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l.Bsen eH He 

AcHMnTOTH'IeCKHe cooTHOWeHHSI MeJKilY aMnnHTYilBMH nepeKpeCTHbiX 6 H

HapHbiX npoueccos npH 6onbwHx 3HeprHSIX H ~HKCHposaHHOH nepena'le HMnynb

/1 -3 / 
ca 6binH nony'leHbi s pHne pa6oT • 3TH peaynbTaTbi 6binH o6o6meHbi 

s pa6oTax 
14 •51 

Ha cnyqau HeynpyrHx npoueccos c poJKneHHeM 'laCTHU BH -

llB 

a + b 

+ b 

-+ a 

" -+ a 

+a + b ' 

~ 

+ a + b 

E bino noK a 3 a H o , ' I T O ll H~~epe HuH a flb Hbi e ce 4 e HH $1 

o 1 
a (S , t,. .. l 

,) ------

yKa3aHHbiX npoueccos npH S -+ oo 

J = I , II , 

H ~HKCHpOBaHHhlX l t, w 

(I) 

( II ) 

nonJKHbl cosnanaTb. 3necb S w SIBflSI!OT-

CSI HHBBpHaHTHbiMH nepeMeHHblMH npOUeCCOB (I ) , (II ) s - KBanpa T 

nonHOH 3HeprHH B C.U.H.; t 1 - KBanpaTbi uepena'IH HMnynbca MelKilY 

'laCTHUaMH b H b' H a H 

W - 3qxpeKTHBH8SI MaCCa CHCTeMbl 

a I HnH 
.. 
a 

HnH 

H at::51 COOTBeTCTBe HHOf 

ff' 1 + ~ ( - n e -

KOTOpaS! nepeMeHH8SI0 38BHCSIU!BSI OT OTHOW e HHSI 3HeprHH 'laCTHU a !f a 
2 

HnH 
.. 
a 

I 
If "' a B CHCTeMe EpaHTB 'laCTHU b '. 

00C KOnbKY B 061UeM Cny'lae llH¢¢epeHUHBnbHble C e 'le HHSI 38BHC SIT OT 

MHOrHX nepeMeHiiblX, TO 3 KCnepHMe HT8 fl bHBSI npose pKa n ony'leliHhiX COO TH O-

rueHHR DeCbMa 38Tp y n HHTe flbHR . 
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0AHSKO B HeASBHeA pa6oTe /6 / , paCCMSTpHBSR npOUeCCbl MHO*eCTBeH

HOI"'O PO*AeHHR o6wero BHAS 

a+b .. a . + 
I 

+ an+b"' , 

; + b, n 
.-.a + ••• +a 

I 
+n 

(Ill) 

(IV) 

C Y"lSCTHeM CKSIIRpHbi X "'SCTHU, M b l nOK83811H, 'ITO npH s ... 00 H tPHKCHpo-

BSHHbi X W .. .. 
a 

1 
+.,, +a 

( atjltjleKTHBHSR MSCCS CHCTeMbl a 
1 

+ , ,, + a 

) H (ne p e aaqa HMny/lbca Me*AY 

H/IH 

H b' o6e 

"'SCTH SCHMnTOTH"leCKHX paBeHCTB Ce"!eHHA npouecCOB (Ill ) H (IV) MOryT 

6b!Tb npOHHTerpHpOBSHbl n o BCeM OCTS/IbHbiM nepeMeHHbiM H HMeeT MeCTO 

paBeHCTBO 

a 2a (S) 
Ill 

a 1 a w 

a 2 
a (S) 

IV 

at aw 
, s ... 00 . ( 1) 

TaKHe cooTHOilleHHR Y*e nerqe nposepHTb aa onbiTe, TaK 

a2 a 
KSK Jl/IR On-

--..:.J-- ( J = !, II, [[[ , IV peaeiieaaR a 1 a w 
JlOCTSTO"lHO H3MepHTb HMny/lbC 

(yro/1 Bb!/leTa H 3Heprato) "lSCTHUbl OTAS"'H, 

HacTORIIISR pa6oTa RBIIReTCR npoAO/IlKeHHeM pa60Tbl 
161 • Mbl o6o6IIIHM 

peay/lbTSTbl /6/ HS Clly"!aA "'SCTHU CO CnHHSMH H yCTSHOBHM SCHMnTOTH"leC

KHe COOTHOilleHHR THna ( 1 ) Jl/IR KOHKpeTHblX tPH3H"leCKHX npOUeCCOB, 

2. Meaoa-6apaoaaoe CTOIIKHOBeHae: poJKaeaae Meaoa-

pe30HSHCOB 

06o6aaa"!HM qepea H 
, 

H 4- HMnyllbCbl p p , q ql 

b b, 
I (HIIH 

.. .. 
) "'SC THU H H a H a a H a I COOTBeTCT-

BeHHO H p aCCMOTpHM C HS "'S /18 C/ly"!a A , KOI"'AS b H 
b , 

- CnHHOpHbie 'laC-

THUbi, H a I - C KSII RpH bi e H/IH /IC e BA OCKSII RpHbie . 

4 

J , 
'lepea T ( p , q l P q 

1 

H ([ V l . Ha coo6pa*eHllll 

o603HS"'HM SMniiHTYAbl npOUE 

HHBSpHSHTHOCTH C/leJlyeT, 'ITO T J 

J , 
T (p,q;p ql 

4 J 
),. l: U(p'l£"". U(plF

1 
(w,t,W,,.) 

I<• I 

J 
i-IHBSpHSHTHble SMn/IHTYJlbl 

nepeMeHHblx: 

F 1 (w, t ••• ) 38BHCRT OT 3n-l 

2 
5--(p+ql, 

, 2 
t = -( p -p ), 

2 n 2 
w =-( l:q ) , 

l=l j 

2 
W: c- •k 1+! rae 

2 
t --·(q -It 1+1 ) • I 

It r l: q 
l-1 j 

7J = 2~1 
I - e 

i = 1, •••• n -I 

q l(p + p • ) 

It (p+p') 
I+ I 

BMecTo 

aaaa c S 

S· yao6ao paccMaTpHBaTb nepeMeHHyto w 

COOTHOilleHHeM 

2 2 
Sc2 

n-1 (1-(n-1 
w fl ch~ e yM 2 -t/4 +M 2 + W +m -t 

fal I 

a (2) r
1 HMeiOT BH)l: 

na6o (cnyqaA 1) 

r = 1 
I 

. r 
2 

.. .. 
• i (q + q I), 

na6o ( c ny"'all 2) 

r ., ;<~-; >. r ~ <~+; ><q-:; 
3 I 4 I I 

, KOTOJ: 

r1 = y. , r = - ; y < ; +; > , r =- ; y < ~ - ; > • r 2 + ;y < ~ + .. q 
1 

> < ; - ~ 
u 2 I 3 6 I 4 6 . 

B 38BHC H MOCTH O T BHYT j.JeHHH X "l e T HOC T eA "'SC T II U , 
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I npoueCCbl MHO)I(eCTBeH-

(III) 

(IV) 

llpH H <jJHKCHpo-

+ ••• + a HnH 

<JJ.Y H b' o6e 

)B (III) H (IV) MoryT 

.eHHblM H HMeeT MeCTO 

"" · (I) 

onbtTe, TaK KaK ana on-

roqHQ H3MepHTb HMnynbC 

960Tbi 
161• Mbt o6o6maM 

CTBHOBHM BCHMllTOTHqec-

lCKHX npoueccoa, 

pO)I(JJ.eHHe Me30H-

H 

H 

b' 

"" a 

4- HMnynbCbl 

) COOTBeTCT-

- CllHHOpHble 'IBC-

J 
lfepea T (p,q ;p 'q 

1 o6oaaaqaM aMnnRTYQbi npoueccoa (Ill l 

B (IV) • Ha coo6pa)l(eHaA J 
RHB8pHaHTHOCTH cneQyeT, qTQ T 

J ( ' T p,q;p ql 
• J 

la I U(p'lr1 U(plF 1 (w,t,IV.,,) 
lei 

HaaapaaHTHhle aMnnHTYQhl 

nepeMeHHhiX: 

2 
Sa-(p+q), 

rQe 

2 
t 1--. ( q - k I+ I ) • 'I I 

J 
F 1 (w, t,.,) 38BRCHT OT 3D- I 

i :o:: 1, ••• , n-1 

q l(p + p ') 

k (p+p') 
I+ I 

HMei()T BHQ: 

(2) 

CKanapHbiX 

(3) 

BMeCTO S· yao6ao paccMaTpaaaTb nepeMeHHyJO w , KOTOpaH CBH-

aaaa c S COOTHOWeHHeM 

W
2

+m
2

-t (4) 

s (2) r 
1 HMeiOT BHQ: 

na6o (cny'lal! I) 

A 

. r2 -; < q + q ' l, 

na6o (cnyqal! 2) 
(5) 

B 38BHCHMOCTH OT B HYT!JeHHHX '!eTHOCTeit 'IBCTIIU, 



B aceMnTOTHKe aMnnHTYAbi T J C0Bll8A8~T C 8CHMllTOTH'IeCKHMH 8Mll-

neTyAaMH T.! 11 I . CoOTseTCTBy~mee aceMnToTe'lecKee easapeaaTable 

8MllnHTYAbl, BXOASII!lHe B BblpalKeHHSI BHAS (2), 6y.ueM 06<>;3H8'18Tb 'lepe3 ~ (w )00 • 

KaK e B cnyqae cKanS!pHbiX '!acTeu, MelKAY aMnneTyAaMH nponeccos 

(III) H (IV) cymeCTByeT cnetty~l!lee COOTHOW8HHe nepeKpeCTHOll CHMMeTpHH: 

Ill IV 
T 

00 
( p q ; p 'q I ) = T 

00 
( p ' , - q ; p ' - q I)* • 

(6) 

nottcTaBnHH (2) 8 (5) B (6) , Mbi nony'IHM cooTaoweaeH nepeKpecTuol! 

CHMMeTpHH MelKAY HHB8pH8HTHbiMH 8MllnHTYA8MH : 

F 
111 

(w, t ••• ) 
I 

Ill 

= F
1
v ( - w,t,.,, )* 

I '· 

F
1 

(w,t •• ) IV * = - ,F 
1 

( -w, t, ••• ) ' i ·2 ,3 ,4' 

B cnyqae I) H 

Ill IV 
F 

1 
(w,l,,,,)

00
=-F

1 
(-w,, •• )*

00
, i::sl,2;3, 

Ill IV 
F (w, t, ••• ) F (-wl* 

B cnyqae 2) , 

LlecjlljlepeaueanbHhle ceqeaeH nponeccos (Jill B (IV) 

·~-2 a 0 (w, t ... ) 
J 

at a. 2 
•• • ae n-1 

nponopueoaanbBbl sena'IHBaM 

6 

(7) 

(8) 

(9) 

J 4 J J2 J J J 
B = l: A I F 1 I + I A 

1 
Re F F * 

1=1 I PI l I 

rtte B SCHMUTOTHKe 

A =-2t+BM 2 ;A 
t 2 

(LI-+00 

2 
=2(5 ,+52) 

2 
; A

8
=2(5

1
-5

2
) 

2 2 2 2 2 ~ 2 . 2 
A 4 ~2(W 2 -t -t 1-W 1 -2m )[5

1
- 5

2
) +2(-W

2
+t+t

1
+W

1
-2m )(5

1
+ .>

1
) 

A 12 =4M(5
1 

+5
2 

l=A
21

; AuaA
81

=4M(5
1 

-5
2

); 

A =A 
14 41 

t -t+ m 2 

--25 ( 2 m 2 +2M 2 )+4(S ( 1 -M 2 )+S 
2 1 3 

2 

2 

~ 

A =2(5
2

-5
2

);A =-2M
2

(W
2
-t-t -W

2
- 2m 2 )[W 2 - 2t+ t -al 

23 2 24 2 1 I I 1 

. [ 2 2 2)[ 2 2 21 A 34 .. 2M W1 +t 1 +t -W 2 -2m 2M +W 
1
-t 

1
- 2m J 

B cny'lae 1) H 

A c2lj 
I 

A a-2(S +S )
2 

1 
2 I 2 

2 
A •-2<5 - s l a 1 2 

2 2 2][ ]2 A 4 a- .2(W 2 -t-t
1

-W
1
-2m S

1
-5

2 
+ 

2 2 2 2 
+2[W 2 -t-t 

1
-w 

1
+2m ][ 5 

1
+5

2
] 

A a2M(W
2 

+2M
2 

-t -2m 2 ], A a2M[W 2-2t+t -2 .M 2 ); 
12 1 I 13 I I 

A •25 (2m 2 +2M 2 )+4(5 ( 
14 2 I 

t -t+m2 11' 2-t+m 2 
.!..._-M 2 l+S ( 1 +M 2 

a 2 

A 2(5 2 -5); 
23 2 
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r a e B 8CHMllTOTHKe 

2 2 2 
A = - 2 t+ 8 M ; A

2 
=2(S 

1
+ 5

2
) ; A 

3
=2 ( S

1
- S

2
) 

2 2 2) ) 2 2 ~ 2 . 2 
A 4 22 [ w 

2
-t-t 

1
- w 

1
- 2m [5

1
- s 

2 
+2 (-W

2 
+t+t

1
+W 

1
- 2m )[ s 

1
+ ., 

1
) 

t 
A

14 
=A

41 
= - 2S

2
( 2m 2 + 2M2 ) +4( S

1 
( 

a cny'lae 1) H 

A 2 ( s 2 - s ); 
23 2 

2 
A --2(S -s l 

3 I 2 

7 

2 . 2 
W1 -t+m 

2 

(10) 

( 11) 



A -4 M [ W 
2 

- W 
2

- t -t - 2 m
2 

][ S - S 
2f 2 I I I 2 

( 11) 

A = - 4M[W +2m2 -1-1 -W 1
2 ][S

1
+SJ 

3f 2 I • 

s enyqae 2. 

3neeb . anH yao6cTS8 38UHeH Mbl ssenH BenH"'HHbl 

2 

n n-l el-en-1 2 
S e - 2 wll ch e e yM -t/4 + 

I 1=1 I 

2 2 W: -t+m + M 

s 
n-1 2e l n- 1 e~n-1 __ 2 __ , 

- 2 w e II ch e e y M -t/4 -
1-2 I 

· + M 2; 

2n-1 2el n-1 el -e 1 
S • -- 2 W e II c h { e n-

3 t-2 I 
y M 2 -t/4 + 

I -t+m2 
I , - ·M 

nonh3y.Heb Sbtpa>KeHHHMH (10) H (11) an.H ee"'eHHA H eOOTHOWeHHliMH 

nepeKpeeTHOif eHMMeTpHH (7) H (8), MO>KHO nony"'HTb e llOMOWbiO MeTona 

pa60Tbl /8/ aeH MllTOTH'IeeKOe p aseHeTSO naclxl>epeHUHBnhHbiX ee"'eHit if : 

a 3 n- 2 a Ill 

a1aw 2 
••• ae 

n- 1 

K aK 6bm o n oKaaaao s 161 

p ase aeTsa n o ne peMeHHbi M t 
I 

3n- 2 
a a I V 

at a w 2 ae 
n-1 

MO>KHO n pOHHTer p HpOSBTb o6e "'BeTH 3TOI'O 

w e I npH cpaKeHpOSBHHbiX 

a w2 a npocyMMHposaTb no seeM soaMO>KHbiM KaHanaM. B peaynhTa-

Te nony"'HM OKOH'IBTenbHO eOOTHOWeHHll 

a 2a( a + b ...... b , ) 

a1a w 2 

2 -a a( a +b' ...... bl 

a taw 2 ( 12) 

B qae THoeTH, a MeeT MeeTo a ea MnTOTH'IeeKoe paseHeTso na~cjlepeauaanh-

HbiX eeqeaaA n p oueeeos : 

" + + ,P-> • •• p 

+ 
K + p .... .. P 

II 

II 

" + p ... . . . p. 

K + p -> .. • P • 

' 

nn.H 3KenepHMeHTanhHOA nposepKH 3 THX paseHeTS_ aOCTBTO"'H ( 

ee"'eHHR npH aanaHHbtX 3Ha"'eHHRX HMnynhea npoToHa OTaa"'H, He P • 

pyR see oeTanhH bte Me30Hbt. B "'aeTHOM eny"'ae, Korna eHeTeMbt r. 

pO>KaaiOTe.H S pe30H8HCHbiX eocTORHH.HX, Mbl HMeeM aeHMllTOTH"'eeKI 

eTsa Me>Kny ee"'eHHRMH nepeKpeeTHbtX HeynpyrHx npoueeeoe e po>K 

pe3c;>HaHeos, HBllpHMep, 

+ + 
" + ·P'+p + p H " + ,p .. p- + p 

K+ + P -> K+ + P H K + P ... K- + P. 

CnenaeM ona o sa>KHOe aaMe"'aHae . Eena I 6bt Mbt paeeMoTpen11 

30H, K -Me30H H apyi'He pe30HaHebi KBK eTa6HnbHbie qaeTHUbi, 0 

Mbte KSBHTOSbiMH non.HMH, TO Mbl nony"'HnH 6bi aeHMllTOTH"'eeKHe 

sa ee'leHHif 3THX pe30H8HeOS HenoepeaeTSeHHO H3 peaynhTBTOS pa 

OnaaKo Mbt noKaaanH, 'ITO s nelleTSHTenbHOCTH s T~~OM \ ;;e onpa· 

npennono>KeHHH HeT aeo6xonaMoeTa. 

3. Meaoa-6apH OHHoe e TonKHoseaae: po>KneaH e 

6ap HOHHbiX pe3 0H8Heos 

T en epb n epe l!n eM K enyqaiO, Kor na qaeTHUbt H a I 

1/2 , a 'IBeTHUbl b b , 
H a 2 • • • a n HMeiOT ay nesol! c 1 

paH.HH npa 3 TOM npe>KHHe o6oaHa"'eHHR nnR HMnynhcos. B aTOM en: 

ueee Tana (I V) He peanaayeTe H Ha OllbiTe, SMeeTO Hero sse, 

ueee 

a +b ~ a 1 T •• , + a + 

MBTpH'IHbiH aneMe HT KOTOpOI'O S e any 

HOMY an eMeHTY n p oueeea (I V) , 

C - IIHSBpHBHTHOeTH p a s e 

M a Tp H'IHbte an eMeHTbt 3THX npoueeeos HMeiOT s an : 

TJ ( p, q ; p ' q I ) =U(q l ) MJ ( p q ; p ' q I ) U(q), 

J 4 J 
M (pq ; p ' q l = ~r r (w,t • • l 

I 1=1 I I 

:) 



( 11) 

+ M ~ 

1 -t+m~ 

+ ~~"---- · - · M 

•'leHHli H COOTHOllleHHSIMH 

HTb C !IOMOlllbiO MeTOAB 

lHBnbHblX Ce'leHiili: 

HpOBBTb 06e 'IBCTH S T OrO 

!IpH tjJHKC!!pOBBHHblX 

>lM KaHanaM. B peaynhTa-

,,b) 

( 12) 

paBeHCTBO AHtjltjlepeHUH Bnb-

• • P , 

•• p • 

i 
f 

llnS! SKC!IepHMeHTanbHOll npoaepKH STHX paBeHCTB. AOCTBTO'IHO H3MepHTb 

Ce'leHHSI !IpH 38A8HHhlX 3HB'IeHHSIX HM!Iynbca npOTOHa OTAB'IH, He perHCTpH

pySI ace ocTanbHbte Me30Hbt, B 'laCTHOM cnyqae, KOrAa cucTeMbi Me30HOB 

p0}1(/l810TCSI B pe30H8HCHb!X COCTOSIHHSIX, Mbl HMeeM BCHM!ITOTH'IeCKHe paBeH

CTBa Me}I(AY Ce'leHHSIMB nepeKpeCTHb!X HeynpyrHX ·npOUeCCOB C pO}I(AeHHeM 

peac;>HBHCOB, HB!IpHMep, 

+ + 
" + .p .. p + p H " 

H 

CAenaeM OAHO BB}I(HOe aaMe'laHHe. EcnH i 6ht Mhi paccMoTpen8 p -Me-

aoH, K -Me30H H ApyrHe pe30H8HCbl KBK CTa6HnbHble 'IBCTHUhl, O!IHCblBBe-

Mble KBBHTOBblMH !IOnSIMH, TO Mbl nony'IHnH 6hl BCHM!ITOTH'IeCKHe paaeHCT-

Ba Ce'leHHll STHX pe30H8HCOB HenocpeACTBeHHO H3 peaynbTBTOB pa60Tbl / 5 / , 

0AHBKO Mbl !IOKaaanH, 'ITO B AeliCTBHTenbHOCTH B TB~OM '·, He O!IpBBABHHOM 

3. MeaoH-6apHOHHoe cTonKHOBeHHe: pmKAeHHe 

6apHOHHhlX pe30H8HCOB 

T e n e pb rrepeliAeM K cny'la!O, K Or Aa 'IBCTHUhi II a 1 I! Me!OT CliHH 

1/2 , a 'IBCTHUbl 
b b, 

H HMeiOT Hyneaoll crmH , cox-

paHSIH rrpa aTOM rrpe}I(HHe o6oaHa'leHHH AnH HMrrynhcoa. B a ToM cny qae npo-

uecc Tarra (IV) He peanHayeTCH Ha O!IbiTe, BMeCTO Hero BBeAe M npo-

uecc 

+ b ( v ) 

M8Tp1!'1Hblll sneMeHT KOTOporo B CHny 

HOMY s neMeHTY rrpouecca (IV) · 

C - I!HBBpl!aHTHOCTH paBeH MaTpH'I-

MaTpH'IHhte sneMeHThi STHX rrpoueccoa HMeiOT BHA : 

TJ (p,q ; p ' q I l =U ( qi)MJ (pq ; p'q I) U( q). 

4 J 
MJ( pq;p' q l = Lr

1 
F

1 
(w, t •• l 

I 1= 1 

(13) 



r.ne · rl MOlKHO Bb16p8Tb cne.nyJOIUHM o6pa30M: 

cny'lall 1: 

r,=l, r2ai(;+;')J ra o: i(p"'-;·h r. c(;+;')(;-p"''l: 

c ny'lall 2: 

(14) 

A A A A AA A"" 

r 1 · r 6 ; r 2 --iy 6 <p + P '>; r 
3 

--i y
6 

<p-p 'l!r
4
- y

6
<p+ p ' >< p-p ' > 

J1 crronb3YSI MeTOA pa60Tbl 
181 , Mbl MO>KeM yCT8HOBHTb Cne.ny JOinee COOT

HOWeHHe rrepeKpeCTHOII CHM MeTpHH Me >KAY 8MllnBTYABMH llpOUeCCOB (Ill) 

H (IV): 

III 
M ( , [ -1 v , l 

p q I p q I ) • y 4 C M ( p • -q ; p • -q I ) C * y 4 • 

rne C - M8TpHU8 38pS!.llOBOrO COllpSI>KeHHSI 

-1 T 
c y c - -y 

ll ll 
, C T,. -C 

(eM, TBKlKe /9/), no.ncTaBnSISI (13) B (14) B (15), Mbl rrony'laeM 

Ul 
F (w ,t ... ) 

I 

1+1 v 
• (-ll F I (-w ,t , , ) * 

( 15) 

(16) 

( 17) 

He38BHCHMO OT 'leTHOCTeli '18CTHU, naBTOpSISI Te >Ke paccy>KAeHHSI, KOTOpb!e 

llpOBOAHnHCb B CBII3B C ( 12) 1 Mbl HMeeM: 

iJ2a (b+a-+b'+,.,) 
III 

oto w 2 

a 2 • , .. > a v< b ·+ a -+ h+ ... 

iJto w 2 ( 18) 

8 '18CTHOCTH, HMeeT MeCTO BCHMllTOTB'IeCKae paBeHCTBO AH~peHUH-

8nhHbiX ceqeaall rrpoueccoe: 

TT++P-+TT++ .. , B TT + p .. " + •• • , 
+ + 

K +P-+ K + ... H K + P ... K + ... 

10 

TT++P~K++ ••• 

+ 
K 

+ + p ... TT + ... 

H 

H 

K +P ... TT + ... , . 

TT + p ... K + 

Ecna >Ke p accMa T p HBaTb po>K.neua e c HC T eM 6ap1:oa-Meaou B pe:= 

COC T OSIHHSIX1 T O HMeeM , H8 llp HMep, paBeHC TBO A HqxpepeHUH8 n bHbiX Ce'!o 

rrpoueccoe : 

+ H + + I'; 0 77 ++ P -+ 77 L- P+77 - +i'l + 0 , , 77 + P -+ 77 I..-.- P+77 

+ Y*+ + 
TT + + p ... K + '-A+ 77 H * + + 77 + y + K + P -+ L- ,\ +77 

4. Eapaou- 6 a pHOHH bie CTOnKHOBeHBR 

PaccMoTpHM Terrepb cny'lali, Korna 'IB CTHUbi a( :), b(b) •a (,:' 
' I 

H b'(b,.') HMeiOT CllHH 1/2, a '18CTHUbl 8 (: 
2 2 

••• , a ( a• HM 

neeoli crrHH. 

Me >KA Y aMrrnHTYABMH rrpoueccoe ( Ill l H ( V) cymecTeye1 

HOWe HHe, 8HanorH'IHOe (15), J1a C006pa>KeHHli HHB8pH8HTHOCTH cnenyo 

8MllnHTYAbl 
J , ) M (pq;pq I HMeiOT BH.ll: 

III 16 - III 
M ( p q ; p 'q 

1 
) = I. r ( ; i U , ( P ') r <cil U ( p) F ( w , t , -) , 

lzl I b I b I 

M v (pq;p'ql 
16 A - A V 

-I.r
1
<plu (p'lr (qlU !plF <w,tl, 

1-1 b I t' I 

.. 
r.ne rl < pl MOlKHO Bb16p8Tb He38BHCBMO OT 'leTHOCTell 'IBCTBil: 

rl <;> 
A A A A A A A A A• AA 

,.JJ,l,l,l,ip1 ,ip 1 ,ipl'ip 1 ,ip2.,ip 2 ,ip 2 ,ip 2 • Pt1'2• Pt1'2• P 1P1 P 1 

a rl ( q"'); 

nu6o (cnyqall I) 

11 



A A A ~ 

r ... r e < P+ P , > < P - P , > 
( 14) 

TaHOBHTb cneayiOIUee COOT

[laMH npoueccoa (III l 

( 15) 

(16) 

, Mbl nony'IaeM 

• ) * 
( 17) 

paccyJK)leHHll, KOTOpble 

.. 
- +a~ b-t ••• ) 

r 2 ( 18) 

paBeHCTBO llHtl><l>epeHUB-

• • • • t 

t ... 

+ 
K 

+ 
+P ~ 11 + ••• 

H 

H 

K + p -+ rr + ••• , , 

11 + p ~ K + 

Ecnn >Ke paccMaTpnaaTb po>Kaeane cncTeM 6apJ:oH-Me30H a pe3oHaHCHbiX 

COCTOSIHHSIX, TO HMeeM, HanpHMep, paBeHCTBO llHtl><l>epeHUHanbHblX Ce'IeHHil 

npoueccoa: 

H 

11 + p ~ 11- + 6 + 
L,..__p+11 0 ' ' 

K++P~11+Y*+ 
L--,\+11+ 

4. BapHOH- 6apHOHHble CTOnKHOBeHHSI 

PaccMOTpHM Tenepb cnyqall, xoraa 'IaCTHUhi 

H HMeiOT CllHH 1/2, a '!aCT HUb! a (: ) .... , a 
2 2 

HMeiOT Hy-

neaoll cnHH. 

Me>Kay aMnnHTyllaMH npoueccoa (III l H ( V) CyiUeCTByeT COOT-

HOWeR He, aaanorH'IHOe ( 15). 113 C006pa>KeHHll HHB8pHaHTHOCTH cneayeT, 'ITO 

8MnnHTYilhl M J ( p q ;p 'q ) 
I 

HMeiOT BHil: 

Ill 16 A liJ 
M ( p q ; p ' q 

1 
) = I. f' ( p i U , ( P ') f' <<i'> U ( p) F ( w , t ... ) , 

lei I b I b I 

v , 
M (pq;p ql 

16 A - A V 
-I.f'

1
(p)U (p')f' (q)U (p)F (w,t), 

t-1 b I t' I 

rlle MOlKHO Bbl6p8Tb He3BBBCHMO OT '!eTHOCTell 'IBCTHU : 

a rl (q .. ): 

no6o (cnyqall 1) 

11 

( 19) 



r
1 
(~l-l1,i<},iKA,Q~,1,iQ,i~,Q~,1,iQ,i~,Q~,1. iQ,i~.Q~ I, 

111160 ( cny'!alt 2 ) 

r, <~l -1 y. ,;oy. ,iKy . 'Q1y . y ,i()y ,iKy . oKy . y .iiSy , iKy . orr . y • 
•• 5 56 55 55 55 55 

iQ y • iKy • QK y I . 
5 5 5 

A A A 

p = p+p'; 
I 

,. A 

p c p -p 
2 

A A 

Qmq +ql ; I( =q-q I 

l-13 ycnOBHit nepeKpeCTHOil: CHMMeTpRH (15) cnenyeT, 'ITO HHB8pHaHTHble 

8MllnRTY.Qbl ynosneTCI)pSIIOT cne.QyiOIUHM COOTHOilleHRSIM; 

B cny'lae 

B cnyqae 

v Ill 
F (-w, 1 .. ) * • F ( w, 1) , ~ 1,6,7,8,9,14, 15, 16, 

t oo I oo 

v 
F I <-w l* =- F

111
(w) 

I 

2 

v Ill 
F ( -w ) * ~ F ( w 

I = I 

Fv (-wl * =-F 
Ill 

(W) 
I 

i c2,3,4,5,10,11,12,13; 

i=4, 5,6, 7, 12, 13 ,14 ,1 5 . 

• i =1, 2 ,3,8,9,10,11,16. 

(20) 

(21) 

Bbt'IHCnHSI nncjlljlepenunanbHbie ce'leHHSI, ncnonhaySI cooTHOilleHHSI nepeK

·pecTnoll CKMMeTpnn (20) H (21) n npnMeHSISI paccyJKne nKSI, ananorK'IHbte 

npe.Qbi.QylUeMy, MOlKHO yCTaHOBHTb 8CHMllTOTH'IeCKOe paBeHCTBO npOUeCCOB 

Ill H v 3aMeTHM, 'ITO B CHny C - HHB8pK8HTHOCTH Ce'!eHHSI npOUeCCOB 

IV H V paBHbi, T aKI!M o6paaoM , 

2 ') 2 .. .. a alll( a +b -+ ... ~. a av<• +b'-+,.,b) 
~ ------

a 2 <.. , A l a IV a + b -+ a 
1 
•• h 

a ,a w 2 a1a w 2 
JtJW

2 

B 'laC THOCTH, KMeiOT MeCTO pasencTaa .QKcjlcjlepeHUI!anbHblX Ce'leHn ii : 

"' p+p-+ •. • +p I{ p+p-> ... +p 

p ~ p ... p • •• H P ,. r ... P + ... ' 

12 

p + p ... n • •• H "' "' n + p-t .p+ ••• 

p+p-+p + 
A+ 1t11 r::s + 
'-' o up+p ->p+l'l o 
'----+ J>+'T L-. TT + p 

p+p-+1'::.+ +p 
"'+ 

H p+p -+f'l +p . 
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p+ p -tn ••• H 
~ ~ 

n + p ... _p+ ••• 

p+p-+p + 
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