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llOJIYJIEllTOHHhiE PACIIA,Uhl D --7P(V) +I +v1 
B KHPAJILHOH MO,IJ;EJIH 

K.P.HacpuoOUHOB*, r.r. Taxma.MblUU8, T.A.M epKyJI.o8a 

Tio.rrynenTOHHbie D -t P(V)l v1 pacna.ztbi D-MeJOHOB HCCJie.!lyiOTCll B paMKax cpeHOMeHOJIO­

rwleCKHX KHpallbHb!X llarpaHJKHaHOB (M<l>KJI). TIOJI)"'eHO Bb!paJKeHHe .!l1lll Clla6b!X a,npOHHb!X 
TOKOB Me)I(Jiy nceB,!IOCKallllpHb!MH H BeKTOpHb!MH COCTOJIHHJIMH. Bbi'IHCJieHHb!e BepoliTHOCTH 
pacna.ztOB cpaBHHBa!OTCJI C HMeiOUIHMHCJI TeOpeTH'IeCKHMH H 3KCnepHMeHTaJibHb!MH ,!laHHb!MH. 

TIOKaJaHO, 'ITO TeopeTH'IeCKHe H 3KCnepHMeHTaJibHb!e 3Ha1.JeHHJI OTHOUle Hif BepOliTHOCTeii 

MO.!I pacna.ztOB HaxO.!IliTCJI B Y.!IOBJieTBOpHTeJibHOM COI'JiaCHH. 
Pa6oTa BbinOJIHeHa B Jla6opaTOpHH Bbi'IHCJIHTeJibHOii TeXHHKH H aBTOMaTHJaUHH Ol-UIH. 

The Semileptonic D ~ P(V) + l + v1 Decays 

in the Framework of the Chiral Model 

K.R.Nasriddinov, G.G.Takhtamyshev, T.A.Merkulova 

The semileptonic D -t P(V)l v1 decays of D mesons are studied using the method of pheno­

menological chiral Lagrangians (PCL). The expression of weak hadronic currents between 

pseudoscalar and vector states is obtained. Calculated partial widths for these decays are com­
pared with the available theoretical and experimental data. It is shown that the theoretical and 
experimental ratios of the decay modes are in fair agreement. 

The investigation has been performed at the Laboratory of Computing Techniques and 
Automation, JINR. 

B HacTmnuee apeM.SI B 3KcnepHMeHTax HHTeHCHBHO Hccne.UYJOTC.SI nonynenTOHHbie pac­

na,ubi D-Me30HOB [ 1 ,2]. TeopeTH4ecKoe onHcaHHe TaKHX pacna,uoa B paMKax pa3JJH4HbiX 

no.uxo.uoa eme Hey.uoBIIeTBOpHTeJJbHO. HanpHMep, .UJJ.SI OTHOCHTeJJbH 11 aepo.SITHOCTH KaHa­

f(D ~ K *t-v
1

) 

JIOB 3KCnepHMeHTbl yKa3biBaiOT Ha 3Ha4eHHe ~ 0,5, a TeopeTH'IeCKHe MO-
f(D ~ Kl-v

1
) 

.uenH npe.ucKa3biBaiOT 3Ha4eHHe ~ 1 (eM. [2]) . 
B HacTo.Simeii pa6oTe .!lJI.SI oueHKH aepo.SITHOCTeii nonynemoHHhiX MO.U pacna.uoa D-Me3o­

HOB HCnOJJb3yeTC.SI MeTO.[l cpeHOMeHOJIOrH4eCKHX KHpaJJbHbiX JJarpaH)I<HaHOB (M<l>KJ1) (3) . 
Cne.uyeT 3aMeTHTh, 4TO KHpaJJbHbie Mo.uenH 6hiJJH HCnOJJh30BaHbi .UJJ.SI onHCaHH.SI o4apoBaH-

*11HCTHTyr ll!lepHoii ¢H3HKH AH Pecny611HKH YJ6eKHCTaH, noc.Ynyr6eK, TarnKeHT, 702132, YJ6eKHCTaH. 
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6 HacpuOOIIHOIJ K.P. II op. floJl.VJienmoHHble pacnaObl 

HblX Me30HOB (4-8], XOT~ KHpaJlbHlUI CHMMeTpH~ Ha ypOBHe O'lapOBaHHblX 'laCTHU CHJlbHO 

HapywaeTC.sl . .[lJJ.sl TOro 'lT06bi HapyWHTb CHMMeTpHIO B CJJYf.Jae O'lapoBaHHblX 'laCTHU, CXeMa 

OaKca 6bJJJa pacwHpeHa Ha CJJYf.JaH SU(4) c Yf.JeTOM nonoJJHHTeJJbHoro nosopoTa BOKpyr 

10-H ocH B SU(4)-npocTpa HCTBe [8) . M<l>KJI, KaK yno6HbJH MeTOll c TaKOH cxeMOH Hapy­

weHH.ll, 6bJJI HCnOJJb30BaH TaK)I(e H llJI~ OnHCaHH~ MHOro'laCTH'lHblX CJJa6bJX HeJJenTOHHblX 

pacna.uos A;-6apHoHa [9]. 8 HenasHeH pa6oTe [ 10] TaK)I(e 6biJJH HccnenosaHbJ nsyx'laCTH'l­

HbJe cna6bJe HenenTOHHbJe pacnanbJ D-MeJOHOB. 

Xopowo HJBeCTHO, 'lTO nonynenTOHHbJe pacnanbJ D-MeJOHOB npencTaBJJ.!IJOT HHTepec 

nn~ nposepKH cTpyKTYPbl cna6bJX anpoHHbJX TOKOB. OcHOBHlUI HeonpeneneHHOCTb npH HJY­

'leHHH 3THX pacnanoB CB~JaHa CO CJJa6bJM anpOHHblM TOKOM . 8 paMKaX )laHHOro MeTO)la 

nonynenTOHHbJe pacna,ubJ D -MeJOHOB onHCbJBaJOTC~ cnenyJOlllHM narpaH)I(HaHOM B Q:>opMe 

<<TOK Ha TOK >> 

G 
L = _f_(JII-il2sin9 +113-il4cose)/+ 

w {2 ll c ll c ll' 

rne GF :::: 10- 5 I mp
2 - KOH CTaHTa <l>epMH, e - yroJJ Ka6H66o, I = ul Y, (I + Ys) u - nen-

c ll ll v 

TOHHblH TOK, H anpOHHbJe TOKH HMeJOT BHll (3) 

JII-il 2 =-i j rt-a[jO _ _ I_ rtoa D-+Koa o-} 
ll l ll {2 ll ll s ' 

1,~3-il4=-i {K-aDo+Koa D-) . 
... ll ll 

A CJJa6ble anpOHHbJe TOKH Me)I(Jly nceBllOCKaJl.s!pHblMH H BeKTOpHblMH COCTO.s!HH.s!MH no­

JIYf.JHM c noMOlllbJO npoueny pbl << YllJIHHeHH~ >> npoHJBOJlHbJX [II]: . . 
J; = F ua bf 

ll 1t g ll <p abi ' 

rne Frr = 93 M38, g - << YH HBepcanbHlUI>> KOHCTaHTa BJaHMOlleHCTBH~. KOTopru~ QJHKCHpyeT­

c~ 113 3KCnepHMeHTaJlbHOH W HpHHbl pacnana p -7 1t1t: 
2 

.8_ :::: 3,2; 
41t 

Ua H <ph - nOJJ~ 1-- H. 0-- Me30HOB COOTBeTCTBeHHO. 
ll 

JlarpaH)I(HaH CHJl bHOrO B3aHMOlleHCTBH~ nCeBllOCKaJl~pHblX MeJOHOB C BeKTOpHblMH Me-

30HaMH TaK)I(e HMeeT BHll [II] 

- 0-) - • ta kum Ls( 1 ' - g 1 kim <p ll <p ll · 

AMnJJHTYllbl 3THX pacnanOB MO)I(HO npellCTaBHTb B BHlle (9) 

M(D(p) -7 P(p
1
) l(k

1
) v(k)) = 

- " " GF U(k) [f, + g ,Ys + P<f2 + g2y5) + P,<J3 + g3ys)l U(kt ), 
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Taonuua 1. BepOliTHOCTH r(I010 
c-

1
) 

nonynemoHHbiX D ~ PlV1 pacna.noB 

Pacnaabr ct>KJl 3KcnepHMeHT 
[2] 

D-~KoJl-V~ 10,3 6 62+ 2·84 
• - 1,89 

D-~1toJ.l-V~ 0,47 -

D0 ~ K+Jl-V~ 10,2 8 ± I 

Do~ 1t+J.l-V~ 0,94 -

Ds- ~[(Oil- v~ 0,81 -

D- ~ K 0e-v 11,0 6,24 ± 0,85 
e 

-

Taonuua 2. Bep oliTHOCTH r(lo10 
c-

1
) 

nonynemoHHbiX D ~ VlY1 pacna.noB 

Pacnaabr ct>KJl 3KcnepHMeHT (2] 

D-~K·oJl-V~ 3,01 4,26 ± 0,57 

D- ~ p0J.1-V~ 1,26 10-1 (I 89+1.42)·10-1 
• -1.23 

0,22 ± 0,07 ± 0,05 [ 15] 

D 0 ~K*+Jl-V 3,0 -
~ 

Do~ P+J.l-v 2,51 ·10-1 -
~ 

D- ~ K •OJ.l-V 2,53 ·10-1 -
.f ~ 

D- ~ K*0e-v 
e 

3,34 4,54 ± 0,47 

D- ~ p0e-·v, 1,38· 10.:.1 ~ (3,5 ± 0,1)·10-1 

7 

D- ~ 1t0e- v 
e 

1,0 
0,20 ± 0,07 ± 0,05 [15] 

15° ~ K+e-v 11,0 9,16 ± 0,53 
e 15° ~ K*+e-v 3,36 4,84 ± 0,79 

e 

15° ~ 7t+e-v 1,0 0 94+ 0.29 
e • -0,24 15° ~ p+e- v, 2,75· 10-1 -

D-~.K 0e-v s e 
0,84 - D- ~ .K*0e-v 

J e 
2,77-10- 1 -

r,ue EA - BeKTOp nOJJS!p113aUHH ]--Me30HOB; f. H g. - cpop McpaKTOpbl, 3aBHCSilUHe OT 
Jl I I 

HMnyJJbCOB KOHelJHbiX COCTOSIHHH; q=p-p
1
; k

1
, k -4-HMnyJJ bCbl nenTOHOB c; . ::p . yll). 

U I ~ 

C noMOlUbJO 3THX narpaH)J(HaHOB Mbl BbllJHCJJHJJH nonynenTOHHbie D ~ P(V)l- v
1 

pac­

na.nhi, noJJb3YSICb naKeTOM BETA [12] (eM. Ta6n.l H 2). 

llHarpaMMbl pacna,uos H3opa)J(eHbl Ha pHCYHKc. Cne)lyeT OTMeTHTb, 'ITO BKJJa.Ll )lHarpaM­

Mbl I B no)lasneH H3-3a Man oro 3Ha'leHHSI Mace 3JJeKTpOHa H MJOOHa. 

113 Ta6n.1 BHJlHO, 'ITO Bbi'IHCJJeHHbie sepoS!THOCTH pacna,uos YilOBJJeTsopHTeJJhHO coma­

cyJOTCSI C HMeJOlUHMHCSI 3KCnepHMeHTaJJbHbiMH )laHHbiMH (2] B paMKaX OWH6KH 3KCnepH-

- 0 --
MeHTa 3a HCKJJJOlJeHHeM D ~ K e v e KaHana. 8 TO )J(e speMSI nonYlJeHHbiH HaMH pe3ynh-

TaT XOpOWO COfJlacyeTCSI C npe)lCKa3aHHeM peJJSITHBHCTCKOH KBapKOBOH MO)leJJH ( )3] H C 

3KCnepHMeHTaJJbHbiMH )laHHbiMH ( 14 ]. 

BbllJHCJJeHHble sepoS!THOCTH D ~ Vl v
1 

pacna,uos tcM. Ta6n.2) TaK)J(e yJlOBJJeTBopH­

TeJJbHO COfJlacyJOTCSI C HMeJOLUHMHCSI 3KCnepHMeHTaJlbHbiMH )la HHbiMH (2, 15] B npe)leJJaX 

OWH6KH 3KCnepHMeHTa 3a HCKJlJOlJeHHeM D ~ K * z- VI KaHaJJOB 0)lHaKO nOJJYlJeHHble HaMH 



8 

I. 

12--~v, 
a) \ p 

8) 

HacpUOOl/HOB K.P. ll i!p. no.n-;remnOHHble pacnaobl 

~ 
D ---
6) 

~ 

LluarpaMMbl paCIIa.110B. rLIC W H S- C.1a6aJI H CILlbHaJI sepWHHbl, COOTBeTC1BeHHO 

peJyflbTaTbl pac'!eTa n ~ K • e- v ~ pa.cnanos llyYWe comacyiOTCll c 3KcnepHMeHTOM, '!eM 

npencKaJaiiHll, uanp11Mep, ~wnenu HaM6y- Houa- JlaJHHHO [7] : 

f(D ~K ·e-v )=(1,92±0,54)x I0 10 c-1. 
~ 

nony'!eHHble uaMll pe 3) Ji bTaTbl llflll D ~pi- v
1 

KaHanos xopowo comacyiOTCll TaJOKe c 

npencKaJallllliMH 3cpcpeKntsHoii Teop1111 Tll)l(eJloro KBapKa [ 16] 11 KX.U Ha peweTKax [ 17-
20] . CnenyeT onteTHTb: 'ITO Jnt KaHanbi liBJlliiOTCll <<na6opaTopHeH» llJlll nposepKH cna6biX 

<UlpOIIIIbiX TOKOB Me:>KllY IICeBllOCKa!lllpllbiMH II BeKTOpHbiMH COCTOliHHliMH. 

CpasueHue peJyllbTaTOB JJaWIIX pac'!eTOB c 11MeiOIU11MI1Cll 3KcnepHMeHTa!lbHbiMH naH­

IIbiMH (2 , J4,J5] naeT 

f(D 0 ~ K+e-v) 
R

1
= 0 -+~=0,79, 

f(D ~ K rr.) 
R 3KCn . = 0 95 + 0 04· 

I ' - ' ' 

fCD 0 ~ K\t- v) 
R = -0 7? ... - 0 - , -, 

f(D ~ K-rr.+) 
R,3Kcn . = 0,80 ± 0, I 0; 
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r(D- ~ p0e-v) 
R

5
= 

0 
e =0,041, R

5
3 Kcn. =0,045± ,014±0,009; 

r(D- ~ K* e-\1) 
e 

reD-~ Poll-Y) 
R

6 
= _ •O _ _ = 0,042, R;Kcn. = 0,051 ± 0,015 ± 0,0091; 

reD ~ K ll vJl) 

reD-~p0t-v1 ) 
R

7 
= 

0 
= 0,042, R

7
mn. = 0,047 ± 0,013; 

reD- ~K * z-v
1

) 

r(D- ~ K *Oil- V ) 
R

10 
= - O = 0,30, R

1
3

0
Kcn . = 0,43 ± 0,09 ± 0,09. 

r(D ~ K+ll- v ) 
Jl 

Bepo5~THOCTb pacn~a D 0 ~ K - Tt + 6bma pacct.JI1TaHa paHee s pa6oTe [ 1 0] . 
B11nHo, t.JTO Bbit.JI1CJJeHHbie 11 3Kcnep11MeHTaJJbHbie OTHOWeHI15~ sepo5~THOCTeH 

D ~ PeV)l \1
1 
pacn~os xopowo comac)'IOTC5~, 3a 11CKJJIOt.JeHI1eM R

9
. 3aMeTI1M TaiOKe, t.JTO no 

cpasHeHI1IO c .upyrnMI1 TeopeTI1t.JeCK11MI1 no.uxo.uaMI1 M C1> KJl OTJJI1t.JaeTC5~ 11 npaBI1JibHbiM 

on11caH11eM OTHOCI1TeJJbHbiX sepo5~THOCTeH R8 11 R
10

. Bo3MO)[(HO, yqeT npoMe)[(YTOt.JHbiX seK-

TopHbiX COCT051HI1H B 3TI1X pacn~ax eKaK 6biJIO C,lleJJaHO B a60TaX (9, 1 0]) n03BOJII1T 

.llOCTI1fHYTb Y.llOBJieTBOp11TeJJbHOrO COrJJaCI151 C 3KCnep11MeHTOM. 3 TOMY 11CCJJe,llOBaHI110 6y.ueT 

nocB5~llleHa cJJe.U)'IOllla5~ pa6oTa. 

TaKI1M o6pa30M, .UJJ5~ oueHKI1 OTHOCI1TeJJbHbiX sepo5~THOCTew D ~ PeV)l \11 pacn~os 

np11MeHeHI1e MCI>KJl 5~BJJ5~eTc5~ pa3yMHbiM. 

AsTOpbi Bbipa)[(aiOT 6naro.uapHOCTb Jl .A .KoH.upaTIOKy, M.M.M ycaJaHosy, E .H.KypaHosy 

3a none3Hbie o6cy)[(.ueHI15~. 
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3AP.H,UOBhiE «DOPM«DAKTOPhl TIPOTOHOB H HEHTPOHOB 
B COJIHTOHHOH MO,UEJIH C ,UHJIATOHAMH-KBAPKOHH.HMH 

E.H.Mazap, B.A.HuKoJtaes, B.IO.HosoHCuJtos*, O.F.TKalleB 

PaccMOTpeHa BOJMOJKHOCTb onucaHHJI HYJCliOHHbiX 3JieKTpOMarHHTHbiX cjlopMcjlaKTopos B 
paMKax o6o6meHHOH MOAeJIH CKHpMa c AHJiaTOH-KBapKOHHeBbiMH nOJIJIMH. nepBOHa'!aJibHbiH 
pac'!eT B TaKOH MOAeJIH npHBOAHJI K 60JiblllOMY paCXOJK.neHHIO MeJK.ny paC'!eTHbiMH cjJOpMcjlaK­
TOpaMH H AHOOJibHOH cjJOpMYJIOH. 3AeCb Mbl, COXpaHJIJI 3MOHpH'!eCKHe JHa'!eHHJI OOCTOJIHHOH 
nHOHHOro paCnaAa H TeopeTH'!eCKOe JHa'!eHHe CKHpMOBCiroH nOCTOJIH oit; npHXOAHM K YAOB­
JieTBOpHTeJibHOMY OOHCaHHIO cjlopMcjlaKTOpoB B OrpaHH'ieHHOH o6JiaCTH HMOYJibCOB, HCOOJibJYJI 
OpH6JIHJKeHHJI AOMHHaHTHOCTH BeKTOpHbiX MeJOHOB. BeKTOpHble MeJOHbl BKJIIO'iaJIHCb HaMH 
TOJibKO KaK aApOHHbie KOMOOHeHTbl B CTpYKrype cjJOTOHa. 

Pa6oTa BbinOJIHeHa B Jia6opaTOpHH TeopeTH'iecKoii cjJHJHKH HM. H.H .Eoron106osa OH.51H. 

Proton and Neutron Charge Form Factors 
in Soliton Model with Dilaton-Quarkonium Fields 

E.N.Magar et al. 

Nucleon electromagnetic form factors are considered in the framework of the generalized 
Skyrme model with dilaton-quarkonium fields. In our first publication we got big discrepancy 
between calculated form factors and dipole approximation formula. Here we have reasonably 
good accordance between them in finite impulse region after vector meson dominance has been 
taken into account. Omega- and rho-mesons have been included into only hadron structure of 
the photon. 

The investigation has been performed at the Bogoliubov Laboratory of Theoretical Physics, 
JINR. 

PewaJOll.IHM npeHMYll.leCTBOM corrHTOHOB B cpasHeHHH co see H .npyrnMH Mo.nemiMH, r.ne 

none TO'Ie'!HbiX !lJepMHOHOB CB~I3aHO C Me30HaMH HJJH KaJJH6pOBO'IHbiMH ITOJJ.s!MH, 3aKJJIO'Ia­

eTC.s! B TOM, 'ITO }')ICe B JJH_nHpYJOll.leM KJJaCCH'!eCKOM npH6JJH)'(eHHH npOCTpaHCTBeHHa.s! 

CTpyKTypa 6apHOHa, KaK 06beKTa KOHe'!HbiX pa3MepOB, crre_nyeT np.s!MO H3 3!lJ!lJeKTHBHOrO 

_neikTBH.s!. TI03TOMY H !iJopM!lJaKTOpbl Henocpe_ncTBeHHO nOJJY'!aiOTC.s! H3 OCHOBHbiX ypaB­

HeHHH MO.neJJH. 113MepeHHe Ha6rrJO_naeMblX B OITbiTe 3JJeKTpOMarHHTHbiX !lJopM!lJaKTOpOB HyK­

JJOHOB .naeT no'ITH Henocpe.ncTseHHYIO nposepKy Bbi'IHCJJ.sieMbiX B Mo.nerrH !iJYHKUHH. 

*CaHKT-neTep6yprcKHii rocyAapcTBeHHbiii YHHBepcHTeT 
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HacTOHUHlH pa6oTa n o C851WeHa HaWHM Hena8HHM pac4eTaM 3neKTpH4eCKHX cpopMcpaK­

Topo8 HYKnOH08 8 o6o6we HHOH MonenH CKHpMa. 06o6weHH351 Monenh CKHpMa 8KnJ04aeT 

8 llHHaMHKY KHpanhHOro c onHTOHa nHnaTOH-K8apKOHHe8oe CKanHpHoe none . TaK o6o6weH­

Ha51 Monenh nOJ80nHeT 8oc npoHJ8eCTH 3KcnepHMeHTanhHOe JHa4eHHe MaCChi HYKnOHa npH 

H38eCTHhiX Ha6nJOllaeMbiX 8 MeJOHHOM CeKTOpe 3Ha4eHH51X nOCT051HHhiX - nHOHHOro pac­

na,ua F H 6e3pa3MepHOH CK HpM08CKOH nOCT051HHOH p ~ 21t, HMeJOweii CMhiCn nOCT051HHOH 
1t 

8JaHMoneiiCT8H51 [I] . 11HTepnpeTaUH51 )l(e 3neKTpoMarHHTHhiX cpopMcpaKTOp08 npoTOHOB H 

HeiiTpOH08 BCTpe4aeTCH c HJ8eCTHhiMH TPYllHOCTHMH. PaJMep HYKnOHa oKaJhi8aeTCH 

cnHWKOM ManhiM npH 3TH X JHa4eHHHX nocTOHHHhiX Fn H e, H pac4eTHhle KpH8hle 04eHh 

naneKO YXOAAT OT llHnOn hHOH KpH80H, npH6nHJHTenhHO 80CnpOH3BOll51llleH 3KCnepHMeH­

TMhHble naHHble . 

PaccMaTpH8a~Ma51 o6o6 weHH351 Monenh CKHpMa, ccpopMynHpo8aHH351 8 [2] MeTOllOM KH­

panbHOH H KOHcpOpMHOH 6 0JOHH33UHH narpaH)I(HaHa KXll HapHllY C KHp3nhHhiM noneM, 

8Knl04aeT H 83aHMOlleHCT8yJO Wee C HHM CKan51pHOe none 11HnaTOHOB-K8apKOHHe8. B TaKOH 

MOllenH cywecTBeHHO H3Me H5110TC51 C80iicT8a TOnonorH4eCKHX COnHTOH08 8 cpa8HeHHH C 

opHrHHanhHOH MonenhJO C K HpMa. 

B8eneHHe nononHHTen hHoro cKanHpHoro nonH 8 3cpcpeKTH8HhiH narpaH)I(HaH MO)I(eT 

HMeTh paJnH4HyJO MOTH83UHIO. TaK, HanpHMep, 8 (3) HCCnell08MHCh He 3aBHC51WHe OT 

cnHHa KOMnOHeHThl cnHH- o p6HTMhHoro 8JaHMoneiiCT8H51 . B MonenH CKHpMa OHH HMeJOT 

npa8HnhHhiH (OTpHUaTenhHhlH) 3HaK 8 npHCYTCT8HH 4neH08 weCTOro nop5111Ka no npOH380ll­

HhlM nonH. Heo6xonHM351 8enH4HHa nocTHraeTcH, ecnH 88eCTH nononHHTenhHOe CKanHpHoe 

none no cxeMe, npenno)l(eHHOH 8 [4-6], a TaiOKe 8 [2] H [7]. EcTh H 4HCTO TeopeTH4ecKoe 

OCH08aHHe: 88elleHHe CKanHpHOro nOn51 n0380n51eT 80CnpOH3BeCTH KOHcpOpMHYIO aHOM3nHIO 

- OllHY HJ rna8HhiX xapaK r epHhiX 4epT KXll-narpaH)I(HaHa. 

B SU(2)-ceKTope MO)I(HO npeHe6pe4h 8Kna.llOM K8apK08hiX Macc08hiX 4neH08 H 

nocTpOHTh 3ct><PeKTH8HyJO TeOpHIO, rtepenaJOWYIO 3TO 518neHHe 8 paMKaX MeTOlla 3cpcpeK­

TH8HhiX narpaH)I(HaH08 ueHoii 88eneHHH llHnaTOHHoro nonH. B8ellHHe cKanHpa npHBOllHT 

TaK)I(e, KaK 6bln0 noKaJaHO 8 ( 8-J 0), K Tpe6yeMOMY CHnhHOMY npHT51)1(eHHIO 8 npoMe)l(y­

T04HOH o6naCTH paCCT051H HH HYKnOH-HYKnOHHOro noTeHUHana. 

B TaKOM nOllXOlle HCXOllHOH T04KOH 518n51eTC51 cpepMHOHHhiH HHTerpan no K8apKOBhiM 

nonHM 8 HH3K03HepreTH4e CKOH o6naCTH . J1HTerpan KOHKpeTH3HpyeTC51 KOHe4HOMOll080H 

perynHpH33UHOHHOH CXeMOH, 8801151llleH HeKOTOpoe o6pe3aHHe, KOTOpoe HrpaeT, TaiOKe, 

ponb HH3K03HepreTH4eCKOH rpaHHUhl. npo8elleHHe OllH08peMeHHOH KHpanbHOH H KOH­

cpopMHOH 6oJOHHJaUHH n a eT 3cpcpeKTH8HOe neiicT8He nnH o6oHx - KHpanhHOro U(x) H 

llHnaTOHHOrO <J(X) - none ii . 3TH non51 8X01151T 8 3cpcpeKTH8HOe lleHCTBHe 8 KOM6HHaUHH 

U(x) exp (- cr(x)), KaK 8 nH HeHHOH <J-MonenH . 

3cpcpeKTH8HhiH narpaH)I( HaH (2), KOTOpblH 518n51eTC51 o6o6weHHeM XOpOWO H38eCTHOrO 

narpaH)I(HaHa CKHpMa, npHo6peTaeT 8Hll 

F2 
Lerf U. cr) = f exp (- 2cr) Tr [a

1
p a llu+] + 

N F 2 

+ 7 (a
1
p)2 

exp (- 2cr) + 
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(1) 

r;:le Frr- nocTO~HHM miOHHOro pacna.ua (93 M3B), a N
1

- qJicno. apoMaTOB. BenHqi·!Ha 

mJOOHHoro KOH.lleHcaTa ne)I(HT B HHTepsane JHaqeHHH C = (300 + 400 M3B)
4[11]. OepBble 

g 

asa cnaraeMbiX C}'Tb KHHeTHqecKHe qneHbl KHpaJJbHOro H CKaJJ~pHOrO noneH, TpeTHH qneH 

- CKHpMOBCKOe CaMoaeHCTBHe KHpaJJbHOrO non~. 3cpcpeKTHBHbiH noTeHUHaJJ CKaJJ~pHbiX 

noneii, Ja,uasaeMbiH nocneaHHM qneHOM narpaH)I(HaHa, npeacTaBn~eT co6oii 3KCTpanon~UHIO 

[2] HH3K03HepreTHqecKoro noTeHUHaJJa B o6naCTb BbiCOKHX 3Hepmii. Op11 3KCTpanon~UHH 

HcnonbJosanocb oaHoneTnesoe npH6nH)I(eHHe JlJl~ ~-cpyHKUHH f enn-MaHHa -Jloy KXll. 
napaMeTp £ onpeaen~eTC~ qHcnoM apoMaTOB Nf: £ = 8Nfl (33 - 2N/). 

2. HyKnOH 

06pautMCb K 6apHOHHOMY CeKTopy, caenaeM npeanonO)I(eHHe 0 cpopMe CTaTHqeCKHX 

KHpanbHoro 11 cKan~pHoro noneii. TaK, JlJl~ KHpaJJbHoro noms npHMeM aHJau CKHpMa -

BHTTeHa U(x) = exp [- i-cnF(r)], rae n = r I I r I. Yao6Ho ssecTH Hosoe none p(x) = 
= exp (- cr(x) ). Toraa MaccOBbiH ¢YHKUHOHaJJ B 6eJpa3MepHbiX nepeMeHHbiX x = eF r HMeeT 

1[ 

s11a M = M 2 + M4 + V, rae 

(2) 

F + oo 2 

M = 41t ~ J dx [ sin F + (F ')2 J sin2 F, 
4 e 2 2 0 X 

(3) 

(4) 

B nocneaHHX ypasHeHH~x CKHpMOBCKHH napaMeTp e paseH 21t. B KJJa.u noTeHUHaJJa B Macey 

onpeaemleTC~ cpaKTOpOM Deff= cg Nfl 48e2F:. MacCOBbiH cpyHKUHOHaJJ npHBOaHT K CHCTe­

Me CB~JaHHbiX ypasHeHHH JlJl~ cpyHKUHH npocpHn~ F(x) H p(x) : 

F"[p2i + 2sin2F] + 2F 'x[xpp' + p2
] + (F') · si (2F)-

- p2 
· sin ·(2F) - sin (2F) · sin2 F I x2 = 0, (5) 
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'!J [ " 2 '] 2 [ x2(F' )2 . 2 ] 
2 

x xp + p - p 
2 

+sin F -

- 4D eff . [p3 - PE- 'J = 0, (6) 

me unpHx cooTBeTcTsyeT npOH3BOllHOH no x. B oKpecTHOCTH Ha'lana KOOpllHHaT F = 

= nN- ax, p = p(O) + ~i. p(O) * 0. Jln5! nocTaTO'IHO 6ollbumx x ¢lYHKUH51 F(x)- a I i, 
6 p(x) - I - b I x + .... 

CornacHo TeopeMe BH p Hana [ 12] , BKJlaJibJ OTJiellbHbJX 'IJleHOB ¢lYHKUHOHana Ha pewe­

HH51X CHCTeMbl ll0Jl)J(Hbl YllOBJleTBOp51Tb YCllOBHJO 

M
4
-M

2
-3V=O, (7) 

KOTOpOe MO)J(HO HCI10Jlb30BaTb llll51 KOHTp01l51 TO'IHOCTH 'IHCJleHHOfO peweHH51 CHCTeMbl . 

Me)J(JIY 'IHCJleHHbiMH K03¢J¢lHUHeHTaMH a H ~. a H b cyiUeCTBYJOT HeTpHBHaJibHbJe CB513H: 

b=~a2 1 Deff' (8) 

[ 
2 4 3 ] ~ = p(O) a + 3 (p (0)- I) Deff I Nr (9) 

8bJ6paHHbJe rpaHH'IHble yCJl OBH51 o6ocne'IHBaJOT KOHe'IHOCTb ¢JYHKUHOHaJJa MaCCbl npH 

¢lHKCHposaHHOM 3Ha'leHHH TononorH'IeCKoro 3ap51lla . KsaHTOBaHHe spamaTeJlbHbiX cTene­

Heii CB060llbl COJlHTOHa MO)J(HO npoBeCTH, HCI10Jlb3Y51 MeTOll KOJllleKTHBHbiX nepeMeHHbiX 

[ 13]. B pe3ynbTaTe npHXOllHM K cnenyJOIUeMy Bblpa)J(eHHJO lUI51 MaccbJ 6apHOHa 

M
8 

= M + S(S + 1) 1 (2/), 

B KOTOpOM Tenepb BpaiUaTeJlbHbiH MOMeHT HHepUHH 

I 81t (F )-3 f d . 2F [ 2 2 (F')2 2 . 2FJ = 3 1t e X Sin p X + X + Sin . 

0 

(10) 

(II) 

HeKOTOpble pe3yllbTaTbl 'IHCJleHHbiX paC'IeTOB JiaHbl B Ta6JlHUe, B KOTOpOH Mbl 

npHBOllHM TaK:lKe cpenHeKsanpaTH'IHbiH panHyc pacnpeneneHIDJ: 6apHOHHoro 3ap51lla ( r~) 

{ 
~ )1 /2 

( , 2 >' / 2 =_I_ -I J dxx2F' sin2F 
B F e 7t 

1t 0 

(12) 

lJaCTH'IHOe BOCCTaHOBJle HHe KHpaJJbHOH CHMMeTpHH B 0606IUeHHOH MOJiellH, 'ITO np0-

51BJl51eTC51 B CHJlbHOM OTKllOHeHHH oT acHMnTOTH'IecKoro 3Ha'leHH51 p(O) = I, o6c~nanoch 8 
[ 1] . TaM :lKe 6bJJla nonY4eHa 3aBHCHMOCTb cneKTpa poTauHOHHbJX B036Y:lKJleHHH HYKllOHa oT 

BeJlH'IHHbl fllJOOHHOfO KOHlle HCaTa B 0606IUeHHOH MOllellH . 
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Ta6nuua. CTaTif11eCKHe csoiicTsa nyKJioua B o6o6meuuoii MOJleJIH CKn pMa JlJI.II F 7t = 93, e = 21t, 

cg = (340 M3B)4
• ~ cpaBHeHH.II Mbl npHBOJlHM pe3yJibT3Tbl OpHmH3JibHOH MOJleJIH 

M 

( ,z )1 /2 

Ms 

06o6m. Monenb 

758 M3B 

0,42 <lJM 

962 M3B 

3. <I>opMcpaKTOpbi Jap~JlOBhiX pacnpe.ueneHI1H 

Monellb CKHpMa 

1079 M3B 

0,36 <lJM 

1242 M3B 

15 

J1Me~ B pyKaX BhlpruKeHI1~ .llJl~ :meKTpOMarHI1THblX TOKOB, M )I(HO BhllJHCJ111Th HYKJlOH­

HhlH 3JleKTp11'1eCKI1H 11 MarHI1THhiH cpopMcpaKTOphi Gil) H G
11
(l), s.6pei1TOBCKOH CI1CTeMe 

(B KOTOpOH cpOTOH He nepenaeT 3Heprn10): 

(13) 

3.uech I N(p)) o6oJHalJaeT HYKJlOHHOe cocTO~HI1e c 11MnynhCOM p, a ~;, ~!- .usyxKoMnoHeHT­

Hhie nay1111eBCKI1e COI1HOphl, Q:: nepe.uaHHhiH 11MOYJlhC. 

1130CKan~pHhiH 11 1130BeKTOpHhiH cpopMcpaKTOphl HYKJlOHa CB~3aHhl C npOTOHHhiM H HeH­

TpOHHhiM : 

C HOpMHpOBKOH 

G p,n -Gs +Gv 
EM- EM- EM 

' ' ' 

G%(0)=1, c;(O)=O, 

GJt(O) = Jlp = 2,79, c; = Jln =- 1,91. 

Mhi y)l(e OTMelJanl1 ManocTh pmMepa, cs~JaHHoro c pacnpe.ueneHI1eM nnoTHOCTI1 6a­

p110HHOro 3ap~na B HYKJlOHe, nonyqaeMOH B MO,lleJ111 C ,lli1JlaTOHaM H-KBapKOHI1~MI1. 

LJ:OMI1HaHTHOCTh BeKTOpHhiX Me30HOB 03HalJaeT, 'ITO 1130CKan~pHhiH cpOTOH Bl1.lli1T (l)-Me-

30HHOe co.uep)l(aHI1e coni1TOHa, a He 1130CKan~pHyiO 6ap110HHYIO n n oTHOCTh B
0
(r). 

CornacHo ypasHeH11~M Monenl1 .llOMI1HaHTHOCTI1 seKTOpHhiX MeJoHos, 1130CKan~pHhiH 
TOK nponOpU110HaJleH OJ10THOCTI1 (l)ll-OOJl~ 
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H COOTBeTCTBYJOlllHH 3ap~ll0BbiH <f>opM<f>aKTOp 

2 
m 

cf(q2
)=- 3; f d3rexpiqrw(r). 

CTaTH4ecKoe none w(r) yllOBJieTsop~eT ypasHeHHJO 

n 2 2 ~ 3gF'(r) 
( v - mw) W(r) = 

2 
B(r) =- 2 sin2 F(r). 

41tr 

0TCJOlla 

~ 

s 2 I m~ J 2 . 
G £ (q ) =- 2 ~ ~ 47t drr B0(r) 10(qr). 

m~ +q-

TaKHM o6paJOM, 3¢<PeKTHBH~ HJOcKan~pH~ HYKJIOHH~ nnoTHOCTb pasHa 6apHOHHOH Ja­

p~nosoi.f nnOTHOCTH B
0
(r), YMHO)J(eHHOH Ha (1)-MeJOHHbJH nponararop . 

J.iJOBeKTOpHbJe 3JieKTp OMarHHTHbJe <f>OpM<f>aKTOpbl, 04eBHllHO, HMeJOT nOll06HyJO CTp)'K­

Typy: 

v 2 _ _!_ m~ v 2 
GE(q)--2 2 2FE(q), 

mp +q 

rne F:- CKHpMHOHHbJH ¢ opM<f>aKTop . 

0TMeTHM, 4TO, nOCTyn~ OnHCaHHbiM BbJWe o6pa30M, Mbl OTKaJbJBaeM (1)- H p-Me30H­

HbiM nOJI~M 8 CaMOCTO~TeJi bHOH llHHaMHKe. J1CT04HHKOM 3THX noneH C4HTaJOTCjj COOTBeTCT­

BYJOutHe CKHpMHOHHbJe n n oTHOCTH. Ponb j!BHOro Y4eTa BeKTOpHbJX Me30HOB B 3JieKTpo­

MarHHTHbJX <f>opM<f>aKTOpaX G-MOlleJIH 06C~llaJiaCb 8 [ 16), a pOJib KBaHTOBbiX nonpaBOK K 

Bbi4HCJI~eMbiM 6apHOHHbiM xapaKTepHCTHKaM 8 KHpaJibHbiX COJIHTOHHbiX MOlJeJijjX - 8 [ 17]. 
npHBelleM peJyJibTaTbl pac4eTOB 3JieKTpOMarHHTHbiX ¢opM<f>aKTOpOB HYKJIOHOB. 1130-

CKan~pH~ nJIOTHOCTb 3JieKTpH4eCKOrO 3apjjlla CKHpMHOHa COBnanaeT C nJIOTHOCTbiO 6a­

pHOHHOro 3ap~lla, a llJI~ H30BeKTOpHOH nJIOTHOCTH CKHpMHOHa HeTpyllHO nOJ1Y4HTb CJiellyJO­

utee Bblpa)J(eHHe 

pv(x) = sin2F(x)[x2p2(x) + (F'(x))2i + sin2F(x)] . (14) 

Pac4eT ¢opM<f>aKTopo s npoHJBOllHJICjj c HapywaJOutHM KHpanbHYJO CHMMeTpHJO nar­

paH)J(HaHa 4JieHOM 

£ =_!_ m2 F 2 e- 30Tr[ U+ u+ _le-a]. 
/[ 4 1t 1t 2 (15) 

noJIY4eHHble TeopeTH4 eCKHe <f>opM<f>aKTOpbl Ka4eCTBeHHO BOCnpOH3BOlljjT 3KCnepHMeH­

TaJibHbJe (CM . pHc . J-4) . 
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1.0r---------------------------------~ 

0.8 

N~ 0.6 
D" 

w 
c. 

(!J 0.4 

0.2 

0.0~_.--~--~~--~--~~--~--._~ 

0.0 0.2 0.4 0 .8 1 .0 

PHc. 1. 3neKTpH'IeCKHH <!JopM<!JaKTop npoToHa F 7t = 93 M3B, e = 27t H N1 = 

= 2, cg = (300 M3B)4, m1t = 139 M3B. 3KcnepHMeHTaJJbHbie llaHHbie B3l1Tbl H3 [15] 

...... 
N 

D" ...... 
w 

c 
(!J 

0.1 25 ,...------------------------- -------. 

0.100 

0.075 

0.050 

0.025 

0.000 

-0 .0 25 .__ ........ _...___.__......___.__..._ ........ _ __ __.____, 

0.0 0.2 0.4 0.6 0 .8 1.0 

PHc.2. 3neKTpH<JecKHH <!JopM<!JaKTop HefiTpoHa F1t = 93 M3B, e = 27t H Nf= 

4 
= 2, c8 = (300 M3B). m1t = 139 M3B. 3KcnepHMeHTaJJbHbie naH hie B3l1Tbl H3 [15] 

17 
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1.o fc 
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N 
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l!J 
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q.~~ """ .. ,,,,,,,, 

- ............ ,, 
:.: 0 :·?''---., , ,,,,,,"' 

... 0 o rJ "'''~~"~'"'''"'"'· 
D 

0.4 ~ 

0.2 .... 
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l, f3B2 

PHc. 3. MarnHTHbiH cpopMcjJaKTop npoToHa F n: = 93 MJB, e = 27t H N1= 

= 2, ex= (300 MJB { mn: = 139 MJB. 3KcnepHMeHTarJbHble llaHHble B3l1Tbl HJ [15] 

1.2 

1.0 
~ 

e o.8 
::E c:: 

g_ 0.6 
N 

CT 
~ 

:::E 0.4 c:: 
(!' 

0.2 

l 

~~~ 1 1', ~J 
.,. ~, . ~ . :: ''i I ::., """ 

'9"~ "" ' ,,,,,,,,,, I 

1 ~"''1'~'"'''1»--.,",.J."'""'"p . 
T u T ~ 

o.o~~--~----~--~----~--~----~ 

0.0 0.2 0.4 0.6 0.8 1.0 
l, f382 

PHc.4. MarnHTHbiH cjJopMcjJaKTop HeHTpoHa Fn: = 93 MJB , e = 27t H Nf= 

= 2, C = (300 MJB )~. mn: = 139 MJB. 3KcnepHMeHTarJbHble l!aHHble BJl!Tbr HJ [ 15] g 
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4 . 3aKJJJO'leHHe 

B HacToRmew pa6oTe Mbi paccMoTpenH B03MO)I(HOCTb om~:caHHR HYKJJOHHbiX 3JJeKTpo­
MarnHTHbiX cpOpMcpaKTOpOB B paMKaX o6o6meHHOH MO)leJJH C JlHJJaTOH-KBapKOHHeBbiMH no­
JIRMH. fiepBOHa'laJJbHbiH pac'leT [ 1] B TaKOH, MO)leJIH npHBO)lHJI K 60JJblliOMY paCXO)I(JleHHJO 
Me)I(JlY paC'leTHbiMH cpopMcpaKTOpaMH H )lHnOJJbHOH cpopMyJJOH. 3)leCb Mbl, COXpaHRR 3MnH­
pH'leCKHe 3Ha'leHHR nOCTORHHOH nHOHHOfO pacna)la H TeopeTH'leCKOe 3Ha'leHHe CKHpMOB­
CKOH nocTORHHOH, npHXOJlHM K YilOBJJeTBOpHTeJJbHOMY om1caHHJO cpopMcpaKTopos B orpa­
HH'leHHOH 06JJaCTH HMnyJJbCOB, HCnOJJb3YR npH6JIH)I(eHHe )lOMHHaHTHOCTH BeKTOpHbiX Me30-
HOB. BeKTOpHbie Me30Hbl BKJIJO'laJJHCb HaMH TOJibKO KaK a)lpOHHbie KOMnOHeHTbl B 
CTPYKType cpoTOHa. TaKHM o6pa30M BeKTOpHbiM Me30HaM 6bJJIO OTKa3aHO B B03MO)I(HbiX 
npORBJJeHHRX B JlHHaMHKe caMHX KHpaJJbHbiX coJJHTOHOB. B TaKOM no)lXOJle HeRBHO npe)lno­
naraeTCR, 'ITO pOJJb BeKTOpHbiX Me30HOB B )lHHaMHKe C_DJIHTOHOB Y'-!J:!TbiBaeTCR 'lJJeHaMH C 
BbiCiliHMH npOH3BOJlHbiMH B 3cpcpeKTHBHOM narpaH)I(HaHe [ 14 ]. TaK, ponb p-Me30HOB yqHTbi­
saeTCR CKHpMOBCKHM 'lJJeHOM, pOJJb 00-Me30Ha )l0JI)I(Ha 6bJJJa 6bJ yq HTbiBaTbCSI 'lJieHaMH _llle­
CTOfO nOpR)lKa no npOH3BO)lHbiM B pac'leTaX cpOpMcpaKTOpOB npH 60JJblliHX nepe)la'laX. 
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}laHo onHcaHHe YHHKaJlbHOro csepxnposowm.tero MarnHTa cneKTpoMeTPa AMnHP, cOJaa­
saeMoro B HaCTOllll.lee BpeMll )]Jill nposeaeHHll HCCJiellOBaHHH 8 o6naCTH 3fleMeHTapHbiX '!aCTHU 
npoMeJKYTO'IHbiX 3Heprni1. OcHOBHble napaMeTpbl MarnHn: BHYTPeHHHH llHaMeTP - I ,2 M, 
)JJIHHa o6MOTKH - 1,8 M, HHllYKUHll - 1,2 Tn, TOK - 2,8 KA. PaccMOTpeHa KOHCTPYKUHll 
OT)lenbHbiX YliiOB MarHHTa H KpHOreHHOH CHCTeMbl, )laHbl peJynbTaTbl npeasapHTenbHbiX HCnbi­
TaHHH. 06cyJKllaiOTCll CXeMbl JaXQnaJKHBaHHll H KOHTpOnll. }laH paC'!eT 06ll.leH paaHaUHOHHOH 
TOflli.IHHbl KpHOCOneHOHlla (0,42 paa. )JJIHHbl). 

Pa6on BbmonHeHa B Jla6opaTOpHH BbiCOKHX 3Heprni1 OH51H. 

The AMPIR Thin Superconducting Magnet 

A.A.Kartamyshev et al. 

The description of the superconducting magnet of the AMPIR spectr meter has been done. 
This spectrometer is under manufacturing now, it will be used for th investigation of the 
medium-energy particle physics. The magnet basic parameters are: inner diameter is 1.2 m, the 
length of the coil is 1.8 m, the magnetic field is 1.2 Tl, the nominal operating current is 2.8 kA. 
The description of the construction of the magnet and cryogenic system has been given in 
detail as the preliminary test results . The refrigeration and control systems are under 
discussion. The calculation of the radiation thickness of the magnet was shown, its value is 
0.42 radiation length. 

The investigation has been performed at the Laboratory of High Energies, JINR. 

3a nOCJie)lHHe rQ)lbl B H3)"leHHH QJH3HKH npOMe)((yrOYHbiX 3H eprHH (o6JiaCTb 3HeprHH 

HaJieTaiOIUHX YacTHU OT HeCKOJibKHX M3B JlO HeCKOJibKHX f3B) c)leJiaH 3HaYHTeJibHbiH war 

1PHU << Kyp'laTOBCKHH HHCTHTYT>> , MocKBa 
2AO KPHOrEHMAW 
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BnepeLl. HaJHIYHe HHTeHCHBHbiX nyYKOB Me30HHbiX cpafipHK H LlpyrHX CHnbHOTO'lHbiX yCKO­

pHTeneH n03BOnS!eT nnaHHpOBaTb KaYeCTBeH HO HOBble 3KCnepHMeHTbl no HCCneL(OBaHHIO 

peLlKHX SILlepHbiX npoueCCOB. 8IDKHOCTb TaKHX HCCneLlOBaHHH onpeLlenS!eTCll He06XOLlH­

MOCTbiO Lla.llbHeiiwero npOLlBHJKeHHSI B nOHHMaHHH CTPYKTYPbl S!Llpa H l!LlepHbiX cHn KaK B 

paMKaX Tp<lLlHUHOHHbiX Me 30HHbiX TeOpHH, TaK H B paMKaX KBaHTOBOH XpOMOLlHHaMHKH. 

3KcnepHMeHTa.flbHOe H3yYeHHe KBapKOBbiX , Me30HHbiX, ~-H306apHbiX H Llpymx CTeneHeH 

CBOfiOLlbl S!Jlpa Tpe6yeT Ce HYaC cneUHa.flbHbiX ycnOBHH - BbiCOKOH HHTeHCHBHOCTH HCnOnb­

JyeMbiX nyYKOB H xopowe i i pa3pewa10wei1 cnoco6HOCTH LleTeKTopa Llnll scex copTOB YaCTHU 

B nOnHOM TeneCHOM yme p erHCTpaUHH . 

./l.llSI pea.llH3aUHH cpH3H'leCKOH nporpaMMbl no HCCneLlOBaHHIO peLlKHX H MHOfO­

YaCTH'lHbiX npOUeCCOB B Me30H-SILlepHbiX H Me30H-<1LlpOHHbiX npoueccax Ha MOCKOBCKOH 

Me30HHOH cpa6pHKe 11.Sll1 ( r.TpoHuK) 6blno npeLlnOlKeHo C03LlaTb YHHBepcanbHbiH cneKTpo­

MeTp AMni1P [1,2] . CneKTpoMeTp LlOnJKeH o6nanaTb BbiCOKHM 6bJCTpoLleiicTBHeM, cnoco6-

HOCTbiO OLlHOBpeMeHHOH p e rHcTpaUHH H HLleHTHcpHKaUHH ~:~ecKonbKHX (LlO I 0) 3apS!lKeHHbiX 

H HeHTpa.llbHbiX YaCTHU B 6 onbWOM (6nH3KOM K 41t) TeneCHOM yme, C HMnynbCHbiM pa3pe­

WeHHeM !lp I p == 0,02 LlJi ll 3apS!lKeHHbiX 'laCTHU LlO I 000 M38/c H pa3peweHHeM 

M I E== 0,05 LlnSI y-KBaHTOB "' n° -MeJoHoB. 

0cHosoi1 cneKTpoMeTp a AMni1P cnylKHT csepxnpoBOLlSIIUHH panHaUHOHHo-np03paY­

HbiH MarHHT C lKene3HbiM MarHHTOnpOBOLlOM, C03LlaiOIU11H B pa6oYeM 06beMe ycTaHOBKI1 

Marni1THoe none I Tn . 8 HaCTOSIIUei1 pa6oTe LlaHo on11caH11e KOHCTPYKU1111, pe3ynbTaTOB 

TeCTOBbiX 11CnbiTaHI1H 11 COCTOSIHI1SI L(en no 113fOTOBneHI110 TaKOfO MarHI1Ta. 

2. 8hJ6op napaMeT p os MarHI1Ta 

8b16op KOHCTPYKU1111 11 napaMeTpos C03LlasaeMoro MarHI1Ta Lli1KTOBaJlCll npeLlnOJKeH­

HbiMI1 cp113114eCKI1MI1 JfulaYaMH. Moiien11posaH11e cp113114eCKI1X npoueccos noKaJano, 'lTO 

11MnynbCbl BTOp114HbiX YaCT11U neJKaT B OCHOBHOM B Lll1ana30He 50+ 300 M38/c. UeHTpa.llb­

HbiM LleTeKTOpOM ycTaHOBKI1 SIBJllleTCll U11nHHLlp114eCKaSI LlpeHcpOBaSI KaMepa (3,4 ). JlnSI LlpeH­

cpOBbiX KaMep pa3peweHI1 e no HMnynbcy LlnSI BTOp114HbiX 4aCT11U MOlKHO 3ani1CaTb 

P, 
!lp I P- BL' (1) 

me p
1 

- nonepe4HbiH 11Mn ynbc <JaCTI1Ubl, B - seni1411Ha MarHI1THOro nonll, a L - Llni1Ha 

nponeTa YaCTI1Ubl B KaMepe . 

113 BblpaJKeHI1ll (I) BI1LlHO, YTO Llnll xopowero pa3peweHI1SI Heo6XOLli1MO 11MeTb 6onhwoe 

MarHI1THOe none B LlOCTaTO'lHO 60nbWOM 06beMe. feoMeTp114eCKI1e pa3Mepb1 MarHI1Ta 11 

Beni1411Ha MarHI1THOf0 nOn ll OnpeL(enliiOTCll 3aL(aHHOH TO'lHOCTbiO onpeL(eneHI1SI 11MnynbCOB 

BTOp114HbiX YaCT11U (KOnl1 4 eCTBO 113MepS!eMbiX TO'leK Ha YaCTI1 TpeKa, npOXOLlSIIUero B pa6o-

4eM 06beMe ueHTpa.llbHOfO L(eTeKTopa - LlpeHcpOBOH KaMepe) 11 B03MOlKHOCTbiO OLlHQBpe­

MeHHOfO 113MepeHI1ll LlO 8+ I 0 BTOp114HbiX TpeKOB. PacYeTbl noKa3aJll1, YTO pa3peweHI1e He 

XYJKe 2% MOlKeT 6b1Tb nonyYeHO np11 11CnOnb30BaHI11;1 LlpeHcpOBOH KaMepbl Lll1aMeTpOM 1 M B 

Marni1THOM none I Tn [ 4] (Llnll pS!Lla 3Kcnep11MeHTOB LlOCTaTOYHO nonS! 0,5 Tn, HO 

nnaH11posanocb C03LlaTb YH HBepcanbHbiH cneKTpoMeTp) . KoHeYHO, Llnll LlOCTI1lKeHI1SI yKaJaH-
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HOfO pa3perneHHll H(I,UO HMeTb .UOCTaTO'IHO Bb!COKYJO (He Xy )f(e 3%) O.UHOpO.UHOCTb 

MarHHTHOfO ilOJlll. 3a,ua4a perHCTpaUHH HeHTpa!lhHhiX l.JaCTHU .UeJiaeT He06XO.UHMhiM H3fO­

TOBHTb pa,uHauHOHHO- np03pa1.JHhlH COJleHOH.U H pa3MeCTHTh .UeTeKTOp HeHTpa!lhHhiX l.JaCTHU 

(Hll) Me)f(.UY MarHHTHhiM llpMOM H COJleHOH.UOM . HeHTpa!lhHhle l.JaCTHUhl Ha CBOeM nyrH OT 

MeCTa pO)f(.UeHHll B MHilleHH .110 6nOKOB Hll .UOfl)f(Hhl npOHTH M HHHMa!lhHOe KOflHl.JeCTBO 

semecTsa, TO ecTb Ha coneHOH.U c KpHOCTaTOM HaKna.uhiBaeTcll y cnosHe « np03pa1.JHOCTH » . 

)KenaTenhHO TaK)f(e, 1.JT06hi ycTaHOBKa Morna pa6oTaTh Ha pa3nH HhiX nYl.JKax pa3nH1.JHhiX 

ycKopHTenei1, 'ITO Tpe6yeT onpe.ueneHHhiX orpaHHl.JeHHH ra6apHTOB H seca MarHHTa. HeMa­

nosa)f(HOH liBnlleTCll senHl.JHHa noTpe6nlleMhiX pecypcos - 3n eKTpo:mepmH, )f(H.UKOro 

renHll, a3oTa H .up. 

B cTpeMneHHH y.uosneTsopHTh seeM 3THM ycnoBHliM 6hin pa3p a6oTaH npoeKT MarHHTa 

CO CBepxnpOBO.llliUleH o6MOTKOH H KOCBeHHhiM THnOM OXna)f(.lleHHll (pHC. i ) . flo.upo6Hoe 

OnHCaHHe OCHOBHhiX yJflOB MafHHTa npHBe.UeHO B Cne.UyiOUlHX pa3.uenax . 
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3 . ToKOHecywHi1 3JJ eMeHT 

Ba)KHei1wei1 4aCTbiO CBepxnpOBOID!Wero COTJeHOHIIa, OT KOTOpOH B 3Ha4HTeJJbHOH CTe­

neHH 3aBHCHT ycnex ero pa6oTbi, liBJJSieTcll TOKOHecyumi1 csepxnpoBOillllUHH 3JJeMeHT. Bo 

BHYU1KTI (noiiOJJbCK) n o HaweMy 3aKa3y 6biJJ pa3pa6oTaH H H3roTOBJJeH cneuHaJJbHbiH 

HH06HH-THTaHOBbiH CBepx npOBOillllUHH npOBOil, CTa6HJJH3HpOBaHHbiH aJJIOMHHHeM, MapKH 

TICHTAE-T-8x0,7 [5) . E bina H3roToBJJeHa nnocKaSI KOHCTPYKUHll, TpaHcnOHHposaHHaSI H3 8 

MeTaJJJJOKOMn03HUHOHHbiX npOBOJJOK Map-

KH CKHT-0,7-210-0,5. 3areM csepxnposo­

IllllUaSI )KHJJa 6biJJa Bnal! Ha JJerKOnJJaBKHM 

npHnoeM TIOCCy-30-2 s KaHaBKY npliMO­

yroJJbHOro Ce<JeHHSI B CpeiiHeH 4aCTH 6HMe­

TaJJJJH4eCKOH aJJIOMOMemiOH WHHbl ce-

4eHHeM 4x(7 ,0 + 7, I) MM
2 

no ee wHpOKOH 

CTOpOHe (pHc.2). 8 aJJIOMOMeiiHOH WHHe 

6biJJ HcnoJJb30BaH aJJIOMIHIHH MapKH A5E. 

0THOWeHHe yiieJJbHbiX COripOTHBJJeHHH 

MaTpHUbi npH KOMHaTHOH (T= 300 K) H 

renHesoi1 (T = 4,2 + 4,5 K) Te~mepaTypax 

PK / PHe == 37. Llnll H30JISIUHH nposoiia 

npHMeHSIJJaCb onneTKa H3 xnon<JaTo6yMa)K­

HOH npli)KH c nnoTHOCTbiO - 60%. 

TonwHHa H30JJSIUHOHHoro enol! Ha OIIHY 

CTOpOHY - OKOJJO 0,2 MM 

4 

PHc.2. ToKoHecyuJHii 3J1CMCHT s paJpeJe. 

I - antoMHHHH MapKII A5E: 2 - MCIIHaJI 

060JJO'!Ka. riOKpbiTall npHnOCM nOCCy-30-2: 

3 - ripliMOyrOTJbHall KaHaBKa. B KOTOpyto 

BnaJIHa cKpyTKa m 8 csepxnpoBOilliWHX npo­

sonoK IIHaMCTpOM 0. 7 MM 

cC 

= ::2 
~ 

b 
240 

200 

160 

120 

80 

40 

0 

8 

7 

6 

5 

< 
~ 4 

~ 3 

2 

1 

0 

0 

0 

a) 

T=300K 

E 
77 = 6,7 · 104 Mna 

E 300 = 5 4 · 10
4 MTia 

2 3 

E;,% 

6) 

2 3 4 5 6 7 8 

B, Tn 

Puc.3. PeJyJJbTaTbi HCribiTaHHH KopoTKHX 

o6pa3UOB CBepxnpOBOilliWCH WHHbl 4 X 7 MM
2
: 

a) Ha pacTli)KCHHe npH T == 77 K 11 T == 300 K; 
6) KpHTH4CCKall KpHBall TOK - MarHHT­

HOC no,1e 
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8 PHU «Kyp'laTOBCKI1H 11HCTI1TYT» 6b1n11 nposeneHbi 11CnhiTaH I1~ KOpOTKI1X o6pa3UOB 

WI1Hbi 4x7 MM
2 

Ha pacT.SDKeHI1e np11 T= 77 K 11 T= 300 K (p11c .3a) . B11nHo, 'ITO m1mnaeM~ 
Harpy3Ka Haxoni1TC5! s o6nacTI1 ynpymx necpopMaUI1H . Ha p11c .36 noKaJaHa Kp11B~ 

3aB11CI1MOCTI1 Kp11TI1lJeCKOfO TOKa OT Beni1'111Hbl np11nO)f(eHHOfO Mafli i1THOfO non~ . 8 113fO­

TaBni1BaeMOM CBepxnposon5!UleM MafHI1Te np11 HOMI1HaJJbHbiX TOKe (2,8 KA) 11 Maflii1THOM 

none ( 1 Tn) TOKOHecyw~ WI1Ha 6yneT • Haxoni1TbC5! non MeXaHI1'1eCKOH Harpy3KOH 

a"' 7 KriMM
2

. no naHHbiM 11CnbiTaHI1H KOpOTKI1X o6pa3UOB Bl1nHo, 'ITO UII1Ha nCHT AE-T-

8x0,7 BnOnHe MO)f(eT 6b1Tb 11CnOnb30BaHa np11 HaMOTKe coneH011na OCHOBHOfO Maflii1Ta. 

4. MaKeT csepxnposon5!wero coneHo11na 

.[ln51 nposepK11 npaBI1nbHOCTI1 Bb16paHHbiX TeXHI1'1eCKI1X peUieHI1H 11 pa60TOCnOC06-

HOCTI1 BCeX :!lJJeMeHTOB 60nbWOf0 CBepxnpOBOn5!UlerO COneHOHna 6hln 113fOTOBJJeH MaKeT 

coneHOI1na pa3MepaMI1 B 1/3 HaTypaJJbHOH seni1'111Hbl. Csepxnposon~w~ WI1Ha nCHT AE­

T-8x0,7 c xnon'laTo6YMa)f(HOi1 113on51u11ei1 6bina HaMOTaHa Ha pe6p o B nsyxcnoi1Hhli1 6ec­

KapKaCHbii1 coneHol1n co cnenyiOUli1M11 pa3MepaMI1: BHYTpeHHI1H n11aMeTp - 360 -MM , 

BHeWHI1H n11a.MeTp - 388 MM, nn11Ha 

06MOTKI1 - 595 MM 11 KOnl1'1eCTBO BI1TKOB B 

nsyx cno~x - 252. K BHeWHeH 11 BHyTpeH­

HeH CTOpOHaM 06MOTKI1 np11KJJei1BaJJI1Cb no 

4 aJJIOMI1H11eBblX Tpy6KI1 12x 1 MM (BHYTpeH­

HI1H n11aMeTp 10 MM). 06MOTKa npOni1TbiBa­

nacb KneeM KPI10CI1J1 (Ha :moKcl1nHoi1 

OCHOBe C H11Tp11nOM 6opa B Ka'leCTBe Ha­

nonH11Ten5!). Oxna)f(naiOwl1e Tpy6KI1 TaK)f(e 

np11KneeHbi K o6MOTKe KPI10CI1J1oM . Ehino 

nposeneHO MHOfOKpaTHOe TepMOU11Kn11pOBa­

HI1e B )f(l1nKOM a30Te 11 TepMOU11KI111pOBaHI1e 

B pe)f(11Me KOCBeHHOfO OXna)f(neHI15! OT KOM­

HaTHOH no ren11esoi1 TeMnepaTyp (5 pa3) c 

uenbiO nposepK11 Ha MexaHI1'1ecKyiO npo'I­

HOCTb. 8113YaJJbHO MeXaHI1'1eCKI1X nospe)f(­

neHI1H B CKneHKe 06MOTKI1 11 Tpy6oK He 6bl­

no o6Hapy)f(eHo . 

.[ln51 nposepK11 KOppeKTHOCTI1 paClJeTOB 

KOCBeHHOfO Kp110CTaT11pOBaHI15! 11 0Tpa60TKI1 

MeTOni1KI1 pa60Tbl 6binl1 nposeneHbl TOKO­

Bble 11CnbiTaHI1~ MaKeTa COneHOI1na. 8 nep­

BOM sap11aHTe 11CnbiTaHI15! npOBOnl1ni1Cb B 

pe)f(I1Me KOCBeHHOfO OXna)f(neHI1~ no 

seni1'111Hbl TOKa I= 1300 A . Ha cpoTo p11cyH-

Ka 4 noKa3aH MaKeT coneHo11na c oxna)f(na-

IOUli1M Kp110CTaTOM. PaccT05!HI1e Me)f(ny 

PHc.4. M aKeT csepxnpoBOLil!Wero coneHoHLia: 
BHelllHHH BHLI COJleHOI1Lia C pa60'IHM KpHOCTaTOM 
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OXJJ<UKJ]aiOIUHMH Tpy6KaM H no 06MOTKe 28 + 30 CM OKa3aJJOCb J]OCTaTO'lHbiM J]JUI 3aXO­

niDKHBaHH51 06MOTKH JlO r enHeBOH TeMnepaTypbi H J]0CTH)I(eHH51 CBepxnpOBOJl51!UefO pe)I(HMa 

npH pacxone )I(HJlKOro ren H5~ oKono 0,6 r/c . 

CnenytOIUHe HCnbiTaH H5~ nposonHnHcb B norpy)I(HOM sapHaHTe, T.e. npH noMemeHHH 

COneHOHJ]a B 06beM C )I(HJ]KHM renHeM. 3-fo J]aJJO B03M0)1(H0CTb 3Ha'lHTenbHO ysenH'lHTb 

MarHHTHOe none H H3yYHTb noBeJ]eHHe MaKeTa npH 60nbWHX MeXaHH'leCKHX Harpy3KaX. 

DblnH nposeneHbl HCnbiTaH H5~ : 

a) B co6CTBeHHOM Mar HHTHOM none . npH I= 5150 A MarHHTHM CHCTeMa nepewna s 

HOpMaJJbHOe COCT051HHe . n one Ha 06MOTKe - 2,4 Tn , MeXaHH'leCKOe Hanp5i)l(eHHe 8 WHHe 

a= 8 KffMM
2

. TOK nepexon a B HOpMaJJbHOe COCT051HHe COOTBeTCTByeT TOKY nepeXOJ]a KOpOT­

KOfO o6pa3Ua (CM . pHc .3) . 

6) .LlononHHTenbHO K c o6cTBeHHOMY non10 coneHOHJla npHKnaJ]biBaJJOCb BHewHee none 

B = 3 Tn . ToK · nepexona I= 3060 A (co6cTBeHHoe none - 1,4 Tn) . 06mee none 

3 + I ,4 = 4,4 Tn . MexaHH'leCKOe Hanp5~)1(eHHe s WHHe - 8,8 KriMM
2

. ToK nepexona B Hop­

ManbHOe COCT051HHe TaK)I(e COOTBeTCTByeT TOKY nepeXOJ]a KOpOTKOfO o6pa3Ua. 

TaKHM o6pa30M, B pe3ynbTaTe HCnbiTaHHH MaKeTa coneHOHJla ycTaHosneHo: 

I) HaMOTKa cn-wHHbl Ha pe6po Ha JlHaMeTp 360 MM H npoKneiiKa KneeM KPYIOCI-m 

He H3MeH5110T ::meKTpOMarHHTHbiX H MeXaHH'leCKHX CBOHCTB CBepxnpOBOJ]51!UefO TOKOHecy­

IUero 3neMeHTa no cpaBHeHHIO C KOpOTKHMH o6pa3UaMH; 

2) Bbi6paHHOe paCCT051 HHe Me)I(Jly OXna)I(J]aiOIUHMH Tpy6KaMH no 06MOTKe OKOnO 30 CM 

OKa3aJJOCb JlOCTaTO'lHbiM )]!1 51 3aXOniDKHBaHH51 JlBYX CnOeB CBepxnpOBOJ]51IUero TOKOHecymero 

3neMeHTa no renHesoi-i TeMnepaTypbi H nepesona ee B csepxnposoMwee cocT05~HHe; 

3) MHOroKpaTHOe TepMOUHKnHpOBaHHe He Bbi51BHJ10 KaKHX-nH60 MeXaHH'leCKHX nO­

spe)I(J]eHHH; 

4) CBepxnpOBOJ]51IUHH TOKOHeCymHH 3neMeHT BbiJ]ep)I(HBaeT MexaHH'leCKHe Hanp51-

)l(eHH51, npeBbiWaiOIUHe pac'leTHbie M5~ pa6oYero pe)I(HMa. 

5. CsepxnpoBOJl5~IU H H coneHOHJl cneKTpoMeTpa AMnYIP 

Ha ocHoBaHHH nposen eHHbiX pac'leToB H HCnbiTaHHH MaKeToB B PHU «Kyp'laTOBCKHH 

HHCTHTYT» cosMeCTHo .c A O KPYIOrEHMAW 6bin CKOHCTpyHposaH MarHHT, ynosneTBOp5~­

IOIUHH seeM BbiweyKaJaHH biM Tpe6osaHH5~M cpH3H'leCKoro 3KcnepHMeHTa. OcHOBHbiMH yJ­

naMH MarHHTa 51Bn5110TC51 : CBepxnpOBOM!UM 06MOTKa, 6nOK TOKOBBOJ]OB, KpHOCTaT, 

MarHHTOnpOBOJl. 

5 . 1. Kamvt«Ka cnepxnponoO.RUielO coJieHouoa. .[ln51 HaMOTKH csepxnpOBOJl5~IUeii Ka­

TYWKH coneHOHJla B YIC<t>TT PHU «KypYaTOBCKHH HHCTHTYT» C03JlaH cneuHanH3HposaH­

HbiH yYaCTOK, no3BOn5~10IUHH npOH3BOJlHTb HaMOTKY 6onbWHX coneHOHJlOB. Csepxnposo­

Jl5~IUHH coneHOHJl HaMaTbiBaJJC51 CBepxnpOBOM!UHM TOKOHecymHM 3neMeHTOM (Cn-WHHOH) 

Ha pe6po B BHJle UHnHHJlpH'leCKOH JlByxcnOHHOH o6MOTKH (417 BHTKOB B cnoe) CO CpeJ]HHM 

J]HaMeTpOM 1165 MM H J]n HHOH 1800 MM (pHc .5) . 06MOTKa npHKneHBanaCb 3nOKCHJ]HbiM 

KneeM KPYIOCY!Jl cnenytOm ero cocTasa: cMona C3.UM-3 - I secosM YaCTb, oTsepJlHTem 

Jl-20 - 0,5 BeCOBOH 'laCTH, HanonHHTenb H3 nOpOWK006pa3HOfO HHTpHJ]a 6opa - 0,75 

BeCOBOH 'laCTH. Bee KaTyWKH - 450 Kf, CaMOHHJlYKUH51 - 0,4 fH, TOniUHHa KaTywKH -

16 MM, HnH 0,29 panHaUHOHHOH JlnHHbl. 
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PHc .. 5. CsepxnpoBO,llliWHH 

COfleHO~ ycraHOBKH 

AMnHP: a) BHewHHH s~ 

KaTywKH coneHo~a; 

6) JIByxC1lOHHlUI 06MOTKa B 

pa3pe3e: 3a3opbi MeJK.Uy 

BHTKaMH (- 0,4 MM) 3a­

fiOflHeHbiXflOnqaT06YM~­

HOH H30flSIUHeH, npo­

nwraHHOH KPHOCI1IIoM 

P11c.6. OxnaJK.UaiOWIIe Tpy6KH ren11esoro KOHTypa cneuHan bHoro npo¢1!flSI 

(npo¢1!flb npeccoBaHHbiH nc 890-131 ' MaTepl!an AMf-2) 

llnS! OXna)f()leHHSI 06MOTKH npHMeHeH MeTO)l KOCBeHHOro KpHOCTaTHpOBaHHSI. na­

pmKII)lKOCTHlUI cMecb renHSI npH TeMnepaType T = 4,2 + 4,5 K JlOfl )I(Ha nporoHSITbCSI qepe3 

npHKneeHHbie BJlOnb ocH 12 aniOMHHHeBbiX Tpy6oK cneuHanbHOro n poqmnSI (p11c .6) BHYTPH 

06MOTKH H 24 TaKHX )l(e Tpy6KH C BHeWHeH CTOpOHbl 06MOTKII. no)l06HbiH npOcpHnb 6blfl 

Bbi6paH JlflSI ysenH'·leHHSI TennoKOHTaKTa xna)loreHTa c oxna)l()lae~t oi1 KaTywKoi1 . A3oTHoe 

OXfla)f()leHHe npOH3BO)lHTCSI )I(H)lKHM a30TOM, npOTeKaiOJUHM qepe3 aniOMHHHeBbie Tpy6KH 

a30THOro 3KpaHa 113 a30THOro TaHKa. 

llnS! yMeHbWeHIISI TennonpHTOKOB K coneHOHJlY OT BHeWHeH cpe)lbl HCnOflb3yeTCSI cy­

nep1130flSIUHSI CBTH (eM. pa3Jlen 5.3) Me)I(JlY KOMHaTHoi1 11 a30THOi1 TeMnepaTypaMH 11 Me)!(-
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Kapma.Mblutes A.A. u iJp. CsepxnposoiJJIUjUU 

C8TU 

en 

CBTU 

CBTI1 
' 3A30P 

PHc.76. CxeMa KpHoCTaTa. KpHocoiieHOI1ll B pa3pe3e, CBTI1 - MaTbi cy­

nepH30miUHH, Cn - CBepxnpOBOlUIIUall o6MOTKa, A30T, rEJII1H - CHCTe­

Mbl OXJIIDK.IlaiOWHX Tpy60K )].Jlll lKI1JlKHX a30Ta 11 reJJHll 
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JlY aJOTHOH H reJJHeBOH TeMnepaTypaMH (pHc.76). DpHMeHeHHe TaKOH cynepH30JlllUHH n03-

BOJllleT pe3KO (B 3-4 pa3a) nOHH3HTb TennonpHTOKH. Pac'!eThi n oKa3hiBaiOT, 'ITO csepxnpo­

BOJllllllHH npOBOJl B pa6o4eM COCTOllHHH B CaMOM TenJJOM MeCTe Jl Jl:lKeH HMeTb TeMnepaTypy, 

He npeBhiwaJOmyro T = 4,7 K. 

5 .2 . Kpuocmam. Kopnyc KpHOCTaTa c)lenaH H3 aJJIOMHHHeBhiX cnnasos c BHeumeif 

rocppHpOBaHHOH o6e4aHKOH H3 JlHCTa 8 = 4 MM H BHyTpeHHeif o6e4aHKOH H3 JlHCTa 8 = 3 MM 

(pHc.7a). Bbi6op TOJlll.lHHhl H MaTepHaJJOB- pe3yllhTaT KOMnpOMJICCa Me:lKJlY Tpe6osaHHllMH 

np04HOCTH H CTpeMlleHHeM MHHHMH3HpOBaTb KOJ1H4eCTBO Bell.leCTBa (Tpe6oBaHHe 

paawauwoHHOH npo3pa4HOCTH). KpwocTaT HMeeT pa3Mephi: JlllHHa - 2525 MM, BHyTpeHHHH 

JlHaMeTp - 1000 MM, BHeUIHHH )lHaMeTp - 1396 MM. CD-COJleHOHJl nO)lBerneH BH)'TpH 

KOpnyca KpHOCTaTa Ha cneUHaJJhHhlX CTeKJlOTeKCTOJlHTOBhlX paCTlllKKax H ynopax KOHCT­

pyKUHH HnO KPYIOrEHMAlll . BHernHHH BHJl HJroTosneHHoro KpwocTaTa npeJlCTasneH Ha 

cpOTO pHC.8. 

5.3 . Cucme.Ma KpuozeHHozo o6ecne'leHUR. B ycTaHOBKe AMnHP npwMeHeHa csepxnpo­

BOJlllWall MafHHTHall CHCTeMa C KOCBeHHhlM OXJla:JK)leHHeM, npH KOTOpOH TOKOHecymwe 

BHTKH KaTyrnKH 3JleKTpOMarHHTa oxnalK)laiOTCll npwMepHo JlO 4 ,5 K uwpKynwpyiOll.lHM no 

KaHanaM oxna:JKJleHHll JlByxcpa3HhiM renweM. 

Bcero Ha o6MOTKe - 36 ropH30HTaJJhHhiX KaHanos oxnaJK)leHHll (24 - Ha HapY:JKHOH 

nosepxHOCTH w 12 - Ha BHyrpeHHeif). KaHanhi BhmonHeHhi H3 aJJIOMHHHeBhiX cneu­

npocpwneif, npHKlleeHHhiX nnocKoif nonKOH K o6MOTKe KneeM KPYIOCYIJI. BHyTpeHHHH 



30 Kapma.Mblllle6 A.A. ll op. C6epxnp0600JiUjUU 

P11c.8 .• BHClllHHH BHLI KpHOCTaTa 

J.H-taMeTp KaHana - I 0 MM , TOilllliiHa cTeHOK - I MM. Bee KaHaJJbi (p11e.9) pa3JleJieHbi Ha 6 
napanileilbHbiX BeTBeH no 6 KaHaJJOB B Ka)f(JlOH TaKIIM 06pa30M, 1-lT06bl fiiJlpaSJIH'·IeeKIIe 

eonpOTIISJieHIIll SeTBeH 6 bJJIII npiiMepHO OJliiHaKOSbl II S npe)leJiaX seTSII OTeyreTSOSaJIII 

onyeKHble )"laCTKII . 8 eSSIJ II e 3TIIM pa3Jlai01UIIH reJIIIeSbiH KOJIJieKTOp, paenOJIQ)KeHHbiH S 

paHOHe nepeJlHero 6aHJl (l)I( H0fO cpnaHua II SbinOJIHeHHbiH S SHJle pa3pe3HOrO KOilbUa 113 

Tpy6KII e SHyrpeHHII~f JlllaMeTpOM 12 MM, nOJlaeT reJIIIH S eaMble HH)I(HIIe (4 - Ha Hapy)f(­

HOH nosepXHOeTII 06~tOTKU II 2 - Ha SHyrpeHHeH) KaHaJJbl OXJia)I(JleHHSI. Oo JliiiiHe Ka)I(JlOH 

SeTSII eOOTSeTeTSYJOllllle r Op1130HTaJlbHble KaHaJJbl Ha KOHUaX 06MOTKII eoe)lHHeHbl Me)I(Jly 

eo60H rH6KIIMII eiiilbcpOHH biMII )"laeTKaMII, SKJieeHHbiMH S KOJIIleKTOpbl. 8bJSOJl Jlsyxcpa3HO­

f0 reJIIIll 113 elleTeMbl OXJJa)f(JleHIIll 06MOTKII S 6JIOK TOKOSSOJlOS OeYilleeTBJilleTell JlSYMll 

Tpy6KaMII, K Ka)I(JlOMY Sbi BOJly S paHOHe sepxHeH 4aeTH nepeJlHero 6aH)la)f(HOrO cpnaHua 

eKOJIIleKTIIpOSaHbl no Tpll seTBII KaHaJJOS OXJia)f(JleHIIll. 

KpHoreHHaSI elleTeMa o6eene411SaeT see Tpll OeHOSHblX pe)I(IIMa: 3aXOJia)I(HBaHHe JlO 

pa6o4ero yposHll TeMnepaTyp, KplloeTaTIIposaHIIe CO-o6MOTKII 11 TOKosso)los, oTorpes. Ha 

p11e.l 0 npeJleTaSJieHa npii HUIInllaJJbHall exeMa elleTeMbl OXJia)I(JleHIIll MafHIITa. 0rJIII411Teilb­

HOH oeo6eHHOeTbiO yKa3aHHOH elleTeMbl liSJilleTell TO, 4TO see KpiiOreHHble KOMMYHIIKaUIIII 
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PHc.9. fHllpaBJIH'leCKlUI cxeMa re.rmeaoro KOHTypa oxna)I(JleHHll. a) Cxe a KOMMyraUHH renHeBbiX 

KaHaflOB OXfla)I(JleHHll 06MOTKH. 6) fHllpaBJIH'leCKlUI CXeMa (pa3BepTKa) 

MarHHTa pacnOJJO:lKeHbl Ha 6JJOKe TOK0880)l08. )K!if)lKHH reJJHH OT 8HeWHero HCTO'lHHKa 

(HanpHMep, OT TpaHCnOpTHOfO HJlH CTaUHOHapHOfO pe3epayapa) C nOMOlllbiO nepeJJH8HOrO 

CHcpOHa nocTynaeT 8 o6MOTKY 4epe3 8BO)l 7 H 8 6a'IOK 6JJOKa T K0880)l08 '1epe3 880)1 8. 
880JI 7 npoxoJIHT '1epe3 6a'IOK c uenbJO KOMneHcauHH Tenn08hiX noTepb 8 nepenH8HOM 

CHcpOHe H TeM CaMbiM CHH:lKeHH~ napOCO)lep:lKaHH~ Ha 8XO)le 8 06MOTKy. 880)1 6 (6e3 TenJJ0-

80H C8~3H C reJJHeM 8 6a'IKe) HCfl0Jlh3yeTC~ 8 pe:lKHMaX 3aXOJla:lK 8aHH~ H OTOrpe8a, npH 

3TOM nepeKJJJOlJeHHe 880)108 OcymeCT8JJ~eTC~ nocpe)lCT80M Jl8YX 8CTpOeHHbiX KJJanaH08 C 

nHe8MOnpH80)laMH . 

CnH8 napO:lKHJIKOCTHOH cMecH, nocTynaJOmeii H3 o6MOTKH Mar HHTa, ocymecT8JJ~eTc~ 8 

6alJOK 6JJOKa TOK0880)l08. nap08~ cpa3a npH 3TOM nOCTynaeT 113 6a'IKa Ha OXJJa:lK)leHHe 

8epXHHX YlJaCTK08 o60HX TOK0880)l08, a :lKH)lKHH reJJHH '1epe3 CneUHaJJbHbie KaHaJJbl, 

OXJJa:lK)l~ YlJaCTKH Cn-WHH Me:lKJIY 06MOTKOH H COOT8eTCT8YIOlllH TOK0880)l0M, nocTynaeT 

8 HH:lKHHe lJaCTH TOK0880)l08. 8 pe:lKHMe KpHOCTaTHp08aHH~ peryn p08aHHe flO)la'IH :lKH)lKO­

rO reJJH~, He06XO)lHMOrO )lJl~ OXJJa:lK)leHH~ 8Cero MarHHTa ( 06MOTKH H TOK0880)l08), ocyme­

CT8JJ~eTC~ TaK, 'IT06bl flO)l)lep:lKH8aTb nOCTO~HHbiM yp08eHb :lKH)lKOCTH 8 6a'IKe 6JJOKa TOKO-
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Kupma.\fbll/1€8 A.A. II op. Csepxnp0800JIUIIIti 

P11c.l 0. npuHullnHalbHall cxeMa CI1CTeMhi oxnalK­

neHHll MarHIITa. I - a30THbiH 3KpaH 6noKa TOKO­

BBOLlOB. 2 - 6a'-IOK lKHLlKOro fe!l11ll, 3 - TOKOBBO­

Llbi: 4 - KOpnyc 6,1QKa TOKOBBOLlOB, 5 - Kp110CTaT 

CO.leHOIILla. 8BOLlbl: 1,2 - BXOLl 11 BbiXOLl 113 a30T­

HOrO 3KpaHa 6,lOKa TOKOBBOLlOB; 3,4- BXOLl 11 Bbi­

XOLl 113 a30THOro 3KpaHa 06MOTK11; 6,7,5- nona'-!a 

lKIILlKOfO re.lHll B 06MOTKY MarHI1Ta: 8 - nona'-!a 

lKIILlKOro re.lllll B 6a'-IOK 6IloKa TOKOBBOLlOB; 9 -
raJoc6poc H3 6a'-1Ka: I 0, II - BbiXOLl ra3oo6pa3HO­

ro re.lllll H3 TOKOBBOLlOB; 12- BbiXOLl LlBYX<fla3HO­

ro re.lllll 113 06MOTKI1 B 6J10K TOKOBBOLlOB 

BBOJIOB, noCTynaiOLUeH H3 0 6MOTKII. J·1JMepeHHe ypOBH~ lKHJlKOfO reJlH~ B 6a'!Ke BbinOJlH~­

eTC~ npH IIOMOWH JIHcpMaiiOMeTpa. K BXOL13M KOTOpOrO nOJIKJliO'leHbl HMriYJlbCHhie Tpy6KH 

H3 BepxHeH H IHDKIIeii TO'l e K 6a'!Ka 6J10K3 TOKOBBOJIOB. 

fenHeB~ KpHOreiiHIDI CHCTeMa MarHHTa JlJl~ yMeHbllleHH~ BJ1H~HH~ BHelllHHX TeriJlO­

npHTOKOB HMeeT TennoJatUHTHbie 3KpaHbi, oxnalKnaeMbie lKHJIKHM aJOTOM. A30THbiH 3KpaH 

06MOTKH COCTOHT 113 4 nap anneJ1bHO coemiHeHHbiX BeTBeH (2 - Ha HapylKHOH riOBepXHOCTI1 

11 2 - Ha BHyrpeHHeii ). KalKlJ~ seTBb npencTasn~eT co6oi1 3MeeBI1K 6e3 onycKHbiX yqacT­

KOB 113 ailiOMHHIIeBOii Tpy6 Kll c BIIyrpeHHI1M Jli13MeTpOM I 0 MM, COJieplK3WeH 6 ropH30H­

TaJibllbiX y'laCTKOB BlJOilb o6MOTKH. MelKJIY Tpy6KaMI1 3KpaHa pacnonolKeHbi nsa cno~ 

aJIIOMHHI1eBoii cpOI1brl1 TOJJW111IOii 20) o--' MM, K Tpy6KaM cponHa np11lKI1MaeTC~ cneul1anb­

llbiMI1 CK06aMH-3alKIIM3Ml l. A30THbiH 3KpaH 6I10Ka TOKOBBOJIOB COCT011T 113 lKeCTKOH 

aJ1IOMI1HI1eBOH o6e'-laiiKll TOJilllliHOii I MM, Ha KOTOpOH C riOMOlUbiO XOMYTOB np11KpenneH 

KallaJI OXJialKJleiii1ll B BliJle 3MeeBl!Ka 113 Tpy6KI1 12 X I MM. 

B Kp11oreuHoii cucTeMe ycTaHOBKI1 AMOY!P 11CriOJ1b3yeTc~ cospeMeHH~ cnoi1CTO-BaKy­

YMH~ TeriJ10H30JI~UH~ (C 8 TJ.1), COCTO~W~. rnaBHbiM o6pa30M, 113 npensapHTeJ1bHO H3fO­

TOBJ1eHHbiX MaTos. KalKJibJ ~i MaT H30JiliU1111 coneplK11T 20 cnoes MeTannH3HposaHHOH nneHKI1 

n3T-K-.IlA-12 11 19 CJlOe B CTeKno6yMarH MapK11 EM.Il-K. MaTbi 1130J1~UHH ycTaHaBJ111B3IOT­

c~ MelKJIY o6~10TKOii U 330 TIIbiM 3KpaHOM, a T3KlKe MelKJIY 330THbiM 3Kp3HOM 11 KOpnyCOM 

Kp110CTaTa. B li30I1liUHOIIIIOii nonocnt KpHOCTaTa pa6o'lee nasneHI1e He JIOillKHO npeBbilll3Tb 

I ,3·10-2 
na. 

Ha cpoTo p~tcyHKa I I npencTasneH BHelllHHH BHJI csepxnposon~tUero coneHOI1Jia c 

CIICTe~IOii OXJialKLieiHill. O p osepKa Ha repMeTH'-IHOCTb CI1CTeMbl OXJ1alKJieHI1~ riOK33ai13, 'ITO 

Ha ypOBHe BaKyyMa I o--' Te 'leii He o6HapylKeHO. 

5.4. Pacl(efllbl Jaxolla :A-:uBaHtlll coJleHouoa. OcHOBHbJM ycnosHeM nposeneHH~ pac<teTOB 

33XOJ13)f(I183HH~ ~BJl~eTC~ IIe06XOJli1MOCTb BbinOJ1HeHI1~ Tpe60B3HI1~, 'lT06bi B J1I060H MO­

MeHT npouecca pa3HOCTb Te~mepaTyp B Jli06bJX LlBYX TO'lK3X 06MOTKI1 COJleH011Ll3 He npeBbl­

lllaila 20 K. Jln~ KOHTpOJl ~ BbiiiOJllieHll~ 3T0f0 Tpe60B3HI1~ Ha TeJle 06MOTKI1 11 reJ111eBbiX 

KaHanax oxna;+;neiill~ yna HOBJlellbi 15 naT'lliKOB Te~mepaTypbi (eM. pa3nen 6). 



KapmaMblUUB A.A. u iJp. CeepxnpoeoOJIUJUU 

Pwc.ll . BHelliHHH BHJI csepxnpoBO.lllllllero coneHowna c renHeBbiMH KO TypaMH oxna)((lleHHll 11 
TeMnepaTypHbiMII .UaT'mKaMH Ha noBepXHOCTII 06MOTKII 
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8 naHHOH pa6oTe see xapaKTep11CTI1KI1 pe)f(I1Ma 3axona)f(I1BaH I1~, BKnl04~ pac<JeTbi 3a­

TpaT Kp11oareHTOB, BhmonHeHbi nn~ cnoco6a 3axona)f(I1BaHI1~ OT paMnhi BbiCOKoro nasneHI1~ 

4epe3 CI1CTeMy a30THO-renl1eBbiX Tenn006MeHHI1KOB 6e3 peKynepaU1111 napOB )f(l1nKOf0 a30-

Ta. 8 Ta6n.1 np11BeneHbl 3Ha4eHI1~ TennOBOH ::lHepr1111, OTBOni1M OH OT Cfl-coneHOI1na B 

pe)f(I1Me 3axona)f(I1BaHI1~ B pa3ni14HbiX nl1ana3oHax TeMnepaTypbi. 

lln~ nepenana nasneHI1~ ( 1,0 ± 0,2) aTM 11TepaU110HHbiM MeTOnOM OnpeneneHbl pacxon 

Kp11oareHTa 11 pacnpeneneHI1e mnpasnl14eCKI1X noTepb no 3neMeHTaM CI1CTeMbi. OcHOBHbie 

nOTep11 naBneHI1~ 11Me10T MeCTO Ha BXOnHOM rH6KOM Tpy6onpOBOne. lln~ 3aXOfla)f(I1BaHI1~ OT 

300 no 280 K 11 OT 100 no 80 K pacxon ra3oo6pa3Horo ren11~ cocTasn~eT 2,5 11 4, 16 r/c 

COOTBeTCTBeHHO. 

8 Ta6n.2 np11seneHbi 3Ha<JeHI1~ speMeHI1 pa3ni14HbiX cTyneHew 3axona)f(I1BaHI1~, onpene­

neHHbiX 113 6anaHca TennOBhiX nOTOKOB, a TaK)f(e o6mee speM~ nn~ cnY<J~ CTyneH<JaToro 

3axona)f(I1BaHI1~. Op11 3TOM 3aTpaTbi )f(l1nKI1X Kp11oareHTOB Ha 3axon a)f(I1BaHI1e onpenen~nl1cb 

113 cneny10IU11X ycnOBI1H: 

- np11 Tox > 80 K pacxon 11 TeMnepaTypa fa30o6pa3H0f0 ren H~ Ha Bxone B cn-cone-

HOI1n ycTaHaBnl1saeTc~ B pe3ynhTaTe cMellleHI1~ noToKa ren11~ c Te nepaTypow oKpy)f(aiOmew 

cpenbi 11 nOTOKa, nponyiUeHHOfO 4epe3 a30THYIO BaHHy; 

- np11 Tox < 80 K pacxon 11 TeMnepaTypa ra3oo6pa3H0f0 ren l1~ Ha sxone B cn-cone-

HOI1n ycTaHasnl1saeTc~ B pe3ynhTaTe cMeweHI1~ noTOKa ra3oo6pa3H Oro ren11~ 4epe3 a30THYIO 

BaHHY 11 nOTOKa )f(I1.llKOf0 ren~; 
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- IIOCJJe BhJXOlta W3 6noKa TOKossonos ra3oo6pa3HbJH remtH 6e3 peKynepautHI xonona 

llallpasmteTot B ra>ronbnep . 

. .,_ 

I . 

"-' 

·'· 
KJl 

4. 

cr 

IC~!CIIT CIICTCMbl. M3TCpHa1 

- -

OG~wTKa . cjJ:JaltUbl, 
l<l;t;l!CIIIIC. a:I!OMIIIHtii 

OG~toTKa. MCllt. 

Ko:ucKH>phi. y1.ih1. 
~I LICIII!ll . CTa:n, 

CBTH 

1-L"<UCIIOI!il fl UC:IOM 
- -· 

Mace a, 
Kr 

324 

93.6 

21.4 

18.5 

460 

Ta6nuua 1 

Q,lllK 

300 +280 K I 00 +80 K 80+20 K 

5,74·106 2, 72-106 3,06-106 

0.715 0.352 0,562 

0.205 0,10 0,115 

0,07 0,07 0,212 

6.73 106 3,24-106 3,95-106 

Ta6nuua 2 

XapaKTepucn JKa. ea. HJMepeHHll 300+280 K 100+80 K 

I . BpcMst (6a:tattcuoc) OllHOii cryneHII oX..1IDKlleHHll 7,2 2,1 

2. Pacxol! rc:n1st s Ka11a1c OX..13lKllCHHll, r/c 0,069 0,116 

3. CKopocTb rc:ntst s Ka11_a1e OX..13lKllCHH,!I. Mlc 4,4 2,0 

4. Ko":JcjlcjJIIUIICHT TCfUIOIICpena'IH B K3H3.11C OXJJIDKIICHHll, 54 27 

' Brht- K 

5. Mol!ucjluuuposal!llblii KpiiTCplli-i CTeHTOHa aF / Gcp 9,3 2,8 

6. 'JaTpaTbl lKIIlJKOro 330T3 H3 onHy CTynCHb OX113lKllCHHll, Kr 34 1,81 

7. ]aTpaTbl lKIIllKOro !"e..111ll H3 OllHy CTynCHb OXJliDKIICHHll, Kr (II) - -

X. OCiwcc spCMll Jaxo:IaJKIIB3HIIll oT 300 no 4,2 K (npH cTyneH'IaTOM 
ta\O.HJKIIB3111111 C /'iT= 20 K). 'I 

'J . OCiw11c JaTpaTbl JKIWKIIX KpuoareHTOB Ha JaxonaJKHBaHHe OT 300 no 4,2 K 6e3 
IIL"II<UhJosamist KrY (6eJ Y'-J CTa pelKHMa TCIL10BOH cra6H.IIH33UHH) 

- lKIIlJKOro 330T3. Kr 

- ;t;IIllKOI'O rc:lllll . Kr (,1) 

I 0. 3aTpaTbl KplloareHTOB Ha pClKIIM TC!L'IOBOH CT36H..'!H33UHH B TC'ICHHC 6 '13COB 

- JKII!!Koro aJoTa. Kr 

- ;+;lllJKoro rc.111ll . Kr (.1) 

300+80 K 

5,21-107 

5,85 

1,83 

0,78 

6,05-107 

80+20 K 

0,84 

0,116 

0,6 

34 

3,5 

20 

9,2(73,5) 

52 

1900 

11(88) 

20 

31 ,4(245) 
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Oocne ,llOCTI·DKeHI1H TeMnepaTypbl 06MOTKI1, 6ni13KOH K pa6o tieH, He06XO,ll11MO 8 Te­

'leHI1e He MeHee 6 'laC08 npo8eCTI1 pe)I<HM Tenn080H CTa611nl13a U1111, 80 8peMH KOTOpOH 

CHI1MaJOTCH nOKaJibHble OCTaTO'lHble «Tenn08ble nHTHa» 8 CI1CTe e, B Tenn080H 1130nHU1111 

CBTH ycTaHaBni1BaeTCH cTaul1oHapHoe TeMnepaTypHoe none, CI1CTeMa 3anonHHeTcH 

JKI1JlKI1M ren11eM .IlO pa6otiero ypo8HH . TennosaH Harpy3Ka 8 3TOM pe))(11Me nocTeneHHO (no 

3KCnOHeHTe) np116nl1))(aeTCH K pa6otieH HarpYJKe pe))(I1Ma Kp110CT T11p08aHHH 6e3 88e,lleHI1H 

TOKa, OHa np11H11MaJiaCh pa8HOH 1,5 OT Tennonp11TOKa 8 pe))(I1Me K p110CTaT11p08aHHH. 

BbmonHeHHbie pactieTHbie oueHKI1 noKa3bi8aJOT, 'ITO KOHC1 pyKUHH, rH,IJ,pa8nl1'leCKaH 

CXeMa 11 TennOf11,llpaBlll1'leCKI1e xapaKTep11CTI1KI1 CO-coneHOH,lla n 0380nHJOT npo8eCTI1 ero 

3axona))(I1BaHI1e ,llO pa6otiero ypoBHH TeMnepaTyp 3a np11eMneMoe 8peMH (np11MepHo 50 'la­
co8) . 06m11e 3aTpaTbl ))(H,llKI1X Kp11oareHT08 Ha 3axona))(l18aHI1e 11 pe))(I1M Tenn080H 

cTa611nl13aUI111 (8ap11aHT cxeMbi 6e3 11CnOnb308aHI1H KIY) cocTa8nHJOT: ))(H,IJ,Koro reni1H -

340 n, ))(H,IJ,Koro a3oTa- 1950 Kr. 

TexHonorn'leCKI1H npouecc OTOrpe8a cn-coneHOI1,lla nonHOCTbJO H,lleHTI1'leH npoueccy 

3axona))(l18aHI1H, HO pe))(I1Ma Tenn080H CTa611n113au1111 He Tpe6y eTCH . OcHOBHbie xapaK­

Tep11CTI1KI1 pe))(I1Ma OTOrpe8a: 8peMH OTOrpe8a - OKOn"o 50 'laCO ; 3inpaTbl ))(11,llKOro reni1H 

- 74 n; 3aTpaTbl ))(11,llKOf0 aJOTa - 1700 Kr. 

5.5. EJIOK moK0880008 . .UnH 880,lla TOKa .IlO 3,5 KA 8 C8epx npo80.IlHlUyJO o6MOTKY 11 

nO,lla'll1 Xlla,IJ,OreHTOB 8 KOHCTpyKUI111 MarHI1Ta 11MeeTCH cneUI1aJI HbiH 6noK TOKOBBO,ll08 C 

6aKOM ))(11,llKOfO reni1H OfueMOM 30 n, 3alUI1lUeHHblH OT 8Heumero Tenna cynep1130nHU11eH 11 

aJOTHbiM 3KpaHOM. B 6aKe Haxo,lli1TCH 3Mee811K, no KOTopoMy n o,IJ,aeTCH no,ll ,llaBJieHI1eM 

))(11,llKI1H reni1H ,llnH 0XJia))(,lleHI1H KaTyillKI1 11 C8epxnp080,IJ,HlUI1X 'l aCTeH nO,ll80,llHlUI1X np0-

80,llHI1K08. KOHUbl npOBO,llHI1K08, np11naHHHbie K TOK0880,llaM, TaKJKe OXna))()laJOTCH ))(11JlKI1M 

ren11eM. TeMnepaTypa reni1H Ha 8XOJle 8 o6MOTKY- 4,6 K, Ha 8bixone 113 Hee - 4,7 K, 8 

CaMOH TennOH 'laCTI1 - He 6onee 5 K. B HaCTOHmee 8peMH 6nOK TOK0880Jl08 113fOT08neH 11 

npOXOJl11T 11CnbiTaHI1H 11 ,llOpa60TKY C uenbiO OnT11MI13aU1111 ero n apaMeTp08. 

5.6. MamumonpoBoo u ooHopooHoCmb noJI.JI. Op11 npoeKT11p o 8aHI111 TaKoro 6onbruoro 

MarHI1Ta 803HI1KaJI pHJl BOnpOC08, 0JlHI1M 113 KOTOpblX 6bin 80npoc - HaCKOnhKO O)lHOpOJl­

HOe MarHI1THoe none 8 3a,IJ,aHHOM pa6o'leM o6oeMe ynacTcH nonY4 I1Tb np11 Ha116onee npo­

CTOH 06MOTKe - U11ni1HJlp114eCKOH . ,UJIH 8blHCHeHI1H 3TOfO 6bin 113fOTOBneH MaKeT MarHI1Ta 

8 1/3 HaTypallbHOH 8enl1'li1Hbl. Ha HeM 6binO np08e)leHO 11CCne)l0 8aHI1e 8ni1HHI1H KOHQJHry­

pau1111 ))(ene3HOfO MarHI1TOnp080)la Ha O)lHOpOJlHOCTb MarHI1THOrO nonH 80 8HyTpeHHeM 

06oeMe KaTyillKI1, KOTOpaH 6bina HaMOTaHa 06bi'lHblM Me)lHblM np0 80JlOM 03B-2, 1 8 2 CnOH 

Ha runynhKY 113 Hep))(aBeJOmei1 CTaJII1 (6) . l13MepeHI1H MarHI1THOfO nonH np11 pa3nl1'lHblX 

KOHQJHrypaUI1HX MarHI1TOnp080)la noKa3aJII1, 

'ITO, 80-nep8biX, OJlHOpOJlHOCTb nonH MO))(eT 

6biTb JlOCTI1rHYTa He Xy))(e 1 + 1 ,5 o/o, a 80-

8TOpbiX, MarHI1THoe none BHYTPI1 coneHo11na 

npaKTI1'leCKI1 He 3aBI1CI1T OT Q:>opMbl 

PHc. l2. PeJynbTaTbi pac'leTa HeoriHopo.UHOCTH 

MarnHTHoro nonll no nporpaMMe POISSON. R­
paCCTOliHHe OT OCH M3rHHT3, Z - paCCTOliHHe OT -so _40 -30 -zo -to 

ueHTpa MarnHTa K Kpal!M coneHOHJla 

R, CM 

.. ~104050 

Z,CM 
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Manunonposona na)l(e n pH sapHaHTe, Korna B nponollbHbiX 4acn1x ManmTonposona 

ManmTHOe none nocTH ran o senH4HHbl B'lK . - 1,7 Tn . B peanbHOM MarHHTe ce4eHHe )l(elleJ­

HOro MarHHTOnposona Bbi6 HpaeTC51 , 4T06hi npH BoHyrp. - I ,0 Tn o6ecne4HBanacb senH4HHa 

B'lK . ~, I ,5 Tn B mo6oii 4aCTH MarHHTonposona. Jla)l(e npH TaKOM ycnoBHH Macca MarHHTO­

nposona noJl)I(Ha 6b1Tb 6on ee 30 TOHH . 

Pac4eT no nsyMepHoii nporpaMMe POISSON noKaJan, 4TO llJ151 Bhi6paHHoro MarnHTO­

nposona (pHc . l2) B03M0)1( H0 nOJl)"lHTb HeOnHOpOnHOCTb MarHHTHOrO nOJ151 B pa604eM 06be­

Me, He npeBbiWaiOUlYIO 2 %. 

6. KoHTponb Ja Te M nepaTypoii 

6. 1. YcmaHOBKQ oam'I UKOB meMnepamypbl. )ln51 KOHTp01151 npouecca JaXOJla)f(HBaHH51 

Cn-ofiMOTKH H KOHTp01151 COCT051HH51 COJleHOHlla 80 BpeM51 pa60Tbl, a TaK)I(e llJ151 o6ecne-

4eHH51 6eJonaCHOCTH B asapHHHbiX CHTyaUH51X, B pa3Hble T04KH MarHHTa ycTaHaBJ1HBaiOTC51 

TeMnepaTypHbie naT4HKH ( pHc . l3 ). B Ka4eCTBe TepMOMeTpos B351Tbl cneuHanbHO OT06paH­

Hbie H OTKaJ1H6pOBaHHble TepMope3HCTOpb1 (7) . npH nocTaT04HO HHJKOH HX CTOHMOCTH H 

MaJlbiX pa3Mepax (no I 0 M \1
3

), KaK nOKa3biBaeT On biT, OHH HMeiOT BbiCOKYIO CTa6HJlbHOCTb H 

Ha!le)I(HOCTb B pa60Te. )lJ1 51 T04HOrO H3MepeHH51 TeMnepaTypbl Heo6xonHMO noMeUlaTb Tep­

MOMeTp BHYTPh H3Mep51e Moro Tena, rne cymeCTBYIOT H30TepMH4eCKHe ycnoBH51 nn51 

HJMepHTeJlbHOrO MeCTa. 8 peanbHOH CHTyauHH npHXOnHTC51 BeCTH MOHTa)l( TepMOMeTpOB B 

TeX MeCTaX, rne TpynHO e ro ocymecTBHTb: B Tpy6KaX C TOHKHMH CTeHKaMH, B fOTOBbiX 

06MOTKaX MalliHTa H T .n. 

TaKHM o6pa30M, npH XOnHTC51 npHMeH51Tb TaK HaJbiBaeMble KOCBeHHble MeTOnbl H3Me­

peHH51 TeMnepaTypbi, nGM e llla51 TepMOMeTpbi Ha nosepxHOCTb HJMep51eMoro o6oeKTa. Cno)I(­
HOCTb 3aKJ1104aeTC51 B TOM, 4TO B BaKYYMHOM npOCTpaHCTBe MarHHTa cymeCTBYIOT pa311H4Hble 

BHnbl TennonpHTOKOB OT Hapy)I(HOrO BaKYYMHOrO KO)I(yXa, HaXOn51UlerOC51 npH KOMHaTHOH 

TeMnepaType, K KpHOreHH biM nosepXHOCT51M Ja C4eT KOHBeKTHBHOro Tenll006MeHa OCTaT04-

HbiM raJOM H HHcf>paKpaCIIOrO H3Jl)"leHH51 . 8JlH51HHe TaKOro TennonpHTOKa Ha nOKaJaHH51 

TepMOMeTpOB MO)I(eT fibiTb cymeCTBeHHbiM. 1-fT06bl peiUHTb 3a!la4y T04HOrO H3MepeHH51 TeM­

nepaTypbl s naHHOM MeCTe , s csepxnposon51UleM MarnHTe AMnHPa npenno)l(eH MOHTa)l( 

TepMOMeTpOB C KBa3HTepM H4eCKHMH YCJ10BH51MH. 

)lJ151 C03naHH51 H30Tep MH4eCKHX YCllOBHH n1151 HJMepHTeJlbHOrO MeCTa TepMOMeTpbl 

noMemeHbl B cneuHaJlbHbie KeHCbl HJ aniOMHHH51 11 MenH (pHc . l4) . AlliOMHHHeBble KeHCbl 

HCnOJlb30BaJ1HCb llJ151 3aK penJleHH51 naT4HKOB Ha nllOCKOH nosepXHOCTH (nonOWBbl 

aJliOMHHHeBOrO npocf>HJ151) H n04TH nllOCKOH (UHJ1HHnpH4eCKa51 nosepXHOCTb COJleHOH!la B 

npenenax aJliOMHHHesoro Keiica) . MenHhie KeHCbi HcnonbJOBaHbl llJ151 JaKpenneHH51 TepMo­

naT4HKOB Ha Tpy6Kax r enHesoro KOnneKTOpa. YacTb TepMOMeTpos ycTaHOBJleHa B 

aJliOMHHHeBbiX cf>naHuax. Ha nonowsax aniOMHHHesoro npocf>HJ151 11 Ha nosepxHOCTH 

o6MOTKH aJliOMHHHeBble Ke HCbl npHKlleeHbl :moKcHnHbiM KJleeM KPI10CI1J1 . nposona OT 

TepMoMeTpos TO)I(e npHKneeHbl KPI10C11IloM snonh ocH o6MOTKH no Bbixona y TOKosoro 

cf>naHua. MenHble KeHCbl K Tpy6KaM H3 Hep)l(aBeiOUleH CTaJlH npHnaHBaJlHCb CBHHUOBO-OJ10-

B51HHbiM npHnOeM . 
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PHc. l3a. CxeMa pacnolloJKeHHJI TeMnepaTypHbiX naT<JHKOB. 06waJI cxeMa pacnOJJoJKeHHJI 
TepMOMeTpOB 
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B cKo6xax ny6HeHcKHe HOMepa. T6, T7- HOMepa AMilliPa 

rrf4 /r1~fe ·- / .. ,-
~I. 
1~:;4 ,.-

~~ 
T9 

~ 
T p(l) 

~ 

~ 
~ 

T i 2. 3 -+ s 6 r B 9 10 41 11 13 14 ts c f1. 1f f9 to t.4 12 23 R4 1 
Qtjff· 9.$ t.G 11- U R9 30 31 32. 33 34 35' 36 2 !> 

11-12 B&IXO.I( IIpOBO.I(a 
13-14 B&IXO.Il npOBO.I(a 

BH.ll Ha 06M<mcy C TOpua y TOKOBBO.Ila 

BlfYIPCHHJIJI nosepXHocn.­
BHeiiiHJIJI nosepXHocn.-

12-rpy6oK 
24-rpy6KH 

PHc. 136. CxeM a pacno,lolKeHHll re~meparypHbiX naT'lHKOB. CxeMa pa3MeweHHll repMo­

naT'lHKOB Ha 06MOTKe CO,leHOHna 

CaMH TepMOMeTpb! BHYfpH aJliOMHHHeBbiX H MellHbiX KeikOB MOHTHpOBaJlHCb C HCI10flb-

30BaHHeM TennonpOBOllH OH BaKyyMHOH CMa3KH « Apiezon >>. 3aTeM KeHCbl C TepMOMeTpaMH 

llOKpb!BaJlHCb 3- 5 CflOli MH cynepH30flliUHH . 

6.2. CucmeMa uJ:.MepeHtUI meMnepamypbl . <l>yHKUHOHaJlbHall cxeMa TepMoMeTpHH BKniO­

<JaeT s ce6SI : Ha6op TepM o MeTpos THna TB0-0. 125, llOllKJliO'leHHbiX Ka:>KllbJH s oTnenbHOCTH 

K sxon~1 KOMMyraTopa aHa.norosbiX CHrHa.nos KA004 . CHrHa.n c Bhr6paHHoro TepMOMeTpa 

nonaeTCSI Ha aHa.noroso- u mpposoii npeo6pa3osaTenb, s Ka<JeCTse KOToporo Bb16paH npo­

MhrwneHHbiH umpposoi1 somTMeTp THna DIGITAL VOLTMETER-V530. llaHHbJe c somT­

MeTpa B BHlle napa.nnen hHOro UHcjJposoro Kona 'lepe3 BXOllHOH pemcTp H KOHTponnep 

KK009 C'lHTbrsaiOTCSI s 3 8M. OT Ka:>Klloro TepMoMeTpa HlleT Ka6enb H3 4 nposonos H3 

MaHraHHHa llHaMeTpOM 0 , 15 MM B 3MaJleBOH H30flliUHH, 3aKaH'lHBaiOIUHHCSI 4-WTblpbKOBOH 

MHKpOBHflKOH C 30flO'leH HbJMH KOHTaKTaMH . lla.nee 'lepe3 KOHTaKTHbJe flHHeHKH (MHKpOp0-

3eTKH C 30flO'leHHbJMH KOHTaKT~1H) llHTaHHe llOCTOliHHblM TOKOM OT cneUHaJlbHOrO BbJCOKO­

CTa6HnH3HpOBaHHOro HCTO'lHHKa TOKa ( J 0 MKA Ha OllHH TepMOMeTp) H CbeM CHrHaJla HllYf 
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a) 

6) 
I 
I 
I 

. ·' I 

_ _lti 
PHc. l4. Kei1cbi ,1lllll TeMnepaTypHbiX JiaT'IHKOB: a) amoMHHHeBbiH, I - BXOJIHoe 

OTBepCTHe, 2 - BbiXOJlHbie OTBepCTHll; 6) JIBa THna Me)lHbiX : n oJiyuHJIHHJlp H 

UHJIHHJlp 
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no npOBO)laM TI3JilllQ 0,12 + 0,15 MM, BbiXO)UilUHM Ha repMeTH'IH bi e pa3'beMbl npH KOMHaT­

HOH TeMnepaType. ,Um1 yMeHbiiJeHHll TenJIOnpHTOKOB OT 3THX npOB )lOB K TepMOMeTpaM Ka-

6eJ1b OT pa3DeMOB QJHKCHpyeTCll Ha aJOTHOH TeMnepaType B paHOHe TOKOBBO.llOB. 

To'IHOCTb HJMepeHHl! BeJJH'IHHbi conpOTHBJJeHHll pe3H CTopa orpaHwmBaeTCll 

CTa6HJJbHOCTbJO nHTaJOIUefO TOKa, KOTOpbiH MO)I(eT MeHl!TbCll no.n JIHliHHeM B03HHKaJOIUHX 

TepM03,UC B MeCTaX KOHTaKTa pa3HOHMeHHbiX MeTaJJJJOB. Tip11 He06XO.llHMOH TO'IHOCTH 

H3MepeHHJI TeMnepaTypbl - 0,5 o/o TepMOMeTpbl JanHTbiBaJOTCll n OCTOliHHbiM TOKOM . ,UJJJI 

Ka)l()lOfO TepMOMeTpa nO HeCKOJJbKHM 3KCnepHMeHTaJJbHbiM TO'IKaM ( 11 TO'IeK) OT KOMHaT­

HOH .llO reJJHeBOH TeMnepaTyp 6biJIH COCTaBJJeHbl nOJJHHOMbl (3aBH CHMOCTb COnpOTHBJJeHHll 

OT TeMnepaTypbl) , no KOTOpbiM B )laJJbHeHIIJeH pa6oTe MO)I(HO o npe.neJJl!Tb TeMnepaTypy 
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MeCTOnOJJO)I(eHH~ .!laHHOrO pe3HCTOpa B JaBHCHMOCTH OT ero conpOTHBJieHH~ BO BCeM .!1Hana-

30He TeMnepaTyp OT KOMHaTHOH .!10 renHeBOH (4,2 + 300 K). 

7. Pac'!eT o6mei1 pa.11uauuoHHOH TOJJlUHHbi KpuoconeHOH.!la 

Opu pac'!eTe p a.ImauuoHHbiX MHH HCnOJib30BanHCb cne.!IYJOlUHe .!laHHbie 

(pa.uHaUHOHHbie .!IJIHHbl B MM): 

Ta6nuua 3 

AntoMHHHH 89 

Menb 14,4 

CsHHeu 5,62 

011080 12,09 

HHo6Hi-i 11 ,81 

THTaH 35,94 

npHnoi-i nOCCY-30-2 7,3 

YmennacTHK 400 

CTeKJloTeKCTOJIHT 200 

Cn-Ka6eJJb B MeUIIOH M3TpHUe 17 

)lnll CJIOHCTO-BaKYYMHOH TenJJOH30JiliUHH H XJIOn'laT06}'M3)1(HQH H30JiliUHH, nponHTaH­

HOH 3nOKCH.!IHbiM KJJeeM KPI10CI1J1, npHHHMaeM pa.uuauuoHHYJO .!IJIHHy, KaK .!IJill cTeKJJo­

TeKCTOJJHTa. 

Ta6nuua 4 

JlleMeHT COlleHOHD3 MaTepHan pan. nn ., MM 

I . 06e'!aHKH, BHyrpeHHllll H BHeWHllll aJliOMHHHH 0,0841 

2. AJOTHbie 3KpaHbi c Tpy6KaMH aJliOMHHHH 0,00787 

3. fenHeBbie Tpy6KH-npo¢I-L1H aJliOMHHHH 0,00955 

4. CynepHJOllliUHll (MaHilapHbte <<OUeliJia >> ) aJliOMHHHH + CTeKJlO 0,01455 

5. CKpennlltoWHe wnHJJbKH aJliOMHHHH 0,00584 

6. CsepxnposonliWHH nposou s antoMoMeuHoi1 MaTpHue 

a) aJliOMHHHeBal! M3TpHU3 aJliOMHHHH 0,10225 

6) OMeUHeHHe M3TpHUbl MeUb 0,03465 

B) OllOBliHHO-CBHHUOBblH npHnOH CBHHeU + OJJOBO 0,0685 

r) csepxnpoBOUliWHH nposou Ni-Ti s MeuHoH MaTpHue MeUb + HH06HH + THT3H 0,0823 

U) Xl10n'I3T06)'M3)1(Hal! HJOJillUiill , nponHT3HHal! 0,01035 
KPHOCHJloM 

Becb coneHOHD (c KpHocraToM) 0,42 
---
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,Ilm1 CO-npOBO.[la H CBHHUOBO-OJlOB.HHHOrD npHnO.H pac'!eT pa.uHaUHOHHbiX .LlJlHH 

npOH3BO.LlHJlC.H C )"'eTOM BeCOBbiX KOHUeHTp3UHM npOCTbiX BeiUeCTB, BXO,Ll.HlUHX B COCTaB 

CJlO)((HOfO . 

3aKJliO'!eHHe 

8 HaCTO.HIUee BpeM.H 3aKOH'!eH B OCHOBHOM :;nan H3f0TO JleHH.H BCeX :meMeHTOB 

MarHHTa, BKJliO'!a.H KpHOCOJleHOH.Ll, 61lOK TOKOBBO.[lOB, CHCTeMy Tep OKOHTpOil.H H .Up. Cne.uy­

IOIUHe 3alla'!H CB.H3aHbl C 3anycKOM H HaJlaLlKOM BCeM MarHHTHOM CHCTeMbl. 3TO - TeMa 

cne.uyiOIUHX :nanos pa6oTbi. 

B 3aKJliO'!eHHe aBTOpaM XOTeJlOCb 6bi npHBeCTH Ta6JlHUY OCHOBHbiX napaMeTpOB C03.[1a­

BaeMOfO csepxnposo.LI.Hmero MarHHTa ycTaHOBKH AMOI1P H cpaB HHTb HX c napaMeTpaMH 

cymecTBYfOIUHX 3apy6e)((HbiX aHanoros ('IaCTb .uaHHbiX B.J.HTa H3 o630P.a [8]): 

Ta6Jiuua 5 

Zeus CELLO TPC CLEO CD F VENUS AMPIR 
(AMnHP) 

11HJl)'KUHll, Tn 1,8 1,3 1,5 1,0 1,5 0,75 - 1,2 

BHyrpeHHHii 1,72 1,66 2,17 2,0 2,86 3,54 1,154 
nwaMeTp, M 

.!I;JHHa 06MOTKH, M 2,85 3,42 3,3 3,2 5,07 5,27 1,8 

ToK,KA 5,0 3,3 2,27 - 5, 4,0 2,8 

3anaceHHall 16 7,0 11,0 9,4 31 11,7 1,6 
:meprnll, M~ 

Pan. TonwwHa 0,9 0,5 0,68 0,7 0,86 0,52 0,42 

Ce'!eHHe nposona 6x9 1,6 x2,2 3,6 X 0,9 - 20 X 3,9 6,6 X J0 4x7 

MaTepHan MaTpHUbi Cu, AI Cu, AI Cu - Cu, AI AI Cu, AI 

113 Ta6J1HUbl BH.[lHO, '!TO C03,LlasaeMbiM MarHHT He ycTynaeT cyiUeCTBYIOlUHM aHanOraM, a 

no p.H.Uy napaMeTpOB, B TOM '!HCJle no pa.uHaUHOHHOM TOJllUHHe, n peBOCXO.LlHT HX. ABTOpbl 

Ha.ueiOTC.H, 'ITO c sse.ueHHeM s cTpoii MarHHTa ycTaHOBKH AMOI1P cpH3HKH nonyqaT HOBbie 

803MO)((HOCTH .[lJl.H H3)"1eHH.H cpH3HKH npoMe)((yrO'!HbiX 3HeprHM. 

Pa6oTa BbmOnHeHa npH no.u.uep)((Ke PoccHMCKoro cpoH.ua cpy .uaMeHTaJlbHbiX wccne.uo­

BaHHM (rpaHT N~97-02-16647). 

ABTOpbl C'!HTaiOT CBOHM npH.HTHbiM .[lOJlfOM Bbipa3HTb rny6o KyiO npH3HaTeJ1bHOCTb 3a 

nocTO.HHHbiM HHTepec K pa6oTe H no.u.uep)((KY C.T.Een.Hesy, A.I1.M anaxosy, B.JI.Kpas'!yKy, 

A.E.KypenHHy, a TaK)((e Bbipa3HTb npH3HaTellbHOCTb 3a noMOlUb Ha oT.uenbHbiX 3Tanax pa6o­

Tbi A.<l>.CycTasosy, A.A .KpHKyHosy, IO.A.lllHillOBy, ,Il.M.Konynae sy, C.B .AcpaHacbesy. 
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ATMOSPHERIC AEROSOLS AND POSSIBILITIES 
OF THEIR ANALYSIS FOR ELEMENTAL CONTENT 
AT THE IBR-2 REACTOR 

V.F.Peresedov 

Analytical possibilities of neutron activation analysis for siudying the elemental content of 
atmospheric aerosols at the IBR-2 reactor are discussed on the basis of the e)(perimental results 
on concentrations of nearly 40 elements in the air of two, namely, a remote and an industrial 
Siberian regions. Methodological aspects of the use of small-pore filters, the influence of their 
background trace-element contents on the sensitivity of NAA, the reliability of the results, as 
well as preferable strategy of atmospheric aerosols sampling are discussed. 

The investigation has been performed at the Frank Laboratory of Neutron Physics, JINR. 

ATMoc~epHLie a3p030JIH u B03MOJKHOCTH aHaJIH3a 

ux 3JieMeHTHoro cocTaBa ua peaKTope HNP-2 

B. l/J.ll epeceooB 

Ha OCHOBe 3KCnepHMeHTaJlbHbiX peJyJibTaTOB KOJIH'IeCTBeHHOfO OnpelleJieHHJI OKOJIO 40 
3JieMeHTOB B aTMoccjlepHoM BOJJlyxe llByx pernoHoB Cu6upu - cjloHoooro u npoMblllllleHHoro 
- 06CylK.!laiOTCJI aHaJ!HTH'IeCKHe B03MOJKHOCTH HCnOJib30BaHHJI HeiiTpOHHOfO aKTHBaQHOHHOfO 
aHaJ!HJa (HAA) llJIJI H3Y'JeHHJI 3JieMeHTHOfO COCTaBa aTMOCcjlepHbl)( a3p030Jieii Ha peaKTope 
HI>P-2. PaccMaTpuoaiOTCJI MeTOllH'IeCKHe oonpocbi ucnOJibJOBaHHJI MeJIKonopucTbl)( cjJHJibTpoo, 
BJIHJIHHJI COllepJKamuxcJI B HHX MHKponpuMeceii Ha 'IYBCTBHTeJibHOCTb HAA, HalleJKHOCTH 
nOJIY'!aeMbiX peJyJibTaTOB, a TaKJKe npellnO'ITHTeJibHaJI CTpaTerHJI OT6opa o6paJLIOB. 

Pa6oTa BbinOJIHeHa B Jla6opaTopuu HeiiTpOHHOii cj>HJHKH HM. H.M.<l>paHKa O~H. 

Most important goals of environmental monitoring are the estimation of the state of the 
environment, prognosis and elaboration of scientifically grounded recommendations for 
rational use of natural resources. For reliable estimates numerical data on pollutant contents 
in atmospheric air, soil, vegetation, water, etc., are needed. Moreover, it is necessary to 
known the elemental content of atmospheric aerosols, because often their contribution to 
contamination of the environment exceeds the allowed limit. Significant influence of atmos­
pheric aerosols on the quality of the environment, human health, and the vegetable and 
animal world is caused by their characteristics, including the wide spectrum of sizes, 
chemical and ionic compositions, and the character of the quantitative elemental 
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distributions of aerosol particles of different sizes and their concentration levels in atmos­
phere. 

Nowadays, systematic complex studies of aerosols and their influence on the 
environment have become an important scientific problem in connection with increasing 
technogenic impact on the environment. In atmosphere, aerosols of different origin 
experience intense intermixing and complex physical-chemical transformations. As a 
consequence, identification of the sources of atmospheric pollution and estimation of their 
emission power are difficult. Without knowing the emission power it is impossible to obtain 
reliable quantitative esti mates of the aerosol contribution to the processes responsible for 
changes in the climate and the quality of the environment. 

The developed mathematical methods and the measured spectra of aerosol sizes 
together with the obtai ned quantitative contents of elements in aerosols allow one to 
describe complex. processes of their transformation and drifting, determine the sources and 
estimate their power, calculate the space-time fields of the concentrations of contaminating 
elements, and estimate the state and the quality of the environment. 

Experimental 

In these investigations an important stage is the accumulation of reliable and repre­
sentative data on the content of trace-elements in the atmospheric air of different regions . 
The content of unbasic (trace) elements in atmospheric air is significantly lower than their 
content in such biomon itors as soil, vegetation, etc . Usually, sampling of atmospheric 
aerosols over a wide spectrum of sizes and masses is realized by aspiration of atmospheric 
air through small-pore fi lters using cascade impactors. As a result, the necessary amount of 
elements for the related analytical method can be accumulated on the corresponding filter 
of the impactor. Only analytical methods which provide high sensitivity, reliability, and 
selectivity can be successfully used for the analysis of atmospheric aerosols. This is 
especially important when samples of very clean atmospheric air or fractions of aerosols 
with low contents in the spectrum of masses are analysed. 

Over the last years, a large number of aerosol samples collected by specialists from the 
Institute of Chemical Kinetics and Combustion (ICKC) SB RAS in different Siberian 
regions were analysed in the NAA department [1-3]. The obtained results confirmed the 
possibility of reliable de termination of nearly 30-40 elements . in coarse and submicronic 
aerosols . 

Analytical possibilities of the NAA for these studies at the IBR-2 reactor are the subject 
of this work. The IBR-2 reactor is equipped with irradiation channels allowing the 
irradiation of samples with high neutron fluxes using a pneumatic facility. We apply NAA 
procedures for short-, medium-, and long-life nuclides. The identification of the elements is 
done over a wide spectrum of nuclides . The neutron spectra from the IBR-2 reactor contain 
thermal, epithermal, and fast neutrons [4] and allow two regimes of sample irradiation, i.e., 
irradiation with thermal, epithermal and fast neutrons and epithermal and fast neutrons. In 
the first regime, the sensitivity of the analysis is higher for Na, AI, Si, S, Cl, K, Sc, Ca, Cr, 
Ti, V, Mn, Co, Fe, Cu, Zn, La, Ce, Pr, Nd, Eu, Gd, Dy, Lu, Os, and Pt. In the second 
regime it is higher for F, Mg, Ga, Ge, Se, As, Br, Sr, Rb, Y, Zr, Nb, Ru, Mo, Tc, Rh, Cd, 
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Pd, Ag,· In, Sn, Te, Sb, I, Ba, Cs, Pr, Sm, Tb, Ho, Tm, Er, Hf, Yb, W, Ta, Re, Ir, Hg, Au, 
Th, and U. The specifics of the neutron energy spectrum and the possibility of sample 
irradiation in two regimes (with and without Cadmium) allow one to provide the selectivity 
of the analysis relative to the elements interesting for aerosol studies. This is also important 
for the identification of the majority of their sources. 

Determination of the net content of elements in atmospheric air requires that the 
background content of trace-elements in blank filters was subtracted. Therefore, reliable 
determination of the content of elements in blank filters is imp rtarit. If dispersion of 
elements in blank filters is not high, subtraction and determination of the concentration of 
elements in atmospheric air will be more reliable. Often, dispersion is significantly high. 
For the F 1 and F2 filters discussed below its mean value is = 30%. The value of dispersion 
strongly depends on the technology of the filters production. In the studies of atmospheric 
aerosols the choice of a suitable filter for NAA with a low content of trace-elements is 
important. It is even better if a blank filter does not contain significant amounts of the 
elements whose nuclei are very strongly activated and .can create an. excessive Compton 
background and, as a result, significantly reduce the NAA sensitivity . The use of filters 
effectively adsorbing aerosols over a wide range of their sizes is most preferable i~ the 
analysis of their different fractions. Some errors of the analysis ca be reduced if identical 
filters are used in all stages of cascade impactors. 

In the general case, when the concentrations of elements in t e samples are not very 
high, it is most desirable that the ratio of the element's amount ace mulated from air to its 
amount in the blank filter R.=m.jm .0 (m . is the mass of the i-th element) is high. An 

I l I, l 

increase in mi = ni · Vair can be provided by aspiration of larger volumes of air (n; is the 

concentration of the i-th element in air). However, sometimes excessive m . amounts are 
I 

undesirable because nuclides of the corresponding elements can significantly reduce the 
sensitivity. In practice, the accumulated m . depends on a particular problem (study of 

I 

hourly , daily, weekly, or monthly variations of the content of elements in air) and on the 
contamination level in air. Usually, analysts have to deal with a wide range of R;. 

Results and Discussion 

The NAA of atmospheric air samples was fulfilled with the us of different small-pore 
filters. The characteristics of two of them, Fl and F2, and the regimes of air aspiration are 
presented in Table I. The average concentrations of elements in blank Fl and F2 home 
filters were determined and are shown in Columns 1-2 in Table 2. Ten filters of each type 
were analysed. 

Table 1. The characteristics of Fl and F2 filters and the regimes of air aspiration 

s m Yair Yair / S y / t 
F1 0.5-2 cm2 5-10 mg 20m3 10--40 m3 

/ cm2 0.8 m3 /hour 

F2 50 cm2 150-200 mg 200m3 4m3 / cm2 8 m3 /hour 
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Table 2 

Concentr. in Concentr. in Content, RI,i R, . 
-·' 

Remote reg. lndustr. reg. 
Fl (ppm) F2 (ppm) ng per (ngjm3) (ngjm3) 

filter [5] 

Na 9.01E+I(32) :5 2.0E+2 160-9700 18 4 5.91E+2(21) 7 .04E+2(30) 

AI 9.38E-0.25) 97 3.38E+2(38) 

Mg :5 5.0E-O 28-1600 ;?: 90 1.75E+2(31) 

Cl 1.17E+2(30) 1.10E+5(14) 8.6 3.77E+2(25) 

K :5 1.3E+ I :5 3.3E+3 ;?: 200 :53 1.06E+3(37) 3.61E+3(70) 

Ti :5 2.0E-O :5 3.0E+I ;?: 1000 ;?: 100 7.87E+2(63) 2.65E+3(34) 

Mn 3.55E-0( 16)· <2 13 1.78E+1(40) 

Sc 2.70E-3(25) 2.80E-2(15) 96 36 9.70E-2(42) 8.90E-1(42) 

Cr 1.34 E-0( 18) 1.05E+ I (35) 7-320 12 :53 5.90E-0(66) 8.48E-0(56) 

Ni 9.96E-I (21) 5.67E-0(13) <5 13 :53 5.10E-0(45) 2.68E-0(71) 

Fe 2.61E+I(33) 1.16E+2(20) < 1000 15 14 1.45E+2(62) 2.60E+3(46) 

Co 2.12E-1(17) 7.26E-1(50) < 0.5 II :53 8.60E-1(80) 9.20E-1(48) 

Cu :5 9.5E-O 5--60 ;?: 20 7.41E+1(27) 

Zn 1.68E-0(23) 8.85E- 0(43) 3-330 116 4.5 7 .30E+ I (82) 3.33E+1(24) 

Se 1.1 I E-1(31) :5 5.0E-2 1.74E-0(51) 

As 2.62E-2(36) :5 3.1E-O <5 37 5 3.60E-1 (75) 1.41E+1(41) 

Br 4.11E-1(27) 2.18E+2(1 0) 10 :53 1.60E-0(45) 6.54E+ 1 (31) 

Sr :5 1.5E-I :5 3.7E-I 0.1-16 ;?: 70 2.31E+1(33) 

Rb 2.49E-2(42) 2.~4E-1(10) .<I 280 90 2.60E-0(54) 6.11E-0(42) 

Zr :5 3.0E-1 :5 1.4E-O ;?: 28 3.42E+1(47) 

Mo 6.00E-2(60) :58. IE-I <I 44 :53 1.00E-0(62) 2.04E-0(70) 

Ag 7.30E-2(15) 1.26E-1(35) 12 :53 3.40E-1(94) 2.05E-I (85) 

Sn 1.20E-0(30) :5 4.0E-I ;?: 120 4.21E+1(59) 

Cd 1.26E-2(76) :5 1.5E-O 100 5 4.70E-1(27) 6.70E-0(72) 

Sb 1.50E-2(27) 1.96E- I (22) 7 7 3.90E-2( 18) 1.38E-0(51) 

Ba 4.32E-I (33) 5.30E- 0(32) 2-10 47 9 7.70E-0(46) 4.10E+ 1 ( 40) 

Cs 1.97E-3(15) 1.18E- 2(21) < 0.3 40 36 3.01E-2(55) 3.70E-1(42) 

La 3.75E-1(58) 1.44E- 0(22) < 0.3 ;?:3 :53 5.80E-2(95) 2.92E-0(44) 

Ce 8.76E-1(46) 4.77E- 0(66) :53 5.60E-0(43) 

Nd 6.71E-1(55) :5 6.5E-I ;?: 13 7 .65E-0(38) 

Sm 7.67E-4(22) 1.56E- 2(50) 70 25 2.03E-2(53) 3.43E-1(43) 

Eu 6.97E-3(20) 9.87E- 2(45) 40 4.5 1.08E-1(48) 3.93E-1(40) 

Th 1.85E-3(68) 9.53E- 3(25) ;?: 28 6 < 2.0E-2 4.84E-2(48) 

Yb 1.20E-2(30) :5 1.5E-2 ;?: 35 4.58E-1(63) 

Hf < 4.0E-3 5.05E- 2(25) 13 4.49E-1(44) 
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Concentr. in Concentr. in Content, Rl ,i Rz,; Remote reg. lndustr. reg. 
F1 (ppm) ·F2 (ppm) ng per (ng / m3

) (ng j m3) 
filter f51 

Ta 8.77E-4(68) 2.11 E-3(30) 70 36 2.30E-2(45) 6.69E-2(37) 

w 1.75E-1(37) 7.00E-0(31) 12 8. 10E-I (64) 

Au 2.08E-3(25) 1.20E-2(42) 14 :5:3 1.1 OE-2(63) 5.80E-3(33) 

Th 1.53E-3(47) 1.90E-2(15) <0.1 100 40 5.90E-2(4l) 6.65E-1 (38) 

u 2.73E-3(16) :5:2.1E-I <0.1 36 :5:3 3.71E-2(25) 4.23E-1 (20) 
In brackets ( ) - confidence intervals in percents. 

The content of elements in a clean and more expensive Fl b ank filter is sufficiently 
low and is comparable with the quantitative content of some other ones [5] (clm.3, Tab.2). 
The contents of elements in the Fl filter do not cause any trouble to NAA of aerosol 
samples. This explains frequent use of Fl filters in the study of atmospheric aerosols. The 
element concentrations in the second F2 filter which is . not expensive are higher for most 

elements, especially, for Cl and Br ("-"' 105 and"" 220 ppm) . Because of a very high content 

of Cl, the NAA of short-life nuclides is practically impossible. The nuclide of Br82 'with 
medium half-life of 35 hours emits several strong gamma-lines. A high level of its Comp­
ton background reduces the sensitivity or makes it impossible to determine elements with 

the use of nuclides with medium half-lives, such as Na24, K42, Ca47, Sc48, Ni57, Cu64
, 

Z 69m G 72 A 76 G 77 z 97 M 99 Pd109 Cdi!S Sbt22 L 140 p 142 C 143 E 152m n ,a , s,e,r , o, , , ,a,r,e,u, 
Sm153, Gdts9, Hol66, Erl7t, Yb!7s, Lu'77, Ret86, Re188, wl87, Ptt 9I, Osi9Im, Irt94, Hgl97, 

Pt197, Hg 197
m, Au 198, Pb203, Np239. The data obtained with F2 fil ters are discussed in this 

paper to find how results depend of unfavourable quantitative element contents in blank 
filters or, in similar circumstance, an excessive abundance of Br in atmospheric air 

nBr"" 220 ng/m\ 

The concentrations of elements in atmospheric air of two, a remote and an inductrial 
(not highly comtaminated),Siberian regions were obtained using Fl and F2 filters (clms.6-
7, Tab.2). The concentrations are the result of averaging over 25 samples of daily aspirated 
atmospheric air from both regions. In accordance with these data the content of elements in 
the air of the industrial region is higher. The number of the elements determined with the 
use of medium-life and long-life nuclides do not differ significantly for these regions. Some 

elements were determined quantitatively using the medium-life nuclides, as Na24, K42, 

As76, Mo99, Cd115, Sb 122, La140, Sm153, Au 198, and U(Np239) in the air of the industrial 
region. The R1 . and R2 . (elms 4-5, Tab.2) determined as a ratio of the accumulated net 

,l ,l 

concentration of the i-th element to the background concentration i blank Fl and F2 filters 
show that R2 . are systematically lower than R1 .. Some R

2 
. are low (less than 1 0). This 

,I ,I ,I 

indicates a decrease in the reliability of quantitative determinati n of the corresponding 
elements. 

Decreasing of reliability is caused by significantly higher concentrations of some 
elements in blank F2 filters and longer confidence intervals for some of them. More reliable 
data on element contents in blank F2 filters and significantly shorter confidence intervals 
are required not to make the concentrations of these elements in atmospheric air too high. 
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However, it is an e~tablished fact that there exists the real possibility of determination 
of the content of nearly 30 elements in atmospheric air using filters with a high Br 
concentration in the conditions similar to those of a high content of Br (or some other 
elements, such as La, As, Mo, Sb, W, U, etc ., with medium-life nuclides) in air. This is 
certainly connected with the right choice of sampling conditions, i.e. , aspiration of large 
volumes of air through F2 filters (and also with a higher content of elements in the air of 
the industrial region) . 

Table 3 

Det. Lims. with F l and F2 filters. South Pole [7]. Highly contaminated. regs. [6]. 

(ng / m3
) (ng / m3

) (ng / m3
) 

Na 1.2 - 22 3.3E - 0 200--1200 

AI 0.5 - 660 0.82 600--1500 

Mg 1.2 - 33000 0.73 100--2600 

Cl 0.5- 290 2.4 200--7000 

K 105- 1800 2.4 400--4000 

Ti > 0.5 0.1 80--140 

Mn 0.05 - 330 0.012 30--390 

Sc 0.00093 - 0.0037 0.00016 0.2-1.3 

Cr 0.13- 0.5 0.04 5-590 

Ni 0.029- 0.13 10--300 

Fe 2.5- I I 0.62 500--8100 

Co 0.0017 - 0.0062 0.0005 0.5-3.1 

Cu 280- 9 10 0.03 10--350 

Zn 0.033- 0.13 0.033 80-1200 

Se 0.0033 - 0.032 < 0.8 1-20 

As 0.0034 - 0.19 0.031 2-4 

Br 0.0022 - 0.28 2.6 4-30 

Sr 0.11 - 0.43 0.052 20--50 

Rb 0.012 - 0.045 0.002 2-20 

Mo 0.00.63 - 0.52 1-10 

Ag 0.0023 - 0.0055 < 0.0004 1-10 

Sn 0.093 - 0.31 1-20 

Cd 0.013- 1.0 <0.015 2-20 

Sb 0.0004- 0.0013 0.0008 0.5-10 

Ba 0.20- 0.45 0.016 30--100 

Cs 0.0004- 0.0015 0.0001 0.2-10 

La 0.0023 - 0.095 0.00045 0.6-12 

Ce 0.024 - 0.19 0.004 1-30 

Sm 0.00013- 0.0081 0.0001 0.1-2.8 
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• Det. Lims. with Fl and F2 filters, South Pole [7], Highly contaminated. regs . [6], 

(ng / m3
) (ng / m3

) (ng / m3) 

Eu 0.0018-0.0086 0.00002 0.1-10 

Tb 0.00024- 0.0011 

Yb 0.0027-0.017 < 0.05 0.04-0.6 

Hf 0.0018- 0.0065 0.00006 

Ta 0.00018-0.00054 0.00007 0.04- 0.2 

w 0.0073 - 0.44 0.0015 0.7-20 

Au 0.00004-0.0017 0.00004 0.01 - 0.5 

Hg 0.015 - 0.66 0.17 0.5-10 

Th 0.00043 - 0.0018 0.00014 0.1-3.0 

u 0.001- 0.093 0.1-0.3 

However the advantage of using filters with lower element contents is considerable. 
Lower concentrations of elements in the atmospheric air of the investigated remote region 
were determined with Fl filters in the regime of small-volume air aspiration in field 
conditions . The comparison of the detection limits (clm.l, Tab.3) btained with Fl and F2 
filters confirms this fact. With the Fl filter, a significantly higher sensitivity of the analysis 

using short-life (AI27, Mg27, CI38, Mn56, Cu64, etc.) and medium-life (Na24
, As76

, Mo99
, 

Cd115, Br82, La140, Sm152, Au 198, Np239) nuclides can be achieved (20D-104 and 30-
500 times higher, respectively). These detection limits demonstrate the possibilities of the 
analysis for two cases, i.e., favourable and unfavourable, in which the advantages of NAA 
as an analytical method can be realized to a more or less significa t extent. The conditions 
of analysis in these cases can be conventionally called the «Soft» and «Hard» regimes. 

The following general conclusion can be made on the basis of these results . The «Soft» 
regime is most productive for the reliable determination of the majority of elements in case 
of their low contents in atmospheric air. Therefore, the strategy of sampling and NAA must 
be oriented to the realization of a more preferable «Soft» regime. This means that for the 
determination of contents in highly contaminated air not exces ive (optimal for NAA) 
quantities of elements must be accumulated on filters . The conce trations of elements in a 
highly contaminated air of industrial regions [6] are examplified in clm.3, Tab.3. In the 
analysis of clean (or very clean) air it is desirable to accumulate the quantities of elements 
reliably exceeding their contents in blank filters . However, the use of optimal aspiration 
conditions and NAA cannot guarantee the reliable determination of low concentrations of 
some elements in the presence of some other elements, w ose concentrations are 
significantly higher. In such a case, NAA is not a panacea and the concentrations of these 
elements can be determined by other analytical methods. 

The results of determination of the content of elements in atmospheric air in the South 
Pole [7] (clm.2, Tab .3) confirm the importance of the realization of optimal strategy. 
Suitable conditions for sampling and NAA were maintained by t ese authers and allowed 
them to obtain very good results, namely, to determine low concentrations of trace-elements 
in Antarctic air. 



50 Peresedo1· V.F. Atmnspheric Aerosols and Possibilities 

reactor allows one to achieve a high sensitivity of analysis due to large cross sections of a 
significant part of med ium and heavy nuclei in the epithermal neutron energy region and 
lower activation of nuc lei with low resonance integrals if the irradiation in Cadmium is 
used . 

Con c lusions 

In NAA study of the quantitative content of atmospheric aerosols with a wide spectrum 
of sizes the NAA analyt ical possibilities must be realized in full extent. The number of the 
analysed elements and the reliability of obtained results are determined by many factors and 
strongly depend on the main ones, i.e. , individual content of elements in samples of atmos­
pheric aerosol , the small -pore filters used, and the regimes of air aspiration and NAA. 

The author is grate ful to collaboration from the Institute of Chemical Kinetics and 
Combustion of SB RAS. Prof. K.P.Koucenogii, and collaborators from the Frank 
Laboratory of Neutron Physics. T .M.Ostrovnaya, S.F.Gundorina, V.P.Chinaeva for their 
help on the project, and to T.F.Drozdova for help in the preparation of the English version 
of this manuscript. 
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CHERN-SIMONS TERM 
AT FINITE DENSITY AND TEMPERATURE 

A.N.Sissakian, O.Yu.Shevchenko 1
, S.B.Solganie 

The Chern-Simons topological term dynamical generation in the effective action is 
obtained at arbitrary finite density and temperature. By using the pro er time method and 

perturbation theory it is shown that at zero temperature J.l2 =.m2 is the crucial point for Chern­

Simons term. So when J.l2 < m2, J.l influence disappears and we get the usual Chern- Simons 

term. On the other hand, when J.l2 > m2, the Chern-Simons term vanishes because of nonzero 
density of background fermions. In particular for massless case parity anomaly is absent at any 
finite density or temperature. This result holds in any odd dimension b th in Abelian and in 
non-Abelian cases. 

The investigation has been performed at the Laboratory of Nuclear Problems, JINR. 

,UunaMH':IecKas reuepau.us qepu-caiiMouoocKoro 'l.lleua 
npH KOHeqHOH UJIOTHOCTH H TeMnepaType 

A.H.CucaK.RH, 0./0.illeB'leHKo, C.E.CoJtzanuK 

non)"{eH Koo!IJqlHUHeHT npH '!epH-CaiiMOHOBCKOM '!fleHe B ::~¢!l>eKTHBHOM JleiiCTBHH npH 
npOHJBOnLHOii nflOTHOCTH H TeMneparype. npn HCUOflbJOBaHHH MeTOJla C 6cTBeHHOfO BpeMeHH 

H TeOpHH BOJMyuteHHJI nOKaJaHO, 'ITO J.l2 = m2 JIBJUieTCJI KpHTH'leCKOii TO' IKOii llJIJI '!fleHa YepH­

CaiiMOHCa npn Hynesoii TeMneparype. TaK, npn J.l2 < m2 J.l-JaBHCHMOCTb nc'!eJaeT n nofl)"{aeT­

Cll 06b!'!Hb!H qepH-caiiMOHOBCKHH '!fleH. npn J.lz > m2 qepH-CaiiMOHOBCKH H '!fleH HC'!eJaeT HJ-Ja 
HeHynesoii nnoTHOCTH ¢oHOBbiX ::~neKTpOHOB. B '!aCTHOCTH, Jlflll 6eJMaccosoro cn)"{aJI aHo­
ManHJI '!eTHOCTH OTCYTCTByeT npH mo6oii Henynesoii nnOTHOCTH HnH TeMneparype. non)"{eH­
Hb!H peJynhTaT cnpaBellJIHB B mo6oii He'!eTHOMepHOii paJMepHOCTH KaK llflJI a6eneBa, TaK H llJIJI 
Hea6enesa Cfl)"{aJI. 

Pa6oTa BbmonHeHa B Jla6opaTopnn llllepHbiX npo6neM OH5111. 

Since introduction of the Chern-Simons (CS) topological te rm [1] and by now, the 
great number of papers devoted to it appeared. Such interest is explained by variety of 
significant physical effects caused by CS secondary characteristic class. These are, for 
example, gauge particles mass appearance in quantum field theory, applications to condense 

1e-mail: shevch@nusun.jinr.ru 
2e-mail: solganik @thsun l.jinr.ru 
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matter physics such a<; the fractional quantum Hall effect and high T superconductivity, 
c 

possibility of free of metric tensor theory construction and so on. 
It was shown [2-4] in a conventional zero density gauge theory, that the CS term is 

generated in the Eulier- Heisenberg effective action by quantum corrections. The main goal 
of this paper is to explore the parity anomalous CS term generation at finite density. In the 
excellent paper by Niemi [5] it was emphasized that the charge density at Jl :;t; 0 becomes a 
nontopological object, i.e., contains as topological part so as nontopological one. The 
charge density at Jl :;t; 0 (nontopological, neither parity-odd nor parity-even object)* in 
QED3 at finite density contains as well parity-odd part corresponding to CS term so as 

parity even part, which cannot be covariantized and does not contribute to the mass of the 
gauge field . Here we are interested in effect of finite density influence on covariant parity­
odd form in action leading to the gauge field mass generation - CS topological term. Deep 
insight on this phenomena at small densitied was done in [5,7]. The result for CS term 

coefficient in QED3 is [ th t ~(m -J.J.) + th t ~(m + Jl)] (see [7], formulas (11.1 8)). However, 

to get this result it was heuristically supposed that at small densities index theorem could 
still be used and only odd in energy part of spectral density is responsible for parity 
nonconserving effect. Because of this in [7] it had been stressed that the result holds only 
for small Jl. However, as we'll see below this result holds for any values of chemical 
potential. Thus, to obtam trustful result at any values of Jl one has to use transparent and 
free of any restrictions on Jl procedure, which would allow to perform calculations with 
arbitrary non-Abelian background gauge fields . 

Since the chemical potential term J.l.VI\v is odd under charge conjugation we can 
expect that it would contribute to P and CP nonconserving quantity - CS term. As we will 
see, this expectation is completely justified. 

The zero density approach usually is a good quantum field approximation when the 
chemical potential is small as compared with characteristic energy scale of physical 
processes. Nevertheless , for investigation of topological effects it is not the case. As we will 
see below, even a small density could lead to principal effects . 

Introduction of a chemical potential Jl in a theory corresponds to the presence of a 
nonvanishing background charge density. So, if Jl > 0, then the number of particles exceeds 
that of antiparticles and vice versa. It must be emphasized that the formal addition of a 
chemical potential loob. like a simple gauge transformation with the gauge function Jlt. 
However, it doesn ' t only shift the time component of a vector potential but also gives 
corresponding prescription for handling Green's function poles . The correct introduction of 
a chemical potential redefines the ground state (Fermi energy), which leads to a new spinor 
propagator with the correct £-prescription for poles . So, for the free spinor propagator we 
have (see, for example, [8,9]) 

?+m ,., , 
_ 2 2_m G(p; Jl) - (jjo + i£ sgn P

0
) - P 

(I) 

•For abbreviation, speaking about parity in variance propenies of local objects, we will keep in mind symmetries 
of the corresponding action pans. 



Sissakian A.N. et al. Chern-Simons Term at Finite 53 

where• p = (p
0 

+ J..L, p). Thus, when J..L = 0, one at once gets the usu al £-prescription because 

of the positivity of p
0 

sgn p
0

. In the presence of a background Yang-Mills field we 

consequently have for the Green function operator 

A 

G =(iff.- m) , 
(iif.)2

- m2 + ie(p
0 
+ J..L) sgn (p0) 

(2) 

where itv = 7tv + J..l.Ov0; 7tv = Pv- gAv(x). 

Let's first consider a (2 + 1) dimensional Abelian case and choose the background field 
in the form 

All= 1 xvF Vll, F Vll = Const. 

To obtain the CS term in this case, it is necessary to consider the background current 

os 
(Jil)=~ 

Mil 

rather than the effective action itself. This is because the CS term formally vanishes for 

such the choice of All but its variation with respect to All produce a nonvanishing current. 
So, consider 

(J ll) = -ig tr [y llG(x, x')] , , 
x~x 

(3) 

where 

(4) 

Let's rewrite Green function (2) in a more appropriate form 

A _ _ [ 8((p0 + J..L) sgn (p0)) 8( -(p0 + J..L) sg (p0)) l 
G- (yrt- m) 2 2 + 2 2 · 

(iff.) - m + i£ (iff.) - m - i£ 
(5) 

Now, we use the well-known integral representation of denominators 

00 

1 . J ±ias ----:;:-:-
0 

= =f 1 ds e , 
(J._l 

0 

which corresponds to introducing the «proper-time» s into the calculation of the Eulier­
Heisenberg Lagrangian by the Schwinger method [ 10]. We obtai 

(; ~ ('}ii- m) [ -i I d' exp (i,[('}ii)
2

- m2 + iE])9((p0 + ~) 'gn (p0)) + 

+ i I d< exp (-i>[('}ii)
2

- m2
- iE])9(-(p0 + ~) 'gn (p0)l (6) 



54 Sissakian A.N. et a/. Chern-Simons Term at Finite 

For simplicity, we res trict ourselves only to the magnetic field case, where A0 = 0, 

[1t0, 1t
11

] = 0. Then we easily can factorize the time dependent part of Green function 

G(x, x') =I __ip_ G eip(x- x') =I _ip_ G eip(x- x') I dpo G eipo(xo- x'o>. (7) 
(21t)3 (21t)2 X 2rt x0 

By using the obvious relation 

(yrri = (p + J.l)2 - 1t2 +.!. a F ~tV 
0 2 g I!V 

(8) 

one gets , I dp i 00 

{ • -2 2 . -2 . G(x, x) I , = -i _o _!!_P__ (yit _ m) I d e1s(p0 - m ) e -1s1t e1sgaF / 2 _ 
X~ X 21t (2rt/ 0 

- 9( -{po + .J.l) sgn {po))( eis(p~- m2) e -is7t2 eisgcrF / 2 + e -is(p~- m2) eis7t2 e -isgcrF / 2 )J . (9) 

Here the first term corre~ponds to the usual J.l-independent case and there are two additional 
J.l-dependent terms. In the calculation of the current the following trace arises: 

tr [f(yit _ m) eisgcrF / 2] = 

VF ~tV * F I! 
= 2rtvgv11 cos (g I*Fis) + 2 N sin (g I*Fis)- 2im J-FT sin (g I*Fis), 

where • F 11 = £11a~ Fa~ / 2 and I* F I = -.J 8 2 
- £ 2 . Since we are interested in calculation of the 

parity odd part (CS term) it is enough to consider only terms proportional to the dual 
*ll . VVI! 1* 1 strength tensor F . On the other hand, the term 2rt g cos (g F s) at v = 0 (see 

expression for the traE:e, we take in- mind that here there is only magnetic field) also gives 

nonzero contribution to the current .f [6]. 
c.s . 

.f =~(Int[J.l
2

l-l
2

]+-21 )eciJ.ll-lml) . even 2rt 2 eB 
(10) 

This part of current is parity invariant because under parity B ~-B. It is clear that this 
parity-even object does contribute neither to the parity anomaly nor to the mass of the 
gauge field. Moreover, th is term has been obtained [6] in the pure magnetic background and 
scalar magnetic field occurs in the argument's denominator of the cumbersome function -
integer part. So, the pari ty even term seems to be «noncovariantizable», i.e., it cannot be 
converted in covariant form in effective action. For a parity, in papers [6] charge density 
consisting of both parity-odd and parity-even parts is dubbed CS, what leads to 
misunderstanding. The main goal of this paper is to explore the parity anomalous 
topological CS term in the effective action at finite density. So, just the term proportional 

to the dual strength tenso r • F 11 will be considered . The relevant part of the current reads 

J I! = _8_ I d I ft OOI d 2im * F I! . ( I*F I ) [ is(p2- m2) -isi-
cs 2 Po 2 s I I stn g s e o e 

1t (21t) 
0 

• F 
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(11) 

Evaluating two-momentum integral we derive 

J~S = 4i2 m*Fil j dpJ ds [eis(ji~ -m\:. 9(-po sgn (po))(eis(ji~ - m2)+ e-is(ji~ -m~ )l. (12) 
X - 0 . ~ 

Thus, we get besides the usual CS part [3], also the !!-dependent one. It is easy to calculate 
it by the use of the formula 

j ds eis(/- m2) = x (o(x2- m2) + j_ p 2 1 2 ) 
0 X X -m 

and we get eventually 

2 

1 ~s = 1: 1 ~ * F ll [1- 9(-(m + !l) sgn (m))- 9(-(m -!l) sgn (m))] = 

(13) 

Let's now discuss the non-Abelian case. Then All= T aA~ in (2) and 

(J ll ) = -ig tr [fT G(x, x)] ,. 
a a x~x 

It is well known [3,11] that there exist only two types of the constant background fields. 

The first is the «Abelian» type (it is easy to see that the self-interaction fabcA~A~ disappears 

under that choice of the background field) 

All= T) .!. X FVIl 
a a 2 v ' 

(14) 

where T) is an arbitrary constant vector in the color space, F Vll = Con st. The second is the 
a 

pure «non-Abelian» type 

All= Const. (15) 

Here the derivative terms (Abelian part) vanish from the strength tensor and it contains only 

the self-interaction part F llV = gfabcAilbAil. It is clear that to catch Abelian part of the CS 
a c 

term we should consider the background field (14), whereas for the non-Abelian (derivative 
noncontaining, cubic in A) part we have to use the case (15). 

Calculations in the «Abelian» case reduce to the previous analysis, except the trivial 

adding of the color indices in formula (13): 

(16) 
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In the case ( 15) all calculations are similar. The only difference is that the origin of term 

cr F llV in (8) is not the linearity A in x (as in Abelian case) but the pure non-Abelian 
llV 

All= Const. Here term crllvF llV in (8) becomes quadratic in A and we have 

3 
J ll =A 9(m2 -112) L Ella~ tr [T AaA~]. 

a I m I 47t a 
(17) 

Combining formulas (1 6 ) and (17) and integrating over field All we obtain eventually 
a 

....c .s. m 2 2 
.);ff = lmT 9(m -11 )7tW[A], (18) 

where W[A] is the CS term 

W[A] = 88:2 f cfxellva tr (FilvAa- ~ 8AilAvAa J. 
This result can be obtained also with an arbitrary initial field configuration by the use 

of the perturbative expansion. Here we work at once in the non-Abelian case. 

~ 
(a) 

' r 
' 

A 
(b) 

Let's first consider non-Abelian 3-dimen­
sional gauge theory . The only graphs whose 
P-odd parts contribute to the parity anomalous 
CS term are shown in Fig. I. 

Fig. I . Graphs whose P-odd parts contribute to the CS 
term in non-Abelian 3D gauge theory 

So, the part of effective action containing the CS term looks as 

I c.s = .!_ f A (x) f e-ixpA (p)ll llV(p) + 
eff 2 ll v 

X p 

+ 3 J All(x) J e -ix(p + r)Av(p)Aa(r)D llVa(p, r), 

x p.r 

where polarization operator and vertices have a standard form 

ll llV(p) = i f tr [fS(p + k; ll)YvS(k; ll)] 
k 

nllva(p, r ) = 83 f tr [fS(p + r + k; ll)YvS(r + k ; ll)'fS(k; ll)J. 
k 

(19) 

(20) 

~ 00 

here the following notation is used J = J dx0 J dx and J = i L J dk 2 . First consider the 
x 0 k n = --oo (21t) 

second order term (Fig . !, graph (a)). It is well known that the only object giving us the 
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possibility to construct P and T odd form in action is Levi-Chi vita tensor*. Thus, we will 
drop all terms noncontaining Levi-Chivita tensor. Signal for the mass generation (CS term) 

is n I!V<i = 0) :F. 0. So we get 

n llV = i f c -i2m£.11vaP ) I . (21) 
k a (fl + m2)2 

After some simple algebra one obtains • 

00 2 
"V . 2 uva i ~ f d k I . 2 uva _i ~ _i I (22) TI '" = -z2mg E'" p - £... -- = -z2mg E'" p £... 

a ~n=-<><> (21t)2 (fl+m2)2 ~n=-<><>41t ro~+m2' 

where ro = (2n + I)7t / ~ + ij.l.. Performing summation we get 
n 

2 
I!V - . .8...._ I!Va R I 

TI -l47tE Path(..,m)I+ch(~m)/ch(~m)" 

It is easily seen that at~~ oo limit we'll get zero temperature result·[I2] 

2 
n I!V = i _!!!:_ L EI!Vap 9(m2- ll2). 

lm I 41t a 
In the same manner handling the third order contribution (Fig.Ib) one gets 

00 2 72 2 
n I!Va =- 2g\EI1Va.!:... L f ...!!:....!.. m(k + m ) = 

~ n =-<><> (27t/ (fl + m2)3 

_ . 3 I!Va j_ ; f t?k } 
- - 12mg E R £... 2 72 2 2 ' 

1-' n =-<><> (27t) (k + m ) 

and further all calculations are identical to the second order 

I!Va _ . t... I!Va R } 
n -I 41t E th (..,m) I + ch (~m) I ch (~m)" 

Substituting (23), (26) in the effective action (19) we get eventually 

Thus, we get CS term with temperature and density dependent coefficient. 

(23) 

(24) 

(25) 

(26) 

(27) 

Let's now consider 5-dimensional gauge theory. Here t e Levi-Chivita tensor is 

5-dimensional E llVa~y and the relevant graphs are shown in Fig.2. 
The part of the effective action containing CS term reads 

I ;f;· = t J All (x) J e -ix(p + r) Av{p )Aa(r)TI I!Va{p, r) + 
x p,r 

*In three dimensions it arises as a trace of three "(matrices (Pauli matrices) . 
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A A 
' 

'\ ~ / 

A 
(a) (b) (c) 

Fig.2. Graphs whose P-odd parts contribute to the CS term in non-Abelian 50 
theory 

+ ·± J AJ.l(x) J e-ix(p+r+s)Av(p)Aa(r)A
13
(s)O J.ivaJ3 (p, r, s) + 

x p,r 

+ t f AJ.l(x) f e -ix(p + r + s + q)Av(p)Aa(r)AJ3(s)A./q) 0 J.IVaJ3y (p, r, s, q). 

x p,r 

(28) 

All calculations are similar to 3-dimensional case. First consider third order contribution 
(Fig.2a) . 

0 J.IVa(p, r) =g3 f tr [yJ.IS(p+ r+k; jl)yvS(r+k; ll)f'S(k; jl)]. 
k 

Taking into account that trace of five y matrices in 5-dimensions is 

tr [y J.lly ay 13y P] = 4i£J.lvaJ3p, 

we extract the parity odd part of the vertices . . 
00 

4 1 
n J.IVa = g3 ii L f (~1t~4 (i4m£J.lvaf3aPJ3' a) (il- + m2l 

n =-oo 

or in more transparent way . + oo d 4 k 

3 vaf3a .!... "" J -- 2 3 0 J.IVa = i4mg EJ.l Pa'a ~ L (21t)4 (ol + k2 + m) 
n=-oo n 

+oo 

. - i I 
3 J.IVaJ3a .!... "" ~ -2~ ~· 2 · 

= i4mg £ P a' a ~ L 64n- w + m 
n=-oo n 

Evaluating summation one comes to 
3 n J.IVa _ . th <~ I _8..___ 11vaf3a 

-
1 

m) 1 + ch (~ll) / ch (~m) I6n2 £ p a' a· 

Operating graphs (b) and (c) (Fig.2) in the same way one will obtain 
4 

0 J.IVaJ3 _ · th (A ) 1 _8_ J.1Vaf3a 
-I pm I+ch(~ll) /ch(~m)g7t2£ 5

a' 

(29) 

(30) 

(31) 

(32) 

(33) 
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5 
J.LVa~ _ . h A 1 _8.__ va~a 

0 -It (..,m) 1 + ch (~J..i.) l ch (~m) 16~ E . 
(34) 

Substituting (32)-(34) in the effective action (28) we get the final result for CS in 5-
dimensional theory 

3 
I C.S. _ . h (A ) 1 _8.__ f J.LVa~y X 

eff -
1 

t ..,m 1 + ch (~J..l.) I ch (~m) 481t2 E . 
X 

x tr ( AJ.LavAaaJ0y +% gAlvAaa~A"Y + ~ i AJ.LAvAaAJ0y) . (35) 

It is remarkable that all parity odd contributions are finite as in 3-dimensional so as in 
5-dimensional cases. Thus, all values in the effective action are renormalized in a standard 
way, i.e., the renormalizations are determined by conventional (parity even) parts of 
vertices. 

From the above direct calculations it is clearly seen that the chemical potential and 
temperature dependent coefficient is the same for all parity-odd parts of diagrams and 
doesn't depend on space dimension. So, the influence of finite density and temperature on 
CS term generation is the same in any odd dimension: 

c.s. 1 ~ ~ oo m 2 2 
I eff = th (~m) 1 + ch (~J..l.) I ch (~m) nW[A] ~ T:f 9(m - J..l. )nW[A], (36) 

where W[A] is the CS secondary characteristic class in any odd imension. Since only the 
lowest orders of perturbative series contribute to CS term at finite density and temperature 
(the same situation is well known at zero density), the result obtained by using formally 
perturbative technique appears to be nonperturbative. Thus, the J..l.-dependent CS term 
coefficient reveals the amazing property of universality . Namely, it does not depend on 
either dimension of the theory or Abelian or non-Abelian gauge theory is studied. 

The arbitrariness of J..1. gives us the possibility to see CS co fficient behaviour at any 

masses. It is very interesting that J..l.2 = m2 is the crucial point for CS at zero temperature. 

Indeed, it is clearly seen from (36) that when J..l.3 < m2
, J..l. influence disappeaars and we get 

the usual CS term I fd' · = nW [A] . On the other hand, when J..l.2 > m2
, the situation is 

absolutely different. One can see that here the CS term disappears because of nonzero 
density of background fermions . We'd like to emphasize the important massless case 
m = 0 considered in [7]. Then even negligible density or temperature, which always take 
place in any physical processes, lead to vanishing of the parity anomaly. Let us stress again 
that we nowhere have used any restrictions on J..l.. Thus we not only confirm result in [7] 

for CS in QED3 at small density, but also expand it on arbitrary J..l., non-Abelian case and 
arbitrary odd dimension. 

In conclusion we 'd like to emphasize that nevertheless there is connection between 
chiral anomaly and CS term at zero density due to trace identities, at finite density this 
connection is loosed. That is because of different nature of these objects. The chiral 
anomaly is an effect of regularization, but the chemical potential doesn't introduce new 
divergence in a theory. So it doesn't effect on chiral anomaly. On the other hand, CS term 
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is essentially an effect of the finite part of the theory. So as we ' ve seen finite density and 
temperature plays a crucial role in CS term generation. 
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SIMULATION OF K+K--PAIR PRODUCTION 
AND DETECTION IN ALICE EXPERIMENT 

B. V.Batyunya, N. V.Slavin, G.Paic* 

Simulation of K+K--pair production and detection in ALICE experiment for Pb-Pb 
interactions at LHC energy has been done. The possibility of cp meson ignal selection over a 
combinatorial background is demonstrated using the realistic PID efficiencies of ALICE. 

The investigation has been performed at the Laboratory· of High Energies, JINR. 

+ -
MoJJ:eJIHposauue poJKJJ:CHIDI H .~~:eTeKTHposaHIDI K K -nap 
B 3KcnepHMCHTe ALICE 

E.B.EamroHJt, H.B.CJta6un, r.IIaurt 

BhmOJJHeHo MOileJJHpooaHHe pOJKlleHHll H )leTeKTHpooaHHll K+K--nap o 3KcnepHMeHTe 
ALICE ll!lll Pb-Pb B3aHMO)IeHCTBHH npH 3HeprnH LHC. npo.lleMOHCTPIIPOBaHa B03MOJKHOCTb 
BbUieJJeHHll CHrHaJJa c!>-Me30Ha Ha)l KOM6HHaTOpHb!M !f>OHOM C HCnOJ!b30BaHHeM peaJJHCTH'!HbiX 
PID-3¢>¢leKTHBHOCTeii B 3KcnepHMeHTe ALICE. 

Pa6oTa BhmonHeHa B Jia6opaTopHH Bb!COKHX 3Heprnii 0115111. 

1. Introduction 

The measurement of the yield of the <j>(sS) sets more stringent constraints on the origin 
of the observed flavour composition than the K / 1t ratio. Shifts of the $-meson mass and 
changes in its line-shape in a hot hadronic medium have been pre icted [I]. The production 
rate and the partial decay width into kaons may change as a consequence of partial chiral 
symmetry restoration [2]. The <1> decay will be observed in ALICE both in lepton and kaon 
channels, and the ratio of these channels might be very sensitiv to changes in parton or 
kaon masses. 

We have done the preliminary simulation of the expected experimental mass spectrum 

of K +K- pairs (see Section 11.4.3 in [3]). In this report we present new results with the 
additional details of the detector simulation particularly for t e particle identification 
possibility. 

*CERN, Geneva, Switzerland, European Organization for Nuclear Research 
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2 . Physics Genera tor 

The simulations were performed using the SHAKER event generator [4], which 

includes a direct K + K- production and a number of particle decays relevant to the charged 

kaon analysis, namely the decay channels to charged kaons of <j>, K*+ / K-, K 0 / K.*0 and 
charm particles. Accord ing to the different model prediction for Pb-Pb events at LHC 
energy (see Section 11.2 of [3]) a flat rapidity distribution was assumed for all particles in 
the region of -I $; y $; I. To obtain the expected transvers momentum (p1) distributions, the 
standard SHAKER method (by m1-scaling) has been used for <j> meson. The rates and pr 

spectra of K resonances have been taken from HIJING model [5] . For charm particles we 
used results of the model developed for the dimuon spectrometer (see Chapter 6 of [3 ]), i.e., 
PYTHIA and JETSET for production and fragmentation and recent cross section 

calculations [6) s·caled from pp collisions with A2 / 2 (the factor two accounts for nuclear 
effects such as shadowing). 

3 . Detector Simul a tion 

The detector respo nse is parametrized in terms of tracking efficiency, particle 
identification (PID) efficiency and rejection of other (not kaon) charged particles. For 
tracking efficiency, we used the recent results [7] of track finding and reconstruction with 
Kalman filter method for the ITS and TPC tracking systems of ALICE set-up. We put the 
tracking efficiency of 90 % above pr = 550 MeY/c and the efficiency decreasing to 80% at 
p1 = 150 MeV/c and to 60 % at p1 =50 MeY/c. We included also the transverse momentum 
dependence of the momentum and angle resolutions as presented in ALICE TP (Figs . ll .9 
and I 1.1 I in [3)) obtained with due account of measurement errors, multiple scattering and 
energy loss . The p1 resolution (for -charged kaons) isn't more than 2% in the p1 region 
between 0 .3 and 4 .0 GeY/c and strongly increases at pr ~ 0.3 GeV/c (up to 10% at 
p1 = 100 MeY/c) . The angle resolutions are less than 2 mrad atpr>O.l GeV/c (0.15 GeY/c) 
for <j>(8) angle and strongly increase at smaller momentum (up to 5 mrad at p1 =50 MeV/c). 

For particle identification information about dE / dx and time-of-flight for kaons, pions, 
and .protons (antiprotons ) has been used from the TPC and TOF system, respectively. We 
don't use dE / dx from the ITS because of the selected momentum (see Section 4) . In the 
process of particle identification we first eliminated the tracks that do not reach neither the 
TOF at a radius of 350 em nor the radius of 220 em in the TPC, because of decay, energy 
loss or curling. The information about the two last effects has been obtained from GEANT 

simulation. Further, <<fake>> kaons (misidentified 1t+ / 7t- and p / P> were generated by 

generation of 1t+ / 7t- and p / pat p ~ 350 MeV /c (because of the momentum cut, see Section 
4 ). It should be noted that about I 00 % of pions and p / p reach the TOF at this momentum 

with exception of some pions decaying before. The rejection factor for each 1t+ / 7t- and 
p j p and the PID efficiency for kaons were calculated assuming a time-of-flight reso)ution 
of 100 ps and a dE j dx resolution of 7 % (see Section 11.4.1 in [3]). We chose the 
following lower momentum limit for the PID procedure : 

• 1.65 GeY/c for 1t+ / 7t- in the TOF 



Batyunya B. V. et al. Simulation of K +K--Pair Production 63 

• 2.7 GeV/c for p/ p in the TOF 

• 0 .57 GeV/c for 1t+ j 1t- in the TPC 
The rejection factor is about I,OOO (with 95% PID efficiency for kaons) and the 

contamination (ratio of the «fake» kaons to the real kaons) is nearly I % at these 
momentum values . The rejection factors were taken as weights f the «fake» kaons in the 
analysis. To take into account the geometrical inefficiency of the TOF and multiple hits in 
the counters, we used a special function (momentum dependent) obtained for charged kaons 
with due account of the matching procedure from TPC to T OF system [8]. Thus, the 
combined efficiency for kaons (the weight in the next analy sis) is a product of the 
efficiency calculated from this function and of the PID one (determined by the time-of­
flight resolution) . 

4 . Results 

2.5 x I05 SHAKER events were generated for the analysi . with a charged particle 
rapidity density of dNch / dy = 4000 (some optimistic version) in a rapidity region of 

-I ~ y < I and in the polar angle region of 45 ° ~ e ~ 135°. The nu mbers of different primary 
particles per event are presented in Table I (note that K / 1t = 0 .1 in the standard SHAKER 
event) . 

Figure 1 shows the momentum dependences of the kao finding efficiency and 
contamination. The kaon finding efficiency is defined as the ratio of identified kaon number 

1.5 2.5 

1.5 

3.5 4 
p(GeV/c) 

3.5 4 
p(GeV/c) 

Fig. I. Momentum dependence of kaon finding efficiency (a) and a 
contamination (b) for the PID efficiency of 95 % 
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Fig.2. Momentum dependence of kaon finding efficiency (a) and a 
contamination (b) for the PID efficiency obtained using the step 
function ( ~ee text) 

Table 1. Numbers of different primary particles per event 

K+ / K- !(0 j KO !(+I!(- <I> 

697 50 25 24 

cjc 

14 

(the real and «fake>> ones) to all generated ones. These dependences have been obtained 
using the PID efficiency equal to 0 .95 (see Section 3). The strong decrease of the full 
finding efficiency at low momenta is determined by the track curling, kaon decays and 
energy loss. A reason of the efficiency decreasing at high momenta is the strong rise of the 
contamination in the TOF region, at p > 1.65 Ge V /c (see Fig. I b). One can see also that the 
contamination reaches a quite high level (nearly 50%) in the TPC region (p ~ 1.65 GeV/c) 
as well, and, as a consequence, there is the drop of the efficiency near I Ge V /c . 

To decrease the con tamination the following step functions were used for the PID 
efficiency : 

I . For the TPC 

PID eff. =0.95 atp < 0.1 GeV/c, 
= 0 .84 at 0. 7 ~P < 0.8 GeV/c, 
= 0 .69 at 0. 8 ~ p < 0.9 GeV/c, 
= 0 .54 at p < 0.9 . 
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Fig.3. Spectrum of K +K- effective mass before any cuts (a -
full spectrum, b- an enlarged view of <1> resonance) 

2. For the TOF 
PID eff. = 0.95 at p < 1.8 GeV/c, 

= 0.84 at 1.8 5, p < 1.9 Ge V /c, 
= 0.69 at 1.9 5,p < 2.0 GeV/c, 
= 0 .54 at p < 2.0 GeV/c . 
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The results are shown in Fig.2. One can see from Fig.2b th t the contamination does 
not exceed the level of 20% both in the TPC and TOF momentum regions at p < 2.2 GeV/c 
(this momentum value was used as a maximal limit in the analys is) . 

Figure 3a shows the K +K- effective mass (Meff) spectrum in the acceptance before 
any cuts. The same spectrum but an enlarged view of <1> resonance is shown in Fig.3b. The 
<1> signal is clearly seen over the combinatorial background in Fig.3b only and a signal-to-

background ratio (S I B) is rather low, S I B=O.OI9 in the ±2cr region (cr=2.4 MeV/c2 is 
the mass resolution). 

To improve the SI B level some cuts for different kinematical variables such as Pt of 

K +K- pairs and of individual K +I K - , and opening angle between the kaons (see Fig.4) 

have been studied, and, as a result, a cut pr ~ 1.2 GeV/c forK +K - pairs has been chosen. 

The Meff spectra for kaon pairs passing this cut are shown in Fig.5 . Clear <1> signal is seen 

in this figure. The curves in Fig.5 are the results of K +K- combinatorial background fit by 
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Fig.4. Different kinematical var.iable distributions for K +K ­

pairs and individual K + (see text) 

a polynomial function (p2) tn the Meff region of 1.0 I + 1.03 Ge V /c2 (the 

x2 
l ndf= II I 17). 

The number of sigflal event (S) in ± 2cr region around the central mass bin together with 
the signal-to-background ratio (S I B) and the significance (S I ...JS +B) are shown in Table 
2. We note that the signi fi cance value corresponds to a 2 % error on the production cross 
section . We note also that the S I B value is I. 7 times lower at the charged particle density 
of dNchl dy = 8000 (some pessimistic version) . 

Figures 6a and b show the 4> signal obtained after subtraction of the explicit 
combinatorial background The curves are the results of the Breit-Wigner fit (Fig.6a) and 
the Gaussian fit (Fig .6b). One can see from these figures that the Breit- Wigner fit is much 
better than the Gaussian one , meaning that the smearing of the 4> peak by the momentum 
resolution does not infl uence the overall shape of the resonance (the fit results are 

1.019 GeV/c2 and 5 .5 MeV/c2 for mean mass and width of the 4> signal, respectively) . 

Table 2. Signal, signal-to-background ratio 
and significance for the $ in a 2o region 

around the centra l mass bin 

S($) I 103 S / B S j ..JB+S 

400 0.036 117 

Figures 6c and d show the same results 
as Figs.6a and b (respectively) but after 
subtraction of the background obtained 
by the polynomial fit (see Fig.5) (the 
lines going through the centres of the 
points have been drawn by hand). The 
error bars are put as well. The results of 
the Breit-Wigner fit (Fig.6c) are: 
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Fig.5. The same spectra as in Fig.3 fit after the cut (see text). 
The curves are the result of combinatorial background fi t by the 
polynomial (p2) function 

mean mass is (l.OI93 ± O.OOOI) GeV/c2
, 

width is 4.9 ± 0.3 MeV /c2
, 

x2 I ndf = II I I7. 
The ones but for Gaussian fit (Fig.6d) are, respectively: 

mean mass is (l.OI93 ± 0.0002) GeV/c2
, 

cr=(2.6±0.I) MeV/c2
, 

x2 I ndf = 4 I I7 . 
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It is seen that in this case both functions satisfy the distribution and the mass and width 
are very near to the natural ones. We can suppose, of course, the worse experimental 
situation because of the known problems with the choice of the combinatorial background, 
but the accuracy of these measurements in the vicinity of few per cent is seen as quite 
realistic . One can see also that the Gaussian fit (Fig.6d) is somewhat better than the Breit­
Wigner one, i.e., the fit result is very sensitive to the background subtraction procedure. 

5. Conclusions 

The possibility of the <1> signal detection in ALICE experiment (for Pb-Pb central events 
at LHC energy) is shown by the simulation. The signal-to-background ratio (S I B) may be 
increased up to 0.036 and the significance (S I ..JS+B) reachs a value of more than IOO 
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Fig .. 6 . Signal of <1> meson after substraction of the combinatorial 
backgrou nd (a and b - the explicit background, c and d- the 
one obtai ned by the polynomial fit). The curves are the fit 
results (a and c - Breit-Wigner. band d- Gaussian) 

standard deviations for an amount of 2.5 x I 05 events using kinematical cuts. The precisions 
in the vicinity of few per cent of the <!> resonance position and width extracted from the fit 
procedure of the signal shape are seen as quite realistic . 
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MHOrOKAHAJihHhiH BPEMHllPOJIETHhiH ,UETEKTOP 
B COCTABE A,UPOHHOrO CllEKTPOMETPA 
3KCllEPHMEHTA NA49 B UEPH 

C.B.AtjJaHacbeB, A.IO.HcynoB, B.H.KoJteCHUIWB, 
A.H.MaJtaxoB, F.Jl.MeJllcy.MoB, A.IO. Ce.MeH06 

Co:maH 891-KaHaJJbHbiH CUHHTI!JliUlUHOHHbiH speMlmponeTHbiH l1eTeKTOp lU!O!UallbiO 2,2 M2 

I1JlJI speMJinponeTHOH CHCTeMbl allpOHHOro cneKTpoMeT~a NA49, npe11Ha:JHa'!eHHOro IIJlJI 
perncTpaUHH npOI1}'KTOB «UeHTPaJJbHbiX>> (Pb + Pb)-B3aHMOI1eilcTBHil npH 3HeprnH JII1pa-cHapJI-

11a 158 f38/HyKJ!OH. BpeMeHHOe pa3perneHHe BpeMJinponeTHOH CHCTeMbl COCTaBHJ!O 75 nc, 'ITO 

n03BOJ!JleT HalleJKHO pa3,!1eJlJ!Tb nHOHbl H KaOHbl BlU!OTb 110 HMnyJlbCa 8 f38/c H BbU{eJ!J!Tb 
npOTOHbl (aHTHnpOTOHbl) H 11eHTPOHbl BlU!OTb 110 HMnyJlbCa 10 + 12 f38 /c. 

Pa6oTa BbinOJ!HeHa 8 na6opaTOpHH Bb!COKHX 3Heprni\ 0115111. 

Multichannel Time-of-Flight Detector 
for NA49 Hadron Spectrometer at CERN 

S. V.Afanasiev et al. 

The 891-channel scintillation TOF detector with 2.2 m2 area for NA49 hadron spectrometer 
TOF system, which was designed for products registration of (Pb + Pb) central interactions at 

beam energy of 158 GeV/nucleon, was constructed. Time resolution of the TOF system is 75 ps, 

one enough to separate pions from kaons up to the momentum of 8 GeV/c reliably and to 
detach protons (antiprotons) and deuterons up to the momentum of 10 + 12 GeV/c. 

The investigation has been performed at the Laboratory of High Energies, JINR. 

1. B8e,neHHe 

l ·f3}"leH He ~)lpO-~)lepHbiX 83aHMO)leHCT8HH npH peJJ~TH8HCTCK H X 3HeprH~X ,naeT ueHHYIO 

HHQJOpMaUHIO o )lHHaMHKe H cTpyKType ~.llepHoii MaTepHH Ha M aJJ biX Me)I(HYKJJOHHbiX pac­

CTO~H~x. 0 8biCOKOHMnyJJbCHOH KOMnOHeHTe 80JIH08biX QJYHKUH H ~,nep, K8apK08biX CTene­

H~X c8o6o,nbi 8 ~.npax. 11ccne,no8aHH~ CTOJJKH08eHHH ~.nep c MaJJ biM npHueJJbHbiM napaMeT­

poM ( «ueHTpaJJbHbiX» 83aHMO)lei1cT8Hi1) 8a:)I(Hbi, npe)l()le 8Cero, .llJI ~ onpe.neneHH~ no8e,neHH~ 

CHJibHO 83aHMO)leHCT8YIOlUeH MaTepHH 8 ycJJ08H~X CHJibHOrO C)l(aTH~ H 8biCOKOH TeMnepaTy­

pbi. 3)leCb OC06biH HHTepec npe)lCTa8JJ~eT nOHCK 803M0)1(H0f0 cpa3080f0 nepeXO)la ~)lepHOH 

MaTepHH OT 6eCU8eTHbiX a,npOH08 K COCTO~HHIO C8060,llHbiX K8ap K08 H rJJIOOH08 - K8apK­

rJJIOOHHOH nna3Me (KfTI) [1-4]. l10Hbi C8HHUa, ycKopeHHbie Ha ycKopHTene SPS 8 UEPH 
,llO 3HeprnH !58 f3B/HyKJIOH, MCnbiTbi8aiOlUMe UeHTpaJJbHOe CTOJIKH08eHHe C ~,npaMM 

C8MHU080H MHWeHH, n0380JI~IOT )l.OCTM'Ib MaKCHMaJJbHOH nJJOTH OCTH 3HeprnH (HeCKOJibKO 
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3.6 m 

Pwc.l . CxeMa cneKTpoMeTpa NA49 

f38/cpM
3

) B MaKCHMailbHOM 06oeMe BJaHMO.lleHCTBH~ (npH6llH3HTellbHO paBHOM 06oeMy ~.llpa 
CBHHUa), noCTynHoM .!Ill~ co speMeHHbiX 3KcnepHMeHTOB. OpennollaraeTc~. 'ITO KpaTKospe­

MeHHOe cyweCTBOBaHHe Km Ha. paHHeH CTMHH BJaHMO.lleikTBH~ .ll0ll)I(H0 HJMeHHTb COOT­

HOllleHHe BbiXO.llOB BTOpH'I HbiX lJaCTHU H nOBllH~Tb Ha npOCTpaHCTBeHHO-BpeMeHH}'IO 380-

lliOUHIO KOHelJHOrO COCTO~H H~ B cpaBHeHHH C anpOHHOH KapTHHOH, HCKJliO'IaiOIUeH UBeTHOH 

neKoHcpaiiHMeHT. 3KcnepH MeHT NA49 [5] 6bill cnpoeKTHposaH He TOllbKO .llll~ HJMepeHH~ c 

BbiCOKoii TO'IHOCTbiO Bbixon os Jap~)l(eHHbiX anpoHos (1t±, K±, p, p) H HeHTpanbHbiX lJaCTHU 

(<p, K~. A, A), 1-10 TaK)I(e H .!Ill~ Ha6lliO.lleHH~ HJMeHeHH~ p~na napaMeTpos sJaHMO.lleHCTBHH 

OT co6biTH~ K co6biTHIO ( e vent by event). Co6biTH~. B KOTOpbiX HeCKOllbKO napaMeTpos 

(MHO)I(eCTBeHHOCTH a.llpOHOB, panHyC <<nHOHHOrQ» HCTOlJHHKa, OTHOllleHHe 1tl K H T . .ll.) 

O.llHOBpeMeHHO OTKllOH~IOTC~ OT JHa'leHHH, ycpe.llHeHHbiX no BCeM C06b1TH~M, npe.llCTaBll~­

IOTC~ HaH6ollee nepcnei\.THBHbiMH KaHJIH.llaTaMH .!Ill~ o6Hapy)l(eHH~ Krn npH 6ollee )leTanb­

HOM aHailHJe. A.llpOHHbiH c neKTpOMeTp (6-8], HJ06pa)l(eHHbiH . CXeMaTH'IeCKH Ha pHC.), 

npe.llHaJHalJeH .llll~ perHCTpaUHH == 60 o/o OT npHMepHO 2000 Jap~)l(eHHbiX 'laCTHU, o6pa3yiO­

lUHXC~ s <<UeHTpanbHOM» (P b + Pb)-BJaHMO.lleHcTBHH. OYlJOK HOHOB CBHHUa Bbi.llell~eTc~ no 

cosnaneHHIO CHrHanos c 'l epeHKOBCKHX clJeTlJHKOB S 1 H S2, ero nOllO)I(eHHe H HanpaslleHHe 

onpenell~eTc~ c noMOIUbiO n ponopuHOHailbHbiX KaMep BPD I H BPD2. YepeHKOBCKHH ClJeT­

lJHK S
3 
Cll~HT .!Ill~ Bbl.lleJi eHH~ BJaHMO.lleHCTBHH C OnpenelleHHOH CTeneHbiO <<UeHTpailb-

HOCTH>> . nse speM~npoeKUHOHHbie KaMepbl VTPC (paJMepoM 2 X 1,4 X 0,6 M
3
), pacno­

llO)I(eHHbie BHYTPH lllHpoKo anepTypHbiX .llHnOllbHbiX MarHHTOB c aHanHJHpyiOIUeH cnoco6-

HOCTbiO 4,5 Tll · M Ka)l(.llbiH H nse KaMepbi MTPC (3,8 x 3,8 x 1,3 M\ pacnollO)I(eHHbie cJanH 

MarnHTOB, ell~ aT .!Ill~ onpenelleHH~ TpaeKTOpHii H HOHHJaUHOHHbiX noTepb dE I dx Jap~­
)l(eHHbiX lJaCTHU (9-JJ] . HneHTHcpHKaUH~ 3ap~)l(eHHbiX lJaCTHU OCHOBaHa Ha HCnOllb30-

BaHHH KOM6HHauHH dE I d x -HHcpopMaUHH (HJ TPC) H cKopocTH lJaCTHU, H3Mep~eMOH nsyM~ 

speM~npolleTHbiMH neTeKTo paMH nnomanbiO 2,2 M
2 

Ka)l(.llbiH . OnHH H3 3THX neTeKTopos 

(TOFR) H3roTOBlleH rpynn oi-i H3 Map6yprcKoro YHHBepcHTeTa (<I>Pr), a npyroii (TOFL, 

onHcaHHe KOToporo H cocTaBll~eT npenMeT naHHOi-i cTaTbH) - rpynnoii H3 J1B3 OH51H. 

Bbi.llelleHHe v0 
seplllHH B VNPC H MTPC HCnOllb3yeTC~ .!Ill~ H.lleHTHcpHKaUHH K~-. A- H 
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A-pacna,uo8. C noMOlllhJO cerMeHT11p08aHHOro Kanop11MeTpa RCAL [ 12] 113Mep5110TC.SI noTo­

KI1 nonepe•moii 3Hepm11 11 aHI130Tponi1.SI co6biTI1H. « BeTO» -Kanop11MeTp VCAL [12,13] 

11CnOnb3yeTC.SI JJ.n.SI Onpe.ueneHI1.SI 3HeprH11 cneKTaTOpHhiX HyKnOH0 8 11 cpparMeHT08 .SIJJ.pa-CHa­

p.S!.Ua, 11HQJOpMaU11.SI 0 KOTOpOH ne:lKI1T 8 OCH08e Tp11rrepa JJ.n.SI OT6 opa C06biTI1H no np11uenb­

HOMY napaMeTpy. 

2 . Cl1cTeMa 113MepeHI1.SI 8peMeHI1 nponeTa 

2.1. Tpe6o8aHH.SI, npeJJ.'b.S18n.SieMbie K 8peM.SinponeTHOH CI1CT Me 

Op11 I1JleHT11QJI1KaU1111 3ap.SI:lKeHHhiX t:JaCT11U 11HTep8an 11MnyJlbC08 3 + 7 faB/c, COOT8eT­

CT8YJOllli1H o6naCTI1 «UeHTpanbHOH» 6biCTpOTbi .un.SI (Pb + Pb)-c TonKH08eHI1H np11 3Hepm11 

158 faB/HyKnOH (y = 2,9), .SIBn.SieTC.SI Ha1160nee CnO:lKHbiM C TO"'KI1 3peHI1.SI pa3.UeneHI1.SI 

ni10H08, KaOH08 11 npOTOH08 (aHT11npOTOH08) C nOM<llllbiO 110H I1 3aU110HHbiX 113MepeHI1H 80 

8peM.SinpoeKU110HHhiX KaMepax. 003TOMY OCH08HOH 3a,uaqej;j 8peM.SinponeTHhiX .UeTeKTOp08 

cneKTpoMeTpa NA49 .SI8n.SieTC.SI «ycl1neH11e» 11.UeHTI1QJI1Kaul111 3ap.SI:lKeHHhiX t:JaCT11U 8 :hoM 

11MnynbCHOM 11HTep8ane. L{n.SI 3Toro Heo6xOJJ.I1MO 113MepeHI1e 8peMeHI1 nponeTa 1t-, K-Me3o­

H08 11 npOTOH08 (aHT11npOTOH08) Ha 6a3e np11MepHO 14 M C TO"'HOCThJO He xy:lKe 80 nc, 'ITO 

JlOCTaTO"'HO JJ.n.SI 11X pa3.UeneHH.SI C nOMOlllbiO KOM611H11p08aHHOH 11JleHTI1QJI1KaU1111 Ha yp08He 

3,5 +4 cr. 

BhiCOKa.SI MHO:lKeCT8eHHOCTh 8TOp11"1HhiX 3ap.SI:lKeHHbiX acT11U 8 « ueHTpanbHOM» 

(Pb + Pb)-CTQnKH08eHI111 np11 3HeprH11 .SIJJ.pa-CHap.SIJJ.a 158 raBh tyKnOH, a TaK:lKe yqeT npo­

.UYKT08 pacna,u08 HeHTpa!lbHbiX 8TOp11"1HbiX t:JaCT11U np1180Jl.SIT K TOMy, 'ITO 8 paHOHe pacno­

no:lKeHI1.SI 8peM.SinponeTHhiX .UeTeKTOp08 nnOTHOCTb nOTOKa 3ap.SI:lKeHHbiX t:JaCT11U COCTa8n.SieT 

"'60M-
2 

3a O.UHO 83ai1MO.UeHCTBI1e . L{n.SI TOrO "'T06hi noTep11 8peM.SinponeTHOH 11HQJOpMaU1111, 

C8.SI3aHHbie C 0JlH08peMeHHbiM nona,uaHI1eM Jl8YX 11 6onee 3ap.SI:lKeHHbiX t:JaCT11U 8 0Jli1H 11 TOT 

)l(e Ct:JeT"'I1K, COCTasn.Sinl1 He 6onee 10 o/o , He06XOJl11MO, "'T06bi « pa60t:Ja.SI nnOllla.Llb» 

CUI1HTI1nn.SITOpa Ct:JeTt:JI1Ka He npe8biWaJla 20 + 25 CM . 

2 .2 . On11caH11e 8peM.SinponeTHoro .ueTeKTopa 

11CXOJl.SI 113 Tpe6oBaHI1H K CI1CTeMe 113MepeHI1.SI 8peMeHI1 npon eTa .UeTeKTOp COCTa8neH 113 

891 I1HJli1BHJJ.YaJlhHOrO CU11HTI1nn.SIU110HHOrO Ct:JeTt:JI1Ka [ 14) CO CU11HTI1nn.SITOpaMI1 np.SIMO­

yrOnhHOH QJOpMhl pa3MepOM 23 MM (TOnllli1Ha no nyqKy) X 34 M (BhiCOTa) X 60/70/80 MM 

(JJ.n11Ha 6ni1)1(H11X/cpe.UH11X/JlaJ1bHI1X OT nyqKa C"'eTt:JI1K08 8 COOT eTCT81111 C pa3ni1"1HOH nnOT­

HOCTbJO 3arpy3KI1 Ct:JeTt:JI1KOB). CU11HTI1nn.SITOpbl 113rOT08neHbl 8 JIB3 0115111 C np11MeHeHI1eM 

non11cT11pona c pacTBopeHHOH 8 HeM CU11HTI1nn11pyJOmei1 .uo6 asKoi1 3 % PBD. Ka:lKJlhiH 

CU11HTI1nn.SIT0p o6epHYT C8eTOOTpa:lKaJOllleH aJlJOMI1HI1eBOH cpon H OH 11 np11KneeH C nOMOWbJO 

OnTI1t:JecKoro Kne.SI Bicron BC-600 Ha cpoToKaTO.U oTet:JeCTBeHHoro cpoToyMHO:lKI1Ten.SI 

<t>3Y-87 . 011TaH11e yMHO:lKI1Ten.SI ocymecT8n.Sinocb c noMOlllbJO cneu11anbHO no.uo6paHHoro 

pe311CTI1BHOrO .ueni1Ten.SI BhiCOKOrQ Hanp.SI:lKeHI1.SI [ 14 ); Ka:lKJlbi H .ueni1Tenb nOTpe6n.Sin TOK 

"'0,25 MA. OapaMeTpbl QJOTOYMHO:lKI1Ten.SI, a TaK:lKe xapaKTep CTI1KI1 BbiXOJlHOro Cl1rHaJla 

<t>3Y .uaHhi 8 Ta6n11ue. 
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Ta6JJu ua. IIapaMeTpbi ucnOJibJyeMoro cj)oTOYMHOlKHTe.Jill 

H xapaKTepHCTHKH BbiXO.IlHOfO CHmaJia 

Tun cpoToyMHOJKHTeJJll 

IlHaMeTp: cpoTOYMHOlKHTeJlll 

cfJOTOK3TOll3 

4Hcno llHHOllOB 

Tunwmoe HanplllKCHHe nHTaHHll 

8biXOllHOH CHfHan: 3MMHTyn a (MHH. HOHHJ. '13CT.) 

speMll HapacTaHHll (I 0 + 90 '7c) 

<ll3Y-87 

30 MM 

20 MM 

II 

1.9 KB 

1,5 8 
4 HC 

11cnbiTaHHSI OnbiTHbiX o6pa3U08 C4CT4HK08, np08elleHHble Ha nY4KaX CHHXpocpa30TpOHa 

J183 0115111 [14] H ycKop nTeJJSI SPS 8 UEPH [15], noKaJaJJH, 4TO 8peMeHHOe pa3peweHue 

HCnOJJbJyeMbiX CUHHTHJIJI SI UHOHHbiX C4eT4HK08 COCTa8JJSieT 50+ 70 nc. AMnJJHTYllHble H 

8peMeHHble xapaKTepHCTH K H K(l)l(llOfO cpOTOYMHOlKHTeJISI, nOCTynH8illerO H3 npOH380llCT8a, 

6biJJH HJMepeHbl Ha cTeHlle , nocne 4ero no peJynbTaTaM HJMepeHHH 6biJJI1 OT06paHbl <1>3Y, 
yno8JJeT80pS110UlHe 8blll8H HyTbiM Tpe6o8aHHSIM . 

)l.nSI Yll068CT8a HCnOJi b308aHHSI CUHHTHJIJISIUHOHHble C4eT411KH 06'bellHHeHbl no 11 UlT)'K 

8 C8eTOH30JJHpyiOUlHX Kac ceTaX (8cero 81 KacceTa) (pHc.2), H3rOT08JieHHbiX H3 TOHKOrO 

aJJIOMHHHe80rO JIHCTa 11 TeKCTOJIHTa. noMHMO o6wero MeXaHH4eCKOrO KpenJJeHHSI C4eT-

4HK08 8 KaCCeTe 11 yno6H OH pa380llKH CHrHaJJbHbiX Ka6eJJeH H Ka6eJJeH 8biCOK080JibTHOrO 

Puc.2. Pacn onoJKeHHe CUHHTHnnliUHOHHbiX c'!eT'IHKOB B KacceTe 
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a) 

6) 

Y1TPC( L) 

CAEN 
SY527 

CAEN 
SY527 

-

&- -

-
~ 

PAMA 

Pwc.3 . CxeMa pacnonoJKCHHll CUHHTHJJJJliUHOHHbiX c'leT'IHKOB Ha <jlcpMe neTeKTopa: a) awn co 

CTOpOHbl MHWCHH; 6) BHn CBCpxy 

73 

nHTaHH51 KaCCeTa CO,!Iep:JKHT CHCTeMy TOHKHX KBapueBbiX qm6pOB Jl)l51 nO,!IBO,!IKH BCObUUKH 

CBeTa OT ynbTpaqmoneTOBOfO na3epa K CUHHTMnn51TOpy Ka:JK,!IOrO ClJeTlJHKa, 'ITO 003BOn51eT 

cne,!IHTb 3a COCT051HHeM ,!leTeKTOpa B npoMe:JKYTKaX Me:JK.UY «C6po caMH» nyYKa YCKOpHTen51. 
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PHc.4 . <l>oTOrpacpHSI speMllnpo.lenwro neTeKTopa TOFL 

Op11 pa3pa6oTKe cpepM bl spe~umponeTHoro neTeKTopa OCHOBHbie yc11n11~ 6LIJJI1 Hanpas­

neHbl Ha !IOCTI1)1(eHI1e CO'leTaHI1~ MaKC11MaJlbHOH << pan11aU110HHOH npo3pa'lHOCTI1» neTeKTOpa 

C MeXaHI1'leCKOH )l(eCTKOCTL IO KOHCTPYKUHH LlJl~ o6ecne'leHI1~ TO'lHOH cp11KCaU1111 KaCCeT CO 

CU11HTHJlll~U110HHbiMI1 c'leT'l HKaMI1 s npocTpaHCTse. Co3naHH~ cpepMa npenCTasn~eT co6oi1 

4 <<nOJlKI1 >> 113 nopHCTOfO JlJl aCTHKa C 3aKpenJJeHHbiMH Ha HI1X HanpaBJl~IOlUI1MI1, 'lTO ll03BO­

JllleT cp11KC11pOBaTb KaCCeTbl CO C'leT"IHKaMI1 B llpOCTpaHCTBe Ha Tpex ypOBHliX (KaK 3TO 

noKa3aHo Ha pHc.3a). PacnoJJO)I(eHI1e HanpaBilliiOIUHX 11, cnenosaTeJlbHO, KacceT 3aDaHo 

TaKI1M o6paJOM, 'lT06bJ CU 11 HTHJlJlliTOpb1 C'leT'li1KOB COCTaBJl~Jll1 llOBepXHOCTb, nepneH!II1KY­

IlllpHYfO TpaeKTOpHliM 3apli JKeHHbiX 'laCT11U, BbJJleTaiOIU11X 113 MI1WeH11 (p11c.36). 0JJaCTI1KO­

Bble << nOJJKI1 >> 3acpHKC11posa Hbi Ha nonseweHHOH s npocTpaHcTse cTaJJbHOH paMe. KpoMe 

TOro, Ha paMe 3aKpenJleHbl 4 KpeHTa CI1CTeMbl BbiCOKOBOJlbTHOfO lli1TaHI1ll C'leT'li1KOB. CI1-

CTeMa llOII3YIIKOBbiX MeXaH I13MOB o6ecne'li1BaeT B03MO)I(HOCTb nepeMeiUeHI1H 11 llOBOpOTOB 

BCeH cpepMbl B rop1130HTaJl bHOii JlJlOCKOCTI1 llJl ll IOCT11p0BKH llOJlOJKeHI1~ neTeKTOpa. 8HeW­

HHH Bl1ll speMllnponenioro neTeKTopa npenCTaBJJeH Ha pHc.4 . 

2 .3 . Cl1cTeMa BbiCOKOBOJl bTIIoro nHTaHHll neTeKTOpa 

Ha pHc .5 IIOKa3aHa 6 JJ OK-CXeMa BbiCOKOBOJlbTHOrD llHTaHI1ll CUI1HTI1JlJl~U110HHbiX C'leT­

'li1KOB ua ocuose cucTeMbl CAEN SY527 . 8 Kp6iTe pacnOJJO)I(eHbl 6noKH reHepaTopos 

<<Onopuoro>> BbiCOKoro uanp liJKellllll CAEN A 753 , KOTopoe no BbiCOKOBOJlbTHbiM Ka6enliM 

nJJHHoii 20 M nonaeTCll K Kp eiiTaM # 1 . .4 , 3aKpenn eHIIbiM Ha cpepMe speMllnponeTHoro neTeK­

Topa . 8 3ntx KpeiiTax pacn o noJKeHbl 6noKtt BbiCOKOBOJl bTHbiX <<neJJ HTen eii >> CAEN A933, B 

3a!la'ly KOTOpbiX BXO!IHT. ltc.:ll0Jlb3Yll e!IHIIOe LlJl~ KaJK!IOfO 6JlOKa << OllOpHOe>> Hanp~)l(eHI1e, 
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D Dl 
Kpe>iT #0 

.. 
Oil 

1uanmn 1..,..-,q t RS232 
Han 

• f---

PC-CAENET j 
~ l • CAE NET 

~~ ~ • ~ .. ~ .. ,. 
. . 

Kpej:n #l Kpe>iT #2 KpeH:T #3 Kpe>iT #4 

PHc.5 . EnoK-cxeMa BhiCOKOBOJYbTHaro nHTaHHll CUHHTHJYJYliUHOHHbiX ctJeT'IHKOB 

ycTaHOBHTb IHI,UHBH,llYaJlbHble Hanp.SDKeHHll Ha 24 He3aBHCHMbiX Bbi XO)laX 6JYOKa )lJlll nHTaHHll 

24 CUHHTHJlJlliUHOHHbiX ClJeT'JHKOB. KpeHTbl BbiCOKOBOJlbTHOH CHCTeMbl CBll3aHbl Me)!(JlY C0-

6oii ceTbiO CAENET, K KOTopoi1 qepe3 HHTepcpeiic PC-CAENET A303 nOJlKJJIO'leH nepco­

HaJlbHbiH KOMnbiOTep. ITporpaMMa SLOW CONTROL, peanH3yeMall nepcoHaJlbHbiM KOMnb­

IOTepoM, o6ecne'IHBaeT ycTaHOBKY HH)lHBHJlYaJlbHbiX Hanpl!)!(eHHH nHTaHHll )lJill Ka)!()lOrO 

CUHHTHJIJiliUHOHHOrO C'JeT'JHKa )leTeKTOpa, a TaK)!(e KOHTpOJJb COCTOliHHll BbiCOKOBOJibTHOH 

CHCTeMbl B Te'JeHHe BCero nepHO)la pa60Tbl. KpoMe TOro, ycTaHOBKY Hanpll)!(eHHH nHTaHHll 

C'JeT'JHKOB H KOHTpOJJb BbiCOKOBOJibTHOH CHCTeMbl OnepaTOp MO)!(e T OCyllleCTBJil!Tb, HCnOJib-

3Yll TepMHHaJl, no)lKJJIO'leHHhiH qepe3 cepwiiHbiii nopT R S 232 HenocpeJlCTBeHHO K 

KpeiiTy #0. 

2.4 . 3neKTpOHHKa C'IHTbiBaHHll H JIOrHKa TpHrrepa 

BbiXOJlHbie CHrHaJlbi co C'leT'IHKOB no KOaKCHaJlbHbiM Ka6eJJliM Suhner S03272 JlJIHHOii 

20 M no)laiOTCll K CTOiiKaM c 3JJeKTpOHHKOii. EnoK-cxeMa 3JJeKTpOHHKH C'IHTbiBaHHll HHcpop­

MaUHH c speMllnponeTHOro )leTeKTopa noKa3aHa Ha p11c.6. CHrHaJlbi c aHOJlOB CUHHTHJJ­

JiliUHOHHbiX cqeT'IHKOB no)laiOTCll Ha BXOJlbi BbinOJJHeHHbiX B CTaHJlapTe VME cpopMHposa­

Teneii co cneJllllllHM noporoM CFD 5.05 (16 sxo)los/6noK; npo 3BOJlHTeJJb KFKI, EyJla­

nernT). C nOMOlllbiO BCTpOeHHbiX B cpopMHpOBaTeJIH naCCHBHbiX )leJIHTeJJeH CHrHaJlbl )leJiliTCll 

B OTHOllleHHH 1: 1; O)lHa 'JaCTb CHrHaJlOB qepe3 BCTpOeHHyiO B cpop MHpOBaTeJib aHaJlOrDBYIO 

3a)lep)!(KY no)laeTCll B 12-6HTOBbiH 3UIT (Fastbus LeCroy 1885F· JlJJll cpopMHposaHHll no­
rwqecKHX cwrnanos. YcTaHOBKa noporos cpopMHposaTeneii (B HarneM cnyqae - 100 MB) 

npOH3BO)lHTCll nporpaMMHbiM CnOC060M qepe3 pacnOJIO)!(eHHbie B KpeHTaX C QJOpMHpOBaTe­

JiliMH VME npoueccopHbie MOJlYJJH Eurocom5; ocTaJlbHYIO HacTpoiiKy cpopMHposaTeneii 

MO)!(HO ocymeCTBJil!Tb C nOMOlllbiO nepeKJJIO'laTeJJeH Ha nJJaTaX 6 JJOKOB cpOpMHpOBaTeneii . 

CcpopMHpoBaHHbie nomqecKHe HMnyJJhCbi HCnOJJb3YIOTCll B Ka'leCTBe cHrHanoB CTOIT JlJill 

12-6HTOBbiX BUIT (Fastbus LeCroy 1875A; 25 nc/KaHan; 64 BXOJla/6noK). 
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691 C'leT'IJIK 

11pew11uponeTRoro 
AeTeKTOpll 

T0 ("CTAPT'" ) 

S3 ("aeueHTpan•aoe 
ll:lllJIIIOAeiiCTIIIIe " ) 

"3AIDIT" 

"BETO" 

<t>CIT BUIT 
LoCro7 111711A 

common atart 

3UIT 
LoCro7 111811F 

PHc.6. EnoK-cxeMa J.leKTpOHHKH CYHTbtBaHHll speMllnponeTHoro neTCKTopa 

rn 
;:::, 
CQ 
E-rn 
< 
~ 

Tpurrep speMllnpoJJeTHoi-i cucTeMbi peanHJOBaH Ha 6a3e NIM-Mo.UyJJeii H ocHoBaH Ha 

cJJe.uyiOtUeM npHHUHne : K<UKllbiH curHan T
0 

co CTapTosoro c'!eT'IHKa S 
1 

(nocJJe onucaHHbiX 

HH)((e 6JJOKHpOBOK) 3anyc l\.aeT 6JJOKH BUn H 3Un; 3aTeM C fiOMOlUbiO JlOrHKH TpHrrepa 

npHHHMaeTCll petUeHHe 0 TOM, COOTBeTCTByeT JlH 3TOMY CHrHaJlY «UeHTpailbHOe» B3aHMO­

.UeHCTBHe li.Upa-CHapli.Ua C ll.!lpOM MHtUeHH ; B npOTHBHOM CilYlJae Bbipa6aTbiBaeTC.SI CHrHaJl 

liblCTPblH CliPOC, nepeBOlllllUHH MOllYilH SUn H 3Un B HCXO.UHOe COCTO.SIHHe npe)((.ue, 

'!eM 6y.ueT ocywecTBJJeH ux onpoc cucTeMoii c6opa .uaHHbiX. CurHan T
0 

6JJoKupyeTC.SI: 

- curHanoM c ra30J!OI O 4epeHKOJlCKoro C'leT'IHKa S
3
, pacnoJJO)((eHHOro 3a MHUieHbiO H 

CHrHaJlH3HpyiOtUero, 'ITO B3aHMOlleHCTBHe He .SIBJJ.SieTCll «UeHTpailbHbiM» ; 

- CHfHaJlOM 3AH51T, ycTaHaBJJHBaeMbiM Ha BpeMll, He06XO.!lHMOe .!IJl.SI nepeso.ua MO.Uy­

JleH sun H 3Un B HCXO.UHOe COCTOliHHe nocJJe npHXOlla CHrHaJla libiCTPbiH CEPOC; 

- CHrHaJlOM 3AH51T, yCTaHaBJJHBaeMbiM Ha BpeM.SI, He06XO.UHMOe CHCTeMe c6opa .UaH­

H biX llJlll on poe a 11pyrux 11e reKTOpos cneKTpOMeTpa N A49. 

S Ka'leCTBe curnana E biCTPbiH CEPOC cJJy)((HT 3aD.ep)((aHHbiH curHan T
0 

B CJJY4ae, 

ecJJH npHCYTCTByeT curHan SETO, Bbipa6aTbiBaeMbiH << BeTO>> -KanopuMeTpOM Tor.ua, Koma 

3HeprOBbi.UeJleiiHe B IIeM npeBbiUiaeT onpe.UeJJeHHbiH nopor, 'ITO CJl~HT CHrHaJlOM 0 «He­

uetiTpailbHOCTH » B3aHMOlle HCTBHll . npu npOBelleHHH 3KCnepHMeHTa HCfi0Jlb30BaJlHCb llBa 

BapHaHTa Tpurrepa, HaCTpOeHIIbiX Ha npHUeJlbHbie napaMeTpbl 3,5 H 4 cpM . 3THM BapHaHTaM 

TpHrrepa COOTBeTCTBYIOT Ce'!eHIIll, paBHbie 5 % H 7 % OT O"inel COOTBeTCTBeHHO. 
tot 

S CilYlJae OTCYTCTBHll Cti rHana EbiCTPbiH CEPOC npoH3BOllHTCll C'IHTbiBaHHe MO.UyJJeii 

SUn H 3Un CHCTeMOH c6o pa llaHHbiX, H ocytUeCTBJllleTCll 3afiHCb HHcpOpMaUHH Ha MarHHT­

HYIO JJeHTy. KoHTpOilb 3an HCbiBae~wi-i Ha JJeHTy HHcpopMaUHH ocyUieCTBJJlleTCll c noMOtUbiO 

nporpaMMbi ON-LINE MON ITOR. no11po6Hoe onucaHHe cucTeMbi c6opa .uaHHbiX cneKTpo­

MeTpa 3KcnepuMetna NA49 MO)KIIO Haiini B pa6oTe [16] . 
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3. AHaJJHJ speM51nponeTHOH HH¢opMaUHH 

BpeM51nponeTHa51 HH¢opMaUH51, nOJJ)"""eHHa51 B npouecce pa6o Thi cneKTpoMeTpa, Hy)l(.na­

eTC51 B p51.ne KOppeKUHM: 

- Tpe6yeTC51 KOppeKUH51 MOMeHTa npHXO.Ua CHfHaJJa C <l>3Y, )"""HTbiBaiOIUa51, YTO Ka)I(­

.UbiM KaHan H3MepeHH51 BpeMeHH nponeTa, BUIIOYaiOIUHM B ce651 CUHHTHJIJI51UHOHHbiM CYeT­

YHK, CHfHaJJbHbie Ka6eJJH H CYHTbiBaiOIUYIO 3JieKTpOHHKy, BHOCHT BO BpeM51 npoJieTa HH.UH­

BH.UYaJJbHYIO nOCT051HHYIO Ja.nep)I(Ky; 

- He06XO.UHMO CKOMneHCHpOBaTb JaBHCHMOCTb HJMepeHHOfO BpeMeHH OT TOYKH, B KO­

TOpOH 3ap51)1(eHHa51 YaCTHUa nepeceKaeT CUHHTHJIJI51TOp; 

- Tpe6yeTC51 KOMneHCaUH51 JaBHCHMOCTH H3MepeHHOfO Bpe MeHH npHXO.Ua CHfHaJJa C 

tPOTOYMHO)I(HTeJJ51 OT aMnJJHTY.Ubl 3T0f0 CHrnana; 

- Heo6xo.nHM )"""eT HeHJ6e)I(HOro npH npose.neHHH .UJJHTeJJbHoro ceaHca Me.nneHHoro 

.npei1¢a BpeMeHHbiX napaMeTpOB BpeM51npOJJeTHOf0 .neTeKTOpa H CTapTOBOfO CYeTYHKa. 

KanH6pOBKa BpeM51nponeTHOfO .neTeKTOpa 6hiJJa BbinOJI eHa Ha OCHOBe HH¢op­

MaUHH, Ha6paHHoi1 npH pa6oTe cneKTpoMeTpa NA"49 Ha n)""!Ke ~.nep CBHHUa c 3Hepmei1 

158 f3B/HyKJJOH . npe.nsapHTeJibHO npose.neHHa51 peKOHCTpyKUH51 TpeKOB 3ap51)1(eHHbiX 

YaCTHU BO BpeM51npOeKUHOHHbiX KaMepax fi03BOJ151Jia He TOJibK O Onpe.neJJHTb C 60JJbillOH 

TOYHOCTbiO KOOp.UHHaTbl nepeceYeHH51 fiJIOCKOCTH BpeM51npOJJeTHOfO .neTeKTOpa Ka)l(oUOM 3a­

p51)1(eHHOM YaCTHUeM, HO TaK)I(e npe.nocTaBJJ51Jia HHtPOpMauHIO 0 6 HMfiYJibCe YaCTHUbl H 0 

.UJIHHe ee npOJJeTa OT MHUJeHH .UO BpeM51npOJJeTHOf0 .neTeKTOpa . KpoMe TOfO, HCfiOJib3Y51 

peJyJJhTaThi H3MepeHH51 HOHHJauHOHHhiX nOTepb Jap51)1(eHHhiX YaCTHU B MTPCL, oKaJanocb 

B03M0)1(HbiM H.neHTHtPHUHpOBaTb fiHOHbl H HCll0Jib30BaTb TOJibKO 3TOT COpT 3ap51)1(eHHbiX 

YaCTHU .UJI51 OnHCaHHOM HH)I(e KaJJH6pOBKH BpeM51npOJJeTHOf0 .neTeKTOpa. 

YfJMepeHHe fiOJIO)I(eHH51 ¢epMbl .neTeKTOpa B npOCTpaHCTBe, npose.neHHOe C HCfi0Jib30-

BaHHeM reo.neJHYeCKOM annapaTypbl, B COYeTaHHH C HHtPOpMaUHe H 0 pacnOJJO)I(eHHH CUHH­

THJIJI51UHOHHbiX CYeTYHKOB OTHOCHTeJibHO ¢epMbl, fi03BOJIHJIO onp e.UeJJHTb fiOJIO)I(eHHe CYeT­

YHKOB B npocTpaHCTBe C TOYHOCTbiO .UO HeCKOJibKHX MHJIJIHMeTp OB. LI.JJ51 YTOYHeHH51 fiOJIO­

)I(eHH51 CYeTYHKOB OTHOCHTeJJbHO MTPC 6biJJ npose.neH aHaJJHJ Koop.nHHaT «HJo6pa)l(eHHM» 

CUHHTHJIJI51TOpOB, o6pa30BaHHbiX TOYKaMH nepeCeYeHH51 fiJIOCK OCTH .neTeKTOpa npO.UOJJ)I(e­

HH51MH TpeKOB 3ap51)1(eHHbiX YaCTHU BO BpeM51npOeKUHOHHOM KaMepe. TO'IHOCTb nonpaBKH 

JaBHCHT OT YHCJia HCfiOJihJyeMbiX TpeKOB, O.UHaKO, HCfiOJib3Y51 COBOKynHOCTb HHtPOpMaUHH 0 

He06XO.UHMbiX nonpaBKaX B fiOJIO)I(eHH51X CUHHTHJIJI51TOpOB, a TaK)I(e 06 OTKJIOHeHH51X pa3-

MepOB «H306pa)l(eHHM» CUHHTHJIJI51TOpOB Ha fiJIOCKOCTb OT paCYeTHbiX, MO)I(HO Onpe.neJJHTb 

He06XO.UHMYIO KOM6HHauHIO «C.UBHfOB» H «fiOBOpOTOB» BCero BpeM51npOJJeTHOf0 .UeTeKTOpa, 

KaK e.nHHoro uenoro, «nepeMeiUaiOIUYIO» .neTeKTop HJ ero «npen nonaraeMoro» noJJo)l(eHH51 

B HCTHHHOe. 8 JaBepweHHe 6hiJJa OCyiUeCTBJJeHa He3HaYHTeJibHa51 KOppeKTHpOBKa fiOJIO­

)I(eHH51 CUHHTHJIJI51TOpOB .npyr OTHOCHTeJJbHO .npyra. TOYHOCTb CKOppeKTHpOBaHHOfO nOJJO­

)I(eHH51 CUHHTHJIJI51UHOHHbiX CYeTYHKOB OUeHHBaeTC51 Ha ypOBHe 0,2 + 0,3 MM . 

KaK ~e yKa3hiBaJJOCb, BbiCOKa51 MHO)I(eCTBeHHOCTb BTOpHY HbiX 3ap51)1(eHHbiX YaCTHU B 

ueHTpanbHhiX (Pb + Pb)-BJaHMo.nei1cTBH51X npHBO.UHT K JHaYHTeJJ bHOMY YHcny co6biTHi1, B 

KOTOpblX .UBe 3ap51)1(eHHbie YaCTHUbl nona.naiOT B O.UHH H TOT )l(e CUHHTHJIJI51UHOHHbiM CYeT­

YHK, YTO Be.neT K HCKa)l(eHHIO BpeM51npoJJeTHOM HH¢opMaUHH . LI.JJ51 yCTpaHeHH51 TaKOfO po.na 

HCKa)l(eHHM 6biJIH HCKJIIOYeHbl H3 o6pa60TKH cpa6aTbiBaHH51 Te X CYeTYHKOB, B CUHHTHJI­

JI51TOp KOTOpbiX «nona.nanH» npo.noJJ)I(eHH51 6onee YeM o.nHoro T p eKa HJ MTPCL. KoJJHYec-
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HopMupoaauuLIH Japs.ll, oTH.e.ll. 

PH c. 7. Pacnpellt:.lleHHe HopMHposaHHbiX JHa'!eHHH Japlllla cHrnaJJoB c speMllnponeT­

Horo lleTeKTopa 

TBO HCKJJIO'IeHHbiX H3 06pa60TKH nO :HOH npH'IHHe 'laCTHU COCTaBHJJO 10 + 15 o/o, H npH 

.llaJlbHeHWeH H.lleHTHcf>HKaUHH 'IHCJJO 'laCTHU KruKD.OfO COpTa KOppeKTHpOBaJJOCb Ha COOTBeT­

CTBYIOUl}'IO nonpasKy. 

Cne.uy10weii npH'IHHOH <<nOTepb>> npH pemcTpauHH 3ap5DKeHHbiX 'laCTHU c nOMOUlbiO 

BpeM.smponeTHOrO .UeTeKTOp a liBJJlleTCll OT6op no 3apll.llY CHrHaJJOB CO CUHHTHJJJlliUHOHHblX 

C'leT'IHKOB. Ha pHc .7 npe.uCTaBJJeHO CYMMapHoe (no seeM c'!eT'IHKaM .ueTeKTopa) pacnpe.ue­

neHHe HOpMHpOBaHHbiX 3Ha'leHHH 3apli.UOB CO C'leT'IHKOB: 

Q norm= (Q- Qpedestal) / (QO- Qpedestal), (1) 

r.ue Q0 - nono)l(eHHe Ma KCHMyMa pacnpe.ueneHHll no Jap.s~.uy .llJlll Ka)I(.UOro c'leT'IHKa, 

Qpedestal - noJJO)I(eHHe nbe.UeCTana .llJlll Ka)l(.lloro C'leT'IHKa. OpH o6pa6oTKe speMllnponeT­

HOH HHcf>OpMauHH B paCCMOTpeHHe npHHHMaJJHCb TOJlbKO Te '!aCTHUbl, HOpMHpOBaHHbiH 3a­

pll.ll KOTOpblX JJe)l(aJJ 8 npen enax 0,8 + 1 ,6. 3apll.ll MeHee 0,8 COOTBeTCTByeT, 8 OCHOBHOM, 

'!aCTHUaM, nonaBWHM 8 Kp all CUHHTHJJJlliUHOHHbiX C'leT'IHKOB (CM. pHC.8). i13-3a MaJJOrO 
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cp3y 

PHc.8. TO'iKH nona,uaHHH B CUHHTHJIJl.SITOpbl C'ieT'iHKOB 'iaCTHU, KOTOpbiM COOTBeTCTB)'IOT 

HopMHposaHHbie Jap.sUibi CHrHaJJOB MeHee 0,8. BHLlHO, 'iTO lUIOTHOCT 'laCTHU, nonauaJOwwx 

K Kpa.siM CUHHTHJIJl.SITOpa, 3Ha'iHTeJlbHO npeBOCXOllHT lUIOTHOCTb 'iaCTIIU, nonauaiOUIHX B UeH­

TpaJJbH)'IO 06JJaCTb CUHHTHJIJ!liTOpa 

79 

'iHCna cpoTOHOB spewmponeTHoe pa3peweHHe .ueTeKTopa, onpe.ueneHHOe no Bbi6opKe HJ 

TaKHX C06biTHH, HeCKOJ!bKO Xy)Ke, 'iTO (npH OTCYTCTBHH OT6paKOBKH) npHBO.llHT, HanpHMep, 

K ysenH'ieHHJO 1t-Me30HHOro cpoHa npH H.lleHTHcpHKaUHH K-Me3o os. 3apS!.U 6onee 1 ,6 ac­

COUHHpyeTcJI C CHTyauHeH, KOf.Ua B CUHHTHJ!JiliTOpe (BMeCTe C nona.uaHHeM 3apli)KeHHOH 

'iaCTHUbl) npOHCXO.llHT KOHBepCHll raMMa-KBaHTa. 8 TaKOM CJI)"'ae TaK)Ke npOHCXO.UHT HCKa­

)KeHHe BpeMllnponeTHOH HHcpOpMaUHH (B03MO)I(Ha noTepll COOTBeTCTBHll Me)K.Uy TpeKOM B 

MTPCL H cpa6aTbiBaHHeM CUHHTHnnliUHOHHoro c'!eT'IHKa; BBH.UY HCKa)KeHHll aMnnHTY.llbi 

KOppeKUHSI 3aBHCHMOCTH BpeMeHH nponeTa OT aMnJ!HTY.llbl CTaHOBHTCll He3cpcpeKTHBHOH H 

T . .U.) . «00TepH» '!aCTHU, CBll3aHHbie C OT60pOM C06hiTHH no Japli.UY CHfHMOB C BpeMllnpO­

neTHOfO .UeTeKTOpa, OUeHHBaJOTCll Ha ypOBHe = 7 % .llJill KOHBepCHH raMMa-KBaHTOB H 

3 + 7 % - .llJill '!aCTHU, nona.uakJll.IHX B Kpall CUHHTHJ!JiliTOpOB. 3TH «TIOTepH» 6binH TaK)Ke 

)"'TeHbl Ha :3Tane H.lleHTHcpHKaUHH. 

Ha pHC.9 noKa3aHa 3aBHCHMOCTb BpeMeHH npHXO.Ua CHfHan a OT «J!OKMbHOH» KOOp­

.llHHaTbl TO'IKH BXO.Ua 3apli)KeHHOH '!aCTHUbl B CUHHTHJIJ!liTOp. 0KHO cpOTOKaTO.Ua <D3Y 

nepeKpbiBaeT J!Hlllb '!aCTb TIJIOIUa.uH TOpUa CUHHTHJ!JiliTOpa, 'iepe3 KOTOpbiH npOH3BO.UHTCll 

c6op CBeTa, 'ITO npHBO.UHT K 3Ha'!HTeJ!bHOH HeO.UHOpO.UHOCTH CBeTOC6opa (no aMTIJIHTy.Ue H 

no speMeHH) .unll 'iaCTHU, nepeceKaJOIUHX CUHHTHJ!nliTOp B o6nacTH X< I CM. Oo3TOMY npH 

pa3pa60TKe .UeTeKTOpa 6binO peweHO He HCTIOJ!b30BaTb :3Ty o6n aCTb CUHHTHJ!JiliTOpa .llJISI 

perHCTpaUHH '!aCTHU, .llJill '!ef'O C'leT'!HKH 6binH pacnOJ!O)KeHbl TaK HM o6pa30M, 'IT06bi «nep­

BbiH CaHTHMeTp» CUHHTHJ!JiliTOpa Ka)K.ll0f0 C'leT'!HKa 6bin nepeK biT CUHHTHJIJ!liTOpOM CO­

Ce.UHero C'leT'!HKa. 3aBHCHMOCTh speMeHH npHxo.ua CHrHana OT X s o6nacTH X> I eM 6bma 

CKOppeKTHpOBaHa C nOMOIUbiO nOJIHHOMa BTOpOrO nOpli.UKa: 

T*=T-P -P ·X-P ·X 2 
0 I 2 ' (2) 

r.ue p O' pI H p 
2 

- HH.llHBH.llYMbHhie K03cpcpHUHeHTbl .llJill Ka)K.llO fO C'leT'!HKa, nOn)"'eHHbie 

cpHTHpOBaHHeM 3KCnepHMeHTMbHbiX .UaHHbiX. 
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Puc. ! 0. 3asucuMocTb spcMeiiu npuxona CIIrH&1a oT Japllna :noro cHrHana 

3aBHCIIMOCTb BpeMellll 11p11XOlla CllrHaJJa CO Cl.JeT'IHKa OT 3apl!Ila ::JTOrO CHrHana (CM. 

pHC . I 0) 6biJJa CKOppeKTIIpOBalla C nO~IOUlbiO nomtHOMa BTOpOrO llOpliiiKa aHaJJOnt'IHbiM 

o6pa30M Illlll K<DKllOro CUIIIITI IJIJiliUIIOHHOrO Cl.JeT'IIIKa. 
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PHc.JJ. 3aBHCHMOCTb nonpaBKH BpeMeH npolleTa Ha <<llpeiicp>> CTaPTOBOrO C'leT'lHKa H 

BpeMllnpOlleTHOro aeTeKTOpa OT MOMeHTa perncTpaUHH C06biTHll . TO'lKaMH noKa3aHbl 

3Ha'leHHll nonpaBOK llJlll HHilHBHilYallbHbiX C06biTHH, 3Be3110'lKaMH - cpellHHe 3Ha'leHHll 

nonpasoK llJlll Ka)((llbiX 500 co6biTHH 
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.[lll.ll Onpe.ueJieHH.ll HH,IlHBH.UyanbHOH BpeMeHHOH Ja,llep)((KH .llllll KIDK.UOfO KaHana H3Me-

6 zero • L/ (p) r * peHH.ll speMeHH nponeTa bill HCnOllb30BaH cneKTP Trr = T - v rr , r.ue - cKop-

peKTHposaHHOe Ha 3aBHCHMOCTH OT aMnllHTY.Ilbl CHrHana H « JIOKanbHOH» KOOp.UHHaTbl X 
speM.ll npwxo.ua cwmana co CUHHTHllll.liUHOHHOro C'leT'lHKa, L / v rr(p) - Bhi'lHCJieHHoe speM.ll 

npoJieTa nHOHa CO CKOpOCTbiO V 1t(p) no TpaeKTOpHH ,llllHHOH L: 

(3) 

Bsw.uy TOro, 'lTO .llll.ll Kanw6pOBKH 6hiJ1H wcnonh30BaHbi nHOHbi cpe.uHee 3Ha'leHHe nony­

'leHHoro cneKTpa .liBJI.lleTC.ll HCKOMOH 3a,llep)((KOH /'o..Ti (r.ue i - HOMep KaHana H3MepeHH.ll 

speMeHH nponeTa) . 

BbiCOKal! MHO)((eCTBeHHOCTb perwcTpwpyeMbiX nHOHOB (Nrr "' 70 + 90 lllTyK 3a O.UHO 

«UeHTpallbHOe» C06biTHe) n03BOJ1Hlla 'laCTH'lHO CKOMneHCHpOBaT b HCKa)((eHH.ll speMeHH 

npoJieTa 'laCTHU, BHOCHMbie CTapTOBbiM C'leT'lHKOM (113-3a ero HeHy JieBoro BpeMeHHOrO pa3-

pellleHH.ll) H Me,llJieHHbiM «,llpeHcpOM» speMeHHbiX napaMeTpOB Bp eM.llnpoJieTHOH CHCTeMbl 

KaK e.uwHoro uenoro. Cpe.uHee 3Ha'leHHe senH'lHHhi T • = Tzero- t....T. .llll.ll nHOHOB, 3apern-
rr 1t 1 

CTpHpOBaHHbiX B Ka)((,llOM C06biTHH, 6hiJ10 np11H.l!TO B Ka'leCTBe nonpaBKH Ha « ,llpewcp» 
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PH c . 12. B peMeHHOH cneKTp Tcorr - L / v rt(p) l!Jlll scex C'lCT'lHKOB llCTCKTopa noCJJe 

npOBCllCHHll KOppeKUHH. illHpHHa cneKTpa xapaKTCpH3YCT pa3pCU!CHHC BpCMllnpo­

JlCTHOH CHCTCMbl ~TOF = (76 ± 2) he 

Tdrift (r,ae j - HOMep co6biTHll) !lllll scex speMeH nponeTa, H3MepeHHbiX B 3TOM co6blTHH. 
J 

ToYHOCTb naHHoro MeTana. onpenemteMru~ senH'lHHOi-i crTOF /~. MeHee I 0 nc (rne crTOF 

- CpC!IHCC BpCMCHHOC pa3pCU!CHHC BpCMllnp011CTHOH CHCTCMbl), npeBOCXO!IHT BpCMCHHOC 

pa3peweHHe CTapTosoro c 'leT'lHKa crSTART = 25 nc. Ha pwc . ll npencnsneHbl nonpaBKH 

speMeHH nponeTa Tdrift !lllll co6biTHH, 3anwcaHHbiX npw pa6oTe ycTaHOBKH B Te'leHHe He­

CKOllbKHX 'laCOB. Pa36poc n onpaBOK !lllll OT!ICllbHbiX C06biTHH (Ha pHCYHKC nOKa3aHbl TO'l­

KaMH) OTp<UKaeT B OCHOBH0\1 BpCMCHHOC pa3pCWCHHC CTapTOBOro C'lCT'lHKa. 3BC3!10'lKH Ha 

pHCYHKe npenCTaBJlliiOT pe3yllbTaTbl ycpe!IHCHHll nonpaBOK !lJlll K<UK!lbiX 500 C06bJTHH H CO­

OTBCTCTBYIOT «!IpCHQlY» BpCMCHHbiX napaMeTpOB BCCH CHCTCMbl H3MCpCHHll BpCMCHH np011C­

Ta. 

Ha pwc . I2 npenCTasneHo pacnpeneneHwe senH'lHHbl T - L I v (p) (r,ae T - speMll 
corr 1t corr 

nponeTa nocne scex BbiWeo nwcaHHbiX KoppeKUHH) !lJlll 'laCTHU oTpwuaTellbHOro 3HaKa, 3a­

perwcTpwposaHHbiX B pa311H 'I HbiX cuHHTHllllliUHOHHbiX c'leT'IHKax neTeKTOpa. CpenHee spe-
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MeHHOe pa3perneHHe COJ)laHHOH CHCTeMhi )lJl.SI HJMepeHIDI BpeMeHH poneTa xapaKTepHJyeT­

CSI WHpHHOH nHKa )lnSI 1t--Me30HOB (CM . pHc . 12) H COCTaBnSieT (JTOF = (76 ± 2) nc )lnSI 1t-Me-

30HOB B HMnynhCHOM HHTepsane 3 + 10 f3B/c . Cne)lyeT nO)l'lepKHYJ'h, 'ITO YKaJaHHoe pa3pe­

weHHe BKniO'IaeT B ce6SI He TOnhKO C06CTBeHHOe pa3perneHHe CUHHTHnJJSIUHOHHhiX C'leT­

'IHKOB, HO H HeOnpe)leneHHOCTH, CBSIJaHHhie C KOHe'IHhiM pa3perneHHeM CTapTOBOfO 

C'leT'IHKa, C OWH6KaMH onpe)leneHHSI HMnynhCOB '!aCTHU H )lnHHhi HX TpeKOB, C HCKa­

)l(eHHSIMH, BHOCHMhiMH B npouecce pa60Thi 3neKTpOHHKH, H T.)l . 

Docne HJMepeHHSI speMeHH nponeTa JapSI)I(eHHOH 'laCTHUhi t H npHsne'leHHSI HHcpop­

MaUHH 0 JlJJHHe TpeKa 'laCTHUhi Me)l()ly CTapTOBhiM C'leT'IHKOM H Bpe MSinponeTHhiM )leTeKTO­

pOM L H ee HMnyJJhCe, npeJlOCTaBJJSieMOH BpeMSinpoeKUHOHHOH KaMepoH, HeTpyJlHO onpe­

)leJJHTh CKOpOCTh 'laCTHUhi 

H ee HHBapHaHTHYIO Macey: 

L 
~=-

c . t 

22 2[ l=-.lt ] (m0c ) = (pc) ~2 . 

(4) 

(5) 

Ha pHc . l3 noKaJaHhi JaBHCHMOCTH seJJH'IHHhi 1 I ~ H KBaJlpaTa HHBapHaHTHOH MaCChi OT 

HMnynhCa 'laCTHUhl. illHpHHa JJHHHH, OTBe'laiOIUHX COOTBeTCTBYIQ lUHM COpTaM 'laCTHU, 

onpe)lenSieTcSI TO'IHOCThiO HJMepeHHSI seJJH'IHH p, L H t: 

(6) 

(7) 

B peJyJJhTaTe, HCnOJJhJYSI TOJlhKO HHQJOpMaUHIO 06 HHBapHaHTHOH Macce, MO)I(HO ro­

BOpHTh 0 pa3)leJJeHHH 1t- H K-MeJOHOB C nOMOlUhiO COJ)laHHOH Bp eMSinpon eTHOH CHCTeMhi 

BnJJOTh JlO HMnymca 4,0 + 4,5 f3B/c (CM. pHc . J4), a TaK)I(e 06 H)leHTHQJHKaUHH npOTOHOB 

(H aHTHnpOTOHOB) BnJJOTh )lO HMnyJJhCa 8 [38/c . 

DpHBJJe'!eHHe HHQJOpMaUHH 06 HOHHJauHOHHhiX noTepSIX '!aCTHU B raJe BpeMSinpoeK­

UHOHHhiX KaMep cyiUeCTBeHHO paCWHpSieT HMnynhCHhiH HHTepBan , B KOTOpOM BOJMO)I(l-10 

HJleHTHQJHUHposaTh JapSI)I(eHHhie 'laCTHUhi. Ha pHc . l5 noKaJaH I JaBHCHMOCTH HOHHJa­

UHOHHhiX noTeph '!aCTHU dE I dx B raJe KaMephi MTPCL OT KBaJlpaTa HHBapHaHTHOH Macchi 

2 - -m0, nonyqeHHOH nyTeM HJMepeHHSI BpeMeHH npoJJeTa H HMnyJJhCa JapSI)I(eHHOH '!aCTHUhi, 
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PHc.JJ . 3aBHCHMOCTb BOCCTaHOB.leHHbiX C noMOUlbiO H3MepeHHll BpeMeHH nponeTa BeflH'IHHbl 

I I P (a) H KBanpaTa HHBapHaHTHoH Maccbl (6) oT HMnymca, HJMepeHHoro B MTPCL, LlJill 

BTOp114HbiX <JaCTIIU C nO.l OlKHTe,lbHbiM 33pllllOM 
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'!aCTHU B HMnynbCHOM IIHanaJOHe 3 + 5 f3B/c 
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.nn.SI cnyqa.s~, Kor.na speM.SinponeTHbiH .neTeKTop TOFL pemCTp11pye T oTp11UaTenbHO Jap.SIJKeH­

Hbie 'laCTHUbi. AHanOrH'!Hbie JaBHCHMOCTH .nn.SI nonmKHTenbHO Jap .SI)I(eHHbiX l.JaCTHU noKaJa­

Hbi Ha p11C .} 6 . .IlByMepHbie rHCTOrpaMMbl, npe)lCTaBneHHble Ha p11CYHKaX, OTBel.JaiOT pa3-

nH'!HbiM HMnynbCHbiM HHTepaanaM l.JaCTHU (ump11Ha Ka)l()lOro HHTepBana- 1 f3B/c). Ka)l(­

)la.SI fHCTOrpaMMa 6bina npOcp11T11pOBaHa CYMMOH Tpex O)lHOTHfiHbiX .llByMepHbiX 

pacnpe.neneHHH, COOTBeTCTBYIOlUHX fiHOHaM, KaOHaM 11 npOTOHaM ( aHT11npOTOHaM) . .IlByMep­

Hbie cpyHKUHH )ln.SI Ka)l()lOfO 113 Tpex COpTOB '!aCTHU, npe)lCTaBneHHbiX Ha rHCTOrpaMMaX, 

6binl1 Bbi6paHbl B BH)le CYMMbl .llBYX KOMfiOHeHT: )lByMepHOrO pacnp e.neneHH.SI faycca, OfiHCbi­

BaiOIUero OCHOBHYIO l.JaCTb fiHKa, 

[ 

(m~- Pi (dE/ dx- P4)
2

] 
G=P ·exp - -----~ 

I p2 p2 
3 5 

(8) 
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m6 HJ TOFL, (r::~B/c2)2 

PHc. l5 . 3asHcHMOCTb HOIIHJaUHOHHbiX noTepb s MTPCL oT KBanpaTa HHBapHaHTHOH Macchi , 

BOCCTaHOR/leHHOH C Hcno nbJOBaHHeM HHcf>OpMaUHH 0 BpeMeHH nponeTa, lUlll BTOpH'IHbiX 

I.JaCTHU C OTpHUaTenbHbiM JapllilOM . JlHHHliMH BbilleneHbl o6naCTH, HCnOnbJyeMble lUlll non­

CI.JeTa '!Hen a K - -MeJoHos 

(rne P 1 ... P5 - napaMeTpbi QJHTHposaHHSJ, OTBelJaiOu.me 3a HOpMHposKy, nono:lKeHHe 

M3KCHMYM3 H WHpHHY :UByMepHOrO pacnpeneneHHSI), H 3KCnOHeHUHMbHOH '13CTH, YlJHThiBa­
IOIUeH «en an>> pacnpeneneH HH, 

[ 

(dE / dx- P
2

)
2

] 
Ex=P6 ·exp - p

82 

7 · exp(P9 · (m~-P 10)) , 

[ 

(dE / dx-P/ l 2 Ex= P6 · exp - p
82 

· exp (P
11 

· (P
10

- m
0

)), 

m2>p 
0- 10 

2 
mo < Plo 

(9) 

(I 0) 
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PHc.l6. 3aBHCHMOCTb HOHH3aUHOHHbiX noTepb B MTPCL oT KBa.upaTa HHBapHaHTHOH Macchi, socCTa­

HOR/IeHHoi1 C HCnOJlb30BaHHeM HHcpOpMaUHH 0 BpeMeHH npoJJeTa, )lllll BTOpli'-!HbiX 'laCTHl.l C 

nonolKHTeJJbHbiM 3apllllOM. IlHHHliMH BbtueneHbi o6nacTH, HcnoJJhJyeMbie )lllll noac'leTa 'IHCJJa K +-Me-

30HOB 

(r.ue p 6 ... p II - napaMeTpbl QJHTHpOBaHIUI, OTBe'laiOIUHe 3a aHan fH'IHbie xapaKTepHCTHKH 

3KcnoHeHuHanbHoii 'laCTH pacnpe)leneHH~). BKJJaA 3KcnoHeHUHanbHOM 'laCTH, He CJJHlllKOM 

3aMeTHbiM npw HMnynbcax nop~ilKa 3 + 5 f3B/c, npH 6oJJblllHX HM n ynbcax CTaHOBHTC~ onpe­

)leJJ~IOlllHM npH onHCaHHH «XBOCTOB» nHKOB. Pe3yJJbTaTbi npoBe)leHHoro cpHTHposaHH~ no3-

son~IOT HCfiOnb30BaTb )ln~ fiO)lC'IeTa 'IHCna 'laCTHU Ka)I(JlOfO COpTa Te 06JJaCTH )]ByMepHbiX 

fHCTOrpaMM, f)le 'laCTHUbl pa3Hb!X COpTOB pa3)leJJeHbl HaH60JJee Ha)le)!(HO (3TH o6naCTH Bbl­

)leJJeHbl Ha pHc.l5 H 16); npH 3TOM HeCnO)!(HO Onpe:UenHTb, KaKOM npoueHT 'laCTHU HCKOMO­

ro COpTa nona.uaeT B Bhi)leneHHbie o6naCTH Jot KaKOBbl npHMeCH 'laCTHU ilPYrHX COpTOB npH 
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TaKOH rrpoue.uype H.lleHTHcpHKaUJUi. B Ka'leCTBe rrpHMepa Ha pHc.17 rroKaJaHhi oueHKH 

rrpHMeceil nHOHOB B H.UeHTHcpHUHposaHHhiX K-MeJoHax .um1 pa3JJH'lHhiX HMnynhCHhiX HHTep­

sanos IlpH HCI10Jib30BaHHH IlOKa3aHHhiX Ha pHc.15 H 16 06JJaCTeH .llByMepHbiX rHCTorpaMM. 

I13 .uaHHhiX, rrpe.ucTaBJJeHHbiX Ha pHCYHKe, cne.uyeT, 'ITO BilJIOTb .llO HMilYJJbCa 8 raB/c 803-

MO)!(HO Bbl.lleJJHTh KaOHhl C IlpHMeCbiO IlHOHOB MeHee 1 %. 
noMHMO (7t-K-p)-pa3,lleJJeHH51, C03,llaHH~ BpeM51I1pOJJeTHa51 CHCTeMa Il03BOJJ51eT Bbl,lle­

JJ51Tb ,lleHTpOHhl, o6pa3yiOIUHeC51 B pe3yJJhTaTe HJyqaeMblX peaKUHH (CM. pHC. 13a H pHc.18). 

5. 3aKJJIO'leHHe 

COJ.llaHHe MHOfOKaHaJJhHOH CUHHTHJIJI51UHOHHOH BpeM51I1pOJJeTHOH CHCTeMhl B COCTaBe 

a.upoHHoro crreKTpoMeTpa aKcrrepHMeHTa NA49 n03BOJJ51eT cymecTBeHHO ycHJJHTh H.UeHTH-
+ ± - A\ 6 cpHKaUHIO BTOpH'lHhiX 3ap51)!(eHHhiX 'laCTHU (rr, K , p, p H u" po)!(.lleHHhiX B o nacTH «UeH-

TpanbHOH» 6biCTpOTbl B (Pb + Pb)-B3aHMO,lleHCTBH51X rrpH 3HeprHH 158 raBIHYKJJOH, .llOilOJJ­

HHTeJJhHO K H,lleHTHcpHKaUHH, o6ecne'lHBaeMOH BpeM.51IlpOeKUHOHH.hiMH KaMepaMH IlYTeM 

H3MepeHH51 HOHHJaUHOHHhiX rroTepb qacTHU B raJe TPC. 

BhiCOKHe rrapaMeTphi .ueTeKTopa n03BOJJ5110T HCilOJJhJOBaTh ero B 3KcrrepHMeHTax He 

TOJJbKO B UEPH, HO H Ha rryqKax ycKopHTeJJhHOro KOMnJJeKca JIB 3 011.SU1 - HyKJJoTpoHe 

H CHHXpocpa30TpOHe. 

ABTOphi Bhip~aiOT rrpH3HaTeJJhHOCTh aKa.ueMHKY A.M.Ean.UJtHY Ja rrocT051HHhiH HHTe­

pec K noil pa6oTe, a TaK)!(e 6naro.uap51T rpyrrrry XHMHKOB, COTPY.llHHKOB KE, HOA<l>11 H 

OilbiTHOrO I1pOH3BO,llCTBa JlB3 0115111, 6e3 CaMOOTBep)!(eHHOfO Tpy.ua KOTOpblX C03,llaHHe 

,lleTeKTOpa 6hiJJO 6hl HeB03M0)!(HbiM. ABTOpbl I1pH3HaTeJJbHbl BCeM 'lJJeHaM KOJJJJa6opaUHH 

NA49, H oco6eHHO - COTPY.llHHKaM rpynnhi Map6yprcKoro yHHBepcHTeTa rro.u pyKoso.ucT­

BOM rrpocpeccopa <I>.nynhxocpepa Ja cOTPY.llHH'leCTBO H noMOIUh. 

Pa6oTa BhiilOJJHeHa rrpH no.ll.llep)!(Ke PoccHHCKoro cpoH.ua cpyH.uaMeHTaJJhHhiX Hccne.uo­

BaHHH (rpaHThl 95-02-05070 H 96-02-17207) . 
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SEMICLASSICAL APPROACH 
TO THREE-BODY MUON-TRANSFER COLLISIONS 

1 1 2 R.A.Sultanov , W.Sandhas , V.B.Belyaev 

Muon-transfer rates in collisions of hydrogenlike atoms (p~C) or (dll-) with light nuclei 

t, 3He, 4He, 6Li or 7Li are calculated in a semiclassical approximatio to the Faddeev-Hahn 
equations. The two nuclei involved are treated classically, while the motion of the muon in 
their Coulomb field is considered from the quantum mechanical point of view. The 
experimentally observed strong dependence on the charge•of the nuclei is reproduced. 

The investigation has been performed at the Bogoliubov Laboratory of Theoretical Physics, 
JINR. 

Tpex~acTH~HaJI nepnapJI.l{Ka MIOOHOB 

B DOJIYKJI8CCH~eCKOM DO.l{XO,l{e 

P.A.Cyllmanos, B.3anoxac, B.E.EeJl.JleB 

B paMKaX UOJI)'KJ!aCCHqeCKOfO npHMHJKeHHJI K ypaBHeHHJIM <l>rumeesa- XaHHa paCCMOT­

peH npouecc nepe3apliAKH MIOOHOB npH CTOJ!KHOBeHHH {pjl-) H (djl- ) C JlerKHMH liApaMH 

t, 3He, 4He, 6Li, 7Li. B AaHHOM UOAXOAe TJIJKeJJble qaCTHI.Ibl paCCMaTpHBaiOTCJI ABHJKYII.IHMHCJI 
no KJJaCCHqeCKHM TpaeKTOpHliM, B TO BpeMJI KaK MIOOH OUHCbiBaeTCJI KaK KBaHTOBaJI qaCTHQa. 
YcTaHOBJleHHaJI 3KcnepHMeHTaJJhHO CHJJbHaJI JaBHCHMOCTb ceqeHHJI nepe3apJIAKH OT JapliAa 
J!Apa BOCnpOHJBeAeHa 8 AaHHblX pacqeTaX. 

Pa6oTa BbinOJJHeHa B Jia6opaTopHH TeopeTHqecKoii cpH3HKH HM. H.H.6oronro6osa 01151H. 

I. Introduction 

The motion of negative muons in hydrogen media with admixtures of elements A of 
charge Z > 2 shows a peculiar behavior [1,2] . Opposite to the smooth Z dependence 
predicted by the Landau-Zener formula, the experimental muon transfer rates in processes 

like (p~.C) +A ~ p + (A!.C) depend in a complicated manner on the charge Z. The measu­

red isotopy effects, e.g., the ratio of the transitions (pf.l- ) + Ne ~ p + (Nef.l-) and 

(df.l-) + Ne ~ d + (Nef.l-), differ also considerably from the Landau-Zener predictions. 
Another phenomenon which has not yet found a satisfactory theoretical explanation is the 

1Physikalisches Institut, Universitlit Bonn, 53155 Bonn, Cermany. 
2Laboratory of Theoretical Physics, JINR, 141980 Dubna, Russia. 
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itme distribution of the y production occurring in such transitiOn processes [3] . In what 
follows we develop a method for solving these problems, which is based on detailed few­
body equaitons rather than the effective potential treatment employed in alternative inves­
tigaitons . 

Coulombic three-body systems with two heavy and one light particle are considered 
traditionally within the framework of the Born-Oppenheimer approximation. For muon 
transfer processes, Faddeev-type equations [ 4], especially the modified version proposed by 
Hahn [5 ], appear to be better suited. They are formulated for appropriately chosen wave­
function components which show the correct physical asymptotics . Our method for des­
cribing rearrangement processes 

2+(1,3)~(2,3)+1 (I) 

with one light particle 3 of charge z
3 

= - I and two heavy particles I and 2 of charges 

Z
1 
= I and Z

2 
= I, 2, 3, .. . , is based on a semiclassical approximation to such Faddeev­

Hahn (FH) equations [6] . These equations are treated by means of an adequate coupled 
channel expansion. 

In the following section we develop the formalism . The results obtained for the col­

lision of hydrogen like systems (hll-) = (p!l-) or (d!l-) with light ions t +, 3He + +, 4He + +, 
6L ·+ + + 7L·+ + + . . S 3 F . I d . h h . I 1 or 1 are gi ven m ec. . airy goo agreement wit quantum mec amca 

calculations is found for processes involving t + and He++. This justifies to apply our 

semiclassical approach ab o to processes of higher charge, like Li+ + +, for which no fully 
satisfactory quantum mechanical calculations exist. As an additional test of the method, 
calculations for the charge exchange scattering of protons off electronic hydrogen atoms are 
also performed. 

In the muonic case the units are e = h = m = I, in the electronic case we use 
Jl 

e=h=m =1. e 

2 . Formalism 

Written as integra-di fferential equations, the Faddeev equations [ 4] read 

( i ~t - H 0 - \.jk ) llf' I) = \.)/ llf') + llf' k ) ) . 

Here H
0 

is the kinetic energy operator of the three particles, 

(2) 

I I 
HO =- -2- 11r + 2M 11R' (3) 

lljk j t [ I 

rjk and R1 are the Jacobi coordinates; llJk and M1, the corresponding reduced masses; Vjk' 

the two-body potentials . 
As mentioned above we consider particle 3 to be the light one, i.e., 

ml 
-- <<I 
ml ' 

m3 
-- <<I . 
m~ 

(4) 
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Then, the heavy particles I and 2 can be considered as moving along classical trajectories 
R

1
(t) and R

2
(t). For the treatment of this situation we employ, instead of the three Faddeev 

equations, the two coupled FH equations [6) 

(5) 

Here, R(t) is the relative vector between particles I and 2, it s time dependence being 
determined according to classical mechanics. The motion of the light particle 3 is treated 
quantum mechanically, p = V / i is the momentum operator corresponding to the relative 

r r 

variable r between particle 3 and the center of mass of partic les I and 2. The relative 
vectors in the (13) and (23) subsystems are denoted by x an y, respectively, and the 
corresponding reduced masses are given by 

(6) 

To solve equations (5), we expand the wave function components '1'/r, R(t), t) into the 

solutions <I> k3(r, R(t), t) of the respective subsystem Schri:idinger equation~ 
n 

[ 
. a P; ] k3 
I at - 2Jlk - Vk3(r - Rk(t)) <I> n (r, R/t), t) = 0. (7) 

That is, we write 

(8) 

the summation (integration) ~unning over the whole discrete and continuous spectrum. 

For a constant velocity Rk(t) = uk one finds 

ill u · r- i (Ek3 + ll u2 
/ 2) t k) 

<l>nk\r, R(t), t) = e * * " * * <pn (r- R/t)), (9) 

h f . k3 b . . b t e unctions <p emg given y 
n 

(
- _I_ ~ + V (x) ) <pk3(x) = E k3<pk3(x). 

2Jlk X k3 n n n 
(10) 

Inserting the expansion (8) into (5), we obtain for the coefficients C k a set of coupled 
n 

equations [6] 
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()C 

1 

(R(t) , f) ' f) Wl2 (R(t) f) yl2 (t) C 2(R(f), f), i " .... = (~ + m 11111 ' nm m 

()C 
2
(R(f ), I) , J) WI (R(t) I) {:!*(t) c 1(R(t), f), 

i m ..... = ( £..J + " mn , nm " 
f 

(II) 

where 
.lik) i (1:' '

3
- J1 

r,;m(f) = e " f., +6.£)1) 
- ~ ~ ~ 

E 1· = - ~ Z- I 2n-, j '# k = I, 2. 
II } } 

(12) 

The matrix elements Wk (R(t). f) are obtained by sandwiching the potentials in Eq .(5) 
nm 

between the channel funct ions (9), 

' 
ill u r - ill u-r /2 . I 

W 1k (R(t), 1) = (e I I I I <p 13 (r- R .(t)) V.3(r- R.(t))-
IIIII II } } } 

~ kk kk . Z Z, I ill u · r -ill u
2
r / 2 k3 

- R(t) e <pm (r - R/r))). (13) 

Equations (5) are to be solved under the initial condition 

13 't' 
1
(r, R(t). f) - <t>~.~. (r, R(t) . f) , 't' 

2
(r, R(f), f) - 0, (14) 

t--+- oo t~- 00 

which implies for the coefl icients ci(R(r), f) 
II 

I C (R(t). I) - 8 1• 
fl II 

~ 

C
11
-(R(t), f) - o. (15) 

1--+~ oo 1--+- oo 

For low-energies. say below 20 eY. the relative nuclear velocities are practically zero 
In the respective muon-atomic unities. The exponential factor in Eq .(9), hence, can be 
replaced by unity and the matrix elements (13) simplify to 

wJk (R(t)) = 
filii 

f ~ 1 • [ z z3 J ·3 = d · n:p 1 (r- R.(l)) V~(r- R .(r))- Rt( ). <pk (r- Rk(r)). 
. II J J. J f m . 

(16) 

In order to obtain the capture probabilities I C 2(t - oo) 12 we, thus, have to solve the 
II 

system of coupled ordinar) differential equations (II), its ingredients and initial conditions 
being given by (12), (15) and (16) . 

The trajectories of the heavy particles will be chosen as straight lines, R(f) = p + t>t for 
f $ 0 and R(f) = p + u'f for f > 0, with u being the impact parameter, u and u' the velocities 
before and after the collision. respectively . Taking them as asymptotes to the actual motion, 
the angle between their directions . i.e .. between u and u', is the deflection angel 1'}. 

Moreover. 

u = \ '7£ / M - I. ( 17) 
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V ' P' 
a b 

t=O 

Fig. I. The relative positions of the heavy particles h and A before 
and after collsion: the straight line a is an approximate trajectory, 
b is the real one 

u' = ...f2(E + M) j M2 , 

where E is the CM collision energy, 

M=£13-£23 
n m 

and 

(m3 + m2) m l 
M = _.::.__=----=-

2 ml + m2 + m3 

95 

(18) 

(19) 

(20) 

To choose the trajectory before the collision as a straight line is justified because of the 

neutrality and the small size of the incident hydrogenlike atom (hJ.C). To choose a straight 
trajectory also after the charge exchange process is, of course, an approximation to the real 
hyperbolic curve (Fig.l). 

From the definition of R{t) we infer 

R(t) = ~ p2 + u2t 2 , for t :::::; 0 (21) 

and 
R(t) = ~ p2 + u'2t 2 - 2pu't sin 1'} . (22) 

The angle 1'} is determined according to classical mechanics (Fig.l), 
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"" p' l r2dr 
t} = rt l 2- J ~ ,2 1,2 _ U(r) I Tkin 1-p r 

m1n 

(23) 

with the final-state impact parameter p' being given, due to angular momentum conser­
vation, by 

' Mlu 
p = M u' p. 

2 

U(r) is the screened Coulomb potential between h = p+ or d+ and (All-), 
- 2Z ~ r 

U(r) = (Z2 - I) I r + (I I r + z2 ll2) e 2 2 
. 

The lower bound r . of th 
mm 

where 

integral is obtained as a root of 

n'2 U(r . ) 
I - _L_ - mm = 0 

,z t. ' 
min km 

M 
,2 

2u 
Tkim = -2-

(24) 

(25) 

(26) 

(27) 

represents the kinetic energy of the outgoing fragments in the center-of-mass system. Note 
that the angle in (23) is half the one given in [7] since the Coulomb-like potential (25) acts 
only during the time after the collision . 

When solving the resul ting coupled set of equations for the expansion coefficients, it 

is seen that its solutions C k(R(t), t) tend towards an asymptotic value C 2(p) which depends, 
II II 

of course, on the impact parameter p. The cross section of process (I) is given by 
+ co 

cr" = ;1t f I c 2Cp> 1
2 pdp. tr n 

(28) 

0 

3 . Results 

In this section we present cross sections cr and muon transfer rates /.. calculated 
" " 

within the above formalism for processes of the type 

(hll - \f +A ~ (All-) Is+ h, (29) 

where h = p+ or d+ and A = t+, 3He++, 4He++, 6Li+++ or 7Li+++. We restrict ourselves to 

a two-level approximation by choosing in the relevant close-coupling expansion only the 

hydrogenlike ground states (hll-) Is and (All-\( The trasfer rate is defined by 

/.. = cr uN
0

, 
tr tr 

(30) 

with u being the relative velocity of the incident fragments and N
0 

the liquid-hydrogen 

density chosen here as 4.2 5 X I o22 em - 3. 



Sullanov R.A. el al. Semiclassical Approach 97 

In Table 1 we compare our cross sections cr I 10-20 c 2 for the case h = d + and 
tr 

A = t + at various collision energies E with those of Ref.8. For the muon transfer rate of this 

process at E = 0.04 eV we find A. = 3.70 x 108 sec -I. Measurements of this value range 
tr 

from A,exp = 2.8 x 108 sec-1 [9] to A.exp = 3.5 x 108 sec-! [10]. 
" " The rates A. I 106 sec-! for h = p+ or d '+ and A= 3He++, 4He++, 6r..i+++ or 7Li+++ at 

tr 

E = 0.04 eV are presented in Table 2 together with the 3He+ + and 4He++ results of [11]. 

Experimentally p +the rates are about twice as big as the d +rates. Our results are consistent 
with this observation, while the corresponding ratio in [11] is definitely too high. 

E (eV) 

5.0 
3.0 
2.0 

p+ 

d+ 

Table 1. Cross sections a1,/ 10-20 cm2 fort+ (dJ.L) ~ (IJ.L) + d 

Our results [8] E (eV) Our results 

3.40 2.87 1.0 3.05 
3.17 2.12 0.1 3.16 
3.12 1.76 0.04 3.50 

Table 2. Muon transfer rates A.tr I 106 sec -l at low energy E = 0.04 e V 

3He++ 

7.25 

4.77 

§ 
~ 
I 
0 ..... 

L 

b 

[II] 4He+ + [II] 6Li+ + + 

6.3 6.65 5.5 1.72 

1.3 4.17 1.0 1.01 

1.8 .---~-.--~--....---~....,..----....,---~--, 

1.6 

1.4 

1.2 

0.8 

0.6 . .. . 
0.4 

0.2 

0 
0.001 O.oi 

. .. 
0.1 

Thisworlc­
Y. Kino and M. Kamimura [12] • 

... 
10 100 

CM energy ( e V) 

Fig.2. Cross section of the reaction d!l + 1 ~ Ill + d 

[8] 

1.43 
2.00 
2.94 

7Li+++ 

1.67 

0.96 
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Table 3. Cross sections cr"' I 10- 15 cm2 for charge exchange scattering of protons 

by hydrogen atoms 

E (cV) Our results I [ 131 I E (eY) Our re'sults [13} 

10.0 3.73 

I 
I 1.0 4.95 4.54 

5.0 4.10 3.72 ' 0.22 5.60 5.18 I 

Figure 2 shows our dll + t ~ til + d cross sections compared with variational calcu­
lations [ 12] which are generally considered to be most accurate. It is seen that the shapes 
of the curves agree fairly well over a wide energy range . 

All these comparisons demonstrate the efficiency of our semiclassical treatment for 
atoms of charge Z = I or 2. Its application to processes involving higher charges, therefore, 

is expected to be also justified. Our 6Li or 7Li calculations represent first examples for such 
an extension. 

As a further test of our method, we have also calculated the low-energy charge exchan­
ge scattering of protons by hydrogen atoms 

Pi + (p2 , e)~ (pi, e)+ P2· (31) 

In Table 3 our results are compared with calculations based on the Born-Oppenheimer 
approximation [ 13] . The agreement is again quite satisfactory. 

Calculations involving nuclei of higher charge, and a full quantum mechanical treat­
ment are in progress . 
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