
.. 



P-1999 

s .r. EapbrweBCK>~ ll , B.ll.ll106owuu 

0 BPAIUEH1111 nllOCKOCTI1 
ll0/IRPI13AUI111 y -KBAHTOB 

nPI1 n POX0)1(L(EHI111 L£EPE3 no/IRPI130BAHHYIO 
3/IEKTPOHHYIO M11lliEHb 

Haupasneuo a ~puan 'Raepuau ¢H3HKa' 

-·· -- :•tUWI IIICT ifl~:-~- , 
11 ICC.It.lOII'-'' .t:.\ 

, ,..11HOTE:~ ~~~ 



X opowo aaaecTrro, qTo KBK MBr HHTHoe, T BK H e cTeCTBeHaoe apameHHe nnocKOCTB no-

ngpH3llUBB CB9 T ll CBQ3llHO C TeM, qTo COCTOQHBB C OpllB09 B nesoQ KpyrOBhlMB nongpB3ll

UH RMB o6na.Q810T p a3nH'IIlbiMH flOK 838Tefl HMH npe nOM119BHR. 

06a Y OOM>lR)'TbJX a<jJ<jle KTll B K OHeqHOM BTOre o6yCOOB09Hbl BOBQHH9M 909KTpOHHOJ! 

C'Tpy KTypw llTOMOB H MOnexyn HB B3BRMOll9lkT B F.9 909KTpOMBrHHTHbiX BOOH C B9ID.9CTBOM, 

npM BJ,Jx<me aa onTu q ecxyJO o6nacTb cnexTpa , xorna qacToTa anexTpoMarHBTHwx sona 

CTBH OBHTCQ ropll3 ll 0 OOObiiJe Cp9llH99 aHe p r H H a 09KTpOHOB B BTOMBX H MOnexynax, B38HMO!l 9 1l

C T B H9 H3nyqeHH~ C ,B9ID.9CTBOM CBOOHT CB, OqeBHllHO, K B3llHMOOOJ!CTBHJO <jJOTOHOB CO CB06on

llblMH 909KTpOHBMH 11 !UipBMH, lfei'KO UOH!!Tb, 'ITO OpH aTOM CTpyKTypa 8TOMOB H MOOeKyn 

CTBHOBHTCSI uecym.ecTaeauoH h, ··.uea osaTe1lbHo, o6hrqaoe aparneHHe nnocKoCTH nonsrpuaauuu, 

KOTOpOe p BCC M STpHBSeTC SI B OIITHXe , .UOn>KHO HCqe38Tb. 

B CBB3H C aTBM Mbl XOT90H o6pllT HTb BHHMllBHe Bll TO, 'ITO HM9BBO npH 6onbWHX 

a He prasrx y - K SBHTOB ( n o p!lllKA 0,1-5 M a s) B nongpuaosauHoli aneKTPOHHoll MHWeHH soa-

M0*9H opyro Q M9XllHH3 M H3M9 H9 HH!I 0009pH3llUHH <jJoTOHOB, llHllOOrHqHhlll !lll9pHoQ npeueCCHH 

COBHll H9 l!Tp OHOB/
1/, 

P a cCMOTpHM n p o x o JKA eHHe ny'IKll Y -KBllHTOB qepea cpeny c nongpuaosaHHhlMH arreKTpo-

HllMH. 0'19BHllHO, 'ITO C OCTO!IBH!IM <jJOTOHll C npllBOil H rresol! I<pyrOBhlMH 0009pH3llUH!IMH 

n orr*Hhl cooTBeTCTBOBllTb, soo6me rosops, pa3nH'IHhie KOMnnexcHwe noxaaaTenu npenoMne-

HHB n
1 

B n
2

, npu STOM 

(1) 

roo f+ (0) a f_(O) - aMn rrHTYllh i ynpyroro pacceHHHH 6ea nepesopoTa CDHHa Ha yron 0° 

<jJOTOHOB COOTB9 T CTB9HHO C n p al'Ol! B nesol! I<py rOBhlMH nongpH3llUHSIMH Hll nongpH30BllHHhiX 

arr e xTpoua x , N - '!HCn o a n e x T pOHOB B e nuaune o6oeMa, w - qacTOTa <jloToHa, 

llnll KOMHTOH OBCKOr O paCC9!1BH!I BHepen H8 qaCTHU9 CO COHHOM 1-\ S -MllTpH!lll MO*OT 

6b!Th 3llfiHCllHll B C0 9llYIOW9 M BH!le/
2 •31 

(2) 

rne el' I! e.,, - B9KT0pbl 0009pH3 8UBH B C OCTOSIHH!IX f' H V , U - OH9pllTOp CHHHll 'IBCTBUbl, 

~3B9CTHO, 'ITO llO!I C OCTORHHH C npaaol! Kpyrosol! UOOS!pH3llUHel! 
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f ), rne f - 8t:tHHHqHbiA B8KTOp B HanpasneHHH pacnpOCTpaHeHHSI nyqxa 

y -KB8HTOB. 

Y'lHTbi BSH aTo, nerJto nOK838Tb, qTo 

f+ ~ f
1 

(w) - f
2

( w ) (p () . 
(5) 

f (w ) + f (w ) ( p () , 
I 0 

r u e p - cpeaHBA BeKTOp nonSipH38t:lBH :oneKTpOHOB. Benuqaaa c; l )B peanbBbiX cnyqa!IX 

MOlKeT ObiTb nopgnxa 0,1
151

• 

OpeunonolKHM, q:ro a saxyyMe <jloToHbl obtnH nuaelluo nongpuaoaaabl Bt:tonb Hanpaane-
~ 

HH H e 
1 

• Toraa B c pene t:tnH sex:ropa nonHpuaat:tHH ;,f Mbl MO>KBM H8llHC8Tb cne,a.yiOUlBe 

B blp8 >K8HHe: 
~ .. 

~- ·~[(~ 
I 2 

e·i~.6nx +(~1-i;a 
2 

e 
~.;.;.~. I~D~x 

I ·e 2• 

w 0 1· b ~ ~ 2 N ~ ~ ( ) ) I 
1-~x[ .~ ( 2rrNc ( f) f (w ) X ) +:e sin (__!C__f_ (p f ) f2 W X ' • = e 0 e t cos -w- p 2 2 (i) 

(6) 

r.o e X - p8CC TOSJHH8 OT rp8HHtlbl pa3nena B8KYYM-aneKTpOHH8H MHW8Hb, KOTOpOe OTC'IHTbl-

aaeTC H anonb Hanpasneaug pacnpoc:rpaHeHHH <jlOTOHOB B cpeae. 

Ecn u lm f2 ( w ) ~ 0 , q:ro B03MOlKHO TonhKO npu aexo:ropbtX aaaqeau<Ix qacTOTbi w 

HMe eT MeCTO quc :roe apameHH8 JlJlOCKOCTH nongp<I3aUHH <jlOTOH8. 00JlHbtli IlOBOpOT BeKTOpa 

nonHpH38URH npOHCXO.OHT H8 nnHH8 
4rrc 

d 
~- (7) 

H e:rpyaao auneTb, q:ro npaaoMy apaweHHJO npu 3TOM cooTBeTCTByeT nonolKHTenbHbtA 

a aax aenuquabt ~(w )(p (),a neBoMy apaweHHJO - o:rpuua:renbHbtll aaax :oToll aenuquHbt . 

B o 6meM cnyqae lm fa (w) I 0 , :r.e. xo:o<jl<jluaueHTbt nornomeHHSI nnsr COCTOSIHHII 

c npaa oli 11 neaoA xpyroaoll nongpuaaaueA paanuqub{4~ Tax xax npu 3TOM B <jlopMyny (6) 

BXOUSIT TpHrOHOMeTpuqeCKHe <jlyHKUHH OT xoMnnexcaoro apryMea:ra, aaBHCHMOCTb nongpu-

aaauu <jlo:roaa o:r pacc:roHHHSI x uecxonhKO ycnolKH!IeTCH. Ecnu B aaxyyMe <jloTOHbl no-npelK· 
.. /5,6/ 

aeMy nonHpuaoaaHbi saonb uanpaaneHHH e1 , t:tnH napaMeTpoa C:roxca B cpene HMBJOT 

Mec:ro cneuy10mue <jlopMynbl: 

rue 

¢ 

•1 ~ r cos 2</>, <8 ~ · r sin2</> 

•a·=v~ 

2rrNc (p ()Re fa(w) x • 

"' 

4 

( ch 4rrNc ( ~ 
-w- p 

(8) 

() lm fa (w ) x )": 
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3Qecb c 2 -cTeneHb KpyronoA nongpH381lHH, r = Vc f+:c j - CTeneHb naaeAaoA nongpaaanaa. 

M &I BH.IlHM, 'ITO n cny'l8e aap8neacTB8 aymo MHHMoll '18CTB ljlyaxnaa f
2 

(w) naaeilH8H 

llOn!!pB38!lHH ljloTOH8 B Cp8.1l8 nep&XO.IlHT B 9nnHnTB'I8CKy~. flpB 9TOM ¢ -yron llOBOpOT8 .. 
6onbwoll oca annanc8 OTHOCHTenbHO nepnoH8'18nbaoro H8np8nneHHH e

1 
• 0TC~.Il8 HCHo, 

'ITO nonH&Jil nonopoT 6onbwoll oca annanc8 npoHCXO.IlHT H8 .llnHae, p8naoll 

N ~ .t 
d=(,;-(p ()Ref

2
(w)). (9) 

B cny'l8e Im f 2 (w )=0 , ljlopMyn8 (9) connM8eT c (7). 

38M9THM, l;f:TO DpH X _., 00 
t 0'l9BH.QH01 £

2 
= 1 1 l:ITO COOTB9TCTByeT nOnHOMY nor-

nOW8HH~ ljloTouon c np8noA ana c nenoA KpyronoA nonHpH38.1lHel!. 

l-13 COOTHOW8 HH A (6), (8), (9) Henocpe.llCTB8HHO cne.llyeT, 'ITO nenH'IHH8 H3M8H8-

HH!I n o nHpH38ItHH Y -KB8HTOB npa HX npOXO*.Il8HHH 'lepe3 llOn!!pH30B8BBY~ ane&TpOHHY~ 

M HW8Hb 38BHCHT TOnbKO OT ljlyHKUHH r.(w) • LITo K8C88TC!I ljlyHKIIHH r, (w) (eM. ljlopMyny 

(2I)) 0 TO K HHTepeCy~IUeMy H8C SljJ.peKTY OH8 HHK8KOrO OTHOIU8HH!! H8 HM88T. 

T8KHM ol5p830M, H8IU8 38.118'18 CBO.IlHTCH K onpe.11eneaa~ ljlyHKIIHH f 
2
(w) n p8MK8X KB8HTonoll 

Teopau KOMTITOH-9<jJ.peKT8 H8 a neKTpoue. nerKo YD8.1lHTbCH B TOM, 'ITO B nepBOM 6opuon

CKOM npa6nH*8BHH r. (w )=0 • CnoQ OB8TenbHO, 38 B03MO*H08 H3M8H8HH8 non!!pH38UHH y -

KB8HTOB npa HX llpOXO*.Il8BHH 'l8p83 Cpe.:ly C TIOnHpH30B8HHbiMH aneKTpOH8MH OTBeTCTB8HHbl 

cne.lly~mae 'lneubl p83no*eBHH f 2 (w ) no aneKTpOM8rHHTaoA KOBCT8KTe CBH3H. M&J orp8-

• h e 2 I HH'lHMCH Y1:f9TOM 'Vl9BOB llOPRJllt8 a -- a:: ·Q r
0 1 r.ne a=-=·--- DOCTOSIHH8H TOHKOa 

e• me he I37 x) 
CTPYKTyp&l, r0 =·"iii"CT- aneKTpOM8rBHTB&Jl! p8.1lHYC aneKTpoa8, m - M8CC8 sneKTPOH8 • 

B 9TOM npHonH*8HHH H3 OTITH'l8CKOil T80p8Mbl cneQyeT COOTBOIU8HH8 

w 
Im c.(w ) .= --

~ 4rr e 
a<t(w) - · att(w 

2 (IO) 

r.11e a tt a U+t(w) 3H8'19HHH llOnHbiX C9'19HHA KOMDTOHOBCKOrO p8CC9SIHHSI COOTB e TCTBeH..-

HO .llnH ll8p8nnenbHOA H 8BTHn8p8nnenbHOJl OpB8HT8UHil CllBHOB H an&KTpOB8, Bbl'IHCneHHble 

n nepBOM nopH.IlKe no a 6e3 y'I.&T8 p8.1lH81lHOHBbiX nonp8BOK. 

B p86oTe
171 

~ (w) 

bw 

ObJnO llOK838jlO, 

"'4(w) = ~ 

2 "" 

'ITO 

[2. -(I+•}fn(I+2 t1<)+~ ]. 
0+2 " ) 2 

" =·-, - 6e3p83Mepubll! n8p8MeTp. 
me 

(I I) 

'iTOf5bl Bbi'IBCnHTb pe8nbll)'~ '18CTb f2 (w ) , B0CilOnb3yeMC!I .llHCnepCHOHHbiM COOT-

HOIIl9HH9M, npHB9.1l8HHOM B p8f50Te/
2 / 

x) ( 
4>yHKU B!l f

1 
W) , B OTnB'IH8 OT f

2
(w) 

nH*&HHH. C TO'IHOCTb~ .110 'lneaon nopB.IlK8 
e2 

roa~. 

5 

, OTnH'IH8 OT H)'n!l y>Ke B f5opHOBCKOM IIpB6-

a 
2 

088 He 38BHCHT OT l:I8CTOThl B p8BH8 



Ref 
2 

(oJ) 
3 

w 
c 

(!'.~ >" + ~3 
" 

f 
lm f 2 (w') 

---,------ dw ' 
w'2(w '.2- w 2) 

r u e !'." - 8HOM8JlbHbll! MBrHliTHbiH MOMeHT '18CTllllbi . llJJH 3JJeKTpOH8 / B / 

1'. eh a 
"=~ 717' 

( 12 ) 

11 , c nenoaaTeJJbHO, n epBbil! •wen B cjlopMyne ( 12) 11 MeeT nop!!JlOK aenH'IIIHbi a 2r 
0 

• ll o:n oMy 

Mbl MO>Ke M er o onyc TH:Th, H Tor.na 

R f ( ) _ w
3 7 <Nt (w ~- - a tt (w') 

e 2 w - ~ ... o>', ''~ ..,\ dw' ·. 

ll oucTaBnsur ( II) B (13). n onyqa~ 

Re f ( w ) = - - "'- r: 1/J ( K ) , 
• 277 c 

2 

( 2( fn 4K 1 1. 1/J K) = 1 + "4 K ") 2 + -- ,._ . .f 
0- 4K 1- 4K 2 

2y-(1+y)fn(1+2y )dy 

y(y2- K2) 

(13) 

(14 ) 

E cnu yron Me*llY aeKTopoM nongp113aunn 11 BOJJHOBbiM BeKTOpOM cjJOTOH8 p a BeH Hy JJIO, 

nepHOil apa llle HI1H oonblllOil ocH s nmmca onpe)leJJHeTCH no cjlopMyne 

211 

N r
0
2 l .P ( d II p I 

d = (15 ) 

B hi 'IHCJJeHHH noKa3 biBaiOT, 'ITO B oonacTn sneprnl! 0, 4 <K < 4 cjlyHKUHH 1/J(K) nono>KnTenb-

Ha u Me HHeTCH B npenenax 0,2 + 0,3 

B na Marnnq ennoM lKene3e ( N 

npu <>TOM HMeeT MeCTO neaoe aparueune . llpn 1/J( K ) ~0, 3 

2·10
2
\M-

3
, IP I~ 0,08

151
) aenu'IHHa d = 1700 CM. 

TaK HM o6pa3 oM, nJJ>r nnacTHHKil H3 *ene3a TOJJ!UHHoll 10 CM yron noaopoTa llOCTHraeT 

.LlBYX rpa.o.yCOB, t{TO, B npHHilHITe, MO>K9T 6biTb 06Hapy >KeHO aKCnepHM9HTBn b HO,. 

!lpll K = 2 
/ 6 / 

aeJJH'IHHa lm f 2(w) 5nu3Ka K HYJJJO u, cnenoBaTeJJbHO, HMeeT MecTo 

t{HCTOe Bp8W9HH9 ITnOCKOC TH rronnpH381lHH ¢oTOHB . 3aMeT HM B 38KniO'l9HH 9 , qTo, B npHH-

Ullne, 8HaJJOI'H'IHbiH scjlcjleKT HMeeT MeCTO ll Ha TIOJJgpH30BaHHblX npOTOHaX. 0/lHaKO, HeCMOTp!! 

HB TO, qTo rHpOMarHHTROe OTHOI119HHe .nng 8HOM8nbHOrO MBrHHTHOrO MOM9HT8 UpOTOH8 n o

PS!JlKa e)lHHHIIhi , H3-3a ooJJbllloll MaCChi npoTOHa aMTIJJHTyna I f 2( w ) f cymeCTBe HHO M8Hbllle a r 
0 

-17 
H He npeBbllllaeT 10 CM. 

AaTopbi Bhipa*aJOT rnyooKyJO 6naronapnocTb M.l1.llonrope uKoMy 3a noc T3HOBKY sonpo

c a H ueHHOe OOCY*Ile HHe, a TaK*e E.H.Banyeay H C .E. repaCHMOBy 3 a c ymeCTBeHllble 

38M91.:18HH51. 
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