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Aan 0030p NMpOBeIEeHHWX B HHCTUTYTe TEOpeTHYESKEX I HECHE-
PUMEHTAIBHEA UCCACIOBaHHA] NOBENeHUA NOJAPHBAIN YacTUll &= Hako—
TATENAX., B TEOPeTHYECKMX padoTax M3yYeHO NBUKEHNE CIAHOB 48C-
THII B [OpPOHM3BOJBHHX HEOIBOPOMHHX MNOJAX M BHACHEHH ycuaoBES cyuwe-
CTBOBAHAA SQeKrTa palManMOHHO# [O. PE3AUAN. BHABIEHY LM POKKE

BO3MOXHOCTH YIDABICHHA NOJADHA3ALMEH MYYKOB B HAKOMUTEAIX W ye-
RODUTEAX,

PaccMOTPeHH METONH WU3MEPeHVS [ONAPH3AIME OIMHOYHOTO I
BCTPEYHHX MyHYKOB ¥ CIOCOGH [peaHaMepeHHO JenOoJApU3aling,

[IpMBOTIATCS PE3YJILTETH H3MEeDEHNS BpEMEHH N CTelleHM paIma-
LIMCHHO# nosApusanun. Msy4eHo IeficTBHE CONHOBHX Pe3CHaHCoEs,

OmucaHo NpUMEHEHUE NOJAPMR0RAHHNY IYyYKCE JJIA OIpejesJeHus
aJCOJIKTHO} YHepruy YacTdAn B HAXOMUTese M NPeluM3uOHHOI'O CpaBHe=-
HEA 2HOMSJIBHHX MATHATHHX MOMEHTOB SJEKTDOHA H IO3HTPOHA,




1. 0B30P TEOPETWYECKIX PE3YIBTATOB

. OfderT panualMOHHON NOJAPH3aLEH JEeTKNX SapAKeHHHX 4Hac—
o0 (BJEKTPOHOB M IO3ATPOHOB) BHCOKOH 2HepTHM [OpH IBMEEHME B OJ-
HODOJHOM MATHHTHOM [IONe OHJ OCHAPYXeH TeopeTHueCKs B IS63 r. B
padore Coroaosa u TepHoBa /I/. OTOT SEIEKT MORHO HOACHHTL KIac—
CHYeCKH, DacCMOTDPEE He3apAkeHHYD YacTHIy C OCJbUiiM codcmnennﬂu
MEXAHIECKIM MOMEHTOM < 5 >>4/2 ¥ MATHHTHHM MomeHTOM A4 =938 ,
IBEEyUyDCA NpAMONEHefiHo momepek marHmrEOro mond H. Torza B cod-
CTBeHHOli CHCTeMe ¢ MATHATHHM IIOJIEM ;’H , W3-38 [PEeLeCCHOHHOTO
MaTHETO-IHMIONBHOIO N3JIyIeHnd MATHATHH{ MOMEHT OymeT "saTyxaTh"
K noroxeHan "mo momn” {mmma aneprnn) [0 ypaBHeHMI:
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OTcona xapaxTepHoe BpeMA 3aTyXaHma (MpM MaJHX OTKJIOHEHMAX Mar-
HETHOT'O MOMEHTa OT HaNnpaBJeHAd [ONA) DABHO:
~ | 48 ofp2yy3|1
BT X T 7°7 H ‘
PaccMaTpEBas 3Ty CHTYaURD KBAHTOBO-MeXaHWYECKM, IIOJydIaeM
}T&BHBEH&:
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370 ypaBHeH#e B EJacckyeckom mpexeke mepexomat B (I). PaBHOBec-
Had cTeleHh NOJAADH3ALME OCTaeTCd PaBHOM 100% miAa OPOH3BOJEHOTO
CIIHHA,

JUa sapakeHHON YacTHIl C 3apANOM € M T'MDOMATHHTHEM (QaRTO-
pow 9 (9= 3e/zmc)nuoﬂe-mrnymee ypaBHeHHe EMeeT OOkl Bin

/2/: .
Se=ol-Si/h — e Sy (3)




TNl KO3QQUIACHTH e HE SABUCAT OT BEJIIMFN CoEHA A B yAbTpape-
JATEBHCTCKOM CJIyIae upompmafﬁmliu ZH° . Ina couna I/2
ypapuenme mpummmaer Bun (G = 4/2) :

S:u = . }/2 = oty Sy

KBaETOoBOMeXaHIYecKnit cMica KoadhuiueHToB oy CTAHOBHUTCHA MOHAT=
HEM M3 CDaBHEHWS 9TOrC YDABHEHHA C 2JIeMEHTapHHM ypaBHeHueM Ga—
naHCa IJIA COMHE [/ K&K NBYXypPOBHEBOH CHCTEMH: ofy M of- —NPEN-
CTaBIANT COGOf COOTBETCTBEHHO CYMMy M DasHOCTEH BepOATHOCTeH me-
peBopoTa cimHa 1/< B EIMHEILY BpEMEHH: oLy = P-H .

OtmeTind, 9T0 JUIA GACTAUE ¢ GOIBUMM CIUHOM CKODOCT HOJApE-
3aUM ONpeIeNAeTCA DasHOCTEW BepoATHOCTed mepexoza (2, '=\-;-¢_Q,
B TO BpemA Kax mai cuuea I/2 CROPOCTE Z.'= of, i

JIA cuyuas YacTHIH C GOMbilMM T'UPOMATHUTHHEM (aKTODOM (Q»I)
4JacThP W3NAy4YEeHUA 3apana, 3apucAueff oT clKMHa, 0O CPaBHeHED C A3
AyYeEMeM MarEMTHOTO MOMEHTa MORHO NpeHeCpeub. [lpu aTOM HemHep-=
AQIBHOCTS JBEREHNA YacTHLH HeCyuecTBEeHHa, oOpaTHad BEPOATHOCTH
nepexofia KciesaeT:

oLy = |ot-| = ‘_52_{:113!,:,?;”3‘

® ypapuesnze (3) copnamaer c¢ (2): JuA SapmEeHHON YaCTHIH, y KOTO—
poit @~ 41 , ¥BaHTOBNe (UIVKTYAUME M3JyYeHUd OPHBOJAT K 0o0paT-
puM mepexonas ( ofs > fof=| ) & yMmeHBuaRT PaBHOBECHYD CTENEHD
nosspusams § .Tak, WA 57eKTPOHa B ONHOPOMHOM MArHATHOM [OJe
3= lg__ l/d_., =92%.
OmeHERa BpeMeHH NOAAPM3Al(MHM, OCHOBAHHAA Ha [PHMEpe Hesapsa=
seHHOR gacTwmy (HefiTpoHa), Ghia nama B.J.Jncommem /3/.

2. Tosydennsit CorosoBsM E TepHOBHM pe3yJBTaT ykasal Ha Cy=
gecTBOBaHAe [OJAPHSYDWEro MeXaHHU3Ma. JIng BHACHEHHA DeaJbHHX BO3—
MOXHOCTEll HOJNy9eHHA HOJAPH3OBAHHHX JaCTHN B HAKONNTEJAX HegOxo~
JEMO OHIO ECCHSHOBATR DAINANNOHHYY NOXADHSAIED B HEOXHOPOXHHX

B HEONHOPOJHHX NOAAX M3MeHEHEE COCTOAHHA NOJAPH3AIMH opo-
HCXOJMT Kar OAaroiapA npamoMy HelCTBED H3Jy4YCHHE, Tak H BCHENCT-
BHE BO3MyWeHUA H3JyJYeHHEeM OPOATaJLHOI'O NBHEEEHHA.

liccaeopanie HpaAMOTC nelCTBEA H3Ay9YeHMA Ha HONAPE3ALAD
yALTPapeJATHBECTCKEX JIETKHX 4acTHi B OPOM3BONEHEX HEOZHODOIHHX

noaax (mpejnonaranach Jubk MATOCThH UBMEHEHMA NOJA Ha nauHe Gop-
MEApOBAHHA M3Jy4YeHHA) OHJO NpoBejJieHO B padorax B.H.bajtepa,
B.M.Karxosa u B.M.CrpaxoBeuro /4-7/. Craio fcHO, 49TO HEOJHODPOI-
HOCTH IIOJIA HE H3MeHAeT CYWeCTBEHHHM 00pasoM OOJApUsyDImf MeXa-—
HM3M, OCH38HHHH NPAMOMY B3aUMONEHCTREI CIMHA C HBAYYEHHEM.

BaxHOCTh HecJeoBaHuA adPeKToB Boaje#iCTBHA M3NYUEHHA Ha O~
JApH3aI¥D Yepe3 OpOHTANbHOE IBHXEeHMe CBfA3aHa C TeM 0GCTOATENbCT—
BOM, YTO BpEMEHA peJaKCallii OpCHTANPHOrO IBHKEHWA Ha MHOTO 0O-—
DANKOB MeHblle BpeMeHH noJapuaarun. Hsyuenwe sTix s@pexToB OHIO
Heuaro B.H,Baitepom u K.®.Opaosun /7,8/. Bujio nokazaHo, 4TO OpCH-
ragbHas JE(dysnd, BHaHBaeMad KBaHTOBHMHA (QUYKTYaLMAME HA3JIyIeHHd,
OpH HaJWYAM MaJHX BepTHKAJBHHX ACKa¥eHAR 3&MKHYTHX OpDOHMT B Ha-
RONHTeJie, ODPHBORMT K cioMHOBOR muddysmu. 9TO JeNoJApHE3yEmec BJiA-
HHe M3y4YeHHdA HOCHT pPe30HAHCHH{ XapaxTep B OpH AOCTATOYHOM OJE- -
30CTE 49acTOTH IPELeCCHH K YacToTaM BOsMymeHH# paspyuaeT palMaiik—
OHHy® [OJIAPH3aIMD,

3. 1 DoJHOT'O QTBETa Ha BOOPOC O CYWEeCTBOBaHHM DaIHalMoH~-
HOft mosipMzalME HeodXommm OHJa IeTalbHH# aHaJus OOBEJEeHHA OOJApM-
38lME C yIeTOM BCel COSUMPMKN . WwkeHHd YacTil B HaROMATEJAX.
B parsHefiiem OHJIO NpOBelleHO HCCJeIOBaHEe IUHAMMKA COMHA, He OI-
paHNYEeEHOe OGHYHHM CJIyYaeM HOYTE AKCHANbHWX MArHATHEX moaeRt/9-Il/.
Odo0meEre HA CHTYALEE C OPOM3BOJLHHMA HEOJHODOJNHHMH [IOJAME Npey-
CTEBAAET NpPaKTINeCKHd MHTEepeC JUIA HCCASNOBaHEA BOSMORHOCTEH mO—
Jy4YeHHEs JNOOI'0 HYRHOTO HaOmpaBJeHHs noadpHsanud. IIpm oToM Ohan
pPESBATH METOJH ¥ NpeJCTaBJeHHA, OO3BOJMBUEE HONYYHTH eNHHOE OIlE—
CaHWe paJRalHOHHON HOJADUSalME B [POHSBOJBHHX 9JeKTPOMATHHATHHX
HOJAX ¢ y4eToM BceX cymecTBeHHHX s@iperToB cnmE~OpPCETaNbHOE CBA3H.
lponenanau aHaIN3 N03BOJIAET KOJMIECTBEHHO OOECATH OpOIEece MoJsi-
pHBAIMA KAK B OCHUHHX CHTyalMAX, Tak H B CHTYalHdAX C [NSpeMEeHHHMA
no HanmpaBdeHAw moasmm /2, 12,13/,

BHJIO yCTAHOBAEHO, 4TO JIA JOOWX CTAlEOHADHWX MATHATHHX (aueR-
TPOMATHHTHEX) Noseil, 0G6CHeUHDADMEX CYNECTBODAHME SaMEHYTHX (H
craGmIBHEEX) opouT dactdn Z (6) ( § - odoCmeHmEWit asmMyT), cyme-
CTEyDT 3aMEEYTHe (NepHOJEYeCKH NOBTOPANNAECHS Ha JAHHOM a3EMyTE)
CIMHOBHE TDAeKTODME /7(8) , ycTofuEBHe B He MeHbHe#l CTeNeHH,dYeM
B cuyd4ae MOYTH OJHOHANDABIEHHWX mnojell (HeycTofUEBOCTE BO3MOEHA
Db BOIMSE COMHOBHX pesomancos) /9,I0/. Ormiomenmu#t ot A (8)




CIMH MpEereccHpyeT BOKPYT i??&) (mopo6HO TOMy KAk B OJHOHAMPAB-
JIGHHOM OOJIe CINH NpeLiecCHpyeT BOKPYT /A ).

970 OGCTOATEALCTBO OTKPWBAET mMUpOKMe BOSMORHOCTU, BEEJESHN-
eM CHelWaNbHEX noJeft, moxydaTh Ha 34TAHHOM asuMyTe Jcoe ycToii-
YMBOe HampaBJieHWe CMHHA YacTul B HaxomaTexse (B YACTHOCTH, OpO-
JONBHOE)

C MeTomzMYeckofl TOUKE SpeHmA MONE3HO OTMETHTh, UTO BOSMOR-
HOCTHL OCYUWEeCTBETE, BHOOPOM I'€OMETDHM MarHWTHOr'O MOJA, yeToRI -
BOE JIBMKEHNMEe CMMHA C 3SUAHHHM HampaB/JeHHeM B HYRHOM MECTe opou-
TH aHANOTWYHA BO3SMORHOCTE JNOOCHTHCA YCTONYMBOCTE OPCHUTAIBHOIO
NBWREHAS YACTHI] B HAKOMATeNe CO CJOKHOH (opmot pABHOBECHO# Tp&—
exTOpru, Hampimep, BBelieHWE MPONOJBHOI'O MATHUTHOTO NOJA Manoi
BEJEUAHY B HAKOMATENH (C [VIOCKHMH 3&MKHYTHME ODCHTaMy) OPUBOJHT
ML K HeGOJbHOMYy OTKJIOHEHRD YCTORUMBOIO HanpaBJeHUs paBHOBEC—
HOft MOJSpHSAIAM OT BEPTHKANBHOTO (BIAMM OT CHMHOBHX pEeBOHAHCOB).
Eozee TOTO, BBeJieHEe NOJA, MOBOPAYMBAUETO CNHH Ha YTOJ MOPAMKA
eIMHMIH [pH OIHOKDaTHOM MNpoJeTe, HE paspyuaeT yCeTOWIMBOCTH CMHA—
HOBOT'O JBMEeHKH, & MPMBOIMT K CHJBHOMY H3MEHEHMD HalpaBJeHIA
paBHOBeCHO} NOJApPH3arun "

4, Nepese mpegnozenuss (IS70 r.) coszaHMA HYXHOTO HampabJe-
HEA DOJIADMBAIlHE, B YaCTHOCTH, HPOTOIBHOI'O, CONEPERAINCH B padgoTe
/10/ (cm,Taxxe odsop /7/ ¢tp.477 (p.7I4)). IpoRoabHO MOLAPE3O-
BaHHHE MyYKI MOEHO MOJYYHTH MHOTEME CHOCOGaMI. PaccMOTpHM OpOC—
tue npumeps /I0/. Beemem B NpAMONUMHEHHHE IDOMEXYTOK HAKOMITE/A
pammanbHoe MarmEETHOe mote Hy . Tpedyemas BeawduHa JUIA NOBOPOTA
cOMEA OTHOCHTENBHO CKOPOCTE Ha yroa #/2 Ind 3JeKTPOHOB DaBHA
#/ = 23 xraycc x werp, rie £ - JMHa YI8CTEA C BBEJICHHHM HO-
nem (mna nporomo A,/ = 27 Krayce X MeTp; CIMSOCTH SHEUCHUH
rTpeGyeMix nmoJe#l OGLACHAETCA TeM, 4TO aHOMAaJbHHE MArHUTHHE MOMEH-
T4 HJEKTPOHA M NPOTOHA NMOYTE DEBHH [0 aGCOJNTHOM BesyuHe ) . Bapss-
pya peamumuy Hy 10 OPOMEXYTKY, MOXHO HNONYIHTDH Jmndoe Tpedyemoe
HaOpaBieHue NOJApH3AINA B MEeCTe RCGTpEYA. 1A BOCCTAHOBJIGHHA Ha=
npaBJeHAA [OJADUSALMA BJOJE NONA K CRODOCTH HaCTHI [OGIE opo-
XORIEHNA OPOMEXYTKA HYRHO HEJOXUTH YCJIOBHE Jﬁ,(a)e’¢9= 0. He mpen-
GTaBAAET CYUeCTBEHHHX 3aTpyIHEHHl BOCCTaHOBHTh M OpdUTy Ha BHXO-
Ie #3 OpOMEXyTKa. B TarMX BapmaHTax ofecleuMBaeTcd BHCOKAA cTe-

NeHs pamuallMoHHO# moJApH3alni.

o

l[py BpameHUAX B 3aJaHHO# ILIOCKOCTH MONEPEUYHHME K CKODOCTH
MOJIAMM, CYWEeCTBYeT CBABL MERLY yIVIaMil [OBOPOTa CROPOCTE “f oT-

HOCHTEJIBHO OCHOBHOl ILIOCKOCTH ODOGHUTH M cnuMHA Y OTHOCHTENBHO
CKOpDOCTR: :

Y =a/pg-2)= 1YV

llpn NoOBOPOTE paNMaNbHEMEA [OJAMH, B TOYRE OCYWECTBAEGHHA MNDPOIOJb—
HO# NOJApUBAELME yToJl HAaKNOHA CKODOCTH paBeH #/2V , AMmiuTyna
BepTHKATbHHX HCKaxeHHl ODOHTH B NPOMEXYTRe C BBeJEHHWM DaEaib—
HHM noJjiem OyIeT 3aBHCETh OT SHepIrEM, BHOOpD BapuaHTa quenanaaf—'
CA KOHKPETHHMH SKCIeDHMEHTAJLHHME YCJIOBHMAMU. Hanprmep, TpaexTo-
pus 4acTHIl B NPOMEXYTHE MOXET MMeTh BHI, H3oCpameHHH# Ha puc.la.
PayuansHoe MarHATHOE NOJE MONePeYHO IMOCKOCTH DHCYHKA H BBEeJeHO
B odmactax I, II u [, lpomossHas NOAApH3aNES MPOTHBONOIOXKHNX Ha~
IpaBleHu# OCYyWeCcTBJAETCA MeRNLy odnacTaMm I, I u II, Il (erperra-
M YKAB8HO HaNpapJeHHe MOJApHsane®). HpyTUM ODEMEPOM MOXET CIy—
RNTH BApHAHT, NPeAOReHEH# B padore /I4/ (cm.pme. Id). 3mecrk npo-
IOJBHAA HOJNADH3ANAA OCYyWecTBAAEeTCA MexIy obmactamu II m W, ([po-
JOJbHaA HOJADH3ANEA NPOTHBOMNOJOXHOIO HANDABJIEHHA MOEET HMeTHh
MecTO Mexny ofmactam# I, . m [, IV). OCoGeHHOCTH 2TOrO BapEAHTA
3aKIrMaeTcd B TOM, 4YTO BCTpeYa NPOJOALHO-HOAADA3COBAHEHX YACTHI]

ocymecTBAAeTCA B Touke 0, MOJOREHHE KOTOpOf#l MO BepTHKAIN He 38—
BHCHT OT SHEpPI'HH. .

[lpyn IBU®EHHM 0O OMHON! OpGETEe B JDGOM MATHATHOM [OJNE SJEKT—
pPOHH ¥ [IOBHTPOHH 32 CYET HIAYICHEA NOJADHSYDTCA B OPOTEBONOJIOE—
HHX HampasjieHEsX (B YACTHOCTH, STO COXPAHAETCA W B MECTE OCyume-
CTBJEHHA MNPOJONBHOR HOAApM3ALME). MOEHO MONYIETH BCTDEYHHE BJAEK—
TPOH~TOSATPOHHHE MYYRHM B C OJMHAKOBHM HaNpaBJeHHeM [OJAPH3EIHH.
1A 8TOro JIOCTATOYHO PasIBEHYTE D9HEPI'HHM [OJADH30BSHHHX LIYIROB
paJyanbHEM SJIeKTPHYSCKAM MOJEeM H NepeBepHYTh HanpaBleHHe IOJADE-
3alil OIHOI'O MB OYYKOB, NDOBEAA €0 SAMACaTHIYCCKE 4epes co3faH—
Huft cnuHOBHi pesoHaHc /II/. CocTosHEe NOJADMBAIME C OGDAWEHHHM
HalpasjeHAeM IHHAMEIECKA CTOMb e JCTOMUMBO, Kak H "eCTeCTBEHHOESS
B JIZUWE BCJIEHCTBYE DaIMaIMOHHHX MNponeccoBP GyneT MeLIeHHO penak-
CHpOBATh K HOCJEIHEMY.

[Ipr mBEXeHHM OYIROB N0 DASHHM TDAGKTODMAM, KAK HAOPEMED,B
HagomaTege DORIS  (PPT) m DCT (Opamnms), COCTOAHMA HYYKOE C
JIOCEHMEA OTHOCHTEJLHHMA 3HAKRAME [POJIOMBHHX NOAADH3AIME MOIYyT GHTE




yoTolMMABEMY [0 OTHONEHED K DajMaijMOHHEM [OpONnecCcam. Tar, OpH KOH—
LEeHTPUYIECKUX TpPaeKTopuaX (Kax B YNOMAHYTHX HAKOMATENAX) COCTOA~
HUS ¢ OMWHAKOBOH CNMDSIBHOCTHR OCYWECTBJISKNTCH, €CHH B MECTE BOTR-
Y} MYIROB yIUH HEKJIOHa TpPaeKTODHit K OCHOBHHN ILTOCROCTHAM OpOHT
(m10cKOCTE OPOET NapamiesbHs) passw (xoGosaf BCTpEYE )
= iif2V
CocTofHEEe C pasHEME COMPAILHOCTAMA OCYWECTBJIIETCH, SCJH
YT ?amunm, HaIpEMep, DAaBHH + wru BCTpeyH OyYKOE 2,
pEC.2). :

Tlpz eTOM NOXSpE3alEA OCONX NYYKOB OKA3HBAETCH APOROABHOR
(c TowHOCTED ~ {yjﬂ ) 7 B CHCTeMe BX LIeHTpa MHepIud.

IpyrmMu OpAMEpamMs IIOMy4eHHA OpOUOJILHON HoJgpH3aLMA B OpAMO-—
JMHEHHOM IDOMEXyTKe '(C BOCCTAHOBJEHHEM CIMHOBOTO B OPOMTAIBHOI'O
JBEEEHEA) MOTYT CJYEATH BADHAHTH C MCHONBH3OBAHMEM (BMecTC pagna-
obHEE HONelt) KOMGHHAIMR ¥3 NPOJOJNBHHX ¥ BEPTERANBHHX nodeit/ 15/
¥ ROMGMHELEH M2 DAIMANBEHX ¥ BeDTHKAJBHNX Nojei /16/.

5. Jui cosjaHMA APONOJBHOM MOJApH3AIAN MOKHO TaKke HCHOMb-
30BATH NPOJONBHOE MATEHTHOE MoJe, He HCKamanmee panHOBECHOK Op—
suTy waeTun. PaccmoTpuM uETepecHn# mpumep /33/. [IycTs B HaKOmi-
TeJe EMEDTCA JB& NPOTEBOJGEAMMX IpAMOJHHelHEX NpOMexyTKa. BBe-
JeM B OfEH B3 HUX Ha JJMHE £ npopomsuoe mone fHy , noBopeMMBaD-
mee BEKTOp CIMHA Ha MmOJOCOPOTa BOKDYT cxopocTE. Tpedyemas BeJli—
qume mon - My =2#E/9€L , rme £ - omeprma vacrin. lpu
aToM ycToffuMBad paBHOBECHad MOJLApM3alllA /? B [OpPOTHBOJERAUWEM IpO-
MeXyTKe HoUpaBieHa no (NpoTus) CKOpDOCTH) , HE3ABMCHMO OT 3HepI'HH,
a Ha OCHOBHHX Y9YaCTHEX NonepedHa K BeJyueMmy NOJD, IpPHICH eé
OpHeHTANEA B LIOCKOCTA OPOHTH Ha NAHHOM asiMyTe 3aBHCHT OT dHep-
ran, Cows, OpHEHTHEDOBAHHHE Ha OCHOBHOM y4acTRe [O NOJD, Hepes
0GOpOT YACTHIH OKA3HBaeTCA NepeBepHyTHM. 370 O3HaYaeT, 4To JApos-
Haf YaeTh YOCTOTH Hperecchn CIMHa BOKPYT Z7(@)scerna paBHa nojo-
BiHEe YACTOTH OCpameHHd YacTHl] HE3EBHCHMO OT 3JHEpTHH. HurepecHo,
4To B 9TOM BapuaHTe JBUEEHNME CIWHA ABAAETCA JAAXS dosiee ycTo#dn—
BEM, 9eM B OCHYHON CHTyauMH OJHOHAIPAaBJEHHOTO MATHHTHOT'O DOJA:
pCe CIMHOBHE PEe30HAHCH, B TOM 4YACIe R C feTaTpOHHHME I'a8pMOHHKa—
ME, PaxTHdecKH CTAHOBATCHA HEBO3MOXHHMI, #60 pe3oHaHC O3Hauan O

OJHOBPEMEHHO HEeyCTOHYMBOCTh B ODOHTANBHOTO IBHEEGHMA.

BosMozHHe A 3JAeXTPOHOB (MOSWTDOHOB) BE&PMAHTH yODaBJIeHNUA
IIOJI.FIPFIBEII,HEﬁ OpHHIKMIINEGNBHO MOTYT ODHMEeHATBCA H K TAXEJHM HacTil-
Lam. BBUIY OTCYTCTBUMA vV TAmEJHX HacTin sdberTa parusliimOHHOHA MHO-
NAPUBALNE, [yYKE 3THX YECTHI| HEOSXONEMO JHCO HHREKTHpPOBETH YEe
MOJAPMSOBAHHEME, JIMGO MOJAPHSOBATh HX B HAKONETEJNE KAKMM~HASYIb
cnocojom. Hampemep, MOEHO HAIEATHCA NONYYATH NOJNAPUSOBEHHHE [Iy4Y-
Kil OPOTOHOB (A&HTHIPOTOHOB), MCIOJB3YH CIMHOBYD 3aBACHMOCTH ANEp—
HOTO B3SUMOIefcTBUA 4YaCTVI] C [DOJAPMSOBAHHHMM MAUEHAMH ¥ NODPUMEHAS
BJEKTPOHHOE OXJaRIeHHe IJA NOJAepXaHHA JOCTATOYHO MaJHX pasMepoB
ny4Ka,

6. l[logroToBka K OpakTHYeCcKO# padore € NOJAAPH3CBEBHHHME 4acCTH-
aMI B HAKOMUTENAX (B TOM 9WCJHE ¥ CO CHAOKHHME KOHOATYpAaIUAMH [0~
Jefi) moTpesOBaia HOBOT'O YDPOBHA B aHANN3€ NOBENEHUS [OJApDH3alHH
B pafioHe COMHOBHX DE30OHAHCOB. DHJM NOJY49EHH [NOIMWE DOMEHHA LAA
cayyaeP OJHOKDPATHOTO NPOXORNEHAd DEe3OHaHCOE C mo0k CFODOCTEE,
oGodmaKmne pezyabTaTH pacdord /I7/. Buxa pemera 387848 O IBEXEHUK
CHMHA NpH MHOTOKPATHHX NePHONEYECKHX ¥ "myMoBHX" MDOXORISHHAX
JDOHX DeSOHSHCOB (KEK MAWMHHEHX, TaK M BH3WBAGMHX BHEUJHAMA BHCO=
KogacToTHEME monsmm) /II/.

Opmoft M3 BaxHHX 38784, I'Ie MOTYT HaliTH NpEMEHEeHHEe DEe3yJARTATH

- HCCJAeICB&aHMA NHHAMEEN CHOHNHOB, ABJAASTCA INOIABIEeHHE HeNOJADN3aNH

IpH DPOXOKIEHHE CIORHOBHX De30HAHCOB (DepecTpofika BHEpTHE, YCKO-
peHHe YacTHI), B OCOCEHHOCTH AKTyanbHOE LIA TAKEMHX HacTan (cM.,
Hanpmmep, o6sop /I18/). OdeBHmHEMH DEKOMEHIALMAMEA ABJAKTCH KOMIEH-
callMa ONACHHX I'aDMOHEK BOAMywamuux moseli, nMG0 yBesddeHMe CKOpOC—
TH ONPOXORNEHHA DEBOHaAHCOB, Hanpmiep, NeNOASpHSYLmEs BIAAHEE De—
30HAHCOB C OeTATDOHHHMHE YACTOTAMN MOXHO yCTDAERTH C HOMOUWBI CH-
cTeMd, odecnevydBammelf CHCTpOe ODOXOENEHHE 34 CYeT CEAYKOB GeTa—
TPOHHHX YacToT /I19/. [ia DOJsBAEHES KeUONADHSANEE Ha LEJHX Pe30-
HaHcax (Ha pesOHAHCEX C YACTOTAMH, KDATHHMA Y8CTOTE OCpameHHs)
2(hbeRTHBHEM SBAAETCH COOCO0, OCHOBEHEH# He Ha NONABJNEGHEE ONSCHHX
T8pMOHEE, 8 Ha HX YEeJdueHHN EBEeJIeHHEM B [NDOMEEYTEHR JONOJHHTEJ b=
HHX nonefi, HO TaKOi CTeNEHH, YTOOH MPOXOXKICHHE DesSOHEHCOB CTAl0
amEacdaTmgecKkuM /20/.

Beenenme moJefi, CAIBHO BOSMymawuMx NBENeHHe CHNHHA, [OO3BOJAET
OJHOBDEMEHHO NOJ2BHNTH B BJAMAHAE DE3OHAHCOE ¢ GETATPOHHHME Y8CTO- .




rami. [pejesbHEM BADHAHTOM MOKET CIYRATH OMUCAHHMI BHile NpHMEp

Cc BBelieHHeM B NPOMEEYTOK OPOJOJBHOTO [OJA, [OBOPaYABaDIEr0 CIMH
Ha mozocopoTa (HCRaxeHEe POKYCHDYDUMX CBORCTB MATHMTHOR CHCTEMH
MOXHO, NpH HeO$XOIMMOCTE, CHOMIEHCHPOBATH BBEJIEHHEM AONOJHHETE/B—
BuX JmEs). IpH 5TOM dYacTulH YEOGHO MHEEKTHDOBATH MPONONBHO MO-
JIAPH3OBAHHHME HENOCPEICTBEHHO B MPOTHEBOJERKAUEE MpOMEXYTOK, TAe
HanpapJieHAe PaBHOBECHOH MOJAPH3AINE [apaiejbHO CHOPOCTH.

Tlps ycxopeHmM o Goabmux sHepruii (V>>I) serde ocymeCTBETH
NepeBopoT CMHHA B OPOMEXYTKEe NONEepEevHHMHA K OopdNTe MATHUTHHMH [10—
JAME, TaK Kak Tpedyemas BeJWYHHa OTHX MOJEH OPAMEPHO B Y pas
MeHbWe TpeCyemofl BeJHUMHN IIPONOJNBHOTO HOJA. [IpE 8TOM OZHOBPEMEH-
HO MOXHO YAOBJIETBODATE M YCJOBED BOCCTaHOBJECHHS opCATH ., DBEJieM
B TpH MocXeloBaTenbHEX ydacTka I, Il ¥ [l momepeuHHe noJg, COCTER-
Asoume IpyT ¢ Jpyrom yroi I20°, mak moxasaHo Ha pme.3 (ILiockocTh
DHCYHKA NonepevyHa K CEOPOCTM, MarHETHoe noje I TOPH3CHTANBHO) .
Ha KaxjoM y4acTKe CHOHH HOBOpav#BaeTCd BOKPYT HOJA Ha yTOI s
Jlerko mpocjeluTh, WTO BEPTUKAIBEO OPHEHTUPOBAHHWH CHEH IOCJE
OPOXOREHEA DTEX TPEX y4acTKOB OKASHBaGTCA HEpPEeBEPHYTHM (S5;=-9).
HanpapjieHEe CKOPOCTH YaCTHUE BOCCTAHABJIMBAETCH NpM 3TOM C TO9-
goeTsl no V-3 . (Bes ycmoxHeHns aToff CECTeMH MOXHO odecHe-
YUTH ¥ TOYHOE BOCCTAHOBJAEHEME CKOpPOCTH). BosHEKammee NpPOCTpaH-
CTBEHHOE CMeleHHe ODCHMTH JeIKO KOMOSHCHDyeTCH Ha NOCAeyhleM
yIacTRS OJHOHAUDABJICHHENM IIOJIEM C DABHHM HYJD CDEJHMM 3HATEHHEM,
yEe He MCKagalupM HaNDaBJIeHHs CIEHA ¥ CEODOCTH.

3pmech, .TAK ¥e KaKk 1 B BapHaHTe C qgunpnbﬂum ooJieM, ApoOHAas
YaCcTh YaCTOTH OpellecCHM CIOMHa BORDYT /7 paBHa MOJOBHHE YacTOTH
odpauleHnd 4YacCTHIH .

[IOCKOJBKY B ©THX BapHaHTAX CHEHOBHE PE30HAHCH HEBO3MOXHH I
JpCoft PHEpTEE, B Opollecce yCKOpeHHA OyNeT COXpaHeHa CTelneHb Mo-

JAApPH3ANEA NyYRE.

BrundeHye ¥ BHRAKMeHAe NOBOpPAYEBADEEX OoJXeff B mpoiiecce yc—-
KOpEeHAA MOXeT [DOMSBOJMTCA SIUaCaTHYECKHd C COXPaHEeHHEeM yeToiia-
BOCTH CIMHOBOT'Q H OpPOMTANBHOTO IBHREHH.

3afigua COXpaHeHUd MOJAPU3ALEN OPE YCKODEHHH WM 3aMeJIeHHH
MOEET OHTH aKTyaubHa ¥ Jyid JeTKEX dacTul. Hampumep, MOEHO OHCT-
pO MOJAPU30BATH SJEKTDOHH Ha BHWCOKOH SHEPI'AM, 3aMe/iB MX 3aTeMm
IO Hyzuoft B JaHHOM sKchmepEMenTe. [ONe3HHM IpHEMOM MOXET OKasa-—
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THCA TaKKe OHCTpas NOJAPU3ELAA B COEHMANLHOM HAKCIOHTeNe ¢ COJE—
myM MOJIEM IIpH HeBHCOKO# sHepr¥y C [OOCJEyIiuM OepeBOIOM IOJApH—
30BAHHHX 9a&CTHI B OCHOBHOH HaKOMUTEJb.

[p# IVHAMUYECKH MeIVICHHOM (anMadaTHIecKoM) NepecedeHHMd CHOH-
HOBOT'O pE30HAHCa B HAKOMUTEJAX 3JEKTPOHOB M NO3MTDOHOB ﬁymﬂqun—
THBATh Je0oNApH3yEee leficTBMe KBaGHTOBHX QUIYKTyauMii CHHXPOTpPOH-
HOTC HMBJyUeHnsd, KOTOpPOE MaKCHMAIbHO B OGJIAcCTH De3oHaHca, DBpege-
HMeM KOTepeHTHHX BOsMyweHuft mocraTounofl BesuuMHH (IONOJHATENHHHX
rnojeft B IpOMEXYTKE) MOKHO OTOIBWEYTH DESOHAHC HACTOMBKO, YTOCH
NONABUTE ¥ JeloJaApM3alMb 3a& cueT QUIyKTyaumit uamyuenms /20/.

7. Ha OCHOBe pe3yJbTATOB AHAMW3A JHHAMMKN COMHOB, OHJIC MpPO—
BelleHO ECCJeJIoBaHMe paIuaiyMoHHOR NoJdApH3allid B MPOMSBONBHEX [MO—
nax /2,12,13/. llokazaro, 4YTO CaMOMNOJADH3ALAA MOXET HMETh MeCTO
W B HaKONMTELIX C GONbIMME OTHIOHEHMAME HalpaBJeHHA DABHOBECHOR
goJApuzalul 7 OT aKCHaJIbHOTO. [IpH 3TOM OCHAPYXEH JIOMNCJHHTENb—
Hufl s@erTUBHHE MEXaHH3M DaIAallHOHHOM! ﬂamouoﬂﬂpﬁaaunn. BOCOWE 0T
CYTCTBYXUWE B IOYTH MOCTOAE 10M [0 HaNpaBJIeHHD MAUHATHOM noje /2/.
ofPexT MMeeT KJIACCHYECKYD MHTeplpeTalumn i 00A3aH 3aBUCHMOCTH CH—
JIH pajuallMOHHOT'O TOPMOXEHW: OT HalpaBJieHHsa COMHa. B ciyvyadx,Kor-
IIa HalpabjeHHe DaBHOBECHOHM ﬂunﬁpnaauﬂﬂ,?? HE COBO&NAEeT C OChD
BpaumeHid CKOPOCTH, 9TO HalpaBJeHHe n , BCJAEICTBHEe 38BACHMOCTH
OT TpaeKTODHH YaCTHIH, CHA3HBAETCA DPE30HAHCHHM O0p&3OM [MDOMONLYJH—
poBaHHEM (C YacTOTO# NpeleccHy CI@HA). JTO NPMBOJKT K [OABISHHD
IexpeMeHTa (MM MHEKDEMEHTa) yTJia MeRNy CIHHOM X 5 .5

B ompejlejleHHHX CHTyallAX, KoIr'Ja oCHYHEY adderT camomondpusa—
LHA [OJHOCTBRD OTCYTCTBYeT, ONMCAHHH{ MeXaHH3M MOZEeT OGecledHTh
BHCOKYD CTedeHb MNOJADH3AINN. |

Hanmpmmep, B ONMNCAHHOM BHIlE HAROMATeJNe C MDOIOJBHHM [IOJNIeM, [O-
BOpQUEBAKUEM CITAH B IPOMEXyTKe Ha IoJ000poTa, PANHALMOHHAA [OJIfA=
pE3alEs OOJMHOCTLR 00A38Ha 5ToMy MexaHEsMy. JUiA sHepruft vacTwm,ipd
KOTODHX Bequmuusa V=1 | creneHh NOAAPASAIMA MOXET NOCTHI'ATE
60 + 70%. Mondupad HOMEHHM 0CpasOM POKYCHPYIUYR CECTEMY HaKOMETe—
JIA, BHCOKYD CTeleHb DajUal#oHHOR MOoJIApH3AalMH MOXHO COXDaHNTh H
NpH 00Jieé BHCOKMX BHEPTHAX. [opANOK BENAYEHE BPEMEHE NOJADH3aIAE
TOT Xe, YTO B B HaKomATeJe (e3 [PONOJBEHOI'O HOJHA,

MHTEepecHo OTMETHTH, YTO MaRCHMAJbHadA CTeleHb NoJApHsalEu,dna-
rojaps sToMy s@berTy, JOCTHraeTCs B HAKONHTeJE ¢ HEOHHODONHHM [O—

II




JeM COeIMAarThbHOTO BEAA /2/ X paHa 95% (P ommopogzHoM moae — 9%

JIlid KOAMYECTBEHHOI'O ONMCAaHER KHHOTERH DaBAlHOHHON mOJdpu-
3aEs B JApdoft padoueft Touke GHAO HpPOBENEHO HCCAENOBaHHE (€3 Qr-
paHmYeHn# Ha GJIH30CTH: COHHOBHX pPE30OHAHCOB, BBHAY MELIGHHOCTE NO-
JADHSYWUEX OpONeccoB, OKA3aK0Ch HEOOXONWMEM NDHAATE BO BHEMAHME
7 Pe30HAHCH BHCHEX OODAKKOE. B pesyipraTe OHJE HoAyYeHH QODMYJH,
onpefelsEEe OCASCTE CYWECTBOBAHRMA DaiMANMOHHOE NOAADM3aNEE H.
[HO3BOJANIAE B KOHKDETHHX YCAOBHAX HAXONHTh HampabBieHHEe, CTeleHb
paBHOBecEOfl MOAApE3AUME H BpeMd 66 yCTaHOBJIGHHSA.

PaccmMoTpeR O49eHh BamEH{ NparRTHIeCKEH{ BOOPOC O MOBEIEHHH [O-—
AApH3ENUH Oy4EOB NpE Borpede /2I/. llorasaHo, 9TO YCJIOBMA yCTOH-
YUBOCTH [OAADH3SIME CAK3KH K YCJOBHAM OPOMTANBHOI'O JBEXEHHA HDH
serpeae™

8. NosesHEM I8 YCKODEHHA NOJIADHASAIMN OK&3HBA6TCHA BBEJIeHES
"sMeex”, T.e. YYACTROB C CHIBHHM 3HAKONEGDEMEHHHM BePTHKATBHHM
warHaTHEM moxed H(8) /22/°%) . MummMamsmoe wEOJO OCHELAAIER MO~
Ad oOopemenseTcs XomycTEMoft aMmrwTyxo#f MPOCTPAHCTBEHHHX CEeHHN
op6ETH B NpoMexyTKe. CorzacHo padoram /2,5-7/ oOpaTHoe Bpema mo-
AdpEsamud l, ~ DaBHO

G'= A" SlHlee @

e A - NocTOsEHW{ Oapamerp. OTCONA BEAHO, 9TO yBEANYeHHEM OO—
JIA HA8 OTHOCHTENBHO Maxoff AITHHEe MOXEO CyWeCTBEHEO yMEHBUETEL Bpe—
Me NoadpEsanme. CTeneR: DeBHOBeCHOf NONADE3ANME NpH $TOM DaBHA

3 = (8/5/3)8H 76 /@lHi’de
OueBHIHO, UTO BBejieHNeM "smefixy” MOEHO 0CSCHEYHTE BHCOKYD CTe~

OeHE NONAPESAINE Je3 HOEKANOHEA ODOHTH HA OCHOBHHX YyIacTKax.
Ycaonue

x) TpeCyeTcR chHenMaIbEOe MCCIBZOBAHNE YCAOBHA OZHOBPOMEEHOIrQ
nonyuesms BHcoRofl cBeTHMocTm M BHCOHOW cTemend pazmaudosHoll mo-
napusanue,. o npeaBapnTeXbHHM ONEEKAM BT TpPeCGOBaHHA MOIYyT OHTH
YZAOBNGTBOPEEH., [ONOAHETSNEHHM 00JNEeTYCHAESM ABARETCA HWCIOXE30BAEHE
MHOTOCTYGTKOBOI'O DGEMMA B HARKONMTENE O ABYMA HOPOEKAMH.

xx) AnanorEgHE# COOCO0 HE3SBHECEMO NpeLAOEXeH B padoTe A Hutton
"Control of the low energy characteristics in the ISR electron
ring using wiggler magnets” (CERN /ISR-LTD/76-18,Geneva,MayI976)

Hy=HO 38MeTETH, YTO ODDPOBEJEHHOE ABTOPOM DACCMOTDOHEE KHHETHKH
NOAAPHSEIMA B SHAKOMEPEMeHHOM MAarHHTHOM HOJ6 He KOPPeKTHO, H B
CBASE C ®THM NOIYJEHHHEe KOJIUYeCTBOHHHE DesyAbTaTH HeNpDaBRJbHH.

I2

{JH o - | §Hwe| << S/l we
s - $

BHIOOJHAETCH, ©CJHE [DOJA DasHHX B3HAKOB CWIBHO DpasjudamnTcd [0 Be-
qGumHe . OIHOBDEMEHHO MOKHO YIOBJETBODUTDL YCJIOBAK j[;m@-:o .Cy-
WECTBEHHO, YTO STHM CIOCOGOM MOXHC H3MEHATh W 3HAK DaBHOBECHOH
NOJNApU3alME, MEHsAS 3HarRd none# B "smefixe", B 9acTHOCTH, MOEHO
MEHSTEH COUPATBHOCTH YaCTHI, HA y4aCTKe NDOJOJIBbHON MOJADKM3&lMM HE
o6paTHyn. OCOGEHHO YIOOEH A HE3aBUCHMOTO yNPaBJEHEA [OJAPH3E-
naefi BCTPEeYHWX YaCTHI CIy4ail IBYX JLOPOKEE.

9. OccynmumM BOBMORHOCTH NOJYYEHWA NOJMADUBCBLHHHX 2JIeHTDOHUB
¥ [O3ETPOHOB NDE CBEDXBHCOKMX 9Hepruax (nopsuxa I00 T=8 # BHme).
[podyemMa 3@RJAKMAETCA B TOM, 4YTO B HEOJMHODOIHOM [IOJE LeNOJIADU3Y -
mee Ro3IeilcTBRe KBaHTOBHX QIYKTYaUWHd CHHXPOTPOHHOI'O HSJIyYSHHA
GHCTpPO pacTeT C 9Hepr¥eit W MpW JOCTATOYUHC OOJNBUUX BHEPIILIX MOXET'
HOJIeBUTH HOAApM3ymEee ReficTBHMe uziydenus /7,8,12/.

B OpMHIMNe IenoJApHm3ari OTCYTCTEYST B TaxXOM HaKOINTeENe, I'Ie
BCe 3AMEHYTHe OpPOMTH JiexaT B OFHON miockocTH (Ipu sToM HOJe Ha
opduTax JacTHn MOCTOAHHO [0 HalpapJeHEn) . [lo mepe pocTa >HEPIHH
OrpaHdYeHds HA OTRJOHEHWA OT 9Toil HueanpHOU CHUTYalMK CTaHOBATCA
Bce goJiee mecTKMME. OmacHOCTE OpelCTEBJAWT DaAJMaNLHOe MarHUTHOE
fojie, €ro pajMambHsll TpaIEeHT ¥ NPOJOJIbHOE 1I0J8 Ha opomre®! 3ty
BO3MYWEHHS MOTYT OHTH CBA3EHH C CHCTEMATHYECKNME HOIDEUHOCTAMA
(BOSHUKINMY, HAlpEMEp, NpPH M3TOTOBJASHHH 2JEMEHTOE I[ePHOINMYeCKO
METHATHO# cCHCTeMHE) Wid co caydafiumi (0CYyCNOBJEHHHMA, HAIDUMED,
HETOYHOCTRK BHCTABRY SJEMEHTOB).

PaccTOAHEA MexIy JUHMAME YACTOTHOI'C CIEKTDA CHCTEMATHYeCHHX
BOBMyWeHAl OOpANKA YHCHA 3JEMEHTOB NepPUONEYHOCTH CHCTEMH B €IH-—
HHIaX YacTOTH oJpaueHHd, KOTOpoe A HaxonuTeJNell Ha BHCOKEE BHep-
IM'd¥ JIOBOJBHO BeJuKo,. [lapameTpH HaxomuTesd IOJEHH BHOHDaThECH Tak,
gro0H 4acTOTa [penecCHM¥ CIOVHA MOIJIa Ob HaXO[UTHCH Ha IOCTATOYHOM
yIANeHNHM OT YaCTOT 9TUX BOsMyueHu#l, PaccToAHEE MeRIy COEKTpalb—
HHMA JIUHWAME caydaiHHX BO3MyWeHW#E DODAIKA YaCTOTH O0pameHud 4dac-
THI B HarRomATese, OfHAKO B BHJAY TOTC, YTO KOppeJAIMA BOSMyUCHHH
OT OTHEeJbHHX BJEMEHTOB CHCTeMd OyIeT OTCYTCTBOBATEH, pe3jAbTHDYI-
mag SMIUIETYNA TADMOHME BOSMyWADNEro [oJA GyZeT yOWBAaTh C DOCTOM

%) 3mech MH OyzeM EMeTh B BHIY OCHYHYK CHTYSIHK C ICYTH BepTH=-
KEJLHEM MATHATHHM [OJEM, XOTH BHCORAS CTeNeHb DaIMALMOHHOM [HOAI~
pAZALME, B NDUHIANS, MOXeT CHTH OCecleyeHa X B CIELUaJbHHX CHUTya-
[MAX CO CJORHHM DABHOBECHHM JBHKSHEEM CIMHA,
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ypcsa sJaeMeHToR /¥ wmarHuTHON CHCTEeMH [IDOIOPIMOHANBHO JE" . 9TO
0GCTOATENBCTBO OCJAacJAeT OrpaHMYeHNe Ha JOIYCTHMyH BeJAYMHY 9TIX
BO3MyuUleHMiE, OCOCEHHOCTHI CHTYallMM [P COJBIKX JHEPTHAX ABJAETCA
TaKEe TO, YTO AMILTATYIH KOJEOaHHH 4acTOT [peUeCCHE CIMHOB IpH
CHHXPOTDPOHHHX KOJI@OaHMAX SEEPrdd MOTYT NpPEBHaTE \BCASICTBHE [XC-—
T8 AQOCOJIKNTHOIQ SHEpPreTHYEeCKOI'o pasdpoca) paccTodHEEe MEeRLY cocel-
HAME De3OHaHCcam# ( aj”(?*aé}:»: }. 9TO ABJACHME He lpelcTan—
JIfeT ONACHOCTH, eCJi# NPOXOXIeHWe PesCHAHCOB [pH KoJeOadWAX SHep-—
THM OyJYT JOCTATOYHO CHCTDHMM, YTO MOXET OWTE O0ecleYeHO BHOO-
poM GOJIBNOE YaCTOTH CHHXDPOTPOHHHX KOJeOaHUM. [[poXo®IEeHUA pe3o—
HAHCOB MOTYT OHTH CBA3&HH TaK#kE C BpPEMeHHO# HeCTaldWIBbHOCTBH Mar-
HUTHOrO HOOJIA HaKOMATeNd. JTa HeCcTaOWIBRHOCTE: He (OyleT BHSHBATL lie—
HoJApU3ALMN, eCJll CTHOCHTEeJBHAA aMILIUTyHIa KoneCaHHi Moad OyNeT
MHOT'O MeHsme 3HadeHma V'

OLeHEM Ha OCHOBé pesyJbTaToB pador /2,8,I1I1,I2/ mokasuBawr,
YTO TeXHNYEeCKHR BO3MOXKHO O0SCHedNTh yCToHYMBYLR palMalBoHHYD IOoJA—
pH3audn B HAKOOUTEJAX BJEKTDOHOB I [OSWTPOHOB HA SHEPI'MM <T00I'aB.

Ecoi BOSMyWAamwpe [OJA OKa3HBAKTCA CJMIKOM OOJbBMMM ¥ paspy-
mapT pajMalMOHEYK HOJADHA3AalMD, IJA OpeJoTBpalleHHd NeNoJiApHsalin
HOTPESYRTCA IONOJHATeNbHNE MepH. UYeBIHHN cOoCOd 3aRJIKMaeTCH B
OCGHYHOH KOMISHCAILMH ONacHHX TapMOHMK BO3MyWeHHAd BEEIEeHNeM Cle-
UManbHEX noJseff, OmHaKo OpM 3HAYNMTEJABHOM 4YMCNe TapMOHHK, OTBEeT—
CTBEHHHX 3a IeloJApH3alyip, 3TOT cnocod TPYIHO OCYmECTBEM.

MoxHO MpelJOMUTE IPYT'OM NpHEM (npuMeREME# Opu HeOpeleJbHHX
N0 pajMaljAoHHHM NOTEepAM SHeprusx), CYTh KOTOPOTO B CHASAYMMeN.
CKOPOCTH JAeNOoJApH3alil, 0CA3aHHEA HBAHTOBHM QIYKTyalldAM HaJyde—
mus, paesa /2,I2/ (cp. c dopumymoli (4) mia ' ):

S A | 2 =~ oYyt 3

2= R AT S (797 7) [HI o8
rme A - HanpaBieHme OCHM NpELecCHM CIMHA, ABJARueecd QyHEumef
KOOPIAHAT H FMIYJIbCa YacTHIH K ONpelIeademMoe C y4eToM JeiCTByD-
MX BOSMyWEHHH.

Beezem B npaAMouHefHu#t OpoMexyTOK "3MeiiKy", OOMCAHHYD BHUe.

[lpg 5TOM BWpacTaeT Kak CKOPOCTE IOJAPHBYDMMX IDOIEccoB, Tak,
BoOGWE T'OBOPH, M JeNOJAPU3YIUEX, OCA38HHHX H3Jy4IeHMK B OGIacTH

"omeitcr” . OIHaKO IemoJApH3yluee BIMAHME M3Jy9eHHA MOXHC CIEeNaTh
OTHOCHTENBHO MatHM, ecii B o6macTH "smeilxu" OapameTp (;?rf/af)l
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OyneT MHOT'O MeHblle eIMHHLH. SamMeTHM, YTO B 8TOH OGJ&CTH BeaRIN—
Ha /i-’ar?/?;-f OCTOAHHA BOAG OpOMTH. lloaToMy BekTop 2 37/37m0

Boell muuHe "3MeftKM" 3allaeTcA BCero IBYyMA NapameTpamu. HommeHca-
LMK 38BUCHMOCTH 77 OT SHepTdM B 3TOM MPOMEXYTKE MOKHO OCyWeCT—
BNTEH, €CJH, Halpimep, BBECTH P JBYX yI&CTKaX OpJONTH DpalWalbHHe
WaTHETHNe nons™’ , TpeGyemHe BeJMUMEN 3TUX nojefl MORHO MONOCPATE,
NOCMBEACH MHHEMAJBHO# CHRODOCTH ILenoJApH3alid.

C mOMOWBD OHNUCAHHOTO TPHEeMa8 MOXHO 3HEYMTENPHO OTONBUHYTE
Opemes MO 9HEPTHE JIA NOJAPH3OBAHHNX MYYKOB B HAKOLMTENAX.

I.METO: W3MEPEHVA MO/ A3ALM

1. BosHMmmas B pesyabTaTe NIATENLHOT'O IBAAEHAA B MaTHHTHOM
foJié MOJNADH3SLAS BJEKTPOHOB ¥ MO3WTPOHOB MOKET COHTH W3MEPEHA
pasHEME CIOCOCaMHE. MeTOIH M3MEpeHHA NONepevHOd NosApusarny yac—
THI BHCOKOH SHepruM, ABURYyWMXCA B HaAKONWTeNe, DACCMOTPEHHW B pa=
Gorax /7,23-25/, llpa-seepruax mopanka I T'sB moJspusalidio OLHOTO
MyYRa JOCTATOYHO YIOGHO M3MEPATH [0 38BACHMOCTH YIDYT'OTO pacced—
HES YaCTHI B CTYCTKe OT NX HNojaApusauuy. OOMeHUBSACH NDH paccefi—
HUE 2Hepruelt + AE, ueCTHIN BHOWBAKT M3 [y4YKa ¥ MOIYT OHTH 3ape-—
TECTPHPOBAHH TeM WIM MHHM oCpasoM. llpu mepexofie K OOJBLNM SHEP—
THAM 2TOT COOCOC CTAHOBHTCA MmManos(pheKTHBHHM, [OOTOMYy 4TO H3-~3a
pocTa MONEepedHHX HMMITYyJBCOB YaCTUL NanaeT KaKk CeueHue mponecca,
TaK B BRASA NOJAAPH3AlNK.

3aBECHAMOCTD OT HNOAADH3AUME BJEKTDOHOE MMEeTCs TaKke B cede—
HEM KOMOTOHOBCKOT'O DACCEAHHA IMPKYJIAPDHO NOJADHSOBEHHHX (OTOHOB.
MaxcHMyM aCHMMETDHE BhJeTa BTODHYHWX ' —~KBEHTOB C 3HeprueH

--;'?a,. JOCTUraeTcs B 9TOM METOJe HpH uacToTe HOTOHOB Al =mc/pr.

[lpM SHePIHAX SJAEKTDOHOB NOPANKA HECKOIbKMX I'DB MAKCHMAIBHAA acin-—
MeTDHA MOXeT OHTE NOCTHTHygZa HpX MCMOJNB30BAHMA yasTpafuone TOBOM
qacTu cnerTpa (500 - I000 A) CHEXPOTDOHHOTO H3JYYEHAR CamMoOro

' BJIGKTDOHHOIO [y4Ka, KOTOpOe MMeeT SHAYMTEJBHYD ¥ DasHoTO 3HaKa

cTenems Kpyrosofi MONADEAAIMA, BHIe M HAKE [LIOCKOCTH DaBHOBECHOR
OpGHTH . :

MOXHO [peIJIOXMTE CAEIYOUyD cXeMmy sKcnepmvenTa. [lydok "npa—
TOTEBIEBaeTCA” B BHje JBYX DOCAEeNOBATeJBHHX CI'yCTKOB Tak, 4TO

%) Uvomsaus Qoo Ipeteqou QIS 3, Bofe NaoLRTels Nexsy ova-
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"opeT" OT NEpBOT'O CI'YCTKA OTpaxaeTCH ¥ (QOKyCHpYeTCH cepuyecKnm
3epKaloM, yCTAHOBJEHHHM H& PacCTOAHNMU €Tro pajuycad, pasHOT'O MOJ0—
BAHE PaCCTOAHMA MEXIy CIyCTHaMi. PerucTpalliid SJEeKTPOHOB OTHaHH,
OTKIOHAEMHX BELyUMM MAIHATHHM [OJeM, Ha COBHaNeHHe CO BTOPMYHEM
7 ~KBAHTOM JaeT BO3MOXHOCTEH BHOMPATE HYRHYD OGJNacTh CHEKTDA.
llonepemeHHOe OTpakeHue JuGO BepxHeit, JHGO HUXHEHR OTHOCHTENBHO
[UIOCKOCTH SJEeKTPOHHOR OPGHTH HYacT CHHXPOTPOHHOTO M3JIyHEHWA no-
SBOJIAET JEeTrKo 4epeloBaTh 3HAK acuMMeTpun. [[pd KOJMHECTBE SJEK-
TPOHOB IDI B EaXIOM CTCYCTKEe UMCJO "MoJesHHX" COCWTHE B CeKyH—
ny cocrasader 10V, Taxada ®e CKOPOCTE CHET& MOEET OHTE JNOCTHT-
HyTa HempepHBHHM JA36POM MOWHOCTRD B HEeCKoJIbKO BarTT. Mcmoabso—
PaHMe Ja3epoB 30PEKTMBHO NpH BSHEPTHAX 3JAEKTPOHOB nopsanka I0 Tas3,
TIe acHMMMeTpHA 3Ha4YKTeJbHa LIA onTEdeckoli oSxacTu coexrpa. Oc-
HOBHHM HeJOCTaTKOM IpHMeHEeHIA KonmnToH-2pderTa IIA U3MEpeHHA NOJA-
pH3alid ABJAETCH, NO—~BHIAMOMY, HEOGXOLAMOCTE OCTpOil QOKyCHPOBKA
§OTOHOB M TOYHOH BHCTABKH 9JIEKTPOHHOM ODOHTH .

OT 3TOTO HELOCTaTKa CBOCOJEH MeTOJ H3MepeHHA noaapuzanun
paccesHMeM Ha CTpPye aTOMapHOTO NOJIAPHSOBAHHOT'O BOJIOpOZAE. g n3-
BeCTHHX LIOTHOCTefi NOJAPHSOBaHHOTO (P HEONHODOIHOM [OJIE THIA
lirepaa~T'epnaxa) BOLOPOTE {_P*-Iﬂlzcu'a, =) mpuE=1 I=B n
muamerpe cTpy® - 0,5 cm UHCIO COGHTE B CEKyHIy 4YHCJEHHO DaBHO
TOKy MyuKa 2AEKTDOHOB B m A , OQJexT a3MMy TaJIbHO% aHM30TPOLOMH,
OpH HomepedHoil MoJApH3aldl 3JEKTPOHOB, cocrasiseT +10%. B ciyuae
NpoIoJbHON NOAAPH3AIMH CROPOCTE cueTa [OOJIeSHHX COCHTHE H3MEHAET—
cg B 8 pas IpH HDapailejbHO¥i H aHTHOApaIebHOY OpHeHTalu# COHHOB
9JIKTPOHOB Iy4YKa ¥ MENEHH, BO3MOEHOCTH OZHOBDEMEHHOT'O PaCCEAHMA
3JIeKTPOHOB ¥ MO3HTPOHOB, & TaKEe cradas 238BHCHMMOCTH CeYeHHdA 3TO—
ro mpomecca ot sHepruu wacTn ( 6~7"'), Jenapr NpiMeHEHEE HO—
JAApE30BaHHOH rasoBoff MHUNEHM yIOSHEN CHOCOOOM H3MepeHES HIOJIpH3a=
IME Kok OJHOrO MyuKa, TaK # BCTPEYHNX MyYKOB.

llponspefieHde NOJAPA3aNAR BCTPEUHHX My4YKOB MOXeT OHTh H3MEpe-—
HO HemocpeICTBEHHO B OCHOBHHX DKCIepmMeHTax Mo B3aanMoIcCTRHER
yaCTH BHCOKOM SHeprmu, CedeHHs NBYXIaCTHIHHX peaxuuit 3aBHCAT OT
B3aMMHOf OpHEHTAIMM CIMHOB 3JEKTPOHOB M HO3UTPOHOB /7/. CHIBHYD
3aBHCHMOCTH OT HomepedHo#f NOJAPH3aIME HMEeT CedeHHe pORIeHHA Ia-
pH A4 =ME30HOB

6#.«(9=%1\P=%)=0 # Gfﬁ(ﬁ=%,\f’=ﬂ)=£6‘:#
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licnoskp30BaHHE MpOLIECCOB DPORIEHHA MNCEBIOCHANAPDHHX ME30HOB
IUIA oNpelesieHns MoJADPH3alM HadalbHEX YaCTHI[ 3aTPYNHEHO TeM,4TO
CeueHHEe BTHX MPONECCOB, KaK NpaBmIo, MeHbume, YeM OGuau .0mHaKO
B 0O0NACTH PE30HAHCOB, I'Zle COOTBETCTBYWUEE CeYeHHe De3K0 Bo3pac-—
TaeT, HadaoleHAe asMMyTalbHO#l aHM30TPONME 00pasOBaHHA Hap KOHeY-
HHX YACTHI[ MpeICTABIfAeTcA YIOGHHM CIOCOGOM H3MEpeHHA HonepedHol
noaApuz3auuit, IIpoJoJbHAaA OOJAPU3ALMA BCTPEYHHX OYyYKOB ! ieT OHTH
JIeTK0 HadapieHa 0O yOpyroMy pacCesHHME 3JIeKTpPOH& Ha 003 TDOHE.
CeueHme 3TOr'O Ipounecca npm & =i/t H3ameHdeTcd B 8 pas a4 ma-
paleJbHEX ¥ aHTHOapalIeJbHHX COMHOB YacTHi.

2, llpy padoTe C HOJApPHM3OBaHHHMM MY9YRaMH XEJaTEJbHO YMETE
IeNoJNAPU30BaTh Ny4ok. [Uid 9To#l LleJd MOXHO HCHOJB30BATE "MalliMH—
HH}" pesoHaHC JOCTaTOYHO# MowHOocTH. OZHAKO MCHOOJL30BaHWE "MAURH-
HOrO" pes3oHaHca He BCerja yINoOHO, TaKk KaK CBA38HO C M3MEHEHHEeM
napaMeTpoR Iy4YKa: Judo BHeprum, JMGO 4aCTOTH CeTATPOHHHX KoJuela-
HMit, DoJsee mepcHeKTHBHHM NPEJCTABJAETCA GDSEHHHE‘BHENHEPD peso-
HAHCA IIpH [JOMOUM BHCOKOYSCTATHOT'O S3JAEKTPOMATHHTHOT'O [CJA, Mone-

PEYHOI'0 K HAlpaBRJAeHHD [NOJAADL3alEE E DEe30HaHCHOT'O C JacToOTO# Ope-
neccHlA CIHHA.

Takag "packauka"™ He MOJxHa [OPHBOJETE K H3IMEHEHAN Da3MepOB
nydka, ecad vacTora BY-mosnd He coBmagaeT C ONHOM M3 KOmMCHHALIMHE
Yg2eTOT OpPOHTANBHNX KoJledaHuii. B 9TOM CMHCJe OpH OONepevHO#d moJA-
pA3alMil BJEKTPOHOB gesonacHee BRJIKGATEH OPOIOJBHOE MATHHTHOE [OOJE,
OmHaKo mpH COJBIMX SHEPTHAX, Korda V>> 1, A IenoJiApHsalil Oy
Ka lesecoofpasHee NPHUMEHATE nonepe4Hoe Hy —mose, Tak Kak OpHE TOM

#e BpeMeHH JenoJdpH3aldd TpedyemHe NpONOJBHHE MNOJA Iopasio OoJb—
e Sﬁga%;fjﬁgd??==13.

[piMeHerne cerymeit Bosms, rae |Hx|= |Ez| , meer momos-
HATEJbHWE BOSMOKHOCTE ODHE SKCHEDEMEHTSX C IByMA MydYKam#d. B OT ~
CYTCTBUE OTDaXeHMA BHOOPOM HaOpaBAEHHA DPaCHDOCTDAHEHHAS BOJHH MOK-
HO JenoJiApM30BaTh [0 OTIENBHOCTE JDCOE M3 BCTPEYHHX IyYKOB. Kpo-
ME TOr'0, NPElNCTaBAASTCA TEXHHYECKH BOSMOXHEM BHOODQYHO NEHOOJLADH-
30BATE CI'YCTKHE B OIHOM M TOM Ee Oy4YKe, €CJH HCOOJh30BATE KODOT-
KHe [0 BpeMeHHM HMIOyJAbCH, CHasupOBaHHHE C 4acTOTOR OCpameHHsa dac—
Tﬂu.13Tu_noanqnnm [IPOBOJMTH SKCMEpHMEHT Ha BCTDEUHHX IOyYKax C
NOJAPK30BAHHEMA U HENOJAPH30BAHHHMM YaCTHLAMA OJHOBDEMEHHO OpE-
NpOYMX paBHHX NapaMeTpax.

17




11, SKCNEPUMEHTH C HOJLiPH30BAHHMIML [TVIKALM

1. SKOMEPUMEHTH [0 A3MEpPEHME [OJAPA3ALWMM BJEKTPOHOB OLLIM
gayamy B HoBocmdmpoke B 1970 roIy Ha Hexomurese BIIll-2 /7/ Alep-
BHE DPEe3yAeTaTH CBHIETeJbCTBOBAJN O CymecTBOBAHMA DaualldiOHHON
noaApusaun, OmHawo B CBA3K C peKoHCTpyKIMel KOMILIEKCE BOIl =<
DKCHNEpUMEeHTH OHJW NpepBaHd ! NDPONOJIKEHH B I1974-1975 rr. Ha HO-
BOM BaxomuTene BOIll-2M /26,27/. Wamepennme CTeeHU HONEPETHOH moO—
JApU3alAy NPOBOMLAIOCH [0 PeTMCTpallAl YIPYroro pacCedhid HaCTHi
B grycTke. Ha BOINI-ZM MCHOAB30BaNOChH JBe CHCTEMd CUMHT ALIALHOH~
HHHX CUETYMKOB: [epBad NeTeKTUpoBaja BJAEKTPOHH C Hepelauedl sHep-=
run aF/E = 20%; BTOpas — BJIEKTDOHH ¥ NOSETPOHH C AE[E = S,
[lpn STOM HAGALNAIOCH CHAYKOOGP&EsHOe yBENUieHUe CHOpOCTH cueTa
27 Takux COCHTHi Opm SHCTpOH IenoJdpusaldd [Iyika C [IOMOWbK MOIY-—
JUPOBEHHOT'O WYMOM BHCOKQYACTOTHOT'O HPOJOJBHOTO MATHATHOTO noJiA,
PE30HEHCHOI'O C 4acTOTOH MpenecCui CINHOB (puc.4). [lo 3aBECHAMOCTA
Beyyuey ckauka 4= ( ﬁ.-ﬁpyﬁ. OT BpeMeHH, NpOWeLerc C Hadaia
[AKI8 [OJAAPHSaLMH IO BRIKMEHAA NeNoJAPH3yRuero BY-noJs, MNOMy4YeHH
(puc.5) npenesbHas CTENEHb NOJIAPU3ALMNA 3 =0,92 + 0,I5 n Bpend
pajmaizonHoft noaspusamu ¢, = 68 + I0 MuB npu dHEprud 625 MsB.

2. Xopomee COTJacye H3MEPEHHWX BEJWYUH C pacHeTHHMU SHEHME—
HESMEA TOBODHT O MAJOCTH NENOJApU3YuEX (GaxTOpoB [pd 3HEpPIid 3KC~—
neprmerTa (E = 625 MsB), 4YTO H ORUIANOCH HMCXOLA U3 YHCJEHHOMH
OLEHKM BpeMeH# HenosiApusalud. [lpE OLEHKE HCIONH30BANACH MOJIeJIE
¢ BBeNeHHEeM B WIEaIbHyD CTDYKTYpPYy HaKOINMTEJA EO3MyUeHAd B BULIE
[OBEPHYTOr'0 KBEJDYNOJA, Cila KOTOPOI'O 3a1aeTCh M3 K3MepeHuit pe-
IbHOM BeJYiHH CBA3W BePTHKaJbHHX M pPafHabHHX KoJefaHuf 4acTi-
I, PesyxpTaTH YHCJAEHHOrO pacuera "yanMHHEX" TenoJdpHUIyRIux pe-
30HQHCOR, MOWHOCTH KOTOpDHX XapaKTepdsyeTCA OTHOMERUEM BpPEMEHH II0—
JApUSAIMY ¥ HenojApusaumd lp/Zs , NDENCTABNCHH Ha puc.6, B3 KO-
roporo BEEHO, 4To Ha BOlll-<M pamaarpoxHad NOJApE3anud BOSMOXHE B
odnacTn sHepraf pume 490 MeB, BCKIYy KpoMe Y3KMX DE3OHAHCHHX M0JDG,
JeTRO "nmepempuraemsx" BHOOpOM pacoymX HacTOT GeTaTpPOHHHX KoJeda=
gmit Yy, Yz . Pacuer Taxme IOKasaJ NPAKTUYECKH BAKHYD BO3MOX-
HOCTH NPOXOKIEHWA LeJOro pAla Pe30HaHCOB Gez HapymeHMs NoJApHU3a-
L}K, YTO BOOCAENCTBER CHJIO MNPOBEPEHO aKcIepEMeHTaIbHO. [IpH CKO-
poOCTH M3MEeHeHHA SHEpTHH 10 MsB B cexyHIy He OGHapYyReHO 38METHOI'C
yMeHblIeH)s CTeNeHH NOJAPE3alMi NOIAPU30BEHHOTO My4YKa [Oocje mnepe-
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ceuyeHnA PEe3OHaHCOB ¢ (eTaTPOHHHMA goJieSaHnAMA Kak BTOpPOro, Tak
1 l1epBorg nopaikKa.

SoJlGe HETAMBHO SHJ KCCJAEIOBaH JuHeliHH} pesoHaHC V=1-2,
Ha puc.7 npelicTaBjerRO [NOBeleHue CKOpDOCTE CdYeTa COCHTEH ynpyroro
paccedHud B [OJAPU3CBAHHOM MydKe BOJIESH 3TOTO pe3oHaHca. llpa 4eo-
TOTe BepTAKAbHHA GETATPOHHHX KOJNeGaHmit Vy = 3,152 (roumsit peso-
HaHc npu P% = 3,1565) noaApHsalind COXPaHAETCH B TeyeHe IJIUTeNb—
HOI'O BpemeHn. DRIKYEERE IYMOBHX myJabcaluit Bejywero MarHuTHOI'O Ho—
as al/H = 2 1070 (uTo naeT MOYJMLMO YACTOTH CHHHOBOR Mpeuecchn
paxoro ¥e mopspka) mpu Yz = 3,152 He MaMeHseT CTENEH! HOJLAPA-
samu, a opn Ve = 3.156 3a Bpemd # = 400 cex NpHBONAT X MOJI—
HOji JenoJspH3anun Myyka, 4YTO OHJIO OOATBEPRUEHO OTCYTCTBEEM M3ME~
HEHHAS CKODOCTH CueTa Hp¥ KOHTPOJBHOM BKIWYEHIH IenoJApU3Y DNero
BY-noJan.

Pacwer Hia pesonanca ) =L (uacrora GHOMAIBHOM MpEerecChit
CHuHa papHa YacToTe 00paueHud YacTHLH MpU E = 440,65 WaB), noka-
3HBAeT, UTO (€3 CHeIHaJbHEX Mep [OPOXORIEHHE 3TOr0 pesoHaHCa B
garomuTese BII-2M Ges HOMHOH HenoiApH3allii HEeBO3MOEHO. g Opo-
BepKH STOr0 YTBEePRUEHUA OuJl CHeJaH LMK/ 9KCIepEMEHTOB, B KOTOPHX
73MepANACh CTeleHb MOJAPA3AIUN NOCTe CHUREHWUS SHEepTHH NOMAAPU30-
pagHOro myuka co ckopocTeR IO MsB/cex IO HEKOTODOrO 3HaYEHHA BOIE-
3K [IeJOT'0 pPesOHaHCa E BO3Bpamerud eé ¢ sTolft e CKOpOCTBK B Ha -
yasibHOE MHoJoReHume. BwioTe Jo E = 448 MeB moJsApH3aliid COXpaHAIach;
npe 443 MeB ¥ HMEE NPOMCXOIWIA INOJHAA JIenoapH3alud.

JlenosApusymee BO8NEfiCTBEE KBAHTOBHX fuyxTyauail H3AydIeHns
mpA MepeceveHHd IEJOr0 Pe3QHAHCE MOXHO MOLABHTE, YBEJUYHB peso-
HAHCHYD DapMOHMKY BO3SMyweHAsA BBEAEHUEM B apsaMoJHeHE mpoMexy-
7oK mocTosuHoro noaa /20/. Ins oKCHepAMEHTaIbHO HPOBEPKE BO3MC
HOCTH [epecevueHns IeJoT0 pesoHaHCa Oes nenoAApusalny IIy4YKa, B O
HOM M3 NpOMEeXyTKOB Hakomurels BOMI-ZM GuJl yCTAHOBJEH COJEHOMIN C
[IPOJIONEHEM MATHUTHHM [OJEM h@fﬁ? = 0,03, Pacuer NoKasHWBaeT, 4TO
raroli BeJANYMHE OOJVIA JOCTATOYHO A Ges30NacHOIo nepecedeHusd peso—
HaHCca OpM CKOPOCTH K3MEHEHWS BHEeDPI'HM I0 MaB/c. [pu aTOM ILEHTDANB—
HHfi pe30HAHC NPOXONUTCA IMHAMUIECKH MEIJIEHHO, a mepBHt H3 BO3MOE~
HHX GOKOBHX, CBAS@HEHX C (asoBHMA KoJeCaHuAMK, - OHCTPO.

DKCIIEDHMEHT [POBOJIMICH caemymuuM odpasoM. K CIyCTKy HOJApE-
sopaEEHX Opu E = 625 MeB MO3UTPOHOB HOCABIAICH paBrEft W CUBHHY—
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Tt no dasze Ha 7i/Y HenoJApM3OBAHHH{I CTYCTOK. CpaBHeHHe CKOpOC-
‘Tefi cuera yHpYIuX paccedHuii B KaxnoM CIyCTKe HaeT H&ﬁpépuﬂﬁoe i
6HCTpOe H3MepeHWe CTEHEHH NoJApMaaluk. Ha sHepruu 5I0 ieB noovye-
pelHO HM3MeHeHEeM Ve # VM, "yBOmWIKACH" pesoHaHCH VY =Vi;2 3

W =V~2, 3aTeM BRIMNANCCE [POICJBHOE [oJe M, KOINa DHeprud yac—
THI CHEHXamach o ypomHa 400 MsB, 8TO DOJN€ BHEINY&NOCH. iOCJAEIyK-
mee H3MepeHme N0Kasajo COoXpaHeHHe MOJApH3allK, B KOHTDPOJBHOM
IMRJIEe, [OOBTOPAIWEM BCE Oolepaunyy, KpoMe BBeleHHd NPONOJIBHOIO Mar-
HATHOI'O [10J1A, OHJAO OOCHApPYREHO IMOJHOE HMCYe3HOBEHHE uoﬂﬁpnaauﬁn
[I03MTPOHOE. TaxkmM 00pasoM, SKCOepUMEHTANIBHO HOKa34Ha BO3MORHOCTH
anuadaTHYeCcKOro NPOXOEINEHUA LeJHX PE3OHAHCOB Je3 JeNoJApH3aliy
oydEa.

3. Kax y®e TOBODHJIOCH, YCJOBHE COXpaHEeHHA MOJAPU3AalMM BCTPEH-
HHX OYYKOB GJESKO K YCJAOBHD OpOUTANBHOff yCTOWUMBOCTH [IpH BCTpEYe,
WaMepenue DONAPM3ALNKM BCTDEYHHX MyYKOE [IPOBOJWIOCE CHUCTeMOi cuer-
4HKOB, OTHOBPEMEHHO pPETHCTpUpYuel SJAeKTPOHH ¥ NOZMTPOHH, MNOTEpAH-
HHE M3 IYYKOB BCJENCTBHE YHPYyroTe pacCedAHMA BHYTDPHM CIYCTHOB, BHIO
NOKA38HO, YTO BIIOTH f0 TokoB I0 x I0 m A npu E = 650 MeB pamna-
[HOHHAA NoJApusalid maa OOHYHEM odpasoM. [londpusallid He HcYesass
nocJie omyckan#sa sHepruu pmo 5I0 MsB, rie coxpaHaAnack B Te4eHHe
WIATEJBHOTO BpeMeHH. B pafioHe sHepru# P -Me30HA OHJIE HOCTHTHY-
- Ta MaKCHMAJBHAT CBETHMOCTH OOJIAPK3OBAHHHX BCTPEUYHHX My4KOE

B.Iﬂggcm'zcaﬂ'l /26/.

BuJi0 IDpOBeNeHO JBa SKCHEepPHMeHTa C [OJAPHSOBAHHHME BCTDEYHH-—
M Oy9RaMi, B KOTODHX M3y49anach asEMyTaabHad aHU30TpONHEA DOXRIe—
HEA BCTPeYHHX dacTH. [lpm sHepruy 2 x 650 MeB mamepeHue &HH3IOTPO—
MM pOXIEeHHs MOOHHHX Hap moATBepIaio $akT BOZHUKHOBEHHA MOJIADAZE—
AN BCTPEYHHX My49KOB,., MsydeHnme aHESOTDOMHH DPOXINEHHEA K&0HOB NpO-
BOIJIOCH B OGJMACTH ¢ ~ME30HHOTO pesoHaHca [NOCJe MNOJAPH3aLnK
nyuxop e’ u e~ ma smeprmu 650 MaB B Teuenme Bpemerm [ =27p .
(Pmc.8). llsMepeHHas BeJWYMHA NpOW3BeJEHUA CTeleHei MONApH3aLN
3.3 = 0,63 + 0,14,

4. SpdexrT pammalMoHHO} HOJApPH3alMM H3y4yaicA TaKxe Ha IPYTHX
8JIEKTPOH~-MO3ATPOHHNX HaKONMTENBHEHX Koabuax. B 1971 romy Ha Haxo-
nutene ACO (Opammmsa) usmepAsachk HONAPHIANHA MNOIUTPOHHOTO MYIKA -
nc a@perTy BHYTPHCTYCTKOBOT'O paccedHEd., A HeNONADU3&LMM HCOONE—
30BAJOCh IPOXOmIEHEe 4Yepes Lejuii MaumixH# pesoHasc mpu 440 MaB.

<0

Eujo [I0Ka3aHo, 4T0 NOJApMSalyA MO3UTPOHOB COXPaHABTCHA {B xXOpO-
NX pacodnx TOYKAX) M B [PUCYTCTBUU BJEKTPOHHOTO [My4Ka BIIOTE
70 TOKOB, CJINBXMX K MpeAeJbHHEN MO ofexram BCTPEUM, U MPOIEMOH—
CTpMPOBAHO LEfCTBHE HEKOTOPHX MAUMHHHX NenoJAApUSyIMX pe30HaH—
coB /28/.

B 1975 romy m3MepeHWA MOJADHU3aLAU OHJM NpoBeleHH Ha Harold-
rese  SPEAR . BHauaje [0 BHYTPUCTYCTKOBOMY paccedHun ¥ Helc—
JIApU3alLAR Ha 1IeJoM Pe30HaHCe HaGJnIajtach HOJAPH3AMMA OJHOTO
5JEKTPOHHOI'O [OIy4KE /29/. 3Barem OHIO IPOJIEMOHCTPAPOBAH0 HaIMIHE
noJNApU3aiAY BCTPEUHHX MYYKOB [0 H3MEPEHHD SHNU3O0TPOIMA DORIEHHA
MIOOHHHX mnap npn sHepruu 3,7 I'eB /30/.

B [lesioM OMHT padoTs Tpex Hakomureneji mokasuBaeT, 4TO pam#a-
LMOHHASA NOJAPH3AINA MOXeT CHTEH NOJyYeHa B UMPOKOM [ianazoHe BKC-
IepEMEHTAIBHEX yCNOBLH, M CBETEMOCTh MOAADHIOBAHHHX BCTDEHHEX
IyYKOB yXe CETOJH- IOCTATOYHA Af NPOBEMIeHMA UUPOKONO Kpyra aKC-
fepuMEeHTOB M0 (PA3AKE BHCOKHX BHepruii.

Xopoum IpIMEPOM HMCIONb30BaHAA NOJAPH30BAHHOCTA BCTDEYHHX
MyYKOB ABAAETCA BKCHEPUMEHT, NpoBeJieHHH]T Ha SPEAR , B KOTODOM
B MHOT'OSIPOHHHX COCHTHAX OHJIH oIpeeneHH CHEHH NEepPBUYHHX CTpY#

/31/. Tpz 9TOM OPOIEMOHCTPAPOBAHO, YTO MOJAPASALAL pesko odJier-
yaeT SKCHepMMEHTH TAKOTo THOa.

5. Ha maxomuTese BOIII-<M paumarioHHaA noJApu3alusd OHIN HC-—
[OJB30BaHa JUIA SKCHEpHMEHTOR LPYyroTo XapakTepa. Permcrpaii Cxai-
KOOGDARHOTO H3MEHEHAS CKOPOCTH CueTa COCHTHR ympyroro pacceAHns
B CIYCTKe 0pi ONpeJefeHHOf dacTOTe NENOJAPASYDIEero MO ABAAETCH
TaKke MaMepeHHEM cpejHeft JacTOTH OpelecCHA CIUHOB Q . Ho sHade-
amp L= p@s /Mo MOXHO ONpEJieNMTH SHEPIHD PElATHBHCTORONO
SJGKTDOHA, TAK KK OTHONEHZE &/« H3PECTHO H3 §-2 = BRONEpE-
MEeHTOB C BHCOKOR TOYHOCTED.

Hatuyee SHepreTHIeCcROTO pasfpoca B My4YKe He ABIAETCH, B nep—
BOM NpUGIMXSHHH, Or'paHAYEHHEM TOUHOCTHE dTOro MeToma /32/. OTwanoHe-
HUe DHepruy JacTHIN Ha BEJUYEHY A2 OT CpejHero 3HaYeHUA Jfo MpH-
BOIAT, B NPHCYTCTBHU YCKODAKUETO BY-HanmpaxeHAs, K CHHXDOTDOREEM KO-
NeGanuaM ¢ JacToTOH a?“¢<11 , KoTOpHe MOJyJMpYWT 4acTOoTy Ipe-
Heccus cngHa. YCpenHEHHHE MO $HazoBEM KOJIeCaHUAM CIEKTD CIHHOBOT'O
JBAECHHS MMeeT lEHTDaJbHYW JHHAD H GOROBHE YaCTOTH, OTCTOAUWME

<l




Ny ., llapameTps (asoBOfl MOJY/ANAR, KaK IPEBUIO, TEKOBH ,
YTO Bpems IeNoIApUsaudM T4 Ha cpeiHelf yacTOTeé MHOT'O MeHble,
9eM Ha GOHOBHX YacToTax.

limpAHa LEHTPAJLHOR JUMHEM COEKTDd ONpeneifdeTcs OTIWYAEM yC-=
pelHeHHON no $a30BHM KOJNESQHMAM DHEpIMM uyacTul Jfi  OT paBHO-
EecHOH ;} , KOTOpoe CBAS4HO, HalpuMmep, C KBaJpaTHIHON HeJu-
HefHOCTEN HAKOMUTeJs, lpu KOMIEHCALMA BTO# M NpYTHX HEeJuHeHHOC—
reff pasdpoc CNMHOBHX 48CTOT MOXeT CHThH, B IPHUHIMIE,CBElLEeH K M-
HAMYMY , ONpeleAeMOMy KBalpaToM sHepIr'eTHYeCKOT'O pasdpoce, 4TO
[MOBBOMAT ONpefeJATE CPeIHKD 80COMNTHYD SHEpPI'Hi 4acTull ¢ Opeieab—
HOt TOYHOCTED, 3aIaBaemoil M2BeCTHHM 3HdUeHUeM aHOMAJBHOT'O Mar—
HATHOI'O MOMeHTa 2JieKTpoHa. Ha npakTike, OOHaKo, TOYHOCTE H3Me—
DEHAA PHEPTHHM TEXHMYECKM OTPaHWYEeHa MEIJIEHHHMH HepeTyJiaDHHNK
y/bCalAAMA MATHATHOTO HOJA HEKOMMTeJNd, KOTOphe "pasmuBanT” cpel-
HED 9a8cTOTY OpelieccHE. Tak, Hamnpawep, cHCTema CTaldwiAsalud mar-
HETHoTO moasn B3IM-2M B HacTosAuwee Bpemsa odeclnedUBaeT TOYHOCTH
OIIHOT'O MBMEDEHHA + 2.107°,

[epBuN MNpUIOKEHHEM 3TOT'O CHOco0a KaMHCPOBKA SHEPTHH ABWIOCH
n3MepeHMe MaccH <P -Me3oHa /27/. llepel HauanoOM SKCIEDHMEHTa Ob-—
Ja NpoBeleHa aGCOMOTHAS KaTuOpOBKA WIKaJH SHEPTHN HaKOmATeNd Me—
TOLOM DEe30HSHCHOR Ienojapusaliiy.

[ukn M3MepeHHs HeYMHAJACA B KOHYaJICH KOHTDOJBHOH KannopoBKoil
sHepr#d Mydka B Touxe E = 509,6 MeB. Bcero Owjo NpOBEJEHO TpH
|MKJ8 naMepeHEl KpUBOR BO3CYmmeHNs ¢P -mMe3CHa B HTepBaje oHep-
rem oT I0I4 mo I026 MesB. HadpauHw# @HTerpal CBeTHMOCTH

L = 4.10%%w".

B skomepumMenTe perucrpuposaica kaman P—~A *Ay no mym
sapakeHEM mioHaM oT pacmama Ag —>ii*/l” . OxcuepumeRTAIbHNE
JaKEHe # ONTMMASMpDOB8HHAA KpUBasd NOKasaHH Ha puc.Y. COOTBETCTEyD-
masg PeaumyMEA Maccs @ - mesoHa I10I9,4 + 0,3 MeB mpexcTaBiera
Ha puc.I0 BmMecTe C NaHHHMH IPYTHX SKCOEPHMEHTOB.

3TOT ®e CNOCOS KAMACDOERA SHEPI'MM MYyIKOB OHJ HCIOJB30BaH
JUIS uaMepeHAs cymvH Mace K- -MesoHOB. B 9TOM SKCHEDEMEHTE MO~
SHTPOHH NOJAAPH30BaINCh Ha oHeprzs 650 MsB. llanee dHEepPrEA omyc-
ganach jo 509 MeB, m Opu NOCTOAHHHX [apameTpaX MyYOK BHIEPRABaI~
cs oxouio I uaca (IS NOJIHOrO YCTGHOBJEHES BCeX TEIIOBHX DeREMOB).

22

[locxe 3TOTO BRANYSAOCE BHCOKOYSCTOTHOE HOJNE JeloJApH3aTopa He-
GoNBWOfl AMIINTYNN, €ro 4acToTa MelJieHHO MepecTpakBaiack, U MO
CKAYKY CKOPOCTH CYeTa DACCEeAHHHX BHYTDH CIYCTKa HO3UTPOHOB Ofl=
pejefanach YacToTa COMHOBOfl IpeLeccud #, COOTBETCTBEHHO, a0Co—
JARTH&A SHEPTHA DOSHTPOHOE (TOYHOCTE NOpAIKE 2.10'5}, 3aTeM BIT
KaNCA CTYCTOK 2JEKTPOHOB,¥ NPOBOAWIOCH BRCHOHRPOBAHHE AIEDHO-
oMy bCUOHHON Kamepu. llonydeHa WTOrOBAA TOYHOCTH ONPEJeJIeHES
MaccH K*% K= mesoHoe nopaAxka U KeB (B AB& pasa Jydue CpeIHEeMHpO-
Boft). Pacmanx ¥ — A *+K  permcTpupoBancd B ANEPHOHR HOTOIMYIB~
CHE, OpeIXBapATEJEHC KaIXCpPOBAHHOR 00 MOHOXPOMATHYHHM IIDOTOHEM,
YTO MOBBOJAMAC ONPEeNeJNTh KUHETHIeCKYD SHEeprii KaoHOB C TOYHO-

“oreid 40 HaB.

llpoBepKa OLMHAKOBOCTM CBOMCTB YaCTHI, ¥ BHTHYACTHL © elile 50—
7ee BHCOKOf TOYHOCTHI OHJIG IpOBelieHa CpaBHeHHEeM &HOMANBHHX Mar-
HETHHX MOMEHTOB SJEKTpOH& M HO3UTPOHA [0 ONHOBDEMEHHOMY H3MEpe-—
HAKN X 4aCTOT [peleccHy [pH UX IBUASHHE IO omHo#f U Toi ®e pab-—
HOBECHOft TpAGKTODHM B MATHMUTHOM [OJe HaxonaTed /34/ .

JHCIOepHMEHT [NPOBOMIICA Ha SHEPIHH 625 MsB omHOBpEMEHHC C
mpyMa Oyuramy (2/IeKTDOHHHEM # no3uTpoHHEM) . Io npomecTBHM IBOM-
HOPO BPEMeH: NOJpU3alui BEIKYATOCH NOJe JerosAph3aTopa Masoi
SMILIATYH, # ero 4acToTa MeLIeHHO OepecTpamBaIach. [I0 CKa4YKy CHO-
DOCTH CUETA DACCESHHWX BHYTDH CIYCTKOB OJIGKTDOHOB i MO3UTPOHORE
onpeXeJAIAC: UX YacTOTH npeneccud. CpaBHEHME STUX HacTOT AaeT
cpaBHeHHe aHOMAJHHHX MaUHETHHX MOMEHTOE 3JIEKTDPOHE M nosnTgoHa.
[lokasaHo, YTO STHA MOMEHTH DaBHH C TOYHOCTHD HE XyHe 1.I07", 9410

.Hﬂ JBa OOopAnKa BHUE TOYHOCTH OCTAJBHHX SKCIOEDHMEHTOB IO HSMEpE-

HAY SHOMAIBHOTO MATHHTHOT'O MOMEHTa NOBHTPOHA.

A meMOHCTpailii IeficTBATEALHOM paspemapuen CIOCOOHOCTH Me—
TOoHa, SHEpPTHM 3JIEKTDOHOB H IIO3ATPOHOB GHJIM cHerxa pasliBHH" TH C
[IOMOUBY DPA&IMANRHOTO BJEKTDHYECKOI'O I[IOJA. o E3MepeHAAM ACHO BHJI-
HO, YTO YACTOTH [peLieCCHE pasJBHIaliCh Ha OEILacMyl BeJUYHHY.

o]
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B rauecTBe O0mero ATOra MOXHO CKaszaTh, 4YTO BUIMMHEe CEeT'OIHA
06/MaCTH NpAMEHEeHHT 3aCTEBJIAKT paspadaTHBaThk HOBHE HAKONHMTENH C
VYeToM TpedoBaHMil NONy4YeHHA, YOpaBJeHAA W HCNOJB30BEHMA paina-
LUOHHOR MOJADM3 Al .
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AN, Skrinﬂkyg Gier Tumaikin ’ Yu.M.Shatunov
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. ABSPRACT

Theoretical and experimental studies in fhe Ingtitute
(Hovosibirak) on thé behavior of particle pblérization in
storage rings are reviewed. In theoretical works the motion
of particle spins in arbitrary inhomogeneous fields was in-
vestigated. The methods for obtaining the bga@a with a re=-
Quirédfpolarization direction-in storage'rings_and accelera-
tors are described. I+ ié shown that direction-variable fields
on some parts of the orbit may be used to avoid the resonance
depolarization ﬁpon accélération of pqlarizedzparticlés'to
high energies+ The conditions for the existence of fadiative
polarizatioﬁ of electrons and positrons were revealed. The’
methods for measuring the polarization 6f the single and col-
liding beamg are described. The results of measuring the time
and degree of_raﬂiative ﬁolarization are pregeﬁted.'The’ﬁction
of_sﬁin'raaunances was studied. The uaé of pdiﬁrized.beams to
-find an absolute energy of particles in a storage ring and:to
‘compare precisely anomalous magnetic momenta of electrons and

positronsg is described.
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1. REVIEW OF THEORETICAL RESULTS

1. The effect of radiative polarization of high-energy |
‘light charged particles (electrons and pogitrons) at their mo-
.tion in a homogeneous magnetic field was theoretically found in
“1963 by Sokolov and Ternov /1/. This effect can be 1nterpreted
in a c13551ca1 way, congidering a noncharged partlcle with a
hlgh_spln 3;:-:-#./2 and a magnetic mqmentum /‘ffﬁs y moving
straigh#ly adross the magnetic field H ; due to a precessian:
magneto-dipole radiation, the ' . Then in its frame _
syatem with a magnetic £ield gﬂ? , due to a precession magneto-
-dipole radiation, the magnetic momentum will "damp"™ to .the
position “along the field" (minimum of energy) accordlng to the

equation

dT 3-? drE

dSy_2¢ = dF )= 363 (m) S, (S,,?-?.S'_FT/HsSf*-Sz'S”

In a laboratory system

5 ; _ 7 i
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From this the characteristic time of damping (at small devia-
tions of the magnetic momentum from the field direction) ig

]43 52

{ZP 3 C3

When considering this case in a quantum-mechanical way

the following equation is obtained
5 | -

229 .2,3¢2 _ 2R 20,613 & (2)
= SaHS — sl Y H TS
- This equation within the classical limits gors to (1). The
equilibrium polarization degree remains equal to 100% for an
arbitrary spin.

For a charged particle with the charge e and gyromagne-

tic factor ‘? (q, 35 €/2m6') the correspond:1g equation has the
general for /2/

§,= L Si/h - oy S, (3)

where the coefficients o 4 do not depend on whe spin value and
in the ultra-relativistic case are proportional to 3"2H3 s For

2 ;
the spin 1/2 the equation takes the form (sl:;tz/z):

éﬂzld;h‘./z—d-f 3"*

The quantum-mechanical sense of the coefficients of+ becomé
clear from the comparison of this equation with an elementary
balance equation for the spin 1/2 as a two-level system:

s and A . are the sum and difference of spin-flip probabi-
lities for the 1/2 spin per a unit time: ol+ = _ﬂi B,

Note, that for a particle with a high sgpin the polariza-



-

——

3.

tion rate is determined by the difference of the spin-flip proba-

Bt s s (7: s ’2'306 I), while for the spin 4/2 +the rate.
1
Z-P = CI;.[.-
For the case of a particle with a high gyromagnetic factor
[9 >?1) the spin-depended part of the charge radiation, as com-

pared with the magnetic momentum radiation, can be neglected.

In this case the particle non-inertion motion is negligible, the

reverse transition Drobability disappears:

= |d_ I- A r21e )

and equation (3) coineides with (2). For a charged particle
Wiﬁkkig.“‘q, the quantum fluctuations of radiation results in
reverse transitions (ody .>,o(_’) and decreases the equilibrium
polarization degree f ; Thus, for anlelecﬁron in a homoge-
neous magnetic field ]=lo(_|/o(+=.‘?22

The evaluation of «the polarization time exampllfled by an

-uncharged particle (neutron) was given by V.L.Lyuboshits /3/.

2. The result obtained by Sokolov and Ternov pointed %o
the presence of a polarizing mechanism. To clarify real possi-

bllltles to produce polurlyed light particles in storage rlngs,

1t was necessary to study radiative polarization in inhomoge=

neous fields.

In inhomogeneous fields the polarization state variation
occurs due to both the direct radiation effect and as the re-
sult of the orbital motion perturbation due to radiation

(mainly).

A study of the direct radiation effect on the polarization




of ultra-relativistic light particles in arbitrary inhomoge-

- neous fields (only slight field variations about the radiation
fermetlen length.were agsumed) wasg’performed by V.N.Baier,
V.M.Katkov and V.M.Strakhovenko /4-7/ . It was found that the
field inhomoheneity did not significantly change a polarizing
mechanism, resulted from the direct interaction of a spin with
redietieng ' |

The impertenee of studying the effects of radiation in-
fluence on polarization via an orbital motion is associated
with the fact that the time of orbital motion relaxetien ig
many orders lower then that of pelerizetion. The study of
these effects was started by V.N.Baier and Yu.F.Orlov /7,8/.
It was shown that the orbital diffusion caused by quantum ra-
diation fluctuations in the presence of small vertical dieter—‘
tions of closed orbits in a storage ring, resulted in spin dif-
fusion. This depoleri%ing influence of radiation is of a reso-
nance nature, and at adequate closeness of the frequencies of
precesgion and disturbance destructs radiative polarization.

3. For a complete angwer to the question on the exietence
of redietive'pelarizetien a detailed analysis of the polariza-
tion behevieur'witﬁ the account of all epeeific features of |
pa rticle motion in storage ringe was necessary to de. Later on

a study of the spin dynamics net regtricted by an erdinery case

of approximately axial magnetlc fields /9-11/. Generalization
_on the caee with arbitrary 1nhemegeneeue fields ie ef prectlcel
interest for gtudying possibilities to obtain any required po-

larization direction. Methods and concepts were devéloped enabling
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s unified description of the radiative polarization to be ob-
tained in arbitrary electromagnetic fields with the account of
all significant orbit-spin coupling effects. The analysis m&kes
it possible to'&escribe quantitatively the prodess of polaria_
zation both in usual cases and in those with direction-variable
fields /2,12,13/. . | |

It was stated that for any stationary magnetic (electro-
magnetic) fields providing the existance of closed (and stable)
particle orbits _?(9) ( @ is the generalized asimuth) there
exists closed (perio&ically repeated on the given agimuth)
apin trajectories H (9) gstable not less than i_n nearly uni-
directed fields (instability ie possible only in the vicinity
of spin resonances) /9,10/. A spin deviated from H precesses
around L - (sj:milar to that precessing_ around }7 in a uni-

directed field).
| This fact provides extensive possibilities, by introducing
gpecific fields, to obtain any stable direction of the particle
spin on the given asimuth in a storage ring (in particular, a
- longitudinal one). _ _

As'regards the pfﬁcedure,’it is feasonable-to note that'
the possibility to realize, by choosing the magnetic field
geometry, a stable spin motion with a given direction in the
required orbit point is analogous to that for the achievement
df stability in orbital mdtion of particles in a storage ring
with a complicated form of the equilibrium trajectory. For
"example, the.introductioﬁ of a longitudinal low-valué magﬂetic :
field to a storage ring (With-plﬁne closed orbits) results only

in a slight deviation in the equilibrium polarization stable



direction from a vertical one (far from spin resonances). In
addition, the introduction of the field rotating a spin by a
unity—order angle at a single tranmsit does not destruct the
spin motion stability and results in a strong variation of the
equilibrium polariza‘tion FL .

A. The well-known situation, in which polarized beams-may
exist is the motion in an accelerator or a storage ring with a
constant (in direction) magnetic field. The natural direction
of the stable polarization lies along the field transversal to
the particle velocity.

Already in this case, the polarized beams substantially
expand the possibilities for carrying out experiments in phy -
sics. In particular, one can determine the =@pin properties of
final states by measuring the azimuthal digtribution of the
reaction products for the transversally-polarized colliding
beams. It becomes also possible to carry out precise experi-
ments. /265 27,32, 34, 35/ | | _ .

Of great interest is the problem of obtaining beams with
any preassigned polarizatloq‘dlrection._ﬁs an example, in |
experiments with the longitudinally-polarized (parallel to ve-
locity)_electrﬂn-positron éolli&ing beams of the same helicity,
the one-photon electro-dynamic channel is closed and therefore,
all the rest of the annihilatioﬁ processes, either non—one—phn-
ton or non-electrodynamlc, are emphasized. - |

5. The first suggestions (1970) for producing the required

polarization dlrectlon,_ln_partlcular, longitudinal, were given

in /10/ (see elso Review /T/ pe 477 (p.T14)). Longitudinally



polarized beams can be obtained in various ways. Consider gimple
examples /10/. Introduce a radial magnetic field }Lrinto a
straight section of the storage ring. To change the spin direc-
~ tion in respect of velocity on the angle JI/2 it is necessary
to use for electrons fo=23kgausrsrmef€_‘z , where ¢ is the
length of a section with the introduced field (for protons
fo =2 kgauss:nﬁfez; the proximity of the required field
values is explained by the fact that the anomalous magnetic
maménts of an electron and a proton have almost the same abso-
lute value). By varying the value Fttalong the gection, any
required polarization direction can be obtained at the colli-
gion point. To restore the polarization direction along the
 field and the particle velocity upon its initial direction, the
condition SH,,(G)a'9= 0 should be imposed. No special probleni:g
are preseé%ed in restoration of\the orbit on the section out-
put. Such methods provide & high degree of the radiative polari-
zation.

When rotating at the present plane by the transverse (in
respect of velocity) fields, a'?elation exists between thé ve-
locity angle Y relative to the main orbit plane and the spin

angle lV in respect of velocity:
w/v=2/19-2)=1/V,

When the radial fields are used, at the point of 1ong%tudina1'
polarization the velocity inclination angle is F/2V . The am-
plitude of the orbit vertical distortions within thg section
with introduced radial fields will depend on energy. The choige

of a method is determined by specific experimental conditions.
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For example, the particl§ trajectory within the section may be

- of the form shown in Fig. 1a. The raidal magnetic field is
tragsverse to the_figure plane and *introduced to regions I, II,

i 7Y 45 1 The'cppoﬂitemdirection-1ongitudinal polarization is pro-
duced hetﬁeen regions I? II and II, IITI (arrows point to the
polarization direction). As agother example, the method suggested
in /14/ can be taken (see Fig.1b). Here longitudinal polariza- |
tion is produced between regions II and III. (Thé opposite~direc-
tion longitudinal ?olarization may take place between regions

I, IT and III, IV). The characteristic property of this mgthod.
congists in the fact that the collisicn of_longitudinally-po-
larized particles occurs at the point O, which position along
the vertical does not depend on energy.

At_a_mption along one orbit in any ﬁagnetic field electrons
ana'pqaitruns are polarized in opposite directions due to ra-
diation (in particular, it is also valid at the point of longi-
tudinal Polari?ation, that gives equel helicities). Colliding
electronmpoaitrgn beams with the same polarization direction
can be-dbtained._For this purpose it suffies to separate the |
polarized:béams énergies by a radial electric field and to in-
vert_onajbeam po1ariﬁati0n'direction by makiﬁg it’to pass adia-
batically through the induced spin resonance /11/. The state of
 the ra?erse-dlrection polarization is dynamically as gtable asg
"natursl®, and due to radiative proceaaes it will only relax
slowly to the 1atter.xll
Whan beama move along different trajectories, 88, Ceeo

in storage rings DORIS (BRD) or DOI (France), the states of
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beams with any relative sgigns of longitudinal polarizations
can be gtable in regpect of radiative processes. Thﬁa, at con-
centric trajectories (similar to those in the above storage
rings) the equal helicity states take place, provided that at
the collision point the trajectory inclination angles to the
main orbit planes (the orbit planes are parallel) are equal

‘—J‘
(a head-on colligion) LF: Ji /2»‘),

The state with opposite helicities takes placa provided that
the inclination angles, e.g., are X (the beam collision angle

ig IWP., Pig. 2)

Then, polarization of both beams proves to be longitudinal
(with accuracy - tf’/g' ) in their centre of mass system.

Other examples of longitudinal polarization in a straight
section (with the spin and orbital motion restoration) can be
given by the methods utilizing (instead radial fields)combina-
tions of longitudinal and vertical fields /15/ and those of ra-
dial and vertical fields /16/.

6. To produce longitudinal polarization a longitudinal
magnetic field can be used, not distorting the equilibrium
particle orbit. Consider an interesting example /10, 33/._;et
two opposite gtraight sections be present in a storage ring.
Introduce to one of thém on the length B a longitudinal field
an rbtating a spin vector by a half turn around the rate. The

required field value H,=RJE /gef , where E ig the particle
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energy. In this case the aéaﬁle"equilibrium_polarization n
in the opposite section is directed along (against) véldcity
independently of energy, and in tHe main part of the orbit it .
is transverse to a guiding field, its orientation in the orbit
plene on the asimuth given being depeddent on energy. The apiﬁ
oriented in the main region along the field proves to be inver-
ted via a particle fevolution. This means that the fractional
part of the gpin precegsion rate around n is-alwayé equal to
“half the particle revolution frequency independentiy of energyX).
It is interesting, that in this case the spin motidn is even |
more stahle then in a usual case of a unidirected ﬁagnetiq_field:
all spin resonances, including those with betatron hermonics,
become actually impossible, since the resonan. 2 would also denote
simulteneous instability of the orbital motion.

. In principle, possible for electrons (positrons) methods
of polarization control can also be applied t0 heavy pﬁrticlea.
Due to the absence of the effect of radiative polarization these
particle beams ahquld.be either injected already polarized, or
gsomehow be polari;ed in_the,storﬁge'ring, For exgmple, ona may
expect to obtain polarized_proton (antiproton) beams in storage
ring by using the spin dependence of the nuclear interaction of
partigles with_pblarized targets, applying electfon cooling to
ﬁaintain sufficiently small b?aﬁ gizes.

X) 1 gtorage rings with direction-variable fields the frequency
of spin precession around N is defined not only by the energy
of a particle but by all structure of the field over the closed
orbit /9, 10/. In the case considered the angle of spin rota-

. tion around N during the period of the particle's revolution in
the ggtorage ring does not depend on energy (H,~E) and is equael
to i ® : : : .
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7. The preparation for a practical operation with pola-
rized particles in storage rings (including those with compli-
cated field end trajectory configﬁratians) demanded the deve-
lopment of & more extensive and detailed analysis of polariza-
fion behaviour in the region of spin resonancee._The'complate‘
solutions havg been'obtained for all the cases of single cros-
sings of resonances at any rate which'ganeralize the resgults
giveﬁ in /17/. A pr0blem has beén solved on the.spin motion at
multiple periodic and "noise" crossings of any resonances (both
machine's and those induced by the external high-frequency fiélds)
11/, ' o

One of the 1mportant problems where the results of study-
ing the spin dynamics can be applied is the depolarlzatlon

_suppresslon when passing the spin reﬂqnances_(due 1o energy

change, for ex.)pprficularly actual for héavy particles (see,

e.g.Review /18/). The compensation of dengerous harmonics of

- the disturbing fields or the increase of the resonance crossing

rate can. obviously be'recommended. For example, the depolarizing

influence of resonances with betatron frequencies can be elimi-
nated by a system providing rapid crossing due to betatron fre-
quency jumps /19/. To supress depolarization on resonances with
revolution frequency effective is'a method based on not the
cnmpensatiqn_Qf'dangeraué:harmonics_but on their increase by
introducigg to the sections of additional fields tq the value
when the resonance crosgsings become adiabatic”/QO/._
The”introductiqn of fields greatly disturbing the gpin

motion enables simultaneous suppression of the effects of re-
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sonances with betatron frequencies aos well; The limiting case
- may be the abqvg-éxample with the intraductian intu the straight
| gabtiqn of longifudinal field.ratating a spin by & half-turn |
| (diatdrtions in the magnetic system‘fﬂeuaing prupertieé, if
'naceaaary. can be companaated by the introductinn nf a&dltional
lenaea). In this case it is of advantage to inject lﬁngitudlnally'
polarized particlea directly to the opposite section where the
equilibrinm.polarization direction is parallel to velocity;

_ When ancelerating up to high energies sz){):lt is easier
to invert a apin in the seation by transvarse to the orbit meg-
netic fieldg, since the required value of theae fielda is ap-
proximately times lawar than the required‘value of a longi-
tudinal field. The candition of orbit restora*ion cen simulta-
neogsly be_tu;fillgq, too. For example, introduce the transver-
se fields forming an angle 120° to three successive regions I,

IT and ITI, as is shown in Fig.3 (The figure plane is transverse
ta_velocity, magnatic field II is pgrigontal)._in éaah ;egion thg [
spin is Tevolved around the field by the angle . It can readi-

: ly be seen, thatl the verticaily-drieuted spin upnn ;ts_transit bf
' these three regions proves to be inverted, » In this
case the particle veloclty direction is reﬂtareﬁ with the accu-
racy up %o ‘9'3 » (Without further cnmplzcatian of this gystem

en accurate velocity reataratian can alaﬂ be provided). The
‘resulting apatial orbit ﬁlaplacement can readily be compensgsted
._ag ?ha subgequent region by a unxd;rectad field with a zerc
.awefagg‘?alue not distorting the direction of the spin and ve-

locity.
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Here again likewise in the method with a longitudinal
field, the fractional part of the frequency of the spin pre-
cession around n is equal to half that of the particle re-
volution. _

Since in these' cases spin reéonances are impossible at any
energy, in'thé procesa_of'acceleratiaﬁ the beam polarization
degree will be kept constant.

. The switching on of rotating fields during acceleration
can be performed adiabaticaily with the spin and orbital motions
kept stable.

The problem of keeping polarization at acceleration and
deceleration may be actual for light particles as well. For
example, electrons can be quickly polarized at high energy and
then'decelerated up to that, required for the expariment; An
advantageous epproach may be fast polarization in a special
storage ring with a high field at a low energy, then followed
by the transition of polarized particles to the main storage
ring. :

During dynamically slow gadiabatic) passing of a spin re-
sonance in electron and positron storage rings the depolarizing
action of quantum fluctuationslahoul& be taken into account _
which is maximum in the resonance region. Introduding suffici-
ently large coherent perturbations (additional fields in straight
sections) the resonance can be shifted to such an extent thatl
the depolarization iﬁ suppressed due to radiation fluctuations
40/ _ |

8. On the basis of the results of the spin dynamics analy-



15.

It is interesting to note that with the accoun® of this
effect the maximum polarization degree is aschieved in a storage
ring with an inhomogeneous specific-form field /2/ and equals
to 95% (in a homogeneous field =~ 92%).

For a quantitative description of the radiative polariza-
tion kinetics at any point an investigation was carried out with-
out limitations imposed by the closeness of spin resonances.
Since polarizing processes proceed slowly, 1t proved necessary
to take into consideration the higher-orders resonances as well.,
As a result, formulas were obtained determining the region qf
radiative polarizetion existance and enabling us under the condi-~
tions given to find the direction and degree of the equilibrium |
polarization and its damping time.

A'very important practical problem has been considered on
the colliding beams polarization behaviour /21/. It has been
shown that the conditions of polarization stability of the col-
liding beams about those of the orbital motion at collisian?,

| 9. Advantugeous for the faster polarization proves to be
the introduction of magnetic "snakes", i.e. regions with a

atfong gsign-variable vertical#magnetic field FH?) f22/%%, The_

# A gpecial study is necessary to do for finding optimal con-
ditions to have good enough luminosity and good enough equil-
librium degree of radiative polarization simultaneously. By
preliminary estimates, these requirements can be sgatisfied.
They can be relaxed additionally if one uses many bunches re-
gime in two-ring colliding beams facility.

#% A gimilar method wes independently suggested by A.Hutton in
his work "Control of the low energy characteristics of the ISR
electron ring using wiggler magnets"(Part.Accel. v.7, No 3,

. 1976). Note that,in our opinion, the basic formuls for relaxa-
tion time of polarization used in this work is not quife cor-
rect and, therefore, the quantitative results are wrong.
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minimal number of field oscillations is determined by the ad-
mittable amplitude of spatial orbit pulsations in the section.

According to /2, 5=7/, the inverse polerization time is
-.f 9 .
T '= APPHIHIA® (4)

where A is the constant parameter. From this it is seen that
by increasing the field on a relatively amall length, the po-
larization time cean significantly be decreased. In this case the

equilibrium polarization degree is equal to
& 3 SPIE
=== bnHe /§IHI¥0
3’5/37§ /

It is evident thet by introducing a "enske", a high polariza-
tion degree can be provided without orbit d4i stortions on the

main sections. For this purpose the condition
§IHI6 - | HA6| « SHIdo
3 S S

should be fulfilled, providing that various-gign fields are
gréatly differént in their value. At the same time the condi-
and SGHA8 =0,

tions S Hdﬁr'- Ommﬁ’ned, too. It is reasonable that by
this m%thod the sign of equilibrium polarization can also be
changed by varying the field signs in a "snake". In particular,
one may reveraibly change the particle helicity in the region
of longitudinal polarization. Of particular advantage for in-
dependent control of the colliding beams polarizatidn ié the -

two-rings case.
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II. Methods of Polarization Measurements
N
1. Polarization of electrons and positrons which results
from thelir prolonged mution in a magnetic field can be meeeured il
by varioue methods, The proeeeeee'ueeful fer-meaeuring the trana-
verse polarization of high energy pertielee in a storage ring |
were proposed and considerel in /7, 23-25/.

At energies of the order 1 GeV polarization of one beam

can be meagured by the dependence of elastic scattering of the

particles in a bunch on their polarization. Due to energy ex-
change * AE in scattering, the partlclee leave & beam and
can gomehow be detected. Thle method becomes 1ow-effielent for
higher energiee-eince, owing to a growth in the particle trans-
verse momenta, both the ereee-eectien of the ﬁroceee end the |
polarization eentribution decrease.

The ereee-eeetien of Compton scattering of circularly %
pelarized photons is also deﬁendent on the electron polariza-

tion. The asymmetry of secondary 7 -quanta with energy~33ﬁaﬁ‘

is maximum for the energy fw‘c{, & rncsz . For electron energies

in_the order of_aeverel_GeY the maximum agymmetry can be achieved
using the ultraviolet (500—100 i) part in the eynehretren”rediar
tion spectrum of an electron beam characterized by a eeneidereble
degree of the different eién circular polarization above and
below the equilibrium orbit plene. The following scheme fer en
experiment can be suggeeted. : |

The beam is:"prepared" as two eeneequeet bueehee g0 that

the "light" of the first one is reflected and focused by a
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spherical mirror at a distance of its radius equal to half the
digtance between the bunches. The detection of recoil electrons
deflected by a guiding magnetic field in coincidence with a
seconda:j 3- -quantum makes it possible to choose the required
part of the spectrum. The reflection of either of the upper or
lower part of the synchrotron rafiiation (with respect to the

electrnn orbit plane) allows easy alternation of an asymmetry

10

sign. For the number of electrons 10 in each bunch the number

of "useful" events is about 193 per Becand._The same counting
rate may be achieved using a continuously aperating 1aser'with
geveral Wt in power. Lasers are efficient for electron enmexr-
gies of the order 10 GeV where the asymmetry is maximum in tne
optical part of the spectrum. The main disad—=antage of the
Compton scattering application for polarization measurements
apﬁarently consigts in the necessity of sharp focussing of pho=-
tons end precise adjustment of the electron orbit.

Another method of polarization measurementis exists, free of
this disadvantage, which uses scattering by a jet of atomic po-
larized hydrogen. For the alrgqﬁy achieved densities of pola&ized
hydrogen ( f~ 110‘12 3, | 3 =1) at E = 1 GeV and jet dlameter
0.5 cm the number of events per second is numerically equal to
the electron beam current in nnA . The azimuthal anisqtropy_for
the transverse polarizatlon of.electranslis + 10%. In the case
of longitudinal polarigzation the coun#ing rate of uaeful events
varies by a factor of 8 for parﬁilel and antiparallel erientation
of the electron spins in the beam and in the target. The possei-

bility of simultameous scattering of electrons and pogitrons as
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well as weak dependence of the scatiering cross-section on thg

particle energy _.(6 = 3'_{) mak . the polarized gas target appli-

cation to be a convenient meang for meaauring the polarization

of both one beam and colliding beama. _ _

: The pro&uct of the polarizatian degreea of colliding beama
can diractly be meaaured_in the axparimqnts-ﬁn high energy par- -
ticlas interactiuna. The eross-aeetiana of twa-particla-reao- _
~ tions aapand on the mutual oriantntian af elentran and peaitran _
epins /7/ !Ehe amas—aection of the /'l ~megon pair eroatian 1a_;__;:5_
strongly polarisatiﬁn dapandent- .

/,/,(9- r(...?Z) 0, /.,f(a-ﬂ -y.-.(;).-:.,es‘_

. The reactiona in which paeudcscalar masans ara proﬂnced :
are leas com*em:l.ant for polarization meamementa. aince 'I:heir
amas-amtions are as a rule mller than /.,/., » However, in
the reg:l.un of resomcea whara the corraspending cmaa-awtion '
greatly inoreauea, the obaamtien of ‘I;ha azimuthal anisotropy
of final particlos appears a convenient ma‘bhad far measuring
~ the trqpﬂe:aq polarization. The 1ongitudiqal polarization of
-cbl;j,_dinlg' beams can aaaily be observed from the elaatic .'aeat-'
tering of electrons on positrons. The cross-section of this
pmceaﬁ'at -B- % vari’eh by a fﬁgtnr.oﬁt 8 far parallel and
'antiparallel particle npins.; e i

2. When opemting 'i'l:h palarized beams. 11: is adviaible
to be aible 'lm ﬁepolariza a beam. !'or thia purpoae ona can uae_-
& *machine" :-emna.nce of auttiﬁi&nt power. In nan;r casea, hw- _'"
.evar, it is not of a.dvmtage lincc aithar bm energy or :rre-

)
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quency of betatron oscillatioﬁa should be changed. More pro-
mising method is provided by using the external high-frequency
electromagnetic field resonant with the spin precession fre-
quency. | _

Such exitation ahuuld_nat result in variations of the beam
sizes; s0 the RF-field frequency should not coincide with one '
of the combinatioﬂs_pf orbital_oscillation fyequanciea. That @a'
why_;pr.thq_tra#sverse in the pont of the exciﬁedleléctran po-
larization it is more safely to switch on theflangitudinal mag4
- ﬁetic ﬂeld. .!.tlhig_her lgnergi_asl,, however, when ))::-:r 1 ', _'b_l_lg
transverse H, - field is more convenient for beam depolariza-
tion since the required_1ﬁngitudinal_fieida are considerably

larger for the same depolarization time:

| Sk, 4§ /§ H,dﬁl

- The applica‘bion of a rlmning wave with II'U IEZI providea
additional possibilities in two-beam expermments. In the db-
sence of_refleation_aagh of the_cullld;ng beams an he”dapo-
lari;ed geparately by choosigg the direction éf wave propaga-
tion. In addition, it seems possible to depolarize selectively
bunches of one_beam:if'ahortwtima pulses in phase with the re-
volution frequency are used. $hie_method will allow experiments
with the colliding beams containing simﬁltaneously polarized

and unpoiarimed particles, other parameters being equal.
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ITI. Experiments with Polarized Beams
1e Experlmants on meaauring the electiron polarization ‘were
| started 1n'Hovoaibirak in 1970 with a stnrage ring VEPP-2 /7/
- The first result gave evidenﬂe for radiative polarization. Haw-
ever, because of the reconstruciion of the ?EPP-E complex the
expgrimants were-ﬂtopped and continued in 1974f1975 uging a new
storege ring VEPP-2M /26-27/. Measurements of the transverse
polarization degree were performed by detécting elastie scét-
tering of the particles in a bunch. Two systems of acintillatian
counters have been uaeﬁ.in VEPP-ZH, one detected electrona with
en energy transfer AE[E > 20%, while the aacond—alectrons and
positrons with AF/E f-_-"ss._ When the beam was quickly depola-
rized using the noise-modulated high frequency longitudinal
magnetic field (reshn&nt with the spin precession frEquancy)'a
Jump in_thei#ouﬁtipg rate_fi_of'such events was observed (Fig.4).
The dependence of this jump value A= ( l:l; ﬁr)/ﬁ, on the time pas-
sed from the beginning ﬂf a polarization cycle until switching
the depolarizing RF-field allawed determination of the limiting
palarization_deg:ee ;. = Q. 90 + 0.15 and the time of radia-
tive polarization T, = 68 & 10 min at the energy 625 MeV.

- 2. Good agreement of the measured quantities with those
calculated provided evidence for a small value of the depola-
rizing_facﬁpra at t@e axperiment angrgy_(fE' = 625.&&?)_that“
was just expectied aﬁt@rxnumgrical_gsfimations_of.the depolari-
zafiaﬁ timg; In fhp eatimaﬁign'a model wes used in ﬁhich the

_perturbation in the form of a squew qua&rupole.was-introduced
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into the ideal structure of a storage ﬁng (the quadrupole
strength was cbtained by meashiring the coupling of vertical
and radial particle osc,illatibna‘_)-. The re_sults_of the numeri-

qal calqulati_o:}s of _“inacl;j.ne“ depqlarizing :fe_sgnaml?eé whose

power is characterized by the ratio of polarization and depb-
larizatian and depolarization times 'L' /7Ty are given in Fig;G.
In VEPP-2M tha radiative polarization ia paasible :I.n the energy
_range above 496 MeV¥ excluding narrow resonance banda which can
easily be "shifted" by choosing the gpgrat;on,__freqnepcieg of
‘Detatron osoillstions 1 , Vj . The caloulations sleo showed
that 'rp_ao;m_ncca can be passed vv_u_r_ithéut polariaation daatruction,'
that was later e::aminad experimén’tallj At the rate of energy
7ariation 10 lﬂ’/ sec no pronounced decreah.e in the beam pola-l
'.riza:bian degree haa bean obaervad upon paasing the resonances |

'wi,th betat_ran escillationa of 'bot_h the first and the second

~ orders.

'J’.'he 11near resonance V= \?; 2 has been atudieﬁ in more
'detail P:Lg. T shows the bahaviour of tha cotmting rate of

| slaat?:.e acattaring_: mgpta in a.pplar:!_.zed beam near this reso-

nance. At the frequency of vertical bgf.‘atron oscillations
¥ = 3152 ‘_(~_pxgct..__1je.aqn§nce at V, = 3.1565) polarization is
maintained for a ling time. Switching of noise .pulqa.t:!_.qga' of

| the guid:lng magnetic field AH/H 2I10"'3 (resulting in fhe

modulatien of the spin precession frequmcy of the same order)

at Vz = 37152 dld not change the po;grization: degree, while'

at V3 = 3,156 for { = 400 sec resulted in complete beam de-

_ p_elérizaﬁon, confirmed by the. abs_enc.e of va&ia‘bioﬁs in the
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counting rate when a depolarizing RF-field was switched on for
control.

The calculation for_a'resonunce Y =1 (the_frequency of
anomalous spin precession equals to the revolution frequenéy
at E = 440.65 MeV) showed that at a given rate of thg energy
variation a resonance cannot be passel without complete depo- |
larization unless special care is.taken. To confirm this paatu-
lation several experiments_were performed, in which the pola-
rization degree was measured upon decreasing the polarize& beam
energy to the region of an'integer resonence and returning itr
to the initial value with the same rate. Up to 448 MeV the po-
1arization was mamntained, at 443 MeV and below complete de-
polarization occured. ' .

_ The depolarizing action of the quantum fluctuationa of ;
radiation while passing an integer resonance can be prevented
increasing the perturbation resonance harmonic by introducing
the constant field into a straight_section /20/. To verify ‘
experimentally the posaibilitiaa_of passing an integer reso-
ﬁance without beam depolarizat%on, a soienoid,with a longitu-
dinal magnetic field was placed in one of the VEPP-2M straight
sections F{-p/ H = 0.03. The calculation shows that this field
value is sufficient for secure paésing of the resonance with.__
the energy variation rate .10_H§F/sec. In this case the central
resonance is being passed dynamically slowly, while the firé#‘

of the possible side resonances associated with phase.oscil1ar
tions - repidly. |
This experiment was perfurmed in the fullowing way, To a |
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bunch of the polarized at [ = 625 MeV positrons an unpola-

rized bunch of equal current was added shifted in phase on ‘8 .

The c_omparison_o_f the counting rates of elastie scattering :!4.;1
each bunch provides a 'continuou and fast measurement of the
polarization degree. At an energy 510 MeV by varying in turm
\Jz ' énd ‘)x' the betatron resonances )= %"02. and = 1&-‘2
were "removed", then a longitudinal field was switched on, and
when the particle energy was decreased to 400 MeV this field |
was__awitc'hed off. A subsequent measurement showed polarization
conaeﬁation. In a control cycle, 'repeating all the procedures
except the introduction of the longitudinal magnetic field,
comple'l:g'- disappearance of the positron polarization was obser-
ved. Thus, & possibility has been shown ~xperimentally to pass
integer resonances without beam depolarization.
3+ As mentioned above, the condition for the colliding

beams polarization conservation is cluse to that for the orbit
stability at collision. Polarization of the colliding beams
was measured by a system of counters simulyaneously detecting
electrons and positrons lost from the beams due to elastic
sdattering ingide the bunchg;.. It was shown that up to the
currents 10 x 10 mA at E = 650 MeV radiative polarization
occured in a usual way. Polarizat:_ton did not vanish after de- |
creaaing energy to 510 MeV where' it was mainteined for a long
_time. The maximum luminosity of polarized colliding beams was
achie?ed in the ‘P -meson region 2¢1 029 cm aec ief /25/ ng .

_ gxpaﬂ.ment_s_ using polari_zed coll_ldlng beams were performed by
studying the azimuthal anisotropy of created particles. At
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the energy 2650 MeV the anisotropylin production of muon
pairs was observed which supported polarization of the collid-
ing beams. The investigation of anisotropy in charged kaons
production was carried out at the fp -meson energy after et
and € beam polarization at 650 MeV for the time £=2 T,
(Fig. 8). The measured value of the product of polarization
degrees was ;;I_ = 0.63 + 0.14.

4. Radiative polarization was also studied on other elec-
tron-positron storage rings. In 1971 the positron beam polari-
zation was measured on ACO (France) using the inside-bunch
scattering. For depolarization passing of an integer machine
resonance at 440 MeV was used., It was shown that positron po-
larization was maintained (in good operation points) in the
presence of an electron beam up to the currents close to the
gimiting ones (by beam-beam effects), and the action of some
machine depolarizing resonances was demonstrated /28/.

In 1975 polarization measurements were performed on the
storage ring SPEAR. At first the polarization of one electron
beam was observed according to the inside-bunch scattering and
ﬂépolarizatinn at an integer resonance /29/. Then the polari-
zation of colliding beams was demonstrated by measuring the
enisotropy of muon pair creation at ﬁn energy 3.7 GeV /30/ .

The experience gained on these three storage ringse shows
that radiative polarization can be obteined over the wide rangeé
of experimental conditions, and the luminosity of polarized

colliding beams is already sufficient to perform various high-

e o e T o e i B R el



A good example of such an experiment was that carried out
by the SPEAR group on the determination of the primary jet
spins in multihedronic events /31/. It was shown that polari-
zation greatly facilitatad such experiments.

5. On VEPP-2M the radiative polarization was uged for
gnother type of expe:iments. The detection of a jﬁmp in tﬁg
variation of the counting rate of elastic scattering events
inside a bunch at a definite frequency of the depolarizing
rield also memsures the average spin precession frequency fI .
The measuring of value of iL= Jwﬁ (s allows determihation of
the energy for a relativistic electron, alnceig '%Egis kuowm
with high accuracy from the 3-2 experiments.

Energy apraad,in the beam to a first =pproximation does
not restrict this method accuracy /32/. The particle energy
deviation by Aa- from the average value .3; in the presence
of the asccelerating RF-field results in synchrotron oscilla-
tions of frequency &)a, <4 L2 , which modulate the spin lﬁreces-
gion frequency. The averaged over phase oscillations spectrum
of spin motion has & centralfline and side band frequenciea.at
a distance nwg. The phase modulation parameters are usually
chosen so that the depolarization time 7, is much lower at
the central frequency aa-compargd.with the side band ones. The
width of the spectrum cgntral 1ine.ia determined by the'diffef
rence between the pa::_-tidle energy 7, averaged over phase os-
qillgtiana and the equilibrium one .?E agsociated, e.g., with
quadratic nonlinearity of the storage ring. When compensating

this and other non-linearities, the spin frequencies spread
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cen be minimized to the value determined by the squar__éd ener-
gy spread, that .mables determination of the average absolute
energy of pﬁrticlea with a limitiag accuracy given by the
mown value of the electron anomalous magnetic moment. In
prac'tice,_ however, this accuracy is restricted by aloﬁ' irre-
gular pulsations of the ato:&-age ring rmagnetic field "smearing"
the average precession frequency. At present the system sta-
bilizing the magnetic f:i.eld of VEPP=2M provides one measure-
ment accuracy + 2 X 1072,

The first é.pplication of this method of energy calibra-
tion consisted in the 4) -megon mass measurement /27/. Before
the experiment en absolute calibration of the storage'ring
energy scale was performed using resonance depolarigzation.

Each measurement cycle was started and 'ended with a con-
trol calibration of the beam enai-g_y at £ = 509.6 MeV. Three
cycles measuring the (P -megon excitation curve were perfor-
med over the energy range 1014-1026 MeV. The luminosity in-
tegral was [, = 4 x 1034.0111'2;. |

In_ the experiment the decay mode ?""’ K,;*‘ Ks was detected
by 2. charged pions produced itri the decay Ks - J;"ji".' The
experimental data and op_tiﬁnize_d curve are shown in PFig. 9. The

cofreepoﬁdi_ng value of the @ -meson mass 1019.48 + 0.13 MeV

with the data of other experiments is shown in Fig. 10; the

accuracy was 2 times better than the world-average. The same
method of beam energy calibration was uged to measure the sum

of K +'a.11d K~ masses /34/. In th;is experiment positrons were

"I'_'_.pol-arize&’ at 650 MeV, then the energy was decreased to 509 MeV
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and at congtant parameters the beam was kept for an hour (for
'complete gtabilization of all thermal regimes). Then the de-
polarizer RF-field of small height'was switched on, its fre-
quency was slowly changed, and by the jump in the counting rate
of positrons scattered inside a bunch the spin precessgion fre-
quency was determined, and regpectively, the absolute positron
energy was obtained with an accuracy of the order 2 x 10'5.
After the injection of an electron bunch a nuclear-emulsion cham-
ber was exposed. The resulting accuracy of the K++ K mass de-
termination was about 80 KeV (2 times better than the world-
-average). The decay mode ¢'“’" K++K¥waa detected in the nuclear
emulsion precalibrated by monochromatic protons which enabled
determination of the kaon kinetic energy with an accuracy 40 KeV,
Pl identity of the particle and antiparticle properties
was checked with high accuracy by the comparison of the anoma-
lous magnetic moments of electrons and positrons and simulta-
neoﬁs measurement of their precession frequencies (both par-
ticlas being moved along the same equilibrium orbit in the
storage ring magnetic figld) {35/. |

The experiment was carried out at E = 625 MeV at the
same time using electron and positron beams. After the doubled
period of the polarization time a small height depolarizer field
was switched on and its frequency was slowly varied._The jump
in the counting rate of the scattered e+ and € (ingide the
‘bunch) gave their precession freqﬁgnciea. The comparison of
these freqqenciea provides that of the eleciron and positron

anomalous magnetic moments.s These moments were shown to be equal
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an accuracy not worse than 1-10-53 two  orders better than the

accuracy of other exyefimenta on measuring the anomalous magne-
tic moment of a poaitron;

~ To demongirate an actual resolution of the method, the
electran and.poaltron anergleﬂ were slightly separated by a _
radial electric fleld, Frcm the meaauremﬂnts it can easily be :
seen that the preceasion frequencies were alsa sgparated by an
expected value. _- 2 .. b SR |

In conclusian, it can be said that the extﬁnt field af

applications known, designing new atorage ringa, to take intn
account the neceseity to have good candltiena fnr the gunera-

tion, control and using of radiative polarization.
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Captions to Figures

Fig. 1a.Production of longitudinal polarization.

Variant 1.

1b.Production of longitudinal polarization.
Variant 2.
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Production of_loﬁgitudinal'polarizated colliding
beams of opposite helicity. | . N
The scheme of spin flip by 180° in a atraight-secf
tion around the radial direcfion with particle ve-
locity restoration.

The counting rate of elastic acattgring events in
e bunch versus the depolariéer frequency.

The jump in the counting rate during depola:izatio:

-versus time from the beginning of a polarization

cycle.
Calculation of depolarizing regonances.,

Depolarization at the resonance =1,-2

Azimuthal anisotropy of .Kt-masons produced with

po}arized beans.

Excitation curve of the ¢ ~meson.

10.World values of the if’ ~Mmeson mass.,
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