
~~
:~

Tf
;"

f~
~ 

,<
t,

 

.· ...
. ~-

-
. 

I 

A
A

te
N

te
.M

 R
8P

E
II

II
U

tM
N

i .
.
 11

11
11

 

;11
11:

 
1::

1 
• 

=
 

->
·· 

tD
 

=-
~
 
, 

.... 
t 

liD
 

• 
• 
• 

U
) 

0 
• 

/
~
-
;
-

• 
, 

1::
1 

• 
.....

 
=

 liiJ
 

>
 
=

 
J§.

 -
.... 

0 
• 

lii
J 

~
 

lii
J 
• 

i 
• 

lii
J 

:c
 
• 

:c
 

s 
••• 

1!1
1 

J
: 

·-· 
l:

:l
 

:c
 

~
 

>
 

>
 

==
-

tr
 

:c
 

0 
. 

,-
"2

 
J 

c 
.
,
 

''
'"

'.
. 

·-
.;

;-
; 

~
 

·-

' 

"-
~ .
..

 

, N
 



• 

:11
11:

 
1::

:1 
• 

tD
 

==
-

::a
 

>
 

=a
 
~ 

"a
 

>
 

w
 

lE
 

lE
 

"a
 

0 
• 

>
 

::a
 

l'!
l 

1::
:1 

l'!
l 

il 
0 

>
 

:c
 

~
 
• 

l'!
l 

I 
l'!

l 
l'!

l 
• 

:c
 

:c
 

:c
 
• 

lE
 

J
: 

lE
 

lE
 

l'!
l 

lE
 

=a
 

1::
:1 

>
 

~
 

>
 

==
-

tl"
 

:c
 

0 '":
I 

0 '<
 

"a
 

"a
 

N
 

>
 

tD
 

:c
 

l'!
l :c
 

i 
lE

 
=a

 



• 

I 

I 

KnaccaqecxHA MeTOll lliMR.IlTa .nng peweBHSI RBTerpallbBhiX ypaasea•A 

acnollbayeTCSI B TeopHH CHIIbBosaaHMO.IleAcTBYJOIIlBX "'SCTBU/1 I. B pa«So­

Tax/2,3,4/ STOT M9TOll no.n B83B8HB9M 'MeTOll KB83H'I8CTBU' ycneWBO npH• 

MeHSinCSI B HepenSITHBHCTCKOA npo6neMe llBYX Ten, npR'I9M ,nng onpe.neneaso-

1'0 THna B38HMO.IleACTBHSI nony'ISIOTCSI y.no6H&Ie AnSI Bbi'IHCneHHA Bblp8lK9lUISio 

B sacTOSIIIleA pa6oTe MeTOll lliMH.IlTa Hcnom,ayeTCSI .nng peweBBH ypas­

HeHHSI penHTHBHCTCKoA aMnn~Tyllhl pacceSIHBH, npe.nnolKeHBoro To.nopoa~/5/, 
• KOTOpoe SIBnSieTCH TpexMepBbiM ypasHeHHeM TRna nunMaBa-lliBHBI'epa. Bee 

pe3yllbT8Tbl, nonyqeHHble M9TO.Il0M lliMHllT8 B HepenSITHBBCTCKOM noTeHUJ8llh• 

HOM pacCeSIHRR nerKO npRM9HSIIOTCSI B penHTHBHCTCKOA llBYX'I8CTR'IBOA npo6~e­

Me, paCCM8TpHB89MOA B KB83HnOT9HUH8nbHOM npa6nHlK9BRR. fipB STOM JDOny­

'18JOTCSI 8H8nHTH'I9CKRe Bblp8lK9HHH1 KOTOpble ll8JOT: a) 38BHCHMOCTb M8JKllY 

KOH<U:8HTOA CBSI3H H 9HepraeA OCHOBHOI'O CBSI38HHOI'O COCTOHBRSI1 6) aMnnH­

TYllY H C9'19HRe paCCeSIHHSI. 

PaCCMOTpBM CHCT9MY llBYX 6eccnHBOBblX '18CTHU, KOTOp851 B CHCTeM:e 

UeHTpa M8CC onHCbiB89TCSI KB83HnOT8HUH8nbBbiM ypasHeBBeM. 

... ... ... ... l ... ... 2 2 -1 ... ... a 
T ( p' q ) = v w (p ' q) + -- I v w ( p' k )( k - b - i 0) T w ( k' q) d k • (1) 

w 2 
1T w 

KsaaHnoTeHuHan V w B (1) onpe.nenSieTCSI H3 TeOpHB B03MYW9HHA B BH.Ile 

P.IU18 no KOHCT8HTe CBSI3H, a Ha SHepreTH'I9CKOA nosepXHOCTH BbmonHeHQ 

ycnosHe 

0 0 0 0 ... 2 ... 2 2 ( ) p + p =W =q +q , p = q = b W , 
1 2 1 2 

(2) 

2 2 4 2 2) 2 ( 2 2)2 4 w b ( w ) = w -2 ( m 1 + m 2 w + m 1 - m 2 • 

3 
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YpaBHeHHe ( 1) SJBnSJeTCSI ypaBHeHHeM THna nHnMaHa-lliBHHI'epa c WHXUHeA 

fpHHS G = -1-- (k 2 
- b

2 
-i 0)- 1 

112 w 
H ero MO*HO npe~CTSBHTb B BH~e 

T = V + V G T = V + TGV • (3) 

Bee pe3ynbT8Tbi, nony'leHHbie ~nSJ HepenSJTHBHCTCKOI'O ypaBHeHHSI nHnMaHa­

lllBHHrepa B/3/ a/4/ MeTO~OM llJMH~Ta, Henocpe~CTBeHHO HCDonb3yiOTCSI 

H nnst ypaBHeHHSJ (3). Tax, HanpuMep, nnH nepBoro XBaau6opHoBcxoro npu-

6nu*eHHSJ aMnnHTYilbi paccestHHSJ nony'laeTCSJ 

T=V+Vell[ 
+ 

]'I' v. (4) 

r~e 

J<s) = 'P+V G(s) V ell , 
(5) 

s=b
2

+i0. 

«S>yaxuuu <II H If'+ Bbt6upaiOTCSJ TaKHM cnoco6oM, 'IT06ht HllPO K1(s)=.G(s)V 1 , 

( V
1 

=V- V<ll 'I'+ V) He o6nanano co6cTBeHHbiM 3Ha'leHHeM Tf BHe enHHH'I­

Ho:A OXPY*HOCTH. H~eanbHbt:A cny'la:A uMeeM, xor~a caMbiM 6onbiiiHM co6-

CTBeHHbiM 3H8'1eHHeM ypaBHeHHSI 

G(s)V'I' =Tf (s)'l' (6) 

SJBnSJeTCSI 1J 1 , BCe OCTSnbHbie C06CTBeHHbie 3Ha'leHHSI HSXOJlSITCSI B enH­

HH'IHOit oxpy.lKHOCTH, a B KS'IeCTBe BeXTOpa COCTOSIHHSI Mbl Bbi6HpaeM C06CTBeH­

Hhie BeXTOpbl ypaBHeHHSI 

K(s) ell=TJ 
1
(s)ell, 

'I'+ K + ( s *) = 1J 
1 
(s) 'I' +, 

HOpMHpOBSHHbie TSXHM o6pa30M1 'ITO 

+ 
'I' v ell = I. 

Haxo*lleHHe ciJyHXUHA ell H 'l'+ H3 ypaBH9HHA (7) H (8) 

'leM peiiieHHe ypaBHeHHSI nlmMaHa-lJ.IBHHrepa ( 1) • DpaXTH'leCXH 

4 

(7) 

(8) 

(9) 

He npowe, 

ell H 'I'+ 

i)' 

l 
:I ,, 
·~ 
,I 
'I 
1 
I ;\ 
I 

\; 
-~ 

0 
,, 
!· 

I 

I 
j 

ti; 

t 

·{I 
~\: 
1j! 
.,I 

') 
II' 
v 
'I 1:/ 
,I 

He onpenenSJJOTCSI1 XSX TO'IHbie peiiieHHSI1 a Bbi6Hp810TC51 Ta 

'IT06bi OHH o6nananH CBO:ACTBSMH peiiieHHSI (7)-(9). 3Ta npoue 

BHMa, Tax xax (6) ecTb TO'IHOe ypaaHeHHe lllpenuHrepa nn 

c ciJHXTHBHbiM noTeHuuanoM VI Tf (s ) 

3Hepi'HSI OCHOBHOI'O CBSI38HHOI'O COCTOSIHHSI 

HeHHeM 

j(b )=l. 
B 

b2 
B 

on pen 

Dpu paccMoTpeHHH Monenu ~Byx cxangpHbiX none:A c 

H m 2 , B38HMOJle:AcTBYIOIIIHX Me*llY co6o:A C o6MeHOM cxanSI) 

caMoe Huaxoe npu6nu*eHue noTeHuuana ecTb cPypbe-o6paa IOXl 

uuana. 

PeiiiHTb ypaaaeaue ( 1) MeTOilOM lliMHJlTa npocTo, Tax 

'G(s)V ell= ell B XOOpllHHSTHOM npencTaBneHHH COBna~aeT 

lllpellHHrepa c noTeHUHanoM IOxaBbt: 

( tJ. + b2 + 2m 1m2 
)ell= 0. 

-p.r a --e 
w r 

/3/ 
CpaBHHBaSJ ( 11 ) c nony'leHHhiM B pa6oTe ypaBHeHHeM, ycTa, 

peaynbTSTbi, nony'leHHbie B HepenSJTHBHCTCKOA 38Jl8'1e npH 

ell = e lkr (1-e-r ), 

MOI'yT HCnOnb30B8TbCSI B KB83HnOTeHUH8nbHOM ypaBHeHHH, 38M• 

HO BenH'IHHbl 

2 
k .... 

2 
b 

--2. 
p. 

2m 1m2 
A .... a. 

p.w 

1-tanpuMep, nnst cPYHxUHH J (s) nony'laeTCSI 

J ( ) 
i 2m ·s = 1m2 a 

bw x 

5 
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I) 
I 
X 
I 

He onpell91ISIIOTCSI1 KSK TO'IHbi9 peiiieHHSI 1 a Bbi6Hp8IOTCSI TSKHM CUOC060M1 

'IT06bi OHH 061I8Jl81IH CBOiiCTBSMH peweHHSI (7)-(9). 3Ta UpOUeJlypa OCyiUeCT­

BHMS, TSK KSK (6) 9CTb TO'IHOe ypaaHeHHe llJpeAHHrepa AnSI 9HeprHA b2 

c !l!HKTHBHbiM noTeHUHSliOM VI 71 (s ) 

3aeprHSI OCHOBHOrO CBSI38HHOrO COCTOSIHHSI 

HeHH9M 

j(b )=1. 
B 

b2 
B 

onpeAenSieTCSI ypaa-

(10) 

TipH paCCMOTpeHHH MOil91IH llBYX CK81ISipHbiX noneA C M8CC8MB m 1 

H m 2 , B38HMOlleACTBYIOIUHX M9)KllY co6oA C o6MeHOM CKSliS!pHbiM M930HOM; 

CaMOe HH3KOe npH61IH)K9HHe IIOT9HUH81I8 eCTb !llypbe-o6pa3 IOKSBCKOrO IIOTeH­

UHSliS. 

PeiiiHTb ypaBHeHBe ( 1) MeTOilOM ijiMHllTS IIpOCT01 TSK KSK ypaBH9QBe 

'G(s)V ~ = ~ a KOOPilHHaTHOM npeAcTaaneHHH coanaAaeT c ypaaaeHHeM 

llJpellHHrepa C UOT9HUB81IOM lOKSBbi: 

( !l + b2 + 2m 1m2 a --e 
-tL• 

) ~ = 0. (ll) 
w r 

/3/ 
CpaBHHBSH (11) c rrony'leHHhlM a pa6oTe ypaaaeHHeM, ycTaHaanHaaeM, 'ITO 

pe3ylibT8Tbi, IIOliY'I9HHbie B HepeliSITHBHCTCKOA 38ll8'19 npH 

~ = e lkr (1-e-r ), (12) 

MOryT HCIT01Ib30B8TbCSI B KB83HUOTeHUH81IbHOM ypaaHeHHH, 38M9HSISI C06CTBeH-

HO B91IH'IHHbi 

2 
2 b k -+ -, 

IL2 
(13) 

A -+ 
2mtm2 

a. 
/LW 

1-t anpHMep, llliSI !l!YHKUHH J (s) rrony11aeTCSI 

J (s) = 
i2m 1 m 2 a 

X 
bw 

(141 

5 



I . 
I 

It 
I 

!i 
,I 

,I 

il 
il 
" ,, 
' i 
I 

-';_ 

X 

!. fn 2( 2e-2tb ) + Li2 (~ 
2 t.t - 2 i b t.t -2ib 

) + Li (~)- Lt (-.=../L._) -Li (-=1L) 
2 

2p-2ib 2 JL- 2ib 2 p-ib 

(p- 2ib) (3p -2ib) 
fn! -1 

(2p - 2ib ) 2 

rJle lj>yHKUHSI 

z 

L i 2 (-z) =- f x-I !'n (I + x ) dx 
0 

(15) 

16/ 
SIBnHeTCSI H3B6CTHOA JlHnorapH!jJMH~eCKOfi lj>yHKUHeA , 8 CBSI3aHHOM COCTOSIHKH 

b2 
B npHHHMaeT OTpHUaTenbHOe 3Ha~eHHe, a 3aBHCHMOCTb M6lKJlY KOHCTaH-

TOft CBSI3H H SHeprHeA OCHOBHOro COCTOSIHHSI nonyqaeTC.SI H3 yp8BH6HH.SI 

X 

fJ w __ x 
a=--

2m 1 m2 

I 
( t.t + 2 fJ )(3 t.t + 2 fJ ) 

fn 
(2 t.t+ 2fJ) 

2 

(16) 

1 2 2t.t+ 2fJ -2p -f.L -U -U -yfn (--) + Lt (--) +L 1 ( ) -L1 (--L:...-)-L1 (----"'--) 
t.t + 2fJ 2 t.t + 2fJ 2 2p+2fJ 2 t.t+2fJ 2 t.t+fJ 

r.z:te b
8 

= i fJ . 

KorJla p. CTpeMHTCH K Hymo, H3 BbipalKeHHSI (16) nony~aeTCSI peng-

T&~HCTCKa.SI lj>opMyna BanbMepa Jln.SI SHeprHH OCHOBHOrO COCTOSIHH.SI 

2 2 2 2 ~ 
w =m 1 + m 2 +2~~~t m 2 U-a ). (17) 

TipH ManoA M8CCe 06MeHHOA 'i8CTHUbl ypasHeHHe ( 16) CBOJlHTC.SI K 

{3 =- a -p.' (18) 
w 

a SHeprHSI CBSI3aHHOrO COCTO.SIHHSI 6yJleT nonOlKHTenbHbiM JleftCTBHTenbHbiM 

KOpHeM ypaBH6HHSI 

w
4 -2(m~ +m2

2 )w 2 -8m 1m 2ap.w + (m~-mi) +4m~m 22a 2 
= 0. (19) 

EcnH w paanoJKHM no cTeneHHM JL H orpaHH~HMC.SI 'in6H8MH nepBOA CTe-

neHH, nony~HM 

2 2 2 ~ ~ 
w=[m

1
+m +2m m 0-a) ] 

2 I 2 
(20) 

a 

+ (1- a 2 )):!! JL 

6 

BTopofi ~neH B nocneJlHeM paaeHCTBe JlaeT nonpaBKY K SHepr 

COCTOSIHHSI, ITOSIBnSIIOW:YIOCSI, KOrJla Mbl y'iHTbiBaeM Macey 06Me 

BopHOBCKoe npu6nHJKeHHe Jln.H. aMnnHTYllbi pacceHHHSI BH 

CKOA noBepX"HOCTH onpeJlenHeTCSI BbipalKeHH6M 

B -+ -+ 
f (k,k')=-

1L (217 ) 
2 

b 

2 
B -> -+ 2m m 4b 

T ( k , k') = 
1 2 

a (I+ --:r si 
p..w IL 

.... .... 
k. k ' 

cosO= 

I k 1·1 k' I 

Ha o6w:ero BbipalKeHHH aMnnHTYllbi B KBa3H6opHOBCKOM np11 

B KOHKpeTHOM cnyqae nony'iaeM 

QB ~m m 
f ( k,k')= I 2 4b 2 0 -I 2 

a (1 + - sin2 
- ) + g (b ) , 

p.w p. 2 2 

rJle nonpaBO'iHhiA qneH g onpeJlenHeTC.SI ua Bhipa:JKeHH.SI 

g(b2 )= 

X 

-m 1m 2 a 

2w 
IL 

1;2 
J (b 

2 
+ i 0) 
2 X 

1-J(b +iO) 

2 
!' n ( ( p. - i b ) I ( p. - 2 i b )) 

2 
!'n (( 2 p. - 2 ib ) I ( p.- 2ib )(3p. - 2 i b )) 

Y~HThiBaH (22) H (23), nony~HM B KBaau6opHOBCKOM npu6nH: 

pacceHHHH 

QB B 
(T = (T 

(w) + 41T ml n12p. 

b 2
w 

4b 
2 

a fn (1 + -) x Reg(b) + 41Tjg(b 
2 

J.L 

rJle 
B u - C9'i9HHe pacC9.SIHHSI B 6opHOBCKOM npH6nH:JK9HII 

16 2 2 2 
1Tm lm2a __ , ___ 1 

w2 p.2 +4b2 
uB (w) = 

BopHoBCKoe npH6nu:JKeHHe JlaeT xopowne peaynbTaThi npn 

9HeprHSI ~aCTHU AOCTaTO~HO BbJCOKa. 8 STOM CMhJCne DO CBO 

HBnHeTCSI BbiCOKOSHepreTH~ecKHM npu6nH:JKeHHeM. Ksaau6opH 

7 



8TOp0ll ~neH B nocneaHeM paBeHCTBe aaeT nonpaBKY K 9HeprHH OCHOBHOI'O 

COCTOSIHIHI, DOS!BnSilOIUYlOCSI, Koraa Mbi Y~HTblB8eM Macey o6MeHHOA ~aCTBUbi. 

EopaoscKoe npa6na~eHBe anSI aMnnHTY.llhl pacceSIHBSI sae saepreTH~e­

cKoA nosepx-HoCTH onpeaenSieTCSI Bbipa~eHHeM 

B --> --> 
f (k,k')=-

(2 ) 2 B -> _. 2 
~--T (k ,k') = m1 m2 

b p..w 

2 2 () -1 
( 4

h sin -) · a 1+ ----r- 2 
!! 

(21) ...... 
k. k , 

cosO= 

I k 1·1 k, I 

!13 o6mero Bbipa~eHBH 8MDnBTY.llbl B KB~3H60pHOBCKOM Dp&6n&~eHBB (4) 

B KOHKpeTHOM cny~ae nony~aeM 

QB Zm m 
f ( k,k')= 1 2 

p.w 

4b2 0 -1 2 
a (l + - sin2

- ) + g (b ) , 
p. 2 2 

r.Qe nonpaso~HbiA ~nea g onpe.QenHeTCSI as Bbipa~eHBSI 

g(b2 )= 

X 

-m 1m
2

a 

2w 

p. J (b 
2 

+ i 0) 
- X 
b2 l-J(b 2 +i0) 

2 en < < p. - i b ) I ( p. - 2 i b )) 
2 en (( 2 p. - 2ib) /( p.- 2ib)(3p. - 2ib )) 

(22) 

(23) 

Y~HTbiBaH (22) 11: (23), nony~HM B KBasa6opHOBCKOM npH6na~eHBH ce~eHBSI 

pacceHHHSI 

QB B ( ) 477 m 1 ni 2 p. 
a = a w + ---::---"-

b2w 

4b2 2 
a fn (l + -) x Reg(b) + 47Tig(b) I 

2 
IJ. 

(24) 

B 
f',Qe a - Ce~eHHe pacCeSIHHSI B 60pHOBCKOM DpH6nH)K9HHH -paBHO: 

a
8 

(w) = 
16 77 

2 2 a 2 
m 1m2 l 

(25) 
w2 P.2+4b2 

EopaoBcKoe np~~:6nH)KeHHe .QaeT xopom&e pesynbTaTbi npa ycnoBBH, ~To 

8HeprHH 'laCTHU ,QOCTaTO~HO BbiCOKa. 8 9TOM CMbiCne DO CBOeA DpHpO.Qe OHO 

HBnHeTcH BbiCOKoaaepreTH~eCKHM np&6nH~eHHeM. KsasH6opaoscKoe npHfiiH-

7 
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•. 

*9HH9 aaeT B03MO*HOCTb nonyqHTb nonpaaKy K OOpHOBCKOA 8MDnHTyae, 

qTOOhl nonyqHnOCb nyqwee npHOnH*9HHe H K HH3KHM 3HeprHgM. llpH BhlCOKOA 

3HeprHH ang SMDnHTyabi paccegHHg HY*HO HCDOnb30B8Tb Bb!p8*9HHe, KOTOpoe 

nonyqaeTcg Ha ocHoae aAKoHanbHoro npu6nu*eHugl51. 

MeToa llJMuaTa c ycnexoM Hcnonb3yeTcg npu paccMoTpeHHH pengTB­

BHCTCKOA 3aaaqu aayx Ten B KB83HDOT9HUH8nbHOM noaxoae. TionyqeHHbiQ 

npu6nu*eHHbie Bbipa*eHug aHepruA ooHOBHoro cocrogHug aMnnuTyabi H ce'le­

HHg paccegHHg gangiOTCg yaOOHbiMH .Qng npaKTH'IeCKHX BblqHcneHHA. 

MeTO.!l MO*HO ycnewHo ucnonb30B8Tb H .Qng peweHug 3a.Qaq a no.Qxoae 

noryHoaa H TaaxenH.Q3e/71. 

B 3aKniO'IeHHe aaTop Bbipa*aeT rnyooKyiO 6naro.!lapHOCTb npocfl. 11. To-

.!lOpoay 38 none3Hble .!lHCKYCCHH H COBeTbi. 
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