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KaK anep~Lie noKa~aHo JlOH.IlOHOM i 11, nonHio~ii MarHHT

Hblii nOTOK 11>2 , npOHH3LIBaiO~HH CBepxnpOBO}lJI~ee KOflLUO, 
KBaHTyeTCH 

¢~ =<ll t-IL· 
" _H 

he 
n--rc n <ho · •. /1/ 

3.necL Ill, - MarHHTHLIH nOTOK, CBJI;JaHHbiH C KOflLUOM, 

C03}laBaeMLIH BHeiimHMH HCTOqHHKaMH, I -. TOK, TeK}'ll{HH 

no BHyTpeHHeii noaepXHOC.TH KOflLIJ;a, HMeiO~ero 3rj)$eKTHBHYID 

HHJlYKTHBHOCTL L H , n- nenoe qlicno; ¢
0

." --f.c. - KBaHT 
MarHHTHOrO nOTOKa. :: . -e. 

EcnH KOnLno co.nep>KHT pa3pLIB - _ "cna6y10 CBJ13L" HflH. 

TYHHenLHLiii KOHTaKT )l;>Ko~ecl>coHa I puc. 1/," To ycnoBHe 

··. KBaHTOBaHHJI /1/ K TaKOMy KOflLUY HenpHMeHHMO, HO 06~ee 
onpe.neneHHe noToKa 

<ll l + . I L 
H 

(l /2/ x-

COXpaH.B:eT CHny. B CBJI3H C TeM, qTo B 3TOM cnyqae TOK, 

UHpKynHpyiO~HH no KOflLUY, npoTeKaeT qepe3 KOHTaKT )l;>Ko-

3erlJcoHa1 aenHqHHa ToKa no.nqHHJieTcJI ypaaneHHIO )J;>KoJe$
co.Ha / 2, 

<Ill 
= . I · sin 2 r. ----- /3/ Kp. rP 

0 
3.necL lKp: KPHTHqecKHH TOK }l>K03ecJ>coHOBCKOrO KOHTaKTa. 

llo.ncTaim.a:JI /3/ a paaeHcTBo /2/, nonyqHM TpaHcneH.neHT-
HOe ypaBHeHHe 

¢~ L I 
n Kp. 

Sin 

:fJ ~ 

2 7T ...,..---;;---

0 

~ Ql 

" ./4/ 

onHcblaaro~ee noae.neHHe nonHoro MarHHTiroro noToKa_ a Ja

BHCHMOCTH OT BHeumero nOTOKa Jlfl11 KOflLUa, HMelOIUero cna-
6oe 3BeHo: 
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. Puc.,.J. 1 - C6f?pXnpoeOOJlUJee IWAblJO, -2 - CAaOaJl C6Jl3b. 
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Puc. 2. 3aeucuMOCT!Ib no.illl020Mi121lUT!IIl02o.nonoKa.e. ceepx
npoeoORUieM· KOAblJe co c.iza6oii ceR_3b10 'on ee;zu'IUilbr Maz-. 
11rimliozo ·itomolfa, · co3oaeaeMozo e11eumri,«u · ucr;ro~HuKaM·u~· 
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AHanH3 ypaBHeHHH /4/ MO)KeT 6hiTh npoBeJJ;eH rpa!lJH

'IeCKH. TaK, ecnH LHIK~:~<D 0 ,T·o BTIHHHHe oc:uHnnHpyro~ero 
'ITieHa npeHe6pe)KHMO Mano, H xapaKTepHCTHKOH KOTih:Qa 

JIBnHeTcH npHMaH, npoxo.u;}u:uaH no.u; yrm)M 45 ° I puc. 2/. 
EcnH L R I Kp . .u;ocTaTo'l:no BenHKo /HecKonhKO 6onhme ¢

0 
f., 

TO ·· Ha · npHMYIO Hano)Ka TCH OC:UHTITIH:UHH . C nepliOJJ;OM. no. 

nepeMeHHOMy <I> z,, paBHhiM . dJ 
0 

• Y'lacrKH :noii xap~KTe
pHCTHKH KO!Jh:Qa, HMeiO~He OTpH:QaTenLHYIO IlpOH3BO.I(Hyro, .· 

OIIHChiB~IOT HeyCTOH'IH~hie COCTOHHHH /ycTOH'liiBi.re COCTOJI·. 

HHH IIOTOKa 0603Ha'leHhi Ha puc .. 2 6onee )KHpHhlMII TIHHHH

MH/. EcnH BHeWHHH IIOTOK . <I> ~;lMeHHeTCH B npe.u;enax, .· . . X , ... 

60JtnWHX J Kp. L l{ , TO MO)KeT npOH30HTH CKa'IK006pa3HbiH 

nepexo.u; H3 o.u;noro ycTOH'IHBoro cocTOHHHH B .u;pyroe, 'ITO.· 

H306pa)KeHo . HEl PHCYHK_e . nyHKTHpHhiMH CTpeiiKaMH. Pac

CMOTPHM cnyqai{, KOr,u;a BHeWHHH IIOTO!< ecn;· . 

<P x"' <I> x 0 + <l> .xI sin w 0 t ' /5/• 
r.u;e <fl xO- KBa3HIIOCTOHHHhiH IIOTOK, IIOJJ;IIe)Ka~HH. H3Mepe

HHIO~ <I> xl·sin;w 0 t - IIOTOK; C HOMO~hiO KOTOporo IlpOH3BO

JJ;HTCH onpoc COCTOHHHH CBepxnpOBOJJ;H~ero KOTIL:Qa! npH'IeM 

JJ;TIH IIPOCTOThl npe.u;naraeTCH 

cllxc.=:. 1icp.L n •• /Sa/ 
KaK BHJJ;HO H3 puc. 3, HTIIIIOCTpHpyro~ero 3TOT. cnyqaii, 

peaK:QHH KOJlh:Qa Ha 'onpaWHBaiO~HH paJJ;HO'IaCTOTHbiH IIOTOK 

6y.u;(n' c~eCTBeHHO pa3nH'IHOH · B 3aBHCHMOCTH OT Toro, 

KaKoe 3Ha'leHHe HMeeT Kl;la3HIIOC!OHHHhiH IIOTOK <I> xO .E_c~ 
noToK <I> paBeH. :uenoMy 'IHcny KBaHTOB ¢ 0 , TO Ko;rre6anH~ 

. x0 . . , . . ~ ... r. . "c· 
IIOTOKa KOIIL:Qa npoHCXOJJ;HT B O,lJ;HOM YCTOH'IHBOM' COCTOJI· .. 

HHH, H pe 3ynLTHPYIOIUHH OTKIIHK KOIIh.:Ua e CTh <I> :£min _-Ecnli 

IIO.TOK <l>xO =(n+l/2)¢ , TO .riBa)K,IJ;bi 3a nepHOJJ; H3MeHeHHH pa-
. ' 0 ,.' . '··'' 

JJ;HO'IaCTOTHOr<? IIOTOKa IIpOHCXOJJ;HT CKa'IK006pa3Hble nepe-: 

xo.u;LI H3 o.u;Horo ycTOH'IHBoro cocTriHHHH .. B .u;pyroe, 'ITO 

IIPHBO,li;HT K ynenH'IeHHIO pa,IJ;HO'IaCTOTHOrO OTKnHKaKOTIL:Qa 

JJ;O BenH'IHHhi <1>:£ max . 3a C'leT IIOHBneHHJI rHCTepe 3HCa. 

IIpoMe)KyTo'IHLI_e 3Ha'lenHH noToKa <I> xo npHBOJJ;HT~:KnpoMe-. 
)KYTO'IHhiM 3Ha'leHHHM. pa,IJ;HO'IaCTOTHhiX IIOTOKOB <I>~ H npH 

HenpepbiBHOM H3MeHeHHH ell xO IIOTOK. <I> i . nepHOJJ;H'IeCKH 

pacTeT . ~T .· 3Ha'leiiH_ii · <I> ~ min K <JI !.max H ,u;anee CHOBa 
yMeHLWaeTCH ,lJ;O <1>!, min·.· 
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I 
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i R = + !1 112 I •L R ' /1/ 

co3.I(aBaeMoro 3KBHBanenTHLIM renepaTopoM/puc. 4/, aM

nJIHTy~a nanpB:>KCHHH KOTOporo onpe,I(CJIHCTCJI paBCHCTBOM 

e . r !1 <I> 2 • ru / 2 /8/ 

I. ~ J;; 'I , I I r M--------'--1 I--~--,--- ~.J< /\~\! 7 -='1 I ..-..,a. 

~+ '7~,. 7r .I . : - ·"' 

. . . . 
Puc. 3. H.itArocmpal/U.R 3aeucuMocmu paouottacmomHozo o•KAu
Ka KOAbl/Q 0111 B€AU'IU11bl KBQ3UnOC1!lO.R1111020 BHeUlH€20 no•oKa. 

TaK KaK BeJIH<mHa cKa'IKa npn. nepexo,I(e H3 O.I(Horo 

YCTOH'IHBOro C OCTOBHHH B . .I(pyr·oe npnM'epno panna ¢ o,MO)KHO 

. C'IHTaTL, 'ITO aMnJIHTy.I(a .H3MCHCHHH OTKJIHKa KOJIL~a paBHa: 

!'!.<I> 2 = <ll2max - 1l 2mln = ¢o · /6/ 

,3KcnepHMCUTaJILllO .I(JIH H3MepeHHH BCJIH'IHH~ OTKJIHKa 

KO!JL~a y.I(06HO KOJIL~O HH.I(YKTH~HO CBB3aTL C KOJie6aTCJIL

HLIM KOHTypoM, pe30HaHCHaH 'laCTOTa KOTOporo panna 'laC-. . - - ~ 

TOTe onpoca w 0 • . 

BLI'IHCJIHM nanpH:>Kenne, B03HHKaro~ee .na TaKOM KOHType 

no ,I( no3.I(eiicTnn.eM · OTI<JIHKa · KOJIL~a I onpaiUHBaro~ii noT ox 

y.I(06HO Co3naBaTI.. paCCMaTpHBaCMLIM KOHTypoM, XOTH 011 

MO~CT nifeTL· H .I(pyro:ii HCTOtiHHK/~ ,!J;JIM 3TOH ·~eJIH npe,I(-
. . - . " .. - -

CT8DHM OTKJIHK. KaK pe3yJILTaT npOTCKaHHB no KOJlb~ 

·· HCKOTOporo 3¢<lJCKTHBHOrO TOKa. C. aMiiJIHTY.I(OH 

6 

'! 

(J 

.1 
I 

i 
-~i~ 

1}! 
~It 

,WJ~~t,E'<, 

er La. 

~ 
UK 

\ . 
Puc. 4. 3K6UBQA€111ft11a.R cxeMa oam'IUKa. 

IJpH paBCHCTBe 'laCTOTLI 3KBHBaJieHTHOrO renepaTOpa /'lac

TOTW onpoca/ pe3onancnoii 'laCTOTe Kone6aTeJ1bnoroKon

. Typa ypaBHCHHB Knpxro4Ja HMCIOT BH.I(: 

e r - .j ~ o Mi k = j w o L n·i R 

/9/ 
-jw 0 M i R= rk i k • 

3.I(CCL , M - B3aHMOHH.I(yKQHB KOHTypa H KOJlb~a, i k H r k -

TOK H H_OpMaJILHOC conpOTHBJICHHe KOHTypa.; HcnOJIL30BaB 

TaKyro_ 3KBHBaJICHTHYIO CXCMY, .. MLI npe.I(nonaraeM,. 'ITO aK

THBHWM COnpOTHBJICHHCM TO'ICtmOrO KOHTaKTa MO)KHO npe

ne6pe'IL no cpaimennro .• ~ ero iiH'~KJ'HBHWM conpoTHBJie

nneM. KaK noKa3ano B pa6oTe 6 • TaKoii HH.I(YKTHBHWii 

pe)KHM oKa3LIBae.fcg 6onee B~ro.I(HLIM B cMwcne nonyqeung . . . . . 
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60JILrneii '!yBCTBHTeJILHOCTH, H IIOTOMY MLI paCCMaTpHBaeM 

TOJILKO 3TOT cnyqaii. B ~anLHeiimeM uacTpoiiKa ToqequLix 

KOHTaKTOB BeJiaCL TaK,. qTo6LI 3KCIIepHMeHTanLHO HaHIH . 

u 3al}mKcupoBaTL 3T9T pe:>KHM. PeiiiHB ypaBiieuug /9/ ~
rronyquM BeJIHqHHY aMIIJI~TY~LI HaiipJI:>KeHIIJI Ha K(>HType, 

B03HHKaronzyro Bcne~CTBHe Bo3;ieiicTBHH ·xonLua 

Uk= 

.r;-:
J~ er 

L 
R 

kQ 

.f1+k4 Q 2 
/10/ 

3hecL k - K03~~HUHeHT CBJI3H ~aTqHKa C KOHTypoM, 

Q ~ w oL k I r k ~ ~o6poTHOCTL _xouTypa. YqnTLIBaJI orrpe

~enerme aMrrnHTY~LI 3KBHBaneHTHoro reuepaTopa, H3 /8/ 
H /6/ rronyquM: · · · 

[L;.- kQ ~ 
2' 

wo 
/11/ uk 

[LR··· /I+k4 Q2 :. 

II pH cna6oii CBJI3H w 0 = 1 I /L k c k H HaiipJI:lKeHHe Ha 

KOHType MO)KH? 3aiiHCaT'b_ .B tm,ne: 

1 kQ --
/LRC~ V1+ k4 Q 2 

U _c !..o 
k-

.: -. 2 
/12/ 

3~ecL C k- eMKOCTL Kone6aTeJILHoro KOIITypa •. 

B' peaJILHLIX MarHHTOMeTpax / 3-5/ · HaiipJI:>KeHHe Ha 

xone6aTenLHOM KOHType ycunuBaeTcH no BLicoxoii qacToTe, 

~eTeKTHpyeTCH, 3aTeM H3MepHeTCH BLIXO~HOe HaiipJI:>KeHHe. 

TaK KaK BLIXO~Hoe uarrpH:>KeHHe rrporropuiiouanLHO aMIInHTy~e 
OTKJIHKa cfl. I.ciuo HBJIHeTcJI rrepuo~u,ecxo:ii: ~yuxuueii H3Me

p11eMoro IIOTOKa H Ha3LIBaeTCH CHPHaJIOM' MarHHTOMElTpa. 

. B~rrH~H~ . U _k ,oripe;rieriHeMaH_~pa.BeHCTB?M /1'2/? .SBnJieTCJI 

aMIIJIHTy~oii CHrHana· MarHHTOMeTpa, IIPHBe~eHHOH K ·ero 

BXO~y. )J.o HaCTO~IUero BpeMeHH B JIH~epaType qacTO :MO:>KHO 

BcipeTHTL · ~pyryro ~opMyny, .orrucLma:roiuy}o Benu~HY c11r-:Hana MarHHTQMeTpa:_Iia era BXO~e: ·. - . . . . 
. ~ ' . . .. - -- . . . . . 
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uk ¢owoLk/2M /13/ 

/3,6,7/ 
IIOJiyqeHuyro aBTOpaMH HHLIM IIyTeM. 

)J.anee 6y~eT IIOKa3aHO, qTO ~OpMyJia /13/ OIIHCLIBaeT 

qacTHLIH CJiyqaii CHJILHOH CBH3H ~aTquKa H.KOHTypa. 

'Borrpoc CBJI3H B CBepxrrpOBO~HIUeM.-MarHiiTOMeTpe CTaJI 

o6cy~aTLCH cpaBHHTeJILHO He~aBHO /II/. )J.o 3TOPO HeKo· 

TopLie uccne~oBaTenu I 3 ,8,9 l rrpH3HaBanH CYIUeCTBOBaHHe 

OIITHMaJILHOH CBH3H, HO,_ He 3HaH YCJIOBHH OIITHMH3aUHH, ny

TeM II0~6opa B3aHMHOPO paCIIOJIO:>KeHHH HH~YKTHBHOCTH.KOH· 
Typa H ~aTquKa IIOJiyqaJIH MaKCHMaJILHO B03MO:>KHOe OTHO· . 

rneHHe CHriian/rnyM; ~pyrHe :>Ke /IOI CTpeMHnHCL ~OCTHqb .· 
HaH6onee CHJILHOH CBH3.H •. CHMMOH~C H . Ilapxep /II/ IIpH 

perneHH~ ypaBHeHHH KBaHTOBOPO COCTOHHHH CBepxrrpOBO~JI

IUero KOJILUa CO cna6oii CBH3LIO Ha aHaJIOPOBOH BLiqHCJI}I· 

TeJILHOH MaiiiHHe HamnH, qTo xo3~~HUHeHT B3aHMOHH~YKUHH 
AI He HBnHeTCH y~o6HOH BeJIHqHHOH ~JIH xapaKTepHCTHKH 

CBJI3H. 3THM CIIOC060M OHH OIIpe~eJIHJIH, qTQ YCJIOBHe 011· 

THMaJILHOH CBH3H e CTL k 2 Q = 1 . 

B uacTOJIIUee BpeMJI 6onLmHiiCT,BO 3KCII~PHMeHTaTopoB 

3MIIHpHqeCKH OIITHMH3HPYIOT CBH3L 14•6 •I 2 ,I3
/ • . 2 

)J.JIJI TOPO qTo6LI BLIJICHHTL pOJIL rrapaMeTpa k Q H 

~pyrHX K03~HtiHeHTOB, BXO.IJ;HIUHX B ~OPMYJIY /10/, pac,: 

~MoTpHM ux ~H3HqecKHii CMLICJI. Ko3~~HUHeHT ( L k. I LR) '! 
BXO,IJ;SIUHH B paBeHCTBO /10/, OIIHCLIBaeT TpaHC~OpMaUHio "' 
HaiipJI:>KeHHJI OT O,IJ;HOBHTKOBOPO ,IJ;aTqHKa K MHOPOBHTKOBOH 

KaTynnCe; K03~~HUHeHT k yquTLIBaeT CBJI3L IIOTOKOB ,IJ;aT

quKa H · KOHTypa; MHO:>KHTeJIL .Q ,IJ;aeT yqeT HaKOIIJI,eHHJI 

IIOTOKa: KOHTypoM, IIpOHCXO,IJ;HIUero · 3a . cqeT pe30H8.HCHOPO 

B03,IJ;eHCTBHJI ,IJ;aTquKa. Ha KOHTyp: <l>aKTOp kQ ,TaKHM o6-
. ~ . . 

pa30M, OIIHCLIBaeT OTHOmeHHe HaKOIIJieHHOPO KOHTypoM rro-

TOKa K IIOTOKY KOJILUa· ,IJ;a TqHKa. · HaKOIIJieHJiLiii IIOTOK B03 • 

~eiiCTByeT B CBOIO oqepe,IJ;L Ha KOJILUO •. 3TO o6paTiioe 

B03,IJ;eHCTBHe yquTLIBaeTCH ~aKTOpOM k 2 Q , ~KCIIepHMEm· 
TanLuo. «llaKTOP k 2 Q MO:>KeT 6LITL peanH3oBaH i<aK M:uoro 

6onLIIIHM e.nHHHULI, Tax H. MHoro MeHLlliHM ee. B 3Tiix· 

IIpe~eJILHLIX cnyqaJIX, cormicHO ~OpMyJie. /12/, . CHrHaJI 

6y.IJ;eT OTHOCHTeJILHO MaJILIM. )J..eHCTBHTeJILHO, rrpH k 2 Q << 1. 

9 



i. 

i 

uk ~=~ kQ /14/ 

IlpH k 2Q ·>> 1 aMn~Ty.na curuana onp~.riemreTCH :Ka~ 

cf> 0 .·. k -F · 

zlL ~ c 
R k 

u· : k /15/ 

HeTpy,nuo. BH,ne.TL, 'ITO Tai<aH 3aiTHCL nonuocTLI0.3I<BHM·
neHTHa rlJppMyJie /13/, HCIIOJIL3yeMOH 3apy6e:>KHLIMH aBTOpa-. 

·; :MH .IJ:JIH OIIHCaHHH aMIIJIHTY.ULI CHrHana. Kai< OTMe'leHo PH.IJ:OM 
3I<cnepuMeHTaTopoa I 4 •111 , B · noM npe.nenLHOM _ cnyqae 
ua6mo.naeTCH. B03pacTaHHe · myMoB H uecTa6HJILHOCTei, a 
Tax:>Ke ucxa:>KaeTcx rlJopMa curuana. · . 

C~rnacuo /12/, aMrrnuTy,na curuana .nocTuraei- Maxcu
Ma~LH_?ro' 3ua'I~HHH B TOM cnyqae, xor4a rlJai<TOp o6paTuoro 
B03.IJ:eHCTBHH. I<OHTypa Ha I<OJlLUO k Q paBeH e,nHHHUe 

-~ ..:·, 
yQ .k cf>o 

Uk= /16/ -----~----

1. y'l.·CH C k 

. 3Ta rlJopMyna npHBO.IJ:HT I< BLIBO.IJ:Y 0 ·TOM, 'ITO 3KCriepHMeH~ 
TaJILHO .nnx nonyqeuHH onTHManLHoro cHrHana uenecoo6-
pa3HO HcnonL30Ban, xone6aTeJILHLIH KOHTYP c MaKCHManJ.Jio 

. BLICOI<oii .n'o6poTHOCTLID,, acer.na no,n6Hpax CBJ13L Tai<, 'IT06LI . 
rro.n.nep)I(HBaTL ~I<-Top k 2 Q 6nH3I<HM I< ·e,nHHH~e. Cne,nyeT 
3aMeTHTL,_"ITO Tai<OH BbiBO.IJ: cnpaae,nJIHB TOJILI<O.IJ:JIJIC~yqaJI, 
I<Or,na OCHOBHOH. myM MarHHTOMeTpa C03,naeTCH HJIH-pa,nHo
CXeMOH, HJiu· 'laC.TH'IHO K~ne6aTeJILHLIM. I<OHTypo~, Tal< KaK 

· pean:buo . onTHMH3Hpyercx OTHomeuHe cHruan/myM, · :8 . TO 
apeMJI :kaic rlJopM:yna ./16/ _orrucLmaeT BeJIH'IHHY citruana. 

. Hcxo)ig H3 rlJopMynLI/16/, MO:>KHO paCCMOTpeTL,OD~CaH
jllde ·x-IiacToJimeMy ap'e~euH' B ;;H:l-epa Type MeTo,n~o~. BLI.Qen.e-

_· .HHJI CHrliana: '. . . ... · · . • -- I · ·. . · . 

• a/ .QHMMepMaH H ero. xonnerH '_ 3•4<HcnonL3YJI MeTo.n 
Q -:M:eTpa, C'be'M CHrHana C ,naT'IHI<a npOH3BO.I(HJIH C IIOMOUlblO ., . .. . . . . ·2 
Kone6a TenLHoro I<OiiTypa, . .no6poTHOCTL I<OToporo 6~o~na=l0 , 
T.I<. I<aT~a HH.IJ:YI<THBHOCTH HaMaTLIBanaci ?de.nuoii npoao-

10' 

- .. ~;~~~;~~. ·- .. ·e 

.. J+" 
)J,f 
' .. 1~ . 
. ; ll ; 
~rc nox·oii. Bcx pa,nHocxeMa pa3MemanacL aue KpHOCTaTa npH 

KOMHaTHoii TeMnepaT/pe. .· - · ·. · 
' 6/. B pa6oTe ?to 6Lin' Hcnon:b3{maH aBTO.IJ:HHHLIH M:eTo,n, 

IIpH I<OTOpOM: I<OJie6aTeiii,HhiH I<OHTyp HBiiHJICH 3neM:eHTOM 
aaToreuepaTopa. 'Pa,nHo'cxe:Ma pa3MeruanacL BHYTPH xpHo
c-TaTa H. pa6oTana npn. reJIHeaoii TeMn~pa Type. ,D,nx:HaMOTI<H 
HH.IJ:YKTHBHO.CTH HCIIOJib3.0BaJICH CBepxrrpOBO~HK,. 'ITO D03-
BOJIIIJIO nonyquT:b ,no6pQTHOCTb I<OHTypa .:::10 • . 3TOT MeTO.IJ:, 

.· . 
DO CpaBHeHHIO C npe,nLI.IJ:YIUH¥., II03BOJIHeT, B DpHHUHITe, no-
nyquTL .ny~HH pe3Y.J_I:bT.aT '3a C'leT 6onee ,BLICOI<OH ,no.6poT
HOCTH· I<OHTypa · H ·• OTCYTCTBHH WyMOB H HeCTa6HJILHOCTeH 
BHenmero reHepaTOpa. ABTOpbi /IO/ · He npOBO,nHJIH ODTH:
MH3aUHH H peaJIH30BaHHLiii HMR 'Ko:Jrl!rl!HUHeHT CBH3H ue 6~o~n 
6JIHJOI< K OIITHMaJILH,OMy. Cne,nye'T OTMeTHTL, 'ITO HaJIH'IHe 
B aBTOreHepaTOpe CHJILH,OH IIOJIO)I(HTeJILHOH -o6paTHOH CBJI3H, 
CTporo roa~pJI, .nenaeT npuae.neH:uoe BLIWe paccMOTpeHHe 
K 3TOMY CJiy'laiO.HeDpHMeHHMLIM. 

a/. Ha,MH B. pa6oTe /5/ MeT_o,noM Q-MeTpa c uc~onL-
30BaHHeM CBepxnpOBO.IJ:HIUeH I<aTyiui<H !fH.IJ:YI<THBHOCTH I<OHTy
pa H pa6oTaroruero npn renue.aoii Te:Mnepa Type nepaoro 
I<aCI<a,na YCHJIHTeJIH npo,neMOHCTpHpOBaHa B03MO)KHOCTL no
Jiy'leHHH CHrHana C XOpOWHM :OTHOWeHHeM CHrHaJI/III) ~. 
OpeiiMYIUeCTBO 3Toro MeTo,na - B y,no6cn3e npoae,neHHH OIITH-

• . ' 2: 
MH3aUHH I<o3rlJrlJuuueHTa o6paTiioro B03,neiic-rBHH k ·, Q npH 
~crroni.3oBaHHH a:bicoxo.no6porHoro caepxrrpoao.nxruero i<ou~ 
Typa., 

,D,n~ OCYIUeCTBJieHHH T'axoii OIITHMH3aUHH H ~eM caMLIM 
.nnx np-oaepi<H 3aa:HcnM:o·cTH aMnJIHTY.IJ:~I cHriiamt oT· · I<o3rl!-' -· 

· rl!HUHeina CBH3H, .naiiaeMoii' rlJopMynoii /12/, HaMH . 6~o~n 
. co6paH MaKeT' .I<OTOpbiH IIOJBOJIHJI. BHYTPH KpHOCTa'ra yrr-. 
:paBJIHTb IIOJIO){(eHHeM I<aTyuii<H I<OHTypa OTHOCH1'~JIL~O ,naT-

. . . ·. , . . . . ·. I~ . . 
qHI<a. KoHCTPYKUHH ,naT'IHKa onHcaua. pauee ' .. _H 'npai<TH; 
qecxB:-ue ·oTnH'Ianac:b oT :HcnonL3oaauuoii QHMMepMaHOM/3/ 
B CBH3H c ie:M, 'ITO H3:Meueuue CBH3H Me:>K,ny :KouTypoM 

_ H I<OJILUOM- ,naTquJ<oM IIpHBO,nHT I< 3Ha'IHTeJILHOMY H3Me}{eHHIO 
pe3o~aHCHOH qacTOTLI, IIOTpe6oBaJIOCb HCIIOJIL30BaTL ·cne
UHallbHbiH inupoxononocHLiii ManomyM~IUHii ycunnTenL, ~aro
muii B03MO:>KHOCTL BeCTH. H3MepeHHH::Ha: pa3HhlX qacToni.x 
6e3 nepecTpOHI<H pa,nHO'IaCTOTHOrO·Tpax-i-a I puc. ,'s;. ' 

~ . ! . . . . . ,.. ; .. . .. 
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Puc. 5. 1IpUHt#UnuaAb1WR cxeMa ebiCOKO'lacmomnozo ycuAu
meAR. 

IIepBbrii xacxa.n Obin nocTpoeH Ha repMaHHeBOM noneBOM. 
TpaH3H.cTope Tuna 2N 3797: n Haxo.nnncH a6nn3H .na r<m:xa" 
a xpuocTaTe npn renHeBoii TeMnepaType. 

H3MepeHne xo3$dninneHTa CBH3H k Mo:>KeT 6b1Tb npoae
,neHO JJ:BYMH cnoco6aMH /6/. 

IIepBbrii OCHOBbiBaeTCH Ha 3aBHCHMOCTH pe30HaHCHOH 
'laCTOTbl ·,lCOHTypa OT .lC03$$nn;neHTa CBH3H, TalC JCaJC 3$$eK
THBHaH HH.IJ:YXTHBHocTb xoHTypa e_cTL .. L '""Lo (l-ck2),r,ne 
L a -HH.IJ:YlCTHBHOCTb npn Hyneaoii CBH3H. 3Ta «<JopMyna 

cnpaae,nnnaa B npe,nnono:>KeHHH, 'ITO BTOPH'IHaH nenb, c xo- · 
TOpOR HHJJ:YlCTHBHO CBH3aH lCOHTyp, He HMeeT noTepb. 

BTopoii MeTo,n ocHoBaH Ha TOM, 'ITO CBH3b MO:>KeT 6YTb 
' . ' 

H3MepeHa Ha noCTOHHHOM TOJCe, TalC JCaJC B3aHMOHHJJ:YJCUH.Il 
M .:" k v' L ll~k.;., ¢ 0 I A i ¢~ onpe,nenHeTcs no :J_Ha'leHHIO Toxa· 
J\ 1 cp ,HeOOXO,D:HMOrO )J;JIH. H3MeHieHHH nOTOJCa qepe3 ,naT'IHlC 

0 ,J.. Ha O)J;HH JCBaHT '!-' O • 
)J;nJI onpe,neneHHH k B 3TOM cnyqae Heo6xo.nnMo 3HaTb 

e111;e HH.IJ:YJCTHBHOCTb xonLna l "" xonTypa L k. 
TO'IHOCTb BTOporo MeTo,na 3Ha'IHTeJibHOBblllle, oco6eHHO 

)J;JIJI MaJibiX 3Ha'leHHii k n03TOMY HaUIH H3MepeHH.Il :BenHCb 
lrMeHHO 3THM MeTOJJ:OM.' Kax noxa3aJIH H3MepeHH.Il, xo341-
$nnneHT CBJI3H 3aBHCB! npHMepHO nHHeBHO OT paCCTOIHH.Il 
Me)KJJ:y n;eHTpOM ,naT'IHJCaH n;eHTpOM JCaTynn<:H HHJJ:YlCTHBHOCTH. 

12 

)J;o6pOTHOCTb lCOJie6aTeJibHOrO JCOJiTypa Q_ H3Mep.IIJiaCb 
no nonymnpnHe pe3oHancHoii xpnaoii c noMOIII;biO 3JiexTpon
no-nn4Jpoaoro qacToToMepa. Ilpn 3TOM aMnnnTy,na Bq-

. . . -
nanp.R:>KeHnJI 6panach 3aae,noMo MeHbWe HanpJI:>KeHHH, He
o6xo.nn:Moro ,nnJI nepEmo.na 'i'o.qe.:moroxoH'iaxTa a pe3ncTna
Hoe cocTOJIHHe, Tax, 'ITo6:bi nony'IHTb 3Haqeune : Q co6-
ciaeHHo lCOHTypa, InYHTHpOBaHHOro JIHWb, 60JibWHM BXO)J;HbiM 
COnpOTHBJieHHeM npe,nyCHJIHTeJIH. 

Ka:K a:H.ii::Ho II3- puc: 6,-aenntil!lly .zto6po'i:Hoc'iil'ril:lii".Maiio'M 
lC034KI!HriHeHTe , CB113H MO:>KHO C'IHTaTb He 3aBHCJIIII;eii -OT 
CBH3H, 'ITO Mbi He.S:BHO npe,nnonaranH anpnae.n;eHHbiX IJbiWe 

· pac'leTax.· 
Ha puc. 7 TpeyronhHHxaM:n noxa3aHa · 3aBHCHMOCTb 

$aJCTOpa· kQ/v'l+k 4 Q2 /OTJIO:>KeHHOrO B OTHOCHTeJibHbiX 
. . ' 2 

e.n;nHnnax/ OT. i<:o3414JnnneHTa k Q. 3,necb :>Ke noxa3aHa 3aan-
. CHMOCTb :·BeJIH'IHHbl OTHOWeHHH CHrHaJI/WyM Ha BbiXO)J;e 
MarHHTOMeTpa, nony'leHHa1r a TOM :>Ke nilxne ·u~niepeiinii. 
Cornacne Me:>K,ny B~JIH~Hoii OTHomeHHH cnrHan/wyM n «<Jax
TopoM kQ(l+k 4 Q ) - 2 n03BOJUieT C,D:eJiaTI'>. B.biBOJJ: 0 npn
MeHHMOCTH «<J()PMYJibl /12/ lC .onncaHHOH cxeMe_ Mar.HHTO
MeTpa. 

Pa~cMOTPHM aonpoc o Bbi6pe onTmaanbHoii .· pa6o~eii 
'laCTOT~I MarHHTOMeTpa. · 

IIponopnnoHaJibHOCTb aMnJIHTYJJ:bi cnrHana, "onnchlaae
Moii «<JopMym}~/13/, ~ll,CTOTe onpoca · (Jl o iio6y,nnna aaTo
poa pa6oTbi 1 1 

• ,nn.s: nony'leHHH 6on:bwero cnrHana Mar
HHTOMerga· no.n;HHTb pa6o'lyio qacToTy .no . .300 Mzt~, · a 
aaTopbi 1 15/ pa6oTanH: B rnrarepneaoM ,nnami3oHe. HaM' 
xa:>KeTc.s: , 'ITO 3TOT aecbMa TPYJJ:Hbiii .nyTb noabiWeHn.s: 
'laCTOTbl · onpoca MarHHTOMeTpa He. HBJI.S:eTCH CaMbiM pa
Il;H OHaJibHbiM. 

· TpaxToaxa, ,naaaeMa.s: r}JopMynoii /12/, yxaJbiBaeT ,npy
roii nyTb nony'leHHH onTHMaJibHoro cnrHana ~ yMeHbme
HHe eMJCOCTH ·JCOJie6aTeJibHOrO KOHTypa. Ba:>KH()_, 'ITO"HPH: 
3TOM yaeJIH'IHBa.s: HHJJ:YKTHBHOCTb L k ; _qacn)Ty onpoca 
w n, MO:>KHO no,n,nep)I(HBaTb B pa,nHOTCXHH'IeCKH HaHOOJiee 

. . y,no6HoM .nnana3oHe. 
Boo6111;e roaop.s:, 3Tn .nyTn 6y,nyT a6coJIIOTHo 3KBHaa-· 

JieHTHbiMH, ·· eCJIH '· nOBbUUei!He 'laCTOTbi · onpoca BeCTH, 3a 
C'leT . ,:yMeHbWeHnH. eMKOCTH· .KOIITYP<l· . Ka:>Ky111;eec.s: pa3-

13 
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llll'llle noJIBnJieTcJI: B TOM cn~ae, e cJIH H3MeHeHHe qacToTw 
Be~eTCJI 3a C'leT H3MeHeHH.H HH~YKTHBHOCTH K(>HTypa. 

DpH 3TOM, cornacuo l}lopMyne /12/, aMnnHTy~a cHr:B:ana 
He H3MeHHTCJI. cf>OpMyna /13/ ·. KaK 6y~TO yKa3WBaeT· Ha 
POCT aMHJIHTY~LI C 'laCTOTOH, O~HaKO 3Ta 3aBHCHMOCTL TaK-. . 

:lKe HC'Ie3aeT, ecnH yqecT:b H3MeHeHHe ocTanLHWX napa-

M~Tpon, BXO~.HIQJIX B I}JopMyny _ /13/, npOHCXO~JI~ee npH 
H~Me~eiiJIH _ HH.qyKTHBHOCTH _KOHTypa • 

.Z.nJI nponepKH npanHnLHOCTH l}lopMynw /12/ 6wJIHnpo~e-. 
~ I 1--t---. JiaHW-H3~epeHH.H-BenH'IHHLI-OTIIOllieHH.H-CHf!Han/myM-Ha-BW----

,., I(·-

0 I 2 -' ,(. !f 6 

Puc. 6. 3aeUCUMOC111b oo6p0111HOC111U KOHmypa 0111 K03tftt.fiUfiUeHJia 
C6Jf3U c OQ111'1UKOM. 
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Puc. Z 3aeucuMocmb omHoweHu.R cuznaA/IIlYM u rjjaKirlopa 
k Q I v' 1 + k 4Q 2 /e omHocumeAbHbiX eouHut~ax/ ·. 011 K03Hu

fiUeHIIa C6Jf3U k2Q. 
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XO~e MarHHTOMeTpa ~JI.H _ pa3nH'IHLIX eMKOCTeH C k KOne6a

TeHLHOrO KOHTypa. fipH 3THX H3MepeHH.HX HII~YKTHBHOCTL 
Kone6aTenLuoro KOHTypa L k ue H3MeHJinacL,. '1To6w 
COXpaHHTL. HOCTOJIHHOH CBJI3L KOHTypa C ~aT'IHKOM. 

3TH H3MepeHHJI BeJmCL C TeM :>Ke ~aT'IHKOM H C TOH )l(e 

pa~OCXeMOH, 'ITO H H3MepeHHJI 3aBHCHMOCTH CHrHana OT 

K03«MJHnHeHTa CBJI3H. . 
B. Ka'leCTBe HH~YI<THBH.OCTH KOne6aTenLHOrO KOHTypa 

HcnonL30BanacL ~nyxcnoiiuaJI KaTymKa, HaMoTaHHaJI CBHH~ 
no:Boii npo:BonoKoii, · ~HaMeTpOM oKono _ 150M KM. 55_ BHTKOB 

npH BuyTpeHHeM ~HaMeTpe KaTylliKH, paBHOM 1,3 MM,H03BO

JlliJIH nonyqHTL _ HH~YKTHBHOCTL L k , panilyro 0,5 MKZH. 
B Ka'leCTBe eMKOCTeH KOne6aTenLHOrO KOHTypa HCHOnL30-

BaJIHCL KOH~eucaTQPLI Tuna KC0-1, nenH'IHHoii 100; 150; 

200; 270; 470; 750 ntft. He3aBHCHMLie H3MepenHJI noKa3aJIH, 

'ITO B KOne6aTenLHbiH' KOiiTyp · BXO~JIT TaK)l(C BXO~HaJI eM

KOCTL nepaoro TpaH3HCTOpa H eMKOCTL MOHTa)l(a, B CyYMe"' 
- HMeroiQJ~e neJIH'IliHY, npHMepno, 30 ntft. H3MepeHHJI pe3o

naucno.ii. 'laCTOTLI KOHTypa B 3aBHCHMOCTH OT HOnHOH eMKO

CTH C k C y~OBneTBOpHTenLHOH CTeneHLIO_ TO'IIIOCTH no~

TBep~JIH npaBHnLHOCTL yqeTa eMKOCTeH H HeH3MeHHOCTL 

ocTanLHLIX napaMeTpon. Ko31}li}IH:nHenT CBJI3H npH 3THX 

H3MepeHHJIX C TO'IHOC'!"LIO OKOno 10o/o coxpaugncJI paBHWM 
0,03; ~o6poTHOCTL KOHTypa 6Lma 6nH3Ka K 10 • Pe3ynLTa
TLI H3MepeHHH BenH'IHIILI. OTIIOllieHHJI CHrnan/myM B 3aBH
CHMOCTH OT C k, npB:ne.cienHLie na puc. 8, no~'inep~aroT 
npanHnLHOCTL l}lopMynLI I 12/. 

. HnnrocTpanueii pe3ynLTaTa npone~enuoii onT.HMH3a:nHH 

napaMeTpOB MarHHTOMeTpa, pa6oTal011\er,o D aBTOMIIHOM 
pe,KuMe :_ npH~ k 2 Q · -- 1 ,- M6:>KeT cny:>KHTL. noKa3amiaJI ua -

. . 
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Puc. 8.' Omuorueuue cuzuaA/ruyM 1<aK fPY11KI.IUJl eMKocmu KOH· 
mypa C k npu ueu3MeHuou uuoyKmueHocmu L k" 

Puc. 9. CuzHaA 11a ebfxooe MazuumoMempa npu UMnyA&CHOM 
u3Meueuuu Kea3unocmo.JlHHozo nomoKa 'lepe3 oam'luK 11a 
¢ o /1000 oAumeA&Hocm&ro· -15 ceK. 

16 

... .• 

puc. 9 3aTIHCb peaKQHH :MarHHT.OMCTpa Ha KaJIH6pOBO"'IHOC, 

H3Menenne nnenrnero HOTOKa, BCJIHl.JHHOH, ¢ 0 I 1000 = 
-2x10 -IO 3PC11f./CM~ .l{JIHTenbHOCTblO npBMepno 15 CeK. 
npu nocTO.IInHoii npeMenH perncTpauun; pannoii 1 ceK. 

B 3aKJIIOl.JCHHe CJIC.l{yeT OTMCTHTb, l.JTO, KaK yKa3aJI 

HaM K.K.Jiuxapen, npOBC.l{CHHYIO OHTHMH3aUHIO napaMeTpOB 

MarHHTOMCTpa HeJib311 cquTaTb C,I:{HHCTBCHHO B03MO:liCIIOH •. 

,!J;eiCTBHTCJibHO, CHrHaJIOM MarH~TOMeTpa MO)KIIO Ha3WBaTL 

TaK)Ke iipOH3Boiiflylo" a Ui iJ k ) I a «> xO il- OHTHMHJllPOBaTh 

3TY BCJIHt.IHHY' OTHOCHTCJibHO Hanp.II)KCHH.II myMOB. 06a HO,I:{-

XO,I:{a 3KBHBaJICHTHhl, HOKa k ~Q ·S lH nanp.II:>KCHHC Ha KOHType 

HpH H3MCHCHHH BHenrnerO HOTOKa H3MCH.IICTC.H HO JIHHei

HOMY 3aKOHY. 0.l{HaKO npn k 2 Q » 1 HMCIOT MCCTO HeJIH

HCHnbiC 3¢4leKTLI n, n· npnuunn~, no3Momen pe)KHM pa6o'l"w, 

.l{aroruui BLICOKYIO qyncTBHTenLnocTL, uecMoTp.ll na na.Jmque 

B 3TOM pe:>KHMC 6onee BbiCOKHX WYM.OB. 

AnTopbi 6naro.l{apnbi K.K.Jiuxapeny 3a HHTepecnoe 

o6c~enne, a TarOtce M.C.J13BHUKOH 3a HOMOJUb B MOHTa

)KC pa,I:{HOCXCM H 3.)1;.Cnep,tinnny 3a HOMOJUb B npOBC,I:{CHHH 

3KCHCpHMCHTa. 
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· HeT _ JIH rrpo6eJioB. B · Bameii 6H6JIJioTeKe?. 

Bbl MOJKeTe DOJIYtiHTb DO OOliTe nepet1HCJI8HHble HHJKe KHHrH 

13-3700 

~-3893 

P1-3971 

2-4816 

MaTepHanw CHMn03HyMa no HaHo· 

Coo6meHHll y'laCTHHKOB .MelK.IlyHa
PO.IlHoro CHMn03HyMa no CTPYKType 
ll.llpa. ,z:(y6Ha, 1968. 

HyKnoHw H · nHoHw. MaTepHanw 
I MelK.IlyHapO.IlHoro cosemaHHll no 
HYKfiOH"HYKfiOHHWM H nHOH•HyKnOH• 
HWM B3aHMO.IleftCTBHliM. ,z:(y6Ha, 
1968. 

726 CTp.· 10 p. 07. K •. 

192 CTp. 3 p. 76 K. 

294 CTp. 3 p. 17 K. 

588 CTp. 6 p. 

'~I J 16-4888 

BeKTOpHwe Me30HW H JneKTpo
MarHHTHwe l!laHMO.IleftCTBHll. ,lly6• 
Ha, 1969. 

,ll03HMeTpHJI HJny'leHHli H ilJH3HKa 
3alnHTW YCKOPHTeneit 3aplllKeHHWX 
'laCTHI{, .Jly6Ha, 1969. 

250 CTp. 2 p. 64 K. 
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~-5805 

~1-5969 
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~13·6210 

~10-6142 

~1-6349. 

JleKitHH no HeilTpOHHOil ilJH3HKe. 
JleTHllll WKOna, AnyWTa, 1969. 

MelK.IlyHapo.llHall KoH4tepeHitHll no 
annapaType B 4tH3HKe BWCOKHX 
3HeprH~. ,lly6Ha, 1971. 2 TOMa. 

TPY.IlW MelK.IlyHapO.IlHOrO CHMno-
3HyMa no ilJH3HKe BWCOKHX 3HeprHii. 
,llpe 3.1leH, 1971. 

6HHapHWe peaKI{HH a.llpOHOB npH BLI" 
COKHX 3HeprHliX. ,lly6Ha, 1971. 

. Tpy.llW VI MelK.IlYHapO.IlHOro CHMno-
3HyMa no ll.llepHOH JneKTpOHHKe, 
Bapwaaa, .1971. 

Tpy.llLI MelK.IlYHapO.IlHOI'O CHMnO
. 3HyMa no BonpoCaM aBTOMaTH3ai{HH 
o6pa60TKH .llaHUWX C ny3LipbKOBWX 
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