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I. B B e n e 11: n e 

HaseeTao, qTo neKnroqnTeJibRO 6onbmyro ponb B peaxunnx npHMOro Tnna nrparoT Kpae-
/1/ 

Bb!B eTOnKHOBeHBn (oeo6eRHO B pBBKUBnX MBlK!IY enOJKHbiMH n,!lpSMB). Oan ABroT oeaoB-

HOII BKnan B eeqeane npoueeea. rroaToMy aeo6xonnMO, qTo6bl MO!l81lbRhle B01IHOBbl8 <J!yHK!IHH 

nnepHbiX eoeTonanll, npnanMaromnx yqaerne B nepexot~ax, HMenn npaBHJibROe noseneane aa 

rpaanue n nepn<jlcpnB nnpa. 

Bonpoe o npaBHllbHOM noseneanu BOJIHOBbiX <jlyaKUHII HMeeT BBJKHoe aaaqeane npu ana

nnae eTpyKTypbl Sl!lpB H ero B036ylK!IBHHbiX eoeTOBBHII. 8 HBeTOBWee BpeMn H8KilU1IHB89Ten 

Bee 601lbWB !18BHbiX1 eBllaeTBJibeTByrolllHX 0 TOM 1 qTo KOppenstTBBHhle eliJibi M8li<.!IY HYKJIOHa-
. /2,3/ 

MH oeo6eHHO a<jl<J!eKTHBHbl B DOBBpXHOeTBOM enoe nnpa (eM. 1 H8DpHMBp! ). 

flosepxaoeTb napa aaeT aan6onbwnll BKnaA u npu aneKTpoMarnHTHbiX nepexoaax BhreoKoll 

~IY1lbTHD01lbHOeTH .\ ~ 2 0 DOeK01lbKY pa!IHBUbllaB qaCTb ODepaTopa DepeXo,!la llBJineTeH pea

KO soapaeTaromell ,PyaKunell oT r( r.\ ) • 

Jlo eaMoro UOeUB!IH8rO BpBMBHH B KaqeeTBB MO!IB1lbHbiX O!IHQqaeTHqHbiX eoeTOnBHII !19-
/4/ 

,PopMIIpOBaHHOrO napa HeD01lb30B811Heb eoeTOnRHn1 nonyqeRBbiB B pa60TB Hltnbeeoaa 1 

ebrrpaswell anaqnTenbHyro ponb B nnepnoll eneKTpoeKonuu. 

0!1HBKO BOJIHOBbiB <J!yBKUHH 9THX eoeTonanl! IIBTOqRbl B yKa3SHHOM BbiWe eMLrene, TaK 

KaK OHH nBJIBroTen peWBHHBM ypaBHBHIIn illpB!IHRrepa e OeUllnJinTOpHb!M UOT9RUIIll1IOM 1 eltnb

HO ueKaJKaromnM nx noseneaue aa rpaaaue n nepu<jlepun nt~pa. 

Jlnn liOJiyqeaHn 6onee KOppeKTHblX BOltHOBbiX <jlyRKilHII H O!IHOqaeT!IqHbiX eoeTOnHIIII ne

<jlopMIIpOBaRHOrO nnpa aeo6xonnMo aexonnTb na aauaoTpomroro noTeaunana CaKeoaa-Bynea, 

KOTOphlll B 601lbWBII eTBDBHII eOOTBeTeTByeT p9S1lbHOII eHTYBURIIo 

/5/ 
BnepBbre aTy aanaqy per:ramr HeMHpoBeKltll H 'lenypaos , onnpaswneen aa MeTon 

queneaaoro aaTerpnpoBaann ·eneTeMbi nn.P,PepeannallbHbiX ypasaeanl!. 

B aToll eTaTbe Mbi npeneTaBRM naoll BapnaaT pemeann 1 oeaosaHHbiii aa MeTone nrta
/6/x/ 

roaanuaaunu n peaynbTaTax pa6oThl , qTo noasonneT nony'IHTb sonHOBbre <jlynKnnn onuo-

x/ B pa6oTe/6/ uenonbaosanen MeTon Munnepa H fyna. CnenyeT aaMeTBTb, 'ITO aua
'IHTenbuo paabme auanorn'IHbill nonxon K peweanro ypaaaeann lllpennarepa 6bm npuMeaea 
fleTpameaeM/7/ (aa 9TO o6paTH1IH aawe BRHMaaae C.H. Jlpo3!IOB H JO.K.Xoxnos). 
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qacTHqRUX COCTORRRii A9~0pMRpOB8RHOrO SApO D 8R8nHTaqeCKOM BRAe. 

2. Pemeaae ypaBaeJIHR lllpei:tanr'epa 

B cnyqae Ae~opMaponaaaoro RApa (Ans Ae~opManRR xnanpynonhaoro TRna) Mo~o 

npeAqonolKRTh, qTQ ere cpenJmii p8AHYC R onpenemreTcs ~opMynoO:: 

0 2 -2 
RaR

0
[l+a

0
Y

2 
+a 2 {Y2 +Y 2 )] .. 

a
0 

2 a (2) 

= R 0 [1 + -=P2 + 2 P2 cos2c;6] 
y2rr y2rr 

npnqeM 

a 

ao a f3cosy 

f3 . 
a 2 ~- s1ny, 

l y2 

/4/ 
R0 - pannyc panaonennxoii c~epbi • 

3armmeM ypaBaeane lllpennarepa: 

2 
b . 

[--a +V{{3,y,t)-E]'I'• 0. 
2p. 

(I) 

(2) 

(3) 

npnf5aBnRll H BbiqHT8R ~epnqecKH CHMMeTpRqnyro qaCTb IIOT9HnR8R8 V{0,0,r), HM99M 

li 2 .. 

[-~a+V{O,O,r)+ V({3,y,t)- E]'l'= 0, 
(4) 

rAe 

V{/3, y ,?) = V{ f3,y,;)- V{O,O,r). 

Paano:~KHM 
- ... .V ( f3 , y , r ) n p11n no MYR&TnnonsM : 

.. ... p. p. 
\'({3, y, r) a l: C ({3, y,r)Y A (8, c;6 ). 

Ap. A 
(5) 

B nameM cnyqae noTeHnBan V{{J,y,;) ecTb 

4 

.. 

( 

I 

I 

I 

-""·-

-v ... 0 
V {{3, y,r).. -

1
r-R(.B,y,ll,¢) 

1 + e:r:p a 
+ V 

0 
{{3,y,r, 8,c;6 ), 

I •· . (6) 

~Ae V a.o. - CIIHH-opf5RT8nbH09 B38HMOA9iiCTBH9o npennonarall0 qTO 

Va.o. a v •. o. { f3, y, r, 8 , c;6) - v •. o. { 0 , 0 , r ) Mane ( onenxy aroro ~~exT a Mhi nponaneneM 

BRJK8) 0 HM99M! 

.. 
V{f3,y,r,8,c;6)--V

0 

1 

1
1 

[r-R{,B,y,ll,(/i) ] -
1 

{r- Ro ) J. 
+e:r:p _ +e:r:p --

8
--

(7) 

Ha (1) H (7) cneAyeT, qTo BbipalKeane V{{3,y,r,8,c;6) uanapnaHTBO no oTaomenuro K npe

of5pa3oBaHHliM! 

c;6 ... -c;6 c;6 ... 1T +4> 8 ... 1T - 8 • (8) 

noaToMy KO~RIIH9HTbl pa3nOlKeHHH ( 5) of5naAaiOT CnenyiOIIIHMli CBOJ!CTB8MH! 

c~' .. c-~' 
A A 

A,p. -qeTHbie. H (9) 

ByneM HCK8Tb pemeBRe ypaBHeHHll (4) B BRAe cynepn03HIIHH! 

'I' = l: a mf 1/r ~I 
nf!m nl D 

( 10) 

rne 1/t:tl l;fBnliiOTCll COf5CTB8HHbiMH BOnHOBblMH ~yBKI!BSMH ypaBH8RHR llJpeAIIBrepa CO 

c~epuqecxa-cHMMeTpH'IHbiM noTennnanoM V{O,O, r) 

2 
b .. 

[--
2

- a+ V{O,O,r)-t • Jt/I .... 0 
p. DLI .. .. 

(11) 

npH'IeM t{I ~~~ = R
11
fl {r)'Y~ 

.. 
'Y fJ - mapoBoii cnnaop. (12) 

PaAH81IbH8R '18CTb BonHoBoll ~yHKIIBH (12) HMeeT BRA! 

N 2 -
R

11
fJ {r) .. _ T H 11 [S{r)] exp[- S { r)/2] 

( 13) 

~ynxnna S{r) onpenenena 'B
111 
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Ha <jlaxTa coxpaueHHII qeTuocTH cnenyeT, 'ITO B paano>KeRne ( 10) BXOASIT qneHht c 

OAIIHBKOBbtMH no qeTHOCTII, 

00ACT8BllSISI Bbtpa>KBHHB ( 10) B ypaBHBHHB ( 4) 1 yMHO>KBII peaynhTBT cneBa HB ( ifln"}f'j' )* 

n nnTerpnpyii, nonyqaeM: 

rne 

. m m p. ll m 

( f n'f 'I,- E ) a "" ' + l: a n£1 < 1{1 '"' ' ll: c ' Y' lifl o. > ~ 0 ' 
D <I n f.lm n < I A/l 1\ " n<.1 

( 14) 

m ll ll m ll m' p. m 
• .,.<·ifl , 0,, ll:C, Y, lt/1 o. > = l: <R ,0,, IC, I R o. >.<'Y IY I'Yo. > 

n <I ~ 1\ 1\ D<.1 >.p. n <I " D<.1 f' 1' >. ·"' 

= l: 
>.p. 

f+£'- m -m' 
"' ~u ~ 

< Rn'f'J' I C A IRnfJ > • , [(2>.+1)(2f+1)(2j'+ 1)1 
y4rr 

• (f>.OOif'O)( >.j'p.- m'l j-m) W(£>. lij; f'j') 

Pewag cncTeMy ypaBuennll ( 14), MO>KHO onpenenHTh 3Ha'I9HHII aneprnn E 

(15) 

n xoa¢-

<jlunnenTht "' anf.l 
cynepno3HUHH ( 10) 1 T,e, BOllHOBbiB <jlyHKUHH COCTOIIHHSI, 

B aToll cTaTbe Mhl paccMoTpHM onnoqacTH'IRhte ypoBIIH axcHanbno-cHMMeTpH'IHoro 

IIApa, T.e. cnyqai! y = 0. HeTpynao BHLIBTb, 'ITO npn aTOM p. a 0 II xopOWIIM KBRHTO-

BbiM 'IIICllOM liBlliiBTCII BBllH'IHHR npoeKiliiii yrllOBOrO MOMBIITR m .HR OCb CHMMeTpHH S!LipR 

H 'IBTHOCTb, 

rne 

3. Paano>KeRne noTeHilnana Y B p1ILI no c<jlepH'IBCKHM 

PYHKUIIIIM 

0 

nnSI pelileHHll CIICTBMbl ypaBHBRHII ( 14) He06XOLIIIMO onpenenHTb <jlyRKilUH C A ( {3, t ) 

0 
C>.(f3,r) 

arr, 
a 0 f f Y ({3,r,8)Y, (8,cp)sin8d8d¢ 

0 0 1\ 

- 1---1--<,-n.-m: V({3,r,8)~ Y({3,y,r,8,¢)1y-o =-Yo 
1 

[r-R(tl,IJ~ 
. - +exp -. 

6 

(16) 

1 
1 +exp[r- Ro 11.( 17) 

a 

I 
·I 

I 
I 

'/_......_ 

¢>yRKilHH ( 16) nonyqenhl 'l!lcneaao. Ha puc. 1 ( f3 = 0,32) a 2 ( f3 • 0,16) npuBe-
' • 2>.+1 ~ 0 

LIBHbl 11:pUBbl91 COOTBBTCTBYIOIIUIB <jlyHKilUHM \""'4if") C A ( {3 , t ) (!ILipo Nd IU , 

Y0 • 48,8 Mas, ro - 1,24 ¢, a • 0,65 ¢). .. 
Ka11: K. CllBllOBRllO OJKB:Jl8Tb1 MHKCHMRllbHblll BKllRLI B p83llO>K9HH9 V ARBT KOMIIOHBHTa 

C A • 2, 3aM9THyto BBllU'IIIRy KMBBT U <!Jy!IKilUII A • 4 • 0LIHHKO ORR 3HRII:OnepeM91I!Ia, 

4>yJIKnau c >. • 0 u >. • 6 aaa'I!ITellbRO MBIIbwe. TattuM o6paaoM, Bttnan B paano»ceaue 

liOTBIIIlHRllR v KOMIIOR9IIT C A > 2 p83li:O YM9!IbWH9TCll C yBBllH'IBHKBM >. • CpaBau-

BRll puc, 1 H 21 MO>KHO BU)l9Tb1 'ITO BKllSLI KOMUOHBIIT C 6onbWKMI! A 

llie x npa yMeabmeHKH ne<jlopMRtmH {3 • 

YM9HhWS9TCII TRK-

Ha puc. r. 2 JKKpRble !tpi!Bble OnHCbiBRIOT noBeneJiue UCXO)lHoll ¢yHKUIIH v . lJacTU'I-
.. B 0 0 . 

HRH CyMMR V • l;. C ). ( {3, t) Y, ( 8 , cp ) C BbiCOKOll TO'IHOCThiO ( " J%) COOTBBT-
A .. o " 

CTBYBT <!JyHKilHH V BO BC9l! o6naCTU, rne 3T8 cpyRKUHll 3HMBTHO OTliH'IHBTCSI OT uym1, 

CnenyeT OTMBTHTb1 'ITO 38MBTRblil BKnan KOMnOIIBHTbl C A • 4, OC06e!IRO B6nK3H 

rpaHKnhl stnpa, MO>KeT ChtrpaTb Ba:lK.IlyiO ponh npn: aaannae peaxuHl! npRMoro Tuna. Ha aTo 
/9/ 

06CTQSIT9llbCTBO o6pRTHn BHHMRIIHB np03LIOB 1 pHCCMOTp9BWHil neynpyroe paCCBII!IIIe neJ!-

ToHOB1 COnpoBO)((JlRBMOB B036y>KJl9HIIBM pOTRUIIOHHbiX COCTOIIHHll ne<jlopMHpOBRHHbiX Rllep, 

YqeT KOMnOH9HTbl C A • 4 MO>KBT TRK>Ke npHBBCTH K ynyqmeHII:IO cornaCHSI TeOpHH C 3KC-
/J0/ 

nepnMeRToM no a -pacnany TR>KBllhiX srnep 

OueaaM HaMeaeane o6'heMa, o6ycnoBneaaoe npeo6paaoBaHI!eM ( 1) cpenuero panHyca 

stnpa. Opennonarasr, 'ITO nnoTHOCTb stnepaoro BemecTBa ormcbtBaeTCR pacnpenenermeM _4>epMH,. 

11: paanara" lip(r,8) B pstn no MynbTHliOnRM, Ami OTIIOCHTenhnoro aaMeaeaHR o6'heMa B non

noll ananorua c (5) nonyqaeM: 

(v-v
0 

)/v0 

.. o a .. r2 dr -1 
i.[Jc 0 (f3 ,r)r dr1·[4V0 f. r-Ro 1 

o · 0 1+exp(-a-.-) 
(18) 

0 
rne C 0 ({3,r)-¢yaKilHII, Bhi'IHcnennaa paaee npa paano>KeallH V HaTerpan, CTOllllUil! B 

'IHCnHTBliB1 MO>KHO onpenenKTb 'IUCll9HH01 R JlliSI OUBHKH 3HHM9HHTBllii UCliOnb3yeM npH6nK
/11/ 

>Kenayro <jlopMyny 

OpH R0 ~ 7,2¢, 

HMeeM (v-v0 )/v 0 • 

. a dr a 
·n r R J' 0 [ a8 

0 1 + exp <t=}!A> a 3" 1 +9.85(R) 1 • 0 (19) 

a • 0,65<jl II: {3 • 0,32 JlliR OTHOCHT9llbROrO 113MBHBHKR 06'heMH 

0,5% • Opu MeHbmax aaaqeaastx napaMeTpa f3 aTO HaMeaeaHe 

6yneT eme MBHbWe, TRKHM o6pa30M 1 MO>KRO C'IHTRTh, 'ITO o6'b9M COXpaaneTCR C xopomel! 

TO'IHOCThiO. 
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3. CncTeMa. neli:Tponm.tx yponnel! 

ua 
nnn onpeAeneBHOCTH pa.CCMOTPHM o6na.CTb nAep n6nnan Nd • :HaneCTno, 'ITO npn 

He3H8.'1HTeiibHOM ynenn'leHHH aTOMHOro BeCa. ~p8. STOll 06II8.CTH H3MeHniDT CBOID ljlopMy B 
142-lU 182 . 

mnpoKHX npeAena.x ( {J - 0 Ann Nd H {J ~ 0,3 AHH Nd ) • riOSTOMy npn MeTOJlH-

qeCKOM HCCIIeJIOB8.HHH AOCT8.TO'IHO Orpa.HH'IHTbC!I HMeBHO STHMH nJip8.MH. 

B KB.'IeCTBe 68.3HCHbiX ecTeCTBOHHO Bb16pa.Tb OABO'I8.CTH'IHhl0 BOHHOBbiO ljlyHKilHH H seep- " 
148 /6/ 

run COCTOnHHll cljlepn'leCKOrO HApS. Nd • 

:Hcnonb3yn, KpoMe Toro, pa.ano)f(enne (16), MO)f(HO 'lncnenno pemnTh cncTeMy ypa.Bne

nnll: ( 14). 

EnaroMpn cBollcTBa.M cnMMeTpnn onepa.Topa. V({J,r,O), "~BSI3hiBBIOWero" COCTOH-

BH!I O)lHBaKOBOll: 'IOTIIOCTII H m ? pa.ar M8.TpHilbi1 KOTOpyiD H006XOll!,fMO AHarOB8.HH30B8.Tb1 

YM0Hbill8.0TCH. 

HHnMH 

EcTecTBenao, 'ITO B paanomeBHH (10) neo6xoJIHMO orpa.nn'IHThcn nnmh TeMn cocTon
m 

1/J nfJ cljlepH'!OCKH-cHMMOTpH'IHOrO nApa, Y'IOT KOTOphlX A8.0T cymeCTBOBBhlll: a¢-

ljleKTo TaKHMII COCTOniiHnMH nBnniDTCn CBl!38.BIIbiO COCTOnnnn, a TaKme CaMbiO HHm

BHe cocTonnnn cnnomnoro cneKTpa. ripo6neMa y'leTa cocTOnnnl! cnnomnoro cneKT-

pa BecbMa cno)f(Ha. 0AnaKo npn6nnmenno sTa aaJiaqa MO)f(eT 6b!Tb pemena cnenyro

mnM o6pa30Mo ripe)f(Jle Bcero, l!CII01 'ITO Han6onbillHl! BKnaA AaAyT Te COCTCliBHn, KO

TOpb!e COOTBeTCTBYIOT KB8.3HCTalliW11apnhlM ypOBHnM. BonnOBbie ljlyHKilHH STHX ypOBHOll: MaK

CHManbHbl BHyTpn nApa, nponnnaeMOCTb s¢¢eKTnBnoro noTennnanhBOro 6apbepa. npu STOM 
. /12/ . . 

Mana • TaKne cocTonnnll o6naAaiDT ManHMH sneprnl!MH n 6onbmnMn MOMOBTaMn. Yqn-

Tb!Ban xapaK:rep 3aAO'IH 1 HX C XOpOmel! TO'IHOCTbiO MO)f(HO OHHCbiB8.Tb CTallHOH8.pHhlMH BOII

HOBb!MH ljlynKnnnMH. OTnnqne ljlynKnnl! aa npeAenaMn 6apbepa OT peanbHhlX lie nMeeT 6onb

moro 3Ha'!OHHn, TaK. K8.K B MaTpH'IHblO sneMOHTbl CUCTeMbl ypaBHOHHll: ( 14) BXOAHT BOIIH'!HHa 

V , 6biCTpO CT[10Mnmancn K HyiiiO npH 60IIbillHX o Y'!eT necKOnhKnx. nan6onee nnaKnx 

KB8.3HCTaUHO!IapHblX COCTOnHHll: neo6XOAHM1 TaK K8.K OHH 3aMeTHblM o6pa30M BnHniOT Ha HO

BOAOHHe BepXHHX CBn38.HHhlX ypOB nell: )leQlOpMHpOB8.HHOrO S!Apa. BonHOBbie QlYHKil.HH H SHeprun 
/6/ 

KBa3HCT8.UHOH8.pHbiX COCTOnnnll: 6b!IIH Bbi'IHCHellbl no MeTOAy, H3HO)f(eHHOMY B 

. ua 
Ha puc. 3a.,6 npnBeAena cncTeMa ueliTponnhiX yponnel! nApa Nd (napaMeTpbi noTen-

nnana CaKcona-ByAca yKaaanhi Bhrme, a KoncTanTa cnnn-op6nTan~>noro B3aHMOAelicTBnn 
2 . 

K = 0,28 Ql ·) B 3aBUCHMOCTB OT AOQlOpMaAHR. rio OCR a6CAHCC OTIIOJKeHbl 3Ha'IOHHn na-

paMeTpa {J H a ({J = 1,59 a ) • EaaucnHe cocTonnnn, KOTOpbre 6HliH yqTeUbi npH 

BLI'Incnennnx, Aallbi B Ta6nnue I. 06oanaqennn napaMeTpoB, onpeAenniDmHx paJIHanbuyro 
. /6/ 

'!8CTb BOIIHOBblX ljlyHKAHil STHX COCTOnHHlifnMeroT TOT )Ke CMbiCII, 'ITO H B • ripHHHMaiiOCb 

BO BIIHM8.lll!e B38.HMOJieli:CTBHe BCeX ( YK8.38.HHhlX B Ta6nnne ) qeTUbiX BIIB HO'IeTUbiX coeTO-

Slllllil · COOTBeTCTBOHUO. MaxenMaiihHbiil paHr MaTpHUbl ( m + I/2) n o6onx cny'la>IX 6bm 

panen I3. 

8 
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.. 
B XOA9 pacqeTOB 6b!IIO BCCHeAOBB.HO BnHnane KOMIIOUeHT pa3UO)f(eHHSI IIOTeBIInana V ,, 

nMe10mux HBAeKcbl A - 6 n A - 4 ,na nono)f(enne yponuel!. Ecnn npeAnono)f(HTh, 'ITO 
0 

C ,\.. O ( {J , t) a 0 , TO CDCTeMa ypOBHell npB.KTB'!eeKD He D3MeHneTcn ( B03HBK8.10illDll 

0 CABnr yponnell eocTannneT ncero .. 50 Ksn). 3TO o6ycnoMeno Ma'noeTbiD ljlynKIIDD C A• 
0 

,. 

KOTOpan, KpOMe Toro, AB8.)f(Jlbl MeHS!eT 3HaK ( CMo puc. I) • 0'!6BDAHO, 'ITO STy KOMnoBeHTy 

Mo)f(Ho ne Y'!BTbiBaTb. 

0 

Ecnn nono)f(BTb C A=• (fJ ,r) .. 0 , TO na6niOAB.IOTCR 6onee aaMeTable CJIBDrn yponnell. 

MaKCHM8.IIbH8.SI BOnH'!UDa CABBra (Ann pa3HhlX ypoBnel! 9TH CABHrn OTIIH'18.IOTCn K8.K no nenn

'!BHe, TaK n no snaKy) cocTannneT 0,3-0,5 Man. TaKnM o6paaoM, KoMHonenTy 
0 

C A-• ( fJ , r ) cneAyeT y'IHTbiBaTh. 

riOA8.BIIniDmBl! BKI18.A B sq,.peKT pacmenneHUR ypOBHel! BBOCBT KOMnoneHTa C ,\ • 2. 

KaK y)f(e 6bmo oTMeqeno Bhlme, n pac'!eTax Y'!HTbiBanocb naanMoAelicTBne 6onhmoro· 

'!BCna 6aaneBbiX COeTOBHnl! OABBaKoBOl! '!OTHOeTn. Heo6XOAHMOCTb TaKoro Y'!OTa ene)lyeT H3 

epanPeBnR AaBBbiX, nonyqeBBhlX B onneaHBOM npn6nnmennn n npn6nn>Kennn 'BeaaBncBMbiX 
: . /4/. 

060IIO'IeK', KOTOpOe 6biiiO HCnOIIb30BaHO HnnheeoHOM nnn HIIIIIOeTpannn Ba puc. 4 A8.B 

ljlparMeBT cneTeMbi BeliTpOBBbiX yponBeli. CnnomBbie nnBnn on!lebiBaiDT noneAeBne yponBel! 

aToll o6ono'!l!n n BameM npnmnmeBnn, nyHKTBpBLie - Te >Ke yponnn, paec'!nTaHnbie no MeTo

AY 'Be3aBBCUMblX 060nO'I9K' ( B38HMOll9ltCTByiDT IIIIillb COCTOnBnn, lipHBanne>Kamne )laHBOli 

o6ono'!Ke). Mbi BHJIHM, 'ITO o6a BapnaBTa eymecTnenBo OTIIH'IaroTest Apyr oT Apyra. ripn. 

BKIIID'!eBHH B38.HMOllellcTBHSI Me)f(Jly 060IIO'!KaMn B03BHKaiDT 3aMeTBb!G eJIBHrll. :Hx nenn-i:BBa 

n 3B8.K Ann p8.3IIH'IHbiX ypoBBell pa3Bhle. Han6onbman qaeTb CliBHra o6yenOBII9Ba BaanMonelleT

BHeM eOCTOnHHJi COeeJIBHX OAHBaKOBbiX no '!eTBOCTH 060IIO'!eK. P11e. 4 eBHAeTO.'Ib.CTByeT TaK

JKe 0 TOM 1 'ITO s¢1jleKT BKliiO'!eBnn B331Ilo!GAeil:cTBHSI Me)f(Jly o60IIO'IKaMn Be p8.BB03Ba'!eB BBe

)leBniD Apyroll 'aljlljleKTHBBoll' Ae¢opMannn. 

Mhl yme ynoMnBann o ToM, '!To JiaBBbie pae'!eTbi nponanoJinnnch B npeJinono)f(eBnn, 'ITO 

ennn-op6_nTanhnoe naanMoAelieTnne Be naMenneTcn e poeToM neljlopMannn {J(a) o CAenaeM .. .. 
Tenepb rpy6yro onenKy BnnstBHst oT6pomennoro qneBa v.o ({J,r) . riopstnoK nenn'IBHbl BKna:-

.. 1 d .. 
liB. STOrO '!IIeBa onpeAensteTeSI KaK. V 00 ( {J, t ) ,. r dt V ( {J 

1 
t) fnaBBast KOMliOHeBT8. B 

.. 0 .. ... 
V({J,r) OnHCbiBaeTeH ljlynKUneli. CW ({J,r) 1 ITOSTOMy SICBO, 'ITO ljlyHKUHSI V

80
({J,r) 

C TO'IHOeTLID liO 'IDeiiOBHOrO MBO)f(HTelll! 6nnaKa no cBOeMy noneAeBniD K ljlyBKnnn 

BeiiH'IBBe 9TH cjlyBKAHB UO'ITU COBnanaiDT . B c~ ({J,r) 
1\=• (eM. pnc. I ). rio 

cnyqae eoeTOHHHll e 6onbillHMB MOMeBTaMU ( f 5 - 6) • 0TCIOJla MO)f(HO c.nerr8.Tb 

Bb!BOJI, 'ITO Y'!BT v •. o.<lf ,1) npnBeAeT K CJlBHry ypoBBeli, B BOIIHOBb!X ¢YIIKI.lB>IX 

KOTOpbiX oeBOBByiD pollb nrparoT KOMliOBeBTbl C T8.KHMB 60IIbillHMH MOM9BT8.MH. Benn'IHBa 

aToro CJIBnra MO)f(eT coeTannTh IAE I .. 0,5 Man ( nopnuoK nenH'!BBbl ennnra, o6ycnonnnnae-
0 .. .. MOro KOMITOBOBTOfi c C4 ( fJ , r ) ). TaKnM o6pa30M, y'!eT qnena v •. o. ({J ;r) MoJKeT 

oKaaaTbesr noneaBbiM AIISI 6onee TO'!BOro onpeJieneBHSI nono)f(eiJnSI yponneli c 6onhmnMn MO

MesTaMn. 

9 



4, CncTeMa npoTOHHhlX yponael! 

Ecnn nocnonb3onaTbCSI nanoJKeHHhlM BhlWe MeTonoM, To aeTpynao paCC'IBTBTb n cncTe

MY npoTOHHhlx yponael!. nnsr 3TOro aeooXOilHMO pa3JlOlKHTb npoTOHHhll!·noTeannan ll~OpMH

pOBBHHOro !IIlpB B pSIIl no MylibTHnOliSIM, .fipoTOHIIh!l! noT9HilHBli Onp9Jl9li!I9TCR, KBK H3BecTHO, 

cj>opMynoi!: 

3(z-1) f n(fJ,r~8') dr-+. 
V xyn = --;--:.,-- I .. ->, I 

4trR 0 r - r 
(20) 

nonarag 

n({3,r'6') = n 0 (r') + ~ (fJ ,r', 6'), 
(21) 

rne n 0 (r') -pannanbaasr nnoTnOCTb aapsrna ccj>epn~ecxoro nnpa, n npnnnMan, ~T~ ana onnchl

naeTcsr cj>ynKilHei! q,epMnencxoro Tnna, n nonaoi! aaanornn c npeJKBell npollenypoi!(cM, paa.z:ten 3) 

PaanoJKeane V n pRJ:I no MynbTnnonsrM) nony~aeM: 

';.(fJ,r', 8')= I c~(fJ,r)Y~(O,¢) 
A=O 

(22) 

11cnonb3yH, nanee, <l>opMynbi: 

n 

llliSI 

nMeeM: 

rne 

<llynKilliH 
0 

D A= 2 

It- t·1 = i 
1 .. • k 

- I ( !_) P k (cos 6 ) , r • < r , 
r k=O r 

1 .. k 
-I (!,.) Pk (cosO), r'> r 
r k=O r 

4tr 
p k ( cos f) ) = -- I Yk* ( 8. • ¢ • ) y L ( 8 • </> ) • 

2k+111 II &II 

3 ( z-1)e2 

v ( fJ, r, 6) = ---:-::o-
4 

R 
xyn " 0 

f ;.'!<·o·> dr' 
lr - r~1 

II¥ OQ 0 0 
V ({J,r,O) =I D,\(fJ ,r)Y, (8, ¢), 

xyn A=O h . 

2 - 2 

(23) 

(24) 

o 3( z-l)e 4tr IS J o r' r' ,\ .. o ,\ 
D,\ ({J,r)= ---;-::-r-

4 
{--1 [ C,({3,r')-(-) dr'+fC>.(fJ,r')r'(L) dr']. (26) 

1TR 0 2,\ + 1 o " r r r r' 

D~ (J3=0,32,r) npli ,\ = 2 II ,\ = 4 llHHhl aa pnc. 5. Mb! BHilHM, ~To 

6onee ~eM n 10 paa npeBbii!IaeT 
0 

D,\=' 

10 

3TO Me CTpHHHO, TBK KBK cornaCHO 

.. 

.1~. 
'I 

t 
'j' 

,1: 

i; 

l 

J 
-~ 

.' 

!I 

l 
) 
j 
I 

•''..L 

ODp91l9liennro 3TOII cj>ynKilHR npn A • 4 non nHTerpanaMR B (26) CTOHT 3HBKOn9p9M9HHBH 
0 0 

<I>YHKDRR of,\., , KOTopaH, ~~:poMe Taro, aaa~RTen&no Menbwe, ~eM C ,\.
2 

TaxnM oopaaoM, npn pac~eTe cnCTeMhl npoTOHHhiX yponael! B pannanbHhle MaTpn~nhle 

3li9M9HThl DXOilll:T cyMMa: 

0. 0 
C,\({3,r) +D). ({3 ,r). (27) 

IU 
CRcTeMa npoTOBBhlX yponael! nnn nnep, aaxonsrmnxcn n aenocpencTneaaol! onRaocTx oT Nd 

npRBanena na pRe, 6a,6, 

'fToohl noxaaaT& snRnlllie ~neaa V ( fJ , r , 8 
. xyn. 

) aa nonoJKaane yponael!, aa pnc. 7 
0 

nan cj>parMenT CX9Mhl npOTOHnhlX yponnel!, Bhl~HCli9HHh!X npn D ,\ ( {3, r)"' 0 • PaanR~Hhl9 

ypOBHH B pa3HOI! CTanenH paarRpyroT HB yqeT ll:CK8lK9HHR KyliOHOBCKOrO nona, OOYC1IOBli9HHO

ro ne<!>opMBilnel! nupa. 3TOro n cnenonano OlKHilBTb, nocKOlihKY pannanbBbie MaTpnqable ane

ManThl cy'meCTB9nBO aaBHCSIT OT nOB91l9Hil:R pannaJibHblX BOliHOBblX cj>yHKilRII, HM910IIIHX llliSI 
0 

pa3Hb!X COCTOSI!IIl:l! pa3JIR~nb!l! BHil H B9JIH'IBHY B OOliBCTH, rne D). ({J,r) 38M9Tno OTliH~a-

9TCSI OT IIYJISI, 

5. 3 a K n 10 ~ e n n e 

llpencTanneuuasr paooTa uocnT MBTOilH~ecxnl! xapaxTep. Ee ocaonaan nenb - nocTpoe

ane M9TOila pac~eTa OllBO~aCTH~Hb!X yponnel! H BOliHOBb!X cj>yHKUHI! ):{ecj>opMHpOBaBBbiX Sinep Ba 

ocaone ncnolib3onaansr peannCTR~ecxoro nR<!>cj>yanoro noTeannana, 

OcaonHbiM noCTOHHCTBOM aToro M9Tona srnnsreTcsr noaMoJKaocTb nony~HTb oxoa~aTenh-

aoe pei!Ieane B aaannTn~ecxoM nnue. 

YcTBIIOBJl9HO, ~TO npn Bbl~Hcneann yponaei! aeooXOilHMO Y~HThlBHTb BliHRHHe no Kpall

ael! Mepe cocenanx no ~eTaocTn ooono~ex. B cny~ae npoTOHIIh!X yponael! aeooxonnMo TaKJKe 

y~HTh!BaTb HCKBJK9HH9 KYliOHOBCKOro nomt, ·Bbi3BaHH09 necj>opMBUH91! SlllpB, fio-BHilHMOMy, npl! 

paC~eTaX yponaell C OOlibiiiHMH MOM9HT8MH cnenyeT npHHSITb DO BHHMBHH9 H H3M9H9HH9 89-

liH~HHhl cnnn-oponTalibaoro naanMonel!cTBHR c ynenn~eaneM necj>opMannn, llpn aTOM MOJKHO 
/5/ 

nocTynHTb TBKHM JK9 oopaaoM, KaK 3TO npenno:lKeao B paooTe • CymecTB9HHbiM H9):{0CTBT-

KOM MeTona stnnsreTcst npnonn>KeHHhill xapaxTep y~eTa nnnstnnsr nenpephiBBOro cneKTpa, MoJK-

HO HHil9SITbCSI, OJ:!HHKO, ~TO 3TH H9TO~HOCTb H9B9JlHK8 H CK83b!B89TCSI B OCHOBB?M ,HH no

liOlK9HHH caMhi:><; nepxanx yponaei!, ae nrpaiOrnH:><; cnn!IIKOM oonbmol! ponn B cnexTpocxonn~e-

cxn:><; pac~eTax. 

Ta6nnnhi xoa<l>cpnnneaTon a , onpeJ:teliSIIOIIIHX nonaonbte cj>yaxnnn, oyJ:tyT onyonnxona-

Hhl noanHee. 

II 



. 113/ 
B IIGilaBRO IIOSIBRBmeAC!l pafioTe fPacnepa II illenaAHa IICII01Ib3YGTCSI M9T01l

1 
B9Cb-

Ma cxonRbiA c 113IIOlKellllhiM Bbime. Onnaxo, no HameMy MReiiiiiO, B 9Ton pafioTe IIMeeTcsr psrn 

H9TOq!IOCT9A! II9 yqnThiBS~TCSI B3aHMOilGACTBR9 ODOIIQqex II ne¢opMalliiSI KyiiOIIOBCKOrO llOIISI
1 

lliiSI IIOT91IIllla1Ia V ( /l, t 1 8 ) npRMeRsreTclt rennoponcxoe paanoJKe1111e, KpoMe· Taro, alia-

IIIITIIqecxoe npencTaane!IHe paniiBIIbllhiX qacTen 6aanc11ux ¢ynxn11n n Bllne pltna no ¢yHKnn

ltM rapMORIIqtcxoro OCiliiiiiiSITOpa BBnneT6n rpoMoanKIIM 11 RenocTaToq~~o ynoaneTBOpHTenh-
/13/ . 

llhiM. IToSTOMy nonyqeJIIIbie B peaynhTBThl cnenyeT cqnTaTb np116nnJKeanuMR, On11axo 11 

01111 npenCTBBnlliOT 3IISqnTenhllblA IIIITepec, TBK KaK CBIIIl9T91lbCTByJOT 0 TOM
1 

qTQ ynyqwe

IIHe cxeMbl onnoqaCTIIqnhlx yponRen·ne¢opMIIPOBBBRoro nnpa no cpaaneanroc BBnbCCOIIOB

cxon noaMolK!Io. 

AnTopw npl!aRaTenbllbi H,io, Illupllxonon aa xoRcynhTanllll np11 cocTannenna nporpaM

Mhl lliiH Bbl'IRCnHT9nbBOA M8IDIIHbl II B.r. ConoBbeBy II .fl. fpafioBCKOMY aa oocyJKileBHe pe-

3YIIbTBTOB. 
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12 

1'136 'r?f,/-)'lz CA"(f3.r) 

f3 •Q32 
I 

15 

* 

10 

·s 

-5 

-10 

""--V(J3·QJZ; r; e-o~ 

-15 

Pac. I. <Pynxna11 
2A+l K o <-:r.r> CA(fJ=0.32,r), Acl43. 
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TaelJntya 

Ea:mcHHe rpyHKnmt 

» CoCToSIHHe E a bl c b N 

I I KIT/2 15,26 6,092 4,7I5 4,707 4,308 0,564 

2 Iita/2 6,42 5,857 4,494 4,602 4,644 0,589 

3 liu;2 4,79 5,352 4,0I9 4,II7 4,177 0,578 

4 239/2 I,87 5,226 3,131 3,7I3 3,755 0,392 

5 liu/2 -2,29 5,623 4,I93 4,386 4,264 0,576 

6 3PJ4 ~3,05 4,091 1,855 2,696 3,039 Q,I68 

7 2 f a/2 -3,13 4,699 2,739 3,327 3,424 0,360 

8 3 Pa/2 -3,98 4,129 1,853 2,702 3,148 0,169 

9 lho/2 -5,32 5,H2 3,736 3,924 3,987 0,570 

10 2 fT/2 -5,85 4,824 2,746 3,376 3,690 0,364 

II !hll/2 -I0,7I 5,375 3,834 4,093' 4,382 0,573 

12 3s -12,08 3,494 1,323 2,I6? 3,178 0,176 

13 2 da/2 . ,-12,18 4 ,298 2,3IJ 2,936 3,62I 0,37I 

14 2 d6/2 -I4,05 4,399 2,313 2,955 3,745 0,368 

I5 IsT/2 -I4,94 4,866 3,383 3,630 4,II4 0,570 

I6 I Bg/2 -I8,72 5,IOO 3,434 3,733 4,375 0,563 

17 2 PJ4 -2I,3I 3,833 I,8I6 2,444 3,535 0,367 

I8 2p3/2 -22,29 3,898 I,815 2,452 3,59I 0,363 

I9 I fa/2 -23,82 4,589 2,957 3,249 4,088 0,555 

20 I fT/2 -26,23 4,783 2,985 3,3II 4,260 0,545 
-

2I 2S -30,34 3,202 I,202 I,826 3,204 0,353 

22 · lda/2 -3I,82 4,252 2,456 2,778 3,920 0,527 

23 lda/2 -33,D 4,395 2,467 2,809 4,024 0,517 

24 lpl4 ...;38,77 3,785 I,860 2,I9I 3,565 0,484 

25 IPa/2 -39,32 3,873 I,86I 2,203 3,619 0,476 

26 Is -44,65 3,0II 1,081 1,407 2,880 0,415 
22 

_. 


