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1. BBE,lJ,EHYIE 

11cnonb30Ba.HHe BhiCOKoTeMneparypHhix cBepxnpoBonHIIUiX nneHoq
HbiX MaTepHanOB n03BOnHeT nepeBecTH OnHCa.HHhie B pa6oTe /l/ BbiCOKO
lfYBCTBHTMbHhle H 6hiCTponeftCTBYIOIIUie npHeMHHKH 3neKTpOMarHHTHbiX 
H3nyqeHHH c renHeBhiX Ha a30THhie TeMnepaTyphi/2-4~ qro OTKphmaeT Ho
Bbie B03MOIKHOCTH HX npHMeHeHHH, B qaCTHOCTH, B nOnHX CHnbHO HOHH3H
pyiOI.UHX KOCMHqeCKHX H HCKYCCTBeHHbiX H3nyqeHHH. IJpH 3TOM B03HHKaeT 
aonpoc, Bo-nepBhiX, He npHBeneT nH TennoahmeneHHe B pa3nflqHhiX neTa
nHX Bl'CII-npH6opoa, nopo*naeMoe HHTeHCHBHhiMH nHBHHMH BTOpH~hiX 
qacTH~, K yxynweHHIO HX pa6oqHX napaMeTpOB, H, BO-BTOpbiX, KaK noBenyT 
ce6H 3TH npH6ophi npH oqeHb 6omwHx no3ax o6nyqeHHH. 

lJT06bi OTBeTHTb Ha 3TH BOnpOChi, Mbl pa3pa6oTanH MaTeMaTHqecKyiO 
Moneni. pa3BHTM a,n;poHHhiX KacKanoB B neTanHx 6onoMeTpa H pacnpenene
HHH BhinenHIOI.UeHCH B HHX TennOBOH 3HeprHH H HaqanH cepHIO 3KCnepHMeH
TOB Ha HOHHbiX nyqKaX CHHXpo<Pa3oTpOHa JIB3 011.HI1 H YI.Q-100 Jl.HP 
011.HI1. B HacTomn;eH: pa6oTe H3nararoTCH nepBbie pe3ynbTaThi 3THX Hccneno

BaHHH. 

2. KOHCTPYK.QI111 BTCII-BOJIOMETPOB 
1111X OCHOBHbiE XAP AKTEPI1CTI1KI1 

B KaqecTBe tJYBCTBHTenbHhiX 3neMeHTOB BTCII-6onoMeTpoB cnymmm 
HanhmHeMhie na3epHhiM MeTonoM nneHKH cocraaa YBa2Cu30 7_xHa non
nomKax H3 THTa.HaTa CTpOH~HH SrTiOa • IJpH TOniiUiHax 1000-1500 1 CO
npOTHBneHHe lfYBCTBHTenhHOrO KBa.n;paTa COCTaBnHnO OT 5 no 20 OM, qro 
cooTBeTCTBYeT ynenbHOMY conpoTHBneHHIO (l-2)xlo-4 0M/cM

2
• Ornowe

HHe conponmneHHH KOHTaKTOB K conpoTHBneHHIO BTCII-nneHKH B Hop
MliJibHoM cocroHHHH R KOH /R H = 2-3. TeMnepaTypa CBepxnpoBonH:mero 
nepexona · nneHoK T c - B npenenax oT 83 no 90 K. illHpHHa nepexona 
no ypoBHIO 0,1-0,9 ll T c = (1 - 2) K, qro cooTBeTCTBYeT TeMneparypHOMY 

K03<P<P~HeHTY conpornBneHHH (1-2) /K. 
B 3KCnepHMeHTaX HcnonL30BanHCh nBa HecKonhKO pa3nnqaroiiUiXCH 

no CBoeH: KOHcrpyK~HH 6onoMeTpa. Ha pHc.l npHBeneHa cxeMa 6onoMeTpa 
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Pnc.1. KoHcTpyKwm BTCll-6onoMerpa 

N~ 1: 1 - nonnO)I(Ka; 2 - BTCll - nneH· 

Ka; · 3 - KoHTaKTon; 4 - nomtKop. 

PHc.2. KoHCTpyKUWI BTCll-6onoMerpa 

N~ 2: 1 - nneHO'IHLie KOHTaKTLij 2 -

BTCll-nnenKa Y Ba
2
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3
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Ilo,IVIO)KKa H3 SrTi03 c nonepetiHhi!\m pa3MepaMH 2,5x0,8 MM, Ton-
m:m~ou 70 MKM, c HaHeceHHOH Ha Hee BTCII-rmeHKOH H 3onoThiMH KOHTaKT
HhiMH cnoHMH, c noMorw>ro 3neKTponpoeo,z:vnueu nacThi npHKneHBanach 
K KOHTaKTHbiM TOHKOnneHO'IHbiM IT1IOIUa,IJ;KaM Ha nonHKOpOBOH ( Al 2 0 3) 
IT1IaCTHHKe.KoHTaKTHbie rmoma,n;KH ai.monHeHhi H3 ciT1IaBa Cr- Cu -Cu •. Pa3Me
pbi ITJiaCTHHKH 1x10x10 MM. 113nyiieHHe nocrynaeT Ha npHeMHYIO BTCII-nno
ma,o;ey IIepe3 OTBepCTHe C nHaMeTpOM 0,2 MM B ee ueHTpe. ,llJIH YBeJIHtieHHH 
conpoTHBneHHH ceepxnpoeonHmaH IT1IeHKa MeTonaMH !}>oTonHTorpaqmH Bhi
noJIHeHa a BHne 3MeHKH, 3anonHHromeu Kaa.n;pal' 0,1x0,1 MM. IIonHKopoeaH 
IT1IaCTHHKa MexaHHtieCKH npH)KHMaJiaCb. KMenHOMY OCHOBaHHIO, Ha KOTOpOM 

. pacnono)KeH npoeonotiHhiH 100-0MHhiH HarpeeaTeJib H nonynpoBO)l;HHKOBhiH 

TepMOMeTp. • 
Ha imc.2 noKa3aHa KOHCTPYKUHH 6onoMeTpa N2 2. Ha onHoM H3 Topuoe 

MaCCHBHOH ITOWtO)KKH H3 KpHCTaJI1Ia SrTi03 nHaMeTpOM 8 MM H TOniUH
HOH 5 MM MexaHHtieCKOH ITOnHpOBKOH H3rOTaBnHBaJiaCh MeM6paHa TOnJUH
HOH 35 MKM. qyecreiJTeJibHaH rmoma,n;Ka 0,1x0,1 MM !}>opMHpoeanach nyTeM 
na3epHoro CKpaH6HpOBaHHH B BH)l;e 3MeHKH. KoHTaKTbi BhiiTOnHeHbl H3 ce

pe6pHHOH IT1IeHKli. 
0CHOBHhie xapaKTepHCTHKH HCITOnh3yeMbiX ·6onoMeTpOB npenCTaBneHhi 

B Ta6n.l. Ha pHc.3 H HH)Ke Ha pHc.10 npHBeneHhl TeMnepaTYpHbie 3aBHCHMO-
/ 
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Ta6nuf,{.a 1 

0CHOBHbie napaMeTpbl HCCnenyeMhlX 6onoMeTpoB 

XapaKTepHCTHKa 

ConpoTHBneHHe qyeCTBHTenhHOH 
IT1IomanKH, RN {OM] 
ConpoTHeneHHe B pa6oiieH TOtiKe 
Rs [OM] . 

TeMnepaTYpa nepexona, T c {K ] 

Eon. N~ 1 Eon. N~ 2 

10 5 

100 
87 

IllHpHHa nepexona, !:-.Tc [K] 
Ko3!}>!}>HuHeHT TeiT1IonoTeph, G (BT. K -1] 

1,2 
2,0·10":"2' 

1 

150 
89,5 

1,3 
2,0-10-3 

2 
ToK cMemeHHH [ MAl 
BonhT-.BaTTHaH qyecTBHTenhHOCTh, 

S [B/BT] 
BpeMeHHaH nocToHHHaH, r [ c] 
IIoporoBhiH noToK, cPn [ BTtrU 112 ] 
Ha IIaCTOTe MonynHUHH 12,5 r·u 
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TfK] 
PHc.4. 3aBHCHMOCTL aMnnHTY.O:LI BLixon

Horo CHrHana ( cnnomHaH KpHBaH) 

H ypoBHH wyMa (nyHKTHp) 6onoMeTpa 

N~ 2 oT BenH'IHHLI conpoTHBneHHH B pa· 

6o'leH TO'IKe: 

3 

14 
1,0-10-4 
2,3.1o-1o 

30,8 
1,0-10-2 
3,7·10-10 

PHc.3. TeMnepaTypHaH 3aBHCHMOCTL conpo

THBneHHH 'lyBCTBHTenLHOrO ::tneMeHTa 60· 

noMeTpa N~ 1. 
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PHc.5. llaCTOTHLIH cneKTp wyMoB 6ono

MeTpa N~ 1. 

~ 20 
..... 

':;j 10 eTH eonponmneHIDI 6onoMeTpoB. 
PHe.4 nOica3hiBaeT pe3HeTeHTHhie 
3aBHeHMOeTH BeJIH'IHHhl eHrHaJIOB, 
eOOTBeTeTBYIOIUHe llOJimKeHHIO pa-
6oqeif TO'IKH B HHTepBaJie nepeXOA
HhiX TeMnepaTyp ~T c . Xopoino 
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BHAHO B03paeTaHHe IUYMOB Ha rpaHHuax HHTepaana, rAe KPYTH3Ha KpHBoii 
' ~ 

R(T), a ene,D;oaaTe.flhHO, H qyBCTBHTeJihHOeTh 6onoMeTpa, MaJihi. Ha pHe.5 

~3~6pa)KeH eneKTp IDYMOB 60JIOMeTpa N2 1 B pa6oqeif TOtiKe, eOOTBeTeTayro

meif eepeAHHe HHTepaana ~Tc· 

3. 3KCIIEPMMEHT AJibHAf.l IIPOUE.UYP A 
. M PE3YJibTAThi M3MEPEHMfl 

Bhmo BhmonHeHo ABa 3KenepHMeHTa- e HoHaMH 12C H 160; uen~>ro 
nepBOrO H3 HHX HBHJiaeh OQeHKa BJIHHHHH o6nytieHIDI BhleOK03HepreTH'leeKH
MH tiaeTHQaMH Ha xapaKTepHeTHKH npHeMHOrO OllTHtteeKoro ycrpoifeTBa 
B era "pa6otiHX yenoBIDIX", KorAa 6onoMeTp HaXOAHTeH BHYTPH aaeyyMHpo-

. BaHHoro o6neMa KpHoeTaTa npH TeMneparype, 6JIH3KOH K eepeAHHe eaepx-
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#exafiUtJeCKUU 
MOO!/.IIIl!170p 

f= 12.5 ru, 

12 
PHc.6. CxeMa yCTaHOBKH Ami 3KcnepHMeHTa c HOHaMH C. 

4 

PHc.7. CxeMa npHeMHoro ycrpoiiCTBa Ha 6a· 

3e KPHOCTaTa SB-214. 

npoBOAHmero nepexoAa, H Ha Hero oA
HOBpeMeHHo e OllTHtieeKHM eHrHaJIOM 
,D;eHCTByeT nytiOK eHJihHO HOHH3HpYlO
IUHX tiaeTHQ, KOTOphie paeeeHBaiOTeH 
CTeHKaMH H BXOAHhiM OKHOM KpHO
CTaTa, yeTaHOBJieHHhiMH B HeM ,D;Ha!fl

parMaMH H ApyrHMH KoHeTpyKTHBHhi
MH ,D;eTaJIHMH. 3a,D;atia BTOpOrO 3Kene
pHMeHTa e HOHaMH lSQ 3aKJIIOtiaJiaeb 

B H3ytieHHH BJIIDIHIDI 60JihiUHX 
( > 1012 HOHOB/eM 2 ) ,11;03 o6JiytteHIDI. 

CxeMa yeTaHOBKH, HenoJih30BaB
IUeiieH B OllhiTe e HOHaMH 1 2C , llOKa-

3aHa Ha pHe.6. BonoMeTpHtteeKaH 
rOJIOBKa (eM. xapaKTepHeTHKH 60JIO~ 
MeTpa N21 B Ta6n.1) noMemanaeh 
B KpHOCTaT H Harpy)KaJiaeh eonpOTHB
JieHHeM R H • MeTotiHHKOM onTHtieeKo
ro eHrHaJia eny)KHJIO H3JiytieHHe ra3o
aoro Jia3epa Jir-78 e AJIHHOH BOJIHbl 

~Asom-

---
.,\ = 0,63 MKM. M3JiytieHHe MOAYJIHpOBaJIOeb Ha ttaCTOTe 25 ru e llOMOJUblO 
AHeKOBoro MexaHHtieeKoro MOAYJIHTOpa H 3epKaJIOM HanpaBJIHJIOeb B KpH
oeTaT mi 6onoMeTp. 

3JieKTpH1lecKfiH eHrHaJI 6oJIOMeTpa yeHJIHBaeTeH MaJIOIUYMHJUHM yeH-

. JIHTeJieM e Ko3!fllPHUHeHTOM yeHJieHIDI 1000 Ii nonoeoii nponyeKaHIDI 
OT 10 ru AO 200 Kru. YpoBeHh IUYMOB Ha· 'laCTaTe 25 ru eocraBJIHJI 
5 ·10 - 9 Btru 1 ~ 2• B KatteeTBe aHaJIH3aTopa Henonh30BaJieH eeneKTHBHhiH 
BOJihTMeTp THna YHI1i:1AH, KOTOphiH MO)KeT pa6oTaTb H B IUHpOKOllOJIOeHOM 
pe)KHMe. 

Mhi m!noJih30BaJIH cTaHAapTHhiH KpHoCTaT 3B-214, npe,D;Ha3HatieHHhrn 
AJIH pa6oThi e eaepxnpoBOAHHKOBhiMH 6onoMeTpaMH Ha oeHoBe HH3KOTeM
nepaTypHhiX eaepxnpOBOAHHKOB. )I(HAKHH a30T 3aJIHBaJieH B pe3epayap, v 

HenOJih3yeMhiH o6hltiHO AJIH reniDI (eM. pHe.7). Me,D;HOe oeHOBaHHe 6onOMeT
pa 11epe3 !flToponnacroByro npo:K.rra,D;Ky KpenHJioe:b K AHY 3Toro pe3epayapa. 
OmHtieeKoe H3nytieHHe H noTOK tiaCTHU nocrynan 11epe3 OKHO H3 KpHCTaJinH
tiecKoro KBapua e AHaMeTpoM 22 H Tonmmiot:r 3 MM, paenono)KeHHoe Ha pae
croHHHH e ,;, 50 MKM OT BTCII-nneHKH. 

MHTeHeHBHOCTh nytiKa HOHOB 120 e 3HeprHe:ii 3,65 r3B/HYKJIOH eo
CTaBJIHJia BOO ttacr~/ eM2·e). IlytioK no,D;aaaneH HMnyJiheaMH AJIHTeJih-

5 



HOCTblO 0,6 C C nepHO,D;OM 10 C. Ero WHp.HHa B HeCK01lbKO pa3 npeBOCXO-
.nWia ,D;HaMeTp axo,D;Horo OKHa. 

J13MepeHHH BbinOnHmiHCb B cne.nyromeM nopR,D;Ke. 3a.naaanH. TOK CMe
meHHH H Hanp.fDKeHHe Ha HarpeBaTenb; BblBO,D;H1lH 6onOMeTp B pa6oqyro TOll• 
KY' r.ne ero qyacrBHTEmbHOcTb MaKCHManbHa •. no CTpeno1JHOMY ripH6opy H3-
MepsmcH. ii Ha6nro.nancH Ha ocUHnnorpaq,e ypoBeHb co6craeHHbiX wyMoB 
ycraHOBKH, CHaqana B Y3KOH nonoce Ha tJaCTOTe 25 ru, 3aTeM - B WHpOKOH 
,D;O 100 Kr:Q. llocne ::rroro no,D;aBanCH MO,D;ynHpOBaHHblH C tJaCTOTOH 25 ru 
CBeTOBOH ny'IOK na3epa H Ha BblXO,D;e Ha6!JIO,D;anOCb OTHOWeHHe CHrHan/wyM. 
9neKTpOMarHHTHble DOMeXH OTCYTCTBOBlUJH. J13MepeHHH BblD01lHmiHCb ,D;Ba::>K
,D;bl - 6e3 nytJKa '·H C nytJKOM ,HOHOB. )l)IHTe1lbHOCTb CeaHCa HenpepblBHblX 

Ha6nro,D;eHHH COcTaBnmia 4 11, 'ITO · COOTBeTCTByeT HHTerpanbHOH ,D;03e 

1,2·108 HOHOB/CM 2• 
HHKaKHX H3iVIeHeHHH aMMHTY,D;bi H cneKTpa wyMoB HH B Y3KOH, 

HH B ·UIHpOKOH nonocax B 3KCnepHMeHTe He o6Hapy::>KeHO. He 3aMetJeHO TaK
::>Ke H H3MeHeHHH TeMnepazypHblX H pe3HCTeHTHblX KpHBblX Ha pHc.3 H .4. 
B npe.nenax T01JHOCTH H3MepeHHH npHeMHoe ycrpoucTao pa6oTano ycroutJH
ao KaK 6e3 nytJKa HOHOB, TaK H B ycnoBHHX o6nyqeHHH. C6oH B ero pa6oTe 

cne,D;yeT O::>KH,D;aTb npH 3HatJHTenbHO 601lbWHX DOTOKaX HOHOB (CM. HH::>Ke). 
B 3KcnepHMeHTe c HOHaMH teo qyacrBHTenbHbiH 3neMeHT 6onoMeTpa 

(eM.· 6on. NQ 2 a Ta6n.1) noMemancH a aaeyyMHpoaaaHyro KaMepy (c .naa
neHHeM 10-3 lla) BHe KpHoCTaTa H HMen TeMnepaTypy He BbiWe 100°C. llo
TOK HOHOB lGQ C .HHTeHCHBHOCTblO 10 g HOHOB/ (cM2• C) HMen cneKTp, 

H306pa::>KeHHblH Ha pHC.8. llocm:i o6nytJeHHH HCCJle,D;OBanHCb xapaKTepHCTHKH 
6onoME!TPa Ha nytJKe na::~epa. HpH ::rroM KOHTponHpoaanHCb 3aBHCHMOCTH 
COnpOTHB1leHHH H qyBCTBHTe1lbHOCTH OT TeMnepaTypbi, tJyBCTBHTenbHOCTH 
oT conpoTHBneHHH. CpaaHHBanCH cneKTp wyMoB 6onoMeTpa ·.no H nocne o6-
ny'leHHii.' 
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Bi:.uio BbinOnHeHo .naa o6nytJeHHH, 
COOTBeTCTBYlOI.UHX ,D;03aM 3,8 •10 12 

H 1() 15 HOHOB/CM 2• B nepBOM. H3 HHX 

KaKHX-nH60 H3MeHeHHH XapaKTepHCTHK 
6onoMeTpa He 6hlno 3aMe1JeHo. O.nHaKo 
nepeXO,D; K ,D;03e 10 15 HOHOB/CM2 npH

Ben K 001lHOMy HC1Je3HOBeHH10 CBepx
npOBO,D;HI.UeH !l>a3:bl H DOHBJleHHlO TeMne
pazypHOH 3aBHCHMOCTH, xapaKTepHOH MH 
nonynpoao,D;HHKOB. BMeCTe c TeM B o6~ 

Q~ 1 Pnc.8. :3HepreTH'IeCKHH cneKTp ny'IKa HOHOB 

/1g8/HIJICIIOH KHcnopop;a. 
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Pnc.9. TeMneparypHall 3aBHCHMOCTb conpoTHBneHHR 6onoMeTpa N~ 2 

IW (cnnolllliall KpHsaa) H nocne (nyHKTHp) o6ny'leHHR ~ro HOHaM~ 160 
C HHTerpan&HbiM llOTOKOM 1015 (1/CM 2). 

nacrH T = 89 K, cooTBeTCTByromeu caepxnpoao.nHmeMy nepexo.ny a Heo6ny
tJeHHoM 6onoMeTpe, Ha lPOHe MOH<?TOHHOrO B03paCTaHHH conpOTHB1leHHH 
npH YMeHbWeHHH TeMnepazypbl Ha6nro.naeTCH. 1 o/o-HblH cnan ( OKOJIO 20 OM, 

CM. BCTaBKY Ha pHc.9). 
Mo::>KHo .nyMaTb, 'ITO !l>a3oBbiH nepexo.n MeTaJIJI - ,D;H3JieKTPHKB BTCll

nneaKax DO,D; ,D;eHCTBHeM TH::>KenbiX HOHOB npOHCXO,D;HT BeCbMa pe3KO - B Y3-
KOM .HHTepaane HHTerpanblibix .no3. 9To no.ncKa3biBaiOT pe3yJibTaTbi pa6o
Tbi /5/, r.ne nneHKH Y B~Cu 3o 7 _x o6.riytJanHcb HoHaMH Ne+ c 3HeprHen 
1 M3B: npH noToKe 2 ·101 HOHOB/CM2 nneHKH o6na,D;anH eme CBOHCTBOM 
CBepxnpOBO,D;HMOCTH, HO npH 2,2·101 4 HOHOB/CM2 CBepxnpOBO,D;HI:QaH il>a-
3a y::>Ke nonHocrbro HC'Ie3ana. )l)IH 6onee onpe.neneHHbiX 3aKJiro'leHHH · Mbi 
npe,D;nonaraeM BbinOJIHHTb cepHlO 3KCnepHMeHTOB C ,D;OcraTOlJHO Me1lKHM Wa
rOM no .HHTerpanbHOH ,D;03e B HHTepaane 1013 .10 15 HOHOB/CM2 .. 

4. MATEMAT:HqECKAH MO)lEJib 
H PE3YJibTAThl PACqETOB 

9KcnepHMeHTanbHoe Hccne.noaaaHe H3MeHeHHH caoucra BTCll-6onoMeT
poa B DOnHX CHnbHO HOHH3Hpyroi:QHX tJaCTH:Q B HaCTOHI.Uee apeMH MO::>KHO Bbl
DOJIHHTb ,D;1lH BeCbMa orpaHHtJeHHOrO Ha6opa 6oM6ap,D;HJ>YlOI.UHX HOHOB. H HX 
3HeprHu·. BecbMa 3aTPYAHHTeJibHO · TaK::>Ke H3ytJaTb mi onbiTe .. pa.nHa:UHOHHbie 
3lPlPeKTbl B OT,D;enbHblX .tJaCTHX npH60pOB, 'ITO MO::>KeT npe,D;CTaBJIHTb .HHTepec 
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a CaJI3H C HCCJienoarumeM a03MOiKHOCTeH yaeJIHtJeHim HX qyaCTaHTeJibHOCTH. 
,[{rUI :}THX_ ' UeJieH Mbl pa3pa6oTami MaTeMaTuqecKyiO MoneJih, OCHOaaHHYIO 
Ha MexaHH3Me M·e:lKH,IJ;epHbiX KaCKanoa. 

Korna ahiCOK03HepreTuqecKaH tJacTHI~a, anpoH HJIH HOH, nonanaeT a ae
meCTBo ~pHOCTaTa HJIH 6oJIOMeTpa, OHa, KaK npaBHJI<l, PO:lKnaeT JIHBeHb aTO
pH'IHbiX tJaCTHll, KOTOphie, a. CaOIO OtJepenb, paCIUenJI.fliOT acTpetJaiOillHeC.fl 
Ha ux nyTH aT~MHhie Hnpa, po~aH cnenywlllHe noKoJieHHH qacTHll. llpu 3TOM 
tJaCTHllhl, o6pa30aaaiiiHec.fl a CTeHKaX KpHOCTaTa, MOryT HHHllHHpOaaTh no
qepHHe KaCKMhl a neTaJIRX 60JIOMeTpa. Enaronap.H MHOrOKpaTHbiM CTOJIK
HOaeHHR!"' C HnpaMH H HOHH3allHOHH~ npoueccaM KaCKanhi tJaCTHll llOCTe
neHHO pacrpatJHBaiOT CBOIO 3HeprHIO, HarpeaaH Bemecrao, 'ITO npH nocTaTOlJ
HO HHTeHCHBHOM o6JiytJeHHH MO:lKeT aHecTH nonoJIHHTeJibHhie noMeXH a pa-
6opr TaKOrO abiCO:KOtJYaCTaHTeJibHOrO npH6opa, KaKHM .flBJI.fleTC.fl caepxnpo

aOMillHH 6oJIOMeTp. 
,[{rUI MonenupoaaHH.fl pacnpoCTpaHeHH.fl nytJKa CHJibHO HOHH3HPYIOI1lHX 

tJaCTHll a· neT~.flX KpHOCTaTa H 6oJIOMeTpa Heo6xonHMO yMeTb paCClJHThiaaTb 
HOHH3allHOHHhie noTepH 3apH:lKeHHhiX tJaCTHll, 3H{!Tb aepO.HTHOCTH HnepHbiX 
CTOJIKHOaeHHH pa3JIHtrnhiX T~noa H Xapa:KTepHCTHK~ {3HeprH.fl, yrJihl BhiJieTa 
H T.n.) o6pa3YIOI1lHXC.fl npH 3TOM aTOpHtJHhiX tJaCTHll H OCTaTOtJHhiX H,IJ;ep 
oTnatJH .. Torna c noMOillLIO MeTana MoHTe-Kapno MOJKHO npoMonenupoaaTL 
p~3~eTaJieHHhie ':nepeBLR" TpaeKTOpHH tJaCTHll H, Ha6paa nocTaTO'IHYIO CTa
THCTHKY, onpenenHTb 3HeprOBhineneHHe a pa3JIHqHhiX tJaCT.flX yCTaHOaKH • 

.li,.TUI pactJeTa ~OHH3allHOHHOrO 3aMeMeHH.H 6biCTpbiX tJaCTH!l Mhl aoc
UOJib30aaJIHCh <l:JeHoMeHonorHtJeCKOH TeopueH: . lliTepHXaHMepa, HOHH3auuoH~ 
Hhle noTepH MenneHHOH KOMllOHeHThl KaCKMHhiX tJaCTH!l {a tJaCTHOCTH, H,Il;ep 
oTnatJH) pacctJHThiaanHCh c noMOIUhiO TecipeTHtJeCKHX coonmweHHH Me:lKny 
npo6eroM H 3HepmeH: qacT~llhi lluHneHxepna H np. ~6. ?I; lliiTerpanLHhie ce
tJeHH.H ynpyrHX H HeynpyrHX a3aHMOnei1:CTaHH anpoHOa H HOHOa C HnpaMH 
. 6bi~H paCClJHTaHhl Ha OCHOae Kaa3HKJiaCCHtJecKOH OnTHtJecKOH MOneJIH, mi

,paMeTpbi KOTopoH: non6upanHCL _nyTeM cpaBHeHH.fl c H3aeCTHhiMH 3KcnepH
. ME!HTaJILHhiMH naHHhiMH. llpH 3TOM a o6nacru He6oJILWHX 3HepruH: YtJHThi-

BanocL anHHHHe eynoHOBCKoro 6apLepa, oco6eHHO cymecrseHHoe nnR a3aH

MoneH:cTaHH: Hnep. 
B uen.Hx 3KOHOMHH naMHTH 3BM H ynpomeHH.H pactJeToa aTnac "omH

_qecKHX CetJeHHH" annpoKCHMHpOaaJIC.fl aHaJIHTHqecKHMH ahipa:lKeHH.flMH. 
'B tJaCTHOCTH, MH a3aHMoneH:crauH: H,IJ;ep aecLMa. TO'IHhie pe3yJILTaThi naeT 

npH6JIH:lKeHHe 

113 113 . 
1/3 113 A H AM . ZH ZM v 

a=12,1rr[A· +A +b- +d(l~---)l(l--),M6, 
H M A113 + Al/3 AM, AM Tc 

H M · 

8 

I 
I 
I 

:l ;; 

,\ 
. "'J 

rne T 0 = TAM/(AH +~), T - KHHeTuqeCKa.JI 3Hepqm HOHa, V = 1,44 • 
ZH ZM/[rc (A~ 3 +At{3 )+,\) - ~YriOHOac~mti 6apbep,: .. rc =1,3 ·10-13 CM, 

..\- nnHHa ne6poH:neacKoH: aoJIHhi HOHa; AH,. AM'. ZH , Z M ;_ MaccoaLie H 3a
pHnoaLie lJHCJia HaJieTaiOillero HOHa H Hnpa·MHWeHH; b = 1,85, d = 5 
H C ( T)- nonroHOtJHLie napaMeTphx: B6JIH3H H HH)I(e eynoHoacKoro 6apLepa · 
HCllOJih3YeTC.fl abipa:lKeHHe ,·, 

a = a1 

113 113 ) 2 T~- V . 
(AH +AM ' ln(l+'exp , )., M6~ 

. . a2 . Tc , 

rne a1 , a 2 - noArOHOtJHhie napaMeTphi. YKa3aHHLie amipoKcHMroiim: no3ao
JIRIOT abinOJIH.flTh paCtJeThlnJIH CaMhiX pa3JIHtJin.IX aeme.cra: 

.li,JI.H onHcaHH.H ynpyrux CTOJIKHOaeHHH Mhi HcnoJIL3oaanH <PeHoMeHo
norHtJeCKHe annpOKCHMa!lHH pa60Thi/S/, HeynpyrHe a3aHMoneHCTaH.fl pac
ClJHThiBaJIHCb Ha OCHOae KaCKMHO-HcnaimTenLHOH Monenli /8,9/ . llpH 3TOM 
ytJHThlaaJIOCb H3MeH6JHe CaOHCTa' H,IJ;ep a npouecce a3aHMoneHCTBH.fl acnen
CTaHe abi6HBaHH.fl .tJaCTH HX HYKJIOHOB 191 • napaMeTpbi HeynpyrHX CTOJIKHO
BeHHH c BHYTPHMepHLIMH HYKJIOHaMH pacceHBa!OillHXC.fl nHOHOa H Hy:KJio
HOa {a TaK:lKe CTOJIKHoaeHHH HYKJIOHOa npH a3aHMoneHCTBHH nBYX .Hnep) 
c 3HeprH.HMH, 60JILWHMH HecKOJihKHX r3B, pacctJ~hiBaRHCb c_n-OMOIUI>IO Mo
nenH KaapK-rJIIOOHHhiX crpyH /tO/. llpaana, cneny~ OTMeTHTh; 'ITO a pac
CMaTpHaaeMOH o6JiaCTH T < 3,65 r3B/HYKJIOH 3aMeHa 3TOH MOAeJIH 6onee 
npu6JIH:lKeHHhiM cnoco6oM pactJeTa 1111 cna6o CKa3hiBaeTc.H Ha aenuqHHe 
TennoaLxneneHH.H. 

qaCTb rr -Me30HOa MO:lKeT pacnaCTLCH a npOMe,KyT~e M~)Kny H,IJ;epHhi~H 
B3aHMoneiicTaH.HMH. 3TO o6cTo.HTeJibCTao YtJHThiaaJIOCh. c n~MOIUI>IO H3BeCr-

. . u . . • • ' 0 
HhiX peJI.HTHaHCTCKHX COOTHOWeHHH no 3MaHHhiM apeMeHaM )I(H3HH TT -

+ .. ·.· .. ·.... . . . . . 
H rr-·Me30HOa. . 

OT onHoro cromruoaeHH.H :K npyroMy tJacT~ua ·AaH~eTc.H· npaMonHHeii
HO {non pa3HhiMH yrnaMH :K Hanpaa~eHHIO.nepaHtiHoro 'r~ytJKa), He3a,imcuMo 
oT Toro, rne :no npoucxonHT - a .aemecrae HJIH a. nycrhiX npoMe:lKYT:Kax 
Me:lKny neTaJIRMH KpHocraia " '6onoM:eTpa. · K~im ipae!CropH.H npocne)I(H
aaeTc.H no Tex nop, DO:Ka. tJaCTHiia He BhiHneT. 3'a npeneJihl ripu6opa Hn:~ OcTa-
HOaHTC.fl, 3aMenim:Bwuci. no 3HeprHH: a HecKoiu;:Ko M3B. · · 

Ha puc.10 no:Ka3aHa reoMeTpH.H, 3_ano:lKeHHaH a ocHoay MaTeMaTuqecKo:H 
Monenu. 0Ha conep:lKHT ace :KOHCTPYKTHBHhie neTaJIH H pa3Mephl KpHOCTaTa 
c 6onoMerpoM N~ 1, 3a HCKJIIOtJeHHeM Hec:KOJih:KHX HecymecmeHHhiX ynpo
IUeHHii (3aMeHa npaM~yron_LHLix neTane:H uiillnH:np:HtJec:KHMH,. npeHe6pe:lKe-

- HHe nneHotJHLIMH KOHTariaMH n T.n.). Oco6eHHocTL reoMeTpHH -:-"a HanntJHH 
TOHKHx nerane:H C TOJIIUHHOH, HeMHOro MeHi.me:H cpenHero .HnepHoro npo6e-. 
ra tJaCTHll, 6mironap.H tJeMy 6oJILWHHCTBO -qacr~ npoXOnHT HX, ae HCnhiTaB 

HH onHoro H,IJ;epHoro cro~KHoaeH:H.H n no;ep.Ha . JIHWh otJeHL He6oJILWYIO . 

. 9 



• 15tJOA 

,.~c 

-
3.65 ra~ 

H!/K. 

I. 3 I .t9 .. 1 <91-? .1 (,5 1- 5 -8 :461 45 I 43 

Pnc.lO. f'eoMeTpHH: npneMuoro ycrpoiiCTBa, ncnonb3oBauHaH npn MaTeMaTH· 

qeCKoM ~oAennpoB~HH paAHaWJOHHoro TennoB&IAeJieuHH. Pa3Mep&I B MM, 

TonmHHa BTCIT·nneuKn B aurcrpeMax. 

;o;omo csoeii JHeprHH Ha HOHH3an;mo cpe,n;hi; llo<~ToMy, liT06bi nonyqHTb y;o;os
neTsopHTenbHyro TO~OCTb, npHXO,Il;HTCH paCC~TbffiaTb KaCKa,IJ;bi OT orpOMHO
ro ~ena 6oivi6ap,Il;HPYIOinHX qaCTHU H 3aTpa.;mBaTb. oqEmb 6onbUIOe BpeMH 
~a' 3BM. YMeHbUIHTb ero MO:>KHO nyTeM Ha6opa cnen;uanbHbiM o6pa30M no
;o;o6paHHbiX eTaTHeTHqecKHX BecOB. 

lloHCHHM anropHTM TaKoro paeqera 6onee no;o;po6Ho. llpe;o;nono::>KHM 
CHaqana, liTO Bee qaeTHD;bi ,Il;BH)I(}'TCH B O,Il;HOM HanpaBneHHH B,Il;Onb OeeBOH 

. nHHHH (pue.10). llpeHe6pro~<eM TaK)I(e noKa H3MElHeHHeM HX 3HeprHH (a ene
,Il;OBaTenbHO, H BepOHTHOcTH B3aHMO,IJ;eHeTBHH) H3-3a HOHH3aiJ;HOHHbiX npo
n;eceOB B npoM~TKax Me)I(,Il;Y H;o;epHbiMH CTonKHOBeHHHMH. Tor;o;a sepoHT
HOCTL eTOnKHOBeHHH qaCTHD;bi BHyTpH i ·H ,Il;eTMH HaUiero npu6opa 
- ~ 

rui=~i-1-~i' ~i =exp(-~_~fi/.\i) • 

r,n;e £ i H £ i _ 1 - KOOp,Il;HHaTbi KOHD;a H Haqana 3TOH ,Il;eTMH ( f = 0 - KOOp· 
;o;HHaTaTo~usxo;o;a, ~e. =f. -e. 1 -Tomn;uHa i-ii,n;eTanu), . .\

1
.-cpe;o;-

. 1 1 1-
mm eso6o;o;HbiH npo6er B sexn;eCTBe paceMaTpHBaeMOH ,IJ;eTanH. KoHKpeTHbiH 
HOMep ,n;eTanH, B KOTopoii npoB3aHMo;o;eiiCTBosana %CTHUa, pa3birphmaeTCH 
e noMoxn;i.ro ;o;aT~Ka eny~Ix ~een, paenpe;o;enHIDxn;ero ux paBHOMepHo 
no mriepsany ( 0, 1) • llpH 3TOM ;o;nH TOHKHX ,IJ;eTMeH, ,IJ;nH KOTOpbiX 

10 

~e 
1 
I.\ 1 .« 1, w1 = 0. B noM KaK pa3. H eoeTowr. Tpy;o;HoCTb npHMoro cno

co6a Mo;o;enupoBaHHH. qTo6bi ee o6omu, sse;o;eM <lJopManbHbie (seeoBbie) 
sepoHTHOCTH w pi ; HanpHMep, 6y;o;eM cqHTaTb see AeTMH paBHonpaBHbiMH, 
Wpi = 1/8. C nOMOID;biO 3THX BepOHTHOCTeH 6y;o;eM pa3birpbiBaTb HOMepa 
,n;eTaneH, B KOTOpbiX npoHeXO;o;HT B3aHMO,IJ;eHCTBHH KaCKa;o;iJbiX qaeTHU, H KO· 
op;o;HHaTbi ToqeK B3aHMO,IJ;eHCTBHH (eM. <lJopMyny (41) pa60Tb1 /8/): 

£=£ 1_ 1 -"-tln l( +rCt 1_ 1 -~1 )1. "-; 

r;o;e y - Ka)I(,IJ;biH pa3 3aHOBO Bhi6upaeMoe pasHoMepHo pacnpe;o;eneHHoe 
cnyqaftHoe qucno. 

lfeTHHHble 3HaqeHHH HCKOMbiX senHqHH (B, ,Il;aHHOM cnyqae BenH~bi. 
TeDnOBbi,IJ;eneHHH B Ka)I(,Il;OH H3 BOCbMH ,IJ;eTaneii (puc.10)) nonyqHM, YM!IO· 
)I(HB Bbi~eneHHbie C nOMOID;biO BepOHTHOeTeH Wpi 3HaqeHHH Ha CTaTHCTuqec

KHe seca p1 = li> / wpi' To ecTh X 1 =X pi p1 • 

06o6xn;eHHe anropHTMa Ha enyqaft TpeXMepHOH reoMeTpHH TpHBHMbHO. 
lf3MeHeHHe npo6erOB %CTHD; Bene,n;CTBHe HOHH3aD;HOHHblX npon;eceOB nerKO 
yqecTb "MeTO,Il;OM BbipaBHHBaHHH ceqeHHH", nyTeM ,Il;OnOnHHTenbHOH 6paKOB· 
KH <lJHKTHBHbiX B3aHMo;o;eiieTBHH. 3TOT MeTO,Il; n03BOnHeT npOCTO yqecTb Ha· 
nu~e nyCTbiX ( .\ = 0) npoMe)I(}'TKOB Me)K,Il;y ;o;eTanHMH npu6opa. 

lloeKOnhKY B HaUIHX 3KenepHMeHTaX HCnOnb3YeTCH UIHpOKHH nyqoK 
HOHOB, 3aXBaTbiBaiDID;HH He TOnbKO BXO,Il;HOe OKHO KpHOCTaTa, HO H 3Haqu
TenbHYIO qaeTb ero npHne)l(alD;HX CTeHOK, B pacqeT BBO,IJ;HneH eTaTHCTHqeeKHH 
sec (paBHbiH OTHOIUeHHro nn~xn;a;o;eii OKHa H yqHTbmaeMOH qaeTH CTeHKH 
C pa;o;eyCOM 10 CM), ycHnHB~In;HH BKna,Il; TeX HOHOB, KOTOpbie nona;o;aroT 
B KpHoCTaT CKB03b epaBHHTenhHo ena6o nornoxn;aroxn;ee KBapn;esoe CTeKno. 
B Ta6n.2 npHBe;o;eHbi pacqeTHbie TennoBhi;o;eneHHH B yKa3aHHbiX Ha pue.10 
;o;eTanHx. BpeMH pacqera Ha 3BM c 6hieTpo;o;eiiCTBHeM MHnnHoH ·onepan;uii 
B eeKYH,IJ;y TeDnOBbl,IJ;eneHHH, nopO)K,Il;aeMOrO noTOKOM 10 3 HOHOB, 6oM6ap· 
;o;upyroiD;Hx I<:pyr pa;o;uycoM 10 eM,- oKono nonyqaca, B TOM qucne nonTOpbi 
MHHYThi Ha TpaHenHn;mo nporpaMMbi e H3biKa il>OPTP AH. TiporpaMMa 3aHH· 
MaeT oKono 580 K6aiiT naMHTH 3BM. 

KaK BH,Il;HO H3 Ta6nHD;bi, OCHOBHOe Tenn~Bbl,IJ;eneHHe npoHeXO,IJ;Irr B CTeH· 
Kax KpuocTaTa H anroMHHHeBblX JKpaHax. O;o;HaKo ,n;nH pa6oTbi npu6opa 
cyxn;eCTBeHHbiM HBnHeTCH nHUib Tenno, Bbi,IJ;enHIOID;eeCH B CaMOH ronOBKe 
6onoMeTpa (,n;eTanH 5-8, eM. pue.10). 3HaH eyMMapHYIO MOID;HOCTb Tenno
Bbl,n;eneHHH B 3TOH qaeTH npH6opa Q =8 ~ Qi ( 8 - DnOID;a,IJ;b nyqKa HO· 

i > 5 . . 
. -

HOB) H K03<lJ<lJHn;HeHT TennonOTepb· OT nep)l(aTenH 6onOMeTpa K ;o;ily KpHOCTa· 
Ta (eM. Ta6n.1), MO:>KHO onpe,n;enHTb neperpeB 6onoMeTpa no onioUie
HHIO K • ,n;Hy KpHOCTaTa: .~T = Q/G = 5;0.10 -B K . (B pacqeTe· 
Ha 800 HOHOB/ ( CM 2 C) ) eoeTaBnHeT He3HaqHTenbHyiD ,IJ;OniO. UIHpHHbi 
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Ta6nut~a 2 
, TermoBLine.rreHHe B nerarrax KpuocnlTa H 6onoMerpa a pacqeTe 
Ha 103 anep 12C 1 (cM2. c) 

)leTaJIL KOHCTPYKQHH 

1. 0reHKa KpHOCTaTa 
2. Bxonuoe OKHO 
3. 3KpaH 
4. 3KpaH 
5. )lep:lKa.TeJih 6ono Merpa 
6. 0CHOBaHHe 6oJIOMeTpa 
7. qyacmHTeJibHhiH 3JieMeHT 
8. llonno*Ka 

MaTepuarr 

AI 
8102 
AI 
Al· 
c~ 
Al 20 3 
Y Ba2Cu30 7 _ x 

SrTi03 

Qi,M3B 

2,6·10 4 

93 
1,6-104 

1,5·,104 

7,7·10 2 

- 15 
9,4·10-6 

6,3-10-4 

nepexona ~Tc (eM. Ta6n.l). 113 conoc.faaneuHH ~Hc.3 H 4 aunuo, qTo TaKue 
H3MeHeHHH TeMnepaTyphi, KaK H llOKa3aJIH HalliH Ha6moneHHH, He MOryT 3a
MeTHO CKa3aTbCH Ha qyBCTBHTeJibHOCTH npu6opa. )lJIH 3TOrO HY)I(Hbl H3MeHe
HHH pa6oqeH: TeMnepaTypLI ~T = 0,1 K (H3MeHeHHe qyacTBHTeJihHOCTH 10%) 

-H, COOmeTCTBeHHO, HHTeHCHBHOCTb nyqKa HOHOB 12C npHMepHO 10 7 -
·108 HOHOB/ (cM 2• c). _tina 6onee TH)I(eJibiX HOHOB KPHTH'IeCKaH HliTeHCHB· 
HOCTb MeHbllie. 

PactJeT noKa3hiBaeT, liTO pannaQHOHHhiH neperpea 6onoMerpa cy~eCT
BeHHO 3aBHCHT OT era KOHCTpyKTHBHhiX OC06eHHOCTeH, HanpHMep, yBeJIHtJe
HHe pasMepoa nep*aTenH H ocHOBaHHH 6onoMerpa ( i = 5,6) no 10 CM noabi· 
maer TeMnepaTypy ~T Ha naa nopanKa- no 6,0 ·10 - 4 K. 3aMeHa arrroMH· 
HHeBhiX 3KpaHOB ( i = 3,4) Ha MenHhie YBeJIHqHBaeT ~T Ha 10-15%. 

5. 3AKJIIOqEHHE 

3KcnepHMeHT H paCtJeTbl llOKa3hiBaiOT, qTO cy~eCTBYIO~e KOHCTpyK
QHH_ BTCII-6onoMerpoa npaKTHtJeCKH He qyaCTBHTeJihHhi K noJIHM. CHJihHO 
HOHH3Hpyro~HX H3JiyqeuH:ii C 3apHnOBhiMH qHCJiaMH Z .< 10 BIUIOTb no HH· 
TeHCHBHOCTeii 107 -10 8 HOHOB/ (cM 2• c). BMeCTe C TeM 6oJiblliHe no3hl o6-
nyqeHHH npHBOnHT K nonHoMy paspymeHHIO caepxnpoaona~eH: <IJa3hi. 
3ToT 3<lJ<IJeKT 3acny)I(Haaer narrLHeiimero H3yqeHHH. 

· llOJib_3yeMCH cnyqaeM Bbipa3HTb 6naronapHOCTb )l.B.AKHHblliHHY, 
A.B.3apy6HHy, B.,ll.3enLnuqy, B.B.IIepenhirHuy, B.H.CMHpHoay, B.B.THxo
MHpoay 3a noMo~h B npoaeneHHH 3KcnepHMeHTOB H A.C.AneKcaunpoay 
3a QeHHbie COBeThl H 3aMeqauHH. 
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