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P - 2896 

B.n. n10601m1n 

PACCEHHHE anEKTPOMArHHTHbIX BOnH 
HA CHCTEME n11nonhHblX UEHTPOB 

HanpaBne_Bo B )1(3T«l> 

HayqHO•TeXHHIJeCKaa 
6n6naoTeKa 

OHSIH 



1, B B e II e Jr H e 

HaBeCTHo, qTo B cnyqae pacceHHHH S -Bona Ha C0BoKynH0CTH aen0llBH>KHblX Toqeq-

lrb!X neaTp0B CHCTeMa HHTerpanbJrblX ypaBHeHHi! 11m1 MHoroKpaTHoro pacceHJIKH nepexo11HT B 

Ill 
CHCTeMy ODb[qHb!X anreopauqeCKHX ypaBHeHl!i! , ITpl! 9T0M a<p<peKTHBHaH aMnnHTy11a pacceH-

/ 1-3/ 
lll!H S -BonH Ha CHCTeMe N 11e11Tp0B onpe11enHeTCll no <pOpMyne : 

r11e 

.. 
(I) 

A 

N (1) ➔➔ (I) 
I A exp(-lqR ) , 

l•I 

(1) N 8(1) A(k) 

•
8 

+kil--;mr 

(lk) ➔ -+(kl) 
exp (lkR +ilcR ) • 

k•I .. (I) 
q 

.. .. 
le' - k -nepe11al!Hb1l! HMnynbc, k -HMnynbC qacTHllbl 110 ,pacceHHHH, 8 

aMnnHTy11a S -pacceHHHH aa I - OM H30nHp0BalIH0M 11eaTpe, He aaBHCHIIIall OT yrna, 

ii(kl)- R(k) -R(I) • R(lk) R (kl) - I R(lk) I ' k - I k I . 

3a11aqa 0 pacceHHl!H. s -Bona aa llBYX aeno11BH>KHblX 11eHTpax 51,ma, no-Blllll!M0MY, 

/4/ 
BnepBb!e paccM0Tpeaa B pa5oTe l{y H BHKa B CBll3H C o5cy>K11e11HeM nonpaB0K K HMnynb-

/5/ 
cHoMy npn5nn>Keanro. Heci<onbKO noa>Ke no11po5aoe pemerrne aa11nqH 5blno 11aao BpaKaepoM , 

YqeT K0aeqHoro qncna Bb!CIIIHX napnKanbHblX Bona, B qacTH0CTK, p -pacceHHHH, M0>KH0 

/6/ 
aallTH B pa5oTe • O5o51IIGHKe CHCTeMb[ ypaBHeHHl! (1) Ha cnyqafi 5ecKoHeqao IIIHP0Koro 

/3,7/ 
cnoH co11ep>Kl!TCH B paooTax • 

CKcTeMy ypaBHeHHll ( I) JleTPYllH0 O0ODIIIl!Tb aa cnY'ial! neJITpanbl!0ro CllHH-CllKH0Boro 

B3al!M01lei!CTBHll Me>Klly 11aneTa10mel! qaCTHUell l! pacceKBalOIIIKMH neHTpaMK, f1pH 9T0M Be-
(1) (1) 

nHql!Jlbl 8 • A cne11yeT paccMaTpHBaTb xaK onepaT0pbl B CllHJI0B0M npocTpal!CTBe '!ac-

/3/ 
THIIbl H CKCTeMbl ueHTp0B Heo6xo1WM0,01111aKo,no11'1epKHyTb, '!TO nnH '!aCTHII C 0TnH'IHb!M 

OT nynH Clll!H0M CHCTeMa ypaBHeJrl!i! ( 1) B npKlll!Hne M0>KeT Db!Tb cnpaae11nHBol! T0nbK0 B 

HepenHTHBHCTCKOM llpHDnl!>KeJIHH, Karna M0>KJI0 K0ppeKTJI0 0TllenHTb CllHJI OT Op0HTanbl!OrO 

M0MeHTa H roB0pHTb 0 pacceHJIHH HMeHJI0 s -aon11 5ea npHMeCH 11pyrHX. op5HTanbl!b!X MO-

Mel!T0B, ITpl! CK0p0CTHX, 5nl!3KHX K CK0p0CTl! cBeTa, yqeT penHTHBHCTCKl!lt a<p<peKTOB, CBH3aH

HhlX C KHHeMaTH'!eCKHM noBop0T0M cnHHa, na>Ke B cnyqae ll0TeJlllHana B3aHMonellcTBIIH, He 
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38.BIIClUUero OT CilllHB., npHB0l111T K cymeCTBeHHOMY BBl10113MeHe!IIIIO CBCTeMbl ( 1). Cne11yeT, 

0l1HB.K0, 0TMeTHTb, qTo B cnyqs.e ps.cCel!HHll penl!THBHCTCKHX qs.cTHll C HeByneBoll MB.ecol!: no

K0ll 113-38. 60IIbIIIOll: 0Tl18.qB Mo11enb HelIOl1BHJKHbIX neHTp0B He BMeeT OTHOilleHllll K peB.nbH0CTII 

II llB!IlleTCll MB.TeMB.TBqecKoll: a6cTpaKnBeil. 

HHall CIITyallBll HMeeT MeCTO B cnyqae qacTMll C Maccoil IlOK0ll, paBH0H HYIIIO (Ha!Ipll

Mep, q,oTOHOB). 311ecb Mbl He M0JKeM nepeilTB K HepenllTBBIICTCK0My npe11eny, X0Tll HMnylihCbl 

M0I'yT 6bITb CKOIIb yro11H0 Manhl. J,f3-3a IIonepeqHoCTB aneKTp0MaI'HHTHbIX B0IIH MaTp11na pac-

cel!HHll B n p ll H Il H n e He M0JKeT 6bITb 1111aro11anbH0ll: no op6HTanbHOMy MOM8HTy, 

TaK qTQ I'0B0PBTb O paccellHHH s -B0IIH 6bmO 6bt rrpoCTO 6eccMbICneHHo. AHanoroM s -
ps.ccellHHll llBnlleTCll 11 B II O II b H O e pacceHHHe aneKTpoMaI'HHTHbIX BOnH, rrpB K0TO-

pOM q,oTOH HaX0l111TCll B C0CTOl!HBH C no!IHbIM M0M8HT0M 1 B 0TpH11aTe;1bH0il qeTH0CTblO ( K0-

repeHTHall cyrrep!I031111Bll S - H D -BOnH, cM.'8{. 

B nacT0l!III8ll: pa6oTe Mb! paccM0TpHM MH0I'0KpaTR0e paCC8llHH8 aneKTp0MaI'HHTHblX B0IIH 

Ha CBCT8Me l111IIOIIbHblX ueHTP0B II rronyqHM CHCT8My ypaBH8Hllll, ananorHqHyIO ( 1). KaK Mbf 

yBHl111M HHJKe, 3TB. CHCT8Ma ypaBHeHHil cymecTBeHH0 OTJIHqaeTcll OT (I). Oco6enno no11po6no 

Mbl pacCM0TpllM 3a11aqy O paCC8llHHH HB. 11BYX 11HII0!IbHblX neHTpax. 

.ilnll rrp0CT0Tb! Mb! 6y11eM rrp1111epJKHBB.TbCll Knacc11qecKOI'0 paccMoTpeHHll. KBaHTOBall 

TPB.KTOBKa (pacc8l!Hlle q,OTOHOB) IIpHB011HT K TeM >Ke pe3yJibTB.TB.U, B qeM MOJKH0 y6e11nTbCH 

C IIOM0IJlbIO 11HarpaMMnoll: T8XHHKH. 

2. PacceHHll8 sneKTpoMarHHTHblX BOllH HB. 11BYX 11111IO!IbHbIX neHTpax . 

PB.CCMOTpHM paccell)IH8 sneKTpOMB.I'lIIITHbIX B0llH HB. 11BYX Heno11BHJKIIO. 38.KpenneHHblX 

ToqeqJtbIX 11HIIO!IbHbIX paccenBaTellllX, KBJKl1b!ll: 113 KOTOpbIX 06na11aeT HyneBbIM 3aplll10M. IlycTb 

8.MlllillTY.llN pacc8l1Hllll sneKTpOMaI'HllTHblX BOIIH HB. H30JIHpoaaHHblX ll8HTpax pBBHbl 

a 1 (:<ll:'h>i H a 2 (.;tC 1>lC2>i. 311ecb ;:<ll n ~<2> -B8KTOpbt nonllp113a11nn 110 n rrocne 

paCC8l!HBll C0OTBeTCTB8HH0 1 al II 8 2 ne 38BHCllT OT yrna. Hs.ff11eM aMrrn11Ty11y pacce-

llHHll HB e11naoil CIICTeMe, COCT0ll1Jl8ll: 113 Toqeq)lbIX 11HII0IIbHbIX neHTp0B 1 n 2, He B38HM0-

11ell:cTByIOIJlHX 11pyr C 11pyroM B 0TCYTCTBll8 sneKTp0MBI'lIHTH0ll B0IIHbI. 

MexaJIH3M l111II0IIbH0I'0 paccel!HHll, KaK H3B8CTH0, cne11y101JlHll:. Ilo11 11ell:CTBH8M sneKTpn

qecKoro II0llll 31l8KTpoMarHHTHOll: BOIIHbl y qacTHIIbl B03HHKaeT rrepeMeHHbiff 11HII0!Ibllblll: M0-

M8BT 

D • a 
(I) -+-+ 

Ta/3 e {3 exp(lkR 1 -i<ut) (2) 

r11e Ta/3 -TeH30p nonllpB3y8M0CTII, B pe3y!IbTB.T8 IIpOHCX0AHT H31lyqeane sneKTp0MarHBT-

HbIX BOIIII H B.MnJlBTYAa paccellllllll 3anllCbIBa8TCll B BBA8 

4 

2 (2) (I) 
M • It Ta/3 e *a e /3 (3) 

r11e It -'T - BOIIH0BOil BeKT0p sneKTpoMaI'HHTHOil BOIIHbl • .llnll 0l1HH0qaoro CllMMeTpllqH0I'0 

2 2 
pacce11aaTellll Ta/3 • Tll a{J • QqeBBl1HO, a 1 • It T I a2 • It T2 • Ilp11 aanB-

qBB llBYX ueHTp0B KaJKAblil B3 Hl!X Hax0l1llTCll B CyMMB.pH0M II0Jie, C0CTOlllJleM 113 II0!Ill na11a.:. 

I01Jl8H sneKTpoMB.I'HBTH0H B0IIHbl B nom1 nepeMeHH0I'0 11HII0!IbH0I'0 M0MeHTa 11pyroro ueHTpa. 

Co6CTBeHH08 none H3nyqeam1, KB.K 06b1qao, yqBTbIBaeTCll aan11q11eM MHBMoil qacTH y aMII

IIBTYl1 paccellHHll BI B 82 • CornacHO OIITl!qecxoil TeopeMe l11Ill qffcT0 yrrpyroro AllII0IIbH0 

ro paccellHllll 

k 2 . 2 
Im a I (2) • 4rr <71(2) • 3 k I B 1(2) I • (4) 

IlycTb AllnOIIbHblil MO.MeHT nepaoro neHTpa 

-+ ➔ ➔-+ .J..l) -+ -+..., 
C 1 • d I exp(ikR 1 - i<ut) • t 1 (e + E 2 )exp(ikR 1 -i<ut), (5a) 

8. 1111nonbHb!ll: M0M8HT BToporo neaTpa 

... ➔ ...... ...,1, -+ ...... 
D

2 
~ d

2
exp(ikR

2
-l<ut) • t 2 (e +E1 )exp(ikR 2 -i<ut). (56) 

3necb 
-+(I) 
e -sneKTp11qeCK0e 

.. .. 
none nanaromeii aonHhI, a E 2 ( E 1 - aneKTpHqecKoe now 

BToporo (nepaoro) neHTpa a ToqKe aaxoJKAeHHll nepaoro (aToporo) ueHTpa. Ilonb3yBcb H3• 

aeCTHOil q,op·Mynoii AIIll HaIIpll>KeHH0CTH sneKTp11qecK0I'0 II0IIll aa paccTOllHHH 
/9/ . 

M0HHOI'O Toqeqaoro nnnonsr t Mbl MO>K0M H8IlHC8Tb 

R oT nepe-

2 ·-2 
-+ -+ It lit 1 -+ -+ -+ k 31k 3 .... 
E

1 
a[d

1
(-R + 7P"--;;"!") + n(d 1nl(-- --;;T +~l]exp(lkR-lkRl• 

R R R R 

= [exp(-l~i l][d 1 + V(;1 V )](expikR)/R, 
(66) 

2 
It ik 

E2•[d2(1f+-p 
1 -+ -+-+ k

2 
31k 3 .... 

1f!" l + n (d 2nl(- R - Ji2 + "ji"J )]exp(lkR + lkR). 

.. .. .. 
311ecb i .. .. 

R2 - RI R =Ill 
2
-R

1 
l -paccT0llHHe Me>KAY 11eaTpaM11, D -8AHHHqHbill BeKT0p .. 

a aanpaanesBB R 

nerKO BHUeTb, qTo C yqeT0M BIIHllHHll AByX AHnOJibH~IX UeHTpoB Upyr Ha npyra aq,

q,eKTHBHbie TeH30pbl rrom1pn3yeMoCTll nepeCTB.IOT 0b!Tb H30TponHblMH, Ilpll 3T0M o6mall CTP 

Typa di B d
2 

l!MeeT Bl!A 

... -+(1) ..... (t) .. 
d 1c2i• a 1c2i" + f31c2> n(e n l • (7) 

5 



rne a H /3 -KOHCT8HTJ,I. 

IloncTaBml!I BbIP8JK0HH0 (66) H (5a), C y'l0TOM (7) Mb! nony'IHM 

(I) -+ -+(I)-+ -+(I) k 2 lk l -+-+ 
a 1 e + {3 1 n(e n)• e [t 1 + t 1 a 2(y +~ - 8 )exp(ikR+lkRJ]+ 

R 

-+ CI) 3 3 lk k 2 1 I k -+-+ 
+ n ('if '.~l[ It a 2 (R8 -R2 -R) +2t 1 /3 2 <7 - R")] exp(lkR + lkR). 

(8) 

AHanorH'IH00 COOTHOW0HH0 nonyqaeTCH nocne noncTaHOBKH (Ba). B ( 56). HylKHO TOilbKO B ( 8) 

npOH3B0CTH aaMeay: 

a1:=; a2 ' /31~/32 • 
.... .. ... 

t 1 -+ t 2 , kR -+ - kR 

MbI ¢aKTH'l0CKH nony'IHilH CHCT0MY 'I0Tb!pex ypaBH0HHii C 'leTblpbMH H0H3B0CTHblMH. Ilepexo

llH no ~opMyne (3) K aMnnHTyne pacceHHHH, Mb! MOJK0M aanHC8Tb 

rne 

0Tcrona 

-+(I) ➔ (2) J ... ell-+ -+ (2)-+ -+-+ 
M•[A

1
(e e* l +B 1 (e n)(e" n)]exp(-lqR

1
.l+ 

.,.Cl)-+ ( 2) -+(I) -+ (2)-+ -+-+ 
+[A2 (e e* )+ B

2
(e i!)(e* n))exp(-lqR

2
), 

8 1(2) \u> I 1 . ... ... 
A1(2) • a1(2) + --R-- (1 + kR - ~ )exp (,kR+ lltR2l(l2)) 

1 1 
B1(2) • [2a1c2> B2(1) (kit -i) kr 

a 1(2) A 2(1) 

R 

31 3 ...... 
(1 + kR -k2ir )]exp(ikR + lkR21 (12/ 

... ... .. 
(R21•-R12•R). 

a a 1 l ..... 
A 1 • [a I + ¥ (1 + kR - p-jill") exp ( ikR + lkR)] X 

a I a2 I 1 2 -1 
X [ 1 - ~ (l + - - -;:-ir;;T) exp21kR] 

R kR k R 

8 t 8 2 I 1 ..... 
A 2 • [a2 + --- (1 +- -~2 ) exp(lkR- lkR)] x 

R kR k R 

a 1 a 2 l l 2 -1 
X [ 1- -;:-r (1 + - - ~) exp 2lkR] 

R kR k R 

nng BI H B2 Mb! nony'IHM paB0HCTBa: 

28 2 8 1 1 31 3 
Bl(2)• -[k!l" A1(2)(kR - ll (1 + kR-~lexp 2lkR + 

6 

(9) 

( 10) 

( 11) 

" !' 

a t(2) A2Cll 
+---

R 

31 3 -+ -+ 
(1 + kR - ~)exp(lkR + lkR 210::0l] x . 

4a 1 a 2 1 -1 
x [1-?"jiT (kR -ilexp21kR] 

Jl2) 

rne A 1 H A 2 onpenenmoTcH no q,opMyne ( 11). 

3. Il~ne~bHhie ¢opMynhI 

PaccMOTpHM caa'Iana cnyqaii kR » 1 Ilpe,ie6peraH '!Il0H8MH nopHnKa ( kR )-
1 

Mb! nony'IHM 
ala2 ...... 

A1= 

a 1 + --R- exp(ikR + ikR) 

a I a2 
1- -R-exp2lkR 

a 1 a2 ➔ ... 

A • 

8 2 + --R- exp (lkR + ikR) 

2 
al B2 

1 - --R- exp2lkR 

2a1a2 a1A2 ➔ ... 
B1 • A 1 ~ lexp2ikR - --R-exp(ikR + ikR) 

2a a a 2 A 1 ➔ ... 
B

2 
• A2 ~ lexp2lkR - -- exp(lk-lkR). . k!I" R 

TaK KaK H3 ycnoBHSI yHHTapHOCTH nnH nnnonbHoro pacceHHHH cnenyeT, 'ITO 

( 13) 

( 14) 

A 
a<-

• 2 17 

217 
(A•rl,, 

B npenenbHOM cny'Iae, KOTOpbil\ Mb! paCCM8TpHBaeM, a << R • 0Tcrona HCHO,. 'ITO A I - a l • 

A2 - 82 • 0'!0BHIIHO, 'ITO npn p8C'I0T0 C0'!0HHH B0IlH'IHH8MH B1 H, B2 MOJKHO"npeae6pe'!b. 

Ilocne ycpenaeanH no R ( nnn no paa6pocy 'IaCTOT npH cTporo aaKpenneaHbIX ueaTpax) 

Mb! npHXOIIHM K H3B0CTHOMY peayn&TaTy O H0KorepeHTHOM CilOlK0HHH C0'!0HHii: 

817 2 2 
unona • -3- <lat I + la2 I l · 

IlepeiineM Tenepb K 6onee HHTepecaoMy cny'IaJO - kR << 1 . C KBaHTOBOH TO'IKH ap0HHH 

npH 3TOM HM00T MeCTO MHoroKpaTHOe pacceHHH0 BHpTyanbHbIX ¢oTOHOB C OTilH'IHOii OT Hymr 

nponon&aol\ KOMnOH0HTOii nonHpH38UHH, 

C TO'IHOCTblO no '!Il0HOB, KOT':lpb10 B a6con10Tay10 B0IlH'IHHY A H B BHOCHT BKnan 

xi 
nopH.llKa kR .<< 1 • MU MOJK0M HanHC8Tb 

x/ IlpaBHilbHbIH y'IeT ,unana UHOl'OKpanwro pacce,rnmr B neiiCTBMT0IlbHYIO H MHHMyJO 

'IaCTH aMnnHTYII A H B Mb! npoaHanHanpyeM HHJKe. 
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At(2) • 

B 1c2> • 

2 8 
k R a1(2) -a1a2 k2Ra 

k 4 R 8 - 4 8 1 82 

2 8 
28182 Al(2) + 81(2) A2(1)k. R 

3-----,,-----c6a--------
k R -48

1
8

2 

B rrpeAenbHOM cnyqae 81(2) >> k2 Ra 

TTpH 8 «lc
2

R
8 

I (2) 

2 3 
A 1 =A 2 =1:R, 

3 2 8 
B 1 =B 2 -- 2 JcR 

Al .,. al , 
38 I 8 2 

A 2 = 8 2 •Bl• B2 • ~ 

/2/ 

(15) 

( 16) 

( 17) 

( 18) 

Mb1 BH/lHM, 'ITO ecnn B cnyqae s -pacceHHHH napaMeTpOM MHoroKpBT!IOro pacceHHHSI 

HBnHBTCSI BenH'IHHa a/R , )lnlI aneKTpOMarHHTHblX B01IH npH R << ,\ napaMBTpOM MHoro-

8A.2 
KpBTHoro pacceHHHSI HBnHBTCSI B81IHqHH8 --8- . TTpH R »,\ napaMeTpOM MHoroKp8THOro 

. a R 
pacceSIHilH cHoBa HBnHeTcH Bem,qnHa 8 . B 3TOM cnyqae KalKJlbii! Ha UBHTpoB aaxonHTCH B 

none cB060Aaoro Hanyqe~HH (BonaoBoi! aoae) Apyroro ueHTpa. 3aMeTHM, 'ITO rrpH cTpeMne

HHH )lnHHbl B01IHbl K 6ecKOH8'IHOCTH C8'I8HH8 pacceHHHSI Ha llBYX UBHTpax CTp8MHTCSI K uynro 

rrporropUHOHanbHO ~. 3TOT peaynbTaT HBXOAHTCSI B nonHoM COOTB8TCTBHH C ¢opMynoi! 
,\ 

PaneH )lnH cny'IaSI. paCC8lIHHSI 31I8KTpoMarHHTHblX Bona Ha HBi!TpanbHOil CHCT8M8 38pSIJlOB B 

AnHHHOBOnHOBOM npe)lene. 

4. OnTH'I8CK8lI _'I'80£.8M8 H nonaoe C8'I8HHH 

PaCCMOTpHM nonaoe C8'I8HH8 ynpyroro paCC8HHHSI aneKTpOMarHHTHblX BOnH Ha CHCTB

Me /lBYX AHnonbHblX U8HTpOB B /lnHHHOBOnHOBOM npH6nHlK811HH ( k R << 1). EyAeM C'IHT8Tb, 

'ITO aeynpyrne npouecCbl OTCyTCTByIOT, 

nng npocTOTbl npe)lnonolKHM, 'ITO 8 I • 8 2 • 8 • Tor)la npH lcR << l (cM. 15,16) 

M. 2A(;<1>e•<2>) + 2ac:u>-:l(/<2>;r>. 
rAe 

k
2

R
8 

8 
382 lc2Ra (19) 

A= 
8 + 1:

2 
R 

3 B• 2s §3 
(k R -2a)(k R + 81 

8 

~ 

nng nonaoro ceqeHHH ~~pyroro pacceHHHH aeTpyAHo nonyqHTb ¢opMyny: 

4rr 2 2 2 
unonH ·a (BIA!'+ (41B1 +BReAB*)sln ,f,I, (20) 

rAe if, -.yron MBJKAY B8KTopaMH 
.. 
le 

.. 
H n. 

PemeaHe CHCT8Mbl ( 10). oqeBH/lHO, /lOmKHO 6bl_Tb caMocornacoBaHHbIM, T.e. ecnH )lnH 

KBJKAOro H3 AHno~bHblX llBHTpOB cnpaBeJlnHBa onTHqecKaH TeopeMa, OHS JlOm1ma 6b!Tb cnpa

BBJlnHBa H B cnyqae paCCBHHHH Ha ABYX U8HTpax. 

C TO'IKH 3p8HHH onTHqecK08 T80p8Mbl AnH HenonHpH30B8HHOi! aneKTpoMarHHTHo8 BOnHbl 

u 
nona 

4rr T lmM. (21) 

OTCIO)l8 

4rr [ 2 
u nonH • k Im ( A 1 + A 2 ) + ½ Im ( B 1 + B

2 
) sin if, ] • (22) 

nnH, npH kR « 1 

4 IT 
17 nona • k (2ImA + ImBstn

2 
if,). (22a) 

CpaBHHB8lI (20) u (22a), nonyqaeM: 

4 2 
lmA • 3 kjA j , (23a) 

4 . 2 8 
lmB- 3JclBI + alcRe(A*B). (236) 

TTpn npoBepKe COOTHOmBHHil ( 23) aeo6xoAHMO Y'IBCTb, 'ITO ¢opMynbI ( 19) crrpaB8Jl1IHBb! 

C TO'IHOCTbIO)lO 'I1I8HOB, BHOCSIWHX B I A I n I il I BKnaA nopHAKa lcR << 1. OAHaKo npH Bbl-

qncneHHH MHHMOfi 'IBCTH aMnnHTYJlbl aeo6XOAHMO nonb30B8TbCSI o6mHMH ¢opM'ynaMn ( 11-12)' 

B KOTOpb!X cneAyeT npOH3B8CTH KOpp8KTHbi8 nepexo)l K npe)leny lcR .. 0 • 3To CBSI3aHO C TeM, 

'ITO qneHbl, KOTOpb!8 BHOCHT Manbli! BKnaA B I A I · n I B I MoryT BHOCHTb OCHOBHOi! BKna)l 

( /2/) 
B MHHMbi8 'IBCTH aMnnHTYJl A H B cp. , 

TTyTBM cpaBHHTBnbHO rpOM03JlCKUX, HO npOCTb!X Bbi'IHcneani! MOlKHO noK838Tb, 'ITO co

OTHOlli8HHSI (23) 11enocpe11cTBBHHo cneAyroT ns o6mero pemeans, (11-12). 

PaCCMOTpUM 'IBCTHbii! cnyqafi 

Cornacao ( 18) I Aj = !8 I B "' 0. IToCK01IbKY npn 3TOM 

2 , .,~ 
Im a • 3 k a << Re a, 

9 



B TO JKe BpeM>t 

ImA • Im lim 
kR..0 

ReA • Ree. 

a 

1-.!!..(1+' 1 R kif - Tn2)expikH 

I 1
2 

[ sin kR, 1 cos kR ] " Im a + a . !Im (1- 7i7i) + -:-::-r- • 2 Im a • 
kR ➔ O R k R kR 

(24) 

(25) 

CoOTHOlli8HH>l (24) H (25) HM8IDT M8CTO TBKJK8 B cnyqae s -pacce>IHH>l HB llBYX OllHHB-

KOBblX U8HTpax B ll/IHHHOBO/IHOBOM rrpenene, Korna rrapaMeTp MHoroKpaTHOro pacceHHH>l 

a/R~<l. 

5. Pacce>IHH8 9/l8KTpOM8rHHTHbIX BO/IH Hl¼_IlpOH3BOlll>!IOM~C~ 

llHIIO/lbHbIX ll8HTPOB , 

EecKoHeqHO lliH£OKHll cnoll 

CncTeMy a11re6pan_qecKHX ypaBH8IIHH )l/1'1 8Mll/IHTYJlbl pacces111n>1 9/l8KTpOMarHHTHbIX 

BO/IH H8 COBOKyllHOCTH N H8IIOllBHJKHblX )lHllO/lbHblX U8HTpOB H8TPYJlHO nonyqHTb T8M lK8 

M8TO/lOM; qTO H CHCT8MY ( 10) )l/1'1 paccesrnng H8 JlBYX llHllO/lbllhlX U8HTpax. 

PeaynhTHpyrollla>I BMll/IHTyna pacceSIHH>l Ha N JlHllO/l&HblX U8HTpax MOlK8T 6bITb 381IH

C8H8 B BH)le: 

rne T8H30phl 

rne 

M 
N (I) $2) (t) ➔➔ (I) 
I L13e* •a exp(-iqR ), 

l= t a a fJ 

(I) 

La/3 YllOBII8TBOp>troT cnenyromHM COOTHOlli8fUIHM: 

(I) (I) 

L a/3 = a a + I a/3 k ,1 t 

(I) (k) 

a La/3 
R(lk) 

(kl) ➔ ➔ (kl) 

exp (ikR + ikR ) + 

. (kl) 
I ➔➔(kl) (kl,.(~ ➔(I) expikR 

+ 7'T I (expikR )(L V Va --::1m' 
k k;O I , ay I" R 

➔ (I) 

V 
= _a_ 

aii<O 
➔ (kl) ➔Ck) -+ (I) 
R = R -R R

(lk) I (kl) 
= R I -

10 

(26) 

(27) 

I 
t 
j 
j 

f 
! 
,\ 

(k) 
TeH30pbI La/3 MOll<HO npencTaBHTb B Bnne: 

(k) (k) (ft)(ma) (ft) (ms) 

La/3 • A ~-tl + I I b(k) na n/3 
"'+-' f,/,. t, m,/a • 

.. cfo .. cft> uf > 
(n • R /R ) • 

noncTBB/1'1'1 ( 28) B ( 27)' Mb! MOlK8M B npHHUHll8 BCe KOa<pqlllllH8HTbI 

3HTb qepe3 Be11nqHHbI: 

(28) 

(k) clt),(ma) 
A , b Bblpa-

(I) 
a (I• 1 .•• N) H 

.. (kl) 
R (1,/,.k; i•l. .. N, k-1. ••• N) • 

PaCCMOTPHM Terrepb npOXOJKll8HH8 9/l8KTpoMarHHTHhIX BOIIH qepea 6ecKOH8qHo lliHpOKHll cnoll, 

COCTO>IlllHll H3 )lHilO/lbHhIX ueHTpOB, xaoTnqecKH pacnpeneneHHhIX C Il_lIOTHOCTbID p EyJleM 

cqHTaTbi qTo rroBepxHOCTb c110>1 neprreHJlHKynnpaa BO/IHOBoMy BeKTopy ; • B cnny CHMMeT-

pnn aq,q,eKTHBIIB>l BMil/IHTYJlB pacce>IHHH i - oro ll8HTpa 38BHCHT TO/lbKO OT ero paCCTOH-

HH>t oT nepenHero Kpa>t z TaKHM o6p830M, Mbl MOlK8M H8IlHC8Tb: 

rne •Ill. 

(I) (I) 

La/3 • A(z )8a{3 

TTpHMeH>tg q,opMyny ( 27) K 6ecKOH8qHO rnirpoKoMy cnoro ( npaKTnqeCKH lliHpHHa C/10'1 

)lOIIlKHB 6bIT& BO MHoro pa3 6011blli8 lllIHHhl BOIIHhI) n, yqHThIBBH norrepeqnoCTb 9118KTpOMar

HHTIIblX BOIIH, Mbl no11yqHM: 

A(z') ..... 
A(z) •a+ pa fff -R-,- exp(lkR'+ ikR')dv'+ 

T 

1 pa .. 2 (!LR' .... , 
+ "S" -2 fffV [A(z') exp ., +lkR) ] ,1 , 

k V - R ,, V , 

(29) 

r)le R' • (x'2 + y'2 + (z'- z)2 )lo a -aMnnnTyJla pacce>IHHH HB;H3011HpoBaHHoM ueHTpe. 

/3/ 
BbIIIOIIH>l>t HHTerpnpoBBHHe ( cp. · ) , Mhl npHXO)lHM K HHTerpallbHOMY ypaBH8HHro 

2rrpa • 
A(z) = a + -- if A(y)dy + 

k o (30) 

2rrpa b 
+ -k- i [exp(-2lkz)] f A(y)(exp2iky)dy +K . 

rile b -TO/lllll!H8 CIIO>I, 

1 ... 2 
K = - p_a fffV [A(z') exp(lkR'+ ikR')] , 3 k ~ _____ _;_ dv • 

V R' 
(31) 

11 



TTpocTOe BbI'IHCneane nocne ycpe1meaHR oc1mnnnpy10Inux 'lneaoB no ManoMy pa36pocy 

'laCTOT naeT: 

4" pa 
K • T A(z)~ 

C y'leTOM 3TOro Mb! MOJKeM B ypaBHeHHH (30) onycTHTb 'lneH K • 3aMeHHB a 

'IHHY 

4" pa -I 
a'•a(l- 3 --p-> 

TT pH 3TOM pe!lleHHe ypaBHeHHR ( 30) MOJKeT 6b!Tb 3anucaHo B BHne: 

rne 

A ( z) • .C 1 ( expik ( n-1) z) + C 2 [ exp ( - lk ( n + 1 ) z ) ] , 

2 a' 2 a' exp 2lknb 
C • 1 

(n+ 1) - (n-l)- exp 2 lknb 
n + 1 

n-1 
• c2 - n + 1 

(n+l)-~ -;;--:;T exp2lknb 

4"pa' 
n •,/1 +~ 

4"pa 4" pa -1 
,/1+~0-T~> 

(32) 

Ha Benn-

(33) 

(34) 

JierKO BH/1eTb, 'ITO BenH'IHHa n HMe(!T CMbICn noKa3aTenR npenoMneHHR cpenbI. TTpH 3TOM 

/_1 
~ 

411 pa 

ak2" (35) 

/10/ 
T.e. HMeeT MecTo cpopMyna JiopeHu-JiopeHua • 

llnR npocT;:,aHcTBeHHoll· perneTKH Heo6xonHM cneuuanhHbill aHanH3, KOTGpb1ll anpo'leM, 
/3/ /7/ 

aHanorH'leH COOTBeTCTByromeMy paCCMOTpeHHIO nnR s -BOilH ( CM. • ) • MoJKHO IlOKa-

38Tb, 'ITO B cnyqae Ky6nqecKoro KpHcTanna (npu ycnoaun, 'ITO Kone6aHHRMH Rnep B pemeT

Ke MOJKHO npeHe6pe'lb) noKa3aTenb npenoMneHHR MoJKHo npencTaBHTb Baune: 

rne 

xi 

a 

4"a 
n•,/1+~ 

411a a 2 -I 

= a (1 - 3k2Ta+' d + 3 lka) 

(34a) 

(38) 

AHanH3 IlOK83=>IBaeT, 'ITO cpopMyna THila (30) cnpaaennHBa He TOnbKO npH .\:>> d ( d-
cpenHee paccTORHHe MelK/(Y ueHTpaMH), Korna 3aKOHHOCTb nepexnna OT cyMMnpoBaHHR K HH
TerpHpOBBHHIO O'leBHAHa, HO npH ,\ ~ d • 

12 

3necb d "-nnnHa pe6pa gqel!KH, , -aemecTBeHaaR aenH'IHHa nopRnKa 1, RBHoro auna, Ko:. 

xi B "/ TOpoll Mb! 3necb He 6yneM npHBOAHTb • enH'IHHa a a paBHa OTHOmeIm10 cpenHero nonR 

B KpHCTanne K HCTHHHOMY nonro B yanax KpHCTa1:n11'1eCKOll pemeTKH ( CM. B CBR3H C 3THM pa
/ 11/ 

6oTy naKCB ) • 

J.:13 COOTJIOIIJeHHR (38) cnenyeT, 'ITO 

n
2 

- 1 

n 2 + 2 

4" 

3k 2 d 8 

a 

+ e a/d + x:: lka 
3 

(37) 

JierKo BHAeTb, 'ITO ecnH HMeeT MecTo 'IHCTO ynpyroe pacceRHHl1 ( Ima • f k la 1
2 

) , 

noKaaaTenb npenOMne11HR n -nellcTBHTenbHOe 'IHcno, T.e. B KpHCTanne pacnpocTpaairnTCR ae-

aaTyxaromaR aneKTpOMarHHTHBR BOnHa. 3aTyXaHHe npoxonRmelt aneKTpOMarHHTHOll BOilHbl B 
/3/ 

KpHcTanne o6ycnoaneao HeynpyrHMH (HeKorepeHTHhlMH) npoueccaMH (cM. ). 

8. PeaoHaHcHoe pacceRHHe _ a13__ cncTeMe nunonbHbilC 

neHTEO~ 

PacCMOTpHM peaonaHCHoe pacceRHHe aneKTPOMarHHTHblX BOnH Ha /1BYX O/111H8KOBb!X H3O

TpOIIHblX OCUHnnRTOpRx. qT06bI nccnenoBaTb xapaKTep TaKoro pacce,mmr, nocTaTO'IHO B 06-

mue cpopMynbI ( 11-12) noncTaBHTb 

a 1 • a:.• 
r 

O 
ec,2 

2 
2 2 "' "'a - "' - !"Ira c 

(38) 

3necb "' - kc -'laCTOTa nanaromero H3nyqeHHR, "'o -pe3oHaHcHaR 'IBCTOTa OCUHnmITopa, 

r
0 

-aneKTpoMarHHTHbill pan11yc. B6nH3H pe3oHaaca 

3 y . -tt "' 0 - C,J.- l y;2 
2 

2 "'o 
rne Y = 3 'o c -mHpHHa pe3OHaHca. SyneM C'IHT8Tb, 'ITO npH al• a 2 • a 

Hhl A1 + A 2 H B1 + B2 

Al+ A2 • 

MOJKHO npencTaBHTb B BHne: 

➔➔ 

2 kR 
acos --

2 [ 2 
1-.!.11'+ i 1 + R kR-~)explkR 

➔➔ 

2 kR 
asln ,-

1 + .!. (1+ i..- 1 R kR k"R2)explkR 

(38a) 

BenHtIH-

xi 13/ . 
B pa6oTe obmo noKa3aHo, 'ITO B cnyqae pacce,rnmI S -aonH ua Ky6H'lecKoll pe-

meTKe a"= a (1 +e-i- + ika )-I , rne ' - Ta JKe BenH'll!Ha, 'ITO f B cj,opMyne (38) • 
4>opMyna nnR , aenocpencTaeaHo cnenyeT H3 pe3ynbTaToB pa60T1,1/ 

1 
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-+-+ a 
2 lcR [ 

B + 82 • 2cos -2- 2a (2_-i) expllcR 
I l - kit2 lcR 

a 

1-!...u I l+ R + kR -k7i?')exp ikR 

-+-+ a 
• 2 kR [ 

+ .2sm T 2 a (..!_ _ I) exp llcR 
l+W lcR 

(39) 

a ,8 l ] 
l + 1[ (l +rr - ~)expikR 

nerKO BHll9Th, 'ITO K8}1(/!:,1ii qneH B <popMynax (39) HMeeT pe30H8HCHbil! xapaKTep. TTpH lcR « l 

Mb! M;}l(eM HanncaTh ( e6nH3H pe30H8HCHbIX '18CTOT): 

3 y I 

A I + A 2 ,. ·tt [ "'C ll _ "' - I y I /2 
0 

3 Y2 

5 
+y 

- 2 y I cos if, l 
11111(1) .. t 

"'o -0)-1 y,/2 

Y1 
B 1 + 

8
2 = 4k [ "'C2l _"' _ i ':i /1 

0 

c1> • l + 
°'o -l<l -1 y/l 

. Y2 
15 2 .,. [ • 

+ _._ cos 'I' •(2) "' _ i y /2 
81c Ci> o - 2 

Y1 
.. en .. • l 
"'o - "'-I YI /2 

TTpH 3TOM, C TO'IHOCThIO ;J:C) •mel!oB, MHOro M9HhWIIX Wl!Pl!Hbl y , 

(I) 2 3 C 8 3 c Ii 

"'o = [ "'o + 2 "'o Y ( "'o R l - T Y"if l 

(2) 2 C 8 3 C Ii 
"'o =l"'o - 3ru 0 y(--l - TYJil • 

"'oR 

•(I) 2 3 C S 3 C Ii 
Cll =[w --l<l y(--l+-y-] 

o o 2 O "'o R 4 R 

,. (2) 2 C S 3 C Ii 
"'o • ["'o + 3"'o Y (~) + 2 Y Ii l 

0 

(40) 

(41) 

(42) 

CooTB9TCTBY!Ollll!9 p930H8HCHbl9 wnpHHbl CB5138Hbl C Wl!pHHOli peaoHaHca y nmI H3om1poBaH-

noro OCUIIJI.'IHTOpa 
(1) 

Y,=2yc~i2 
"'o 

(2) 

Y
2 

• 2y (~/ 
"'o 

.. (I) ... ,I) (2) (2) 

l "'o 2 Cll o R 2 • l "'o 2 "'o R 2 
Y1 = sY<-> <~-> • Y = -2 y<-..-.-> <--> 

"'o c 2 0 Cllo c 

14 

(43) 

,.✓ 

j 

Ha COOTHOW9HHli ( 42) cpa3y BHAHO, 'ITO, XOTH CMemenne' peaonaHCHbIX '18CTOT M0}1(9T 6b!Tb 

Mano no cpaenennro c "'o e nnnnnoeonnoeoM npeaene aTo cMemenne ecerna cymec'rJ'eH-

no 6oJihllle WHpl!Hbl y. 

neliCTBHT0JihHO, npll !:J.l<l O << "'o 

(I) (I) 3 C i3 
!:i."'o ="'o-"'o • Ty("'oR 

(2) (2) (2) 3 ( C i8 
!:i."'o = "'o - "'o = -Ty "'o R 

a(I) ,.(I) 
.L\wo = li.>o - wo 

8 
3 _c_l 

=-Ty(w
0

R 
(2) (2) 3 C 3 

!:i.wo .;:;o -wo=2y<"'oR l 

tnenoeaTenhno, npH 

TTpH 3TOM 

C 

w 0 R 
>?' 1. 

C 8 !:i.wo - (--) » 1. y - ClloR 

xi 

Y1•Y2•2y, 
" l ClloR 2 

Y1 = 4y2 •-s-y(-0-l ·. 

(44) 

(45) 

EcnH na CIICTeMy, COCTOHWYIO H3 neyx OCUHJIJI51TOpOB, nanaeT aneKTpOMarHHTHOe H3ny-
3 C 

'10HHe C '18CTOTOl! "'o< a• - i - l , TO, KaK nerKO BHA0Th, B peaynhTaTe CM8Ill8HHH 
2 "'o 

peaonanca 

8 l<l O 2 
Al = A2 = R (-c-)· 

8 8 
3 8 l<l 2 

1 • 2 • - TR <-i1-> 

B nonHOM COOTB8TCTBHII C peaynhTaTaMII (17). 

(46) 

C IIOMOillh!O q,opMynhI ( 22) nepel!neM Teneph ,K nonHOMY C0'10HHIO paccennm,. B OKpecT-
(1) (2) •(I) • (2) 

HOCTH peaonaHCHblX '18CTOT "'o , "'o , "'o H "'o Mb! M0}1(0M nanHCaTh 

3,r y2 
(1 + cos

2 if,), u .. 7T 
I k ( (I) l 2 2 ·. 

"'o -"' + Y 

3 IT y 2 
2 (47) 

u2 = -y ( 2) 2 2 sin if, 
k (w 0 - l<l) + y 

x/B cnyqae peaonancnoro 
,\» R 

s -paccennnn na 2 nenTpax neTpy nno noKaaaTh, 'ITO npn 

rae 

1 Y1 + 
j\ cos

2 
if, ______ ) 

Al + A2 • 2k (-::ni 
"'o "'-1 Y1 /2 ;;i -l<l-i r;,12 

if, - yron Me}l(/ly k 
.. 

H R 
(I) C. 

"'o • "'o - Y 2"'
0 

R 

Y1 =2y • 

•(I) 
t CIJ - .... • ol ~o + ½y _c_ 
Y

1
=

6
y~~Rf "'oR 

TTepBbili peaonanc c yneoennol! wnpnnol! cooTBeTcTeyeT S -pacceHnnro. BTopol!, 0'10Hh ya-
Knli pe3onanc ,cenaan c P -eonHol!. Ero. BKnan B ceqenne paccennm, qepeaBhI'laiino Man ene 
y3KOli nonOCbl '18CTOT ( aneprnl!) B6JIH31! "'o • 

15 



15 •
2 

Cl • tT YI 2 2 
a a? ( •(I) ) :l • 2 cos if, (1 + cos ,r,), 

"'o -11.1 + ¾ Y1 

-2 
15 Y 2 u, •~tr •C2) 2 sin 2,f, (47) 

(c..,0-tu) +¾y22 

(2) 
3aMeTHM, 'ITO nepBbl0 nBa pe30HaHca C 'laCTOTaMH 

(1) 

tuo JI tuo COOTB0TCTBYIOT 'IJIC•ro nu-

nonbHOMY pacceSIHHIO. KaJKnbill Jl3 ocTanbHbIX pe30HaHCOB (qaCTOTbl 
.( I) •C2> 
tu

0 
JI tu 0 ) , KaK 

H0TpynHo noKa3aTb, COOTB0TCTBY0T 3Il0KTpH'10CKOMy H MarHHTHOMy nHnOnbHOMy pacceSIHHIO 

(Ha cq>epH'l0CKH 11ecHMMeTpH<1Holl cHcTeMe). ITocKonhKY 11IHpHHb; y
1 

H y
2 

B nnHHHoBOnHo-

BOM npenene HC!t03aIOme ManbI, BKnanoM 3THX pe30HaHCOB B nonHoe C0'10HH0 pacceSIHHSI npH 

A >> R MO)KHO npenet5pe'lb, ecnH llCKillO'IHTb ll3 paccMOTp0HHSI y3Ime nont)Cbl qaCTOT 

tu 0 R 2 • (I) • c2) x/ 
( • y (-c-) ) B 0Kp0CTHOCTH tuo H "'o 

PaccMOTpHM H0KOT0pb10 qaCTHbl0 cnyqaH. EcnH ,r,-oci11ii t B0IlH'IHHbl e, H B2 

He na10T 

TOTaMH 

BKnana B aMnnaTyny pacceHHHH. B 3TOM cnyqae ocTaIOTCH nBa peaoHaHca c qac-

Cll • (l) ( ' 2 
"'o H tu CooTB0TCTByIOmHe yrnOBbl0 pacnpeneneHHSI HM0IOT DH/I 1 + cos 0) 

0 ' 

/lllll pe30Hanca C 'laCTOTOil 

.(I) tT 

(I) 2 2 
tu O H cos 0 (1 + cos 0 ) nnsi pe3oHanca c qacToToil 

"'o . EcnJI if, • 2 ,BKnan Y3KHX pe30HaJICOB B C0'10HHe pacceHIIHSI TO>Kn0CTB0HHO paBeH 

Hyn10. H11Tep8CHO OTMeTHTb, 'ITO B 3TOM cnyqae nnH BOilHhl C nonHpHaauwell no B0KTopy 

p030JlaHCH00 pacceHHJle C 'laCTOTOli 
(I) 

tuo OTCyTCTByeT. 0Ho IIM00T M0CTO TOilbKO npJI 

(2) 
tu - tu 0 

Haot5opoT, nnsi BOilHhI, nom1pH30BaHHOli B HanpaBneHHJI B0KTopa [kit] 

.. 
n 

pe-

aoua11cHoe pacce!IHH0 npoHCXOllHT TOilbKO npu qacTOTe 
(I) 

tuo B csH3JI c aTHM cncnyeT aa-

M0THTb, 'ITO COBOKynHOCTb OllHHaKOBO op11eHTJ1posahHbIX nap OCUHnnHTopos MO>K0T cny>KHTb 

xoporneli MOll0IlbIO llBO!IKOnpenoMnHIOmeli cpellbl. 

no CHX nop peqb mna O 'IHCTO ynpyrOM paCC0!1HHHo ITpH Wlnll'IHH nornomeHH.11 COOTHO-

lll0HH!I (42-45) OCTaIOTCSI B cnne; npH 3TOM y • -YI ' Y2 • YI H Y2 HM0IOT CMbICil nap-

UHanbHblX lllHpHII, COOTB0TCTBYIOmHx ynpyroMy pacceHHHIO. t.1To Kaca"'TCSI lllHpHHbI, CB!l3aHHOll 

C nornome11HeM, TO OHa OCTaeTC>I TaKoll >Ke, KaK H nnsi H30IlHPOBaHHOI'O OCUHnnsiTopa. B 'laCT

HOCTH, npH lcR << 1, ~tuo << tuo 

x/ C 
CnenyeT OTM0THTb, 'ITO npH "'o = R Bee '10Tb!pe lllHpHHbl HM0IOT nopsinoK 

B0IlH'IHHbl y • ITpH 3TOM cMemeHHe p030HaHCHblX 'laCTOT Toro )1{0 nop>1nKa, 'ITO H 

lllHpHHa y • ITpJI ~ » I I ~tu - y _o_ «y 
C tu 0 R 

16 

rne yt JI Y2 

(I) 

y nonH, 

(8) 
y y 

/2l - 2y + y ' 
nonH. .. nor 11. 

+ y 1 
norn. 

rn 
y 
·nonu. 

•y + Y2 
norn. 

onpenensi10Tcsi cornacHo (45), 

(48) 

flepeilneM Tenepb K MaKpOCKOnJl'l0CKoll cpene. Mb! y>Ke noKa3aiIH, 'ITO B cny'lae l'IMOpq>

HOI'O Tena aq,q,eKTHB11asi aMnnrrTyna paccesinHsi, Bxonsimasi B noKa3aTenb npenoMnemrn, onpe-
. . 

nenH0TCSI no q,opMyne (33). IToncTaBnSISI B (33) Bblpa>K'.lHHe (38)' 'Mb! nony'IHM pe3oHaHC-

llblll '1Il0H Bnna 

a' 
3 

4k 

y 

tu; -tu - 12 

rne y -lllllpJIHa p030HaHCHOI'O p&CC0SIHHSI nnsi Jl30IlllpOBaHnoro OCUJIIlilSITOpa, 

tu; = tu 0 

( Mb! C'IHTaeM, 'ITO ..:!'.I._ {--cl 
8 

p « 1). 
@o ruo 

C 8 
-try(-) p 

tuo 

(49) 

3aMeTHM, 'ITO lllJlpnna p030HaHca npn 3TOM He M0H>l0TCSI no cpaBH0HllIO co cnyqaeM H30IlH-

poBannoro OCUJIIlil>ITopa. ITonqepKH0M, 'ITO npn pacce>1nm1 aneKTPOMa!'IIHTllblX BOnll CMeme

llH0 p030llaHca OTflll'IIIO OT 11yn>1 nall<e B aMopq>IIOM Tene, B TO Bp0M>I KaK nprr paccemrnrr 

OObl'lllbIX qaCTHU (HanpnMep, HellTpOHOB) TaKoe CMemeHHe MO>K0T JIM0Tb M0CTO TOflbKO B 

/7/ 
KpJICTannll'10CKHX Tenax 

ITprr p030HaHCHOM pacce>1HJIH aneKTpoMa!'HHTHOI'O H3nyqemrn Ha npocTpaHCTB0llHOil pe

lll0TKe, noMHMO CMemeHHSI Trrna (49), B0311HKaeT nononHJIT0IlbHOe CMemerrne pe30HaHcHoll 

qacTOTbt, HMe10mee Ty )1{0 nprrpony, 'ITO H B cnyqae S -BOnH. ITpJI 3TOM lllHpJIHa, COOT-

/7 / 
BeTCTBy10masi 'IHCTO ynpyroMy pacceSIHHIO, nonHOCTbIO HC'10380T ( cp. ) • · .llellcTBHT0'1bHO, C 

yqeToM q,opMyn (36) ll (38) nnsi nonHoro C0'10HHSI pe30HaHCHOI'O paCC0SIIIHSI aneKTPOMar

HHTHbIX sonH B KyOH'leCKOM KpHCTanne (B pacqeTe Ha OllllH nnnonbHb!ll neHTp) Mb! nony'IHM 

cneny10mee Bb1pa>Kenne: 

c," 411 # 
311 Y<Ynona.-Y) 

- Ima = -- Y. y 2 
k 2k 2 (tu" -tu )2. + {~) 

0 2 

(50) 

rne Y nonn -nonuasi rnnpHHa pe30Ha11ca Ha H3onnponanHoM ue11Tpe, y -lllJlpHHa, COOT-
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B8TCTByIODl8H ynpyroMy pacceHHHIO, W ~ -p830H8HCH8H 'ISCTOTa, CBH38HHaH C 'ISCTOTOII 

Wo nna H30nHpOB8HHOro U8HTpa COOTHOID8HH8M 

eu'~ • ruo -
rr c a 
-;-a<-) 
d wo 

3 C 

Y+4tr<wodl. 

x) 

(51) 

CnenyeT OTM8THTb1 'ITO ecna BKnau aeynpyrax npoueccoB B nonaoe ceqeaae paccea

HHH H8 cnHmKOM B8nHK I B UnHHHOBOnHOBOM npeuene CM8Dl8HH8 p830H8HCHOI! 'I8CTOTbl MOlK8T 
1/a 

6b!Tb rop83AO 6oni,me WHPHHbl p830Haaca. IlpR A « d ( A « p ) CM8W8HR8 

p830H8HC8 BO MHoro pa3 M8HbW8 mRpHHbl H,no-BHARMOMY, HM MOlKHO npeae6peq&. 

7. 3aKnIO'IR~enbHbl8 38M8'18HHH 

CoBepm8HHO aaanorH'IHblM M8TOUOM MOlK8T 6bITb HCCneuoBaH aonpoc O AHilOilbllOM 113-

nyqe111111 B KonneKTRBe, COCTOHmeM H3 2 II 6onee 113nyqaTenell. B 'IBCTBOCTII, B COOTB8TCTBIIII 

C pe3yn&TaTaMII Ba CT OH Ill 8 II paOOTbl, HCHO, 'ITO npR H3flY'I8HIIH aneKTpOMBrl!HTHblX Bone 

MoneKynol! (aupoM, aTOMOM), OKpylKeH_Holl COBOKynHOCTbIO H8B030Y)l{fl8HHbIX MOneKyn (auep, 

aTOMOB) Toro )1{8 BHAB, 6yueT HM8Tb M8CTO H3M8H8HH8 WHpHHbl nHHHH no cpaBH8HHIO co cny-
xx/ 

qaeM H30nHpOB8HHOro H3nyqaTena, a TaKlK8 CABHr 'IBCTOTbl H3nyqeHHH C KBaHTOBOll TO'I-

KII 3p8HIIH 38 C'I8T B3811MonellcTBHH C noneM 113ny'I8HIIH COC8AHIIX uenTpOB y uanaoro U8HT

pa npo11cXOAIIT CMemen11e a11epreTll'I8CKIIX ypoBaell. Ilp11 OTCyTCTBIIII c¢ep11'18CKOi\ CIIMM8TPIIH .. 
( aanpHMep, ABB ueHTpa C KOOpAHHBTBMII RI II 

.. 
R2 B03HIIK88T K TOMY lK8 pac-

menneaae aaepreTH'I8CKHX ypoBHell. Eonee neTan&Hblll aaan113 STIIX II npyr11x npo6neM, 

CBR38HHbIX C 113ny'l8Hll8M aneKTpOMarl!IITHbIX Bonn CHCT8MOI! n11nonbHbIX uenTpoB, Mb! npen

nonaraeM npoBecTH B oTuen&nol! pa6oTe. 

CneuyeT OTMeTHTb, 'ITO np11Men_ea11e pe3yn&TaToB, cneny10m11x 113 Monen11 nenoUBHlK

HbIX ueHTpoB, K KOHKpeTHb!M peanbHb!M CIICT8M8M (MoneKynaM, KPIICTannaM II T.n.) Tpe6y-

8T crreu11an&Horo paCCMOTpeHHR. 3To OTHOCIITCH K8K K ARnonbHOMY pacceHHIIIO aneKTpoMar-

HIITHb!X Bona, TaK II K cnyqaro s -pacceHHIIH OObl'IHblX 'I8CTIIU. 06cylKA8Hll8 9TIIX aonpo-
. xxx/ 

COB Bb!XOAIIT 38 paMKII H8CTOHDl8H pa60Tbl • 

x/np11 pe30H8HCHOM pacceHHIIII s -BOnH B Ky611"18CKOM KpllCTanne w; - Wo + ¼()'~. 
3aBRCIIMOCTb CMemeHIIH p830H8HCa OT napaMeTpoB npocTpaHCTB8HHOll pemeTKH (11 T8M ca-0 

MbIM Bb!palKen11e nn,i t) 6bma nai\nena B pa6oTe171 -
xx/ 

8 pau11on11ana3one 8TH a¢¢eKTbl 113B8CTHbl II H80AHOKp8THO o,t3eqanHCb B n11T0pa-

Type (KB8HTOBb!i\ pacqeT CM. B KHllre <!>al!aa 112', CM. T8KlK8 pa6oTy '>· 
xxx/ IlpllM8H8HH8 Monen11 2 ueaTpOB K pacceHHIIIO ael!TpOHOB Ha ABYXBTOMHOH Mone

Kyne 'IBCTH'IHO paccMoTpeao B pa6oTei2I. 
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13 3&Kn10qe1111e aeo6xou11Mo nonqepKHyT&, 'ITO MbI orpan11'111Ban11cb accneuoBanueM pac

ceRHHH aneKTpoMarHIITHbIX BOnH na nel!TpanbHbIX n11nonbHbIX U8HTpax, KOTOpbl8 np11 DTCYTCTBHII 

BHemaero uonR M8)1{fly co6ol! ne B3811MOA81lCTBY~T. Ecn11 ll8HTpbl 38pHlK8HbI, B IICXOUHbIX ypaB-

118HHHX Tuna (8) neo6xoUHMO Y'IHTb!BaTb nanll'IH0 KynoHOBCKOro B38HMOU81lCTBIIH Me)l{fly HII

MII. B pe3ynhT8T8 qnen, nponopUIIOHBnbllblll 

M11oroKpaT11oro paccean11a np11 >. » R HBnHeTCH ylKe B8nll'111ll8 llOPHAKB 

-J-,. , H3 ypaBaeaall BhmauaeT, 11 napaMeTpoM 
R a a>.2 

R ; a 11e '"ji1'"" t 

KBK B cnyqae 1181lTpanbllb!X U8HTpOBo nm1 CIICT8Mbl CBH38HHbIX 38pHUOB0 YA8plKIIB88MbIX BllyT

p8IIHIIMI! 6ecKOll8'IHO lK8CTKIIMII c11naM11 11eaneKTpoMarllllTIIOro np011CXO)l{fl0HIIH ,nocne110B8TBnb-

11oe paCCMOTpen11e B paMK8X M8TOAa, 113nOlK8HIIOro B HBCTOHill01l pa6oTe, KBK II cneuoBano 

OlKHA8Tb, B UnllHHOBOnHOBOM npenene npllBOAIIT K TOMCOHOBCKOII ¢opMyne: 

rue 

3uech e (I) II 

m -

(1) 

0 
T 

Brr Ie<o 
-3- -;.;-r . 

e (I) e (k) l 
I c1) + ¼ I I --::-m, --::r 
I m . 1,h R c 

m --Ben11q11na II Macca I - oro 3apaua, m -nonnaa Macca c11cTBMbl 

C Y'l8TOM a11epr1111 B3811MouellcTBl!H 3apHAOB. Ilpl! m -+ 00 ( irnnoUBlllKHbl8 U8HTpb1) C8'18HHe 

0 T CTp8MIITCH K nynro. 

AaTop BbipaJKaeT rny60Ky10 6naronapnocTb M.H. nouropeuKoMy 3a HHTepec K pa6oTe, 

o6cy)l{fleHH8 pe3ynbT8TOB II U8HHbl8 COB8Tbl. 
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