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t. Jlu<P¢epeauuanbaoe ceqeaue aeynpyroro pacceHHHH 6hiCTphiX aneKTpoaos aa aToM­

Hhix SI.Qpax B nepBOM 6opHOBCKOM npH6nH>KeHHH Bblpa>KaeTCSI B BH.Qe CyMMbl npHB9.09HHbiX 

Ill 
MaTpH'!Hb!X aneMeHTOB , nocKOnbKy nocneaHHe coaep>K8T BCIO HH¢OpM8UHIO 0 Rape, He-

o6xoaHMYIO anSI OnHC8HHSI npouecca, npeacTaBnHeT HHTepec nony'IHTb HX H3 9KCnepHM9HT8, 

8 o6meM cnyqae B aH¢¢epeauuanbaoe ce'!eHHe pacceHHHH c so36y>K.oeaueM onpeaeneaao­

ro COCTOSIHHSI SI.Qpa BXOaHT no KpaJIHeJI Mepe asa (cnHHhl Hapa B OCHOBHOM H B036y>KaeH­

HOM COCTOSIHHH F Q) M8TpH'!HbiX aneMeHTa, H noaTOMy Henb3SI onpeaenHTb BKnaa OT KS>Kaoro 

B OTaenbHOCTH, He npl\6erag K 9KCnepHMeHTY C nonSipH30B8HHbiMH a,,eKTpOH8MH. 

2. 8 aacToHmell pa6oTe nonyqeaa ¢opMyna au¢¢epeauuanbHOro ceqeHHH Heynpyroro 

pacceSIHHSI npoaonbHO nonHpH30B8HHbiX aneKTpOHOB H8 OpHeHTHpOB8HHbiX H.Opax, noK838HO, 

'ITO B HeKOTOpbiX cnyqagx OT.OenbHbie M8TpH'!Hbie aneMeHTbl MO>KHO Bblp83HTb '19p93 9KCne­

pHMeHTanbHO H3MepHMbie BenH'IHHbl, 8 '!8CTHOCTH OK838nOCb0 'ITO M8TpH'!HbiJI aneM9HT, COOT-

seTCTByiOIUHll M 1 nepeXO.Oy H.Opa M9>K.OY COCTOSIHHSIMH ~ + - Y, + ,1 H9llOCpeaCTBeHHO 

CBSI38H C H3MepHMbiMH BenH'!HH8MH, 

TaK KBK B38HMo.oellcTsHe Me>K.oy aneKTpoHoM H HapoM paccMaTpHsaeTCH s nepsoM 

nopH.OKe no KOHCTSHTe CBSI3H, a aneKTpOHbl OnHCb!B8IOTCSI nnOCKHMH BOnH8MH
0 

M8TpH'!HbiJI 

Ill 
aneMeHT nepexoaa MO>KHO 3anucaTb c noMOIUbiO noTeHuHanos Menepa 

r.oe 

3aecb 

-+ II ....., -+ 
V,

1 
= f A (r) ] ( r ) dr , 

I' I' 

A (.. .4rre - ... .. , .... 
I' r) =- .,---2 ( u (p') Yp. u (p)) e q r 

q - qo "' 
B ,;-; 
I' e 

II -+ -+11 -+ tf-+ ...,. ;t,o 

J (r) =(] (r),ip (r) )- H.oepHbie TOKH nepexo.oa, (P,iE) ,(P il!.') 
I' • ' 

'IBTbip~x-.. .. .. 
M9pHbl9 HMnynbCbl aneKTpOHa B H8'18nbHOM H KOH9'1HOM COCTOSIHHH, q • p - p' , q

0 
• E- E' 

HMnynbC H aHeprHH, nepeaasaeMbie SI.Opy, COOTBeTCTBeHHO, Yfcnonb3yH ycnoBHe nopeHua 

.onH noTeHuuanos Menepa H ypasaeaue aenpepb!BHOCTH, KOTopoMy yaosneTsopHIOT H.oepHbie .. 
TOKH nepexo.oa, Mbl MO>K9M HCKniO'IHTb '19TB9pTbie KOMnOHeHTbl A (1) H ] 11 (t} H 38!lH-

p. fl. 
C8Tb B38HMO.QeJICTBH9 B BH.Qa .. .... 

fl 11
(;)e 

lqr .. 
• V, = ( B' dt ) • .... 

rae .. .. ( Bq) 
B' = B - ------:r q 

qo 
6y.OBM C'IHT8Tb 0 'ITO H8'!8nbHOe COCTOSIHH9 aneKTpOHa H SI.Qpa HBnHIOTCSI 'IH.CTbiMH, JlH<P<Pe­

peHUHSnbHOe C9'19HHe B <'!TOM cnyqae HM99T BH.Q: 

3 

-L -a t...a..._ 



I 

do ---;rn- (f+-i) m !..." 
v 

p ~ <! •• ..• r., , 

rne 

Q • I B'* B' 
•• • b ., 

1 • ! 1 f J (•J rH 
•b .,.2 • r e drll f 1.r•> e'·;: d; I 

v - CKOpOCTb IIB.QBIOUl&rO •9Jl8KTpOHB, p - IIJlOTHOCTb KOH8'1HbiX COCTOSIHHll, S 2 m 2-

npoeKUHH CIIHHB 9J19KTpOHB H >i.QpB B KOH9'1HOM COCTOS!HHH, COOTB8TCTB8HHO, 4 b - .Q8Kap-

TOBhl K00p.QHH8Tbl, .llnll yno6CTB8 119pBXO.QHM K c<f>epH'IBCKHM opTBM, T.e. 3BMBHSIBM Qob 

H r •• 'na Op.v H lp.v. rne p.,v•O,:t1· Bbr6HpBS1 KOOp.QHHBTHYIO CHCTeMy, B KOTOpoll OCb 
.. I 21 

uanpasnena saonb nepenaaaeMoro HMnynbCa q , y'IHTbiBBH paano)l(enue 

.. 1> t .... " ......... 
f J

11
e 1 

•• d-;•y'o4r 1i i y2t+1 (t .OviAv) f 4(qr}(Y>J., (r)] (r)) dr 

H 

" .. .. .. 1-1, ( 1 A m -" li m ) 
fie(qr)(YAt (r} J(r))dr,. <i m l"';.r (qJIJ1 m1>m(•1)

2 2 
• 

1 1 <j II">, (qJII 1 > .. ' ' .. .J 211 + 1 ' t 1 

/3/ 
H BBO.QSI npoeKUHOHHhlJI CIIHHOBhlA OIIBpBTOp 

HBCJlO>KHbiX npeo6pB30BBHHJI 11011Y'IHM: 

B Qp.
11

-(1-2is yy(Y P)) 
1 § 4 I PI 

drr· (l,....i). (--"-)~ 1 :::;:..;;z; l +(-L) .4, ~ 1+szn I, + 
2 . coa'() 2 ~~ 

dO h c p "l sin · -f 0 h c 7 8 sin 

e ' 4" 
+ (liC) 7 

1 

4sin +· " 1'; ·s •:1; 1 , 

rna 

nocne 

(I) 

I -r-d' .,,~I r-1f' j-+l'J..2i'+1J(2t+1J(2t'+1J (t.!)O I >.o>rt"1ooJA1>X111'm;ol11m1> x 
q t'>.Xrf' 21, + 1 

0 

+ 
x 1 u A J A' ; J i' J <i II ~ , • II i > < 1 II :t!lx. ·II 1 > 

I 1 2 2 1\L 1 2 L 1 

I 
1 

' _, e, e t' 
2(-1)

2 1 I (•1) +1i + y'(2J'+1X2f'+1)(2f+1J(f101IAJ)(f'101IA'1XM'1-1li'O) X 

,?.Xft' 211 + 1 

+ 

x (j j'm 0 I i m I'J'i(j A i A'; 1 J') <lll!i_.ll >.<llll!"•'ll > 
1 I I J' 1 I 2 1\L 1\ L 

1'• o.~ ..• 

1, - TO )I(B C8M09 BblpB)I(BHH9 0 TOJlbKO 'ITO J'- 1,3, • • 

4 

Bo ua6e)l(anue rpoM03.llKHX BbiPB)I(BHHll, Mbi orpaHH'IHJlHCb cnyqaeM, Korna sin .!!... >> L\ E , 
2 E 

r.o.e 0 - yron paCC8SIHHSI. 

¢opMyna ( 1) .o.nH ce'!eHHH HMeeT cne.o.yiOutHe oco6ennocTH. HeTpy.o.no y6e.o.HTbCH, 

'ITO nocne cyMMHpOBBHHSI 110 m, - 1Ip08KUHR CIIHHB R.llpa B OCHOBHOM COCTOSIHHH- (J) 

nepeXO.llHT B 06bl'IHyiO <f>opMyny .llJlSI CB'I8HHSI paCCBRHHSI HBIIOJ1S!pH30BBHHhlX 9J1BKTpOdOB 

Ill 
HB H80pH8HTHpOB8HHbiX Sl.llpBX • npu CyMMHpOBBHHH 110 S m 2~1 - 3HBK npOBKUHH CIIHHB 

sneKTpona na nanpasnenne HMnynbca ~a.o.a10mero sneKTpona, nocnennall 'lnen s (t) uc­

'!eaaeT. 3TO 03HB'I88T 0 'ITO 11011SipH3BUHOHHbl8 s<f><f>eKTbl HM910T M8CTO TOJlbKO llpH O.llHOBpe,_ 

MBHHOJI II011SipH3BUHH 9J18KTpOHOB H SI.O.Bp, EcnH CIIHH SI.Qpa 1
1 

- 0 0 11011SipH3BUHOHHblll 'IJlBH 

TO)I{B HC'IB3BBT, KBK 9TO nerKO nposepHTb0 H81IpHMep, B CJIY'IBB nepeXO.llOB 0+- 0+, 0 + -1+ 

H .lJ.p, 

3. PaccMoTpHM no.o.po6nee pacceHHI!B nonHpnaosaHHbiX sneKTponoa c aoa6y)I{.Q9HHeM 

S!.llpB HB'I8JlbH08 H KOH8'1HOB COCTOSIHHSI KOTOporo HM810T CIIHH ~ H 110110)1( HTBJlbHYIO 

'leTHOCTb 1% + ~ Y,+ I • B aToM cny'!ae sKna.o. na-aa opnenTaUHH 11.0.pa HC'IeaaeT; ocTaeT­

CH '!Jl8H 0 o6yCJlOBJlBHHblll 11011SipH3BUH8ll 9J1BKTpOHOB H SI.O.Bp (B HB'IBJlbHOM COCTOSIHHH) O.llHO-

Bp8MBHHO 

~ ( y, +~Y, + ) = ( _§J_J .!.:!.__ -
d f! he p 2 4 

' 0 2 
~»sy JI.!L<IIlli.,ll>l+ 
sin l.JL 2 qo 

2 

e 2 4, 1 
+ (-) ------.-8 

he p 

'0 2 
1uin 7 11<11ll!"ll>l + 
sin 4 012 ] (....!!__/'!:!,J-1- ...!,...l<ll:tl!"ll>l 

he p sin$ 0!2 y2 f' 

' 

( B cPOpMyne Mbl IIOJlO)I{HJlH m 
1
= + ~) ). npHB8.llBHHhlll MBTpH'IHblll 9J18MBHT <lllll"ll>, 

COOTB8TCTBYIOLUHJI Af 1 nepexo.o.y Sl.llpa, MO)I{HO Bb!p83HTb '18p83 OTHOUl8HH8 

w - du(+) - du(•) 

d ur+J+ d u (-) 

r.o.e d /+) H d/") CB'IBHHSI C 

Tor.o.a 

s=l, ·s=-1 COOTB.eTCTBeHHO, 

W.(....!!!:_) =(-L/~ 1 - 1- -
1-J<IIlll 11>1 2 

dO 0 he p% T ·sin 3 0I2 y'2 11 I 

T,e, MBTpH'IHhll! 9Jl8MBHT Bblp8)1(88TCSI '18p83 H3M8pHMbl8 HB OllbiT8 SBJlH'IHHbl, ( k)- ce­
dfl 0 

'18HHe nenonHpHaoeanHhiX sneKTponoe c soa6y)l{.llBHHeM BbiuteyKaaannoro nepexona. On pa­

sen cyMMe .o.syx rrepBhiX qnenos e (2). B .o.nunnosonnosoM rrpu6nH)I{8HHH I qr.<< 1 I 

l<lllll ll>l
2
-q 2=4p 2 sin 2 

II 
o 
2 

H 1 cnell.OBSTenbH0 1 
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W ( du ) ~ __ 1_, 
~ o sin 0/2 

8 .llpyl"'IIX, oonee CllO>KHbiX nepeXO.llBX Bbi.lleneHIIe MBTpllqHbiX aneMeHTOB CBSI38HO C IICllOllb" 

aoaa1111eM ¢opMynhi (I) 11 Bbipa>KeHIIII .nn11 ( ..!!.!!___ ) • 
d !l 0 

B aaKmoqeHI!e 8BT0p Bb!p8>K8eT onaro.napHOCTb C.M. 611neHbKOMY II B.H. Kani!HKIIHY 

38 OOCy>K,lleHIIe paoOThl, 
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