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AHHoTaQBJI 

BeJIBKOB H .ft. H .lIP. 3xCnepHMeHTaJILHbIe HCCJIe,D;OBa.HHJI OJJllOCllHHOBOH acmw:eTpHH 11"0-Me'OHOB J' 
B 06JIaCTH ~parMeHTamm: rrpOTOHOB IIOJI.sIpH30BaHHoH MHIIIeHH. (TIpe.llJIO:>KeHHe 3KCIIepKMeH r" 

Ta CEPIT-IT-180, TIP03A-2.): TIperrpKHT B<I>B3 97-17. - TIp0TBKHO, 1997. - 19 c., 12 PHC.! 

2 Ta6JI., 6H6mrorp.: 26. 

ITpe.llJIaraeTCK rrporpaMMa H3Mepemm O.llHOCIImlOBOH aCHMMeTpHH An. B HHKJTI03HBHOM o6p' j,
30BaHHH 1l"°-Me30HOB Ha IIOnepe'tIHO-nOJI.sIpH30BaHHoH BO.ll0P0.llHOH MHIIIeHH, o6JIy'laeMoH ny'IKa dH 
1l"0-Me30HOB C3HeprHeii 40 r3B HrrpOTOHOB C3HeprHeH 70 r3B. B3MepeHHJI npe.zm:OJIaraeTCK I.~O
BeCTH rrpH IIOIIepe'tlKbIX HMIIyJILcax PT = 1,0-3,0 r3B/c H oTpHIlaTeJILHYX 3HalIeHHfi XF - B 
06JIaCTH ~parMeHTaIlHH rrpOTOHOB IIOJIJlPH30BaHHOH MHIIIeHH' r.lle O)J{H.llaeTCJI 3aMeTHaJI aCHMMe
TpHJI. BCCJle.llOBaHHJI B 06JIaCTH ~parMeHTaUHH nOJI.sIpH30BaHHoH MHIIIeHH rrpOBO.llJlTCJI BnepB:bIe. 

Abstract 

Belikov N.!. et al. Measurements of 1l"°-Mesons Single-Spin Asymmetry An in the Polarized Tar
get Proton Fragmentation Region. (Proposal SERP-P-180, PROZA-2.): IHEP Preprint 97-17.
Protvino, 1997. - p. 19, figs. 12, tables 2, refs.: 26. 

The measurements of single-spin asymmetry An. in inclusive 1l"°-produetion on a transversely� 
polarized hydrogen target are proposed in the paper. The experiment is supposed to be carried� 
out on 40 GeV 7r--meSon and 70 GeV proton-beams in the negative ZF and 1 < PT < 3 GeVIc� 
region, where a significant asymmetry is expected. It will be a first study of spin effects in the� 
target fragmentation region at high energies.� 

@� rocy,n;apcTBeHH:bIH HaY'tlH:bIH n;eHTp 
POCCHHCKOH <Pe,n;epaUHH 

HHcTHTyT <pH3HKH BhICOKHX 3HeprHH, 1997 



BBe,n;euue 

HHTepec K HCCJIe,nOBaHHIO ClIHHOBblX 5IBJIeHHH B a,npOH-a,npOHHbIX B3aHMO,neHCTBH5IX 

CB5I3aH C B03MO)KHOCTblO H3y'tleHH5I CTpyKTypbl a,npOHOB H ,nHHaMHKH B3aHMO,neHCTBH5I 

CTpyKTypHbIX COCTaBJI5IIOII(HX a,npOHOB - KBapKOB H rJIIOOHOB, HMelOII(HX HeHyJIeBOH 

ClIHH. 3aMeTHblH lIpOrpeCc B C03,naHHH lIOJI5IpH30BaHHblX MHilleHeH H lIOJIy'tleHHH no

JI5IpH30BaHHblX lIy'tlKOB lI03BOJIHJI lIpOBeCTH B lIOCJIe,nHHe ro,nbl P5I,lJ; lIOJI5IpH3aUHOHHbIX 

HCCJIe,nOBaHHH lIpH BblCOKHX .3HeprH5IX. IIoJIy'tleHHble pe3YJIbTaTbI 6b1JIH HeO)KH.ZJ;aHHblMH 

C. TO'tlKH 3peHH.sI cymecTBoBaBillHX lIpe,nCTaB~eHHH 0 ClIHHOBblX lIpoueccax H 3aMeTHO 

lIOBJIH.sIJIH Ha pa3BHTHe TeopHH B3aHMo,neH:CTBH.sI a,npOHOB npH BblCOKHX .3HeprH.sIX. O,n

H03Ha'tlHOrO TeOpeTH'tIeCKOrO OlIHCaHH.sI cyII(eCTBylOw;HX .3KCnepHMeHTaJIbHbIX ,naHHblX K 

HaCTO.sIII(eMy BpeMeHH HeT. IIpoBe,neHHe HOBblX lIOJI.sIpH3aUHOHHbIX OlIblTOB npH BblCOKHX 

.3HeprH.sIX .sIBJI.sIeTC.sI aKTyaJIbHOH 3a,na'tleH:. 

O,nHOClIHHOBa.sI lIOlIepe'tlHa.sI aCHMMeTpH.sI An B HHKJII03HBHOM 06pa30BaHHH a,npOHOB 

H3y'tlaJIaCb <pparMeHTapHO lIpH .3HeprH.sIX OT f"V 12 ,no 200 r.3B B pa3JIH'tIHbIX 06JIaCT5IX 

XF H PT. B .3TH HCCJIe,nOBaHH5I BHeCJIH 3aMeTHblH: BKJIa,n H .3KCnepHMeHTbI, BblnOJIHeHHble 

B HB<t>3 Ha Y-70. Pe3YJIbTaTbI lIOXa3b1BaIOT, 'tITO lIapaMeTp An MO)KeT ,nOCTHraTb 

(10-30)%. 

HMelOm;HeC.sI pe3YJIbTaTbI lIO aCHMMeTpHH 7r
0

_ H 7r+-Me30HOB no,n 90° B C.U.M. B 

~..	 06JIaCTH .3HeprHH: 13-40 r.3B YKa3b1BaIOT Ha B03MO)KHYIO MacillTa6HylO HHBapHaHTHOCTb 

An B lIepeMeHHOH ZT. HeJIb3.sI HCKJIIO'tIHTb H CXeHJIHHr lIO ,npyrOH:, Tax Ha3b1BaeMOH: 

pa,nHaJIbHOH, nepeMeHHOH ZR = (X;' + :rJ. )1/2. 'uJI.sI H3y'tleHHK .3TOro .sIBJIeHH.sI Heo6xo,nHMbI 

3KcrrepIIMeHTaJIbHDIe IICCJIe,ll;OBaHII.sI B 60JIbllieM 3HepreTII'tIeCKOM IIHTepBaJIe II llillpoxoi 

06JIaCTH lIO XF H PT. 
B ,naHHOM .3KCnepHMeHTe lIpe,nJIaraeTC.sI rrpOBeCTH H3MepeHH.sI O,nHOClIHHOBOH aCHMMe

TpHH B HHKJII03HBHOM 06pa30BaHHH 7r°-Me30HOB Ha lIOJI.sIpH30BaHHoH MHilleHH lIpH ,nByX 

.3HeprH.sIX lIy'tlXOB - 40 r.3B ,nJI.sI 7r- -Me30HOB H 70 r.3B ,nJI.sI npOTOHOB B KHHeMaTH'tIeCKOH 

06JIaCTH XF ~ 0 H PT ,no 3 r.3B/c. 
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1. 3KcnepHMeHTaJIhHhIe pe3YJIhTaThI no HCCJIe,llUBaHHIO An 

Cym;ecTByIOT ,nBa cnoco6a H3MepeHH.sI aCHMMeTpHH An B npOTOH- npOTOHHbIX 3Kcne

pHMeHTax C <pHKCHpOBaHHOH MHIIIeHbIO: 

1) nonepe-qHo-nOJI.SlpH30BaHHbIH ny-qOK npOTOHOB B3aHMo,neHcTByeT C BO,nOpO,nHOH MH-

IIIeHbIO; 
(( 6 " 62) nonepe-qHo-nOJI.sIpH30BaHHa.sI BO,nopo,nHa.sI MHIIIeHb 0 JIy-qaeTC.sI ny'tJKOM 0 bI-qHbIX, 

HenOJI.sIpH30BaHHbIX npOTOHOB. 

B 060HX cnoco6ax C nOMOmbIO ,neTeKTopa onpe,neJI.sIeTC.sI HOpMHpOBaHHa.sI pa3HOCTb 

ce'tJeHHH HHKJII03HBHOro 06pa30BaHH.sI -qaCTHIJ;:bI npH ,nByX 3HaKax nOJI.sIpH3aUHH. O'tJe

BH,nHO, 'tJTO C TO-qKH 3peHH.sI nOJIy-qaeMOH HH<popMaUHH o6a MeTo,na 3KBHBaJIeHTHbI. 

IIpeHMymecTBoM nepBoro MeTo,na .sIBJI.sIeTC.sI -qHCTOTa nOJI.sIpH30BaHHoro ny-qKa. Xo

T.sI H3MepeHH.sI C nOJI.sIpH30BaHHoH MHIIIeHbIO H HMeIOT TOT He,nOCTaTOK, 'tJTO Tpe6yeTC.sI 

BBO,nHTb nOnpaBKH, CB.sI3aHHble C COCTaBOM CaMOH MHIIIeHH, ,naHHbIH MeTO,n HMeeT He

KOTOpOe npeHMymecTBo Ha,n nOJI.sIpH30BaHHbIM ny-qKOM: 3,neCb MO)l(HO MeH.sITb COCTaB 

na,naIOm;erO Ha MHIIIeHb ny'tJKa C npOTOHOB Ha 7r-, K -Me30HbI H ,npyrHe -qaCTHUbI. 

1.1.� naHHLIe no aCHMMeTpHH B OOJIaCTH .pparMeHTaUHH nyQKOB� 

nOJIJlpH30BaHHLIx npoToHoB� 

HaH60JIee To-qHbIe ,naHHble no An rrOJIy'tJeHbI Ha rrOJI.sIpH30BaHHbIX ny-qKax npOTOHOB. 

PaCCMOTpHM OCHoBHbIe'·l3aKOHoMepHOCTH nOBe,neHH.sI aCHMMeTpHH 3ap.sI)I(eHHbIX nHOHOB 

no pe3YJIbTaTaM HeCKOJIbKHX 3KcnepHMeHTOB, BblnOJIHeHHbIX B HHTepBaJIe 3HeprHH 10

200 r3B. 

1. 3KcnepHMeHT B AproHHe BblnOJIHeH rrpH 3HeprHH 11,75 r3B [1]. Ha pHc.1a 

rrpe,nCTaBJieHa An ,nJI.sI 7r+ -Me30HOB B 3aBHCHMOCTH OT XF. ECJIH B 06JIaCTH XF < 0, 7 An 
Mana (::; 10%) H cJIa60 3aBHCHT OT XF, TO, Ha'tJHHa.sI C XF = 0,7, aCHMMeTpH.sI paCTeT 

H ,nOXO,nHT ,no 40% (rrpH XF ~ 0,85). Te )l(e 3aKOHOMepHOCTH Ha6JIIO,naIOTC.sI H ,nJI.sI 7r-

Me30HOB (CM. pHC. 16). OTJIH-qHe TOJIbKO B TOM, -qTO rrpH 60JIbIIIHX XF An (7r-) HMeeT 

3HaK, npOTHBOnOJIO)l(HbIH An (7r+). Ha6JIIO,naeTC.sI CJIO)l(Ha.sI U-3aBHCHMOCTb aCHMMeTpHH 

B 06JIaCTH 60JIbIIIHX XF (~M. pHc.16,r). 

2. 3KcnepHMeHT B BE:JI BblnOJIHeH npH ,nByX 3HeprH.sIX - 13,3 H 18,5 r3B [2]. 

R3MepeHH.sI npOBo,nHJIHCb B 06JIaCTH PT < 2 r3B/c H npH He60JIbIIIHX XF (0,08-0,38). 
PT-3aBHCHMOCTb aCHMMeTpHH rrpe,nCTaBJIeHa Ha pHc.2. IlJI.sI 7r+-Me30HOB Ha6JIIO,naeTC.sI 

JIHHeHHbIH POCT An Ha'tJHHa.sI C PT ~ 1 r3B / c, H OHa ,nOXo,nHT ,no (25-30)%. ACHMMeTpH.sI 

,nJI.sI� 7r- -Me30HOB - no"tJTH HyJIeBa.sI. 

An ,nJI.sI 7r+-Me30HOB rrpH 13,3 r3B/c npe,nCTaBJIeHa Ha pHc.3a B 3aBHCHMOCTH OT PT 

npH <pHKCHpOBaHHbIX 3~a"tJeHH.sIX XF. KaK BH,nHO, KaKa.sI-JIH6o xF-3aBHCHMOCTb He Ha6JIIO

,naeTC.sI. BOJIee Toro, ,naHHbIe rrpH ,nByX 3HeprH.sIX, rrpe,nCTaBJIeHHble B XT-nepeMeHHOH, 

HMeIOT TaKOH )l(e MaCIIITa6HO-HHBapHaHTHbIH xapaKTep (pHc.36), npaB,na, ,nJI.sI o-qeHb 

Y3Koro 3HepreTH-qeCKoro HHTepBaJIa. 
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3. 3KcrrepHMeHT BO <t>HAJI rrpH ~~HeprHH
 

200 r3B [3J H xF=0,2-0,9 BhIrrOJIHeH COTpy,nHH-qe�
0.4 

CTBOM E-704. 3aBHCHMOCTh An OT XF ,nJIjI 7("+-, 7("-

H 7("°-Me30HOB rrpe,nCTaBJIeHa Ha pHcA. ACHMMeTpHjI 

,nJIjI 7("+ OCTaeTCjI HyJIeBOH B HHTepBaJIe °< X ::; 0,3, 
0.2 

3aTeM paCTeT H ,nOCTHraeT +30% rrpH X = 0,9. ACHM�

MeTpHH An (7("+) H An (7("-) rrpaKTH-qeCKH 3epKaJIhHO� 

CHMMeTpH-qHhI. KaK BH,nHO H3 3THX ,naHHbIX, rrOBe� o
,neHHe An ( 7("0) rro,no6HO 7("+ H COCTaBJIjIeT rrpHMepHO� 

rrOJIOBHHy OT An(7(" + ) .� 

TaKHM 06pa30M, BO Bcex rrepe-qHCJIeHHhIX 3KC�

-0.2rrepHMeHTax Ha6JIIO,naJIaCh 3aMeTHajI aCHMMeTpHjI B 

06JIaCTH <pparMeHTa:U:HH rrOJIjIpH30BaHHoro rry-qKa rrpH 

3HeprHjIX OT I"V 12 ,no 200 r3B. H3-3a TO:>K):(eCTBeH

-0.4HOCTH Ha-qaJIhHbIX -qaCTHU TO-qHO TaKHe :>Ke 3<p<peK

1.'bI aCHMMeTpHH ,nOJI:>KHbI Ha6JIIO,naThCjI H B 06JIaCTH 

<p.I')arMeHTaUHH rrOJIjIpH30BaHHbIX rrpOTOHOB MHIlIeHH o 0.2 0.4 0.6 0.8 
B COOTBeTcTByIOm;HX KHHeMaTH-qeCKHX 06JIaCTjIX XF H 

XF
PT. O,nHaKO TaKHX ,naHHbIX HeT. IIpe,nJIaraeMhIH HaMH 

PHc.4. An OT XF ):(JI.sI 7("+ H 
orrbIT jIBJIjIeTCjI rrepBbIM rrOJIjIpH3aUHOHHbIM 3KCrrepH

7(" -, rrpOHHTerpHpOBaHHa.sI 
MeHTOM rrpH BbICOKHX 3HeprHjIX B 3TOH KHHeMaTH-qe

rro PT B HHTepBaJIe PT 
CKOH 06JIaCTH. = 0,7-2,0 r3B / c. 3):(ecI. 

)l{e rrOKa3aHa An ):(JI.sI 7r 0 
_ 

Me30HOB [3]. 

1.2. ,UaHHbIe no aCHMMeTpHH B n;eHTpaJIbHOH 06JIaCTH, B6JIH3H 90° B C.n;.M. 

1. H3MepeHHjI aCHMMeTpHH 3apjI:>KeHHhIX -qaCTH:U: B 06JIaCTH, 6JIH3KOH K 90° B c.:u:.M., 

6bIJIH rrpOBe,neHbI Ha <t>O,IIC-2 (H<t>B3) C rrOJIjIpH30BaHHhIMH rrpOTOHaMH rrpH 3HeprHH 

40 r3B [4]. Ha pHc.Sa rrpe,nCTaBJIeHa An ,nJIjI 7("+ -Me30HOB: Ha6JIIO,naeTCjI JIHHeRHhIR POCT 

C XT OT -10% ,no +20% B H3MepeHHOM HHTepBaJIe PT = 0,7-3,4 r3B/c. ,IIJIjI cpaBHeHHjI 

3,neCh :>Ke rrpHBe,neHbI ,naHHble [2] rrpH 13,3 H 18,5 r3B / C C XF < 0, 18. KaK BH,nHO 

H3 pHc.Sa, ,naHHhIe rro aCHMMeTpHH ,nJIjI 71"+ -Me30HOB He rrpOTHBope-qaT MaCIlITa6HOH 

HHBapHaHTHOCTH B XT-rrpe,nCTaBJIeHHH B HHTepBaJIe 3HeprHH 13-40 r3B. Ha pHc.S6 

rrpe,nCTaBJIeHa aCHMMeTpHjI ,nJIjI 7("- -Me30HOB. 

l� H3 ,naHHblX [4] HHTepeCHO oueHHTh aCHMMeTpHIO 7("°-Me30HOB. B paMKax rrapToHHoR 

Mo,neJIH TaKOR oueHKoR .sIBJIjIeTC.sI cpe,nHjIjI aCHMMeTpHjI 7("+- H 7("- -Me30HOB C BecaMH, 

rrporrop:U:HOHaJIhHbIMH HX ce-qeHH.sIM pO:>K,neHHjI. Pe3YJIhTaT BbI-qHCJIeHHH An ( 7("0) rrpHBe,neH 

B HH:>KHeH -qacTH pHc.5. KaK BH,Zl;HO, rrpH 40 r3B MaKCHMaJII.Ha.sI aCHMMeTpH.sI 7("°-Me30HOB 

COCTaBJIjIeT OKOJIO 10%. KpoMe Toro, rrOBe,neHHe An ( 7("0) rro,no6Ho aCHMMeTpHH ,nJI.sI 7r+

Me30HOB H COCTaBJIjIeT rrpHMepHO rrOJIOBHHy OT Hee. C y-qeTOM Toro, -qTO TaKoR :>Ke 

BhIBO,Zl; 6bIJI c,neJIaH H B 06JIaCTH <pparMeHTa:U;HH rry-qKOB H3 ,naHHLIX [3], MO:>KHO BbIBeCTH 

06m;HR rrpaKTH-qecKHH peuerrT ,nJI.sI oueHOK aCHMMeTpHH 7r°-Me30HOB - aHa COCTaBJI.sIeT 

rrpHMepHO 1/2·An ( 7r+). 
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CTII IIpIl 3HeprHH 40 r3B [4]. 
B HH)l{HeH 'tIaCTII - O)l{H,llae

Ma.sI ou;eHKa aCHMMeTpHH 1r0
_ 

Me30HOB, nOJIY'tIeHHa.sI ycpe.ll

HeHHeM� An .llJI.sI 1r+ II 1r

·0.4 0.5 0.9 1 ( CM. TeKCT). 

Xr 
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I 

2. Ha yCTaHoBKe IIP03A 1,5 2 2,5 
(HepB3) 6bIJIa H3MepeHa aCHM-

MeTpHj£ pOJK.n;eHHj£ 7r°-Me30HOB Ha A,o;o 
40 r3B 7r--rrYllKe [5] (CM.pHC.7, CBe +o 
TJIbIe KPYJKOllKH). Ha6JIIO.n;aeTCj£ JIH

HeHHbIH POCT An C PT (no MO.n;y-

JIIO), .n;oxo.n;j£IIl;~ .n;o 30% rrpH -20f"V 

PT ~ 2,5-3 r3B / c. CpaBHHBaj£ 3TH 
...
"-,:''''

pe3YJI:bTaTbI C On;eHKaMH aCHMMe- -40 
TpHH pOJK,ZJ;eHHj£· 7r0 

- Me30HOB B PP
B3aHMo.n;eHcTBHj£X [4], c.n;eJIaHH:bIMH 

-60 
BbIIIIe, MO)l(HO O)l(H.n;aT:b, liTO 34>4>eKT� 

aCHMMeTpHH B 7r-Pi BbIIIIe B .n;Ba pa

3a.� 

3. H3MepeHHj£ An .n;JIj£ 7r°-Me30HOB PHC. 7. H3MepeHHaj£ aCHMMeTpHj£ OT PT B HHKJl103HB

61,IJIH BbInOJIHeHbI COTpy,nHHlIeCTBOM HOM 06pa30BaHHH 7r°-Me30HOB C 1Zp I:::; 0,2 
E- ,904 BO epHAJI rrpH 3HeprHH IIpH 40 r3B / C [5] B peaKUHJIX: 7r-Pr - CBe

200 f3B [6]. Pe3YJI:bTaT 3KcrrepHMeH- TJThIe KpY:>KOllKH; 7r- dr - TeMHbIe KpY:>KO"t{-

Ta -- aCHMMeTpHj£ B pO)l(,neHHH 7r 0 
- KH. 

Me30HOB B n;eHTpaJI:bHOH 06JIaCTH paBHa 0 B HHTepBaJIe PT = 1-3 r3B / c. ECJIH )l(e 

HCXO,lJ,HT:b H3 Toro, "t{TO aCHMMeTpHj£ Be.n;eT ce6j£ MaclliTa6Ho-HHBapHaHTHbIM o6pa30M 

OT ZT, TO cpaBHeHHe C 3KcrrepHMeHTaMH rrpH 60JIee HH3KHX 3HeprHj£X rOBopHT 0 TOM, liTO 

HeHyJIeBaj£ aCHMMeTpHj£ rrpH 200 r3B .n;OJI)I(Ha 6bIJIa nOj£BHT:bCj£ B 06JIaCTH PT ~ 4 r3B / c. 

K CO)l(aJIeHHIO, B E-704 3Ta 06JIaCT:b 6bIJIa CTaTHCTHlIeCKH He 06ecnelleHa. KOHKpeTHoro 

BbIBo.n;a 0 HaJIHlIHH HJIH, Hao6opOT, OTCyTCTBHH aCHMMeTpHH rrpH TaKHX PT c,neJIaT:b 

HeJI:b3j£. 

H3 paCCMOTpeHHj£ 3KcnepHMeHTaJI:bHOH cHTyan;HH no H3MepeHHIO An MOJKHO c.n;eJIaT:b 

CJIe,nyIOIIl;He BbIBO,nbI: 

1. Bce ,D,aHHbIe no aCHMMeTpHH, rrOJIYlleHHbIe npH 3HeprHj£X OT 12 .n;o 200 r3B, He 

npOTHBopelfaT yTBepJK,ZJ;eHHIO 0 TOM, liTO nOJIj£pH3aUHOHHbIe 34>4>eKTbI B 3TOM HHTepBaJIe 

3HeprHH no KpaHHeH Mepe He YMeH:bIIIaIOTCj£. 

2. ACHMMeTpHj£ B o6pa30BaHHH 7r°-Me30HOB nO,ZJ;o6Ha An (7r+) H COCTaBJIj£eT OKOJIO 50% 

OT Hee. COBoKyrrHOCT:b ,naHHbIX no 7r+ - H 7r°-Me30HaM B 06JIaCTH 3HeprHH 13-40 r3B 

YKa3bIBaeT Ha MacIlITa6Ho-HHBapHaHTHoe IIOBe.n;eHHe O,ZJ;HOCIIHHOBOH aCHMMeTpHH. 

2. <l>H3HQeCKHH HHTepec npe,ZJ;JIaraeMhlX HCCJIe,ZJ;OBaHHH An 
r 

J 

2.1. H3MepeHH~ IIpe,ZJ;rrOJIaraeTC~ npoBo,D,HT:b Ha ny"t{Ke rrpOTOHOB (Eo =70 r3B) H 

7r-� -Me30HOB (Eo ==40 r3B): 

P +Pi ~ 7r 
0 + X, (1) 

0 
7r- +Pi ~ 7r +X,� (2) 

B O,ZJ;HHaKOBbIX KHHeMaTHlIeCKHX 06JIaCTj£x: ZF < 0 H PT > 1 r3B / c. 
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IIoMHMO 3THX .n;ByX peaKIJ;HH, 6y.n;yT Ha6HpaTbC~ .n;aHHble H Ha K- -nY"llKe (O.n;

HOBpeMeHHO C peaKIJ;HeH (2)). BapbHpoBaHHe apOMaTOM BaJIeHTHbIX KBapKOB a.n;pOHa, 

"60M6ap.n;HpylOmero" nOJI~pH30BaHHbIH npOTOH, .n;aCT HHepopMaIJ;HIO 06 OTHOCHTeJIbHbIX 

cnHHOBbIX BKJIa.n;ax .n;aHHbIX KBapKOB. HaJIH"lIHe TaKOH B03MO)f(HOCTH ~BJI~eTC~ .n;OCTOHH

CTBOM 3KcnepHMeHTOB, r.n;e H3Y"llaeTC~ CTpyKTypa npOTOHa. YMecTHo OTMeTHTb, "liTO, 

KpOMe 7["°-Me30HOB, HCnOJIb3yeMbIH KaJIOpHMeTp 6y.n;eT O.n;HOBpeMeHHO .n;eTeKTHpOBaTb H 

11-Me30HbI. 

2.2. B 06JIaCTH epparMeHTaIJ;HH npOTOHOB nOJI~pH30BaHHoHMHIlIeHH H3MepeHH~ paHee 

He npoBo.n;HJIHCb. 

2.3. IIoBe.n;eHHe aCHMMeTpHH An .n;JI~ 7["+ -Me30HOB, H3y"lleHHoH B Y3KOM HHTepBaJIe 

3HeprHH 13-40 r3B, He npOTHBOpe"llHT XT-CKeHJIHHry. HMeIOTC~ 3KcnepHMeHTaJIbHbIe 

YKa3aHH~, "liTO B03MO)f(eH H .n;pyroH, a';R-CKeHJIHHr, r.n;e XR = (x.j.+X})1/2. HcCJIe.n;OBa

HH~ B 60JIbIlIeM .n;Hana30He 3HeprHH n03BOJI~T yCTaHoBHTb 60JIee Ha.n;e)f(HO B03MO)f(HOe 

MaCIlITa6HO-HHBapHaHTHoe nOBe.n;eHHe aCHMMeTpHH. 

2.4. KaK H3BeCTHO, )f(eCTKHe B3aHMo.n;eHcTBH~ onHCbIBaIOTC~ nepTyp6aTHBHoH KX,U 

(IIKX,U). Ho IIKX,U, npHMeHHMa~ B 06JIaCTH 60JIbIlIHX PT H aCHMnTOTH"lIeCKHX 3HeprH:U, 

npe.n;CKa3bIBaeT HyJIeBbIe o.n;HocnHHOBbIe 3epepeKTbI B CHJIy coxpaHeHH~ CnHpaJIbHOCTH BO 

B3aHMo.n;eHcTBH~X BeKTopHoro THna. KaK 6bIJIO YKa3aHO BbIllie (cM.pa3.n;.1), 3Ha"lle~iH~ 

An, H3MepeHHbIe npH OTHOCHTeJIbHO He60JIbIlIHX PT, COCTaBJI~IOT (10-20)%. 5ICHO, "liTO 

B H3MepeHHbIX 06JIaCT~X 3HeprHH IIKX,U HenpHMeHHMa, H npH TaKHX 3Ha"lleHH~X HOne

pe"llHbIX HMnyJIbCOB CymeCTBeHHa T.H. "M~rKa~" .n;HHaMHKa B3aHMO.n;eHCTBHH. II03TOMY 

K Cepe.n;HHe 80-x rO.n;OB 6bIJIH npe.n;JIO)f(eHbI pa3JIH"lIHbIe MO.n;eJIH C y"lleToM CnHHOBOH 3aBH

CHMOCTH B p0)f(.n;eHHH KBapKOB H .n;HKBapKOB, Ka"lleCTBeHHO 06'b~CH~lOmHe Ha6JIIO.n;aeMbIe 

3epepeKTbI - O.n;HOCnHHoBylO aCHMMeTpHIO H/HJIH nOJI~pH3aIJ;HIO rHnepOHOB. 

IIpe.n;JIo)f(eHHbIe MO.n;eJIH OCHOBaHbI HJIH Ha aCHMMeTpHH B PT-paCnpe.n;eJIeHHH napTO

HOB B nOJI~pH30BaHHOM npOTOHe (3epepeKT CHBepca [7]), HJIH Ha aCHMMeTpHH, 3aBHC~meH 

OT cnHHa, B napTOH-napTOHHbIX B3aHMo.n;eHCTBH~X (3epepeKT IIIBe.n;a [8]), HJIH Ha 3aBH

CHMOCTII epyHKIJ;HH <pparMeHTaIJ;HH OT a3HMYTaJIbHOrO yrJIa HcnycKaeMbIX KOHe"llHbIX 

a.n;pOHOB (3epepeKT KOJIJIHH3a [9]). 
C He.n;aBHero BpeMeHH .n;JI~ onHcaHH~ JIeBO-npaBOH aCHMMeTpHH CTaJIH HCnOJIb30BaTb

C~ nOJIyKJIaCCH"lIeCKHe Mo.n;eJIH [10]-[12]' npe.n;JIO)f(eHHbIe .n;JI~ 06'b~CHeHH~ nOJI~pIl3aIJ;HH rH

nepOHOB. B 3KcnepHMeHTe, BbInOJIHeHHOM B CJIAKe, 6bIJIO nOJIy"lleHO, "liTO B npO.n;OJIbHO

nOJI~pH30BaHHbIX npoToHax KBapKH C 60JIbIlIHMH XB (T.e. U-KBapKH) nepeHOC~T cyme

cTBeHHylO .n;OJIIO CnHHa npOTOHa. B napTOHHOH Mo.n;eJIH [10] npe.n;nOJIaraeTC~, "liTO TO )f(e 

caMoe np1:lMeH1:IMO K JIII,IJ;1:IPYIOID:1:IM U-KBapKaM 1:1 B nOnepe'llHO-nOJIj[pH30BaHH:bIX npOTO

Hax. B HeH .n;eJIaeTC~ npe.n;nOJIO)f(eHHe, "liTO U- II d-KBapKH 1:IMelOT npOTHBOnOJIO)f(HylO 

inOJI~pH3aIJ;1:IIO, 'liTO Ka"lleCTBeHHO nO,IJ;TBep)f(.n;aeTC~ B 3KCnep1:lMeHTe. • 
,UpyroH nOJIyKJIaCCH"lIeCKHH MeXaHH3M OCHoBaH Ha CTpyHHOH KapTHHe B3aHMO.n;eH

CTBH~ KBapKOB. B 3TOH Mo.n;eJIH [11] KBapK-aHTHKBapKOBa~ napa 06pa3yeTc~ B Me

CTe pa3pbIBa CTpyHbI B IJ;BeTOBOM nOJIe, B03HHKalOmeM Me)f(.n;y :u;eHTpaJIbHOH "lIaCTbIO, 

r.n;e OCTaeTC~ BaJIeHTHbIH U-KBapK H3 ny"llKa, H npo.n;OJI)f(alOmHM .n;BHraTbC~ KaK IJ;eJIoe 

Ud-.n;HKBapKoM. Po.n;HBIlIa~c~ KBapK-aHTHKBapKOBa~ napa BpamaeTC~ 1:1, CJIe.n;OBaTeJIb

HO, HMeeT Op61:1TaJIbHbIH MOMeHT BpameHH~. O.n;HaKo, nOCKOJIbKY Ha"llaJIbHbIH yrJIOBOH 
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MOMeHT 6lUJI paBeH HyJIIO, ,nJIjI KOMneHCa:U;HH B03HHKaIOw;erO nOCJIe pa3plUBa CTpyHbI 

Op6HTaJIbHOrO MOMeHTa Bpaw;eHHjI L napa ,nOJI)KHa 06JIa,naTb cnHHOM B HanpaBJIeHHH, 

npOTHBOnOJIO)KHOM L. TaKHM 06pa30M, KBapK H aHTHKBapK ,nOJI)KHlU 6bITb nOJIjIpH30

BaHlU, H HanpaBJIeHHe HX nOJIjIpH3a:U;HH CBjI3aHO C HanpaBJIeHHeM L. 
PeJIjITHBHCTCKajI KBapKOBajI Mo,neJIb [12], HCnOJIb3yeM~ ,nJIjI <!>eHoMeHOJIOrH'tJecKoro 

onHCaHHjI cyw;ecTByIOW;HX 3KcnepHMeHTaJIbHlUX ,naHHblX no An H nOJIjIpH3a:U;HH rHnepO

HOB, pa3BHBaeTCjI 6epJIHHCKOH rpynnoH MeHr Ta-qyHra. B03MO)KHOCTb B03HHKHOBeHHjI 

CnHHOBlUX 3<!>4>eKTOB npH ,nBH)KeHHH KBapKOB B XpOMOMarHHTHOM BHemHeM nOJIe 6lUJIa 

paCCMOTpeHa B pa60Te [13]. ITOJIy'tJeHo COOTHomeHHe Me)K,ny HHKJII03HBHbIM ce'tJeHHeM 

H aCHMMeTpHeH (aHaJIOr COOTHOmeHHjI <PepMH). Ha6JIIO,naeTCjI npHeMJIeMOe corJIaCHe C 

3KcnepHMeHTaJIbHblMH ,naHHlUMH... 
ACHMMeTpHjI B pO)K,neHHH a,npOHOB, CBjI3aHHajI C HeHyJIeBlUM yrJIOBlUM MOMeHTOM 

06JIaKa qq-nap, paCCMOTpeHa B paMKax KBapKoBoH Mo,neJIH ,nJIjI U-MaTpH:U;bI [14]. Ha

6JIIO,naeTCjI y,nOBJIeTBOpHTeJIbHOe onHcaHHe Ha6JIIO,naeMoH B pa60Te [5] aCHMMeTpHH. 

He,naBHo B paMKax KXll 6lUJIH c,neJIaHlU npe,nCKa3aHHjI ,nJIjI aCHMMeTpHH B :u;eHTpaJIb

HOH 06JIaCTH ,nJIjI mHpOKoro ,nHana30Ha 3HeprHH [15]. 

BTaK, HHTepnpeTa:U;HjI 3KcnepHMeHTaJIbHlUX pe3YJIbTaTOB BKJIIO'tJaeT B ce6jI pa3HlUe 

npe.'l;nOJIO)KeHHjI 0 BHyTpeHHeH cnHHOBOH CTpyKType nonepe'tJHO-nOJIjIpH30BaHHlUX npOTO

HOB. 3TO npHBo,nHT K pa3JIH'tJHlUM 06'bjICHeHHjIM Toro, KaK HH<!>0pMa:U;HjI 0 nOJIjIpH3a:U;HH 

npOT,)Ha nepe,naeTCjI B npon;ecce o6pa30BaHHjI a,npoHa. TaKHM o6pa30M, ,nHHaMHKa B03

HHKHOBeHHjI cnHHOBlUX 3<!><!>eKToB OCTaeTCjI nO-npe)KHeMy HejICHOH, H npoBe,neHHe HOBlUX 

nOJIjIpH3a:U;HoHHblX onlUTOB npH BlUCOKHX 3HeprHjIX jIBJIjIeTCjI HHTepecHoH H aKTyaJIbHOH 

3a,na'tJeH. 

3. IIocTaHoBKa 3KcnepHMeHTa 

no HCCJIe,ZJ;OBaHHIO o,ZJ;HocnHHoBoH aCHMMeTpHH 

UeJIbIO npe,nJIaraeMOro 3KcnepHMeHTa jIBJIjIeTCjI HCCJIe,nOBaHHe o,nHocnHHOBOH aCHMMe

TpHH B HHKJII03HBHOM o6pa30BaHHH 1r
0 

- Me30HOB Ha BO,nOpO,nHOH nOJIjIpH30BaHHoH MHmeHH 

npH ,nByX 3HeprHjIX -- 40 H 70 r3B. 

ITPH 3HeprHH 40 r3B HCnOJIb3yeTCjI BTOPH"tIHlUH 1r- -Me30HHlUH ny'tJOK B KaHaJIe NQI4, 

r,ne 6y,neT pa3Mew;eHa yCTaHoBKa ITP03A-2, a npH 3HeprHH 70 r3B -- npoToHHlUH 

ny'tJOK, BlUBe,neHHlUH H3 yCKopHTeJIjI C nOMOW;bIO H30rHyToro MOHOKpHCTaJIa KpeMHHjI, 

pa3Mew;eHHoro B BaKyyMHoH KaMepe Y-70. 3Ta MeTo,nHKa Ha,ne)KHO pa60TaeT Ha KaHa

JIe NQ14 C 1989 r. [16]. 

" ITpoBe,neHHe H3MepeHHH aCHMMeTpHH B HHKJII03HBHOM o6pa30BaHHH 1r°-Me30HOB B 

06JIaCTH <!>parMeHTan;HH npOTOHOB nOJIjIpH30BaHHoH MHmeHH (XF ::; 0) C pa3HlUMH Cop

TaMH 'tIRCTHn; ny'tJKa jIBJIjIeTCjI OTJIH'tIHTeJIbHOH 'tIepTOH ,nRHHoro 3KcnepHMeHTa. H3-3R 

Tpe60BaHHjI peaJIbHOCTH npe,nJIaraeMOro 3KcnepHMeHTa MlU nOCTapaJIHCb CBeCTH K MH

HHMyMy <!>HHaHcoBlUe 3RTpaTlU Ha no,nrOToBKy yCTaHoBKH ITP03A-2. 
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3.1. 3KcnepHMeHTanhHaJI yCTauoBKa 

3KcrrepHMeHTaJIbHa~ yCTaHoBKa ITP03A-2, rr03BOJI~IOma~ ocymecTBHTb o6cY:>K,ll;ae

MbIH 3KcrrepHMeHT, rrpe,ll;CTaBJIeHa cxeMaTH"tJeCKH Ha pHc.8. B yCTaHoBKy BXO,ll;~T TpH 

cymecTBeHHbIx Y3JIa: 

1) rry"tJKOB~ arrrrapaTypa; 

2) rroJI~pli30BaHHa~ rrpOTOHHa~ MHIIIeHb; 

3) ,ll;eTeKTOp ,ll;JI~ perHCTpanHH 7r°-Me30HOB. 

~cnn M2 

n3M 

_n_y~_o,.:_ .~~El,~2.Cii;2:c.lfI~.~.~(tIr2'KEfm::Z=";';;;
 
----~,--- 52 ~: 3� 

A. 

PHC. 8. CxeMa 3KCrrepHMeHTaJIbHOH yCTaHoBKH IlP03A-2: 01, 02, 03 - rroporoBbIe "tJf_'PeH

KOBCKHe C"tJeT"tIHKH; Sl, S2, S3 - TpHrrepHbIe ClllffiTHJIJIjfiJlIOHHbIe C"tJeT"tIHKH; ..4.0 

rano C"tJeT"tIHK; rl H r2 - rO,llOCKOIIbI; Il3M - rrOJI~H30BaHHa~ 3aM0p0:>KeHHa~ Ml{

meHb; M - MarHHT MmIIeHH; M2 - MarHHT, pa3MemeHHbIH B 30He yCTaHOBKH (He 

HCrrOJIb3yeTCK); QCIlIl - 3JIeKTpOMarHHTHbIH KanOpHMeTp H3 CBmmOBoro CTeKJIa C 

MaTpmJ:eli 32 X 25 c"tJeT"tIHKOB. 

B rry"tJKoByIO arrrrapaTypy BXO,ll;~T 3arrycKaIOmHe TpHrrepHbIe CnHHTHJIJI~nHOHHbIe 

c"tJeT"tJHKH (81, 82, 83), TpH rroporOBbIX "tJepeHKOBCKHX c"tJeT"tJHKa (01, 02, 03) H ,ll;Ba 

,ll;ByXKoop,ll;HHaTHbIX rO,ll;OCKOrra (f1 H f2). 3Ta arrrrapaTypa Ha,ll;e:>KHO pa60TaeT y:>Ke B 

Te"tJeHHe 60JIee 15-TH JIeT. BOJIee rrO,ll;p06HOe orrHcaHHe rry"tJKOBoro o6opY,ll;OBaHH~ MO:>KHO 

HaHTH B pa60Tax [17], [18]. 

O,ll;HHM H3 OCHOBHbIX Y3JIOB yCTaHoBKH ~BJI~eTC~ rrOJIKpH30BaHHa~ rrpOTOHH~ "3a

MOpO:>KeHHa~" MHIIIeHb (II3M) C ropH30HTaJIbHbIM KpHOCTaTOM [19], pa3MemeHH~ B 

CrrenHaJIbHOM MarHHTe C pa3,ll;BH:>KHbIMH rrOJIIOCaMH (M). ITporraH,ll;HOJI (C3 HaO2 ), ~BJI~

IOmHHC~ pa60"tJHM BemeCTBOM, 3aKJIIO"tJeH B aMrryJIy ,ll;HaMeT:poM 20 MM H ,ll;JIHHOH 200 MM. 

OTHOIIIeHHe "tJHCJIa rrOJIKpH30BaHHbIX rrpOTOHOB BO,ll;opO,ll;a K HerrOJI~pH30BaHHbIM HYKJIO

HaM CJIO:>KHbIX ~,ll;ep COCTaBJI~eT rv 11%. IIepHo,ll;H"tJecKH (06bI"tJHO "tJepe3 ,ll;BOe CyTOK) 

H3Mep~eTC~ BeJIH"tJHHa rrOJI~pH3anHH MHIIIeHH Ha OCHOBe ~,ll;epHO-MarHHTHoro pe30HaHca 

H ocymeCTBJI~eTC~ peBepc rrOJI~pH3anHH 6e3 H3MeHeHH~ HarrpaBJIeHH~ rrOJI~ MarHHTa 

MHIIIeHH, "tJTO YMeHbIIIaeT CHCTeMaTH"tJeCKHe OIIIH6KH 3KcrrepHMeHTa. Cpe,ll;H~~ BeJIH"tJHHa 

rrOJI~pH3anHH MHIIIeHH COCTaBJI~eT 80%. <POHOBbIe H3MepeHH~ rrpOBO,ll;~TC~ C yrJIepO,ll;HOH 

MHIIIeHbIO (6e3BO,ll;op0,ll;HbIM 3KBHBaJIeHTOM, HMeIOmHM reOMeTpH"tJeCKHe pa3MepbI H Bec, 

3KBHBaJIeHTHble OCHOBHOH MHIIIeHH) ,ll;JI~ BbI"tJHTaHH~ C06bITHH Ha Herr.OJI~pH30BaHHbIX 

CJIO:>KHbIX ~,ll;Pax MHIIIeHH. 
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,UJI.SI perHCTpa:U;HH nap I'-KBaHTOB OT pacna,n;a 7r°-Me30HOB 6y,n;eT HCIIOJIL30BaTLC.SI 

3JIeKTpOMarHHTHLIH KaJIOpHMeTp t..ICIIII (CM.pHC.8), COCTO.Slm;HH H3 800 (32 x 25) 'tIe

peHKOBCKHX C'tIeT'tIHKOB-pa,n;HaTopOB H3 CBHH:U;OBoro CTeKJIa T<I>-l pa3MepaMH 38 x 38 x 
450 MM

3 THna r AMC [20]. t..IepeHKoBcKHH CBeT OT 3JIeKTpOMarHHTHLIX JIHBHeH perH

cTpHpyeTc.SI <l>3Y-84 C Top:u;a Ka)f{,n;oro pa,n;HaTopa. 

,UJI.SI onpe,n;eJIeH~.SI MeCTOnOJIO)f{eHH.SI ,n;eTeKTopa H COOTBeTcTByIOm;ero BLI60pa KHHe

MaTH'tIeCKOH 06JIaCTH perHCTpa:U;HH 7r°-Me30HOB no XF H PT 6LIJIH BLInOJIHeHLI paC'tIeTLI 

no onTHMH3a:U;HH reOMeTpH'tIeCKOH 3<p<peKTHBHoCTH. IIpH 3TOM BapLHpOBaJIHCL paCCTO.Sl

HHe L OT :u;eHTpa MHIIIeHH ,n;o ,n;eTeKTopa B npe,n;eJIax OT 1,5 M ,n;o 2,5 M H yrOJI 4J Me)f{,n;y 

HanpaBJIeHHeM ny'tlKa H :u;eHTpOM ,n;eTeKTopa OT 20° ,n;o 40°. 3TH paC'tIeTLI BKJIIO'tIaJIH 

B ce6.S1 TaK)f{e 3<p<peKTHBHoCTL peKoHcTpyK:U;HH 7r°-Me30HoB no pa3pa6oTaHHoMy HaMH 

aJIrOpHTMy [21]. BOJIee no,n;po6HO 3TH paC'tIeTLI npe,n;CTaBJIeHLI B IIpHJIo)f{eHHH. Pe3YJIL

TaTLI no cyMMapHoH 3<p<peKTHBHOCTH ,n;JI.SI peaK:U;HH (1) PP ~ 7r
0 X npH 3HeprHH 70 P3B 

npHBe,n;eHLI Ha pHC.g. 3,n;ecL OHa npe,n;CTaBJIeHa B 3aBHCHMOCTH OT XF npH pa3HLIX pac

CTO.SlHH.SIX L: 1) 1,5 M, 2) 2 M H 3) 2,5 M. 3<p<peKTHBHoCTL, paCC'tIH~aHHa.sr npH yrJIe 

dJ = 30°, npHBe,n;eHa ,n;JI.SI 3Ha'tleHHH PT = 3 r3B / C CnJIOIIIHLIMH JIHHH.SIMH H ,n;JI.SI PT = 
2 r3B / C - nyHKTHpOM. Pe3YJILTaTLI cym;ecTBeHHO He OTJIH'tIaIOTC.SI OT npHBe,n;eHHLIX 

H JJ;JI.SI peaK:U;HH (2) 7r-P ~ 7r
0 X npH 40 r3B. 3TO BH,n;HO H H3 pHc.10, r,n;e nOKa3aHLI 

MaiKCHMaJILHLIe 3Ha'tleHH.SI 3HeprHH (a) H yrJIOB 7r°-Me30HOB B JIa6. CHCTeMe (6) B 3a

BHCHMOCTH OT PT npH <pHKcHpoBaHHLIx 3Ha'tleHH.SIX XF. CnJIOIIIHLIe JIHHHH - ,n;aHHLIe 

,n;JI.SI peaK:U;HH (1) H nYHKTHp - ,n;JI.SI peaK:U;HH (2). B KOHe'tlHOM HTore, 6LIJIH BLI6paHLI 

CJIe,n;yIOm;He 3Ha'tleHH.sI ,n;JI.sI paCCTO.SlHH.SI H yrJIa: L = 2 M H 4J = 30°. 

c, % 

10 

5 

o--------'--_---I.. .......I ....I ...l.

-0.8 -0.6 -0,4 -0,2. o 
XF 

PHC. 9.� IIoJIHaJI 3<p<peKTHBHocTL perHCTpaIUm 7r°-Me30HOB H3 peaKIUm PP --+ 7r0 X IIpH 70 r3B 

KaJIOpHMeTpOM qCIIII B 3aBHCHMOCTH OT Zp .zlJI.sI ,llBYX 3Ha'tle:HHH rrorrepe'tIHoro HMIIYJIb

ca 7r°-Me30HOB: PT=2 r3B/c (rrYHKTHpHbIe1,fummI); PT=3 r3B/c (CIIJIOIIIHhIe JIHHHH) 
IIpH pa3HbIX paCCTO.s:HH.sIX OT KaJIOpHMeTpa ,llO MHIIIeHH: (1) 1,5 M; (2) 2 M; (3) 2,5 M. 
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PHC. 10.� MaKCKMa.JI:bHDIe 3Ha't{eHHB 3HeprHii (a) H yrJIOB (6) 1r°-Me30HOB B JIa6.cHcTeMe B 3aBH

CHMOCTH OT PT IIpH tPHKCHpOBa.lIlffiIX 3Ha't{eHHjJX ZF' CIDIoIIIHLIe JIHHHH - .lIJIB peaKIIllH 

pp --+ 1r0 X, nYHKTHpHI.Ie - .lIIDI1r-P --+ 1r
0 X. 

Ha pHc.11 npe.ncTaBJIeHLI HeCKOJIbKO xapaKTepHLIX pacnpe.neJIeHHH npH BLI6paHHLIX 

3HalleHH.KX L H ¢ TOH xe caMoH reoMeTpHlIecKoH nporpaMMoH C nOJIHOH peKoHcTpyKIJ;HeH 

C06LITHH. 3HalleHHB PT pa3LIrpLIBaJIHCb paBHoMepHo B HHTepBaJIe 1-3,5 r3B/c, a XF 

B HHTepBaJIe OT 0 .no -0,9. KpoMe Toro, HaKJIa.nLIBaJIOCb YCJIOBHe, lITo6LI MHHHMaJIbHaJI 

3HeprH.K raMMa-KBaHTOB OT pacna.na 1r°-Me30HOB 6LIJIa He HHxe 500 M3B. 

BLInOJIHeHHLIe paC'tIeTLI nOKR3LIBaIOT, 'ITO:� 

- 06JIaCTb XF - PT, nepeKpLIBaeMU .neTeKTopOM, .nOCTaTO'tlHO IlIHpOKU (pRc.11.1);� 

- "3aCeJIeHHOCTb" .neTeKTopa B XY-nJIOCKOCTH 1r°-Me30HaMH HMeeT HeCKOJIbKO cne-�

IJ;H<pH't{eCKHH xapaKTep (pHc.11.2); 

- 3HeprHH perHcTpHpyeMLIx .neTeKTopOM 1r°-Me30HOB He npeBLIIlIalOT 11-12 r3B 

(pHc.11.3-4). 

TpHrrep npe.nnOJIaraeTCjI opraHH30BaTb CJIe.n:YlOmHM o6pa30M. TpHrrepoM HyJIeBoro 

ypOBHB jIBJIjIeTCjI Tpa.nHUHOHHLIH Ha yCTaHoBKe IIP03A CHrHaJI 81 82 83 • rIC> 0) . r2(> 0). 
llpH 3TOM nYllKOBaJI 'tIaCTHIJ;a npoxo.nHT 'tIepe3 MHIlIeHb H cpa6aTLIBalOT Bce 'tIeTLI

pe nJIOCKOCTH ro.nOCKonOB. TpHrrep nepBoro ypOBH.K OCHOBaH Ha 6LICTpOM aHaJIOrOBOM 

CHrHaJIe (rv 350 HceK) cyMMapHoro 3HeprOBLI,lJ;eJIeHHjI, 3aperHCTpHpOBaHHoro B· 3JIeK

TpOMarHHTHOM KaJIOpHMeTpe. STOT aHaJIOrOBLIH E-TpHrrep B 3aBHCHMOCTH OT nopora 
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3HallKTeJIbHO "npOpe:>KKBaeT" nOTOK C06:bITKH, HO KMeeT "jitter". llpK aHaJIK3e .n;aHH:bIX 

npKxo.n;KTCg npKMeHgTb 60JIee :>KeCTKKH nopor no E, liTO npKBo.n;KT K KCnOJIb30BaHKIO 

JIKWb He6oJIbWOH .n;OJIK C06:bITKH, 3anKCaHH:bIX Ha JIeHTy. 

5� 25 

4.5� 22.5� 

4 20� 

3.5� 17.5� 

3 15� 

2.5� 121.5� 

2 10� 

1.5� 7.5� 

1 5� 

0.5� 2.5� 

0 0� 
-1 -0.8 -0.6 -0.4 -0.2 0 0 10 20 30 

1.� XFvs. PT 2. XDET vs. YDET 

14� 14 

12� 12 

10� 10 

8� 8 

6� 6 

4� 4 

2� 2 

0 0 
0 10 20 30 0 5 10 15 20 25 

3. XDET vs. E� 4. YDn vs. E 

PKC. 11.� Pacnpe,neneHKg 71'°-Me30HOB K3 peaKrom pp - 71'0 X npK B:bI6paHHOH reOMeTpKK cneK

TpOMeTpa (cM.TeKcT): 1) (XF - PT) -pacnpe.neJIeHKe; 2) "3aceneHHocTb" 71'°-Me30HoB 

B XY -nJIOCKOCTK ,neTeKTopa; 3) 3HepreTKlIeCKoe pacnpe.neJIeHHe no X -nJIOCKOCTK; 

4) TO :>Ke CaMoe no Y -nJIOCKOCTK. 

.llJIg YBeJIHlIeHHg .n;OJIH nOJIe3HOH HHepopMan;HH, 3anHC:bIBaeMOH Ha MarHHTHyIO JIeH

Ty, 6:bIJI� pa3pa6oTaH H BBe.n;eH B CTpOH n;HeppOBOH npon;eccop .n;JIg TpHrrepa BToporo 

ypOBHg. HCnOJIb30BaJICg Cnen;HaJIH3HpOBaHH:bIH KOHTpOJIJIep, n03BOJIgIOIUHH ClIHT:bIBaTb 

HHepopMan;HIO H3 AUll ll-267, B:bIlIKTaTb nbe.n;eCTaJI:bI H npOH3Bo.n;HTb B:bIlIHCJIeHHe CyM

M:bI Eo B3BeWeHH:bIX aMnJIHTy.n; ClIHT:bIBaeMOH HHepopMan;HH. 
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BeJIH'tIHHa Eo B:bI'tIHCJI.sIeTC.sI no <popMyJIe: 

Eo = EiAiCi, 

rlJ.e Ai - 3Ha'tleHHe aMnJIHTYlJ.:bI, Ci - BecoBoH K03<p<PH~HeHT, i - HOMep KaHaJIa. 

B:bI'tIHCJIeHHe BeJIH'tIHH:bI Eo B:bInOJIH.sIJIOC:b BO BpeM.sI C'tIHT:bIBaHH.sI aMnJIHTYlJ. H3 AUII. 

B:bIpa6oTKa pemeHH.sI npOHCXOlJ.HJIa 'tIepe3 200 HC nOCJIe B:bI'tIHT:bIBaHH.sI nOCJIelJ.Hero Ka

HaJIa AUTI. TIPH nOJIO:>KHTeJI:bHOM pemeHHH TpHrrepa HH<popMa~H.sI nepenHC:bIBaJIaC:b B 

6y<pepHYIO naM.sIT:b, npH oTpH~aTeJI:bHOM o6HyJI.sIJIaC:b. TIPH npeB:bImeHHH TpHrrepHo

ro CHrHaJIa HalJ. noporoM HaKJIalJ.:bIBaeTC.sI 3JIeKTpOHHoe BeTO Ha aHaJIH3 CJIelJ.YIOmero 

C06:bITH.sI H npoH3BolJ.HTC.sI C'tIHT:bIBaHHe HH<popMa~HH C lJ.eTeKTOpa B naM.sIT:b. 

CHcTeMa c60pa lJ.aHH:bIX, OCHOBaHHaJI Ha pa3pa6oTaHHoM K HaCTO.sImeMy BpeMeHH 

o6opYlJ.OBaHHH [22]- [25], n03BOJI.sIeT: 

- npOH3BOlJ.HT:b napaJIJIeJI:bHOe C'tIHT:bIBaHHe HH<p0pMa~HH BO Bcex KapKacax C perH

cTpHpyIOmeH 3JIeKTpOHHKOH; 

- HCnOJI:b30BaT:b Cne~HaJI:bH:bIH KaHaJI lJ.JI.sI nepelJ.a'tlH HH<p0pMa~HH H3 MOlJ.YJIeH 3a

nOMHHaIOmux yCTpoHcTB B GBM napaJIJIeJI:bHO co C'tIHT:bIBaHHeM HH<p0pMa~HH; 

- rrpOH3BOlJ.HT:b npelJ.BapHTeJI:bHyIO o6pa6oTKy HH<p0pMa~HH lJ.O 3anHCH B 3anOMHHa

IOmee yCTpoHcTBO (B:bI'tIHTaHHe n:belJ.eCTaJIOB, B:bI'tIHCJIeHHe E HJIH PT). 
MepTBoe BpeM.sI CHCTeM:bI C':beMa I'~H

1400 <popMa~HH COCTaBJI.sIeT 0,35 MC (Bpero..J 

M.sI C'beMa HH<p0pMa~HH C KapKaca AUTI, 

1200� cOlJ.ep:>Kamero 256 KaHaJIOB perHCTpa~HH, 

npH HaJIH'tIHH HH<p0pMa~HH B 20% KaHa

1000 JIOB H BpeMeHH B:bI'tIHCJIeHH.sI E HJIH PT). 
TIpelJ.nOJIaraeTC.sI, 'tITO HH<p0pMa~H.sI 6y

800 
lJ.eT nocTyrraT:b Ha nepCOHaJI:bH:bIHKOM

n:bIOTep PC-486, rlJ.e 6YlJ.eT 3anHC:bIBaT:bC.sI
600 

Ha 8-MM BHlJ.eoMarHHT0<p0H. no Ethernet 

'tIaCT:b HH<p0pMa~HH 6YlJ.eT nocTynaT:b Ha400 
BTOpyIO PC-486 lJ.JI.sI aHaJIH3a "B JIHHHIO". 

K HaCTO.sImeMy BpeMeHH npOBelJ.eHa200 
6oJI:bma.sI MOlJ.epHH3a~H.sI yCTaHOBKH: 

a� a) B Ka'tleCTBe perHcTpHpyIOmeH 3JIeK

100 200 300 TpOHHKH lJ.JI.sI KaJIOpHMeTpa HCnOJI:b30Ba

H:bI 12-6HTH:bIe AUTI Ha 6:bIBmHX COBeT
MASSA, NCEMC=3 CKHX KOMnOHeHTax II-267 Ha 800 KaHa

JIOB, lJ.aIOmHe pa3pemeHHe no 3HeprHH 
PHc.12. MaCCOBIJ:H: cneKTp 1r

0 -Me30HOB no,n 
12 M3B/6HT;90° B C.ll.M. B HHTepBaJIe PT = 1

6) yCTaHOBJIeH KOHTpOJI:b 3a cTa6HJI:b2 r3B / c, nonyqe:ElHlUH KaJIOpHMeTpOM 
HOCT:bIO pa60T:bI CBeTOlJ.HOlJ.OB C TO'tlHOCT:bIOtICIIII B peaK:rnm pp ~ 1r

0 X . 
2 . 10-3 ;� 

B) OTJIa:>KHBaeTC.sI ~H<PPOBOH TpHrrep 2-ro ypOBH.sI;� 

r) OTJIa:>KeH H ycTaHOBJIeH nOJIH:bIH naKeT nporpaMM lJ.JI.sI pa60T:bI "B JIHHHIO" H "BHe 

JIHHHH" lJ.JI.sI aHaJIH3a lJ.aHH:bIX H nOJIy'tleHH.sI <pH3H'tIeCKHX pe3YJI:bTaToB. 
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OCHOBHaK T.JaCTb yCTaHoBKH llP03A-2 y:>Ke oTpa6oTaJIa B BeCeHHeM ceaHce 1996 r. H 

rrOKa3aJIa CBOIO pa6oTocrroco6HoCTb. KaK pe3YJIbTaT 3Toro ceaHca, Ha pHc.12 rrpe,nCTa

BJIeH xapaKTepHblH MaCCOBblH crreKTp 7t"°-Me30HoB, o6pa30BaHHblx rro,n 90° B C·U·M. Ha 

rrpOTOHHOM rryT.JKe C 3HeprHeH 70 r3B. KaK BH,nHO, pa3pelIIeHHe rro Macce COCTaBJIKeT 

12 M3B (rrOJIyIIIHpHHa Ha rrOJIYBblcoTe). 
B 3aKJIIOT.JeHHe CTOHT rro,nT.JepKHyTb, T.JTO O,nHHM H3 OCHOBHblX rrpeHMym;ecTB rrpe,n-

JIaraeMOro 3KcrrepHMeHTa llP03A-2 KBJIKeTCK TO, T.JTO Bce ,neTeKTopbl, 3JIeKTpOHHKa H 

KOMrrbIOTepbl HMeIOTCK B HaJIHT.JHH, T.JTO ,neJIaeT rrOCTaHoBKy 3KcrrepHMeHTa peaJIbHOH B 

yCJIOBHKX cero,nHKIIIHeH TK:>KeJIOH <pHHaHCOBOH cHTyaUHH. 

3.2. Y CJlOBHJI H3MepeHHB H o~eHKH Heooxo,nHMoro BpeMeHH Ha nyqKe 

nJIK oueHKH BpeMeHH pa60Tbl Ha 70 r3B rryT.JKe rrpOTOHOB MbI HCrrOJIb30BaJIH HHBapH

aHTHble CeT.JeHHK B peaKUHH PP ~ 7t"0X KaK pe3YJIbTaT <pHTa, rrpe.n;CTaBJIeHHOrO B pa60Te 

nOHaJIb,nCOH H ,np. [26]. B 3TOM 3KcrrepHMeHTe, rrpOBe,neHHOM BO <pHAJI, H3MepeHHK 6blJIH 

BblrrOJIHeHbl rrpH 100, 200 H 300 r3B. 

BeJIHT.JHHbl CeT.JeHHH ,nJIK peaKUHH (1) rrpH pa3Hblx 3HaT.JeHHKX PT H XF rrpe,ncTaBJIeHbl 

B 'I a6JIHue 1. 

PT, IXFI=O 0,2 0,4 0,6 0,8 

r3B/c 

1 2,9E-28 1,9E-28 6,lE-29 1,lE-29 5,5E-31 

2 8,8E-31 6,2E-31 2,2E-31 3,8E-32 1,lE-33 

3 6,6E-33 5,OE-33 1,7E-33 1,5E-34 7,9E-36 

B Ta6JIHue 2 rrpHBe,neHbl BbIT.JHCJIeHHble CTaTHCTHT.JeCKHe OlIIH6KH H3MepeHHH o,n

HocrrHHoBoH aCHMMeTpHH B peaKUHH PP ~ 7t"0 X 3a 100 CMeH pa60TbI Ha Y-70. PaCT.JeTbl 

BblrrOJIHeHbl rrpH CJIe,nyIOm;Hx rrpe,nrrOJIO:>KeHHKX: ~x = 0, 2, ~PT = 0,2 rrpH PT=l H 

2 r3B / C H ~PT = 0,5 rrpH PT=3 r3B / c. <PaKTop pa36aBJIeHHK MHlIIeHH paBeH 8. Cpe,n

HKK rrOJIKpH3aUHK MHIIIeHH 80%. CeT.JeHHe Ha rrporraH,nHOJIOBOH MHlIIeHH 6blJIO B3KTO 

paBHblM CeT.JeHHIO Ha K,npax yrJIepo,na, KOTopoe, B CBOIO OT.Jepe,nb, rrpe,nrrOJIaraJIOCb B 

A2/3 pa3a 60JIblIIe, T.JeM Ha Bo,nopo,ne (A=12). 3<p<peKTHBHoCTb perHCTpaUHH B 06JIaCTH 

-0,8 < XF S 0 paBHa 7% ,nJIK Bcex PT(CUOM. x Cpe7CoHcmp.). 3<p<peKTHBHoCTb pa60Tbl 

yCKopHTeJIK H yCTaHoBKH B cyMMe COCTaBJIKeT 70%. HHTeHcHBHoCTb rrpOTOHHoro rryT.JKa 
15 • 106 c- H� 400 UHKJIOB Y-70 B T.Jac. O,nHa CMeHa paBHa lIIeCTH T.JaCaM. 

Ta6J1HI.l;a 2.� CTaTHCTlNeCKag onm6Ka aCHMMeTpHH (f' An B % B peaxIlHH PP ~ 1("0 X 
npH 70 r3B/ C (no.n;po6HOCTH paC'tleTOB B TeKcTe) 

PT, IXFI=-0,8 -0,6 -0,4 -0,2 0 

r3B/c 

1 2,4 0,5 0,2 0,1 0,1 

2 54 9,2 3,8 1,4 1,2 

3 - - 27 10 8 
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O:>ICK.n;aeTC.sI, "tITO B peaKD;HH 1r-p ~ 1r
0 X rrpH 40 r3B OIIIH6KH H3MepeHHH 6y.n;yT 

TaKoro :>Ke rrOp.sI.n;Ka. B cpe.n;HeM, CHCTeMa c60pa .n;aHHbIX 6y.n;eT rrpHHHMaTb B 8BM 500 
C06bITHH 3a D;HKJI Y - 70. 

4. COTPY,ll;HHQeCTBO TIP03A-2 

COTpy.n;HH"tIeCTBOM HaKOrrJIeH 60JIbIIIOH orrbIT B rrpOBe.n;eHHH rrOJI.sIpH3aD;HOHHbIX HC

CJIe.n;OBaHHH KaK Ha HallieM yCKopHTeJIe, TaK H 3a py6e:>KOM. B Te"tIeHHe .n;Ba.n;D;aTH 

JIeT BbIrrOJIHeHbI 3KcrrepHMeHTaJIbHbIe rrporpaMMbI rEPA (coBMecTHo C <ppaHD;Y3cKHMH 

<pH3HKaMH) H IIP03A COBMeCTHO C <pH3HKaMH H3 OH5IH H Try. MHorHe "tIJIeHbI co

Tpy.n;HH"tIeCTBa IIP03A-2 y"tIaCTBOBaJIH B 3KcrrepHMeHTe E704 BO <PHAJIe, r.n;e 6bIJIH 

rrpOBe.n;eHbI rrOJI.sIpH3aD;HOHHbIe HCCJIe.n;OBaHH.sI C HCrrOJIb30BaHHeM YHHKaJIbHbIX rrOJI.sIpH

30BaHHbIX rry"tIKOB C 3HeprHeH 200 r3B. B HaCTO.sI:m;ee BpeM.sI MHorHe "tIJIeHbI COTPy.n;

HH"tIeCTBa y"tIaCTByIOT B rro.n;rOTOBKe 3KcrrepHMeHTaJIbHOH rrOJI.sIpH3aD;HoHHoH rrporpaMMbI 

Ha KOJIJIai.n;epe RHIC rrpH 3HeprHH 500 r3B B C.D;.M. HaKOrrJIeHHbIi 3a .n;Ba.n;D;aTb JIeT 

COTpy.n;HH"tIeCTBOM orrbIT .sIBJI.sIeTC.sI Ba:>KHbIM rrpH rro.n;rOTOBKe HOBOH rrOJI.sIpH3aD;HoHHoH 

rrporpaMMbI Ha Y-70. 

IIpe.n;JIaraeTC.sI CJIe.n;yIO:m;ee pacrrpe.n;eJIeHHe 06.sI3aHHOCTeH Me:>K.n;y y"tIaCTHHKaMH co

Tpy.n;HH"tIeCTBa: 

IIy"tIKOBa.sI arrrrapaTypa - o.A.rpa"tIeB, A.II.Me:m;aHHH, A.H.MbICHHK. 

IIOJI.sIpH30BaHHa.sI MHIIIeHb - H.C.BopHCOB, 3.H.BYH.sITOBa, B.<P.BYPHHOB, B.r.KoJIo

MHeD;, A.B.JIa3apeB, B.H.MaTa<poHoB, IO.M.MeJIbHHK, A.B.HeraHoB, IO.A.IIJIHc, 

A.<P.IIpy.n;KOrJI.sI.n;, IO.A.YCOB, C.H.IIIHJIOB, O.H.meBeJIeB, A.E.5IKYTHH. 

3JIeKTpOMarHHTHbIe KaJIOpHMeTpbI - o.A.rpa"tIeB, B.A.KoPMHJIHD;bIH, A.II.Mema-

HHH, A.H.MbICHHK. 

TpHrrepHa.sI H perHcTpHpyIO:m;a.sI 3JIeKTpOHHKa - H.H.BeJIHKOB, 10 .M.rOH"tIapeHKO, 

A.M.llaBH.n;eHKO, C.B.HYPYIIIeB, H.E.MHXaJIHH. 

CHCTeMa c60pa .n;aHHbIX H KOMrrJIeKC rrporpaMM .n;JI.sI o6pa6oTKH "B JIHHHIO" 

B.H.BeJIoYCOB, A.M.llaBH.n;eHKO, M.H.CTpHxaHOB. 

<PH3H"tIeCKHH aHaJIH3 .n;aHHbIX - A.H.BaCHJIbeB, IO.A.MaTYJIeHKO, A.H.IIaBJIHHOB, 

A.E.AH.n;peeBa, A.A.Bor.n;aHOB, B.IO.Ky.n;p.sIBD;eB, B.A.OKOpOKOB, JI.<P.COJIOBbeB, 

K.E.IIIecTepMaHoB. 

5. 3anpamHBaeMoe BpeM.SI HR nyQKe 

llJI.sI BbIrrOJIHeHH.sI rrpe.n;JIaraeMOH <pH3H"tIeCKOii rrporpaMMbI MbI 3arrpaIIIHBaeM: 

1. 60 CMeH yCKopHTeJIbHOrO BpeMeHH Ha KOMrrJIeKcHyIO HacTpoiKy arrrrapaTypbI H 

orrTHMH3aD;HIO yCJIOBHH 3KcrrepHMeHTa (rrpo6HbIi Ha60p CTaTHCTHKH BO BHOBb BbI6paH

Hoi reoMeTpHH). 

2. 120 CMeH Ha Ha60p CTaTHCTHKH C rrpOTOHHbIM rry"tIKOM rrpH 3HeprHH 70 r3B. 

3. 120 CMeH Ha 1r- -Me30Hax rrpH 3HeprHH 40 r3B. 
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3aKHIO'lJeHlle 

K� HaCTOnJJ;eMy BpeMeHH HaKOIIJIeH 3HatIHTeJILHLIH: 3KCIIepHMeHTaJILHbIH: MaTepHaJI 

rro� H3ytIeHHIO O,n;HOCIIHHOBbIX aCHMMeTpHH: B HHKJII03HBHOM 06pa30BaHHH a,n;pOHOB B pp
B3aHMo,n;eicTBHKX, Kor,n;a rrOJIKpH30BaH IIpOTOH rryllKa HJIH rrpOTOH MHIIIeHH. UeJILIO 

,n;aHHoro rrpoeKTa 3KcnepHMeHTa KBJIKeTCK H3YlleHHe HHKJII03HBHOro 06pa30BaHHK 7r
0

_ 

Me30Ha B 06JIaCTH <pparMeHTa:O;HH npOTOHOB rrOJIKpH30BaHHOH MHIIIeHH. HOBH3Ha npoex

Ta - IIpOBe,n;eHHe 3KCIIepHMeHTa B HOBOH KHHeMaTHlIeCKOH 06JIaCTH C pa3HLIMH copTaMH 

a,n;pOHOB nyllKa - p, 7r, K. IIpe,n;JIaraeMbIH OIIbIT rr03BOJIHT Hccne,n;OBaTL MacIIITa6HyIO 

HHBapHaHTHOCTL aCHMMeTpHH, YKa3aHHK Ha KOTOpyIO ,n;aIOT cymecTByIOm;He ,n;aHHbIe npH 

90° B C.:O;.M. IIpeHMym;ecTBoM yCTaHoBKH KBJIKeTCK ee KOMrraKTHOCTL H OTHOCHTeJILHaJI 

,n;eIIIeBH3Ha B OTJIHlIHe, HanpHMep, OT MarHHTHoro cneXTpOMeTpa ,n;JIK H3MepeHHK aCHM

MeTpHH B o6pa30BaHHH 3apK)J(eHHbIX lIaCTH:O; B 06JIaCTH <pparMeHTa:O;HH MHIIIeHH. 

B .llaHHOM rrpoeKTe rrpe,n;JIaraeTCK B TetIeHHe 300 CMeH pa60TbI Ha Y-70 HCCJIe.ll0BaTL 

o,n;HocnHHoByIO aCHMMeTpHIO B HHKJII03HBHOM o6pa30BaHHH 1r°-Me30HOB Ha nOJIKpH30BaH

HOH MHmeHH npH 3HeprHJIX 40 H 70 r3B B 06JIaCTH XF ::; 0 H PT ::; 3 r3B/c~ lleTeKTop, 

IIOJIKpH30BaHHaJI MHmeHL, 3JIeKTpOHHKa, KOMIILIOTepbI H naKeT rrporpaMM .llJIK <pH3H"tIe

CKoro aHaJIH3a .llaHHLIX HMeIOTCK B HaJIHlIHH, liTO .lleJIaeT IIOCTaHoBKy npe.llJIaraeMOro 

3KcrrepHMeHTa peaJILHOH B yCJIOBHKX cero,n;HKmHeH TK)J(eJIOH <pHHaHCOBOH cHTya:O;HH B 
HayKe. 

Pa60Ta nO.ll.llep)J(aHa rpaHTOM P<I><I>I:I (HOMep npoeKTa 97-02-16010). 
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IIPMJIO)l(EHME 

PaCqeTLI 3 ...... eKTHBHoCTH perHCTpa~HH 7r-Me30HOB 

MeTo.n;OM MOHTe-KapJIo 6bIJIa paCC'tIHTaHa 3<p<peKTHBHoCTb perHCTpan;HH 7r°-Me30HOB 
KaJIOpHMeTpOM qCIIII. 

llJIil onpe.n;eJIeHHhIX 3Ha'tleHHH XF H PT B .n;Hana30Hax li.xF H li.PT pa3bIrphIBaJICil 
pacna.n; 7r°-Me30Ha Ha .n;Ba 1'-KBaHTa, KOTopbIe TpaCCHpOBaJIHCb .n;o .n;eTeKTopa. ECJIH 06a 
1'-KBaHTa nOnaJIH BHYTPb .n;eTeKTopa Ha paCCTOilHHH OT rpaHHn; 60JIbIIIe, 'tIeM O.n;HH 
C'tIeT'tIHK, TO .n;aJIbIIIe npHMeHilJIaCb CJIe.n;YIOID;ail npon;e.n;ypa. 3HeprHil Ka)K.n;oro JIHBHil 
pa3hIrphIBaJIaCb OKOJIO CBOHX Ha'tlaJIbHbIX 3Ha'tleHHH B npe.n;eJIax <pJIyKTyan;HH. 3TH npe
.n;eJIbI BbI6HpaJIHCb TaK, 'tIT06:bI y.n;oBJIeTBOpUTb 3KcnepUMeHTaJIbHhIM pa3peIIIeHHilM no 

18� 



3HeprHH H MaCCe. TIPH 3TOM MeHKnHCL KaK cyMMapHaK 3HeprHK, TaK H· 3HeprOBLI,ZJ;eJIe

HHK B OT,nenLH:bIX ci,{eT'tIHKaX. 3aTeM npOH3BO,nHnOCL OIJ;H<ppeHHe HH<pOpMaIJ;HH B WKaJIe 

aHaJIOro-IJ;H<pPOB:bIX npe06pa30BaTeneH TI-267 C nnOTHOCTbIO 12 M3B Ha KaHaJI. KaK 

6LI nonHOCTLIO HMHTHpOBaJIOCL "c:bIpoe" C06:bITHe, nocTynHBwee Ha perHcTpHpyIOmyIO 

3neKTpoHHKy B pa60'tIeM <popMaTe. 

llocne 3Toro no,nKnIO'tIaJICK naKeT nporpaMM peKoHcTpyKIJ;HH [21], KOTOp:bIH 6y,neT 

HcnonL30BaH ,nnK 4>H3H'tIeCKOrO aHaJIH3a B 6y,nym;eM. Ha peKoHcTpyHpoBaHHyIO napy 

"Y-KBaHTOB HaKna,n:bIBaJIHCL OrpaHH'tIeHHjI: 

a) aCHMMeTpHK 3HeprHH Me)l{,ny ,nByMjI nHBHKMH (E1 - E2 )/(E1 +~) < 0,8, r,ne E1 

H E2 - BOCCTaHOBneHH:bIe nporpaMMoH 3HeprHH "Y-KBaHToB; 

6) X2 < 0,1 ,nnK 060HX JIHBHeH, r,ne X2 - KpHTepHH onHcaHHK Ka)l{,noro nHBH.i: 

cpe,nHecTaTHCTH'tIeCKOH <pOpMOH 3J1eKTpOMarHHTHoro JlHBHK; 

., B) HHBapHaHTHa.i: Macca nap:bI "Y-KBaHTOB 6:bIna Me)l{,ny 100 H 175 M3B/c2• 

HaH,neHHaK TaKHM o6pa30M 3<p4>eKTHBHoCTL perHCTpaIJ;HH y'tIHT:bIBaJIa H aKcenTaHC 

KaJIOpHMeTpa H 3<p<peKTHBHoCTL peKoHcTpyKIJ;HH 1r°-Me30HoB. 
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