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I. BBeJ1eHHe 

HaJm:tme IDllpoROro RJiacca cfitsFiecKJa npHei&1IeYYX Teop:d 

C HenepeHOpYHpyeNHM BSSHMO~elcTBHeM Tpe6yeT pBSBHTHH MeTQAOB, 

B paMKaX ROTOpwt MOJQIO 6WIO 6Y llOCTpoHT:& .s -MaTpi!Izy, Y~OBJie'l'
BOpiDltYil BCell o6~ aKCHOMaM KBSHTOBOI TOOpmt llOJill. J.ti BepHII J 

'frO MeTO,II;a HeJIOl't8J.U>HOI TeOJ;BIH llOJill CYrpam He llOCJie,lOD)I) poJI:& 

npH pememm 3TOI npo6JieMY. C T0111m SpeHlUI cfitSHim, OCHOBHOe 

npe:HJ(VmeCTBO HeJIORSJI:&HOI TOOJ;BIH no cpaBHe:mm C JIOKSJI:&HOI 

COCTOHT B TOM, liTO HeKOHTpo.nHpye.ut npoHSBOJI, B08HHK8111QRI npH 

llOCTpoeHHH ~-MaTpH~Y C llOMO~ BUqHTaTeRbHOrO ~PMBJIHSMa, 
cfitKcHpyeTCH B HeJIOKaJI:&HOI TeopHH BY60poM ~~TOpa, ROTO

pil xapaKTepHSyeT o6JiaCT:& He~OKaJI:&HOro B8aHMO~eiCTBHH. 

TiocTpoeHHe C8MOCOrJiaCOB8HHOI HeJIOKSJI:&HOI KBSHTOBOI Teo

pmt nOJill, Hs.nozeHHoe B pa6oTaxii/, 6wro ocymecTBJieHo B pa:.max 

aKCHOMaTHKH Iiol'OJII>6oBB, Me,JtBe~eBB, IIOJIJIB8HoBB, IIIHpKOBa/2 • 31 . . 

B o6JQHX 'llepTax cxeMa nocTpoeHHH s-MaT~ B HeJio

KaJI:&HOI TeopHH COCTOILlla B CJie.ltYIJUteM. ~OOJmpGBSJIHC:L 061JlHe 

8KCHOIIY HeJlOKS.1lbHOI KB8H'l'OBOA TeopHH nOJill. 3aTell pacCMaTPH

Ba.JICH HeROTOpiA HeJIOKaJI:&HiiiA JiarpaHDSH KJiaCCFiecROro nOJill. 

lianpHMep, B CJIY'IISe O~OKOMnOHeHTHOro CK8Jillp80rO llOJill (_f ( }() 
TSKHII .narpaHDaiiOM MOZeT 6BT:& 

;/(x) = } 'f(<)(o-rn 2 )'f{x}-J{ /Ji }({v;JJrtiyt 
(I.I) 

3 



r,ne f{(x- j) - H8KOTOpHH H8JIOR8JibHHH cpoiJMfPaKTOp • .Jlmi ITOCTpoeHIDI 

H8JIOKaJI:OHOH S -M8Tpl'II.J;I1 B KBaHTOBOH TeopHH HCITOJI:030BaJICJI, BQ-IlepBNX, 

npHHUHil COOTB8TCTBitH, T.e. IIpH 6eCKOH8tUIO MaJINX J 
38Ill1CHB88TCJI B Bl'I,JJ;e 

s -ofwiaTpJma 

(1.2) 

r,ne Cj{><)- BTOpHlffiO KBaHTODaHHOe CKa..IDipHOe IIOJie, J,JJ;OBJI8TBOPfiDI188 

CB060,n;HOMY ypaBHeHHID 

(1.3) 

Bo-BTOpNX, ,IT.1lfl IIOCTpoeHIDI BHCI!IHX IIOpUJ;KOB TeOpHH B03MJI!l8Hd BBO

,n;HJIOC:O rrpe~ca~rn:e, corJI8CHO KOTOpoMY rrporraraTop CKaJIJipHOH 'IB.CTH-

lW H3M8HHJICJI CJI8,n;yJ011lHM o6pa30M: 

/ [ j{(K)j}. 

(1.4) 

3aTeM JK83HBaJICJI KJI8CC ~H, K KOTOpoMy ~OJDit8H IIpliiHa,Il,1I8JitaT:O cpo:pM-
-,_ 2., 

<llaKTOP L K( ~<)] , H BBO,n;HJiac:& HeliOTOpaR npoMeJ!tYTOlffiWI peryJlllpH-

38UHOHHM rrpon:e~pa, B paMKaX KOTopo:lf CTpoHJiaCl> s -MaTIJIIlB, ROHeli

Haff B ~OM IIO~e TeopKH BOsMJmeHHii. llocJie CHHTHR peryJIHpH3a-

D:IDf ~OKa3h!BaJIOC:b, liTO s -MaTpl'ID:a, IIOCTpoeHHWI COrJiaCHO rrpe,ItimCaHHIO , 

y~oBJieTBOPffeT BceM Hcxo.n;HHM aKCHOMaM : yHHTapHoCTH, rrpHlfiiHHOCTH, 

peJIRTHBHCTCKOH KOBa]'lHaHTHOCTH, rpa,n;H6HTHOH HHBapHaHTHOCTH H T.~. 

B STOM CMHCJie Haiiia CX6Ma 6HJia 'lll1CTO KOHCTPYKTHBHOH, TaK KaK 

OHa ~aBaJia JfriJITh ~ rrpe,ItimCaHHH, B paMKaX KOTOPNX BOSM:>lltHO IIOC'l'poe

HHe KOHeliHOH S -MaT.J;Iin:H, Y~OBJI8TBOPfflllli8H BCeM HCXO~ aKCHOMaM. 

0,n;H8RO STa cxeMa He 6HJia CBH38Ha HH C KaKOH rrpoite,eypoi RB8HTOBaHHII 

CHCT8MH KJiaCCH'Ii8CRHX H6JIOK8JII>HHX IIOJiei THIIa (!.I). 
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B HaCTOJDileit pa6oTe MH xoTl'!M yKasaT:c TaJtYil npon;e,eypy KBaHTOBa

HHH pery~pHSOBaHHOA no~o~ o6pa30M CHCTeMH KHSCC~eCKHX none:£!, 

OnHCHBaeMHX HeJIOK8JI:DHHM JiarpammaHOM THna (I. I) , KOTOpasr npHBO.ItHT 

K noHBJiemm .n;ononHHTeJIDHHX 11JtYxOBHX" cocTOiiHKA c~pHoA llaCTHUH. 

11pH CH.fiTHH peryJI.flpHS8n;HH n.n;YxOBHe" COCTO.fiHHH HC'IIeSBJ>T, HO, K8K 

11Il8MHT:D11 0 HHX,OCTaeTC.fl clX>!MlaKTOP [ \{ ( IL) J z, KOTOpWI 3¢4leK-

THBHO HSMeH.fleT nponaraTOp C~PHOH 'IIBCTHUH corJIBCHO (I.4). 

OT.n;aJieHHol aHaJiorHel npe.n;JiaraeMOA npon;e,eypH MOllteT CJIYJIOIT:D Me

To.n; KBaHTOBaHH.fl aJieKTpoMSI'Hl'ITHoro n~. ( CM. , HanpHMep,/2/). PeaJI:&

HHA <llBSH'IIeCKY.H clX>TOH MOXeT HBXO.n;HT:DC.fl JIWII:D B .n;Byx COCTO.fiHIDIX C TBK 

H83HBaeMHMH nonepe'qHHMH no~pHSan;IDIMH. 0.n;HaKO 3TH COCTO.fiHH.fl HC MO

ryT llpHBeCTH K llpaBHJI:DHOH ~YHK!lHH pacnpoCTpaHeHH.fl. ~T06H nonyq:HT:D 

nponaraTop BHpTYBJIDHOro clX>TOH8 B clX>J14e 

J)('J(~ZJ= ~~ 
-K -l L (I.5) 

He06XO,ItHMO BBeCTH B paCCMOTpeHHe He~SH'IIecKHe ITpo,Il;OJIDHHe H CKa

~pHHe KBBHTOBHe COCTO.fiHH.fl C HH,D;e@-IHHTHO:i.! MeTPHKQH. Y CJIOBH.fl Jlo-

H coxpaHeHHH TORS 'C.lr ~ ( )() = 0 rapaHT:HpY!JT, 'liTO npo,D;OJIDHHe H 

C~pHHe KBBHTH He MOryT BOSHHKHYT:D B pesyJIDTSTe BSSHMO,D;eitcTBHH 

cJIHSH'IIeCKHX nonepe"qHWX KBaH'l'OB C rroneM SJieKTpoHOB. 0.n;HaKO HX pOJI:D 

COCTOliT B TOM, 'liTO OHH .n;am' BKJia,It B ~ymtn;Hil pacrrpoCTpaHeHHH (I.5), 

T. e • BHpTYBJIDHHI clX>TOH COCTOKT K8K 6H HS nonepeqHWX, npo.n;OJIDHHX H 

c~pHHX KBBHTOB. 
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Pa6oTa rrocTpoeHa CJie,JzylOOIHM o6pasoM. B § 2 .ztaeTca omrcaHHe 

KJiaccwqecKOH CHCT8MH H CTSBHTCH, sa,n;aqa KBaHTOBaHIDi, B § 3 pacCMaT

pHBaeTC.fi peryJIR:IJHSaUHoHHafi npoue,eypa, HSMeH..fllliQ8.fi JiarpaHlllliaH cro6o.u;

Hoit tiSCTHUH, B § 4 rrpoBO,II;HTCH KBaHTOBaHHe peryJIR:pHSOBBHHOit CHCT8Mii 

H .n;aeTCH orrncmme B8KTOpHOrO npocTpaHCTBa COCTO.f!HHH, KOTOpoe Co

.u;epzHT ".u;ixoBHe" COCTO.fiHH.fl C HU,IJ;e~THOH M8TPHROH. B § 5 p8CCM8T

pHBBDTC.fi IPYHKnHH I'pmia peryJIR:pHSOBaHHoro KBaHTOBaHHoro rroJIR:. B § 6 

HCcne~yeTCH B38RMO.IJ;8HCTB~ CHCTe~~ .IJ;O·CH.fiTH.fl peryAHpHSaQHK. B 
§ 7 cHHMaeTca peryJIR:pHSaurm ,lT,Jifi <PYHKUHH I'prum cKaJlffpHoro rroJIR:. B 

§ 8 .IJ;OK83HBa8TC.fi KOHetiHOCTb H yHHTSpHOCTb;S:-~TpHQU ITOCJle CH.fiTH.fl 

peryJIR:pHSSWIH. 

2. OrrHcaHHe CHCTeMH H ITOCTSHOBKa sagatiE KBaHTOBaHH.fl 

By.u;eM paccMSTpHBSTb o.n;HoKoMIToHeHTHOe cKannpHoe none sP(x) 
llnoTHOCTb JiarpaHl!UISHa, OnHCHBaiOillero KJiaccwqecKoe noJie J'(x) , sanH

cHBaeTc.fi B BH.u;e 

~l_ '0 l. 
3.u;ecb 0 =---,:.,_ L -r ,., ... , , 

vX., v X 

(2.1) 

HMeJOOlKH pasMepHOCTb .n;JmHhl, !! - KOHCTSHTS CB.fiSH. 

U(v) - HeKoTopM <PYHKUH.f!, orrncblB8DII8.fi caMo.u;eaCTBHe cKSJlffp-

Horo noJIR: (j7 (x J • By.u;eM rrpe.u;noJiaraTb, tiTo U{ v) .fiBJlffeTC.H aHaJIH-

THtiecKoit B HeKOTOpoH OKpeCTHOCTH BellleCTBeHHOH OCH KOMI1JieKCHOH 

'lJ"" = {;( T' i v- -nJIOCKOCTH. B ocTaJibHOM - STO rrpoHSBOJibHa.fi IPYHK-

UH.fl. B pa6oTel91 6oJiee no.u;po6Ho pacCMoTpeHH KJiaccu !llYHKnHH B3aHMo

,n:eicTBH.H U(t.r) ' ,lT,Jifi KOTOp!DC MOJKHO IIOCTpoHTb HeJIOKSJibHYJl s-MaTPH

UY, KOHetiHY!> B KaJJtltOM IIOP.fl,I(Ke TeOpHH B03MYilleHHit. 
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OrrepaTOp k(ezo) B (2.!) flBnH8TCR He~ORanhHHM M MO~eT 6HTh 

rrpe~cTa~eH B B~e 

(2.2) 

B ~aHhHeimeM MH 6y~eM paccMaTpHBBTh onepaTop 

- 2 

V(to) = j /((laJ. 
(2.3) 

Ey~eM rrpe~MaraTh, liTO ci>YHKUIDI V(2) y~o~eTBOJlfleT yMOBIDIM: 

(I) V{zJ -u;e~ aHaJIHTH't!ecKaR cl>YHKUID! B Z -MOCKOCTM HeKOToporo 

KOH8't!HOI'O ITOpsi,ZtRa poCTS 1 ~ f< f 1 T • e. cymeCTBj'IOT TaR!18 c > Q 

PI f > o,qro . 

. ·«/elf 
) v{?J/ ~ c e 

(2) 
- ~ L V(Z?)j -= V{LZ~), 

(3) V { f2.rn~-= f J 

(4) V(x):? 0 

(5) o(;~z) 

0 (e/'1-f {~I x lJ) J R e 2 ~ + oO • 

B pas~o.EeHHH 
=""' 

VCr) = L v., { ~-m2.fjn.· (2.4) 
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(7) V.= ( 
0 

'V;,>O, Vn. 

(8) CYIIIeCTBYJJT TaKHe nocTomume C > 0 , liTO 

c 
A.., 

lfrax. .111i tiOJIHOCT:LI> OIIHCSJm Bee Be.JIH1DIHH, BX0,1UIIl&ll6 B llJIOTHOCT:L 

JiarpaHDBB8 (2J:) , OI1BCHB8DIIei'O H8111Y CBC'l'eyY. 

Ypai II -... PZF, KO'l'Opoiq IIOJ('mH.fi6TCH KJI8CCM116CROe no.ne 

5f (X) , IIOET CIH'!'I> ll0JIY116HO COrJiaCHO llpmm;i!IIY HB.JIMeH:r:.mero 

~eiCTBHH H 38nKQHBa6TCH B ~e: 

Ilpo6JieM8 COCTOHT B TOM, K8K llOHl!IMSTL 9'1'0 ypru3Heime, KSKOB cnoco6 

ero pemeJOOI H KSKOBH MeTO~ KBSHTO:eamm TaROrO COpTS YpaBHeHiili. 

flfu: nocTymDI CJie~ o6pasoM. BBe~eM nOJie 

r~e 
2 O-m 

E(a)-= Vffz.a) 

• 

(2.5) 

(2.6) 

(2.1) 



~PMBJil>HO ypaBHeHHe .ztmuteHWI sammteTCR: 

(2.8) 

(2.9) 

~ HeBSaHMO.ztelcTB~ero. 

fusmmaeT BODpoc t KaK ITOHHMaT:& 3TH ypaBHeHM, KaK HX HCCJie.zto

BaT:& H pemaT:& H RaK IIpoBO,ItHT:& KBaHTOBaHHe ITOJI.H ¢rx.) ? 

llama H,IteJI COCTOHT B CJ18.ztYD!IeM. RlreCTO ypaBHeHWI (2.8) 11L7IH 

- (2.9) MLI paccMOTPHM peryJIJipHsoBaHHoe YPaBHeHHe 

(2.!0) 
:r.JJm: B CJiyllae j- = 0 

S' s 
E (o)¢ (x)= 0. 

(2.IOa) 

(2.II) 
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I~ 

CooTBeTcTBeHHo, BMecTo ~arpaHZHBHa (2.6) no~qHM 

_ps 1 r~l s: rr-,r u1 r. · 
;c ( ><) = 2 "f/ r~) E (D) r 6) -t-J t cP Crt J). (2.12) 

Pery~pRsaUKR no~6RpaeTCH TaRRM o6pasoM, qTo6H ~YHKUHH 
\' 2 l. 

E()( 1<2)-= K -m 
v~r. lt·J 

HMeJla HYJIH B HeROTOpo~ no~e~OBaTe~-

HOCTR Toqe:K k 
00 

_f n· t ( J<z) f"-/ ( Kl-IYLZ~ I I {I( z- nr_/{rJ). 

Ey~eM npe~MaraTI>, qTo 

2 m. (F) >O 
J 

l1 

J=l 

(j-= 02j3) "') 

h7j2.. {s) ~ C>O nr-~ d ~ C>O. 

(2.13) 

Tor~a no.11e ¢~X) npH 6 > 0 MOllteT 6HT:O npoRBaHTOBaHo 

C npHB1IeqeHHeM MeTO~OB RH,IJ;eif!HHRTHO:f.t MeTpHRR ( CM. pa60TH .U. H. lilro

x:~mue:sa/4/. A. llaiica, r. YJieH6eHaf5/ R K. Ha;D;Il/? ~. 
Ilpl1 D ;> 0 ,IT.11JI HeBS8ID.K>~e:f.tCTB~eii CHCTeMH MOlltHO ITOCTpoHTl> 

~ 
raMWI:OTOHimH H 

0 
H BeRTOpHoe npocTpaHCTBO cocToHHH:Irt c RH,IJ;e!fH-

S 
HHTHO:Irt MeTpHROH ~ • ,Ua.nee ,IT.IIJI BSSHMO~e:lrtcTBYI!llteirl CHCTeMH MOlltHO 

f) 
HaHTH MB,Tpmzy pacceSIHIDI S , a. TaKZe paSJIHtnme onepaTopH Tima 

o . ?;sr ~+ o 
To:Ka 3 (¥)= l lilf>"{v.J S , q,YJIKD;K:Irt I'pHHa G (ll-J) = 
= ( o I 'T( cthv.J¢"{::\) S ~)I o;> H BaJlTMSHa W ~(icp···, ~~ )=< olq>a-(l',)," q>r(lC .. ) I o) 

lii T.~. 

no onpe~e~eimJO , 6y~eM CqHTaT:o, qTO npe~M Bcex aTlilX Be~zqli!H 

llpH () ~ 0 HB1IH9TCH KBRHTOBOITOJlB~Wi pemeHHeM RCXO~O:Irt CHCT9Mbl (2.6). 

10 

ti' ,, 
¥) 

'·~< 

3~aqa COCT0!1T B TOM, qT06H yKBSST:b Ta:KYD pery~p~ 

npoue~py, KOTOpaH npH b~O o6ecneqRBaeT cy~ecTBOBaHRe 
onepaTopoB n MaTp!tiqHHX aneMeHTOB Bcex q,HszqecKRx Be~~E 

K caMocor~aco:saHHo:lrt TeopxR. PeweHHro aToii npo6~eMH R nocE 

HBH pa6oTa. 

3. Pery~pHsaiiliOHHBH nooue,llypa 

PeryAHpHSaUKR 6y~eT BBe~eaa ~e~M o6pasoM. BMec 

00 

V( KZfL) = L 1{ ( J(l-ml.JnfZn 

n=o 

BBe~eM peryMpHSOB8HHYJl q,ymatHD 

Tor~ 

00 

Vsr l I 1Fn C~<'-~,.,-·/-re2"'" e-f'l= 
J r\.~2 

. TTr s- )('-mt) 
VL=O ·1- -. --z. 

• ,J ~ • 
J =I 

Y~o6Ho BBeCTz Oe3pa3MepHYe nepeMeHHHe 

z =- .J£2 
m.2. ,, 

A == m2.e<·. 

1'1. ~ A"' (z-t) ~ _) v;, 

V (ct.) ~ Tf(1- J (z-1)). 

,y=• 
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CooTBeTCTBeHHO, BMeCTO ~arpaHZHaHa (2.6) noRYqaM 

_;:/i 1 A-S' S: ~r Uf r · 
;L (~) = z 'f' (;) E (D) 'f' 6) -t-J l cf:> (;!)_ (2.12) 

Pery~p~saUKH no~6KpaeTCH TBKKM o6pa30M, ~T06H ~yHKUHR 
\' 2 L 

E(.)( 2) K -rn I< -= Vs{kz.f'-J HYeJla HYJlK B HeKoTopoi noMe~o:aaTeJib-

HocTH TO~eK 
00 

E ? K 2
) ,--_/ ( K"-m"~ rrc I( z- nr_/(o)). (2.13) 

J::; I 

Ey~eM npe~MaraT:&, ~To 

2. tn. (r) >O (j-= 02j3) "') 
J 

.11: 

.h'7j2. ( S) ~ oo nfu. d ~ oc:> • 

Tor~a noJie ¢~X} npH 0 > 0 MOllteT 6HT:h npoKBBHToBaHo 

C rrpllBne~eHHeM MeTO~OB ~eqMHHTHOit MeTpHKH (eM. pa60TH n.H. Eno

XHHUeBB/ 4/, A. Ilaiica, I. Y~eH6euaf5/ H K. HMR/? ~. 
ilpH s~0 ~ HeB38HMO~eitCTB~eit CHCTeMH MOEHO ITOCTpoHT:h 

¢ 
ralVIl'IJII:.ToHHaH H 

0 
H BeKTopuoe npocTpaHCTBO cocToHHHA c ~e<IH-
o H~THOii MeTpHKOfi ~ • ,UaJiee ,ItJlH BSB~O~eitcTBYDit9:i.! CHCTeMH MOlltHO 

$' 
HaiiTH MB.Tpmzy paccemm.R S , a TaRlltEl pa3Jll11UWe onepaTOPhl Tima 

o . ~sr ~+ o 
TaKa 3 ('f.) = l ~ cp"( S ~YJnw;Hit I'pJIIHa G ("-J) = 
-= <o\ 1'( cflb('~-J<P"{d) S~)l o) H ~HTMBHB W ~{>'1>···> ~~)=(o( ~b(~) ... q)¢(lC .. )\ o) 

11: T.~. 

Ilo onpe~e~eHmO , 6y~eM C~T8TL, ~0 npe~M BCeX STHX Be~MHH 

npH 0-+ 0 JI~eTCR KBaHTOBOTIOJl6B!Dl pemeHlleM HCXO,IJ;HOit CHCTeMH (2.6). 
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.~. 
,~, 

.i 

i'l 
~\ 

• r~' 

3~a~ COCTOHT B TOM, ~T06hl YK838T:h TaKYIO peryAApH38UHOHH; 

npone~py, KOTOpaR npH 'b~ 0 o6ecne~HBaeT cymecTBOBaHHe npe~e.m 
onepaTOpoB II MaTpMHHX SJieMeHTOB BC9X qM3lfii9CKHX Be~~H H npHBI 

K caMocor~acoBaHHoii TeopHH. PemeHHID aTofi npo6~eMH H rrocBRII.leHa ~~ 

HM pa6oTa. 

3. PeryMpH38IpiOHHM nooue.n_ypa 

PeryMpHsa~ 6y~eT BBe~eua ~e~M o6pasoM. BMecTo ~yam 

00 

V( Kzt?L) = L ~ ( l('--m~.)nf2n 
h=O 

BBe,JteM peryMpH30BaHHYJ) ~ytiRilHil 

Tor~a 

c:;:.c::::> 

~ (K2.-vYILre2"" v (KZ.(J= M2 J I 
Vl=O JT (1- I k:~~~). 

J =I 
Y~oouo BBeCTH Oe3pa3MepHHe nepeMeHHHe 

z =- ~2 
m2 

>• 

~ = m'-e<. 

rt = \"' (z-t) _) v:,/' 

Vb(;;•) ~ Tf(1- fcz-1)). 
~=· 

II 

"''iit.l.t!PIIIIIItli !Jt •""""'' -. .•.. 

(: 

(~ 

(~ 



I~ 

PaccMOTPHM <J)YHKI:tHIO 

S' K 'L_I11 2.. 

E ( K~) = vr~e~e~J -
'1.. 2-1 

m.v --or-2- >-) 

CnpaBe~BO npe~cTaBneHHe 

I 

ESCKt; 

3~ec~> 

_ vf{(v) I 

K 2 - m 2. - 1'11 2 

1\-i· -1 j ) .l- + -~ 

0'0 

£ coo , r v ( .. )} = _!_ 1 H' Aj 
Z!-1 rnz • 2-M· 

j=O J J 

( 5 = o, f) 2) .. ' ) 

A.= ~ >.."' ~+2J. _J ~ L ( I ( t)Vl 
) j !(~+2-_\)~ ~ ' 

r't=rnl\xfo,)-2~ 

npnqeM A:=1 
C><O . i) <. 

L (-)jA-N~= 0 
. -0 j) .) 
j-

jfl,!l .s = 0) 1 

S' 
BeJmqHHy A) MolltHo eme npe~cTaBFITl> B BH~e : 

S"' I( 2. I 

A. == ~ ,{ o(J /-f-J) ~l{i+J).::!_),)_ 
j 27il ~ J J +I { l S J 

Hs sTo~ qJQPMYJIH JierKo noJiyliHTl> oueHKy 

12 

(3. 5) 

(3.6) 

(3.?) 

(3.8) 

(3.9) 

\~ 
J 
.~· 
, .. '. 

J 

'S 2 

Al< (~~! V((tfM/~-> c (l+ft/fe R[rr•YJ."l 
;VJ 

npFI npoFI3BOJI:&HHX liHCJiax IV> 0 . 
0( [ S' ]-1 

i»yHKUIDI :D ll(.l.) = f (ttL) 06Jra,n;aeT CBO~CTB8.MPI: 
r( L) z I). ]) "' - MepoMOI$faH <J)yiiRil;M: B KOMITJieKcHo~ K -IIJ!c 

FIMeeT npocTHe nOJIDca B To~ 

m~(o)= ~2 rj -= m2.( I+ ~) ( i=l11)2)'") 

2). B!ReTH B 9TMX llOJIIlCax p8BHH 

~ . r 
Res ]) (~<t) = (- j) A· 
t ~ J k -::: 11'1.· (0) ) 2. 

3) IIpR I ~2.\-+ OC> BO Bee~ I(' -IIJIOCKOCTR, KpoMe JIYqa 

])S'(wL)-== vt~lfJ = of_i ) 
I( z. -~"'~ 2.. l1\('l.. I 3 . 

])
$' l. 

4). Bo3MO.Zli0, <J)yHKUHII ( 1£) FIMeeT HYJIR B TOqJtSX af ( 
5). ~ Jlcw.LJ= 

~~0 

V{K't) 
Kz.-fr/2. • 

4. KBaHTOBaHHe peryJIHpH30BSHHOro ypaBHeHHR 

PaccMOTpFIM KJiaCCHqaCKYJ) CHCTeMY, OIIHCHB89MYJJ IIJIOTHOCT: 

Ha 

13 



PaccMOTpHM WyHKnKID 

2)' 
2 

K2..-M2.. 

E ( K) = vrl(~e2J 
l.. 2-1 m 

V 0(c>.). 

CnpaBe~BO npe~cTaBneHHe 

I 

EJ(e) 

3~ec:o 

_ vfi(v; _ 1 

K2- mz. ·- 1'112. 

fi = 1 + . ..J c 

0'0 

£ coo ' f v r .. -)) = j_ I (->' Aj 
i!-1 rn 2 

• ?-M· 
j-=0 J J 

( j = o, f) 2) . . . ) 

A. = ~ >."" VI +2 ' l 5; L ( J' (.Jvt 
) j! (V1+2-~)~ () ' 

r1.'= m"x{ o,)-2~ 
r 

npHtieM Ao = 1 
c:::><O . ~ ' 
~ j v 

L-C-) A·f· = o 
. 0 J J 
J~ 

jfl.!i ..S= 0) 1 

S' 
Be.JmqiDfy _A) MOlKHO 8IIIC npe~CTaBHT:& B mr.zte: 

S' J( 2. ' A. == ~ ,~.. dr _!+:f) ~;{i+rJ}_~) 
_\ 2'7i~ 'f jJ+I (l If J· 

fu STO~ WoPMYJibi JI8I'KO llOJIYtiHT:& o~eHKy 

12 

/ 

(3.5) 

(3.6) 

(3.?) 

(3.8) 

(3.9) 

i
. 
. 
. . 

r 

J· 

V.r 

AI< (~~lv((lfN)l~~ c (I+Yfe tfo·YJ/l 
jVIJ (3.10) 

npH npoHsBOJI:&HbiX tiHCJiax IV> 0 . 
~YHKI:tHR ::DtKt) =[ ES'(itl.)]-

1 
o6Jra;o;aeT cBoAcTBaMl'I: 

b( 'l.) z I). ]) L< - MepoMO.J.l!I!HaR WYHRUWr B KOMIJJieKcHoj;i K -TIJiocxocTH H 

HMeeT npocTble nOJIDca B TOtiKaX 

m~(o)= Yl1
2rj = ~z_( I+ ~) ( J-= ~ I> 21 ... )_ 

2). BwleTbl B 9THX llOJII)C8X paBHbl 

b . f 
R..e s :D C I( l.J = (-) ) A . l. 1. J k: IM·(o) 

j 2. - 1. ) 
3). llpH I '1(2.\ ~ C><::> BO Bee~ I<' -TIJiocxocTH, KpoMe JIYtia L ¥~-. > 0<:> 

])d(wL) ~ vt~lfJ = of_/ ) 
1(2.-1'\-12.. lll£'1.\ 3 . 

4). BoSMOZHO, W~ ]) $'( llJ HMeeT HYJIH B TOtiKaX af ( P-= v,>)···, 

5). L ])[)c~~-J= 
d70 

V(I(Le) 
Kz.-1112. • 

4. KBaHTOBaHBe peryJIHpHSOBaHHOro fpBBHeHHH 

PaCCMOTpHM KJI8CCBtieCK,YIJ CHCT8MY, OIIHCbiB88MYil llJIOTHOCT:&JD JiarpBJIJI 

Ha 

13 



/ 

s s _s s ·;; s L {l<)-= 2( ¢ (x) t (D)¢ (t.) -r j v( ¢ (xJ) ) 
s: 

r~e pery~pHSOBaHHHi orrepaTop ~(L7) o6~aeT cBOitCTBaMH, 

(4.!) 

rrepe1!HCJieHHHMH B rrpe,IUi.lzy!QeM rraparpaqJa. 

CorJiacao ITPHHitimY aaHMeHl>lllero ~eAcTBM, ypaBHemte ~HllteHM 

,ItJlli cHcTeMJ,I, oiTI!lcHBaeMoA JiarpammaaoM ( 4. I) , HMeeT ~ 

f ¢r 1 s: E(c) (x)=~JV(¢6:J). (4.2) 

8To ~({xllepeHUKaJI:&HOe ypaBHemte 6ecKOHelUIOro ITOJlfU0<8, T.e. lfm<THtieCKH 

aTo HHTerpam.aoe ypaBHeHHe. ,IL7m pemeHM sa.zta'IIH Konw: aeoCSxo~HMo sa-
S" 

~aHHe SHal!emtit WY~ ¢ c~.J H Bcex ee rrpoHSBO~IDC B aaqaJI:&JiHA 

MOMeHT BpeMeHH. 

3aAMeMCR Terrep:o pemeHHeM aToro ypaBHeHHR. MH 6y~eM CJie~oBaT:& 
cxeMe , rrpe,ItJioJJtemmii A. IlaHcoM H r. Y JieaCSexo./5/. BBe~eM cHcTeMY 

rrOJieil: 

f' _;; 
~ J7 f:. {o) ,AS' 
't: UJ ==VA; -- y (t.J 

J J D -m.z.(r) 1 

J 

(4.3) 

r~e 

2
;; ) 2 I ..J. ) • 

~ (D -= n? ( 1 + r CJ=t11,2) .. .J. (4.4) 

E' 
CorJiacHo orrpe~eJiemm (4.3), rr~ ¢· {x) ae RBJim>TCR: aesaBHcHMWJ!}r 

. j 
rrpu pa3JIHl~Hb% j H y~OBJieTBOpmDT COOTHOmeHHID 

{l E
6
{o) 

j 0 ,_ - Wlj (b) 

f r:-; 
C8 c~ J == v A; )., t 

14 

s S' t- (aJ ¢~ {x) 
0 -~r{(oJ J (4.5) 

"'. 

3 ~ 
IloJie ¢ {t) B!lpruttaeTCR: qepe3 ITO~ ~· {~)CJie~IOIIlUM o6pa30M 

d c:;>'O • S' 
C/J(x) = L, (-/{;( ¢. (x). 

_j=o J J 
.neAcTBHTeJI:&Ho, c o~oa cTopoHH, crrpaBe.n;JmBa I.lerroqxa paBeF 

b <::>Cl . £ S" 
if;{t:J= Lc-ylf/f. fl. E c~J ¢ {t-J -= 

J
·- o -l J 0- f?J. (o) 

- J 

c- .b' \' (" 
) c-)' A c) Al u I ~ J' 

==-L LJ · £ (o)'t' ('!{)= y · f (a)¢ (f.}= Y 
.)-=-o lJ-~}!iJ E (a) 

C ~pyroft CTOpoH!l, BOCITOJI:&30B8Bmi1C:& (4.5), ITOJIY'IJHM 

~ s( 0>0 • r 
¢. (x) = {1 E ~J [c-)1 I!{¢.. 6:) -= 

.) j 0-M· (b) y {J..i 2 

j i-=o 

= r s oo .s-
=LC-li[N/1, [(a! <f: {x)-= Z C-l' Ar - [:/{! 

· 
0 

'- 1-D -rn~(JJ J - o- YYJ~ (o) 
l. = ~ 1-=0 l 

~ 

~j(x). 

HCITOJI:&3YR COOTHOmemte (4.3), (4.5) I1 (4.6), ITJIOTHOC1 

lltiiaHa (4.!) B Tepwmax rroJiel ¢::/>('1-)
1 

sammieTCR: 
J a ~ · s r 

£ Cx) ~ ; L c-Jj ~ c~J( o-~1rJ) ~· {><J -r 
J :.o 

+ J urf,c-NAJ ~~·~. 
15 



(' s S' J"' 
)-== 

2
1 ¢(x)E (o)¢fxJ -t-J l1(¢rxJ)) 

s; 
•yJmpH30B8HHbti! OIIepaTOp £ lCl) o6JIAD;aeT CBOil:CTBaMii, 

(4.I) 

liCJieHH:w.m B rrpe.IUlJlYIIleM rraparpaifle. 

,1"\.,TI'!.lnul"\ rrpHimHIIY HaHMeH:blllero .n;eAcTBrur, ypaBHeHHe .n;BmKeHM 

lt-rr~TeMH:, orrncimaeMoA JiarpawmaHoM ( 4. I) , BMeeT BH.zt 

- f rA~ I S: 
f: (D) ~ (X) = -J U ( ¢ (x)). (4.2) 

~<IxlJepe:HUHaJI:&Hoe ypaBHeHHe 6ecKoHetmoro rroJlR,ItKB, T. e. !fm<TIP~eciGI 

lrrerOOJII,Hoe ypaBHeHHe • .IT.11H pemeHM sa,ztatm KomH Heo6xo.n:HMo sa-o 
sHal!eHHA wy~m ¢ (~J u Bcex ee npoHSBO.n;Hwc B Hal!aJI:&HWi 

t!MeMcR Tenep:& pemeHHeM aToro ypaBHeHHR. MH 6y.n;eM CJie.n;oBaT:& 

rrpe.n;Jio.llteHHOH A. IlaHCOM H r. YJieH6eKo,/5/. BBe.n;eM CHCTeMY 

f' _:; 
r-h ,/:f 1:: {o) ,AS' 
't: ( x J ==- VA; -- 't' (t.J 

J J 0-m.2.(r) 1 

J 

(4.3) 

/1~ 
2

{c;) -= n? 
2 (! + t') ( J= q 1, 2, ... )' (4.4) 

5' 
onpe.n;eJiemm (4.3), rrOJIR ¢· (~) 

J He RBJISUOTCR HeSaBHCHMHMli . 
J 

- h1~(o) 
j 

/ 

II Y.ztOBJieTBOp!DDT COOTHOmeHHIO 

f u 
¢ c~ J ==- v A,. 

1,., 1.-

14 

J' "' 
f:_- (aJ cpu{x) 

0 -111:{o) J (4. 5) 

r.·j:. 

r ~r 
IloJie cp (t) Bhlpa.lltaeTCR qepes IIOJIR Y'S' {~) CJie.ztYIOOlllM o6pa30M 

d c:;>O • S' 
C/J(:x) = L (-/{;( ¢. (x). 

J=o J J (4.6) 
neACTBIITeJI:&HO, C O.n;HOH CTOpoHH, crrpaBe.n;JIHBa UeiTOl!Ka paBeHCTB: 

b c:><O . £ s-
cjJ{)()= Lc-Ji[il. fl. E r~J ¢ {t-J -= 

}-=:.0 J j 0 -,. (OJ 

c- ·b \' (' ) c- i A u. l'h u I s- tf n..S 
-==L ,_J ·f{o)'r6J=--. ·f(oJ¢(9='-f/f.)) 

j-=-o 0 -~}!iJ E~a) 

C .n;pyroft CTOpoHhl, BOCIIOJI:&SOBaBmHC:& (4.5), IIOJiyqHM 

~ r o<:l • r 
¢. (xJ=fl E (a) [c-)1 'if¢.{~) == 

_) -1 D-...,~{o) y p.,i 2 

.} i -=o 

Oo'O ' _f J C>O i i) s s 
=LC-)\/t a 1:. (nJ cp. (x) =-z (-) Ar- E {o) ¢. (t)-= 

. 0 l- 1-D- rn~(o) J - o -Y"l~ (t) J 
t= ~ '1. -:::o t 

S' 
= ¢j (x). 

WCITOJI1>3YR COOTHOmeHHe (4.3), (4.5) H (4.6), IIJIOTHOCT:& JiarpaH

lltliaHa ( 4. I) B Tepwmax rroJiel <:f::/>(~ ), 3aiiHmeTcR: 
J 

cl ~ • s r 
;;f (x) == d ~ (-)J ~ 69( D-m/rr;) ~· {x) -r 

J=o (4.7) 

+ g U(f(-NAJ ~~'~. 
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/ 

YpaBHeH~e (4.2) MO~eT 6HTb 38DHC8HO B B~e 6ecKOHe~OH C~CTeMH 

( 
2. ,~.s a VI( F i 0"" /'"'r: ·j) . 

0 -~ (r)) YJ {X r=- y Aj d ( k; (-) v Ai 'Yj_ ( '~-1. (j=O, 1,2}~ .. .) 
(4.8) 

neiCTBHTe~hHO, TIO~CTaBnRH (4.6) B (4.2) ~ BOCTIO~h30BaBm~Ch (4.5), 

IIMY'I~ 

£ f f' <=><=> • r 
E(o)¢6) -=E (ajL_{-ifl ¢. 6)-== 

- ) J 
J::o 

~ :fl 1 cr/ ; ¢s 
-== L (- )J A - (D-m'-(OJ' ·fJ c t 0 . (tt) ~ 

. j .~As- k ;yf.ll( l... 
J~o VA; D-ml<(li) J 

a-~~(<Jf c-Nl. fl i/r·~J tflr.r-J = 
~ ~=O J J D-,.(r) 

/] -n·/- (SJ rf, J v~ oc:> '/.f f ~ 
17 ~ ~K (x) ==- q Lc-/v A.·ii ¢! (1 
\A () . t 1 , 

t. ~=0 

OTKy~a ~e~eT (4.8). 

MTaK, ~arpa~aH (4.7) ~ C~CTeMa ypaBHeH~ (4.8) IIMHOCT~ 

3KB~B~eHTHH ~arpaHZHaHy (4.!) ~ ypaBHeHHD (4.2). 

16 

;~ 

1 •l 

ITpH ~oKasaTe~cTBe aKB~B~eHTHOCTM MH ct~rrTaeM, t~To 

He RBnHIDTCH He38BHCHMHMH, IIOCKO~hKY OHH OIIpe~enRIDTCR COC 

(4.3). O~HaKo npe~cTa~eHHe ~arpaH~MaHa B ~PMe (4.7) 

~~HHR B ~e CHCTeMH (4.8) II03BO~eT C'IHT8Th 3TH TIOR~ 

He3aBHCl'IMHMl!. 

MCIIMbSOBaHHHH Ha~ TipHeM H3BeCTeH B Teop~ ~~pe 

ypanHeHHi. OH npHMeH.fl:eTCH, Kor~a o~Ho ypaBHeHHe c Bhlcnrn:u 

HHMH 38MeH.fl:eTCH CHCTeMOH ypaBHeHHH HH3Wero TIOPff,llKa. _ 

E~M ~CXO~Th H3 ~arpa~aHa (4.7), ODHCHD~~ero CMC 

BHCHMb!X IIMeH f ct>! ( ~ npHBO~ero It CMCTeMe ypaBHeHHH ( 
"l 3' =- 'G ' 

~erRo noRasaTh, 'ITO no~e ¢ (.<)= L (-))~A.~ rf { >') y~oMeTB 
J'::.o ) ~ 

Hemm ( 4. 2) , a Tarute cnpaBe~mmo cooTHoweHHe ( 4. 5) • 

TaRHM o6pasoM, MH MO~eM C'IMT8Th, 'ITO Harua MCXO~H8R C 

oDHcHBaeTCH ~arpa~aHoM (4. 7), r~e no~ tP S { "K-) He sa 
l 

y~oMeTBOPfiiOT ypaBHeHHRM ~ID!teHHR (4.8). 

Bee BHWecitasaHHh!e paccy~~eHHR Rac~HCb ~accHt~ecRoi • 

IT~. KBaHTOBaHHe CHCTeMH ~accHtieCKMX TIO~eH ~ ¢j6 ~ MOJIC 

COI'~8CHO KaHOHH'IeCROft CXeMe KB8HTOB8HHR (CM., HaiipHMep,/l 

lli.my~bC, COflpm!eHHblH KOOp~HaTe II~ ctlct, o) , p8BI 
J 

s S' >• f S' I .s 
lT (X',o)-= • d;/(<i,o)==(-) 1 ¢. {X:o). 

.l ';:; ¢.o(X' o) \J () J 
.l ) 

Y~OBMR RBaHTOBaHHR 3aTIHCh!Ba!OTCR 

[ A-. s _, ~ ~ J [ s- ~ r (->/ ] 
'f", (x 1 o) cp, ()(jo) -= IT { x)o) T\·t X 1 D) = C 

.) J l - J ) ,) .-

[ cp:(~o) l\~ (;<I o)7 := i ~.; r;;(x-xJ 
~ .) ~ .J ~- Jl 
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.2) MO~eT OHTb 38TIHC8HO B B~e 09CKOH8~0H CHCT9MH 

,~.,s a V11F 2 rYr~-/J:.I) ( 
YJ{x)-=-YAj(/ (~(-JVAi 'fi(Y:y. j=C!U)~ .. .) 

(4.8) 

, TIO~CT8BHRR (4.6) B (4.2) M BOCTIORb30BaBmHCb (4.5), 

f' C><> • f 
) ~ t- ra JL {-Y(l ~ (t.J ~ 

- ) J 
J-::" 

'[[ r -~/ lis 
(-- JJ A_~ -; (D-mk'-rv;) a t (D) Lf. (-.j -== 

{i!. a -rr;l<l.(o) J 

2. 00 ' -d 
- m'< r•J '>' c-/ r:r "! !::. r a) rA r('~-) = 

L VAj V Aj 2.1. ~L( 
~< j =O D- rt1.i tr) 

:; - 00Q . r) 
~{f) =d Vl{"/!'W ¢; (f}' 

(4.7) H CHCT8M8 ypaBHeHKa (4.8) TIORHOCThD 

~arp~aHy (4.I) H ypaBH9HHID (4.2). 

16 

'"' 

S' 
llpM ~OK838T8RbCTB9 SKBHB~9HTHOCTM MH C~MT8CM, ~TO TIORH ~(tj 

He .fiBJimOTCR H938BHCHMHMH, TIOCKORbKY OIDI orrpe~eJ.l.fiiO'l'C.fi COOTHOW9HJII9M 

(4.3). O~HaKO npe~CT8~9Hlle Rar~aHa B ~pMe (4.7) M ypaBH8HH.fl 

~~HM.fl B ~e CHCT9MH (4.8) TI03BOR.fl9T C~T8Tb 3TH TIOR~ TIORHOCTLD 

H938BHCHMHMR. 

HCTIOHn30BaHHHH HaMH TipHeM H3B9CT8H B TeOpMH ~~pCHUM~nHUX 

ypaBHeHd. 0H TipHM8H.fi8TCR, KOr~a 0~0 ypaBH8Hlle C BHCWMMH TipoH3BO~

HHMH 38M8H.fl8TC.fl CHCT8MOH ypaBHeHHH IDI3Wero TIOP.fi,IUID. -

ECRH HCXO~Tb H3 Rarpa~aHa (4.7), OTIHCUBBIDmero CMCT8MY He3a

BHCHMUX TIM8H f ¢( ( H TipHBo~ero K CHCTeMe ypaBH8HJIIH (4.8), TO 
._,l J ="' 'r.r" 

~erKo TIOKasan, ~To no~e c:f> (1---==LHJVA.~ CP."('JC) y~OBliCTBOprreT ypaB-
_j~o J ~ 

H8I-IIDD (4.2), a T8l0Ke Cllp8B8.lf.]IHBO COOTHOWeHlle (4.5). 

'I'aKMM 00p830M, MH MOJ«eM C~T8Tb, ~TO HaWa MCXO~H8.fl CMCT8Ma (4.I) 

OTIHCb!Ba8TC.fi R8I'pai-DmaHOM (4. 7), r~e TIOR.fl tP 'S( I<) H938BUCHMbl lii 
) 

MO MeTBO PffllT y paBHeiDI.fiM ~IDKeHM ( 4. 8) • 

Bee BHmecKasaHHue paccy~~eHHR Kac~Hcn KnaccH~ecKoH Teop~H 

rrORH. KBaHTOBaHHe cHcTeMH KnaccH'!ecKHx no~eii ~ ~c I MO.lltHo npoEecTH 

COI'~8CHO KaHOIDI~eCKOll CX8M8 KB8HTOB8HH.fl (CM., HaTipHMep,/6/). 

lli.my~bC, COflpmKeHHb!a KOOp~HaTe TIQRR cp'S(~ 0) , paBeH 
'.,, j 

;) S' f s- ' .s lT (x>)-= • d; /(<t,o) := (-) ~ ¢. (X:o). 
~ i) ¢. o(X' o J \J a J 

j ) 
(4.9) 

Y~OBH.fi KBaHTOB8HH.fi 38TIHCHB~TC.fl 

[~:S(X:oJ ~~(;joJ] -=[JTS'(~o) T\.~(x~oJ] =0 
_) )~ - J ) ~ -

[ cp~(~o) n~ (;lo)7 == i S,,!';;(t-x) 
-~ .) ) .) ~- J! (4.IO) 
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/ 

U.Jm 

q/{x,c), cp.,(x1 o)7 =i(-/S.1 J(x-x1
}. [ 

' . r . 
J J I J- Jj (4.II) 

J1TaK,Ml:l Bli,IUIM
1 

liTO ;II,7I.Si :KBaHTOBamtff HaniB:ti peryJISipR30BaHHO:ti CHCTBMl:l 

Heo6xo~o npHBneqeHHe ~e~HHTHO~ MeTpHRH (eM./?/). 

TIOCKO~bKY TOqHO pemHTb CRCTeMY ypaBHe~ (4.8) MH He B COCTOH

HRH, a ,IJ;MbHe:timaH Rania 3a,IJ;aqa COCTOHT B TIOCTpoeHRH s -MaTPimll no 

TeOpHH B03MYmeHi:a, pBCCMOTpRM :KBaHTOBaHHe HeB38HMO,IJ;e~CTByiDmeH CHC

TeW no~e:a [ 4>t(v.)~ , T.e. ~:a. KOr.IJ;a j = 0 • :&tecTo (4.8) 

TIMyqHM CHCTeMY 

( [] - Wl~(r)) cp S'(JC)-= 0 
.) ~ 

(j' =0,~ 2) .. ). 

PemeHHe STHX ypaBHeHHH MOEHO 38TIHC8Tb B ~pMe (cM./Z,8/): 

rfJ '6 f ( J: ( -t'l<'f + iKt I 
'f'j (X) == ( U )'I>.) J2 lJ,s_ ~it e -f 0,; f J 

Jk 

f' ~- r (,.) ... - _., '- 1-"'L. 2. ~ 
)"' - !(_ +WJj(S')-= /U. ~~ (1-t~)' 

(4.I2) 

(4.!3) 

YMOBM :KBaHTOBaHHH (4.!0) V (4.Il) npHBO,ll;flT K TOMY, liTO onepaTOphl 

~ ~ y,IJ;oBneTBOpmDT Me,IJ;yDltHM nepeCTSHOBO'qHHM COOTHomeiOOIM: 

I cf. ... cR. I ~t = I cf. ... cf; I .. , J -== 0 - J - t' 1Jf' 

L ,j"' , J 1(.. - L jk.' J \(. -

[ JF > c~~;~, J - G- )j ~y J{~-t'). (4.!4) 

18 

,:tt 

faMHJI:DTOHH8H HeB38HMO,IJ;eiCTBJIDmeH CHCTeMbl MOlleT 6bl' 

cor~acHo o6~HHM npaBMaM ( eM., HBnpHMe/
2 •8

/). 3anRm• 

HOpManbHOH ~PMe: 

"' <::>Cl • } (' -t-
j J u -= ) (- ) J J l( cJ,"~ d. _, d _, 
lo ~ P· )"' Jk.. 

.)-=0 
PacCMaTpHBS6MaH CHCTeMa COCTORT H3 KBSHTOB CO cne: 

2 . 
Wt j=O 

'2.. 

Yn·(&)== 
J 

Wl
2 (1-+ ~· ) I j = I/) \ . ' ' 

Ey.IJ;eM ,IJ;Mee HHOr,IJ;a o6osHaqaTb 

c/__..-= a~ 
Ot.<. lt. 

J + T 
.... -== a .... 

0 Lz 1 ~<. . 

IIpH J_;;,o Macca KBaHTOB c j -=-1,2
1

... cTpeMVITCR K 6 

cor~acHo (4.!6). 3TH KBaHThl Oy,IJ;eM Hash!BaTb .IJ;§xoBHMH co 

\ ' 
~ npoCTO ",IJ;yxaMH". l<BaHTbl C j-= C) HMeBJT KOHeqHy!) M 

Mbl 6y,IJ;eM Ha3b!BaTb HX HO}JMBJ.!bHHMH qacTmJ;aMH 1 ~ npocTO 

qacTlJU8,MH MaCChi rYt • ..-. 
J 

IIpocTpaHCTBO~cocTofiHHH ~ HBJISieTCR BeKTOPHhiM 

C U~e~THOi MeTpHKOH. 0Ho COCTOHT H3 BeKTOpoB: 

I), COCTOJIHHe BaKYYMB l 0) 1 OHO e,IJ;HHCTBeHHO H 

YMOBMMU 

d)~} o) == 0 (J==qtj2}'_), 

0HO HOpt.m:poBaHO 

.(o I o;>-= 1. 

2). 0,IJ;HoqacTI!1IHiie COCTOHHHH l ~)~) = ~; fo). 
19 
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" . r . 
q/{t,c;, cp., (x1 oJ7 =- t (-/ S.l Srx- x'J. 

J J I J- JJ (4.II) 

BM,ll;HM, tiTO ;rr,ru:I KBaHTOBami.ff Harne:!! peryJifipH30BaHHOfri CHCTeMI:l: 

npRBJiet~eHHe HH,Il;eq:&iH:I'ITHOfri MeTpHKH (eM. /
7 I). 

TOtiHO penmT:& CHCTeMY ypaBHeHHH (4.8) Ml:l: He B COCTOR

,ll;aJI:&HemuaH Hania 3a,ll;8ti8 COCTOHT B IIOCTpoeHHH s -MaTp~ IIO 

BOSMymeHHa, paCCMOTpHM KBaHTOBaHHe HeB38HMO,ll;efriCTBy~efri CHC-

i 4>j~(1-)J , T.e. CJIYtiafri, KOr,ll;a d =0 • ~eCTO (4.8) 

CI-ICTeMY 

S' 
( 0 - Wl~(r}) cR {;c)-= 0 

-~ J 
( J' =0, ~ 2)••' J. 

sTRX ypaBHeHHfri MOEHO saiiHcaT:& B WOPMe (cM./2•81): 

') - f ( d:: (J -/q + i 'o( l 
. - (HJ'h)J2cJj~ jil (:' -+0< f ') 

"~- f ' ~ .-.z. 1.. ;_,.,L_ 2. ..', 

J~ = {(_ +j(S") = '({ 1"1-\-\ (1-+-s). 

(4.!2) 

(4.!3) 

KBaHTOB8HHff (4.!0) Y (4.II) IIPHBO,ll;HT K TOMY, tiTO OIIepaTopu 

Y.JJ:OBJieTBOPJIDT cne.JJ:YmmHM nepecTSHOBOt!HHM COOTHOWeHHRM: 

~ J --r t-~;,c~\'o£':1 = lcf. .. /,_.,J ==0 ..., " - L _)I<, J \(. -

[ J. ... ct;~,J J .. J jiL - (-) ~y J(:-~'). (4.!4) 

18 

-~,: 

··,~~·~\ 

faMHJI:&TOHH8H HeBS8HMO,ll;e:!!CTBJDqefri C:I'ICTeMh! MO.llteT 6HT:& IIOJiy"ieH 

corJiacHo oOH"iHHM npaBWiaM ( eM. , HaiipHMep/2 •81). 3aiiHmeM ero B 

HOpMaJI:&HOH qoPMe: 

"' ~ ·s ("' t-I.J u ==) (- )J Jl( cJ,(_~ d.~ j_, 
lo ~ P- )~ Jk.- (4.!5) 

j=O 
PaCCMaTp:I'IB86M8R CHCTeMa COCTO:I'IT HS KBaHTOB CO CTieKTpOM M8CC 

'1.. 

Yrz. (o) == 
J 

2 ' Yn j=O 

n/(1-+ ~·), j =1/)~/-·. 
Ey.JJ:eM .JJ:SJiee HHOr.JJ:a o6osHa"iaT:& 

c/_, =a ... 
Ot.<. lt. 

J} + T 
a.- =a-o Lz 1 "- . 

(4.!6) 

(4.!7) 

ilpH J~O M8CCS KBSHTOB C j -=/,~... CTpeMI-YTCR K 6eCKOHe"iHOCTH, 

COrJiaCHO (4.!6). 8TH KB8HTH CSy,ll;eM H8SHB8T:& .JJ:§XOBHWI COCTORHHRMH, 

\ ' ~ 
HJm IIpoCTO ".JJ:yxaMR". KBaHTH C j-= () HMeJOT KOHetJ:HyJO MaCey 11-t: 

Mlol CSy,ll;eM HaSHBa'l':& HX HOPM8JI:&HHMH tiaCTJmaM:I'I, HJm npocTO CKSJifipHHMH 

"i8CTHU8MH MaCCH rYl • ,.... 
crr'L?J . 

ilpoCTpaHCTBO COCTO.f!HH:!! ~ 
1

RBJifieTCR B8KTOpHHM IIpoCTp8HCTBOM 

C HH,ll;eq:&IH:I'ITHO:!! MeTpHKo:!!. 0Ho COCTOHT :1'!3 BeKTOpoB: 

I), CocTOJIHHe BBKYJMa I 0) , oHo e,ll;:I'IHCTBeHHO R onpe.JJ:eJIReTcR 

YCJIOBHRMVI 

J. ~ J o) j IL 0 ( J == ~ 1} 2)' . ) • 

0Ho HOpMHpoBaHO 

<:olo/ =f. 

2). 0,1l;HO"i8CTUtiHHe COCTORHHR 

~~)~)==~;/o). 
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OHH HOIJMHJlOBaHH yCJIOBPieM 

( j)IC u I) -;I)= (- )j ~J' S'(: -~/) 

I'! RBXRIDTCR C06CTBeHHHMI'! COCTORHRHMH rBMKnDTOHHaHa (4.iti) 

H~ \I _,)- . 5' I . ~> 
0 ~)It - ~·;;:o j,l( . 

3), MHoroqacTJ!Itffible COCTORHHR. EcJm HMeeTCR rpyrma (L -qB.CTHU 

c MMIIYJIDCaMI'I l2; ) .. , ~... , cocTORIJlM PIS V1 , v z , • • • , vo(, 
( h-= v, -+" v2. -t ' ' . +Vol ) O;I4HHSKOBHX qacTJm ( T. e. c O)Xll!HaKOBblMJII HH,n;eKCaMJII 

j ) , TO TaKOe COCTORHI'!e OIIHCb!BaeTCR 

+ 
J~ J, J,{f \.\I 

+ 
J.,~ fo> 

JnK.., • 

I 
• .4 )-'-'I \( -I J, '· > •• ' 1• • I~ 1• v.! 

H: 0HPI TaRXe RBJIRIDTCR C06CTBeHHblMJII COCTORHHHMH raMJIIJIDTOHI'!aHa 

H
0 \,4 ._..">-(Jr s )/'~ '·~> 
a j,~I>''")J"'~"'/- [ J·,:,'t . ._ -t- ~J.._i(.., j,I('J'")j.,l(,. . 

Bee STH COCTORHHR o6paSyiDT ITOJIHYID CKCTeMY B BeKTopHOM rrpocTpaHCT-o I 
Be ~ , T.e. 

0.0 ~ • • 

5Jl;;_/o)/oj _) \'( )J,-t .. .+1~(J_, (J--'1'_, ....... .......,( .. ""' ' ..... \ i 
w J>f ' -tLL- f'<, ... ,l(.., J,\ .JJ~i("/ J, lt,).·)j .. "" -= , 

~ "::.\ ~ \ -=0 . 
<J\'-J"' 

5 
"'TO ITpoHCXO,n;MT C ITpoCTp!lHCTBOM c:;;r rrpH d ~ 0 ? IlpH 0 --"0 

Maccbl Bcex"moBwc"KBaHToBo pacTyT, corJiacHo (4.16). IIoaToMy, eCJIH 

20 

Mbl xapaKTepHsyeM ~SHqeCKHe COCTORHHR OITpe~eJieHHHM SHaqeJ 

riD!:, TO B rrpe~eJie i) 7 0 HI'! o~o ~sHqecKoe cocTORHHe , 

BOJIDHHM, HO KOH9qiJHM SHaqeHPieM 8H9prHH He MOE8T COCTORTD 

BHX KBaHTOB. B 9TOM CMHCJI9 

~ 'if( b = cgr, 
o-'?o 

r~e cfe RBJIR8TCR rMD6epTOBHM ITpoCTpaHCTBOM, COCTO.RII{HM 

I) BaKYYMS I O) , rrpHqeM . 

a"l(o) = 0; 
2) O,li;HOtlaCTH'qHblX COCTC>.IIHI!tlt I Tl >-:::::a~ { 0) , HOPM 

yCJIOBHeM 

<~£\;1>-= a(it-i(!); 

3) MHOrOt~aCTKtlHblX COCTORHKA 

1
...., _, ........ - I + + I 
~,, ... , ~~: ... / - r-: Ott "' Cl,t o) 

'/ VI! I "' • 

CooTHomeHHe rrOJIHOTbl saiTHcb!BaeTCR CJie~ym~ o6pasoM: 
<:::>0 

® 1lf lo)<ol ~ L Yii. , .. ~J~ lf.) .. ,~ .. )<~,--'/ "t:.\ 
,, "'-::' 

S' 
5. ~ym<HKH I]HHa ITOJIR cp ()() 

PaccMOTPHM rrpellU(e Bcero nepecTaHoBOqiJYID WYHKllHID rroJJ 

T.e. KOMMyTSTOp 

E [ r s J L1 6-(l) = ~(y;J) f (d) -·· 

21 



.,M>'liJUDGilllll YCJIOBlileM 

C:: j,~ U ', ~') = c- )j ~/ S(: -~~) 
C00CTB8HHHMM COCTORHHHMH raMRHbTOHR8Ra (4.iti) 

S" S' 
Ho \l)~)-== ~·~I~~~>. 

), MHoroqacTH'Iffihle COCTOJIIOOI. EcJm HMeeTCR rpyima f1_ -llBCT:Iin 

12; 1 , _ , \Z,_ , COCTORII{H.f! ¥13 \)
1 

, V z , • • • , )/a( 

v2-+ • ' . +Vol. ) O,WIHaKOBhlX qacTJm ( T. e. c O~HaKOBhlM¥1 HIW:8KC8M¥1 

TO TaKOe COCTO.f!IDI8 OIIHCh!BaeTCR 

_, . -:_,_)=-
\ k:, ) -- • ) J.. I~ ! -.. ~ ! 

+ 
J.~ 
J,~t, .. ,, 

+ J, ~ /o) 
J,K,. . 

.fiBHRIDTC.fi C00CTB8HHh!M¥1 COCTORHHRMH raMRnnTOHHaHa H: 
4 ...... "-> _ ( Jr s ) 

1 
.. ~ . ·~ > 

,~ 1 ,.,_)),...~"'/- C J',t,T .. , -t- ~..,_it .. j 11l1 > ... >J .. ~ ... 

3TH COCTORHHR OOpaSyiDT TionHYID CKCT8MJ B B8KTOpHOM npocTpaHCT-
~ I 

, T.e. 

0.0 o-0 • • 

= jo)(oj -) \c- Jit.-.+t •. (J_, (J""/' ~ , ..... , ·-'I ' - \ i 
J)f -tLL ) f'<, ... fl£ ... J,\ .. Jj .. IL._)(j,~t•n._\ .. "" -= , 

Y\0:\ J' \. -=-0 . 
\'-J"' 

[i 
npoKCXO.ItKT c npocTpaHcTBOM ~ npK d 7 0 ? II pH 0-?> 0 

n.zcYxoBhlX"KBaHTOBO pacTyT, corJiaCHO (4.16). IIoaTOMJ, eCJIK 

20 

Mhl xapaKTepH3yeM ~3KlleCKHe COCTORHH.f! OTipe.zteneHHHM 3HaqeHK8M SHep

riDI, TO B npe.zteJie '6 7 0 Im o,ItHo IPH3Kl1ecKoe cocTORHHe c npo¥13-

" BOJibHHM, HO KOH8l!HUM SHaqeHKeM 8H8Pr¥1K He MOX8T COCTO.f!Tn ¥13 ,ItyXQ-

BhlX KBBHTOB. B STOM CMhlCJI8 

~ 'ifeb-== ~ 
0~0 ' 

r.zte ~ RBJIR8TCR rKJib08pTOBhlM TipoCTpaHCTBOM, COCTORII{¥IM K3 

I) BBKYYM8 1 o) , npHqeM . 

a'llo> = 0 

(4.!8) 

2) O.D;HOtlacrKtlHHX COCTOJiHKit I k >::::a~ ( 0) t HOpMHpoBaHHb!X 

YCJIOBHeM 

<~\<'1)-= f(il-Lt!); 

3) MHOrOtlaCTKtlHHX COCTORHKft 

1...., _, >- I T + I ~, > '_. > ll,._ - I. 0 It " ' C1 11 0) 
'/ V1! I "' • 

COOTHOW8HHe TIOJIHOThl 38TIKChlBB8TCR CJie,ItyiD~ 00pa30M: 
oC 

® 1>f l0)<ol-t-L Y~ ... ~J~ l~,--,r~ ><~,--, t: I == i. 
1'\-:::1 

S' 
5. ~ymtll:HH I'mma noJIR ¢ ()() 

PaccMOTPKM npeJJUJ;e Bcero nepecTaHOBOllHYID <fJYHKUHID noJIR 

T.e. KOMMyTaTop 

s [ S' s J L1 6-o) = <P{-t)) <P ('d) -·· 
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I 

ITo~cTaBnRH B (5.I) npe~cTaaneHHe (4.8) M HCIT0~3YR (4.9) M (4.13), 
noJiy'ffiM 

f ~ ' S' ~ 
d (,)() = L (-))A· L1, (Y.), 

' J J r= o (5.2) 

r~e 

S' I J 1- \' _/Jet fJ.(-,;)-=- JK[(I(,)u(l(z_fl,.z·m)e -= 
J (2rr/' J 

-==2~ l('lo)b('/1-J- fJ1·(oJ (}(x')J ~1f.mfl) 
ff1 't7ii R 1 (I) • (5.3) 

TaR KaK ~ (5.2) 80COJIIDTHO CXO~TCR, TO 

S'-
LJ (1)=0 npH x'-<::o. (5.4) 

S' 
TBKMM oopasoM, orrepaTop ~~)y~oBJieTBOpReT JIOKaJinHHM nepecTaHOBoqHHM 

COOTHOWeHllfiM. d 

BBe~eM Tene pn L) (±) cfJYHKnVm, corJiacHo 

~ s- \' \ 
L1(-J ex-6)-= Ll(-+/1 -xJ = ( o /1f ( ~) ¢/'(0); o >. 

l1MeeM 

r~e 

I 

s ~ . J' r 
Llc-J (x) = L{-)JA) Liic->C~~ 

j=o 

f {} r -1-KX 
D '<--)(i.) c'--:3 d K (}( '<o) s (1< 2._ I'J1?(f)) {? 

J br; J · 

22 

( 5. 5) 

(5.6) 

(5.7) 

'.~:. .,,, ., II'· 

2 
ITpVI X~ 0 HMeeM, corJiacHo/2~ 

~ I . 

Ll· (t)=- L£(><.,)f(x;.)- -h + 
J(-J 01 4ii X 

2. 2. 1../ ' 2. 
+- ~ 1-?.{).J< m I)( + 7 111i ((y4) e()(j t- 0 (xtfl."\A) 

/&11 ~-d 'r f{,n 0 

ITO~CTSBJ!RR 9TO paSJiozeHEe B (5.6), llOJIYqHM: 

" ·- e_::.C> (' 

u t · 1 J '" L1(:-) ('f) -== - .2.. [(~0 )S'(y.l.)- - v (-i A' T 
l;ll 't 7[2. X z. '~o J 

J -

l- I (? ~ I Ll ' ] ~ ' b 2. 
+ {6nz. ~cf f- + ({,~ ~-(Y.~)Q(x) ~ (-)) Ai 111i 

J -0 

c::>"'> I ' I "") c '2. '2. 
-t 

1611
1. ~(-)J Aj 11ti ~r~-\ -r O(xL~xL) 

r=o 

z.. o-o . r 
~,_ z= c-)5 A-.r. fAlf( Mj -r O(xLe~x;. 

I( 'li ' J J - d J (} 
)-=-<> 

8~ecn MH BOCIIOJI:&SOBaJIHCI> COOTHOWeHHRMH (3. 9). OTc~a CJI8)( 
$' 

cfJYHKIJ;rui 4H ( x) orpaHMl!eHa B HyJie M 

s-. C>C> • ~ LlH (o) = It:: [ (-)J Ai fj e, rs < c;:::<) • 

J :.Q 

23 



lh~ARnrrrr B (5.I) npe~cTaBHeHMe (4.8) H HCITO~SJR (4.9) H (4.13), 

S' oC> , S' ~ 
LJ (~) = L (-))A· ,j. (~), 

J-=: a J J (5.2) 

~ . 
J I J ~ s -ti<Y L1 {Y-)-= -, elK {{K.") (K\.11/-m}€ -= 
J (ZtrY J 

::::2~ f_(r:c) f(;:L)- fJ1·(o) (}(xl) J <1f.(O/ fX2) "l <t7i i R 1 u ) . (5.3) 
KaK p~ (5.2) a6cO~THO CXO~TCR, TO 

y, 
t6 {x)=O x'- <: o npH (5.4) 

~ 
o6pa30M, orrepaTop qS~)Y~ORneTBOpReT ~OKa~bHNM nepecTaHOBQqHHM 

r 
IOHelieM Terrepn ~ (±) <fJYHKUVm, cor~acno 

rx-::o-= Ll~Jd-x) = (oj1l(xJ¢~0)Jo>. 

S (:),o . s·-- S' 
C.:-J (x) = L(-)JAj .d"jC-J()(~ 

j=o 

1jr \' -li(X 
) -(brf dK(}{~<'o}0(1<2._!'1f/{6)}f? , 

22 

( 5. 5) 

(5.6) 

(5.7) 

2. 
IlpH X~ 0 HMeeM, corJIB.cHof2/, 

b I I 
L1. (~) = - l. £()(.,) f(x;_)- --z--2 + 

jH 01 471 X 

2. 2. I ~./ , 2 

-t- ~ fl.tlf< t11· )( + 7 m!' ((t4)9(xj -t- O(x'f:'\Ax). 
/6 Ti ~-d 't /b 7T ~d 

llo~CT8BnBR STO paaHOEeHHe B (5.6), ITO~qHM: 

J ·- ' ,_,.::, > S' 
LL_) (?<) -== \_ j2.. [{l'a)S'{J<2.)- _/_ J V (-i A· + 

'-= L '1'
71 'trrz.x' ·~o J 

J -

-, L I ~ 'b 2. 

-+ Lt6nz. ~ I~ I + (6~ lb .. )Q(x)] ~o (-)J A i 1'11J· ,_ 
J-

~ , r 7. '2.. 

-t - 1 L_ (-)J A· 111, /JQJ/ M· -r 0 (xLP~ x'-) -= 
/h'fi1. - ..1 J v----cr \ - o 

l-= 0 

z.. ~ . r 
~ z= C-)J A-M· fAJ?r· -r O(xLf-OJx'-\ 
1(. 'IT 'l - .) J J - d .) (} / • 

~-=-<> 

8~eCb Ml:l BOCllOJI:&SOBMHC:& COOTHOWeHIDn.m ( 3. 9). 0Tc.IQ1l;a Me~eT, qTo 
$' 

WYHKURH 4c.-) (x) orpaHKt~eHa B Hy~e H 

i) C>C> ., ~ 

L\ (o\ = ~ ")' (-}J A-~· f-01 h < 
H / (~7T1..~ !J/J Q/J 

oo. 
(5.8) 

J =~ 
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I, ,, 
i 

f 
3To osHaqaeT, qTo orrepaTop qD (~) xopomo orrpe~e~eH, TaR KaR 

r~e 

<of cf ~:~-)cpS'(~) J o) -::::: L(~J (o) < e><:l. 

PaccMOTpHM Terrepb rrp«qMHHyro ~y~ fpHHa 

LJ~ {x-0) = (o/'T { ¢YxJcp?0)) jo) = 

== ' f' ~ 

-= L (-)J Aj LJ1c ()<-6 ), 
J·=o 

s 
LJj· ( (t<) -==( ):,. ' 

2rr 1 

Jd, e_,." 
.'1/(f) - k 2 -iE 

J 
MHaqe 

:; 1 j ,....__J" -z'Kx 
LJ ~ (x J -= /T. d K !J c (I(; e , 

c2rt} z. I 

r~e 
C>O 0 f ooO 2 It 

(5.9) 

(5.IO) 

(5.II) 

zr (~<z) '\' C-)j Aj 
c. L ~... ~._. 

j ::=0 111/')-( -l ~ 

r [ ~ e "{Kl.__.J?J1.J 
-- ...... 2. 2 2 • 

}'}JL_I/-( f nrf- f j( -1->1 +if} 

~o 
~ D, t. ( Kt) SHSJmTH~a KOMIIJI9KCHO! 

h.::o . \ 1 j "",_ A5.I2) 
J::::l 

K 2-~ocKOCTH rrpH 

Im. Kz? o 

24 

~~· 

* It 
" 

3arras~Baro~ H onepexaromaa ~y~ rpHHa MOl 

nocTpoeHH cor~acHo ~PMY~aM: 

~ . s-- s- r 
LJ~(i)-= (}('fo)il (y.J = .jL ('l') + .1(t) c~J 

S' . S' d s--
j ,,clv (~<)-=- G{-i.,)L1 (y.) = .:1 c. (i-) - L1 H ('~- ). 

OHM y~oMeTBopmoT YCJIOBKHM: 

d 
L1 td (t:) = () npe 

r 
ljaclv (r) = 0 npe 

5 XL< 0 

l l->0 Yo<O 
J 

{ 
x'l.. < o 

XI_:> 0 )(0 :>0. 
) 

HTaK, MH BH.ItKM, qTo Bee ~JiiKI.lHH fpHHa H rrepecTal' 

~y~ Y~OM9TBOPflDT BC9M Tpe60BBHHRM ~OKaHbHOA KBBF. 

ITOJUI. 3Ha'IJHT, noJie .rh Dr~) .R:BJUieTCH ~OKaHbHbiM. 
't' s s 

MeJK,Izy pery.IDipHSOBBHHHMH ~Jii11llHfiMH Llc H 4 (-r) 
COOTHOllieHH.R: ;, 

~ f ~ 
Lie. (x) = G( x .. ) Llrc-J (x) -t- 9(- >t .. )LJ e:r1 (x} 

l'x, b s 
!l~ ("~-) = G(->t.,)Ll(-;(~J + erx.,J Llc+J()(J. 
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r 03Ha~aeT, ~To orrepaTop ~ (~) xoporuo orrpe~e~eH, TaR RaK 

<of LPfci) 4/(Y-) J o) ~ L{~) (o) < o<). 

PaccMOTPKM Terrepn rrpKqHHHyro WY~ ~Ha 

Lj~ ()(-0) = (o/'T { cpfxJ¢?0)) jo) = 

== 'f'S' 
-== L (-) J Aj LJi c ()< -6 ) ' 

j'::. 0 

s- G 
Ljl( f)--:::::( )"'' 

J 2u I 

J J< e-'" 
.r1-/(r J- /( z -iE 

J 

L:J (x) = -. cfK Ll (~c:L~e , s I j ----s -z'Kx 
c. {2rrl i c: J 

(5.9) 

(5.!0) 

(5.II) 

c:.>O • f c::-0 }. It 

i(z) . \' (-)
5 A) = I L ~ e 11

{K'--hlz.) • 
L 2.. • 2. l . tH2. l z .. ·=a 11.,. (~:)- (l-l t n, -~ -~ ~ n(t- f I<_,..., +•~ 

J .1 h.= o I I . "",_ 5 I2) \ . J • ~o 
2 

.J:::I 

,6L(Kl) aHa.mrTH~a KOMIJJieKcHo.« K -IIJIOCKOCTH npH 
1(2~ 0 

24 

3ana3~Baro~ H onepeMaromaR WYHKQHH rpHHa MoryT 6HTb 
rrocTpoeHH cor~acHo WcPMY~aM: 

~ . S' s f. 
LJw(t)-= {)('lo)!J. (y.J = L1L ()I)+ llc-1-) ()() 

S' . f d r-
j ,,Jv ()()-=- G{-Y.,)L1 (x) = L1 c.. (t) - L1 (-l ()( ). 

OHH y~oBJieTBOPffiOT YMOBRRM: 

f 
Llu~ (t) = () 

f 
LJc1clv (t) -= 0 

npx 
5 x'- < o 

l Xl..>O 1{"'<.0 
J 

{ 
x~.. < o 

npx 
Xt> 0 Xo >0. 

) 

(5.I3) 

(5.I4) 

HTaK, MH B~, ~TO Bee WYHKIUm rpHHa 11 nepecTaHOBO~M 

WY~ y~oBJieTBOPRJOT BCeM Tpe6oBaHHRM ~o~nHo.« KBaHTOBOH TeopHH 

rro;m. 3Ha"mT, nMe -rh 'D(~) .RBJIHeTCR ~OKMhHHM. 
'r s ;; 

Mellr,Izy pery;mpHSOBaHHHP.m WYHKllHlnwm L1 c H Ll (r) cnpaBe.n;.JIMBH 
COOTHOWeHH.R 

s- a- 0-
L'lc. (x) = t:l( x.,) Ll{c-) {x) -r {)(- Y,)LJ CrJ (x) 

r~ s- s . 
Lie. ("~-) = Q(-Y.,)Ll(-J{'~-J + 9(x.,) Llc+1(>'). 

(5.I5) 

/ 
25 



0TMeTHM ellle O,ll;HO COOTHOmeHHe, Hrpa!llllee BaJIHYJJ po~D npl'I ,llOKa

SSTe~DCTBe YHHTapHOCTH pery~pHSOBSHHOA ~ -MaTpHnY: 

(o(Tf~)('d ~r(tJ.~l. cp~'j)Vo)=n ax: (of'r(¢t~Jcp~~J)/a) l ~ r 'd" y (/ r (/ d v' • 

(5.I6) 

~pyrHt.m MOBat.m, npH ~ >0 T -npoHsBe,lleHHe B CMHMe Blma (npa

Ba.ff '18CTD COOTHOmeHHR (5.I6}) paBHO 'f -npOHSBe,lleHHBJ B C!'.mMe 

nancoHa (~eBSR '18CTD (5.I6)), T.e. YMOBHO 

• 

Tw =-/ ]). 

~eHCTBHTe~DHO, ~ no~ea ~b(~) ~erKO nonyqHTD 

(5.I7) 

'(r'-- l s 
nr;; <o IT(~ (x) ¢., (0))) o) =:-
u'fr c Jv J .l 

) S' 
:= (o/ T( 0 1;. (><) 'CJ ~~ (~)) / o> + 

ro '~r ro CJ"' 

< ( ) \ '\ \ r;-('f) I 

-t- 1 -) OEt oro u..;o o (x-0) . 

IIosTof>11 

'0 1.. d' \ Al A-,6 
ra)(rol{"(o/T(~ (r-Jf> (~))/o)- <o!T( 0 t'(~'. ?J'~" r~))/o) ::::-

"d rc;r::r ()(!.,~ 

I (' (' d'rJ ~ ~ I $' 
== 1 oroovo o t~<-u)L (-)';A· = 0. 

J=o J 

26 

cor~aCHO (3.9). TSKHM o6pa90M, CDpaBe~BH COOTHOilleHHH 

s s s 
?'JvLlc_ {~) = tJ(Yc) ~9vL1c-J {><) -t e(-'Xo)9-.?vLic

7
J (>< 

IJ f. I) f. ') S'¥-
~ /Jy L](-) (;<) =- erxo) dr Ov Ll( ( x; + {)(-Vo) ~ "v L1c_ G 

6. BsEmMO.IIeACTBYJ!!IM CHCTeMa .IIO CHIITHH pery~J?H98Ili 

BSBHMO,lleHCTB~ CHCTeMa ODHCHBaeTCH ~OTHOCTDID m 

6 ~0"'" • ).. s . -..rhs T r:r=- , 
;;{ (x) =z1 

(:-)Jif{ fxJ{o-r'l-'rrJ;t; (:x) -+J v 1 ""?-c-Yfl 
- j J J J=O ) j==a 

IlonHHA raMWIDTOHHaH STOA CHCTeMH HMeeT BH,Il; 

r,lle 

S"' ~ 3 
~ -= Ho + H1", 

~ 00 . ~ f 
H = )'(-))(tit~_.. cl ~ r} . ..:. 

~ _L J J" Jk J" 
)=.o 

S' 
Hl: = d fo~x: U( cp"{K,oJ): 
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....... amTm e!lle O,nHO COOTHOmeHHe, Hrpamtee BaZHYIJ poJI:& npH ,I{ORa

YHHTapHOCTH peryJIRpHSOBaHHoit S -MaTpJ4tU>!: 

1 cpr(~).~l_cp~j)Vo)=n a: (oJ'r(¢t~Jcp~~Jljo) 
r:r (J,t y v}tJl" j . 

(5.I6) 
cJioBawr, npH ~ >0 T -npoKsBe,I{eHHe B CMHCJie Bmta (npa

cooTHomeHIDI (5.I6)) paBHO T -npoKsBe,I{eHK!l B CMHCJie 

(JieBaH ~acT:& (5.I6)), T.e. YCJIOBHO 

Tw -== ~. 
, ,I{JIR DOJieii ~ b(l<) Jiei'KO ll0.1IJ11HT:& 

l ;; 
< o 1 r ( ~ (;:) ~, r 0)) J o > ==-

I 'T( 0 cf;~t-) 
'0 ' xr 

S' 
rcJ ~~ (~)) /o> + 
0(1..; 

• ('f) 

--t- 1 (-1) ~V ~0 Z'vo ~ (><-()). 

• 

(5.I7) 

d b ,;l 4-,6 
(o/T(~ r~J¢> (~))/o)- (ofT~( 0 'f"("'J. ro...,., r~))/o)-==-

r-ox:r 0d,~ 

I (' " d'r) ~ I S" 
? c}o o..;o o (x-u)L (-)j A· = 0. 

J:::o J 

26 

corJISCHO (3.9). TSKHM o6paSOM, cnpase~BH COOTHOmeHHH 

s ~ s 
?'JvLlc. {f)= 9(Ya) ~'dvt.1c-J (x) -r 0(-(,)Jf?vdc-tJ (y.J 

r- · r J s¥-~d.,; LJ(-J ()<) :=- e(.Xc) ~ 2v LJC (X)+ t9(-lfo) ~ ?v _de. (y.), 
(5.I8) 

6. B3aHMOJ[eftcTBfDliM CKCTeMa }!,0 CHfiTrui peryJIRpH38I1MK 

BSaKMO,I{eitcTB~aR CKCTeMa OllHCHBaeTCH llJIOTHOCT:&ID ~rpaH~aHa 

6 ~ . s s - (o- , s 
;;{ (x}-= }_ J;c-)Jrj{ (x){o-1~·1rJJ/! (J;) -+J [}i ~l-YJiifo/ (~J ). 

I==~ J j J-O ~6.I) 
ITOJIHHA raMKJI:&TOHHaH 8TOH CKCTeMH HMeeT BK,I{ 

r.zte 

s-- ~ r 
~ ~ HQ + HT' 

?)' C>O • S' f 
H = )' (-)) (J.Lt t:J._. cl .... d . ..:. 

Q _L )' J/( Jk Jl( 
j:.o 

5" 

H~ = d ).tx: U( rp'{><,o!): 
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(6.2) 

(6.3) 

(6.4) 



ii 
XoTR onepaTop ¢ (x) xopomo onpe~JieH, RaR 6HJ.to noRasaHo 

B npe~eM naparpacpe , raMHJJ::&TOHHBH HI He onpe,D;eJieH, nocROJI:&RY 

TeopHR: TpaHCJifiWIOHHO HHBapHaHTHa. liOSTOMj' ,wJR TOro, 'tiTOOH onepaTop 
c HI 6HJI xopomo onpe,D;eJieH H caMOcon~eH, Heo6xo,D;HMO BBecTH 

<lJY:HKUHID, BRJIIOqaJDIIIYJD BS8HMO,D;elcTBHe. HTaK, BMeCTO KOHCTSHTH CBRSH 

BBe,D;eM HeoTpHqaTeJI:&HYIJ <lJYHKilHJD JC>t) , y6biBSIDillYID Ha 6eCROHe'tiHOCTH 

,II;OCT8TO~HO 6HCTpo, ~T06H CXO~CR HHTerpaJI 

fct-x d(x) ~ ~. 
Ey.zteM C'IIHTaT:o, ~To O ('X) Y.ItOBJieTBOJlRDT YCJIOBHRM: 

(f) o ~ dO') ~ 6 
(Z) d(o) = '} 

(3) l(j(;J-<1\< [ -B HeKOTOpoA Clflepe OKOJIO TO'tiKH X -;:::: 0 

( r) d ("Z) E- 'Zc-.. { Ct < ~) . 

IlpocTpaHCTBO OCHOBHHX <lJYHKild :i" (f (a<...!... )cocTOHT HS 
zr-· 

Bcex Tex ueJIHX <PYHKllHil .f( 21> ... , -;? .. ) or 11.. KoMITJieKCHHX nepe-..eHHHX 

ij -== )(j + L Jj ( }-= l > .• ;J V\ ) , KOTOpHe Y.ztoBJieTBOPRJDT yCJiomUIM : 

(I) .wm Jlll6oA r.?IJ . ., "2 .... ) ~ Zc, CYIIl6CTBYJDT Ta:rme llOJIOJKH-

TeJI:&HHe C > 0 H Af:>O (J =- (~ ... > rt.) 1• liTO 

{ 

11. 0... lt(2 ,>---)!.){ ~ C &xv L: A. lej I . 
v J=l J • (6.5) 

(2) ,wJR Jlll6HX !f, , ... ) J., 
OC> o<=> 

Jdx-, ... Jdx., /J(v,-+i'du·--) Y._*td .. )\ < C><) 

-c4 _c::>:o. 

28 

tfi!CJIO Q. BH6HpaeTCR B SSBHCHMOCTH OT paccMaTpHBaeMOr< 

lltHaHa BSaHMO.zteAcTBHR: H nop.~J,D;Ra pocTa cpo.PM<lJaxropa V(k2.{~ 
IIpocTpaHCTBO Zc;. , .fiBJIRilllleeCR npocTpaHCTBOM cpyp:oe-< 

iJJYHKW'IH f HS z:!" , COCTOHT HS ,ItHqxpepeHJlHpyeMHX cpym 
Jft,, ... .;ph), Y.ItOBJieTBOpsiiDIIllDC yCJioBmo: 

(3) BCer,Ita CYIIleCTBYIDT TaKHe llOJIOJitHTeJI:OHHe C > 0 o-. t 
'tiTO 

IT Cr.,. ,r.)k c 0Jirf-t 73; 1rl1 
j-1 

r.zte 
P < X 
) 2 . i =- c1 ~I > 1 '-"-

liiTaK, BBe,IteM 

~ ( 4 f H r, L == ) d 1 d ( Z ) : U { ¢ (~ o)); , 

r.zte ~ - 6oJI:omoa napaMeTp, TaK liTO 

{i_ j(f)-= q(o)-=q~. 
L~..,.c> 0 ([ 

OKo~aTeJI:oHo, noJIHHA raMHJII>ToHHaH, oTIHCHBaiOI!ll'IH 

MY, saTIHcHBaeTCR B BH,D;e 

i) 6 $' 

HL -:=: H 0 -t- H1:)L . 

29 

Ham 



S' 
XoTR onepaTop cf (x) xopomo onpe~JieH, RaR CSHJio rroRasaHo 

B npewmY!IIeM uaparpacpe, raMHJII>TOHHBH HI He onpe.n;eJieH, nocROJI1>tey 

TeopKR TpaHCJif!UHOHHO HHBapHaHTHa. liOSTOMY ,wiH TOro, qToCSH onepaTop 

H
e .. ..c 
I CSHJI xopomo onpe.n;eJieH H CSMOCOITpaxeH, HeOvXO.n;HMO BBeCTH 

!flYHKUliJO, BKJII()qaJO!IIYJO B38HMO.zteACTBHe. HTSK 1 BMeCTO KOHCTSHTH CBR:SJII 

BBe.zteM HeoTpHU8TeJII>HJil lflymaum d(>t) , yCSHB8JOIQYI> Ha CSecKOHeqaocTH 

,ItOCTaToqHo CSiiCTpo, qToCSH CXO.n;HJICR HHTerpaJI 

fc~; d tn <: ~. 
Ey.n;eM CqJ.{TaTI>, ~o J (x) y.n;oBJieTBOptmT yCJioBWIM: 

(r) 0 ~ d(~) ~ 6 
(Z) d(o) = t 

( 3 ) l(j(;)-dj.([ 
_.) 

B HeKOTOpoA ccpepe OKOJIO TO~ X -::::: 0 

( r) 3 CZ) E- Zc... ( C\ < ~ ) . 
IlpocTpaHCTBO OCHOBHHX lfJYHKilHA :tfo.. ({.(a<~ )cocTOHT JIIS 

. L' zr·· 
Bcex Tex n;eJIHX lflYHKilHii -{-(el> __ > "2 ... ) or Yt. KOMITJieKCHHX nepe-..eHHHX 

ZJ-== :xj +L Jj ( l -=l>··:; "') , KOTOpHe y.n;oBJieTBOPRJOT YCJIOBU.RM: 

(I) .ztJIR JIJOCSoit r~l> . ., "2...,) ~ 2'"c, CJ!II6CTBYJOT TaKHe ITOJICWf-

TeJII>HHe C > 0 H A j :::> 0 ( J =-/ > ••. > n. ) , qTo 

{ 

11. 0... 

/j(2,)"")Z.)/ ~ c €/xP LA. l~j I . 
v J=l J • (6.5) 

Jl· •••;J~ 
<:::><=> ~ 

Jd'l, ... Jdx., /J(Y,-+i'du--·) Y.,~(d ... )\ < 

( 2) .ztJIR JIIJCSHX 

C>Q 

~c::A -""""' 

28 

~CJIO a BHCSHpaeTCR B SSBHCHMOCTH OT paCCMaTpHBaeMOro JiarpaH-

1JtHaH8 BSaHMO.n;eitcTBM H no.PH,IJ;Ra pocTa !fx>PMPSKTOpa V(~<2.{j . 
IIpocTpaHcTBO Zc:. , .II1!JIRJOIIIeeCR npocTpaHcTBOM lflypi>e-oCSpasoB 

(PyHKWi:l.i f HS ~ 0.. 1 COCTOHT H3 .ztH@>epeHD;HpyeMHX lflym<UlUl: 

Jft, >·--) f") , y.n;oBJieTBOpmont~DC YCJIOBHJO : 

(3) BCer.n;a Cy!lleCTBYXlT TSKHe ITOJIOllWTeJII>Hble C > () ~--. 13l >0 ((=-/>. 
'ITO 

)TCr, ,p-lk c e,rf [-i 'B; lrll 
J =-t 

r,l(e i =- c1 ~I > 1 f<f "' 

MTaK, BBe.n;eM 

~ 
Hr,L == )JY J {[}: U{ q/(~oJ); , 

r,l(e ~ - CSOJII>WOR napaMeTp, T8K qTo 

" 
Jl_ g{{)-= q{o)-=q~. 
L~~ 0 ([ 

0KOH'I8TeJII>HO 1 ITOJIHH:I.i raMHJil>TOHH8H, OITHCb!BaiO!IIHH 

MY, saiTHcHBaeTCR B mme 

i) 6 
HL -=:: Ho 

~ 

T H~,L. 

29 

(6.6) 

(6.7 

(6.8 

(6.9: 

HamY CMCTe-

(6.1( 



S' 
XoT.R: onepaTop ¢' (x) xopomo onpe~.neH, RBR OWio noKasaHo 

npe.wmJllleM uaparpa!fle , raMHJil>TOHBaH HI He onpe,IJ;e.neH, nocRO.nDRY 

.. PODKR TpllH()JlflWIOHHO HHBapHaHTHa. liOSTOMj' ,IVIJI TOro, 't!TOOH OnepaTOp 

OWI xopomo onpe,D;e.neH H caMOconPRJiteH, Heo6xo,IJ;Hr.«> BBeCTH 

~~~n-unn, B:KJI101iaKllllY10 B38HMO,IJ;eitCTBHe. HTBK, BM6CTO KOHCTSHTH CBR:3H 

tBe.neM HeoTpHUaTeJil>HYD qJYHKilHD JCX) , yOHBBIDIIIYIJ Ha OeCROH9't!HOCTH 

CT8TOt!HO OHCTpo, t!TOOH CXO,Il;HJIC.R: HHTerpa.n 

fc~-; d (x) <: ~. 
Ey.neM c't!li!TaTI>, 't!To O ("X) y,IJ;oBJieTBOJlflllT yc.noBWIM: 

(r) 0 s d ( ~) ~ 6 
(Z) d(o) = ~ 

(3) lou·J-dl<~ 
-4 

B H9KOTOpoA cq,epe OKOJIO TO't!KH X ~ 0 

( r) ~ C~) E- Zc, ( Ct < ~ ) . 
IlpocTpaHCTBO OCHOBHHX cf>YHKUHA :i-0.. (f (a <..J_ )cocTOHT H3 

zr-· 
TeX UeJIHX cf>YHKUHH -f(21, •• > 2 .. ) or~ KOMIIJI9KCHHX nepe¥eHHHX 

"j ~ )cj + L :t () :- l >. -~ V\ ) , KOTOpHe Y,IJ;OBJI9TBOp.RlOT YCJIOB'I.RM : 

(I) ,IVIJI JIJ:J6oit f-<".? 1> . ., ?..,) ~ 2"c, cyiQeCTBym' TaKHe TIOJIOD-

c > C) H A j /0 ( J =. ().,.) rt ) ' 't!TO 

11. 

l+c;z,, ... )~.){ ~ c 0f { L: A. leI~ 
)"'1 ) j • (6.5) 

Jl' ···)J~ 
<:::>C> r::;;-o 

Jd)(, ... Jclx.., /J(v,-+i'du·--) Y.._-+(l")\ < C><:) 

( 2) ,IVIJI Jlll6wc 

~c::A -"""' 

28 

~CJIO a BHOHpaeTC.R: B 58BHCHMOCTR OT paCCM8TpHB86MOro JiarpaH

JJW8H8 B3BHr&>,IJ;eitcTBwr H nop.R:.ItKa pocTa qio~Topa V(~<z.{j . 
ITpocTpaHCTBO Z" , .R:BJI.R:IliQeeC.R: npocTpaHcTBOM q>ypi>e-oopasoB 

~yHKttHit -f H3 ~ o.. , COCTOliT H3 ,ItKqxpepeHUiiPY6MHX cf>ym<UH:Lt 

Jft, > '"J fh) , Y,IJ;OBJI9TBOp!11JIQHX YCJIOBHIO : 

(3) BCer,tta cyiQeCTBYIDT TaKHe TIOJIOJitlllTeJil>Hhle C> a"' Bi>O (j'-=.JlT.,)J 
'!TO 

)'f(r, ·r-Jkcexrf-"t131 felt}. 
j-1 

r.ne i =- C1 ~I > 1 f<-f '"' 

ViTaK, BBe,tteM 

~ ( -~ f H r) L == ) J Y d (: ) : U { ~ (~ 0)) : , 

r.ne ~ - oo.nDmoA napaMeTp, TaK 't!TO 

.{l,_ g({)-== q(o)-=q~. 
L~.,c> 0 ([ 

0KOHt!8TeJil>HO, IIOJIHHit raMHJil>TOHH8H, OTIHCh!BaiO!QliH 

MY, sanHcHBaeTC.R: B Bli,Il;e 

~ 6 $' 
HL -= Ho T H~,L _ 
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(6.6) 

(6.7) 

(6.8) 

(6.9) 

HBWY CMCTe-

(6.10) 



r 
.Eme pas no~epKHeM, 'ITO npH S' >O rBMHJII>TOHHaH /-fz. L xopomo 

) 

onpe.n;eJieH, TaR liTO He Ha,ll;O BBO,l(HT:b HHKaRoro o6pe3aHWI npH 60JII>ImiX 

HMIIyJI:ocax (yJI:bTpa(pHoJieToBOe o6pesaHHe). 
l) 

ThMHJII>TOHHaH nsaHMO.n;eitcTmur H:t,L B npe.n;cTaBJieHIDI BSaHMO-

.n;eitcTBHR sanHCHBaeTCR B BH,l(e: 
s 

H S' ( ) . - l J./0 f- J + -= -e H !,L I;L 

e ,. H!" f 

-jc~x J ( [): V( c/rx-,o): 
(G. II) 

~ Toro, "tl:T06H llOCTPQHT:b ~ -MaTPHUY, OTBe"tl:a~ sa nepeXO,l(H 

Me~ 8CHMnTOTH"tl:eCRH CB060,l(HHMH COCTORHHRMH HS BBRTOpHoro npocTpaH-
'8 

CTBa ~ , Heo6XO,l(HMO BDeCTH ilOHRTHe a.n;Ha6aTH-qeCROrO BRJIID"tl:BHWI 

nsaHMO.n;eHcTBHR. ~ aToro B (6.II) CJie~eT C-q}iTSTI>, liTO IDY~1R 

(j ( {) sanHcHT e111e ~ OT npeMeHH f-= Yo , TaR -qro MH HMeeM 

WYHRIUUO d ( l) 1(-t > 2" ), npHqeu 

MTBR: 

(I) f c(~ 8 (x) = jd; jd X'o j(Yo; X)< o<J 

(2) L q ({) -=- q (o) = CZ. 
L ~0"> 0 0 {ft 

Hr.~ (f)~ -}lxJ({): U(¢?rJ): 
Tor.n;a S -MaTpH~ sanHCHBaeTCR 

30 

(6.I2) 

s L 'T { !<:><4 S' 1 s I ::::: 0Xf -)· I+ HI,L {+) = 
-""""' 

""T ~rf,·P"JffJ: V(¢'r•J):j . 
3,!J;CC:b SHSR r HMeeT CMHCJI onepaTopa CTpororo JllOPf!,l(O"tl:eHWI 

5' 
naHHI:lX noJieit if> ( ~) no npeMeHH. XponoJiorH"tl:ecRM cnepTRa, wn 

r 
-qHHHM <fJYHRUM I'pHHa onepaTOpoB ¢ (~) .n;aeTCR <fJoPMYJiaMH (5. I( 

""~ S' IIocROJII>KY onepaTopu 'r (t) H Hr:L (+) xopomo onpeJ 
SL ' 

1! JIOR8JII>HH, S ' -MaTpl'IUB Ha BeRTOpHOM npOCTpaHCTBe ~ 
U MHRpoilpll:"tl:HHHS, T • e • 

ss;~ J b,L + =::: S~L @f S~L t·= f 
J>f 

---- 0 JLr s { ~ s~L 
;)' ¢'~(1) 2) ¢'Ia) s ' ) = 0 npK 

•· 
~hHeamM sa.n;a-qa cocTOHT n nepexo.n;e R npe.n;eJIBM~ 

X.~ 

(I) 0 ~ 0 , T. e. ycTpanenHe ncex .n;Yxonl:lX cocTOJ 

Teopmi. 

(2) L ~ c:>0 nepexo.n; R 6ecROHetrnoMy o6'heMY. 

MH .n;oRBZeM cyllleCTBOBaHHe H YHHTapHOCTI> npe.n;eJII>HOit ~ 
n ~oM noPf!,l(Re TeopHH B03MYilleHHii. 

7. ~HRili1H I'pma n npexeJie ~ ~ 0 

<byn~ I'pma n npe.n;eJie o ~ 0 RBJISIIOTCR o6o6111eH:moo1 1 

31 



f 
pas no,l{tlepKHeM, 'ITO npH :5 >O r8MMI:.TOIUiaH 1-fz. L. xopomo 

) 

ETJe.IIeJHm, TaR 'ITO He Ha,Il;O BBO,IC'ITI:. HHKaKOrO 06pe3aHH.R: npH 60JII:.IIIHX 

JII:.cax (yJI:&Tpa(pnoJieToBOe o6pesaHHe). 
b 

I'aMHJII:.TOHHaH BSaHMo.n:eiicTBMR H .t L 
I 

B npe,n:cTaBJieHHH BSaHMo-

TBHR SallMCHBaeTCR B BH,n:e: 

H 
S ( +) -= - i Ho'S f- J' "i Hva f: 

r L -e HIL e 
I ) 

- jN J f [): V( C/~X:o): 
(6.II) 

,ll;Jm Toro, 'IT06H llOCTpoHTI:. S -MaTpHizy, OTBeqaJOil{yXJ 38 nepeXO.ll:l>I 

8CMMDTOTH'IJ:eCKH CB060,n:HHMH COCTORHHRMH H3 BBKTOpHoro npOCTpaH-
15' 

~ , He06XO,n:HMO BDeCTH llOHRTHe a.n;Ha6aTH'I9CKOro B~'I6HHR 
IO,IJ;9HCTBHR. ,llJrR STOrO B (6.II) CJie.n:yeT C'IHTBT:C, '!{TO (pyHKU!1R 

( x) saBHCMT e111e H oT BpeMeHH f-= Yo , TaR 'ITO MIJ HMeeM L __. 

CJ (2) -:lj(L )("' ) 
0 L (/ L > z- , npHileu 

(I) / cl~ 8 (x) == jd-; jd Yo JfYo; X)< oCl 

L d (LY)-= !J (o) ~ /· (2) 
L ~c:>'> 

Hr.~(<:)= -}1-xJf-D: U(rffy~: 
Tor.n:a S -MaTpHua sanHcHBaeTcR 

(6.!2) 
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S S,L == 'T C/'lf {- 1 Jl+ HI;: (+) J = 
-""""' 

= T &xf{,·fd~Jf-fJ: U(¢1•J):j. (6.I3) 

S.n:eci:. sHaK T HMeeT CMHCJI onepaTopa cTpororo ynoPR,IJ;o'l:eHHR KBaHTO
S 

BaHHbiX noJieii ¢ ( )() no BpeMeHH. XpoaoJiorH'l:ecKaR cBepTKa, HJIH npH
f. 

'Il1HHaR (pyaxwm I'pHHa onepaTOpoB cp (x) ,n:aeTCR (poiJMYJiaMH (5.IO-I2), 
A->r: s 

IIocKOJII:.Icy onepaTOPH 'f' (x) H HrL (+} xopomo onpe.n:eJieHu 
SL ' r 

li1 JIOKaJII:.HH, S ' ~TpHilB. Ha BeKTopHoM npocTpaHCTBe 'J{' yHuTapHa 

U MHKpOllp.HliHHHa, T. e. 

sS:~ S S'/~ +-=::: S~L @<;; S~L t= f 
J>.f 

6 

(6.I4) 

0 
~ ~ (i) 

( 
S SS,L SJ,Lr \= 

0 
6¢~'~) J np:w X< -~ 3· 

(6. I5) 

~l>HeAruaR sa.n:a'l{a cocToHT B nepexo.n:e K npe,n:eJIBM; 

(I) 0 ~ 0 , T.e. ycTpaHeHUe BC9X .n:YxoBHX COCTORHHit H3 

Teopm~. 

<2> L ~ o0 nepexo.n: K 6ecKOHe'I{HOMY o6~eMY. 

MH .n:oKaJteM cyll!eCTBOBaHl!!e H YHiiiTapHOC'l':C npe,n:eJI:cHo.H 

B ~OM llOPR.n:Ke TeOpHH B03MYm9HHit. 

7. iRY!!KllKH D>HHa B npe.u:eJie ~ ~ 0 

S -MaTpMnu 

~YH:K:Wm I'p!iiHa B npe.n:eJie D --7> 0 RBJIRIJTOR o6o61IlEiHHl>:Mlt (pyHxwmMM , 

31 



3~HHHMH Ha npocTpaHCTBe OCHOBHHX ~YHRQHA z:~ . llO&TOMW MH 

.ztOJ.C!tHJ,j paccMaTJ>HBaTI> HecodcTBeHHHe npe.ztenHHe nepexo.ztb!, T.e. 

.asyqan npe.zteJIH 

~ (I'{ G-~1-Jf('j:J-= L jell( (;~~<)f'(~)-=? ;)~o )£ O~o • ~ 
. r: ' (7.!) 

r.zte ~ (/) - HeROTopan ~YHKI:tWI I'pHHa, a -{fx) f Zc.... • S' 

llpe-.zte BCera, paccMOTPBM nepecTaHoBOquYJl ~YHKilHD L1 (~) • 
HMeeM: 

A. f''~ 4'rxJtr~J= L Jet• 2\0(•J[r•J = Y~o o~o 

= L (J. rr-Mf (-J1 4r J(,.oJ S'(•'- "'/N) = a ~o }(.z.rr{1 ~ J~ o J 

-td ~ \' "'- Q d - 1- 3 f{f'o)o(K~-~
1) I(<) -t L 

Lz~ ~ d~o ' 

(7.2) 

r.zte 

J'j;cl r--=- · f r 
Q-= ~jTt)Z{-)JA· c-c~o)u((L_M.zfcJJ)-=:: ( 2.rr)

1 
... :J ' J r=-t 

:= f{-)j A·b!J(( cfitr/ •• -f{i_', fo)[{ro} f(t'- ~>~/(>} }, 
-- J ) -(Ltr~ j -I (7.3) 
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lloJiytJKM ouemey 

J J' =: I (Jd tl c( tR,. ( (it')""') ! ( l(o) S' (I(_ 2.- n, ~ {r)) I -=::: ) J (<-a)~ -T j 

-I ( J.~ [ r.- ..... r "'t-J s ll 
- )(2"l2~~ J (I(.IWjt)- t lK>L~·~ )j I ~ 
~- -- f'""!-J-'1 i' (";- ' I JJ~ -

(bl 2~~ [ \J-(•,<.?i•)\-t\~(.z,-w;,) 

~ Co..;f f cl~ -e-E[/•It+ H~ll. 
[,), ... 

) lt. 

Bocnon:&syeMC.R: HepaBeBC'l'BOM 

ltl" -r{wJ~: )'-= lkl' + (vitt+~ Y':; ~1 (mj )r -r RL I 
(J x__, 17 !"_, 

r.zte t; 1 -= 2 z. , .K 2. ~ I + 2 r . 

rroJIY11HM , ( -stl. Jiif ( 
~ - ER rn. fd~ o r. ~ e 1 J ' ~ f . ··-=---:: =/(_ =\:.~==:;--
) { v .. } (c) -t- ~ L 

-li(JI~ ) 
. ~ 1 r;j -I-

!{ -. e . ~ ~ , 2J< B1., B~ 1 frft. 
J :> 

Tenep1. .ztJm BeJIHlDIHH Q BMeeM oueHR.Y 
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PHHw.m Ha npocTpaHCTBe OCHOBHIDC <P.YHRQ:Ptlt Za.. . IIoaToMy Mhl 

paccMaTpHBaTl> Hecoc5cTBeHHHe npe.zteJ.[])HHe nepexo.ztH, T.e. 

' }Jy G~'fjf{x) ~ L Jell< ~~k)j-r:v(") -= 7 
~o O~o •" 

I , (?.I) 
? (t) - HeKOTOJlaR <fJyH:Iaij.JR l)>mra, a -{fx) f ~ o... • 

S' IlpeJr.Zte Bcero, paccMOTpBM nepecTaHOB01lHYD <fJYHKnHD .:1 (t) • 

( f /) ( r-0 r.-r'y 4 (xJ-flf.}-==: ~ Jd'< ~ (tJf (~<) = 
0 0~0 

L (I< rr-Mf (-) J l.>( <'o J iJ(.<_ mJ/f}} = D' -M )c~rrJ3 :! f=-
0 

J 

d r.... Qd 
1-T f(~u)d{ic~-111 2)Lj(c) f- L 
Lz~ d~o ' 

(7.2) 

/;
d r-- -=- · f r 

-= ____!:, j ft) z(-)J ,4. c{ ~o) (} (( ~-M.'(J)) ::::-( 2.rr)l ... :J J 
J -=-t 

={-JJ A·b!J( ( J I( ~~of(i! f } [{i'o} f(t 1._ »?.1(1)) 
J j -~'>~v J o J • I (7.3) 
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lloJiytmM oueruey 

JJ =I ((,(if <I•. ( (0',<.) {(l(o} S'(k'-.,'M) / -=: 
l JJ~~~ ~ J 

-~ ( &-: [,_ r r-.- S'1l 
- )(2w-f2~~ J (~/~j~)- J ~~L~·t )j I ~ 

~ (2;/ f ~ [\T(•,o.?[,)\-t\1(ot,-w;'.J\1< 
---t i) t 

~ ('J_f f cl: -BL/te/ + (~·k) J 
~ ~ . n . 0 -c. 

cJ ..... 
j It 

Bocnon~syeMCH HepaBeBCTBOU 

1</ ..- ( wi: )1 = 1•1( + (J;:'+~ Y' 4 f,
1 

(111j )" _,_ ( 1•1,~' 
() .r__J 17 ~ 1 

r.zte ~ 1 -= 2 z. , ¥12. -= / + 2 z:- - • 

liOJ!l"IHM ' 'l ( 

~ _ 'BR rn/ ~ -13Az./ii'f 
I.~ e 1 J.~f·Jdl(_ e ~ 

) { t (~) _.L 
1-'11· o -t- IL 

-B. (JJ~ .I 
. ~ l r;j 
~ T e . ~ r- , 2J (_ B, -= B~1 ,.,t. 

:J 
Tenep~ ,ItJM BeJnflmH!i Q &eeM otteHRY 
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jQ£(s2:.·::>eAfJ.S< r- ,~(!+A-iL fji;+A/);7f .-B(j)d'/.2 
_, J J " WY>'l-1r L --.-{? o-1 ;; 1 o 

) - v - /1,/J • - e . 
ilOCROJibRY i J > f ' TO J ~1 j 

~ 2 

1 ozl ~ s.(~f 2_ (!+~) ~ s. ~t. 
J-::.t !VJJ 

0RoHqaTe~bHO HMeeM 

_(;~ Q~ = 0. 
,._ 
<'~0 

\' 
TaiWM o6pasoM, nepecTaHOBOtUIM lf>YHKUWI Ll "{x) B npe.n;e~e cf_,. a 
rrepexO.n;HT B nepecTaHoBotrnyiD lf>Y~ID CRanHpHoro ITORR Sf(~) 

"' ' y {:~ L1 (x) = L1 (x) = -
3 

ell( ll~"a) cJ (•'--n,L) .(/_ l v If ('. -t I(' 

2 ~o (Zrr) 

Totrno TaRHM Ee odpasoM ~erRo .n:oRasaTF>, ~o B 

ododll!eHHux lf>~ii, sa.n;aHHux Ha Z
0

, , 

CMb!Me 

(7.4) 

J 
~ Ll(±)(~) 
d7o = LJ (rJ (X) -== ~ 'd 1< o (+ l{,)c («J-t'J<)C I f /J ); _-t~<x 

(NJ (7.5) 

CYll!eCTBOBaHHe 3THX npe.n;e~oB osHat~ae!r, t~To CY!IleCTByeT Madmt 
rrpe.n;e~ 

L ¢'lx)-= ~(x), 
f "7 () 

r,Jte <f('f) - ITO~e CRaJIHpHOH ti8CTHQH MaCCbl 111 

ypaBHemm 

( 0 -p,,'-) Cj(Y.) = 0. 

34 

(7.6) 

, rro.n;t~IIHIDOll!eecJI 

\' I 

l1TaR, B npe.n;e~e cl~ 0 BCe .ZI:YXOBble COCTOmni.R: HCt~esm 

cor~acyeTcJI c YTBe~eHHeM 

L c:!('s-= Yf 
) 

S"--?>0 

C.n;MaHHbiM B ROHUe § 4. :) 
. ' 

PaccMOTPHM Tenepb ITpMtm:HHyx> lf>YHKUHID Ll c ('f.) • .1-fMee 

L jdx~:(l-Jj(r) ==-f~ (cl.,~.:. 4_(~JJ?~<J 
r70 r-~o)(zr.)7 

~ . r 
L ( c/t( r-{~)L (~/A . 
r_,., /(U/1 j. j=o '"~/')-•'-• t 

L ( ,;. f(. J f 1I'j" (•'-,.cf 
r~o )(;u/'t f1,)'--((l-('( h•2. ,..--. ·rr(· c) 1(:1-""l. 

~, -= -o I - :-- --
. _ I v"'L 
J -r J 

( 
----1- j J I< l7(/(lt) Tr 2.~t)\ I ~) 

Jt-t'l.. - I(<_ \ [ . 

8TOT PIHTer~ CXO.Il:PITCR, ITOCR~Ry npn dOJII.JmiX m.my~cax 

I 
r;-- I &'I~L(lf -13 fiK~It-t-I•Lf'~ 

V(~ttt) J C"') $ C -e 

H Zf< 0 
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s I-/ r1 { ~~ ,~ (~rA-/ r?/(tt>fl!j/ -s, (j)J/.2 
)

. =-0 ) ) ~ j t? ' d 0 'fi • 
f J -=-I 11/ · c__ 

ZJ / f • TO j 

I~ S.co~f £ 0:!)_2. . S. C f 
· AIJ' ~ ~ • 

J-:. I fV ) 

HMeeM 

_(;~ Q~ == 0 
<""" 
c--i>O 

\' 
o6pasoM, nepecTaHoBo1:!Hrur if>YHRIUIR: LJ "()I.) B npe.n:e.ne cf-?> 0 

B nepecTaHOBOqHyiD lf>Y~ID CKanRpHoro ilonR )P(t} 

L1 "'(x) = LJ (x) = -
3 

{II{ ( (r'a) [(._'---,~,L) f?. " If -t'k.'Y 

(l~) (7.4) 

T8ID1M iKe OClpaSOM JierKo ,ll;OKa38T:b, ~0 B CMhiCJie 

if>Y~H, sa.n;aHHI:DC Ha 3
0

, , 

J . f r -/«x Ll(±)O<J = LJ(:tJ(x) = ~ 1 'dt< t9(+K,)c)(t/_;q<jC 
(Zttj (7.5) 

CymecTBOBaHHe 3THX npe.n:eJioB osHaqaeT, qTo cymecTByer CJia6~ 

r~,'l L Cf/ l(xJ-= cyrx), 
f' "")a 

(7.6) 
'f) - ilOJie CKa.IIffpHOH qaCTHnl:l MaCC:bl nt 

, no.n;quHJl!Oll!eec.R: 

( 0 -p...,'-) Cj(Y.) = 0. 

34 

\' I 

MTaK, B rrpe.n;eJie cl~ 0 BCe ,ll;YXOBHe COCTOJIHIDI Hcqe3aiDT. 3TO 

corJiacyeTCR c YTBe~eHHeM 

L ~s-=Yf 
) s ...... o 

C,ll;eJI8HHHM B ROH!le § 4. J 
PaccMoTpHM Tenep:o TIJ>HtmHHYID !f>YHKIWJ L1 c (X) • l1MeeM: 

I) f S · j tJ. h c/ 4.· r-... . r:--~ dr!J,{r) ('f)=~ 1. zJ((~J.j(4) 
Y' ~0 [''""" 0 (2r;) 7 

~ . r 
t~ ( cl~<: rrll )L (-/A . 
o 7 o J ( 2..11/1 i= o r11/'[s) - "' 1 -l ~ 

L (ciA 
f' ~o } C2rr /'t 

Tr·) 2=: 1}'" f'" (•'-,.,')" 
f'l-1~-{(!-(·~ IA+2. ·rr( ~ l l. ) ~'-=""./ 1-~1(-t<.tl.-tl~ 

J:' J v~ 

{~1 J c/t< T7(kl(') rr,( 
2.rt)\ I j < 4) 

~"'I 2.. - I(<_ \ [ ,, . 

3TOT HHTerpaJI CXO.n;HTCR, TIOCROJI:OKY npu 60JI:blllllX HMIJYJI:bCSX 

\ 

r;- I PI~LI~/f- "B fiK~It+-l.tf'~ 
V(tttf) J c~) $ C € 

H Zf< 0 
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("' _,. r 
TSMM oelpasoM, npHtniHHaR cf>YIIKUWI .de(~<) B npe~eJie u ·~ 0 

nepexo~T B 

V( lllftl <:' 

L J: C~) 
? ~(\ 

--L1c (I( J. 
1"1-12.- t<. l_ t' ~ 

(?.?) 

~ ~ ~ 
tliyHKnW~ Ll c. ( "-) HMeeT TOJII:.KO 0,1UUJ llOJII)C llpH K -= 111 , COOTBeT-

CTB~ CKaJIRPHoa ~aCTHne MaCCH 111 • llo~ca,COOTB9TCTBYD~He ~y

XOBHM COCTORHWIM, HC~93JIH. tliyHKUlif! v ( 1<. ~ f 2.) RBJIJieTCSi UeJIOit 

H He COOTBeTCTByeT HHKaKOMy peaJI:&HOMy COCTORHHD. 0Ha OnHCHBaeT 

HeJIOKaJII:.HHM X8p8KTep B38HMO~e~CTBKR CKaJIRpHHX qacTKQ. 

l1T8K, B npe~eJie ~-;) () TeOPH.fi CT8HOBHTCR HeJIOKaJI:r:.HO~. llpoHCXo
\ 

.ItHT KBK c5H CJre.JzyJallee. ".ll.YXH: y~aJiruic:r:. npH npe~eJII:.HOM rrepexo~e, KaK 

naMRT:& o cec>e, ~eJiaDT TeopHID HeJioKaJI:r:.Hoit. 

TaKI'IM oc>pasoM, HeJioKaJI:&HHii xapaKTep B3aHMo~eiicTBHR, saJiolltemum 

B JiarpaHXMaHe KJI8CCH~eCKHX llOJieii (2.I), B KB8HTOBOit TeOpHH llOJIR 

IIpoRBJIJI9TCR 1 KaK OCT8TO~HHH 3qxpeKT OT HecfirsHqecKHX ~OBHX COCTOJmd, 
\ 

KOr~a aTH ".ztYXH" ycTpawmTCR HS TeopiDl. rrp11 npe.nenHoM nepexo,ne. 

a. CymecTBOBaHHe H yHHTapHOCTI:. g -MaTPHmi B npc.neJie 

b-40 H L-7= 

llepeH_neM K ,nOK838TeJII:.CTBY C~e6TBOBaHHR npe,neJIOB npH f-70 

H L ~ = B BHp8llteHHH ,IVIR: peryJIRpHSOBaHHoit S -MaTpHUH (6.I3). 

Cy~ecTBeHHHa noCJie,noBaTeJI:r:.HocT:r:. rrpe,neJI:&HHX nepexo,noB. MH paccMoT

PHM cy~eCTBOBaHHe s -MaTpHtm K8K 

S=LLSf,L 
£.~170 s~o . 

(B. I) 
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·,.W.:.,. :• 

r--
PacCMOTpHM nepexo.n c, ~ 0 . BBe,neHHru:r HaMH pery. 

UJ1H y,noBJieTBOpSieT BCeM CBOitCTBaM, llpH BJ1ITOJIHeHIDl. KOTOp 
t'L 

HBH ,) -MaTpm:J;a 

s L = L s ;:;L 
t7 <) 

KOHe~a H YHHTapHa. noKaSaTeJI:&CTBO M3JIOllteHO B paeloTe/9, 

TIOJIHOCTI:.D nepeHOCllTCR Ha paCCMaTpHBaeMHit 3,nec:r:, CJIY~ii. 

SL 
pa30M, . B (8.2) Cy~eCTByeT H 

,S~ L S'L +-== 1. 

PaccMOTPHM Tenep:r:. nepexo.n K rrpe.neJIY L ~ 00 
• Cy~ec 

aToro npe,neJia cBRsaHo c ycTpaHeHHeM 8MIIJIHTY.nH rrepexo,na 

-Ba~yyM H IIepeHOPMHpoBKOit MBCCH CKaJIRpHOH qacTHUH 

HOBOH cf>YHKURH Z2 • lloaTOMJ BMeCTO BhlpallteHHR (6.I3) Hec 

paccMBTpHBaT:r:. 

s~~L = tt?f,_. T Oxp lift~[Jr:): U(r/ 
,, 

r 2 ':' 

- -J J(f) ~ YtJ
2

: { 1°(r-Jj ; -Jg Y {_) Zz .' ¢/(r.)(LJ-rn 

r.ne 

E' i 1/{ = ~ <of 'f 0'1 f{ i p Y {J ( f:). V ( <f'M): 

- ;_ (] t(~)f~2 :(q;~~~t:-iaY:J Zz :¢'ir-J(o-lr,~)~ 

37 
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\' 

TllltBM o6paaoM, rrpli'nrnHa.H q,yHKI~ L1;· ( rt) B npe.I(eJie ['4 o 

V( llLlJ " ZLc'(-.) -Llc (If) 
1'1-ll_-U:.L-/~ (?.?) 

~ z_ z 
Ll c. ( "-) HMeeT TOJII:.KO O,ItHH IIOJIDC Ilpl'I K -::: 111 , COOTBeT-

CKaJIHpHOit 'I!SCTHUe MaCCbl 111. • ilOJIIOca, COOTB9TCTBYillllH9 .n:Y

COCTO.HHHHM, HC'Il83JIH. ~YHKUH.Fr v ( t<. L .( 2.) .HBJIR:8TC.H U8JIOH 

HHKaKOMY peaJII:.HOMY COCTOIIHHil. 0Ha OIIHCbiBaeT 

~bHHH xapaKTep B38HM0.1(8HCTBH.H CKaJI.HpHbiX 'l!aCTHU. 

VlTaK, B ilpe.I(eJie 3'-7 0 T80pl'IH CTSHOBHTCH HeJIOKaJII:.HO:R. ilpoHcxo
\ 

6hl CJI.e,I(JIOOtee. ".U.VXH: y.I(aJIHHCI:. npl'I npe.I(eJII:.HOM nepexo,I(e, KaK 

0 ce6e, ,1(8JI8IDT TeOpHID HeJIOKaJII:.HOH. 

TaKHM o6paaoM, HeJIOKaJII:.HbiH xapaKTep B3aHMO.I(eHcTBHH, saJiozeHHb!H 

KJISCCM'I!eCKHX ITOJI9H (2.I), B KB8HTOBOH TeOpHH ITOJIH 

, KaK OCTaTO'I!HHH aqqeKT OT He~3R'Il9CKHX ,I(JXOBb!X COCTOHHHn, 
\ 

3TH 
11
.I(JXH" YCTpaH.HIDTCH HS TeOplrn npH Ilpe.I(eJII:.HOM nepeXO.I(e. 

8. Cyll!eCTBOBaHHe H YHHT8pHOCTI:. [{. -MaTpHm! B npcJteJie 

b 4 o M L -7- c::>0 

llepe~eM K .I(OKaSaTeJII:.CTBy C~9CTBOB8HHH npeJteJIOB ripH f-7'0 

B Bhlpal!teHHH ltJIH peryJIHpH30B8HHOH S -M8TpHUH (6.I3). 

lTBeHHHa noCJie.I(o:eaTeJibHOCTI:. npe.I(eJII:.HHX nepexo,I(oB. MH paccMoT

,S -MaTPHuu KaK 

s= L e.;_ sb;L 
L._,QO J'~o . 

(8.I) 
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, 

r-
PacCMOTPHM nepexo.n: C· ~ 0 . BBe.I(eHHM HaMH peryMpHsa-

WiH y.n;oBJieTBOP,i!eT BCeM CBOHCTBaM, npH DL!ITOJIHeHHH KOTOpb!X npe,I(eJib
C•L 

H8H ,_) -MaTpHUa 

SL= L s'\L 
t7 (.) 

(8.2) 

KOHetiHa H YHHTapHa. noKa38T8JibCTBO l13JIOEeHO B pa6oTe/9/,' OHO 

noJIHocT:r:.ID nepeHocHTCH Ha paccMaTpHBaeMbiH S.I(ec:r:. CJiytiaH. TaKHM o6-

s.L 
pasoM, B (8.2) cymecTByeT H 

,_)" L J'L +-== 1. 
(8.3) 

PaccMOTpl'IM Tenep:r:. nepexo.I( K npe.I(eJiy L ~ 0(.) • CymecTBOBaHHe 

aToro npe,I(eJia CBH3aHO c ycTpaHeHHeM BMIIJIHTY,I(hl nepexo,I(a BaKyyu-

-BSltYYM H nepeHop.mpoBKOH MaCChi CKaJI.HpHOH 'I!SCTHUbl :1112. H BOJI-

HOBOH q,ymanur Z2 • IloaTOMY BMeCTO BhlpaEeHH.H (6.I3) Heo6XO,I(MMO 

paCCMaTpl'IB8Tb 

s~S,L = E'-t?f{. 'T ur! if<:bci U(rlM): 

-i JYfJ~~2 :(1~1-J) 2: -JYY{)Zz: ¢~J(o-ll1;¢~J.}j, 
a <8.4) 

r,I(e 

e' 'I{=/:;; <of 'T eyp{; fi v{J !l):U(¢~'J): 

-t !J ' ( ~ J S''" 2 : ( ¢ '(, l :-if{ :J Z'2 : ¢~;){ Q -~~--J4l(, 1]}. 
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IIpe,n:eJI npH '(' -
(j -7 (.1 9TOi1 s -MaTPHUbi C KOHTptlJieH8MI'l s 0-f 2. H 

Z-, T810Ke cyme CTByeT, H IIpe,n:eJI:&HM s -MaTpm.J;a YimTa pH a, IIOCKOJI:&Ky '-- ~ 'r 
IIpH t /(

1 -IIpOH3Be,n:eHHe B BHKOBCKOH H ,n:a:liicOHOBCKOH qopv~e COBIIa-

,n:aeT, KaK rOBOpHJIOC:& B KOHne § 5. 

IIpe,n:eJI rrpH L -7 =<.) c5y.n;eT cymecTBOBaT:&, tr npe.n;eJI:&Hrur S -MaT

Jlliua ( 8. I) 6 y.n;oT YHHTapHa (eM. 19 I) , ecJIH KOHTpllJieHhl S' h1 2 H 2 
2 

BU6paT:& TaKHM oc5pa3oM,Qr00H CH~hHO CBR38HHh!e ~aCTH M8CCOBOrO OIIepa

TOpa CKaJIRpHOH Q8CTHUH 

Lr(~.:t)::: L(~tlJ-g"/.'::~1..- 'fZ2 (t<L-~l.) 
(8. 5) 

D KaJIU(OM IIOpJI,n:Ke TeopnH B03MJIIleHni1 y,n:oBJieTBOPf1JIH yCJioBmo: 

_/ 0 Lt~ ( ~ 1.) = 2 r ( ~'11.) = 

TaKHM oc5pasoM, rrpe,n:eJI:&Hrur .... S -MaTpHua (8.I) cymecTByeT H 

JHHTapHa B K~OM ITOpR.n;Ke TeOpMM B03MYIIleHH:lii. 
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"- s '\'z. Ilpe,I(eJI rrpH ()~(I 3TOH -MaTpHIJ;bl C KOHTpllJieHaMP.! (J UJ H 

Z, TaKJKe cyl!leCTByeT, H rrpe,I(eJII>Hrur S -MaTpJma YHHTapna, rrocKOJII>KY 

~ Z'.>c T -rrpoH3Be,I(eHHe B BHKOBCKo:H .111 ,I(a:HcoHOBCKOH cfx:>JMe coBna

KaK rOBOpHJIOCb B KOI-IIJ;e § 5, 

IIpe,I(eJI rrpH L ....,;> C><..) 6y,I(eT cyl!lecTBOBaTb, H npe,I(eJinHrur S -MaT

(8. I) c5y,I(GT YHHT8pHa ( cM./9/), 8CJIH KOHTpl.JJieHh! cl y.,,Z· .III .2 z 
paTb TaKHM o6pasoM,qro0h! CHRbHO CBH38HHh!e ~acTH MaccoBOro onepa

pa CKaJIHpHOM ~aCTHIJ;bl 

Lv-(~,_t) :=: L(il.l}-g'-':~1_ _1'-2'2 (L<L-w-') 
(8. 5) 

Ka.lK,l\OM ITO.PJI.I(Ke TeopllH B03MJI!l8HllH y.I(oBJieTBOPfiJIH YCJIOBmo: 

_/ 0 L1~ ( ~'-) --= 2 r ( ~,_11-) ~ 

TaKIDI! o6pasoM, rrpe,I(eJII>Hrur ...._)' -MaTpJma ( 8. I) CYmeCTByeT H 

pHa B K~OM TIOPfi,I(K8 TeOpHM B03MJI!l8HHH. 
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