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1. Onpeaenesae aneKTpOMarHHTHoro ljlopM<jlaKTopa " -Meaoaa B o6nacTa 

npocTpaacTaesaonoao6Hhi X nepeaa'l S!BnS!eTCR, KttK xopowo aaaecTso, aecbMa TpyaHoll. 

aaaaqell.. K aacToRrueMy apeMeHa npenno)!<es uenhiH pS!A ~:eToaoa onpeaeneHHSI <jlopM­

/1 2/ 
rr-Me30HOB ' , CpaBHe-ljlaKTOpOB rr -Meaosa: H3Y'I9HH9 aneKTpOpOMA 9HHH 

HHe C9'19HHll p8CC9SIHHSI rT +;_ H rT -M930HOB a -'IBCTH!ltiMH/
3
/, H3Me peHH9 IIOIIe­

/ 4/ 
peqaol! nongpaaanaa p. - Meaoaa B K 0 

p. R 
pacnaae , a BaKOHeu, pac c e>IHHe rr-Meao-

HOB aneKTpOHtiMH. 

Y!3BII9'19HH9 panayca rT -M930HB H3 llBHHbiX ITO 3II9 KTpOp0)!<1l9HH!O H C9'19HHSIM 

pacceHHH>I rr.;l- -M930HOB I'9nli9M Tpe6yeT, KBK H3B9CTHO, npeAIIOII0)!<9HHH, TeopeT H-

qecKoe o60CHOB8HH9 KOTOpb!X rrpeACTBBIISI9TCSI B9CbMB TP YAHb!M, npeAII0)!<9HHblH 

/4/ 
B pa60T9 nepcneKTHBHhlH MaTOA onpeneneHHSI 3II9KTpOMBI'8HTHOI'O ljlopM<jlBKTOp a 

rr -Me30H8, OCHOBBHHhlH HB H3 M epeHHH none p e •mol! nonS!pH3B UHH /l -M930 HB B 

0 
Kp.s -pacnane, Tpe6yeT nposeaeHHSI TPYAHbiX aaMepeHall. Haa6onee npRMbiM crro-

co6oM 3II9KTpOMBI'HHTHblli !j>OpM!jlaKTOp rr -Me30HB M0)!(9T 6b!Tb OIIp eaeneJI H3 Onbl­

/ 5 6/ 
TOB no paCC9SIHH!O rT -M930HOB 60JlbiilHX 3HeprHll 3 II9KTpOH8MH ' 

B a Toit aaMeTKe Mbi paccMOTpHM nonRpaaauaoHH bi e aljl<jleKTbi B aTOM npou ecce 

B HH3W9M IIO KOHCTBHTe TOHKOH CTpyKTypbl a npa6IIH)K91!HH BCII9AC'I BH e 

COOTHOIIl9HHSI 1HHT8pHOCTH H npHHUHnOB HHBapaaHTHOCTH IIOIIS!pH3BUHSI 3II9KTpOHOB, 

KBK XOpOWO H3B9CTHO, p8BH8 aymo, nongpH3BUHSI B03HHKaeT B p e3yJlb'raTe 

HHTepljlepeauaa uaawero a cnenyiOruero npa6na)Kesall no a HeTpy a no aaneTh, 

'ITO TOJlbKO MHHM8SI '18CTb MBTpH'IHOI'O 3II9 M9HTB a 2 npH6n!DI<9HHSI n a eT BKIIBil 

B nongpaaanino. Ecna aocnom.aoaaTbCSI nanee cooTaowenHeM y.naTapHOCTH, TO oqe-

aanso, 'ITO B o6nacTa aaeprall no nopora peaKUHH rr + e -+ 2 rr + e IIOIISI-
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pH3BnHH ITOnHOCTbiO OITpeaenHeTCH aneKTpOMBrHHTHblM QJOpMcjlaKTOpOM " - Meaoaa. 

Hal!aeaHaH TaKHM cnoco6oM nonHpaaanaH oKa3bisaeTcH sec&Ma Manol! a naw& s 

MBKCHMyMe !IOCTHraeT "' a ' Yf3MepeHHH ITOnHpH38UHH B " - e _ paCCeHHBH ( ac.: 

CHMM9TpHH HB ITOnHpH30BBHllblX aneKTp OHaX) IIBnSieTCSI, TBKHM o6pa30M, eme O!IHHM 

npHMhtM Me TO!IOM. onpeaeneHHH aneKTpoMaraaTaoro paaayca " -Meaoaa . 

2, PaccMoTpBM pacce!IHae " -Me30HOB nonSipaaosaHHhtMB aneKTpoHaMH, Ma-r-

pH'Illbil! 3neMeHT S -MBTpHUbl 38ITBWeM B BH!Ie : 

< p ~q ' JSJp,q>= 

( 1) 

< p' , q'Jp , q > +i8(p'+q'-p-q)(. m
2 ) ~'-,;(p')m(p ', q';p,q)u(p ) 

\ 4 p~q~ po qo 

rae p ', q' ( p, q) - 4-BMDYDbCbl KOH9'1HhiX (HB'I8nbHbtX ) 3neKTpOH8 H " -Meaoaa, 

m -M8CCa aneKTpOBB, P; =-i p; , .. H T .!l. - 3Hepraa COOTB9TCTBy'IOII{HX '18CTBU, 

KOB8pH8HTH8H M8TpHU8 nnOTHOCTH HB'IBnbHOrO COCTOHHHII HM9eT cneayiOII{Hi! 
171 

BH!I 

p(p)EA(p)-l(t +iy f,) 
2 6 

(:.!) 

3aec& A(p) = 
p + I m 

~ -4-seKTOp rrongpa-. ~ - rrpoenapy10mal! orrepaTop, a 21m 

aanaa Ba'lan&HhiX anexTpoaos, yaosneTsopsnomaA ycnosa10 

t p = 0 • (3) 

.Ua<jl<jlepeanaallbHoe ce'leHae paccen!lan " -Mea oaos anexTpoHaMB c nonnpa-

aanaeR t 
. ~ 

paBHO 

d o<e) do(O)(I +enPl. 
(4) 

3aec& d 0 (0) -ceqeaae pacceSI!IBH " -M930HOB lleDOnSipH30B8H!IOfi 'MHWeHb10
0 

n I" - npocTpa!lcTBeHRonoao6HhiR ncesaosexTop, orrpeaeneHHhtl! cneayiDmBM o6pa­

aoM: 
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N 

(5) 

0TMeTHM, 'ITO B C,U,H. n. = 0 , 

... ..., 
-+ q X q 
n = --;,-...:,- • J13 ( 1), (2), B ( 4) O'leBBllHO, 'ITO I q X q'l 

p 
Sp A(p'l lr A(pl iy 

6 
n ~ 

(6) 
S pi\ ( p'l"'A(pl~ 

/8/ 
KaK xopowo aaaecTao , aenH'IHHa P p8B.II8 IIO!Il!JlB38UHII K0.119'1.11HX SIIeKTpOHOB, 

B03HHK8 JOllle li IIpH pacceBHHB It - Me30HOB HeiiOIIBpli30B8BHOli Ml!WeHbJO, 

npel!CTBBHM MBTPBUY m B Bl!lle p83IIO>KeHBB IIO KOHCTBHTe TOHKOli CTpyK-

TYPbi a: 

(7) 

M aTpuua )1' 2 OTBe'laeT l!HarpaMMe (puc. 1) B »MeeT Bill!: 

"'2 (p ',q' ,p ,q)- (21Tl 4 e e ( q '+ q ) FIT 
It (q' -q )2 

(8) 

3nec& 11 e It -aapBllbi sneKTpoaa B " -Meaoaa, a FIt ( ( q ' - q l 
2 

) -snexTpo-

MBrHHTHblli ljlopMcjJaKTOp IT - Me30H8 , 

PHc.1 
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Ecnu orpaHH'IHTbCH nepBbiM qneaoM paanolKeBH9 (7), TO O'leBHAHO, 'ITO a 

STOM rrpa6nH>Keaaa rrongpaaau·ag p ( 8CHMM9TpH9 Ba IIOngp1130B8HBOlt MHW9HH) 

paaaa aymo. HeTpyAao no&aaaTb, 'ITO n cneAyiOmeM npH6nH>K9HHH nomip1!3BilHH 

paaaa: 

p SpA ( p' l ( m 4 - "' 4 l A ( pl i y 
3 

~ l11 ~ 

~pi\( p 'l ll'2 t\( p) ~2 (8) 

Mb! orpaHH'IHMC9 paccMoTpeaaeM yrrpyroro pacce9BH9 rr -M930HOB sneKTpo-

HBMH rrpH saepragx rr - Meaoaoa, MeHbWHX rropora peaKilHH rr + e -+ 2 rr + e 

( IIOpor STOlt peBKilHH, eCnH llpeHe6pe'lb BayTpHaTOMHblM ABH>K9HH9M sneKTpoaa, 

paaea + ( ~ l m, c 2 ~ 57 [:ia). 

B STOlt o6naCTH H3 COOTHOWeH•H YHHTBpHOCTH HBXOAHM (nopHAOK a 2 ) 

t\(p 'l ["' '- lt'' lt\(p) ~ 

(10) 

= I A ( pl f lr 
2 

( p" , q" ; p', q' l A ( p "llll
2 

( p", q"; p , q l 8( p" + q "- Q l( _m __ l d p "d q "A ( pl 
2 , "' 

p 0 q 0 

3AeCb C) = p + q - cyMMapabrlt 4-aMnynbc. IToAcTaanHH (I 0) a ~ 8) H Bbt•nrcngg 

COOTB9TCTBYIOWH9 wnyp bt, nonyqaeM: 

Sp A ( p ' l ( )1' 
4 

- 'fP 
4 

l /\ ( p l i y 
3 

; ~:-
2 

2 ( ( , ) 2 l 2 2(ee,J
3

(0qlyN F, q -q J( (q'- ql 

e 2 2 2 
( 2rrl m[~-(q+q'l](q'-ql 

(I 

(q"-q')2(q" -q)2 (q"-q')2 

2 2 
x F,(q"-q) JF,((q"-q') )x 

dp "dq,.. 
!J(p"+q"-01 

p .. ~ q ~ .. 
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B paccMaTpHBaeMoll HaMil o5nacTH aHeprHll ljlopMijlaKTop MOlKeT 5biTb npen-

CTBBlleH B BH.Qe: 

K 

(12) 

nocne nO.QCT8HOBKH ( 12) B ( 11) HHT9I'p8llbl MOI'YT 6b!Tb Bbi'IHClleHbl .QO KOBUS. 

Cne.QyeT, O.QH8KO, OTMeTHTb, 'ITO HHTei'pBllbl ( 11) CO.QeplKBT HHijlpaKpBCHYIO pacxo­

.QHMOCTb. nns ee ycTpaHeHHH .QOCTaTO'IHO BBeCTH 'Macey' BHpTyallbHOI'O ljloTOHa 

>. • Bhi'IHCllHTb HHTerpanht ( 11), a aaTeM nono)f{HTb >.. paBHbiM ayn10 ( 'lneHbi, 

nponopuHoaanbHbte P n >. 2 , npoucxonsmHe oT pa3HbtX HHTerpanoe, coKpamaiOTCH, 

KaK H .QOll:>KHO 6btTb, UOCKOllbKY npoueCC TOpM03HOI'O H3llY'I9HHH MHI'KOI'O Y -KBaH-

/9/ 
Ta B paCCMaTpHBBeMOM npH6nHlK9HHH BKlla.Qa B nonHpH38UHIO He lt89T ) • 

0KOH'IaTenbHO nonyqaeM cnenyiOmee Bbtpa)f{eHHe nn!l non!lpHaauHH sneKTpoaoe: 

2 () 2 (I 2 2 .. 2 2 () 2 () 2() 
U'f/ mEoln(Jtg--[&.s!n-+-r q cos--(2+t& --&.oln -l] 

. fT fT 2 2 3 fT fT 2 2 2 

P=---------------------------------- (13) 

() m 2 F ~ 2 r.1 -q I < co• 2_ + ___ __..:; .. __ 
rr 2 E 2 q~ 

q H fT - Me30HOB B C.U.H,, 'E -non-
fT It 

HB!l 3Hepi'HH aneKTpOH8 H fT -Me30HB B C.U.H., 

(YI'Oll Me~<lty HB'IBllbHblM H KOHe'IHbiM HMriYllbCaMH 

B cnyqae pacce!!HH!l rr+ -Meaosa sneKTpOH OM H 

() - yron pacceHHHH B c.u.H. 

1t - Meaoaa), 'I " = 

'I It =- 1 e cnyqae rr -· 
3, B paCCMOTpeHHOM HBMH HHTepBane 3Hepi'HH (HH)f{9 nopora p e aKUHH 

pac-

fT + e .. 2fT + e ) nonHpH38UHH B fT - C -paCCe!lHHH OltH03HB'IHO onpenenHeTC!I sneKTpo-

MBI'HHTHblM pa!tHyCOM " - Meaosa. TaKHM o6paaoM, H3MepeHHe nonHpHaauHH 

aneKTpOHOB (aCHMMeTpHH paCCeHHHH HB nonHpH30BBHHblX sneKTpOHBX ) U03BOll!leT 

B npHHUHne onp e nenHTb STY BB)f{HYIO xapaKTep ii CTHKY fT -Me30HB. 3TH H3MepeHH!l, 

onHaKo, eeCbMa TPYilHbi, TBK KBK nonnpH3BUH!l sneKTpOHOB P, KBK BH/tHO H3 Bbl-
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pa>KeHJUI ( 13), aeaenaxa. ManocTh nonl!paaauaa, aoaaaxaromen a rr - e -paccel!HHR, 

O!Ipeaenl!eTCl! He TOnhKO TeM, "'TO ORB !IpO!IOpllHOHSnhHS liOCTOliHHOH TOHKOll CTpyx-

Typbl a , HO TSK>Ke H TeM, "'TO liOnHpH381lHll OK83b!B89TCSI !IpOll0pUHOH8/IhHOii M8CCe 

sneKTpOHS m, flocneaaee 06CTOl!TenbCTBO l!BnHeTCSI Cn euCTBH9M TOI"'01 "'TO 

narp8H}!{H8H aneKTpOHHQ-li031!TpOHHOI"'O liOliSI y ft -HHB8p118HT9H !IpR m = 0. 3Ha-

MeHaTenh Bbipa>KeHKH (13), oaaaKo,.a npeuene m .. o npa () = 180 ° o6paw aeTCH 

a aynb (KaK nerxo aaaeTb, STOVHBIIHeTCll cneacTaaeM y noMaaaromellcH BbiWe y G -aa-

aapaaHTHO(;TH), "'TO npaaouaT K TOMY, "'TO np11 pacceRaaa rr -Meaoaoa aa yrnbi 
0 

6naaxae K 180 a c.n.a. ,nom!pH3SilHH uocTaraeT .. a Ha pac . 2 a 3 npaaeueHbi 

3H8"19HHSI liO!IS!pJi381li!H (I p I ns ) npa SHepraSIX rr - Me30HOB 30 a 50 r sa 

a aHTepaane y rnoa pacceHHHH a c.n.a. oT 170 ° no 180 ° . Bepxaae xpaBbJe oTae-

"!SlOT TO"'9"1HOMY rr - Me30Hy ( r = 0), a Ha>KHHe r = 1 
· rr rr 

ljlepMH • 

Mbi Bblpa >KaeM r ny6oxyro 6naroaapaocTb l1.VI .JleaaaToay, o6paTKBWeMy aawe 

BHHMSHHe HS B03MO>KHOCTb !IOCTSHOBKH paCCMSTpHBSBWHXCSI BbiWe SKC!Iepl!M9HTOB, 

a TSK l!ce B.r. fpawHHy, P .M.PbiHllHHy, 5LA.CMopouKHCKOMY 11 ll.ll.Conoab eay 3a 

B9CbM8 liOne3Hbl9 AIICKYCCHII. 
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