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BaeneaHe 

J, 3 n e K T p_o Mar H H T H hie B 3 a H M 0 Jl e ftC T B ll SI H · QJ 0 p M QJ a K T 0 p b!, 

nnsr ODHCBHHH B3aHMOJleitCTBHSI :aneMeHTapHb!X ·'laCTHU C DpOH3BOllhHblM 9ll9KT­

poMarHHTHb!M noneM H900XOJlHMO 3HaHHe :aneKTpOMarHHTHbiX !pOpM!paKTOpOB 

9THX 'laCTHUo 3neKTpOMarHHTHOe none ODHCb!BaeTCSI DpH DOMOIUH !pOTOllOB1 ' .. '· 
KOTOpb!e MOryT 6b!Th KaK peanhHbiMH, TaK H BHpTyanhHb!MH, BsaHMOJleiiCTBHe 

npOH3BOllhHOrO !pOTOHa C HyKnOHOM MOllieT 6b!Th npeJlCTaBneHo JlHarpaMMOft
1 

noKasaHHoft Ha pHc, I. HeTpy.nao y6e.nHTbCSI B.ToM, 'ITO :aTolt JlHarpaMMe MOlli~ 

HO CODOCTaBHTb HeCKbllbKO pa3HOBHJlHOCTefi npouecca B3aHMOJlefiCTBHH ipOTOHa 

c HyKnoHoM. ITpocTefirnHe peaKUHH, B KOTOphlx nHoH He. yqacTByeT, .a ¢oToH 

SIBllSI9TCSI BHpTyanbHbiM - 9TO ynpyroe· pacceHHHe sneKTpOHa Ha HYitnOH'e II 

npouecc ·· aHHHrHnsruHH: 

. ' 

.• 

N N 
Pnc. I. llnarpaMMa, COOTBeTCTBYIOII18SI oomeMy cny'la!O B38HMo;ieltcTBHSI «<>o­
ToHa C HyKnOHOM, 



e +N ... e-+N ( 1a) 

e+e+ ... N+N ( 16) 

PeanbHOMY !jloToHy Ha .nnarpaMMe pnc. 1 cooTBeTcTByiOT npouecchi !jloTopom­

.neHHH llHOHOB H o6paTHOrO !jloTOpO)I(ll9HHH llHOHOB! 

·y+N-+"4 +IT ( 2) 

IT+p ... n+y 

Bonee · cnomHhiMH, nHTH'laCTH'lHhiMH npoueccaMH ( anpTyanbHhiil !jloToH Ha .nnar­

paMMe pnc. 1) HBnHIOTCH npoueCChi npgMoro n o6paTHoro sneKTpopom.neHHH 

llHOHOB! 

.-+N· .... -+N +IT I 
(3a) 

IT+p ... n+e++e 
• ( 36) 

3neKTpOMarHHTHhi9 !jlopM!jlaKTOphi 38BHCHT nHIIIb OT KBa.npaTa 'l9Thip9X­

HMnynbC8 !jJOTOH8o B npoueccax { 2) !jJOTOH nemHT Ha M8CCOBOH noaepXHOCTII: 

k 2 = ·0 , oTO ,naeT B03MO)I(HOCTb H3Y'l8Tb ¢opM¢aKTOp!;>~ 1 CBSI3aHHhi8 C nepe­

XOllOM HyKnOHOB B B036ymneHHbi9 COCTOHHHH { y N N * tr ansition for m 

factors ), Opouecchi t la) n t3a) noaaonHIOT nccnenoaaTb ¢opM<jlaKTophi 

k 2 < 0 B npOCTp8HCTB9HIIOll01l06HOll o6naCTH nepellaBaeMhiX liMllynbCOB 

a npouecchi ( 16) n . ( 36) - ao. apeM~Hnnono6Hoii: o6nacTn k
2 

> 0 • llnHa-

MnKa aaanMo.neii:cTBHH a npoueccax t Ia,6) · noaaongeT nony':{liTb 6eaMonenb­

Hoe onpenerteHHS HyKnDHHh!X ¢opM¢aKTOpDB x/ j !jlopMtP8KTDphi. lllfOH8 li HyKnO­

H81 onpenl'!nHeMhie B npouecce ( 3), HBnSIIOTCH MonenbHoaaancnMhiMH, 

x/ To me C8M09 OTHOCIITCSI .K onpeAeneHIIIO fiHOHHOrO ~OpM~aKTOpa B 

npoueccax 

IT+e-+IT+e 

e++ e- .... "++" 

4 

( 4a) 

(46) 

/ 
/ 

/ 

2. y n p y r ci e . p a c 
riepBbiX SKCnepliM9HTOB 'X 
Hax .·I 1 I ~ 'a;,eKTp~HDB Ha 

paM npoTOHa li . Heii:TpoHa. 

liMnynbCOB HaKonneHO 3H8' 

STHX ll8HHhiX ycTaHOBneH : 

BaiOIIIllll HyKnOHIIhi9 ·!IJOpM(tii 

npn'leM 

GM(kl) .G.(. 
~ ·= Mn 

p. . 
p Jl.n 

G Ep =· (l.:_k~ /O,j 

Hee COOTHOIII9HliJ3 nony'lHn 

TO'lHOCTH 9KCnepHMSHTOB 

Ha /6/ 1 KOT0phill 1 KOHS~HO 

SKCnepnMeHTanpHhiX llEHIH: 

li3 HepenHTliBliCTCKOH KBI 

npe.ncKa3hiBaeT ll P I ll n 

= 1,45978. OpoaeneHHhie J 

3hiB810T Ha BenH'lllHY OTKn 

ro 38KOH8 /81 nopHilK8 HE 

Ynpyroe pacceHHHe n 

'lliTb MOil9nbHOH93aBHCliM 

llliOH8 nng' k 2 < 0 , llo 

npouecce 6hina .nocTynHa.; 

nynr:.ca ( .. k 2 ..., 0,003. (faE 

Tli'lHoro pannyca nnoHa /! 

3, B c T p ·e 'l H hie 

MSHli He 6hinO llf?CTaBneHO 

, poa B npouecce (16) x/, 
,, ,. ,, ' i . ' 

neHI!SI npouecca P P ... e + ., ,... 

TOphi I?a6oThi I 11( npnao 

no.no6Ho"ii: o6J1a.cTn n':Jl9lll 

xl .. 
Dpe.nnapnTenbHI 

e+ e~ N R , ony6; 



( 1a) 

( 16) 

TByroT npouecchi <jloTopo)l(-

. ( 2) 

!pTyanhHhifi <jloToH aa anar-

5paTaoro aneKTpopo)l(aeanSI 

(3a) 

• ( 36) 

Hllb OT KBaapaTa 'i9Tb!pex­

Ha MaCCOBOfi ITOB9PXHOCTH! 

l8KTOpi?11 CBSI38HHbl9 C nepe-

y N N * tr ansition ··for m 

nccneaosaTb <jJopM<jlaKTOphi 

k 2 < 0 b!X UMrrynbCOB 

o6nacTn k2 > 0 • nnaa-

nSie.T nony~nTb 6esMonenb-

1pM<!JaKTophi. n!IOHa H HyKnO­

l9/l,bH03aBHCHMb!MH. 

0 ITHOHHOrD ~OpM~BKTOpa B f 

( 4a) 

(46) 

/ 

. l 

2. Ynpyr'oe pacceHHIIe aneKTpOHOB ( 1a), '(4a) ••. Co BpeMeHII 

riep~bl~ 9KCrrepiiM9HTOB 'XocjlmTa·nTepa rio pacceHHIIIO aneKTpOHOB Ha ltpOTO­

H8X /1 I II 'aneKTp~aos aa nefiTpoaax I 21 no aneKTpoMaraii'r-HhiM' <jloptvicpaKTo­

. i:lliM npoToiia II · aell:Tpoua B ripoc'i'pancTseuuorioao6uofi o6hacTII nepenasaeMhiX 

·IIMnynbCOB uaKonneao saattnTenbuoe KOniitteCTBo naRHhiX 13,41 • Ha ocaosaunn 

STiiX .ll8Hl!h!X ycTaHOBnea .TaK H83b!B89Mb!M 0 M8CIIITa6Hb!M 3aKOH 0 151 1 CBH3hi­

BaiOIIIIIfi nyKnDHHhie -<jlopM(jlaKTOphi cne.llyromiiM o6pasoM: 

npntieM G Ep =, o.:..k.2 /O,'ll )·-2. . ( k 2 IISMepSieTCSI B (faslc)2 ), Ilocne.ll­

Ree COOTH01119HIIi! nonyttnno H8SB8HIIe ".UiiiTO/I,bHOM cjlopMynhi". C ITOBbiiii9HII9M 

TO'il!OCTU 9KCnepUM9HTOB yJlanOCb 38M9':'IITb aapyllleHIIH M8CIIIT86Horo SaKO­

H8 /6/, KOT0pb!M1 · KOH9'1HO, SIBnSieTCSI He 3aKOHOM 1 a yno6Hofi annpo.KCU.Mauneil: 

aKcnepiiMeaTanpHhiX nanahix. TeopeTIIttecKII MacmTa6Hhifi saKoa nonytiaeTCSI 

IIs aepenSITIIBncTcKofi KBapKoBofi Monenn n SU6 su 6 , · onfiaKo, 

npencKaShiBaeT p. P I p. n = 1,5, Torna KaK aKcnepiiMeaT naeT P.p / P.n 

= 1,45978, Ilposeneaahie aeJlaBHo aaaniiShi aKcnepnMeJITanbHhiX namihiX yKa­

ShiBaroT aa BenH'iiiHY OTKnoueaiifi OT nnnonbiiOH <jlopMynhi 17 I ~ M8CIIITa6ao­

ro saKoaa 181 nopSinKa aecKonbKHX n~oue~ToB,' 
Ynpyroe pacceSIRHe niioaos aa aneKTpoaax, B npnnunne, nossonSieT nony­

'liiTb MOJl9/l,bHOResaBIICUMYIO .HHc!JOpMaUUIO 06 aneKTpoMarUHTHOM C.TpyKType 

··nnoaa ,[l/I,H. k 2 < 0 , no llaCTOHIIIero BpeMeHH SKCITepUMeJITaTopaM .~. STOM 

npouecce 6hma .llOCTynaa nnmb o5nacTb ManhiX snatteaiifi · nepenasael\10r.o nM­

nynbca ( . k2 ... 0,003 (Tas/c) 2 ), ttTo ni>3soniinO .ll8Tb oueuKn cpenaeKBa.llpa-

Tnttnoro pa.lliiyca niioaa /9,101 (eM.; .Ta6n, .J), .. · .. 

3. B CTpettH.b!e ( e+e.-:-) nyttKII• ( 16),, (46). no uacTomuero Bpe­

Meun He OhinO ITOCTaBn9HO 9KCnepHM91ITOB no Ii3Y'l9HHIO HyKnOHHh!X c!JopMc!JaKT0-

,1poB snpouecce .06) xl, B pa6oTax lli,·l 2/ 6~mn. ~.lle~an~; nonbiTKH aa6nro­

neunSI npouecca ~;;-+ e+ e·-·. H~ sape~IIcTpnp~~aB H~ O.llHoro co6hiTHH, as­

. TO~hi pa6oT~I l ll( ~piiBO.ll~T oueaKy ayK~~~ilhlx $opM<jlaKTopo~ so speM~an-
•. • • :·: ' £, . . • ' ; ' • ~ i ) ..... 

, nono6u?"fi ~611a.,c:r,n ne;peJl~Bae:~~~~ nMn~nbcos:: I G Ep I. "':I G Mpl $ ~~ 15 ~pH 

xl . 
IlpeJlBapiiTenbllbie JlSHHhie, KacaromiiecSI perncTpaunn npouecca 

e+ e""> N R , ony6nnKoBaHbi B 1811, 



k 2 = 6,8 ( raa/c) 2• OueJIKH, cnenaHHbie a~TopaMH pa6o_Tbl /
121

• OCHOB8Hbi 

H8 Ha6mo1leHHII llBYX C06biTHII1 KOT_Opbie M~~HO 

8HHIIrii11SIUIIII HyKnOHOB B ( e + e- ) napy npii 

6hxn_o 6bi. npiiniicaTb npoueccy 

P = 5,1 (raa/c) 2: IGEpl = 

IIMII He 6binO SaperiiCTpiipO-I G Mp I < 0,20. Ilpii k 2 =6,6 (faa/c) 2 

Ballo HII oaHoro co6biTHn: I G E PI = l G Mp l < O, 16. 

';' a 6 n n u a I 

Po3;fJ1:&TaTbl :JI<crrspm:ewram,Iwro ~3!.lepeHnll 
cpe;qHeKBa,JJ.~3.TH 11I!OrO P.aJn!;)'C3. nJIO!la 

Ail TOp 

Crowe et al. 
Block et al. 

Allan et al. 
· Cassel et al. 

Akerlof et al. 
Akerlof + Mistretta 

Devons et al. 

Auslender et al• 
Augustin et al. 

<r;'->~-'2(J) !:!eTO.I:\ 

2 96 ~ o 43 1 ... - lj. ' < o: 
9 

' :it /7t :rnpyroe paccemme Ha He 

<4 5 <3:3 I .?t-e :Jnpyroe pacce.FIHV!e 

0,80 .:t O,IO I" o, 
86 

.:!: o, r4 ,1pm1oe 3JJeKTpopor.:;qemie IU!OHOB 

<I, 9 I 06~aTHoe 3ne~:Tpopox;qeHue mwHOE 

0,632 ± 0,0091 - + - ~ 
0,628 ± 0,003 e + e -1r · + 7t 

HsyqeJIHe npouecca e+ e- ... rr + "- naeT aosMo>KHOCTb nony'laTb IIHcpop­

Mauiiro niiWb o Moayne niiOHHoro • cpopM!flaKTopa l Frr l · B o6nacTII k 2>4m~-2f - 2
, 

.1:) H8CTOSIIIIee BpeMSI IIMeeTCSI 0011blliOe K011II'IeCTBO aKcnepiiMeHT811bHbiX Jl8H­

HbiX 114-18/ B o6nacTII k 2 > 8 f -z • Ilpii ·IIcnonbSOBaHIIR npennono>KeHIISI 

o · 6peil:TimraepoBcKofi <jlopMe p -pesoHaHca, cpenHeKaanpaTII'IHbiii paniiyc nii­

oaa onpenenneTCSI no. aTIIM Jl8HHbiM C BbiCOKO:Ii: TO'IHOCTb!O ( CMo Ta6n, 1), 

4, I1 p g M 0 e an e K T p 0 p 0 >K 1l e H II e n II 0 H 0 B ( 3a), 8KcnepiiMeHTbi 

no aneKTpopomneHIIIO nHOHOB Jl810T B03MO)I{H0CTb II3y'18'l'b K8K HyKnOHHbie 

!flopM$aKTOpbi
1 

TaK H .¢opM$aKTOp. nHOHa, 0JlH8KO B OT11H'IHe OT MeTOJlOB, 

oniicaHHbiX 8 nyHKTax 2 H 3, IIH¢opMauiin o· ¢opM¢aKTopax cymecTBeHHO sa­

BIICHT OT TeopeTII''IeCKO:Ii: .M01le1!H1 nplllvieHSieMOA Jl11Sl onifcaHHSI aKcnepHMeH-

6 

. . ·"-

TanbHbiX naiiHbiXo BonblliiiHC 

noCBSIIIIeHO IISy'leHH!O !flopMq 

qeHIIII npii w - 1,3 raa I H 

!flopM!flaKTOpy nHOHa 125-30 

TOpe Hcnonb3YJOT Jl8HHbie I 

nepHMeHTax no ynpyroMy 

aeil:TpoHa G En (k 2) cne~Ha 

pa60T8X 131 •321 ; HeCK011bH 

aKcnepHMeHT811bHbiX Jl8HHbl 

5. 0 6 p a T H o e an e 

nono6Hol!: o6nacTH nepenax 

TaKIIe >Ke B03MO>KHOCTH Jlll 

H npouecc (3a) nnH npocT 

. MeHT811bHblX 1l8HHblX /36~~ 

HHTeHCHBHOCTSIMH 106 - ~ 
nyKnOHHoro ¢opM¢aKTopoB 

napTaoe OTKnoHeHHe) H sa 

1 07 +0, 14 
, -0,17' 

Ilpouecc o6paTaoro : 

B03MO>KHOCTb HCCne]lOB8TI 

o6nacTH npoueccoB aHHHrHn 

2 + - -k nopor. ( e .. e .... N N ) = 
B~TenbHO He TOllbKO K MO, 

KOTOpbxe B nocnenoporoaoli 

ne.KCHb!MH, B aToM npou·e 

HHe /38,39/ 1 'ITO ll03B011Sl• 

Bb!COKOil: TO'IHOCTb!O,. 

6. rr-
4 Hepaccenai 

UIIne, MO>KHO-H3Y'I8Tb·H B 

npoaeneao TpH aKcnepHMeH 

uaTenbllbiX niioHoB aa HJlpa 



MH pa6o_Tbi_ /1 2 / 1 O~HOB8Hbi 
•biJIO 6bi npnnn:caTb npoueccy 

: 2 ,= 5,1- (faB/c)2: IGEpl = 

IIMH H9 6biJIO 38p9I'HCTpHpO-

a6nnua I 

~:3!JepeHI'lfl 

, nno:ra 

'.lero.n 

lj. 
yroe paccenune aa.He 

yroe paccenHue 

e~rpopor.:.neane mtoHoB 

+ - ~ e -7r·+7t 

)3MO*HOCTb ITOJiy'laTb HH~Op­

:17 I ·B o6nacTH k 2>~m~-21-2 
o 

~BO SKCU9pHM9HT8JibHbiX Jl8H­

~UOJib30B8HHH npennoJI0*9HHS1 

naeKBanpaTH'IHhlfi pannyc nn­

:i TO'IHOCTbiO ( CMo Ta6Jio 1) • 

I H 0 H 0 B ( 3a) o 3KCU9pHM9HTbi 

ICTb H3Y'l8Tb K8K HYKJIOHHbi9 

1aKo B oTJIH'IHe oT MeToaoB, 

1pM~aKTOpaX cymecTB9HHO sa­

,ft AJISI onilcaHHSI aKcnepnMeH-

l· 
l 

I 

I. 

TaJibHbiX naHHbiXo BoJiblllHHCTBO aKcnepHM9HTOB no npSIMOMY aneKTPOPO*Jl9liHIO 

UOCBHIU9ll0 H3Y'l9liHIO ~OpM~aKTOpa HS06apbl /). ( 1236) 1 JlOMHliHpyiOmell B ce­

qeann npn W - 1,3 faB I 19-24/, W - nonaaH aaeprHH B rr N c.UoM.) n: 

~opM~aKTopy nn:oaa I 25-
301

• Dpn HSBJieqean:n: cBenean:ll o nn:oaaoM · ~opM~aK­
Tope HCnOJibSyiOT Jl8HHbi9 no HyKJIOHHbiM ~OpM~8KTOpaM 1 

1 
noJiy'I9liHbi9 B SKC­

nepHM9HT8X no ynpyroMy 'eN -pacceSIH~IO. 3neKTpn:qecKnil ~opM~aKTop 

aellTpoaa G En (k 2) cneunanbliO nsyqancH JIHIUb B JlByx aKcnepnMeaTaJibllbiX 

pa60T8X 131 •
321

; HeCKOJibKO Teop9TH'l9CKH~ pa6oT 6biJIO noCBHUI9liO 8li8JIH3y 

aKcnepHM9HT8JibHbiX Jl8HHbiX Jlml H3BJI9'19HHSI CBe.nean:fi 0 G En (k2
) /33-35/. 

5, 06paTHOe SJI9KTpOpO*.U9liH9 nHOHOB (36); llJIH Bp9M9HH­

no.no6Hofi o6nacTn nepenaBaeMhlX HMnynbcoB aToT npouecc npe.nocTaBnSieT 

T8KH9 *e BOSMO*HOCTH JlJISI HSY'l9HHSI ~OpM~8KTOpOB HyKJIOlla II mw!Ia1 KaK 

11 npouecc (3a) .nnH npocTpaacTB91I!IOno.no6aofi o6naCTIIo Be.nnocTb aKcnepn:­

-M9HT8Jlb!IbiX Jl8HHbiX /36-38/ o6'bSICHSI9TCSI OTCyTCTBH9M nHOH!IbiX ny'IKOB C 

HIIT~IICIIBIIOCTSIMH 106 - 107 C9K -1, B 136/ nony'leHa OU9HK8 nHOIIIIOI'O H 

liYKJIOIIIIOI'O ~opM~aKTOpOB npH k2 = u-2 : F17 < 1,25, F·; < 1,3 ( 1 CT8li­

Jl8pTII09 OTKJio!IeHHe) n: saaqenne ~opM~aKTopoB npn ycnoBHH F17 = F 1v: F =· 

+0,14 
= 1,07 -0,17 • 

Dpouecc o6paTaoro aneKTpopo*Jl91IHSI .naeT npaKTH'leCKH e.nn:ncTBSIIIIYIO 

BOSMO*IIOCTb HCCJ19Jl0B8Tb ~OpM~8KTOpbi nHOHa H IIYKJIOII8 B JlOnOpOI'OBOfi 

o6nacTn: npoueccoB aHHHI'HJIHIIHH: k 2nopor. ( e+ e- -+ 17+ rr-) = 4m~ _; 

k
2
nopor. (e-1:-e-... NN)= 4M 2

• KpoMe Toro, ceqenHe npouecca,(36) ~yBcT-. 
B~TeJibHO !IS TOJlbKO K Mo.nyniO ~OpM~8KTOpOB1 IIO H K ~ase ~OpM~8KTOpOB1 
KOTOpbi9 B nocnenopOI'OBOfi 06J18CTH npOU9CCOB ( 16} H (~6} SIBJISIIOTCSI KOMn­

J19.KCHbiMH, B aTOM npou·ecce CHJlbHO noaaBneH BKJ18Jl Hao6apbi , ]3 Ce'le­

HH9 /38,39/, 'ITO nosBonReT, B npn:aunne, naTb TeopeTn'lecKoe onncaane c 

BbiCOKOfi TO'IHOCTbiO,. 

4 
6. 17 - Hep a c c e H H n: e. 3neKTpoMai'HHTHYIO cTpyKTypy nn:oaa, B npHli-

unne, MO*HO. H3Y'l8Tb ·H B npoueccax pacceSIHHSI nHOHOB Ha SIJlpax /40/ o BbiJIO 

npOB9.Q9HO TpH aKcpepHM9HT8 /4143/ no paCC9SIHHIO nonO*HT9JlbHbiX H OTpH­

UST9JlbHbiX nHOHOB Ha _H.npax 4 He , B STHX SKCIIepHM9HT8X KBaJlpaT nepe-

7 . 



naBaeMoro "!eTbipexiiMrrynbca !floToaa ae npeBbirnaeT 0,09 (faBle) 2• l1a cpaB­

HeHIIH 9KCnep1I~9HT8nbHhlX II T90p9TII"l9CKIIX yrnOBhlX pacnpe,ueneHIItt niiOHOB 

6binii noriy"leHbi naHHbie o cpenaeKBanpaTII"lHOM paniiyce niioHa (eM. Ta6n. 1). 
. 4H . 

BII.UHO, ."'To" naHHhie no 11 - e pacceHHIIIO aaxonHTCH B npoTIIBope"liiii Me:lKny 

co60ilo lleno B TOM, '"'TO aHanH3 9THX 9KCnepHM9HTanbHb!X .U8HHhlX ( H9KOTO­

pbl9 II3 HHX nony"l9Hbl CO CT8TIICTII"l9CKOil Oll1H6Koil - 3%) nonBep:lKeH 3H8-

"liiT9nbHblM T90p9TII"l9CKHM HeonpeneneHHOCTHM, CBH38HHbiM C npo6neMOH onn-
. '/44/ 

caHJIH cnnbHoro B3aiiMo.o.efiCTBHH niiOHOB c H.o.paMII. R. Christensen 

npoaHa~II31IpOBa~ .peaynbTaT~I pa6oT /41-43/ II OTMeTIIn, "'TO y"leT penHTII­

BIICTCKIIX a!fl!fleKTOB 'ip93Bbl"l8HHO CH nbHO H3M9HSI9T BenH"lHHY '.rr ( CM. 

Ta6n. II } • TaKHM obpaaoM, TpynaocTn TeopeTII"!ecKoro oniicaHIIH ae noaBonH­

IOT noxa nony"liiTb aa.o.e:lKHyiO na¢opMaunro o cTpyKType nnoaa B npoueccax 

11-
4He pacceHHIIH. 

T. a 6 n u u a II .. 

Bmumue penSITFIBFICTCK~tx nonpaBOK Ha Benwnmy < fn.2 ) 
1
": 

onpe.nenReMyro B 9t -He" pacceSIHHH 

< r/ > 1/2. ( f ) 
ABTOp 

3HeprHSi HepemtTFIBHCTCKHe PenRTnmwTc.Kue 
mioHa 0•~3B) pactieTbi pac 'leTu 

Nordberg et al. 24,0 I,46 0,87 

50 I,90 I,46 
Block et· al. 58 2,9I· I,3I 

65 . I,45 · r,oo 
5I,3 2,90 . 0,85 

Crowe et al. 59,7 2,45 0,66 
67,6 2,39 0,99 
75,0 2,39 0,99 

.. 

8 

· I . M o.o.enbW 

B onao!floTOHHoM npii 

peHa BO MHOriiX 9Kcnep1IM1 

:lKeT 6biTb_ o,nncaao "npii n1 

COOTB9TCTByeT TOMy, 'ITO. 

aMllniiTy.U, COOTB8TCTByiOIUY. 

TOHOM, 6) C H9iiTpOHOM, 

e N 

= 

e N 
0 

P:~~c. 2. LlHarpaMMbi, on 
np:~~6nHJKeHHH. 

Ce"<Ieaiie aneKTpopo~ 

cla 

ciE' cine cin ~ 

rne r t npencTaBnHeT ' 

aneKTpOHOB, pacceH~HhiX 

cl av 

cin~ 
cl n e COOT 

QJOTOH8Mil II 38lliiCbiB89TC: 

dav 
= A,+ c B " 

an; 

l-1 + [ E ( E + J ) ] D sir 



r 0,09 (raa/~)2,11a cpaa­

BbiX pacnpe]leneauti nuoaoa 

lnyce nuoaa l eM. Taon, 1 ) • 

TCSI B llpOTHBOpe'IHH Me)I{Jly 

!T81IbHbiX Jl8HHbiX ( HeKOTO­

)ft - 3%) no]lBepmea aaa­

gaaHHbiM c npooneMoti onu-
. /44/ 

R. Christensen 

r~JeTnn, 'ITO y'leT penSITH­

meT BB1IH'IHHY r 17 ( CM, 

toro onucaHHSI ae noaaonSI-

fKType nnoaa B npoueccax 

r,a 6 n 11 ~a II 

Ha .BenwmHy <&2
)

1
":. 

:ce.fiHIUf 

~2 > 1/2. ( f ) 
:Kne PemiT!IlBMCTc'Kue 

paclleT~I · 

0,87 

I,46 
I,SI 
I,oo 
0,85 
0,66 
0,99 
0,99 

... 

j 

i 

I. M o]lenbaoe orrncaane aneKTpopomJleHnn 

B OilHOcPOTOHHOM npuonumemm, cnpaBeJlnnaocTb KoToporo obma npose­

pena BO MHOI'IIX SKCrrepuMeHTaX /45/ 1 rrpSIMOe aneKTpOpO:H<JleHHe llHOHOB MO­

:H<BT obiTb_ onncano "npu noMorun JlHarpaMM, uao6pameHHbiX aa puc, 2. 3To 

COOTBeTCTByeT TOMy, 'ITO 8Mll1IHTyJla aneKTpOpO:H<]leHHSI OllHCbiBaeTCSI CyMMOfi 

8Mll1IHTyJl, COOTBeTCTByroiUHX B38HMOJlelicTBHICi BHpTyanbHOI'O ljloTOI!8 a) C npo­

TOHOM1 6) C Heii:TpOHOM1 B) _C_ BHpTyanbHbiM IlliOHOM II I') C . HS06apofi, 

e N 

• ' ·I I 
I 
I 

tl I 
I 

= + + + 

e N 
Cl s ! 

Pnc, 2, nnarpaMMbi, Olll!CbiBaromne sneKTpOpO)K,Qel!ne llliOHa B OAIIO!jJOTOI!I!OM 
npn6nn)Kennn. 

Ceqenne aneKTpopomlleHHSI MomeT ObiTb 3arrncano B cneJlyrorueM BUlle: 

da cla 
r, v 

rile [' 1 
npe]lCT8B1ISieT 'IHC1IO BHpTyanbHbiX cPOTOIIOB 0 OTHeCeHI!biX K 'll!C1IY 

~neKTponoa, pacce~J:!HhiX B IIHTepsan cJ E ' u B aneMBHT Tenecnoro yrna 

COOTBBTCTByBT CB'IBHHIO cPOTOpO:H<JlBHIISI BllpTyanbHbiMH 
cJ av 

cJo; 
cPOTOHBMll H 38lll!Cb!B8BTCSI TaK: 

da v A, + cB +EC sin2 0* cos 2¢ 
1T + 

cJo; 

1 ) ] ~ 
( 5) 

+(E(E+ D sin 0* cos¢ 
1T 

9 



3necb l -napaMeTp nonHpnaauHH BHpTyanbnoro !f>oTona (eM. /46/), (J* -TT 

- nonHpllbifi yro.n BbiJieTa niiona no oTnowenmo K !f>oTony B TT N c.u.M., 

¢ -.:.a3IIMyT8Jibllblfi yron Me)!{.llY nJIOCKOCTbiO pacceHHIIH aneKTpOH8 II nnoc­

KOCTblO !floTOpO)!{.IleHHH niiOH8, 

MH~OpMaUIIH o cTpyKType anpoHoB B paccMaTpHBaeMoM npouecce aneKT­

popo)!{.lleHIIH conep)!{HTCH B 'leTbtpex ~YHKUIIHX A , B , C II D oT Tpex 

nepeMaHHbiX! W 1 k 2 II 8* o llJIH TOI'O .'IT06bi Bbi,IleJIIITb !flopM!flaKTOpbi1 • TT 

CBH3aHHbte c BepwiinaMH ( ypp), (y nn), (yTTTT) II (yHt.) , neo6-

XO.IlHMO IICnonb30B8Tb .ll9T8JlbHOe TeOpeTH'leCKOe OnHcaHHe npouecca aJieKTpO• 

pO)!{,IleHIISr. PH.IlOM anTopoB 6biJIH paaBHTbi paaniittHbte nonxoJlbi. K oniicaHIIIO 

aneKTpOp0)!{.1l9HHH1 KOTOpbte MO)!{HO 6biJIO 6bt crpynniipOBaTb CJI9.1lYIOUIIIM o6-

pa30M! 

la, 0 .ll H 0 Me pH bl.e .ll H C n e p C II 0 H H bl e . C 0 0 T H 0 ill ~ H H Ho 3TOT non­

XO.Il BnepBbte 6bm: IIcnonbaoBaH clly6HHH, HaM6y II BaTariiHbtM /47/ (B nanb­

.itenweM F N W ) , KOTOpbte paaBHJIH nnH aneKTpopo)!{.lleHHH Teopnro tly, ronJl­

. 6eprepa, noy II HaM6y 
1~81 , C03.1laHHyro .llJIH !f>oTopo)!{.lleHIIH nHOHOB. B aTOM 

nonxone, oKaaaBmeMCH JlOBOJibHO yna'<iHbiM nng o6nacTII nepBoro " H pe~ 

. 30HaHCS~ ·npennonaraeTCH1 'ITO llaH6onee Ba)!{HbH3 ~li3II'leCKH9 ~!fleKTbl MOryT 

6blT~·,y~T9Hbl C noMOUlbiO 60pHOBCKIIX 'lJI9HOB II pe30li~HC~O~() M8I'HIIT110I'O 

nep9XO.Il8 B_ K:OH9'lHOe COCTOHliHe C KBaliTOBbiMH 'lHCnaMII 3/2 - 3/2, .flpH STOM 

pacqeTbi npono.llHJIHCb B paMKax cTaTH'IecKofi MonenH. OuenHBaH o6nacTb npii­

MeHHMO~TH ~O.IleJIH 1 aBTOpbl npHBOllHT UH!flpy k 2 ;5 61 - 2 , 

16. ll peA C TaB JI e H He M a H .ll e JI b UI TaM a, TaKoe Ha3BaHII9 nonyttHJI 

M9TOll .llBOfiHblX .llHCnepciiOHHbiX COOTHOW9HHfi .llJIH 9JI9KTpOp0)KJleHHH1 pa3BII­

Tblfi B pa6oTax D~tnnery /49/ II Jones /50/. 3necb ocymecTBneno 

peJIHTIIBHCTCKOe paCCMOTpeliiie npouecca, O.llH8KO MeTO.Il He nony'IIIJI npHMe­

HeHHH AJIH aH8JIH3a aKcnepiiMeHTaJibHbiX .llaHHblXo 

In. PenHTIIBHCTCKIIe JlHCnepCHOHHbie MO,IleJIII. nng onHCaHIISI 

aJieKTpOpO)!{,IleHIIH MHOI'IIMH aBTOpaMH IICnOJib30BaJIHCb peJIHTIIBIICTCKHe O.llHO­

MePHbte AHcnepcHoHHbte cooTHoweHHH /51-58/, .onHaKo, JIIIWb HeKoTopbte II3 

HHX /52,55/ npHM9liSIJ1IICb .llJISI 8H8JIH38 9KCDepnMeHT8J1bHblX ll8HHblXe 

Teopnii 3arypii
1521 

II Ann~pa1551 npencTaBJIHIOT co6oA neKoTopoe ynyqwe­

aiie Monenii F H W .. OcHOBHbiM IIX nocTOIIHCTBOM smimeTCH nonHOCTbiO penH .. -:-: 

10 

'• 

Tl!BHCTCKOe.p8CCMOTpeHH9 

nep H 3arypn, npn Mallbt 

cornacyroTCH c peaynbTaT 

6oTbl FNW 

B pa6oTaX !f>oH rene: 

H9HIItl: .llllH pe30HSHCHblX II 

Mb!X B aKcnepHM9HT8X no 

2a. Mao6-ap Ha~ 

rii'IecKon Monenn /591 HI 

nepHMeHTallbHblX .ll8HHbiX .. 

ne orpaHH'IHBanocb 6bt pa 

na p83BIITa .llliH SJieKTpO~ 

HOI'O 'llleHa HCnOilb30B811HC 

TIIno1m, ~opMa KOTOpbtX n 

BallOCb '19Tbtpe H9H3B9CTil 

B38HMO.IlefiCTBIIHo 3TH nap 

JiaCHH MO,IleJIH C 9KCD9pH~ 

HIIHo flpH paCCMOTpeHHII : 

,lleJIHTb napaMeTpbt, TO e1 

Hyro cuny. 

K aToMy »<:e Tnny 

nJIIOC 6opHOBCKHe 'IJieHbl 

nHOHOB B 06JiaCTII 6. ( 

26 •. E op HoB c K II e 
• 't\ ' 

HOBCKHe MO.IlellH ycneWHO 

MaJiblX 3HatteHHHX nepeJJ 

n p - 'leTbtpexiiMnynbc 

30BaTb TSKOlt )!{e no.llXO.Il 

B MO.IleJIH STOI'O THna /6 

nepCIIOHHbie KOppeKUHH l 

TOMY, K8K' STO !}blliO )lp9l 

paCCMaTpiiBaJIH nOMIIMO 

y'IIITbiBan p - o6MeH lin 



pOTOHa (eM. /46/) 1 

K tfloTOHy B TT N 

o; -
c.u.M., 

:cestHHst aneKTpoHa H nnoc-

~pHsaeMOM npouecce aneKT­

' , B , C H D oT Tpex 

'ibi BbiJl9nHTb tflopM¢aKTOpbi1 

TTTT ) H ( jt H!!. ) , Heo6-

rrHcaHne npouecca aneKTpo­

'iHbie llOJlXOJlbl. K OilHC8HHIO 

•nnHposaTb cnenyroiUHM o6-

: o o THo lii e H H st. 3ToT non-

BaTarHHbiM /47/ (s Jlanb­

IOJKll9HHst TeopHIO "lJy1 fOnJl­

Opo)i{JleHHSI rrHOHoB. B aToM 

6nacTH nepsoro " H pe-: 

<IJH3H'I~CKHe s¢¢eKTbi MoryT 

pea~H!iHCH.D~.O •. ~arHHTHOI"D. 

CliBMH 3/2 - 3/2. 0pH STOM 

,m{. Oueaasast o6nacTb npH-
:'.-,· 

6 f - 2 
• 

~. TaKoe HaasaHHe nony'IHn 

1 aneKTpopomneHHst1 paasH­

'501. 3JleCb ocymecTBneHO 

MeToJl He nony'IHn npHMe-

e ~ M 0 Jl en H~ llnst OITHC8HHSI 

lliCb penstTHBHCTCKHe .OJlHO­

IJlHBKOI nHWb HeKOTOPbie H3 
'. ,. . 

·pHMeHTanbHblX., Jl8HHblX. 

lT co6oii HeKoTopoe yny'lwe­

BilS{eTcst nonHoCTbro pen.st.::". 

THBHCTCKOe paCCMOTpeHHe OTJlB'Ill HyKnOHa. 0pH 9TOM1 KBK OTMe'IBIOT H All­

nep H 3arypH1 npn MI:WbiX aaa'leHHstx nepeJlaBaeMoro m;mynbca Hx MOJlenH 

cornacyroTCst c peaynbTaTaMH paaJlena 3 l"CTaTH'IeCKoe npn6nnmeHHe") pa-

6oThi FNW 
B pa6oTax ¢oH reneaa 156-58/ nony'leHhl pellleHHst 

H9HHi1: Jlnst pe30HBHCHbiX MynbTHrronell: M 1+ 1 . E I+ H 

HaTerpanbHhlX ypas­

S 1 + 1 onpeJlenste-

MbiX B SKCrrepHMeHTBX ITO sneKTpopomJleHHIO TTO - M930H0Bo 

2a. I1a o 6 a p Hast M o Jl en b. llenbro coaJlBHHst aTofi nony¢eHoMeHono­

rH'IecKoil: MOJlenH 1591 HBHnOCb llpOCTOe OllHCBHHe .yme cywecTBYIOIUHX SKC.­

nepHM9HTBnbHbiX JlBHHbiX ITO qJOTOpOmJleHHIO llHOHOB1 KOTOpoe, T9M He M9H991 

He orpaHH'IHBanOCb 6bi paMKBMH CTBTMOJlenH. BnocneJlCTBHH STB MOJl9nb 5bi­

na pa3BHTB Jlnst sneKTpOpOmJl9HHH CansHOM /60133/. llnst OITHCBHHSI H~o5ap-
Horo qneHa HCITOnb30BanHCb sneKTpH'I9CKHi1: E 1-t- H MarHHTHblfi 

THrro.im, <jlopMa KOTOpbiX npeJlrronaranacb peaonaHcHofi. KpoMe Toro ncnonbao­

sanocb 'leTbipe H9H3BeCTHbiX napaMeTpa: liiHpHHB pe30HaHCa H TpH KOHCTBHTbl 

B38HMOJleil:CTBHst. 3TH napaMeTpbi orrpe)lenstnHCb H3 ycnOBHH HBHny'llllero -~~r­

naCHSI MOJlenH C SKCDepHMeHTanbHbiMH. JlBHHbiMH1 nony'leHHbiMH B <fJOTOpOJKll9-

HHHo OpH paccMoTpeHHH sneKTpopomJleHHst HeT Heo6xoJlHMOCTH aaHOBO onpe­

JlenstTb napaMeTpbi1 TO ecTb TaKast npocTast MOJlenb HMeeT npeJlcKaaaTenb­

Hyro cnny. 

K sToMy me THrry Monenell: cnenyeT oTHecTH MOJlenb /39/ "11ao6apa 

fin!OC 6opHOBCKH9 qneHbi" 1 KOTOpast ODHCbiBaeT o6paTHOe aneKTpOpOmJleHHe 

DHOHOB B o6naCTH tl, ( 1238) p930H8Hca. 

26 •. Bop H 0 B C K He M 0 Jl en Ho TaK me K8K H H306apHbl9 MO)lenH, 6op­

HOBCKH9 MOJlenH ycneWHO npHMeHstnHCb ilpll ODHC8Hllll tPOTOpOmJl~HHSI /61/ ll~ll 
. ·' · .. · 2 .. 

ManhtX aHa'leHHstx nepenasaeMoro qeTbipexnMnynbca t "" ( p -p • J , rne p 

H p - qeTbipex~MnynbCbi HyKnonos. EcTecTBeHHO nos.TOMy 6binO Hc~on&~ 
30B8Tb TBKOfi me DOllXOJl Dpll MBnbiX t H .. k 2 B sneKTpOpO)KJleHHH ilHOHOB. 

B MOJl~nH STOrO THila /82/ paCCM8TpHB810TCSI 6opHOBCKH9 .JlHBrpaMMbl ll JlHC­

nepCHOHHbi9 KoppeKUHH Jlnst yqeTa sKnaJla !!. (.1236) . n~o6apbi a·H·a~or~q~o 
TOMY1 KaK' STO ~binD .rrpeJlnomeHO Jlnst <j>oTOpOJKlleHHSI /63/ • ll~'BHHlllll H. JJH/641 
paccMaTpHsanH no~HMO sToro BnHstHHe Jlpyrnx peaoaaacoe~ a lll~.mJlT '1651 ,, ' . . 
y'IHTbiBBn p. _:_ o6MeH Jlnst. OilHCaHHH BKnBJlB H30CKanstpH.biX <j!OTOHOB~ ~aK. 6y-

11 



-· 

Jl~T IIOK838HO B .ttanhli9Ulli9M1 HCIIOnh30B8Hli9 HM9Hll0 a.T~X MOJl!3neli: .tta_eT 

H8liOOnee, TO'lHhl9 B HBCTOSUUee BpeMH. 3H8'19HHH IIHOHHOI'O !pOpM!p8KTOpa. 

3. M o.ttenh JlOMIIHaHTHocTn: BeKTopllhiX Me aoaoB l VDM). 

Tipo6neMe HCIIOnh30B8HllH Hll9H B9KTOpHOfi ll0!\1HH8HTHOCTH JlnH CBH3ll C9'i9Hllfi 

<jloTopom.tteHnH nn~mon c ce'!eHnHMn: npoueccon TT N -+ p N n TT N ..+ .cu N 

ITOCBHlli9HO 3H8'iHT9nhH09 KOnH'iSCT~O pa6,0T /66/, TioHB~eHIIe 8KCnep!IM9HT8nh-

HhiX .ttaHHhiX no aneKTpopom.ttennro cTnMynnpoBano pacnpocTpaneane aTnx n:c­

·cne.ttt>Bannfi /67 • 68/ na rrpouecc nnpTyanhnoro <PoTopo:>KJlennH rrn'oua ( 3). DnH 

Bhi'incnemm ce~eH~H ( 5) B Mo.ttenn V D M ncnonhayeTcH ananorn:H napunanh-
. . 

llblX C9'19Hlill aneKTpOpOmJlSHHH C li3B9CTHhiMH C9'i9HUHMH <jJOTOpO)I{Jl9llHH ll 
•'•/ . 0 ; 

aneMeaTaMn MaTpnuhi nnoTHOCTn JlnH npouecca TT- p -+ p n • Cpanneane 

MO.ttenn. C 8~·cnepnMSHT8nhHh1Mll Jl8HHhiMH yK83biB89T H8 T0 1 'iTO k i - 38-

BHCH~OCT~ ceqeunfi an~K~pop·o~.ttelinH ~omeT 6biTh ;qT~Ha '<PaKT~poM Fp 
' f ' 2" 7 ' '' 2 • .. ; ' 
( ~- - k I m p )' - JlO nenll'IHH k :;. 1 (ran/c) 2. 8TOT '<iJaKT CBHfl9-

TenbCTBy_e.T, ~6,, YllOB~~TBopnrenhHOM cornacn:n noBe.ttenn:H .<jJopM<jJaKTopa nn:ona 

(1 k
2, 2)-l . 

c.-~aBJ!CHMOCTbJO , "" .I m P. ,. r.tte , .m P = .-765 MaB •. < 

II. 8neKTPOM8I'Hll'~!lhifi <PopM<iJaKTop nnoaa ;• 

BnepBbie aa B03MomnocTh onpe.ttenennH tlJopM<iJaKTopa F 
77 

(k 2 ) :B aKC­

nei:niMe'u1:ax 'no ~neK'TpopomJlefllliO' ITIIO!IOB 6:bti'H) ykaaaa'o' cf>pa3epoM· /72/,flnH 

Bbi.ttenenttsi ·aMnnnTy.tt:hi;' coOTBeTcTByrome~ rinarpaMMe B) na puc.· 2; cj:lellH 

llPYI'HX, Jl8fOlliHX 3H8'iHTenbliblfi BKna.tt B cyM:Ma~H:yKi aMnnnTYilY,' Cl>paaep rip'en­

iiOlKHn aKCTpanoimpoilaTb yrnoBoe pai::npe)leneime IIHOHOB B i:wnroc, J!Smamnti 

BHe.<iJH3u~eCKOfi o6h'aCTn: 't .,;'-(p :.:.·-p, )2 '= m; .·Hn B''oaH~M H3 aKcnepn:M:en­

TOB , ite 6bma' ~OCTllrllyTa iroN: a TO'iHOCTb 1 a'eo6XOlUIM8H, .OnH' H8Jlemnofi a'KcTpa­

non~unn. 0JlH8KO. BO BC~~ 8KCrrepni..teuT~'x' aBTOp~; C:Tapa'nHCb MaKCHManhHO 
-. • ·•r ; \ · . \ , , . • 1 · • ·, ~ · • ' . , • , • , • . _ , , • • • 

ripn6nH3HThCHK'He!pH3II'I9CKOfi o6naCTH JlnH 'yBenH'ISHllH.'IYBCTBH'TenhHOCTH 

ceqeHHn' K <jJOpM<jJaK~opy mroJ:Ia; 
.ir·~~r--·· ~·-:;··· 1 •• ;( •••• ' ~·. ,._,._.._; •• , ... ,· ...... r•~··· . . ' .... ; ' •..•. ·, 

Bee aKcnepltMeJITbi, noCBHlliSHHhie HCcneJlOBaHHro· tPOPMtPaKTopa ttHona 

F~ (k. 2 ·) I -Mbmii'o paa6HTh HB:Tpll rpyiTllbl no o6nacTn KIUieMaTH'ieCi<Ofi nepe­

Me~HOil W' : a) aKcrie-pnMeltTbl B6nuan xl:'opora /27/ I 6) B oKpeCTHOCTH 

··l:l· ( 1236) peaoa'imca'/25,26/ :· i3) · n oKpecTucic'iir peaouauca l:l ( 1520} 28-
30' 

( W>2 rsB). 
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B 1271 (a) 6bmo c! 
F

77 
(k 2 ) , TaK KaK .aKciTE 

onpeJleneHnH aKcHanhHO~ 

8KcnepnMeHT Kopaen 

Jl8BlliHM pe3ynhT8Tbl . no qJC 

aoro nonroca Hccne.aoBana~ 

l!ISHHIO K BHpTyanbHOMY ljl( 

( npH tPHKCIIpOB8HHOM k'2 

me o6nacTn nepeMenHof'I 

KaM6pn.amcKol1 rpynnhi /';. 

yron MSmllY nnoCKOCTbiO I 

~eHnH <jJopM<jJaKTopa nn:oHe 

ITOK838Hhl H8 pn:c, 3 CBSTJ 

KaK aKcnepnMeHTanhHbie ' 

KB81lP8TH'Illhlfi paJlHYC nH 

(eM• Ta6n. 1) 6nH30K K 

AnanHa aKcnepnMeW 

3H8'i9Hllfl tPOPMtPEtKTOpa m 

3TO 6binO JlOCTlli'HyTO Te 

B o6naCTH ManbiX 3H8'i9H: 

yqeTOM TOnbKO 9KCnepn:M 

sHa'IKaMn. Olin He npoTIII 

KynHOCTh ll8Hl!hiX no 4Jop111 

KBaJlpaTH'iHhifi pa)ln:yc nne 

BcnellCTBne Toro, q 

po*JleHHH. nnoHOB./38/ no 

tlJaKTOp nHOl!8 1 noK838HHbl 

B rrpellnonomeHnn: Frr = 

x/ DpooneMbi o 
noapooHo ocBemeHht ~E 

x x/ B oTnii'IIIS oT 

TOp HyKnOH8 0 T8K lKe 



~eaao sTnx Mon~nefi naeT 

H IIIIOHHOro-~OpM~aKTOpa. 

llbi'x Me soiioB l YDM}. 

HTHOCTII )lnSI CBSI31l C9'I9llllfi 

rrN-opN nrrN-ocuN 

DostBneiine sKcnepnMeiiTanb­

pacnpocTpaneiine sTnx nc­

ropo>KJlellnSI IIIIOII8 ( 3) • llnSI 

ayeTcSI aiianornSI napunanb-
.. : ' . . 

9'I9JIHSIMII cjJOTOpomneHIIH II 

-P ~. P 0 n . • Cpa~nenne 

39T Ha T01 'ITO fc 2 
- 38-

' ;.qT~aa ·ct>aKTopo~· FP. 

3Bf,c}_2~ 3TOT .¢aK
1

~ CBnne­

I~JlellliSI cjlopMCjl8KTOpa IIIIOH8 
' ' ' .· 

·p.nnoiia 
•;· 

McpaKTopa F
77 

(k 2) ·B sKC­

iaaaao· 4>ps3epoM- /7'2/ .nnst 

3MMe· B} Ha puc.' 2; cpenn 

ci aMnnnTYllY, «l>pssep ripen­

! llliO-liOB B nonioc, J!9>K8IUHJ:i .. . 
li B_OJlliOM 'us sxcnepnMe~-

rMas' rinst' liaaemnciil: s'xcTpa­

bi cTap~'nnch MakcnManbao 

m~lelirrst . 'IYBCTBih,-enhliOCTII 

~a·nnro '<Pol':iM<f>aKToi:Ja tmoiia 

<icTII 'KlfH9M8Tli'I9CKOJ:i ttepe­

/27/, •· 6) :B · oKpecTiH:icTii 

•930H8liC8 /1 ( 15205 28-30/ 

B I 27 I (a) 6bmo cnenaao numh rpy6oe onpenenenue <f>opM<f>aKTopa 

F
77 

(k 2 ) , TaK KaK sKcnepnMeHT 6bm rnaBHbiM o6paaoM npeanasna'IeH anSI 

onpenenenus:r aKcnanhHo-BeKTopaoro ¢opM¢aKTopa uyKnoaa G A (l(l ) xt 

3KcnepnMenT KopnenhcKofi rpynnbi 1251 6brn nepBbiM sicnepuMenToM, 

Jl8BIIIIIM pe3y1!hT8Tbl no tp0pMtp8KTOpy nuona. J-lnSI yBenii'I9HHSI BKnana IIUOH­

HOrO nomoca nccnenoBanat;:h o6nacTh ManhiX yrnoB BbmeTa nnonoB no oTno:­

lllellnJO K BHpTyanhHOMY cjloTOHY• BapbnpyeMoif KHH9M8TU'I9CKOll nepeMeHHOll 

( npu cpnKcnpoBannoM fc 2 ) 6bi!l napaMeTp nonstpnsaunn cpoToua • B aToif 

>Ke o5naCTII nepeMeHHOfi W W 1,3 raB) 5bin BbiiTOnlleH 9KCII9pJIM9HT 

KsM6pnn>KcKofi rpynnhr 1261• 3nech npu ¢nKcnpoBannoM l BapbnpoBancSI 

yron Memny nnocKoCThJO peaKUIIII n nnocKOCThJO pomnenuSI nuona rp • ::iua­

'IenuSI cjlopM(jlaKTopa nuoaa, usMepennoro B sKcnepHMenTax rpynrr a) 11 6), 

noKaaanbr na puc. 3 cBeTnbiMII sna'IKaMn. llpuBeneHHbie omH5Kn y'IIITbiBa:ioT 

K8K aKCrrepUM9HT8nhHhl9 OIII116KH 1 T8K II MonenhHb!e rrorpeiiiHOCTllo Cpenne­

KBanpaTll'IHblfi panuyc rrnoaa, onpeneneHHhiii B sKcrrepn:MeHTax rpyrrrrhi 6} 

(cMo Ta6n. 1) 6nll30K K rrpOTOHHOMy pann:ycy 171. 

A nann: a sKcnepn:MenTanhHhiX naHHhiX rpynrrhi B) noaBonun onpenennTh 

ana'Ienns:r ¢opMcpaKTopa nnoHa F ( k 2 ) c ManhiMH MonenhllbiMH oiiin6KaMu·. 
7T 

3To 5hmo nocTnrnyTo TeM, 'ITO nnst ananuaa 5brnn oTo5pallbi nniiih nanllbie 

B o6nacTn ManhiX ana'IeHnif I t I • PeaynhTaTbi Bhi'IHcneHIISI · c 

Y'I9TOM TOI!bKO 9KCll9pllM9HT81!hllbiX OIIIUOOK IIOK838llbl 118 pHC. 3 T9MIIb!Mll 

3H8'IK8Mll. 0Hll He npoTIIBOp9'I8T Oonee paHHllM naHHbiM 1 O)lH8KO BCSI COBO­

KynHO~Tb aanHhiX no ¢opM¢aKTopy F" (fc 2 
) yKa3hiBaeT na To, 'ITO cpe)lne­

KBanpaTH'IHhiif paauyc nuona MeHbiiie cpenHeKBanpaTU'Inoro paanyca npoTona • 

BcneJlCTBne Toro, 'ITO npu perucTpaunn npouecca o6paTnoro sneKTpo­

pomneHn:SI llllOHOB, 1381 IIOK8 na6paH Manbifi CT8THCTH'I9CKJii!: MaTepnan, cpopM­

cpaKTOp nnona, rroKa3aHHhifi na puc. 3 npu fc 2 = 0,078 (fsBic)2, onpeaenen 

FTT = F,v. xxl B npeanonomennn 

x/ Opo6neMhi orrpeaeneHIISI !jlopMQJaKTopa G A ( k 2 
) B aneKTpopomaennn 

rroapo6Ho ocBeiiieHhf 'B o63opax E. AmalcJi 1131. 

X XI 8 OT1!1!'-i!Ie OT paOOT IIO IlpSIMOMY aneKTpOpO>KileHIUO, 3JleCb QJOp!y!QJ8K­
TOp HYK1IOH8

1 
T8K lKe K8K ll f 

77 
, SIBI!SieTCSI HeH3BeCTIIb!M rrapaMeTpOMo 
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o Akerlof et al., 19117 
c Mtstrettti et al., 11&1 
t:. Amatc/1 et ot. , 1nq 
• DriVer et at. } · 
£ Kummer et al. 1171 

• Brown et al. 

0 Thi~ uperime11t 

fl :{ -.8 o 9 -tO -1 I 
V1 I ,I 

-a 

P11c, 3, llaHHbie ·no niiOHHOMy ·cpopM!jlaKTOpy,. nony'IeHHbie B SKCnep11MeHT8X no 
sneKTpopolKJleHIIIO, PeaynbT8Tbi· sKcnepiiMeHTa Amaldi 11 .. coTp. 127/ o6-

·pa6oTaHbi B ll.ionen11 De ToWs 11 ·Nicola 114 1, sKcnepiiMeHTOB 
Akerlof /25/ 11 Mistretta /26/ - B Monenn Zagury • Peaynb-

TaThi, o603H8'19l!Hb!9 T9MHbiMII 3H8'IK8MII0 nony'IeHbl B 6opHOBCKOfiMOA9nll ~ 
(e, •J_/62, 75( (.A)..:. /64/, 
llnSI · onpeneneHIISI F" Bo BpeMeHIInono6aoi!: o6nacTII /38/ 11cnonbaosan11cb 
paC'I9Tbl pa60Tbl /76/, OCHOB8HHb!e • Ha AIICnepCIIOHHOi!: MOAenll F N W /47/, 

14 

.... 
\I' 
l,lt 
't 

\l 
IJ 

,.. .. , 

Ill. Heorrpelleneaa 

orrpe 

XapaKTepaag Benii'II 

B 9KCII9piiM9llT8X ITO sneK~ 

pbiX pa6oTax I 28/ - 2%, 3 
TopoB, rnaBHbiM o6pa3oM; 

TOB 0 IIp11M9llH!OIIIIIXCSl llnH 

TeopeTII'IecKaSI MOJlenb , nc: 

rrocne Toro, KaK ocymecTJ 

¥9HT8nhHbiX ll8Hllb!X B HeK 

'poll!IIM crroco6oM npoBepKn 

'I9TOB1 BbliiOnll9llllbiX 6e3 . C 

HbiMM ll8llllbiMM ITO 9neKT) 

aeorrpeJleneuaocTei!: B rr + . 

JI9llMH pesynhT8TOB npM 0 

qeJIMSIX Jlpyrnx rrepeMeHHbi: 

syroT pasnntJJihxe ynpoma10m 

nii'IIIbiM suatJeJIMHM ¢opwp, 

MOJl9nllMII Oll!IIIX 9KCnepiiM 

0 Benii"'MJie MOll9nhJIOfi Olll 

T8TOB OllllOI:'O II TOI:'O :lKe 

pasnM'IJihiX Monenei!:. TaK; 

6bmM rrpoauannsnpoBaabi B 

rrepcnoaabxe /52,55,69/, a 

auannsa rrpnBeneJibi ua PfH 

POB81IHOM 3JI8'19JIIIM k 2, , 
. . i 

pas6poc sJia'leJIM~ F17 (k 

KaK BMlliiO 113 pncyaKa, ue 

TIIIIII'IJIO fi ae_nii'IIIIIO~, no­

HbiM npe~SITCTBII9M llnR IIC 

II9M8TII'I9CKIIX nepeMeHHbl' 
'J ' • ~ 

caaiiH nso6apbi f). ( 123E 

s~eKTpopo:lK~eHIISI. B 170/ 

peneneHHOCTM B ~OpM~8KT 

TOpllOI:'O.~OpM~aKTOpa HyK 

3&BMCMT ceqeane sneKTI 



,kerlof et al., 1987 
''stretta et al., 11&1 · 
matcll e.t al. , 1670 
,,ver et al.} 
ummer et al. 1!171 

.ro•m et al. 

lti1 experiment 

:8 o,9 -to ~I -u 

:bie a aKcnepnMeHTax no 
afJj . H ... COTp, /27/ . o5-
o 3KCIIepnMeHTOB 
•nn Zagury. • . Peaynb-
5opuoacKolf · MOAenn : 

/38/ ncnonbaoaanncb 
~ MOAenn FHW 1411, 

Ill. HeonpeAeneHnocTn MoAenbHoro onncamm n TO'IHOCTb 

onpeAeneHHSI ¢opM¢aKTopa nnona 

XapaKTepHaSI BenH'IHHa CTaTHCTH'l9CKHX H CHCTeMaTH'l9CKHX OWH60K 

B 9KCnepHM9HTaX no aneKTpopomA9HHIO nMOHOB COCTaBnSieT. 5%, a B H9KOTO­

pbtX pa6oTaX /28/ - 2%, 8TO 03HatiaeT, 'ITO TO'IHOCTb onpeAeneHHSI ¢opM!jlaK­

TOpOB1 rnaBllbiM o6pa30MI o6ycnoBneHa TO'IHOCTbiO T90p9TH'l9CKHX pacqe­

TOB1 npnMeHSIIO!llHXCSI AnSI onncaHHSI ceqeHnSI aneKTpopomAennSI. 1:\aK npaBnno1 

TeopeTntiecKaSI MOAenb ncnonbsyeTCSI AnSI onpeAeneHnSI !jlopM¢aKTopoB nnwb 

nocne Taro, KaK ocymecTnneHa npoBepKa B03MomJiocTn onncaHIISI aKcnepu­

MeHTanbllbtX AaHilbiX B H9KOTOpoii o6naCTH KHII9MaTII'l9CKHX nep9M91lllb!X, Xo­

"pOWHM cnoco6oM nponepKH MoAenn SIBnSieTcSI · cpaBnenne TeopeTn'leCKIIX' pac­

tieTOB1 BbiiiOnHeHHbtX 6es cBo6oAHoro nap·aMeTpa F 77 , c aKcnepuMeHTanb­

HhtMn AaHHbtMn no aneKTpopomAeHIIro rr 0 - Mesonc>B •. OueHKa MOAenbHbtX 

neonpeAenennocTeii B rr + - aneKTpopo)I{AeHnn Mo)KeT 6biTb cAenana ns cpaa­

neHnSI pesynbTaToB npn oAnHaKoBhiX .snaqennSix ·k 2 
1 Ho pasnn'IHhtX sna­

qeHnSix Apyrux nepeMeHHbtX, KaK npaBnno, npn. Bbi'lncnetmllx aBTopbt ncnonb­

sylOT pa3nH'IHb19 ynpO!llalO!llli9 IIp9AIIOnO)K9HliSI1 KOT0pbi9 MoryT. IIpHB9CTII K pa3-

nii'IHb1M 3HS'l9HMSIM qJOpMqJaKTOpOB }:la)Ke npn aAeKBaTHOM onnc.aHHH pa3llb!MH 

MO}:IenSIMH OLIHMX 9KCnepHM9HTanbHbiX AaHHbiX, B aTOM cnyqae npeACTaBnenne 

0 B9nH'lliH9 MOAenbliOlt OWH6KM AOCTnraeTCSI npn nOMO!llH cpaBH91lHSI · pesynb;­

TaTOB oanoro 11 Taro )1{9 aKcnepnMeHTa, o6pa6oTaHllbiX c ncnonbsoBaHHeM. 

pasnn'!HbiX MoAeneii. TaK, .HanpHMep1 aKcnepnMenTanbHbie aaHHbie pa6oTbxf26/ 

6binll npoanamt3llpOBaHbi B paMKaX 'l9Tbip9X. MO}:Ieneii, Tpll ll3 KOTOpbiX AHC;_ 

nepcHoHHbxe /52,55169/1 a OAHa - Tnna 6opnoBcKofi 1}01. PesynbTaTbt aT~ro 
anannsa npnBeAeHbi Ha P!Ic, 4. nocKonbKY. Ka)I{AaSI rpynna TotieK. npH ct>m~cH­

ooBaHHOM 3Ha'l9HHll k 2 COOTB9TCTBye~ OAHOii S.KCnepHME!IITanbHOfi TO'IK91 -. . ' .. 
pas6poc 3Ha'leHH~ F77 (k :.t) o6ycnoBnen MOAenbllbiMH neonpeAeneuuocTSIMH, 

KaK 'amino H3 pncyuKa1 ueonpeAenennocTM aocTnralOT ae.itH'IMHbt 30%,· OAltaKo 

THnH'IHOii aemi:qnnofi, no-BHA~M~My,. MO~HO. C'IHT8Tb ~l!<jlpy ,12-·15%, Ob.~oB­
llbiM npenSITCTBH9M AnSI noBbiW9HliSI TO'IHOCTH paC'l9TOB B aTOfi o5naCTH Kll.:. 

H9MaTH'l9~KHX nepeM~HllbiX . ty "': 1,3 .TaB SIBnSIIOTCSI HeonpeaeneHHOCTll on~-
·~', 

CaHHSI li306apbt /). ( 1236) 1 KOTOpaSI AaeT 3Ha'IHT9nbHb1H BKnaA B C9'19liH9 

aJ:t~KTpopo)KA9HHSI, B /70( BbiCKa3btBaeTCSI ·MHeHne1 'ITO noMH~o aT oro. ·neon-· :~ 
peAenennocTH n ¢opM¢aKTope F

77 
( k2 ) · Bbi3BaHbi nesnaaHeM aKcHanbno-neK­

Topnoro ¢opM!flaKTOpa HyKnOHa G A ( k 2 ) 1 OT KOTOporo, B npHHUHne1 TO)K9 

3bBHCllT C9'19Hll9 aneKTpOp0)1{}:19Hllll, 
15 
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Q6 
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a. 

I 
f:. ADL.ER 

Q2 ~ OZAGURY 
X CRAWFORD 
0 DON8EY 

0 

0 at Q2 Q3 Qil as 
kz. (GeV/c)2 

Puc. 4. HnmocTpauuSI aenH'IHll MOAenbllbiX norpewnocTeii npu onn:cal!HH sneKT-
pomACllHSI B OKpeCTllOCTH ~ (1236) pe30H8HC8, 

B 1971 I'DJlY 6bmo npoBe)leHo Tpn aKcnepnMeHTa B o6nacTn W -2 faB, 

B 9TOil: o6nacTH HyKnDHHbi9 pe30H8HCbl JlBIOT H93H81UiT9nbHbili: BKnBJl B ce.,. 

qemre; KpoMe Toro, npn aaannse oT6npanncb JlBHHhie c ManhiMH sHa'leHHSIMH 

nepeJlaBaeMoro nMnynbca 

npn6nH3HTbCSI K ITHDHHDMY 

BBHhi B MOJlenn Berends 

6oThi 1291 npn I tl ::; m;: 

1 t 1 , 'ITO JlBBano BosMO)KHOCTb MaKcnManbHD 

non10cy. TaK, JlBHHbie pa6oThi. /28/ npoaaannanpo­

/621 npn I tl ::; 0,06 (TaB/c)2, a JlBHHhie pa­

= 0,0195 (faB/c) 2 • B 9TOil:.o6nacTn KHHeMaTn-

'19CKHX nepeMeHHblX MO)lenb /62/ 0'19Hb XOpOlliO OITHCbiBae_T 9KCnepHM9HTBnb.,;; 

Hbie JlBHHbte (eM. pnc. 5) npn yqeTe nnmb M 1 + MynbTJHiomr B )lncnepcn­

DHHDM HHTerpane. Y'IEh MynbTHnoneil: S 1+ n E 1+ nsMeHSin Benn'IHHY ceqe­

HHSI nHllib HB 5% /28/ • 3TDT <iJaKT CBH)leTenbCTByeT 0 Manoll: BenH'IHHe MD-: 

)lenbHOil: aeonpe)leneHHOCTH. AHanns 9KCnepHMeHTanbHblX JlBHHbiX B ilPYI'HX 

MOJlennx /64/ )laeT, cornacao saMe'laHHIO K. BepKenbMaHa /71{ peay~bTa-
Thi, HJleHTH'IHbie pesynbTaTaM MOJlenn Berends . M oJlenb Schmidt 

1651 

)laeT cnerKa saBbillieHHbie (no cpaBHeHniO c Berends ) _ sHa'leHHSI F ( k 
2
} 

. . ' TT . 

npn ManhiX k 2 • 

16 

I 

·1 

10 

-a s... 
~ 
"<:) 

~-6. 
""-..; 

ot~ 
~ ·. 
'0 

" 2 

00 -.2 

Pn:c. 5, 3aaHCHMOCTb c 

"' 2,15 rsa, 0 < 0* < 
·:- .. rr, -

:'' GEn=-0 •· 

KaK. y)Ke DTMe'Ianr;>cJ 

HBJl9SITbC.SI• 'ITO_ilpll _Dll~<=ll 

B H9KOTOphlX KHHeMBTH'I9C 
. '" ' .t .. 

MOM C pesynbTBTBMH pa5c 

. . '~ 

IV. ~ne~-r:pn'l 

.B .MaTpHttHbill: aneMeJ 

BXDJlH'l\ ns·. 'JllHlrpBMMbl .6) 

9KC.nepHM9HTOB, no. aneK.Tj: 

M9THOH 'IYBCTBHTenbttOCT~ 

nony'IHTb HH!IJOp.MBUHIO 0 I 

38BHCHMO OT . 9KCITepHM911 

3H8'1911HSI aneKTpH'I9CKOI'O 

·apeMSi ··lis pa·cceSIHll>F: ane 

.. MbJlenbHOH OlliH5KH o5'hSICJ 

'K'. Bbi6opy 130'JlHD130ll: (jlyJIKU~ 

· ·Tl:!Ke oKaaanocb, 'ITO norp 



0 
0 

Q5 

ewaocTefi npn onncaann sneKT-
,, 

!M9HT8 B o6naCTM W - 2 faB, 

esHa'lnTenbHbifi BKnaa B ce­

lHHbie C . ManhiMM 3H8'19HIUIMM 

B03MO*HOCTb MaKCHManbHO 

l pa6oThl 1281 npoaaannsnpo­

,06 JfaBic)2, a AaHHhie pa­

B aToll: · o6nacTn KHHeMa,Tn-

' onMCbiBaeT aKcnepnMeHTanb..:: · 

I+ MynbTHtiOml B ):lllCIIepCH-

t+ nsMe.linn Benn'lHHY ceqe­

rByeT_ o Manon Benn'lnHe Mo-: 

eHT8nbHhlX A8HHbiX B. APYI'HX 

3epKenbMaHa 171< pesy~bTa-
. . . ·. 1651 

Is • MoAenb Schm1clt 

Jerends 

l 
1 
' 

l 

Pnc, 5, 3asncnMoCTb ceqeansr sneKTpopol!mennsr /28/ oT 

"' 2, 15 ras, 0 < 0 * ::: 2,4 • KpHBbie nonyqel!b! B MO)lemr 
. - 17 }_ 

GEn= 0 

k2 npn W. = 
Berends 162/ npn 

KaK. Y*e oTMe'lanocb B nyHKTe ( 4) BaeAennH, cymecTByro'r ocnoBannil 
I 

naAeS!TbC.R1 'ITO rrpn orrn,caHHH rrpou~cca obpa1'H~ro .. aneKTpopo~e~nSI ~HOHOB 

B HeKOTOpblX KHHeMaTH'19CKUX o6naCTSIX YA8CTC~. AOCTH~b TO'lHOc.'I;'H 1 CpailHH­

MOfi c p~synbTa.Ta~H ~a6oT 1 28':"30I no rrpnMoMy aneKTpopo~;ellll19 IIH9~.o~. 

B MaTpH'lHhifi aneMeHT. ce'!eHHH aneKTpopo*AeHHH ¢opMtjlaKTop GE /k 2) 

BXO):ll!T; ·ns· '):liiarpaMMb! .6} pnc; 2;. K~-K ObtnO. 'IIOK838l!O B ·o):ll!OM l!3 rrepBb!X 

aKc.rrepnMenToB, no aneK.Tpopo*AeHHIO. IIHOHOB ~31 1, .. ce'!eHHe · o6naAaeT sa­

MeTaofi 'lYBCTBl!TenbiiDCTb!O 'K . G E n·f'k 2 ) ' • 3To ):laeT 0Cl!OB8111ISI H8A9S!TbCSI 

rrony'lliTb IIH(jJOpM8UIIIO 0 H9HTpOHl!OM 'qJOpM<paKTOpe B aneKTp0pO?KJl9HHII l}9-

38Bl!Cl!MO oT aKcrrepnMeHTOB no e d . .-pacc_eHIJ:HIO, H a pnc. 6 rroKasaHbi 

3H8'19Hl!H aneKTpl!'l9CKOI'O <popM!p8KTOp8 HefiTpOH8 1 ll3B9CTHb!9 B HaCTOSIIUee 

··speM5i:<ns pa·cceH!IIIR-'' aneKTponos n·a aeihpoHax 1771• Bonblllan semr'lnHa 

. MbAenbHbfi Olllii6KH 06'hHCHSI9TCH 'Bb!C.OKO'H •(yBCTBHTenbHOCTb!O ¢lopM¢l8KTopa 

· · K. Ilbi6opy so·nnoBofi ¢lynKunn aefiTpona, ncnonbsyeMofi npn anaimse; Ha npaK'­

·THKe oKasanocb, 'ITO rrorpe!llnocTn, B nell:TponnoM cpopMQlaKTope, rronyqaeMbie 

17 
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PHc. 6. SneKTpHqecKHll tflopMtflaKTop Hel!:TpoHa, HaMepeHHhiA B aKcnepHMeHTSX 
no eJ- ·pacceSIHHIO. 3necb r .. k 2/ 4M 2 • npH aHanHae Hcnonb3oBanacb 

BOnHOBSSI tflyHKUHH ~ewoaxa-noMOHSo 

B aneKTpopo:lKllelJHHt HM910T TllKOft )1{9 nopSIAOK, 'ITO B eJ - paCC9SIHHHo 

0HH ooycnosneHbi KllK H~TO<lHOCTSIMH 3H8'19HHH nHOHHOI'O qYopM!pllKTOpa, TllK 

H norpeWlJOCTSIMH AHCnepCHOHHblX MOAeneft. 

Ha pHc. 7 noKaaaaw aaa'IeHHSI anexTpHqecxoro ¢opM¢axTopa ael!:Tpoaa 

G E "( lc 2 ) , nony'IeHHhie B anexTpopo)!{AeHHH. Ocaosaast Macca TO'IeK, ne)Ka­

mas HH*e aynSI, nonyqeaa H3 aaanHaa sxcnepBMeHTOB, B KOTOphiX .neTeKTH­

posancst nHlllb pacceSIHHbil!: aneKT.POH /31-33,35/. AaanH3 /69/ axcnepHMeHTa 

KaM6pHit*cxol!: rpynnhr /26/, B KoTopoM perHcTpHposanoc& cosnap,eaHe pac­

ceSIHHo~o aneKTpoHa H nHoaa, Aan aaatieHHSI GEn(k
2
), 6nH3KHe K aHatie-

HHstM, nony'IeHHbiM B eJ - pa_cceSIHHHo 

V • <l>opM¢axTop H3o6apbi A { 1236). 

3neKTpOp0)KAeHH9 TT O - Me30HOB A89T 

¢opM¢axTop, CBSI38HHbiii: c aeplllHHOl!: (•y H t:.) 

B03MO)KHOCTb H3YlJ8Tb 
/49,191 

(pBCo 2r) • Ha-

B6onee aaAe)KlJo aTr>T npouecc MO)KeT 6biTb H3y'IeH npH perHcT-

• paUHH paccestaaoro . anexTpoaa H npoToHa OTAll'IH a a coanap,e-

/19-24/ 
HHSI l1aMepSieMbie yrnoa~re pacnpep,eneaHSI npoToHoB aaanHaH-
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pyiOTCSI B TepMHHax· S- I 

Bblpa>KeHHSI AnSI. Ce'leHHSI . ( 

A .. A0 + A1 cos o; 
B .. 80 + s, £OS@; 

c .. co 
D .. D ~ + 0

1 
d,s 8 

GEn 

: LAfA ~-
-Q2 ~ ~' . 

-a4 

- 0.6 
5 

PHc. 7. SneKTpH'leCKHl!: tfl' 
no aneKTpopo>KAeHHIO. nHo: 

~eHoMeHonorHqecKHll aua; 

Bon.Hn onpenenHTb BenH'IHI 

A0 ,; A 0 +e 8 0 

A2 .. A 2 + c 8 2 



" ,,. .. ... -""' .. 

~3MepeHHblti: B aKcnepHM9HT8X 
lpH aHanH3e Hcnon&3oBanac& 

,K, 'ITO B eJ - pacceHHHHo 

H llHOHHOI'O cpopM!p8KTOp81 T8K 

~CKOI'O $opM$aKTOpa HeATpOH8 

)CHOBH8H M8CC8 TO'ieK1 nema­
~MeHTOB1 B KOTOpbiX JleTeKTH-

1/. AHa~H3 /69/ aKcnepHMeHTa 

:TpHpOBBnOCb COBIISJl.eHHe pac­

GEn(k2J, 6nH3KHe K aaaqe-

A {1236). 

.eT B03MO>KHOCT& H3Y'J8T& 

A) (pHC< 2r) 
149

•
191

• Ha-

6&IT& H3y'leH IIpH perHCT-

a a a COBIISJle-

JeJleneHHH IlpOTOHOB 8H8nH3H-

pyiOTCSI B TepMHHax s - H p -BonH. npn· aTOM ljlyHKUlllf A ' 8 

Bb!palKeHHSI JinSI . Ce'ieHHSI ( 5) 38fiHCb!B8IOTCSI B cneJiyiOilleM BHJie: 

A = A0 + A1 cos 0~ + A2cos2 o; 
8 = 8

0 
+ 8 1 r;os 9; + 82 cos20; 

C =Co 

Q2 

0 

-Q2 

- 0.6 
s 

X SALIN 
e TUT05 
0 ONEMEHKO 
A CllAW;ORD 

10 

'. 

15 

(6) 

Puc. 7. 8neKTpH'ieCKHi!: cpopMcpaKTop HeATpoHa, H3MepeHHbitl: ·B aKcnepHMeHTax 

no sneKTpOpOlKil9HHIO, llHOHOB. 

4>eHoMeHonorH'ieCKHi!: aHanH3 JiaHHbiX rpynn DESY 1221 .H HI,HA 1231 no3 -

sonHn onpeJienHT& BenH'iHHbi 

A0 .,; A 0 + e 8 0 

( 7) 

A2 = A 2 + e 8 2 Co, Do, D I 
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KOTOpb!e MoryT 6b!Tb Bbip82K9Hbl c·· noMOIUb!O MynbTlmoneil: M I+ I E I+ H sl+ • 

B Ta6nnue Ill npnseneHbi pesynbTaTbr, nonyqeHHbie B pa6oTe 1231. 

T a 6 n H ~ a III 

3Ha~eHRR peaoHaHCHb~ uynbTRnoneH, onpe~enaeuhlx 
B aneKTpopo~~eHHH ~0Me30HOB npH VV: I,205-I,265 raB 

Mynu:~monb 

ElI Mt 

s,.,. I M{.,.. 

3KcnepHMeHT 
% 

<5 

-7,9 ± !,7 
. -7,3 ± I,6 

-2,9 ± 2,I 
-4,8 ± I,7 

TeopHR vo11 Gehlen 
% 

- 6 

- I2 

- 8 

Ilepe~aBaeMhlH 2 
HMnynbc 1/· (raB/q 

0,3- 0,76 

0,3 
0,45 
0,6 
0,76 

Boo6me rosopH, c MynhTHnonHMH M 1+ , E 1 + H S 1 + CBH3bi,BBIOT 

TpH !jlopMijJaKTOpa ·C3 1 C4· 1 C 5 /78, 79l; COOTBeTCTBYIOIUHe BepiUHHe 

( y N 11 } • 06bi'IHO orpaH~'IHBaiOTCH nayqenneM MarnnTnoro ¢opM¢aKTopa 

nso6apbl G ~ ( k 2
) · , KoTopbiil: onpenenSieTcSI sasncHMOCTbiO noMHHHpyJOUiero 

MYnhTHnonSI M 1 + oT xsanpaTa nepenasaeMoro qeTbrpexn:Mnynbca I 21 I: 

G: ( k 2 
) = 2M [ _3_ 

2a 

~r _,__q_ 
• 2 f) 

$In 33 

IM,J 2 ,, 
~- ]" 
~~ 12 

( 8) 

rue a = 1/ 137 0 8 33 - !jl830Bblil: CJlBHI' 3-3 peSOH8HC81 r - li1HpHII8 peao­

II8IIC81 q* H It ..:. TpexnMnynhCbi nn:ona H ¢oToHa B " N c.u.M. 

· PeaynhT8Tbi nsMepeHHSI !jlopM!jlaKTopa G M (k 2 J B axcnepnMeHTax na col -

naneHHSI non:senel!bi na on:c. 8. CnenyeT _oTMeTHTb xopowee cornacn:e c pe- . 

aynbTaTaMH pa6oT no !jloTopo:lKJlel!HIO 1801: GM (k 2=0)= 3,00. 

B Monenn FNW 1 471 MarHHTHbiH !jlopM¢aKTop n:so6apbi GAt (lc 2
) npo­

nopunonaneH naoTonseKTOpHoMy MarHHTIIOMY ¢opM¢aKTopy HYKnona G M (k 
2 

) • 

3To.T MonenbHbiH peaynhTaT noKaaan na pn:c. 8 cnnownofi nnnneil:. Bnnno, 'ITO 

s o6nacTn k 2 < 10 f - 2 
cymecTsyeT xopowee cornacn:e aKcnepn:MenTanhHbiX 

naHHbiX c npencKaaann:eM pa6oTbi F N W. 
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4f 

I 
z ......,.. 

1111 Qt 

Pnc. 8. ·Mara 

ITpouecc npHMoro ane 

aneKTpopo:lKJlenn:eM nn:oHoB 

nn:ona F17. , HyKnonos G 

( y N /1 J B o6nacTn: KaK non 

paTa nepenasaeMoro 'leTbip 

pSI H8nH'IHIO B03_M02KHOCTH J 

po)!{)lel!He nHOHOB HBnSieTCSI 

UHH 0 !jlopM!jl8KTope· ~HOHa 
s npocTpancTsennonono5noi 

BOnHT onpeilenHTb !jla3bi' KO 
. ';' 

nacTH nepena~a"~MbiX. HM';I: 

!jJopM!jJaKTOpbl B )lOnoporoi 

AsTop· 6naronape.!i 

pn:ny sa none;:~Hbie o6cy 



nbTHnonelt M 1+, E 1+ n S1+ • 

illllbie B pa6oTe 1231. 

n H u,a III 

npe.nem'!eMbiX 
I,205-I,265 ran 

ehlen IIepe.nanaeMblii 2 
u1.myn:&e f.z(ran/c) 

0,3 - 0,76 

0,3 
0,45 
0,6 
0,76 

E I+ H s I + CBSI3bi,B810T 

r COOTB9TCTBYIOUlH9 BepmHHe 

eM M8I"liHTliOI"O <j}opM<j}aKTOpa 

IBHCHMOCTbiO. AOMHHHpyromero 

·o 'leTbipexnMnynbca I 21 I: 

( 8) 

~aoHanca, r - mnpmra peao-

Tona B rr N c.u.M. 

c2 J B aKcnepnMeHTax na co> -

HTb' xopomee cornacne c pe- . 

I (k 2=()) =. 3,00. 

KTop nao6~pbi G M ( k 2 ) npo-

,~, GVM(k 2 ) • IM~aKTOpy HyKnOHa 

cnnomHol!: nmmelt. BHAHo, 'ITO 

ornacne. aKcnepnMeHTanbHbiX 

M f c-... iT-DISY (AtiRECHT} 
0 cu. (INII) 
e CfA (CIAWF111D) z.s 

""' . 

X NINA 
() DI!$Y CGAUTEIU 

ZD ~-· G: (/•J 
t.5 

-A~ 
to 

45 )( 

,,. .. 
2 • fiJ IZ ,. • • 2JJ 

qo Ill IU Q.! 4'1 4S 411 47 Q& 

k' · (Gevjcf 
. 

Pnc. 8. MarHRTHhifi iflopMif!aKTop naooapb! Ll ( 1236). 

ITpouecc npSIMoro aneKTpopo~AeHHSI nHoHoB (3a) coBMeCTHO c o6paTHhlM 

aneKTpOp0~9HH9M fiHOHOB ( 36) A89T B03MO~HOCTh HCCn9AOB8Tb ljlopM<f>aKTOpbl 

nnona Frr j HyKnOHOB G E~ • . F r G A ' H nepeXOAlible !flopM!flaKTOpbl 

( y N t!. J B o6nacTH H:aK . nono~nTenbHbxx, TaK n oTpnuaTenbl!biX i3Ha'lel!liii · KBaA­

paTa n~p~AaBaeMoro 'l9TbxpexnMnynbca k 2 
• B nacToiimee Bpe;,m, 6naroAa­

pSI HanH'lHIO B03MO~l!OCTH li8A9~l!OI"O ·MOA9nbHOI"O OfiHC8liHSI, · npSIM09. aneKTpo­

po~eHHe fiHOHOB SIBnSieTCSI npaKTH'leCKH. eAHliCTBeHHb!M HCTO'll!HKOM Hl!!flopMa­

UHH o <fJopM<iJaKTope· mroaa F" (k 2 ) n nepexoAHbiX <PopM<iJaKTopax ( y N !::J. ) 

B npocTpaacTBennonoAo6aolt o6nacTn. U6paTHoe aneKTpopo~Aenne nnonoB noa­

BonnT onpeilenHTb ctJa3bl' KOMnneKCHbiX ctJopM!flaKTOpOB· BO BpeMel!HfiOA06Holt o6-

naCTH ~epe:ilaBaeMbiX · nMnyn~:>coB, :a TaK~e nay'lHTb nno~Hbilt n 'H~KnoHHbilt 
• ' -' • • •• "~ ;;:- \ ; ... ~: . • • . • . . ~ .· .. ' : l • 

<jlopM!flaKTOpbi B JlDnoporoBoil: o6nacTH npoueccoB (161 n·-·(461. 

ABTOP 6narOA~peli 'K. ·sepKenbMaHy, n;n~. HeMeHOBY. H H~<P. CeBe-

pHHY aa none3l!bie o6cy~el!HSI. 

21 
' 



I 
I' 
I 

nnTepaTypa 

1, R.H.Hofstadter, R.W.McAllister. Phys.Rev., 98, 217 
(1955) • 

2. M.R.Yearian, R.H.Hofstadter. Phys.Rev., 110~ 552 (1958). 

3, J. C. Rutherglen. Proc. of. the 4-th Symp. on Electron 
and Photon Interactions at High Energies, p. 163 I Li-
verpool, 1969. -

4, n~C. JilcaeB, 3tHJ<t>, T, 2, Bbm. 1, 67 ( 1971). 

5, M. Goi tein, J. R. Dunning, R,. Wilson. Phys. Rev. ~ett. ; 18, 
1018 (1967). . ' 

~Ch.Berger, E.Gersing, G.Knop, B.Langenbeck, R.Rith, 
F.Schumacher. Phys.Lett., 28B, 276 (1968). 

7. C.Jil. EnneHbKBH, IO.M. KaaapHHOB, n.H. nannJlyC, )1<3T<t>, fill, 460 
( 1971). 

® L.E.Price, J .R.Dunni~g, M. Goit~.j.n, K.Hauson, T.Kirk, 
Richard Wilson. Phys.Rev., 4D, 45 (1971). · 

9, J.Alan, G.Expong, P.Sa1strom, K.Fischer.Nuovo Cim., 
32, 1144 (1964). 

10, D.G.Cassel. Princeton University. Thesis, 1965. 

11. M.Conversi, T.Massam, Th.Mu11er, A.Zichichi. Nuevo Ci­
mento, 40A, 690 (1965). 

12. D.L.Harti11, B.C.Barish, D.C.Fong, R.Gomez, J.Pine, 
A.V.Tollestrup, A.W.Maschke, T.F.Zipf. Phys.Rev., 184, 
1415 (1969) • . ' ' -

13. T.Massam, -A. Zichichi. Nuevo Cim., 43A, 1137 (1966). 
14; V.L.Aus1ander, G.I.Budker, J.N.Pestov, V.A.Sidorov, 

A.N.Skrinsky, A.G.Khabakhpashev. Phys.Lett.,25B, 433 
(1967). ' -

15. B.n. Ay~neHJlep, r.H. EyAKep, E.B. naxTycoBa, 'lO.H. necToB, B.A;CH­
'JlopoB, A.H. CKpHHCKHA, A.r. Xa6axnaweB; HAepHaSI cpH3HKa, !l., 114 
(1969). 

16. J .E.Augustin, D.Benaksas, J .c .Bizet, J .Buon, B.De1court, 
V.Gracco, J.Haissinski, J.Jeanjean, D.La1ane, F.Lap­
lanche,J.LeFrancois, P.Lehmann, P.Martin, H.Nguen Ngoc, 
J.Perez-y-Jorba, 'F.Richard, F.Rumpf, E.Si1~a, S.Tavenier,· 
D.Trei11e. Phys.Lett., 28B, 503 (1969); ibid. 28B, 
508 (1969). - -

(' 

22, 

I 
'1 

\ 

1 
I 
I 

f l 

F; 

Fro 

17. J.E.Augustin, D. 
J.Haissinski, D. 
P • Lehmann , P • C ; ~ 
va, Lett.Nuovo C 

18. J .Lefrancois. OJ 

19. w.w.Ash, K.BerkE 
R. H. Sieman. ·. Phy: 

20, 

21. 

22. 

23. 

24. 

@ 

@ 

@) 

K.Baba, N .Kajiu: 
bayashi and T ~ Y; 
N.Kajiura, K.Ba: 
T.Katsura, T.Oh 
K.Uerio, T.Katay. 
Nuevo Cimento 3 
D.Imrie, C.Mist 
1074 (1968). 

W.A1brecht, F.W 
J .Gayler, V.Kor 

· A.Diaczek, J.C. 
E.Chaze1as, E.G 
W.A1brecht, F.W 
ger, K.H.Frank, 
man, A.Courau,A 
1entin, C.Auber 
B27 I 615 (1971) 
R.Siddle, :B.oic 
gomery, V.P.R.N 
A. So fair •. Dares 

S.Ga1ster, G.Ha 
W.Schmidt-Parze 
DESY'?l/44, 191 

c. W .Aker1of, .W. 
A.Ramanauskas, 

C.Mistretta, J. 
J.Dunning Jr., 
Richard Wilson, 

E. Antaldi ~ B. BOJ 
A.Giazotto, S.l 
65A, 377 (1970: 



~s.Rev., 98, 217 

Rev., 110~ 552 (1958). 

Symp. on Electron 
ergies, p. 163, Li-

Phys.Rev.~ett., 18i 

ngenbeck, R.Rith, 
(1968). 

JJ.yc. )K3Tell, !ill, 460 

K.Hauson, T_.Kirk, 
(1971) • 

scher.Nuovo Cim., 

Thesis,· 1965. 
.Zichichi. Nuovo Ci-

R.Gomez, J.Pine, 
ipf. Phys ~Rev .• ,· 184, 

43A, 1137 (1966) • 
tov, V.A.Sidorov, 
hys.Lett.,25B, 433 

. a, IO.H; necToB, B.A •. CH­
epHali ljJH3HK8 1 ,2_, 114 

t, J:Buon, B.De1court, 
, o.La1ane, F.Lap­
Martin, H.Nguen Ngoc; 
f, E.Si1ya, S.Tavenier,· 
969); ibid. 28B, 

·f,; 
l 

r:; 

F11 

17. J.E.Augustin, D.Benaksas, J.Buon, F.Fu1da, V.Gracco, 
J.Haissinski, D.La1anne, F.Lap1anche, J.Le Francois, 
P.Lehmann, P.C.Martin, J.Perez-y-Jorba, F.Rumpf, E.Sil­
va, Lett.Nuovo Cim., ~, 214 (1969). 

1& J.Lefr~ncois. Orsay, L.A.L. 1256, 1971. 
19. W.W.Ash, K.Berke1man, C.A.Lichtenstein, A.Ramanauskas, 

R.H.Sieman. Phys.Lett., 24B, 165 (1967). 

20. K.Baba, N.Kajiura, S.Kaneko, K.Huke, P.Kikuchi, Y.Ko-· 
bayashi and T.Yamakawa. Nuovo Cimento., 59A, 53 (1969); 

· N.Kajiura, K.Baba, R.Hamatsu, M~Ishihara:-s.Kaneko, 
T.Katsura, T.Ohsugi, s.Fukui, M.Hongoh, T.Ohsuka, 
K.Ueno, T.Katayama, Y.Kobayashi, T.Yamakava. Lett. 
Nuovo Cimento l• 714 (1970). 

21. D.Imrie, C.Mistretta, R.Wi1son. Phys. Rev.Lett., 20, 
1074 (1968). 

22, W.A1brecht, F.W.Brasse, H.Dorner, W.F1auger, K.H.Frank, 
J.Gay1er, V.Korbe1, .J.May, P.D.Zimmerman, A.Courau, 

·A.Diaczek, J.C.Dumas, G.Tristram, J.Va1entin, C.Aubert, 
E.Chaze1as, E.Ganssauge. Nuc1.Phys., B25, 1 (1971). 
W.A1brecht, F.W.Brasse, H.Dorner, W.Fehrenbach, W.F1au­
ger, K.H.Frank, J.Gay1er, V.Korbe1, J.May, P.D.Zimmer­
man, A.Courau,A.Diaczek, J.C.Dumas, G.Tristram, J.va.:... 
1entin, C.Aubert, E.Chaze1as, E.Ganssauge. Nucl.Phys., 
B27, 615 (1971). 

23, R.Sidd1e, B.Dickenson, M.Ibotson, R.Lawson, H.E.Mont­
gomery, V.P.R.Nuthakki, O.T.Tumer, W.J.Shutt1eworth, 
A. So fair. Daresbury, DNPL/P82, 1971. · · 

24, 

@ 

@ 

@) 

S.Ga1ster, G.Hartwig, H.K1ein, J.Moritz, K.H.Schmidt,. 
w.schmidt-Parzefa11, o.Wegener, J.B1eckwenn, Hamburg, 
DESY 71/44, 1971. . 

C.W.Aker1of, W.W.Ash, K.Berke1man, C.A.Lichtenstein, 
A.Ramanauskas, R.H.Sieman. Phys.Rev., 163, 1483 (1967) • 

C.Mistretta, J~A.Appe1, R.J.Budnitz, L.C~rro1, J.Chen, 
J.Dunning Jr., M.Goitein, K.Hanson, A.Litke and 
Richard.Wilson, Phys.Rev., 184,_ 1437 (1969)~ ... 

E.Amaldi, B.Borgia, P.Pistilli,M.Balla; G··:v.oi Giorgio, 
A.Giazotto, s.serbassi, G.Stoppani. Nuovo Cimento 
65A, 377 (1970). 

23 



(~ 

~f. 

f, 

f'1l 

28, c .N. Brown, c .R.C!anizares, w ~E .cooper, A.M .• Eisner,;' 
G.J.~Feldman,' c.A.Lichti:mstein; L.Litt, w.r:ockere'tz, 
V.B.Montima,· F.M.Pipldn. Phys.RE:iv.Lett., 26·, )87 (1971). 
ibid. 26, 991 (1971) • . ' . 

29, c. Driver, K. Heiriloth ,' K. Hohne ,. G. Hofmann, p. Karow, , 
D.Schmidt,G.Specht, J.Rathje. Phys.Lett;·, .. 35B,; 717, 
1971; ibid. 35B, 81 · (1971); · K.Heinloth •. Hamburg, 
DESY 71/35, 1971. . 

30; P .-S. Kummer, A.B. Clegg, F, Foster, G. Hughes, R. Siddle, 
J.Allison·; B.Dickenson, E.Evangelides~ M.Ibotson, 
R.Lawson;· R~S.Meaburn, H.E.Montgomery, W.J.Shuttleworth, 
A.Sofair. ·Lett.Nuovo'Cim.,' 1, 1026 (1971). 

31. L.N.'a'imd. Phys.Rev., 129, 1S34. (19_6.3). 

32, IO,H, .·THTOB, H.ct> .• CeBepHH, H.r. A!l>aHacbeB, P.B. AxMepoB, C.A. EbxBa­
IIHH, A.C. OMenaeHKO, E.B. CTenyna, E.M. CMenoB. R,~:~epHaSI !l>HaHKa, 
'12, 541 ( 1_971), 

33. Ph. Salin. Nuovo C:i,mento., 32,· 521 (1964). 

34, .:r . .:.:P.Loubaton. Nuo~o Cimento. 39, 591 (1965). 

35 •. A,C, OMenaaKo. · R,~:~epaaSI 4>H3U:Ka, !a.,. 363, .• l9ih 

36. S. Devons, c ~Sabat, · P. Nemethy, :E. Capua, • ·A .• Lanzara, Phys. 
Rev., '184, 1356 (1969) • . 

37, M.N.Khachaturyan, M~A.Azimov, A.M.Baldin, A.S.Belousov, 
LV.Chuvilo, R.Firkowski, J.Hladky, M.S.Khvastunov,. 
J .Mar)ca, ·A.T.Matyushin; v .T.Mat:~fu'shiri, G.A.Ososkov, 
L.N.Shtarkov; L~I~Zhuravleva •. Phys.:i..'ett., ~, 349 
(1967) • ' . ' ' . 

38, c.ct> •. EepelKJieB, n.c. BepTorpa,tiOB, .A.B. lleMbSIHOB, A.B. KynHKOB, 
A.B •. Kyn~oB, r.r.· MKpT'ISIH, n.n,' HeMeHoB, r.H. CMHpJIOB, n.M.Xa3HHC, 
IO,M, lJHpKHll, OHSIH, Pl-6197, lly6Ha, 't971. . · · · 

39. M.Karatchentzeff, G.Cochard, P.Kessler, B.Roehner. 
CollegE:ide.France. P.A.M. 71-05, Paris, 1971. 

40. M.M~Sternheim and R.Hofstadter. Nuovo Cimento, 38, 
1854 (1965). ' . ,· - . 

41. M.E.Nordberg and K.F.Kinsey. Phys.Lett. ,: 20, 692 (1'966). 
'·' f' . ' .. - •. 

42, M.Mj3lock, L.Konyon, J .Kern, D.Koetke, P.Malhotra, 
R~Wolker'l H.Winzelei:'; Phys.Rev·., 169,.1074 (1968). 

43. K.M.crowe', 'A..:Fainherg, J.~1n1er, .A.S;L.Parsons. Pl}ys. 
Rev., 180, 1349 (1969). · · 

44. R.A.Chritensen. Phys.Rev., Dl, 1469 (1970). 

24 

I 

I 
l· 

45, W.K.H.Panofsky. P: 
on High Energy Ph: 

46, C.W.Akerlof, w.w •. 
Rev.Lett.,l4, 103 

47. S.Fubini, Y.Nambu 
(1958) •. 

48, G.F.Chew, M.L.Gol 
106, 1345 (1957) • 

49. P .Dennery. Phy~ .R 

50. H.F.Jones. ·Nuovo 
51. F.A.Berends, A.Do 

703; CERN. 67/146/ 

52. N.Zagury. Phys.Re 
(1966); ibid. 16 
506 (1967). -

53, o.Schwella, H.Rol 
202, 452' (1967); 
71(1969). 

54; .F.Gutbrod, D.Symc 

55. s. L .Adler: Ann. Pr 

56. G. v. Gehlen. Nucl. 
(1970). 

57, G.v.Gehlen and H. 

58. G.v.Gehlen. Bonn 

59, M.Gourdin and Ph 

60. Ph. Salin. Nuovo < 

61 •. H."Harari. Proc. c 

Photon Interacti• 
pool, 1969; H.Ha 
5-th Intern.Symp 
at High Energies 

62. F.A.Berends. Phy 

63, J.Engels, G.Schw 
13.43 (1968) • 

~ R.C.E.Devenish a 
University, 1971 



~r, A.l·f~Ei~rier ;: .. 
Ltt; w. I.ockeretz, · 
~et:t., 26·, 987 (1971>. 
<. ,· ,: - ~'r·, .,. 

>fmann, P.Karow, · 
. Lett;·,,. 35B,: 7.7, . 
Lnloth ~- , Hamburg, 

. Hughes,·R.Siddle, 
les ; M. Ibotson, 
~ry; •W. J. Shuttleworth, 
(1971) •. 

i3>. 
?.B •. AxMepoB, C.A. EbiBa­
o~enoB, Rf!epaan ljlna.IIKa, 

(1964) • 

i~l (1965) .-
r'I-._. . ... -. 

ma. ,' ·A", Lan_zara, Phys. 
. ' 

:ialdin, A. s • Be.lousov, 
, ~.s.Khvasturi:ov,. 
1iri, ·e; .A. Ososkov ,· 
. I.E!tt., ill· 349' 

,SIHOB, A.B. KynnKoB, 
.YI. CMIIIlliOB, ll~M.Xaanac, 

;ler, B.Roehner. 
i~is', :i97L · , 

>~~.- Cimento., 38,. 

~ett./ 20, 692 (1966>. · ... ·-"•':.• ·, 

:ke,. P.Malhotra, 
j!),-1074 (1968) •. 
.s~L:Paisoris~ Ph.ys. 

} (1970) • 

W.K~H.Panofsky. Proc. of the 14-th International Conf~ 
on High Energy Physics, Vien, 1968. 

C~WlAkerlof, W.W.Ash, K.Berkelman, M. Tinger. Phys. 
R~v1Lett.,14, 1036 (1955). 
S.Fubini, Y.Nambu, V.Wataghin. P~ys.Rev., 111; 329 
(1958) • 
G.FlChew, M.L.Goldberger, F.E.Low, Y.Namby. Phys.Rev., 
106' 1345 (1957) • 
P.Dennery. Phys.Rev., 124, 2000 (1961) • -- . 
H.F.Jones. Nuovo Cimento 40A, 1018 (1965). 
F.A.Berends, A.Donnachie, D.Weaver. CERN 66/1120/5-TH, 
703J CERN 67/146/5-TH, 744. 

' . 
N.Zagury. Phys.Rev., 145, 1112 (1966) J ibid. 150, 1406 
(1966) J ibid. 165, 1934 (1967); Nuovo Cimento 52A, 
506 i (1967). -
D.Schwella, H.Rollnik, R.Weitzel, W.Korth. Z.Physik., 
202~ 452 (1967) J D.Schwella, R.Weizel. Z.Physik., 221, 
-n (1969). -

54; F.Gutbrod, o.symon. Nuovo Cim., 51A, 602 (1967). 
. '• ·. . --. 

55, S.L .• Ad1er. Ann.Phys., (N.Y.). 50, 189 (1968). 
56. G.v'.Gehlen. Nucl.Phys., B9, 17 (1969) J ibid. B20, 102 

(1970) • . -
57. G.v.Gehlen and r1.G~Schmist. Nucl.Phys., B20, 173 (1970). 

58. G.v.Gehlen. Bonn Univers~ty. P~eprint PI-2-80, 1970 • 
... 

59.M.Gourdin arid Ph.Salin. Nuovo Cimento., 27, 193 (1963). 

60. Ph.Salin. Nuovo Cimento., 27, 1294 (1963). 
61 •. H.Harari. Proc. of t-he 4-th Symp. on .Electron and 

Photon Interactions of High Energies, p. io7, Liver­
pool, 1969; H.Harari, Rapporteur talk given at the 
5-th Intern.Symp. on Electron and Photon Interactions 
at High Energies, WIS-71/35-Ph., Rehovot, 1971. 

62. F.A.Berends. Phys.Rev., 01, 2590 (1970). 
63; J.Engels, G.Schwiderski, W.Schmist. Phys.Rev., 166, 

1343 (l968). . 

~ R.C.E.Devenish and 
bniversity, 1~71. 

D.H.Lith. Preprint, 

Pkf· --~ 

25 

Lancaster 
(q:f~ 



'• 

----·--

· 65. W.Schmidt. Hamburg, DESY 71/22 (1971). 
66. I(. Lub'ersme~/~r. Proc •. of the 4 -.th, Symp. O:t:l Eiectron and 

Photon Interactions at High Energies, p. 4s;·Liverpoo1, 
1969. 

67. H.Fraas a~d D.Schildknecht. P!J.ys.Lett., 35B, 72 (1971) ~. 
DESY 71/59 (1971) • ' 

68. E.A.Berends and R.Gastmans. Phys.Rev.Lett. ,27, 12'4 (1971). 
' .. ,·-. 

69. R.L.Crawford. Nucl.Phys. B28, 573 (1971). 

70.Norman Dombey.and B.J.Read. Preprint. University of Sus-
sex, 1971.. ' · · · 

71. K.Berkerman. Proc •. of the 5-th Symp~ on J:Uectron 'and 
Photon Interactions at High Energies, Ithaca, 1971. 
. ' ' . ' . ~· \ 

72. W.Fraser. Phys.Rev. ,· 115, 1763 (1959). 

73. E.Amaldi. Univ:ersita. di. Rol}la. Preprint No •. 299 (1971);. 
,Frascatti Preprint LNF-71/41 (1971); Universita di Roma, 
Preprint No 326 (1971}. 

74. B.De Tallis, F~Nicolo. Nuevo Cfmento 48A, 281 (1967). 

75. F.A.Berends, R.Gastmans. Harvard University Preprint, 
1971. 

76. IO.C. CypoBueB, <t>.r. TKe6ytJaBa. OlUU!, P2-4561, Lly6aa, 1968. 

77. S.Galster, H. Klein,' J.Moritz, K.H.Schmidt, D.Wegener, 
J.B1eckwenn. Nucl.Phys., B32, 221 (1971). 

78. J.D.Bjorken and J.D.Walecka. Ann. of Phys~ (N.Y.) .,38, 
35 (1966) •. 

79. G.v.Geh1en. Bonn University. Preprint PI 2-93, 1971. 
so. G.Fischer, H.Fischer, H.J.Kampgen, G.Knap, P.Schu1z, 

H.Wessels.· Proc.· of'the 13-th Intern.conf.. onHigh 
Ener.gy' Physics, Berkeley, 1966. 

81. G.Di Giugno; J.W.Hamphrey, E.Sassi, G.Troise, U.Troya, 
S.Vitale, M.Castellano. Lett.Nuovo Cimento ~' 873(1971). 

PyKOfiHCb nocTynHna B H3~8TenbCKHA OT~en 
17 ljleBpanH c 1972· ro~a. · 

26 

I 

/ 

! .... 
I· " 


