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Boxpmo#t nuka paGoT B COOPHMKE NOCBAMEH aareSpanuecKuM u
KOMOMHATOPHHM aCNeKTaM KBRHTOBOrO Merofia ofpaTHoit 3amauM. Buumc-
aess dopmbaxrops maa  SUCQ) -mopexn Tuppunra u mogemn s h - or-
don UsyueHn cBA3K 0GepTHBANEMUX anrelp KAacCHYeCKHX airedp
Ju u suruanos. [loxyueHH HOBHE TOXKECTBa AAA Aunorapudmuueckoit
dyurmu Pomxepca. Onucano pasmerneHue NEPEMEHHHX B KBAHTOBOR Mo-
nemm lopena v paa rupocrara 'opsueBa-Yanmuruxa. JlBe paGoTw no-
CBAEHH IUAPORUHaMKMKE, MeTop peHOPMPpyNNH NPUMEHEH B TEOpHM pas-
BUTO# TYpOyneHTHOCTH. Ina mumkocreit Onppoitra nocrpoexn arTpaKTop
M CBAi3aHHASA C HMM JMHAMMUECKaes CHCTeMa, Teopus nokasareneit Jisry-
HOBa oGo0meHa Ha cayuall HEKOMIIAXTHHX MOJYNpOCTHX rpynn Ju; noxa-
38Ha MyJbTUIMKATHBHAR Oprojuueckas TeopeMa M rjoGaibHHI 3aKOH
GonpEmx uucen. MceaenoBaHH CymeCTBOBaHME M MOAHOTA BOJHOBHX One-
paTopoB aan ypapHenua lipemunrepa ¢ yckopAnmuM noreHumanoMm. Oxa-
PaKTepM30BaHH JAHHHE PAaCCeRHMS AAA HeCTallHOHAPHOIO YPaBHeHMS
Jlupaka. IlocTpoenu ceMeificTBa corsacoBaHHHX ckoGok [lyaccona pas
JaKCOBHX ypaBHEHMI CO cneKTpaibHHM napaMeTpoM. Mayuena ru66cosa
Mepa Ha mpocTpaHcTBe auarpamM Dura. [locTpoeHn peasusarmu mpem-—
cTaBieHuit noxyrpynns Epayapa.
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H.B.AHuToHOB

CKEWIMHI'OBAS OYHKIMA JIA KOPPEIATOPA CKOPOCTY B TEOPVM
M30TPOIHOA PA3BHTOA TYPBYJIEHTHOCTH

I. Beepenue

B croxacTuueckot fopMyarpoBKe TeopuH H30TponHOR passuToit
TypOyneHTHOCTH Hecxumaemo#t xupgpocTH (rasa) [I]  paccuarpusaercs
ypasHeHue Happe-Crokca co cayuaitno#t cumolt mna nonepeuHoro nmoas
cropoe ¢, (X, V) :

Vi ¥y =do AW, —9p+Fy, (I.1)

roe Vi, =04 + Y0 - xopapuanTHas mpoussopHes, Y, - 3aTPABOUHM
xoafuruent BaskocTd, P M F - naBmeHMe M MONepeuHas BHeMHAR
cnyualinag cuna (B pacueTe Ha emuHuiy MaccH). Jna F  npepnomara-
eTcA I'ayCcOBO paclpejieieHne ¢ KOppeasTopoM (ANA TPEXMEPHOr'O Mpo-
cTpaHCcTBa)

Dy (R,0) = a33 Py (R)D(), D)=k (L.2)

3pech u mxe K =|¥ |, P, (K) ~ nonepevHHA NPOSKTOD, 9o
UTrpaeT poiab 3aTPABOUHON Ronc'ra.ﬂ'ru CBA3H, £ = MPOU3BOJNbHHA na-
pamerp. Juauueckum 3HaueHWeM € , COOTBETCTBYNUMM HaKauke BUAA
9 (¥) , cuuraerca £ =2 .

B paGorax [2 3] mas o6ocHOBAHMA KOJNMOrOPOBCKOT'O CKeMiHHTa
B 3ajave (I.I), (I 2) Oun ucnonb3oBaH annapaT KBaHTOBON Teopuu
nons, B UACTHOCTH, MeToJ, peHopmaxusammoHHo#t rpymnu (PT). Ilpu aTom
KOJMOT'OPOBCKHE@ DASMEPHOCTH BHUMCHANMCH B BUIe ¢ - pasNoxeHult,
Nojo6HO KPUTHUECKMM MHIGOKCaM B Teopuy (PasoBHX NEPeXONOB BTOPOrO
poma [4] .

B Hacrosmeit paGoTe MH NPOJONKHM HCCIENOBAHHE [2,3] H paccMoT-
puM crellavHrosyn QyHKUMD AJS NApPHOr'O KOppENATOpa IOJNSA CKOPOCTH.
B paspene 2 Mu HanmomHMM MoJeByD GOpMyAHMpPOBKY 3anauM, GOpMyaMpoB-
Ky u BuBop, PI' ypaBHenna tuna TIen-Manna-Jlloy mas xoppeasrtopa, a
B paspene 3 mamum ero ofmee pemeHue. OCHOBHO# pesynpTaT paGoTH
- pacueT ckeltnuHroso#t dyHKiMM BO BTOpOM mHOpAfKe € - pas3yOXEHHA
- cojepmuTcA B pasnene 4.

2. KpanroBo-nosesas dopMyanpoBka Mogjenu ¥ ypasHenue PT.

Croxactuueckas sanaua (I.I), (I.2) axsuaaxeﬂraa KBaHTOBONA Teo-
PUH NIByX TOMEPEUHHX BEKTOPHHX moxe#t Y ¥' ¢ gyHkumoHamoM neft-
creua [2] (cm.raxme [3] ):



5(9,9') =g.% ¢'DY/2+ ¢’ [—vt\vw Ay (2.1

(nop.paayuena.e'rca CYMMMDOBaHNe 10 BEKTODHHM SHAURAM y yHTErpUpOBa-
wue 10 X,1 ). Mopems (2.1) norapuimmmuma (cymMapmas gespasuepHOCTS
%o , CM, [3] ) mpu & =0 , u yavrpaduonerosse (¥3) pacxopumoc-
TH OPOABIADTCS B BUAE MOJNCOB MO € . Jna ux ycTpaHemms pocrarou-
HO OJHOTO KOHTpuXeHa Bupa ¥ 'A\) , To ecTs ofHOR PeHOpPMITpOBOY-

HORt KOHCTEaHTH Z (3 €) » TAK UTO DeHOPMupOBaHHOE feftcraue

Spen(9,9) =qMY DY 2+ ' [-V3 94V ZAY) (2.2)
nonyuaerca u3 (2.I) nepeonpepenexuem napamerpos ( M - penopuu-
POBOUHAs Macca):

26 -3
Yo=VZ, =%M Z . (2.3)

Oycts Gy (K Q) =P;; (K) G (X,Q) - napuu#t xoppeaaTop noms

cropoctn §; , G’Peu peﬂopunposammﬁ KOppensaTop, KOHeuHHH

np¥ & —0 B KaxnoM Mopapke Mo ‘ﬂ . T.x. peHopMuUpOBKM mnoxelt
ajiech He TpefyeTcA H O = SPeH . MMeeM:

G(K,(ﬁ,%oﬂo)=G'PeH(K,(D,%,\),M). (2.4)

YpaBHeHue PT' momyuuM, NpuMeHWB K o6eMM uacTaM (2.4) onepauumﬁl)n
H MCTIONb3YA OUEBURHYD HO3ABHCHMOCTD N€BOR uacTi OT M (spech u
panee Dy =x0/0x  pna mboft nepemenmot X %M 03HaYaeT
oneparun @, NpH PUKCHPOBAHHHX 3ATPABOUHHX NEPEMEHHHX %0,90 ):

[Dw+ p(q)99- by (4) Dy] Gpew =0, (2.5)

rue B 5
8y(q)=BynZ, p(g)=2ng. 2.6
Benepctene cBss (2.5) peHOPMMpPOBOUHEX xénc'raﬂ'r g u Y vMmeeM:

p(§=g[-2e+38(9)]- (2.7)

B Teopuu mMeerca nHppaxpacHo-ycTORuMBas HenmomuxHas Touka P ( *) =
=0 .U (2 '7) crepyet, uto suauenue ¥y (q) B aToft Touxe
8y (1*) = -—- He ¥MeeT NONpABOK MopAmka & ¥ fadee.



3. Obmee pemenue ypapHenua PT' nns xoppensTopa.

Ha cooGpaxenuil pasMepHOCTH KOpPpeNATOpP HMeeT BHA:

-3
G‘peu(K,(A,%,",M)=VK @(S,%,Z) (3.1)

rape @ aaBucuT TONBKO OT GE3pASMEPHHX [EPEMEHHHX & =L|'1<_, %

nZ=—s ;?( . Tlopcrasus (3.1) B PI' ypasHenne (2.5) n cpenas mop-

CTaHOBKY CP =expW , momyumm:

[%s+f(a)ﬁa+h(%)ﬂ)z]w ‘—‘-Xq(%). (3.2)
VHBapHAHTHHE NepeMeHHHe 7’ (s, (}) n Z(s, 4, Z) CyTh nepsHe
WHTErpaiH OJHODOJHOTO yPaBHeHU: (3.2) ¢ Hopunposxoﬁ ?( 1, (ﬁ)

Z (4, 4,2z) =2 . Unpapnansuit sapan % HedBHO 3ajjaeTcA dopi
no# -

Ms=—§ —‘Lj—

% £(9) (3.3)
a g Z uMeeM: _
Z =2 ewp& ‘j;—é;’-; ri%'. (3.4)

UHTerpan B noxasaTelle DKCMNOHEHTH BHUMCAAETCH ¢ nomompn (2.7)
u (3.3) u peer:

1/3 —2+— 1 M2 32
z=zsa<% Ea E= 3/—%— (3.5)

C noMomp WHBAPHAHTHHX NMepeMeHHHWX pemeHue (3.2) sanucHpaeTca B
BUfie [

W(s,%,z)=W(ifi,72) X‘}((%))ig (3.6)

HuTerpan B mpasoit yacTH yze nosrmxa:r B (3.4), Tak uro mIA KOppe-

JATOPA OKOHUATENBHO NOJYUaeMm:
s -5—2—5 S
Gpen = E 3 @(1,% Z). (3.7)

Bynkima P (s, 4, Z) BHUMCIAETCH B BHU[e pAna 1o 4 B peHopMMpoBaH-
Holt TeopuM BOaMymeHui.



4. Cxelinunropas dyHkuus B mopsuke g2 .

Hac uHTepecyer nHppakpacHas acmmro'rnxa koppeJaTopa (3.7).
llpn K — 0 ¥MeeM % %*,E—*E*— %1 MZF’/% ¥ Koppens-
TOp NpHHUMaeT ckeliuHroByn GopMy (C KOIMOTOPOBCKHMM Pa3MEPHOCTSIMA
npu € =2)

+ 28 28
Gpon — E2 K> 2 $ o™ E*/a), (4.1)

rjpe WHBapUaHTHaA creilumHrosas QyHKUUA
F(u) =@ (1,0 w) (4.2)

BHUKCIAETCA B Bupe pana no ¢ (HauuHes c nopsamka & ). [lockonbky
x~ & » WA pacuera (w) B mopsnke £* HymHO BHUMCIHTDH
(1 ) ¢ TOWHOCTBO Q° , uTo B (elHMaHoBCKOR nuarpammHol
'rexﬂmce ,uum neftcreua (2.1) (usBecTHO# B Teopuy TypOYNEHTHOCTH KAK
JuarpaMqHas TexHuka Yailuppa [I 5] ) COOTBETCTBYeT yueTy Caejyn-
TUX JKArpaMM:

G;}(K,w)” *(;;‘ + ~—+“O)—-+ —O—o——-ﬂ-‘i——i—?—'
(¢) (d)

Puc.I
Jurma Ges nmepeuepkupanMs 0§03HAUAST CBOGOAHHIA mponararop {9y,
nepeuepkHyTas auHuA -\ \P)(nepeuepxﬂy'r xoHer; ¥ ' ). Ilo BexTop-
HEM 3HAUKSM OHM MPOMOPIMOHANBHH nonepeuﬂouy MpoeKTOPy CO CKaAp-
HuMK KOR(PUIHEHTAMH A, ,r —AW'=( T+, K ) Ayy = ?d.,

Aygp'DAyry , Tax uro muarpass (B) u (€) KOMINEKCHO COMpsXEHH.

G pew TIONYUAGTCA NMOPEPASNOXGHHEM MO Q, , NPH ITOM BRAAS
or rpapa (a) cokpamaer momoc no & B cymme (B) u (c); rpad (ul)
MpH & —(0 KOHEUeH.

Brnapn puarpamm (B - JJ ) BHUMCHADTCA clenaybmuM o6pasom. T.k.

BCE OHH ~ P, i » MOXHO Ge3 moTepu MHHOPMAUMM CBEPHYTh BEKTOpD-
HHe 3Hauku, nepefins K craldApHEM BeJWuMHaM., JHTerpamH no BHyTpeH-
Hell uacToTe GepyTCA IO BHUSTAM, WHTEIDANH [0 BHYTPEHHEMY MUMITYIb—
cy sanuceBapTcA B cHepuueckux xooppauHarax (ecnu sHemHu# uMmnymbe
BHODAH 3a HampaBleHMe OCH X; , NOFWATErpajbHHe BHDAXEHUA He
38BUCAT OT A3WMYTAJIBHOTO yriaa). 3HaMeHaTeXb HPECTABIAETCA ONHO-
KpaTHHM MHTerpajyoM c nomompo fopmynn DelHmana, mocie uero ucxop-

6



HHEe MHTerpays 6epyTcs fBHO (IpH 3TOM ciefyeT NpeHeCpeub BKAAKAMH
~ & u crapme), OcTaBmuecs MHTerpayH no QeitHMAHOBCKOMY mapamer-
Py, BoOOme roeops, He BHUHCAADTCH QHAXMTHYGCKH (UTO THNMUHO AiA
cxefanHrosux gyHrum#t). B noxyuennoe upaxenne aua P (4, q, w)
mopicTaBIAeM G = q, & + %zs +. (anauerme g, =40 :rr”/a u3-

prekaerca u3 [3] , pacuer 9a 'rpecye'r BHUMCJI@HHA JBYXTIeTIeBHX
[MArpaMM ¥ NMpeAcTaBiseT coGolt oTmenbHy® 3amavy) H I MHBAPHAH-
THO#t creftnunroBofft fyHKnMM B mopapke £* nomyuaem:

4031' how"e
(“‘) B(1+u z [1+€A(“’)] ) (4.3)
rue
3 10 T(w)
A (M/) = 4072 %Z T3 1+ud - _ R (U«) (4.4)

[lepsoe cnaraemoe ects sraapn (a), sropoe - (B)+(c) u Tperhe -~
( d ). Tlepeftnen Teneps x ommcammp dynruu#t T (W) u R (W) . Mycrs:

i Z 14 4 3 31

W =
A -w[2s %5—3—+ﬂ(3+1)"——2—(s+1)—2]+
+[—§— —-;—75—(s+1)-1 A (sv1) P (3+1) 1,

Azs—%u s+w[ws 15+—5-(s.+i) +—(s+1) ———(s+1) ]

A3=-52(5+1)w4+w2[—% sa+5—1+(s+1)-l],

Ay=w [ &ris- %s+—‘5—%(s+1)’i]+

+2[o-1+(s+a)].

Beepien Texme ofossauenns (s e[0,1])
4 ={1+u?s? ¥ ={1+u(s+1)". (4.6)

C ux nomompn BBefieM cienyvmue "creudyHxmuu":

(4.5)



B, = y—‘— , s%w(w)‘_—l

u 1+{s
D, =+ atccos s( ok D, -- S(ﬁwa( 2 Avch, Jv(i‘+s) ,
_Liyp ird(s+)-2s+l = _ 2{s+' E, .
twi+o{,(s+1)+2.\]s+ E, Ha-wwt% L(1+8)-1"’

(4.7
rge E12 nonyyapres u3 B 1,2 sameHoMt § —- 4 ; sHauenus B, , #
D,, npu 5=1 06oaHaTMM 61 2 M Uy, . Torma T(u,) pa-
ercsi BHpaxeHUeM:

T(w) =[S+ twa]u'+ [- 35 + 42 2]+
+[i (1+u,2)] I 1+u +[ 2 —_—Z(Lua)] w awct(j W+
+ (“LGL‘LL ‘aa%zd.t -a,b, d«z - ‘1161.‘12. ) +

(J,S lg‘ (AiBIDl— AszDi -AIBZDZ —AZBJ.DZ) -

—2 \ dsT8 ¥ (AsB,D,+ AyB,Dy + Ay B, D, — Ay By, ).

N
O C I O T

(4.8
Symeuua R () npe,nc'rannxe'rca B BHjge:

R(u)--—SJsHH_;.» der*ZIm, (4.

o m=y1

roe
I,--%41,- 33*251,13 6usE,,

2 i l'——' uws 2
I4=(3%Sa+ )Hl 1‘0‘5 I == 2 %Ha,

1. - Eillrwi(sen(@s+1)]-usk,
6 L¥2(5+1) ‘

(4.10)



nomem‘loe BHpaxeHue He Cﬂ%xo%(g?.r‘nﬂnsﬂo, Tak 4YTO MH MPHBORMM
u rpajur GyHKumME M,(u,)=—3 Tz ~ 6 R(uw):

| h(w)

2+ k(—u)=‘m(u)',
h(uw)=0 (u:l/a) npu A —> o

-4
w4
(]
3

-1 4

Asrop 6naropaput J.1[.ApxemaHa, A.H.Bacunpesa u M.T'HaTuua
38 nojesHHe OCCYXNEHUA.
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M.B.Bycxaepa

ACYMITOTVYECKAS JMHAMAKA ¥ CIEKTPANEHHY AHAIM3 JUIA ONEPATOPA
[IPEMVHTEPA CO CIABO YCKOPAKUWM IIOTEHIMAJIOM

1.BBenennse

Ilop omepaTopoM llpemuHrepa ¢ yOROPADNMM IOTEHIAANIOM MH IOHEAMA-
eM nqubfepeHmUaNEHHR omepaTop BAIA

I
f--f v s, %sR=[00), §0=0, =

IpUYeM OTHOCHTENHHO BEMECTBEHHOI'0 IIOTEHOWANa I [PeRIoIaraeTcd,
9To V(%) — - 00 opE %x—+6 ., B ormmume or omeparopa llpemaE-
Tepa ¢ yOHBEWHMM HOTEHIMAIOM HUKAKOTO 6CTOCTBEHHOTO HEBOSMYMEHHO-
T0 oIeparopa, ¢ KOTODHM MOXHO OHJIO OH GPaBHUBATH YKABaHHHE omepa-
TOp, B ofmeM cJydae He cymecTByeT. HeoMoTps Ha 8T0, K pacCMATDA-
BaeMOMY OIepaTopy MOXHO IDEMEHWTH 0000paXeHWs TEODHM DacCedHHA H
HOOJYMHTH ANA HErO OPOCTYD CIIEKTPAIBHYD MONeNb. TOYHee, MOXHO yC-
TQHOBHTH YHETADHY® SKBHBAJIEHTHOCTH oneparopa llpemmHrepa ¢ ycro-
pANIEM IOTEHIEAZOM ¥ oleparopa MHMHWTeSEMANBHOTO OXEBATA

§=-i'—d% B mpoorparcre L, (R)  Gymmmat §(3) .

Bosee” TOWHHE IPEILIOIOXGHET OTHOCHTENLHO IOTEHIHANA V HME-
©Or BHN: V  OpeIOIaTaeTCA IBAXEH HeOpepHEHo ImbdepemmEpyesol
dymrmuet 52 R, , ymomrerBopAmmeR mpE AOCTATOTHO GONBINEX X Y-
JIOBHAM
bt v(ao)s—mxw, O<a<1, v.>0, 2"

_ R v
| V@) s a?C5 o a)|s gt a<a. @)

- %

llpm sTEx yousoBmAX mumpPepeHmmantHoe BHpaxeHuwe (I) Hopoxnaer B
L“(R+) caMoconpAXeHHNR omepaTop, KoToph#t OymeT 0G0SHAYATHOS
gepes .

Ceasy omepatopa H ¢ caMoOOIpAXeHENM omepaTopoM f; yorasap-
JBAETCA IyTeM HCOJNENOBAHHEA ACEMOTOTEYSCKOTO IOBONEHAA (yHRIEE
fh=eaxpilHt) § mm b0 . Ipx srow cxywam «> 1/3
z &<1/3 OKQ3HBANTCA OYMECTBOHHO DASHAIHHMA. Eomx « >1/3 ,
aCHMITOTHYSCKOS IOBeNieHES §(}) Wso0paxaeTca BONHOBHM NaKeToM,
xoTopuit ¢ HmoeToAHHOR CKOPOCTHD CIBHIaeTCH B GECKOHEYHOOTH, COXpa-
HAA cBow fopMy. HampoTwB, IpE ® $1/3 AQCEMITOTHYEOKOS HOBENECHHES

f(t) H300paxaeTcsa BOJHOBHM IAKETOM, KOTOpHR paBHOMepHO yderas
B GECKOHETHOCTH, ONHOBDOMEHHO pacmuBaerca. Caysalt 4 >1/3 Oux

10



paree pacoMorpeH B [I,2] , HeKOTODHe YAOTHHE DESYABTATH DO IOBO-
Iy cayuas o 1/3 upupenery B [3] .

2. oymxmm G(E;x) = V(I M.

IycTs 4 - IBAXNH HENDepHBHO ABIfepeHIEpyeMAs OTDEIATENb—
Hag Qyuxkmma va [, , coBmajammas OpE ZOOTATOYHO GOJBIMX & C IO-
renmmagoM v . PacoMorpmd mupbeomopdmsm c: K. —- R, , ompe-
Iemns ero Qopmymoit x

c(x) = 1/zj<-1?(x;)"”'dx .

0
Beenem @yHKIID ®
L%
FCE,x) = E (4'/(,, KI(—&(ac))W"dx,

0= [a+1

Oyskmas [ copmajaeT ¢ cymMoll HeOKOABKEX HODBHX WIGHOB DANA
Teftropa mo F  naa wHTerpaxa
X

I (VE-F(®) - V%@ )dx .
Kos{WIMeHTH ONYMEHHKX WIGHOB DAfia EMODT KOHOYHNe NDEXeXH IpE

x—r 00 .

Oyers G(E, §)—F'(Eac), g-cm
G(E =1 E (4 ) E*

Crapme mpE- § — 00 e meown st
G(E,3)=Ex-+E"2p + 0™,
:Z)m-—jg( # 'y,
Gg=%- Efd(gno(g"”),

Ge= E-AEviso™), v=wc'an,

], xR, , EeR.

Gep V-5 — -0 .

Pacomorpm fymrmmo V(1,A) , nsoftcrsemHyn mo DETY X dyHmmEm
G(E, ¥ :

II



Vb = EY + tA- G(E 3, (3)

CrnpaBeluBa
JEMMA I. Ecsw BumomHenH yoxopus (27)
nr

()

/ a1
|[v|s gdva)y ™, a<a,
TO COOTHOWeHUA (4) ONpEeHeLADT IPH NOCTATOUHO GouabmoM R odparu-
moe orodpamemme ( E,§)— (b, A)  mmomecrsa [a,p]x [R, @),
-w<&<p<o® , R>0 , HamomecTBO [4,f [x [R,, ®),

—0<&<p <0, B>0 . 9T0 oTOOpameHWe W odpaTHOE OTodpa-
XeHUe IBaXIH HempepHBHO IufdepeHimpyeMH. [IpM ZOCTATOYHO GOJBUIOM
R, =a mmomecrse [a,,p8,] *[R,, 0) dopmyna (3) ompenenser Gyux-
mo Vb, \) , mpmiem

E=Vt(t,}\), §'=VA(t’A) . (5)

Korma 7 —o0
14
Vi, M =TA+ —g‘— a0ty

Vy= b+ A+ 0 b,

1:
V )\+—ﬁ +0(b” ”f) r=v(¢'d)),

VM ~ Q) — w0 .

JlokasaTeJbeTBO JEMMH HE COCTaBiIZeT TpyHa. PaceMoTpuM MaTpuny

Geg Gy - ) f

Gy Gy 1 3B ’jf:

B cmny ycnosma (2 ) ONpeJieJUTeMb MATPUIH cTpeMATcs K -1 mp:
§ —_ 0 .

1/% a&xéwf-‘le-ﬁx_’. 0 )

\"-z"'dxfb%), cr¥o]| v A< e
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Jlokaxem o6paTiMOCTh oToGpaxeHusa, 3amaBaemoro dopmyao#t (4). Tak
Kak GE§ ~ 1 , TO CooTHomemme b= GE(E,g) MQRHO PEUMTD
orsocurenbho § ¢ § = PV, E) . lloncTaBMM pesyabTaT B CO-
OTHOIIEHNE A = G—§ (E,3): )\=G—§(E,‘P(t, E)) . YacTHas mpomsBoi-

HaA npaBoﬂ CTOPOHH IIO E TaKxKe Om3Ka K 1 H
-1 -1 v
G-EE +G§§(-GEE)(GE§) =GE§ EG§§G5E+G§E]~1 .

[loaToMy MONYyYEeHHOE COOTHOWEHNE MORHO DEWHTDH OTHOCUTENHHO FE .
Urax, fopMysn (4) samanT o6paTmMoe oTodpaxeHme. CIpaBeIJMBOCTH
Popmynr (5) BuTexkaeT u3 ofmmx ¢BoficTB mpeodpasoBanmua Jexarnpa. B
oty (4) u (5) acmvmToTMueckne QOPMYJH IJIA IPOM3BOIHHX QyHKIWM
\V ouemy®wTr 43 aCHMITOTHYECKNX POpMyn IIA NMpOWSBONHHX QyHKIM
G . U3 HIX Hemocpe#CTBEHHO BHTEKAeT M aCEMITOTHYECKaA fopwvyaa

ma V . lpomssomiyo V), MOXHO BHUMGINTDH G IOMONBD COOTHOWEHWS
-1

Vig Vo) Gee Gy
= X

Vig. Vi Gyp Gy

B —%E”(-M—LV’—% -1
-1 -D¢x) [ -

3. OcHoBHasA TeopeMma

Bpezmem caenyumme oG03HAYEHUA. Odosﬁam wepes E +  QyHRIM

Estam) = exp(ti I V-F) da )

¥ OII6paTOPH YMHOXEHWA HA 3TH cpynnmm Yepes |, oGosHawMM yHE-
rapuie omepatops B i, (R,) , meftcrsymmre mo gopwyue

(Tef 1@ = Eypm o/

(%) $(§), ¥=c(x) .
Hakomen, mycrs @, - omeparop, orpaHMdmBammt Gysrmm R — C
ma Ry (P = §ex), P,=I , P =P,
CopMy mpyeMm OCHOBHOR pe3yJIBTAT.
TEOPIMA I. Npn Bunomzesww yoxosua (27,
CYWeCTBYDT BOJHOEHS® OMEpATODH

27y ,TI8 A 51/3,

I3



W, = s- dim eim’ T. 6P, ¢ wvdtl,P)

t+to

(6)

omeparopst Wi : Lig(R) —- Ly(R,) ymurapHs @ ooymectsisor
nonodue P  H: HW, = W+

B padore [2] B youoBmax (27, 2”7y, 0<a <1 , Guro moxasaHo,
9r0 IpE b —> + 00

1 Im"j et 11 @)

VAT

00
_ilit 1 ME) -iEp-i[VE-Tdoc
~ — € o ( d,E . (8)
¢ %W‘U-V_L ME) )

3necs ME)= $(0,E) » & §(x,E) - pewennme ypaBHeHW:
-$"+ v = E$ , YIOBRIETBODAWNEe NP & —+ 00  SCHMITO-
THYECKOMY YCJIOBHD

Lxp [i' IT‘J E-¥@) d’x']
Nvx

Oynrmma  § JaeTcs HopmyJott

f(x,E) = [1+0¢]

o0

f=of, (eHUE) =[f@VmE s,
(/]

Tz8

Y(ax,Ey =

1 _ M)
PR [$,E) T fEr] -

omeparop 6: L,(R) — L,(R,) ymurapen. B ocHose {opmyx
(7,8) aeEuT IpenCTaRICHHAE

[+
Ht’})(x) = J ¢(x,E)e'tEt§(E)d/E,
-0
B KoropoM oT dymkmm ¢ , oM. (9), mpu T — t o0 coxpansercs,
COOTBETCTBEHHO, IIEPBOE ¥ BTOPOE CJIATAEMHS; BKIANH OCTAJBHHX CJa-
TaeMHX CTDEMATCA K HYJD.
Taxuv ofpas3oM, 3azava CBQUUTCHA K TOMY, 4TOOH COIVIACOBATH yT-
‘BepEIeHMe TeopeMu ¢ PopMysamu (7) u (8). OSpaTimMes K CJydan
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bP—1+ 0 . QyHKIMO }’ MOXHO CUMTATh TVIanKoil fuHmTHOM.
BunosmymM B (I)opmy.ne (7) mBa npeoGpa30BaHuUA: 3aMEHEM

J‘JE -7 dm Ha JW‘%-r F'¢E,x) ¥ BBELEM OIe-

pa'rop T, :
[\ ]

I g‘Et”G‘E»E’f(E, dE .

-0

-iH} , 1
Fr-il
MR
VHTeTpax, BOSHUKINIA TpM BTOM, Ipm b— +®  uMeeT HenynesByo (B
CMHCJIE Li, -HopMH) acIMITOTMKY TONBKO Mpm ¥ , VMEWIMX IOpA-
Zok } . B aTOM ciyuae MHTETDAN JErKO BHUMCHAETCA C IIOMOLBD
MeTona cramoHapHoi#l fasu

)
1 S e—‘vEtﬂvG'(E 3]
\aw'

-0

FCE)E~

~ECEy € SVED+iG(E,Y) o m/"lﬂ(g)l"/"
(10)

toe b= Ge (B, ) . PaspemmmocTs 3TOro ypaBHeHUA CIELyeT X3
COOTHOWEHNE Gpp = - g(§)— -, TP 3TOM

5-1 -p
E, = fl)(g +0& 7).

Xorst Gosemoit mapamerp §  BXomuT B ¥HTerpan (I0) He KaHOHW-
9eCKM, OCOCHOBaHWE IPUMEHMMOCTH MeToma cTaimoHapHo#t gasH He mpen-
cTaBiAeT Tpyna. He ocTaHaB/MBasCh HA IOLPOCHOCTAX, YKAKEM OCHOB-
HHe IyHKTH, HA KOTOpHE OIMpaeTcsa 9T0 ofocHoBaHue., CienyeT ySemuThb—
cfl, 9TO MOXHO BHOpaTh A = A(¥) raK, 4ro mpm ¥ —r ®

D A—0 2 Ggp(E5)a— 0, [E-Elx A

3) Gp(E, 3) A0, |E-El=8, 9 G (E a0, [E-ElzA.

Yeaosue I) oGecreunBaeT BOBMOKHOCTE 3aMeHH §(F)— F(E,) . Yo-
JoBUE 2) OGECIIEUMBAET BOSMOEHOCTH OTDAHMYUTHCA B A —OKDPECTHOC-
™ ToukH E, ammpoxcmmarmei

~Eb+ GCE,§)%-Egb + G(E,, §)+5 Gpp (B, E-E,)

YoaoBre 3) mO3BOAAET 3aMEHWTDH MONEJbHHA MHTEeTpan Mo A -OKpecT-
Hoety Touky [E, wHrerpamom mo scell ocm. HakoHmen, ycmosue 4) mos-
moJIAeT NpeHeGpedsb BKJIAIOM BHEWHOCTH BTO# OKPECTHOCTH, TaK Kak

mu | E-E,|> A

15



-Eb + GCE,§)); = G (E,5xE-E,),

rme E,< E< E . Bamemym raxxe, 4uro ycsrosue 4) MORHO ONyCTHTH:
OHO ABJAETCH caexcTeueM 1) u 3).

OGeymm yososusa I1)-3). 3amermm, 4To B cuiy &< 1/3 BH-
noyHAeTeA ps1 , mpmeeM & =1/3 coorseroTByer p=1 .
Mpr  p<1 monoxM A= § ¢ , rorma yeuwosus I)-3) mpumyT
B,

mpn p<1 mu p=1 :
) >0, A—-0
2) P> 1/3(4-2p) Ax " —0
3) y<1/2 (4-p) ANIW Y —- 0

flcHO, 4TO 3TH YCJOBMA MOTYT OHTEH BHIIOJHEHH 38 CYeT IONXOoLd-
mero BHGopa A .

Wrax, dopmysna (I0) moxasaHa.

YeraHoBYM Temeph, 4TO acHMITOTMKA ¥HTerpana (I0) coBmamaer
C aCYMITOTMKOR MHTerpaJsa

60
1
j RIS

~ ;._"(A ) oiAog' irV(t,Ao, e'i‘”'/lf , vAA ,-1/1' , (II)
rme § = Vyd,A) . Camo oGocHopamue fopvyan (II) mposomuT-

¢S QHAJOTMYHO oGocHosaHMb Popmyaw (I0).

CoBIIaTeHne SKCIOHEHIMANBHEX MHORUTENel acmMiToTHIecKNX $op-
mya (I0) m (II) oGecmeumBaeTcsa CBA3ED MeXNy JyHKImAME G # V .
Acmvmrornieckas GmsocTs Todek A, m E, ABigerca caencreueM
aCUMITOTHYECKOTO ITOBEIEeHMUA V » oM. aemy I. Acmvmrorirdeckad
GJ30CTH IGEEI z |V, | Tame ycTaHaBmBaeTcAd B Jgemde L.

TaxmM oGpasoM, B cTapueM IpH L —»- ®  mopAmKe

-]
{_24;’ j et)\g—ty(t,)\) J':V(A) d/A "

-0

~
ar
-0

Ocraerca 3amMeTuTh, 4T0 (II) momyckaeT mpencTABICHNE

0
1 j SEEED e
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(]

Vimw
-0
rne F- npeodpasoaatme @ypbzo
1 _4Ex
(F'$)(E) = J x)dax .
$)CE) W_w #
Moncrasnas sToT pesynpraT B Jopmyay (7), morydasm
M e nil, g, e VP plos, bvi . (12)
AnanorruHHe pacoMOTpeHNA WHTerpata (8) moxkasHBawT, YTO
M —dblLP )

cMhe it o.p gV |r'l1<Eﬁ> et T - . (13)

MH Z3y9eJm acEMITOTHYECKOe HoBejeHme EHTerpasos (7) u (8),
yIepEABAZ aprymMeHT ¥  (UKCHpOBaHHHM. MOXHO IIOK438TH, YTO &CHMI-
roTmueckue Popmyas (I2) m (I3) BepHH B CHIBHOM CMHGJE.

TakeM o6pasoM, YCTAHOBJIGHO CYWECTBOBAHZE BONHOBHX OHEDATO-
pos W, . OnHOBpEMEHHO LIOK838HO, 4TO

2 AN
W= 0, U= o'F, W.=U1

9T¥M 32BEpaeTeHa LOKAa3aTeJbCTBO TEOPEMH.

4, OtHocurenpHHt BamHoBo# cmexrTp

lyers v, , - IBa IOTEHIMANE, YHOBIETBODAKINUX YCHIOBH-
AM TeopeMH I, mM coowaewmym onepatropy H, = Hw . Iycrs morem-
IMaJH Vv, ® vV, aCUMITOTHY6CKH COBIAZAnT:

|5 @ - g | s g, dem)” (14)
Y<ha, o= oa =a, . Cuopabemrzba

TEOPEMA 2. Ecum < «-{ , TO CymecTBYOT BOJHOBHE OIN6paTO-

pH
iH, b
V, =5 - dim "™ M
t 20

Onz yuurapud B L, (R,) wu ocymecrsmaor momosme H, ,H,
HoVe = V.H, . Omeparop V.,  csmsami ¢ W, ., W,,,
GOOTHOWEHYLAMH

2 3akas 2108 17



_ 7 ap) !
v:t - Wz,:t ¢ Wi,! ’

TrIe
ap = & pr- [V p-Vop] ot -
o0 o0
6= -”_Fd,- , z=1 L do .
!(ﬁ AL 2’"[(77@ 4’7") %

IOKABATEIECTBO. Kaxuomy ue omeparopor H, , H, ormewaer
cBoft omeparop T , coorsercrsemmo, [, T, . Burmuomm [ T, ¢

(T, T, 533, = (g 7 E o o/ an™ $8) 5
§‘= 04(43) , §7v= Cz(x) .

Ieftcrsue omeparTopoB 1, , T, mMeeT JOKaubHH! xapakTep. BuwmcimM
aCHMITOTHKY (T;'T, §)(3) mm F—®

(T, $) S E ' Ear $(30% e 550 »

ve 5y = (6P,

Bocnonsayemca fopmysoit, mosydsHHOR B XOme NOKa3aTeNBCTBA
TeopeMH I:
¢ Hb §x T, e-iv,(t,ﬁ)ﬁ.-iq .
PaceMoTpyM caenymmEe Ipeo0pa30BaHAAS
& Ly AT (T & P MDY 5
woiT, 107 P VLR L2 T Gf =

R . A
—iT, WP gl g 5 =

N w,d,p F.-ie’,l( s;:' Fe iw(F)F,-Iq e

~

y e.i,l-l,t G;fre_iaf(r)p“q 5.
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/3 noIy9eHHOrO COOTHOMEHUT
- -iH b -4 @) -1
€ tH't f % € ‘”” Wz'f € (P W,,, f

I BHTOKA6T YTBODKIGHW® TEODeMH 2 mpM b —» + 00 . AHAJOTWYHO JoKa-
SHBAOTCA yTBEDXNEHMe TEODeMH Opr b—-00 .
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A.M.Bepuar
CTATVICTUYECKAA CYMMA, CBASAHHAA C JIVATPAMMAMYA KHTA

I°. Bregenpe. B aroil padoTe mByIaeTCA CTATCYMMA

—— ohmA)ﬁ )
=0 =% (T
e A - HeNpABONAMOE KOMILIEKCHO® IpPEefCTARICHHE CHMMETDHYECKOH
IPyIIH O CTeleHH N, dim A\ - ero pasMepHOCTh, & CYMMHDOBAHEE
OPOBORATCA IO BCeM KIAcCaM SKBABAJICHTHHX HENPHBOJEMHX IPEXCTaB—
JeHni; p > 0 . Ipm 9-2 3 '.eeopeuu Bepucafina cnegyer, d9To
=x@ =1, mex rax Z‘,( AV=N! . Towmoe srauemse m11 oc-

TAIBEHX f - He Bmcneno. OZIHAKO aCHMITOTURE IO N =xopomo ms-
Becrna eme mpn p=0 np =4 . B meprou cayzae =1,(0) = v (N)

~ fyExnma Sinepa~XapnE-PaMaHyIXaHAa - ICIO pasdmexmﬁ wmera N,
r (cM, Hamp.[I])

lim 5 b 20
IIpn ]5 =1,= 1y (i) 6CTH YAGIO BCEX CTAHNApTHHX Tadimn IHra
C KIeTHaMd WIN YMCIO BCEX HMHBOJIIEE B dI\I (cm. mamp.[2)) m

1&» = -

St BHadummeHUS na.m- OCHOBaHMEe NPENNOJORATH, ITO JAA BCEX p >0
CYMeCTBYDT KOHEUHHE mpemet

. 1 —
) = lim o =), (2)
KOTOpHiT MOXHO Ha3BaTh, II0 aHAJIOTMM CO crarmcTmieckrodl fmamwoi,

cBoGozHO# SHeprmeii. Ha MEORecTBe BCeX HENPHBORMMHX HpELCTaBIEHR
MOEHO BBECTH "ImGGCOBCKYD Mepy":

{ (dim A (3)
Pp (NS = =y ()( \NT" )

H CTaBHThH BOIDOC O ee caoﬁcrm % acEMoToTEKe TpA N —>O° B
38BHCHAMOCTH OT ﬁ o Mu msy4aem aTH BONPOCH fajiee,CM. IM.3,4. TH-
noTe3a O CYmNEeCTBOBaHMM M KOHEUYHOCTE CBOGOHO#! sHeprmm (2) moxa
HE .noxa:aana, n a nonpocml A, M.JJacca BHIONHHETH pacueTH QyHKIAR

Flp) = g (p) Tpr MaxcEMaTsHO Bosmommx N o B
nppmoxem, na.uncannon BM, mpEBOZMTCA TAlAmNA M rpafur S IpH
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N==50, Hacrosmas padora TecHo cBisama ¢ padoramm [I,2, .

TloMaMO eCTECTBEHHOGTH NOCTAHOBKE BOIPOCA OC ACHMITOTHKE BHpa-
xemmit (I), (2), (3) mmeercsa eme OXME HOBOX JJid €ro H3ydeHmd: Cyme-
CTByeT OLHOMEDHAA MONENb, CAM3Kad K IEIPONMHAMAKE B HSyJYaBmascs
B [4,5] (remmrbrommen B [5] ommueH oT Hamero). 9Ta MOXEIb MOEET
CHTH ONMCAHA B TEPMEHAX fEarpamd OHTa, 9TO OPUBONAT K YKA3AHHHM
CTaTCyMMaM, HO MH HAUHeM C nenocpencmennoro ee ONHCIHUI,

o 00 OIHOHU OI HOMEDHOK Mopjeny 18JIEE

=)

PaccmoTpmm mpocrparcTso . ={034}% Bcex xondmrypaunﬁ B8 da-
cTrn nByX coproB O m I, pacmoJIOXeHHHX B y3jax HeNoYuCHeHHOR of-
HomepHQ#l pemeTRE Z ¥ BRNENEM B HeM CUETHO® IOZMHOEECTBO

@<= &  romfurypammlt co cleRyoumEME IBYMA CBoficTBam: a) AJS
Jmwéoro W E §2 CYmeCTBYDT TaKWe IeIHE no(w) B N,(w), 9ro

W) =0 mr n<nfwr Wgw)+1) =1 3 w(n) =4 mpn
ny N, (W) 1 wn,(w)-1)=0 6 N, (w) n:n>n(w) ;
wn)=0}=0 . Miomecrso §2 rpafympoBaHO CIEyDmEM OCPA3OM:
HA30BEM CTeleHBD ROH@MPYDanmn we S wmcmo map (1, &) Wi,
mra xoroprx W(f) =1 , w(i) = , B JaCTHOCTH, B €CTH poB-
HO OfiHa KOHJHIYpamus (O CTENeHA 0 - "mope Jmpara®": W(k)=0
k<0, Wk)=4 >0 , = onma - cremennm I. AHCSMONIP KOH-
qmrypamﬁ c'renenn N ocosmammm Ry ;5 8 = U [ , EaK MH
veumme | Sl =p(N) . Ompeneatny napEoe Bsamoneﬁcmne 4ac-
THI, naxonmnnxca B yalex U & j p>a Fw(t),w(j) =
e W(i)=w(j) mm wi)=1, W({=0 ,n Flw(i), w ()=
=-ln(i-§) , ecmm w(t) —0 w(@) { . Ipm ompejeneHAr
TaMWIBTOHHAHA, W3-82 POCTA Baamoneﬁcrm IpH YBeIWYEHHA paccTod-
HUA MeXLy 9JacTRIAMA, CIEyeT BBECTH KOMIGHCHpyDEee CIATaeMoe I
OlpeJieNAT TEMAIHTOHHAH TAK:

Hy(w) = 7 Flwi)wig)+ bNT, @

OYEeBHIHO, CyMMA xone s OmpeneluM CTATCyMMy

— - (5)
SlB) =2 o, Hy(w),
THOGCOBCKYD Mepy HA KOHJAIypamasx
P () =& p 5’41\1(“’)/ =P @)

cBodomEyD oreprmd  Jy( p)= S (B (epo(D) 7 Tome
JInGONHTHO, UTO A3-3a CHIBHOTO JAubHONEACTBRA TPANMIMOHHHHE HOZXON
K MSYYCHED OIHOMEDHHX Mofelelt He XaeT xid otolt Mopmesm moxHOM HME-
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dopMan¥n; HampEMep, JIETKO NOXKasaTh, 4TO cnaguit mpezes raé6COBCKAX
Mep P.%,N ecTh CcraEmapTHad Mepa BepHymmm Ha S) mpm BCex p>, 0,
HO, KaK MH YBUIHM, Ha CamoM Jele CATyauma Golee MHTEpDEcHa M Sa-
BHACHT OT p . ParTHYecKm 5Ta MomeNb IByMepHa! Hmmeciepywmas pe—
IyKUMs BHABIAET 9TO M INOKG3HBAET CBASH C Teopmelt mmarpamm Kura.
Conmocrapum KoEPErypammm WeE 94 Iuarpamvy KHTA CcuemywoumM
odpasoM (OH XOpomo HSBECTEH M 4acTo HCIONB30BaicA (CM. Hamp. [9])

W =,...00...0000440444.... —> [\_w
L1423, .. s T R BRI
1[41]o
L Jo
Aw = _3_10
0
0
N

Kaxuuit |0 ” €CTh NBEECHME Ha KIETKY BBEpX, ”i"- Ha RIETKY
BOpaBo. IIpM 5TOM WMCIO KIETOK B JHarpaMMe €CTh CTeleHb KoHury-
pam® (wmcao masepcmit), & NIMHA KDOKA RISTKM €CTH DACCTOAHHE MEX—
Xy dacTHUAMM COOTBercTBynmell MHBepcmH. Jlanee, WMCIO CTPOK €CTH
YHCHO HyXe#d mocie meppoff eNMHEIDH B T.h. [ooToMy

Hy(w) = %%j = In %“FA )

rme mo fopmyze xpmos ([I0]) dim = l'llil ,» & [\, Boc-
1%
IpRHEMAaETCA Kak JuarpamMma [Hra # Kax coome'i'c'mymee et HempmBO—-
ImMoe mpefcramieRMe Iy o CBAsp Jopmyx (4) m (7), (I) m (5),
(3) 7 (6) m T.h. - ycraHOBNeHA. Temeph MOEHO HSYydYaTh HANY Mo-
IeNs Kak NBYMEDHYD M CTaBATH BOIPOC O HpeleNbHOM NOBENEHER IuC-—
GCOBCKEX Mep Ha nmarpammvax DHra., 9TO IPHBONAT HAC K doiee COXep—
EQTENBHEM OTBeTaM. (CM. I.I.3,4). C TOYRE SpeHMA MCXOHNHOH MOZENH
Jalee H3ydaeTcsa HOBEJeHHE JACTHI B y3JaX C PACTYUEM HOMEPOM, T.€.
He c.zi:a:x'iom, a "ranpoxmMHaMEIecKoro” mpenexa ImCGCOBCKHX Mep
(cp. (5]).

Jna Toro, 4ToCH I'OBODHTE O IpEKeXe Mep Ha Auarpammax C pas—
HHM KOJNRYECTBOM KJIETOK, HYEHO MX HOPMEDOBATh. HOpMHDOBRa WA Ha-
max mexe#t cocTouT B roMoTeTHM muarpammM ¢ N KrerRamMz ¢ Kosdpdm—
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IHEeHTOM —'%—\]— , TOTJla IIOUALE OTHEIBHOM KISTRA - & , a mommma-
rpamme paBHa I. Tenmepr TmOGCOBCRad Mepe P“{ MOEET paccMmaTpu-—
BaThCA KK Mepa Ha JIOMEHHX B KBANDaHTe, OTPAHAYMBANUHX IVIOMALH
paBHYD enumurie. Bpemem mpmeyp [° (B[1,2) oma oGosmauena wepes $2 ),
EoTOpas B ocsix X ,Y , JKA38HHHX HA DACYHKe MMEeeT ypaBHeHHe

Y=2 ( Xowsin X+WU-X7 ) mpr IXI<4 = Y = [XI mpal¥
- 1o

r

X ; Y
X

TEOPRMA I. Ipm Boaxom P >0 mep Py y crado (B camo-
Ze DABHOMEDHOTO DACCTOAHAS MEKLy KpHBHME) CXOLATCH mpE N —>o°
X memsre-wepe Sp , T.e. max Bcex €>0 Dy NE(D) — 4
TIe ”V'&( [") ~ DaBHOMEpHASA OKDECTHOCTS ’, JOKaSaTeNECTBO MO~
HONB3YeT Ty ®e ENeD, KoTopas HCIoXb3oBadachk B |1,2] mna mepw Ilian-
mepens (§’=‘l). Tlpeane Bcero, mMeeM

it p, O b = )
Wy ml’%ﬁ 2 fue L (Nl Reolloll)

@)_L@:+—L _1.3L_)P""A+M+
D) e R R
+ 0(’1)= ﬁeéA) W*ﬁn(ﬁ)*o(/l)’ o 9([\) R

pan xporoB (cM. I). 3ameTmM Temepb, 4TO S’N(})Q ffu(())-

- E <o

Tosromy, ecam B(A)> 2T ron O +M Pl
I jocraTouHo Gomsmax N & Pﬁ,}{(A) < we&%m) ,
TeM CaMiM, BCE JAATDAMMH, AL KOTODHX O < COCTaBIA~
BT MHOEECTBO CO CHOJNb YIOAHO GIR3KO# K ennmne%ﬂ{)p N mepo# (Ha-
TIOMHEM, 4TO OOmee 4HCIO frarpaMM €CTh p,(l\[) , & ¢ JpyTo#t cropo~
HH, Kax NOKasaHoO B [I] 5T0 MHOEECTBO €CTH OKDECTHOCTH KpHTUYEC—
xoit mmarpavm [ .
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Temeps foxaxem, ¥ro mpr f = O mnonoxcHWe EHOE., 3aMETHM,qTO
€CTH DaBHOMEPHOe pacipefejeHde HA nuarpamvax ¢ N EileT-

il

TEOPEMA 2, IoCnenoBaTENBHOCTH MEp Po N cnado CXORHTCA K
IelbTa-Mepe 8’n , Tne [1 =xpmBas, 3amaBaeMas B eCTeCTBEHHHX KO-
OpIMHATAX YyDaBHEHHEM

S, -3y

e ¥© =1; x,y>0
JoKa3aTelBCTBO TEOPEMH 2 MORHO NIDOBOJMTE HO-Pa3SHOMY, OHO MORET
CHTH NOJYIE€HO K3 HEKOTOPHX OLEHOK padOoTH [6], 9T0 M GHJIO CHEJIaHO
aBTOpOM, B COOOmEHO OFHOMy ES aBTOpOB padors (6], mocie gero ToT
B CBOD OYepenb Rak NOKa3aTelNbCTBO LEHTPaNIBHO! NpeRedbHOR TeopemH
I/ 9Toro ciaydad. (Camoli moCTAHOBRA BOmpOCAa O NpENEJNBHO! KpmBoi
B [6] mer, ommaxo, Tam mmMeercs HymEOe 3mech ododmeHHe JOPMYIH
ditnepa-Xapnn-PamMaBynEana LIS aCHMITOTHKA YRCIA pasdmeHmE HaTy-—
pausHOTO umMcia [N , ¥ KOTODHX He MeHee O‘W CJIaraeMHX HMEDT
BeanumHy He MeHBHYD C,\N ; KoHCramTy C, m C, ROXEN OHTE
BHOpaHH TakK, YTOGH YMCHO Taxwx pasdueHml EMeNO HOPATOK [L (N) .
MeTop npomsBofAmEX (yHKuEE Zaer Takoe oCoCmeHHE.)

TlomyeprHeM DO NOBOLY TeopeM I m 2, uTO GHIO OH OYEeHH BAXHHM
HOONy49aTh o0e KpHBHE K&K SKCTpeMaan I HEeROTOPOIO BApHAIMOHHOT'O
OpEHIMnA. 3amernM Temeph, UTO B oTamuMe oT Xpmsoi [ , Epmas

[1 mmme acevmrorrueckm mpuménmzaercs x opAM KOOpHAMHAT, M 9TO
aCHMITTOTHKZ BOPMADOBAHHHX pasMepBocTell —J==— MIA XHarpamM B
OKpPECTHOCTA KpmBOil [1 (xex m mGo# HeBHpOEmeHHOA KpEBOf, OT/IMY~
mo#t or [ ) mmeer mmn exp(-cNU+0()  ( ame exp(- C\ﬁq‘(i+
+ 0(1)  =max mma [ . 970 mosBouseT NOKasars CAEAYRIAE faxT

TEOPEMA 3. lim ‘.)o}'[(O)-'- oo

N—oee

/ _A_Ii -
KoncranTa A- - &1,\41'}’\, X =In _W‘:N(P n,,%)ecn; B TOYHOCTH HHTET-

pall KpDKOB JJiA KpRBOH 1. dopMyna pis A , HallmeHHasaA M3 APYTHEX
cooOpaxenn#t mueerca B [6, WJ).
SAMEYAHVE, Jlaze B npennouozem CYHECTBOBEHAS M KOHEYHOCTH
, BOIpOC O TpomSBorHOH% ':f(O) U Jaxe O HENpPEepHBHOCTH
pR } 0 oTKpHT m TeopeMa 3 He CHEMAET €ro, ONHAKO, OHA BMECTe
€ BHBOZAMA TeopeM I M 2 O pa3Inumm IpeXesoB TROGOCOBCHAX Mep IpR
p >0 n ﬁ= 0 momer OHTH HCTONKOBAHA KAK CBENETEIHCTBO CBOEOC—
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pasHoro (asoporo mepexona B Touke P=0 .

B npyrux sanauax (oM. (5 , 8]) Bosmurapr mmwe craTmcTEKE Ha
ImarpaMMax KHTa, KOTOPHE HPHBOLAT K HOBHM IpENeJbHHM KDPHBHM. B
3gflavax CTATACTHKA, TEOpHA pa3dmeHmil MOTyT OHTH B Tarue rumé6COB-—
CKne MepH, IpeXel KOTODHX y&e He eCTh O  -Mepa (XaapoBcras Mepa
B [8]) Cnc'remamnqecm TR Bonpocn He nsyqenu.

B Teopmm CTaIMOHApHHX CIydYaiHHX IpoueccoB Teopemoft lMleHHOHA
Ha3HBaNT YTBEPRLEHAEe 00 ACHMITOTHIECKO! DKCUOHSHIMAJNBHOR paBHO-
paclpefiefIeHHOCTH BEPOATHOCTE!l TAIMYIHHX COOHTHI, Hanpmmep, yT-
BEpEIEHUEe O CYMEeCTBOBAHMM Npexeia

-M—M( () =h |

TTe PL - sn'rpomm (mafopManAsA Ha OfWH mar), X - pealm3anud
crydaiigoro mporecca, AN(OC) UWIMEID, onpeleldeMuit peammsarmeit
X B mMomenTH Bpemenm oT I mo N ; mpemen MoxeT HOHEMATHCA IO Be-
poaTHocTr (lleHHOH) mouTm Bekny (Mamvwinan-Bpefimar) m T.N. B Ha-
me#t HecTauwoHapHO# 387aye BOMPOC 06 ACHMITOTHUECKOH paBHOpaCIpe-
IENEHHOCTH TaKKEe MHTEpeceH. CyWecTByeT Ju B TOM MIN MHOM CMHCIE
mpexnen

Q’m —1— b py (V) (8)

HampuMep, IO Mepe mm B cpejHeM? OTBer HemsBecreH Lage A =2 ,
HO B 5TOM CNydae IOJNYYeHH IBYCTOPOHHEE oneHKA B [I|. Ompemenmu,
eciI; TaKOBaT cymecmnyem, BEIMTMHY hp, M3 COOTHOMEHRA:

hy=lim by, by APM('MP“P W"—M &lpﬁ“

mpr Bcex § > 0 m HasoBem %emponneﬁ rnddconcnoﬁ MepH p

8N —P

TEOPEMA 4. B npenno::oxermn CymeCTBOBAaHAA CBOGOZHO#I SHEPIEM
() n ff(})aymecmym Fbﬁ , (%) A mMeeT MeCTo (dopMmyaa:

hy -39(p)+9 &ﬁnr?npwu\) (in mean),

lloxasarem,c'rso. B IoKasaTeabcTBe TeopeMd I MH mosyumin $op-
MyJy

, dim AV, (dim A
Lor s ) wTET)
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H3 KOTOpoil Hame yTBEPENEHHe CleyeT HeMeLJieHHO, Bolee TOTro,ecin
bk (8) IOKa3aHa Teopema O Goxee CMIBHOA cxomumocTm (mOYTH BCR-
Iy, B CpeXHeM), TO B HDEAMNOJOXEHN: O CyMeCTBOBSHEE CBOGOXHOR SHe-
PrEE TO %€ BEPHO I :

SAMEYAHIE I. Ecnm cymecTByeT mpefel (8) B cMHCHE CpefHe-
maanpammecxom, TO er'0 MOXHO Haﬁm 0 @opw.ne

2. ‘I‘an Kax 3’(2) 0 (cu. n°I), 0 ?\,--23’( ) .
3, Opm p=0 opmyna raprozormdHa p\, ‘:f(()) %
CIEICTB/E, [ps OpERUONOXEHASX TeopeMH meeu ﬂ, >0, fJo(ﬁa)
)}8’(&), HO3TOMY,ECIH CYMEeCTBYeT Ipeneld (’m —5&—— ,
0 C= - ?Am ff (p).
Koncrama C @mMeeT OUeHb BAXHNA CMHCE, KK 5TO CIEXyeT H3
BHEISHRH:

O, dim A
i mast s 48t fn ot

£ (o ] %t i S T

Mnave roBopA, C €CTH mpefeX (eclM CYmecTByeT) BHPARGHHES
mo dim A
4 QJ/\/( A )

X \NT ]
¥ B HEIWX TPENNONOREHEAX MO dim Ae\N! eoﬁ

A€8N

IIPUIOEEAVE (A.M.Ilacc)

ByuncieHre (yHRIEA ‘;PN 55) OCYHIECTRIAIOCH IPSAMHM CYMMHDO-
BaHKeM Io fopmyze

=t T

N

Huxe npmBopATCA JaHHHE A N = 4s, 50, 55, IIpH HEKOTOPHX
SHATEHRAX [, B EHTepBale [o, 80]. Ipyree smavenma N_(}) He
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HecyT HoBoft mEfopMmammm, uTO Xe Kacaercd N , To SHauenme 60 aB-
JIAETCA NpEeNeloM BOSMOEHOCTA umeBmmxca OBM (rmma CM-4). B padore
[7] ymanocs mpm mumeremmm MOX dim A no#ra o N ==75, noz-
POGHOCTR STHX pac4deToB He onydmxosaxm om. 3],

BHBOIH. I. Ho-BHmEMOMY, (} 3}{(}) CymecTBYyeT, CyRA
mo cradmmsaumn (XOTS B MeLJIeHHOR) :maqefmn x\p) .

2. Bompoc, nocrasnerHHf A,M.BepmmukoM 0 HeIpepHBHOCTH B ()

TQREE CKOpee BCEI0 pemaeTcd NOJOXKATENBHO, BO BCAKOM CIydae

%(P) mpz p= 0,001 craswmsmpywres cmmaxo x gy (0 ( ) = n(N)

3. Ipm j’; > 10 CTaHOBATCA JmHe#HO# B mepexonm B IPAMYD
= 0,466... OC C BHCOKO# TOYHOCTED. JTa HpAMAs eCTh, BHLEMO,
acmvmrora mia S, a rosdpurmernt 0,466.ecTH C =lim ‘ﬂ_f’l

oM. 4, psee B0
p F(p) | N=45 N = 50 N=55
p = 0,00000 I1.69909 I1.72915 1.75559
0,001 1.69746 I1.72746 1.75384
0,002 1.69584 1.72577 1.75200
0,003 1.69422 1.72409 1.75035
0,1 - 1.71245 1.73832
0,2 - 1.69625 1.,72161
1,0 0.'70658 0.71'765 0.72736
2,0 -0.00000 0.00000 -0.00000
5,0 -I1.73218 -1.76210 -1.78364
10,0 -4,22414 =4 ,25904 -4,32823
20,0 -8.93915 -8.86915 -9,I2126
30,0 -13,58142 -13.39978 -13.83317
40,0 ~18,20269 -17,91427 -18,5I875
50,0 -22.81619 =-22.423192 -23.19314
60,0 -27.42602 -26,92985 -27.86205
70,0 - - =32.52797
80,0 - - =37,19217
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B.A.Kafimanosmy

IIOKASATEIN IANYHOBA, CUMMETPAYECKUE IIPOCTPAHCTBA
N MYIBTALMKATYBHAA SPT'OMVYECKAA TEOPEMA
A OIYIPOCTHX T'FYyIN JH

TouATA XapaKTepHCTHYECKAX [OKa3arTeiefl ¥ NPABHIBHOCTH OXHO-
niapameT pu4eCKOro ceMeficTBa MaTpmn OHJIE BBENEHH JANYHOBHM B €ro
dyHmaMeHTaJIbHO! padoTe [I] 7 MCIOJIH30BaJMICEH [€PBOHAYANBHO JJIA ONU-
CaHWMA pelleHu# cucTeM OCHKHOBEHHHX nudfepeHIMalbHHX ypaBHeHW ¢ me-
peverHEMA Koaffumentamu [2]. lpuMeHeHms STX NOHATHE B TeopmH Iv-
HaMIYEeCKNX CHCTEeM OCHOBHBADTCA HA "MyJbTUILIMKATHBHOH 3promwdeckoil
reopeme™ Ocexemua [3], ycTaHaBgEBanmeil yCIOBMA NPABIILHOCTE HIpOM3-
BeJleHuil CAydadHHX MarpHml, HecMOTps Ha MHOT'OUMCJIEHHOCTH padoT, Io-
CBAMEHHHX NOKa3aTesaM JANyHOBa B pas3iMIHHX CHTYalMsaX, CyAd IO BCe-
My He3aMeYeHHHM O HaCTOAmMeTO BpPeMEeHE OCTABaJOChk TO IPOCTOe 0GCTO-
ATeJBCTBO, YTO NPABANBHOCTH MO JATNYHOBY IOCAENOBATEILHOCTH MATDHIL
PaBHOCHJBHA €€ aCHMIOTOTWYECKO# GJIM30CTH K [IOCJHENOBATENHHOCTH CTE-
neHell HEKOTOpO# (QWKCHDPOBaHHO# MATpPHMIH. OTO HACHLIEHHME NAeT BO3MOX-
HOCTH NeDEHECTH KJIACCHIECKYD TEODHD XapaKTepUCTHYECKHX IoKasareneit
JanyHoBa Ha NPOWM3BOJEHHE HEKOMIAKTHHE IOJYNPOCTHE IpymmH Jm ¢ Ko-
HEUHHM IIeHTpOM, nepedopMy/MpoBaB e€e B MHBAPMAHTHHX I'€OMETDIYECKUX
TepMiHaX Oe3 UCNOJH30BAHAA MATPWUHHX NpPEACTAaBIeHW# STHX Ipymm,
llpuMeHeHWe annapaTa PEMAHOBOHX I'€OMETPHE M TEOPHE CHMMETPHIECHMX
TIPOCTPAHCTB NO3BOJAET IPOCTO NOJNYIATH KaKk OCOCHEHWS yXe U3BECTHHX
$axKToB, TaK W DE3YABTATH, NC-BANUMOMy He QopMysupoBaBIMECSs pDaHbIe
¥ B MaTpuuHO#l fopMe, B YACTHOCTW "IMIOCANBHHA" BapmMaHT 3aKOHA GOJB-
IMX 97CeJ A NOAyHNpoCcTHX rpynn Ju. Ham moxasarTesscTBa ABAANTCH
HOBHMZ #axe JJIA MaTpWYHHX TPy,

CrpykTypa padoTH cremyomad. B § I BBOmATCA HeOGXOXWMHE ONpe—
IeneHnda ¥ OCO3HAYEHWMA W3 TeOpMy NOMyNPoCTHX rpynn Ju m cuMMerprde—
CKUX TPOCTPaHCTB, A TakREe OCCYXENAETCH CBA3L MEXNY pPA3MIHHME KOM-
NaKTHVKALIMAMA CHMMETPUUECKEX OpOCTpaHCTB. OCHOBHHM fABJIAeTCH § 2,
B HEM MH OlpelenseM NpaBWIBHHE IOCJHENOBATENIBHOCTH B CHMMETDPAYECHOM
IPOCTPaHCTBE KaK NOCJENOBATENHHOCTH, KOTODHE ACHMITOTHYECKH CJMA3KA
K TPeOfe3WIeCKEM, ¥ JaeM HEeCKOJBKO KDUTEpHeB NpaBmIbHOCTE (B moJaAp-
HHX U opucPepWyeCKEX KOOpHUHATEX, & TaKXke B TEPMEHEX KOHEUYHOMEpDHHX
npencTasieHnii). B § 3 5T KpuTepMH MCHOXB3YDLTCA MIA LOKA3aTENsCTBA
MyJIbTRIUIMKATHBHOM 3promuwueckofi Teopemu (ododmeHme Teopemu Ocenem—
1a) ¥ TIOGATBHOTO 3aKOHA GOJBIMX UMCeN IR IOJAYIOpOCTHX rpymn Ju,

B § 4 mu DoxasuBaeMm, UTO A NOCTENOBATEJHHOCTE! MATDHI NpaBmiIB—
HOCTH B HAllEM CMHCJIE €CTEeCTBEHHHM 00pa3oM CBA3aHA C IPaBAIBLHOCTEI
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no JiamyHoBy, ¥ KakK CJIENCTBUE NOJYYaeM KPUTEPHH IpABMIBHOCTE mo Ja-
IYHOBY JMHEHHHX CUCTEM OCHKHOBEHHHX mudfepeHIMaNBHHX ypaBHeHuH c
CYODKCIIOHEHIMANEHHM POCTOM KO30(UIEenTOB,

Krouesas B aTo#t pacoTe Teopema 2.1 Owia aHoHcmpoBaHa B [4],
The OHA MCHOJB30BaNacCh IS ONMCAHWA TapMOHMYECKEX (yHKImM# Ha mUICK-
PeTHHX MONTpyNNax HOJYNPOCTHX Ipynum. Amrop Gaaromapmr K.J.Byparo,
A M.Bepmrka, M1, 3axapeswdga, I'.A.Maprymmca m M. A. Orsmanenxoro 3a
NoJIe3HHE OOCYRIEHWA U 3aMedaHus,

§ I. Hpeggapme:rbmie cBefeHus U 000 3HAYEeHud

Bpopuvue 3meCh NOHATHA ¥ 0CO3HAYEHWA CYIOYT MCIOJIB30BATBCH
HVXe (e3 MOHONHUTENBHHX yra3aHui.
I.I, Dyers G - HEKOMIAKTHAA NIOJYNpOCTasg BEMECTBEHHASA Ipymna
Im c KoHeuyHHM IeHTpoM, K -~ ee MaKcWMaIRHas KOMIAKTHAf NOXTpyNOa,
A - rnaBRas BexTOpHAsA MOATDYNIA, q, k, O ~ COOTBETCTBYDIEE &j-
redpu Ju, g = k +P - pasnoxenme Kaprana, 2) - TJaBHAd Kapra-
HOBCKad momairedpa Takasd, 49TO m, ‘Jn P . depes A oGo3HAUMM
CEGTEMy KOpHed KomeKcn@mcaﬂm Oj OTHOCUTEJBEHO KOMILIEKCHURAIIN
l) , depes q (4 € A) - KOpHeBHE HOMIPOCTPAHCTBA
Bajuxcmpyen Gasuc [1 C X , rorma A ={J,|m‘ Len}
u M= { 4 | o: 4 E T } - COOTBETCTBEHHO, CHUCTEMA O paHMIEHHHX
KOpHe# m ee Gasuc [5] [TomvoxecTBa no.vroxme.ummc Kopneﬁ us3 A
u A obosHamm A . u Ay . Toxoxmu =1 Oj THE CcymMa
Gepercs mo BceM £ € A, . Yepes W oGosHaumM Or'paEMYEHHYD I'pyO-
ny Beiina, peiicTsynmyp B OU , dYepes a/+={ac€Ob:<OO,aL> >0 Voteﬂ}
~ saMEKaHMe JNOMUHAHTHO# KamepH Beiina. Hopmy B P , EHAyLMpPOBAHHYD
gopmo#t Kwwmera < ,-> , obosgawm |- || . Homomm o] =
_{m, eot: x|=1 } Kpoue Tor0, OYNeM eme MCIOIB30BATH 0003~
Hagerua K }‘pep <pyx>=0 VmEX}’X =x'nn,
rome A - IDOIMHOXECTBO P
I.2. Jlna BCAKOT'O BJIEMEHTa % e G mo pasmoxeHmm Kaprama
9= Kl(eat.Pob)Ka , Kl 2 €K, £ €0’ onHOSHAUHO ompexesReTCA
® caoxHHE pamAyC" %5 —seoat . Tozoxmm S(@=||’t(%)|l.
Torma ‘6((}1 z)ﬁ (9,) +9(q,)+C, aecm M - He-
KOTOpHK KOMIIaRT BHY TPEHHOCTH Ko'roporo COIepxuT emuHuIy rpymmH G
M(%) = min { wig€eM } , Toad +6<S<.A‘5M+B
( A B, C - KOHCTAHTH, IIpHAYEM w 7 A nomoxurensHH).
TeM caws §  ABIIETCS TIABHHMM KamOpow Ha G [e].
1.3, Eem E c [1 , momomum
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Zo(E)={¢LeK: Llow= 22 Kp P (PEE)}

'E+(E) ='E+\ ‘EO(E)

Onpenesum nomaareSpH

a(E)==C« (4eh.(E)),
§'(E) =8'(E)+ = g* (¢ eB.(E),
T(B)=T g% (¢« e T, (B,
@(e)-h o &'(E),

T(E) =& (E)+ W (E),
P(E)=F'(E)+T(E)

(smecs © 0603HAUAET OPTOTOHAJEHOE AONOJHEHHE OTHOCHTENBHO (oD~
i Kuwmnra), Bemecrsemmwe wactr o (E) = &' (E) N o

u fip. ABIADTCA NojairedpaMe ) , IpwieM amredpa q'(E)' noay-
mpocra, 6 (E) - ee riaeHas BexTopEas mojamredpa, k (E) =

- Q]' E)N k - ee marcumarsnas xommaxTEAs mozamredpa, ,

W' (E) = q' (E) nn |, - RwnoTenTHas moxamedpa, u ¢ (E)
nmMeeT pasioxeHMe Mpacasy k (E) + et'(E) + 'n,'(E) . Janee,
nogamredpa 7 (E) HWIBNOTEHTHA, IPFIEM 7, DPacKIAINBAETCH B HpA-
wo cymayy W (E) + n (E) , anomamedpa {(E) paspemma.
lopairedpa P (E) =Haswsaerca craHmapTHOH napadomqegnoﬁ nogaareG-
pott (ruma E ), a paspomemme ¢ = W (E)+ ot (E)+ 6 (E)+ k
(seonHOBHATHOS Ha K, (E) ) - ododumenrmm pasmomenuem ABacabH.

I.4. Oycers A (E) = zp. - aHamMTmIeCKHe TOXrpynm G ,
orpeuammme nomarredpam o (E) u amp. Torma N(E) = N (E)-
OIHOCRASHHE HWILNOTEHTHHE NOATPYINH, IPHYeM JDGOH oMeMeHT W, € N
eITHCTBEHHEM O0DA3OM NPEICTABMM B BEIE o =W , TAE W € N (E),

w eN (E) wrpynma L (E) = N(E) A (E) - omo-
cBAsHAf paspemmvas. T'pymna G (E) - TOJYNpOCTas C KOHEUHHM LeHT-
poy, G'(E) =N'(E) A'(E) K'(E) - ee pasnomesme Iba-
casi, A =A(E)® A (E), m mmeer MecTO I‘JI,OGaJILHOG pasjioReHue

G=L(E)G(E)Kk mmen L(E)NG (E),=i u
L(E)G' (E)nK = K'(E). Tpymma P (E)=L(E)G(E) Z,
rne 7 - nenrpamsarop A B K , HasHBaeTcs cTaHmapTHO# mapadouu-
geckoft moxrpymmo# G (rma E ) [7 - I0].
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I.5. Yepes S 0603HAYAM pPEMAHOBO CHMMETpPUYEeCKOe IPOCTPAHCTBO
8 =06/kK= {ra K} ¢ muneremmo# » mem Toumofi To = { K}
¥ KaHOHMYeCKO# MHBapuwanTHO# MeTpmEol d . Bcmr ® =qux, TO
OINHOSHAYHO ompexeJeH "cioxHH# pagmyc" - (x)=" (%) eo’t
z d (1"7 X,) = “ T (&)“

OdosHammm depes S °° MHOXECTEO ACHMIOTOTIYEOKHX OYYKOB I'€0-
Iesudecknx B § . Kampgult mywor conmepxuT eIMHCTBEHHYD T'eoiesude-
cryp P (T) = K (expLT) X,, L € 0L, K € K, BuXomamyD u3
TOUWKM X, , NOSTOMy § = MOXHO OTORNECTBUTH C exuHmaHO# Ccepol
KacaTeJbHOI'O' NPOCTDPAHCTBA P K O B TOIe X, . lpm sTom BeaKol
Tome T € §°7 OTBEY4eT ONHOSHAYHO ONpeXeJEeHHH{ BEKTOp

& =& (p)e 6. Miomecteo § =S U §° ABIAETCA
RKommakTufurammedt S B KOHWYECKO# TONOJNOTHE ~ CXONMMOCTEH IOCTENO-
BaTEJBHOCTH YXOLAMAX Ha GECKOHEUHOCTH TOUYEH {wt} c 9 B S
DABHOCHJIBHA CXONUMOCTY HABDABIAKNMAX BEKTODOB T'€OJe3MIeCKEX (ac,,:nt)
[II]. Zeficreme G ecrecTmenno mpomomsaerci ¢ S Ha S . OTHO-
CHTENBHG 3TOTo JeficTema & ° pacnagaeTca Ha OpOUTH Sf’ =
={p:4(p)=o), ¢ € o], npmuem rpyma K meficreyer TpansmrTus-
HO Ha Kaxnofi opéure. CradmrmusaTopoM BekTopa o4 € OLI Kak aje-
Menra S gBifeTcs mapadommdeckas moxrpymia P (L°) , a Bea op-
6wra § . KaHOHWIECKE wsomoppHa mpocrpamcTsy Og § = G /P (E),
rme E = «° . Bomr BekTOp £ € OL, (WKCHpOBaH, To BCARAR TOTKA
% € S MOXeT ONTB NpECTABIEHa KaR I =waq @, , Tme w & N (&)

aeh ), ?{' € G («°),npmieM v ¥ a, ONpeNieNeHH ONHOSHAd-
HO, @ @ - C TOWHOCTHD JO COMHOKHTENA Z3 K (&f) . Taxmm oGpa-
30M, TOUKE X € S HAXOUATCA BO B3AKMHO ONHOSHATHOM COOTBETCTEAN

c TpoikamMm ( w, a , ¥, (%)) TIe Ui',v(m,)_'(} K'(‘;Lo)_
TOURa CEMMeTpEieckoro mpocrparersa W, (8) =G (47)/ K (L°).
Koopmuwata ( w, a, Oty (%)) OyZeM HasHBATH CTAHIADTHHMA OpH~-
chepudeckmMI KoopImHaTamy (Tuna 4% dHa & . llocroaeKy Jandas
TouRa Y €8 MOXeT OHTH NpELCTABIeHA B BELE ' = (Ad k) (&)
e k € K , % € GL:' y TO opuceprieCcRre KOOPIUHATH OTHOCH-
TEIBHO | INONYYanTCH U3 CTAHIAPTHHX OpHCcPepHuecKMx KOODIUHAT THIE
4° ppamenwem ¢ momowsp rpymms K [9]. Opowrs rpymm P (E) =
S, HEXOATCH BO B3AWMHO OJHOSHAYHOM COOTBETCTBUR C IBOIHHMEZ
rnaccamn cvexxocts P (E) ¢ P (4°) , T.e. c mBoOiHHME KIACCA-
wz cvemsocrs W (E) o W (4°), rme W(E) - nonrpymma
\W , NODOXIEHHAR OTDAXEHWAMA OTHOCHTENHHO sieMeHToB E [10].
TaxuM o6pasoMm, E:cmca.a TOa P € S: MOXeT ou?rs Hpt?JICTaBJIeHa Kax
P = Ad (ww) (W), tme neN(E),n eN(E),WeW
(pazmoxenue Bpoa).
3ameTuM, 9TO KOHMYECKAasA KOMIAKTH(UHAIMA HeCpaBHMMA C KOMIAK-
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Trfurammamu Cataxe - SwperenGepra - Mypa, B KOTODPHX Tpamune#f §
cyzmer 945 6 mm 9¢ & npr nmagzexamem muGope E [7 - 9]. Kommax-
THjuraims Maprusa @ Goxee cmisHAR KomuarTumrarua Kapnesepmua noay-
9anTCA W3 KOEAYECKO# KOMIAKTHQMKAIMM SaMHRAHMEM KOMIOHEHT I, (S).
OGe omM cHNBHEE KaR KOHMYECKOH KOMIAKTHWKAIAM, TaK M KOMIAKTH(H-
xamu#t Caraxe - Omporencepra - Mypa [9, I2].

I.6, Oycrs W - mpemcraBieEme G B KOHETHOMEDHOM KOMILIEKC—
HoM mpocrparcTee V . OrpaHpdeHHHME Becamu W HasHBARTCH CyReHEA
BECOB HpencTaBieHms o W : '6] — End (V) Ha O, . Yepes W A
GyZeM 0603HRYATH HENpPWBOJMMOE NpencTaBieHEe G B KOHEUHOMEDHOM
npocrpaicTBe V) , OTBevammee IEJOYACIEHHOMY OTPAHMICHHOMy CTap-
meMy Becy N\ e oot [8]. Torma, ecmr |- - mexoTopas mopma
3 Ewd (V) Lo [leg Wy () - < (g),A>[<¢C
nus HeroTopo# KoHCTaHTH G . JlIA BCAKOT'O0 KOHEUHOMEPHOTO NpEeICTaB-
JeHus W rpymmu G MOXHO BHGpATE SpMATOBY $OpMy B HpOCTpaHCTBE
IpefCTARNEHAA TaKmM 06pasoM, ITOGH MATpmuu W (K), K € K Jrexam
B SUW (V) , amvarpmm W (a) , L e A CHJIM AT OHAILHHMIA
C MNOJOXKATENBHHMY INWATOHANIBHHMEA 2JeMeHTams, Torna mnpepcTasienme Y/
EHIyIHpyeT orTodpaxemme sW: 8§ — S, = SL (V) / sU (V),
npmeeM o6pas § SABIAETCA BIOJHE I'eONe3MYECKNM NOAMHOTO0GpasueM
B CUMMETPUMYESCKOM NPOCTDaHCTBE $“, . Ecom npencrannenze d, W
TOUHO, TO §W - m3OMeTpUdecKoe Biomenme [7].

§ 2. [paBwibHHe MOCIELOBATENRHOCTH B CHEMMETDHYECKEX -
[IDOCT PEHCTBAX

ONPEIEIEHVE, HazoBeM NOCJIENOBATENIFHOCTSH TOYEX {:x,t } :s L
CUMMETPEYECKOTO NPOCTDAHCTBA S NPABANBHON, eCoM CYmecTBYyOT Ieo-
Ie3MIeCKas :[0,90) — § uwmono § »( Tarme, 4TO

d. (o4, 1 (0 t))=o0(t). Fom §=0 , T.e. ecm

d (wy,% ) =o(t) &1 we§ , To Gymem roBopurs, uro { m,t}
TpUBMAIERAA NpABAIBHAA NOCHEOBATENBHOCTE, ll0CIEN0BATENEHOCTE

{ e@xt} aaemeHToB rpymmd (r Ha30BeM NpABWIBHOM, €CJT MOCTEZO-
BaTeIbHOCTH { 4 m} npaBWIBHA B O I HexoToporo (wmm,
9TO0 PABHOCHNBHO, JJIA BceXx & € O ),

Kar cnemyer m3 n.I1.5, NpaBWIBHOCTE IOCJIENOBATENFHOCTH {mt}
DaBHOCITBHA CymecTBoBaHmW K € K Z & € out rarm, uro

d (u‘,t, K (exp 1« )%, ) = o(t), npuvem BexTop £ ompemensercs
nocrrenosarensHoctsn { ®4} omsosmawwo (& =lim v (wy)/1).
Byznem HasuBaTs BekTOp { € OL'  BerTOpoM moxasarexeit nocaemopa-
rexsroctn { %4 ).
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TEOPEMA 2.1, [1g NpaBWiBHOCTH NOCAELOBATEILHOCTH {mtb TO-
96K CHMMETDUIECKOTO NPOCTDAHCTBA O HEOGXOHUMO ¥ JOCTATOYHO, YTO-
o d (my, Ty ) = ° (1) ¥ CymMecTBOBAN mpefies

L= lim 1 ( xy)/ L.

JIEMMA, Iycrs { 'h,} - OOCJENOBATENBHOCTS BHXOLAMUX N3 ON—

HO# TOUKM T'e0Je3WUYECKEX Ha ILIOCKOCTH JodadeBCKOTO H; KDPUBA3HH
‘% < 0. Ecam

dy = d (14 (01), 14, (81) =0 (1)

L1 HeroToporo © >( , TO 'H NIOTOYeIHO CXONATCA K IOpenenHoit
TreonesndecK o 't/,, n

d (1 (1), T (01) =0 (t).

JIOKABATEIECTBO, Ilycts Y4 — yIoX MexAy HaUpaBJADMAMZ BEKTOpa-
MU TEONESWIECKEX 14 # 7Yy, , TOMKA HO TeopeMe CHHYCOB [13]

sin ¥y /2 = slt(\l'—? dt/z)/sk(m 6t),

OTKyZA !/0% ¢y =V-® 0t + o(t) . Cremomaremsro, mmz Wy =

=;'7->:-t ¥, parxe to% Yy, ={-% 0t +o(t) . Docroxsry npw
apéom i >1 yron Memiy HampaBIADIMMA BEKTODAMA TeONESWIECKEX T4
w 1, He mpeBocXopmr Y, , TO BHOBR IPHMEHAA TeOpeMy CHHYCOB
Oy YaeM YTBeDKICHHE JIEMMH.
JIOKASATEIBCTBO TEOPEMH, HeoGXomuMOCTH yCJOBUA TEODEMH OYEBHI-
Ha. YCTAHOBEM KOCTATOUHOCTH. He yMands OGMHOCTH, MOXHO CUHTATE,
aro ¥y =Ky (expta) w, ¥ & #0 . Ham Hamo morasaTs,
9TO U3 YCJAOBHA (%, ®4, )= o(t) cxenyer npasmissocTs
nocxexosaremsroct® { ®y ) . Oyers p(T)=k(T) expsL (T) o —
TeoniesWdecKas, COeIMHANNAA TOUKM Xy @ X4,, . depes js('lf)e'p
0603HAYMM KacaTeJbHHii BEKTOp K P B TOUKe P(’t) , NepeHeCeHHHE IO
reonesmiecKolr  ( P(’L’), ®Xo,) B TOEKY L, » Cocrapnapmmu BexTOpa
p(r) 3ol m pO o sBIADTCH, COOTBETCTBEHHO 6, (T) =« (T)
m b, (T) = Py(exp(-ad« (1) K(T) rtre 4(T)e ol
i k(T) € k' - racarersane Bexropm KpUBHM o/ ® K , Ie-
peHeceHHHe B epgHmy Tpynmd (r JeBuM cxBwroM, P - OpTOTOHANE-
Had NpOeKIMA aireCpy ¢ Ha P . Ouesmmo,

1p I =1p, (D + 1 po (0N
IpudeM BEKTOD ‘fga(‘L‘) JEXAT B d (‘(‘,’)ll . Hocroxexy
d (®y, 04,,)= o(’(,),'ro HajimeTca Tagoe 3 = 5(t)=t+o(t),
aro & (T)— 84 € 0T ~ mpm Beex T.
PaccMOTpUM Teneps KDEEYD P' (T)=x(T)(exp ss)x,,
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coemmANYD TOWHM X} = Ky (GEP L) Lo W ®'pyy =

=Ky (€2p34) %, Tockomsky By (T) = 0, alp (V<] By (D]
npn ywéom T 1o BHOOPY & , TO LJMHA KpUBOi P' He NpeBOCXOIWUT
IJUHE B , T.€. PACCTOSHUA MEELY TOTKAMA Ty 7Ly, . Tem camum
paccrosfiwe Mexny ToWRamm 4 B {4, BO BHyTPeHHe# MeTpERe mO-
BepXHOCTHA

R =K(empR+a,)m,-{K(ewpsoc)ac°: KeK, 5>o}

raxxe ecth o(t) . Coemmmm Towkm %4 m %,,, Teomesmeckod
B (T)=K(T) exp & (T) &,  Ha noBepxHocT® R . Iomoxmm

Ry _—.{ K(T)(exp sd) L, : 3 >0}

7 0GO3HauMM depes dt BHYTDEHHOD METDUKY B Rt . derro BEEETEH,
9TO WM Xy ® Xy,, JEXAT HA ONHOM I'eOfesHIeCKOM Iyde, BHXOLA-
meM M3 X, , - TOTKa R, BHpommaerca B Jy4, wm 5, (T) # 0

upu Bcex TV , U TOrza Rt npencTaBiAeT coGoil Ireofe3WYeCKy: BHIYK-
Jufi (B MeTpuKe mOBepXHOCTE R ) GeCROHETHHI. CEeKTOp, 3aRJINIEHHHI
vexny Jyuamx (%X, Ay ) A (X, Xy, ) . B mocaemHem cayuae
rpuBmsHa Ry B rowke K (T)(exp 34) X,  cocrammser (cm,

[x3p . )
K = -1 [8, (), ] 1 /15 (0] Nl

Iocromsky 9, (T) € L11  npu seex T , To mosywaem, uro
K<®o<Q » Tme

® = (2) =-minf <\ u>/ |14l e N\ o)

Homoxmu remeps Y4 (T) = Ky exp (T&/l4ll) %, u pac-
CMOTPHM TIOCJIELOBATENBHOCTE I'e0Xe3UIeCKUX. fft Ha mrockocTr JodGa-
9eBCKOT'0 H.z“ KDUBUSHH ® C METPEKOX (, , NOCTDOEHHYD CJEHyD-
IEM 0Gpas3oM: Bce "i"‘t BHXOZAT M3 ONHO# TOYKW, ¥ HANPABIALEANE BEKTOD
T'e0ne31de CRo#k 'f't»f |  OTRJIaNHBAETCA MO JacoBofl cTpeske OT HaUpas-
JIINMEro BEKTOpa reolesmdecKoit ?t TAREM 06pasoM, YTOCH BHIOJHA-
JOCH pPaBEHCTBO

L (E14D), ¥y (B0 Do) =y Gy ).

Teomesudeckaa ¢ B H;’ , COEIVHAKNAS TOUKH ?‘;t (thal)

u "f\?t i (’(, 4 “) pu 63.71511120{ 1 nepeceraeTcs co BceMm mpome-

KyTOUHHME I'€Ofe3WICCKEME 4., , 1 < i/~< K~{ . OGosHawmM wepes
"y, MIHH OTDESKOB, OTCeKaeMux ¢ Ha 4. (Tee.¥y,; (1)

JexuT Ha & ). Tornma M3 TeopeMi CPABHEHWA TDEYTONBHEKOB AJIEKCAHIPO-

Ba [14] caexyer, 4ro
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(s (), Paaian (Viad)

< At (120 (), Tain (T )
< d(ﬁw("i):ﬁftnﬁ (Vis0)),

OTEyZa
A1), ) <D F 1), Ty, ()

mpE BceX K ., Henoassya JgemMy, nouysaem Teneps, 4YTO I'eOfie3WdYEcKHe
T IOTOYEYHO CXOATCA B O X OpefeasHO# reomesmieckol

To =
d (1, (12D, foo (LTl = o(2).

Teopema moraszama.

SAMETARAE. Jna cmumerpwdecroro mpocrparcrsa SL(n,R)/ S0 (n)
Hama TeopeMa GNM3Ea K Jemve Parynarana [15], Taomeit /ouemcy CKOpOC—
TE CXOIMMOCTY COGCTBEHHHX NONUPOCTPAHCTB MOJNOXATENBHO ONpPEHeJeHHHX
maTpun, Hame HORA3aTeNECTEO, OZHARO, ONMPAETCA HA MHHE COOCDAXEHHA.

CIEICTHAE, NocreroBaTeNbHOCTS TOYER {wt} CHUMMET PHIECKOT'O
NPOCTPAHCTBA §  NpABWIBHA TOTMA ¥ TOABKO TOTKA, KOTIA

d (%4, %44y ) =o(t),cymecrsyer mpezen lim d(aco, xt )/t =d
M, B CIy48€ MNOJOXUTEIBHOCTE (, , HANDABJIANMUE BEKTOPH I'eONe3MIec-—
rex (W, %4 ) cxomaTca.

Hs Teopemu 2.1 noxygaem Temeps:

TEOPEMA 2,2, Cremymmue yCJOBHA DABHOCHIBHH:

1) TocnenoBaTesBHOCTE TOUER {mt CEMMETPUYECKOT0 HPOCTpaH-
crBa O IpaBWIBHA;

2) locrenoparexsrocts Todex { W () } npaBWIBHA B
CHMMETPUYECKOM IIPOCT pAHCTBE Sllf IJIA JTOGOTO KOHEeYHOMEDHOT'O Ipex-
crapremms W rpymmu G ;

3) fi (a‘,t , 1;+1) = o(t) ¥ I JOGOr0 KOHEYHOMEpHOI'O Ipej-
crapremua W cymecrsyer mpemex bim 1 (s W (xy)) | /1.

Kpome Toro, KOOpRMHATH BEeKTopa IOKasaTesleil NOCJIEeIOBATEIBHOCTH

{ sy (wt)} (B craHzapTHOM 6asuce, KaK BJeMeHTS R"’,

o= dim Vy ) cyrs £ 4, A> , Tme 4 - BeKTOp HOKasaTexeit
IOCJIEROBATENIBHOCTH {act} , & \ ImpoGeraeT MHOXeCTBO BCeX orpa-
HNYeHHHX BeCOB npexcraBleHumss VW (B34THX ¢ yderom mX RpaTHocTeil).
Ecm sW - BIOXeHMe, TO HpaBUTBHOCTH MOCHEZOBATEIFHOCTH

{sW ()} B CUMMETDWYECKOM NPOCTDAHCTBE S, DABHOCHJIb~
HA TPABATBHOCTH NOCIENOBATEIBHOCTH { act} B CHMMETPHYECKOM IpOCT-
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paHCTBE S .

TEOPEMA 2,3, IlocremoBATEIBHOCTH BJIEMEHTOB {%} rpynnH G

IpaBUIBHE TOTHA M TOJBKO TOTZa, KOTKE O (%11 9t +1) = o(t)
U LI JGOTO KOHEYHOMEDHOI'o mpeficTamijeEmeE W rpynm G CymecT-
Byer mpemex lim &o% | W ((“ W/t (4T0 DABHOCHIBHO CYHECT-
BOBAHUD STOr0 Ipefela TONEKO LIS (yHmaMeHTAnbEHX npepcraniemmit G ).

YcTaHOBEM Teneph KPUTEpHil NDABIIBHOCTH MNOGHELOBATEIBHOCTH

{ .'r,t} B opuc(epHYeCREX KOODAUHATAX CHMMETDHUECKOI'C MPOCTPAHCT-
B8, Kar caemyer s n.I1.5, DOCTATOUHO OIpAHNIATECA DACCMOTDEHEEM
TOJBRO CTAHIADTHHX ODHUCHEepHYECKEX KOODHMHAT.
TEOPEMA 2.4, Oycrs (W, @y, Fg (%)) - crammapTaHe
opucepudecKk¥e KOODHWHATH TMOA [  TOYeR NOCJIENOBATENBHOCTH
[y} cs me wy eN(E),ay €A(E). HocrenosaremsHocTs
{x{] npammisEa B § TOrma W TONEKO TOrZa, KOTZa d (o,
xy,, ) = o(t),mocaenosareasHOCTE TOYER { %e (%)} mpasmmsRa
B CHMMETDUYECKOM IpoCTpaHCTBe W (S) ¥ cymecTByeT mpefell o4 =
=-&'m(/o? ay/t €o(E). Bom & € o' (E) - Bemrop moxasa-
Teseit TOCHENOBATENEHOCTH { e (wt)} , TO BEKTOp NORasarexeil
& € 0, mocaenomrexsHoctw { ki) mueer mmx L =W (L+d'),
rne W - HEKOTOpH{t sieMeHT Tpynmu Bedma W .
IEMMA (cp. [16], memma 9.4). Bajwrcmpyem B mpocTpaECTBe
Mat (w, C) wmarpmm pasmepa w x W C KOMIIEKCHHMZ KoaffmrmenTaM
HeroTopyD Hopmy | .|  ® GmowHoe pasOmemme Ha GJORM paamepa
wyxwy (2w, =w)dyers { Ay} c Mat(w,C) - mocaemopatersmocts
BepXHMX KBABATPEYTOJLHHX MATDUI C IAATOHAILHHME q:{onam At e
€ Mat (v;,C). omm | det Apl=1, [0% 1AL Apall =
= ot M A BCcex i cymectsyer mpemenr o' = [im lo
I A3 1/t , mo mpenex 'im[o%||AtI/t=a, TERXe CymeCT-
ByeT . O = wmax o,

JOKASATEIBCTBO TEOPEMH, IIycThr HOCJIENOBATENBHOCTE { mt}
IpaPpmiBEER, L € ot - ee BEKTOp IOKaszarejeit, Torna, Kak BHTHO U3
n.1.4, HafimyTes ® € W 2 WweN rarme, uro d (v, ,

W (eweptd) w, ) = o(t) Pasmomm W = ww'  BAL=d+d,
rme we N(E), » eN'(E) 2 £ €t (E), ¢ € A(E). Torza
gy = wWexpt T = (w expts)-(w'exptd’),
IOCKOIBKY A (E) menTpamzayer N '(E) . B cumy roro, 4ro
d (x4, 94 %,)= o(t) , IepBad 9acTh TeOpeMH JOKasama, OGpaTHOe
JTBepRIEHREe JETKO NOKASHBAETCHA C UCHONb30BAHMEM TEOPEMH 2.2 H JEMMH

UB Teopemu 2.4 cuaexyer ,

TEOPEMA 2,5, HocrenoBaTeJbHOCTH a.nemen'ro,B t}t' =#i oy (“

e P(E) rme wy eN(E), oy e A(E), g4 €6 (E), mpaBUIBHA
B rpymme G TOTKa M TONBKO TOTEA, KorX& © (4% Qi+i) = o(t),
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cymecTByer mpefied o = fim f.o'% ay /4 ¥ [0CJIeNOBATENHHOCTS
{c“} npasmisHa B rpymme G (E).
B cayaae, xorma E =¢ , re. P (@) =P - vemmmamsmas
napsdommueckad mogrpynna G, moaysaem
CIENICTHAE, IlocleXOBATENBHOCTE SMEMEHTOB Qp =wpay € P,
re #y €N, ay € A, mpaemmEa 3 G TOINA E TOJBKO TOTAA,
Korma B (%t'i %tﬂ ) =o(t) = cymecrsyer mpemex «& =
= lim 1)0?( 04/t . B oToM cayuae BeKTOp IOKazaTelefi NOCIENOBATENH~
HOCTH {at} ecTs W4 THe W - TaKof BaeMeHT TpymmH Befina W,
aro WL € ot
OrmeTEM, 9TO yuacTEywmu# B HOPMyIMPOEKE CIENCTBHEA SJAEMEHT
rpymos Beina W onHO3HAWHO ompefesger To, Ha KaKoit 3 OpomT rpyn-
m P 3 § Z}’ «  MOEeT JexaThs IpefieJ NOCJIENOBATEIBHOCTH
o= Q4 T, (cM, 1,I,5). B gacTHoCTH, ec & € LT, T.e.
W =€, TO mpefesy MOCIELOBATEABHOCTH {mt} B 3% 3ajaerca BerTO-
poM o4 ¥ He B8BACHT OT HIIBNOTEHTHHX COMHOXHTeNeH { Wy J.
SAMEYAHME, Teopem 2.1 - 2.5 ecTeCTBeHHO IepEeHOCATCH Ha CIy-
walt, KorZia napaMeTp { NpWHEEMAaeT HempepHBHHe B3HAYEHWA. lp:m oTOM
yorosme  d. (x4, T4y ) =o(l) namo samenmrs ma ycaomme

sup{d (g, 04,p): 0T L] =0().

§ 3. MyspTHLIUKATEBHAS SPIOLWYECRAS TEODEMA ¥ BAKOH
GoJBIMX dWces IJIA NOJAYNpPoCTHX rpynn lm

Bynem roBopETH, 4TO BEPOATHOCTHOE DacHpeieeHme M =Ba rpyn-
ne G mieeT KoHeuHH# nepBHiE MOMEHT, ecJH

5 (q)dp(g<e=.

TEOPEMA 3,I. Ecxz {Mt} ~ CTAaIFOHADHAA NOCJIENOBATENIBHOMTEH
CAyYafiHHX BeJWIH CO SHAYeHEAMZ B (G ¥ KOHEUHHM IEDBHM MOMEHTOM,
TO MOCJHENOBATEIBHOCTH HpOM3BENeHmi (“ = Wy ... it
I.H, NpaBAIbHA.

JOKASATEIBCTBO, IIoCKONEKY pachpeneleHme kt mMeeT KOHeuHHi
nepBHfi MOMEHT, TO B CWIY 3pPIrOZUIECKOfl TeopeMH H.H, 5(1%) = o(t),
HenonpsoBanne TeopeMH Popcrendepra -~ KecreHa mwm cyCamuTuBHHR
sprojuyeckoit Teopemu Kmurmana (cp. [IS, I7]) NO3SBOJAET TEemepp OpEMe~
HUTBH TeopeMy 2.3.

Kax wu yeumms B § 4, naa cayuam, xorma G = SL (», R),
reopema’ 3,1 copmanaeT ¢ MyJBTHIUIMKATHEBHOE 2projmdecKoff Teopemod
Ocesenmia, IOBTOMy €€ €CTECTBEHHO HA3HBATH MyJbTHILIMKATHBHO# 2pro-
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Im9ecko#l TeopeMo A moxynpoorEx rpynm du. Ka reopemm 3.1 Hemen-
JEHHO CJenyeT

TEOPEMA 3.2. Ecum {t‘/t} - CTAIMOHADHASA MOCJEJOBATENBHOCTH
CHyYaliHHX BEIWYMH CO 3HAYEHMAMA B (r M KOHEYHHM NEDBHM MOMEH-
TOM, TO LA N.B. TpaexTopmit caydafmoro OxyxmaHws (“ = l“ !"t
Ha rpyume G ¢ IpEpameHEAMA { {J CymecTEyeT "cperHee"

q =9({qt}) Tamoe, mo T (qtqy) =o(t) . Cpemee
BCEr'Za MOXHO BHOpATh HMEDNHEM BENR = K (emp a(.) K™,
rme L € 0 ® ke K - mpm oroM ycaomm: %({ ‘ﬂt}) OUPENEAEHO
MO {%} ONHO3HAYHO ¥ ABNAETCA MSMEPMMHM OTHOCHTEJIBHO XBOCTOBOM
6 -~amedps mocrexosaremsrocta { gy} .

SAMEYAHUH, I, Knaccuueckufi yCHUeHHHE 3aROH GOJBIEX THCEJ
LA CTAIMOHADHHX cAydailHuX mocxemoBaTenbHOCTel (sprozsdeckras Teo-
pema) Moxer Owrs sanmcan B Byx fopmax: (X, + ...+ Xy )/w —a
B Xy +...+ X, =00 +o(4n). lleperoc 3aKOHa GOABMAX TWCEX B
nepBoi fopve HE HEKOMMYTATHBHHE T'PyOIOH B OCHEM CJIy4ae HeBO3MOXEH
H3-32 OTCYTCTBES HODMADYWRHER ofleparmd, NOSTOMy KaK IPABUIO Dac-
CMATDHBANT WM 3aKOH COJBIMX YHCEN FAS KAREX-JRG0 TACJOBHX (yHK-
IMOHAJNOB HA TpyINe, AIM XK€ 38KOH COJNBMX unced LA HHIMHNTSSEMAIL-
HHX cucteM (6, I6, I8]. Mu mpepuaraem QODMYJEDOBKY S4KOHS GOJBINX
qucesl NI HEKOMMYTATHBHHX I'DynN, HCXONd ®3 BTOpo# HopMH sammcu
RJIACCHYECKOI'0 3aKOHA GOJbIMX Yuces, HeCMOTpPA HA BCD eCTECTBEHHOCTH
raroi JopMyJIMpOBKH, OHA IO-BAEMMOMYy He BCTDEYAJNACH paHEe B JHTepa-
Type. ¥mepmufica mpOMsSBOX B BHOOpe SHAYeHHA 'CpejfiHero" oCBACHAeTCH
TeM, YTO KJIACCH OTHOmEHHR ACHMITOTEYECKOHE SKBMBAJEHTHOCTE B Gr

4y~ 9, <> 5(q’ qb)=o(t)

cozepxar, Boolme ToBopsA, GoJee ONHOrO sJjemenra, U3 m,I.5 m Teopemu
2.3 BHEEHO, 9YTO 3JEMEHTH BHEE& K (emp .1,) K-1 06pasy T NOJHYD
CHCTeMy IpencTaBHTeNell STEX KJIACCOB. lsMepuMas 3ABHCEMOCTH CpefHe-
T0 OT XBOCTOBOI'O NOBEEHHA TPAEKTODHERM { %} HOCHT TOT Xe Xa-
paKTep, 9TO W B OOHYHOR 9prommdecKoil Teopeme LA HeSPTOMEUHHX CTa-
IMOHADHHX TOCJeNoBaTenbHocTe# (momgeprHem, YTo XBoGTOBAH 6 -ai~
Tedpa HOCJIeHOBATeIBHOCTH { %t} KaK IpaBWIO HETDUBEANEHA, HECMOT-
DA Ha BPPOMETHOCTD 1 0

2. JlorasaHHas TeOpeMa NOKASHBAET SKBUBANEHTHOCTh (KSR H B
KIacCHiecKoM caydae ammuruBHo#t rpymmu R ) saxoma Gomsmax wmcen
("B raoGanrbHOE GOpMyJHMpOBKE") ¥ MYJGTHIUMKATHBHON SprogwiecKok
TeopeMd JAS TOJYNPOCTHX Ipynm Ju ¢ ROHEUHHM IEHTpoM, JIA IDYyImH
MATpHI, Hama TeOopeMa MoXeT CHTE moiydYesa s Teopemw Ocexemua, eciH
38METUTH, 9TO NPABRIBHOCTS NOCJEHOBATENBHOCTE MATpHI 00 JATyHOBY
DABHOCHJBHA €e GAM3OCTE K HOCJIENOBATENBHOCTH cremeHedl HEKOTODOH
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cumMeTpruHO# MaTpmua (em. § 4).

3. MHTepecHO BHACHWTH, KOTZA XBOCTOBag © ~amredpa mocaexo-
BaTespHOCTH | %t} NOMHOCTHD ONPENeNAeTCA CpeIHIMA (}({%})
(aro Tark mra ciydad, Koraa {J HeSABHCHMH ¥ EX pacupeeleHEe
He CHHTYJXApHO Mepe Xaapa [I6)] mm xe, HanmpoTws, COCpeOTOYEHO Ha
HexkoTopok muckperHo#t moxrpymne G [4]. Samermm, uro ecim mepmuit
MOMEHT npupaneHmi { OecKoHedYeH, TO He BIOJHE ACHO Jaxe TO,

B KaKEX TEepPMAHAX MOXHO OHJIO GH OOMCHBATE XBOCTOBOE IOBENEHHE HJAS
Tpynn paHra OCOMBHNEr0 eNWHWIH,

4, Becpma mHTEepecHO OHIO OH OIpeXeJHTH Kaacc rpynm Ju, pug
KOTOPHX CIPaBEJJWB 3aKOH GOJBNEX 9MCEN B IPHBONAMOH BHmE IJI0CAlb-
Ho#t gopmymmpoBke. OH JoKasaH JJIA BCeX HEABNOTEHTHHX rpynn I ®
ONHOCBASHHX pacmeIUIAeMX paspemmux rpynn Im [I9, 20]. Ommawo,
Rax samerwr I'.A.Mapryswc, aus moaympocTsx rpynm Jm ¢ GeCKOHEUHHM
HEeHTPOM BTOT 3aKOH yXe Hecnpapejmms, Je#crBuTensHo, mycTs G -
OZHOCBA3HA® moaympoctas rpynna Im ¢ GeckoHeumHM meHTpoM, G -
ee (arTop-rpynma mo csoSopHo# kommomeHTe menrpa C . OdosmEawmM
Yepes K JHUBEpCANBHYD HakpHBamayd rpymmeE K . 3afwxcmpopas B

E @yHmaMeHTaJIbHYD 06aacTE K, C KOMIGRTHHM SAMHKAHHEM, M MO-

XeM OIHO3HAYHU NMpECTABHTH BeAkmi sxemenr K € K B BHOJE
T<’=(c,\<) rHe "wwcao Bpamemma" ¢ Jexmr B G 2K r—k.
Henoansys pasmoxeHme Kaprama G = K (e:r,P %’f) K , ®TO

OpeNCcTaBIeHAe MOXHO MPONOJNXETH Ha BCh rpynny G . A3 pesyisra-
roB § 2 BEEHO, UTO IR JOOOI'0 BJEMEHTA % e G raxoro, 4To

fim S ( “’)/w' > 0 commoxurer® K, E K|, B DASIONCHHR

%” =Ky, (eacp dy ) Ky CTAOWImM3MDYOTCA (c TOE.HOCTBI) Ko MHOXUTEdEH

s Z )@ dy [/ W—o& . TosTOMYy RIA 7{ =(Cu, %n)
cymecrsyer mpexex lim C, /w = ¢ € C . OueBmmgHO, ITO MOXHO
BHOpaTH N’?{ TaR, 9r0 ¢ = () . C xpyroft cTOPOEN, eciH Gy =

v Wy =(c,, 9,),TAe h; HesasEcmMy m mMenT pacuperexe-
HBe \p'dq t(1-p)%g » T im ¢ /w =pC .
Herpymo Bumers, uro dymxm B (¢,¢) = | cl+ % ()
ABJAETCA TJIABHHM Kaymopom Ha G  (em,nm.I.2) @ mna Toro, YTOCH
IBa BJeMeHTa G oTcTOAIM IDYT OT ApyTa HE o(w) meodxommmo,
9TOGH BX "dmcJa BpameHua" oTumYANECh Ha © (W) . Ho RaR MH TONB-
KO 4YTO MORa3aym, "cpegHee UMCJIO BpameHus" IJIA HOCJIENOBATENBHOCTH
CTeleHell BCAROTO SIeMEHTa § € G obasarexsHo yexur B C , B
TO BpEMA KaK JJIA NOCHeXOBATENFHOCTH YAaCTHUHHX IPOW3BefeHalt cJydaii-
HHX BeJWIMH OHO MOXET ¥ He JexaTh B C (upm mppaUMOHANBHHX P ).
Taxum 06pasoM, NI IpynmH G TIOGAnBHHE 3aKOH CONBNMX THCEN He
BHIIOJHAETCH.
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§ 4, Crasp C RIACCHUECKEMA ITOKA3STEIAMA 0Ba

Ol PEJEIEHME [I - 3]. Iycts V - KOHEYHOMEPHOE BEKTODHOE
npocrpaHcTBo Hag moded P (=R mwm C ), |- - HeroTOpas
mopma B V . IlocrenoBaTessHOCTS { Ay }T= , € GL (V) =ass-
BaeTCA IpaBWIBHOA IO JATMYHOBY, €CJV BHIOJHEHH CJICIYDNUE YCJIOBHA:

I) cymecTByeT Tpenen

?Amfm“olet Apl /b = % et

2) pna Besworo ¥ € VN {0} cymecrByer mpenmex
Dim&o% VALV I/t =X ()

s)ecm {0} =V, cV,c...cVg=V - orsevannas fymxmm
Y gmwmrpamza V , T.e. X (V) =X, mm VeV, \V;_,

" Xri‘(.A.( f/K , TO
Pt = 2 (i Vi = dim Vi )

Uncna , HAsHBAKTCA XapAKTEPHCTUIECKAMH NORasaTesau lamyHoma
TIOCJIeZI0BATEIBHOCTH { At} , pasmeprocT® dim V- dimV,_, —
mx rparHocTama. (OmpemeneHme, OdYEBMAHO, He 3aBHCAT OT BHGOpPA HOD-
MHD.

SafmrcEpyem BV HeKOTOpy®D eBRIMHOBY (COOTB., 9PMATOEY)
dopmyy © . Yepes K ocosmawmm momrpymny S L (V) , coxpa-
Haomyw fopmy © . OTORmECTEMM CHMMETDHYECKOE IPOCTpPAHCTBO

SL(V)/K ¢ MHOXeCTBOM NMONOXATENBHHX CaMoCONpAXeHEHX (OT-
HocuTenBEHO @ ) omeparopo m3 S L (V)  (eudop fopvm © pam-
HOCHJNeH (RMKCAIME TOURE %o, = K CHMMETDHYECKOrO IPOCTPAHCTHA).

TEOPRMA 4.I. Iyers { At y ::=1 c GL(V) = cymecrsyer
mpemex  Jim &o(} | det At |/t = %44 - TOTHA cHemyimme yo-
JIOBWS DABHOCHJIBHHS ,

I) mocrenoBaTEIEHOCTS {At} npaBunEHa 1o JATYHOSBY;

2) cymecTByeT MONIORATEJBHHE CAMOCONDAXEHHHH omepaTop A
raxof, wo boa | Ay A =0 (1);

3) (’,o% I At+ L A? | =0 (t) 7 CYMECTBYeT IpeneJ

t
A = b (A Ay )™
4) TOCNENOBATENBHOCTE Xy = (Ai Ay) ‘/z/ | det Ay |1/"',
rme w =dim \V , TpABWIEHA B CHMMETDEIECKOM HDOCTDEHCTBE

5L(V)/K.

B wacrtHoCTH, ecim { At} c SL (V) , TO mpaBWIBHOCTH mOCTe-
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mosarexsroct { Ay} mo lamymoey papHocmiBHEA mpaBmEBEOCTE mOCHELO-
BarexsHocTn { A}}euementos rpymm gL, (V) B cmucae onpenerenma
m3 § 2, Omeparop A  u3 ycxosma (2) onpemeseH ONHOBHATHO ¥ COBIA-
naeT ¢ omeparopom [\ 3 ycaosms (3), ero COGCTBEHHHE SHAYEHMA
cyts exp ( ;L~b - X alet) , @ COOTBETCTEyWIUEe COCCTBEHHHEe HOH-
mpocrpaiersa - Vi © V;_, (opTOTOHANEHOE NOMOJHEHHE OTHOCH-
TenbHO JopMd O ). BexTop morasaresedf mOCKIENOBATEABHOCTH {act}
06pa3oBal UHCJaMH f,,; — % det » BSATHME CJIETOM EX KpaTHOCTel
! DaCHOJOXEHHHMZ B NODSAKEe YOHBaHUA.

JOKABATEIBCTBO. Hopwuposxo Ay odmmit cayuadt csomares E cay-
qan | det A ¢ | =1 , TOIZia SKBHBAIEHTHOCTE ycjommi (2), (3)
z (4) caexpyeT u3 pesyxsTaroB § 2, A NOKA3ATENBCTBY AMUIMKAIVE
(2) => (I) sameTnM, 9TO ecJm By = At At o
M“B{l | = o(t), mocromsry | det Bi|=1 , = npasmrsnocTs
1o JanyHoBy HOCHEOBATEILHOCTH At =By A BHTERaeT U3 Opa-
BIIBHOGTHE IIOCJENOBATENFHOCTH CTeNeHei {A% . J1a nmorasaTenscTBA
o6parHoit mvmrampy (I) = (2) ompememum /\ kax B bopMy mMpOBKe
TEeOpeMH 7 paccMoTpEM B V  Gasmc {el} , 006pa30BaHHHHE COGCTBEHHHMMA
sexropamm N\ . Torma, owemMmHO, [,0% I AtA—LeL | =o(t)

Ins BceX €; , OTEyna 30@ I At A‘t | = o(t) . OmmcaHue BeKTO-
pa IoKasaTeyell NoCHIeXOBATENBHOCTH {mt} HeloCPeCTBEEHHO BHTEKa~
er u3 omacanma omeparopa A .

C nomomep MOKa3aHHO# TeopeMH MOXHO TEIeph NepeHeCTH pesyib—
raru §§ 2, 3 Ha mocaepomaremsEOCTEH { At} c GL (V). B uacr-
HOCTH, M3 TeopeMH 3.1 ciemyer, 4TO eCJW IpupameHms A’c 1 A?
0o0pasynT cTalMOHADHHI CaydaiHH#E Hpolecc M HX OFHOMEpHOe paclpexme-
JeHWe EMeeT KOHeWHu# mepsuit Moment (T.e. l)oq‘ 1AL, AL L =0(1)

-1
z o nAt At+1 | =o(t) ), To mocremoBaTerEHOCTS { At npa-~
BiIBHA N0 JANYHOBY, YTO COCTABJIAET CONEPEAHME MYJIbTHILMKATHBHOM
sprozmaeckoit Teopemu Oceremua [3].

BAMEYAHUE, B oGmedt CHTyaw W3 CyNeCTBOBEHEA NpeXiela A=
= lim (Ay At)“at (48 TeoMeTpUIECKOM f3HRE BTO O3HAUAET CXO-
IEMOCTH HATDABIAMIMX BEKTODOB TeONeswdecKEmX (%, ¥4 ) ¥ CymecT-
BoBaume mpexena  lim d (®o,4)/ 1 ) eme He cJeXyeT Ipa-
BIIBHOGTE NO JANYHOBY IOCJIEIOBATENBHOCTH { At} (W IpaBWIBLHOCTE
MOCNIENOBATENBHOCTH TOUEK {mt CUMMETPAYECKOT'0 111poc'rpaﬂc'r13a). 9ro
TAK TONBKO B TOM CAydae, KOTZa (,o% AL AT =o(h)

(t.e. d( Ly, N4y ) =o(t)). Bem npupamenms A’r,+1 A't‘ oGpa-
3yDT CTAIMOHADHHI NPOIECC X MX ONHOMEpHOE paclpefieNieHne MMeeT KO-
HeunHil mepBH# MOMEHT, TO 9TO YCJOBUE BHIONHEHO (CM. HOKa3aTeNbCT-
B0 Teopems 3.I). Mosromy mis Taxmx nocxemosarensrocred { Ayl

OpaBWIBEOCTD N0 JANYyHOBY DaBHOCWIBHA QU Pwi,omi Gouee cJaadoMy
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yoIoBE® - cymecTBoBaHmD npegmena [\ = lim (AZ At)l/ at
(ep. [21DD.
Teopema 4.1 B coueranmu ¢ Teopemamz 2.3 @ 2.5 NOBBOIAET HOJIY-
WTH CJAeAYDNMe KDHTEDHE NPABMALHOCTE mo JamyHOBY.
TEOPEMA 4.2. Hocxemomaremsrocts { Ay} c G L (V)
NpABATEEA 1O lAnyHOBY TOTHA W TONBKO 'rorna, KOr'Za &ﬂ bt
AT p | =0(t) = mna Beaxoro k < dim \/  cymecreyer mpegex

5 "&W&’%“At I/t

AK
(amecs A ~ K - BHEIHAA CTENeHB A ) npn 9TOM IORal3aTeJAMI
NOCNENOBATEMBEHOCT] { At} ABJANTCA dHCJIa f/K = \'g K \E‘K
TEOPEMA 4,3, IiycTs MaTpunH A e GL( V)

ABNADTCA Bepxmmn KBa3UTPEYT ONFHHMA B HEROTOPOM Ga3mce MPOCTpPAHCT-
pa V, gepes A 0003HQ9IUM X JUaTOHANBHHe GJaOKM. LlociaemoBaTeJb-
HOCTB { A } npaBnJmna no JIAnyHOBy TOrZa ¥ TOJBKO TOTHa, KOTJA
00% | Atﬂ_ At | = o(t) = Boe moczemoBaTENBHOCTH MMAT CHAIBHHX
cnoxos { Ay} mnpaemrpas no lamymomy. Hadop mokasaresed mocremo-
BaTeJIBHOCTH {At} 06pa3oBaH 00bemMHEHMEM HAGOPOB MNOKazaTeseit
mocJiefoBaTedbHOCTEH {A‘} B wacTHOCTH, IOCJIENOBATEIBRHOCTE {At?l
TPEYT ONBHHX MaT pHUIl NpABAIEHA 1O JAnyHOBY TOTHA K TOJBKO Torna,
Korna &oq{ I At ﬂ At | =o (t) X CyWeCTBYWT NpefeaH o '
= | (L | /4 (smecs at { - IuaroHaJbHHe BJEMEHTH MATPH-
{ I t}) qnc.na &Y o6pasypr Hagop HoxasaTeelt NMOCJAEKOBATEABHOCTH
{"l‘eopemu 4,1 - 4,3 nepeHocATca Ha ciydvai, Icorna napamerp 1
npnnmvxae'r Hellpe pHBHHe 3HadeHusd. lpm 3TOM ycioBue % “ A£.+ L
A i | =o(t) samenserca ma ycmosme (cp. § 2

sp { g | Ay, AL [ 0<T<t] =o(t).

Juneiinoe nmuddepeHIMaNbHOe ypaBHEHUE =B (t) X, B npo-
crpagcTBe V HA3HBASTGA NPABWIBHHM, €CJI eT0 (yHAaMEHTAJIbHAA MaT-
pma  A(t) e GL (V) npasmisHa no JamyHomy. Ecam

‘Or?m B(’D) | = o (t) , TO yCIOBHE (*) punosHeHo (0oGpaTHOE
BooOlle TOBOpA, HeBepHo)., Takmm o6pascm, TeopemH 4.2 mw 4,3 xawT
HeOOXOIIMHe X NOCTATOYHHE YCJOBUA NPABAIHGHOCTY JUHEHHHX CHCTEM C
CYG9KCIOHEHIMAIEHEM pocToM KoaduimenToB. Mg CJydan OrpaHMYeHHHX
KOBDUIMEHTOB ¥ TPEYTOJBHHX MATpHIl TeopeMa 4.3 -~ 3TO xpurepni Jamy
HoBa [I], TGOng& 4,2 1aa caydas OrpaHWUYeHHHX Ko9(QUIMEHTOB Tarxe
uspecrna (2] ¥/, HomuepkueM, 9To yoaoBme (%) ABJAETCA HeOCXOMMMHM

¥) g [2] otz yTBepmueHus CchopMyIH %xzagu Ge3 BCAKMX NpPEXIOJO-

KeHuir 06 OTpaHWIEHHOCTH xoe%dmmenron HO 9TO YCJOBHE IIO
CymecTBy TaM MCIoJb3yercd. Rarue-imoo orpammermﬂ Ha HEJUaroHaJb-
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Il NpaBANBHOCTH CHCTeMH. Ecum oHO HapymeHo (mpm STOM, ecTeCTBEH-
foo t t t)

HO, g 1t # o () , TO Jla%e TPEYTOIbHAA CHCTEMA He

MOXEeT OHTP NPABHABHOE, XOTA OH TOUHHE CPEJIHME Y NAATOHAJIBHHX BJe-

menroe B (1) 7 cymecTBOBaJM. lpocTeimmit mpmMep:
t t
_(o0e (1 e
B(t) (0 0>,A(t) (0 1 )
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A construction is given of the attractor for the initial boundary
value problem for the equations of motion of Oldroyd fluids of
order /. in dimension 2. Properties of the evolution operator Vr,
t€ R, are studied and dynamical system fwm, Ve ,t€ R}

is described. Bibl. - 14.



H.A.Kapaseesa, A.A.Horcuoamc,
A.Tl.OckoxxoB

0 JIMHAMAYECKOA CHCTEME, MOPOKJAEMOM YPABHEHMSAMMA
JIBMKEHUS RWIKOCTEA OJNJPOATA NOPAAKA L.

1. PaGoru 0.A.Jlamumencko#t [ 1 - 3] usBans x musHM HOBOe Ha-
NpaBlieHHe B TEODHM HAUAJLHO-KDAEBHX 3418Y H TEODHH acCCHMNTOTHYEC-
KUX METONOB JJIfi YPABHEHMH C UACTHHMM OPOUSBOTHHMHK - HAXOXIEHHE
arrpakropa 1l HAuANBHO-KpPAaEBHX 38184 A HEJMHEHHHX 3BOJDLUOH-

HHX ypaBHeHM#l C JMccHnauMelt M nocrpoeHue M uccaemosamme Ha
IAHAMAYECKMX CHCTEM, MNODOXIAEMHX STHMM HAUAIbHO-KpACBHMM 3ajada-
mu (cu.[4 , 5]). B pasdorax [6 , 7] c nomomen meropos paor [I

- 3] NOCTPOEHH ¥ M3yueHH arrpakrop 7fl ¥ mUHaMAYECKas CHCTeMa
{m-,vt, -0<} <o}  ocHoBHOW HauanbHO-KpaeBOA 3apauM s JABY-
MEPHHX ypaBHEeHW# nBuxeHns muuxocreit Oappoitra mopamka I. B Hacros-
me# 3aMeTKe MH DaCMpOCTPaHAeM 3TH pesyJbTATH Ha clyuail xupxocred
Onppo#Ara nopamka L=1,2,... .

2. Eunkocrso Onppoitra nopagka Li=1,%,... Haswpaerca nuxeit-
Hasg BABKOYNpPYras XMIKOCTh, ONpefelsniiee ypaBHEHHE KOTOpoH, CBABH-
Bapmee JeBMATOpP TEeH30pa HampaxeHU# 6 M TeH30p cxopocre#t medop-
mart 0  umeer Bup [8 , 9]:

D

6""‘2)\& ate-2V3+7lz xegtc ’

v A, %,>0. (1)

TpepnonoxuM, uro BpeMeHa pexaxcaumMu {A,} ymoBierBopapr cae-
AyomuM ycroBMaM: kopHM 1%}  moammoma Q(p)z 1+ fe'"’ Aep®

pasiuuHH, T.e. Q(a,)# 0 , ¢=1,...,L , BemecTBeHHn ¥ oTpunaTENHL-

He: 4<0 , £=1,...,L , M, KpoMe TOro, BpeMeHa pellaKCamuu
§Ag} » xoapduumenr BASKOCTM V M BpeMeHa perappauMM { x ]
YIOBJIETBOPANT YCHOBHAM:

L-1
Bz [Q’(%)]-1{v—xhx|: + z'(xs—xbxl:As)d:§>0, t=1,...,L . (2)
S$=

Yenosus (R) o6o6manT usaec'rnoe ycjaoBue On,u,poﬁ-ra[slmﬂ EULKOC—
i Ongpoiita nopanka I: v-24"50 Jaa mupkoctu Oampolitra nopsapxa 2
onMcaHHHe Bhme ycaosusa Ha v, { M}, fxg} cBoparca ¥ caenywouma [10-12]:
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2
9= Ai-y)W)O; VAz' %+ (%, A;;‘/\,sc,,)(-ﬁ,* m) 70, VAz-xL-(x,).t—A,x‘/)(A,+\/§)< 0. (3)

B [II - I2] noxasano, uro mpu ycuosusx (2) HBHEEHHE XMIKOC-
re#t Onppoitra nmopagka L onucuBaercs amGo cucremo#t MHTerpopudde-
PEHIUMAJLHEX ypaBHEHUHA

31r

12
L
_ a(b) T -
erk “AVCE'PCJC A1rol/r+gaafd«l’-f,dtvv=o,ﬁt=wh-h:, (4)

¢ ap )
JK60 - MOocie BBENEHMA HOBHX HEKM3BECTHHX (PYHKIMR w = J et Ty olq;,

0
£=1,..,L - oneparTopHuM HuPPepeHIHAIPHNM yPaBHEHHEM

3‘9
B ypapHenuu (5) Zﬁs (v, u‘,...,wl'), ﬁs(ﬂ’f, 0,...,0),
-JwX+A -pA  -pE ... -p3%
-1 - 0 ... 0
ae| T 0 me 0 ©
-1 0 0 -,

Z o A= f(vkvx , a P opronpoexrop u3 L,2) Ha
Fa [13].

OcHOBHaA HauaJbHO-KpaeBaf 3ajaua ,n.uh cucrems (4), uaM, uTo
To xe, ypaBHeHua (5), (6) sakinuaerca B pemeHuu CHCTeMH (4) (mnuu
ypaBHeHuA (5),(6)) B Q= 2x[0,0) , O - orpannuenHas o6racts
ua E® , Npu HAUAIBHO-KDAEBHX YCIOBMAX

¢ = {%x),0,...,05, xeq; g = (7
o 1 b, xeq; §y0 =0
B [I0] moxasama ciemynmas Teopema CymECTBOBEHMA B LEJOM HA

[0, ©) epMHCTBEHHOrO KJACCHUECKOTO pENEHMS HAUANBLHO-KpAEeBOH 3a-
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nauk (5)=(7).
TEOPEMA I. [ch'rb Bnnomerm ycxosua o - orpameﬂaaa 06-
nacrs s EY ; daeC s 4, (e 0¥ B)n Hiw; Fx, e, ;C¥a)),

0<yp<t; 5’te[-lg,"(Qw); <0, >0, a=1,...,L .

Torpa HauanpHO-KpaeBas 3agaua (5)-(7) MMeer efMHCTBEHHOE pemeHue

Giox, b1 Lo, 5 CHdnHoen n We 0, m; CTin Feand «
xH { W, (0, w; ¢*F @ a Hean n W, 0,00 (YT can} ,

H JJA 3TOr0 pemieHUs HMMEeeT MeCTO OlIeHKa:

. ¢
[lvu "hw(O,w; *an “ Kz wﬂ’nbm( Q; c@n

(ﬁ*’r 4 -
<( (n H u }"hw(o’w;c?(_ﬁ,)) ; ﬁ f' "2’1)000; /u’—" “ci 'ﬁ;) .

(8)

3. Bynmew mpemnonaraTh B jajibHefimeM, uTO B | YPaBHeHiK (5)
foxhr= g0, T=0 . Nomommm E (n)= J(mxH H(.m [|q>||E

L
E""""ZQ*CE qu“fl:n‘ ) u BosbMeM E (.0) B rauecr-

Be (asoBoro mpocrpaHcTsa 3amaud (5),(7). Ha HeM, kax noxasan
A.I.Ockonkos [I14], onpepmenena mosyrpymne Vi, , 120,  rpaHauen-
HHX HeNpepHBHHX HeJMHEUHHX OneparopoB, ONHO3HAYHO ONpPefeNmMX
c.uaéoe o6o6meHHOe pemeHHe (0GoOmEHHOe pemeHue B cMucie O.Xonda[/3)

‘P( =3t sanaun (5)-(7) no ero smauenun npu b=0 :
Pt = Vt(&m) . Ina raxoro pemenus (/) npm mourm Beex b0
CIpaBeIXBO SHEPreTHUECKOE DPABEHCTBO

L .
%T"‘P" ﬂﬂ*&"m*{g wpelucl,, = Hv1pq (9)

M3 Koroporo pjs ciaoro pemeHus sapauu (5)-(7) ciaegyer onenra
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HalEos R, = (ﬂ}\')"“ ,z,.rz , 120, (10)

rge  A,- neppoe COGCTBEHHOE UHCAO CNEKTPaibHOA 3ajauK [13]

Ay v vy = €, dive=0, xe0; Y, =0, (ID)

M, KpoMe TOro, jerko BuBogurcs (cp. [I],[S]) 3aKJINUYEHHE O TOM,UTO
map B, = {V: e Eo(‘a')'|‘_p’“Eo <R} ABJAETCA MOTJOMAN-

muM A I06Ooro orpaHwueHHoro msoxecrsa BefE, () u V;(Byc
cB,.

Crepya [I - 5], Hasosem arrpaxTopoM (TouHee roBopa [4 ’ 5],
MUHMMANBHEM TJOGAIbHEM B -arrpakropoM) samauk (5)-(7) muoxecr-
BO mitf;\o Vt (B,).

L
s s
Tonoxmu, maree, E )= ( W,,(.n,)nu(.n,)):}/ﬂ (W, «@n Hea) ,
=1

(1) 2

)
o )

2'.,2', ﬁc(ﬂu{’l s=1,2,...

)
Wa ey

191, =l

Torpa, Kak B [I] Bis ppymepHolit cucremu HaBbe-Crokca M B [’7] ans
IIByMEpHHX ypaBHeHu#t nBuxerns xupkocre#t Oappoiira nopapra I, mo-
Ka3HBaeTcs

TEOPEMA 2. Mlyers {1 - orpanmueHHas o6iacTb M3 B,

daec™ , Foe W,f"(.n.)n Je) ,s=1%,.... Torna maa cra6oro
pemeHus ¢(x,t) sapaun (5)-(7) npu Yi>0 crnpaBefuBa OLEHKa

-($-1)

[l < et o' g 5140, , ). (12)

B cuny Teopemu 2 9BOINUMOHHMA oneparop V, 3apaun (5)-(7)
mpu V>0 nepesommr map B, B mmomecrso V; (B,) , OrDaHH-
yenHoe B E,() u romnaxrHoe B E, (0) » M TOTOMy CHpaBefiyuBa
TEOPEMA 3. dsomoumormmit onepatop V, sapaun (5)-(7) npu
YV >0 saBaserca smnosne menpepweruM B F,(02) , & arrpaxrop
M  aBaseTCA HEMYCTHM, CBASHHM, WHBADHAHTHHM, KOMIAKTOM B
Eo(2) u orpanmuensmM B E () , s»1, mHoxecrBOM.
Haxonen, Tax me, kak B [I] (cM. raxze [5]) mas mBymepHoit
cucremu HaBbe~Crokca ¥ B [’7], [12], JJis BBYMEPHHX YP&BHEHHA [BU-
xeHus xupkoctel Onppofira nopapgkxe I, NOKasHBaerca:
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TEOPEMA 4. Momyrpymna Vi: E ()= E,(0) t20 » Baa
samaun (5)-(7) B.eE* npogonsaercs Ha ¥l [0 HenpepuBHO# rpynnH
-1
Vp: M =M, ~o<tco , Vp= V) b<o  , wGh=VGon,
¢(0)em ,-0<l<c0, ecTh pemeHHe ypaBHeHHs (5), (6). ArrparTop

M COCTOMT M3 TEX M TONBKO TeX BJEMEHTOB Q’eB » BAA KOTO-
psx sapaua (5)-(7) mveer pemenne §(h) = Vp(\I’) , paBHoe
npu t=0 , npu Vie(-0, 0) .

Mapa {M;V},-w<t< o} u apnaerca munammuecko#t cucremod,
nopoxnaemoli HauanpbHO-Kpacpolt sapmaueit (5)-(7) o mByMepHHX pBHme-
HUAX mUAxocTel Onnpom-a nopagka L

4. Nyers & - n-MepHOe MOANPOCTPAHCTBO NMPOCTPAHCTBA b (),
HATAHYTOE HA NepBHe W COGCTBEHHHX (GYHKUMI CleKTpaybHOM 381auM
(11), P, - oprompoexrop na €¥ us Jow, Q,=I-P,

Mycrs, maxee, $cb)= - Fcly= {W,W',..., W"} - pasmocms
IBYX NpPOMU3BOJBHHX pemeHu# a(t)a{v u‘ w"} H W(P)E f v, w! yeey
- ﬁl’} sagauu (5)-(7) wus M 6 h= ¢ -9t =

W, "W, ,(Wb)”i = {q,W, Q,,V’\}t...,Q”W }Aas Gy u §7%t) cnpa-

semuen coorHomenma (cp. [I],[5],[8]):

vy ||q)|| +jwl|W||“L+Z ﬁc"W || jwjrwx dx ,
2 x (13)

-o0<b<oo

TI‘P" +./“|| Wx E%Pcﬂw " I(ﬁWWxV)W)Z( bx, (19
L2
3 KOTOPHX ¢ moMompk omenku (I2) Touno rax xe, kak B [I], [3], [5]

Ina pByMepHo#t cucremn HaBbe-Croxca u B [8] . [12] IAf NBYMEpHOHR
cucTeMH ypaBHenu#t neuxeHusa mupxocre#t Qumpo#ra mopagka I, moay-
yaprcd ClAeIyrmMe pesyJbTaTH.

TEOPEMA 5. Ecau pas mByx pemei-mn Giby) u cp(t) us W sapa-
un (5)-(7) npu pocrarouso Gomsmom N = N(u', mox [%])

crnpaseljiuBH PABEHCTBA: P (v'(t))— N(v’(t)) H PN (w (t,) =
= PN(H/(t)), C:{,...,L, -00<t<00, To Fp’(t)i a(t)) —oo<t<oo .

dra TeopeMa NOKa3HBAET “"KOHEUHOMEPHOCTbH IMHAMMUKN Vt sanauu
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(8)=(7) ma M " (em. [1],[3],[5D).
TEOPEMA 6. Jlix Y, Yei u Vie(-w,0) cnpasepm-
BH HEpABEHCTBA:

llvt(%—\/;(@‘)IIE'le— iﬂga , b=t by, (15)

lQNVﬂWQu"t‘(V"llE,‘_ﬂ‘_P"ﬂE,,' 0<d= e N, br<1, 16
N=Nwhab>>1,

M3 KOTOPHX CJIENyDT KOHEYHOCTb Xaychopdosoi liu (M) » madopma-
nmonHo#t 1 (M) pasmepHocTe#t arrpakropa 1l M ouenxa:

dim, M < h(i) < Nﬁw(sx,‘e%)inf'( % )
wmy, s 6% 1ed%/) "’ (17)

rome % - mocrosunas I'aycca [5].

Aprops BHpaxapT GraromapHocTb J.J.Zapmeeny u 0.A.JlapmxeH~
CKOlf 3a mNOApEpEKy MX KCCIEeNOBaHMI 1O I'MAPOSMHAMHKE HEHbOTOHOB-
CKMX xMaxocTelt.
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A H.KupwuioB
QOPMYJIN VI SOPMOAKTOPOB B KBAHTOBOA MOAEMA Sk - Govdown.

HacTrosmass padoTa ABIAETCA IPOXOJEOHHEM CTATHE aBTOpA
[I] + MH IamuM IPOCTOe NOKasaTelbCTBO TeopeMd 2 ms [I] , mpuBe-
ZeM aBHHe opMymi mis dopmarTopoB B KBaHTOBOR Momea:m Sh-Govdow
¥ HMSy4YEM ¥X HeROTOpDHe cBoicTBa.
n°I. Beemenne. QopMyJHDOBEA DOSYIBTATOB. KBAHTOBHE BADRAHT
MoZen® Sk - Gotdow Gwr mocTpoeH B [2] ¢ HcmonB30BaHMEM KBAHTO-
BHX ypaBHeHw# T'enb@anna-leBurana-Mapaenko (YIIM). CymecTBEHHHM
MOMEHTOM IIOCTDOGHHA SBJISETCHA IPOBEPKS JIOKAJIBHOR KOMMYTATHBHOCTH
JIORAJBHHX Todeft ¢ (x) , samamHEx Qopuysamm (7.9) u (7.I0) pa-
6ot [2] . TlpoBepra ocHOBaHa Ha MSy4eHHH CBOACTB KoadfmmmeHTOB
{mw(wi_.,ww|w| Vg - - -V, ) B DasiOReHHH OIEPaATOPOB
@P (o,w), v =1,2 , ompemenerEnx fopMyiamm (7.5 a,B) us
[2] , mo amemenTam airedpr BamomomumroBa-dammeesa (oM. [2] ,
§ 3). Oynxuumm 1,“ H3yYeHH B [I] . OHZ yXOBIETBOPADT TOXLECT—
BaM (I.6)~(I.II) ms [I] , caemcTBHeM KOTODHX, Kak 3TO NOKa3aHO
B [2], §§ 7.8, spusamwrca T -mEBapmaHTHOCTH, CPT-MHBapHAHTHOGTH
¥ JIORAJIBEAA KOMMYTATHBHOCTS KBaHToBof Momemz Sh - Gotdow .
Kax morasamo B [I] , Gopmyms (2.5),(2.15),(2.16), fynkmmz { mu
BHpaganTcs Yepes moumEOMH Q, (Z|X) . OMHEM HX OHpeJeJ]eHHe
( [1], 2.7). Oyers o - mapamerp, b= 0" . Ompememmu cemeficTBo
noxmoMoB Oy (Z | X,,...,X,), W »1 , IpE HoMomH CJIEIYMAX
POKYPPEHTHHX COOTHOMOHMIA :
oW . Y. a A
Qn(zlx)=(1(:)(z|x,...xu)=£21 ﬂ @L;;x;‘%i—xﬁQ(w)_l(ﬁlex‘...xt...xw),( I)
i#t

w>2, Q,(zlx)=1. ’ (?)

PexyppenTHHe cooTHomeHEs (I) ¥ HavaubHoe ycJiopue (2) OFHOBEATHO
OIpefeANT IocJeNoBaTeNbHOCTh IouEHOMOB Q4 (Z|X) , KoTopHe ¢
TOYHOCTBHD L0 "CTAHNADTHHX" MHOERHETeJNe# W 3aMeHH HepDeMeHHHX, CM.
[11, (2.5), = [R], (7.5 a,B), coBmamanr ¢ fopwparTopamu mig
KBauTOBOH Momemr Sh — Grovdow.

BaxHoe cBoficTBO moumEOMOB Q,, (Z|X) , EeoCxomuMoe A mo-
cTpoenua kBaHTOBOR Momen¥ Sk - Govdow , COCTOHT B ToM, uTO
3TU HOJMHOMH yZOBJIETBODADT TAKEE CJGIYNIWM PEKyDPEHTHHM COOTHOmE—
HAAM
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W (brytxg) (@2 "
Q, ()= 7T & ngg‘e 2 Qo EXpIXe - KR, w32

b=l =L

jrl
Taxum oOpasoM, MH HOpAXOI¥M K ciaeiymimeff 4ucTo anredpamdeckroit 3ama-
ve: paccMorpmu ceMeftcTBo moumHoMoB @, (Z|X;...X, ) cremen:
(w-1) @o mepeMeHHOR Z , CEMMETDHYHHX IO A;,...,Ky , H

YIOBJIETBODAKIHAX PEKYPPEHTHOMY COOTHOWEHHND

-1
A (X Ry %)= EA(G’XW"XQ)Q%;(&X",‘ Ry Ky ), @y =1.

(3)

Jora3aTs, 4To TOTIa
n-1
Qw(-ﬁxuxi...xw)=]a:[l(6x%+xi)0m_l(—xw|xl...xm).

ABTOpDy HEM3BECTHO pelleHHe 5Tof 3aJayd, KoTopoe OH He HCIIOJE30BAaJO
ABHOTO BUAa moumEOMoB Q. (Z|X).

HacTosmas padoTa HOCBAUEHA BHYHCJIEHED NONMHOMOB @, , Hc-
CJIeIOBAHAN X CBOMCTB, W IPOCTOMY IOKA3ATENHCTBY CJASNyKNEr'o TOE—
IecTsa:

OycTh Q(:) (z|x) - ceeifcTBO NOJNEHOMOB, KOTOpHE BalapTCA
POKyPPeHTHHME cooTHomeHEAME (I) m (2) ¢ HmCHOJB30BaHHeM IapaMeTpa

BMecTo @ (T.e. 3aMeHOR mapameTpoB O, ¥ O B mosmHoMax
(:)(zh() ma b = ).

TEOPEMA I. ViMeeT MeCTO COOTHOMEHHE
® @
Q, (1) =@, (-bz|x). (4)

Kar HerpynHO mokm aTh (cM. [I] , Teopema 2), m3 pameHcTBa (4)
(rommecTBo (2.I8) padorw [I] ) cuemynr Bce OCTANBHHE TORLECTBA
Teopems 2 #3 [I] m, ciemoBaTesBHO, TOREecTBO (3), a Tarxe | -MH-
BapPHAHTHOCTE, CPT-MHBApHWAHTHOCTH, SKBUBAJEHTHOCTH YIJM 7 JORaIb-
Hasd ROMMyTATHBHOCTH KBaHToBOR Momenr Sh - Govdow (mompodHoeT:
oM. [2], §§ 7,8).

JlokasaTenseTBO ToxnecTBa (4) ocHOBaHO Ha ABHOH QPopMyiie mJs
monuHoMoB (), (Z|X) . MH DmpuBemeM [iBa SKBEBAJIGHTHHX IIDEJCTABICHNA
g (L, ¢ OKHO B BHEAe UACTOTO ONPeNeNNTeJNsI MATDHIH pasmepa
(n-1)x(w-1) (reopema 3, fopMysa 9), a Hpyroe - B BEIE OTHOMEHAA

OIpefleNINTeJA MATDHAINH pasMepa W X w H NPOM3BENEHAA He-
KOTOpOTO YMc/a JuHefHHX MHOXMTeNe# (Teopema 2, dopuyia (7). Hame
IepBOHAYAIBHOE NOKa3aTeNbCTBO TOREeCcTBA (4) HCmONB30Bato HopMyry
(9). IOpoBepra TOT'0, 4TO OpaBad 4acTh B (9) yHOBIeTBOpAET PEKYpPEHT-
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HOMy cooTHomeHED (I) ORa3HBaeTcA HETPUBHAJBHOR 3amadveil ¥ ommpa-
erca Ha JemMy I. K comajieHMD, M3BECTHOE aBTOpY ZOKa3aTeIBCTBO
JeMMH I COCTOMT B JJIMHHOH# NOCJHEeXOBATEIBHOCTH T'DOMO3IKHX Ipeodpa—
30BaHMi HaJ MATDUIAME ¥ He OPOSACHAeT BHYTDEHHUX OPHIUH, IO KOTO-
pHM OH OHa OHWJa crpaBelwBa, [lodToMy MH He OyIeM IDEBOIHTH 3MECh
COOTBETCTBYMIMe BHUYHCJeHUAA. C Apyro# CTOPOHH, IpOBEpKA TOro, 4TO
npaBad 4acTh paBeHCTBA (7) yhoBierBopaeT ToxgecTsy (I) sBaseTcd
BIIOJIHE BJIEMEHTapHO#.
Qopmysia, (9) Owia IONyYeHs aBTOPOM B Ipomecce JORABaTeNbCTBA

(4), ¥a®R WTOr IJWHHHX BHYHCJeHmE. dopdyia (7) BOSHERIA B PO3yJIb—
TaTe HCCJENOBaHUWA BHPORIEHUA COJHTOHHHX (opMPaxTopoB ANA KBAHTO-
Bo#t Mogenm Siwe - Govdow , BHumcHeHEEX B padotax [3],[4] ,
B TOYKaX, OTBEYANNUX CBASAHHHM COCTOSHHAM C Hamensmeﬁ Mmaccoft
(n;pyrmm CJIOBaMM, MH JIOJXHH DasCUTh Bce GHCTDOTH { .P}i Ha na-

{P231»Pa;}1 , na@omnem;é(P) Ha crp. L.557,[3],
TIQJIORHATE & .Paa-i —M 2 +2u;" .F’zis.;‘": Z —2i} , mocJje uwero

IPOU3BECTH "IpEBENEHWE HOIOCHHX WieHOoB"). Ha cBASH Mexny dopMpar-
TopaM# B KBAaHTOBHX Momeasix Sh - Govdow # Sime-Gotrdow yrasan
asropy ®.A.CMmpHOB.

llepeitnem Temeps X HOpMyJMPOBKE DE3YJIBTATOB O BHYHCJGHHE IO-
nuEOMOB Q. (2 |X) . BBefeM MHOTOWISHH

BE:L (2] K ) =X {(x‘mz) E}ax&+xi)+aam(&‘l)gl(6 M"Xi)} , (5)

¥ IOJIOKEM
(@ (@)
Fo@lxen)=det| B @l ot )], e - (8
0<K <u-1
TEOPEMA 2. MMeeT MeCcTO DaBeHCTBO
Q(a)(ZlX X ) F(a)(zlxi Ky )
AT T )™ TT (R (v ) ™
1<1,<x<=w
CJIEI[CTBI/IE QY )(zlx) ABIASTCH NOJMEHOMOM cTemeHd (v - -1) or
=(a-1)z , mpuwdem osdfwmmenT npu 1"y mmorowrena
Q (z]x) Temutes Ha ©, = X, +...+X,,.

TEOPEMA 3 (QopMyina Ges snamena'reneﬁ).

Paccmo'rprl:/M MaTpHILY (Aq) teijewt Tme

j-i-Y2 %i-iz-l/z i i-int ,

A A S Al L S 8
A”l T ot b 2t T g & 26“—3“’ (8)
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-1
rme b= a » O - K -ag oieMeHTapHads cHMMeTpDHYecKAd QyHKIUA
OT IEPEeMEHHHX X,,..., K,.
Torma cupaBeIIuBO CJeAykmee DaBEeHCTBO
(@)
Q, (2)%,...xy) = det | A, (9)

ba ‘1<.» asn—i

CIEICTBIE 2. Kooppmwesr mpn [(a-1)z]"" y mommoua Q,(z|x)

paBeH
1v+l 63 i+1
det| o 6pii l :
B 0<i,j<w-i (10)
CIEICTBUE 3. ImeeT MecTo paBeHCTBO
(a) a}‘ i/-l/z+6 i"i/—i/z
Qg (O]%,.. %y ) = dlet g O (ID)

1< j<n-t

JIlora3aTesJbcTBO TeOpeMH 3 OpHOBEHO HA CJeIyNmei Jemde: OIpemeuM
nomaromu D, (z|6,...6,) mo Jopvynam (8) u (9), B KoTOpHX
6,,...,6,, OydeM paccMATDUBATEH KaK HACOD HESABHCHMHX I©DeMeH-
Hux, 6, =0 , ecam L ¢[4,n].
JEMMA I. ViMeeT MecTO DaBEHCTBO

Dy (2]6,+2,6,+6,2,...,6,,+6, ,7,6,,Z) = (I2)
n-i -2
~[(@g)"6a2) s 26,,] D, (b2 |6y,...,60. ).

1%, JlokasaTexseTBO TeopeM I © 2 ® caeneTBmA L.
JOKASATEIBCTBO TEOPEMH 2. OGo3HAuUWM IpPaBy® YacTh QopMyJH
(7) wepes M, (Z|X,...Xy) . Hoxasen cHauana, uto M, (z|x) seaa-
ercA NOJMHOMOM IO X, @ . lonnHOMMANBHOCTH IO (I, OYEBHUTHA,
TaK Kak IE'>JLK(2\><)|0“__1 0 . Oyers Tenep51<&7élpegw
WXy +%p =0 . Torma (mpm K >0 ) By v (z|x)- XP By x(ZIX)=

- ((1)(,,L+)(P)x,,L J';Q(,,p»atz)l'f(oug,t»fxt)(x,L xP)+ a®Han-x P)}E‘;(%X"fxi)} =0,
BP,Kﬂ(zlx)-x; BP1K(z|x)=(wxP)“(a —1)(xP—z)(ax¢+xP)iTal’(6 Xpt xi) =0.

CIeoBATeBHO, (Z]x)lx gy =0+ ABAJOTHHO, paccMaTpEBad pas-
Hoets B, o, (Z1%)- (L -9 K(z\x) Mo¥HO Hokasark, uro P, (z|X) me-
IMTCE Ha X + GXg . . Urax, [, (Z|X) - DOIEHOM, CTeNeHb KOTOPO-
To N0 Z He mpeBocxomAT ¥ . lloraxem, wro [1,(z|x) ymoBmermo-
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pAeT peKyppeHTHoMy cooTHomeHED (I). Jia sToro cmepsa Haitmem SHa-
venna (1, (z|x) B Tourax z =x,,1<d <w . BocHombsyemcsl clenyn-
meft merxo mpoBepaeMoit GopMmysroft

A
B .<,K+1Q‘,p| 1y -x; B (Ral) =(Xp) (ke axP)(axﬁx‘B)B‘(,K(bx@|xl...x‘5, ..xu),( 13)
The K>0,4<4,p<n, Byo(Xo]¥Xy. . ky) =(1+0:)¥;TL(0/X¢+X,)-

Us coorromerma (I3) caemyer, uro By (X, |X)=0 mpm k >1 ;
TaKEM 00pas30M MH MOKa3aJM, 4TO

My (ke ]X) =j1;[((ax,¢+*3)ﬂn-l(5h| KiXeo k), M K) =1, (14)
PaccMOTDHM TeNeph pasHOCTH

w X W Z-Xi A
Aw(llx)=ﬂw(2|x)—5 ]"lt(“_“ili})r(iﬂt) Mot Bxg 1%y Xy %), (15)

Us (I4) crmemyer, aro A, (X |X)=0, L <4 <n , TaxmM ofpa-
30M

M (Z1) =0 mod ﬁi(z—xi).

Mu xormM moxasaTs, aro A, (z|X)=0 . flcho, uTo @A sTOrO HO-
CTATOYHO IOKA3aTh, UTO CTeNeHs Mo Z  moxmaoma (1, (Z|X) =He
mpeBocxon®T (w-1) . g Toro, YTOGH IOKAsaTh HOCHeIHee yTBEPRLE-
HHe, paccmoTpuM Hu{de peHIUAH
2
@y - Y “(y+az) dy
10 (o)

O0<K<n-i.

3aMeTnM cHad4aJa, 4YTO
B&,K (Z |X)
EONIOENCIRENREN

= Res,r&d),g Res‘f-ﬂqu .

Janee, mpuddepermuas (DK He IMeeT IOJNNCOB Ha GECKOHeYHOCTH IpH
0<X<wn-92 , ¥ AMeeT Ha GECROHEYHOCTH HOJNC IEePBOT'O MODANKA
¢ BHYETOM DABHHM (—1) opa K = o -1 . CleIoBaTexsHO,

w By (21X) O,ecm 0 <K< W-2.

=1 (T (o) (Reraxg)(ax o)) ") tecm k=w-L.
y#L )

(I6)
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U3 ToxmecTBa (IG) BHBOIAM CJiefykmmee DaBEHCTBO

(Rs=%)(@XgHxj) (Rg*aRy) _
Bk (Z1%)- 2 Bu (21%) TT j#s (xi-*a)(aw*x)(wax )

,(ua)'ﬂ (Rg=Ri N AR X DR +AKX IO 4y - ()
j#s > ! 7o

TaxuM oGpasoM, BHHTam ¥s IocJefHero croxdua marpmm (B, «(Z|x))
TMOIXONAMYN JNHEHHyn KOMOHMHAIIWD OCTAJIBHHX CTOJCHOB, IONyYaeM A
My, (z|x) cremyomee mpexncrapieHme

det | B, ( (21%)] <t gney
Nu(218) - =S
(1v0)” {:\i (R X @K (R0} ) (18)

U3 mpemcrapiennsa (IB) BHTeRaeT, UTO CTEeNeHb MO Z  IOJMHOMA
My (Z1%) =me mpeBocxomur (M -1), 4To M TpedoBaloch HOKASATH.
U3 ITOKABAHHOI'0 JTBEDRLGHHA CJELYEeT, UTO CTENeHs Mo 7 IOJHHOMA

A,(Z|r) , ompemeserHoro gopMyaoit (I5), He mpeBocxomuT(w-1)
H, TakmM odpasoM, Ay (Z|x)=0 . Wrax, My moxasaim, 4TO NOJEHO-
ma (1, (Z|X) yHOBIETBODADT DEKypPPEHTHOMy cooTHomenmo (I), mpu-
vem N, (z|X)=1=Q, (Z|X) . Cremosaremsno,,(z|x)=q,(z[x)
Ina Bcex W . Teopema 2 IOJHOCTHM MNOKASAaHA.

CIEICTBUE 4. Iycrs 1< 5<w . Torma

Q ( ‘ ) dgt‘BiK(l“‘)‘1<.<<w L#5, 0aK<H-2
" ()™ TT (- @x e (v an) (19)

1<v<3<W,v,}+s

It MORa3aTeNECTBA IOCTATOYHO BOCIONAB30BATHCA paBeHCTBOM (I7).
TOKASATEIBECTBO TEOPEMH I. 3amermM, d4TO

(&) 2+l (®)
B&,K(Z|K) =6 BL,K (’61“)
CJIe0BaTeJbHO,

et |82, (211)] =b" det | B (-b2 1) (20)

amech | <L <w, 0<K<w-i.
C mpyroit c'roponu,

()" IT 0 - ,)( Ky )Orbg) =
-8" (1+a) T (amx(aneng)(xyrax;)

1‘b<

(21)
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CpapHEBag paBeHcTBa (20) ® (RI), momyuaeM ToxmecTso (4). Teope-
Ma I mokasaHa.

JOKASATENRCTBO CIENCTBMA I. AcHo, 4To KodpdurmeHT IpH Z B
B,k (Z|*) nemrcs ma (a-1) , Taxmu oSpasoM @, (z|x) ecTs
moxmHOM OT 1 = (a-1)z . 1A DoKasaTeNscTBA BTOPOT'O YTBEDENE—
HAg caencTBEA I, BBenem moameoMd Q. (Z|X,...%, ) mpm moMom: cie-

ivaving pexyppenmmc COOTHOmERHiA :

Q("’(Z“i Ry )= :{’)X };[(_‘“_l*ﬁ)(_l'_"_ﬁ d (ﬁxtlxh DKprekndy (22)

W2, Q_1 (z|x) =1 . Pexyppeumus (22) m BauaIbHOS yc.uonneQ =1
OIpeIIeJLAKT nocJIenona'reJmHocTL HOAHOMaB Qw (Z|X) omHosHauHO.

JEMMA 2 (SxBmBasentrocTs YIUM T = YTUMY , [2], reopema
8.3). UMeeT MecTO TORIECTBO

Q; LN} - - -
Azl =[x . xz] QY GHRE,). (2)

~(a)
A FORA3aTeJhCTBA JEMMH 2 MH IIOKAXeM, UTO IJIA IIOJMHOMOB an (21x)
CHpaBe[JIE aHAJOr TeopeMd 2. Dollee TOUHO, ONMpEeJEM IIOJIHHOMH
= (0)

5,L (21K Ry) = Bx {(x‘mz)ﬂ(axﬁx‘) 2K+2(X—Z);;[‘(BX*+Xi)}) (24)

a ~ (0)
FL)(Z|X1...XW> =(iet| B. K(le)l 1<d<n (25)

0eken-i
JEMMA 3. MmeeT MecTO paBeHCTBO

)%y h) = PNCILNET
w .Y (tra)* 1T (% xa)(axﬁx % +ax
“1/<3Q”/
Joxa3aTensCcTBO JEeMMH 3 BIOJHE QHAJOIMYHO JOKA3ATENbCTBY TEO0-
PeMH 2 U II09TOMy MH ero OHyCKaeM.
JOKASATEIECTBO JEMMH 2. Bocmoubsyemcd CJeLylmyUM JIETKO IPOBE-
DHEMHM COOTHOIWGHUEM '

8 -1
B, ( _[XL-'-XW ] 6" 17\ o Z)B(:)n-»( 2 (Z%). (2n

(26)

TornecTBo (R23) cienyeT m3 paseHcTB (27),(26),(25) n (7).
BAMEIAHVE. IIpocToe HOKA3ATEIbCTBO JeMVH 2 IpuBezmeHo B [I] ,
TORNGCTBO (2.I5). OHO He WCIONB3yeT ABHOI'O BEIA (26) IJIA IMOJMHO-
MOB Q, - /3 MeMmv 2 BHTEKAeT, UTO LNA IOKASATENHCTBA CJISNCTBUS
I HaM mocTaTOYHO NOKA3aTh, 4TO Qw) (0]x,. W) IeJATCA Ha 6, .
Iis Toro, YTOGH IOKAa3aTh IOCJenHee y'rBepmeHne, paccMoTpuM IaddHe—
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2’:«1
(bk(z),.--/‘f)i (41+az)alq( 0<Kk<n-i.
E(%_Xi) (y+ax;)
Hcro, uTO .
By (Z1X)

=Res,_, B +Res,_ g5, Wy .

(1+a)];T(x&-xa)(xﬁax-a)(mx“xi) 4=% K 4=-0% Tx
‘l o

C mpyro# cTopomH, IudPepemnuan W, (0) He EMeeT Ha CECKOHEUHOC-

TH MOJNCOB, 6CJM 0 <K< w-2 ; eci® w=K-1 , To JopMa ®,(0)

IMeeT Ha GeCKOHEYHOCTH IOJKC BTOPOrO IODANKA ¢ BHYIETOM DABHHM

Koof@minenTy mpu tt B passIOReHUM DpANA,

(—l) ;li (l-Xw)‘l i‘i (l + aXiit)-L

IO CTemeHAM . fleno, uro MckoMHE KosdfumumenT paBeH (a.-1)6,
CaemoBaTeabHO

* B, (0I%) 0, eclm 0 <K<W-2.

- X NN (28)
£=1 (1*“)‘.112*(& 7\3)(&*“17\3)( dﬁ’xi) (0-1)6,, ecmm K = w-1.

lpuGaBiAs K mocaefHeMy crondmy Marpmi (B «x(Z[*)) momxonamym
JIMHEeAHYyX KOMGWHAIMD OCTAJIBHHX CTOJOIOB, MH MOXeM LOOHTHECA TOrO,
YTOCH BCe 3JEMEHTH B W —OM CToJCOe paccMaTpuBaemoft MATpDHIIH KpoMe
IOCJIEIHETO DABHAINCH HyJW, a mocsiefHmit paBHANCA OH (a-1)6, .
CreZoBaTEIBHO, 'Qw (0lx)=0 mod 6, . CremerBEe I HONHOCTER
IOKa3aHO,

CIEICTBV/E 4., OmpeieiuTels MATDUIH |S'w((i—i,+l)9)-)(z;,
Xe =0 , ecum £ ¢ [1,n] , mesmres H& X, .

n°3. CrpysHMe cremmamusamy gymxmEd Q, (z|x) .

B pameax olme# Teopum Hopmbarropos [3],[4] mpescraBiger mE-
Tepec MccliefoBaHWe BHpPorNeHui#t fopufarTopoB, Korza 4acTh OHCTDOT
Ry,..., ky, CAEATCA HA CTPYHH, T.e., HAIDEMED, KOTHA LA HEKOTO-
DOro p  EMeEM X, o, = (—(L)"X%_P , 0<i<p (cTpyHa WLIMHH

p+1 ). B arom ciysae u3 Q, (Z|x) BEmesAwrcs "craHmapraHe”
MHORMTENY ¥ "HEIPHBOJMUMAA" 4YacTh, KOTODYD MOXHO DAcCMATDHBATH Kak
fopMbarTop, OTBeUawmUi BAGOpPYy OLHOYACTHAYHHX COCTOSHHHR {XL}> o
R xn_P_i} ! CBA3aHHOMY (P+1) —JaC TAYHOMY cocmmm{xw_',,.,.
...,x%} . Hacrosmmii paspes mocBaAmeH fopmamwsaian ompeneneHHd "He-
npuBofuMOR" JacT moumHoma @, (Z|X) mnA yMGOro HaGopa CBASAHHHX
cocTosHut, HayneM ¢ WM3IOREHHA HEOCXONUMHX OLpemeXeHm? M KOHCTPYK-—
unit, dmrcupyeM HaGop DapaMeTpoB C =(cl,‘..,cw)n DPACCMOTDUM CJIEHY K~

'ilid,,jsw—i )
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IMe TOIMHOMH BZK(zlx, Ky ) =

- o Tmanep o DT bk,

(29)
P (2]%0...x,) =det | Bi,K(zlxi.,.xw)| i<ugn - (30)
0<SKk<n-4
BaMeTEM, 9TO ecJE C —(1 ) T0
By (2]he k) = X,L(iw)n(xvx )Buk Z 1Y), (3D)
F’(‘)(zlx) <1*“ TI (x, +x) Fa (2IX), (32)
16 ‘. W

rne mEorowrenn By ( (z|x), Fy (2IX) samawrcs gopysamm (5),(6).
Janee, ODOJIOEMM

. Fr(z1x)
U(zln.x) = (13 nlxa(pc) TT (K5 =X @Kk R ) &
= 1<|,<‘$

HcHo 9T0 Q(‘ )(zlx) Qu(Z|x) . OrMermM, wTo, BooGme ToBODH,
(z |X) ABNAGTCA panMOHANbHOR (I)ymumeﬁ
Nlepefinem Temeps kK ompereteHEw fopMPaxTopoB oTBeUALEMX CBA3AH-
HEM cOCTOAHWSAM. IyeTs N = (W,,..., %) - KOMOOSWIZA Wdcia #
EHa4e TOBOPA, #;, >0, i<i<+, ¥ A4+ .. . +wny =w. Horoxam
My =W+ . +W,, Wm,=0 . KOMIOSEIEE A cOOTBETCTByeT paslie-
HUe OHCTPOT xl, .y Ry Ha CTPYHH: ©CJNH W, <} <MW, , TO CHCT-
POTH X, -(5) X'M/K OIpeNieJANT CTPYHY BAMEH W, (<K <) .
Taroe pasdnenne OHCTDOT Has CTPyHH OyZeM HasuBaTh A -CTDyHO#. C
Kaxuof N —CTpyHO# CBAXEM IOCIEXOBATENBLHOCTH

-4
oM =(o; () =), 1<j<n). (34)
OmpenenmM GopMparTop oTBedammei A —cTpyHe crenymumelt dopMyol
(2R Xy )= C(A)(zm...xw). (35)

TEOPEMA 4. IlycTs GueTpoTd (X,,...,X, ) odpasymnr N —crpymy.
Torga ¢ TOYHOCTHED IO "CTAHIADTHHX" MBORHUTEJel

QW(ZML ) = Q)\(Z|Xmu Ry, ) -

HauHeM ¢ WMCCJIef0BaHMA NMOBENEHUST PyHKUMA Q (Z|X,...xy, ) mpu crenua-
mmsamm® X, , =-bc, %X, . Ha ASHKe CTDYH 5TA CIEIUATHSAINA COOT-
BETCTBYET CJIAAHUO CTPYH IJMHH M, , W, B ONHy CTDyHy LJIUHH
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M, _,+w, -1 . 3amMeTmM cHaYaja, 9TO
c 2.2 T A
B&, e (210X, B, (210)= a(xi_xi-i)(xi_azxi-l)B&,K(Z [Reyes Ry Ky ) (36)

e €=(Cy, ) Cug,~bCuiCy ), 1<l <,

W
B 210 = K aCrur )T €0 )i, 9D

Iipn BuBome Gopuyn (36),(37) mcmOJB30BATOCH COOTHOMEHHE AX, +Cyt,=0.
Toncrapnaas Gopmym (36),(37) B (33) nonyqaem cJiexy xul pesy.n'ra'r

PCIENEN BRI OF = (IR nm R L

X Q,c(l‘xu ~~~;Xw-z;xw)~

3mecs T, , =-be,., ¢, T =(04,03,-Cu-q,Cpr)e [IORABATEABCTBO TeODEMH 4
cJefyeT HocJe MHOI'OKPATHOI'O INPEMEHOHMS TORmecTBa (38). M3 (38)
MORHO HaiiT¥ ABHHE BYJ CTAaHZADTHHX MHOEWTeNeil, OfHAKO OTBET HOJy-
YaeTcAd CJMIKOM I'DOMOSIKUM, W MH ero He GyIeM IDUBOXLHTE,
SAMEYAHME, Fcai#z C,=1 , To mpu BHBoIe Hopwyau (38) Heodxo-

IEMO DASPNATh HEONDEMGNGHHOCTH BUNA -5 , T.K. B CHIY DaBeHCT-

Ba A Xy ,;+X, =0 B HOIb 06pamanTCA Kak 3HaMeHareNs B (33), Tak
u mpaBad 4acTh (36) HpE 4 =# . Taxolf HeompemeJeHHOCTH HET, €CJH
Cy#1 . Taxmv oGpasom, mpm BuBome dopuymu (38) mam C, =1
HyXHO B3ATh C, =41+& , a 3aTeM yCTpeMHTh & K Hyan. OTMermM,
yro Gynrmaa Q° (Z|®) cmMMerpmuHa mo mepeMeHHEM A; , KOTODHM
COOTBETCTBYWT paBHHe Ci .

JEMMA 4. Hpennononmm, uro G, =1. Torma

QG(XW‘X) TTL (sz::x:z(::;w Q 0@ Kl Xa s Ky ), (39)

@’ (-bxg ) = ﬂ (a0 Q° (X Ry Xy), (40)

rae '6=(Ci,..‘,(‘,,¢_i). -
PasencTsa (39),(40) ciaemyoT U3 TORIECTB

By et (1)~ K BE 0= ke k @X0 DB (Bl Koy,

Bi,m(-ﬁxAx)—tfx’,‘,t(-bxwlx)=(xﬁ-xﬁ)(axn+x&)(axl+xn) BE,K(‘XM Ky Kyos).

1°4. CooTHomeHze Mexny fopmpaxTopaMm B MOIeJIAX Sine - Govdon
7 Sh-Govdow.
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Kax noxazan 0.A.CMEpHOB (He OmyGUMKOBAHO), COJNUTOHHHE HOpPM-
faxTOpH 117 KBAaHTOBOA MOmeN® Sime — Grovdon B TOYKax, OTBeEUYai—
WX CBASAHHHM COCTOAHWAM C HauMeHBme# Mmacco#, EMeKT cJenyoumi
pun: IO (210, %) =

(l 4 ﬂ +0zZ . S T[ ar °.
"IS 11 u“ 4 (%L >3=1 (‘ﬂt ‘h)wtﬂlxa) 1<¢<1$£—1 4“) '1 (4I)
Kon'ryp HHTETPAPOBAHAT P . ¥x...xy, Yy oxBaTHBaeT Bce TOUKH

i
i) a)&a}a -y + Smecs Y -napame'rp monien, O = emp(
TEOPEMA 5. JMeeT MecTO paBEHCTBO

™ i — X} (a)
In, (Z‘ xL w) 1;"1‘&“/ (XL'Xi)(X'*a’iL)(O‘X'+X€) »n (l| Xi. . Xn) (42)
EOKABATEI[ECTBO OrpammumMes caydaeM N € Z. + » TarmM o6pasoM
=1{ . Halluem pexyppeHTHHE COOTHOMEHWSA, KOTOPHM YIOBJIETBODH-
I() Bame'rm, 370 I, - cnmae'rpnrma ) {xis . Tlomoxum
7 =Xy . Torza ]'_ (zlx)lZ —Xu
w2 W2 n-i

2 ¥ ]-IL j=t (4i- Ch)({itﬂl,)(t) o<4(% ‘h)u

J—%—“ e ff fogha J i
L A TRt (‘jw—L xz)('ﬁw—i““*

UgTerpat mo % , mMeer Bunm Y = S _-‘iuxy an ) » TpEIeM

- Ry,
1
Fyuxmma W (an ,) He mmee*r TOJINC OB {ita‘ﬁyrpn ¥ Ha TDQHWIE KOHTYDA
§* . CiemoBaTeJEHO, =W (x,) . Taxmm oGpasom
(Q) xZ‘
I, (zlx)|1=x —-I,H(%MIM K- l) & . (43)

=t xn)(xnmxa)

W3 (42) cxemyer, uro dymxmmA I(\‘)(le) ABIAGTCA IIOJIMHOMOM IIOJ—
Ho#t cremenm (¥ -1)w(n-1).

SAMEYAHVE, OcHOBHOE mpueM npn BuBo;L:e dopmyan (42) samInUaICA

B TOM, q'ro MH 3aMeHuNY (yHKIUD % w 1 Ha TpousBeneHne
23
(1* Ml X ) ; IpW DTOM SHAUEHWe MHTerpata He WBMeHWTCH.

%)
Hama Gnurajiuas Uesb BHIGIATH H3 I(w (z|x) commormrens
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Xz‘.‘i _ XZ’ \) -4
o) =TT _Y:—_-_Ti— rax, 9rooy fymrmma L,'(z|x)-6 (x)
l<iy=<gsn Ty
"dopMasBHO" He 3aBHcesa OH OT ¥ . A ®TOT0 OpeICTABEM IIOIAHOM
I,(,:) B BUJe ONpefe]uTe/s MATPUIN pasMepa (w-1)x(w-1) . C
9Toft LeNbH 3aMEHUM IPON3BEIEHHE v<ﬂ; (q‘?“/ - % ) Ha OIpeneJu-

Tesp BammepmoHza. B mrore mix 1) monysaem cremymmee mpecraBie-
HHU®

\)} .
I, (zIx) _—_detlAiK(zlx)l rme L <j<w-l, 0<K<h-2, =
. W
A (Z]%,. . % =& weabjpp L (44)
ak( %) ) Y wt () (47 T .
KOHTYD MHTOTDUDOBAHHS OXBATHBAET BCE NOMNCA 1 Xy =Xy, }‘:N: L
, JIPMMEP, Tiyets § = w-1 . Bamemmy ua*_f“' ) "a mpumsBermeHEe
]1 (lﬁ:_l - X? ; SHaueHWe uHTerpasa (44) mpu sTOM HE H3-
MeHZTCH. ClemoBaTeNBHO,
A 1 n-i XZQ_XZ‘) 1 B
ZIR)=—"— —A—A FARS
M,-l,K( %) 1+a gl xi-xw (xw+axi)(axw+x}) “"‘( ! )’
rne momroMm B,  (Z|X) samaerca gopwyioft (5). Boxee odmo

2y _2)
_ K Y i V'8 i _
Ai’K(le)—§’qf (‘Paz)fjl w-x&)(qaw,x‘() E’ (%'*&)(‘1*“*&) (1(1 -

w 29 L2 -4

- X
- T Iate { TT (k%) TT (M*“&)(‘l*m’f&)]\] Bm2l)
mejr 1<d<j K~ Fs i-;gw Lt ira

(45)

CIIeOBaTeNbHO, NPUMEHAR AJIEMEHTAaDHHe IpeoGpasoBaHmsA K cTOICHAM
MATDALH (A‘AK (z|x)) , momyuaem

»

%y -1
I0(z)x) =(let|1—fa m *_*-";33- { ﬂ_(xi—xt)ﬂi (ko0 K ‘)} 651“(1')9' -
-t

1<d<j f” 4>
{ -n- X?’—):?, x -n' -l—‘-
= =1 L X% *;+0 AR, +X;
(“‘1)" 114’@<3<w Xi'xi al—iL%«:» ’)zeim ufa( 3+ X*x ‘+x3)} *

(46)
X t'let ‘ BJ_,K(Z‘XM 2ed < W

0<Kan-2
TormecTso (42) ciemyer u3 paBeHcTs (I9) mpm =1 u (46). Jlorasa-
TeJBCTBO TEOPEeMH 5 3aKOHYEHO.
SGAKIYEHVE. B HacToAme# padoTe BHYMCJCHH fopMPaKkTOpH B KBaH-
roBo#t Mozemu Sh - Govdow (reopemu 2,3, caemeTsme 4), ¥ NOKa-
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3aHH MX HeKoTopHe cBoficTBa (Teopema I, ciemcTBHe I), HArpammme
BaxHyD DOJNb IPU KOHCTPYKTHBHOM IIOIXOIE K IOCTDOEHHMO KBAHTOBOR
MOTeJIH (Ch/ ),

ABrop Graromaput JI.I,Panmmeesa, H..Pemeruxmma, U.M.Xammro-
Ba 7 0.A.CMADHOBa 32 MHOI'OYWCJEHHHE IOJIEe3HHE OCCYRIEHHA 3aTDOHy-—
THX B padoTe BOIDOCOB.

JurepaTypa

I.Kupuxaaxos AH. T -mupapuanTHOCTH, CPT-NHBADEAHTHOCTS
7 JIORAJBHAS RKOMMYTATHBHOCTH KBAHTOBOK MONeJH (ok ¥), .-B
KH.: Iu@depeHImasbHad reoMeTpHA, IpymmH J# ¥ MexaHWKa. YIL.
3an.HayvH.ceMEH. JIOMY, T.I46, 1985, ¢.9-I9.

2. XamurTos UM KoHCTDYRTEBHHI HOZXOIN K KBaHTOBO# MozmeJ:

(o‘m §), . I. Merox ypasnenu# I'empfarna-lesdTana-Mapierko.
- B rH.: IndPepeHImatbHad IeOMeTpYs, IPpymmH J# m MexaHmra.YIl.
3an.HayvyH.cemuH. IOMA, T.I46, 1985, c.I47-I90.

3, Smirnov F.A. A general formula for soliton form fac-
tors in the quantum sine-Gordon model. - J.Fhys.A: Math.Gen.
19 (1986), L575-L578.

4. Smirnov F.A. Solitons formfactors in the Sine-Gordon
model. - LOMI preprints, E-3-86.

Formulae for the formfactors in the quantum sine-Gordon model.
Kirillov A.N. - In: "Differential geometry, Lie groups and mecha-
nics IX. (Zap.nauchn.semin.LOMI, vol.164). L. "Nauka", 1987, p.54-
660

Explicit formulae for the formfactors in the quantum sine-Gordon
model are obtained. Bibl. - 4..
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A H.Kvpwuios, ®.A.CMupHOB

PEIFHAE HEKOTOPHX KOMEMHATOPHHX ITPOBJEM, BOSHMKAKIMX
TIPY BHYMCIEHVM KOPPEIATOPOB B TOUHO-PEIARMHX MOJIEIAX

1°, BHUMGJEHEE KOPDOJAMVOHHHX (QyHKIW# IJIA BIOJHE MHTETDPEpye-
MHX KB&HTOBHX Moxexeit spisercs BaxHolt 3anadelt. B pamMxax KBaHTOBO-
TO MeToma odpaTHO# 3amauM HCOJENOoBaHME KOPPEJALVOHHHX QyHKumi
I KBAHTOBHX MoueJaelt, oTBevammsx  R-marpumam XXX wmm XXZ
Tuna, Owiao mpusezneHo B padorax (I) , (21 . Jpyroft momxom ¥ mpoG-
JIEM® BHUYMCJIEHWA KOPPEJAIMOHHHX QyHKumHA, OCHOBAHHHE Ha KBAHTOBOM
ypapHeruE Tenpdanna-Jlepnrana-MapieHko (YIUM) OWiI IpeLIOREH B
padorax (41 ,(3,5] . Jlanpueflmas paspacdoTka Meroma YIUM mpuBesa K
TIOJIHOMY BHWMCIEHMD fopM—-dakTopos B Momeam Sine-Govdon [7] |, mua

SU(2) vmBapuanTHO# Momesm Tuppmera [6] , maz  0(3) newmmeit-
Ho#t & -monem [9] .

HeoxunaHHEM 06pa3oM OKa3aJoCh, 49TO DE3YyABTATH HCCJIEeNOoBaHUA
dopmM—baxTopos 0(3) HeumHelHoH 6 -Monea: MO3BOJADT BHYNC-—
JUTH B fBHOM BHUIEe palMOHAIbHHE QyHKIUM 6&” (A M , Urpap-
IMe BaxHy®w pouab B padorax [I1 , [2]1 , (51 , [i?] . B uwacTHOM CaOy-
uge 4 =—c , CTATHCTHYECKAT CyMMa Z ()\,JM)Atc 6% (A ) ouna
paamestena A.T'.Wseprumum (8] u, HesaBMCEMO, OZHMM U3 aBTOPOB
(AH.). Hac-romuaa padora nocnimiena BHUZCJIEHID BAKYYMHHX SHAYeHMH

(I)opM-(I)aKTopa F ()\c A, 4 s [I] , 9ro COOTBETOTBYET
oJIy9an £4=~~—£ =4 BaMQvax, aro ecmn {0 =..= 4} =e%
- =t =1 w0 BP0 A0 N =0,

Mu Gmarozapuu JI.J.Pamneesy, A.I'.lsepruny, H.l0.Pemerimxuwy,
E.K.CraaHuHy 38 MHTeDeCHHe OCCYRIEHUA pesyJbTaTOB CTAThU. ABTODH
CIUTANT CBOMM IPUATHHM IOJT'OM BHDASUTH TVIyCOKY® GIarofapHOCTH
B.E.KopemuHy, cmenaBuieMy pal BaxXHHX 3aMevaHu#t M JomouHeHu#, mo3-
BOJMBIMX YNPOCTUTH X IPOACHUTH HAWM MepPBOHAYANIBHHE (ODPMYJH.

C JmodesHoro paspemeHua B.E.KopemHa MH MCIONB3YeM 3TH 3aMe-
YaHMA B HacTrosme# padoTe.

20, I){\a_xﬁnﬂ;m HexoTopue pesyJabraTH ¥3 [I] . Iycrs 4’ (A )=

= TA-mn (M HOpMHpyeM KOHCTAHTY cBaAsH #C (oM.
[1] ) ma I). B paapHefmeM MBJIOKSHWHM MH OyIeM IprnepXuBaTECH CJe-
IytupX odo3HaveHmit: ecJM JQHH IBAa MHOREOTBA MEPEMEHHHX 0= {6 |
jeAl,  9={YIxeB} mwmomo d4eC , mo wepes 6- 0 de

0003HAYaEeTCA NPOM3BEIGHAE 'IT Tf (9 @y +C) . ArayormuHHR}
cMHOM WMenT Bypamerma { (6, ‘2)-1];&\ gx{(ea,cpx), ZA=3UA s I T.I
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~

Ecom 3afuxcupoBaH HHIEKC j=jo , To uepes O oGosHavaerca Ha-
Gop mepemermux {6 [j€A, §# jo}.

PopmfaxTop omeparopa Wf& Qy nna xBemTOBHX Momenelf, oT-
pevamupx R -marpmue XXX —runa, asnaerca pammoHaibHo# @yHKIm-
et or 4N nepevermmx 97, 0%, Z,Z" u momer Gurs samam cmemyo-
meit dopmynoft ( (11 , (5,I)-(5,3))

P65 2580 = D6y, 00000, (6,650 %

$0,,0,15(05,0,)2,2% -

CymvmpoBanue B (I) BemeTcA IO BCEBO3MOXHHM Da3CHEHWAM MHOXECTBA
8 (coors. 6 ), Ha nBa Hemepecexammxca momMHoxecTBa OA
z 03 (coors. 6] u 6f ), o yorosmem IAI=1CI=n.
PamMonansaNe fymkmmt 6y (65 07) onrosmawso ompememsoTes
cHenynupMME cBoicTBaMH
I) 65 (0, 0% - cmmmerpmweckas dymxmaa mo xemmo#t Tpymme
mepemermix 6 m_ 6" B ormemsmocTm (2))
2) oymxmma %2 (67,6%)=(67-6%) 06} (67, 0) ABIACTCA
IOJIMHOMOM TouHOR crememr (mo 0 " x 2z paBHO% n* . (27
3) BhMOJHAETCA PEKYPPEHTHOE COOTHOWEHME

n-1 h-1
() g= ot - + - _At x
'TC” (@;@ ) {%}:-[1(0' 0}*'1)(0‘ 0}'1)"}]:{(0‘0‘;’1)(0 03*1)}

60,6~
W n (2f// )
(z) - + z
xm@%‘%#ni%¢w’: T, =1
ORMH U3 OCHOBHHX DOSYTSTATOB HaoTOAMeR PACOTH ABIAGTCA ABHO
pimonerme moummomos %4 (67,0%). Y
3°. Bwmonerme mmorowtenos %% (67, 6%).
My TpUBOXEM HOCKOJBKO SKBWBAJGHTHHX BHDAROHUR IJIA MOJMHOMOB
&% (67, 8%) , xoropye NONESHH B NpEIORSHIAX.
TEOPEMA I. Iyers p.g,v€Zy . Tloxomm B (p,g,1)=Res g
a-xf e '
X t+1

;W (o,g)=(4-zwk_i(e)+ T Bn-j,n-8,k-j-5) 65(0),
2 521

1$K€20, AgfS N
lIMeeT MecTO caeAymee paBEHCTBO

(%)
"rn

- At - +
(8, 907) = deb | a’x,j,(e;z): “K,}'(@, ] 1sksan (3)

1sjsn
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3AMEYAHVE. MHOTOWIGH 9“:’ OKA3HBAETCHA DABHHM OIDEIEJHUTeJND
maTpum pasmepa 2n x2n . Jerko sumers, Wro dy ;i (6,2) =0,
e  K<j, 1(6 H={-z, a,,H(G),:z) jri- z)b}(e) , TaKmM oG-
pasoM, IIOJIHOM Sim CR ot ) saBiAeTca B NeRCTBATEJBHOCTH Olpelne-
JTeseM Matphua pasmepa (n—1)x(n-4), 2.

JOKABATEJILCTBO TEOPEMH I. PacemoTpmM rlx(a60p TEepeMeHHHX A=
=\ M\y) T BBETEM MONHOMH qﬁm(xM)- o=o(_X) 6e (M . fexo,
970

o) ¢k,n(x!)\)=¢k,n,(xM)+A Py KIX), 1me A=Ay, Ay, (4)

2) ¢k,n(XI)\)=(-X)"'"}];[' (A;-x) , ecmn kzn . (a”)
3) Pnhlh = s'K()\,,...,Xj,...,A,,), 4"
Onpexe/mne xaee TomHOMs: B’ (X“) Pren (X4 [A)- z¢k’n(xf%ﬂ) R
BBexeM oboauauemte P - .2 (x|A+ 7) = K“;n( [A-7 Lon+d 7) . fcHo,
Iro
D B (51Ae]) 1;1. Vo[- 5 t-w+1 1
k=1
) + 1 B <
2) Pz(:-K,Zn 'A 1)' PZw-i v ()\ “‘ 16 kedn,
v

TIe =
D=L
JEMMA I. MMeeT MeCTO paBeHGTBO

w0 5= det | Doy, 0319 3), P4, 6,187

AO) A (D (5)

roe 0<k¢2n-1, 1¢jgn.

TIOKABATEBCTBY. OGosHawm mpasyw wacts (5) vepes TT (6,64,
flcko, wro mia Ty (65, 6%) BHIIOJI!(-Ii{DTcﬂ coltersa (2') u (2”). To-
novioxmM Temeps Oy = 0% —9 s N, (6,0% . Torna,mpu momomm pa-

sercrea (4) MH MozxeM HGKJIID‘{KTI: 0,{ U3 MATDHIHHX dJeMeHToB B (5).

IeftersmrensHo, P, z” (0 | @*

k”v” 1(9 lo+ )+(26+1)P 1Zn z(g',9+z) +8(8+nP, zznz(g m’t%)

rme 0=16,..,0,_,} . CremosaTesHo,
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(%)

4ot | Prs G 1972, B, 082 1721

M _ :
I, @8 )‘9;=9;=6' A(f )A(@) »(6)
rme Osk<4n-1, f1sjsw - flcHo, ¥ro ecm 1<j<n | mo
)
P:lﬂ,n 7»/(@},6_7 = pihizs K=2Kr‘2, n-1 . Iaxee

vt 2, 018 £ = (0-8){(6-§-1-20-6+0},

PY  (0]§t2)= 0-6){(0-F)8-F-1)-2(6+1)(6-§+1) ] .

-1, -2

OnpeneJyiTesb P 2,(:12 et 019 ’ % z; nd T l 'GV %
m (o >,
-M w(@'@ zmzn-z(@’@ ";,')

KaK JeTKO BUIESTH, paBHAETCA
(8-07)(8- ﬁ*){%(6-§'+1)(@—§+-1)—(@-0—-1)(0-9*"1)} )

CJIeZ0BaT &IBHO, TOJIHOM ﬂm (65,8% YHOBIGTROPAOT DEKYDDEREHOY
coorHomeru® (2 ). Taxmu obpasam, 1% (67, 6H)=5 (676*).
JIemva I mokasaHa.

CIEICTBUE I. (B.E.Kopemm).

-4 a4 - LAl

(z)@ 0 d&tf ""K(G "'7)@&#}—?)_26;(04#}*%)0 7 k-1(0a#; 2 I

A0 A0 7)
Jleﬁc'rsmemo, B CWIY (4”’ ) mveeM
(8;10+0)= 60847, 84,0y-7) - #6855+ 1, 0-7)

k wm K a/q % K\YariT %, 2 n

,‘:’M(@ |9* )= 6, "(O"'*J 9,)

3AMEYAHUE. C.ne,ucmme I 6uxo yKasaHo aa'ropaM B.E.Kopsrmmum.
B nameit nmepsoHauasbHOR fI)opmsze Bk :r»‘,f (67,04 HCIOJB30BaAMCH
donee croxHHe PyHKIM PK w(XIA\)  ecrecrsemno BosHWKammme mpE

pusmonenmt Gopmpaxropos mia 0(3) memmmeftnoft 6 -momenmz (9] .
B Toﬁ xe paodore COLEPRUTCA BHYMCACHUE do.nee oOuuit Gyt

6 (67, 6°% 8% (cm. Tarme m. 5° macromme#t padoru).
TenepL MH ocBodommMcsa B Popuyne (5) or sHameHarenelt. Lia
aToro, ¢ KARNHM mogMHomecTBoM L C{4,..., n} CBAXEM MHOTOWIE-

(%) 1
WP (T 18)= 6807, 0her-7)- 2 6k(Bagx + T, 6,-F)
JEMMA 2. MMeeT MecTO paBeHCTBO
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(%)

w6, 6= deb [ B (1. 1816), B, (04,3161 (8

1skshn, 1sjsn,
rae ’ @ R @,
JOKABATETHCTBO. fioso, wro By, (0;1823) =B, (1j318) 4

P (Tutad|8)-B T uibil®=(05-65B5 , (Tutasilh). ©

Jemma 2 JeTKo cuenyeT u3 Qopmyss (9).

Teneps MH IpE IOMONE SJEMEHTADHHX TIpeoCpasoBaHMi HAZ OTOIG-
HaMX MaTpHIH, Bxonamelt B mpasyb uacTs (8), modnemcd, UTOGH Bce
SJIeMEHTH B Hell ABIAMCE: OH JuHeAHHMN KOMOMHAIAAME CHMMETpHYeCKHX
q’y’fmmﬁ G’K(G'F"/Z) n 6&(6‘{/2)

JEMMA 3. OmpeRenM MHOTOWIEHH

w-j C( nei .
ﬁk’j(ﬂ,z)i.’.o(-n ( 4")6}_54(6”/2)—%6',‘_} (6-12) . (10)
Torzma
T, 00 = deb] 6 0 n), 4507 1)], (D

rie 1<k<%n, fsj<n.

*@)
IOKABATENECTBO. Samermd, uro P, ({f,.,n}18) = 6,,(8,%) Byu-
TEM Telepr 3  (n-4)-ro croidoa h-uit, ymBoXeHHHE Ha (@,; 1/2).

flco, UTO PS;’,(U,...,n-ﬂ,@)'(@,,H/ZWK,,,,(@,Z): O nt(8,%) . Tos-

TOpAA 9Ty HPOLELYDPY, narydaem fopmyms (I0) = (II).
JEMMA 4. ViMeeT MeGTO DaBEHCTBO ’

y 108, %) = ﬁ,,;(ﬂ*f/% %), (12)

rie mommoME  %x,j(8,%)  ompenememn B reopeme I.
JIOKASATEIECTBO (I2) onemyer m3 dopmys (oM. [II] ):

K (n-k+{-1
6‘,<(A,+1,...,A,,+1)=c2'. ( 2 )6;_& \) .

JOKa3aTeNbCTBO TEOPEMH I 3aKOHYEHO.

4°, B sram pasneye MH npuBeneMm ofoCmeHWe DesYJABTATOB pasie-
na 3° macromme#t padors Ha ciydalt, xorma muomecrsa 0 m 0% e~
©T, BoOOWE T'OBOPH, DA3MYHOEe KQMMIECTBO SJEMEeHTOB. B wacTHOCTH,
korma (6871=N, 10*1=N-1 |, vu puamcnaem B sBHOM Bume Popm-
gaxTopH moxeit, T.e. MATPUYHHE BJIEMEHTH olepaTopa 9(0) , pac-
cMoTperHoro B padore [IO0] .

OnxempyeM meqoe waco K» 0 , m Oymem B mambHe#mem pacemaT-
puBars Hadopu mepemermzix 0 m 0% ¢ yemosmem N_- N+ =K |, rpe
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N, =16%| . Hac mmrepecyer pamonamsmwe fymxmm 6%(67|6%),
KOTODHE OHOSHATHO XapaKTePEIyDTos CIeIyWmMm CBOiCrTBaM
I) 6*(6718% ~CHmaterpuecKan $yHKIMA MO KaxmoR Tpymme
nepemennx 0 m 0% B ormeasHoCTH.

2) Oymxma  KF(6716%)=(07-6%)6%(6710") ganterca mom-
HoMom mouoft crememm (mo 0,6%m % ), pammot N_-N,+IN,-N_L
3) MMeer MecTo DeKyppeHTHOe coorHomemme: ecau Oy =8} =0,

TO

507160 g - {2(9-G+0)@--1-0-§=-18-§"+ )} =
7 %8| §h, %07 [Pr=1.

[pexne veM cHOPMyIUPOBATE PESYJBTAT O BHYMCJEGHWM IIOMIHOMOB
s*0"16%y , npuBefieM HECKONBKO oosHaveHmit. [lyoTs Kak X
parzme , (x|\) = Eeto 0¥ &g (\) . Toxoxms

R(:)(e;)=¢.<(0;'%le-‘ ) Z(p( ’9+z;0 g);
Rf’(@{;:(bk(@;-%lou%,e*-%)-wk(@j+ 0-4,6"+1) .

Hamommim, uTO <PK()\5[A)=s’K(A,,...,)‘}v,...,)\,,).

TEOPEMA 2. JiMeeT MeCTO PaQBEHCTBO

e oo or_ deb R 830, ROD) |

v [6 = A8 acdh

JloKasaTeNECTBO TEOPEMH 2 IQIHOCTHD AHAJOTMYHO MOKABATENbOT—
By JeMvu 1.

CIEICTBIEE 2. Eemx 1871=10%1 , 1o &*(6(6%)=5)) (66",
rme 4%(67,0%)  sagaerca do Jron (5).

59, Buwncnenwe QyHKImH 6 , 0% 0.

Ipr BHwmonemmr GopmPaxTopoBs m 0% Hemeﬁnon & -More-
m [9] Bamuyw DOTH HIDabT DAIVIOHAMEHNE MK 6%(07,0°,0%),
me 1671=16"1=n, 108°|=m , xoropwe mpm 0°=@ coema-
zavr ¢ gymxmmam 6% (07, 0%), pacomorpemmam B pasgesax 2° u 3°
GopMyma (2)-(2"), (5). Ommem cpoftcrsa dymkmmt 6% (67, 6°, 6%),
KOTODHe U3 OZHOSHATHO OMpeNIeLaRT:

I) 6%(65,0° 6% omaMeTpIIeoKas QyHKimA mo xaxmo#t Tpym-
me mepemernrx 9, 6°, 8* B ormemmoory.

2) Qymxma ar‘<(-),0,0*):(0'-9’)(0*-0%6“‘(9’, 6°,9*)  amma-
eTof NouMHOMOM TMomHOK crememm mo 6, 0°% 0%y % ) | pasmott

(m+ny”

) 0$K6N-"’N+‘1 . (I3)
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3) BHIOMHABDTCA PEKYPPEHTHHE COOTHOUEHMA

# "5%‘9-’0‘1@+’,9;=6;=0 %6 0°8") »

(85 1 (0-B108-6- 1)(6-652)-2(0-81)(6-§1)(6-6°10-0% 1)} (14

) arz(e‘,e‘i@*>le;= ot ™ o' @,6°0t6,3,8"), (15)
TP, 0,@)=1

Kax sumpo w3 (I5) mommom & %6, 6" 6*) noryuaerca us dimm(e U6,6'08"
cnemmamsamgett  6;= 6:l +4 Ll i sHaveHu MHIGKoA i . 1pm
oTOM MH Toxyuaem nas qic(6,6%6%) mpemcranrenme B Bume ompexmesu-
reas pasMepa 2(n+m)x2(W+m)  ; gpoMe TOTO, MH eme NOJXHH Das3-
IeJMTH 9TOT ONpENeJMTeNb Ha "Jmmme" JuHedHHe MHOERWTENW, 4TO BECh-
Ma 3aTPYIHATENEHO CLEJaTh, no.nsayncs Popmyaoft (5). Mu cetwac mpm-
BezeM fopMyny mif mosmHoma &> (0, 6°, %) B Bume ompememrrens
pasMepa (An+m)x(Zn+m).

TEOPEMA 3. MMeeT MeCcTO paBEeHCTBO

2o oqr. debloig (6, AL65), ahdD)] (16)
T ( = L '3/> Yk \Vy/ry VVK\V1
5.6,67 AE)A@) 880 096~ §%1)

Tne

(%) 0
0 &)= B, (61072, 6% D), @) = = D6 [9%44,6% )
UL“”(Q) (8-076- 816" 0+1)P“’@° 16721,62)

*(9‘94'"@'9;+"‘9‘91'1)PK<9jl9'i;, ,%)

IOKABATENLCTBO. Iposepmv cravama, wro %+(656°,8%) = mommom.
Jleﬂc'x_'smenmo, LeJIIMOCTE OIpefeyuTesna B IpaBolt 9acTa Gopmyim (16)
ma 0p — 9~° caIemyeT M3 paccMoTpeHma pasHoorn (O, (9°

- (8- 9 Q- 01’1)(@ 0 -1) @, (8p) , a ,nemwocx-s Ha(@c Q*H)
u3 paocmorpem paanocm ()L (0 )-(6- 8 I 9+1)(9 9 1) W (8p) -

Cremess moummoma %i%(67, 6°, 6*) JIETKO BH‘MGJIHGTCH ¥ paBHa (m+ ny-
PexyppenTHHe cooTHomeruA (I4),(I5) mpoBepAnTCA BIOJHE SHATOTHYHO
IOKa3aTeJbCTBY JIeMMH L.

MeronH, pasSBUTHE B NMpPEIHIYUMX pasHeJax, HO3BOLANT BHUMCIUTEH
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R85 2,2
BaKyyMHHe SHaYeHus fopmpaxropos fy (V, 0, % , OmpeleJeH-
Hux Qopmysof (I). Tounyw PopMyJHPOBKY pesyJabTaTa MH NDHBENEM B
CJIEIYHIEM pa3neJe.
. Bakyymune sHaueHua $opmbaxToOpOB.
TEOPEMA 4. OmpemeJsmM IIOJIMHOMH

(@,%)
Aw.(e,, 9) (100){6"(0“ @a#} 9,) Mv(eaq 2,10 ,f(,)} *

8,- 0, +1
026 G thal T —Ei g (B 21, (I7)
b+j pﬂ,} @P—Gg _ @)
Ilne 1‘}'<N, 0<K Z'N— leoma AKJ'—A )}(0);

(o,n
A Kj = A @9 pacemoTpMM MaTpuy (L= lA“ ,A,< d | pazme-
pa N XZIN(1<;,<N 0sksiN-1).
MeeT MeCTO CJEILyWee paBEeHGTBO
det
(§-6") a8
Hamovzmm, uro B (I7)  6x(Af,...,Ap) - amo  K-as amemen-

TapHad cUMMeTpEIecKas QyHKmuA oT Ag,..., My . JA MokasaTexbcTBA
TEOpEMH 4 PaCCMOTDMM IIQUIMHOMH

“ 1 0ed)- o1 g1
R (8 = a8 Bgey-78+3)  Gelbayi o5, 0-3),

F'N“(G', [ SEPIE (18)

w i 0 61‘1 1
Qmj(@)=(4—“)q‘(e+2”0“’i - Wc?; PEJ 6,6, et G 7).

Oyers §7= G uby, AnB=9, |Al= . OnpeneJmM PDAIVIOHATEHYD
QyHRIMIO
@0 o+
9;5(9:0+)= ddt,P“’eA(e) G jen ), Ay 6] . (19)

A8)A00-0" 58y, 05)
TBOPEMA 5. /Meer MecTO PaBeHCTBO

o —_ -
aa 000 = L o060 600, (8,6,) 585,60 (20)
8= 6, v 63
|Al=1c]=n
B cury (I) ms reopemn 5 cuenyer Teopema 4. 3amermM, 4ro u8 (I9)
(20) cxemyer sABHag fopMysa LA 6"‘L (0,0 (uago Bsars B# ¥ )
OrmeTiM, uro fopmyaa (5) cosnalnaer noose yvuoxemus (5) ma Z
(20) B cyuae B=@ um 4=%
Mu orpamwumvcs oxyuaeM o4 =0 1pm moxasaTennoTBe Teopemu 5.
79, IloKasaTeJboTBO TEOpeMH 5 B oayuae d =0 *
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0Gosmawmu uepes Z, (0, 60%) koopfmment mpr (O B
c'w*(e", o . U3 JeMMH 2 oxemyer, 4TO
) . (21)

28,6 mlev ooy 2,84, B (133 6)]

- a2t
Ipyroe BHpaxeHWe I CTATHCTHYECKOR oymMu Z,8,8)  Guno momyue-
HO HesaBuemMo A.T.Mseprmmxm [8] .

HamomimM, 4TO mMeeT MecTo paBeHersBo [I0] :

5,065 L # MR 0 600E, (0050, 6)5(65.00) ,  (22)
9=9AUQB
90 v 03
TIpITIeM AnB=9, (ngd=0, [Al=]0]=«
Tosroxum
Zap000= L 28,6007, (b, 6) 565,60 (23)
6'= 6;u 8
IC]= lAI
JEMMA 5. UmewnT MecTO c.ue,nymme DEKYPPEHTHHE COOTHOUWEHNA
i) eche"eeeeA.TO
Res ZA,B(0:0+)= (—1)&(9,9%)&((5’,9)23,3 §56m, (24")
i) eom 0,=0=0,€0%, mo
Res 2 5(8,60= (-1);‘(9%,9)}(0,(3*) Za5656%), (24”)

37ech A= Atin}, f(@A,9)=jI;[A “91’0) B T.1.

JIloxa3aresbCTBO JEMMH 5 CJemyeT U3 DPeKypPeHTHHX cooTHomeHndt mis
crarTuoTiueckol oymvu Z, (6, 6%).
JEMMA 6. JImeeT MecTO paBEHGTBO

det | O Bre 167 %), D410 f),%{(@;&!%),
A8 805 )(05- 05 +D 886

Jloxa3aTeabCTBO JEMMH 6 BIOJHE SHAJIOTWYHO NOKA3aTENbCTBY JEMMH I.
TNonoxma My 3 (876"  pasmm mpaso#t wactw (25).Torma My, p(6; 6%y
yIoBieTBOpAeT cooTHomeHmAM (24 ),(24 ),nmommomu (8- 9%)Z, AB

n (07 9*)”,\5 YMEOT OIVHAKOBY® CTemeHb (paEHyD H? ), ¥ omu-
HAKOBHE HAUAJBHHE 3HaYeHmA. CIefoBaTeNBHO, BHIOJEACTCH DABEHCTBO
(25). 3Bamerum Temeps, WTO mpM 4 =0  OyHRIM 6AB(6 8%y , sa-
IaBaemue Qopmysoft (20) cosmamawr ¢ Z AB (050" . Joxasarers-

(25)

ZA,B(O",@*)
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CTBO TeopeMy 5 i caydas 4 =0 3aKOHYEHO.

Ha sToM MH 38KQHUIMBAEeM DaccMoTpeHue @ymimuit 6’(6', 6*) -
"roaddurenros Oypre PopmParTOpoB" I KBAHTOBHX Momesell, oTBeda-
o R-marpmmam XXX —rmma.

8°, B srom paspese MH mpuBeneM "MyJIbTUILIMKAT BHHI" aHajoT
Oy HmmEi ﬂﬁ , KoTopufi coorBercTByer "koadduumeHram Typre GopM-
(BaxTOpOB" AR KBAHTOBHX Moleje#t, orBevamupx R -marpumam XXZ -
mina [2] .
b=at, 1671=16%|=
Miycrs 4 - HesapWeummas mepemenmag v=0"", |67[=|67]=n.
BymeM cuuTarh, YTO CTeNeHb @ paBHa HyJwn. ooz

T0810 = 0,66, [40,60)- 2P, cab; [ a6, 60) .

K
3meck, KAK ¥ paHble, q)K(X,)\) = Eho ‘"k_e(A)(—X)".
OnmpenmesmM "MyJIBTHILIEKATHBHHR" aHaJIOT MOIMHOMOB .%ft cJIIe Iy -
meft gopmyaroft

deb | T%6; 67, 7,63 1651 (26)
(a-8"a@)adh " g

II :‘”(O'I 8" =

TIe 05'(#1“'“1 .

TEOPEMA 6. Ilommomu TT,(:) ONHO3HAYHO XADAKTEPUSYDTCHA CIEXyD-—
Mz cBo#cTBaMI

1 NP cetleh - cyMMeTpEYeckad (yHKUEA mo RammoRt Tpymme
nepevermx § z 8° B ormerzmocTH.

2) oremens mommoma 1o’ mo 07,0 = % pamma K’ .

3) BuNOMHAETCA DEKYPPeHTHOe cooTHoweHwe: ecum O, =6 =0,
TO

%) - ~_ ~. ~_ w,
L7016 - oo = {(8-a"07)(8-6°" - 2(8-6%47)(8-0*6") }

W 6= 0,

(27)
@) A ®)
«IL° (8187, II,(g(6h=1-%.

Jloka3aTeqbCTBO TEOPEMH 6 BIOJHE AHAJOTHIHO NOKA3aTeNBCTBY JeMMH 1.
CoorpeTcTBynIMe "MyJBTUILIMKATABHHE" aHAJIOTH MMeDT CJefcTBHE I,
JeMMa 2, TeopeMa 2, TOVHYD (OpPMyJMPOBKY KOTOPHX MH IIPEOCTaBRJIAEM

wmraTeaw. OTMETIM, uTQ dopmysa (5) morydaerca w3 (26) mocie cme-
AT 3a Gj|—’4+56’, a1+, £—0.

3AKJIYERVE
B nacrosme#t padore M BHwmomwm Gymkmm 6 (05,0%) , mmaa-
mmecs "kosddmmentamu dypre opmPaxropos”,pacomorpemnux B [I] ,
Popmyms 5.1-5.3: GyHKmm 6“)({6_}N_1|{6+}N) , sanamEne Popvysoft
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(23), 2=1 , asnmumecs GopmbaxTopamm moureit q’»,(O) , pacoMoT-
permmx B [I0] , Gopyma (3.II),(3.12). Ina gymmmmt 6, (6,8%)

MH IpUBEMM HECKOJBKO IpeXcTamRIcHuRt B BULE neremnman'ra dopmyH
(8), (7N, (8) (II),(I3). Mu BHYMCIIM BaKyyMHHE 3HAUeHuA Hopmbax-
TOPOB FN , ompenexeHHsx B [I] . Hepememion mHTepecHo# 3anavelt
ABNAGTCS ABHOE BHUMCJEHMe (QyHKmmit F (67,0%,2°,Zh.

ITPWIOREHVE
Tlocse ToOro, kKax Hacrosamas padora Owia 3aBepmeHa, MH Y3HaJH,
qro H.A.CraBHOB Hames HOBOe IpeIcTaBiIeHNe LIA IIOJUHOMOB oz,,(e‘, g
B BUIe ONpeNeJHTeNA MATDUIH pa3Mepa W XN . Pam HOJHOTH HSJIORE-
HEf, MH IpuBeneM B mpmioxeHmy opmyay H.A.CraBHOBa.
TEOPEMA (H.A.CiaBHOB). JMeeT MecTO DaBEHCTBO

+ +1)
“:(0_’0%(_“(1) C 96 04)(0 -8 it [B,, | 28

o - Ga-0i-1 005 7 a-0mr? 6a-6,
=0T [ -60ex] IT 2%t aPk 7 JaTmt Ca”m
BKJ KJ’ ”12:1[( % sm K ]a$m sa_9m+1 g;_gm ﬂ*:} 9;_0‘}_1 ga_aj

) -
JOKABATEIECTBO. OGosHaumM 4epes (x(s 6" npaBy® 49acTh fop-
MyaH (28). Paowarpm cHaUaJa IOBeMleHHe MATPHYHHX KoadmmueHTOB
By (0, 6*) b (28) mpu cmemmamsamm O~ 0}, 6,=0) +1.
CuopaBeIMBH OJEIyHupe IPaBIMIA DeXyRIMA

I)

By, 0] g = -1 056+t

a;j. 9;-9*1 . 93‘0"1 'Z} d~

n};
2) ez 1<K j<n o

- A4 ~ A - +- _ +
By; (870 "9'=o*=e - By W06
(0—9--4')(0-6-)
3y Bul, 0’, Bt 0 zna Boex 1 <pgh.
#s 3) ane.uy';'r, q70 Vm(ﬁ 8") aBaeTeA MOMHOMOM (JeTKO BE-
IeTs, wro BK He meer [OJINCOB IIPH Gi = 9; ) cTemeHn
A -ny -nt+2n =nt . s I) m 2) cxemyer, 4TO V,ﬁv (0, 6%
JHOBTCTBOPAET DEKYDPDEHTHOMY COOTHONGHAD (2"). Ocraerca samerurs,
aro V(0 0%) ammmercs cmmerpwueckolt dymmett mo 0 u mo 0F
JIoKasaTesbCTBO SaKOHYEHO.
H.A.CiaBHOB HameJ KpacHBOe IPAMOE NOKASaTENHCTBO SKBHBAJIEHT-
Hoor? Jopmyx (5) m (28). PacoMOTpEM OmpefeJmTess BaHIEDMOHIA IIO-

™
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pamKa In x Iw: }
(4/2- g )M ,

A =
/- 0 bk 1<jsw
1sksin
fleno, uro deb(a)= a@)a®@) (8- 97+ 1) . C mpyrolt cro-
Do,
Ao Ao
(€3) 1) 4| A+ ¢ K} 29
8RGO PG 0 et =| oo |5
1<jsn K} Akj,
TIE - o
A"j’ = ag (oa'— Oj)( 9@‘0}*4} d;} »

Ko J}j(o;- 00 (8- 8- D-208; 050+ 2],
Ay H. (0a- 0,005 -0+1),

++

A.<J H (05 - 6;)6;, -0;-1) 4

lpz BHBOZE Q)opnnme (29) MH KCHOIIBBOBaJm paBeHcTBoPm(Gjlg +4

= 6‘[((0“#} z y 9* z) 2 6\;( (oa*j 2’ 2 9 2/ ’ I‘Jle 6‘;( -

K -ag oJeMeHTapHasd cuMMeTpudeckad Pymmmmsa. Dopmyna (28) moxyua-
erca u3 (29),ecium BOCIOIB30BATHECA XODOWO MSBECTHHM yTBEDKIEHUEM:
ecym MaTpaua 4 paamepa MW x M ofpaTEMa ¥ KOMMyTUDYeT ¢ MaTpueit

¢C pasMepa Wx¥W , TO

dt(--q-ﬁ-- deb (AD-B0) .

H/

Wo#
JvrepaTypa

1 Izergin A.G., Korepin V.E. The quantum in-
verse scattering method approach to correlation functions,
Comm,Math.Phys., 1984, vol.94, p.67-92.

2 Izergin A.Go., Korepin V,E, Correlation func-
tions for the Heisenberg XXZ-antiferromagnet, Comm,Math.Phys.,
1985, vol.99, p.271-302.

3. Creamer DB.y, Thacker HBs,yWilkinson
D. Gelfand-Levitan method for operator fields, Phys.Rev.D21,
1980, p.1523-1528,
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4, Gmu pHoOB OQ.A. YpaBHenusa I'exsdanna - JlepuTaHa LjIA KBaH-

TPBOI'0 HeJMHe#HOIr0 ypaBHeHus llpemuHrepa ¢ IPUTAXeHWEM, JIOKI.
CCCP, 1982, T.262, ©.78-83.

5. Creamer DBey,Thacker HB,,Wilkinson
D, A study of correlation functions for delta=-function Bose
gas, Permilab=-Pub,-85/51-T, April, 1985, 65 p.

6.Kkupnaxaos AH.,, CMupHOB O0.A. QopMPparTopu B

SU@-mibapuanTHO! Momem: Tuppmura. B kH.: InddepenmuansHas
TreoMeTpud, TpymnH Ju ¥ Mexammka,XI, 3an.BayvH.cemuH.JOMI,
1987, 7.164, c¢.70-I20.

7. s mirnov F,A. A general formula for soliton form fac-

tors in the quantum sine-~Gordon model, J,Phys.A: Math,Gen.,

1986, V01019, poL575‘L5780
8.13eprux A.I'. Crarcymva mecTHBEepIMHHOR MOZEe/M B KOHEY-

HoM odneme. JAH CCCP, 1987, 1.295, % 6, c.I603-I609.
9. Kirillovw ANy Smirnovw F.,A, Form factors in

0¢(3) nonlinear ¢’-model, Intern.Journ, of Modern Phys.,
A, 1987, vol.2, N 6.
I0.Msepruu AT., Kopenuzun BE.,Pemerunxus
H.0. Koppeasmmonune QymErmym mojelt B oxHomepHom Bose-rase.
B xH.: BolpocH KBaHTOBOX TEODMM NI M OTATHCTHYecKoR fmsm-
¥u.6, 3an.HayvH.ceMuH.JOMI, 1986, T.I50, ¢.26-36.
II.Maxnoraas g U. Covverpmieckne JyHRIM ¥ MHOTOWISHH
Xomna. M.: Mump, I985.

On some combinatorial problems arizing in the study of correla-
tor functions in exactly solvable models of Quantum Field Theory.
Kirillov A.N,, Smirnov F,A, - In: Differential geometry, Lie
groups end mechanics IX (Zap.nauchn.semin.LOMI, v,164). L.
"Nauka", 1987, p.67-79.

Explicit solutions are presented to the recursion relation
arising in the calculation of correlator functions in exactly
solvable models of QFT via a method proposed by V.Korepin. The
golutions are expressed as determinants of certain matrices.
Bibl, - 11,
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A H.Kupmino, ®.A.CMEPHOB
SOPMEAKTORH B SU (2) -VHBAPVAHTHO/ MOIEMM TUPPYHTA
Beernenme /

Ilom ciuoBoM gopmMfaxTOp B KBQHTOBOE TEODHM IIOJA IOHEMAETCH
MATDWIHH] 3JIEMEHT JIOKANBHOI'0 ONepaTopa, BHUYMCJEHHHH MERIy Baxyy-
MOM @ -\ -YacTWYHHM COCTOSHMEM. JJIA IByXJYacTW4HHX QopmbaxTopos
cymecTByeT yIoOHaA IAapaMeTpH3alMA Yepes S - NMepeMeHHHe, C I0—
MOI[BO KOTOPO# yHaeTcd IONHOCTHH HCCJAENOBATEH UX QHAJIMTUIECKYI
CTPYKTYDy H4 OCHOBE KDOCCHHI-CHMMOTDE® M CPT-MHBapHaHTHOCTH. B
padore [I] aTm, m3BecTHHe B oCmeM GopMATM3Me KBaHTOBOR Teopmy IoO-
77, cBoficTBa GHIM MCHONE30BEHH IJIA BHYWCJIEHMA IBYXYACTWYHHX (OpM-
$aKTOpPOB B TOYHO DEMAEMHX DeJIATHBHACTCKUAX MOMEJIAX B IPOCTPAHCTBE

4 + 4 nu3mepenmit. B aTo#t ke padore CHINM IPUBENEHH HEKOTODHE
ypaBHeHEA A | -4YacTH4HOro fopmfaxTopa, IOIyUYeHHHe IO QHAJOTHH
¢ [IBYXYacTWUHHM cJydaeM. CMHCJ 3TUX ypaBHeHuit, omHaKo, He COBCEM
HOHATeH. POPMPAKTOD CKAJAPHOI'O IOJA YYaCTBYeT B HEX KaK JyHKIWA

$ -TepeMeHHHX BO BCeX IBYXUACTAYHHX KAHATAX, KOTODHX M.(ML-4)/2

B To ®e Bpems peaibHO Taxo#t dopufaxTop saBmcuT or N -1 BemecTBeH-
HHX II@peMEeHHHX .

B padotax [2,3] dopupaxrops B Mogemn SinL-GOULON cwm maumc-
JIeHH ¢ HCHOOJIb30BaHUEM IIONIyYEeHHHX B [4] KBQHTOBHX ypaBHeHuft I'esb-
dannma - JleBurana — Mapuerko (YIVIM). CIORHOCTH, BOSHWKAXIIAE IpH
TaKOM cIloco0e BHUHMCJAeHHA opMPaxTOpoB, CBAZAHH, IpexIe BCEro, C
nojyuyeHneM YIJIM Hap SalOJHEHHHM BakyyMoM. OTH yDAaBHOHWA OKA3aJACh
BechMa 9PPEeKTHEHHME B CEKTOpe, COJIeprameM TOJBKO GO3CHHHE (OmHO-
KOMIIOHEHTHHE BO3CyXIeHNA, e OHM pemalTcH ATepalyaMA) . B cIeKT-
pe momesm ANL- nMeKnTCcA, HOMAMO 3THX BO3CYRIeHmE, COJNHATOHH,
ABJANIMEcA IBYXKOMIOHOHTHHMH 4acTHIaMd, T.e., oClajaniie BHYTPeH-
Hell cTeleHsl CBOCOOH. JJIA CONIMTOHHHX (PopMPaxTopoB CHTyanund elle
HEKOTOpOe BpeMs ocTaBajach HeolpereJseHHOH.’

B paGoTax [5,6] Guna peasm3oBaHa cJiemymiuas Dporpamva. o aHa-
JIOTHR ¢ MOLeJsh SiNL- Owin Hamucars YTIM Mg Momesn

s -Goudon . B cmexTpe 3To#f MOLEJM MMEETCH TOJBKO ONUH COPT
OIHOKOMIOHEHTHHX BO3CyxmeHult, uTo olecneyuBaeT GONBMyl >HHeKTHB-
HocTh YIJIM. Buio moxasaHo, 4YTO JIOKAJIBHHE NIOJIA, HDOAydYaeMHe B pesylik
TaTe pemenusa YIJIM ymoBreTBopAlT PyHIaMEHTaJBHOMy TpPeCOBaHUL KBaH-
TOBOHl TEOpWY NOJA - JOKAJbHO# KOMMYTaTUBHOCTH. TeM caMHM IpaBUJIb-
HOCTE rumoTernyeckux YIVIM mosyumia HEOCHODPHMOe C TOUKH 3peHUs KBap
TOBOt TEOpUM IOJA NMONTBEpKIEHWEe., Takad aKcUHOMATUYECKAs NPOrpamMMa
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oGnanaeT GOJbMOM IPHBIEKATENBHOCTHD, ONHAKO LJIA ee DeaJsu3aliid
HEeoOXOm¥MO MMeTh XOpOmy® TMIOTe3y OTHOCUTEJBHO BuIa fopmbaxTopoB
wm JTIM, 4TOo B ciyduae MOIeENH %-(‘mq‘M IPaKTAYECK! OIHO B
TO HEe.

B padore [7] GOWiio mOKa3aHO, YTO B MOZEJH sie-Goulon s
CeKTope, CoOIepralleM COJMTOHH, YIJM cBoIATCA K HETPMBRAJBHOR MaT-—
pruHoft 3amave PumaHa. Tem camum YITIM okasHBawTcs Majo sffexTnB-
HHMH, HX CMHCJI CBOLUTCA K TOMy, 4YTO fopMPaxTopH yZOBIETBODAKT
sallaye PrAMaHa, pemaTh ke ee IPUXOIATCA He3aBHCHMO. 3aMedaTesBHOe
06CTOATENLCTBO COCTOHT B TOM, 4TO, OJaroiapd He IO KOHIA eme IIpo—
fICHeHHoft BHyTpeHHeft cHMMeTpMM IpoCieMH, 3afiaya PmMaHa mna fopm—
$axTOpOB pemaerca ABHO (3,7 . '

[IpuBeeHHOE BHIlE XPOHOJOTMYECKO® BCTYILUIGHHE CIeJaHO IJIA TO-
ro, 9TOGH OHJIa DOHATHS JIOTMKa HacTosallel#t paGoTH. Ilo aHalormm ¢ co-
JaToHHEMY HopMbarTopaMu B MOZIesH sine-roulon  momuo momHTATBCH
BHIBHHYTH I'MIIOTE3y OTHOCHTEJBHO BHIA HOpPMPAKTODPOB B IDYTUX peJifA-
THBWCTCKHAX MOJEJAX, BO3CYENEHUA B KOTODHX MMEWT BHYTDEHHMe cTelle-
HE cBoGomH. Tarux MogIeJiet GONBNMHCTBO, OCCYXIABNASCH BHIE MOIEJb
ah -Goulon  cxopee mckmOueHWe, yeM Hpasuio. llocle TOro, KAk I'i-
moTe3a BHIBHHYTA, MOKRHO IPAMEHHTH K STUM MOJesAM IporpamMy paco-
TH [5] , T.e. IIOKA3aTh, YTO JOKAJbHHE IIOJA, omperesdeMue (opmPar-—
TOpaMy KOMMYTHPYWT Ha IPOCTDPAHCTBEHHO-IOZLOCHOM HHTepBaje. IJTO fAB=—
JeTCA JNOCTATOYHOR IpaBSpKO# TPABUIBHOCTH THIOTE3H.

B HacTosme#t padoTe HM3NIOKEHHAA IporpamMa OyHeT NpUMeHeHa K

U @) ~VMHBapWaHTHO! Momesu THppHHTa. MomeJb MHTepecHa cama
Mo ce6e ¥ ABJAETCA I Hac IEPEXONHOA cTymeHbh oT AN -(owlon
K 0(3) HeJmHefHOR ¢ -Momesm, KOTOpO# GyHeT MOCBAUEHA cJe-
Iyomasa Iy CIuKanus.

Momens Tuppuura ¢ SU(2) umpapmanTrOcTN ommcusaercs Jarpan-
EAQHOM:

2 =[P 00y - 9T, WP {uc™ ) dx

TIe \,p:{\yzb} - Gepvm moms, uumexc L =0,4 CTVHODHHIE, 1H~-
IeKC o= T4 - m3oronmueckuii. Marpum Ilaymau o IeitcTBYOT Ha
nso'ronwiecxme, a /X - Ha CHUHOPHHe WHIEKCH, IpH 3TOM /X0=64 R
,= 6" . Mozens uccieroBalach B (8] . Bumo morasamo, uro $msu-
YECKVUMY BOBCYRIGHUAMN ABJIAKTCA MACCUBHHE IBYXKOMIOHSGHTHHE YacTH-—
UH. IS omucaHusa QU3UYECKOr0 IPOCTPAHCTBA COCTOAHME MH CymeM uc—
IOJB30BATEH ONEpPATOPH SamosomuuxoBa — PammeeBa. CylleCTBOBAHHE ITHX
OIlepaToOpOB ABJAETCA B HameM Iomxome axcuomoil. bes Hux, BIpodeM,
MOXHO OHJIO OH M OGOHTHCH, HO 9TO YCJORHMIO OH TEeXHUKy. Anredpa 3a-
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MOJIOTIMKOBa — Jdamneesa Ze(p) , Zf(p) ,(8= 14), pe R 3a-
IaeTcA KOMMYTAIMOHHHMM COOTHOMOHMAMH $

PEZH) = 5% (B2 Z50p),

Z5(6) Z5 () - Soer(bep) Z4 ()25 (8), @
ZHR)ZE (B = SHp) 2 () 25 (p)*

“B' 8lppo),

rme O - IBYX4YaCTHYHAA S -MATpUIA:

SEIEE () = Solp(BEL! 85“-4(:»‘58’«5‘) G- =k
|"(4 zzm,)r' 2"L>
ST TRk

mEave ToBopA, O feftcTByeT B TEHSOPHOM MPOMBBEINGHME MBYX (Dz n
Iaetca fopmyoit

S(8) = S (pL-P) 5277

rme | - emmEWMWHMEt omepaTop, P - omepaTOp IEpEeCTAHOBKH. LIpo-
CTPAHCTBO (M3NYSCKUX coc'rommﬁ HATAHYTO Ha fWsmuecKmit BakyyMm

'Pﬂ’z . Omeparop Z & (]5) aHHyJIMpyeTCH Ha lPFL) , OIepaTop
DORIAeT YACTHIY C SHOPIei—HMIYIbCOM:

4(’3?') msﬁ, , M - Macca.

ot nadop "' COCTOAHTE COCTOHT M3 BEKTODOB:

Z&W(ﬁ,,,) . Z&'(ﬂﬂ lpﬁ) ,
o> > by

OoJHHE Hadop ”Obd}" COCTOAHU COCTOMT X3 BEKTODOB

s (B - Zg (BIphy,
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Bu< . <B.

Us (I) ciemyer, 4To UL COCTOAHEA mpeodpasyores B OUL momioft
S  -marpueit.

B HacTosme#t padore GymyT paccMarpEBaThCH HopMPaKTODH caenyn-
IMX JOKAJBHHX ONEPATOPOB: TEH30DA SHEDIWH IMIyIBCE L.y
TOKOB ag’” =y 60’1 WY ((L =1,23) . B Tex cayuasx, Korza
He CyMECcTBEHHO, ¢ KAKMAM HMEHHO W3 3THX ONepATODOB MH HMeeM IeJo,
GymeM 0603HAYATH €ro depes 0’(’—"/) .

PaccMoTpEM MATpAuHHE aaeMeHT (dopmbaxTop)

< il 0o %) 2y (Bua) - Ze, (B
w
= WQ‘L%de(pa)a"‘}h){;‘.”em(hr“’ﬁfm/))

OYeBHIHO, UYTO JbOof M3 paccMATPHBAaeMHX OIlepaTOPOB MOEET IlepeBec—
TH #3 BaKyyMA TOJIBKO B YOTHO-YACTHIHOE COCTOSAHHE.
Mu TpedyeM, 4ToOH dopMParTOopH yILOBISTBODAIM CJCIHYIIMM ¥CJIO—
BRAM:
I. YexoBre CUMMETDHH:
&, Eiva (

4’(?’4»"' ’pﬁh)84 o S&’ %’b'{
= 4(&17 o ?I,-l'bﬁ\/) g’m)& ‘o %«, (2)

u+4

L_f’i,n) =

2. 3amaua PumaHa:

F(By, o Bt Mi’)a g ('4)n¥(f>4,-~~>f>m)&-4 e x

8 m_ A ’U
Z;t_: 'cm Y"m—A f’m)sgm 29, Ty f-’m—sz, %2)/\) & gm,;,a’(?’r?’u)

Braronaps cBoficTBy cummeTpud (2), 8TO ypaBHEHWe MOEeT GHTB Iepe—
ImcaHo B BUIE:

#py.- '-’pZn+Mi’)g4...sm= (’1)w¥(f’m,f54 IR P S &
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3. :Fg (B4, pan) DETYIADHA Kax QyHxuma Pon, B momo-
ce (g Imf’,w < gt . OHa HWMeeT HpPOCTHE HOJNNCA B TOUKAX = p +
+ T Ilpnne;n;eu fopMysly miA BHUETS B TOYKE p pw 4+gu,
OCTaJbHHE BHYOTH MOTYT OHTH HOJYYeHH IO cumMeTpm: (2).

2t 165 4(p, .. B TG )y
Fm =Panm + 9T ! ﬂ‘% ,7’4 f)m y 82“ 2

(4)
Gsmgm_A{ﬁa: 52 :;ﬁ': ’

* (‘) Ezm el@m By ngz (f’m—Fh)' "

172» -5 €n-2
rme C —6’:

LeHTpaIBHEM MeCTOM Hallef akCHOMATUKN ABJIAETCH OKASaHHAA B
IepBoM paspelie Hacrommet padoTH TeopeMma, yTBEpRIAWmad, YTO OCJIH
dopMParTopH ABYX ONEePATOPOB YIOBJIETBODANT Tpedomauuam (2),(3),
(4), To omepaTOpH KOMMYTHPYWT HA.IPOCTDAHCTBEHHO-IOLOGHOM HHTED-
Baje. Bo BTOpOM paspene CyIyT IpenbABIEHH QopMyaH i GopvParTo-
DPOB W NMOKA3aHO, 4TO OHHM yIomieTBopawT (2),(3),(4). B TpeTheM pas-
Iese OyOyT BHYMUCJIEGHH CRHTYJAPHOCTH KOMMYTATODOB TOKOB B Hauale
KOODIMHAT Ha IPOCTPAHCTBEHHOM MHTepBale. BymeT mokasaHOo, dTO

(), 32 0] = 1™ 1) (a-y)
[0, 18 =16 £ Bz , @
%@, 48 (] = €™ @il ) + 2578 (x-y)

I. TeopeMa O JIOKAIBHO# KOMMYTATHBHOCTH.

B HacTosmeM paspese GyLeT IOKAsaHa TeopeMa O JOKaJIbHOR xoM-
MYTATHBHOCTH, KOTOpPaA CJAYRHT HecJorzueckEM (yHIameHTOM Bceft pa-
6oTH. TeopeMa OyZer cdopMysawpoBaHa B HOCTATOYHO a0CTDAKTHHX Tep-
MHHAX, IDOCKOJBKy OGJACTE ©e NpEMeHeHHM# He HCUepNHBASTCHA paccMaT-—
prBaeMoif HaMy MOJEJBI.

PaccMOTDMM HEKOTODYR ($aKTOpH30BAHHYD $ -MaTpHLy, IOeicTByH—
Iyl B TEH30PHOM IIPOM3BENEHHM ABYX OPOCTPAHCTB ONUHAKOBOE pasMep-
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HOCTH ﬁq n M. or $ moTpedyeM, 4YTOGH OHA YIOBJIOTBOPAIA yC-
JIOBUAM YHATQPHOCTA B KPOCCHHI-CEMMOTDHH:

@ 6(p) =, S(prou)=2c Sp ©

rme 2= */1 B 3aBHCHMOCTH OT KOHKDETHOR 5 ~MaTPHIH, c("
= DefcTBymmasa B ﬁq marpmma C , t1 — TPaHCIOHMPOBaHHUE IIO
'ﬁq . Or Marpmme C  TpedyeTcd:

=i, =, ePS(p) = (g e,

B cayuae SU(2) -mmBapmanTHo#t Momenm Tmppmrra c=6* 2= -1,
PaccMoTpIM HaGOp BeMECTBEHHHX wdCeX B ..., Ban , KOTO-
pHe OyZeM HasHBaTh OHCTpOTaMH. C KaxuuM pi CBAKEM IPOCTPAHCTBO
fv, . ®opmpaxropy 4 , ompemeeEMe Bo Beneruu, presA
Gymeumamm ot Guctpor Py .. By, ~ CO SHAYEHwAME B ?\,4@&,2@ Ay,
Tlox S(ﬁt— Pj) 6yLeM OOHMMAT: S -MATDHIY, IeicTBYDIyD HETDHBH~
aJlbHO TOJBKO B v@ j - Bymem cwurars, 9To i BCeIna cBAsaHa
¢ f, » T.e. ccmm B’ m ﬁa' TOMEHATNCH MecTaMH, T0 flj, 1 1L
TaKkke IOMEHANACH MecTaMH. CMHCJ 3To#ft HECROJNBKO TyMmanHo#t @pasu
CTaHeT OYEeBUMNEH, KOTHA MM IepeIumeM B HOBHX OGOSHAYGHHAX yCJIOBHA

(2),(3),(4):
L. ‘f(h,,}h Bistyeobop) (BB =FBa Bion B Ban) (D

2. ¥(ﬁ4 )--'&M-hpm"' w)=%w¥(Pm,h yern PM_A) (8)

s Ky i) (4 (B Bid® G )
Ban= P+ T

X (1 ‘S(Y’a,wi f’4> S@M—Ff’m—m)mw) (9)

% ¥
Ime € 1,4 — BeKTOD U3 ﬁ,-@ ﬁ/ TOCTPOGHHHI CJIe] mtgf O0Ra30M:
B xa.mnowijns (L*"( BBeJeM g&sﬂc3 e(;K) , TOTIa ?/L d=€,€?c}‘ QE,,
i 4

OnpeznesneHHHe BO BBemeHEH opmMParTOpH €CTh MATDHYHHE DJIEeMEH-
TH, BHYUCJEHHHE MERIYy BAKyyMOM M NIDOM3BOJBHHM COCTOAHZEeM. A no-
Ka3aTeJbCTBA JIOKAJIBHOE KOMMyTATWBHOCTH HaM IOHANOGATCA BCE MAT-
PUYHHE SJIEMEHTH JIOKAJBFHOI'O omepaTopa. UTOOH ONHCATH XX, BBEIEM
IPEeRNEe BCETrO Qynmn?, £(0L4,.¥.€,dk|94,...,f)m) CcO 3HAYEHHAMH
B ﬁ/{Q-Q‘ﬁ/KQP\«K.ﬂ ...® m+K
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K)
H‘*‘V"’“‘Ph-w?’m)=&%&C@){UC( X (10)
X (¥(d4-9tb,.,olk ‘%)pd "")bm)) 1,tK

TIe c(i’) - MaTpuna, felficTBymmad B Azi, ’ tj, - TDaHCIIOHMPOBaHUE

mo fi;, oj cBasaHa ¢ flj ; CBA3aHA C F\,K , k+WM cun-
TaeTcd qe'rmgm s Heqe'rmﬂ? ,1( El"m’ f(oq = | By p )
HyJID 10 ompefeJieHup. MHade IoBOpA, ‘f(d le| f,{, ,ﬁm

3op cm HUKHEMY 7 K BepxHHME HHIEKCSMH, MOJydeHHHD HS ge“‘zgx

(o(, okg=TU By By ) momumrmem mepmux K  mH-
IeKCOB C nomoumm marpmmu  C . lIpomsBeneHue MK Moxrer (??TL He-
YETHHM, [IOBTOMYy HAIO OTOBODHTH, YTO MH IIOHEMAEM IIOX (4) opH

®=-1 . Bymem cumrars (—4)'1' =1
W3 cBoficTB :fl(h, , ﬁm) BHTEKanT CJAeIymiMe cBoicTBa

ety ot By )’
) A elpr, o pu) Sy Biod) =F6l-2B b o)

9) St~ dVﬂ){(dh Ol By )= by i e By ),
3) 46l By P, o) = 2 R x
*(£(bm, o4 - ;dk\hw-»f’m—ﬂ)tmm ™,
&) $etath, 0y .0l | B Bim)= g fotrd
oty e By oo 2

) W 4(0‘4, el Bryees B )= PO

{SO‘ ~di gy Sl a) b B 13

X 5(?% —Bi) - (f’gﬂ Pa) i A
s B S da) o Sbta) T} A et B B)
X S(ﬁa‘ ‘f’b f’ﬁ'pa'-ﬂ};



rne - TEH30p, OTORNECTBILAKMW npoc'rpanc'raa, CBA3QHHHE C

ﬁ & . Ero KOMIOHEHTHas 3aIMCh 6CTH 8&:*
Mu XOTHM BBECTZ 00Jie€ KOMIAKTHHE odoanaqennx,‘ KoTopHe OyIyT
yOoOHH B JajnbHeitmeM. BymeMm odosﬂat:a'rs N:Honecma 6ucho'r OoJIBIHT—
MZ JaTHHCKUME GyKBaMW, HampmMep, A {dd} . ,B= {ba} »

Kaxr u mpexrme, OymeM CYMTAThH, YTO C Icamoﬁ OHcTpOTOM’ accoxmnpoaa—
HO IPOCTPAHCTBO . KommgecTBo sieMeHTOB B A 0GosHaumM wepes
. MHORECTBO OHOTPOT, YIOPANOYEHHOe IO BO3pACTAHUD (ySuBa~
HED) OyIeM 0GOSHAUATH 4opes ACM . Iyets <. . <dg
T.0, _A'={d4,...,olk} , 0003HaYEM nponsnenerme onepaTopon
Zblb 2 Z k) qepea _Z(AY . a npoussemernme Z"fly),...
(ol$ - uepes (A) . IIpousBegeHEA OIEPATOPOB
n * IOHPMANTCA KAK TEHSODHHE IO BHYTDEHHEM IIPOCTPAHCTBAM.
Hyc'n. A=A, UA , ompenemd omepatopu S (A|A )

SEIR): Z(R) =S@EIA)ZE)Z (R,
z*()-2*(B)Z2*R,) SRR,

Jerxo morasarh, 4TO
S(A, IR S(AIAY=1 (13)

Hyc'rxa A w h ,>pbp  cocraBmmT MioxecTBa A
. ‘Ie})es ( 0603Ha1mM Smn ! S(dt p‘) I" , ]_"

OTORIECTBIACT npoc'rpanc'r:sa, CBASQHHHE ¢ O H f)t .
Basme "4y’ cocrommmit coOCTABIANT BEKTODH

B>=2"®)ph>
CONIpARGHHHE CGasuc ecTh

<B1=<ph| 2 (B).

B nanpHeilmeM MH OyIeM EMeTh IeJIo C HOCKOJBKUMI MHORSCTBAM# THIA
A . Bymem pasnmuaTh 3ammicm A U-Ko. 1 R UA, , mepsas oanaua-
eT, UTO yUOPATOUEHHOE MHOKECTBO A, NDUNHCAHO CIUpaBa K Ai ,
sropan - uro A,U A, ymopamowems.
ArcuomaTn3npyeM $OpMy MATDHYHOTO BJIEMEHTA <K\0(wo,x4)|‘l§>'-
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R0y, 2B = expli, P (A) ~i0t,p™ (B) *
R’ S(A\K)¥(A+wlﬁ4 B (A B) S(By B

B BAUBQ,

6™
rme M(A) :I;_«; p“w(d), 7& +40 03HA4aeT, UTO BCE BJIEMEHTH

A4 CJIETKS, CIOBHHYTH B BEPXHKN IOJYILIOCKOCTH.
llpr TOKA3aTEJECTBE KOMMYTATHBHOCTHE OK8SKBAGTCA UpeaBHUailHo
noJesHot caemymmans JemMa:

JEWA I. Qopvysna (I4) srBuBaJeHTHa cJaenywmel;

< R10 (20, 24) By > =exp (120 p*(A) -2, pH (B)*

< 2 S(RIR)4(B-i0lB)A (A, )8 (&)~

A=AUA, (oA (o)
B=B,UB,

(14)

LA (A, -1B))
b)

JIOKARATENECTBO, M3 dopMysu mis BugeTa (IR2) -osemyer:

{(R+iolB) Z=%\1w\3 S(RIAUR) S(ABURAE,) =

B=B,UB, UB,
x 4 (R0 [B) A Ay, B,) A(As By) S (B, [B,UB,) x
 SETB B 2t LIAA(A- 18,)

(I6)
lomerasma (I6) B (I4), maa ymodersa cumras X=X, =0
<RIOE® =2—  SRIAURUR,) *

A AUAUA,UA,
B4UB),UB3UB"I
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« S(RuhUh, | KUK, S(RUA, IK) 4 (B0l B,) *
« DAg,B)A(As, BYAADY (Bs 1 B UB:) »

. &(EUB,| B UB,UB,) 5(B,UB,UB:[B)*
(11 (A ) €0

(17)

CrmenaeM T JTECTBOHHO® IpeoCpasoBaHue aﬁu_el ( ,B »A A ,B
[3 A\Az)] A(Az Bz)A A, Ba)lS(EJ ] u °%°39;‘a““"qul{))Au

gepes As , B,,UBA - gepes 5 , mIpn aToM (I7) mpeoGpasyercd
K BROY:

<RIG0OB> =Z smmg S (AUR[RS) %

Ba.c Bs

‘}(E'W|E)A(As,55 )A(A;B,) © (Eslm—s) %

— -18, LIASCIAL-B)
XS(BA)B_,JB) (_0'54' l 2_' 2,2'| 5( \ 4)

BaMeTuM Teleph, YTO CYMMMPOBAHME IO Bn, JIaer:

1,B#¢

BL;BS( ! 0,829

CJateoBaATeNBHO,

<R10(0)B>= 2: SRIE) 4 (,-4018)) *

b= B,U&
(A, B) S (ETB) €)™



4TO ¥ TpeGOBajoch OKA3aTh.

3 Jemva I caemyeT cymecTBOBAHME IBYX SKBUBAJIGHTHHX Ipel—
cTaBneHR} I MATDUYHHX 3JIEMEHTOB KOMMyTaTopa IByX OlepaTopoB.
TR mpemcTaBIOHUA HawTcA cJlenymmeil Jemmoit:

JEMMA 2. PaccMoTpuM IBa omepaTopa 0’1 u (7 , TIOCTPOSHHHX
o HadopaM yzosrersopammx (7),(8),(9) dymxmui {(54) )P’fuv)

#2 ph ;ﬁm) ¢ TOMONBD OMMCaHHOR BHImE npon;epypu Cymec'ray—
T JBa srmnaa.nenmmc npencTaBieHut LA MATDHYHOI'O 3JIEMEHTa KOMMY-—

TaTopa [(7 ;,4& (3mecs » namee X, CUMTaeTCA NMPOCTPAHCT-—
BeHHOH# xcoop;lmna'r

<K [nx), Ou )] B> exp (-ike(A)x - ke (B)y) =

=2 SEIR)s(AURE) > [dcx (18)
A=AUAUA, ICl=0
b=BUB,UE,

x G (fL—«{,lc,A“B‘,A;)A(As,BS)S(Ezlmg)S@UTBJE);

<RI, be), 05 1 (B> eop (ke (A) e~k (BYy)

o0

S @R SEURE) > jdex
A=A4UA2UA3 \Cl—o
B=84U51UB3 (19)

x (@, (“/"'lj \ CA, 54,A3)A(A3 ,B;)‘S—(E rE;,UEs)g (Eﬁg’)

TIe k(A) ( ) , MHTEIDHPOBaHES IIO C  osHauaer HHTerpupoBa~
HUe IIC BCEM Ouc'rpo'ram BXOLAIMM B

G-(x- ) | C,ALByLAS) = [{'4 (K 4D|CUE’2\S(‘_\7: uC)

{ (CUA,) ’W|B1 C«’W(x(x-'ld)(k((‘, +1<(B,)+’K A)+xl Al»)
AN 11~ 1B N(1Ag1+ 1AL
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4, (B0 [BUT) SCURTON, (T 18) »
x e2p (L4 (K () K (As) K (By) + & (A)) ¥
o  BUACIT BB BAD] () 1Bil+1Byl1CH

G, ((L-ld \0,A4,B4 ,Ag,) IoJydaeTeA U3 ‘G_(:L—'l&)lC,Ab&MAa)
3aMeHo} '_x,eqd ), f—

AT
JOKASATEIECTBO. PacCMOTpPHM MATPUYHHE SJI6MEHT <K\0,(x)02(1¢)®
BeraBmM Me®ny 04(0(,) 1 02,('!4) HoyHH! Hadop cocTos-
Huit:

Kl 0> =3 [4DdFAI0EID> >
« A(D,F) <F |G y[B>

s <m(74@)_|‘]—)> BOCIIOJIB3y6eMes npelcraBieHmeM (I4), a mia
<f|(jzw) |B) - mpencranierueM (I5):

RIO@OGE>=>_ >~ > [dddF>
A=A,uh,, B=B,ub;, |DI=0

> 2 @AY, (AraolB) A (A, D) *

-D='D4U D2 P=F4U F:q
* S(DID) A (D,F) S (FIR) 4, (5B 0) (R Bu)

(B [B) excp ik (A) o+ (D)c-ik (F)y + ik (Byy)
M IAL-1DY) _
=0 2 (i SER (iolCE,)
A=AUAUA,  1C170

B=B4 UBQU B;
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« 3(CUb,| TuBUA,UR) A(As,B,) SCUB,UB, UK, [B,UB,) *
(0T [Bria) S (B8 exp Gk (A

e ik (B) 2O -y) - th(By)y - telA)y) *
GBJf(lA.\-|c|-|E>,|)‘(|A2|+mg,\)

X

Hanvwmem xBa TORLECTBA

z* §ue,) 2" (AB,UR,) 5(CUB,ICUB,UA, UA,) ¥

« S (CUBUA UM | Buh)=Z"(BuR) Z CUR,),
z* CuBy) 2™ (KR 6 (K, 0k, [R)S (CUB, I1B,)*

x 5(E1ARUT)SCITUR,) $ (B, 1B, uA)= (20)
- 7" (B,uh,) 2 * (CUR),

IIpY BHBOIG 3THX TOXKIECTB HEOOXONUMO MCIIOJIb30BATh paBeHcTBO (I3).
13 TomzmecTs (R0) caemyer, 4TO

S(CuB,ICUB,UAUA) A (A, B,)S(C UB,UAUA; | B,UB;)=
-5 (AR, [B) SCUBIB)A (A, B,)8(CIB,u0)*

x SCEICUR,) S (B, 1B, uAy).
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CJeZoBaTeIbHO . s

Fle@GwE =2 . 2, (des@EIR)
Ak A-AUAUA;  ICI=0 S '
B=61UBQUB3

o5 Uk T) 4Rt ICUE,) SCRUC)A (A, B)
X {‘L (C;U‘A-p,l-é:1 +W) S(Elm—@% (m rB) x (21)

« exp (i (C)(-4f) -tk (A) 2 + e (B,) 2+ ik (Byy - K (A)Y)*
_AOALNIA -8,

X

AHaJIOTHYHHM 00pasoM MOEHO Ipeodpa30oBaTh MATDUYHHI 3J6MEHT
<A |02 (14\ 04(’1—) |E>> , IMO-IIpeRHEMy IOJNB3YACH IPSACTABIGHNEM
(15) nma O, . Tipn sroM mouywmm gopvyay (I8). Topvyra (I9) mory-
9UTCA, 6CHH IIOJb30BATHCA IpeficTaBlerneM (IS) mis O, n IpencTaB-
nermem (14) mma Oy .

Temeph MH B COCTOAHHH LOKA3aThH OCHOBHYK TEODEMY:

TEOPEMA I. IycTs fopmMParTOpH ABYyX JOKAIBHHX ONEpaTOPOB yIOB-
JaeTBopANT ycJuaoBuaM (7),(8),(9), a mommit HAGOp UX MATPHYHHX 36—
MeHTOB IIOCTPOSH II0 olMcaHHOoi BHWe Ipomenype. llycTs, KpoMme TOTO,

41,(%4 7--~7$1( ) ﬁkﬂ +/\,..., pil\/+,\) ‘ATNCZSQ/S‘/“)

e & - HEKOTOpoe umcao, oomee miA Bcex K m m . Torma JmGok
MATDHUHKI BJIEMEHT KOMMYTaTOpa [04 (),0, (45)] 8cTh 0G0CleHHAR
@yHKINA ¢ HOCHTEJNEM B TOUKE 'x,='13 .

%ABATEIIBCTBO. MaTpuzHuit aaeMeHT KomvyraTopa < A \[04 (’L),
Og’('\ﬁ ) TocJe HOPMUPOBKU Ha eT/p(’i,k(A)x—ik(B)gm)m 38BUCHT
TOJBKO OT ’L—’% (I8). PaccMoTpHM IIpOM3BOJIEHYH THYD QyHRIZ0O
ws T - ‘:f’xf’lﬂ . lpemctanmm ee B Bume J = J,+J_

A (oc—y) = e(tx%'-'ld) Y (x— ’%) . PaccMoTpuUM CBEDTKY :

[T 10, ol B X Oy dzy)-
- ([Tt ] B¢ OO e ateype
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ik (M) -1k ( B)q)

§<A|[q ), 6] B> e Y, e-4) d(x-y)

()

Tpok, BIepBHe NPUMEHEHHHI B [5] COCTOMT B TOM, YTOOH HCIIOJB30-
BaTh IJIA MATPUYHOI'O JIEMEHTa NEPBOI'0 cjaraeMoro (22) IpercTaBie-

mue (I8), a INA BTOPOTO cJaraeMoro - mpeicrasiesue (I9). Iig mep-
BOTO CJIATa6MOTO MMeeM:

[ <K 10,0l B> ¢ % QT-KBY g 0 -y~
-3 (1K) 5 (AR IRY) {S -1 I- (e —y) ¥

A A UA,’LUA;

| dc 6 ag)lo,n k) | b ) S (BIBIBSERD

PaccMOTpHM BeJIMYMHY B UIYDHHX CKOOKax:

ldw ¥ () §de Gfwlc, Ay By, 5) ~{dc, [y i0ICoVE,) *
« 5(C|KuT) 4, Cuh, I Brin) 2 EAJADIA-ICHE,)
S ANORISEINEIINE
Sd0¥ 8,10/ B;u0) S CUR,I0) 4, (B,UTIB, )
o 7 (Bi+1A WIABCIBI & (i) B (A) #k(A)

(23)

A A
TIe 9_ - IpeoGpasoBaHue Pypbe QyHKUUM \:f_ . OyHRIHHA 3’_ (k)
anamrasa mpt Lpg < O mockomsky J- W) =0 gz U>0
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Hpe,l: onoxmM, uro Hocurens Y (W) me OOZepRIT TOTA W=0, ror-
U() youBaer GucTpee JmGof crememn k' mpm 1<->°o .
Ich'rL {’Yh 7%/} » BB6EJIeM I@DeMEHHHE 6—— % )

A1/ =%~ Yart (1=4,. ,H/—4) . Tlpn ¢mMKCHPOBAHHHX Ab Gy HrIMA
(1( (C) +1<(Bz) +k(A;) + k(A )) yOuBaeT GucTpee JGO! CTENEHH

¢l mn jo[—e , a gymamn §,RICUB,) = 4,CUR,IB),
B COOTBETCTBHH ¢ OLEHKO! maHHO# B GHODMyJIMpOBKE TEOpPEMH I,pac'ryT
He OHcTpee HeKRoTopolt cremeH:m ¢ sl 3710, a Takke Cmocol 00Xoma
nouwcoB $yurunit y B 41 , JrasaHHui#t B (23) mosBoiAeT B mep-
BOM MHTerpaje B (23) CHBUHYTH KOHTYD MHTerpupoBaHus o 6 ¢ mpa-
Mot [y =0 Ha npavgyp Iws= -2+0 . Cromaem raxo#t cxpur
u TpeodpasyeM IepBHit mHTErpanx us (23):

40 4, (ri0l(€ -md +i0)B) S (Tt [T i)

€m0 U0 %i(IA,I-ICI-mg.D(‘As“‘Ah\) »
2

x & (ko) +k(B)+k (A)+ k().
OTMETIM, 9TO MORHO ONHOBDEMSHHO M3MEHHTH ymopanouerme (, B { ,

, & . Bocmonsayemcs raxke fopmylamz (6),(I0),(II), B pesym,—
TATE IOJYUmM:

(dc {tm(‘juﬁlﬁ,;w R AE
470 @ a0{B00) § () k(B k(A +k (A)
%%«(lA.I—ICI-IBll)(lA3|+lA1MICI(2+1|A5|+z|p,4;+|A4|-|gl|+|C|>

(24)

rie {;(C) ~ TDPAHCIOHMPOBAHMWE II0 BCeM IPOCTPAHCTBAM, ACCOMUMPO-
BaHHHM ¢ 7 €(C . 3amermm, uTo mOKazaTess X MORET OHTH Ipeodpa-
30BaH K BUIy:

LZ(IA4|‘|C|'|Bll)(lAshmzl) NN
e 4 1C1(alBy A= Byl 0])=

~ (A eI, D A1+ 1By)
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N8I - 1cl -

cJaraemoe B PUIypHHX CKOOKaxX — d4eTHOe LeJioe 4mcJo. Telmepr ACHO,

yro (24) g cd GO, BTODHM mHTerpajioM B § opvysre (23) (oue-
BHIHO, ¢ %tJ ;t(C) ﬁ% :
MHTerpa.n

§<7f| [@(x),@(y)] B> e wWr-thBly ¢ )i (2-1)) (28)

paccMATpUBaeTCA aHAJIOTAYHO. IloMb3ydcs mpencTaBieHueM (I9) mia
MATPUYHOI'O BJEMEHTa, yOerIaeMcd, YTo uHTerpal (25) paBeH HyJD,eC-
az socurems Y(U) me cozeprur Touky U =0 . Teopema HoxasaHa.

IPMMEIAHVE, TockoasKy mpeoGpasoBaxme JopeHma mia fopvbaxTo—
DOB COCTOUT B OZHOBPeMEHHOM CIBHI'e BceX GHCTDOT, ofolmenme Teope-
MH I Ha NpOCTpPAHCTBEHHO-NONOCHH! HMHTeDBAJ He BH3HBAGT 3aTDyIHe-
Hu#.

2. fIBrHe fopmysu mis fopmbaxTopoB

B HacTosmeM pasfese CyIyT HOpuBeneEH Gopmyan mias GopmbaxTopoB
omepaTopoB Ty, }, . Bylier mokasa®o, YTO OHN yAOBJIETBOPADT yC—
aopuaM (2),(3),(4). B sHaunTeNBHOR CTENEHU BTOT pasles ABIAAETCH
TMOBTOPEHUEM paGOTH [9] , TO9TOMy MH IocTapaeMcs OHTH KpaTKVUMU,.
BymyT mpuBeleHH pasBepHYTHE NOKA3aTEJECTBA TOJBKO TEX yTBEDKIS-
Huit, aHAJIOTOB KOTOPHX HE COmepPRUTCA B [9] .

PaccMOTpUM Hadop GHCTPOT ﬁq, ’ﬁm , C Raxmof us KOTO—-
DHX CBA34HO IPOCTPAHCTBO i ) , naomopqmoe ¢
KaxIoM 1T oc'rpaﬂc'rBe Bne;ueM daanc € (8‘ 14 (6- )

(04) ~(1 0) = omeparopu S =(4, ,3 , 3ajanmnecH
MannnaNm llayam B 2TOM Oasuce. Hoc'rpomv: onepaTop [IO]

_ (“h% S@,‘ms

&
g & v-p- AT A xed ),

L. ©

1

a%= (5448

¥ MATDHIY MOHOZDOMIY ”M fuoed, Bethe's A W’a},l ;.
Lq(‘(}) Lg,@) L’M (©) =



A(Clh,.--,,ﬁm), B(Clﬁ" ;py.w)
C/('t;l 154»--',%»), D(ﬂh,---,ﬁu)

*
EcTSCTBEHHHM Ga37COM B IPOCTPAHCTBE H Vv @ ?\,M
Gasc, coCTABIEHHHI U3 BOKTOPOB & . -e“’@ B
IeM Takxe 06asuc e

W&I...gm (P" ""’me)=e"4'4“'—4pmepa4 B(pplﬁh)f’lw)

ST IBa Casuca CBABAHH TDEYI'OJBHHM IIpec0pas30BaHMeM, T.8. B pas-
JIOKSHAY

ABJIASTCA
(@n) . Bee-
M

We4...a,,.,(?’u~~ﬁm) fz 54’ (ﬁ%, Pan)Ce, .. 8

= 54
He pPaBHH HYJKO TOJIBKO Te xoa@memu, IJIS KOTOPHX (64, 61,”,)‘
< (84, SM) MyJIbTRMHISKCH YIODPATNOYSHH KAK TBOMYHHE YHCJA.
Baanc uJE i sm(ph " pm) 067amaeT DALOM 3aMedaTeJBHHX
cBOtcTB. Hepeqmomm
I. CeoitcTBO cHMMSTDHH.

BBenem Marpuy ggj(h 'ﬁa) IeficTByHIy® HETPABHAJBHO TOJIBKO

s f,® B

84 (Bi-py) = (P by o)’ {(p- f’a )I- ‘m’pvg}

rIe Pt - MaTpuua IepecTaHOBKM IPOCTDPAHCTB fﬁ/ Fb MaTpu-
ua '® ormreserca or & -marpmm (I) orcyTrcTBEeM momre.rm So
lImeeT MecTO DaBEHCTBO

w&4 R T .,Em(,&h'")h;p{',ﬂ ) ).?’M) 61',,"v+4 (ﬁt —ﬁiﬂ) =

=wé4,...,€i,+4 8‘9,..-,em(ﬁ")'“;pi/ﬂyﬁ'iﬂ“')ﬁﬂb) Pi,,i/‘ﬂ (26)
2. AHaymTmYeckne cBoiicTBa.
Bexrop Wy, ¢ (s Pon) AMeeT npocme TOINCa TOMB-

KO B TOUKAX pﬁ-p ot ,4>4  , ecm &=1 &= A . Tlpn-
BeZeM (HOpMyJy IIf BHYETA B TOUKe ﬁa Py +au (Sa“’l &L= -4)

Pé’ﬁif"m’ W&“.‘.,gc_‘ -4 &i+). 841 1&5+4 ,...,Sm (h ""’.ﬁ%)‘

7 3axas 2108 97



(Weeld - acfs

® w“:ﬂ oo EL-4 Ef 4y ;Ez'-q Ea'ﬂ’(“%vm;pi,-b?i,ﬁ )"')93:4 )HM yd 92)(,) *

ﬁt‘ﬁ' ./S\‘.._.x
[ rgicm it B0 Spailtyact)
A
- S Biw i)
(27)
3. CpoitcTBa MO OTHOmMEHUD K TI0GaJIbHOMY TeitcTBED aaredm
SU{2). .
B HYy, npencrammena amrespa SUW) ¢ T'eHepaTopaMu
> % %Z 3;’ ((L=‘l,2,5) . UMenT MecTO paBeHcTBa:

n
wgh“_)&m(;eg,_..,pm)z%:(az=4 tiha, gy (o), P

Wey, g ()= t=> [V Jefemt
P %{fﬁ’ﬂ Bo-pg (29)

w&hA..)eP-{-i &P-H > S (Pq,...,ﬁm)

w&q,...,f:m(.h1""91%)2-:?%_4 al:\go'=_4 —p%;%m— ’
q+pP

X

(30)

u’h,“.,&P_,{ "EPM o &am (h ,-..)ﬁ”")

PaBeHcTB0 (28) mourn oveBumHO. PamemcTBa (29),(30) mOKasHBamwTCS

uHnykome# mo W . JleTko mOKAs3aTh, UTO mpaBHe wacTH (29),(30) mme-

BT Te Re IOJKCa, YTO M JOBHO, BHUETH NAWTCH (HOPMyJaM: AHAJIOTWU-
man (27). Asasor paBercTBa (29) MOmHO Hafitw B padote [II].
llpaBesieM HECKONBKO ONpeJeNeRN#, aHANOTWIHHX aHHEM B [9].
OIPFIEIEHVE I. PaccMOTpUM ITOIHHOM P(’/\q,---,kk‘ﬁar--,)““m-k)
cuMeTpudHuE M0 Ay, .. Mg B My, Mgu ¢ DO OTHeMBHOCTH. EnMy
comOCTABNASTCA CASIYMNAA (YHKUMA co sHavemmam B H :
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<P>1:‘, (p ,..A,Pm) {*\Z:M} (h,, ,h«\f’a,, Paw_ )

{1’41 ILK}U{jh"')au-k}
Kok
xpl;l 0"—-—‘1 h,? Eaa’ Epr rim(h) )ﬁM)

(31)

rme &= -4 , P4,k 4=, -k
Symimma < p>w ynomemopae'r JCJIOBED CEMMETDHH:

< P>n @4 y--,Pm)%L,w(?Vﬁw) =<P A (?’4)-~-,Pi+4> Bi,o ?zn)px,w

¥ EMeeT HPOCTHe HOOJKCA B TOYKAX p }ﬁm 3>1/

[puBemeM GopMyJy LIA BHYUETA B TOUKe Pm-]&m4+5ﬂf , OCTalb-
HHE BHYETH MOTYT OHTH HallleHH IO CEMMeTpHX

w <P, (1b4, )= (@ e el e ) e

Ban=Ban-1+mi

®< pF’M’ (h, f’m-x) ?
(32)

rae
ppmq(ﬂ’h“'))v'k—‘l IMM-“)}"M-2-1()=
= PRy, Mens Panet |, Mgk, Ban-1+900)

OIPENEIEHUE 2. PaccMorpumM mBa Hadopa wmced Aq,...,ApoM4,..,Mu
W NONONHUTEJNbHHA mapaMeTp ot . OyHKmuA Aa@tl;\q,,_.,ﬂ,w\ Mor,ooy i) O
pelesiseTca cJeAywimM ol6pasoM:

n o+
AAMM,...,XM}M )---;J“Vw>= DA‘*‘M"‘%‘) P@(‘i‘)‘m- M)t
" .
+ 3D4 (k=g Z) B, (&l Ay, ). (33)
rne A-1

sl ¢ )
P::(d‘94r-')\’yl) = %ZOK—%) K‘L+Q/’4Q (quh...’\)yb) ,

99



QM (N, 90 )=

> [ e e 0, )

(34)
Sy s, . \)w) - SJieMeHTapHHI CUMMeTpUECKEf TOJIMHOM cTemeHE K .
Mmem'r MecTO PaBEHCTBA:
Al:b) @A, Mea o] M Pty gt 90)=
=(‘*‘7"n _f {A(w-ndmﬂ) My |J“’4, o M- 4)_
- (A ) (:L: &4y, Ml Pty Bon-s)
Aln)buﬂ, ,X'WUM; :]“/n,) (35)

fﬂW Yo-pig* B - ﬂ -1y T)(d‘)wg‘%‘)

Paccmo'rpm Hadop ancen oly,...ol, . HocTpomu (rl,—4)>‘(lfb-’|)
n n (W) .
MATDUIH ’Uv QX/ A C MATDAYHHMU BJIGMEHTAMH:

[U«(',”J%= e 'W, ,%nl)‘% ;)‘”vv)
(], 55 2], Ty [ g e

£=1
1N

g Air(dj M") °) nﬂlﬂh-“)f'bhx—b%k%‘

W e 1o .
[U' ]td —«Z: )u'k M«‘Me, ﬂ (M Ay~
X

1/( all/h"‘? H/—A)M'Kl.M'M'/?')MWH)

JeTepMUHAHTH STUX ManEII 0603HaUMM uepes A (d4, Ply- 4‘ A’u )

oA IJW, ,)"/w) A kdh ;d”w-«lm’b Aopss | Mty - Mon- 4)
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(Y]
1 A oy, )(4)m—4|)’4; il Woed) - Tpr =1 Oyzem cw-
TaTh Aw =A, e 4 = 1 . Domsyacs paBencTsamu (35), Jerxo mo-
KasaTh, 9TO A €=0z¢ l) JIOBIOTBODART COOTHOMOHAAM:

A(n) (0\‘4) )dn-4|%47 /A'MI.M/M ;}"n-rc)\), A, ,}4/&31‘*%:&

- n-4

Lles ) 2k ‘“m, et |

))"vw ¢) [ﬂx ‘[};‘3@«. oy m'gfa)(c(,K_ I 27% _ (36)

SN e A B |
ww(« A z]

TosMHOMH A(W AMENT CTeNeHb —(V\/ 4)(3%'2) . Bymyan anTHcmM—
Me'rpnmm o Ay,...,Ap-q » OHE odaaanu ISJUTECA HA IIOJHMHOM
o;) , mMemmmi cTemeHs -—(Vb 1) - 2) CIeZoBATEIBHO,

co Tnomemag (36), ompemejsxmux 5TH no.Jmnom N Ic| rouxax,
ZOCTATOUHO IIA MX DEKyDPPeHTHOT'O BOCCTAHOBNGHHA. B Tako#t DeKyppeHT—
HOCTH, Ha NOpBHEt BITVIAN, HOT HOOCXONEMOCTH, IOCKOIBKY MOJXHOMH
OMCAHH ABHO, ONHAKO OHA GyNOT NOJe3Ha IIpH NOKA3ATEJHCTBE IOCJAE—
Lyniux yTBePENSHUM.

OIPEIEIEHVE 3.

(n) W
FOG et B by ) = € Ao(>)n/ :

S n n
R (e, et By By) = <D >W

O by oo By Ban) = <AD >

w
B o Al 5 (e
X (n)@h ,dn_,q‘aq, )"Ybl}""h )}w”“)

CleNynmad TeopeMa yCTAHABIMBAET CBORCTBA BEKTODOB l: (© )
F'W (c=0,% 'I) o oTHomemmo X meficremw OU(2) , ow re-
nepa'ropaxvm e,
TEOPEMA 2 Bekrop Fo NMpAHAIJIOERT cnmvxe'rnow 2 a BeKTopa
F‘c}‘) (c=0,¢t 4) - TDWILIGTHOMy MOANPOCTPAHCTBAM Hp, , T.e.

n n+ m £ (37)
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ROz - PO - -0
Fc-u) 3 - cFo“’, RW St 0, )

FROTF =R RO -FY

3
JIOKABA'ILEHBCTBO. PaBencTBO PO(O)E =0 09eBHIHO. JlokameM,
wo FYT7=0 . s gonn (29),(3D) caeger, o

(n) N+
F (S, g | By, Bi) 2 = <GS S neal By, P, ),

rae i i

G(:L)(dm-»-,dn-,aM’nqx’nnI)“’4;-~-J“n;:) =1c2=4 a% me X
* rl(?\/k' M+m) A(g) (dn--udnqMﬁ»-/-\~,l)"n+4\y’4r“vy’n-4 7“’1&).

Moxzo moRasaTh, uro CT?;)) JAOBIOTBOPROT foM KO DOKYPPEHTHEM COOT-
Homenmn636), aro u A e CremeHs G4 Iaxe MeHble, YeM CTe-
meus A", mostony G Boccranamnusaercn mo sTEM cooTHOmEHM-
. Jerko mposepurs, omsexo, wro (1Y = ? , _CT6/0BATOIEHO

G}M =0 ompm mGom W . Pasencrso Poo) 220 porasusaeres
aHaJIorHuHo,

PaBeHCTBa F'é‘)23= cFé“ oueBumE. Jokamem, uro FU'y = PF )

s (29),(3I) mmeem:

F(‘)M) (CONNR-PIN ﬁ4;..-,f5m)z+= < GT):. 4(d4,...,dn.4|,54,-~;f’9.w)1

e

W 4
G(;’) (d'4 rye ld’ﬂ-l lﬁq,..,,%n.‘.‘ IM,‘,...,MW-‘):KZH, xk[c;l“ m n (/IL'K
k '
_}4/04-’111) X A(on’) (d\4 ,...,dn_4 |1/4,A, 7\«n+4 ‘M,...,Mn]-4 , ,/\/“)‘

MorHO morasars, ?TO Cyg_”') JAOBISTBODAST TEM K€ DEKYDDEHTHHM COOTHO-
IOHHAM, YTO H A,”) . Ilpun sTomM Cr,(:)=A:4) =4 , CcleZOBaTENEHO
G;”)=As opm yodom W . JlekcTBys B ToM me AyXe, MOXHO IOKa3aThk
CIIPABJVTHBOCTH OCTANBHHX DABEHCTB 3 (38).
TeopeMma morazama.

OnpenemmM Teneps MHTOI'PATbHOe IpPeoCpa30BaHMe CPW(P) , aHa-
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JOTUYHO® MCIOIB30BABIEMycHd B (9] .
ONPEJEIEHAE 4. Mo gynkmuu P bw],...,dfn_,{) , @HTHCUMMOTDHIHOR
1o dy,...dp-4 , HOCTDOUM fymkmao o,

PulP) (Brsb) = m,, ,LMM M I’l Pltyc-By)

x Pdy,.... et exf{Z (n - Qkobk}
e Yla) =T (5~ )FH'*E)

Temepp MH B COCTOAHMM HamucaTh PopMysH nig opmbarTopoB TO-
KOB ¥ TEH30pa PHEpriU-EMIyJbca

n-4

4;‘“ Fzm) I—‘&a f% f’a)q)n([ (%dﬂ*{féﬁ%h
F ) emp(-3 4% QZPJ)] )

(=

(39)
m
431 - D é(ﬁu f’a ) Bl [WQZ% FS )f
‘;oha ZH\)] (FW + (1) F‘W ),
w
%w(h Ban) -24( - e H) |—| &(py- pg) (40)

X @, [mp(zdv-i-zh) (-4)’” (:“sz ;r’;%)] R,

e

o] BN
Oyuxmua § ﬁ uMeeT cBoitcTBa:

&(B)So(p)=5p) , &(p-20u)=Odp) &),

Solp)  maeres gopymoft (I).

llepeunciuM o4eBHEHHE cBoiicTBa GopmPaxTopOoB { {M v
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B (b4 0 b 0= L) 45 (B i)

{lﬂv(h*Ar--»f’M"M’Lyﬁ(ﬁ)‘-'w( ); (f’b f’curv (41)
Tae L‘OO(A)=L44(A)= i, Lofh) = Lyola A)=sh A

2. ;'j‘h (%---;F’m) Si, YRy (h}—h}ﬂ) 4@ (ph“"haﬂhn"upM)PL) i+ ) (42)

rne 60 i (ﬁb f’bﬂ» (?’lf Ph-l) H.H@g .PLH} AByXdacTHIHAA
S -marpuna. TaxmM %e CBO#GTBOM oGnanaeT y + 9TO CBo#icTBO
6CTh HH 4TO MHO®, Kak ycioBue (3) u3 BpemeHud.
OcTalbHHe CBO#cTBa (fopMPAKTODOB )Y:L , ! 4y Memee oueBUI-
HH, Mu copMysupyeM ux B BHIE TEODeM, 9ACTh U3 KOTODHX KOKAREM.
TEOPEMA 3. ®opmPaxTopH !. oo Ty 6CTh aHaJINUTUIEeCKNe PyHK
GyHRIUR pm , IIpugeM

iio(kh-"rpm +Q,m}) = (‘4)@;@1)\/;?’4»~~-»f’2w—4)g’,a Pﬂ.,?w-'r Pm,4

i WY (f’4>~-~,?m+2m)= ("1)W ¥ };,y(f’m,ﬁm-‘-,ﬁm-m,o. pz,a,---,P W,
(43)

PaBeHcTBa (43) mpemcTaBIANT coCoit yciaoBMe (3) w3 BBeleHud.
JloKa3aTeNbCTBO TEODeMH aHAJOTMYHO IDUBEIGHHOMy B (8] .
[TPYMEYAHUE, IIpr nmoxasarTenbcTBe TeopeMd 4 Ham GymeT IOJI63HO
caerynuee oCoCmeHHUe :
TEOPEMA 3. IocTpoum dopmpaxTops mo dopmysaam (39),(40), Ho
IedopMupyeM MHTErpadbHoe mpeoCpasoBarnme Py , MOCTABUB BMECTO
exp (T (w-2K)) gymnmo %P (L Mgy ) » THO
Ny - NPOM3BOIBHHE LEJNE YHCJAa, HE NPeBOCXONAWHME MO MOAYJID
n -2 . Teopema 3 mp: BTOM oc'raHe'rcsI B cn.ne

TEOPEMA 4. CopMpaxTODH p‘h :ﬁ 4MY($47 ).g’fu‘l/)
PeryJApHH Kak QyHKIuu ﬁm B no.noce Om ]_Im mcm OHE UMENT

TpocTHe NoMNCA B TOWRAX  Py= i+ oW . Buver B Touke Pin =
= f,m_ it W naeTca fopMyJion
o ( (1) (m) (@)
ez 4 .54 B 1}9,”/) ( @ e - ® e )
pm.:pM“l +m . Gjib}ll gu ,...)pm 2’) X
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(4 (4 W1 4 (ﬁm—ﬂf’» %m4)m-g(55m-4 —.&QM/-Q,», (44)

dopMyJa IIS BHYETA ¥ MY COBEpISHHO aHAJOTHIHA. PaBeHcTBO (44)
ecTh ycynoBue (4) u3 BBezmeHus.

JIOKASATEIBCTBO. Paccmo'rpm aanpmvzep ;ﬁ . lIpolle Bcero ¥MeTh
zeno ¢ dopMParTopaMy _f = 4’, + g @opv@amop _ﬁﬁ naercs
(popuw.noﬁ

L (B ban)= D &(pi-py) & ulF;’ (de' zz Pj»=
gd/dq,...,d/d;n 4 I—\ t?@zu ﬁ'a (Z(V\/ +4) d"@»
X l:I()w uﬂ"')d%"”hr“)%w)m —TZH) ns }V-F’ﬂ) .

Uz (32),(36),(37) caemyer, 4ToO F'Dw UMeeT NPOCTOf NOJKC B TOYKE
PM= F’M 4_5\')(, ¢ BHYETOM:

pw(d’h rd’W 4“51) r%M/) ((M) 3(9‘”’4)_@‘ ®6}M-)>®
ﬁm-ﬁﬁnﬁ + T
-
® Z Fw@h -4 ‘f’h )Pm-a.)n ("l’k ban-im g_g:') )

2W2,

[H (b -1 o (=i 1) -

Onsaxo mouoc (PyHKIIAK !l B TOYKe ﬁm f{m_p‘m/ 00y CJIOBJIEH He
TOJIBKO 5TO# CUHIYJIAPHOCTEM. Hom;ayacr; SHTUCUMMOT PUIHOC THI0 F'
0 &y,..,0p-4 » Tpeodpasyem ¥+ K BUIY:

B b =1 808 [ Bty 11 St By

w2
x B0, . onog pA,...,ﬁm)w,p(jZ:l(n 2)%) (e:”he )(4@

oymams () umeer mpocTwe momeca B Touxax ob=ig%(‘|k +4),

1( >0, 1(6 Z . AHaJUTHYECKOEe IpOIOJIKEHUe II0 f’m Ha U B
VHTeTpalax Mo oly,...,oby _g (46) He BHBHBAET HUKAKUX OCJOKHEHUI,
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TOCKAIBAY Toiic }_P@ —poy) B TOUKE ol =Py, - T CcOKpamaeTes
HyJIeM (6 tig Pan . lnave Heso o6cTOUT C MHTOrpaJoM IO d.u+i
Ilpy TPOMONKEHUH IIO f’m Ha St , moimpe B TOwuKe olyy =Po,~

DONHUMAETCHA HA IPAMYD IMdn- - %‘ . Ecin  Pqy, mpuGnumaeTcs
47 -% , KOHTyD MHTOI'DMDQOBAHUA OKA3HBAOTCH 3aXATHM MEXIy

TOMOORME Gy =Py, - - B Sy =Pyy v B . Kax cren-
cTBUe, y GyHKRIUN {i MOABJASTCA HpocTo#t mosmwc. OTMETHM, 9TO BTa
0COGEHHOCTH He MHTepDepUpyeT C IIOJICOM F'() , Tax xax B opMyJte
(45) ,ecTh MHORHTOND (ol ~Bop-s= i&) CJerr.onaTeJmHo, TIOJIRG

., Brome By =Py )+ 18 uMeeT IepBH# NOPANOK. I BH—
9YNCJGHUA BHUETA IpeijaraeTca cJjemynmu#t Tpox.

Beenem fyuriuo

F6lp ) (15l Japt 3= ) o, . den N9

-p,mpgg’;( )) T - SR

OueBMAHO, 9TO & p,,,.,.,ﬁm) MOEOT GHTH IpDeNCTABIEHA B BHJO:

‘{g(h: r.ﬁfm)—{r( Tlp’b »ﬁzn pﬂlﬁ%lhm )%JL

3aMeTuaM TeIeph, YTO CHHIYJIADHOCTH I (ﬁm %—Ij&h " pm) B TOYKe
j&m—}m_4 +90U 0GYCJIOBNIEHA TOIBKO CHHIYJAPHOCTHI -ow , Ioc—

KOTIERY  €2P M)-ea,p(pm %) coxpamaer moxme okyy =Py 7 T . B~
YHCHEM BHYOT { %—%-lh) Y pm B TOYKe pm—ﬁm,“m:

(s ST ﬂ ﬂff"(m B )

PmA <

™
*( Bups= B o) w&&z m

Z lda, . dan- [ E,l%‘? 2]

k=1 =

p .

-

«
* sh - %) B, et B Banen)*
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[ﬂ Sy~ F‘ 7.,— M%(dk f’a %L):'(e?”)@ Q(Qf )-?/(i”)@@ ))( 47)
&(p)E (p-90) = (pfm)“:f(-gw%'),

2%"

J() S ot -ou) = thald W)

Honhayach TOXRIEC TBOM
- By + 2000) (- b *m‘%)
= - %)

npeoCpasyeM MHTErpat IO dk B K -om ciaraemom (47) x Bumy
oo eo+

( K - S mu)(;j‘ 3(("«'%)(0‘4( j7n z,)wﬂn‘ik)dk dy),

(T-] )(ﬂﬁlm BBy )

= ﬂdn—Fﬁm—f%&)d’dM) :

lepeue -2 uuTerpalta paBEH HyJN, T.K. DOZUHTErpatbHAf QyHKIUA
He uMeer ocoGemuocteth B momoce 0< Imdy < 950 . Tocnemmuit mater-

Paj paseH zmﬂsf(pm ‘PL f@})(pm_—h ) . TakuMm o6pasoM,
a5 (B F B ban) -

Bun=Bop-1+ 900
) g ) ) (W)
L (Paye Pan- 2) @m@“ e, ® ) (48)

OGpaT;Mcs Temeps K + 52”,*%“54,...,]5%) . U3 Tpumedanns x Teo-
peme 3 caenpyer, 4TO
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{'i (pm"' 51& IBI)'“)PM) =

A" 12 (P B | By =290 B, B 0P Pan o Bnt . a0

Mo®HO mOKAa3aTh, UTO IpH AHAIMTHYECKOM OPONONXSHHM IIpaBOit d4acTw
(49) mo Py, Ha U ocoGeHHOCTe!t M3-88 MHTETDUPOBAHUA mo diy-y

HE BOSHMKAeT, T.K. Iome B TouKe Oy_y =Py - 151"&-
COKpalmaeTcs MHORATEJEM (U/P (oln_ %p(ﬁhfﬁi'-) Taxmm o6pa3oMm, IO-
;e mpaBoft wacTy (49) 06yCJIOBIEH IIOMICOM (014, Byt |Poy — 250k

PryyPon-a) B Tomke Po=Po., +qu Buqe'r _BWIUCJIASTCH aHa-

JIOTWIHO TOMY, KAK OH OWI BHYUCJIGH LIS F(M TU% »F’:ln)
pesyJbTaTe HMEeM:

P:nu ﬁ (M-J_%‘lhr )p%) = ('4)”'41. (,B'{,-- ~;ﬁ’9,n-2)"

m«t—ﬂl« )
(n-4
(Q(M) (m ) e(4 e 0. )x

X Sm-“ (?’m—; ']51) Sgn-4,an-2(?’2n-4‘f’2n-ﬂ) . (50)

Cruamusan (48) u (50), momygaem Tpedyemoe paBeHCTBO. OcTajbHHE
(PopmbarTOpH paccMaTpUBaWTCA aHAJOTMYHO, TeopeMma IOKA3aHA.

Eme oxmHO BaxHOe cBO#cTBO fopMbaxTOpOB ycTaHaBIn-
BaeTcA clefykueit Teopemoit:

TEOPEMA 5. PopmbaxTopH £ _{i}” JIOBJIETBODAKNT TORLECT—
BaM:

{‘)«W (94,~~~;?>’m = Iy),q, ?’4 )"')y)M)

(7— d‘/%i (Ph ban) = %%% (FM. JBan)

JoxasaTesscTBO 3Tof TEOpEeMH JIETKO IIOJYYHUTH, BOCIOJIE30BABIKCH
caenymmet Jemmoii :

JEMMA 3 an
15
(a}: eh)er i p
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a1
-3 dg

)
"q)w (Q K=t /.\‘: (o\4,...,°ln-4|F’4,---,l5n,|f’m4,---, ?’m»‘

n-4
@, (@%‘dk A(:)hn.-,dn—ﬂ?’4)--~,bn|F’n+4,—~,P’9,n)) =0

JOKABATENBCTBO. CyHKumy q)n(etzd“ A“;)) MOTYT OHTH Hpefi-
CTaBJIeHH B BHAe METEPMUHAHTA:
n-1

o, (% e A) = ek X*

rme X* - marpmm (n- x(n-1) ¢ MATDUYHHMYE BJICMEHTaMY
L e an
Xy =§ E4 Pl - by) P (-2 £A)ok A 1A Bty P By o ) ot

OueBHIHO, YTO HepBHe (\-1) CTOJCNOB %3 X" coBnmamanr ¢ mocrern-
mm (A-L) crorduamm ms X~ . T0sTOMy MOKASATEBCTBO JEGMMH CBO-
IWTCA K TOMy, YTOGH [OKAa3aTh, YTO PaBeH HYJD ONPEHeJUTeNs, [NepBHO

(n-2) crondua xoToporo coBmamawT co crordmamu X', a mociern-
Hut ecTs

o

‘)\('L, n-4- X M ?(d‘PP)ALQ’llpu-wﬁn |15n+4,...,f>m) ¥

(exp BT py-aln—t)- U eaptET -4

n-1
3HaK (- 4) BOSHUKAOT W3-33 II€PEeCTaHOBKE CTOJICLOB B

X",

Croudern X‘x, p-4 MOKHO BaMGHNTE Ha
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oo

X TSPy By, B B, Ban)

><n

l;” oh 441y B ] ok la-pyp 8]
ot (5I)

IOCKOJIBKY DASHOCTh ‘)5(",,“4 Yf n-1 ©cThb JMHeHHaA KOMCUHAIWA Iep-

BHX (VL—Q,) CTOJNCIOB. Mu xo'mM NOKAa3aTh, d4TO X -4 =0 . fleHo,

uro mymt [ | Cﬂ‘b—z (d—jb'- ) a [1 c?«,l-(ot—ﬁaa + Q) co-
Kpalnaor noiwce || H’Q p B BepxHe#t M HmxHe} IOIYILIOCKOCTAX COOT-
BETCTBEHHO. BO3HUKAeT n,ueﬂ pa3CUTh HMHTErpal Ha IBE YacTH, OIHY,
cozepraly o ﬂohi:ot pi- ™ , W IDyIyD, CONEpRANYD,

N (}Vﬂd—b +M) , ¥ BaMKHYTh KX B BODXHOK N HUEHKD IO0-
JIyILIOCKOC TH coo'rne'rc'rnenno. 3mech, OOHAKO, BO3HHKAET CJIORHOCTS,
CBA3aHHAsg ¢ TeM, 4uTo QyHKUuM

(5 ) = N1G(e-pg) ch A3y BN BB B B )

He YyOHMBAWRT HpA o\— oo ., lloB3yach acHMITOTUKOR [ —fyHKIIUE H
BHPaXeHAEM A Ai (33), Jerko moxasaTh, 4TO

Gt(i) ) oki P.l&) +X Ld-4 + O‘ol-n) (52)

i C] P ( ) - no.rmnom cTemeH® 4 -4 . 9Ta acUMITOTHKA OIVWHAKOBA
s (}‘* u Ch, , PAsNUude MORLY HEMY axcnonenma.rmnoro xa -
Tepa. Acnmn'rowmca (52) paBHOMepHA miA G.V B psuﬂ

()
B . 3ameHmM nonuﬂ'rerpa:mnoe BHpaReHHEe B (51) Ha ( 1J)

- ﬁv’ -P) - Cymmomm Crl -P,  perymapms B G‘, . Heoo-
XOIMHM ¥ JIOCTATOYHHM YCJIOBUEM BOSMOKHOCTU 3aMKHYTH nﬂ'rerpa.rm oT
G“) -P, = C* smisercs paBemcTBO Hymo KOSDIMIEEHTA X, B

paznoxenrn (52).
IlokaxeMm, 4TO XL‘—-O . A 2TOro 3aMeTHM, 4TO PyHKIUA Q«
(34) momer OHTH IpefCTaBNeHa Ipu GONHIMX oL B BELE:

Qk(dlﬁq,...,?\/n): r&i’tﬁ;%ﬁ _ n((i'ﬂ'j'%_)k +O(ot’2)
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4YTO NPUBOLAT K CJEIyKileMy BHPARSHUD IS P”L :
1

P @m,..,,xn)}[] (o= A )_Q%T(T,ljn—&‘

n , A -2
'1!1 o2y~ %) B La At T 06,

TIO9TOMY

Ab(d'l&h ;.En’lﬁﬂ.ﬂ) )}M)=

4-4———7 M 0

oymamn W (d H%{ ﬂaa CFVﬁi ﬁr%f—) AMENT SCHEMITOTHKY :
9y th et = ) ~ o4+ OY)

7 yHAOBIETBODANT TOXKIECTBY :

a=pj+ 11_
qj(d*m) WH)W dbﬂ)'

Orcioma u us (53) CleNyeT, 4TO CTU IOpefcTaBEMH B BHIO:

) =TV ) “THetvand) +06?)
e

W . .
T k) =[] ¥l bt gt p; -3

X (OL m)-%*b

Ecom dyrrxousa i (z) JIOMyCcKAaeT acUMITOTHYECKO® DA3JIOXEHWE B OK-
PECTHOCTH GECKOHOYHOCTH, QyHKUNA {(Z*-Ou) f( ) MMeeT HyJieBo#

KoopPuI@eHT Npy Z~ ' B ACHMITOTHUECKOM DA3IORGHHM B OKDECTHOCTH
G6ecKoHeuHOCTH. U3 9TOro oueBMEHOTO PaxTa ¥ MOJYYEHHOI'O IPEHCTAB-
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JdeHus g (3  cxemyer, 4TO X;,=O , 4T0 U TPeGOBANOCE.,
Jemva mokasaHa.
13 ompemesenza Z y caemyer, 4TO

{)&0 (ph"')p’M) =(Z’&h’ﬁ3) 9‘)/" (p'h“'»PM)
Lot (B oo Bn) = (2 hBy) G (i Ban)

MOXHO TOKa3aTh, 4uTo mpu N >9 9,,4»(94;---&%) , Kax QyHxumit
Poy TMEOT TO Ee OCOGEHHOCTH, TO ¥ JyHKIME {JM’ (B, Pan)
BHYOT B IOMNCE Pqp = Bopn-g + W maeTcs fopmyiiolt, aHamormaHol
(43). B ciyuae n=/1 uMeeTcs moume B Touke Py = p,+9h , ®oTO-

poro me 6wro y J . Buder B oToM moNCe ecT:

; ) )
s 0o lon0) = ch pePoet) e 0!
=P+ I A
(4) ) 0
2 W Gulpabe) skl @y e @)

Bp= s+ U
/13 Teopemu S cJenyeT cyllecTBOBaHME Taxoi QyHKuuu

h“/(ph,_,,m,q'ro N
1% (B, han) = (5 sh B R (81, ),

19(B1,.o pan) =(2 R BR” (B pra).

MoxHo moxasaTh, WTO Ipu N > 2 W’(h,...,& ) He UMeNT Lo-
IOHETEMBHHX 0COGSHHOCTeR mo cpaHenun ¢ {0 (4., Pan) . Buwers
B Towke Py, =Pop gt M mawrcs Gopuyiod aHanormuHot (44). B cay-
wae Jv =1 BOSHUKADT NONOHUTeNBHHe NONCA B TOTKAX P, =

= Py~ (2%+1) k€ Z . Buuer B momce Py =Py +ou
eCcTh:

@ w g€
2o s (P, By) =654)®eel (¢* %)™
o, = by 9 (54)

(19
QyHKIINA %/ 0o0aanT CBOKCTBOM:

%/a/(?” +A;~‘-yﬁM+A) =h0‘,(b4»"';f’%) (55)
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Mb KOHUGEM 3TOT, BOSMOXHO CIMmKOM (OpMasibHHi, paspmen U nepe-
XOI¥M K BHBOJAM, KOTOPHE MOXKHO CHeJaTh U3 ONMUCAHHHX B HeM
cBoficTB daopmq)ax'ropos.

3. OnepaTops 3 n . AnreGpa TOKOB.

Bo BTOpOM pa.ane.ne 6wm onucaHn QyHKLUK & X y » KoTOpHe
MH OTOXmecTBJAeM c (opmpaxTopamMy OnepaTopoB ‘)5 % (’1'«0,'1'4) "

T\M" (’X«o fq) COOTBETCTBEHHO. HoxameM, tx'x‘o n3 csoficTB dyHrumH

f ( y BHTEKaeT, UTO ONEpaTOpH 3 " JH 06JIaalT BCEeMU
eCTecTBeHHHMM I HUX cBolicTBamu.

Us reopemn I, Teopemn 3, Teopems 4, paseHcTBa (42) crenyer,
aro 4% ,'T' N 06nafienT CBOACTBOM JIOKANbHO! KOMMYTATHBHOCTH.
Us paséHcTs” (41) cremyer, uTo 35’» ABIAETCA BEKTODPOM, & |y
(I,I) - TeH30poM no OTHOmEHMO K NpeobpasoBanun Jopenua. Uz Teo-
pemy 2 crepyeT, uTo T lwy ABIAETCA UIOTOMMUECKUM CKAIADOM, &

3 b npeo6pasyeTcsa no NpeacTaBjJeHuo ChIuHa 1 usomnnuecnoﬁ ajl-
re6pu. M3 onpenenel-ma _{ T Teopemu 5 crleflyeT, uTo o] M'(] o =0,
OuThy= =0, ‘}w 'T;, . Baxmue csolicTsa 3 s "l;w yCTaHaB~
JIMBaTCH cne,uyxomeﬁ Teopemoﬁ oo

TEOPEMA 6. Oneparopu P).A«:X (q,)d,x Qo' X ja’(x) dx

ABJIANTCA OllepaTopamMu aHepr‘nn-mnynbca N 38pAN0OB CUCTEMH, T.E.

szs (Bs) - Zem(Pm)lPM g: Pul &a))ZZ (B ’Z:m (pm)lph >,
sz (154) Zam Pm) Iph>= iE éa)&az (PA Zéj ?a) Z:m(l”m

JOKA3ATEIECTBO. Paccemorpum oneg/ampu ToxoB. llocTpoum MaTpUu-
HHE BJEMEHTH OrepaTopa ao 1o £ ¢ nomombl Gopmyns (I4). UH=
TErpupy, ydem,uaewca, YTO MATPUUHHE BJEMEHTH OlepaTopa

X
(1%
Q¥(x) = 5 by dy
CTpPOATCA IO BBe,U.eHHhIM B KOHUe pasnena 2 dyHKUMAM gl, c IIOMOmbBI0

dopmynu (I4). Ecnu nocTpouTh MATPUUHHE BJIEMEHTH 3 no dopmyine
(I5), To o6HapyxuUMm, UTO MATPUUHHE BJEMEHTH ONEpPaTopa

Q (x) = 4% )y

cTpoATcA no% < ¢ nomombo (I5). O6parumca Temneps k Jlemme I.
Oneparopt Q% " Qg’ NOMTM MOAXOAAT ron ee GopMymupoBky.PasHuna
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o
COCTOXT TOJBKO B TOM, YTO ABYXYACTHUHHE (yHKIuH h (cllf;) nme-
DT NOMNC B TOUKO o= =p . Noubsysacs fopmyno#t (54) nua BHdeTa
[ Rt (h %') , JOeEmaeMcda, 4To

Q%(x)- Q% (x)= Q%

49To ¥ TpedoBajiock, OmepaTopH 'T 0 pacoma'rpnnamcﬂ HAJIOTHYHO.
JokaxeM Temepb, UTO oneparopu (3 o HOPORTART ajrelpy To-
KOB.

TEOPEMA 7. OmepaTopw j v JHOBJIOTBODAET COOTHOMEHHAM:
[i52), By =+ Mg(@s(x-m,
FALTHOIE j%(w)ﬁ(x—w,
ORI HOLESE
+19T/b!2,80'$5 (’J:—’lﬂ), (56) .

RS [T ST L

JOKASATENECTBO. TIoCKOJNBKYy B CYLECTBEHHOM BCE 3aBHCAT TOJIBKO
or LY, OymeM cumrars Y = 0.

OGpaTaMcA K JoxasaTedscTBy Teopemd I. B BTOM IOKa3aTeIBCT-—
BE paccMaTpUBaJiach CBEPTKA:

[T0(x) 000 Sz = (D) B000 . (k-
+[[oifx), 0, 0)] ¥, (x) dx

- (57)

me ¥, (@) = Y)olx), Y.(x)=F (@) 0(=x), Se e

Buro mokasaro, uro ecxn W, () ¥ (x) oopamanres B HoMs B TOU-
ke X =0 co BceMz ¢BOEME IPON3BONHHME, TO 002 WIGHA B IpaBof yac-
1 (57) paBHH Hysw. To ecTh LO4(’JC 01(0)_-] eCcTh 0GOGMeHHAs
dyuxuma ¢ HocuTedeM B Touke =0 . Ilo mssecTHo#t Teopeme JlopaHa
liBapa 9TO €CTh KOHOUHAS JUWHONHAA KOMGMHAIMA HPOMSBONHHX O -—3yHK-
muu. llpm 2ToM OWla CyMecTBEHHA BOBMOKHOCTE HCIONB30BATH IJIA MAT-
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DUIHHX JIeMeHTOB oGa mpefcTasneHma (I4),(I5). Bompoc o mOBeNeHUE
KOMMyTaTopa B TOYKe X =0 ocTaNca OTKPHTHM. UTOOH IDOACHHTH €ro,
Halo UcTorb3oBaTh fymxmuu f, ,Y- ¢ ZpyruM NOBeIGHMEM B TOUK®

=0 . IlodeMy BOIpOC O IOBEIEHHH ‘f+ cymecTBEeHeH? B pesyis-—
TaTe npeodpaaonarmﬁ TIpOFeJIaHHHX IpU NokasaTenscTBe TeopemH I,
BOIPOC O PABEHCTBE HYJN IepBoro wieHa B (57) cBejcs K paBEHCTBY
HYJI0 DPa3HOCTH

PO oo- g +140
gG(o)d/é-x G(6)dl6 (58)
N -'oo - gU +40

Tne

G(6) =1, (F,- 0l CuB,) S TRuC) 4, CUR, 1B, + o)
B (k(0) +ho(B) +h(A) + % ()

—|C| E e ‘f_( k) - mpeoGpasosanue dypre Y .

QyHKINA G(é) peryiApha B mosoce -9t< [, < 0 , moaroMy pasmocTs
(58) paBHa HyJb, ecJE mHTerpam mo R = [R 4 +10  xopomo Om-
peliesierH. MoReT, oiHaxo, mouyunTheA Tak, uro ( (0) youmaer caa-
6ee 62 mpu 6 — ©° , B BTOM CJAyYae HOKA3ATEIBCTBO TPEOyeT yTou-
Henmit. flcHo, uro youmanme Gi(6) mpaMo cBAsaHo ¢ moBemeHUeM
Y.(x) B romme x =0 .

B Hamem caydae $opmParTopH { 2 {.2 ecTh PopvbarkTopH TO-
KOB, CJeMyNIEM 06pas’oM BHPAXAKIMECH Jepe3 BBEJGHHYD B KOHIE BTO-
poro pasmesa (yHKOED

£ (B - Bon) = (Z ‘5“'?’@) U’h Bon),
1Y By o) = (ZM@) F(Brr i)

MoxHO TOKA3aTh, UTO A {4/ CIpaBeNIUBa ACEMITOTHYecKas HopMy-
Ja:

(59)

B B B S -2 panrd) = enpl el

6—- T oo
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x 8(4 —8,0'K-8K’9'w) cg\\:?(/ (h)"'l&k‘, J’Km---&ﬁw\“ + 0(6—4» (60)

U3 dopmysu (55) oueBHMIHO, UTO F\,:=¥b°' mpn K=0 Ck=An |
U3 acmvm'rormcn (60) u dopmyxr (59) smcmo, uTO, eciu _(‘c)
yOHBaeT Kax 1( mpt K —°° | B I06OM KOMMyTaTOpe TOKOB MHTEI-
pam or G(6) cxomares SKCIOHEHIMANEHO H HUKAKIX ocJIORHeHHt He
BOSHUKAET. Yc.nonne B§ )~ SKBUBAJIEHTHO YCJIOBHUAM
¥(0) Y'(O) CJIenona'reJmHo, KOMMyTaTOpH TOKOB He cojfiep-
®aT cnnrympﬁoc'reﬁ crapme O dyEEmH
Pacho'rpnM Telneps KOMMYTaTODH [30’ 6(0] \-3 ( ) ( )]
ﬁ g“+ i%) | Jlerro momaTs, wTO ech - fé’ W
Haodopo'r, TO G(d) yOuBaeT He MeIieHHee &~ B 'rex oIy 9anx,
korma (;(6) yousaer xak 6! , GopManrHo maTerpams B (58) He om-
pelleJieHH. Mu MOXeM, ONHAKO BBec'rn o6pe3aHue ¥ paccMOTPETH pas-
HOCTB

A -9t +10
| 6lo)ds § G(6) 0 (61)
-A A -9 +10

flero, 9TO pasHocTh (58) paBma pasmocT mHTerpanoB or (j(6) mo or-
pesKam (}\ -gtl /\) (—/\-‘Iu'/ /\) Hocaenune yousapr mpn A\—o°,
CJle[loBaTeNBHO, 6cAM MoHUMaTh (58) xax mpegen (61) mpt A\ —eo,
pasHoeTs (58) paeHa Hyaw u B caydae ((8)~ 6! 8 —e0 | 06pe-
sgHmb (6I) MOXHO HpEOATh PuU3MIECKUE CMHCJI. Ha.uo CYATaTh, 4TO HM-
IyJBCH YACTHI B IDOMORKYTOUHHX COCTOAHMAX OTDAHWYGHH €/ ¥ pac-
cmaTpuBaTh opemel A— oo, Tor $akT, YTo pasHocTH (58) MoXHO mpu-
TaTh CMHCJ, XOTH OTHEJNbHHE MHTOTDANH B Helt He OmpeNeJIeHH, TOKASH-
BaeT, 4TO KOMMyTATOD - MEHee CHUHIYJAPHHE O6BLeKT, ueM ImpocTo Ipo-
U3BEIeHNe IBYX TOKOB. TaxuM o0pa3oM MH IIOKa3aiH, dYTO

[ﬁ&"m it -0 | (62)

Teneps ymoOHO paccuo'rpen. KOMMy TaTOD [Q ) 3 ”( )] , U3
KOTOPOr'0 [3%’(% 3 ‘/w(o)] nouaygaerca mufdepeHuuposaHueM. Mu
W3yJaeM CBEDPTKY

|17 ), ﬁﬁ(f))] Yy - 102 e ) o] 9. )+
(0% @), 3,01 4 ) de -
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=S 0% (x), jﬁk (0)] V. (o) dx + S[Q?(m),ji(o)] ¥, (o) da +

AU EACLE

Jlerko mMOKa3aTh, 4UTO

(0% Lol =4e* 45, 0)
IODTOMY
(0% (m), 1800 Fwydax = 4ferki 0) B o) s

+{ 0% () g8, (01) Y. dax {68 ) 011 ¥ ()

(63)

o 0
MaTprulHe 3JEeMeHTH ONepaTopOB Q_ 2 Q+ , KaK MH yOemmwiIHCh IpH
IorasareascTBe TeopeMH 6, CTPOATCA IO ﬁ,"" ¢ momomsn dopmya (I4)
n (I5) cooTBETCTBEHHO, II0O3TOMy BCe IpeoGpa30BaHWA, IPONEJAHHHE
opu JoKasareiscTBe TeopeMd I ocTawreds B cuie, g Toro, 4ToCH
HCCJeNoBaTh, HampuUMep, E'ropoﬁ yied B (62) HEOGXOMEMO MCCJIEIOBATEH
(58) ¢ ¥4=ﬁ, , {gf{» . Herpymo yoemarsca, aro (i(6) me you-
Baer B emumcrsemHOM caydae: A =B=A=B, =@ , A=B,=A

pu arom  G(6) Bemer ceozalcan ﬁllh"‘(c)ll’& o J0) (#1)*  npa

6 —-°° , OrMeTEM, d4TO I (C«) ne sapmecur or (b . flcHo, 4To
OTIeJbHHE MHTerpajH B (58) He CymeCTBYDT, ONHAKO DPASHOCTH BHOBE

MORHO IIDUIATH CMHCJ, BBeJA 00pes3aHUe:
A A-9t +40

b [ Glevdo -{ Gle)ds) -
A oo =A ~A-gu,+ 0

A A
“tm [] GlO)A6 -| Gle)ds ]

A2 n-aurio A-90 +0

1A OIS Plo) [h-(4"] ou
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Orecona

S[Q‘”(x O] ¥ yda =auh (o) (-(-47")

AHaIOMHUHO

[ [% (), 4 0%, ) da = 90 14 - (-4)

loncraenaa sto B (63), yGexmaeMcs, uTo

[_(x) i (0] = 4% €, 0)Ble) + 24 5% 8 ) (1 - (4)*)
Jwpbepernupysa mo , MMeem:
(1% (0), 401 - %% §5,(0) 3(a) s2sin 58Sy 1- L) (60

KouOurmpya (62) m (64), nonxyuaeM cooTHoMEHHs (56), yTo ¥ Tpe6o-
BaNOCh,

Xorenoch OH MoAyuMTh Gosee gBHYD GopMyny Hiu XOTH OH OLEHKY
INA KOHCTAHTH )] . OTa 3ajaua, KAK M pAN NPYTHX, HAXOOMTCA B
cTamuMd pelieH¥A. HauGonee akryanbHEM o6oOmeHvemM Hacrosmelt paGoTH
aBngercs paccmorpenue U(3) HenmHeiiHon 6 womenu.

My mpusHarensHwm H.10.Pemeruxuny ¥ Ji.J.Qanneesy 3a uHTEepeC
Hameu pasdoTe.

[IpMxomerue
[locne Toro, Xax cCTaTha duna 38KOHUEHA, MH MONyuHnn Goiee

npocTee GOPMyMH IR dyHKIMI A("' (I XIm) , HCIIONb30BAB—
mVMXCA BO BTOPOM pasmexne. Hpuneneu aTH DOPMyTH:

(W)
A o @, M o, poge) =0t B ()
roe fB(c I (n-4)x (n-4) MATDHIIH C MATDHUHHMM BJIEMEHTAMH :

(%%))” =By i (o1, o, ¢ Ly, pac),

W .
Bo,i,(d \%,...,%wth...,Mw) = é[:I4 (d‘%j' ﬂi&) %
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x QoL ~gti | =g ..., poy,~910) F\b-}kz B0 A, M),
Br.i (o1 Ay Mt ity e ) /jl:\ o2y o) »

*[Q . O Hyath, . g s=g0) =6, (M. oo )+
+;f:|—:(d ) Qg b, D),

n-4

n-4 .
Qi (o oth |y - g, - ')+jrj4(d-m+"%)*
X [QLM (d I/A/h-")ﬂ’n)_éb(}bll —‘m’)"-rMnM —‘Ju/)]

rioe Qo =0 , Q‘, sanaores dopmynoit (34). Igoxasa'renbc'rno SKBUBA-
NEHTHOCTH d>opuym (II1) u onpenenenwit A MCIIONB30BABIKXCA BO
BTODOM pasnejie 0CHOBAHO HA TOXNECTBE

P (A, ) = P ot =th 1y =sb,.. ., Dy — 5

M PEKyppeHTHHX cooTHomenusx (36).
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A H.Kupmiios

TOXIECTBA 1A JWIOTAPUSMIYECKOA OYHKIVI POTEEPCA
CBASAHHHE C IPOCTEMI AJTEBPAMU JI)

Hacrosamas 3aMeTKa IIOCBANEHA NOKA33TEJNBCTBY HOBHX TORNSCTB
oA muwiorapudva Pomepca L(x) , BOSHEKANIMX IIpM HCCJISNOBAHUYM HAZ-
_KoTeMmmepaTypHo#t acuvmroTnk: sHTpommu B RS0S -momemax [41,(6].
VIMBHTENBHEM OGpa30M OKASHBAETCA, ITO B Pe3ylbTaTe IoIcYeTa CyM—
MH 3HaueHmil mwiorapudMa Pommepca B o HOKOTODHX cnemaa.%ﬁ TOYKaX,

B 0TBeTe IIOJIy4YaeTCA YHUCJO BHIA %"C , Tme C= T

- NeHTpaJBHHIt 3apan Konfopvuoit Teopum mona (51, (4] (komdopman
aHomaJma B TepvuHoJorud (8] ). YacTwuHOe OGBACHEHHWE STOrO COBIA~
meHns comepxurcs B (61 ,[IR) .

m°I. QopMyIupOBKA pe3yIBTATOB

Hamommum [I1 , [2] , wro mmnorapufmom Pomzepca L(X) masuma-
eTcA QyHKINA

X
L(x)=—4/2§[ bgfi-n *‘lﬁ(x—] ax, 0exd. (D)

TIponmorum yHKIMI0O L(x) Ha Bco BemecTBEeHHYDL OCh LR mo GopMmytam

)
L(X)=%-—L(X'4), ecaz x4
3
L(x)=L(1—4_7)—%—, ecam X<0.
TEOPEMA I ([I2]) lIMenT MecTO CJeIymiFe paBEHCTBA
I ECJIE ¢—$+—n s TO

v sin K@ Sim(n-K) ¢ iy
Q%L(M(mﬂ)q M'M(mm—K)q)— 2L = (2)

2. Ecum U(=.fp7 » TO

4 ; 2 ing - sin 39 54 &*
sin 29 _ img - 4 >}= 2
%{L«mmmq) )+2L(M(m+4)(f'MM(m+3)(f Wtk 76 (3)
PasencTBa (2),(3) ABIANTCA YACTHHMHA CAyYaAME OCUHMX TOENECTB A
IwiorapufMa Pommepca, K GOPMyJMpPOBKE KOTODHX MH U II@PEXOLUM.

HycTs % - mpocTad asreGpa Ju, wg,(@) - ©o paHr, ¢ - IBo#cT—
BerHoe uucso Koxcrepa (9] , ¢= ,,/—,fg.

TUIOTE3A ( [IR] ). HmeeT MecTO pPaBEHCTBO
o) 4 . 2
Zjl 2 L(#m(q))=""i”ﬂ”;q~%—- (4)

Onpemesenue §yHrumit ¥ () OyIeT npuBeNEHO B n%4. TormecTsa u3
reopea I coorserTcTByNT caydamm F=SLmnm §=350(6) ,

I2I




3aMeTHM, 9YTO BCE CJATAeMHe B JEBHX 4acTAX paBeHCTB (2) 1

(3) cooTBEeTCTBYMXE M =41 pABHH LH)——— . CremoBaTessHO, (2)
7 (3) SKBEBANGHTHH pABEHCTBaM
&) ( SiM KQ - S (h=-K) @ _min-hy & (5)
K={ m={ M(m+x)(f-m(M+n-K)l{ LY+ 6’

X ; W sing - sind pa-h &
(e )+2L(m7mi4)q?:m$1+ﬁ)q J-Eae e

m={

&
the §=3%7 -
. &
B oCmeM cJjyuae MOEHO NOKasaTh, 4YTO BCerna 4’.& ( v+ )=4,

KKé‘tg("J) . TaxuM o6pasoM, (4) SKBUBAJEHTHO CJIGZYIMEMy
(rumoTeTHYECKOMy) TOEIECTBY

(@) -4 © i ﬂ
AT SEE LS o

Ipexne ueM IEpeiiT:H K IOKA3aTEJBCTBY TommecTB (2),(3), mpusemeM
HeKOTOpHe cBoficTBa fyHKkmmz L(X) .

n°2. CsoficTa murorapufma Pommepca

UsBectro [I,2] , 9To fyHRuuA L(x) yIOBISTBODAET CJISHYHIMM
COOTHOMEHUAM

I. Liy+Ld=-x)=Lh, xeR _ (8)
(4-x

2. L(x)+L(y)=L(xg)+L(7—gt) L(‘«L{_—q) (9)

bi%s 0<X,%<‘('

Xopomo msBecTHO (cM., Hampamep, [31,[7]), gro cooTHoweHuA
(8),(9) ompemensor muiorapufm Ponxepca L(X) onHOSHAYHO ¢ Tou-
HOCTHD MO HOCTOAHHOIO MHOEHUTeNA. Bolee TOUHO

TIPELIOKEHME I. Homycrmm, uro gymxmma {:(0,))—R rpmsou mud-
depeHmEpyeMa ¥ ymoBIeTBOpAeT Ha mHTepBate (0,1) @yHKIMOHATBHHM
ypasHeruaM (8) u (9). Torma

J(xy=Comst- L), 0¢x<4.

Paly TOJHOTH MIVIOKGHEA, MH MPHUBEJeM IOKA34TeJBCTBO 3TOr0 IpeIJIoRe-
HUA B IPWIORSHUH.

Xopomo msBecTHO [R] , uTo dyHEmmA L(X) MOMycKaeT IpONLONES—
HWe Ha BCO KOMIUIeKcHyD mwiockocTs ( . Cremya [2] ,[I0) , mBemem
Gy HEIIMIO
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. X _ 2
L(X,e)ﬁRzL(xe‘eh-{/zSM‘_l%%ﬁ"_)dx N
+'f,‘&4lxl'%(4—2xm6 1), x,0eR. (0

JorazaTeJsCTBO TeopeMH I OCHOBAHO Ha cJexywile#t Jiemme.
JEMMA I. Hmeer Mec'ro PaBeHCTBO

(M"te —v—(—el")—) 7 (20+9)2g+Q) +

mv m(qw)

LR g L m—((gﬁwﬂf“?) (ID)

i yin({+q)
-L(-m%y‘f*e“?)- (a5 470+,

mpu yeaosur 0<Q+6+¢ <&
CIEICTBUAE I ( [21, [I0]). Ecum O<<p+es3i , TO

L(( ﬂg)) 29 G+2L( _ﬁ_, ) ( o ,(f+9). (12)

llperme ueM LOKa3HBATH JemMy I, mpuBefeM Apyrue MoJe3HHE CBoiicTBa

gymeomz  L(x, 8 (cp.[R]).
JIEMMA 2. VMeNT MeCTO DaBEHCTBA

I Lx,00=L(, Lex,y=Lix, 5-¢) (13)

2. L, =L(x,25ktq), KeZ (14)

3. L, q)_—(ﬁ q))‘ ”2, INAS L (15)
Lehp=4q- 42’ 0€4<28

4o Lo L =1 a—g LA gcgan (16)

. (+9)2 2

5. L(- %e’?+°)+h(‘w"f+9)=jf“‘%" (17)
o<q>+9$:n. .

6. L(M——g——;nfre’,9)+L(Mﬁ;9),q)=(e”{'m , (18)
0<q+O<m.

7. Lamg=g-EyF, 0cgea. (19)

8. (20)
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Lx" )-WZ L (omp 2K,

(1)

Iia moxasarespceTsa TommecTs (I7)-(I19),(I5) Bo3bMeM IPOM3BONHYD
mo ¢ or ofemx 4acTe# COOTBETCTBYOUMX DaBeHCTB. 1A aToff uean

ACIOJIE3yeTCA PABEHCTBO

4 fwd-2xcos0+xh X—c08 0
dLu,m_{ 4 X +ijpInix 1-2xc0s 0 + x* }dx *

+{ ‘“”'d%(rb:(%ooi 6)+ 1o fnix qﬁh—} d8.

TakUM crocoGoM JErKo NMONYYalTCHA CJeyWIHe DABEeHCTBA:

L --wdglgD-4-F
E‘%L( ——‘5— g+8)=q+4fa ctg(q+e)!}n me)
_4/2 ';tg(fﬂn( ( +G)
<F+e) 8-1fy atg(we)&n(*—m—q;)
+fchg g- (M( (£ 0) *9)

oL (D ) o gr-s o g gy b ) -
1 g0t ()
a%l*( ,,ffqe), o) = th el g+ &) b (Bl -
—1f %qm(mﬁ(“@ee))

b (-2
prle

()

(23)

(R4)

(25)

(26)

(R7)

;f—q, L(_Mﬂ : M):i/z (ctg g +ctg g+ o) %( M(q-e)m(qu)) i

sing sn G+ Q)

sim 8 W (0+9)
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sim B - sin (6 +¢)

i [ctg(q—ewdg(qu)]u(m.w).

(28)



llposepmv pasercTso (I5). U3 (23) cmemyer, uro L= —M+c
JUIfi HAXOKIGHUA KOHCTAHTH C BOCIHOJNB3YEMCA TeM, UTO L(&)-J’g—2 .

)
Taxum o6pasoM C = %” , 4T0 moxasusaeT (I5). IlpoBepuMm, HampH-
mep, paseHcTBo (I8). Us (26) u (27) ciemyer, 4TO JeBad 4acTh
8+ 9-m)*

(I8) paBHmeTca C+ (b+ IJA HekoTopoft QyHkmmE C = C(6).
2

B cmny cumverprn JeBoll yacTe (I8) mo ¢ m @ MomHO cumTaTh,
wro C(0) B meficTBETensHOCTE OT O He saBmcmT. lpn (@ =0=%

neBag 4yacTh (I8) odpamaerca B Hoab. CaemoBaTensHo, ¢=0 .

JOKABATEIECTBO JIEMMH I. Us Qopmyn (24),(25) m (28) caemyer,
9YTO pasHOCTh Mexmy JeBoft m mpaBofi wacTavm fopmysu (II) sBiIgerca
fyuruueit €(0,y) , KoTopad He 3aBHCHT OT ¢ . A HAXOROEHUA
¢(0,¢) momoxum B (II) §Y=6 . Ilpu Taxoit TONCTAHOBKE MH IPUXO-
IOM K pa.BeHCTBy

sin 6 _ 6+(p)
=—(26+c|J) (6,91~ (- M(em,zew) L( 28+9).

CpaBHEBas IocJenHee paBeHCTBO ¢ (I7) Haxomum, uTo C(6, )=0.
Jemva I DOJNHOCTBI LOKA3aHA.

[a moxasaTenscTBa paBeHcTB (I6),(20),(R2I) mpomnddepeHuupy-
M UX IO X ¥ BOCHOJb3yeMeA @opwnamu

iy o 9
-t foltd-xe V- xe i |{4 ns W}
H-4 e’"(‘? ) Wx”“e““f
) 4_Xeb(q+2r-’,§—“7 4")('”6“'"*

B pesyabTaTe MH IOKa3aid, 9TO DASHOCTH MEXIY JieBoit m mpaBoif gac-—
avm (I6) u (R0) or X He zaBmCHT. [ 3aBEDNGHUA JOKASATENLCT-
Ba moyoxuM x={ B (I6) u x=0 B (20). Bamerum, uro (2I) ecTs
caencTere Gopmyax (I0) u (20) B CWIy BEWECTBEHHOCTH paBoit dacTH
(RI). lleMMa 2 TONHOCTBN JOKAS3aHA.

n°3. JlokasareascTBO TEOpeMH I.
lioxaxeM cHauasa TowmecTBO (3). U3 Gopmyxn (IR) m (I5) Haxo-

v, L ZL«———‘Y—)) 2(1+4)(¢+4)¢"‘+2L( sn2g’ ‘{’)’

m={ s (nl) 9

I

_ 2]_,(. %, (m)q) -2L (—%, (‘v+’+)<{).
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Anamornuro u3 Gopmyn (II),(I5) u (I7) maxommm

. 2
i Mg - sin 3 _ 18" 2
4 %L(thmq-mmmq) b=

. . i 2
AL(-2ke 50)-L- ST, (1at)g)-L —“%,,,%’-‘L,mm)—

L ____—‘L“*?; (1+4)({)—L(—%;(‘Hh)‘b.

CremoBaTeIBHO, 24 230, =6(v+1)(4+4) ¢2—Jt2 +#1 q’z—

( W, (‘H&)(f)-ZL(—% w+‘()‘f)-

-ZL("W%:T)(L’ w+2)q’) 2L( M('sz,(w-tﬁ)(() (29)

—2L(—%,(uh)q)—2[.(— ——M%%i,('ﬁh)({').

JleBaa vacThs fopvyyu (3) paBHASTCH SHAYCHED CYMMH Z_+2Zz opn

g= .fi " . B aToM ciyyae, mcmodb3ys PopMyJH (18) u (I9), mis

cymvu (3) nonyqaem cJeyKmee BHpAXKOHNE:

71,4057, seenst a4+ HyP-aL (2 c0s 9, ¢)-6L k) - ZL( q ‘f)'

ATy
b+ o _ ol TR
‘“L(m—z% q)= ————)——+Mq 29~ 2(g- ) - (3¢ a)
blt)a’, oo (summ gt -svat
= Jﬂv*a“f E 2 2(+h)

ToxmecTBo (3) mOKasaHo.

JOKASATENECTBO TORNECTBA (2). Bocnoamayemca Popmytott (II).
Torga, XKak He TDYZHO yOGemuThCA, CyMMa B JeBoit wacTm fopvyax (R)
IPUBOJUTCA K CJeIylmeMy BILY

. - n- .
n(n—4)*;(n+w) ¢ +2:; ':Z: L(- st (m+K)(y>-

Hm Kq
L L sin(m+4)4 (m+y K)(f) (30)
_ - A , M+ +K0Q).
2(% ;Z;_ 4 ( MnKq
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IIepBaa QitHas cyM:ua B (30) npeodpasye'rc:-r K BELY

p=3 k=1

(% (4]
+2§’_ L(-1,2x¢)= Z’,(K”cy2 [5—]+2 Z(K -4 ’” (31)

Jia BHYmCJeEHEA Bropoft mBoitHo#t cymvu B (30) BocmOIB3yeMcA TeM,
4TO mpH q=% BHIIOJIHAGTCA COOTHOMOHHO

L( %’;L‘L (m+'t+x)q)=L(%’K"c?‘1,(n~m—K)q).

CJxenOBaTeJEio, BrOpas jnBoltHaa cymMa B (30) npeodpaayeTca K BIIY

[Z
£ Bt o

(%4 P

2
+2 Z L.(2cos kg, Kq)= z(xq-ﬁ [ 4]+2 Z(K‘( ﬁr)+(w N& (32)

TaxuM odpasoM ¢ McHoNB3oBauueM fopmysx (3I) u (32), cymva B Jesol#
gacTd (2) paBHAeTCA cue,uymew Bupamennm

nw- 4)‘;51+n+4)q +(n” 2 &* )[n 4]+22 K- m )K 4]

% at
+ 2 (kghi- )‘“—D“iﬂZ(w v L (83)

(4
3aMeTHM, 4TO Z K[—i- E wn-Hn-2) 4)(”/ 2)

2 D
( qz s‘i )[n 4]+22(K2 ) k= WQEWJ(" (n6)v

L -{ (n-1)(n-2)
253['%]‘“[@7‘]‘ AR

3necs [X] - Hesad 4acTh BEUMECTBEHHOTO YHMCIA X .
OKOHYATEJNBHO, BHpareHme (33), a CJIeIOBATEJNLHO X JeBad 4acTh
dopmysn (2), Tpeodpasynrcad K BULY
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) )
g [nn-DE+) | r-D0M-2) _ (-DEn-Dl_(v=0-4  E7
5 [ Tintay T 3 6 } w4 6

Teopema I HOJHOCTHO LOKA3aHA.
CIEICTBME 2 ( [2], [IO]). MMeeT MecTo paBEHCTBO

) sin L 2 -y ot
] )+

m=4

SAMEYAHVE I. B [I0] moxasaHo ciemyniee oGGOWeHHe TOXIECTBA
(34). HycTs p - NOJIOXUTEJbHOE paliOHaIbHOe TUCJIO, p=[60,$1,@z...]
- DasjiOReHNMe YHcJA P B HEIPePHBHYM IpoCb. OmpemeJsuM IOCJ]ENOBa—
TEJBHOCTE LSJHX YHCeT My, Y, ,1()), Wy

4=0, 4o=1, Y= fi=titbiys, 0,

mc=0’ m1=’80, m4/+4=m4"+%4'/ ] {/7/0,

TTOJIORYIM *Hg')=4l ,-00Il M <§< My, , IIOJIORIM
nz- =1J4./_4+(j—m4;)% y OCHE My <J<My, .
[IPELJIOXEHVE 2. Wmewr MecTo cJemykiue TOXLecTBa

Mot "(4’) M(%w(' 9) 1 §- :
0 ) T a 1
I, jgb 1) L((W) )—( {) 141(‘5-1,4'%1-{)9 +
141" 4 2(entL(= Sim (44, 8) (4t )9) (35)
+ o +2(-4) ( 5in,_60)’ Yot 9)s
0<(ty + 4y 20 <.
2°, IyeTs My <6 <My, . Torma
A D, (1 sinYy 8) " 2
()L | ) ) = (- 0
R ((M"”a'“m»e)) ) ol 400+
N . 0 ' (36)
+ 4+(64) fﬁ:2+2(_4)‘ﬁ L( M(;(Y 9)) Vlfb“*‘%m)e))

0<(ngtYy) 0 <0

ToxmecTBo (34) cooTBeTcTByeT caydaw peZ,, C[’=%; %<p . Buio
OH MHTEDEecHO HailTm aHaJjorm ToxgecTB (35) u (36) LA IpOM3BOJEHOI
opocToit anreSpd Ju.

SAMEYAHVE 2. Ucmoss3ysa ABHHD Bup $yHRmutt ¥ (@ (em.m %4,
MOXHO JOKa3aTh CIpPAaBeIMBOCTH ToxIecTBa (4) A Bcex KIaccHIec—
Kux ajgredp Ju paHra <4.
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n°4. Onpepesenue QyHummit {(K’
IlycTs 9} - mpocTaa aiarelpa Ju pawra 4 , C—(d.;,j) - CO0T—~
BOTCTByMUaA eff Marpuna Kaprawa, Jp - no.n:ycylvnwa TIOJIORUTOJIBEHHEX:
xopHe#t. OnpemesuMm cemeifcTBO IOIMHOMOB Qm(x4, ,x.b)—Q‘WKL’, myo0,
1<K <&% , IpH IIOMOIM pexyppemxmx COOTHOWeHHH
(KT A AWK o))
(Q, ) -Qpy Qppy= TJK lj Q[_t,%n:m],
(0) AU+
Q) = Q% =1

(37)

Q¥=1, 4<kgn, 1 Bcex m0.

0
HavanpHue masHHe Q(P 3a1aK0TCH cne;wmm»m dopmyianmm :

D‘g %(ML) Q(K’—_—: o&.(‘*’x\; K=,
2y °3= SO(w) 7L, @ M(W(«J g +Y), (37a)

Kedyo, 1, Q= o&\,(w'c)

3) %F= 30(21) 173 Q= dh,(kuwn-ﬁ >
K= A, 2, (‘-*)'l-l) Q, = &("‘)‘L)

Yoy = SP(M), 21, “)._&B\(u).() K=,
Tosorum © ©
Quat Quy
M(Tl_’
(@)
Onpenesum GyHKIMN {n(:)(cf) IIp¥ IOMOWM CIIelyaJsn3aliui
m(q)ﬂ{;{’ @“9Py. (38)

PO =0 (1), k)= 4= myd, A4KEv. (a7)

[lonnHOMH OKA3HBAKTCA DABHHMY XapaKTepaM HeKOTOPHX (Boodme ToBOpA
IpUBOJEMHX) IIpelcTaBleHn# anreSpd JIn 0} . orH npencramenm il
X CBASH C HENIPWBOLUMHMI IIpefCTABICHAAMA SHTHaHA (% aJIreCpH
In % omecann B [II] . OyHruun J{,(,f BOBHUKANT IIpY pEleHXN ypaB-
HeHuE TepMmonvHaMuKM (39) mi Q} -MHBapUaHTHOTO MATHETHKa I['eit3eH-
Gepra Ipy "GeckoHeuHoR" Temmeparype(mompoduocTn cM. [I3]):

, -4
{og(htzn’l()-n%‘ﬁmm(n,m)fog U+, )~

-1 (39)
- m/m(d,n dj m)log(l+p ).
jEK md A {O{J( Qm’ﬂ)
Bnecs 1<K<t, Do =0, Ty,0=Um,+4=0 zns Boex M0,

MoxHO mokKa3aTs, 4TO LA Jwloit anredpu Ju Q} cucTeMa PeKyp-
PEHTHHX COOTHomeHu# (39) mMeeT eXWHCTBEHHOE peleHMe P IPOU3BOJIE—
HOM BHOOPe HAYAJBHHX MAHHHX !24,,( , 1€¢Kg% . Boxee TouHO, peume-
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HU® {fu,} CUCTeMH ypaBmem#t (39) ceasamy ¢ fymxmuavm f{iy
3afiaHHEME Popmysamm (37) u (378), CJAENyKIMM COOTHOMEHHEM

$0 = (fr T, M0, 14K<H. (40)

llpn BHGOpe HaYaJBHHX ycJoBuit (37a) Bce IOIMHOMH Q("Kb) ABIADTCH
XapaKTepaM!! HacTOANEX, & He BUDPTYAJBHHX IpencTaBleHu#t aaredpd Ju
% . Bosee HONpPOCHOMy WBIOKSHUN UCCJIENOBAHAL CHCTEMH DEKYppeHT-
HHX cooTHoWeHu# (39) OymeT NOCBAMEHA OTHEJbHad MOyC/IMKAIIUL.
MPMERH. I°. Oyers ¢ =SL(n) . Torma

w igp. _F M __Z_Mmm-ﬁ-‘)
CiiemoBaTeJBHO

_Ann-Kg s kg .
A (m+n—K)g sm(m+Kq

)

2°. Iyers @ =S50(21). OGosmawmM wepes W', 1<K<Y , xa-
PaxTep HeNPUBOAMMOro NpefcTaBNeHWA arreSpd § coorsercTsymmmit
cTapiieMy Becy (M,...,m) ., Torxa
wm(e"’qﬁ)= sin (m+i-1)q zﬁs smm+i g
( sin-1g j=4 snjg
m AQp._ m W, pr sminlioi—fg
Oy =0, )_1sgjsw Sn(Qu-i—)q
m(mwi)i sin(m g
singy g
sn(m+1-3)¢ [w» Mm-Sk (M40 + sin (m+4-1)q- Sim+2- S)ql _
yim (21-3)q Sn(i-1q S (21-3)9
Taxum oGpasoMm,
O sinqanit-DgLain mg sin(mrng+sinimst-q sinim+21-3)q]
A U s (m NG o (m -1 I v (m+ 21— 34

, 24
CJIef0BATEILEO, Q(jz "1 )=j]—_L (

Hacrosmasa padoTa BOSHUKIA B pe3yJbTaTe COBMECTHHX OCCy®IeHHi
¢ B.B:baxanosuM # H.K.PemeTuxunuM padoTH [6] . ABTOp GunaromapeH
B.B.Baxanosy 7 H.[0.PemeTuxwHy NpeImOJIOXEBINX, YTO OGOCMEHHe pe-
3yapTaTOB [6] Ha ciyvall OpOWM3BOJIBHHX airedp Jm ROMKHO OPHBOLATE K
HOBHM TOENECTBaM 1A nguiorapuMoB. ABrop Giaromaper J.J.PammeeBy
33 IOCTOAHHHE MHTepec K padoTe.
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[TPWIOXEHVE

TIOKABATETECTBO IPELIOKERUA I (cp.[7]). Oyers {eC(0,1)
U yooBleTBopAeT Ha mHTepBaie (0,I) QYHKIWOHAIELHHM ypABHEHWAM

£(x) +4(4-x) = const o
‘{(X)+¥(g)=¥(xg)+{(’{i(_‘;_;)) (44 4(-x) x) .

My ZONRHH TIOKA3aTh, YTO TOTLA Ha (O I)
{x=const- Loy

Jlia aroro mpoxuddepeHmupyeM cooTHomeHHe (II2) mo X , X B IOJNydeH—

HOM pe3syJbTaTe IOJOXUM g(X)=x¥'(x) o Lna yHKan 9()() TIOJIy ITHM

cJlefynuAe COOTHOWEHUA

I'. goo=ga+ x%3(4 )T 3(4_)(%

21, U=x)gx)=xg(d-x).

Hosoxmm B $opuyse (I3) XY=2Z , m mponudPepeHmmpyeM ee 3aTeM IO
X . Iomyuum caemynumit pesyasTaT
2

s 1 X=E\ £ it 4
Q(X)—(‘_Z)zg (1_2/ -2)y2x2 Q(XU Z) (114)

CrmejiaeM Teneph 3aMeHy IIepeMEHHHX

% __(__)
=w P wlucw

B urore coorHomeHwe (I4) mpumeT cJenywuwit BRI

(- g )+ - o=l

(m3)

2
ClemoBaTeNbHO QyHKIMA hawy=(1- U) g'(u) ’ JIOBJIETBOPAET CJASLyN~
meMy (PyHKIMOHAJIBHOMY YPABHEHUR
hiwy + hawry=h (ww). (115)

Tak Kax ¥eC3((0,H) , TO hecl((O,l)) . TaxEM 06pasoM, pele-
Hue (II5) uMeeT BHL

hwy=x, fogu,  x,=const.

X
gI(X)=K4(Lf_261 . (116)

Murerpupys cooTHomeHze (II6) mouydaeM

CJ/emoBaTENBHO
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gnr=t [ 222 4 fog 1-x )+ Ky,

IUiA HeKOoTopo# KoHcTaHTH Kg . CaeZoBaTeIBHO

¥/(X)=K4[€Q_ﬂ% + wh%. ()

HTerpupya cooTHomeHue (II7) Haxomum

f =2k L0 + kg logx + 4, (118)

rme K; - TPeThA KOHCTAaHTA. 3aMeTuM, 4TO Iepsoe cjaraemoe B (II8)
yEoBieTBOpAeT couTHomeHuw (II2), B To Bpema Kaxk JyHKIuR Kieoghl(g,
ynosiersopAeT (II2) Tompko mp:m K, =Ky =0, [lpemroreHre I IONHOCTHN
IOKa3aHO, 3aMeTHM, 9TO MH HCIOJIH30BaJM cooTHomeHue (III) mpu BH-
Bome (II3) u3 dopmyan (I2).
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#.B.Komapos, B.B.Ky3menos
OBORIEHHHA TWPOCTAT TOPAYEBA-YAINIHIVHA B KBAHTOBO! MEXAHVKE

BBEIEHIE

PaccMoTpaM EIACCHYECKYD AHHAMHYECKYD CHCTEMy Ha OpOHTax al-
reépu Im €(3), remeparopu KoTopoit ymoBIermopAwT CKOORaM Ilyacco-

Ha .
{Ji, 9:}‘} = ei«jk jkv{:li/ ,:ﬁa} = eijk Xy 1{m1',»xj} =0 ' (1)
i,j=1.2.3.
llpn (EKCHPOBAHHHX 3HAYEHHMAX dJeMeHTOB Kasmmupa

? am:'*' ma"" x1= 1 d=x4j‘+mmjg_+xajs=o (2)

cro6ka Ilyaccosa (I) HeBHpOXHeHa.

Tammnpronnad 0COGMEHHOro ImpocrarTa I'opaieBa—YalIHIEHA (OIT‘I)
EMEeT BHT,

2 N2

H= '4{(34 +'J,'+4J:),_ 2&4 +PJS+ d/x; ? (3)
TIe ¢ oIpefielfeT MONHOCTH IONA, a P - THpocTaTHuit mapamerp.
Korna napamerpy o=0,p = 0, ravurrronman (3) samaeT Bowdok Io-
paYeBa-YaIUINTHHA (BI"I), ampuy ¢=0,p+0 - rupocrar (ITY). Uix
KBAHTOBHE 8HANOTH GHJA HSYYeHH B [I 2]. B I9I5 romy H.H.Topsues
(31 samermn, uro cEcTeMA .OCTaeTCA RHTErpEpyeMolt mpm p= =0,a#0,
InA UpORMSBONEBHHX ) + P s+ Ha opbure O’ =0 c remmrsrommanom H
KOMMYTHDYEeT OTHOCHTENBHO CKOOKA (I) METETrpal NBAXEHRS

Gee= (235 + p)(J; +J +2d/x)+2@x3 . ‘ (45

HuTerpapyemas cHCTEMa, ompefeideMas H r (et , monycraer pasge-
JIeHHe HEePeMeHHHX M MOEeT CHTH IPOMHTETPHPOBAHA B KBAIPATYpaX.

B rBanTOBO#! MexaHmKe CKOOKE llyaccoHa (I) 3aMeHADTCA KOMMyTa-
ropamu anredpu Iz e(3) @ w

(3%, - -y, L35, %1 U8y [ocq, 201 = 0, (8)

(p,ql=-+4.
B (5), cuenya [2], paccmmnnaerc& pacmmpenHoe no cpasHermp ¢ (I)
$asoBoe NPOCTDAHCTBO: HADANY C OPMATOBHME ONEpATODEME J; , X, BBO-
IATCA IBa NONOJHATENBHHX SPMHTOBHX omepaTopa P B G, — THpocTar-
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HHil mapaMeTp M COIpAXEHHHE eMy OIepaTop, KOTOPHe KOMMyTHDYDT CO
BCeMH TeHeparTopaM: airedpH e(3). I'aMmibToHMAH M omepaTopH Kasmwu-
pa TakEe KGK M B EAACCHYecKo Mexammie mmemr BEN (3), (2), a ome-
parop

G =35+ p)( T+ :" %‘“Qd/x;) + blacs, U1, (8)

KOMMyTEDYeT C TaMmIbToHMeROM (3) mpm ycioBmr O = (. 3nech 0603Ha-
seno AB+BA =[AB], .

llersp HacroAme# 3ameTrm ABAAETCA M3ydeHHe KBaHTOBOrO OITY C
ODOMONED MeToXa odparHolt 3gmaum paccesnus (MOSP) Ha OCHOBe HaliieH-
HOTO B padore E.K.Crusmmma [2] L -omeparopa mus TTY. Mu cTpomm
CXeMy HAXOERCHRA CIEKTpa MHTEIDAXOB IBEECHEA M MX COGCTBEHHHX
Gynrnmaii, Boxuor I'opsueBa-YaIuIHTHHA B ero OCOCmEHHMd NIPEefCTAaRAADT
HHETEpeC C TOYRH SpeHud JaxbHefmero paSBATEA TEXHMKH KBAHTOBOIO
MO3P; JomormmrTexbEHi mapaMeTp ol HIpaeT TY Ee pONb, UTO CHRH
y3la B COMHOBHX LENOYEAXS

§ I. Keaprommd L -omepatop

Ksauropuit | -—omepaTop mpencraBifer coColl SaBHCANYD OT Hpo—
N3BOJBHOIO KOMIUIEKCHOI'O IapameTrpa ‘U MAaTpmuy BEfa

L) - (k(u) B(u)> "
Cw) D)
onepaTopHHE SJEMEHTH ROTOpo# ompegmeiasnrTcs Gopmyramm |
Koy~ e p + 23K + Bl w-Lfe, 37,), (8e)
pw) = & - **[(x, - %:Eng,'.] Jw+p+ady)-bail, (86)
) = e*9-Kw (8s)

D) = blae,u- £x,,3,7,), (8r)

Tme o= tix,, Jo=J ¢ {,f]a,

K(‘H«) = u" - 2'33%—(3‘2-0- :j:-c- -11+_+9“d/3c?3) (9)

.

Popmyan (8), (9) mpaxTEYECKM NOAHOCTED BOCIPOMSBOLAT DESYAbTATH
Crasmmna (2], ommyasch Jamb KoGaBEO# B NOCHENHEM CEAraeMoM fop-
myau (9)s 9ra moGaBra He HapymaeT OCHOBHOIO CHIETADHEro COOTHOme-
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Husa g L. -omeparopa

Rl -v{Lw e Liv) = (I & Liv)(Liwye T) Ru-v) (10)
co crammeprHoh R -marpumer R(W) = w -2, rme
40 00
00 40
P= 101 0 o)
00 014

llofuepraeM, uro pabeecTBo (I0) BHNMONHAeTCA TONBKO HpE o = 0
§ 2._PaaneneHnHe YDABHEHES

Ilna OTHCKeHEA chexTpa omeparopoB H , G anreGpamyeckmit aH-
san Bere He paGoTaer, Tax Xe Kak u i ITY [2]. Jarsmeimn# nyTs
COCTOHT B DasjielicHAN IEpeMEeHHHX B KBaHTOBOM MexaHmre, 3amada Ha~
XOXUEHAA CHEKTpa OIeparopoB H.,.G = oGepruBapuel aareSpH
e(3)eW (5) mpr furCHpOBAHHOM TEDOCTATHOM IapaMeTpe D MOEeT OHTD
CBelieHa K OTHCKAHHMK CIEKTPOB JBYX BCIOMOTATENBHHX OINEpaTOpPOB M3
oepTHRAMAX anredp panra I, Jud moxydeHAMs dTEX ainrelp panra I
DacCMOTPEM KOMMyTHDYOUHE OIepaTopHHe KODHE ‘U, o YPaBHEHHA

Cluw)=0. (11)

9 DYV 2 9.k
w =Y O 50 B0 3 (2
I mpE ok >- g ABIANTCA SPMUTOBHMA OIepaTopaMi, Jlaree, OIpeNeNEM
omepaTopH M, 1 =4,9 ¢ moMOmB® MHTEPIONAIME IO JlarpaHzy omepa-
TOPHHX IOJIEHOMOB &) D) creywpmero Bama

Fbu) = (W + P+ U+ U - U - U+

; (13)
U-WU, - Uy -WU _
M L 4 A
W= Uy VWy- Uy Wp— Uy Uy — Uy, ’
’Lb-’l,b,, . 4 'U-M—Iu’ + 4

== m + My . (14)
e \Uy— o, NUi= Uy W= Uy, Wy — Uy
Onmeparops M,  OINHOSHAYHO S3IeHH IpU QUKCHDOBSHMN IDABOR WIH Je-
Bofl IOJCTAHOBRE ONeparopos ‘U, B omeparopre mommeoMs &(1), D(u).
Bue IS OZHO3HAYHOCTH BHODSHA IOJCTAHOBKA CleBa, KOoTopas OymeT
oGosnauarbea depes U 2 U, .
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M coorHomemns (I0) ¢ mOMOMED TEXHRKE, paspadoramEok B (2],
BUTHCAADTCS KOMMYTAIWOHANE COOTHOWSHN MeX[y oliepaTopaut p.q @nmtﬂ,

Prua=[P,1Meg] = 0.u4d =[g.m] -0, (152)

[ Und = 0, [y 1] =0, (156)

[ s Ul = £ 28y, (158)
B 2

MM = dlnrd) = blugs 2+ -24), (168)
2

M i = g =) = 6l - 2’%*% - adl), (166)

by () CL(’LL) - T;H: KBGHTOBHI JeTepMmmEanT | —-omeparopa [2],xoTo-
puil B HameM Ciy4ae EMEeT BHJ

dlu) = @(u—;-ﬁd) .1

Ananoruumo I’I"I [2] MOXHO BOCCTAHOBATE | . —OIepaTop B IEpEeMEHHHX
P, 0 »WUn, ,'m,n + CHMMeTpHSaIps JarpamxeBHX MHOEATeNeH BBEIEHA
TaK, YTOCH B3 YCJIOBHH CONDAXEHMA S NOJHHOMOB k(u), o’D('u)
(8a,T) clefioBasa B3AUMHAS CONDAXEHHOCTH OLNEDATODOB M.

('m%)* = My (18)
HeTpynmeo BEHETH, YTO ONEPATOPH

A 4 + _

Y= W.(mn*' m«v) ) (19a)
24 + -

Yn= 37 (T - M), (196)
3. Mn

Yn 2 (198)

VIQBIETBODADT CTAHAAPTHHM KOMMYTALMOHHHM COOTHOWNEHWAM alreSpH
g=go (N8 0(2,D)

Dd'm "dn]‘ ‘mgmﬂedp( gxg%mv (ﬂu %9,2 Q= - (20)
u omeparop Kasmmmpa pasen
C = gd}adn = -—1- @(ﬂ +4) (21)

B mrore mu no.uyqaeu Ise a:rredpn Ju pamra I, reHepaTropaMd Ko-
TOPHX ABIADTCA SPMATOBH omeparopH (I9). CrusmmE [2] mcmomssyer
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OIepaTopH
A= Dl 2y, Xp= Al 2uy).

Ilpn arOoM y axreCpH OIEPaATOPOB 75,“, » Wy HET CTPYRTYPH OpaMoll cym-
MH B BOSHERGET 387298 ONpefeNeHHs HOPMH BONHOBHX (yHEnEE ypamme-
HEit Ha anredpe pamra I (pasne.uemix ypasHenu#t); OTmMeTHM, ITO CBO-
CTBa COIPAXEHAS ONEPATOPOB % crexnyor u3 QopMyx AAsS HOpMH, HO
HOpM& He BOCCTAHARIMBAETCA ONHOSHAYHO IO CBOACTBEM CONDAEEHUA,
KO 9TO HMEeT MecTo, HAIpEMEp, Ala memouru Toma [4]. B mpemapxen-—
Hoft cxeme HOpMa I pasNeNeHHHX ypasHemmif, kax OynmeT BHZHO Hmxe,
crexnyer u3 fexta paspmeNeHMS NEepeMEHHHX:

PaccMOTDEM IHCKDETHHE DH* CeprH HEUPHBONUMHX YHHTAPHHX
npeficTaRTeHA# mapH axrep S 0(2,I) (20) . Cormacmo (2I) Hac
MHTEpeCynT CIACAyRIHMEe CIMHH

=404,
b= $e\igw S (22)
YroGu ocraBaThCA B pamxax muckperux cepuit D° mazommm ma o
OTDaHMYEHRA CHESY X CBEDXY

Mg << ¥y (23)

IIpr HapymeHHME HEXHe# I'DaHHIH 5TOTO HEpPaBEHCTBA HPOMCXORHT IIEepe—
XOX OT RKMCKpeTHO! K OCHOBHOE CepHE HeNPABOLMMHX YHMTADHHX Npef-
c'rainnennﬁ axredpu S 0 (2,I), T'Me CHEKTP KOMIAKTHHX T'eHEPATODOB
,, MECKDETEH B HEOTPaHEYeH B ofe CTODOHH, & TAKke HE SaBACHT

oT d . Ilpn mepeceyeHHH BepxHell TPAHHUH CHEH (., CTAHOBHTCA HOIO-
XATEIBHHEM,

B pammax orpammuemmii (23), Tie: nia mRcEpermsx cepmi DT,
negeﬁneu B IPEJCTABICHAS ITE NHMATOHANBHH KOMIAKTHHE T'eHEpaTOpH

= Up g » TOITA 3HAVEHHR CIHHOB 0+ (22) samewr cmermp
oneparopoa U, » Wy, EOTODHE COCTOMT H3 HBYX HOIYCECKOHETHHX
SKBHTLACTAHTHHX pemeron 8= S US.

Sf {('u'q W, \GR (U Ug)= (—9&; ., Q'ef Q,’Yl/,,), (24)
Ty, Ty =0,4,% ...},

npaaem U, orsedaer D' cepmn, a Uy — D |
TIpOCTPaHCTBO COCTOAHEE KBaHTOBOTO OITY MOXHO pealm3oBaTh Kax
mpocrpecrso L, (S) Keamparwmo mETETpHpyeM:X (YEKIME Ha CIeRT-

pe
X,(8)= {f (g W) (W, Un) €S, Z I& uhu,)\ } (25)
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HeTpymHO NPOBEPHTH, YTO ONEPATOPH ‘m}frL , BeficrByrume Ha COGCTBEH-
HHe QyHKOEE OmepaTopoB g, .

Wm‘f )(u’uu’a) = u,,,,“(’(u,,uz)
CIenyouEM o6pasoM !
(107 ) (0 ) = o™ ( Uyt PP 22, )
(10 9)(1hyhg) = 4k (b, 4Py, Upt ),
peaxnsypT coorsomennd (I5), (I6).

PaccmoTpm neﬁcrme nponsnomeﬁ @yxmmn HHTETDAJOB NBREKCHHS
tw) = ) + D) = W+ pu- o (H+4 Pu-G  ma codersemyn

dyrrmm  § (U, W,)ed,(S) marerpazon H G

(el £y, uy) = S“’ P+ Uy U= )W = Uy § 1y, W) +

o (00 =)~ ) s fuk k) > (2)
+ (b b= om0, ),

Tle menombsoBaEH dopmynmn (I3), (I4), a Bexmmmma T(U)= W+ P‘U?”-
- Q(K + ‘Ig)'u,—g, e h = (3 ABIADTCA COGCTBEHHHMA SHAYeHAAMH H
2 G-
¥s (27) BEgHO, UTO AIA DasheNeHHEs HMepeMeHHHX ‘W, , U, cremy-
er mepefirs k mopolt gymrman PlU(,Uy)

-H’qu ,’LL,) = lu’ll"u’a, ?(u'i 1“’1) (28')

I DaccMOTpEThH NONyIMBmeecH BupaxeHme mpE U= U, ,N=1,1, Torma mu
OyZeM EMETH JBa ONHOMEPHHX DA3NeJdCHHHX ypaBHEHH:

(26)

O k) {tte) ok W e d s VPl 1), 29
mpz 3ToM PYyHRIMA (P('Uq ,’btp,) (farTopEsyercsa

Py, ) =Plug) - ¥ laty). (30)

Taxo#t BEX BONHOBO# (YHKIME NOSBOJAET IOBOPATH O DASHElECHHR Iepe-
MEHHNX ¥ OTpaZaeT CTPYRTYpy mpamoft cymmu (f = S0 (2,1)® S0 (2;1):
Iize samaum (29) mpm N =1 m 2 mpexcramiALT codolt TpexuwNeH-
HHE DEKyppeHTHHE COOTHOMEHRA N BeJWTHH ‘P('Um) , T'le IepEeMEHEHE
Uy, Uy mpoderanT pemeTEy S , saBucAmMyD OT SHAYEGHHSA NapamMeTpa
o % Tlpr (UKCHPOBAHHOM THDOCTATHOM IapaMerpe p M EMeeM IBe OR~
HOMEpHHE CIEKTDAIEHHE 387U C COBMECTHHM CIEKTPOM — NBYMT COGCT-
BEHHHMA 3HAYEHHAMK N H % .
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CrauifipHOe IpOM3BEXeHHE a7 PyHRmEH (qu,%,) (28) comepxar
BecoBoft MEOEETENB (U4 ~ Uy)

< (Pl r>= Z(u4-u,)"{7(u4,u,)’x/(u4 1“1), (31)
('u'hu'l)e S
NO9TOMy HOpMa BAf COGCTBEHRHX (ymrmmit 3amad (29) mMeeT BEK
2
:{.}Iuﬂl 1) < o= (32)

Ipr o =0 (ITY9) cnexrpammas samaua (29), (32) mCcaenoBaxacs
TmcIeHEo B padore [I]: Uncaemmue mTeparmm coorHomeHEE (29) Tpe-
OypT IpefeXbHHX 3HaueHm#l CmexTpa Hz G B cuedom moxe ‘@—*0 o
OHE HMEDT BHL

by ili A3 cpm,
Gy o = P+~ + 4,

3(3 +) , M ARIAOTCA COGCTBEHHHMM SHAYEHEAME ONEDATODOB

(33)

Pr 2ol 2 =, A,)-4) =0 pasm
] _%“LM ’Qﬂflf' (34)
m =1y -My, Ny My =0,4,2...

Nownuli YACHEHEHH aHAai®M3 CHEeKTpPa M COGCTBEHHHX (yHKmm# omepaTopoB
H » G dymer onmycamroBar B ApyTOM MecTe,

~SoRERUCHES

KeamToBHZ MeTOn ofpaTtHO® Safaum TpedyeT AOHOMHATEABHOIO pas-—
BATAA JJIA TARAX MOfeJel, KOTOpHE He OGNaNanT JAOKAABHHM BAKYYMOM
(memowxa Toma, 4f - Go ) B aaredpamdeckui amsan Bere JIA KOTO-
PHX He padoraeT. XOTS AT 3TOTO KIacca Mojedefl HaMeTmICS CymecT—
BenHult mporpecc [2], mpoGiema mOKa eme NOJHOCTHED He pemeHa: Io-
9TOMy OCOCEHHO HOJe3€H NEeTANbHHI QHANTES KOHKDETHHX HDHMEDOB THIA
ITY, OITY, Kor'ma pemeHMe yraercA Halith, lMed 3To BBENY, IEpedHC—
JIAM EpaTKO OCHOBHHE DEe3yABTATH PaCOTH.

Ham yRanoch BBECTH NONOXHATENbHHH napamerp oL B L. -omepa-
Top 1A ITY [2], KOTOpH, KaK ORa3alOCh, HIDAET DOIb, AHANOIWY-
HyD CHMHY ysia B CIMHOBHX IeIOYKax, Xora L. — omeparop ITY He
AMeeT ySeNBHOTO NpefCTaBleHHd, B maHHO# 3ameTre IpeNbARIECHA CXe—
Ma pasjieXeHHs NepeMeHEHHX B TOM CJaydae, KOrme 3apada ciopMyampoBa—
Ha ¢ momomsd K - marpmmu tuma XXX, Ha mpmmepe OITY. Cxema aTa BO
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MHOTOM HOBTOpAET pesyAbTaTH padoTr E.K.CrianuEA [2] » XOTH OTAMYE-
eTcs B HERKOTODHX NeTandx., CHeKTp B HOpM2 Jjid BONHOBHX (ymkmmi pas-
TeleHHOTO YpABHEHHd IOJNYYEHH C HOMOMBN anredpaWdecKHMX CooCpaxenmit,
CyTh KOTODHX 3aKINYaeTCs B CIeRymmeM, 3a%ava HAXOXNEHHA CIERTpa
NETErpaioB JBAXEHAA M3 olepTuBammeli e(3)®W (5) mpr fmECEpoBaE-
HOM P CBOJMTCA K OTHCKAHND CIBKTPOB JBYX BCIOMOTATeNBHHX ONepa—
TOPOB H3 OCEpPTHBADMHX anredp paHra 1 9= S0 (2,I) 9@ S0 (2;I):
YrolH EMETh SPMHTOBH I'€HEpATODH THX ajrelp MH HCIOJNB3yeM CHMMET-—
pH30BaHHH] BHN 3HameHaTedefl B KBaHTOBOM SHANOI'e HHTEPIOIAINMA IO
Jarpanxy mpH ONpeNeNCHMH ONEDATOPOB 1My,, SHAIOTEMHHX A, B [2)%
Janee ECOONB3YEeTCA MHTEIDAPYSMOe HENPHBOZMMOE YHHTADHOE IPENCTaB-
JeHMe KamEmol H3 AByX amredp 30 (2,I) B mpswmofl cymme ¢ : B pam-
Rax puOpaHEHX )~ NHCKpEeTHHX CepHii CIEKTD pasNedeHHHX ypaBHeHHf
ofpasyerT SKEMIWCTAHTHYD DPEMETKY, & HOpMA BOAHOBHX (JyHKIHM# BHUEC-
adgercd m3 camoro Qarra paspeneHmss DepeMEHHHX., B HTOre ORasHBa—~
eTCA,ITO NONONHATeNEHHE mapamerp ok 0 mpEBORAT JMIE K CIBHTY pe-
meTkE O B NpENENOB METErpANOB NBHECHHA B CIACHX NOJNAX, XOTHA
HETDHBHANBLHO JiefopMmpyeT CIERTD MHTETDANOB 331auM B OCmeM ciydae
HEHyJeBHX mnoxei,
SaMeTHM, YTO Hama CXema NpHMEHWMA TakxXe H K Iemodke Toma

[4] . B sTom cIyuae BecoBolt MHOERMTENH B METDEEE JJIA BONHOBOA (yHE-
mr \P(Uy,..., WUy, ;) DasmeleHHNx ypapHermk mua memourr Toia B3
Y\ 9aCTHN HMeeT BHI onpeneanTeld BaHmepMOHHA

n-1
fp = 'ﬂ' Wq',— 'Lba)
1<q =1
ABTOpH OanaromapHH E.K.CrIAHMAY 82 DONe3HHE OCCYXNSHNS KBaH-
TOBOFO MeTona olparno#t 3amaum:

Jinreparypa

e I.WVKOomarov, VVZealipaevw. - The Goryachev-
Chaplygin gyrostat in quantum mechanics. - J.Phys.A: Math.
Gene, 1984, v.17, p.1479-1488.

2 EXKs. CrasannmH:, - Bomor I'opaueBa~YaIUIHTRHA B METON 00—
parHo#t SapauM paccesHHA.-B KH.: Judbeperrmartnas reomerpus,
TpymnH JIn m mexammra, YI. 3am.Hayq:cemmmiJIOMI, 1984,7i133,
€s236-257.

3 IH. Topsadge s, HosHe caydam JBHXEHHd TBEpAOTO Tela

 BOKpYT HemoxsmxHo#l TourmM. Usp.Bapm.ym-ra, 19I5, ¥ 3, ci3-II:

4. E.KeS k1 y an i n. The quantum Tode chain. ~ Lecture Notes
in Physics, 1985, Vv.226, pe196=233.
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I' 1. Oasmabckal
SHTUAHH W YHMBEPCAIRHHE OEBEPTHBAKNIME AITEBFH

I. BoolieEge. B cTaTre HaXaraeTca aarelpamdecKad KOHCTPYKIEA,
KOTOpas BOSHERIA H3 ONHOR 3aMa9YH TEODER IpeXcTaBieHEZ GecKOEReY-
HOMODHHX IpynHn [6—7] H HOOXHJIAHHO OEASANACH TOCHO CBASAHHOR ¢
auruanami Y (sl(w)) . B [6] owin mBesieEm amredpa omeparopos Jam-
zaca Ba rpymiax 50 (o), U(ee), Sp(ee) . 3rm omepaTops MOXOEE
Ha OOHYHHe omepaTops Jamiaca, HO OHE He BMOMADTCH B YHEBEPOAIs-
HyD oCepTHBammyD aaredpy U (q) coorBercTEyxmeft airedpa Iu 0] ,
260 %(q) EMeeT TPHBEANBHER meETp, op. [3] . Bamaua cocrosma
B IOCTPOGHEH Takof acconmaTEBHOR amrelpa A (q) , KOoTOpad coiep-
zala OH u(q) R omeparopd Jamiaca ¥ o0AaNais XODOMEME, C TOU-
KN SpeHHS TEODHE IpeACTABNGHER, cBofcTnamm. Amredpa A (q) CruH
HOCTPOeHH, M OKAsalloch, UTO

A (so(=))=A(sp(=))=A, Alu(=)=A®A, (LD

rme A - Hemoropas amreGpa ¢ KBANpATHYHHME COOTHONOHHAME, H30—
MOpfEAS TEHSODHOMy HDOMSBGJGHED 0BOero HeHTpa A, (= amredpa ome-
pa'iopon Jansaca) Ha Y(qf&(m)) (= oOnenmHeHEe SHTHAaHOB airedp Jm

(w) ). HonyTHO OHIa NONYYOHA poaiMsalEA anrnayon najdepen—
nﬁmm OIOpATODAME GO OYGTHHM WHCJIOM II6DOMOHHHX .

HExo DPEBOXATOA ¢ MOEASATENBCTBAME pPOSyABTATH, KOTOPHO CBH-
saEE ¢ KoHcTpymmHeft axredps A m msomopdmamom A=A, ®Y(gl(e=)).

{1 rayéoro mpuseareses B.I.JpmEfessny, A.A.Kapmizopy, H.D.Pe-
meTExuny, B.Jl.Qelirary ® HM.B.UepemHEXy 8a OOCyXIGHRZ H IGHHHE 3a-
MeYaHBA.

2. Aredps A . BeeneM caefynmEe 0GOSHAYEHRA: (aa (v) - ax-
redpa In gl (w,€) ; ql(=)=Ugqb(w) ; {e} - crammaprmun
dase B ql(=), L<ij<o; GL(W)=GL(W,0) ; GLyw(w) - mom-
rpyma B GL (w) , fuxcHpymmas mepeHe W  CaSHCHHX BEETOPOB B

G‘"’, O<w<w  (orwermM, T10 G Ly (w)=GL(Ww-w)) ;

A(n)=a (aﬁ(w)) , the- U, (-) - cmmox yEEBepoamEo# oGep-

TaBaxmeR amredm; A, (w) - momamredpa Gl (%) - EEBapmanToB
B A(n) ,0sw<w ; I(w)- zesat mxeax B A(w), Baramymsht 5a

%) ey posyIBTATH AHOHCHDOBAH B CTATHE ABTOPA "PACHEDEHE® Al-
reépa U ({3 Ina GeCEKOHOYHOMODHHX REACCHYOCKEX axreop 9

¥ AHTEaEH", HampabueHHO# B Joxa.AH CCCP,
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€in,- s Cun-
IBMA 2.I. Ima o €A, , (#) cymecTByer emuEcTBemmHuf Sae-
merr Jr, (0) € A (w-1) raroR, wro a e &, (a)+I(n).
JOKASATENRCTBO xydr#pyeT MOCTPOeHEe IoMoMopfmams Xapum-Yamn-
pa ( [I], 7,4). Ero mmes cBOMETCA K TOMy, UTO 6CIE Q — MOHOM,
OT remepaTopoB €;; , NeXmmEcs cIeBa HA ONEE HS BGMGHTOB BENA
e,,-x, l<i<w—1 , TO OH 0043aH NENUTHCA CIpaBa HA
leMeHT BEIa €;, , HHA®e [d,eyy] #0.

IBMA 2.2 (cp. [I], 7.4.2). Ecm Q<m<wn , TO ¥y sala-
or Moppusu amredp A, (w) —= Ay (w-1).

370 cuemyer Hs owesEgEoro pasemctsa L (u)A,, (u) =1 (w).

SamoTmM, 7ro Mopfma I, : A, (w) — A, (w-1) coxpems-
DT KAHOHMIECKYD (RABTpAIAD YHHBEDCAIHHHX OO6pTHBANIMX airedp.
Biz w =0,,... Iyors A, - IPOGRTEBEHf HpeXel GWILTPOBAHHHX
amredp A, (W) ,n — o= . Jmements amreépa A, cyTs mocuexosa-
TEABHOCTE BEEA O = (g )y »m » TA8 Oy €A, (n), W, (ay) =

=0y, ’de%a,=5u,P de% Oy <+oo . OUGBEIHO, O =(Qy) y>m

OFHOSHAYHO OmpefmeJseTcd Jnéok yrKopodeHHOf IOCJ6Z0BATEXBHOCTHED
(Ww)wm( , THe K >#n . [osToMy OmpelelieHH BIOEOHAA

Ao— A, — ... .Ham ocmoBHOR o6Bexr, amreépa A , ecTs oCmemE-

Hemme amredp A, .

arredpa A = U A, moBomsmo cBoeoSpasmo caasama ¢ A (q(>=)).
C ommo#t cropomd, A comepmar 9 (qﬂ(w)) (szementy €€ (=)
COMOCTABIAGTCA NOCASLOBATONEHOCT (((Ly ) , THe Oy, =€,
BCEX W >maac(i,,j) . C mpyrof cTOpOHH, IpEH W >W HMEDTCH Ka-
mommveckue Mopfmamn A, —» A, (1) c W (gl (#)) . Ommerm eme,
gro B amredpe A  ecrecTmemHo meftcteyer rpymma G L (<) - o6se-
rememwe rpymr GL (w).

3. [leH A KB23HCHA NIecKhAe OvHKIHA.

TEOPEMA 3.I. Momamredpa A, cosmamaer ¢ memTpoM amredpw A .

IOKABATENECTBO. OuemEfmo, A, RomMyrarTEBEa. Ecix €A =

[a,qb(=)] =40} ,m aeh, . Beamr, A, ecrs memrp.
HeTpyZHO HOKASaTh TAKXe, UYTO Am coBnagaeT ¢ momaxredpol GL,, -
-mmeapuanroB B A, e G L, =U GL,, (%).

Oycrs @ (w) - amredpa mEorowreHoB § (%,,...,%, ) , EOTOpHe
CEMMOTPHYHA Kak yEROME NepeMeHHHX ,-i,...,%,-w . OroSpaxe-
me } +—%| (%, =0) samaer mopimau @ (u) —Q(n-1). Oycrs

@Q - mpoerTHBHHf mperen JWABTDOBaHHHX axredp @ (#) , rme fmiBT-
pamud OmpefeAeTCA CTONeHBD MHOrOwWIeHa, HasoBeM (), amrelpo#t xBa-
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SHCHMMETpEYeCKEX JymmEf, cp.[5], ra.I, m.2., Hsomopimsmu Xapum-
—Hangpa A, () — @ (n) (cu.[I], 7.4) corzacesamu ¢ DpoSKIAMMA
Asn)—A.(n-1), Q(n) —Q(n-1) . TeM camuM, OmpefeleE HSOMOD-
gusM axredp A, — Q . Caremynmuit daxT oveBmmeH.

TEOPEMA 3.2. Amredpa A, = Q usomopfua arredpe MHOrOwIe-
HOB 0T CYETHOro Hadopa o6pasyImuxX, B EQY6CTBE KOTOPHX MOXHO
B3ATh, HAaOpWUMED, "KBASHCTONOHHHE CYMMA"

%(w)-;';[(m.(-n)*—(«)*], velyz,... .

CBoGomHNME, OCpasymiEMz B Q ABIADTCA TaxXe "oieMeHTApHHE
KBASHCEMMETPEIECKNe JyHRIEE™ ¥ "IOAHHE KBASHCEMMETpEYECKHe JyHR-
IHE", KOTODHe 3aJaNTcA IpoEsBoXAmmME pamasa (cp.[5], rr.I, m.2):

+(Ty- +xt
Ee,t) = T 262 L, M- N oot

4. pxrecps P . Hopropms RoHcTpymmup airedpy A, samemus
Aw) = %(a&(w)) cEaMeTpEIecKol axredpot P(u)= S(t}t(n)),
Poms momanredp A, (w) OymyT urpars momamrefpd G L (n) -mm-
papuasroB P, (n) c P (w)- , a pous yeBoro mmeana I (n) - Emeax
B KomMyTaTEBEOE airelpe, HOPOXHCHHHI TeMHE X6 SJIeMoHTaMH. MH Iouy-
UMM B HTOre KOMMYTATHBHYD I'DafyRPOBAHHYD axredpy P, seaammyn-
ca obzenuHeHEeM cBomx momarreép P, (w =0,4,...) . OrMerm,
wro P,, coBmazaer ¢ momairedpok G L, -uEBapmanToB B P ®
yro P, oroxmecTRiIgeTca ¢ amreSpof cEMMeTpEIecKEX (yHEOEE.

Crefynmuit pesyABTAT TPOBEPHETCS TPEBBAIEHO.

TEOPEMA 4.I. I'pagyEpoBaEHad anreépa P nsoMopiEa rpamympo-
BaHHO} amredpe, mpHCOeXEEEHHOX K fmikTpoBaHHOH# amreGpe A . Ama-
Jorwuruft faxr cmpaBemms mix P, @ A, (m=0,4,...).

PaccMOTPEM ciefynome SJIeMeHTH ES P(w) :

m_
W = = Coydy Cupuy - Cuyuy (4.1)
nl._‘_,...,glM_—_l
™ > ‘
Prity = 2= €u € Cuiri
ilw dyyonpdygy =1 e M-1} (4.2)

(mpexmonaraeTcs, 4TO Pttl w =& ). OrommecTsEB P) ¢ ar-
redpoft moMMHOMEANBHHX (yHrOuE OT W x W -MATPUIH X, |, DONyIEM:

P () =to (=), pM (m)=(m");/j. (4.3)

valw
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O4YeBELEHO, P(M)EPO(M’) - P‘(:l)w EPW‘/("') s 6CJR il;a‘ < W,

C momome® HmepBo# OCHOBHOZ TEOpPeMH TOODHM EHBADHAHTOB HIA
GL (w-w) ycramaBimpaercs clexynmul pesyunTaT.

JEMMA 4.2. SafmxcEpyeM w = 0,i,... . QJIGMEHTH P(") npg;:w.
rme ¥,j < w , mopomuapT P w) LI Boex W >m.
Hocaexosaremsmocrn (p V) = (p :”fw »Tme Mi,j  ge-

KCHDOBaHH, a W —=o° , COTAACOBaEH ¢ IpoexmEaME P, (w) —B, (# -1)
H, 3HAvAT, onpene.nm saxenem amreépa P, moTopue mu ocosna—
wmu vepes p™ m pl"  coorsercrsemmo. '

IEMMA 4.3. OrpaHmamd cBepxy EEfekcH M, i,j . Ecim w go-
CTATOYHO BEJHKO, TO KOHEWHu HAGOD BIEMEHTOB pw) , Py;)lw oy-
IeT aIreCpamdecKd HEe3aBHCHM.

WIES HDOKASATEIECTBA. Oymmumm (4.3) cyzaeM Ha momxogAmee ad-
{UEHOe TOMMPOCTPAHCTBO, BHIEAAGMOE YCAOBEAME BHIA ¥ ,f = 0 RIH

ep =1 . STE youoBmA HONGEpAWTCS C YyYOTOM KOMGEHATOPHOZ CTDy-
ETypH Popmyx (4.I) B (4.2) - Tak, YTOOH pasumaEne GyHRUZE B (4.3)
SaBHCEJH, ITO HO Bosuomocm, o'r PASIEYHHX KOODNEHAT.

TEOPEMA 4.4. QIeMeHTH P ) g Ps/m , Tme M=1,2,.. Gy, j<m,
CyTh CBOGOXHHE 00pasymie KOMMyTaTEBHOR axredp P, (m=01,...).

JOKASATEIRCTBO. YKasaHHHE SJ6MEHTH alreGpamyecKH HeSaBHCH-
M B oy JoMd 4.3. IyeTs P =(Pu)y»m € P, - To Jorue 4.2,
OpE JDGOM W > W m MOEeM SamHcaTh P, B BHIe HEKOTODOTO MHO-

rowrera §, or p{" = pﬁ';{w o Tme M<degp, L<iyjam .

B omny Jews 4.3, §, He saBMCHT or W , 6CIM W JOCTATOYHO
BEJMKO.

Bor Heckomsko caexcrsmd. Amements p, pUV | rpe
M,i,j =4,2,... , cyTs cBoGOJHHe OGpASymNEe aIreCpH |
Ech M B w q:nncnponamx 70 pasMepHOCTh M =fi OEHOpPOmHOR KoM~
HOHGHTH TpafyEpoBaHHo# amrelm P, (4) cTACRIMSEPyeTCS HPH W — oo,
To ®%e caMoe BepHO EIA IONUNPOCTPAHCTBA SIeMeHTOB cremeHE <M B
(Im.urponannoﬁ axredpe ‘A, () . Ipoexmma P, () —-P, (n-1)

w(W)—= A, (w-1) copberTEBEH mIA Boex W > .

5. JECEAEH. Ompenesms sHr#aH Y (qf}(m)) KAk KOMILIOKCHYD

acCONMATHBHYD airelpy ¢ eiEEunef, IOPORNEHHYD OGPpASyHuEMA t( )

I<ij<w, M=12,..., oonpenemmnma.mpaummcoor—
HOmEHAAME
('M) (N) (M), (N+) (n) ™, m (M)
[t ][tq;t ] J"Kt ol t t (5.1)
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rme M, N =04,.. ,1,() i) 1<i,j,xl <w . Ipomexommemme gop-
My (5 I) o.ue;.wnnee Beepem mpomsBopamue QyHRIAH

(“') Soa ut t(i) ru? ’f/( y . (5.2)

B 00pasyeM HS HEX W/ X w -MATDHIY T(u.) (t,, (u:) OycTs {1%}_
- cramprm GasEc B MaTpEYHOR amredpe Ewnd (C ;

0 =l & 1 ~ omepaTop HEPECTAHOBEE 3 Ewol/(C ®Cc");
Ty (w)=T(w)®1, T,(W)=1@T(V) . Torsa (5.I) npespamaeTca B

(W-V-6) T, (W) T,(¥) = T, () T (w)(u-v-6) (5.3)

Kax msBecTHO, cooTHomeHHA (5.3) m moxoCHHe eMy (¢ Gomee odmeft
" R -marpEmef” Ha MecTe W — V-6 ) Hrpanr GyHAAMEHTAIBEYD POID
B KBAaHTOBOM MeTolle odpaTHoff sajate (cm., Bampmmep, [8] ).

CTporo roBopd, AHTEAHH ORIR ompexeteHH B.T.Jpumdeasmom nus
mpoeThx aaredp Im, cu. [2] . CBass mexmy Y (taf/(m)) r Y(sl(m))
ragoBa (B.I.Jpuedensn): mepsas airedpa msoMopfHa TeHSOpPHOMY IpO-—
HSBEZIGEED BTOpoff X KOMMyTATHBHOR airelpH, MOPOXAEHHOR RosPdmmH-
GHTaME DASIOXeHHES KBAHTOBOTO Ompemexmreias [4] .

HaM moHaZoGaATca eme ABe HepedopMyIEpoBKE coorHomeHmE (5.I):

(w-9) [ (), b (0] = g by () - g (DB () (5.4)

[t(n) t(Nj] ‘"‘“’gw‘ ( Q) t(nm 1—1) (H+N -i-1) t('t) )

i xd (5.5)

6. Haomoplgsw A = A.® Y(%Q(W)) PaccMOTDEM IpAaByD acTh

B (4.2) Eax axement amrecps A(4) ‘B 0GOSHATEM 6T0 T0PES € 3)‘w

IFPMMA 6.I. SueMeHTH eiafw , 1 <v,3sw + YAOBIGTBODANT
(5.1). ,
TORABATEIECTEO. EolE % w -Matpmia T(w) ymosrersopaer
(5.3), ro marpmma T (- W)~ Taxke yhoaersopaer (5.3). Marpmma
1+w Eet®l i yrosiersopaeT (5.3). [pmMenws x Heft
JEa3aHHOS IpeoGpASOBAHHS, MH IOIYTEM MATDHIY l+EemW (“‘)@i"t’
by e,,“w(u,) - mpomsBoxamuEt pax TEma (5.2) muim eiﬁw . 9ro
IpOCTOe paccyxXneHHe coodm sme H.D.PemeTnxwH.
Onpenem BI6MEOETH t,, fw e A (u,) H3 YCJIOBHA ‘me(u)=

v“w (w+w)  mmm, IoxmpodHee,

146



R0 S (n -1)
wa!w z("’) Cyr® ijln (6.1)

IEMMA 6.2. Eomm 1 <i,j<wmw<w , 70 tEMfWGAm,(“’) « Ecum

b i ,m M gmrcEpoBaEH, 8 4 —» o= , TO nouenonaremxocn
(t”‘w) cormconana ¢ DpoeKIEaME Ji, u, SHAUHT, ONDOHEIAET
HOKOTOpH BSJI6MEHT t '& A

SAMEJAHUE. (e, |v ) He coruiacosaEa ¢ (¥,) mpz M >2 .

JOKABATRIFCTRO. ' Brouenms: bijtn » pemmomaxm e,
npeoGpasypres omocnre.nno c(w) TaxK xe, Kak uenenm e
SHauAT, OHE JOXAT B m(w) » 6ol i,j <w , Jlaree, u3 (é I)
BHBOJIATCS pexyppenrnoe COOTHOMOHH®

(n) (M-1) (n 1)
»‘lw = : ( mctqlu. i lw >) M>2 (6.2)
Jloraxeu mEmyRmueft mo M , ‘1‘1"0
(M) t(n) I ..
»ﬂw it el(w), 1<"7t <wn-i (6.3)

3ro BepHo Zxx M=l , mdo t”UW -€;; . Iyors M >2 . Hamsmeu Bu-
paxenge Tuma (6.2) mag w -1 " ® BaggreM ero ms (6.2). ‘I.uenncnn—
mexoaM¥ & =1, .., w-1 Oymyr xexats B I (%) mo mpexmomomeHmD
EHIYKOUA. Oc'raewca eme w - wieH ®3 (6.2), pasHuE
(n ;) (M-1) M8 M- 1) (M-1)
walw wt [ w,;t ] t =1 t

wilwl™ Vijlw T "t|"' in” ww|w o

aro cHoBa momagmaer B I (w) , ndo M-1>1.

TEOPEMA 6.3. WeMeHTH t » THe 1 <i,j<wm,M=12,. yros-

.nemopm (5.I) 2 mopoxRarT B lAm, nona.nredpy, ESOMODIHYD
y (% (w)) . Amrecpa A,, msomopsa A,® Y (q’) (m)).

. JIOKASATEIECTBO. DopMainEHe pmm e,,“w (W) JA<ipj<w,
yarosiaerBopanr (5.4). HosrToMy ?mm Viln (W) Tamxe yHOBISTBODPA-
or (5.4). 3maumr, smeMeHTH 1} yxon.ne'rnopm (5.I), # ompenme-
Jer Mopfmam airelp W: A @Y i%e(m)) — A, - Boemes B amred-
mw Y( th (w)) ¢mIBTpamEn, OpETECAB 66 OGPASYMIEM CTONGHH, DAB-
HHe HX BODXHEM HHHAeEcaM. Hs (5.5) BEEHO, YTO HpHCOGIMHEHHAA I'pa-
IyEpoBaHEAs airedpa ROMMyTaTHBEA. U8 TeopeM 4.I m 4.4 caexyer,
yro Y HEIyOEpyeT HSOMODIHSM IPACOG[NHOHHHX IDANYHPOBAHHHX Al-
redp. 3uauEr, W ecTs msomopimsM.
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CIEICTBEE. A =A, ®Y(q@(w)) » THe Y(tat(w))-UY(%ﬁ(m))

SAMEIAHVE, B ommMyMe OT SHIEAHOB, B N HOT KOYMHOZOHESA,

TEOPEMA 6.4. CymeCTBYDT SXeMeHTH A )er,M 1,2,..., om-
pexexemmme yoxosmem (1) _ Z'.'.'. t&ilwe Ao(m), w =12, .

OBRZ CyTh CBOOGOIHHO odpasyume xowramaot anredpH Ao .
%ouemernaxemSaneopel4 I n4.4.
eapdag OTIRHA. Arredpa %(‘at(m}) oGia-
naer amxouop@nsuon 9 . xo'ropm IepeBOXAT e,,8 B €y o
OgeBuzHO,

Y(Aw () c Ay, (), V(I (w)c T(mrt).

Tosromy ompemeneH sEmomopfmam V: A —A , 7 (Am) Ao
IBMA 7.1, Jna M =12, . . meeu

t(M) *(t(n))Jth(")
("1) ("a)
ulD I T Oyt Var P

Y22 M >M1>..>Mo”>o
M1+~~-+M’L=M (7.I)

rme Cy,. ..M, = HOROTODH® KOHCTaHTH, de R<M.

I[OKASATEIILCTBO IoraxeM, 4TO B a.lrre)dpe P(w) EMEET MOCTO
M
ananor paBeHersa (7.I) mig P(") 3 (P(w-.t , Pfﬂ)w , THe

R =0 . B camoM meje, paccMOTpEM IpaByD 4acTh B (4.I). Momomu

M
C EEEOKCAME oLy >2, ..., dy >2 namncymew)(P() .
MoHOMH, ¥ KOTODHX DOBHO OFMH HHEEKC paBeH I, manr M Pirl)w . Ha-

KOHEIl, MOHOMH ¢ N, >2 HHIOKcaMd, paBHHMH I, o0pasyDT WiIeHH BHAR

(M) (M)
CMye oMy Pagw -+ Pujn . KOHCTaHTH He 3aBHCAT OT W

, Tk 9To Ta me dopMyia cupasesmsa miz p ™ 3y (p™) =
7.0. Orcoma cxemyer (7.I). _

Oyers C - momamredpa B A , maramyraz ma A,, Y (A,) ,

Y(Y(AL)), ... . Ouwemmgro, C KomqyTaTHBEa. Mu yBE-
IEM B cJenykbmen NyEkTe, yro ( J[uaroHajimsyercs B GasEcax THOA
Teaspauze-lleTiEEa [ "HOIEHOMBATHERX" A -Monyae#t co crapmm
BocOoM. [loaTOMy ee yMeCTHO HasSBaTh mozairedpo# I'emsfamna-lleriuHa.

TEOPEMA 7.2. C = t(oe) mopoxzapt aareépy A .

IOKABATENECTBO. Iyors B - momamredpa 3 A, maramyras
BEa C = 38(«») . Doraxem manyxmme# mo M , wro M -e mom-
mpocTpaHeTBA (WIBTPoBAaHEHX aaredp B m A coemamanr. Joora-
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TOTES UPOBOPETS, TTO t%me B . Hs mewam 7.I cxemyer, 4To
tu %)B . KomdyTupys tﬂ") C JMeMeHTAMH €i; , NOIyIaGM

BCE tL. .

Teopema 7.2 momoraeT ycraHoBETh (I.I), cM. IO 3TOMy MOBOXY
CTATED aBTOpa, IHTEDOBAHHYD BO BBGXGHEHE . :
8. MONVAN ¢o cTADNEM BocoM. Iycrs Jy, - aeBuft miean B
U© (?fl(w)) , HODOXNGHHH? SJIeMEHTAME €;; , IIe | < X
{ >w . OweBmwmo, J,0J,D... u anfa{,o}.Ichu - mpo-
USBOJBHHE al} (=) -momyms, V, - amEyasrop @meara J, B V

2 Vee=UV, (samermt, wroV,cV,c... ). Eemm i,j<w ,
7O [e@i, Ju]1cJ, . Oromma Bummo, uro V,, ABIAETOA HMOIMONYJIOM
B V . B uactHocT®, V.=V , ecmm V. #{0} # V mempmso-
IaM.

Oyers S2 - rareropma %t(w) -Monynet \V rtarEx, 4T
V.=V,

TEOPRMA 8.I. Besxm#t V €D sBadeTca aBToMaTzueckr A —Momy-
TteM.

JOKASATEIECTBO. Iyers VeV 7 @ =(ay)eA . Torma

WV -y, VeI(ntl)Vecdy v . 3zawmr, BerTop O,V
- CTaCRIASHLYOTCA NP W — o= , ¥ 6r0 MOXHO IPEEATH 38 ONpeJeJeHHe
sextopa @ ¥ . To, aro & (B¥)=(ab)¥, mnposepaerca rpmemamsHe.
SAMEYAHME. A, V, <V, mE w>w.
Iycts A - OpoEsBOXGHOe pasCHeREe n V = 0, - HeNpEBORAMi
gl (=) -Momyas co orapmme secom A = (A, );,...) . Ero crap-
ma BeKTOD, O¥eBHEHO, JexaT B V. . IooToMy Q) Jexar B L u
sBageTca A -Momydesm. B p) mMeeTcA eCTECTBEHENE Gasuc THIA
Texsfanna-lleriuna, accomuEpoBaEHEft ¢ memouxoft nonmedpﬂ(%ﬂ(oo)),
K@ (%Y/(m)),... . Herpymeo ydemgrsca, wro ¢  jAuaroHam-
gsyeTcd B 9TOM OasWce ¥ pasneideT 0aSHCHHE BEKTOPH.
MoZyi® Q) HrpabT BaXEyD DOXb B TeopEE [6-7] . B EX TepMu-
HAX MOXHO ABHO IIOGTDOHTH HENPHBONEMHE KOHCYHOMODHHE HpefiCTaBie-
ma muruamos Y (qb(w)) = Y (sb(wm)) , cpasammie ¢ xocwmm maa-
TpaMMaMH, CM.II.7 UATEDOBAHHOR BHEE CTATHE aBTOPA.
Hexroropue Q’ -aHAJNOTE pesSyAsTaTOB 9Toft CTATHH CONEDEATCA B

[o] .
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E.K.Cruaanu

PASJIETEHHE TMEPEMEHHHX B MOIEIM TOREHA

1. Onpcappe Molean

B 1973 roxy M.Tomen (I}, om, ramme [2,3], mpemmoxan Homui
KIacC BIOJNHEe HHTEIDHPYEMHX KBaHTOBHX Mopenelt. Momexm Tomema mpome
BCETO PACCMATDHBATH KAK NPENENBHHE CIYYaM MHTEIDHPYEMHX KBAHTOBHX
LIeNOYeR, pPelaeMHX B paMEax KBaHTOBOTO MeTona odpaTHoft 3amaum
(xM03) [4,5]s

PaccMOTpEM, LI ONpENeNeHHOCTH, HeofHOpomEyd Swu(2) -me-
noury (XXX-momens) Ba N ysiax ¢ KBa3UIEDHOZUIECKAM TPaHNTHEM
yonoBreM, 3aJIQHHYD CIHOBHMM IIeDEeMEHHHMH S,ﬂ/(d= 1,2,3;n= 1,...,N)

3, .2
2_;4‘ (Sw) =Q'n, (en;i), .
[Sw.Sh] = i3y, %.;4' e S] (L1:1).
L —oneparopom X o S
ot 4 U+Y) Op, y \ + ) )
L, W = 1+ 3-:; S, dd*’ﬁ(qS% M"ZS?V SnES,:b + 18, (1.2)
n marprneit MOHOZpOMAX
799>
Tw) = el L‘(w—S,)...L“(u-SH), (1.3)
yRoBueTBOpSBmeH n@{ymamemmnow cooa*‘nomenm KMO3
2 I}
Ro-uy) Tug) Tl =Tl TR,y (y-ug) (T8
¢ R -varpuneit .

Rplw) =+ %, | (1:5)

me g B (I.3) - RoHCTaHTA, ONpeXeNADmAS FpaHETHOE JCXOBKE, &
{H ) B (I.5) - oneparop mepecranoskn 3 € ® €,
Anredpa MaTpm T('u,) , 3aleBaeMas KBQIPATHIHHMA COOTHOMEHMS-
mu (I:4), obnanaer omeparopom Kasummpa (KBaHTOBHM JeTEPMAHAHTOM

[51) Afw) _4 2
M) = By T(”'%Z)T(“*_I)» (I.6a)
[AwY), Tyl =0 Vu,v, (1.66)
Tme -
B, -(-Fla. (1.7)
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Ha npepcranemeax Bema (I.2), (I.3) A (W) npeammaser sEauemme

A = Ao+ A3, Ak U8 2B, (1)

n
Ilpoussogamesl FyEKnEe# ROMMyTHDYDIMX RHTETDANOB NBHRCHUS CIYEHT
Beamamea t (L)
tw) =t T, {tlw),t(vl=0 Yu,v. (1:9)
Monens TopeHa moxydaeTcs H3 BHINEOIMCAHHOZX B mpegene
v, =0 < Tipr arom

LA 3 Sn
Lol = 1o g, L2 S8 5% )i o
Tl =4+ T ) + 01, (I.IIa)
X Pl Bl
Tlw) = g~ +nz,=:4 Lw-8;) = (c((ﬁ) g;m i (1.116)
LR =), WL 9, w12

B nanrreiimem MH Bcerya OyneM pacCMATPHBATH nenupomemﬁ cygaii:
g+ 0,8, % 8' mr M+,
Ma'rpnna T( ) ymOBIETBOPAET COOTHOMEHHD

[Ta), Sl = Lo (a, - T(m + )] | (1.13)

xoTopoe noxydaered m3 (I.4) B mopsAmke ’2, , 4 Tagxe MOXeT OHTH
IPOBEPEHO HenocpencTBeHHo, mexona 3 (I.I), (I1.I0)-(I.I2): Boxee
IMPOKEH KJIACC HHTETPHPYEMHX MOLeNeil MOEHO NONY4IRTH, Oepd B Kade-
cTBe "L(’LL) Jodoe pemeHRe KIACCHYECKOIO ypaBHeHms flHTa-barcrepa
[4.5], momamo (I:12)c BameTuM, 4TO TEOPHEA MHTEIDHDYEMHX CHCTEM,
CBfI3aHHEHX ¢ ypasHeHHeM (I.I3) moaxHa GHTH YCTPOEHA CYmMECTBEHHO
mpoie, 4eM B caydae ypapHemmsa (I.4) B cwiy Toro daxra, 4ro ome-
paTopH (I(u) o0pasynT IpefCTABNCHEEe GeCEKOHeWHOMEepHO# anrelpH Jn
(I.I3), em. [6]s
BepaeMcs, OfHAKO, K BaNeMy su(:).) ~CIy4ap, YTOCH pemMTEH BOI-

poc o6 mHTerpanzax mxenm mopexn Tomena (I.I0-I2), pasiomam

T (W) mo nopsmxa YL

T =1+ »ZT(LL) + Yf T w) + O

n mofncrasum B Bupaxemzme (I.6a) mma (W)

152



Aw) = 1+t T+t T w)+ b, P,

12712

9' u).‘T 2%)+0).

BOCIONIB3OBABMHCH PABEHCTEOM T T(w)=0 , sureranmem s (I.I0-
II), = ompenencrmeM £y, (I.7), momywmm

A = 4+t Gl - T +0(p).
Cpasamsaa pasmoxenme A(u) ¢ SHAJIOTHIHNM DASIORCHZENM )

tiw) = 2+t T () + 06e%)

i 3amevaeM, wro mpu mwrmrammn (W) -Af) wrem ¢t T, W)
coxpamapTcs; Takmu odpasoM, B KavyecTBe IPOHSBoime# QyHEium HB—
TETPANOB KBAKCHES MOKHO HCIOAH30BATH BEAHYRHY "E(u,)

Tlw= msr W, [BwW,20]=0 VYu,v. (I.14)
ILua mpexcrennenns (I:II) arredps dn (I.I3) Gymmmaa T (W) mpemE-

MaeT BHI
%(u) _ +z H en“’m" A)
T rimws " o) N
rme N HesaBRCEMEX ROMMyTHDYINMX TaMAIHTOHHAHOB H,, xeamparrumu
0O CIMHaM A MMEDT BHI

(1.15)

A 2 2, 3h 3 255 (1.16)
H,, = "W 1:(4),)=9,%S,,L+ZZ————— : .
W=By, m=’nd=4 8“— Om.
Oneparop m#
N
(S =5 & (L.I7)
7Y B

TAKEe ARIETCHS MHTETDAIOM NBHECHRS M IOXYYaeTCA Kak JMHEHHAT KOM-
omnamas H, N

A
2 H,=29<S). (1.18)
n=4
Bagera, 910 mpu §=2 , (su(Q- nEBapmamTH cmglaﬂ) TaMIIIHTOHNAHH
CTaHOBATCA sa.ancnmm seany (I,I8), m < S°) mpencramuser co-

dot nemocrawmpit N -u#t marerpan memgenma, B SU(2) - mEBapmamT-
HOM ciydae coxparmerca TarEe NOMHW! CIMH

53;( ) Z@ ( +4)+2 s H (1.19)

MHTepecno, YTO B BeJW4YHMHE 't;( ) (I.I5) cmemaHH COGCTBEHHO
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BETETDANH NBEXeHRA (BHUeTH B moapcax 4, =8y ) R omepaTopH Kasmmm-—
pa (TNapHHE YACTH B IOINCAX 2-TO HOPANEA). DT0 OTIRYAET JRHEMHHH
cryaatt (I313) or xeamparmamoro (I:4), rme tlw) m Alu)resasmcamo
ENpexemTca depes [ (u) 3

Bazava onpepeneHns COBMECTHOTO CIEKTpa ONEPATOPOB H (min,
970 TO X€ camoe, CIEeKTpa T (u,)) Omna pemeHa M,I'oneHOM C IOMOIED
RoopAuHATHOTO ansana Bere [I,2], a sarem m ¢ momomsd anredpamde-
croro amsana Bere B pamrax KMO3 [3]. Xora TofieH paccMATDEBAT TOXE-
Ko cayuat =0 , modaera (} + () Emuero me MemdeT B cxeme anred-
pamdecroro amsana Bere., CoOCTBeHHHE BEKTODH oleparopa /'B\ (w)
HEyTCA B BETe

1V, Uy = Blv) ... Boy)l0), (1:20)

tme B(V) - marprmme suemerts §(V) (I.1I6), roTopue B cmIy
(1.I3) xoMMyTEDYDT MeERy codof, a BaxyyM |0) omnpemexsgeTcs ycio-
BHeM

cwioy=0 vu. (1.2I)

9rody |),,...,Uy) OWI COOCTBEHHEM BEKTODOM /'G(u) VYu , napamerps
Uiy, ROLEHH ynon.nemaopaws cucreMe anredpamdecKux cooTHOmeHmE

A
=4,... 3 -
) KZ; Ty » M=hye M (L:22)
kym
e /\(UL) - Cco0CTBEHHOE 3HAUEHHEe MATPHMYHOIO JIEeMEHTa .ﬂa(%)
(1.116) Ba Baxyyme [O)

N
) 10> = Alod, /\(u)=q %": %«L' (1:23)

P
CooTBeTcTEyNRmee codcTBeHHOe 3HaueHme T(U ) omeparopa ’l:(’LL) AMe-
eT BRY ‘

) = X -J\WL))%«~ o%» (%) -j\i@), (1.24)

Xlw) = Z ———-3"-(—)- q,(u) (u—vm) (1.25)

m=1 W0y qU

Ypasrenna (I.22) B (I.24) SKBHBaNeHTHH, Kax SaMéTAl TojieH [2,3]
cnenyomeMy naddepeHrmanpEOMy ypaBHeHMD Tana Jams LIS MHOTOWIEHA

g ) (1.25):
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q - 2N+ (A-N)g -2  (L28)
mim, B cany (I.I5),

)qf(’u;) +(§: O )q/(u‘) =0 , (I.27a)

n=4 U= 0n

" 3 Ly,
g (w) _Q'(q +,§’4 U-8p,

Tne

N
- e Om,
min A

a \—-\,,L ~ COGCTBEHHHE BHAYEHHS OIEDPATOPOB I—-L,,,'; Yparaenme (I.22)
aerxo BuBectr #3 (I1.26), paspeams ode 4acTH HA q,(u,)n B3AB BHYET
B nomce W =Up o

Ypasuenns (I1:22) m (I324) MOEHO BHBECTE HENOCDEACTBEHEHHM,
XOTH M HECKOABKO T'DOMOSHKEM,0CpasoM, ReficTEya omepaTopoM 7 (W)
(I,I4) Ha Berrop h)h""vM> (1.20) ® RCIOABSYA KOMMYTAIHOHHHE CO-
orromenna (I,I3), o, (3], a MOXHO NONMywMTH B IPOCTO HS ABATOTHI-
mx coornomenmkt maa  SU(2) -nemourm (I.I)-(I.4) [4)

A,,(‘Um) _ M Um —’Ujs +7,

m = 11 O = V=] 2 (1.28)
K¢
tlu)g ) =A.u)g (w-n)+Alw)gfw+y) (1.29)

B mpegexe ), —0 .

Tlocne omyGamKoBaHMA padoT [1,2,3] wmonexsd TofeHa RoOITOE BpeMA
mo4TH He IPHBICKANA BHAMEHWE HcciefoBarelelt, 4T0o, BEpOSATHO, He—
3aCIYECHHO, TaK-KaK, BBEAY IPOCTOTH Jw-airedpamveCKHX KOMMYTAaIl-—
oHHHX cooTHomeHu? (I.I3) B oTIMuUmMe OT KBAKPATHIHHX COOTHOmEHRmI
(1.4), aTa mojensr HeoOHYaiiHo yZOoOHA A ONPOGOBAHEA HOBHX MOMXO-
IOB K BHOJHE MHTErPHPYEMHM KBAHTOBHM MONENAM. Tak, MMEHHO JJIA MO—
Ieqn Toniena BrepBHe OHJIM BHUMCIASHH HODMH COGCTBEHHHX (yHKkmmi#t m
KODDENIATOPH CIMHOBHX ONEPATOPOB [2,3] ~ pesydbTaTH, KOTODHE B
KBOJDATHYHOM CIyJae OHIM NONYUEHH MEOTO mosmuee [7] .

B HacTosme# padoTe 3g7ada HAXOKNEHHA CIEKTpa HHTETPANOB JBA-
Eenua A MoZKedr TofleHa DemaeTcA C NOMONBD MPEefIoXeHHOTO B [8,9]
METOfa pasfelicHHsa IepeMeHHHX WIn "(PyHEmmoHAIBFHOTO aHs3ala Bere"
(mocnenmyee HasBaHWe CTABAT 3TOT MeTON B OfH DA C TiH: “KOOpHHA-
HaTHHM", "arrepamiecKEM” X "aHANHTHIECKEM" [}1,5] egaanamm Bere),
llpocToTa MOZEIM MOSBONAET NONHOCTED DENNTH BONPOC OIMCAHHA HPOCT-
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PaHCTBA COCTOAHME B HCCIEKOBATH CTPOGHEE COCCTBEHHHX QYHKIEE Ome-
patopos T (W).

2. PvErmvoHANPENE auzaH Dete

Unea dymxmporarsHOTO aH3amna BeTe COCTOET B ToM, 4TOGH HafiTH
TAKyD pealnsamup mpexcrantenus () (I:1I6) arredpu Im (I.I3) B
NOZXOXAmEM QYHKIMOHAIEHOM IPOCTPAHCTBE, B KOTOpOl MpOESBofmas
Qymama T (W) (1.14) mmena 6u BN, no3BoJiaommil nponeca'n paspexe-
HEE [EDEMEHHNX H CBECTH 3&7lady HAXOKNSHEA CHEKTpa 7T (W) K ofHO-
meprofi cnerTpansHo#t samawe Buma (Is27): HommmoM (, (W) urpaer
IDE 3TOM DOJE BOAHOBOZ YHKOEM B HOBOM NpEJCTARICHHH:

Omut padots ¢ mogexnmm of (2) -rmna, chasammnm c R -umar-
puneit (I;5), nospoager CPOPMyAMPOBATE CIEAYLMA DENENT NOCTDOE-
HA TERKOIO IpefcTaBienui [8,9]. BamermM,uTo B cmay (I.IIG) ame-
menr B(u) marpum T (W) mpemcramnsger codoft pammomamEEyD mO U
fymamo ¢ N npocmam momcam W =8y n (N- 1) myaem, a 3 cury
(1.1I3) omeparopu B(U) oopasynT xomMyraTmEHOe CeMeficTBO

[Blw), B =0 Vayu,. (2.1)
9TO NO3BOIAET BBECTA BSAUMHO KOMMYTHpDYKOHE ONEpaTOPH ’.X},’!dd
(j= 7'“7N-4) » KK aCAMINTOTHRY
Bu) = wix + Ow?*), w—ee (2:2)
R HyIn

Bly;) =0, HN-1 (2:3)

Gymxman BW) . Hpncaannaxme ‘U omeparopHOTO 3HAYeHHI B (2,3)
JOOyCTHEMO BBHLY KomvyTaTteBHoctd (2,I). TeM camum, ﬁb(/u) peann—
3yeTCA KAK OIepaTop YMHOXEHRA )

3 '('u,"ld“) ---(u'ﬁnq) "
Blu) = ac( o () (2.4)

B npocrpancue Gyarimit Ha COBMECTHOM CIEKTDE OIeparopoB X,

{"j } o IlpE 9TOM BOSHHKADT CIEAyDIME BaMaTd: N-
g CnexTpaipHHIl aHaMM3 KOMMYTATHBHOTO ceMeiicrea ¢, {'IJ 3}
wr Bw) .
di Onncafme npoc-maacm dyexou#t HA COBMECTHOM CHEKTpe
X, .

B) Peammsamua B {o,} - OPeNCTABTEHMH ONEPATOPOB £(w)
B xpagparmuHoM ciydae (I.4) pemeHHe 3a%adY a) M 6) OpemcTaB-
JseT ONpeRedeHHYD TPYRHOCTE, Lia Bowdka I'opsdeBa-Yamwmrana [8)
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1 Uenouxe Tomu [9] 9TH 3a7aUM yHANOCh PENIMTh, C WCIONB3OBAHHEM,
ONHaKo, cnenafniecKHx cBoficTB oTMX Mopexeil. Hume MH DOJYYMM HMC—
YepIHBapllee pemEHAe 3a%ay a)-B) ILis mojenr TofeHa, KOTOpoe cBe-
ZIeTca K npocroil 3amMeHe NEepeMEeHHHX.

TocTporm CHavala peaiusalmp mpefcranierma T (u) maa N=4 .
IBOMA 2.1 Oyers (e {',1,3h,2,...} ; €l -
KOJIBLO TNONMHOMOB OT, IepMeHHO!I ¢ ¢ KoMIIeKCHEME koadduumerTamm;

(’L"Q”) - mpean 3 C () , mopommaemmit MosOMON H .

TO €CTh NOMKOJNBLO BCEX HOVIMHOMOB, LeJAImXcA Ha X H

K(E)E €] / (fr}p'“) — COOTBETCTBYDmEee (PaKTOP—KONBLO, KOTO-
poe YIOOHO NOHHMATH KoK Koublo dymxumii ma Toure oc=0 xparHOCTH
ol +1 (mpoctpamcrso crpy# [I0]), To ecTs KAk KoMMyTATHBHYD
a.urgggy H?),K € , nopoxmeHHy® ofpasymmei OC = COOTHOmMEHNEM

x = B

Torma onepaTopH

3 _ . d

S = T«d;c‘i'g/

S =x (2.5)
2

S+=—x-§/—3+ l?/’d—;
@X

dx
a) KOPPEKTHO ONpeJielieHH B KOJbLE K(Q) » paccMaTpmBaeMOM KaK
JamuefiHoe mpocTpaHECTBo Han modem €

6) peannsynT IpefcTaBleHMe aaredpH Ju SQ(Q) (1.I) msomopd-
m’ze@cra)mapmow HempuBozmmoMy Tmpexcramtenmo <f () pasmepHOCTH

20+4) .

HOKABATEILC%ISO JTBEDALEHAA a) CBORNMTCA K NPOBEpKe MHBApHAHT—
HOCTH mueala (:r,Q' ”) OTHOCHTENBHO IuffepeHIMalbHHX OepaTopoB
(2.5). Tax, HampmMep,

‘E>":1:""=*rn(£LQ,+1—'rn)acm%':ocg'BH mr o™ a2t

1A nmorasaTenbCTBA YTBEPENEHAS 6) ROCTATOUHO YyOeIuMThCH, YTO LUd-
depemmansuye onepaTopy (2.5) peanmsynT nomwaxmomee COOTHOmEe~
mia (L.I) u uro mpocrpamcrso K'©  (owesmmo, dimK® =) +4 )
NOPORTAETCA neﬁcmne&u S Ba crapmuit BekTOp QV(CXL)E '1eKQ)
3aMeTnM,4To x* ! smrmeres MIHUMAJE, SHHYJINPYOIAM MHO—
TOWIeHOM HEIBIOTEHTHOTO omeparopa S : (S7)* =0 ¢ Tipoet—
DPaHCTBO K( MOZHO HOITOMy DACCMATDPMBATH KaK KOIBHO QyHKIuA Ha
crexTpe ©° , cocToAmeM u3 ORHO® TOYKM x =0 KDPaTHOCTH al+4 .
OTMeTHM Takge, 4To onepatopd €.5) moaydamwTcs M3 CTAHKAPTHOM
peajusalmu 5@(9.) InpdepeHIMATBPHEMYE onepaTopamMu I-ro mopAnKa
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[10] gopmarsmot samemor x <> d/dx

PaccmoTpuM Teneps mpencranienme < (1) odmero smma (I.IIG).
Peanusyem omepatop 6: rubPepeHmansHEME onepaTopama (2:5)
IO TepeMeHHEM {oCy , B IpoCTpamCTBe

N _(l
K- K™,
n=14
KOTOpOe eCTh He 4TO MHOe, KakK (HaxTOpKOIBIO

K=Clx,,..,xa]1/X (2

KOJIBIA G‘/[oc4, , X ]no.wmnouos oT {:nn} mo mueanry X , 3amnaH-
HOMy Gas3BcoM

alet al,+4 W1
K= (" oy v, g™ ) (2.7)
N-{
BBeZieM HOBHE IepEMeHHHe X, {13} ypepEeHRAMH (2,2)-

(2.3). Bocnois30BARNACH PABEHCTBAMHA (‘2.4), (1.II6) n (2.5), mom-
HO BHDESETb NepeMeHEWe {X,} depes <, {'153}

N-{ N
o = Bl =l 1(5 - /ﬂ 5-5.) (2.8
(X‘% S,m w=8,., ( ) .=1( n ,g)mzd( w m)
man
Onnca.une ROJIBLA K (2.6) B TepMMHAX IEDEMEHHHX OC ,
{g } "' nomywaerca cremymmy odpasow, Iyers Slocs Yy Y-l

~ KOIB0 MHOTOWIEHOB OT ¢ , {qda} BITia

n%wmpm( P ‘é[«’;"ﬂu--»ﬂdN_J, (2.9)

P ( TTIRET) N_ﬂ - CAMMETpHYEeCKHne IO {y} MHOTOWIEGHH CTene—
HA_$ M 19 Kaxoll M3 IepeMeHHHX 15 i Paccmo'r UM AZealH

sj < B3 Yy, Yy o]

<~ _ 9*211/*‘ Ned _ 2'?/1\;"4
Il g(% ) ) ’ (2.10)
36,5,
(:’4""’:’“) (2.1I)
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IIycTs e -
= Sy, e )3 (2,12)

IPEVIOKEHNE 2,I. BameHa NepeMeHRMX {oC, —-»oc,{qé }N :
(2.8) magyumpyer msomopdmsy rojen € [oxc,,.. -y LR ] ~[<r, 843 T |
¢ onHO# CTOpOHH M mmeamoB X =Y ¢ ;u;pz}‘oﬁ croporm, a c:.nga;u;ofazaff4
TeJBHO, M M3oMopdmam fakropromern K= Q) .

JTOKABATEIECTBO, Uz (2.8) m (2.9) C OYEBMOHOCTED CIELyET,d4TO

)
L (% Yoo Yy € © T340 55 Yo y] 1, TaKmM o6pasoM
3ameHa X, — L, (& MYy ‘) NOpoXnaeT rovomopduam Kose
@/[x“ '—’SEL’H“ Ned - OGpaTuMOCTh 3TOTO TOMO-

Moptpnsma clenyer u3 oro ra, 9To cucrema N ypasHemmfi (2.8)
TOZBOJLAET Bupaams N HesaBucmMEx MHOTOUWIEHOB X O (w, %N-q)e
€ 8 [a;,’l()”, ’%N _4d.» THe Oy - oileMeHTapHAA CUMMETpHYECKas (yHK-
ma {13} , xax JImneitue xomdnnaunn x, . Msomoppnsm mueanon

X (2.7) 2 ¥ (2.10-II) ycramammsaeTcs mpocToft NMOKCTAHOBEOM
(2:8) B (2.7).

« JOMyUeHHOE BHNE ONMCAHME NPOCTPAHCTBA KBARTOBHX COCTOSHMI

HAXOIMTCA B TONHOM COIMACHH C pesyibTaTamm crarThm |I1),rme

CTPYRTYpa NpencTanieHnll KBanpaTHuHoft anreCpw (I.4) amammsmpyercs
HA OCHOBE anredpaudecKoro amsana Bere. JleficTBATENHHO, GeTEBCKEM
cocrommmaM |,..., Uy > (1.20) B cury (2.4) orseuanr 3 <C, {"53}—
NP e CTaBNIEHAN BOJIHOBHe QysrxiMm Buna

|~041 'UM> -~ ’J.‘, n QV(’%Q) (2.13)

ITe MHOTOWIEH q,(’l},) ;u;aeTca (I)opmy.noﬁ (1.256). Kommy & [oc; LT
, Y4 COOTBETCTBYET HA A3HKe cTaThu [II] upocwpax—
c1Bo ‘mpeicTantenna "cpodomEOl MaTpHIH MOHOZpoMmME®, a (axTopm3a-
WA 00 HLeary - (JaRTOpM3ALKA 1O "MAKCHMAIBHOMY MWHBADUAHTHOMY
IOZIPOCTPAHCTBY" CBOGORHO! MATDHUH MOHOIpOMUH. I[IperMymecTBO $yHK-
UMOHANBHOTO aHzana FeTe cocTouT, OJHAKO, B TOM, YTO CTEHOBUTCA He-
HyrHO# runoTesa o cymecTBoBaHmM Baxkyyma (I.2I) u B TOM, UTO ypaB—
Henna (I.26) IUIA NMOIMHOMA (1,(4{{) NOIYYanT eCTECTBEHHYD WHTEPIpe-
TAIWMD KaK YPABHEHWS pasieleHAA IEPeMEHHHX IV BOJHOBOE (QyHKIMM
(em. § 3)e
TlepeiifieM Temeph K 3afaue ommcaHus omeparopa T (W) B mepe-
MEHHHX OC, { }“ ' . paMonumefiuufi, Ho BELymEE K TPOMOBHKAM BEUM-
CJIEHMAM IYTH coc'rom B TOM, 4TOOH, BHpasus u3 (2.8) Ipou3BOmHHE
3 /3’3% ¥ TIONCTaBHB MX B QopMyuH (2.5) n (I.I5), DONYuMTH BHpa-
ReHUe IJiA T (u) Kak xpuddepeHNMaNbHOTO olepaTopa 2-I'0 LOpANKa Io
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x, {153}? ! . Mu, OmHaKO, BOCHOJNB3YEMCH OIHTOM pacoT [8,9]
# HOCTHTHEM Lleny Oojee IPOCTHM O0pasoM.

IPELIOKFHVE 2.2. Onmepatop (1) ymoBmerBOpseT CieLymmam
YCIIOBIAM:

a) # () - parmonarsmas Gymams napamerpa W ¢ N mpocrs-
MA TOMDCEMA B TOUKEX 1 = Oy

6) IIpp W —= o=

A = g +'< Sy + O, (2:148)
IpIdeM
¢S y=-x2 <l (2.146)
3x * ¢
me N
b =2 L.
= 2 4+ A :
» LAy, = 3, Aly;), (2:15)

rme A(U) maercs dopmymoit (I.236).

ToclemEee yOIOBHE B) HYXLASTCA B INOACHEHMAX, TAK KAk HeoO-
XOIUMO OTPENENATH, UTO SHAYAT NOJCTAHOBKA ONEPATODHOTO SHAYCHAA
1"’=1Jj B ONEPaTOPHOBHAYHYD (PYHKIIAD J]o(u) « 3mecr ® mamee MH Gy-—
Zem cuMrTarh, 90 U=4); NONCTARLTETCH B £ (w) cresa (cp: [8,9] )5
10 ecrs, ecmn (W) , Kax muddepemmransmiit onepatop m o, {1}
sammcarh B BEAE

N=4
Fu) = olu) + &x(u)é%-;:% &k(u)%k . (2.16)

Ime Jko(u),fcm(u) n "%1( (U) - gyrxomm u,x,{%} » TO IO oIpe-
ZeJIeHuD

IO " = Holyy) + dheleg) 2o+ A log) é@% e

3peck MH HCIOJNB30Bakil TOT faxT, dUTO Jk(u) -~ mnjpepeHImaNbEN ome~
parop I-ro mopsuka. OfoCmeHye Ha ciyuail xufdepeHImManBHHX onepa-
TOPOB BHCIIMX IOPALKOB OYEBAIHO.

JOKASATEIECTBO IpepnomeHus 2.2. IIyHET a) oueBmueH. Lig mo-
KazaTeJsCTBA IyHKTA 6) 3ameTuM, 4To acmvmrotara (2.I14a) cuemyeT
3 (I.II6). Kpome Toro, B cwiy (I.I7) m (2,5) mmeem
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N N
0=y & aqly - B
<8>=2 8 =<b -2 w2

axy

Joxasarenscrso (2,146) cmomuTcs, TeM CaMuM, K OPOBepKe DABEHCTRA

N
3 - 2 i
ox wzﬂ " 3%y,
Ieficrenrenzio, ns (2.8) cremyer, uro 9%n _ Tn | Moncramman
N 9
aT0 BHpaEeEMe B paBencTso -O— > 9%n 8 | mmvommu &

X a4 Bx d%y
(2,18), AHaNOTMUHO MNOKE3HBAETCA IYEKT B). B cwry (I.II6) m
(2.8) mmeeM

by =T3S 1, g3 boondi |
w)l,, ., = - e -  Takad (P =
U= 4= v, =Y, ¢ w-r—# weygy
N

B /TR D

M) -2 %, 2w,
Ocraercs NPOBEPUTH PABEHCTBO

N
Gl X 8 (2:19)

3y =4 Yj~8n d%n ’
KOTOpOe, HONOGHO paBeHcTBy (2.18), NOKASHBAETCA C NOMOMBD COOT-
HomeHuA 3, /GU- =%, [(,ﬁ_gn)nurenamero- n3 (2.8):
3

HeTpymuo yoemaThes, PO JAHHHE 8)~B) ONDEENANT (QyHKIED
}c,(u) OTHO3HAYHO, M ¢ IOMONED HHTEpIOMIIMOHHHX PopMyax (cps [8,9])
MoxHo moayumts mifi Jv(U) mupamenme B Bme mEbbepeRIEATLHOTO Oe-
patopa I-To mopamka mo X, {42}.}“_ ¢ KoodduienTaM, JHHeNHEMA
o X § DalWOHAIBHHMA IO Y K Ina Hammx uenell, omHaxo, Iopasmio
yHoOHee OymeT xapakTepusoBaTh fb(1l) HEMOCDEJICTBEHHO EHTEpIOJAIA-
ouHolt samadeil a)-B). N
TEOPEMA 2.I. Omepatop T (M) (I.I4-I5) ymomIeTBopAeT CIELY-
KUEM YCIOBRAMS :
a)@(u) - paumoHanbHAd QYHKIMA ngpamerpa W C N mommeam B
rowax W =8, n raemmom secram )~ L+ Nu-8)"
wn o 8'11,
6) Ipn W —o°

I/2 11 Bakaz 2108 161



T = 92+u"~ 24 <S> + Olu®) (2.20)

B)
[T e 8%;— -2 j\%} j\‘”‘(%) - j\_(%) -
) ~ )
_(a__ua _N/lm - [A(u)wwa-] . (2.21)

B fopmyre (2.21), xax u B (2,15), HpMEATO COIVIameHHEe O NON—
CTQHOBKE Uu=1}. CIIEBAa.

JIOKABATEHﬂCTBO. YemoBmst a) u 6) JIETKO IPOBEPSANTCA C IIOMOUBD
supagenns (1,I5) mua %\(u) . llepefileM X IOKa3aTeNBCTBY IYHKTA
B). Bupasmu ¢ momompp (I.I4) u (I.II6) (W) uepes marpuumme
amemenTs T (an) ¢ '

= S0 T ) = A + 0w +BhiCl) +Clubluk g 45,

Bupaxenne (2.22) MOEHO JUDOCTUTH, eqIM 3ameruth, uro m3 tA T (W)=
=0 cuemyer paBeHCTBO

Dlw)= -#lu), (2.23)

a 3 (I1.I3) crexyeT paBeHCTBO

[Bw), Clull==A= (D) - &) +biv)-Dlv) =

= fl—'U- (:Pc(’l,l,) —047(1)) ’

KOTOpOE Ip: ) —--L IpeBpalaeTcs B DABEHCTBO

[Bw), C(w)] = QJ‘o'(u). (2.24)
Nonmcrasnas (2.23) n (2.24) B (2.22), moxyuaeMm
Blw) = £ - ) + Bu)Clw). (2.25)

llpm momcTaHoBKe B (2.25) U= Y j caeBa weH ¢ 35(11-) H1CUE38€T BBH-
1y (2.3). Taxmm o6pasoMm, 4TOCH HOKasaTh paBeHcTBO (2.RI), HEoG-
XOIMMO YCTAHOBATE CIelyhulee TOXKIECTEO

&) - a“o'(uﬂ%=% - [ﬂo%)]i. e

~nd
BHuncanM cHavaia Lﬂs (M/)] w=1y . Bo3Boma B KBampaT BHpameHme
(2.16) pna Mu) ¥ HORCTaBIAA bnepa u=14j, IOJNy9uM, C yYeTOoM
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(2.15),

[ Jf’wnu= 'd; 5%3; —lj\(qz;a)aé—% dﬂq a) - [%J-a fv(’lﬂ]ww . (2.27)

3ameTHM Tenepk, 4TO

2 [kt -[2

[, Ly ) =12 Alw)], | +[2 Al

6% Ju Yy ou u-Y; By ( ]u=% (2.28)
Bupaxasa n3 (2,28) [56— JE(’LL)]U“ n noncramnai B (2.27), MH
NOJY4Y¥M, C yIeToM (2%5), pa.aencﬁﬁo (2.26), Ha 5TOM IORa3aTeIb~
crBo Teopemu 2.1 3aroHYEHO.

§ 3. Pasnmerenme IeDeMOHHEX

B aroM, 3armoUMTENBHOM IEparpafe MH H3YYMM CTpOEHHE COGCT-
BeHHHX (yHrim# cemeficTBa KOMMYTHPYRIMX OIIEPATOPOB @(M,) .

Paccyrnas coBepmeHHO {OpPMANBHO, MOEHO NIPRIATE K 3aKM0OYEHMO,
aro B cwry (2:20) m (2.2I) codcrsemmne Gymxumn T (W) mommmm
meTs Bam (2.13), Tme MHOTOWIEH O,hé) crenexn M JEOBIETBOPAET
mudbepermmansroMy ypasreEmo (I1.26), cp. [8,9]. Fonee axkypaTsoe
HCCIENOBaHNEg, B UYaCTHOCTH, y4eT Toro faxra, 4TO IPOCTPAHCTBO
cocroaHnit €CTh IPOCTPaHCTBO CTpYil, 3acTamindeT, KAk MH YBULUAM
HUEE, BHECTH ONDPENEJEHHHE KODPEKTUBH B 3TOT BHEOZ.

PadoTa C KOJMBLOM MHOTOWIEHOB O [003%7“"151\1-4] (2.9)
OCJIOXHEHA BHIEJICHHHM NOJIOMEHMeM mepeMeHHO# OC . IlosTOMY,d4TOCH
COCPENOTOUNTE BHUMEHNE HA Das3feseHN: IIeDEeMeHHHX 1d i MH BBELEM
TepeMeHHHe 15 nHave, 4eM B § 2.

Conepmm/? B XL -preparope (I.106) IMRIAYECKY0 EPEeCTaHOBKY
varpun Taymn & oot OmepaTop T (W) or aroro,oue-
BUTHO, HE MBMEHHTCH. V3MEHATCH, ONHAKO, ACHMITOTHKH SJEMEHTOB

Az B(U) marpuos J(w) (1.1I6), mmenno, BmecTo (2.2) m
(2.I4a) mu Oymem mmeTh mpu U—>o° .

D) =q +0w), 4w =0w?). (3.1)
Bonencrene (3.1a) pammoHanbHasA QyHKIMS ‘B(u) 6yrer HIMETH NN HyJneit,
¥ MH CMOXeM ompenesuTh N  KOMMyTHDYRWAX OIEpATOPOB {'\6&}4 u3
CIELYRIIeTo YCIOBUA, CPo(2.4)

_o WYY L (w-yy)
B %(u:oq)...(u—gn) e

—_— {’Iﬂa}j\[ NIPON3BOINATCA COBEP—

N
3ameHa IepeMeHHHX {Cﬁnh
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WEeHHO aHATOTRUHO § 27 Amasor Teopemd 2.1 QOpMyIHpYeTCS TOUHO TaX
Ee, 34 TeM KCRINYSHMEM, UTO ACHMITOTHISCKOe yColIoBEe (2,20) 3ame—
HAeTCA Ha

Biu)=g* +0r"), u—se
u B yorosum (2,2I) mmmexc a y Hﬂ mpoderaeT 3HaYeHMs oT I ;o
N+
TlpocTpancTso cocTosHME $2 OIMCHBAETCA Temeps KAk farrop-
KOJIBLO

=Sy, Y [ 4. (3.3)
rme S[’\dh...,%] - KOJNENO CHMMETDMYECKHX IO 1f; MHOTOWIEHOB, &
wean Jo S[%,...,HN] HATAHYT HA HNEaTH ’Jn, cp. (2.10)-(2.1I)

N al +4
J =(j4’---’3u)’ ﬁrﬁ Ua_:l‘ (“'Jg"sm) i ) (3.4)

Ina penpHeimero Ham HMOHAULOOCHTCA BBECTH elle DAY NOJRHOMAANB-
HHX KOJel B HIeanoB. IycTs

In=((q—8m)lb"ﬂ)C£[y,], n=1,....N;
\ Fo=Clypf1, . (3.5)

BarTOPKOIBI0 Fn MOKHO pacCMaTpMBaThH Kak Koubno QyHKOmE Ha
(Q,@n’“l) -KpaTHOZ TOUKe 1d=8’TL (mpoctpancreo ctpy# [I0])

Qen,
(n) n _ ), o &n
WMeF, ¥ Z;o“‘dn (y-8,) ™. (3.6)
Kanomnueckn##t romomopdasm @[13] —‘F . HMeeT BHT
a

W ogmw_ 44" 3.7

qp—~¥" WD T S Al @7
BexrencTBre CHMMETDHM MHOTOWIEHOB M3 %[A‘i“‘“’/l?}hl] o

TIep eMEHHHM {q} , KOJBILO 62 (3.3) momHO pacCMATpMBATE KaK
Xoapuo QyHKUm ~(MpocTpaHCTBO CTPYR) B TOUKE Hff 611. yn=1,...N:

Q,?a QEN [N_l N (3.8)
Ve, W-2oo 2 W g llly.-5) °

TakuM o6pasoM, Kax JmHeiHoe mpoctpascTso Hagy (
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Q=Fef e ®F. (3.9)
Saftivemcst Teneps HconenoparueM nrddepeHIMANBPHOTO ypaBHeHmR
(I.27a). BajuxcupyeM SHAUEHES NapaMeTpOB Quy, + Ypasnenne (I.27a)
mmeer N peryaspmix ocolmx mouex 13=8' (n=1,. N) ¢ ImoKasare-
nom Q,(20, +4) = mpperyaspHyn (mpm g+ 0 ) ocodym Toury
Y = oo ; [12] 970 o3HAYAET, UTO B OKPECTHOCTE TOURE U =8,
cymecrsyer peryiApHoe B sTof rotme pemerme

qfn) ) = (H(-'OR) W (3.108)

7 JmHetHO HE3aBHCEMOE DEmeHHE
)
3P == ply) + 1, g™ e by -5,), (3.106)
I'Te P(y}) —~ peryuaspHasg B OKPECTHOCTH ’l{, Oy, dyHKIMA, UpEUEM

( ®) #0 . Komcraura Xn , Boolme rOBOpH, HE DaBHA HYIP.
B OKPECTHOCTH % = ©cO (CyWEeCTBYeT pEmeHne CO CTeNeHHO# acEMITOTH—

Ko#t 5/ N
(°°)
9 » f= b-<5%= 29 (3.1Ta)
1 JamHeltHO HeszaBmCHEMOE pemenne
A )(yr)“ Skl 1&9”&) b (3.110)

[IPELICEEHME 3.1. Ilycrs s HeroToporo Hadopa (L, WM, 9TO
TO ®e camoe, Hexoroporo T (LL) cymecTByeT HeHylNeBoe pemeHme Y )
nmb@epemmanmoro ypasHeHusa (I.27a) B IpOCTPAHCTBE c'rpyﬁ Fn
(3.6), To ecTs, CymecTByeT OTpe3ok pAma Tefimopa w ¥ 0 , ymos-
JxeTBopm%ﬁ ypasuensp (I.27a) ¢ TOYHOCTED IO WIEHOB IODATKA
,% -O. ) . Torma Takoe pemeHMEe ENWHCTBEHHO C TOYHOCTED X0
TOCTOSTHHOTO MHORMTEJI ¢

JOKABATENECTBO. Tomcramisas pasiaozenue (3.6) B muddbepeHmans-
Hoe ypasHenne (I.27a), MH mOJy<EM cnc're pelqyppenrm COOTHOmME-
}mﬁ [12] NO3BOIADIYX ONPELeNATH npp% # 0 mocremoBaressHo
l-l-‘n w‘“ . B T.5. BKIDUAA Q-f " " ° Yexomme cyllecTB0BaRAA
pemexmﬂ osuaqaer, 910 nono:mtxremnoe ypaxnerme Ha Lpl (, » HoW-
gapmeecs B NOPSIKe (% -5, ) , He IpPOTHBOPEUMT IpENHYIIM,

Teneps MH MOKEM 38HATHCA M3YUEHMEM CTDPOEHHA COGCTBEHHHX
ynxumit omeparopos 7T (U) .

TEOPEMA 3.I. HycTs Qf € G2 - coScrBenHuit BEKTOD OLEPaTOpOB
D) V(W) ¢ cobcrpennnm snavenmem (W)

TWW=sWw)¥ , Wt0. (3.12)
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Torma CyumecTByeT E€NMHCTBEHHHH C TO‘I%?CTHO IO HOCTOSHHHX MHO-
xurTesell Ha6op HEHYJNEBHX pemeHWi {q,fm)e n} InddepeHIRATBHOTO ypaB-
gemnsa (I.27a), B cmucne Ipemrokenma 3.1, 4’1‘31(013, qTo

W - yYeyWe e yM (3.13)

B CMHCJE #30MOp(U3MA (3.&;. N

OGparrO, ecin { GFn} \ ecTs Habop HEHYJEeBHX pelle-
Huit mudbepernmansioro ypaesernsa (I.27a) ¢ ommmm # Tem xe T (W),
TO BEKTOD We L Buga (3.I3) ecrh codcTBeHHN BexTop (3.I2) ome-
patopos T(U) ¢ rem ze T(W) .

JLOKABATENIRCTBO. Bymem paccMarpmBaTh W xax omement IpocT—
paucTsa crpyit (3.9). Us (2.2I) caemyer, uTO QQ(%,...,%{) JEOB—
JNeTBOpAET N0 IepeMEeHHO 1*4 nuddep enmmarsHoMy ypasuenmn (I.27a)

B IPOCTPAHCTBE CTPYi [—", . Ompescr Ha cBOHCTBO E€NMHCTBEHHOCTH
(Ipegnozenne 3.1), momyuaem,dro

W () =Y Tty y).

[IprMeHAR HOCNENOBaTENBHO TO K€ DACCYELEHNE K IepeMEeHHHM 12}9,,...,13,“
mpuxonuM B pesynbrTare K (3.12).

Y7o noxasarh ofpaTHOE YTBEpXKNEHuEe, HOCTATOYHO 38METHTE,
uro BexTop & Buma (3.I3), mocTpoenHuft MO DEmEHMIM P ypas-
nemna (I,27a), ymomnersopser (I.27a) mo xaxmoft mepemeHHof 1&3 ,
a 3aTeM BOCCTAHOBATH JEBYyD 1 NpaBy® dacTu paseHcrsa (3.I2) u3 mu-
reprnoAmmorHok 3anaun Buma (2:20)-(2.2I). ~

TaxmM o0pasom, 3amada HaxoxueHua crextpa U (W) sxeupament—
HA CepH: ONHOMEDHHX COEKTDAIBHHX 3afiad Buma (I.27a) B mpocTpaH-
creax crpy#t by ,m=4,...,N . Mmenno sto n masumaerca pasmerme-
HIEM NEPEMEHHHX .

Xors Teopema 3.1 maeT mCUepnHBENmEe ONUCAHWE CTPOEHMI COOCT—
BEHHHX QyHRIM @([L) , OHO BHTMIANUT HENDPABHYHO, M XeJAaTelNBHO BH-
ACHUTS €TO CBA3H C NOJNMHOMASIBHHMIA DeleHuaMH q/w{)é C Iyl
mndbepemimansaoro ypasuemna (I,27a), B TepMIHAX KOTOPHX JopMyau—
pyerca anredpamdecknii amsan Bere (cm.§ I).

[IPEMICEEHUE 3.2. IlycTd LA HEKOTOPOTO /D('lL) cymecTByeT Hadop

le)e En }N HeHyJeBHX pemeHnit muddepeHIMATbHOTO YpaBHEHUA
(I.27a) B mpoCTpaHCTBAx CTpYyi# Fn . Torma cymecTByeT eNMHCTBEH-
HOE C TOUYHOCTEK JI0 IOCTOSHHOTO MHORMTENA IOIMHOMASNIBHOE pelleHne

0, 1)) ypammenns (I.27a) c rem ®e t(W) , Taxoe uro opasy 9y
IPA KSHOHMYECKUX TOMOMOPPU3MAX G:[m}] —F o  (3.7) mpomopumo-

Y
e gly) — Cy (B (3.14)
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JOKABATENECTBOY CymecTBOBAHEE DeNEHHS YW L OSHAYAOT
[I2] mcuesmopenme morapmimmecroro wrena B ﬁ/m Y) , o0 ecrs
Yn = 0 (3:100)% Tem camum, ;oGoe pememEe IEdPepeHIEATEHOTO
ypasHenna (Ii27a) pDerynApHO B OKPECTHOCTH Oy, m 3 a 3Haunr,
u Bo Beeft miockocte € { B wacrmocTH, pememme q,“"’ (Y) (3.11a)
CO CTemeHHO! acHMITOTRKOX ABAgerca Heloll fyHximel; OmHaro, Hexas
fyERIMA CO CTemeHHOY ACEAMITOTHEO! MOXeT OHTEL TOJBKO IONMHOMOM.
Bunoanenne ycmoBms (3,I4) BHTeraer ms Toro fakra, ITO 0GpasH
q(Yy) mr rasommyeckmx romomopdEsMax chy - Fp YHOB-
JerBopapT ypaBHeHED (I327a) M us cmoficrsa emmHcTBeHHOCTH (Ipexm-
noxerre 3i1)% FENMHCTBEHHOCTDH TOMHHOMA q/(%) cIefyeT ms TOTO,
9TO JAmHEH#HO HeSaBHCEMOE pemeHHe () )('W (3.1I6) EMeeT SKCHOHEE-
IMaBHYY SCHMITOTEKY: 3HEeCh CyMeCTBEHHO, UTO q#D %
SaMeTHM, UTO HEKOTODHE, & MOEET GHTH M BCe U3 Ko3{IMImeHTOB
CyB (3:14) MoryT oxasarthcA DaBHHMY HyIO: ByneM HasHBaTh COG-
cTBeHHHI BeXTop I;I:IE S OLepaTopoB 'b(%) HEeoCOOHM, eClIZ OTBe-
wanmaft emy mo Teopeme 3;I Hadop {lllm)eFm}I} nopoxgaeT mo Ipen-
Jxoxem;m 332 mosEHOM o,(%) C HeHyZeBHMM KOS(HPAIMeHTaMI
(3:14)3
TEOPRMA 3.2: Iyers W e (Q - HeocoOuft coScTBeHHN# BeKTOp
onepaTopoB 7(:\(1,{) VU ¢ coScrpennum smagemmem T(WU) & Torna
CYyWEeCTBYeT eNHHCTBEHHOS C TOYHOCTED 0 HNOCTOSHHOTO MHOEMTENS IOJH-
HOMEAIBHOE DemeHne q,(tj) nuddepenimansaoro ypapsenus (I.27a) ¢
rem xe T(W) , Taxoe uTO NOMHMHOM

N
Q 4y, oYhy) =gq,(%.)e SYLTH Ty (3.15)

IPRHATICRAT KIACCY SKBEBAIEHTHOCTHE Pe Q= 8[1}4 ""'%N] |9
OGpaTHO, €CHR HONIHHOM q,(’lé) yIonrersopsaeT ypasuenmo (I.27a) m
HE 7MeeT B TOYKAX 1}=8’n, Hynelt nopsamka ZQQW +4 COOTBETCT—
BeHHO, TO moimEoM O (3,I5) AEIgeTcs COOCTBEHHHM BEKTOPOM OIe-
.patopoB T (W) B %[4{4,...,131\1] , 8 clIefoBaTeNbHO, M B S,
mpiuem ofpas O\ B Hemymesoft.

HOKABATENIECTBO He cocTeBAAET TPYL&.

Bompoc 0 cTpoeHMH OCOCHX COGCTBEHHHX BEKTOPOB 2&’ OCT&ETCH.
OTKpHTHM: [IpodiiemMa COCTOMT B MSyJYeHHH cOoGCTBEeHHHX (yHKIME omepa-
ropa T (W) me » moctparcrse =Sy, .- thd [T 5 a B co-
Jee MADOROM IPOCTpaHcTBE O %,...,’ld . }I\pn 9TOM BOSMOXHA CHETya~—
1mA, KoTXa cobcrmeHEuft BekTop omeparopa T (W) B mpocrpascTse

OKaXeTCA NIPHCOEIMHEHHHM BEKTODOM B IPOCTPaHCTBE S %,...,1&]
9TO MOEET NPOW30#TH IpM COBNSUEHMM COCCTBEHHOIO 3HAYEHHA ONepaTo-
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PAY
pa T (W) B mpocrpamcTse S ¢ omENM ES ero cOOCTBEHHHX SHaveHMf
B mgeate J % IDEMepH AHATOTEYHHX CRTyAUE? DACCMATDEBAIECE B [13]
(r:E? "mpodiema IONHOTH aEsana Bere®)? B smdoM cxydae, HATHYRE
0Cco00T0 COOCTBEHHOI'® BOKTOPA COCTARIAGT RCKADYCHEE M, BEPOSTHO,
MOZST OHTH YOTDS&HOHO MATHM NMGBONGHHEM NADaMeTDOBS

—2AKIKCeHES

HcrmpurTenbHas OpocToTa MOEKeNH TofleEa NOSBOJNANE HAM CpaBs—
HHTENEHO HNPOCTHMM CPENCTBAMH IOXYYETH HOYTH NOXHYD HEopMaImB O
NpPOCTPAHCTBE COCTOSHER K ClleRTpe MHTErpANoB NBExeHEA; llomydeHme
SHANOTMIHHX pesyAsTaToB B kBamparwuHoM (I%4) cxyuae morpedyer
CymeCTBOHHO CoNpmux ycmam#; OCHOBHAH TPYAHOCTE CBASAHA C OTCYT-
CTBEEM ABHOR saMeHH nepeMeHEux THnS (2i8)7 TeM He MeHee; ONMCAHEE
OPOCTPAHCTBA COCTOAHE)! B CIeRTpA He JOMXEH CRIBHO OTIMYATECA OT
NoJy4eHHHX B Hacroame#t padore; ABrop Gunaromaper M.B.Komapory,
AT Peitvany m M:A;CemeHoBy-Tan-llancROMy 38 BHEMEHHE K padore X
IOMeSHHE BaMETaHA;

lareparypa

1. Geudin M Modeles exacts en mécanique statistique:
la méthode de Bethe et ses genéralisations. - Note CEA 1559
(1) - (1972) et 1559 (2) - (1973). CEN-Saclay.

2. Gaudin M, Diagonalisation d'une class d'hamiltoniens
de spin. - J. de Physique, 1976, v.37, n.10, p.1087-1098.

3, Gaudin M, la fonction d'onde de Bethe. Paris: Masson,
1983.

Tomexrn M Boummosas ynrums Bere; M:: "Mup"™, IS87.

4, FPaddeev L.D, Integrable models in 1+1 dimensions. -
In: Les Houches lectures (1982), eds. Zuber J.-B., Stora R
North-Holland, 1984, p.719-756. ;

5. Kulish PP.,,Sklyanin ' E.K. The quantum spect-
ral transform method. Recent developments. - In: Integrable
quantum field theories. Eds. J.Hietarinta, C.Montonen. (Lect.
Not.Phys., v.151). Springer, 1982, p.61-119.

6oCevMenoB~-~Tan-larncrnrni MA, Kiaccadecrre

7 -MATPRIH M KBaHTOBaHme, — B kH,: InddepermmanbHas reoMmer—
pud, rpyms In ® Mexemmra: YI. (3am.HaydH.cemmH.JOMA,T.I33).
I.: "Hayra", 1984, c.228-235,

168



7. I1zergin AG.,, Korepin V,E, The quantum in-
verse scattering method approach to correlation functions. -
Commun, Math.Phys., 1984, v.94, n.1, p.67-92.

8 CrxannH KK Borox Iopaiesa-~JaluHIuHa B METON o0par—
Holt samaum paccesHmA: - B mu3: Jubpepenrmancas reoMeTpms,
TpymmH Jr n Mexaumra; Y17 (3animayuntcemmmilIOMM, T5I33)4I::
"Hayra", 1984, ¢3236-257:

9. Sklyanin E.K. The quantum Toda chain, - In: Non-
linear equations in classical and quantum field theory. Ed.
by H.Sanchez, (Lect.Not.Phys., v.226). Springer, 1985,
P+196-233.

I0; ladapesnnu U;P; OCHOBHHe HOHATAS aIreCpHy — B KH.:
CoBpeMeHHHE IpOGIEMH MATeMATHEH. PyHnaMeHTANIbHHE HAUpPABICHHASAS
;11 (Mrorm mayxm » TexH; BUHUTY AH CCCP)s M:, I985, c.5-288,

II: Tapacos Bi0: HempmBomumue MATPEUH MOHONDOMAH IJIf

R —marpmrn XX Z-momenr m pemeTouHHe JORATBHHE KBAHTOBHE
raMWIbTOHMAHN; — Teopimar.dms;, I985, Ti63, ¥ 2, c.I75-I96:

I2; CMmpH o B BJU: Kypc Bucme#l maremarmem, T:ll, JacTs 2~
M.: "Hayra", I1974¢

IS ABngeeB IBi;,BanagumupoBAiA, 00 ECRIDIATEHE—
“HHX pENeHMAX ypaBHeHmt aHsana Bere: Teopimar:dumsi, I986,T:69,
¥ 2, ciI63-I743 ’

Separation of variables in the Gaudin model. Sklyanin E.K. - In:
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II.0l.Kymm, B.J.Junosckuit, A.B.llMpoxos

0 DAHHHX PACCEfHMA Al HECTALUMOHAPHOI'O YPABHEHWA IHWPAKA

l'aMMJIBTOHOBH &CIEKTH COCTEBJAANT 3HAUUTENbHYH UaCThb TEODHH
HesvHellHHX 3BOJWLMOHHEX ypaBHenui#t (HAY) c omHo#t mpocTpaHCTBEHHOM
[epeMeHHo!, MHTErpupyeMsX MeTofioM obpaTHolt sagauu [I]. B mo-
crefiiee BpeMA pacTeT MHTEpPeC ¥ K I'aMMJIbTOHOBOCTH WHTEI'DUMPYEMHX
H3Y B pasMepHocT 2 + I [2-9] . C nomompi paS3NUUHEX MOKXOHOB:
reoperuko-rpynnosoro [2,3] , Bapuanmonworo [4-6,9] , BpemeH-
HEX acumnroTHk [ 7,8] , B aTMx pafoTax OGCYXIANTCAH: ypaBHEHHE
KapomiieBa-Ilersuambuiu (KII) ‘

2q~1 2
Gtu=—81u+6u'axu+3¢ (A A (I

U(x Y1) eR, 4*=—1 s KI-I v %=1 ons KI-I;
ypabuenne Jlesu-Crioaprcona (JIC)

18,4 =-(8 ratpy - (w+21g1")g
(6 -4208)r=—485 (11",

4K, 4,tr)eC, at={ pas IC-I u d=-4 maa JC-I;
CcucTeMa Tpex BOJH

(2)

Qg = (0, V)w +4C gy,
wyhel, (FT)=vf8 400, ceR.

i
CooTBeTCTByDMKE BCIOMOTATENLHHE JUHEUHHE 3a0auM MMenT BUL:
(8, + & +ux g 9=0, (4)
rae (p(x,g,k)e@ nas Kl

, 10
(8y -46) 95 -Q)¢=0, Q‘(% f,')’ 53=(o —1) (5)
ona ypaBHenus [IC; @ AAA CHCTEMH TpPeX BOJH
(8y-A%-Qyg =0, ()

raoe A=Wg(0«4,%: @3) w"GR ’ 3x3 marpuna Q
CTPOMTCH IO “’j (X,4) m ap . Bo Bcex aTMX 3aKauax aHaJOr
CIIEKTPaJIbHOI'O NapaMeTpa M3 MeTofa O6paTHOi 3ajauM NOSABAAETCA NPH
NIOCTPOEHMM TOI'0 MJIM MHOI'O MNOJHOI'0 Hafopa pemeHuit q)(x,y,k) .
B coorBercTBMM C BHOpaHHHM HaGOPOM ONPENENADTCA CIEKTPAajbHHE JaH-
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Hee (MM JaHHHe paccefHusa), KOTODHE y4yacCTBYWT B pemeHuu oGpaTHOR
3aflaul - BOCCTAHOBJIEHMA [0 HWUM IOTEHLMANOB JMHEAHHX cucTeM. B
yTOMAHYTHX padoTax [4-0] BuGupanTCA pasiMuHHE HAHHHE DacCesHud,
yTO 3aTpyJHAET CpaBHEHMEe pe3ysbTaToB. llens oTOR 3aMeTkM - Iepe-
UMCIMTh Ha NpYMepe HecTalMOHapHoro ypaBHenus Jupaka (5) BoaMoxm-
HHE NaHHHE DPaCCefHUA M YCTaHOBUTH CBA3b MeXLy Humu. OTMeTHM, uTO
npoGneMa BHOODa HHHHX PACCEefHMS ¥ CBASH X C JAHHEMM 0GpaTHOH
3agaun, obcyxnammasca B [ I0,II] , BocXomuT K NEPBHM HMCCIENOBa-
HUAM No of6paTHoft 3gfave TeopuM paccesHus AjA ypabHenus llpeguHre-
pa ¢ He cepuuecKU-CUMMETPUUHEM HoTeHimasoM [I2]1.

Cucrema ypaBHenuit (5) c 3gHaHHEMM ACMMITOTHKAMM SKBMBAJIEHT-
Ha MHTErPaJbHHM ypaBHeHMAM 1 =(XY), a,(w)e?f(TR)

Q=0+ a4’ gor,4) Q) gn', @)
roe Qo) - pemenue cucremu ( d4=1 , OC-I)
Lo%("v)=2(—g'? aog)q)a('t)=0, T=Xty, P=X-4,
a  ¢,4h - Gymsama Tpmia: Log (1,v)=0(1-4").

[lpoussos B BHGOpPe ¢yHkumit I'puHa
§E) (B8 -6
Q}('t)=( P (;2 P2V

rne  ptPo=Nit ¥z =1 , UaCTHUHO yCTpaHfeTCH TpeCoBaHUeM
aHAJMTHUHOCTH pemeHua ¢ (1, k) B Kakof-ym60 oC6nacTy napa-
MeTpa k » €CIH B Kauec'rse pemerus CBOGOIHON CHCTEMH MCMONb3Y-

pres  @F = (ewp (iky), 0)F wm @8 =(0, exp (ikp))?

0
S (g 0y, 0 (—E))) !

( 1 oosHauaer Tpancnonmposamue). Ilockombky Ba=1-§ ’
Yo = 1—¥, , To ocraBisieM TosbKO NapaMeTpH B M §
ollyckasA B JajbHeilmeM MX MHLEKCH, HO JOOaBJAA 3HaAKM +,- B 3a-
BUCHMOCTH OT TOr'O, B kakoit moyymmockoctw Imk 20 aHamM-
THYHO COOTBETCTBybmee pemexue. Tax Y =0 LaeT aHaJUTHUECKHit
B oGiacTu Im k>0 cTonCel] pemeHne U p=ps  -Tiapamerp,
a p=1 - croafel], aHaJuTHUeCKull TaM ke M Y= [; ~-fapaMeTp.

Ananoryuno, mas nomworo HaGopa pemenuit ¢_ (1, k) , awamTuuec-
KX B HURHE NONYIIOCKOCTH, UMEEM NBa napameTpa p_ Inpu y={
u Y- nopu ‘p=0 .

[locTpoenHHe pemeHns ¥MenT CJEAyOmME aCHMITOTHKM COOTBETCT-
BeHHO: 35— f , p—to

oaf €0 oo 0
‘l)+('t’ )= 0 qu+x+d ('z,k) c+(7’k) e‘fk'z+(x+—4)dy+('2,k) .
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(8)

i haymb 0 (€ path, bk
0 daf\ o e/’

rue A8 KPaTHOCTM ONymeHH MHEEKCH By U ¥4 B QyHKUUAX
ﬂ/... ) &4. N c1. N dq. U aHaJIO'MUHO,

R 0o S 0 )
, ik
%’b:(c_(q,k) e""hx_d_(q,x))’( 0 eMhq-high)

(9)
e -na_z bbb e“4p a0 2)
0 6k 0 ")’
Bupaxenns gna Gywkuuit @, .. Hd yepe3 pemeHHs MOXHO MNOJy-

uuTh, paccMaTpuBas NpefeNbHHEe NEepPEeXoiH B COOTBETCTBYWHMUX MHTEr-
panbHEX ypaBHeHuAx. CoBepmas MpeoGpasosaHue Qypbe 1o ocrasmeiics
B QyHHIMAX a,,-..,d. IIPOCTPaHCTBEHHO! NEepeMeHHO! ¥ 3amyucHBas
X B BUOe 2X2 MaTpUIlH, IOJyuaeM KOMIAKTHOE BHPaXEHUE

Ty dhb= (“ 5) =2 Sd’“ g We,Qeog, b, (10)

B KOTOPOM M3 apryMeHTOB OMYmMEHH COOTBETCTBYWUUE MapaMeTps B,
u ¥+ .

Tenepb Hama 3ajjaua HaltT CBASH MEKNY | ¢ DAsIMUHEMMA Ma-
paMeTpaMu ¥ MexTy LaHHHMM, BXOLSIMMA B oCpaTHyo 3ajauy, KOTOpas
pemaeres oas cucTeMd (5) B ciyuae d =1 C MOMOmBO HENOKANb—
Ho#t 3amauu Pumana [I0,II].

@, k=_ (%,k)+8d5 ¢_.hFd, k. (11

Vickomas cBfsb Mexny 1 B cuny (I0) Gymer maiinewa, ecan
MH yCTE2HOBMM CBf3b pasyuuntx ( . [locrenuas ommcwBaeTca An-
POM*MaTPHUUHOT'O VHTErPAJbHOIO OrepaTopa W :

(\h(w,k):Sq_(w,ﬁ)w(f,x)d@. | (12)

A N
3HauoK Hap, §  BBemeH ANA OTIMUMA OJHMX TapaMeTpoB (g, )

OT BpPyT'UX (Y) . HKpome atoro, mu nalineM M  TONBKO AJS
Ha6opoB @, , T.K. gaA (_ CBA3H ycTaHaBIMBaeTCH TeM XK€ CO-
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cofoM. Pacemarpnsas B (I2) pasmuuitie acumnroTHrM ( %—’*‘eo ,
p—*o ) u ucnospays naA q)+ sy Yy  PopMym (8) ﬁ,
pom Y ¥ . nnn veTnpex smep Wi ¢,k noJyuaeM

sy (loky=(I+ (p=Prag3 oy, gy k. K0=0,

o (13)
tga k0= (T+ (g 14T ko, 1y (E =0,

B vacTHOCTH, Wgq ¥ WUy  BHUMCIADOTCA U3 aHANU3A ACHMHTOTUK

¥ —tow » B INPENTOJIOXEHWY OOPATUMOCTH MHTErpajbHHX Onepa-—
ropos  §(b-ky +yd k) u d-b+y-Hdd,k .
OTMeTMM, UTO MOJyuMBmMiACA OMeEpATOp NMpeo6pasoBanus U  pemewmit
¢ (MKCMPOBEHHO! 8HANUTHUHOCTHD ABIAETCA NUArOHAJBHHM IO MaTpUu-
HHM MHIEKCaM.

Haitnem Temepb CBA3L BJIEMEHTOB MaTPHULH CONPAXEHUA F (nan-

HEX o6paTHo#t 3amaum) u3 (II) c pamHeMM paccesnus (I0). Ina aroro
MOXHO WMCIIONb30BaTh KaK MHTErpaibHHe ypaBHewus (7) pags WYy
HeJoKaJbHyl 3anauy PuMena (II), Tak ¥ cpaBHenue acumnToTuk (8),
(9) B moJyHO# eHajOrMM C NpPENHOYmMUM ciyuaeM. Tak U3 aCHMITOTHK

E—>— NoJyuaeM

(b
Foa ko= (T (= DT (g hib= (-0 (14)
Fathky =T g_-hd_y eud o,
a ¥3 acUMOTOTMK [ —>—® noJryuaeMm
Futhky=(I +p_0.) " (b, a,-p-a )bk,
(I5)

F b=y bbb,

Jlpyrye acMMITOTHKM NAOT NONOJHUTENbHHE CBA3M MEXLYy NAaHHEMM PAC-
cesHum Ty d,k .

Hanpumep, BuGop B Qynximm I'puna  §(%) KOHCTaHT p2=0 .
;=0 .. S O PR ﬁ4— 0, ¥=0  pgmm Y- npuso-
OUT K NaHHHM DacCefsHus + ({ k) u3 paBoru [5], croGxu

[lyaccoHa kKOTOpHX 06pasynT KBaNpATHUHYK. anreCpy ¥ HOMyCKanT 3a-
IMCh B Bufe cooTHomenus flnra-Bakcrepa-Damnmeesa. B aToM ciyuae

Fid,k)  cosnamaer ¢ T,({,ky . B padorax [8,II] wucnons-
syores komeTantH po=1 , p_=1 , y.=4 , y_=4 M moayda-
eTcA clelyomee BHpaxeHue NJf Fd,b

Fib,ky= Japbdimestplo %_(8,!«))'
o0 ( AN 0

Bubop g,=0 , p.=0 , y,=4 , y_=1 BeeT K NaHHHM ofpaT-
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woit samaun F(£,k) C HyneBO# NUArOHAIbD:

0 b,k - 7
F‘f'k“(mi,k) "o ) )

Ecmm onepaTopu mpeoGpasobamuit (I2) mas pemenuit Y, - u @t
o6osHauuts Uy , a K MaTpume compaxenus B HeJOKanbHOM!
sanaue Pumana (II) goGasuth omeparopuyw emuemyy P=1+F , TO
Mpeo6pasoBaHuA JAHHHX PACCeAHMA 13 ¥ onepaTopa compaxerus P

np¥ U3MEHEHUU 3a'rpaBouHoﬁ ci)yﬂmnu puna  ¢(1) crefyomue
-
T,= -T,U,, $=UT¢U,. (18)
Taxum 06pa3oM, JaHHHE DACCEAHMA C JIOOHMH KOHCTAHTAMU MOKHO
BHpA3MTh uepe3 NaHHHI Ha6op, Hanpumep u3 [5] , rme p,=1 .

=0 , p_=0 , y_=4 . Ionyuawmuecs Buphxexus

(% g) dky= Sd/P(w 3) (4,p)((1+(4;ﬁ)a)-4u ?d,) 4>(P,k) (19)

NO3BOJADT BHUMCIUTL CKOOKM [lyaccoHa HOBOr'o Hafopa IO U3BECTHHM
{5] u nomuTaThCA YyNMPOCTUTH HX.

Jpyras TPYAHOCTb, HapAfy C aHajiM30M ckoGok Ilyaccona u mocT-
POEHUA NEPEMEHHHX feficTBUA - yroJ, CBA3aHa C rnoayueHueM fopmyx
CNeNoB, BHPAXALMUX MHTEIDAJH ABUREHMS B TEepPMMHAX NEHHHX pacces-
HUA /WM [8HHBX OGpaTHOM 3amaum (omeparopa compsaxenus) [1). Jas
3TOr'0 MOXHO MCMNOJb30BaTh NOMOJHUTEJbHHE ypaBHEHMA Tula CBA3eil,
BO3HUMKaIME NPH aHaNu3e acuMnTOoTHK (5 — o y §— oo )
u seumenenmn  F(4,k)  (I4), (I5) u me npuBenenHne B Texcre. lpu
BHOOpE HaHHEX paccem-mﬂ u3 [5] T ypaBHEeHMR UMenT BUT,

T+ paky + T (p,k)+Sd,fT eh T, d.k=0
§_o s+=I’ St (eik)=g({—k)'I+Tt(£)k)-

JlonoJHUTENPHAA BO3MOXHOCTbL paCIMpEHMA Habopa HeHHHX pacces-
HMA cBfizaHa C foGaBro#t k QyHkuum I'puna g1 CIIELMaJILHOT'O pe-
MEeHNs CBOGOJHOI'O ypaBHEHUA dmg(J/E, 4/7) , HaIlOMMHapmEero
dynkumo I'puna cucremn (5) ¢ 4 =4 , Korma pemenue o6paTHOR
3gJ]auM KCNOJb3yeT 9 -npo6remy [6,9] u Bemer K JuMHEHHHM
cko6kam [lyaccona [6]. OTM BO3MORHOCTM GYNyT NPEAMETOM HaibHel-
IUX MCCaefoBaHui.

1878
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AT, Peiimar, M.A,CemeHOB-Tan-lllancknit

COIMACOBAHHHE CHOBKI IIYACCOHA JJIA JIAKCOBHX YPABHEHVI U
KIACCUYECKUE  4~-MATPVIIH

Cxo0xn IlyaccoHa HA3HBAWTCA COIVIACOBAHHHMA, €CJIM NX JuHelHas
KOMORHAIMSA Takxe ABISETCA CKoOkoil IlyaccoHa, T.e. YHOBIETBOPSET
ToXKecTBy fxoOu. Xopomo M3BEeCTHO,4TO Ha (Ha30BOM NPOCTPSHCTBE I U-
HAMMYECKNX CUCTEM, MHTETPUPYEMHX METOZOM olpaTrHoil 3amaum, 4acTo
yoaercs onpeleJUTh COIVIACOBAHHHE CKOOKM IlyaccoHa, NpUYeM MHTEI-
paJiH IBHEEHWA HAXOLATCA B MHBOJIOIMM OTHOCUTEJNEHO BCEX 3THUX CKO=
6ok, CBoficTBA TaKmMX COIVIACOBS8HHHX CKOGOK M MepapXmu 3aKOHOB CO~-
XpaHeHnd IS HUX U3ydaauch akcuomartndeckn ("cxema Marpm-Jlexapra"
[I1,021), a Tax®e IJ8 MHOTOYMCIEHHHX KOHKpETHHX mpumepoB (31,

(4}, [5). Llensr Hacrodme#l 3amMeTKnM - IOKA3aTh, KAK CHCTEMH COIVIACO-
BAHHHX CKOCOK IlyaccoHa BOBHMKAWT B paMKaX MeToya Kiaccuuyeckoit

4 ~marpuun (61 (7], HamomHuM, UTO C KJIGCCHYECKUMA 4 —MaTpPHULAMI
CBfi3aHH CKOCKHN IlyaccoHa IBYX THIOB — JuHelHHe N KBaIpaTW4HHE ,WIH
CcKoOku CrisHmHA, B HacTosme# padoTe MH paccMaTpUBaeM TOJBKO Jid=
Helinne ckoOxm IlyaccoHa. B aToM ciydae §asoBoe IPOCTPAHCTBO IMHA~
MIYECKINX CICTEM E€CTECTBEHHO BKIQNHBAETCA B ABO#CTBEHHOE NPOCTPaH-
CTBO HEKoTopoi#l anrelpu Jiu, a ckoCKa IlyaccoHa OTOXIECTBIIETCA €
coorBeTcTByRUE]l crOOKOHt JIu - Ilyaccona, CemeficTBY COIVIACOBEHHHX
croOok IlyaccoHa COOTBETCTByeT JuHeilHoe ceMeficTBO COIVIACOBAHHHX
CKOGOK Jiu (nmeB myuox"). IpuMepH TaKMX JIMEBHX IYUKOB M NO3BOJLAET
CTPOMTEH METOI, * -MaTpuIH, CTPYKTypa 3aMeTKM TaxoBa. B § I mu
HANOMUHAEM OCHOBHYK B MeTole -MATpULH TeopeMy O JIAKCOBHX ypaB—
HEHMAX M IPMBOLMM OOyl KOHCTDPYKLMI CeMeilcTB COIVIACOBAHHHX R—~cxo-
Gox., B § 2,3 pacCMOTDEHH OCHOBHHE IPWIOKEHNA ¥ JIAKCOBHX ypaBHE-
HIAM ¥ YPaBHEHUAM HYJeBO# KPMBU3HH CO CIEKTPANIBHHM IapaMeTpPOM,
B § 4 My nmpuBOYM TPAIMIMOHHYD B METOE 1-MATDUIH TEH3OPHYD
3aIUCh OCHOBHHX CooTHomeHuii, B § 5 paccMoTpens oGoCueHusa ypaBHE-
Hud Knd, ceAsanHHe ¢ anredpoit Bupacopo. OTH ypaBHEHMA M COIVIACO-
BaHHHE CKOOKM IlyaccoHa IjiA HUX HENABHO u3yyvauuch M,AHTOHOBHYEM U
A.%opmn (81, Jloxnanm A.Popnm HA KOHEDPEHIMM IO HEJMHEHHHM Ipoliec—
cam B Qusuxe B KueBe B ampese 1987 T, NOCIYyRWI CTUMYJIOM K HaIMCa-
HUo maxHOR pacoTH.

I. OcHoBHasA anredpanyeckas reopemMa M IOCTpOEHME CeMeilcTB
R —cxoGox

HamomuuM,4To MeTOf KiIacCHuecKoit 4 —MaTpulll OCHOBEH Ha Cle-
Iywome# mpocTolt amreSpanueckoit xomcTpyxumm (7], lycrs 4 - anreé-
pa Jiu, Juueiinuit omepaTop B mpocTpaHcTBe § HasHBaeTcA Klaccuye-
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ckoft 4 -marpnueit, eciau BHpaxeHue A
K1 =L((ROYT+INRYD,  XYed, (@)

YIOBIETBOPAET TOXLECTBY fAkoGnm., B aTom ciyuae (I) samaer B mpoct-
pancree % eme omHy ckodky Jm (" R ~croGxy"). IycTs Q} - IBO#-
CTBEHHOE NPOCTPaHCTBO. Kax xopouwo MsBecTHo, Ha & omnpenenena
CKoOKa Jlu-llyaccona (onpe;u:eJIeHne ee COCTOMT B TOM, YTO CKOGKa Jii-—
Heflux QyHkumoHanoB ma 9” orommecrmuseTcs co. croGkoit u B ¢ ),
B paccmaTpuBaemoit CHTyaluy B IPOCTPAHCTBE % ONpeTeNeHH JBe
ckoCxu Jlu-llyaccona,CBA3aHHNE C IByMA ckoOxamm Jiu B Q} . CroOxy,
CBA3BGHHYO C 4 ~MATpUUe#, Md TaKke HA30BeM R ~CKOGKOi,

TEOPEMA I, (i) M}mapuaﬂme (oTHOCHTENBHO MCXOMHOHA JMEBOl
CTPYKTYpH) QYHKIMR Ha Q} HAXONATCA B MHBOJIKIMM OTHOCHUTEIBHO

R ~cxoGxu,

(44) Bom H - nmupapnanTHan dymxuma Ha ‘{r s TO TaMWIBTOHO—
BO YDaBHEHME Ha q OTHOCHTENBHO R —CKOGKM C TamwrbroHmazom H
umeeT oGoCueHHHit JIakCOB BUL

e lmmadgil M=pRUH W), (2)

3AMEYAHUA, I. Ecow anredpa ¢ camomBoficrBeHHa, T.e. IPOCT—

paucrsa § , % ¥ mpencraniternd ad , ad*  momHo OTOXIECTBUTE, TO
ypaBHEeHUA (2) NpEeBpalalTCA B OCHYHHE JIAKCOBH YPABHEHUS.

2. B MerTone Wiaccuueckoil 4 ~MaTpULH OGMEYNOTPECUTENBHH TEH-
10pHHE OGOSHAUEHMA LA sammcd R —CKoOku [ 6], My HamomHEM CBASB
Hamux onpereleHnit ¢ TEH3ODHHM SI3HKOM B § 4.

OmmmeM Temeph JuHeiHOE cemeficTBO 4 -MaTpul, VIS KOTOPHX CO-
OTBETCTEYyLUME R —CKOOKM 0O6pasywT JmeB IyYoK (T.e. uX JuHeiHme
KOMOMHAIAN — TaK®e «cKoOky Jlu). B cmwiy Teopemu I Bce BTH R ~croG-
KM ofygfalT odumM 3amacom dyHEuuit B mHBOJmOIMA. 9TO cemeficTBO na-
pamMeTpusyeTcs NPOCTPAHCTBOM CIVIETANINX ONEpaTopoB JJISA IPUCOENH-
HEHHOTO NpeNcTaBNeHus anredpu & .

OIPEIEIFHUE, Juueftnuit onepatop B 4 HasuBaercs crureranimM,
ectn AeadX=adXeA  mas mcex X€0 , IpocrpaHeTBO CruleTam-~
IpX omepaTopoB Mu odosmawmm Inb(h

TEOPEMA 2. @ycts R =~ wiaccmyeckas 4 -marpuua, Torma

R-A, AeInb(®) , - TaKke KIACCHYECKAs A ~MATDHLA 1
COOTBETCTBYMIME CKOOKM JIM 00pasywT aAueB NIydOK.
JOKA3ATEIRCTBO, Ilosoxum

Bo(X,Y)=[RX,RYI- 2R(LX,Y1,). (3)
TlpeoGpasya TOKEECTBO flkoOM ZiA R —CKOGKM, JIETKO IPOBEPUTB, UTO
OHO SKBMBAJIEHTHO DPABEHCTBY
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J'R(X’Yv Z)= [BR(X?Y)1Z] + [B‘R(Y,Z)1 X] + [BR(Z’ X),Y] =0. (4)

Tpexnosoxam,uto  Re End & ymommersopmer (4), AelInt (%)
Ierxo sumers, o Bga(X,V)=Bg (AX,AY) | mHosromy AJga(X,Y,2)=
=Jx(AX, AY, AZ)=0 . Ecmm omeparop A odpa'rmu, T0 oTcHfa CIENy-
er, 4To JRA(X Y, 2)=0 , T.e. RA - raxme 4 -marpuma. Ciyyalt me-
ofpaTamoro omeparopa A MOXHO CBECTM K IDENHAYUEMY, DACCMOTDEB
A+a41 ¥ nepeiina x mpemeny 4—0 ., CornmacoBamHOCTh BeeX RA =
~CKOOOK OYeBHifHa, NOCKOJBKY CIUIeTallne OIepaTopH odpaaym'r JuHef-
Hoe ceMeilcTBO.
SAMEYAHUE, B IpWIOXEHMAX OCHYHO NPUXONUTCA MMETH ReJO C
4, -MaTpHLAMA, YHOBIETBODANIMMA COJEE CHIBHOMY,deM (4), yCJIoBHR
BaX,V)=d [X,YI, d=comst 5)

(MonmbmmpOBaJmomy ypasrenuo fura-Baxcrepa, (71). Jusa raxnx R
Bra(X,Y) =4 A X,Y1 , OTKYIA Cpasy ‘GlelLyeT, 4TO
Joa (X,Y,2)=0 (HesaBucHMO OT MDENNOJIOREHUT O AP A).
OTMeTHM elle caenymiee JIOGOMHTHOE OGCTOATENBCTBO. IIpennoso—
s, uro A€ Int (B)) ocparmm,
IIPEMJIOREHNE I. Jluneiinasd 3aMeHa NEPEMEHHHX B Q}

mepesomuT R -cxo6kxy B RA-crooxy.
TOKASATENECTBO. BameHa (6) mepeBomuT CKoOKY (I) B CKOOKY
CRYY= KA, AYIR= (X Y1g, 7)

*
BameTHM, uYTO UpeodpasoBaHme A KOMMyTHDYeT C IpefcTaBie-
mem ad* n TIOTOMY IIEPEBOLUT MHOXECTBO WMHBApMSHTOB Ha q* B
cels.,

2. Adfunzne anrelpH Jiu ¥ nmepapxma JIAKCOBHX ypaBHEHU

Teopema 2 conepEaTeNbHa, ecim mpocrpaHcrso Int(%)  mocra-
TOYHO 60oraTo, T.e. €CH NPHCOENMHEHHOe NpeficTaBienne amreps Of
npuBorumo. Hambosee mHTepecHH# KjIacC IPMMEDPOB CBA32H C pacCMOT-—
peHneM affuHHNX anredp Ju, wimm anredp nmerens. lycts O - an-
refpa Jlu. B xavecTBe UCXOXHOM a.nredpu B Hamell KOHCTPYKIMH MH Oy-
IleM paccMaTpuBaTh alrespy 0} 1) , COCTOSLY®D W3 IIOJMHOMOB

Jopana X(M=22 X; A ¢ xoa(fuimenramn B O , B anredpe &
IMeeTcs IBe NonanreCpH ' i
i
= X3 Y.
o, {g‘oxb}\} - {§0 i } (8)

Ouesmuro, %=0,+%_ (xax iumeitnoe mpocrpamerso). Iyers Py -
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IIPOEKTOP Ha % TIapaJUIeJIEHO 9}; . Ipocretuwan (craumapraasa) 4-
-Marpulla, CBA3AHHA ¢ aireCpoit & , umeer Bup

R=P, -P_. ' (9)
OHa yHOBNIETBOpAeT TOXNECTBY fHre~Bakcrepa (5) ¢ d=-1
Crerampije OnepaTopH JjiA anreSpH 0} =40 - 9TO Olle—

paTopH YMHOXEHUS Ha CKaJfApHHe nojuHoMH JopaHa, TakmM odpasom,
TeopeMa 2 NIOSBOJAET CBAATH C R cemeficTBo 4 ~MaTpuu BEEa Roﬁ; ,
e a, - onepaTop YMHOXEHHA Ha a,ek[)\“ Al .

Oroxuecrsum mpoctpanerea 4 (XY n 4 () ¢ nomomn crapu—
BaHMA

KoLy =Res <X LN» dA=2 <Xl >, (10)

*
B wacrHocTH, ecim mpocTpancTBo O  oroxmecrsiemo ¢ 00 mpu mo-
Moum a,d,“ ~ WHBADMAHTHOTO CKAJISIPHOTO NpPOU3BENEHUT, TO

Lo =4y, o =0, Y=g, (11)
Mu Gymem paccmMaTpuBaTh Ha i(OL)* MHBADMAHTHHE QYHKUMU BHLA
PecLy=Res (¢hy P (L dA, (I2)

rme P - WHBApUaHTHHII TOMMHOM Ha o* » & (@) -~ panmoHampHas
$yuxnus. lpeoGpazosanue L+ q,(A)L NIEPEBOIUT 3TO CEMeiCTBO B
ce6a: ecmm P - ommopommmit mosmeom crememu N, mo P (qL)—
=P, (L) . Vmeem

49
quad, Ry(Ly=qov (guad Py (LA (13)

Ilo Teopeme I, JIaKCOBO ypaBHEHNE, NOPOXNEHHOE I'MAIHTOHNAHOM
Pq(L) OTHOCUTENBHO R —CKOGKH, UMeeT B

g = od* Riguad PycL-Lis (14)
WIN, 9KBUBAJIEHTHO,

——L=+ad, P+(arwd, (Ly-L. (15)

TPEIOKEHYE 2 Rafuxcupyem MuBapuanT P anredpu 00 u Qymk-
mo ¢ . Jaxcoed ypaBHemm, TIOPOXRTAEMHE I'a.MMJILTOHMaHaJ\m Pq -,
OTHOCHTEJEHO Rq, - CKOOKH, HE 3aBUCAT OT qeR (AN m cona-
AT C JIAKCOBHM YPABHEHNEM, 38aBaEMHM I'aMIJIBTOHHAHOM Pq OTHO-
CHTENBHO R —CKOGKH.

Eern  §(My=AK , To oneparop ymHomenns Ha § B airedpe

i(Ot) ofpaTnM. B 3TOM CiIyuae, Kax OTMEYaIOoCh B 1.1, RQ = CKOG=-
Ky MOKHO HOJNYYUTH M3 R ~CKOGKM 3ameHoil mepeMeHHO# L—' KL .

Jlo cnx mop MH IPOBONWIN PACCYXLEHMS BO BceM $asoBOM IPOCT-

PaHCTBE Ly . Xopollo M3BECTHO, UTO R = CKOOKa, CBA3AHHAA C
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4 -marpuue# Buma (9) Ha anredpe merenb, oGNaUAET GONBUNM 3aia—
COM KOHEYHOMEDHHX [YaCCOHOBHX IONNPOCTPEHCTB. VMEHHO, IOJIORMM

im:{-% w, N, g o), (16)

Ilpm m>»0, n»-{ ©IPOCTPEHCTBO im‘n MyaCCOHOBO 1A R =CKOG=
w (9).
[PELIOKEHUE 3. Hpoc'rpanc'rso im,n ABJAETCA OCIMM I[yaCCOHO-
BHM IIOIIIPOCTPAHCTBOM BCEX Ra, CKOGOK IJIS NOJIMHOMOB § Buma
GAI=C_py N ™+t ey AT
JIOKASATENECTBO. ]IOCT&TO‘IHO paccMoTpeTs caydaM = )\
K=—m,.,n+1, Tpedyemoe yTBepKIEHNE BHTEKAEeT TOTNA U3 Hpe;wxo-
EeHusl 2 ¥ IyacCOHOBOCTE NPOCTDAHCTBA im,n OTHOCUTENEHO * R ~CKOG-
xn mpu m»0, ny-4 ,

Bummem Gonee ABHO HOPMYIH LA Ra, ~CKOGOK npn 4= AK B
repmuHax xosduumentor " L ~marpmmu" L=2Z w;A . BuGepem
HeKoTopH#t Gasuc B aixredpe H® , m mycrs C“ ~ CTPYKTYPHHE KOH—
CTaHTH B 3ToM Casuce, a u ~ KOMIOHEHTH KoatbeuuueHTa Ui .
OGosmauas RA® —~croGxy qepea {,}, meen

{u%,uf J-g 0% Wrjeimk? (1
rme €=4 mpnm 4j»K, &=-1 mpm 4j<K , 6=0 mpnm i¥K , j<K .

TakuM oGpasoM, B NPOCTPAHCTBE am,n MMeeTcH (M+n+2)
~TIapaMeTpNIeCcKoe CeMeiicTBO COIVIACOBAaHHHX CKoGOK Ilyaccona, mpuueMm
TaMuIbTOHMAHH Buga (I2) IOPOXTANT OTHOCHTENBHO BTHUX crcodon ONHY
n Ty Xe nepapm JIAKCOBHX YPAaBHEHRit: TaMWIbTOHWAHH pter
=Res N* gy P(L(AdA  no cxooxe {,}, mpuomar x onmomy u To-
My %e ypapHenmo (mpu ¢uxcmposammsx P u ¢ ).

Lesuii DAL PHTEIPUPYEMHX CUCTEM CBABaH CO CKDYyYEHHHMH ajrel-
paMu TieTeNb, BHOEJAEMHMN B anrecpe :L(Ot) aBToMopdu3MaME KOHEY-
HOTO Topsfka 6':

L(m,0)={Xed @ty X(&)\)=O‘X(M},

rme 6chut 0 , 6P=1 , &=exp’™/p  (Hamcomee mamen cuyuatt
p=% ). Oneparop ymHoxenund Ha fyHxmmo ¢ (N) ocramiser 1o, 6)
MHBapUaHTHHM, €CIU a,(s)\)— G,(M , Te€. § = QyHKIMA OT )\P .
Honws3ysace aTHM, Jzerrco TOACUNTATh, YTO INOLIPOCTPAHCTBO 4,,.,“
=i,m nw N 1o, 6') ABNAETCA OCMUM IIyaCCOHOBHM TOIIIPOCTPAHCTBOM
I CKOGOK | » }KP mpn ~m <Kp £ h+4
Ipmmepn. I. L=w#+4A . B ImpocTpaHCTBE TaKuUX L -marpun

onmpesienen ckookn {,}, mu K=0,4,% . Vveem
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0) {uf*,ue} =c"’gv° {u"',ug}f{v“.vz}fo,
1) {«w,u‘}f—c‘g‘ o fus ehy = e uh, =0,
2) {4%ub},=0, i“w"’z}f‘cgg“’c’ EATA RS

2. L=u+vA+ w)\z . 3pech ompereneHH ckolku {,3, mpa
K=0,1,2,% , OmHako, eciu MH TepeiileM K Tonairedpe i(oc,ﬁ‘) .

Bumessiemo mmBomomme#t 6 (r.e. yoroBuem L(-A) =-6L(N) B
4L(* ), o ocramyres mmmb cxoSkn {,}, # {,},:
O) {’u’wr u"}o =Cgl Vc’ 2) {'urwr 4’(’632:0
{ua., vﬂ}q - c:b@wc {%a. 176} ___caf‘ ¢
{Va/9vé}o=0 {va’ U‘6}2=m cglg Uc
{w“,w‘}o={w“,vz};{W“,w&};0 {09 ub,=fu®, o8y ={w“,we};o.

Yenosusa cummveTpum Ha xosdduimeHTH MMeRT BuL 6w =—4
6v=4 , 6W =—4 , OTMETNM, YTO UMEETCS EeCTECTBEHHAS CBASH
CKOGKM {,}2 C MHTETDMPYEMHMZ CUCTEMAMA THIA MHOTOMEDHHX BOJYKOB.

3. ComacoBanHHEe CKOOKM IIf ypaBHeHuit HyJeBo#t KDPMBH3HH

YpaBHeHUs HyJNeBo#t KPMBM3HH NMEOT BHY,
[9/ax-L, 9/st-M]=0. (18)

Xopomo u3BECTHO, UTO eCTEeCTBEHHHI Kjacc anrelp Jin, CBA3AHHHX C
TaKYMA YDABHEHMSMA — 3TO alreCpH TOKOB, T.e, anreCpH Qyuxmmit na
mpsamolt (WIM OKPYRHOCTHM) CO 3HAUYEHMAMM B airedpe Jiu, n ¥X ueHT-
DAIbHHE pacIMpeHns. Md HATOMHNM COOTBETCTBYOULYO KoHCTpymuwo [9],
[71.

Nycts Of -~ xoHeuHOMepHas npocras anxredpa Ju, 3afuxcupyem
na O pHBapmaHTHOe CKaJApHOe NMpousBeneHue (,) M OTOKNECTBHM C
ero momomed O ¥ 0* , Iycrs O =C®(S', &) - anredpa Jlin
dyuxun#t ma oxpymaocrn S'=R/Z co sHaveHwsm B 00 n ¢ mo-
TOYEUYHHM KoMMyTaTopoM. Popmyna

<X Y>=S(X(x>,Y(x))dx (19)

3a5aeT Ha & VHBapUaHTHOE CKalApHOe NPOM3BENEHNE U NO3BOJNAST
OTOXIe CTBUTH % ¢ (mrorHuM _TIOTMHORECTBOM B ) o » T'oBops 0
HIBOJCTBEHHOM HPOCTPAHCTBE o* , MH paccmaTpiBaeM TOJBKO JIAHE-
HHE QYHKIMOHAIH, NPENCTAaBMMHe TVIanKknMu QyHxmmsamm no fopmyre (I9),
llycrs
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W) =<k, Y. | (20)

Qopmyna (20) ompexeiser Ha o HeTDPUBRANBHHY 2-KOIMKI, 3aMeTHM;4YTO
H o, Ry =R » TakmM o0pasoM, xomMra (20) ompejieiieH B Cy=
HeCTBEHHOM ONHOSHAYHO, 0003HAYAM OJ[HOMEpHOe LIEHTPANABLHOE pac—
mmpeHue anredpH M , nopoxmenHoe W ¢ KomMyTaTop B anredpe
3anaerca Qopmyxol
[ X)), (‘Xz,, Cz)] =([X4,xz], w( XUX,));

A ~
IBoficTBerHoe mpocTpancTBo & orommecrmuserca ¢ X @ R .
Ilpy TaKOM OTOXKECTBICHAN

ad*X- (Lo =[x, L1 +e- (a1)

IPYTHMA CJIOBAMH; KONPUCOGNAHEHHOE IpeNCTamieHne aurepH 0 e
er BUJ MH{UHUTESHMANEHOTO KaljCPOBOYHOrO IpeodpasoBaHUA U 060G~
IEeHHHEe JISKCOBH yYpaBHeHMs Ha Oti nmepr Bup (I8); 3r0 OGCTOATENB-
CTBO M OGBACHAET ponp ayrelps X B Teopun ypasmemu#t Hynepolt Kpu- _
BU3HH, - .
. Tiyers Temeps ‘}:i(oh - anredpa, merens, cBAsammad ¢ O :
Nomoxwm raxme & =4(0) . ficno, wro 0§ - nenTpamsHoe pgcmi-
pesze % c momomsm R [ANY1 | Hamenmm arredpu 4 ,9
cranfiapraoft 4 -watpumeit (9) R=P.-P_ , cnasammo# ¢ rpamyn-
poBko#t 1o cremeRaM A . Jiig ymoro a,eR[A,)\"] Ha & ; O
ompenentery R —CKOOKH: fICHO I STOM, UTO BCE OHM COIVIACOBAHH
n 22 = LEHTPANBHOE DACIMpEeHue 0,}%; ¢ mowomsp R [A,N]-ena~-
THOTO KOIMKIA
w]{@(X,Y).—-(X,%Ra,Y) +<Ra,X,ad;Y>. (22)
OToxmecTBUM EBOHCTBEHHOE NPOCTPAHCTBO @* K airelpe 6} c
% ® RIAN'] mpr momoum cnapmpamms ’
L%, (Y,cy> =Res<X,YydA +Res cc’ dA.
Amemerraun mpocTpancTea ¥ apuaores mape (Lh, pv)
mme Ly=Zw@\N; pi=X.a;A\* . Ypapremua meumemuws B 4"
UMERT BHI

d
%L-p%MHM,U, Zip=0 (23)

BumumemM NOKOMIOHEHTHHE JOpPMyJH JJIfA CKOGOK {»}« , orBevanmx
v-marpume RA® : Iycrs {e%} - casuc amrecpn O , %z=
=g, U¢’ - CTPYKTypHHEe KOHCTEHTH amredpy O , K=
=(e%eb) . Torma
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{a @, wj(q)z}K-:&Cz" “:+j+4_K(x) b'(x-q) +

(24)
+E K“‘%'. & et s &' @-1¢),

mme ¢=4 mpn 4 j7K , E=-1 mpn §j<K, €=0 mpu LK, <K,
5’4‘,5 - cnmsol KpoHekepa. Jlerko ompejiesnTs oble IYyacCOHOBH NOT~—
TPOCTPAHCTBA I CKOGOK {,)« o+ Hampumep, mpm p={ , mpocTpaHCTBO
4’m,n={§w #y(m MY NyaCCOHOBO IpH ~M <K SHH.
TlpumepH;

I, Iyers L= sA™ ’ p(A)=4 o JJ1A JIAKCOBHX OIEPATOPOB TaKO-
TO BUIA NMEeTCA IBe COBMECTHHX CKOOKM IlyaccoHas,

(s, Bl S bx-p

{s"@), S‘(g)}_ "~ K 5 '(x—g).

2. Iyers Lv=w+ohy , piy= . B aroM ciyuae mmeercs
TPA COBMECTHHX CKOGKH

0) {ut(®), w‘(q)}fcg" @ §z-y) ,
{u¥@), vb},={v¥@, v}, =0;
D {ud, ubpy, =—C§$ 4w S(x-g)—Kd o'y,
{4, vhy, = {ve @, v8iy,=0;
)] {u"’(ac),uz(y)}fo ,

{u¥ @), vg(ip}z =-Cac" wh@) Sa-4)- K% §'(z- .

{ fa'(ﬂt), V&(y)}f— Gg’gu%m) 6'(«,—5)7

Cxo6ka {,}, —- OOHUHAA CKOGKa Wi odolmeHHoro ypasnemnd HI
croOka {,}, TOCNe DeRyKUMA IDHBOIMT K XOPOWO HSBECTHOMY A -
—oneparopy A ypasHenus Hll [3]. B wacTHOCTH, NPM 0L=s€(2,R)_
CIefyoIMe TeMATBTOHMAHH Hy MOPOKIENT OTHOCHTENBHO CKOGOK {1
Tex HasHBAEMyD p-( CHCTEMy Ha moTeHmpanax Buma L= (f) -04))"'(?; P):

Ho e o (o) o] e (i Tt~ 40 1 ] o,
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Hﬁfyj b([V] U )~ % Tauvtm[u,v] )da

H, = IJs—(tw([u,v]Jr V)~ dw, ) da

ree c=2f1 %, d/=%t~uw1’\, npwaen B8 H, # H, v(x)=const .
4. CemefictBa R =CROGOK B TeHSODHHX OGOSHAUEHUAX

Innefmuit oneparop R Ha anredpe merens i(OL) MOEHO CUM~
TaTh RHTETPAJBHHM :

RXAy = SW(A,}A«)X(‘/L) dw,

rme t(\p)ebnd 0L 0 ® 0%,

MaTpMUHHe BJIEMEHTH JAKCOBOM MATPHIH  L(A) - JMHefHue
$yHKIMOHANH Ha ($a30BOM NPOCTDAHCTBE, M MOXEM BHUMGINTB HX CHOG—
K IlyaccoHa JpyTr C IpYIOM; yIOOHO 3amACHBATH HX B "TeH30pHOH"
fopme, Odossaumm {LW) @ L(u)}, Owmmetuyo dopuy Ha 1oy
3a7aBAEMyl) PABEHCTBOM .

{L ? L}R(X7Y) = L([X)Y])‘R
1 PACCMATPHBAEMYD KaK SJIEMEHT IPOCTPaHCTBa 1(01/)* ®4 (W)* .
Hecaxoxuoe Buancaenme maer ([I0])

Loy L), =ad®w\, w) (Liv od) -
{Livg Limly 2 (25)
ad* P e L),

3mecs ‘Vt()\, M) = SIpo omepartopa R* 3 neﬁcrime omepanmu ad*
onpejeNAeTcs paBeHCTBAMA

wd*(e®f)-(Loh=ad*e Lof
ad* ®e)-(18L)={ @ ad®e-L.

Ecim anredpa Ol oroxmecTsieHa c o* , mo w(\, w0 ® 0L,
Y, sy =44\ , rme M - omeparop mepecranoskn »
0L x0t . ®opmyna (25) mpuHmMaeT B 3TOM CIAy4ae BT
{Lov @ Liwlg= Lo (hp), Livd -l d8Liw].  (26)

ycrs, B vacrHocTd, O - mpocras aiaredpa Ju, R « craunapraas
4 ~arpnua Buma (9) Ha 4 () , Torma ee Axpo
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"/()\rj‘)"r:c;w—’ (27)

e beO®0 < agemenr Kasmmpa. JpyrMe 4emarpumy Buma Red

33alTCA AnpaMi
(b
‘Lq(}\,ﬂ)’-—ax—_ﬂl— .

Pasgensas B (26) CHMMETDHYHYD M SHTHACHMMETPHUHYD OTHOCHTENEHO
TIepecTaHOBKA JACTH, MOXHO IepemucaTs (26) B Buue

fLov QL(Ju)}R- e A0, LN 84 + 48 L]+

(28)
+ -, Lved =@ L],
N +4(w) N =4
e w,,(A,ﬁ)J-'—-X—_a:wit, w_(A,,u)-wt.

A-p
Iana anredp TOKOB TeH3opHaA QopMa 3amucnm aHaNOTAYHA, HyxHO JMmb
BOCIIOJIBEBOBATBGA dopmynoft (2I) mia KONPHCOSIMHEHHOT'O NPELCTaBIEe~
Hng aarelpu O | Ecom "nmenTpansHuft 3apan” ,p(?\) 3afurCHpOBaH;
MH TIOMy9aeM B TeX Xe 0C03HAYEHUAX
{LO®® Ligiy iple=L1, 0, LM @4 +48 Ll Bix—4) +
) g, (A= plu) g ()
P0G PRy (20)

A=p

Topmyan (28), (29) (mpm p=4 ) BuBemeHH M3 JPYTHX CoOOpame—
mit 3 [I1].

5. AnreGpa Bupacopo m CKOOKM AHTOHOBRUA~PODIM

+ -y, Libed-1e Lynld -4 +

B kauecTBe elle ONHOM WumOCTpalmM 4 ~MATPUYHOHA CXEMH MH pace
CMOTDEM MEepapxup CKOGOK M ypaBHeHm#t, CBA3aHHYL C axredpoit Bapa-
copo ( % -marTpuusnit mopxof K aaredpe Bupacopo mpmmensnca B [I21).
Hycte Temeph M ~ amredpa BeKTOpHHX nojieft no oKpyxHOCTH (WIn
Ha IpsMoit); KOMMyTaTop IBYX mone#t ((%) dfdz u @@ Y4z sama~
ercs Qopmyroit A i ,

A[q,cp]=cfd—mql—;ﬂ"|’- (30)
Anredpa Bupacopo (f ecTh LeHTpanbHOe pacumpenue anredps O ¢
IOMOWED KOIMKJIA

3
w(q,qz)=8qa‘—% ¢dx. (31)
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OroxmecTsum mBofticTBenHoe ¥ M ¢ mpocTpamcTBOM dyHKIME W(X)
(Tounee, kpampaTMuHHx mupbepemmmancs w(x)dz* ): (q,u>=

-Sq(x)%(x)d/x . KompmcoenuHeHHoe meficrsue B mpocTpamcTse OL*
AMeeT BUL

) wd*(fw-(w%+{’;’u)q (32)
a3 0" %R umeem ‘
of‘d,*q.(u,c)=(o% +“:To+ld2“)q' (33

Paccyxmenusa § 3, mpnMeHeHHHe X airedpe Bupacopo BMECTO ai-
redpg\ TOKOB, IIPMBOGAT K CHCTEME COBMECTHHX CKOGOK B TPQCTPaHCTBE
4(0y* . B uacTHOCTH, B TOANPOCTPAHCTBE NOJMHOMOB _Zg'.ow,;(x))\"

4

oTemeny He Bime N u c fuxcMpoBaHHEM HEHTDATEHHM BJIEMSHTOM
=2 ay N M moryuaeM nacdop us N+%  coBmecTHMX CKO-
GOk {,3x » K=0s.., Nb4 2

i@, wyi) = &ty @ Ba-y) +
N N
+u“j+4_,((1p5'(:c-g)+§0 @ dv‘."’d'“:ks Jlll(x_w), (a1)

TRne g=4 TR ,jyk, §=-4 OPR {,j<K,6=0 OPE i7K,j<K.

Kax M3BECTHO, KOUpHCOeIMHEHHoe peficTBne rpymH mmddeomop-—
guamor  Didf S B mpoctpaHcTBe OV umMeer Bmp

Ad* g an0y= () (%%)lw S, (35)

mn 2
Ine S(q)s% —%,——%%) , 1 coBnguaeT ¢ peficTBMeM IDYINIH 38—~

MeH nepemeHHo#l B omnepartope llTypMa~InyBwiLs
e
{=clptum

(B mamxOM ciyuae { paccMaTprBaeTcA KaK OIepaTop M3 IpOCTPaHCT-—
Ba IIOTHOCTel Beca 44 B mpocTpaHCTBO mIOTHOCTEH Beca 32 ),
Taxum oGpasom, Touka ($asoBOIO HPOCTPAHCTBA 4 (oby* s (W(x,N),

p(A)) » accoumupyerca ¢ JHeRHHM omeparopoM

' %
{= p(A)de-,, U@ N (36)

Orcopma ciefyeT, UTO MHBADMAHTH MATDALEH MOHOIDOMAM YpaBHEHWS A

5q)=0 OyLyT MHBApMAHTAMU KOIPHCOeIMHEeHHOTO HAelficTBmA B i(Ob) ’

186



Hetpynso sunmcaTs oneparop fixo6m J%’ , sapawmht croGxy

{/3, W metcraynmut na sexrop sapwamut (i, ..., fuy) :

0 .7
o 0
J(KL .70.-.:.7,(_'
. et Ty 0
0 : A
oo
0"
d? d 4

el e ey P A

Mpm K< N wosppmmenr %y mewwr B amMyzarope cxobxm {,}, ;
noxoxms ero paesHuM 1, mu noxyuaew B TOUHOCTH cemeficTBO CROGOX,
orxpuroe Anronoswaew m Sopmu [6].

I.

2'

3.
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C.B.Kepos
PEAJMBALM NPEJCTABIEHAA TOIVTPYIIH BPAYSPA

Teopus MONMHOMMAJBHHX HPeACTAaBiIeHMA MOJHHX JMHeMHHX rpynn
GL(m) TecHo cBasaHa ¢ TeopHell npencTapneHM CHMMETPUUECKHX
rpynn  6p, . O6e rpynm: gefcrsypt B mpocrpacrse (€™, mo-
poxpias B3aMMHHE KOMMYTaHTH. dTa Teopema H.llypa nospoiseT cTpouThb
npepcraBnenda GL(m) , ucnoabsys rapMoHmuecku#t aHamus Ha KO-

Heuns#t rpyme 6, .

P.Bpaysp [I] , passuB u ynpocTus pesyabrar I'.Beftng, momyuun
SHAJIOTMYHYD TeopeMy B3aMMHOCTH [JIA OPTOTOHAIbHOR M CHMMILIEKTHUEC-
kot rpynn. B o6oux ciayuasx poap rpynnd 6,  urpaja KOHeuHas
nomyrpynna %, . C momyrpymmo# Bpayapa ¥, cpasaHo cemeficr-
Bo aimre6p By (v) , MpeACTABIEHME KOTOPHX ¥ NOPOXIANT KOMMYTAH-
TH K N-HM TEH30DHHM CTENEeHAM BEKTOPHHX NpejcTaBieHMRt rpynn

Omy » Sp(am) mpu U=m, vU=—Im,  COOTBETCTBEHHO..

CoBceM HepaBHO DupMan u Beriyip [2] , B cBABM C aHaIM30M HO-
BOT'O WHBapuaHTa 3auenneHu? - mHorouneHa KayjpmaHa, nocrpouau pe-
dopuammw  BWy (4,v)  anre6pu B (v) . 3t axre6pu yuacrsyor
B TeopeMe B3aMMHOCTH C KBAHTOBHMH QHAJOT'@MM OPTOTOHAJLHOR M CHM-
naekTuueckot rpymn. .

Kak noxasan Bemwrs (31 , npu Hemesmx sHaueHuax napamerpa U
axre6ps By noxynpocTH u usomopfHu. Huxe gaHo npsmoe axe-
MEHTapHOe OnMCaHWe HeNpPUBOIMMHX NpefcTaBaeHu? 3THX anreGp.

Asrop Gnaropaped A.M.Bepumky 3a pHumaHue x paGore, H.D.Peme-
TUXMHY 3a MoJesHHe o6cyxneHMs ¥ A.B.3ejeBMHCKOMy 3a ykasaHue Ha
cBasp ¢ paoroit A.A.Kmsuko [4] .

I. Noayrpynna Bpayspa

PaccMOTpUM fBe NOCAOJOBATENAbHOCTH M3 N IpenMeToB (BXOAHHX
U BHXOAHHX "rHesp").

OIPEIENEHME. IIpowaBoabHoe pasCHeHMe Bceit COBOKYNHOCTH n
NpejMeTOB Ha NapH HasoBeM YRNOM */ ¢ 2N HomKaMH.

Unmu uzoGpaxapres rpapamn (puc. I) myru KOTOPHX HEAATCA Ha
BEPTHKANY, CBASHBADMME BXOJHME I'HE3[a ¢ BHXONHHMU ¥ I'OPMSOHTAIM,
COeAMHADTME ['He3[a OAHOTO THUMNA.

*) UynaMy HASHBADT MHTErpajbHHe MUKPOCXEMH, COCTABIAMEHE dje-
MEHTHYD 6asy cOBpeMeHHOR 3J]IeKxTPOHMKH.
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CoepmuHMM OyraMy BXOpHHE I'He3fia yMna @ C COOTBETCTBYDIMMH
BHXOfHEMK THeajiamu uuna 6 . Bea cosokynmHoeTs 4n  rHeap pac-
najlaeTCA Ha HUTH - MAKCHMalbHHE NOCHe[OBATENbHOCTH pas3iuHHX
rHeaf, (Pys.Pas -+ PN) » B KOTOPHX COCERHMEe THesJa
Pi» Pi+4 ceasemu gyroR, 1<4<N | Komm nesamxuyTux Hureft
pacnojaranTci Ha BHXOJHHX I'He3fiaX umna 4 M BXOAHHX I'He3pax

M 38]]anT KOMIIO3UIHD ab (cM.puc.I , Baaruft ua [I] ).
SaMKHYTHE HATH —~ NOTIM - B ONPEAENEeHUM KOMIIOZHMIMM HE y4yacTBYDT.
SAMEYAHUA,
I) Honyrpynna uumor ¢ 1n  Homxamu i’fn, BBefieHa P.Bpayspom
(11 .

2) 1&ul=n-Hl

3) Hoprpynna o6paTMux uunoB B \bn OTOXAGCTBASAECTCA C CHUM-
MeTpuuecko#t rpynmo#t 6y .

4) Ha nomyrpynne ¥, uMeeTca WHBOMDTHBHHIA AHTHABTOMODHM3M

% , coenajapmuit Ha 6, co B3aTHEeM oOpaTHOR noncraHoBku. lo

onpepeneHun, uun 4% noayvyaeTcs U3 4 , ©CHM CUMTATH BXOMHHE
HOXKH BHXOAHHMM ¥ OGpaTHO.

2. lpoexTusHwe mpegcTaBneHus Iy .

0Go3HauuM uepes L(a«,g) YHCJHO IeTeNb, BO3HHKAMMUX IpH Iepe-
MHOXEHUM YMIOB 4,0 ¥ NycTh

%w,@)gvm,@),

(1)

rge veC*= C\{0} - napamerp.
JIEMMA I. CnpaBepjiuBO TOXEECTEO.

44 (8,60 g (b, )=g (0,014 (2, 0), ()

T.e. Qv - KOLMKX Ha HoJyrpynmne i"n .
Onpepenuu B npocTpaHcTBe POPMENIBHHX KOMIAGKCHHX AMHeRHHX
KOMOHHALMR 3JIeMeHTOB :f’!n yMHOXEHMe, noxarag a * 5 =
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= gv(a,é)a/e . NlocrpoerHas anreGpa By s COPJIACHO JEM~-
me I, accoumaTusHa.

[lpoexTHBHHE TpECTABISHUA NONYTPYIIH by , T.e. cemefictsa
omeparopor %(a), & € By, s BJS KOTODHX

@)% (h) = g4 (0, 0) 0k (3)

€CTECTBEHHO OTOX[ECTBJANTCA C OCHUHHMM NpefCTaBACHUAMM 2JreGpH
Bpayapa Bn(m .

[IPYMEP: mycts %s---5m - 6a3uc B c¢™ w V=C"0...
®C™ (n comomurenett). [ocAeNOBATEABHOCTH 4 = (4yy---»4p)
oTBeuaeT GasucHHi BekTOp ¥, ] ®...9 g"vn, B NPOCTPAHCTBE

V . Homomxmu M ;4: ..-’,jn @) =1 , ecau B kexuioft nape cpa-

‘... n
38HHHX YWIIOM @  MeCT 3HaueHUA MHOEKCOB COBMNANanT M M 44“,”(@#
=0 B NPOTHBHOM cJayuae. Torpa MaTpHuH M(a)={ M;Y(a)}
38180T [IPOSKTHBHOE MpejcTaBieHne I’J,, c napameTpoM UV =m

TEOPEMA (Bpayap [I] ). Omepatopw M(a) u onmeparopu Temsop-
HOro npepcrapienusa rpynmu O (m) B mpocrpasctee V  mopompa-
DT B3AMMHHE KOMMYSAHTH.

3. Peannsaium npepcrabaeHuit :ffn, .

OIPE/EIEHAE. CoepuHeHMeM Ha30BEM MOCHEAOBATENbHOCTh U3 N
npenMeToB ("rHesn"), HEKOTOPHE U3 KOTOPHX CBA3AHHW B nap (ropu-
30HTANH) .

06o3HauKM MHOXECTBO coe,nune}mg c { FOPU3OHTANAMU Uepe3

%, 3 sewo, uro | X, p1=Ch2l-nll

CBsseM pgyramu rHesja coepmers X € Ep,{ ¢ cooTeeT-
CTBYDWMMK BXOJHHMYM THespawmy uwna & € &y . COBOKYmHOCTb BeexX
3n  ruesp kax u B n.I pacnagaerca Ha HuTH. HasoseM coemuHeHue

X p[OmyCTHMHM [JIA uuna 4 |, ©cNM Kax#ad HATb C KOHIGMH B
IHe3fiaX COefyHeHUs X  COBHAjaeT ¢ I'OPM3OHTAAbBD ITOTO COefHHe-
HUA. JHaue rosops, HUTb, Bepymas W3 M30NMPOBAHHOrO B X TIHes-

Ja, NONXKHA 3aKAHUMBATHCH B BHXOJHOM I'Hesje uuna 4 . Hutu c
ofouMK KOHI]aMM B BHXO[HHX T'He3faX uuna @  3&[a0T HOBOE coepmy-

nerme y=0ax € X, { , pesynpraT neflcTBMA A Ha X
Ecau coepuHeHWe «  pomycTHMO s wuma 4  , TO ONpefeaeHa
nogcraHoBka 6 (4,X) € 6, _q¢ , nepesopamas (n-2{)

M30MMPOBAHHHX T'HE3JL X B M30IMPOBAHHHE THe3[A COeJMHEHMa Y
(npuH¥MaeTCs BO BHUMAHWE TOABKO OTHOCHTENbHOE MOJNOXEeHWe I'Hesp
B kaxuoM pany). Kpome Toro, o6osHaumm wepes L(a,X) yucao me-
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TeAb H NOJOXHM
£, @m=o @, (4)

rre veC* .Hapue.2 L@xm=2 = 6@m=(}} 31)

=0Q

' . &~

£ 0 5 0 oy & e -y

Puc.?2
JIEMMA 2. Ilyces a,,g e:frn, CoefjMHeHHe X € 37",,3 JIOITy CTUMO

ans 5 M coefiHeHKe 45 =$ac ponyctiMo gas 4 . Torma &
JOMYCTUMO HAR ab 1w esmoanswres TOXHOCTBA

gy (@b {, @b, 2= ¥U(w,5x) 1y (6,2), (5)
6 (ab,z)=6(a,b2)6(h,x). (6)

Ilycts H w,/ = MPOCTPAHCTBO auHeHHX xoMOuHanuit 3neMeHTOB
wa X0 c xoafumenramn u3 C . Homomum

S @) =4y @0 01, (7)

ecM COejMHeHMe X pomycTHMo pasx A€ B, M fq(®)=0
MHaue,

TEOPEMA 2. Omeparopu g , achy, 3aJ1apT NpPOEKTHBHOe
npejicTaBieHne Ny  C KOIMKIOM 4y B MPOCTpaHCTBE Hn,[
Eeav v €Z , To mpencTaBaeHue HENpUBOZMMO.

YTOGH NOJYyUMTb Jpyrue HEmpPHBOAVMHE NPENCTABIGHHS, BO3bMEM
puarpmay Dura A ¢ (n-%20) xaerxaum u nycrs H" - npo-
CTDAHCTBO COOTBOTCTBYOWEr'o MPEACTABNGHMA IPymmH 6,_¢f . B
NpoCTpaHCTBe H);L,g =H '@ Ngy onpenenuM MuHeRHHe ONePaTOpH

§lq , nonaras

S (hom) = {o@m (55, b ®22), (8)

ecau coegMHeHme X gomycTiMo gas A€ B, u fig(hex)=0
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WHaue; sfiecp he BN

TEOPRMA 3. Onepatopu %, , a € &y, 3871a0T NDOEKTHEHO®
npescrasnenne Ly, ¢ komumaom Gy B mpocrpancrse Hy g
DPa3MepHOCTH

dir )y =% a- 1 dom ®

Ecau v§€Z , 7o mocTpoeHHoe mpejcTaBAeHMe (\)) HeMPHBOZUMO,
npepcrapaenus (\)y , rge  0¢ 2l ¢n M A <~ puarpamma
Dura ¢ n-20 KAETKAMH COCTABAANT NOAHHA CNHMCOK HENMPHBONMMEHX
MPOGKTUBHHEX NPERCTaBAGHMA NOAYrpyNIH fin .

Tlpu orpamuuenuu Ha moprpymmy 6y, C By, NMPOEKTHBHO® MNpep-
craBedne (N)y  cTAHOBMTCA OCHUHHM M DA3NAraeTCA HA HOMPHBOMM-
MHe CAeAynmMM O0pasoM:

.

(N)g |6y, == (N)+By, (10)

rpe ) =(8) |525 u (N - HempMBOmMMOe NpencTaBIeHHe
6n-2f . [pemcrapaenme 0f umeeT pasMepHOCTH @l-nHi
a ero pasioxXeHHe Ha HenpHBOAMMHE KOMIOHEeHTH moayueHo A.A.Husuxo
[4] -
' 0y =2 () (11
=% Yo

rpe u npoGeraeT Bce puarpamu Dura c 20 xaerxaum u Y@ THHMH
JAMHAMM CTPOK.

lonyueHHHe peaNMBALMM NPUBORAT K NMPOCTHM (opMyaaM IAA XapaK-
TepoB mpeficTaBiaeHu#t (A)) , ¥ XapakTepos NMpefeAbHO# moXyrpynns

¥, = fim \bn, (HMHUTHEX UMNOB. OTH BONMPOCH, KaK M

peanusanua npepcrasienft axreSpu B W, (u,4r) OyRyT paccMor-
PeHH OTJeaABHO.
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PEQEPATH

YIK 5I7.957 - ,
Cxeltnmrrosas §yHKIMA LA KOppeJATOpa CKOPOCTY B TEODHN HSOTDOI-
Hofi pasBuTo#f TypOyneHTHOCTH. AHTOHOB H.B. - B xH.: JuddepeHmmans—
Hasd TeoMeTpud, rpymnH Ju u Mexaumxa IX. (3am.HayuH.cemuH.JOMH,
r.I64)., L., "Hayra", 1987, c.3-9.

B pamxax peHOPMI'DYIIOBOI'O HONXOIa K TEODHE pasBmToi TypOy-
JIGHTHOCTH BHYNCJEHa CKeilimHrosas {yHKIWA IJIA KOppeJATOpPa CKODOC—
TH BO BTODOM IOpANIKe § —pa3iomeHusa, BuGir. - 5 Hass,

YIK 5I7.93
AcEMOTOTHYECKAA NVHAMHEKA ¥ CHEKTDPAJNBHH{t aHANHMS IJIA omepaTopa
lipemuHrepa co cJjado yCKODAMNMM IOTeHuwatoM. Byciaesa M.B. - B
KH.: JnddepennyanbHas reoMeTpud, IpyomH Ju ¥ Mexamuxa IX. (3am.
HayuH.cemuH,JIOMA, T.164). I., "Hayka", 1987, c.IO-I9.

B paGoTe HCCASMOBAHH CYyNECTBOBaHWE M IOJIHOTA OGOGHEHHHX BOJ-
HOBHX OIepaTopoB LI ypaBHeHHA [ipenuwHrepa Ha HOJYOCH C YCKODAD-.
muM IMOTeHmmagoM. badm., - 3 Hass.

YIK 5I19.II7
CrarmcTnuecKad cymMMa, CBASAHHAd C Awarpamvami ura. Bepmr A.M.
- B xH.: JufdepennuartHad reoMeTpus, IpynmH Ju u Mexamuka IX.
(3am.HayuH.cevuH JJOMA, T.I64). ., "Hayka", I987, ¢.20-29.
/isy4eHa aCHMITOTHKA CyMM CTemeHeift HODMMDOBAHHHX pasMepHOC-
Tet KOMILIEKCHHX HENPABONUMHX NpeNCTaBJIeHM! I'DyIIH IepecTaHOBOK
Oy mpr N — o , BuumcseHa IpefeibHas TEOGCOBA Mepa Ha IIpo-
CTpaHCcTBe nuarpamv lHra. 3amada CBASHBaeTcA ¢ omHo#t oxHoMepHO#
MoIeJsbpl cTaTHcTHYecKol fusmxum. B mpunomeHn:d, HammcauHoM A.M.llac-
COM IpHBENeHH YUCJNEHHHE W Tpajwyeckie HaHHHE O cBOGORHOH 3Hep-
ruH, oTBevamme# msyuaemoit crarcymme, mpm N~ 50, Budr. - IO Hass.

YIK 5I9.4.
llorazaTenn JlanyHoBa, CHMMETPUYECKNe IIPOCTDPAHCTBA U MyJIbTHUILIMKA—
TUBHAaA 3profudeckas Teopema IJA NOJYIPOCTHX Ipyun Ju. Kaitmano-
B4 B.A. - B rH.: [udpepeHurasisHag reoMeTpud I'DyIIH Jlu ¥ MexaHm—
ka IX. (3am.mayus.cemus.JOMA, T.I64). JX., "Hayka", 1987, c.30-46.
Knaccuyeckas Teopua xapakTepHCTHUECKUX IOKasareJeit JamyHosa
nepefopMyJIEpyeTCAd B UHBAPUAHTHHX I'€OMETPHYECKUX TeDMWHAX ¥ Ilepe—
HOCUTCA Ha HPOM3BOJLHHE HEKOMIAKTHHE IOJYNPOCTHe IpymmH Ju ¢ xo-
HEYHHEM IIeHTDPOM. JOKASHBAKWTCA MyJIbTUILINKATUBHAA DPrONHMYECKAT TE0-
peMa (oGoCmeHMe TeopeMH Ocelefna) ¥ IVIOCANBHHE SaKOH GOJBNHX YH-
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CeJI LA NONYIPOCTHX rpymn Ju, a Taxke KPUTEDHE IPABUIBHOCTH IIO
JAnyHOBY JMHE#HHX CcUCTeM OCHKHOBEHHHX nuddepeHIMaJLHHX ypaBHeHu#
C CyOSKCHOHEHIMAJIEHEM DOCTOM KoaddurmenToB. Budam., - 2I Hass.

YIK 5I7.9
0 munHammueckoit cucTeMe, MODOEIaeMO} ypaBHEHHAMA NBUECHUA EUIKOC—
re#t Onmpoitra mopamka L . Kapaseesa H.A., Korcmomme A.A., Ockoi-
koB A.Il. - B kH.: "IufdepeHunasbHad TeoMeTpHUA, IpymmH Jn # Mexa-
Huka, IX". (3am.HaywH.cemmd.JOMA, T.164). J., "Hayka, I987, c.47-
-53.

IlocTpoenn arrpaxrop M = muHaMEuyeckas cumcTema {m;Vtrwd@}
Ha4YaJIbHO-KpaeBoft 3allayy 1A JBYMEDHHX yDaBHEHN# IBUREHHA REIKOC—
re#t Onmpo#tta mopamka L . BuGi. - I4 Hass.

YIK 536.7

dopMysH 1A HopMParTopoB B KBaHTOBOf Momesu Sh-Gordon Kupui-
aoB A.H. ~ B rH.: "IudPepemivansHad reoMeTpusa, IpylmH Jum m Mexa-
Huka.IX. (3anm.Hayud.cemus.JIOMA, T.I64). JX., "Hayra", 1987, c.54-
-66.

B cTarbe moiyuern fopMyin mia fopvPaxTopoB B KBaHTOBOR Mome-
s Sh-Gordon . Budn. - 4 Hass.

YIK 536.7

PemeHre HEROTODHX KOMOMHATOPHHX IpOGJTEeM, BOSHUKAKIMX IPH BHYHUCJIE—
HEM KODPEJIATOPOB B TOYHO-pellaeMHX Monessx. KupwwiosB A.H., Cmup-
HOB P.A. - B kH.: "InddepeHuuarrHas reoMeTpds, IpynmH Jm # Mexa-
Hnka.IX, (Bam.Hayed.cemun.JOMA, T.I64). I., "Hayxa", 1987, c¢.67-
-79.

B padoTe ABHO paspemaNTCH DOKYDDEHTHHE COOTHONEHWA, BOSHUKAN-
mie IpA BHYNCJIGHEM KOPPEJATOPOB B TOYHO-DEMAGMHX MOLEJAX MEeTOIOM
B.E.Kopemmsa. PemeHue naerca B fopMe NeTeDMUHAHTOB HEKOTODHX MAT-
pu,. bBadn. - II Hass.

YIK 536.7

Qopupaxropy B SU(2) -mHBapuwanTHO# Momess TuppuHTa. KupuLioB
A.H., CvupaoB ®.A, - B kH.: "IuddepeHunansHas IreoMeTpud, I'DYIIIH
Iz ¥ mexanmxa.IX. (3am.HaywH.cemwn.JIOMA, T.I64). L., "Hayka",
1987, ¢.80-I20.

B padoTe mony4YeHH sBHHE (OpMyJH JJIA MATDHYHHX 3JIEMEHTOB OINe-—
pATOPOB TEH30pA SHEPIMH-WMIyJECa M TOKOB B 9U(Q) -uHBapmaHTHOHR
momenu Tuppunra. JlokasaHo, 4YTO omEpATOpPH, ONpefe/iAeMHe STHMI MAT-
PUYHEMM BJIEMEHTaMM, KOMMYTHDYOT Ha IPOCTPAHCTBEHHO-IIOOCHOM MHTEp-
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‘Bajle. [JIA oHepaTOpPOB TOKOB BHUMCJEHH CHHIYJIAPHOCTH KOMMYTAaTODOB
B Havale KoopruWHaT. budx. - I2 HasB.

YIK 5I9.12
TommecTBa WLiA puirorapufmuyeckoft ynxnmm Pormmepca, CBASAHHHE C
IpocTHME aireCpamu Ju. Kupmmnos A H. — B kH.: "luddepenrmaisras
reoMeTpEs, Ipymm Ju ¥ mexanuxa.IX. (Bam.Hayud.cemmH.JOMA, T.164)
JX., "Hayra", 1987, c¢.I2I-I33.

JorkasHBanTCA HOBHE TOKNECTBA IJIA HuiorapufmMadeckoit gyHKIIUM
CBA3aHHHe ¢ aJjJredpamm Ju cepun An X C KIacCHYEeCKHMH ajredpamu
Ju panra & 4. Buba. - I4 HasB.

YIK

OGoCmennnit rypocTaT I'opAYeBa — YallIHYUHA B KBaHTOBOR MexaHmke.
Komapo U.B., Kysmenos B.B. - B kH.: [InfdepeHunansHad reoMeTpud
rpymm J# ¥ Mexanuxa IX. (3am.Hayds.cemmu.OMA, T.I64). JI., "Hay-
ra", 1987, c.I34-I4I. :

IlocTpoeno oGolmeHme BowgKa I'opAyeBa - UYallIHWIWHa, HONyCKai—
ljee IpUMEHEeHNe KBAHTOBOI'0 MeToZa olpaTHo#t 3amaum paccesaHmsa. Bee-
IEeHHH IONOJHETEJbHHA NapaMeTp UrpaeT Ty Xe polb, YTO ¥ CIHH y3-
Jla B COMHOBHX IEIOYKaxX. bubia. - 5 Ha3B.

YIK 5I7.9
fIH'MaHH ¥ yHEMBeDpCAJNbHHe ofepTHBawmue ajirelpd. Omsmanckmit I'.U, -
B xH.: "lufbepeHnnansHan T'eoMeTpHd, TPyMH Ju u mexanuxa IX"(3am.
HayuH.cemuH.JIOMA, T.164). I., "Hayka", 1987, c¢.I42-I50
Vcxons U3 yHUBepoaJbHEX obepriBammux airedp UYLy,

n=1,2,... - crpourca axreépa A , xoTopad sazaeT peaTH3AIUD
flHruaHa Y(‘aﬂ(M)) ¥ CJYRAT "IPABUWIBHHM" CIIOCOGOM OIDeIeJHTH
yHUBEpCAJBHYD 0CepTHBAKUYH airedpy IIsf CeCKOHEeYHOMEPHHX KJIacCH-—
YecKEx airedp Ju. Budia. - 9 HaszB.

YIK 5I-72:530,.145
PaspeneHre IepeMeHHHX B Mofeam I'ofieHa, CriweuH E.K. - B xu.: Jud-
depeHmAIbEHAA I'eOMeTpHA, IpymmH Jnm ¥ mexanmka IX. (3am.Hayud. )
cemus.JIOMA, r.I64). ., "Hayxa", I987, c.I5I-I69.

g moZenr I'omeHa (BHpORIeHHHE ciyua?t mHTerpupyemolt kKBaHTO-
Boit MarmmtHo#t SU(2) —emouxyu) mpoBefieHO paSHeNEHHe IIeDPeMeHHHX
IoCpencTBOM ABHOR 3aMeHH KoopmmHaT. [loMydeHO olMcaHWe IPOCTPAHCT-
Ba COCTOAHME Ha A3HKEe HIEaJ0B B KOJABIAX IONNHOMOB. MccuenmoBaHo
cTpoeHme colcTBeHHHX QyHkmu#t. bmbim. - I3 Hass.
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YIK 517.9

0 paHHHX paccesHMf AN HeCTALMOHAPHOTO ypaBHeHuA Jupaxa. HKyaum
II.1l., JumoBckuit B.h., lnporoB A.B. - B wu.: "JubdepeHumuanbHas
reomeTpus, rpynnu Ju u MexaHuka.IX" (3an.Hayus.cemus.JOMH,
r.164), N., "Hayka", 1987, c.I70-175

OTMeueHO cymecTBOBaHME NPOM3BOJA B BHOOpPE AAHHHX PACCEAHMA BCMO-
MorareabHo#t auHe#HO# cucTeMH fas ypaBHeHHA Jlapu-Croaprcona -I.
YeranoBneHa CBA3b Pa3NMUHHX MAHHHX PACCEHUA M COOTBETCTBYyNmMEe
npeo6pasoBaHWe MATDULN CONPAXGHHMA HeNOoKaibHO! s3agauu PumaHa.
Bu6a. - I2 nHass,

YOK 517.9

CorsacoBanHHe croGxy IlyaccoHa BJif JAKCOBHX ypaBHEHM#t ¥ KiaccH-
ueckue I~ -MaTpuin. PeilimaH A.I'., CemeHoB-Tan-llanckmit M.A. -

B kH.: IudpbepenumanbHas reoMerpus, rpymnu Ju u Mexanuka IX.
(3an.Hayus.cemus . JIOMA, T.164). J., "Hayka; 1987, c.I76-188

JnA narcoBHX ypaBHEHMt ¥ ypaBHEHH! HyneBOH KPUBM3HH CO CIEKTpajib-
HHM [1apaMeTpOM CTPOMTCH ceMelCTBO COracOBaHHHX JHMHENHHX CKOGOK
[lyaccona. Bu6x. - 12 HasB.

YIK 519.117

Peamvaanmu npencrasnenu#t nosyrpynnu Bpayspa. Hepo C.B. - B kH.:
InpbepenumanbHan reoMeTpus, rpynnu Ju u Mexanura IX. (3am.nayus.
cemun.JIOMA, T.164). J., "Haywa", 1987, c. 189-193 -

Mosyrpynna Bpayspa 3aMeHfeT I'pPYNNOBOe KOJbIO CHMMETpUUECKON rpyn-
[H NpU USYUYEHUM KOMMYTaHTa TEH3OPHHX cTeneHelt mpemcraBreHuit knac-
cuueckux rpynn ceput Bn, Cn, Dn. B paore mano snemenrap-
HOE OnMcaHMe ee HEeNPUBOIMMHX NpejcTaBieHuit, Buba. - 5 Hass.
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lananme OCylLeCTRIEHO ¢ ODUIMHAJ-MaKeTa, MNOATOTOBJIEHHOI'O K
medaryn JEHUETPAICKAM OTIEJEHMEM MaTeMaTHUecKOTO MHCTUTYTA
zM.B.A.CrewroBa AH CCCP

JTVGPEPERIVAIBHAST TEOMETPYA, I'PYITH JM ¥ MEXAHVKA. IX

3anucKy HAy4YHHX CEMUHApOB JI@HMHTDAICKOTO OTHEJ8 HAY MaTemaru-—
YeCKOro MHCTATyTa mM.B.A.Crewrosa AH CCCP

YTBEDRISBHO K medaru
JeHRHT pANiCKiM OTHEJIEHMEM MaTeMaTUdecKOro HHCTUTYTA
m.B.A.CreknoBa AH CCCP

B J 32945

Nonnucano k megarn I14.10.87.

M-I4489. Popmar 60x90 I/I6. Bymara ofcernas J I,

[lewars ofceTHas. Yca.med. Jg. I12.50. Yea. Kp.-or. I2.62. ¥Y4.-ms3n.
n.I12.49. Twpax I300. Tmn. sax. ¥ 2I08, lewa I p.90 K.
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