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Bue~eHHe. B nocne,n:Hee BpeMH ,n:JIJI pemeHHJI pH,na .cpyH.nciMeHTam.HDIX 

3a,naq, TaKHX Ka~ llOHCK "TeMHOii" MaTepHH, Jl:BOHHOrO 6e3He:itTpHHHOrO {3-
pacna,na, MarHHTHOrO MOHOllOJIJI H MaCCI>I He:itTpHHO[l-3], ::mep;nqHO pa3BH

BaeTCH HOBhlii KJiaCC ,neTeKTOpOB HH3KOHOHH3HpyiOm;HX H3nyqeHH:it - TaK Ha-

3DIBaeMDie KpHoreHHDie,neieKTOJH.I. <?HH OCHOBaHDIHa nornom;eHHH H3nyqe- . 

HHH TBep,noTeJThHI>IM llOrJIOTHTeJieM, OXJiaJI(.Jl:eHHI>IM Jl:O TeMnepaTyp MHJIJIH

KeJThBHHHOrO .nnana3oHa. II pn ·aToM· cpoHoHHaH Tennoe:i.mocTL cTonb Mana, 

qTO aHeprHH nornom;eHHOii aJieMeHTapHOR qacTHD;I>I Bhl3DIBaeT BCUJieCK TeM

nepinypDI nnn HepaBHOBeCHoe :Bo3Mym;eH:ne "cpoHoHHoro ·ra3a, .nocTynHoe 

· H3MepeHHIO c noMOUJ;LIO KpnoreHHDIX· TepMoMeTpnqecKHX cncTeM. TaKHe 

,neTeKTOpDI o6na.naroT HH3KHM noporoM n xopomnM aHepreTnqecKHM paape-
, • • • ' ., ' c 

meHHeM. . 
OcHOBHI>Ie aneMeHTI>I KpHO~~~HOr~· ~~~~Topa KaJiop~MeTpn~e'c~oro ~Hll~ 

nowiaaHDI Ha pnc.l : . · ·. · · · .. ·' · . · 

I 

I 
I 
I 
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Pnc.l 

B npocTOM cnyqae KpnoreHHDiii ,neTeKTOp KanopnMeTpnqecKoro Tnna 

BKJIIOqaeT B ce6H nornoTHTeJTh H npeo6pa3oBaTeJTh R T~llJIOBoro cnrHaJia B 

aneKTpnqecKH:it nMnym.c. · B KaqecTBe TaKoro npeo6pa3oBaTeJIJI MOlKHO nc

nolli,3oBaTL, HanpnMep, nonynpoBOJl:HHKOBDiii TepMope3HCTOp. Cna6aH Te

nnoBaH cBJI3L A coe.nnRHeT nornoTHTem. TennoeMKOCTLIO C c TepMOCTaToM, 

nMeiO~HM TeMnepaTypy T 0 • CnrHaJI c TepMoMeTpa no,naeTCH Ha npe.ny:

cnnnTem. IT¥,. KoTophlii HaxO.IJ:HTCH npn TeMnepaType T1, a 3aTeM Ha 6noK 

o6pa6oTKH. Pa3ptmmroniaH cnoco6HOCTL ,neTeKTopa Hero aHepreTnqecKHi1 

nopor onpe,neJIJIIOTCH myMaMH, B03HHKaiOUJ;HMH B norJIOTHTeJie H TpaKTe 

H3MepeHH.II TeMnepaTypDI. 
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HcTO'-IHHKH myMoB Kp:uoreHHoro ~eTeKTopa Kanop:uMeTp:nqecKoro 

T:nna. MoJKHo Blii)I;eJIHTL cJie.zzyro~ue ocHOBHLie ucToqnuRH rny:MoB: 

. 1. TepMO)l;HHaMuqecRHe <l>JIYRTyan;uu B rrorJIOTHTeJie, H03HHRaro~ue 

BCJie.zicTBHe orpauuqeHHLIX pMMepoB IIOrJIOTHTeJIH, COe)I;HHeHHOro C Tep

MOCTaTOM, noTopLiit rrpe).(IIoJiaraeTCJI · 6ec:Ko:ffequo 6oJILIIIHM. • cl>.ri:yRTya:nuu 

3Hepruu )l;aiOTCJI cJie.zzyro~eii <Pop!dyJioii: 

. (b.E}the;mal = \,1(-kBT)( CT) (1) 
'~, ,· . 

2. TenJioBLie rnyMLI conpoTHBJieHHJI ,TepMoMeTpa ,. 
' . ' . . . ' ' . ' . ' . -· . ~ , ~ ""' ' ' . ~ ' 

, .. ' 
(~U.,)2 _ _;: 4kBT RB (2) 

co crre~TpOM 6eJioro rnyMa B UCIJIO~e ~actoT B. 

3. . ,i:(po6c>Bott my.M. corrponi':BneHHH TepMo:i.iei:Pai 3aBHCJIIUHii OT TORa 

qepe3 nero u HMero~u:tt crreRTp 6eiioro rnyMa. 

· · ·4. Illy:M.Li rrpe.zzycnilli:Teillr; · ·• • -·~·· 
! .. ~: ;· 

illyMbl rrpe~ycu'JI:UTeJI.JI. PacqeTLI ITORa3LIB<!J<>..':l' l ~.'I'!'Q. )I;JIJI: .· MaCC::J!BHLIX 

rroriioTHTeJieii (6oJI~rne 10 r) pa3peniaro~aJI crroco6uocTL1RaR rrpaBHJio,orpa

u:ffquBaeTcJI rnyMaMH npe.zzycHJIHTeJIJI ' [7] : . . IIoaioMy H3yqeuue IIIJMOBLIX 

CBOii:cTB rrpe.zzycHJIHTeiDI H HX OIITHMH3ai(H1 rrpe.n:tTaBJIJIIOT nerrocpe)I;CTBeH

HLiii HHTepec )I;JIJI peaJIH3ai(HH JHHRaJILHLIX B03MO.lRHOCTeii RpHoreHHLIX )l;e-

TeRTOpOB. . 
Cne)I;JeT OTMeTHTL, qTO pa3pa6oTRa ManornyMJI~~x rrpe)I;JCHJIHTeJie:li 

He06XO)I;HMa TaR.lRe )!;~ Ta~X o6JiacTe:li 3JieRTpOIIHI<H. H,SRCIIepuMeHTaJIL-_ 

uoii <P»3HRH, RaR C03)1;aHHe arrrrapaTypLI )I;JIJI SQUID, )I;JIJI .HMP, rrocTpoe

uue )l;eTeRTOpOB rpaBHTai(HOHHOrO H3JiyqeHHJI H T.)l; •. 

lJacTOTHLI:li . )I;Haiia30H. rrpe)J;yCHJIHTeJIJI 'o6ycJIOBJieH' CIIeRTpOM CHrHaJia 

OT TepMOMeTpa I<pHoreHHOrO )l;eTeRTOpa;.TurruqHLJ.Ji BLIXO)I;IIO.Ji CHrHaJI IIO-.• 

eyrrpoBo)I;HHROBoro · Ge-TepMope3HCTopa )I;JIJI · )l;eTeRTOpa c Maccoii 2,8. r xa~ 
paRTepH3JeTCJI rrepe)I;HHM <l>poHTOM 1,8 MC H )I;JIHTeJILHOCTLIO 13 MC [9], qTo 

cooTBeTcTByeT rroiroce qacToT 80 - 1000 T:n •. 

B )l;auuott pa6oTe H3yqaJIHcL · cneRTpLI rnyMoB :8 HH3RoqacTOTHOM · )l;Ha~ 
IIa30He OT 3 r:n )1;0 5000 r:n rrpu TeMrrepaTypax 300 H 77 K )I;JIJI cepH:liHLIX 

RpeMHHeBLIX rroJieBLIX TpaH3HCTopoB KII303(r,)l;,e), KII307JR, KII337r, a 
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TaR.lRe rrpu TeMrrepaTypax 300, 77 n 4,2 K )I;JIJI GaAs rroJieBLIX TpaH3HCTo

poB c p-n-rrepexo)l;oM u 6apLepoM IlloTRH 3II320a H 3II324a coOT~eT
CTBeuuo.. lliyMLI RpeMHHeBLIX TpaH3HCTOpOB IIpH TeMIIepaType Hrnromro 

reJIHJI He H3MepJIJIHCL, IIOCROJILRY 3TH TpaH3HCTOpLI uepa6oTOCllOC06HLI rrpH 

CTOJIL HH3ROii TeMrrepaType BCJie)I;CTBHe "BLIMep3aHHH" IIpHMeCHO.Ji IIpOBD-
. \ ' 

)l;HMOCTH. 

MeTo~:uKa :uaMepeu:uii:. BnoR-cxeMa 3I<crrepuMeiiTaJILHott~ ycTauo-

BRH IIORa3aHa Ha puc.2. .· . 

auaJIH3aTop. · 

R 

Puc.2 

YcTaHoBRa cocToJina II3 :oxJia.lR)I;aeMoii BCTaBRH, corJiacyro~ero ycuJIH

TeJIJI H auaJIH3aTOpa crreRTpa CK4-72. .Hccne)I;JeMLifi TpaH3HCTop H pe-

3HCTOpLI CMe~eHHJI 3aTBOpa IIOMe~aJIHCL BO BCTaBRe, KOTOpyro MO.lRHO 6LIJIO . . 
OIIJCKaTLB cocy)l; C .lRH)I;KHM a30TOM HJIH reJIHeM )I;JIJI IIpOBe)l;eHHJI H3MepeHHfi 

rrpu i'eMrrepaTypax 77 u 4,2 K cooTBeTc;Beuuo. · · · . · 

Cor.riacyromnttycHnHTenL cocToJIJI ·u3 )I;Byx KacRa)l;oB. C :ne.ri:L~ yMeHL

rneuuJI ypoBIIJI rnyMoB ycuJiilTeJIJI B rrepiloM KacRa)l;e c Ro3<l><l>»J:lHeHTOM 

ycuJieuuJI 12 6LIJI .HcnoJIL3oBaH 3apaaee oT06pauuLiifTpaH3HCTop KII337r. 

BTOpott KacRa)l; 6LIJI co6paH Ha orrepai(HOHHOM ycHJIHTeJie KP140Y,LI:6 i:ro 

cxeMe ueHHBepTHpyroru;ero ycuJIHTeJIH c Ko3<P<Pu:nueHTOM ycuJieHHJI 100. 

.L(JIH llO)I;aBJieHHJI BLICOKOqacTOTHLIX IIIYMOB Ha IIIHHe IIHTaHHJI IIOCTaBJieH 

ROHJieucaTOp eMKOCTLIO 15 MKCI>: IIiyMM YCHJIHTeJIJI, npHBe)l;eHHLie K ero 

BXO)I;J, cocTaBHJIH BeJIHq!JHY ! 8 HB/viu.. B cJiyqaJix, KOr)l;a 3TH IIIJMLI 6LIJIH 
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cpaBHHM:r.I c myMaMH nccne.zzyeMoro TpauancTopa, cneKTp myMoB comacy

IOinero ycHJIHTeJIJI Y'lHT:r.IBaJICJI npH OKOH'laTem.uoA o6pa6oTKe pe3ym.~aro:B · 
H3MepeHHJI. 

Ilpe.l(BapHTeJThHO CHHMaJIHCL BOJThT-aMnepH:r.Ie xapaKTepHCTHKH TpaH-

3HCTOpOB. 8TO 6:r.IJIO He06XO,ZUIMO ,Ll;JIJI B:r.I6opa. pa6oqejj: TO'lxH1 TaK KaK 

JCHJieHHe H myM:r.I TpaH3HCTOpa 3aBHCJIT OT pe>KHMa pa60T:r.I. 3aTeM C no

MOID;LIO aHaJIH3aTOpa cneKTpa H3MepHJIHCL HHTerpam.H:r.Ie cneKTp:r.I_ myMOB 

Ha B:r.IXO,LJ;e COrJiacyrom;ero ycHJIHTCJIJI B ,ZUianaaoHaX 200 rn; , 2000 rn; H 5000 

rn;. CneKTp:r.I ycpe.iurnJIHcL no 64 (1024 ,Ll;JIJI 5000 rn;) B:r.I6opKaM~ IlocJie 

HOpMHpOBKH Ha .KO!Hpqmn;HeHT ycHJieHHJI H lliHpHHY nOJIOCLI KaHaJia aHa

JIH3aTopa nOJIY'laJIHCL cneKTp:r.I myMOB, OTHeCeHH:r.Ie KO BXOJzy Tp_aH3HCTpa 
em(!). . 

TnnH'lHLie cneKTpLI myMoB npe,ncTaBJieH:r.I Ha pnc.3. 

06cylK,ZleHHe peayJibTaTos. Ha rpacpHKOB BH,nuo, 'ITO nyqmne xa- · 

paKTepncniKH HMeiOT Tpauan6rop:r.I KIT337r, HMeiOinHe ocTaTO'lHLIA ypo

BeHL myMOB Meiiee 1.3uBjyTii B o6JiaCTH 'laCTOT B:r.Illie 60 rn; (,LJ;JIJI BCeX5 
nccne,noBaHHLIX aK3eMnJIJipOB). - . . . 

, IllyMOBLie·cBOACTBa llOJieB:r.IX TpaH3HCTOpOB llpH HH3KHX TeMnepaTypax 

· npe,ncTaBJIHIOT OC06LIA: HHTepec, T.K: OXJialK,ll;eHH:r.Ie TpaH3HCTOpLI C p..:n• 

i:repexo,noM HMewi nyqmi:~ mnmBLie cBoAcTBa [6-8]. Ha:BecT~o (8], -.iTo 

OllTHMaill.HaH . TeMnepaTypa, npH 'xoTopoA TpaH3HCTOp HMeeT MimnMam.

HLIA ypoB~HL -~yMoB, B:r.Ime. 7'7 K, iroaroMy Tpe6yroT~ .nonoJIHHTem.H:r.Ie 

:H3MepeHHJI ,n.JiJI ee uaxom,neHHJI. Honyqeuu:r.Ie ,naHHLie ,nJIJI 77 K noxaaa.mi, 

'ITO. npH a~o:n TeMnepaType myM:r.I 6om.me, .qeM np~ KOMHaTHOA. . 

,l(JIJ1 GaAs-TpaH3HCTopoB CHTyan;HH HHaH; ,l(JIJI HHX 'ua HH3KHX qacro

Tax, xaK H yxaaauo ,n (4-5]; npeo6na,naiOT myMLI THna 1/ f. Ilpn 77 K :Hx 

myM:hlB 2- 3 paaa MeHLme, '!eM npH KOMHa:iuoA TeMnepaType. ,l(am.ueA

mee oxnalK,ll;eune . .no·. 4,2 · K noxaaLIBaeT,. 'ITO HHaxoqacToTHLie myMI>I, o6y

cnoBneHH:r.Ie !llYMOM1ff, cy~eCTBe~HO He MeHH~TcR, XOTH Hm>:-npe»illeMy 

O'leHL CHJThHO 3aBHCJIT OT pe>KHMa pa60T:r.I TpaH3HCTOpa. . ... · , 

TaKHM o6p<laoM,. MeTo,ZUIKa .HaMepeunii: ,naeT -KaqecTBeuuoe H KOJIH'le-
., . . ' '-- •' . ' 

CTBeHHOe npe,ncTaBJieHHe 0 myMOB:r.IX CBOACTBax TpaH3HCTOpOB H npe,nOCTa-

BJIJieT ,LJ;OCTaTO'lHO npocTyiO. B03MO~HOCTL OT6opa TpaH3HCTOpOB no. myMo

BLIM napaMeTpaM. 
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3al<niol:J'e:Hu:e. Mcxo.wi ll3 noJiyqeHHhrX pe3YJibTaTOB, MOlKHO YTBeplK.n;aTb 
cire,riyiom;ee : . ·, - '. 

1. McnoJib3oBaHIIe GaAs - TpaH3IICTopoB o6oiix TIIITOB B HII3KO'l(l.CToT
HOM ;iuranMo:He .n:ame npn oxJiam.n:eHIIII .n:o 4,2 K HeacpcpeKTIIBHo BCJie.n;cTBIIe 
60JibillliX myMOB Tllll~ 1/ f. , ·. . . 

2. ITpir IIcnoJib30BaHIIII npe.n:yciiJIIITeJIJI Ha KI1337r MOlKHO noJiy'IIITb 
ypoBeHb myMOB MeHee 1,3HBj..jrii. . 

3. Heo6XO.ll:liMO npoBeCTII .n:onoJIHIITeJibHLie -IIccJie.n;oBamrn · myMoBLIX 
cBoficTB .· TpaH3IICTopoB KI1337r B • ,tiiiana3oHe TeMnepaTyp 300-77 . K .n;JIJI 
naxo}l{.ll:eiiiDr OITTIIMaJ!bHofi Te:M:nepaiypLI. Hpii 3TOM npii 'nocTpoeHIIII yell
. JIIITeJIJI C OXJia}l{.1l:aeMLIM IiepBLIM KaCKa.n;OM Ha TpaH3liCTOpax 3TOrO THITa 
MOlKHO na.n;eHTbCJI na .n:ocTIIlKemie yposHSI myMoB MeHee 1nB / yrii .. 

Pa6oTa no.n;.n:eplKaHa P<l><l>M, rpaHT N! 93--02-3742, II AMepiiKaHcKHM 
<J>H3H'leCKHM 06m;eCTBOM. .. 

·. ABTop BLipamaeT 6Jiaro.n:ap~ocTb MHlKeimKy_· Jl:.B. H TpocpHMOBJ J3.H. 
3a co.n;efiCTBHe npH BhlllOJIHeHHH pa60Tbl., ' 
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llpHHHMaeTCSI no~nHcKa Ha npenpHHThi, coo6w.eHHSI Oobe~HHeHHoro 
HHCTHTyTa st~epHbiX HCCJie.f\OB!tHHii H «KpaTKHe co~6w.eHHSI 011.SUb •. 

YCTaHOBJieHa' CJIC.I{YIOill.liSI CTOHMOCTb ·nO.I{UHCKH Ha 12 MeCSIUeB Ha H3,1{aHHSI . 

0115111, BKJIIO'Iast nepecbJnKy, no OT.l\eJibHhJM TeMaTH'IeCKHM l<aTeropHSIM: _ 

11H.I{eKc 

I. 3KcnepHMeHTanbHUSI cpH3HKH BbJCOKHX :mepmii 

2. TeopeTH'IecKaSI cpH3HKa BbJCOKHX 3Hepmii 

3. JKCnepHMeHTanbHliSI HeHTpOHHliSI cpH3HKll 

4. TeopeTH'IeCKaSI <l>H3HK!I HH3KHX 3Heprnii 

5. MmeMaTHKa 

6. 51.1{epH<Ul cneKTpOCKOfiHSI H·pa.I{HOXHMHSI 

7. <l>H3HKH TSI)J(eJlbiX HOHOB ' 

8. KpHoreHHK!I 

9. YCKOpHTeJIH 

10. AsToMaTH3aUHSI o6pa60TKH 3KCnepHMeHTanbHbJX .l{!lHHbJX 

II. Bbi'IHCJIHTeJibHHSI MaTeMaTHK!i _n TeXHHKa 

12. XHMHSI 

13. TexHHKa <t>u3u'lecKoro 3KcnepHMeHm 

UeHa no.l{nHCKH 

HaroA 

915 p. 

2470 p. 

365p. 

135 p. 

460 p. 

215 p. 

185 p. 

' 185 p . 

460 P: 

560 p. 

560p. 

90p. 

720p. 

14. 11cCJie,I{OBllHHSI TBep.l{biX Ten .H )J(H,I{KOC'J'CH SJ.I{epHbJMH MeTO.I{liMH '460p . 

IS. 3KcnepHMeHTanbHHSI_cpH3HKa SIAepHbJX peaKuuii 

npH HH3KHX 3HeprHSIX 460 p. 

16. Ao3HMeTpHSI "<l>H3HKa 3UW.HTbl 90 p. 

17. TeopHSI KOH,I{eHCHpOBUHHOro COCTOSIHHSI 365p. 

18. 11cnonb30BaHHe pe3ynbTaToii 

. H MeTO.I{OB cpyHA!IMeHTUnbHbiX cpH3H'IeCKHX HCCJie.I{OBatiHH 

B CMe)J(HbiX OOn!ICTSIX BliYKH H TeXHHKH 90p. 

19. DHOcpH3HKH 185 p. 

«Kp<iTKHe coo6w.eHHSJ 011SII1» (6 BbmycKoB) 560p. 

llO.I{UHCKll MO)I(eT 6b1Tb ocpopMneHa C n106oro MeCSJUll I'OJ{ll. 

llo BCCM BOUpOC!IM ocpopMneHJ-JSI UO.I{UHCKH CJie.l{yeT o6paW.aTbCSI B. H3AU

TeJlbCKTHH OTAeJI 0115111 no !IApecy: 141980, r.,ny6mt, MOCKOBCKOH oonacTH 


