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npH ~3Y4eHH~ paCXO~,QeH~R Me~AY TeopeT~4eCKHM H o6~enp~HR
Tb1M npaKT~4eCK~M npe.QenaM~ napa3J..1THoro TennonpJ..1TOKa K J..1ao-
1lJ..1po8aHHOMY 8 Ha3eMHblX YCJ108J..1RX J..1 OXJ1a>K,Q€HHOMy .QO HJ..13Kir!X 
TeMnepaTyp o6paa4y 6bll10 o6Hapy~eHo penaKCa4lriOHH6e 8bi.QeneH~r~e 
3Heprlrllrl 8 nOJ11r!Kplr!CTal1111r14€CKOa:1 M€.Qirl 8btCOKOa:1 4~CTOTbl /99,98%/ 
nocne oxna>t<,qeHir!R ,qo rem-1e9oa:1 TeMnepaTYPbl I 1/. nocKonbKY 3TOT 
3¢¢€KT npe,QCTa8J1R€T npenRTCT8H€ .QJlR n011Y4€HHR MHKPOrpa.Qyc
HbiX T€MnepaTyp R.Q€pHbiM pa3MarHH4H8aHH€M, ~3M€P€HHa:1 C HH3KO
TeMnepaTypHbiMH rpa8J.1Ta4HOHHbiMH aHT€HHaMJ..1 H CB€PX4Y8CT8VIT€Ilb
HbiMH Teni108blMH .Q€T€KTOpaMH, Mbt H3Y4HJ1H ero qcH08Hbl€ OC06eH
HOCTH "' nonbtTailHCb ,qaTb eMy o6oRcHeHHe. HaH6onee nonHo Hay-
4eHa penaKC84HR 8 nOJ1HKPHCTaJ1J1H4€CKOa:1 Me,QH pa3HOrO H3rOT08-
11€HHA. Hcnonbao8anocb TPH o6paa4a, npH4eM o6paae4 ~1 - Ha 
11HTOa:1 6btcTpoKpHcTannHaosaHHOa:1 MeAH, W2 - Ha npoKaTa, ~3 -
1-13 J1VITOa:1 Me,QI-1 C H€"13B€CTHbiMH YCI10BHRMH KPHCTaJ1J1H3841-11-1. ,Qio1c
CHnHpyeMaR 8 XO,qe· peJ1aKCa4HH MO~HOCTb np~t~6J1VI>K€HHO M0)1(€T 6btTb 
aan~caHa a •~A• W(t)= W1exp(-th 1) + W2exp(-th 2 ). B Ta5-
11VI4€ npHBe.QeHbt napaMeTpbt penaKC84HH .QI1R scex Tpex o6paa~ 
11p~ 1 K. 

Ha Ta6nt.14bt BH.QHO, 4TO ,qa>Ke .QllR O.QHOro MaTepHana senH4VIHbt 
3¢¢eKTa aapbHPY~TCR B 04€Hb WHPOK"1X npe,qenax, npH4€M eCJlH 
.QllR .QBYX 06pa340B H3 JlVITOa:1 M€.QH OHI-1 pa3J1H4a~TCR 6011€€ 4€M Ha 
TPVI nOpR,QKa, TO ,QllR 6biCTPOKPt.1CTaJ1Jlt.130BaHHOa:1 1-1 npoKaTHOa:1 M€.QH 
npaKTI-14ecKH coena,qa~T. B TO >Ke epeMR cKopoCTH penaKca4HH 
Ha H848JlbHOM y48CTK€ 
Te11bHO. B .Q811bHea:1weM 

Ta6nHu;a 

No. oOpalijO 1 2 

Wl (nfiT/r) 500 500 

W1 (nfi.T/r) 50 . 

t1 ( ... ) 60 75 

t1('t) ~700 HOO 

.QllR BC€X o6pa340B pa3J1H48~TCR H€3H84H
BbiRCHY1110Cb, 4TO OCHOBHOa:1 0C06€HHOCTb~ 

3TOro nP04€CC8 RBJ1R€TCR He3aeH
CHMOCTb CKOpOCTH pellaKCa4HH OT 
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TeMnepaTypbl, T8K 4TO 11 38MOpo-
3VITb11 ero, noHI-1.)f(aR TeMnepaTypy, 
HeB03MO>KHO. Ha p~c. 1 npHBe.Qe
Hbt rpa¢HKVI penaKca4~r~a:1 e o6paa4e 
Wl , CHRTble c npoMe>KYTKOM a 2 
ro.Qa, npH4eM nepsoe H3MepeHHe 
/KPVIBaA 1/ npOBO,Ql-1.J10Cb npH 
¢HKCHposaHHoa:1 TeMnepaType 1 K, 
a cne,qy~~ee /KPHBaA 2/ - e .QHa
na3oHe 4,2- lK. 0Tc~,qa cne,qy
eT, 4TO CKOpOCTb penaKC84HH He 
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PHc.l. PenaKca~HR ~HCCHnHpyeMoH MOmHOCTH B o6pa3Qe 
~1: 1 - H3MepeHHe 1978 r., T=IK; 2- H3MepeHHe 1980 r., 
rrepBMe TPH ToqKH, T=4,2 K; cneAYID~e TPH ToqKH -
T=3,2 K; cneAyro~e ABe ToqKH - T=2,0 K; cneAYffimHe 
ABe ToqKH- T=l,3 K; rrocneAHHe ABe TOqKH- T=l,OK; 
3- H3MepeHHe 1980 r., rrocne OT~ra, T=l,3 K. ITo 
OCH OpAHHaT OTno*eH norapH~M OTHOill€HHH MPHOBeHHOH 
MO~HOCTH K HaqaiTbHOH. 

nOA4~HReTcA aaKoHy AppeH~yca ~ Ha M~KpocKon~4eCKOM ypoeHe 
peJ1SKCS~HR onpeAeJ1ReTC.R KBSHTOBbiMH 3¢¢eKTSMVI. J.1cnOnb3Yfl I.\VIK

J1H4eCKH~ npo~ecc oxnamAeHHA - Harpeea c OAHOapeMeHH~M Ha6n~
AeHHeM pel1SKC84J.H1, Mbl BbiRCHHJll-1, 4TO T04KS 11 3SMOpSmJ.1BSHHR 11 

KJ1SCCV14€CKOH penaKCS4HH, T.e. 06J1SCTb, B KOTOPO~ TepMH4€CKH 
8KTHBHpOB8HHa~ penaKca~H~ CMeHReTCR KBaHTOBOH, aTepMH4€CKOH, 
nem~T ~nR nonHKPHCTannH4eCKOH Me~~ s~we 50 K. 

YTo6~ noHRTb ~H3H4€CKY~ c~HOCTb o6HapymeHHOro a~¢eKTa, 
cneAyeT OTBeTHTb Ha ABa sonpoca: 1/ K8KHM o6pa30M 803HHK8€T 
Hep8BHOB€CHO€ COCTORHH€ 8 MOH08TOMHOM 06pa3~e, He nOABepmeH
HOM BHeWHHM 803AeHCTBHRM, npH oxnamAeHHH7 2/ K8KOH MHKPOCKo
nH4€CKH~ npo~ecc KOHTponHpyeT penaKC84H~7 AnR oTseTa Ha nep
BbJH eonpOC paCCMOTPHM $eHOMeHonorH4eCKYIO MOAenb, no KOTOpoJ/1 
nepeonpH4HHOH a¢¢eKTa RBnReTcR HeynpyraR penaKca4HR TepMoyn
pyrHx HanpRmeHHH, 803HHKaiO~HX, €C111t1 T€H30p Ten110BbiX K03¢
¢H~.J.1€HTOB a ij (f) He RB11R€TCR nOCTORHHbiM 80 BCeM 06'beMe o6-
pa3ija. Q6naCTRMH, HM€10~HMY1 OTnH4Hble OT HAeanbHOIIi peWeTKH 
KOMnoHeHTbl 3Toro TeH3opa, MoryT 6b1Tb rpaHH~bl aepeH. O~eHHBaR 
803HHK810~He npH OXJ1amA€HHH TepMoynpyrHe HanpRmeHHR M€TOAOM 
KOMneHCa~HH TeMnepaTypHbiX HanpR>K€HHIIi VI HCnOnb3YR cpopMaJ1bHYIO 
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T€0PI-110 Heynpyrocn·/2/, nonyl.lVIM MOI!\HOCTb AI-1CC!.1na~VH1 HS €AI-1HYIU,Y 

MSCCbl 8 nOJU'lKpliiCTSJ1111-11.JeCKOM o6paau,e: 

W(t) 
ar L\ T 2 d 2 A oE 

3 ( 1-2., ) -- + o _o_exp(-tJ,), a -l+A- rp /1/ 

r.Qe ar - rennoeo~ K03$clH1U,lr1eHT paaynopfi.Q04eHHoj)1 o6nacn1 /rpa
HVIU.bl/, L\ T - 3$c))eKH1BHaR paaHOCTb reMneparyp rpaH~t~U,bl 1-1 aepHa, 
lJ - i<o3¢¢HU,It1eHT nyacCOHa' BE - penaKCSU,lt1fl MOAYilfl IOHra' 1\ -
CTeneHb penaKCSU,I-11-1, d - TOilW,VIHS rpSHVIU,bl 1 a - paaMep 3epHa 1 

r - nOCTORHHSFI epeMeHH pe!lSKCSl.I,HI-1 1 p - nnOTHOCTb. 

¢opMyna /1/ nony4eHa e npe.QnonomeHYU1, 4TO d <<a <<L, r.Qe 
L - paaMep o6paau,a, o6paaeu FIBilReTcfl tAaorponHbiM, penaKcau.~oul 
npOTeKSeT B 0611SCTIII rpSHVIU,bl VI LITO .QOCTSTOllHO Yll€CTb TSHreH

U,VISilbHYIO K n110CKOCTIII rpaHVIU.bl KOMnOH€HTY Hanp.R>KeHitlfl. no.QCTae
Il.A.R e /1/ 3HalleH~t~.R ar =2, 10-5 f\ 1 ; ~T =30 K; 1-2v =0,3; 
d/ a = 1 Q-2; /).. =0' 1 ; E = 1 '2' 1 0 11 HM-2 ; T = 1 0 2 ll; p =9 . 1 as rM -3 ' 

nonylliiiM Ail.R KPI-1CTaJ1J11-1ll€CKOils M€AI-1 W(Q):::: 900 nBT .. r -l, T. e. npa-

8lt1Ilb Hbllli nop.RAOK eenl4ll14Hbl. 0T8eT Ha 8Topolli 8onpoc noKa Haxo

A14TCR 8 o6naCTI4 AOraAOK. Penar<ca~~t~R Morna 6bl npoTeKaTb nyTeM 

TYHHenbHb!X nepeXOA08 ynpyr14X A~t~nonelli, o6pa3o8aHHbiX napaMI4 

TOll€4HbiX Ae¢eKT08, M€>KAY H€31<8t.18aneHTHb1MIII Oplti€HTai..IIII.RMI4 8 none 

TepMoynpyr14X Hanp.R>K€HJII!Ii .. HecMOTp.R Ha 6onbWY~ Macey TYHHen~t~

PYIOUl,IIIX llaCTIII~, aHanorl4llHbl€ npOI..I€CCbl 8 nocneAH14€ rOAbl Ha6ni0Aa

Il14Cb, 8t.1AJIIMO, H€0AHOKpaTHO /3/,14 Y1X T€0pl4fl Hall~t~HaeT I-1HT€HCJ.18-

HO pa38148STbC.R /4/. 

nocKOnbKY penaKca~I4.R npoTer<aeT np~t~ n~6oi/i, CI<Onb yrOAHO 

Ht.13Kolli TeMnepaType, TO Heo6XOA14MO Hallin-t cnoco6bl ee llaCTIIIllHOro 

111nt.1 nonHoro ycTpaHeHI-1R. OA~t~H cnoco6 04e8~t~AeH: Hcnonb308aH~t~e 
MOHOI<Pt.1CTanJ11114€CKIIIX o6pa31..108. ~pyroi/i MO>K€T 6b1Tb CBR3SH C 

npeAeap~t~TenbHOIIi TepMoo6pa6oTKolli. ~nR npoeepKI-1 3Toro npeAno

no>KeHI-1R Mbl npoeen~--1 OT>KI4r o6pa31..1a tf1 np~t~ 900 OC 8 Te4eH~t~e 
5 4aC08 np~t~ OCTaT04HOM AaBil€H1414 10-3 MM PT CT. Ill nOCil€AYIO

~eM M€Ail€HHOM oxna>KA€H141o1. 8 pe3ynbTaTe OT>K~t~ra HatlailbHaR 

MomHoCTb A14CCI4na~l414 yMeHbWI4Ilacb Ha 2 nopRAKa AO 5 nBT·r-1, 

a CKOpOCTb penaKCS~I-114, Kal< B14AHO 143 p~t~C. 1 /KP148aR 3/, npaK

TIIIY€CK14 He 143M€Ht.1IlaCb. 8 C8A314 C 3TI4M 3aM€TI4M, l.ITO 8 pa6o

Te/5/, 8 KOTOpoi/i Oni4CaHa ycTaHOBKa no RA€PHOMY pa3MarHIII4JIIBa

Hlr110, S8TOpbl OTM€4SIOT, 4TO OHI4 14M€Ill4 napa314THbllli Tennonpii!TOK 

K CTyneHI4 pa3MarHlr141-18SHI-1R 1.13 OTO>K>K€HHO!Ii M€A14 1 ,6 nBP r -1, 
npl44lr1HY KOTOporo OHI-1 He MOril14 ycTaH0814Tb. MIIIHIIIMSnbHaR AOCTIIIr

HyTaA TeMnepaTypa MeAHOIIi cTyneHI-1 paeHRnacb 10 MKK. YcTpaHeH~t~e 
napa314THOrO Tennonpi4TOKS, KOTOpbllli MOH<HO 06DRCHHTb aTepMI-14ec

KOIIi penaKca~l.1elli, no3BOili4J10 6bl eUl,e yny4WY1Tb 3TOT noKa3aTeilb 

1-1 yeenl-14~t~Tb epeMR YAep>KaHI4R ceepxHI43Ko~ TeMnepaTypbl. 
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PHc.2. PenaKca~Ha conpOTHBne
HHH TepMope3HCTOpa .Allen-Bradley 
0~25 HOMHHanoM 50 OM nocne 
oxn~eHHa: I - Ha 0,26K; 
2- Ha 1,63K. Koae~aaa TeM
nepaTypa B o6oHx cnyqaRx 
paBHa IK. 
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PHc.J. PenaKca~a TIPOAOJibHOH 

HaMarHH~eHHOCTH CTeP*HH H3 
HHKeJib-~HHKOBOrO ~eppHTa noc
Jie 6biCTporo oxna~K,D;eHHR: OT 

293 AO 4,2K. H3MeHeHHe Mar
HHTHOro TIOTOKa OTJlO*eHO B 

KBaHTaX MarHHTHOrO TIOTOKa, 
<f>0~2· 10-? rc. CM - 2 • 

Hcnonb30BaHH~H HSMH KanopHMeTpH4eCKHH MeTOA He RBnReTCR 
eAHHCTBeHHO B03MO~H~M AnR Ha6n~AeHHR aTepMH4ecKoH penaKca~HH. 
EcnH MemAY napoH HanpRmeHHe-Ae$opMa~HR H APYrHMH napaMH con
pRmeHH~x TepMOAHHSMH4eCKHX BenH4HH HMeeTCR CBR3b, TO B03HHK
HOBeHHe H penaKca~HR TepMoynpyr~x HanpRmeH~~ AonmH~ np~so
A~Tb K penaKcau.~~ ~ cBR3aHH~x c H~M~ napaMeTpos. Asa np~Mepa 
a¢¢eKTOB, o6ycnosneHH~x, no HaweMy MHeHH~, TepMoynpyr~MH 
HanpRmeHHRMH, Hnn~cTpHpy~TCR p~c. 2, 3. Ha PHC. 2 npHBeAeH 
rpa¢HK penaKC8l.J,HH conpOTHBI1eH~R yronbHOro pe3HCTOP8 THna 
~Allen- Bradley 0, 25 nocne oxna}I(AeHHR. 8 Ka"!ecTse onopHoro 
B 3TOM CilY"!8e ~CnOilb3088IlCR TepMOMeTp H3 MOHOKpHCT8IlilH4eCKOrO 
GaAs.: nocTORHH8R BpeMeHH penaKC84HH COCT8BJ1ReT npHMepHO 10 

48COB, a CTeneHb penaKC84HH 38BJ.1CHT OT J.13MeHeHHR TeMnepaTypbt 
H COCT8BJ1ReT, HanpHMep, 0,24% OT KOHe"'HOrO 3H84eHHR conpOTHB
IleHHR npH oxnamAeHHH Ha 1,63 K /KpHsaR 2/ H 0,1% npH oxnam
AeHHH Ha 0,26K /KpHBaR 1/. KoHe"'H8R TeMnepaTypa a o6oHx cny-
48RX pasHa 1 K. CneAyeT aaMeTHTb, "'TO Ha rpa$HKax npHBeAeHa 
aanHCb IlHWb 11 Heynpyr0~ 11 "!8CTH nOilHOrO OTKI1HK8 TepMope3HCTOp8 
H8 H3MeHeHHe TeMnepaTyp~. 3TOT THn pe!l8KC84J.1~ MO}I(eT 6~Tb 
o6cRcHeH H811H"!HeM TeHaopeaHcT~BHoro 3$$eKTa. Ha PHC. 3 np~
seAeHa 3anHCb penaKC84HH npOAOI1bHO~ H8M8rHH"'eHHOCTH nOJ1HKpHc
T8IlilH4eCKOrO o6paau,a H3 HHKe!lb-4HHKOB0fO (f>eppHTa nocne 6btCTPOrO 
OXIl8}1(AeHJ.1R OT 293 AO 4,2 K. OOpaae4 B BJ.1Ae 4~nHHAPH"'eCKoro 
CTepmHR AH8MeTpOM 2 H AilHHO~ 16 MM pa3Me~a!lCR B OAHOM J.13 oT
sepCTJ.1~ CKBHA8 4HMMepMaHoscKoro T~t~na. MarHHTOMeTP pa6oTan 
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B pe*~Me C 3aMKHyTOH o6paTHOH CBR3b~ no MarH~THOMY noTOKY KaK 

HYilb-~HA~KaTOp. no OC~ OPA~HaT OTilO*eHO ~3MeHeH~e nOTOKa ~~ 
B KBaHTax «f>o =2· 10-? fc·cM- 2• B 3TOM CilY'-Iae penaKCal\~R MO*eT 
6b1Tb CBR3aHa C MarHI-1TOCTpi-1Kl\1-1ei:1 cf)eppi-'!Ta. 

no3111H1BHbli:1 acneKT aTepMI-1'-IeCKOH penaKCal\111111 CBR3aH C TeM, 
'-ITO OHa MO*eT 6b1Tb I-1CnOilb30BaHa AilR onpeAeJleHI-'!R CTeneHII1 or
KJlOHeHI-'!R MOHOKpii1CTaJ1J1111'-IeCKII1X o6pa3l\OB OT 1-1AeanbHOCTII1 1-1 BCileA
CTBII1e '-IYBCTBII1TeilbHOCTI-1 K napaMeTpaM Ae¢leKTOB 111 noTeHL\111ailbHbiX 
6apbepos, npeOAOileeaeM~X 3TII1MII1 Ae$eKTaMII1 np111 TyHHei1111POBaHII1111,

AI1R I-13Y'-IeHII1R CTPYKTYP~ TBePA~X Tell 1-1 KI-'!HeMaTI-'!KI-1 CaMI-'!X penaK
ca~I-'!OHHbiX npOL\eCCOB. 4yBCTBHTeilbHOCTb KaJ10PI-1MeTplo1'-leCKOrO 
MeTOAa 6biCTPO B03pacTaeT npl-1 nOHI-'I*eHt-11-1 TeMnepaTypbl t.1 MO>KeT 
AOCTI-'!raTb eenvt'-lt.-~Hbl 10- 17 BT· r- 1 AI1R MeTannoe t.1 10-22 BT.r -1 

AJlR At-13JleKTPHKOB npH nerKO nOJly'-laeMOH B HaCTOR~ee epeMR CTa-
1.\HOHapHOH TeMnepaType 10 MK. nocKOJlbKy TennonpHTOK aa c'-!eT 
KOCMII1'-IeCKOrO H eCTeCTBeHHO-paA1110aKTII1BHOro ¢lOHa paBeH npHMepHO 
1 o- 14 BT• r -1, TO peanH3al\I-1R TaKOi:1 '-IYBCTBII1TeJ1bHOCTH B03MO>KHa 
IlHWb 8 nOA3eMHOH na6opaTOp1.11.1. 
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