
P4 

B.H.E<PMMOB, B.K.l1rHaTOBMtl 

B.m1HH11E 
HEO~HOPO~HOCTE~ MArHMTHOrO OO]H 
HA COOHTAHHYID " PE30HAHCHYID 
~00]HP"3AUHID Y]bTPAXO]O~HMX HEMTPOHOB 



P4 - 8253 

B.H.EclJHMOB, B.K.MruaToBHll 

B.m1HHHE 
HEO~HOPO~HOCTER MArHHTHoro nonH 
HA CllOHTAHHYm H PE30HAHCHYm 
~llonHPH3AUHID YRbTPAXORO~HYX HERTPoHOB 

C~l.~JlR!ie!lt~~!i c::c~ 
~qm~z U•a:.1a.J'.JIJ!tm! 
6~iGJIVIUTEKA 



3I<cnepHMeHTLI no H3Mepeumo 3nei<TpH'Ieci<oro ,nHnonL
uoro MOMeHTa /l' 2/ /3,UM/ HeiiTpOHa C nOMOIQLIO ynLTpa
XOnO.l{HLIX HeiiTpOHOB /YXH/ nOCTaBHnH Ha noBeCTI<y .l{HJI 
aonpocLI o B3aHMo,neiicTBHH cnHHa YXH c ueo,nuopo,nuocTJIMH 
MarHHTHOrO nonJI. 3TH BOnpoCLJ paCCMaTpHBanHCL B paMI<aX 
I<naccH'Ieci<oro no.nxo.na B pa6oTe /2/. B uacTOJIIQeM coo6-
IQeHHH OHH paCCMaTpHBaiOTCJI BHOBL, HO I<BaHTOBOMeXaHH'Ie
CI<HMH MeTo,naMH. Heo6xo,nHMO cpa3y >Ke OTMeTHTL, 'ITO 
pe3ynLTaTLI, nonyqaeMLJe 060HMH MeTO.l{aMH, HaXO,!{JITCJI 
B xopoweM cornacHH ,npyr c ,npyroM. HH>Ke ac10,ny pe'IL 
noii,neT o ueMaruHTHLIX noaymi<ax. 

BonpocLI B3aHMo,neiicTBHJI cnHHa YXH c MaruHTHLIMH 
ueo,nuopo,nuocTJIMH HHTepeCHLI B ,nayx acnei<Tax: 

1/ c TO'II<H 3peHHJI xpaHeHHJI nonJipH30BaHHLIX YXH a no
aywi<ax, 

2/ npHMeHHTenLHO I< 3I<CnepHMeHTY /2/ no H3MepeHHIO 
3,ll;M MeTO.l{OM pa3,neneHHLIX pa,nHO'IaCTOTHLIX noneii. 

l. 3a,na'la o ,nenonJipH3aUHH YXH B noaymi<ax l!>opMynH
pyeTCJI cne,nyJOIQHM o6pa30M. HMeeTCJI I<aMepa o6'LeMa V , 
BHYTPH I<OTOpoii C03,!{aHO MarHHTHOe none H(f) = l1 0 + n 1(1) ' 
r.ne H 0 - o,nuopo,nuoe none, uanpaaneuuoe a,nonL ocH Z , 
a H 1 Ct) - ueo,nuopo,nuoe none, I<OTopoe npe,nnonaraeTCJI 
cny'laiiHLIM, T .e. xapai<TepH3yeTCJI cpe,nueii aenH'IHHoii /paa
uoii HynJO/, C pe,nuei<Ba,npa TH'IHOH aenH'IHHOB H I<OppenJII.{HOH
uoii li>YHI<UHeii. BuyTpH I<aMepLI uaxo,nuTCJI ueiiTpou, nepao
uaqanLuo nonJipH30BaHHLiii a,nonL H 

0 
• Tpe 6yeTcJI onpe,ne

nHTL H3MeHeHHe nonJipH3aUHH B 3aBHCHMOCTH OT BpeMeHH. 
Kai< H3BeCTHO, 3aBHCHMOCTL nonJipH3aUHH oT apeMeHH 

onpe,nenJieTCJI BenH'IHHoii 

p z ( t) = f t/J * (1 ' t) a_z t/1 ( r' t) d 
3 

r ' /1/ 

3 



rAe 1/J ( G t) .HBJI.HeTC.H HOpMHpOBaHHLIM pemeHHeM ypaBHeHH.H 

llipeAHHrepa, KOTOpOe MLI fiyAeM 3aDHCLIBaTL B CJieA}'IOIQeM 
BRAe: 

. a 1/J ( ;, t) [ A -> -> (-> ) ] ,/, ( --> ) /2/ 
1 = - o +a z + a y r '+' r, t , at - ... 

T.e. B 6eJpaJMepHLIX nepeMeHHLIX t , r H y =HI tr) /H
0

• 

lJTo6LJ H36e)KaTL DyTaHHD;LI B AaJILHeiiweM, 6yAeM 06LI'IHLie 

paJMepHLie KOOPAUHaTLJ H BpeM.H OTMe'laTL K.Ba,ApaTHLIMH 

CK06KaMH, T.e. t=[ t]/I toL r=[rl /[ rol. rAe[to]=h/llnHO> 

a [ r 0] = hI v' 2M n 11 n H 0 • B none H 0 = 1 Fe [ t 0] =l ,0 ·10-4ceK 1 
( r 

0
] "'2,0 • 10-4 CM. 

HJMeHeHue non.HpHJalUIH xapaKTepaJyeTc.H BeJIH'IHHOB 

oP (t)=l-P (t), z z /3/ 

nocKOJILKY npu t=O nonaraeTc.H Pz (0) = l.PeweHaeypaBue

HH.H /2/ H onpeAeneHHe P z ( t) ,AaiOTC.H B npHJIO)KeHHH A. 
3AeCL )Ke MLI TOJILKO o6cy,AHM pe3yJILTaTLJ. 

Cor nacHo npHJIO)KeHHIO A npa t < < 1 HMeeu 3 P z ( t) 

Jly 2
t

2
, rAe y

0
2- cpeAHeKBaApaTH'IHa.H BeJIH'IHHa Mar-

3 0 

HHTHLIX HeOAHOPOAUOCTeB /OTHeCeHHLIX K BeJIH'IHHe O,AHO

ponoro DOJI.H/. 0AHaKO BpeMeHa t<<l npaKTH'IeCKH He HHTe-

peCHLI, DOCKOJILKY OHH COOTBeTCTBYIOT [ t ] < < ( t 
0

] = 

=1 ·10-4 ceK /Ho= 1 Fe/. Ilpa t» 1 .Aenon.apaJanu.a 

pacTeT JIHHeBHO CO BpeMeHeM 

1 e 2 v 2 
o Pz ( t) = 3 -Yo t [ 2 2 ] npa kf» l, /4/ 

k l+f (k-ki) /2 

rAe f - KOppeJI.HJUIOHHa.H AJIHHa /cpe,AHHB pa3Mep 06JiaCTeB 

HeOAHOPOAHOCTeB/, k, k I= V k 2 - 2- CKOpOCTL HeiiTpOHa CO 

CDHHOM BBepx H BHH3 COOTBeTCTBeHHO, a BRA cllYHICIUDI, Ja

KJIIO'IeHHOB B CK06KH, CYIQeCTBeHHO 3aBHCHT OT BLifiOpa 

KOppeJI.HJUIOHHOB cllYHKUHH HeOAUOPO.AHOCTeB. 3,AeCL 3TOT BLI-

6op CAeJiaH DpOH3BOJILHO, HCXOA.H H3 C006pruKeHHii Y.A06CT:Ba 

H H3 Tex coo6pa)KCHHB, 'ITO y("r') , B006IQe rOBOp.B, HO.A'IHH.&-

4 

eTc.H ypaBHeHH.HM MaKcBeJIJia, a JHa'IHT, AOJDKHa HMeTL 

KOppeJI.HJUIOHHYIO cllYHKJUIIO, CDaAaiOIQ}'IO Ha 6eCKOHe'IHOCTH 

MeAJieHHee, 'leM raycCOBCKa.H. 

Bwpa)KeHHe /4/ cnpaBeAJIHBO TOJILKO AO Tex t, npa 

KOTOpLIX oP (t) OCTaeTC.H MeHLWe eAHHHD;LI. COOTBeTCTB}'IOz 
mee t paBHO 

max 

t 
max 

e 
],[tO]k l 

2 
Yo 

[f]. [ t 0 ] 

IlpH [f)·= 10 CM, [ k] 

[ k] [r
0

] 2 -yJ · 
[ t 01 
-- = 3-103 
[r ] 2 

10 6 CM -I, 

/5/ 

. 2 0 
nonyqaeM [ t max ] = 0,03 jy 

0 
• EcJIH t > t max, TO H3 cllopMyJILI 

/4/ MO>KHO HaBTH CKOpOCTL AeDOJI.HpHJaUHH 

w+-= 
doP,z(t) 

dt 

1 e 
3 k 

v' 2 - = _l_ f(k -k+). 2 ----2 k+ 
Yo ~ ( k - k, l 12 16/ 

3AeCL 3Ha'IKaMH + - DOMe'leHLI BeJIH'IHHLI, OTHOC.HIQHeC.H K 

COCTO.HHHIO CO CDHHOM BBepx H BHH3 COOTBeTCTBeHHO, \V+ _ -
aepO.HTHOCTL nepeBOpOTa CDHHa H3 COCTO.HHH.H BBepx, a 

liiYHKUH.H f ( ~ +, k _) BKJIIO'IaeT B ce6.H BCe MHO)KHTeJIH, CHM

MeTpH'IHLie OTHOCHTeJILHO nepecTaHOBKH k + <-->k_. B npe

AeJie t-> oo AOJI)KHO ycTaHOBHTLC.H CTaUHOHapHoe COCTO.H

HHe, npH KOTOpOM 'IHCJia nepeXOAOB CBepxy BHH3 H o6paTHO 

OAHHaKOBLJ: 
N W =N W , 

+ +- - -+ /7/ 

rAe N+ - 'IHCJIO 'laCTHU B COCTO.BHH.BX CO CDHHOM BBepx 

u BHH3~ Hl ypaBHeHH.H /7 I cpaJy )Ke BLITeKaeT 

N - N k -k P (oo) = + - = _.±_ _ _:-_ • /8/ 
z N++ N_ k++k_ 

B JaKJIIO'IeHHe 3TOrO DYHKTa OCTaeTC.B OTMeTHTL, 'ITO eCJIH 

)KeJiaTeJILHO Ja BpeM.H xpaHeHH.H [ t) . HMeTL ,AeDOJI.HpH3aUHIO 

He 60JILWe E , TO He06XOAUMO .AOfiHBaTLC.B TaKOB OAHOpo,A

HOCTH DOJI.H, 'IT06LI 

y2< 
0 

0,03 
---E 

[ t l ' 
/9/ 
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2. 06paTHMCJI TeDepL K KOHKpeTHOMY 3KCDepHMeHTy DO 

H3MepeHHIO 3,I{M He:iiTpoHa MeTO.I{OM pa3,nem.HLIX noneii f 2/ • 

CyTL MeTo,na COCTOHT B TOM, 'ITO DOnJipH30BaHHLie HeiiTpoHLI 

3anycKaiOTCJI B KaMepy, r.ne Ha BpeMJI t 0 , .nocTaTO'IHOe 

,A.nJI TOrO, 'IT06LI DOBepHyTL CDHH HeiiTpOHa B ropH30HTanL

HYJO DnOCKOCTL, BKniD'IaeTCJI pa.I{HO'IaCTOTHOe DOne C 'faCTO· 

Toii, paBHoii qacTOTe npe~eccHH CDHHa B o,naopo,nHOM none 

HO'coJ,naHHOM B Toii >Ke KaMepe. llocne Toro KaK cnHH no

iJepHeTcJI B ropH30HTanLHYIO DnOCKOCTL, pa,nHO'IaCTOTHOe 

none BLIKniD'IaeTcJI H CDHH, npo.non>KaJI npe~eccHpoBaTL, 
Bee BpeMJI OCTaeTCJI B ropH30HTanLHOB DnOCKOCTH. llapan

nenLHO C MarHHTHLIM DOneM B KaMepe C03,naeTCJI 3neKTpH

'IeCKOe. EcnH HeiiTpoH o6na.naeT 3,IlM d == e D, To B 3neKTpH

'IeCKOM DOne OH 6y,neT HCDLITLIBaTL .I{ODOnHHTenLHYJO Dpe

~eCCHIO, H 3a BpeMJI t yron Dpe~eCCHH H3MeHHTCJI Ha ,no
DOnHHTenLHYIOBenH'IHHy 

~e == eDE 
h 

t • 1101 

qepe3 BpeMJI t BHOBL BKniO'IaeTCJI pa,nHO'IaCTOTHOe DOne, 

CABHHYTOe no l!>a3e OTHOCHTeJU.HO yrna Dpe~eCCHH CnHHa 

TaKHM o6pa30M, 'ITO DpH OTCYTCTBHH .I{ODOnHHTenLHOrO yrno

Boro C.I{BHra ~e 1101 HHKaKOB DOnJipH3a~HH B.I{OnL OCR z B 

peJynLTaTe ,neiiCTBHJI pa,nHO'IaCTOTHOrO DOnJI B Te'leHHe 

BpeMeHH to He B03HHKaeT. fipH HanH'IHH .I{ODOnHHTenLHOrO 

yrna ~ e B03HHKaeT DOnJipH3a~HJI 

N+- N_ ~N 
P == ---- == --"' ~e, 

z N+ + N_ N 
1111 

OTKy,na onpe.nenJieTcJI cornacHo 1101 oenH'IHHa D : 

p 
D == 2 • 10 - 1 5 __ z_ . 

E • t 
1121 

B paCCMOTpeHHOB MeTO,nHKe HMeeTCJI HeCKOnLKO HCTO'IHHKOB 

B03MO)I(JILIX OWH60K. 0603Ha'IHM 'lepe3 E HCTHHHLIB 34>li>eKT, 

TOr,na, Bcne,ncTBHe HeO,ZULOPOAHOCTeii MarHHTHOrO DOnJI, 

HMeeTCJI AODOnHHTenLHLIB cnyqaBHLIB yron Dpe~eCCHH )( Ha 

BTopoM 3Tane H .nononHHTem.HaJI cnyqaiiHaJI nonJipHJa~HJI 
~ P z ,B03HHKaJOII(aJI Ha nepBoM H TpeTLeM 3Tanax. KpoMe Toro, 

HMeeTCJI CTaTHCTH'IecKaJI OWH6Ka. EcnH DOnJipH3a~HJI, H3· 

6 

MepJieMaJI C DOMOII(LIO i ·TOR 'laCT~LI, eCTL ~i ==< + )( i + ~~i' 
TO DOnJipH3a~HJI, H3MepJieMaJI C DOMOII(LIO N 'laCTH~, eCTL 

P = < + ~ <x· + ~ P . ) IN. llonaraJI X· H ~P . cTaTHCTH'IecKH 
Z i 1 Zl 1 Zl 

He3aBHCHMLIMH H Y'IHTLIBaJI CTaTHCTH'IeCKYJO OWH6Ky, nony

qaeM, 'ITO 'IYBCTBHTenLHOCTL 3KCDepHMeHTa MO>KHO OXapaK

TepH30BaTL BenB'IHHOB 

-15 
~ D == _2:_.!Q__ [ _1_2. + X 2+ ( ~p z )2 

tE ----] 1131 
,/N 

AD -25 ,I{nJI .I{OCTH>KeHHJI TO'IHOCTH L\ DOpJI,nKa 10 DpH 

[ t l . "" 100 ceK H [ E] "'50 KB BTopoii l!>aKTop B I 131 He 

.non>KeH npeBLIWaTL 10-4 • 3To 3Ha'IHT, 'ITO N > 10 R , a 

)( 2 H ( ~ p ) 2 MeHLWe 1. 
z 

PaccMoTpHM cHa'lana )(2. KaK noKa3aHo B npHno>KeHHH 

E, yron npe~eccHH, pa3MLIBaJOII(HiicJI ocne,ncTBHe Heo.nHo

po,nHocTeii, xapaKTepH3yeTCJI ,nHcnepcHeii 

2 _ '1/ 2 e 2t 
x - -3- kYo · 1141 

Tpe6oBaHHe x 2 < 1 noKa3LIBaeT, 'ITO Heo,nHopo,nHOCTL y 
0 

.non>KHa y,noBneTBOPJITL ycnoBHJO 

[k][r 0 ] 2 

Yo<..; ro1r.1 [to] 

fipH (e) = 10 CM, (k] 
H 0 = 1 rc nonyqaeM 

y
0

<1o-4, 

lSI 

10 
6 

CM -I, ( t ] 100 ceK, 

HnH I H I < 10 - 4 r c • I 16 I 
I 

3. PaccMoTpHM TenepL oonpoc o BenH'IHHe !\ P z, noJIB

nJIIOlQeiicJI Ha nepBOM, a 3Ha'IHT, H Ha TpeTLeM 3Tane. Cpa3y 

>Ke .noroBopHMCJI o6 o6o3Ha'leHHJIX. Pa,nHo'laCTOTHoe none 

npe.nnonaraeTCJI HMeJOII(HM qacToTy 2 w H oenH'IHHY H P , 

KOTopaJI 6y,ny'IH "o6e3pa3MepeHa" oenH'IHHoii H 0 , otio3Ha'la

eTcJI {3 == Hp/ H o. 
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)];nB npOCTOTbl nOnO:>KHM, 'ITO HeO,ZJ;HOpO,ZJ;HaB 'laCTb nonB 

HanpaBneHa TOnbKO no OCR z R MeHHeTCH B npOCTpaHCTBe 

nepRO,ZJ;B'IeCKR: 

y = y z 2 y cos Cp f) . /17/ 

3To npe.nnono:lKeHRe npoTRBope'IRT TOMY $aKTY, 'ITO y
MarHRTHoe none R ,non:lKHO no,n'IRHBTLCB ypaBHeHRBM MaKe

aenna, nocxonLKY, cornacHo yp'aBHeHRBM Maxcaenna, ecnR 

O,ZJ;Ha KOMnOHeHTa nOnH MeHBeTCH B npOCTpaHCTBe, TO 

,non:lKHa CYIQeCTBOBaTb R ,npyraB KOMnOHeHTa, TaK:lKe MeHB

IOII.laBCB B npocTpaHCTBe, 'IT06bl O,ZJ;BOBpeMeHHO BblnonHHnOCb 

rot y = 0 , di v y = 0 . O.nHaKo 3,necL Mbl npeHe6pe

:lKeM 3TRM $aKTOM, nOCKOnLKY KOMnOHeHTbl, nepneH,ZJ;RKynBp

Hble OCR z , npOCTO KOHKYPRPYIOT C pa,ZJ;RO'IaCTOTHbiM noneM 

R npRBO,ZJ;HT K ,nenOnHpR3aURR, y:lKe paCCMOTpeHHOH B nepBOM 

nyHKTe. 

C yqeTOM BLipa:lKeHRB /17 I ypaaHeHRe lllpe,nRHrepa npR 

HanR'IRR pa,D;RO'IaCTOTHOrO nonB npRHRMaeT cne,nyJOII.lRH BR,ZJ;: 

a ljJ ( i! t) -2 i (j) a z t -) -) -> 
i----'-=-(t..+az+f3axe 2azycos(pr )!/J(r,t)./18/ at 
3.necL npR t > 0 pa.nRoqacTOTHoe none HanpaaneHo a.nonL 

OCR x - 3TO COOTBeTCTByeT onpe,neneHHOMy Bbl6opy pa,nRo

qaCTOTHOH $a3LI. HanR'IBe Heo.nHopo.nHoCTR B npaaoii qacTR 

ypaBHeHRB npRBO.D;RT K cne,nyJOIUeMy BBneHBJO. EcnR 6bl y 

paBHBnOCb HynJO, TO npOCTpaHCTBeHHaB 3aBRCRMOCTb !/J ( r, t) 
MOrna 6bl OnRCbiBaTLCB B3aRMHO opTOrOHanbHbiMRWYHKURBMR 

+ f - 3 3 
!/J k tPk + !/J d r = 0 ( q - k) , B KatfeCTBe KOTOpbiX MO:>KHO 

6blno 6bl B3~TL, HanpRMep, nnocKRe aonHLI. IIpR y f. 0 npo

CTpaHcTBeHHaB 3aBRCRMOCTb OnRCbiBaeTCB $yHKURHMR 

± -> + 
!/J.k (r) = IA-

1 j n 

-> -> 
i(k+np)r 

e ' /19/ 

KaK noKa3aHo B npRno:lKeHRR B, li>YHKURR ~' tk R ljJ ;-k 

HanpRMep, y:lKe HeOpToroHanLHLI, npR'IeM Mepoii HeopToro

HanLHOCTR cny:>KHT BenB'IRHa 

2y 
g"' 

(1~\p) 2 - J? 

8 

y ' T; 
... ... 2 ->2 

~ = ( k + p) -k ( y « 0 ' /20/ 
2 

.. 

KOTopaB xapaKTepHa ,nnB TeopRR B03MYIQeHRH. B CBH3R 

C 3TRM OKa3LIBaiOTCB B03MO:>KHbiMR ,nononHRTenLHLie nepexo

,ZJ;LI R3 COCTOBHRB ljJ \ (";) B COCTOBHRe !/J fk (1) npR j,i C • 
B qacTHOCTR, nepex

1
o.n ljJ : -• ljJ 2 nponopuuoHaneH g • 

qTo6LI aMnnuTy.nw 3TRX .nononHRTenLHhiX nepexo,noB 6LinR 

ManLI, He06XO,ZJ;RMO HMeTL g << l . 0,nHaKO RCKOMaB BenH'IRHa 

t.. P z B 1131 He nonHocTLIO onpe.nenHeTcH napaMeTpoM g • 

EcnR 6LI pa3HOCTR 3HeprRH Me:lK,ny COCTOBHHBMR ljJ : R 

ljJ;, onpe.neneHHLIMH B npRno:lKeHRR B, 6blnH 6LI TaKRMR 

:lKe, KaK Me:lK,ny !/J ~ R !/J;, TO ,nononHRTenbRLIH nepexo,n 

!/J+ ... rjJ- nOBOpa'IHBan Obi CnRH CRHXpOHHO C OCHOBHbiM 
l 2 + - 6 u nepexo,noM ljJ 

1 
-. ljJ 

1 
R B pe3ynLTaTe R3 LITO'IHOR nonBpR-

3aURR t..P Morno He B03HRKHYTL. Ha caMoM .nene o6e pa3-

HOCTH ypolmeii cornacHo IBSI R IB7 I oTnR'IaJOTCB Ha 2 TJ "' 

"' 21 ~I lnpR y < < ~ I, no 3TOMY .nononHRTenLHhlii nepexo.n 

RMeeT pe30HaHC, CMell.leHHLIH OTHOCRTenLHO OCHOBHOrO Ha 

aenR'IRHy nopB.nxa 21 ~I . 3To 3Ha'IBT, 'ITO npR noaopoTe 

CnHHa B nnOCKOCTb, nepneH,ZJ;BKynBpHyiO OCR z, ,nononHRTenb • 

HLIH nepexo,n nOBOpa'IRBaeT CnRH Ha yron, OTnH'IaiOIUBHCB 

oT rr/2 Ha aenu'IRHY nopB.nxa I~ llP, r.ne {3- aMnnRTy,na 

pa.nuoqacTOTHoro non.II. TaKRM o6pa3oM, aenu'IRHa t.. P z , 

B03HRKaJOII.laB Ha nepBOM 3Tane, OKa3LIBaeTCH nop.II,D;Ka 

--- 2 
2 Yo 

..L. (i\P ) "' -
f3 ' z {32 

'i\ p 
z /21/ 

Pa3yMeeTCB, nocne,nHRii pe3ynLTaT cnpaae.nnRB TOnLKO npR 

,ZJ;OCTaTO'IHO ManLIX p "' 1/C , T.e. ,ZJ;OCTaTO'IHO nnaBHLIX 

HeO,ZJ;HOpO,D;HOCTHX, T.K. C yMeHLWeHReM pa3MepOB HeO,ZJ;Ho

pO,D;HLIX o6naCTeH ~-> oo H ,nononHRTenLHLIH pe30HaHC ,naneKO 

yXO,ZJ;RT OT OCHOBHOrO, a 3Ha'JRT, R BnRHHRe ero na.naeT. 

M3 1211 cne.nyeT, 'ITO e cnR Heo6xo.nuMo HMeTL ( t.. P z ) 2 < 1 , 
TO Tpe6yeTCH, 'IT06LI HeO,ZJ;HOpO,D;BOCTb 6Lina 

y < f3. 1221 

4. Bee BLIWeR3nO:lKeHHoe noKa3LIBaeT, 'ITO HaR6onee 

:lKeCTKOe Tpe6oBaHRe B03HRKaeT Ha BTOPOM 3Tane 1161, npR 

KOTOpOM ycnOBRe 1221, O,ZJ;RHaKOBOe KaK ,nnB nepBOro, TaK 

R ,nnB TpeTLero 3Tana, aBTOMaTR'IeCKH BLinonuBeTCB. Cne

,AyeT ell.le CKa3aTb HeCKOnLKO cnOB OTHOCRTenLHO BenB'IRHbl 

9 



g/20/, KOTOpaJI TO)I(e ,IJ;OIDKHa 6LITL ManoR. llpH [€] = 10 CM, 

[k] =10 
6 

c..w- 1
, H 0 = 1 rc HMeeM 3·10-10 <~<6·10-3, 

T.e. ,IJ;a)l(e npH BLinonHeHHHyCnOBHJI/16/scer,IJ;aHMeiOTCJI Ta
KHe HanpasneHHJI ,IJ;BH)I(eHHJI, nepneH,IJ;HKynJipHLie K rpa,IJ;HeHTy 
HeO,IJ;HOpO,IJ;HOCTeH, npH KOTOpLIX g MO)I(eT CTaTL nopJI,IJ;Ka 
e,IJ;HHHULI, T.e. ~<< y H ,IJ;OnonHHTenLHLIH nepeXO,IJ; HaqHeT 
HrpaTL Cyi.QeCTBeHHYIO ponL, O,IJ;HaKO npH 3TOM C,IJ;BHr ,IJ;Onon
HHTenLHOrO pe30HaHca 6y,IJ;eT "'y , a 3HaqHT, [\. pz B 
3TOM cnyqae TO)I(e npHHHMaeT 3HaqeHHe .:". P z "' y I {3. 

ABTOpLI npHHOCJIT csoro 6naro,D;apHOCTL IO.B. TapaHy H 
B.H.Jiyi.QHKOBY 3a noneJHLie o6cy)I(,IJ;eHHJI, aTaK)I(e M.H.llo,IJ;
ropeuKoMy, KOTOPLIH 3apaHee npe,IJ;cKa3an pe3ynLTaTLI, oT
HOCJIII(HecJI K ManLIM pa3MepaM HeO,D;HOpO,IJ;HOCTeH. ABTOpLI 
CqHTaiDT CBOHM ,IJ;OnrOM OTMeTHTL, qTo HaCTOJIII(aJI pa6oTa 
6Lina HHHUHHpOBaHa <I>.JI.WanHpo. 

IlpuAoJICeHue A 

PaccMOTPHM ypasHeHHe Wpe,IJ;HHrepa, JanHcaHHoe B BH,IJ;e 

ijLt/dr',t) =-(!\+a +y(i);;)0(f',t). a t z /A1/ 

0603HaqHM }( O = -(!\ + a z) H nepeH,IJ;eM K npe,IJ;CTaBneHHID 
B3aHMO,IJ;eHCTBHJI, T.e. nonO)I(HM l/J(1, t) = exp( -iHo t) ci(1,t), 
TOr,IJ;a ypaBHeHHe Wpe,IJ;HHrepa nepenHmeTcJI cne,IJ;yroll(HM o6-
pa3oM: 

r,IJ;e 

~¢{-;,t) =J< 1 (r,t) ¢(r:t), a t 

J(l·(;,t) 
iH 0 t 

e (- y ;) ~ i J( 0 t 

/A2/ 

/A3/ 

PemeHHe ypasHeHHJI / A2/ MO)I(HO HCKaTL no TeopaH BOJ
MYIUeHHH. B nepsoM nopJI,IJ;Ke TeopHH B03MYII(eHaB: 

--+ ~ t ~ --+ 
¢ ( r, t) = ¢ 

0 
( r) - i f J( 

1 
( r, t ') d t '¢ 

0 
( r) 

0 
/A4/ 

r,IJ;e 
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l 

I 

¢o(i) = 
1 

v v 

.... .... 1 
eikr ( O) /AS/ 

T.e. B HaqanLHLIH MOMeHT BpeMeHH HeHTpOH npe,IJ;nonaraeTCJI 
nonJipHJOBaHHLIM B,IJ;OnL ocH z H cso6o,IJ;HLIM. Y,IJ;o6Ho ,IJ;nJI 
,IJ;anLHeHmero BOnHOByro I}JyHKUHIO ¢ ( r: t) npe,D;CTaBnJITL B 
BH,IJ;e 

.... .... l .... 0 
¢(r, t) = C+(r, t) ( ) + C_(r, t) ( ) , 

0 l /A6/ 
.... .... 1 . k .... 

TOr,IJ;a C+(r, 0) =--= e 1 r 
yV , c_ (;, 0) = 0 . ITonJipHJa.UHJI 

p no onpe,IJ;eneHHIO pasHa 
z 

p = 
z 

N+ - N_ 

N+ + N_ 
/A7/ 

r,IJ;e N± - qHcno HeHTpOHOB CO cnHHOM BBepx H BHH3 co-
OTBeTCTBeHHO, 

N+ f IC± (r',t) 1
2 d\. /A8/ 

v 
<l>yHKUHJI 
OTHOWeHHJI 

c ( ?, t) onpe,IJ;enJieTCJI HJ I A4/ c noMOII(hiO co-

t 

C_(f',t) ~(0 l) ¢(f',t) = -i { (0 l)}{ 1 (~tl¢ 0(~)dt'./A9/ 
0 

OnepaTop J( 1 ( ?, t) MO)I(eT 6LITh npe,IJ;cTasneH B BH,IJ;e npo
H3Be,IJ;eHHJI qacTO CnBHOpHOH qacTH Ha KOOp,IJ;BHaTHYID, no
CKOnhKy a z KOMMYTBpyeT C !\ : 

J( ( ) - i L\ t .... ( ::'\ i !\ t -ia t 
1 r, t = - e y r 1 e e z --. i a t 

a e z /A10/ 

BLI,IJ;enJIJI B3 nonHoro se KTopa ; qacTL ;; l =(ax , a Y ) 

nepneH,IJ;HKynJipHyro OCH z , nOCKOnhKY TOnhKO ax B a y npa
BO,IJ;JIT K nepeBopoTy CnHHa, H yqBThiBaJI, qTo cor naCHO KOMMy
Ta.QBOHHbiM CBOHCTBaM MaTpau a 

-iazt -.J iazt ~J 2iazt 
e a e =a e /All/ 

H, KpoMe Toro, az ¢ 0(1) = ¢ o(1) , nonyqaeM: 

II 



-->_, 

__, t _, , 2it' , 1 ikr 
C (r,t) =if [y (r,t~+iy(r,t)]e dt·--=e ,/A12/ 

0 X y \! v 
r,IJ;e 6Lino ucrronLJOBaHo: 

--l -i~t--l i~t ->l ( ) 
y (r,t)=e y (r)e , Y = Yx•Yy • 

IIepeii:,IJ;eM I< cllypLe- rrpe,IJ;cTaaneHHJO: 

-> -> 
-> --> --> ipr 3 
y(r)=Jy(p)e d p. /A13/ 

Tor,IJ;a, yquTLIBaH, qTo 

i 1\ t i q r-> 
e e 

-iq 2 t iq->r' 
= e e /A14/ 

rronyqaeM: 

--> 

--> i 3 [ -> 
C_(r, t) = --==- J d p Yx(p) 

,;v 
+ i y ( p->) l i(k+p);:' 2 i Q~t y e ~ __ 11''-l 

2iQ --' 'A15/ 
p 

r,IJ;e aae,IJ;eHo o6oJHaqeHue: 

2 0 = ( k + p) 2 - k 2 + 2 . p /A16/ 

IJpe,IJ;IIOTIO:>KHM Terre ph, qTO )-;'( rJ HBTIJieTCH cnyqaii:HOH cllYHK· 
.I.{Heii:, rrpuqeM xapai<TepHJyeT CTa.I.{HOHapHLIH cnyqaii:HLIH 
rrpouecc, TOr,IJ;a ycpe,IJ;HeHue rro aHcaM6nro KOMIIOHeHT y i ( p) 
MO:>KHO OIIHCaTL CTie,IJ;yiOI.I.{HM o6pa30M: 

_, _, __, l 2 _, _, __, /A 7/ 
< y. ( p) > = 0 ; < y. ( p) y. ( q) > = -3 8 . . y ( p) 8 ( p + q) • 1 

I I J lj 

(
-> -> 

3,IJ;eCL 8ij - CHMBOTI KpoHei<epa, 8 p+q) - ,IJ;eTILTa-
4JyHK.I.{HH )J;upai<a, a y 2 ( p) - cllYHI<l(HH, KOTOpaH orrpe,IJ;~TIJI· 
eTcH xoppenHUHOHHLIMH caoii:cTBaMH < Yi (;) Yj (;') >,a HMeHHO, 
ecnu 

2 

<y. (1) y. (-;') >= 8 .. _Yo KCf-r') 
1 J lj 3 

/A18/ 

r,IJ;e y J - cpe,IJ;Huii: Kaa,IJ;paT HeO,IJ;Hopo,IJ;HOCTeii:, a K( r'-1')-
I<OppeTIJI.I.{HOHHag cllYHK.I.{HH, TO 

12 

y2( p) 
y2 

- o I 3 

(2

--3 d rK(->) _.-+-> 
17) r e 

1

Pr /A19/ 

rrpuqeM y0
2= f y 2(p) d 3P • B ,IJ;anLHeii:weM y,IJ;o6Ho, He o6-

pal.l.{aHcL I< KCt-"t'),cpaJy Ja,IJ;aaaTL cllYHI<l(HIO y 2 (p). 3,IJ;ecL, 
KOHeqHo, HMeeTCH 60TILWOH IlpOH3BOTI, O,IJ;HaKO KaqeCTBeHHO 
pe3yTILTaTLI He 3aBHCHT OT BH,IJ;a y2( p). MLI BLI6epeM cllYHK· 
.I.{HIO y 2 ( p ) BH,IJ;a 

y 2 ( ->) 
.fl p 

2 3 
Yo e 
-- ----

,;;- (217) 3/2 
--- l 
<I+ e~2 12 )2- , /A20/ 

r,IJ;e e - I<OppeTIJI.I.{HOHHaH ,IJ;TIHHa. 3Ta cllYHK.I.{HH MeHJieTCH 
rrpu 6onLwux p Me,IJ;neHHee, qeM rayccoaci<aH, u rronyqae

MLie C ee IIOMOI.I.{hlO peJyTILTaTLI IIpe,IJ;CTaBTIHIOTCH 6onee 
paJyMHLIMH. KpoMe TOrO, Mhl HHr,IJ;e BLIWe He IIpHHHManu 
BO BHHMaHHe, qTo y( f) , B0061.1.{e rOBOpJI, OIIHCLIBaeT Mar
HHTHOe IIOne, KOTOpoe IIO,IJ;qHHJieTCH ypaBHeHHHM MaKCBenna, 
u II03TOMy He MO:>KeT 6LITL qucTo cnyqaii:HLIM. Cnyqaii:uocTL 
IIOTIH OIIpe,IJ;enJieTCH cnyqaii:HOCTLIO HCTOqHHKOB, H 3TO, KaK 

IIOI<a3LIBaeT 6onee IIO,II;p06Hoe paCCMOTpeHHe, IIpHBO,IJ;HT I< 
I<OppeTIH.I.{HOHHLIM cllYHK.I.{HHM, ,IJ;aiOI.I.{HM y(p) BH,IJ;a, 6nH3I<OrO 
I< /A20/. Bo3Bpal.l.{ll.HCL I< C_(G t) , BH,IJ;HM, qTo cpe,IJ;Hee 
< N ( t) > Mo:>KHo rrpe,IJ;cTaBHTL B BH,IJ;e 

- . 2 Q 
2 SUl t 

<N (t)>=--Jy2(p) P d2.... /A21/ - 3 Q2 -p 
p 

IIocxonLI<y nonuoe qucno qacTH.I.{ N+ + N _ ,IJ;OJDKHO coxpa

HHTLCH, TO <N+( t) >= l- <N_ > H IIOTIHPH3a.I.{HH <P z ( t) > co
rnacHO I A7 I paaua 

Pz(t) =-2<N_(t) >+l. /A22/ 

H 

2 - 2 2 IJpu MaTILIX BpeMeHaX t < l MO:>KHO IIOTIO:>KHTh sin Qp t/Q p = t 

Ilpu t » l 
Tor,IJ;a 

4 8P (t) =1-P (t) =-y2t2 
z z 3 0 /A23/ 

MO:>KHO IIOTIO:>KHTh sin2 Q p t /Q ~ = ; t 8 ( Q p ) , 
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. oP (t) 
z 

k+k1 
4 !!_ t .2!r_ J -- k 

- 3 2 k- k1 

v2 
2!..[1 + 3-yo k 

pdpy2(p) 

2 2 
(k-k1) f 

2 

-1 
] t ' /A24/ 

r.ne k 1 == v k 2 
- 2 - HMnynLc ueiiTpoua nocne nepeaopoTa 

CllHHa. Bhlpa)I(CHHe /A24/ cnpaae,n:nHBO, llOKa oP < l' T.e. 
z 

JJ:O 

t == t max 

2 n 2 
3 k (k-k1) L 

== --= -2 [ l + ------ l v 2 f • Yo 2 
/A25/ 

IlpH t > t max 

HHUY BpeMeHH: 

MO)I(HO BBC CTH BepoJITHOCTb nepexo,n:a B CJJ:H-

w 
-'2 2 2 -1 
v_ y 2 ..t [ l + i.!:_~_e - l 

3 0 R 2 . /A26/ 

AuanorH'IHO MO)I(HO aaecTH H aepoJITHOCTL W +. Ecnu o6o3-

Ha'IHTb k == k+, a k1 == k _,TO nerKO BHJJ:CTb, 'ITO 

w f(k+,k_) 
/A27/ 

+ k+ 
IlpH'ICM f ( x, y) - CHMMCTpH'IHaJI ciJyHKUHJI CBOHX apryMeH

TOB. IlpH t > t MO)I(HO HallHCaTb ypaBHCHHJI 6anauca: 
max 

dN_ 

dt 
W N 

- + 
- w 

+ 
N 

d N + == W + N __ W _ N+ , 
dt 

peWCHHe KOTOpbiX e CTb 

N 

N+ 

14 

k _ [ l - exp ( - a t) ] . 

k + k - + 

k + + k _ exp ( - a t) 

k+ + k_ 

/A28/ 

/A29/ 

a= w+ + w 

k+- k-----
k + k + 

llpH t->oo HMeeM OTCIO,na Pz(oo) /A30/ 

IlpuAoJICeHue E 

1:1To6bl yqecTL pacnnbiBaHHe cllaJbl npeueccuu, o6ycnoa

neuuoe HeOJJ:HOpOJJ:HOCTbiO MarHHTHOro llOJJJI y(1) , Bbl

llOnHHM BCe Te )I(C npeo6pa30BaHHJI /Al-5/, 'ITO H B npu

JJO>KCHHH A. TeM caMbiM 6y,n:eT ytJTeua npeueccuJI a o,n:uo

POJJ:HOM none. B KatJeCTBe ¢ 0 ( r ),o,n:HaKo, Bbl6epeM TenepL 
ciJYHKnHIO 

¢0 {;) 1 

yV 
....... 

e 1 k r l 

y2 
l 

( 1 ) /Iii/ 

OTBe'laiOiqyiO llOJJJipHJalUIH, nepnCHJJ:HKYJJJipHOH OCH z • llo,n: 

,n:eiiCTBHeM B03MYIUCHHJI, o6ycJJOBJJCHHOro HCOJJ:HOPOJJ:HOCTJI· 

MH, ciJYHKIUIJI ¢ ( r, t) CTaHOBHTCJI paBHOH 

... ... l 1 1 1 
¢(r,t) == C_(r,t) --=< 1) +C_(r,t) -=(-1) /li2/ 

vi 2 v 2 
Ko3ciM)HnHeHT C _ ( r, t) xapaKTepuJyeT yron ,n:ononHHTenL

uoro noaopoTa. IIpu ManoM noaopoTe u npu OTCYTCTBHH Ja

BHCHMOCTH OT KOOpJJ:HHaT OH 6biJJ 6bl llpOCTO paBeH llOJJOBHHe 

yrna JJ:ODOJJHHTCJlbHOH npeueCCHH, ll03TOMY B ,n:aHHOM cnyqae 

MO>KHO BBeCTH CpCJJ:HCKBa,n:paTH'IHbiH yron JJ:OllOJJHHTCJlbHOH 

npe.QeCCHH C llOMOIUbiO COOTHOWeHHJI 

<x 2 >=4J<IC_(Gt)i 2 >d 3 r. /li3/ 

.Qn• H&XO)I(JJ:CHHJI C _ ( J.', t) 
auanorH'IBbiM I A 9 I; 

BOCDOJJL3YCMCJI Bhlpa)I(CHHCM, 

t 
c (;,t)==- 1

_ 0,-l) J Ji
1
(Gt')¢

0
(i) dt'. /li4/ 

vi 2 0 

B B03MYIUeHHu }{ 1 G, t) ,n:ononHHTenLHYJO npeueccHIO ,n:aeT 

TOJJLKO 'IJieH, nponopUHOHaJJLHbiH az, llOCKOJJLKy OCTaJJLHble 

'IJJeHbl DPHBOJJ:JIT K B03HHKHOBCHHIO llOJJJipHJaUHH BJJ:OJlb OCH 
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Z nopB~Ka Y 6 H HMH MO)KHO npeHe6pe'IL. BLIDOJIHBB ~eii
CTBHB, aHanorH'IHLie I Al 0 - 151, nony'IHM 

.... .... .... 2 iOpo 

C ( .... ) . f d 3 ( ~) i ( p+ k) r e ~· 1 I r 51 r, t = 1 p y p e ----- , D 

z 2iQ 
.... .... p 0 

r~e 2Q pO = (p + k) 2 - k 2 • B COOTBeTCTBHH C IA15I H Ha 

ocHoaaHHH I A20I nonyqaeM 

. 2 Q sm p 0 t 

Q2 
<x2>=: f y2(p) d 3p 

pO IB61 

..j2 f 2t[1 
-kyO 
3 

0+2k2f2)-1J""~e 2 
3 kYo t • 

B nocne~HeM npH6JIH)KeHHOM paaeHCTBe 6LIJIO noJIO)KeHo 

k f >> 1 , xpoMe Toro, t npe~nonaranocL 3Ha'IHTeJILHO 

6oJILIIIe e~HHHIJ.LI. B CBB3H c BLipa)KeHHeM II>61 HHTepecHo 

OTMeTHTL TOT 4>aKT, 'ITO npH yMeHLIIIeHHH pa3MepOB Heo~

HOpO~HOCTeH, T.e. npH f-> 0 , CTpeMHTCB K HYJDO H <x 2> • 

AHaJIOrH'IHOe 3aMe'laHHe MO~O c~eJiaTL H no OTHOIIIeHHW 

K BLipa)KeHHIO I A24l. Yxa3aHHLIH 4laxT HMeeT BCHyro 4>H3H

qecxyiO HHTepnpeTaiJ,HW, a HMeHHO: HeHTpOH ycpe~HBeT 
06JiaCTH npOCTpaHCTBa pa3MepaMH nopB~Ka ~JIHHLI BOJIHLI, 

ll03TOMY, eCJIH pa3MepLI HeO~OpO~OCTeH MeHLIIIe ~JIHHLI 
BOJIHLI, TO HeHTpOH HX BOBCe He 'IYBCTByeT. 

IlpuAOJICeHue B 

qT06LI He pelllaTL B JI06 ~OBOJILHO CJIO)KHOe ypaBHeHHe 

_a_,tfic._(.;..c;-;..:..,_t);_ =-[~+a +f3a e-2iWO"z\2azycos(p;)]t/J(;,t),/Bll 
at z z 

paccMoTpHM ero B ~sa 3Tana. CHa'laJia noJIO)KHM {3 = 0 , 
TOr~a HHKaKHX nepeXO~OB Me)K~y COCTOBHHBMH CO CllHHOM 

BBepx H BHH3 He 6y~eT H OKa)KeTCB B03MO)K}{LIM HaRTH BH~o
H3MeHeHHe BOJIHOBLIX 4>YHKIJ,HH ~JIB pa3HLIX CllHHOBLIX CO· 

CTOBHHH, o6ycnoaneHHoe Heo~opo~HOCTLW 2 y a z cos (prJ . 
PaCCMOTpHM CHa'laJia COCTOBHHe CO CllHHOM BBepx H 0603Ha· 

'IBM ero aonHoayro 4>YHKU.HW qepe3 t/J+cr•, t). HaJIH'IHe Heo~-

16 

HOpO~HOCTH llpHBO~HT K TOMy, 'ITO t/J+(r,t) MO)KHO npe~
CTaBHTL B BH~e KOM6HHaiJ,HH 

-+_,. -Jo ~ -+ + 
+ ikr Hk+p) r -iA t I I tjJ ( r, t) = [A 0 e +A 1 e + ... ] e • B2 

MLI npeHe6pe)KeM B 3TOM BLipa)KeHHH aceMH 'IJieHaMH, xpoMe 

~BYX nepBLIX, T .K. 3TOHe H3MeHHT Ka'leCTBeHHo OKOH'IaTeJIL· 

HLIX BLIBO~OB, a MaTeMaTHKy CHJILHO ynpOCTHT. Ilo~cTaHOBKa 
IB21 B ypaBHeHHe 

+ .... 
a tjJ ( r, t) .... .... + .... IB31 

= - [ ~ + 1 + 2 y cos ( p r ) ] t,& ( r, t) 
at 

npHBO~HT K JIHHeHHOH O~OpO~HOH CHCTeMe ~BYX ypaBHeHHH 

~JIB K034>4>HIJ.HeHTOB A 0 , A 1 , ycnoaHe pa3peliiHMOCTH KOTO

poii no3BOJIBeT onpe~eJIHTL A+ c noMOIIJ,Lro cne~yroiiJ,ero 
ypaBHeHHB: 

IA+-k 2 + 1 

\ y 

y ) 
+ .... --> 2 

A -(k+p) +1 

det 0 . IB41 

Ilocne BLillOJIHeHHB BCeX He06XO~HMLIX ~eHCTBHH llOJiy'laeM 
~sa 3Ha'leHHB A+: 

A+ = k
2 

+ ~ - 1 + 71 , 
1 '2 

~ = _;(;_k_+__.,p-.:..)_2 - k 2 

2 
ry=J~2+y2, 

H COOTBeTCTBYIOIIJ,He HM BOJIHOBLie 4>YHKIJ,HH : 

tjJ ~ ( r) 
1 

..jN [(~+7]) eik7 

.... 
'( k ........ 

+ye 1 +p)r 
] ' 

• ~--)> -J> -J> -+ 

,/, + (->) 1 [ 1 k r ( c ) i( k + p ) r ] 
'+'

2 
r =-::=-ye + s+7] e , 

..jN 

N = ...;v...;<e+7])2 +y2. 

IB51 

IB61 
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qT06LI llOJIYqHTb COOTBeTCTBYIO~e BeJIB'IBHLI ,ZVIJI CllBHa 

BHB3, HeT HY:lK~LI BHOBb llOBTOpJITb BCIO npe~LI~YIQYIO npou;e • 

~ypy. ,lJ;OCTaTO'IHO 3aMeTBTb, 'ITO B'ypaBHeHBB, COOTBeTCT· 

BYIOIIJ;eM /B3/, B3MeHJITCJI 3HaKB nepe~ e~BHBIJ;eii: B y • 
0Tcro~a cpa3y aaxo~BM 

- 2 c -Al,2=k +s+1+ry, 

-> -> 
-> -> 

t/J;(f) = 1 .[(f+ry)eik; 
yN 

i(k+p)r] 
- ye ' 

. ljJ; (;) 

...... 
1 i k. r 

=-..=-[ye 

-> .... 

+(~+ry)ei(k+p); ]. 

yN 
Heo6xo~BMO o6paTBTL BHBMaHBe, 'ITO npa y ... 0 

....... 
+ 

ljJ 1 .... ljJ 1 ... 
1 i k r 

--=- e v v 

+ -ljJ -> ljJ -> 
2 2 

-> -> ... 
1 i(k.+p)r 

e . 
yV 

/B7/ 

/B8/ 

lloJIO:lKIIM Tenepb {31- 0, Tor~ Ha'IHyTcJI nepexo~LI Me:lK~y 
ljJ t ( ;) B ljJ j c;) . Ma TPB'IHLie :meMeHTLI 3TBX nepexo

~oB nponopuaoaanLHLI 

M(i+ _.. j-) "' f {3 t/l~ C;) t/J;(f) d 3r. 
J I 

/B9/ 

Ecna 6bl y paBHJinacL HYJIIO, TO nepexo~LI 6LIJIB 6LI B03-
+ -

MO:lKIILI TOJibKO Me:lK~y COCTOJIHBJIMB t/J j B t/J j • Tenepb :lKe 

B03MO:lKHbl B nepeXO~bl TBna t/J 1+ B t/J2· 0~HaKO, KaK B~HO 
B3 /B6, B7, B9/, npa y « ~ 

M ( 1 + ... 2 -) 
y 

~ 
/BlO/ 

+ -
COOTBeTCTBeHHO BepOJITHOCTb nepexo~a W(1 -> 2) OKa3LI· 
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saeTcJI nponopuaoaanLaoii y2 1 f 2. HHTepecao OTMeTBTL, 'ITO 

BeJIB'IBHa p, onpe~eJIJIIOIIJ;aJI npocTpaacTseaaoe nose~eaae 

aeo~opo~OCTB, CBJI3aHa c ,ZVIBHOH KOppeJIJII..(HB e ( p"' 1 I e ) 
npa CJiy'laHHbiX HeO~HOpO~HOCTJIX. fipa £-> 0 BMeeM ~-> oo 

a y2/ ~ 2 .... 0 • 3To cornacyeTcJI c TeM !llaxToM, 'ITO aeo~o
po~aocTa ycpe~HJIIOTCJI no o6nacTJIM npocTpaHCTBa nopJI~Ka 
~JIBHLI BOJIHbl. 
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