
~~t(t&~ 


OBbELU1HEHHbJ 1-1 
HHCTHTYT 
51 LlEPHbIX 

HCCnELlOBAHI1J.1 

Lly6HB P-2230 

'TIfi'PAm I~ H:ul '3R3f'MITIDIP 

~ 
:II: 

• -Z .• 

'Z s; 
.... -
;:
is 

! 
e a =

B.r. EBpbImeBcKsft. B.n. nJ06olIlBll. M.M. nOllropeIuodl: 

K BOTlPOCY 0 TIPOXO)f(nEHIUI cnMHOBblX 
11 EECCIlHHOBbiX IfACTHU IfEPE3 BEWECTBO 

I 
! 
Q, 

•~ '-='-" \ . 

IG 
~ 
~ 1~65 

-




OQ.L::X311Iaa EBdElh JlH~Vh x rqIJOHHll:>:>aS It 

XRIJOHHU:> HHHaIDv.OXOdlJ 0 '<:>OdllOQ )I 


III111Ued().JJfOU 'I1'W 'WI1IIOjI"'1l 'Il'Q '~ID:xt.ml"fd..g 'J'a 



IJ I B pa50Te 15__aaaJlD, '!TO aw&n.."... pace....... 118CJ[I»UooKKX 3&J:pellJlea-

IlHX llaJl'l"pllX ....CTmly, UXO.lJ[ll[.lIcII II S - cecTOIlJIIIII OII'aOC.ft.lllollO UJlAorv 113 peecew

"~1I.1l, ..OlllOT CS~ IrpIIJlC"I'llMeal. II Balle 

.,~ at 
A_1:A I " {1} 

rll. q - II.P.Il....... .MllYm.c. RI 1MU1II1C-aer1'OPH paeco.uTe.l!ell. 


Ben. 'IJlay A I ...OIDT c..wcn eojIcPeJ[T.BIlYX .~A paccemDUI aa COO'!'BeTCTaYJ!)-

IIlIIX neBTpa% II IIOIl'lllllIlJ)T(:Jl cnell71011lell Clle'l'eJof8 am'tI6~ TP8BBonll: 

,,110 8 110 I~~
'At :ll a I + 1: ~6 .. 101 (2) 

10" I Rilo. 

rAe at -eM.IIJmT)'.Ila paCC9J1l1lU1 II. 1-0.. Il.~ II 0TCyTCT1I1I8 llpyrBZ paceell..-

TOnoA, .. 
R - R - R

U I< I 

PaeeMOTJlll" Tenep. NallPOCJ[OIllPl8CJ[08 ~1I0, eocromn.. II" OIl8I1&1<OIlYS: paCceBBa~

n811, XlloT.~eeJ[B p a c npeJleneanhIX B O:POCT P8llCTBa. B aTO.. CJIY"I1l8 lI.IoIlIJI8T111Y pacceRBB. Ba .. .. 
aeJ[OTopoM lleHTpe A I R I • ·R ~ •••• R I .... R N ) qJlIIIo yCpeA....... no p&ClIono

.88810 oCTan.81.lX neBTpolI. npII xaOTII"l8CI[O" t-8ClIpeAen8BD pllcCellUT81lell ycpellS8n8 

AI CBOJlBTCR J[ IUlTerp a p o B&lDlIO IIO BceM J[OOPllBIlllTaM 38. IICI[1IlD'Ie ll8eY i , C a eCOY 

_ 1_ • rAe V - 0610eM npOc TpalIcT...... a8HIM.SMy ll CJlCTSMOII pacce.Ba~n81l. N 
V" -I 

'IJIC1IO pac cellll4T9l1ell, 

--+ 1 .. .. -+ .. J L L .&..
A ( R ) = - - f ... f At ( R R ••• R ••• R ) d R ... d " dJ( ... Qr<

2 NI V "' I I I I 1. 1 1+ I N 
T.e. 

- ~ 1 ... .d .... .... e III R 
A ( R I ) = a + a I _I r... J A ( R ... I< ... R ... R ) __10 1 X 

~ I V"' k 1 kIN R 
kl (3) 

1i'R' 
x e Itt d aR '" dlR d~ ... d'll 

t \ _ t 1+ 1 N 

3 

http:oCTan.81.lX


CBCTe.." (S) WOllUlO aaOC8n B BB.l\e: 

n,a ..... 
It (R

I
) .. 8 + a 1: _1_ f A ('; R ) _e_ 1!1 Ik~1 d'R (<4) 

, t R e " 
• '" I V • ., 

.. ... 1 ...... ... 
rJleA ( Rl<.R j ) " _ _ f fA(R .•• R ••• R... R )d"R , •• d' R daR ... d'R ... d"R ••• dItl • 

V N. 2 .It I • INk·, k+ I I • , 1+ , H 

ECIIB paceeBNTenell o.eB....BOro B OUB cnyullBo pacnpenelleBbI, TO n06aMeoe 1I/1l1 

,..!IIlneRRa onJloro B3 pacce~101IlIlX nallTpoB np4Jl:TII'I9CICII He wellSlaT YCp8J1Helllloli cylolNap

11011 BOnllbI, II1Ul8JDIllall Ha pacc..aTPJlBaelolNII paCceBBaTem•• 3TO IIpBBOnn I: TO..", 'ITO 1180

" ..
'111118-+ It IjIaltTll'leCD Be a BBBcBT OT I:OOplIlIBaTbI RI • T.e. A (R ,R ) • __ (R k ,R , k I 

A < R k OTClOlla cII911YeT, 'ITO M'" ..OlKew nepellBcaT.. CBCTe.." ypaBaeoli (4) 

B BRlle: 
-+ -+ 

e'll 1r - 11, 1 1k C-:' - R.)A(R ,) -Hap f A ( ? ) e d ,
I i' - R-+

j 
I ( 6) 

rAe 'p - 'IIIIcno paCC8D1ATGneA B ellBBlI'ne 061>8Na. 

nYCT. Tenep. pacceBD4Temr 3a.RlIWlllOT 06108.. B BJl.Ile 6ec1:OB9'1110 mBpol:oro cnoSl TOn

...IIoA L B '1aeTBna l1811aeT BOPNIlIIl>BO I: nOBoplUIOeTB aTOro cno.. Ha'ialIO I:OOpllBSaT 

paclIonolK JU( Ba 1l0BGP'UOCTB cnoll, 06pamolUloft B 1lll.Q8JOm..1I 'IIIeTBlIe, OClo % UaIlpaa... 

BAon. ItII.IlBB lIaIl9R11Sl UeTBnbL. B aTOW clfY'l8e lIenB'IB.Ila A ( R) 38BIICBT TOlIbIO OT z, 

B YJlallBeRlle (6) wo..o nepeOC8n II q,op..e 

L 'kv'. :11-«(- ')~ 

A(a). u + 'brpaf rd, f A«(j e' o'k«(-.) dele) 
v', ~ « - z) 2 ~ 

'ITO IIPBBOART Doene B..,...rpapoBIlMJIIi no I( yp8.IIaeOIO 

L 
2 2 ·21.. 1I1k( ( )' A ( a)-a +~ l f 'Aa ) d( + ~je fA(ee de. 7 

k k 
o 


PemeDe STOro yp8I1SIJIIIlB a ..eeT cnellYIOIllB A BBJl; 


A(a ) _ 8 n :( .III_I). 

e + 


n+I ( n- I ) 2 21b L 
----- e 

2 2(n+l) 

(8) 
taDL 

-tk( .... I).n-l 8 e+ e 
n+ 1 n+I ~2 e 'llhL 

2 2(n+l) 

v' k 2+ 4"pa 
n • 

lc 

4 



nn!! ••XOlltll....1I B OIIBbI !I TOue z BII7TP. DnIlCT.~ ROCnOnb3Y...CII CII.II3bXl wea
.1.( " ) IIIny aJoIlIJlITynol pIICceU.1l A I • !!Onao l 'I' r 11811IlJllllell •• ~C(:••B11IODlBIl lI;ell'l'p : 

.... 
- lIr r 

A 
I 

= .......L 
2.. -. ~ 

J e t I ( ," ) '" ( ; ) dar 1 (9) 

r ll. 
I 

t 
.. 

(r ) ~ - _ 
•21T b .. 

___ II 8 ( t - R 
If. I 

) SlBJllIII'J"eIl O••paTOpoW paccellllll. -ro lle.llTp8 II 

oTC)'TCTBBe n pyru paec.ea.a'l'8l1eA, If. - w.cca lJlIllaIODI.' ~IICTlnll'" 

Ha ( 9 ) c lleQeT, 'l'!'O IUoC.IID"I:"YAY A ( z ) WOlll.110 3&IIJlC.,.. B fop...: 

... Ik. 
A( z ) . e • '" (z) , ( 10 ) 

rne '" (,,) - lIOua B Toue s BJl7TPB .,.acnllX.. 

CP_ml!I" (8) B (W) . U%OJlD(. 'l'!'O 

2 (k".
e 

'" ( z.) =
0+1 _(~1 ) .e ZhL 

0+1 

+ 

(I I) 

:aiklaL 

+ ( a-I 2 e ... IIL•• 

e 
0+ 1 0+ 1 1 _(~1 )' e Zk.L 

n+ l 
Kao: R.AI.... acM>aI<TB8Ball !!Ollila B nnaCTBBxe COCTOBT B3 llBYX BOU. paClJpoCTpSBlJlODlIlXCJI 

8 IIpoTIlBODOIlOllUJblX .alJpaBnell1UlL Bol1ll0BOil IIGI<TOP STU BOM k' = h • O oco:onhl<:y no 

IIXOlltAenll B cpellY 'l8CTe. OJlllCWBanaCio nllOCl<oA !!On.Boii elk. , _1111'0118 D = v'~ 
k 

llNe8T cWhlcn DOO:liaaTe/U1 rrp.nown..... Psaollllrllil 3.RSWeBaT./no 8 8 b'plIlIIeBIlIl.El1UI '" (z) 

B PM. "'OllUJO 38a:acaTb BOnay II cpellO '" ( z ) !I 811ne cy...",w npoXOnRJIlaX B OTpall<eUlfblX 

80na: 

l1l1l1f/i ( z ) = ~( 1 + ( ~I) ' e2Ih L + ••• ) e • + 
0+1 0+1 

1 2 4'tDL -iku . (1 2)+_2_ (~ ) ( e 2tkooL + (~ ) e + ••• ) e 
D+ l 0+ 1 D+l 

H3 ( 12) TOrna cnenyeT. 'I1"0 BelUl 'lIJla IIDnneTCII o:o9!M>lUtlle llTO... npoXOl!Ul811111l, 
0+1• -1 

a !Ienll'IBIIS - o:oa<P<\>l!lllleRTON OTpa..O••II. 
• +1 

Hs l\.aew Tene pb aonl')'. rrpomeJl.wylO 'lc poa onscTs mt:y. 06w'I.llo np. IlBllnOrll'l1i bIX 1IbI

'f8ClIe~ ~x Ile Y'IlITblsalOT Toro, "I TO sMnllJlTyA6 p a c c ell.Rlln 11 CpeAO OTnlI'la8TCIl OT a ... rrllll

''711 bl p a CCeSllJ ...' 1130nllPOB8101b1... lIeQTpoM II " TO.,y 1I(e a 8BIICliT 01' rrOnOll<8 HHlI' paCCeHI>8Te

121 
Jill DllyTPII CPOllbl. 009TOIoIY IlOllo 6Hble 8b1'l.a:cneIDIH OTHOCATCH TOnblto I< TOluoA Jrll8CTII.mt:8 

np" nOJ\olOIUII BlliilIelllloii Bbl lUe a a.mJIlfTynbl p aCCe SlltllB ( 6 ) Mbi MOltC"M BbI 'lIlClTIlTb npo 

mOllmylO II oTplilKeunylO oonHbI TO'lBO n llll 111060 >< TOIlUl"If1<! nnaCTII_. L B caMO'" Jlelle~ 

as jJ4CCTOR'_1I OT no pells e:l nOIl"p JUlOCTII CliO!! npomenrolUl !!OIlHS 

5 

http:pIICceU.1l


L Ik>/.lItC _ . ) 1 

.,. Iki Ik . 

a. e .- e + 2rrp f I f e r d r I A (z ) d z , 
o "; r ·~ l -. ), (lS) 

'ITO Juun- Docne . !lTeJ"p. POIlaJlISI no r 
L 

o/J _ elk! ( 1 + _ 'Jnp I f A (z) h ) . a. 11 
Q 

113 ..Terpa.....oro ,.paBlI. ..... (7) c.ot.lQ'eT. '1'1'0 

L 

a( 1 + ~ f A(s ) dz ) ~ A(L ) (14)
11 

nOACTaanu ( 8 ) • (4) a (IS) . D01l)"l...... 'ITO JIOa.., npomeJu." U pe3 enol! TOaDOI.ol 

L , Jla PII~.IDl. OT n .pen H •• D.OMPUOCT. ClIO. lINellT BHIl: 

4m lIIaL Ik(l - L ) ~ [1 _ ( m-l ) · .k... · 1 

1 e e ( 16)&+1) 6!- 1 e'"a. 
E CJtH 11 Lim 0 «1 • TO lip. "0 L- mf1 • - 0 , 1,,2 ••• lIN..-r w.c:TO IrO_O. npo

x OllQle JDIe DO_hi Qepe.3 una CTIIH1Q'. 

O.pellelt.... Tene ph 1IOlIBY ¢ (l ) 1\ TO"IXe llO Ill!.IICTJU][JI. MOJKao, RU • palDdlle. 

DOE.8aan. 1JTO: 

L 21...Ikl 'brp .Ski 
~ (0 t + __ It f ·A(.) l cI.z. (18)

k o 

BocnolD>3,.eJo(cn Tellepl> HHT8rpan1a1lblN 1]MI1ID1Dl.... (7), corIIIIC.O ROTOPOW)' 

L '!:Ilk • 

.l:!!.e.. if 'A(z )e d; -...! A ( 1- 0 ) - 1 . (17)
k • 

113 (8). (t 6 ) • (1 7 ) cnellYeT, '1'1'0 OTpa:.,...all OT lIlU1CTa11D1 110... Dilee-r au: 

1 _ e ..hL 
.p .ut ( _~l)e e 

0 .. , lUaL0+1 1_(0-1)3 e 
a+l 

·'kt (_~ ) 11 _ 4u aka _ ~ ( o- l)~e 41k.L ( 18) 
- e IH-l (u+l)~ e (lH-l)2 D+ 1 + •• 

2(m - 2) 1(.·O IJr..L 
~ (...!:.=!..) e + ••• I . 

(IH-l) 2 n+ l 

B 

http:TOaDOI.ol


nep llbl ft wes STOro p SlA8 COOTBeTCTByeT BOnae, OTpalKeBBo A 01' aepellsel! CTeSllll. 

BTOpo !! 'IJIell COOTBeTCTlI,.eT BOnae?OTpalKeSRolI 01' 3aAueli CT~UlJ[a a BblmeA1l1ell '1epe3 n9pell

RIOlO, m - bill - BOnae, sCllIoITaBmell :l{ m • 2) OTpa ll<9nll a B&mI9nmell '19Pe3 nepelUllOlO 

n o sepxROCTh cnoll. 

~ 
1-1 3 ( 14) BblT9Ka e1', 'ITO ups k Lim R _« 1 a up8 k D L =m11 O1'pall<91fB9 OTCyTC1'B,eT. 

CJ!eAyeT oco60 n OA'I9pIllYTb, 'ITO WbI 83 VCTO WBlI:poClI:ona'lec lUI lI: c006palK9mrll nony

nIDI NOpal) 6 ec1I:0 89'IB0 mapoJ<oro CIIOJI" n OI:838Tem. npenOWn el!JlSl, Ko"q,q,BUSeBTbI npoxox

nes a .. a o1'paX9 1U1J1, none s.rrp. cpenb[ 8 Bne e e Wbi onpen91D1na, 3 Ha .. COOIlC1'88 all)lIlBR

n y a /lhJlbIX pac ceaaaTenell a Y'lB1'lJ.8aJI w.aoroJ<p8THoe pacc elUlJle. MollUlO CAenaTb c neA,.IDIlIRI 

IIYBOn : npllnBIlWIbl9 3118'leJUlR WUpGCII:OIIII'l9Cnx aapaweTpoB Cpellb! ..o:a.ao non,.".1''' a3 

NJlJ[POCJtODI!'I9CII:IlX xap8J<TSpSC1'SII: lUIJlaBBll,.an.bIlbIX '1aCT;wn 6e3 DpRane'leJlllII AOnOnaRTenlo

SblX c006pa lKeBllII TilDa TpaIII!'iJrbIX ycnOBlIlI TOnllll:o TOT/la, Korlla DplII!JIMaeTC ST so BmrMILIlB9 

WBoroKpaTBoe paccesma:e. r p alllr'lBble ,.cnOBBJl lip. 9'I'OW cawa n o c e 6e cneny.". 89nocpeA

CTBeBJlO a3 MallpocaollB'IeCJtax xap8J[T8paCTU BII)l8Ilu ,.anwrbIX pacceaaaTenel. 

B cmr ue IIpaBBWlITlo BO BllIW8JIlIe w.aoroJ<p8Ta09 pacc9S1ne, TO .npaIlllJlrmam..8:0 BeB03

WOlKHO /laTb npallana.BYI) W11I1:POCJ[OIDl"9CII:TJO T90palO DpoXOll<neUR IlOna 'Iepe3 B9m eCTBO. 

'fTO llacaeTCSI n 01l:83aT911l1 upeno..nelDl•• TO ero wo..o DOny'IBTJ. IDIm .. B DepBow Dpa61O

lKella. BYTeW COOTBeTCTBY1Omel 8S'l'8pupeT8DSa a3We.8: • .8:aSl $a3b1 BOnay upa n poXOlKA9mr. 

'IepS3 6ocl:os e"lBo TOBI[BII cnoll.. 

II . 

n YCTIo 1'snep lo pacc eSBaBJmae ae.Tpbl, 0 6 p a3YBJmlle c noll, pacnonOllleBbI B CTPOrolol 

DOpllAJ<e, aanpawep, B BR/l. lI:y()a.eclI:oI pemB'I'KR C n epROAOW d • CaCTe",a ypaBssSRII B 

9'I'OW CIlY'Iae Dp81llDUleT IIU: 
tt 4V<t-t) 3 +{D_ al ~m _ f) 2 

e 
A = 8 + 8 :t' _--=======~e Ik dJo A f (19)

I.t • .l d.J(f-t)2 +( n-g) ' +(m - f) 2 mD 

B aTO'" BblpBlKe BJlll m n 11' npllll8W8BJT nOll0lll.TenbDblO 8 OTpllIlaTOIlloBblO neUble 

3ua.enll - oo .<n , <~ 0< m < f ), 'Illea, COOTB9TCTBYBJmslI m e f 

• = g l = t ) !I cywuy se BlUlIO'IaOTc ll. n penCTaBa", ce6e, 'ITO npoCTpaaCTBO 3an onne

HO ry6uaWil co CTOP0 8011 , B nOllTpe J[alltAoro 8e J:OTOPblX H8XO/lSTCR pacce.S8Tero.. 

n OC80UJolty B CYNWY lie BXOIlRT 'llI9S, oooTooTCTBYI00[811 ( f, g , t ) - p a CCe"B4T9nJO. 

1t16na, COOTBO'l'CTB11OII1J:e Bcew OCTam.SblM pacceRr'T91U1W, 38nOllJl"-lOT lIUUtpoCltOnR'IecllRII 

0 61oe.. c DonOCTbJO B BRlle J:1i5ua C oi51oeMoN d ,B lleBTpe J:OTOPOro BaXOD8TCII pllC

1 ~41
xl n OAPoi5Rb!iI a ~an.3 paCCOSlBBII 'Iac'l'an 88 WlIltpoCJ:omr'leCl[ON TellO CN.TaltlK9 B 

B ~CTBOCT., B/ 31 p a CCMOTpeao KorepeBTDOO P8CCOBHBe ua mape. a aDn8PBT, p43B.TblA 
BI B03BOn"eT Kccn9nOBBTb n poxOllUle88e J:ON!peRTBolt BOnabl 'fOpe3 nnaCTSUY. 

7 

I 

http:COOTBeTCTlI,.eT


'A -. +. 1:' 
'.' alit 

(20) 
+ I a I sia t dy(t-t)l+{a-r;)3+(m -fP A ••t 

••r dv(t-t)~(a-I)2 + (m _ f) 2 

B cny'f88 kd.« 1 BXOJlIlIUO II (18) e,.,._ YO.......~ lIJ1'Nrpa4awJl. npII S'I'OW 

cywvr 110 J[oclIJIYCaw HYJDlO 3.Uol8UTb "lDITerpanOM 110 oth...." IUIaC"r'IIlIQI C JIOAO~ID B 

BU8 J[,.6na ( f ), B 1t000poi paeIlOAOlI<•• pace••Ba'N& e m.d • 11-& t-t 
• cywwy no cw;"-6J. - U'l"OrpIUIOM JIO Be• ...,. 06......,. JIlI8eTaDll, 1l0CDS '181'0 CIICftMA 

(16) IIp.......T Ball: 


A (:.:) a a+ ~ f co. k I i' - RI eIk(~) d" + 


d'v -O Ir:"R"1 


u.. t{-.)sla II I i' - R e d'r-1koA(s), 
It- i I 

T." 


A(:.:) = • + -}. f 
(21) 

co. II I? -RI e lk(~-.) A({) d t - I II • A (a ) • +.oJ Ii -R I 
OIlODa UT8rplUI. DO 1I01l0c:'!'. 1I01t.ablUH. 'ITO 011 aaOellT BI<II8Jl IIOPa,lllt. & A ( .. ) 

d 

B pe3yn.-r.Te JlU 0np8A9D• .-.a ~YAbl paecell.... Wbl JlOn:rorw LIrTe~l!O. 

ypAII1I8De BAA.: 

A(l' ) - a+ 2!.!.. I f A({) d(+ 
k d' 0 

r. 

+ :m. 
k d ' 

Ie -:Ilk. f Aa) e De' de -( ~+ lk. ) A(s). 
d 

(22) 

l+...AS:-+ ih 
d 

8 

http:pe3yn.-r.Te


L :Ilk).
A(z }= b + 2rrb J A( e) de + ~ Ie -:IIko J AWe de. (23)

k d I k d a 

C llellOBaTGllbBO. Ilo EoaaTell" .llp8110",nemlll BOaBhl. npoXOllllIlUA '1epe;, E P" CTOIl1Ul'leCIQ'IJ Ilnoc

TIa:xy. IINee T IIIll: 

D=v'l + 4ITb 
( 24)d Ik ; 

Be 
BeJIII"lllU __ Nalla n o epaBlleOIO C a • BDOCDT B~ TOn hEO B peanLBylJ 'IoCTh 119

d 
n ll'lUbI • n OaTeWY .... 6 yne .. ee B 1l0_BeRmeM OT6paChI1IoT b. Ecn ll .Me eTClI ~CTOb 

yupyroe P8CCeIlBlle. TO Da OCDOBIlBIII O.DTK'I8CIoA TeOpeNbI 

1m 8 - k I a I ~. ( 25 ) 

II lIerlto BIlla Th. "ITO NIIIINolI 'f8C'T& nOI8ao'l'9lU1 npenONnea.1I IIpll BbIlIOJlBea1l1l ycn o BlUI (25) 

p811BA l17aJo. OTCIJAa e llen),,"', 'ITO B OT9'f11e 01' cnY"8.11 X80TII"leCD pacJlpen enellllblx lleBT

poB ~ I18.JIII"'IlO 'I'OIIhII:0 ynpyroro pocceilBIIII noltoaOTeJIh npenONnellK1I SOIlSbI, n poxoll'lmleA 
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