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1. BeeoeHue 

CBoncTBO ynLTpaxono.IJ.HLIX uenTpouoB /YXH/ , 3aKmo
qaro~eecJI B CDOC06HOCTH y.u.ep)I(HBaTLCJI B 3aMKHYTLIX COCy
.IJ.aX H3 MaTepuanoB C DOnO)I(HTenLHOH KOrepeHTHOH ;inHHOH 
pacceJIHHJI / 1 • 2/ /TaK ua3LIBaeMLie uaKonuTenu YXH/, oT
KpLIBae.T .IJ.ODOnHHTenLHLie 3KCnepHMeHTanLHLie B03MO)I(HQ
CTH .u.nJI KnaccuqecKoro nonJipH3auuouuoro auanu3a /eM., 
uanp., / :l / /. 

U.enLro TaKoro auanu3a JIBnJieTCJI onpe.u.eneuue cTeneuu 
DOnJipH3al{HH pl nyqKa Me.u.neHHLIX HeHTpOHOB, C03.IJ.aBae
MOH HeKoTopLIM ycTpoilcTBOM - nonJipH3aTopoM. )J.nJI 3Toro 
ucnonL3yeTCJI o6LI'IHO .u.pyroe TaKoe )l(e ycTpoilcTBO - aua
nu3aTop. Me)I(.IJ.Y nonJipH3aTopoM u auanu3aTopoM pacnona
raeTCJI YCTpOHCTBO .IJ.nJI nepeBOpOTa DOnJipH3al{HH /T.H. 
$nunnep/ . 3KcnepuMeHTanLHO onpe.u.enJieTCJI Benuquua 3$
$eKTa .IJ.BOHHOrO nponycKaHHJI: 

N - N 
12 = _ _!_I __ A_ , /1/ 

Nil + NA 
r.u.e N 11 ( Al - C'leT .u.eTeKTopa, Kor.u.a $nunnep BLIKJTIO'leH 
/BKJTIO'leH/. )J.nJI MOHOXpOMaTH'leCKHX HeHTpOHOB H3 3TOrO 
3~eKTa MO)I(HO onpe.u.enHTL BenH'IHHy: 

P
1 

FP ; = ___ 2E- 2 - - ---

0 - ¢) - ( 1 +¢)£2 
/2/ 

r.u.e ¢ - 3$$eKTHBHOCTL $nunnepa /nonHLIH nepeBopoT co
OTBeTCTByeT ¢ = -li, F - $aKTOp, y'IHTLIBaro~uil .u.enonJipu-
3auuro Me)I(.IJ.Y nonJipH3a TopoM u auanu 3a Top oM, P; - 3$
$eKTHBHOCTL auanH3aTopa: 

2( b+_-b_ + ) 
-----P' = p + 

2 2 
/3/ 

b+++ b + _+b + b - + 
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P2 - creneHb noJHipH3aiJ,HH ny'IKa, co3,D,aaaeMoil aHanH3aro

poM npH 3aMelll,eHHH HM nonHpH3aTopa, b+ _;, b+-' b __ H 

b_+ - BepOHTHOCTH ,D,llH HeHTpOHa C 3a,D,aHHOH OpHeHTa

IJ,HeH CnHHa OKa3aTbCH nocne B3aHMO,D,eHCTBHH C aHallH3aTO-
I ~ I 

pOM B ,D,pyroM 3a,D,aHHOM CnHHOBOM COCTOHHHH'.!, 0TCIO,D,a 

BH,l],HO, 'ITO TaKOrO COpTa H3MepeHHH He n03BOllHIOT pa3,D,e

llHTb non.HpH3YfOIIJ,YIO cnocofiHOCTb non.HpH3aTopa P 1 H 3$

$eKTHBHOCTb aHanH3aTopa P2 . 
B ,D,aHHOH pa6ore noKa3biBaercH, 'ITO TaKoe pa3,D,eneHHe 

B03MO:>KHO ,D,llH YXH. 

2. liOAJlpU3QliUJl YXH 

B Kaqecrae nonHpH3aropoa /cooraercraeHHO, H aHa

nH3aTopoa/ Me,D,neHHbiX HeHTpOHOB HCnOJib3YIOTCH MarHHT

Hbie 3epKana, HaMarHH'IeHHbie MOHOKpHCTallllbl H fillOKH 

:>Kene3a, non.HpH30BaHHhie H,D,epHhie MHilleHH H T .,D,. 
1
:l/ . )l.JIH 

noJIHPH3aiJ,HH O'leHb Me,D,JieHHhiX HeilrpoHOB H YXH npuro,D,Hhi 
I~ I 

TOJihKO MarHHTHbie 3epKaJial ·';. Caoeo6pa3HYIO MO.D.H$HKau,HIO 

MeTO,D,a nOJIHpH3aiJ,HH C nOMOIIJ,biO MarHHTHbiX 3epKan npe,D,

JIO:>KHJIH .D.JIH YXH Jlo6allloB c COTPY.D.HHKaMH jc,; B ux 

ycrpoilcrae 3epKaJio H3 TOHKOH ¢eppoMarHHTHOH nneHKH 

6biJIO ycraHoaneHo B reoMerpuu npoxo:>K,D,eHHH. TaK KaK 

rpaHH'IHaH 3HeprHH E r·p+ HaMarHH'IeHHOH .D.O Hachnu,eHHH 

nJieHKH ,D,JIH nOJIO:>KHTeJibHOH npoeKIJ,HH CnHHa s n -_ -'- _!_ 
·) 

HeHTpoHa 6hma 60Jibllle MaKCHMaJibHOH 3HeprHH 1-. m ,, X B 
cneKTpe YXH, To qepe3 nneHKy Mornu npoxo,D,HTh TOJihKo 

HeHTPOHbl c sn = - t. B npHHIJ,Hne, TaKoe ycTpOHCTBO 

B OTCYTCTBHH ,D,enon.HpH3YfOlll,HX 3~eKTOB ,l],OJI)KHO ,D,aBaTb 

lOOo/o-Hyro nonHpH3aiJ,HIO YXH. cf>aKTH'IeCKH 3Toro He Ha6JIIO-

,D,aJIOCb: ,D,OCTHrHyTaH nOJIHpH3aiJ,HH fihiJia OKOJIO 80o/o 16 1. 
B H3BeCTHOM CMblCJie CHTyaiJ,HH CXO:>Ka CO cpe,D,HHM /no 

MHOrHM 3KcnepuMeHTaJibHhlM ycraHOBKaM/ ypoaHeM non.H

pu3au,HH 3THM MeTO,D,OM XOJIO,D,HbiX H TenJIOBbiX HeHTpOHOB. 

06hl'IHO ,l],JIH OfibHCHeHHH HenOJIHOH 3$$eKTHBHOCTH 3epKaJI 

Ha3blBaiOT CJie,D,yrolll,He npH'IHHbl 13,41: He,D,OCTaTO'IHaH Ha

MarHH'IeHHOCTb noBepXHOCTHOrO CJIOH 3epKaJia, ,D,enOJIHpH-

3YIOIIJ,He KpaeBbie 3$$eKTbl, 3arpH3HeHHe H OKHCJieHHe no

BepXHOCTHOrO CJIOH, npHBO,D,HIIJ,He K B03MO:>KHOCTH OTpa:>KeHHH 

4 

.. 

... 

BTOpOrO CnHHOBOrO COCTOHHHH, HeperyJIHpHOCTH MarHHTHOrO 

nOJIH B,D,Onb noBepXHOCTH 3epKana, CBH3aHHhle C HepaBHO

MepHOCTblO TOJIIIJ,HHbl MarHHTHOrO CJIOH, npHBO,D,HIIJ,He K ,D,eno

JIHpH3aiJ,HH, H T.,D,. B pa6orel41 ,D,JlH OnHcaHHH yKa3aHHblX 

npou,eCCOB fihiJIH BBe,D,eHhl ynOMHHYTbie paHee K03~HIJ,HeHTbl 
b, OTHOCHTeJibHO KOTOpblX B reoMeTpHH OTpa:>KeHHH B 06-

IIJ,eM cnyqae HH'Iero He H3BeCTHO. O,D,HaKo .D.llH reoMeTpHH 

npoxo:>K,D,eHHH Moryr 6hiTh c,D,eJiaHhi onpe,D,eneHHble cy:>K,D,e

HHH, ynpomarolll,He curyau,HIO npHMeHHTeJihHO K YXH. 

ECJIH Emax< E rp+= U + lln K B s, TO 3aBe,D,OMO MO:>KHO 

rrono:>KHTh b ++= 0 /3.D.ech: U - BhlCOTa H,D,epHoro 6apbepa, 

B s - MarHHTHaH HH.D.YKU.HH HaChiiiJ,eHHH nJieHKH, 11 n -

MarHHTHbiH MOMeHT HeilrpoHa, K = ( B s- B) I B s - OTHo-

cureJibHOe OTKJIOHeHHe HaMarHH'IeHHOCTH nJieHKH OT Hacbl-

IIJ,eHHH/. 
Ou,eHHM aeJIH'IHHY b_+ , ucxo.D.H H3 reopuil XannepHa 

H XoncreiiHa /7 I* H noJib3YHCb 3KCnepuMeHTaJibHbiMH ,D,aH

HbiMH H3 pa6or /B-1 ol. Cor nacHo KJiaccuqecKoH rpaKTOBKe 

XaJIIIepHa H XoncreiiHa, napaMeTp ,D,enonHpH3aiJ,HH D ** 
npH ,l],BH:>KeHHH HeHTpOHa B o6pa3IJ,aX, HaXO,D,HIIJ,HXCH B co

CTOHHHH, 6JIH3KOM K HaCbiiiJ,eHHIO, paBeH: 

D::: y2B2~ 
s v 2 

npH yB.£.. < l, 
/4/ 

v 

D '~ K npH 0 /5/ 
- 3 yB- > 1 

v ' 

r ,D,e: y - rupoMarHHTHOe ornollleHHe neilrpoHa, o - pa3Mep 

,D,OMeHa HJIH KpHCTaJIJIHTa, v - CKOpOCTb HeHTpOHa. 

Ypaanenue I 4/ onuchmaeT ,D,enonHpH3aU.HIO renJIOBhiX 

HeHTpOHOB, a ypaBHeHHe /5/ npHMeHHMO ,l],JIH O'leHb Me,D,

JieHHblX neilrponoB H, no-BH.D.HMOMy, ,D,JIH YXH. 

* XoTH aonpoc o npuMeHHMOCTH reopHH XannepHa H 

Xoncreilna ,D,JIH YXH. HBnHeTcH oTKpbiThiM, Mhi noJlb3yeMCH 

ero H3- 3a orcyTcTBHH reopHH ,D,enonHpH3au,HH YXH B ¢ep-

poMarHHTHOH cpe,D,e. 

** IIonHpH3aiJ,HH na,D,aiOmero Po H npollle,D,Illero P ny'IKOB 
CBH3aHbl COOTHOilleHHeM: PIPo=exp(-Dt), r,D,e t- TOJIIIJ,HHa 

o6pa3u,a. Tor,D,a: b - (l- PIP0 ). -+ 
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B pa6oTe /8/ .D.nB MeTannuqecKoro ronLMHB B $eppo
MarHHTHOM COCTOBHHB /npu renueso:ii TeMnepaType/. Haxo
.II.B:I.l.(eMcB: B none I7. 9 K 3, 6Lino nony'leH_o D =50 CM-l 

.D.nB: TennoBLIX HeiiTpoHoB. B pa6oTe 191 .D.nB MeTannuqec
Koro Ko6anLTa B reKcaroHanLHo:ii $a3e * npu none I7. 7 K3 
nonyqeHo .D.nB TennoBLIX HeiiTpOHOB D = I,2 CM-l • 'ITO .D.nB: 
K .D.ano ou.eHKY <I o/o. B pa6oTe /l o / uccne.D.osanocL npo
nycKaHue nonB:pH30BaHHLIX TennOBLIX HeiiTpOHOB qepe3 
$onLrH H3 MeTannuqecKoro Ko6anLTa B Ky6uqecKo:ii $aJe 
B none 400 3, npu KOTOpOM Ha 3THX $onLrax, HCnonLJO
BaHHLIX B Ka'leCTBe 3epKan B reoMeTpHH OTpruKeHHB, Ja
BHCHMOCTL nonB:pH3aU.HH OTpa)KeHHOrO nyqKa OT nonB: C 
xopoiJJHM JanacoM BLIIJJna Ha nnaTo. 

Pacc'IHTaHHLIH H3 3KcnepuMeHTanLHOH JaBHCHMOCTH 
P/P 0 oT t napaMeTp .D.enonB:puJau.uu paseH D ::30 CM- 1• 

)J,nB THnH'IHOrO paJMepa .II.OMeHa o ' I Q- 4 CM nonyqaeMoe 
OTCTynneuue OT HaMarHH'IeHHOCTH HaChii.I.J.eHHB: K'"" 0,1 Ka
)Ke TCB: Hepa3 YMHO 6onhiJJHM. )J,nB: n ,~ 10-3 CM, T HIIH'IHOrO 
pa3Mepa KpHCTanJIHTOB, BenH'IHHa ~-.: nonyqaeTCB: - 1 o/o, 
'ITO, IIO-BH.D.HMOMy, 6nH3KO K 3KCIIepHMeHTanhHOH CHTya
U.HH. 

)J,nB: YXH napaMeTp .D.enonB:pHJau.uu MO)KHO ou.eHHTh H3 
ypasHeHHB: /5/. C'IHTaB:, 'ITo K ue npesocxo.D.HT 10-2 • u 
nonaraB: n = 10 3A. 'ITO B:BnB:eTcB: HH)Kueii rpaHnu.eii Ha pa3-

D . - 2 1 -S 3 -I .t. 
Mep .D.OMeua: 0

' 10 1 0 · = 10 eM . Tor.D.a .D.nB: 'l'eppo-
MarHHTHhiX nneHOK TOni.I.J.HHOH OT 2.10-S .D.O I0-4 CM, uc
nonh30BaHHLIX B pa6oTe/6/, .D.enonB:pHJaU.HB: He npesocxo
.D.HT 2 dOo/o. TaKHM o6paJoM, MO)KHO ClJHTaTL, 'ITO senuqu
Ha b_+ .D.OCTaTOlJHO Mana. TaK KaK h+- no nopB:.D.KY senu
lJHHLI B t/d pa3 ** MeHLIJJe b_+, r.D.e d rny6uua npo
HHKHOBeHHB: B cpe.D.y YXH C npoeKU.HeH cnuua sn '0 + 1, TO 
OTCIO.D.a cne.D.yeT, 'ITO BenHlJHHOH b+- B yp. /3/ MO)I(HO npe
He6pelJh. Tor.D.a .D.nB: nonB:pHJYIDI.l.(eii cnoco6HOCTH 3epKana 
B reoMeTpHH npOXO)I(.D.eHHB: nonylJHM: 

* 0TMeTHM, 'ITO ronLMHH H K06anhT BBnB:IOTCB O'leHL 
)KeCTKHMH $eppoMarHeTHKaMH. 

**)J,eHCTBHTenLHO, 
b_+lb+_- t/d. 

6 

TaK KaK b - ( l - P /P 
0 

) - t , TO 

.. 

... 

p = _(b++ + b_~~-b+_)::: - b ___ ~. /6/ 

~b b __ + b_+ 
0TMeTHM, 'ITO nocne nponycKaHHB HenonBpH30BaHHLIX MO
HOXpOMaTH'IeCKHX YXH qepe3 TaKoe JepKano, nony'IHTCB .D.Be 
3HepreTuqecKue rpynnLI YXH: nepsaB: rpynna c npoeKI.J.Heii 
cnuHa sn""- t coxpaHBeT HaqanLHYI<l KHHeTH'IeCKYffi 3Hep
rum E , a BTopaB rpynna c s =+ -

2 
6y.D.eT HMeTL 3Hep-

E k E * n · rum k + rp+ . 
3$$eKTHBHOCTh 3epKana KaK aHanH3aTopa .D.nB MOHOXpo

MaTH'IeCKHX nonBpHJOBaHHLIX YXH 6y.D.eT pasHa: 

2(b -h ) 
P' = p + +- -+ = -1 . /7 I 

~b 

B cnyqae, ecnu )l(e u nonB:pH3aTop u aHanuJaTop pa6oTaiOT 
B reoMeTpuu npoXO)I(.D.eHHB, yp. /7/ He npuMeHHMO, TaK KaK 
Ha auanuJaTop na.D.aiDT OTMelJeHHLie paHee .D.Be rpynnLI YXH. 
PaCCMOTpHM B03MO)I(HLie BapHaHThl onHCaHHB: TaKOH CHTya
U.HH. 

3. ,46or1Hoe nponycKaHue YXH 

HcnonLJYB: coo6pa)l(eHHB, BhiCKaJaHHLie B §2, npo
Be.D.eM paCCMOTpeHHe Ha npHMepe ycTaHOBKH, onHCaHHOH 
B pa6oTe 161 /puc. 1/. C'IHTaB: ny'IOK YXH .D.OCTaTolJHO 
cKonnuMuposaunLIM. 06oJHalJHM qepe3 N0 clJeT .D.eTeKTopa 
4 B OTCYTCTBHe nonB:pH3aTopa I H aHanH3aTopa 3 /COOTBeT
CTBYIDI.I.J.He $eppoMarHHTHLie nneHKH y6paHLI H3 Tpy6LI HeifT
pOHOBO.D.a/. Tor .D.a npu Hanuquu B nylJKe TOnLKO nonBpuJa
TOpa H B npe.D.nOnO)I(eHHH, 'ITO 3$$eKTHBHOCTh .D.eTeKTOpa He 
JaBHCHT OT 3HeprHH HeHTpOHOB, C'leT 6y.D.eT paBeH /npeHe6-
peraeM nornol.l.(eHHeM ueiiTpOHOB BHYTPH nneHKH/: 

N = N+ + N 1 2N o• /8/ 

* llpu nepesopoTe cnuHa YXH BHYTPH $eppoMarHHTHOH 
cpe.D.LI 3HepruB nepexo.D.a 211nB 6epeTcB H3 $eppoMar-
HeTHKa, TaK KaK B paCCMaTpHBaeMOM HaMH cnyqae: 

E k~ Em ax< E rp+= U + lln B"' 211 n B, 
oua He MO)I(eT OLITI:i BJB:Ta H3 E k' 
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N u 1 n r ~e +- KOMITOHeHTa C'ieTa HeHTpOHOB C s n ~ ± - • OllH-
- 2 

pH 3al{HH nyqKa paBHa P1 ~c (N +- N _) I ( N+ + N_) . . 

I~ 

Puc. 1. Ycmpoucmao OAR noARPU3aijUOHHozo aHaAu3a YXH 
6 npomotJHOM aapuaHme /61: 1 - noARPU3amop, 2 - (JAunnep, 
3 - aHaAU3amop, 4 - oemeKmop. 

llpH HanH'iHH aHanH3aTopa cqeT paBeH: a/ napannenLHaH 
OpHeHTal{HH /$nHnnep BbiKJOO'ieH/: 

NIT ::: N-+ + N _ ~- N , /9/ 

1 
TaK KaK KOMnOHeHTa nyqKa C !; n oc t 7 HBllHeTCH Ha~fiapb-
epHOH H npoxo~HT qepe3 aHanH3aTop; 
6/ aHTHnapannenLHaH opHeHTaUHH /$nHnnep BKnJO'ieH/: 

N A ::. N+ + ; ( 1 + ¢) N _: 

Y'iHTbiBaH, 'iTO 
yp. /10/: 

1 N + == - N ( 1 ± P1 ) , 
- 2 

N = ..!_ N [ (3 + ¢) + ( 1 - ¢ ) P ] 
A 4 1 

/10/ 

npeo6pa3yeM 

/11/ 

llo~cTaBnHH yp. /9/ H /11/ B yp. /1/, nony'"IHM ~nH 3$$eKTa 
~BOHHoro nponycKaHHH: 

0-¢)0-P
1

) 
-----. £ 2 = /12/ 

7+P 1 +¢(l-P 1 ) 

8 

... 

.. 

llpe~enLHLie cnyqaH: 1/ npH ¢ = -1HMeeM: 

l - P 1 
f2 = -----; /13/ 

3 + p1 
2/ npH ¢ = -1 H P1 =- 1 /HeT ~enonHpH3aUHH/ < 2 = 1 ; 
3/ npH ¢ =-1 H P1 = 0 /nonHaH ~enonHpH3aUHH/ < 

2 
= l/ 3 * . 

)J,nH onpe~eneHHH P 1 H3 yp. /12/ Ha~o 3HaTb ¢. )J,nH 
3TOrO 06bi'iHO llpOBO~HTCH ~OllOllHHTellbHbie H3MepeHHH C ~e
ITOnHpH30BaHHbiM Me:>K~Y ITOnHpH3aTOpOM H aHallH3aTOpOM 
ny'"IKOM. O~HaKo, KaK noKa3anH 3KcnepHMeHTbi 16 1, ~o6HTLCH 
nonHOH ~enonHpH3aUHH YXH o6LI'"IHLIMH MeTo~aMH Henb3H. 
H3 H3MepeHHH c o~HHM $nHnnepoM MO:>KHO nony'"IHTb nHIIIh 
HH:>KHHH npe~en BenH'iHHbi nonHpH3aUHH P1, nonaraH ¢ =-1, 
TOr~a H3 yp. /13/: 

1 - 3 E 2 p1 = -·---
1 + 3£2 

/14/ 

EcnH ycTaHOBHTb ~Ba $nHnnepa / CM., Hanp., / 3
/ 

CTp. 31/ H npoBeCTH H3MepeHHH, KOr~a· o6a $nHnnepa 
BbiKmo'"leHLI /c'ieT N 11 no yp. /9/; nepBbiH BKniO'ieH, BTopoii 
BbiKniO'"IeH /c'ieT N ;\no yp. /11/ c ¢=¢' /; nepBbiH BbiKmo
'"leH, BTopoii BKmo'ieH /c'ieT N A no yp. /11/ c ¢ = ¢"I H, 
HaKOHel{, o6a BKlliO'ieHbl I C'ieT N n no yp. I 11/ c ¢ = ¢'¢"I' 
TO H3 3THX 'leTblpex C'ieTOB MO:>KHO o6pa30BaTb cne~yiOU\He 
KOMfiHHal{HH: 

{ ( 1) -
2 -

( 2) 

2 

£( 3)-2 -

Nn- N A 
f 2 

NIT+ N A 
N - N" __ n __ L= f 

N + N" 2 
n A 

N - N' IT IT 

NIT+ N~ 
= £2 

/no yp. /12/ c ¢ ~~ ¢' /; /15/ 

(¢=¢"); /16/ 

( ¢ = ¢ '¢ ") , /17/ 

* CHTyauHH Ka:>KeTcH napa~oKcanLHoii: nonHpH3aUHH na
~aiOU\ero Ha aHanH3aTop nyqKa paBHa Hymo, a 3414leKT < 2 
HMeeTcH. Ha caMoM ~ene, 3$$eKT ~BOHHoro nponycKaHHH 
TpaHc$opMHpyeTCH B aHanor 3<WleKTa O~HOKpaTHOrO npo
nyCKaHHH £ 1 , npOH3BO~HMOrO He BbiKniO'ieHHeM HaMarHH'ieH
HOCTH nneHRH, a BKniO'ieHHeM $nHnnepa. 
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N'- N' ¢ , (1 - ¢ ") ( 1-p 1) 
( (4) = ri A 

= -· 2 ' N~+ N A 6 + 2Pl + ¢'0+¢") {1-Pv 
/18/ 

(5) N~- NA ¢ "( 1 -¢ ') 0-p l) 
( = = 2 N' N" 6+ 2P

1 
+ ¢"( 1+¢') 0-P

1
) il + A 

/19/ 

qHCno ypaBHeHHH- 5, HeH3BeCTHbiX- 3; ¢', f/J" H P
1 

T.e. 
B03MO~HO OAH03Haquoe onpeAeneHHe 3~~eKTHBHOCTH nong
pH3aTopa. 

0AHaKo ua npaKTHKe AnH onpeAeneHHH ~oua AeTeKTopa 
nonL3yiOTCH TaK ua3LIBaeMoii WTopoquoii pa3HOCTLIO ( N- N uf' 
rAe N - cqeT OTKpbiToro AeTeKTopa, N 

111
- cqeT AeTeKTopa, 

3aKpbiTOrO TOHKOH ~OnbrOH H3 MaTepuana, nonHOCTbiO OT
pa~aJOI.llero YXH. B 3TOM cnyqae KOMnoueuTa cqeTa ueiiT
pouos N+ BOHAeT B ~OH N 111 H B yp. /8-11/ AO~eu 6LITL 
OT6poweu qneu N +. TorAa yp. /12/ MOAH~HI.J.HpyeTcH B 
cneAYIOI.llee: 

1 - ¢ 
(2 = 3:-¢' /12 '/ 

T .e. nonHpH3ai.J,HH YXH nonuaH, a H3 3~~eKTa £ 2 onpeAe
nHeTCH 3~~eKTHBHOCTb ~nHnnepa cp • 

~o cux nop s paccMoTpeuuu npeue6peranocL Aenong
pu3au.ueii YXH Me~AY nonHpH3aTopoM H auanH3aTopoM 
/~aKTop F B yp. /2/ nonaraeTCH paBHLIM 1/. YqeT Aeno
nHpH3ai.J,HH npuseAeT K cneAYJOI.lleii MOAH~HKai.J,HH yp. I 12 'I: 

0-¢) F 
f2 = 

2+ ( 1+ ¢) F 
/12 "/ 

OnpeAeneuue H pa3Aeneuue ¢ H F s H3MepeuuHx c OAHHM 
~nunnepoM ueB03Mo~uo*. ~nH o6cqeTa H3Mepeuuii c ABYMH 

* 0TMeTHM, qTo s pa6oTe /6/ 6blno ucnonL3osauo BLipa
~euue P =Vf2, KoTopoe nonyqaeTCH H3 yp. /2/ s npeAnono
~eHHH P 1 = P2 = P2 = P , ¢ =-1 H F = l, qTo npu 3KcnepHMeu
TanLHOM 3uaqeuuu f ..,=0 ,6 Aano P= 0, 78.0u.euKH no yp. /14/ 
AaiOT \P1\"'0,5; no yp. /12'/¢=-0,S;a no yp. /12 "/ npu 
¢=-1 nonyqaeM F = 0 ,6 • 
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~nunnepaMH Mo~o uanucaTL cucTeMy ypasueuuii, auano
ruqnLIX yp. /15-19/. 

0AHaKO npH HanH'IHH AenonHpH3ai.J,HH B paCCMaTpHBaeMOM 
BapHaHTe /ycnOBHO Ha30BeM ero npOTOqHbiM/ B03HHKaJOT 
ueKoTopble ocno~HeHHH. B qacTuocTH, KoMnoueuTa nyqKa, 
naAaJOll.l,ero ua auanu3aTop c npoeKI.J,ueii cnuua sn = + -t H 
HHTeHCHBHOCTb KOTOpOH nponopl.I,HOHanLHa (1-F),oKa3b1Ba
eTCH 3anepTOH Me~AY nonHpH3aTOpOM H auanH3aTopOM. 
KaK noKa3aHo B pa6oTe/Il/,npu xaoTuquoM AB~eHHH YXH 
B HeOAHOPOAHOM MarHHTHOM none 3~eKTbl AenonHpH3a
l.I,HH CTaHOBHTCH Cyll.l,eCTBeHHO 6onLWHMH, qeM npH OAHOKpaT
HOM npoxo~AeHHH qepe3 o6nacTL c noneM. llo3TOMY 3anep
TLie YXH 6YAYT nepesopaqusaTL csou cnHHLI H BLITeKaTL 
H3 nOBYWKH, B qacTHOCTH, Ha AeTeKTOp, qTo HeCKOnbKO 3a
BbiCHT cqeT npH BbiKnJOqeHHOM ~nHnnepe. C BKnJOqeHHbiM 
~nunne~oM oT auanu3aTopa 6YAYT oTpa~aTLCH YXH c 
s n = + 2 , HHTeHCHBHOCTb KOTOpbiX nponopl.I,HOHanbHa 
( l- cpF) ,qTo npH ¢'" -l H ~aKTope AenonHpH3ai.J,HH, 6nH3KOM 
K 1, COCTaBHT noqTH BeCb nyqoK. llpH o6paTHOM AB~eHHH 
YXH s cTopouy nonHpH3aTopa 3a cqeT Kouequoii npoBOAH
MOCTH ueiiTpouosoAa qacTL YXH Mo~eT uecKonLKO pa3 
nepeceqb o6nacTL Me~AY nonHpH3aTopoM H auanu3aTopoM. 
llpu 3TOM sepoHTHOCTL AenonHpH3au.uu Ta~e cyl.lleCTBeuuo 
ysenuqusaeTCH H B03MO~HO BbiTeKaHHe TaKHX HeHTpOHOB Ha 
AeTeKTOp, qTo npHBeAeT K 3aBLIWeHHIO cqeTa npH aHTHna
pannenbHOH OpHeHTai.J,HH. 06a OTMeqeHHbiX 3~~eKTa HCKa
~aiOT ucTuuuoe .3uaqeuue 3$!JeKTa ( 2 • 

~ml HCKnJOqeHHH 3$!JeKTOB 3anupaHHH npo.ToqHLIH sapo
aUT MO~eT 6biTb ycosepWCHCTBOBaH C nOMOlllbiO npeAnO
~euuoro s pa6oTe /6/ npueMa npepLIBaHHH nyqKa YXH u spe
Meuuoro auanu3a HMnynLcos AeTeKTopa. B 3TOM cnyqae 
MOryT 6biTb HaHAeHbl speMeHHLie 3aBHCHMOCTH 3~~eKTOB 
f 2 H3 H3MepeHHH C ABYMH ~nHnnepaMH, auanH3 KOTOpbiX 
ri03BOnHT OI.J,eHHTb OTMeqeHHbie 3~~eKTbl. 

Auanu3 nonHpH3au.:au cyl.lleCTseuuo yc.tio~uHeTcH npu 
uanuquu s nyqKe HaA6apLepHLIX ueiiTpouos. B 3TOM cnyqae 
B03MO~Ha nepeKaqKa TaKHx ueiiTpouos B YXH*. B pa6o
Te/6/ coo6l.llanocL o pa3pa6oTKe npou.eAYPhl yqeTa ~oua 
HaA6apbepHbiX HeHTpOHOB, no3TOMY Mbl Ha 3TOM OCTaHaB
nHBaTLCH He 6yAeM. 

*Ha 3TO o6cToHTenLcTBO o6paTun BHHMauue B.B.ronu-
KOB. 
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Yqecn. TaKoro po.na 3$$eKThi TaiOKe B03MO)I(HO B rrpe.n
naraeMOM 3,neCh HaKOIIHTenbHOM BapHaHTe IIOnHpH3aUHOH
HOrO aHanH3a, HMeiOIUero HeKOTOpbie rrpeHMYIUeCTBa B HC
KnroqeHHH IIOMeX OT Ha,n6apbepHbiX HeHTpOHOB H B H3yqeHHH 
.nerronHpH3aUHH YXH B MarHHTHhiX rron.11x. TaKaH cxeMa 
aHanH3a 3allO)I(eHa B ycTaHOBKe "TpHCTOM" ,nnH H3MepeHHH 
3neKTpHqeCKOrO JJ:HIIOllbHOrO MOMeHTa HeHTpOHa /11/. 

4. HaKonume/lbHbiU eapuaum 

B pa6oTe /G/ yHHKanhHhie CBOHCTBa YXH ucrronh3o

Banuch s caMHX rronHpH3aTope H aHanH3aTope, a HMeHHO: 
YXH c rrono)I(HTenhHhiMH rrpoeKUHHMH CIIHHOs Ha Harrpasne
HHe HaMarHHqeHHOCTH $eppoMarHHTHOH rrneHKH IIOllHOCThlO 

oT Hee oTpa)l(anHch /ucrronh3YIOTCH csoil:cTso YXH HCIIhi
TbisaTh rronHoe oTpa)l(eHHe rrpu nro6oM yrne rra,neHHH/. 
Ecnu sMecTo aHanH3aTopa rroMeCTHTh HaKOIIHTenh YXH 
C KnarraHOM, TO IIOnHpH30SaHHhie HeHTpOHbl MO)I(HO STOpHq
HO IIpOIIYCTHTb qepe3 IIOllHpH3aTOp, KOTOpbiH IIpH 3TOM 
6y,neT HrpaTb pOnh aHanH3aTopa /HCIIOllh3yeTCH CSOHCTSO 
YXH y,nep)I(HsaThCH s 3aMKHYThiX cocy,nax/. 

llpHMepHaH CXeMa TaKoro ycTpOHCTSa IIOKa3aHa Ha 
pUC. 2. 0HO COCTOHT H3 IIOnHpH3aTopa 1, $eppoMarHHTHaH 
rrneHKa KOToporo 2 3aKperrneHa Ha rro.nsH)I(HOH paMe 3, 
IIOMeiUeHHOH S 3a3op MarHHTa /Ha pHCYHKe OH He IIOKa-

3aH/. YXH H3 TpaHcrropTHoro HeiiTpoHoso.na 4, csH3aHHoro 
C HCTOqHHKOM HeiJ:TpOHOS, qepe3 pacrrpe,nenHTenhHhiH KnarraH 
5 IIOCTyiiaiOT S HaKOIIHTenb 6, o6opy,nosaHHbiH KnarraHOM 7. 
Me)l(,ny rronHpH3aTopoM H HaKOIIHTeneM ycTaHosneH cl>nurr
rrep 8. Pacrrpe.nenHTenhHhlH KnarraH 5 ycTpoeH TaKHM o6-
pa3oM, qTo IIpH HaiiOnHeHHH HaKOIIHTenH ,neTeKTOp 9 OTCe
KaeTCH, a rrpu shmycKe YXH H3 HaKOIIHTenH oH OTKPhiBaeT
CH /rrpH 3TOM KaHan 4 s csoro oqepe,nh oTceKaeTcH/. YXH 
Sbi,nep)I(HSaiOTCH S HaKOIIHTene S TeqeHHe OIIpe,neneHHOrO 
speMeHH, HO He MeHbiiie. TOrO, qTo Tpe6yeTCH JJ:llH Shliiyc
Ka Ha .neTeKTop YXH, 3aKnroqeHHhix s o6'beMe Me)l(,ny Knarra
HaMH 5 H 7, a 3aTeM TaiOKe ShliiYCKaiOTCH Ha ,neTeKTOp H 
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I ====---=:=:=::1 

Puc. 2. Ycmpoucmeo e HaKonume/lbHOM eapuaume: 1- noARpu-
3amop, 2 - n/leHKa, 3 - paMKa, 4- ueumpouoeoo, 5 - K/lanaH, 
6 - HQKOnume/lb, 7 - K/lanaH, 8 - tfl/lUnnep, 9 - oemeKmop, 
10 - CO/leHOUO. 

perHCTpHpyiOTCH * · Kor.na cl>eppoMarHHTHaH rrneHKa sse-
,neHa S HeHTpOHOSOJJ:, MO)I(HO c,nenaTb qeThlpe H3MepeHHH, 
aHanoruqHhiX paccMoTpeHHhiM s §3, H o6pa3osaTh swpa)l(e
HHH, aHanorHqHbie yp. /15-19/, IIpH 3TOM ¢' H ¢" 03Haqa

IOT 3$$eKTHSHOCTH cl>nurrrrepa rrpu HarrycKe H shmycKe YXH, 
cooTseTcTseHHO, a cl>aKTop .nerronHpH3aUHH F (t) YXH s Ha
KOIIHTene 3aSHCHT OT speMeHH Shl,nep)I(KH t S HeM. EcnH 
$nHIIIIep SbiiiOnHeH C HCIIOllb30SaHHeM MeTo,na 6hiCTporo 
a,nua6aTHqecKOrO IIpOXO)I(JJ:eHHH /6,12/, TO ¢'= ¢" = ¢** H 

,nnH orrpe.neneHHH ¢ H F .nocTaToqHo rrposecTH TPH H3Mepe
HHH. 

* 0TMeTHM S03MO)I(H0CTh IIpHMeHeHHH BpeMeHHOrO aHa
nH3a BhlTeKaiOIUHX HeHTpOHOS, II03SOllHIOIUero YCTpaHHTb 3$
$eKTbl 3arrupaHHH YXH, OTMeqeHHhie s §3. 

** HaiiOMHHM, qTo, KaK OTMeqeHO BO sse,neHHH, paCCMOT
peHHe S ,naHHOH pa6oTe IIpOSOJJ:HTCH ,nnH MOHOXpOMaTHqecKHX 
HeHTpOHOS. 
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OTMeTHM, 'ITO B o6oux aapuaHTax nonHpH3au,uouuoro 
aHallH3a HMeeTCH B03MO)I(HOCTh onpe~eneHHH ¢ B H3Mepe· 
HHHX c nonHpH30BaHHhiM H HenonHpH30BaH}\hiM nyqxaMH YXH. 
,ll;nH :noro nneHKH nonHpH3aTopa H aHanuJaTopa HY)I(HO 
c~enaTh y6upaJOIIJ,HMHCH. Tor~a ¢ onpe~enHeTcH H3 l}lop
MynLI: 

2 
NA-N /N 0 

¢ = 
Nn - N 2; No 

/20/ 

O~uaxo peanuJau,uH TaKoro cnoco6a B HaKonuTenLHOM 
BapuaHTe HeCKOnhKO npOIU,e, TaK KaK B HeM nonHpH3aTop 
H aHanH3aTOp - 3TO O~HH H TOT )l(e 06'beKT. 

5. ,4enoA.Rpu3al#U.R YXH 

C nOMOIIJ,biD npe~naraeMoro ycTpOHCTBa MO)I(HO TaK)I(e 
H3y'laTb ~enonHpH3au,uro YXH B HaxonuTene, Haxo~HIIJ,eMcH 
B MarHHTHOM none 3eMnH unu coneuou~a 10 /puc. 2/. 

BnepBbie TeopeTH'IeCKH uccne~oaan BnHHHHe Heo~Hopo~
HOCTH MarHHTHoro nonH Ha ~enonHpHJau,HJO YXH B He Mar
HHTHbiX HaKonuTenHx B.H.JiyllJ,HKOB B 1969 r. B 1974 r. 
EI}IHMOB u HruaTOBH'I I 13/ paccMoTpenu aonpoc JaHoao u 
nony'IHnH COBna~alOIIJ,He pe3yllbTaTbl, a HMeHHO: BepOHT· 
HOCTh nepexo~a w K MOMeHTY BpeMeHH t paBHa: 

w = 21 y (~H2x + ~H2).f!.[l + (yll)2 e: 1-I, /21/ 
y v v 

r~e: y - rHpOMarHHTHOe OTHOWeHHe HeH_}"POHa; f - KOp
penHU,HOHHaH ~nuHa; v - cxopocTb YXH; H - cpe~uee 3Ha
'leHue MarHHTHOrO nonH no 06'heMy HaKOnHTenH, OCHOBHaH 
KoMnoHeHTa KoToporo Hz» H x , H Y , H ~ (y l - ~uc
nepcHH x (y) - KOMnOHeHTbl. 

Yp. /21/ cnpaae~nHBO npu 2/yH « t < t max ' r~e 
tmax - BpeMH, npH KOTOpOM W OCTaeTCH MeHhWe e~HHHIJ,bl. 
0TMeTHM, 'ITO F = l - 2w. 

fipHMep: 3a~aBaH THnH'IHble BellH'IHHbl V = 5 M/c, 
e = 10 CM, t= lOOc,nony'IHM, 'ITO npH H >> 3.10-3 3 BTOPOH 
'llleH B KBa~paTHbiX CK06KaX yp. /21/ 3Ha'IHTellhHO 60llbWe 
e~HHHU,bl, TOr~a 
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- 2 2 w·= 7· lO o.l ' r~e /22/ 

-- ----
o.l2= (~H2 + ~H 2)jH2 • 

X y /23/ 

0TCIO~a, H3 Tpe6oBaHHH MallOCTH ~enonHpH3aU,HH w << l 
HMeeM KpHTepHH Ha OTHOCHTenbHYID cpe~HeKBa~paTH'IHyro 
HeO~HOpO~HOCTb nepneH~HKynHpHbiX KOMnOHeHT MarHHTHOrO 
nonH o 1.. « 40/o. 

B qacTHOM cnyqae, xor~a MarHHTHoe none coJ~aeTcH 
TOHKHM COneHOH~OM, 6blnH C~enaHbl 'IHClleHHble paC'IeTbl 
C HCnOnb30BaHHeM nporpaMMbl, onHCaHHOH B /14~~nJI onpe
~eneHHJI COOTBeTCTBYIDIIJ,HX Tpe6oBaHHH Ha reOMeTpH'IeCKHe 
pa3Mepbi coneuou~a /~nuua h, ~uaMeTp d /. Ha puc. 3 

0, f 

8 

0,05 

0 
5 h 

d 
fO 

Puc. 3. 3aeucu.Mocmb napaMempa 8 om h/d npu 3Ha"'eHU.RX 
d k/ d = 0,8 /nyHK11tUPHble KpU6ble/ U 0, 9 /cnAOWHble KpU6ble/: 
1- hk/h = 0,8; 2- h/h = 0,9. 
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npHBe)l,eHhl 3aBHCHMOCTH OTHOCHTenhHOH cpe)l,HeKBa)l,paTH'l

HOH Heo.nHopo)l.HOCTH o * MarHHTHoro nonH no o6'heMy Ha

KOITHTenH B BH)l,e Tpy6hi Jl,nHHOH h k H )l,HaMeTpOM d k, no

MemeHHOH B ueHTp coneHOH)l,a, OT OTHOilleHH.H h/d npH 

pa3HhlX 3Ha'leHH.HX h k / h H d k/ d. )l.n.H npHBe)l,eHHOrO 

paHee npHMepa Tpe6oaaHHe Ha TO, 'ITO .nenon.HpH3aUHH He npe

BhiCHT, CKa)l(eM, 10q/o (F ::::0,9), BhiiTOnH.HeTC.H npH h/d ?:_ 5 H 

h k /h ::; 0, 7, ITpH 3TOM )l,HaMeTp coneHOH)l,a MO)I(eT 6hiTh 

B3.HT )l,OCTaTO'IHO 6nH3KHM K )l,HaMeTpy HaKOITHTenH IHa 
puc. 3 napaMeTp o cna6o 3aBHCHT oT d k/ d I. 

H3Mep.HH 3aBHCHMOCTh 3<l><l>eKTa f 2 oT apeMeHH BhiJl,ep)I(

KH t, MO)I(HO onpe.nenHTh Koppen.HUHOHHYIO Jl,nHHY E. EcnH 

MarHHTHOe none B HaKOITHTene .HBn.HeTC.H rna)l,KOH <i>YHKUHeH 

KOOp)l,HHaT, TO f MO)I(HO CB.H3aTI. CO cpe)l,HeH )l,nHHOH a 0 

cao6o.nHoro npo6era YXH; TeM caMhiM oKa3hiBaeTCH ao3-

MO)I(HhiM CYJl.HTh 0 xapaKTepe OTpa)l(eHHH OT CTeHOK HaKO

nHTenH. TaK, HanpaMep, B ra30KHHeTH'leCKOM npa6nH)I(eHHH 

4V k "' 
a = ----- - d 0 k ' 

H KOppen.HUHOHHa.H )l,nHHa )l,OIT)I(Ha 6hiTh 

sk 
nopH.nKa .naaMeTpa rpy6hi lnpH h k >" d k I. I. C .npyroii 

CTOpOHhl, npH H3BeCTHOM 3aKOHe OTpa)l(eHH.H B HaKOnHTene 

MO)I(HO Cy)l,HTh 0 BH)l,e Koppen.HUHOHHOH <i>YHKUHH, 3HaHHe 

KOTOpOH, HanpHMep, cymecTBeHHO B TeOpHH MeTO)l,a onpe

.neneHH.H 3)1.M HeiiTpoHa c noMOI.UhiO YXH/JS/. OTMeTHM, 

'ITO npH BhiBo.ne yp. 1211 ucnonh3oaanach KoppenHUHOHHaH 

<i>YHKUHH 3KCnoHeHUHanhHOrO BH)l,a I3TO cymecTBeHHO ynpo

maeT Bhl'IHCneHHHI, KOTOpa.H 3aBe)l,OMO He OnHChlBaeT He

O)l,HOpO)l,HO~TH coneHOH)l,anhHOrO non.H. 

B 3aKniO'leHHe aaTop 6naro.napHT A.)l..rynhKO, 

IT.A.Kpyn'IHUCKoro, B.B.ronaKoBa, B.K.HrHaToBB'la , 

B.H.nymaKoBa, IO.H.IToKoTHnoacKoro, )l..A.KopHeeaa 3a 

none 3Hhle )l,HCKyCCHH H p.H)l, ueHHhlX 3aMe'laHHH, a TaK)I(e 

IO.B.HHKBTeHKO 3a noMOI.Uh B qacneHHhiX pacqeTax. 

*3.nech'o 2 = o"j 2 - B 2 )/H 2 .TaK KaK Oj_<o, TO BhlllOnHeHHe 

)l,OITYCKa Ha O)l,HOpO)l,HOCTh MarHHTHOrCJ nun.H aBTOMaTB'leCKB 
o6e cne'IBBaeT Tpe6yeMyiO O)l,HOpO)l,HOCTh nepneH)l,HKyn.HpHhlX 

KOMnOHeHT. 
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