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Pa6oTa. · Bl:lnOJIHeHa B Jla6opaTopHH H,nepHHX npo6JieM 
06'be,1u-rneHHOI'O HHCTHTYTa H,nepHl:l_X _ HCCJie,noBaHHi1. 

Hay1.rnuA PYKOB0,11.HTeJib! ,llOKTOP !IJH3HKO-MaTeMaTH4eCKHX HayK, 
npogieccop 
KapHayxoB B.A. 

OWHUHaJibHl:le onnoHeHTl:l: ,noKTop WH3HKO-MaTeMaTH4eCKHX HaYK, -
CTapmHH HaY4Hl:lH COTPY,11.HHK 
Il.B.HOMOKOHOB 

Be.llYute~ npe)lnpHHTHe: 

,nOKTOP !IJH3HKO-Ma·reMaTH4eCKHX HayK, 
CTapmHi1 H8Y4HHi1 COTPY.nHHK . ·. . 
B. 3. fOJib,n6epr · 

HHHil> cn6rY,_r.CaHKT-IleTep6ypr. 

ABTOpewepaT pa3OCJiaH "-· _." ____ 1993 r. 

3autHTa · .n11ccepTaUHH COCTOHTCH , "_" ____ 1993 r. Ha 
3ace.naHHH cneuHaJIH3HPOB8HHOI'O- Y4eHoro · COBeTa .U-047.01.03 

·Jla6opaTOPHH fl,nepHl:lX Ilpo6JieM, r.,Uy6Ha, MocKOBCKOi1.o6JiacTH. 

C .n11ccepTau11e.r MOltHO 03H8KOMHTbCH B- 6116JIHOTeKe muu1. 

Y4eHHi1 ceKpeTapb cneu11a.Ji11311poBaHHoro coaeTa 
,11.OK':\'OP WH3HKO-MclTeMaTH4eCKHX HaYK, 
npoitieccop ID.A.EaTycoB 
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OEmAH XAPAKTEPHCTHKA PAEOTH. 
Ai<rryaJJhttocTh nrio6~eMh!. O;n;i1oi1 · H~ aaxHei1mHx 3a.iJ:a4 · ·~Jtepttoi1 
qJH3HKH · Hanrnx ,nHei1 HBJIHeTcH 1,13y4ett11e ypaBHeHHH · · co~TO~HHH 
.H)L8I)HO~ . MaTepHH. ' 'tta1160JI~e HHTepe~HHi1 acne'KT SToi1' . 3B.)(a4H 
CBH38.H C flOnl:lTKaMH OOHapyiHTh' '611rHB.JIH pa3Jil14Hl:lX (lJa3DBHX-

• - ' , I • • I • - ' : - I / • ;,. ~ ' ' . - ' 

nepexo,noB B-H,nepHOM BemecTB~, KOTOPl:le npe,ncKa31:lBaIDTCH PH,11.OM 
. ' . . . . ' • ~ ~ • ! ... ' , .·. ' •. . ~, ' . '. - ·-' '.· ,·, .' ': 

COBpeMeHHl:lX TeopeTW-leCKHX MO.l{eJieH. IlpH HeKOTOPOM ynJIOTHeHHH 
si.npa H TeMnepaType, He . npeiminaiomei1 . ,nBa.ntiaT·H ·MsB,. B03MoieH

1 

~a30Bl:lH:' nepexo,n ltH,nKOCTb-I'a3.·_. 0TM
0

et!~~T-CH :attaJIOrH5'! _, MeJK,ny 
:,-:{,}·;~;,•· •, 1·•-,,~--' · '_,;' _·.·-'.:l, !:.>_,•·-..· .. ·'. ·-.J:;· .,·,~~ .,;,;~.-, .. ·· .. ·,".. 

H,ll,epHoi1 MaTep11e11 H . ra3OM ·BaH..:.,nep--:-BaaJibCa, · nocKOJlbKY 
' • ' • ~ ,f ~-:. :-.. :.) i ':. ;". i" ; . .. : : . ,. .' ~ ; J '' ,. •• -

npHTHJICetrne Mel!C,ny HY.KJIOHaMH . CMeHHeTCH. OTTaJIKHB8HHeM. Ha ·o4eHb 

MaJ111~.'\ P~CCTOHH~5!;~ .. Y.~~BrJH_~e .. 'cocTo~~~H '.
1

~.ne;~.orc}_·'.ie~~~~~~: 
OKa3l:ll3a6TCH BeciiMa' 'rioxoiu1M· · . Ha . TaKOBOe ... ,11.Jlfl ... rasa 

·. :.~: ,. .· . ' ' . . . '. , ~ : ; . :' t: ·. ; . . ' . ..: . :- i ·~ . ._ r:.;,) 

BaH-)1,ep-BaaJibCa, . H ~. COOTBeTCTBeHHO, . B ipa3OBOH .n11arpaMMe: 
._,:> ~~; .· • ·· ·. • t' .• \~;;····· .. ~ ,':•-_. ·.·~."·r, .. ·. •· . :,:; , ' · , ,· .'· .. ·,:;:\, 

HMeIDTCH. OOJiaCTH . lltH.l{KOM, . ra30BOH . ipa31:l H . o6JiaCTb 
• ~~-· ~ ·.;,:. ~ .. f;· :· ; .: ... , . ..···., ·<'•: ~!, /i, 

HeyCTOH4HBOCTH, r,ne. cocymecTBYIDT o6e !1Ja31:l H r,ne H,nepHaH 
~- -, :i .. · __ . ~- ~ ::·. . ;'::. ()~;. ;::.; -~:~::.·. , .... .-,,.' .:. ·,S:'.~:,Jo ·~ ... } .':. ···...,. ;,_ .• : . · .·::; 

CHCTeMa COCTOM,T H3 Ka11eJieK, J!CH.l{KOCTH - (J.}parMeHTOB, OKpyJKeHHl:lX 
1 : · ·; . .:;:.r'· ·; ·, ·•.··in.:.'·.';·.-; ... :•'.- ~ 'fi-~.-~.- :. -· · .. :,f< .. ·•~- ·· ::,,.:, ·· ;:n,·,;.,. · , 

I'830M HYKJIOHOB. CJie,nyeT. rnrn.na Tb, .. 4Tq, ., pa3orpeToe H,11.epttoe, 
BemecT~o: ' _b6pa3y1iomeeci' ::B' ' pe3y~t'.TaTe H.l{IJO-H,nepttorct 
B3aMMci,ne~bT~~~: . < cneKT~ TOP >\mmeHH) , _ noria:ii~eT, B o6~acTt 
H

0

eCTa6H~hHOCTH ' 'tta· CTaiHH / 'pac~HpeHHH, . 'ii •· P~3B8JIHBaeTCH ' C 
SMHCCHei1 6oJibillOI'O .. 4HCJia. HYKJIOHOB H HeCKOJlhKHX !IJparMeHTO~ 
(My~i,;~~par~~HTaUHHY. •"; 'Ta~HM ; o6pa30M~· •, 11cc.iie.noBaHHe. 

O?~~;OB.aH11si __ .. ¢ii:iarM{~T,OB . npoMeJICYT04H?A :·~ace~.- .'tzi3+20\ 1

13 
H,npo-S(l{epHl:lX coy ,napeHHHX B . illHPOKOM ,nHana3oHe: SH~PI'HH 

HBJIHeTCH cpe,nCTBOM. H3Y4eHHH . ypaBHeHHH. COCTOHHHH •. H,nepHoro 
:seme~TBa npH 'TeMnepaType ,· MeH~me '20 MsB . H flJIOTHO~Tix HHllte 
. •. . '•·· - • . ' . . . : • . . • : ··.-;_: I: • ". ; 

HOpMaJibHOH.. · , .. 
,• '•" ,; ; 1' •,/•e,_,• 

Ue,nhJO · 11a60T, . c.ocTaBHBlllHX: .n116cepTaumo ~-· . •· fo~Jia .. pa3pa60Tl\_a , .• 11, 
C03,na·H~e: 4X~YCTaHOBKH .. ' ... .l{JIH ' '.iieTeKTHJ)OBaHHH . : ; ~parMeHTOB 
npoMexyT04HOi Ma,cpu. H -H~MepeHHe . T~KHX: .·xap~KTepHCTHK, ,,K~K 
pacripe.ne~eHH~ : . no MHOlleCTBeH~OCTH .. ~P~rMeHTo~,' '. : ~a°CCQBl:l~ 
~~eKTPl:l. ·itiparMeHTOB B !IJYHKUHH .. MHO~ecTBeHHOCTH, .· Kopp~JIHUHH 
~oanai~iom11x . ipparM~~T~B B !IJYHKUH~ . OTHOCHTeJibHOro' YI'Jia 'Mex,ny 
HHM~ ,nJI~ B3aHMo,nei1cT~HH 4il~ ~ Au np11 E/A=3~65 fsB/A~ · · · · 

~m~;;;-;;;J·~~ ., 
'i :-~r,'ll'f_f~"''. J·{;,' tJf,"--'wJ:!lf\f''C.l't.-..-,-'\ 
➔ .. .!.:.,l-.j,,~ih;.:.:,_ ~,.,..,_ . .,Ji.,£t.,u,~-.""-> 
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Ha¥yHa.H H0BH3Ha pa6oT, coqTamrnm11x ,n11ccepTau,1110, 3aKJIIOtiaeTcH 
B cJie,ny10meM: . 
1 _~ CO3,IJ;aHa 4x-ycTaHOBKa "~A3A" . ,IJ;JISI 113yqeH11SI MHOJteCTBeHHOH 

SMl1CCl111 lf)parMeHTOB npoMelKYTOl!HOH MaCCH . B .H,npo-H,nepHHX 

coy,napeH11SIX. OHa COCTOl1T 113 : ,lleTeKTOpa MHO1CeCTBeHHOCTl1 

qiparMeHTOB (rioJIHHH TeJieCHHH yroJI ~3x), n.HTl1 
TeJiecicmoB-cneKTPOMeTpoB qiparMeHTOB ( TeJieCHl:lH · yroJI 
~10-3•4X) ~ 11_CnOJib3YeMl:l~. Ka~. Tp11rrep Cl1C;eMl:l, 11 

n0311l.l,110HH0-4YBCTBl1TeJibHOH nJIOCKO-napaJIJieJibHOH JiaBl1HHOH 
KaMeJ)H (TeJieCHblH yr?JI ~0,25•i). 
2. BnepBble HCCJie,IJ;OBaH CBeTOBl:lXO,!J;; ·. nOJil1KPl1CTaJIJil14eCK11.X 
Cl.l,11HTHJIJIHTOPOB Cs!( Tl) np11 per11cTpau,1111 THJiteJiblX qacT11l.l, C 
pa3Jil14HHMl1 Z 11 SHeprl1HMl1. IloKa3aHO, !!TO 3aBl1Cl1MOCTh 

y,iJ.eJI1>Horo cBeToimxo.na ·. OT sH~prim · 11 3aJrn.na qacT11U. ( OT He .no 
N) TaKaH :ate, KaK ii ,nJIH MoHbKp11cTaJIJia. · · 

3. Pa3pa60TaH MeTo.n, no3BOJIHIOIJtHA l!eTKO 'Bl:l,IJ;eJil1Tb 11CTl1HHl:le 
co6HTl1H H cymecTBeHHO no,naBHT~ qlOH: CJiyqa£1HblX coima,neHl1H ,IJ;JISI 
Cl1rHaJIOB CO cq§T411KOB ,neTeKTOpa MHOJKeCTBeHHOCTl1 Ha 
iBYXMePHOM cneKTpe C Koop,n11HaTaM11 nponopu,110HaJlbHHMl1 

aMnJI11Ty,ne c11rHaJia Ha ero MB.KCl1MyMe 'H aMnJI11Ty,ne CHrHaJia Ha 

ero IPPOHTe. 
4. ·BnepBble noJiyt1eHo pacnpe,neJieH11e · no · MH01tecTBeHHDcT11 
qipa:rMeHTOB ,!J;JIH B3aHMO)leHCTBl1H 4He . + Au np11 E/ A=3, 65 rsB/ A •. 

Cpe,nHee. 3Ha4eH11e MHOllCeCTBeHHOCTl1 qiparMeHTOB npoMelltYTOl!HblX 
~ace. paBHO 5, 3±0 ,'8: . 
5. BnepBble 113MepeHbl MaCCOBl:le cneKTPhl qiparMeHTOB ,!J;Jl.H 4He +' Au 
(,nJIH SHep'r11H' CX.-l!aCTHU. 3,65 r'sB/A) 'np11 pa3~114HblX 

MHOJKeCTBeHHOCTHX. IloKa3aHo, !!TO C, · YBeJIHl!eHHeM 
MHOJl:eCTBeHHOCTH 'cneKTp . c'ymecTBeHHO MeH~eTCH · : .. ·11c11e3aeT 

".neii11TeJibHhlH" n11K; ociraeTCH TOJlbKO SKcnoHeHU,11aJibHO cna·,naKlmee 
pacnpe,neJieH11e · npo.nYKTOB · npou,ecca MYJibT111f)parMeHTau.1111~· 
Pacnpe,neJieH11e · qipa.d.1eHTOB • no Macce ,nJIH B3aHMO,lleHcTBl1H 
4He(3,65 rsB/A) +' Au MOJteT 6HTb KatieCTBeHHO on11caHO 
cTeneHHOH ilJYHKu,11ei1 A~'C ( 'l:=2,6±0,6 ) , !!TO corJiacyeTCH c 
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JJl1TepaTypHHMl1 .naHHblMl1. 
6. BnepBl:le 113MepeHH KOppeJIHl.1,1111 COBnaia10m11x qiparMeHTOB B 
IPYHKU,1111 OTHOCHTeJihHOro yr JJa MeJK,11.y Hl1MH, 4YBCTBl1TeJJhHHe K 
BpeMe·H11 lltl13Hl1 ropHl!ero cneKTaTopa · MHil!eH11. · · 

UpaKTHl!ecKaa · ueirnocTb. · B xo.ne ,naHHOH' pa6oTH · · 11ccJie,noBaH·hl 
xapaKTep11CTl1Kl1 · . Cl.l,11HTl1JIJ!Hl.l,MOHHHX C4eT4l1KOB. C nJJeHOl1Hl:lMl1 

CsI(Tl) 60JihlllOH nJioma.n11 11 KOHi,ttieCKl1M11. CBeTOBo,naMl1. IIpoBe,lleHa 
onT.11Ml13aU,11H C4eTl111KOB ,11.JIH 'noJiy4eHl1H HaHJIYYil!ero paspeil!eHHfl,. 
11cde,11.0BaHa IPYHKU.11.H · oTKJIHKa · · n6JJ11Kp11cTa.iIJI114ecK11x 
Cl.l,HHTv!JIJIHTOPOB Cs I (Tl) npM . perncTpau,v111 THllCeJIHX . 4aCTl1l.l, .. C 

pasJiv1tIHHM11·z vi sHepfoH~m. IloJiytieHHl:le MeTo,11.v14ec1<11e·pe;yJJhTaTH 
6y}i.yT noJie3Hhl . .llPYrHM v!CCJie,noBaTeJIHM H,nepHl:lX npou,eCCOB . C 

sMv1ccv1ei1 ipparMeHTOB. Onuf cos.namui 4'.lt-yc-raHoBKH "~A3A'; 1 MOJKeT 
6HTh vicnOJih30BaH npvi co3,naHl1l1 HOBl:lX npv16opoB''•; C 
4il . .':reoMeTpl1eH. 

Ango6auHH pa6o~N. 0CHOBHl:le pe3yJJ1,TaTH ,11.11ccepTau,v1v1 
npe,ncTaBJIHJJl1Ch vi ,noKJia,ll.l:lBaJil1Ch Ha XXIV Il!KOJJe rio qll13v!Ke 13 
3a1<0naHax (PII) 1989, MeJK,nyHapo,nHoti KOHlf)epeHu,v1v1 no ·qiv1s11Ke 
a,npoHoB 11 H,11.ep B 3aJihu,6ypre (ABCTPv!H) 1992, XXXI 
MeJIC,nyHapo)LHOH '311MHeH· 'KoHlf)epei-!iJ,v111 no H,lJ.epHOH qlv13v!Ke B EopM-110 
01TaJJv!H) 1993, Mex,nyHapo,nHoii Il!KOJJe-c·eMviHape' · no qiv1sv1Ke 

THJICeJil:lX 110HOB B ~y6He (POCCv!H) 1993. 
Ily6.nHKam,rn. Ilo · pe3y JihTa TaM · 11ccJie.n.0BaHv1i1, cocTaBJ1Bil!11x ocHoBy 

,nv1ccepTau,v111, ony6JI11KoBaHo 7 pa6oT. · "3Tvi • pesy JihTa TH noJiytieH_H 
aBTOPOM B nepvio.n 1989-1993 :r. r. • . , \; 

CTIJYKTYDa ·H o6'beM 1mccepTau1111. · .. Jl11ccepTau,110HHa5'1 pa6oTa 
COCTOHT v13 BBe.n.eirnH, YeTl:lpex, r JiaB, 3aKJJ!Ol!eHl1H, 113JJOJlteHa Ha 

84 CTpaHv!U,ax Malllv!HOnvlcHoro TeKCTa:, BKJIIOl!aH 36 P11CYHKOB, 2 
Ta6Jil1l.l,l:l·vl cnv!COK Jll1TepaTYPH.l13 57 Hav!MeHOBaHv!H~ 

CO.llEPJKAHME PAEOTH 
'Bo BBel!eHH11 o6ocHOBaHa 'aKTyaJihHOCTh nocTaBJieHHOH 3a,11.a1.111, 

Cq)OPMY JIHpoBaHa ueJJh . pa60Tl:l, 'OTMe4eHl:l HOBHe noJiy4eHHHe 
pesyJihTaTH vi: np11Bo,11.11TcH KpaTKOe co,nepl!taHvie · .n11ccepTaUlrn. no 
rJiaBaM. 
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B ne:oao0 r.nase H3JIOJKeHH ocHoBHHe onHTHHe 3aKOHOMepHOCTH (no 
JIHTepaTyp~l::lM AaHHHM), noJiy~eHHl::le npH H3y4eHHH 
MYJihTH(lJparMeHTaUHH. 

OTMeqaeTCH, qTQ ceqeHHe o6pa30BaHHH ' (lJparMeHTOB 
npoMeJlyToqHl::lX Mace H3MeHHeTCH C SHeprneH nyqKa xapaKTepHHM 
o6pa30M, npoHBJlHIOll.leMCH B 61::lCTPOM pocTe ceqemrn C YBeJIHqeHHeM 
SHeprHH,H AOCTHl!teHHeM HaCl::lll.leHHH, npH SHeprHHX OKOJIO 10 rsB. 
OTMeqaeTCH TaKJte, qTo, nep~(lJep1.-1qecKHe COYAapeHHH KoppeJIHPYIOT. 
B OCHOBHOM, C MaJIOH MHOllteCTBeHHOCThlO (lJparMeHTOB 
npoMelKyToqHl::lX Mace, a ueHTpaJihHl::le c 6oJihWOH. 

BHe 3aBHCHMOCTH OT THna 6oM6apAHPY!Oll.leH qacTm~u MaccoBo,e 
pacnpeAeJieHHe YAOBJieTBOPHTeJlhHO onHCl::lBaeTCH' CTeneHHl::lM 
3aKOHOM Y(A)=const•A-t, rAe ~apaMeTp 'C npHHHMaeT.MHHHMaJihHOe 
3Ha4eHHe B ToqKe (lJa3oBoro nepexo,n;a. 
3HepreT1,1qecKHe cneKTPll HMelOT THnHqHylO 

MaJil::lX E H3-3a s(lJ(lJeKTa KyJIOHOBCKoro 
sKcnoHeHuHaJihHHH cnaA. 

qJOpMy: no,n;'heM npH 
qapbepa H 3aTeM 

AHaJIH3 STHX 3aKOHOMepHOCTeH 61:lJI HCnOJih30BaH npH 
IPOPMYJIHPOBKe OCHOBHl:lX Tpe6oBaHHH K ycTaHOBKe · "<PA3A", 
C03AaHHOH ,ll;JIH HCCJie,n;oBaHHH MYJihTH(lJparMeHTaUHH Ha nyqKaX 
peJIHTHBHCTCKHX qacTHU. 
B 3aKJIJOqeHHe rJiaBl:l ,n;aHl:l npHMepl:l ycTaHOBOK, pa6oTa!Oll.lHX B 

npHMOH H o6paTHOH reoMeTpHH, npe,n;Ha3HaqeHHl:lX ,ll;JIH H3yqeHHH 
HBJieHHH MY JlhTH(lJparMeHTaUHH.' 
Bo BTO:OOH r.naBe npeACTaBJieHO onHcaHHe .n;eTeKTHPYIDll.lHX CHCTeM 

ycTaHOBKH "it>A3A" pa3pa60TaHHl:lX ,ll;JIH HCCJie,ll;OBaHHH H.n;epHOH 
MYJlhTH(pparMeHTaUHH B H,n;po-H,n;epHl:lX COYAapeHHHX, H on11caHO 
MaTeMaTH4eCKoe o6ecneqeHHe AJIH HaKonJieHHH nocTyna10meH 
HH(pOpMaUHH 11 ee nocJieAYIDll.leH o6pa6oTKH. 

Ha pHc.1 noKa3aH 06ll.lHH BHA ycTaHOBKH "iPA3A", KOTOpaH 
COCTOHT 1,13 AeTeKTOpa MHOXeCTBeHHOCTH (lJparMeHTOB ·(nOJIHl:lH 
TeJieCHl:lH yroJI · ~3•X), nHTH BpeMH-npoJieTHl:lX TeJieCKOnOB ( TOF, 
TeJie;Hl:lH yroJI ~10-30 x), HCnOJih3YeMl:lX KaK TpHrrepCHCTeMl:l, H 
n03HUHOHH0-4YBCTBHTeJlhHOH nJIOCKO-napaJIJieJlhHOH JiaBHHHOH 
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KaMepu (PPAC). KalltAl::lH TOF COCTOHT 1,13 "npo3paqHoro" 
nJIOCKo0.napaJIJieJlhHOro .naBHHHoro cqeTqHKa (_cTciPT' ,n;eTeKTOp) ~ 
noBepXHOCTH0-6apheirnoro' Si (Au):... AE!TeKTopa, ',n;a10mero HH(pOIJM'auifu 

' :' ; ,_: • • \ •. • • ', - • ' • • , : • ' • ••. \, • - • •. , ~ • / ' • • I•' •,: r .. •• a [ ,: • , :-- ; ~•• 

06 SHeprHH 4aCTHUl::l H CTOn-cHrHaJI. KOHCTPYKUHH TeJiecKona 
' OTP~lltaeT 'KOMnpOMHC MelltAY M~C60BllM pa3peweH~eM ( 60Jibinoe '~'iie'JH 
npojJ~~a)' '1,1 nepeKpllTHeM' no 'Te.JleCHOMY ·, yrJiy : ( MaJieHbKO~ ·:,~pk~H 
npoJieTa) • KaJ11,16poBKa MaccoBux cneKTPOB npo·a~'.iii1J1a~1, 
252cf ~HCTOqHHKOM. . . no;yqeHH~e •; OTCID,n;,( M~ccorwe p~§pe'm;H,He 

•_:· :·.<:- \,. ,_.;. __ ·,_ ·. · ::_~:.-<i·>· ,.-,_ .. i--:,:. ~".:,.-.1 ,:,·;.:~L:1._. 
(Jiyqwe 10%) no3BOJIHeT pa3,n;eJIHTh HHAHBH,n;yaJihHl::le Maccl::l,JierKHX 
(lJp~rMeHTOB ' I1pOMelltyT04HllX ,: '' ~acc. : .• TOF 'i16~~~°}1H~T 
H)(eHTHIP11U11POBaTb (lJparMeHTl::l~· no Macce H. onpeAe.iJ~Th Hi 'sH~prn~: 

[ ·, ;, ' .•• ' -. • : I •' ~ ! ' 

t· 

), 

1 
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PHc.J. OQlllHH · BHA- YCTaHOBKl1 :"4iA3A''.. 
- --- • • '· ' ~ - • • '_ ' - < 
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PPAC c pa3MepaMH 30x30cM2 nepeKPHBaeT 6% OT IlOJIHOro 
TeJieCHOro yrJia. IlpocTpaHCTBeHHOe pa3pemeHHe PPAC COCTaBJIHeT 
4MM, 4eMy COOTBeTCTByeT yrJIOBOe pa3pemem1e 1 °. BMecTe C 
IlHThID TeJieCKonaMH STa KaMepa Il03BOJIHeT onpe,neJIHTh 
OTHOCHTeJI_hHYID CKOpOCTI> H OTHOCHTeJibHHH yroJI coana,naIDll.lHX 
ipparMeHTOB. 

.neTeKTOP MHOJKeCTBeHHOCTH ipparMeHTOB CMOHTHPOBaH H3 54 
CUHHTHJIJIHUHOHHHX C4eT4HKOB C nJieH04HblMH CsI( Tl) , 
npe,nHa3Ha4~H ,nJIH perHCTpaQ~H .• (JlparMeHT,OB C Zf~2, onpe,neJiemrn 
HX MHOJKeCTBeHHOCTH H HanpaBJieHHH BHJieTa H3 MHmeHH. EbIJia 
npoae.neHa oueHKa TOJIDJ,HHbl noJiynor JIODJ,eHHH t..112 · co6cTBeHHoro 
CBeTa B CUHHTHJIJIHTOpe. EHJIO noJiyqeHO "-112~(18±2)Mr/cM2

• 3TO 
03Ha qaeT, 4TO TOJIDl,HHa nJieH04HHX CUHHTHJIJIHTOpOB Cs I( Tl) He 
,nOJIXHa cymecTBeHHO npeBHWaTh 20Mr/cM2

• Eb1Jll1 npoae.neHbl 
l13MepeHHH CBeTOBblXO,na noJIHKPl1CTaJIJil14eCKl1X CUHHTHJIJIHTOpOB Ha 
nyqKaX 4He, 6 Li H 14N, ycKopeHHHX Ha· UHKJIOTPOHe HA3 HM. 
H.B.KypqaTOBa. Pe3YJ!bTaTbl xopomo corJiaCYIDTCH C paccqeTaMH Ha 
OCHOBaHHH aKcnepHMeHTaJihHblX ,naH_HblX O CBeTOBblXO,ne 
MOHOKPHCTaJIJia CsI(Tl) ,nJIH 4He, 12c l1 160 • .naHHHe no 
CBeTOBblXO,naM HCil0Jlh30BaJil1Ch ,nJIH paccqeTa S(Jl(JleKTHBHOCTH 
CUHHTHJIJIHTOPOB npH perHcTpauHH - THJlteJiblX qacTHU C pa3Jil14HOH 
SHepr11eA. EHJia l13MepeHa BeJil14HHa B3al1MHOH 3aCBeTKl1 B 
g)OTOYMHOlU1TeJIHX, KO',fopaH COCTaBHJia 1,38• 10..:2 OT aMilJIHTY.nbl 
BCilblfilKH. 
Pa3pa60TKe MaTeMaTHl!ecKoro o6ecne4eHHH no3BOJIHID11.lero pa6oTaTh 
C MHOronapaMeTPOBOH l1Hq!OpMau11ei1 KaK B peJKHMe "on-line" TaK l1 
B peJKHMe "off-line" nocBHll.leH nocJie,nHHH pas,neJI rJiaBbl 2. 
B TDeTne0 rnase npHBe.neHbl pesyJibTaTbl HCCJie,noBaHHH 

TOF-TeJieCKOilOB l1 PPAC Ha IlY4Ke 4He (3,65 fsB/HyK.n) l1 
onpe~eJieHHe SIP(JleKTHBHOCTH l1 ipoHa B .nM<I>~ 

Ebl.n noJiy4eH MaCCOBHH cneKTP qiparMeHTOB, 113 KOToporo 
cJie,nyeT, 4TO Maccoaoe paspemeHHe paBHO 8%. HcnoJihsoaaH11e 
.nayxMepHoro npe,ncTaBJiemrn (JlparMeHTOB .neTeKTHpyeMblX B PPAC B 
KOop,nHHaTaX ~E-cHrHaJI X CKOPOCTh Il03BOJIHeT xopomo pas,neJIHTh 
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qiparMeHTbl npoMelKYT04HHX Mace l1 OCKOJIKH .ne.neHHH , B off ..::line · 
aHaJIH3e.· 
Onpe,neJieHa SqJ(JleKTHBHOCTh per11cirpau1111 . qiparneHTa B .nM<I> Kai< 
IJIYHKUHH z qiparMeHTa. • .. IloJiylieHH Cel!eHHH o6pa30BaHl1H .nerKHi 
qiparMeHTOB ( B OTHOCHTeJihHHX e.nHHHUax) B peaKUHH 
MYJihTHqJparMeHTaUHH B 3aBHCHMOCTH OT A qiparMeHTa. KpoMe Toro, 
onpe,neJieHH CKOPOCTH C48Ta qiparMeHTOB B .nM<I> npH .nayx 
3Ha4eHHHX nopora perHCTpauHH (paBHHX y,nBOeHHOH H yTpOeHHOH 
aMnJIHTy.ne KaJIH6POB04HHX Ct-4aCTHU c SHeprHeH 5,4 MsB). 

HcnOJI130BaJICH ,nByXCTpo60BHH pelKHM npH KO,nHpOBaHHH CHrHaJIOB 
c qJOTOYMHOlKHTe.neA. OCHOBHOH CTpo6 (sa.neplKHBaJICH Ha 1,1MKCeK 
noc.ne TOF TpHrrepa) HCTTOJ!h30BaJICH ,nJIH HHTerpHpOBaHHH CHrHaJia 
Ha ero MaKCHMyMe, B TO BpeMH KaK nepBblH CTpo6 (sa.nepJKHBaJICH 
Ha 0,5MKCeK) ,nJIH HHTerpHpOBaHHH Ha ero·IJIP,OHTe. IIIHPHHa CTpo6a 
60HceK. E1:,1.na c.ne.naHa c.ne.nyromaH npoue,nypa .n.nH oueHKH qioHa B 
,nM<I>. .nBYXMepHblH cneKTP c <I>3Y ( PHC. 2) no Bo pa 4HBaJICH BOKpyr 
Ha4aJia Koop,nHHaT, a 3aTeM c.nBHraJICH BnpaBO TaKHM o6pa30M, 
4T061::l OKHO, COOTBeTCTBYIDll.lee HCTHHHblM co6blTHHM CTaJIO 
napa.n.neJihHO ocH op,nHHaT. Iloc.ne sToro .ne.na.nach npoeKUHH Ha 
OCh X. B pesyJibTaTe STOH npoue,nypbl no.ny4aJIOCh 
SKCnepHMeHTaJibHOe pacnpe.ne.neHHe ,nJIH qlOHa BHe 06.naCTH 
HCTHHHblX co6blTHH. OnHCblBaH no.nytieHHHe ,naHHl::le pacnpe.ne.neHHeM 
raycca, 6blJIO no.nytieHo KOJIH4,eCTBO CJiyliaHHblX COBna.neHHH B OKHe 
OTBe4aromeM HCTHHHblM co6HTHHM, KOTOpoe COCTaBHJIO 3-10%. 
B 4eTBel)TO0 rnaBe IlPHBe.neHbl pesy.nhTaThl SKCnepHMeHTOB c 
ycTaHOBKOH "<l>A3A" npH HCCJie,noBaHHH 4He(3,65 rsB/HYKJI) + Au. 

Ha PHC. 3 npe,ncTaBJieHbl cneKTPH Mace qiparMeHTOB npH pa3HOM 
3Ha4eHHH' accour1aTHBHOH MHOJKeCTBeHHOCTH' B ,nM<I>~ Xopomo BH.nHo 

. HaJIH4He ,neJJHTeJihHOH KOMnoHeHTH B MaCCOBOM cneKTpe npH' · 
OTCYTCTBHH cpa6aTHBaHHH B . .nM<I>. Pacnpe.ne.neHHe .qiparMeHTOB·, 
npoMellty'T04HOH'Macc1:,1·no A COOTBeTCTByeT CTeneHHOMY 3aKOHY A--:'t · 
('t=2,6±0,6). 113Mepe1rn pacnpe.ne.neHHH , ·no MHOlKeCTBeHHOCTi-1' 
qiparMeHTOB. ,nJIH pa3HHX 'noporoB B .nM<I>~ IlOJIY4eHa IPYHKUHH 
OTKJIHKa ,nMtll,' ,4TO ·no3BOJIHJIO c.neJiaTb . nepexo.n OT , H3MepHeMoro 
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pacnpe,n;eJieHHH no 
pacnpe,n;eJieHHID no 
onHCUBaeTCH 3aKOHOM 
<M>=5,3±0,8. Ha 
aKcnepHMeHTaJI1>Horo 

accouHaTHBHOH ,.MHOJlteCTBeHHOCTH K 
MHOJlteCTBeHHOCTH B co6UTHH, KOTOpoe 
IlyaccoHa co cpe.n;HeH MHOJlteCTBeHHOCThID 

PHC.4 npe,n;cTaBJieHO cpaBHeHHe 
pacnpe,n;eJieHHH no accouHaTHBHOH 

E ANO PULSER TR I CCER 

[-OE COINC. TRIGGER 

PHc.2. JBYXMepHue cneKTpU c ~3Y c KOOP,ll;HHaTaMH 
nponopuHoHaJihHUMH aMnJIHTY .ne CY!rHaJia Ha ero MaKCHMYMe H .Ha 
ero $pOHTe. BepXHHH cneKTP COOTBeTCTByeT sanycKaM OT Si(Au)
,n;eTeKTopa ( E-trigger) 1rnY1 sanycKaM OT cBeTo.n;Ho,n;a ( pulser 
trigger). HHEHHH cneKTp.COOTBeTCTByeT sanycKaM OT COBna.n;eHHH 
JiaBHHHoro C4eT4HKa (DE) H Si(Au)-,n;eTeKTopa B TOF-TeJieCKOne •. 
Bu,n;eJieHO OKHO, B KOTOpoe nona,n;aIDT "HCTYIHHUe" co6UTHH. 
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MHOllteCTBeHHOCTH C pac4eTHUMH 3Ha4eHHHMH. B npaBOM BepxHeM 
yrJiy Ha PHC.4 noKa3aHO pacnpe,n;eJieHHe no MHOJlteCTBeHHOCTH B 
co6UTHYI. 

IlpoBe.n;eHU pac4eTU KoppeJIHUHOHHOH ~YHKUHYI: 
R12CM)=const•Y12(M)/Y12Mix<ti.~), r,n;e 
Y12<M) - BUXO,ll; COBna,n;eHHH $parMeHTOB c yrJIOM MMeJ!C,n;y HHMH; 
Y12MiX(ll.~) :-- reHepHpyeTCH nyTeM HCilOJih30BaHHH ~parMeHTOB 1 H 

. . . 2 HS pa3JIYl4HUX co6UTHH. 

HaA,n;eHO, 4TO R12<ti.~) HMeeT MHHHMYM npH ~~~o. Il~KasaHO, 4TO 
a~~eKT no,n;aBJieHHH CKOPOCTH C4eTa .. ,ll;JIH. MaJIUX . OTHOCHTeJibHUX 
yrJioB Mex,n;y HMnYJihcaMH ~parMeHTOB BospacTaeT c YBeJIH4eHHeM 
3apH,ll;OB B3aHMO,ll;eHCTBYIDmHX 4aCTHU. 3TO YKa3UBaeT Ha TO, 4TO 

• • L ,1 < A 

KYJIOHOBCKOe B3aHMo,n;eHCTBY!e B KOHe4HOM COCTOHHYIH MeJIC,n;y 
. , .. ·.· {:-: . 

~parMeHTaMH OTBeTCTBeHHO sa STOT a~weKT. KOJIH4eCTBeHHOe 
OilY!CaHHe' ero Il03BOJIHT oueHHTh BpeMH lll:H3HH H,n;epHoA' CHCTeMU, 
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F:raqment mass AF 

11 + 197Au 
3.65 GeV/nucl. 

0 

PHC.3. CneKTPU Mace $parMeHTOB npH pa3JIH4HUX 
3Ha4eHHHX accouHaTHBHOH MHOXeCTBeHHOCTH onpe,n;eJIHeMOH B jM~. 
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KOTOp0e, nOBH,ll.HMOMY,. "i{e 60.nee 10-21
c. ·HaH,ll.eHO 'I'aKl!Ce, liT0 . 

S~(peKT ', no.n.aB.neHi-ui 'COBna.iieHHH npH MaJIHX yr .nax <yMeHbmaeT'cH ~PM 

HaJIHqHH T0JlbKO ,ll.BYX ipparMeHTOB B co6HTHH. C.ne.n.yeT OlKH,ll.aTh, 

liTO SHeprHH B036Yl!C,ll.eHHH CHCTeMH, ,ll.a!OllJ,eH. 2 [pparMe~Ta·'~a~erHo 

HHEe, . 4eM B c.nyqae pacna.n.a .Ha 60.nblllee tIHc.no qiparMeHTOB~ 

BpeMH·. l!C~13HH npH MeHbllleH 'SHepr~H 'B036YJIC,ll.eHHH 60.nbllle,' .s~~eKT. 

no.n.aB~eHHH co6HTHH . c MaJIHM_H. v.r ~~MM .. Mellt,ll.Y . qiparMeHTaMH -
c.na6ee. . . . , .',,.'o ,,, . ._,,. '.· • , 

• . ' f~ \_ . , ,. '., ' I J \: j ' • ' I •~ •' J • 

B 3aK.mo4em:rn: . KpaTKO C(pOPMYJIHPOBaHH 0CHOBHHe pe3YJlbTaTH, 
no~y4eHHHe 'B. ,ll.HCC~l)TaUHH. : . . . . ' · .• · .. ' ·. ~ '. 

. . ~ ,. ; ; •. \ • • '! '. . • . • ;, . • ' ~ • ; . ' \.' • • ._! . j :~ . " ' 

1. Pa3pa6oTaJia ,H ,,C03,ll.aHa 4x-ycTaHOBKa _"q,A3A", npe.n.Ha3Ha4eHHaH' 

,l(JIH 'HCC~eiio'BaH~H 'npouecca MHOJlteCTBe~Hoi1' SMHCCHH·. ~pan,1e~TOB ,' 

npoM~~yToqHoH MaCCH B H,l(P0-H,ll.epHHX coy .n.ai;eH,HH'x. y CTaH0BKi ·.' 

COCTOHT' H3, ,UMit, - ,n;eTeKTOpa MHOJlt'ecT'BeHHOCTH
1 

.. rpparMeHT0B~ 5 ' 
To'F-cne~TPOMeTpOB qiparMeHTOB - Tp11f~epo; 'ycTci.HOB~ii' ". PPAC. 

,UMit, COCTaBJleH H3 53 CUHHTHJIJIHUHOHHHX C4eTqHKOB C n.neHoqHHMH 

:II .., 
'i'' 

to' 
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I I 

• I . -:~·-, -- ., 
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- ~ Primary multip!icity 
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mul~iplicity 

. , ,· ,.. Pl-ic. 4~ CpaBHeHtte ·sKCnepHMeH;aJJhHOI'0 pacnpe.n.e.neHHH 

no accouHaT~BH0H MHO~eCTBeHHOCTH c pacl!eTH,HMH · 3HatieHHHtiH • 
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nOJJHKPHCTaJIJJH4eCKHMH CUHHTHJIJIHTopaMH Csl(Tl). T0F-TeJJeCKOnH 

,n;a!OT nOJJHYIO HH(pOpMaUHIO 0 TpHrrepHOH qacTHUe (MaCCOBOe 4HCJIO, 

CKOpOCTb, SHeprm1). C noMOllJ,blO ,llMit> HaXO,ll.HTCH pacnpe.n.e.neHHH 

qiparMeHT0B no MHOXeCTBeHH0CTH, no yr.ny BHJJeTa OTH0CHTeJJbHO 

nyqKa, yr.nOBHe K0ppeJJHUHH C0Bna.n.aIDllJ,HX qiparMeHTOB. PPAC 

BMecTe C nHTblO T0F-TeJJeCKOnaMH n03BOJIHeT onpe.n.e.nHTh 

OTH0CHTeJJbHYIO CKOPOCTb H 0THOCHTeJJbHHH yro.n COBna,ll.a!OllJ,HX 

qiparMeHTOB. MHoronapaMeTpOBaH HH[pOpMaUHH O C06HTHH 

MYJJbTHqiparMeHTaUHH, no.nyqaeMa·H c noM0llJ,blO YCTaHOBKH "it,A3A", . 

n03BOJJHT cyrn,ecTBeHHO npO,ll.BHHYTbCH B nOHHMaHHH MexaHH3Ma 

sToro npouecca. 

2. HccJJe)l,0BaHH xapaKTePHCTHKH CUHHTHJJJJHUHOHHHX ClieT4HKOB c 

n.neHoqHHMH Csl(Tl)' 6oJJbillOH n.norn,a,ll.H H K0HH4eCKHMH 

CBeTOBO,ll.aMH. IlpoBe,ll.eHa onTHMH3aUH.fl C4eT4HKOB ,ll.JIH no.nyqeHHH 

HaH.nyqI1Iero pa3peI1IeHHH. 

3. BnepBHe HCCJJe,ll.OBaHa qiyHKUHH . OTKJJHKa noJJHKPHCTaJJJJH4eCKHX 

CUHHTHJIJIHTOPOB Csl(Tl) npH perHCTpaUHH THl!CeJIHX 4aCTHU C 

pa3JJHqHHMH Z H SHeprHHMH. )lJIH STOro npoBe,ll.eHH cneuHaJJbHHe 

SKcnepHMeHTH Ha ny4KaX UHKJJOTPOHa HA3 HM. KypqaTOBa H.B. 

IloKa3aHO, q'I'O ,ll.JIH noJJHKPHCTa.n.nHqecKoro Cs!( Tl) 3aBHCHMOCTb 

y,11.e.nbHOro CBeT0BHX0,ll.a OT SHeprHH H 3apH,ll.a qacTHU (OT He ,ll.0 

N) TaKaH xe, KaK H ,ll.JIH MOHOKPHCTa.n.na, T~e. S(p(peKT 

"H0HH3aUH0HH0ro TymeHHH" He qyBCTBHTe.neH K CTPYKType 

CUHHTHJI.DHTOpa. 

4. Pa3pa60TaH ,ll.BYXCTpo6oBHH MeT0,ll. H3MepeHHH CHrHaJJOB co 

cqeTqHKOB .n.eTeKT0pa MH0l!CeCTBeHHOCTH. 0CH0BHOH CTpo6 ( 60HC) 

HCnOJJb3YeTCH ~JIH HHTerpHp0BaHHH CHrHaJJa B ero MaKCHMyMe, 

~On0JIHHTeJlhHHH CTpo6 ( Ha O, 5 µs paHbllle) H3MepHeT CHrHaJJ Ha 

· ero qipoHTe. AHaJJH3 no.nyqaeMoro lBYXMepHoro cneKTpa no3B0JJHeT 

4eTKO BH,ll.eJJHTh HCTHHHHe co6HTHH H cyrn,ecTBeHHO no.n.aBHTb ql0H 

c.nyqai1HHX C0Bna,n;eHHH, CBH3aHHHH, B OCHOBH0M, C YepeHKOBCKHM 

CBeqeHHeM CBeT0B0,ll.OB B opeo.ne nyqKa. 

5.' C03,ll.aHa s.neKTP0HHaH CHCTeMa c6opa HHql0pMaUHH ycTaH0BKH 

"~A3A", K0TopaH BKJII04aeT 0K0JJ0 ,ll.BYX C0TeH aHa.noroBHX H 
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U,HippOBHX 6JIOKOB. IlOJIHOe .4HCJIO K0,11.HPOBlllHKOB :- . 133. Co6HTHe ., . ,. . . ,'' ' .... 

MYJ!bTHipparMeHTalJ,HH sanHCHBaercH B BH,lle CJIOBa ,11.JIHHOH .178 

fo~T.. . . . 
?· ·Paspa6oTatto MaT. o6ecne4eHHe sKqnep11MeHTa : 

nporpaMMHoe 06ecnet1em1e .ltJlfl on-line pa60TL1 .. : 
·. . . ' ' . t 

1) MaT. o6ecnel!eHHe ,11.JIH_pa60Th! c nporpaMMHO ynpaBJIHeMHMl-1 
6JIOKaMH KAMAK . 
2) MaT. 06ecnel!ett11e. ,11.JIH HaKOnJieHHH ,11.aHHHX BO BpeMH 

~ ' _, ' ' 

3KcnepHMeHTa . C B03MOlltHQC,TblO MOHHTOPHPOBaHHH KaK 
0)1:HOMepH!ilX, . TaK H ,11.BYXMepHHX : cneJ<TpOB. 
nporpaMMHoe 06ecnet1eHHe ,ItnR off-line pa60TL1. 
1) -. MaT. o6ecnel!eHHe, 003BOJIHIOlllee · peKOHCTPYHPOBaTb 
noJiyl!eHHHe B 3KcnepHMeHTe 0,11.HOMepHHe H ,11.BYXMepHHe 

. cneKTpH •. 
2) IIporpaMMa ,11.JIH Bhll!HCJieHHH OTHOC~TeJI_hHhlX yrJIOB. Mellt,11.Y 
ipparMeHTaMH H nocTpoeHHH KOppeJIHlJ,HOHHOH ipyHKlJ,HH. 
3) IIporpaMMa; . ,11.JIH Bhll!HCJieHHH . pacnpe,11.eJieHHH . no 

MHOl!teCTBeHHOC:J,1 · B co6UTHH H3 H3MepeHHOro pacnpe,11.eJieHHH. C; 

7. IIpoBe,lleHh! nepBhle, 3KcnepHMeHThl , c YCTaHOBKOH "'PA3A "-. »a nyl!Ke 
4He .CHHXpoqiasoTpOHa .. OM.fU1~' ,IloKa3aHO, . 1:l'J'.O .CTa6HJibHOCTb 

,n;eTeKTOPOB H 3JieKTPOHHKH no3BOJIHeT .· npoBO,llHTb · ,llJIHTeJibHh!_e_ 
ceaH_Chl, Heo6x9,n;HMble. ,llJl$L 11POBe,JLeHHH CHCTeMaTHl!eCKHX 
HCCJie,lloBaHHH npou,ecca MY JlbTHqiparMeHTau1-rn ~ .. · 
8. BnepBhle noJiyl!eHo pacnpe,aeJieHHe no MH,OxecTBeHHOCTH 
qiparMeHTOB ,JLJIH B3aHMO,lleHCTBHH 4He + Au npH E/ A=3, 65. rsB/ A. 
EMY OTBel!aeT cpe.n;ttee 3Ha4eHHe paBHOe 5,3±0,8. 
9. - BnepBhle H3MepeHH MaCCOBHe cneKTPhl qiparMeHTOB npH 
p_a3JIH4Hb!X MHOJH:eCTBeHHOCTHX ,llJIH 4.Ue + Au - B3aHMO,lleHCTBijH npl-1 
3HeprnH <X.-l!aC';l'HlJ, 3, 65 rsB/ A. IloKa3aHO, . 4Tq. c · yBeJ111l!eHl1eM 
MHOJH:eCTBettHOCTH· cneKTP cymecTBeHHO· MeHHeTCH : l1C4e3aeT 
"·,lleJIMTeJibHHH" nHK, OCTaeTCH TOJ!bKO 3KcnoHeHuHaJibHO cna.n;aJOmee 
pacnpe,n;eJiett11e npo.nYKTOB npouecca .MyJibTHqiparMettTau,1111. 
Pacnpe,n;eJieHHe · qiparMeHTOB no Macce · • ,,llJIH · B3aHMO,lleHCTBl1H 
4He(3,65 rsB/A) + Au. ·MOJH:eT 6HTb Kal!eCTBeHHO onHcatto 
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cTenettH<;)H 1PYHKu,11eH A-,r, ( <r,=2.6±0,6 ) , l!TO corJiacyeTcH c 
JIHTepaTYPHHMH .n;aHHhlMl-1 • 
10. BnepBhle H3MepeHhl KOppeJIHU11H COBna,n;a10m11x qiparMeHTOB B 
IPYHKUHH OTHOCHTeJibHOro yrJia Mel!t,llY HHMl-1, 4YBCTBHTeJibHble K 
BpeMeHH JKH3HH rop,1qero cneKTaTopa M11mett11. 

Pe3YJbTaTH !HCceoTallHH ony6~HKOBaHH B CJe!YIDWHX oa6oTax: 
1.Avdeyev S.P., Karnaukhov V.A:, Kuznetsov W.D., Petrov L.A. 

FASA - a device for investigation of multiple emission 
of intermediate mass-fragment in nucleus-nucleus 
interactions. Proceedings of XXIV Zakopane School on 
Physics, Poland (1989), p.129-130. 

2. AB.n;eeB C.II., EOl!KapeB O.B., BaCHJieHKO A.T., Bhl,llaH IO.T., 
KapHayxoB B.A., Ky3HeUOB B.Jl., Ky3bMHH E.A., Myxa M.r., 
IleTPOB .n. A. , TOJICTOH H. C., flHbKOB r. E. "'PA3A" 
YCTaHOBKa ,11.JIH HCCJie,11.0BaHHH MHOllteCTBeHHOH 3MHCCHH 
qiparMeHTOB npoMelltYT04HOH Macchi B H,11.PO-H,llepHh!X 
B3aHMO,lleHCTBHHX ( KOHCTPYKUHH, 3KcnepHMeHThl Ha MaKeTe). 
Coo6meHHe OMflM (1989), Jly6Ha, P7-89-29, c1-11. 
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