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CilegoBaTesbHO,

SF( -tA )S_l ﬁ ta, d2? . 2 d

rta)s= Mo (=5 (= g2 50))
Cornacuo mnpumepy 1, Bce exp (— (¢a,/2) (— d*/dq} 4+ 2q,d/dq,)) co-
XPaHAIOT MOJOXHTEJNbHOCTD H

b4 dz d
exp (=3 (= g +20g;) ) 1= 1.

3uauurt, ST (e~*4#)S~1 coxpanser nonoxureapHocts 1 ST(e ~*4s)S-11 =

= 1. Tak Kak e s cuapHO cxomuTcs K e-!4 Ha $%, To T (e~"s)
cuabHO cxomutcs K I'(e—*4) Ha & (F). Hrak, MB 3aKimiouaeM, 4TO
ST (e—*4) S~ coxpaHsieT NOJIOXHTEJbHOCTE H YJOBJIETBOPHET YCJIO-
Bulo ST (e-?4) S-11 =1. CuepgoBartesnbHo, no Teopeme X.55, moay-
rpynna ST (e-#4) S—* Lr-cxumatomas. il

Caredcmene. CBoGonuuiii ramunbTroHuaH dl' (W) TeopuH CBOGOAHOrO
CKaJiApHOro moJsi ¢ Maccol m >0 ropoxiaeT TrHIePCKHMAIOUIYIO
noayrpynny I' (e*) Ha & (57).

Teopema X.62. Tamuanronnan H,+ H,(g) (onpenenennsiii B § X.7)
TEOPHH CKaJIIPHOTO MOJA C ((*),-CaMOfeiCTBHeM CaMOCOTIpAXeH B Cy-
wectBeHHoM Ha C™ (H,)ND (H;(g)).

JHoxasameascmeo. V13 Teopembl X .45 u npHBeJeHHOTo BhLIIIE CJIEACT-
BRHA BoiTeKaeT, uTo SH S~ u SH;(g)S~! yAOBJIeTBOPAIOT YCJOBHAM
teopembl X.58. N

X.10. Fpadg-npegens:

B sToM pasjesie Mbl NpPOZOJKHM pacCMOTpeHHe rpad-rnpenesos,
savyatoe B § VIII.7, npuuem 6yjem mnoiab3oBaThbCsi 6e3 MNOACHEHHI
BBeeHHEIMH TaM o6o3HaueHdsAMH. B Tteopeme VIII.26 6bwio moka-
3aHo, u4to ecau {A,}r., # A-—caMoconpsiKeHHEle ONepaTopsl, TO
A,— A B CTpOroM pe3o/IbBeHTHOM CMEBIC/Je TOrJa H TOABKO TOrHa,
Korga A ectp crporu#i rpad-mpemes mnocienoBaTenabHOCTH {A,}i.;.
Xorsa Teopema VIII.26 u unTepecHa, oHa He O4YeHb TOJIe3HA, TakK
KaK J0Ka3aTeJbCTBO CYLIECTBEHHO OMHPpaeTCH Ha CHellaHHOe sapaHee
NpelroJoKeHHe O CYLIeCTBOBAHHH CaMOCOMNpSXKeHHoro mnpefena A.
OnHako B NpHJIOKEHHAX YacTO XKeJaTeJibHO YCTaHOBHTb HMMEHHO
CaMOCOTPSI)KEHHOCTh 3TOro rnpefena. EC/H JKe MPeAno/OXHTb JHIIb
CHIBHYIO cxomuMocTh (A, +i)~* u (A,—i)~! K oneparopaM R, u
R_, 10 cunbHBIfl pe3o/bBeHTHbIH mnpefen A cyllecTByeT TOria H
TOABKO TOrAa, Koraia R, uiam R_ HMeeT MNJOTHYIO o6JacTb 3Haye-
uufi (teopema VIII.22), a 3ro Takoe cBoiiCTBO, KoTopoe, BOOGliie
roBops, TPYAHO AoKa3aTb. C Apyroff CTOPOHEI, CHJBHBIH Ipad-npened
nccJief0BaTe IbHOCTH CaMOCOMpSXKEeHHBIX onepatopoB {A,} Moxer
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cyulecTBoBaTb, HO He OBLITb CaMOCONPSKEHHBIM, XOTSl OH aBTOMAaTH-
YeCKH OKa3BIBAETCHA 3aMKHYTEIM H CHMMeTpH4ecKHuM (Teopema VII11.27).
Cwmbica coefylomiefi TeopeMbl B TOM, YTO eCJdH o6a THNA IpejesioB
CYLWIECTBYIOT, TO MNpeAeNbHbIH omepaTop camocompsixkeH. Ilo cyimue-
CTBY, HajZ0o NPOCTO BOCIOJNb30BAThHCA CJaGLIM Fpag-npeaesnoM.

Teopema X.63 (teopema o rpad-npegene). Ilycts {A4,}7.,—no-
CJIeJOBaTeJIbHOCTD CaMOCOMPsiXKEeHHBX ONEepaToOpoB B THJIbGEPTOBOM
npocTpaHcTBe F¢. JlomycTuMm, 4TO

(i) (A, &= i)"*— Ry CHIBHO
H

(ii) cnabuiit rpad-npenen A mnocrepoBatesbHoctH {A,}r-. MJIOTHO
oTpejeJieH.

Toraa A camocomnpsamxeH, (A +i)"*=R.u A, cxoaurcsa X A B CHJb-
HOM Pe30JIbBEHTHOM CMBICJIE. '

Hoxaszamenscmeo. Tloxaxem cHavana, uto Ker (R,)={0}. Tlycts
v € Ker(R,) u 9 €D (A). Toraa cyuiecTByeT TaKaf NOCJIeAOBATEb-

HOCTb {@,}m—y, uTO ¢, ED(A,), 9,— ¢ H A,,cp,,LAtp. CaenoBa-
TeJIBHO,

(X, ) = nlifi (%> P,) =,,li"l (A, 4y (A,—0) @)=
=(R.%, Apg—ig)=0.

Tak kak D (A) nuortha, x=0. 3nauur, Ker (R.)={0}. ITockoabKy
R_=R’, umeeM Ran R_ = (Ker R )L =5¢. CneoBaTe/bHO, 10 T€O-
peme VIII.22 cymecTtByer Takolt camoconpsikeHHbiH omnepatop A,
uro A,—+ A’ B culbHOM pe3oJbBeHTHOM cMbicsie. Haxowen, u3 rteo-
pembi VIII.26 Bhitekaer, uto A’ ecTs cuabHmil rpad-npegen {A,},
nostoMmy A’ A. Ho, no teopeme VII1.28, A cummerpuueH, Tak uTo
A'=A. 8

BaxHocTb 3TOH TeOpeMbl B TOM, UTO OHA CBOAHT BOIPOC O CAMO-
COMPSIKEHHOCTH K BOTPOCY O CXOAHMOCTH, a TaKHe BOMPOCH HHOrAa
yraercsi pemlaTb MpPH MOMOLIH MPSMBIX OLEHOK onepatopoB A,. Mul
ceflyac JOKaxeM 3TO j1s1 ycJaoBus (i). Ilosxke MEI BbiBegeM JocTa-
TouHoe ycJioBue u and (ii). Kak Moxno jgokasate (i)? Ecanm ¢ € %,
TO PopMarbHO

(An + i)-l (P—(Am-i" i)-l @ = (An +l) -t (An"'"'Am) (Am+ i)-l(P-
(X.105)

D10 BhHIpaXKeHHe WMeeT CMbiCa, ecau (A, {)~'¢p NpUHALTEKUT H
D(A,), u D(A,). 3Hauur, ecid m H 1 QUKCHPOBAHHLl H Mbl XOTHM,
yto6bl (X.105) BBIMOJHAMAOCH Ha TJIOTHOM MHOMKECTBE, MBIl JOJIZKHH
norpe6oBate, ytobel D, ,=(A,+i)[D (4,)nD (A,)] 6610 naorso.
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Hasee, eciu Mbl XoTuM nepefiTu K npefeay (X.105) mpu dukrcupo-
BaHHOM @, Mbl JOJIKHBI moTpe6oBaTh, 4To6ul @ € N D, ,. 3Hauut,
paBeHCcTBOM (X.105) Hes1b351 BOCNOJIb30BaThCS, €c/1H ) D, ,, He MJIOTHO.
"EcqH Xe Takoe yCJIOBHE Pery/J9pHOCTH BEIMOJHEHO, TO CXOAHMOCTh
pe30JIbBEHTHl MOXKHO JOKas3aTh, koria A,—A, u (4, -+i)"! oue-
HHBAIOTCA paBHOMePHO, HalpuMep B TepMHHaX BCIIOMOTaTesbLHOrO
CaMOCONPKEHHOTO ollepaTopa:

Teopema X.64. Ilyctp {A,} —mnocse0BaTe/JbHOCTh CaMOCONPHKEH-
HBIX OmepaTopoB ¢ ofmef CymecTBEeHHOH 006.1aCTbI0 OmpeleseHUs
D,. ITyctb N—cCTporo moJ/ioxHTeJbHBIH CaMOCOMPSIKEHHLIA ofepa-
TOp, TaKo#, Yrto mpu Hekotopelx & >0, >0

(i) @*=n(Ran(4,==i) | D,) niotHel u &= < D (N%);
(ii) | N® (A, == )=t N~*| << M npu Beex n;
(iii) N® B cyurecTBeHHOM caMocompsiKeH Ha D, u
IN-8(4,—A,)NB]|—0 npu n, m— oo.

Torma {(A,-2=i)"*¢} npu BcAKOM ¢ € F7 ecTb IOCJEAOBATENBHOCTE
Komu B #.

Hokaszameavcmeo. Tlyctb x € @+, INonoxum ¢, = (4, +1i)"*y. Toraa
19— ] = (@ —Pmr Pn—Pn) =

=Im (@, —@n (A, +0) (0, —9,) <

| (@ = (A +0) (0,—9s)) | =

= I ((Pn_'q)rm (Am—"An) (Pm) I =

= l (N{5 ((Pn—q)m)» N_ﬂ (Am—'An) N—ﬂNS(Pm) l <

< (2sup|| NP (A + i) N=*Noy ) [NF (A, — A) NP <

< 2M2| Ny |2 |N-B(A,—A,) N-B]—
~—»0 npu n, m-— oo,

CnenoBaTtesibHO, (A4, +1)~'—noc/enoBaTenbHocTh KoM B CH/IBHOM
cmbicsie Ha D*. [lockonbky 2+ nuotHo M {{A, i)'} paBHOMepHO
orpaHuueHa, (A4, +i)~*¢ cxozutcd mpH Bcex ¢ € FZ. l{okaszartessn-
ctBo aasi (A,—i)~! Takoe Xe. @

lpumep (aHrapMOHHYECKHH OCLMAJIATOP, IATOE 0Ka3aTesabCcTBO).
Ilycts
1 dz .
?(—d—xﬁ“‘)
B Z=L*(R) u V=x*. B ofosnaueHusx upumepa 2 uz § X.6
Hy=ATA+12 u V=1,(A+A7). Iliycrs E,—CHekTpajbHbil
npoektop H,, oTBevaiomuii uutepsaay [0, n]. O6nactb 3HaveHull £,

H, =
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KOHEYHOMepHa H NOpOXKAaeTcs 7 MNepBbIMH GYHKUMAMH JSpMHTa.
BriGepeM B xauecTBe D, MHOMXKECTBO KOHEUYHBIX JIHHeHHEIX KOMGHHa-
uuft ¢yHRuuA Spmura H noaoxum A,=N4V,, rre V,=E\VE,
u N=H, Mb nokaxeM, utro A,, N u D, yAOBJETBOPSAIOT ycJIO-
BuAM Teopembl X.64 ¢ =2 u =1. MHoxectBo D, ecTb CyiecT-
BeHHast obnacTtb Ansa H, H, MOCKOJbKY Kaxawil E,VE, orpaHdueH,
D,—o6mas cymecTBeHHag o6mactb ana {A,}ly.,. UroOm Jjoka-
satb (i), sametum, uyto Ran[(A, i)} (E,F)]=E,%#, Tak Kak A,
ocraBisier E,7 uuBapuaHTHbM, A, |} E,% camoconpsixkeH u E, 9%
KoHeynomepHo. C Apyrofi CTOpOHbI, CneKTpaJjibHasi TeopeMa MOKasbl-
Baer, uto Ran[(A,+ i) ND,N{I—E,)F)|=D, N(I —E,) 5, tak
Kak A,=H, wa (I —E,)%. Urak, Ran(A,=+i) |} D, o D,. O6par-
Hoe BKJIIOYEHHe BLIMOJHSETCS TPHBHANbHO, TaK Yro DE=
=NRan(A4,+i) | Dy=D, Ianee, B cHJy CHEKTpPaJIbHOH TEOpEMHI,
n

Bce crennieHd N = H, caMoCompsiKeHul B cymiecTBeHHOM Ha D,. Ouenka
B (iii) HemenseHHo cusenyer u3 Toro, uro V=1/,(At+4 A)4, u us
oueHok (X.61). Ocraerca znokasaTb oueHky B (ii), T.e. uto A
PE€D,

[Nz (A, )N o< M|o], (X.106)
HJIH, HHaye roBops, 4YTO
Ne<M; (A, Fi)N2 (A, i)+ M, (X.107)

B CMbIcJle KBaJpaTHuHBiX ¢opM Ha D,. Uto6m mokasats (X.107),
NpojeJiaeM cleaylolliee pasJoxKeHHe:

(A, F)N (A, £)=(N+V,F)N(N+V,£i)=
=N +V N+ N3V, 4+ (V, Fi) N* (V,, = i) =
= N4 + Ns/anNs/z + [Ns/z, [N3/2, Vn]] +
+ V., FONV,x=0)>
> Ne4-[Nsia, [N32, V1], (X.108)

rae yureHa noJoxuteabHocTb V, u N. Ilonbaysice ouenxoit (X.61)
H cBofictBamu KommyTauuH At u A, MoXHO JAokasath (cM. 3a-
Jauy 62), uto ana Joboro & > 0 cyumecTByer Takoe b, uTo

[N, [N*2, Vo ] el <e|[No|+ble]
npu Bcex @ € D, u Bcex n. BriGupasa & cTronb ManbiM, 4yTobe 2e < 1,
MOXeM 3aKJIYHTh 1o Teopeme X.18, uTo
[N3/2, [N3/2, V,,]]'<2aaN4—i-M2 (X.109)
B CMbICJle KBaapaTHuyHbiXx ¢opMm Ha D,. M3 (X.108) u (X.109) cuie-

ayer (X.107), utro u JokasbiBaer OUeHKY B (ii).
TeM caMbIM MEI y6eAHAHCH, YTO AJS mnocllefoBatenbHocTd H,+V,
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BLINOJIHEHB! YCJOBHS TeopeMul X.64. 3uauut, (H 4V, & i)~ cuapHo
cxogurca Ha FZ. Ilasnee, uToGB MPHMEHHTHh TeopeMy X.63, ciemyer
TOJIBKO MOKa3aTh, 4To obuacth DS ={P|<P, ¢> €IS, mpu xakom-
aubo ¢} msoTHa, B HaleM ciaydae 3TO TpPHBHAJIbHO, TakK Kak Aas
Bcex Y € Dy umeem (Hy,+V,) E v — Hyp+ x%p. CnenoBatesnbHo, mo
teopeme X.63, H,+V, CXOZHTCA B CHJIBHOM Pe30JIbBEHTHOM CMBICJIE
K camoconpskeHHOMy onepatopy C, o6JacTb onpeAesieHHss KOTOPOro
cogepxut Dy, u C D=1, (——d"/dx*‘—{—xz)—{—x4

DTOT pe3yJbTaT, HOCAMHH XapaKTep TeopeMnl CYIECTBOBAaHHA,
caM no cefe He CJHINKOM HHTepeceH, NMOTOMY HYTO H3 TeopeMnl X.3
MOXKHO ObIJIO HEMEeJIEHHO 3aKJIOYHTh, YTO Y/, (— d?/dx? +- x24-2x%) } D,
HMeeT caMocomnpsixkeHHoe pacluHpeHHe. OJHAKO CJ/eAyloliee NOCTpoe-
HHe, OMHpalolieecs Ha Pe30JbBEHTHYIO CXOAHMOCTh, MO3BOJIsIET HOKa-
3aTh camocornpsxeHHoctb Ha D (H,) N D (x*). Crauana, pasnaras
(H,+V,)?, uatigem, uro

(Hy+V,)2=Hi+V:+HV, +V,H, =
H3+Vi+2HYV HY* - [HY?, [HY, V, ]| =
>H§+V?.+[H%/2» [H?, V.
B CMbiCJle KBagpaTHuHblx ¢opm Ha Dy, u6o V,>=>0. Ilpuem, momob-
HBIH yKa3aHHOMY B 3ajadye 62 B cBA3M C JoKasaTeJibcTBoM (X.109),

Mo:KeT OBITh MpHMeHeH M JAJis1 A0Ka3aTe/bCTBa CYHIECTBOBAHHUS TakKOH
KOHCTaHTH b (He 3aBHCAlUeH oOT #), 4TO mpu JioGoMm & > 0

0 <eH:+[HY? [HY*, V,]]+b. (X.110)

3Ha4HuT, CYUIECTBYIOT TaKHe MOCTOSHHBIE (4 H Cy, 4TO A 9€D, n
AJid BCeX '

IHop|*+{Vaiol* << | (Ho+ Vo) @2 +collof 2. (X.111)

[Tycte temepp Y€ D (C). Torma Y=(C+i)~1y AN HeKOTOPOro ¥,
u3 J¢. Tlonoxum ¢,=(H,+V,+i)"'y; torma ¢,— . 3HauMr,
npH BckoM O € D,

[(VO, ) || VO v —b, |-+ (V—V,) 8%, ]+, Vo) . (X.112)
Ho u3 (X.111) caeayer, urto

A g(d1+dz)ll(H0+Vn+i)1pn”=(d1"I‘dz)"X"'

Tax xax mnepBele JgBa dJjeda B (X.112) cTpemaTcs K HYyJIIO NMpH
n— oo, Mbl 3ak.iouaeMm, uto |(VO, ¢)|<<(d,+4d;)||8]|x] npu Bcex
8 € D,. 3uauur, YED((V I D)*)=D V), tak uro D€)< D).
Anagnoruytoe nocrpo Hue Jokasniraer, uro D (C) < D(H,). Caepo-
BaTeJbHO, =1/, (— d¥/dx? + x2) = x* CaMOCON pSAXKeH Ha
D (—d2/dx?+ x? ) n D (x4).
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DroT npumep OTpaxKaeT OCHOBHBIE HJEH JOKa3aTeJsbCTBa CaMo-
CONpSIXKEHHOCTH laMHUJbTOHHAHA (@4),-MOAENH C MNPOCTPAHCTBEHHBLIM
ofpe3aHneM B KBaHTOBOH Teopuu mnosas. B caydae Teopud mnoJss
JnokasartesbcTBa oueHok (X.109) u (X.110) TpyaHee, HO HacToO OmH-
paioTcsi Ha Te e caMbie ujeHn (3azada 62).

O6GpaTuMca Tenmepb K 3ajaude AOKasaTeJbcTBa ycsaosusi (ii) Teo-
pempi X.63. Ilockosbky uacro GbiBaeT TPYNHO MNpsiMO YGeauTbCs
B €ro Cnpase/uIMBOCTH, MOJIE3HO 3aMACTHCh OAHHM CJIEACTBHEM Teo-
pembl X.63. Ho mpexnae mnaauM Takoe

Onpedeaenue. TocnenosarebHocTh {A,} . MONTOXKHUTENBHEIX CaMO-
CONPSIXKEHHLIX ONMEepPaTOPOB Ha3hiBaercsi MJIOTHO OrPaHH4YEHHOWM, ecJH
CYLIECTBYeT TaKoe MJIOTHOe MHOXecTBO Dy < F, uTo npu KaXIOM
Y € Dy, cymecTByeT nocseioBaTeNbHOCTh {¥,}m,, YAOBAETBOPSAIOMIAS
YCJIOBUSIM

. %

(1) Y — ¥,

i) v, €Q(4,),

(itf) sup (y,, A,P,) < oo.

Teopema X.65. Ilycts {A,}—nocienoBaTesIbHOCT MOJICIKHTEND-
HBIX CaMOCOMNDSIXKEHHHIX ONepaTopoB B rmbdepTOBOM NpOCTpaH-
cree FZ. Ilycrb

(i) (A,+1)"* cuabHo cxoaurca XK R,
(ii) {4,}7—; ni0oTHO orpaHHueHa.

Targa cymecTByer TakKo# caMoconpsxXkeHHbIH omnepatop A, uro
R=(A+1)"*u A,-— A B CHUIbHOM DPE30.IbBEHTHOM CMbICJIE.

Hoxkazameavcmso. Tlyers B,=(A,-+1)V2. Torma B ®— R cujbHo,
U TaK KaK B;?—paBHOMEpHO OrpaHUYEHHble NOJIOXKHUTEJbHBIE OIie-
paTophbi, TO W3 HENPEPHLIBHOCTH, B CMbicje PYHKIHOHAJABHOTO HCHUC-
JieHusi, KBaipaTHoro xopHs (reopema VIII.20 u zagmaya VI.14) cie-
ayer, aro B;'— R'/? cygbHo. Ecsau Ham yjpacrca noxkasarb, UTO
CyllecTByeT Mojanoc/ienoBaTeqpHOCTs {B,, } nocnegosatensHocT# {B,},

Assg KoTopo#l rpad-nmpezen {B,,k} NJIOTHO OMNpeJeJieH, TO Mbl CMOXKEM

3aKJII0YUTh, [OPH [OMOILU HeGosblilofi Moaubukanuu Teopembl X.63,
yTo R1/? = B~'! ¢ HEKOTOPHIM IOJIOXKHUTEJbHBIM CaAMOCON PSAXKEHHEIM B,
Ecau wmpl 3atem noJoxuMm A =B2?—], MBl HOJYyuYHM paBEHCTBO
R =(A--1)"1, noxasmiBaiolllee TeopeMY.

TlocTpouym 1oanccesoBaTeIbHOCTD {Bnk} caeaymouum  o0pasom.

Tlycry {$¥}5., —TOTaIbHOE MHOXECTBO BEKTOPOB B Dy. Tlockoabky
{A,}5-, MICTHO orpaHuyeHa, [/d KaxAoro k HalimeTcsl Takas nocJe-
IoBaTeabHOCT {YP}r,, uto PP & Q (A,)=D(B,), PP —p* yu
sup]]B PP | < oo. PaccMoTpHM Tenepb MOCJeAOBATeJbHOCTh B, Pp®.
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Tlockonbky Bce B, Y’ comepxarci B ¢(HKCUpPOBaHHOM liape B F7,
MOXHO Ha#TH caabo  cXORAWIylOCA  MOANOC/EL0BATEAbHOCTb
. By, p¥ia, j (TaK KaK Bce IIaphl €/1a60 CeKBEHIHANbHO KOMNAKTHEL).
Brifepem najiee noc/efoBaTeNbHOCTh Y%y, ;, — ' U HU3BJeueM H3
B, TaKyl NOANOCJEN0BATENBHOCTE B, (5, 5, 4T0 B, o, /Viie 5
cnabo cxoaurcd. [eficTBYysl RaJibliie TaKHMM CnOCOGOM U NOJb3YfACh
npHeMOM JAMaroHaJH3alU{, MH COCTaBHM MOANOCJEAOBATENbHOCTD
{Bn ¢, p} 1, KOTOpass o6jafiaeT TeM CBOHCTBOM, U4TO AJs KaxIOro
k cymecTByer ,JaKas [oC/Iel0BaTebHOCTD Y& e 4TO PP €
€D (Bny, ) Vi p— 9 u B, 0% ;, cn1abo cXoguTcsi. 3HayuT,
Kaxaei $'% npudagnexur DY nas  nocieposartenbHocTd B, ;.
Tak xax D, nmorso u {$*'}r_, ToraneHo B D,, T0 DY nioTHo,
4yTo U JoXasbiBaer (no.rteopeme XI[11.28) cyumecrBosaHue caa6oro
rpad-npefiena noc/enoBaTeabHOCTH {B, , p}iei. B

Ora TeopemMa Oblsla MPUMEHEHA K NOKA3aTeJNbCTBY CYLIECTBOBAHHSA
raMUJbTOHHAHA € MPOCTPAHCTBEeHHbIM o6pe3anHeM B JIBYMEpHOM
noJjepoil Teopun co B3aumogelcrBuem lOxkaBnbl. [lerasbHoe KOKasa-
TeNbCTBO NOTpe6oBa/io 6bl MPHBJEYEns TeOPHH CBOGOLHBIX (hepMHOH-
HBIX noJiedl H 1[esoro psaga AOBOJBHO CJOXKHBIX oleHoX. Ecau xe
3TH OLEHKHU Y2Xe NMoJyueHnl, TO HAEeA COCTOHT B cJjelyrowem. [Ipexne
BCEro paccMaTpHBaeTCs raMHJbTOHHAH cO B3aumofeicTauem H (g, ®)—=
=Hy+ H;(g, ®), colepxamuil npoCTPaHCTBEHHOe H YyJbTpaduose-
ToBoe ofpe3aHus. IlpocTpaHcTBeHHoe ofpezaHue BBOAMUTCH TakK IKe,
KaK H B TeOpuH noas c¢ (¢%),-BaauMofelcTBHEM, PACCMOTPEHHON
8§ X.7. YuabTpaduoseroBoe ofpesaHue O3HAYAET, YTO HHTErpasibi
B MPOCTpAaHCTBE HMNYJAbCOB, BEIpaxKawowWwue [; uyepez onepaTopr
POXAEHHA U YHHUUTOXKeHHs, 6epyTcsi TOJbKO no obsacTd |k|<< x.
Xora H (g, ») umeer cmbica1 B npocrpaHctBe Poxa, H (g, ») «pac-
XoAuTCcA» Npu % — oco. Coobpaxenus dhopManbHOH TEOPHH BO3MYllle-
HUH noXcKasblBalOT, uTo H (g, %) Ooasxcer pacxoputbes (1), Tak Kaxk
MBI BBeJIM MaccCy B cBoOOIHON TeopUHM KaK HeKHMH cBOOOAHMIN HAauasb-
HEIA nmapameTp, a He KaK (U3UyecKH HU3MEPUMYIO Maccy m B TeOpHH
CcO B3aUMOJeHCTBHEM, a TaKxXe NOTOMY, UTO OCHOBHOZ COCTOsiHHE
CHUCTeMBbl 6e€3 B3aHMMOJEHCTBHUA JOJIKHO OTJHUYATLCA OT OCHOBHOIO
COCTOSIHUSAl CHCTeMBbl CO B3alMojAeHcTBHeM Ha 6eCKOHEUHYIO 3HeprHIO.
Taxum o6pasom, TeopHs Bo3MylleHu#l npefs1araeT paccMaTpPUBATH
«IPaBUJIbHBIAY TaMUJIBTOHHAH B BUJe

H=H,+H,—~M~—E, (X.113)

rae E 3ajaercsa pacXoAsinUMcH HHTerpajsoM, 8 M ecTb KOPPeKTHO
onpefeseHdbl onepaTop, AOMHOXEHHLIH Ha APYrof pacxopdamuiics
uaTerpan. Y xora H;, M u E GeckoHeuHnl B npocTpaHcTBe Poka,
H B peaysbTaTe COKpaliieHUsl paCcXOZUMOCTell OKa3bIBAETCA KOPPEKTHO
onpeieneHHbiM. Ec/M Mbl BBOJAUM NPOCTPAaHCTBEHHOE M UMNYJbLCHOE
offpesaHue, KaK 3TO onucaHo Bbime, To H,, H,(g, n), M(g, %) u
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E (%) Bee KOHEYHH W OmpefiefieHbl B mpocTpaHcrBe Poka u
Hien (8, %) =H,+H,g, ”)_;M (g, #)—E (%)

caMocomnpsixkeH MNpH Bcex x%. Donee Toro, MOXHO NOKasaTb, 4TO
H, ., (g, ®») paBHOMEPHO NO % OrpaHHYeH CHH3y HexOoTophiM C, HTO
(H,en (g, ) —C+1)"2 cunpHo cxomurca ® uro {H .. (g, %,)}a
nmotHo orpaHuueHa. CnepoBatesnbHo, no Teopeme X.65, H,., (g, %)
CXOJHTCA B CMBIC/Ie paBHOMEPHOH De30/IbBEHTHON CXOJHMOCTH K CaMo-
conpsaxeHHoMy omepaTtopy H (g). dror H (g) u ecTb «npaBHIbHBIHY
raMHJIbTOHHAH C NPOCTPAHCTBEHHBIM o6pesaHueM. IIpocTpaHcTBeHHOE
o6pe3aHHe MOXKET ObIThb CHATO APYyrHMH Merojamu (cm. ra. XIX).

X.11. dopmyna Merumara — Kauya

Mycte H,—CBOGOAHBIA KBAaHTOBOMEXaHHYECKHH TaMHJIbTOHHAH
— A, u nycers V—rakoil norennuan, yro — A--V camoconpsikeH
B cymectBeHHoM Ha D (—A)n D (V). Torapa d¢opmyna Tporrepa
rOBOPHT HAM, KaK BHIPasHTb e~ (Ho+V) B pBuje mpesena npoussese-
HHA e~WmHe gy e~ /MY ppu n-—oco. Tak Kak Mbl HMeeM siBHOE
BhIpaXeHHe A etHe B Bune uHTerpanbHoro onepartopa (cM. (1X.31)):

(e *Hef) () =L.im. (amit) -2+ (exp (L2 fgydy, (X.114)
Rs :

TO Mpl MOXKEM BBIPasHTb e~ Ho+V) B BHJe mpejesa HHTErpasibHpIX
OnepaTopos. :

Teopexa X.66. Tlycre V& L2(R3) 4 L™ (R3). Torpa

(et et ) () = lim ()7 L [ exp (S, (x0, - ooy 2y )X
‘> ® R (R’
Xf(x,)dx, ... dxg (X.115)

rune

S, (Xgy Xyy ooy Xy B)= 2": —fl— [—41— ('—xi—?—/fli‘-i)z—V (x,)] .

i=1

(Bce wuHTerpajini 6epyrcs B CMbICJIE S = lim S ,a BCe
R mow|xjgm

npenenst 6epyrca B cMbicye L2))

Hoxazameavcmeo. Tak xak V€ L2(R3)+ L™ (R3), to H,+V camoco-
npsixed Ha D (H,) (teopema X.15), H mosroMy npHMeHuMa opmyJia
Tporrepa (teopema VIII.30):

e~iHotV) f = [im (e~ \t/n) Ho g~(it/m) Vyn f,

n=> o



