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BBE,IlEHHE 

KaK H3BecTHo. H3MepHTenbHwe CHCTeMW co CKBH,IlaMH lOT SQUID -
superconducting quantum interference devicel ·HaMHoro npeBOCXOAAT 
nn6we APyrHe npH60pw no 3HepreTH4ecKoH 4YBCTBHTenbHOCTH. AOCTH
ralOlI.\eti 10-12 3B· r~ -1 IAnA THnH4HWX YCTpoikTB - 10-9 3S' r~ -11 
H npH6nH*a~lI.\eHCA K ~YHAaMeHTa~bHOMY KBaHTOBoMY npeAeny - nOCTOAH
HOH nnaHKafi = 4.10-15 3B.r~-. 3aAa4a 3KcnepHMeHTaTopa 3aKnlO
4aeTCA B nonY4eHHH MaKCHManbHoro K03~H~HeHTa npe06pa30BaHHA 
H3MepAeMO~ BenH4HHW B H3MeHeHHe MarHHTHoro nOTOKa ~~. Ha KOTO
poe HenocpeACTBeHHO pearHPyeT CKSH,Il, H B MaKCHManbHOM CHH*eHHH 
BnHAHHA Bcex B03MO*~WX HCT04HHKOB II.\YMOB. BBHAYYHHKanbHOH 4YBCT
BHTenbHOCTH TaKHe CHCTeMW Bce 60nee WHPOKO Hcnonb3yIOTcA B ~H3H
Ke TBepAoro Tena, re~H3HKe, MeAH~HHe. 6HonorHH/1-~/H CTaHOBATCA 
TaKOH me 06W4HOH 4aCTblO 060PYAOBaHHA HH3KOTeMnepaTypHwx na60pa
TOPHH, KaK BaKYYMMeTpw HnH ~H~pOBwe BonbTMeTpW.HecOMHeHHO. 4TO 
B 6YAYII.\eM H B AAepHO~ ~H3HKe Hcnonb30BaHHe CKSH,IlOB C03AaCT HO
Bwe 3KcnepHMeHTanbHwe B03MO*HOCTH. 

06mAfl XAPAKTEPHCTHKA CHCTE~ 

B 3TOH CTaTbe npHBOAHTCA onHcaHHe pa3pa60TaHHOH BKpHoreHHOM 
oTAene fla60paTopHH BWCOKHX 3HeprHH H3MepHTenbHOH CHCTeMW Ha OC
HOBe CKBH,Ila. nepB004epeAHOH ~enblO6wno npH06peTeHHe onwTaB npoeK
THpOBaHHH H npoBeAeHHH H3MepeHHH Ha TaKHX CHCTeMax.DAHaKO xapaK
TepHCTHKH YCTaHoBKH OKa3anHCb Ha YPOBHe THnH4HWX H n03BonAIOT no
nY4aTb HOBylO ~H3H4eCKYIO HH~opMa~HIO. HeKOTopwe H3 nepBWX nonY4eH
HWX pe3ynbTaToB npHBOAATCA B KOH~e pa60TW. 

CHCTCMY MO*HO eCTeCTBeHHWM 06pa30M paaAenHTb Ha ABe 4aCTH: 
HH3KOTeMnepaTypHYIO BCTaBKY, npeAHaaHa4eHHYIO, B OCHOBHOM. AnA 
H3MepeHHA CTaTH4eCKOH MarHHTHOH BocnpHHM4HBOCTH X cna60MarHHT
HWX Bell.\eCTB npH TeMnepaType 4,2 K, H perHCTpHpy~y~ 3neKTpOHHKY, 
KOTopaA Mo*eT Hcnonb30BaTbCA H AnA Bcex nocneAY~HX nnaHHPyeMwx 
pa60T. 

1.1. 3neKTpoHHKa. 6aaoBaA cxeMa, npHH~Hn pa60Tw 

Ha pHc.1 B caMOM 0611.\eM BHAe npeACTaBneHa 06w4HO Hcnonb3yeMaA 
H3MepHTenbHaA CHCTeMa co CKBH,IlOM. 3TO - .CHCTeMa C OTpH~aTenb
HOH 06paTHoH CBA3blO IODCI no nOTOKY, B KOTOPOH CKBH,Il ABnAeTCA 
Hynb-HHAHKaTopOM, T. e. ,..__.H_ ...~~ .~..,__ .._ 

7-. 
nOTOKa 4epes 
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PHC. I. 0t506~eHHaH: CXeMa H9MepHu.dt) 
u_ItI=u.itt+u...uI+U ... ru TenhHol!: CHCTeMbI co CKBH,IlOM AJ1H: 

HH9KOQaCTOTHhlX MarHHTHMX H9Mepe

HHl!:. 

K 

KOHTYP KBaHTOBaHHR C nJlOlqa,(lblO S. Onpe,(leJlReMOe KaK AeIl= I ADdS, 
Ir,(le An - HSMeHeHHe MarHHTHoro nonRI H CKJla,(l~Ba~eeCR HS CHrHaJla 

eIlx • WYMa eIl H nOTOK"a OOC ell oe' nO,(l,(lepl!(HBaeTCR 6J1HSKHM K HYJlD. N 
Bee,(leM 
- Jl/I'(w) - - . j/fl(W)
O.u(jw)=O'(w)e • F~eIl ",,0. Fuell0w)""F(w)e 

- KOMnJleKCH~e K03~H~HeHT~ npRMOH H 06paTHoH nepe,(la4H, CBRS~BalO


~He cneKTpaJlbH~e KOMnOHeHT~ nOTOKa H HanpRl!(eHHR npH saMKHYTOH 


OC COOTHOWeHHRMH /6e3 Y4eTa WYMa/: 


ell ( -, -	 G' 
oe w) '" ell (w) G F U. (w) '" eIl (w) _ _;: eIlll. (w) O. /11blle xx - 1-0'F 	 1-0'F 

3,(1eCb H ,(IaJlee WTPHXOM OTMe4alOTCR BeJlH4HH~ B pel!(HMe C paaOMKHY
TOi'i OC. 4T06~ Hai'iTH OTKJlHK U BblX(t) Ha npOHSBOJlbHO MeHRIO~HHCR 
CHrHaJl eIlx(t), Ha,(lO HCnOJlbSOBaTb npRMOe H 06paTHoe npe06pa30Ba
HHR CIIYPbe eIl (t) H U BIiIX(w) COOTBeTCTBeHHO H COOTHoweHHR 11 I.x 
npH W'" 0 ,(InR peaJlHSa~HH OOC He06xo,(lHMo. 4T06~ /fI(O) +t/I'{O) =-71', 

G'(O) F(O)
Tor,(la eIl CO) =-eIlx{O) • H eCJlH neTJleeOe YCHJleHHeoe 

1 + G '(0) F(O) 

O'{O) F(O)>> 1. "ITO BCer,(la ocy~eCTeJlReTCR, TO: 

-1 
ell (O):: - ell CO). (0) = ±eIlll.{O) F (0). 	 /21oe x U BbiX 

OTC~,(Ia BH,(IHO, "ITO OOC nOSBOJlReT Hs6aBHTbCR OT SaBHCHMOCTH B~
XO,(lHoro CHrHaJla OT xapaKTepHCTHK npRMoro TpaKTa H nOJlY4HTb JlH
Hei'iH~i'i B~XO,(l. nOCKOJlbKY ~enb OC CO,(lepl!(HT TOJlbKO naCCHBH~e JlH

Hei'iH~e 3J1eMeHT~. npH YBeJlH4eHHH 4aCTOTbI 	CHrHaJla eIloe{w) npH06pe
TaeT ,(IOnOJlHHTeJlbH~H no' OTHOWeHHIIJ K \floe(O) CIIa30B~H C,(IBHr Af), H. 
KpOMe Toro, sa C4eT YMeHbweHHR neTneBoro YCHJleHHR O'{w)F{w) 
paCTeT CHrHaJl OWH6KH eIl =eIl +eIlll. IpHC.2/. npH MJ", -'IT OC ow oe 
CTaHOBHTCR nOJlOl!(HTeJlbHoi'i, H, eCJlH npH 3TOM a 'F ?: 1. TO CHCTeMa 
TepRet YCTOH4HBOCTb H Bos6Yl!(,(IaeTCR. AHarpaMMa neTJleBOrO YCHJle
HHR AIlR YCToi'i4HBO~ CHCTeM~ HMeeT BH,(I, npHBe,(leHH~i'i Ha,pHc.3, r,(le 
8.{G'F) H 8f) -3anac no YCHJleHHIO H CIIa3e cooTBeTcTBeHHO. B ,(Iei'icT
eHTeJlbHOCTH pa60TOCnOCOQHOCTb CHCTeM~ MOl!(eT 6~Tb HapyweHa aHa
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PHc.2. HnnrocTpaQHH: AHHaMHQeCKHX 
CBOl!:CTB CHCTeMbl AJI~ rapMOHHQe
CKHX CHrHanOB. 

wt JD 
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PHc.3. llHarpaMMa neTJleBOrO YCH- ~ 
JleHHH: AJlH: YCTOl!:'lHBOl!: CHCTeMbI. , 

Kt 
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Sv
,. PHc.4. CTaHAapTHaH: 6J10K-CXeMa H3MepHTeJlhHol!: CHCTeMbI. 

4HTeJlbHO paHb~e, 4eM AO ,(IOCTHrHeT -'IT, "ITO 06YCJlOBJleHO cne~H
CIIHKOH CIIYHK~HH G<r,u (0). BBH,(IY npaKTH4ecKoi'i Bal!(HOCTH 3Toro CBOi'iCT
ea He06xo,(lHMO ~o,(lp06Hee paCCMOTpeTb CTaH,(IapTHYIO 6J10K-cxeMY 
IpHC. q/. KaHaJl npRMoro npe06paSOBaHHR ell ... U 06pasoBaH peso

HaHCH~M KOJle6aTeJlbH~M KOHTYPOM LpC p • HH,(IYKTHBHO CBRSaHH~M CO 
CKBHAoM,H 6J10KaMH: 1 - YCHJlHTeJleM B~COKOi'i 4aCTOT~ IYB4/, 2
aMnJlHTY,(IH~M ,(IeTeKTOpOM lAA/, 3 - YCHJlHTeJleM HHSKOH 4aCTOT~ 
IYH4/, q - CHHXPOHH~M ,(IeTeKTOpOM ICA/, 5 - aKTHBH~M CIIHJlbTPOM 
HH3KHX "lacTOT - HHTerpaTopOM IH/. KaHaJl 06paTHoro npe06paso
BaHHR U ... ell 06pa30BaH conpOTHBJleHHeM oopaTHoii CBR3H 
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PHc.5. CTaTHqeCKag saBHCHMOCTh 

HanpHEeHHA B XapaKTepHNX TOqKaX 

6JIOK-CXeMbi OT BXoAHOrO CHI'HaJIa. 

li. 

~: Roe =R1_ + R5 H KaTywKoH L R. 

<I>.c;...lIl 
 TaK 4TO ~ucll(O) ""MR~~ 1 rAe M -

BsaHMOHHAYKTHBHOCTb LR H CKBHAa. 
~ 4acToTHaR 3aBHcHMoCTb Fucll(w) H 

<1>0 c;6(w) onpeAeJ1ReTCR napa3HTHOH eM
KOCTbKl Ka6eJ1R MelKAY _ H R •R I 8 5 
KOHTYP L pCp BoaOYlKAaeTCR B6nlll3H-lJawrl_ 
peaoHaHcHoH 4aCTOT~ HCT04HHKOM 
TOKa i p /reHepaTOp HaKa4KH 6+R/, 
TaK_4TO Ha'2.pR~eHHe Ha HeM Up = 
eipZp.rAe Zp - HMneAaHC KOHTypa. 
CKBHA paOOTaeT KaK napaMeTpH4e
CKHH npe06paaOBaTenb, MOAynHpy~
Il.\HH ReZp H ImZp • npH4eM 06e 

<l>YHK~HH RBJ1ROTCR nepHOAH4eCKHMH no clI% C nepHOAOM, paBH~M KBaHTY 
MarHIIITHoro nOTOKa cliO = 2' 10-15 B6. cIIHaHKa CKBHAa Hero BJ1HR
HHe Ha pe30HaHCH~H KOHTYP paCCMOTpeH~ B MHor04HcneHH~X opHrH

/IHanbH~X paOOTax H MOHorpa<l>HRx, HanpHMep, B - 6 ( npHBeAeHHaR 
cxeMa pearHPyeT Ha peaYJ1bTHpy~y~ aMnJ1HTYAHY~ MOAYJ1R~H~ Up. 
TaK 4TO craTH4eCKaR aaBHCHMOCTb HanpRlKeHHR UA(clI:a:,) B T04Ke A 
cxeM~ npH paaoMKHYTOH OC ~MeeT nHnooopa3H~H BHA /pHc.5a/. 4TOO~ 
ynY4WHTb OTHoweHHe CHrHaJ1/wYM npH Man~x HaMeHeHHRX 8cl1%. HCnOJ1b
ayeTcR BcnOMoraTenbHaR MOAYJ1R~HR nOTOKa Ha 4aCTOTe n C nocneAYO
Il.\HM CHHXpOHH~M AeTeKTHpOBaHHeM. MOAynR~HR OCYll.\eCTBnReTCR reHepa
TOPOM 7, <l>opMHpOBaTeJ1RMH 8-10 H KaTywKoH Lp. KaHaJ10nOpHOro CHr
Hana AJ1R CA 06paaoBaH <l>a30Bpall.\aTeneM 11 H <l>opMHpoBaTeneM 12. 
OnTHManbHaR aMnnHTYAa MOAynR~HH npHMepHO paBHa clI /4 (61 npH paso
HOCTH <l>a3 CHrHaJ1bHOrO H onopHoro HanpRlKeHHH - 0 HJ1H " paA, B~
xOAHoe HanpRlKeHHe HHTerpaTopa /C paaOMKHYTOH OC/ COOTBeTcTByeT 
nHno06paaHoH 3aBHCHMOCTH Ha pHc.50 /nH60 C npOTHBOn0J10lKH~M 3Ha
KOM/. 3TOT rpa<l>HK H onpeAenReT O~u(O). Hs Hero BHAHo. 4TO MOAYJ1b 
K03<1>c11H~HeHTa npe06pa30BaHHR Iyl= IdU~blx(clI:a:,)/dcll%1 ... const. 
a y MeHReT 3HaK B T04Kax HanOMa xapaKTepHCTHKH, nplIIBeAeHHoH Ha 
pHc.5a. npH 3aM~KaHHIII DC KJ1Kl40M Ks YCToH4HBoe COCTORHllle CHCTe
M~ /T.e. C OOC/ 6YAeT COOTBeTCTBOBaTb HaXOlKAeHH~ pa604eH T04KH 
B HHlKHHX /BepxHHx/ T04Kax H3J10Ma 3TOH xapaKTepHCTHKH, a BepXHHe 
/HHlKHHe/T04KH OYAYT COOTBeTCTBOBaTb TorAa COCTORHHD C nonOlKHTenb
HOH DC /noc/, KorAa H3MeHeHHe clI:a:, B~S~BaeT HSMeHeHHe clI 00 Toro lKe 
3HaKa. B 3TOM cnY4ae HapaCTaHHe 11II:a:, +clI 00 I npOHCXOAHT AO Tex 
nop, nOKa CHCTeMa He nonaAeT B 6nHlKaHWY~ YCTOH4HBYro T04KY. 
npRMbie 1 H 2 Ha pHc.56 COOTBeTCTBY~T CTaTH4eCKHM aaBHCHMOCTRM 
USbIK (clI% ) "" clI:a:, 0cllu(O) nocne 3aM~KaHHR DOC npH pasHoH BenH4HHe 
Roc' AlilanaSOH 1113MeHeHHR 1II:a:,' 0603Ha4eHH~H A, eCTb AlilHaMIII4ecKIIIH 
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AHanaSOH npH60pa npH B~paHHoM Roe' O~uSO) onpeAenReTCR npOHS
Bep;eHHeM K03<1>c11I11~HeHToB nepeAa~H H, CA, AA iii K03<l>cllH~lIIeHToB YCHJ1e
HIIIR YH4.YB4. a TaKlKe K03<1>c11H~lIIeHToM npe06pa30BaHHR E = dU / dcll 

v 5 P B %Ha J1HHeHH~X Y4aCTKax xapaKTepHCTIIIKIII, nOKa3aHHOH Ha pHC. a. ep-

HeMCR Tenepb K pHc.2. oT06palKaQll.\eMY AHHaMIII4eCKHe CBOHCTBa CH

.CTeM~. Hs CKaaaHHoro 04eBHAHO, 4TO CHrHan OWHOKH He AOJ1lKeH npe
B~aTb lto/4. B npOTIIIBHOM cnY4ae nOTOK MOAYJ1R~IIIH 6YAeT "sa~en
nRTbCR" 3a coceAH~~ C YCTOH4HBOH T04KY 1113nOMa, B KOTOpOH OCYll.\eCT
BJ1ReTCR noc, H CIilCTeMa 6YAeT nepeCKaKHBaTb H3 OAHoro yCTOH4HBO
ro COCTORHHR B APyroe. 3TO npORBnReTCR B CKa4Kooopa3H~X H3MeHe
HHRX U SbiX' 3HaR O~u (w) H F ucll(w). MOlUHO HaHTH 3aBHCHMOCTb MaKCH
ManbHOH aMnnHTYA~ nIllHeHHO-MeHR~ll.\erOCR ClllrHana 111% OT CKOpOCTH 
dlt /dt, KorAa CIilCTeMa ell.\e He Hcn~T~BaeT pa3p~BOB B neTJ1e ~C. 
n~J. 0v v
~IR npaKTIII4eCKHX ~eneH YAO Hee CTPOIIITb 3aBlllClilMOCTb MaKCHMaJ1bHOH 
aMnnIllTYA~ rapMOHH4eCKoro BXOAHoro ClllrHana clI%W smwt OT w. KaK 
npaBIIIJ10. ~u(w) III ';"(ru) onpeAenRIOTCR 4acToTHoi>! 3aBHCHMOCTblO 
K03<1>c11H~lIIeHTa nepeAa4111 IIIHTerpaTopa Ku(ru) =K~(O)(I+Jw/rult )-;1 
rAe '" (RMCM)-1 - 4aCTOTa cpeaa. Ha KOTOPOH K03<1>c11I11~HeHT neperu lt 
Aa4111 naAaeT Ha 3 A6. TorAa O~u(jru)",O'(O)(1+jru/w .. )-l. 
npeHe6peraR eMK.,9CTblO Ka6enR B l,\enlll OC, nonOlKlilM tl'Ucll(jru) '" F(O). 
ClllrHaJ1 owlll6KIII clI ow =clI% +cti oc B nplIIOJ1l11lKeHIIIH G'(O) F(O) »1 paBeH: 

j'l1 
/3/ruTIt 11 e~ow (w) ",1II%(w) (0'2FI!+ru2T~) 

xrAe tn= O'(O)E(O) Hnlll clI. ';'clI rAe x =ru',/O'(O)F(O).ow %WTIt • (I+X2)~ • 

AnR yCTOH4HBOH paOOT~ CIIICTe~ C DOC HeooxoAIIIMO, 4T06~ 

clIow <: clio -cliO =1clio • 

Ha 3Toro HepaBeHCTBa nonY4aeM COOTHoweHHe 
nJ1HTYAOH rapMOHIII4eCKoro BXOAHoro ClllrHaJ1a, 
nepeCKOKOB pa604eH T04KIII: 

~~ 

r < G'(O) F{O) { 16(.!&.f _11-~/2 
- 2",.. clio 

I 

/4/ 

MelKAY 4aCTOTOH H aM
KOTOP~H He B~3~BaeT 

/5/ 

cIIYHKl,\HR 1:/v'1+1:2 RBnReTCR orpaH1II4eHHOH, BCIOAY MeHbweH 1, n03TOMY 
nplil clI < 1/4 clio ycnoBHe /4/ B~nOJ1HReTCR nplil J1100~X 4aCTOTax, III 
peanbJaR pa604aR nonoca onpeAeJ1ReTCR B 3TOM CJ1Y4ae 1113 COOT Howe
HIIIR -/1/ no YPOBHIO - 3 A6 U.bIX nplil nOCTORHHOM clI%ru' < AMnnlllTYAa It%ru 
orpaHIII4eHa cBepxy MaKCIilManbH~M B~XOAH~M HanpRlKeHllleM IIIHTerpaTopa: 
It% max (ru) = MU R;e

1 
• 

-
KOM6I11Ha~IIIR 3TOrO ycnoBIIIR III HepaBeHCTBa /5/max 

C Y4eTOM 3aMe4aHIIIR AnR MaJ1~X clIx AaeT peanbHYIO pao04Y~ 06nacTb 
MarHIIITOMeTpa no aMnnHTYAaM III 4aCTOTaM rapMOHH4eCKIIIX BXOAH~X 
ClllrHaJ10B. PaccMOTpeHH~e orpaHH4eHHR Ha cneKTp BXOAH~X ClllrHaJ10B 
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o6t.I~HO ABJUtlOTCA HaM60nee lKeCTKHMH. HeHee lKeCTI'<oe CIIYHAaMeHTanl.· 
HOe orpaHH~eHMe CBAsaHO C ~aCTOTOH MOAynA4HH O. npH onTHManbHO 
cnpoeKTHpOBaHHOH 3neKTpoHHKe 6b!CTpOAeHCTBHe CHCTeMbI onpeAenAeT
CA 3TOH ~aCTOTOH, KOTopaR 06b1~HO Bbl6HpaeTCA B AHanaSOHe 11
1001 Kr4. B HaweM,npH60pe 0 paBHa 75 Kr4. npH AaHHoH 0 MaKCH
ManbHO-BOSMOlKHaA ~aCTOTa cpesa (U M IT. e. pelKHM C HClH60nbWHM 
6b1cTpoAeHcTBHeMI onpeAenReTcA ycnoBHeM Q'(O) F(O) < 1. PeanHsoBaTb 
TaKYIO pa60l.4YIO nonocy HaM nOKa He YAanOCb Hs-sa napaSHTHblx 4laso
BblX CABHrOB B H4-KaCKaAax, npHBOARmHX K aOSHHKHOBeHHIO noc Ha 
60nee HHSKHX ~aCTOTax. 

1.2. 3neKTpoHHKa. YB4 H BXOAHaR 4enb 

KaK BHAHO HS pHc.4,BxoAHaA qenb 06pasoBaHa peSOHaHCHblM Kone
6aTenbHblM KOHTYPOM HS cocpeAOTo~eHHblX 3neMeHToa Lp H Cp,/Haxo
ARmHXCA npH renHeaoH TeMnepaTypel HS eMKOCTH caASH C1 H BblXOAHO
ro Ka6enR. TaKaA CXeMa nosaonReT nonY~HTb BblCOKYIO A06poTHocTb 
KOHTypa, ecnH,Lp HsrOTOBneHa HS cBepxnpoBoARmeH npOBonOKH, a 
C1 Mana. BblCOKaR A06poTHOCTb yny~waeT paspeweHHe sa c~eT YBenH
~eHHR K0341CIIH4HeHTa npe06pasoaaHHR e = dUp/d4lx' HO orpaHH4HBaeT 
pa604YIO nonocy 4acToT npH60pa BenH4HHOH nopAAKa fp Q -1. KpoMe 
Toro, AnR nonHoH peanHsa4HH aOSMOll(HOCTeH 60nbwoH A06pOTHOCTH Q 
He06xOAHM oxnall(AaeMblH npeAYCHnHTenb C 60nbwHM BXOAHblM conpo
THaneHHeM. TaKHe cxeMbI nOSBonRIOT AOCTH~b paspeweHHR, orpaHH4eH
Horo nHWb c06cTBeHHbIMH WYMaMH' CKBH,Qa, HO OHH BeCbMa CnOll(HbI B 
HacTpOHKe H HeTeXHonorH~Hbl/7/. HaH60nbwee pacnpOCTpaHeHHe nony
4Hna cxeMa C KOHTYPOM, 06pasoBa'HHblM Lp HS MeAHoH npoBonoKH, H eM
KOCTblO Cpo 06paSOBaHHOH HS eMKOCTH BblxOAHoro Ka6enR, BXOAHOH 
eMKOCTH YB4 H He60nbw6ro nOAcTpoe4Horo KOHAeHcaTopa Ha BxoAe 
YB4. 3Ta cxeMa Tpe6yeT npHMeHeHHA nHWb npOCTeHwero reHepaTopa 
HaKa~KH Ha CIIHKCHpoaaHHOH 4acTOTe, H BBOAa B KpHocTaT Bcero OA
Horo Ka6enR. npHBeAeHHaR Ha pHc.4 cxeMa Hawero MarHHToMeTpa AB
nAeTCA npOMeIl(YT04HOH, nocKonbKY eMKOCTb CBRSH C1 He 04eHb Mana 
1= 30 neIIl 14, XOTR Lp HsrOTOBneHa HS caepxnpOBOAHHKa, AofipOT
HOCTb orpaHH4eHa nOTepAMH B Ka6ene H BXOAHblM conpOTHBneHHeM 
YB4 AO SHa4eHHRQ =200. C APyroH CTOPOHbI~ K03\llCllH4HeHT BKnlO
4eHHR KOHTypa p = 0,25 nOSBonAeT HcnonbsoaaTb BO BXOAHOM KaCKa
Ae YB4 KaK noneBble, TaK H 6HnonRpHble TpaHSHCTopbl. PeSOHaHCHaR 
4aCTOTa KOHTy'pa -,20 Mr4. KaK aHAHO HS pHc.4, B KpHOCTaT BBO
AATCR TPH Ka6enR. ,QononHHTenbHblH TennonOAaOA, BHOCHMblH HMH, He 
RBnReTCR B AaHHOM cny~ae orpaHH4HBalOmHM 4laKTopOM. 

Ha pHc.6 npHBeAeHa npHH4HnHanbHaR cxeMa YB4. 3a OCHOBY BSA
Ta paHee paspa60TaHHaA cxeMa /8/.'WHpOKononOCHblH YCHnHTenb HSAByx 
ceK4HH C ranbaaHH~eCKHMH caRSAMH HMeeT aMnnHTYAHO-4aCTOTHYIO 
xapaKTepHCTHKY, Hs06pall(eHHYIO HapHc.7. ,QnA orpaHH4eHHR nonocbI 
nponYCKaHHR. HCKnlO4eHHR neperpYSKH WYMOM cneAYJOmHX sa YB4 Kac
KaAOB H SOSMOII(HOCTH sHsyanbHoro Ha6nlOAeHHA nepBOH (0) H BTOPOH 
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(20) rapMOHHK MOAynA4HH B4-HanpRlKeHHR Ha KOHType no oC4Hnno

rpa41y. Mell(AY ceK4HAMH BKnlO4eH YSKononoCHblH 4lHnbTp HS LC-KoHTypa 

14 HCTOKOBoro nOBTopHTenR T4 . UeATpanbHaR 4aCTOTa 4lHnbTpa nepe

cTpaHBaeTcA BapHKanaMH, H AnA ABYX napannenbHO BKnl04eHHblX sapH

KanOB KB102 AHanaSOH nepeCTpOHKH COCTaBnAeT 111-211 Mr4. nonoca 

nponYCKaHHR 4lHnbTpa no YPOBHIO -3 A6 paBHa 200 Kr4. K034l$H4HeHT 

nepeAa4H- 0,3. WYMoBble xapaKTepHCTHKH YB4 pewalOmHM 06pasoM BnH

RIOT Ha YCTOH4HBOCTb B pell(HMe C OOC H Ha paspeweHHe no nOTOKy. 

B CBOIO 04epeAb, mYMbl onpeAenRf!'lTCA, B OCHOBHOM, BXOAHblM KacKaAoM, 

rAe HcnonbSOBaH ManowYMAmHH AByxsaTBopHblH KpeMHHeBblH MOn-TpaH

SHCTOP co BCTpoeHHblM KaHanOM n-THna KF910 ITESLA/. 'nOMHMO BblCO
Koro BxoAHoro HMneAaHca, TaKoH TpaHsHcTop 06ecne4HBaeT BOSMOII(
HOCTb BBeAeHHR APY no BTOpOMy saTBOPY H B03MOll(HOCTb ynpaBneHHA 
aSToAHHHblM pell(HMOM MarHHToMeTpa C pereHepa4HeH YCHnHTenA. 6b1na 
nposepeHa TaK~e BOSMOll(HOCTb HcnOnbSOBaHHA KF910 B OXnall(AaeMOM 
npeAycHnHTene. npH oxnalKAeHHH OT 300 AO 4,2 K ITeMnepaTypa Ka
Hana npH 3TOM, KOHe4HO, Bblwe sa c~eT pacceHBaeMOH MomHocTHI 
KpYTHSHa BospaCTaeT OT 10 AO 30 MA/B. MHHHMYM WYMOB Ha6nlOAaeTCR 
Bblwe renHeBoH, BepOATHQ, a6nHSH aSOTHOH 177 KI TeMnepaTYPbl Tep
MOCTaTa. Xapa~TepHcTHKH OTnH4alOTCA xopowei1 BocnpOHSBOAHMOCTblO 
H OTCYTCTBHeM Y4aCTKOB HecTa6HnbHocTH IpHc.8/. ,nposeAeHHble HaMH 
npeABapHTenbHble HccneAOBaHHA nOKaSblBaIOT, 4TO MOn-TpaHsHcToPbl 
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PHC. 8. BbJXoAHble xapaXTepHC THXH MOn-TpaH3HcTopa Kr907 
npH pa3HbJX TeMnepaTypax. 

KF907 H KF910 BeCbMa nepcneKTHBH~ AnR HcnonbSOBaHHR B KpHoreH
HOH 3neKTpOHHKe H, B 4aCTHOCTH, B CHCTeMax co CKBH~aMH. 

CneKTpanbHble nnOTHOCT~ HanpRmeH~R ~ TOKa WYMOB, np~BeAeHH~e 

K~ BXOAY YB4 ~ HSMepeHH~e B nonoce 110-301 Mr~, COCTaBnR~T 
1,7 HB· r~-1/2 H 0,95 nA r~-1/2 COOTBeTCTBeHHO. MOAynb BXOAHO
ro conpOTHBneH~R IZ BX 120 Mr~/1 = 12 ~ 0,51 KOM. 

B Ka4eCTBe BXOAH~X c ycnexoM~cnonbSOBanHCb TaKme 6~nonRpHble 
TpaHS~CTOP~ rT329A. B 3TOM cnY4ae Tpe6yeTcR H3MeHeHHe pemHMa 
TpaHSHCTOPOB BXOAHOH ceK~~~ no nOCTORHHOMY TOKY. 3a C4eT Henon
Horo BKn~4eH~R KOHTypa WYHTHpy~~ee AeHCTBHe BXOAHoro conpOTHB
neH~R YB4 C rT329A Ha BXOAe HeSHa4~TenbHO. np~ MOHTame YB4 
c06A~Aan~cb 06~4H~e Tpe60BaHHR K MOHTamy B4-cxeM' C 60nbWHM 
YCHneHHeM. Oc060 T~aTenbHaR 3KpaH~pOBKa He06xoAHMa AnR BXOAH~X 
KaCKaAOB. 

KOHCTPYKT~BHO C YB4 B OAHOM Kopnyce B4-ronOBKH MarHHTOMeTpa 
06beA~HeH~ AA H YH4. A~ B~nonHeH no cxeMe YABoeH~R Ha 06pa~eH
H~X AHOAax AH4026. nHHeHH~H Y4aCTOK AeTeKTopa COOTBeTcTByeT aM
nnHTYAaM B4-HanpRmeH~R 100-400 MB. Yc~nHTenb nOCTORHHoro TOKa 
Ha 6~cTpoAeHcTBy~~eM OY K574Y~lB nOSBonReT nony4~Tb SHa4HTenb
Hoe YCHneHHe B nonoce 4aCTOT OT 0 AO 4aCTOT~ MOAynR~HH 75 Kr~. 

8 
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1.3. 3neKTpoHHKa. H4-6noK 

npHH~~nHanbHaR cxeMa H4-6noKa npHBeAeHa Ha pHc.9. reHepaTop
MOAynATop c06paH Ha MHKpocxeMe HiO H KBap~eBOM peaOHaTope Ha 
100 Kr~. KBapu Bos6YmAaeTCR Ha 3-H rapMOH~Ke. 4acToTa B~XOAHoro• 
HanpRmeH~R MOAynRTopa AenHTCA Ha ABa ~-TpHrrepOM M9_2 . H cHrHan 
nocTynaeT Aanee Ha QlaaOBpa~aTenb Ms C OAHOH CTOpOH~ H Ha BTOPOH 
AenHTenb Ha ABa ~-TpHrrepOM M9 - C APyroH. nocne BToporo_ i 
AenHTenR npRMoyronbH~H CHrHan 75 Kru npe06paayeTcR HHTerpaTopOM 
HI) B TpeyronbHOe HanpRmeH~e MOAynRUHH C ABOHHOH aMnnHTYAoH 
0,7 B. YpoBeHb MOAynAUHH perynHpyeTCR peaHCTopOM R4 • PerynHpoB
Ka $aa~ onopHoro HanpRmeHHR oc~eCTBnReTCR peaHCTopOM Re • saAa~
~HM AnHTenbHOCTb ~Mnynb'COB OAHoBH6paTopa M s '. 3aAH~e QlpOHT~ 3THX 
HMnynbcoB ynpaBnAnT TpHrrepOM M7 • Ha B~XOAax KOToporo nonY4a-' 
DTCA CABHHyT~e no Qlase Ha " CHrHan~ npAMoyronbHoro HanpRmeHHA 
co CKBamHOCTb~ 50% H 4aCTOTOH 75 Kru. $asa KOTOp~X MeHReTCR B 
AHanaSOHe 10~ 801°. HHeepTop~ Ms YBenH4HBa~T aMnn~TYAY AO 9 B 
AnR HaAemHOH pa60T~ Kn~4eH T4 H Ts IKF52 I TESLA/ CHHxpOHHoro 
AeTeKTopa Mi' aa OCHOBY KOToporo.BsATa cxeMa YHnbAMca 19~ Oc06eH
HOCTb 3TOH CxeM~ COCTOHT B TOM, 4TO Kn~4H BKnD4eH~ B uenb OC 
OY Mi H nepeKn~4a~T TaKHM 06paaOM OTHOC~TenbHO 60nbWOH CHrHan 
Ha B~xOAe YCHn~TenR, 4eM AocTHraeTCR MeHbwee BnHRHHe onopHoro 
CHrHana, HeAOCTaTOK me aaKn~4aeTCR B He06xOAHMOCTH HcnonbaOBa
HHA AnR AanbHeHwero yc~neHHR AHQl$epeH~HanbHoro YCHnHTenR I~YI 
C 60nbwHM BXOAH~M conpOT~BneHHeM, 4TO MomeT npHBeCTH K nOB~weH
HOMY TeMnepaTYPHOMY ApeHQly. n03TOMY nocneAYI~ee YCHneHHe ocy~ecT
BnReTCR ~ Ha noneBOH c60pKe KnC104A ~ npeUH3HOHHOM OY MAA725 
/TESLA/. Hynb C~ HaCTpaHBaeTCR peaHCTopOM Rs' QlaaoBaR 4YBCTBH

.,. 
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TcnbHOCTb cA paBHa 4 B"rpaA-l np~ BXOAHOM c~rHane 30 MB. BWXOA
HOH !Il~.ribTP HHlKHHX \.IaCTOT BbinonHeH no cxeMe ~HTerpaTopa Ha rH6pHA
HOM OY H4 THna YBT-21-75 C HAH KaHanOM cTa6~nHsa~HH CMe~eH~A 
HynA /24/. OCHOBHble xapaKTep~CTHK~ OY: Ku(O) = 5-.10 8; \.IaCTOTa eAH
HH\.IHOrO yCHneHHA 5 Mr~; HanpAlKeHHe CM~eHHA 0,1 MB; TeMnepaTYP
HW~ Ape~!Il HanpAlKeH~A CMe~eHHA 2 MKB/K; BXOAHO~ TOK 20 nA. 4eTw
pe'eMKocTH B OC H4 saAaOT 4 \.IaCTOTW cpesa f~ !IlHnbTpa: 3,5; 
0,35; 0,035; 0,004 r~ /no YPOBHO - 3 A6/. KOMMYTa~HA eMKOCTeA 
H conpoTHBneHH~ Roc ocy~ecTBnAeTCA repKOHaMH P3C55A. AnA c6poca 
HanpAlKeHHA HHTerpaTopa cnYlK~T ~HonKa K2 . HaKCHManDHoe BWXOAHoe 
HanpAlKeHHe H4 paBHO ~ 11 B, \.ITO COOTBeTcTByeT A~Ha~H\.IeCKOMY A~a
naSOHY ~ 67 (lo; ~ 13 (lo; ~1 ,4~o ; np~ Roo= 100 KOM; 1 HOM; 
10 HOM COOTBeTCTBeHHO. K03$!1lH~HeHT nepeAa4~ CA H !IlHnbTpa, T.e. 
K03$!1lH~HeHT CBASH MelKAY aMnnHTYAOH BXOAHoro c~rHana Ha \.lacTOTe 
75 Kr~ H BblXOAHblM HanpAlKeH~eM paBeH 5.103 . 

nOACTpoHKa pa60\.le~ TO\.lK~ CKBHAa ocy~ecTBnReTCA 10-060poTHbiM 
renHnOTOM Rl . 

6noK nHTaH~A Bblpa6aTbiBaeT cTa6~n~sHpoBaHHoe ~anpAlKeHHe + 15 B. 
+ 5 B H ynpaBnAIO~ee HanpAlKeHHe °-7- 30 B AnA nepeCTpOHKH !IlHnbTPa 
YB4. HeCTa6HnbHOCTb HanpAlKeH~~ - He 60nee 10-4 \.1-1 BenH\.IHHa 
nynbca~~H - < 1 MS. 

2. KOHCTPYKUHR YCTAHOBKH 

!IloTorpa!ll~A YCTaHOBK~ npHBeAeHa Ha pHc.l0. YCTaHoBKa BKOO\.laeT 
B ce6A: renHeBblH TpaHcnopTHblH AblOap eMKOCTblO 50 n, ropnOB~Ha 
KOToporo nepeAenaHa C BHYTpeHHero A~aMeTpa 22 Ha 46 MM, C~CTe
MY BH6po~30nA~~~, KpHoreHHYIO BCTaBKy, H4 3neKTpoHHWH 6nOK, npH
BOA 06pas~a H cT~HAapTHbie npH6opw: oC~Hnnorpa!ll, caMonHce~, B4
reHepaTOp HaKa4KH. KpOMe Toro, HcnonbSYIOTcA BcnOMoraTenbHble 
npH6opbl: HCTO\.lHHKH TOKa AnA CBepxnpOBOAA~ero coneHOHAa, AaT\.IHKa 
Xonna H ynpaBneHHA HarpeBaTenAMH coneHOHAa H CBepxnpoBOAA~ero. 
3KpaHa, ~H!IlPOBOH H ceneKTHBHWH BonbTMeTpbl. BCA annapaTypa paSMe
~eHa B ABYX CTO~Kax CTaHAapTa "BHWHAII. 

2. 1. B~6po~sonA~HA 

BH6pOHsonA~HA ocy~ecTBnAeTCA nYTeM nOABeCKH AblOapa co BCTaB
KOH Ha !IlepMe HS CTanbHWX yronKoB BoceMbO peSHHOBblMH lKrYTaMH. 
YCTaHoBKa pacnonOlKeHa Ha nepBOM 3TalKe 6ecnoABanbHoro SAaHHA. 
3THX Mep AOCTaTO\.lHO AnA npOBeAeHHA 06cYlKAaeMwx SAecb HSMepeHHH. 

2.2. HHsKoTeMnepaTYPHaA /UT/ BCTaBKa 

CXeMa BCTaBKH npHBeAeHa Ha pHc.ll. OHa COCTOHT H3 ABYX OT
AenbHblX ysnOB: c06cTBeHHO BCTaBKH AnA HSMepeHHA BOCnpHHM\.IHBOCTH 

• 


PHc.IO. 06~H BHA YCTaHoBKH. 

H BCTaBKH MarHHTOMeTpa /nos.l, 2, 11, 12, 17, 18/. OCHOBOH HT 

BCTaBKH ABnAeTCA TPy6a 9 ~ 45 x 0,5 MM HS HeplKaBelO~eH CTanH 

lX18Hl0T. nOCKonbKY KaHan 8 AnA BBOAa 06pa3~oB np~ ~SMepeHHAx 

HMeeT CB060AHYIO CBASb C aTMOC!IlepOH, TO B AHe BCTaBKH npeAY

,CMOTpeHO OTBepcT~e AnA BTeKaHHA renHA. Ha HHlKHeM KOH~e TPy6KH 
KaHana BBoAa 8 Ha pesb6e KpenHTCA KapKac 14 CBepxnpOBOAA~ero CO
neHoHAa HS naTYHH nC59-1 ~nHHoH 175 H BHYTpeHHHM AHaMeTpOM 12 MM. 
ConeHOHA HaMOTaH npOBonOKOH NbZr ~ 0,5 MM B 4 cnOA C KoppeKTH
PYD~HMH BHTKaMH Ha KOH~ax. PaSHOCTb HanpAlKeHHOCTeH nonA cone
HOHAa Ha ~BYX npHeMHblX KaTYWKax He npeBwwaeT 0,2%. ConeHoHA 
HMeeT CBepxnpOBO~A~YIO nepeMbI\.IKY C HarpeBaTeneM, n03BonA~ylO 
pa60TaTb B pelKHMe C saMopOlKeHHblM noneM. CHH3Y B coneHOHA BBO
AHTCA H lKeCTKO saKpennAeTCA KapKac 22 npHeMHWX KaTyweK 16 H3 
aOOMHHHeBoro cnnaBa C BHYTpeHHHM AHaMeTpOM 6,3 MM. ACTaTH\.Ie-
CKaA napa npHeMHWX KaTyweK pacnonaraeTCA B ABYX Konb~eBbiX Ka
HaBKax C paCCTOAHHeM MelK~Y HHMH 19 MM. KaTYWKH C BHYTpeHHHM 
AHaMeTpOM 6,8 MM HaMOTaHbI B OAHH cnOH HeH30nHpoBaHHOH NbTi 
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PHc~ll. CXeMa HH3KOTeMnepaTYPHOA BCTaBKH. 

npOBonOKOH ~ 0,1 MM, nOKp~ToH MeAb~, H co
AepmaT no 6 BHTKOB. MemAY KapKacaMH 22 H 
14 pa3Me~eH cBepxnpoBoAR~HH 3KpaH 15 AnH
HOH 60 MM H3 Nb AnR 3aMopamHBaHHR H3MepH
TehbHoro nonR. Ha 3KpaH HaMOTaH HarpeBa
Tenb H3 KOHCTaHTaHOBOH npOBonOKH, cnoco6
H~H nepeBOAHTb ero B HopManbHoe COCTORHHe. 
Ha KapKace 14 TaKme meCTKO 38KpenneHO 4eHT
pHpy~~ee Konb40 19, Ha KOTOpOM pa3Me~eH~ 
MexaHH4eCKHe cBepxnpoBoAR~He KOHTaKT~ 20 
nepeM~4KH coneHOHAa H TpaHc$opMaTopa no
TOKa H c06cTBeHHo nepeM~4Ka coneHOHAa C 
HarpeBaTeneM 21. BCTaBKa MarHHTOMeTpa Ha 
Hecy~eH TpyfiKel1 H3 HepmaBeKl~eH cTanH. 
~ 10 x 0,5 MM COAepmHT B HHmHeH 4aCTH 
HHo6HeB~H CKBHa 18 4HMMepMaHOBCKoro TH
na ~ 9 H AnHHoH 20 MM C AHaMeTpOM OTBep
CTHH 2 MM, AeTanH BXOAHOH 4enH 3neKTpoH
Horo TpaKTa 17~H nepeMe~aeM~H BAonb OCH 
cBepxnpoBoAR~HH CBHH40B~H 3KpaH 12. B Bepx
HeH 4aCTH pa3Me~eH~ Kop06Ka 1 C YB4, An H 
YH4 H nepeXOAHaR AeTanb 2 C pa3DeMaMH 
LEMO AnR nOAKnlO4eHHR B4-HaKa4KH HaC. 
YnnoTHeHHe 3 ocy~ecTBnReTCR BaKYYMHOH pe
3HHO~. no BceH AnHHe TPy6KH 8 H 9 CBR3aH~ 
MemAY C060H HeCKonbKHMH paAHa4HOHH~MH 
3KpaHaMH, 06ecne4HBa~~HMH meCTKOCTb H 
4eHTpOBKY· anR 3a~HTbl OT BHeWHHX MarHHT
HblX noneH BCR KpHoreHHaR 4aCTb BCTaBKH 
paSMe~eHa B CBepxnpOBOAR~eM CBHH40BOM 
3KpaHe 10. $naH4eBoe coeAHHeHHe 5 ynnoT
HReTCR BaKYYMHOH pe3HHoH. naTPy60K cnymHT 
AflR c6poca napOB renHR B aTMOC$epy HnH 
ra3ronbAep. Ha PHc.10 He nOKa3aH~ pacno
nomeHH~e Ha $naH4e 5 TOKOBBOA~ coneHOHAa 
H MHorOWT~PbKOB~H pa3DeM AnR ynpaBneHHR 
HarpeBaTenRMH. 

2.3. npHBOA o6pas4a 

npH HSMepeHHH BocnpHHM4HBOCTH 4HnHHA
pH4eCKHe o6pa34~ AHaMeTpOM 3,5 H AnHHOH 
5 MM C oceB~M OTBepCTHeM ~ 0,5 MM nOABe
WHBanHCb Ha KanpOHOBOH HHTH H nepeMe~a-

nHCb C nOMO~bIJ Mano06opoTHoro 3neKTpOABHraTenR Cpa-2 H. peAYKTopa 
co CKOPOCTblO 1 CM MHH -1, TaKOH npHBOA HCKnJ.')4HTenbHO npOCT H 
nOSBonReT 6~CTPO MeHRTb 06pa34~, OAHaKO npHBOAHT K nnOXOH BOC
npOH3BOAHMOCTH Hs-sa HeonpeAeneHHOCTH nonomeHHR 06pa34a B npH
eMHOM KaHane KapKaca 22 /pHc.11/, HS-3a APomaHHR o6pa340B ManOH 

4 Macc~ B KHnR~eM renHH, H3-sa TPYAHOCTH BH3yanbHoH IOCTHPOB"I 
KH BepTHKanbHOCTH OCH HT BCTaBKH. H3-3a BHxpeB~X TOKOB APomaHHe

I 	 06pa340B He n03BonReT npOBOAHTb H3MepeHHR C MeTannH4eCKHMH 06
pas4aMH Aame B nonRX ~1 3, 3TY TPYAHOCTb YAanOCb npeoAoneTb, 

KorAa npHMeHHnH BBOAHMylO B KaHan 06pa34a TPy6KY H3 HepmaBe~~eH 


CTanH 6 x 0,25 MM C HaTRHYToH no OCH Bonb$paMoBoH npoBonoKoH 

0,05 MM, KOTopaR cnymHT HanpaBnRlOI1IeH npH ABHmeHHH o6pas4a. 

nOMHMO H36aBneHHR OT APomaHHR 3TO cy~ecTBeHHO ynY4waeT Bocnpo

H3BOAHMOCTb. TaK, AnR cepHH HS 10 nocneAOBaTenbH~X H3MepeHHH 

C 06pa340M H3 Al B nOne 10 3 OTHOCHTenbHoe cpeAHeKBaApaTH4Hoe 

OTKnOHeHHe aMnnHTYA CHrHana COCTaBHno 1,38% npH MaKCHManbHOM 

OTKnOHeHHH OT cpeAHero 2%, B TO BpeMR KaK AnR cB060AHO nOABe

weHHoro 06pa34a OTKnOHeHHR OT cpeAHero AOCTHraJ.')T 15%. Bce me 

paAHKanbHoe peweHHe np06neM~ 3aKn~4aeTCR B Hcnonb30BaHHH meCT

Koro rHApaBnH4eCKoro npHBOAa. 


2.4. 3neKTpoHHKa 

C06CTBeHHO 6a30B~H MarHHTOMeTp COAepmHT. nOMHMO paCCMOTpeH
HOH B 2.2 KpHoreHHoH BCTaBKH C YB4,AA H YH4 e~e H4-6noK, BKnlO-
4alO~HH CA, reHepaTop-MoAynRTop, $asoBpa~aTenb, B~XOAHOH $HnbTp, 
perynHpoBKH, 6noK nHTaHHR. KOHCTPYKTHBHO OH B~nOnHeH B BHAe 
Kopnyca-Kop3HH~ 40x25x15 CM C nerKOH3BneKaeMblMH OTAenbH~MH 
MOAynRMH Ha HomeB~X pa3DeMax. KaK nOKa3an onblT Ha4anbHoH 3KC
nnyaTa4HH I npH TaKOM peweHHHB03MomH~ 3H84HTenbHbie napa3HTH~e 
CBR3H H npOHHKHOBeHHe HaBOAOK B 4enb ac. Uenecoo6pa3Hee cTa4HO
HapH~H MOHTam B o6~eM cnnOWHOM Kopnyce C B~nOnHeHHeM Mep no 
3KpaHHpOBKe H pa3BR3Ke. 

::~ 

3. XAPAKTEPHCnlKH,J 
B 3TOM pa3Aene 06cymAa~TCR HHTerpanbH~e xapaKTepHCTHKH 

pa3peweHHe H 6blcTpoAeHcTBHe. Aame npH 4> x. = 0 B~XOAHoe HanpR
meHHe U8~X(~ RBnReTCR cnY4aHHoH $YHK4HeH, oTpamalO~eH WYMOB~e 

. CBOHCTBa .CHCTeM~ /CM. PHc.1/. no npOHCXOmAeHHKl cneAyeT pasnH4aTb 
3neKTpOHH~e WYM~, B03HHKalO~He B npRMOM KaHane, Ha4HHaR C pe30
HaHCHoro KOHTypa. H 'MarHHTH~e, npHBOAR~He K $nyKTya4HRM nOTOKa 
4>N(t) 4epe3 CKBHa. B03Bpa~aRCb K pHc.1, AnR cneKTpanbHoH nnOT
HOCTH WYMOB Ha B~xOAe MomHO 3anHcaTb: 

1312 




_ Ud (cu) , ZI .. Zaxll Z y - HMneAaHC BXOAHoH LlenH, npHBeAeHHl>li1 KO BXOAY YCH
U (cu) ,"" cfIN (cu) 0 !,U 161 nHTeIlft, Z,y - BXOAHOH I1MneAaHC YCloIIlHTenft. IZ I I HMeeT BeIlH4HHYNcfI 	 - - 

1-G'F 1- O'-F' 	 MeHee 103 OM, Tal<HM 06pa30M, ~KnaAOM TOl<a WYMOB MO~HO npeHe6pe4b. 

UNU(cu) u~u (cu) 1(1-0'F), 	 171 

flPH G 'F» 1 nOIlHblH cneKTp M~HOCTH WYMOB Ha BI>IXOAe 

U2 ~ (cu) "" F-
2 1cfl 2 (cu) + 0,-2U ,2 (cu) \. 181N~ N' NU 

nOCKOIlbKY BKIlaA 3IleKTpOHHI>IX WYMOB saBHCHT OT 04.U' a MarHHTH,blX -
HeT, TO HMeeTCft npHH~HnHaIlbHaft BOSMO~HOCTb HX paSAeIleHHft, Ha 
4TO BnepBble 61>1110 YKasaHO B pa60Te /6/.npOcTeHwHH cnoc06 paSAeIleHHft 

3aKIl104aeTCft B noc TpOeHHI1 U~ I. (cu) l<aK cIlYHK~I1H a -;;-~H 3KCTpanonR
,~HHO,-2 K O. Anft HSMepeHHH Tpe6yeTcR CeIleI<THBHI>IH BOIlbTMeTp 

IHIlH aHaIlHsaTOp cnel<Tpal H SHaHl1e BenH4HHI>I G'(cu). PasYMeeTCft, 
BapbHpOBaTb O~u npH 3TOM MO~HO IlHWb 3a C4eT Tex COMHo~HTeIleH, 
1<0TOpble He BIlHRIOT Ha U NU (t). lo1x ABa: 1<0*I1~HeHT npe06paSOBa

HHft e H aMnnHTYAa MOAYIlR~HH nOTOKa a""cflnlcflo' Mbi npOBOAHIlH o~eH
I<Y Bl<IlaAOB MarHHTHbiX 11 3IleKTpOHHblX WYMOB HeCKOIlbl<O nO-HHOMY: 
B pe~HMe 6es ~C, BocnOIlb30BaBWHCb TeM, 4TO npH saMblKaHHH DC co
OTHoweHHe Me~y HHMH coxpaHRelcR, l<aK cIleAyeT HS 161 H 171, AJlR 
Bcex 4aCTOT. 

3.1.1. 3IleKTpoHHble WYMbi 

BSHAY 60Ilbworo YCHIleHHR B npftMOM Tpal<Te HMeeT CMblcn paCCMaT
pHBaTb IlHWb TPH HCT04HHKa 3IleKTpOHHblX WYMOB: BXOAHOH KaCKaA YB4, 

p~aHcHblH KOHTYP H WYMbi reHepaTopa Hal<a4KH: U:u = U;y + ~K+ 
+ u~~.TenIloBbie WYMbi KOHTypa, npl1BeAeHHble KO BXOAY YCHnHTenR, 

-2- 112 2 112 -ill!!


(UNK ) = (4k 6 Tcu K L KQ«·P) .$ 0,2 HB r~ ,0KasbiBalOTCft HaMHO
ro MeHbwe, 4eM WYMbi YB4 ICM. 1.2/. C Y4eTOM ~e TorO,4TO 3cIlcIleK
THBHaft A06pOTHOCTb B pa604eM pe~HMe Qacll«Q K' HX BKIlaAOM MO~HO 
npeHe6pe4b. BKIlaA reHepaTopa HaKa41<H onpeAenRnCR cIleAylO~HM 06
paSOM. OTAenbHo HSMepftnCft Cnel<Tp aMnnHTYAHblX WYMOB reHepaTopa 
Hal<a4KIII r4-116 B AHanaSOHe 1 -:- 10 5 r~. B 3TOM cneKTpe eCTb nHI< 

"Ha 4aCTOTe BHYTpeHHeH MOAynft~HH 1 Kr~, Aa*e KorAa K03cllcllH~HeHT 
MOAynft~HH m=: 

MepHoro cIloHa. 
C BHYTpeHHeH 
1 Kr~ WYMa Ha 

n03TOMY BKIlaA 

O. AMnIlIIITYAa nHKa npHMepHo B 10 pas 60nbwe paBHO
nHK HC4esaeT, eCIlIil nepel<nlO4HTb pe~HM MOAynft~HH 

Ha 	 BHeWHIO~. npH 3TOM YMeHbweHHe cocTaBnR~eH 
BblXOAe YH4 MarHHTOMeTpa COCTaBnReT He 60nee 8%. 
WYMOB reHepaTopa HaKa41<H Uir/U;v He npeBblwaeT 

1,5%. TaKHM 06paaoM, 3neKTpOHHble WYMbi CIilCTeMbi n04TH nOIlHOCTblO 
onpeAeIlftlOTCft Hanpft*eHHeM H TOI<OM WYMOB YCl1nHTeIlft: 1fT" = U 2 + 

----	 NU W 
+ i~ IZI.I~rAe (U~)1/2 = 1,7 HB r~-1/2. (t~)1/2 = 0,95 nA r~-1/a • 

3.1.2. HarHHTHbie lpyMbi 

HCT04HHKaMH MarHHTHbiX WYMOB ftBIlRIOTCR: 
L BH6paLlHH H OTHOCHTeJlbHble CMe~eHHR CKBI1Aa, TpaHccIlopMaTopa 

nOTOKa, cBepxnpOBOAR~I1X 31<paHOB C 3aMopo~eHHblM nOIleM. 
2. cIlIlYKTya~HH cIlOHOBOH HaMarHH4eHHOCTH nlO6b1x AeTaIlei1, CBRsaH

HbiX C TpaHccIlopMaTopoM nOTOKa, HanpHMep, KapKaca npHeMHblX KaTywel< 

BcneACTBHe l<oIle6aHHH TeMnepaTYPbl. 
3. ApeHcIl H CI<a4KH 3aMopo~eHHblX MarHHTHbiX noneH. 
4. TennOBbie cIlIlYKTyaLlHH TOI<OB B IlI06b1X npOBOAHHl<aX, HHAYKTHBHO 

CBRsaHHblX co CKBI1AoM. ' 
5. C06CTBeHHble WYMbi CKBlo1Aa. 

6. HaBOAI<H B LlenH ~C. 

B COOTBeTCTBHH C cIlopMYIlaMH 16/, 171 npH OTCYTCTBHH MOAYIlR~HH 


a = 0 H paSOMI<HYTOH DC WYMbi Ha BblXOAe RBIlRIOTCR 3IleKTpOHHblMI1. 
npH BKIl104eHHH MOAYIlRLlHH A06aBIlRIOTcR MarHHTHbie WYMbi. lo1SMepeHHR 
Ha 4aCTOTax 1 H 10 r~ nOKaaanH, 4TO BI<Il104eHHe MOAYIlRLlI1H He BIlH
ReT Ha MO~HOCTb WYMOB. 3TH ~aMepeHHR npOBOAl1nHCb npH aaMopo~eH

HOM no,ne:5. 0.5 3. C APyroH CTOPOHbI, aanHCb ApeHcIla U ~ blX npH a = 0 
H a ~ 0 IpHc.12, 1 11 2 cooTBeTcTBeHHol nOKaSbiBaeT AOMHHHpylO~I1H 
BKnaA MarHHTHbiX WYMOB Ha 4aCTOTax «1 rLl. Pa604aR T041<a no 
nOCTORHHOMY nOTOI<Y YCTaHaBIlHBaIlacb npH Ha4aIle 3TOH aanHCI1 B T04
KY HaIlOMa TpeyroIlbHoH Xapal<TepHCTHKH IpHc.5a/. K co*aIleHHIO, 
HMelO~aRCR Y Hac annapaTypa, He nOSBOIlHIla npOBeCTH cneKTpaIlbHblH 
aHaIlHa HH~e 1 ILl 11 nOIlY4HTb 
WYMOB. MO~HO CAeIlaTb BbiBOA 0 
B cIla6b1x aaMopo~eHHblX nonRX 
eTCR 	 3IleKTpoHHblMH WYMaMH, a 

1 

'if 

I<OIll14eCTBeHHYIO OLleHI<Y MarHHTHbiX 
TOM, 4TO,CneI<TpaIlbHblH COCTaB WYMOB 

.::; 1 3 Bblwe 1 r~ nOIlHOCTblO onpeAeIlR
HH~(e 	 0,1 rLl AOMHHHPylOT MarHHTHbie WY-, 

Mbl. ECTecTBeHHo, 4TO C yBeIlH
4eHHeM saMopo~eHHoro MarHHTHO
ro nOIlR BI<IlaA MarHHTHbiX WYMOB 
AOIl*eH BoapaCTaTb, a nepeXOA
HaR 4aCTOTHaR 06IlacTb Me~y 
AOMHHHpylO~HMH THnaMH WYMOB CABH
raTbCR B 60Ilee BbiCOKHe 4aCTOTbI, 
npH 3TOM MorYT nORBHTbCR OTAeIlb
Hble 4aCTOTHbie KOMnOHeHTbI, COOT
BeTcTBylO~He MexaHH4eCKHM pe30
HaHcaM AeTaIleH, HaxOAR~HXCR 

PHc.12. 3anHCb ,o.peAq,a U~bIX C MO
,o.ynR~HeH /2/ H 6e3 Mo,o.ynRUHH 
/1/ nOTOKa. 
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1 PHC. 13. 3arrHcb Apeft$a U,bII( B sa
-. " ~111111111 '"- ~.~.. MopOJKeHHblX nOJ1HX O~ 3 3 1 H 21 

H 53 3 13/.Im~ ~~2~~~~~,~ 
B saMopo*eHHOM none. Ha pl-1c.13

100c npl-1BeAeH~ sanHCH ApeH$OB U 
BWX 

B pe*HMe Roc= 1 MOM, f~ 
Io.1<P., 0,35 r"" npl-I saMopo*eHH~X nonRX 

53 /KpI-1BaR 3/ H 0,3 3 /Kpl-ISbie 
1 H 2/. EAI-1HCTBeHHoe OTnl-14He 
KPI-IBOH 2 OT KPI-1BOH 1 saKn~4a
eTCR S TOM, 4TO c6poc napos

renl-lR S nepSOM cnY4ae ocy~eCTBnRnCR B.aTMoc$epy, a He S ras
ronbAep. BospaCTaHl-1e HI-1SK04aCTOTH~X WYMOB cBRsaHO C I-ISMeHeHHR
MI-I $OHOSOi1 HaMarHH4eHHOCTI-I KOHCTPYK",,1-10HHblX AeTaneH I-Is-sa Kone
6aHHH aTMOC$epHoro AaBneHI-IR H, KaK cneACTBHe, TeMnepaTYPbl renHR. 

3.2. PaspeweHHe 

Ha pHC. 14 npHseAeH~ HSMepeHHble cneKTp~ WYMOS Ha B~xOAe B 
pasml4H~X pe*HMax: 1 - fies OCt ell = 0,1; 2 - Roc = 1 M, ell 
= 0,1; 3 - Roc == 1 MOM, ell = 1,0; 4- Roc = 100 KOM, == 0,1.CII
npH Roc = 1 MOM nnoTHocTb WYMOB pasHa 0,7 MB r4-1/2. nOCKOnbKY 
npl-I 3TOM F-l(O) == 0,975 B.IJ);l, TO paSpeWeHl-1e no nOTOKY, npHse-

AeHHoMy K CKBHny, COCTasnReT 
SIJ) == 7.10-4 $0 r4-1/ 2, 3TO co10' 
oTSeTCTByeT' 3HepreTH4ecKoMY 
paSpeWeHl-IlQ CHCTeMbi CKBHn+TpaHc
$OpMaTOp 8E=10 -26 n*.r"" -1,

fIJ' 
.~ TpaHC$OpMaTOP OnTI-IMI-1Sl-1pOBaH, KO
~ 3$$H""l-1eHT ero CSRSI-1 CO CKBHnOM 

paseH 0,7, a K03$$H4I-1eHT nepe

", .....-; 

<: ), Aa41-1 no nOTOKY- 0,04.
" 

1()< 

10' 

PHC. 14. CneKTPbl myMOB Ha BblxoAe 
tOil' 10" I)' to' fIJ' B pa3nH'IHbIX pelKHMax pa60TbI 

f. r. 
lo6osHaQeHHH B TeKcTe/. 
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3.3. 6~cTpoAeHcTBl-1e 

\ 

B pe*HMe OC nonoca nponYCKaHHR no YPOBH~ - 3 A6 onpeA~nRe~CR 
4acToToi1 cpesa t H=Q'(O)F(0)/2I7r" . Hanpl-IMep, npH ell = 0,1 MK~ 
/r~ = 0,47 c/ 1-1 Roc = 1 MOM HSMepeHO Gcbu(O) = 0,85 '10 3 B·~j)l. 

• F ulll(O) == 1,0261110 , B-1, 4TO cooTBeTcTsyeT til = 300 n.,. 3TO XO
powo cOBnaAaeT C HSMepeHHoi1 nonocoi1 WYMOS B AaHHOM pe*I-IMe 
!pHc.14/. OAHaKO pa604aR nonoca AnR 60nbWHX SXOAH~X CHrHanOB 
IJ)ll{I) OKaS~BaeTCR SHa41-1TenbHO YH<e /PHc.15, 3/: flJ) '" 6 r"" npI-IlJ)XCiJ 
= 12 1J)0 . 3TO COBnaAaeT C o""eHKoi1, nonY4aeMoi1 no ~opMyne /5/ npH 
B~weYKasaHH~X napaMeTpax, H IJ) = 12 lJ)o /MaKcHManbHo BOSMO*H~i1 
BXOAHOH nOTOK npH Roc == 1 MO:/. npH 3TOM MaKCHManbHaR CKO
pOCTb I-ISMeHeHHR BXOAHoro nOTOKa 6es pasp~Ba OC (dlJ)x/ dt ) max = 
= 217(4)1J) = 450 lJ)o' c-1

. KaK cneAyeT ¥IS /5/, 6~cTpoAei1cTBl-le MO*
HO YBem~,fI-lTb, nOBbiwaR nemeBoe YCHneHHe G'(0) F(O) 1-1 /HnH/ CHI-I
*aR r';. HanpHMep, npH ell = 0 ,01 MK~ / r; == 0,047 c/ flJ) = 60 r"" 
H (dlJ)x /dt )ma.x = 4,5' I 03 IJ)o' c-1 B TOM *e pe*I-IMe Roc = 1 MOM 
/pl-lc.15, KpHBaR 2/. OAHaKo YMeHbweHHe r~ conpR*eHO C onaCHOCTb~ 
nOTepl-1 YCTOH4I-1BOCTH, oc06eHHo npH 60nbwl-lx G'(O) F(O) /Man~x Roc /, 
4TO TaK*e BI-IAHO HS pHc.14, rAe S Al-1anaSOHax /0,25 - 5,5/ Kr"" 
H /0,9 - 5,5/ Kr"" AnR pe*I-1MOB ell = 0,1 MK4> Roc = 1 MOt:' H Roc == 
= 100 KOM COOTBeTCTBeHHO peanHsyeTcR noc. EcnH fi~ B 3THX Al-la
naSOHax e~e neTnesoe YCl-1neHl-le G'F 6~0 60nbwe 1, TO MarHI-ITOMeTp 
Bos6Y*AanCR 6~. HMeHHO n03TOMY OKaS~BaeTCR HeSOSMO*H~M pe*HM 
ell = 0,0 1 MK~, Roc == 100 KOM. Hanl-l4He AOnOnHI-1TenbHblX non~cos 
1-1 Y4aCTKOB C noc Ha rpa$HKax pl-lc.14 CBI-1AeTenbcTByeT 0 TOM, 4TO 
4aCT0THaR SaSI-1CI-IMOCTb G'F onpeAenReTCR He TonbKO B~XOAH~M 
$HnbTpOM. napaSI-1TH~i1 $aSOB~H CASHr S~S~BaeTCR KaCKaAaMI-I Me*AY 
Cn 1-1 H, B nepsy~ 04epeAb OY Ms /pl-1c.9/. 

npyrl-1M $aKTopOM, BnHR~~I-IM Ha 6blCTpOAeHCTBHe, RBnRIOTCR nOCTO
RHH~e SpeMeHI-1 r= L/R TpaHC$OpMaTopa H KapKaca npHeMH~X KaTY
weK. COOTseTCTBYIO~aR 4aCTOTa cpesa onpeAenRnaCb cneAY~I-IM 06
paSOM: B 0AHY I-1S npl-leMHblX neTenb. TpaHc~opMaTopa BBOAHnaCb Ka
TYWKa, Bos6Y*AaeMaR reHepaTopOM CHHYCOHAanbHoro TOKa TaK, 4TO 
ABoi1HaR aMnnHTYAa nOTOKa, npHBeAeHHoro K CKBHny, 6~na MeHbwe 

1J)0/2. Pa604aR T04Ka B~6l-1panaCb 
B CepeAI-IHe Me*AY ABYMR T04KaMI-I 
HsnOMa nepl-10AI-14eCKOH xapaKTepl-I
CTHKH C paSOMKHYTOH OC H B~

1O· l <::: "" " Kn~4eHHoi1 MOAynR""l-IeH. HSMepRnaCb 
KOMnOHeHTa CHrHana Ha 4aCTOTe 
Bos6Y*AeHHR Ha B~XOAe YH4. 

"" 
PHc.15. Pa60'lHe o6nacTH H3MepH

TenbHOH CHCTeMbI AnH rapMOHH
f.r. '1eCKHX BXOAHbIX CHI"HanOB. 
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Ha nonY4eHHO~ A4X Ha~AeHO. 4TO 4aCTOTa cpe3a no YPOBH~  3 A6 
paBHa 8 Kr~. KaKO~ HMeHHO .aKTop ITpaHc~pMaTop HnH KapKacl onpe
Aem~eT 3TY 4aCTOTY. TonbKO H3 3THX H3MepeHHi:i onpeAenHTb, KOHe4HO', 
Henb3A. B 3TOM H HeT 6onbwo~ He06XOAHMOCTH, nOCKonbKY 3Ha4HTenb

... 

aOCTblO, nH60 nO,OAHocnoi:iHoH KaTyw'Ke C TOKOM TaKoH ~e .OPM~ H pas
MepOB. 06b14HO HcnonbSYIOTcA AB~ nocneAHHx MeTOAa. npH H3MepeHHH 
'x CHcTeMy xapaKTepHSYIOT ABa OCHOBHblX napaMeTpa: 4YBCTBHTenbHOCTb. 
T.e. MHHHManbHoe aHa~eHHe X. nPH KOTOpOM 06pa3e~ 3aAaHHoro 061>

HO 60nee ~eCTKoe orpaHH4eHHe 6~CTpoAei:icTBHA CBA3aHO, 'KaK nOKa
3aHO B~we. C 3neKTpoHHKOH. 

4.H3HEPEHHE BOCnPHHH4HBOCTH 

16 10-16/
Hcnonb30BaHHe CKBHnOB ' AnA HSMepeHHA BocnpHHM4HBOCTH 

cna60MarHHTH~X Be~eCTe CTano y~e TpaAH~HOHH~M. OHH n03BonR~T 
peanHSOBaTb TaKoe YHHKanbHoe C04eTaHHe Ka4eCTB. KaK 4YBCTBHTenb
HOCTb. 6~CTpOAeHCTBHe. WHPOKHH AHana30H pa604HX TeMnepaTyp " 
nonei:i, COBMeCTHMOCTb C perHCTpa~HeH ~HP H anp. npOCTeHWHH BapH
aHT HSMepeHHA CTaTH4eCKOH BocnpHHM4HBOCTH, peanH30BaHH~H HaMH, 
npHBeAeH Ha pHc.16. 06pa3e~ 5 IABe BOSMO~H~e opHeHTa~HHI npo
TaCKHBaeTCR, 4epe3 ABe npHeMH~e BCTpe4HO-BKn~4eHH~e KaTYWKH TpaHC
~pMaTopa nOTOKa 4; npH 3TOM OH npOXOAHT 4epe3 06nacTb C H3Me
pHTenbH~M noneM, 3aMopo~eHH~M CBepxnpOBOAR~HM 3KpaHOM 3. 3TO no
ne nep.OHa4anbHO COSAaeTCR coneHOHAOM 2. BCA HH3KOTeMnepaTYPHaR 
4aCTb 3aKn~4eHa B cBepxnpoBOAR~Hi:i 3KpaH 1. 06pa3e~ nepeABHraeTCR 
npHBOAOM 11, 12. neTanH KOHCTPYK~i1H onHcaHbI Bblwe I§ 3/. BCTpe4
Hoe SKfl~4eHHe KaTyweK IT.H.rpaAHeHTOMeTp nepBoro nopAAKal n03BO
nAeT cy~ecTBeHHO CHHSHTb BnHAHHe Apei:i~B 3aMopo~eHHoro nonR H 
~HOBO~ BocnpHHM4HBOCTH KapKaca KaTyweK. C APyroi:i CTOpOHbI,6asa 
rpaAHeHTOMeTpa Lr Bbl6HpaeTCR AOCTaT04HO 60nbwoH. 4T06b1 npH npo
xo*AeHHH 06pa3~a 4epe3 0AHY KaTywKY MO~HO 6b1no C4HTaTb nOTOK 
4epe3 APyryo HeH3MeHH~M. HSMeHeHHe nOTOKa npH npoxo~eHHH BbI
SbiBaeTCR MarHHTHbiM MOMeHTOM 06pa3~a I1=XHV. rAe X - 061>eMHaA 
BocnpHHM4HB~CTb. V - 061>eM 06pa3~a, H - HanpR~eHHOCTb HSMepHTenb-
Horo nonR. 04eBHAHO, 4TO AnA OAHOPQAHOH HaMarHH4eHHOCTH KOPOT-

Koro f«L r ~HnHHAPH4eCKoro 06pa3~a, COOC
Horo C rpaAHeHTOMeTpOM, CHrHan HMeeT ~p
MY CHMMeTpH4Horo nHKa, a npH npOXO~AeHHH 

11 

12~ 
AByX KaTyweK - ABYX OAHHaKOBbiX nHKOB pa310 
Horo 3HaKa., AMnnHTYAa nHKOB OAHOSHa4HO 
CBR3aHa C BocnpHHM4HBOCTbIO X. 3TY CBA3b 
MOllCHO paCC4HTaTb aHanHTH4eCKH /16,17/, XOTA 
AallCe npH npOCTeHweH reOMeTpHH HSMepeHHR 
3TO HenpOCTo/18/ , HnH YCTaHOBHTb KanH6poB
KO~. KanH6pOBKa npOBOAHTCR nH60 no aHano
rH4HOMY 06pa3~y C HSBecTHoi:i BocnpHHM4H

2

~£mtli ~~ 
-a 'PHc.16. CxeMa H3MepeHHA cTaT~ecKoM Mar

HHTHOM BOCnpHHMqHBOCTH.I ' 
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eMa B onpeAeneHHOM H3MepHTenbHOM none AaeT cHrHan. paBHblH B 
• KBaHTax 	 nOTOKa pa3peweHHIO no nOTOKY. H T04HOCTb, C KOTOPOH MO

lICeT 6b1Tb H3MepeHO onpeAeneHHoe 3Ha4eHHe X' T04HOCTb onpeAenR
eTCA, rnaBHblM 06paSOM, MeToAHKoi:i HSMepeHHH, BocnpOHSBOAHMOCTblO'

; '.-/
i 	 1-;' H T04HOCTb~ KanH6pOBKH. 4aCTO HapAAY CX HcnonbS~T MaCCOBYIO 

BocnpHHM4HBOCTb X m=X / p, rAe p - nnOTHOCTb.i~' 
4.1. KanH6poBKa

• 
KanH6poBKa npOBOAHnaCb C nOMO~blO oAHocnoHHoH KaTYWKH HS MeA

HOH npOBonOKH n3n-0,1, nnOTHO HaMoTaHHoH B cepeAHHe AOCTaT04HO 
AnHHHoH K~ap~eBoH TPy6KH. AnHHa KaTYWKH 5, AHaMeTp 3,5 MM. 
KaTYWKa npH paSHbiX 3Ha4eHHRX TOKa npOTaCKHBanaCb 4epe3 npHeM
Hble KaTywKH TpaHc.opMaTopa, saTeM CTpOHnaCb saBHCHMOCTb ABOH
HOH aMnnHTYAbi BblxOAHoro CHrHana B eAHHH~ax ~O OT MarHHTHoro MO
MeHTa KaTYWKH lSN II - TOK, S - nn~aAb, N - 4Hcno BHTKOB/, KO
TopaR npHBeAeHa Ha pHc.17. KanH6poB04HaA npAMaA npoBoAHnacb no 
MeTOAY HaHMeHbWHX KBaApaTOB, OTHOCHTenbHoe cpeAHeKBaApaTH4Hoe 
OTKnOHeHHe OT KOTOPOH He npeBbiIDano 0,7%. 4YBcTBHTenbHocTb lICe 
no MarHHTHOMY MOMeHTy COCTaBnReT npH 3TOM 2,4.10-13 A M2 r~-1~2 
4TO B TPH pasa nY4we, 4eM AnR T~aTenbHO CKOHCTPYHpOBaHHOH YCTa
HOBKH .Hno H .3HP6eHKa /10/ , KOTopaR BO MHorHX OTHoweHHRX OCTa
eTCR 3TanOHOM AnR nOA06HblX H3MepeH~H. 3TO COOTBeTCTB~eT 4YBCTBH
TenbHOCTH no BocnpHHM4HBOCTH B eAHHHlIax CH 6,25·10 - r~-1/2 B 
none 10 3 npH npHBeAeHHOM Bblwe 061>eMe HcnonbsyeMbix HaMH 06paslIoB. 
A6conIOTHaR T04HOCTb onpeAe~eHHA X C Y4eTOM norpewHocTeH KanH6
POBKH H pi:l36poca aMnnHTYA CHrHanOB COCTaBnAeT "PH H :::. 10 3 15%. 

220_---~ 

- 20 

40 

:\- -if60 
I,r -eo 80 


100 


120 
 PHc.17. KanHOpOBOqHbm rpa.HK AnH 
140 paCqeTa BOCnpHHMqHBOCTH. 

4.2. Pe3ynbTaTbi HSMepeHHH H 06cy~eHHe 

HH~e npHBeAeHbI pe3ynbTaTbi HSMepeHHH xp B eAHHH~ax crc AnA 
Tpex MaTepHanOB npH ,T= 4,2 K. 
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60 
HaTepHan X. CMS/r npHMe4aHHe 

TeXHH4eCKHH rpa~HT -/6.4~0,96/·'0-6 nnOTHOCTb p =1,62 r/cMs 

Te4lnoH -/2.38~0,36/. 10-7 

aJ110MHHHH +/~,53~O,23/.10-6 nonHKpHCTannH4eCKHH, 
4HCTOTa 4N 

BocnpHHM4HBOCTb MomeT CHnbHO saBHceTb OT npHMeceH H MeTO
AHKH npHrOToeneHHfI 06pa3l\oB. n03TOMY Anfl nony4eHHfI BOCQPOH3BO-' 
AHMblX pesynbTaToB cneAyeT T~aTenbHO KOHTpOnHpOBaTb 3TH 41aKTopbl. 
Hawa OCHOBHafl l\enb, KaK 6b1no OTMe4eHO eo BBeAeHHH, OAHaKO, 6b1na 
HHOH. C APyrOH CTOPOHbI, H 15%-Hafl T04HOCTb HSMepeHHfI AenaeT HS
nHWHHM Cnel\HanbHOe Hcnonb30eaHHe CBepX4HCTblX ee~eCTe H ceepx
MepH~ npeAOCTopomHOCTb npH 06pa~eHHH C 06pa3l\aMH, HanpHMep, 
xpaHeHHe e repMeTH4HblX aMnynax, B eaKYYMe HnH HHepTHbiX rasax. 
3aMe4aHHe 0 4HCTOTe He OTHOCHTCR, pa3YMeeTCfI, K 41eppoMarHHTHbiM 
sarpfl3HeHHflM. 06pasl\bI nocne H3rOTOBneHHfI KHnflTHnHCb e conflHOH 
HnH a30THOH KHcnoTax, npOMbieanHCb 3THnOBbiM cnHpTOM H AHCTHnnH
poeaHHOH BOAOH H xpaHHnHCb 3aTeM Ha BosAyxe B na60paTopHOM no
Me~eHHH. nonY4eHHoe SHa4eHHe Xp Anfl rpa4lHTa cornacyeTcfI C HMeo
~HMHcn AaHHblMH xp /14 K/ =-4,7' 10-6 CM 3 / r 119: Jlnfl Te4lnoHa Mbi 
AaHHblMH HS nHTepaTypbl He pacnonaraeM. Jlnfl Al Hawe SHa4eHHe npH
MepHO e Aea pasa 60nbwe HSBeCTHoro 120/. 3TO pacxom,qeHHe npeBbl
waeT T04HOCTb HSMepeHHR,H ero npH4HHa nOKa He YCTaHOBneHa., npH 
HSMepeHHflX Mbi 06HapY*HnH, 4TO MHorHe 06pasl\bI 06naAaQT cnOHTaH
HbiM MarHHTHbiM MOMeHTOM ~c . 3TOT MOMeHT Mo*eT AOCTHraTb BenH4H
Hbi 50.0 H 60nee /ABoHHafl aMnnHTYAal, Hero lIl\eHTp TfI*eCTH" Mo*eT 
He cOBnaAaTb C l\eHTpOM 06pa3l\a, 4TO npHBOAHT K cnO*HOH 410pMe 
CHrHana npH H ~ 0, KaK nOKasaHO Ha PHc.18 /nHponKTH4eCKHH rpa~HT, 

H = 0,3 3, ABe npOTHBOnOnOMHble 
opHeHTal\HH/. HanH4He TaKoro MOMeH
Ta nerKO YCTaHoeHTb. npOBOAfI no
cneAoeaTenbHO sanHCb CHrHanOB npH110$0 ABYX npOTHBononO*HblX opHeHTal\HflX 
06pasl\a e cna60M none. npH OTCYT
CTBHH ~c CHrHanbi OAHHaKOBbI, npH 
HanH4HH - oTnH4aOTCfI no aMnnHTYAe 
HnH Aa*e no sHaKy, ecnH cnOHTaHHblH 
MOMeHT ~c /ero BepTHKanbHafl npoeK

PHc.18. CHrHanhl OT o6pas~a nHponH
TaqeCKOrO rpa~HTa npH AByx npOTHBO
nOnOEHhlX opHeHTa~nx B none 0,3 3. 
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PMc.19. 3aBHCHMOCTb aMnnMTY~1 CMrHana AJ1H o6pa3~a H3 
TeXHHQeCKOrO rpa~HTa OT nonn. 

l\HfI/ npeBOCXOAHT HHAYl\HpOBaHHblH ~H~xHV. npHMep 4ero KaK pas 
H npHBeAeH Ha pHc.18. EcnH ~c He 3aBHCHT OT H. Toero HanH4He 
He saTPYAHfleT onpeAeneHHR X. OAHaKO, KaK eHAHO HS pHc.19. Ha 
KOTOPOM npHBeAeHasaBHCHMOCTb ABOHHOH aMnnHTYAbi Clo1rHana OT no
nfl AnR 06pasl\a HS TeXHH4eCKoro rpa~HTa. B 06~eM cnY4ae 3TO He 
TaK. TorAa AnR KamAoro sHa4eHIo1RH HaAo npoBoAHTb Io1sMepeHHR Anfl 
060HX . opHeHTal\HH 06pasl\a /06osHa4eHHblx Ha pHC. 19 KaK V 101 A / 
H 6paTb T04Ky, nema~y~ T04HO nocpeAHHe MemAY HSMepeHHblMIo1 SHa4e

HHRMH aMnnHTYA.3Ta T04Ka COOTBeTcTByeT aMnnHTYAe CHrHana,BblSBaH
Horo TonbKO ~H' 04eBIo1AHo,4TO np06neMa,cBflsaHHafl C fl. c " O. He BOS
HIo1KaeT AnR KnaCCIo14eCKIo1X. MeTOAoB H3MepeHHR X B CHnbHblX nonflX, 
KorAa ~H »~c . 4TO KacaeTCR npH4HH BOSHHKHOBeHIo1R ~C' TO HaH60
nee eCTecTBeHHOH BbirnRAHT nOBepXHOCTHoe ~eppOMarHIo1THoe sarpRS
HeHlo1e npH Io1srOTOBneHHH Hnlo1 xpaHeHHH 06pasl\a Ha OTKPblTOM BosAyxe. 
3TO nOATBepmAaeTCfI cnY4aRMH HeBocnpOH3BOAIo1Moro Io1SMeHeHHfI Ben10141o1~ 

Hbi fLc npH AnHTenbHOM xpaHeHIo1H OOpaSl\OB 101 Io1C4eSHOBeHHH fLo Anfl Ta
KIo1X 06pasl\oB /TeXHH4ecKIo1H rpa~HT, Te~nOH/ npH KHnfl4eHIo1101 B Hel 
HenocpeACTBeHHO nepeA Io1SMepeHHeM. OAHaKO AnR nlo1ponHTIo14eCKoro 
rpa~Io1Ta TaKafl 06pa60TKa He BnHflna Ha fLc = 0, B cHny 4ero MomHo 
npeAnonomHTb. 4TO 3TO CBOHCTBO RBnfleTCR 06beMHblM. C APyroH CTO
POHbI, peHTreHO$nyopeCl\eHTHblH aHanlo13 nOKasan OTCYTCTBHe B 3TOM 
rpa~Io1Te 3neMeHTOB rpynnbl menesa Ha ypOBHe 10-3 aT. %, 4TO, OAHa
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KO, HeAOC~aT04HO An~ KaKOrO-nH60 B~eOAa, T.K. AnR 06D~cHeHHR 


Ha6noAaeMoH BenH4HH~ ~C AOCTaT04HO MeHbWerO KOnH4eCTBa ~eppo


MarHHTH~X npHMeCelii. OCTaBnRR noKa 3TOT BOnpoC B CTOpOHe, 3aMe

THM, 4TO B npaKTH4eCKHX ~enRX 4aCTO XOPOWHH pesynbTaT IT.e. 

~C = 0/ AaOT pa3MarHH4HBaHHe HnH OT*Hr 06pas~oB nepeA H3MepeHH

RMH. HanpHMep, Ha pHc.19 WTPHXOBOH nHHHeH nOKa3aHa 3aBHCHMOCTb 

aMnnHTYA~ CHrHana OT H nocne OT*Hra Ha B03Ayxe npH T = 400°C 

B Te4eHHe ABYX 4aCOB •. CTpenKH nOKa3~BaOT HanpaBneHHe H3MeHe

, HHR nonR npH H3MepeHHRX. 

5. B03HOlllHbiE YCOBEPWEHCTBOBAHH.A 

AHanH3 pa60T~ YCTaHOBKH nOKa3an WHpOKHe B03MO*HOCTH ee yco
BepweHCTBOBaHHR, BKno4a~ero KaK ynY4weHHe TeXHH4eCKHX xapaKTe
PHCTHK. TaK H pacwHPeHHe ~YHK~HOHanbH~X B03MO*HOCTeH. CpaBHH
TenbHO npOCTO MorYT 6~Tb ynY4weH~ cneAY1OI1IHe xapaKTepHCTHKH: -1/2 
pa3peweHHe no nOTOKY npHMepHO B 4 pa3a, T.e. AO l,8·10-4~O r~ 
sa C4eT onTHMH3a~HH BXOAHOH ~enH YB4 InonHoe nOAKno4eHHe KOH
Typal; 6~CTpOAeHCTBHe - nYTeM YBenH4eHHR neTneBoro YCHneHHR 
C OAHOBpeMeHH~M YCTpaHeHHeM napa3HTHoro ~a30Boro CABHra H4 TpaK
Ta CA - H; T04HOCTb H3MepeHHR - npH Hcnonb30BaHHH *eCTKoro rHA
paBnH4eCKoro npHBOAa 06pa3~oB. nepB004epeAHOH 3aAa4eH no paCWH
peHHO ~YHK~HOHanbH~X B03MO*HOCTeH RBnReTCR, KOHe4HO, 06ecne4e
HHe WHpOKoro TeMnepaTYPHoro AHana30Ha H3MepeHHH. BbiCOKaR, 4yBCT
BHTenbHOCTb no MarHHTOMY MOMeHTY H B03MO*HOCTb Hcnonb30BaHHR 
06paa~oB Manoro AHaMeTpa noaBonROT BBeCTH B npHeMH~H KaHan 
BCTaBKY' C ABOiliHblMH CTeHKaMH H perynHpoBaTb TeMnepaTYPY BHYTPH 
3ToH BCTaBKH. AnR paCWHpeHHR AHanaaOHa no nono BBepx, He06xo
AHMO Hcnonb30BaTb XopOWO PlaBec'TH~e Mep~: )l(eCTKYIO ~HKcallHIO co
neHOHAa, 3KpaHOB H TpaHC~OPMaTOpa 3aTBepAeBa1Ol1lHMH npH oxna)l(Ae
HHH CMa3KaMH. KpOMe Toro, nocKonbKY Mbi HcnonbayeM AnR coeAHHe
HHA BWBOAOB TpaHc~opMaTopa MexaHH4eCKHe KOHTaKT~ H TeM caM~M' 
HeHs6e*Ho 06pa3yeM napa3HTHYO neTno C 3aMeTHoH nn~aAblO. no
ne3HO ee 3KpaHHpoBaTb OTnonR pacceRHHR coneHOHAa. AHaMeTp npH
eMHoro KaHana noa80nReT TaK*e nerKO paaMeCTHTb B HeM KaTYWKH 
AnA Ha6noAeHHR .AMP H 3np. Bce 3TH YCOBepweHcT9oeaHHR HaxOARTCR 
4aCTH4HO B CTaAHH B~nonHeHHR. 4aCTH4HO y*e B~nonHeH~ IBCTaBKa 
co CBeTOBOAoM AnR HaonoAeHHR ~TOMarHHTHbiX 3~eKTOB/. 

6. B03MOJ!(HbIE 3AAA4H 

1. HSMepeHHe BocnpHHM4HBOCTH npH renHeBbiX TeMnepaTypax MaTe
pHanoe, HcnonbayeM~x B KpHoreHHoH TeXHHKe. HacKonbKo HaM H3BeCT
HOt nocne pa60T~ YHTnH 1961 r. /211 TaKHX H3MepeHHH He npoBOAH
noCb. B TO *e BpeMR HHaKaR 4YBCTBHTenbHOCTb Hcnonb30BaHHoili B 
HeH MeTOAHKH He nOSBonHna B HeKOTOp~X cnY4aRX HaAe*HO onpeAenHT~ 
Aa*e 3HaK X • 

2. OnpeAeneHHe KOH~eHTpallHH 3neKTpOHH~X cnHHOB B Be~eCTBe 
nOJ1flpH30BaHH~X MHweHelii "3aMopo*eHHoro" THna 1221 

3. H3y4eHHe ~OTOMarHHTHbiX 3~eKToB, B 4aCTHOCTH, HeKOTOpwX 
cTaAHH ~OTOCHHTeaa npH HH3KHX TeMnepaTypax. 

4. Paapa60TKa HaAe*HoH KOHCTPYK~HH H cxeM~ napaMarHHTHoro 
Tep~OMeTpa AnR Hcnonb30BaHHR C pe~pH)I(epaTOpOM paCTBopeHHR
3 4

He 
_ 

He 
5. Paapa60TKa CHCTeMbi perHCTpa~HH Ha OCHOBe CKBHAa AnR Ten

nOBoro AeTeKTHpOBaHHR peAKHX npo~eCCOB IHanpHMep, 2t3(Ov)-pacna
Aa{ npH CBepXHH3KHX TeMnepaTypax 123/. 

B saKn04eHHe aBTOp~ B~pa)l(aQT npH3HaTenbHOCTb A.r.3enbAOBH4Y, 
ID.M.Ka3apHHOBY, ro.K.nHnHneHKO sa AnHTenbHYO H nocneAOBaTenbHYO 
nOAAep*KY paOOT~, M.OAerHany, A.O.raHaro, B.A.KysHellOBY, 6.B.Ba
CHnbeBY aa none3Hwe 06CY*AeHHR OTAenbHblX BonpOCOB, A.HHKHTH~ 
sa TeXHH4eCKYIO nOM~b. 
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PYKonHCb nocTynHna B H3AaTenbCKHH OTAen 
11 AHBapA 1985 rOAa 

,llpoeiHH D.M. H AP. , P8-85-190 

HH9KOTeNDepaTypawA HSMepHTeDb BOCDP~OCTH 


cna6oMarHHTHYX~CTB 


n~eHo ODHCaHHe YCTaHOBKH Ha oCHoBe CKBMna ARK HSMe
peJIHS CTa'l'JI1IeCKoA M8I'HHTHOA BOCDpHHMtlHBOCTH· DPH T :: 4,2 K 
C qyaCTIIJIT'UTbHOC'l"bII) no BOCnpJftIMIIHBOCTH 6,25' 10'" 1ll-1I2 

'eA.CH IB Done 10 '31. no MOMeHTY - 2,4'10-18 A- ..2~-1/2. naH 
()eiol'illeHHlldt aR8JJH9 cxeMN co CKBH1(OM. nOAPo(SHO paCCMOTpeHW my
MOBW8 XapaICTepHCTHKH H elwcTPOAeAcTBHe, MeTOAHKa H9MepeHHA. 
OeiCy,EABmTCS DepBwe PesynbTaTY H BOSM03HNe npHMeHeHHH nOAoeiHoA 
H3MePHTen&HoA CHCTeMW, B TOM qucne B KAepHoA ~SHKe. 

PaeioTa BbDlonHeHa B naeiopaTopHH BbiCOKHX 3HeprHA OIDIH. 

Coo6__e OtiIoe,tUIHeJIRoro HllCftlTYTlI Jl,ll;epHIIIX ..CCJIeAO....... .Qy6aa 1985 


TIepeBoA O.C.BHHOrpAA()BoA:. 

Drobin V.M. et al. P8-85-190 
L()w Temperature Magnetic Susceptometer 

A SQUID-based magnetic susceptometer with 4.2 K operating 
temperature and 6.25'10-9 Hz-tIl! sensitivity ()n susceptibity 
lin SI units and in 10 Oe fieldl and 2.4.10-13 A'ml!·Hz-t/2 
sensitivity on magnetic moment is described. Generalization 
of such measuring system with feed back loop is analysed inclu 
ding noise and speed of response. First results and possible 
applications including nuclear physics are discussed. 

The investigation has been performed at the Laboratory 
of lIigb Energy. .JINR. 
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