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( B nocneuaee speMH nosiBnSieTCS! MHoro pa6oT, B KOTOpbiX aei1Tpoa-npOTOHH bie 

KpppenS!UHH B nerKHX S!AP8X p8CCM8TpHBBJOTCS! M6TOAOM o6o6meHHOrO K81'0HH'IeCJ{OrO 

npeo6paaosaHH SI. 

/1,2/ 
J.1cnonh3YS! pa3nll'!Hbl6 K8HOHll'leCKHe npeo6pa30B8HHS!, H6KOT0pbl6 8BTOpbl 

nony'IBJOT pemeHHS! co menhJO B 'IBCTHOM cnyqae ( N = Z ) , upyrHe >Ke rronyqaJOT 

/3,4/ 
AnSI 3TOrO Cnyqag 6ecmeneBbl6 pemeHHS! • noMHMO 3TOrO H6COOTB6TCTBHS! OCTa-

JOTCS! HeBbiS!CH6HHblMH BOllpOCbl BnHS!HHS! HB nony'!eHHble pelll6HHS! :;,<jJ<j>eKTOB 38ll8-

3UbiB8 HHS!, BOllpOCbl MHHHMyMa nonaolf 3HeprHH H T. A . 

B uaaaoll: pa6oTe aell:Tpoa-npOTOHHbie KoppenS!UHH HccneuyJOTCS! ABYMS! paanH'I

HbiMH M6TOA8MH: M6TOAOM o6o6meaaoro KBHOHH'I6CKOrO npeo6pa30B8HHS! H M6TOAOM 

<jJyHKUHll fpHHB. npH 3TOM npOS!CHSlJOTCS! BOnpOCbl, OCT8JOlllH6CS! B T6HH npH paauenh

HOM npHM6H6HHH 3THX M6TOAOB. noK838HO, 'ITO: 

I) yqeT :;,<jJ<j>eKTOB aanaaubiBBHHS! ae npHBOAHT K HC'!eaaoseHHJO p elll eHH S! ae-

csepxnpoaouSimero THna; 

2) ypaBH6HHS! AnSI KOppenS!UHOHHbiX <jJyHKUHlf AOllYCK8JOT TpH pa3nH'!HblX KnBCC B 

pellleHHlf COOTBeTCTBYJOlllHX: 

I . TOl!{uecTseaao HC'!eaaJOmell n p KOppenS!UHOHHOlf <jJyHKUHH; 

II To>KuecTBeHHO KC'!e3aJOlllHM PP H nn KoppensmHOHHbiM <jJyHKUHS!Mj 

III TO>KA6CTB6HHO H6HC'I63810lllHM p p , n n H n p KOppenS!UHOHHblM <jJyHKUH5lM. 

3) npH ( N ~ Z) ypBBHeHHS! ung KOppenS!UHOHHblX <jJyHKUHll HMeJOT pellleHHS! Knac-

CB Ill 

n n H np 

TOnhKO llpH BbinOnH6HHH cneuyJOlllero COOTHOllleHHS! M6>KAY <jJB38MH ppt 

KOppenSIUHOHHblX <jJy¢UHlf: 

¢= pp+¢nn _ ¢ =O. 
- 2 n p 

B cnyqae ( N = Z) pellleRHS! Knacca 

lK8lfllleM paCCMOTpeHHH cnyqalf </> = 

Knacca I. 

III 
IT 

2 

B03MOlKHbl T BKlKe npH cf> = .!!..._ • npH 6nH-
2 

OK83biB8eTCS! 'IACTHblM cnyqaeM pellleHHii 
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CnyqaH I , II III 8HBnH3Hpy!OTC51 C TOqKH 3peHB51 MHHHMyMB ITOnHOli 

311eprHH. npa 3TOM cnyqati III OK83biB8eTC51 B 3HepreTB'!eCKOM OTHOllleHHH HBH-

Menee 6narorrpBHTHbiM acneucTBHe nanHqHg HHTep<jlepeHUBH MelKuy pp , nn a 11p 

KOppenSIUHOHHblMU B38HMOUeliCTBHHMH. npH ITapHOif KOHCT8HTe np B38BMOueitCTBHSI 

I G 1 MeHbwe!i neKOTopoti Kp!!:TH'!ecKoii : G I , snepreTHqeCKH abrrouen cnyqati I 
0 ' e 

a npH I G I > I G j-cnyqaii II a _ e 

PaccMoTpHM cacTeMy rrpoTonoa H HellTponoa, aaaHMoueficTByiOI.UHX nocpeucTBOM 

ITLlpHblX CHn B S =Q, T = 1 COCTOSIHHH. raMHnbTOHH8H T8KOM CHCTeMbl B rrpeucTaB-

neHHH BTOpH'lHOrO KBB!ITOBBHHSI HMeeT BHU: 

H I t a+ a +...2._I 
k k ar k ar 4 

a a' ( G ( k k') a+ a +-a ,_ a , , + 
r k or k or t: a r k u r 

+ + {1) 
+G

0
(kk') 

a k or a 1:: ;;; at ';'?8 k 'u'r' ] · 

3uecb: c k -ouuoqacTH'!Hbie ypoaHH snepraH, 

a, r -!TpOeKUHH CITHHB H H30CITHHa, 

G (kk'),G (kk')-KOHCTBHTbl pp 
r o 

nn H np rrapHbiX CHn, a • -·a, r"-r H T.u. 

nocneuyiOI.Uee H3nOlKeHHe SJBnSJeTCSl pacrrpOCTpaHeHHeM Ha UBYXKOMITOHeHTHY!O 

CHCTeMy <jlepMHOHOB <jJOpManB3M8 tPYHKUHH rpHHa unSJ OUHOro COpTa 'IBCTBU, OITBCBH-
/5/ . 

noro a 

BaeueM HOBbifr HnueKc p , paanH'!aiOI.UHi! orrepaTopbi polKueHHH H ynHqTolKeHHH: 

ap 

k ar {

.a k ar 

= + 
a 

!TpH p = 1 

rrpH p =-1 
k a r 

0UHO'IBCTII'IHY!O tPYHKUII!O rpHHB orrpeuenSieM cneuy!OI.UHM o6pa30M: 

p I p 2 
G ( t , t ) "' G ( k, t , k t ) = -i exp ( i ( p ll 

12 I 2 a a I I 2 2 I r 
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\
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<0IT! a PI (I ) 

k a r 1 
I I I 
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k a r 2 

2 2 2 

+ p 2 IL r 
2 

2 ) l 

3uecb 11 I , I"T -XHMH'IeCKHe ITOTeHimanbi rrpOTOHHOH H neliTpOHHOli CHCTeM. 
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kr 
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CyMMHpoaanHe a (2) rrpoa2 

¢yHKUH!O g ( t • t ) ' 
12 1 2 

g (t • t ) = 8 
12 I 2 

nepaoe cnaraeMoe a (3) c 

aTopoe lKe onpeuenHeTCH a: 

¢ypbe-o6pa3bl tPYHKUH 

o6pa3oM: 

G (w , w ) = 
12 I 2 2rr 
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g I' ( w I' W 2) = --

• 2" 

YqHTblBBSI TO, qTO <jlyHKUHSl 

apryMeHTOB, IJOCTynHpySl UI 

oapH8HTHOCTH OTHOCHTenbHC 

caTenbHO orrepaUHH o6pawe1 

ueKCBM k '!8CTSIMH tPYH 

aHue: 

Gl2(w,, w2)=8(plal+p2 
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3peHHH MHHHMyMa ITOnHofi 

'eTH'IeCKOM OTHOWeHHH HBH-

lHH MelKAY PP , nn H n p 

T BHTe n p B38HMOilelicTBHH 

reCKH BhiroAeH cnyqafi I 

MO/lel1CTBY!Oll!HX nocpellCTBOM 

KOii CHCTeMbl B rrpeACTaB-

Ur a k 'Ur at' o'r + 

( 1 ) 
'u'r' ] · 

u • - ·a , r !!! - r H T • .Q . 

!eM Ha llBYXKOMIIOHeHTHy!O 

JrO COpTa 'IBCTBU, OIIBCBH-

'' polKAeHHH H YHH'ITOJKeHaH: 

) ~ 1 

~-1 • 

6paaoM: 

) l 
2 

HefiTpOHHOJ;i CHCTeM. 

)G (t ,t )= 8 (2) 
32 ! 2 12 

) 

rne 

CyMMHpoeaHHe 

<!J yHKUHJO 

f ~ ( 
kr 

+ G ( k k ) + 1 
2 

G (kk). 
0 

g12 (t1,t2) = 8 ( t1-t2) g 12+ Bg 12 (t1-t ) • 

(3) 

n e peoe cnaraeMOe B (3 ) COOTBeTCTByeT pacnpOCTpaneHH10 CB060ilHbiX KB83H'IBCTHU, 

BTOpoe lKe OIIpenenHeTCH B38HMOileikTBH eM Me)KAY IIHMH. 

<l:>yphe-o6pa3hi QJYHKUHH G 
12 

( t 
1 

, t 
2 

) H g 
12 

( t 
1 

, t 
2 

) orrpenenS!eM cnenyiOll!IIM 

o6paaoM: 

G12 (w 1 ,w
2
)= 

2
" (dt dt G (t , t )exp(i(p\ w t + p w t ) 1 

1 2 12 1 2 i 1 1 2 2 2 

g 12 ( w 1 • w 2 ) = -t; r d t 1 d t 2 g 12 ( t 1' t 2) exp r i ( p 1 w 1 t 1 - p 2 w 2 t 2 ) 1 • 

Y'IHTb!BB H TO, 'ITO QJYHKUHSI G ( t , t ) 
12 1 2 

38BHCHT nHlllb OT pa3HOCTH apeMeHl!blX 

apryMeHTOB, IIOCTynapyg A nH BOnHOBOH QJYHKUHH OCHOBHOPO COCTOHHliH CBO!lCTBa Hll-

BapHBf!THOCTH OTHOCHT e nhHO apall!ef!Hfi B 06bi'I HOM H Cl!HI!OBOM IIpOCTpBHCTBBX OTH0-

/6/ 
CHT enbHO onepaUHH o6pameHHH BpeMeHH H npeHe6perag HeAHBrOHBIIhHblMH l!O HI!-

lleKCBM k 'IaCTHMH ¢YHKUHH fpHHa, npeacTaBHM G 
12 

( w 
1

, llJ 
2
1 a cn enyiOll!eM 

BH/le : 

) 8 Fr1+r2 (w )+8 
w 1 = p p p 1 lk 1 1 p p 

1 2 1 2 

n epeXOilH K <!Jypb e - o6pa38M B (3) H HCIIOnh3YH ( 4), y6elKil8eMCH, 'ITO CTpyK-

Typa l1 p 2(wk w , k who HHileKCaM p k a r w HlleHTH'IHa cTpyKType G 
12 

( w 
1
, w 

2
) : 

a J 
r 1 r 2 
1 2 

PIp p p 
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2
(k w ,k w )c8{p a +p a )(8 -p p 8 - )8( p w +pw )8 g 1 2(k

1
w

1
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a
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a 
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a 
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1 
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1 

1 1 2 2 k 
1 

k
2 

r 
1 

r 
2 r r 

1 2 

rne 
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g 1 2 
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HaKOHeu, nepeXOAll B ypaBHeHBH (2) K 4>ypbe-o6pa3aM, UOACT8Bn5!ll ( 4), (5) B 

onycKall, pana yno6cTea, sanexc k , nony<raeM: 

rne 

g = 

~ 

F~ 

g r 
~ 

B 1 

r 
"' -r r -· g 1 

r 

. 
r 

-g 2 

-r 

-go 
I 

0 
-g2 

-g2 cu+r,+g1 
-o -g 

2 
io 

I 

0 
-g 

I 

0 
-g 

2 

(n F' ., F r ( cu) , 
I 

g',.g (cu), 
1 I 

-o -g 
2 

~ 
I 

"'-r--g' r 1 

-gr 2 

i-( D 

r 
-g 

2 

-r cu+r,-+g1 

-, r 
F " F (-cu ) 

l I 

g' " gr (-"' 
I I 

H T,A, 

p p 
PanH nonaoTbi KapTHHbi npaseneM Bbtpa)!{eHBe nnll <PYHKUHII g I 2 ( k "') 

r r 
I 2 

g p l p2( k , cu ) c g p I p 2 ( k ) + 8 g p I p 2 ( k , cu ) 
r r r r r r 

I 2 I 2 I 2 

PP r+r r+r g I 2 (k ) c p 8 _ g I 2 + 8 g I 2 
r r 1 p p lk p p 2k 

1 2 I 2 I 2 

(6) 

(7 .1) 

(7.2) 

g r =-i G (k k )[ F r ( 0 +) + F r (0-)] + .!__ G (k k )[ Fr (0+) + Fr (0-)] (7.3) 
lk r lk lk 2 o lk lk 

g
0 

ziG (kk)F
0 

(0) 
lk 0 1k 

(7.4) 

6 

g"1+'2=-i~ Gr+ 
2 k I 

pp' i p 
cg ,(k,cu)---~p fd 

rr 2" I 

x [ G, (k k ") G~1pr (k"cu 
I I 

3neCb <jJyHKUIIH 

B3811MOAeikTBI!e MelKAY 

<jJyHKUIIM F 

Fr 
I 

3neCb /). I 1 -MI!HOpbl C 

113 neMBHOBCKOrO 

<jJyHKUIIM F ne>KaT BO 

HO npeLICTBBHTb B BHUe: 

L\1 

B cnyqae 3apHnoeoi1 CH 

r 
g I " gl f 

4>yHKUIIll ¢ ( cu2) • ¢ ( 
I T 

¢ ( "': 
I 

¢ 
T 



UO.QCT8Bn!ISI ( 4) 1 (5) H 

(6) 

0 -g 
2 

g-o 
I 

'r r 
'I - g 

2 

cu+ f- + -r-
r gl 

) 
cu ) 

H T.!l. 

IH 

\k' cu) (7.1) 

(7.2) 

)[F' (O+)+F' (0-)] (7.3) 
lk lk 

(7.4) 

3neCb <jJyHKUHSI 

B38HMOJ:IBHCTBHB MB)!{J:IY 

<jJyHKUHH F : 

ti ll 

t. 

3necb t1 1 1 - MHHOpbi onpenenMTenst 

tl 12 

(7 .6 ) 

OIIHCblBBC T 

H T.J:l. (8 ) 

MBTPHllbi g 

Yla neMBHOBCKoro paano)!{eHHSI anst <jJyHKUHll G
12

(cu
1
,w

2
) cnenye T, <;TO nomo ca 

<jJyHKUHH F ne)!{BT so BTOpoM a <;eTsepTOM KaanpaHTax. Onpeaen HTen~ tl MO>K-

HO npeJ:tCTBBHTb B BH}:le : 

8 cnyqae 38pSIJ:tOBOH CHMMBTPHH ( N ~ Z, G r ~ G 
0

) HMeeM: 

t~t"'" g' =go.,g 
I T 2 2 

gl (w2) + w g (w2), go= go (w2)+ w go ( w2). 
e 10 I 1 e 10 

<l>yHKllHH cp ( W 
2 

) pBBHbi B 3TOM cnyqa e 
T 

((;; 0 2 2 
+ gl o + gle) + 4 g 

¢ 1 
( w 2) 

(1-g -go ) 2 
I 0 I 0 

<; + g -
0 

r"' 2 l ~c 
I e g I e 

) 2 ¢ 
T 

g - g 0 1 + 
1 0 I 0 
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Qqesnnao, qTo peweang ypasaeanfi w
2
e¢ (w

2
) H 

1 
w

2
u¢ (w

2
) 

T 
onpene-

ng!OT KB83HqaCTHUbl, aaepreTaqeCKHH cneKTp KOTOpblX conep*HT KOHeqay!O ruenh 

2 g -..:;__---,
0
::-\ B nepBOM cnyqae H He conep*IIT ruenn so BTOpOM• 

-glO-glO 
npeae6perag 38BHCHMOCTb!O <jlyHKUHM g OT qaCTOTbl, nonyqaeM: 

r o 
g2(w) .. gr' g2(rw) .. go' 

r 
g 1 "' 0 • g ~ .. 0 

3necb: 

¢ ( w 
2

) .. ¢ " w 
1 I 0 

2 -¢ (w 2) ., ¢_ 
T I 0 

1 w2 
r 
m-(A+rB), r = ± 

2 

A=t
2
+t

2
+ g 

I T 
+g2+2g2 

T 0 

B=Ht2+ g 2-t~·-g 2] 
I I T T 

+4g
2

[(t -f )
2

+ 
0 I '!' 

2 
w 

T 

gl + gT)2 ) 11/2 

CoOTnoweang (8) BbirnSingT npn aToM cneny10runM o6paaoM: 

2 2 2 2 ) 
(w+t )(w -t--g;-)-go(w+tr {91) r r r _ • 

F = 

I 6o(w2) 

2 2 2 2 

r g,(w-t,-g,-)+gogr (9.2) 
F = 

2 2 
t-. 0 ( w ) 

2 

( W + f r ) ( W -fr) + g 1 g T-go (9.3) 
FD = g 

2 o 6o(w2) 

F
0 

= go 
I 

( W + f 
1 

) g T + ( W + l T) g1 

l'lo(w2) 

6 (w
2
)=(w

2
-w2)(w2-w2) 

0 I T 

(9.4) 

YqeT aasncHMOCTH <J>yHKUHH g OT qaCTOTbl MO>t:e'l' npHIJeCTH HnH K H3MeHe-

HHIO KB83Hqac·raqaoi!: anepi'Hil ( B :9TOM cnyqae Yf.>81Hl0i!He W 
2

= </> ( W 
2 

) HMGGT 

8 

l, 

\ 

TOnbKO onHH KOpeHb) HnH *e 

HeCKO/lbKO KB83HqaCTHU C 9H• 

nycTb ypaBHeHHe tJ. ( W 
2 

) e 0 

6(w2)m(w2-w 2)(, 
1 

11aTerpnpyg cncTeMy Yl 

3necb: 

IF' (0+) 
lk 

r 

< 

-I F (0-) e 

lk 

r 
-IF (O)=o< 

2k 

-tF
0

(0) 
2k 

0 < 

F
0 

( 0 ) = < 
1k 

r 
flk(wm)"F 

CooTaoweang (10.1)-{10.4) 

f O ( r w ) paBHbl CTBTHCTIIqE 
2 m 

nbipKax cop'l'a r 1 B KOHA• 

TOHHOM KOHneHCHpOB8HHOM n 

Cneny!OIUHe cooTaoweH 

f r 
2 

[ fo ( 
2 

0 
[ f 

1 

\13 COOTHOWeHBH (11.: 

HblX nap qaCTHU COpTa 



B6JIH3H rpa HHUbl <l> epMH 't8CTHU COpTa H B npoMe~yTKe Me~AY rpaHHU8MH <l>ep-

MH npOTOHHOA H HeflTpOHHOH CHCTeM. ITpe He6peraH 38BHCHMOCTbiD ~YHKUHA g OT 

'taCTOTb l CT8HJIBp T H b lM o6pa30M, nonyqaeM ypaBH6HHH JIJIH K OppeJIHU.IIOHHbiX ~YHKUHH 

H 'tHcna q acTHU copT a : 

g k r ~ 

2 

"' "' + • r G ( k k ") ( g I T - g r 
r r 2 w c.> (c.> + ruT ) ru ru ( w + "' ) 

g:-glgT J (12 . 1) 
k" 

N 

I T I I T I T 

2 
ww+ct+g -g g 

g = - }; 
k 0 

G (kk")( IT IT 0 I T J 
o go k" 

r ~ L [ 1 
2 

- c r 

2"' "' ("' + "' I T I T 

2 2 
c..>lcuT+ 'r + gr 
"' "' ( "' +"' ) I T I T 

2 

g 0 

( -'-

r ] 

"' "' ( "' + "' ) k I T 1 T 

( 12.2) 

( 12.3) 

i1HJI6KC k , CT051IIUIA 11pH KB8ApBTHbiX CK06KaX B (12.1)-(12 .3) 1 03HB't86T, 'tT O 

B 6nlf'tHHbl, CT051111H e B CK06KaX, OnpeA6 JI51IDTC51 Ha60p0M KB8HTOBbiX 'tHCen k 

8 cnyqae , KOT'J18 MaTpH'tHbie :a n eMeHTbi n apHbiX CHJI 51BJI51IDTC51 KOHC T 8HT8M H : 

G, (k, k") " G, , G
0
(k k" )"' G

0
, 

ypaBH6HH51 (12.1), (1 2 .2) HM610T cneAyiDIIlHH BHA: 

3AeCb 

g, G r c, 

go ., G 
0 

g 2- g g 

G, I [ gr 

2 

w I"'T + f r 

2ru 
I 

- g,
"' ( "' +"' ) 

0 I T J 
2"' "' ( w +"' ) k 

T I T I T I T 

"' "' + ( ( + 
2 g - g g 

c = -G o g o I [ 
I T I T 0 I T 

0 
2ru "' ( "' + w ) 

I T I T 

C =Ia< O j a + a + _ JO>. 
r
1

+r
2 

ka r
1

kar
2 

CHcTeMa ypaBHe HH fi (13 ) norrycKaeT cnenyromse TpH Knacca p erneHsfi: 

C = 0 , C , C Tf 0 
0 I 

10 

( 13.1) 

( 13.2) 
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m c 

PeanH38UHH Taro HnH 

HOA B 6JIH'tHHbl MHHHMyMa no 

B38HMOJI6HCTBH51 H nonHa51 :3 

HH51 ( T . e . npB npeHe6pe~eHI 

T = I c [ 1 -

v 
lnt 

"' "' + ( I T 

3 neCb H B J18Jibll6HllleM: 

( = 

g± 

ITpHM e HHM T e n epb ~a: 

( 1 , n , m . B nocn 

cqHTaeM PP. , nn H np 

B :aTO M cny<tae CHC T 

ITOACHCT6Mbl: 

2 
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fTKe Me)Kay rpaHHU8MH <!Jep-

:HMOCTbJO QJYHKUHli g OT 

.nSI KOppensUU!OHHbiX QJYHKUHli 

g 2_ g g 
__ o __ I:.._T:___ 1 ( 12.1 ) 

"' "' ( "' + "' ) k" 
I T 1 T 

f -'
r 

------1 
"' "' ( "' +"' ) k I '!' T 

( 12.2) 

( 12.3) 

- ( 12.3) 1 03H8'I8eT, 'ITO 

l8HTOBbiX 'IHCen k 

SIBnSIIOTCSI KOHCT8HT8MH: 

g 2- g g 
0 l T 

------1k (13.1) 
2"' "' ("' +"' 

l '!' l 7' 

g g T 
( 13.2) 

Knacca p e weHHil: 

n C 0 ~0. C 1 ,c'!'~o 

m 

PeanH38UHSI TOI'O HnH HHOI'O cnyqag ( I • II • m ) 38BHCHT OT OTHOC!iTenb

HOli senH'IHHbl MHHHMyMa rronHOH 3Hepl'HH B K8)KAOM H3 't'pex cnyqaeB . 3Hepl'HSI 

B38HMOAeliCTBHSI H liOnHaSI 3HeprHSI, Bbi'IHCneHHble 6e3 y'IeTa a<jJ<jleKTOB 38li83AbiB8-

HHSI ( T.e. lipH rrpeHe6pe)K6HHH 38BHCHMOCTbiO <jlyHKUHfi g OT 'I8CTOTbi), p aBHbl: 

v (14.1) 
lnt 

Eo = T + V tnt 
(14.2) 

T = I r [ 1 -

"' "' (w + "' ) I '!' I '!' 

( + ( 
I '!' ( = 

2 

npHM6HHM Terrepb QJOpMynbl (14.1), ( 14.2) K KB>I<AOMY H3 Tpex cnyqaeB 

(I , n , m . B rrocneay10rueM H3ITO>I<eHHH ( ecnH n e orosopeHo rrpoTHsnoe ) Mbl 

C'IHTaeM PP. , nn H np li8pHble KOHCT8HTbl 0AHH8KOBblMH: 

B aTOM cnyqae CHCTeMa ypasne1mil ( 12) paa6HsaeTCSI Ha ABC HeaaBHCHMbie 

liOACHCTeMbl: 

2 I Ekr = V 
2 g2 ( + 

I 61 E k r 
k r r 

~2 ' k r 
(15) 

N ( 1 - ) . 
r 2 E 

t r 

11 



3aMeHSISI B ( 15) CyMMbl RHTerpanaMH !IO 060!IO'!Ke :3HepreTl!'leCKOH Ulllpl!Hbl a 

CO cpeaHeH liliOTHOCTbiD ypOBHeH 

11, 1 
p H paapewaH rrony'leHHbie ypasaeHHH, rronyqaeM: 

rae 

-8-- -2-

e, 1 
-2-

TJ "' 

cth TJ • 

I G I p 

I g r I = a 

(} " r 

v' (} ( 1 - (} ) 
r r 

sh TJ 

N r 

p a 

3Hepi'R51 B38HMOaefiCTBHSI I! liOliH8SI 3Hepi'HSI paBHbl: 

v 
(} ( 1 - (} ) - (}2 
+ + -

In I I G I sh 2 TJ 

2 2 2 
E 0 = p a [ cth TJ ( 0 + + (} _ ) - (} + ( cth 71 - 1) ] • 

3necb 11 B aanbHeiiweM Mbi rrona raeM 

(} " ± 

N ± 

P a 

N + N 
I - T 

2 p a 

n 
171 

3TOT Cnyqafi paCCMOTpeH B • 3aepi'liR KB83H'i8CTHU p8BHbi: 

w c 
I 

2 2 v't + &
0 

+ 11_ 

2 2 I 
W T c lv' l + gO - #1 _ • 

Ypas n e HHSI anH KoppenHUHOHH b JX ¢YHKUHH a qacna 'ISCTHU rrpu N _ .f 0 

BHa 

2 

I G I out Eo k 

1 t k 
N =- ~ (1 •----) 

+ . 2 out Eo k 
= ~ 

N=-1-~1. 
2 In 

v' 2 2 
Eok= tk +go 

12 

(16) 

(17) 

l!M8IDT 

( 18) 

t 
f 

~ 

,J 

CaMBOIIbi in 11 out rrp' 

'i8CTll'iHblM YPOBHSIM BHY1 

(- v' 11 

R BHe :3TOI'O liHTepBana C 

a pewaeM rrony'ieHH bi e yp 

11+ 

a 

(}+ 

I go I 
a 

sh 71 

11 

3aM8THM, 'ITO BbipalKeHHe, 

liO!IOlKRTe!IbHO !Ipll 

6 

H oTpauaTe!IbHO rrpa o6pa1 

MOlKeT l!MeTb MeCTO UpH 

HaKOHeu, saeprHH sa 

(} 

v lnt 

E o p a I t 

+ 



~ s aepre T!!'t e cKofi WIIPHHbi a 

r qeHHbie ypaBHeHHSI, nonyqaeM: 

. e r ) 

1: 

(16) 

) ]. 

'TIIU p8BHbl: 

(17) 

np11 N .f 0 HM810T 

( k 
--) (18) 

Eo< 

1 
f 

CHMBOnhi in 11 out npH cyMMax 03Ha'!aJOT, '!TO cyMMHpOBBHHe B e A e TC H no oano-

'laCTH'lHbiM ypoBIISIM BHYTPH HHTepBana 

H BHe 3TOI'O HHTepBana COOTB8TCTB8HHO. 3aMeHH8M B ( 18) CYMMbl IIHTe rpaJJOMH 

11 pewaeM nony'leHHhie ypaBHeHHSI: 

"'+ 
8 

e 

2 
cth 'I -

1 
+ 2 

p. =-
8-IO 
sh17 

e 

ve+o-e) sh77 

ch 77 - v e + ( 1- e + )I • 

3aMeTHM, '!To Bbipa)l{eaHe, cToSimee non paniiKanoM B npeanocneaaeM B b lpa)l{e r!Ha, 

nonO)I{HTenbHO npH 

II OTpHUBTeJlliHO 1Ipll o6paTHOM 3H8Ke HepaBeHCTBa. 0TCIOA8 cneayeT, 'iTO cny'iaii II 

MO)I{eT HM8Tb MeCTO IIPH 0 _ < V 0 + ( 1 - 0 +) exp ( - '7 l 

HaKoaen, saepru.11 B38HMoaeiicTBHSI 11 nonaaSI s aepruSI paBHbi: 

v lnt 

E p a 

2 
0+(1-0+)+0_- 20_.,1 0+( 1 

I G I sh 2 77 

cth 77 + 

v 0 ( 1- 0) 
+ I o 
sh 77 

13 

I . 

( 19) 

+ 



CpaDHHBB51 (16) H (i9), y6e>KnaeMc51, 'ITO 

V {II ) > V (I) 
tnt lnt 

E (II) > E (!), 
0 0 

T.e. cny'lali 
aHepreTK'leCKH BbironeH no cpaaHeHHIO c II . nycTb Tenepb 

G 1 z GT: G,fG 0 
Torna H9 npenhinymero paccMOTp e HHSJ cnenyeT, 'ITO cnyqali 

HMeeT MeCTO npl! IG
0
1< I Gel( I G cl >I G I) • KoHCTBHTB Gc naxonKTCSI H3 

TpBHCUe HneHTHOrO ypaaHeHHSI 

E 
0 

(I, G ) = E 
0 
(II, G c) . 

HaKOHeU, npH I G
0 
I >I G cl peanH3yeTCSI cn"y'lali II • 

III 

CHcTeMa ypaaHeHHM (13) 9KBHBaneHTH8 B aToM cny'lae 
2 

c neny10meli : 

--- + 
I Gi l 

1 ---
I G I I G I 

1 T 

f p. - 1) 
go 

+g+g(--
- g g 

2 :£( !T J 
ww(w+w) k 

1 T 1 T 

2 

w w + £2+p.2-(g2+g2) 
I T - + -

go 
(~- 1) 

g lg T 
2 [ 

I G Tl "' "' ("' +"' ) 1 T I T 

2 

1 2 2 2 &o 

] k 

(20) 

J. 

I G 1\ 

+ ----- = 2[p. -g (---1)] ~ 
I GT I I G 0 I - + g 1 g T "' "' ( "' +"' ) !k Tk !k Tk 

B cnyqae paaeHCTBB napHbiX KOHCTaHT G, =G 0 "' G H3 nocnennero ypaa

HeHH51 Bbi TeKaeT cneny!Orn.ee npOCTOe COOTHOIIleHHe Me}Kny KOppenSIUHOHHbiMH <jlyHK-

·· I!SIMH: 

2 
go=glgT[ 1 + 

14 

ll 2 

g 2 
+ 

] . 
(21) 

Y'lKThiBaSJ (21 ), npe 

,._ ~ [ 

2 

I G I 

I 
N =

+ 2 

~ 

ll 
N = 

2 

2 2 2 2 g_ 
w ~t +2(g +p. H-

r + -
g. 

113 (23) cnenyeT, q· 

T.e. 6ecmeneaoe perneHHe 

penSIUHOHHblX <jlyHKU11SJX) H 

CHMMeTpl1H ( N "Z) . 

OneHHM npenaapHTen 

nnSJ Tpex 'lBCTHhiX cnyqae 

1) Cny'lali 3ap!!noao 

'1 =tT!!! ~' p.l=p.T"'Il 

2 
! -

I G I 



c II . nycTb Tenepb 

SI cnenyeT, 'ITO cnyqai1 

ra G e HaxonHTC!l H3 

:yqae cneny101llefi : 
2 

go 
- 1 ) 

l k 

(20) 

]. 

w "' ("' +"' ) lk Tk lk Tk 

=G = G 1!3 nocnenHero ypaa
o 

~y KOppen 5lllHOHHblMI! <jlyHK-

(21) 

Y'IHTblB8SI (21), ypaBHeHHH (13) B BHne: npenCT8BHM CHCTeMy 
g 

l+p._-g-
+ p.- I [ = 0 

g_ 
w w +(2- (-- p. 

2 

I G I 
I T g+ I [ _____ ..:.._ _ _ 

w "' ("' +"' I T I T 

N =__!_I [I-, 
+ 2 

"' "' ("' + w ) l T I T 

N 

(u w _,2+ (~ )2 
l T g+ ll_ p. 

- ! [ 

"' "' ("' +"' ) l T 1 T 
2 

113 (23) cnenye T, 'ITO "'T o6pamaeTC!1 B Hynb npH 

( + 
k 

g 

T . e . 6 ecmeneaoe pemeHHe (npH TO)!(necT BeHHO H9HC'Ie3a!OWHX p p 

(22.1) 

(22.2) 

(22.3) 

(22.4) 

n n H n p Kop-

pensmHOHHblX <jlyHKUH!lX) HMeeT MeCTO BCerna, a He TOnbKO B cny'lae 38p!1UOBOfi 

CHMMeTpHH ( N "'Z) . 

Ou e HHM npenaapHTenhHO aenH_'IHHY nonHoi1 aHeprHH 11 aHepri!H B381!Monei1cTBH!1 

nn11 Tpex qacTHbiX c n yqaea. 

1) C nyq afi 3apSinoaofi CHMMeTpi!H 

2 

I Gl 
N 

15 

Il 

2 

= C, N 

I [ 1-

= N " N T 

2 I ~; I 
Go 

2E 

g = G C 

(24) 

l . 
k 



3aM9HII9M B (24) CY~Mbl HHTerpana M H H pa3p9W89 M ' Jlany'I9HHbl9 ypaBH9HHII 

OT HOCH T e nbHO g , ~ 

DpH 

2 

H M99M: 

I g I 

E 
0 

D pH 

nonyqaeM : 

~ 

a 

8 

H nKOIICU , npH 

a 

sh l7 

v 
lnt 

1 
2 

1 
4 

8 < - + -- ,:: - 2 
4 

1 + th 11 

4 

~ 1 
-a---2-

2 

8 
1 + th '1 

2 

[(_1_)2 8 --~-
4 - ( --- _2 

2 
) 

1/2 

1 + cth l1 
1 

8 - - ·- 2 
( _!.._)2 -( 2) 

=- 2 a
2 4 1+cth'7 

2 
1 G I sh l7 

pa 2 [(1+tht])( 1 -+ 
2 
~) 2 
1 + th 11 

0 < 8 < 
1 

2 

1 + th l1 

4 

, e !'! 
N 

pa 

cth2t]-1]. 

2 

1 

2 = 2Ctht], lgla-8 -[8(-1--0)]I/2 
sh 11 2 

2 8( 1 - 2 8) 
V lnt ~ - · a 

I G I sh 2 l1 

E 
0 

= p a 
2 

8 ( 1 - cth l1 + 2 8 cth 11 ' ) • 

+lh7) < 8<1 
- + 4 2 

[ tj 

(25) 

(26) 

H8XO.QHM : 

" 1 -;-- -2-
= 2 ---

8 -
3 
4 

v lnt. 

E
0

=p 

CpaaaaaaR (25)-{27) c (1 

V (I 
lnt 

E
0 

(I 

2) PaccMOTpHM Tene 

TOHHMB H H9liTpOH8M B CH M 

H9HBH (22) B bi r'nR.QBT B 3'1 

2 

I Gl 

C'U C'U + ( 
I [ I T 

(<) (<) ( C'U + 
1 T I 

3aM9HIIR CyMMhl HHTerpanl 

8 _ _ I I 
0(-

2
-- a 

shl7 y g
1

+ 



~ ·nonyqeHHwe y p aB HeHHR 

e " 
N 

pa 

cth21')-1 

2 

J./2 
. - 0) J 

J. 
(25) 

(26) 

HBXOAHM: 

L_ 1 
a -2-

0 -
3 

4 

a 1 1!2 
= 2 cth 11 • I g I = -- [ < 1- ol < o-- l 1 

sh 17 2 

V tnt= - a 
2 (1-0)(20-1) 

(27) 

CpaBHBBBR (25)-(27) c (16), (19), aaKmoqaeM, qTo 

V (I)<V (Il)<V {III) 
tnt lnt tnt 1 

2) PaccMOTpH M Tenepb cnyqall 0+ = -i- , T.e. o6onoqKa aanonHReTCR npo

TOHBMB H aellTpOHBMB CHMMeTpBqHQ OTHOCBTenbHO CBoell cepeABifbl . C u c T eMa ypaB

He HHH (22) Bbii"nRAB".I' B 3TOM cnyqae cneAyJOUlBM o6pa30M: 

2 

I Gl 

a 
" ---,.. + • 

"' "' + « 2 I [ _ __:l__:T __ _ 

"' .... ( "' + .... ) 
1 T 1 T 

2 

.,2N_ej.l_'I[ 
t 

2 2 2 
g - g + #.l 

0 

2 

"' "' - ·« 1 T 

3aMeHRSI CyMMbl HHTei"panBMB, HBXOAHM CneAyJOWHe ABB ypaBHeHJI!I: 

a a 2 2 
+ J( -4-) + g 

4 

17 

J • 
t 

(28.2) 



C HCT BM8 ypaBHBHH M (28 ) C BOaHTC H K y paBHeH HID qeT B B p T OM C T BITBHH OT HOCH

d 
T CIThH O cjly HKU HH I g I . 3 at,1BTHM , qTo rrpoa 3aoaHaH --- neaofi q acTa (28 .2) ace r-

d I gl 
aa 6orrb w e npoa3aoaHoii rrpaaoil qac T a . 0Tc roaa cneayeT , qTo (28 .2 ) H MeeT rrono x<a-

T L'ITb H I·ll·, Kop e Hb rrpa ycnooaa ll_ <_a__ . nos T oMy p8weHa e c I g I I-- 0 MO*eT cy-
2shl7 a 

llleC T D OD8 Tb IT Hlllb B 06rraC TH 0 < 1-'- < -
2 

h IT p H YCITOBHH HOrrHqH SI 6orree rny60KOI'O 
- - s 7) 

M fiHI! M yMa ITOiiHOlf 9HBpi'HH, qeM B c rry qaSIX II • Mbi cefiq a c rr o Ka )!W M , oaHaKo, 

'ITO 9 T O He TaK . B CBMOM aene , npH ll _ = 0 Mbl rrpa xoaaM K cnyqaro Ill . n p a 

ll = 
2 

:h 
77 

cj>y HKUHH I g I a c q e3a e T, T aK qTo Mbi H MeeM cnyqaJi II T aKH M o 6-

p030M , peWBH He OK83b!B8BT CH 9H e p r e T aqeCKH HBBbl i'OaHbiM , IT O Kp811HeJi Mepe , Ha 

r po nHua x HHTep a ana caoero cymecT aoaaHH H. HaxoaH nocne npoC T biX, H O y TOMHTe nb-
dV d E 

---~~n~t~ 0 

dll _ d ll- a 
HbiX Bl>Jl·lflCneHHi1 y6e>KaaeMCSI , q TO 9 HBpi' H H B38HMOaeliCT BH H 

II HOii H8 SI 9 HBpi'HH He H MBIOT MHIIHMYMB B o6rraC T H 0 < ll < --. n o s T OMy 
- --'2sht7 

V (I) < V ( II ) < V ( III ) 
1n t int lnt 2 

E (I) < E (II) < E ( III ) . 
0 0 0 2 

3 ) P accMOT p H M T e n epb c n y q aJi , Kor aa npoTOHbi H HefiT pOHbi 3arrorr HHIOT oasy 

n oao6orr o4KY c sHeprHeA Ek 

lllH M o6pa30M : 

• YpaaH BHH e (22 . 1) awrrr HaHT B 9 T OM c nyq ae cneayro-

ll 
w + w [ ( <; - ll --!:::: ) 2 + 4 g 2 ]I/ 2 = 

0 
I k T k k - '-+ + 

T . e . H MBeT peWBHHB T OITbK O rrpH ll_ = 0 , qTO BCrreaCT B HB (22 .4) rrp H B Oa HT K N_=0., 

TaKH M o6pa30M , crryq aJi III 
s 

s He preTaqeCKH HeawroaeH . 

OK83b!BOB T C H q aCTHbl M c rr y q oeM III 
I 

H IT OSTOMY 

C neayromae coo6 pa)!<eH a SI yKa3b iBaiOT Ha T O , q T o Henp epb!BHb l e p e w eHH H, npa -

H8QITB)!{8lllHB K ITB CCy m, B03MO)!{Hbl T OITbK O rrp h e = o ann rr p a 

M B II<IH B (22 .1 ) H (22.2) CYMMbl H HT e r parraMH , nonyq aeM 

¢ 2+ X ¢1 +x 
ch -- ch ---

ch-1 2 -1 2 
- ch 

sin a sin a 
= 1 

h ¢1- X h ¢ 2- x s - - - s --
-I 2 -I 2 + 2 sh-1 sh )( sh + sh 

sin a sin a sin a 

18 

e 
+ 

l . 3 a -
2 

(29.1) 

r ae 

2 l7 + 2 ch-I ch X 
cos a 

sh ¢ 
I 

06pama Hcb 

ch 
+ ch-1 -

tg a 

g g + 
+ -

2 
ll + 

K Bb!p8 )!{< 

o Ho a cqeaaeT acneacTaae f. 

rrpa CKOITb yroa HO MBUOM 

cqe T o 6 pam eHa H a Hyrr b c a 1 

CyMMbl ( HITH, q T o T O )!{B C c 

y6e)!{a8BMC H, qTO CYMM8 B 

T. e . rrp HXOaH M K rrpOTHBOpe 

cneayeT, qTO rrp H 0 + ,f.. + 
cymecT s y e T Krracc peweHHH 

3 8KUroq aeM , q To rrpH 0 _ = 0. 

cj>yHKUH H ( H8UpH M e p , C I H 

e 
ny C I .. 0 , non yqaeM 0 _ • 

HHeM 0 ~.f. 0 

T e M c aMhiM rr o Ka3aHo, 

Hb !X B b!WB rrpearrOIT O)!{(; ,,HHX 

HOii sHepnm) p e w e HH fi , coo: 

np KOpp e rrHUHOHHbiM cj>yHK I 



qeTsepTOM C T eneHH OTHOCH-

- neaon qacTH (28.2) acer-

~ I 
·, qTo (28.2) H MeeT nono:>i<H-

JeHHe c I g I ~ 0 MOlKeT cy-

H H<JnHqHSJ 6onee rny6oK oro 

Mbi ceflqac noKall<eM, onHaKo, 

lHM K CJ1Y 'I8!0 Ill . TipH 

!M cnyqafl II TaKHM o6-

.1~1 , no Kpal1Heli Mepe, Ha 

:ne npOCTblX, HO yTOMHTeJ1b-

) 3HeprHSJ B38HMOAeMCTBHSI 

< - 8
-. Tio3TOMY 

-"""1sh17 

HeftTpoHw aanonHSJ~T onay 

:SJAH T B 3TOM cnyqae cneny10-

]i72 =0, 

BHe ( 22.4) npHBOAHT K N_= 0 .• 

::nyqaeM III H 
I 

IT03TOMY 

~npepbiBHbie pemeHHH, npH-

1 . 3a-0 HJ111 npH (J 
+ 2 

+x ,-

r ne 

ch X 
sh 

sh-1 
21) + 2ch-1 ---

cos a 

ch 
¢~-x 

+ ch-1 
-2-

cos a 

tg a = 

sh ¢ =
I 

p._ 

¢2 +X 
-2-

cos a 

+ ch-1 

' th X~ 

sh 
¢1 +X 
----

sh-1 2 - + 
coaa 

ch 
¢2- X 

2 (29.2) 

cos a 

g_ 

g+ 

ch x . 

06paiU8S!Cb K BblpalKeH!'IIO (22.1) npH (J + ~ + 1 38M9'I8eM, 'ITO npH (J -0 

OHO HC'Ie3aeT BCITeACTBHe H8J1H'IH SI MHOlKHTensr p. nepeA 3H8KOM CYMMbl. 0AH8 KO 

npH CKOJ1b yrOAHO M8J10M p. f, 0 ypaBHeHHe (22.1) AOJ1lKHO YAOBJ19TBOpS!TbCSI 38 

c'Ie T o6pameHHSJ a Hynb c aMoli cyMMbi . Tiepexon SJ K npeneny p. .. 0 non 3H8KOM 
-0 

CyMMbl (HnH, 'ITO TO lKe CBMOe, paCKpblBBS! HeOnpeneneHHOCTb -
0

- B (29.1 )), 

y6elKA89MCS!, 'ITO CYMMB B (22.1) o6pamaeTCSI B HYflb ITpH p. ~ _a_ , (JL = _}_ , 
~ 2 T 2 

T.e. ITpHXOAHM K npOTHBOpe'IHIO C HCXOAHblM npennOJ10ll<eHHeM (} .f -1-. 0TC IOA8 
+ 2 

cnenyeT, 'ITO npn 6 + ~ + cymecTayeT HeKOTopoe 6 ~ .f. 0 TaKoe, 'ITO npH (J _ > (J::. 

cymecTayeT Knacc pemeHHli III , a npH 6 <(Je He cymecTayeT. Y'IHTbiBaSJ (21), 
e 

38KJ1!0'!8eM, 'ITO npH (} _ = (} AOJ1lKHbl HC'Ie38Tb, KBK MHHHMyM, ABe KOppenSJUHOHHbi e 

<!JyHKUHII ( HanpHMep , C I H C0 ) • TiepeXOAS! B ypaBHeHHSIX ( i22.1)- (22.4) K npene

ny C I -+ 0 , nonyqaeM (}::. = 0 , OITS!Tb-TBKH BCTynaSJ B npOTHBOpe'!He C npeAITOJ10lKe

HHeM (}~.,I 0 

= 1 
(29 _1 ) TeM c aMHM noKa3aH o , 'ITO nnSJ npocToro napHoro raMHJJbTOHHaHa npH cnenaH-

Hb!X B blllle npennOJ10lK(; .>HSIX He CyiUeCTByeT yCTOii'IHBbiX (a CMb!CJ1e MHHHMyMa ITOJ1-

HOM 3 HeprHH) peme HH l! , COOTBe TCTBy!OIUHX TOlKAeCTBe HHO HeHC'Ie3B!OIUHM P P , n n H 

n p KOppenSIUHOHH blM <!JyHKUH SIM. 

19 



VlT8K, Mbl I10K8381lH, 'ITO I1pH TOlK.UeCTBeHHO Heac'!e3aJOmax PP ,nn H np 

KOppenHUHOHHblX cpyHKUHRX HM88TCH !lB8 pO.U8 KB83H'-!8CTHU . 3 HepreTH'I8CKHH CIT8KTp 
. . 

KB83H'IIJCTHU rr e peoro pona CO.UeplKHT lll81lh, TOr.UB; K8K 3HepreTH'I8CKHM CITeKTp BTo

/1/ 
poro pona ee He coneplKHT. OnHaKO B 6Lrno rronyqeHo KaHOHH'!eCKOe npeo6pa -

30B1l!IHC, KOTOpOe I1pH paBHLIX ITO 86CO/l!OTHOH 68/lH'IHHe p p , n n H n p KOppenH-

UHOHHblX cpy HKUH 51X rrpHBO!lHilO B cnyqae 38p 51!l0BOH CHMMCTpHH ( N ~ 2) K KB83H'l8CTH-

UilM CO lll8/lh!O. pp H nn KOpperr51UHOHHbiC cPYHKUHH 6b!llH npH 3TOM 'IHCTO BelUe-

CTBeHHbiMH , a np -'IH CTO MHHMOi1 . B HarneM lKe cnyqae BbrrneyrroMHHyTbie csoilcTsa 

lli!B8pH8HTHOCTH OCHOBHOrO COCT051H H51 rap8HTHpOB8/lH Be!UeCTBeHHOC Tb BCeX T peX 

,h " C • • 6 11 I KOpp e ll51UHOHHb!X 'I'YHKUHn. .UpyrOH CTOpOHLI, KBK B .UBHHOH pa OT e, T BK H B ? 

HCXO!lllh!M raMHilbTOHH8H8 - O!lH H H TOT lKe . f1o3TOM)' OKOH'IB T ellbHbiM pe3yiibT8T He 

ll01H<C ll 38 BUCeTb OT cnoco6a .UHaronBIT!I38UHH, B '!8CTHOCTH, OT CBOMCTB rrpOM ClKY

T O'llll>IX M1lTCM8TH'!eCKHX BC'Illl'illll, 1WK0Bb1MH 51BI15110TC51 KOppell51UHOHHbte cpyHKium . 

f1pCilCT/lBilHeT llltTepec H8lrTH K8HOIIJt'leCKOC rrp e o6p830B8HIIe, .UH8rOH81lH3HpyJO!Uee 

/ 1 / 
HCXO/l!lbtii f'8 M linhTOH118H8 H CO.UCp>l<81UCe K8K pe3yllhT8Tbl !lOHHOil pa60Tbl, T8K H 

181 
[l;rueapH3YH HCXO!lHblH raMHilbTOHHDH ll rrpe He6pe raH HeKOrepeHTHLIMll '1IIeH8Mll, 

n ony 4aeM: 

H ~ V +~~[, aT a
1 -ap g ( P ) a P a p 

2 k r k ar k a r r k ar k a r (30) 

p 
-a p&o (p )ak ar a p - -]. 

k a r 
3nccb 

gr ( p ) = G r C r ( p ) e Re g r + i p Im g r ~ I g r I exp ( i p ¢ r 
(3 1.1 ) 

g 
0 

( p ) = G 
0 

C 
0 

( p ) ~ Re g 
0 

+ i p Im g 
0 

&
0 
i exp ( i p ¢ 

0
) (31.2) 

p ·p 
C r ( p ) ~ p ~ a < 0 I a k a r a 1: or J 0 > 

1 -C 0 ( p)~ - ~a<0Jap ap - JO> 
2 kar kar 

I CI I2GI+I C,. Iz G,. 
v: A + ! c o Go . 

B Lrpa>l<eHIIC (30) eCTb 6nnHaefrnaH cjlopMa onepaTopoo a P • TaKaH <jlOpMd 
k a r 

MO>l,C T 6b1Th rrpHncr~e Ha K ill!OrOH81lbHOMy B II L<Y 

•• ( ! 

H • 

YHHTapHbi M rrpeo6pa30BOHB 

p 
a 

ka 

KoMMYTHPYH o6e qac 

p8BHHB8H K03¢cjJHUH8HTbl IT! 

!lll51 K03cjlcjJHUHeHTOB M8TpHl 

((;; k r -pp' "'kr') u:,~:,, (k) 

B nanbHelirneM, pana 

Ycnosae cyrneCTBOB81 

orrpenenHeT 3 H epraa KBa3a· 

rne 
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r 
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2 
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A e ( + 

I 

2 2 2 2 
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I I T 1' 

rip!! I g I e o 
0 
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w = · r 

8 cnyqae 38pMOBOM CHMME 
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(L) : 

r 1: 
flpH HyneBOM C.UBHre cjla3b! 

f1pH ¢ 
rr 

2 

[ ll 

(() 

"' C(() 
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!38I0111HX pp , n n a np 

3nepreTnqecKnli cneKTP 

preTnqeCKHH cneKTp BTo

) KanonnqecKoe npeo6pa-

n n n np Koppemi-

pHH (N=Z) K KB83Hq8CTH-

npa aTOM qncTo aeme

biweyrroMSIHYTbie CBOHCTBB 

!CTBeHHOCTb BCeX TpeX 
Ill 

lH pa6oTe , TBK H B / 

JqaTenbHbiM pe3ynbTaT ne 

'H, OT CBOHCTB llpOMelKy

ppenSIUHOHHbie cPYHKUHH . 

re, JlHarmianH3HpyiOmee 
/ 1/ 

nannoii pa6oTbi , TaK u 

!KOrcpenTHoiMH qneuaMH, 

(30) 

(31.1) 

exp ( i p ¢ 
0

) (31.2) 

> 

I o > 

G o . 

>On a P . TaKaH q>opMd 
< or 

YHHTapHbiM npeo6pa30BBHReM U 

p 
a 
ku r 

IUpp',,(k) 
aro r 

(32) 

p 
Q , ,. 

k u r 
(33) 

KoMMyTnpyg o6e qacTH (3 1 ) c orrepaTopoM a p , noncTaBnSISI (33) H rrpn-
k or 

paBHUBBS! KOa<jxjJHUHeHTbl llpH , nonyqaeM cnenyiOmyJO CliCTeMy ypaanenHil 

Jln51 K03cPcPHIIHeHTOB MaTpHUbl llpeo6pa30B8HHS! U 

(34) 

B nanbHe:limeM, panH yno6cTaa, onnoqac TnqHbie HHJlCKCbi onycKaJOTCH. 

YcnOBHe cymeCTBOBBHHS! HeTpHBHanbHOrO peWeHHS! OJlHOpOJlHOll CHCTCMbl (33) 

orrpenenHeT a a eprnn KBa3HqacTuu; 

1 
= -

2 
(A + r B), r = ± 1 

2 2 2 2 

A e ( I + I g I I + ( ~ + I gT I + 2 I go I 
~ 2 2 2 2 J/2 

B =I [ ( 
2 + I g I 2 

- ( 
2 

- I g I ]
2 + 4 I g I [ ( ( - ( ) + I g I +I g I + 21 g g I cos 2 ¢ 1 I 

I 1 T T 0 IT I T I T 

npa I g I = o 
0 

, / = ~2 + 
r r 

B cnyqa e 3ap S!llOBoll CHMMeTpHH 

I& 1=1& I =I &
0
1"'1 &1 

I T 

cu ., v ~ 2 + 2 I & I 2 
< 1 + r cos ¢ l . 

n "' r / 3 ,4 / 
pH HyneBOM CABHre '1'8 3 bl 

n pH ¢ " 
[ 1] 

2 

2 2 
cu= cu =y~+2 l gl 

I T 
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Pa3pewaeM CHCTeMy (34) 
p p' 

aU- , , 
uru r ; exp (ip¢ ) 
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r 1 T 

r10ACT8Bn51SI (33), (35) B (2(31_1) H Y'IHTbiBSSI, 'ITO: 

a k ur I 0 > ~ 0 • 

HSXOAHM cneayiOwee ypaBH8HHe AnSI gr (p) 
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p1 p T 
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2 2 2 2 
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( E,-p w,, )(Er+ I g,-1 -w,,) + lg
0
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2 2 2 
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------------------------- +ip ~n2¢ 
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I T I T 
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2 
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o r l 

w w ( w +w ) k 
I T I T 

MHHMOe cnaraeMoe B npasol\ '!SCTH (36) HC'Ie3aeT, ecnH ( npH I g 
2 

g_ If 0 ) o r 

¢ = 0 + " ' - -2-

nonaraSI cos 2 ¢ ~ m (m =± 1), nonyqaeM: 

G, 
l g 1=- --~1 r 2 -

I g I< w w + l:_+ I g_l 2l-l g 2 
g -I cos2 ¢ 

r IT r r or l 

w w (w +w ) 
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1 T I T 

f10A00Hb!M )Ke o6pa30M HSXOAHM : 
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lgle--0-lgl~ 

0 2 0 

N 
r ~-

1-~11-
2 

r1pH G RG ~ G ,. G HMeeM: 
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I G I 
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83RB nonycyMMY (38.1 J 

m I C 12 -I I<, _
11 

)2-,G 2 ___ o __ 
1 T . I c I c, 

f1oCKOnbKY CYMMB B (3! 

(I'- )2-G~ 
I I'T 

r1pH m = 1 

2 

I co I I c 

. PeweHHSI THna (40) Ohrn. 

HeBbll'OAHbiMil, r1pll m =- 1 

'18SI Cnyqal! 3BpHJlOBOli CHMMe1 

!jlyHKUHl\ H 'IHCna '18CTHU HMeK 

_2_ = !. 
I G I k(J 2 

VEl< + 2 



2 
g g_ I exp ( - 2 I p cf> ) 

o r 

2 
I ] exp (·lp¢J-I g g~ exp ( ip ¢) 

l I I 

pT 
,U- , , '1::::! 

r aru r 

!xp (- 2 ip¢l ;;, 2 

2 I U ara'r'l 
· l gl(c--pcu,) 

o r r 

0 

l ' k 

I g: gr I (36) 
t- ipsin2¢ ------1 

cu "' ( "' +"' ) k 
I T I T 

3T , ecnH ( npH I g 
2 

g_ If 0 ) 
o r 

g -I cos2¢ 
T I (~7.1) 
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lg le--

0
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0 2 0 
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cu cu +l c + l g I -mlgg 1 

I T l T 0 I T ------------------------1 k cu cu (cu +cu ) 
I T I T 
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r 
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2 

2 I 2 2 
'r ( culcuT+cr+ g; l l+lgol l"f 

~ I 1- I 
cucu (cu+cu) 

I T I T 

npH G eG = G "'G HMeeM: 
I T 0 

_2_ =!. 

I G I cu cu (cu +cu ) 
I T I T 

2 

I G I cu"' (cu +cu) 
I T I 'r' cuw(cu+w) 
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-- = ~{ 
I Gl 

"'lcuT+t { T 

"'tcuT( "',+cuT) 
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1 T 1 T 
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ml g 0 1 -I & 1 gT I 
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BaRB nonycyMMY (38.1), (38.2) H B bt 'IHTaK (38.3), nonyqaeM: 

miC 1
2
-JC CTI 2 

(37.2) 

(37.3) 

(38.1) 

(38 .2) 

(38.3 ) 

{ ( I' -I' ) 2 _ , G 2 o I ( I C 1 I + m ! C T I) I ! 
' T . I c,cTI ----:---- = 0·(39) 

"' "' ("' +"' ) lk T t 1 k T t 

noCKOnbKy CyMMB B (39) - BenH'IHHB CYlll8C T B8HHO OOU0)!{KTenbH8SI, TO: 

2 miC0 I -IC
1
CTI 

( I' - I' ) 2 - G 2 ( I C I I + m I C Tl ) 2 = 0 • 
1 T I c c I 

I T 
npH m = 1 

(40) 

. PeweHHSI THna (40) 6binH npoaHanH3HpOB8Hbi B biWe H S!BnS!IOTCSI 3HepreTH'IeCKH 

H8BblrOAHblMH. npH m =- 1 ypaBHeHHe (39) YAOBneTBOpeHO 6b!Tb He M 0 )!{8T, HCKnJ<>

'18SI cny qaif aapgaoaoil CHMMeTpHH. B 3 TOM cnyqae ypaaHeHHSI anSI KOppen S!llHOHHbtx 

!jlyHKUH fi H 'IHCna '!8CTIIU HMe !OT BHA: 

2 = !. 
I G I ka 

N =N =-
1-! ( 1-

1 T ?. (41) 
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nonHaSI :3 HeprHSt: 

E 
0 

~ ( ( 1 -
k 

~ 

k ) - 21 
v'" 2 +2lgl 2 

k 

(42) 

2 

G C l 

CpaBHHB8SI Bblp8)KeHIISI ( 4 1 ), ( 42) C COOTBeTCTByJOmHMH <jJOpMYnBMH B cnyqae 

I C I~ 0, y6e)KaaeMCSt a nonHOM coanaaeHIIII. 
0 • 

TaKIIM o6paaoM, aaKnroqaeM, 'ITO pemeHIIe, HailaeHHOe B 
1 1 1 

eCTb qaCTHb!H 

cny qa fi pemeHIISI C TO)K)leCTBeHHO paBHOH HynJO HefiTpOH- UpOTOHHOH KOppenStUIIOHHOH 

<I>YHKU 11efi. llpyriiMH cnoaaMH, npH N e Z B03MO)KHbi aae paanH'IHbie npoueaypbl )lila -

roHanll3aUIIH napHOrO raMIInbTOHHaHa, aeaymue K OllHOMY II TOMY )Ke KOHe'IHOMy 

peaynbTBTy. 

noaaeaeM 11T0r11. Mbr noKaaanu, 'ITO acneacTaue HanH'IIISt HHTep<jJepeHUHH Me)Kay 

KOppenStUHOHHbiMH <jJyHKUHS!MH, pemeHHSI C TpeMSI TO)K)leCTBeHHO HeHC'Ie38JOmHMII KOp

penStUHOHHbiMH <I>YHKUHSIMH OK83biBaJOTCH :>HepreTH'IeCKH HeBbir OilH biMH. Cneayromue 

s<l><!>eKTbi, KOTOpbiMH Mbl Bbime npeHe6peranll , MOryT cymeCTBeHHO H3MeHHTb no-

ny'Ie HHbie OUeHKH :3HepreTII'IeCKHX MHHHMYMOB: 

1) s<jJ<jJeKTbi 38U83)lb!B8HIISI, 

2) s<l><!>eKTbl 'IeTBepHb!X KOppenS!UHH, 

B aaKnJO'IeHue aaTop npHHOCHT rny6oKyJO 6naroaapHOCTb B .r. Conoabeay aa 

HHTepec K pa6oTe 11 none3Hbie o6cy)KJleHIIH. 
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