
06bEllHHEHHblt1 HHCTHTYT SlllEPHbiX HCCJlE.UOBAHHH 
' 

nAEOPATOPvHI TEOPETJ.14ECKOH ¢J.13J.1KJ.1 

P-1263 e 

PACCE.HHVIE 3nEKTPOHA HA 3nEKTPOHE 
VI nPOBEPKA 3nEMEHTAPHOCTVI <:POTOHA 

.D.y6Ha 1963 roD. 

' 



t 

HryeH BaH Xbey 

PACCEHHJ.1E 8nEKTPOHA HA 8nEKTPOHE 
J.1 nPOBEPKA 8nEMEHTAPHOCTH <t>OTOHA 

HanpaBneHo B )f<8T<t> 

r,~;-
1 ·)~ ~ r 1~:-r~;-.l-

._.. •.:..,:~~~Jf"" 

'i·-~.: r-:;. T"E.f 

ny6Ha 1963 I'O.Q 

P-1263 



l.Bae.aeHHe 

/1/ 
B nocne.aHee BpeMSJ o6o6meHHe pe3yn&TaToB Pe.a)Ke npaaeno K C03.llBHHJO Hoaoro Me-

/2,3 4/ 
TO.ll8 B TeOpHH CHnbHbiX B38HMO.lleilCTBHil ( CM., H81IplfMep, ' H y 1(838HHYIO T8M nHTepaTypy). 

Cor nacHO STOMY MeTO.lly, CHnbHO B38HMO.lleilCTByJOlUHe '18CTKUbl H pe30H8HCbl OIIHCbiB810TCSJ nonJO

C8MH Pe.a)Ke. npH STOM, ecTeCTBeHHO, B03HHK8eT BOIIpoc: SJBnSJeTCSJ nH q)OTOH sneMei!T8pHO.il: qac-

/5/ 
THUeil, HnH OH T8K)Ke SJBnSJeTcSJ nonJOCOM Pe.a)Ke. EnaHKeH6eKnep, KyK H ron&.a6eprep anep-

Bbie paccMoTpenH STOT aonpoc H npe.ll.JlO)KHnH onbiT no pacceSJHHJO sneKTpoHa Ha SJ.ape renHSJ .anSJ 

npOBepKH sneMeHT8pHOCTH ~OTOH8. 

EcnH ~OTOH SJBnSJeTCSJ nonJOCOM Pe.a)Ke, TO npH pacceSJHHH sneKTpoHa ( HnH no3HTpoHa) 

60nblUHX SHeprHil H8 sneKTpOHe T8K)Ke npOHCXO.llHT OTKnOHeHHe Ce'leHHSJ pacceSJHHSJ OT ~OpMynbi , 

161 
nonyqeHHOil B sneKTPO.llHH8MHKe, K8K STO 6binO OTMe'leHO B pa60T8X KOHTOrypHC8 H CaneKe-

/7/ 
pa • nnSJ onpe.aeneHHOCTH p8CCMOTpHM pacceSJHHe sneKTpOH8 H8 sneKTpOHe: 

e+e->e+e. ( 1 ) 

nnSJ pacceSJHHSJ 1103HTpOH8 Ha sneKTpoHe HMeeTCSJ aHanorH'IHblil pe3yn&T8T. Bse.aeM o6o3H8'1eiiHH: 

4-HMIIyn&Cbl sneKTpOHOB .llO pacceSJHHSJ, 

Te )Ke senH'IHHbi nocne pacceSJHHSJ 1 

2 
s =-( P, + P2 ) ' 

2 

U=-(pl -p~ ) • (2) 

B sneKTPO.llHHBMHKe MaTpH'IHbiil sneMeHT npouecca ( I ) B HH3lUeM nopSJ.llKe 38BHCHT Ton&Ko oT 

O.llHOil HHB8pH8HTHOil 8MIInHTY.llbl, SJBnSJJOlUeilCSJ ~yHKUHeil OT IIepe.aa'IH HMIIyn&Ca 

F(t)=_l_. 
t 

(3) 

( 4) 

EcnH cf-,oTOH SJBnSJeTcSJ nonJOCOM Pe.a)Ke, TO MBTpH'IHbiA sneMeHT 38BHCHT OT HeKOTOpbiX HHBapH-

/6 7/ . 
aaTHbiX liMIInHTy.a, SJBnSJJOlUHXCSJ cf-,yHKUHiJMH OT H s • B ynoMSJHYTbiX pa6oTax ' npouecc (I I 

paCCM8TpHB8nCSJ B npe.anonO)KeHHH, 'ITO BKn8.llbl .llPYT"HX HHB8pH8HTHbiX 8MIInHTy.ll npeHe6pe)KHMO 

MBnbl 110 Cp8BHeHHIO C 8Kn8JJ.OM BeKTOpHOA 8MIInHTY.llbl BH.ll8 ( 3) H BCe H3MeHeHHe 38Knl0'18eTCH 

B 38BHCHMOCTH ST0$1 aMIInHTy.llbl OT S 

B aacToSJmeil pa6oTe npouecc ( 1) paccMaTpHsaeTCSJ 6e3 yKa3aHHoro npe.anono)KeHHSJ. Mbi 

IIOKa)K9M 1 'ITO ecnH cf-,oTOH SJBnSJeTCSJ IIOnJOCOM Pe.lJ.)K9 1 TO MaTpH'IHblll sneMeHT STOT"O npouecca 

1IpH 6onblUHX SHeprHSJX aCHMIITOTH'I9CKH 3a8HCHT OT .llBYX HHBapHaHTHbiX aMIInHTy.ll. }13MepeHHe 

yrnOBOT"O pacn'pe.aeneHHSJ H IIOnSJpH3aUHOHHblX scf-,cf-,eKTOB II03BOnHT onpe.aenHTb sTH aM-

nnHTY.llbl 1 a onpe.aeneHHe cf-,OTOHHOft TpaeKTOpHH a(t) Tpe6yeT TOnbKO H3MepeHHSJ .llHcf-,cf-,epeHUH8nb-

HOT"O Ce'leHHSJ IIPH paanH'IHb!X 

TaK)Ke 06Cy)KJJ.a9TCSJ. 

s , HO npH cf-,HKCHpOBaHHOM t Bonpoc o y -HHaapHaHTHOCTH 
s 



2. MaTpH<~HbiA aneMeHT 

PaccMOTPHM npouecc ( I ) a s -KaHane. MaTpH'IHbiA sneMeHT HMeeT BHJ:l: 

M. = ~ ;; (11,) r ;u(ij) u(~) r i U(P;/A i ( s,qt ), i = s,~ V, T,;\P. (5) 

l1HaapHaHTHbie aMnnHTy Llbl A; ( S, q t) o6na.aaiOT onpe.aeneHHbiMH CBOilCTBaMH CHMMeTpHH OTHOCH-

TenbHO nepecTaHO.IlOK nepeMeHHbiX S, U H Mbi paccMaTpHaaeM npouecc (I) npH <jlHKCHpo-

BaH HOM t H S-+ + oo U-+- S 1 T.e. B o6naCTH nepeMeHHbiX 1 r.ae HMeeTCSI CHMMeTpHSI 

Me:lKJ:ly S H U • no9TOMY HaC HHTepecyeT TOnbKO nepeKpeCTHaSI CHMMeTpiiSI aMnnHTYLl ~( S,U,t) 

OTHOCHTenbHO nepecTaHOBKH s H u • PaccMoTpiiM npouecc ( I) a u -KaHane. Mbl HMeeM 

M 
u 

I ii (p') I] u(p) v(-p') 
2 1 2 

r: l v (- p 2 ) ~ ( u, s, t ) • (6) ... 
Ha cooTHoweHHA 

+ u(p~) I] u(p
2

), i= V,T, 

v (- p~ ) li v(-p) ·I ( 7) 
- u (p;) I} U( p2), i ~ S,A,P 

H CBOltCTBa nepeKpeCTHOA CHMMeTpiiH. 

Mu =- Als 
(8) 

cne.ayeT, 'ITO 

1 

"' 
..... 

A; (s,u,t), = V, T ( 9) 
S>'. l 

A;(u,s,t)~l 

+ A i ( s, u, t ), i = S, A,P , 

nosTOMY A i ( s,u, t) MO:lKHO HafiHCaTb B BHJ:le 

A;(s,u,t)~~HB;(s,t).:t B;(u,t)], (I)) 

/3/ 
npH'IeM aHaKH (+) HnH (-) onpe.aenSIIOTCSI KaK a (9). KaK HaaecTHO , non10ca Pe.a:lKe c 

HHJ:leKCOM ( +) .aaiOT BKnSLlbl TOnbKO B aMnnHTy Llbl ( IQ) C 3HaKOM ( +) 1 a fiOniOCa C HHLleKCOM 

(-) - a aMnnHTy Llbl co aHaKOM (- ) • <l>oTOHHble non10ca Pe.a:lKe HMeiOT HH.aexc (-) H .aaiOT 

BKna.abi TonbKO a aMnnHTYLlbi Av ( s,u,t) H AT(s,u,t) • TaKHM o6paaoM npH s-+oo 

M8TpH'IHblft aneMeHT npouecca (I) 38BHCHT TOnbiiD OT LlBYX aMnnHTYLl- BeKTOpHOA H TeHaOpHOA. 

CywecTB!lBSHHe nocne.aHeA aMnDHTYLlbl npHBOilHT K HapyweHHIO Y 5 -HHBapHaHTHOCTH. TaKHM 

o6pa30M 1 B CBSI3H C BOfipOCOM 06 sneMeHTapHOCTH <jlOTOHa BeCbMa HHTepecHO npoaepHTb y -
5 

HHBapRaHTHOCTb aneKTpoMarHHTHbiX B3aHMOLleACTBHA fipR 60nbWHX SHeprHHX. 0.UHOI H3 B03MO:lK-

HOCTeA npoaepKR Y 5 -HHBapHaHTHOCTH sneKTpOMarHHTHblX B3aHMOJ:leiCTBHI HBnSieTCSI H3Mep9HHe 

npo.aonbHoA nonHpHaauHH pacceSIHHblX p. -MeaoHoa a onbiTe no pacceSIHHIO npo.aonbHO nonSipRao

aaHHblX p. "':'M930HOB OT pacna.aa 1T-+ p. + V 

EcnH y -HHaapHaHTHOCTb He HapywaeTCSI, TO MaTpH'IHblA sneMeHT npouecca (I) aaaHCRT 
5 • 

TOnbKO OT aeKTOpHOI aMnnHTYLlbl 1 KaK B sneKTPOLlHHaMRKe, H BCe H3M9!eHHe 3aKniO'Ia9TCSI B 

38BHCHMOCTH STOlt aMnnRTyLlbl OT a • 3aMeTHM 1 q•,•o B MaTpH'IHOM S.'leMeHTe (5) C YKaaaHHbl-

MH A;( s,u, t) HeT SIBHOA CHMMeTpHH M9:lKLlY HMnynbCaMH 'laCTHU B Ha'lanbHOM ( HnR KOHeqHOM} 

4 

~ -----~~-

l 

• 
____ ... 



' COCTOSIHHH B OTnH"'He OT M8TpH"'HOrO 9neMeHT8 (3) B 9neKTpOLlHH8MHKe. 0LtH8K0 1 K8K HeTpy!lHO 

LlOK838Tb1 npH cPHKCHpOB8HHbiX H S-t> oo BTOpOll "'neH B ( 3) H HHTepcPepeHUHOHHbill 'lnEH 

npeae6pe:lKHMO Manbl, H OTCYTCTBHe yK838HHOll SIB HOlt CHMMeTpHH He npHBO!lHT K Tpy LlHOCTH. 

3. AcHMnTOTH"'eCKOe noseaeaHe HHsapHaHTHbiX aMnnHTYLl 

/2-4/ 
Cornacao H3secTHOMY MeTOLlY , ansr Toro, "'T06bi onpeaenHTb acHMnTOTH"'eCKOe no-

seLteHHe aMnnHTy!l, Hy:lKHO nepeXO!lHTb K t -KaHany H pa3nO:lKHTb 9TH BMnnHTYLlbl HB napUH8nb

Hbie sonHhl • .O.nsr yao6cTsa sseaeM ase KOM6HH8UHH 

C
1 

( s, t ) "' B v ( s, t ) + B r ( s, t ) , 
( ll) 

rae m Macca 9neKTpoaa, H o6o3HB"'HM qepe3 
0 yron pacceHHHH s t -KaHane, H 

z "'cos0,1+~2• 
t- 4m 

Pa3nO:lKHB aMnnHTYLtbi aa napuHanbHbie sonHbi, Mbi nonyt~HM 

,.._ 

C/s,t)=I. 
I 

I 
C

2 
( s, t ) .. I. I (t) 

I 

I 
h (t) P' (z) , 

I 

12 P (z) - P' (z) - z P' (z) 
1 1·1 1 

2 
+ g' (t) 1 z P1 (z) - z PJ.1 (z) - Pj (z) I 

1- z 2 

(12) 

( 13) 

( 14) 

I 3aecb I (t) nponopuHoaanea napuHanbHOll aMnnHTyLte nepexoaa MelK.IlY 

1+ I x) I I 

TpHnneTHbiMH COCt'OH-

HHHMH C p "'C *(•1) 1 8 g (t), h (t) 
nponopuHoaanbHbi LlBYM H3 Tpex napuHanb-

1 
P =C=(-1) • nocneaaHe co-

- I 

CTOHHHH HMeiOT KB8HTOBbie "'HCna cPOTOHHOll TpaeKTOpHH. no9TOMY Cpe!lH Tpex ·aMnnHTYLl I (t) 

Hb!X aMnnHTY Ll nepexoaa MelK!lY TpHnneTHbiMH COCTOSIHHHMH C 

g1 (t) H hi (t) 
1 

paCX!M 8TpHB8eMbiX K8K cPYHKUHH OT 1 H t 1 TOnbKO LlBe nocneLtHH e HMe-

lOT noniOC
1 

COOTBeTCTByiOUIHA cPOT~y. HanHWeM pa3nO:lKeHHSI ( 13) H ( 14) B BH!le HHTerpana 
/1-4/ 

3oMMepcPenbaa-BaTcoaa H npeo6pa3yeM KOHTYP HHTerpHposaHHH • Y"'HTbiBaH TOnbKO sKnaLtbi 

cPOTOHHOrO noniOCB B 8CHMnTOTH"'eCKHe Bblpa:lKeHHH C1 ( s,t) H C 
2 

( s, t) , Mbl nonyt~HM: 

C2 ( s, t) -+ F. ( t) 
1 

1 sin11a(t) 

a(t) -1 
s 

( 15) 

1 8
a(t)-1 

sin 11a (t) 

x) p - npoCTp&HCTBeHH8H qeTHOCTb1 C - 38pS!LlOB8SI "'eTHOCTb. 



-- -

I'.Qe a(t) - <j:JoT6HH8SI TpaeKTOpHH. Vf3 ( 10) H ( 15) cne.ayeT, 'ITO npH S-+ + 00 

-i,a(t) 
1-e 

Av ( s,u,t) -+ sin f7a (t) 

A ( -irra(t' 
T s,u,t)-+ 1-e ' 

sin 17 a (l) 

H MaTpH"'HbiA sneMeHT HMeeT BH.O: 

av(t) sa(t)-1 

aT(t) s a(t)-1 

}.1 s -+ 

-irra(t) a(t)-1 
1-e s T , 
sin rra (t) 

T =av(t)u(p;) yiL u(p1 ) u (p~) y1Lu(p 2 ) 

"" 

+ aT (t) u ( p;) a !LV u (p 1 ) u ( p~ ) 'f,.v u ( p 2 ) • 

4. 06Cy)K.OeHHe pe3ynbT8TOB 

(16) 

(17) 

( 18) 

¢opMynbi ( 17) H ( 18) nOK83biBS:IOT 1 'ITO M8TpH"'HbiA sneMeHT npouecca ( 1) 8CHMnTOTH"'e

CKH 38BHCHT OT llBYX <f:>yHKUHA a y (t), aT (t) H TpaeKTOpHH a (t) • EcnH Y 
5 

-HHB8pH8HT.:f 

HOCTb He HapywaeTCH, TO a T (t) = Q • ¢oTOHHyiO Tp8KTOpHIO a (t) H <j:JyHKUHH a (t) H a (t) 
V T 

s npHHUHne MO)KHO onpe.oenHTb H3 onbiTa c nOMOWbiO H3MepeHHH yrnosoro pacnpe.oeneHHH 

-... 

H nonHpH30B8HHbiX aqxpeKTOB. 0.0H8KO H8W8 uenb Tpe6yeT Bb!COKHX 9HeprHA, 'ITO B03M0)KH0 

TOnbKO npH nOMOWH OnbiT8 C BCTpe"'HbiMH nyqKaMH sneKTpOHOB. 8 9THX ycnOBHSIX HCCne.OOB8HHe 

nonHpH38UHOHHb!X s<j:J<j:JeKTOB OK83b!B8eTCSI seCbM8 Tpy .OHbiM. nosTOMy Ol'p8HH"'HMCSI Bbi"'HCneHHeM 

.oa<P<PepeHuaanbHoro ce"'eHHH. Mbi HMeeM 

2a(t)-l 
1 

-irra(t) 
-e 

(19) 

2 2 

~ ITI da s 
2~ sin rra(t) dO 

r.oe ~ 0603HaqHT CYMMHpOB8HHe no seeM nonHpH38UHSIM "18CTHU B H8"18nbHOM H KOHe"'HOM 

coCTOHHHHx, a T onpe.aenHeTcH cpopMynoA ( 18). KonKpeTHoe &bi"'HcneHHe noKa3biBaeT, 'ITO 

2 
npu 6onbWHX s H <j:JHKCHposaHHOM t senH"'HHa ~I T I cTpeMHTCH K cpyHKUHHM oT t , T.e. 

da 

dO 
.;(t) 

2a(t)-1 
s 

dao 

' s ... 00 , 

B TO BpeMH K8K B sneKTp0llHH8MHKe Ce"'eHHe crn- , Bbi"'HCneHHOe B IIH3WeM nOpH.OKe, 

C~peMHTCH K 

dao -+ .; o( t) s, s-+ oo 

-dO 

0603H8qHM OTHOWeHHe da I dO "1epe3 

da I dO 
0 

R ( t, s 1 ) = 

R(t,s
2

) 

sl 

s2 

R ( t,s). CpasHeHae (20) H (21) 

2[a(t)-1] 
] 

6 

.oaeT: 

(20) 

(21) 

(22) 

' 

I 
j.. 

~ 

._, 

--··-___j '"' 



' 

. ., 

-" ..... , 

.. ,.-,; 

TBKHM o6pB30M 1 OTHOllleHHe (22) 38BHCHT TOnbKO OT TpaeKTOpHH a(~ H He 38BHCHT OT ¢yHKUHH 

aV (t) H aT (t) • .Llm1 onpe.oeneHHSI !j:JOTOHHOit TpaeKTOpHH a(t) .llOCTBTOqHo H3MepHTb .llH!j:J-

!j:JepeHUHBnbHOe ceqeHHe IIpH !j:JHKCHpOBBHHbiX H paanHqHbiX S • 3TOT peaynbTBT BHanorHqeH 
/5/ 

nonyqeHHOMY B pa6oTe .onsr paccesrHHH anexTpoHa Ha sr.ope renHH. 

Kax 6blno OTMeqeHo, oqeHb TPY.llHO onpe.oenHTb !j:JyHKilHH a v (t) H aT (t) • O.oHa-

KO :lKenaTenbHO IIpOBepHTb y 5 -HHB8pH8HTHOCTb Ha OCHOBe .opyrHX OllbiTOB, H811pHMep, paccesr

HHSI npo.oonbHO nonsrpHaosaHHbiX p. -MeaoHoB Ha HyKnoHe. EcnH anexTpoMarHHTHoe saaHMo.oe.I

CTBHe y 
5 

-HHBBpHBHTHO .llB:lKe B cnyqae, KOr.lla !j:JOTOH HBnHeTCSI IIOniOCOM Pe.o:lKe, TO a T (t) = Q 

H .onsr onpe.oeneHHH a v (t) .llOCTBTOqHO H3MepHTb .llH!j:J¢epeHUHBnbHOe ceqeHHe. 

181 
He.oasHo .LloMoKoweM H Bonb!j:JoM 6bm npe.ono:lKeH MeTO.ll nonyqeHHH !j:JOTOHHo.l Tpaex-

TopHH a (t) H3 3KCIIepHMeHTBnbHbiX .llBHHbiX 0 !j:lopM!j:JaKTOpe HyKnOHa. 3TOT MeTO.Il Tpe6yeT 

TOqHoro 3HBHHSI TpaeKTOpHII< p -Me30Ha. B HBCTOHWee BpeMH HY:lKHbie 3KCIIepHMeHTBnbHble 

.llBHHble ewe He .llOCTBTOqHo TOqHbi • .Llnsr nposepKH aneMeHTBpHOCTH !j:JOTOHa npe.ono:lKeHHble B 
/5/ 

pa6oTe H B HBCTOHIUeit pa6oTe OllbiTbl HBnHIOTCSI IIpOCTeA lllHMH OllbiT8MH. 

B aaxniOqeHHe OTMeTHM, 'ITO ecnH ¢oTOH srsnsreTCH noniOCOM Pe.o:lKe H cywecTsyeT peao

HBHC C } = 3 , TO 3TOT pe30HBHC He MO:lKeT pO:lK.llBTbCSI B npouecce pO:lK.lleHHSI napbl !j:JoTOHOM 

B KynOHOBCKOM none ( B HH3llleM nOpH.OKe), HO MO:lKeT pO:lK.llBTbCSI B npouecce pO:lK.lleHHSI napbl 

3neKTpOHOM B KynoHOBCKOM none: 

- - + e+Z-+e+e+e+Z. 

AsTop Bbipa:lKaeT rny6oxy10 6naro.oapHOCTb npo!j:Jeccopy H.A.CMopo.oHHCKOMY aa ueHHbie 

COBeTbl, npo!j:Jeccopy M.A.Mapxosy, npo!j:Jeccopy A.A.noryHOBY H r • .LlOMOKOllly aa HHTepec 

,.._ K pa6oTe. 
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