPOHHOTO BO30YRHEeHMA CHCTEeMH, BH3BAHHOTO STHM B3a-
mvoneficTereM. looTOMYy MCCICNOBAHKE NPOIECCOB DENAKCAllMH MpPEeXCTAB-
nasT COoMpWOA HHTEpec ANA PAsAMYHHX of6xacTel dESHKA TBEpHROIO Tena
R JOTPAHWYHHX Da3NeNioB HAYKH.

IIpy M3y4YeHHH STHX OPOLIECCOB BAXHYD pOJIk MIDAET HCcAeNOBaHue
KPHeTYMEeCKOro NNaHa. 3HAHEEe OCOCEHHOCTel KMHeTHKH HIYIAEMOI'0 Mpo-
necca B Das3JUYHHX YCJIOBHAX IOMOraeT BHpAGOTAThH KPHTEDMHM, HEo0X0-
Iugue JJI NOCTDPOeHMA HaumGodee BepoATHOX gusHduecroR Momemm mpomecca.

B HacToAmee BpeMA B KUHETMUECKAX HCCAELZOBAHHAX Bce CoJblle
ACIOMB3yeTcs MEeTOX MaTeMaTEYecKOro MONENNDOBA&HMA. 3T0 CORpallger
063eM HEOOXONMMHX SRCIEDHMEHTANLHHX PasoT, NO3BOASET AHPEeRTHBHO
oTPaCOTATH METOHNEKY ONpENe/IeHAR KWHETHYECKEX NapaMeTpPOB HCCJAeny-
2MIX OPOLECCOB MO NAHHHM, NOJydeHHHEM B dKCIEpUMEHTe.

Hesbn Hamero #MCeaeloBaHMA GHIO E3ydeHHe OCOGeHHOCTeH KHHeTHE-
K{ pelaKcauus JJACKTPOHHOI'C BO3COYXNGHHA B TBEpPIOM TeJie, BH3IBAH-
HOTO HIe#CTBMEM HOHUINDPYWMEro HSAYUeHHAA, H BHACHEHUO BINAHEA
peraxcal Ha DPOIUECCH B3auMONEHCTPHA HOBEDXHOCTH C OKDYRAMINM
Lazglt.

Axari3 ocoOeHHOCTel KMHEeTHKE HeOEZHOKABAJIBHOIO ﬁpouecca
PoraKcalyll OPOBOMMACT MEeTONOM MaTeMaTHISCKOIO MONEeIADOBAHHA,
lloryuense TEOpeTHYECKEE BAKOHOMEDHOCTH CPABHHBANECEL ¢ DKCOEDH-
MCETANBHE.Y HAHHHMM CHELMANbHO NOCTABJEHHHX SKCHEePHMEHTOB HO
KCCNCHOBAHUD TEPMOCTYUMYIEPOBAHHOR 9K303JEKTpOHHOH smmccHE (T(33)
¢ mosepxuocrn L{F m J’ A0, , HDOIBEPrHYTHX HeliCcTBHD
PeUrT'CHORCKOTO M3NyYEHUA. JK302JMEKTPOHHAA BMUCCHA SBAAETCA OXHMM
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13 KAaHAJOB PEJAKCAUME SJEeKTDOHHOTO BOBCYRIEHHS TBEDIOTO TEJA,
DHIBAHHOTO oOnydemuem, a L(F  ® J’-AQO_,, ABNADTCA
BeieCTBAMK, OCIANANIMA XODOIMMM SMHCCHOHHHMMA CBOACTBAMY ® HO-
3TOMY YACTO MCHOJR3YOTCA B KAYECTBe MONEJNBHHX CHCTEM KAK B

UCIACHOBAHIAX IMHCCHH, T&K A JHOMUHECIISHIIMH,

Lol mecenoBamdsa BJMAHEA HPONECCOB PEJNAKCAlM 3JeKTPOHHOTO
BO3CYRIeHNd Ha OPOHEeCCH B3auMONefCTBHS MOBEDXHOCTH C OKpyZa-
pied cpemo# CHIM BROpAHH OPONECCH DANEAUMORHOR ancopSIEl BONO-
POIa ¥ DPa3JOMeHNs Aél7 OpH JUCCONMATUBHOM 38XBaTe JJeK-
TPOH& € INOHOPHOI'O YPOBHS H& NOBEDXHOCTU. B STHX cayyasax oGn—
€KTOM HMCCJENOBAHAA OHIA MOBEPXHOCTH HOJMKPUCTAIINYSCKOMN
3‘-oancn aJIMIHISI, KOTOpad mMeeT COJBHYD YXEeJbHYD NOBEDXHOCTH
U fBISIeTCA IMPOKO PACHPDOCTPAHEHHEM &ICODCEHTOM.

OCHOBHEHE HaydHHe DOJOREHMA, KOTODHE BHHOCATCH HA 3amury.

Pesynprara pacueroB Ha IBM MOXENRHOTO OpPOLECCa HEORHOKAHANE-
HO¥ peJaxcauya 5JAeKTPOHHOI'O BOSCYELEHNSA B TBEDHOM TeJle IOKA3H~
BaKT, 9TO OCHAPYXEHME JKCIEDUMEHTANBHON SEBECEMOCTH HMHTErpalh—
HOTO 3(jeKTa B TEepMOCTEMY/MPOBAHHHX NDOUECCAX DPEJAKCAIMH OT
CROPOCTH Harpesa '}"=EZ?7 MOXeT CIYRATH NOCTATOYHHM KPUTEpHeM
HEOIHOKAHANPHOI'0 NPOTEKAHMA NPOHEecca PeJAKCAlMM, B chexrpax
TePMOCTUMYNMPOBAHHON 2K303JEKTPOHHON BMECCHM 06pasuoB ¢[£/j
it J/ HA [205 SKCIEPUMEHTANEHO OCHEDY®EeHH OUKM HMHTeHCHBHO-
CTH, B Hpereyax KOTOPHX MOJHOE YUCAO 3aperHCTPUPOBAHHHX SJEK-
TPOHOB HBMEHAEeTCH ODH M3MEeHEeHUM CKOPOCTH HarpeBa oGpasioB.

OTH SKCUEpHMEHTANbHHEe (PaKTH, COIMIACHO YKA3AHHOMY KPUTEpAD, CBH-
KeTeJECTBYOT O TOM, UTO B ofuydernmx LIF & J-A[e%
IPOTEKANT KOHKYDMpYMUUE ¢ IK303JeKTpoHHO# sMmccme#t mnponeccw

DeJIaKcaiun.
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(penyoXeH METOn pacdeTa KMHEeTHISCKMX DADAMETPOB ABYXKSHANH~
HOTO Ipollecca peJIaKCalMs IO HaHAMM HadJbIeRUA TOJBKO 3a OXHIM
¥3 KOHKYDADYOUMX KAHAJOB B HEHM30TEpMEYECKHX YOJOBUAX OpPHE pas~
JITIHEX CKODOCTAX HErpeBa OGpasnoB.

(Ipy NCCIESROBAHVM KNHETUKY B3amMomeflcTBHA Bomoponma ¢ HOBEDX-~
HOCTHR J’ */4@.05 B moJe J" ~M37IydeHAA npu Temmeparype 195 Ok
BIEDBHE OCHADYXEH MAKCHEMYM B 3&BMCHMOCTH HavalbHof# CKOPOCTH AHC-
COLZaTMBHOR 2ACODCIME BOLOPOLA OT HAYAJBHOTO NaBTeHHA, llpemno-
XeH NeXaHMBM B3TOTO ABJICHAA, OCBACHANUWKYL DOMYYeHHHE IKCIHEpHMEH-

TeNMbHHe 38BHCHMOCTH.

Ipy MCCIeMOBAHMY KEHETHRE MOIENBHOIO IOPOLEecCa paSNOReHUS
BERUCH 230TA NPU AUCCOUMATABHOM 38XBATE OMEKTPOHA HA MOBEPXHO-
cTH Jﬁﬁfza} B IoJe J" ~U3JydeHus OCHADYREHO, YTO CKOPOCTH
Oyonecca yMEHBMAETCS CO BpeMeHeM. HalimmaeMue SKCIEpPEMEHTANL-
HEE 2aBHCMMOCTY OGBACHANTCA B DAMRAX NDPENNAraeMOro MeXaHu3Ma,
OTpakanuero BJIUSHEE [pollecca B3amMoLefiCTBUA MOBEPXHOCTHHX JO-
HODENX LEHTPOB ¢ OCpasymyrMucAd OpH PasJOXeHWM BAKHCH A30Ta
arNaMu KHCJOPONa HA BEPOATHOCTE AMCCOLMATHMBEOTO SAXBATA 3J€K-

TPIEA MOASKYJNOi /%0 .
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I'mapa I. DIEKTPOHENE ARIEHUA B BOSBYRIEHHHX TBEPIMX TEIAX

flHorue cpoficTBA TBEDIOTO TENa M €r'0 DOBEDXHOCTH B HacrodAmee
BpEMA CBA3NBAWTCS, TaK WIHM XHAYE, C COCTOSHHEM 3JEKTDOHHOR mon-
CHCTEMH KpUCTa/na ¥ OpOUecCoB, IPOTeKalmux B 3TOH moacucTreme.
OnmpenenaoNy®n DONE STM MPOMECCH UTDAnT BO B3aUMONeficTBMHM HOBEPX-—
HOCTH TBEPAOTO TeJa ¢ OKpyxamume# cpenoit. B cmob ovepens cropocTn
¥ XapakTep 3JMEKTPOHHHX ODONECCOB B TBEPIOM Tele 3ABUCAT OT CTDYK-
TYpH KprcCTanna, HaJWIAd B HEM PasHoro pona nedexkToB, sHepreTHYe-

CKY ABJANNNIXCA IIEHTDaMH 3axBaTa HocHTeJelt 3apsana. a

§ I. OG$EMH&6 ¥_IOBEDXHOCTHHE NePeKTH B TBEPIOM Teie

PeasbHHt KDYMCTAMI OTJUAETEA OT NOEANBHOI0 HanmuuueM HedexTos,
T. €. ﬁoxaﬂbuu; HapymeHuil B flepuonuyeckoll CTpyKType peueTrit Kpir-
CTANIA. PasﬂuqamT ABa THN&a JIOKAJBHHX HapymeHU: MaxpomedexTs K
muxponedexTH. Maxpomedexramu HA3HBALT HApyNeHUS TUNA napanyy,
SCPCH DKDAIIEHXS, MUKDOTPENMH, XapakTeDHHE DA3MEPH KOTODHX MHOIO
GoJiblle BEJMYNHH NMOCTOSHHON pemeTky kpucramwa o , B OTJIMYNE OT
TR XapaKTepiie pasMepd MUKPOLGHiCKTOB CPABHUMH ¢ 3TOfl Besmyutioff.
Jatee wir dynem pacemaTpusarh TONBKO MUKPONCDEKTH B TBEPNOM TeJo
S CLO ITOBCPXHOCTH, € KOTODHMHM TECHO CBA3AHH 3JEKTPOHHHEC npo-
IECCH.

3 1eno30yMIIeHHOM KPUCTaJUIe MUKDOXederTH MOTYT OHTHL DASHHX T~
now, 1 upoxa KOTOpEX (dHame Bcero "Guorpagudecxoro” Xapaxrepa)

00y CJOBJICHA YOJOBAAMY OUNCTKM ¥ IPUTOTOBICHUNA o6pasna. Taxumu
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LFedesTaMn SIBJAOTCA OYCTHE y34H (BaKaHCHH) B AHUOHHON IN Ramon-
pof JIOOPCHETHKAX KPUCTANNE, aTOMH WM MOHH B MeXHOY3JMAAX. Rein

ST I1EPEry IADHOCTH CBASAHH C COOCTBEHHUMA ATOMAMA WIM MOHAMH, ~
TO I:PeXTH TAKOTC THUIA HA3HBAOTCHA CTPYKTYPHHMUA; eCNU B ysaax mwim
MOETOYSMUAX HAXOUNATCA &TOMH II¥ JOHH IDEMECH, - TO AePeKTH Ha3u-
ﬁ_aTCT XAMrdeciam WK OpuMecHEMM. ClenyeT o0paTUTh 0cofoe BHMMA-
HA¢ F& TO, YTO NOBEPXHOCTH KDUCTALIA, KpoMme ne@emoa,oxapamep-
B IN9 00BLemMa TBEpROTO TeJa, IMeer crenuduyeckte nedexTy, 0o6yc-

JOEMCHHEE CYEeCTBOBAHMEM CaMORt NMOBEPXHOCTHU. CBA3KM aTOMOB U MOHOB

Ha CBEPXHOCTY ABIAOTCA KOOPHUHAIMOHHO HEHACHNEHHEMU M 3TO npuso
AT ¥ COBNAHND OCOOHX pachpeleNeHuit NOTeHIUANa BOIN3H IIOBEPXHO-
C°M ¥ 00pASOBaHMD MPUNOBEPXHOCTHHX BHEDPIreTUYECKUX YpoBHeld. lzBe-
CTHY 38 OCHOBHHX THNA NOBEPXHOCTHHX SHEPIeTHISCKUX COCTOMHIUI:
Tewie w loxau. o TamMy 30Ha NPOBONIMMOCTY BOJUSH NOBEPXHOCTH
mpeoCpasyeTca B CHCTEeMy ONM3KO JeRammx DUCKDETHHX ypoBHeif, [lo
lexay (370 KacaeTcs TONBKO MANHX SHAYEHHMH NOCTOMHHON pemeriy o )
mpy yuensmeRms o (ol ——m 0) mpoucxomuT NEPEKPHTHE BOJHOBHX
CyHEA# OTHENLHHX aQTOMOB M B SaNpeilleHH X 30HaX BOJM3M MOBEPXHO-
CTN COSRAWTCA YDOBHM, OO OZHOMY HA KAXLYD 30HY. DTOT afderT Gu-
CTDC /MCHRLAETCA N0 MEeDPe yNaNeHUA OT NOBEPXHOCTH KpHUCTAasuIa.
LeOexTH OONATAlT HEKOTOPO# NONBIXHOCTEN, 3aBMCHeldl oT TeMIe-
parypy un tuna nedexra. Ipn cOMMEEHME OHE CIOCOGHY B3auMOIefCcTBO-
Barr newny coOOof - aHHWTHJINDOBATEH WM 00pa30BHBATE Ipynnu pejpex-
TO3. ¢TIl 00PAB0BAHMA MOXHO DACCMATDUBATH KAK HOBHE CaMOCTONT eJIh~
Hye meferTH, TaK Kak OHM XapakTepuayoTcs COCCTBEHHHEMA NapameTpa-
M — EDEMEHEM MUBHM, IVyOMHOR SHEpreTHYeCcKOIo YPOBHA ¥ T. I.
Baxnoe cBoiicTBO Ie@eXTOB B TOM, YTO OHUM ABJIAVTCH HEeHTpaMyl 3axBa-
Ta I ROocUTeJel 3apgma. JoKam3ysacs Ha RedeKTax, HocHTeam 3apfA-
72 00pA"y0T BMECTE ¢ HIMA CUCTEMY, KOTODas TaKke ABIAETCH Iedex-

“9-, XALAKTEPUSYDUYCH COOCTBEHHHME apaMeTpami, IIpn BHenr:em
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BO3IEHCTBYM, KPOME YKaB3aHHHX GHOTpafi¥ecKuX, TEenJAOBHX U oBepx-
. ,

HOCTHEX NeeKTOB, B TBEDHOM TeJe MOTYT 00pa3oBHBATHECA H IpyTie

BUIY HApyWeHMil, HANpuMep XUMIMECKZe, MeXaHUYeCKHe, paNUANMOHHUe

nT. X

§ 2. BoadyxIeHue TBEpNOTO TeJaa HOX nelicTBueM MOHUBUDYRIET0
V3JY YEHILT

OnHm 3 DacopoCTPaHeHHHX METOLOB BO3AeHCTBMA HA TBeproe Teyo
N7 MBMEHCHUS €TO CBOUCTB ABAACTCA HOHM3MDyONee HM3NydeHAe. B 3a-
BUCAMOCTH OT BAN& ¥ NHTEHCHBHOCTH MOHUBUDYOUErO M3NYIEHUA U3MEHS-
0TCA Te WIM UHHE ero CBOCTBA: MEeXaHWYeCKHe, ONTHUYECKHe, OJEKTDU~
Jeckue u T. 0. Kak NpaBuao, NpY M3yYeHUM SJEKTDOHHHX NpOLECCcoB
B TBEPIOM TeJIe U Ha er0 [OBEePXHOCTH YIOOHee HOJB30BATHCA SJIEKTPO-~
MATHUTHHMI BUIAMH M3JIyIEeHNA J”—- WM DEHTT'eHOBCKUM, OCBeEIcHUeM
Y. B omumyue OT P - u /) -0GNyueHHA, a TAaKKe CMENAHHOIO
(,f7,J” ) peaKTOpHOIO, MJA STHX BUIOB UBJYyIeHUA, CEYeHNsA CMelle-
HUA TAREJNHX 9aCTHIl B KPACTAJUIAYECKO! DEmNeTHE HEBENHKN ¥ MX BO3-
TeficTBME CBORUTCA B OCHOBHOM K BO3MyMEHUIO SJACKTPOHHOR DONCHCTeMy
TBepmoro Texa. g GONBUMHCTBA BElECTB SQHEeprud, HeoOXomuMasa miasa
TOTORNEPHIX Dearuyi, JexuT B npefenax 6-I8 MeB [I] , Torma max
9acTO HUCNOMLIYEMOe HU3JIyIeHnE Co%0 meer cperHoo sHeprume 4 -
-KBaHTOB ~ 1,25 MsB.

Hesarss CRasaTL, 4YTO HU3KOBHEPT'eTHIECKOES OCIy4YeHUEe COBCEM He
NPYBOAUT K OCPAB0BAHM0 CTPYKTYDHHX LedeKTOB. B HacToflee Bpems
TIOJMy4eH SKCTEepPUMEHTAIEHHEe (AaKTH, CBUIETENbCTBYIUHE 06 o6pasoBa-
HU NefeKTOB CMENEeHNd B HEKOTODHX HOJYTIPOBOAHNKOBHX H HH3JIeKTpH-
TECHUX CUCTeMaX mof JeliCTBEeM Jagke MATKOT'O DEHTTEHOBCKOIO u3Iy-
9eHUA, lBBECTHH NOAMOPOTOBHE MEeXAaHW3MH 00pa30BaHNA CTPYKTYDHHX

M2CeKTOB, Tpedywmye INA CMELEHHA TARENHX UACTM B bemeTke TBep-
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Ioro Teja Jﬁ;RBaHTOB C MEHBUWMY DHHEDPI'MAMA, dYeM Enopor . {Mexa-
unsM Bapaw, oJeKTpOHHHA chafik, TyHHeNBHHE MEXaHU3MH). Takde Ipo-
"JECCH DeaNnsynTes B OCOOHX YCJOBUAX M KX CEYeHUs OTHOCHTEILHO
HEBeJMKM. B nancHedmeM MH OCDaHNYMMCH DACCMOTDEHHEM TARWX pagua-
IHOHHHX OpPOIEeCCOB, KOTODHE HPMBOAT K BOSCYXNEHM0 JMIB BSJEKTDOH-
HO% TOACUCTEM:H TBEpHOTo TeJa,

XV—-H peHTIeHOBcoe (X)-o0aydueHue OPUBOAAT K HOHUBAIME BO
BCEeX TBEPIHX TeXax, 4YTO ABAACTCA OCHOBHHM 3{PEeKTOM NpH MCIoJIB30-
BailM 9TUX TUMOB HIMYIEHUA. OTQ WOHMA3AINUA JUGO OHCTPO HelfTpasm-
SyeTCsS ®JEKTPOHAMU IMPOBORMMOCTH (HampuMep, B MeTaJIaX, HOJYIpO-
BOIHAKAX), JMGO CoXpaHAeTcd 6OJee NDONOJRATENLHOE BpeMd (8 momy-
NPOBONHUKAX ¥ IMBJEKTDHKAX). ECJHE IPONECCH BOBGYRIEHES TBEpIOro
Tena usJydeHHeMm (mepemeimeHVe ¥ 3aXBaT JJIEKTPOHOB) IPOMCXOLAT 232
BpemeHa < 10~ %7 CEK, IMOCJe 9erQ Da3sBepTHBANTCH MOJEKYJADHHE
nporteccH ({uIyopecueHuus, IUCCOMMANHMA), NEPEMElEHUE IKCHTOHOB
(cBABANHEX BIEKTPOHHO~THPOYHHX NAp), XaparTepE3youhecs BpeMeHa—
L5V IO"I8 + 10"9 CE€K, TO MPOLECCH, Belyule K BOCCTEHOBJIEHMK DPaB-
i0BeCcHs, KOTOpOe OHI0 HApYWeHO BO3CYEJEHMUEM, TpeCyoT BpemeH Go-
1ee 1079 CeK. [IpaKTu4ecKs 3TO MOTYT OHTH HEOTDAHMYSHHHE BpeMeHa,
XOTOPHE 3aBMCAT OT TeMNepaTYPHHX YCJIOBHUIL M THIA COCTOAHUSA.

OcBoCoXIEHHNE B pe3ysbTaTe NeficTBUA U3JIyYeHNA 3JIGKTDOHH
MOTYT 3acCeNdaTh Pas/MYHHe 3HEePTeTHUYecKMe YPOBHU, OOCYCJOBJIEHHHE
Rajurirert B XpucTranie TeX HNM UHHX HedeKroB. Bpemsa xu3Hu sxexTpo-
HOB B JIOKAJI30BAHHOM COCTOSHMM ompeneldercd IJMyCHHOR YpoBHelt u
BEPOSITHOCTED NPOLECCOB, KOTODHE MOTLYT NPUBECTY K WX ReNoratu3a—
L. LOHIEHTDAUUA X THI TaKUX SaCeJsJeHHHX CBepxpéBHOBecHo SJEeK—
TPOHH!IX. COCTOSIHUA ¥ ONPENeJSIOT MHOTWME IOBEPXHOCTHHE ¥ 0GheMHHE
(BO¥CTBA OOJNYYEHHHX TBEDAHX Ted. Kpome TOI'0, B IOPOIECCEe OCBOGOR—
FCHT DJEKTPOHOB C LEHTDOB 3axBaTa M NEPEXofia B BAJNEHTHYO 30HY

¥04CT BHIEJNATHCS BHePriusa (SHePTUs peKoMOMHAIMN), TOCTATOTHAN
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L7 MPYTEKAHAA IDPYTHX UPONECCOB, HAMDAMED XUMIIECKUX NPeRpaye..
MY Ha MOBEDPXHOCTH.

[Tep3nvHHM SJAEMEHTapHHM MPOHECCOM NMpE O6JydeHn: BJIeI{TpomapHHT_
JHMZ BARAMM HN3JYUeHUI ABJIASTCA OOCDA30BAHNE SKCHTOHOB. IoThoey,
SKCATOOB MOXET COCTaBAATh ~ I0M® cu™3, Tudenms B3KCUTOHOB IIpg-
ACXOLMY JNUCO IIpU percomdnnmﬁ COCTaBAgIMIE! ero mapW, ¥TO COmlpo-
3omTaenca BBMy4YeHnAeM POTOHOB WIM JOHOHOB, JMGO HpH AUCCOLMAaIyy
¢ 06pa’soBaHUEM HECBASAHHHX DJIEKTPOHOB ¥ AHDOK. JUCCOMMAIIAT 9K O
TOHOB 0COCEHHO 3PPEKTUBHO NPOMCXOXWNT Ha NedexTax KPUCTALMY e yn
DEmeTHE, SABIOLUXCA LESHTDAMU 3aXBaTa CBOCGOLHHX HOCHTeJel.

I3BecTeH nendi DAL ABJNEHU, CBA3AHHEX ¢ JHccolmanueit CICTomy
3TELTPOH—JIOBYLKA U NPENCTABIAKIMX COCOY KAHANH DeNaxCaluu ey
TPOFHOTO BO3CYXIEHNS TBEDUNOI'C Tesla, BH3BAHHOTO OGJIyYeHHeM, Taxi~
MM TporeccaMy SBAANTCA UBNyYATeNbHHe (JMOMAHecHeHumMs) u Ge3nayy-
vaTeJblHe MEPeXOfH B BAJISHTHYO S0HY, BK303JeKTPOHHAS BMUCAUT
(392) ¥ mp. B 3aBUCHMOCTH OT YCJOBHI DeJaxcamum 9Tu OpoIzcey
NOTJT YATY NMapajuIeNIBHO WIM NpeolaanaTh KaKoW-HuGynh U3 Hux, (ae-
Lyel OTMETHTH, 4YTO MHOr000pasHuio THIIOB IedeKToB COOTBETCTBYET
COJIEIOEC KOJNHYECTBO YPOBHel B 3ampelieHHO# 30He. OcBoGormerye
CIHIX YPOBHel N0 KaKOMy-HHCYAb MEXAHN3MY DeNaRCAIlNM MOXET plRg--
JUTE K FONOJHATENRFHOMY BaceJeHUO OPYyIHX. 370 006CTOATENBCYBy
CKaBHBACTCA HA KUHETUKE DeJlaKcald He TOJBKO C STHX, NONOJHy-
TeJBHO "MozjsacenseMux" ypoBHell, HO Z HA HadamnaeMoi KUHETIKe
peJiarcanlil BO3CYXIEHHOTO KPUCTANIA B LICJIOM.

CaoficTBa OCNYYEeHHHX TBEPHHX TeJ ONPENeorcs BO MHOI'OM CTPrK-
Typo% ero medexToB (3JEKTDPOHHHX COCTOAHNI) W XapaKT epUCTU ANy
DPaaicanloOHHEX IPOLIECCOB, OPOUCXOAANMX NOCJE OKOHYAHWUF Iefcrpyg
BOBOTXIeHUA. [IpHM W3YYEeHMM 3THX PeJaXCAlUOHENX MPOLECCOB Dpazyym._
HE derofamu (JIOMUHECHeHnus, 339, OIIP, VK-COeKTPOCKONNA # 1 )

NeJIyueHa OCIApHAA MHPODMAOUA KaK O CaMUX MCCJELYEMHX BeIecrna)

-
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(THNax ¥ XapaKkTepMCTHKAX 3JEKTDPOHHHX COCTOSHEH), Tax ¥ 06 siex-
TPOHHHX IIPOUECCaX, NPOTEXAWNAX B HAX NOK HeliCTBUeM USIAyIeHud.
Z cremywonen maparpape PACCMOTPEHH SKCMEPHMEHTANBHHE NAHHHE, NOKa—

suBawmue BJUFHAE DA3IMYHHX HAKTOPOB HA MPOLECCH BO3CYKICHARA U

peJakcalll B TBEPIOM TeJe.

§ 3. [IponeccH pesaxcalv¥ 3JEKTDOHHOIO BO3GYRIEHHS
B 0GJYYEHHHX TBEDIHX TeJax '

ﬁmesnpymmee M3IydeHne OPUBONUT 3JEKTDOHHYN NONCHCTEMY TBep-
TOTO TeJa B HEPABHOBECHOE COCTOSHEE, NP KOTOPOM KOHIEHTDAIMA
BAHATHX SJIEKTPOHHHX YPOBHEH B 3ampemeHHO# 30HE OKABHBAETCH BHue
TepMOLMHAMIM 6CK DPABHOBECHOH, COOTBETCTByWUEH TemuepaType Kpu~
CTALIIYECKO! pemeTKU TBEPOOI0 Tena. BO3BpAT CHCTEMH B COCTOSHUE
DABHOBECHS IPOMCXOAUT 32 CYET NepepacupeXeseHus SHEPIMA Mexnmy
3IEKTPOHHOY NMONCUCTEMOR ¥ peleTROol KDUCTAaTa MIM 32 cYeT o6MeHa
drepriuedl ¢ okpyxawme# cpemo#. U36HTOUHAA sHeprus BJNEKTPOHHOTO
BOBOYMIEHUA MOReT MEepeNaBaThCA OKDyEawvuell cpele B Buie doToHa
WM SJEeXTPOHE WM NOIJIOWATHCHA DPENeTKOH KpUcTalia B Bule (PoHOHA
nry Ge3usMydaTeNsHHX HepeXofaX, 9YTO NPUBOIMT K HATDeBaHIo TBep-
ZCTO TeJa ¥ yCTAHOBJIGHMO HOBOT'O TEPMONNHAMUIECKOTO DABHOBECHA.

HeGmonmerne 3a cBedesmeM OCJNYYeHHHX TBEDOHX TeN AABHO MCIOTE~
3yeTcA IpN MBYYEHMM MX CBOUCTB X IPOLIECCOB peNaKcany AJIEKTPOH—
HOTO BO3OyXIeHMR. B HacTOsllee BpeMA UMPOKO UCHOJLIYeTCH M METOxR
BI302NeKTPOHHON amuccuy (393), KOTOpHH OCHOBAaH Ha ABACHUUA UCIOYyC-
RO DJICKTPOHOB BOBCYRIEHHLMH TBCDIHMU TeNamy mpy TeMIepaTypax
CJTAUUCON HUSKUX JJIA NPOTEeKaHud OCHYHO! pIdapmcoHoBckoill sMuccun.
ST> ABNEHUE OHJIO OTKPHTO ¥ WCCJENOBAHO BIepBHe KpamepoMm 1 B Ha-
cTosiec ppemsT, CONBIMHCTBOM ABTOPOB CBfIBHBAETCA C HAMW4MeN, medex-

TO3 1 THRCPIOM TeJE M HA ero HOBEPXHOCTH. fBIAACE SHEPreTHMeCHun
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YPOBHAMU B 3alpemeHHO# 30He 5TH HedeKTH MODPYT 3aXBATHBATH OCBO-—
OORMEeHEHe Npy OCJydeHUMA JJEeKTPOHH. [locaenywmas el oKaNn3ammus
SJESKTPOHOB C BTUX PaBIMIHHX IO IVyCuHe ypoBHel mpusomur (¢ onpe-
IeqeHHoll BEPOATHOCTE) K YXOIY ¥X #3 Kpucraina (aMmuccuu) yXe Tpu
HEBHCOKUX TeMmueparypax. lcciaenoBaHnd NO JOMMHECHEHN:M X 333 npo-
BOTATCS KAK B M30TEDMUYECKUX YCJIOBUIX (HOCHBCBequHe, 3aTyxaHue
J29), Tak ¥ B Nnponecce HATDEeBAHUA OGPasIoB (TEepMOCTIMYJIMDPOBAHHHE
nporecen TCH # TC23). Memoapsywres I Apyrue METOLH IJIA HCCJIenoBa-
HUT TIPOLECCOB peJakcaluy 3JEKTPOHHOTO BO3CYRIEHHMA B KpHCTAMLIAX,
Taxue, Kax J[IP, VK-cnexTpockomuA, N3MEep eHue MHIOYUADOBAHHOR m3iTy-
JeHNeM SJeKTPONPOBONHOCTH ¥ T. I.

Porp pasiuuHUX CTDYKTYDHEX ¥ XUMHIECKMX IedexToB (B o6beme u
HA noaerHOCTH) B SJNEKTPOHHHX HpONECCaX HDE OOTyIeHMu TBEDIHX
TeJ ¥ NyTH nepépacnpeﬂenenuﬂ SHEPrUM BJEKTPOHHOTO BO3CYRILEHU,
HanpapJeHHOTO Ha BO3BpAlleHME CHCTEMH B DABHOBECHOE COCTOAHNE, -
ABJNAOTCA ORHMME U3 OCHOBHHX NDPERMETOB MCCHenmoBauuit. Paccmorpmm
C OTO} TOYKM 3pEeHUA DHKCIEDUMEHTANBHHE JNAHHUE NO SMUCCHU U JIOMU—
HACIEGHIMH C DPa3JMYHHX MATepHajoB.

llocae mDpexpamenus NeliCTBUA K3JAy4YeHHd OPH HOCTOAHHOM TeMIIepa-
TYP€ SK30DJNEKTDOHHAA SMUCCHUA, KAK N JIOMHHECHEHLUA, MOTYT HDONOJ-
*aThCA NOBOJBHO LJMTENBHOE BpEMs, 34BHACAlEe OT TEMIEDATYPH M 00%—
eKTa UCCHeNoBAHUA. HMHETMKA 3aTyXaHUA KaK JHOMMHECLEeHIMM, TaKk U
920 vacTo momuMHAeTCA 3aKoHy Bexkepedd ( [=]; /H-ﬁf)-o(
f - UHTEHCUBHOCTDL SMUACCIM WM JIOMUHECIISHIINH; ]0‘ HagqaJEHOE 3HAa-
YEHIC UHTEHCUBHOCTH; O M 5 - KOHCTaHTH; t- BDeMA), wiId
€0 MOJUTUKANMIM, B YaCTHOCTH THNEPOONHIECKOMY 3AKOHY ).

B cpoiX mepBHEX padorax EnoxmHneB, JeBuMH, AHTOHOB-POMAHOBCHIT
[2—@] CYMTAMN, 4TO 3aKOH 3aTYXaHUs NOCIEeCBEYEHUA KpucTaUrofocHo-
pOB, COOTBETCTBYIONUYE DEKOMOMHAIMOHHOMY MEXaHH3MY, eCTh THnepcoga

ITOPoro nopsanka. OHM MCXONMIM U3 HPeRNOJOXEHUS O TOM, UTO NDPOCTAT
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SYMMONEKY AADHAA KUHETHKA pexoﬁdnﬂaunn cnpaaennnﬁa W I SOHHOM
MOJiesin KpucTaaya,., [fo3ngHee BIOXMHIIEB ITOKa3a [5/, 9TO KMHETHKa
BJEKTPOHHHX NEDeXONoB B B0HHOM Momennm docdopa Tpedyer mias ceoe-
To omicaHnd foJiee CJOOXHON CXeMH, YUYMTHBawmell IeTassHuil xapaRTep
IpOIIECCOB, NPEenmecTBYOLUX PeKOMOHHAIME. JICTONKOBaHUEe SKCIepiMen.
TAJNTHHEX xaﬂﬁmx MOcJecBeYeHUA ¥ 2AaTyXaHud 333, M0 MHEHUWD MHOTHX
8BTOPOB, BEXOAXT 3@ DaMmKM OPOCTO# 3OHHOM MOmesum. OXHM cuuTann,
4TO (opMyJsa LeKKepesAd eCTh PE3YABTAT HANOXEHUA HECKOJBKAX OIHO-
BPEMEHHO NPOTEKAMIIX OPOUeCCOB, EDPYIMe OCLACHANM ee BIUAHKEM [In-
GouHEX 3(xlekToB (HampwMep, HeDABHOMEDHHM BO3CYXKIEHHEM U T. I.),
Ampposnmey [6] m Dmwmmkcomy u llapxepy [?7] ymanocs pemmrs
CUCTEeMy ypaBHeHm{ npocreiwell Momenn npy GU3MYeCKd ONpABIAHHOM
IPEAMOJIOREHUN O MAJOCTH BDEMEHM XW3HM SJEKTDOHA B 30HE OPOBOT Y-
MOCT# T3p 1O CpaBHEHMO ¢ BpeMeHeM KH3HM Ha YDOBHE 3axsara
2;3 . AMUDOBYY BHBEJ TAK HABHBAEMHI DJEMEHTADHHE 2aKOH sa}yxag

HUA B napaMmerpudecxoli dopme.
I=pr/[n+f()-n)]
pt=(1-8)n P+ (7~ #)

3necs /] - KOHUEHTpANUA UOHUSUPOBAHHHX IEHTDPOB CBEUEHUS;
Ny - Hauanehas uX KOHIEHTpaIf;
Y, - HOHueHTpAIMA SJEKTDOHOB HA YPOBHE 3aXBarTa;
J’ - OTHOWEeHNEe 3QPeKTUBHHX CEYEeHMH 3aXxBara CBOGOLHOTO
BNEKTDOHA HA YPOBEHH M DEeKOMGMHAIMN;
/3 - BEPOATHOCTH OCBOCOKIEHMA 3JEKTPOHA C YDOBHA.

M3 BHBeNeHHHX ANWDOBHYEM YDABHEHWH HeTPYILHO ONYYUT: 004,
YACTO BKCIEPHMEHTANEHO HACGJONAEMHX, B3aKOHA 3aTyXaHUA: BSKCIOHEH-
IasphKil U cooTBeTCTBYNMMA TuNepGose 2-ro mopanka. lpm ) = 0,

T. €. Korza d((eKTHBHOE CeYeHME NPUINOaHUA DJIEKTDOHA NPOBOA MO —
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STH hﬂoro MeHblle, 4YeM d(HPEeKTMBHOE CedUeHMEe PEeKOMOMHauMy M3 ypaB-
1eHIfl crenyer
dn '
n=n,exp-pl) ; /=-C7E =pr.exp(-pt).

Ipr )= I, T. e. NDH DaBEHCTBE CEUEHUE MOJMYIAETCH

N . __P”oz/ Pl Y
=73 PTey - [=57- (1+ Y, t)
7

Taxid oOpasoM, DO MHEHMO ANMDOBHYA, IKCOOHEHIMANLHAS M THHEp-

SonviecKan 3aBUCUMOCTHM MHTEHCHBHOCTY CBEYEHMS OT BDEMEHH SBJSOT-
¢ YaCcTHHMU CJayYaaMu OoJee olierc 3aKoHa.

3 padore Ymambepra 8] kpuTHRyeTcs MHeHHe ANMpOBUMYA O Towm,
YTO B paMKax MPOCTOX B30HHOK MOEEeNU ¢ ONHMM LEHTPOM UPWIMIAHWS
MOXeT OHTHb DElleH BORDOC O MATEMATHYECKOM ONMCAHMM HAGJIONAEMHX
KDUBHX 3aTyxaHud. PealpHO HadJONaeMHe B SKCHEPHMEHTAX NaleHU
VHTEHCUBHOCTH B Npoleccax SaTyXaHus NPEeBHIADT TeOopeTHYeCKUe 3Ha—
UeHNns, NonycKaemue Teopme#t Anuposuua. B Teopum AmmpoBwua He yau-
THB2ETCA BJUAHNE Taxux HaxTopoB, KaK BUL U MHTEHCHBHOCTE BO3Cy®-
IeHuA, TeMmineparypa. HecoBnazeHue TEODUMH ¥ 2KCIEDUMEHTA danaucepr
OOBACHAET Ype3MepHOff yNpOmMEeHHOCTH KCHOJE30BAHHON 30HHON Momexw.
O moxasasy, 4YTo BReleHUEe B TEOPETHYECKYD MOLEJNH 2-T'0 ;Hna LIEHTPOB
NIPAIVIIEHNAA OPUBOLAT K CUJIRHOMY M3MeHeHMo GOpMH KDMBHX UM KadecT-
BEHHO OOBCHAET HEKOTODHE IKCHEPUMEHTATHLHHE NAHHHE. dmaundepr
IPENJORMI TEOPETHEECKYD MOTeNb NpOIecca DEesarkCalli ¢ IBYyMA LEH-
TpaMy MPUIMIAHNA. IpU PACCMOTPEHU CUCTeMH IudpepeHIUasHuEX ypas-
HeBNM}, COOTBETCTBYOWNMX TaKoii MoXesu, 3damaucepr, Kax u Anuposim,
MCIOJH30BAT MPERNIOJOXEHNE O KBA3NMCTAUUOHADHOCTH CHUCTEMH OTHOCH-
TEJHHO KOHIEHTPAlM CBOCOLHHX 3JeKTPOHOB. KpoMe TOoro, OH uCHOJE-
30B&J NDEATIONOKEHNE O TOM, YTO BEDPOATHOCTDH NPWIMIIAHMA Ha MeJKue

yponHu GoJblle, dYeM Ha IayCoxue. IlyTeM YUCIEHHOIO UHTerpULOBaHusg

CHCTCHE COOTBETCTBYOIEX IuMHepPeHIMANLHNY YPaBHEHMH IIA Da 3Mrguux



6O X 97

/.’_ —_

;

- 77 -

1apemMeTpoB M CHIY NOJYYEHH TEODeTUIECKHe KDUBHE 3aTYXAHUS CHOH—
\Hoﬁ dopMy. VX oTiMuMe OT IuIepGOJH BTdboro DOpANKa TEeM CHJIbHee,
7€M BHlle CTENeHs Bo3CyxneHuss (OTKJIOHEHNE HAYANBHOTO 3aceNeHis
YpOBHEH OT DPaBHOBECHOTO). CXORME KDHBHE BSKCHEDMMEHTANLHO Hadumona-
ames Awronossm-Pomanoscrum nw ALE-TE  gocgopa  [o, 10] .
Croxnas fopMa KDUBHX CBA3BHBAETCA C IepepaclpeleseHucM JJICKTPOHOB
NEXNY YPOBHAMEA IpHMITaHuA. XOTA TeOpeTHIeCKUe KPMBHE 3aTyXaHUS

B HEKOTOPUX MHTepBalNax usMeHeHus [, MOTYT GHTH YACTUYHO anpo-
FeuMyponany fopuynoi Bekkepesda, 3ToT 3aKOH ABAAETCA JAWE YaCTHLM
cﬂyéaem Gosee CHOMHOW 3aBMCUMOCTH. B HEKOTODHX CIydaAax KpuBue
NOIYT CHTH ANPOKCUMHDOBAHH ¥ SKCHOHEHIWAJNBHHM 3aKOHOM. W3 Teopuu
wmauéepra crenyeT, 4YTO OpM WSMEHeHHM WHTEHCHBHOCTH BO3Oyxane-
TO CBeTa NPOUCXONAT M3MEHeHMe $OpMH KPMBHX BaTyXaHmA. DTO CBa3a-
HO C M3MEHEHHEeM HaYaNpHOW# KOHIIEHTDAIMM MOHHU3MPOBAHHHX IIEHTPOB
CBEUCHNA Il HAYaNBPHOT'O pacnpelelNeHusA SJAeKTPOHOB IO JOBYIKAM.

30HHAA MOIEJNb DEeKOMOMHALMOHHOTO CBEYEHHUA B IaNbHeHmeM ycoBep-

CHCTBOBANACE. (TamM yYNTHBATE QHUSOTDONMD KDMCTAJLINYECKOi: pemwer-
K4 X SOHHOH CTPYKTYPH $0cPOpPOB U NMOJMYNPOBORHIKOB, HCKPUBJIEHUE

30H BOJU3Y NOBEPXHOCTM TBEpPLOTO Tena, P-N nepexomu ¥ T. n§. OoHa-
K0 REHCTHHECKAR CXeMa OCTaBazach OMMOJeKyJIApHo#t., K Hacrosmemy
BJEMEH) HAKOILTEHO MHOI'O NAHHHX O MOHOMOJIEKYJAADHO DeroMOuHaANKY

¥ pacoMaTpiUBanTcs NPUYMHH 3TOrO ABJAEHNA. B padoTax AHTOHOBa-Poma—
moscroro [IO] , Buroma, Tafmmrmca [II, 12] u mpyrmx 8BTODOB
[:3-15] noxasamo, uTo MOHOMOMEKY/ADHOOTH OCYCNOBJIEHA KOHEYHOCTED
IJUHY CBOCORHOT'O mpodera HocuTejyelt. Taxuma 06pa3oM, KUHeTHuecK:
DEROLOHHAINIA OKAZHBAESTCA 3aBUCSMEll OT OPOCTPAHCTBEHHOTO B3aUMHO-
I'C pacloJoXeHus nap.

B padorax Pemnamna m Ymmunca [I6] u Haccemuresina {I7) pac-

CVOTL:EH 3aKOH 3aTyXaHud, OMICHBAOMMA TEpMAYIeCKOe ONyCTOmEeH:e

YyrLonlel 3axpaTa B 3anpemeHHoH 30He TBEpIOI'0 TeNa, SHepreTHYeckoe

e T T
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‘paclpeniesleHIe KOTOPHX NpencTaBideT co00% CHOXHHI COEXTD, COCTO-
AUt 13 HECKONBXYUX noJoc. YCcnoan3ysd YUCHIEHHHEe DACYeTH, ABTODH
NCIyYuay MOTeNbHHEe KDUBHe CJORHOE (fopMH, B3aBucaulell OT WMPUHH 3HED-
TeTUUYECKEX HHTEPBAJOB, 3aCeJeHHOCTH NOByLEeK X T. H. HacceHwTeiin
apumeNs ¥ BHBONY, YTO PA3JIMIHHE XON KPUBHX 3ATYXaAHUA He CBUIETENb-
CTIBYET O PABINIMN MEXaHUSMOB HAGTIOLAEMOI0 npoueéca.

Ananvs paccMOTPeHHHX ocoCeHHocTell peJaxcaumd 3JeKTPOHHOI'O BO3—
CYKTEHVA B M30TEePMUYECKNX YCIOBMAX MOKA3HBAET, 9TO HA KUHETUKY
TEKUX NPOLECCOB OKABHBAWNT BIMUAHHE MHOTME (AKTODH, TaKWe, KAK WH-
TEHCHBHOCTE BO3CYRIeHHA, TeMIIeparypa, SHepreTHYecKas CTPYyKTYpa
YELOoBHell B 3amnpeneHHo# 30He TBepIOrO Teja, MX NPOCTPAHCTBEHHOE
pacnpenesenre ¥ np. CroxHad opMa KPUBHX 34TYXAHUSA He HO3BOJSET
OJIIOBHAYHO MHTEDPIPETHPOBATH IKCHEPUMMEHTANEHHE JNAHHHE M 3aTpyMHAeT
HCHNOJB30BAHNE M30TEPMUYECKOT'0 MeTona IJsd Hccnenobanﬁﬂ IPOLECCOB
peakcaniy 9JeKTPOHHOTO BOSOYALEHUA B TBEDHOM TeJe.

[lpy HarpeBaHmy odpasna ¢ onpegeseHHO# ckopocTeb (mocie OxOH-
4aHus mpolecca 3aTyXaHusd) 3aJ0Jro IO HOSABJIEHMA OCHYHOR TepMOsJex-
TLOHHOY SMHCCUM HA TEMIEDATYPHHX KDMBHX 9aCTO HAGJOAAETCA DAN M-
k0B smuccuu (B cuyuae 399) miam cBevenud (JmoMuHecneHmua). IIpu mo-
BTODHHX HArpeBaHMAX OCPasHOB Ge3 OCNyYeHMs ITU OHKM He OCHApyRA-
BapTcA. PacmoNokxeHme IMKOB HA TeMilepaTypPHHX kpmeux TCHI u TC33,

& Taxke BEeJNYUHH MAKCHMyMOB MHTEHCHBHOCTM 3&BUCAT OT DA3JIMYHHX
TaKTOPOB: CKOPOCTH HArpeBa 06pasna, JNOBH M MOMHOCTH NO3ZH o0ayye-
Hug. IIpn DaBHHX YCJIOBIAX CHEKTPH TEDMOCTHUMYJIUDOBAHHHX IIPOIECCOB
ABJANTCS X2PAKTEPUCTHKAMM HCCJIENyeMoro ofpasna, VX BUL 3aBUCUT
OT marepuata ofpasua, HAMMUA opuMecedt, yCNOBMit NPUTOTOBXeEHUA

1 mpenpapurelbHoft odpadoTku (TpenHupoBku). Taxum oGpasom, Te dax-
TOPH, KOTOpHE ONPEeNesNAnT HAJMIUe TOTO WX KHOTO poma HedeiToB

B TREPAOM Telle, OKA3HBANT OCHOBHOE BIIAAHNE HA xépaKTep CI 3KTPOB

TEPLOCT MMy IMPOBAKHHX IIPOIECCOB 333 U JIOMUHEeCUeHOMM .
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B B0-x romax Kpamep, uccrenysa aaryXxaHue 333 ¢ HeMeTaldecky
KDPICTALIOB; YKA3AJN HA 8HANOTHNO, CYWECTBYWWYD MeXLy SBICHUSMI (og-
forecrienm u nociesmucenn  [I18-20] . B GoipmMHCTBe CIYYAER Hapg.
Iy C ACCHEeNOBaHVAMY HOCTECBEICHHA WIM 3aTyXaHud 333 IPOBONMMacE
peTucTpanMsa CHEKTPOB TEepMOCTUMYJIZDOBaHHEX mpoueccos TCI m TCI3
¢ rex xe ofpasuom. YacTO JMOMUHECHEHIWA 1 399 Haomonasachk Dapay-
JeIbHO.

Jennep [21] n Boryn [22, 23] , HE3aBUCUMO, MCCJAeN0BAJy
939 ¢ NOBEPXHOCTM CBETANUXCS BellecTB. Jlemmep M3ydas SMUCCHD o
XJOpuUKa HATpHsdA, aKTHBHUPOBAHHOI'O CepedpoM, X CyasdaTa KaibL, ar—
TUBMPOBAHHOI'C MapraHneMm. LOr'yH uccrenosan NPUDONHHE (WUIOOPHAT X
KOpyHE. OCpasnH BO3CYRIAM PEHTI'CHOBCKUMA Jydamu, [IOCHECBEekya
¥ 3aTyXaHme 990 U3MEpAIM Iapaiie]bHO HA ONHUX U TeX Xe o6pasyay
DI KOMHATHOW TeMmueparype, NOCJe 4ero CHuUMamu cuexTpa TCHI u 1Cy33
B Iporecce PaBHOMEPHOT'O HarpeBaHysl o6pasua. Kpusue HBOTepmmqecxHx
IPOLIECCOB XOPOWO ONUCHBAJIICE I'MIEDGOJHMYSCKHAM 32KOHOM 'I’“'E?;

C CMUBKUMA 2HAYEeHUAMU KOHCTAHT o( . buna obmapyxeHa ananorus g
B xome TemunepaTypHHX KpuBHX TCI u TC33. Omuaxo, ¢ mpyrofi CTOLOKN,
Jlernep oCHADYXWJI, YTO 60.904 Ge3 aKTUBATODA, He OOJAmavUMY cpe.
YCHICM, BMUTTUDYET SJEKTPORH, NpuYeM TeMIEeDATYPHHH XOX KPIBHX
TC33 nas Hero uMeeT Takrol xe XapakTep, 4TO ¥ IJA 00pasnoB, &KTi-
BUPOBAHHEX MADPIaHIIEM.,

Cyax u Huxaac [24] uccaenosasu TCHI u TC33 ¢ xpucTammoR oty
CU aJENIHUA, NONBEPIHYTHX X-00aydeHuo. OHM OCHADYRWIM DOJHOE 30p-
narenue MAKCUMYMOB VHTEHCHBHOCTHM HA TeMOepaTypHuX kpuBux TG g
TCa2.

B padorax KpacHuoif, Hocerro, flckonxo, PeBsuma [25, 26] nernms-
IOBAJICST BOIPOC O TOM, ABITOTCA JM HACKTPOHHHE YPOBHM, C KOTODL
QUNTTADYITCA 3HBOBNEKTPOHH, OTBETCTBEHHHMI U 3a TEepPMOJIOMUESCIIay.

um, Gily noxasany, yTo Ha gocdopax, HpYIOTOBIEHHMX HA OCHOSE
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CQSD4 HTCJITH TCO9 mpouCXOonAT ¢ I'EHTPOS, ___odpasoaammx npu

YIACTUN axrTvBaropa. Bolee nogpoCGHOE UCCASnOoBaHue NPUBENO aBTOLOR
X BHBOJAM, YTO: B MCCTEIOBAHHHX (ocgopax LEeHTPH 3axBara 939 U
MIHECLEHIMY DA3NYYHH, XOTH T€ U Jpyrie 00Pa30BaHH HpY YUACTHX g
THBATOPA; Mn woxer BHEEDATECA B pEHETKy 00504 PA3IAYHEMY Cryq,
coCamu, o0pas3yd IEeHTPH C DasHuMK CBciicTBamm. HecaenopaHue BJTUA )
Ha 939 DVIyCHHH BOSCYRIAEMOTO CJoA (c6pasui GoMGapiUpoBaNUC ey
TDOHAME C nepememiof»‘z sHepruef O,25-4 k5B) Nokasanio, 9TO B HK30-
BICKTPOHHOW OMUCCHM yUacTBYET MPHIOBEDXHOCTHHI CJO# KpucTasmta
rommos <. 370 1.

B padore Boryna [27] npoBomuioce usmepeHite TCIY u TCI ¢ myy,
KPUCTANNOB CQSD(' , BOBOYKIEGHHHX DEHTI'EHOBCKMMU X KATONHHMU J7-
damir npy TeMIeparype RUIKOI0 BO3LyXad. BHI OCHADYKEH MAKCHMYM uj-
TeHcuBHOCTH TC32, coBmanamwuil ¢ maxcamymamu TCHI u TEPMOCTUMY NI
BarHO# mposomumocT (TCI) npu Temmeparype 220° K. Ipu TEMIIEpaT pe
193° K, rEe HA TewmiepaTypHOi kpupoil TCHI OCHaAPYXUBAETCSA IPYTOii
MAKCUMYM, Ha TEeMIEPATYPHHX KPHBUX MPOBOLUMOCTH I JEOMUHECIICHIUi
OCOCEHHOCTeR HeT. ABTODH HNDPENNOJIATanT, YTO SMACCHA Op¥ 3TOHd Teh-
Icpalype MOxeT MDOUCXOLUTH OJlaromaps liepellade SHEPIMHM, OCBOGORIg.
wiefica Mpy 0esWsJyvaTelbHEX Nepexonax, Ha 3JIEKTPOHHHE YPOBHH,
OTBeTCTBEHHHE 3a 333.

[lunuare u Kemabuumoc [28] HccaenoBay GOoTOCT MMy IMPOBAHHYK
OK303NEKTPoHHY0 amuccmn (BC3) u TCH ¢ 00pasLos Si , Ge , aypu-
nurmMeHTa ( Asa33, ) ¥ ITYK, nomBeprHYTHX 9JEKTpPOHHON domapnrpos-
e, lpn marpesani 00pasioB B AMamasoHe Temneparyp 250-670 O
onuospemento ¢ maxcuMmymamy TCII, mamomanumer nuku TC33. Maxcuyu
TCO3 oCHapyxeH u mpn TeMueparype 330 OK, OIHAKO NPOBOLMMOCTE 06.
pasna npy 3TOd TeMmmeparype He M3MEHAETCH. ABTODH CUNTanT, 94TO
#ilenresl HeHTPH OBYX TUNOB: I — [IGHTDH, TepMIYeCKAa MOHUBAIAR

KOTOP!X CONPOBOXNASTCA M NOABMEHUEM SMUCCUU X IIOBHUEHNeM ANACKID~



- 21 -

. _—
MTOBOMHOCTY 00pa3uos; [I 3\ne§?gﬁf OT3ETCTBEHHHE 32 3MUICCHD, HO
He BINAONAE HA TPOBOLMMOCTH. HEHTDH ~uma I, 1o MHEHMO aBTOpOB,
JICKAMIIB0BaHH B 00beme ¥ OOGYyCJOBJEHH IefeKTaMu KpUCTAIIMYeCKOol
peuwieTkr. COOTBETCTBYyWMUEe MM IUKK TCO n TC33 oGHapyzuBalTCA mpu
Teumeparypax 280, 390, 440 u 480 °K. lextps Tmma I cooTmercTnywr
IICBEPXHOCTHEM COCTOAHHAM, HE JNaNNUM BKJANA B 3JEKTDPONPOBONHOCTE.
OT0 OPEENOJOXeHHUe NMOATBEDENAETCS NAHHHMUA, MOJYYEHHHMA B Ipyroit
pezGoTe BTMX aBTOpoB [29] m yrasuBawmuME Ha TO, 9TO Ha AHTEHCUB-
HocTs TCOO I NIMKOB, COOTBETCTBYOUNY ITIM LIEHTpaM, OKa3HBaeT
CUILHOE BILSHME 00pasoTHa KHCJODONOM.

I'paBep ¥ mp. [30] wusysamu pagraivoHHHe HSMEHEHES B KpUCTan~-
JaX UTTpuii-afMUHKEEBOTO TI'paHarTa, NONBEPIHYTHX DEHTTEHOBCKOMY OG-
Jydenwo, meromamy TCI u TCI. Hawonrenmue pamuatMoHHEX KedeXToB
KOATPOJMPOBAJIOCE N0 POCTY WRTeHcuBHOocTell mukoB TCI m TCH B 3apy~
CIHMOCTH OT BDGMEHH oOﬂyqeﬁﬂﬂ (mosu). Xopowee coBnaleHue KPUBLIX
TCI u TCIl nOSBONANC ABTOPAM HPENIONOKATH, YTO PEeXOMOMHAIUA JoKa—
JIM3OBALHLEX BJCKTPOHOB X MOHM30BAHHHX LIEHTPOB CBEYEHUT MOeT uepes
SOHy NMPOBOZMMOCTHA. OTMEUEHO, ONHAKO, M CHJILHOE TEMIEePaTypHO-He3a-
BilCIMOE CBeueHNe, yKasuBawee Ha SHHeKTMBHOCTD TYHHENBHOTO Mexa-
HH3M&8 DEeKOMOVHAIINH,

B patore DuueBnmua [BI] HCCJIeIOBAJACE TeDMOCTUMYJINPOBAHHA A
9K30O/ICKTPOHHAA BMUCCHA "UHCTHX" ¥ AKTHBUDPOBAHHHX KpACTaJIoB
NaCC « KCC . ABTOp cunTaer, YTO ONKU UHTEHCUBHOCTY B CIIeKTpax
TC33 1y 0CBEKTOB, NOLBEPUHYTHX AeicTBiuo PEHTTEeHOBCKOIO naﬁyqe-
Huf, BOBHHUKALT OpH pexomOuHamuy nap (e”, e¥) besyxnsrare Oxe-
POLECCOB, Np AEeCOpCLUM IasoB C NMOBEPXHOCTH X HPH TePMOHOHHAA-
L SNCKTPOHEHX JIOBYWEK B OPUIOBEPXHOCTHHX MUKDPOOCHEMAX € HMOHZ-
CHHEM GapbepoM. B paAne caydaeB HAOMONANOCH COBHANEHME NUXOB
TCCC n TCIL. Tax, mocyefoBaHue B AuanasoHe Temmeparyp 100-300 Ok

noiazano, 4TO OpM HU3KMX Temmeparypax (< 300 °K) muxm aMuCCHY
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W JOMUHECHEHINY NOYTY COBIAaZanT, Torla Kak B Juanas’oHax 300-350
b 400-450 °K, rme mieores Maxcumymu 7C99, Marcumyms TCH He ofya-
DyieHH, ABTOD lpennoJaraeT, YTO SMUCCHA, HadimonaeMad ODX  aryy
TeMnepaTypax, CBA3AHA ¢ anCOpPOUUOEHO-TECOPCLIMOHH HMY npoueccany
He MOBEPXHOCTH oCpasua. PaccMaTpusasg BONPOC O KOPDEJLAIMH Mexmy
nponieccamut TC33 m TCJ, BudeBmH NpUXOZUT K BHBOXY, YTO TPUBUSIEL —
Hoil CBABM He CymecTsyer. B cynearax, KAK CuUTaeT asTop, TCI3
IIPONCXOIUT B B2 3Tana: OCBOJOKLEHWe ¢ YDOBHe#, 3aXBaYeHHiy 3JeK-
TPOHOB U VX TOBTODHH{ 3aXBaT "LEHTpaMu SMUCCHM", C KOTODHX omp
[I0TOM YacTUYHO BMATTUPYWTCA B Baxyym. HoCKOMBKY HadiomaeTcs T(D3
¢ "uucTuxX" O0BEKTOB, TO, C HEOOXOLIMOCTBD, CAELYET CYUecTBopg -
HIe B HUX NOBEDXHOCTHHX WJIM OOBEMHHX LEHTPOB 3axXBaTa, ¢ KOTODpux
IDOUCXONUT SMUCCHUA B BaKyym. POJB IpyImX ueﬁTpOB.xoxaﬂnaaunH
CBOOUTCA K INTAHMI0 SMUCCHOHHOCIOCOCHEX YDOBEHE! slexTpoHamu,

- AHay3 De3yNBTATOB JAKE TAKOTO HEeGOJBUOIO KOJMYecTBa pador
ToxasHBaeT, HrO IPOHECCH, CONPOBORAGKINE DEJAKCAUND IJEKTPOHIKQ—
I'0 BOBOYHIEHUA OCAyUYeHHHX TBEDOHX Tel, OCHADYXUBAWT BDOHHHX cary—~
98X OHpenemeHHoe CXOHCTBO, & B JIPYTHMX CYWECTBEHHO DpasJmanrcg,
LHOTHE aBTOPH CYUTALT, YTO COBNATEHHE NOJOXKEHHUA MarkCUMyMOB TQJ
u TCI2 Ha TeMnépaTypHux KPUBHX FBJIETCA CEPBE3HHM apI'yMeHTOy g
NOJL3Y uerTHquCTM LEHTPOB JIORAIU3AINHE 3JEKTPOHOB, OTBETCT3ey-
HEX 3a [POLECCH BMUCCHM U JIOMMHEeCHeHIuMd. CIenyeT 3aMmMeTiTs, uTo,
ray nokasano B padore [32] |, ecom BKSO3NENTPOHHAA SMUCCLA Iy
He€pes 30HY NPOBONKMOCTH, TO AJS BHXOZZ JIEKTPOHA K3 KDPUCTaLIg,
KpoMe SHEpIMi NeJOKAM3AUMN JJeKTPOHA C LEHTPA B3aXBATE, HeoGxy-
JUMO 3aTHTHTh e M DHEPIHMI CPONCTBA SJIEKTPOHA K KpUcrawy, ta-
It 00puion, MUKW MHTEHCWBHOCTH HA TEMOEDATYPHHX KPHUBHX 0% i
TCIl, oTBeTcTBeHHHE 34 ONUH M TOT Xe YPOBEHL 3axXBaTa, BOOSIE rg-
BODA, JNOJIXHH MMETH HEKOTODHI TeMIepATYpHHI CIBHD. Ho—BHnnwamy,

CJICHYeT TOBODUTHE HE O TOYHOM COBNANEHUM HOJOXeHwi MaKCUMY /0B LH-
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rercuBHOCTH TCHI m TC33, a o umx CAU30CTH.

bnnsoceTs makcmvymoB TCI ¥ TC3ID emz M ¢ MaKCHMMyMaM# H& TeMmIe~
parypHoi: kpusoil TCIl yrkasupaeT Ha TO, 4TO BTHU LpOIecCH MAYT dYepes
30HY MPOBONMMOCTY, TeM CAMHM YBeaWYsad KOHUEHTDAID CBOGOIHHX
HocuTese# B xpucramre. C ppyrofl ¢cTOpoHH, pasmriuA B cmekrpax TCI
u TC33 MOTyT OOBACHATBHCA: BO-NEPBHX, - paannqneﬁ IIEHTDOB 3axeara,
yYacTByouyyX B IIPOIIECC@X SMUCCUM M JIOMMHECLICHIMM, ¥ BO-BTODPUX, -
DasIMYHOE IPMPOMOYl MEeXaHW3MOB NeJOKATN3AIMY SJEKTPOHOB B HTUX
mpouegccax. U B TOM, ¥ B JpPyIr'oM CJy4adxX COOTBETCTBYWIME BEPOSITHO-
CTH MPOIECCOB MOTYT XapaxkTepu30BAThCA DABJUYHON TeMnepaTrypsiii 3a-
BHCHMOCTB0, YTO ¥ OHperesfeTl pasJM4dHoe NOJOXEHUe MAKCHMYMOB Ha
TeMrepaTypHux Kpuskx TCH m TC33.

Typxe [33] uccrnenmopan saTyxaHme SMUCCHE C NOC%Q mpu pas-
JIMYHEX TeMIeparypax. Oxasalochk, YT0 CKOPOCTH safyxaﬂuﬂ SMHUCCHUHK
(-é%é-) npr T = 30 °C Goxsme, wem mpu 25 °C. Ipu CHIDXEHNM TeMie-
patypu 1o I0 °C crmam BeswuMHH METeHCEBHOCTH MPOUCXOOUT, KAk U
CIEeLOBANIO OXMNATH, MemneHHee. Onnaro mpu T = -I5 °C madmonaercs
ropasno Cosiee CHCTpOe 3aTyxarue, TOTNA KAK IOPU elle GOJee HUBKUX
Temmeparypax (=70 °C) smucema omATs 3aTyxaeT MenJeHHo. [loayueH-
Hu€ NAHHHE OOBACHANTCA &BTOPOM HA OCHOBRHUN AHAIN3Z COOTBETCTBY-
oMIX TeMnepaTypHuX KpuBEX TC99. Ilomoxenue marcmMymoB TCI3 onpe-
HEJIAEeT CKOPOCTE 3aTyXaHud SMUCCHM. IPW PABJMYHHX TeMlIepaTypax
BOMU3Y MaKCHMYMOB. B aToll Xe padoTe MCesaenoBazachk 393 NpH Beele-
Hu B o0pasiH pasaudHHYX Npumeceii. IIpr UCCNEenOBaHMM 3MUCCHH ¢
DEHTI'eHN3UPOBAHEOI0 006pasna CaPz, KOTOPHI 3apaHee MOT' COINEpXATh
HEKOTOPOC ROMMYECTBO HDpuMecel, HaOMomaNach MHTEHCHUBHAR OMUCCHUA
I TOMHHSCTIGHIS NPM HU3KMX Temneparypax (I70 °K). Ipu moSammemm
camMapus WY MATHUS npoucxonnT UBMEHEHHE CHEKTDOB TC33 u TCI -
NOABJINTCS MAKCUMyMH IIPM Temieparype 325 OK I3MeHeHNA chmeKTpoB

TCT u TC3D B OCHOBHOM QHANOI'MYHH. [IpM MCCIENOBAHMU IPUPOTHOIO
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CaF2 Ha TeMOepPaTYPHHX KDUBHX OHIO OCHEPYXeHO COJbNoe KOANIecTBO
TIIKOB, KOTODHE, B COOTBETCTBUU C APYTUMI HOJYJEeHHHIM PEesyJILTara-
Mir, aBTop OCBACHAET HAXNIUeM B JMCCHEeNOBAHHHX O0PA3Iax DPa3JIMYHLX
npymece? (pemxre 3emnd, TSREIHEe METALIH U Jp.). IIpH comocTamie-
HIM CHeXTpoB TC32 eCTECTBEHHHX ¥ MCKYCCTBEHHHX OOpA3LOB o0Hapy-
KEHO CYWECTBEHHOE pazjiIuyue, 3& MCKMOIEHUEM COBHALEHUA IBYX HU3-
KOT eMIIEPATYPHHX MAKCHMyMOB. ABTOD NpPSEIOJaraeT, 4YTO yRKE Madne
KoHnenTpamy npumeceil (0,5 Mace. %) OKA3uWBANT aXTHBADyDLNEe BJIIIA-
HZe Ha 293. )

HoBOTHEB M .D. [34] U3yYaIl BAWAHMEe KOHUEHTDAIMM SKTHBATOpA
ga TC33 u TCI B mOPOIKOOODA3HHX [0504 ~Mn u Ca S 04“P5 , lpu-
TOTOBRICHHHX péénuqﬂumm cnocoGamu. OOTUMANBHHE KOHLIEHTDAUWM Mpi-
mecel mna TCO9 m TCI pasiuuHu B 3aBUCAT OT aKTUBATODPA ¥ MeTOna
npuroToBieHus goc@opa. TC33, B oramuue orT TCJ, HabaonaeTcs m o
wueriw  £0,50; u suauuTeNsHO yCRIMBAETCT NP BBEACHWM ArTHRA-
TODa,

H#oom [35] HCCNEeNOoBaN DaNMAUMOHHOE OKDAlMBAHAE X TEpPMOCTH-
Mymﬁonaﬂnym JOMUHECHEHIND KPUCTANIOB KCE  nopumenson 9YCTOTH.
[IpuroroBieRre OCpASIOB ¢ IOMOWBD 30HHOW IUIABKK 0GeCHeuMBANO CHu—
XeHue KOHIeHTpauuu npumeceil no 10“4 MOX. %. OH Hoxasan, uro Ha-
YanpHas cTaild HaAKOMIeHNA P-IEeHTPOB HON XelCTBMEM PEHTIEHOBCKOI'O
OCMydelus 3aBHCHT OT HAJMYKUA HnpuMecei, a He OT CBEDXPABHOBECHOH
KOHIEHTPAIMY COOCTBEHHHX TOYEUHHX NefeKTOB.

Tmecon u OxcrpaHy [36] uccrenoBanz TCJ o6pasuos Cd504
Sr'SUz, ,50504, AKTHBUPOBAHHLIX Sm ,Tf ,%{1/ ” Eu + Dbuom
OCHApy:ieHH MUKW CBEYEHUA IDHM TemmepaTypax 405-460 °K. Ipu spere-
HUY 3-BaJICHTHHX Mpumeceil noJsoxenne maxcumyma TCI He MeHaeTcs,
TOIIE KaK JETYPOBAHUME O0pA3la 2—BaJeHTHHM £i1 IPHBOIOKUT X ero
CHMEIICHUD, .

B pacore [37] unentndmmmposass u msywenw QJIEKTPOHHHE LEHTPH
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3axpara B COS , CBSABAHHHE C NPUMECHEMM MOHAMH 5(‘“ B y3Jax
ZKPMCTaﬂﬂquCKOﬁ pemeTki. CoorBeTcTBymuuil MM Mmaxcmiym TCI odHapy-
med npu T = 656 °K.

B padorax [Ixeiina u Pawame [38, 3¢] wmsyuamics saryxamme doc-
dopecenym, GHOTOCTUMYMPOBAHHAA ¥ TePMOCTUMYJNUPOBAHHAN JIOMUHEC—
ITednud o0pasloB CaS —AS C pasanuHo# KOHUEHTpalue# mpumMeceit.
O odaapqunn 9TO 3aTyxaHHe XOPOmo ONUCHBAETCA TUNEPEONHIeCKIM
aazcoyr;om ! -—ﬁ ?f . Haiinennoe sHauenve woHcranty o co-
cTanMﬁo 0,75 + 0,I7. B oT/muMe OT IDYruX MCcAeloBaTeaell, aBTODH
CY4TanT, UTO HPXpoJia BJACKTDPOHHHX JOBYWEK HellOCPeICTBEHHO He CBA-
3aia ¢ mprMecsaMy, a Haosmopaevue apiemus ®CI u TCI MoryT GHTH O6D-
FICHiCHH HaJWYNEeM B KpUCTAMLIaX ouorpafueeckux JgedexTos (IUCHOKAL,
BaxaHCUi).

Xospnangesem ¥ KpamepoMm [40] OSwia mccsenopana TEepMO— 1 (POTO-
CTAMYJNMPOBAHHAA BJEKTPOHHAA 3MUCCUA HOpOomKoospasHoro Bel, noi-
BEDPIHYTOT'0 EeiCTBUN DEHTI'EHOBCKOrO OCJy4eHUs OpH KOMHATHOH TeM-
neparype. ABTODH YCTAHOBMIAM, YTO B CTAMYJMPOBAHHON 233 NpMHMMAWT
yJacTie Kak MOBEPXHOCTHHE, Tak ¥ OObevHHEe JedeKTH. [[oBEepXHOCTHHE
TePeKTH OTHOCATCA, IO MHEHHO aBTOPOB, K ATCOPCHUPOBAHHOMY KHCJIODO-
my. lipu uccuenosanuy $C3I ¢ mopouxroodpazHoro Be(, CMeWaHHOI'C ¢
rpafuToM U BOBOYRULEHHOTO PEHTI'CHOBCKIM H3JIy4eHueM, CHIN OCHapy-—
REEH NODOTW B CIEKTPANLHOM pacHpeneeHud PCI mpu 490 ¥ 360 Hm.
lpepmonaraerca, uto OCO IPOMCXOXUT ¢ JOBYWEK LBYX TVIIOB: - [IOBEPX~
‘HOCTHHX 11 OOBEeMHEX. OJEKTPOHH, B3MUTTADYyEMHE C OOBLEeMHHX JIOBYIEK,
JMEDT MEHBUYD SHEPIHO IO CPABHEHMK ¢ OCBOCORNESHHHMM C MOBEPXHO-
CTH. °

Cuext u mp. [4I] usywam BPEMEHHYl ¥ TeMIeDaTyPHYD 3aBUCH~
MOCTL W3MEHEeHIS 3MUCCHOHHOTO TOKA YMCTOIO AMOMUHAA, NOXBEPLHYTO-
To dJeKTpOHHOH (GoMGapnuposke mpr 90 K. TC33 mceremoBanach B

NEONS30HE TemnepaTyp 100-600 °K ¢ PasJMYHEME CKODOCTAMM HArpena
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o0pasnos. layganca cnany 335 OpM M30TEPMUUSCKON BHIeDXKe BOIN3U
maxcumMymos TC33, UTO NO3BOJMUNO OOPENENNTE IapaMeTpH 3JEeKTDOHHHX
ypoBHel#. McclieDoBaHMAMU BKBOBJEKTPOHHON SMECCHM C WHCTHX MeTaJUIoB
3aHIMAMCE MHOTWE MceNeNoBaTeNy, HawmHad ¢ Hpamepa [42, 43]
OINH&KO B HACTOsUEee BpeMd CyWeCcTBYyeT NoANepxuBaeMoe COJLLMHCTBEOM
aBTOPOB MHEHME, UTO B 9THUX CAy4YaAX SMUCCHA ABJAAETCA CJAeNCTBHEM
aJCOPCUMOHHEX 3HHEKTOB WM OKUCJIEHHA MOBEPXHOCTH METEJIOB 0CTa-
TOYHEM KUCJODOZOM.

B padote Keccesa ¢ coaBTopamu [44] HccaenoBajgacey 933 npu
arcopbumu KUCIOpoja % BONH HA cBexell NOBeDXHOCTH mareusg. HaOmmo-
IaeMHe TORKA IOCTUIaNX Hepdaqﬂoﬁ JJA NONOCHUX ABJEHUHA BeJMUUHH
(.mo 10741 a/omz). ABTODH OTMEYalOT, 49TO KHHTEHCHMBHOCTEL 333 CWIBHO
3aBUCUT OT ﬂ&B#GHHﬂ ¥ NPOXORNT B CJy4ae ancopSLuM KUCJAOPORa de-—
pes nBa Maxcnmyma, a8 B cJyydae BOLH 9Yepe3 onuH. Onpexexenue doTo-
DJICKTpUYIecKoi ﬁaGOTH Brxona ( ff ) moxasano, 4To BO3delicTBHe O2
1 Ho0 Ha CBEXYD NOBEPXHOCTH MATHMA CHIKAET EP , [IpyyeM BpeMeH-
HOW XOx 39 MEeT MaKCHMyM, COBNaIaoMiil 0 BPEMEHHM C MaKCHMYMOM
29J. ABTODH NpERUmOJaranr, YTO SMUCCHA SJEKTDOHOB B 9TOM CJjaydae
OPOUCXONNT OJATOLADPA OCBOCOXKNEHMI0 JHEPI'MM NPH HPOTEKAHHMM Xumude-
cxojl peaximn (Hampumep, Mg +0——'-/'190 ). 3Ta BHEPIUS MOKET OKa-
8aThCA JIOCTATOYHOR JHJA BHOpPOCA SJAEKTPOHA U3 KDHCTANNE B YCJOBUAX
TIOHIDLEHHOX 3a cYeT AXCOpOLMM BEJWUYUHH PAGOTH BHXOAA.

B padore  [45] mpoBOmMWMMCE HCCNENOBAHMA BIMAHUS XUMHIECKOMH
00paCoTKY KDPUCTAJIOB pySEHA ($paBﬂeHne B arMmocdepe xucyaopoma) u
OCTy9eHNia IIX B3JeKTpoHamyu ¢ 3Heprueii I0 MoB Ha T €PMOJIOMEHECLEHIITD,
ABTODH OUHApY®MIM, 9TO OTRUI' B KUCJOPOAE NPUBONUT K YBEJUTICHUD
romyCoit JINMUHECIEHLIMM KaK MPU OCIYyYeHMM YJIbTPafUONETOM, T:X U
Ipy GonbapnupoBKe CUCTPHMU 3JEKTPOHaMY. PaBeHCTBO MHTEHCRIHOCTeR
TCI, oCuapyxenHoe aBTOpaMy Npu OCOMX BMEAX BO3HefCTBUSA, TBOpUT

B NOJIE3Y HM3KOSHEPI'eTHYHHX IPOLECCOB BOBOYALEHHUT IJNEKTPOH B Ha
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IoranvalpoHHeX HedexTax. IpegnosaraerTca, 4TO HU3KOTeMIepatypHas
\.J‘Iro;v:HHecneHum ofycloBiaeHa IedeKkTawy, CBA3SAHHHMA C KUCJOPOIHEMU
KOMIIeKCaMli. BHCOKOTeMueparypHoe CBeYeHUEe OOBACHASTCA JJNEKTDPOH-
HEL. BOBOyRIEHUEM MEPEeKTOB KDUMCTANLINYECKOR CTPYKTYPH, YACTH KOTO-
DHX [IpM HATDEBAHMN NEPEXOAUT B OCHOBHOE COCTOSHHNE IOCPELCTBOM
HCTyCKaHua (QOTOHOB COOTBETCTBYWUlEH NIEHH BOJIHH.

Crupos ¥ XapiamMoB B padoTe OO HMCCAeNOBAHMD B3aNMOLeHCTBRA
ATOMHHX YACTHI C TBepmiM TeldoM [46] oOHapyxmmm BiusHue Hefi-
TpanbHuX aroMoB H, 0, N  Ha amuccmo ¥ JOMUHECHEHIO TaxKux KpH-
CTanNoOPOCHOPOB, Kak Zh,S'- Tu,, CQN—H ,A’[[’—If . OHUM CBA3HBALT
STO ABJICHKE C PaNVKaJIO-DeKOMOHHAUMOHHEME - IPOLECCaM Ha IIOBEPXHO-
CTU TBEDIOTO Teka.

{puiosa [47] OTMedaeT DPOJb DaHUKANO-DEKOMOMHAIMOHHHX IIPO-—
[IECCOB B ILIEHKE BOILH HA MOBEPXHOCTU OCpPA3LIOB C0504 , Hom-
BEPIUHYTHX SJMEXTPOHHON GoMOapIupoBKe.

BpaiiTkpenTr, Kupmaftep u Pade [48] mccaenosammn JroMmHecHeH-
L0 CUIUKAreNsI, BH3BAHHYD (Y" ~O0JyueHHeM co€0. Ouu odHapyxumIn
BJAUAHIE aNCOPCUPOBAHHHX MOJEKYJ PazJuyHOrO THUma Ha cnekTpu TCH.
IIpn uccieroBaHy JIOMMHECHEHUH B IIPONECCe AanCopOLMi Pa3IUdHuX
I'a308 GHJIC yCTAHOBJEHO, YTO DAXNOaNCOPGOJIOMMHECLEHIMA YONBAET B
pany Hy, Oo, N,O , CHy, He, Ar . Asropu cuurawt, wro mpr amcopS-
T U3 JIOBYHIEN: OCBOCOMHANTCA JJIEKTPOIIN, KOTOpHUE 3aTeM PEeKOMOUHMU-
DY0T € LEHTpaMyl CBEUEeHUd.

lilabmaﬂ ¢ corpymuumamn  [49] ramxe YCTQHOBUJIN CBA3E HEKOTODHX
tron TOX) ¢ NOBEPXHOCTHUMI COCTOSHUAMUA, BOIHUKAOUMMK npu agcopo-
nmr (paut nicon PCAY ¢ odpasuor Znll u 50:5'04 ). Ormevaercs,
uTo B nexoropux uonusx kpucrawtax ( A(L,Nall ) ancopsu-sa mmu-
fleT HA VHTEHCUBROCTE OCS # TC33 myTew U3MEHSHNUA SJIEKTPOHH! . T'0
cpojctBa KprucTannoB. (OMHAKO IJIA KPUCTANIOB Lt/'- TaKOI( BJI-—

ST Be, o0HApyKeHo. ABTOpH cBmsmsawr smmecyo ¢ LIF o I0BEpX-
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HOCTHEMUA IHUCHOKAIINAMM.

Hopnag [SQI , WCCJHenysa 393 C MNO3EPXHOCTH MOHOKDUCTAJIOB
137:, HOﬂyqéﬁHux CKOJIOM B BaKyyMe M H& BO3IYyXe, OCHADYERUN, UTO
J30 He CBA3aHa ¢ ancopOMPOBAHHHMU CJOAMYE, a OGYCJOBJIEHA CaMimv
TBEpEHM TeJoM. [Io MHEHWO aBTopa, B CIydae [iF J33 ompeneJa-
eT'cA Kak [OBEPXHOCTHHMM IedeXTamy KpHCTAMIa, TaKX ¥ O0BEMHLMU
IEHTPAMI OKDAaCcKU.

B padore [5I] wuccrenosanock BJMAHME TEPMIYSCKM XeMocopdupo-
BAHHHX H& MOBEPXHOCTH J’-AfeD, ras3oB (H2, 002, H20, .02) Ha
crextpy TCOD. PesyipTaTs NOKA3HBAWT, UTO XeMocopOnrA BOAODPOILA
npﬁBoﬁMT K NOABJNEHII0 HOBOI'O HUKA SHMUCCHY U ONHOBPEMEHHO YBEeJUYy-
BACT HAYAJBHYHD UHTEHCHUBHOCTEH 3ATYXAHW] NPH KOMHATHO TemnepéType.
Tepmuyeckas XemMoCOPOIRA AéC7 NDUBOLIUT K MCUYe3HOBeHUWw adhexrTa
OCJeNeCTBUA X JBYX HU3KOTeEMICDATYDHHX IUKOB TC3J, 3aTO CHILHO
YBEIUYUBAET VHTEHCHBHOCTE TPETHET0 BHCOKOTEMIEPATYDPHOI'O MUK,

Kpurosa ¥ Pomumua [52] uccaemoRaaz 339 ¢ HEKOTODHX OKUCJOB
NOJYOPOBOLHUKOB € DASJNYHON UMPUHOM BsanpelleHHOY B0HH U ¢ pasJny~
Hul TUTIOM IIPOBONMMOCTH, TaKMX, KAK ZrUa,EDe,[rOJ, N0 ,Lu,0.
Buno oCHapy®eHo, 4YTO CYMeCTBEHHYO DOJE B NPOLECCAX 3MACCUN HIDADT
IpUPOLa ¥ KOJMYECTBO NCOPCHPOBAHHHX I'a30B U IApOB (HQO, 002, 02),
Tull mpoBOMMMOCTY B 3HAUKMTENbHOR Mepe ONpeXesiieT NPUPOLY AICOpGU-
DOBarHHEX CJIOEB M BJIMACT HA XapaKTepUCTUKY IVI. [IoMynpoBONHKKY
p-THna, HMellne NOJOXATENbHHE BAKAHCUN, XODPOWO ANCOPCHPYOT 3HAYY-
TEJPHHE KOMIYeCTBa KUCIOPOAa, & HOJYNPOBORHUKH C 9JEKTDPOHHOW mpo-
BOAMMOCTHI0 T'Opasfo GoJiee MHEPTHH IO OTHOWEHNWO K KHCJIODOLY, HO Xo-
DOMO auCOPOUPYNT BOMY X BOZOPOL € OGpasOBaH#EM I'MIPOKCUJIBHHX
Tpymn,

Ha ocHoBaHuy pPACCMOTPEHHHX SKCHEDUMEHTANBHHX DE3YyABTATO3 MORHO
CcueJarh chaeHywue BHBOLIH. XiMUYeckve HedeKTH, BB&HGHHHé B 00neM

TBENTOI'O TeNA MpU N3TOTOBJEHUN MCCACNYEMHX 0GPA3LOB WM JIOXa30—
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DaHHHe Ha NOBEPXHOCTM B Pe3yJbTare &ICOPOLMYM DasJYHHX T'a3os,
fHecomneHHo, 3aHMMANT BEXHOE MECTO B CUCTEME SHEePreTUYECKMX ypOB-
Hell, CIOCOCHNX BaXBaTHBATH SJEKTPOHH IDU OCAYYEHNM TBEPHOr0 TeJa
VI Cyu(eCTBEHNO BJMOT Ha& NPOLIECCH DENaKCALMK 3JJIEKTDOHHOI'O BO3GyH-
meundg. OCpeMHHE NMPYMECHHE IEHTPH 3aXBaTa OKASHBAVT GOJbliee BIIMg-
HUE HA OCBeMHHE NPONECCH JNOMUHECIIEHHMM M MHIYIMPOBAHHOH mpOBOXN-
MocTy. [ mpouecca SMUCCUHM, B KOTOPOM YYacTBYeT NOCTATOYHO OTrpa-
HUYEHHH) IPUNOBEPXHOCTHHE Clo#f TSeprol'0 Tesa, Goabllee 3HAYeHYe
MeeT NOBEDPXHOCTHaA o0paboTka ofpasuoB (amcopClius TexX WIM UHHX
I'a30B). OKCNEpPUMEHTH IOKABHBANT, YTO CTDYKTYDPHHE HeDeKTH Takxe
KTDART BAXHY DOJL. B psfe clyvyaeB Had ofaemHe fBJeHHA (0coGeHHo
333) MOXHO OGBACHUTE HaJM4UeM U PeryJspHOCTel B wpucraste (Baxau-
crit, nmucyoxanmit). B

LECTECTBEHHO MPERNOJNORUTE, 4TO NPy COJBLIIOM KOJMYECTBE THIOR
IedeKTon (o7IeKTPOHHNX yPOBHEH 3axBarTa) MOXeT CYHeCTBOBATH ¥ GOJh-
WOE YMCJC MeXaHW3MOB [esOKann3anuy SJEeKTDOHOB C 9THMX YPOBHel u

penaxcauyy SJIeKTPOHHOI'0 BO3CYXIEHUT, BHBBAHHOTO OGJyIeHMeM.

§ 4. O_mexaHUSMAX PEJSKCAUMK 3JEKTDOHHOTO BO30OYKIEHUST
B_OOCJNYYEHHHX TBEpAIHX TeJax

OKCIIePUMEHTANbHHE LAHHHE, NPUBEISHHHE B IpeNHAYLeM naparpade,
HanT NUPENCTABJICHKE O CHOKHOCTU ¥ MHOI'OOCDABMA DEJNAKCAMMOHHHX IIpo-
IeCCOB B OCJIYYEHHHX TBEPNHX TeJaX., Pe3yJbTaTH HCCASNOBARMIl JioMu-
Hecltenmu, 339, TCH, TC33, TCII morasHBAWT, YTO B ONHAX CJAYyYaAx
oCHapy:xuBaeTcA BIMAHME TOIO WIM MHOT'O (AKTOpa HE 5TH npolecey,

& B JIIPDyTux TaKkoil CBA3K He OCHapykuBaeTcd. B pAme cJiaydaeB mMeercA
B3AUIMHOE COOTBETCTBME MERLY DASNIHHME ABJCHIAM, COMPOBC: A0~
it pestaxcapo (TCH u TCI9 mwm TCT), OXHAKO B HPYTHX YCJIOB. AX Ta-

KOI'0 COOTBETCTBUA HET. [T OOBACHEHMA IOJyYEeHHHX SHCIepIMe HTalL—
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HHX Pe3yJbTaTOB BHUBUIANKCH MHOLOWYMCJIEHHHE DUNOTE3H 0 (M3HYeCKuX
MCX2HU3MaX DABMYHEX NDPOLECCOB DeJaKcallii,

Kpamep [53, 54] NPERNONOKXMA, UTC BCE ABJEHUA 3K303JIEKTPOHHOI
SMUCCUN, KOTODHE ¥M HaO/IORANNCH, OCBLACHANTCH SK30TepMUdeCKMMM Tpo-
jeccaMsl, TPOUCXONANMMU B TBEPIOM TeJte.” Ha OBEPXHOCTY METAaJIOB,
Mo GI'0 MHCHIO, BCEINa CYNecTBYeT HeMmerammyeckas ¢asa, KoTropuu
ABJALTCH TCHMONMHAMMIECKM HEYyCTONYUBOR M 1IpU onpereyoninoit Tomic-
parype npespailaeTcs B HODMAJNbHYW Merallnyeckyw. Temnaora aTux da-
30BHX IpeBpauieHN? ¥ ABJACTCA NPUYMHON NeJOXAIM3aIMA 3JEKTPOHOB
C YDPOBHEW 3aXBaTa J 3MUCCUM. OTY IHIOTE3Y NONIEDPRABAIY H Ipyrue
astopn [/55-587.

PaccMaTpuBascs XeMOCODOLMOHHKE MexaHusM 330 ¥ JIOMUHECLEeHLMM.
lo mHeHmo ero aBropoB  [59] u mocrielomaTelei [60-63] , SHep-
'V, HeoOXonuMas I HeNMOKATUSAIM SJMCKTPOHOB C‘ypOBHeﬁ 3axsara,
BHICJACTCA IPU XEMOCOPCILMY Iasa OKpykakmed cpend Ha IOBEpPXHOCTH
TBEPIOTO TeNa. B NOJb3Y aNCOPCLMOHHHX IPOLECCOB, KAK NPUMUHH 233
¥ JOMUHECIeHUNN, CBUEETENBCTBYET TOT (PaKT, 4TO IJAT MHOI'MX BEWECTB
HeKOTOpHe muxM TC33 wmm TC oCHAPYyXUBAWTCA HPU OLHMX K TeX e
TeMilepaTypax.

MeHoan [64] IPEIIIONOKIT TapaJlleNbHOe CYIEeCTBOBAHNE NBYX
MEXaHU3MOB 333

I - smexTpoHH ¢ MeTacTaCWIBHHX ypoBHelt monamawr B 30HY NMPOBO-
AMMOCTH KDHUCTAMIA, TIe yCTaHABJMBAETCH DABHOBECHOE TepMONLMHaMi-
-AE€CKroe paclpesiesieHne, NpUYeM SJEKTPOHH C HAUCOJNBUMMA 3HepTHAMA
("XBOCT" MAKCBEIIOBCKOI'O DACHDENENeHNA) MOTYT OOKKUHYTH NIpH 3TOM
KpUCTAaT;

II - nocne 0CBOGORIEHUA € METACTACUILHHX YPOBHEl HOCHUTenM 3a~
DfNa PEeKOMOMHUDPYT, YTO NDUBOLUT K ocsodomgeﬂum'sﬂeprun, KOTOpasd
MOXCT ICpelaBaThCi CBOCOLHHM SJIEKTPOHAM M, TakuM 06pasoM, OHM

IpHOGPLTA0T CHOCOCHOCTD: NMpPEONoJdeTh NOBEPXHOCTHHE SHepreTr:ecxud



- 31 -

Oappep. Takum 00pasoM, SMUCCHOHHEZ MPOHECC OCYECTBAASTCA B IBe
cramymi: 1) ocBOGOXIEHMe 9JEKTPOHOB ¢ yPOBHeil 3axmarta; 2) codeT-
BEH40 &KT SMUCCHH.

taccenmreiin  [65] w Borym [66] , Hesapucmvo JipyT oT pyra,
npennfMHﬁﬂM IIONHTKY CO3NAHNA E€LIVHO{ TeOpUd, ChpaBeujuBoii AJA BCex
CHO2000B BOBCYXIEHUS TBEPHHX TEJ PABIMYHHX THIOB (MeTAJNOB, MOJy-
IIPOBOJIHKKOB ¥ IUSNEKTPRKOB). HacceHmreliH Npeinosoxu, YTO HpH
IPUIOTORNEHAN OGPASLOB B O00beMe U Ha NOBEDPXHOCTM TBEPHOIO Tesa
CO3TanTCH aﬂepfeTquCRHe-ypOBHH (nedexTH). B cioydae MeTALIOB OHY
JOKAMNBYHOTCA B OKWUCHOY IJIEHKe, BCeria uMenelica Ha NOBEpXHOCTH.
IIpr OONYyYEeHHN TBEPIOTO TeJa 3JEKTPOHH 3acCeldaoT 3TH YpoBHM., Iia
OCBOCOHUECHUS SJIEKTPOHOB ¢ HauMeHee INIyOOKYX YDPOBHE# B 3alpelleHHOK
30HE NOCTATOYHO TENJOBOH 9HEPTMM [pU TeMmleparype OGJydeHMd, DTu
YPOBHM OTBETCTBEHHH 34 TakWe fABJEHNA, KaK IOCHecBe9eHHE WM 3aTy-
xanue 923. [IpM NMOBHUEHMM TEMIepATypPH NOCAEHOBATEILHO OCBOGSOXIA-
oTcaA Bee GoJee TIIyGoKMe ypoBHHM. [IpoilecC OCBOGOXIEHUA DABNUUHHX
o IJiyCrHe ypoBHeil 3axBaTa HAaXOLUT CBOE OTpaxeHile B MOABJIEHIY
IOCAenOBATeNbHOCT OUKOB MHTEHCUBHOCTY HA TemMIepATyPHHX KDUBHX
TEPMOCTIMY IMDOBAHHHX npoleccoB TCHI, TC33 n TCH. B nons3y mexa-
HI3M&, BHIBUHYTOT'O HacceHwrre#iHOM, IOBOPHT, HANPHUMED, TOT (AKT,
4TO IJA HEKOTODHX BelleCTB 3MHCCHSA HEeNOCPeICTBEHHO CBA3aHa C Ha-
JrdueM B KpucTalle F-NeHTpoB. Boryw cuuraer [67-69] , 4TO BO3-
HYKHOBEHNE BMUCCHY OCYCJOBJEHO ylapaMyd BTODOTO POLA MEXIY SKCH-
TOHaMI U HNEHTpaM¥ OKDaWMBAHUA, BO3CYRIEHHHMHM TEDMIYECKIM IyTew,

Asropu pador [70-72] nmna oOvAcHeHus pana HaOONaeMEX ABJIE-
HU Openraraot bﬂe—mexaﬂnsm J93, MNpOHCXONAMed 34 cUeT SHEPIHM,
MOJYyUaCLION UpYM PEKOMOMHAUMY HEOCHOBHOTO HOCHTENA (IWDKHN) C 3JeK-
TPOTEMW TTIPUMECHOTO TeHTpa. OSHepIrud, BuHIeNdeMasd npH DPeKoMOUHAIIY,
fepeiiacTesa 3AEKTPOHY JpyIoro, CAMBKO DACHOJOXEHHOI'O IEHTpA.

I3 padorax Burona, Tane, Munepca [73-75] noxasana Baxuas
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POIb TYHHEJNBHHX [IPOLECCOB B MEXaHU3ne JIOMUHECLEHLIMU HOHHHX KpU-
CTAILIOB.

ABTopu pador [76, 77] paccuarpiBanT MexaHusm 93D, CBIBAHHLI]
C °"YyHHeJIMPOBaHNeM 3JEeKTPOHA ¢ YPOBHE 3aXBaT& CKBO3E IOTeHUMANBHLD
dapepep, C yU4eTOM TenaoBO# QUIyKTyauuy TaxeJux uacTul. QHE [MOKABRaY
UTo DY CMENeHMn Tsxesolf vacTuuy IPCUCXONHT cooTBeTCTBymmaﬂ anua-
GaruvecKad medopmanusd dJIEKTPOHHHX BOIHOBHX (yHKUMi, KoTopas co-
XPaHASTCA B TEUSHUE BCEIO Bpemenu QuyKTyauud. Ecan sJIEXTpPOH Ha-
XOLUTCA BOJM3YM TaxOW YacTHIH, CMEleHHOd B CTOPOHY Bakyyma, NMpU-
Ha fapbepa IJIT er0 BHXOJA B BAKyyM OKA3WBaeTCH yMeHBUEeHHOH, a co-
OTEETCTBYNIAA BEPOATHOCTE TYHHENMPOBAHUA SKCIOHEHUUANIRHO BO3pa-
CTEEeT.

TepacumoB u lepupazse [78] npemmoxmm mexanusM 933, cocTo-
any? B caenywomeM. Bo Bpems o6pacoTky (BO3GYKIEHMA) MOBEPXHOCTH
TBEPROI0 TeNa O0pasynrcd pasymyHue AefeKTH, KOTOPHM COOTBETCTBY-
0T JOKAJBHHE DHEDPI'eTMUYECKUNEe YyPOBHM B 3allpeulleHHO#l 30He MOJAyNIpOROL—
HUKa UM OUSJEKTpHUKA. OO0pasoBaHue Kakioro XederTa CONPOBOMIAETCS
NIOTJIONEHNEM HEKOTOPOT'O KOJAMYECTBa& SHEpPTUU. [lo3xe, B ONpeHeNeHHHX
YCaoBUAX NedeKTH OTRUranTced (MOL OTXUI'OM IOHKMMAETCH KaK NOJHOe
ncyesnoBeHue nefexra, Tax M ero TpaHcdopMaluna), M paHee NOIVIOUeH-
Haf SHEPI'WA BUNENAETCHd U MOXeT CHTh NnepelnaHa SJeKTPOHy, 3axsa-
dennoMy JIOBYNKOM. ITa SHEPrUA NOCTATOYHA IJIT BLXONA HJEKTDOHA M3
rxpucrasia. OCHOBHOH XapaKTepHO# wepToll Takoil MOIesad ABJIASTCHA TOT
faQRT, 4YTO fopmmpoBanue ITedeKToB MOn LeficTBHeM BOSCYXIEHUA OLHO-
BPEMCHHO CONDOBOXMNAETCA KX 3acesleHMeM 9JexTpoHamd, Taxo# momxon
OTIIYACTCA OT I'UIOTE3 O TOM, 9TO LOJE OOJIy4YeHHd COCTOUT JUALEL B
saceNleHMIl yxe UMEDmUXCs ypoBHe#. B padore [79] NPUBENEHH BKC—
MepiiICHTaJpHEE PAKTH, KOTOPHE MOIYT ONTH MHTEPIPETMPOBAHH KAaK
NONTBECPHIEHAE BOBMOKXHOCTH cyﬁeOTBonaHHH nonoOdeo MexanusMma 939

ST 00pasloB repMaHust, "BOSCYRIEHHEX" DEHTT'CHOBCKYM U3JAYYSHUEM.
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CymecTBOBaHNE GOJBIOTO DPA3HOOCPA3IA MEXAHU3MOB DeJaKcaruy
BJIEKTPOHHOTO BO3CYXLEHAA B TBEDIOM T2Je MOBHIAET POJb KUHEeTHge-
CIUX VICCJIENOBAHMH B MOCTPOEHNM (UBNMY2CKOR KADTHHH UBYYAEMHX Ipo-
11eCCOB. YCTAHOBJIEHNE KMHETHMUECKUX OCOGEHHOCTEH MOXeT mpexocTa-
BATH BaxHyw MHQODMAINO LJA 34KINYEHMI O KOHKDETHOM (M3MYecKoM

MEXAHII3Me HCCJAELYyCeMOI'0 IIpoIlecca pefiaxcalan.

5 5. O cBA3K peJaKcanyuy 3JICKTPOHHOTO BO3GYIUIEHMA TBEpPIOTO Tela
¢c_0UBAKO-XMMUYECKUMY NIpOIleccaMy Ha NOBEPXHOCTH

B OCHYHHX TBEPNNX KPUCTAIMIECKMX WM aMODIHHX TeXaX DOk
TIOBEPXHOCTHEX B3(HEeKTOB Maia, HOCKOJERY HOJA aTOMOB WJIM HOHORE,
HAXOMANMXCHA HA NOBEDXHOCTM, TIOpasio MeHblle, 4eM B odneMme, QnHa-
KO IJIT BHCOKORMCIIEDCHHX BewecTB (reJefi), KOTODHE 9YACTO MCMOJB3Y-
OTCA B KAYeCTBE COPOEHTOB M KATAIU3ATOPOB, 5TO COOTHOUEHHWE WU3Le—
HAETCA B TOJB3Y HOBEPXHOCTHHX ATOMOB ¥ MOHOB. M3BecTHO, YTO mpu
OGJyYeHNM CHUCTEMH "TBEpHOe TeJo + ras" COJbllad 9acTh BHEepPIud mo-
omaeTcss TBEPDAHM TeJOM, OCOCEHHO, €CJM LABJIEeHHEe I'asa He OYeHp
BeJmMKO. TakuM o0pasoM, CYTh B3aUMONEHCTBHA B I'eTeDPOTEHHOH cucTe-
Me COCTONT B MepepacrnpenefieHM: IOTJIOUEHHOH NpH BO3CYRIEHMM 3Hep-
MY MEXIY TBEeDOHM TeJoM ¥ HaXONAUUMACA HA ero NOBEeDXHOCTH MOoJe-
Kynamy rasa. Tax xax HeilcTBYE 3JeKTDPOMArHUTHOTO M3JAy4eHHA ¢ He
OUEHb BHCOKOH sHepruei {T"-RBaHTOB IPABONUT B OCHOBHOM K BO3—
CyXIEHM0 SJEKTPOHHOH IIOXCHCTEMH TBEDIOTO TEJ8, TO ¥ MOBEPXHOCT-
HHE CBOYCTBa TECHO CBABAHH C 3JIEKTPOHHHME CBOHCTBAMA TBEDIOTO
TeJa.

Vimen o cBA3KM AXCOPCLUMOHHON M KATATATHMECKOH CIIOCOGHOCTH Belle~
CTBa € €r'0 BJEKTPOHHNMM CBOHCTBAMM BHCKA3HBAMUCH elle Gojee 40
ner naszan A.®. Modde, C.3. Porumcrim, K. Xayde, K. Barsepom u Ip.
3 50-x romax padoramn K. Xayde, @.&. Boapkenwreina, B.B. Canno-
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mupexoro, ®. Croyuwa, II. Belica CHWIM JIOXEHH OCHOBH JJEKTDIHHOH
Teopuy KaTammsa u xemocopduuu (ITK u 9TX). C rex nop Gwio onyG-
JHKOBAHO OI'POMHOE KOJMYECTBO DACOT, UENB0 KOTODHX ABJSLIOCH ycTa—
HOBJIEHAE KOPPEJIANUN MEXNY HATQNUTHIECKAME U SJEKTDOHHHMI CBOCT-
BGMM TBEPIOIO Teja. XOoTS B LUEJOM DANR ClAydaeB OCHADYXEHA CBA3D
MEXTY aICOPOIMOHHEMU ¥ KAaTalUTHIeCKWMU CBOHCTBAMY BeWleCTB ¥ He-
KOTOPHME VX BJCKTDOHHHMY CBOJCTBamm, B ILI€JOM, SKCHepHMeHTaﬂbHHe
ISHHHE IaneKo He Bcerma ywkaanusanTcA B pamxm 3TK m 3TX. Kark cuu-
TANT MHOTME UCCHenoBaTeNm [80] , IPUYNHOI HEeCOBHANeHUA Teopuu
1 SKCHEpYMeHTa ABJAETCA He 3JeKTPOHHH MOAXOH K OpodJagMe, a He-
JOCTATOYHOCTE, YIPOUEHHOCT: TEOPUH.

Hemocrarxamn STK CUMTANTCH: HECOOTBETCTBUE MEXLY MIeaM3UpO-
BAHRO{ MOINEeJbI0 ¥ DEaNBHO# HOBEPXHOCT:O - HCKIDYEHWE U3 pPacCMoTDe-—
HAA ROHerTHux:@opM CBA3K C NOBEPXHOCTBO ANCOPCGUPOBAHHHX MOJEKYJI,
X XedopMmaliun ﬁ T. I.; HEIZOCTATOYHOCTE TPATUIMOHHOTO COMOCTaRJIC—
HUA TaKuX IJIEKTPOHHHX CBOWCTB TBEPLOIO TeJa, KAK IPOBOIUMOCTE cf,
padoTa BUXOLA SJAEKTDPOHA y’ , KOHcTanTa XoJula, ¢ anCcopOIUOHHLMY
¥ XaTaJUTUYeCKMMA CBOMCTBaMU HJA FACHEHHUR MEXaHM3MOB 3JEKTDOHHHX
IPOLIeCCOB, IPOTEeKAXNUX HA peaJbHON MOBEpPXHOCTH.

[lepBOCTENEHHOE 3HAYEHUE IS NPAKTHYECKOTO NPUMEHEHUT Karajy—
TUYECKIX IPOLIECCOB MMEET yMeHHe YODPABJAATHL KATANUTHYECKMME CBOU-
CTBAMH BellecTBA. Ha 3TOM IyTH, ¢ TOYKE 3pEHUA LOHODHO-ZKIENTOD-
HOT'O MEeXaHW3Ma KaTauy3a, HMEenTCA IBe BO3MOKHOCTH. Bo-neppux,
XMMUYECKAd MONUGUKAIMA NOBEPXHOCTY TBEPIHOIO TeJa. Tak G0 ofHa-
pyxero [8I) , wro npu gropuposanmn §-AL 0, Habmonaerca
pe3Kroe BO3pacTaHne MPOTOHHON KUCIOTHOCTH ¥ KATAIUTAYECKOH AKTUB-
HOCTH NMOBEDPXHOCTH. BO-BTODHX, YOPABJEHNE 3JEKTPOHHHMY IPOHECCaMut
HE [TOBEDXHOCTY TBEpAOro TeJa. CoryacHo STH ruasHum dakTopoM, pe-
TYJIEpyOniM COCTOAHNE BIEKTPORHOY NMOACUCTEMH TBEPIOTO TeNa, ABJA-

eTca yposeHs Bepwmm  [82] CHeNOBATeJbHO, HU3MEHEHUEe ero roJoxe-
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HEs (Hampumep, NyTeM JEeTXPOBAHUA KATAIN3aTOpa WIM NPWIOKEHUA MO-
ITEPEYHOTO [OOJIA) MOKET CIYKUTH CPENCTBOM YIDABIEHUSI KaTANMUTAIeCKU-
MY cBOHCTBamM BemecTsBa. OZHAKO TaKoil ODOAXOM BCTpedaeT DAX Bo3pa-
xeyzit, Ewe Crapomysues, a 3arTeMm M paAl OPyI'MX aBTOPOB [83] yHa-
IHBLIM Ha HENPaBOMOYHOCTEL IMepeHeceHus NOHATUA “yposeHr Pepmu” Ha
TPONECCH, MTPOTEKANNNEe B JANEKNX OT TepMOANHAMUYECKOTO pPABHOBECUS
yCJCBAAX, HANPAMED B NOJe MOHM3MpyWMero usmydehus. Koros [83]
I Dsn IpyTHx &B8TOpOB [84] CBA3HBAIT OCHOBONOJIATANIMANA NIpOlece
Nepefayyl SHEPI'ME MeKIy TBepILM TeJoM U CloeM ancopCUpPOBAHHHX MOJIE
KyJI € DERoMCUHAIMel HEPABHOBECHHX HocHTeNell (BAEKTPOHOB M IHDOK )
B MECTe JIOKANUIAIMU MOJEKyNH, (0pasoBaHUe DARUAlMOHHHX HADYUCHUH
(paiMkanoB, NapaMarHMTHHEX LEHTPOB), XMMUMECK# Mpomecce, COMPOBOX-
Laloruiics paspHBOM BHYTDUMOJIEKYJHDHEX CBA3ell ancopbuposanHoll mote-
KYyJE, DACCMATPUBAWTCA KAK ONUH M3 MyTell DHCCHMIANUY DHEpTHM, II0-
TJIOWEHHOR TBepIuM TeJIOM IOPY BO3ICYXRIEHUH.

lio MHeHEO pATa uccienomarenei [BQ] , COUHCTBEHHHM CPENCTBOM
M3MEHEHUA SJEKTPOHHOTO (aKTOpa B KaramM3e ABAAETCA HCNOJL30BaHHie
DESKO HEDABHOBECHHX 3HHeKTOB. 3aMeTHOT0 H3MEeHEHUA SHHEKTHBHOTO
3apfna, OO UX MHEHMN, MOXHO NOCTHYB, MCIOJE3YS BHCOKNE YDOBHK
"MIXeKIMA HEeDPaBHOBECHHX HocuTeseli". B clyuae NOJAYIDOBONHMKOB G
OOJBlOY TMpEHOTH 3allpelleHHOd 30HH, KAKOBHMM SBJIOTCS GOJBIKHCTBO
KaTajy3aTopoB, 3TO BO3MOXHO MDY MCMOJB30BAHKY XECTKOTO 9JEKTPO-
MaUHUTHOY'O u3JayveHuA. TaxuM o0pasoM, peuaomad poJb B IPOHECcCax
B3aUMOIEUCTBUA [TOBEPXHOCTH TBEPIOTO Tejad C OXPYyXammM BeleCTBOM
OTBOLVTCS TeHeDaUWy HEePaBHOBECHHX HOCHATeNell W peJNarcanuy sJex—

TPOHHOI'O BO3CYKNEHUA B TBEpIOM Tere.
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Tar1asa [I. 0 XMHETUKE PEIAKCALUM SIEKTPOHHOTO
BOSEYRIIEHVSA B TREPIOM TRIE

BBUOy OTMEYeHHHX B OpefuAymel riare CHOXHOCTHE U MHOTI'000pasua
OpPOLEeCcCOoB peNaxcalmy aﬂeRTpOHﬁbro BOIOYKICHUA B TBEDAOM Teje I
MEXaHMBMOB TaKO¥ DeJaKcaldd, BOSHUMKAET BONPOC YCTAHOBJIGHHA, B
KaXIOM KOHKDETHOM cJaydae, HaudoJee BEepOATHOTO MeXaHM3Ma. 5T0 He-—
OCXOMMMO IJIsT COCTABJEHUA NPABMILHOTC UPeLCTABICHUSA 00 JIEKTPOH-

+ HHX Tponeccax B HCCJHELYeMOM BelleCTBe @ ero usWieCcKUX CBOCTBax.
OnHuv n3 BagHeNIMX METOEOB IJA pelleHMd JTOoik 3ama49y SBJAETCA K-
HeTHYeCKI aHaNn3 HaG/MonaeMoro ABJNEHNI, ONDPENeNeHHE BEDOSTHOCT-
HIX M OHepreTMYecKUX XAapakTepHCTHUK 3JeKTPOHHHX MPOIECCOB H COCTO-
AW,

BOJMBUYHCTBO HCCHENOBATeNeH OpM KMHETHIECKOM aHainse penaxkca-~
OVOHHHX ABJEHNH OTIPAHKWYMBANUCE NPENCTABJCHUEM O NPOTEKAHMK TOJh-
KO MOHO- MIY OUMOJIEKYJADHHX NPOLIECCOB, KOTODHE CYNUTAJUCH SJIeMEH—
TADHEMA, STO, B CBOW OdYepeNhb, TPEGOBANO NDUHATHA IENOTO DANA MO~
IymeHna# ¥ NpenNoJOXeHud, He BCErNa OCOCHOBAHHHX (M3MIECKH. CJoK—
HHe mnpoueccs (nmapajresbHHe, HOcAeIOBaTeNbHHE) ¢ ﬁﬂHeTqucxoﬁ
TOYKN 3DeHHUA PACCMATDUBAJNUCEH JIMUE JJASA OTIEJbHHX HEUBOTEepMiTIeCcKix
ClydaeB, XOTH, K2K MH MOKaxXeM HUXe, TaKNe OPOLECCH DEalLHO cyme-
CTBYWT JI MX CJIOXHOCTH OTpaxaeTCd HA KUHeTHXe HalHOIaeMHX ABJeHUi.
TeHCTBUTEIBHO, eCNM JJEKTDPOHH NOKMIAT OLHY U Te Xe YPOBHM 1O
ABYM DABMIMHEM KaHajJam peJiaxcaiy, ToO, B o0meM CJydae, OTHICH-
TeJDLIN BRJIAL KaxIoro X3 KAHANOB B CYMMapHHI MPOLIECC OCBO( YRS~

HIT yDOBHEN NAHHOT'O TMIIA 3aBUCHT OT TeMIEpATypH. B HEeN30T L IMIY e~
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CHKUX SKCIEeDMMEHTaX 5TOT BKJIAN MOXeT MIHATHECHA BO BpeMA CAMOT'Q ¥C-
CJIeNOBAHuUA, ¥ 3TO M3MEHeH.e HEeCOMHEHHO CKa3WBaeTcA HA KUHETHKe
HAaCMTAeMoT0 ABJdennsd, Oyns To TCH, TCI3 wax Ipyrue OPOIIECCH pe-—
JaKcannu. B cly49ae, ecJM Ha YpOBEHH 3aXBaTa 3JEeKTPOHA, peJaxca-
UM C KOTOPOT'O KCCJAENyeTcs, CyulecTBye? eule ¥ NPUTOK DSNXEeKTPOHOB,
HANPIMED C ILPYTXX YPOBHEH, TO KMHETHKA DEJAKCally COOTBETCTBYeT
KWHETHKE IICCJICNOBATEJBHOIO NpOIecca MOHO- WIK OCUMOJIEKYJNAPHOIO
BosmoxHH X OoJlee CAOXHHE KOMOMHVPOBaHEHE CJAyYaHl.

PaccmMoTprv OCOCEHHOCTH KUHETHKA HEROTOPHX MONENLHHX MPOLECCOB
pPeJIgKCcaIll ¥ METONH ONpeneNeHis KUHeTIYeCKUX NapameTpoB MO SKC-

NEPUMCHT QABHEM JIAHHEM, HOJYYEeHHHM B HeM30TEeDMIYECHUX YCJOBUAX.

§ I. KuHeTura OZHOCTARMHHHX ONHOKAHAJEHHX ITDOLECCOB DEJSKCAIlUU
4 _METOLH ONpeleNeHMA KUHETHYEeCKUX IApaMeTpoB Ipolecea

3anaveil KMHETUYECKOTO MCCIENOBAHUA DEJAKCAIMOHHOTO IPOLECca
ﬂBﬂﬁeﬁCH onpenelieHHe KAHETHYECKAX NapaveTpoB (SHEPTMH aKTHBAIlMM,
NPENSKCIOHEHUMANPHOTO MHOXUTENSA, KO3PIUIINEHTa CKODPOCTH), Ro%opue
HEeOoOXOMUMH IJA HOCTpoeHuAd PUBUYECKAX MEXAHUSMOB NpOLECCOB M KOJIK-
JECTBEHHOTO COIOCTABJEHNA DA3JMYHHX SKCIEPUMEHTANBHNX TAHHHX.

[flepBasg TeOPETUYECKAs UHTEepupeTalys XODOUWO DA3PEeleHHHX IUKOB
TeDPMOCTIMYINPOBaHHEX TPOLECCOB PEJAKCAIMA 9JIEKTPOHHOIO BO3GyRIe-
HHT B TBEPHOM TeNe Ouia fawa Penmamnom ¥ Yuwikmicom [I16] Ha mpu-
Mepe TEPMOCT UMY INPOBAHHOH JoMmuHecterum (TCHI). VX nmpemmoJoxesus—
MA O TOM, YTO BEPOATHOCTH HOBTOPHOIO 38XBATA OCBOCOXKIGHHHX ¢ JO-
KaNpHHX YPOBHEH! 3JIEKTDOHOB IPEHeCpeRMMO MaJa ¥ YTO UHTEHCHUBHOCTD
TC mponopuMoHAMEHa CKOPOCTH M3MEHEeHNA KOHIEHTDAaIWd 3aNOJHEHHHX
QJIEKTPOHHHX YPOBHEH, NOJB30BANMCH MHOTYE &BTODH, 3aHMMABIMECH

OMOOHKIM BONPOCAMY BHOCNELNCTBUM, B TOM YHCJIE K KMHETHKOH ~epmo-
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CTVMYJNPOBAHHOR 5XBOSJNEKTPOHHO# amuecnmm (TCID). Taxum odpasonm,
paccMmarpuBaica HeoOpaTiMuil MOHOMOJEKJIADHHYE Mporece, ONICHBae—

ME ypaBHEHHEM

_ g_;"_: Ko exp{-EAT(t)]N (D

SEecs N _ aneno 9JEKTPOHOB Ha JIOKATHLHHX YPOBHAX 34XBaTa,
SHEPI'MA INEeJOKaIN3alms KOTOPHX paBHa E;
- k - KOHCTaHTa bBoJplMaHa;

Ho - rnocroanuwi NPENIKCIOHCHIMANBHHYE MHOKUTENb, MHOIIA
Ha3HBaeMHil 9acTOTHMM (axropoM M MMenluyik Pa3MEpHOCTE
ceK“I;

{ ~ BpeMA;

A ~ aGCoJIoTHas TeMIeparTypa.

Mu Gyzem TOBODHTE 0O SHEPIMM AKTHBALVM, [DHHUMAA, YTO HPOIIECCH
TC39 ¢ ypoBHelt omuHAKOBOH sHepreTMdeckoil IVIyOHMHH MMEWT OLNHAKOBYW
SHEPI'MI0 aKTUBANUN.

|

[Ipy NMOBHUEHVM TeMIepaTypH B NpOLecce TepMUYEeCKOI'o CTHMYJINpO BA-
HUA IO SHAYEHUA, 3aBUCANEro OT BeuuuuH £ , Ko a N , HaumHa-
€T DETUCTPUPOBATHCA DKIOBJNEKTPOHHAS 3MUCCHA. IlpM 3TOM ee MHTeH-
CABHOCTH CHauYazna pacTer, 3aTeM JOCTHUIaeT MaKCUMyMa U YMEHbUAETCS
RO HyJA, MTO COOTBETCTBYET IOJHOMY ONYyCTOWEHXO JOKANBHHX YDOBHEH,
COOTBETCTBYIIMX NAHHOMY MUKY MHTEHCHABHOCTH, HCam 0603HAYUTEL CKO-
POCTH HOBHMEHHH TEMIIepaTypH NCCIeNyeMoro ofpasua vepes ./V
(}W==-——- ) U OpUHATE, 4YTO B NpeldesiaX ONHOTO MUKA BCe JOKAILHHE
YPOBHI IMCOT ORUHAKOBY IMYOUHY M COOTBETCTBEHHO OLMHAKOBYW SHep-

LU0 aKTUBamuu DX30B3JEKTPOHHO! sMUCCHU E » TO NOJIyYIimd

/= OC,/f EX/D/ //faeﬂ%r 7'//13 T (2)

T7e M - UUCJIO JIOKAJBHHX YPOBHBH BaHATHX 2JEKTDOHAMH E HaYaNp-
HH# MOMEHT BDEMEHH;
— HHTEeHCUBHOCTE. —
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Haccenureiin [65] OpenJoRWN UCHOJH30BaTh YpaBHeHNA s TCI
Peunanna ¥ YUIKNHCA U B OOpeneNeHMH »Heprum axktusaimm TCII. Iom-—
CTaBJAA B BHpakeHMe, olpenesaolee MALCHMyM MHTeHcUBHoOCTH TC33 us
wpaBHenusa (2), 3HaYeHue M= / OK/éeK K, = 108 ceK'I,
COOTBETCTBYWIES JACTOTHOMY QAKTODPY Da3PEelleHHHX ONTKYEeCKHX Inepe-—

XQLOB B aroMe, OH MNOJy4dil I 3HeDI'ME aKTHBAalLUM BHpaXeHUe
E R 25% Ty, (3)

CorsracHo uccJaemoBamuo [65) , TemmeparypHuit uaTepsar B 50 OK
COOTBEeTCTBYyeT aHeprum 0,1 8B, OpuvyeM NOJOXeHMe MAKCHMYMA CJI2G0
BaBJICHT OT CHOPOCTH HAIDEeBa& TBEpHOro Tela., AHATOI'MYHHM CIIOCOGOM
LIPOBOLWIN ONpeneseHue SHEeDIUM axkTMBanuMi Xaxcexp, XayTepMaHC H
Berep [59] . Borym u Jompexm [85] mOXyIWIM NS DHEPTIMM AKTU-

BAOMY BHPaXeHUe

E = Tuax /500 (4)

.

Hemocrarxm pacyera mo padoram [59, 65, 85] oueBumHHM ¥ 3a-
KJOYanTCA B CAELYWUeM: BO-IEDPBHX, DHEPTUA AKTHBALMM OnpenejseTca
ONHOW TOYKOHl — NOJOXEHMEM MaKCUMyMa, M KAXIas HETOYHOCTH B orpe~
T EeTeHun 7;mx TaeT COOTBETCTBEHHO NOI'DENHOCTE: B BHUMCJIEHUM
QHEPTUN aXTHBAOUN C NAHHOI'O JIOKAJNBHOIO YPOBHA. BOo-BTOpUX, B KA~
YeCTBe HO BO BCeX cJydasx 3aBenoMO HEeOOOCHOBAHHO GepeTcd onu-
HaXoBOe 3HauYeHMe, COOTBETCTBYWUEE HE3UDENCHHHM ONTHYECKUM Mepe-
XOoXaM B aTomMe, Torna Kak NelCTBUTENBHHI IpelsxcOoHeHUUaNbHHI
MHOXUTEJE He ONpelesfeTCA BOBCE. B-TpeThUX, NpAMas HDONOPUUOHANL-
HoeTh E u T ABNfercd, Kax OTMEYanu caMé PeHNan n YUJIKMHC, TpySHN
NpLOJImeHeM; MeXIy TeM NOTPElHOCTh, BHOCUMAA NPUHATHEM TAKOTO
IPEANONONEHUA B TOM WM KHOM KOHKDETHOM CJydae, HUKAK He JIeHi-
BAETCH.

2 padore T'apauka u I'mécoHa [86] IpexJaralock UCHOALSOBATDH
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LJIsT pacyeTa TOJBKO HAYANBHMA yYacTOK KPUBOH MHTeHcuBHOCTH TCI3
(MeToX pasrOpaHud Wi HAYaJbHOTO HOISEeMA) Y CUMTaTh, YTO Ha Ha-
JaJEHOM yY9acTKe YNUCAO0 SJEKTPOHOB Ha JAOKAJBHHX YDPOBHAX NOCTOSHHO.
B sToM ciyuae JETKO ompenelTorcs cHalana L, a norom # K,. Xaake
[87] moxasan, 4TO TPYHNHO ONpENENWTH OCJACTH HPUMEHEHHAS BTOLO
METOIa B PeaNBHHX YCJOBHAX U3—-32 YACTHX CJIYyYaeB HANOREHUA OUKOB
UHTEHCUBHOCTY B cnexrpe TC32, 4YT0 NPUBORUT K OOJBIM HOIPEmHO-
CTaM B ONpPeXeNeHUN HCKOMHX [1apaMeTpOoB.

Xecamaiiep u Mozaep [88] TIPENJIORNIM METOX ONpenesyieHUs JHepTuu
aKTUBAIMKY E, MCHONB3YOUTH pasiudie B TeMIepaTypax MAKCUMYMA HH-
PEHCUBHOCTH 7;4x1 " 7;AM3 IpK PasINIHHX CKOPOETAX Ha-
rpesa obpasuna M; m M, . Ecau cropoCTs HarpeBa NOCTOAHHA

( JH==[bnsT), TO M3 ypaBHeHuA (R) MOXHO HOOJYUNTH BHpaxcHUe:

£=A’ 71:;“?"7;:&:2/5 Z;M'fn(f'b_?:i%", 7:"2 ); A 7;wr= 7;1A12-7ﬁ—md_( 5)

OrMeTyM HeIOCTATK¥ MeTona. M3 ypasHerus (5) cremyeT, uTO Hosoxe—
Hye makcuMyma TCOD crado 3aBMCHT OT CKODOCTH HArpeBa o0pas3us, U
MTOSTOMY DA3HOCTH 4617;Mx IpU OpaxTMYECKy! UCIIOML3YEMHX CKODPO-—
cTax mana (OGHYHO HECKOJHKO I'pAIycoB), a4 HETOUHOCTY B oNnpejete-
Hm A Z;wg OPUBOIAT K OOJBIMM MOCPELHOCTAM B 3HAUEHUUM SHEp-
Ay axTupamuy. [Ianal’oH N3MeHeHUA CKOPOCTe#l OIpAHWYMBAETCs, C
ONHO¥ CTOPOHH, IJIOXOH PABPENeHHOCTHH CAOKHHX CHEKTDOB HpU MAJOH
CKOPOCTY HAT'pDeBa, a ¢ UPYyTo# CTODOHH, MOSBJIEHUEM GOJBINX TemMIe—~
PATYPHHX I'DANAEHTOB, CBABAHHHX C IJIOXOH TellIONDPOBOIHOCTRO KcCCae-
DyeMHX BemecTB (IOJyHpOBONHUKY, IUSJEKTDPHKN).

B ueTone ompeineseHuA SHEPTUM aKTHBAIMMY, NPENJORESHHOM B pado-
Tax [83] u [9q} , UCIOJNB3YyeTcA NOJYyWHPHUHA MUKA MHTEHCABHOCTH.

Jns suepruu axTuBamyy TCI3 mOJYyYeHO BHDAXeHUE BHIA

£= (kT /S)g (6)
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TIe J - NOJNYIIPUHA NIFKA H& TeMIepeTyDPHO# KpuBoil, uMawmWas pas-
MEDHOCTDL TEMIEDPATYPH ¥ onpereJaemas IpadidaecKu;
q, - mapaMmeTp.

UeH [91] YCOBEDUEHCTBOBAN METON MOJYIMPUH HyTeM B3eNeHUT psana
MOIIPABOYHHX KOHCTaHT B fopmyJH st E ¥ Ho. OTY KOHCTAHTH DACCYUTH-
BaJn ¢ nomomsl BN INA NPOUBBOJABHHX KOMOMHANNH NapameTpoB. Tawoii
NOTGOP KOHCTAHT HOCUT POPMANIBHHI XapaKTep. Bumecre ¢ TeMm yTOYHeHVe
doDMyN He #30aBiageT MeTOHN OT HOIDelHOCTedl, CBA3AHHHX ¢ onpelese-
HUeM MOJYWUDPUH M IOJOXEHM! MAXCUMYMOB MHTEHCUBHOCTH. I'M&BHHM He-
IOCTaTKOM METOXOB, MCHOJAB3YOUUX HOJYUMPHHH MUKOB, COCTOUT B TOM,
YTO Olpelesedye 9TUX BeJUUYMH MOXeT OHTER 3aTDPYyHHEHO, a MHOIIma o
BOOGIIe HEBOBMOXHO, MPY HAJWIMM HENOJHOCTHED Da3PelleHHHX NHUKOB.

O6wuM HeLOCTATHOM BCEX YIOMAHYTHX METONOB ABJAETCA TO, HTO
Ip¥ onpeleJeHMY SHEeDPIUH AKTWBAIUMM U NPeIB3KCIOHEHIMAJIHLHOIO MHOKI—
TeJiI UCHOJNB3YIOTCA OTHENbHHE XADAKTEDPUCTURE IKCHePUMEHTANBHOR kpi-
Bofi. B omHMEX ciyvaAx 5TO TOYUKA MakcimMyMma, a B Jpyrux eme U Ioxy-
IMpUHA. TakyM o0pasoM, MCIOJAL3YEeTCA JMIE YACTh NOJYdeHHOH HHop-
Marun,

Bamapurn [92] NpeRnoXWA ODUTHHANBHHEA METON OfpeNeseHuaA SKep-
TUY aKTHBAIMK U YacTOTHoro daxropa TCI3 (IpersKCOOHEHIMANBHOTO
MHOXUTeNA B ypaBHeHmt (I) ). 3TOT MeTON BHI'OAHO .OTJAMYAETCHA OT
BCEX PaCCMOTPEHHHX paHblle TeM, 4TO [P ONIpeNeJeHUd WCKOMEX Iapa-
METpOB KCHOJL3YWTCA He OTHNEeNLHHE TOYKM TeMIepaTypHO# KpuBo#t smuc-
‘CYM, & BCE ODKCIIepUMEeHTAJbHHE 3HAYeHMA MHTEeHCUBHOCTH. Banapud mo-
JYyUUJI cJelyoilee BHpaxeHNe INA TBOHHOTO Jorapnima KOHIMeHTDAlluy

rxax Gyexmmm I/T:

{n(- f”?"/):" 7?: +ff75/-'i,—~7; —-25’0—71.;- +J’n//—5) (7)
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re Ezké-, M" OTHOCHTENBHAA KOJHEHTpalllAd 3&HATHX pr)BHeﬁ
N _2r_67° _ 2l let) YLK
A/'—_A/O il 6""75 - 02 +c.-o. —Z(k,)c(/) (7‘—’}}

K=t
[IpaKT M4eCKA fn(—fn N ) asiagercs pyuxumeld roaexo I/T, Tax
Kax OPelsKCIOHEHINATbHE] MHOXKNTeNb K ¥ CKODOCTH Harpesa /'l

He zapucAT oT T. JubdepeHnunpyd supaxsuue (7) no I/T, Baxapun

dtr-Vllfd L = ~T[1+ 2]

TOMYIUI

ITpn aToM OH HeNaeT HNONYylleHMe, YTO B MUICAENyeMOM MHTepBaJe TeMmile-
paryp, KOTOPOMY COQTBETCTBYeT BHJAET JMEKTDPOHOB C JIOBYILEK € OfU-
HatoBOi dHepreTMMEecKOl IVIYOMHOM, TeMIIZpATYpy MOXHO CUMTATE IOCTO-
AHHOY W paBHOW TeMiIepaType MarcuMyMma. JHepI'Mf aKTUBAIMM oHpene-—
JIIETCA Wepes TaHreHc yIvia HAKJOHA 3aBHCUMOCTH [ n {—&;/V)=,F (—-7{:)
IOCTPOEHHO} M0 BKCIEeDUMEHTANbHUM IAHHNM. lIpel3KCHOHeHINAJIBHUI
MHOXKTEJNb ONpeneJIAeTcH 4depes BeJMUMHY OTpe3Ka Ha ophnuHare. bana-
prEd CYNTaeT Taxke#l DOAXOHN CIpaBelMBHM HJSA BCEX 3IKCHEPMMEHTAILHHX
ToueK. K HelocTaTKaM 2TOr0 MeTona ciaelyeT OTHeCTH MaloYyBCTBUTENb
HOCTE EBO#HOI Jorapudmuyecko# 3aBNCUMOCTM K M3MEHEHMH IapaMeTpa.
Kpome TOro, HUCHOJBR30BaHUE NPUCIMEEHHOT'O 3HAYEHHA TEMIepDaTypH B
npereyax uKa, OCOOEHHO IpM HU3KUX TeMlIepaTrypax, MOXeT BHeCTH
CYUECTBEHHYD OUWUOKY B OnpeleseHUe SHeprUd aKTUBALMY ¥ IPEendKCIO~
HEHIMAJIBHOI'O MHOXUTEJNA.

B paGore .[93] I KpaTEOM COOCLeHUH [94] , HMOCBAINEHHHX OIpe-
NeTeHwo SHEPrUM AKTUBaUMM SK303JEKTPOHHOH SMHCCHM, YIOMEHAETCH
crmocol pacueTa SHepTUyM axTHBALME, OCHOBAHHHN HA HENOCPEICT BEHHOM
MCIoJL30Banun TuddepeHnuansHoro ypasHenua (I). K coxanenm:, 3ToT
cmocol mOmpoGHO He u3jgaraercss, He OCOCHOBHBAETCHA M HE CpPARHMBAELT-
CA ¢ IDYTWMH METOLaMHU.

Hirie ONUCHBAETCA U OCOCHOBHBAETCHA NpeNJaraeMuif HaMu Menom,
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KOTOpHE, XaK HAM KaxeTcsd, COXDAHMI JOCTOMHCTBA METOoLa BarapuHa,
HO B BHIUNTENBHO! Mepe CBOCOILEH 0T ero HENOCTAaTKOB.
llpeanonaraeTcsa, 4TO SKB02JEKTDPOHHAA SMUCCHUA fABIAETCA MOHOMOJE-
KYJADHHM [IPOIeccoM U omcuBaeTca ypasseHuem (I). Ha TemmepaTypHoi
KDUBOH 2MUCCHM KaXIOMy NNKY COOTBETCIBYeT BHIET 3JEeKTPOHOB M3 JIOo-
BYUIEK, HAXONMIMXCA HA OFHOW M To#t ke sHepreTuMdecxoil ruyluxe. Ha
caMoM meile 3TO, NO-BUMIMMOMY, NOJOCA OTHOCHTEABRHO GJIHM3KO DPacIoJo-
XEHHHX YPOBHel. PaspeunTh MX COBPEeMEHHHMK METOHaMU He yIaeTcd,
9TO U CAYKHAT OCHOBaHMEM IJIA OPUOJIEEHHOTO NpeAcTaBieHus 00 ORHOM
YpOBHE, COOTBETCTBYWINEM KamIOMy MUKy MHTeRcuBHocTH TC33. UATEH-
CUBHOCTS: MOXET OHTH NpEeNCcTaBJeHa B BANe IIPOM3BeleHMA oduei cxo-
POCTY OIIyCTOLEHNA 3aHATHX ypOBHeﬁ'Ha BEPOATHOCTE BHXOJIA OCBOGO-
IUBIIXCA SACKTHOHOB U3 KPUCTAILIA d/ . [Ipr paccMOTpeHHR IPYyTHX
(ne TC33) mpougccop pesaxcansu KoagguIMeHT cr MOXeT MMeT:L ApPY-
ok @Msmqecxnﬁfcmuon. B cayuae TCO3 B XKarmoM y3KOM TeMIepaTypHOM
MHTepBase, COOTBETCTByWUEM OTIEIBHOMYy MAKY NHTEHCUBHOCTH, J/

MOXET CUMTAThLCA mocTodHHo#. Ypamnenue (I) 3anmmeM B BHIE

(r(d%t)'—:IL‘KOXNGEXP(—%T) (9)

Eexy /7 ~ umeno 3JeKTDOHOB, BHAESTEBUMX K3 KDUCTALIA K MOMEHTY
spement { , TO fbﬁ’ -~ UMCJO BCEX BJJEXTPOHOB, NOKMHYBIMX JO-—

BYWKY, ¥ TOTLA

/V———M—%’__#/d’/%—-”)/f (10)

OTKYIA

[=KoltWo-n)exp(-E/7) (1

Mes B BHLY, YTO (J/ M; =N - NOJIHOE QUCHO BMHUTTIDOBAHHH

SJAEKTPOHOD, NOJy9aeM

tn/ jy_moo -m]=lnk, — EA /() (12)
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VHTE@HCUBHOCTS BMUCCHE — DKCIEPUMEHTAIbHO HBMepsieMas BeJudidHa,
 $§& Xe KAK U TeKymee ¥ IOJHOEe QUCJHO EMUTTUDOBAHHHX BJEKTDOHOB /7,
/1o  (cm. puc. 1). Pewas ypoaBHeHre (I2) 1A BCeX B3KCHEPUMEH-
TAJRHHX TOUEK [0 MEeTOLY HAUMEHBUNX KEANDATOB, MOXHO OINDEIEJHTH
SHAYEHUA BZHEPIHWM axTuBanyid U NPEeXSKCIOHEHIMANBHOI'C MHOXUTEJN.
CrenyeT OTMETHTH, YTO OCHYHO B NpenesaX ONHOT'O KA MORHO BHO-
paTh KOCTATOYHOE KONMIEeCTBO TOYEK IUJIE ONpeleeHus E u Ko [0 Ipel-
JIOXEeHHOMY METORYy ¥ B TOM cJiydae, Korgia nuxu TC33 B CHEKTDe dYac-—
TIIHO nepeRpHBémTCH. [lo ynoGCcTBe pacueTa N0 MeTOAYy HamMeHBbUMX

KBaJparos ¢ mowmomsn 2BM mpocrora BupaxeHus (I2) mosBoJafdeT cTpo-

AT: TpafiK SKCHEePUMEHTANBHOW B3aBUCHMCCTH f/)/ nmf_ 2 ) OT -_7./— .
970 OGCTOATENBCTBO OKA3HBAETCA CYMECTBEHHHM, T&K KAk 0 BULY SKC-
OEPEMEHTANLHOR 232BUCHMOCTH B APDEHHYCOBHX KOOpPILUMHATAX, KAK MH [O-
KaxeMm manee, MOXHO JeJaTh BaxHHe BHBOLH 00 HCCHeIyeMOM Opollecce.
JIma BHABJEHUA CPaBHUTEJNBLHO¥ LEHHOCTH HAWero MeTOoZa pacuera
¥ pacyera no MeTony bajapyHa, MH MCHHTANY UX B pacueTe napamer-
DPOB MONEJBHOIO BKCIepMMeHTa Ha OBM. [I[py STOM MH moJarany, uro
caydaiiHHe OmMOKU SKCHEepUMeHTA IOJDXHH BHOCUTH HEe3HAUNTENEBHYo IOo-
TDENHOCTS B DE3yABTATH pacueTa, TOINA KAK CUCTEeMATUYECKAs ounb-
Ka MOJKHA 34MEeTHO CKAa3HBATHCSA HA pe3yJpTarax. Buil B3AT HeKOTOpPHH
"ymeanpHHI" NHK BMUCCHM, IJA KOTOPOIO OCGOMMM MeToramy OCHMM OIpe-
IiesteHH 3Havenust E u K . 3areM Cwim BBeleHH CHCTEMATHIECKHE (207~
HOG YBEJVYCHUE I 5 xaxnoit Touxe) u cayvaiaue (I0%-Huil rayccos-
cxuit urym) ommorm. Pe3yJBTATH PacueToB ﬁneaﬂbﬂoro A HCKAXEeHHOI'O
BapMaHTOB MpUBEeNeHH B Tadka, I. OueBMLHO, 4YTO NPUBEIEHHHE B Tad-
Juie Janilde CBUNEeTeJhCTBYOT B NOJNL3Y NPENJIOXeHHON HaMM MeTOIUKH.
OTO MOMET OHTH CBH34HO ¢ HCHOJR30BAHKEM B pacueTe OO0 MeTony ba-
JAPHHA TeMnepaTypH MaKcmMyMma H NpeHeOpexeHKe pANOM YJIEHOB IIpH
BHROJIC OCHOBHOTO ypaBHeHus (8).

Upepioxentiuli Hamu MeTOn JEeU'K0 o60oCmaeTcAa Ha clydall mporieccos
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Puc.Il, SaBucuMocT® MHTeHCUBHOCTYU sMuccuy J ¥ 4mcia SMUTTUpO-

BAHHHX 3IeKTPoHOB /T 0T TeMmeparypu.
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GoJNee BHCOKOI'O KMHETHUECKOI'0 IOPANKA. KMHETWYecKOe ypaBHeRUe It

Ipolecca { -ro MODANKE UMEST BUL

- C_j_)%/‘i___/vf .exp (- %T) (13)

rne i f ~ IIOK23aTeNk KHHETHYCCHKOTC NOopRAILKa

YpasHeHNe VHTEHCUBHOCTH IAA OCWero caydad uMeeT B

£ _E . Lt
I=1H exp(-Skr)[ w7 HE-Y) K€ el t ] 72 (10

Joig CMMOJIEKYJIAPHOTO Ipoilecca

t
[=tKexpl-%41)-[5 *o/ Ko 6‘-56/1-‘] - (15)

PacueTHHe ypaBHeHWA, COOTBeTCTBywuMe ypabsemuo (IR2), mMeioT Bun

th (;g-_—,;)—g =fn//6/3/f’"7— Ehr (I6)

- E
&m‘z—iﬂ% [}/7{ AT (I7)

Ypasuenusa (16, I7) Tax xe, wrax ¥ (I2), He ABAANTCA OPUCIILXEHHH-
MA I IPH 00padoTKe 9KCIEPHMEHTANBHEX JAHHHX C MX HOMOUBO MOKeT
OHTL NCIOJE30BaHa BCA UHFOpPMALMA.
lpennoxenHu# MeTon OWI KCIONB30BAH IJA ONpENeNeHUs, SHeprui

axTuBanmy TCAY ¢ o6pasnos J’"/”fzos n MgO B pagdorax [95,
96} . B KaueCcTBe npuMepa NPAKTUYECKOrO MCIONL30BAHMA METOIa HA
puc. 2 % 3 NpUBENEHH XapaKkTepHHe NUKM 3MUCCUYM C [IOBEpXHOCTH

554&[% » TIONBEPrHYTOX NEWCTBIN0 PEHTI'CHOBCKOTO MBJIYYEHUI TpH
T~ 300 K (MOMHOCTL IO3H U H038 OOJYyUYEeHWsT COOTBETCTBEHHO
L7 p/timi 1 1000 peHTren), o0paCOTHA BTHX NUKOB 10 ypasHeruo (I2)
HOHOAyUCHHHEe 3HAYEHMS SHEPTU axkTHMBAIUM U NPEeXIKCIOHCHIMETHH KX

ruorreacit. OcoCeHHOCTH 00padoTHI MepPBOro MUKA, MO HameMmr MHEHWo,



~48 —

I, 10° w1 /fex

4 12 76 20 £

4
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D =1000 P)



~ 49—

N
~| 8
<
5
-2
-4
- _6
11T
-8
i‘ L] L]
2 2.5 a5
1/7,107°°K "
Puc.3, OGpacorxa 3KCNEPUMEHTANBHHX AaHHMX ( pHC.2.) B KOOp-
aumuarax ypasienua (I12).( I nux - E=0,69 sB,H0=IO7'2;

IT mms - B=1,22 o8, K,=101° ; IIT muk - B=I,53 oz,
it,=101°+% )



- 50 -

CBABAHA C BO3MOXHOI HEOIHOKAHANBHOCTBO IIpolecca peJaxkcalrd ¢ co-
OTBETCTBYHUEI'0 YPOBHA 3axmaTa. [lompooHee 00 3TOM peddb HoikieT B
crelykmem naparpade.

[IprveHmvocTs ypaBHermA (I2) mxa ompeneleHus & u K, B crygae
HATOKEHNA MUKOB B CIEXKTpe NOJOXEHa B OCHOBY MeTOIA QHAAM3aA CJIOK—
HEX CIEKTDPOB TEPMOCTIMYJNIPOBAHHHX IPOIECCOB, ONUCAHHOIO B_paOOTe
E?ﬂ . Pacumdposka cuoxHoro cmexrpa TC33 ¢ moBepxHOCTH o6pasna

MQO noxasaHa Ha puc. 4. MeTopn Zaer xopouMe pesyJabTATH, Boc-
CTAHOBMCHULI 0 paCYeTHHM [apamMerpam X 3KCIeDUMENTANBHHA COeKTpH
IPaxTU4eCKy COBNANalT.

3 3armo4YeHMe HACTOoAUero naparpaba MOXHO OTMETHUTE CJelyvuee.
MoileJs omHOCTamuiHOTO OLHOKAHAJIBHOTO NpoLecca pefakcanun B HaCTO~
Allee BPEMT JOCTATOYHO XOPOWO M3yYeHA ¢ KUHETMYECKOH TOUKM 3IpeHud.
MHOTME aBTODPH MOJB30BAIMCL M IOJB3YOTCA el HJIA UHTEePHpeTAalUd no-
JYYCHHNX DHCHEPUMEHTANBHHX NaHHHX, CymecTBYOT MeTOIH ONpelcieHud
KVHETAYECKNX IapaMeTpoB (2HepTuy akTUBAmMd M Hpel3KCIOHEeHIUA h—
HOT'O MHORNTEJS), KOTODHe UMDOKO NDUMEHAKWTCH M cefflgac. OmHako Ha-
K¢ Xopouwee ONUCAHME SKCIEPMMEHTANLHHX TAHHHX B DaMKaxX Taxoi Mo-
ney He MOXeT CJIYXMTBH HOCTATOYHHM NOKA3aTeJBCTBOM, 9TQ HCCAEHy-
eMuil MPOLEecC OMHOCTANMEH U OLHOKAHANeH., KpoMe TOrO, H3BECTHHE
cefyac SKCHEPMMEHTANbHNE Pe3ylIbTaTH B UCCAENOBAHUAX peJaKcalnoH-
HHX [IPOIIeCCOB HaNeKO He BCerIa YKIAIHBAWTCA B DaMKU ONHOCTAIHi-
HO¥ ONHOKAHANBHOW Momesau. Tak, aBTOpH paGOTHI§8] BHHYHIEHH
- YUUTHBATE IOBTODHHE 38XBATH HOCUTeJeit JOBYWKAMM IJT OOBACHEHUS
NUHEIHHX U CBEDXJMHEHHHX SQEKTOB B HAG/IONAEMHX nponeccax JioMu—
HEeCLEHIUK ¥ TepMOJIOMIHecUeHUuu. KpoMe TOro, WU3BECTHH NaHHuE, NO-
mydennue CakBapenunse [96] , koTopwii mpu uccaemopaHmx TCID ¢
II0B eDXHOCTHI fﬁg() IocJie PEeHTT'eHOBCKOI'O OCJMydeHUs OGHapy®uT,
4TO TOJNHOE YUCJHO SNEKTPOHOB, COOTBETCTBYWOUMX OTHOMY M3 IIK OB

CUERTDd, 3aBUCUT OT BPEMEHN BHIEDKKM 00pasia [ocje BO3CYXIeHHA
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IO HAYaN2 TepMUYeCKOHR CTUMMYJALMKM dSMUCCHM. MOXHO OOBACHUTH BTO

ARJIEHNE, €CJM IPEANONOXUTH, YTO JJEKCPOHH MOLI'YT YXONUTE C ypPon—
Hell saxpara OXaronapsd KaKoMy-TO UpyIoMy Ipoueccy, T. €. pelakca-
LM 9JAEKTDOHHOTO BO3CYXIEeHUA He ABJIATCA OJHOKAHAJABHOHK. Ocoden~

HOCTAM KMHETHKM TaKUX NIPOIIECCOB NOCBAlEH cJhaenywouuit naparpadb.

§ 2. HexoTopue OCOCEHHOCTM KMHETMKU HEONHOKAHAJHLHOU &KTMBUDOBAH-
HOW peJiaxcaluy 9JeKTPOHHOIC BO3CYXISHUS B TBepHoM Tefe

CywecTmywiMe B HaCcTOsNee BpeMd SKCHEDUMEHTANHHHE NAHHHE O Ipo-
Neccax DeNaKcalmu SJAeKTDOHHOIO BO3CYXIEHUS B TBEDPOHX TeNaxX CBIUe-
TeJBCTéyMT O TOM, 4YTO B DAHE CJNYyYaeB OIHM U Te Xe HAedeKTH KpUCTan-
Ja ABJAKNTCA OTBETCTBEHHHMY 34 DA3BfIiNe HACMOLAEMHe IIPOLECCH
(8K30BJIEKTPOHEAA BMUCCUA, JIOMUHECHEHIUS X T. L.). [osTOMY, B oG-
meM caydae, IPOLECCH peJaKkcarny Hymnq_paccmannﬁaTL KaK Napanness-
HHe, B KOTODHX NOCJe INUccoLuanmy cuctemy "3JeRTpoH-JoByUKa" nann-
Helllee nmepepacmpeyieleHne dHEPIUMM BOIGYKIEHUA MOXeT MIATH DasJii-
HEMM RyTavm (yXOX SJIEKTDOHA K3 KpUCTaia, M3IyuyaTeJbHHE U Ge3n3-—
Jy4aTeJbHHE NIe€PeXOnH, JJEKTDOH-(DOTOHHOE BlauMmomeficTsue ¥ T. L. ).
B TaxoMm crydae KUEETHKA TOI'0 WJIM UHOTO Npolecca NOJKHA 3aBHCETH
OT HaJMuUd KOHKYDUDYWOWLVX KaHAJOB DEJIAKCa, COOTHOMEHUS BEpOAT—
HOCTEll NMapalaeJbHHX NPOIeccoB. HECMOTDA HA 3TO GOJBEMHCTBO HCCIe~-
IoBaTeNell He YUYUTHBAKLT BOSMOXHOCTY BIAUSAHUA ROHRypnpymme KaHaJoB
Ha KHHETHRY HaCJONaeMHX lIpolieccoB. HaMmy IJA pacCMOTDEHHUA OCOGeH-
HOCTE} KIHOTHKY HEONHOKAHANBHON pesNakcalM TakoMy [poleccy OIS
conocTranseHa cxema I.

Cxema I

O—"—CE—L—®

7 oTo# cxeme moj mporeccoM I mONpasyMeBAETCA SKCHEPUMEHTA. BHO
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HadmogaeMuy Impoliece penarcamuy, a II - COBOKYIHOCTH BceX Hadaona-
evtX KaHamoB. [lponmeccu I u II cuuTanTca HeoODATUMHMU W MOHOMOJNe-
KyJApHEME. QOoCUieHKMe HA cJaydall HeOOpaTUMHX IIPOIISCCOR BHCIUX IIO-
PANKOB HE BCTPEYaeT NPUHUIMIMAJBHHX TRyIHOCTEl.

B ycrnoBmAX H30TEPMUYECHKOTO JKCIEPHMEHTa CKOPOCTH NpPOHEeCCoB
I nll, a Taxke CyMMADHOE YHCJO BJAEKTDOHOB, YMeNUWX B IIpoHecce
peJaxcannmy Nno 3TIM KaHalaMm, ONpelelfAeTcs COOTHOWEHUMEeM KO3HEHHuu—
EHTOB CHOPOCTH COOTBETCTBYOUMX NpoueccoB. KoaddumeHTH cropocTH
He MeHSOTCA BO BpeMd sKcIepuMeHTa (mpenmosiaraeTcd BSKCIOHEeHNUANL—
HH{ BUI XO3QDALUEHTOB CKOpocTei /([=Ko¢‘ exp (— E.L'A 7') ).
U3 n30TEepMIYIECKIX SKCIOEPUMEHTOB IIDM DASJUYHHX TeMIepaTypax MOXHO
[OJNyYUTH BpPEMEHHHE 3aBHCHMOCTH HAOJOIAeMOT0O Iporecca pexaxcamuy I

JUI IBYXKAQHAIBHOT'O NPOLECCA OHM MMEnT BHN:

- L(TO=KM eXP/"(’\’HK&")Zj (18)

[lycTs
Kr=Sexp(-E47) ; Ki=tv-exp~ULr) .
3 sTux 3apncmvocTell MOIYT OHTHR HalileHwm 3HAYeHNS /Vo/f' I u
(/f}- +/(,7) IJAT GWKCUPOBAHHEX TEMIEpaTyp. JTO IO3BOJAET H3-

BeCTHHM CHOCOGOM HaliTy 3HAYEHUA 2HEePIHMU aKTUBanUM. Pasmeams HAj-
nennne suavenun A7 +Af Ha MBBECTHYND BeJNYNHY EX/)/*%TJ
Homw )P(T)-—"‘-S + W eX/O/"(Z/"fj/(’V . Iyrem
YUCTAEHHOT'O NMMepEeHIMPOBaHNSI O OCpaTHO! TeMmineparype onpenéﬂﬂe'r—
cfl BeJMUKHA E , & 3areM 4 S , W u A/a . HecmoTpsa
Ha NPAHIHIAAIBHYD BO3MOXHOCTH TAKOTO pacdera, NparkTUYecKoe IpH-—
MeHeHke 9TOr0 MeToza 3aTpyIHeHo. Bo-mepsux, ILJA MDPOBENEHNA pac-
HeTa HEOGXOIDUMO oCecHedyeH¥e NOCTOAHCTBA HAYANRHOT'O 3aceleHusa

YPOBHEl! BJeKTpOoHAMU ( /Vc. =Conszk ) , TOI'Ia Kak B COJBUHUHCTBE
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CayvaeB HAYaJsHaA KOHISHTDPaII A  asaserca dyaxaue#l Temrepa-
TypH. BO-BTOPHX, MeTOL BooClie He MpPEMEHMM NJA CAyYaeB, KOTIA
WMEeTCs HECKOJBPKO YDPOBHEH, Xaluyux BEJ2N B HalonaeMmuil nporece
IpU TeMHeparype axcnepumentTa (Caydall, aHafOTHYHHE HANOXEHIo M-
KOB MHTEHCHBHOCTM B TEPMOCTHMYJIMDOBEHHHX NPOLECCAxX).

B HensoTepMuUYeCHUX YCJIOBUAX, BECHMA XAPAaKTEDHHX IJIA MCCIeno-
BaHW{l KUHETHMKE DENAKcally, COOTHOWEEde KOPIUIMEHTOB CKODOCTH
KOHKYDPHDYIIIX MPOIIECCOB MEHAETCA BO BpeMsa sKcHepuMeHTa. B sTom
craydae uMeeT 3HaueHMe KaK aGCoMOTHOE U3MEeHeHUe TeMuepaTypH 3a
BpeMA DeJaKcanuu, TaK ¥ CKOPOCTE €€ N3MeHEeHUd, Te €CTh BeJNuuHa

/W==C{Z%?f. [locroNEKy M3MEHEHME CKODOCTM HATpeBa 0Gpasla cyume-
CTBEHHO BJANAET HA COOTHOUEHHE Memﬁy KOS(PUIUEHTAME CKOPOCTU KOH~
KYDUDYOIIX [POeCCOB ( E 74 l/) , TO IOJXHO MSMEHATHCA B 34BlU-
CUMOCTH OT Beﬂpqmnm _/H I NOJNHOE YHCNO BJEKTDPOHOB, YUESMMILX
3a @Mncnpoaaﬁnbe BPEMA f' C [EeHTPOB 3axsaTa N0 TOMY UM HHO-
My KaHagay.

Byl ypaBHEHUA IJIA MHTEHCHBHOCTHM HEONHOKAHANLHOTO IPOLECCa

peJlaKcanyyl B HEM30TEPMUYECKUX YCAOBUAX TAKOB, YTO He [IO3BOJIAET
VICCTENOBATE 3aBUCHMOCTEL MHTErDaNa HHTECHCUBHOCTH ( jf/l‘)d[= f//ﬂy
HaoJ nraeMoro npouecca or ‘/" QHAJTUTUYECKI. HﬂﬂoyCTaHORHGHHH
Xapaxrepa 0TOK BABUCHMMOCTY NOTPECOBANOCH UMCJACHHOE HHTEIpUPOBA~
HYe Ha 98\ ypaBHeHHi, cooTseTcTBywuX cxeMme I. Taxkue 3aBUCUMOCTH
G DACCUNTAHH IJA PABJNMYHHX COOTHOWEHU IapaMeTpoB E,S,Zf, l(/, ﬂ
- BeUrHy _jﬂ usmeHAM or 0,02 o 0,5 ®K/cex. Takme ckopocTu
Harpena OOHYHO IPUMEHANTCA B SKCHepuMeHTax no TC9 m TCI. Kuue-—
TiMECKIE napaMeTpys npoueccoB I 1 II MSMEHAJMCE B AMANA30He OLeHU-
BAGMHX 1O IKCHEPUMEHTANLHHM NAHHHM 3HAUEHK! 9HepTHM aKTHUDAIIUK

(0,4-1,5 oB) ¥ npemsxCHOHeHIMaNbHOTO MHOxuTens (I0S & 1o 3 cex~1),

I3 mouydenHux 3aBUCHMOCTEl /f/f)c/f:faﬂ BIIHO (CM. DZ3. 5 U6),

YTO B MCCIENOBAHHOM IUENA30HE NapaMeTpPOB CKOPOCTH HAI'DEeB: j"
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PucG, Pacuyrannue nHa 95H 3aBUCUMOCTIH BCICIULIN MTONHHX MHTEr-
paaes ffaﬁt KOHKYPHPY LMY KUlVIOn 0T CKOPOCTH H&Ppemjﬂ .
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MOKET CYUSCTBEHHO BAMATH HA BRJIAN KCHKYDMPYOUMX KAHAJOB B IIpO-
ecc pegarcarnmy, BeﬂHqMHa,[ﬁQﬂkﬂf pacrer C ypequdeHuem M,
eCJ 2HEePTUA AKTUBaIUK Mcgﬂexyemoro npolecca CoJblle SHEPIUH aK-
TUBAIMY KOHKYDUDYWIUX KarHalJoB. COOTBSTCTByWUee BHAYEHHE A IpPO-
lecca ¢ MEHBUWEH 3Hepruell axTUBAnNM yvEHLUIAeTCH.

Taxum 00pa3oM, BKCIHEPUMEHTANRHAA 3aBHCUMOCTE UHTEIpAJBHOTO
ad@fexTa B HCCHENYeMOM HPOIECCe OT CKOPOCTHM HarpeBa o6pasla HaeT
He TOJBKO Ka4eCTBEeHHW OTBeT Ha BOIPOC. O TOM, OLHOKAHAJRHA CHUCTe—
Ma W HeT, HO ¥ MHOODMALU O COOTHOUEHMM BHCOT SHEPreTHYEeCKUX
GupLEpPOB KOHKYypHpPYIOIUX IIPOLECCOB.

OrmeryM, 4YTO HEBABUCUMOCTE IIOJMHOTO YucJa OMUTTUPOBANHHX BJIEK~
TPoHOB B mpouecce TCI3 (moxHoit cBerocymmu B TCI) OT cropocTH Ha-
rpeBa 00pasia He SABIAETCA NOCTATOUHHM JOKABATEeNLCTBOM TOLO, UTO
IPOLECC DEeJaKCAUUY OTHOKAHAJEH. Kax BUTHO M3 TEOPETUYECKUX KPUBHX
(cm. puc. 5, 6), OpU MAJNHX BEJHUMHAX CKOpPOCTH HETDEBA ee USMeHe-
HMe CUJLHO CKABHBAEGTCA HE BEJNMUHE UHTEerpana 6/}7?)(ff’ . Ilo
uepe ysemmdenns M €e BIUAHNE CTEHOBUTCH cadbee. UyBCTBUTENL-
HOCTH ONpENeJyifeTCA COOTHOWEHMEM MEeRNy KoadduUmeHTaMu CKODOCTU pac-
CMATPUBAEMEX NPOIECCOB, & TaxkXe BHODAHHHM HIHANA30HOM M3MEHEeHUS
CKOPOCTH HarpeBa. Tawnm oCpa3soM, maXe NDPY HCCAETOBAHUM HelicTBH-
TeJEHO HEONHOKQHAJHLHOT'O NpOIeCcCA BJIMAHUE M3MEHEHUS CKOPOCTU Ha-
rpepa ofpasia Ha IOJHOE WUCHO 3aPeryCTPUDPOBAHHHX B SKCIEpMMEHTE
BJIEKTPOHOB MOXET CHTBH He 3aMe4eHO M3~3a MNOUDPEewHOCTeH 9KClepuMeH-
Ta.

HaCTHHM CJIy4aeM SKCIepMMEHTANLHOH NpOLEHYDH ¢ DA3JMYHMMA CKO-
pOCTsMU HArpeBa oCpasia fABJAETCA M3MEHeHHe BPEMEHU BHIEDKKM 06-
pasia nocJe npexpameﬁnﬂ BO3CYXIECHUA ¥ JO HaYala TepMUYECHOH CTH-
MyJUSIIHE, TPY COXPaHEeHMN HeuSMeHHOH CKOpOCTM Harpesa )W . B sTOM
cayuae KHTerpaibuuit oddext npn Hadnmnennn 3a TEePMOCTHMYJIL JOBEHHHM

nponeccoM JOJKCH YMEHBUATHCH DU YBEAUYEHUN BPEMEeHU BLE[IB_‘;-HRH,
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ecJyl IIpH TeMmueparype BO3CYXKIEHUS COOTHOWLEHMe KOIQDUIIMEHTOB CKO-
POCTM KOHKYPMPYWOLMX IpoueccoB OHIO TaKOBO, 4YTO KOHRKYPUDPYWOLMH Ipo-
1Iecc NPOTEKAeT ¢ onperedeHHO#l CKOPOCTBEN, & Hadimonaemdil He'. Mu
yRe jnomxHaﬂM, 4TO B padoTe [96] 010 OCHapyXEHO YMEHBli:HRe
cymmépﬂoro 9ACN3 BJIEKTPOHOB, 3MUTTHDOBAHHHX B mpouecce TCI9 ¢ no-
BEDXHOCTH P@g() ( ET MyK) OpY YBENMUYEHUM BpeMeny BHIEPKKY HocJe
npexpamessa BO3CYXKIeHNA, AHAJOTMYHEA pe3yJabTAT OWA NOJNYyYeH aBTo-
pamy cooleHus [99] gna TCIL oCpasuoB pyOuHa, NOABEPTHYTHX
TEeACTBUO YIBTP&THONETOBOTO OCHYy9YeHUsA. VHTEHCUBHOCTh NHUKAE C MAK-
crMyMoM mpu 390 OK nua TeMoepaTypHo# Kpusoit ymeHpuwaerca B 30 pas
nocjie BHAEDRKM B TeueHMe 6 CyTOK. [lo-DUIMMOMY, M B 3TOM cAyuae
MOMHO NPEIIOJORUTE CYuleCTBOBAHNE NAPaIeNbHOTO JOMUHECLEHINN IIpo-
. ‘Iecca peNaxcandy 3JJIEKTPOHHOI'0 BO3CYRIEHMA. ChemyeT 3aMeTUTh, Ol—
HaKO, YTO Ha OCHOBAHWMM 3aBUCHMOCTU HMHETEIDANBHOTO sddexTa OT Bpeie-
HI BHEEDPKKM MOXHO CLENATh BHBOJ 00 HeONHOKAHANBHOM NPOTeKAHMNM
npolecca peNaKcanuy, Julb YEZOCTOBEPUBLKCH, UTO BO BpEMA BHIEDEKK
LEHCTBUTENBHO HE NPOMCXOLMT DeNaxcamius IO KaHANY, COOTBETCTBYRIe-
My HalmromaeMmoMy mporeccy. Moxer orasarTscd, uTO UccAenyeMuil npo-
necc u#meT C Madoi CKOPOCTED M yMEHBIeHMEe B3ACENeHHOCTH COQOTBETCT-
ByXOUWET'O YPOBHA 3aXBaAT& CBABAHO UMEHHO C HMM, HO UYYBCTBUTEJBHOCTH
mémepMTeﬂLHoﬁ annaparypH HeJOCTATOUHA JJIA DeTUCTPAlAN MAJHX KH~
TEHCUBHOCTE! BO BpeMmMsa BHIOEDKKHU. .

CywecTByoT ¥ Ipyrue SKCIHEPVMEHTANBHHE IAHHHE, KadeCTBEHHO
CBUIETCALCTBYNNE O TOM, YTO OPOLECC PEJAKCAIZM SJeKTPOHHOTO
BO30YMNEHNA B TBEPHOM TeJe 4YacTo ABJAAETCH HEONHOKAHANLHHM,

3 padore Xoarblandesns [10Q] HCCAEN0OBAHA 3aBHCHMOCTL CHEKTPOB
TC22 o0pasios Lifr , TNOIBEPTHYTHX JXEUCTBHI DPEHTI'eHOBCKG'Q U3-
Jydciinsi O CKODOCTU Harpesa }W . llosyuaeHniine anropom maH: & (cM.
pre. /) Ol IpoLHANU3UPORAHE HAMU C TOUKY 3PCHNA 3ABUCKL, CTH

MITCLTRIDHOTO 3GxeKTa 0T BEeXUYUHH ‘/H . PesyneTaru nora: .HH
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Ha puc. 8. Kax BHEHO W3 DUCYHKA, MOJHOE YHUCJIO 3JIEKTPOHOB, 3ape-
TACTPUPOBAHHNX B mporecce TC3D2, COOT3ETCTBYOUNX HCCAELYEMOMY
NYKY, DacTeT C YBeJMUeHUeM CKOPOCTH HarpeBa ofpasrna. CilerosaTesb-
HO, OpOIleCC BMHUCCHE He eIMHCTBEHHHJ, OPUBOLAUNE K OCBOSOXISHHUD
BJICKTPOHOB C YDOBHA 3axBara. HadmomaeMoe yBeJuUYeHUe BRIALA SMUC-
cyd B ODOLECC DEeNaxcallMi yKasuBaeT HA TO, YTO KOHKYDUpYyOUm# mpo-
ece MMeeT MEHLUYD 3HepI'ulo akTUBALINMH,

Tlomuiio NPYHIUNIMANEHO BAXHOU (M3NYECKOM KADTHHH HEOXHOKAHAb—
HOT'0 NpolLiecca peJarcalyy, uMeluell CyrecTBeHHOe 3HAYEHHUe IAA Io-
CTPOEHAS TEOPETUYESCKNX MoIeJsell IIPOLeccOB pesaKcalyy 3JeKTDPOHHOI'O
BO3OYKIEHUA, - HEOOXONUMO BHACHEHHE BONPOCA O NOFPDPENHOCTM B Ollpe-
TeNeHny KUHeTHYECKMX ITapaMeTpoB HalJnmaeMoTo [pollecca, BHOCHMON
npeHeCpexeHreM BOBMOKHOCTB HEOTHOKAHAJBHOTO MIPOTEKAHMA IIpolecca
pexakcauni. g oTBeTa HA 3TOT BONPOC MOHeﬁLHHe‘HHKH peJaxcauuu,
paccYMTaHHHE IO YPABHEHNAM IJIA IBYXKAHANBLHOTO Mpollecca, OHIH 06—
padoTasl no omucaHHomMy B § I meTony kKax OIZHOKAHANBHHE. B Koopau—
HaTax ypasHeHuA (IZ) GHIM [OJyYeHH 33BUCHMOCTH, IIOKA34HHWE Ha
puc. 9. M3 paccMOTpeHHA MOJy4YeHHHX SaBUCHMOCTeH cJaemyer, 4TO IJs
O0OUX KOHKYDUDYRUMX KAHAJOB HET ORMAACMON JUHelHOM 3aBUCHMOCTH,

1 MCTUHHON SHEDIr¥M axTyBauuu "Hadmonaemoro” npolecca COOTBETCT-
BY©OT JUIIE OTAEALHHE YY4CTKY KPUBHX. B ciuyvyae Halmomedus 3a KaHa-
JOM ¢ COJbiieli SHepruel axTuBanuu o0pacdoTHa ITAHHHX B KOOPAMHATax
ypanHeHua (IZ) uMeeT XapaKTepHH *ff -00pas3Huil Bum., YeTrurHOM
DHEPTUY aXTHBAIMHY COOTBETCTBYET CPeNHME y4acToK KpuBoii (yvacTox
NpoMeiy TOYHEX Temneparyp). [p# olpadoTxe mo ypasHernumo (I2) mmxa
VIHT€HCUBHOCTM, COOTBETCTBYMIEIO0 KAHANYy ¢ MeHbmell sHepTHeilt axTupa-
UAY, HakwOoJbllee OTKIOHEHUEe OT NpAMOH JMHMM HadnmnaeTCH I.IA BHCO-
KoTernepalypHoi 4acTy 3aBUCUMOCTH. Taniuu odpasom fopmabyaa oG-
DAGOTINL BCeX OKCHepMMOHTaHLHHX TOYEK HPUBEIET X HEBEPHMM “e3ysip-

wlvcie v oHpcHeHeln KMHeTAYeCKUX IapavieTposB H&OJIIOJ.[D.EMOI‘Q “poneccen,
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Puc.9. 00padorka MOZENBHOI'O NMKA WHTEHCHBHOCTH, DACUUTIHHOIO
1o ypasuenuo (20 ), B KoopzuHarax ypashnerus (I12).
I. -xanan ¢ Menswell sHepruell aKTuBaLUMM; 2.- K14l ©
Oonpuieli sHeprueit axTuBaLuK, ( TpAMbIL yqaCTﬁgm 7 Q0TBET—

CTBYNT WCTUHHHE 3HAYEHUS DHEPIU) aKTUBALUM)
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He TOBODS yX O TOM, 9TO Ge3 y4eTa CYNeCTBOBaHUA BTOPOrO “AHAJS
TepAeTCsT BaxHAA MHPODMANUA O DeaJbHOM Npotlecce pelaxcaipu, Or-
KJOHEHUe OT JMHelHOCTH IpA 00pacoTHe B KOODAMHATAX YPABHEHHKA
(I2) ABIAETCA HEOOXONVMHM, HO He TOCTATOYHHM [PISHAKOM HEONHO-
KAHAJBHOTO NDOTEKAHMA Npollecca peNaxkcammd. [IpudKMHOi OTKIOHEeHHA
OT JUHEHHOCTM MOXET OHTE, HANpWMeD, HeOPaBUILHHY BHOOD KUHeTA-
qeoﬁoro IOPANKA Mporecca. TeM He MeHee, OTKJIOHEHMe OT JHefiHo-
CTH ﬁpn 06paGoTke B KoophmHarax ypaBHeHma (IZ2) MOReT paccMaTpu-
BATHCHA KAK IPUSHAK CYUEeCTBOBAHMA KOHKYDUDYOUUX KAHANOB pelaxca-—
IIMM. BOBMOXHO, HEONHOKAHAJEHOCTHEY OOBACHAETCH OTKIOHEHME OT JiU~
HeliHocTy mpu oOpadorTke I-ro muma B cnexrpe TC33 ¢ J-AL0s (cu.
§ I, puc. 3). OTKIOHEHHE OT JMHEHHOCTM OCHAPYXEHO HaMil IPM OGpa-
00TKe IDaHHHX, NOJyYeHHHX B padoTe KpacHoit u flckoimo [IOH o
nccaenosanmo TCHI o6pasuos 112:;6Q (cm, pue. I0, IXI). B nonos-
HHX cJydasgX HJA pelleHNd BONPOCA O HeONHOKAHANBHOCTH MCCIENYEMOIo
nponiecca peJaKcamyy HeoOXOINMMO NPOBENeHNe CHeUMAafbBHHX SKCIepuMeH-
TOB C DA3HHMK CKOPOCTAMM HAIpeBa O0pasioB.

Taxum o0pasoM, 3&BUCHMOCTE MHTerpansHoI'o sfpeKTa B TEPMOCTH-
MYJIMPOBAHHOM INpPOLIECCE OT BpeMEeHXM BHEEDXKM o0pasna Nepen HavanioM
TEPMAYECKON CTUMYJIAIMY ¥ OTKJIOHEHME OT JUMHEHHOCTH fpu 00padoTke
SKCIEDUMEHTANTLHHEX TAHEHX B KOOpOUMHaTax ypaBHenud (IR2) sBisorcs
KaQUueCTBEHHHMY IDUSHAKAMI HEOLHOKAHANBHOCTH UCCJEeNyeMOTO Ipolec-
ca peJaxcanus, JOCTATOYHHM KDPUTEDUEM HEOTHOKAHATHLHOI'O OPOTeKaHusg
ﬁpouecca peJaKcanmyuy ABJIACTCS 3ABHCMMOCTE [OJHOTO YUCJIA BJIEKTPO-
HOB, 3apEerucTPMpOBAHHUX B Ipolecce TC39 (wiz cBerocymmu B TCI)

OT CKOpPOCTH Harpesa odpasua.
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§ 3. SxcnepuMmeHTaABHOS Mccxerosanue (meromom TCI3)
HEOMHOKAHANLHO DPeNAaKcalld SJEeKTPOHHOI'O BO3GCYXIESHUA
B o6ayuenunx oopasuax &-AlLDs u LiF

Hamy nmpoBORMIOCE MCCAENOBAHME TEPMOCTIMYIUPOBAHHON 2K309MeK-
TPOHHOW sMUCCHM C OCpPA3IOB X-Afzag n LiF C LeJBo o0Ha-
DY®CLiMA MPU3HAKOB HEOSHOKAHAJBHOCTY NMPOLECCa DelaKkCaln BJIEKTPOH
HOT'C BOBOy#IeHMsA, BH3BAHHOIO IefCTBMEM DEHTIGHOBCKODO UBJIyYEHMS.
It MCCNeMOBaHUY MCHOJBE30BAIN LEJILHOMETALINYECKY BAKYYyMHYD ycra:
HOBKY, KOTOpDad MO3BOJAET C IOMOULKN BHCOKOBAKYYMHOTO NADOPTYTHOTO
nHacoca H-50-P m cnenualkHOR JOBYWKN NOJNYYaTh IpPeleNbHHH BaKyyM
~ 1078 TOp.

JCTaAHOBKA 4epe3 (WIaHeIl ¢ HOXMEBHM YIUIOTHEHMeM COoeluHeHa € u3lMe-
puresapHolt xamepo#t (cm. puc. I2). KOHCTDYKIUMA A3MEpHTesJBHO Kamepl
IO3BOJANA IlepeMelaTs odpaser] JuCo NOJ OKHO, T'ePMEeTHYHO 3aKpHTOoe
QMOMUHIEBOM GOJBTOH, 4Yepes KOTOpyw olpasel OGAYyYaIcA peHTIGHOB-
CKUMM JIy9aMy, JUO0 B IIOCKOCTDH, HapallesIbHYKR BHTATKMBANUeEl 3JIer—
TPOHHOOITUYECKOH JIMH3e BTOPMYHOI'O 3JEKTPOHHOTO YMHOXUTeds (BIY).
BHYTPY NepeMellaeMoro IepxaTesd NOMIOXKY o0pasia HaXOAUTCHA NeYb
I8 HATPEBaHUA X DOLBOXANAA TPYOKA IJA KYIKOTO &30Ta, I0CTyIaK—
mero us cocyna [lpoapa OpM IDOMOME CHEIUANLHOIO yCeTpoiicrea. Temmne-
parypa MemHOU NOANOXKYM o6pasia MsMeHANack oT I30 mo 770 °K.

3 pasdoTe [96] CHIO NMOKAB3aHO, YTO LJA BEWeCTB C IIOXO# Terwtompo-
BOJHOCTEI TeMmIeparypa NONJIORKM I MOBEPXHOCTH o0pasia CyuleCTBEeHHO
pasmuvanres (oM. puc. I4).

Ipw onpenesenun 3HaveHuii KUHETHIECKUX NADPAMETPOB HCCJIENLYCMOTo
nponecca peJakcamyy 3JMeKTPOHHOI'O BO3CYXEEeHHMA B BewecTsax ¢ ILIo-
X0l TCNIONPOBONHOCTRI0 HEOSXONMMO YIUTHBATEL BTO OGCTOATENLCTBO.

3 TanEx MCCaeNOBAHUAX HEOOXCHMMO KaK MOXHO GOJNee TOYHO O PeNesaTh

HeHCTRIRNLEHY0 TeMrepaTypy HOBEPXHOCTH TBEepHOTrO Tela.
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Puc.l2. Cxema nsuepuTenbHON KauMepH.

I. xopnyc xamepH; 2. ZATUKK ZABIEHUA; 3. OKHO IJIA
PEHTI@HOBCKOI'0 OoOCNydYeHun 00pasnay 4. SIEKTPOHHHI
yuHOXBTEND; 5. o6pasen; 6. NOLIOKKA; 7. Neub Ais
Harpesa o6pasna; 8. cunb@oH; 9. YCTPOHCTBO XA
OXNZIEHNA 00pasla WUAKHM a30TOM.
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Kll=  -garomiuii NOBTOPUTCHD

Jlii-I0Q - wUpPOKONUONOCHNI yCUMUTENS;
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Wy = pugponevarawpiee YCTPOHCTBO;
YI-2 = ycuIuUTens OOGTOSHHOTO TOK&}
RCII~4 - caumonucel.
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5. NMOBEPXHOCTU TBEPAOrO Teaa, UBMEPAEMOH C TIOMOWBIH
CHEenskCH CUCTEMH., '
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B ﬂfTeDﬁType onMcaH pSN MEeTOIOB M3MEePeHUA TeMOEpaTypH IOBEpX-
HOCTI TBEpHHX TeJ, B OCHOBY KOTODHX MOIOXEHH IpUeMH KOMITeHCAalui
TEMIOOTHONA [0 TEepMOoNape B Ipouecce Caloro n3Mepenud [IOZ] .
Laarolaps: NCIoNL30Balme CXeM cJejsuiet toMIeHcanyy TernjaooTBoja,
9TH METONH IDUMEHMMH U JJA M3MEpeHUd T3MOeparypu B HECTanUOHAp-
HHX YCJOBHAX. ClENyeT OTMETUTH, Yr0 ACIOJL30BAHUE ITUX METOLOB
B DeaJbHNX YCJIOBMAX SKCHEeDHMEeHTa BHBHBAET CylleCTBEHHHE TDYIHOCTH.

B HauyX SHCIEDMMEHTAX HE CHJIO HEeOOXORUMOCTH B TOIHOM M3MEpe-
HUZ TEMICDATYDH IOBEpXHOCTH odpasua. i oTBeTa HA BOLIDPOC O Cy-
mecTBOBAHNY KOHKypupybuux ¢ TC33 mpomeccoB pesakcaluy TOCTATOYHO
0GeCeUnTs UBMEeHeHe CKODOCTA Harpesa o0pasna B JNOCTATOYHO UMPO-
roM nuanasoHe. JJ0STOMY B COJBUMHCTBe CAydaeB MH OTDAHAIMBAJACH
wSMepeHyeM TeMIepaTyDH NONJIOKKH.

MaMeHeHMe CKOPOCTH HarpeBa OCYWEeCTBIANOCH NyTeM USMEHCHN
MOIHOCTY HarpesaTes]d. MsMmepuTeJbHasd cxema (pzec. I3) nosponana
padoTaTh KAK B UMIYJABCHOM, TaK X B TOKOROM pexmax. IMUCCHA DBJIEK-
TPOHOB PETUCTPUPOBANacE BTOPUMHEM 3ﬂenTploHM YMHOXUTENEM C Xa-
ﬂﬁBHHMH IUHOLAMY, KOTOpHH yCTOIMMB K BOSLEHCTBUI0 BO3XYyXa MNpU
cMeHe odpasna. PamnanuosHoe BO3CYRIEHEE oGpasia npOM3BOLUIOCH
MATKUM DEHTT'€HOBCKUM H3JydeHAeM C IHOMOIBD PEeHTTEeHOBCKOI'O anmnapa-
ra PYT-80-20. OcHOBHOt perum padoTH (HaNpAXeHNe Ha Tpyoxe 50 B,
ror 20 MA) COOTBETCTBOBAX MOWHOCTH NO3H Ha HOBEPXHOCTH odpasua
19 p/cex. BpeMs BKCTIOULUKM COCTABJAIO 6 MIH.

O6pazel; OKUCY ATOMIHUA NDPENCTABIAL coGoit TadJeTKy IHaAMETpPOM
26 u Tommuo# I,5 uM, CIDECOBAHHYD NOX JaBJeHHeM 10° kr/cm® u3
OpOKa OIUKPHCTALIINTeCKOR (r -Af205 . OOpasern mepeXn . IHTOM
npoxammam Ha Bosmyxe mpu T = 773 K B redense I0 wacos, 2 3a-
Tey mOIBEprall BaKyyMHO# o0padoTke B Kamepe mpy 773 OK 11 - rpa-
TOYHOM NaBJIEHUN 1076 Top B TegeHue 3 4wacoB. (Opaser MOHOL;ICTAJN-

na LiF upencresman codoi mractuuky I5 x I0 x I mM. Tpur1poBKa
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sToro ofpasia 3armoyanrack TOJBKO B TepMOBaKYYMHOH 0GpaCoTKe.
CKOpOCTE HarpeBa MOIJIOKKH o6pasna U3MeHSIM B IUAHa30He or 0,02
mo 0,4 °K/cex. Tarue CKOPOCTHU COOTBETCTBOBAJIY M3MEHEHHK HAIDA-
xeHns Ha Harpesarete ot 20 go 60 B.

B pesyapTaTe IPOBENEHHHX SKCIEePUMEETOB O TOJNYYEHH CJely-
pue mapdgHe. OKasajoch, 4TO LA TpeX ¥3 OATH HaOIaeMHX [NUKOB
B cnexrpe TCI9 J’ -Af203 K3MeEeHue CROPOCTH Harpepa Heé MIPUBOIUT
K W3MEHEeHIo TOJHOTO wicja 3apeTHUCTPUPOBAHHNX 3JIEKTDOHOB. Benu-
YMHH VHTEIDAJIoB ‘f/{tkit ePBOrO ¥ TPETHETO MEKOB 38METHO yMEHb—
manTca ¢ yBeaneHHem cropocTn Harpesa (cM. pHuC. 15). PykoBozcT-
Byfich CQODMYJAPOBAHHEM BHIlE KDUTEDHEM, MOXHO CIeNaTh BHBOXL, YTO
TCA3 ¢ COOTBETCTBYKMMX ITHM MUKAM ypoBHell 3axBara COIPOBOXIAETCH
HeHAGIONASMEMA KOHKYPUPYOIUME Iponeccami. DHeprrMM aKTUBALMA 3TUX
mporeccoB CoJbNE, 9EM SHEPIHH axThaBanid TC33, 3aMeTyM, YTO Tpe-
oyl MUK B HAWMX OSKCHEpUMeHTaX COOTBETCTBYeT MEepBOMy [MKy Ha
puc. 2. loxasaHHul Ha 3TOM DHCYHKE cnexkTp TC33 CHAT B IManasoHe
remneparyp 293-660 O 1 uoaTOMy IMEPBHX HMBA HUBKOTOMIEPATYPHUX
mAKa He pervcTpUpoBaiuch. Taxum o6pasoM, 3aBUCHMOCTD OT CKOpOCTH,
MOMyueHHAR B HACTOSMMX OKCIEPUMEHTAaX, KOppeJaupyeT ¢ OCHapyXeHHEM
paHee OTKJIOHEHMEM OT JIMHEUHOCTH DK 06pacoTre SKCNepUMeHTaNbHEX
NAFHHX, OTHOCAIMXCAE K STOMY HUKY B KOODIMHATAX ypapHenua (I2).

B sKcOepuMeHTax ¢ o0pasuom LiF wmu mccnenoBasu TONBKO ONMH
UK, MAKCHMYM MHTEHCUBHOCTY KOTOPOTO COOTBETCTBYET TeMIeparype
550 OK Ipu CKOpPOCTH Harpeba -~ 0,25 OK/cex. Ipu IpyTHX CKOPOCTAX
Harpesa IOJOXeHUEe MaKCHMyMa IHTeHCUBHOCTH usMeHAercA. Ha puc. I6
n 17 noxaslaHo CMEmeHUe 8TOro nNHUKa Ha TeMIePaATypHO#t ¥ Bpe i3HHOH
mKajiax Ipy ¥3MeHeHHMN CKOPOCTH Harpena (Ha TemnmepaTypHO# [1ate
yuazana Teileparypa IOLNORKEN ). B3aBUCUMOCTE MHTEHCUBHOCTY )T BpE-—
LeI IEUJISUIHO MeMOHCTPUDYeT CUNBHHA DOCT [IOJHOT'O YHUCKa & JETUCT-

DIPOBANHHX 5JeKTPOHOB C yBeJIMYEeHNEeM CKOPOCTH Harpena. CozBercT-
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Byl rpadui &pnaeneﬂ Ha puc. I8. ToT Xe xpurepuii ykazuBaer,
gro nAsg TCSS W B 8TOM cJydae CyuWeCTBYeT KOHKYPUPYOMUA Kaxaa pe-
Jaxcanyuy, SHep'uda axTuBalUuU KOTOPOI'O MeHblle, 9eM 3HEepris axThpa-—
. TC33.

Ha ocHOBaHMM TEODPETUYECHOT'0 DACCMOTDEHMA U IOJYYeHHHX SKCIe-
PHMEHTAJHHHEX DPEe3YyABTATOB MOXHO CHIeJIaTh BHBOL, UTO DeJaKCAalHd
3JMEeKTPOHHOI'0 BOBCYXIEHNS B TBEDIOM TelJe B O0meM clydae MpPOTeKa—
eT [0 HECKOJBKUM NapajinebHuM xaHanaMm. JUig OpaBUILHODO ONperene-
HIA KUHETUYECKUX NapaMeTpPOB HEOOXOXMMO YUMTHBATH 3TO OOCToﬁTeﬂL—
CTBO. B JUTepaType He BCTPEYANOCE TAKOI'O DACCMOTPEHUA MPOLEcCOB
TCo9 m TCI n He pPACCMOTDPEHH METOINH PACYEeTA KUHETHYEeCKHX [apamMeT-

POB HEOTHOKAH&AJIBHHX IIDOIIECCOB peJIarcalunu.

§ 4. Meron pacdera XKMHETUIECHUX napameTPOB peJarcanuu
IpU HANKYKK IBYX KOHKYDHDYWIMX KaHaJoB

Huge uayaraercs NpeiJIOKEHHH Hamy MeTON o0paCoTHM SKCIepuicH-
TaNbHHX NAHHHX, MO3BOLTOUKY OIPENeJNTH NapaMeTPH ABYX KOHKypHUDY-
MK DPOIECcCOB pPeNarcanyuy, COOTBETCTBYOUNX cXeme I, m0 TaHHHM
HEeN30TEePMIYECKIX BKCIEPHMEHTOB IIPA OBYX PA3JNHYHHX CKOPOCTAX Ha-
I'pena o0paslia U HAGOJIOOEHUM TOJBKO 38 OOHMM N3 KaHaMloB.

llycrs mveerca Mo IEHTPOB, HEPABHOBECHO B3aCEJEHHHX 3JEKTpO-
HaMy TeM KM MHHM CIIOCOOOM. IJTH IEHTDH MOTYT ONYCTOWATHECH MO
wxaHaram I u [I. JlonymeHus, HACHOJB3yeMHE HAMM IIPM 4HANH3E CXeMH I,
Gy chopMyJIMPOBAHH BHIG. B SKCOEDHMEHTE U3MepAeTCH MHTEeHCUBHO-
CTE peJaxcanuyl IO INepPBOMY KAHAIY IPH IBYX CKOPOCTHAX H&PPEBa'ij

u M, , T. e. U3 DKCOEPUMEHT2 ONDEIENAETCS BaBMCMMOCTL‘Z}=}¥r@Z7

L= M/(_,(f)@xp/— /%/(K,-(ﬂ*“ K (T))cl 77 (19)
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TaGnulia 2.

XapakTepucTHKn NMuxa MHTeBcUBHOCTH TCJOJ oGpasua

B 3aBUCKMOCTH OT CKODOCTK EBarpesa o0pasla jn(lj)

i omuTa u_) 8 tHAx,maw 7:’4‘)"}( )f(;?; Idt
I 20 | 4 505 1,9
2 25 38 550 2,9
5 | %0 26 _' 610 4, 4
4 34 21 660 5,3
5 40 18 680 6,6
6 45 I6 70 | %5
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Mycrs Az =S E‘XP('E/A'T) n h}=(:/exp/—-v/k7) . llomeTaBm: BHpa-

WKEeHUA IJA A} /s Aﬁ' B ypaBHeHne (I9). 9To ypaBHeHHME NDYMET BUMI!
£y Yy
4?(?th)=;déﬁyéigq/iz7z—' ]?lé? “, LUQE ‘/?)C/?)z (20)

Tp1 PasJMYHHEX CKODOCTAX Harpera B ypaBHerMe (20) OynyT BXOIUTH
COOTBETCTBEHHO DPa3iNvHHe 3HaueHuma  ffy u Jic: . BossMem skc-
HepueHTalsHo oNpenessemMoe OTHOWEHNE MHTEHCHBHOCTEHR OIS NepsBoro
KaHana Tpy OFHOM M TOM Xe (MKCUPOBAHHOM 3HadeHny T NpY DASIUYHLX

CRODOCTAX

]{r({frf/:)) P[f (f"r ﬂz j{S € LVT -U/r)‘{ T] (2I)

Qtciona ciaenyer, 4TO

’
AT, e T ML p( L(T) |
7 (5T e )l T= F10%. £ ) ) e

Taxoe paBeHCTBO cApaBelJUBO LJA JOGOT'O (UKCHPOBAHHOIO 3HaueHus T.

llorcTaBye 3HAYEHKEe MHTEIpasa u3 ypaBHewuda (22) B ypasHeHue (20)

npu jW=yW1 , TIOJIyduM:

L(Tyn)= 1S exp -5 = i /O /[({;ﬂ)]/ )

TlocJie JOTUpPHMMPOBARNA U PALa Npeol0pasoBaHUU MOJyYimd:

n](WJ--*fn[ﬂ;%) fn{/\/oS) kr (24)

/"1 J"a

B Jlenoli wacTu ypabBHeHUS (24) CTOAT SKCIEDPMMEHTANLHO H3Me ™ 1eMue

BN, 34BUCHMOCTE KOTOPHX OT OOPATHOW TeMIepaTypH §IB - eTcs
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TpSMO JuHYelH ¢ TaHI'eHCOM YIVIA HAKJIOH& EA’ . Taxma oO6pasom
OHO OIDENENNTH DHEPIUD axTyBaumy / I NpousBencHUE /VoS

Z3BeneM oCo3HaYeHune

#) r(rﬂf /
V(f):/{t?—};vf/[;(rﬂz) _,S/e lT+w/e AT (20

Syreoms  YYT) onpemenena skcuepuMeHTaNBHO I J0GoTO T U Mu

MOX.eM €€ YHCJEHHO IpPORUMiepeHIupoOBaATE

v (r)=Sexp(-Shr) +werp(- %) (25)
lomenus ode gacTy ypabHenud (25) Ha yxe UBBECTHYD BeJIMIMAY

E’Xp{—%d, MOJIYYYIM :
Y T)exp(Eh1)=5S +w exp[-W-EYiT]=P(T)  (26)

YucxeHHoe xn@xpefpeHmprOBaHHe (26) NpWMBOMHUT X 3aBUCIMOCTH

Dir)=w-expltevh] L5 @

locse HECNOMHEX MPEOCPaBOBAHUI OKOHYATEJBHOE YDABHEHME UMEET BH:
Y f éf £)
fn/f,bff} 7'/ W~E)W [ - (28)

B snepoi yacru ypaBHerusa (28) CTOUT M3BECTHAA NOCAE OGpPAGOTHM
SKCIEpHMEeHTa QYHKIWMA, 3aBHCUMOCTE KOTOpOH OT oGpaTHOH TeMIepaTypy
ABJSIETCs NIPAMON JIMHUER ¢ TaHI'eHCcOM yrJaa HaKJIOHa—{ (/-E% . Henors.
3yAl METOI HAIUMEHBUMX KBANDATOB, MOKHO HOJY4YNTE: 3HaueHus &« {/
tanccrnwe snavenns £, U, W BHOBB TNOICTABAAWTCA B ¥ ABHEHUe
(25), orkyna ompejensgercs S , asarem 1 Mo . Tarm 20paszo::,

sl DICH TQCTIEIORATENRHO BHMACIUTE BCe NapaMeTpH UMHTepety “Hero Han
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Crenyer OTméTMTB, 4TO TaK Xe, KaK ¥ MeTOZL OIpenefieHds napa-
METDOB OﬂHOCTaﬁHﬂHoro oIZHOKaHAXBHOTO nIpouecca {cm. § I), sror
14eTox [OBBOJAET KCHOJNB30OBATE BCE 9KCIEePMMEHTANLHHE TOYKM Ha Tem-
nepaTypHO#l Ep¥BOil MHTEHCHBHOCTH HCCISTYEMOT'O TepMOCTUMYAMPOBAK-
HOTO Ipolecca. IT0 AaeT BO3MOXHOCTE MCKJIOYMTEH M3 pacuerTa TOYKH,
COOTBETCTBYNINE B3AMMHOMY HANOKEHUO MHUKOB WUHTEHCUBHOCTH B CIIeK-
Tpax. A HaxoxImeuusa KKHETHYEeCKUX [apaMeTPOB 9THM METOIOM HeoG-
XOLM0 MONB30BATHCA YUCJEHHHMP pacueTauu Ha IBM. B ¢BA3K ¢ 37Tmm
GONBIOE 3KaUeHNEe IJIA MOBHIUEHAA TOYHOCTH NOJYYaeMOTO De3ynsrarTa
npuodperaeT BHOOP ONTUMANLHOI'O MAIMHHOTO AJNTODUTMA U OTdop BKC—

IepEMeHTAARHE ITaHHRX, HCHOJIBByeMHX IIpH pacdeTe.
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"T'nmapa . CBASH MEXLY BAEKTPOHHEMA IIPOIECCAMY M KULETUKON
ACOPEL TABOB HA IOBEPXHOCTY TBEPIOTO TINA

§ I. AmcopGuusg 3 ee CBS3b ¢ 3JEKTDPOHHEMM CBOHCTBAMHU
anecopoata ¥ axcopCeHTa

fApyienue ancopluuil Tas30B NOBEPXHOCTH TBEPIOI0 TeJa U3BECTHO
TaBHO. LOJBUWHHCTBO MPOLECCOB Ha MOBEPXHOCTU TBEDIOI'O TeJa BRIN-
YaeT B ceba ancopllyy Kax ONHY U3 cTaiuit. XoTA TepMUHH (r3uue-
CHAA ¥ X¥MUYECKas aucopluua (XeMocopsuuA) NPOYHO BOUUIM B OGUXOX
ncesenopaTesel anCopOIUOHHNX CBOCTB BelecTs, IO CHX 10D HET emu-
HOTO KDUTEpHs, YeTKO Dasieaolero 9TH HBA BUOA CBA3U aNCOPCHpo-~
BaHHHX YACTUL ¢ HOBEDXHOCTHL. [LesneHue fARJNeHUA aUcopluud Ha qusy-—
YECKYN U XUMMIECKY TOJNLKC JHIE HA OCHOBAHVWK DABNMYUA BEIMYIY
TENJIOT alCcopCIMy OKAa3aNoCh CJMIKOM YCJOBHEM. Dosee ofumm, mo-
-BUIVMOMY, fABJAETCA Da3ieNeHie ancopluuy Ha (UBAYECKyD ¥ Xumde-
CEy® IO THOy CBASY C IOBEPXHOCTBO. B OTJMYME OT XeMOCOpOLMY, IpH
ROTOPOl MMEET MECTO SJIEKTDOHHOE B3auMONeliCTBHe MEXIY ancopsaroM
¥ ancoplenToM, ¢usmyeckoll amcoplluell Ha3uBawT Te CIYyYad, KOTHA

CBA3L C IIOBEPXHOCTHKH OCYHECTBJAETCA 3& CUET ANCIEPCUOHHHX  CIlI,

3Tu CHJIN [ICHICTBYOT MERIY BCEMU MOJEKYyJaMy ¥ OOYCJOBJIEHH KBAHTOBQ
MEeXaHMYeCcKma Pe30HAHCOM MX SJIEKTDOHHHX CTPYKTyp. Jaxe aTor.a Gxa-
TOPOJHEX 1ra30B co cdeprieckod cEMMeTpHell Yepe3 HEKOTODPOE HpeMs
IpHOOPETAT HeCHMMMETDHYHNE KOHQUIYpallMid B De3yJNbTATe BO3N\LEHUS
ABILSCHNA BJIEKTPOHOB MON Le¥CTBMeM 3TUX CculI. XoTs dusmdeck:.: ag-
coplumst sBNsleTcA NMepsMunol cTanuel Jsodoro mpomecca Ha HOE : )XHO-

CT{d I HHoTna (HPH HU3KIX TeMIeparypax u LOCTATOYHO BHOOMN: JaB-
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JEeHUAX rasa) MOKeT CYNECTBEHHO BJIMATH HA KMHETHKY CJOKHOI'O Npo-
1[eCCa HA NOBEPXHOCTM, HAC OCOOEHHO MHTEPECyeT NIPOLECC XemMocopG-
HYH, CBASAHHHE C SJHEKTPOHHEM B3auMopelicTBueM cucTeMH {(TBeproe
TEJO + ra3), & CJHAENOBATEJHEO, U € BJEKTPOHHHIU CBOJICTBaAMI KaK
TBEpPHOTO TeNa, Tak K gucopdara.

B padoTax [108, 104] UCCTefoBaNack NPUPONA IEHTDOB ALcops-—
LU DABJMYHHX [@30B HE OKMCHHX aICcOpGeHTax. Msyuanach amcopbiuma
raxux rasos, xrax M , Ar , > ,/Wif; ;A Ha oxucnax V,U,Mp
BUIa ﬁﬂa.qg . ABTOpH YCTAHOBWIHY, YTO Ha BCEX UCCHACIOBSHHEX
OKMCHAX IIDM TeMIIepaType BOLOPOX ancoptupyeTcs TOJBKO Ha Me -
LIeHTpax. /Va, 03_ R /JP amCcopOUpyLTCSA Kak Ha Me_-, Tax U Ha
KUCJIODOIHEX LEeHTpax. [IpM mepexoje OT HUBMMX OKUCJOB K BHCIIIM
. @BTODH OCHaDYRMJIM BO3PACTAaHME &/copOINM, NPONIOPUMOHANEHOE 00Heny
KOJMYECTBY KUCJIOPONA B 8ICOPOEHTe. B TaKuX Xe YCJIOBHMAX ALcopsins
BOZOpOXI2 He U3MeHAeTcA. He Owi0 OCHApYXEHO 3aBUCUMOCTY ancopGiu
OT pasMepa ancopCupyeMoil MOJNEKYJIH. ABTODH XeNawT BHBOL O TOM, yrQ
DPa3mYHEE ancopOaTH COPOMPYWTCH Ha NTHCKDETHHX LEeHTDaX U pPasiiigHoe
KOJNMYECTBO aINCOPCHPOBAHHOTO Tasa onpelelseTcd JUUb TeM, Npoucxo-
IHP ancopluua TOJBKO HA /Vk?-ueHTpax, KaKk B CJyJae BOROpoOIa,

WK eme I HA KUCJOPONHHX IeHTpax.

XeMocopounsa IPUBONUT K KOPEHHOH IepecTpofike Bceil ancoponpoBan-—
Ho# moJexyiiu, (Q0pasyercs HOBafg XIMMYECKasa CBA3H C NOBEPXHOCTEY,
[Io cywecTBy:MImM celluac NMpeNCTaBJeHEAM [105] , BulleJsAeMas mpu
XeMocopOIMY SHEPIUA NePBOHAYAIRHO JIOKAJU30BAHA HA CBA3YM MEXIy Io-
BEGPXHOCTLY ¥ &RCOPCHPOBaHHOHK MOJEKYJOH. BHocaencTBuM 3Ta HEeprus
MOMCT ONLD lepeflana TBepHoMy Tesy WM NepepacnpelelieHa Mexiy npy-
My CTelleHAMA CBOCOIH aLCOPOHPOBAHHON MOJIEKYJH. M3BECTHO [Ios],
9TO &NCOPOUHUA UBMEHAET CHEKTPH IOBePXHOCTHHX YacTOT TBEPIC:T0 TeJa,
mpHYen BOBMOXHL CJYydJay KAK NMOHMMEHUS, TAK W DOBHUEHUA 9AC ‘0T no-

BCOXIOCTHHX QOHOHOB MO CPaBHEHHO ¢ OOBeMHHMUA. XeMocopsiya 16myro
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CONPOBOXNAETCS SHAUMTeNbHHMI dHepropulenennem (~1 oB). Tax nax
TemepaTypH JeCas & TBEpIHX Tea obwdHo HeBemuxu (nas NgoCf
Hampuuep, NOpM KOMHATHOH TeMmneparype é? = 300 OK, 4T0 COOTBETCT-
ByeT SHEpIuM (OHOHOB ~ 3 . 10_2 3B), HENOCPENCTBEHHAN nepenava
SHEPIMM XeMOCODPCUMM DelleTKe TBEPIoro Tetsa 3arTpyXHeHa. llostomy
MaJIOBEDOATHA SNCOopCIMA Ccpas3y B OCHOBHOE KOJeOaTesbHOE COCTOSHMe
[IOZ] . CHATHMe KoJeOaTeNbHOI'0 BO3CYKLNEHUA cHCTeMH (TBeproe Teso +
ancopGUPOBAHHAA MOJEKYJa) MOXET NPOMCXOOATE 3a CYeT SBAEKTDPOH-
MOHOHHOT'O B3aUMOJEHCTBUA. B 9TOM Ciydae 3JEXTPOHHOE BosdymneHHe
TBEPLOI'0 TeJa WM afCcopCUPOBAHHON YaCTULH MOXET COINPOBOXTATHCHS
ancopOoIOMMHECLIEHITAC # [108] WA SMUCCHEN OTPHUIATEeNbHHX YaCTHI
[109] . B pasore [I09] wncenenoBanack SMUCCHH OTDUUATEIHHLK
YACTHLl IIpX &4XCOpOLMA aToOMOB BOLOpOAa # KUCJIOpOoNa. Bomopom M xuc-
JIOPOI SABJISNTCA Tasamy, CYWUeCTBEHHO DAaBINYALUMMUACA CBOMMU 3JEK-
TDOHHHMK CBOMCTBAaMZ, U NOTOMY 9ACTO HACIOAL3YWTCA IJA BHACHEHUS
BJUAHASA 3TUX CBOICTB Ha NOBEPXHOCTHHE NPOLECCH. BOIODON - ras
JIOHOP HJEKTPOHOB €O cpoxcTBoM =0,7< 9B, KUCIODOX - axuenTop co
cponcTBoM O, 44 5B HAA MOJEKYJH 02 n 1,46 9B mug aroma 0. Ipupoxa
BMIICCHY OTDUIIATENBHHX JaCTUN IPU arcopsuuy atomoB 0 # H cymecr-
BGHHOEpaBﬂHHHa. B mepsBoM cJydae OXHOBPEMEHHO C SMUCCUEH umer ap—
TMBH&E Iecopluud, BO BTOPOM — HecOpCINA HE XapakTepHa. JroT daxr
yKa3nBaeT Ha pPAsjMune MeXaHuM3MOB IMICCHM. ABTODH CUUTaklT, 4To B
caygae ancopluiy aTroMeB KECJopona olpasyercs painmkan 07, Bzamo-
IelicTBAC KOTOPOTO ¢ HEWTDaNBHHM aTOMOM MOXeT NPUBONATEL K odpazo-
naum On. llociepHuii MOKET LecOPOAPOBATBCA IIPU TEX X€ TeMDDaTypax,
LY KOTODLX HAOMONAaeTcHs SMUCCUSA.MHTEpeCHO, 4YTO IpU TEX ¥¢ 1OBUSAX,
KOTTIa HaOJonaeTCd pPamMKalODEeKOMOUHAUNOHHES swnceus (PPJ), DanL-
KasoperomoiHanionHas movureclennus (PPJ) yMeHbmaercs, 4rc ABHIE-
TeALCTT ET O KOHKYPEHIUM MeXIy NByMA KaHANAMU IEePepacHper :ienis

DHODLIL XeMOCopOUUY — SMUCCHEW Y JIOMUHECIIeHIUEelk.
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SMUCCHS TIPU Ia,zzcopcixmp:r aroMoB H mmeeT Ipyr'yo mpupony. Boioporn
amcopéupyerca Juéo B HefiTpanbHo# dopme, JuUGO B BHULE MPOTOHVB,
YTO MCKIOYAET SMUCCHI OTPULATEJBHHX MOHOB. Hawiydmuimy sMUT?epa-
MM not PP upH ancopliuyi BOLOpONa ABJAMOTCH CU,S 04*Eu, BQS 04,
SPSU , T. €. TUNNYHHE OCBEKTH IJI U3YYEHUA DK305JSKTPOHHO
BMHCCHA. COBga,I[eHMe TeMnepaTyp Maxkcumyma PPY npu amcopluuy Bopo-
poa 1 IVIABHOTO MakcumyMma Ha kpusoft TC33 (T = 393 %K) yrasupaer
H& TO, YTO HOCHTe/AMU 3&apAla SABJANTCA BJEKTDPOHH, OCBOCOXTEHHuE
C JOR&IBHHX YPOBHe!l Ha IOBEDPXHOCTH 34 CYeT JHEepIuu xemocopéﬁpm_

3 padore [IIO] ACCJEeNOBAJIOCH M3MEHEHUE KOHTAKTHOU PA3KOCTH
noteHamyancs (KPII) u JooMuHEeCHeHIuH 06pas3ion ZnO DU ancopsuuy
aTOMapHOTO BOZODPOKA B IMaNa3oHe Teumeparyp 296-393 °K. Ipu ap-

. COpPOLMK U PEKOMOMHALNN aTOMOB U DamUKATOB HA NMOBEDPXHOCTHU TBEpPHO-
I'0 TesJa OCYLEeCTBIANTCS JJIEKTPOHHHE MEPEeXOmH, BeNyuue, ¢ OIHOi
CTOPOHH, K HBMEHEeHUO CBO#CTB NOBEPXHOCTH (B YaCTHOCTH, pacoTy
BIXOLa 3JeXTPOHOB YN KPI), ac npy—foﬁ CTODPOHH, K IMOABJCHEO
DanKKaNOPeKOMOMHANMORHOY JoMyHecie i, Tak Kax amcopsuus H2 He~
BHAYUTEJBLHO yMeHsllaeT padoTy BHXONA jo aBTOPH OTHECJM HaGJmia-
emoe cHuxenre KPIl sa cuer amcopduuu atomoB H. Cumraercd, uro po-
HOPOXN ancopOupyeTCcA B BWle NPOTOHZ ¥ OCBOGOLMBIMACH NpPH 3TOM
SJEKTPOH BHOCUT BKJAL B U3MeHEH¥HE padoTH BHXOIA 50 .

XemMocopOuusa MOJEKYJNAPHHX KUCJOPOIA U BOAOPONA IIPHBOXUT K po-
- TUBOIOJIOXHOMY UBMEHEHWO SJEKTPONDPOBOTHOCTH aXcopdeHTa. Katpona
11 T'ezatoB noxazanu [III] , 9TO XeMoCcODpOUMA BOIOpOIA Ha ZhO
B l0J€ X ~UBAYUCHUA BHAUUTEJNBHO YBEJUYMBAET 3JEKTPONPOBOIHOCT,
3 padoTe burvineHe [IIZJ OCHApY#eHO YMEHBUEHUE DJAEKTDONDOBOMHOCTI
ODH PamIAMOHHON XeMOCOPOnuK KucJopoLa Ha P&S,', CC/S, Zh,S .
Cxasanocs, 4TO MOcJKe NPOBEIEHMA TEpMIYecKoit XeMOoCopCIuN NoCIeIy—
MEZGT DO HENKROITHAR XeMocopOua HadmonaeTca TOJBKO Ha odpasi x(’dS

X ZnS . OrcyrcrTnue panManMoEHOY XeMOCODOUMY 1Js P&S’ &._TODH
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O0BACHANT TEM, 9UTO NPA TEPMAIECHOH XeMOCODPSIMN [OYTH BCA 0BEpX-
HOCTH OK&3HBAETCA BANOJHEHHOX. A o0pasuos Zn,S' G i oGHapyxe,
XPOME PannalOHHOY Xemocopouzu, elue U J”' —aICOPCLIMOHHEN 3beKT
(6bnrmas BesMUMHA aIcopOIuM Ha OGJIydeHHON IIOBEPXHOCTH, YeM HA He-
oGIydYeHHOR ). Pazjmuue MeXILy UCCIASLOBAHHHMEI 00DPaRNAMH ABTONH OOB-
SCHSNT DAa3JIMYHON WWPKHHOY BalpeleHRo!l 30HH 3TUX IOJYNPOBOLHUKOR .,
ComoHnIIHE [IIB] OCHADYHUI, 9TO NDH eCOPOUUM KUCAOPOLA ¢ mo-
Beprilocm Zn( npu 473 °K ymenuaeTcA aieKTPONPOBOIHOCTE 6 |
On ofLacHseT oTo TEM, YTO ONHOBPEMCHIIO C oouoo‘omenwom.Imc}mpo,uu

(mecoplineil) UPOUCXONNT NEPEXOl ero B GOJee 3upILKCHHYN (opmy .

I. 02 ——— Ozf + €
2. 0o + 68— 0% (207)
. 2 2

Jumarupyome#l cranuel mporecca, MO er0 MHEHWO, CIyRUT NIOXBOI 3JeK~
TDOHOB K NIOBEPXHOCTH, M NMPMYUHOKE JacCTHYHO# Tecopouuy ABigercs ge-
TOCTATOYHasA KOHIEHTpanuad XX HE [NOBEPXHOCTH.

B paGore Kypuuoli, Kosars, Koremwo [II4] wuccmenosanacs ag-
copoima xucsopona wa VoUs | Cr’;_, 0, = V0, +CP303 (I: 1)
npu Temneparypax 300-500 K. QOHapy®eHo, 4YTO HAUCOJBINAA CTemeHs
NOKPHTAS XapakTepHa nJa ancopduuu Ha [ (£ 03 , 8 HamMeBbliag -
I 1405- . ABTODH, TaK ke Kak ¥ COJOHULMH, CBA3WBANT ancopoLmo
KKCJIOPOIa C NOIBOIOM SJeKTPOHOB. Tar kak V‘g-05' IOJIHOCTHI0 OKUC~
JICH, Ol He MO#eT KOMICHCHDOBATH HOTEpl SJIEKTDOHOB M3 BEYTDeHHuK
DE3EPBOB, [OITOMY IPOLIECC BAKAHIMBAETCH NPU BEJUYMHE ALCHPSIUM
~2~"75 MOHOCHOSM. VBMEHeHUe NABJIEHWA NpM HTOM He BINAET KA ancops-
VR

8 padorax Macrepopoi, llommmse, KoncaHosckoro [II5-117]  yay-
YAMICH KUHETUYECKNE BaKOHOMEPHOCTH Ipollecca paXMaldOHHCH Xemocops~
I HCROP0IA Ha MOBEPXHOCTHU (}1'148203 B UHTEpBAJe TeMreparTyp

7v~570 Y. ApTopu OCHapY®LJIY, YTO HAYANBHAT CKODOCTE XeNC 30p6I:n;
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mpu Temieparypax 425 CK yueHmmaeTed ¢ pocTom TeMueparypu (o,
puc. 19). 3TOT SKCIEPMMEHTANBHHE $AKT MOXET OHTh OCBICHEH caery-

nIyM o6pascM. PaccMOTpHM YUPOMEHHYI0 CXEMY XeMOCOpOIMM:

y ¥
I) o+ e h of - 3BacejieHlle NOHODHHX YPOBHell Ha
IOBEPXHOCTY SJEKTPOHAMU TION Zeiicr-
BUEM M3JIYIEHNA;
c{ —= A+ = TepMiIYecKas peNaKcaiusd 9JIEeKTDPOHHO—
IO BO3CyXIeHUA;
x - .
3) (i-kfb-——5'0(4'éé - Ipouecc mepenady 2JeKTPOHA C HOHOp-

HOT'O YPOBHA MOJEKYJIEe KUCAOPOIa,
MPUBONALNYE K XEeMOCOPOINY.

Ecny MPUHATB, 9TO KOHIERTDAIMA 3AHATHX JMOHODHHX YDPOBHeH Ha
NMOBEPXHOCTH KBASUCTAIMOHADHA ¥ CKODOCTE DENaKCaruu GOJBLE CKOpo-

CTH XeMOCODOLMil, TO MOCHENHAA MOXET OWTH NPELCTEBJSHAa B BHNe

=22 0]

Tue :7~ MOUHOCTE IO3H V3JYyYeHUNH,;
k&—-ROs@@nuueHTu CKOPOCTEH COOTBETCTBYWOUMX CTANM npo-
1ececa.
Viccnenysa TemnepaTypHy 3aBUCUMOCTE CKODOCTH 3TOi peaxunn
MH HallmeM, 4YTO OH& IPOIOPIMOHANBHA MHOXUTEJD exp[ ]
I ecJu E < E , TO OKaxeTcs, 4YTO CKODPOCTH peaRuMM acer

OTDMIATCABHEY TeMIeparTypHuii KosdhdmnesT. UHTepecHo, wWTo ecuy

f5::£ 2 » TO BKCnepuMedTanpHO Oyme? HafimeHo, d4To XeMocopsiusg
IpoTeraer Oes3 SHEPIWMM axTHBAINY, YTO He COOTBETCTBYeT NelicThy-
TCARHOCTH. IJTOT NPUMED NMOKA3HBAET, YTO OCOGEHHOCTU peJlakcanuy.
BACKT DOHHOIO BOBOYKLEHHA MOT'YT OKASHBATL ONDENEIANINEe BULHEMHe
Ha nasronaeMyo KUHETHKY B3aHMOLEHCTBMA Tasa ¢ NOBEDPXHOCTED
TRCHTOTO TCHA.

Taiii 00pasoM, XeMoCODGINA KUCJODOLE CBA3SHBAETCH GOJIB L/ HEeT-

ol ncenenovarexedl  [IIB, II4, 116, 118, IIY ¢ mpomeces: ma-
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0 2 5 3 4

| 07T, °x -1
Puc.I19. 3aBMCUMOCTE HAUANBHOI CKOPOCTY pamualMOHHOH X240z0pg~
unu xucnopona Ha §-Ab60y or reuneparypu(no z::miy
padoru [15] ).
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Xpara 9JeKxrpoHa TBEpHoTo TeJa aroMOM WM MOJEKYJo#  amtopGara
M o0pasopanuem TOH WM MHOM JOPMH 3apAXEHHOIO KMCJAOPOI:. Yacro

IIPUBOTUTCH CTATUNHAEA CXema XEMOCOPOLIF[H

o

Oy ——e 0 = 0~

Honepxrocruu?l panuran O  yCTORUMB IO TeMHeparyps ~ 42( O, G-
dee cBA3aH C HOBEDXHOCTLY 05. O6HapyXeH Iake pauuxan 0, [120] |,
KOTODHU HeycTo#uus npr -~ 300 °K, Ho cranomuTCH YyCTOUUZRN  mpy
~ 200 °%. Pors panzaniy Ipu TAKOM MEeXaHM3ME XeMOCODPSUMA KucIopors
CBOMUTCH K BaCeJeHMn NOHODHHX SJEKTDOHHHX ypoBHel Ha IoBepXHOCTH,
KOTOPHE SABJAOTCA UCTOYHMKOM 3JIEKTDOHOB- 1M OCPA3OBAHMA THOCHT e
HO ycrofiuuBuX BapmxeHHHX (GOpM KucJopona. '

llpuBemeHEHE BHUWE SKCIEPUMEHTANbHHE NaHHHE HAIVIANHO IDKA3NBanLT
pewaniiee BJNAHNE BJEKTPOHHHX CBOUCTB axcopdara U aacops:HTa pa
XapaxTep QU3AYECKNX NPOOECCOB, [IPOTEKALKEX HA HOBEPXHOCHH npu ee

B3aMMONEHCTBUN ¢ OXKPYRAHMM [a30M.

§ 2. HccleroBaHue KUHETHKU BB3AMMONEHCTBHA MOJERYJ BOXODsIA
¢ mopepxaocTnl f- Al 0, B mome §F-mSJyueHUSE mpE sey-
neparype 195 9K

Panuanuondas xemocopluud BOTOPOJA BIEPBHE UCCHESNOBALCE Crapo-
nyGuestw ¢ corpynmumamu [I2I] , a raxxe Konom u Teiimojoy f122].
Oy cpaBHBaIM yBeMYeHHe amcoPOLMOHHON CIOCOGHOCTH HmOBeIX'iocTH
B TOJNe H3JY4eHIT ¢ NOABJNEHAEM HA NOBEPXHOCTH SKTUBHHX & pOB,
TeHEPUPYerEX MSJIYIGHAEM, HE KOHKDETH3MDYH, 9TO 3TO 32 uenpy n
xaKoBa X DOk B Npoiecce Xemocopluuu. B padorax Illenentesa, Jo-
manze, Koxcauomckoro [IR3-I25) wmceremomamacs bamMammng ig xe-
MOCODOLMI BOXOPONA Ha [OBEDPXHOCTH (Y -14(}05 OPH T3M3paty-

pax 300-600 °K. ABTopamu GHI MPENNOMEH LYCCONMATMBHHI Me& aHn3M
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NATVAITAOEHOY XEeMOCODPOIIMY, KOTOPHA BIOBJIETBOPUTEJNLHO OINCHBA
SKCMEePHMEHTANbHNE DesyJpTarTH. BHBOZ &BTODPOB O TOM, YTO Havags.-
HAS CKOPOCTH XeMOCOpOIy HpPONOPUMOHANBHA KBAXDATHOMY Icopmo u3
BEINYVHE JaBJEHUsS BOLNOPOZA B CUCTeMe, OCHOBHBAJICA Ha DE3YIBpapay
SKCIEPIEeHTOB, IPOBOXUBLMXCH B JNOBOJBHO Y3KOM JHANA30HE Hadpyy_
HMX HIasJjeruitr 5 . IO_2 + 8. IO_I TOp. OTHenbHHEe PaCoTH, NMocpg_
leHHHe DpanralioHHO¥ xeMocopOnuy BOILOPOLA NMPH HUBXUX TeMerarypay
[123] , He comepxaT LOCTATOUHO MHFODMALME i ONUCAHAA OCOSexmo.
cretll KHHGTMT{FIJHPOHSCC& B YCJOBUAX HNBKUX TeMOeparyp.

HamMu Ouy MCCJHAENOBAH NPOIECC DAIMAIIZOHICH XeMOCcopOIdn BOMOporna
na  -AG0, mpn Temmeparype 195 °K B iamanasone naBieHyi
B.IO‘B + I Top.

Bi xayecTBe aucopCeHTa UCOONB30BANU UEeDEHKOBYD (}’ —OKHUCh g0
MIHTSA © yIeNbHO! MOBEPXHOCTED 260 + 20 M2/I'. [lpuecu xenesa, aq-
JlepméHMe KOTOPHX OOpeZeaay HeHTDOHHO~aKTMBAMOHHEM 8HAMNION o
IPEBHIIAIA IOI7 aromoB Ha I r. B xayecTme ancopdara UCHOJIB3OLa .,
TeXHUYEeCcKuil BOLOPON, KOTODPRY LOABEPTaNM OUKCTKEe IyTeMm Mq.qygm
uepes nannanuit. TpeHupoBra OCpa3LOB BaxIoYyanach B OTHUIE Hi pyg.
Iyxe apy 7850 OK B Tederue IO wacoB M TepMOBAKYYMHOIl 0GDasCrye
npu Temneparype 600 °K n BaxyyMe He HiXe 10"5 TOp B TE€YeHke

8 uacoB. OCuay4eHKe npoBomuaM Ha ucTouyHMKe IVYPX I00 000 npx oxm-
HAKOBOH BO BCEX OMHTaX MOWHOCTY mo3u~3UU p/cex.
Beamuuyy HaBecKU A/"A(}Os M KOJMYECTBO I'a3a B KAKIOM dhyne
nosoupany Tax, UYTOOH XeMocopouua ~ 50-60% KonmiecTsa BOXODIN;

cucTeMe mpoucxommwia sa 20-30 MuH. MBmepeHue NaBieHUA B paldyvsj
fgYeire MPOBOMUMIN HEHNOCPEOCTBEHHO B XOOe OCJydeRMd C HOMOIB) 4q_

HOMETDOB [lMpaHW, KOTOpHE OLIM OTTPaLyMPOBAHH [0 OYMIEHHOMY Byyj,_
pony. CyiiiapHad MOTPENHOCTH B OIDPENeNEeHUN NABJCHUA COCTE:JLY
~T0%. Owuoxa B ONpejeleHUN HAYANBHON CHODOCTH XeMOCOpOHY.: 102713

moerurars ~ 30%.
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Ha puc. 20 moxasaHd THUIKUYHHE KDPUBHE 3aBUCUMOCTY NABJSH.Iq oT
Bpemeny T B?npouecce paruanMoHHoii xemocopduay mpu I95 K.
BemyuHa HaHaﬂ%HOﬁ CKOPOCTH Onpenesdayack rpadtuuecku. B rtadm, 3
u Ha puc. 21 nbeﬂCTaBﬂeHm HaHHLhe, oTpaxaniie 34BUCUMOCTDH BeJiy—
YYHH HEYaJpHOH CKOPOCTHA XEMOCOPCUMU OT BEeJVYMHH HAYalbHOI'0 Hap-
JeHusa B cucTenre. /3 pUCYHKA BMIHO, 4YTO OpU IaBACHUM anO‘I TOp
aTa 38BUCHMOCTE UMEEeT MAKCYMYM, IOABJNEHUE KOTOPOTO HE MOXET GHTL
O0BACHEHO HA OCHOBRHIK MEXAaHN3Ma XeMOCODOIIMM, NPENJOXEHHOTO &
padorax [I23, I26]

YemoBust HANWX OMHTOB OTJAYQOTCS O yCJOBMII ONWTOB, MpPOBENeH-
HUX paHee [i23, 124, 126] , GoJee HUBKOH TeMiepaTypoll ¥ mmpo-
KM JAANa30HOM MCCJHENOBAHHHX HavaJbHEX HaBienuii. Ilpu I95 OK cy~
LeCTBEHHOE BJIUAHNE Ha IIPOUECC xemooopdﬁmﬂ MOXeT OKa3aTh (uspue-
CKafg aucopluuda BOMOPOLA Ha HOBEPXHOCTHU A’ -A fgﬂg, . MoxHO npen-
IIOJIORUTH, HAIpUMED, YT0 (QUBMYECKM &1CODPCHPOBAHHH{T BOIODON GAOKI—
DYET UCHTPH XeMOCODPOLMM M TeW Camiil yMeHBUAeT HAdaNbHYD CKOPOGTL
npouecca Hpu NOBHWEHMN NABJIEHUA B ONDPEEEJEHHOH IUAlA30HEe. iy
NPEANPUHANA OOIMTKY NOCTPOEHMT HETATBHOT'O MexasA3mMa Pannanuouno
Xemocopouuy Ha OCHOBZHMM NOJNYYEHHHX SKCIEPUMEHTANLHHX NAHHMX o
IPEIIIONOKEHAN O BJANAHNY (:A3MI€CKOY amcopsnuy HA KMHETUKY Iporec—
ca. Buua paccMoTpeHa CAENyOmad CXeMa BO3MOXHOT'O MeXaHu3ma npoiec-

ca XeMocopouun.

{I. Hz +S ‘*""'st \A/, =K1[S][H2]

2 H; —HorS, Wo =Ky [H]
3. d +e Mol Wy =K, Y [oA]
i A ke ol =K, [4]
II 5 O{* hv LIV Ws =Ks t([d*] (I
6. A ol 1€ Wo = H (']
7. {Q H +Hg ‘A/,___: Kyjzliij

! < . //. )0< -_.-H fH e wq qu,”’s”dﬁj
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o. Hy+d —=H+Hs+e Wy = KglH,][o*]
T0. HS +f‘f'5' ——-—?-/'/2 +ZS Mo:'KIO[HzS}

3ech MOL S  NOADASYMEBEETCHA TOBEPXHOCTE TBEDIOIO Tela;
1 LY ]
| Hy - dusuvecky ancopOUPOBAHHME Ha MOBEDPXHOCTH BOJODPOL;
o - NOBEPXHOCTHHH HeHTD Tuna (L , HaXommuuics B geax-
THBUPOBAHHOM COCTOSHMY U ABJACIUAC HEHTPOM mpuy-
AHYS DJNEKTPOHA;

:3
o” = TOT me mewTp, HAXOAAUMACA B ARTUBUDOBAHHOM 0OOTO-
SHYN, KOTOPOMY COOTBETCTBYeT BaHATHU BJEKTponoy

q JYPOBEHB B 3anpeleHHol 30He;
f& ~ dusnyecKy AUCOpPOUPOBAHHAA HA IEHTPe TUNa @  yoxe-
X e BOJOpONA,
H* - IPOYHO CBAB3AHHHA C NOBEPXHOCTHY (XeMOCODSMpOBaHH:))
aToM BONODOIA,;
h@-— IOBEPXHOCTHOE COCTOSHUE aToMa BOLODPOLA, =Xado {mo
CpaBHeHNo ¢ H* ) casanmoe ¢ NOBEPXHOCTLN;
J - vousocTs mosu  § -wsiyuenus;
“ch-b40 ~ COOTBETCTBEHHO CKODOCTU ¥ KO3JIMIMEHTH Czopoery
" 9JIEeMEeHTApPHHX CTamuil mporuecca.

Ky...Kg

TpernoJaraerTcs, 4YTO KodHIMIWEHTH CKOpOCTell MMEHT IKCIOHeHuamrs-
HH BUL Kc = e,r/o/— E%(T) . 0Go3Havuenus B KBAIpaTHHY
CKOOKAX - KOHIIGHTDAIMK COOTBETCTBYOHUX YaCcTHII.

" [Ip¥ PacCMOTDEeRMH KMHETMXM NPOLecca PalualVioHHOH XeMO:opGiu
BOJOpPONA, COOTBETCTByOMEro cxeMe II, Hamd MCHOJB30BANUCH Chemyimue
IPEeNNONOTeHysI U NONyWeHns: °

I. TpeHupOBAHHAS NOBEPXHOCTDH &RCOpOeHTa (NOATOTOBNEHIAx mnsn
MPOBENEHAA QNCOPCIMOHHEX JKCISPUMEHTOB [0 ONMCAHHOK MeTonuke)
COCTOHT Ji3 HCHTpOB IByX THIoB (L =X 8 . ¢ -LEeHTIH, Ha
KOTODHX &0XET OPOUCXONMTE TOJNBKO (U3MUYEecKad alcopdiyd MoJIey
nojloponi. (6 -UCGHTDPH, HA KOTOPHX MOXKET TDOMCXOJMUTE WHBIvh-iag
ancopéiisd ¥ KOTOpHE, KpPOME TOI'0, HAXONACE B AKTUBKPOBAHICY cocpo—

;F
AU C¥ , yYACTBYWOT B 00DAROBARMY [POYHOHE CBSSK ATOME - e
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10 20

z-’ MUH

Puc .20, 2aBUCUMOCTE: ZaBAeHMsA BOZOPOZ3 B CUCTEME M HhCJA
XeMOCOPGUPOBAHHNX YacTHI, OT Bpeueru( omur I7 cu, radm 3)
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Tadnuua >,

3anucuUMOCTs HavanbHol crxopocrty pazManuoHHo# xemo-

copouun sogopoza na  §-AL0, or memuumsn P

ZE//%C' R, ' W lu ZEIAV:_ ./%,

W
- o3 opgd - -
10%n7] 107500 110" S50 110%r| 10770100

1,89 4,2 242 10 1,82y 71,0 | 9,9

3,53 | 5,7 5,8 I { 3,061 72,1 [12,4

2,67 |10,I 4,1 12 3,311 82,0 iI4,0

6,71 112,53 | &0 {13 | 2,71]1,6°10%| 8,3

2,37 | 16,7 5,9 | 0,981{1,7.10%{11,1

5,10 | 19,8 4 15 | 1,86],310% 12,0

L
w

2on 21,8 | 7,7 Y16 | Is,2|2,4.10°] 8,6

1,75 | 32,5 {i,2 |17 | 18,8[5,5.10°] 8,6

5,15 | 46,6 | 8,2 |18 | 2,17[6,2.10°] 4,8
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