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1 , BBEI(EHHE 

B pa6oTax I l-3/ 6bma c<}lopMynupoaaua npocTpaucTaeuuo
apeMenuas MO.IJ.enb KyMynHTHBnoro po>K.IJ.eHHB qacnm ua 
B.IJ.pax. Oua ocuoaaua ua H.IJ.eHx, ucnonb30BaHHhiX pauee 
.IJ.nB npocTpaucTaeuuo-apeMenuoro onucauus MHO>KecTaeu
uoro po>K.IJ.eHHB a.IJ.pouoa/4•5/,u ua runoTe3e o MacwTa6uo
uuaapuanTHhiX CBOHCTBaX HHKni03HBHOrO cneKTpa, npHMe
usaweiics ua nepaoii cTa.IJ.HH auanuJa npou;eccoa KyMynsTua
uoro THna B KOnneKTHBHbiX B3aHMO.IJ.eHCTBHBX / 6/ ,,lJ;nB KpaT
KOCTH 3Ta MO.IJ.enb 6biJia Ha3BaHa "co6upaTenbHOH", TaK KaK 
npou;eCC <}lopMHpOBaHHB npoMe>KyTO'IHOH a.IJ.pOHHOH KOMnayH.IJ.
CHCTeMhi B 3TOM npe.IJ.enbHOM cnyqae COCTOHT B nocne.IJ.OBa
TenbHOM HaKannHBaHHH MaCChi B HeynpyrHX CTOnKHOBeHHBX, 
conpOBO>K.IJ.aiOll\HXCB 3aXBa TOM HyKnOHOB. 

llpou;ecc C06HpaHHB MO:>KeT fihiTb HHHIJ;HHpOBaH KaK 
a.IJ.pOHaMH, TaK H .IJ.pyrHMH qaCTHIJ;aMH, HanpHMep, y-KBaH
TaMH u .IJ.a>Ke ueiiTpuuo. B 3TOM cnyqae "Ja Tpaaoquas" 
KOMnayn.IJ.-cHcTeMa o6pa3yeTCB B pe3ynhTaTe rny6oKoue
ynpyroro B3aHMO.IJ.eiicTBHB, a nocne.IJ.yimu;ee ee uapall\HBauue 
npoucxo.IJ.HT no Toii >Ke cxeMe. 

B uacTOB:ll\ee apeMB BH.IJ.HO, 'ITO cTporas peanuJau;us 
MaCWTa6HOH HHBapHaHTHOCTH He BBnBeTCB .IJ.nB MO.IJ.enH 
coaepweuuo o6s3aTenhnoii. ,D;ocTaTo'IHO npe.IJ.nono>KHTh Bhi
rronueuue 3Ha'IHTenhHO 6onee cna6oro ycnoaus: uuaapuauT
uoe HHKniOJHBHoe ceqeuue KaK B a.IJ.pou-a.IJ.pouuoM, TaK 
H B KOnneKTHBHOM B3aHMO.IJ.eHCTBHH a.IJ.pOHOB B cnyqae 
O.IJ.HHaKOBOH MaCChi npoMe>KyTO'IHOH KOMnayu.IJ.- CHCTeMhl npu-
6nH:>KeHHO O.IJ.HO H TO >Ke. 

Hu:>Ke npe.IJ.nono>Kenue o TOM, 'ITO TaKoe ycnoaue Bhirron
useTCB, Mhi 6y.IJ.eM Ha3hiBaTb runoTe30H 06 H.IJ.eHTH'IHOCTH 
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HHKll103HBHbiX ClleKTpOB a,IJ,pOHOB, HnH, KpaTKO, rHllOTe30H 

06 H,IJ,eHTHqHOCTH. 

Mo,IJ,enb KYMYnJITHBHbiX npoueccoa, ocHoaaHHaJI Ha ru

noTe3e 06 H,IJ,eHTHqHOCTH, o6na,IJ,aeT oqeBH,lJ,HbiMH npeHMy

I.I.J.eCTBaMH. 

Bo-nepBbiX, oHa He cTaBHT cnpaae,IJ,nHBOCTb MO,IJ,enu 

B 3aBHCHMOCTb OT CTeneHH BhlllOllHeHHJI MaCWTa6HOH HH

aapHaHTHOCTH /B OC06eHHOCTH JTO Cyi.I.J.eCTBeHHO npH cpaB

HHTenbHO He60llblliHX JHeprHJIX, r,IJ,e MaCWTa6HaJI HHBa

pHaHTHOCTb qacTO He HMeeT MeCTa /7,9/ j. 
Bo- BTOPbiX, oHa eme 6onbwe c6nH)I(aeT B H,IJ,eHHOM 

nnaHe Mo,IJ,enb KyMynJITHBHbiX npoueccoa / 1- 3/ c npocTpaH

CTBeHHO- BpeMeHHOH <iJopMynHpOBKOH npouecca MHO)I(eCTBeH

Horo pO)I(,IJ,eHHJI a,IJ,pOHOB I 4,5f: B Heil TaK)I(e npe,IJ,nonaraeTCJI, 

q'to pacna,IJ, npoMe)l(yToqHoil cucTeMw - KnacTepa, o6pa3o

aaawerocJI H pa3BHBwerocJI B JI,IJ,pe, npoucxo,IJ,HT TaK )l(e 

KaK H pacna,IJ, KnacTepa, o6pa3oaaawerocg B pp- B3aHMo,IJ,eif.

CTBHH. l1X pa3nHque 3aKnJOqaeTCJI B TOM, qTo KaK o6pa3o

BaHHe npoMe)l(yToqHoil CHCTeMbi, TaK H ee pacna,IJ, a KyMy

nJITHBHOH CXeMe npOHCXO,lJ,JIT B npe,IJ,ellbHbiX ycnOBHJIX, pe3KO 

OTnuqaJOII.J.HXCJI OT "cpe,IJ,HHX" /o6pa3yeTCJI e,IJ,HHaJI KOMna-

YH,IJ,- CHCTeMa, ceqeHHe o6pa30BaHHJI TaKOH CHCTeMbl 

a 1~ <<a l:A , ee pacna,IJ, c ucnycKaHHeM KyMynJITHBHOH 

qacTHI.J.bl npOHCXO,IJ,HT 3a BpeMeHa, KOTOpble Cyii.J.eCTBeHHO 

MeHbWe BpeMeHH pa3BHTHJI llHOHH3ai.J.HOHHOH CHCTeMbl B 

cpe,IJ,HeM aKTe, llpHBO,IJ,JIII.J.eM K MHO)I(eCTBeHHOMY pO)I(,IJ,eHHIO/. 

Cne,IJ,yeT TaK)I(e eii.J.e pa3 no,IJ,qepKHYTb, qTo o6cy)I(,IJ,aeMaJI 

MO,IJ,enb He Tpe6yeT Hanuqug B JI,IJ,pe roToaoro o6'beKTa 

c Y.IJ.BOeHHOH, yTpoeHHOH H T • .IJ.. HyKnoHHOH Mac coil. 0Ha 

HCXO,IJ,HT H3 HeH36e)I(HOCTH B03HHKHOBeHHJI TaKOrO 06'beKTa, 

onupaJicb Ha coaepweHHO oqeBH.IJ.HWH <iJaKT: n106oH. 4Ju3uqec

KHH npouecc ,IJ,nJI caoeH. peanu3ai.J.HH Tpe6yeT KoHeqHoCTH 

npocTpaHCTBeHHo-apeMeHHoro HHTepaana /cornacHo/1/ 

J<iJ<iJeKTHBHaJI ,IJ,llHHa 06naCTH "co6HpaHHJ1" ~z "'2,5+3,0 clJM/. 

llocne,IJ,Hee o6CTOJITenbCTBO B ycnOBHJIX llllOTHOH JI,IJ,epHOH 

cpe,IJ,bi, KOr,IJ,a B o6nacTH co6upaHHJI noMemaeTCJI He O.IJ.HH 

HYKllOH, H npHBO,lJ,HT K B03HHKHOBeHHIO npoMe)l(yToqHbiX 

COCTO.IIHHH, Macca KOTOpbiX HaMHOrO npeBWWaeT MaKCH

ManbHO B03MO)I(HYIO Macey a pp -a3aHMo,IJ,eif.cTBHH npu 

TOH )l(e uaqanbHOH JHeprHH. l1HWMH cnoaaMH, cne,IJ,oaano 
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6bl Y.IJ.HBllJITbCJI, ecnH 6bi TaKOH MexaHH3M He ,IJ,aBan BKna,IJ,a 

a KyMynJITHBHbie npoueccbi. 

IIpocTpaHcTaeuuo- apeMeuuaJI MO,IJ,enb ycnewuo npuMe-

ueua K KYMYnJITHBHOMY rr- Me 30Hoo6pa3oBaHHIO/ 1~ K no,IJ,-

noporOBOMY pO)I(,IJ,eHHIO aHTHnpOTl:HOB Ha JI,IJ,pax / 2/ H K 

ynpyroMy pd -pacceJIHHIO ua3a,IJ, 3/. B JTHX pa6oTax 6binH 

ycTaHOBneHbl 3HaqeHHJI napaMeTpOB MO,IJ,enH : a- ceqeHHJI 

o6pa30BaHHJI KOMnayH,IJ,- CHCTeMbl H r O - ee BpeMeHH )1(83HH 

no OTHOWeHHIO K H3nyqeHHIO JHepruqHbiX qacTHI.J..Benuquua 

JTHX napaMeTpOB BnOnHe pa3yMHa C TOqKH 3peHHJI HMeiOII.J.HX

CJI K HaCTOJII.I.J.eMy BpeMeHH ,IJ,aHHbiX H apryMeHTOB /1(HH)I(e 

3HaqeHHJI JTHX napaMeTpOB CqHTaeM H3BeCTHbiMH. ,l],nJI 

npoaepKH 06II.J.HOCTH npHHI.J.HnOB, COCTaBllJIIOII.J.HX OCHOBy MO

,IJ,enH /H, B qaCTHOCTH, rHnOTe3bl 06 H,IJ,eHTHqHOCTH HHKni0-

3HBHbiX cneKTpoa/ ,ueo6xo,IJ,HMO pacwupHTb o6nacTb ee co

nocTaaneHHJI c JKcnepuMeHTOM KaK no ua6opy onHCbiBaeMbiX 

xapaKTepHCTHK,copTy pO)I(,IJ,eHHJI qacTHI.J.,JHeprHH CTOnKuo

BeHHJI, TaK H no Knaccy npoi.J.eCCOB, B KOTOpbiX KYMYllJITHB

Hbie JIBneHHJI HrpaiOT ,IJ,OMHHHpyiOII.J.YIO ponb. 

B CBJI3H c JTHM npu yqeTe pa3BHTHJI H nepcneKTHB 

uccne,IJ,oaauuH. KYMYllJITHBHbiX npoueccoa npe,IJ,cTaBnJieTCJI 

uenecoo6pa3HbiM o6cy,IJ,HTb a nepayro oqepe.IJ.b cne.IJ.YIOI.I.J.He 

aonpocbi: yrnoBbie pacnpe,IJ,eneHHJI KyMynJITHBHbiX qacTHI.J., 

BbiXO.IJ. 6onee T Jl)l(enbiX Me3ouoa - K ±,a TaK)I(e aeKTopHbiX 

p 0
-, w -Me30HOB, aHTHnpOTOHOB H runepOHOB. ,l],nJI ue

KOTOpbiX H3 JTHX qaCTHI.J. ,IJ,aHHbie )')l(e HMeiOTCJI, ,IJ,llJI ,IJ,pyrHX 

B HaCTOJIII.J.ee BpeMJI npOBO,IJ,JITCJI H3MepeHHJI. 

3,IJ,eCb H B cne,IJ,yiOII.J.HX pa6oTaX Mbl KpaTKO OCTaHOBHM

CJI ua JTHX aonpocax. 

2. YFJIOBh/E PACIIPEJ{EJIEHH.Jl KYMYJI.JITHBHblX 
TT- ME30HOB 

l1HaapuauTHoe ceqeuue pO)I(.IJ.eHHJI KyMynJITHBHbiX qac

THI.J. onpe,IJ,enJieTcJI awpa)l(eHHeM 

r,IJ,e 

(i) (n) 
RA =Ipi(s,xn,p.l..)·W A 

n 
/1/ 

w(n) 
A 

- <iJYHKI.J.HH "co6upaTenhuoH." MO,IJ,enu, onpe,IJ,eneu-
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HLie a I 1{ n - nopJI.IJ;OK KYMYJIJIUHB - que no co6paHHLIX 

HYKJIOHOB JI.IJ;pa c MaccoaLIM 'IHCJIOM A. 
cl>yHKUHH pi (s ,X n•P ..l)- BHBapBaHTHLie BHKJI103BBHLie 

llJIOTHOCTH .IJ;JIJI PO)I(,IJ;eHB.fl 'laCTBU COpT a i B pp - CTOJIKHO-

BeHBH. 

E d3a 
pi(s,xn,pJ..) = ain dp3' 

X 
n 

P If (i) 

P max (n) 
II ,(i) 

/2/ 

/3/ 

max 
llpH'IeM p lf,(i) (n) - ~aKCHMaJibHOe 3Ha'leHHC npO.IJ;OJibHOrO 

HMnynLca qac~HULI 1 npu la.IJ;aHHOM p .l· Ero aeJIH'IHHa 

onpe,IJ;eJIJleTcJI KHHeMaTHKOH KYMYJIJITHBHoro npouecca n -ro 

nopJI.IJ;Ka. Ilpu P..l =0 BLipa)I(CHB!I /1/ - /3/ nepexo.IJ;BT 

B COOTBeTCTBYIOll.\HC BHBapHaHTHLie CC'IeHHJI 'laCTHU, BLIJIC

TaiOJUHX llO.IJ; yrJIOM 180 ° K HanpaBJICHHIO ,IJ;BH)I(eHH!I HaJie

TaiOIUeii 'laCTBULI /11, 
,lJ;Jig onpe,IJ;CJICHH)l <JlyHKUHH p . (s,x ,p.L) BOCllOJIL3YCMC!I 

1 n 
WHpOKO pacnpOCTpaHeHHLIM npH6JIH)I(eHHeM, 3aKJI10'1alOll.\CMCJI 

B <JlaKTOpH3aUHB 3aBHCHMOCTH OT llpO.IJ;OJibHOrO H nonepC'IHOrO 

BMllYJILCOB: 

P.(s,x,p.l) = F.(s,x)exp(-a.p.l
2
). 

1 1 I 
/4/ 

)J;JIJI 11 -Me3ouoa aeJIB'IHHa a 77 == 4,24181. HeTpy.IJ;HO onpe.IJ;e

JIHTL npB6JIB)I(CHHO 3HCprmo pp- CTOJIKHOBCHHJI, llpB KOTOpOH 

HC06XO,IJ;HMO HCllOJib30BaTb ,IJ;aHHLie 0 JaBBCBMOCTB HHBapu

aHTHOrO HHKJII03HBHOrO CllCKTpa OT npO.IJ;OJibHOrO HMllYJILCa 

F(x) . Oua BLI'IBCJIJieTC!I nyTeM npupaauuaaHB!I Mace npo

MC)I(YTO'IHLIX CBCTeM B CJiy'lae pp - CTOJIKHOBeHH)l B KYMYJIJI

TBBHoro npouecca: 

s = 2m(E + m) = (n 2 + 1) m 2 + 2nm E i; , /5/ 

6 

T.e. - 1 
E = -[ (n2 + 1) m2 + 2nmE in] - m . 

2m p /6/ 

)!n.H E ~n =8,6 T:JB npu n =2,3 cornacno /6/ nonyqaeM, 'ITO 

E == 19730 T:JB. TaKHe ,IJ;aHHLie co,IJ;ep)l(aTCJI a pa6o

Taxl9, 101. Pe3yJILTaTLI pacqeTa yrnoaoro pacnpe.IJ;eJieHBJI 

11+ c HMnyJILCOM 0,5 T:JB/c .IJ;JI.fl p-Pb ·aJaHMO.IJ;eiicTBHH 

npu E P =8,6 T:JB npuae,IJ;eHLI Ha puc. 1. 3.IJ;eCL )l(e npuae

.IJ;CHLI H 3KcnepuMeHTaJILHLie .IJ;aHHLie I 111. 

lfJ 3TOrO COllOCTaBJieHHB: CJie,IJ;yCT, 'ITO MO,IJ;CJIL y.IJ;OBJieT

BOpHTeJILHO BOCllpOHJBO.IJ;HT KaK CaMy BeJIB'IHHY BHBapHaHT

HOrO Ce'ICHBJI, TaK H ero yrJIOBYIO 3aBHCBMOCTb B pac

CMaTpHBaeMOM HHTCpBaJie 140 ° ;5 0 :S: 180°. 
BLI'IBCJIJIJI yrnoaoe pacnpe,IJ;enenue KYMYJIJITHBHLIX 11-

Me30HOB, MLI, KaK H npe)I(,IJ;e, He Y'IHTLIBaJIH B03MO)I(HOe 

BOJ,IJ;eHCTBHe H,IJ;pa Ha BLIJieTaiOIUYIO H3 Hero 'laCTHUy. fipu-

toRr--·---

~ 
W\) 

h 
~ 

~ 
~IT} 1 

llJ 1.0 

0 

1.0 

Q 

I. 

fi(O" 

~ Q 
~----~·- ~{I 

!) ~ ~~2~~{19 

e~ 
~-L---~--~--~---L- I J I 

JS0° 160° 110° Jf0° 

Puc.l. R Pb /0,5 T:JB/c/ e 3aeucuMocmu 0111 yzAa BbiAema 
17 - Me30H08. 
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Be.D.eHHbiH B pa6oTe 11/ aHan83 noKa3biBaeT, qTo 3TO np8-

6n8)1(eH8e HBnHeTCH BnonHe o6ocHoBaHHbiM np8 Bbiq8cneH88 

8HBap8aHTHOrO ceqeH8H 3Hepr8qHbiX ll80HOB, BbineTaJOIU8X 

no.D. yrnoM 180~ nocKonbKY B npouecce co68paH8H Ha 8X 

nyT8 B H,D.pe o6pa3yeTCH KaHan C pe3KO llOH8)1(eHHOH nnoT

HOCTbiO. ITo oueHKaM /1/, BpeMH cymecTBoBaH8H KaHana ,D.oc

TaToqHo ,D.nH BbiXO,D.a penHT8B8CTCKOrO Me30Ha 83 H,D.pa. 

0.D.HaKo npoxO)I(.IJ.eH8e rr- Me 30HOB B KaHane, oKpy)l(eHHOM 

nnoTHOH nornoma10meil cpe,D.oH, MO)I(eT cKa3aTbCH Ha 8X 

yrnOBOM pacnpe,D.eneH88 3a cqeT .IJ.8cl>paKU80HHblX 3cl>cl>eKTOB. 

llapaMeTpbl .IJ.8cl>paKU80HHOH KapT8Hbl onpe,D.enHIOTCH ,D.n8HOH 

BOnHbl, paCCTOHH8eM OT 83nyqaTenH .IJ.O BblXO,D.a 83 KaHana 

8 q8CnOM 30H <l>peHenH, yKna,D.biBaJOIU8XCH B BblXO,D.HOM 

OTBepCT88, T .e. 8MnynbCOM ll80Ha, ,D.n8HOH o6naCT8 C068pa

H8H 8 ,D.8aMeTpOM BbiXO,D.HOrO OTBepCT8H. fiOCKOnbKY ,D.Be 

nocne.IJ.H8e Ben8q8Hbi no,D.Bep)l(eHbi cymecTBeHHblM cl>nwKTya

U8HM, BPH.D. n8 cne,D.yeT O)I(8.IJ.aTb, qTo .IJ.8cl>paKU80HHaH 

KapT8Ha oKa)l(eTcH cn8WKOM qeTKOH. 0.D.HaKo MO)I(HO npe.D.

nonO)I(8Tb, qTO HafinJO,D.aeMbiH M8H8MYM B yrnOBblX pacnpe

,D.eneH8HX KyMynHT8BHblX qaCT8U, o6pa30BaHHblX Ha TH)I(enblX 

H,D.pax B o6nacT8 yrnoB 150° -170° , o6ycnoBneH 34>cl>eKTOM 

.IJ.8cl>paKU88. ~eHCTB8TenbHO, HeTpy,D.HO llOKa3aTb, qTo O,D.8H 

83 yrnoB, llO.ll. KOTOpbiM MO)I(eT llpOHBnHTbCH ,D.eCTpyKT8BHOe 

Bn8HH8e .D.BYX nepBbiX 30H <l>peHenH, onpe,D.enHeTCH Bbipa)l(e

H8eM 

A Y2 
(J "" rr - arctg[ --] 

t.z 
77 - arctg ( ~--h __ ) 

1

/
2 

p t.z 
7T 

/7/ 

r,D.e A - ,D.n8Ha BonHbl n8oHa, a llz"" 2,5-:-3 .PM - 34>cl>eKT8B

HaH ,D.n8Ha o6naCT8 cofiupaHHJI. ~nH KyMynHT8BHblX TT

Me30HOB I p 7T ~0,4 F3B/c/ 8MeeM : e d50-:-170 °. He 

8CKnJOqeHO, qTo qeTKOCTb .IJ.84>cl>paKU80HHOH KapT8Hbl MO)I(eT 

6b1Tb pa3nuqHoii np8 pa3HblX 3HaqeH8HX A i =h/p i, TO eCTb 

3aB8CeTb OT 3Hepr88 8 COpTa HafinJO,D.aeMblX KyMynHT8BHblX 

qacT8U 8 np8 onpe,D.eneHHOM 8X coqeTaH88 yc8n8BaTbCH. 

8 

I 

' 

f 

' 

$A 

-.t 
/0 

/0 /0 

'-------..-!1-
o.~ 0.3 OH as 

c~64 

0.3 lJ.'I 

-Y 
/0 

pg~c& 

Puc.2. R A(T) 
HOB HO JIOpax. 

+ -
OAJI poJtCOeHUJI K -;K - Me3oHoe u aHmunpomo-
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3. POX)J.EHHE KYMYJUITHBHhiX K± - ME30HOB 
H AHTHIIPOTOHOB B pA-IIPOQECCE 

+ 
PacqeT BHBapuaHTHbiX ce'leHHii ,n;JIJI KyMymnHBHbiX K--

Me30HOB H aHTBnpOTOHOB 6bln npoae,n;eH cornaCHO /1/-/3/ 
npu p ± =0 ,n;n.H JHa'leHBJI Ha'lanbHOro HMnynhca P 1;= 
8,6 T3H/c. ,lJ,nJI K-Me30HOB B paccMaTpHaaeMoM HaMH 
HHTepaane KHHeTB'Iecxoii 3Hepruu 0,2 T3B -s_ T 'S_ 0,5 T3B 
ocHOBHoii axna.n; onpe.n;en.HeTCJI n =2,3 nopJI,n;KaMH KYMYJI.H
UBH. 3HeprBJI pp -CTOilKHOBeHHJI, npH KOTOpoii He06XO,ll;HMO 
BCnOilb30BaTb ,D;aHHble 06 HHBapBaHTHOM .BHKniD3HBHOM 
cnexTpe, onpe.n;eneHHaJI cor nacHo /7 I, cocTaBnJieT E "' 
""19 .:,.30T3B. ,[J,aHHble o noae.n;eHHH F. (x) npu6.nH3HTenbHO 
B 3TOM HHTepaane 3Hepruii HMeiOTCJI a pa6oTe I 121. 

Ha puc. 2 npuae,n;eHbi peJynbTaTbl pac'leT+a _ R A no 
MO,D;enH ,ll;ilJI pO:>K,D;eHHJI KyMyn.HTBBHbiX 'laCTHU K -, p no,n; 
yrnoM 180° Ha JJ,n;pax 12 C, 6 4Cu, 208 Pb. CpaaHeHHe c 3KCne
puMeHTOM B03MO:>KHO noxa nHWb ,n;nJI K+ -Me30HOB, po:>K.n;eH
HbiX Ha .H,n;pe 12 C I? I. B npe.n;enax 3KcnepuMeHTanLHbiX 
owu6ox /aecbMa JHa'IHTenbHbiX/ pac'leT cornacyeTCJI c 
3KcnepuMeHTOM. OcTanLHble KPHBble no cymecTBy JIBilJIIOTCJI 
npe.n;cxaJaHBJIMH Mo.n;enu. 

4. KYMYllRTHBHhiE BEKTOPHhiE ME30Hhl 

Ou;eHxa ce'leHHJI o6pa3oBaHHJI aexTopHbiX Me3oHoB a 
KYMYilJITBBHoii o6nacTH TaK:>Ke npe,n;cTaBnJieT 3Ha'IHTenbHblii 
HHTepec. 

K co>KaneHHID, HaM HeH3BeCTHbl .n;aHHble o noae,n;eHBB 
HHBapHaHTHOrO BHKili03HBHOrO Ce'leHB.H ,ll;il.H p 0

-H W -MeJo
HOB B pp-CTOilKHOBeHH.HX B COOTBeTCTBYIOilleM HHTepaane 
3HeprBii. II03TOMY 6y.n;eM BCnOnb30BaTb <IJyHKUBIO ~i (s,x), 
nocTpoeHHYID B npe.n;nono:>KeHBH, 'ITO ee <IJopMa TaKaJI) :>Ke, 
KaK B B cnyqae 17 -Me30HOB, TO eCTb 

.F 1 (s ,x) = C 1 F 77 (x) . 

HopMBPOBO'IHa.H nocTOJIHHaJI C. , cTporo roaop.H, onpe.n;eng
I 

eTCJI ycnoaueM 

10 

HilB 

00 
2 2 -'h 3 

00 
2 2 -% 3 -1 

C 1 f (p +m 1 ) F77 (s,x)d p [ f (p +m 77) .F(sx)d p] = 
0 0 

ci"' 

=a (i) I a (1T) 

<f . > • a (i) 
I 

<f > ·a(77) 
17 

' 
/8/ 

/9/ 

B BHTepaane 3Hepruii nopJI.n;Ka HecxonhKBX .n;ecJITKOB T3B 
B pp - CTOilKHOBeHB.HX cpe,D;H.H.H 3HeprH.H 17 -Me 30HOB B 

;}lA C'~ t Cu. 61{ cp.g:.-oe 

/1 /0 

10 

~I 
\\ 

\\ ~I w 

/0~ /0~ /0 

(.0 

I \ 
w 

0.10.'5 O.'f o.s o.;s O.'f O.ST(tTeV)O.'I 0.5" 

Puc.3. RA(T) iM.11 poxOeHUJI p0
- u £rr Me30H06 Ha .110pax. 
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cucTeMe ueHTpa Mace <£ 
77

> "'0,4-0,5 T:JB H cpe.IJ.HHH 

3HeprHH qaCTHI.I, C MaCCOH ffi i ·> ffi 77 npH6niDKeHHO paBHa 

<£ . > 
l 

3 
mi+2mTT. 

OTCIO.IJ.a 
a (po) a (u>) 

c 0 "' (1,4 -;-1,8) --; c "" (1,5-;- 2,0) --. 
p a(TT) w (J (TT) 

(p", (d) ~ 
Pe3ynLTaTbi pacqeTa R A np~ PJ =0 .IJ.llH B3aHMO.IJ.eH-

CTBHH llpOTOHOB C HMllYllbCOM pl; =8,6 T:JB/c C H.IJ.paMH 

12 C, 64Cu, 208 Pb npHBe.IJ.eHbi Ha puc. 3. HopMHpoooqHbie 

llOCTOHHHbie nonaranHCh paBHblMH 

-3 -3 
Cpo~7,2-10 , ·Cw~4,54·10 , 

m1 
J'\t,..,' c'z. PfJ ~os 

/0 ~ jl ,all 101. 

~---.--+ I ~ L----,----.---.--
0.1. o~ o.'1 o.s 0.3 o.v a's" T(Gr&) O.'f o.s-

Puc.4. RA(T) OJI.R pOJICOeHU.R A0 -u 
pax. 
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~ + - zunepoHoB Ha .Ro-

,[J,aHHhle o oenuquuax a<~~ 3aHMCTBoBaHhi H3 pa6oThi I 121. 
CpaBHeHHe c 3KcnepuMeHTOM noKa3ano 6hl, B03HHKaroT nu 

.IJ.OllOilHHTenhHhie OC06eHHOCTH B llpOI.I,eCCe pmK.IJ.eHHH BeKTop

HhiX Me 30HOB npH KOnneKTHBHOM B3aHMO.IJ.eHCTBHH. 

5. 0 PO)I(j(EHHH KYMYJI.JlTHBHhlX THIIEPOHOB 

HecoMHeHHhlH HHTepec npe.IJ.cTaBnHeT H conocTaBneuue 

C 3KCnepHMeHTOM npe.IJ.CKa3aHHH MO.IJ.enH OTHOCHTeilhHO o6-

pa30BaHHH KyMynHTHBHhiX runepoHOB. Oco6eHHOCTh o6pa-

30BaHHH rHnepOHOB 3aKniOqaeTCH B TOM, qTO HX HHBapHaHT

HOe ceqeHHe B pp -CTOllKHOBeHHH CHllhHO OTnHqaeTCH OT 

6hlCTpO na.IJ.aiOII.I,ero C pOCTOM X Me30HHOrO ceqeHHH H, 

CKOpee, llO.IJ.06HO HHKniD3HBHOMY cneKTpy npOTOHOB. Y>Ke 

3TOT cPaKT yKa3hlBaeT Ha Cyll.l,eCTBeHHOe pa3nHqHe B Mexa

HH3MaX pO>K.IJ.eHHH runepOHOB H Me30HOB.Hccne.IJ.OBaHHe Ky

MynHTHBHhiX rHnepOHOB ll03BOllHil0 6hi OTBeTHTh Ha BOllpOC, 

cnpaBe.IJ.llHBa llH rHllOTe3a 06 H.IJ.eHTHqHOCTH HHKniD3HBHhlX 

cneKTpoB .IJ.nH npouecca o6pa3oBaHHH TaKHX qacTHU B Kon

neKTHBHOM o3aHMO.IJ.eilcTBHH.Ilpu pacqeTax cPYHKUHHRA.IJ.nH A0 
runepOHOB, BhlneTaiOII.I,HX llO.IJ. yrnoM 180 ° llpH B3aHMO.IJ.eH

CTBHH npOTOHOB C HMllYllhCOM 8,6 T:JB/c C H.IJ.paMH 
12

C,
64

Cu 
H 20Spb, Mhl HCll0llh30BanH pe3yilhTaThl pa60Thl /13/no HH

BapHaHTHOMy ceqeHHIO pO)I(.IJ.eHHH ,\ B pp - CTOllKHOBeHHH 

llpH 3KBHBaneHTHhlX 3HeprHHX /8/. ,[l,nH nonyqeHHH pe-

3YllhTaTOB no ~ ±-runepouaM Mhl nonaranu, qTo HX cneKT

phi B ~)- CT£nKHOBe~H'X no.IJ.06Hhi cneKTpaM A 0 - runepo

HOB a< oYa < ) =2,5 13 • Pe3ynLTaThi pacqeToB npuoe.IJ.eHhi 

ua puc. 4. 

6. 3AKJIIO qEHHE 

B .IJ.aHHOH pa6oTe npe.IJ.cTaoneua ycoBepweucTBoBaHHaH 

.popMynHpOBKa npe.IJ.llO>KeHHOH pauee MO.IJ.enH Ky:MynHTHBHhlX 

npoueccoo. Oua no3BOnHeT cyll.l,eCTBeHHO pacwupHTh Knacc 

HCCne.IJ.yeMhiX 3«P«beKTOB B KOnneKTHBHOM B3aHMO.IJ.eHCTBHH 

a.IJ.pOHOB. Ha OCHOBe rHllOTe3hl 06 H.IJ.eHTHqHOCTH HHKniD3HB

HhlX cneKTpOB B a.IJ.pOHHhlX CTOllKHOBeHHHX H KOnneKTHBHOM 
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B3aHMO)l.eHCTBHH a)l.pOHOB npH O)l.HHaKOBBOH Macce npoMe>Ky

TOqHOH CHCTeMbl C)l.enaHbl npe)l.CKa3aHHJI OTHOCHTellbHO HH

aapHaHTHbiX ceqeHHH pa3nHqHoro copTa qacTHU, o6pa3yro

ll\HXCH B KYMYllHTHBHblX npoueccax. llpoae.IJ.eHHe cooTBeTcT

ayroJ.UHX 3KCDepHMeHTOB ll03BOllHT npoaepHTb, JIBllJleTCJI 

nH )l.aHHaJI rHDOTe3a )l.OllOllHHTellbHblM npHHUHllOM, KOTOpOMY 

.IJ.On>KHbl y)l.oaneTBOPHTb MO.IJ.enH BJaHMO.IJ.eiicTBHH a.IJ.pOHOB. 

AaTopbl npH3HaTenbHbi coTpy.IJ.HHKaM Jia6opaTOHH Teope

THqecKoii <iiH3HKH, npHHHMaBWHM yqaCTHe B o6cy>K)l.eHHH 

pe3yllbTaTOBpa60Tbl. 
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