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1. BBE.llEHHE 

nocTpOeH~e KBB3H4aCTH4HO-$QHOHHO~ MOAeDH /K~M/ RAPB, OCHoB

Hble nono>Ketf'<1R KOTopott lo1311o>KeHbl a o6aopelt/. onHpaeTCR Ha KOHK

peTH~tt BHA MOAeJlbHOrO raMHJlbTOHHaHa H Ha KOH~en~H~ MHOrOKOM

noHeHTHOH onepaTOpHOH BOJlHOBOH·~YHK~HH /nocneAHRR npeAnonara
eTCR pa3JlO>KeHHOH B PAA no onepaTOpaM, B TepMHHBX KOTOPbiX Bbl

pa>KeH raMHilbTOHHBH/. PeweHHR BbiBeAeHHbiX H3 sapHa~HOHHoro npHH

u,~-tna ypaaHeHio1R K4lM ·aAH.03f1a4HO onp·eAemHoT ·cne·KTp aoa6y>i<AeHio1H 
H K0341¢HU.HeHTbl onepaTopHott sorlHOBOH ¢YHKU.HH, HrpaiOuteH BB*HYIO 

ponb a K¢M. B TO >Ke speMR pRA cospeMeHHbiX RAePHbiX MOAeneH Hc
nonbayeT R3b1K COOTB7eTCTByiO~HX nponaraTopoB H HX npeACTBBJleHHH 

c noMOtJ.tbiO AHarpaMM 2 .... 5/, . · , , 

Ha cerOAHA see 6onbWYIO aKryanbHOCTb npHo6pera~T 8onpoc~ 

reopeTH4ecKoro o6ocHo8aHHR/6/H·conocTa8neHHR/7/rex RAePH~x 
MOAeneH, KOTop~e y)!(e np04HO 80WflH 8 apceHan TeOpHH CTPYKTYPbl 

RApa. ~nR cpa8HeHHR K$M c MOAeilRMH, onepHpY~HMH R3~KOM rpa

~HK08, 88)!(HO 8~RCHHTb, KaKHe AHarpaMMW y4TeH~ 8 paMKax K~M. 

3TOT 80npoc nOAHHMaeTCR, B 48CTHOCTI<1, 8 HeA88HHX pa60T8X /8,9/. ' 

6 3TOH CBR3H 803HHKaeT He06XOAHMOCTb A8Tb 8IlbTepH8TH8HWH 8~

BOA ypaeHeHHH K~M, onHp810UV1HCR Ha anna paT <fJYHK4HH ,rp11H·a
1
/ 10-12~ 

npHMeHHTeilbHO K K~M nocneAHHH HCOOI1b3088I1CR B pa6ore1 13 ,rAe 

6wno noKa3aHo, 4TO t.~eno4Ka ypasHeHHH K~M 3KBHaaneHTHa t.~en04Ke 

ypaaHeHHH AilR COOTBeTCTBY~HX ¢yHK4HH rpHHa. 

B HacroR~eH pa6ore, MeTOAH4eCKoH no caoeMy xapaKrepy, aa

Aa4a C onepaTOpHOH BOilHOBO~ ~YHK~1<1eH, COAep)!(a~eH OAHO$OHOHH~e 

H ABYX~OHOHHble KOMOOHeHT~ /l,14-16/ /Ha30BeM 3Ty 38A84Y YCJlOBHO 
11 MOAeJ1bl011

/, KOTopast e_ paMKax K¢1M peweHa c noMoutbiO eapHal.IHOHHo

ro npHHt.~Hna a RBHOM BHAe, nepeeeAeHa_ Ha Ra~K AHarpaMM. AnR 

:noH MOAeilH o6'beKTOM, COAeP*8~HM BCIO ¢H3H4eCKyiO HH(J>opM84HIO,· 

RBilReTCR B03My~eHHWH nponararop /poilb 803My~eHHR HrpaeT ra

MHilbTOHH8H 838HMOAeHCTBHR K~M/, AJ1R KOTOporo CT8HA8PTHOH MeTo

AHKOH MO)!(HO nocrpoHTb AHarpaMMHoe paano)!(eHHe. ConocraeneHHe 

c ypasHeHHRMI-1, BbiBeAeHHbiMH H3 eapHa~HOHHoro npl-lHLIHna I 1,14-16/, 

noasonReT OAH03Ha4HO BWAenHTb Knacc AHarpaMM, aano*eHH~x a 

paCCMaTpH&aeMoH MOAeilH, 4TO H RBilReTCR 4ei1biO HaCTOR~eH pa60Tbl. 

K TOMY )!(e CaMOMY OTBeTy MO*HO npHATH, eCilH BblnHC8Tb ypaSHeHHR 

AJ1R ABYXBpeMeHHbiX ¢yHKL1HH rpHH8 H, 38MbiKaR HX COrnacosaHHbiM 

o6pa30M, pewHTb B COOTBeTCTBy~eM npH6J11<1)!(eHHH. 
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Aanee npMHRT cne,Qy~~~~ nopR,QoK M3nomeHMA. nocTaH08Ka aa,Qa-
4M ,QaHa 8 paa,Q.2. B paa,Q.3 npo8e,QeH aHanMa ,QMarpaMMHoro PAAa 
O,QHO!l>OHOHHOrO nponaraTopa, 4TO 003BOJ1ReT C,QeJlaTb 8bi80A 0 TOM, 
KaK~e rpa!l>~Klll Y4TeHbl 8 MO,QeilM/1.14-16/. B pa3A.4 3TOT )f(e peaynb
TaT nony4eH nyTeM npM6JlM)f(eHHoro peweHMR ~en04KM ypa8HeHM~ AilA 

¢YHK~M~ rpMHa. A,QeK8aTHOCTb annapaTa ¢YHK~M~ rpMHa AilR pac
CMaTp~aaeMO~ MO,QeilM OTMe4eHa B pa3,Q.5. 

2. nOCTAHOBKA 3A,IlA4H 

MoAeilb 4eTHo-4eTHoro Ae¢opMMpo8aHHoro R,Qpa c sonHoso~ ¢YHK-
414e~ BMAa: 

1'1' (K")>~["fc~(g0)Q':.. +_!_~ Dni_g )Q+Q+,JI'P 0 > 11/ 
n i""1 «oi/2r;~'~g 0 ~ g 

AeTaJlbHO M3y4aJ1aCb 8 PAAe pa6oT/1,14-16/. np~H.RTbl o6o3Ha4eHMA: 
0 - HOMep KOpHR 8036ym,QeHHOrO COCTO.RHM.R C ,QaHHbiMM 3Ha4eHM.RMH 
npoeK~~M COMHa Ha OCb CHMMeTpHH .R,Qpa K 14 4eTHOCTb~ ~;g;(A~i)a 
~ ('gi) ; Q~ - onepaTop PO>K,QeH-HR ¢OHOHa MyllbTHnOllbHOCTH g H HO
MepOM i; m0 - 4Mcno ¢loHoHos MYllbTHnonbHOCTH g0 ; Qg]IP 0>=0 .. 

npH paCCMOTpeHI414 MO,QeJlH C BOnHOBOH ¢yHK4HeH 814Aa /1/ Y,Q06-
HO Bblpa3111Tb raMHJlbTOHIIIaH K<f)M TOJlb.KO Llepea ¢lOHOHHble onepaTOPbt 
Q~~Q~. B npeAnonomeHI4111 o cnpase,QJlHBOCTM KBa3H6oaoHHoro nplll-
6nHmeHI4A raMHilbTOHHaHy K¢M MOmHo npH,QaTb cne,Qy~~Y~ ¢lopMy: 

+ Hv ~ ~ w Q Q , g g g g 

121 

131 

r,Qe 3HeprHH HeB3ai4MO~eHCTBY~~MX $OHOHOB wg OOJlyl.la~TCA 143 P.eWe
HMR CeKYilAPHbiX ypasHeHHH npi46Jll4)!(eHHR XaOTI44eCK14X ¢a3 -(RP:A/ 1, 14~ 

H ~ {[ 1 g'g" + + 1 gg'g" + + + 
vq=- 'N "102 ug Qg,Qg .. Qg+4V QgQg' Qg .. ]+[h.c.]l. 141 

ggg v ~ 
CaoHCT8a CVIMMeTpl414 uf'g n H vg g 'g" CJle,Qy~~He: 

r.f'g" =Vg"g'. Vgg'g"- Vg g g -Vg g g -Vg gg 151 
g g - -

'· .J<'g" 1 + + g'g" B c~ny 1"1 ~MeeM: Ug =:ro;<'1'01QgHvqQg'Qg"l'l'o>, T.e. Ug ecTb aw 
OilHTY,Qa nepe*OJ\-S O,QHO¢ld'HbHHOrO COCTORHHA g 8 ABYX¢lOHOHHOe (g'g"'), 
RBHblt'-1 814,Q U~ g ASH g/14,15/ 14 He OOHaA06HTC.R B AaJlbHeHweM. 

* C 3TOH ~enb~ a raMHilbTOHHaHe saaHMo~ei-1cTBHR K<l>M, HMe~~eM 
CTPYKTypy a+ a (Q+ + Q ), HymHO npe,QCTaBHTb onepaTOPbl THna a+ a 
4epea <IJOHOHHble onepaTopbJ I eM ( 1 4~ cTp. 391 I. 
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• 
.QnR HOPMio1poaaHHO~ BOI1Hoaot::; ¢lYHKLIJ.1H /1 I aap~;~alllffOHHbli1 nplo1H

lllo1n AaeT CileAYIO~YIO Clo1CTeMy ypaaHeHHH /t,t6/: 

n - I gg' n _ 
(wgoi -~.)C; (go)- gg'Ugoi Dgg~go)·O 

n - mo gg'' n -
(wg +"'g' -~ 0 )Dgg'(g0 )- r,:

1
u,Jc 1 (g 0 )-0. 

CeKynRpHoe y~aBHeHHe AilR 3HeprHH B036YmAeHHMX COCTORHJ.1H 

nonyYeHo I 1,15,16/ a BHAe: , , 
· u~g. u.':g, 

- g 1 g 1 
d (g0 : ~ J~ det II (w_ . - ~ J a .. , - :2: - o o 11- o. 

g0 1 u gg' rug+cvg'-7Jn 

PewaR /6/, HeTPYAHO noKaaarb, '-ITO 

(c n)2 1 a - ii-; =-~a [d(go ;~)/M (go;~Jl 
T/ 71'"1Jn 

-1 
l' 

!6/ 

171 

!81 

ii -rAe M (g 0 ;~)- COOTBeTCTBYIO~HH MHHOp 

~OpMyn~ /6/-/8/ 6YAYT cy~ecTBeHHO 
onpeAen~<TenR B /7/. 
J.1cnonbaoaaTbCR a AallbHeH-

WeM H3JlO>KeHJ.1H. 
~CXOAHOH ro4KoH AilR nocrpoeHHR Alo1arpaMMHoro npeAcraeneHHR 

OAHO¢oHOHHoro nponararopa a K~M MO>KeT nocny>Kio1Tb H3aecTHaR ¢lop
Myna /!1, 12/, 

+ -G.,(g0;t-t')--I<'1'0 1TIQ_ (t)Q~ •(t')exp[-ifdrH (r)lll'l' > 191 
11 g 01 e.0 I . -oo vq 0 CB. 

+ B ~opMyne /9/: GgCtl " Gg(t) - onepaTop~ polKAeHHR " norno~e-

HJ.1R $OHOHOB B npeACTaBJleHHH B3aHMOAeliiCTBHR, T.e.: 

Q () 
iHvt -iHvt -iwgt 

g t = e Qge = e 
/10/ 

iHvt -iHvt 
T - xpoHonorH4eCKHa:1 oneparop; Hvq = e H vq e ; J.1HAeKc 11 cs. 11 

yKa3wsaer, 4TO y4HT~BaTbCA'AOll*HW TOllbKO CBA3HYe AHarpaMMY. 
Hawa 4enb - noHATb, KaKHe rpa~HKJ.1 Y4TeHw a paMKax MOAellH 

C BOJlHOBOa:1 IJ)yHK4HeH /1/. Pe4enT AJlA OTBeTa Ha 3TOT sonpoc AaeT 
ClleAY~~ee paCCY*AeHHe. PaccMarPHaaeMOH.MOAellH COOTBeTCTByer 
nponareirop, o6o3Ha4HM era an • YAOBllEiTBOPAIO~HH ABYM Tpe6osa-
HHRM: ypaeHeHHe AllR no~cos ¢ypbe-o6paaa Gii HAeHTJ.14HO c ce-
KYllRPHYM ypasHeHHeM /7/, H Bb14erw ~ypbe-.o6paaa G ~ a non~cax 
AOll*HY paBHRTbCR (C~) 2 H3 /8/ . .RCHO, 4TO 9 AJ.1arpa~MHOM PRAe 
AllR GuAOll*Ha cy~ecrsosaTb noAnocneAosarellbHOCTb rpa¢J.1KOB, 
npocyMMHpOBaB KOTOpble, nOllY4HM 0~ • HMeHHO 3TO J.1 6yAeT HCKO
Mb~M KllaCCOM AHarpaMM. an~ HX BbiAelleHH~ He06XOAHMO paapa6oTaTb 
COOTBeTCTBy~~YIO rpa¢H4eCKYIO TeXHHKy. 
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3. ~HArPAMMH~~ AHAnM3 O~HO~OHOHHOrO nPOnArATOPA 
EcnH e $QpMyne /9/ no.no>KHTb H vq=O, nony4HM Heao3MYuteHHb1Vr 

nponaraTop: 

Ha /11/ c noMa~•~ /10/ HaXOAHM era RBH~~ BHA: 

{ 

-i<n l. (t-t') 
-i8ii" e cJ • 

0 • 

ecn11 

ecnH 

t> t' 
/12/ 

t.< t. 

Paano>KeHHe 3KcnoHeHTbl e ~opMyne /9/ nopomAaer AHarpaMMHbl~ 
PRA reopHH ao3MYUieHHVr, ecnH eocnonbaoearbcR reopeMoVr BHKa/ 11,12/ ,..__... 
1r1 BBeCn1 cornaweHHR: xpOHOI10fH4eCKHM cnapHBaHJ.1RM Qg(t)Q~(t")= 

. G (0) ') o t, t I = 1 ii" (g;t-t u gg' CTaBHTb B COOTBeTCTBHe J11.1HHH' I ,..,.. I OHH 

opHeHTHposaHbl a cHny /12/ I, MaTpH4HbiM aneMeHTaM u: g craaHTb 
g' g' , ,., 

8 COOTBeTCTBVIe BepWHHbl '9 --<.:g' , _ g'>--s BeJlH4HHbl Vgg g 

npeACTaBI1RTb pY1CYHKaMI-1 ~ , E .Ha 3THX aneMeHroe 6yAeM 

CTPOHTb A1-1arpaMMb1, AaiOW,He BKJlaA B Gii "(io ;t-t') 1-13 /9/. 
H3 ~OPMYil /4/, /9/ H /10/ RBCTByeT> 4TO nonpaBKH /lG He4eT

HOro nopRAKa K G(O)paBH~ HYil~, T .e. oGl21)+1)(g0 ;t-t')~O, n03TOMY 
!POPMYI1Y /9/ nepemtweM B Blo1Ae: 

11 

G ,;;. , G(O) ,-;: . , ~ (2n)- . , (0) _ • , 
ii. ,g,t-t )= ii. ,g

0
,t-t )+.; 

1
/l G ii (g 

0
,t-t )= G ii. (g

0 
,t-t )+ 

.. ~ (-i)2n +>o . + , /13/ 
+(-1) :E -- r drl' .. d'2n <'l'o ITIQ_. (t)G- ·' (t )H (r,) ••. H (r )I 'Po>· n•l 2n! -oo gol gol vq .yq 2n 

1 . 
MHO~~Tenb ---

2 1 
MO~HO onycT~Tb ~ 3aHHMaTbCR TOnbKO 6e3HHAeKc-n. 

HMM~ A~arpaMMaM~/12~PaCCMOTp~M HeCKOnbKO nOAP06Hee nonpaBK~ 
K Gii • (g0;t-t') BToporo (11=1) ~ 4eTBepToro (n~ 2) nopRAKOB. Y4HT~
BaR ~OPMYil~ /4/, /5/ H /11/ H nOilb3YRCb TeOpeMOH BHKa, HMeeM: 

(2) - . • .5 gg' gg' - (0) - . • (0) /iG .. (g 0,t-t)=I :E U-.U- .• (dr1dr2 G ..• (g 0,r1-t)G, .• (g';r
2
-r

1
)x 

11 ggjj' g 0 1 g0 1 -oc u J J 

*~OHOHH~~ BaKyyM ~~o> B ~OpMyne /9/ npeAnOnaraeTCR HeB~PO*
AeHHbiM H .<'1'0 I 'I' 0 > = 1. 
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+ i 5 ~ --gg JJ 

/14/ 
(0) . (0) - . 

xG .. \g',r
2
-r

1
)Gii(g0 ,t-r

1
), 

JJ . 

rAe noApa3yMeaaercR, 4TO t> ~ 2 > r 1 > i. ~. 
Tenepb coaepw~M ~ypbe-npeo6paaoaaH~e: 

8G ~~! (g
0

; ~)- !a a<,~>. (g
0 

; t-t')e i~(t-t'J(t-t'), 
-oc (2) 4 noACTaB"M CIOAa Bblpa>KeH"e A11R 8G ..• (go;t-t') "3 /1 I "· cne-

AYR/12~ HaA <I>YHK~"R"" G (O) s /14/ cos1~pw"" o5paTHOe npeo5pa
aosaHHe ~ypbe: 

(0) - . ' - (0) - • -l~(t-t') d~ 
G .. , ( g 0 , t-t ) = F G .. , (g 0 , ~) e - • 

11 -~ 11 217 

B peaynbrare nony4HM: 
(2) - (0) - gg' gg' 

8G ,(g 0 ;~)~1G, ,(g 0 ;ry) ~ U-. U- .• f 
11 1 1 gg' g 0 1 g

0
1 

d~ d~ 
2 3 X 

2rr 

G (O) (- )•( )G(O) (g' ~G(O)(-x .. g;.,2 o ~2+~3-TJ ·"·' g ;17 .. go _;77)+ 
JJ JJ ll 

115/ 

. (0) -
+lG .•.• (g 0 ;~) --~ 

l 1 gg j j 
X 

/0- $yHK4HH B~pa*a~T 3SKOH coxpaHeHHR 3HeprHH B KSmAO~ Bep

Wr.1He/. <J>ypbe-o6pa3bl Bbl41o1CJ1RIOTCfl C y4eTOM /12/: 

(0) - . -1 
Gii'(g;~)-8ii'(ry-cvgi+l<). ,~o. /16/ 

noACTSBflflfl /16/ B BepXHIOIO $OpMyny, nony4aeM OKOH4STenbHO: 

(2) - . '(0) - . 'U+V - . '(0) - . aa .. (g 0 .~)=[G (g
0

,ry)Il (g ,ry)G (g
0

,ry)] .•• 
11 0 11 

/17/ 

'(0)- /16/ rAe G (g
0 

; 71)- MSTPH4a, cocrasneHHafl H3 sem141-1H , npH4eM 

U+V-
'IJ (g

0
; 11 )- MSTPHU.S C11eAYIOU\ero ,BHAa:, g i 'gg, i

0
igg' 

ugg u gg v o v 
U+V _ U V if0 i if0i' 

Jl ..• (g ;ry)='11 . .+II .• =~-------+~ /18/ 
ll 0 11 ll 'n-w -w, g' n+u> +w gg 'I g g g 'f g g, 

BcnoM~t~Hafl sse.QeHHbte BbtWe cornaweH~t~fl, I 1 7 I MO)f(HO npe.QCTaB~t~Tb 

rpa$~t~4eCK~t~: 

aa;:>. (g
0 
;ry)-~ + /19/ 
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rpa<JH14€CKY117s 3KBHBa!leHT B€JlvtLH1Hbl 'U ~i .- (g 0 ; 1J) eCTb CKe.nerHaR 
AV~arpaMMa, T.H, $OHOHHSR neTJl.A: 

'llu_ ... ~ ii'(go;~) = ~ /20/ 

8 1.4€TBepTOM nop.AAK€ HeHyneaoH BKJla,Q B OG\~), 6y,QeT, B 4acr
HOCTV1, OT M8TPI-14HOrO 3JleMeHTa CO CJle,Qy~~VIMVI CBepTKSMH: 

+ r---+ +..-+ ~+ + ........ + /21/ <'1'0 jT{Qs/t)QQQ Q Q QQ QQQQ QQ•/t)I!'P0 >ce. 

~eHCTBY.A, K~K VI B~We, HeTPYAHOAno~a3a~b,A4TO /21/ ,QSCT 
eKnaA a BG)tl (g 0 ;~). paeHblii [a<O)·nU a <0)'11 UG<0)].,HnH, Ha R3bi-
Ke ,QvtarpaMM: 11 

/22/ 

B s~cwvtx nopRAKax ao3MOmHa TaKa.A AvtarpaMMa: 

~··· !231 

Herpy,QHO nposepvtrb, 4TO aHaJ1HTvt4eCKHM aKsvtsaneHTOM ,QvtarpaM
Mbl /23/ 6yAeT Bb!pa>KeHHe [ Q(O) 'JjU Q(O), TI U 0 (OJii' ,nopO>KAaeMoe cna
raeM~M, B03HHKa~~HM a 2n-nop.A,QKe /eM. ¢opMyny /13//, r,Qe one
parop~ caepHyr~ no,Qo6Ho /21/. To, 4TO crpyKrypa a~pameHH.A 
raKoaa, He ~bl3b!Baer coMHeHI-1.A /eM., HanpHMep,/12/ I, y6e,Qt-~MC.A, 
4TO pe3y11bTHpy~~H~ MHOmHTellb B 2n-nopRAKe paBeH eAHHH4e.~e~-

CTBHTe11bHO: (~)2n KOMneHCHpyeTCR 2n 143-3a CHMMeTPHH U~~g"'/CM. 
II v ~ . 3n+ 1 n* /5 , OT CBepTOK B03HHKaeT MHOma.1TeJ1b i ; C KamAbiM 1i' CBR-

3aH MHO>KYITellb (-i), HTOrO (-i)n, Tenepb 04eBHAHO, 4TO(-i)(-i)2njan+l(-i)n:: 
=1. V - ~.meHbl raMHilbTOHHaHa HYq nopomAaiOT necTHH4Y rpa$HKOB: 

~ 5···~ /24/ ~ ~(o)~v~(O) ~v (O) ~v~(o) 
3ro~ AHarpaMMe cooreercrayer Bblpa>KeHHe [ G '11 G 'U G ••• n G J. .. 

Co6HpaR reoMeTpH4eCKY~ nporpeccH~ /eM. /19/, /22/-/24//, 11 

HMeeM: 

rAe nonHbl~ nponararop Gii, (g-0 ; 11) Hao6pa>KeH Toncro~ !POHOHHoH 
llHHHei'r. ~OpMyna /25/ ~OHKpeTH3HpyeTC~ ClleAY~HM o6pa30M: 

* 3ro cneAyer H3 

-wg' + i. 

6 

+~ ~ (O) - (0) -, 
TOr0,4TO r 2 G ii (g;~l)G., .• (g ;r;-~1)~-i(,-w -
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+ MHoroneTneeble 
nonpaBKH. 

!26! 

JlerKO BHA€Tb, 4TO €CI114 'fiV""' 0 H He Y4HTbiB8Tb MHOroneTne

BbiX AHarpaMM, H3 /26/ C Y4€TOM /18/ BbiT€K8eT: 

1271 

ii,. - -
CAO M (gO ;~)H d(g 0 ; ~)- TO >Ke caMble <)>yHK4HH, KOTOpble 6biJ1H 

BBOAOHbl paHee /CM. <)>OpMyJlbl /7/ H /8//. ~3 /27/ BHAHO, 4TO 

ypaaHeHHe Aflfl nomocoa G ~~ (g Q..~ 11 ) coanaAaeT c ceKynflpHbiM ypaa

HeHHeM 17 I H ResG ~i (g 0 ;~)o(Cj1'13 /8/, T. e. G ~i' (g0
; ~) ecTb npo

naraTop, COOTB€TCTBY~H~ MOA€I1H /1/. Ero AHarpaMMHOe npeACTaB-

!1€HHe: 

/28/ 

4TO COOTBeTCTByeT CYMMHPOB8HH~ neCTHH~bl H3 AHarpaMM /23/. 
AnR Bbi4HcneHHfl BKIIBAa ABYXneTneeo~ AHarpaMMbl, H3o6pa~eHHO~ 

B /25/, BOCOOIIb3Y€MCR npaBHII8MH COOTB€TCTBHfl, AeHCTBY~HMH 8 

11 -npeACTasneHHH: 

g,~ . -1 
1/o-- • ...,- 1(~-"'g +i<) 

g·.~· g·~· ., 
~/ g'g' ~. 

2/ ~ ....., U ...... ~-- npH4€M 8 KS)I(AOH aepWHH€ 

g• ~· g <;f.~· 
AOII)f(€H C06JliOA8TbCfl 38KOH C0Xp8H€HH11 3HeprHH: 11::::11"+11"'· 

3/ EcilH JlHHHA ( g, ~)- BHYTPOHHRR, HYlKHO ( ~ H l: 
2" g 

B AaHHOM cny4ae HMeeM: 
gg' tr' g'r hr' +oo drfd7J"' -1 -1 

,l: Ug- tUg uh Ug- i I 2 (rr~~"'g+i<) (~'-w '+i<) X 
gg rrh 0 0 -oo (21T) g 

( " . J-1 ( ' " . ) -1( ' " . ) x 71 -rur+l£ 11-71-71 -cur' +1£ 71+71 -cuh+l£. 

8blnonH1111 HHTerpHpoeaHHe, Anfl BKJlaAa ABYXneTneaoro rpa~HKa no

ny4aeM CII€AYIO~HH peayJlbTaT: 
gg' rr' g'r hr' _ 1 -1 -1 

,l:, U_g i'Ug Uh u, 1 (~-W -W ,) (1!-W ,-w1 -w
1
,) (~-wg-wb). 

ggrrh 0 o gg g 

3HaMeHaTenb ( 11-ruq -cur -rur" )- 1 a sepxHeH ~opMyne cs11aaH c Tpex

~HOHHbiM npOM€)f(YT04HbiM COCTORHH€M paCCM8TPHB8€MOrO rpa$a.AHar

paMMbl T8KOrO THna MO)I(HO Y4€CTb 8 K~M, €C11H 8 onepaTOPHYIO 8011-

HOBYIO $YHK~HIO BK~4HTb TpeX¢QHOHHbl€ KOMOOH€HTbl. 
4TO K8C8€TCR AHarpaMM THna /24/, TO, K8K BblfiCHHTCR A811bWe, 

OHH CBR38Hbl C Y4€TOM KOPP€11A4HH B OCHOBHOM COCTORHHH. 
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4. nPHGnH~EHHOE PEWEHHE UEn04KH YPABHEHH~ 
An~ ~YHKUH~ rPHHA 

BBeAeM ~YHK4HH rpHHa: 

a-.:/ (g
0

: t-t')--ie(t-t').<OI [Q- . (t), Q+_ .• (t')ll O> 
ll ~ ~ 

a+ .• ,+(g
0
;t-t') ~-iO(t-t').<OI[Q'!:. . (t), Q+_ .• (t')]IO> 

u ' g
0

1 g
0

1 

G~g-.. h+( t-n~- iO (t-t')< 0 I [ Q r<t)Q g(t), Q~ (t' )]I 0> 

a~;h~t<t-t' )= -i e(t-t') < o I [ Q 1 (t) Q g(t) Q h (t), Qe (t' )11 0> 

/29/ 

J.1 T.A. 

8 ¢opMynax /29/ \0> 0603HS4SeT OCHOBHOe COCTORHHe raMHnbTOHHa

Ha HM, T.e. HMI0>-0. 
AeikTBYR CTaHAaPTHbiM o6paaot-/10,11/, AJlR ~yp•e-o6paaoa ~YHK

~H~ H3 /29/ nony4HM HepapxH~ ypaBHeHH~. EcnH oT6pocHTb e~cw~t~e 
¢YHKLIHY1 THna a---.+. om1CbiBaiO~He npou,eccbl c Y4SCTI-1eM 6onee 
Tpex $OHOHOB (Hyq HMeeT Ky6H4eCKYIO CTPYKTypy no $OHOHHbiM one
paTopaM/, npHXOAHM K CHCTeMe ypaBHeHH~: 

-.+ - rr' --,+ 3 rr'ioi ++,+ 
(w-. -~)Gii' (g0.~)-~JUg .Orr·- .• (~)+~4 V G .- .• (~)]=-8ii' 

got ff ol ,gal . ff 'gd 
mo . m - • --,+ gg' -,+ - ,3 ° ggojg + + /30/ 

(wg+w .-~)Ggg'g- i ·(~)-.~ U_ .G ,.i (g0 ;~)- -
2 
~ V G ' (g ~)-0 

g • o J•1 ~J J= 1 ji" o• 
++,+ 3 mo golgg' _ + _ . m0 gg' + + 

(w +w .+~)G ,_ . , (~)+-2 ~ V G ' (g<f~)+~ U G.:, (g ;~ )= 0 
g g gg,goi j=l j=l gal Jt o 

+.+ - _3 gg'~ --.+ gg' ++,+ 
(w_ .+~)Gii' (g0;~)-2[-4 V Ggg'if 1 (~)+U_ orr·~ ,(~).0. 

got ff . , o got ,gol 

- .+ ' --.-+ 
¢yHKL!HH THna a H a MO~HO COnOCTaBHTb C K03$$H~HeHTaMH 1 

C H 0 ICM. ¢opMyny 1111 COOTBeTCTBeHHO, noMHMO 3THX ¢YHK~H~, 
B CHCTeMe 1301 $HrypHpyiOT ¢YHK~HH nma a+,+ H G +++,+ H no

.ABI1.AIOTC.A KOM6HHa~J..1H (w g +cu g+17)• 3TJ..1 sem-14HHb1 06.A3aHbl CBOHM npo
HCXO~AeHHeM TOMY 06CTO.ATei1bCTBy, 4TO B MeTOAe ypaeHeHH~ ABH
~eHH.A AJ1.A AByxepeMeHHbiX ¢YHK~HH rpHHa 3Q>¢eKTHBHO Y4HTbiBaiOTCR 
KOppenR~HH B OCHOBHOM COCTORHHH. ~a-aa 4I1eHOB THna V 8 Hyq 
$OHOHHbla7J BaKyyM \ '1'0> He eCTb C06CTBeHHOe COCTORHHe HM C Hyne

BOC1 3Hepr~t~eH. EcnH \ 0>= ]IF o,.>~, KaK npeAnono»<eHo e I 1 I I a 3To co
OTBeTcTeyeT TOMy, 4TO vgg g =0 I' TO: a+,+ =0 ,.a++·+=o. nocJleA

HHe ABe CTpOKH B 1301 npeepa~aiOTCR B TO»<AeCTBa J..1 Mbl npHXOAHM 
K CHCTeMe ypaBHeHHC1 IHAeHTH4HOC1 no BHAY CHCTeMe 161, HOC npa
BOC1 4aCTbiOI: 
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/31/ 
-- + mo gg' .-,+ 

(w +w , -~)G ,'_ ·' - :!: U- G ... (g 0 ;~)=0. g g gg ,gol j=t gJ JI 

PewaR /31/ B RBHOM BHAe, HMeeM: 

-.+ i+i ii' - -
aii, (g-0 ;~)B -(-1) M (g

0 
;~)/d(g 0 ;~). 

H a CHny ¢opMyn~ /27/ nony4aeM: 

G- ,+ (- ) GM (-
;;' go;~ = ii' go;~). 1321 

npH B~BOAe /32/ 6~no npeAnonomeHO, 4TO npo~ecc~ c Y4SCTHeM 
6onee Tpex 4K>HOHOB H KOppei1R4HY! B OCHOBHOM COCTORHHH He 0.4eHb 

cyutecraeHHbl. 

6. 3AKJI04EHHE 

npHMeHeHHeM CTaHA8PTHOrO AHarpaMMHOro MeTOAa ycTaHOBileH TOT 

~aKT, 4TO orpaHH4eHHe B onepaTOPHOH BOilHOBOH ¢YHK4HH 4eTH0-

4eTHOrO Ae$opMHpoaaHHOro RAPa OAHO$OHOHHbiMH H ABYx¢oHOHHbiMH 

KOMnOHeHTaMH COOTBeTCTByer y4eTy TOilbKO OAHOnerneBbiX AHarpaMM. 

3TO - OCHOBHOH pe3YilbTaT AaHHOH pa60Tbl, KOTOpbiH 6bl11 nony4eH 

ABYMR cnoco6aMH. AaHo aHanHTH4eCKoe BblpameHHe AilR BKilaAa ABYx
nerneaoro rpa¢HKa. CTOHT orMeTHTb, 4TO 6naroAaPR Hcnonbaoea~~~ 
AHarpaMMHOH TeXHHKH MOmHO 6~no yfieAHTbCA, 4TO eenH4HH~ Ugg 

~ ~ ' g 
ugg. u~g., 

~ ~ fol gol Hrpa~T ponb COOTBeTCTBeHHO BepWHH~ H nonRpH3a
gg~c:ug+Ct>~-tl 

~HOHHoro tnepaTopa K$M. 3To CBHAeTenbCTByeT o6 aAeKeaTHOCTH 
annapaTa $yHK~HH fpHHa AflA paccMaTPHBaeMoH MOAenH /1/. 

AeTop npHHOCHT ceo~ rny6oKy~ 6naroAapHOCTb npo$eccopy 
B.r.Conoebeey aa ~eHH~e coseT~ H 6onbWY~ nOMo~b npH e~nonHe
HHH AaHHOH pa6oT~, P.A.6pornH~, A.6ynraKy, P.B.~onocy,r.H.A¢a
Hacbeey, n.A.Manoey H B.B.BopoHoey aa noneaH~e o6cymAeHHA, a 
Ta~e A.H.BAOBHHy aa 4TeHHe pyKOnHCH H KpHTH4eCKHe 3aMe4aHHA. 
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