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1 

Ill 
B pa6oTe Mhi paccMOTpena KJlacc MO.IlenbHbiX CHCTeM c raMHnbTOBBaJIOM 

k 

H e I E(1) a+ (1) a (1) -t I 
I= I 

~I 
2 I= I 

-,.-- I A
1 

a+ ·(1) a(2) , 
1\ 12 12 R1 = _A1 I p

1 a(l)a(2)~ 
12 12 

(1) 

r.ae L
1 

pi =-,pi 
12 21 

, a"'{:1), a(1)COOTB8TCTB8BHO onepaTopbl po>K.aeaau a yHH'lTO>K&HIIB cjlepMB-'laCTBIIhl 

B COCTOSIHHB 'I', A - OonbWOll napaMeTp nopH.IlKa MaCCOBOI'O 'lHCna. l.{Ifcno 'ln8HOB CYMMbl 

no 'I' - no O.llBO'laCTH'lHbiM ypaBB8HHBM CtPepB'l8CKOI'O HnB .ae<PopMBpOBaJIHOI'O H.llpa, - pas

HOe 'lHcny paccMaTpasaeMbiX O.llHO'laCTH'lHhiX yposaell, 6blno nopH.IlKa A. Taxoro xte nopa.axa 

OhtnB cyMMhl oT Mo.aynell 

o.aaoMy n&Wb xsaaTosoMy 'lHcny, ·ohtnH nopH.IlKa e.aaaanhl, a A a p ae nepeMewasana 

COCTOSIHHll C pa3nB'lHOll 'leTHOCTbiO H 3apH.IlOM. E(1) p8BHHnOCb 3HeprBB OOOnO'le'lHOll MO.IlenH, 

C.llBHHyToll onaro.aapH HanH'lHIO p83nH'lHhiX narpaH>K&BbiX MHO>KBT&nell OT O.llHO'l8CTII'lHbiX 

IIHTerpanos .llBB>KeHHS1 0 HeycTOli'lBBh!X npa npHOIIBneHHH K raMHnbTOHH8Hy 'ln&HOB nBB&liBb!X 
+ + 

no ( L + L ) B ( R + R ) • 

. - Ill 
B pa6oTe 6blno .aoxaaaao, Me>K.ay npo'IBM, cosna.aeaae o.aHo'lacTB'lHhiX B036y>K.ae-

HHll 1'8MHnbTOHH8Ha (I) H nHHeapH30B8HHOI'O raMHnbTOHBaHa 

+. ' 1 + + I 
K12 a (1) a(2) - _ I [ ~ 

2 
a (1) a (2) + P:

2 
a (2) a(l) • • 

2 12 

a npe.aene 6onbWHX A. B <PopMyne (2) MBTPHIIhl 

o6pa3oM: 

p 
12 

(2) 

P12 OhlnH onpe.aeneHbl cne.aytolllHM 

(3) 

a Cpe.aaee < ...... > B3HT0. no OCBOBHOMY COCTOSIHHIO (2), KaK Mbl .llOKa3anH a111, ycnOBHe 

~ X P* +:K P* ] = 0 
3 II 32 23 31 (4) 
HBnHeTCSI BeoOXO.IlHMbiM H .llOCTaTO'lHbiM .llnH TOI'O, 'lTOOhl (2) .llHBI'OHanii30B8Tb nyT&M npH

MeBeHHSI K HeMy o.aaoro npeoopaaosaaHH XapTpa-<l>oKa, a 3aTeM - cneuaanbHoro npeoopaao

BBHBH 6orontoOOB8, EcnH BeT orpaHH'leHHSI (4), TO HBM Hy>KHO OOWee npeo6pa30B8HB8 6o

rontoOOBa12•31, Koa<PauaeBThl ay>Kaoro npeo6paaosa&HH XapTpa-<l>oKa- I c a (2) = a (1) -
I :il 12 

-y.aosneTBOpHtoT ypasaeaato sa co6cTseaHble 3Ha'l&HBH: 

OTKy.aa: 

3 

(5) 
K = I C* C 0. ( 4) • 
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Ecna c HOP¥HPOB8Hbl Ha BJIHHRUy, T,e, I c• c a sl •• TO HX acer.aa MO>KHO no.ao-
. a at a1 ·-

tipaT& T8KKM o6p830M, 'ITOtibl 8HTRCHMM8TpH'IH8Sl M8TpRua p E I c• p c• npa ¢axcapo-
58 1a 16 u ae 

88BHOM '5' MOrna tibiTb_ 88 Hyneaoll, It8K cne.[lyeT 83 ( 4) B ( 6) 1 . nHWb JinH OJlHOrO COCTO~HHH: 

6 B 5 , npHTOM 0(5) • 0 (5) , nosToMy Mbl MO>K8M HaDKCaTb P •·v(S) S 1 v(S)•-v(S), 
ae 6i" 

oTxy.aa cne.ayeT , 'ITO 

P12 -; c
14 

C
2
;-v (4). (6) 

nerxo BRJI8Tb1 'ITO (4) BbiDOnHHBTCSI H83aBBCHMO OT 3Ha'I8HHA CpBJIHKX<L>. K <R> 1 ecnH 

BbiDOnHH~TCH ycnOBHSI 

pi [E(l)-E(2)I•O 
u 

H 

I[.\1 
p 1 +.\1 p1 l·I d' p 1 +.\1' P 1 .J .. o. 

a Ia U U II a II 12 U II (7) 

Otia ycnoBKH ( 7) tiy JIYT BblnonHHTbCH, ecna p
12 

CDapHBaeT '!aCTRUbl B S -cOCTOSIHHH R 

He 38BHCHT OT pa.JIHMbHOrO KBaHTOBOrO 'IHCna, a .\
11 

COOTB8TCTByeT '18THOMY MYDbTKDOD~ 

C HyneaoA Dp08KUKBA R CHMMBTpR'IHO DO p8JIHMbHOMY KBaHTUDOMy 'IPCoy, CywecTeyeT 

0Dp8Jl8D8HH8Sl CBSI3b M8>KJIY YCDOBHSIMR ( 7) H HHBapaaHTHOCT~ DKHeapK30BaHHOrO raMHnb

TOHHaHa OTHOCRT8nbHO OTpa>KeHRSI Bp8M8HH/
1•41, 

Ecna KMeeT MecTo (4), TO sHeprHH o.aao-iaCTH'IHI>IX aos6y>K.aeHKA paBHbl 

• a 2 K 
E ( 4) m [ fl ( 4} + I Y ( 4) I J ' 1 

x) 
a KOppenHUROHHI>IB cPYHKURH HMB~T BH.ll 

< a+(t) a (2)> = ~ S -~ I c• C fl( 4) eF (12), 
12 • 14 2• i<4> 

< a+(l) a +(2) > = ~ I c• c• -~)" <I>* (21). 
• 14 24 E (4) 

(8) 

(9) 

HanoMHRM eme ycnoaae caMocornacoaaRHOCTR .anH < R> , xor.aa HMeeTcH TODbKO o.aHa 

M8TpRU8 p , 0HO KM99T BHJI: 

I<R>J
2=_1_ :t lv(4)/. 

2A • E(4) ( 10) 

npHM8HHM K paCCMOTp8HHbiM CHCTeMaM M8TO.ll CaMOCOroaCOBaHHOro DODSI/
2•51 , nnH 

STOI uenR DflOBapbRpyeM KOpp9DSIUROHHbl9 ¢,YHKUHK, npatiaBKB K HKM MMblA 'ID8H, saBHCSIJ..QKA 

OT 8p9MBHH, R Tpe6yH, 'IT06l>J cyJ..Q9CTBOBana Ta >Ke CBSI3b M9>KJIY F'-F+SF a 

41' -·41 + S<!> 1 'ITO H M9>K.lly F H <I> , 3TOT cPBKT MO>KHO 3aDHCaTb B BRJI9: 

S:t [ F(13) F(32) + 41*(31) <!>(32) J = S F (12), 
8 

S I [ F(13) <I>* (32) + F (23) <1>*(31) I = 0, 
8 

I 11) 

x) 111 
8 OTDH'IH9 OT p&60Tbl Mbl paccMaTpHaaeM CHCT9MY DpR Hyneaoll T9MD9paType, 

4 

• I - - , -

1., 

~ 

npR'leM SF 6yJI9T SpMHTOBCKOII, a S<l> - aHTKCHMM9TpR'IHOA MaTpH 

s ¢>(56) R S f(56) npH DOMOJ..QH COOTHOW8HHA 

S<l>(l2) = ~ c c (i .p (56) 
66 16 20 

R 

SF (12) ·I c• C Sf(56), 
68 16 28 

MO>K9M DODy'IKTb H3 (11), KCD0Db3YH (9), CBSI3b M9>t<Jly Sf K S<f> 

R BTOpoe R3 COOTHOW9HHA ( 11) COOT89TCTB9HHO Ha CIT c;S R CIT Caa H 

H '2', nony'IHM 

Sf(78)[il.ill_ + ~(8)1=·~ S¢>68)+~S.p• 
~m EW Em EW 

s .p * (78) L ~--!!ill I·= ~·(7) Sf (87) + ~ i 
E (7) E (8) E(7) E (8~ 

~CHO, 'ITO cooTHoweHHH ( 12), aHanorR'IH&le cooTHoweHHHM pa60TI>I/ I 

.apyra, 

8 CBSI3H C ¢opMyoaMH ( 7) JlOD>KHa 6b!Tb HYD8BOA BapRaUHSI Bblpa 

CTaBHB Bblpa>KeHRSI (5) H (6) JlDSI K H P* 8 DpOB8pbHpOBaHH09 Bblp< 

8HMOrH'IHOrO npeo6pa30BaHHSI DODY'IHM 

t:IJ =:$ '. * l=ol # s P* l n (5) - !l (6) I + (i A - II (6) + sA 'v* (5) = 0 ' 
66 66 65 

rae 
~--

SA ·=·I C
86

S A
14

C*
8 66 34 • 

s P* = I c s P* c ; 
58 34 86 84 46 

npH BblBOJl9 ctJopMyobl ( 13) HCDOnb30BMOCb 0'198HJlH09 p888HCTBO 

C8MOCOroaCOBaHHOrO DODSI, DHH98pH3088HHbl8 DO npHp8lll8HHSIM S41 
1 

BRJie; 

l i ~- E (1)- E (\'IS <I> (j2) =·-·I [ /1 23S <I> (13) + A,.p 41 (32) I 
at 3 

-•I [P SF(31) -P S F(32))o+SP - ~LSA <1>(13) +SA <1>(32) I· 
3 82 31 12 8 "'113 18 

- I l S P F (31) - S P F (32) J , 
8 82 31 

[ i _d_ + E (1) - E (2) J S F (12) = -· I [A S F(13) - A S F (32) l 
dt 3 23 3 I 

-·I [ P S <1>*(31)+ P* 8<1> (32)] -I l SA F (13)- SA F (32) l 
3 28 81 8 28 81 

-; L s ~8 41 • (31) + s P 
3
*

1 
<1> (32) I .. 

s 
s 

8blpa>t<aH S<l> a SF qepes S¢ H Sf H Hcnonb3yR ypaeHeHHR (5) 1 

5 



H8 eaHHHUy, T,e. I c• c as, •• TO HX sceraa MO>KHO noao-
3 8J 82 ·-

'IT06bl aHTHCHMM9TpH'IH8H M8TpHna p E I c• p c• npH cj:JHKCHpo-
58 12 16 12 28 

He Hynesol!, K8lt cnenyeT H3 ( 4) H ( 6) 0 • IIHWb ,[liiH O,[lHOrO COCTOHHHH: 

, nosTOMY Mbl MO>KeM uanucaTb P •·11(5) 8 , v(S)•-v(S) 
56 88 • 

P
12 

=; c14 c2 ;-" < 4). (6) 

BblnOIIHH9TCH H938BHCHMO OT 3H8'19HHI! cpeaHHX <L>. H <R > , 9CIIH 

pI [ E (1) - E ( 2) I - 0 H 

L .f pI +,\I' p I J .. 0. 
at u u 81 (7) 

9CIIH p cnapHB89T '18CTHUbl B S -cocTOHHHH H 
12 

KB8HTOBOrO •<HCII8, 8 .\
18 

COOTB9TCTBYBT '19THOMY MYIIbTHnOIIIO 

u cHMMeTpH'IHO no paauanbHOMY xaaHTODOMY qpcny. CywecTayeT 

Me>KllY yCIIOBHHMH (7) H HHB8pH8HTHOCTbiO IIHH98pH30B8HHOrO raMHIIb

OTpa>KeHHH BpeMeHH/
1.4/, 

TO 9HeprHH O,[lHO'i8CTH'IHbiX B036y>Kll9HHII paBHbl 

• 2 :a ~ 
E ( 4) = [ !] ( 4) + I :v ( 4) I I ' • 

x) 
BHll : 

l: c• c nc4> .. F (12) 
4 ].( 24 .,. ' 

E(4) 

(8) 

(9) 

(1) a +(2) >: ~ I c• c• -~)" <I>• (21). 
4 14 24 E(4) 

lliiH < R> , xoraa HM99TCH TOIIbKO 0,[1H8 

2 I 2 I<R>l :_1_ I~. 
2 A 4 E (4) ( 10) 

CHCT9M8M MSTOll C8MOCornaCOB8HHOrO nOIIH/
2•51 , llnH 

KOpp91IHUHOHHbl9 cj:lyHKUHH, npu6aBHB K HHM M81Iblll 'IIISH, 38BHCH1UHII 

'IT06h! cyLUeCTBOB8118 T8 >Ke CBH3b MS>KllY F'~F+8F H 

F H <!> , 3TOT cj:JaKT MO>KHO 38nHC8Tb B BH,[le: 

~ [ F(13) F(32) + <1>*(31) •1>(32) I: 8 F (12), 
8 

Ill) 

Mbl p8CCM8TpHB89M CHCTeMy npH Hyneaol! TeMnepaType, 

4 

-

npH'ieM SF 6yaeT spMHToacxoll, a 8<1> - aHTHCHMMeTpH'!Holl MaTpunell. Onpeaenua 

8 ¢(56) H 8 f(56) npH DOMOlUH COOTHOW9HHI! 

8<1>(12) = ~ C C 6 ¢(56) H 
88 18 28 

8 F (12) • I C* C 8 f (56), 
88 18 28 

MO>KeM DOIIy'IHTb H3 (II), HCDOIIb3YH ( 9), CBH3b Me>K,[ly 8 f H 8¢ , Y'MHO>K8H nepaoe 

H BTOpoe H3 COOTHOW9HHII (II) COOTB9TCTB9HHO H8 C
17 

C:
8 

H C
17

C
28 

H cyMMHpyH no 'I' 

H '2', nony'IHM 

s r (78) l E.ill.. + ~ <8> 1 = ~ s .p c78 > + $.- s .p• csn , 
( 12) E (7) E(8) E(7) E(8) 

13 .p • (78) L ~ - ~ (8) I . = ~*(7) 8 f (87) + ~ 13 f (7Bl • 
E (7) E (8) E(7) E (8) 

51CHO, 'ITO COOTHOW9HHH ( 12), 8H81IOrH'IHble COOTHOW9HHHM pa60Tbl/
5/, 38BHCHMbl apyr OT 

apyra. 

B caHaH c cj:lopMynaMH (7) ao~>KHa 6biTb uyneaoll aapuauuH Bbipa>KeHHH (4 ), noa

cTaaua Bblp8>K9HHH (5) H (6) llllH K H P* B npoaapbHpOB8HHOe Bbipa>KeHHe (4), DOCile 

auanorH'IHOro npeo6paaoaaHHH nony'IHM 

/) P* l n (5) - !l (6) I + 6 A'~ II. (6) + /)A • 'v* (5) : 0 • 
86 88 68 ( 13) 

rae ~,. 

13 A .: I c 13 A c• 
86 84 88 84 46 

/) P* : :!; c /) P* c ; 
88 84 88 84 48 

npH Bb!BO,[l9 cj:lopMyllbl ( 13) HCDOIIb30B8110Cb 0'19BHllHOe p8B9HCTBO 13 K =- 13 A. YpaaueHHH 

caMocornacosaHHoro nonH, IIHHeapuaoaaHHbie no npupameHHHM 13<1> , /) F • 38DHWYTCH B 

BH,[l9: 

l i .J-- E (1)- E (2) 1 13 <I> (1-2) : -·; [ A2813 <I> (13) + A,,P ,"' (32) I 

-·; [P
82

13F(31) -P
81

13 F(32)lo+13~ 2 -;ll3\ 8 <1>(13) +13A 18<1>(32) I· 
( 14a) 

-I l 13 P F (31) - 13 P F (32) I , 
8 82 81 

[ i _!_ +:E (1) - E (2) l 13 F (12) : -· ~ [A 13 F(13)- A 13 F (32) l 
dt 8 28 8 I 

-·I [ P 13 <1>*(31)+ P*/3<1> (32)] -:£. [ 13A F (13)- 13A F(32) I 
8 28 81 3 28 81 ( 146) 

-I L 13 P <1> • (31) + 13 P • <1> (32) I .. 
8 

2a a 1 

8blp8>K8H /)tfl H /3F '19p93 /3¢ H /)f H HCDOilb3yH ypaBHeHHH (5) H cj:JOpMyllbl (6), (9), 

l 
5 



a 3aT&M yMHO>KaSI ypaBHBHHSI (!4a) H (!46) Ha c:e c;
7 

H C
18

C;
7

, COOTBBTCTBBHHOtH CyM

MHpyg no 'I' a '2', H&TpyaHo nonyqaTb 

l i ....L- !1(6) - !!(7) l 8¢ (67) = v(7) 8£(76)- v (6) Sf (67) 
dt 

.. 
- ~ [ 8 A - v(7) 

87--
E (7) 

s .:\' ~ 1 + ~ s p [ 0(6) + !1(7) I 
78 - .. -- -..-- • 

E (6) 
8 7 

E (6) E (7) 

D _d_ + 0(6) - 0(7) J, Sf (67) = v• (6) 8¢ (67') - v (7) Scp* (76) 
dt 

~ 8 A [ 11(7) _ 0 (6) 1 _, ~ r:s P _ v*(6) + 8 ;! v{7) 1., 
78 im ic6l 

78 
EC6l 78 i (7) 

.. * 
rae SA .. I C47 S A40C 68• 

(15a) 

(156) 

78 .
48 

Ecna HCKmoqHTb 8 f H3 ypaBHBHHSI ( !5a), DpHMBHSISI nepey10 H3 c:jlopMyn ( 12 ), TO nonyqHM: 

rae 

[j _d_ 
dt 

L 87 I s ¢ (67) = 11fe 7 S cp* (i?l} +:Q
81

, 

L67 = )((67)[:E(6) +E(7)1[1 +:~ ~(7) l=L78 =Lr
8

=L:
8 

I! (6) E (7) ' 

M .. X (67) l E(6) +:E (7) I·~ ....tlZl. .. ftl = - r.~-
87 • E(6) E(7) 78 78' 

xC67)=[~+ ~<7> 1.
1 

E (6) E (7) 

Q = ~ 8 P l ~ + ~I-~ [ 8 A v(7) -8 A ~I·, 
67 87 E(6) E (7) 87 ~ ( 7) 78 E (6) 

Vl3 ( 16) HenocpeacTBBHHO nonyqaeM: 

-- I 
[ i _d_ + L I. 8 cp * (67) =- M* 13 cp (6']j - QL 

d t 87 6T 6T ., 

(16) 

(!7) 

HeTpyaHo y6eaHTbCSI 1 qTo B&Ipa>KeHHe /if qepe3 6 cp e ypaeHeHHH (!56) npaeoaaT K 

TO>KaecTBy OTHOCHTeObHO ypaBHeHHit (!6) H(i7). BepHeMCSI K onpeaen&HHIO MaTpHU f3A H 
• - k - .... 

8P • 11MeeM 8 A =I [\ 1 13 <L 1 >* +.\ 31 13 <L 1 > l , rae 
18 I 8 

I I " 
{) < L I> .. _l_ I ,\ {) F (45) .. _ 1 I ! {) f (45). .\1 =I C* >.1 c 

A 46 H ·A 46 u 46 12 .. u 26 •I 

(18) 

AHanoraqHo MO>K&M HanHcaT&: . .. 
{) p • I p1' {) < Rl > I 

18 I 81 
8<R

1
>· .. _1_Ip 1 8<!>(45)·..1Ip 1 l3cp(45) 

AH 40 Auu' .. 
pI 
u 

• 

I C ·I C12 P12 28. 
12 

a 

(19) 
~ 
I 

~\ 

i,l~ 

il. 
',j 'I 

.;
(>l 
,,'! 

-,\1~ 

j it 

Ecna nepeltTH K cjlypbe-npeacTaBneHHIO B ypaBHBHHSIX (!6) H {17) 
1 

TO 

[ E - L871 8 cp (67) • M
87 

13 ¢ ( 67 ) + Q 
67 

, 

0 0 

[ E + L67 l 13 cp (67) =- M
61

8cp (67)- Qe,- ,. 
0 

rae f(E) "f*(-E) • Kax BHaHo, peweHHB ypasHeHalt (20) eceraa 
e • 

qepe3 npapameHHSI cpeaHax 8<L 
1 

> , 13< R
1 

.> , l3 < L
1 

> 1 13 < R
1 

> 

npeacTaeHTb STH peweHHSI B onpeaeneHae npapameHHit cpeaHax ( 18) H 

c:jlopMyny ( 12 ), Y'cnosae pa3MepHocTH nonyqeHHolt oaHopoaHolt cac·TeMbl 

meHRSIM cpeaHRX, aaeT ypasaeHHe aacnepcaa. TaKHM o6pa3oM, Mbl nox 

HBHHA caMocornacoeaaaoro nong ypasaeHae aacnepcaa B 3aMKHyTolt c:Po1 

He TODbKO TOraa, Koraa DDS! peweHHSI ODHoqaCTHqHolt 36Daqa npRMBHSI< 
/5/ npeo6pa3oeaHae 6oron106osa (eM, ), 

PaccMOTpHM Tenep& cneacTBHSI orpaHaqeaalt, aano>KBHHblx aa Ma~ 

EcnH BCe M6TpHUbl ,\ 6yayT aeltCTBHTenbHbl H CHMMeTpHqHb1
1 

TO MB 

cneaoeaTen&Ho, a K 6yayT HMeT& TOT >Ke xapaxTep, ;noaToMy aaar< 

Tpe!SyeT yHHT6pHolt rpynnbl; ~OCT6TOqHo DpHMeHHTb OpTOrOH6DbHYIO rpyn .. ,. .. 
l3A cosnaaaeT c 13 A H CT6HOBHTCSI aeltCTBHTeDbHbiM H CHMMeTp 

COBMeCTHO C COOTHOWeHHeM ( 13) D03BOOSIBT H6M ynpoCTRTb c:jJOpMyny aJ 

n x) npeanonO>KHTb1 qTO ypOBHH " BblpO>KDeHbl DHI!lb DBB>KDbl 
1 

TO B C 

(eM. (13) ), MO>KHO Bb1pa3HTb -8P qepes 8A , ecna >Ke 5=·6 .. .. 
weHae l3 A 88 ... [;A iiii • 11cnonb3yH nonyqeHHble TaKRM o6pa30M c:jlopMJ 

ypaBHeHRH (20) DpR 6 oF i B TOit >Ke c:jlopMe, HO CO 3H6qRTeObHb1M YDJ 

- - . .. 
Q =~ l E (6) + E(7) It 0(7)- !l (6) j.[ v(7) 1!@._ l3A- +~_ill 

87 • w, E (6) 78 E(6) ! ~ 

OTKyaa Q87 ... - Q 78 , Aaanoraqao STOMy ypaBHeHHH anH /icp (55 

saDHWyTCH B BHDe: .. 
2 -· 2 0 - .. 

l.E - !1(5) -~-I 13 c/>(55) .. ~ 13 ¢(55)+ 11(5) 8 P -
!1(5) 0(5) T(5f 88 

OTKyDa 

[ E +:fl(S) + E
2 

(5) 
0(5) 

I.S ; (55)=_, [v
2

(
5)]• 13 cp ( 5S) - {} (5) 8 ; - 1 

n <Sl i C5l 88 

2 " • v2(5) _ ., .t 0 (5) E!l(S) E(S)I.SP --- l S cp (55) .. [ E 
2

- 4 E 
2
(5) I I [ --..- +"l(s)

5
) + 88 E (5) 

E (5) 

x) PaccMoTpeHHe !Sonee o6mero cnyqag He cocTasnseT Tpyaa. 

7 
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(!4a) a (!46) aa c• c• a 
18 27 CIS c:7, COOTBeTCTBeHHo, B CyM-

HO nony'iKTb 

) J 8 cf> (67) = v(7) 8 f (76) - v (6) 8 f (67 ) 

A:'~ I+Y, [j p [ 0(6) + -!!QLI. 
78 

E (6) 
6 7 E (6) E (7) 

(15a) 

7) J 8 f (67) = v* (6) 89 (67)- v (7) Scp* (76) 
(156) 

n (6) I _ y, [ :a p _ v*(6) + 8 ;! v(7) I . , 
f<6> 76 EC6> 76 f <7l 

BBHeHH51 ( J5a), npHMeH5151 nepByiO H3 lPOpMyn ( 12 ), TO nony'IHM: 

67 I [j ¢(67) ~ 1.\7 [j cp* (67) +:Q6T' 

)[ I + ~ ~ (7) l = L76 = L 76 "L :a, 
E: (6) E (7) 

I·~ ':,_(7) = Mu= -M;s' 
E (6) E (7) 

•I 

I 

0(7) J- Y,( 8A v(7) -8A v(6) I· • m 6T ~ (7) 76 E (6) 
yqaeM: 

cp * (67) =- M:
7 

8 9 (67) - Qi-
7
- ., 

( 16) 

(17) 

B>K8HHe /if 'lepea licp B ypaBH8HHH (J56) npHBOJlHT K 

eaaJI ( 16) a ( 17). BepaeMcB x onpeaeneaaro MaTpHu SA H 
=t I =-t• 

\ 3 8 <L 1 >* +..\ 81 8 <L
1

> , r.a.e' 

F(45) =-1 ~X' ar (45), ~~ =~c· "' c Clal 
·A 4G U 45 l2 14 12 2D , 1 

8< R 1 >· ... _1_~ p 1 8<!>(45)= ..1 I p 1 8¢ (45) 
AH 45 Auu • 

(19) 

6 

• 

/li :. " ·I 
'i !. 

1 .. ~ .. · ~ "'~ '.1 y I 
' 11 

': ':i: 

' 'I 
'•l'q ''y 

Ecna nepeJITH K ljlypbe-npeJlCTBBneHHIO B ypaaHeHH51X ( 16) H (17) 
1 

TO nony'iHM: 

[ E -· L871 a¢ (67) • M
67 

8 ¢ ( 67) + Q
67 

, 

0 0 

[ E + L 87l acp (67) =- M
67

8cp(67)- Qfj
7
- t' 

0 

(20) 

rae f(E) = f*(-E) • Kax BHJlHo, peweaag ypaaaeaaJI (20) Bceraa MO>KHO Bblp83HTbO 
e • 

'lepea npapameaag cpeaaax 8<L 1 > , 8<R
1 

.> , 8<L
1 

>, 8<R
1 

> • 3aTeM MO>KHo 

npeacTSBHTb STH peweaag B onpeaeneaae npapameaaJI cpeaaax (IS) a (19), acnonb3yg 

¢opMyny ( 12 ). Ycnoaae paaMepaocTa nonyqeaaoJI oaaopoaaoJI cac·TeMhl, naaeJtaoJI no npapa

meHHBM cpeaaax, aaeT ypaaaeaae JlHcnepcaa. TaxaM o6paaoM, Mhl noxaaana, 'ITo aa ypaa

HeaaJI caMocornacoaaaaoro nona ypaaaeaae JlHcnepcaa B 3BMKHyToJI ¢opMe MO>KHo nony'iHTb 

He TOnbKO TOrJla, KOr)la JlnB peweHH51 OJlHO'IBCTH'IHOJI 38JlB'iH npHMeH518TC51 cneuHBnbHOe 
/5/ npeo6paaoaaaae Eoronro6oaa (eM, ). 

PaccMoTpHM Tenepb cmiJlCTBHB orpaaaqeaaJI, aano>KeHHblx aa MaTpHUbl p H ,\ • 

Ecna ace MaTpHUbl ,\ 6yayT aeJicTBHTenbHhl a cHMMeTpH'IHbl, To MaTpaua A , a
1 

cneaoaaTenJ>ao, a K 6yayT HMeTJ> TOT >Ke xapaxTep. .noaToMy aaaroaanaaanaa K ae 

Tpe6yeT yHHTapaoJI rpynnbl; :OocTaToqao npHMeHHTb opToroaanhHyiO rpynny. 8 aToM cnyqae .. ,. 
13A 

.. 
coanaaaeT c 13 A 

H CTSHOBHTCB aeJicTBHTenbHbiM H CHMMeTpK'IHbiM, Bee aTo 

COBMeCTHO C COOTHOWeHHeM ( 13) n03BOU518T H8M ynpOCTHTb ltJopMyny JlU51 Q , EcnH 

x) 67 npeanonO>KHTb1 'iTO ypOBHH 0 BblpO>KJleHbi nHWb JlB8>KJlbl , TO B cnyqae, KOr)la 5"·6 

(eM, (13) ), MO>KHO Bb1p83HTb -8P 'iepea 8A , ecna >Ke 5=·6 - nony'!HTb COOTHO-
" " 

weaae 13 ADD =·13 A iii . Hcnonb3yg nony'leHHble TSKHM o6paaoM ¢opMynbi,MO>KHo aanacaTb 

yp8BR8HH51 (20) npH 6 ;,_ i B TOJI >Ke lPOpMe, HO CO 3H8'1HTeUbHbiM ynpoLUeHHeM Q 
87 

Q •. y, l E (6) + E(7) It 0(7)- n C6>i~l~ ~< 6> 13 A'
78 

+ ~ ..lliZL 13~- 1 ·c
21 

J 
87 E (7) E (6) E~) ~ (7) 67 ' 

OTKyJla 
Q67 =·- Q76 • AaanorH'IHO <>ToMy ypaaaeaag ana lief> (5S) a 13; (5~ 

aanawyTCB a saae: 

OTxyaa 

.. 
2 -= 2 u - .. 

l.E- 0(5) -~-113¢(55) = ~ 13 9 (55)+ 0(5) 8P-
0(5) 0(5) T(5) u 

l E +:fl (5) + E
2

(5) 

0(5) 

0 
[v2(5)]. - n (5) ~ 

Ia¢ (55)=-·--13¢( 55>---8P_, 
o (5) E: (5) 53 

13 c1> (55) = r E 
2

- 4 E: 2(5) l 1
1 r 0

2
(5) EU(S) " " 2(5) ~ 

-v- + -.-- + E (5) I a P -- ....!:._ 13 p J 
E (5) e (5) U E (5) D D 

x)PaccMoTpeaae 6onee QfLUero cny'!aH He cocTaanHeT Tpyaa. 

7 

(22) 



~ 

a peweHae JlnH 8<{> (55) nerxo nony'IHTb aa 8 ¢(55) , Ecna HMeeTCH Ton&xo OJlHa MaTpaua 

p 0 TO p = <R>p + H0 xax H9Tp)"JlHO y6&JlHT.bCH, 8P =-·~I v*(4)8¢(44). 
81 AI<R>I2 4 - . 

B aToM cnyqae peweHHH 

peweHHSI JlnH 8¢>(55) H 

(22) aasHCSIT OT D =I v*(4) 8¢(441 D. noJlCTasas nony'I&HHhl& .. 0 

8¢>(55) B D, 0, nony'IHM CHCTeMy JlBYX OJlHOpOJlHhiX nHHeAHhiX 

ypasHeHHA no aTHM nepeMeHHhiM c ycnosaeM paapewHMOCTH: 

( I -h-

X I 1 ')' TI:-; 

I I v(5)l2!1(5) 12 = I ..h I lv(5) 12flhl 
5 E (SX E2(5)-(] 2 A 5 E (5)[ ~2 (5) _, J 

lv(5) 1
2 i (5) 

E2 (5) - ( 
-I<: R > 1

2
1; 

2 
( = E /4 

2 
-I<R>I lx 

(23) 

VIa ¢opMynbi ( 10) cneJlyeT, 'ITO (23) yJlosneTsopHeTCH npa HynesoM <: • Ecna paaJlenHTb 

06e CTOpOHbl (23) Ha KBa)lpaT C)"MMbl Ha nesoA qacTH 1 TO nony'I&HH09 TaKHM 06paaOM 

ypasHeHae BhlnonHH&TCH TaK>Ke npa ( = i>(5) , ecna E (5) , aa acxmoqeHHeM E(5) = i<Si 
~ 2 

He Bbtpo>KJleHo. nerxo y6eJlHTbCH, 'ITO npa ( .. E (5) (23) aMeeT oco6eHHOCT&. nocno>K-

Hee o6cTOHT Jleno, ecna E (5) Jl06asoqHo BblpO>KJleHO, 3To oco6eHHo can&Ho cxaabisaeTcH 

Ha nesoa qacTH ( 23), nocxon&xy nomocHbie 'Ul9Hbi a He A o6oax aHaxos, 

VIa (8) H (10) nerxo aaMeTHTb 1 'ITO BTOpOA COMHO>KHT&llb npasoA qaCTH nono>KHT&-

neH npa nono>KHTen&HoM <: neaee nepsoro nomoca a a TO >Ke speMH nepBbiA coMHO>KH-

Ten& OTpHUaTeneH npH JlOCTaTO'IHO MBUbiX . ( , 0 03TOMy ( 23) MO>KQT HM&Tb p9W9HH9 

npasee HynH nepsoro coMHO>KHTenH, OpapasHHB erq, x Hymo a npHM&HHB (8) e ( 10), 

nonyqaM 

2 
I lv(5)l [ 

TI.~ 

2 

lv(S) I -(o 

]:2. (5)- '0 (24) 
l .. o 

~ 

H (~.( 0 , EcnH lv(5)loeA BHyTpH HexoA o6naCTH E(S)<w H pasHa Hymo BH& ee, TO 
. 2 • 

peW&HH&M (24) 6yJl&T ( 0 = /). ; 3TO JlOKaabiBa&T, 'ITO (23) He HM99T peweHHA HH>KQ 

3HepreTH'I9CKOA mena. CneJlyeT aaMeTHTb, 'ITO ecna I v(S)I CHMMeTpH'IHO OTHOCHTenbHO 

nosepxHOCTH <llepMH , a fl (5) aHTHCHMMeTpH'IHO TaM, rJle I v (5) 1,10 , TO nesag qacT& ( 23) 

acqeaaeT a peweHHH (23) nesee nepsoro nomoca 6yJlyT JlaHbi ¢opMynoa (24). 

Ecna HMeeTCH Ton&xo OJlHa MaTpaua p , nponopuaoHan&HaH 8 -
12 

, rJl& 2 Ha 3TOT 

paa - COCTOSIHHe, o6paweHHOe BO Bp9M9HH no OTHOW&HHIO K 2 , H npOHaBOnbHOe 'IHCnO 

x) 
MaTpHU A 1 JlHaroHan&Hb!X UO 1,2 H HHBapHaHTHb!X OTHOCHT&nbHO o6paweHHSI Bp9M9HH 

TO HHTerpanOM JlBH>KeiiHSI 6yJleT CTapWHHCTBO ( seniority ), Tor)la 8<11(55; = f3 <f> (5S) 

x) 
CnyqaA, xorJla cpeJlH MaTpau A eCTb •ae'!eTHbie' OTHOCHTen&Ho oTpa>KeHHH speMeHH, 

6yJleT paccMoTpeH a Jlpyroa pa6oTe, 

8 

• 

1 

I 
~ 

6yJlyT &JlHHCTBeHHblMH HeacqeaaromaMH npapameHHHMH <11 , B csHaH 

CHCT&Mhl Mhl MO>K9M nony'IHTb nHWb OJlHO ypasH&HHe Jl'ICn&pcHH-(23), 

xax Mhl JlOXaaana, ne>KaT B cy>KaromeAcH c ysenaqeaaeM A nonoce ox• 

3ToT peayn&TaT H8XOJlHTCH B npoTasopeqaa c peayn&TaToM BenKe 

THTb, 'ITO B M9T0Jl9 CaMOCOrnaCOB8HHoro nonH COJl&p>KHTCSI M&HbWHA I 

BB9Jl9HHH H&paBHOB9CHb!X Cp&JlHBX aHa'I&HHA, xax 3TO CJlenaao a161, C 
/6/ . 

MBKpOCXOnH'I9CKOA T&OpHH OJlHOqaCTB'IHble B JlByxqaCTH'IHble <i:JyHKUB 

paanH'IHhiM raM&nbTOHH8HBM, 3TO, no-BB)lBMOMy1 Hl!lnH&TCSI BCTO'IHBKOM 

aHepraa, 

OepeAJleM Tenep& x paccMoTpeHHIO ypasHeHBSI JlHcnepcaa npa 6f<·l 

Ton&xo OJlHa MaTpaua A 1 Jl&ACTBHT&Jl&HaH a CBMMeTpH'IHBH, B aTOM , 

(5) B ( 18) HMeeM: 

~ l 
A18 =--1 I E(6)C

81
C,

8
- !1(3)8 I 

<L> • • ta 

npHM&HBB ( 25) X ( 18) 1 nony'IBM 

8 A =· B I $ E (6) c c - fl (3) 8 I , '"Ia u ea u 

B =·-
1- 2 I[E(6) 8F(66)- 0(6) 8f(66)). 

AI<L >[ 8 

Kax BBJlHO aa (12), 8f(66) Bbipa>KaeTCH qepea 8¢>(66) a 8¢>(6 

'ITO 3TH <i:JyHKQH'II MOryT 6b!Tb OTnH'IHhiMH OT HynH nesee nepsoro noniOC 
2 

{.' B npH ( 6on&we /). , 003TOM)" B (26) Mhl MO>KQM B93Jl9 

nocxon&xy Mhl H!UeM soa6y>KJl&HHH a aHepreTaqecxoa mana, Y'ITH Bbi!UI 

HanacaT& 8 A1~ , Hy>KHoe HaM a ypasHeHaK (20), a BHJle: 

8AI8= BEt'; B a l 
I<L>I2A ~'·Eu8 f (13); E

18
m I E(6) C 

rJl& WTpHX Ha)l C)"MMOA 060aHaqa&T orpaHH'I&HHe C)"MMHpOBaHHH! l ~ 3 

HO y6&JlHTbCH, acnonb3yH CHMMeTpBIO a JleAcTBH1'&nbHOCTb E
18 

, 'ITO 

M)" Mbl MOn<BM nepenHCBTb CHCT9M)" (20) B BH)l9! 

[ E- L8TI.8¢>(67) -M878; <67'> =-+[E(6)+E(7)][0(6)· 

M* 8¢(67) + [ E + L 1 <>¢> c67) ~-!- [ i<6l + E(7) 1 i u (6l- n<' 
8T 8T .t. 

rJle 

S = [ E-~ 0(7) + E- .::.22_ ~I 
87 81 E (6) l{7) T8 E (7) E (6) 

9 

r~· ~__.:_ ____________ _ 



55) nt>rxo nony'IHTb H3 8 ¢(55) , EcnH HMeeTCH Ton&xo oaHa MSTpHua 

H, xax HeTpy.llHO y6eaH;bCH, 8 P =- ~I v*(4) 8¢ (44). 
81 A I <R>12 4 - . 

HHH (22) aaaHCHT oT D =I v*(4) 8¢(44) D. noacTSBHB nony'I&HII&Ie 
G 0 

H 8¢(55) B D, D, nony'IHM CHCTeMy .llBYX O.llHOpO.IlHbiX nHHel!HbiX 

epeMeHHbiM c ycnoaHeM paapewHMOCTH: 

2 2 2. 
V(S)I 0(5) 12 = { t. "' lv(S)I fitS) 

1
.. 12 1 ----- ~ ~ - <R> X 

(5~ E2(5)~l 2 A 5 E (5}[ ~· (5) _, J 
(23) 

2 = 2 
>I E(S) -I<R>I I; 

2 
( = E I 4 

(5)-' 

eayeT, 'ITO ( 23) yaoaneTBOpHeTCH npa Hynes oM ( • EcnH paaaenHTb 

KB8,1lp8T CyMMbl H3 neBOl! '18CTH 1 TO nonyqeHHOe T8KHM 06p830M 
~~ ~ . ~-

CH Tax>Ke npH ( = E (5) , ecna E (5) , aa HcxmoqeHHeM E(5) = E(5) 
= 2 

o y6eaHTbCH, 'ITO npH (-+ E (5) (23) HMeeT oco6eHHOCTb, nocno>K-

IlK E <s> .ll068BO'IHO BblpO>K.Il9HO, 3TO OC06eHHO CHIIbHO CK83biB8eTCH 

UOCKOIIbKY ITOIIIOCH&Ie 'll!eHbl B Hell OOOHX 3H8KOB, 

nerKO 38MeTHTb, 'ITO BTOpOl! COMHO>KHT9/lb npaaol! '18CTH UOIIO>KHTe-

OM ( neaee nepaoro UOIIIOC8 H B TO >Ke BpeMH nepBb!l! COMHO>KH-

.ll0CT8TO'IHO MMbiX ( • n OSTOMY ( 23) MO>KeT HMeTb peweHHe 

COMHO>KHTei!H, npHp8BHHB erQ, K HYIIIO H npHMeHHB (8) H {iO), 

TII 
2 2 

Jv(5)1 f I v (5) I -(o 

t(5) 'E:o. (5)- '" (24) 

J .. o 

= 
;) I= !'J. BHyTpH Hexol! o6nacTH E (5) < w H pasHa HyniO BHe ee, TO 

( = !'J. 
2 

; 3TO .llOK83biB8eT, 'ITO (23) He HMeeT peweHHl! HH>KJ 
0 

Cne,llyeT 38MeTHTb, 'ITO eCIIH 1 v(5)1 CHMMeTpH'IHO OTHOCHTenbHO 

a 0 (5) BHTHCHMMeTpH'IHo TaM, r.lle 1 v (5) 110 , TO neaaH qacT& ( 23) 

(23) neaee nepsoro nomoca 6y.llyT .llBHbi cpopMynol! (24). 

OllbKO O,llHa MBTpHqa p , nponopuaoHan&HaH 8 -
12 

, r.lle 2 H8 STOT 

BlUeHHOe BO BpeMeHH UO OTHOWeHHIO K 2 , H npOH3BOIIbH09 'IHCno 

x) 
BllbHbiX ITO 1,2 H HHB8pH8HTHbiX OTHOCHTel!bHO o6palUeHHH BpeM&HH 

HHH 6y .!leT CTBplUHHCTBO ( seniority ), Tor.lla 8<1>(55) =8¢(5S) 

.llH M8TpHU A eCTb 'aeqeTHbie' OTHOCHTel!bHO OTpa>KeHHH BpeM&HH, 

.llpyrol! !J860Te. 

8 

,e;. 

'f; 

6yayT eaHHCTBeHHbiMH HeacqeaaiOIUHMH npapameHHHMH <I> • B CBH3H c STHM ana Taxol! 

CHCTeM&I Mbl MO>KeM nony'IHTb nHWb O.llHO yp8BH9HHe .ll'ICUepCHH...(23), peweHHSI KOTOporo, 
• 2 

xax Mbl .lloxaaana, ne>KaT B cy>KaiOmel!ca c yaenH'I&HHeM A nonoce oxono !'J. 

3ToT peaynbTST HSXO.llRTCH B npoTHBopeqxe c peayn&TSTOM 6enaeaa
161

• CTOHT aaMe-

THTb1 'ITO B M9TO.Ile C8MOCOri!8COB8HHOrO UOIIH CO.ll9p>KHTCH MeHbillHl! UpOR3BOII
1 

'19M UpH 

161 
BBe.lleHHH H9p8BHOB9CHbiX Cp9.llHHX 3H8'19HHl! 1 X8K 3TO C.llen8HO B , C .llpyrol! 'CTOpDHbl

1 
B 

161 
MHXpOCXOITH'IeCXOl! TeopHH O.llH0'18CTH'IHble H .llBYX"'8CTH'IHbie cpyHXURH COOTB9TCTBYIOT 

p8311R"'HblM raMHIIbTOHH8H8M, 3To, DO-BR.IlHMOMy, SIBIISI9TCSI HCTO"'HRKOM H98.llHTRBHOCTH 

aHeprHH. 

nepell.lleM T9D9pb X p8CCMOTp9HHIO ypaBHeHHII .llHCD9pCRH rrpH 6(' 7 , XOr.ll8 HM99TCH 

TOIIbXO O.llH8 M8TpHU8 A ' .ll9l!CTBHT91;1bH8H H CHMM9TpH'IH8SI, 8 STOM cnyqae H8 OCHOBe 

(5) H (!g) HM99M: 

= 1 
A18 =·--l I E(6)C

61
c.- 0(3)8

1 
I 

<L> • .a a (25) 

UpRMeHHB (25) X ( 18), UOIIY'IHM 

8 A = B ! t E (6) c c - fl (3) 8 I , 
.. 18 61 68 18 

(26) 

B =-1- 2 :t(E(6) 8F(66)- 0(6) 8f(66)). 
AI<L >I 6 

Kax BH.IlHO H3 ( 12) 1 8 f (66) Bblp8>KaeTCSI qepea 8 ¢(66) H 8 ,P (66) • M&I noxaaanx 

'ITO 3TH cpyHXUHll MoryT 6b!Tb OTIIH'IHbiMH OT HyiiR neaee rrepaoro UOIIIOC8 I!Hillb npH Hyn&BOM 
2 

( H rrpH ( 60I!bill8 !'J. , noaTOMy B (26) Mbl MO>K9M B93.ll9 DOIIO>KHTb 81(66)•0, 

UOCXOIIbXY Mbl Hlll9M B036y>K.ll9HHR B 3HepreTH"'9CXOl! lll911H, :Y'ITR Bbllll9CX838HH08
1 

MO>K&M 

HanecaTb 8 A13 , Hy>KHoe HaM B ypaaHeHHK (20), a BH.lle: 

8A
18

= BE
18

; B • __ 1 _ I'·E 8 f (13); 
1<L>12A u u 

E
18 
.. ~ E(6) C

81 
C

88
, 

r.lle illTpHX H8.1l CyMMOl! 0603H8'188T orp8HH"'8HH8 CyMMHpOB8HHR: 1,l3. 1l3 
0 

HO y6&.llHTbCR, HCUOIIb3YR CHMM&TpHIO H .llel!CTBHT&IIbHOCTb EU , 'ITO B •·B 

MY Mbl MOA<SM nepeUHC8Tb CHCT&My (20) B BH.ll&: 

r'.ll9 

( E- L67 1·8¢(67) -&1
67

8 ¢ <67'> ---!.(E(6)+E(7)](0(6)-0(7)f,ls, 
~ 8T 

M* 
BT 

8¢(67) + ( E + L l ~4> <67) =-!- ( i(6) + E(7) I{!! (6)- !1(7) f 1 
S!._, 

aT ~ 6T 

'1 
S = [ E-~ 0 (7) + E- ::.!:!}__ 

87 87 E (6) ~ (7) 7 8 E (7) 

9 

~~
E (6) 

(27) 

• HeTpy.ll

• noaTo-



PeweHHll aToll cecTeMbl ypaaHeHHA .!lSIOTCll cjJopMynaMH: 

8 rf> (67) a Bt/J (67) [ M
67 

S*
67
_-L

67
S

67
- E S 

67
1 , (28) 

0 

8 rp {67) = Bt/JE (67) ~M: 7 S 
67

- L
67 

S~·y-+ E SiT" ] , 

r.!le • 
_, 2 "" ~ ~ ·1 

'I' (67) =2lU(6)-!1(7)]1E -l,E(6) +:E(7) ]21 [E (6) +E(7)1, 
E 

npHM9HHB cpopMyny ( 12) KO BTOpOA H3 cpopMyn (27), nony'IHM: 

B • 1 
I<L>j2A'i.' E 18 18 

x03l[ ~ 8 q, (l3) + ~ 8;(31) 1. 
li; (1) F': (3) 

n O.!lCTSBHB B aTy cpOpMyny p9W9HHll ( 28), nony'IHM ypaBH9HH9 .!lHCUepCHH, n ocne .!lnHHHbiX, 

HO HecnO)KHblX npeo6p830B8HHA MO)KQM H8UHC8Tb npH .!l9liCTBHT9nhHOM 1/ 

3;o 

npH 

Min 

'"II, f" 

2 a a 2 .0{1) !1{3)] 
I <L>12 c _I_ 'f.'. Eta[ E (1) + E (3) l ["'ii:(l) - W> 

2A 18 ![E{l)+:E{3ll:E
2
1[n(ll-0(3ll 

(29) 

ypaBH9HH9 MO)KHO nepenHCSTb B 6onee CT8H.!l8pTHOM BH.!le, Y'ITll, 'ITO HS OCHOBe (25) 
2 ·2 t::l 2 

l=/3 E
18

I<L>I = (,\ 18 ) • YpaBH9HHe (29) HMeeT KopeHb T8KlK9 Haneao OT 

[E (1) + E (3)] , ecnH TOnhKO 

[ 0(1) - 0(3) l' 2------ ' 2 
'i.'·E ~(I) t<3) <I<L> I • (30) 

2A u 18 [!J(l)- 0(3) I 

PaccMaTpHsaeMall npoue.!lypa MO)KeT cny)KHTh .!lnll yMeHbWeHHll 'IHcna napaMeTpos npH no -

CTpoeHHH TeopHH .!lecjJopMHpOBSHHblX H.!lep, BcnH ypoBHH raMHnhTOHHaHa aesaaHMO.!lellcTsyro

WHX 'ISCTHU 6y.!lyT ypOBHliMH T90pHH o60nO'I9K C OCUHnnaTOpHbiM UOT9HUH8nOM, C.!lBHHYTbiMH 

Ha senH'IHHy .. j(j+l) , H ecnH K TSKOMy raMHnbTOHHSHy npH68BHTb KBS.!lpynonb-KBS.!lpy

nonhHylO 'ISCTb C HynesoA npeKUHell H napHbill raMHnbTOHHSH, TO (5) 6y.!leT ypSBHeHHeM 

MO.!lenH HHnbCcoaa c O.!lHHM napaMeTpoM, KOTopblll ~a.!lo onpe.!lenHTb caMocornacosaHHbiM 

o6paaoM. Pewall B aToM cny'lae O.!lHO'IaCTH'IHyro aa.!la'ly, Mbl MO)KeM onpe.!lenHTh see 

napaMeTpbl, BXO.!lliWHe B ypaBHeHH9 (29), 

npoBe.!leHHOe HSMH Hccne.!lOBSHHe HanOMHHaeT BO MHOrOM pa6oTy
151

• Cywec·rBeliHbiM 

oTnH'IHeM a.!lecb liBnlleTCll npHMeHeHHe o6mero npeo6paaoaaHHll Soronro6oaa .!lnll O.!lHO'IacTH'I

HOll 38.!l8'1H H 6onee .!l9T8nhHbill Y'I9T B8pH8UHH 8 p , 6narO.!l8pll '19My npH6asneHH9 fiOCTOliH-

HOro .!lHaroHanhHoro 'lneaa K MaTpHue ,\ npHBO.!lHT s ypasHeHIIH (29) new.h K nepeaopMH-

poBKe XHMH'IeCKOrO UOT9HUHana, Mbl He B COCTOliHHH C.!lenaTb 3BKnl0'19HHe OTHOCHTenbHO 

8CHMUTOTH'I9CKHX CBOltCTB KOnneKTHBHbiX ypOBHell, KSK 9TO C.!lenSHO B HerSTHBHOM CMbiCne 

.!lnll raMHnbTOHHaHa SKill s
171

• O.!lHSKo s .!lSHHOM cny'lae o6Ha.!le)KHBaeT nonHoe cornacHe 

( 23) c oueHKSMH 
171 

.!lnll raMHnbTOHHaaa SKill, H Mhl Ha.!leeMCll paccMoTpeTb aTy npo6ne-

MY B HeKOTOpbiX 'laCTHhiX cny'lallx. 
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ypaBH9HHll l:(810TCSI cpOpMynaMH: 

1/t (67) [ M67 S*67_-L67S67- E S 67] (28) 

Bl/tE (67) [ M:7 S 67- L67 S~·y·:!- E s;7 ] , 

(6) - !1 (7) ] I E 
2 
-l i (6) + E (7) ]21 [ i (6) + i (7) I • : 

) KO BTOpOll H3 cpopMyn ( 27), nony'IHM: 

= 1 ~· 
I<L>]2AI8 El8 

x03l [ -~ 8 ¢ (l3) + ~ 8; (31) J. 
I; (1) t (3) 

( 28), nony'IHM ypaBHSHHe llHCnepCHH, n ocne llnHHHbiX, 

MO>K9M H8UHC8Tb UpH LteltCTBHTenbHOM V 

(29) 

ltepeUHC8Tb B 6onee CT8Hl:(8pTHOM BHlle, Y'ITR, 'ITO Ha OCHOBe ( 25) 
~ 2 

(A 18 ) • YpaaHeHHe (29) HMeeT KOpeHb Taxme Haneao OT 

• ecnH TOnbKO 

[ !1(1) - !1(3) l' 
·---- . 2 ~ •. E ~ (1) t (3) < I < L > I 

18 18 [!1(1)- 0(3) l . 
(30) 

MO>K9T cny>KHTb LtnH yMSHbWeHHSI 'IHCna napaMeTpOB npH no -

8HHbiX Slllep, CCnH ypOBHH raMHnbTOHH8H8 HeB38HMOll9JICTByJO

T90pHH o6onO'I9K C OCUHUnBTOpHbiM UOT9HUH8nOM, CllBHHyTbiMH 

, H 9CUH K T8KOMy rBMHnbTOHHBHy npH68BHTb KB8llpynOnb-KB8llpy-

npeKQHell H napHbiJI rBMHUbTOHHBH, TO (5) 6yLteT ypaBHeHH9M 

M napaMeTpoM, xoTop&tJI HaLto onpeLtenHTb caMocornacoaaHHblM 

aaLta'ly, Mbl MO>KeM onpeLtenHTb ace 

HccneLtoaaHHe HanoMHHaeT so MHoroM pa6oTy151• Cywec·raeHH&rM 

npHMeHeHHe o6wero npeo6paaoaaHHSI 6oron106oaa Ltn!l OllHO'ISCTH'I

&Ill Y'IST B8pH8UHH 8 p 0 6narOLt8pSI '19My npH6aaneHH9 UOCTOSIH-

A npHBOllHT a ypaaHeHHH (29) nHW.b K nepeHopMH-

B COCTOSIHHH C.z:ten8Tb 38KnlOIIeHHe OTHOCHTenbHO 

KOUUSKTHBHbiX ypOBHell, K8K 3TO CLtenBHO B HerBTHBHOM CMb!Cne 
17/ 

a • 0LtHaxo a llBHHOM cnyqae o6HaLte>KHBaeT nonHoe cornacHe 

rBMHnbTOHHaHa 6KW, H Mbl H8l:(99MCSI p8CCMOTp9Tb 3TY npo6ne

cny'iaHx, 
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