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BBeaeHHe 

B Hacrogwe~ pa6ore coo6wa~rcg o6wne xapaKrepncTHKH nporoH-HyK

noHHhlX B38HMOJlB~CTBH~ H peaKUH~ Heynpyroro KOrepeHTHOrO PO*IlBHHH 

'i8CTHU npOTOH8MH npH SHeprHH 67 raB, nonyqeHHhle C nOMOWb~ HJlBpHhlX 

SMY nbCH~. o6nyqeHHbiX Ha ycKOpHTene 11 <f>B3 ( CepnyxoB). n peJlBapnrenb

Hhle SKCnepHMBHTanbHhle Jl8HHhlB no pN -H KOrepeHTHhlM B38HMOJlB~CTBHHM 

npOTOHOB npH SHeprHH 67 raB 6binH npeacTaBneHbl HaMH Ha Me•ayHapOJlHY~ 
Ill 

KoH<tJepeHUH~ no <tJnsnKe sneMeHTapHbiX qacrnu B AMcTepaaMe , Ha Bce-

co~sHy~ KoH<tJepeHUH~ no <tJnsnKe KOCMH'iBCKHX nyqe~ B T6nnncn, ony6nnKo-
12,31 

B8Hbl B CT8TbHX , 8 STOM C006WeHHH IIpHBOJlHTC.II Han6onee nonHbiB 

Jl8HHbiB no paCCM8TpHB8BMbiM KnaccaM B38HMOJlB~CTBHii; nepBH'iHbiB SKCnepH-

~HTanbHblB Jl8HHblB )lng yrnoB BbtneTa 'i8CTHU B HHJlHBHJlyanbHbJX C06bJTH

HX IIpBJlCT8BneHhl B OTJlenbHOM npnno•eHHH, 

3KcnepnMea·.-

CronKa ns 100 sMynbCHOHHbtX nnacTHH rnna Hl111XJ.1M<f>OTO EP-2 
3 

pasMepoM (20 x 10 x 0,06} CM 6btna o6nyqeaa B Mapre 1971 r. B Bbi-

BBABHHOM npOTOHHOM nyqKe C HMnynbCOM (67~2) raalc HB YCKOpHTene 

B Cepnyxoae. JJpHM9Cb IIHOHOB H K80HOB B nyqKe 6bin8 MBHbWe 1% ( B )lanb

He~WeM Mhi BC~IlY rrpeHe6peraeM e~). nnorHorTb o6nyqeang cocraangna 
4 2 ~ 

(2 .. 4) 10 qacTICM • YrnoBOH pas6poc >IY'1.K8 - 10 paanaH. nocne rrpo-
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S!BneHHSI CTOITKH B fla6opaTOpHH BhiCOKHX 9HeprHi!: 0Y1HJ1 'IYBCTBHTenbHOCTb 

ITnacruH cocraauna OKono 25 - 30 6no6oa Ha 100 MK; cnoH HMenu, KaK 

ITpaauno, Manhie HCKa)KeHHSI, 

0 OHCK S!JlepHhiX B3aHMOJlei!:CTBHH OCyiUeCTBnS!nCSI ITpOCMOTpOM BJlOnb 

cne)la. Ha ITOnHoi!: JlnHHe 3057 M ITpocMoTpeHHhiX cneJloB OhinO Hai!:JleHo 

8239 HeyiTpyl"HX B3aHMOJleHCTBHi!:, B HX 'IHCno He BKnroqanHCb: 

a) 3Be3Jlhi C OJlHOH penHTHBHCTCKOH 'laCTHUei!: ITpH yrne OTKnOHeHHSI 

or ITepBH'IHoro rpeKa MeHee 7 MpaJl (ITpeJliTOnaranocb, 'ITO 9TH cny'laH 

o6ycnoaneHhi yiTpyruM pacceSIHHeM Ha HyKnoHax H S!Jlpax), 

6) C06hlTHSI C HCITyCKaHHeM 8 -aneKTpOHa, 

B) cny'laH aneKTpOMal"HHTHOI"O o6pa30BaHHSI e-e +-ITa phi 'laCTHUei!: 

ITepBH'IHOro ITY'!Ka. 

CpeJlHHi!: cao60JlHhii!: ITpo6er JlnSI HeyiTpyroro aaauMOJlei!:craHSI ITporoHOB 

C HMITynbCOM Po = 67 faa/c B 9MynbCHH OKaaanCSI paBHhiM 37,1:!:_0,4 CM, 

'ITO XOpOlllO CornacyeTCSI C COOTBeTCTByiDIUHMH JlaHHhiMH ITpH 9Hepl"HSIX HH)Ke 

30 ra/41
• 

.llnSI OT6opa B3aHMO)leHCTBHH CO CB060JlHhiMH H KBa3HCB060JlHhiMH 

HyKnOHaMH HCITOnb30BanHCb cne)lyiDIUHe KpHTepuH: 

-. a) HanH'IHe He 6onee OJlHOro "ceporo" rpeKa B aaeaJle (JlnH ITporoHa 

OT)la'IH 9TO COOTBeTCTByeT ITpo6ery > 3 MM HnH o6naCTH KHHeTH'IeCKHX(Nh ~ 1) 

aHeprHi!: 25-t 400 M a a), nerHruero a ITepeJlHIDro ITonycljlepy a n,c,, 

6) OTCyTCTBHe BHJlHMhiX S!Jlep OT)la'IH, a )lnSI C06hiTHi!: C 'leTHhiM 'IHCnOM 

n-GapS!)KeHHhiX 'laCTHU 

S!Jlpa-MHllleHH, 

H8 -aneK TpOHOB, o6ycnoaneHHhiX B036y)KJleHHeM 

a) HH)KHSISI rpaHHUa M~ln MaCChi MHllleHH, Bhi'IHCnS!eMSSI ITO 

/5/ 
KHHeMaTH'IeCKOi!: ljJOpMyne 1 He JlOn)KHa ITpeBhilllaTb MaCChi HyKnoHa, 

Bcero 6hinO oro6paHo 1403 co6hiTHSI, y)loaneraopS!IDIUHX OITHCaHHhiM 

KpHTepHS!M OT6opa pN -B3aHMO)lei!:CTBHH, 'ITO COCTaBnS!eT 17% OT ITOnHOI"O 

'IHCna HeyiTpyrHX B3aHMO)leHCTBHi!: B 9MynbCHH, 0KOnO ITOnOBHHhi (- 48%) 

4 
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H3 oro6paHHbiX 645 pp-coyJlapeHui!: ( qerHony'leBhiX aaeaJl) coor1 

B38HMO)lei!:CTBHSIM CO CB060JlHhiMH ITpOTOHaMH, OCTanbHhie - B3al 

C ITpOTOH8MH, BXOJlSIIUHMH B COCT8B S!Jlep 9MynbCHH. J13 758 He'Ll 

a3aHMO)lei!:CTBHi!: 164 C06hiTHSI C n = 1,3 H 5 6hinH HJleHTHljJHUH 

(paaaen V ) KaK cny'laH KOI"epeHTHOI"O pO)KJleHHSI qaCTHU Ha Sill) 

9MynbCHH H HCKniD'IanHCb ITpH aHanH3e B3aHMOJleHCTBHH (pa3Jlel 

J1cKnro'leHHe KOI"epeHTHhiX peaKUHi!: H3 C06hiTHi!: C n = 1,3 H 5 

noch cneayJOIUHM o6paaoM: 

a) y)lanS!nHCb ace "'IHCThie" C06hiTHSI C :£ sin 0. < ( :£ S. i l ; 

( cM. paa)len V ) , 

6) anH yqera or6poweHHhiX aMecre c KorepeHTHhiMH pea:H 

"quCThiX" p n -a3aHMOJleHCTBHH ITpeJliTOnaranOCb, 'ITO HX xapaKT 

HJleHTH'IHbi COOTBeTCTBYJO!UHM xapaKTepHCTHKaM pn - B3aHMO)lei!: 

c f3 -aneKTpOHOM c reM )Ke qucnoM nyqei!: u a roil: )Ke o6nacTI! 
n' +n 

ITOCne)lHHM ITpHITHChiBanca CTaTHCTH'IeCKHil: aec, paBHbii!: --,-,n 

n ' H n "- COOTBeTCTBeHHO H3BeCTHbJe 'IHCna "'IHCThiX" H ljJOHO 
max 

repeHTHhiX aae3Jl c ~ sin 01 < ( ~ sin 01 ) • 
I I 

OcraawHeCH ITocne HCKnJO'IeHHSI KorepeHTHhiX cnyqaea 594 

'leBhlX C06hiTHSI C'IHTanHCb B3aHMO)lei!:CTBH SIMH C KBa3HCB060JlHl 

HaMH Sl)lep, 

MHo)KecraeHHOCTh 

1. CpeJlHSISI MHo)KecraeHHOCTb H ee aaaHCHMO 

P aciTpeJleneHHe ITO 'IHCny aapSI)KeHHhiX qacTHU n = l!g + n8 

'IHCnO "cephiX", n 
8 

- 'IHCnO penSITHBHCTCKHX TpeKOB) ITpHBe)leHC 

OrJlenhHO ITOKaaaHhi KorepeHTHhie peaKUHH c n = 1,8 H 5 (pa 
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H3 OT06paHHbiX 645 pp-coyaapeHHi!: ( '19THOny'leBbiX 3Beaa) COOTB9TCTBYIOT 

B38HMOaei!:CTBHSIM CO CB06oaHbiMH npOTOH8MH, OCTanbHbie - B38HMOaeitCTBHSIM 

C npOTOH8MH 1 BXOaSIIItHMH B COCT8B Slll9p SMynbCHH, l13 758 H9'19THOny'leBblX 

B38HMOaeitCTBHit 164 C06biTHSI C n = 1,3 H 5 6binH HaeHTHljliiUHpOB8Hbl H8MH 

(paaaen V ) KaK cny'laH KorepeHTHoro po*aeHHSI 'IBCTHU ua Slllpax ¢oTo

sMynbCHH H HCKniO'IanHCb npu auanuae aaaHMoael:icTBHR ( paaaenhi Ill H IV ) • 

l1cKniO'I9HH9 KOrepeHTHbiX peaKUHit H3 C06biTHH C n = 1,3 H 5 npOH3BOaH

nOCb cneayJOmHM o6paaoM: 

a) yaanflnHCb ace "'IHCTbie" co6hiTHSI c !. sin (} 1 < ( ~ sin 01 ) max 
I 

(eM. paaaen V ) , 

6) anSI y'leTa OT6p01UeHHbJX BMeCTe C KOrepeHTHbiMH peaKUHSIMH 

"'IHCTbiX" p n -B38HMOaeitCTBHH npeanonaranocb; 'ITO HX xapaKTepHCTHKH 

HaeHTH'IHbl COOTBeTCTBYIOIItHM xapaKTepHCTHK8M pn- B38HMOaeitCTBHR 

C {3 -sneKTpOHOM C TeM *9 'IHCnOM ny'leit H B TOit *e o6naCTH ~ sinO; , 

nocneaHHM npHllHCbiBanca CT8THCTH'I9CKHit sec, paBHbiit 

n ' H n "- COOTB9TCTB9HHO H3B9CTHbie 'IHCna "'IHCTbiX" H 
max 

repeuTHbiX aseaa c ~ sin 01 < ( ~ sin 01 ) • 
I I 

n' +n > 1, rae 
n 
¢oHOBbiX HeKo-

OcTaswuecSJ nocne HCKniO'IeHHSI KorepeHTHbiX cny'laea 594 ue'leTuony-

'19Bb!X C06biTHSI C'IHTanHCb B38HMOaeitCTBHSIMH C KB83HCB06oaHhiMH HeitTpo-

H8MH Haep, 

M uo*eCTBeHHOCTb 

1. CpeaHSJSI MHO)KecTaeuuocTb H ee aaaHCHMOCTb OT Po 

Pacnpeaeneune no 'IHCny aapH*eHHbiX 'laCTHU n = l!g + n
8 

( n 
11 
~ 1 -

'IHCno "Cepb!X" 0 n 
8 

- 'IHCnO penSJTHBHCTCKHX TpeKOB) llpHBeaeHO Ha pHCo 1. 

0Ta9nbHO llOK838Hbl KOrepeHTHble peaKUHH C n = 1,3 H 5 (paaaen V ) o 
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x/ 
Cpe}:lHHe MH0)K9CTB9HHOCTH lln51 pp-H pn -COYllapeHHit paBHhl COOTB9TCTBeH-

HO 6,4;!:.0,2 H 6,0;!:.0,2 (6e3 yllaneHH.II KOI'epeHTHhiX peaKUHit nocnellH5151 

MHO)KeCTBeHHOCTb pasHa 5,3;!:.0,2 '), EcnH aonycTHTb, 'ITO cpeaaee 'IHcno 

npOTOHOB B pp -coyaapeHH.IIX npH Po = 67 faa/c TaKOe )1{9 1 KaK H B 

/6,7/ 
pa6oTaX 1 T,e, paBHO 1,41 a B pn -coyaapeHH.IIX paBHO 11 KaK Tpe-

6yeTC51 H3 I'HnOT93bi H30TOllH'19CKOit HHBapHaHTHOCTH 1 TO cpeaHee 'IHCno 

p0)KJ:l9HHhiX '18CTHU OKa3hiBaeTC51 paBHhiM 4,9 H O}:lHH8KOBhiM B p p H pn -co-

yaapeHH.IIX, 

3aBHCHMOCTb cpeaaeit MHO)K9CTB9HHOCTH }:ln.ll pp -coyaapeHHit OT non

HOit SHepi'HH B38HMO}:leitCTBH51 B C,U,M, noKa3aHa H8 pHC, 2, llony'leHHOe Ha

MH 3H8'19HH9 < n >pp npH Po= 67 faa/c, a ;aK)K9 3H8'19HH9 < n >pp 

B p p -coyaapeHHHX, nony'leHHoe npH PO = 50 faa/c TalliKeHTCKoit I'pynnott 

aaanoi'H'IHhiM o6paaoM, a npeaenax OlliH6oK coi'nacyiDTC.II co CTeneaaoit aa

BHCHMOCTbiD <n>- E~•68 1 onHChiBaiDllleit }:laHHhie )KHJ:lKOBOllOPOllHb!X K8Mep 

/8/ 
npH aHepi'H.IIX J:lO 30 faa , C llPYI'Oit CTOp0Hhi1 HalliH }:laHHbie no Cpeaaeit 

/9/ 
MHO)KeCTBeHHOCTH 3aMeTHO Bb!llle, '19M }:laHHb19 pa60Tbl 1 nony'leHHhie 

B KOCMH'I9CKHX ny'laX H TaK)K9 llOKa3aHHbl9 Ha pHC, 2, 8 o6naCTH SHepi'Hii 

Ito/ 
p < 30 faa/c SMynbCHOHHhl9 J:laHHhie no <n > CHCTeMaTH'IeCKH npeBbl-
0-

lil&IOT }:laHHhie BOllOpOJ:lHhiX KaMep Ha aenH'IHHy 0,2 - 0,3 (pHC, 2), O}:lHaKO 

9TOit pa3HHUbl Mano }:lnH 06'bHCH9HHH paCX0)KJ:l9HH51 HalliHX aaHHhiX C }:laH-

/9/ 
Hb!MH , 3aMeTHM TaK)K9 0 'ITO 3aBbllli9HH9 CpeaHeit MHO)K9CTB9HHOCTH 

B 9MynbCHH llOn)KHO 6hiTb 6onblliHM }:lnH pn 1 H9)K9liH lln.ll P P -coyaapeHHH 1 

T,K, B nepBOM cnyqae Mbl HM99M }:leno TOnbKO CO CBH3aHHhlMH H9HTpOHaMH 1 

a BO BTOpOM - OKOnO nonOBHHbl B3aHMOll9HCTBHit C 'IHCTbiM BO.llOPOllOM, 0a-

x/ 
llocne BB9ll9HHH nonpaBKH Ha aneKTpOHbl OT nap nanHUa 1 paBHOH 

npH Ha6niDaaeMOit HaMH cpe}:lHeit MH0)K9CTB9HHOCTH rr± -Me30HOB H npH 

npeanono*eHHH o TOM, 'ITO <n o> = .L <n +>, aenH'IHHe 0,06, 
rr 2 rr-

6 

~-----
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n 

PHc, 1. PacnpeaeneHHe no '-JHcny BTOPH'IHhiX aapH*eHHI>IJ 

B pN -coyaapeHH.IIX llpH Po = 67 faa/c, 
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7 
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! KOIIICHRIHtlf 

n-

p HC, }, p acrrpe.neneHHe 110 'IHCny BTOpH'IHhiX 38p.SDKeHHLIX '18CTHU 

B pN -coy.napeHHSIX 11pH Po = 67 rss/c, 
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HaKO Ha6niOJlaeMaSI HaMU pa3HUUa B 3Ha'ieHUSLX <n>pp U <n>pn He )laeT 

OCHOBaHUil JlnSI rrpeJliiOnmKeHHSI 0 CyllleCTBeHHOM BnHSIHUH SIJlepHbiX B3aHMO

Jlei!CTBUil B 9MYllbCHH Ha cpeJlHIOIO MHO)KeCTBeHHOCTb, 

2, 0 aepOSITHOCTH IIepeaapSIJlKH HyKnOHOB IlpH ManbiX 

rr e p e Jl a 'i ax 4-u M n y nbc a 

Ha6nro)laeMhie aHa'ieHuH 'iHCna "cepbiX" cneJlOB a pp u pn-aaauMo

JleilcTBH SIX )laiOT B03M0)KHOCTb OUeHHTb CpeJlHIOIO aepOSITHOCTb < W >rrepeaa

PSIIlKH HyKnOHOB B Heyrrpyi'HX pN -B3aHMOJleftCTBHSLX IIpH ManbiX rrepeJla'iaX 

4-uMrrynbca. 

CpeJlHHe 'iHCna "cepbiX" cneJlOB Ha OJlHO p p- u p n -aaauMoJleficraue 

paaHbi cooraeTCTBeHHo 0,23.:_0,02 u 0,11 :!:.,0;01 • Ecnu "cepbie" cneJlbi 

SIBnSIIOTCSI cne)laMU IIpOTOHOB OTJla'iH (rrpu 9TOM HX KHHeTH'ieCKaSI 9Hepi'HSI 

COOTBeTCTByeT UHTepaany 0,03 ~ 0,4 f9B), TO CpeJlHee HX 'iHCnO Ha 3Be3-

Jly B pn-COyJlapeHHSIX IlpUMepHO BJlBOe MeHbWe, 'ieM B pp- 1 'iTO II03BOnHeT 

OUeHHTb cpeJlHIOIO BepOSITHOCTb Heyrrpyroft IIepeaapSIJlKH HyKnOHOB 

<W> = 0,33 :!:.. 0,02 ( 1 ) 

JlnSI C06biTHft C rrepeJla'iaMH 4-HMIIynbca HyKnOHY OTJla'iH 0,05 ~ t I ~ 
2 

~""0,75 (f9a/c) • 

Yrnoebie pacrrpelleneHHSI aropu'iHbiX 'iacTuu a pN -coyllapeHHHX 

YrnOBbie pacrrpelleneHHSI BTOpH'iHbiX penSITHBHCTCKHX 'iaCTHU B WKane 

X = Ig tg () ( () - IlpOCTpaHCTBeHHblft yron BTOpH'iHOft 'iaCTHUbl C rrepBH'i-

HbiM HaiipaaneHHeM B n,C,K,) JlnSI pa3nH'iHbiX MHO)KeCTBeHHOCTeft B P p-

H pn -coy)lapeHHSLX IlpH p O = 67 f9B/C IIOKa3aHbi COOTBeTCTBeHHO Ha 

puc. 3 u 4, Ha puc. 5 rrpuae)leHbi cyMMapHbie x -pacrrpeJleneHHSI JlnSI acex 

p p- u p n -coyJlapeHufi, a TaK)Ke JlnH rpyrrrr ManoA u 6onbwoA MHOlKeCTBeH-

HOCTH, 

8 

', 
1'.1_ 

Ha puc. 6 noKaaaHbi, B aaaucuMoCTH oT MHOlKeCTBeHHOC1 

CpeJlHHX eenH'iHH < X > )lnSI penSITHBHCTCKHX 'iaCTHU B CyMMapH 

eenH'iHH <.x '> (cpeJlHee aHa'ieHue .x rrpu ucKnro'ieHHH TaK Ha3J 

x/ 
"nUJlHPYIOlllHX' 'iaCTHU ) , 9MIIHpU'ieCKOI'O CTaHJlapTHOI'O OTKnO 

rrpe}leneHHSI U .,. [<x
2

> -<x>2 ]~ B CYMMapHOM nUBHe U, HaKOHe 

llHeHTa aCUMMeTpHH a = 
nz -n2 

' I'Jle n1 H n2 - COOTBeTCTBe 
nz + n2 

xx/ 
'iaCTHU , uMeromux B cucTeMe ueHTpa Mace yrnhi 0*<17 12 uO*> 

0 1 COOTBeTCTBYIOlllHA 0* = 1712 , 6bin orrpe)leneH B IIpeJliiOnOlKeH 

SIHCTBa IIOIIepe'iHOI'O HMIIyllbca: p = < pL > = 0,35 f:'JB/c, 
l; 

KaK BUJlHO U3 puc, 3-6 1 x -pacrrpe)leneHHSI He HMeiOT Kal 

oco6eHHOCTeft U IlpU He60llbWUX n aCUMMeTpU'iHbl OTHOCUTelJJ:, 

Ig y c • nnSI p p -coyJlapeHuA 9T8 acuMMeTpHSI, pa3yMeeTCSI, I 

CBSI3aHO C Me)lneHHbiMU B C,U,M, BTOpU'iHblMU 'iaCTUUaMH U Ilp 

TaromuMu noll yrnaMu ()* > 17 I 2 e c.u.M. 

06pamaeT Ha ce6SI BHUMaHue IIOBbJWeHHaSI aCUMMeTpUSI p 

)lei!CTBHA ManoA MHOlK9CTBeHHOCTU ( n = 1 ~ 3) ITO CpaBHeHHI 

B3aUMOJleiicTBUSIMH ( n = 2 ~ 4). CrrpaBeJlnueoCTb TaKoro noll 

OJlHaKO, MOlKeT 6b1Tb 110JlTBeplKJl9H8 nHWb HMIIyllbCHbJMU H3M9J 

Ha puc, 1 rroKa3aHbi yrnoeble pacnpeJleneHHSI BTOPH'iHbiX 

B pp-COyJlapeHHSLX npu pa3Hb1X n B KOOpJlUHaTaX COS 0*. llepel 

x/ 
"nuJlHpyiOlllHMH"' 'iaCTBUaMH Mbl C'lHTanH OllHY penSITHB 

THUY B Ka)I{JlOii 3Be3Jle C MBHHM8llbHbiM () 1 M9HbWHM 2°, (3, 
Mbl cneJlyeM npu6nulKeHHOMY paCCMOTpeHHI01 06bJ'iHO HCIIOllb3YE 

'leCKHX ny'iaX), 

xx/ 
Opa Bbi'lHCneHHH a ucnonbaoeanac& a "'cepbie' cnellbi 1 

paayMeeTcH, uM rrpunucbJBancH yron ()*> 17 I 2. 
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Ha pHc. 6 noKaaaHbr, a aaaHCHMOCTH oT MHO>KeCTBeHHOCTH, aHa'leHHSI 

cpeJlHHX BenH'IHH < X > JlnSI penSITHBHCTCKHX '18CTHU B CyMMapHbiX nHBHSIX, 

aenH'IHH <x '> (cpenHee 3H8'18HH8 X npH HCKniO'I8HHH T8K H83biB88MblX 

x/ 
"nHJlHPYIOIIlHX• '18CTHU ) , SMDHpH'I8CKOJ:'O CT8HJl8pTHOJ:'O OTKnOH8HHSI X -pac-

npeneneHHSI a .. ( < x
2> -< xl] ~ B CyMMapHOM nHBH8 H, H8KOH8U, KOScMJH-

nl -n2 
UH8HT8 aCHMM8TpHH a = nl + n

2 
' l"'Jl8 n1 H n2 - COOTB8TCTB8HHO 'IRena 

xx/ 
'ISCTHU , HMeiOIUHX a CHCTeMe ueHTpa Mace yl:'nbi (J *<" 12 HO*>" 12 , yl"'on 

(J , COOTBeTCTBYIOIIlHil (J* = 1rl 2 , 6bin onpeneneH B npennono>KeHHH DOCTQ-

SIHCTB8 nonepe'IHOJ:'O HMDyllbca: p = < pL > = 0,35 faa/c. 
l; 

KaK BHJlHO H3 pHC. 3-6, X -pacnpenen~HHSI He HM810T KaKHX-nH60 

oco6eHHOCTeil H npH He6onbWHX n 8CHMM8TpH'IHbl OTHOCHTellbHO aenH'IHHbl 

Ig y c • .llnH p p -coynapeHHil sTa acuMMeTpHSI, paayMeeTcH, Ka>KymaHcH,'ITo 

CBSI38HO C MenneHHbiMH B C.U.M. BTOpH'IHblMH 'laCTHU8MH H npOTOH8MH 0 Bbine

T8101IliiMH non yl:'naMH (J* > "I 2 a c.u.M. 

06p81Il88T Ha ce6SI BHHM8HH8 DOBbiW8HHaSI 8CHMM8TpHSI pn -B3aHMQ

Jl8HCTBHi! ManoA MHO>K8CTB8HHOCTH ( n = 1 .. 3) DO cpaBHeHHIO C pp 

aaanMoneHCTBHSIMH ( n = 2 .. 4). CnpaaennuaocTb TaKol:'o nono>KeHHSI, 

0JlH8KO, MO>K8T 6bJTb 110JlTBep>KJl8H8 nHWb IIMDynbCHbiMH H3M8p8HHSIMH. 

Ha puc. 7 noKaaaHbi yl"'noable pacnpeneneHHSI BTOpH'IHbiX 'laCTHU 

B pp-coynapeHHSIX npH pa3Hb1X n B KOOpJlHHSTaX COS(}*. llepeBOJl yl"'nOB 

x/ "n " HJlHpyiOIIlHMH 'laCTHUaMH Mbl C'IHTanH OJlHY penSITHBHCTCKyiO 'laC-

THUY B Ka>KJJ:Oil 3Be3Jl8 C MHHBMallbHbiM (J , M8HbWHM 2°. (3necb H HB>Ke 

Mbl CnenyeM npu6nH>K8HHOMY paCCMOTp8HHIO, 06bi'IHO HCnon&ayeMOMy B KOCMH

'18CKI!X ny'lax). 

xx/ 
llpH Bbi'IHcneHBH a ucnollbaoaanucb u "cepble' cnenbl, npu'leM, 

paayMeeTcH, BM npunucbraancg yl:'on 0*> "I 2. 

9 



I 

a cucteMY uearpa Mace ocymecransncs aa ocaoae pacnpeAeneaus nonepeq-
/ /11/ 

HbiX UMnynbCOBX APYI'UX ASHHbiX U3 pp -coyAapeHHA npHPo -:;_30 fsa/c 
/12/ 

cornacao npoueAype, ucnonbaoaaaaoA AnH nuoaoa a pa6ore • Ha6niDAae-

MaH B npeAenaX OWH60K OnbiTS U M9TOAUKU nepeBOAS CUMMeTpUH STUX 

pacnpeAeneHHA CBUAetenbCTByet 0 CpaBHUTenbHO cna60M BnUHHUU HAPS-MU-

weHU Ha xapaKtepUCTHKU or6upaeMbiX B SMYnbCUH pN -B38UMOAeACTBUA. 

!13 ASHHblX puc. 7 cneAyer TSK)I{9 BbiBOA 06 8HU30TpOnUH yrnOBblX pacnpe

JleneauA BTOpH'IHbiX 'ISCTUU B c.u.M., y6biBaiDmeA, KSK STO UMeno MeCTO 

U npu 6onee HU3KUX SHepi'UHX, C yaenH'I9HU9M n , HO COXpSHHIDWeACH 

annOtb llO CSMbiX 60nbWUX MH0)1{9CTBeHHOCTeA. 3tOT BbiBOil nOilTB9p)KJl89T

CH TSK)I{9 ASHHbiMU no U (puc. 6) • 

Korepearaoe po*aeaae qacrau aa gapax 

PeaKuuu Heynpyroro Korepearaoro PO*AeHHH qactHU nporoHaMH aa 

SIJJ.PSX U3y'leHbl B 3H8'1UTenbHO M9HbWeA CteneHU, '19M aHanOI'H'IHble peaK

UUU C y'laCIUeM nUOHOB. OnpeJlenHIDWHMH xapaKTepHCTUKSMU 9THX npouec-

COB, KSK U3B9CTH00 HBnHIDTCH: 

a) yaKoe yrnoaoe pacnpelleneaae PO*AeHHbiX qacruu, 'ITO casaaao -. 
c ManoctbiD nepella'l uMnynbca HApy-Muweau, 

6) orcyrcraae aoa6y*lleHHH anH paaaana HAep, 

a) coanaJleHUe BHyrpeHHHX KBSHIOBblX 'IUCen H8'18nbHOA U KOHe'IHOA 

CUCTeM npH llH<lJpaKUHOHHOM M9X8HH3Me npouecca. 

cl>aKTOpbi a) U 6) 06bi'IHO UCnOnb3YIDTCH npH Ot6ope KOI'epeHTHbiX 

peaKUHA Ha 4Joae B38UMOileACIBHA C HyKnOHSMH HApa-MUW9HH, npH'IeM cneAy

er 0TM9TUTb 1 'ITO npH pei'HCTpSUUU <lJaKTa OTCyiCTBHH B036Y*A9HUH HnH 

paaaana HAPS 9MYnbCH51 38M9THO BbiHI'pbiBaer B CpaBHeHHH C llPYI'HMH tpe

KOBbiMH npu6opaMH. 

x/ 
2

Jlng nUOHOB p~exp (-p~ /0,175); <p~·> = 0,35 fsa/c; JlnH nporo-
HOB p ~ exp ( -p J!'O ,166 ); <p~> = Q,5 fsa/c; WP = 0,3. 
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":~. 
(• ~~· 
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,,\' 

~ 
l 

PHc. 3. PacnpeJleneHHSI no x = tg tg fJ npa paanH'IHbiX n B pp 
HX. ~ 

n•2 n n , +lt~.cep-• 

n•6 

naB 

-3 

+ 31.~P .. ll: 0 

I ' 'fV' ........ ItA-

+17 .c ...... 

+ 5 • ,.,..,¥ • 

I ...,..._ " I f-A-

0 

+ 9 .,.,.., •• 

1 

•1 .cepNu • 

2 
X•ftt,e 

n•f 

-3 -2 -1 I 0 
-Ctr, 

Pac. 4. PacnpeAeneHHB no x • tg tgfJ npa paanaqHbiX n B pn -cc 
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PHc. S. PacnpeaeneHHSI no x = tg tg fJ npH paanH'IHbiX n s pp -coyaapeHH-
SIX. ....... 

n•2 n n 1 +lfZ.c.,....• 

n•f 

+ 10 • cepws • 

n.=6 + 39 0 dP.,Z
0 

I I 'fV' "'T' Jtzl- n.•5 +21 .cel*ci • 

11.'& 8 +17 .c.,... ... 
n.•7 + 13 .c:epo~s • 

na9 
+ 5 .c.,. ...... 

.......__ 
n.•ff 

-.,.J:L. 

+ 9 .ce,...s• 
n.·l3 +3 0 Cet»~:&" - -

•1 .cep .. u • 
a J _;f l[UJ.qD .. 

-3 _, 
0 1 2 

-e, rc :x•tttt• +2 .cepwz" 

ql 
-3 -2 -1 I 0 1 a 

-ttrc :xat,tge 

~ 
PHc. 4. Pacnpeaeneuas no x • tg tg(J npH paanH'IHbiX n B pn -coyaapeHHSIX. 
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pp 

pp 

Bee 
PP 

+32 .ceP~o~s" pn 

•151.c~u· 

+32 .c.,..,x.• 

• 36 .c•P••a • 

p,~.~~~-

1 
't 
I 
I 
I 

tSOT 

I 
I 
I 

lOOt 

I 
I 

50~ 
I 
I 
I 

+68,cepltlx." 

-1,5 . -0,5 0,5 -tgr. 

PHc. 5. CyMMapHbie x -pacrrpeaeneHH.II a p~ H pn -coyaapeHH.IIX. 
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0.1 

" .~~ I 
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PRe. 7. Yrnoabi~ pacrrpeae; 

Hb!X 'laCTHU B C.U.M. pp -CC 

pa3HbiX n 
~ 

i!!e·l ... 
t .. , J ·: 

""U ... l <t•4 
10 80 

~0 40 

:~ 
n•6 

.... 

... 
120 

•• 
··b 

+t -t 
-t.ets e·-

PHC. 6. 3aBHCHMOCTb OT MHO)KeCTBeH

HOCTH aenH'lHH <x> (a),<x'> (6), a (a) 

H a ( r). OrrpeaeneHH.II - eM. a TexcTe. 

B xorepeHTHbiX aaaHMO.QeftcTBH.IIX c y'laCTHeM rrpoTonoa 

'lHCno pO)K,QeHHbiX 'laCTHU MO)KeT 6biTb IlpOH3BOnbHblM ( 'lHCnO 

aTopH'lHbiX 'laCTHU - ne'leTHbiM). BoaMO)KHbie xananbi peaKUH 

P + A -+ P 71o + k11o +A 
O,QHOny'leBbie ~ 

-+n1T++k11°+ p + A A 

~ 
p+A -+ P"+"- + k11° + A ' Tpexny'leBbie 

P +A -+ n21T +71- + k11 ° + A , 
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/~1! a) 
1,7 ', 

1.< I I I 
1.> I I I I t I 1-1-1-1-- ~---
1.1 - ~ ~-- ~ ~ ~--- II 
~ n 

I (>O')I I B) 

t,r. ! I t ~-
1.1 I I t +__+_l_Utt~ ~~~ t -- --~-- I f 
0.9 l 
0.1 

" I 6) 
0,1 

I, 
I I I 

., t. I I I 

I 'I I 

n 

.. I n 

o,S'i t) 
0,1(2 

! OlO 

I ! I I I I ~ II t-l- L 0.11 ! 
••• 

I 
.... 
~o II 

-o.lO 

2 ,. ' 1 to f2 1~ ,,.,, ~ n 

........... 

Pnc, 7, Yrnoabi~ pacrrpeaeneHHSI aTopnq

HbiX '18CTHU B C,U,M, pp -coyaapeHHSIX IIpH 

pa3HbiX n 
~ 

...4-
dco•e• liOL! ~l n•2 J 1: n•B 

40 
IW~ n•~ ~ =u:bd 
""' aon n•l2 Jl 

401~1 
... 

n=6 
IW 

-J 

rL n=ti<+ZO 

··~ 
+t -1 0 - •J 
-'"se·-

PHC, 6, 3aBHCHMOCTb OT MHO)KeCTBeH

HOCTH BeiiH'IHH <x> (a).<x'> (6), a (a) 

H a (r), OrrpeaeneHHSI - CM, a TeKCTe, 

8 KOrepeHTHblX B38HMOJleACTBHSIX C y'laCTHeM IIpOTOHOB IIOIIHOe 

'IHCIIO pO)KJleHHbiX '18CTHU MO)KeT 6biTb IIpOH3BOIIbHbiM ( 'lli:CIIO aapSI)KeHHbiX 

BTOPH'IHbiX qacTHU - He'leTHbiM), BoaMO)KHbie KaHallbi peaKUHH: 

P + A -+ p 11° + k11° +A 
OJlHOny'leBble ~ 

-+ nTT+ + k11 O + 
(2) 

p + A A 

Tpexny'leBbie ~ p+A -+ p11+1T- + kTT 0 + A , 
(3) 

P +A -+ n2TT+TT-+ k11°+ A, 
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I 

nHTHny'ieBbie t : 
+ A -+ p27T+27T-+k7T 0 +A 

-+ n377+27T-+ k7T 0 + A 
(4) 

+ A 

u T.a. ( k = 0,1,2, ••• ), rae A - 'iacno HyKnoaoa a Slllpe-Maweaa. HMelOWH

ecH aaHHble (rnaBHbiM 06pa30M 0 0 Tpexny'ieBbiX KaHanax peaKUHH) OTHOCSIT

CSI K npaKTH'ieCKH oaHHSKOBMM aaeprHHM (20 ~ 28 faa). 

H H>Ke npasoaHTCH aaHHbie no peaKUH HM (2)- ( 4) anH 67 faa/ c npo-

TOHOB Ha HapaX aMynbCHH. 

1. PacnpeaeneHHH no MHO>KeCTBeHHOCTH 

Ha puc. 8 npuaeaeao pacnpeaeneaue no 'iHCny aapH>KeHHbiX 'iSCTHU 

anSI BCeX 1403 C06biTHH 0 yaosneTBOpSilOWHX He.o6xoaHMbiM KpHTepHSIM OT60-

pa pN -B38HMOaeiiCTBHH 0 H anSI TSK H83b!B89Mb!X "'iHCTbiX"' 3Be3a (co6biTHSI 

-.. 

~ 
200 

ISO j r 

1-

JOOi ' 

50 

1 1 

' I_...J 

i 
i_ J 

I 2 J . ~ . S i ? 8 9 10 II 12 tfl~. Js"l6 17 II 19 1\ 

Puc. 8. PacnpeaeneHHH no 'iHCny BTOPH'IHbiX aapH>KeHHbJX 'laCTHU so scex 

KB83HHYKnOHHbiX C06biTHSIX (cnnOWH8SI nHHHH) H "''IHCTblX"' 3BeaaaX 

THna 0+0+ n (nyHKTHp) • 

14 

C n g = 0 H OTCyTCTBH9M BHaHMbJX CneaOB B006y>Ka9HHSI Slllep), 

'iTO BbiCOKOe npOCTpaHCTB9HHOe paapeweHHe HaepHbiX aMynbCI! 

perucTpupoaaTb O'leHb MeaneHHbie ocKonKa ( E ~ 0,2 Mas anSI 

H ~ 1 Mas anH Hapa yrnepoaa), T.e. aoaonbHO yaepeaao KOHc 

oTcyTCTBHe paaaana unu aoa6y>KaeHHH Slllpa. KorepeHTHbie pe1 

(2) - (4) MOryT coaep>K8TbCSI CpeaH "'iHCTbiX' 3Be3a C n = 

38BeaOMO OTCYTCTBYSI CpeaH C06biTHii C 'ieT HbiMH n 1 H He'ieT 

C06biTHii C npH3HaKaMH Slll9pHoro paaaana HnH CHnbHOrO BOOO~ 

KaK auaao us puc. 8, a pacnpeaeneHHH no n aaMeTeH u. 

THA C n 1 H 3, uenHKOM o6ycnosneHHbiii "'iHCTbiMH" 3Beaaa 

npH n J:' 5 'iHCnO 
11

'iHCTbiX
6 pp -COOMTHii 38M9THO npeBbiW891 

CTbiX" pn -COObiTHii (aTO CBSI38HO C HanH'iHeM B 9MYnbCHH CE 

soaopoaa H B03MO>KHOCTblO HCIIYCKaHHSI f3 -aneKTpoHa npH B3a: 

C KB83HCB060aHbiMH HeiiTpOH8MH Slllep), TO npH ManbiX n CHTy 

I1pOTHBOIIOnO>KH8SI0 'iTO ecTeCTBeHHO CBSI38Tb C BepOSITHOii IlpH: 

peHTHbiX peaKUHA (2)-(4). BecbMa rpy6bJe oueHKH 'iHcen Kor• 

oaHo-1 Tpex-, IISITHny'ieBbiX peaKUHii MoryT 6b!Tb nony'ieHbl HO:: 

pac. 8, ecnu npeanono>KHTb paaeHCTBO 'iacen pp- H pn -co6br 

CHH H nHHeAHoe aoapacTaHHe dN I dn c pocTOM n B oqnacTSJ 

2,3,4; H 4,5,6 COOTBeTCTBeHHO, 3TH OU9HKH aalOT N1 -60±.12,, 

H N 5 -12±.15 KorepeHTHbiX peaKuHA (2), (3) a ( 4). PaayMeeTc 

N1 MO>KeT 6biTb aeaooueHeHa TonbKO acneacTaae nponycKa OJ 

co6biTHA c 0 < 7 Mpaa. 

2. Y r n o a bi e p a c n p e a e n e H H H. T p e x n y 'i e s hi e c c 

/13/ 
Auanora'iHO pa6oTe , B KOTopoA uay'ianacb nuoHHbie 

peaKUHH, aJJSI BhiaeneHHSI npOTOHHhiX KOrepeHTHhiX peaKUHH Mhl 
n 

pacnpeaeneHHH no senH'iHHe ~ 1 sin 01 , KOTopaH, KaK nerKo 

IlpH6nH>K9HHO nponopUHOHanbHa npoaonbHOH KOMnOH9HTe qJJ II 

SlllPY HMnynbca. OrpaHH'ieHHe qii.:S Ri1 ( RA - paaHyc Slllpa) 

15 



C n g = 0 H OTCYTCTSHeM SHllHMbiX cnellOS S036Y>Kll9.11HH Mep), 0TM9THM, 

'ITO ShiCOKoe npocTpaHcTseHHoe paapeweHHe HllepHbiX aMynhcHA noasonHeT 

pe!"HCTpHposaT'b O'le.ll'b MeJlne.IIHbie ocKOnKH ( E ~ 0,2 Mas llnH npoToHos 

H ~ 1 Mas JlnH Mpa yl"nepOJla), T,e, llOSOJlhHO ysepe.11.110 KOHCTaTHposaT'b 

oTcyTcTsHe paasana HnH soa6y>Kll9HHH Mpa. Kol"epeHTHhie peaKUHH 

(2)- (4) MOI"YT COJlep>KaT'bCH cpellH "'IHCTbiX' 3S93ll C n = 1,3,5 H T,Jl,, 

38S9ll0MO OTCyTCTSYH Cp9JlH C06b!THA C 'leT Hb!MH n , H He'leTHOny'leSbiX 

C06b!THA C npH3H8K8MH Mep.IIOI"'O paasana HnH CKJlhHOl"'O soo6y>Kll9HHH, 

KaK SHllHO u:a pHc. 8, s pacnpeJleneHHH no n aaMeTe.ll H36biTOK co6bi-

THA C n 1 H 3, uenHKOM o6ycnosne.IIHhiA "'IHCTbiMH" aseaJlaMH. EcnH 

npu: n J? 5 'IHCno "'IKCTbiX
6 

pp -co6blTHA 38M9THO npeSbiW89T 'IHCnO ''IH

CTbiX" pn -co6b!THA (aTo CSH38HO C HanH'IHeM s aMynhCHH CS060Jl.IIOI"O 

SOllOPOlla H S03MO>KHOCT'bl0 HCnyCKaHHH {3 -aneKTpO.IIa npH S38HMOlleACTSHH 

C KS83HCS060llHbiMH .lleATpOH8MH Mep) 1 TO npH ManbiX n CHTyaUHH - npHMO 

npOTHSOnonO>KH8H1 'ITO 9CT9CTS9H.IIO CSH38Tb C sepOHTHOA npHM9CblO KOl"'e

peHTHbiX peaKUHA (2)-(4). BecbMa rpy6bie oue.IIKH 'IHcen KorepeHTHbiX 

OllHO-, Tpex-, nHTHny'l:eSbiX peaKUHA MOI"'YT 6hiT'b nony'leHbl H3 ll8H.IIb!X 

PHC, 8, eCnH npeanonO>KHT'b paseHCTSO 'IHCen pp- H pn -c06biTHA S SMYnh

CKH H nHHeAHoe soapacTa.IIHe dN I dn c pocToM n s o6nacTHX n = 0,1 ,2; 

2,3,4; H 4,5,6 cooTseTcTseHHo, 3TH oueHKH aaiOT N1 -60:!;.12, Nr 87±.16 

H N s-12:!;.15 KOl"'epeHT.IIbiX peaKUHA (2), (3) H (4). PaayMeeTCH, senH'IHHa 

N1 MO>KeT 6b!Tb H9llOOUeHeHa TOnbKO scneaCTSHe rrponycKa OllHOny'leSbiX 

co6biTHA c 0 < 7 Mpaa. 

2. Y I" n o s hi e p a c n p e ll e n e H H H, T p e x n y 'I e s hi e c o 6 hi T H H 

/13/ 
AHanOI"H'IHO pa6oTe 1 S KOTOpOA H3y'lanHC'b nHOHHhle KOI"epeHTHble 

peaKUHH, lliiH Sb!JleneHHH npoTOH.IIbiX KOI"epeHTHbiX peaKUHA Mbl H3Y'IHnH 
n 

pacnpeaeneHHH no senH'IH.IIe ~zsin 01 , KOTOpaSI, KaK nei"KO nOK838Tb
1 

IIpH6nH>KeH.IIO nponOpUHOHanbHa npOJlOnbHOA KOMIIOHeHTe qll nepeaasaeMOl"'O 

HllPY HMnym,ca. OrpaHH'IeHHe q < RA-J ( RA - pallHYC Mpa) IIpHSOllHT ,,-
15 



• 
n 

K aHa'IUTellbHOii: paaHuue B pacnpeAelleHHSIX I ·sin 0 1 
1=1 

AllSI KOI"'epeHTHbiX 

u pn -aaauMoAelicTauii:. TaK, HanpuMep, B KorepeHTHbiX Tpexny'leBbiX co-

3 
6biTUSIX I sin 0

1 
oKa3biBaeTCSI MeHbWe aenH'IHHbi 0,2 - 0,4, 'ITO npHBOAHT 

1=1 
K YI'llOBOii: KOllllUMaUHU BTOpH'IHbiX 'laCTHU B 9TUX peaKUHSIX1 3H8'1HT9llbHO 

6onee CUllbHOii:, '19M B pn-B38UMOA9HCTBUSIX, 
3 

Ha puc. 9 npeACTaaneHbi pacnpeAeneHHSI no I sin o. AllSI ''IHCTbiX' 
/=1 I 

C06biTUH Tuna 0 + 0 + 3 p 1 cpeAH KOTOpbiX MOI"'YT COA9p)I{8TbCSI KOI"'epeHT-

Hhle peaKUUU ( 3) 1 U <iJoHOBblX C06biTUH 1 COOTB9TCTBYIOWUX B3aUMOA9ii:CTBH

SIM C HYKllOHOM, noCJ19AHIOIO rpynny COCTSBUJlH: 

a) TpeXlly'leBbie 3B93Abl 1 conpOBO*AaiOWH9CSI 9J19KTpOHOM ( pn -B38HMQ-

A9HCTBHSI) I 

3C 

25 

20 

15" 

..... 10 

10 

5 

dH .. ~ ...... 

a) 

• f~ cny-.ae6 

c~5Ht8"'0.8 
.•1 . 

r:::J-~n~ 

0) 
I 

;~St"S, 

+ 3" Cll~ .. •• 

c f.stn.8, )> 0.8 ... 

0.1 0.2 0.3 o.~ o.5 0.6 o 7 

3 
PHc. 9. PacnpeAeneHHe no 

1
{:1 sin 01 a ''IHCTbiX" aaeaAaX 0+0+3p (a) 

H <lJoHOBbiX TpeXny'leBbiX C06biTHSIX ( 6 ) • 

16 

6) '19Tblp9XJ1Y'I9Bbl9 p p -coyAapeHHSI npH HCKJ110'19HHH npm 

( "ceporo" TpeKa) HJlH ( AJlSI C06bJTHH 0+0+4 p ) OAHOH peJlSITHB 

x/ 
'laCTHUbl C MaKCHMSJlbHbiM 0 • 

3 
11a AaHHbiX pHc. 9 cneAyeT, 'ITO I sin 0 1 - pacnpeAeneJ 

1=1 
B9HHO pa3llH'IHbl 1 a HM9HHO: HM99TCSI 3Ha'IHT9llbHbiii: H36biTOK ' 

3 
co6biTHii: B o6naCTH MallbJX I sin 0 I ( T.e. MallbiX q II ) • npH 

1=1 

HHH 1 'ITO 9TOT H36bJTOK o6yCllOBll9H KOI'epeHTHblMH peaKUHSIMH 
3 

'IHCllO MO*eT 6biTb nerKo Haii:AeHo npH HOpMHpOBKe I sin 0; 
3 3 max 3 1=1 max 

neHHii: a o6nacTH 1I 1 sin 0; >(.I sinO/), r.ue ( I sin 01 ) - 1 = •=1 1=1 

HHUa COOTB9TCTBYIOW91"'0 pacnpeAelleHHSI .UllSI peaKUHH ( 3) • BellH'IE 

AOll)I{Ha 6biTb Haii:.ueHa aMnHpH'IeCKH. CneAySI MeTO.UHKe pa6oTbll4 

nocTpOHllH .unSI aToii: uenH aaaucuMoCTb 'lucna N3 peaKUHH 

3 max 
( ~ sinO) paCCMSTpuaaeMOI'O KaK napaMeTp (pHC, 10), ( 
~~ I I 

Nl 

H-·-·-·-100 

80 

60 

40 

20 

lt, ''" e.f"' 
0,1 0,2 0,3 o.'~ o.5 O.o 

Puc. 10. 3aauCHMOCTb 'IUClla Tpexny'leBbiX KorepeHTHbiX peaf 

3 
OT Bbi6opa ( I sin 0

1 
) max, 

1=1 

x/ 
nerKO BUA9Tb 1 'ITO 9TO npeAnOll0)1{9HU9 1 eCllH OHO HeBE 

AUT K cna6oii: H9AOOUeHKe 'IUClla KOI'epeHTHblX C06hJTUH, 

17 



5) '19Tb!pexny'leBbl9 p p -coyJlapeHUH rrpu UCKnJO'IeHUU I!pOTOHa OTJl8'1U 

( "cepOI"O" TpeKa) unu (JlnH C05b!TUfi 0+0+4p ) OJlHOfi penHTUBHCTCKOfi 
x/ 

'IBCTUUbl C MBKCHMBnbHblM 0 , 
3 

.11a JlBHHbiX puc, 9 cneJlyeT, 'ITO I sin 0 1 - pacrrpeJleneauH cymecT-
i=l 

BeHHO paanu'IHbi, a HMeHHO: HMeeTCH 3HB'IHTenbHblfi U35biTOK "'IHCTbiX" 
3 

co5b!TUfi B o5naCTU ManbrX I sin (} i ( T.e. ManbiX q II ) • npu rrpe)lrrono)f(e
i=l 

HHH, 'ITO STOT H35b!TOK o5ycnosneH KOI"epeHTHblMH peaKUHHMU (3), HX 
3 

qucno MO)f(eT 5biTb nei"KO aafiJleHo rrpu HopMuposKe I sin 0; - pacrrpeJle-
3 3 max 3 i=l max 

neaufi s o5nacTu 1I 1 sin 0; >(I sinO,), I"Jle ( I sin O, ) - sepXHHSI I"pa-
= ~ ~ 3 . 

Huua cooTseTCTBYJOUlei"o pacrrpeJleneHuH JlnH peaKuufi ( 3). BenH'IHHa ~,:;1 sin 0
1

) max 

aon)f(Ha 5brTb HafiaeHa aMrrupuqecKu, CneayH MeToauKe pa5oTb/ 14/ Mbr 
- . 

rrocrpounu anSI aTofi uenu aasucuMoCTb qucna N3 peaKUHfi (3) oT 
3 max 

(
1
!1 sin01) , paCCMBTpHBaeMOI"O K8K rrapaMeTp (puc, 10), C pOCTOM 

Nl 

r~i--t-·-•··o-100 

80 

60 

40 

20 

( t, "" e.r·· 
~--~--~----~--~--~ 

0.1 o.z 0,3 0.4 0.5 o.o 

Puc, 10. 3asucuMOCTb 'IHCna Tpexny'leBbiX KOI"epeHTHbiX peaKuufi N
3 3 

OT Bbi5opa ( I sin 0 ) max 
i=l i • 

x/ 
flei"KO BHJleTb, 'ITO aTo rrpearrono)f(eHue, ecnu oao Hesepao, rrpuso-

JlHT K cna5ofi He)lOOU9HKe 'IHCna KOI"epeHTHb!X C05biTHfi, 

17 



~ 
3 

( l . () )max sm 1 , N 3 MOHOTOHHO B03pacTaeT, aOCTHrag nOCTOHHHO~ BenH-
i=l 

'IUHbl ( "nnaTo") npu ucKOMOM 3Ha'leHHH napaMeTpa. Haunyqwee 3Ha'leHHe 

N3 , onpeaeneHHOe no aaHHbiM pHC, 10, COCTaBnHeT 106;!:_14, 'ITO COOTBeT

CTByeT cpeaHeMy CB06oaHoMy npo6ery B ~OT03MynbCHH anSI peaKUH~ (3): 

( ,\ 3) 67p = (28,8::•:) M , (5) 

4ucno Tpexny'leBbiX KorepeHTHbiX peaKuuii, nonyqeHHoe rpy6o B npe

ahiayweM pa3aene U3 n -pacnpeaeneHHH, He npoTHBope'IHT ( 5), T,K, acnea

cTaue npeBhiWeHuH qucna pp -co6biTHii B aMynbcuu aaa qucnoM pn -co6hi

Tu~ (u3-3a HanU'IUH CB060aHoro Boaopoaa), OHO HBnHeTCH 3aHH*eHHb!M, 

3Ha'leHue (A 3 ) 6 ?p anH KOrepeHTHbiX Tp~ny'leBbiX peaKUHH ( 3), no

ny'leHHOe B HaCTOHIUei:l pa6oTe, 3Ha'IUTenbHO BbiWe BenH'IUHbl ( ,\ 3 ) 60 77 
+ +13 /13/ 

anH peaKuu~ "- _. 377- ( +m77° ), paBHoro (16,5 _
1

•
2

) M H nonyqeaaoro a 

x/ ' 
aHanoru'IHhiM nyTeM 

3 
0TMeTUM, HaKOHeU, 'ITO XOTH mo6oe 3Ha'leHUe ( l sin {) . ) max B o6-

i=l I 

na~TH "nnaTo" anH N 3 (puc, 10) HBnHeTCH KoppeKTHhiM anH onpeaeneHHH 

N3 , npu aanhHe~WeM U3y'leHHU peaKUUH (3) UnH UX BhlaeneHUH 113 

'IHCna pn -B3aUMOae~CTBHH C n = 3, uenecoo6pa3HO Bbi6HpaTb KaK MO*HO 
.... 3 

6on~e Manhie 3Ha'leHHH (I sin (). ) max , TaK KaK npH aTOM aocTuraeTCH 
1=1 I 

HaHMeHbWH~ "tiJoH" OT 11 '1HCTbiX 11 pn -coyaapeHUH, B HacToHweii pa6oTe Hau-
3 max 

6onee pa3yMHO Bbi6paTb c 3TOii uenbJO 3Haqeaue (~ sin ();) - 0,2 (no 
/13/ ,:I 

aaHHbiM pa60Tbl anH nHOHHbiX peaKUHH npH 60 fgs/c T8KOe 3H8'1eHHe 
3 

(i~l sin fJ; )max:: 0,15), 

x/ /13/ 
Hcnonb30BaHaoe HaMH a pa6oTe anH 

3 
( + m ir 0) -3Ha'leHHe ( l sin ()1 ) ma~ 0,3 HaxoauTCH 

3 i=l 
""' . () max ( N3 oT ( "" sm 1 ) , no3TOMY 3Ha'leaue 
i-1 

nHeTCSI. BepHbiM, 

18 

oT6opa peaKuu~ " A _. AJ "-:. 

Ha "nnaTo" 38BUCHMOCTH 

,\ 3) 6(}17 
/13/ 

113 SIB-

3, YrnoBbie p a c n p e a e n e H u H, 0 a H o n y q e a hi e c 

JJ.ng BhiaeneHHH oaaony'leBbiX KorepeHTHbiX peaKuH~ (2) 

"'IHCTbie" oaHony'leBbie COobiTHH C yrnoM OTKnOHeHHH BTOpH'II 

0 THBHCTCKOrO TpeKa OT nepBH'IHOrO () > 0,6 ( OUeHKa aaeT j 

Ho oaua ynpyruft cnyqaft B aaaao~ o6nacru). Ha puc, 11 noK, 

aeneaue 3Tux co6biTH~ no yrny () (npu ManhiX yrnax () -

3TOM *e pHCyHKe B Ka'leCTBe tiJOHOBbiX noKa3aHO TaK*e () -pB 

oaaony'leBbiX co6biTH~ c {3 -aneKTPOHOM H qacruu U3 asyxnyq. 

dN 
J8 

tS 

10 

5" 

15 j 

tO 

5 

,. 

I' 2' 

a) 

+6cny .. ae8 (. e>6" 

---;;--e 

0) 

• t9 c.ny ... a.t:6 c. 9>6• 

0-0 
s· 

O__u_ 
4' 

r-

6' e 3' 

Puc, 11. Pacnpeaeneaue no() B "qucTbiX" 3ae3aax 0+0+1p (a. 
oaaonyqeabiX co6biTHHX ( 6). 
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cruraR nocToRHaoa eenu

Hauny~ruee aaa~eaue 

eT 106~14, ~TO COOTBeT

nhCUH anR peaKUHH (3): 

(5) 

nony~eaaoe rpy6o B npe

ueopequT (5), T,K, acnea

"" aaa ~ucnoM pn -co6hl-

SIBnReTCR 3aHU}KeHHhlM, 

y~eBhiX peaKunft ( 3), no

e eenu~UHhi (>. 3 ) 6077 
/13/ 

M u nony~eaaoro B 

3 
ue ( I sin 

i=l 
(J . ) max B o6-

' 
eKTHhiM nnR onpeneneHHR 

uno ux Bhineneauu ua 

HO Bhl6UpaTb KaK MO}KHO 

aK npu aTbM nocruraeTCR 

B aacToHruefi pa6ore aau-
3 max 

( l sin (J; ) - 0,2 (no 
i=l 

fae/c TaKoe aaa~eaue 

- + or6opa peaKuuft " A -. A3" -

Ha "nnaTo" 3aBUCHMOCTH 

A 3 )60." 
/13/ 

H3 RB-

3, Y r noB hie p a c n pen en e H u R, 0 n H on y q e B hie c o 6 hi T u R 

nnR BhineneHUR OllHOnyqeBhiX KOrepeHTHhiX peaKUHft (2) paCCMOTpHM 

"qucThie" onaonyqeBhie co6hiTHR c yrnoM OTKnoHeHnR eropu~aoro penR-

o 
THBHCTCKoro Tpexa or nepen~Horo (J > 0,6 (oueaxa naer npu6nuaurem,-

Ho onua ynpyruft cnyqaft B naaaoft o6nacru), Ha puc, 11 noxaaaao pacnpe

neneaue arux co6hiTuft no yrny (J (npu ManhiX yrnax (J -sin (J ), Ha 

aToM *e pucyaxe B xaqecree !floHOBhiX noKaaaao TaK*e (J -pacnpeneneaue 

onaony~eBhiX co6hiTHii c {3 -anexrpoaoM u qacruu ua neyxny~eBhiX p p -eaa-

dN 
Ji 

IS 

10 

5' 

15 j 

tO 

li 

1' z• 

1' 

a) 

+ 6 C/1!:4<jGe6 (. e >6° 

3' 5' • e 

0) 

+ t9 "'Y"'a.t:S , e >6° 

ILO_. p 0 0 ·~·T;_ .. L,....L • s· • e 3' 4 

Puc, 11. Pacnpeneneaue no (J B "~nCThiX" aeeanax 0+0+1p (a) u !floaoehiX 
OaHonyqeBhiX C06h!THRX ( 6), 
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• 
HMOJleitCTBHH IIpH HCKniO"ieHHH "cepOI'O" TpeKa H.IIH TpeKa C MBKCHMB.IlbHbiM 

Yl'.IIOM (J H3 C06biTHR 0+0+2 p, KaK BHJlHO H3 pHC, 11, OIISITb HMeeTCSI 

H36biTOK ""iHCTbiX" C06biTHH B o6JiaCTH MB.Ilb!X (J , KOTOpbiR ecTeCTBeHHO 

OTHeCTH K peaKUHSIM (2), 

HopMHpoeKa pacrrpeaeneauR "qucTbiX" H <iJoHOBbiX co6biTHR B o6na-
x/ o o 

CTH (J max = 4 JlBeT H36biTOK ""iHCTbiX" C06biTHR B o6naCTH 0,6 <0 < 4 , 

paBHbiH N1 = 47:!:.13 (3Ta oueaKa cna6o MeHsreTcsr rrpu eapbHpoeaHHH (J max 

oT 2 ao 6°), BcneacTBHe rroTepb OJlHOJiy'leBbiX co6biTHR rrpu rrpocMOTpe 

3TO aaaqeaue N 1 JlOJI)I(HO 6biTb, no JlBHHbiM aamel'o 3KcrrepHMeHTa, yee

JIH"ieHo Ha <iJaKTOp 1,5, 'iTO JlBCT BepXHee 3HB"ieHHe Jl.IISI rrpo6el'a: 

max 
(AI )67p- 45M, (6) 

J1CTHHHOe 3HB"ieHHe ()1 1 ) 67 p , IIO-BHJlHMOMy, HH)I(e 0 TBK KBK 3H8"iHTeJibHOe 

'IHC.IIO peaKUHii (2) MOI'YT HMeTb Yl'.llbl (J < 0,6°, 

0THOCHTe.llbHO 60JibWOe 3HB"ieHHe Ce"ieHHSI OJlHO.Ily"ieBbiX KOI'epeHTHbiX 

B38HMO)lefiCTBHR BepOSITH00 CBSI38HO C TeM, 'iTO, B OT.IIH"iHe OT peaKUHR 

JlH<iJpaKUHOHHOit KOI'epeHTHOit l'eHepaUHH IIHOHOB IIHOHBMH, 38KOH coxpaHeHHSI 

·G -"ieTHOCTH He 38IIpemaeT KOHe"iHbiX JlBYX"iBCTH"iHbiX CHCTeM ( pTT 0 H nTT+) 

B IIpOTOHHbiX peaKUHSIX, ..... 
4. Y I' n o B bi e p a c n p e Jl e n e H H sr. n sr T H n y q e B bi e c o 6 hi T H sr 

5 

npuMeH.HSI TY )l(e MeTOJlHKY HCCJieJlOBaHHSI I sin (J I -pacnpeaeneHH.H, 
1=1 

'iTO H Jl.IISI Tpexny"ieBbiX co6biTHH, Mbi no.ny"iHM Hau6onee BeposrTHyiO Benu-

"iHHY Ns = ll:t.5 (eM, puc, 12), 3To aaeT c.neayiOWYIO oueHKY rrpo6el'a a.nsr 

IISITHJiyqeBbiX KOI'epeHTHbiX peaKUHit ( 4) B <iJOT03MY.IlbCHH rrpH 3Hepl'HH rrpo

TOHOB 67 f3B! 

x/3 omax 40 
HB"ieHHe = 6binO Bbi6paao HBMH H3 paCCMOTpeHHSI pacnpe-

pe.neHHSI IIO yl'JIBM (J BTOpH"iHblX "iBCTHU B Tpexny'leBbiX KOI'epeHTHbiX 

peaKUHSIX, B KOTOpb!X Yl'.llbl (J > 4° BCTpe"iBIOTCSI peJlKO, 

20 

+230 
(A5 )67p = (280 _go ) M 

HeCMOTpsr Ha 6eJlHYIO CTBTHCTHKy, OTMeTHM, 'iTO 3T8 BeJIH"iHE 

+68 
MOMy, rrpeBbiWaeT 3H8"i9HHe (A

5
) 6011 = (133_

34
) M, IIO.Ily"ie.!l 

/13/ 
ny"ieBbiX IIHOHHbiX KOI'epeHTHbiX peaKUHR rrpH 60 f3B/c , 

dN 
d~s~"'tl~ 

10 

s 

d/1 

~a. 
,KI fS 

10 

, 

a) 

n 

fl' n ~···· 

0.2 0.~ 0.6 ' ~JHl-8~ 08 

~ ~ 6) 

10 c-.-~-~-t-t=- (#,sind, )'"u 

0.2 0,1.1 0,6 0.8 

5 
Puc, 12, PacnpeaeneHHe no . .:} sin 
H <iJOHOBbiX IISITH.Ily"ieBbiX co6'hlTHSIX 

KOI'epeHTHbiX peaKUHR OT Bbi6opa 

(J i B ""iHCTbiX" 3Be3)l8X 0+0· 
(6) H aaBHCHMOCTb qucna N 

5 
( I sin (J. ) max 

i=J I 

21 



+230 0.5 )67p = (280 _
90 

) M (7) 

HeCMOTpsr Ha 6e.qHyJO CTaTHCTHKy, OTMeTHM, 'ITO SlTa BenH'IHHa, IIO-BH.1lH

+68 
MOMy, rrpeBbilllaeT SHa'leHHe (A 5 ) 6017 = (133 _

34
) M, rrony'leHHOe .qnsr rrsrTH-

/13/ ny'leBbiX IIHOHHbiX KOI'epeHTHbiX peaKUHH IIpH 60 faa/c • 

dN 
cif,su.6, 

10 

s 

dN 
~e. 

··t f5 

10 

5 

a) 

0.2 o.~ 0.6 

"''J 6) 

:: ---i-1-t-t--L_. . . . --~ 
0.2 0,4 0.6 

-; 
OB 

n 
L n li····· 

.
~Jul.B .. 

( t, Sin 8, rill X 
O,S 

5 
Puc. 12. Pacrrpe.qeneHHe rro J1 sin 8

1 
B "'IHCTbiX" saea.qax 0+0+5p (a) 

H c!JoHOBbiX rrsrTHny'leBbiX coefhiTHsrx ( 6) H aaaucHMOCTb qucna N
5 

rrsrTuny'leBbiX 
5 

KOI'epeHTHbiX peaKUHH OT Bbi6opa ( I sin () 
1 

) max 
/:1 

21 



I 

5, 3HepreTH'IeCK851 38BHCHMOCTb rrpo6era 

Tpexny'leBhlX KOI"'epeHTHhlX peaKUHH 

Ha pRe, 13 rrpHBeaeHhl aaHHhle o rrpo6ere KorepeHTHOfi reHepaUHH 

TpeX 3apmKeHHhiX '18CTHU IIpOTOH8MH 1 rrony'leHHbie B sraepHOH aMynhCHH 

/15-18/ 
B 38BHCHMOCTH OT aHepi"'HH. npH aTOM aaHHhie pa60T IIpH aHepi"'HSIX 

n 
20-25 faB nepeC'IHT8Hhi HaMH cornacHo npoueaype aHanHaa l sin (J; 

i=l 

pacrrpeaeneHHfi, rrpHMeHeHHoro B HacTosrwefi pa6oTe. Ha aTOM ~e pHCYHKe 

anSI cpaBHeHHSI rrpHBeaeHbl COOTBeTCTBYIOWHe 3H8'1eHHSI anSI KOI"'epeHTHbiX 

B38HMOaefiCTBHH 77- -Me30HOB 1 B3SITbiX Ha
113

•
141 

H T8K~e o6pa60T8HHh!X 

B ODHH8KOBOA C HaCTOSIWeA pa60TOH MaHepe, 

~ ..... I 
!00 I 

80 l 
I 
< 

·1 

',~~~ f 
bO • 

~0. 

' ' ··"'-.1 

'-

20· 

..... 
' 

L 
10 20 

'-

JO 

• nuo~k••e pe~K~uu 

• npvTOHHb/£ pe~lt'LfUU 

0 ~,..peg~w~e8J6eweH~oe 
JI-IO'-'•..,.ue no gawwot.Aot 

( 1?- 20] 

·,,'·~, 
''f, 

'} 

50 
?o Eo, r.s 

PHC, 13, 3aBHCHMOCTb npo6era B <floTOaMynbCHH anSI Tpexny'leBbiX KOI"'epeHT

HhiX peaKUHfi oT rrepBH'IHOfi aHepi"'HH E0 • 

KaK BHDHO H3 pHC, 13, Ce'leHHe Tpexny'leBhiX rrpOTOHHhiX peaKUHH 1 

T8K ~e K8K IIHOHHhiX 1 B03paCTaeT B o6naCTH ycKOpHTenbHhiX aHepi"'HH, 

naHHbie pHC, 13 II03BOnSIIOT T8K~e rrpeanonO~HTb pa3nH'!He B XapaKTepe 

22 

B03p8CT8HHSI C aHeprHeil Ce'leHHl!: rrpOTOHHbiX H IIHOHHbiX peaKUH 

ansr yaepeaaoro BhiBoaa aeo6xoaHMhi aanbHefiume HCcneaoBaHHSI, 

ABTOphi 6naroaapHhi KonneKTHBy coTpy.QHHKOB l1c!>B3 ( Ceprr: 

6eHHO npo<fl, IO,n, npoKOIIIKHHY H C,n, neHHCOBy 38 IIOMOWb 

B9.Q9HHH aKCIIepHM9HT8 IIO o6ny'leHHIO SI.QepHbiX <fJoTOaMynbCl 

HHK8M rpyiiiibl C.H. ni060MHnOBa (nB3 OHRH) aa npoSIBneHHe ( 

ABTOpb! Bblp8~8IOT T8K)K9 rny6oKyiO IIpH3H8TenbHOCTb BCei 

TaM, IIpHHSIBWHM y'laCTHe B rrpOCMOTpe H H3MepeHHSIX xapaKTepi 

HhiX B38HMO.QeiiCTBHH, 

n H T e p a T y p a 
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Moscow (FIAN and MGU)-Tashkent-Ulan-Bator Co 
tion. Reports No. 263 and 264 at the Amsterd. 
Conf. on Elem. Particles, Amsterdam, July 19 
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cow (FIAN and MGU)-Tashkent-Ulan-Bator Colla: 
tion. Phys.Lett., ~B, 282 (1972). 
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c!>H3M8TI"'H3, MocKBa, 1968, 
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HH 

H 

prHSIX 

yHK9 

biX 

lib! X 

peHT-

ii, 

pe 

B03p8CT8HH.SI C SHeprHei!: C9'19HHi!: llpOTOHHbiX H llHOHI!biX peaKUHH 1 OllHaKO 

an.11 yBepeaaoro BbiBoaa aeo6xoaHMbi aanbHefiume HccneaoBaHH.H, 

ABTOpbi 6naroaapHbi KonneKTHBy coTpyllHHKOB 11<t>B3 ( CepnyxoB) H oco-

6eHHO npo!fl, 10.n. DpoKoiiiKHHY H C .n. neaHcosy aa noMOIIIb B npo-

BeaeHHH SKCnepHM9HTa no o6ny'leHHIO .SIIl9pllbiX lPOTOSMynbCHH 1 COTpyll-

HHKaM rpynnhr C.M. ni060MHnoBa (nB3 011.HI1) aa npo.HsneHHe cnoeB, 

ABTOpbi Bblp8)Ka!OT T8K)K9 rny60KYIO npH3118TenbHOCTb BCeM na6opa11-

TaM, llpHH.SIBIIIHM y'laCTHe B llpOCMOTpe H H3MepeHH.SIX xapaKTepHCTHK .SIIlep

llb!X B3aHMO)lei!:CTBHH, 

n H T e p a T y p a 

1. A.Antonova et al. Alma-Ata-Cracow-Dubna-Leningrad
Moscow (FIAN and MGU)-Tashkent-Ulan-Bator Collabora
tion. Reports No. 263 and 264 at the Amsterdam Int. 
Conf. on Elem. Particles, Amsterdam, July 1971. 

2. A.Antonova et al. Alma-Ata-Cracow-Dubna-Leningrad-Mos
cow (FIAN and MGU)-Tashkent-Ulan-Bator Collabora
tion. Phys.Lett., ~9B, 282 (1972). 

3, A.Antonova et al. Alma-Ata-Cracow-Dubna-Leningrad
f.foscow (FIAN and r1GU) -Tashkent-Ulan-Bator Collabo
ration. Phys.Lett., 39B , 285 (1972). 

4. B,C, EapaiiieHKOB, Ce'leHHSI B3aHMOJlei!:cTBH51 aneMeHTapHbiX qacTHU, 
<l>H3MaTrHa, MocKBa, 1968, 

5. H.r. EHprep, IO,A, CMopoaHH, )1(3T<t>, 36, 1159 ( 1959): 
M,M, fpaMeHHUKHfi H ap. DpenpHHT 011HI1, 553, lly6aa, 1960, 

6, E.W.Anderson, E.J .. Bleser, G.B.Collins et al. Phys. 
Rev.Lett.,·-·19, 198, 1967. 

7, H.B¢ggild, E.Dahl-Jensen, K.H.Hansen et al. Nucl. 
Phys., B27, 269, 1971. 

8. o.Czyzewski, K.Rybicki. Report of Inst. of Nucl. 
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Y CJIOBHJI 06MeHa 

TlpenpHHTbi H coo6meHHSI OHHH paccbma~TCSI 6ecnnaTHo, HI 
HMHOJ:'O o6MeHa,yHHBepCHTeTSM1 HHCTHTyTSM 1 na6op8TOpHaM1 

HSY'IHbiM rpynnaM H OT)lenbHbiM y'leHbiM 6onee 50 CTpaH, 
nony'laTenSIM H3Jl8HHII: OHHH npeJlOCTaBnSieTCH B03M0)KHOCT 

SIBHTb HHHUHSTHBY B 6ecnnaTHOil: nOChlnKe ny6nHK8UHil: B lly6H 
o6MeH8 npHHHMS~TCSI Hay'IHbl9 KHHI"'H 1 *YPH8nbi 1 npenpHHTbl 
ny6nHKauHH no TeMaTHKe OHHii. 

EJlHHCTBeHHbiii: BHJl ny6nuKauHII:, KOTOPbiii: HaM npHCbinSTb 
9TO penpHHTbl l OTTHCKH CTaTeil: , Y*e ony6nHKOB8HHbiX B HSy'IHl 

~ pHJle cny'laeB Mbl CSMH oopamaeMCSI K Hay'lHbiM y'lpe)Kl 
6onee KpynHblM nony'laTenaM HSIIIHX H3ll8HHR - C npOCb60A 6e 
cnaTb HaM KSKHe-nHOO KHHJ:'H HnH BhlnHC8Tb ana Hamel!: 6H6nHC 
*YPH8nbi1 H3ll8~IUH9CSI B HX CTpaHaX, 

0TAe~bHble 38fip0Cbl 

it13llaTenbCKHil: OTaen e)KeJ:'OJlHO BbinOnHSieT OKOnO 3000 OTJl' 
coB Ha BbiCbinKY H3ll8HHA Ol1Hl1. B TaKHX aanpocax cneaye'I 
yKS3biBaTb HHlleKc aanpamHBaeMoro H3llSHHa. 

AApeca 

flHCbM8 no BCeM BOnpoCaM o6MeHa ny6nHK8UHSIMH 1 a T8Kl 
oTaenbHhle uaaaHHSI cneayeT HanpaBnSITb no aapecy: 

MocKBa, 

TnaBHbiil nD"'IT8MT1 niH 79, 
HaaaTenbCKHR oTaen 

06beaHH9HHOro HHCTHTYT8 

HaepHbiX HCCneaOB8HH/l, 

Aapec ana nocbmKH acex ny6nuKaUHII: B nopHaKe o6MeHa 

6ecnnaTHOA noanHCKH H8 HSY'lHhle *YPHSnhl: 

MocKaa, 

TnaBHhiil nD"'ITSMT, niH 79, 
Hay"'IHo-TexHH"'IeCKBH 6H6nHoTeKa 

06beaHH8HHDrO HHCTHTYTB 

HaepHbiX HCCneaoBBHHil, 


