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' © BOSMOEHOCTAY AOISIRA30BARHHX SKCIEPWMEHTOB - =
' B NPOTOHEHX (AHTVIIPOTOHMHX) HAKOIMTEIAX.

AHHOTALLRA

OdcyrmarpTcsd BOSMOXKHOCTH TIOCTAHOBKYM SKCIIEDMMEHTOR C BHYT-
perHelt rasomofi mosmpM=oBaHHON MEMEHBED B TpOoTOHHOM  (aHTHIIpO-
TOHHOM) HAKONMTEJe C DJEKTDPOHHHM OXJAXIeHWeM, PacCMOTpEeHH [Ba
BAPHAHTA: &) MHKEKIMA B HAKONMATENh NOJAPH30BAHHOTO Iy4Ka Yac—
THIT ¥ G) odorameHWe HeNOAPH30BAHHOTO NyYKa YACTHIAMHM OIpele-
JIeHHO#t moJfpr3alMy ¥3~38 CIHHHOBOF 34BHCHMOCTH BEPOATHOCTH IIO-
TEPs YACTHI] NP BIaHMONEHCTBHM C NOJAPH3OBAHHOH MMmeHBN. Jind
BTOPOT'0 BapHaHTa HAlTCA OUECHKH ONTHMANHHHX DEXMMOB padoTH.
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I. Ba mocJemHMe T'OINH 3aMeTHO BHPOC HHTEDEC K 3KCIEPHMEHTa~
JBHEM MCCJIeNOBaHmAM BaawmOmeltcTBHfi MOPE30BAHRHX YACTHI.B pas-
JUYHHX Ja60PATOPUAX MHTEHCHBHO DASBMBADTCA KaK yCKODETE M C HO-
JAPW30BAHHHMH IyYKaMi, Tak M METOJAKS NOJAPHS0BaHHHX vEmeHe
/1/. Viavepemua ceveHuft YODyTHEX B HEYNpYTHX B3auMozeiicTBHE B
YUCTHX CHOEHOBHX COCTOAHHAX BA&XHH JJA NMPOBEDKH MHOT'OYMCJIEHHHX
TeOpeTEYECKNX NpelcKasaHuii. B ciyvae PP - paccesHmA  3fieKTH
IOJIAPHBAIAA ¥ COMHOBOK KODPEJAINH BeJMKH ¥ WMEDT De3KyD 3aBHCH~
MOCTD OT BHEpT¥E /2/, 4TO MOEHO MHTEDIDETHPOBATE KaK  yKasaHHe
Ha CYMECTBOBEHIE SK30THIECKEX COCTOAHMK C NBOWHHM CApHOHHEM 38~
panom, KpafiHe MHTEDECHHME OWM OH 8HAJOTWYHHE SKCIEPEMEHTH c
paccedHyeM AHTHIPOTOHOB HA MPOTOHAX,

TpaImMOHHAA TeXHHXa SKCIEDEMeHTa, BRJINYanmas HCTOYHHE IO-
JAPH30BAHHNX YACTHI, YCKODETEJb C BHIYEEHHHM IyYKOM M HOJADHE30-
BAHHYK MUIEHb, CTAJKMBAETCH C CEDBESHHMA TDYINHOCTAMHE BO BCEX
YaeTAX VCTAHOBKE. VIHTEHCHBHOCTD FMERNEXCS IYUKOB HEINOCTaTOYHO
BHCOK&™ ; OGHYHO WCIOML3yeMHe MuNeHH /4/ He ABIANTCA THCTO BO~
NOPOXHEMY; CYMECTBYRT HeReIaTeNbHHe SBIEHHA DAIMAIMOHHOTO OB~

PERIEHVA ¥ IeNoJApu3aldl MUMEHH NOX HeficTBHEM ImydKa.

2. B cBASHM ¢ 9THM EaxeTcH IeJeco00pasHHEM OOCYINHTH  JADYIYD
BOSMOXHOCTH, & MMEHHO MOCTAHOBKY SKCIEPHMEHTOB C BHYTDEHHe# ra-
30B0fi MOASPNAOBAHHON MMNEHBD B MPOTOHHOM (aHTHIPOTOHHOM) HAKO~
nuTese, MeTomMKa NMOJAPA30BAHHHX I'a30BHX CTPYH aRTHBHO DpasBHBA—
Jack pamom rpymm /5/. YcTaHOBRA ¢ BJSKTPOHHHM HAROMATENEM n
BHYTPEHHEi I'a30BOfi MEIEHBD YCIElHO HCIOJb30BANACE B TeYeHHEE MO—
CHemHUX JeT IJA SKCHEDEMEHTOB IO DACCEAHHN 3JEKTDPOHOB Ha sANpax
B WP CO AH CCCP /6/.

JiA OIEHKN NOCTHREMON CBETHMMOCTH SKCIEDHAMEHTa M CTEleHH
NOJAPASAIMF BOCHOJIB3YeMcs moHATuAmu /7, 8/ pexmmos padoT c"ToH-
Koli" mim "CBEePXTOHKOH" BHYTDEHHUMH MUMEHAME B HakoumTese 3api-
KEHHHX 4YacTHl. IIycTk " eCcTh UMCJO YaCTHI[, HHEEKTHDYEMHX B
HAKOMHTENb 38 CEeKYHILYy. [IpuMeM, YTO OCHOBHO# HpHU#HO# BHOHBaHHA
YaCTHIl M3 NOyYEa ABMAETCA EMEHHO B3aEMojeficTBHe YACTHII C MHEIIEHEN,
a BsaEMonelficTBEEM C OCTATOYHHM TA30M MOKHO mpeHeGpeds. EcJmi
naydaemuil mponecc mMeeT adfexTmeHoe ceueHme 6 , TO Hadumpaemad

%) Tlpagma, CYMECTByeT BOSMOXKHOCTE /3/ TONHATEA HHTEHCHB-
HOCTY C TOMOmMBEW HYYKOB OTPHIATEJbHHX MOHOB H .




CROpOCTH cueTa GymeT pasHA
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rme 6, ecTh NONHOE CeYeHMe NPONECCOB BBAMMOEflCTBHA, BHOWBAD-
OEX JacTHLy M3 Nyuke. PaseHcTso (I) COOTBETCTEYeT TOMY, qTo
OTHOCHTEJEHAL BEDHOCTH LM NAHHOA UACTHIH HCIHTATH HCOJEIyeMoe

B3auMOZeficTEMe paBHA OTHOWEHHD 5/65 » ¥ B.BTOM CMHCJEe TONHTCH
I ONMCAHWA Kak ONHOKDATHHX, TAK ¥ MHOTOKDATHHX HDOIECCOB.

B OOHYHNX YCJOBMAX YACTHUH TEPADTCA, B OCHOBHOM, BCJENCT-
BHe MPOLECCOB MHOIOKDATHOTO PACCeAHAMA, KOTODHE NPHBOIAT K POC—
Ty MONEPEeyHHX pasMepoB ¥ (WmM) BHEPTeTWYEeCKOTO pas3dpoca IyuKa

88 NpENeJH JNONyCTHMHX SHaveHuii, ONHARO, €CJM CYNEeCTBYeT Mexa—

HHM8M B3aTYXaHWA, NPHYEM BDeMA 3ATYXaHHA MeHbIle OGYCJIOBIEHHOTO
MHOTOKDATHHME IPOLIECCAME BDEeMEHM XHSHH YaCTHI, TO OKASHBAETCH
BOSMOXHHM BHITH HA CTaNMOHADHHY DexuM ¢ mapaMeTpamu myuxa(pas—
 MepH ¥ B9HEPTeTHYeCKHii pasdpoc), He BaBHCANEMA OT BPEMEHH. B
KaveCcTBe MEXaHMBMA SaTYXaHWA MOXHO HCHOJL3OBATE DAMMAIMOHHOE
saTyXaHWe IJIA SJEKTPOHOB (NOBHTDOHOB) M SJEKTDOHEOE OXJAKIEHMUE
/9, I0/ mna mpoTOHOB, SHTHNPOTOHOB WM GOJMEE TAXENHX YACTHIL.
lpn aTom MOTHOe CeveHye 6; Gymer ONDENENATHCH He MHOTOKDAT =
HHME)TIDOLIECCAME, HANpPWMED, HEYNDYTHM DACCEAHWEM WM  YIpPYIHM
PaccerdHNEM Ha yIoJ, MPEBHUAIIVA HEKOTOpOe ONpeleseHHOe 3HaYe-
Hge, IlpeneNBHNE yTON PACCEAHEA 3aBHCHT OT KHHEMATHKA OXJAKIE -
HES WK OT anepTypH BakyymHOR KamepH. Taxme ycioBmA sKCIepHMEeH—
T4 IPUHATO Ha3uBaTh /7/ padorToft B pexmMme "CBepXTOHKOR" MMIeHH
B OTIMYHE OT DexMMa "TOHKOH MumeHM" KOTTa MHOTOKDATHHE MPOIEC—
CH He MONABJIEHH,

CBETHMOCTH SKCIEDEMEHTA C BHYTDeHHe{l MUNEHBD,  COTVIACHO
(I},_paBHa
L=¥-

n
6e (2)

H He 38BUCHT OT TOJIMHH MENIEHH, ITOCKOJBKY C YMEHBIIEHMEM TOJIV—
HH BO3pacTacT BpeMA XM3HH JacTHI, T.e. YHMCJAC IepeceveHwmit wmm
MAlleHH, ¥ CTAIMOHADHHE TOK pacTer.

3._ MicomMH NMBa BapmaHTA NMOJYYEHHA NOJADH30BAHHOTO  IJUKA
B HAKONHTEJE. BO~IEPBHX, MOXHO MHREKTHDOBATE B HAKONUTEN: 10—
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JAPH30BAHHHE YaCTHIH M3 YCROpHTeNd., BO~BTODHX, BOBMOXHO "0G0-
rameHEe” IMydYKa YacTHIEMH OIpeleleHHO# mosapmsammm (Gosee OGHCT-—
poe BHMEDPaHWe NPOTHBONOJIORHOH quﬂﬂpnsaﬂnn) BCJENCTBHC 23BHCH-
ero OT CIIMHA paccesHES UYACTHI, HA NoJAprm3oBaHHO# mmmemm /II/ .
Coenaem cHavasa HeCHOJBKO 3aMeyaHWii 0 MOBOLY HePBOT'O BApHAHTA,
PaccoMoTpeR THONYHHA KOJHYECTBEHHHHN IOpPHMED.

[lyeTs MH BAMééM BHYTDEHHKN I'a30ByD MANEH:L B MPOTOHHOM Ha-
KommTese. MemeHp OyneT MpemmoJaraTh CBEDXTOHKOR B cMucJae II.2
¥ mosapnsoBaHHoft Ha I00%. B HAKOMWTENH MHREKTHDYETCH MNOJADH30-
BaHHH# NMPOTOHHEH OyYOK, EMIYJIBC KOTOPOTO IV ONPEeNeNeHHOCTH
Oymem cumraTh paBHEM P = 2 I'sB/c. Ilpm Takoit sHEpTHEH MOXHO
ORHOATE JOCTATOYHO BHCOKOH 5()eKTHBHOCTH 3JEKTPOHHOTO OXAaxme—
mua /3/.

Bpema EW3HE YaCTHIl ONPENeNAieTCHA NOJHHM CeYeHHeM yIpyToro
(KyTOHOBCKOI'O M ANEPHOTO) ¥ HEYNPYyTroTo BsamMomeiicTsmil. Mexanmwsm
BJISKTPOHHOT'O OXJIAXNEHHA CTAHOBHTCA HeBPPEeRTHBHHM INi YacTHI ,
paccedHEHX Ha yra O 2 (2-3).I07° /I2/. Curyammn MOXHO Cy-
MeCcTBEeHHO YJIy4YlHTH, IIOMemasd MHIIEeHE B OCJACTEH MAJHX SHadYeHW
A~ qymxmm (8 = 2.), a oxnammammyuii SAEKTPOHHHA NYYOR — B
oGnacts Gomemofi B -~ fysxmm (0= /3.). GaxTop yBeJEICHEA VA&
38BENIOMO MOXHO crejaTs paBHuM I0, MOXNHMMAA TeM CAMHM IPEJeJs -
HOE BHAUYcHME YIJia pacCedHHmA IO (2-3)-I07°, Ilpm Takmx
yraax Ind paccMaTpmBaeMoff sHePIMM MPOTOHOB MOXHO HpeHeSpedsh Ky-
JIOHOBCKEM PDACCESHUEM.

[lprHMMaA, 9TO CevYeHHe, KOTOpPOe ONpeResdeT BpDeMA XA3SHHA
YCTHD, PABHO Oyap + Oyeye™ 50 M6, MOJyYAaEM CBETEMOCTE
2-10%° cu™2-m,

MlpH TOJIWHE MUMEHHE 10T oM CTAIHOHAPHHA TOK OKA3HBAETCH
paBHHM 3,31 A. Fcsm momycTHTH, UTO MOXHO OXNAXIATEH HAKOI -
JIeHHHEe Vuﬂ I A ToxH, To TpedyemasdA CKOPOCTH MHXCKIMM DABHA =
= 3-10 cax"‘I, IPH STOM JOCTHI'AETCHA CBETHMOCTH 10332,
cex™1, Bpemd BHXOZa HA CTAIMOHADHHY DeXvM NPH 5TOM OKasSHBaeTCA
PaSBHHM HeCKOJBLKEAM YacaM IpH pasMepe NepHMeTpa HaRONHTEAd Hec-
ROJBKO NEeCATKOB METPOR ¥ MEpHONe MOBTOpeHWS mMHEermm# I cek.3dTo
EpeMA MOXHO CYmMeCTBEHHO YMEeHBNHTH, HCIOJB3YA BHaYane OOJEIHE
TOKE KHEeKI#M, CKODOCTH MHXEKIMN NOJADESOBAHHHX IPOTOHOB mo
COBDeMEHHHM IpefCTARICHUAM MOXET NOCTETATH Bemwumad I0 0cex™I,




4, Boabllasg LIOTHOCTL NOJADH3OBAHHOR T'azoBOR MEmEHH (104
GMHEJ COBEpWEHHO HEeOoGXojljMa IJIA BTOPOr'O BapuaHTa, K OCCYRIEHHD
KOTOPOr'o My nepexonum. Jleso B TOM, 4TO NPOLECC NOJSAPH3ALME TPE—
CyeT HHTEpPB&JOB BpeMeHH, [peBHUAKIAX BPEMA RM3HH; MERIY TeM
BpENA EH3HH NpH COJbmOH MIOTHOCTH MHNEHH COCTSBJASET HECKOABKO
4acoB. Bucoras sfipexTMBHASA TONUMHA MHNEHE MOERET GHTL NOJyYeHa C
[IOMOUWBK YCTQHOBKH C HECKOJNBLKHMA Ia3OBHME CTPYAME BIOJL HAKONH—
TEJBHOT'O KosbLa. CaenyeT HMETh B BUIY, 4YTO BTO CHEJEEeT BOSMOX—
HHM OIHOBDEMEHHOE NPOBEJIeHEEe HEeCKOJBKHX HE38BUCHMHX SKCIEpHAMEH—
TOB. '

bospwaa romnuHa mMmmeHM oGierdaer TPeCOBAHHS, [IPENBABIAE =
MHE K OCTATOYHOMYy BaKyyMy B HakonuTene, Tak Kagk B HaUEX YCJOBHh-~
AX BpeMs RU3BHH YaCTHL ONpefeadeTcs KOMGHHaIueit KEYJOHOBCKOI'O H
AIEPHOT'O B3auMOIeRCTBHHl, TO B TPeGOBaHHM HA BeJNYUHY s0heKTHB-
HOI'C BaKyyma JOJXEH CTOATh MHOXHTEJb ~ JHHEHHAs KOMGHHALNA KBaj-
paTa sapAla K aTOMHOI'0O HOMepa fAep OCTATOYHOT'O I'a3za. ECAE 3TOT
GakTop B3ATH paBHHM 20 (4830T), TO IIA TOrO, YTOOH BINAHHE OCTE~
TOUHOI'O r'asa Ha BpeMd XUSHU YaCTHL, OHJIO OpeHeCpeRMMO MaJHM, Ba—
KyyM IOJKEH CHTH MHOI'O JIydue, YeM B_Iu*IBvH,;h' mm Hy , rre
il ~ mepmverp OpSHTH (cM), R¢ - Tomumea mEmeHE (cM™), JUig Ha-
mero cJaydad 83TO TpeCOBaHWE OKASHBAETCH NOBOJLHO JETKHM (Baryym
LONEeH OHTB MEOTO Jyume IO Cum Hg ).

Bropo#i BapuaHT meTona HCXOIHMT M3 MHKEKIME HENONADH3OBAH —
HHX 98CTHL, [OCKE Yero NONAPH3AlAA JOJEHA HARAIMBATBHCH GJaro-
Japs CIOMHOBO# 38BMCHMOCTH DACCESHHA Ha NOJAPH30BAHHON MALEHN.
[lonEy®D CBETEMOCTD MORHO OLEHHETE aHAJOTHIHO TOMY, K4K 5TO GHJIO
CIeJIaHO BHme. JIf OLEHRE NOJYYalueiCs NOJADUSALMH HYKHO 3HATEH
CEeYeHNA B3AUMOLEHCTBHA YACTHL IYYKA B DARNAYHHX CHHHOBHYX COC-
TOAHUAX C MHUNEHBD, oOiamawmeil onmpereneHHoft moaspusaunmeit, He -
yOopyroe pacCesiiée Cpasy BHBOLAT YaCTHUH M3 OyuYrRa. UTO KacaeTcs
YOpYyTOro paccefHdd, TO OHO BelleT K NOTepe YacTHUH, €CJH YroJ
PacCesHAs NPEBHUAET OpenessHOe SHauenue O, . DKCHEDUMEHTSIh-
HHEe JaHEHE OO0 PP -pacceAHMD NpY HUMOYJAbce P = 2 T'sB/c HOK&~
3HBAlT, UTO YOpyToe ceuensme Ha yrow 6>6,, ~ 10~ NpaKTHYeCRH
PaBHO NOJHOMY YIDYTOMY CeYEHHND H KYJOHOBCKEM DaCCESHEEM MORHO
npeHedpedb. Torzia MOXHO OLEHHTh yCTAHOBHBUYDCH NOADPH3ALAD MyY—
K8 4epes pasHOCTh NOJHHX CEYeHMHE B IMCTHX CHOMHOBHX COCTOSHMAX

i

p:gi”’_qﬁf E&_;@_ﬁ (3)

Gy +0G3 - 4£4G7 |
ora dopMysa CielyeT H3 OYEBHIHOTO BHDAKEHMA A UHCIA JaCTHI
Eaxgzolt moaApusanmu Iy B CTalMOHADHOM DERMME B HAKONHTENE,
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rie 7 - BpeMs RASHH [yuKa.

Hcrnosbsys Te ke sKCHEpUMEHTaNbHHe JauHwe mpu P = 2IsB/c,
MH HaXONuM Jy monepeuxo#t noxspmsanmu P> I0%. B caylae npo—
TIONBHOR HOJADH3ANMN JaHEHE /2/ @0 pasHooTE cedemmit O - O,
OPHBOJAT K MoJiApusauum = 16-20%. 3Ty CHTYALAD MOXHO Deam30—
BaTh C NOMOWBD CHOENHANbHO} KOHPUTYDAUWH MAUHMTHOTO NOMA, KOTO-
poe JIOMXHO NepeBecTH NPOIONBHYD NOJAPE3alEl NyIKA B MECTe B34k~
MOIeHCTBHA er0 C MUWGHBD B NONEPEeYHyD NOAApH3AlHD HA OCHORHOK
qacTE Hakonmrens /13/.

06ZacTs NPOTOHHHX MMIYAECOB P 2 I'sB/c, HOMEMO coodpaze-
HH}l, CBABAHHHX C 3()HEKTHBHOCTHD SJEKTPOHHOTO OXJIAXHEHHS, KAXET=

~CA ONaTonpUATHOM! 1A HAROMACHEA NOJADH3AIMH OPOTOHOB H3—34 Ha~

JEIHA B 5TO# OOJACTE SHEDPIHil 3aMeTHHX MNKOB B PA3HOCTAX cede -
mat GG, m G- 6, . OcHoBHNM pacoumM pemumou, cEopee Bee-
I'0, NOJKeH CHTH pexMM padoTH C H3MEHEHMeM SHepI'HH IyYKa HOoCJe
IPONECCOB HAKOINGHMA H MNOJADH3ANEE C TeM, 9T00H H3MEpeHHsa Opo—
BORWIACH B xesaemoff odunactn sHeprmit. IpH aToM MMNEEE, Ha ROTO-
poft DPOMCXOIMT M3yIaeMoe pacCesHEe, MOEeT OHTL OTIHYHOf OT TOH,
kKoTopas HCHOOJB30BaNach LA NOJyICHEA NOXAPH3OBAHHOI'O MNy4EA.
lipaBiia, CBETHMOCTH B DTOM CIyYae CTAHOBHTCH MEHBIE H3-33 NOHH-

- EeHHA CcpefiHe# CKODOCTH HHXeKIHR (BOSHEKAeT NOHOJHHTENLHAS CHBI—

HOCTB).

5. Pasymeercs, OpaMOe YCRODEHH® HOAADHSOBAHEEX MDOTOHOB M
UX HCOOJNb30BaHHe I M3YYeHHd B3amMonelcTBHE CO CBEpXTOHEOR mO=
JAPU3OBAHHOA MANEHBD NaeT GOJee BHCOKYD CBETHMOCTH SKCIEDHMEH-
T4, UeM HaKOIeHHe HOJNADUSAINE H3=3a DA3ANYHA CEUeHHR B3aHMO-
JeficTBuA B pasHHX CHOHHOBHX COCTOAHMAX. OHAKO B HACTOSmEe Bpe-—
MA TOJBKO BTOPOR BapHaHT HO3BOJAET HANeATHCH HA NOCTAHOBKY HO—
NADHSGEBHHEX DKCIEDHMEHTOB JOCTATOIHON CBETHMOCTH C aHTHOPOTO—
samm. /I1/. - _ .




[IpIIOREHMe STOTC IONXONA K AHTUIPOTOHAM NPENCTABIAETCH Be~
¥

CEMa MHTEDECHHM B CBA3W C OPelJIOXeHHHMH B IIOCNeNHee BPEMA CXE-
MaMH HAKOILUIEHHA aHTHIDOTOHOB IDPH SHeDTHH oxeio 2 I[aB ¥ crepocTH
mrexmm I0° wacran/cex /14, I5/. B ycTaHOBMBHEMCA DemUMe DPado-
TH CO CBEPITDHEGE MEMEHB TIPH 9TOM MOXET OHTh IOCTHTHYTA  CBE—
THMOCTD 1033 cex I, Kax W A NOJAPH30BAHHHX ITROTOHOD.

K COFaJIeHND, MMERMascHd E HACTOAmee EpeMA 3HCIepHMeHTAaJhHAM

PIH@ODMEI.LEEFI IO B3auMOmelicTBIN SHTWUITPOTOHOE C NOJADHIOBAHHHME ITPO~

ToHaMH KpailHe OenHa. PaKTHYeCKW B Npeleax BKCIEPEMeHTaJBLHHX
OmGOK Pa3HOCTE CeYeHUi YNpPyIOoTO PACCeAHNAd AHTHIPOTOHHHX IyYKOB
PARMYHEX NOJAPH3aIMil Ha TOJAPMSOBAHHO! MPOTOHHON MIIEHNM MOXHO

CUYHTATE PaBHO? HyJm. JIpeHelOperad pasHOCTEN BTHX CEYeHWil B yupy-— '

roM PP ~—pacCeSHWH W TpeRnoJarad, UTO B HEYUPYTHX PP ~ CTOH—~
HOBEHEAX OHE BIM3KA K COOTBeTCTEyDuelt BeswmuuHe B PP ~ coomape—
HUW, M4 TOJIYYIHIH dﬁgieayﬂzTnpymmuﬁ MOJIAPUBAINHA SHTHITPOTOHOB
oneHry 4+6%. Ha camoM Hese, OIHAKO, OTJMUME CIHMHOBHX »0PeKTOR B
yﬂﬁwmﬁ PP -CTOJKHOBEHHI MOXET OKasaThCid B CMHCJE 38BHCHMOCTH
OT CIMHOBHX COCTOAHNH SHAUYHTENBHHM H3-34 COJBIOTC KOJHYECGTEBA
PE3OHAHCHHX KaHAJOB DENAKIFi, OTKDHTHX B PP ~CTOAKHOBEHWAX TIPH
p = 2 TaB/c.

6. CremyeT OTMETHTH, 4YTO CYUECTBYRT nauuwe /16/ o Hamramm
a(PEeKTOB ANEPHOTO YCUWIEHNA ACHMMETDHH B HEYIPYI'OM DACCeAHWH
OPOTOHOE. [I0STOMY SKCHEPMMEHTH CO CBEDXTOHKUMY SANEPHHMY MUNEHA~
MV TOJEHH OHTH BECHMA MOJE3HHMA C TOYKM 3DeHWS HBYYEHWS  CaMuX
9TuX s@PexToB, TAK ¥ B IendX OTOOpa AJepPHEX MumeHeit, BLEEV VNS
BOBMOXHOCTE IIOJyUYaTE CoJiee BHCOKYHW CTAIMOHADHYD NOJApU3aImo, B
YaCTHOCTH, PASyMHO B KaYeCTBe MUIIEHM MCIINTATL ANpPA C BHCOKMM
CIIMHOM OCHOBHOTO COCTOSHEA,

7. PaccMoTpmM Oonee IEeTANBHO DEXMM, B KOTODPOM padoTa HIEeT
Ha To#f ®me sHeprm#d, Ha KOTOpoft nmoaydaercAa moadpmsaimia. Jo cux
MOp pevh A O TMOJYYEHWV MAKCHMAJBHOF cBermMocTH L . Ilpm  oToM
MOKHO BHYMCJHTEH CTaIMOHADHYD NOJLADH3aINN P. TpeGoBaHEA TOJY=
YeHMA BO3MOKHO 0OJee BHCOKOH CBETHMOCTH H IOJADH3AIMEA B OIpe=-

JleJleHHO# CTeleHM NMPOTHBOPEYWBH: NOCTHREeHWe GOoJbliell IOJApH3aImm

34 cYeT "BHMHPAHHA" ONHOf KOMIIOHEHTH My4YHa HA NOJADM3OBAHHOMN M-

WEHN BEIEeT K YMEHBIEHHH TOKa, &, CJASNOBATENBHO, W CBETHMOCTH.
PasyMHO TIOCTABETEH BONPOC O DeXEMe PAGOTH, HAWIyUIMM COpasoM COo-

HE-

——

9eTamEM BTE TPeCOBaHmA. ONTHMAJEHHM npencTaBnEETcﬁ PEXRAM, NAK—
mE# 22 BpeMa cYEeTA MAKCUMYM BeJYMHH 1.B* , YcpeIHeHHO! o
MOJHOMY IMKJIY PadoTH (HAKOTJIEHHEe YACTHIl, NOJYYEHHUE NOJADM3AINH
# mosesHuil cuer), [TOCKOMBKY Vi XapaKTepusyeT CTATHCTHIEC—
Ky0 TOYHOCTH ONHTA, BeJTYmHE Vi - (wm LP? ) orpamaer E@h
(PEeXTHBHOCTE MMEHHO noﬂﬂpﬁéﬁbﬁhnoro DKCIEePHIMEHTA .

YnoGHO BHpaxaTh BPEMEHHHE HHTEDBaJH C; , OTBeUaDIMEe paz-—
HHM CTaiuAM padodyero LMKJIE, B €IWHANAX CPeNHerO IJA IBYX MOJH—
pUsamuii 9acTMI IyYKa BDEMEHW W3HE < , BBOIA Ge3pasMepHHe
BeJMIMHE X; = (X3 [ [IparTrdecKkr B GOJBIMHCTBE CJYYAEB Bpe--
MEHeM HaKOIUIEHUA JACTHUII MOKHO NpPeHeOpeYhb; TOTNA IWMEJ COINEPRHT
Bpemd mosspmsammm  XLp U Bpemd cdera Lo . Iyers Lo ects cpe-
THMOCTE IPY MaKCHMAJEHOM NOCTHRAMOM 3HadeHmM Toxa (I A TORa co-
orBeTcTEyeT L, = 1093 on< GEH“I). llosApH3aIMln MUMEHA GyIeM
cunTarts papHo#t I00%. Ecum padorTaTh Ges NOGaBJEHHA HOBHX Y&CTHIL,
TO MOJApMBAINS, HAKOMNEHHAA 38 Bpema X = t/T | papua (amamo-
rugEo (3))

P(x): th &z §-64-62

5.1 4‘61 (5)

JIUTHBASA PA3JMYHHE CKODPOCTH BHMUDPAHWA IJIA IBYyX OoJApu3alui,ivme—
eM )

LotXe -x({+8) -x(4 -
e e e ?
L p*= Lo jil‘%f T 4-,5‘%“"5:'(6}

JP Tp

flecHo, 4YTO BHT'OZHO HAYMHATE CYET CPA3y NOCJTE HAKOIJICHUA YaCTH
(omHOBpEMEHHO ¢ MPONECCOM MOJAPM3aIH IYYKA), TAK Kak MAKCHMyM
(6) mo Xp mocruraerca mpy Xp = (. Torma ONTEMANBEMA  pexum
no X, oTBeYaeT M2BKCHMyMYy BEJMIUHH

A(:r)“’:‘pi LLK(& ) V“U
g .(w)%f{z?f’?ﬁ*’;z) 2'g1)*
Ko(2) = stg 0y gt Colagl g
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(supamenwe (8) chnpaBemymmBO A NEJOWMCTEHHEX SHAYEHWH 9 ;A

Ha pmc.I wmsoGpaxera sasmemmocts /I(X) man pasmramux 3HAYE~
mift O . llomoxerne MaxcuMyMa Ha STHX KDUBHX CJa60 BABUCHT OT

M OTBEYaeT MPEMEPHO TPEM-TETHPEM BPEMEHAM XWSHYM MyuKa, YTO
ONpaBIHBAET CHEJaHHOe NpeHeCpexeHMe BpeMEeHeM HAKOMNCHEA. DHa—
verme J1 B MAKCYMyMe De3KO DacTeT C POCTOM (pnc.2). Ipm
BDEMEHAX, GOJBINX, YeM ONTHMAJbHOE, BeqwumHa Jl mamaer Mem-
JeHHO, UTO NOZBOJAET BADHUPOBATEH DaGOumil DEXAM, HE CJIHIIKOM
OpOUTPHBad B Bexyumpe LP* | g PP ~paccedmms mpu p = 2
TeB/c Bemmmmna ©°(%:#4). Brecs marcmMamHoe snauerne /l pap-
Ho 0,0II-0.0I7. |

JOIOBAA DEaNBHOTO BRCHEDHMEHTA NMOKHO CUMTATD COOTHOTET.
ByOIMA CI9al CTONPONEHTHOR MONADHSAINE CO CBETHMOCTHED, COC-
Tanmstonedl I/60 or ceetmMoctn Lo . YueT mpemenm Haxomwiemma
YMEHBIUACT BHYHCJICHHYD BENVYMHY, Tak uTo "opferTmEHas" .= CBeTH-
MOCTD HOJIPH3OBAHHOTO PKCHEDHMEHTa JOCTHTHeT I0°L oM™% cex™L.

8. OneHkW, NpUBENEHHWE B MPENNIYUEM NYHKTE, OTHOCATES K
HSMEPEHWAM IDH TO# Xe SHEPIWH YACTHI[, IDH KoTopo#l mpomcxommia
IOJAPH3AIMA NMy9ka. [IOCKONBKY, Kak yXe YIOMEHAJIOCH,DAZHOCTS Gen
deHni B3aMMONEHCTBEA YACTHI B WHCTHX CHMHOBHX COCTOAHIAX AMeeT
AIDHO BHPAXeHHHH MAKCIMYM MpE oHeprmE  E * Ewm | 1o mma mpopeme~
HUS SKCIEPUMEHTOB mpM E # £,, BHTOZHO MepexommTs Ha “SDTHI0
BKCIEDEMEHTA [OCTe NOCTHXEHUS OIDENENeHHON CTEMeHN MOMApHSAmM
B odzacry £ = En | Kowewno, pesyasrupymroa sjbexrmmmocrs )
TAROTO SKCIEPUMEHTa CYNET CYWeCTBEHHO HERE, e Damblle,

I7 OUEHKE ONTUMAJBHHX XADAKTEpPHCTHE OCHOBHOTO DERKEMA, DPam
COTH C uSMEpeHWAME Ha oHeprmr E#En Gymem CUNTaTh, YTO BpE-
MEHEM HSMEHEHII SHEPTHMM MOXHO IpeHeSpeYh. Kpome Toro, mpummem |,
970 IIDH SHEPTHH DKCIEPEMEHTa DasHOCTh CedeHwl BaammoneficTEma B
DAS3JIMTTHHX CIHHOBHX COCTOAHMAX MaJa, TaKk 9YTO H3MEHEHHEM MOJADM=
Sai yvka MOCJe Tepexofa Ha SHEPTWD CYeTa MOXHO IpeHeGpeTs.
Torna, _a_ganomnoﬁ(ﬁ}, AMeeM.
NP et THe8)  an(es) N
be ~ XpeXe 2L TRt T 5\—] Xp

(9)

10

4_.; :

‘PaccmanHBaﬂ BupaxeHue (9) kak dymrmmo A, ¥ mOTHOTO Bpe—
venn X =T« X |, JeTKO BUEETH, UTO ONTHMANHHAS NOJA B eMeHH,
OTHOCAMAACA K CYeTy, Npu fmkcumpoBamHOM X  paBHa E__c;.: -
= & O 505 sgEncEMoGTD ¥ NOJy9YEHHAS W3 Hee  (YHKIMA
[ﬁ('r}i . 157%¢x) IDUBENEHy Ha DHC.3 IJIA S é— . pmw X =3,
YTO OTBEYAET NPUMEPHO DABHHM BpemeHam Xp mw X, , kpusas A\ (x)
AMeeT pesKmii makcmMyMmM. Bemmrumma £l » MakcHMyme parua 0,0038 .
y9eT BpEMEHH HAKOIUIEHMA HECKOIBKO JMEHBIIHT 5Ty BEJMUAHY. OqHa—
KO BTy NOTEPI MOKHO COKDaTHTh, MPOBONA HAKOMAGHWE YACTHI ONHO—

BPEMEHHO C OCOTameHWeM IyYKa YaCTHIAMY ONpeNeseHHOR MOJTpH3aImH,

llanHad padoTa YACTHYHO BHIOJHEHS BO BpeMAd UPeCHBAHWA OBy X
anTopoB (B.T.3. u C.T.I.) B mome I977 rofa B IEPH , B cBASE ¢
4eM OHN BHparawT GraromapHocThs K.XwoHepy # J.JMKY 3a ILIOIOTBOD~
HHE NECKyCCHM ¥ IOJe3HYH MHPOpMarm#® n anvuHrcTpamm [[EPH 38
TOCTENPUMMCTEO. ABTODH Giaronapn [T.J, Bymkepy), H.C.Inxanckomy ,
V. H.Menxory, B.B.llapxomuyxy, Ji.B.llecTpEKOBY 32 MHTepec K padoTe.
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ON THE POSSIBILITIES OF POLARIZED EXPERIMENTS
IN PROTON (ANTIPROTON) STORAGE RINGS

V.G.2elevinsky, S.G.Popov, A.N.Skrinsky
Abstract

The poesibilities of carrying out the experiments with
the internal gas polarized target in the proton (antiproton)
storage ring with electron cooling are discussed. The following
two variants have been considered: a) injection of the polari- °
zed besm of particles into the storage ring and b) enrichment
of the unpolarized beam with the particles of specific polari-
zation, due to spin dependence of the particle loss probability
in the interaction with the polarized target. The estimates of
optimal operation regimee are given for the second variant.

I, In recent yéars the interest in the experimental stu -
dieg dealing with the interactions of polarized particles has
been considerably increased. Both the accelerators with polari-
zed particles are being developed and the methods for polarized
targets are being worked out in various laboratories /1/. The
measurements of the elastic and inelastic interaction cross
sections for pure spin states  are essential for verifying nu-
merous theoretical predictions. In the case of pp - scatte -
ring, the effects of polarization and gpin correlation are
 large and strong dependent on the emergy /2/, that may be in-
. dicative of the existence of exotic states with the double
baryon charge. It would be extremely interesting to conduct
gimilar experiments with antiproton-proton scattering.

A conventional technique of the experiment involving the
polarized particle source, the accelerator with the emitted
 beam and the polerized target faces the gerious difficulties in
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all sections of the facility. The beam intensity available is

not sufficiently high;*) the commonly used targets /4/ are not

purely hydrogenic; there are undegirable phenomena of the ra -
diation damage and of the target depolarization under action
of the beam.

2. In connection with this, it seems to be worthwhile to
discuss snother possibility; namely, the possibility to perfomm
the experiments with the internal gas polarized target in the
proton (antiproton) storage ring. The methodicse of polarized
gas jets have being intensively worked out by number of experi-

mental groups /5/. In last years the facility with the elect -
vron storage ring and internal gas target has been succesfully
used in the experiments on electron scattering by the nuclei
at the Institute of Nuclear Physics of Siberian Division of the
USSR Academy of Sciences /6/.

To eatimate the achievable luminosity of the experiment and

the degree of polarization we use the notations of the opera -
tion regimes with "thin" or "super-thin'" internal targets in
the charged particle storage ring. Let n be the number of

particles injected into the storage ring per ‘second. Let us as-
gume also that just the interaction between the particles and
the target is a main reason for the particle losses in the bean,

whereas the interaction between the particles and the residual

gas can be neglected. 1f the process under study has the effec-

tive cross-section G , then the observed counting rate will
be egual to :

N=n-

(1)

«Al

where G, is lhe total sross-gection of the interaction proces-
ges knacking e particle out of the beam. The equality (1) cor=

responds to the fact that the relative probability for a given

partlcle o undergo the interaction under gtudy is equal to the

ratio ;&% , and therefore thig is suit to both the single and

*) Though, there exists a pussihilitF /3/ to increase the inten~

gity with the beams of negative H~ ioms.

multiple processes.

Under usual conditions, the particles are lost moatly .
due to the multiple scattering processes, which lead to incree-
ging the transverse size and (or) energy spread of the beanm
and their values can exceed the permissible ones. However, if
the demping mechanism exists, the demping being shorter  tham
the particle lifetime due to mmltiple processes, then it pro -
ves to be possible to operate in the stationary regime with
the beam parameters (size and energy spread) independent on
the, time. As a damping mechanism one can use the radiation
damping for electrons (positrons) end electron cooling
/9, 10/ for protons, antiprotons or more heavy particles. Here .
the total cross-section 6y will be determined by sing-

le processes rather than multiple ones, for example, by in -

elastic scattering or elastic- scattering at the angle excee -
ding certain maximum value. The maximum scattering angle de -
pends on the cooling kinematics or on the aperture of.the va-
cuum chamber. Such experimental conditions are generally re-
ferred to as /7/ the operation in the "super-thin" target re-
gime in contrast to the "thin" target regime, when the multi-
ple processes are not suppressed.

The luminosity of the experiment with the internal tar -
get according to (1) is equal to '

L=#-2 (2)
e S,

end independent of the target thickness, because, the particle
lifetime, i.e. the number of intersections of the target by the
particles, as well as the stationary currant increase as the
thickness is reduced.

3. Two variants for producing the pclarlzed heam in the
atorage ring are possible. First, one can to inject the pola -
rized particles from the accelerator intc the storage ring.
Second, it is possible to "enrich" the bean with the particles
of specific polarization (faster extinciion of the opposite
polarization), due to the spin-dependent scattering of the par-
ticles by the polarized target /11/. Let us meke some remarks




concerning the first variant. To this end we cite a typical
quantitative example.

Let us assume that we have the internal ges target in the
proton storage. ring. The target is sqppased to be superthin
(section 2) with the 100% polarization. The polarized proton
beem whose momentum, for the sake of clarity, is assumed to
be equal to pz?-—af-f , ig injected into the storage ring. At
this energy one may expect a sufficiently high efficiency of

" the electron cooling /3/.

The particle lifetime is determined by the total cross-
-gection of elagstic (Coulomb and nuclear) and inelastic in -
teractions, The electron cooling mechanism becomes inﬁ:;fecti-
vefigffor the particles scattered to the angles Oz(E3)5. These
things may be substantially improved, if one places the tar -
get within the region of smell values for ﬁ - function
( @=p; ), while the cooling electron beam virith:.tn the large

)9- insertion ( ﬁ= ,B, ), One may have deliberately the in -
crease factor to be edual to 10, thereby incx;gasing a.. limiting
value of the scattering angle wup to =290 . At such angles
the Coulomb scatiering can be neglected for the proton sner-..
gy under consideration.

Assmmihg that cross-section, determining the lifetime of
the particles, is equal to q’t-n-ﬁ:hzﬁ.j., one obtains the lumi-

25 -2
nosity L=2107cw -n ¥ -2
10 em ’

. At the target thicknese® the stationary current proves to
be equal toﬂ-fl‘f’n A. If one sssumes that it is possible to
cool the currents accumulated to 1 4, then tliua re;:_;!j‘.?reiiijec-

tion rate is n=3-fﬁ¥';”’, therefore the luminosity ~7U ecm 3
is E.Ghiﬂ"lfﬁd-

“In +he »:3e, when the storage ring slae equals to seve -
rel tens of meters and one has 1 sec injection repetition pe-
riod. the time necessary for the transition to the stationa-
ry regime seems to be equal to a few hours. This time can be
espentially decreased, using a higher rate of injection, which,

10 -1
on the present-day knowledge, may achieve 10'" gec "o

4. A high density of the polarized gas target (‘fﬂfﬂ;b;a) is
needed for the second variant, to the discuasion of which we
are proceeding. The point is that the polarization process
calls for the time intervals exceeding the lifetime, whereas
the lifetime at & high target density constitutes several hurs,
A large effective thickness of the iarget may be obtained with
the facility with several gas Jets along the storage ring,
It should bear in mind that this will allow a simultancous
performation of some independent experiments, Moreover, a lars
target thickness reduces the demands made to the residual va -
cuum in the storage ring. Since under our conditions the par-
ticle lifetime is determined by the combination of the Coulomb
and nuclear interactions, then the requirement for the effec-
tive vacuum must include a certain factor depending on Z°
and the atomic number of residual gas nuclei, If thig factoris
taken to be equal to 20 (nitrogen), then in opder that the re-
gidual gas influence on the particle lifetime. may be negli -
gibly small the pressure must be much more less than fﬂ"mmg.
This restriction is not strong, but one needs to tak%mmt

that with decrease of the target thickness the vacium must be
improved correspondingly.

The second variant of the method is based on the injec -
tlon of unpolarized particles, after that the polarization
must be accumulated, due to the spin dependence of the scatte-

‘ring by the polarized target.

The total luminosity may be
estimated just as above. In order %o estimate the polarization
obtained, it is necessary to kmow the interaction cross-sec -
tions of the projectile in certain spin states and the target
possessing a specific polarization. Inelastic scattering remo-
ves the particles from the beam immediately. As to the elastic
scattering, this results in the particle loss, if the scatte -
ring angle exceeds the maximum value. The experimental data
on the pp = scattering at the mﬂmﬁntiﬁﬂi’%&‘thﬂt the elas-

tic cross section at the angles ﬂ?&.'fﬂqis equal practically to

the total cross-section, and the Couwlomb ecattering can - be
ignored. Then one can estimate the stationary beam polariza-




tion in terms of the total crosgs~-sections in pure spin sta -
tes:

Ges — O -G
P=n—t _ Sa-lu. (3
13 * b 2(5}

This formula follows from the obvious expresgion for particle
number N, for each polarization at the stationary regime

Ry p-T = é‘ - (4)
where T is the bean lifetime.
Using the some experimenta: data for PZ%! s we find

P 10% for the transverse polarization. In the case of lon-

gitudinal polgrization /2/ the information on the cross-sec -

tion ﬁifferennéiiﬁgﬁﬂ t0 a 15=-20% polarimation. This gitua -

tion may be carried out with a special magnetic field confi -
guration which must converi Ihe longitudinal beam polarization

at the point of its interaction with the target into the trame-

werse polarisation on the bagic sectiom of the storage ring
f13/.

Alongside the considerations connected with the electron
cooling efficiency, the proton mozentum valﬁﬁ.wmhle for
the proton pelarization accunulation due to the presence of
noticeshle pesks in cross-section differodoes Stnd G, -Gy, in
this energy region. The regime, where after the processes of
sccumulation smd polarization the energy changes so that the
meagurenent is carried ouf in the desirsble emergy region, must
be. most probably, the main operating regime. Here the target
on wiich the scatterins vnder study occurs may be different
from thet used for -obtaining the polarized beam. H
fiim cese. becomes smsller due to the decreasing of the avera-
ge imjection rate (an sdditional duty factor arises).

5. Of course, a direct acceleration of the polarized pro-
toms snd their wtilization in the study of interactions with
the enperthin polarized target gives = higher luminosity of the
expe-inemt, compered %o the polarizetion accumulation. due to
ihe differemce of the inferaciion eroga-sections in various
apin ctotes. At presemt only the second variant allows, howe-

B

ver, to hope for performing the polarized experiments of suf- ..
ficient luminogity with antiprotons /11/.

Application of this approach to antiprotons seems to be
highly valusble in connection with the recently proposed sche-
mes for antiproton accumulation at an energy of aboul 2 GeV
and an injection rate. of 168 par‘ﬁiq_ﬁlesfsec /14, 15/. In‘'the
gtationary operation regime with the super-thin target the ac-
cesgible luminosity m;a:r be 11:!33 cm_z sen'T, jué,t ag in the
case of polarized protons. '

_ Unfortunately, the presently available experimental in -
formation on the interaction of antiprotons with polarized
protons is extremely poor. Within the experimentai errors the
difference in the cross-sections of the elastic scattering of
different polarization antiproton beamggﬁhe polarized proton
target may be actually considered %o equal to zero. Neglecting
the difference between these cross~sections in the elastic Pp
- scattering and assuming that for the inelastic pp- colll -
sions thig quantity has approximately the same value ag for
the pp - collision, we would find the estimate 4 + 6 % for
the resulting entiproton polarization. Practically, the dif-

Perence between the spin effects in inelastic Pp - and

PP - colligions may prove, however, significant due %o a
large number of resonant reactlon chanmels opened in the fp -

- colligions at fz2 GeV/c.

6. It should be noted, that there is evidence /16/ on the
nuclear enhencement of the spin asymmetry in the inelastic
proton scattering. Therefore, the experiments with super-thin
nuclear targets must be very useful as from the view point of
the study of the nuclear effects themselves, so for the selec-
tion of nuclear targets meking possible to obiain a higher
atationary polarization. In particular, it is reagonable to
test as a target. the nuclei with a high ground state spin.

7. Let us consider in more deteil the regime where one
operate§ at the same energy at which the polarization lig obtai-
ned. Up to now, the question was to obtain a maximum luminosi -
ty L . Here,it is possible to calculate the stationary pola -
rigation P . The requirements for the obtaining of highest




difference of the interaction cross-sections for various spin
states is smell, so that the change of the beam polarization
after the transition to the count energy can be neglected.
Then, similar to (6), we have

-2, -2,(1+5) -%p(1- by z

Gnnsidaring expressinn (9) as & function of X, and of the
total time X= 3-};*1! 1t is eagily to see that an, o timal time
e - _jE:J
share comnected to the counting is equal to-F at =
fixed X . This dependence and the functlonpuiﬂnaxﬁﬁm y deri-
ved from it, are presented in Pig. 3 for 5=§; « At X= 3y
that approximately corresponds to equal times X. and X, , the
curve /L{X) has a sharp maximum. A value A in the point of
. maximum is equal to 0.0038, The account of the accumulation
time somewhat decreases thise quantity. However, this loss may
be reduced, carrying out the particle sccumulation simultane -
ously with the enrichment of the beam with the particles of
definite polarization.

In part this work wag capried out during visit time of
two suthors (V.G.Z and S.G.P.) in CERN in June 1977, in con =
nection with this they express their gratitude to K.Hubner and
L.Dick for fruitful discussions and useful information and to
CERN administration for hospitality. The authors are grate -
ful to [G.I.Budker], N.S.Dikansky, J.N.Meshkov, V.V.Parkhomchuk,
" D.V.Pestrikov for the interest in this work.
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FIGURE CAPTIONS

Dependence of the polarization experiment effective-
neas/\. on a relative count rate for various values
of spin interaction asymmeiry.

Dependence of the maximum offectiveness /\ max ©On
the spin interaction asymmetry.

Optimum sghare Icqpf/.x of the counting time and corres-
nponding effectiveness MfI}ch=x=%nf the experiment .
for the operation at the energy different from the po-.
larization energy.
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