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Wcxonst u3 pesysbraros JLab-1ossipu3annoOHHBIX 9KCIIEPUMEHTOB 10 M3MEPEHUIO OTHOUIEHUST hopMpax-

topos Cakca B Ipouecce €p — ep ¢ ucnosb3oBanueM napamerpusanuii Kelly (2004) n Qattan (2015) s

UX OTHOIIEHUS, B KHHEMATHUKe dKcrepuMenTa kosutaboparuu SANE (2020) mo n3MepeHuIo 1BOHHOM CIHHOBOI

aCUMMeTpUU B IIpoIecce éﬁ—) €p, IPOBEIECH YUCJIEHHbII aHAJIN3 3aBUCUMOCTU OT yIyla pacCessHus IIPOTOHA I1e-

PEJAHHOl POTOHY IIPOJOJILHOM MOJIIPU3AIMK B TIpoOIlecce ep — ep’ B cilydae, KOrja HavdaJbHbIA MOKOAIUACs

IIPOTOH YaCTUYHO IIOJIIPU30BaH BJI0JIb HAIIPpABJICHUS ABUZKEHUA NETEKTUPYEMOTO IIPOTOHA OTAAYU. HOKaSaHO,

4TO HapyieHue ckeiyimara (popmdakropo Cakca TPUBOIUT K 3aMETHOMY YBEJIMYEHUIO abCOIOTHOrO 3HAYE-

HUA IIepeJaHHON IPOTOHY HOJIAPU3allU 110 CPABHEHUIO CO CIydaeM JAMIIOJIbHOU 3aBUCUMOCTH.
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BBenenne. DkcrepuMeHTHI 110 U3YIEHUAIO JIEKTPU-
geckoro Gg m marautaoro Gy ¢dpopmdakTopoB mpo-
TOHA, Tak HasbiBaeMbIX (hopmbarropos Cakca (PDC),
BenyTca ¢ 1950-x rr. B mpolecce YIpYyroro pacCesHust
HETOJITPU30BAHHBIX 9JIEKTPOHOB Ha TpoToHe. [Ipu srom
BCe 3KCIEPUMEHTAJIbHBIE jJaHHble O moBejgeHnn ODOC
OBLIM TIOJIyI€HBI C MPUMEHEHWeM TeXHUKU Po3eHOIIio-
ta (TP), ocHOBaHHOI Ha MCIOIb30BAHUU cedeHUs Po-
3eHOJ/II0Ta B TPUOJIMKEHNH OTHO(DOTOHHOIO OOMeHa JIJIst
[IPOIIeCCa ep — ep B CUCTEME IIOKOsI HA9aIbHOI'O IIPOTO-
Ha [1]:

do a?Eycos?(0./2) 1
dQe.  4E3sin'(6./2) 1+ 7,

(G% + %G@) . )

Baech 7, = Q?/AM?, Q? = AF) By sin® (0, /2) — xBajpar
[epeIAHHOTO TPOTOHY 4-uMItyJsibca; M — Macca mpoToHa,;
Ey, E5 — 3Hepruu HAYaIbHOTO U KOHEYHOI'O 3JIEKTPOHOB,
0. — yroJ paccesinusi JIEKTPOHA; £ — CTEIEHb JIMHEITHON
(monepedHoit) NOJApPU3ANMU BUPTYAJLHOIO (hoToHa [2—
5]; @ = 1/137 — nocTosiHHASI TOHKOH CTPYKTYDBHI.

Ilpu Gonpmux 3HaYeHusIX (Q2, KAK 9TO CJEAyeT U3
dopmysbr (1), OCHOBHOI BKJaJ B CeYEHHE IIPOIECCA
ep — ep JaeT |IieH, IPONOPIHMOHAILHEIH G2, UTO yiKe
npu Q? > 2I'sB? npuBoaUT K 3HAYUTEIBHBIM TPY.IHO-
cTsM TIpu u3BJIedenun Bkiaaga Gz [6, 7).

C nomomnipio TP 6bl1a ycraHOBIIEHA JUIOIBHAS 3a-
sucumocts PPC ot Q? B obmactu Q? < 6 B2 [6, 7.
Kaxk okazamoch, Gg u (Gjy CBA3aHBI MACIITAOHBIM CO-
OTHOIIeHHEM (cooTHoIIeHneM ckeiinunra) Gar ~ 1,GE,

De-mail: galynski@sosny.bas-net.by
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BCJIEJICTBUE Wero Jjsd ux oTHomenuns R = p,Gg /G um
CIPaBEIJINBO IPUOJIMKEHHOE PABEHCTBO

R~1, (2)

rae fip = 2.79 — MArHUTHBIA MOMEHT IIPOTOHA.

B pabore Axuesepa u Pexkasio [3| npegioxen mero
u3MepeHust OTHOIIeHUsT R, OCHOBAHHDIN Ha SIBJICHUN TIe-
pefadn MOJISAPU3AIUAN OT HAYAJIBHOTO 3JIEKTPOHA K KO-
HEYHOMY IIPOTOHY B mpouecce €p — ep. Ilpennsuonnbre
9KCIIEPUMEHTBI C UCIOJb30BAHUEM 3TOTO METOJIA, MPO-
Besennble B JlaGoparopun um. T. Izkeddepcona (JLab,
CIITIA) [8-10] obuapy:kuiIu JIOBOJILHO ObICTpOE yObIBa-
Hue oTHOmeHHs R ¢ pocToM (Q?, 9TO CBHIETEILCTBY-
€T 0 HAPYIIEHUW JUIIOJIHHON 3aBUCUMOCTH (CKEHIMHTA)
®DC. B unrepsane 0.4T5B% < Q2 < 5.6I9B2, kak
OKA3aJI0Ch, 9TO YOBIBAHUE SIBJISIETCSI JIMHEHHBIM.

ITosropHbBIE, GOJICE TOYHBIE U3MEPEHUST OTHOIIECHUS
R, nposesennnie B [11-15] B mmpokoit o Q2 oba-
cTr BIUIOTH 710 8.5 I'sB? ¢ ncnosp3oBaHneM Kak MeTOIa
Axwuesepa—Pekaso [3], rak u TP [15], jiumb moxreepu-
JIN PACXOXKJIEHUE PE3yJIbTaTOB.

B [16] sKcnepuMeHTAIBHBIC 3HAYECHHUS R Oy 9€HbI
kosutabopanueit SANE rperbum criocobom [17] myrem ux
U3BJICYCHUI U3 Pe3yJ/IbTaTOB U3MEPEHUl ABOMHON clu-
HOBOI1 aCHMMETPUU B IIPOIIECCEe €D — ep B CJIydae, KOria
9JIEKTPOHHBINA MyYOK W MPOTOHHAS MUIIEHb YACTUIHO
[OJIAPU30BAHbBL. [Ipyr 3TOM CTENeHb MOJIAPU3AIUN IPO-
ToHHON Mumenn P; Gbuia pasaa P = (70 £ 5) %. Dke-
[EPUMEHT [IPOBOMIICS [IPU IBYX IHEPTUSIX JICKTPOHHO-
ro myuka Ep, 5.895 n 4.725 5B u aByx 3HadeHnax Q2
2.06 u 5.66 I'sB2. I13Be4ennble 3HaueHNs R B [16] naxo-
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JIATCS B COIVIACHE C pe3yabraTamu npeabiaymux JLab-
HOJISIPUBAIMOHHBIX KCIEPUMEHTOB [8-14].

B [18-22] upegioxken 4-if MeTO/ M3MEPEHUS] OTHO-
menns R, OCHOBaHHBIM Ha meperade MOJSPU3ANAUA OT
HAYAJIbHOTO K KOHEYHOMY IIPOTOHY B YIIPYI'OM IIPOIecce

e(p1) + P (q1,81) — e(p2) + P'qz, 52) (3)

B ClIydae, KOrJa HAYAJIbHBIA MOKOAIUICA U KOHCYHBIN
[POTOHBI TIOJTHOCTHIO JINGO YACTHYHO IMOJISIPU30BAHBI U
HUMEIOT ODIIYI0 OCh KBAHTOBAHUSI CIIMHOB, COBITAIAIOINLY IO
C HAIIPABJIEHUEM J[BUYKEHUS JIETEKTUPYEMOTO IIPOTOHA
oTJaun. DTOT METOJL paboTaeT U B NPUOIUKEHUN JIBYX-
dOTOHHOTO 0OMEHA U TIO3BOJISIET W3MEPUTHh KBAJPATHI
mozyiteit 0606menabx PDC [20]. Hauano nanaoMy Ha-
[PABJIEHHIO UCCJIE0BAHUI OBIIO 110JI0KeHO B [18].

OrmernM, uro B MoHOrpadun [4] (c.211-215) ee as-
TOPAMHU TaKKe OBbLJ IPOBEEH OOIMUil pacdyeT CedeHust
mporecca ep — ep B cucreme Bpeiita B ciydae, Korja
HAYAJILHBIN U KOHEYHBINA IIPOTOHBI YACTUYHO TIOJISAPUAZ0-
BaHbl. OJIHAKO B [4] Ipu aHAIN3€ 9TOTO CEUEHUs ABTOPLI
JieficTBoBasIN 110 aHaJornu ¢ [3] u He 3amernim GoJiee
WHTEPECHBIH ciydail, obcyxKaaemblii 37ech u B [18-22].

B paborax [21, 22|, ucxonst u3 pesynbraros JLab-
[OJISIPU3AIMOHHBIX IKCIEPUMEHTOB 110 U3MEDPEHUIO OT-
Hommenust R B mporecce €p — ep, NPOBEAeH YUCACHHBII
aHa/m3 ()?-3aBICHMOCTY OTHOIIEHH CcedeHuii 6e3 mepe-
BOPOTA U C IIEPEBOPOTOM CIIMHA ITPOTOHA, TOJISTPU3AIIN-
OHHOI acCUMMETPHM B IIpoLecce ep — ep, a TakKe IIe-
PEJIAaHHON MIPOTOHY IPOJIOJBLHON MOJISIPU3AINKA B KHHE-
MaTuKe sKcrepumenTa [16] B ciyudae, Korma HOKOSIH-
¢Sl HAYAJIBHBIA U KOHEYHBIH TPOTOHBI MOJISIPU30BAHBI U
UMEIOT OBIIY0 0Ch KBAHTOBAHUSI CIIMHOB, COBIIAIAOILY FO
C HAIPABJIEHUEM JBUKEHMs KOHEIHOIO IPOTOHA, (JIeTEeK-
TUPYeMOro nporoHa orgadn). [Ipu srom 6pLI0 HOKA3a-
HO, YTO MepejlaHHas MPOTOHY MOJISIPU3AIMS 00J1a/1aeT
3aMETHOH 4yBCTBUTEIHLHOCTBIO K BUJLYy 3aBUCUMOCTHU OT-
momrenua PPC R ot Q?, T.e. X BHIOOPY IapaMeTpH3a-
U It OTHOIEHus R.

B nacrosieit pabore, ucxons u3 pesynabraTos JLab-
MOJISIPU3AIMOHHBIX IKCIEPUMEHTOB 110 U3MEDPEHUIO OT-
womennst @DC B mporiecce €p — ep ¢ UCIOJTb30BAHUEM
napamerpusanuii Kelly [23] (2004) u Qattan [24] (2015)
JUTsl UX OTHOIIEHWs, B KHHEMATHUKE IKCIIEPUMEHTA, KOJI-
sabopanun SANE [16] mo u3mepenunto JBOiiHOI cniuHO-
BOIf aCUMMETPHH B IIPOIIECCE P — ep MPOBEIEH YNCIICH-
HBII AHAJIN3 3ABUCUMOCTH OT yTJIA PACCESHUSI IPOTOHA
IepeJaHHON! IPOTOHY IIPOJOJIBHON ITOJIAPA3AIANA B IIPO-
necce ep — ep B cilydae, KOIJa HAYAIbHBIN IOKOSIIIHIi-
sl IPOTOH YACTUYHO MOJISIPU30BAH BIOJIb HAIPABJIEHUSI
JIBUZKEHUS JIETEKTUPYEMOTO IPOTOHA OTIAYH.

Ceuenne mpomnecca ep — ep B CHCTeMe IIO-
KOsl HAYaJIbHOI'O IPOTOHA. PaccMOTpPUM CIUHOBBIE

4-BEKTOPBI $§] W S HAYAJIBLHOIO W KOHEYTHOT'O IMPOTOHOB
¢ 4-uMIIyIIbCcaMu ¢ U ¢z B mporiecce (3) B IPOM3BOJIbHOI
cucTeMe OTCUeTa. YCJIO0BHsl OPTOroHaabHOCTH (8;q; = 0)
1 HOPMHUPOBKH (s7 = —1) I03BOJIAIOT OIHOZHAYHO OTIpe-
JIEJIATh BBIPAXKEHUsI JJIi WX BPEMEHHBIX W IPOCTPAH-
CTBEHHBIX KOMIIOHEHT $; = (S;0,S;) Uepe3 ux 4-CKOpOCTH
v; =¢q;i/M (i=1,2):

i = (8i0,8), Si0 = Vi €y, S¢:C¢+w Y

1+ w0

Iie eUHIIHbBIe 3-BeKTOPHI ¢; (c? = 1) — ocu KBaHTOBA-
HUS CIIUHOB.

B na6oparopnoit cucreme orcuera (JICO), rue g1 =
= (M,0), ¢2 = (g20,92), BbIGEPEM OCH KBAHTOBAHUSI
CIIMHOB C1 M C2 TAaK, YTOOLI OHM COBIIAJIAJIN C HAIIPABJIC-
HUEM JIBUYKEHUs KOHEIHOTO IMPOTOHA!

c=c; =cCy =13 =q2/|q2]. ()

Torya crMHOBBIE 4-BEKTOPHI HAYAIBHOIO (S1) M KOHEU-
HOI'O IIPOTOHOB (S2) NPUHUMAIOT BUJ

51 = (0,nz), s2 = (|va|,v20n2), ny = qa2/|q2|.  (6)

Meton [18-22] ocHoBaH Ha BbIpazkeHuu Jyist quddeper-
nuaJsibHoro cedenus npoiecca (3) B JICO B ciyuae, Ko-
I/la HavaJbHBIA U KOHEYHbIN IIPOTOHBI HOJIsIPU30BAHbBI U
UMeroT OOIIYI0 0Ch KBAHTOBaHUs! cIMHOB ¢ (5):

dos, s, 4 I
— 2 — o T +w_ o 7
dQe + 9 ( )
-
o = oy GZ, UHZUM?p Girs (8)

a?Bycos?(0./2) 1
O' = .
M 4B sint(0./2) 1+ 7

(9)
S,HGCB W4+ — IMOoJIApU3allMOHHbIE MHOXKUTEJIN:
Wy = (1 + (51(52)/2, w_ = (1 - (51(52)/2, (10)

rae 01,2 — YABOGHHbIE 3HAYEHUs IIPOEKIMIl CIUHA Ha-
YAJBHOIO M KOHEYHOrO MPOTOHOB Ha OCh KBAHTOBAHUSI
cimuoB ¢ (5). Ormerum, uro dopmyda (7) crupaseimsa
npu —1 < d12 < 1.

OrmeruM, uto dopmyaa (7) tak xke, kak u (1),
pasbuBaeTCs Ha CyMMY JBYX CJIATAEMBIX, COIEPIKAIINX
tobko G2 u G2, Yepeansas u cyMMupys BbIpayKeHHe
(7) mo nosIIPU3AIHSIM HAYAJIBLHOTO U KOHEYHOT'O [IPOTO-
HOB, J1s cedenus Pozenbmmora (1), op = do/dSQ., mo-
JiydaeM sipyroe npejcrasienue [19, 20]:

op =0T +o'. (11)

CrenoBaresibHO, du3ndeckuii CMbICT pas3dbmerus Hop-
mysibl Pozenbirora (1) Ha cymMMy IBYX CJAraeMblX, CO-
JepzKaimx Toibko G2 u G2, 3aK/II09aeTCs B TOM, UTO

TTucema B 2KOTO
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OHa sBJIAETCS CyMMOil cedenmii 6e3 mepesopota (o 1Th)
U ¢ TIepeBopoToM criuHa poTona (o+1) B crydae, korma
HAYaJIbHBIN TOKOAIIUNACS IPOTOH IIOJHOCTBIO ITOJISIPU30-
BAaH BJIOJIb HAIIPABJICHUA IBUKEHUS KOHEYHOTO IIPOTO-
Ha. OTMETHM, 9TO B JINTEPATYPE, B TOM YHUCJIE U B TIOCO-
OusiX 10 (PU3MKE JIEMEHTAPHBIX YACTHUIL, YACTO yTBEP-
xKmaercs, uro ucnosb3oanne ODC sapisgercs mpocTo
YI0OHBIM, TAK KaK OHEH IpuAaoT dopmyse Pozerbiora
[IPOCTOM M KOMIAKTHBIA Bu. [lockosibKy Takue ¢op-
MaJIbHBIE COOOPazKeHMsI 00 UX MPEUMYIIECTBAX COJIEP-
2KATCS B TOM YHCJIE W B HAIMCAHHBIX MHOTO JIET HA3a]]
u3BeCTHBIX MoHOrpadusx [25, 26], To oHE He mOIBED-
rafoTCsl COMHEHUSIM U BOCIIPOU3BOJSATCS B JIUTEPATYPE,
Hanpumep, B [27], BILIOTH 10 HACTOSIIEIO BPEMEHHU.
Ceuenne (7) MOXKHO IIPEJICTABUTH B BHJIE

dos, 5,/d% = (14 0267) (0T + 1), (12)
Of :61(R0—1)/(R0+1), (13)
R, =o' /o'T, (14)

rae 07 — CTENEHb IPOJOJILHOMN HOJISPU3AIMI KOHEIHOIO
npoToHa. B cilydae HONHOCTBIO MOJISIPU30BAHHOIO Ha-
JaJBHOrO HpoToHa (§1 = 1) §y coBIAmaer ¢ OOLIMHBIM
OlpeJIeJIeHNeM TIOJISIPU3AIMOHHON acuMMeTpUn

A= (R, —1)/(Rs+1). (15)

OTHOMEHNE cevennii 63 TEPEBOPOTa U C MEPEBOPO-
ToM cruHa nporoHa R, (14), xak sro crexyer us (8),
MOXKHO BBIPA3UTh 4epe3 3IKCIePHMEeHTAIbHO U3Mepsie-
myto Besmanny R = p, Ge/Gar:

o e Gy e 9

R = — =
7T gt Tp u%

G2 - (16)
™ U

C 1eabio MCIOJIb30BAHUS CTAHJIAPTHBIX 00O3HadUe-
auit dbopmysy (13) i cremeHn MpomOJILHON MOJApU-
3alii KOHEYHOI'O IIPOTOHA MEPEIUIIEeM B JAPYIOM BHUJE:

Pr:Pt(Rafl)/(R0+1)a (17)

3aMeHuB 07 Ha P, u 01 Ha P;.

@opmyna (17) mosBosisieT BBIPA3UTh OTHOIIEHHE R
vepes P./P;. HeiicrBurensHo, obpamas cBsa3b B (17),
AMeeM:

T 1+ R, P,

2 2'p
R* =2 — = —. 1
p & 1*131)7 P ]t ( 8)

[lostyuennoe Boipazkenue (18) mossosister uzsieun R? us
Pe3yIbTATOB IKCIIEPUMEHTA 10 U3MEPEHUIO MIEPETAHHOI
[IPOTOHY moJsipu3anuu P, B mporecce ep — ep B CiIy-
qae, KOTrJa HAYaJIbHBII IMOKOAIMUICA IPOTOH YaCTUIHO
[OJISIPU30BAH BJIOJIb HAIIPABJIEHUSI JIBUKEHUS JIETEKTH-
PYEMOT'O IIPOTOHA OTIAUH.

IIucbma B 2KOTP Tom 116 Bpm.7-8 2022

Hike OymyT npoBeieHbI 9HC/IEHHBIE PACIETHI TIepe-
JaHHOHM tporoHy nossipusaiuu P, (17) kax dbyHkmmn
OT yIJIa paccesiHus IPOTOHA KaK [IPU COXPAHEHUH CKeii-
JIMHTa, T.€. B CJIy4ae JuIoJbHoil 3asucumoctu (R = Ry),
TaK U IPU €ro HAPYIIEHUH, IIPU ITOM OYILyT PACCMOTPE-
ubl ase napamerpusamuu (R = R; u R = Ry):

Rg =1, (19)
R;1=140.1430 Q* — 0.0086 Q* 4 0.0072Q°,  (20)

rae Bopazkemnne 1t R; (20) mpengoxeno B [24]; Ry, co-
orsercrByet napamerpusanuu Kelly [23], dopmyssr st
KOTOPOI MBI HEe IIPHBOJIUM.

Kunematuka mporiecca. PaccMoTpuM 3aBucu-
MOCTH 3HEDPI'Mil KOHEYHBIX 3JIEKTPOHOB U HPOTOHOB OT
SHEPIUM HAYAJIBLHOIO IIy9Ka 3JIEKTPOHOB U YIJIOB Pacce-
stHusT 3s1eKTpoHa u nporora B JICO, rae ¢ = (M, 0).
[Mo/b3ysCh 3aKOHOM COXPAHEHUs 4-UMITyJIbca p1 + 1 =
= p2 + @2, OIy9aeM BbIPAKCHH JIJIT SHEPIUH PACCETH-
HOT'O 3JIEKTPOHA Eo M IepeJaHHOro IIPOTOHY KBaJIpaTa
4-uvmyssea Q? = —(q1 — q2)? xak dyHKIHMi OT yria
paccesiHus JIEKTPOHA O :

Ey,=E/(1+ % (1 = cos(be)), (21)
Q? =2E2(1 — cos(6.))/(1 + %(1 —cos(fe)), (22)

riae yroja 6. ecrb yrojg Mexkjy BEKTOpaMH P1 U Po,

cos(fe) = p1p2/|p1l|p2|-
OHeprusi KOHEYHOTO JIeKTPOHa E 1 mporoHa Eg,

ceazannl B JICO ¢ Q2%

Ey = Ey — Q*/2M, Es, = M + Q*/2M, (23)
Ey = Ey —2M7,, Ea = M(1+271,), 7, =Q%/4M>.
(24)

Basucumoctb Fa, u Q2 or yria paccestHusi IpOTOHA
fp, T.e. OT yIia MeXKIy BEKTOPaMH Pi U d2, cos(f,) =
= p192/|p1l|qz2|, umeer Bux:

(E1+ M)? + EZ cos®(0),)

(E1+ M)? — EZ cos?(0,)’
AM?E? cos?(0,)

(E1+ M)? — EZcos?(0,)

Ey =M (25)

Q= (26)

CoorHomenust Jyist 06paTHON cBsA3u MeXIY cos(fe ),
cos(8p) u Ey, Esp nMeroT BULI;

7 Q2 7 MQ2
cos(Oe) =1 =555 ~ 1~ E\(2ME; — Q) 27)
E1 + M T,
cos(bp) = 23 1 +pT . (28)
/2
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B yupyrom nporiecce (3) yroJ paccestHust 3JIeKTPOHA
0. m3mensiercs ot 0° 1o 180°, mpu srom Q? m3MeHsIeTCS

B obnactu 0 < Q% < Q2. (0< 7, < Timax), TJIE

AME? E?
r2nax = : ; Tmax — S . (29)
(M +2E,) M(M + 2E)
HpI/IBe,ZLeM II0JIE3HOE COOTHOUIICHUE
max E
Tma 1 (30)

1 4+ Tmax - M+ E;

Us seipakenns (22) mpu 0, = 0 umeem: Q2 = 0,
7, = 0. Ho u3 coornomenus (28) ciemyer, IT0 B 3TOM
ciydae cos(f,) = 0, 4TO COOTBETCTBYET PACCESHUIO [IPO-
tona Ha 90°.

Ilpu paccesnuu saexkrpona nazaj (6. = 180°), ko-
LA Tp = Tmax, B3 (28) u (30) caenyert, uro cos(d,) =1,
0, = 0°. Taxum o6pa30M, U PaCCEeSTHUH 3JIEKTPOHA HA
yroa or 0° mo 180° (0° < #. < 180°) yrou paccesinust
nporona u3mensiercs ot 90° mo 0°.

PesynbTaThl pacueToB 3aBUCHMOCTH YTJIOB PacCesi-
HUSI 9JIEKTPOHa 0, U mpoToHa 6, OT KBaaparTa IepesaH-
HOTO IIPOTOHY UMITYJIbCA (Q? IIPU SHEPrusiX SJEKTPOH-
HOI'O IIyUKa B 9Kcrepumente kosabopamuun SANE [16],
FE1 = 4.725 nu E; = 5.89513B, npeacrapiensl rpadu-
Kamu Ha puc. 1. VIM coOTBETCTBYIOT JIMHUU C METKAMH
9847 9p4 u 9657 91)5-

180_"'|"'|"'|"'|"'|
160
140F .. 0,
120
=100
= gop, T 0,
60
401 Texa
20

T
<@
X

D
T

0 2 4 6 8 10
0 (GeVy

Puc. 1. (LIserHoii omaiin) 3aBUCUMOCTH YIJIOB PACCESHUS
anekTpoHa . m mporona 0, or Q? upu sHeprusx SJICK-
TPOHHOrO Iydka B dKcruepumente [16]. Jluauu Oes,Ops u
Ocs, Ops TocTpoenst gyt By = 4.725 u 5.895 1B

Mudopmanms 06 yrirax paccesHus 3JIeKTPOHA U IPO-
ToHa (B pajMaHax) OPU HEPIUsIX SJIEKTPOHHOIO IIyd-
ka E; = 5.895 u 4.725T3B u Q? = 2.06 u 5.66'>B?
npescraBieHa B Tabur. 1. B Heil Takxke mpuBesieHbl 3HA-
genust Q2. (29) 11 MaKCEMATBHO BO3MOYKHBIX Q2 TIpn

max

E, =5.895u 4.7251'9B.

Ta6auna 1. Yrubsl paccesiHus 3jeKTpoHa fe u nporoHa 0, (B pa-
[UaHax) B KHHEMAaTUKE SKCIepUMeHTa, |16]

E1 ([sB) | Q% (IsB?) | e (pan) | 6p (pan) | QRiax (I9B)?
5.895 2.06 0.27 0.79 10.247
5.895 5.66 0.59 0.43 10.247
4.725 2.06 0.35 0.76 8.066
4.725 5.66 0.86 0.35 8.066

Ilonsipuzanust BupryasapHOro poToHa B IIPO-
mecce ep — ep. Beimumna €, BXOAsIAs B BbIpaskeHUe
nyst cevenuss Pozentiirora

e=(1+2(1+7)tan*(0./2)) " (31)

¢ obsacteio m3menennit 0 < € < 1, B yimrepaType, Kak
[IPABUJIO, OTOXKJIECTBJISIETCSI CO CTEIEHBIO TPOJIOJILHOI
TOJIAPU3AIN BUPTYaabHOTO oToHa. VHOTIA ee TakKe
HA3BIBAIOT MApAMETPOM IOJIIPUBAINN WA TPOCTO TO-
JIsipu3aliyeii BUPTyaJibHOro ¢poroHa. [IpaBubHoe moHu-
MaHre GU3NIECKOrO CMBICJIA BEJIUUUHBI € BCTPEYAETCS
JIOBOJIBHO PEJIKO, B 9TOH CBA3M MPOIUTUPYEM abCOJIIOT-
HO NPaBUJIbHBIE CJI0Ba 13 paboTs! [28]: “Let us introduce
another set of kinematical variables: Q 2, and the degree
of the linear polarization of the virtual photon, £”.

Beipaxkenue (31) mis € siBsisiercst pyHKI@eHR OT yriia
paccestHus 351eKTpoHa 0. Orinanoe ot (31) BoIpakeHue
JUTsI €, TIO3BOJISTIONIEE TPOBOIUTH PACIETHI 3aBUCHMOCTH
HHTepeCyIONUX BeJIMTNH, HAIIpUMep, oT Q2 uiu oT yria
paccestHHsl TPOTOHA ), IPUBEIEHO HUXKE, OHO MOJIYIeHO
[PU UCIIOJIb30BAHUU PE3YJILTATOB paboTsl [5]:

(Ey — Ey)? +2(Ey — Eo)M

—1
=1
© Y TOE B — (B B)M

(32)

Baecwy Fp, Ey — sHepruu Ha4a IbHOTO U KOHEYHOT'O JJIEK-
TPOHOB, IpuYeM, Jjist By He0OXOMMO UCIIOIL30BATE BbI-
paxxenust (23), (24), B SBHOM BHJIe 3aBUCSIIHE TOJIBKO
oT Q?%; B cBOIO OUEpenDb, 3aBUCHMOCTL Q2 OT yTIIoB 0, 1
0, oupenenserca dhopmynamu (22) u (26).

3aBUCHMOCTH CTEIEHH JIMHEHHO! (LomepedHoit) mo-
Jidpu3anuu BUPTYaJbHOro dorona € (32) or KBazpa-
Ta TepeJIaHHOro IIPOTOHY MMITyJIhbca (Q? Ipu 3Hepru-
SX 3JICKTPOHHOTO ITyYKa B 3KCIIEPUMEHTE KOJLIabopamyn
SANE [16] npencrasieHa Ha puc. 2.

U3 pucynka 2 cjeiyer, 9ro € ABJIIeTcs yObIBAIOIIEH
ot 1 0 0 dbynxuueit or Q2. Ilpu paccesHUn 3TeKTPOHA
sriepet (6, = 0°), xorma Q? = 0, € = 1; mpu paccesHUR
anexTpona Hazaz (0, = 180°), korma Q% = Q2,,., € = 0.

max?

Suauenns anax aast sHepruit Fy = 4.725 u 5.89513B
IpHUBesens! B Tabur. 1, onn pasuer 8.066 m 10.247 B2,
VIMeHHO B 9TUX TOYKAX JIMHUU HA PUC. 2 TIEPECEKAIOTCS

C OCbIO abcIuce.
IIucema B 2KOT O
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Puc. 2. (IlperHoit oHIaliH) Q?-33BHCHMOCTD CTEIIeHH JIH-
HefHO! mHoJssipu3anuy BUpTyasbHOro dorona € (32) mis
SHepruil 37eKTpoHHOro my4ka 4.725 u 5.89519B B skcme-
pumenTe [16]

Ha pucynke 3 npezcraBjena 3aBUCHMOCTD CTEIEHN
JIMHEWHOH TOJISIPU3AINY BUPTYAJIBHOTO (DOTOHA € OT yI-
JIOB paccestHUsl 3JIeKTPOoHa 0, 1 IpoToHa ), Ipu SHepru-
sIX 9JIEKTPOHHOI'O IIyYKa B IKCIEPUMEHTE KOJIJIab0paIin
SANE [16]. OrmeruMm, 4T0 Ha JIEBOIi IIAHEHM PUC. 3 yTOJI
0. m3mensiercst ot 0° mo 180°, a Ha npasoii 6, u3MeHs-

ercst or 90° ;o 0°. Takoii mopsiiok orcyera yrios 6, u

2

6, coorsercTByer obsactu namenenns 0 < Q < Q2.

JIJIsT KazKJIOTO M3 IIPUBEICHHBIX PUCYHKOB.
I'paduku Ha puc.3 MO3BOISIOT YCTAHOBUTDL CJIEITY-
OI7E 3aKOHOMEPHOCTH: JJIsi OJIHOTO W TOTO Ke yria B,
(6,) GosrblIeMy 3HAUEHUIO SHEPIUH SJIEKTPOHHOIO IIy KA
E; orBeuaer MeHblee (GoJibIee) 3HAUEHUE €.
VYriioBasi 3aBUCUMOCTDb IE€PEJAHHON NPOTOHY
noJisipu3anuu B npoiecce ep — ep. B JICO crenenn
IIPOJIOJILHOI TTOJIAPU3AUY, TIePeJaHHON OT HAYAIHLHOTO
K KOHEYHOMY IIPOTOHY B Iipoliecce (3) B ciydae, KOrja
IPOTOHHAs MANIEHb YACTUYHO HOJISPU30BaHa BIOJIb Ha-
IpaBJIeHUs] JBUKEHHsl JeTeKTUPYeMOro IIPOTOHA, OT/Ia-
qu, onpegessiercs dopmyaoit (17). B nacrosmee Bpemst
9KCIIEPUMEHT 10 €€ U3MEPEHUIO MTPEJICTABIISIETCST BITOJTHE
peasibHBIM, MTOCKOJIbKY TaKas MHIIEHL C BBLICOKON CTe-
nenbio nossipusanuu P, = (70 + 5) % npunnunmanbuo
CO3JIaHa U yKe UCIOJIb30BAIACH B 9KCIIEPUMEHTE KOJLIA~
6opanuu SANE [16]. ITo sroii npuunte Haubosee rese-
€co00pa3HO OBLIO OBl ITPOBECTH IIPEJJIAraeMblil IKCIepU-
MEHT Ha YCTAHOBKE, UCIIOJIL30BaHHOM B [16], pu Tex xe
P, = 0.70, sHeprusx 3JIeKTpOHHOTO Iyuka Fi = 4.725
u 5.895 3B u 3HaUYeHUSIX KBaJIpaTOB II€PEIAHHBIX IIPO-
ToHy nMIyabcoB Q2 = 2.06 u 5.66 ['9B2. Pasanma Mex-
Jly OPOBEJICHUEM IIPEJJIaraeMoro u dKciepumenta [16]
3aKJIH0YAETCS B TOM, UTO 3JEKTPOHHBI IyYOK JOJKeH

IIucema B 2KOTP® Tom 116 Bpm.7-8 2022

OBITH HEIOJISIPU30BAHHBIM, & JE€TEKTUPYEMBbII TPOI0JIb-
HO TIOJISIPU30BAHHBIN IIPOTOH OTJAYN JIOJI2KEH JIBUIATh-
Csl CTPOrO BJIOJIb HAIIPABJIEHUsI OCH KBAHTOBAHWS CIIH-
HA IIPOTOHHOW MUIIEHU. JTO YCJIOBHE SIBJISAETCS CJIEI-
cTBHEM TpeOOBaHUil, HAJIATAEMBIX HAa OCb KBAHTOBAHUS
CIIMHOB y HAYAJIbHOTO U KOHeYHOro npotoHos (5). IIpo-
Ieypa M3MEPEHUsl CTEleHU MPOIOJbHON U momeped-
HO¥1 TOJIIPU3AIUii KOHEIHOTO IIPOTOHA OTPAdOTAHA U UC-
[OJIb30BAJIACh B 9KcrepumenTax [8-13]. s ussiede-
Hust oTHOeHust R (18) B mpejiaraeMoM SKCIepUMeHTe
HEOOXOIMMO U3MEPHUTH TOJIBKO CTEIEHb IIPOJIOJIBHOIN 110~
JISPUBAIMK [IPOTOHA OTJAYM, UYTO SIBJISIETCS IIPEUMYIIE-
CTBOM M0 CPABHEHUIO C METOJIOM [3]|, HCIOJIb30BaHHBIM
B [8-13].

PesynbraTel pacueroB 3aBHCHMOCTH IIE€pPEIAHHON
[POTOHY MPOJOJIbHOH Tossipusamuu P, (17) or yria
paccestHUsl IPOTOHA, 0, 11 sHepruit 5.895 u 4.7251B
ssekTporHoro mydka u P, = (.70 npeacrasienst rpadu-
kamu Ha puc. 4. Ha pucynke (a) nokazana 3aBUCUMOCTD
BO Beeil obnactu u3aMeHeHus ymios 6, € (90°,0°).
Ha pucynxe (b) obmacts m3menenus 6, € (47°,18°)
COOTBETCTByeT KuHeMaTuke 3Kkcrepumenta [16], rae
2.0615B? < Q% < 5.66I'9B2, cm. Ta6u. 1. Ipu sTom
suaun  Pd5, Pk5, Pj5 (Pd4, Pk4, Pj4) coorser-
CTBYIOT SHEPrHH 3JeKTpPOHHOro nydka F; = 5.895
(Ey = 4.725)TB. B cBoto ouepenp smunn Pd5, Pd4
nocrpoensl st R = Ry (19) B cayuae AuMIONBHOM
3aBucumocty; jmanu Pkb u Pk4 coorBercTBYIOT Iapa-
merpuszanuu Kelly [23] (R = Ry); sunun Pj5 u Pj4
nocrpoenst it R = R; (20) B cory4uae napaMeTpu3alum
Qattan [24].

W3 rpadukoB Ha puc.4 ciemyer, 9T0 IepemaHHAs
IIPOTOHY HOJISIPU3AINS BECbMA CYIIECTBEHHO 3aBUCUT OT
BHJIa ITapaMeTpu3aluu oTHomenuss R. B ciaydae napy-
mernd ckefmara @PC, re. mpu R = R, u R = R; ona
3aMETHO YBEJTUINBACTCH [0 aOCOTIOTHOMY 3HAYEHUIO 110
CPaBHEHUIO CO CJIYyYaeM JUIOJIbHOM 3aBUCUMOCTH, KOTIA
R = R4, pu 3TOM 1714 BCEX ), MMEIOT MEeCTO HepaBeH-
crBa: |Pdb| < |Pk5| < |Pj5|, |Pd4| < |Pk4| < |Pj4|.
Takum obpazoMm, muanu Pk B ciydae mapaMeTpusalun
Kelly [23] sarnMaT IpoMeKyTOUHOE TIOJIOYKEHIE MEXK-~
ny Pdu Pj.

JlJ1st KOJIMIeCTBEHHOW OIEHKM PA3HUIBI MexXIy Pj,
Pk u Pd cocrapiiena tabJ1. 2, B KOTOPOil IPUBEIEHBI 3HA-
YEeHUsI JIJIsl CTEIEHH [IPOJIOJIbHOI [TOJIIPU3aIii KOHEYHO-
ro nporouna P35, Pd5, Pj4, Pd4, Pk5, Pk4 u ux otHo-
curesbHOl pasHuubl Agj, Ay, (BbpaXKeHHO B IPOIEH-
Tax) IpH JBYX SHEPIUsIX JIEKTPOHHOrO mydka 5.895 u
4.725 T'sB u aByx smadennax (2, papmerx 2.06 u 5.66
B2, tne Agj = (Pj — Pd)/Pj, Ay, = (Pk — Pd)/Pk.

W3 Tabmmmm 2 cnenyer, uro mpu Q2 = 2.06 B2 o1-
HOCHTeJIbHas pa3Huia Mexnay Pjb u Pdb cocrasiser
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Puc. 4. (Ilgernoit onmaita) (a) — Sasucumocts P. (17) or yrua paccesiHusi nporona 0, ajust E1 u P, B skcuepumente [16]
BO Bceil obsactn maMmeHenust yrios 6, € (90°,0°). (b) — Ta ke 3aBucumocts B uHTepBase 0, € (47°,18°), B KoTOpOM
2.06 T5B? < Q? < 5.66 T'5B2. Jluruu Pd, Pj u Pk COOTBETCTBYIOT IHUIIOILHOM 3aBHCHMOCTH (19), napamerpusanusm (20)

Qattan [24] u Kelly [23]

16.6 %, mexxny Pj4 u Pd4 npumepno Takas »xe: 16.1 %.
IIpux Q% = 5.66'>B? sTa pasHuIa yMEHBLINAETCS U CTa-
HoBuTcs pasHoit 9.1 u 6.4 % cooreercrBenHo.

Pazuuma mexxny Ag u Agr B Tabu. 2 sBisercs
HeboJIbII0l, oHa Bapbupyercs oT 2 10 6 %. O6biacHuTD
ee MOXKHO TeM, 9To napamerpusanus Kelly [23] nossu-
Jgack B 2004 1. 10 npoBesieHus dKcrepuMeHTon (12, 13|,
Pe3yJIbTATHI KOTOPBIX OBLIN YUTEHBI B [24] 1 1m03B0JIIIHN
MOJTyIATH GOJIeE TOUTHYIO TAPAMETPU3AIINIO.

3akmrogyenue. B wHacrosimei pabore, ncxost u3 pe-
3ysbTaToB JLab-moaspu3annonHbIX 9KCIIEPUMEHTOB 110
n3Mmepennio orHomenns PPC B mpomecce €p — ep ¢
ucnonb3oBanueM napamerpusanuii Kelly [23] (2004) u
Qattan [24] (2015) st X OTHOINEHUS, B KHHEMATU-
Ke 9KcrepumenTa kosutabopamun SANE [16] (2020) mo
U3MEPEHUIO JBOWHOM CIIMHOBON acMMMETPHUH B IIPOIEC-

ce €) — ep, UPOBEJIEH YMCJICHHBI AHAJIN3 3aBUCAMO-
CTH OT yTJIa PaCCessHUs MPOTOHA TEePEJAHHON TPOTOHY
IIPOJIOJILHON TOJIIpU3AIMK B IIPOIECCe ep — ep B CJIy-
4yae, KOrjia HAYAJBHBINA MOKOAIMEACA IIPOTOH YaCcTUIHO
MOJIIPU30BAH BIOJIb HAIPABJIEHUS JBUKEHUS JTETEKTH-
PYEMOro IPOTOHA OTJAAYH. YCTAHOBJICHA 3aMETHAS TyB-
CTBUTEJILHOCTD MEPEJAHHON MPOTOHY IOJIAPU3AIUA K
By napamerpusanun orHomeHns PPC, aTo oTKpbIBa-
€T BO3MOXKHOCTH JIJTsl TIPOBEJICHUsT HOBOTO HE3aBUCUMOTO
SKCIIEPUMEHTA [10 €0 U3MEPEHUI0 B IIPOIecce ep — ep.

W3 pacderoB ciemyer, 94TO HapyIIeHHE CKEMJINHTA
OOC npuBOIUT K 3aMETHOMY yBEJUYEHUIO abCOTFOTHO-
o 3HAUEHUs IePeIAHHON IPOTOHY nossipusanun | Py | mo
CPABHEHUIO CO CJIy9YaeM JUIOJIBHONW 3aBHCHUMOCTH, DU
stoM |P.| B ciayuae napamerpusamun Kelly [23] zamn-
MaeT MPOMEXKYTOUHOE ITOJIOXKEHIE MEXK/ly pPe3ysIbTara-
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Ta6suna 2. Crenenb NpomosIbHOM mossipu3anuy nporoHa ornadu P. (17) mpu sHeprusix ssiekTponHoro nydka Fp = 5.895 u 4.725 5B
u 3HaueHnsx Q2 = 2.06 u 5.66 ['5B2. Buauenus B cronbuax mis Pd, Pj u Pk COOTBETCTBYIOT IMIIONBHOM 3aBUCHMOCTI (19), napa-
merpusanusaM (20) Qattan [24] u Kelly [23]. CoorBercrByromue yribl pacCesHUsI SJIEKTPOHOB M IPOTOHOB (B IPaJycax) IPUBEIEHLI B
crosbuax st Oe u Op

E, (I'sB) Q7 (IsB?) 0 (°) 9, (°) Pd Pj Pk Ay % Aar %
5.895 2.06 15.51 45.23 —0.460 —0.552 -0.511 16.6 9.98
5.895 5.66 33.57 24.48 -0.628 -0.691 -0.675 9.1 6.96
4.725 2.06 19.97 43.27 -0.467 -0.556 -0.517 16.1 9.67
4.725 5.66 49.50 19.77 —0.649 —0.693 —0.682 6.4 4.84
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