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.. 

PaccMaTpnsaeTc>t ypasaeJrne 

Ax= y ( 1) 

npH yCIIOBIIH 

IIBxJJ ~ M , (2) 

rAe A II B -caMOCOIIpHJKaHHbl9 KOMMyTHPYIOlllHe onepaTopbi B rHIIb6epTOBOM npocTpancTBe 

J{ • JiccnenyeTc>t ycToli'<HBOCTb aana'<ll npu naMeaeaHH y. 

nycTb MHOJK9CTBO 

)R(M) =lx~J{ /JjBxiJ:£Ml 

KOM118KT B J{ , nycTb onepaTOp A-aenpepbiBHhlll, A-!.. OAH03H8'<Hbll! ( MOJK9T 6biTb HeorpaHH'i9HHb1M), 

nycTb )t a Alll - o6paa MHOlK9CTBa )R • 06o3H8'<11M qepea R ()t) cy>KeHHe c;meparopa 
I /}/ 

A- aa n . KaK 113B9CTHO (eM, . ), onepaTop R<Yll aenpepb!Bea. 
x/ 

B pa6oTe npennaraeTc>t cnoco6 Bhi'<HCIIeHHH Monyn>t HenpepbiBHOCTH onepaTopa R<Yll. 

06oaHa'<HM ero qepea lll (<,M) HeTpynHo BuneTb, <rroxx/ 

lll(£,Ml=maxlllxii/11Axll:£• ,Jrnxii~Ml (3) 

npHM9HHM M9TO)l MHOJKIIT91I9ll narpaHJKao 06paayeM <jlymtnHOH81I 

2 2 2 2 2 

/xxx/ 
<ll(~,.\l=l!xiJ +.\ 1 (< -IJAxJJ l +A 2 (M -IIBxll l. . (4) 

MolKHO noKa3aTb , '<TO ecn11 : - TQqKa, B KOTOpOA .tlOCTHraeTCSI M-BKCHMyM B (3), TO 

xl npennaraeMblll cnoco6 ecTb aeKoTopoe o6o6menue oAaoro MeToAa, npnMeaeHHoro 
M.M. naspeHTb9BbiM (eM. I 21). 

xx/ 
JiHbiMll CIIOB8MII

1 
lll ( l , M) €CTb A118M9Tp nepeceqaHIISI llBYX SIIIIliiiCOII)lOB B rii1Ib6ep-

TOBOM npocTpancTae. 

XXX/ 3TO YTB9plKJl9HII9 )lOK83biB89TCH T8K JKe, K8K II B cnyqae BblllyKIIbiX <!JyHKI!IIll 

(eM. /3,4/) • 
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Cyi!l&CTBYIOT ~I H 12 t Tatme, '11'0 BbiJIOn!UliOTCH CJICJ:lYIOIIlHC COOTHOWCHHSI: 
1'4 2 A 2 

1-,\1 I (Ill l-.\2¢> ({:IJ)-0, 
A A 2A 'f _jJA 

X - ,\1 A . X - A2 H X - 0 • ( 5.1) 1 -A I 1
2 

(02) -12 </>2 (02) =0 

1) A~ II '$. < , (5.2) 
orrpeaenlleM 11 n .. 12 '· rroacTaBIISI&M B ( 7) n rronyqaeM: 

~1 B~11 :> M , (5,3) 

~1 (<-1lA-;11>+). 2 (M-11~11> =0,, (5.4) 

.. . 
.~. 

[ .1.2 2 1.2 .2 2 2 
llxlf=v'"' ({:12)-</> !Otl< +[1(01)-1 (02l]M 

. 12(111 )</>2 (ll:i) - 12 (112 )</>2 ((:II) .· 

(II) 

\. ~2;:: 0. (5.5) 
0603H8'1l!M qepea W (t,M) MSKCHMyM no 0 1 H 02 BblpalKCRH!I· (11). 

Mbl onpeaenHM ~~~~~ J:lnll mo6oro BCKTOpa -; , YllOBJICTBOpSIIOI!lCro COOTIIOWeHHSIM (5). EcnH J:lJill ni06b!X ABYX TO'ICK 0
1 

, 01 ~N 

Cpeaa nony>~e!IBhiX BenH'IHH II~ II onpeaenHM MaKCHMan&ByJO. 

npe'anoJIO)!{HM cBa'lana, 'ITO AI H 12 o6e OTJIH'IIlbl OT uynst. Toraa 

2 2 2 I • 2 
1 !0 1 >¢> ({:1

1
)-1 ,01 >¢>!01 )=0, ( 12) 

II A~ II-. liB~Il = M. 
(6) To rna 

~ = :E <Eo -Eo -o > ~- :E~k • 
okr::; N k k 

(13} 

YMHOlKSll B ( 5,1) na " x 1_ nonyqaeM " 12 2 " r 2 2 IIAxl =kl ({:lk lllxk I = l • (14) 
A2 A 2 A 2 

II X II =,\I. + ,\2 M (7) [jB~II 2 =:E¢2 Wk>ll~kll 2 
=M 2 

·TaK KaK A H B KOMMYTHpyroT, cymeCTByeT cneKTpanbHOe CeMel!CTBO npoeKD:HOIIHbiX one-

paTopoB E (:1 , TSKOC, 'ITO 
TaKHM o6paaoM, 

A =f I( {:I) dE O B =f </>({:I) dE (:I (8) II~ II = v':E II; k 11
2 

• (15) 

rne ll;k II n Ok ynoaneTaoplliOT ( 14). 06oana'IHM qepea "'~ (< , M l MSKCIIMYM ( 15) 

noncTannllsr B ( 5.1), nonyqaeM, 

.. ' . 
~ 2 A 2 A J[ 1 -x 11 <O>- .\2 .p <O>ldE0 x = o. 

PaccM.oTpnM BhipaJKelllle 
" 2 2 P(l:l)= 1-.\11 (0)-A2</> (0). 

(9) 

I 

! 

t 
nprr ycnoann (14). 

nycTb, HSKOHen, N conepJKJIT TOJibKO OAHY TO'IKY OJ • Torna 

~ = (Eol- ~o;-o>~. 

fiA;Il =IIH01HII =•. 

II B~tt= 11¢>!01)~ II= M •. 

( 16) 

(17) 

0603118'1HM '!:epe3 N MROlKeCTBO Hyneil 5'(0). N - lie nycTo, TSK KSK B IIpOTHBHOM cny>~ae 

ll3 (9) CJieayeT, 'ITO ; = 0. npeanono~M, 'ITO N COCTOH"I: ll3 KOHC'IBOrO 'lliCJia TO'IeK. 
Ha ( 17) nonyqaeM, 'ITO 0 1 YAOBJieTBopsreT cooTaomearrro 

nycTb N COAepJKliT XOTll 6b! aBe TO'IKll • OJ li 02 .. T8Klle, 'ITO 

2 2 2 2 
I ( 0 I ) </> ( 0 2 ) - I ( 02 ) </> !Bt2 ) f. 0 . 

(10) 
I .P<OI> I=~ 

ftl:ll) • 

( 18) 

Toraa na ypaaHeHllil II 

~~~~~ =.-'-= _M_·. 
I f(OI >I 1¢><01> I 

( 19) 
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06oaaa•mM qepea ""a (< ,M) MaKcnMyM ( 19) npn ycnoann ( 18), 

Mep 

PaccMoTpHM Tenepb cny'lall, Korna onao na '!Been 

A2 ~ 0. Torna 

nyCTb ypaBH9HH9 

nMeeT onHH KopeHb 81 • Torna 

H 

I~A;II = • 

IIB:II ~ M 

1-111
2
(81) aO 

A 1 
.\I ~ 12(81) 

11~11=·-•-. 
I r WI> t 

npn 3TOM H3 (5,2) H (5,3) H01IY'l89M nllH 8
1 

YC1IOBII9 

3 2 
cf> (81) < MM 
~=~ 

).-~. A2 paBHHeTcH aynro, aanpu-

(20) 

(21) 

'(22) 

(23) 

EcnH ypaBH9HH_e ( 21) HM99T 001Iblll9 OnHOI'O KOpHH, TO 1I9I'KO BHn9Tb, 'ITO XOTH 6bl OnHII H3 

IIIIX 6yneT ynOB1I9TBOpHTb (22) II (23), nycTb C'U 4(<,M) 0603H8'l89T MaKCHMYM (22) npH yc

IIOBHH (23), 

Monynb HenpepbiBHOCTH onepaTopa R c:ltl paBJIHeTcH JiaH601IbllleMy Ha 'lHcen ..., 1 ,..., 2 ,...,8,...,
4
• 

PaccMoTpiiM npHMep. 

nycTb 

. 
Ax= fx(t)dt 

0 

J{ a L (0,1) t 

Bx . dx 
1--

dt 

T,e, paCCM8TpHB89TCH ypaBH9HH9 

, npH YCIIOBHII 

jx(t)dt = y(t) 
0 

I 2 2 f ( ..!!!.. ) dt < M • 
0 dt = 

YpaBH9HH9 (5,1) B 3TOM cnyqae HM99T Blln 

~ 1 s " d22 :c t) - .\ 1 f ds f : ( r) dr + .\ 2 -- = 0 
t 0 dt 2 

C noMoiUbro npeo6paaoBalUI!! <l>ypbe 

A ) 1 fOO H8 A(8)d8 x(t =-= e y 
-./ 217 _

00 

rronyqaeM 

6 

(24) 

(25) 

(26) 

(27) 

• 

CA2 8
4 

-82 +A 1 >;c8> =o. 

nycTb. 1 ; • A 2 ./ 0. CymecTBYIDT XOTH 6bl nBa KOpHH 81 .• 82 ypaBH9HHH 

TaKII9, 'ITO 8! ~- 8: . Toma 

H 

cH 
To; npnpaBHHB8H K Hymo 

12 8
4

-8
2 +'- 1 = 0, 

8: 8; >-a .. ~· AI = 81 +8a 
1 

81• +8: 

8 28 2 M2 u:ll =..;I -:2• \ .1(81,82). 
81 +82 

H 1L_ , H8XOnUM: 
ii82 

max f ( 8 1 , 8 2 ) = ..;-;M 
81 ,82 ' 

Ecnu 12 = o, TO us· ( 22) u (23) nonyqaeM: 

!IpU YCIIOBUH Ha 8 

0Tcrona 

II~ II = •8 

M2 
84~(2· 

max~~~ II= -.{iM , 
8 

TaKnM o6paaoM, nns paccMaTpHBaeMoro npnMepa 

C'U(<, M) = -./• M , 
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