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§ 1. Bsegeaae 

J.1CCIIe.llOB8BRe 8B811BTB'IeCKBX CBOICTB pellliTBBRCTCKRX 8MIIIIRTy .ll pacceRHRSI y.:a-

3bl88eT R8 TO, 'ITO 8MIIIIRTY.lllol paCCeRBBR ll KOMUIIeKCHOil IIIIOCKOCTB yriiOBOI'O MOMe&

T8 MOryT#KpOMe DOJ110COB,06118.ll8Tio .a.pyrRMR OCOOeRROCTRMB, B '18CTHOCTR, .llBBlKYlUB-

/1 la/ 
MRCR TO'IK8MB lleTBIIeHBR 

0 
, KOTOplole MoryT OK838Tio pem&!OIUee BIIRRRRe R8 8CBMIITo-

TB'Iecxoe aose.a.eaBe apR BloiCOKBX saepraRX, OcBOBBoll llpB'IRHOil Taxoro aose.a.e&BR RB

IIReTCR BIIRRRBe MHOrG'I8CTR'IHbVt apoMeJKyTO'IBioiX COCTORHRJI: B peiiRTRBRCTCKOil TeOpBR, 

no&TOMy 3R8'1BTellloRiolll BRTepec Upe.a.CT8BIIlleT R3y'leRHe HepenRTRBHCTCKHX 38.ll8'1 C 

MBOJ'O'I8CTB'IBioiMB llpOMeJKyTO'IRioiMB COCTORRBRMII 0 KOI'.ll8 RMQ!OTCR TO'IBiole yp8BReBBR 

.lliiR aMIIIIBTY.lllol pacceRBBR, B '18CTHOCTB 0 KB8B~Bo-MeX8RB'I9CKOil 38.ll8U TpeX Ten, 

nouloiTK8 B3y'leHBR 8B811HTH'IeCKBX CBOICTB 8MDIIRTY.lllol pacceRHBR .llllll 38.ll8'1B 

TpeX Tell B DIIOCJiOCTB KOMIIIIeKCROI'O YI'IIOBOI'O MOMeRTa 6blll8 Dp9.llllpiiHIIT8 B p800Te 

HloiOTOHa/
2 /, r.a.e 011 DpHXO.llBT K 38KII!O'IeHB!O 0 cymeCTBOB8BHR ISecKOBQ'IROrO MHOJKe

CTB8 .llBB)KYlURXCSI paape30B B IIIIOCKOCTB KOMDIIeJtCHOI'O yrnosoro MOMeBT8 x/, 0.a.B8KO 

&TOT pe3yllloT8T MO)KeT 61o1Tio Be BDOIIBe KOppe&TBioiM BCIIe.llCTBRe ReO,llB03H8'1ROCTR 

/2 8/ 
1fpO.llOIIlK9HRR MOMeHTa KOIIB'19CTB8 .llBB)KeRBSI B KOManeKCHy!O IIIIOCKOCTio ' B aeo.a.ao-

3R8'1ROCTB, aMe10mellca B ypasaeHBB fannMaaa-illsaarepa .a.llll apo6neM1o1 Tpex Ten, 

nt ~~ 
l.fT061o1 Ba6elK8Tio 9TRX Tpy.a.HOCT A, 0MR9C RCXO.llBT B3 ypaBReRBll: ¢>8.ll,lleesa 0 

38DRC8BRbVt .lliiSI aapaB&IIIoRioiX BOIIB, B O.lJ.SI IIHWio IIOIIRiolll MOMeRT &ceil CBCTeMbl, no-

3BTBBROe 38KniO'IeHRe &TOll pa60Tiol COCTOBT B TOM, 'ITO 8MIIIIRTY.ll8 pacceSIRHSI Ra CBR-

38RHOM COCTOSIHRB SIBIIBeTCB MepoMop4JHOA B UIIOCKOCTB K()ManeKCROI'O yriiOBOI'O MOMe&-

1 nt 
Ta, eciiR SIBIIReTCR MepoMop4JHb1M pewease pacwspeRBioiX ypasaeaall <l>a.a..a.eesa , 'ITO 

caMo ao cel5e ape.a.cTaBIIReT .a.osOIIIoBO Tpy.a.ay10 MaTeMaTR'IeCKY!O apo6n:eMy, Cne.a.osa

Tenloao, soapoc o MepoMOptPHOCTR aMDIIBTY.llbl pacceRRBR ocTaeTCSI OTKploiTbiM, 

UenloiO H8CTOSI1Uell: pa60Tiol RBJIReTCR B3y'leHRe 811811BTH'IeCKBX CBOIICTB 8MIIIIHTY.lllol 

paCCQSIRBSI .llllll 38.ll8'1R Tpex Ten, KOJ'.ll8 llpOBCXO.llRT pacceRHBe CBOI50.llHOil '18CTBDbl B8 

CBSI38HROM COCTOBBBB .llByX .a.pyrRX '18CTBU, 

B 12 apwso.a.RTCSI ypasae&BR ¢>1l!l.a.eesa, aallllcaaable a BMIIYIIIoCROM upe.a.CTasne&BB 

.lliUI 38.ll8'1B pacceBBBSI B8 CBSI38RBOM CObTOBBBB .llBYX '18CTRil, O.ll118 &3 KOTOpGIX &MeeT 

6ecltORe'IBYIO Macey, 

B IS apoBase.a.eao paanoJKesae ypasaeHBI <l>a.a..a.eesa .a.n:R &TOll aa.a.a'IB no napna-

• 

x/ 

s 



8 114 pa3BBT8 T80pRll B03M)'1Il8RBI .ttnll :yp8BR8RBI Cl:>a.tt.tt88Ba 1 B paapaiSOTaRa cOOT

B0TCTByiOlU811 .ttRarpaMMHSH TeXHHK8, l-13)'"1:0Rbl 8HanBTB"1:8CitB8 CBOICTB8 DpOCT8IlUBX 

.ttaarpaMu a unocxocTB xo~nneKcKoro :yrnoaoro MOM8HTa, OIScy*haeTcH TaJtoA ~~:nacc 

.ttBarpaMM, ltOI'.ttS pa3p83bl, BM01DlUB0CB ·B Ka)K.ttOM "':nel!e pll.tta, HC"1:038IOT DpH CyMM&

pOB8RRB, 

12. YD8BR0RBII 4?8.!1,!18888 

PaCCMOTpBM 38.tta'ly p8CC8lii!Bll "1:8CTBilbl C Maccol m J Ra CBII3aHHOM COCTOIIHBB 

'lacTau c MaccaMa m
2 

a m
3 

• B:r.tteM C'fBTaT& TpeTJ.JO 'ISCTBil:Y 6ecltoae'IHO TR>KenoA, 

T,8. npRMeM ee aa aeno.ttBJt)KHbll cxnoaoa ue&Tp, O:ycT& aaaaMo.ttelcTBife Me>K.tt:Y 'lac

' Tlfll8MII OC)'1Il8CTBIIlleTCR .ttBYX'I8CTH"':Hb1Mif llOT0HilH8D8Mit1 Talt 'iTO I'8MHn&TOHif8R CBCTe-

Mbl RMeeT Blt.tt 

.... ....,. ~ ...,. 
H =Kt + 1C2+ ~/tt)+ Vt2(tt-t2) + V23 (t2), /2,1/ 

r.tt8 r 
J 

ueaTpa, a 

It 

[{ 

t - pa.ttRyc-B9KTOpa COOTI!eTCTBYIOlilBX 'laCTBil OTROCBT8DioHO CBnOBOrO 
2 x/ 

H [{ - HX ltBR8TH'I8CitB8 8BeprBB : 
J 2 

K 1 =-V
1
-, (i=1,2). /2,2/ 

M 8TpR'IRbll aneM9BT, Onp8.ttenHI01Illfl 88pORT ROCTio nep8XO.tt8 R3 H8"1:8DioHOI'O COCTOIIBIIII 

B ltOH0'1R00, 381lBCbiB8eTCII B BB.tte 

R =(<ll
1
,[V +V ]'1'

1
). 

If 13 12 

/2.3/ 

I 
· 3.tt0Cio <ll - BODBOBall tP:YRKilBII ltORe'IHOI'O COCTORHRII·, HM9101Uall BB.tt 

I - I t't't -+ 
<ll = ( 217) 

3 2e 0 1 ¢ , ( r ) 
"o 2 ~1 

/2.4/ 

k; - BMDyn&C D8.tt8101Il81 '18CTHilbl nocne pacceRRBB, a c(; ,(r;)- BODROBSB tPYRKilBII CBB-
. "o 

38RHOI'O COCTOIIHIIB BTOpOA 'ISCTBI(bl, BBilRIOlU8BCII peweRR9M ypaBR9RRII illpe.ttBRrepa 

[K
2

+V (t)]¢(,..)=-• ¢(/), 
23 2 n 2 n n 2 

r.tte • n - saeprBR CBli3R, 

.I 
BonaoaaH ¢yHKUHB 'I' 

raeM&IX: 

x/ 
Mw 6y.tteM C'IHTaT& 1i 

,. 

ecTecTBeHRbiM oopaaoM paanaraeTcll 

'I' 1 = lji(I)I + 'P (2)1 + ljl(3) I 
', 

2m = 2m = 1. 
I 2 

4 

/2,5/ 

aa cyMMy Tpex 9na• 

., 

liBilli!QlUBXCII pewea&eM R3B8CTR&IX RHTerpan&RbiX ypaBR9HBI <lta.tt.tt88Ba 

(

'Jl (I)I) (ell) 
'1'(2)1 = = 0 

'1'(3)1 0 ( 

0 r
23 

(z) 

- G (z;' T (z) 0 
0 IS 

~p) ~/") 

T23 (z) ('PCIJI) 
T

1
/z) 'Jl (2)1 

0 'P (3)1 

t 

I 

r.tte <ll - BOnROBaJI tPYRKilRB, XapaltT8pH3YI01Il8JI Ra"l8n&R09 COCTOIIRRQ c 

ko 

rpxaa 

...... 
I •3f2 lko• I -> 

<ll = ( 217 ) e ¢ "o ( r 
2

) 

RMDyn&C Da.tt8101Il9A '18CTBilbl .ItO p8CC911RBII, G
0
(z) IIBnlleTCH CBO 

G 
0 

(z) 
•I 

( H
0 

- z ) 
1 

H
0 

- nonHaH ltBBeTB'I8CKaB sxepras 

a 

z 

2 
ll

0
=I.K 1 

I= I 

En + i'TJ 1J ... 0' 

r.tte E" - nonaas ea8pras. 

MaTpBilbl T,k (z) onpe.ttelll!JOTCII ypaaaeRBliMB 

T1k (z) = V1k- V1k G0 (z) T1k(z) 

B IIBIISIIOTCII MaTpBUaMB paCCQBHBII anH 3a.tta"':H .ttBYX Ten, 

Opx BY'IRcneHBB M&TpB'IBOro sneMeBTa /2,3/ aeo6xo.ttRMO npoao.tta 

' DO tPYRKilRBM CBII34BROI'O COCTORBBB, KOT0pb19 C'IBTaiOTCB H3B8CTRbiMH, 

.ttan&BelweM ISy.tteT Y.ttOISBbiM BCXO.ttBTb B3. H9CKO/IIolt0 BBllOB3MSR9RBOI 

aeaaA ct>aaaeeaa, 1-1Meaao, BMecTo cao6o.ttaoA tPYRXIlBB rpaaa ·o
0 
(•) 

cj)yaxuaJO rpa•a. G23(z) , onpeaenaa ee cne.ttYJOlilBM oiSpaaoM: 

G (z) := (11 + V (t ) - z) •I, 
23 0 23 2 

C HCDOnlo30B4BB8M /2,13/ ypaBHQRRR cl>aa.tteeaa MO>KRO 3811HC8Tio B CnE 

(2) I 
'I' = - <Ill-

(3)1 

'I' =- <ll,
(I) I 

'I' = <ll, 

'" (3) I 
'G

23
(z) T

13
(z)'l' , 

'G (z) T (z)'l1 (
2

)
1 

23 l2 

5 
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aopHll B03MyiU8HB8 .rtnll ypaBH8liBA <SlB.ll.ll88BB1 B p83pa1SOTBBB COOT

MMHAII T9XHHKA, l-'f3Y'I9Rbl 8BBnBTB'I9CitB8 CBOACTBB llpOCT8AWBX 

•CTB JtOMIIneJtcaoro yrnoaoro MOM&BTB, OIScy>KllaaTcH TaJtoA Jtnacc 

,8 ape3bl, SIM910IUH9Cll ·s ltBlK.llOM 'lneBe pB.llB, HC'I93810T llpB CYMMa-

IJ2. :YpaBB8RBII 4?a.rt.ll88Bf 

IB.llB'IY paCC8SIBBll 'IBCTBUbl C MBCC08 m 
1 

BB CBSI31lHHOM COCTOIIHBR 

m
2 

B m
3 

• By.rteM C'fBTATb TpeTbiO 'IACTBUY ISecJtoHa'IHO TlllKanoA, 

9110.llBBlKBbiA CBIIOBOA U8HTp, OyCTb B31lBMO.ll8ICTBB8 M8lK.llY 'IBc-

2 

Cll rtBYX'IACTH'IHbiMR IIOT8BUBBIIBMB, TBit 'ITO rllMBnbTOHBilB CBCTe-

.. ... .. 
H = K, + !(2+ ~/r,J + V1/'1-r2) + V23 (t2), /2,1/ 

pa,llByC-B8KT0p8 COOTBeTCTByiOIUBX 'IBCTBU OTHOCBT911bBO CBIIOBOro 

x/ 
- HX ltBR9TB'I9CKB9 8BeprBB : 

K 
1 

= - 'II 
1
- , ( i = 1, 2), 12.21 

, Ollp9.ll9nHIOIURA BepOSITHOCTb 118p8X0Llll B3 BA'IIlllbHOro COCTOIIBBB 

88TCII B BBll9 

t I 
R = (¢ ,[V + V ]'I' ). 

It 13 12 

/2.3/ 

ASI tPYBKUHB KOB9'1HOro COCTOSIHHB, BM910IUBII BR.ll 

I ... I tk't -+ 
¢ = ( 2TT) s 2e o z ¢ , ( r 2 ) ~ 

"o 
12.41 

~ 
IU98 'IBCTBUbi IIOCne paCC9BHHH, a cp , (t:)- BOIIHOBBII qoyHitUBII CBII-

. "o 
aTopoii 'IACTHUbi, IIBni!IOIUallcH pewesHeM ypasseBBII Wpen&srepa 

.. .. 
[[(2 + V23(t2)]¢n(t2) =- 'n ¢n(t2) 1 12.51 

CBB3R • 

HSI 
. I 

'I' 9CT9CTB9HHb!M Ol5p&30M paanaraeTCII sa cyMMy Tpex c;:na-

'1'1= 'I'OJI+ 'P(2JI+ 

TATb fi = 2m = 2m = 1 • 
I 2 

4 .. 

'1'(3){ 

' ' 

RBIIRIOIUBXCII peweBB8M B3B9CTBbiX BHTerpllnbBbiX ypaBB8HB8 4?Allll88BB 

(

'1'(1)1) (¢) 
q/2)1=" 0 

'1'(3)1 0 

123 (z) ('1'(
1
>
1
) 

1
1
/z) 'I' (2)1 

0 'I' (3)1 

' 
( 

0 1
23 

(z) 

- G (z)" 1 (z) 0 
0 13 

~/"') ~/z) 

/2,7/ 

I 
r.lle ¢ - BOIIHOBBII tPYBitUBH, XBpBitT8pH3YIOWBII Hll'lllllbH08 COCTOHBH8 CBCT9MW .... 

1 •312 "'o'1 .. 
¢ = ( 2TT ) e ¢ "o ( r 

2
) 12.81 

ko 

rpBHB 

BMIIYIIbC 118ll810IU8A 'IBCTBUbl llO pacceHHRSI, G
0
(z) HBnHeTCH CB06ollB08 tPYHIKUHeA 

•1 
G 

0 
(z) = ( H

0 
- z ) 

1 

H
0 

- IIOnHaB JtBBeTK'IecxaB eseprBH 

a 

z 

2 
ll

0
=!.K 1 

I= I 

En + iTJ 

r.rte En - 110118811 aseprBII. 

TJ .. 0 , 

MaTpB!llll r," (z) oupe.deiii!IOTCII ypaaaeBBIIMB 

1 1" ( z) = V1" - V1" G0 ( z) 1 11,(z) 

B SIBIIIIIOTCSI MBTpBilBMB p8CC911HBII llnH 38.ll8'1B llBYX Ten, 

/2.9/ 

/2.10/ 

/2,11 I 

/2.12/ 

Opx Bbi'IBcneHBB MBTpB'IHoro aneMeaTa /2,3/ aeo6xo.rtBMO llpOBO.llBTb ycpe.rtsesa .. 
110 qoyHitllBIIM CBII31lBHOrO COCTOHBBII, II:OTOpble C'IBTBIOTCII H3B8CTHbiMB, 009TOMy B 

.llBIIbB8IIW8M ISylleT Y.llOISHbiM BCXOllBTb B3. H8CK0llblt0 BB.llOB3M8B8BBOI CRCT9Mbl ypaB-

B9BBii ¢B.llll99BB, VfM9BHO, BM9CTO CBOISO.llHOI tPYBitUBB rpasa G
0 
(z) 

tPYBitllRIO rpltB.a. G23(z) , oape.rteiiBB ee cne.rtyiOIUBM ol5pa30M: 

•I 
G

23
(z) :=(11

0
+ V

23
(t

2
)-z). 

Mbl BB9.ll9M 

/2.13/ 

C BCIIOIIb30BilHB8M /2,13/ ypllBB8HHSI 4?B.llll98B8 MO>KHO 38DIIC8Tb B Cll8llYIOIU8M BBll8! 

~ 
~ 

'1'(2)1= - ¢ -
I 

(3) I 
'I' =- ¢1-

( 1) I 

"' = ¢1 
,. 

= (3)1 
'G

23
(z) T

13
(z)'l' 

'G (z) i (z)'l'(
2
)1, 

23 12 
/2.14/ 

5 

'_I 



rile T (z} B T (z) 0Dp&Jl8DRIOTCR R3 ypaBRaRRJI 
IS 23 

11 /z} = V13 - V13'G 2 /z)T
13

(z) '> /2.15/ 

T (z) = V - V 'G (z)T (z), 
12 12 12 23 12 

Ha OCHOB8 ypaBR&RBll /2,14/ 83 M8TpB'IROI'O 8DaMaRTa /2,8/ MO>KRO RCKUJOq&Tb DOTaR

IlB 8Dbl, B pe3)'DbT8Te '191'0 Jlnll SMDDl!T)' Jlbl paCC&liHRll DOD)' 'IBM 

R = ( <11
1 T 'P(3)1

+ i 'JI(
2

)
1
). 

II 
0 

13 12 
/2,16/ 

¢yRKilRH lpRR8 G 2/ Z} JlB81'0H81UtRbl B Dp&JlCTSBD&HBH 6a3RCRbiX cj:lyHKilHII, IIBDIIIO!LlRXCII 

cotScTBeHRbiMR cj:lyRKilHIIMR ypaBR&BBI illp&JlHRrapa C 1'8MRDbTOR88BOM /2,1/, B ltOTOpOM 

DOT&RilR8D ~1 (~--;Jt)=O, 8 8TOM 6a3RCe pemeBBll ypaBB&RHII ¢BilJl&eBa 'JI(2) R 'JI(3) 

38DBW)'TCR B BBJle 

I .... (1) """ ..., •lp -+;+ -+ . ... ....., 
x()(n,p) = 1 ('JI (r ,r )e 11¢*(r )dr dr 

1 ( 2 1T)3/2 1 2 n 2 1 2 
/2,17/ 

( j = 21 3). 

Y'IRTbiB8R /2.17/ R JlR81'0H8DblfOCTb cj:lyHKilHB rpasa G23 ( z) B Bbi6paHHOM npeJlCTBBDGHHH, 

ypaBR&RRH /2,14/ MO>KHO Dap&DRC8Tb B CD&Jl)'JO!Llell cj:lopMe: 

xc2>(nt:J=-8(;-k)8-
z z o ""o 

_1 __ (dp' (p It (z -• lfP'jx 
J 1 13 n J 

~(P 1 o< ,z) (3)( .. ,) /2,18/ 
n x X np

1 1 

(3) .. 
X (n,p1) .. .. 1 ... r a .. , .. I . = I , .. , (2) , .. , 8(p -k )8 - ((+ ..:.) p (np T (z)np Jx (n,p ), 

1 0 nn 0 q) ( p If I Z) n, 1 1 12 1 1 
1 n 

3.1l&Cb CBMBOD (I + () 0388 'ISeT RHTerpHpOB8BHe DO BGDpepbiBHOMy CD&KTpy B C)'M-

MBpOBaHBe DO JlBCKp8TBOM)' 0 a q}(Pz'<r{Z) 38JJBCb1BaeTCII B BBJle 

~ (p • z) = p 
2 

+ f - z • 
J, .n; 1 n 

" MaTpB!lbl t 
13

(() B T 
12 

yaoBneTeopi!JOT ypaeaeHHIIM 

(P~It1 /(JIP;J. = (P
1

1V
13

1;;> I ( P .. , I v u I ; )(; I t .. ( () I ; ; ) d; 
q 2_' 

-+ a -+ 
(np/T

12
In'p;} 

... ' ... ... . ... ... 
(np IV In" ")(n" "I T In' 'Jd " r , 1:1 P, "· •• ,, P, 

,2 
p -£ - z 

1 n 

.. .. 
(np11 ~21n'p; )- (~, + () 

n 

rae Jlnll MaTpaqaoro aneMeRTa BBeaeao o6oaaaqeaae 

..... 

6 

,. 

/2.19/ 

/2.20/ 

'/2.21/ 

I• 

/1~''· <l 

.... .... 
-+ .A -+ . ..f p 1 I -+ I ,/r' -+ 

(np IL ln'-p' )= ___J___ (e ¢ (r J!e 1¢ (r 
( 2 1T) 3 · n 2 n 2 • 

3aM&THM, 'ITO t IIBDReTCH .llBYX'I8CTH'IHOI! aMDDRTy.llOI! pacceRHBII B 
13 ~ .. 

DOBepXHOCTH~ B TO Bp&MR KBK T 12 He HMaeT TSKOI'O HCHOI'O cj:IH3H'I8CI 

npHBO.IlRT 11: cnallRcj:IBqecxaM anR aaaaqa Tpex Ten TPYllHOCTIIM, 

§ 3. Paano>K eeae rpaBaeaul <l>aaLieeea DO napnaanbHbl! 

BQDBaM 

,Llnl! R3)''19RBII aaanHTB'IeCKHX CBOI!CTB aMDDRT)'llbl pacC&RRBR B JI 

D&KCROJ'O yrDOBOI'O MOMGHT8 pa3DO:>KRM ypaBH9HRII /2,18/ DO DSpllRSDb! 

KOe pa3UO:>K9HHe YLI06Ree BCero DpOBeCTB C DOMO!Llb!O ~I -cj:lyHKUBII 

aa cDoco6oe paanolKesaH c noMO!LlbiO cj:lyRK!lBII Barsepa 6&tn peaiiR30Be 

ca. Jlpyrol CDOC06, 6onee DpHI'OllHbiii llDH paCCMOTpaHBH paccaliHRR B 

TORHBB, ocRoeas sa BcDom.aoeaaaa xoopLIHHaT Hxo6a. 

B aaseoll :>Ke pa6oTe c !lenbiO o6cy>K.aaRHH peaym.TaToB pa6oT 12 

paano>Keaae, DpeLinolKaHHoe H&IOTOHOM, 

nycT& f
2 

SO llGRTpa, a 

nonHblll MOM&HT 

- yrnOBOI! MOMeHT CBH38HHOrO COCTOHHBR BTOpol! '18CT 

f 1 - )'I'DOBOI! MOMaHT nepBol '18CTRilbl OTHOCBT9DbHO 

j ODp&LI&nHeTCH KBK 

J=f1+f2 

121 
BB&LIQM DODR)'IO CBCT&My cj:lyBKilBI! 

JMrn2 -+-+ """ }M -+ """ JMrn* -+ 
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YpaBReRRB /3,19/ BBIIBIOTCB IIBReiiRbiMH RRT~rpallbllbiMR ypaBR.BR 

CKOrO TRDA, 

4TOCibl R3Y'IBTb aRaiiHTR'I9CKRe CBOIICTBa pew&RRII ypaBHeRRII /3, 

j - ITIIOCKOCTH, B DepBylO O'lepeab Hao!SxoaHMO RaiiTR II:Opp91tTR08 aft 

aonmeHRe Haep HHTarpallbHOrO ypaBHeRRll, ¢>OpMallbHOe >Ka p9W9HH9 

MOmeT 1IpHB9CTH K COMHHT911bHbiM peayllbTaTaM, 8H8110rH'IHb!M llpHBeaaHHbl 

8 CSMOM aene, cpopM811bHOe peW9HHe yp8BR9HBB /3,19/ M0)1(9T 

neRO B BRae 

(I)/ 
X (pn;ko "o) .. 
e1 e,t; e~ 

(I)J 

Ne ll't'(pn ;ko n J 
l 2 1 2 ° 

D(f)J (z) 

rae N R D - nepBbll~ H BTopoll aeTepMBHaHTbl <l>pearollbNa, Bbipa~ 

KO MOI'YT 6b1Tb BblllliC8Hbi, oaHaKO Mbl OrpSHH'IBMCH nepBbiM IIOpHaKOM B 

(f)J 

(I) I 
D (z)-1-l:(I+J)fp 2 dp 

Keeee (pn,pn;konoJ 
l 2 l 2 + 

U n 0 
l 2 

D(p,-E e~z) 
n 2 

(I)] 

M bi XOTRN BccneaoB8Tb CBOIICTBa X 11:811: QJYHKilllll KOMDII9KCHOrO 

J • Cneays Hb IOTOBy, aonom BM J = et+r 1,rae r 

f2 Y'IBTbiBSll, 'ITO 

I E I 
e e e =o 

t 2 2 

I 
r=·f 

2 

M9RR9TCll OT - e 

B C'IRT8ll f1 KOMITII911:Cllb!M, 8 f 2 aeiiCTBBTellbH&IM R Il911biN, Nbl up 

Ty. paRae IIOIIy'laHHOMy HbiOTOHOM, n ellcTBRTem.Ho, opeacTaBIIBII tu 

l\ 
11 



II 

2f{+1 · JM 
I I I v-- r e·;e·1oMI JM J'!Ju (k; J x 

JM e;e·. e 1 4" 1 • 

• f 1 rs)J 
fp dp (k~l t13(z -Ene

2 
Jl P)Xe eo'e•i' (n;·pn0 k 0 ) + 

1 2 1 2 

JM 

fJ r P • cJp (k'n' I ~~'e e0!f" e" 
.. 00 I2I2 

(2)] 

I pn Jx f"l"f'l' (npn 0 k 0 )] • 
I 2 I 2 

/3,18/ 

ypaBH9HHil /3,13/ YLlOOHO 119p911HCaTb HX cne.ayiOlllBM o6pa30M! 

(I) I 
1 ( ·k n ) + ---ie e . f'.f'. pn, o o ~(1\E f• z ) 

12' 
12 

"2 

pn; kono} X 
/3,19/ 

(I)J (I)J 

f J I p" 
2 

dp" Ke e vv (pnp"n', noko)X f'f' (p"n'·;kono) 
1 212 viv2I2 

i = 4.3 e I 
(Piti

3
(z-Ene Jll J 

(pn ;k
0 

n
0

) 
lJ(p- ko) 

!- --- + 
k2 

2 0 

~(PJEnt!"} 
s s u· 8e e· lie t 

""o 1 J 2 2 2 2 
0 

lJ(p -ko) 
(pn; konoJ = - -yr 

0 
JM 

I Wee ·f'(' lko no> 
I 2 • 1 2 

(p,E nf fz ) 
lie e • 

2 2 

' 2 

8nn 8e t• 8 t t' 8 e t
0 

+ 
0II2222 

18.201 

/3,21/ 

(pnp"n'; n
0

k 
0

) 

ei 

("'p' 2dp' '1 (pltu (z-Enf2Jp' }x 

~ 'lJ(p;E nf ,z ) 18,22/ 
2 1 /M 

x (p'n I 'It I p" n') 
eie2viv2 .,. 

oko J = I p'•c1p· , 1 (pn 1·1tr e v v I p'n'J 
T{pt f.","J'z) 1 2 1 2 

.a IOK8BCKOrO TBUa 

(I r~ -; I> = g 
2 

!M 
ee v v IP"n') 
I 2 1 2 

.... I 
-1-'1·1-·2 

e 

I i'I - 1, I 

, BXOL!Rlll8H B HLtpa 

VI 

(p'l t18(z- E nf
2 

Jl p") • /3,23/ 

/3,24/ 

K 
(2) (3) 

H K , BM91!T BBL! 

e· • 
I p'n') = I ( 2k + 1} F 

k k 

(k) 

( e e e· e· l J) w • • f't'. (pn,·p'n'), /3.25/ 
1212 L1L2I2 

10 .. 

r.ae 

J+k 
F" (tif 2 l~ljJ) • (-1) y(2ti+ 1)(2l2+1 )(2l;+1)(2f;+l)x 18.261 

x wre,e;.e,e; 1 .tn{: e I e~) ( 1 e 2 t• 2 ) 

00 000' 

a 

(k) 

·wei t2e;t'2 (pn; p'n'J• fr/dri-~ •dr lk+y,(l-'r<JK"+J~-'r>) 0 
2 

2 --~=c-_ _:_ __ 
0 v-r;r; 

X /3,27/ 

xje (priJie,(p'ri)¢*,.e (r
2
)¢ T(r

2
). 

1 t 2 " 2 

3.aec~o w re I e; e • e·2~ k 1 1 ~ k em) - Koa'i"i'auaeaTw PaKa, cxo!SKR ( 
0 0 0 

- CBMBOnbl BarRe-

pa, 1 1< + y, B l{ ~< + y, - cpyRXUBB Beccena oT MBBNoro apryNeBTa, ,a (r > , r <) 

= (maz, min )r ,r • 
' l ~ 

Y'paBR8BBH /3,19/ RBnHIOTCSI nKReiiRbiMR BHT~rpan&RbiNR ypa&R9BBSIMB <}pe.aronbMOB

CXoro TBII8, 

l.fTO!Sbl B3Y"'BTb aHanRTB"'9CKB9 CBOICTBa p9W9HBil ypaBH9HBI /3,19/ 8 KOND119KCHOil 

j - IIIIOCKOCTR, B nepByiO 0'19p9Ltb H906XOL!HMO HaiTH KOppeKTH09 aHanKTB"'9CK09 npo

L!On>KeHBe SILtep BHTerpan&HOrO ypaBH9HBR, ci>OpNallbHOe >Ke peweaae 8TBX ypaBH9HBil 

MO>K9T npRB9CTH K COMHHT9nbHbiM peayn&T8T8M 1 8H8nOrH'IHblM npKB9Lt9HHbiM B p800Te/2 /, 

B caMOM .ae11~, ¢opMam.&oe peweaBe ypaaaeaaa /3,19/ MO>KeT obiT& upe.acTaB-

ne•o B aa.ae 

(I)J 
x (pn;k 0 n 0 ) "' 

e,e,e; e~ 

(I)J 

Nl f f'i'(pn ;k n ) 
I2I2 ° 0 

/3,21:1/ 
D(I)J(z) 

r.ae N a D - uepabll B &Topol .aeTepMaaaHTiobl ¢pe.arom.Ma, Bblpa>KeHKR .am1 HKx ner-

KO MoryT owrb BbmHcaHbl, o.aaaKo Mbl 

(I) I 

orp8HR'IHMCR 119pBbiM IIOpRLtKOM B 

(l)J 

paano>KeH&H D 

Keeet (pn,pn;kn) 
12I 2 ° 0 D (z)-1-I(I+[)fp 2 dp + ••• 

fl2 n 0 /3,29/ D(piE e~") 
n 2 

M bi XOTBN BCCII&.Q088Tb CBOICTBa 

J • Cne.ayR H&JOTOIIy, nono>K&M 

Y'IRTb188B. "'TO 

(I)J 

x KaK cjJyHKUBB xoMnnexcaoro yrnonoro MOMeHTa 

) = ft+ r ,,r.ae r NeBBeTCll OT - e. LlO f2 • Tor.aa, 

e 
.. 2 

I E ~ I 
e f e =o .~-e 

1 2 2 2 
13,801 

R C'IBT8ll f1 KOMDII9lll:CBbiM, 8 e, Ll&liCTBBT911l>HbiM R Il9RbiM 0 Mbl DpBLt9M X peayn&T8" 

Ty, plfl,l!ee UO!Iy"19HBOMy HbiOTOHOM, ,lleiiCTBBT9llhHO, Dp9L{CT8BnliSI ti
3 

8 DOniOCHOM BHLt9, 
I ,., ., 
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I 

{I)] 

nony'IJIM .lUIR D awpa>KeRRe 

f! CI{M) J A 

l: l: ( . lt.r (.., de • 
~-o ,...ltat-J l+r -e 

/3,31 I 

rae a(z) - aono>Keaxe aoiiiDCa Pea>Ke aiBI aMaiiiiTyaLI 
(IJ I 

a anocKOCTR I cPYDaaa x 

J+r 
t 

13 , 0TciOaa BKaHO, 'ITO 

, , a BMeCTe C RHMK K aMRIIHTYaLI pacceiiHKR 6yayT 

KM8Tb 6ecKoK8"lHO MROro aBK>KY'lUKXCR paape30B, 

Oa&aa:o BTK peayn&TaT&I MOryT o~~:aaaT&cR xe~~:oppeKTR&IMH no cneayiOlllRM npa'IHHaM: 

1. Bw6paaawl H&IOTOROM •ecTeCTBeRRLit• caocolS aaanRTB'Iecxoro npoaon>Keaaa 

Y'I'IIOBHX MOM-TOB Re IIBIIIIeTCR 04B03Ha'IHLIM; 

2. npa apoaon>K&DII B KOMDII8KCHYID olSnaCTb ao I ycpeaaeHHOe B3aawoaelcTBxe 

RanaeTcll aaaJUITK"lecKol 4:JyBKnKel I nKlllb apx ycnoBIIR Rei>-.J/2+ t, + li , TaB: 

II:U 0 5 t :,r·<• , TO 06118CTb all&IIKTII"lBOCTII Dp&KTR'I&CKII CBOallTCII K BY'IIID, 

3, Orpa&ll"l&RRe TOIIbii:O nepa&IM 'III&KOM pa3110>K8RBR B psra ~pearom.Ma MO>KeT 

oB:aaaTbCR aeaocTaTO"lRHM a, B03MO>KRo, Y"leT cneayJOmax "lneaoa paano>Keaall cymeCT-

B&RBO 113U8BIIT K&pTRsy, 

Tu K&K a KaCTOSIUlee apeMII oCSmee accneaoaaaae peweaasr ypaaaeaal /3,191 aec&

ua 38TpyaRRTem.RO, B cneayJOUl&M aaparpa·q,e MLI CtPaPMY'RIIpyeM MeTOa B03Myl.Q&HRR 

a1111 ypaaueaa11 ~aaaee~~a a apoaaaeaeM asanaa OTaem.BLIX "lneuoa paaa Teopaa aoa

MymeBill. 

14. Teopa• B03Mymeg!! RRR ypauea!ll ~a.ggeeaa 

Bo BTGpOM naparpaq,e MH DpHB04RIIII tPopMyny /2,8/, KOTopall aaeT &MDIIHTyay 

p&CC&IIRHII Ra CBll3aRIIOM COCTOIIBRR, \fT06LI CtPoPMY'RRpOBaTb T&OpBIO B03MYlll8HRI 4IBI 

M&TpRilLI pacC&RRBII, MW BCDORb3yeM ypaa&eRIIII /2,7/ B 3aDRW8M q,opMyny /2,3/ a R&c-

II:ORbKO BllaOR3MeB&RROM BRae: 
1 

1 (I) (ll) I (I) (3) • 

R 
11 

= ( ~ I Tt:.r I l' + 'I' } + ( ~ I 1
13 

I 'l' + 'l' ) • 
/4.1/ 

CymeCTaeaao, 'ITO a &Tol tilopMyne ace aena"lRRW oapeaeneaw "l&pea cao5oaayJO tPYRK-

llRIO 

'IBM 

rpaaa /2.9 - 2.12/. 

Bwpa>Kall q,yauaa 

BM8CTO /4,1/ 

.('I) 
"l&pea cPYRII:IlRR Ba"lallbROI'O COCTOIIRRR ~I /2,8/, BOny-

I 
R = <~ 1 1Tl~ >, II . 

14.21 

I rae 

l 

r 
12 

,. 

I 
' 

•1 
T =I T

12
(1-'G

0
T

23
G

0
T13 )- T

12
G

0
T

13
(1-'G

0
T

1
z'G

0
T, 

•1 •I 
x ( 1 - G 

0 
T ll;G 

0 
1

13
) + '1

13
(1 - G 0 Tu'G 0 T 

13
) ( 1- 'G 

0 

•I 

x(1-'G 0 Tll
9

G
0

1
13

) lxi1-'G
0

Tz
3
(1-'G

0
1

1
)x 

~ -
x ( 1 - G 0 T 1 ll G 

0 
1

1 3 
) G 

0 
1

1 
ll ( 1 - 'G 0 T 

13
) ( 1 - G 

0 
T ll ;< 

Ha ocaoae /4,3/ ner~~:o nony"lRTb cneayiOwee pa-no>Keaae a pB.q Teop 

/eM. Tax)l(e 
161 I : 

'R = < 111 
1 

1 1 + r - 1 ·a ·1 - r a 1 + r ·a 1 a· r 
II 12 l3 1:1 0 13 13 0 Ill Ill 0 13 0 I 

C<lJopMynapyeM aaarpaMMHYJO Texaaxy anSI paano)l(eaasr /4.4/. BaeaeM .. .. 
tPYRX!lRI </> , (t ) B </> (t ) , ORBCLIB810lllRX CBII3aHHOe COCTOIIBBe B, 

n 2 "o 2 
ao a aocne 0pacceaaasr 

X (p .. ) 
n 

__.1___ r -~~-: (277}~ · e ¢ (;Jd?, 

Toraa, Y"lBTLIBaR oapeaeneHBsr /2.4/ a /2.8/, q,opMyny /4,2/ MOJKRO n 

ayJOweM BBae: 

R II= 

1 ri" ... * .. ... -~:·:-~;; ....... 
(277}6 pldpl X ,(PI) X (p Jfe 01 l'fe·lko'j+lpl 

"o no , 

Tax 'ITO ana /4,4/ nony'I&M: 

... ... .... ... 
1 ,. .. .. I , .. I 

R = --fdp dp X ,(p )X (p
1

) <k ·p I'T (z)lk. p > + ..... 
II ( 

271 
)6 I I "\ I nO 0 I Ill 0 I 

VfMeJOmReCH aaecb noa aRTerpanoM MaTpR'IHble aneMeRTbl onepaTopoa 

aeneanLie no q,opMyne 

.. ..,. 1 
.. .. Jlk p > .. -< k I p I I'Tik ( Z I I (211) 6 

............. 
•fklrJ-Ip t'2 

e 

......... ... 
-lk •t - Jfj ., .. -

T ( z) e I I itt dt 
lk I 

MOJKHO npeacTaBBTb a cneay10weM aaae: 

.... .... ..... .... - .... .... .... ... ; ........ 
<k

1
p

1
IT (z)lk

1 
p > = 8(p +k -p -k )<~It (z-(p +k 

Ill I 1 I I I 2 Ill I 

.. ... . ...... 
<k_, p1 l 1t3 (z) lkl p 1 > 

.... ...... ....... ... 2 .... 

8(p,1 -p1 )< k 1 1 tu(z -p1 Jlk 1 > 

< ( p .. 
1

1 Tll,( z) I t
1

; 
1 

> s r k - i: J < ; I t r z -k ll J 1 P .. > 
I I I 23 I I 
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awpa>KeRBe 

f 2 a(ll) I c. 
~ ~ r ll>.r (.., de • /3,31/ 

~=0 r=-l! at-) J + r - e 
ae non10ca PeA>Ke All!l 8MIInRTYAb1 

l+r 
t u , 0TCIOA8 BRAHO, 'ITO 

(I) I 
, a BMeCTe C HBMR R 8MIIn'BTYA&I p8CC911RBB fJyAyT 

ROT'O ABRlKYUIHXCII paape30B, 

,3ynb'T8T&I MOryT OX838TbCH HexoppeXTBbiMII 110 C119AYIOUIBM llpH'IHHSM: 

H&IOTOBOM 'ecTecTB&HHWII' cnoco6 aaaniiTR'Iecxoro npoAOH>K&BBB 

OAB03H8'1Hb1M; 

>KSRRB B XOMIIB&XCRyiO OfJH8CTb 110 1 yCpeAHSHHOe B38BMOA91iCTBBe 

xoll <jJyHXuaeA 1 niiWb npa ycnoaaa Re1>-.:J/2+ t 2 + ti . Tu: 

o6naCTb 8B8RKTH'IBOCTH llp8XTH'I8CXB CBOAHTCB X RYIIJO, 

e TOIIbXO nepBbiM '1119ROM p8300>KeBHB B pHA cllpeArOm.Ma MO>KST 

o'IRWM •· aoaMo>Kao, y'I&T cneAyiOmax 'lneaoa paano>Keaaa cymeCT-

RRy, 

oawee apeMB o6wee accneAoaaaae peweaaa ypaaaeaal /3,19/ Bee&

' B cneAyJOWSM naparpa.pe MY c.popMynBpyaM MeTOA B03MYlll9BBR 

Aeeaa • npoaaaeAeM aaan113 OTAem.awx 'lneaoa pRAa TeopaB aos-

14. Teopaa B03Mywegl .gna ypaBJiaRBR <llanpeeaa 

arpa.pe MY llpRBOARBB .popMyny /2,8/, XOTopaR A89T 8MDBBTYAY 

RROM COCTORRBH, l.fT06Y c.popMynBpoB8Tb T90pRIO B03MyUleHRI ARB 

, Mbl acnon&ayeM ypaaaeaaa /2.7/ B sanaweM q,opMyny /2,3/ a aec-

HROM BRAe: 

I (I) (2) I (I) (3) ' 

(~ \1,\'1' +'l' ]+(~ \113\'1' +. ). 
/4.1/ 

STOll 4>opMyne BCe BeiiR'IRRY OnpeAenaHbl 'lape3 CB06oARYIO 4>YHX-

•• i') 

R, 

'lepe3 <jJyRXDHR R8'14llbBOro COCTOliRRR .I /2,8/, DOny-

I 
<~ 1 \1\~ >, 

12 ... 

/4.'U 

•1 
•1 

T =11
12

(1-'G 0 1 23G 0 113 ) - 1 12 G 0 113(1-'G 01 1;G 0 11) (1-G 0 11)x 

•1 •J 14.81 
• x ( 1 - a 0 1 ,a 0 113 ) + 1

13 
(1 - G 0 11 ;a. 1 13 ) ( 1 - ·a 0 112 J x 

X ( 1 - 'G 0 1 G 1 ) •
1
1 X I 1 - G 1 ( 1 - 'G. 1 ·, X 

2s o 13 o 23 o 1 :1' 

~ ~ ~ 

X (1 -·a 0 112GO T13) Go 112 (1- Go 113) ( 1- G0123'G 0 113) I 

Ha ocHoae /4,3/ nerxo nony'IIITb cneAyiOmee pa..:.no>Ke11ae B ps4 Teop&ll B03Myme&HII 

/eM. Tax>Ke 161 I : · 

'R 11 =<~
1 \T + 1-1 ·a·1 -1 G1 +1'G1 G1+ •. ]~ 1 >./4.4/ 

12 13 12 0 13 13 0 12 12 0 13 0 12 • 

CclJopMynHpyeM AHarpaMMBYIO Texaaxy All!l paano>Keaaa 14.41. BBeAeM q,yp&e-o6paabr 
.. -+ 

4>YHKnRA </> , (r ) B rf> (r ) , OIIRCYB810WBX CBH38HHOe COCTOl'IHBe BTOpOll '18CTRnhl 
n 2 n 0 2 

AO a nocne
0
pacceaaas 

-+ 
-+ -1'1 r -+ ..,. 

X (p ) = __!___ ( e ¢ (r] dr • 
n ( 217]3/2 

14.51 

TorAa, y'IBT&IBaR onpeAenena 12.41 B /2.8/, .PopMyny /4,2/ MO>Kao nepenacaT& B c~e

AYIOUleM BRAe: .. ,.... ...... .. .. ... ... 
R II= 

..... ... ... •lk t' -lp t 

(2
1)' fdpldplx*,(pi)X (pl](e ot I'Te•lkor,+IPI'2dr-+d; 
tr n

0 
n

0 
1 2r 

14,6/ 

T8K 'ITO Allll /4,4/ DOIIY'IBM: 

R, 
.... .... .. .. ... .. .... .. 

!_ Jdp dp x ,(p Jx (p
1

)1<k'·p 1 ·r (z) \k p > + .... I. 
(217)1 I I "o I "o 0 I 12 ).0 I 

VI MeiOmaecs 3A9Cb DOA RHTerpanoM MaTpH'IHhle aneMeHThl onepaTopoa 

Aeneaable no.q,opMyne 

....... 
-+ .. )\k > .. < k I p I I Tlk ( z I pI (21T) 6 

.... ... .. .. .... ... 
·lkt't- 111 112 •fkr'l -f.Ji I)-+ -+ 

1 ( z) e 1 1 i:fr dr e lk 1 2 

MO>KHO npeACT8BBTb B CII9AYIOUI9M BRAe: 

/4.7/ 

T (z) , onpe
u 

/4,8/ 

....... ' .... .. ..... ... ... .... ... .... ... ... ; -k .. 
<k

1
p

1
\T (z)\k

1
p

1
> = l>(p +k -p -k }<p-kl!t (z-(p +k

1
)1_1 __ 1 > 

12 1 I I I 2 12 I 2 

... """ .... '""' 
<k_, p1 \113 (z) \kl P 1 > 

... ... ... .. 2 .... 

8(p 1 -p
1 

)< k 1 \ t18 (z -p1 )\k1 > 
14.91 

' 
<t

1
p .. 

1
\1 (z)\t; > 

13 I I 

-+ -+ -+ -+ 2 -+ 
8(k

1
-k

1
)<p

1
it

23
(z-k

1
)\p

1
>, 

• 
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/ 

I 

rae t 1k - aByX'I8CTR'IHb18 8MDODTya&l pacceRHRR BHe SHepr&TR'19CROft DOBepXHOCTR, 

y aOBOeTBOpSIIOIURe yp88H9HHRM THD8 /2,20/ 1 npR'IQM t l2 SIBDSieTCSI 8MDnRTyaoft pac

ceSIHRSI nepBOA 'laCTBUbl Ha BTopoA, a t13 R t
23 

- aMUORTyaaMR pacceBHHSI HI! CBOO

BOM U9HTpe, 

Yao«Sao conocTaBHTb KalKaOII.IY 'lneay pa3noJKeaasr 14.71 oapeaeneaay10 aaarpaMMy: 

., 

Rit= 0 + + a~ + =-=n + 0 "]L4~0/ 

X 

... u+ ,. + r + ::JL + L +··· 

BepXHSISI ropH30RT40bHIIH ORBIISI COOTBeTCTByeT nep&oA 'laCTBUe, Bll>KHliSI - BTOpoA; Kpy

>KOK COOTBQTCTByeT MaTpBue t 
12 1 a KpecTBK HI! BepXHeA llnR HB)KHQA DllBBil 03HII'IIIQT 

t 13 ana t23 cooTeeTcTeeaao: BepTHKanbHoMy ce'I&HHIO asyx npoMemyTo'IH&Ix 

OHHRA COOTB9TCTByeT CBo6oaHaSI 4JyHKQHSI rpHHII 'G 0 , J.-13 4JopMyn /4,9/ BHllHbl 3a-

KOH&I COXpaH9RHSI RMDYObCOB B DpOMemyTO'IROM COCTOSIRHR, 8 K8'19CTBe DpRMepoB apr 

seaeM B&Hoe B&Ipa>Kealle LUISI asyx aaarpaMM, HMeeM: 

~ * 4 ~ ~ 2 ~ 
{dpx (P)x (p)<k 1 1t (z-p)lk >, 

n
1 

n1 13 1 

/4,11/ 

8 llnB rionee CDO>KHOA aaarpaMMbl 

........................... 
k~ kl+p,-qkl+p,-qk 0 .. 01 .... ... ... ... ..... .... .... ... .. , .... + k... .... r x* (P,Jx (pl)dp,dp {dq<~ It (z-~)1~- q>x 

n 1 n 1 1 2 12 I 1 2 
/4,12/ .. ~ ~ 

P 1 q P
1 

1 ... .... ... ... ... .... 1~ ... k... .... 
-..----..,.---.....-;:--<P1 +k 1-ql t (z-q

2 JIP +k -q>· <~ -qlt (z-~~5;11)> 
q'+(p.+k.-q)2-z 12 I I . q2+(P,+~-if}Lz 2 l2 I I 2 • 

Vf 3 BbiW9H3DOlK9HHOrO H paCCMOTpeRHbiX Dpi!MepOB liCRbl DpiiBI!nll COOTBeTCTBIIll, Upll no

MOIUR KOTOpbiX nerxo BbiOHCaTb aaanRTR'I9CKOe Bblpa>KQRile llDR UIO!iOI! .QilarpaMMbl 113 

p83DOlKQHRSI /4,10/, B aaDbH&IiweM, C Q9Dbl0 B3Y'I9RBSI IIRIIDIITH'IQCKHX CBOI!CTB B KOMD

OQKCHOA j - DDOCKOCTH 1Mbl 311AM9MCSI H3y'leRHQM KII>KllOro 'lneBa pBaa T90pBB B03-

MyLUeHHA, 

AaanorH'IHble BCCD9.QOB8HHSI B T90pHH DOUR !i&IDH UpeanpHHRTbl B paiSOTIIX /l,la,B/, 

CH8'1808 YK8lK9M Ha D0llKD8CC aaarp8MM H3 /4,10/, B KOTOpbiX p83pe3bl, BM9101UB9CR 

a Ka>KaoM qneHe, acqesaiOT npa cyMACBpoeaRBB, B CaMOM aene, paccMOTpRM aBarpaMMw 

BRa a 

14 

• 

~ 

K )( )C 

+ + ....... 

0rp8HR'IHMCR COY'I89M 1 ~O'rllll CBRSaHHaSI CHCTeMa 'laCTHQ 2 B 8 H8XOaR 

TORRHH, npB'IeM noTe&aBan V23 aonycKaeT TOnbKO oaao CBHS8RHoe coc 

BODHOBYIO 4JyHKQHIO CBR38HROro COCTOHHR"SI 8 BMnyn&CROM npeacTaBDellHI 
. . 171 

CaTb 8 CD9KTpanbHOM BRae : 

X (p) = __ !_ + 
p '+ (0 

!.... r p (p',Jdp' 1 

" (1/io-+,fl ;P"+ p'~ 

8 &TOM CDy'lae aMilnHTYllbi pacceHH_Rll HBDSIIOTCH ¢yHKJIReA TOIIt.KO llBYX 

.. .. 2 
UODHOA SHepri!H H KBaapaT~ nepeaaHRoro RMIIYDbCa t= (k I - k 

1
) 

1 
a JIODI 

MOMQHT -<:OBII8aaeT C yrnOB&IM MOMQRTOM nepeoft '18CTI!Ilbl. 

Y'IRT.IoiBaB. TOnbltO IIODIOCRbllt 'lneR B /4,14/, Ralt.QeM, 'ITO 

I;lll /4,18/ ,COOTBeTCTByeT Bblpa>K&RI!e 

nap~ 

J dp .. 

(p•+£o}' 

... . 2 .. 
< k 1 lt13(z -p Jlk

1
> 

. npa !iOn&WHX t MOmHO 3aMeHBTb llBYX'IaCTII'IByiO !lMIIDRTy llY pacceRHB' 
• J 

TOTH'I9CKIIM Bblpa>KeHBeM 

<t
1

1t
13

(z -p 2 Jik
1 

>• R 2a(z-p~1 
sin1ra 

pac.-ri!/-oos{}) ,. 

k' 

rae II:OCBRYC yrna pacceHHBSI cos()= 1 + _t_ , noacT8BDliH /4,16/ B /• 
. ' ;Jr.2 

· 8CBMIITOTH'I9CKO~ IIOBeaeHHe 4JyHKQHR ne>KaRapa DpR ISODbWHX apryM9R1 

pameHae TRaa 

• 
2 

2 a(•- P ) 
{f(p )t dp 

' COOT8eTCTBYIOLU99 pa3p93y 8 KOMIID9KCHOA IIDOCKOCTH yrnosoro MOMQHTII 

Yfccneaoeaaae cneayiOLURX rpa¢RKOB paaa /4,18/ Taxme upaeoaa~ 

0 CyLU8CTB088HRR pa3p930B 8 K0MDD9KCHOit DDOCKOCTH yrnosoro MOM9HTI 

R3 BlolpalK9HRll alJSI cneayiOIUeil aaarpaMMbl pasnomeHRll /4,18/ 

faP'·d~dqx 1 (p'Jx fP'!<k
1
lt,,rz-p"Jiq .. > • x 

· 
1 

q2+ p'~-z 

X ( p' I t ( z - q 2
) I p) __ l_ < q I t ( z - p 2 Jl k I > 

21 q 2+ P'-z 13 
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CTII'IHbl" SMllllHTYllbi p8CC9RHHSI BH9 SH9pi"9TH'I9CXOII IIOBepXHOCTR, 

paBH9HHRM THUS /2.20/ o npR"19M t 12 SIBIIR&TCR 8MllliBTYllOII pac

Ubl H8 BTOpOA, 8 t
13 

II t23 - 8MllllRTYll8MR pacceRHJIR RS CHilO-

K&>KllOMY qneay pa3no>KeH&R 14.71 c;mpeaeneaayiO aaarpaMMy: 

v 

+ rr-~ + :_o + 0 ,. [/4~0/ 

- ___ v 

+ :r +::I+ r=+··· 
7" 

bHa!l llHBHR COOTB&TCTByBT nepBoA "'aCTB!l9 1 BB)KHJIR - BTOpOllj Xpy-

MaTpRilB t 
12 

, a ltpBCTRK sa BepxaeA BUR RB)I(HeJI BHBBH 03H8"1aeT 

TBeTcTeeaao. BepTRKanbRoMy CB"'BHRIO aeyx npoMemyTO"'HbiX 

BT CB060l(HaR cPYHKilHR lpRHS 'G0 , Vf3 cf:>OpMyll /4,9/ BHl(Hbl 3&-

nynbCOB B npOMemyTO"'HOM COCTOSIRRH. 8 K8"19CTB9 npBMepoe Dpll"" 

BRBB llml llBYX l(HSI"pSMM, Yh(eeM: 

~ * ~ ~ ~ 2 ~ 
{dpx (P)X (p)<k 1 it (z-pJik >, 

"1 "I J S I 

14.11/ 

il aaarpaMMbi 

.. 
-+ -+ .... ... ... .... .... .... ...., p +k ... 

{x: (p
1
)x (p 1 )dp

1
dp {dq<~2- it

1 
(z-~)i.:...L....:..!.-q>x 

I "I I 2 I I 2 
/4.12/ 

... ... .... ..., -+ 1 ... k-+ .... ' ........ 
1 +k 1-qit (z-q

2
)iP +k -q>· <~-qit (z-~~5;!1}>. 

l2 I I q 2 + (P, +~ -ifll..z 2 l2 I I 2 

0 H pacCMOTpBHHblX npiiMBpOB RCRbl npaB&Il8 COOTB&TCTBHII, ·npa no-

0 BblllHC8Tb aaanHTH"'BCKOB Bblpa>K9HB9 l(llll lli06oll a&arpaMMbl &3 

B aanbHeilweM, c nenbiO B3Y"'BRBR aaan&TR"'BCKHX ceollcTB B KOMn

KOCTR1M&I 3aliMBMCSI H3Y"'9HH9M Kaml(OI"O "111988 pRl(8 T90pBK B03-

/1 1 a5/ 
CCil9l(OB8RRR B TeopKK DOilR libiBB npeanpBKRTbl B pa60T8X 1 

' • 

llOllKilacc llRarpaMM 113 /4,10/, B XOTOpbiX p83p93bl1 HMBIOIUJI9Cll 

cqe3aiOT npa cyMMBpoeaaBa, B caMoM aene, paccMoTpBM aaarpaMMbl 

14 

• 

)( )( )( 
/4,18/ 

+ + +· .. 
~ v 

0rpaHK"'K¥CR cnyqaeM, ~ora a CBRSaHHaR CBCTBM8 "'SCTH!l 2 II 8 HaXOllKTCSI B s - COc

TORRKK, np&'IBM llOT9BilB811 v23 aonycK89T TOnbltO Ol(RO CBSI38HHOe COCTORH&e, Toraa 

BOilROByiO cPYRitllRIO CBR38HROI"O COCTORHH.R B BMnyllbCROM DpBllCT8BIIBRHR MO>KHO sana-
. . /7/ 

C8Tb B CR91tTp811bROM· BHl(B : 

X (p) = 1 + 
p 2+ •o 

/4.14/ 

8 BTOM cnyqae aMRIIBTYllbl paCCeSIHBR liBilRIOTCR cf:>yRK!lBBII TOIIbltO llBYX BRBtlpR8HTOB 

.. .. 2 
llOilHOA 3Heprila H KB8apaT~ nepeaaHHOI"O RMDYilbC8 t= (k 1 - k 

1
) 1 a DOilRblll YI"IIOBOII 

MOM9RT .COBD8l189T C YI"IIOB&IM MOMBBTOM nepeoll '18CTR!lbl. 

Y''IHT.b1B8R. TOIIbltO DOIIIOCHbiA 'lllBR B /4,14/, R8AaeM, "'TO 

.t;ta /4,18/ , COOTB&TCTBy&T Bblp8)1(9HH9 

nepeoA aaarpaull4e pH-

f dp.. < k1 [t
13

(z -p 2 Jik~> 
(p2 +<

0
)2 

14.8 I 

. npu 60IIbWBX t MO)KHO 38M9HHTb
1 

llBYX"'8CTH'IRYIO 8MDIIBTy llY p8CC911HHR t l J ee 8CHMir" 

TOTH'I9CKHM Bblpam 9RH9M 

<k"'
1

[t
13

(z -,p 2Jik
1 
>" R 2a(z-p~1 

sin1ra 

pac.-v?,(-aJs()) 
k2 

14.161 

rae ltOCH&yC yrna p8CC911HHR a>·s () = 1 + _t_ , noaCT8Billlll /4,16/ B /4,15/ II Y"'HTbiB8B . . :Jc2 
.'ac&MR.;OTR"'BCKO~ DOB9ll8HH9 cPYHKilRH Remaaapa npa ISOilbWRX apryMBHTaX, DOII)'"'BM B~ 
pa:H<eaae TRna 2 

2 a(•- P ) 
{l(p )t dp ' 

~ 

'COOTB9TCTBYIOIU99 paspesy B KOMDII91CCHOA DIIOCKOCTR Yl"llOBOI"O MOM9RT8, 

/4,17 I 

J-fccnellOB8HK8 CllBllYIOUlBX rpacf:>HKOB pRll8 /4,18/ T8Jt>K9 npRBOlliiT It 38KIII0'18RHIO 

0 CyUl9CTBOB8HBH paspe30B B K0Milll9KCHOA DIIOCKOCTR yriiOBOI"O MOM8RT8, Hanp&Mep, 

113 Bblp&>KBHHII a1111 cneayiOmell auarpaMM&I pasno>KeHHII /4.18/ 

r .. , a» a.. .., .. .. I •2.1 .. 1 4'·"' qxi(PJX,(P!<Iilt,/z-p,q> n 
q2+ P ·-z 

X /4,l8/ 

x ( p' It ( z - q z) I P) __ 1_ < q It ( z - P 2) I k I > 
\ 11 q 2+ p'l-z ts 

~· 
·~ 
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~ '· .. ,'; 
. 

'· ·t .. 

···~ 

BBllBO, 'IT!? ee 8CBMIJTOTJt'l~lt08 IJOB8Jl8HBe DJ)H lSOIJbWBX 

HBeM THIJ8 /4,17/, 
T8X>Ke Jl8eTCR Bblpa>Ke-

0llH8.«0 pll.ll ./4,13/ IJ8I"KO 1Ip0CYMMHpOB8Tb, OR RBIJR8TCR p831JOlK8HBeM CIJ8llYIOlll8" 

I"O Bblp81K8HHR 
I ~ I 

( cf1 2S , 1, (1 ._ Go 12,'G o 113) cf1 u ) • 
/4,19/ 

C .llpyrol CTOpORbl, nerKO DOX838Tb 1 'ITO liTO Bblp8>K8HRe TO>Kll8CTB8HHO p8BHO 

I a I 

(cf123 1u cf1)' /4,20/ 

I"Jl8 T YllOBIJ8TBOpReT ypaBR8HBIO /2,15/, L{anee, RCHO , 'ITO u 
I ., I -+ .. · 

(.P , 1 cf1 ) = < k !t (z-<
0

)\k 1 >· 
23 13 23 I 13 

/4,21/ 

Ho<t1!7 (z-r J\k;'>RBIJR8TCR TO'IHOI 8MDIJRTyllOI p8CC8RHRR nepaol '18CTRUbl H8 CRIJOBOM u 0 

IJ8HTpe1 KOTOp8R 0 lt81t B3BecTHO, R!IIJlleTCR MepOMOpcj:llloA <tJYHKUReil YI"IIOBOI"O MOM9RT8, 

noaTOMy pll.ll /4,13/ T8K>Ke RBIJH8TCR MepOMOp<tJsol <tJyHKURei yrnoi!IOI"O MOMeHt&, no-
. . . 

IIY'18HHbli pe3ynbT8T HBIJH8TCR 8CT8CTB9HHbiM 1 T8K K8K DpB ~/r1 -r2
) = 0 I"8MRIJbTOHB8R 

/2,1/ .llOIJYCKaeT pa3aeneaae IIepeMeRRbiX. 

P8CCMOTp8RRbll Dp&Mep li!IIJReTCR DOy'I.HTE>IJbHbiM B TOM CM&ICIJ8
1 

'ITO K8:>K.llbll 'lneR 

pll.lla TeopBa B03MymeaaA MO>KeT IIMeTb pa3pe3, B TO apeMR Kax psa 8 uenoM aenlleT

ca MepOMOp<tJaoA <tJYBKUBei, 

Asana3 ocTanbRb!X aaarpaMM tSyaeT 11poeeaes a cne.llyromel palSoTe, 

B 38KIJIO'I8HBe Bblp8>K89M rnytSoxyiO tSnaroaapROCTb H. H. BoronrotSoay B A.A. no
rysoey 38 CTIIMYnllpyromne olScy>K.Ilesaa, a Tax>Ke B.A. Ap6y3oey, A.B. EtllpeMoay, 

VI.T. To.llopoay R O.A. XpycTaneay 38 IIoO.llOTeop&ble .llRCKyccna. 
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