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3Ha'IHT€1IbHbl€ ycrrexH B OITHCaHHH CH C T€Mbl ABYX 'IaCTHU B KBaHTOBO~ 

Ill 
TeopHH ITOliSI 6binH AOCTHI"'HYTbl Ha OCHOBe KBa3HITO T €HU Ha1IbHbiX ypaBH€HH~ 

AliSI OAHOBpeMeHHO~ BOliHOBO~ $yHKUHH ABYX 'IaC THU B CHCTeMe U€HTpa 

Mace. 

Ba)I{HbiM AOCTOHHCTBOM KBa3HITOT€HUHa1IbH b iX ypaBHeHH~ S!BliS!eTCSI HX 

6nH3KaH CBSI3b c KBaHTOBo-MexaHH'IeCKHM ypaaHeHHeM WpeAHHrepa B coqe

TaHHH C SICHOCTb~ H CTpOI"'OCTb~ TeOpeTHKO-IT01I€BOI"'O ITOL\XOL\a, 

npHM€H€HH€ 9THX ypaBH€HH~ AliSI orrpeaeneHHSI CIT€KTpa CBSI3aHHblX COC

TOSIHH~ ABYX 'IaCTHU 0 HaXO)I{AeHHe aMrrnHTYA paCC€SIHHSI H HCCneAOBaHHSI HX 

aHa1IHTH'I€CKHX H aCHMrrTOTH'I€CKHX CBO~CTB MO)I{HO Ha~TH B pS!A€ pa6oT/2,3/, 

Bo3HHKaeT HHTepecHaSI 3aaaqa BhiBOAa KBa3HrroTeHuHanbHhiX ypaBHeHH~ 

AliSI OITHCaHHSI CHCT€Mbl Tpex 'IaCTHU B KBaHTOBO~ TeopHH ITOliSI, 

KpoMe Toro, rrpeacTaBnS!eT HHTepec npo6neMa penHTHBHCTCKH-K OBapHaHT

Horo o6o6rueHHSI KBa3HITOT€HUHa1IbHbiX ypaBHeHH~, 

CneayeT OTM€THTb0 'ITO AliSI HaXO)I{AeHHSI crreKTpa Mace CBSI3aHHbiX COC

TOSIHH~ H aMrrliHTYA paCC€SIHHSI 'IaCTHU AOCT8TO'IHO HCIT01Ib30B8Tb KBa3HITOT€H

UHa1IbHhl€ ypaBH€HHSI 0 CIIpaB€L\1IHBhle B CHCTeMe UeHTpa HH€pUHH, 0AHaKO OIT

peaeneHHe BepwHHHbiX $yHKUH~ HliH TOKOB CBSI3aHHbiX COCTOSIHH~ Tpe6yeT 3HaHHSI 

p€1ISITHBHCTCKH-KOBapH8HTHbiX 

yaoaneTaopH~T . 

BOliHOBbiX $yHKUH~ H ypaBH€HH~0 KOTOpb!M OHH 

BnepBbie penHTHBHCTCKH-KOBapHaHTHbie BOliHOBbie ypaBHeHHSI AliSI aayx 

6eCCITHHOBbiX qaCTHU , a TaK)I{e AliSI qaCTHU CO CrrHHOM 1/2 6bi1IH rronyqeHbl 

B pa6oTe/ 2/ , 

Uenb~ HaCTOHIUeil: pa6oTbl S!BnS!eTCSI BbiBOil penSITHBHCTCKH-KoBapHaHTHhiX 

ypaBH€HH~ AliSI J\1 'IaCTHU Ha OCHOBe KBa3HITOT€HUHanbHOI"'O M€TOJl8 KBaHTO

BO~ TeOpHH IT01IH ., 
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B OCHOB9 npep;naraeMoro HlOK9 MeTOABt ne>KHT yp;o6Hbli!: Bbi60p KHH9-

MaTHq9CKHX nepeMeHHbiX, noaaonsnoiUHA o6o6IUHTb onpeaeneHHe 2 - apeMeHHOA 

~yHKUHH fpHHa npMeHHT9llbHO K npOH3BOllbHOA CHCTeMe OTCq~Ta. 

§ 1. PenHTHBHCTCKH-KOBBpHBHTHOe sonHosoe ypBBHeHHe 

pnH /lBYX qBCTHII 

Dpeano>KeHHOe B pa6oTe/2/ penHTHBHCTCKH-KoeapHaHTHOe eonHoeoe 

ypaBH9HH9 AllSl ABYX 6eccnHHOBblX qaCTHU C paBHbiMH MaCC8MH HMeeT BHA! 

[P.t_ 4 (m~ 1t.)J ~p lf) = (; 1 J -v; (f~'I'J t (f!} $'(,f')tlf' 
m!: 1" ' 

( 1.1) 

p 
rae n c P. 

rpJ. 
H p - noliHbiA HMnynbC CHCT9Mbl JiBYX qaCTHUo BonHOB8Sl 

4lyHKUHSI ABYX 
~P · (f) onpelleneHa llllH nepeMeHHbiX P 

CBSI38HHbiX ycnoeHeM MapKoBa-IOKaBbl: 

qaCTHU 

{Pfl) • o 

H HM99T nono>KHT9llbHO onpelleli&HHYID HOPMY I 

1 I¢>, r,)/,~ ttn1; J1 • 1 

H 1~· 

( 1.2) 

( 1.3) 

flp;pO v, (f, t'J Bbi6HpaeTCSl TSK 1 qT06bi B CHCT9M9 ueHTpa MSCC 

llBYX qaCTHU { 1• ()) ypaBH9HH9 ( 1.1) coenap;aliO C KB83HnOT9HUH8llb-

HblM ypaBH9HH9M llliSl OAHOBpeMeHHOi!: BOllHOBOA ~yHKUHH; 

:~.~.~I· .. 'f. 

'; I 
I 

':.11 

~'I . I 

{E'= 4{m'-+1t.J}!JttJ·.~ jV(G,~f'J !/tj 
11'1 .,...,.." t 

~ 
3p;eCb £ H ~ - nonHaSI SHeprHSI H OTHOCHT9llbHbli!: HMny 

B CHCTeMe ueHTpa HHepUHH, a ~~ ff} CBSI3aHa C aMnllHTy, 

Tepa COOTHOW9HHeM 

+flO 
!f ff). jJ,, f~ f) {f,,, . 

-00 

0ARaKO flOll06H09 penSITHBHCTCKH-KOBSpHaHTHOe o6o6IUeHHe KBa 

ypaBR9HHSl ( 1.4) SlBllSl9TCSI 1 B006IUe roBOpSI 1 H90JlH03HSqHblMo 

HH>Ke Mbi JlSJlHM o6o6meHHoe onpeJleneHHe KBaaHnoTeHu: 

~yHKUHH H 2-apeMeHHOi!: ~YHKUHH fpHHS JlBYX qacTHU npHMe 

H3BOllbHOi!: CHCTeMe OTCq~Ta H BbiB9Jl9M ypaBH9HHSI 1 KOTOpbU 

pSIIOTo 

Onpe)lenHM <l!ypbe-o6paa 4-epeMeHHOA <l!yHKUHH fpHHa 

qaCTHU Cl19JlYIOIUHM Bbip8>K9HHeM: 

• • • I.; 
_,,"'->,4X,fJ,f~: 

G(x,x,_;,cf~t)= _!_ D jGCRfail/jj?JfiJ,.P,-IIt.~')e ,JP,Iflel!(tl 
f,t,)o 

llnSI JlBYX CB060JlHbiX qaCTHU C MaCCSMH Pf1 H lfl2 HMel 

{11) 

G{~fi:J','Pa')ifp,.,.~-~;_Ps') = 
; (!, -IJ ')}'(f.. -I!') 

[P,t-,l] [f/-111,.'} 

! 
I ··.· 4 ~~.·· .. · ; 

~ 
• - 5 , , ~.~/.:·: I 

~~ .. ·· I .. ;.,;·.~:I :·~ '~~~ ' 

f • ..-L.~~· 



J6HhlA Bhl60p KHHe

!eHHe 2 - BpeMeHHOA 

·cqeTa . 

yp8BHeHHe 

3pH8HTHOe BOliHOBOe 

-18CC8MH H M eeT BHil: 

( 1. 1) 

1y x qacTHU. BonHoBaR 

teHHhiX p H f.). 

( 1.2) 

( 1.3) 

!cTeMe ueHTpa M a ce 

l C KB83HllOTeHUHallb-

n; 

1 

•I 

( 1.4 ) 

~ 

3 A eCh £ ll 'I - llOliH aR 8 HeprHR H OTHO C llTellbHhiA HMTIYllbC llBYX 'iaCTHU 

B CHCTeMe ueHTpa HHepUllH 0 a t/ ff} CBR3aHa C 8 MllliHTYilOA EeTe-Comm 

T e pa C OOTHOllleHHeM 

+ -o 

!f ff) 2 j~,~ f= p (f,,, . 
- 00 

( 1.5) 

0 AHaKO llOA06HOe p eliHTHBllCTCKH-KOB8pH8HTHOe o6o6meHHe KBa3MllOTeHUH8llbHOI'O 

ypaBHeHHSl ( 1.4) HBliSleTCSl 0 B006me I'OBOpSl 0 HeOAH03Ha'iHhiM. 

Hn)l{e Mhi AallHM o6o6meHHoe onpeAeneHne KBa3nnoTeHUH8llf?HOA BOliHOBOA 

~YHKUHll H 2-BpeMeHHOA ~YHKUHH fpllHa llBYX 'i8CTHU npHMeHllTellbHO K npo

H3BOllbHOA CHCTeMe OTC'ieTa H BbiBelleM ypaBHeHHSl 0 KOTOpbiM OHH YllOBlleTBO-

pSl!OTo 

OnpeAenHM ~ypbe-o6pa3 4-BpeMeHHOA ~YHKUHll fpnHa llByx CKanRpHhiX 

'i8CTHU CllellyJOWHM Bhip8)1{eHHeM: 

-~;,~-,_4X2 .,. Ji,~'o~%' 

Gr1yx.'l;x/xf.J=C2¥;3 jG(Rfi;I/~?JfiJ.,.~-1/~~')e tiP,tlf!t:lt(l~, 

n ns:r llBYX CB060ilHh iX 'i8CT H U C M8CC8MH P'// H 1/12 HMeeM 

(t>) 

Gr, fi:l'/ta')J' ff,f/i-11/..P,'} = 

5 

( 1.6) 

( 1. 7 ) 



BeeAeM HOBbie nepeMeHHbie: 

,, • e~., . f) .,. f ; 

~=1J_·tJ-f_i 

P/c d/ ~~~~/; 

Lil -J/ I 
~ = ""2..'" -r ,. 

ITpH'I~M 

t:l,l«l-• ~~~ ot,.'.,. N = r,;;. I 

{fP). Cr' P) = o . 

TaKHM o6paaoM, nony'IHM: 

rAe 

rTrlflv 1,~) = &"tc,r; e,'f') 

l= J {q~,-'!t,) ~ 
.1. 

, I/:, ') c :: - clll, -II,_ . 
.2 

( 1.8) 

( 1.9) 

( 1,9) 

( 1.10) 

OnpeAenHM ~ypbe-o6pa3 2-BpeMeHHOlt ~yHKQHH ffHH8 B npOH3BOnbHOlt CHCTeMe 

OTC'I~T8 BhlpS~eHHeM: 

+DO 

~ (f,f'} = jJe-'c.' ~ (c.,f: c./r:J. ( 1,11) 

--
.QnS! ceo6oAHhlx qaCTHu, acnonb3YSI ~pMyny ( 1, 7), nony'IHM cnellyiOIIlee Bbi-

pa~eaae: 

1111 

·'.~,, 

,.;, 

'··,!!'' :Ill 
}·'<I 
. , 
"' l:.l'j• 

'll/'.1.·. 
l 

':r._;~:~~; 
;,ii'J.. 

,'1.~ :· 
':.1 ': 
\ ··\ 

~ ': 

,., 

'1 

,~;~,'· 
: 1 

I 

,!11~1'\, . ; ~; ~. 

:~ ,·, 

' 1<"~.' 
'~~~· 

J ' ... · .. ~,f. 

6 

• 

rv +.O 'f. (.,..,. ..,., ... 
G;·~,,f'J• -JI~Je' Ji.n,(4-~')~ '~:)"Ji[~ ... C!-e~~ofi 

-.o f(r11~~)1_ e4?,1.} · f(.tl-c): 41a. 
ll~ -., .J 

rAe 

4J,. •f•c'- 'fa ,; i • 1,:1. 

MaTerpapyS!, aaltQeM 

aJ_, ~UJ~ • 1 ~'1,.,1- 4i l',rN1 .z..,."!t £~~~ r.., •"'AJ':/ 

rAe 

s-, r,-,')- n. J'(f!q":J 

- HHBapHaHTHSSI ~ -4Jy'HKQHSI, OnpenenHM o6paTHhllt onepaTop 

o6paaoM: 

,..._-" ""' f rr, r,,,,; G,r,r,'}"fNJ"fn91- ~ r,-,~ . 

Y'IHThlBSSI, 'ITO 

7 
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P/~ ct/ l?rf'; 

~~ -'/ , 
~ =- ""2..' /) _, ; 

# ~~~ «,''"" N = ~I 

• {y'P) = o . 

')"' &,~~rc.,,· ~,..,/ 

I 1/: I ') c = -(~- .... , . 
..2 

( 1,8) 

( 1,9) 

( 1,9) 

( 1,10) 

HHOft ~YHKUHH fpHHa B llpOH3BOnbHOA CHCTeMe 

( 1.11) 

~opMyny ( 1. 7), nony'IHM cneayiOlllee Bbi-

6 

.) 

~ *' 1if 

I"'V +., fl r,...._;, ii') " -. 
r; :·r,,,1- -f'l'l.' _t.lhf4-l').,. ,~~) 1 d'fll "C!-~~~- l',"'!.i":JJ 

_., . [~!!.,.£)!_ ~"-]. !(t-.!J':. ~'} (1.12) 

rae 

q,~L. •I;:- 'Ia ; l .. 1,.1. 

( 1.12) 

HaTerpHpysr, .llaAaeM 

Q)_, "'"'~ • 1 I ~r·~f.f:!• ,&-; JpfN') .t..,."!t [If,! (*I, '"'I>') ( 1.13) 

rae 

Sf lf-'1')- Ill# f(f'J-~:J 

- H.IIBapHaHT.IIasr : -ci>YRKilHH, OnpeaenHM o6paT.II&IA onepaTop 

o6paaoM: 

"'--" ...... 1 r;,r,,,,; G,r,:r)Jr 8 J"(,9#J. ~ t;-,~. 

Y'IRTb!BaH, 'ITO 

I 
J 

i 

7 

( 1. 14) 

,...,_-</ 
(; cneayiOUIRM 

( 1,15) 



j J', r,-,~J Jitr"- f!'} J'(NfiiJ"f'· ~~r-'I:J . ( 1.1s> 

"'-" 
nony'IHM aa ocaoaaHHH onpeJieneHHH ( 1.15) o6paTHbiA onepaTop G ID) 

llllH ~yHKUHH rpHH8 CB060llHhlX '18CTHU 

-" , ( 1. 17) 
"' I I' o(ed ·a)). r. e..7 G 1o/ r1, f') ,. -: o,l,-f:) " L /tf '!:. (•, f41.A) j 

p hi u;.,+UJ~ 

PenHTHBHCTCKH-KOaapHaHTHoe KaaaunoTeHuHarrbHOe ypaaaeaue llllH llBYX 

'18CTHU 

......_-1 
1 rr, r,, t'} ~ If'} rr,,v J f 1

"' () 

MoJKeT 6biTb nperu::Taanelio B cneJiyiOmeA fjlopMe: 

{P~ l"',,.~Jj ~If)- 4J
1 +

41
-' f lf fr,fj ~ 1f9F/Itfj~f/ 

.t~-~. &4J_z 

rJie o6o6IUeHHbilt KB83HITOTeHUH8ll ~~,I fj onpeJieneH COOTHOWeHHeM 

...... -" G1 r,,,j-
"---1 

r; :~r,, ,1 - ~ Vf: rfi 'Y . 
:0,(. 

( 1. 18) 

( 1.19) 

( 1.20) 

PenHTHBHCTCKH-KoaapHaHTHaH aonHoBaH ~yHKUHH ~If} onpeJieneua llllH nepe

MeHHbiX f> H f J yJloaneTBOpHIOIUHX ycnoBHIO MapKoaa-IOKaBbi ( 1.9), H 

CBH3SH8 C aMnnHTYllOA BeTe-GonnHTepa COOTHOWeHHeM 

• 8 

"· .. I'll!· 
N··.!ll.i •• f; ;( 
'i; \' 

:; ~ I' ; ' 

. ~ 

··.~ 
I 

. ' ;.''' ''] 
··~\.. 
~ 

I, 
{ ,. .\ 

.",• 

;.§;: 
~ 
~I 

, . ,.,, 

.. 110 

~lf)c J ~(~·11-1-f)~c 
-oo 

HeTpyJ1HO 110K838Tb, 'ITO B CHCTeMe U9HTpa HH9pUHH llnH cnyq, 

'18CTHU ypaBH9HHe (1.19) COBI18J189T C KB83HI10T9KUHanbHhlM yp 

AHanorH'IHbiM o6paaoM, ucnonb3YH peaynbTBTbl pa6oTbl2/ H 

Bb!W9 MeTOllt MO)I(HO 110llY'IHTb penHTHBHCTCKH- •KOB8pH8H' 

HHH llllH CHCT9Mbl l1BYX '18CTHU CO CITHHOM 1/2. 

§2. PenHTHBHCTCKH-KOBapHaHTHoe KBS3HIIOTeHJ 

ypaBHeHHe anH TpBX qaCTHU 

PaCCMOTpHM llllH Hllll~Tp8UHH CHCTeMy H3 Tpex H9B38H 

cxanHpHbiX 'laCTHu. AMrrnHTy.lla BeTe-ConnHTepa 'Tpex cso 

B HMIIynbCHOM IIp9J1CTBBneHHH YllOBneTBOpSieT CHCTeMe ypa1 

r,,a._ "'~J ile-,&1) = /) .; l .& 4,..1, J . 

BseneM HOBbie nepeMEfHHbie: 

f.. • oJ,· · n + f,· I. ; ..!.) 
I'J= .~ 

fP, 

rae p - 110l1Hbilt HMITyllbC CHCT9Mbl H3 Tpex '18CTHU, 11pH'I~M 

&J~,,. tll,..J ~.:: ,If , #•/Pi, 

,, .,.,~ ~?.. - /) ff,·P)• P. 

9 
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Jilf"-11'} J'(,~Njtlf'· ~/f-'1:) I 

....... -" 
osaHHH onpeneneHHll ( 1.15) o6paTH&Ilt onepaTop G ID) 

HB CB06onHhlX 'IBCTHU 

') .. --; J;t,-,:J cJ4).,·aJ_,l:V= r~,.,lti.~Jj 
b l &<J.'I' + U).t 

( 1.16) 

( 1.17) 

TCKH-KOBapHaHTH08 KB83HOOT8HUHanbH08 ypaBH8HHe nnll nByX 

f, f') ~ /f~ d(ltf!) ,/ f I • () 

ens::Tasne11o B cnenyiOIIlelt rjlopMe: 

~If)- 4)~+4l.2 f v; r,,,:) ~ lf!}tT(Hfj~f/ 
..t ICJ_, • &4).2 

It KB83HOOT8HUHan -y;--1,, fj onpeneneH COOTHOW8HH8M 

1""\,..-1 
r t~ 1 1r 1 • u-P (f,f')- -. v~ (ft'j . 

.2JFc 

( 1.18) 

( 1.19) 

( 1.20) 

KOBBpHaHTHBll BOnHOBBSI ljJyHKUHll ~/f)onpeneneua nnll nepe-

f J ynosneTBOpliiOmHx ycnoBHIO MapKosa-IOKaB&I ( 1.9), H 

HTynolt BeTe-ConnHTepa COOTHOW8HH8M 

8 

• 

' iJ 
I 

\ 
,,-,\ 

(~· 
;! 

J 
'I r ,\ 
i 

,;. \, 

+oO 

~If) c f ~ (~·11-~of) ,/c 
-CIO ( 1.21) 

HeTpy.llHO IIOKB38Tb0 'ITO B CHCTeMe U9HTpa HH9pUHH llJUI cnyqag p8BH.b1X M8CC 

'IBCTHU ypaBH9HH9 ( 1.19) COBII8.1l89T C KB83HIIOT9KUHanbH.blM yp8BH9HH9M ( 1.4) • 

AHanorH'fH.biM 00p830M 0 HCIIOnb3Y51 pesynbT8Tbl paooT.b/2/ H IIpe.llnO>K9HH.blft 

Bbilli9 M9TOll 0 MO>KHO rrony'fHTb pel!SITHBHCTCKH- •KOB8pH8HTHbie ypaaae-

HHSI lln51 CHCT9Mbl llBYX 'f8CTHU CO CllHHOM 1/2. 

§2. PenHTHBHCTCKH-KoaapHSHTHoe KBSaHnoTeHuHanhHoe 

ypaBHeHHe anH Tpex qacTHU 

PaCCMOTpHM llnSI HnnrocTpBUHH CHCT9My H3 Tpex HeB38HMO.IleACTBYIDUIHX 

cxanS!pHbiX qacTHu. AMrrnHTy.lla BeTe-ConnHTepa "Tpex cao6o.llHbiX qacTHU 

B HMIIynbCHOM IIp9.1lCT8BneHHH Y.llOBneTBOp519T CHCTeMe ypaBH9HHft 

(p/·- '111 :) ilc.,-1t1) c () .; ( ... -1,..1, J . ( 2.1) 

Bae.QeM HOBbie nepeMeHHbie: 

f.. - 11/,". " .,. '/,· t 

p "- - ) -y;; ( 2.2) "' 

r.Qe P - IIOnH.biA HMIIynbC CHCT9Mbl H3 Tpex 'IBCTHU, IIpH'f~M 

&!/I .,_ tJt,. 1- ~ = )I 
"' #-;'pi, ( 2.3) 

,, .,.,.,. ""'-' . () ff,·P)• t>. 

( 2.3) 

~ 

9 



TaKHM o6pasoM, ypaBHeHHe ( 2.1) npHHHMaeT BHLl 

rLie 

( t~/'- q)/) x, f-<.J•, ~). () ; ,.. 4,.,1, ~ 

.r,. e 
aJ• • fM•-A, t (. 71. • 

PeweHHe ypasHeHHI!: ( 2.4) HMeeT BHLl: 

Xp {-t,·, f&) • J'6f,!aJ_,')tf (tJ/,.'t_~f) J'('(/~·~1.) A (Nn~a,IIIJ) .1 

( 2.4) 

( 2.4) 

( 2.5) 

rlle A "'11(1~} - HeKoTopaH <PYHKUHH 

HbiX oco6eHHOCTeA. ByLleM C'IHT8Tb1 'ITO 

"1'£' J He coLiep>KamaH J' -o6pas

A (.(,') oTnH'IHa oT HynH numb B 

TOM cnyqae
1 

KOrLla Bee ~' npHHHMBIOT OLlHOBpeMeHHO nH60 nono>KHTenbHbie, 

nH60 OTpHUSTenbHbl9 3H8'1eHHSio OnpeLienHM Tenepb BOnHOBYIO <flyHKUHIO TpeX 

'18CTHU: 

+oo . 
j ~ tf, f~ 'l:z) c j i ~ f-t/('1. +'!J- H) ~ (-tt', ft:) .lq,eltta.ttlct.J ( 2.6) 

-CIO 

I 

nnH CB060LlHbiX 'ISCTHU, HCnOnb3YSI pemeHHe ( 2.5) 1 nony'IHM 

I•) 
!L, /f,f~of;) c I[N!:. (ttJ,t-lll,tt-4lJ)'}· A 

( 2. 7) 

TaKHM o6pasoM
1 

sonHoBaH <flyHKUHSI Tpex cso6oLlHbiX qacTHU yLiosneTBOpSieT 

ypaBHeHHIO 

,'.~!/, 
.l{f~;rn 
~~:~~) I 

~~?:~/.!! 
··'·:i,) 

't.UI 

! .• 1 

,:~ 
I 

'•i 

~~··· I 
,II 
f. 

. :)',' {~! 
~~( ~ 
r:~~ 
II 
~~~. il 
,;\' 
,, 

;I 

;/ 
)\ 
'l' 

I 

l) 
\' 

: )~\ 
I~ t 

1', 
<I 
I 

i 
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• 

(o/ 
[ p! {«~, -1-kJ-t -1- ~.) ... ]~I> ~~~ ,,) • " 

npH aToM LlOnonHHTenbHbie ycnoBHH MapKoBa-IOKaBbi 

8BTOM8TH'IeCKHo 

(Pfc·. 

BonHoBaSI <flyHKUHSI 

HHB8pH8HTHhlM o6pa30M: 

!/p I~·}Mo>KeT 6biTb HopMHposaHa 

J I~~ ltt.J/
2It1t)"; (ft~~+fJ)- 1 ~ 

rlle 

{tlf)- "" tlfz. "fJ d(irf,)ti(Jq,)JtltfJ) 

J;, (~+f,.t~-f.J) • /Jo · d ('lt:,..i;+f;) . 

lloKa>KeM Tenepb, 'ITO B CHCTeMe ueHTpa HHepuHH (~-I)) 
UHSI .i;;"'. D (;",•) 

1 
~npeLieneHH8SI Bbtpa>KeHHeM ( 2.6), SIBnHeT 

30M aMnnHTYLlbi BeTe-ConnuTepa Tpex qacTHU, B3SITOI!: npH 1 

qaCTHUo 

nettCTBHTenbH0 1 HCnOnb3YSI npeLlCT8BneHHe 

3 
• ,z~& 

ChJ 'tu,,.,,+IJ- p) 1"~/j) = jllx,JxJ.tlxJ e~' Xp fx,ko 

11 



paBHeHHe ( 2.1) npHHHMaeT BHLl 

/) x, (~·, ~) = () ; ,.. 4,~,J ( 2.4) 

( 2.4) IM~-1~ · (. I. 

i!: ( 2.4) HMeeT BHLl: 

J'Ui/~aJ_, t.)tf {t;tz."·-euf) 1'(11{, ';"3L) A clll,,•a,«J), ( 2.5) 

- HeKOTOp8H ¢lyHKUHH ~·) He COLlep>KamaH I' -o6pa3-

• ByneM C"iHTaTb, 'iTO A (.t,') oTnH"iHa oT HynH nHmb B 

a Bee "'' npHHHMBIOT OllHOBpeMeHHO J'IH60 flOJ'lO>KHTeJ'lbHbie, 

aHa"ieHHH. OnpeLleJ'lHM Tenepb BOJ'IHOBYJO $yHKUHJO Tpex 

+~~e 

) = j;{ql,.,.ti/2.+DI.J- H)~ (-tt', ft') .ler,eltt,_~q.J ( 2.6) 

- CIO 

8CTHU 1 HCflOJ'lb3YH pemeHHe ( 2.5) 1 flOJ'lY"iHM 

c: J' [ ,f(!:. ('4-1-~f- 4JJ)L ]· A 
( 2. 7) 

BOJ'IHOBBH $yHKUHH Tpex CB060LlHbiX "i8CTHU YLlOBJ'leTBOpHeT 

10 .. 

·-, 
I 

I 

il; 
., 

'I~ .!.' 

t 
'I 

;j 

·''1 
'I • 

'•II 

'I' 
'I 

~ 

* i 

1 
I 
11~! 
~' ,, 
~ .,,, 

t 

f ~ 
1 

~ 
~ 
~ 
~ 

* ~ 
' .~. \ 

~ 
:II' 
I 

t 

(o/ 
{p! {4!J,.,..(Q~f-~,)t.]~p ~.,~~)- () ( 2.8) 

npH aToM nononHHTenbHbie ycnoBHH MapKoBa-IOKaBbi 

8BTOM8TH"ieCKHo 

( .Pfc )•t>BbinOJ'lHHIOTCSI 

BonHoBaSI ¢lyHKUHSI 

HHB8pH8HTHhlM o6pa30M: 

!/p I~·}Mo>KeT 6biTI:> HopMHpoBaHa penHTHBHCTCKH-

J /lpltt.J/ 1(tlf}';fftt-~+fJ)- 1,~ ( 2.9) 

rne 

(~if)- "" tlfz. tit; J"titt;tirx,,;J'rltf1J ( 2.10) 

~ (~+1~~-f.z)- n. · t ftt:,_i;-~-i;J . (2.10') 

noKa>KeM Tenepb
1 

'iTO B CHCTeMe ueHTpa HHepUHH ( ~c I)) BOJ'IHOB8H $yHK-

UHSI .i;;.,_ fJ (;",•) 
1 

onpeneneHHBH Bbipa>KeHHeM,. ( 2.6) 1 HBJ'lHeTCH $ypl:>e-o6pa-

30M aMnJ'lHTYLlbi BeTe-ConnHTepa Tpex qacTHU, B3HToi!: npH paBHbiX BpeMeHax 

"i8CTHUo 

llei!:CTBHTeJ'li:>H0 1 HCflOJ'lb3YH npeLlCT8BJ'leHH9 

.3 
i iZXJclk 

Cf,) 'tu,,.,,+6-P) A(i,fi!j) = jt~x,~x~tlx.Je~t-' Xp (x,Jt.,.K.J) ( 2. 11) 

• 
11 



I 
II 

rJie 

'tp (Xi Xa.A'J) • 6/ T (ftKt) f~b~ ftxJ >) I p:> , ( 2.12) 

H npOH3B8JlH HHTerpHpOBSHHe COrnaCHO Bblp8)1(8HHIO ( 2,6) 0 HaftJieM B CHCTeMe 

~ I> = () : 
.1 . ~....,..., 

- , c. X~:. f.c 
euftt~1-?+i:J!f,~/i':J· f.rt,JX:t~iJe K .. , ~-~;:; 4r; ~~~~). (2.13) 

HaAJieM Tenepb ypaBH8HHe1 KOTOpoMy YJlOBneTBOpHeT BOnHOBSH ~yHKUHH Tpex 

qaCTHU (2,6) B npHCyTCTBHH B38HMOJl8itCTBHH. 

OnpeJienHM ~ypbe-o6paa 2-apeMeHHoA ~YHKUHH fpHHa cneJiyiOmHM o6pa-

30M: 

+Co 

~ r,., r/J- jtt-t,J~,,~J tiii(,'J.I,'tlt~,' J"r.t,+~.,.~- H)~ ~·ft·;~i'~.l4) 
- Clb 

rJie 

I. 
L" , I ill!"' ''') lrp ftt,·ft·; «1 ~c· ') ~ ~CA-i.~ : 1,1, ~ = 

.1 
; E (~.i- x:tr.) ' n ., 

:: Q,-)1.1 J ~Jt..lfi;X/x!x:J') e ./x,t/x.,..lk, ,/K,'Jx:.I;S ( 2.15) 

nnsr CB060JlHbiX qaCTHU HMeeM 

12 

• 
~ ' 

G~( •·').., _,- $(R-!,'Jil&-~')$/~-IJ'} 
v,~ r~------~------ ) 

,._P,!IIf,-'} [ P/- _,,.,] [IJ ~ llll] 

oTKyna nocne aaTerpapoeaHHH cornacao onpeneneaaro {2,14) aaAne 

~N ~ G, lt,.·,fi'J~~: i1J.t. 4?"'~~-J L)p (~. -f,: ') 
t:U., ·U1f · W.J [N!. (w1 +llrl,e+~)t.j 

rne 

{.J) ~ . 
Llp (f,'""' ~ .. Jit;,-f, ') ~1'(1~-rt,.')Ji fr.J-f./). 

r\.--1 
OnpenenHM o6paTHbiA onepaTop G cooTaoweaHeM 

f "'-" r"-G, fft,f; ~ ~ (ft·: ~·/ (.tf'~)i, {1ft ".,.,~fl? • 
('.J) 

= lJp ""'-fi~ dp ffl"'fa.r~) · 
\< 

Y'IHTbiBaSI paeeacTBO 

J 
{3) A (J) ., ') ,, f/ , II) 

/Jp (fe• -f,:") {JI ("·-'f.' {;lf"/~(fif-f~l-fJ./ 0 

ts) 
= LJp. (r,·-f.·'} 1', r,, ~--~- r.) . 

l 
13 



X;a.k.s) • <ill T (ftx,) f-b~ ftxJ ij I'.> , ( 2.12) 

HHT9I"pHpOB8HH9 COI"naCHO Bb!p8:>K9HHIO ( 2,6), H8All9M B CHCTeMe 

.1 . "" .... .., 
- 'c:::;.XJ:.f.c -tJ ~I (~) p_,· ~ ~~ ~..,, /'.-. ~ -) f3 IJ:~ 'f,· = ~x,JXJ.IIfk, e Jf..~ <4.t,; 4~.: 11,-!J . (2.13) 

r~o J I'•• 

pb ypaBH9HHe, KOTOpoMy YllOBneTBOpHeT BOnHOBaH ~YHKUHH Tpex 

B rrpHCyTCTBHH B38HMOll9ACTBHH, 

nHM ~ypbe-o6paa 2-apeMeHHOA ~YHKUHH fpHHa cneayiOmHM o6pa-

+Co 

(,:'). pll(,tl-t,,lli.J .141',~4', ~'\1" c:ff.i,+4\+~- H)~ ~·f:·;~9~.14) 
- Clb 

'I'~ ''"J (~·~·; tf,· fi')E (A~~ ll,~~/• 
3 , ;z t'~.t- x.c~) n. ~, 

J ~~AJ ;X,'xtxJ") e .!x,~&.lk, J.r:Jx/..I;S ( 2.15) 

X '18CTHU HMeeM 

12 

• 

r~J · . $(1J-P,'} il&- P. ') $(~ -lj ') 
17~'•· 1:')-=-, .). v,, " r 1 ' 1-P,-JI(t"&] [ ~._ .,,.,. ] [IJ! /l(i 7 

( 2,16) 

oTKyna nocne HHTerpapoaaaag cornacao onpeneneaaro (2,14) aaAneM: 

~N ~ G, (~·,f;j)= hrt. 4?~"~,. • .~ LIP ("~. -f,: ') 
t:U_, ·Uft · 41..1 { N! (w1 r«~,t+~) '] 

(2.17) 

rne 

tJ) . 
Llp &,·-t· ~ ~ J,;~-f, ~~~1~-.,~~Ji tf..-!.:J. 

( 2.18) 

r~..--1 
OnpenenHM o6paTHbiA onepaTop G cooTaoweaHeM 

J,...,.-1 ,....... 
G, (fe·, f;. ~ ~ ("'·,¥ ~· ') (Jf ") ~ {f! "',..,;,f,? .: (2.19) 

~) 
=- iJp ~·-fi~ JP &,~r~) · 

Y'IHTbiaag paaeHCTBO 

J (J) 1\(J) f' I) r) 1/ I II') 

tJ, rre· -f,:"J (.J' r"·-~· / a,"/_,r~,_..,2-~3./ = ( 2.20) 

ts) 
= L1p. fr,·-~·? 1', r, "1-f.,.+ '•) . 

• 
13 



" f.l 

nony'UIM llnH CB060llHbiX '18CTHU: 

11""\..1.1}-4 I CJ) ~·~ •IJ&JJ .'J..7 (2.21) &,.:c,; ft·~- . -;: Lf~ ti·-~t:J ~ '[ N!:. ~H.tl~'f>4/.v~ . 
J I ta~~ ,_~ ~ «~.1 

KaaaHnoTeHUHan .11ns 38ll8'1H Tpex Ten onpe.QenseTcH Bbipa>KeHHeM 

-if 
~(•) I 

~ (ft; ,. :; -,.;;;. 
,..,._--! 

G, r~;fc·~- "li~·,,~·~. ( 2.22) 

TaKHM o6paaoM, ypaBHeHHe llnB KBaaHnoTeauHan&HoA BonHoBoA $yHKUHH Tpex 

'18CTHU 6y.QeT HMeTb BH.Q: 

[P~ftM+Htj+41,V':J!f,l'ft·J• tt:J,,..~+~JJ-v; ~·,f,·J~ ~:1/C 
~·~·eo.2 

X tf(f,~~~') (#If'} • 
p 

( 2.28) 

CTpyKTypa ypaBHeHHSI ( 2.28) llnB Tpex 'ISCTHU B npH6nH>KeHHH napHbiX Baa

HMO.IleAcTBHA 6y.lleT HCCne.QOB8H8 OC060 B .llpyroM M9CT9o 

§8. 06o6mekHe .anH AI' qscTHil 

AHanorH'IHO cny'laiO Tpex 'ISCTHII MoryT ~biT& nony'leabl penBTHBHCTCKH

KoaapHaHTHble BOnHoBble ypaBHeHHSI llnB IV 'ISCTHu. 

4>yp&e-o6paa J.IV -apeMeHaoA $yHKIIHH fpHaa N 'ISCTHII c MaccaMH ,. 
l onpeaenseTcH Bbipa>KeHHeM 

N 

~·z~-x.t~o 'f _, Gc,. !!-') • - 6!~;x,·:Je .11-.... ~xN Jx,' ... ,lx; 
II ' {;,)-IN "Y 

14 

(S.l) 

~ 
.. 

,, - -" ______ , ~ 
-· - L 

IlnH CB060ilHbiX '18CTHU HMeeM 

L\6) 'N d(fl-!l')d(&-!jj • ... df/i--~'J 
fJ(fttl,:'). ') . 

{!:-!. 'llf,,. J[&~•J."'J .... [,:,!•It''} 

BaeAeM HOBble nepeMeHHbJe: 

f. !J.
I , I 

·•"''•/I+A• . ·• ll(.·lf~6. l "V Te ' c c 7( ; 

. 
) I& ,, 'I • . . I IV . 

npH'IeM 

IV N 

2 of,· • ZPI,.' ~ ,41 : 
J".: I 

#= ;r, 
/cl 

N N z ~· ~ z 'f/ .. I) r.,., JJO fr/P;)· o . 
/:I 

, ..... , 

OnpeAenHM Tenepb ljlypbe-o6p83bl 2-apeMeHHOlt ljlyHKUHH rpHHa 
·., 

<?,'r~·, t·~-Jsr-,1-<tf.,.+ .. ~-~~~lt'-N) ~ ~,.,.; ~~r"!JJ.;· .. -'tt~,t,J~,~ .. #t 

!lnH CBOOOilHbiX '18CTHU1 HCUOnb3Yll ljlopMyny (8,2), HaltlleM (eM, 

HHe) 

15 



60.QHbiX 'ISCTHU: 

I (j) ~ ·~ •IJ&JJ .'2,. 7 { 2.21) . ~~ ~·-~:J '[ N!:. ~:HII~~.J.J . 
!l. 41~ ~-~ "ai.J 

Tpex Ten onpeaenHeTcH BbiPalKeHHeM r'\.-_, 
r;._t•J ' 1r 

p (f,;ft· /' -,.,... V,t» ~·~ f"·J · {2.22) 

ypaBHeHHe .!tnH KBS3HnoTeHuHanbHOft BOnHOBOft ~YHKUHH Tpex 

eTb BH.Q: 

'!f. 14 .) tt:~,I-~+~J !',r 
p ft· • J Yp /fe·,~·J~~:J Jr 

41.,·~ '1:<).2 

x ~rr~~~~'J (lllftJ . p 

{ 2.23) 

HHH { 2,23) .QnH Tpex '18CTHU B npH6nHlK8HHH napHbiX Baa-

T HccneaoBaaa oco6o B apyroM MecTe. 

8. 06o6meHHe anH A/ 'lSCTHI.l 

I 
ny'l810 Tpex 'ISCTHU MOryT 6biTb nony'I8Hbi penHTHBHCTCKH-

OBbie ypasaeHHH .!tnH IV 'lsCTHu. 

~ -BpeMeaaoA ~YHKUHH rpuaa N 'ISCTHU c M8CC8MH 

BbiPSlKeHHeM 

N 

iZ~-x£.it) 
ll!lr/ 

_.f_ J6!~;x,·Je .lk,···~xN l!x/··· "'x~ r)-IN 

14 .. 

(3.1) 

llns CB060.tiHblX 'ISCTHU HM88M 

/' 6) 'N J'(P,-!I')d(&,-!jj · ·· · ti"(fi,-~'J 
t.r{tt,lt·1· ' 

[P,-!. 'Ill,,. Jl~~·~-"'J .... [!Jr!,/V''} 
(3,2) 

Bae.QeM HOBbie nepeMeHHble: 

f. 
LJI ' I ·•"''•II+"'· · r.•• 1/(.·lf~A. l ""' Tc • c ' 'Tt : (3.3) 

. 
} Z /1, I • •• I # • 

npH'I8M 

IV 1<1 

2 of,· • z tJ(/.:: ,cl : 
1'« I 

#= lj=t, (8,4) 

/::1 

N Jll 

Z ~· " E 'f/ .. () , .... , r,.~~ J& fr/P;)· o . (3.4) 
j: I 

Onpe.~:~enHM Tenepb cjlypbe-o6pa3bi 2-apeMeJIJIOII: cpyHKUHH rpHHa 'ISCTHIU 

~r~·,t.'J· Jsr,.,,.,.-~ .. ~11/N-N)tPp!l,-,.;,f"!J""'···-'-<vJ"/·· ~~~~. (8.5) 

llns CBOOO.tiHbiX 'ISCTHU, Hcnonb3YSI cjlopMyny (8,2), aaA.QeM (eM, npunoJKe

HHe) 

• 15 



•I\ 

·'' 

,.... (¥) 
o;)c,;,:'J· i.:~K-f~.,~"-·+4.1~ Llp trc·-1,·? ) 

~'""..t ••.. ~IV [N!. (141,'1-UI.6.+·~ +"'AIJ":] 

(3,6) 

r.ae 

4)·= Ymkf_.' ; 
t I I 

/..._ /,lJ . .. J IV , (3,6) 

r\,.. _, 

(;. 06paTH&IIt onepaTop onpe.aenHeTCSI COOTHOW6HH6M 

J 
_., roo., 

"- I '" H Gp(fti ,, ~ ~ ("" r/) J;, (f;l'-{"" .. rf.v) {t;lfV- (3. 7) 

. (IV) 
.:: Jf ~rla.+•• .,.~If') Llp ~,_.,.//)I 

r.ae 

(I! f),. 4f~tlf.., ... tlf..,- J'{itf,)i"(ll.f.,)· .. J"(~,) (3.8) 

Llr;'~·-rc·?· Jflt-1?~~-~) ... JP 1~-~1. ( 3,8') 

06o6meHHbllt KBa3HnoTeHUHam>H&IIt onepaTop .ana aa.aa'lH N 'laCTHU onpe

.aenaeTca H3 ypaaaeHHH 

,.._-if 1"\.~f' I 

tip rr,~tt,·'J • &p'"'r~; ft·~- .- ~ tf,i ,.~ 
J;;JAI-1 

(3.9) 

16 

dl• 

-~~ ~ ----· . -----· .... . .. -·--··-- ·---·-·. .. ..... . .. ·--

nre 

-1 
......... (•) 
~ 14i·,tc'? = 

(..v) I 

L1,.. ftt·-rt? ~-~·~~ ... 4)"' [N~ (""~"'·· 
) '1/K- f 4Jf',-...rd..t~· "f~,v 

PenSITHBHCTCKH-KoaapHaHTHoe KBaaHnoTeHuHaJI&Hoe ypaaaeaHe 

npHHHMaeT BHJl: 

£ 2.' .t1 ,, ~+~l ... +ec~...,J.,r " JL 
P-(~U.t+"'!z.-~>· .. +~J J z, r,,.; • vp (~; ~·'JL 

~·~ ... ~.., r 

X Sp (f,ff,_l. ... +f;.,) 

BonaoaaSI cpyaKUHSI !Jp fr,:) caSiaaaa c aMITJIHTYilOA BeTe-Cc 

IOmHM COOTHOWeHHeM: 

1, tre·J • Jt~~, Jet,. ... J~ g 6f,+ot,_o~- •. + 11(,- #) Ap C.ot,·i 

H onpelleneaa llnSI nepeMeHHbiX P H f,· J yJloaneTaopSIIOmli 

HOMY ycnoBHIO MapKoaa-IOKaBbi (f(.J.-1). HopMHpoaKa aonac 

( 3 •. 12) onpellenSieTcSI cneJlyiOmHM o6paaoM: 

J .t' I !l,r,,-J/ J'p Cf, ,.~+ ... ,.,..,) r.t,) ~ 1 

Hcnon&aySI npellCTaaneaHe (3.12), KaK H a cnyqae Tpex qacTB 

K838T&
1 

'lTO B CHCTeMe UeHTpa HHapUHH (iJ• ~) BOJIHOB8.11 ctJ: 

coanaJlaeT c cpyp&e-o6paaoM aMITJIHTYilhl BeTe-ConnHTepa, B3.11 

apeMeHax N qacTHu. 
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(N) 
/1: ,"j¥--1 ~.,rdll~"'··+tU~ Llp (t,·-1,·? ) 

~·t.U.t ••.. «/IV [N'!:. {t~,'I-UI,_+·- 'I-G1N)'g 

(3,6) 

Ym.__,y; 
I I 

/~ /,J., ... , IV • (3,6) 

.-.....--~ r; epa Top onpeaenaeTCB COOTHOWeHHeM 

,...._, 

') ~ r"r, r/J Jpr~k~·· -~-,;.; {ilfV • (3,7) 

. (IV) 
(~Ha..~ .. -1-<f,.,) LJp ~·-.,/"), 

... tlfitlf, ... "'"' J'{itt,)i"tit, .. )--· ,J'(Jtf,) (3,8) 

·?· ~te-·~~~-~1 ... ~ti.-£1. < 3,A'> 

KBa3HnoTeuuuan&Hbilt onepaTop ana 38A8'lH N 'l8CTHU onpe

ypasueuua 

,.._-t( 
L'l~ ') • crp (~; f,·~ I 

. - 1{"--;,. 1\ 
J;;)"'-1 r (,II f,'./ 

16 

... 

(3,9) 

rne 

-1 
"'t•) 
~ ~·,ti?= 

(N) · t. 7 QS,10) 
·L1,. (r,·-ft"')_ ~-~·~.1"' 4JN [H'! (eu,~f···~"-lv)J. 
i 7/ K-1 4J.tf ~"'..t~ • .. ,-.t:t)N 

PenHTHBHCTCKH-KOB8pHaHTHOe KBaaHnoTeHuHanbHOe ypaaHeHHe anH N '18CTHU 

npHHHM8eT BHil: 

£ 
2: .t7 ,, • 4tJ.,+'2+-.. +"'"' Ar 1 ~L , 

P-{tQ,t-lf,z."'·"+~J J :r, r,,-; JVp (ft; r/JL r,l) x 
~·~ ... 41...., r 

( 3,11) 

X Sp (f,ff;+ ... +f;,) (elf') 

BonHoBaH cllYHKUHH !lp (fd caHaaHa c aMnnHTyaoil: BeTe-ConnHTepa cneay

IOI11HM COOTHOI11eHHeM: 

t,rre'). Jr~e~,J~). ... J~s 6t,+otl+ .. ~ 11(,.,-#J Ap co~t·" +4,) 
(3,12) 

H onpeaeneHa anH nepeMeHHbiX P H '/,· J yaoaneTaopHIOI11HX aononHHTenb-

HOMY ycnoBHIO MapKoBa-IOKaBbi (,Pfc.) .. o. Hop¥HpoaKa aonHoBoil: «lJyHKUHH 

( 3,.12) onpeaenseTcH cneay10111HM o6paaoM: 

~· j I !/1 t;,·JI J'p Cftff.a.+· .. ,.,....,J(tl,)· 1. ( 3,13) 

Hcnonb3YH npellCT8BneHHe (3,12), K8K H B cny'lae Tpex '18CTHU 1 MO*HO no

K838Tbo 'ITO B cHcTeMe ueHTpa HHepuHH (-p' • ~) aonHoBaH «lJyHKUHH !fp.l} /f::J 
coanaaaeT c 4Jypbe-o6paaoM aMnnHTYilbi BeTe-ConnHTepa, BSHTOI!: npH paBHbiX 

apeMesax IV '18CTHU. 

i 
17 
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ABTOphi Bbipa)!(aJOT HcKpeHHJOJO 6naroaapaoCTb H.H.Eoronro6oBy, B.f.Ka

ahillleBcKoMy H A.A. noryHOBY 38 HHTepeCHble 06Cy)!(aeHHSI. 

llpHJIO)f(eHHe 

Bbi"IHCliHM <jlypbe-o6paa 2-BpeMeHaoA <jlya:KUHH fpHa:a N cKamrpHhiX 

CBo6oaHhiX qacTHII. 11crronb3YSI rrepeMeHHble ( 3.3) H orrpeaenea:He ( 3.5), HMeeM 

,... 
G {•) 'N r "«t '"' ... "'~ " ~ ~ , ) p (ft.;tli') c t J,,. ~~ l tL 27 o 'V,-1,')··· #(f!.,-P:) tJ (ll,1-riz~"+tt.t, -~ 

L..,1_1Jt), J "'l._., -~.I 

ITpeo6paayeM S' (~,-I{) B <jlopMyne ( IT.l) cneayromHM o6paaoM: 

S'(f1-P;):: ~{w,(-l1 ·tl(,')+ Cq,,-q(.)) $'[~(;.1-d.(}+- (q:>_q~")] = 

(..-., ~, ~) -:'t _.., 

..: 8' [no (1(,-ol.:)+ q,-:,, ~ ] $ [ Cq,'-'t')-~ ~-q,', ~ )] = 
0 

no~ 

= t (rJ.,- d.,') 6 p (q,-q,') ) 

rae 

( rr. 1) 

( rr. 2) 

$' pff;'fP• "0 lr;t:-"ii',') - eCTb liHBapHaHtHaSI J- - <jlyHKIIHS!o 

TaKHM o6pa30M, Bb!pa)!(eHHe ( rr.t) MO)!(HQ llpHBeCTH K cneayromeMy BHay: 

,.._to) (.N) {'r') 
GP rrc·, ,,. ') c Ap rft'-ft'? ~ {f,) ( IT.3) 

rae 

18 • i. ~;.~;:;..~.o~; ·-.·-:;c•·:~:::-c::c:·.· --"·":~~"-··-•· -~-~-- .. -.......... .. t 

. (N) ."' r J~,Jet.,.· .. "'11(,., S'ct~,.,.tl(,+ ... .,.ot,.,- ~ 
Ff (fc'} • 1 Jjo1

1 
~w, "J · · [II("'.,._ ~ ;:-J 

Llmr N•~ HHTerpan B <jlopMyne (IT.4) nerKo Bhi'IHCnHTb,rrpHHHI 

6eCKOHe'IHO M8nble OTpHIIaTellbHbJe MHHMble '18CTH (',() ' .-a.. et) • -
I ...,- ' 

{.2.) 
Fp ffc·J = ·.t. r .ttJi, "'II( .. J" f.t,.,.II(,_-H; 

' J~ = 
£~'- k.l,'] [-</-e.Jt] 

+DO 

= -1 ,/& -
_ co[{f 1-£): eo,':] [Cf -o)~ w.:j 

aJ,+AI.t. '71 .. 
' cv., . "'.t L 

B o6meM cny-qae rrpH N> :J_ Bbi'IHcneHHe 

('~) 
BeliH'IHHbl If, /"f,~ 

II?OH3BeaeHO H8 OCHOB8HHH 1IpHHUHII8 MaTeMaTH'IeCKOA HHay: 

COOTHOIIIeHHe 

(t.'+l) 
F1 fft) • 

(ltl) tiN I 

,· f f';t t"~·-r(N-H') !; '<J~} 

rae p = !/.n p '-= ' )1.11 
.I 

HeTpyaHO IIOK838Tb1 'ITO 

/". . ' (;() + eu • .,_ . .. .,. eu ,v " 
c ,~, . Ill " ,. ·----
r p (f,) • ) 1i - N<f. I(J.t •.. etJ, [N'-- c~,-H~~-1 .... 1 
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,rpa;>KBIOT wcKpeHHIOIO 6naroaapHOCTb H.H.Boroni06oay, B.r.Ka

.A. floryHOBY 38 HHTepeCHble 06Cy)!{,AeHHH, 

flpHflO)KeHHe 

<!Jypbe-o6pa3 2-BpeMeHaott lPYHKUHH rpHHa N CK8JI.HpHblX 

Uo J1 CITOJib3YH rrepeMeHHbre ( 3,3) H orrpe.nen9HH9 ( 3,5) 
0 

HM99M 

~1'~ ... .,/.r(v t. 
-~!.aJ,'J··l«.v'J..-ea:J a-,') ... )r~-p:} df.t,+flai-u+l(, -~ ( n.1) 

8' (~,- .1' ') B <flopMyne ( n, 1) cne.nyromHM o6pasoM: 

{no(-<,-~,')+ Cq,,-q(.)] J'[~(~1~d.,')+- (ti;'-q'?")] = 
/"...:., ~, ~) N -,, ~) 

:J+ Lq,-q,, ~ ] ~I Cq,'-tf:')- ;( \.'1,-tl,) ~ J = 
ho "() 

0
-a.. 

(n.2) 

d.,- d..,') '8 f (1(,-q,') ) 

0 ~rt;'/-'"if,') - 9CTb MHB8pH8HTH8H J - <f>yHKUHH, 

30M 0 Bblp8)!{9HHe ( n,1) MO)!{HO IIpHBeCTH K CJie.AyromeMy BHJ:Iy: 

(.N) {N') 
fc·, f,") c: LJp (ft:-'lt' ') ~ {f,') < n.a) 

18 ... 

F(N} 'I' (J~,tleta."' j~ S'(~t,oftJf,+ .. ·+o(N-M). 
f (fc'} • 2 Jje~,':..u;,"J .. [~~'-a._eu)] 

< n,4) 

llnSI N•;. HHTerpan B <IJopMyne ( n.4) nerKO Bbi'IHCJIHTb, rrpHHHM8SI BO BHHM8HH9 

6eCKOH9'1HO M8Jlbl9 OTpHU8T9JlbHb19 MHHMb19 '18CTH CtJ,' c;> uJ,•-itJ : 

f.,.) 
Fp /;,·) = •.1.. r ./e(l Jti(L .$/d,+#/L-)1) 

' J~ = 
[~ ,_ Cd,.,. 7 [ 11{/- G.l) t ] 

< n.5) 

+DO 
• o::-D1 + Ar.a. I 

= -1 .Jc • 
-co[(/+~:)~ aJ,':J[C,: -oY!; wJ] 

)7/ ·---
~., ·w.t [M !- Ce.o~1-1-~~1 

{IV) 
B o6meM cny"'ae rrpH N> .2 Bbi"'HcneaHe BenH"'HHbi ;:; l'f,") MO:lKeT o:o-rTb 

IT~OH3B9.1:19HO Ha OCHOB8HHH rrpHHUHIT8 MaT9MaTH"'9CKOlt HH.AYKUHH, MciTOJib3YSI 

COOTHOIII9HH9 

{N+I) 
F1 r,,-; • 

(AI') ~IV I 

,. f r,, r"'icN-N'J ~ <V.!,J 

rae p /-= 
I 

}(.JIJ f> c #·II ./ 

HeTpy.AHO ITOK838Tb0 'ITO 

,.u, &() +UJ .. ~· .. .,.eu~ t/ 
r: r "/ • I' I 1 ,.. · 12-1 
rp (f,) • ) R - ~~e~_,, I(J..t ••• a;, {N!.- C<~~JtH.#.t..J.• .. .,._aJK):J 
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< n.e) 

< n. 7) 



,. 

''.jl:, 

:;&: 
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i 
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