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A H H o T a u n H 

PaccMaTpHBaeTcH nanyqeHne MHrKHX r - KBaHTOB npH e - p pacceH-

HHH. noKa38H0 1 qTO nepBbJe .[lBa qneHa pa3JIO)K8HHH 8MIJ.TIHTY.Ubl ITO CT8IT8HHM 

9HeprHH cpOTOHa Bbipa)KaJOTCH qepe3 9JI8KTpOM8PHHTHbJe cpOpM-cpaKTOpbl ilpOTOHa, 

nonyqeHO .UHcpcpepeHUH8JibH08 ceqeH!i8 rrpouecca B 9TOM npiiDJIIOKeHHH. 
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l.BBe·neurre 

Wayqeurre yiTpyroro pacceHHHH aneKTpouoB 6on~wrrx aueprrrfi ITpoTouaMH H 

HnpaM~ HBJ1H8TCH B HBCTOSIW88 BpeMH OCHOBHbiM HCTOqHHKOM CBeneuHfi 06 SJ18KTJX>­

MBPHHTHOH CTpyKType HYKJ10H 'OB. 8biiTOJ1H8HHbi8 OITbiTbi IT03BOJ1HJ1H cnenaTb B8}KHbi8 

F,p,""' 
3BKJ1roqeHHH 0 ITOB8ll8HHH BJ18KTpOMBPHHTHhlX ~OpM-~aKTOpOB HyKliOHOB ~ 

F!'~ H ~ KaK ~YHKUHfi " KBanpaTa qeThlpexMe~uofi ITepenaqu HMITynbca. 

npenCTBBJ1SIIDT 60J1bWOll HHTepec H npyrHe ITpOU8CCbi, H3Y'I8HH8 KOTOpbiX naeT 

B03MO)KHOCTb ITonyqHTb noiTonunTenbHYID. HH~OpMaurrro o ~opM-~aKTopax Fi. 11 

t= 1,2 B " 6 · 
• HaCTOHW8H pa OTe pBCCMBTpHBB8TCH TOpM03H08 H3nyqeurre MHPKHX 

~ . r -KBBHT~B ITpH e- p -pacceHHHH. By neT ITOKaaauo, qTo IT8pBbi8 nBa qneua 

paanomeuHH nu~~epeuuuanbuoro ceqeuuH aToro ITpouecca ITO .cTeiTeHHM aueprHH 

~OTOHB Bb!pBMBIDTCSI qepea SJ18KTpOMBPHHTHbi8 ~OpM-~aKTOpbi ITpOTOHB H HX ITpo-

H3BOllHbl8 ITO ITepenaql! HMITYlibCB. 

npH ITOnyqeHHH BMITJ1HTYllbi ITpOU8CCB HCITOJ1b3yeTCH o6runfi MeTOll paCCMOT-

3 4 
peHHH H3nyqeHHH MHPKHX r -KBBHTOB 1 ITpennoMeHHblll floy ' B COOTB8TCTBI111 

C STHM M8TOll0M BHaqane pBCCMaTp.HBB8TCH TB qacTb BMITJ1HTYllbl, KOTOpaH IIM88T 

ITonroc rrpu k paBHOM Hynro / /(, - HMITYJ1bC ~OTOHa/ • npu STOM ITOKB3BHO, 

qTo ITporraBeneurre Toquor~ ITepeuopMupoBauuoro BepwnuHoro oiTepaTopa, cooTBeT-

cTByromero rranyqeurrro peanbHoro ( -KBauTa, ua Toquyro ITepeuopMupoBauuyro 

~yHKunro paciTpocTpaueurm uyKnoua BbrpamaeTcH BcnencTBHe Tomnec'TBa Yopna 

c ToquocTbiD no qneuoB ITOpHnKa ijk H KOHCTBHThl qepea aapHn. Macey H auo-

MBJ1bHhlll MBPHHTHhlll MOM8HT ~H3HqecKOPO HYKliOHa. 3aTeM, Ha OCHOBe rpanHeHTHOfi 

.HHBapHaHTHOCTH HaxonHTCH HeconepmamaH ITonroca qacTb aMITnHTynhr. B aaKrrroqu­

TenbHOfi 'IacTH pa6oTbi ITpHBOllHTCH Bbrpameuue nnH nu~~epeuuuanbHoro ceqeuuH 

ITpouecca. 

2. AMITnHTyna rrpouecca 

npouecc H3J1yqeHHH r -KBBHTOB ITpH paCC8HHHH BJ18KTpOHOB ITpOTOHBMH 

B HH3W8M ITpH6J1HM8HHH ITO e 1 HO C Y'IeTOM CHJ1bHbiX B3BHMOnefiCTBHfi HyK.TlOHa, 

OITHCbiBaeTCH nrrarpaMMBMH cnenyromero Bnna: 
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3nec1:. '\, R 'lt o603Ha'Ia!OT 4-RMITYJlbCbi 9Jl9KTpOHa LlO H ITOCJ19 CTO.JIKHOB9HJHI 1 

p n p 1 
nMrrynbCbi rrpoToHa, a k. - HMrrynbc '( -KBaHTa. O'IeBRLlHO, 

'ITO HYKJIOHHa.H aeplllRHHaH 'iaCTb rpacpHKOB 1 a H 16 orrpenen.aeTcH cp:>pM-cpaKTopa'­

Mn, OITHCbiBa10IURMR yrrpyroe paCC8HHH9 9Jl8KTpOHOB ITpOTOHaMH C COOTBeTCTBYIOIUefi 

rrepena'Iefi HMrrynbca. 

3arrnllleM aneMeHT s -MaTpHUbi B BRLle: 

S(P.'l'· k.; p;"-)=- C2-'"l" i ( 
m. · r :rr M2. i )V2. 

2 ko r~ P· '\-~ '\.• t,... ( T"' + T/'- ) s ( p'+ '}~ K-p-~) II I 

rne M a ~ - MaCChl rrpOTOHa H 9Jl8KTpOHa, tf<- -
T)'-:r 

B8KTOp ITOJI.HpR3aUHH 
- Ir 

a T/" rrp~ncTaBnHIOT 
Dn.a } )i- HMeeM: 

R T,Ll,, a H cpOTOHa 1 po=- i-plj - ~ 
co6ofi BKJlaLlbi 1LlHarpaMM /1a, 16/ R !Jt COOTB8TCTB8HHO, 

'to= -L9,_lf 
. .. 

... - , • -, I. o + t. e. i. e . T [ A • e\"' • • t ~ ' ] 
T ~ = U..(~) t-e. 01"- l o\ 'tt'+~<.)+m v v it( cv- k. )+ \'n '0 f' u ( cv) X 

fi=(p') i.~ ~,(\r~rl'h" v-~ F ~( \p'-rl") bvf (r'-P)91 \Y(p) I hL o\l. /2/ 
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3.ueeb f"p 1 F.1. II F:t- aHoManbHbiii: MOMeHT IB sr.uepl(bJX MarHeToHax/ 
1 

II 

aneKTpOM8PHIITHbi9 cpopM-~aKTOpb! t1pOTOHa, bi'S' = ti. ( r-.... t'1 - Oft f') 
Cmmophr U. II lr HopMIIpoBaHhr ye.TioBIIeM U-u: 1. ; trU"::: i. 

nepeii:.ueM K paeeMOTp9HIIIO .UIIarpaMM BII.UB_ 11. Pa306beM 9TII .UIIarpaMMb! 
/5/ . 

Ha 2 Knaeea A II B • K Knaeey A OTHeeeM Bee .UIIarpaMMhi
1 

B KOTopbiX BepwiiHa 

e II3nyqeHIIeM peanbHOro 0 -KBaHTa eBH38Ha e OeTa.TibHOii: qaeTbiO .UIIarpaMMb! 

HYK~OHHoii: .TIIIHIIeii:. B Knaee B 

'TTII 
BKniOqeHbi Bee ocTanbHhre .UIIarpaMM hi BI1.Ua IT. 

3arriiW9M I!'- ene.uyiOI.UIIM o6pa3oM: 

- [ A ~T B1 1 T: = - lL( '\-') ... tv U('j,) TV)'- + VJ" ( 'j, '- q, )2. /3/ 

A B 
r.ue TVf II Ty/' orriiehrBaiO~ _ BKna.u .UIIarpaMM KnaeeoB ·A 11 B, eooTBeTeTBeHHo • 

.Llnsr .,., A IIMeeM ene.uy10wee Bbrpa)KeHI1e: 
I 'lj'i-

T ~~<- = trcr'> [ i~ r" ( r', p'+k) 5 ( r + K) i~ rlJ ( r~ K, p) + 

4- i.e r)/ (l~', p-k.) _5 ( p-K.)ie ~~ (P-K., p)] tf(p) 

c 
3.uecb r-.J 11 r - TOqHbi9 rrepeHOpMHpOB8HHhl9 cpyHKU1111 pacrrpOCTpaH9HI1H H 

9JI9KTpOM8PHI1THb!H B9pW11HHblll orrepaTOp ITpOTOHa. 

/4/ 

Hac 11HTepeeyeT 113nyqeHHe MHrKHX • t -KBaHTOB. noaToMy pa3JIO)KHM orre­

paTOUbll BXO.UHWII9 B /4/, ITO CT9IT9HHM k, H orpaHI1qHMCH .UBYMH rrepBb!MH qne­

H8MI1 pa3nO)K9HHH. PacCMOTpi1M BHaqane 5 (p-K.)r f<- (p- K., .p) U'(p) 
06we~ Bhrpa)KeHI1e .UnH cpyHKUI11I pacrrpOCTpaH9HHH MO)KeT 6b!Tb 38ITHC8HO B BI1.Ue: 

,S ( t) = l t. t t G c t 2.) 

3HaqeHIIH cpyHf'UI1H G.(t~) II 

11 F'ct!t) rrpH t:t.:::-M 1 

ill9HHHMH: 

F = G-

. i 
+~MF(t 2')1-

-/5/ 

F ( tl') ( 

H HX rrpOH3BO.llHh!X G- ( t1.) 
eBH38Hbl 1 

/5/ 
KaK H3B9CTHO cne.uyiOI.U11MI1 eOOTHO-

161 

F + l M 2. ( F '- G.')= i 
171 
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Paanarag J5 (p"- k.) . B p$ta no· cTeneHSIM k.. , ncnonbaySI_ 16 I H 17 I H yaep-

>KHB8SI .llB8 nepBbiX 'I.II~Ha paam;>>K9HHsi llO.Ily'laeM: . . . . ~ . 

;:,(p-k.)=- i . 1-(-ir-p+M)F + _i 0 .. k.F 
-·2p-kF l . · . 
. . . . . . . . . . 

~ r,k. ("' i t-P b-'t M F ')+ 2p-k. M :tF (- tt-p+ M)x 

[ 
2:G-' . If ·"· X . ...___ + F - G- + 
M2-

F' .. :.. G,' .. n 181 

OnepaTop r; (-l'7 t) 
o6na:aaeT ·_ipaHc¢opMauHOHHbiMH ceoficTBaMH 4-sexTopa 

H npH 38pSI.llOBOM conpSI>K9HHH npeoopa30BbiB89TCSI K aK B9KTOp TOKa. 

e,-ir"lt',t)_~ ··_ r; c-t,-t'J 
0Tcxoaa nonyqaeM cneayxomee paano)keHHe 
. . .... 15,41 
HSIM 1'\.. 

Pr- (p-k., P) 

191 

B PSI.ll no cTene-

r~<cr- 1<., rJ"' r~< t p, p)- i K-1 ~ r~ ~~, r) + (rK) G-~~':> s,..s l' 1 + 

+ G-:t'.Cr!t.J:~tiJ ·1t·(1.:~ ~L(;~J~s ,.~ KA p ~pf'c-·-+ . 

+ tr-"y~ P>- k~ Y's t s G-tt (P-:t) 
~ M :t 

1101 . 
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JlepBhl9 .llBa 'IJ19Ha .STOro. pa3JIO:>K9HHH Bhlp~~a~TCH '19p93. q>yHKUHH 

H HX npOH3BO llHbi9 C UOMOIUbiO TO:>K":leci~a~jrop_qB:: : . . 

::.·· 

F H G-

/11/ 

LineHbi a /10/, collep:>KaruHe G.~ ·.II 
B Scp-k.)r~'-<p-k,t>)trCp). 

C-0,. ~e }l8¥JT B ~p95yeMOM UOpH.llK9 BKJ18.lla 

-, ;: TaK ·.KaK (- i.~p + M) 6'/') p~ \) (P)= 0. 

l- .;r + M) E~<)IY~ P~ K1 fsy, u-c r)"'{-•t-r + M)(-M) bl's K1 trcr) 
/12/ 

H OT6paCbiB8H B CHJiy ycmOBHH nopeaua 'IJ19Hbl, nponOpUHOH8JlbHble' \(~ , nony-

'189M c TO'IROCTbiO .uo 'lneaoa nopH.z:tKa Y K. .. H· KC>HCTaRTbi cne.llyroruee Bbipa:>KeHHe: 

113/ 

EcnH paccMoTpeTb pacceHHHe npoToaa BH9WHHM· nocTOHHHbiM MarHHTRbiM noneM, 

/5/ . . 'f' f' 
To MO:>KRO noKa3aTb c nOMOIUbiO /10/ , 'ITO aenH'IHHa F-i+ '-'".:t- \:r-4 

paBHa 8HOM8JlbHOMy MarRHTHOMy MOM9HTy npOTOHa r p • 0'1eBHllHO, 'ITO Bbipa­

:>KeHHe /13/ MO:>KHO TaK:>KE:l 38UHC8Tb B CJ19llYIOIU9M ~H.ue: 

T aKHM o6pasoM 
Bhrpa:>KaeTcH, .ecnH orpaaH-

'IHTbCH 'IJ19H8MH nopH.llK8 i.j)<_ H KOHCT8HTbi, '1epe3 38pH.ll, MarH~THb~fi MOMeHT H 

Macey cpH3H'I9CKOrO npOTOHa. 0TM9THM, 'ITO nony·'I9HH09 H8MH TOtiHOe "Bbipa:>KeHHe /14/ 

COBU8ll89T no BH.lly C COOTB9TCTBYIOII!HM Bbipa:>KeaifeM, IlOJly'laeMbiM B HH3WeM 

IlpH6JIH:lk9HHH TeopHH B03MyiU9HHii LlJlH TO'I9'1HOro npOTOHa C nayneBCKHM 

aaoManbHbiM MarRHTHbiM MoMeaToM. AaanorH'IHo MO:>KHo noKa.saTb, 'ITo B pac-

CMa.Tp.H».a.eM.Ol'.LH.Il.MlLJ:IPH6nH:>KeRHH 
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1 
L.elf(p'JPI'(p~p'+"-)$(p+k.)=lT(p')(t:etr-+ i.friM 0/'-S'kf) (~(p+I<.)+M 

.Dmt .aanbHefiweJ:'O y.ao6HO BBeCTR RHB8pR8HTbl 

MZ=- (p-k.)2
::. M :L=+ !tp-K-

M ~ =- (p'"*- K.):t= M :t- Z p'K-

C TO'IHOCTbiO no qneHoB nopSI.n:Ka YK. R KOHcTaHTbi RMeeM cooTHoweHRSI: 

- 'o·CP-"-)+M 
-2p•k -

- i. t·l pI+ "-) + M 
2. p~K. -

3aMe'IaSI, 'ITO 

- '-t·(p-K.)+ M:~_ 
+ 

- 2.p-K.. 
__L 
~M 

- i. ~( p'4 K.) + M ~ 1 ~~~~---~ + ---
Zp~K ~M 

t-(P- "-)[-i~{r-1<.)+ Mi.]= t.tfi. L. -it-(r-K)+ Mi.J 
[-i.t(P'+k.)+ M2] ~(P'+ K)= i.M2, L-i.Q'·(P'-f-.l<.)t M2] 

A 

nony'IaeM cne.ayiOmee Bbipa)KeHae .anSI l v )'- : 

/15/ 

/16/ 

/17 I 

1181 

A - -l r 0 I , ) ' "" l. "" ..:.~ ~ ~ K ) ·~v/'-=lr(p') i..e. Y\p,p-K i~(p-l<..)+M teof4-+ ~M,-r ~~ ~+ 

+ li.~o~<-+ ~e. 1<-rs-,A~Ks>). 1, ie.rvolr'~t<-,p)lu-cr> 
W ~t-~+~+M j · 

+ tr(r'Jt(te.rv (p',p-k.)- ie r~
0

(F',p-k.)} ,:~~ ~ U(p) 1191 

+ lT(r') t ,:~~ [ t.e. rv(r'-H<., p) - .:e. r: ( r'+ K, p) 1} lf(p) 

I 



9 

r.ae 

1201 

3ToT orrepaTop rronyiJaeTcH H3 o6ruero Bbipa:>KeHrrH .anSI aepillHHHofi IJacTrr 

r V (t~t) 3aMeHOH OIIepaTopa r-t t CTOHIUero CIIpaaa Ha i. v:t ~ , a orrepaTopa 

r- t I , CTOSiruero cneaa Ha l V- tt:t . B cpopMy~e 120 I Q.. .e, rr C 

5IBJIH!OTC5I rPYHKUHSIMH - t. \ - t/2. H ( C- t' )~ 
1 

IIpH'IeM ().... H 'e, He MeHSI-

Ha t 1 
, a C !OTCSI IlpH 3aMeHe t 

MeHSieT 3HaK. 0TMeTHM, 'ITO IIpH 

t. PBBBhl ~=~ ( l ~ -t')~) • - :H ~.(li-t')~ 
o6paru aeTcg a Hynh. 

COOTBeTcTBeHHO, a rPYHKUHSI 

n epefi.aeM Terreph K paCCMOTpeHH!O BKJia.aa B aMIInHTY.llY OT .llH8I'p8MM Knac-
T e, . 

ca B. BKna.a VA aTrrx .arrarpaMM rrprr 
CTpeMHTCSI K IIOCTOSIHHOH 

131 
K HyniO • Llaa nocne:u-

rrprriJeM rrpe.aen He 3aarrcHT OT cnoco6a cTpeMneHHSI _ K 

HHX 'IJieHa B cpopMyJie 1191 TaK:>Ke o6na.aaiOT yKa3aHHb!MH CBOHCTBaMn. Mbi 0603Ha-

T B .M (2.) M (i.) 
'IHM CyMMy 8THX 'IneHOB H l)~ 'Iepe3 . Vj<-, a IIO.ll V_A- 6y.aeM: IIOHH-

MaTh CYMMy IIepBb!X .llByX 'I.TieHOB: 

M(i) =u-(p(>[ter:(p',p-1<.). ( <~. ) M (' .. t,..+ ~~f<rS'-"fKf) 
v~ . . t. )I# p- K. + . . . 

+ ( Le f,.._+ ~ /<p Or~ ky) L !"(P~ "-)+ M r: (ph, p) 1 "lr(p) 

1211 

Bcne.acTBHe rpa.aneHTHofi HHBapnaHTHOCTH 

kr- ( T.A r + ~IT) = 0 
/221 

I 
nerKO BH,lleTb H3 cpopMynhi '121, 'ITO \<,/'-' l/'-= 0 . noaToMy H3 121 I H 1221 
cne.ayeT: 

{2.) Mli.) e'~(P')ri.er:(p',p-1<.)- i.C. rl)o(p'+K, p)] lJ(p) Kr-M llfc. =-l<.r- ~ = u ~ 

. 1231 
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I 
B CHJIY 3aKOHa coxpaHeHHSI 9HeprHH-HMITy.TibC8 ?~ r + k, = '}·- v H OITepaTo-

pbi r ~ , BXO.USIIllH9 B 121 I H 1231 MOryT 6b!Tb 38ITHC8Hbl B BH,Ue": 

0 r v (r', p- t<.) = <L(M\ Hz.~ ~p·K, -;K.2.) tv + ~ (H: N~ipok, lt.:t.) bv~ ~t 5' + 

-+ t(M2.., H'2.+1p-l(,l{.:t)S'vy(P'+p-K)y; 
1241 

., r v (p~ k, p) = <1. (N\. ~p~K, M~ ~,_)tv+ t (M~lp!K.) M \ xj S'v~ dty 

+ t ( M :t- 2 p~K- , M 2., l<.z.) G' v ~ l P '+ P + K) f 

r.ue 1t = 9,- ~ 
I 

( 2.) 
OTcyTCTBHe ITOJJIOca B M v ~· · ITPH K _, 0 IT03BOJ1SieT HCITOJib30BaTb 123 I .unSI 

I (:t.) 
o.uno3naqnoro OITpe.ueneHHSI Mv c ToqnocTbiO .uo qnenoB ITOpSI.uKa KOHcTaHThi • 

.lleficTBHTeJibHO, pa3naraSI M (~: B pSI.U ITO K. H orpannqnBaSICb ITepBbiM qne­

HOM pa3no :m:e HHSI, ITonyqaeM: 

(:!..) 0 

Mvj<- =-e 1) (f') I .::e or" (f; p-1<-) 
ok.t<--

+ i, e.. or: (P~ K, p)} u-(r) 
., ")k;"- K=O 1251 

(.i.) 
CoxpaHSISI B pa3no:m:enHH M V)'- ·ITo K. cooTBeTcTByiOr.une q.rrenhr, naxo.uHM c IT0-

(1) (Z.) 
rnomHbiO cooTnowenHSI 124 I, qTo ITpOH3BO.UHbie ITO MaccaM B cyMMe 1'1 VA.+ M V.L<. 

I - / 
coKpamaiOTCSI H ·oKonqaTenbHO ITonyqaeM cne.uy10mee Bbipa:m:enne .UJISI T/<-!J. 

1I i - S - ~ ·e r J 'T/<- =- J<.:L 'Ll('{,/)i.e~vU('tt)·lf(p') t [i.e \-1.(1t )'fv -.€Hfrr.2 ("k
2
)<'vly 

" 1.. , (ie.t/(-+i..L !<-rS'~"~ k~}+ 
i. ~(p- "-) + M .:lM 
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i 

i. ~(P'+ K) + M 

i,e. /t-r 0~~ }{.. ~ f.!t c~; J l lr(p) ;LH . j 

1261 

npii IIOJiyqeHHII STOll cpOpMyJibi Mbi HCITOJlb30BaJIH YK838HHhie BbiUie CBOHCTBa 

cpyuKuni!: Q , ~ H C. . TaKHM o5.pasoM~ aMrrJIHTyn:a rrpouecca nsnyqeHHH MHrKnx 

Q -KB8HTOB IIpH e.- p pacceHHHH C TOl{HOCTbiO LlO l{Jl9HOB IlOPHD:Ka Vf<. H 

KOHCT8HTbi IlOJIHOCTbiO Bbipa)K 89TCH qepe3 SJI9KTpOMarHHTHbie cpOpM-cpaKTOpbi rrpo-

TOHa. 

0TMeTHM, liTo cpopMyna 126 I coBrran:aeT c Bbrpa)KeHHeM, rronyqeHHhiM n:Iicrrep-

161 CHOHHbiM M9TOD:OM 8 OD:HOHYKJIOHHOM IIplj"5JIH)K9HHH • 

3. 3 a K Jl IO q e H H e 

B saKJIIOqeHne rrpnBen:eM Bhrpa)KeHne D:JIH n:ncpcpepeHuHaJibHoro ceqennH 

TOpM03HOrO H3JiyqeHI1H M HrKHX 0 -KB8HTOB, IlOJiy"'eHHOe C II0\10lllb!O Hai!:n:eu-

HOif HBMH aMIIJJIITYn:hr cpopMynhr/11 I, 121 H 1261/ B KaqecTae uesaancHMhrx rrepeMel-!-

HhiX Bhr5epeM SHeprniO rran:arourero sneKTpoua '!-o, :9HeprniO 

Tpn yrna: 

.... e 
Me)Kn:y K 

-1<. 
yron 

Me:>KD:Y HarrpaBJI9HHHMH HMilYJibCOB 

II 

H 

e' 
_. .., I 

I 1<.., '\t 
Me)Kn:y Ha IIpaBJI9HIIHMH 

HOpManeif K IIJIOCKOCTHM 

lna5opaTopHaH cncTeMa~ Bee ocTaJibHhle 
rrepeMeH-

Hbie D:OJI)KHbi 5biTb Bbipa)KeHbi qepe3 H938BHCHMbie H 38T9M CJien:yeT IIpOH3B9CTH 

pasno:>KeHne ceqeurm B pHn: rro W 
• nocKOJibKy IlOJiy"'eHHaSI H8MH aMIIJIHTyn:a 

aepHa TOJibKO c ToquocTbiO n:o 'IlieHoB rropHn:Ka Y!<. H KOHCTaHThr, Mhr LlOJI)KHhi 

yn:ep)KaTb B STOM pa3JIO)KeHHH JIHUib rrepBbie D:Ba l{JleHa. 

YfMeeM: 

127 I 
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.llnSI do0 nonyqaeM cne.llyiomee Bbipa)KeHn:e 

cloo=Jo.wl ::. ,ts_,:tw2-L(~ _ ~ )-(L _f.. )]2. 
w "' 0 \ I ~ ~ 1<. 'V"' P~l<. p·K. d 02:, "~w cl6pl\.e. /281 

w=O 

3.llecb' dop4.e. -ceqeHHe ynpyroro pacceSIHHSI aneKTpOHOB c aHeprn:efi '}, 

0 

Ha 
2. 1 

npoToHax, a ~ == -*'r::. 13 "7 • MHo)Kn:Tenb, CTOSII.IJ:Hfi nepe.ll clop ... e B <j:JopMy-

ne /37/ llp8.llCTaB.JISieT C06ofi BepOSITHOCTb H31IY"'8HHSI <j:JOTOHa ITpH paCC8SIHHH 

81I8KTpOHOB H nepeXO.llHT .ll.IISI Hepe.JISITHBHCTCKHX "'aCTHU B 06hl"!Hoe Bhlpa)KeHHe 

.ll.IISI B8pOSITHOCTH .llHITO.JibHOI'O ll31Iy"'eHHSI: ~ 

~ f j_ ( ~~ ·9:) X Y( - ~ ( p'- p) X h:] ~ 
~ll):t L m. d&.l<. -I' .ll e h. 

- 8.llHHH"'HbiM BeKTOp B HarrpaB.JI8HHH Bbi.JieTa <j:JOTOHa. 

B HHTepecyromeM Hac cnyqae YTTbTpapenSITHBncTcKnx aneKTpoHoB nMeeM 

d 171 C1I8.llYIOi.Uee H3B8CTHOe Bbipa)KeHHe .ll.IISI ()pt(.(. 

lc- = S F 2 
+ ~rFa.)~ '+ ~ .f F ~ + ftr F2.):t tq_ 2. ~1 "t d So 

0\VpQ.C. l i. \-;tM ! . ~M2. \ (J N ~ 

3.llecb 

d6'"o::. 
~ 2. (.,el) 2.. e 1. 

~ d.JL~, 
L1 ~; ( i + ~ ~"'"- ei.) ~~ e1. 

. M 2: .a_ 

ei.- yron M e)K.llY ~ 
._., e . I 

H "tt , a iC. = 't - 't 

x~f = 1t a. 
w=O 

4 a a. ~~.:~2.. e1. 
-~~o -Y'- ~ 

i + ~'k~z.e!. 
M iL 

Bbipa)KeHn:e /28/ .ll.IISI cloo BllO.JIHe 0"!8BH.llHO, OHO 

/29/ 

orrpe.ll 81ISI8TCSI non IOCHbiM 

"'1I8HOM aMU.JIHTy .llblo J.1CIT01Ib30BaHHbiM HaMH MeTO.ll IT03B01ISIOO' cpaKTH"'8CKH HaMTll 

cne.lly!Omp-ii: "'.JieH paano)KeHHSI d 6'1.. B peaynbTaTe .llOBO.JibHO .ll.IIHHHbiX BbiK1Ia.llOK 
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d 6' i. = (~"-l A~ 1(.•1<. [ f' ( :!.H :t. i 1(.2-) '-' 2 t :t 1<-"'] .:. t A ~ "I<! I<. j-,_ 1<-2. 

- 2-Ar A" -x.K.( ~"- M'-~ t '1<-'-) + }._ ( f"'V"' ;,') (~.,- Ar }t( ~ + ~)<r1u 

+ p·"-)-(~~ + ~)('t·t<.+CV!"-)- 4(p-i') J- !G~i.(A'tr-Arf(<r-"tt)(~~)~ 
+ ( P"tt')(Kq,) + l f* k:L J- 2 ~K (A,- A r )·A-,., L ~ (2 Fi. F~ + ~ (1:.)r,_(k2. . 

( 6 F' ):z.) ) ' .- 2-S c c' it1.. \!l. + ~M '"· (r·'tt (r-c})c.tr) 'Li.- .,..,. -u, _ + ( A1t-.Ar1 -
~ . 
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3.uecb 

A~= ov' ~ ) 
( q,~K- - ¥- ' Ar= 

r r , 
\ p! K. .- :.~) 

t= Fi.+rrf:L 
' .t 

( - r· 2. + (6 F ) :t. ti.- ri \:tt1 ~ }(.. . 

~ ..L- -""~~ L I ' \ () • '--6
1 

ct w j,~- M ( t + ~o~~l. e:1.) 
i. ( i + &i.o 'ht2- ~) 'to \ . M :L 

H T,,ll. 

lu=O M . 2-

I dF, 
F1. = clx :7... 

Bee BemPIHHbi B cpopMyne /30/ 6epyTcH nprr W: 0 

TaKHM o6paaoM, .urrcpcpepeHurranhHOe ceqeHHe rranyqeHHH ~ -KB8HTOB 

npH e.- p pacceHiiHH ITOl!HOCTbiO onpe.uenHeTCH B paccMaTpHBaeMOM H8MH 

npH61JH)KeHHH 91!eKTpOMarHHTHb!MH cpopM-cpaKTOpaMH npOTOHa F:i. H F~ H HX 

nporraBO.UHbiMH no nepe.uaqe 4-rrMnynhca. TeM caMbiM 9KcneprrMeHTanhHoe rrccne-

,llOB8HHe H3nyqeHHH MHrKHX 0 -KB8HTOB IT03B01!H1!0 6b! nonyqHTh ,llOITOl!HHTenb-

HYIO HHcpOpMaU~IO 0 ITOBe,UeHim 9THX B8)KHb!X Ben.HqllH, 

ABTOpbi 6naro.uapHbi C.C.Iepll.1Tei1Hy, n.C.YicaeBy, A.A.floryHOBy H 

.fl.A.CMopO,llHHCKOMy 38 ITO.lle3Hb!e o6cy)K,UeHHH paccMaTpHBaeMb!X 3,UeCb BOITpOCOB, 

pyKonHCh nocTynrrna B rra.uaTenhCKHi1 oT.uen 
15 aBrycTa 1960 rona. 


