
OB'bE,l\HHEHHliA HHCTHTYT H,l\EPHYX HCCJIE,l\OBAHHA 

- 6'-f~ 

5-87-222 

YAK 531.314, 530,382 

HHOBCIOt 
AJieKcatt.o;p BopKcoe 

KARHBPOBOqHO-KOBAPHAHTHHH IlOAXOA 
K TEOPHH IlOPO~AID(UHX OilEPATOPOB 

MH HERHHEHHHX 3BORIDLU10HHHX YPABHEHHH 
CORHTOHHOro THilA 

Cne~KaJibHOCTb: 01.04.02 - TeopeTKqecKas 

K MaTeMaTKqecKas $K3KKa 

AaTope~epaT AHCCepTaUHH Ha COHCK8HHe yqenoA CTeneHH 

K8HAHA8T8 ~H3HKO-MaTeMaTHqecKHX HayK 

)ly6Ha ]987 



I 

Pa6oTa BblITOJIHeHa B lla6opaTopHH BbNHCJIHTeJibHOn T8XHHKH H aBTO.... i .. 06, ... HeHK0rOHHCTHTYT8 HAep""" HCCSeJIO,OHHO. 

I 
HayqHble pyKOBOro,!TeJIH: 

' 
'AOKTOP ipH3HKO:-MaTeMaT111recKHX HayK 
1 rrpoipeccop 

MAXAHbKOB 

B.JiaAHMHP. rpHl'Opb8BHtl 

/ 
' K8HAHAaT ipH3HKO-MaTeMaTHqecKHX rEP,ll,llMKOB 

HayK 

Oqi1u.1H&JibHble. on~oHeHTbl: 
AOKTOP ipH3HKO-MaTeMaTHqecKHX 

HayK 

AOKTOP q)M3HKO-MaTeMaT~eCKHX 
HayK, · npoipeccop 

. BJia.,o;HMHp GT9qJaHOB 

KYJlliIII 
IleTp IleTpOBHq 

~E,!J,HHlffi 
BJia.,o;HMHp KoHCTaHTHHOBHtl 

Be,n.yil\ee ttayqtt6-HccneAOBa.TMbCKOe yqp~eHHe: MMAH GGGP 

HM.B.A.GTeKHoBa, MocKBa. 

ABTopeqiepaT paaocJiaH" " 1987 r. 

38JIIHTa ro,iccepTallHH, COCTOHTCR" 
" ______ 1987 r. 

B ___ qacoB Ha aaceAaHHH CneUHB.JIH3HpOBaHHOro coBeTa K.047.01.01 
npH lladopaTopHH TeopeT~ecKon qJH3HKH OIDIH, r.))y6Ha, MocKoBcKon 06-
nacTH. 

C AHCcepTaUHeR MO~HO 03HaKOMHTbCR B,6H6JIHOTeKe OIDIH. 

YtleHblff C8KpeTapb GoBeTa 
KaH~ffAaT qJH3HKO-MaTeMaTHqecKHX HayK A.E . .[lopoxoe 

t 

l-
1 

{ 

1
/1~; 

:; 
i 

( 
"!1 

II 

AKTYMbHOCTb TeMH 

IloAXOA,OCHOBaHHHR ~a H3yqeHHH ITOPO:«A~HX onepaTopoB,3aHHM8.8T 
BalltHOe M8CTO B M8TOA8 o6paTH08 38A8'11H paccenHM (M03P), TQK K8K IT03B0-
JIH8T OITHC8Tb MHOl'H8 H3 ~aMeHTMbHHX CBORCTB H8JIHHeRHHX 3BO~OH
HHX ypaBHeHHR (HID') COJIHTOHHOl'O THITa, T.e. TaKHX ypaBH8HHR, KOTOpble 
o6na.,o;aDT rrpeACTaBJI8HH8M llaKca: 

f L, HJ=~. ( I) 

3A8Cb L H 11-CKaJIS!pH!ie l!JIH MaTpHtmH8 AH4$lP8Hl.lHMbHbl8 orrepaTOpbI C 
K03c($1UH8HTru.m, 3anHCJmtHMH OT HeKoToporo Ha6opa !WHKUHR f.• f:r, t J 
( ITOT8HUHMOB) H crreKTpMbHOl'O rrapaMeTpa ) • IlpH aa.,o;aHHOM L 3TOT 
ITOAXOA IT03BOJIR8T OITHCSTb He TOJlbKO KJiacc ITOA06Hl:,IX ypaBH8HH8, HOH HX 
381tOHN coxpa.HeHHn, rat.ntJibTOHOBCKH8 CTpyKTypN H T.A. Eonee Toro, ITOA..; · 
XOA IT03BOJIR8T HHTepnpeTHpOBQTb M03P KaK o6o6~8HH08 rrpeo6pa30B8HH8 
~ypbe, TaK KaK A8.HHN8 paCC8.ffHH.lt ,AJl1J BCITOMOraT8JlbH08 JIHHelbioR 38.,ll;EltlH 
f ¢- = (1 RBJUnl'l'CJI K03~8HTIWH B pa3JI01.t8HHJtX ITOT8HUH8JtOB no ITOJI

Houy Ha6opy ~HR - T&K H83HB88MHX "KB8,llJ)aToB" pemeHHR 38,11,dtlH 
L ¢ = tJ (HJIH npHcoeAJ1JH8HHYX pemeHHR). Ilopo~IUJl!llte onepaTopu nruumT
cn SHaJIOrS.MH onepaTopa AJl~peHI.lffPODaHHR, TaK KaK JWHC08A}fff8HHH8 pe
meHH.fl C)'Tb co6CTB8HHH8 g,ymcumi p.ll~ 3THX onepaTopoB. 

0AHSKO B TOM BHA8, B·KOTopou:oH awr paHbme cqiopM;,YJIHpOBSH, ITOA
XOA He IT03BOJI.flJI.OXB8THTb KMH6poB~tlKH8 npeo6pa30B8HH.fl 

L-'l-/LJ-'~ ,11.,.)7.,,/,11/-: (2) 

KOTOp!,!8" TipHBOMT K ypamt8HH.IW BW 

[ z, Jlj .. 0, (3) 

3KBHBM8HTK'liU ypaBHeHHstll (I). (3A8Cb ITP9AllOJISraeTC.fl, t[TO R03~8H
TH orrepa'i'opon L H ,+' TipHHHMMT 3ff8tl8HH.fl B H8KOT0po8 ITOJIYTipOCTOff 
ure6pe llH ?, , a Ir•, -I) - \Wff~st co aHatteHH.11101 B cooTB8TCT
BYIJl!.l8R rpynne llH G ) • 

O<SpaTHM BHmlaHJfe el!IO HB OWJO BamtOe H8ITpaBJ18HH8 B pawax M03P, 
a HU8HHO, reou8TpiN8CKHR ITOAXOA K H3Ytl8HHD 1'8.MHJlbTOHOBHX CTPYKTYP 
ypaBH8HHR COJIHTOHKOro THna. B 3TOU ITOAXOA8 MOJIGIO no,nytmTb reou8TpH
tl8Cicyn HHT8pnp8TSQHll MHornx CBORCTB rropo7.tA8KlllµfX orrepaTopoB. 

~l,Cj!l.rtt'liiibitl HH~ I 
91~~3MX UCCleROBlUllil 

6\ttSJ1"10TEKA 



B ,ItHccepT~HH ~CCMaTpHBBKlTCH rropoJK'AaR)II\He orrepaTopbl 4+ , CBH-
3SHHble c nHHeAHon 38,1\aqen 3axapoBa-!lla6aTa: 

Ip jt- = (i ,,..':, + f11M -1l,),/,= 0, (4a) 

fo = 
( 

p ~(r) 
f-(z) 0 > 

Zi = (
1 

~) 
I) -f 

H C ee Herrocpe~CTB8HHbIMH o6o6~eHHHMH Ha TOT CJiytlan, KOr~a K03ipllHUH-
8HTbl rrpHHa,I\ne~aT HeKoTopon nonyrrpocToA Mre6pe JlH JI, 

Lf,,. (,~'!, + f(z)-l.7),f, =O, (4B) 

. ~ 

() = L f,,1(.r>E, .7= 2 tl.•/1. € ~ fl·= ~,uf. 
I <>I~ 4 "' ' J=t ✓ ,I ' ✓ 

3~ecb / l:..t, 1· j "'£" , ., $ J ~ ;- H A co9TB8TCTB8HHO 6a3HC 
KapTaHa-BeAnn H cHcTeMa KopHen nonyrrpocTon Mre6pbl JlH <;, paHra ,- , 
~ cf., - rro~anre6pa KapTaHa B ,?- , a ..J' - perynnpHblA aneMeHT B Hen. 
)vra rrpoCTOTbl Ilp8'AilOnaraeM, qTo cpyHKUHH f± (z) 1 fat (:r) RBJIR-

R)TCR cpyHKUHHMH THna lliBapua no .:r H TaKHMH, qTo 38,1\aql{ (4a) H (4B) 
He HM8R)T ,ItHCKpeTHoro cneKTpa. 

H3B8CTHO, qTo IlpH IlOMOlllH 3~8ql{ (4a) p8ll!a8TCH CKaJIHPHOeHenHHen
HOe ypaBHeHHe llipe,ItHHrepa (HYlll): 

; llt + t;,xx - .t tt;, 12 t;, = o, (5) 

a npH IlOMOlllH (4B)-ypaBHeHHH THila h -BOnH. 
C ~yron CTOpOHbl, H3BeCTHO Truate, ~o ypaBHeHHe (5) KaJIH6poBoq

HO-3KBHBaJI8HTHO ypaBHeHHR> ~ppoMaI'H8THKa reAJeH6epra (~r): 

~I,,.-.,~ [J;, s;ul .f'o {r,IJ € .r/(.2, eJ, .J;
2
: fl, ~1',,. .s;; • (6) 

KOTopoe HCCX8~8TCH rrpH IlOMOlllH nHHentton s~aqH 2;,' KaJIH6poBoqHO-
8KBHBM8HTHOA 3~aqe L, 

,.... :z . I ,,. 
L" r = (i/:z -.l.J;, fr>; I-• o, 

7 = ~-1,t, ~ (x} = ~-Ba~ . 

3'A8Cb ~ -pemeHHe 0ocTa 38,1\Sqff (4a), OTBetltllllllee 
AHMorHtU1oe no cBoen cTpyxType KaJIH6poBoqHoe 

BO~T s~aqy (4B) B 38,1\aqy: 
fj',,, (i.:!..-.1J'M'$=0. 

t?Z 'J ~ 

~ = ~-,"' • J"r,J = ~-~~, 

2 

{?a) 

.l= 0 • 

rrpeo6pa3oBaHHe nepe-

(7B) 

I 
.I 

\ 
) 

1· 

I ... 

,.--""" 

KOTOpaa HBJIH8TCH Herrocpe~CTBeHHblM o6o6~eHHeM (?a) •. O~aKO rropo~aro
lllHe orrepaTopbl WJH CHCTeM (7a,B) ~o CHX rrop He 6HnH Bb[qHCReHbl. 

ijenb HaCTomqeA pa60Tbl COCTOHT, Bo-rrepBblX, B IlOCTpoeHHH KaJIH6-
posoqHo~KOBapHaHTHOro IlO~O'Aa K TeopHH IlOPOJK'ASR>lllHX orrepaTopoB TaKHM 
o6pa30M, qTo6bl CTSJIO BO3MO~HblM o~ospeMeHHOe Hccne~OBSHHe H3Y H rro
POJlt'AaIOlllHX orrepaTopoB It ,csaaaHHblX c 38,1\aqaMH (4a!..!3\ H KSJIH6posoqHo• 
3KBHBaJieHTHblX HM H3Y H rropOJK'AaR)II\HX orrepaTopos ;I_,. , CBH3aHHblX C . 
Sll,J\aqaMH (7a) H (7s). -

Bo-BTOpblX, 'AaTb reoMeTpH~ecKyio HHTeprrpeTaUHro rropo~aR>~HX orrepa
Topos WIR 3S'Aaq L H L , HX CBOf:ICTB H CBR3H M~ HHMH. 

Haym1aa HOBH3Ha H rrpaKTHqecKM qeHHOCTb .IIHCCepTaIJHH 

ITpewzo~eH KOBapHaHTHblA no~XO'A K TeopHH nopOJK'ASR>lllHX orrepaTopoB 
,I± 'CBH3aHHblX C CHCT8M~ (4a) H (4s). Paspa6oTaHa rrpoue~pa HBHoro 
Bb[qHCXeHHH onepaTopoB 4.WIR 3THX CHCTeM B ~yrof:l KSJIH6poBKe ((?a) 

H ·(7s)). B HOBOA KSJIH6pOBKe COXpaHRroTCH see rrpeH~eCTBa TeopHH H 
HHTeprrpeTaI.IHH MeTO'Aa o6paTHOA sa~aql{ KaK 0606111eHHoro rrpeo6pasoBaHHH 
~pbe. 

ITpo'AeMOHCTpHposatta CBH3b nopOJK'ASR>~HX onepaTOpOB A:t H 4 co 
cTpyKTypaMH IlyaccoHa-HenHxenca Ha 6ecKoHeqHoMepmrx rpynrrax·H SJire6-
pax JlH H BblHCHeH reoMeTpl{qeCKHA CMblCX CBH3H M~ ,{± H ;;; • .nna 
o6oHx onepaTopos BhltlHcneHbl no~anre6pb1 HX cpyH'AaMeHTaXbHblX nonen, 
~aIOlllH8 reoMeTpl{q8CKYJO HHTepnpeTaUl{R) COOTBeTCTByR)II\HX H3Y. 

Conep;iicaJme 

)lHccepTaI.IHH COCTOHT H3 BB8'A8HHH, Tpex rnas, 3aKJIJOtl8HHH H o~oro 
npHXO~eHHH. CnHCOK RHTepaTypbl co~ep;,itHT 132 Ha3B8HHH. 06111HA ofueM 
,ItHCC8PT~HH - 158 neqaTHblX CTPaHHU. 

IlepBHlt H BTOPOli naparpaq>H rrepBof:! rnasbl HOCHT BCnoMoraTenbHblA 
xapaKTep. 

B nepsoM co6paHbl tteo6xo~we cse'AeHHH Hs TeopHH nonyrrpocTblX 
anre6p ·JIH H HlC Ilp8'ACTaBireHHf:!. 

Bo BTOPOM H3XaraeTCH TeopHH 0606111eHHblX rrpeo6pa30BaHHA ~pbe, 
CBH38.HHblX C pasnoUHHHMH no IlOXHblM CHCT8MaM ®'ffKUHA: 

'} = ( .1lo .r~.lJ'F~z,.l),. ~ .,rt,JJTA,·.l), alf'd-1, ,/£ R/, 

') = /.T,, .f''{"'(.rlft:r,.l}., ~ ✓--~(.,r/(:r,.l), ,u,1,,.loRj. 

3'AeCb J'.t;_ ~aMeHTSXbHble pemeHHH 3S'A8ql{ (4B) 8HaJIHTl{q8CKHe B Bepx-
Hef;! (HH~eA) nonynnOCKOCTH no ) , ~ = at(,-',, a~ - rrpoeKTOp 
Ha nO'AfiPOCTpaHCTBO 7", OPTOroHanbHOe K 6 OTHOCHTMbHO qlOPMbl tufJIXHH
ra, a 4~ - CHCTeMa nono~HTMbHLIX KOpHeA. ITopOJK'AaIOlllHe onepaTOp!,I ,{~ 
aa..MTCH B KOBapH8HTHOM BH~e Bblpa;iit8HHeM -
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X 

1,t, =· a,(,-'(,•:.r + .7q fr, J'J+i f'I, Jr~-;ronrrpJ ¥t;,Jlifl). (8) 
:r . ,:t, Do 

~KQHH H3 ,; .flBJI.flH)TC.fl co6cTBeHHblMH M.fl onepaTopa ,(+ ' a <pyHK

QHH H3 tJ, - M.fl onepaTopa ~ • 

TpeTHA naparpaqi noCB.flllleH H3yti:eHHD RJiacca HSY, HHTerpHpyeMblX 

npH noMOl!lH L : 
r 

ia{J-'Q1 + .:Z /Jf"'-) atl.,-1£11.l,'ll= t7. (9) 
/ 1 K=f 

3'A8Cb ;, (.1) - MepoMOpqlHl,18 lpyttKllHH 1, He HM8HllllH8 nOJIIOCOB Ha BeIIte-

CTB8HHOA OCH. 

,lvr.fl ypaBHeHHA (9) BBO'A.f!TC.fl H8CKOJibKO 3KBHBaJI8HTHIDC Ha6opoB 'AaH-

HIDC pacce.f!HH.fl .%' , ~ , ~ B , -7.i, 1J , F.cJIH f (:r., e) Y'AOBJI8TBO-

p.fleT ypaBH8HID) (9) (npH qJHKCHPOB8HHhlX ./J ) ' TO COOTB8TCTBYDl!IH8 

Ha6op1,1 'AaHHIDC pacce.f!HH.fl Y'AOBJI8TBOP.flllT npocTNM JIHH8AHblM ypaBH8HH.flM 

no t ' 3KBHBaJI8HTHblM KBK MeJK,Izy co6oA, TaK H (9). 

3'A8Cb npH 'AOKasaTeJibCTBe 3KBHBaJI8HTHOCTH 3BOJIJ)QHH B 'ABHHIDC 

pacce.f!HH.fl ~ H f,8 ~aHo HOBOe, B oTJIHtlHe OT np8l!Gfero, np.f!Moe ~oKa-

3aTeJibCTBo. 

B qeTaepTOM naparpaqie noKasaHo, ~o cTene~H onepaTopoB 4 
nopo~aDT 3BKOHl,I coxpaH8HH.fl A/I.fl ypaBH8HHA (9). ,lvr.fl HaXo~eHH.fl 3THX 

saKoHoB CYl!lecTByeT 1- nopo~aDlllHX <pyHKUHoHaJioB il;rJJ 
°" (S) -S -1; fl) = .2 .4J .l /1/ ~ oo. .s-, " 
(SJ 

h'.os1ppmIHeHTH .dJ .flBJI.IIXlTC.fl saKoHSMH coxpaHeHH.fl A/I.fl HSY (9). fipHBe-

~eHa HOBB.fl qx>pMyJia 'AJI.fl 3THX 3BKOHOB: 

-. - , 
rs) •j J. / s-, _,_ " (IO) .!J = , ./z '"'s <?, 1- ((f) a~ L IIJptl> , 

- .. 11 

KOTOPB.fl 6onee Ilp8'AnoqTHT8JibHa, TaK KaK nopo~aHll!lHe onepaTOpH BXO~T 

s Hee co cTeneHbll HHllte, qeM o6uqHo. B (IO) qepes I HJ "j / o6osHa-

qeH 6asHc ~ , 6HopToroMaJibHHA K 6asHcy -/ H,1 } ; no~anre6p1,1 h'.ap-

TaHa h OTHOCHT8JibHO cfx:>pw h'.HJIJIHHra <, > • 
'"" Il.f!THA naparpaqi noCB.flllleH H3yti:eHHJJ CHCT8W L H 'AOKa3aTeJibCTBY 

'AJI.fl Hee TeopeMH O pa3JIOl!CeHH.flX no npHCO8~HH8HHblM pemeHH.flM 

,..., (,- "'-f r.~ ... ,-1 £ ~ - I l 'J, = -f, .r ~ -.r / fr, .lj, ., J'(_,/.r)r,,,.l),, cl€ 41-, .lt IR.,., 

~ .. I~ :i"t"' r .P1If2;.i;J f .F-{t r:i-,;-;-:,.1),, ,,'£41- ,.luf/ 
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3'A8Cb ~ == a-1,-~ a-1, ' a :;,t, CYTb aHaJIHTffq8CKHe lpytt,L\8M8HT8Jib-

HHe pemeHH.fl CHCT8Mbl (4s). 

IlOJiytl:8Hbl pa3JIOJIC8HH.fl 'A.JI.fl B8JIHtlHH o{;-/ J's H .f // , H c ~ 
H H3ytl:8H8 CB.fl3b 3THX pa3JIO~8HHA C pa3JIOlK8HH.flMH 'AJI.fl o{J-'Jf H 

tz~ - ✓ ,C~ '/J • Pa3JIOJIC8HH.fl 'AJI.fl a,,r'J'S H ,!VI.fl ~ ,I/ noJiyq:8IOTC.fl 

H3 pasJiolKeHHA 'AJI.fl alTJ -, df H o-{, -if 11,, ?J Ka1rn6poBOT.lHblM npe-

o6pasOB8HH8M H 'A8ACTBl18M onepa-ropa. ,,,± . ,..., 
B meCTOM naparpaqie Bl,lqHCJI8Hl,I onepaTOpbl "± ,!:\JI.fl CHCT8Mbl (7B). 

Ilpl1HQl1ITH8JibHO BSJKHO BHp83HTb HX TOJibKO B TepMHHax nOT8HUHaJI8 38,L\a~H 

(7s), T.e. qepes S'('z) • ,noKa38HO, qTo B CJiyqae, KOr'Aa 3JieMeHT J 
H8XO,L\HTC.fl B O6111eM noJIOllt8Hl1H, T.e. B!,!C>paH TaK, l.lTO c:1r.;J 7' _prJ.J 'AJI.fl 

JII06mc "'I /J € II, 3TO 'A8tlCTBHT8JibHO MOl!tHO C,L\8JI8Tb. CooTBeTCTBYIOlll8.fl 

qJOPMYJia l1MeeT Bl1,L\: x 
'J ,.., ~ a> / /(f) ,.., 1±, j =,£'(a~)!!+ -2, 41.ra~)Sx j< 7.1,lf"'(ai)SjJ A'(l9f· (II) 

·~- • -1-."" 
(f) Cl} <-J 

:£ (a4} , /4tt {a,4) , £,~ (ad's) cyTb MHOroqneHbl 

OT a,4- = f .s:; • J , a qepes <, > o6osHaqeHa cfx:>pMa h'.HJIJIHHra. MHoro-
..1 ro 1 <o aJ 

qJieHl,I TJ ' To4H H /4H CTpO.flTC.fl cnel!HaJibHl,IM o6pa30M no J 
H 38,L\aHHOMY 3JI8MeHTY // € /; • B KOHQe 'naparpaqia 3Tl1 MHOroqJieHH Bl,lqHC-

JI8Hl,I 'AJI.fl CJiytl:a.fl 9" = .r/7(.3, (l;j 
B ce,L\~MOM naparpaqie noKasaHo, qTo HSY, CB.fl3aHH1,1e c 38,L\aqef:1 (7B) 

H KaJIH6poBoqHo-3KBHBaJI8HTHH8 ypaBH8HH.flM (9), HMeIOT BH,L\! 

' ,.1_-1 I- ,_ __, 
-, a;, .ft. + ,?. I,· (111} Ji,, II,== () J7 = atlt--~ a~ . (I2) 

✓ =/ ,1j - ✓ J , " ., 

Ha~eHa Ta!Olte l1X 3KBHBaJieHTH8.fl sarrncb B T8pMl1HaX Ml1HHM8JibHIDC Ha6opoB 

'AaHHIDC pacce.f!HH.fl •. 

B BOCbMOM naparpaqie nOJiytl:8Hl,I CHMnJI8KTHtl8CKHe CTpyKTyp!,! H saKOHl,I 

coxpaHeH11.fl M.fl HSY ( I2), BHpMeHHble qepes 5' • ,lvr.fl STOA UeJil1 BbltlHC

JI.fleTc.fl npo11sBO'Affa.fl ~eme ~(F) oTo6p8llteHH.fl F: s-- '1 , o6paTHoro 

K OT06p8llt8HHH), conocTaBJI.IIXllll8MY nOT8HllHaJIY f {z) H3 JIHHeAHolt 38,L\aqff 

(4B) noTeHQHaJI J'('z) H3 JIHHeAHoA 3~aqH (7B) • .noKa38HO, qTo MeJK,Izy 

Hepapxli.f!MH Cl1MnJI8KTffqBCKHX cfx:>PM J2(..,J 'AJI.fl s~atm L H Jlr,.,J A/I.fl 
~ . 

3~aqH L CY1118CTByeT CJI8,IzyDllla.fl CB.fl3b: 
~ I- (m-1-.I) 

F-l'-.12/..,)= .llr,,,-1-.~-.i.~ <IIJ,lf/>/,11 @elAJ{o}. (I3) 
.J ll',e=I 

3'A8Cb r,/'./2{"')(•, •)= J2(..,){~(-o/,,~(F)•) , aqepe3 {J) 0603-

HaqeHO BHemHee YMHOllt8Hl18. CoOTHOmeH!1e·(I3) o6o6~aeT COOTHOmeHHe, 

noJiyqeHHoe paHee 'APyrliMH asTOPB.Mli 'AJI.fl CJiyq:M fJ, = ..rl'r.,t., <e) 
Bcr9pa.fl rnasa nocs.flllleHa npHMeHeHHD pesyJibTaTOB nepsoA rJiaBH 
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K caMOMY npocTOMY CJiytiaIO fo = ✓/'(.;., C) • Cneumf1rna a.Jire6pb1 

...rl(.r, <CJ TI03BOJIR9T yrJiy6HTb PM pe3yJibTaTOB. 
B nepBOM naparpaq,e noKa3aHo, qTO 061IlHe KOHCTPYKUHH nepBoA I'JiaBbl 

B CJiytiae .rl'(J, C) npHBOAHT K HBHO KaJIH6poBOqHQ-KOBapHaHTHOA nepe

!pOPMYJIHpOBKe 3HaKOMblX <pOPMYJI H pa3JIOlK9HHA. 
Bo BTOpOM naparpaq,e o6c~eHbl 3aKOHbl coxpaH9HHH AJIH HSY, CBH-

38HHblX C 3SAaqetl (4a). 0TH 3aKOHbl HM9IOT BHA: 
~""' r 

C,.-=-:,/./.rfi,{z), /ll{r)=/<[ZJ,j'p}, t1;7,,),j, JV=~-!,···• (I4) 
+,o -- -

TipoBeAeHO HOBOe KOBapHaHTHOe AOKa3aTeJibCTBO JIOKaJihHOCTH TIJIOTHOCTeA 

/JAi 3THX 3aKOHOB. ~ 
BbJt.!HCJieH nopOJKAalOl!\HA onepaTop AJIH CHCT9Mbl fo 

)( 

7+ i = _j_ [" '4l a 7].,. .i.. ["J,,J;,1J/< .f",,y fM) ./~ ( I5) 
f-J of , n:z .1. u > P q 
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H OTIHCaH KJiacc HSY, CBH38HHbIA C yKa3aHH~A CHCT9MOA: 

. ~ ~ ~ /2 -..1..[J;.J;,tJ-1- ..f'(/1.,.)~l,=t:7 ~= -1.aPr. 
~ , / j - J , -9 "" 

( B 3TOM BblpaJKeHHH /dJ - MepoMOpq>HaH qiyHKIIHH. OT 11 
COB Ha Be~eCTB9HHOtl OCH). 

(I6) 

He HMeIO~aH TIOJIIO-

KoaapH8HTHoe AOKa3aTeJibCTBO JIOKaJibHOCTH TIJIOTHOCTeA 3aKOHOB cox
paHeHHH (I4) npHBOAHT K HOBOMY pe3yJibTaTy - qTo ypaBH9HM (I6) HM9IOT 
cepmo 3aKOHOB coxpaHeHHH 

X . 
f>o 

CK =-.I;/ .lz fl'(z), fi,, (z) = /<.J;J', {f~,fJ>7, A'= ij~•·· (I7) 
-~ ~~ 

C JIOKaJibHb!MH H TIOJIHHOMHaJibHblMH no J'r:r} H ee npOH3BOAHb!M TIJIOTHOCTHM. 

TpeTbH I'JiaBa COAep~T reoMeTpHqeCKYIO HHTepnpeTauHIO TeopHH nopolK
AaIO~HX onepaTopoB. 

TiepBbIA naparpa¢ HOCHT BCTIOMOI'aTeJihHbIA xapaKTep - B HeM co6paHb1 
Heo6XOAHMb19 CB9A9HHH O reoMeTpuqecKHX CTpyKTypax DyaccoHa-HeAHXeAca 
( P-,V -cTpyKTypax). 

Bo BTopoM naparpa¢e noKa3aHo, qTo npoueAYPY noeyqeHHH onepaTopa 
HeAHXeAca ,4/ KaK OTHOW9HHH AByx nyaCCOHOBHX T9H30pOB: 

aJ/f,:-J = - a? .J', 

f'rtJ :z - a,f y + 
; _,g_ 

1]:,c 

(IS) 

( KOTopaH paCCMaTpliBaJiaCb AO CHX nop AJIH CJiyt!aH /- = .rtf'('n, d:!J ) 
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MOllCHO o6o6~HTb Ha CJiytiaA" JII06oA npOCTOA a.JII'e6pb1. TipH 3TOM conp~eH
HNA onepaTop #.,.. paBeH ,{± • .L(OK838HO np9AJIOlK9HHe O !pYHA8M9HTaJibHb!X 
noJIHX H !pOpMax p:..,v CTPYKTypbl, onpeAeJieHHOA T9H30p8MH ef)' H ,4/ , 

KOTOpoe AaeT reoMeTpttq9CKYIO HHTepnpeTaQHIO pe3yJibTaTOB, TIOJiytI9HHblX 
AJIH HSY (9). 

B TpeTbeM naparpa¢e npHB9A8Hbl Hj'JKHble CB9A9HHH OTHOCHTeJihHO OT06-
pWK9HHH MOM9HTOB, CBH38HHOI'O C KaHOHHqecKHM A9ACTBHeM rpynITbl JlH Ha 
CHMTIJI9KTttq8CKOM MHOI'oo6pa3HH. !1oKa3aHO, qTo OCHOBHble KOHCTPYKUHH 

nyaCCOHOBHX CTPYKTyp AJIH HSY (9), noJiytiaeMblX B pa3HblX TIOAXOAaX -
a.Jire6pauqecKOM H reOMeTpuqecKOM,COBTISAaIOT. 

B qeTBepTOM naparpa~e o6c~aeTCH OT06p!ll!teHHe, conocTaBJIHIO~ee 
noTeHUHaJIY H3 3SAaqH ( 4B) pemeHHe v!ocTa ~ • . OTO OT06p8l!teHHe HMeeT 
CMbICJI o6paTHOI'O K OT06pWKeHHIO MOMeHTOB ¢,., Ha 6ecKoHeqHoMepHOtl rpyn-
ne Ge f:c] , COCTO~etl H3 -"'=KUHtl .£; IR - G , ~-- .f'rz) = e , ~n . ✓- z~~~ 

.t.·--; .. :f.r,::) := ~ II/ , . 117 € k . 3AeCb G - CBH3HaR rpynna JlH, 
COOTB9TCTBYIO~aH aJire6pe 9" 'a e - 9AHHHqHbIA 3JI9M9HT B HeA. 0To6pa-
lK9HHe COOTBeTCTByeT JI8BOHHBap11aHTHOA CHMTIJI9KTffq9CKOA qiopMe Ha 

r;c [ .:r J , 3SAaHHOA B TQqKe e onepaTopoM AHcixfJepeHUHPOBBHHR - . 
i flz • EcJIH qepe3 ~ 0603HaqifTh npocTpaHCTBO AOTIYCTHMblX noTeHQHa-

JIOB AJIH 3aAaqH (4B) (orpaHHqeHHoe H9KOTOpbIMH eCT9CTB9HHb!MH Tpe6oBa

HHHMH), TO TIOAMHOI'006pa3He pemeHHtl v!ocTa: 
h G ~-f • c .,.,.,, = l"c.i ( ~) c: G f:rJ 

TpaHCBepCaJibHO K CJIOeHHIO, 3SAaHHOMY TIOJIRMH TIOATIPOCTpaHCTB lu-./2 . 
3AeCb ./2 -npaBOHHBapHaHTHaH 2-¢opMa, 3SAaHHaH B ToqKe e onepaTopoM 
atl.J . Ha 4 G ecTeCTB9HHblM o6pa30M BBOAffTCH P-IV CTPYKTypa> 

<le.) - CBH3aHHaR He C Bbl!lleynoMHHYTOtl CTpyKTypotl Ha _.Rp , a C APY-
rotl, 38A8HHOA T9H30p8MH #

2'1' H # • Te.KHM o6pa30M npOHCXOAHT CABHI' 

B HepapXHH· /J-AI CTpyKTyp Ha ABa mara. ,nanee, BBHAY TiaHCBepcaJihHOCTH 
-4 6 K ynOMRHYTOMY CJI09HHIO, P-AI CTpyKTypa Ha ~ npoeKTHpyeT-
CH TipH TIOMOmH OT06prutteHH.R ¢,n ( t/;,) = ~ -/ ,7 ~P Ha TIOAMHOI'006pa3He 

0 Cz] ipyHKUHtl BHAa S': IR - 0 ' ,&:u, .f't"zJ = .J' • 3A9Cb 
. :c ~±Do 

.~ - KJiaCCHqecKaH op6HTa 3JI9M9HTa ,7 OTHOCHT9JihHO npHC09AHH9HHOI'O 
npeACTaBJieHHH rpynnbl G • fioJiytieHHaR P-,Y CTpyKTypa Ha Y,;fzJ (MHO
roo6paaue noTeHUHaJIOB aaAaqH (7B)) 3SAaeT HepapxH~ CHMTIJI9KTHq9CKHX 

cpopM, paCCMOTpeHHblX B nepBotl I'JiaBe AJIR OnHCaHHH raMHJibTOHOBOCTH ypaB
HeHHtl (I2) • 

B nocJieAHeM naparpaqie, c y-qeToM CBJI3H MSJKAY CTPYKTYPB.MH Ha /4 , 
~ (j H &; £:r] Bl,lqHCJI9Hbl Ha Ka)KAOM H3 3THX MHOI'006pa3Htl TIOAaJII'e6pbl 

H3 ipyHAaM9HTaJibHhlX noJietl B HHBOJIIOUHH' KOTOpble B CJiytiae 4 H @J fzJ 

3aAaIOT ~HHaMHtleCKHe CHCT9Mbl (9) H (I2) COOTB9TCT.B9HHO. TaKHM o6pa-
30M TIOJiytieHa reoMeTpuqecKaH HHTepnpeTaUHH peayJibTaTOB nepaotl I'JiaBbl. 
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J1,,Ifl 38ffiHTbl BIAABHra~TCfl CJieJl.VJOmHe·pe3yJibT8Tbl: _ 

I. Pa3pa60TaH RBHO KMH6poaoqHo-KOBap1-1aHTHHA no'AXO'A K TeopHH 
nopollt,l\aID!llHX onepaTopoa I~ 1-1 J; , CBR3aHHblX c o6o6~eHHon 3~aqeA 
3axapoaa-Illa6aTa L 1-1 ee ;an1-16po-aoqHo-aKBHBMeHTHOA cHcTeMoA L . 

2. ITpeMo~eH cnoco6.RBHOrO Bbim1CJieHHR onepaTopoB 7r B TepMH
HaX noTeHQHMa c1-1cTeMhl T . 

3. IlpO'AeMOHCTpHpoBaHa rpy~aMeHTaJibHafl pOJib onepaTopOB 4 1-1 .J; 
npH HCCJie'AOBaHHH CBOACTB HaY COJIHTOHHOro THna. TaK,c I-IX noMO~ID 
Y'AaJIOCb: 

a) OilJ-ICaTb KJiaCCbl ToqHQ pemaeMHX HaY THna HeJil-!HeAHoro ypaBHeHHfl 
Illpe'AHHrepa 1-1 rpeppoMarHeTHKa reA3eH6epra; 

6) BbltrnCJIHTb IlJIOTHOCTJ-1 3aKOHOB coxpaHeHHfl 'AJ!fl 3THX HaY; 
B) nocTpOHTb 'AJ!fl BblllleyKa3aHHb!X ypaBHeHHA 1-1epapx1-11-1 CHMilJ!eKTJ-lqe

CKHX CTPYKTYP,OTHOCHTeJibHO KOTOpb!X OHi-i raMHJibTOHOBbl. 
4. IlpoBe'AeHO HOBOe 'AOKa3aTeJibCTBO JIOKaJibHOCTH 1-1 noJIHHOMHMb

HOCTH IlJIOTHOCTeA 3aKOHOB coxpaHeHHfl MR HY!Il, 1-13 KOToporo cJie~eT 
JIOKaJibHOCTb 1-1 noJIHHOMl-laJibHOCTb nJIOTHOCTeA 3aKOHOB coxpaHeHHfl Mfl ~r. 

5,faa ecTecTBeHHafl reoMeTp1-1qecKafl HHTepnpeTal.lHfl onepaTopoa 
I± 1-1 I± 1-1 CBR3H Me~ HHMH Ha R3h1Ke MHoroo6pa31-1A flyaccoHa-HeAH-
xenca: ..r- ,.., . 

a) onepaTophl ·'r 1-1 1:r-Jf- OTOllt,l\8CTBJieH!,I C COOTB8TCTBJID!llHMH 
onepaTopaMH HeAHxeAca; ~ 

6) noKa3aHo, qTo HaY, CBR3aHHble c 3a'AatlaMH L 1-1 L, nopollt,l\eHH 
!pyH'AaMeHTaJibHh!MH noJIRMH f>-/y CTpyKTyp Ha COOTBeTCTBJID!llHX MHoro
o6pa3HflX, 
Anpoelamrn 

Pe3yJibTaTbl ~ccepTal.lHH ~OKJI~MHCb Ha Pfl'Ae ceMHHapoB JIBTA • 
1-1 JIT~ OIDIB (,lJ,y6Ha), a Ta!Olte Ha ceMHHapax B HT~ HM, JI.,n.JiaH'AaY AH CCCP 
(MocKaa), MHAH CCCP HM. B.A.CTeKJIOBa (MocKBa), JieHHHrp~cKoM OT'AeJie
HHH MHAH CCCP HM,B,A.CTeKJioaa 1-1 Ha M~apo'AHOM cHMnO3HYMe no 
H36paHHb!M npo6JieMaM CTaTHCTHtleCKOA Me~aHHKH B ,lJ,y6He B I984 r. 
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