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§l.Bneneulle 

/1-3/ 
B paooTax H.H Boromooona 11 coTpynuiiKOB noKa3aua acHMnTOTH'!ecKa!l TO'IHOCTb 

peweHII!I nmr OCHOBHOT'O COCTO!!HIIH, TepMOllHH8MH'!CCKOT'O 110T9HUH8ll8 II I"'pii!!OilCKHX <I•YHKUIIH 

rn M~tnbTOHIIaHa Bapnnua-Kynepa-Wpu<jl<llepa. 8TOT pe3ynbT8T nnocnencTBIIe Oblll non T n ep-
/4-6/ 17- 10 / 

ll<)l OI! MHOT'IIMII npyrHMI! 8ElTOp8Mll II pacnpOCTp8119H 118 llPYT'IIEl f'8MIIIlbTOH118llbl , 

17,8 / B qaCTHOCTII, El paoOTOX paCCMBTPHD8118Cb MOllElilb Kpi!CT811118, El KOTOpOM oeccnnHOB ble 

~>epMHOllbl OOCllliBilnl!Cb HMI1ynbCill•IU, pOili!LIMU D CKTOpOM oopaTHOH peweTKH, 8 B /a/ - ra

Mil/!bTOHillll! BI<W, nononueuubrl\ oHnuuei\HbiMH qneHaMn, nuaroHanbHbiMH B <~ncnax 3anonueunH 1 

auanoruquo ToMy, KBK 3TO cnenaHo B paooTe 3yoapena H UepKOBHHKOBa

1101 
nnH oo3ol! o n. 

Bo acex 3TIIX paooTax '!llcno cyMMHponauHI\ no aTopH'!HO KBaHTOBauuoM raMHnbTO!lHaHe 

B38HMOlleilcTBHH yMeHbweuo ua en11unuy no• cpaauenHro c peanhHbiMII raM!IIlbTOHIIElHOM, l1MeH-

HO 3TO 1103BOI1SI9T npOBCCTII BCIO npouenypy H8XO>KllCHHH 8CIIMI1TOTH'!CCKH TO'!HOT'O peweHHH. 

PaccMoTpHM raMHilbTOHHaH: 
k + A n + 

.!-I L
1 

L1 - -..-I R1 R1 
L. I= l .lfc=l 

(1.1) 
H • I r(l)/ ( l)a(l) 

1 

rne I + 1 I I I 
L

1 
~ .L I A a (1}a(2), R

1 
~- :£. p12 a(l}a(2), P ~-P21 

A 12 12 A 12 1
2 

11 npennono>KIIM, '!TO I) I ~ A A - nopsrnKa Macconoro qncna, 

I I 

II} I I p I .. I I A 121 .. 
2 12 

oTKyna cnenyeT, 

'ITO :l.IAt21 .. I IP
1 

I .. A 
12 12 12 

un k .. n .. 1 • 

CyMMnpoaauue no '!IICnaM npooeraeT onno'!aCTII'!Hble ypoBHII c 4JepuqecKoro 111111 ne<jlopMH-

ponanHoro srnpa, 3HeprHsr KOTOpbtX MeHbWEl ueKoll 3Hepruu E(A). 3aBI!CHMOCTb E OT A 

onpenensreTCH ycnoaueM I • TaK KaK nnoTHOCTb yponuel\ srnnsreTC!I p n cTymeii <jlyHKUHell Mac-

conoro '!I!Cna, TO E(A} pacTeT c A Menneuuee, '19M nnuel\uo. 

nnsr coxpaneHIIS! 'ICTI!OC1'll I! npOeKUHI! MOMCHT8 KOnii'!CCTil8 llBHli<ElHI!!I (B ne<!lopMHpo-

BBHHbiX !!)lp8X H8 OCb CI!MM9Tp11H) I!ElOOXOllHMO '!TOObl : 

IV) ace p H A obrn>l Obi nponopunouanhHbi 8(m + m - M ~) I 2 

"l 
H 8( m 1 - m 2 - M } 

C OOTB9TC TB9HH O. 

V ) c ocTOSIHIHt 1 11 2 a neHyneBbiX P\ 2 , 

l 
..\ 12 HM911ll O W T OilbKO O~HI! OKOBYIO Hill! 

T OnbKO npOTiiBOfl On O>K HY JO 4 e THOC Tb. 

3 
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\ 
B IV - m1 , mg sTo npoeKuuu MOM&HTa KOIIB'IeCTBa .llBHlK&HHH a cocTOSIIIHHx I u 2 

<), 
COOTB9TCTB9HHO, n~ COXp8H9HHH 'IHC/18 npOTOHOB B OT.I191l~HOCTK .llOCTaTb'IHO npe.nnonOlKHT~rV 

'ITO p
12 

u A1g 

XO)lHMO, 

.nuarouan~u&I no uaoTonu'leCKHM nepeMeuHbiM, XOTH sTo aooCSwe ue ueo6-

Ecnu .ace M 
1 

, M '• 01 To coxpauHeTCH ue Ton~xo npoeKUHH MoMeuTa xonu'I~Taa ABU-

li<9HH~J- 1 HO H 
l: la+(ml)a(mi)-a+(-mi)a(-mi)I 
I 

(.) 

(,1.2) 

xoTH coxpaueuue npoexuuu MOMeuTa ue rapauTupyeT coxpaueuuH (1.2), B (1.2) cyMMu'po

aauuH npOBOJlHTCH no BC9M COCTOHHHHM C onpe.neneHRbiM m , Ecnu COBOKynuoc~. COCTOH-

HUll lm npu 9TOM MOlKHO paaC)u~ H8 T8KHe uenepeceK810DlH9Cll Kll8CCbl, 'ITO BCe p H A 

6y.nyT uynea&IMH npu KBaHTOJlbiX 'IHCnax, B3lJTblx ua paau&IX Knaccoa, ,npu cyMMHponauuu 

(1,2) MOlKHO orpaHH'IHTbClJ OJlHHM T8KHM Kll8CCOM, yBellH'IHB8H, T8KHM o6pa30M, 'IHCIIO aa-

xouoa coxpaueuuH. B '18CTROCTH, xorAa ace p u ,\ nponopuuouanbHbi SI,.
11 

aauue aooowe MOlKHO onycTHTb, nony'laH coxpaueuue cTapwuucTaa (senlolity). 

/8/ 
Bae.neM, cne.nyg pat5oTe 1 acnoMoraTellbH&Iil raMun~Touuau 

+ k + 
I E(l)a (l)'a(l) - ..! I L

1 
L

1 
I 21-1 

A n + 
7

1
:

1 
R 1 R1 + 

k + A n + 
+ TA I ¢1 (LI + L I) + T. I Ill (R I+ R I) I 

I•J l•t 

CyMMHpO-

(1.8) 

+ + 
OTIIH'Ia!d!!lui!,eg OT raMHilbTOHH8H8 ( 1,1) npu6aaneuUeM . 'llleHOB1 IIHRei!HbiX no L

1 
+ L I H R I + :R I 

H Bbi'IHT8HHeM yMROlKeUUbiX H8 COOTBeTCTBYIODlUe MHOlKHTenu JlaurpaRlK8 TeX HUTerpallOB 

JlBHlKeHHH, KOTOpbie ueyCTOif'IHBbl K B03MyUleHBIO rSMHilbTOHH8H8 npH08BileHHbiMH 'llleHSMB, 

3To Bbi'IHTauue cxaa&IaaeTCH ua aaMeue r( 1) ua E(l) , BBOAHM, cornacuo11 1 •121 , onepe

lKSJOWYJO H aana3)lb1B810IUYIO TepMOJlBH8MH'IeCKBe rpHHOBCKUe ljlyHKURU: ,., 
±H)<; t)<[A(t)

1 
B ).f> a« A(t); B >> adv , 

rAe A(t) - onepaTop a railaeuoeproacxoM npe)lcTaaneuuu, B eB(O}- auTHKOMMyTaTop, 

e - ljlyHKUUH Xeaacai!)la. 

YpaaueuuH JlBHlKeHKH JlllH rpuuoacxux ljlyuxuuil 

+ « a(lt)E:(t) ;a+ (2)>:> .. Gs;C12;t), «a (lt)O(t);a+(2)>:>ar
0 

(12;t), 

r)le {l U E; HBIIHIOTCH npOH3Be.lleHUlJMU onepaTOpOB 

TeMe C raMHilbTOHH8HOM ( 1.3) npHMYT BH)l: 

4 

\' ;~ ·;.-· '}'·< 

L , R H conpH>Keuu&Ix, a cue-

' 

[lA, - E(l) I G:::: (12; t) - 8 (t) < [ a(l) E , a.,. ( 2)1 . > 
dt -

k I + + 1* ~ + . I I* 
-%~; 1>.

13
«L

1 
a(3)la;a (2)» +:A

31
«a(3)L1 t=.;a (2)» -·¢1 (\3+Aa1)GE (~2;t)l-· 

!. ,,. + ' + d- + 
-·2. Ilp

81
[«a (3)R E.; a (2)>>-v

1 
r::;(32 ;t)ll+i·«a(1)_::_; a (2)» , 

I a I - dt 
(1.4) 

/ 
+ 

[i.J._ + E(l) 1r0 (12;t) •ll(t)<[a (1)0, a+(2)1 > 
at +. 

1L . I* + +' I + +. ' + I I* 
+:% l: I IA

1 
«a (3)4 !1 ;a (2)»'+:>. 31 «L 1 a (3)0; a (2)>>-¢ (A 81 +>. 1 )r0 (32;t)l 

1 
a a 1 a 

(1,5) 

n I + · + , . + dO· +. 
+ I I I p 81 [ << R I a( 3) n ; a ( 2) » -v, G n (32; t) I J + i « a ( 1)- ; a ( 2) » 

1 a · dt 

r)le M;,I .111111 Kp8TKOCTH onyCTU1IH BpeMst t BO BC9X onepaTopaX nepen TO'IKOII C aanHTOII, 

11cnonbayst uepaaeucTBO Tpeyron~HHKa nnH uopMbi onepaTopil x), nerltJ' .noxaaaT~, 'ITO 

,.,.· 
I 

+ + + -
uopMbl xoMMyTaTopos oT R , R , L ,L ,a,a, Tax lKe xaK u uopMbl KOMMyTaTopoll oT STBX one-

+ • -1 
pQToj:los c onepaTopaMH a u a CTpeMRTCst K RYf!JO B npenene 6onbwux A xaK A , 

0TcJOna MOlKeM cpaay nony'IIITb, 'ITO cao6onuble 'lneu&I ypaaueuuil (1,4) H (1,5) B npenelie 

CSonbWHX Au CTpeMstTCH K ll,,j(t)<$. > H K HY1IIO COOTBeTCTBelluo. noxalKeM, 'ITO CHCTeMe 

ypaBHeHHH (1,4), ( 1.5) MOlKHO ynqaneTBOpll~ C 8CHMnTOTH'I9CKOil TO'IHOCT~IO, eCIIH BMeCTO 

ycpenHeHHH no 601IbWOMY K8HOHH'I9CKOMY 8.HC8Mt51110 C raMH1I~TVHH8HOM ( 1,3) npoBeCTH ycpen 

ueuHe no CSonbWOMY xauollH'leCKOMY aucaM6nJO c nuueapHaoaauuoil ljlopMoil: 

+ + 
H'• I E(l)a (l)a(l)-·IA 12a (l)a(2) 

I 12 

+ * Ak 2 n 2 
-·Y.t·I[P

12
a+(l)a (2)+:P

12
a(2)a(l))+ -

2 
II< 4>1+ ~2 Ij<R1 >1, 

12 I I 

(1.6) 

rue MaTpiiUhi A u P onpe.neneHhl cneAyiOIUIIM o6paaoM: 

x) /3/ / 3)leCb, KSK B 
1 

HCnOilb3Y9TCH MIIHIIM81lbH8H HOpMa, cori\aCOB8HH8lJ C M9TpiiKOll 

rHilb69pTOBOrO npocTpaHCTBS. 

5 

_, .· '~L .. L 
/it\:·,:~~~ 



k I 
i\12,. %I[~u(<LI >I" 

'I 

I* 
</>1) +:Au (<LI > -·</>1 )I,. A;t 

n I 
~2 .. 1Ip21[<RI >- 111 1-·- p91 (1,7) 

< ..• > o603H8'189T yepellB9HBe DO 15onbWOMy KSHOHH'IeeKOMY 8HeaM6niO e <jlopMOil (1,6·), 

EenH B ypaBH9HH!IX (1,4), (1.5) nepeiiTB K yepenHeHBIO e HOBbiM eTSTHeTB'IeeKHM ~epaTo
pOM, TO B eB!I3H e TeM, 'ITO ouepaTOpbl ltB83B'I8eTHU, B KOTOpblX ( 1,6) llHSrOHanbHO, 

+ 
Bblp8lK810Te!l nHHeiiHO qepe3 ouepaTOpbl, a , a MOJKHO DOnb30B8Tbell eTSTBeT&'IeeKHM B8pB8HTOt-1 

/12/ 
TeopeMbl BuKa , llOKa3aHHblM BnoxoM H .ll.e .ll.oMDHBKBeoM. l1euonb3Yll sTy TeopeMY, Mo-

JKeM H8DHe8Tb e aeBMD'I'OTH'I&eKOil TO'IBOeTbiO 

G;s(12; t) • <:S>«a(lt);a+ (2)»•<:S> G(12;t) 

+ + r 0 (12;t)•<O>«a (lt);a (2)»•<ll>r(12;t). 

3neeb Mbl He yqna euapusaHBll ouepaTopos a( 1), a+ ( q), a+ ( 2) e ouepa'l'opaMH &HyTpB 

0 H E; Ho s e&!13H e TaM, 'ITO TaKHe euapuaaHHB cjJaK'I'B'I&eKH yMeHbWSIO'I' '!Keno eyMMHPO"' 

.... 
aaHHil B ouepaTopax.L • R - COMHOlKBT&IT!IX 0 H = , HX BKIT81l 8CBMDTOTB'I&CKH Mall, 

no TOil JKe UpH'IHH& Cp91lHB9 < :S > B <0 > 8CHMDTOTB'I9CKH COBD81l810T e UpOH389Jl&HB!IMB 

epellHHX eBOHX COMHOlKHTeneil, EcnH yqeeTb BCe BblW&CK838HHOe, TO YJ.:>8BH9HH!I (1,4), (1,5) 

MOJKHO rrepeUHeSTb B ~pMe 

rne 

[ i 4.- - E(l)l'G(12;t) • B(t) ll12 -·I i\13 G(32; t) - IP13 r (32; t) 
at 8 a 

+:lG(12;t)I <~ >/<V1 >, 
1•1 dt -

[i d~ + E(l)]r(12;tl1·~ A81r(32;t)+ f"';'8 G(32;t) 

+ lr(12;t>i < ~ >/<w1 > 
1•1 dt 

p 

s. -= n vJ , 
1•1 

• n .. n w
1 1•1 

v, • WI 

(1.8) 

(1.9) 

+ + 
MoryT npHHHMSTb 3Ha'!eHHll scex 2(n +:k) orrepaTopos R

1 
,R

1 
,L

1 
,L

1 
, EcnH B ypa&HeHH-

HX (1.8), (1.9) OT6poeHTb rroenellHHe 'IIT9Hbl, TO Mhl nony'IHM ypaBH&HHll llllll rpHHOBeKHX 

ljJyHKUHil mmeapH3oaaHHoil ljJopMbl (1.6). nosToMy, ecnH Mbi llOKaJKeM, 'ITO noenenHHe 'lne-

Hbi B paeeMaTpHaaeMoM npu6nHx<enHH 6ynyT HC'Ie3aTb, 'I'O 3HS'IHT 3TH ypa&H9HH!I 

ynosneToopmoTeB, HaM noTpe6yeTes noKa3aTb, 'ITO s paeeMaTpllaaeMOM nps6naJKeHHH: 

<[a(1)a(2),H]>= <[a+ (l)a(2),H]>= 0. 
(1.10) 

3a6eras anepea, eKax<eM, 'ITO TaKHe eooTHoweHHB seeraa enpaaeanHBbi npH eTpeMn&HHH 

TeMrrepaTypbl K Hymo, '!TO 03H8'!89T yepellH9HHe B (1,10) ITO B8KYYMY KB8311'18eTHU, llHaro-

6 

'.l 

" 

v•--:" "'· ~ 
. ' ... ·· 

~ ......... 
l''-' 

"",'- .. ..,., .. -,.-·---

:, 

HaiTH3HpyJOWHX ,nHHeapHi3HpOB8HHblil raMHITbTOHH8H ( 1,6), KaK 9TO cnenyeT H3 TaKHX >K9 

_{ . 

/18/ 
eOOTHOW9HHil B pa6oTe , B ll8ITbH9iiWeM Mbl llOK8lK9M, 'ITO' rrpH BC9X H8WliX orpaHH'I9HB!IX 

JliTll raMHnbTOHBSBa COOTHOW9HHsi (1.10) 15:·nyT enpaB9JliTHBbl TaK>Ke rrpH rrpOH3BOITbHOil T9MD&

paType, nosTOMY npH H8ITOlK9HHb!X OI"p8HH'I9HH!IX Mbl MOJK9M ITOITY'!HTb T8KHM lK& o6pa30M 

8CBMDTOTB'I9eKH TO'IHbl9 Bblp8lK9HIIll !liTH epenHeil 9HeprHII H OllHO'IaeTH'!HbiX T9MD&paTypHblX 

B0315ylKJleHHil, YcTpeMITllll TeMnepaTypy K Hynro, Mbi MOJKeM rrony'IHTb sHeprHro oeHOBHoro 

eOCTOBHBll H sHapr'kro OllHO'IaCTH'IHbiX ao36ylKil&HHfi, CaM npouece rrpenenbHoro nepexona 

B 9TOM enyqae TpHBBSIT~H, 

Bee Hawu paeeyJKileHHB MOJKHO nposeCTH. TaK>Ke nnH 6onee o6wero raMHITbTOHHaHa, He" 

eOCTO!IW9rO H3 ljJaKTOpH3YIOWHXeH 'IIT&HOB, 3TOT r8MHITbTOHH8H MOlK9T 6b!Tb 38DHCaH B BHile: 

+ 1 + + 
Ir(l)a (l)a(l)-·- I [<12IGI34>+<12I Fl34>1 a (l)a (2)a(3)a(4) 
I Atu4 

(1.11) 

··ne MaTpHUbl G H F KpoMe yenosHil aHTHeHMMeTpHH H spMHToaoeTH: 

< 12 I < ~ >I 34 > .. -· < 121 ( ~ >I 43 > • < 211 < ~ > I <t3 > 

F · F * 
< 121 ( G ll34 > • [ < 431 ( G ll 21 > 1 · 

ynosneTaopBIOT TBKJKe yenoBHBM: 

II<12IGI34>1• II<12IFI34>1• A 
12 28 

I 1<121 Gl34>1• I 1<121 Fl34>l•1. 
18 12 

3neeb Mbi MOJK&M eosepwHTb rrpenenbHbiil rrepexon v1 , ¢ 1 .. 0 ; Torn a· epellHiff' BbieTynaro-

mee B HBWHX ljJopMynax, eTaHyT B006We rosopB, KBa3HepeJlHHMH/l
4

/ H Mbl llOITli\Hbl llODOITHH

T&ITbHO DOTp&60B8Tb COXpaHeHHll HeyeTOii'IHBb!X HHTerpanOB ABH>K9HH!I, 

§ 2, .lJ.HaroHaiTH3aUH!I ITHHaapH30BaHHOrO raMHITbTOHHaHa 

B aToll rnase Mbi rrpHMeHReM M&TOllHKy, paapa6oTanHyiO B pa6oTe
1131

, ,(eM. TBK

JKe1151) nns nuaroHanH3aUHII nHHeapH30BaHHoro raMHITbTOHHaHa. OH uHaroHanH3yeTCB npH 

noMOWH o6wero npeo6paaosaHHil 6oronro6osa 

e yenoBHBMH yHBTapHoeTH 

+ 
a(l) .. ;: lu

12
a(2) + v

12
a (2) I 

~[u u* +v v* 1·=8 
8 18 23 13 23 12 

I[ul8v28+ vts"2a1·= 0. 
8 

7 

(2.1) 

(2.2) 

................. .. .. __ ,. __ 
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BcnettCTBHe HeyCTOI!.UBOCTH 0AHO'I8CTB'IHhlX HBTerpanoa ABB*&HHB 0QBO'I8CTR'IHhle SBeprBH . 
aaMeHmoTCB a o6meM cnyqae aa 

E( 1) • r(l) -A -·cr-q 1 -11m 1 • 

(2~8) :. 
I '"1 

rne q I H m1 - 88pSU1 B npoeKAHB MOM8HT8 B COCTOBBBH '1 ', Korna ace M . , M , paBRhl 
0 '' ' 

M~*HO upupaaHBTb uymo (eM. ycnoaue 4 npef)nymell 

rnaa~o~), 11HOr"ll.8 MO*HO nony'IHTb II. •· 0 R3 ycnoBHII CBMMeTpHH, Heli&3B BB9CTB COOT-

Hymo, narpaHlKeB MHOlKHTeru. II. 

aeTCTBYIOWRII narp8HlK88 I)&BOlKBTeru., ecnH (1,8) He 90Xp8HBeT '18THOCTb, T8K lt8K 088 Be 

HBnBeTCSI Oll.HO'I8CTH'IBhlM onepaTOpOM, llna B36elK&HRB STOll TPYil.HOCTH 6yneM paCCM8TPB-

B8Tb TOllhKO T&KHe raMBnbTOHHaHM L a R , onepaTop~o~ KOTop~o~x He nepeMeWHB810T 

COCTORHHSI paanH'IHOII '!eTHOCTH, B CB513B C STHM, 8 T8K~e H&nOlKeHBbiMH ycnOBHSIMB COXpa

BBHHSI 'IHCna '18CTB!l nJO!SOro COpTs', U 
12 

H V18 , HYlKBhle ttnR ll.HlU'OH8nB381lHH (1,6), !Sy(lyT • 

ll.B8r"OH811bHbl no '18THOCTH B no 38PSU1Y, 

rne 

3necb 

nocne npeo6p830B8HHSI (2,1) raMHnbTOHH8H ( 1,6) npHMeT BBO.: 

+ + + 
U +I T

12
a (l)a(2) + ~I.(M 12 a (1)a (2) + b.c;), 

u u 

U • I E(l)F(ll)-·I. A12 F(l2)-·~I.[P18rf'(21)+P: ¢(21)1 • 
I 12 12 2 , 

k a n ~ 
+.!. I.I<(L1 >1 + ~II<R1 >I 

2 I .< I 

M12·-·M21 • ~E(3)[a";-1 v82 -·~:~:2v81 1, 

-·~A,.[ u*a1 v•a -·u~2 v411""
8
7 [ pa• ~~ 0~2 + pa• vu v41 I ' 

T12 • -r: 1 ~ 'f E(3)[u~1 u82 - v;2 v81 I, 

-I. Aa• [ u*a1 °u -·V:a v 411-·I [ Pa• u*a1 V:a + ~. 0 u v41l• 
84 84 

F(12)· F"(21)• I V:a v
28 8 

¢ (21) ·-· ¢(12) • I u v 
8 28 18 

(2,4) 

(2,5) 

(2.6) 

(2,7) 

(:.!.8) 

SIBn!IIOTCst Cp91l.HHMH 3H8'19HHSIMH onepSTOpOB a (l)a(2) H a(2)a(1) no B8KYYMY KB83H'ISCTHJt. 

YcnoaaH naaroaanbHOCTH cjlopMhl (2.4) aanawyTCH, KOHe'IHO, B aane: 

8 

. ...._: ~ ·::\:! ~·:- ···t" .\ :.,~ 

-~~··~ ~~::~~~i~~:~~'tt:.?i<''« , ... 
··r· '.~.: . . 

I 

M
12

.;.o, 

- :7:·~:r~f?':' 

.. 

, .. 
'• 

T
11

• E(1)8
12 

· 

.. ~ 

(2.9) 

'n'O A8eT, B I,JPBHUHDe , .J)ewenHe nnH nap8M9TJIOB u H V K&Jt cpyHiuu oT <L,> ,:.C:l\>· 
R8 ltOTOplole Hanar&JOTCB COOTBBTCTBYJOWHe ycnoBHSI C8MOCorn&COBaHHOCTB, 3TH )'CnO.III"II. 

MeryT. 6!>1Tb DOny'leHhl K8K DpB llOMOIIlB ycpeo.ReHHSI COOTB9TCTBYJOWRX' Oll8p8TOPOB C 7110'fPel)o. 

nlleMOII H8MH M8TJIHUeA Dn~TROCTR, T8K R HBDOCpeo.CTBeHRO 83 pewe&Bll ypaBHeiQIIA (1,$),'., 

( 1.9) a npennonoliCeHI'!ll ', 'ITO nocnenHHe qnea~o~ sTHX ypaaaeauA ucqeaaJOT; .B~o~~aa a'i~pol 
- : .. 

nyn., Mhl nerxo nony'IHM, 'ITO 4>l'Pbe-o6paa~o~ rpaaoacKHX cpyHKUHII KBaaaqac't'•a <<;a ('lt); a 
. I • 

H «a ( lt) l a (2)>) 6ynyT COOTBeTCTB8HHO p8BHhl 812 l2rr(E-E(l)J J' R HYnll?• 11CIJO/QoGOBAB 

npeo6pa30B811Re (2.1 >, nony'IHM $yp&e-o6paabl cpyHitDHil G R r : ,y . .. 
1 • .. 

G(12:E) • -I[~ +~I. 
' 2rr a E-!(3) E +:E(3) 

r( 12; E) • 2_ I [ v:'a u:a + 
· 2rr a E- S:3) 

u* v•. 
1328 

E + El3) 
I • 

HX CDeKTp8li&Hhl9 HHTSHCRBHOCTH 

. .. 
1(12; E) = I. I u

18
u;a n(3)8(E-E(3))+ v18 v;8 [ 1-n($1 ~(E + E(3)}.1 

a . 

t(12;E) -I lv" u• n(3)8(E-E(3))+u
1
*av• [1-n(3)IB(E+WO»I 

a 18 21 u 

H CB5131ilHHble C HHMH KOppen511lHOHHhl9 ljlyHKUHH 

rne 

+ 
<a (2)a(l)> • I I u 11u~8 n(3)+V 18 

v;8 [ 1- n( 3) I I 
8 

+ + 
<a (2)a (1)> • ;:lvta u~an(3)+o;8v;8 [1-n(3))1 

.. -1 
n(3)e[exp{3E(3)+1),. 

Henon&ayR (2.12), ··MolKeM Hanac;aTh ycnoaaH caMocornacoaaaHocTa: 

1 . I + 1 I 
<L

1
>=-I>-

12
<a (l)a(2)>;<~>=-Ip <a(l)a(2)> 

A 12 A 12 .12 

H HCKniO'IHTb nap&MeTphl >, u· 11. , nonaraH 

9 

' 

(2,10) . 

;,. 

>:[~: 
(2.U.j,:"\' 

.. !.~:;~~~ 
1 .• ~. 

; ::Lr~ 
:;. 

:.: :~ ( :1 

(2.1~) 

' ~"' 

.,-· 

<2.18} L 



IIIU\I,IJ.ll.l,llllllllllll"""llll-~""'11111·11~ 

N•l:<a+(l)a(l)>, Q •l:q <a+(l)a(l)> 
t I I 

2 + 
M = f m 1 <a (1) a(l) > , (2,14) 

CpeaHHH 3Heprus npHMeT aua': 

k n 2 
<H> = ~r(l)<a (l)a(l) >-~I I<L >!2,-~I I<R

1
>1 , 

I 2 I I <<I ,, 
•) 

(2.15) 

rae no CpaaH8HH!O C rllMHIIbTOHHllHOM ( 1.3) Mbl nOIIO>KHIIH ace cp I ,, v
1 paaHblMH HYlllO 

H npH6llBHIIH HeyCTOli'IHabl9 HHTerpanbi ,QaH>K8HHSI, YMHO>K9HHble Hll COOTaeTCTayiOIUHe llar-
/15/ ' 

paHlKeabl MHOlKHTenH, KaK OTMeqanoc& a pa6oTe ) pemeuue aaaa'IH ua co6cTaaHH&Ie 

3H8'19HHS! (2,9) onpeaen!leT HX C TO'IHOCTblO AO 3H8K8, no3TOMY Mbl .MO>K9M npHHSITb, 'ITO 

ace J:!(l) neoTpHnaTen&H&I, B caH3H c 3THM a npe,<~ene uyneaolt TeMnepaTyp~ nony'IIIM 

aMeCTO <jlyHKUI!lt (2,12) <jlyHKUIIII F(21) II cf(l2) , COOTaeTCTaei!HO, .PopMyn&I (2,13-15) 

HMeiOT TOT H<e aHA. B 3TOM cnyqae cpeau11e nap&r <jlepMIIOHII&IX onepaTopoa 6yayT cal!aa

H&I MelKay C060il/
131 

COOTHOIU8HIISIMII 

~ [ F(13) F(32) + </>*(31) cp (32)] = F(l2) 
8 

.I[ F(13)cp*(32)+F(23)cp*(31)]• 0. 
8 

(2.16) 

/13/ 
KaK noKaaan H.H. Eoron106oa , npu ycpeaueHHH no aaKyyMy Kaa3H'IBCTIIU ljlopMyn&I 

(1.10) 6yayT cneacTaHeM nepnoro 113 ypBBH8HHlt (2,9), TllK KllK IIM9!0T M9CTO TO>K,QeCTaa: 

+ 
I M1.u v* + ~ M* u• v • <[a (4)a(3) ,H1> 
12 • 81 42 12 12 u 81 

(2.17) 

I M 1 ~u81 u42 +IM* v v •<[a(4)a(3),H'I>
0 12 • 12 12 81 42 

H nerKo aOK83blaaeTCSI llCIIMnTOTII'I9CK09 paaaHCTao 

<[A,H]>G •<[A,H1>
0 

, 

rae A - mo6olt onepaTop, HanstlOIUHltCst npoHaae,<~eHHeM KOHe'IHoro 'IHcna ljlepMHOHH&IX 

onepaTopon. Ll.n11 paccMaTpHaaeMoro Knacca Moaen&H&IX raMHn&TOHHauoa nerKo AOKaaaT&, 

'ITO 9CIIII a (1,10), rae ycpe,<~HeHHe 38M9H9HO yCpellH9HII9M IIO 60J1bWOMy KllHOHII'19CKOMy 

llHCBM61110 C IIIIHeapi!30allHHOil. ljlopMOil ( 1.6), noaCTllai!M CpeaHHa (2,12), TO IIOIIY'IHM TOlK-

aecTao, LleiiCTBHTen&uo, Spl[ A, H')exp( -Pll' ) l 
HHBapHaHTIIOCTH wnypa, a Sp!( 1\H) exp (- f'lH')) 

paauo uyn10 acneacTal!e uHKliH'IecKolt 

llCHMnTOTH'I9CKH COaiiaaaeT C IIp9lKHIIM 

BbipalKeHHeM, a 'leM ueTpyauo y6eaHT&CH, B&tpalKeHH!I ( 1.10) a uaweM cnyqae MOlKeM aan11-

cuTb a anne: 

[E(l) + E(2)] <a(l)a( 2) >- I [A 
28 

<a(l) a( 3) >+A 
18 

<a(3)a(2) >I 
3 

+ P 12-pP
82 

<a+(3)a(l)> -P
81 

<a+(3)a(2)>l• 0 

10 

(2,18a) 

'l 
ri 

-~ --'· ------rr--·-----...--'<·--

( . + +. + . 
[E 2)-E(l)]<a (l)a(2)>-I[A28 <a (1)a(3)»-Aa1<a (3)a(2)»1 

8 

+ + : . 
-I[P28 <a (l)a (3)>+:~ 1 <a(3)a(2 )>]., 0. 

a 

(2.186) 

B aTOM cny'!ae Tpynuo noKa '1To-nu6o CKa3aT& o noru•tect:oll CBH311 Memny ypaaaetll!SJMII 

(2,0) C yCliOBIIS!MII CQMOCOrnaCOalliiiiOCTU II ypllBHOIIIIS!MII (2,l8}, nocKOIIbKy COOTHOWGIIIIS! 

(2,17) 'IIICTO anre6p8H'I9CKH9, TO COOTHOW9HIISI (2,18) 6yayT aeliCTaHT91IbHbl IIpH T9MDepa

Type OTIIH'IHOli OT Hyll!l T8K)I(9 II TOraa, KOraa Mbl aMeCTO < 8 (1)a(2)>,<a(l)a(2)>,<a (1)8 (~)> 

noaCT8aRM COOTB9TCTaeHHO F(12) 1 cp(12) 1 cp*(21) , cKoHCTpyapoaaHH&Ie as napaMeTpoa 

u , v , yaosneTBOp!!IOIUHx nepaoMy as ypaBHE!HHll (2.9), B npeaene ayneaoll TeM)tepyoryphl 

3TH ypaBH9HHSI II ypaBH9HHH (2,18), KOHS'IHO, COBIIBAyT, 

TaKHM o6paaoM, M&I aaKOH'IHnH aoKaaaTen&cTao scex HY)I(Hblx HaM npeanono)l(eHHJI,· 

o KOTOpbiX rosopanoc& a rnaae I . no3TOMy MO)I(HO C'IHTaT& saaepweHHb!M aoKaaaTen&

CTno 4CIIMIITOTH'I9CKOil TO'IHOCTH CO CTpOrOCTbl00 cpaaHHMOJI CO CTpOrOCTblO pa60TN/2 /, 

n . . ill 
erKo y6eaHT&CSI, 'ITO e uaweM cny'lae TaK >Ke nerKo B&IIIOliHSieTCSI nporpaMMa pa6oTw , 

npasoaH K TeM H<e peayn&TaTaM. M&I, K co>KaneuuiO, He MO)I(eM npoasuayT&cSI B o6m:eM cny-
/3/ . ' . 

'149 no nyTR HCCnenoaaHHSI , nOCKOllbKy 3TO Tpe6yeT 3H8HIISI petneHHil ypaBHBHBJI (1:!,9') 

B SIBHOil 4i0pMe, 

§ 3. l.faCTHbiB Clly'laH 

B 3Toll rnase 6yayT paccMOTpeH&I CBCTeMb!, yaosneTnopSIIOtnRe ycnOBIIIO 

I[K u~a + K~l:i ] ... o, K18 " E(l) •\a -A18 • 
a 

,., . 

3H8'19HHB (8,}) 6yaeT paCKJilb!TO a A&llbHBllweM •. 3pMBTOaCKYIO M4TpBUY I{ 

o6meM cnyqae sanacaT& B saae: 

K 18 -Ic*1.c 0(4), 
4 • 84 

rae 

. ~K18 C84 s E(1)Cu-·fA 18 C84 =11(4)C14 

(8,1) 

MO)I(HO B 

(3.2) 

H C HOpMHpoa&Hbl 118 9AIIHI!Uy: r c:1 C8~e· 812 , noacTaBliSISI (3,2) a (3,1), YMHO>KHM 

38T9M (3,1) Ha C 15 C~6 H cyMMHpyst no COCTOSIHHSIM "1" II •2•, IIOliY'iHM: 

[0(5)-· 0(6)]P*. = 0 ; p• .. I cl P* c - -·P* 
56 56 12 5 12 26 68 (3.3) 

Bee npeablaymee paCCMOTpeHHe 0'19Hb IIOXOlKe !14 paCCMOTpaHHe Enoxa H Meccasf
161

npo6neMbl 
/17/ . 

KSHOH.II'IeCKOli ljlopMbl 8HTIICHMM9Tp11'19CKOrO T9H30pa ( CM,T8K)I(9 ) • npoaonH<aSI 3TH paCCy>K,QeHHf, 

MOH<9M yCT4HOai!Tb, 'ITO i\8 M0)1(9T He HC'I938Tb IIpll 38KpennettHOM COCTOSIHHII "5" lii!Wb anSI OQHO• 

ro COCTOSIHIISI "6 •, 9CIIII ypoaaHb 0(5) TOIIbKO aaa>Ka&I BblpO)I(aeu. Ecn11 0(5) 6onee '19M aaa>K,Qb! 

11 



BblpOlKil&H, TO Mbl MOlK9M nony'IHTb 'TO lKe CSMOe, HCDOJ!b3YS! yHIITSpHoe npeo6p,830BSHH9 

B noanpOCTp8HCTB9 Onp9Jl9J!9HHOI'O fl(5) , 3a noapo6HOCTHMH OTOWJ!9M 'IHTBT9J!H K yn'OM!i-

/16/ /17/ . 
uyToll pa6oTe , a oco6eHuo K cTaTbe 3yMHHO • Mbi YcJIOBHMCSI o6oa!IB'IBTf, a aan,b-' 

HeliweM fl a 8 66 v{5) , I'll& S no onp&ll9Jl9HBIO T8K09 COCTOHHHa, 'ITO TOJ!bKO p •·-•P'fl 

MOlK9T 6b!Tb H9HyJ!9Bbl M, 11a 8HTHCHMM9TpHII Bb!T9K89T II ( S) • -v ( 5), I• 

PaccMoTpHM ypaaHeHIIH (1,8), (1.9) (6ea· nocneanux qneuoa) npu uanolKaH~Ix orpa'

HII'I&HHHX ( 3,1 ) , ¢yHKUHH G H r 38DHW9M B 11Hil9 

G(12; t) "' I c C" g( 45; t); r(12; t)., I C* C" y( 45; t) 
4S 14 ~6 46 " ~6 

38T9M B yp8BH9HHSIX BOCDOJ!b3Y9MCSI ypaBH9HH9M Ha C06cTB9HHbl9 3H8~9HHSI (3,2), ECJIH 

TaKHM o6pa30M npeo6paaoaaHHbl9 ypaaHeHHH llJlSI G H r YMHOlKHTb COOTB9TCTB9HHO 

ua C*,6c27 H c,oc27 H npoCyMMHpOBBTb no '1'. H " '2', TO nony'IHM: 

[i.l!.. -0(6)]g(67;t)=l>(t)l>67 -·Ity(47;t) 
dt I f (8,4) 

[ 1 ..i + o < 6 > 1 r< 67 ; t > = I P * g( 47 ; t > 
dt . ' u 

•1 

Mbl liOKa He HC!IOJ!b30B8Jlll CJ!91lCTBIISI YCJ!OBHH ( 8,1), ni:>STOMy Mbl MOlK9M ynpOCTHTb TSKHM 

lKe o6paaoM ypaaHeausi (1,8), (1,9) a nro6oM cny'lae, OaaaKo nerKo aaMeTHTb, 'ITO a o6-' 

IU9M CJ!y'lae pewenue CHCT9Mbl (8,4) T8K lK9 CJ!OlKHO, K8K H nepBOll8'18J!bHOli, HOCKOJ!bKY CBO

UHTCH OHO K llH8I'Oll8Jlii38UHH 6HJIHH9i!HOli ~OpMbi THUS (1,6) C llH8I'OH8JlbHblM K 1 ~ , 'ITO 

TBKlKe Tpe6yeT npHMeHeHHH o6mero npeo6paaoaaHHSI Boronro6oaa. Ecnu ucnonbaoaaTb 

cneaCT!ll!.~ (3.1), TO nocne npcol5paaoaauHSI4>ypbe (3,4) nony'IHM: 

[ E -·0(6)] g(67; E) =1>67 /b-v{6)y(tf7; E); [E+:I1(6)] y( 67; E) •-v*(6)t;(67; E). 

PewaSI (3,5), HMeeM: 

OTKYUB 

g(67;E)-~ [ E(6) +!1(6) + Ec6)-0(6) 
417 £(6) E- t (6) E + ~(6) I. 

'\., v* (6) 1 y(67;E) • [ __ 
417 1!(6) E-f!(6) 

.,. 2 2 "" E(6) E [0 (6) + JV(6)J I) 

...-I· 
E + E(6) 

C C* '" " G(12; E) = ....!_I ~ [ E (4)+11(4) + E(4)-!1(4) I. 
417' E(4) E -E(4) E + E(4) 

12 

(8.5) 

.. _ _.,.,.....,lo,..~·--~·-··-;;-:;.;._ •. ~~- ........... "~i ....... t ......... _....,._ I ~ 

1,. 

" 

'' 

';• 

-~" i 
"'·r:-·~:~---~~ ·7":--·~-, '~"') 1"(, i '~ r::~""\ 

-', 

r(12; E > • ..!... I c~, c;_.,"H> [_1_ 
4rt ' !(4) E-!(4) 

_l_J 
E+ t'(4) 

HOilC'IHT8B CH9KTp8J!bHYIO HJ!OTBOCTb H npOHHTerpHpOB8B ee, H8llll9M 

<a+ (2)a(1)> • %8 - %I c~4c,p(4)th i(4) 
12 4 !(4) w 

+ + c• c• ~4) " • <a (2)a (1)> • !-1 I t"4 1•
11 'th E(4) (J •l3 • 

4 E(4) w , 

I 

(8.6) 

11a npell&IIlymero' BHilHO, 'ITO ycnoaue ( 8.1~ . !l. 
SIBJ!S!aTCll llOCT8TO'IHbiM )I'CJ!OBR9M ,QJ!S! 

TOro, 'ITOISbl yp8BH9HHH llJ!H I'pHHOBCKHX ~yHKUHII MOlKHO 6b!JIO HpHB9CTH K BlfllY (8,5)
1 

llCHOJlb3)1'll J!HWb npeo6p830B8HH9 XapTpH-¢OK8. JJerKO YBRJleT&, 'ITO STO 6;iJ.eT T81tlKQ !fa~· 

XOJlBM&IM ycnOBHaM, T8K K8K BCaraa Cyl!laCTByeT o6paTHblli nepeXOA OT ( S,8) K ( 8,1), -,B pa· 
/16/ . 

1501'& 15b!JIO Jl0K838HO, 'ITO o6mee npeo6paaoaauue Boronro6oaa jiBJISJa.TCSI crnepn0311llJI~ 

npeo6paaoaaHHSJ X-4> cneuuanbuoro npeo6paaoaauus Boromo6oaa B eme oauoro npeo(jpaa~•t 

HHll X-4>, OTJ!H'IHOI'O 8 o6IUaM cny-qae OT nepaoro, (8.1) HBJl!i9TCll ll0CT8TO'IH&IM ycnoaaew 
',, ! 

JlJlll Toro, 'ITO. JlJll'l JlB8rOH8JlH38UHH 6HJIHH9l!J.~Oll ~Op~bl ( 1.6) Jl0CT8TO'IHO OllHOro. n~eo,6pa3~' 

aauus XapTpu-4>oJta u cneuBaJlbHoro npeo6paaoaa!IHH, nerKo HaHHcaTb ycnoaue, npB,KoTop~ 

~opMyn y. ( 1.6) MOlKHO llH9rouanuaoaaTb nocpeucTBOM npeo6paaoaaHHll X-4>, npHM&Hl'll! It 'a•A · 

aHa'lane cneuuaJ!bHoe npeo6paaosauae Boromo6oaa; oaHaJto sTo ycnoaue HaJlb3SJ aanll.C8Tb ·; 

TSKHM 06pa30M, 'ITOObl B HaM BbiCTyHSJ!H J!Hlllb M8TPHIIbl .K R P , TYil8 BOlillYT Ollla napa.;_c· 

MaTpbl u .u v • B '18CTHOM cny-qae, .uccneayeMOM HaMu, MOlKHO npoaep•Fo• 'ITo ycnoairfl · •. 

(2.18) 6y.ttyT ablnonHSJTbCll TolKilaCTBeHHO, ecnu noac'!'aBHTb a HHX peweuull (8.6), Bl>t~eueT, 

STO TOJlbKO H3 yp8BH9HHll JlJ!H CO'!iCTB9HHbiX 3H8'19HHll 0 (8,2) H yCJ!OBHll (8,1); yCJIOQSt' 

C8MOCOI'Jl8COB8HHOCTH He HI'p8IDT 3U9Cb pOJIH, 

BepHaMCSI Tanepb K ycnoauro (3.1 ). B HGM BbiCTynaroT cpeuHHa OT onepaTopoe 
' ' 

R II L 
KS STOM ST8H9 Bbi'IHCI\OHHI! eme H9H3BaCTIIbla, noTOMy Mbl Ha BC,al')l8 MOlKaM qnpeaeii!!!T!'>' 

BbmonHSieTca JIH ycnoaue (8.1) 11nu HeT. Cne11yaT HMeTb a auay, 'ITO Bbi'IHCJieuue cpeaullx 

B npGilHOJIO>KGHH!l, 'ITO (3.1) t.b!UO:Ul!!CTC!l C IIOCJIGI\YIOIU9ll H~OBOpKOI! STOI'O COOTHOlllOHH!l SIB/lmT'· 

J.IOBOJlbHO COMHHT91\bHOli npoueaypol!, noTOMy Mbl H8liJleM yCJIOBHSI , npH BbinOJ!HeHIIH KOTOp~~JX 

(3.1) 6y.ttaT OJlHOpOilHO no cpOilHHM L H R , 3aMeTHM, 'ITO ecnu P
12

(E(l) -·E(2)) .- 01 

TO YCJ!OBHO ( 8.1) 6yae')' IIM9TI> TY lK9 cj>opMy, HO BM9CTO K B HaM 6yaeT CTOHTb X.,:XaT· 

ua A • OnuaKo, ecnu cj>opMa. ( 1,6) He coxpaHSieT npoaKIIHIO MOMOHTa KOJIH'IOCTBa UBHlKeHHS!, . 

TO OTJ!H'IHa OT HYPH narpaHlKQBOI'O MHOlKHT9JlSI ~ (CM, (2.8)) npaKTH'19CKII CHHMB9T aCe 

BbiPOlKileHue H aonycKaeT paaeucTea P12[ E(l) _, E ( 2)] .• 0 

( 3,1 ) 6yaeT OUHOpOI\HO no< L> H < R> , KOrua npH acex 

13 

...,., z.....__ '~' :;21ii·:_ -.• ,._ -.0.~ 
"'·'~--

, np11 •1·· " •2•. YcnoaHe 

i,j Bb!UO/IHSIIO~CH YCIIOBHll 

_·, . 



·) '<' I I . I I :£ [ l>o I . I" I I... 0 
-[AuPa2 +~a Pul"" · .\81 P32 + .\aapa1 • 
8 8 (S.t) 

0 

BTopoMy H3 ycnosHll (3,7) MOlKHO yaosneTBOpHTb, Korns 

I 
a ace >.. 12 

1-m 1 (' 
p1a·~n28j 1 j2 8m 1 -m 2 (-1) 1 p(~) , ll 

I 
npuuuMaiOT sun ).. (n 1 n 2 ,j 1 Ja)<j1 m 11~ llama> , rae n - panuan&uoe 

KB8HTOB09 qucno, jm - MOM9HT KOnU'I9CTB8 llBUlK9UHSI H ero Up09KUHS10 ~ - CljlepuqecKS$ 
I ~ 

ljlyuKUUSI, k - >leTuo, Ha MSTpuuy ).. uanolKeuo orpauuqeuHe 
.. .\I .\I . 

<f )(nln2,jlj2 )p(nl) • (>,.l*)(n2nl,j 2jl)p(n2). (3.8) 

Bo acex npellbiilYillUX ¢opMynax Mbl onycKanu '19THOCTb u uaoTonu'leCKyro nepeMeuuyro, no 

KOTOpbiM p U A auarol!anbHbl U OT KOTOpbiX OHU .MoryT 38BUC9Tb, .Llel!CTBUTenbHO, 

UCUOnb30B8B (3,8) 
0 

MOlKHO ll0K838Tb 0 'ITO BTOpue COOTHOW9HU9 (3,7) anSI AI npopOpUHO-

I!SnbHO I +m2 1 +m 
<J,miiYk~ IJa-·ma>(-1)2 +<Jamal\\~ IJ,-·ml>(-1) I I 

/18/ 
Mcnonbayg ¢opManu3M yrnosoro MOMeHTa MOlK9M ll0K838Tb, 'ITO 9TO Bblp8lK9HU9 npo-

nopullouan&uo i k j 11+12 
( 0 I 0 0 2 )[ ( -1) -• 1] • o 

u aua'IHT pasuo aynro npu sc;ex·. 'leTHbiX k u nonyuenbiX i 1 , i 2 , KSK aTo cneayeT Ha 

CBOl!CTB CUM~Ona BHrHepa, .Llng BbiUOnueHUSI nepsoro y<:;nOBUSI (3,7) He06XOilUMO, 'IT06bi 

B<loil, ~~ pBBUSinHCb Hynro, TSK KSK B npOTHBOUOnOlKHOM Cnyqae Mbl nOnlKHbl 6yaeM BBeCTU 

narpaulKeB MUOlKHTenb'ang npoexuuu yrnoaoro MOMeHTS, 

Ecnu P 
/19/ 

ae aasHCHT oT n , TO cneayg pa6oTe .Llal!col!a nonyqaeM, 'ITO ecna K -

KB8TepHHOHHO-Il9l!CTBHTenbH8SI M8TpHU8, T,e, UOCne o6pameHUSI BpeMeHH OH8 COBU81189T C 
+ K "· K 

0 
TO ee MOlKHO npuBeCTH K auarouanbHOMY BUllY npu UOMOWB CUMUneKTU'IeCKOl! 

rpynnbl, a MaTpuua nocne npeo6paaosauug 6yneT HMeTb sun: 

( 
0 1 0) 

p -1 0 1 

0 -1 0 . 

.LlnR KBSTepHUOHHOl! ael!CTBHTenbHOCTH HYlKH8 KB8T9pHHOHH8SI nel!CTBUT9nbHOCTb BC9X 

M8TpHU .\I H M8TpHUbl E(1) 8 u • Tiocnenuee Tpe6osauue orpauuqusaeT cuosa o6nacTb 

npuMeHeHHII aTHX paccylKneuHl! It M = 0 • MmKHO y6enuTbCR, 'ITO ycnosug (3,'1) u ycno-
. . x) 

BHR KBBTOpi!HOHHofl nei\CTBHTenbHOCTU He UpOTUBOpOqaT npyr !lpyry 

x) Ha cJiencTaue, BLITeKarowee ua TeopeMbl, noKaaanuof\ .Llai\Coi!OM, o6paTIW Moe 
BHUMBnHe M.H.MHxaf\nos. 
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I,,, 

I 
npBB81l8M :enepb Te R3 ycnOBHA (2,14) H (2,13), KOTOP'!Ie cyme<§TaeRHQ YllPOIJUIIO'I'-, 

Cll 8Cn81lCTBH8 ( 3,1), Y cnOBH9 COXp8H9RHll B Cp91lH9M MOlKHO H8URC8Tb B BRAe; CO';'IIa,II&JC)l. 

meM c ¢opMynoA Teopaa caepxnpoaoauMocTR c r.aMBnbTOHHaHo.M BKlli: 

N•% :t[ 1 -· ~ th E(4) ) .. 
4 !(4) ~ 

Ecnu M&TpBUbl P a A aaarouan&Hbl no aaoTonuqecxoA nepeMeHHoA, To npeanonar.noe& 

~TO K liHSnorB'IHOMY BBilY MO~O UpBaeCTB ycnoaue COXp8H9HHll 38PRA8 

Q(4J ic4\ 
Q • IS :t q4 [ 1 -·--th -'l •• 

4 1!!'(4) 20 

K A8nbR9AillBM ynpowe~HHM COOTHOW9HBA (2,13) UpBBOilHT npeanonOlK9BH9, 'ITO HM98TC$1 

TOnbxo oaaa MaTpaua p , B • aToM cny'lae BMeeM: 

a .. 
I<R>I

2
• _!_I Ji1ill::. th E(u), 

2A 4 i{4) 20 

'ITO H8XOilHTCll B nonHOM COrnaCBB C TeopueA caepxnpOBOABMOCTB, Ecnu, H806bpOT, Bl\(88 ...... 
t·:; 

CR TOnbKO 01188 M8TpHUll ).. , KOTOpall aeACT8BTenbH8 B CRMMeTpB'IB8 0 TO MOlKHO y~ • ~·: .. 
. /.;·::·.:t; 

CTHTb ypaaueHue nn11 <L > , npuaeAB ero K BRAy: 

I< L>l
2 
._1_ I [ E(3) -0(3)] ~_!__I I C~8 I~[E(2)- 0(3)] ~ th j(J) • 

2A a 2A 28 !(3) 28 

B pa6oTe coaepweaao ue aaTparaaanac& eonpocbl, xacaiODlHeCB xonneBITII!lBbllt ll03-

6yJKneHull raMHIIbTOHH8H8 \ !,3), UHH 6yAyT paCCMOTpeHbl B nocnenyiODl&A pafSoT&, 

,, 
:'\I 

AaTop non&ayeTCII cnyqaeM ablpaaaTb ceo10 rny6oxy10 6naroaapHoCTb~. H.H.Bor~JOo:o· 

6oey H B,r,ConoBb&By 38 U9HH09 06CylKaeHH9 B HHTepec K pai50T9 0 lt1,H,M~~aip~o&y, y·Ka-. 

38BW9MY H8 803MOlKHOCTb I'!PHM9H9HHll CBMUneXTH'19CKOA rpyUUbl 0 n,$oj"enl0 38 U9HHb18 

AHCKyCCHB B o6CylKil9HHll, 
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