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i I. 3Be,IJ;eHwe 

B HaCTOH~ea paOote npe,IJ;naraeTCH KOHCTPYKTJ.iBHOe pemeHwe npHMoA 

J.i o6paTHOfi 3a,IJ;aq paCC8HHJ.IH,aHOHCHpOBaHH08 B [1]. 0HO llORy'l8HO Sa 

C'l8T BB8,ll;8HHH "rno0aJibHOrO" (CM.pa3,fl.2)a,D;Ma6aTHt:I8CitOPO ITp8,flCTaBJI8HI1f! 

Tp8X'laCTH'lHOli BORHOBon ~YHKnWH ~ 1 COCTaBJI8HHOn J.i3 CJMMH ~a,IJ;,IJ;88B­

CKY.X KOMllOH8HT y = 2: FJ. (>( x.~.) B' KOH~Hrypa~OHHOM npoctpaHCTBe 
d..- ~ :.... · do (C.\ Tpex sapnxeHHHX traCTHn . X = :r..L ~ ~.L E jH =X X ;:::J X rw [2]. 

i3 pesyJibTaTe HCllORb30BaHJ.IH HHBapHaHTHon a,IJ;J.ia0aTH'l8CKOn ·nep8M8HHO!i 
' . . .· A 

X H npe)l;CTaBJieHHR raMMJibTOHHaHa B BH.fle H .= -A X + H (X 
1 
X) 

KOHCTpyv.pyeTcH rHnbOepToBo paccnoeHHoe npocTpaHCTBo J! c YHHBep-. .. 
car.bHon Oason B = R+ 3 X ,IJ;RH acex cpa,li;,IJ;eeacKHX KOMnoHeHT w THnH'l-

2 , 5 A . 

HUM cJioeM ·~x = L (Sx(x)), oOpasosaHHHM H3 sneMeHTOB Oaswca. 

j ITpaBHRbHHe rpaHW!HHe yc,10BHH; COOTB8TCTBYIO~He BC8B03MOXHHM npO-
i 

· neccaM pacceHHHH c nepepacnpe,IJ;eneHHeM H pasaaJioM cJie,IJ;yiOT H3 

KoMnaKTHux wHTerpanbHHx ypasHeHwli npw X-+~ . acnoJibsoa~HHe .sTwx 

· rpaHJ.i'lHHX ycnoswn,rHnepccpepwqecKOro a,IJ;HaOaTH'lecKoro npe,IJ;CTasneHHH 

1i KaRiiOpOBO'lHOrO npeo 0pa30BaHHH ll03BOJIHJIO KOppeKTHO• C B8CTH 3-

'laCTH'lHHe npw.yn H oOpaTHYD 3a,IJ;a'lJ.i paCC8HHHH K COOTB8TCTBYIO!llHM HM 

MHOrOKaHaJibHHM 3a,IJ;a'laM H C~OPMYRHpOBaTb llOCR8,li;HH8
1 

Y'lHTHBaH KaK 

nponeccu.c nepepacnpe,IJ;eJieHHeM qacTHn, TaK H c pasaanoM. 

2. IIpHMaH sa,IJ;a'la ·pacceHHwa 

B KOH~wrypaUHOHHOM npocTpaHCTBe OTHOCJ.iT8JlbHOrO ,li;BJ.i~8HJ.ili Tpex 

X=~~ ED~ E: ji(GF'' {oJ 3apHli:8HHHX 'laCTHn 

Mo,IJ;wcpwuHposaHHHe ypasHeHWH ~a,ll;,ll;eesa B ,IJ;H~epeH~aRbHO!i ~OPMYJIHpoaite 
[3] J.IM8DT BH,ll;' 

. r. ~tn.tkr>yt'.\l {iiLia. mrcrti"TjT I 
~ tt.~";)tH~:.X !ii •· .~~JIOI!llv:l;~ 
' 5HSJ!v:;._:; TEHi~ ~ .-.......-...... _ ... 



l-oy: +Yo~. c:~:,,.) + Ji;. v;o)cx,~~)-: E] F ... (x, ·p) = 
,. - 4 . 

- \/.,. (-:x:.,.>~.!)L: Fp,(X7 p) 
J# r ' 

(I) 

r,~~;e J._ = !,2 ,3 - HOMep napu t~acrnu, _ CBil3aH!1HX Koop.llnHaroR J:.J. • 

iPyHKUli!li! V li! v}O)_ COO;BBTCTBBHHO KOpOTi<O.l(BHCT BYIDillll!e ll ,llaJ1hHO-
.I. • 1\ (OJ 2 .! l 

,ll;BHCTBYJllllliB 'laCTll napHHX noTeHUliUJ!OB ~ := v.~.. + v .1. J E = p = ~ t P.~., 
• -1> -

- 3Heprnll B CliCTeMe ueHrpa l!Hepu>~n; KJ. n Po£ _- orHoc~Te.'IhHble 

- - ,_ IR6 p:::: K~ E& f.t.. ~ .• li!MllYJ!hCH, OTBBtlaiDJllliB X.J. n v~~. 
PeUJeHlle COOTBeTCTBYDJlle:\. mpe.ll.l!HrepoBCKOH 3U,D;U'lll 

(H-E)lf:O 
( .. ) 

·H=-Ll.-+2-V X .;. . J.. (2) 

3UAaeTCil CYMMOH ~U.ll.AeeBCKliX KOMllOHBHT 

. 1.\r :"LF" 
T tJ- J.. • 

(3) 

il,t.aBM.rbHble l'lJhHli4HUe JCJIOB>fll .ll.JIH (I) n (2), yt~liTHBaiO!lllle sceB03MOlltHHe 

npouecc~ Pe.ccellHHil B CliCTeMe 3 qacTl!U c nepepacnpe,D;eJieH~e~ ll pas~ 

BUJ!OM, CJie,D;yDT ll3 KOMllUKTH~X liHTerpaJibHHX ypaBHBHnl{ if>a)l,D;eeBa npll 

)(-?00 

F = _ R (E+iO)VrJ.. ~ Fe. j 
.(. d. J>~.L } 

-f 
R,.~. -::[-& x + V.t.- (E-+ io)] . (4) 

B .Jl.UHHott paOore, cJie,D;yll [2], MH BHCillpaeM HBKOTORYIO rHnepc~epn­

qecKyJO napaMerpll3aUHD npocrpaHcrsa )V1c..IR~! X ={X,X Jc R~ x,S~ (~), 
o"' ~< S' ") 

B KOTOpOM XE. 8 ::::II"'+ -pa.Jl.llyC "rllnepc<iJepu" X€. ~X(X ·' 3a,D;aH-
. 1 ~ - 2. . 

HHit cJie~oM reHsopa l!Hepunn X =-'X..~-+ ~J.. , l!cnoJih30BaHne liHBUIJliUHTHo>l 

U.Jl.liUCaTl!'leCKOR nepeMeHHOil )( ll03BOJ!Il8T paCCMUTpliBUTh rnJih6epTOBO 

2 

npocrpaHCTBO KaK paccnoeHHoe npocrpaHCTBo c yH~BepcanhHoa Oa3oR 

B3X .ll.flll BCBX r:m.moHeHT ~(X) :1 c.aoeM cg:;,::: l.!(F;(x)) ll BBBCTV. 

a.n.v.aOaTI'JilBCKO<l npe.r;CTUBRBHI!e ,ll.:IIl TpeXtlUCTll'lHOR B0;1HOBQi\ cpyHKUl!:1 

"J' (J). TeM CaJ.:HM, BCTBCTBBHHO, peruaaTCil sonpoc 0 KOMllUKTll~ll-
- If)' . 3 . 

· Kaur.m .noKa.1hHHX Ga:; B.~.= It\~ v..r.li! Boe.= R X.t. , B03Hli!KUJl!3 B paOore 

[4j . 
.:n11 I=".~, BBO.l\li!M ,,oKanhHhie a.AV.aGar nqeckue pa3.1o:iteH~it 

f"/x.) =x-i T ~i (x,x.,)j(A( x)} (5) 

Ci<i.3>!CHHe KOMllOHBHTH KOTOpHX F. l onpe,:;.e.1BHH i<UK pemeHI11l cneKT-

. q. G ~f") 
pa,1hHO:I 3a)latln (l.t) Ha "ctiJepe" Sx ~ npll Ka:;.:.n.oM t;m«cHposaHHOM 

3Ha4eHllll X E \3 , o;r.HoM _ll roM );(8 .LIJIIl pa3.11!4Hb!X <Pa.Iu~eeBCKliX .KoMnoHeHT 

B OTJ!ll'llle OT t4) 1\ 

i-X2Llx+VcL+~ V~o)_ Q;.(x)J ~J(x,x.J= 
-l .;.. ~*.A. I J - v L F(ll (x,x )!>). 

(6) 

. - rJ... fll:rJ.. J a . 
3.lleCh .6" - yr;roBall qacu oneparopa nannaca B R' · , G, (x)-

XA • - ~ 
cneKTpaJihHHlt napaMeTp (tepM), d. - Hadop KBUHTOBHX 'll!Cen, HyMepyiO:;tliX 

A ~ ·A 

cneKrp ~ (H (X1'X))rpeX'laCTlltlHOro raMliJihTOHMHU H \..)(>X)~ 

H(x,x)=-x-l.6.x.,.+~~(X~x.L), . (7) 

napaMetpll'leCKll 3UBl!Cill!lero or X E B . KoMnoHeHTH f".t.J cocraBJIIlllT 

U)lliUCiUTll'lBCKllit 0a3li!C \. <?~ s llO,llOCHO (3) . 

·9'A (x ,X) = t fJ.J ( x ,:~ ~ > . (o) 

KOTOpHit C T04HOCTbiO .ll.O HOpMllpYIO!llero ~UKTopa Y.ll.OBJieTBOplleT OCOC!lleHHOlt 
SA 

3a.ll.a'le Ha codcrBeHHHe 3Ha'leHllll .llJ!Il ypasHeHllll !41 Ha c~epe SX()() 

3 



\ H (X) X;) - GJ' (x)] cpJ(x, X)== 0. (Y) 

ilp:rr. Ka:~.n;oM :lJMi<CMposaHHOM X 6 B onpe,;;.eJJMli. cK.a:.allpHoe npov.3-
. . . . . . • _, ~ :L>f' 'J2 c· ... ) 

se;::eHV.e C. 0 (5) !tlHBapv.aHTHOI1 Mepo~t.J qJL :::::X C{. ss- X 
(np>N eM )t- = J/ c.). 'I or ;;;a cnpane.n:.1>1BI< c'ooTHollleH¥1!1 opToroHanhHOCTn 

n UOJJHOT!i / ' '\ • == ~ d.J2~ rh~ ex X) chI (x x) = ~~ I 
<._i J> J ,, l Td ) LJ' (IO) 

1\ -".' "' I 

x~lt- f c:p~cx)x) cf>~ (x,x-') :::'?;(x-x); 
C noMOi!ll>IC n11x onpe,D;enem~ri KOHCTPYIIJPYeTc_ll .ri1JJb6ejJToso paccnoeHHOe 

npocTpaHCTBO ·}f c 6a3oi'l'' B: R~ '3-X 11" cnoelvl ~ = t! ep;cxJ)) 
cocT oliJ!V.M IIJ3 coClcTB eHHIE cpyHKU11l1 { ¢>i(X,X)) onepaT opa H,Cx, X') 
(7). llonyqeHO a,n;IIJa6aTI1qeCKOe npe,D;CTBBJJeHJ/Je TpexqaCTll'IHOH BOJIHOBOl1 

~yHi<.U¥111 "\'" (J) ;;,rrll ypaBHeHI1ll lilpe,D;i!Hrepa (,:) .B BI1,D;e pa3.::0liCeHI1ll 

no "rno6anhHOJAY" 6a3v.cy { 4>A 3, 
'V"(x) = )(-\ T <PACx,x)jJCx) = x-'f\~'><4i I"P>, (H) 

HB:OB<').}\HO!q HaMH TaK, UOCKOJJ;bKY B C>UIY (8),(5) OH 06'be,IJ;MH.HeT TpM 

TMITa 6a31/JCHhiX. KOMTIOH8HT, OTBeqa!Oi!!MX pa3JJl1qHblM (flparMeHTiiM. · , 

'iaL<oe· npe;;,ctasneHJ/Je no Ha3saHI110 6a3nca TaKr.ce Ha3oBeM. "r no6aJ!bHHM" . ' ; ..! 
XOTR B CMHCJJe npOCTpaHCTBeHHHX·ne'peMeHHb!X'OHO, .taK l-1 (.5), JJOKaJII>HO. 

ITpe,ll,cTasneane (II) o6oCl;J,aeT a,ll,l1a6aTMqecKoe rl1nepc!J.lepM4ecKoe pa3.:. 

J107.8H¥!e [5 ,6, 7] ·6r.aro,D;apll y4eTy aCI1!AUTOTI1qeCKJ/JX rpaHI1qHb!X yCJIOBH~, 
c,1e;cyiOJti'IX !1£3 ;.<oi.maKTH!iX HHTerpanbHb!X ypaBH eHIIJ1l ( 4). 0HO ,ll,aeT TaKEe 

oCio6!lleHHe ¢opMynu a.n:IIJa6aTMN eci<oro pa3J10:.eHJ/Jll 

If= ~ c~ F~d' cx.L, r~)p. CiJ) 
o~.. A ! .) 

npe,I;JI(j]!(eHHOrO B [4] ... 

4 

Ilo,D;cTBROBK?- pa3JIOllteH~II (II) B (~) H npoeKTHpo~aa~e sa, ¢.. 
'· . ''. -· :. •' '' .... t 

npl'IBO~l'IT It Cl'JCT8M8 00HKROB8HH!i'C ,l(l'lcMJepeRUl'laJI'bllliX ypaBH8RH~ lJ!II 

lt03iW!l'IUl'I8R.TOB :f..= {:f.fx
1
P)] , .· :· _ ' .. · .. , 

J ,. . Jt- ' ;. ' 2 

~ l-'D~ (x) + VtJ(~)1:fJ "'"(tC¥"+!)X 2,_Pt }Xi~o c12). ~ 
,.,!. 1Ji/?<)~(6f(lc>.:-:.~;.~)~1j , P{ ~ f- ~. (""~ ~l)ij 
- HeHcqe3aDII\l'ln neHTpoOel!Cli.Wt noieanHan ( 't =-3/2), ']) - ItosapmaliT­

aaH npoH3Bo.n:Hall: 'Du = 'D;,., -fx + A ii , Aa - ItoMnoHeHTH onep~Topa 
, . , <1 J a 4 '\P 

A; 'HMEilll!\8rO CMHCJI !lJopM!i CBII3HOCTl'l' B ,rHJI'b08pTOBOM,paCCJI08HHl'l d(..'' 
.,. 

J I >. -t =~<Pi I dx · 4J· ~ . + tx s'tJ (13)' A·. LJ ,· 

A ;k'X s (12) csw.n:eTeni>cTsyeT o so3HHitRoBeBHH s a.n:waOaTH-
llaniiJql!e 

qeCKOM llO,llXO,ll8 3q,q,eitTUBHX, noTeH,~HaJl_OB,, 3aBHCIIIl\HX 0~ ~KOpOCTH. 

Cna3HOCTI> A reaepHpyeT yRnapHH~ ( OHnoKaJII>HH~) onepaTop 'U = 
0 -

;: ucx lx) csJ · u ex x) == T ~>< J x ACx'Jdx' 
. 1 . • p X • ' I (14) 

• 0 ' 

,Jt8~CTBYilll\l'l~ l'l3 CJIOII ~ B -~. : PI OCyll\eCTBJlllll!lll'l~: napanJieJlbHHn 

nepeHOC0 .JtBUY11\8~~CII pe~~a ~c~;x) H3 'H~KOT'Op'on, iflHKCHpOBaRBO~' ·,i 
toqltH X b. B B JIDOyll .n:pyryD Toqity X e; B 

\ <P(x){)> = x-t-x -ls" \ e (x)> U (;)<)~ ·:· (15) 

\ecx)> = \ tcx)x)>... · A ,. · . · " . 

tt(x)()=<e(X)(~.cx~·x))== ~xt-X, ~xetx)~(x;<). 
Eonee Toro, Onaro.n:apll (3) H (II), iflopMa.csa3HOCTH A oOecneqH-. . . . : .,_ ' '. 

saeT ycnOBHII COrJia.CO.BaH~,ll [ 2]. M8JUY !lJH3Hq8CKl'IMH aCHMUTOTHqecitHMl'l . , 
. ,, -• I . . . 

r.n:e 

pemeHHIIMl'l CPICT8L!li (12) • . '. . , . . . . . : , . 

1 XP*- ~ GJ.lf1 [ &' (_J<P-"J y-)® jl- e :(XP~ ~) p~$(1').p~ , 
(16) 
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n nsaecTHHMH acli!MnTOTI1qecKI1MH rpannqnHMlll ycndBHHMlll Ana ~aAAeeBCKli!X 

KOMnOH8HT, cne,IzyDl!llllMH H; ypaBH.eHU£1 ( 4) • _Toua, c ~eTOM (3). ~ (II), 
I . . ' • 

<lJ11311ll8CKM aCI1MnTOT11Ka BOJIHOBOH <lJyHKUifl1 \V" ypaBH9HI1.fi' Illpe~nrepa ( 2) 

sanHcliaa·etCS! 1!elJ,e3 rt6nnyiO aMUJ111TY.JUi _f(X.)P, .P), .npe;tcTaBJIH8MYIO B 

;(xi P)= t¥ T T 1j b XJ ~~0', ~i >(Sc.e~-I-{1 rf.~ '." (17) 

3;4ec1> I - oneparo;.nonnon Hnaepc1111 a ;u:=JR:~·~V)[kJ,~=J£ 
~na npoueccoa paccean11a 3 ~ S 11 3 .__,. 2 11 ~ = 0 ,IJ.JIH npo-

A A .~ 

ueccoa 2 - 2 H 2 -~ 3' . SO~)= Is ' ue s -. _oClb!•maH 

MaTpHUa Pa CC 8HHHH.: l:laTpHUa §(:e)- YHHT~;~a na OTKpbl~b!X KaHa,'!aX H 

no onpe;4enimHi:J paana •·. · • ;. 
1 

. • 

§(.e)= ff~ ~(f)~(£).P'a~ 
~ .I . ' 

(1!3) 
. ~ ' 

Marpmnue cpyHKUHH aocra ~+ onpe;4enaiOTCH Maip11qnHMI1 pemeniuiMH 

fiocra 'f±(~ ·p) H 'p~rynap·nhlMH ;eme,nn~M~ j:'t.e~(><, P) cHcteMhl 

pa.JJ;I1MbHblX ypaalieHHil (lc) Cli8;4YIOll\HM o0p8.30M: • . . . . --._.....--

~±(P) ='W:n{F±·>j'ceSJ =- f± Df~- (DF± C><;.P))j'i0&~) 
' . "" . . ,. 

~ w { ~± J"l-'!~J + :J. F1 A j~. 

3. OOparnaa 3a~qa pacceanun 

B (:OOTB8TCTBI111 c oOmuM onpe;4enenuel:'-, rpexqacrn«naa oOparnaa 

3a;r.aqa pacceHHHH 3aKJI~qaeTCH B BOCCTaHOBJ18HHH noTeHUHaJia B3ai1MO-

,ll.8llCTBI1H no 113B8CTHOil aMnJ111TY;48 pacceHH\1H. B ·narueM cnyqae ona CBO-
" . S -MaTpHUbl H HaXOlK;48HHIO 

1J(X) ' CBH3HOCT!Il A (X) 
,JJ;HTCH K onpe;48J18HHIO MHOrOKaHalibHOil 

nocne 3Toro 3<P<l!eKTHBHoro .norenu11ana 

11 Ma.TpMHblX pemenHil' -1Q<1J?) CI1CT81p>1 (12), nanOMI1HaiO!ll81l- ypaBH8HI1H 

KaJII10poBoqHb!X Teop111t \lJ), 

6 

•I ~ 
I 

'}-

.. 

llpH .ynnrapnou npeo6pasoaann11* U · cv.cre:.:a . . - . . 
(12) 

r.pHao.r;HTCH. K cHcTe':\e caa3ann~:~x ypaanenHa . I . ., · 
r 1t. -f .. -.2 o21r..f'. o· 
tdxl + 1A 1f(X)U: +~~:+1)X . -.I..· J:.l"- ~ 

• . . .t. 

(20) 

~'lSI K03"}-lJl!UHSHTOB ·t'c-t;sn == 1:{(~).:f(x; I?}. 
·':; (21) 

s.necl'>'lf1(X)::: 'U.(iS(X)-6(oo~u-•,.,<e1 H(x,x)-6(.oo)le>- noTeH-, 

UUaJil'>HM MaTp>ma B npe.I{CTaBJieHIDl ij}l'.KC}!pOBaHHOro 6a3HCa I e) ' 
. 0 . . . '.· . > 

KOTOpHH y.Jio6HO Bb!6paTl'> npH/( ~ ~ • . . . , 

Bc.'!e;r.cTBI1e ynnrapnoro npo<I3Bo:Ia a KanHOpoBKe paAHa.r.bHblX 
A . . 

:iJYHKU11il (21) S 1 
-MaipHUa 1 OTB8 'ib.IO:ziaH C!!.CT8118 (i:!(J) s 'on= .r-v~ ~ 'C.P)(~'c.e1Ti ..e-1i ~ (lb~ 

coana;raer c § -MaTpiiU8:l (Iti) .ll)!H .CHCT8Mbl (I<:) (eM. X))· 

g'(£) ::·§.(£'). 

.lJ.eaCTBHT8JlbHO, ucnu,'!b3YH COOTHOUI8HI18 CBH3H (21) B CTaH;J.apTHOM 

onpe;4enen1111 ,.:arpHqnux <;JynKUH:l 1iocra "J"{ Mbl no,,yqaeM · 

~; (£) =·W{ v; ,j.'j = W { F:?:f~\~3--+ _. 
-,_, A]-z..t.ll. { 1--~"~j . , . . . +lF:t -. _- 4 ==W"11 Fi_>·_-~· ·-.:;~±·(.P}:· 

(22) 

(23) 

. . 
3;r.ecb ,Mbl urnopHpyeM cny«aH c KBa3Hnepece«en~8MI1 repMOB, KoTopHe 

OTBei:Cl'B8HHH 3a napymeHH8 YHHTapHOCTI1 '\A , B03HHK}IOB8HI18 CHHrynap­

Hb!X 'llieHOB B YpiBH8HHHX (1:2) (~0) 11 reoMeT"pHqeCKHX cpa3 THna ilJa3H ,. 
.beppH gQ] a ;4aHHhiX pacce!lni:a. Pac~otpiHHD 3nix Bonpoc(JI Oy;teT 

nocagnena OTA9JibHaH pa6oTa. 
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OTCD,l\a c y.qeTOM onpe,l\eJieHHii' em) :'H (I~ I) c oqeBH,'\HOCTbil cne)iye(. 

(22). TenepL, nocne ycTaHoBneHHll nce1C cooTHomeJmli CBli3H ue~M ypan-
..... " 

HeHHliMH, _ryoTeHUHaJJLHHMH. ua_TpHI.taMH, MarpHI.laun paccel!Hifll ,H MmeHl~ll _ 
·- ~- ' 

Mil MO:.ItCM npHMCHHTb CTaH,II;apTHHe MCTO,IJ;Il npl!MOll H OdpaTHOll ~a,IJ;aq 

reopHH paCCCl!H~ll ,II;Jill CHCTCM!l, CBJI38HHlllC.' ypaBHCHHll (20) '[ii-13] , 
• 'if . ; ~- ' ' . : 

IlpO,l\CMOHCTpHpyeM npHMCHCHI1e KOHKpCTH!lX MeTO,ltOB odpaTHOll 

3a,~~;aqH. 

I) nodaBHM B ~~88BCKH8 ypaBH8HHff (!) H COOTB8TCTB8HHO B . . . :. ., ,. 
ypaBHCHH8 IJpe,II;HHrepa (2) HCKOTOpb18 peryJillp~~e 3apaHee HClf3B8CTH!le 

TpexqaCTHqH!lC nOTCHI.IH8JIIl v . 
12'3 • . .. c· 

00 

J } ~ , (x1}dx < 0o .. e ~ , in_ . ,,_ 

00 

~x jV123(x)(dX ~oo; 
0 !t 

ny,~~;eM cqnTaTL, qro napHHe noreH.UHanH'V.~.(~d..) H3necrHH H y,~~;oener­
eopHDT reM l!Ce ycnoBHl!M, IlonaraeM TaKlKe, qro 'cooreercreyK>i~He 

f 
,.._ ,.. ~ 

aMnm:ry,~~;H il.?,Cx,P) H -f( x, p) TaKxe H3Bec~_HH. PemHM enaqane 

npilllYD 3a,l(aqy Ha COdCTBCHH!l8 3HaiieHnll. Ilall,IJ;eM lPYHKI.llfH rHnepct!JepH­

qeCKOrO a,~~;HadaTwi ecKoro da3!1Ca { <::P,.Q<)-\7 KaK codc~BeHHHe, t!JYHKI.llnf 
. - a!>r,". J }] " 

ypaeHeHHii (9) Ha cilJepe -rJX \..X) c raMH.JILToHHaHOM 1-/ 0<
1
X) (7), 

•,• '.A 

3aMHHNM de3 noreH l.IHaJI~ ~V121 (X,X.J-., O.J.HonpeMeHno onpefen~eJ~ 11 cod~ · . 

creeHHNe 3HaqeHHll GJ (x) , · mipaMeTJ)l1qecKH 3aBHCll!lllile OT X , _Ko­

TOpHe .zr.anr 3!Pil>8K(liiBHHli,!JOTeHqlilaJI tl.fj(X). fto ~:;BeCTHllM lc:f>j(X,XJj 
MOl!CeM Haltrn MarplitiHNe 3JieMeHTll oneparcipa cBH3HocrH A(x) (D) H no 

~opMyJiaM (I4) nnn (I5) - dHJIOKaJILHllll rpaHcnopTHllll oneparop 

U.(x) = 'U ( )(_) ~), ,n.ei1CTBYIJI;~lilll .KaK :JBOJIDI.lliOHHI:Jll oneparop. YHH­

rapH!lll onepq.T op 'U(X) n03BOJIJ18T · nepellTH OT CHCT8Mll (I2) C noTeH-• 

l.IH81JbHOll Ma~pn1.1eij ·'· 

vu!. == 1f(x) + <<Pcx~x>/ ~23Cx;x) 1 tcx1x)> 
·. ,f,.._ 

. (24) 

K ClfCTeMe (20) C noTeHI.IHaJIOM v t2 3 D OdKJia,IJ;KaX qJHKCHpOBaHHOrO 

penepa I e> 
/ 
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1) 
\ 

l 
1 

1J~;cx)~'U~2~it~;<~IH~.x)--6C~)Ie>+<e.IV,~~~.x)l~>.·c25) ___ _ 

1 I A 1'\ ,. '.. · '·'' 

COOTB 6TCTBYD!ll>ie 
1

M8TjH!Ull . 'S'lt:) H S 'tu onpe,IJ,eJil!KJTCH flO aMTIJIHTy,IJ;'e 

t (x > P) c HcnoJlb3oaaaHeM coorHmnea>fn~(n) H c~~)-~-. ·:('' ·; ,, .. 
Tenepb M046M CqJOpMyJinpoBaTb oelpaTHY~ 3a.Iiaqy no ~OCCT8HO~JI8HHKl 

rpex'laCTHqH.oro no TeHI.IHana v .. nc'H 'cooTBeT~TBYD~Hx' pem~HHll no 

,llaHHllM paccel!Hl1ll 1 HCnOJIL3Yll pe3yJILTaTii "padOT [1>:-15] • 0CHOBH!l6 

OdOd!lleHHhle YIR BH8Hl1ll MHOrOKaHaJILH.Oll odpaTHOll ,3a,IJ;,atjif,.' paCC8l!HHll 

renL:PaH,IJ;a - JleBnTaHa - MapqeHKO CJI6,1\yKl!liH8:· 

Kcx ,x')+ Q(X,x1)+~~KO<,i;~ G(t,X).d.f-o, C26l 

c.s,' '(x) =,·1J''(x)"+·~ d. \\{x,x') . · · ·· ... 
12.'3 \ ct:X . .J ' (2?) ... , 

I . OO(x) ' l 
""';!~~X I?) = 1 (x, P) t 1 i·, wcx_·. JX)f. · .. cx,?)c{x'.'', r " ; . [ ' ' •. . ' '' ,)( (o) . ' . . . . .(28) 

. ~~ .. ~ '~ 

Ilpe,IJ;eJill HHTerp11pOBaHHll B_(26), .(28) H ;;lHaKH B (27) 38Bl1CSlT OT. ·. 
. !.• ., 

KOHKperHon !PopMynnpoBKW odparaon, 3a,~~;aqn, B.·)qacrHOCTH, npe,IJ,eJill or X· 
,11;0 ()0 B (26) n' 3HaK ",.. -; ;, B (27)' OTB~tfaDT TIO,l(XO)\y MapqeHKO, 

npe,~~;enll [0') XJ a (26) H 3HaK "+;' B (27) - no,IJ,xoily renLcp~ii.liB. ~ Jie-. · 

BI1TaHa. MHOrOKaHaJILHal! C HCTeMa ypaBH8H11lt '(26) · pemaeTCll OTHOCHT8Jib..; ~ 

HO MaTpHI.lbl K(x,X
1
) npH'·I13BeCTHolt:. ·cQ cx:,xt) ,. onpe,IJ;eJil!eMon ,l(aH­

HllMH paccel!Hl1ll nnH cneK"J;:Pani.HRMH MHHNM>r. H,~~;po oneparopa odCid!lleH­

Horo C.llll>rra K (x,x') onpfl:n;enxer rpexqao:r>rqHyv noreHI.IHaJILHYJO Ma:ipHrzy: .. 
I . . .· ' .· '· I . 

<Lr,'2.~fx)C27) H COOTB8TCTBYIO!llH6 BORHa_ ~lle ~YHKLIHI1 ~ ex,?"' 
. . . . ./"I 2.> ) 

(28) CHCT8Mll (20) C nOT8HLIH8JIOM'(25). '1 
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B oOOO!Il,eHHOM no,ItXO,ll~ ~aptleHKO [14,15}naTe~paJib~Oe smpo Q(X, x'} 
, •• ,; 4 ·-. ' ,, ; • 

3a,ItaeTCH COOTHOIDeHH&M 

9cx.x'> .. -~]fpFtx,~)(S'C~)-S,1

23(1~)).Fc?<;e)+ 
N&t?J r'(" l ,o(VI))"-A("') :.-.p'(X' i Jt (V1))- (~9) + 2:. r ">,. 4Lu.1 ,-,,1.'3 , tz.3 

V1 ' ' .·· ·' ' . . ' ' ' 

-i:. F'(x,Dl'c"~MC">Ftx,oecn)). · . 
n · I 

3.~tecb pemeanH HocTa> F ± (x1P) cncTeMH· ypaBueann ·(20) CBII3auH 

c pemeHHIIMH UocTa F:t (?<,E) cncTeMH (12) B cooTBeTCTB!tl!tl c 

~OOTHOlli8HHeM (21) CJie;cyJOI!(!t!M o0pa3 OM: 

r ~ (x , £) ::: u ex, oo) v 1: Q<, P) , 
(c.{) 

H y,~tOBJI8TBOpHIOT rpaH!t!'lH!iM yCJIOBHIIM 

tlm \="~(X)?)::: e~. Fj:(x>~)= ~~v :ri(_X£>-~~)® 1\.. 
~~O<Z). X_,_ 00 · ! / (3 0) 

A A / 

YHHTapHHe Ha OTKpHT!iX KaHaJiaX MaTpHUii paccelllllilll -~ H.~ H s 1n 

onpe,lleJIHJOTCH n6 !t!3BeCTH!lM aMnJIHTY.ItaM _f_ {x P) H !Cx ? ) . . -:r,u ' . ' 
(17), C Y'leTOM (22), H OTBe'laJOT CHCTeMe (20) C TpexqaCTH'lHHM noTeH-

UHaJIOM v\1'! 111 Oe3 Hero: COOTB8TCTB8HHO, M~~~- 111 M (n) - ,~tetlcT­
BII1TeJibH!ie'noJIOXHT8JibHO onpe,~teJieHHHe HOpMII1pOBO'lH!i8 MaTpHU!i ,ltHCKpeT­

HiiX COCTOIIH!t!tl c (VI} ::: - ( '£("'})· 1 E (n) ::: - f ';}e("'l)2 
t:;'\2.'} \.. \n , \.. , . 

Onpe,~teJIIIII. v.~'l H F ;n no 90pMYJiaM (26)-(28) B npe,llcTaBJI8H!t!H 

¢HKCHpOBaHHOro.Oa3HCa \~) H B03Bpal!(ai!Cb K npe,llCTaBJI8H!t!D B 0a3HC8 

\~)> , no~qaeM COOTHOlliSHHII ,llJIII MaTpHU TpeXQaCTHQHOrO noTeHU!tlaJia 

'1 r C!t!CT8M!i (12) H COOTB8TCTBYD!IlHX pemeHHtl ilOCTa 
. V\'1.') ~ 
'U\n-= {f(_X )- ~ t.C'c')( ,oo) lcrx \((')(,X)') 'U.( X) oo) I (31) 

'Ft.,,_1(X,P)= tC'(x,oo) "f"~\~~C)(}Q). 
(32) 
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'CJie.I{OBa,10 0H OTMentn, QTO TpalicnopTHHe MaTp!t!Uii ·-u. B' (d~ U: 

(Jc>) ri.aa~t~ n Te :1:e, nocKo.r.hky 3a.:r.aau aa o.:~a~t~x u l:ex ;,:e Oa3!t!CHHX 

~'YHKUI'UIX. ~ tfJ f. 
Hm;:oueu, i;l'l3¥ttleC«I'le pemem111 (12)' c V11 ~ no:.zy'lllJJTCR 'KaK 

,11'!Heflaall KOMCil'laaunH peueaun · 1io'cTa F._ (X 1?) 
-::I;\'2. 3 1 

}P'O<~P)~ (:-Hf
1 {!=.:,

1
\X,P)- f. 11,(X 1P)pr.~11(P)pv~ (JJ) 

f .. ~ 

.rf·JIB oo. oomeHHOM no,llxo.Jle feJib,PaH.;J;a - .leBnTaua l1HTerpa_n.huo. e H.l{.po 

\,9{ (x, X_
1

) onpe.:.e,111eTCII no meKTpaT&bHHU. MaTpl'!UaM J.:IP), U, J' (p) 
Mil C. lfCTeMH (20 ? C llOT8HUUa,10M 1 v, 2.'3 l'l Cie3 Hero, COOT BeT CTBeHHO 

~-cx:)(1)=+r ~h.~r X P) cl (. D' - o\;;;f'~(x' P) -:· .. --
. -oo J' ~ ) ~ ll._'l J) J . ) ) (34) 

Af·-=· ,,,~\~t?)·\~1 . , .. · .·., I .E >0 

clt: l z: ~ {E~··E~"))(N (n))- E < o 
. . .n ~~ 

N(n)- 'a~pMlf~OBO'luJ:Je MaT~uuJ:J, onpe.lleJIIIeMHe cooTHomea~t~eM 
. (NC">)-1 - T\i'~(X,?) \2olX . 

0 

MaTplfua peryJIIIpHJ:Jx pewealfn BH.IleJIIIeTcll rpamt'lHHMn ycJIOBUIIMlf 
·l~ 

l~VI\ ~~~(X P) j(K-\-'t'+o\) 1 
x~o.l'- ' = . 

\/\.-A. \.•)\. . 
fiOCJie HaXOI{)leHlfll ll,llpa . \"\ no Q (J4) ilplf. peweHlflf OCHOBHOtl 

CHCTeM!i (c6 ) no~qaeM no MHOrOKaHaJibHHM ~OpMyJiaM oOpaTHOtl 3a~'llf 
I . . /'Uti 

(27), (2b) 'MaTPI'llli:J noTeHUUaJIOB :1)\l~ If peryJIHpHHX pemeH~tl .X'.a <I 

CHCT8MH (cO). OcymecTBJIIIII oOpaTHOe YHlfTapaoe npeo0pa30BaHlfe,' Haxo­

.l{!t!M 1Jj2.'l If 'f MR Cl'!CTeMbl (12) • 
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;.;TaK, a~HadaTlt1tJeCKOe npe,!!.CTaBJieHHe ,;r..1J! TpexqaCTU'lH07. BO;IHOBO!t 
... ' ,. . . .; . ' ' 

qJyHKlliUl U Ka.J!HdpOBO'lHOe npeodpa30BC1HJ1e no3BOJIHJII1 KOppeKTHO CBeCTll 

TpeXtJaCT>!tJHble npHMyi:l H odpcTHYD 3a,:ratJVf pacceJIHI1JI K COOTBeTCTBYUI:\Hl~ 

MHoroKaHMhHbiM 3C.;::aqau u c;,opMy,1upoaaTh ltX, ytJHTbiBaJI KiJ.K npoueccbl 
. ' '," ' •, I 

c nepepacnpe,lleneHI!eM qe.ctrf.u, TaK w'c pa3aa,'!m!.. 

c. PaccMoTpUM Teneph cne.nyJO:uee ododl:leHne oOpaTHO!i 3a,uatm pac-

ceJIHHSI ,Kor.r~a .He H3~·ecTHI:l ·He ro.1hKO ·Tpext~acTH4Hbl;e, 1 HO H ,napH~>~e " 

noTeRUltanh! V ( J_ = 1,<:: ,J). ITpu 3;0M no-npezHe~ty ctJHTaeM H3BecT-
<~-- r':' C · r"o6>> (n)71 

HbiMH ,;I.Ba Hadopa .D;a.HHbiX pacceJIHHll~12~ p))Lili2 '3)Hitl)Jif 

( ~ (p),{ d{(:)Kj)cl!cTeMbl Tpex tJaCTl1U c noTe~UHa.10M V 123 H de3 

aero. Tor ,lla no BTopm.ty. HaOopy .z;;aHHhiX Pa,cce·!l}mJI BocCTaHaBimBaeTcll · 

noTeHuHa.'lbHaii MaTpHua ·v' =.U G(X)'U-1 
H HaXO.ll:JITCJI pe:11a;L\;1 cl!cTe~hl 

(!::CJ) no odOdll\eHHbiM Tl!na (~6) -(!::b) l!Jll! Odb14H!IM MHOroKaHaJibHbiM . 
' ~ ., 

qJOPMYJ!aM Teo'pl!l1 reJihrilaH.z;;a - ,1eBHTaHa - : .. aptJBHKO. B nepBOM C,'!ytJae, 

KOr,i4a onopHbllt noTeHUl1aJI '1J1(X) 0TJ1l!4eH ·oT HYJISI, OCHOB!Ible. COOT-
. . I • . 

HOWeHl!ii (~6)-(cti) OCTaHyTCSI TBMl! lKe; eCJ!l!' ~2.1l 3aMeHifTh Ha 
, i " ·y "'I 

peKOHCTpyl1pyeMbllt noTeHul!a~ ·lJ~ Oe3 TpeX4aCTl!tJHOrO i 2~ , S n 
~ I I 1. . I . I. • . . , J lb 

Ha f.ii , _5>11~ Ha 0 . , 1- Ha --{' • 0TMeT~M, tJTO B cnyqae 1 
..>" rn .}_'" 1 __ . . 

Kor ;4a ono pHb13 noTeHul!aJI V' (X) -:: 0 , M.aTpvrua $ ~ 1. , pemeHl!H 

cTaHOBJITCH peme.Hifl!Ml! .IlJiil cBodo.l\:hlx Y!fiBHeHI1V. (Hanpl!Mep, pemeHl!ll 

iilocra 3anl!myTcH a au.r~e t=':t (!<,P) = Q.Jo:~ -t.i ('Xt>-1't") a q;opMy n~>~ (26)-(28) 

nepeXO.IlHT .B, bdii~Hhle M~oro~aHai!hHble iiJopMy m(r enh;flaa.Ila ..: .ITeaa~aaa -

;,;aptJeHKO [l~ ,D]. • i· 
"U l X l oo) l! Teneph Han.IleM OHi!oKa,1hHbli.1 onepaTop nepeaoca 

tepMbl \ Gi (_x)} a pe3ynhTate pemeal1H anredpal!tJecKon 3a.Ilatll! 

Ha codcTBeHHble 3Ha4eHl1il 

lJ 1(X).,1A (l<) = 'U (X) l t,! ()<) + t-( t--1'\) X-~~/ oe )) , 
. (J5) 
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I 

r AB 'lJ (X) onpe.l{eJieHO H3 tPOpMYJI odpaTHO£l 3a.D;atJl! .l{JIJI Cl!CTeMbl 

(20), B .TO BpBMS! :<aK B npe.Ilbi.I\Yll(eM npl!Mepe llO l!3BBCTHbiM v.J... 
pema.1ach npJIMaH aa,l{at!a Ha codcTBeHHble 3Hat!eHUJI ){Jill penepaoro ypaB-

HeHl!H (9). 3HaHHe u (x) ll03BOJ!HBT B.QCCTaHOBUTh l! MaTpl!uY 

3t~:PeKTHBHoro BeKT op-noTeauua:ra 

A(x)-== UCX) ~x u-~cx\ 

oTBeTCTBeHHoro 3a noTeHuuan, 3aBl!CJ!llll!iit oT cKopocTl! A(x)fx 
B (I!::). 

Ha BTOpOM 3Tane, lfCllOJ!h3Yll BHille onncaHHYJO CXBMY (26)-(33), Mbl 

BOCCTaHaBJ!l!BaeM. TpextJaCTiftJHYID nOTBHUl!aJihHyJO MaTpl!UY H COOTBBTCTBYD­

mue pemeHl!JI .no .IlBYM HadopaM ,llaHHhiX paccel!Hl!JI. 

Cy~ecTBOBaHl!e "rnodaJihHoro" a.l{uadaTl!tJeCKoro da3l!Ca { ~ 1> a 

TaiG:e B03MOlKHOCTh onpe,lleJieHl!SI 3~BKTl!BHHX CKaJillpHbiX b, (_x) lf. (x) - - . . A J 12.~ 

H BBKTOPHhiX .A(X) llOTBHUl!aJIOB no ){aHHbiM tpextJaCTHt!HOll 3a){atll! 

paccel!Hifll odyCJIOBJ!BHbl TBM ¢aKTOM, tJTO B HallleM llO,IlXO.Ile HH<lJOpMaUl!SI· 

0 B3al!MO,l(eltCTBifl! <lJparMBHTOB CO,Ilepl!(lfTCR a·e TOJlhKO B pa,l{HaJ!bHbiX 

pemeHl!SIX i , HO l! B da3l!CHbiX "KBa3l!yrJIOBHX" tPYHKUl!SIX t <Ps) 
B o±Jil!tJl!e oT tpa.Ill!Ul!OHHhiX no.IlXO.IlOB pa3noxeHHJI no K-rapMOHl!KaM Hill! 

KJ!aCTepHbiM tPYHKUHSIM. Eonee TOro,,noRBJISieTCJI B03MOlKHOCTh l!CnOJih30Ba­

Hl!SI MHOrOKaHaJibHOlt TBXHl!Kl! daprMaHOBCKl!X TIOTBHUl!aJ!OB ,llJIJI.aHaJ!l!TH­

qeCKOrO M.O,IleJ!l!pOBaHl!JI 3~eKTHBHbiX B3al!MO,IlenCTBl!n tpex t!aCTl!ll ~( . 

HaXOJK,IlBHHJI COOTBBTCTBYDml!X TOtJHHX pemeHHll. 
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