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BacnJlbeB E.B,, fopllennii B.Yl. PI3 11048 
Yf3MepeKHe WYMOBbiX rrapaMeTpOB CBepX!lpOBOllSIIUero KBBHTOBOrO 

HHTepljlepoMeTpa 

PaccMoTpeHbl ocnoaHb!e HCTO'IKHKH myMoa caepxnpoaollsrruero KB8HToao

ro HHTep¢lepoMeTpa H MeTOJlHKB HX pa3nenbHOro H3MepeHHSI, H3nO)f(eHbl pe-

3YJlbT8Tbi 3KCnep&MeHTOB 1 !lOK838B1llHX1 'ITO OCHOEIHOil BKnaA E1 nonHhiA WyM 

HCCnenOBBHHoro HHTepljlepoMeTpa BHOCSIT ljlniDKTyBUHH MBrHHTHoro fiOTOK8 B 

CKBHAe, a He ljlniDKTy8UHH B Tp8KTe yCHnHTenSI, 

Pa6oTa Bhmonnena B lla6opaTopnH nel!Tponnoii $H3HKH OH.HH, 

flpeupaaT 061.euaeaaoro uc:TBTyTa •.11epawx ac:c:ne,lloaa..l . JlY6.a 1977 

P I3 II 048 

Vasiliev B,V., Gordeliy V.I. 

Measurement of the Noise Parameters for Superconducting 
Quantum Interferometric Device 

There were considered the main sources of noises in the su
perconducting quantum interferometric device and the technique of their 
separate measurements, The results of the experiments are presen
ted showing that the main contribution to the total noise of the devi
lce under investigation is given by the fluctuations of the magnetic 
flux in SQUID but not by the amplifier channel fluctuations. 

The investigation has been performed at the Neutron Physics 
I.aboratory, JINR. 
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B nocneamte I'Otlbi ace 6onblllee pacnpocrpaaeaue B 

TeXHHKe tPH3H'lJeCKOH na6opaTopuu npuo6peTaiOT KB8HTOBbJe 

CBepxnpOBOtlRIUHe llHTeptlJepoMeTpL! (KCJ1) 1 ll03BOnHIOIUHe 

llpOBOtlllTb pa3nU'lJHhle M8I'HHTHhle ll 9neKTpll'IeCKHe ll3Me

peHHH. 8bJCOK8H 'IYBCTBUTenbHOCTb 9THX npu6opoB o6ycnoB

neHa KB8HTOBOH llpllpOtlOR llpOUeCCOB, ne)K8lUHX B OCHOBe 

pa60Tbl HX 'IYBCTBliTenbHb!X 9neMeHTOB - CBepxnpOBOtlH

lUllX KB8HTOBhlX llHTeptlJepeHUHOHHhlX tl8T'lJHKOB (CKBlltlOB) -

ll COOTBeTCTBeHHO HCKniO'lJUTenbHO Hll3KOH 9tPtPeKTHBHOH 

lliYMOBOH TeMnepaTypoti:, 

TeM ae Meaee B npaKTu'lJecKux KOHCTpyKUllHX KCI1 lliY

MLJ OK83biB810TCH BCe-T8Kll Bblllle, 'IeM 9TO CneayeT U3 

TeopeTu'IeCKHX oueHOK. Bo-nepBLJX, aaMeTHLJil BKnaa B 

nonHbJH lliYM MoryT BHOCHTb, KpoMe aaT'lJHKa, ocTanbHLJe 

9neMeHTLJ KCI1, HanpHMep ycHnHTenb, a BO-BTOpbiX, pe

anbHO BCerna CyiUeCTByeT HeKOTOpblll ypoBeHb H8BOtlOK ll 

BH6paUHR ( B none 9KpaHOB), BKnaa KOTOpb!X MO)KeT OKa-

38TbCS£ aecbMa cyll!eCTBeHHhlM, B CBH3H c 9THM nepea 

9KCnepHM8HT8TOpOM, pelll810ll!HM 38tl8'IY llOBbillleHHR 'lJyB

CTBllTenbHOCTll KCI1 ll np»6nH)KeHHH ee K TeopeTuqecKoMy 

npeaeny, CTOHT OCHOBHOH BOllpOC : 'ITO RBnsreTCR rnaBHbiM 

llCTO'lJHllKOM lliYMOB? l13MepeHlle llOnHOI'O lllyMa MHTeptiJe

poMeTpa Mnll MHHHManbHOI'O tl8TeKTHpyeMOI'O M8I'HHTHOI'O 

llOTOKa He MO)KeT !l8Tb OTBeTa Ha 3TOT BOllpOC, 

Uenb aacrosrrueii pa6oTLI - onHcaTb oaay ll3 B03MO)K

HLIX MeTOtlllK paaaenbHOI'O ll3MepeHHH BKnaaa lliYMOB, 

C03tl8BaeMbiX QlniOKTy8UHRMll M8I'HHTHOI'O llOTOKa Ha CKBH

ae, If lliYMOB, llM810lUHX "HeMai'HHTHOe" llpOHCXO)KJleHHe, 

H8llpUMep lliYMOB 1 CBS£38HHb!X C QJniOKTY8UMRMll K09tPtPHUll

eHTa ycuneausr ycunurensr. 
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nonHblll liiYM KCH, CXeMaTH'feCKH H306pameHHOf'O Ha 

pH C, 1, MOMHO C'fHTaTb CyMMOfi liiYMOB pa3nH'fHb!X HCTO'f

HHKOB! 

1) C06CTBeHHO CKBHAa, 

2) peaoHaHcHoro LtCt- KOHTypa, 

3) conpoTHBneHHSI CBSI3H R. 
4) ycHnHTenSI. 

pH C, 1, CTpyKTypHaH CXeMa KBBHTOBOf'O HHTepllJepoMeTpa, 

HCITOnb30B8HHOf'O B 9KCnepHMeHTe, 1 - reHepaTOp MOAynH

UHHj 2 - BOnhTMeTpj 3 - HCTO"'HHK ITOCTOHHHOf'O CMellleHHSI 

M8f'HHTHOf'O noTOKa; 4 - ycHnHTenh-8BTOf'eHepaTopj 5 -
pe30HaHCHblll ycHnHTenb, HaCTpOeHHblll Ha "'8CTOTy MOAynSI

UHHj 6 - KBaapaTH"'Hblll aeTeKTOpj 7 - OCUHnnorpallJj R = 
390 K0M; C=470 ncj:l; Lt ,Ct - Kone6arenbHbri1 KOHTyp; 

Ls - HHAYKTHBHOCTb CKBHAa; M - K09lPlPHUHeHT B38HMO

HHAYKUHH CKffHAa H KOHTypa, 

I 

4 

~ 

Ponb l!IyMa B npaKTH'feCKHX cxeMax MoryT TaKme Hr

paTb HaBOAKH H BH6paUHH B nOCTOSIHHOM Maf'HHTHOM none, 
KOTOpb!e Mbl, OAH8KO, paCCMaTpHB8Tb He MOMeM, TaK KaK 

OHH He noaaaroTCSI anpuopHofi oueHKe. 

Ecnu BCe HCTO'fHHKH HeKoppenHpOBaHbi, TO nonHb!ll IIIYM 

HHTepllJepoMerpa, npHBeAeHHbiH K CKBHAY, B 9TOM npH6nHme

HHH eCTb 

2 2 2 2 2 
<<l>nl > •<<l>n1 ·>+<<l>n2>+<<1> n3 >+<<l>n4 >. (1) 

OepBbie TpH HCTO'fHHKa npH 9TOM, TaK )l{e K8K H H8BOAKH H 

BH6paUHH, 6yayT C03AaBaTb "Maf'HHTHb!e" liiYMbi
1 

T, e, npH

Beayr K liJnroKTyaUHSIM Maf'HHTHOf'O nOTOKa Ha CKBHAe, YcH

nHTenb C03llaCT B OCHOBHOM "HeMaf'HHTHyro' KOMnOHeHTy 

liiYMOB, XOTSI, B npHHUHITe, B03HHKaiDl!IHe B UenH 3aTBOpa 

nepBOf'O TpaH3HCTOpa TepM09llC MOf'yT npHBeCTH K liJnroK

TyaUHSIM nOTOKa Ha CKBHAe, 0aHaKO MHOf'O 6onhiiiHe no 

BenH'fHHe liiYMbi KaHana TpaH3HCTOpa npHBeAyT K COOTBeT

CTBYIDl!IHM 4JnroKTyauHSIM BbiXOAHoro HanpgmeHHSI KCH, HO 

He Bhl30ByT liiYMOB Maf'HHTHOf'O ITOTOKa, 

PaccMoTpHM liiYMbi Ka)l<aoro HCTO'fHHKa noapo6Hee. Cor

nacHo 
111 

liiYMbi CKBHA8, SIBnSIID!llerocg KBaHTOBOH CHCTe

MOfi, o6ycnosneHbl TeM, 'iTO TennOBbie liJnroKTyaUHH TOKa 

Bhl3hlBaroT llOSIBneHHe HeOAH03Ha'fHOCTH B 3Ha'feHHSIX Mar

HHTHOf'O nOTOKa, llpH KOTOpb!X npOHCXOAHT npeoaoneHHe 

noTeHuHanbHoro 6apbepa, paaAenSirol!Iero coceaHHe KBaH

TOBhle COCTOHHHH. TaK KBK 38BHCHMOCTb paAHO'faCTOTHOf'O 

aanpgmeHHH oT npuno)l{eHHoro K CKBHAY (H3MepHeMoro) 

Maf'HHTHOf'O ITOTOKa B f'HCTepe3HCHOM peMHMe pa60Tb! CBH-

3aHa HMeHHO CO CKa'fKaMH ITOTOKa B CKBHAe, TO HeOAHo-

3H8'fHOCTb ITOTOKa, COOTBeTCTBYID!llero CKa'fKy, npHBOAHT 

K OrpaHH'feHHID MHHHManbHOf'O H3MepHMOf'O nOTOKa, T 8KHM 

o6pa30M, TellnOBb!e liJnroKTyaUHH TOKa B CKBHAe, Bb!3b!B8H 

HeOAH03Ha'fHOCTb noporOBbiX 3Ha'feHHH llOTOKa, o6ycnoBnH

B8IDT HeonpeaeneHHOCTb B pacnpeAeneHHH CKa'fKOB llOTOKa 

B f'HCTepe3HCHOM CKBHAe H TeM C8Mb!M C03AaroT TennOBOH 

IIIyM, 

lleranbHOe paCCMOTpeHHe/
1/ 9T0f'O MeXaHH3Ma npHBOAHT 

K aliJliJeKTHBHOMy 3H8'feHHID M8f'HHTH0f'O nOTOKa, KaK 6b! 
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!}lJllOKTYHPYIOlllero Ha CKBHAe: 

<<1>2>,. 
1 

30(L 8 KT)
413 ~f 

11 <1>2/3 f 
0 0 

(2) 

3aecb K - nocToHHHaH EonhUMaHa, T - TeMnepaTypa re-

nueaoil: BBHHbi, <1>
0

- KBBHT MarHHTHOrO llOTOKa, f O 

pa6o'iaH qacToTa KCH, ~ f - liiHpHHa nonocbi nponycKaHHH 

cxeMbiKCH, DpuT=4,2 K, M=l fu, f 0 =10
7
ru, L 8 = 

3 •10"10 f liiYMbl CKBHAa paBHbi! 

2 -5 2 
<<1>

1 
>a<2,5•10 <1>

0 
> ( 3) 

Ha nepBbiil: a3rJlHA Ka:tKeTCH, 'iTO MarHHTHbie liiYMhi oT 

OCTaJlbHbiX HCTO'iHHKOB MOryT 6b!Tb p8CC'iHT8Hbl B COOT

BeTCTBHH c TeopeMoil: Hail:KBHCTa o aeJlH'iHHe cpeaHeKaa

apaTH'iHoro liiYMOBOrO TOKB 'iepe3 KOpOTK03aMKHYTbiM pe-

3HCTOp R npH TeMnepaType T: 

<j 2 > ~ 4KT AL n R . (4) 

OaHaKo aTo He coaceM TaK, B cooTaeTCTBHH c paaeHCT

BOM ( 4) !}JJllOKTyaUHOHHbiM MarHHTHbiM llOTOK Ha CKBHAe, 

Bbl3biBaeMbiM TOKOM 'iepe3 KaTyliiKY HHAYKTHBHOCTH L t 

KOJle6aTeJlbHOrO KOHTypa, HMeiOlllYlO CO CKBHAOM B38HMO

HHAYKUHIO MzkyLt L 
8 

, paBeH 

<<1>2 >• M2 ~T ~f 
R • 

R 
( 5) 

H B CJlyqae OllTHM8JlbHOM CBSI3H 
121 

k
2
Q al 

2 L sL t AL <<I> > .. ---·4KT...I.l . 
R Q R 

(6) 

OueHKH noKa3biBaiOT, 'iTO npu HCllOJlh30BaHHH BhiCOKoao6-

poTHoro KOHTypa ( Q =1000) H 60JlbliiHX conpoTHBJleHHM 

( R caH38=10 5 OM, R 3aTaopa =10 
7 

OM) lllyMaMR aTHX 

HCTO'iHHKOB MO:tKHO CMeJlO npeHe6peraTb, 

6 

.. 

3Ha'iHTeJlbHO 60JlbliiHe ( B Q pa3 ) lllYMOBb!e TOKH C03-

t:l8AYT 8TH :tKe HCTO'iHHKH HB pe30H8HCHOM 'i8CTOTe KOHTy

pa. Ho B 8TOM CJly'iae OHH 6yayT B03}:leil:CTBOB8Tb Ha CKBHA 

KBK Me}:lJleHHhie ( C llOCTOSIHHOM BpeMeHH Q /f O ) !}JJliOKTya

UHH TOKa H8K8'iKH H llOTOMy B pe:tKHMe pa60Tbl H8 llJl8TO 

B nepBOM npH6JlH:tKeHHH B006llle He npHBeayT K !}lnlOKTya

UHSIM HanpSI:tKeHHSI H8 CKBH}:le. Eonee CTporoe paCCMOTpe

HHe /1/ BJlHSIHHSI lllYMOB KOHTypa llOK83b!B8eT, 'iTO HX Be

JlH'iHH8 6yaeT o6paTHO nponopUHOH8JlbH8 A06pOTHOCTH H 

npSIMO nponopUHOH8JlbHa HeKOM a!}J!}JeKTHBHOM BeJlH'iHHe, CBSI-

3aHHOM C HaKJlOHOM nnaTO Ha paAHO'i8CTOTHOM XapaKTepHC

THKe KCH, noaTOMy npH Bb!COKOil: ao6poTHOCTH KOHTypa 

lllyMaMH aToro THna MO:tKHO npeHe6pe'ib, 

"HeMarHHTHbie" liiYMbi KaHana nepaoro TpaH3HCTopa, 

He C03}:lal0l11He !}JJllOKTyaUHM llOTOKa H8 CKBH}:le, !}JopM8JlbHO 

MoryT 6biTh npHaeaeHbi K HeMy cneayiOlllHM nyTeM. Ha

npH:tKeHHe liiYMOB B K8H8Jle Tp8H3HCTOpa, npHBe}:leHHOe K 

ero BXOAY, MO:tKeT 6b!Tb onpeaeneHO B COOTBeTCTBHH C 

TeopeMoil: Hail:KBHCTa: 

2 
< u

5 
> - 4 K T t1 r R . (7) 

Y'iHTbiBaH, 'iTO Koa¢¢HuHeHT, CBH3hiBBIOlllHil: BeJlH'iHHY Mar

HHTHoro llOTOKa Ha CKBH}:le C HanpH:tKeHHeM Ha KOHType, 

eCTb HaKJlOH BOJlbT-apCTeAHOM XapaKTepHCTHKH y , MO:tKeM 

!}JopMaJlbHO 3allHC8Tb! 

2 <u;5 > 
<<I> >-

n5 y2 

T aK KaK B pe:tKHMe c onTHMaJlbHoil: CBH3bi0
12 

•
31 

~ y-y--
Ls C t 

( 8) 

(9) 

H B AHalla30He 'iaCTOT, rae cneKTp lllyMa 6eJlhiM, 'iTO HMe

eT MeCTO B paCCMaTpHBaeMOM cnyqae, f 0- 10 7 fu, liiY-

MOBOe conpOTHBJleHHe KBHaJla CBSI38HO C KPYTH3HOM g 

COOTHOllleHHeM R • _L, nonyqaeM : 
3g 
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2 
<<II >n5 

8KT .~f. L
8
Ct 

3Qg 
( 10) 

Dpu C =10 2. nell, g =5 MA/B H TeMrrepaType TpaHancTopa 

T =300 K HMeeM : 

2 -5 2 
<<II >= < 0.4 ·10 <II > 

n5 0 
(11) 

TaKHM o6pa30M 1 MHHHM8JlbHb!H H3MepHMbiH IIOTOK COI'Jl8CHO 

TaKHM oueHKaM aon*eH ne*aTb rrpuMepHo Ha ypoBHe 

3•1o-5 <fl0 , IIpH"leM OCHOBHOH BKnaa B IIIYMbl aon*eH aa
B8Tb CaM CKBHa. 

METOnl1KA l13MEPEHI1H WYMOB 

B naeanbHOM cnyqae rrpu oTcyTCTBHH myMOB aaBHCH

MOCTb 8MIIJ1HTyahi Haiip5I*eHH51 Ha CHCTeMe CKBHa-Kone6a

TeJ1bHb!H KOHTyp OT IIpHJlO*eHHOI'O M8I'HHTHOI'O IIOTOKa V(<fl) 
( BOJlbT-8pCTeaHa51 xapaKTepHCTHKa ) HMeeT xapaKTepHbiH 

BHa TpeyronbHOii "rrunhi" (pH c. 2 ) • Ecnu rrpuno*eHHhiH 

K CKBHay M8I'HHTHb!H IIOTOK <fl eCTb cyMM8 IIOCT05IHHOI'O 

CMemeHH51 0 <flO, OTC"lHTbiBaeMOI'O OT 6JlH*8HIIIei1: BepiiiH

Hbl "IIHJlbi" 1 COOTBeTCTBylOmeii M8I'HHTHOMY IIOTOKY 

<II 
(2k+1) ..:Jl unu k<fl ( k - uenoe qucno), u Moaynguu-

2 <II 0 
OHHU!·O IIOTOK8 ~ Sin w t : 

2 M 

<fl·o<fl +a<fl 0 sinw t, 
0 2 M ( 12) 

TO 8MIIJlHTyaa rrepBOH- rapMOHHKH CHI'H8Jl8 a
1 

Ha '18CTOTe 

WM MO*eT 6hiTb Bbi'IHCJleHa K8K <!Jypbe-KOMIIOHeHTa CHI'Ha

na HHTep<IJepoMeTpa V ( <P) : 

1 +17 
a 1-- ( V(l3)sin9d8 , 

17 -rr 
8=-w t · 

M 
(13) 

8hi'1HCJl5151 a ToT HHTerpan, rronyqaeM ang ManbiX o H a< 1 : 

8 

i} 

' 

.1 
1 

4 
al =--arry<flo Jol, ( 14) 

T.e. B naeaJlbHOM CJly'lae a l He 38BHCHT OT a. 

B peanbHhiX HHTep<!JepoMeTpax myMhi rrpuBoagT K paa

MbiTHlO BOJlbT-8pCTeaHOH XapaKTepHCTHKH H CI'Jl8*HB8HHlO 

OCTpbiX YI'JlOB "IIHJlbi" 
141 

(rryHKTHp Ha pHc.2 ). ilocnea

Hee o6yCJ10BJleHO TeM, 'ITO Bep05ITHOCTb CK8'1K8 IIOTOK8 B 

CKBHae IIJ18BHO B03pacTaeT IIpH IIpH6JlH*eHHH IIpHJlO*eHHOI'O 

M8I'HHTHOI'O IIOTOK8 K 3H8'1eHH5IM (2k +1)<fl0 /2 H k<fl 0 , 

T. e. IIpH O-> 0, a He COXp8H5IeTC51 IIOCT05IHHOH1 K8K 8TO 

rrpeanonaraeTcg B naeanbHOM cnyqae. Mo*HO C'IHTaTb, 'ITo 

B peaynbTaTe TaKoro crna*HBBHH51 BOJlbT-apcTeaHag xapaK

TepHCTHKa IIpHHHMaeT BHa 

V(<fl)•yV~ +l<fl2. (15) 

3aecb V0 - rrapaMeTp crna*HBaHH51, KOTopbiH MO*eT 6biTb 

orrpeaeneH ua aKcrrepnMeHTa. 

Ha crna*eHHOM yqacTKe oHa MO*eT 6hlTb orrucaHa rra

pa6onoi1: 

V(<fl)•V [1+.1.( y<fl )2] 
0 2 v . 

0 

(16) 

Ecnu rrpuno*eHHhiH K CKBHay MarHHTHhiH rroToK <II orrpe

aen5IeTC51 paBeHCTBOM ( 12) H He BbiXOaHT 38 IIpeaeJlbl 

CI'JlB*eHHOI'O y'laCTK8 1 TO aMIIJlHTyaa rrepBOH rapMOHHKH 

CHI'Hana B 8TOM cnyqae 6yaeT KBK <!JyHKUHeH CMemeHH51 0, 
TBK H <!JyHKUHeH rny6HHbl MOayn5IUHH a: 

a
1 

= aoV , ( 17) 

2<112 
aaecb v = .1. Y o 

2 v2 
0 

'MarHHTHbie" IIIYMhl HHTep<!JepoMeTpa HMelOT 3H8'1HTeJlb-

Hbie HH3KO'I8CTOTHbie COCT8BJl5IlOIIIHe THIIa 1/f, 'ITO rro-

3BOJl5IeT IIpH aocTaTO'IHO BbiCOKOH '18CTOTe Moayn5IUHB 
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V(<l>) 

4> 

Puc. 2. B onbT-spcTenHaSI xapaKTepucTHKa HHTeplPepoMeT

pa. Tio OCH a6UUCC - M8I"HHTHbiH nOTOK B ellHHHU8X «1> 0 · 

C'IHT8Tb UX KB83HnOCTOSIHHbiMH, TI09TOMY nOTOK CMeiUe

HHSI 8 «l>o MO)I{eT 6hiTb 38nHC8H K8K CyMM8 nOTOK8 CMeiUe

HHSI npHnO)I{eHHOI"O K CKBHllY H3BHe, 8fci>O , H KB83Hnoc

TOSIHHOI"O nOTOK8 M8I"HHTHbiX lllyMOB, 8 ncl> O · 

Ecnu a 9KcnepuMeHTe nepaasr rapMOHHKa CHI"Hana pe

I"HCTpupyeTCSI C nOMOlllblO pe30H8HCHOI"O ycHnHTenSI, Ha

CTpOeHHOI"O Ha '18CTOTY MOllynSIUHH,H KB8llp8TH'IHOI"O ne

TeKTopa, TO npH OTCyTCTBHH KOppenSIUHH Me)l{llY "M8I"HHT

HbiMH" lllYM8MH H "HeMai"HHTHbiMH" lllYM8MH C CHI"HanoM 

H llpyi" C llPYI"OM B pe3ynbT8Te H3MepeHHSI BMeCTO (17) 
nony'IHM: 

10 

i 

i 

1 

<a2 1/2 
1 > _;a2v2 ( 8 2 +< 8 2 > )+<a2 >. 

v e n n (18) 

3 2 " necb <an > - cpenaeKaanpaTH'IHOe 3Ha'leHHe HeMai"HHT-

HhiX" ruyMoB H < > 03HaqaeT ycpenHeHHe no apeMe-

HH H3MepeHHSI. 

Tiony'leHHOe Bhrpa)l{eHHe nnsr aMnnHTYllhi nepaoii rapMo

HHKH Bhrxonaoro HanpSI)I{eHHSI KCI1 yKa3hraaeT nyTb pa3-

nenbHOI"O H3MepeHHSI 1\lnlOKTyaUHH "M8I"HHTHOI"O" H "HeMa

I"HHTHOI"O" Tuna, nnsr T8KOI"O p83lleneHHSI He06XOllHMO: 

1. I13MepHTb 38BHCHMOCTb <ar(8f )>
112 

- aMnnHTYllbl 

nepaoii rapMOHHKH caraana HHTeplPepoMeTpa KaK IPYHKUHH 

nOTOK8 CMeiUeHHSI 8 fci>O npH pa3nH'IHbiX M8nbiX aMnnHTy

ll8X MOllynSIUHH a · 
2, nnsr nHHeHHOI"O yqaCTKa nonyqeHHOH 

2 1/2 < a 1 (8e )> onpenenHTb Taareac ero 

38BHCHMOCTH 

yrna HaKnoHa 

2 1/2 
v - d< at (8e )> I a 

d8e 

3 11 
2 1/2 .. 

, 3MepHB <a
10

> - 3H8'leHHSI aenH'IHHhl nepBOH 

rapMoHHKH BhrxonHoro Hanpsr)l{eHHSI KCI1 npH 8e =0 npH 

pa3nH'IHhiX a. nocTpOHTb 3aBHCHMOCTb < ai >I v 
2 

oT a2. 

4. 3KCTpanonSIUHeii nony'leHHOH 38BHCHMOCT~ K a-+ 0 onpe

nenHTb <a 2 >lv2 . 
n 2 2 2 

5, 3KCTpanonSIUHeH 38BHCHMOCTH <a
10

(a )>IV K 3H8-

qeHHSIM a-+lnony'IHTb aenH'IHHY <82>+<a2>1v
2 

H T8KHM , n n · ~, 

o6pa3oM onpenenHTb pa3nenbHO Mai"HHTHhle' ~PnlOKTyauHH 
<8 ~ >112 a enHHHuax «1>

0 
H "HeMai"HHTHhre", npHaeneH-

Hhle K CKBHllY H Bhlp8)1{eHHhle T8K)I{e B enHHHU8X «1> 0 . 

CnenyeT 3aMeTHTb, 'ITO TaKoe pa3neneHHe He no3ao

nsreT CTpOI"O OTnenHTb lllYMbl yCHnHTenSI OT OCTanbHb!X 

lllYMOB 1 a nHlllb naeT nnsr HHX npH6nH:>KeHHYlO OUeHKY. neii

CTBHTenbH01 H3MepeHHe OCHOB8HO H8 TOM, 'ITO llnSI CI"na

)l{eHHOI"O yqaCTK8 xapaKTepHCTHKH "'Mai"HHTHbie" lllYMbl. 

38BHCSIT OT rny6HHbl MOllynSIUHH a, B TO BpeMSI K8K "He

M8I"HHTHbie" ruyMhi He 38BHCSIT oT MonynsruHH. OnHaKo 

IPYPbe-KoMnoaeHTa "Mai"HHTHhiX" ruyMoB Ha qacToTe w 12 . M 
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npH Of =0 T8K)K8 npOHAeT qepe3 TpaKT B OTCYTCTBHe MO

Ayn.SIUHH, H noaToMy nonyqeaaoe 3HaqeHHe <a io >/v 2 MO)K

ao conocraan.SITb c myMaMH ycnnnren.SI nnmb KaK HeKoTo

pyro aepXHIOIO Pp8HHUY • 

PE3YnbTAT~ 3KCDEPHMEHTA 

DpnaunnHanbHa.SI cxeMa ycraHOBKH, Ha KOTopoii npoao

AHnHCb H3MepeHHSI lliYMOBblX napaMeTpOB HHTepcpepoMeTpa, 

npeacraaneaa aa pH c. 2. Pe3oHaHcHa.SI qacrora H ao6por

HOCTb Kone6aTenbHOI'O KOHTypa 6hinH 6nH3KH K 10 Mfu 

H 10 
3 

COOTB8TCTB8HHO. H HTepcpepoMeTp pa6oTan B 8BTo

I'eHep8UHOHHOM pe)KHMe. 

B aaqane H3MepeHHH aMnnnryaa Moayn.SIUHOHHoro aanp.SI

)K8HH.SI, Bblpa6aTb!B88MOI'O I'eHepaTOpOM 1, pa60TdBlliHM 

aa qacrore 1 Kfu:, noa6npanacb TaK, qro6br pa3Max Tpe

yronbHOH KapTHHhi aa ocunnnorpacpe 7 no ao3MO)KHOCTH 

Toqao paBH.SinC.SI OllHOMY nepHOllY BOnbT-9pCT8JlHOH xa

paKTepHCTHKH ( OllHOMy KB8HTy). 3Ta BennqHH8 MOJlyn.SI

UHOHHOI'O Hanp.SI)K8HHSI COOTB8TCTBOBana K09cpcpHUH8HTy a=1. 

3aTeM H3M8p.SinHCb nOK838HHSI HHTepcpepoMeTpa H8 nepBOH 

I'8pMOHHK8 MOJlyn.SIUHH B 38BHCHMOCTH OT npHnO)K8HHOI'O 

K CKBHllY noCTOSIHHOI'O M8I'HHTHOI'O nOTOK8 npH pa3nHq

HbiX ManbiX rny6HH8X MOJlyn.SIUHH ( a =0, 1 i 0,~ i 0,3; 0,4) • 

nepaasr rapMOHHK8 CHI'Hana npH 9TOM BbiJlensrnacb Y3Ko

nonoCHbiM ycnnnreneM 5 rnna Y2-6, aanpsr)KeHHe c Bhrxo

aa KOTOpOI'O H3M8pSinOCb BOnbTMeTpOM nepeMeHHOI'O To

K8 6 THna B3~ 7. nocTOSIHHbiH M8I'HHTHbiH noTOK, npHKna

JlbiB88MbiH K CKBHllY, pei'HCTpHpoaancsr UHcppOBbiM BOnbT

MeTpOM 3 no Hanp.SI)K8HHIO H8 BbiXOll8 HCTOqHHK8 nHT8HHSI 

2,. C03Jl8B8Blli8I'O TOK qepe3 KaTymKy, HHAyKTHBHO CBSI38H

HYIO co CKBHJlOM. KanH6poaKa noKa3aHHii aonbTMerpa ocy

mecrangnacb no CllBHI'~ TpeyronbHoii KaprHHbi aa 9Kpaae 

ocunnnorpacpa Ha OllHH KBBHT. 

Pe3ynbT8Tbr 9THX H3Mepeanii npnaeaeHbi Ha pH c. 3, 

Ha KOTOpOM no OCH a6CUHCC OTnO)K8HO noCTOSIHHOe CMe

lli8HHe 0 f ,B 8llHHHU8X <1>0 , a no OCR OpllHH8T - 8MnnH

Tylla Hanp.SI)K8HHSI nepBOH I'apMOHHKH CHI'Hana B OTHOCH

TenbHbiX 8llHHHuax. KaK BHllHO H3 aroro pncyHKa, aa 3Ha

qnrenbHOM yqaCTKe 38BHCHMOCTb <a1 (0 f ) > l/2 OK83bl-

12 

I • 

l 

o, 

30 

20 

10 

-0,2 -0,1 0 0,1 0,2 0 

pH C. 3. 3aBHCHMOCTb aMnnHTYJlbl nepBOH rapMOHHKH Bbi

XOllHOI'O CHI'Hana HHTepcpepoMeTpa at f B OTHOCHTenbHbiX 

8llHHHU8X/ OT BenHqHHhl nOCTOSIHHOI'O CM8lli8HHSI M8I'HHT

HOI'O nOTOK8 o~ , H3MepeHH8SI npH pa3nHqHOH rny6HH8 

MOJlynSIUHH a. flo OC'H a6UHCC - aennqHHa nOTOK8 CMe

lli8HHSI B 8llHHHU8X <I> 
0 

BaeTCSI nHH8HHOll cpyHKUH8ll 0 f , KBK 9TO npeJlCK83biB88T 

cpopMyna (17). HaKnoH aroil xapaKrepucTuKH da 1/d0e, 
T8K)K8 B COOTB8TCTB'HH C (17), nHH88H no a (puc.4). 

Ha aToM pHCYHKe orno)KeHa T8K)Ke 38BHCHMOCTb Koacpcpu-

da t; 
UH8HT8 V • dB" a OT a, H3 KOTOpOll MO)KHO caenaTb Bbi-

BOll 0 nocTOSIHCTBe 9TOI'O K09cpcp'HUH8HT8, KaK 9TOI'O Tpe-

6yeT pacqeT, a npeaenax 0 <a< 0,4. 
Y cpeaaeaue nonyqeHHbiX pe3ynbTaToa a aToM aHana3o

He aaer ao3MO)KHOCTb onpeaenHTb Koa¢¢uuueHT v. Dpo-

13 



3 

2 
$/cL 

1ft 

Qf 02 Q3 a4 05 ot.. 

Puc. 4. 3KcnepuMeHTanbHO nonyqeHHhle 38BMCMMOCTH TaH

/a OTHOCMTenbHhlX eaMHHUax/ reHca yrnci 

H BenuqHHbl 

HaKnoHa 

da 1 Ia 
do 

~~ 
do 

OT MoaynSIUMH a· 

2 1/2 
Be):ISI H3MepeHHSI <a lO > - BenuqHHbl HaTip5DKeHMSI nep-

BOH rapMOHMKM BbJXOAHOf'O HanpSI)!(eHHSI KCY! npu 0 e =0 
npM pa3Hb!X 3HaqeHHSIX a, HeOOXOAHMO npHBeCTH peaynb

TaTb! K OLIHOf'epueaoii: s!jl!jleKTHBHOH nonoce • .UnSI STOf'O Obl

na naMepeHa nonoca nponycKaHHSI Llf yaKononocHoro ycH

nuTenSI 5 ( paccTpoii:Ka Ha ypoaHe 0, 7 ) , oKaaaarnaSicSI paa-

<a2 >112 
HOH 90 fu, TIOCTpOeHa 38BHCUMOCTb V ~~ 1/2 KaK ¢YHK

UHSI a (pH C. 5). 3KCTpanonSIUHSI STOH ~8BUCHMOCTH K 3H8-

qeHUSIM a =0 H a =1 TI03BOnSieT TipHonH)!(eHHO ( B nHHeii:

HOM M8ClliTaoe) OUeHHTb 8MTinHTyay "HeM8f'HHTHbiX .. H 

CyMMapHbiX rnyMOB. 
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t5l zrG} 

fO 

s 

DS 

/ 
/' 

/' 

/ ,,....,.... 
/' 

_,.., ..... 
/ 

to d_ 

2 1/2 
<at> 

Puc. 5. 3aaucuMoCTb aMIInHTYAhi rnyMa v(i"if)l72 /a eaH

HMuax <I> 0 I KBaHToaoro 11 HTepctJepoMeTpa oT aenM'IMHbl 

l\10J:Iyn51UMM a, nony4eHH8SI npn: Of =0. 

PeweHne ypaaHeHnii: (18) KaK cucTeMhl npn paanuqHhlX 

SKCnepnMeHTanbHbiX aaHHbiX ( a 11 <af0> l/2 ) 11 nocne-

ayiOrnee ycpeaHeHne noKaaann, qTo anSI nccneayeMoro HH

Tep¢epoMeTpa u M8f'HHTHbie" illYMbl paBHbl: 

<o 2 >/Llf=<12·1o-5 
<1> >

2 1 
n 0 

R "HeMaf'HHTHhle" -

2 
<an> ILlf .. <2.8·10-5 <1> 
v 2 0 

2 
>/. 
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T aKHM o6pa30M, pe3ynbTaTbi H3MepeHHti aanH 3aMeT
aoe rrpeBbillleHHe lllyMoB HccneayeMoro HHTep¢epoMeTpa 
H8A pacqeTHbiM ypOBHeM H ITOKa3anH 1 'ITO OCHOBHbiMH SIB
nSIIOTCSI "MaPHHTHb!e" liiYMbl, 3TOT ¢aKT MO:lKHO C'IHT8Tb 
OCHOB8HHeM AnSI ITOHCKOB rryTH ycoaepllleHCTBOB8HHSI HHTep

¢epoMeTpa. 
ABTOpbl 6naroaapHbl r.c. KpHBOMY 38 BHeCeHHbie yTO'I

HeHHSI. 
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