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l.Bselle}i!!e 

HasecTHbre peay/IhTBTbi csepxcxons:riUHxcsr npasKJI cyMM nns:r sneKTpoMarHHT-
11,2,3/ 

HOrO B38HMO!le~CTBH51 flYKnOHa CTHMynHpyroT HayqeHHe sneKTpOMarHHTHOrO 

BaaHMoneiicTBHs:r nell:Tpoaa. EcJIH Bbr6HpaTb aMnnHTY!l.bl c nepeKpecTaoll: cHMMaTpH

ell: H OJ{HO'iaCTHqHhlM llpOMeJKyTO'iHhlM p8CCT05IHHeM.- TO OCTBIDTC.II ljJOTOpacmenneHHe 

B KOMllTOHOBCKOe pacces:raHe, PaCCMOTpeB ylKe CBepXCXOJls:IillHecs:r COOTHdilleHHs:I Jln.ll 
/4/ 

nepeKpecTaoro KaHana ljloTopacmenneaHs:r , 6yneM HCcnenosaTb KOMnToaoscKoe 

pacces:rHHe snepen. 

Onao npaBHJIQ cyMM nns:r y N -pacces:rHHs:r snepen, KOTopoe MOlKHO o6o6IUHTh 
/5/ 

nns:r npoHaaonhHOro cnHaa 'iaCTHII, snepsbre paccMoTpellH fepacHMOB H noanaee 
/8/ /7/ 

Pagels H npyrHe aBTOpbr • B STOM npaBHne cyMM aaoManbHbi~ MOMeHT 

'iaCTKil Bbrpa:JKaeTcs:r qepea HRTerpan no rrOnHhlM &4J¢ex'r'HBHbiM ceqeaHs:rM c onpe-

- /5,8/ 
neneHHOH CIIBpanbHOCTbiO , KaK ITOK838HO B , OHB llpHBOJ{HTCs:I H3 !lHC!IepCHOH-

HOrO COOTHOmeHHSI H HB3KOJl: sHepreTH'ieCKOJl: TeopeMbl. -yD pacceSIHHe Bllepe!l 
/6/ 

KopoTKO paccMaTpHsaeTcSI B • B aToM cnyqae npasHno cyMM aarrHrneTcs:r: 

rne 11.~ -MaraHTHbrli ~oMeaT, 

M 2 
--~~. -1) 
2m 0 

.. 
d CUI (l) f 

11 

M -Macca neATpoaa, u ,a -nonabre sljJ¢eKTHBHbre 
++ -+ 
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ceqeHHSI )lJISI BXOJlS!ill9I'O <jJOTOHB C rrapannenbHOH H BHTHnapannenbBO:li: IIOnHpH38-

UHeif K cnHBy neH:TpoHB, B - rropor <jloTopacmennelllUI • 

Bo BTopo:l!: qacTH Mbi paccMaTpHBaeM 6opaoBCKoe rrpx6nHJKeHHe. Ero paano

JKeaxe )laeT KHHeMBTH'ieCKH9 HHB8pHaBTbi, KOTOpb!e yMROJKeHbl Ra 6HJIHReli:Hbl9 

BbipaJKeHHSI 9JleKTpOM8I'RHTHblX <jlopM<jlaKTOpOB }:leHTpOHB. J13 9THX paGJIOJKeBHi!: Mbl 

6epeM OJliiO'i8CTH'iHb!e COCTOSIIIHSI JlJISI rrpaBHJI CyMM. B Tp9Tbe:l!: 'i8CTH Mbl IIOJIY'iHM 

cepHIO rrpaBHJI cyMM, conepJKBIDYIO JlBB npaBHJIB cyMM )lJI.Il 8HOM81lbiiOI'O M8I'IIF!TIIOI'O 

MOMeHTB H sneKTpH'ieCKOI'O KB8.JlpyiiOJibHOI'O MOMeHTB nef:!:TpOHB. qeTBepTBSI 

'iBCTb conepJKHT H9KOTOpbi9 38MeqaHH.Il OTIIOCHTenbHO JlBYX HyKJIOHHb!X npoMeJKY

TO'iiib!X COCTOSlHHH. 

2.06 rna.ll 8MITJIHTyJla H 6opHOBCKOe ITPH6JIHJKeBHe 

~aTpH'iHhlH sneMeHT Jl1ISI KOMIITOHOBCKOI'O pacceSlHHSI HB nei!:TpoHe MOJKHO 

3aJIHC8Tb B BH}:le: 

4 T 
<d

2
k

2
\S-1\ d 

1
k 

1
> .,-i(2") 8 (d 1+k 1 -d 2-k2

) -:==== ·' ' T"' M a•f3 • v 16W w C<l C<l af31J.Ye e ul'ull (2) 
1212 1212, 

npx'ieM d , w , u H k , C<l , e 0603HB'i810T HMITYllbC, SHepi'HIO H IIOJIS!pH38UHIO 

nei!:Tpoaa H <jloTOHB. M B MOJKHO paanoJKHT.b aa aeaaBHCHMbre KHHeMaTH"l:eCKHe 
a uv 

xRBapHaHTbi. HxaKo-aaepreTH"CJecKoe rroBeneaHe aMrrnHTyilhi orrpenenHeTcH cne-

JlYIOillHMH JlHBI'paMMBMH: 

-s ;(·~ )==( + 
rL. cL:~. A 

{ 
k- -K:z.} + e.'__. e.z. • Xr)c::< 

B C 
EopHoBcKo e rrpH6nx::>KeHHe rronyqaeTcH KaK cyMMa JlHBrpaMM A I! B 

H COOTBeTCTBYIOillHX BKJlBJlOB rrepeKpecTHbiX LlH8I'p8MMo KaK XOpom o H3~CTHO, 

'IeTbrpexqacTI!"CJHaSI JlHBrpaMMa B Hy)!(Ha .anll y .aoaneTBOpeHHSl K anH6poBO'IH O:l!: HHa a

pHaHTHOCTH 6opHOBCKOI'O IlpH6JIH1KeRHSI. finH Bbl'iHCneRH:li: Mbl HCIIOflb3yBM 

y d -BepmHHHYJO qacTb, BBeneaayiO Sakita and Goebel j gj H rrony'l:HM Bbl'IeT 

)leHTpOHB OT OJlHO'l:BCTF!'l:HbiX npoMeJKyTO'l:HblX COCTOSIHHH B COOTHOIJJeHF!F! 

y HF!T8pHOCTH. 3TOT BKJI8Ll JlJill MBTpH'iiiOI'O 8JieMeHT8 OTLleJibHO He K8JIH6pO BO'iHO 

HHBBpHBRTeH. f1o8TO MY IIYJKIIO IIpH6BBHTb HeKOTOpbie HeiiOJIIOCHbi 9 qneH bi B MH

HHMBJibHOM 13H]le , 'IT06b! IIOJIY'l:HTb Kam~6pOBO'iHOe HHBBpHaHTHOe 6opHOBCKOe 
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IIpH6nJDK8HHe. 3TH AOIIOJIHHT8JihHbl8 'IJI8 Hbl K8K pa3 11p8ACT8BJISIIOT co6oli BKJIBAbl 

LIHaroaMMbi B (eM. f1oHJI0)!(8HHe). OroaaHqHBaSJch oacceSJHHeM srreoen: rl = rl ~ ri 
l ~ 

k =k = k I CHCT8MOii llOKOSI ll8HTpOHa W =W =M,u0 =u 0=() H K8JIH6p o BKOA e 0 = eD =0, 
I 2 1212 l 

2 
llOJIY'IHM: 

T = 2 ( e - L ) 2 ~- [ ( u e ) ( u * e * ) - ( u e * ) ( u * e ) ] + 
2 M!l. I I 2 2 1 2 2 1 

2 
+ 2 e .( e e * ) ( u u * ) + 

I 2 l 2 
( 3) 

+ 4 ( e - -
1
- ,B ) y w ~ [ -

1
- ( k u ) ( k u* ) ( e 

2 w 2 1 2 
e* ) l 

I 2 ' 

477a = e 
2 

, ,B 
1 (4) 

y 

Q,.. o6o3aaqaeT s neKTpH'IeCKHtt KBaupyrronhHhiH MoMeHT aettTpoaa. B 38KJIJO'IeHHe 

38M8THM , "iTO 6op HOBCK08 IIpH6JIH)K8HH8 A88T Bb!CWYIO IIOIIPBBKY AJISI HH3KO
/'d/ 

::mepreTH'I8CKOfi T80p8Mbl B CJiy~rae 'IBCTHU CO CIIHHOM 1 

3. f1paBHna cyMM 

B cnyqae y d - pacceSJHIHI srrepea HMeeTcSJ '18Tbrpe ae3aBHCHMbiX HHBapnaaTa. 

TpH HHBapHaHTa I 
2 

14 , y)Ke COA8p)K8lllH8CSI B 6opHOBCK OM IIpH6nn-

)!(8H!HI, JlOIIOJI!IS! IOTCS! HHB8pH8HTOM I 
3 

= ( u u* ) ( e e* ) ' I 2 I 2 
(5) 

,, 
k = ( k u ) ( k u* ) ( e e* ) ' k 

I 2 I 2 w 
( 6) 

I = ( u e ) ( u"" e ·~ I + ( u e"' ) ( u * e I ) ' ~ I I 2 2 I 2 2 
( 7) 



I : ( u e ) ( u* e* ) - ( u e* ) ( u • e ) . 
4 1 l' 2 2' I 2 2 1 (8) 

AcHMIITOTH~ecKoe H rrepeKpeCTaoe noseaeHHe He aorrycKaiDT csepxcxoaHMOCTH 

COOTBeTCTByromBX CK8nSipHblX 8MIIJIHTya R I 
(n ) 

• 0aHBKO MOJKHO BBeCTH HOBbie HHBB-

pH8HTbl I I 

(nl) (n I) 
~JR,ll R I 1 n 1 l, I n 

w ~ 
( 9) 

I I 1 1 1 I 

rae n 
I 

rrono:>KBTenbHoe uenoe ~Hcno, Bbi6paHHoe TBKHM o6pa3oM, ~To6 bi rrepe-

KpecTHbie H ac:aMrrToT:a~ecKHe noseaeHBSI aorrycKanH csepxcxoanmaecg rrpas:ana 
(n ) 

CyMM ann HOBbiX 8MIIJIHTya R, 1 • 3To 803 MO:>KHO IIOTOMy, ~TO anSI pacceSIHFISI 

Brrepea SHeprHn !pOTOH8 W Bbip8)!{8eTcn IIOCpeaCTBOM COOTHOilleHB:n: 

s-M2 
w "' 

2M 

2 
u -M 

2M 

( k d) 

M 

TaK MO)!{HO nony"lHTh cepHIO HeTpHBHBnbHbiX rrpas:an cyMM a1UI 

+oo (nl) 
ImR (cu)dweO 

1 J 
-oo 

ann orrpeAeneHHbiX n 1 

R (nl) 

l 

( 10) 

( 11) 

BKnaabi 6opHOBCKoro np:a6JIH)!(eHHn ann sT:ax npaBHn cyMM cymec'rByiDT ann 

i=4 , n =2, H i=2 , n =3. flpH cpaBHemm c ¢opMynoii (3) rronv~HM 

4 IT 2a _1 ( 1 __ M_ ) 2 "" Im R 
M 2m p.D = f 

s w2 

( 12) 

dw, 

4~r2a_1_(1- M JIO 2m p.p) Q II 

.. Im R
2 

d Col. (13) I 
B Col! 

rae HHTerpBpOB8HH9 H8"1HH8eTCSI OT rropora 8 ~oTopacmerrneHHn. Bee Apyr:ae 

npaBHna cyMM HnH TpHBH8JlbHhl HnH HMeiOT BHa: 

.. 
(n ) 

f Im R 1 
( c.J ) d c.J "' 0 + 0 ( e 4 

) • 
1 

( 14) 
B 

6 
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( Bo3 MO )I{H hre rrorrpaBKH no MeHhllleli Mepe JlOn)I{Hhi HMeTb rropHJlOK e 
4 

• I1 x 

cymecTB OBaHne npeAcTaBnHeT co6oli npnaunnnanbHhlli HHTepec). I1 c nonb30BaHHe 

011TH'Ie CKOlf TeopeMbl AaeT: 

( 15) 
lm(R -R)-=MW(u +u -2u ) , 

2 s + + +- + 0 

lmR =Mw(u -u ) 
4 ++ +- ' ( 16) 

' (7 +-
H u - nonHhie g¢¢eKTHBHbie Ce'leHHSI a'n51. CI1H HOB <f>oTOfia H 

+ o 
JleliTpoaa, rrapannenbHhiX, aHTHrrap anne nbHhiX H B e p THKanbHhi X Jlpyr K Jlpyry. I1a 

COOTHOllieHHSI (12), (13), (15) H (16) cneJly eT: 

--,-1-( 1 __ M_IJ.) Q 
/10M 2m .ll D 

f 
oo u +u -2u 

++ +- + 0 
------------------ d w ' 

w2 

( 17) 

B 

4 TT
2a 1 ( M ) 2 ""<7++-u+-

--2- 1 - -- ll ""J-----
M 2m D B w 

d w ' ( 18) 

r)le ( 1) H ( 18) TO)I{Jle CTBeHHhi • .fio CHX 110p 3TH npaBHna CYMM .ll9ftCTBHT9nbHhl 

TOnbKO JlnH pacc eHBHH H30CKanHpHb!X <f>oTOHOB, DOTOMY 'ITO 6opHOBCKOe 11pH6nH

)I{eHHe cymecTByeT TOnbKO B STOM cny'lae. Ho rrpaBHna CyMM JlnH H30BeKTOpHOli 

'laCTH BCer.r:ta HMeiOT BHJl ( 14), TBK 'ITO COOTHOilleHHSI ( J7) H ( 18) B o6meM BH.IIe 

HMeiOT MeCTo. 

4. 06cp!SJleaHe 

CymeCTBeHHblit BKnBJl B HHTerpanhi rrpaBHn CYMM ( 17) H ( 18) JlaeT HH3KO

-sHepreTH'IeCK8H o6naCTb 11pOMe)l{yTO'IHhiX COCTOSIHHH 0- p. l130BeKTOpHa51. 8MI1nHTy Jla 

Be MO)I{eT Jl8BaTb BKna.r:t B HHTerpan. fl03TOMY 3TH HBTerpB.nbl B OCHOBHOM OUpe

)leneHbl CaMOH HH3 llleH H30CKanHpHOH D p -napuHanbHOit BOnHoit:, KOTOpaSI CBSI38Ha 

c MarHHTHbiMH JlHDOnhHbiMH rrepexoaaMH B ¢oTopacmenneaHH .~re.ATpoaa. He'I~TBbiX 

sneKTpH'IeCKHX nepeXOJlOB B 6opHOBCKOM 11pH6nH)I{eHHH HeT, U03TOMY OHH He 

7 



p 

c 

p 

K 

c 

E 

! 

HrparoT polUI: rrpR o6cy)I{A9H.HH rrpaaxn cyMM. CaMbre HH3KBe MarH.HTHbre ARIIOJih

Hbie rrepexoAbi - aMrrnHTYAbi M 
1
cta

0
)H M1(

3
s /-· ITepaaSI - sTo H3oBeKTOpHbiH rrepexoA, 

TaK ~TO TOnbKO BTOpBSI AOn)I{HB OhlTh pBCCMOTpeaa. Ho BepoSITHOCTb STOrO rrepeXOA8 

OTHOCHT9nhHO Mana H IIOnHOCThJO HC~9389T IIpR OTCyTCTBHR np -T9H30pHb~ CHn 
/9/ 

( CM. ) • f1oSTOMY rrepBbiH cym:ecTB9HHbiH BKJIBA B HHTerpanbi ABeT rrepexOA 
! 

M 1 ( D, ) , KoTopbrii: ae3aa~lfTenea y rropora. 3To oo'bSICHSieT TOT ¢aKT, ~TO y)l{e 

OAIDI 6opHOBCKHe ~neHbl 1IpH6nH3HTenbHO YAOBn9TBOpS!IOT 1Ip8BHnaM CyMM C p. c 1 • 
0 

YIHTepeCHO OTM9THTh, ~TO B006m:e Ami paccesumSI IIp8BHnB cyMM B obpliOBCKOM 

IIpH6nH)I{9HHH ABJOT 0AHOBp9M9HHO IJ.O= 1, y "'0 o 

ABTOpbr 6naroAapHbi C.B.fepacHMOBy 3a pSIA HHTepecHbrx JlHCKyccai!: H 

rrone3HbiX 3BMe~aH.Hi!:. 

ITpiUio)l{eHHe 

ITpH Bhi~HcneHHH AHarpaMMhi A Hcrronh3yeM y d -BepnJHaayro ~acTh, 

BBeAeaayro B < d I y I d > -= , [ ( d + d ) ( g e + k k y) + ( k e - k f! ) {3 ] • 
/ 9/' U*~d')UY(d) , py pY PY Yo 

. 4WW' ll 
CoeAHHSIII 2 T8KHe B9p11IHHHbi9 'I8CTH If CYMMHpyS! IlpOM9)1{YTO~Hh19 COCTOSIHHSI, 

Mhi rronyqaeM Bhi'IeTbi rronJOCa. KoacTpyRpySI T -MaTpHuy c rroMOIDbiO 9THX Bhi'IeToB 

n rrpnoasnHSI aerronrocHbie ~neHbi, ~T06bi Koaeqaoe BhrpalKeRRe caenaTb Kann5poso'!HhiM 

HHBapHaHTOM, Mbl rronyqaeM B o5meM BHA9 

d d d {3d 
Y * p. a *{3 2 t a f3 t 2a 1 

Te-u u e e {4e g ( 2 + 2 --ga:J+4ey(kyk +k k )· 
I ? vp. s-M 2 u-M 2 P t 1P. 2v2p. 

Q Q 

• ( t a 2{3 
s- M2 + 

a {3 a a 
~ 

2 u-M 

KKdO kkdd 
__ 1_ g _)-4[(e-J.{3)2_1 __ /(k k )][ 1Y2p.1a 2{3 + tP.2V tf32a 

2 ap 2 M 2 1 2 s- M 1. u- M2. 

___ 1 ( g d {3k + 
2 Ya 2 2 P. 

g{3 kyd -(kd)gYag
11
{3)+-1 (gtld k+g k d{3-(kd

1
)g g J]+ 

P. 1 1 a t t r- 2 Yt-J 2a tiL p.a 2Y 1 2 P. a Yf:! 

e e d k +d ,k (k k) 
2uvf3rup.a 1a1{3 2 p2a k d 1 2 

+ 2 ]-2{3y[k 11 kp. - 1vgp.{3 1 a ~ 
u-M I 2 s-M 2 

-

2 
+ {3 [ 

e e {3 
ICJY a 2CJP, 

s- M 
2 

' d k + d k 
( k k ) 1 ( k 1 k2) 1 {3 2 a 2 a 1 {3 

- kp.gvad{3 1 22 -- g rlk Yk "+kyk)+ --- ( gva gp.{3+ gvf3glla)- k Y k p. 2 
t s- M 2 ap· 1 2,. 2 til ?. ,. 2 1 u- M 

8 

+ k 
2 v 

(k k ) ( k kJ 
gd 1 2+kg d _1_ 
IJ.fl1f3u-M2 lp.v{32a u-M 

+ (-d{3e +d e 
1 1llva 2a 2 

e "' k 
rAe tp.Ya tiL 
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2 a 1 f3 
- M2 

(k k ) 
+k gd 12 +kg d 

2 v P,fl1~ I p. vf3 2a 

( k kJ 1 
1 l +2f3e[( daev .. Q+ dpe uva)-M2 + 

u-M 2 1 2 1'P 2 1r- s-

+ ( -d e + d e ) 
1 

] l , 
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1 
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