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Ec/H n ueTHO, TO, BHIOHpad u,(x}) <0, U, (x) << 0 (1. e. ofecneunsas
BBLINOJIHEHHE (B)) U CUHUTAH U, ;:ocraTquo GoJsibIIUM [0 a6GcooTHOR
BeJHUKHe, Mbl MozkeM noayuutb E (0)<CO0, u Torza perrenue yiizer
Ha GecKoHeuHOCTb 3a KOHeuHoe Bpems. EcJH, ¢ Ipyroil CTOpOHHI,
n HeueTHo, To E (f) Bcerza GoJble WJIM paBHO HYJIO, TAK 4TO Hpe-
Ablayliee paccy:kieHue He NPOXOIMT. Ho 3T0 ¥ He yauBHTENbHO, TAK
KakK c.nyqau — u® eCTb KaK pa3 OJHOMEDHHI aHAJor C HYJEBOH
maccoft ypasHenus (X.138), aa8 KOTOPOTO Mbl JOKa3aJH CYIIECT-
BOBaHHe 1JI06aJbHOIO pElIeHHd.

X.14. Metoasl runsGepToBRa NpocTpaHCTBA
B KNacCHUYECKON MeXaHuke

.B a3tom nocaegseM pasgese, NOCBALIEHHOM BOHNPOCY O CYHIECT-
BOBAaHHMHM JIHHAMHMKH, Mbl XOTHM KpAaTKO ONHcaTh NOAX0H.K KJACCH-
yecKOl MeXaHMKe, OCHOBaHHEIH Ha MeTOzaX npocTpaHcrsa L2, cpas-
HHTb ero ¢ KBaHTOBON MeXaHHKOH H pacCMOTperTb €ro HEeJZOCTaTKH.
3xech Mbl 6YyIeM HMETb I€/70 ¢ cHCTeMaMH, (pasoBoe IpOCTpPaHCTBO
KotopblX ectb RSN (mau R®Y ¢ HEKOTOPHIMH HCKJIIOUEHHBHIMH CHHTY-
JIApHBIMH MHOXKECTBAMH); 06cy:KieHHe OoJiee OOWHX CHMIJIEKTHYe-
CKMX MHOroofpasuil oT/10:XKHM J0 3aMeuaHHH.

HauueM ¢ dopmasbHBIX 3J1eMeHTOB 310fl TeopuH. B ROV nmeercs
usbpaHHas cHcTeMa KoopiuHart p; ¢; {(i=1, ..., 3NV), u Touka
B 3TOM ()a30BOM HpPOCTPAHCTBE IBHIKETCHA B COOTBETCTBHH C ypaBHe-
HUAMH JBHKEHHSA

: oH - 9H
Pi=—73q " 9i=735 (X.153)

riIe H~—3HepI‘I/IH. B YaCcTHOCTH, KOHCEpBATHBHAA HBIOTOHOBA CHCTEMA
m;q; (t> =Fi (qi7 sy q3N>

oV
Fi(‘l):-j;q—.

umeer bopmy (X 153), eciu H = 2 @Cm)y-tpi+V.

i=1

B ofwem-cayuae (X.153) ectb HesHHellHoe OOGHIKHOBEHHOE IHGD-
depeHuHanbHOE ypaBHEHHe B KOHEYHOMEDHOM BEKTOPHOM HPOCTDAH-
cTBe. Cymecrsyer cTaHIapTHHIA MeTo npelcTaBieHHsl TaKoH CHCTEMBbI
B BUiEe JuUHeliHo20 ypaBHeHHUR B GeCKOHEeYHOMEPHOM [pOCTpaHCTEE.
Cyrb B TOM, 4TO fAelicTBHe NHepeHOCHTCH ¢ Touek Ha ¢yHKuHH. I1yctb

®(Gos Por 8)=<Xq(t), p{(t)>, rTae <q(t}, p(f)> ecrb peluenHe ypas-
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.Hemzm (X.153) c HavaabHbIMH JauHbIMH ¢ (0)=gq,, p (0)=p,. Torna
o orodpaxaer RSN+ p ROV, [Tosoxum

(Ui (g, p)=[f(alg, p; 1)), (X.154)

rie f—komniekcHo3HayHasi oyHKuus Ha RSV, Mmeem U, U,=U,,,.
Mp! MoxeMm ¢GOpPMaJIbHO BLIUHCJANTb HHOHHHTE3HMMAJbHBIH reHepaTop
i dUt/dt.

d(U4f)
dt

=§:(aq q,+ >={f, H} (X.155)

t=0

cornacuo (X.153), rae

ectb ckofka [lyaccona. OquI/IﬂHO YTO

{i, gt=—\1a, It (X.156)
a HHTErpHpoOBaHHE NO 4acrtdM NeKa3sbiBaer, 4To
| §nif, gravpasy q={ {n, fled®¥ pas¥q,  (X.157)
ecau f, g, h€Cy (REV).

Oti npexBapuTeabHble GopMasbHBIE MAHHIYJISIHH NOJACKA3LIBAIOT
cJenyioiee

-Onpedesernue. Insa nanHOH NPOHU3BOJBHOM JIOKAJbHO HHTErpHpye-
moil ¢yukuuu H (p, q) Ha RSV wnasosem topmoii JIuysuans xkBan-
paTHyHyIO popmy Ha L2 (R®V, d3N pd3VN q) c ofsacTbio OnpenesneHHs:
Q (1) =Cy (R5Y), 3anannyo dopmyJioit

L(f, )=\ {F, gt Ha®N pasv q. (X.158)

Ecau H ectb Cl-pynkuus, onpenenuMm omnepatop JIuyBuaasa Ha

Cy (R5V), nmoanaras
Lf={f, H}. (X.159)

[Mosbsysick (X.156) u (X.157), Jerko nokasatb (3amaua 78) cie-
Ayioomee .

fIpedaooicenue. i
(a) Popma JInyBHJJIA KOCOCUMMETPHYHA, T. €.
If, ey =—1(g . (X.160)
.(b) Ecitu HeC* u f, g€D (L), 10
(f, Ley=1(f, 9)-
{c) —iL ecTb cUMMeTpHueCKHH omeparop.
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"Ecsam Ham u3BecreH (akr 2206a461020 CYIeCTBOBAHHMSA KW eNUH-
CTBEHHOCTH pelIeHH i KJlacCHYecKOrc OGbIKHOBEHHOr O JudpepeHiiHaIb-
Horo ypaBHeHusi (X.153), TO MOXHO cKasarb GoJblle:

Teopema X.78. llycrs H ectb C-pynkuus. Honycrum, 4To XAJ1s
JMoBLIX Gy, P, cyulecTByer equHcrBeHHas Cl-QYHKUMS @ (Gq, Po; f)
3 R B RSV, ynoenerBopsitomast (X.153) ¢ Haua/JbHBIM YCJIOBHEM
O {Gys Pos O)—<qo, po>. Honycrum, uro o: RSN+1— RSN ectp (-
¢byukuns. Torpa U,—yHurtapHas QnHONapameTphueckas rpynna
c HHHHHTE3NMAJbHLIM TeHepaTopom — iL. BoJsee Toro, — iL camo-
conpsakeH B cymecrBeHHOM Ha Cg° (R8V).

YrBep:kaeHHe 00 yHHTApHOCTH U/, HasbiBaercs TeopeMoit JIMyBUIAA.
t

Hoxaszameavcmeo. Tlyers D = C}(R8VN), Tlpu nomomy paccyxAeHHI,
OCHOBaHHBIX HA MCNOJb30BAaHHH aNNPOKCHMATHBHON €XHHHUBI (CM.
o6cyxaenne B § VI1IL.1), serko nmokasarb, uro Dc=D(L) u wuro

Lf={f, H} nns moGoro f & D. lTostomy L KococummerpuueH Ha D.
Hanee, Tak Kak ® no ycuoBulo gexur B C!, to U,f nexur B C*
npu kKaxjaoMm ¢HkcupoadHom ¢. Tak kak o (-, -; f)—ojHonapa-
MeTpHueckas. rpynna otofpaxenuii R® B RS, To

{<p, plo(p, g; t)€suppfl={o(p, ¢ —1)[<p, ¢> €suppf}
KOMNakKTHO MJsi f€ D Kak HenpepbiBHbIN 06pa3 KOMIAKTHOrO MHO-
)ecrBa. 3HauuT, cemMeHcTBO oroGpaxenu#t U,, onpepeseHHbXx Ha D,
eCTb OJHONapaMerpuyeckasi rpynna oneparopoB u3 D B D. BoJee
Toro, aas Jogo# f us D

'zdr‘Uth:,,:{f, H}=Ljf. (X.181)

Uro6bl B 3TOM yGeAHTbCs, 3aMETHM, 4TO

1=2[Usf (g, pY—[ g, p)]—{f, H} (g, py=
_f[®@ g D—f@p. 9 0) <~ (0 oH _ of aH)
= - 2

\a‘h op; Op; 09;

CXOJHTCA K HYJIIO [OTOYEYHO B CHJY NpaBHJa AudxbepeHUHpOBaHUSA
CJIOXKHBIX ¢GyHKUUHA. DoJee Toro, Tak Kak f viMeer KOMOAKTHHIH HO-
cuTesb U o6e QYyHKLUHH [ H ® DPaBHOMEDHO YAOBJIETBOPSIOT YCJIOBHIO
Jlunummua Ha KOMIAKTHHIX MHOJMECTBAaX, MOXHO MaOpHPOBATh
= (U;f—f) dynkuuein us L" Torna no reopeme 0 MaxOPHpPOBAHHOH

CXOJHUMOCTH
fe=* Wi —H—Af, Ht—0,
OTKyZRa noJgyuaem (X.161).
U3 xococummerpuutocTd L cJjexyer, 4ro ——' 'U,f 2=0, nosromy
U, orpannued Ha D w |Uf|={fi. SHaqm, Ut IPOJ0JIKAETC ST JO
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yHHTapHOro omeparopa #a 9 = L? (R8V). Ilanee, U, sanaerca nocpes-
crom (X.154) va D n kaxpmas €57 MOkKeT GbiTh aNIPOKCHMHPO-
sana ¢yHkuuamu f, €D Tak, uto f,— f HOTOUEYHO HOYTH BCIOAY;
nostomy U, 3amaercss ¢ nomompbio (X.154) ma Bcem . Tak kaxk
pyskuus ¢ — U,f HenpepniBHa s [ € Cl, oHa HenpepbiBHA HA F7.
Haxoneu, B cuay HHBapuadtHocT# D) oTHOocuTesanHo U,, paBeHCTBa
(X.161) u Teopemnl VIII.11, —iL camoconpsizkeH B CyLIECTBEHHOM
Ha D u sBaserca MHQHHUTE3HMAJbHBIM reHepaTopoM rpynmel U,

K coxanenuto, O6bIYHO HEJETKO 0Kas3aTb, YTO KJjaCCHYECKHE
VPABHEHHA JBHXKEHHA HMEIOT r/00a/bHblE pEIUeHHA, XOTA €CaH Iio-
teHuran V raagkufi ¥ yXOAHT Ha - oo IpH [X|— o0, TO fACHO,
YTO KpHBble, U306parKaloLne pellenne, AOJKHBI OCTaBaTbCs Orpa-
HHYEHHBIMH, TaK YTO rJ00ajbHBIE pelUeHHs] CYMIECTBYIOT. Mmbl ceii-
yac YBHAHM, KaK JOKasarb rao0ajbHOE CYILECTBOBAaHME [if TJaaf-
KHUX V, KOTOpbIe He CJAHIIKOM IIJI0X0 BeAVT cebs Ha OECKOHEUHOCTH.
Onnako MHOTHE IIpEACTABJAIONINE HHTEpPEC NoTeHuuaJs bl V 06J1a8aioT
CHHTYJIADHOCTAMH ODH KOHEYHHIX ¢, H ypaBHEHHA MBHIKEHHH Hapy-
IAITCA H3-338 «CTOJKHOBEHHH». B TakuX cJaydasXx €CTEeCTBEHHO Tpe-
GoBaTb rJ0GAJbHOTO CYIECTBOBAaHHA HAJf IIOYTH BCEX HAYaJbHBIX
YCJOBHH, HO Takas 3afiauya HE pelleHa faxke [jid YHCTO Ky JOHOBBIX
cua npu N = 4. Ilotepnes 3fech Heyfauy, MOXKHO ObljO Obl NMONpPO-
GoBaTb [0Kas3aTb CaMOCOIPAXKEHHOCTb B CYIIeCTBEHHOM OllepaTopa
— L Ha xakoMm-BHOYJIb NOAXONAIIEM MHOXKECTBE, ckawmxem Cg (M),
-rne M-—1nJOTHOe MHOMKECTBO, IOJyUYe€HHOEe BHKHIbIBaHmeM H3 R~
CHHTY/IAPHbIX TOouek. Ho M 3Ta 3agaua He peweHal

HMurepecHo BBIICHHTDb, NIOYEMY 3afaiHd CaMOCONPSKEHHOCTH Ha-
CTOMbKO JIerde peluailoTcs B KBaHTOBOH wmexanuke. K ToMy ecTh
HECKOJ/IbKO OCHOBaHMH; Mbl HaYHEM C CaMoOro rJaBHOTO.

(1) B oGblunom cayuae, xorpa H = p2-+-V (q), — il nHuxozda He
orpaHuueH CHH3Y (MJaH cBepxy). B camom nese, mosoxkum

O (. @=F(—p, 9.

Toraa
0LO-t=-—L.
Dro B TOYHOCTU OTpaxKaeT TOT QakT, 4To w (— p, g; L) =0 (p, g; — 1)
(«MHBApHAHTHOCTb  OTHOCHTEJNHHO OOpaileHH§  BpEMeHH»), HJH
0(iL)0"t=—il. Ho pas —iL He orpaHuueH, OH HE MOXKET ObITb
U noJyorpaHuueHHbM. Ecan wmbl onpenesnm C ¢opmy.iod
Cf =9f,

to C ecTh kKoMmnjaekcHoe conpaxenue u C(—iL)C~'=—L, Tak
4TO —[[ UMeeT CaMOCOIIPAKEelHble paclIipeHHs B CHJY TeOpeMbl

¢on Hefimana (teopema X.3).
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CpaBHHMM 3TO INOJIOMEHHME ¢ KBAHTOBOH MeXaHHKoil, rie Cf=]
u CHC-*=H, HO rje He cyllecTByeT BellecTBeHHO JMHEHHO! 0

co cpoiictBoM 0HO~!= — H, BroiHyxJaomuM H GbiTb HEOrpaHHYEH-
HbBIM OZHOBPEMEHHO M CBepXy H CHH3Y.
3ameruM, uTO B 0o6oux cayuasix CgC~t=gq, CpC~1=—p.

(2) Mexay p u g Her HHKako# 3aBHcHMOCTH. [lostomy ecau V
He OrpaHHYeH CHH3Y, TO 3THM cBoflcrBoM o6iajaer u H (p, q), Toraa
KaK B KB3HTOBOI TEODHH OMNEpaTop SHepPruHu MoxkeT ObITh orpanmeu-
HEIM CHH3Yy BCJEACTBHE NMPHHLHIA HEONPEAEeHHOCTH.

(3) B omneparop sxeprun — A4V Bxoaur tosabko V, Torma kak
B L BxoaaT npousBofuuie V. [lostomy cuuryaspsoctu B L craHo-
BATCA TOJILKO XY2Ke, TAK 4TO, HAaPHMep, B KYJ/OHOBOM ciyuae Cgc
CD(Hquantum)’ HO C: ¢D(L)°

B sakmouenue npuseieM ONHY 3JIEMEHTAPHYIO TEOPEMy cyillecT-
BOoBaHHA A cHcteMul (X.153), H3 KOTOpOIl c/lefiyeT KOCOCONPSAKEH-
HOCTb L B HEKOTODRIX C/Iy4asix; ee OCHOBHAA HAes yike NPHMEHAJACh
Hamu He pa3 (cm. gonosHenue K § X.1 u § X.13) u aBasgercs Kaac-
CHYECKHM aHAaJIoroM KOMMyTaTopHOH Teopembl HesbcoHa (cM. mpu-
mep 4 B § X.5).

Teopema X.79.Tlycrb V ectn C2- -pyuxuus Ha R3V u [gradV (q)|
<C(¢*+ 1)/ ¢ nozxoxsuell KoHctaHroii C. I'chrb H(p, 9)=
3N

= l_21a,l-p,-pi—{-V(q), rje a—CTporo IMOJIOXHUTE/IbHO Onpeje/eHHad
=

Mmarpuua. Toraa agas joboro <p,, q,> € RSN cyumecrByer eguHcTBeH-
Has Cl-byHKUHR o (p,, q,; t) u3 R B R6¥, ynosnersopsiomasn (X.153)
C HauYaJbHLIM YCJOBHEM <p.,, qo>. Bonee TOTrO, @ (Py, q,; t) ecTb
C1-otoGpaxenue R6N+1 g RSN

Hoxasameavcmeo. Tlockosbky V EC2 dbyukuuu B jgepoit yactu (X.153)
pPaBHOMePHO YAOBJIETBOPAIOT YCJOBHIO JIMMUIKIA H paBHOMEPHO Orpa-
HHYeHH Ha KOMNAKTHHIX NoAMHOXectBax ROV, 3uauwur, gsa Kaxgoro A
cymectByer Takoe f(A) >0, uro eciu pi+qg:+1<< A, to (X.153)
MOXHO peluTtb aasa [£]| <7 (A); cMm. § V.6. Dukcupyem Tenepp Ha-
yajibHble YCJOBHA <pP,, ¢,>. Ilyctb (— Ty, T,) —MaKCHMAJILHEIH HH-
TepBas, Ha KOTopoM MoxHO peinth (X.153) ¢ HAYa/IbHBIM yC/I0BHEM
<Ps» 9o>- Mb1 nokaxem, uto T; ecTb oo. B camom jene, A0nycTHM,
4yTo 3TO He Tak. Haa 0<Cf << T MOJIOXHM

N@)=p@)2+q(t)2+1.
Toraa .
N () =2pp+2q9<
<Zip@®jlgradV(g@) i+2lafip ) g )<
K2C+]a) @@+ D2 p )| << (C+]af) N (D).
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Orciona N (£) <N (0)exp[(C+|a])t] npu Bcex £>0. Iycrb ¢, —
sro ¢ (A) ans A=N (O)exp[((‘ +|a|)T,]. BuiGepem ¢ € (T, —t,, T1)
Torfna MoxHo pemHTh (X.153) ¢ HauanbHBEIM ycaoBHeM <p (1), g (2)>.
CiinBasi 3TO pellleHHe C YXKe MOCTPOEHHHIM pellleHHEM, Mbl MOJYYHM
peuieHHe B HHrepBane (— T, £ +£,), YTO NMPOTHBOPEYHT MAaKCHMAaJb-
HOCTH. 3HauuT, T;=00 U aHaJorH4yHO Ty = co.

CornacHo merosaM § X.13, @ npumasnexur C' B obsaactd, no-
JIYYEHHOH C IIOMOLLBIO OJHOKPATHOTO MPHMEHEHHH NPHHLHIA CXKH-
MalomHX oroGpaxenui. IlpH nomomu Tex e paccyxXAeHHH, 4TO
H Bblue, Jiofoe [ Moxer OHTb JOCTHTHYTO IOCPESCTBOM KOHEUHO-
KPAaTHOTO NPHMEHEHHA NPHHIKIA CXKHMAOMIHX omépame}mn (co Bce
GONMBIIMMH HauyaJbHbIMH BpemeHamH). |

Careocmeue. Ilpu ycnoBusx teopembl X.79 oneparop Jluysuans L
KOococonpsxeH B cyimectBeHHoMm Ha Cg (R®), 1. e. L¥*=—L*,
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