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1. B B e 11. e s • e 

/1/ . 
8 paiSOT8X 41em!Saxa OnBCU YAO!SBhll N8TOA pemens 3811.8'1 0 pacceBOK '14C'I'Kil 

CnoJKBhiNB CBCTeN4NB1 B4npBNep, liApGM. 8 B8CTOBmee Bp8NB 8'1'0'1' N8TOA CTIUDI IUIT8BCBB~ 

BO BCnO~B4~ B Bll.8pBOI ~B3BB8. 0AB8KO noxa 0'18Bb M8KO B3B8CTBO 0 CXOABMOCTK BC

nOm.3Y8NbiX B 8TON NeTOAe p83nolK8BBI. 

/2/ 
8 p81SOT8 BCCII8AOB4114Cb xoppeXTBOCTb NeTOA4 B Oll.BONepBON Cny'148 CO CIIOJKBOI 

/3/ 
'18CTQ810 O!SK411.8JOJil81 TOIIUO AKCKpeTBhiN CII8BTpoN. 8 p8!SoTe peCCNOTpeu OABONep-

848 3411.8'141 BOrA4 CJIOJKB4H '18CTQ4 BN88T ABCBp8TBhll B B811p8phiBBhll CII8BTp. 8 B8CTOB

mel pa!SoTe Bccne)lyeTCB TpexwepBhll cny'l81. .Mbl orpUB'IBNcs 38Aa'lel Tpex Tell, •a xo

TOphiX ABA Tell8 0 o!Spa3YJOIIlB8 CIIOJKJcy"JO UCT11Ily0 CBH34Bhl C~pB'I8CXB CBNM8TpB'IBOft llpB

MOyrOIIbBOI HMOI BOB8'1BOI rny!SBBhl. BaasNOA&ICTBBe 8Tsx ABYX '14CTKil C TpeTbel NW BW-

6spaeN B BBA8 llOT8BilB8114 TBII8 8yAca-C4BCOB8: p83BO CB411.4JOJI(8ro 34 BOB8'1BWN p8ABYCO .. 

B BN8JOJI(8ro BOB8'1Bb18 llpGB3BOABhl8 no BC8N B8llp8B118UHN, 

B p43Aene 2 Aasw ocsoBa&Je ypaasesaH paccMaTpsBaeworo MeTOAa. B paaAene 3 

paCCNOTp8Bbl CBOICTBa BOIIBOBWX ~DilBI CIIOJKBOI '14CTBilW. 8 p43A8118 4 B3Y'I8JOTCB BOat· 

~BIIB8BTbl ·c a a, 0 OIIBChiB8JOJI(B8 118p8XOA&I NeJI[IJ.y p4311B'IBhiNB COCTOSIDHNB CIIOJKBOI '14C

TBIIhlo 8 p43A8118 5 IIOB838B00 'ITO B4C8118BBOCTb BhiCIIlBX BBpBy411WIWX COCTOHDI y!Sb1Ba8T 

c poCTON asepr•• ISHCTpee 'leN - ...!.... • 
' k 

2. Ocsoasye ypaaseus 

8 8TON p83A8118 !SyAyT llpBBeA8Bhl OCBOBIIH8 ~PN711hl N8TOA4 8AKBOI TeOpD B.Qepswx 

p88BUIIA, IlpB 8TON Mbl 6yA8N nOI!b30B4TbCH O!S03B8'18BBHNB0 BCIIOIIb30BaB.IIbiNB B x_..re 
/4/ 

npyxapeaa • 

IlycT& BOnsoaall ~REUB II lfl ( R , ~ ) on•c~>~:aaeT ABIIll<es•e cnoJKBol '14CTBilH BO asem-

seN none 
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""2'il t\ a 1p 

I 
h .. .. .. ... ""' -- t\r/J +['C (R,p)+ 'C {R ,p )+'C (pJ:i"•E9, 2,. p l 8 u (I) 

rAe c. • ·c 
2 

- llOTe.BlllUUIY BftmBero DOU, A81lcTB7JOIIl9ro 88 '18CTBDY 1,2, o1Spa3YJO-

mBa C.IIOliCBYIO '18CTBDY1 'C 
12

-u:oTeBDBAn B38BWOA9ICTBBH W&llUiy '18CTBII8WB 1 B 2; ·~ -

paccTOHBB& uallUIY '18CTBllAWB 1,2; R -«oopABBATa naRTp8 wacc cnoliCBC111 'laCTBnw. Pa3no.. .. 
liQIM 'l' ( R ,p) BO llOIUIOIIQ' aafSopy COISCTB8Ub1X ojlyllltnBil "'k o BByTpeBBaro .QBBliC8BBH < l .. 

B cnolKIIolt '18CTBlla ( Blt.JIIO'I8.11 • aenpepbiBHhllt cne~~:Tp) 
1 

.. 
(p). 

.. .. 
l'(R;p)•:I 

Itt .. 
I I 

. (2) Ff (R)r/Jf 
It l" l It .·I 

.. 
Jlng ojlyaxnBit ·Fa (R ) (a alt f 1m l), OIDlCbiB81011lHX .QBBJK&Ue U8BTpa W8CC C.IIOlKIIOI '18CTBlllol 

B COCTORBHSIX a llO.JIY'I88W IS8CEOB8'1BYJO CHCT8WY AKojlojlepaBilB&XbBYX yp8BB8BHI 

rAe 

r11e 

t\ :F + ( It 
2 

- 'V ) F a a aa a 
.:tV ,F, 
a'./ a aa a 

.. .. ... ' .. .. ... .. 
v • ( R ) - f 1/1* ~p ) I"C I ( R • p ) + c ( R p ) 1 "' (p ) d·p • 

aa a 2 ~ 

.. 
Pa.anOlKBM Tanep& Fa (R ) no cojlepH'I&CEHM rapwoaHxaw: 

•. .. 
F (R )• I. 

a t2 

t 2 m 2 (R) 
_f - yt 

R 
(0, ~). 

2 ·~ 

t I -MOM8BT ABBliC8BBllll 08BTp8 W8CC ClrOlKBOit '18CTHlllol BO BB&mBaW llO.JI&. 

nnll f CBCT8M8 ( 8) 38DIIm8TCSI B BB.Q 8: 

t .... ,, , 
- :I ·c .---3'-a•2 
k'f'V 1 , ]'t{" t'f' , 

1'2mlm2 I l"l 

( t 2 .. 2 t 2 f2+l) 
1 

f 

R 2 tf{" 
1 

f' , 
f s~D2 
k'f'j•; I 

d 2 f a• 2 [ k 2 
f + a 

dR"'2 tf 1 m I 

rAe 

fi"/'2 .. ; 
c , , -,f 

tf
1

m
1
t

1
f 

1 
.. 

1 

yf .. 
2 2 

(0.~) v , 
aa 

4 

;,.,_. _____ _ 

Yf' m' 
I I 

(0, ~ ) d 0 .. 
B 

(8) 

(4) 

(6) 

(8) 

(7) 

L_ 

. lfaCTO 6b1B88T yAO!SBO nepeltTB OT XB8BTOBYX 'IBC8.JI f m f m K f t · L M , rAe 
~..... 1111 ts 
L • t 

1
+ t 

2 
- nonswlt woueBT, a M - ero upoe~tnKH. MY, o.Qaaxo, ISyA&W paiSoTaTio • 

Bp8ACT81WI8BD f I m I f I m I • 

8. CsoltCTB8 BOIUIOBYX ljlyllltllHI r/J 0 It< .. 
I I 

PaCCWOTpHW COISCTB8BBY8 BOIUIOBY8 ojlyllltli:BH r/J lUlSI cojlepK'I8CKH-cHMW4r!"pH'IBOI 
Itt l .. l 

DpliiiMOyro.llloBOit DOT8BllHM1oBOit HMY ·c U ~p) 

-v. p 'S.,p. DpB 
(8) 'C u (p) • 

0 p ·>p., np• 

nHCEpaTBYit CJI8KTp 

Akf .. it (kp) v2 .. (a,ci> > 
r/1 .{ I I l I l 

Itt .. (I) 

I l Bitt '"hf (K·p) yf m (a,.p) 
I I I I l 

npB 1; 1~. 
(9) 

np• I PI >p. 

rAe 

1t .;:;;:(v + Q~~ K .J-::;;i' 
D 

(10) 
{' 

6 - saeprBB BByTpeBB&ro ABBlK8BHB C.IIOlKBOit '18CTBUY. 

Csoero M81tCHMyMa ojlyalt:HH ABCltpaTBOro CD8li:Tp8 AOCTHraiOT DpH lpl.<p . OneJiltY CB8p-o 

xy A.IIH max I r/J llBCltp. I wolKBO nony'IHT&1 BCXOAH H3 Toro ojla~~:Ta, 'ITO ualtcHMyM MOAyna 

ojlyali:UBH 

p&AHyca 

rp 00 C T8MB lK8 JtBaBTOBbiMH 'IBCII8MB1 BO ll.llll 6&CitOB8'1BOit DpliiiMOyronloBOit BMW 
a 

p 
0 

6on&me I r/J I • nonolKeaae ypoBBelt B xoae'laoA liMe MOliCBO onaBHT., cne-
max a 

ll81011lHM o6p830Me rny6HB8 S1Mb11 DpH KOTOpolt DOSIBnSieTCII ypoB811 .. , MOlKeT C.JIY -

lKBTio Oll8Bli:OA CD3Y llliSI BYCOTbl ypoBBII B8ll JlBOM liMY, TAll: lt8lt C yaenH'I8BH8M rnyfSHBY 

DpiiMOyron&BOI liMY ypOB&Bio OTBOCHTe.llloBO AB8 liMY MOBOTOBBO DOAIIIIM88TCSI. On&Bli:Oit 

CB&pxy MOlK8T C.JIYlKBTio DO.IIOlK8BH8 COOTB8TCTBYJOIIl8ro ypOBBII B 6ecJtOB8'1BOI DpSIMOyrolllo-

sol HMe Toro lK& paAHyca p 0 

Ball M8X8BHit8, CTp. 149, 1983. 

nnH xoupeTBYX p8C'I8TOB CM. A.C. naBYAOB, KBaBTO-
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r11e 

"' _, 
ll t .. 

l I 

Hagptpw••wl cpa1m 

A t k j t (kp) y t I iJ • t/J ) 
ll t•l I t•l 

IP I ~P. 

8~ot 1•
1 

k • [ co.a2 J t (k~,.)-sia B t 
l I 

at(k'p)] 'e. (iJ,tf>) 
I I I 

k -J2,. <:i .... v.> k'•V21'6. 
ll 

(11) 

1;1 ·>p • 

(12) 

KoscMIBDB8BT B ll t • • v 2/rr , ecns aopwapoaaTh ~ysanaa aeDpepwaaoro cDeKTpa aa 

I I 
8<~<-k ~ ~ynnaJO. KoscMtanaeaTw A k t 

18 
11 

I I 
ojlynDBII a ee DpoB3BOIIBOII ups l·p l··p 

0 

B t oupe11anliJOTCll as ycnoBall aaDpepwBBOCTB 

B lq,ell&IUoiiOM cny'laa 15onhmax aaeprall (k'p» 1) 

nerKO DOK838Th, 'ITO A <_ V 2/ .. , 

11cDonh3yll acaMDTOTB'I&cKBe saa'I&BBB: 

J2 < kp > 
kp ... oo 

"t<kp) .. 
kp .. oo 

_ 1_ cos [ k p - % ( t + 1 ) "] . ; 
kp 

• ... [ kp -% ( t + 1), ] • 
kp 

saDamew yclloBBB cmBBSBBll aa rpanne l·p I • p 
0 

Ak 
2 

cos[kp
0
-%(f+1)rrl•v2lrr cos[k'•p

0
-%( t + 1)rr+Bt] 

1 .. 1 

A k f ,. k sia [ kp0 -% (t + 1 ) rr] • V 2/rr k'·aia [ k'p0 -% ( f+ 1 ) rr + B f] • 
I I 

(13) 

(14) 

8o3B8118M B KBSilp&T ol5a CTOpoBW B ypaBB8BBBX ( 14), YMBOJKBM napBoe 83 DOIIY'I8BBWX 

ypaBB8BBII B8 k I B CIIO:ICBMI BOCDOIIh3Y8MCll KpoMa TOrO B8p8BeBCTBOM k'.< k : 

2 
A • < -· 

k t.l •a fl' 
(15) 

3Ta oneaKa oKaswaaeTcB aepaoll DpB acex aaeprallx B cnyqae t- o i t. 1; IIIIB 

6onhmRX 3B8'18BBI f o15mero llOK838T811hCTBa DOKA DOII)''IBTh Ba Yll8110Ch (cw. npanoacea-

BBe 1), 

8 

.. 

l 
l,.f'~. 
'(!~fl. 

.·~· 
;)~ 

·:·!•.' 
::~~' 

,,\J~ 

);' 

J
·:t. 

. 

' 

- ~ 

f2m22'~m'2 
4. KoscMtaDae&Tbl cwemaBSBBll ·c k£ 1111 ~o'f!m •

1 

Ill 
nnB llOK838T8DhCTBA KoppeKTROCTB MeTOAS 811BROII T80pBB llll8PBWX peaXnBa Tpe-

15yeTCR DOX838Th1 'ITO KOscMIBDB8BTbi ·c IIOCT&TO'IBO 6biCTpo yl5b1BAJOT npa 15onhmBX k B 

k' 

HyJKBYJO saw oneny woJKBo Donyq&Tb, aaTerpapyll no 'ISCTBM nocn&ll.BBII aaTerpall no 

p B ~pMylfe llllll C 

. f2m 2f':i m ,:i 

C 2 , ., , - J d o .. d o .. Y 2 < o, <ll > Y* < o, <ll > v < a, "' > 
k lm I k 'I'" 2 p R 2m2 fr ,2 21m I ( 18) 

Y!, ,(iJ,<f>) J[C -t'C ] NN' R • R .•• p
2 

dp • 
L m l 2 kr. k' L 

1 l 1 1 

3118Cb N • N ' • R 
• • k f 

'18CTB BODROBbiX ojly&KDRII 

Rk~' COOTBeTCTB8BBO ROpMRpoB8BBbl8 MROJKBT8DB B p8llR8DbBW8 

t/1 a ' t/1 a'' 

npa aaTarpapoBSBBB nonesao aocnonhsoaaThCB ~pMynoll, cnpaaeanaBOII 111111 npoas
/5.54/ 5/) 

BOIIhBbiX llRIIBRilpB'18CXRX ojly&XIlRill z p R 3 p (fpaamTeiiB B PbllKBX ~pMyna : 

J p z p (kp) p (k 'p) dp = k 'p z ( kp) 3 - (k 'p) - k p z -I ( k p ) 3 p(k 'p) 

k2-k' 2 

• ( 17) 

lifa STOll ~pwynw cneayeT, 'ITO KaJKlloe RBTerpapoaaaae no p (no qacTSIM) a (18) 

6yneT 118B8Th RAM nonODBBT8DhByJO CTeneab 

B8K00 &eyao6B8 npB k 1 O'I8Bb 6nB3XBX X 

k a k'· a saaMeaaTene. Taxag oneuxa, Oll-

k '. 0 T8K K8K B aTOM CDY'IB8 B 3RBM8R8TeD8 

OK83biB88TCll M8D8Sl BeDB'IRB8 ( k k, ) • 
t 

nnB k 
0 

f5nB3KBX X k' , llpR BBTerpBpoBSRBB no 'IBCTSIM ( 16) 110 p CD81lY8T 
151 

BOCIIODh30B8ThCSI ~pMynoll (5.55) • 

J z (kp) 3 (kp) dp = kp 
zp_

1
(kp) 3 

0
(kp)- zp (kp) 3 ._lkp) 

p p • p2 - q 2 

z p (kp) 3 g(kp) 

p + Q 

(18) 

nng 118DbBellmero RaM noTpe6yeTCSI oueaxa llDll Ift' .. r~ I. B aTOll cywwe 3B8'1BT811bRblll 

BKD8ll liB JOT namh '1118Rbl C f '
1 
< 2( R + R,) , TBK kl:tt 1

BODBOBb18 ojlyRKUBB B MBTpR'IROM 

aneweaTe pesKo saTyxaJOT a o6nacTR noll neRTpo6eJKBbiM 6apbepoM, noaTOMy B aan&uellmeM 

MW 6y11eM npeae6peraTb 'ID8B8MB C f~ > 2k ( R + R
0

) no m'
1 

CYMMBpoB8BR8 Rll8T 

' , 110 f 
1 

, a no f 
1 

ao 2k ( R + R 
0
). TuaM o6pasoM1 xaJKlloe cyMMRpoBaaae no m' 

R DO 2'1 YBeDR'IBB88T CT8D8Rh k B aaepreTR'I8CXOII 38BRCBMOCTR. CyMMRpoB8RR8 DO 

1 

_i_.L_ 



.. .. 
t' orpaaB'Ieao ycnoa•ew, 'ITO cywwa t' + t' .!IOillltBa ISbiTJo paaaa Donaowy woweaT7 

:1 ~ l t 
cacTeMhl L • DoSTOr.cy ae BnBBeT aa saepreTB'IecxyJO aasBCliMOCT& paccwaTpssaeworo 

ablpaJKeaaa. B 'IIICTBOM cny'llle L • 0 t '- f' a 1 II CYMMIIpoBaBBII DO f':i BeT. 

JiaTerpllpoBa.B118 ( 16) DO 'IIICTIIM DO DepeM811110ll </J OXa3blB88TCB DOil83BbiM, TIIX XU 

B BBBOll ojlopMe Bb1.!181lii8T MBOJKIITellh __ 1_ (DOCile STOro DOll IIBT8rp&llOM DOIIBn118TCII 

a m- m' 
T¢<C 1+Ca >>. 

fiocne aeoiSXO.!IIIMOro XOilB'I8CTBII Dpeol5pa30B8BIIll (16) C DOMOMioiO IIIITerpllpoBa.BIIB DO 

qaCTIIM DO p II DO </J Mbl 15y.!I8M MR Oll81111:ll MUCIIM7M4 MO.!IYilll ·c M4lKOpllpoBIITio 

a DOABBTerpan~oaow BblpaJKeBBB llpll I ; I ~ p ljlyaxu• Beccena I'·.. ( kp). y' .1.!!e.. j ( kp) 
.. ~ " t 

e.!IBHIOlell, a up11 I p I > p 0 BOCilon~oayewcs cne.!lyJOmall OlleJDtoll ( t > 0 ; kp > f ; t + ~ a 11 ) 

y' p [cos llt I f+K ( kp)- sin ll t N f+K ( kp)] <y'p(II 
11 

(kp)l+l N 
11 

(kp)ll < 

<y'2kp y'I~ (kp)+N~ (kp) 

y'k 
< 

y' 2t [ P (v)+ N a ( v) 
Jl Jl < 

y'k 

(19) 

Cv 111 

k li 

fipa Bb1BO.!I8 (19) IICDOilh30Bas 

MOBOTORHO y6b1Ba8T C pOCTOM 

TOT ljlaJ:T, 'ITO .!IIlii v > ~ k p [ Ia (kp) + N a (kp)) 

/5/ 
11 ~/a 

k p , a Taxllte aepaaeHCTBa J (v) < C 11 ; N (v)<C .,·Ill 
v • II II 

ljlopMyna 8,54, r.11e C I; C N-ODp8.!18D8BHbl8 KOHCTaHTbl. 

nnll • 0 RM88M vp( cosll I (kp)-sinll N
0
(kp))•\l"--2-sin(kp+ll

0
) 

0 0 0 "kp 

Un11 HaC cymecTB8BBO, 'ITO DODY'I8BBbl8 DOCile IIHT8rp11poB8BIIII DO qaCTHM II M4lKOP8DIIII 

BHTerpanb;-..He pacxo.!IRTCR. 3ToMy ycnOBBJO Y.!IOBil8TBOPBJOT DOT8HDB41lbl 'Cl R ·c 
2 

, .!IOCT8· 

TO'IHO rnallKRe II 6biCTpo y6hiB8IOMR8 BM8CT8 CO CBOIIMII DpoR3BO.IlBb1MII 84 ISOilloMIIX p8CCTOli

RBRX, HaDpaMep, DOT8BQII81lbl TilDa By.!lca-Caxcoaa. 

I 
5. HaceneaaoCTio 1q BbiCMIIX BllpTyanbBblX COCTOIIHBll CllOliUIOll 'IIICTBQhl 

PacCMOTpBM pemeRRII g a aekf .m I r f' 2 O.!IHOpollBblX ypasaeaxll, nonyqaiOIJlRXCII 113 

cacTeMhl ( 6) oTC5pacbiB&aBeM 'llleaos, co.11epJKam•x xoscM»aaaeaTbl ·c : 

rile 

d 2 
~+[kl 

d R a a 

_ q r 1+ 1 > 
Rl 

k 
1 

=2M ( E -~ ) 
a a 

g = 0 
a • 

C DOMOMbiO ABYX (llllB Itallt.!loro a ) llliB8liB0-£938BIICIIMbiX pemeaRll g 
/2,3/ a 

lK9M 3aDHCaTb CIICT8yY (6) B RBT8rpallbliOll ojlopMe : 

8 

(20) 

(21) 

g Mbl MO-
aa 

;· ,. ' 
ii 

li·'·i' l't 

ill 

''l' 

i; 
•; 

i 

( 

'.~l.t' ·~~I y 

R 

f-gfg:I a a a , 
to Ia 

C f dR + ll f 
aa' a' a2 a 

ll :I 
at a' 

tl , f , dR 
aa a + C ll a + C a ll a1'22) 

a 1 1 a i 

3.~tec~o,cjlyaxa•• ll a aopMBpoBABhl ycnosaeM: 
I 

ll '· ll - g'· ll - 1. 
alai a2at 

B xa'iecTBe lla 
I 

c k 
2< 0 a (k =+iiC) BbiiSepew pemeaae, 8XCDOB8JIIlll81lbBO ;riSblaa-

• a ll Bbl6epeM XOB8'1Bb1M Dpll 
a a 

JOmee npa R .... 

TaxiiMB pemeaaRMB RBnBJOTCB 

lla(KR) •y'R 
I 

g (KR)=yR 
a2 

I f+!i (K R) 

Kf+!i (KR 

K 1'·- I K'• --, 
ICR 

R .. O. 

r.lle 1 • K -a•naB.Ilpll'lecxae ljlyaxaaa, esaaaHBhle c ljlyxxa•ell Beccen11 

Xaaxemi nepsoro po.11a H(
1

l: 

J 

-Tv• 1
11

( z) = e 
!!..j 

J.,( e z ); 
"! f"t (t) 

K (z) = _e H (iz). 
Jl 2 Jl 

(2S) 

B ljlyBKQRell 

KoacTaBTbl C a ; C a Bb16epeM paBBbiMR ayn10 upa k 
1 

<0 ( T.e. llllll aaaqeaxll a 
1 2 a 

COOTB9TCTBYJOMIIX BBpTy&llbllbiM B0315ylK.Il8BIIRM, llDB p881lloBOrO B036Yllt.!I8BRII XOTOpbiX B8XB4-

TaeT aaepraa). 

2 
¢>yHXQRB fa, C k a < 0 ODRCbiBIIIOT .!IBRllt8BR8 QSHTpa MaCC CllOlKBO~ 'laCTIIQbl C 0Tpll-

.llaT91lbBOll aaepraell (no.ll6apbepaoe llBBlK8BRe), Oa• sxcnoaeaa•anbao y6biBaiOT sae o6nacTR, 

rile cymecTBeaao BnRRaae saemeeao non11. 

QBII 

¢>yaXQBB ga c k
1 < 0 a 

fa DpR 3allaBBOM k 

B831l8 DOilOlKRTellloBhl. Un11 MIIXCHMyMa MO.IIYilll 

12 3/ 
Mbl nonyqaeM cacTeMy ypasaea11ll ' : 

- R 

f = z I 
k lr:k, 

C , f , f ~ f g dR + g f & dR ] • 
kk k ato al ala at 

31l9Cb ·cL , -B81lH'IRRa 6on&mali llllR paBBaB MIIXCBMYMY ljlyRXQRR :I rc J 

f k • ljlyax-

(24) 

ak f' f' 1D atz 
B o6nacTR, rile cymecTBSHao BllRRBBe saemaero non11, z k aexoTopail 4\yacaR OT k 

CTpOro MSBJoMaR 8ARBRQblo 

BenR'IBBa, CTO!tlllall B KBIIApaTRblX CK06KaX B (24)1 MOJK8T 6b1Tb MalKOpllpoBaaa ljlyaX-

aaell C /~el 
a 

BMSCTO 'at 
, rAe C - aexoTopaR xoacTaaTa, 3To cpaay nonyqaeTcs, ecna DOACTaBBTJo 

BX aCRMDTOTR'I9CXR9 3Ba'I8HBII: 
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Um K., (>e R) •Y--"- e"""'aB 
a 2~e R 

a (25) -
lim I (K R ) 1 K B 

" a ----ea 
y2rr • R ' 

a ~ .... 
Bonee CTporoe llOKa3aTen&et'BO CM. B npB.IIOliC8JID 2. 

/2 S/ 
H:ra~:, MB f" "'"' nonyueu, DOllotiao OABOMepaowy CRf'lal:l ' , CBCTewy ypaBB8-

RBI!, II:OTOpaH B MaTpB'IBOII 4Jopwe BM88T BBQ: 

rAe 

a f s 

f=Bf+f s 
r -Beii:TOp C II:OMDOB8RTaMa 

BAA' 

l<t1<.
11 ::> a 

- Beii:TOp C II:OMDOB&RTaMB 

/2 8/ 
S -DapaM8Tp o6pb1Ba CHC'I'eMbl ' ) 1 

f K , B -WATpBJta B MaTpH'IBblMB 

~KK' 
2 • 

K 

f = ~ l: c , 
al( K a K ~<. KK 

(26) 

&n8M8RTaMB 

(27) 

(28) 

Jlna llOII:a3aT811&CTBa ytibiBaBBH &aC8.118BHOCTH BbiCmBX BJipTyaiUoBbiX COCTOHBHII C.IIGJIC

BOII 'laCTKDbl aaM aylKBo, 'IT06bl oaa o6naQana cBoiiCTBaYa 

( B 2 ) 

KK' 
< B , p 

1(1( 
(29) 

r11e P ..0 
• C poCTOM s , 3TOro Oll:a3b1B88TCB MOlKBO ll06BT&CSI COOTB8TCTBYJ:lmHM Bbl-

!So pow ( cw. npano•eaae 8 ) • 

Pemaa ( 26) RTTepanRBMR B BCDOIUo3yB ( 29) 0 Mbl DOny'IRM DpB llOCTSTO'IBO !Soru.mBX 

f< f
8
+Bf

8
• (80) 

MolKBO noxa3aTb, 'ITO (Bf 8 ) CTp8MBTCSI II: Bylll:l C pGCTOM S • BenB'IRBS f ·y6bi-
K C M 

" 6blcTpee, '18M __ • Ta~:aw o6pa3oM, aeceneaaoCTb BBpTyanbBbiX 
1(2 

B88T C poCTOM 

COCTOHBBII 6yQeT yl5b!B8Tb: 

~ - 2 

"l<lfal< c 
~e4 

10 

(81) 

K BYlll:l tiyll&T CTp8MBTbCB B omalhta, BBOCBMAB otipbiBOM CBCT8Mbl ypaBB8BBII ( 6) • 

3all:lll:l'I8BB8 

nony'I8BBbl8 p83YnbTaTbl, X COliCaneBBI:l, B8 MOryT CIIYlKIITb lliiB II:OUp8TRbiX Oll8BOII: 

norpemaoc:rell npa otipbiBe cac:rewbl llBcMiepeaaaanbBblX ypasaea•ll npa Manblx a • 0Aaa-

xo ORB CBBll8T8llbCTBYI:lT 0 DpBIIJlBDBMbBOII II:Oppeii:TBOCTB M8TOil8 8llBBOI '1'80pBH Bll8pBbiX 

peaii:DBI B paCCMOTp8BBOM II:OBII:p8TBOM Cny'la8 B MOryT DOCliYlKIITb OTDpSBBbiM DyBKTOM lliiB 

nony'leJdla tionee TO'IBbiX oneaox. 

BblpaliCa&M tinar'Oll&paocTb B.C. Bono:raay, M.A. KacbiMJKaaosy, P.K. Kanaaaycxacy,. 

npaaawaBDIBM y'lacne B Qaaaoll pa!SoTe aa nepsoM ee BTaBe. Mbl tinaroQapabl TaKlK& 

B.B. Benaesy, B.K. nyx&HBOBy, H. neTKOBY 3a MBOrG'IBCli8BBb18 CTBMynapyl:lmBe llBCJtYCCBB. 

nPHnOlKEHHE 

Cma&aaae lj)yaxnaa a ee npoB3BOllHOII aa Jtpal:l. llpHMoyronbaol BMbl B cny'lae t. 0 

aaanorB'IBO paccwo:rpeaaowy 

cny'lae j
0

( k p) • ..!!!.1L. 
s paa,qene 3 acawaTOTB'I&c"owy cny'lal:l k p .. .. • B &TOM 

kp 
n (kp)•- cos(kp) a ycnoBBH cmasaaaa nony'lal:lTCH B3 (14), 

0 k 
ecna nonoJKBTb f - 0 • B 

j _ sin kp 

I (kp) ~ 

cos kp 

kp 

Cny'la8 f= f 

n (kp)--~ 
I (kp)2 

!!J!...ll..._, 
kp 

Jlna y11pomeaaa pac'I&TOB "'"' aanamew: ycnosae aenpepblsaoc:ra Bna DpoB3BOllROII ae 
~ ·' 

o:r cjlyRJtnaa .P , a OT p .P • Bwec:ro ( 14) nony'la&M B &TOM cny'lae: 

4) = A 1 ( sin k p - k p cos k p ) = y ..! [ ~sin ' k ·~ + 8 ) - kp cos ( k '~0 + 8 ) ] 
0 0 0 , k' 0 1 0 1 

~·- A 1sinkp 0 =y2.__t: sin(k''p
0
+8) • 

rr k 1 

Cornacao (l.n.l.), woJKao aanacaTb ypasaeaaH: 

4) ~ + 4)' ~ ( 1 + k ~p ~)- 2 4) ~· - k ~p 2 A~. 0 
0 0 

~ ~+ 4)' 2 ( ~ + 
k' 4 

k 4 

k'· 4 

~ 

. ~) 2 ...... , k 2 k ~ ~ 0 p- ...,...,. ____ p-
o k'2 rr o 

(l.n.l) 

o.n.2) 

< l.n.s) 

Jln11 TOro, 'IT06bl ( l,n,1) l5blliB COBM8CTBbl, &nnBDCb11 ODRCb1BaeMb18 ypABH8RBIIMR 

( 1.n.2) a ( l.n.s), llonlKB~>~ awe:rb o6mae TO'IKB. 3'1'0 B03MolKJio namb npa A<..; ..1.. 
" 
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nPHnO>KEHHE 2 

PaccMOTp.BN Bblpallt8.B.Be B IU18Ap&T.Bb1X CK06Kax B (24): 
R 

D • g f 
alo 

g dR 
a2 

nepel!Aew 11: Depeweaaoll X • K R 

D ._1_[% cplf f 
1(2 

0 

+ g f 
a2R 

& dR. 
al 

• cjlyun.a.aw ¢•21/Kg; 
11' If 

cp dx +% "' f ¢ dx 1-.!. u 
:i 2f 1£ K 2 

X 

ollya&nall u RBnii8TCR pemeaaew ypaaaea.a.a: 

da f(f+1) 
( __ + --- -1)u•-1 

d X 2 X 2 

x/ 
C rpaBJJ'lllbiMB YCIIOBJIHM.B 

u (0) - 0 

no:l:8llt8M1 qTO Bepaa CII8AYIOIII8R 

u(oo)al. 

(2.n.l) 

cp • 2y K g , 
:i :i 

c2.n.2) 

(2.n.s) 

c 2.n.4) 

Teqpewa: olly.BKnaa u(x) , oape.nen.aewa• cornacao (2.n.s), (2.n.4), np.a O<x<oo 

YAO&neraopaer aepaaeacray: 0 :::_ u (x) ~ 1 • 

lloxaaarenbCfBO: 

Ypaaae.aae ( 2. n.s) c orpaaa'lllbiMa ycnouaw.a ( 2.n.4) aweer eA.aac:rae.a.aoe pemeaae, 

!811: 11:811: OABOpoA.R08 ypaaaeaae Alii! ¢ .88 .BM88T pemeaBll, YAOBn8TBOpRJOIII.BX YCIIOB.BIIM 

~ (0) a ¢ (oo ) = 0 , 

PaccwoTp.aw cjlya:~:n.aoaan: 

dt 2 2 f(f+i) 2 
ell(t) • f [% ( -) +% t +% --1 -% -(I- 1 )1 dx. 

dx x 2 (2.n.s) 

neMMa: B :1:118CC8 R8Dp8phiBRbiX cjlyiiiUlBll • YIIOBII8TBOpHJOIII.BX :1:p88BbiM YCIIOB.BHM 
t(O) = 0 

(2.n.s). 

nycTb 

I (oo) = 1 MBBBMYN cjlyRKilBORSIIy 

I= u+ 8 , rAe 8 (0) d {oo) a 0 , 

ell AOCT8BIIR8T peme.aae ypaBR8.BRH 

(2.n.e) 

noACT8BIIHB (2.n.6) B (2.n.5) B .BCDOIIb3YR (2.n.3), nonyqBM 

a DpB 

x/ nocKOIIbKY DpB X .. oo 

x .. 0 . ¢ • x.f 
If 

cp 11' • e·x 

cp f+l 
2f•x 

12 

¢ •e 
2f 

TO 

TO 

u(oo) = 1 , 

u (0) -0 • 

ell (a+8 )•ell(a) +7 [%(..!!...)2+~ 82+% 2~£+.1) 821.dz. 

0 dx x 2 C2.n.7) 

0TCJOA8 B.BAB.O, 'ITO ell ( U+ 8 ) w.anwane.a. 11p.B 8 • 0 • 

newwa Aouaua. 

3 awe.aoll t • 1- w upeoiSpa:J78N ell (t) I( B.BAy: 

ell ( w) 
.. 1 d w 2 t <t+l) 2 

• f [_( -- ) +% w2 +% -- ( w - 2 w + 1) 1 dx • 
2 d X X 2 

0 

(2.n.s) 

Ha ( 2.n.8) u.nao, 'ITO 

ell(lwl)~ell (w ). (2.n.9) 

H TU, cjly.IIKllBB • 0- 1 - u .QOCT8BIIliJ01118B M.BB.BNyN ell (w) 
1 

B80Tp.Bil8T8.11loll81 T8K 'ITO 

u < 1. C ,qpyrol CTOpoBbl, DOC:I:O.IIlo:I:Y </> 
1 

• ¢
2 

BeoTpaare.ro..a.w, cnenyer, 'ITO a>O. 

TeopeMa .QoKaaaaa. 

0TNeTJIM1 'ITO U (x) Dp.B X > 0 1 DO-BBA.BMOMY, NOHOTOB.BO paCTeT C poc!ON X • 

np• - 0,1,2,3,4,8 • 0 < x < :20 cnpa&eiiii.BBOCTII 8'1'0ro npe,qnonollt&.BBB ISbllla 

npoaepeaa 'IBCII8BBbiM cq&TOM, 

nPHnO>KEHHE 3 F' 

BBBAY qp83Bb1'1Ali.BOI rpoN03A:I:OCTB AO:I:838T811bCTBa 0 CTp8N118.BRB :1: ayn10 ps 

C poCTOM s B .QaB.BOM np.BIIOlK8.&.BB Mbl paCCMOTpiiW II.Bmlt &BepreTaqecKyJO 38BBCBNOCTb 

COOTBeTCTByiDIIIBX Bhlpallt8BBII1 B8 OCTU8BnBBABCb 88 KOUpeTBON BbiBO.Qe KOscjlcjl.BDH8BTOB, Be 

RN810111WX Dp.&.BilBDB811bHOro aaaqeaBB. 

llnB Oll8BKB MUCH MyNa B811.B'IB.&.bl :l; rc l DpB K ,I K' llponacjlcjlepean.apyeN ( 16) 
f"". , aa 

ABalltllbl DO qacTIIM DO p , .BCDOIIb3yB ~1't)', B M8lKOpBpy8N HOABBT8rpanbB08 Bblp8llt8-

a.ae, xu y:~:aaa•o a paa,qene 4. B peaym.rare non cywwol Nbl aony'IBN ,qaa qneaa, npo-

( f ,f 'r ) 111 
, COOTB8TCTBeBBO. CyNNBpyll DO m' II f' 

(K-K 1 ) 2 I 
nopnBoaam.able ~ 

(K-K') 2 
B 

nony'!BM 

:t 
I C I cl >/KK' ",a 

an' < -------+ 
t'm"" 

I I 
(K- K 

1 
) 

2 
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~ 

-.. 

TUBM otipa30M, JUISI B , C01'118CBO ( 27), DOIIf'I88M! 

c ..;1(1(· t<'~ 

B I(J(, 

t<J(t<-t<') I 
(t<1t<') 

cs.n.o 

np• I( •~<' DpoiiB4MjMtpeBDBpyeM ( 18) DO '18CTSIM DO t/J B DO p t BCDOII1>3YSI ( 18), 

B peayna.TaT& MaliCOpallBB • cyMMBpoBaJUill Do m '
1 

, f', • DOIIY'I88M: 

Bl(l( -c fa 
2 

1< 

I( 

8B8110l'B'IBO DpB 1< tsn•a~:•x 11: t<' Cornacao (s.n.l), (s.n.2) nony'laew: 

J 
( B ) .. I BB,+B,I 

ICK' IC.p PK K.IC 
B + B , I 

l(p 1(1( 

(I( ~1(.,. a.<p "I< ,t<' •<to- a<p-«:' 

(,c-t<) I p I 

~ B ( c I +C~ +C fa 21< 
I(J(' 

(t<-p)J(p-K? I I( 

__ I( ___ 

a<p-IK,,...' 

( B I) .. I B B + B I B 
I< I( 

•<to-It< 
l(p pi( I(J( l(p 

.<.,.I( 

J fn I I< 

B (C I 
. Pt< 

+C 
I(J( 

a<p.{l( fa 1
1< (t< -p)' I( 

B PK' 

Cornacao (4.n.s) • (s.n.4) p S !I (29) MOlltBO BbltipaTJ. Tall:, 'ITOtibl 

s .... 00 • 

14 

P..O 
8 

cs.n.2) 

cs.n.s) 

(s.n.4) 

DpB 

n B T 8 p a T l P a 

1. H~Feshbach , E.uau T&Opu B.QepaWt peu.ul, ·Aaa. of Phy .. s, 357 (1958). 

2. 5.H. 3axapJ.eB, C.H. Co~:oiiOB. 0 Bllp'l'y&IIJ.BWI: 11031Sy.a&BBSIX CIIOliUIOI 'laC'l'Bilw. 

Aaa. der Phya. 

8. 5.H. 3axapJ.eB, P.K. ~Baycuc. 0 CBB38.BBOM COCTOliBD Tp8X '18C'fllllo 
npeJlPBBT OH.RH P-1882, .llytlaa 1984 • 

4. r.• . .apy~:apeB. Teopu CTOmtBOB8UI 8118.1tTpOIIOII c 8TOM8MB ....... 'IT .. , 1\1\ocx~~ao I 
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