CAMOCOINPAMEHHOCTD ¥4 CYLULECTBOBAHME OMHAMUKA

Mot npuseikau caumame, 4mo K020a Heamo usme-
HACMCA, OHO HAXOOUMCA 8 COCMOAHUU  USMeHeHUs,
a xoaaa Heumo Osusicemcs, oHo npeboleaem 8 COCMOA-
Huu Osumenusn. Tenepe HaM u38eCMHO, 4MO IMO He
max.

B. PACCEJI

X.1. PacuiupeHus CUMMeETPUHUECKKX OMNepaToposB

M HauMHaeM 3Ty TrJlaBy C H3y4yeHHs CHMMeTDHYECKHX OIllepa-
TOpPOB M HX paciminpeHuil. IIpeRie Bcero Mbi XOTHM OTBSTHTHb Ha [Ba
BoIIpoca: Korja CHMMeTpHYeCKHe olepaTophbl 06/alaioT caMOCONpSi-
JKeHHHIMH pacllHDEHHSIMH, M €CJIH TaKHe PacHlupeHHs eCTh, TO KakK
HX oOxapakTepusoBaTh? Ha 3TH BoIpochl OTBeyaeT pas3BuTass (OH
HefiMaHoM TeopHsi MHIEKCOB JAedexra, KOTOPYIO MBI OyAeM CTPOHTH
C HCIOJIb30BAHHEM MHOI'HX TEXHHUYECKHX IPHEMOB, yikKe IIPHMEHSB-
OINXCSH [PH J0Ka3aTesIbCTBE OCHOBHOTO KPHTEPHS CaMOCOIPSIKEH-
HoctH (reopema VIII1.3) B ru1. VIIL.

Hauatpk noJie3HO ¢ 00BsSICHEHHS TOTO, IOYEMy Hac HHTEPeCyioT
CHUMMeTpHUYecKHe HecaMOCONpsikeHHbie omnepaTophkl. OueHb YacTo B
KBaHTOBOff MeXaHHMKe HJH KBAaHTOBOH TEOpHH IHOJs (DH3HUeCKHe
coobpakeHHsZ NPHBOAAT K (JOPMaAJIBHOMY BBIPAXKEHHIO AJIA TaMHJb-
TOHMAHA CHCTEMEHI, KOTOpOe OOGBIYHO IpejcTaB.sieT coboit Auddepen-
IHaJbHBI OIepaTop B NoaxoAsmeM L:-mpocrpaHcTBe. MBI TOBOPHM
«popMaJILHOMY» B TOM cJyd4ae, Korja 006J1acTh OnpelejeHHsi TaMHJib-
TOHHaHa He 3ajZaHa To4HO. OGLITHO JIerKO Ha#TH MJIOTHYIO 006J1acTh,
Ha koTopofi ¢dopMaJsibHBEIflF raMHJIBTOHHAH 3aJaeT KOPPEKTHO Olpe-
IeJleHHHI cUMMeTpuyecKu# omepatop f. Ho kBaHTOBas AWHaMHKa
JOJIXKHA 3aJaBaThbCsi yHHTapHOH rpynmnofi, a u3 TeopeMbi CroyHa
(reopema VII1.8) wusBectHo, uTto WHPUHHTE3IHUMAJBHEI!L TeHepaToOp
TaKO# TPYNINbI JOJKEH OBITh CAMOCONPsiKeHHEIM. Ecan saMblkanue
oneparopa H caMOCONPsIKeHO, TO MOXKHO HCIIOJb30BaTh H. Ho ecin
H He caMOCONpsiKEHO, TO ECTECTBEHHO CIPOCHTh: uMeer ju H camo-
compsizKeHHHIe paciiupeHHs? M ecau Takux paciiuperRH# HECKOJIBKO,
TO Kakoe U3 HHUX HaJO BBIOpaTh MJIS OMUCAHHUS AUHaMHKU? B cay-
yae, KOrja CaMOCONPSIKEHHBEIX PacCITHPEHHHA CylecTBYeT HECKOJIBKO,
OHH OOBIYHO OTBEYAIOT PA3THUYHOMY (usuuecKkomy rnosedeHu!0 OMHUCHI-
BaeMo#l cucreMwl. M motomMy 3ajaua Bei6Opa <«HpaBHJIBHOFO» CaMO-
CONPSAXKEHHOTO DAaCHIMPEHHS — 3TO He [IPOCTO BONPOC MaTeMaTHYeCKOH
«T€XHHMKH», HO IIpo6JjieMa, TeCHO CBsidaHHasi C QU3HKOH ONHCHIBAeMEIX
SIBJIEHHUH . ,H.a.m;qeﬁmee o6cyxaeHHe 3TOH NpoGJsieMbl MPOBONUTCA B
npuMepax 1 u 2 3Toro paspena,
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OrMeTHM, 4TO B 3TOM pasfeiie 06CYXKIAIOTCS PACIIMPEHUS 3AMK-
HYMmolX CHMMeTPHYeCKHX OIlepaTOPOB. IDTO He IMPHBOAUT K ImOTepe
OGLIIHOCTH, IOCKOJIbKY JiI0O0OH CHMMETDHUEeCKHH OllepaTop HMeer
3aMblKaHHe, a ONepaTOP M €ro 3aMbiKaHHE HMEIOT OJHH H Te XKe
3aMKHYTHI€ paclIHpeHHUs .

Teopema X.I. Ilyctb A-—3aMKHYTHH CcHMMeTpuYecKuii omepaTop
B runbbepToBOM InpocTpaHcTBe FZ. Torza

(1a) Bennunna dim [Ker (A/—A*)] nocrossHHa Npu H3MeHEHHH A B
OTKPBITOH BepxHell MOJYMJIOCKOCTH.

(1b) Bemuunna dim[Ker (A/ —A*%] nocrositHHa 0Hpu H3MeHeHHH A
B OTKPHITON HUKHEH NOJYIJIOCKOCTH.
(2) Cnektp A 3anojnHsier 00HO U3 CJAEAYIOMHX MHOXecTB B C:
(2) 3aMKHYTYIO BEDPXHIOIO MOJIYIJIOCKOCTD;
(b) 3aMKHYTYIO HHXHIOIO NOJYIJIOCKOCTb,
(c) Bcloo MIOCKOCTB;
(d) noaMHOMXKecTBO BellleCTBEHHOH OCH.

(3) Omnepatop A caMocOmpsiKeH TOTAa B TOJBKO TOTIa, KOTJa pea-
~ Jusyercs cayuafi (2d).

(4) Omnepatop A camoconpsixKer TOTZa ¥ TOJBKO TOrjJa, Korja obe
pasMepHOCTH, 0 KOTOPbiX uzer peub B (la) u (1b), paBHB Hy.IO.

Hoxazameascmso. Tlycte A =v-+ipn, p540. [Tockonbky A cummer-

‘puueH,
[A—A)or=p2o[t X.1

ans Bcex @ €D (A). U3 aroro mepaBeHCTBa B 3aMKHyTocTH A He-
MeJJIEHHO BhiTeKaeT, 4TO Ran (A—A) —3aMKHYyTOe NOANDPOCTPAHCTBO
B . Boaxee toro,

Ker (A— A*) =Ran (A— A) L, (X.2)

3TH yTBep:XKieHHsi HOKasblBalOTCs, Kak B Teopeme VIIL.3, rae A=i.

TlokaxeM Temepb, YTO UPH HOCTaTOYHO Magmix M €C moampo-
crpanctBa Ker (A— A% u Ker ((A+1)—A*) uMeoT oAMHAKOBLIE pas-
mepuoctu. Ilyets u u3 D (A*) aexut B Ker ((M+m) — A%, npuueM
ju|=1. [pexnosoxnm, uro (u, v) =0 mnsa Bcex v € Ker (A—A%).
Torxa, B cuny (X.2), u€Ran(A—4), tak uro B D(4) cymecrt-
ByeT ¢ co cBoiictBoM (A—A) @ =u. B urore

0=(((A+0—AYu, ¢)=(u, A—Aye)+n(u, ¢)=
=[ult+n @ @),

uyro npu |{n|<|p| npusomut K npcm«iBopeqmo, HOCKOJABKY, B CHJIY
(X.1), le|<<]u|/ln|- Takum oGpasom, ecau |n|<|wn|; T0 B nOx-
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npocrpancrse Ker ((A 4+ 1n) — A*) He CymleCTByeT BEKTOPA U, JIEKAIIETO
B Ker (A\—A*)L. Teneppr mnpocrie coo6paxeHHsI, OCHOBaHHHIE Ha
cBOfiCTBaX NPOEKTOPOB (3axaia 4), MOKa3HBAIOT, YTO

dim[Ker ((M +n)— A% ] << dim [Ker (A —A4%)].

Ananoruunble coo6pax<eHHsl IMOKAa3wIBaIOT, 4TO ecau |n| < |p|/2, To
dim [Ker (A— A% ]<{dim [Ker ((A +n)— A%)], oTkyna -

dim [Ker (A — A% ]=dim[Ker ((A +n) — 4%)]

npu |n}<|w)/2. Tlockoneky pasmepHocts dim [Ker (A —A*%)] Jo-
KaJIbHO IIOCTOSIHHA, OHA HMOCTOSIHHA BO Bceff BepxHefl MOJIYNJIOCKOCTH
4 NOCTOSIHHA (HO, BOOGLIe rOBOpS, ApYras) B HHUKHeH MOJYIJIOCKOCTH.
Aro poxaseiBaer (l). :

Hs (X.1) Beirekaer, uro npu ImA =40 omeparop A—A Bcerza
o6najaeT orpaHMYEeHHEIM JIeBHIM ofpaTHEIM, a u3 (X.2) ciexyer, 4TO
ofparHeifl onepaTop 3ajaH BCIOAY Torla H TOJIBKO TOrja, Koria
dim [Ker (A —A%]=0. Takum o6pasomM, u3s sacru (1) moxasmiBaemoi
TEOpEeMB! CJIeyeT, YTO KaXasi U3 OTKPHITHIX NOJYIJIOCKOCTel — BepX-
HsIs M HUXKHSISI — II€JTHKOM NIpHHAUIeXKHUT Jubo CekTpy onmepatopa 4,
Ju60 ero pe3osbBeHTHOMY MHOXe¢TBY. C yueToM 3aMKHYTOCTH O (A)
oTciona BHTeKaerT (2). YTBepxaeHus (3) u (4) npexncrasiasiior coboft,
B CYLLHOCTH, NepedopMyJHpOBKH Teopemul VIIL.3. §

Caedcmsue. Ecan A —1oayorpaHuueHHHH 3aMKHYTHH CHMMETPH-
yeckuii oneparop, T.e. (A, ¢)=—M| o2, To dim[Ker A—AY)]
nocrostHHa Jiisi Bcex A €ECN\[— M, o0).

Jloxasameascmeo. 1o cielCTBHe BHITEKAeT H3 AOKA3aTEJNbCTBA TeO-
pemu’ X.1, n6o Te Ke paccCyXI€HHs O HEH3MEHHOCTH Pa3MEPHOCTH
MOMKHO NMPOBECTH MJIsI BCEX BelLIECTBEHHBIX A H3 (— oo, — M), cBs-
3aB TeM CaMbiM KOHCTAHTHI, OTHOCSILLHECS K BeDXHeHl H HUXKHeH moJy-
miaockocTsaM. B

Caedcmeue. Eciu B pe30sbBeHTHOe MHOMECTBO 3aMKHYTOT'O CHM-
METPHUECKOTO OllepaTtopa nomajaer XxoTs Okl OAHO BelieCTBeHHOE
YHCJO, TO TAKO# ONMepaTop CaMOCOIpSIMKEH.

Hoxasameavcmao. Tak Kak pe30JIbBEHTHOE MHOMKECTBO OTKPHITO H
B paccMaTpHBaeMOM CJiydae COAEPIKUT TOUKY BellleCTBEHHOH OCH, OHO
COJIEPIKUT TAKXKE TOYKH BepXHell H HINKHEH MOJIYNJIOCKOCTH. ¥ TBepXK-
neHue CJENCTBHSl BbITeKaeT TOTJa ud myHKTa (3) Teopemul X.1. B

[TOCKOJIBKY Pa3MepPHOCTH Sep oNepaTopos i— A* u i-- A* urpaior
BaXKHYIO DOJIb B TEOPHH paclIuPeHuH, yao6HO JaTh MM ClelHailbHEIE
HaHMCHOBaHHUA,
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Onpedeaenue. Ilyctb A—cuMmeTpuyeckuii onepaTop u
% . = Ker (i—A*) = Ran (i + A)L,
¥ _=Ker (i+ A*) =Ran (— i + A)L.

MuoxecrBa %', HasniBaloTcs AetheKTHBIMH NOAIPOCTPAHCTBAMH Ome-
patopa A. Ilapa wuncen n,, OmpexensieMbBIX PaBEHCTBAMU .=
=dim[%.], nasniBaercss HHEekcamH pedekTa oneparopa A.

OrMeTuM, 4YTO B KayecTBe WHAEKCOB AedeKTa MOMXKeT BHICTYaaTh
Jio6asi Mapa HEOTPHIATENBHEX HEJHX YHCes; BO3MOKHO AaXKe, UTO 71,
uiay n_ (uiau ob6a OHH cpa3y) paBHBL GeckoHeyHocTu. B sajaue 1
YUTaTeNIO0 NpefJjaraercsi NOCTPOHTH COOTBETCTBYIONHE NPUMEDHL.

TIpuctynuM Teneps K MOCTPOEHHIO 3aMKHYTHIX CHMMETDHYECKMX
pacnpenuft oneparopa A. Ilyctb B—HeKOTOpoe Takoe pacmupe-
HHe. Torma aus ¢ € D (B*) u Bcex $E€D(A)

(b, B*¢)=(Bb, 9) = (A, 9).
CrnenoBaresibHo, ¢ € D (A*) u B*p = A*p, Tak uTO
A=B=B*< A (X.3)
BeemeM aBe moJsyTtopaJguHeiiHHe gopMmbl Ha D (A*):

((P1 1'p),&!= ((p7 lp) +(A*(P, A"P),
[0, v]a=(A%*, V) —(®, A*Y).

IToanpocrpanerso 3 D (A*), B KOTOpOM AJisl JIoGOH Maphl BEKTOPOB
‘P, P cIpaBeNJIUBO PaBEHCTBO [@, Y], =0, HazoBeM A-CHMMETPHYECKHM.
HasbiBass nmogmpocrpancTBo us D (A*) A-samkuyThim uiu A-opro-
rosajbHbiM, OyieM UMeTb B BUAY BHYTpPeHHee NpOu3BeleHuUe, 3aja-
Baemoe GopMOH (-, -)4.

Jdemma. Tlyctb A —3amMkHyTHI cHMMeTpuuecku#i oneparop. Toria

(a) 3aMKHyTHe CHMMETDHUeCKHe paclupeHusi omepatopa A cyTh
cyxeHuss A* Ha A-3aMKHyTHe A-cUMMeTpUYECKHe MOANPOCTPaH-
crBa us D (4%).

(b) MuoxecrBa D (A), # . u K _ cyTb A-3aMKHYTHE B3aUMHO A-0pTO-
rOHaJIbHbie NOANpOCTpaHcTBa u3 D (A*) u

DA =D (A D% .Da% .

(c) CymecTByeT B3aMMHO OZHO3HAaYHOE COOTBETCTBHE MeXAy A-3aMK-
HYTEHIMH A-CHMMETpUUYeCKMMM MOANMpOCTpaHcTBaMu ScD (A%),
conepxamumu D (A), u A-3aMKHyTHIMH A-CHMMETDHYECKHMH

nopnpoctpancTBamu S,k B, % -, 3anaBaeMoe paBeHCTBOM:
S=D (A)D,S,.

Hoxasameavcmeo. Jjisi AKoKasaTesbcTBa (a) 3ametuM, uto u3 (X.3)
ciaeayeT, 4yro JioGoe cUMMETpHYecKOoe pacluupeHue A colepXHUTCS
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B A*. Jlasnee, pacumupeHHe 3aMKHYTO TOrZa H TOJBKO TOTJa, KOTHa
ero o6JacTb omnpefejeHHss A-3aMKHyTa, M CHMMETDHYHO TOTJa H
TOJILKO TOTAa, KOTZa ero o6iactb onpefeeHHs: A-cHMMETpHYHA.

IOas nokasateanctBa (b) ormerum, uro D (A) camo mno cebe
A-3aMKHYTO, MOCKOJIbKY 3aMKHYT omepartop A, a ¥, Toxe A-3aMK-
HYTHI, [MOCKOJIbKY OHH YXe€ 3aMKHYTHl B 6oJjiee cj1aGOH TOMOJIOTHH,
nopoxzaaeMofi OGHYHBIM BHYTPEHHHM NpoH3BeAeHHeM. OpTOTOHAJIb-
HOCTb 3THX TpeX INORMNPOCTPAHCTB NOKAa3bIBAeTCS MpPSMBIM BhlUHCJIE-
HHeM, KOTOpoe Mul onyckaem. IIpexmosoxum, uro YED (A*) u
Y| DA DK P,F . Nas ¢ € D (A) umeem (@, P)+ (A%, A*p)=
= (@, P),=0Q, TaK 4O

(o, P) =— (A(P’ A"p)-

CuaepoBatensio, A*$ €D (A*) u A*A*p=—1p. Jlanee, us C00THO-
[IeHHS .
(A*3-i) (A*—i) p= (A*A*+1)p=0

3akjioyaeM, 4to (A*—i)YEX ... Ho econ (PE%:., TO

i (@, (A*—i)¥) =(p, V) + (A%, A*)=
= ((Pf \p)A = O’

nocKoybky P | 4% ... Takum obpasom, (A*—)p=0, T.e. PEFK ..
[TockoabKy P | 4%, To P =0, 4To U 3aBeplIaeT Z0Ka3aTeabcTBO (b).

[lycte S, ectb A-3aMkHyTOe A-CHMMETPHYECKOE IOAIPOCTpaH-
ctB0 B K. D K- B 0= ,+@;, P="P,P;, r1e @, P, €D (A);
Q.. P; €S;. Torza [@,, P,]4=0, H60 A—cuMMeTpHYecKHii omepa-
T0p, ¥ [@y, Y ]s=0, 60 noxmpocrpaHctBo S; A-CHMMETPHYHO.
Jlaxee,

[®0s Pila= (A% P1)— (@, A*Y,) =
= (A, V) — (@, A*YP,) =0

B cHy TOTO, uTo @, €D (A) u P, € D (A*). AHaJOrH4YHOE paccyx-
JeHue rokasbiBaeT, 4To [@;, P,]4 =0. Takum oGpasom,

[(P’ "p]A = [(Po’ "po]A + [(Pp "po]A + [(Po’ ‘q’l]A -+ [(Pv 'lpl]A =.0

u S=D(A)P, S, npeacrasaser cobofi A-cHMMeTpHYeCKOe MOANPO-
CTpaHCTBO, KOTOpoe A-3aMKHYTO, MOCKOJBKY D (A) u S, 06a A-3aMkK-
HYTH H A-OpPTOTOHAJIbHEL.

O6patHo, nyctb S aABaAserca A-3aMKHYTBIM A-CHMMETPHYECKHM
nognpoctpaHcTBoM B D (A®), cogepxaimum D (A). Ilycrs S;=8N
N .P,%¥.). Torga S; oueBHIHO A-3aMKHYTO H A-CHMMETPHYHO.
IlpennonoxuM Tenepr, 4T0 @€ S. Torga BexkTOp ¢ OZHO3HAYHO
NpeJCcTaBUM B BHAe ¢ =@, ¢, t2e ¢, €D (A) n ¢;€XR, P, ¥ ..
IMockoarky D(A) = S, T0 @, € S, OTKYyZa BHITEKAaEeT, UYTO @; TaKKe
gexur B S. B wurore @, €S; u S=D(A)P,;S;. Dro Hokasm-
Baer (c). A
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Tenepb MBI MOATOTOBJIEHB! K JOKa3aTe/bCTBY OCHOBHOH TeopeMsl
3TOro pasgeJa.

Teopexma X.2. Ilycte A-—3aMKHYTHIH CHMMETPHYECKHIl omepaTop.
3aMKHYTHle CHMMETpHYECKHe pacliHpeHusl omepatopa A HaxomaTca
BO B3aHMHO OZHO3HAYHOM COOTBETCTBHH C YaCTHYHHLIMHM H30METPHSIMH
(OTHOCHTE/NILHO HCXOJHOI'O BHYTPEHHEro MpoHu3BeJeHHs) IpOCTpaH-
ctBa ¥, B .. Ecim U—opHa M3 TaKHX H30OMETDHH ¢ Hakallb-
HeIM nognpoctpaHcTBoM [ (U) =% ., To oTBeuaioilee edl 3aMKHYyToe
CHMMETPHUEeCKOe paciuupeHHe A, 3agaHo Ha o6/acTH

D(Ap)={o+o,.+Ue,|9€D(A), (P+EI(U)}'

Ap(et+o, +Ue,)=Ao+ip, —ilUg,.

Ecim dim[] (U)] < oo, TO uBAeKcH jAedekra A, paBHH
s (Ap) = s (A)—dim [ (U)].

Hoxasameascmeo. Tlycts A;—3aMKHYTOE CHMMETPHYECKOE pacliHupe-
Hue onepatopa A. M3 noka3aHHOfi Bhllle JeMMBl MElI 3HaeM, YTO
DA)=DA)PD 4S;, rze S; ectb A-zaMKHyTOe A-cHMMeTpHYECKOE
nopnpocTpaHcTBo B K, P, K ... Ecau ¢ €S;, To HMeeT MeCTo oxHO-
3HayHoe pas/ioxkeHue @ =@, +¢.. M3 A-cummerpuynoctu S; cJe-

AyeT, 9To :
0= (A%, 9)—(9, A*p) =
=20 (P, _)—2i (9, ),

lof?=]o-] (X.4)

Tlockoabky S;—mnoanpocTpaHctBo B ¥, (P, % _, (X.4) nokassiBaer,
uyro oTOGpaXKeHHe @, >¢_ 3ajJaeT H3OMETPHIO NOAMNpocTpaHcTBa ¥,
B % .. OO6Go3HauuM COOTBETCTBYIOLee YacCTHYHO H3OMETPHUYECKOe
oTo6paxeHue yepes U. Torza

D(A1)={(P+(P++.U¢+|¢€D(A}s P, €U} (X.5)
u

Ai(@+o,+Uo)y=A*"(¢+o. +Ug,)=Ao+ip, —iUg,. (X.6)

O6parno, nycte U —wu3omerpua nogmpocrpaHcTBa X, B K _;
onpefeaum D (A,) u A; dopmyaamu (X.5) u (X.6). Torza D (A,)
ecTh A-3aMKHyTOe A-CHMMETpHYecKoe INOoAMNpocTpaHcTBO B D (A*),
TaK YTO, B CHJIy JIeMMhbi, A;—3aMKHYTOe CHMMETPHYECKOE€ pacliH-
peHue A.

YrBepxaeHue o0 uHpeKcaX AedeKTa JIeTKO BBIBECTH, PacCMOTpPeEB
o6JacTH 3HaYeHHit onepatopoB i+ A, u {— A,, 3agaHHuX Ha D (4,).

H

OTKYZa

Caedcmsue. [lycts A—3aMKHYTBI CHMMETDHYECKHH orepaTop
c uHpAekcamHu gedekra n, u n_. Toraa

& M 1749
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(a) A camocompsKeH TOTga M TOJBKO Torjaa, korgan, =0=n_.

(b) A o6namaeT caMOCOMNPAXKEHHBIMH PACIUIHPEHHSIMH TOTJA H TOJBKO
Torga, korja n, =n_. CymecrsyeT B3aHMHO OfHO3HAayHOE COOT-
BETCTBUE MEXAY CaMOCONpPSKEHHBIMH PaCIUHPEHHSIMH OfepaTopa
A ¥ yHHTapHBIMH OTOGpaxkeHHsIMH u3 %, Ha ' _.

(¢) Ecmun, =0<n_umn_=0sn,, T0 A He UMEeT HETPHUBHAJIb-
HBIX CHMMeTPHYeCKHX pacliupeHuH (Takue onepaTopkl Ha3bIBaloOTCA
MAKCMMANbHBIMH CHMMETPHUYECKMMH).

fipumep 1. PaccMOTPHM C HECKOJILKHMX TOYEK 3PEHHs MPHMEp, yXKe
npuBoguBminiics B § VIII.2. Ilycte T —omnepartop id/dx B L2(0, 1)
¢ o6aacTbio onpegenenus D (T)={p |9 € AC[0, 1}, ¢ (0)=0=9¢ (1)}.
B § VIII.2 6mso mokasaso, uto T*—3T0 omepatop {d/dx, ompege-
nenunlit Ha D (T*)=AC]|0, 1].

ITockonbky omnepatop T CTOJb NPOCT U MOCKOJBKY 06/1aCTh Ofpe-
JeJleHHsi CONPSIKEHHOro omepatopa 7* H3BecTHa HaM B SIBHOM BHJE,
MBI MOXKeM MHOCTPOHTh CaMOCONpsixKeHHEIe pacmiHpeHuss 7', He IpH-
Gerass K IMOMOWIH TOJBKO YTO Pas3BHUTOM TeXHHKH. IloydyHTesbHO
C 3TOro M HayaTbh. [IpeAmnosoXuM, 4To S-—CHMMETpHUECKOe pacliH-
penne T. Tak kak D(S*) = D(T*), to ¢dyakuuu us D (S*) abco-
JIIOTHO HellpepelBHE U S*@ =i dg/dx. CnegoBatennHo, npu ¢ €.D (S)
H '€ D ($*) uurerpHpoBaHUe MO YacTAM jaeT

(S, W) — (@, Sp) = (1) (1) — (0) $ (0) =0. (X.7)

Orciona B cayuae S =7 Mul BHAHM, mouemy T He CaMOCOMNpSKEH.
TI'panuyHbiCc ycJOBUSA, HaJsoxeHHble Ha ¢vyuKuuu us D (T), croJp
cuJBHBL, 4TO PyHKuMH u3 D (T*) He HajgO MOZYHHATL HHKAKHM I'pa-
HHYHEIM  YCJIOBHAM, AJAs TOTe d4ToOGB O0paTUTE B HYJb IPaByIo
yacTh (X.7). [loatomy Bce, 4TO HEOGXOAHMO CHesaTh,— 3TO pac-
IWHPUTE MHOXKecTBO dyHknu# u3 D (S), noguuHas ux Gosee OOMHUM
rPAaHHYHBIM YCJOBHSM, TakK 4TOObI paBeHcTBO (X.7) TpeGoBajo BBHI-
NOJIHEHUSI MexX Jfe Cambix TPaHUYHBIX YCJA0OBHH OT (QyHKHHH H3
D (S*). Cgenaem sro. Ilycts S—camoconpsixensnoe pacuupenune T
H 9 €D (S)ND(T). Torna (X.7) Tpebyer, ytobst | (1)]|2=]9 (0)]3,
a mockoabky © ¢ D(T), 1o ¢(0)5=0, 4 MOTOMy CYUIeCTBYeT TaKoe
o c|a|=1, uto ¢ (1)—ag (0)=0. Ecau Yp—mobast npyras GyHK-
oust 3 D(S), to (X.7) tpebyer, utobbi P (1)=op(0) c mem oce
camon o, CrnepoBateabto, S < T, rae Ty =id/dx Ha

D(Tay={9|e€AC[0, 1], ¢ (1) ==0 (0)}.

[Tockoasky T, cHMMeTpuueH, a S caMmocompsixeH, To S=T, mid
HEKOTOPOTO o.
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Tenepr onpemenum, Kaxkuwe T, CaMoCONpsKeHH. BriGepem
0&€D(T,) u YED(T). Torga (X.7) Tpebyer, uTOGH

o 0)$(1)—e(0)$ (0)=0,

u noromy ¢ (1)=oap(0). Takum obpasom, YE€D (T,) u D(T)=
=D (Tg), T. e. Ty CaMOCONpSIIKEH NPH KaXIOM . B HTOre MHO-
JKECTBO CaMOCONPSXKEHHEIX pacuiMpeHuil onepatopa T mnpeacrasasieT
cobofi Habop omepatopoB {T,|[x€C, |a]=1}.

[Toxamem Tenepb, Kaxk 3TOT € pe3yJbTaT MOMKHO INOJYYHTb
¢ MOMOHBI0 0o0We#l TeXHHKH, pPa3BUTOH B HacToslleM pasgese. s
onpejeJeHusl MOANPOCTPAaHCTBA K, HyKHO HaHTH pellleHHs Ypas-
HeHust T*p=ip. Ecou Y€ D(T*), To Y& AC[0, 1| u paseHcrso
idp/dx =i oanauaer, uro GYHKUHA P’ TakKe abCOJIOTHO Hempe-
puiBHa. IloBTopeHMe 3TOr0 paccyxieHHs NOKa3biBaeT, 4TO Jioboe
pentenue ypaBHeHMSA T*Pp =i Ha camMOM Jese GecKoHeuHo Xupde-
peHIHpYeMO H YJAOBJETBODAET ypaBHEHHIO VP’ =1p. 3Hauur, H°, ==
={ce*|c€C} wu amanoruuno ¥ _={ce~*|c€C}. CurenosarenbHo,
HHIEKCH gedexTa onepatropa T cyrte <1, 1>. Tlycre

Vs _VZe _,
e2—1 e " ¢- Ve—1 ¢

— HOpMHpPOBaHHBIE BeKTOPHI U3 K. Torja YacTHYHLIMU U30OMETPHUSAMU
3 ¥, B ¥ _ OYRYyT TOJBKO OTOOpaMeHHs @, > yo_, The [y]|=1.

[To Teopeme X.2 efuHCTBEHHBIMH CMMMETDPHYECKHMH pPACLIHDEHHSAMH
oneparopa T 6yayT onepaTopH A, = i d/dx ¢ o6nacTsiMu onpeseseHus

D(A,)={¢g+Bo,.+vBo_|9€D(T), BC}.

B cuay nocsiemHero yTBepxAeHHs Teopemul X.2 Kaxmwit A, umeer
HyJIeBble HHAEKCBI JedexkTa M, cJeJoBaTeJbHO, CaMOCONpsKeH. s
TOTO YTOOBl YOeZMThCH B COBNANEHMH 3THX ONEPaTOPOB C TEMH,
KOTOphie MH IIOCTPOHJIH 4YThb BBHILIE, OTMETHM, 4TO A1 VY€ D(Ay)

P, =

0 =REERTE g ROLAVE
¥ NOTOMY .
()= O =ap©), e |u]=|LE5|=1

O6patHo, ecan P(l)=aPp(0), To P MOXKHO 3amucaTb B BHJe
P=¢+po, +yfo_ ¢ HeKOTOpBHIM [ H Y= (x—e)/(! —ae). Caeno-
BaresqbHo, A, =T,. :

ObcynuMm Tenepb Ty ke NMPoOJaeMYy ¢ «DU3HYECKOHY TOUKH 3peHHud.
Mpexanonoxum, 4YTO y Hac ecTh rAajkHP BOJIHOBGH akeT o®ix; dHa
[0, 1], xoropnilt obpaiaercssi B HYyJb OKOJO TPaHHYHBIX TOYEK ¥
KOTOphIfl caBHraeTcss Hanpaso (pHc. X.1). Jis JOCTATOYHO MaJbix y

F5
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(TakHX, YTO MNaker He JOCTHraeT KOHEYHOH TOYKH) CHABHTH JAIOTCS
ceMmeficTBOM omneparopoB U (y): ¢ (x) — @ (x—y). B xBaHTOBO# Mexa-
HHKE CHBHI'H JOJuKHB ORITh INpeAcTaBJeHH YHHTapHOH rpyilnoH,
reHepaTop KOTOPOH ecThb olmepaTop HMIyJbca. B caydae mnakera
o0 (x) 3TO TaK H ecCTh: .

Vo= _ {jm 2E—9—0® __; dp

lim T e

y—>0 b y—+0
B wurore reHepaTop CIBHIOB JeHCTBYeT Ha ¢yHKIHH C HOCHTEJIeM,
He coJepiKallMM IpaHHYHBIX TOYeK, Kak omnepaTtop id/dx. Ha camom

NN AT
RYAY

Puc. X.1. Bosnnopo#t naker ¢ (x).

-

nene idj/dx cummerpuueH Ha C}(0, 1)—wmHoxkecTBe C'-pyHKuIWH
C KOMIIAKTHHIM HocuTeseMm Ha (0, 1), H ero 3aMbIKaHHE ecTb Kak
pa3 Haui-omnepatop 7. Ho 7 He camocoflpsixKeH H I[IpHYHHA sICHA:
MBI 3afiajtiu cABUrH U (y) TOJBKO Ha TakKHX (QYHKLIHAX, HOCHTEJH
KOTODHX He coJep:KaT HyJs H eZWHHUE, H IOTOMY TOJIBKO I
JOCTATOYHO MaJblX y (3aBHCAIIMX OT HOcHTess). HyXKHo emie yrou-
HUTb, 9YTO IMPOM30LZET, KOrJa BOJHOBOH IaKeT MOCTHTHET KOHIa
orpeska [0, I]! Ecan Mm XOoTHM, 9TOGBI CABHTH MpeACTaBJSJHCH
YHHTapHOH TpyMioH, TO HaJO CYHTATh, YTO YacTH BOJHOBOTO MakKerTa, -
BHIXOAsIIHE 32 OAHY rpaHuny orpeska [0, 1], Zo/KHH BO3Bpamiarhbes
gepe3 Apyrywo (Tak, Kak Oyaro oTpesok [0, 1] cBepHYT B OKpyX-
HOCTB), TakuM o6pasoM, YHHTapHOCTh TpelyeT, YTOOH

1 1
oSlqa(x—y) Ide=§:qa(x)lzdx,

rfe x—y O3HauaeT cABur no Mopywo 1. Ho y nac ocraercs eme
cBoOoja B BrIGope ¢askl YacTH BOJIHOBOrO Nakera, Bxojasumell depes
TOYKY HyJsib. B cusy f[puHnHila cyneprlosMiHu Bce ¢$YHKHHUH MDPH
CBOEM BO3BPAamEHHH Hepe3 HyJb JOJ/KHBEI H3MEHAThCH Ha OJHHAKO-
By1o ¢asy. CrnenoBaTe/IbHO, «CABHTH» pa3/IMYHBIX THIIOB KaK pa3s H
3aparorcss nyTeM (HKCHpOBaHHA o, [ot|=1, H TpeGoBaHust, YTOGHI
Bce IMpPHEMJIeMBle BOJHOBBIE Makerhl P, ==¢ (- +y) yHAOBJIETBOPSIH
ycnoButo P, (1) = o, (0) Aaa ecex «MOMEHTOB BpemeHH» y. VIMEHHO
TaKoe ABHKeHHe H 3ajaercd c nomowpto exp {iyT,}, rae To—ome-
paTtop, onHcanubli Beime., Takum o6pasoM, Aaxe B 3TOH H3HIECKH
TPUBHAJBHOH CHTyaUHH Mbl y6exjpaemMcsi B TOM, HTO pQ3AUHHbIE
CAMOCOIIPSKEHHBIE pacHIlipeHHsi COOTBETCTBYIOT pas3audrod usuxe.
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[Ipocroft u mnoJiesHBIi KpuTepull CyHIECTBOBAHUS CaMOCOID AKeH-
HOrO pacilupeHusl Yy CUMMETPHUYECKOr'0 oleparopa JaeT jgoKasbiBae-
Mas HUXKE TeopeMd, HO cHayaJja JafuM Ttakoe

Onpedesenue. Auruaumeiinoe orobpakenue C: F—F (r. e.
C (a9 +ByP) =aCe-+PCP) HasbiBaeTca CONPLKEHHEM, €CJH OHO
coxpanser HopMy u ecau C?=/,

Teopesa X.3 (Teopema don Hefimana). Ilycrb A-—cuMMe'rpuqecxuﬁ
omepaTrop, W NYyCTh CYHIeCTByeT conpsaxeHue € coO CBOHCTBAMH
C: D(A)—D(A) u AC=CA. Torza A umeer paBHHE HHIEKCHI
jgebekra ¥ NOTOMY 006/1ajJa€T CaMOCONPAMKEHHBIMH pACIIMPEHUSMH.

Jlokasamenvcmeo. Mul 3naeM, uto C?=17 u CD (A) = D (A), nosromy
CD (A) =D (A). Tlpeanosoxum, uyto ¢, €X,. u P& D (A). Toraa

0=(9., (A—'—l)"l))=(C(|)+, C(A+l)\p):

=(Co., (A—i) C).
Iockoapky C orobpaxkaer D{A) wa D (A), BekTop C@, JIEXKUT
B K., tak 4ro C: ¥, — % _. AHaJOru4YHOE pacCyxKIeHue IOoKa-
3eiBaeT, uro C: H'_ — % ,. Haxonen, tak xak C coxpaHsieT HOpMY,

nosTyyaem
dim[#,]=dim[%_]. &

fipamep 2 (WpeluHrepoBa 4acTulla Ha mnoJaynpsmol). Ilycrs A —
oneparop —d¥dx? 5 L2(0, co) ¢ obsacrbio onpegesenus Cg (0, o).
Ornepaliusi KOMIIEKCHOT'O CONpPSIKEHUS KOMMYTUpPYeT ¢ A, U HOoToMy
u3 TeopeMnl X.3 cJeayeT paBeHCTBO HHIEKCOB jJedekTa oneparopa A.
Mui xoruM Halitu pemenus ypaBHeHH#t A*@=i¢p. IlockoJabky
L2{0, c0) T Dy, «y, MBI UHTEPECYEMCS CJIAOBIMU pemeHuaMu (cM. § V.4)

voaBHeHui —d?p/dx®=--i{¢p. V3 TeopeMbl 0 peryJaspHOCTH (T€o-
p"‘dd iX.95) cJaemyer, 4TO 3TH pelleHHMs] GECKOHEYHO AupdepeHn u-
pveMsl H, TaKdM o0pazoM, ABJAIOTCH KJACCHYECKHUMH PELICHHAMH.
CorJaacHo 3JIeMeHTapHOH TeopuH OOHKHOBEHHHIX Au(DGhEpEHIHANbHBIX
ypaBHEHHH, KJACCHYECKUMH DEIeHHAMH ypaBHeHHs — @ (x) =i (X)
CaIyXKaT OYHKIIHA

exp {(—!+) x/V 2}, exp {(1—) %V 2},

a WJACCHYCCKHMH DOMeHHAMd YpaBHeHHS — @' {(x)=-—ip(x)—

bymcau ~
xp {(1+5£/V°2}, exp {{— 1—iy x|V 9}.

‘Tcerompky ToabxRo exp {{(—i-+4)x/}/ 2} u exp {(—1—1i) x/V2} Je-
Kat B 1L2(0, co), MH BHIHM, HTO hH}IEKCI:I nedexra paBHH <1, 1>.
Vicncapays Teopemy X.2 W npoBoAs aHa/JH3, NMOXOXHH Ha paccyxk-
Jerya Bropofl yacTw npumepa i, yuraresb JETKO NOKaxkeT (3ajaya 5),
YTg CaMOCONPSiKEHIIbIe paciiHpeHusi A MOXHO NapaMeTpH30BaTh
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¢ momombio MHOXKecTBa R U {co}, 3aiaBas
D (Aa) = {\pl\p € AC? [0» Oo]’ "P’ (0) ‘l‘a'\l? (0) = 0}»

ecsm a €R, u

D(4,)={b|v€AC?[0, o], $(0)=0}.

Bce pacuiMpenusi AeficTBYIOT Ha OTBEYalOMIHX HM 00s1aCTAX onpeze-
nenus kak —d?/dx?. TlpoctpanctBo AC?[0, oo] mpeacTaBasieT cobon
MHOXecTBO ¢yHkuuit u3 L2 (0, co), y KOTOPEIX cJabbie NPOH3BOLHBIE
aexar B AC[O0, co]; B 4acTHOCTH, 3TH (QYHKUHH HempephiBHO Aud-

¢depeHIIHpyeMEL. -
dusngeckan HHTepNpeTanusi 3THX TPaHHYHBIX YCJOBHH TakoBa.
ITockoabKY oneparop HMITyJibca paBeH —id/dx H

— i (d/dx) exp {— ikx} =—kexp {— ikx}, ¢ynkuua exp{— ikx}—
3TO IMJIOCKasi BOJIHA, [BHMKYMAfCcsl HAJeBO C HMIyJbcoM R > 0;
pHauye TOBOPS, 3TO NPHXOJASMAS BOJIHA C HMOYJabcoM k. DPyHKHUA
exp {i{kx}—>3T0 yxoAAmas BoJHa c HMOyJabcoM k. IlycTb @ < oo
dukcupoBaHo. DYHKIHH exp {-= ikx} H3-3a CBOETO MOBEJEHHS HA ©oO
He JexaT B L2(0, c0), HO MBI HTHOPHPYeM 3TO, TaK Kak cefigac
MHTepecyeMcsl HX MOBeJeHHEM B6JH3H Hadasa. OfHaKo B OKOJIO HYJA
Hu exp {ikx}, Hu exp {— ikx} ne nexatr B D (A,), MOCKOJNbKY OHH
He YJOBJIETBOPSIIOT TPaHHYHHIM YycJoBHAM. Ho ecam B3aTh a =
= (ik—a)/(ik +a), To exp {— ikx} - aexp {ikx} ynoBneTBOpsieT rpa-
HUgHBIM ycJoBHAM P’ (0) +ap (0) ==0 # (c TOYHOCTHIO X0 MOBEXEHHS
Ha oo) JexutT B D (A,). Takum obpasoM, omnepatop A, nmopoxuaer
JHHAMHKY, COTJIACHO KOTOpO# IJIOCKadg BOVIHA C HMIYJLCOM R OT-
paxaercss B HayaJjie KOODJHHAT, MEHAS ¢a3y HA BEeJHYHHY & (R) =
= (i{k—a)/(ik +a). Cny4aii a==co OTBeYaeT MOTEHLHAJYy TBepIOH
CTEHKH, KOrJla u3MeHeHHe a3kl MPH BCeX UMIMYJIbCaX paBHO a==—I.
IMomguepkHeM, uyTO H3MeHeHHe (a3l Pas3IMYHLEIX MJIOCKUX BOJH pas-
JHYHO JJi DPa3HBIX CaMOCONPS:KEHHBIX paciuupennii. Takum obpa-
(:};JM, pasrbie CaMOCOTPSIKEHHblE DAaCOIHPEHHS OTBEYalT pPasHol
usuKe.

MeHee TpHBHAJbHOE NPUMEHEHHe TeopeMbl X.3 JNEMOHCTpPHpYETCs
B cJIelyIOlIEM NpHMepe, JJIsl KOTOPOTO BaXKHO TOJIBKO CYUECEosanue
HEKOTOPOTO CaMOCOMNPSKEHHOTO paclliupeHHst. UHTaTe/NI0 pekoMeH-
JIyeTCsl CPABHUTDb 3TOT IPHMEDP C MOXOXKHM HA HEro JOKa3aTeJNbCTBOM
TeopeMbl Boxmepa (reopema IX.9), rme cooTBeTcTByIOmEEe YTBEpHK-
JIeHHE O CYMISCTBOBAHHH BHIBOJHJIOCH H3 TeopeMbsl CTOyHa.

fpumep 3 (npobieMa MoMeHTOB ['aMbyprepa). [lycTb p— mosoxu-
TeabHass Mepa Ha R u -

a, = S X" dp {X). . (X.8)
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YucJsa @, Ha3BBAIOTCH MOMEHTaMM Mepel o. [IpobGJeMa MOMEHTOB
FamGyprepa coCTOHT B OTHICKaHHH TpeGoBauuil K M0CJeJ0BaTeN b~
HOCTH BeIIeCTBEHHBIX YHCEJ {Q,}m-,, I'APAHTHPYIOUIHX CYILECTBOBAHHE
MepHl, ypoBJeTeopsomel (X.8). MsBecTHO BechMa sJjeranTHoe pe-
meHHe 3ToH MnpobJeMHL.

Teopema X.4. [locheoBaTeILHOCTD BEUIECTBEHHHIX 4Mcen {a,} cay-
KHUT MOMEHTaMH MOJIOXKHTEJbHOM Mephl Ha R TorZa u ToJBKO Torja,

Korza mas Bcex N u Bcex B, ..., By€C
N
BaBrnrm = 0. (X.9)
n, m=0

Hoxasamenvcmeo. TlpepnosoXuM cHauaJga, YTO p— [OJOKHTENbHAS
mepa u (X.8) BumnoJauneHo. Torza

@K

N _—
2 oﬁrzﬁman+7h= S

n, m= —o

N

2 B

n=0

2

dp>=0.

OGpaTHo, mnpexnoJioxuM, uto cnpasemiuBo (X.9). Ilycrb P-—mMHoO-
KECTBO NOJHHOMOB Ha R ¢ KoMmmvieKcHBMH KosbdunueHTamu. Onpe-
AeJuM Ha P moJgyropaJnuHeiinyio dopmy

N N N N _
2 ﬁnxn, E O‘mxm>= 2 2 ﬁnaman+m'
n=0 m=0 n=0m=0

B cuny (X.9) sra dopma Heorpunarennha. Ilycets Q={P|p € P,
(b, P) =0} u F—ruapbepToBO MPOCTPAHCTBO, MOJYYEHHOE MOMOJI-
nenueM P/ OTHOCHTeJIbHO BHYTDeHHero npousBelenus (-, -). Pac-
cMoTpuM oToGpaxeHue A: P — P, onpenensemoe (opMyJol

N _.N
A: E ann‘ > Z ﬁ;‘;‘.‘l’qﬂ"ﬂ"
n=90 n=0

HerpygHo yBuZeTs, uTo A cumMeTpuyHO # 4TO A:Q — Q, HOCKOJBKY"
B cuJy HepaBeHcrBa [lIBapua

(Ap, Ap) =| (A%, ) | < (A%p, A*P)P/2 (1, P)/2.

Taxum o6pasom, A nogHHMaeTcst JO CHMMETPHYECKOro omeparopa A
B 7 c obaacteio omnpepencHus P£/Q. Ecam uepes C 0603HAYHTH
oOHYHOE KOMIIIEKCHOE cOomnpsizkeHne Ha P, To C Takxe MNOAHHMAEeTCs

g0 oTo6paxenusi C: P/Q — P/Q. Jlerko mnpoeeputs, uro C mpo-
jomKaeTcst o compsuxenust Ha F7 u uto AC=CA. B cuay teo-
pembl X.3 omepaTop A HMeeT HEKOTOpOe CaMOCOMpSIKEHHOE DPACILH-
penme; oGosmauum ero A. [TycTh p—cHekTpaabHas Mepa BekTopa |
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B P. Toraa
Sx”dp (x)=(1, /1"1):(1, ™y =a,.

B ra. XVI wmel yBHIuM, 4TO Teopemy X.4 MOXKHO FOKas3aTh
Ipyram crocoGom, NpHMeHAs Teopemy XaHa— Banaxa, a B § X.6
mBl o6cynum npoGremy I'amGyprepa ¢ TOUYKH 3peHUS €IHHCTBEHHOCTH
ee pemeHHus.

Bononuenne K § X.1. Oamkenue Ha nonynpamoi, merog Besinal)

Jw6oid 6orsan cnocoben uspexams obuyue UCIMUHDGL,
HO moAbKO 2ayboKul Ym pasaudaem me 4acMHOCM,
K KOmOopotm OHU OMHOCAINCA.

) AOKOPIDK 2JIMOT (JAHUEJL JEPOHIA)

B 3Tom pmomoJiHeHHH MBI OGCYyIKIaeM Kak KJaccHyeckoe, TaK H
KBaHTOBOMEXaHUYECKOe ABHZKEHHUE YacTHUbl B NOTEHLHAaJ/e Ha MOJIy-
npsimoii. CpaBHeHHEe 3THX ABYX CJIydYaes sICHO NMPOSABJIAET aHAJIONUH
M Pas3HYUA MEXKIY KJIACCHYECKOH W KBaHTOBOH MEXaHHKOH M mpe-
JOCTaBJIfIeT BO3MOMXKHOCTh NPHUMEHHUTL TeOpembl 06 HHEeKcax pedekxra
i mocTpoeHHs Teopuu Belna oOuikHOBeHHLIX jnuddepeHnnasbHBIX
ypaBHeHul. Kpome TOro, pemeHne KBaHTOBOMEXaHHYECKOH 3ajayu
Ha NOJYynpsiMOH MOMKHO HCHOJIB30BATh NPH aHa/H3e MHOTOMEPHLIX
chepuyecKr CHMMETPHYHBIX TOTEHLHAJIOB (CM. mpumep 4).

Haunem c xJsaccuueckoro chyuyas. Ilyers x(f) u v (¢
JKeHHEe U CKOPOCTb YacTHHE!, ABHiKYuielica Ha moaynpsamoi (0, oo)
B noTeHnuase V (x), KOTOPEIH MBI O6yJem CYHTATL HENPEPHIBHO AH(b-
cepennupyemMuM ¢ npousBogHo# V' (x), yaoBJaeTgcpsiolmed yclI0BUIC
Jlumuuna paBHOMEDHO Ha KaKJAOM KOMNAKTHOM TOAMHOMKECTBE H3
{0, 00). 'amuBTOHHAH 3TOH cHCTeMBI paBeH H (x, v) =mv¥2--V (x),
a ypaBHEHHS IBHKEHHS HMEIOT BHJ

x(B)=v(t), ov({)=—V (x(8))/m. (X.10)

g mobuix 3agaHHbix x, >0, vy, f{, >0 crargapTanie coolpaxe-
HHsI, OCHOBaHHBIE Ha TEOPHU CHKHUM2IOHIHX oToOpaxkeHui (cm, § V.6),
J0Ka3HBalOT CYHUIECTBOBaHHE eXHHCTBEHHOH mapul <x{f}, v (),
naiomedt gns Beex f, OJHSKHX K f,, pemenue ypaBHeHu# (X.10),
YAOBJETBOPSIONIEE YCJOBUHAM X ({4 =1xX,, v{f,)=0,. Cuenyiiiee
NpeMJioKEHUe TNOoKasbIBaeT, YTO EeNMHCTREHHLIZ cJiyuafl, Korna Jo-
Ka/nbHoe pelleHHe He IPOJOJIKAeTCH JO rno6aJanbHOr0,— STO cay4dai
UaCTHLE, JOCTHTaUed HyJad HAH yXoadAmeHd Ha GecKOHEeYHOCTh 3a
KOHEYHOE BpeMs.

1) B opuruxase: limit point—limit circle methods.—ITpun. ped.



