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A H H o T a u H g 

C nOMOil.lblO 30- C8HTHMeTpOBOl! nponaHOBOl! ny3blpbKOBOl! K8M e pb! HCCfl e ,U OB 8flHCb npoue c-

C hi nornoweHHH rr + H rr- -Me3oHOB O.UHHaKoBoll 3 HeprHH g,apaMH yrnepo.a a . CyMMapH bie ceqe -

HHSI nornoweHHSI H nepe3apSI .U KH TT + H TT -Me30H OB B SI.Upax y rn e p o ,aa OK838flH C b COOTBeT-

+17 -27 2 +24 -2 7 2 
CTBeHHO p a BHbiMH: 98 _

10 
X 10 C M H 99 _

19 
X 10 C M , 

YrnoBoe pacnpe.aeneHHe 3apSI >K eHHbiX qacTHU oTH OCHTe nhHO HanpaBne HHSI n a.a a!OWHX Me-

30HOB OKa3anOCb H30TpOnHblM npH nornoweHHH TT -M e 3 0 H OB H 8 HH3 0 Tp OnHbiM H npH nornowe

+ 
HHH rr -Me3oHOB . B pa6oTe BbiCKa3biBalOTCSI npe.ano no >K eHHSI o npH 'I HHax aToro pa3nH'IHSI. 

nocTpOeH aHepr e TH'leCKHll cneKTp 38pSI >K eHHb!X '18CTHU, B bin e T e BWHX H3 H .Up a y rne po,a a npH 

nornoweHHH rr -Me30HOB
1 

B npe.a n o no>K e HHH, 'ITO 3TH '18CTHU bl SlBITSI !OTCSI ITp OT OH8MH, 

n pHB e .aeHbi pacnpe.aen e HHSI co6biTHl! nornowecmH 
± 

rr -Me30H OB no 'IHCny nyqel!. HanHcaHbi 

Teope TH'leCKHe Bb!pa>KeHHH 3TH X pacnpe.aeneHHl! B 38BHCHMOCTH OT 'leTbipex napaMeTpOB- J) t: 
' \, 

' , K • Xopowee cornacHe TeopeTH'ieCKHX H 3KcnepHMeHTanhHbiX pacnpe.aeneHHl! co6biTHl! nor-

noll.leHHSI no 'IHCny nyqeJ! n03BOnSieT c.aenaTb Bb!BO.U 0 TOM, 'ITO B npe,aenax TO'IHOCTH 3KCnepH

MeHT8 nornoweaHe H.aeT TOITbKO napaMH HyKnoHoB. BenH'IHHa napaMeTpa J) , onpe.aenSI!OWero 

BepoSITHOCTh nornoweHHSI rr~ -Me30HOB B ( np ) - napax, OKa3anacb paBHol! 0,65 ~ 0 , 10. TpH 

,apyrHX napaMeTpa xapaKTepH3YlOT g38HMO.Uel!CTBHe BHyTpeHHHX nepBH'IHblX HY KITOHOB, nony'IHB-

WHX nonay10 aaeprH!O 7T±_Me30HOB, C OCT8flhHbiMH HYKITOH8MH SI.Upa. 3Ha'leHHe napaMeTpa K 

yK83 biB8e T H8 TO, 'ITO npH O.UHH8KOBOl! 3HeprHH B38HMO.Uel!CTBHH BHyTpe HHHX nepBH'IHbiX HyKnOHOB 

H nona .aa!Oil.IHX B SI.UpO H3BHe BHell.IHHX nepBH'IHb!X HYKITOHOB C HyKITOH8MH SI.U e p yrnepo.aa pa3-

flH'IHb! • .[lena!OTCSI npe.anono>KeHHSI o npH'IHHax TaKoro pa3nH'lHSI. 

~~ 

A 30-cm propane bubble chamber has been used to study the processes of rr +and rr- -meson absorption of equal 

energy by carbon nuclei. The summary cross sections of rr +and TT- meson abs orption and charge ex change turned out 
+ 17 -27 2 + 24 - 27 2 

to be equal to 98 x 10 em • and 99 x 10 em , respectivel y . 
-10 -19 

The angular distribution of charged particles with respec t to the direction of incident mesons proved to be isotropic 

m ·rr- -meson absorption and anisotropic in rr +-meson absorption. The assumptions on the reasons of this difference 

are made. TI1e 'energy spectrum is given for charged particles emitted from the carbon nucleus in rr--meson absorption 

under the assumption that these particles are protons. 

The distributions of rr ±-meson absorption are given according to the number of stars. Theoretical expressions 

for these distributions with respect to four parameters J) , .; , ' , K are presented. Good agreement of theoretical and 

experimental distribution of absorption events according to the number of prongs allows to draw a conclusion that within 

the a ccuracy of the experiment absorption occurs only in nucleon pairs. The value of the parameter J) which determines 
± 

the probability of rr -meson absorption in (np)-pairs turned out to be 0.65·+ 0 . 10. Three other parameters characte-
± 

ri ze the interaction of internal primary nucleons which obtained total rr -meson energy with the remaining 

nuclear nucl eons. The value of the parameter K shows th a t with equal energies of internal primary nucleons and exter

.nal primary nucleons, hittin g the nu..:lei from outside, th e ir interac tions with the nucleons of the carbon nuclei are dif

ferent. Th e assumptions are made on the reasons of su ch a differen ce. 



h npouec-

pHhie ceqe-

COOTSeT-

IOlllHX Me-

r nornowe-

83rrH'IHSI. 

JOLl a npH 

!H. 

HanHcBHhi 

DS-TJ 

6hiTHA nor-

,10. TpH 

eTpa K 

·IX HYKIIOHOS 

oaa paa-

on of equal 

e turned out 

be isotropic 

1 difference 

n absorption 

>ressions 

~ tical and 

•D that within 

h detennines 

' characte-

te remaining 

~ons and exter

clei are dif-

I 

l 

I 
I 
t 

B seaeHHe 

6 
/ 1-1 5/ 

8 HaCTOSIWee speMSI S rrHTepaType HMee TCSI 6orrbWOe KOIIH'IeC TS O pa OT , noCSSIWeH-

± 
H h!X HCCrre.aosaHIIIO npoueCCOS nornoweHIISI 11 -Me30HOS pa3IIII'IHhlMII Sl.ll paMH S WllpOKOM IIHTep-

s a n e aHeprHA. B npouecce nornoweHIIH rr -MeaoH a H.llPOM M O)!{HO paanll'la T b .use c Ta.UHH. nep-

saSI CTa.UHSI - nepe.aaqa nOrrHOlt 9 HeprHH TT -Me30Ha KOMnrr eKCy HYKIIOHOS , S pe3yrrbTaTe qero 

S S!.Upe S03HHKaiOT 6biCTpb!e HyKrr0Hhl 1 KOT Opb!e S .aarrbHeltw eM 6y .llYT HMeHOS8TbCSI SHyTpeHHHMH 

nepSH'IHh!MII HYKIIOHaMH. BTopaSI CTa.UHSI - S3aHMOtleltCTSHe SHyTpeHHHX n e pSII'{HhiX HyKrrOHOS C 

OCTarrbHhlMH HYKIIOHaMH SI.Upa, npHSO.llSIWee K S b!IIeTy H3 H e ro H e CK On bKHX qaCTHU. 

As TOphl 60rrbWHHCTSa pa6oT CXO.llSITCSI Ha TOM, 'ITO Ha nepsolt C Ta.U HH nonHaSI 9HeprHSI 11-

/1 4/ 
M e30Ha n epe.aaeTC SI SHyTpH SI.Upa S OCHOSHOM nape HyKrrOH OS. 0.aHaKO TOIIbKO S O.UHOlt pa6oTe 

onpe.aenSieTCSI sepOSITHOCTb nornowe HHSI r. -Me;')OHOS napaMH O.llHOHMeHHb!X II pa3HOHMeH HblX 

B 6 
/4,7,8,11,13,15/ 

HYKIIOHOS S SI.Upax yrnepo.aa H arr!OMHHHSI. pa OTaX npHSO.llHTCSI TOIIbKO 

OUeHKII sepOSITHOCTH nornoweHHSI napaMH pa3HOHM e HHh!X HyKrrOHOS. 

8 6orrbWHHCTSe HMe!OlllHXCSI pa60T H e Co.aep)!{HTCSI .aaHHh!X 0 S 3 aHM O.UeltCTSIIII SHyTpeHHHX 

rr e pSH '{H b!X HyKrrOHOS C OCTarrbHhiMH HyKrrOHaMH SI.Upa Ha STOpOlt CTa.UHH npouecca nornoweHHSI 

/15/ 
rr -Me3oHa. B pa6oTe , r.ae asTophi nonb3y!OTCSI MeTo.aoM M o HTe-Kapno .anSI o6'bSICHeHHSI 

9KCllepHMeHTarrbHblX pe3yrrbTaTOS, npe .anonaraeTCSI, 'ITO SHyTpeHHHe rrepSH'IHh!e HYKIIOHbl S3aHMO

.aeltCTSYIOT C OCT8IIbHhlMII HyKnOHaMH S!.Upa, KaK CO CS060.UHb!MH. npH 9 TOM Y'IHTbisaeTCSI npHH

UHn naynH II HMnyrrbCHOe pac n pe.ae neHHe HYKIIOHOS SHyTpH SI.Upa. 

+ 
TT H B HacTOSIWeA pa6oTe Hccne.aosanocb nornoweHHe 1T -Me30HOS npH 9 HeprHH 

40-70 Mas SI.apaMH yrnepo.aa. DnH nonyqeHHSI cse.aeHHlt o nepsolt H sTo poA cTa.UHH npoueccos 

+ nornoweHH5! npOH3so.aHrrC5! aHarrH3 pacnpe.aeneHHA co6hiTHA nornoweHHSI TT H TT -Me3 0HOS no 

'{HCny nyqeJ!. C 3 T OJ! uerrb!O 6b!IIH HanHCaHbl TeopeTH'IeCKHe Sb!pa)!{eHH5! pacnpe.aeneHH J! C06biTHlt 

rrornoweH H5! TT -Me30HOS no '{HCrry nyqeJ!: S 3aSHCHMOCTH OT 4-x napaMeTpos -TJ , e, ( , K 

npH 9 TOM npe.anonaranOCb 1 '{TO nonHa5! 3HeprHSI rr -Me3oll8 Ha nepsoJ! cTa.aHH nornoweHHSI 

nepe.aaeTC5! TOIIbKO nape HYKIIOHOS, a Ha STOpOJ! CTa.UHH nornoweHH5! H3 5!.Upa yrne p o .aa Ha O.UHH 

n e psH'{HhiJ! HyKnoH S hirreTaiOT o.aHa HrrH .use qacTHUbi. O.aHospeMeHHOe H3yqeHHe nornoweHH5! 

11 -Me30HOS pa3 HhlX 3HaKOS rrpH O.UHHaKOSOJ! 3 HeprHH n03SOIIHnO HaJ!TH 3HaqeHH5! napaMeTpOS 

T1, e, ' , K 
• BerrH'{HHhl napaMeTpOS HaXO.llHIIHCb MeTO.llOM HaHMeH bWHX Ksa.apaTOS C IIOMOlllbiO 

aneKTpOHHOJ!: C'IEiTHOJ!: MaWHHhi THna M -20. 

npe.anaraeMbllt S pa60 T e HOSb!H MeTO.ll aHanH3a 9KCnepHMeHTarrbHhlX pacnpe.aeneHHJ! C06br-

THA nornoweH 11 5! rr -Me3oHos no qHcny nyqeJ! oTnHqaeTC5! oT MeTo.aa MoHTe-Kapno. P a3nHqH e 

COCTOHT S TOM, '{TO S OIIHChiSaeMOM MeTO.Ue He .aenaeTCSI HHKaKHX npe.anonO)!{eHHJ! 0 xapaKTepe 

S3aHMO.UeJ!CTSHSI SHyTpe HHHX nepSH'{HbiX HyKrrOHOS C OCTarrbHhlMII HYKII OHaMH S!.Upa H 0 MO.UerrH 

5!.D.pa. 

HaJ!.aeHH85! senHqHHa napaMeTpa .,., , onpe.aerr5!10Wero sepoSITHOCTb nornoweHIISI 

30Ha S nape pa3HOHMeHHh!X HYKIIOHOS, COrnacyeTC5! C OUeHKOJ!, npiiSe.aeHHOJ! S pa6oTe /5/ H He
/ 

/ l4/ 
CKOrrhKO pacxo.aHTC5! c pe3ynhTaTOM pa6oTbi • Ha6n10.aaeMoe pacxo)!{.aeHHe s 3 HaqeHHSIX na-

3 



paM e Tpa YJ MO.>KeT 6biTb o6ycnoaneHO pa3n H•m e M B 3HeprH5!X TT - Me30HOB B Jl8HHblX pa60T8X. 

TpH npyrHx napaMeTpa r. 

' K X8p8KTe pH 3Y~T B38HMOJle~C TBHe B HyTpeH HHX nepBH'I-

HbiX HyKnOIIOB C OC T 8nbHbiMH HyKn OH8MH H.a pa. nonyqeHHOe 3H8'1 e HHe napaMeTp8 K __ YK83biB8eT 

118 TO, 'ITO B38HMOJle~CTBH5! BHyTpeHHHX n e pBH'IIl biX HyKnOHOB H 11 0n8Jl8~lUHX B 5!Jlp0 H3BHe SHew-

HHX n e pBH'IH hlX HyKn OHOB C HyKnOH8MH 5!Jlep yrnepOJl8 pa3 nH'IHhl npH 0JlH H8KOBhlX 3HeprH5!X nep-

BH'IHbiX HyKnOHOB . 

HapHJlY c nposeneH»eM aHanK3a pacnpeneneHH~ co6biTHi1 nornoweHHH rr ± -M e30HOB H n 

p a MH yrne pona a 3aBHCIIMOCTII o T 'IHcna nyq ei1 a pa6o T e onp enen HnKCb cyMMapHhle ce'leHHH 

+ 
nornorueHHH 11 nepe3ap5!JlKK rr- - Me30HOB s H a pax yrnepona, a TBK .>Ke Haxon Hni!Cb aHep-

r e TK'IeCKI! e 11 y rnoB bie pacnpeneneHHH 38pH.>KeHHhiX qacTIIU, Bhin eTa~wHx 113 Hne p yrnepona. 

CyMMapHbie ce'le HI!H nornoweHHH 11 ne pe3apHJlKII 
+ 

TT II TT -Me30HOB OK838ni!Cb OJli!H8KOBbi-: 

Mil, 'IT O H8X0Jli!TC5! B COOTBeTCTBI!II C rl!nOTe30H 38p5!Jl OBOli CI!MMeTp1111 HnepHbiX Clln. 

TexH»Ka aKcnepwMeHTa 

+ 
VlccnenoaaHHe nornoweHHH TT H TT -Me30HOB 5!Jlp8MII yrnepona npOH3BOJlHnOCb C 

nOMOlllbiO npo n a HOBOli 11Y3blpbKOBOl! K8Mepbl np5!MOyronbHOl! cPOPMhl. ny3h!pbKOB85! K8Mepa JlnHHOlt 

(no ny'IKy) 30 CM, B h iCOTOlt 12 CM H WHpi!HOlt 10 CM 6bin8 noMeweHa 38 'leTbipexMeTpOBOlt 6e-

+ 
TOHHOl! 38lUI!TOlt .B ny'IOK TT - -Me30HOB OT CHHXpOUHKnOTpOH8 06beJlHHeHHOr o HHCTHTYT8 5!Jlep-

HbiX HCCneJlOB8HHii. 06pa30B8HI!e TT± -Me30HOB npO!!CXOJlHnO B MHW eHI! H3 6epHnnHH, noMeweH-

Holl BHyTpb aaKyyMHolt KaM e p bi CHHxpouHKnoTpoHa Ha nyqoK npoTOHOB c aHeprwe~ 670 M3B. B hi

± 
B OJl ny'IK8 TT -Me30HO B OT CI!HXpOUI!KnOTpOH8 H pacnono.>KeHHe ny3hlpbKOBOli K8Mephl B Jl8HHOM 

3 KCnepHMe HTe nOK838Hhl H8 pHC. {. 

ny3hlpbKOB85! K8Mepa pacnonaranacb B TepMOCT8Te. Bo speM H pa60Tbl T eMne paTypa npo-

0 
n a Ha cocTaan5tna 67 C, H8'18nbHOe naaneHHe-33 8TM 11 pacwHpeHHe-( 2,6 :t.. 0,1 )%. Kone6aHHH 

0 
TeMnepaTyph! II Jl8BneHI!5! He npeBbiW8nl! COOTBeTCTBeHHO :t_ 0,1 C H :t_ 0,2 8TM. ¢oTorpaci:Jwpo-

B8HHe cnenos 38p5!.>KeHHbiX '18CTHU npOH3BOJlHnOCb qepe3 aepTHK8nbH O pacnono.>KeHHOe CTeKnO 

ny3hlpbKOBOlt K8Mepbl H8 nneHKY lllHpHHOlt 3,5 CM CT9peoci:JOT08nnapaTOM C JlBYMH 06beKTHB8MH 

'IOnaTep-8w ( F 2 5,24 eM). PaccTOHH»e oT cpenHelt nnocKOCTK ny3bipoKosol\ Ka-

M e p bl JlO nneHKII B cPOTOannapaTe COCT8BnSin O 81,2 CM, a paCCTOHHHe Me.>KJly OnTa'leCKHMH OCHMH 

o6beKTHBOB I!Meno sena'IHHY 12 CM
1 

a 6a:o~a ¢oTorpa¢apoaaHII5! 6hina pacnono.>KeHa sepTHKanbHo. 

Pa6oTa npoa3sonanacb npH HenpepbiBHOM pe .>K aMe ycKopaTenH. U11Kn pa6oThi ny3hipbKOBolt KaMe-

p hi COCTBBnHn Jl9C5!Tb CeKyHJl
1 

H ynpasneHHe 910 OCylUeCTBnHnOCb JlHCT8HUIIOHHO. 6binO nony'leHO 

npHM9pHO no 2500 CTepeoci:JOTOrpaci:Jal!: H8 ny'IK8X TT + II TT- -Me30HOB, npOCMOTp KOTOpblX npo-

113BOJlHncH Ha cTepeonynax. 

3Hepri!H + 
TT II TT -Me30HOB B nyqKe onpenenHnacb no Jlll¢¢epeHullanbHhiM Kpi!BhiM npo-

6eros, nonyqeHH biM C noMOlllbiO ny3hlpbKOBOlt K8M9pb10 II H938BIICHMO OT 3TOro - M9TOJlOM 3B93Jl-

/15/ + 
Horo neTe KTopa • Ha p11c. 2 npencTasneH bi Jlll¢¢epeHuHanbHbie KpHBhie npo6eros 11 Ii 11 

-Me30HOB B nponaHe, nony'I9HHbie C nOMOlllbiO ny3hlpbK OBOll K8M9pbl. np11 CHHTI!Ii 3TIIX KpiiBhiX 

B HenocpeJlCTB9HHOlt 6ni!30CTII OT ny3hlpbKOBOli K8M9pbl H8 nyTH TT -Me30HOB noMewanCH 

¢HnbTp 113 nonH3TIWeHa TonwiiHOlt 10 eM. PacnpeneneHHH npo6eros TT II 
+ 

TT -Me30HOB B npo-

naHe OKB38nllcb OJli!HaKOBhiMII co cpenHelt 3HeprHelt 84 M3B 11 pa36pocoM Ha nonyBhiCOTe -t._6M3s . 
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>IX pa60T8X . 

~83b!B8eT 

3BHe BHew-

)I"HHX nep-

~30HOB S'l [l -

!Cb 9Hep-

-rnepo.aa. 

l.OHH8K0Bbl-; 

lOCh C 

~ pa .OnHHOJ:! 

lOBOJ:! 6e-

Ta s:~.aep-

B .08HHOM 

•pa npo-

cTeKno 

KTHB8MH 

Ka-

HMH OCHMH 

IIC8nbHO. 

BOJ:! KaMe-

nony'!eHo 

·opblX npo-

BbiM npo-

KpHBbiX 

InCH 

lB B npo

lTe ':_6M9B. 
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I 
I 

nornoweHHe 
+ 

rr H rr -Me30HOB H.Op8MH yrne po,aa npOHCXO,QHT COI"n8CHO p e BKUHH 

± 
rr + ( 1 ) 

r.ae no.a X no.apa3yMesaeTC5i CHCTeMa, B KOTOpyiO He BXO.OHT 'laCTHUbl nerqe HyKnOH8. SHew

He peaKUIIH THna 1 np05iBn5ieTC5i n1160 H3llOMOM, n1160 p83BeTBneHH eM cne.aa '!aCTHUbi, n1160 ero HC-

'le3HOBeHHeM, KOI".08 cne,a 'laCTHUbl OK8H'lHB8eTC5i B KaMepe TaK, 'ITO nnOTHOCTb ny3blpbKOB npH 

9TOM He COOTBeTCTByeT ee OC T8HOBKe. AHanOI"H'lHb!M o6pa30M npOHBn5ieTC5i ewe u e nbiJ:! p5i.O npouec 

+ 
COB, B bi3BaHH b!X rr- - Me30HaMH, a TaK:>Ke I!MeiOWHMHCH B ny'!Ke B KB'leCTBe npHMeCH aneKTpo-

+ 
H8MH, ll03HTpOHaMH II 1-L -Me30HaMH. K T a KHM npoueccaM OTHOCHTCH cne.ayiO!llHe : 

0 
-+ TT + c 

6 
y (2) 

rr + p 0 
-+ rr + n (3) 

+ + + '= 
rr -+1-L +v-+e +v+v+v 1 (4) 

± ± 
1-L e + v + v 

+ 
rr + e 

± 
1-L + e 

+ + 
e + e -+ e- + e 

(5) 

(6) 

(7) 

I 
( 8) 

, 

± ± 
rr + p -+ rr + p 

± ± 
1-L + p 1-L + p 

±. ±. 
e+p-+e+p 

rr t. + c; 2 
... rr± + c: 2 

± + co... ± + c 12 
1-L 6 1-L 6 

± 12 + 12 
e + C 6 ... e- + C 

6 

+ 
c~ 2 

... rr + y 
+ 

rr + 

I (9) 

I 
( 10) 

( 11 ) 

( 12) 

( 13) 

( 14) 

( 15) 

8 npoueccax THna 2-15 Y MO:>KeT npe.acTasnHTb COBOKYllHOCTb HyKnOHOB If 6onee T5i:>Kenb!X 

12 
'laCTHU Hlllf H.OpO C 

6 
B B036y:>K,aeHHOM COCTOHHHH, 

+ 
npoueCCbl BH.Oa 2- 15 OTllH'laiOTCH OT nornoweHHH rr- -Me30HOB H.apaMH yrnepo.aa TeM, 

'ITO co.aep:>KaT B KOHue 'l8CTI!Ubl nerqe HyKnOHa. noaTOMY OT6op C06b! THJ:! THna ( CBO.OHTCH K 

Bb!HBneHHIO TSKHX 'l8CTHU B KOHue npoueCCOB. J.1HOI".08 cne.Obl' '!aCTHU nerqe HyKnOHB B KOHue 

npoueccos o6Hapy:>KIIBSIOTC5i so speMH npocMoTpa ¢oTorpaqn!A Ha cTepeonynax no onpe.aeneHHbiM 

Oll03H8B8TenbHb!M npH3H8K8M.3TO 6b!B8eT B TeX cny'l85iX, KOI".08 3neKTpOHb! If n03HTpOHbl HCllbi-

+ + 
Tb!BaiOT CHllbHOe pacce5iHHe Hlllf KOI".08 1-L- -Me30Hbl If rr- -Me30Hbl OCT8H8BllHB8IOTC5i B npo-

naHe ny3hipbKosoA KaMepbi. 8 ocTanbHbiX cny LJ aHx npoH3BO.aHnacb .aononHHTenbHaH o6pa6oTKa 

C06b!THJ:! HB penpoeKTOpe If MHKpOCKOne. Ha penpoeKTOpe H3Mep5inHCb .OllHHb! cne.aos 'laCTHU H 

HX YI"llbl B ctj:JepH'leCKOJ:! CHCTeMe KOOp.OHHaT C OCbiO z no HanpasneHHIO npoxo.aHwero qepe3 

ny3b!pbKOByiO KaMe py ny'!Ka 'l8CTHU. npH 3TOM BBO.OHllHCb nonpaBKH, Y'lHTb!B8IO!llHe HCKa:>KeHHH 

.OllHH If yrnOB c ne,QOB 'l8CTHU1 Bb!3B8HHb!e yca,QKOJ:! nneHKH If npenoMneHHeM B nponaHe. C no-

MO!llbiO MHKpOCKOna onpe.aen5in8Cb OTHOCHTellbH85i llllOTHOCTb ny3b!pbKOB B cne,aax 'laCTHU B Ha

qane If B KOHue npouecca. KpoMe TOI"O, B KS:>K.OOM OT.aenbHOM cnyqae M bl Bb!'lHCnHnH 9H9pi"HIO 

'lSCTHuhi s Ha'lane npouecca, C'lHTBH ee rr -Me30HOM. J.1cnonb3yH nonyqeHHbie .aaHHbie, 

no KHHeMSTH'leCKHM COOTHOllleHHHM H3 BCeX C06b!THJ:! C .OBYMH ny'lSMH Mbl Bbi.OenHnH npouecc 

BH.08 9. 8 OCT8llbHb!X C06biTHHX, CO,Oep:>K8lllHX O.OHy HllH HeCKOllbKO Bb!XO.OHlllHX H3 ny3b!pbKOBOJ:! 

K8Mepb! HOHH3HpyiO!llHX 'l8CTHU1 no .OllHH8M cne.aOB onpe.aen5in8Cb CYMM8pH85i MIIHHManbH85i KH

H9TH'l9CK85i 3Hepi"H5i BCeX '!aCTIIU B KOHue npouecca. 3TO onpe.aeneHHe npOBO.OHllOCb C Y'l~TOM 

aHeprHH Bhixo.aa. qacTHu H3 H.apa yrnepo.aa npH .asyx npe.anono:>KeHHHX: 1) see cne.ahi s KOHue 

npouecca o6p830B8Hbl npOTOHSMHj 2) O.OHH cne.a , KOTOpbiJ:! o6na.aaeT H8HMeHb!llel!: nnOTHOCTbiO 

ny3hipbKOB cpe.aH scex cne.aos, yxo.aHlllHX H3 KaMe phi, npeHa.ane:>KHT rr -Me3oHy, a see 
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ocTanhllbie - npoToHaM • C•nt:Tanoch, 'ITO S38HMOLieltcTsHe He conpoSO)I{LiaeTCSI nornoweHHeM 

TT - Mfl30H8, ecnH CyMM8pH8Sl MHHHM8nbH8SI SHeprHSI SCeX 'l8CTHU S KOHUe npoue cca npH nepsOM 

npeanoflo*eHHH OK83hisanacb 6onhwe nonHolt sHeprHH " -Me3oHa s Ha'lane npouecca. EcnH *e 

CyMM8pH8Sl MHHHManbH8SI SHeprHSI scex 'l8CTHU S KOHUe npouecca npH STOpOM npeanonO)I{eHHH 

6bma 6onhwe KHHeTH'leCKOlt sHeprHH 11 - Me3oHa s Ha'lane npouecca, T O T a Koe c o6biTHe OTHo-

cHnocb K nornoweHHIO " -Me3oHa RLipOM yrnepoaa. B Tex cny'laSix, Koraa noaseaeHHe 6anaH-

Ca SHeprHH He npHSOLIHnO K onpeaeneHHbiM pe3ynhT8T8M 1 npoueCCbl 1 COLiep)I{8U1He HOHH3HpyiOU1HE 

'l8CTHUbi, SbiXOLlS!UlHe H3 llY3blpbKOSOlt K8Mepbl 1 OTHOCHnHCb K rpynne HeOll03H8HHbiX C06biTHlt . 

CpeLIH OCT8SWHXCSI C06biTHlt CO cneLI8MH, OK8H'lHS810ll1HMHCSI S llY3 b!pbKOSOlt K8Mepe, nH60 HMe

IOWHMH SHLl HC'le3HOSeHHlt I MOryT 6b!Tb TOnbKO C06b!THSI SHL18 1,2,3. Vl3 STOlt rpynnbi C06biTHlt 

He npeLICT8SnS!nOCb S03M0)1{HbiM , BbiLienHTb npoueCCbl THll8 2,3 SCneLICTBHe M anoA sepOS!THOCTH 

o6p830S8HHSI S nponaHe sneKTp011HO-n03HTpOHHbiX nap y -KS8HT8MH OT pacnaaa TT O -Me30HOS 

( p8LIH8UHOHH8SI LinHH8 S nponaHe 104 CM). nosToMy OT06paHHbie C06biTHS! npeLICTaSnSIIOT COso

KYllHOCTb npoueCCOB THna 1,2,3. 

6binO npOH3SeLieHO LISa He3aBHCHMbiX llpOCMOTpa nony'leHHbiX CTepeocpOTOrpacj:JHlt. 0TMeqa

nHCb TOnbKO Te C06b!THSI 1 KOTOpbie npOHCXOLIHnH Ha ctJacCTOS!HHH He MeHee 1 CM OT BHyTpeHHHX 

+ 
CTeHOK ny3b!pbKOBOlt K8Mepbl H He 6onee 20 CM OT BXOLia 'l8CTHU S nponaH. 3HeprHSI TT- -Me3o-

HOS S Ha'!ane pa6o'lelt o6naCTH 6bina 70 Mas, a S KOHUe- 40 Mas. npH n~pSOM npOCMOTpe 6bi

+ 
no 06Hapy)l{eHO Ha ny'!Ke TT -Me30HOS 372 C06b!THSI THna 1,2, a npH STOpOM ... HaltLieHO LlOllOnHH-

TenbHO 15. CooTseTcTseHHO Ha ny'!Ke TT -Me30HOS 6binO o6Hapy)l{eHO 306 C06biTHlt THUa 1 ,2,3 

H HaltaeHo aononHHTenhHO 16. KonH'leCTBO Heono3HaHHbiX co6biTHlt Ha ny'!Kax 
+ 

TT H TT -Me3o -

HOB nocne LISYX npOCMOTpOS COCTasnSinO COOTSeTCTBeHHO 39 H 27. Ecm1 npeanonO)I{HTh, 'ITO 

sepOS!THOCTb 06Hapy)l{eHHS! C06biTHlt HOCHT cnyqaltHbilt xapaKTep, TO ScpcpeKTHSHOCTb perHCTpaUHH 

+ 
C06biTHlt Ha ny'!Ke TT -Me30HOB COCT8SnSieT 96%, a H8 ny'!Ke TT -Me30HOS 95%. npH T8KOlt 

scpcpeKTHBHOCTH o6Hapy*eHHSI co6biTHlt nocne asyx npocMoTpos perHcTpHpyeTCSI 99,8% scex npo-

+ 
ueccos SHLia 1,2 Ha ny'!Ke 11 -M e3oHos H 99,7% scex npoueccos SHLia I ,2,3 Ha ny'!Ke " -Me-

30HOS. 

3KcnepHMeHTanbHbie pe3YnbT8Tbl H HX 06Cy)I{LleHP.e 

I. CyMMapHoe ce'!eHHe npoueccos nornoweHHSI H nepe3apR.1lKH B yrnepoae 

sHeprHH 40-70 Mas. 

± 
TT -Me30HOB llpH 

KaK yKa3biSanocb SbiWe, oTo6paHHbie co6biTHSI npeacTasnRIOT cosoKynHOCTh npoueccos TH-

+ -
na 1,2 Ha nyqxe " -Me3oHos H 1,2,3-Ha ny'!Ke 11 -Me3oHos. KonH'lecTso co6biTHlt, o6ycnos-

/17 ,18,19/ 
neHHbiX npoueCCOM THna 3, MO)I{eT 6biTb onpeaeneHO H8 OCHOBaHHH .1l8HHbiX 0 Ce'leHHH 

aToro npouecca s HHTepsane SHeprHlt 30-65 Mas. B HacToRwelt pa6oTe senH'lHHa ce'leHHSI a 
-27 2 , 

-npouecca THna 3 6bma npHHSITa paBHOlt ( 10 :!:. 1,5).10 CM • L!Hcno co6biTHlt, OTBe'laiOlllHX npo-

ueccy THll8 2
1

He MO)I{eT 6b!Tb onpe.aeneHO SBHLIY OTCYTCTBHSI TO'lHbiX 9KCnepHMeHTanbHbiX .1l8H-

Hb!X 

HHSI 

0 Ce'leHHH STOrO npouecca. nosTOMy S H8CTOSIU1elt 

+ a 
1,2 

H 0 npOUeCCOB SHL18 1,2 
1.2 

COOTSeTCTSSHHO 

pa6oTe onpe.llenSinHCh cyMMapHbie ceqe-

Ha ny'lK8X TT + H TT -Me30HOB. .llnS! 
+ 

STOrO 1S CBOIO O'lepe.llb, H8XOLIHnHCb nnOTHOCTb nponaHa H npHMeCb IL- - M930HOB, sneKTpOHOB 

H ll03HTpOHOB B llY'lKe 'laCTHU, llpOXOLIS!lllHX 'lepe3 ny3blpbKOByiO KaMepy • 

6 

33 a ~ 

MSI n 

OK83f 

LIHna• 

3Se3L 

'lHHa 

aec R ~ 

o6pa3 

LIHnac 

ny3bi f 

+ 
IL --M 

sneKT 

'laCTH 

B Mec 

LlOS TT 

peHeH 

'leHHbi: 

neHHhi• 

a+ c9l 
1,2 

HeTO'lH 

3 
B CM 

a pa6o 

SKniO'lf 

c 
Bbi.llen• 

HHSI TT± 

nHCb C . 

3H8'leH 

Be.lleHH 

T8T YK· 

TO'lHOr< 

H a 
1, 

cornac1 



eHHeM 

H nepBOM 

=:c nH )!(e 

e OTHO-

3HPYJOlllHE 

blTHA. 

160 HMe-

:o6biTHA 

ITHOCTH 

e30HOB 

peHHHX 

+ 
- -Me3o-

ma 1,2,3 

:::ll 1 1.fTO 

·cTpaUHH 

TaKOA 

::ex npo-

30HOB ITpH 

!COB TH-

•6ycnoa-

HSI a 
j 

lllHX npo-

IX ,U8H-

:TpOHOB 

nnoTHOCTb nponaHa p Onpe,aenSinaCb ,anSI TeMnepaTypbl 67°C H HaqanbHOrO ,aaaneHHSI 

33 aT!"l-• a 3aTeM nepeC'iHTbiBanacb .anSI .aaBneHHSI, KOTopoe o6pa3yeTCSI npH pacwHpeHHH ao ape

MSI npOXO)!(,UeHHSI HOHH3Hpy10lllHX qaCTHU qepe3 ny3blpbKOByJO KaMepy, 8 pe3ynbTaTe 
1

BenH'iHHbl p 

OK83anHCb paBHblMH COOTBeTCTBeHHO (0,45231 :!:_0,0004) r/cM
3 

H (0,441 :!:_0,001) r/cM
3

• 

± ± ± 
npHMeCb 1-1. -Me30HOB yi-L no OTHOllleHHJO K 'iHCny 17 -Me30HOB B nyqKe qacTHU Haxo-

± ± 
.aHnacb no .aHcpcpepenuHanbHbiM KpHBbiM npo6eroB 17 H 1-1. -Me30HOB, nonyqeHHbiM C nOMOlllhJO 

3Be3,UHOrO ,aeTeKTOpa B pe)!{HMe OCTaHOBOK, 8 MeCTe Bb!XO,aa TIY'iK8 'i.:lCTHU H3 nponaHa BenH

+ 
'i11H8 y/-L COCTaBnSina (18::_2) % , a yll = (36::_3)%, 

DnSI onpe.aeneHHSI np11Mec11 sneKTpoHoB H 

,aeCSITOJt qacTII BCeX CTepeocpOTOrpacpHJt 'iHCna 

n03HTpOHOB np0113BO.UIInCSI TIO.UC'ieT Ha O.UHOJt 
+ 

N- 8 sneKTPOHOB c sHepr11eA 6onbwe 1,3 MsB, 
8 

o6pa3yeMbiX c BepoSITHOCThJO <I> qacTIIUaMII, npoxo.aSillliiMH 30 CM nponaHa. BenH'iHHa <I> Haxo-

.UHnach H3 pacqeTa, 'iTO 3Hepr11SI qaCTHU TIOCTOSIHHa H COOTBeTCTByeT HX 3HeprHH B cepe.UHHe 
+ 

ny3biphKOBOA KaMepbi. flpH 3TOM npe.anono)!{eHHH ,anSI 51 MsB 17 

+ 
I.L--Me30HOB <lJI.L =0,137, ,anSI 

+ 
sneKTpOHOB II ll03HTpOHOB y e-

151 MsB sneKTpoHoB 11 no3HTpOHOB <I> • = 1 ;063. Bbi'iHcneHHe npHMeCH 

+ 
no OTHOllleHHJO KO BCeM N- qaCTHUaM B ny'iKe Ha O.UHOI\ ,aeCSITOl\ 

qaCTII Bcex CTepeocpoTorpacpHA np0113BO,aHnocb no cpopMyne: 

+ ± ± t N8 N • y I' y . ~ + • N (<1>.-y; 

+ 
B MecTe Bhixo.aa nyqKa qacTHU H3 nponaHa BenH'iHHa y • (0,5::_0,3)%, a y =(24::_4)%. 

• 
± t. 

HaJt,aeHHbie 3HaqeHHSI y II y HCnonb30BanHCb ,anSI Bbl'iHCneHHSI CyMMapHOJt ,anHHbl cne-
+ • ll 

.aoB 17- -Me3oHOB B Bhi.aeneHHOJ% o6nacTH ny3bipbKOBOJ% KaMepbi, DnSI sToro npoH3BO.aHnocb H3Me-

peHeHHe .anHH cne.aOB BCeX qaCTIIU Ha Ka)!{,aOlt ,aeCSITOJ% CTepeocpOTOrpacpHH. Ha OCHOBaHHH nony-

± + 
'ieHHbiX ,aaHHblX H 'iHCna S C06biTHJt THna 1,2 Ha nyqKaX 17- -Me30HOB 6hinH onpe,aeneHbl HCnpaB-

neHHble Ha 3cpcpeKTHBHOCTb 06Hapy)!{eHHSI C06biTHJt cne,ayJOWHe BenH'iHHbl Ce'ieHHA : 

at =98 +l
7 

X 10-
27 

2 - +24 -27 2 
1 , 2 -10 CM a =99 

19
x 10 CM , npH Bbl'iHCneHHH OlllH60K Ce'ieHHJ% y'iHTbiBanHCb 

+ 1,2 + -
HeTO'iHOCTH B p , y- , y ± , S-

1 
norpelllHOCTb B onpe.aeneHHH CO ,aep)!{aHHH H,Uep yrnepo,aa 

ll e 
3 

B CM TeXHH'iecKoro nponaHa, a TaK)!{e norpewHOCTH B onpe.aeneHHH 'iHCna qaCTHU, BXO.UHlllHX 

B pa6oqy10 o6naCTb ny3bipbKOBOJ% KaMepbi 1 H B .anHHe cne.aa qacTHUbi. Heono3HaHHbie co6biTHH 

BKnJOqanHCb B BepXHJOJO OlllH6Ky Ce'ieHHJt, 

+ 
C uenhJO llpOBepKH npaBHnbHOCTH onpe,aeneHHH CyMMapHOlt .anHHbl cne.aOB 17- -Me30HOB B 

+ 
Bbi.aeneHHOlt o6nacTH ny3blphKOBol!: KaMepbi Haxo.aHnHCb nonHbie ce'ieHHH a 1 -ynpyroro pacceH-

HHH 17± -Me30HOB Ha BO,aopo,ae, BenH'iHHbl KOTOpblX npH ,anHHe cne.UOB npOTOHOB ~ 1 MM OKa3a-

nli!Cb cne.ayJOLUHMH 
+ +1,8 -27 2 +0,5 -27 2 

a
1 

=12,1_
1

,
7

xl0 CM i a 7 =0,6_
03 

xl0 . CM. nony'ieHHbie 

+ ' 
3Ha'ieHHH Ce'ieHHJ% a- XOpOlllO BTIHCbiBaJOTCSI B COBOKYTIHOCTb 3KCnepHMeHTanbHb!X ,aaHHbiX 1 llpll-

~19-22/ ± 
Be.aeHHbiX B pa6oTaX np11 3HeprHH 17 -Me30HOB B HHTepaane 33-70 MSB, 3TOT pe3ynb-

TaT yKa3biB8eT Ha T0 1 'iTO B BenH'iHHaX Ce'ieHHlt 

TO'iHOrO onpe,aeneHHSI CyMM8pHOJ% .anHHbl cne.aOB 

± a He Co,aep)!{HTCH rpy6b!X OlliH60K H3-3a He-
+1,2 + 

17- -Me30HOB B KaMepe. PaaeHCTBO ceqeHHJ% a 
1.2 

H a ' 1,2 
nony'ieHHbiX B .aaHHOJ% pa6oTe .anSI O.UHHaKOBhiX 3HeprHA 

+ 
17- -Me30HOB, HaXO.UHTCSI B 

COrnaCIIII C rHnOTe30J% 3apS!,UOBOJ% CHMMeTpHH S!.UepHbiX CHn, 
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2. P ae n p e n e n e HH e eo6biTHA THn a I n o '!Heny nyqe i! 

ny'IOM e'!lfTB JleSI e n e n H OHif3 HpyiOllleA '!8eTHU bl B KOHU e npo u e e ea , lfMe!OlllHA Ll JlHHY H e M e Hb-

+ 
w e 2 M M , npH T8KOM o npe neneHHH ny'IB H86Jl!OLl 8 JlHeb H 8 llY'!Ke TT - Me30H OB eo6b!THSI Tlfll 8 

l ,2 e '!HeJl OM nyqeJt j OT Q Ll O 4 , 8 H 8 llY'!Ke TT- -M e30H OB-e 06b!THSI TH!I 8 l, 2, 3 e 'IH e Jl OM 

nyqe i! OT 0 Ll O 3, npoueee nt:n8 3 M O)I(e T 6b! Tb n e i"'KO HeKJl!O'-JeH H3 3 Ke nepHM e HT8 JlbH OI"'O pae-

npen e neHHSI C06 b!THA n o '!H e ny nyqe ij, T BK KBK 3 T OT npoueee npO SI B JlSJ e T e SI T OJlbKO B BHLle H e 'le3-

H OB e HHSI enena TT -Me30H8 K ee'!eHK e e!"'O Ll Oe T 8 T O'IH O XOp OW O H3BeeTH O , 

CTpo roe p83 LleJleHKe eo6bi THi! TKna l, 2 H e MO)I( eT 6 b!T b npOH3 Bene H O B BH Ll Y OT e yTe TBHSI 

a HaeTOSJll.lee speMSJ noeTBTO'IHO n o nH hiX a K e n e pHM e HTa n b H b i X naHH bi X o npoueeee T H n a 2 . OnH a K o 

+ 
H e 6y neT ene nBHO rpy6oi! OlllH6KH, e eJlH se e e o 6 biTHSI, HMe!Oll.lH e BH Ll He'!e3HOBeHHil TT -Me30H OB , 

OTH e eTH K npou eeey TKI18 2, K OTOpb!A B OeHOBHOM Ll OJl)l(eH li DO SIBJlSITbeSI llOLl06H biM o6p830M, 

+ 
3 T O npe Llll OJlO)I(e HHe o np8BLl8HO TeM, 'ITO ee'!eHH e npo u eeea He'!e3H OB e H H SI 7T - Me30HOB , HBi!Ll e H-

+ + t 3 -27 2 
HOe B Ll 8HHOA p a 6oTe aHe'l:"3,8_

1
•,

2
x 10 e M , He npOTH BOpe'!HT ee '! e H!i!O n p oueeea THn a 2, n o -

/23/ ' -
n y'!e HHOMY s pa6 oTe • Pa3neneHHe eo6 brTHl! THn a 1,2 ua n y'!Ke rr -M e30HOB n p o H3 B OLlHn oe b 

n pH n peLlli OJlO)I(eHHH, 'ITO n pouee e THn 8 2 npO SIBJl SJe7e SI B BHLl e eo6biTHi! e 'IHCJl OM n y q e i\ 0 H 

HMeeT e e '! e HH e T8KOe )l(e , KBK H 8 n y'!Ke 7T + -M e30HOB, nony'!eH H bi e p aen p e n eneHHSI e 0 6 bi THH 

+ 
B HLlB 1 n o '!H e ny nyqelt HB ny'!KBX rr K rr -M e30H OB npe n e T a sn e H bl H a pH e. 3 . P aenpeneneHHSJ 

xa p o KTe pH3 yiOTeSJ 

+0,1 4 
I =0 ,94 -0,13 

epeLlHHM '!H e Jl OM nyqeJt 

H 8 IIY'!Ke 7T -Me3 0 HOB. 

-+- +0,1 3 + 
=2,22 -Q 

11 
H8 IIY '!Ke 77 - Me30H OB H . 

3. P a enpeneneHH e epenHelt 3HeprHH npo TOH OB B eo6 biTIISJX TH na 1 

B 38BHeHM OeTH OT '!Hena nyqe~ 

/9/ 
J..1 3 pa60 Tbl H3Be eTHO, 'ITO npH llOI"'JlOllleHHH OeT8HOBHBWHXeSJ 7T -Me30H OB S!Llp8M H 

ll30T 8 liOLl 8 BJlSI !O ll.l e e 6 0JlbWHHeTBO o6pa3 y!OlllHXeSJ a -qaeTHU HMee T 3He p!"'H !O B HHTe p san e 

+ 
no 15 M a s. E e nH npennon o )I(HTb, 'ITO npH n o rno ll.leHHH rr- -Me3 0H OB e 3 H e prH e A 40-70 M as SJLlPBMK 

y rn e p OLlB 6 0 JlbWHHeTB O a -qaeTHU HMeeT 3 Hep!"'H !O B T OM )l(e HHTe pB8Jle, T O e n e Llbl a -qa e-

THU H e 6ynyT 11pHHHM8TbCSI 38 Jly'l, TBK KBK LlJlHH8 HX B nponaHe He 6yLleT npe B bi W8Tb 0,5 MM, 

TaKHM o 6pa30M, ene Ll bl HOHH3Hpy!O lllHX qaeTHU, p e rHeTpHpy e Mbie KBK Jly'l, npHH8LlJle )I(8T 6onee 

nerKHM OLlH038PSJLlH b iM '!BeTHUBM. TaK KBK MeTOLlHKB 3KenepHMeuTa He no3BOJlSJeT p a 3JlH'!8Tb 

3 TK '!8eTHUbl , B LlBJlbHeltweM npe nnOJl81"'8JlOeb, 'ITO see JlY'IH SIBJlSIIOTeSJ eneLl BMH npOT OH OB. npa 

3 TOM npeLlnOJlO)I(eHKii no LlJlHHe nyqa onpenenSJJl8eb 3Hep!"'HSI '!BeTHU, oeTBHOBHBWHXeSI B ny3blpb

KOBOit K8M e pe, H HH )I(Hee 3H8'!eHHe 3He p!"'HH '18eTHU, BbiXOLlSi lllHX K 3 Hee. H a OeHOBe nonyqeHH biX 

Ll8HH hl X 6 hlJl H Bhl '!HeneH~ yepenHeHHhle 3H8'!eHHSI MHHHMBIIbHhlX 3HeprHA npOTOHOB T 
min 

a eo6br-

THSIX BHL18 1 B 38BHeHMOeTH OT '!Hena nyqel!. P e 3yJlbT8Tbl 3THX B bi'!HeJleHHA eseneHbl B Ta6nH

uy 1. B a Tolt Ta6nHue npHBOLlSJTeSJ TBK)I(e yepenHeHHble 3H8'!eHHSJ M8KeHM8JlbHbiX aH e prHA npo-

T OHOB T max , npH OllpeneneHHH KOTOpbiX 3Hep!"'HSI BbiXOLlSilllHX H3 ny3blpbKOBOit K8Mepbl '!BeTHU 

nonaranacb p a aHoA 90 Msa. B TOM cnyqae, KOI"'LlB KHHeTH'!ecKaSJ sHeprHSJ acex qaeTHU, o6pa3yiO

lllHX cneLlbl, C yqeTOM 3Hep!"'HH BbiXOLl8 HX H3 S!Llp8 yrnepOLl8 OK83 bi88Jl8C b 60Jlbllle llOJlHOA 

+ 
SHep!"'HH TT- -Me30HOB, 3H8'!eHHe CyMM8pHOl! 3Hep!"'HH BbiXOLlSilllHX npOTOHOB onpenenSIJlOCb no 

6anaHcy sHeprHH. 

8 

H . 

a n y 3~>1f 

THll 8 1 

M H H 3 II 

npHsene 

CKOI"' O C l 

H 3 ny3bl 

s pa6on 

Ha 

SIBJlSI!Ollle 

uecca H a 

yrnoabr e 

p83JlH'!He 

'IHCJlO ny 

M e 3 0 HOB. 

+ 
a =0,164 

8HK30TpOI 

LlJlSI C 0 6 bJ 

CT8THCTH ~ 

8HH30Tpon 

B P~ 

naeMol! 

HX nornou 

'leHHe H e y 

c npo6ero: 

LleHHOl! Be 

uponaHe ?:. 

BbiW8eT ~ ~ 

HCTO'IHHKO~ 

no-a 

K3 S!Llep y1 

1. B 

BHyTpeHHKe 

TenbHo Han 

pe8KUKH n 

HYKJlOHOB. l 

TSIT C 60Jlbl 

HB, '!eM B I 



1111 T11n a 

411 Cn OM 

o r o p a c-

CyTCTB IISI 

1 2 . OnH a K o 

+ 

6p830M, 

lOB , Hal!neH-

11na 2, n o -

~Bon11n oc b 

ei! 0 11 

06b! TIIi! 

peneneHIISI 

II 

illp8MII 

pBane 

3B S!llp8MII 

-qa c-

b 0,5 MM, 

IT 6onee 

nii48Tb 

>HOB . npH 

ony 49HHblX 

'n 

r11l! npo-

lhl 48CTIIU 

1, o6pa3yJO

>nHoll 

IOC b no 

Ha oc Ho aaHIIII naHH ~>rx, no.'ly4eHHbiX a p e3ynbT8 T e H3 M e peHIISI a He prllll 4 8CTIIU 11 0 nn 11H e ny'W 

B ny3WpbKOBOi! K8Mepe, 6wn ll OC TpoeH T8K* e 3 H e pre TH4 BC KHi! ClleKTp llpOTOHOB B C06WT iiSI X 

Tlin a I Ha ny4K e rr -Me30HOB ( p11 c , 4 ). Vl c KaiK e HHSI aToro cneKTpa , o6ycn o aneH H bJe BbixonSJwu-

M il 113 llY3WpbKOBOl! K8M e p w 11pOT OH8MH He y411T WB 8n11Cb, T8K K8K KOnll 4 e CTBO T8KHX npOTOHOB B 

+ 
npiiBeneHHOM cn e KTpe H eaenHK O. Ha n y<JKe iKe rr -Me30H OB T8KHMII II C Ka* e HIISJMH aHepre TH4e

CKoro CllCKTpa npOTOIIOB npe o~ e6pera:rb Henb3SI BBHL!Y 3H8'lHTenbHOI'O K Onll4e CTB8 B b! XOL!SIWIIX 

113 ny3WpbKpBOl! K8M epw 48CTIIU. noaTOMY 3 H e preTH4 eC Kiii! ClleKTp npOT OHOB H 8 

B pa6oTe He 11p11BOL!IITCSI , 

4, YrnoBbre pacnpeneneHIISI ny4el! B co6b!THSIX THn a I 

Ha p11c. 5 npencTaeneHw pacnpeneneHIISI nyqell B ono3H8HHWX co6wTIISIX THna I n o yrny 0 , 
+ 

SJBnSJJOWeMycSJ npoeKullell yrna 0 Me*nY cnenoM TT -Me30H8 II cnenoM 'l8CTIIUbl B KOI!Ue npo -

uecca Ha nnocKOCTb, napannenbHyJO nnocKOCTH nneHKII. KaK BIIL!HO 113 np11eeneHHor o p11CyHKa, 

yrnoBbre p a cnpeneneHHSI ny'fel! cywecTBeHHO 

pa3nll411e M O* HO xapaKTep1130B8Tb CTeneHb!O 

411CnO Jiyqel! COOTBeTCTBeHHO B nepenHJOIO II 

oTnH48JOTCSI npyr OT npyra. K o n114ec T Be HHO a T o 

PB- PH 
8HII30TpOnllll am -----· ,rne PB II PH - cyMM8pHoe 

PB + !'H + 
38L!HIOIO nonyc<jlepbl OTHOCIIT9nbHO H 8 11 p aeneHH51 TT- -

+ 
Me30HOB , CTeneHb aHII3oTponiiH nns:r ecex ono3H8HH biX co6biTHl! H a ny<JKe TT -Me30HOB OK838n8Cb 

+ 
a = 0,164 !,0,034, 8 H E\ nyqKe TT -Me30HOB a =0,030 !,0,065, 4T06bl npocneL!IITb, K 8 K 11 3MeHSJeTCSI 

+ 
8HII30Tp011115l B 38BIICIIMOCTII OT 411Cna nyqel! BO B3aHMOL!9l!CTBIISIX

1
B W 411CnSJnHC b aenH4HH W a; 

nns1 co6hiTIIl! c pa3nll'fHbiM 4HCnOM ny'fel!. Pe3ynbTaTbi Bbi'fHcneHIIll c owu6KaMu, o6yc noBneHH biMH 

CT8TIICTHKOJI, CBeneHbl B T86ni!UY 2, LlnSI CpaBHeHII5l B 3TOli *9 Ta6nHU9 npHB OL!~TCSI aenH4HH bl 

6 
I 10,11 I 

aHH30Tp0111111, nony49HHbl9 B pa OT8X 

1101 
B pa6oTe 6brno BbiCKa38HO llfE nnono*eHKe, 'ITO onHHM 113 rnaBHbiX IICT04HHKOB Ha6nJO-

naeMOll aHII30T~OiliiH S!BnSI9TCSI BW6HBaHH9 npOTOHOB 113 SIL!ep yrnepona 
+ 

rr -Me30H 8MII nepen 

IIX nornoweHHeM, LlnSI npoeepKII aTO!"'O npe nnono*eHHSI B naHHOll pa6oTe on p enenHn o cb a ce-
Hy 

+ 
<JeHHe Heynpyroro paccei!HHSI rr -Me30HOB, np11aon11wero K BbrneTy 113 11nep yrn e p ona npoTOHvrl 

-27 2 
C npo6erOM B nponaHe ~ 2 MM, BepxHee 3H8'{9HH9 aHy OKaaanOCb p8BHblM 6•JQ CM , npH Hai!-

neHHOll a enH'fHHe u
11

y •<enK'feCTBO co6biTHA nornoweHHII, conep)l{awux npoTOHbl c npo6eroM a 

nponaHe > 2 MM, Bbi6HThie H3 11nep yrnepona rr + -Me3oH8MH nepen HX nornoweHH eM , He npe-

BhiW8eT 1% oT ecex co6biTHll nornoweHHSI, noaToMy TaKoll npouecc He MO)I{eT siBnRTbCSJ rn a aHurM 

HCTO'fHHKOM Ha6nJOnaeMOll aHH30TpOnHH, 

no-BHL!HMOMy, cyweCTBYIOT L!B8 OCHOBHblX HCT04HHK8 aHH30Tp011Hif npOTOHOB, B bJne TBIOWHX 

+ 
lf3 11nep yrnepona np11 nornoweHifK rr -Me3oHOB. 

1. B ClfCTeMe ueHTpa Mace rr + -MeaoHa H nornowa10well ero napbl onHOKMeHHbiX HyKnoH o B 

BHyTpeHHH9 nepBH'{Hble llpOTOHhl neTSIT C 6onbwell BepOSITHOCTb!O B nepenHIO IO nonyc<jlepy OTHOCH-

+ 
TenbHO H811p8BneHifSI L!BH:-t<9HKSI TT -Me30H8, '{eM B 38L!HIOIO, 3TO MO)I{f!O BHL!eTb H3 paCCMOTpe HHSI 

pe8KUHH n + p -. rr + + n + n , o6paTHoll peaKUHH nornoweHHSI rr+-Me30H8 napoli OL!H OHMeH H WX 

HyKnOHOB, B CKCTeMe U9HTpa MaCC CTanKHB810WHXCSI HyKnOHOB B STOll peaKUHH 
+ 

1T -Me3 0 Hbi ne-

TSIT C 6onbweA BepOS!THOCTb!O B 38L!HIOIO nonyc<jlepy OTHOCHTenbHO HanpaeneHHSI 118ll810W9r o Hei!Tpo -

Ha, 'leM e nepenHJOJO. 

9 



+ 
2. HaJIH'lHe HMnynbCa y nanaiOwero rr -Me30H8 npHBOLlHT K TOMy, '!TO npOTOHhl H3 

SILl9p yrnepOLl8 BhJn9T8IOT C 60nbWeil. B9p051THOCTb10 B n e p9LlHIOIO nonyccpepy OTHOCHTenbHO Ha

+ 
npaBneHHSI TT -Me30H8, '19M B 38LlHIOIO. 

nepe'lHCneHHhle HCTO'lHHKH 8HH30Tp011HH LlOn*Hhl HM9Tb M9CTO T8K*9 npH nornOlll9HHH 

rr -Me3oHoB RnpaMH yrnepona. OnHaKo 3H8KH aHH30TponHH BHyTpeHHHX nepBH'lHhlX npoTOHOB, 

+ 
o6ycnoBneHHOll: nepBbiM HCTO'lHHKOM 8HH30TpOnHH 11pH nornOlll9HHH rr ll rr -Me30HOB11 LlOn)KHbl 

6biTb npOTHBOilOnO*Hb!Mil. 3TO npllBOLlHT K pa3nH'lHblM 3H8K8M 8HH30Tp011HH 38p51*9HHbiX qac

THU OT n e peoro H BTOpOro llCTO'lHHKOB 8HH3HTpOnHH npH nornOlll9HHH TT- -Me30HOB. 8 pe3ynb-

TaTe CyMM8pH851 8HH30Tp011HSI 38p51*9HHblX 'l8CTHU npH nornOlll9HHH TT -Me30HOB LlOn*H8 

6b!Tb M9HbWe, '19M npH nornOlll9HHH rr+ -Me30HOB. 

B naHHoll: pa6oTe 6bino nocTpoeHo TaK•e pacnpeneneHI!:e Hall:neHHbiX H a ny'lKe rr + -Me3o

HOB C06biTHll: THI18 1 C 'lHCnOM nyqell: p8BHbiM 2 B 38BHCHMOCTH OT yrna {3 M9*LlY ny'l8MH. 

nonyqeHHOe pacnpeneneHHe npencTaBneHO Ha pl!c.6. Ha6niOLl89Mb!ll: H8 3TOM pHCYHKe M8KCH

MYM npH f3 "' 150° MO*HO o6'bRCHHTb, npennono•11a, '!TO nornoweHHe rr -Me30HOB BHYTPH 

51Llep yrnepOLl8 npOHCXOLlHT nap8MH HyKnOHOB. 

AHanH3 pacnpeneneHHll: co6biTI!ll: Bl!Lla 1 no 'li!:Cny nyqell: 

PacnpeneneHHR co6biTHll: BI!:Lla 1 no 'lHCny nyqell: 38BHCRT: oT pacceRHHR 
+ 

rr- -Me30HOB 

nepen nornO!ll9HH9M H8 HyKnOH8X, KOTOpoe npHBOLlHT K BbineTy 1!:3 51Ll9p 38pS1*9HHblX 'l8CTHU, 

+ 
OT KOnH'leGTB9HHOro H K8'leC:rBeHHOrO COCT8B8 rpynn HyKnOHOB, nony'l810llli!:X 3HeprHIO TT - -

-Me30HOB np!!: HX nornoweHHH
1 

H oT nocnenyiOwero pacnpeneneHHR 3TOll: 3HeprHH Me•ny 

OCT8nbHbiMH HyK nOH8MH 51Llpa. AH8nl!:3 C06biTHll: BHLl8 1 no 'li!:Cny nyqelt npOBOLll!:nCR npH cne-

LlYIOlllHX npennono•eHHRX. 

1. Ha nepaoll: CTBLlHII npouecca nornoweHHR 
± 

rr -Me30HOB HX nonHaR 3HeprHH nepenaeT-

CR TOnbKO napaM HyKnOHOB. 8 pe3ynbT8Te 3Toro B 51Llpe B03HHK810T LlB8 6biCTpblX BHyTpeHHHX 

nepBH'lHbiX HyKnOHa 1!: OCT8TOK 1!:3 10 HyKnOHOB. 

2. 838HM0Ll9li:CTBH9 BHyTp9HHHX nepBH'lHb!X HyKnOHOB C HyKnOH8MH OCT8TK8 51Llp8 npHBOLlHT 

H8 BTOpoll: CT8Lll!:ll K BbineTy 113 Hero TOnbKO H9ltTpOHOB II 0LlH038p51LlHbiX 'l8CTHU. Jlng npOCTo

Tbl H3no•eHHSI B nanbHell:weM ace onHo3apRLlHbie qacTHUbi 6ynyT Ha3biBaTbCR npoToHaMH. Pac-

CM8Tp!!:BaiOTC51 TaKHe npOU9CCbl, B KOTOpblX H3 51Llpa yrnepona BbineTaiOT: 

Ha OLlHH neeBII'lHbiA neoTOH Ha OLliiH neeBII'lHhlA HeATEOH 

a) OLlHH npOTOH a') OLliiH HeATpOH 

6) OLli!:H HeATpOH 6 ' ) OLliiH npOTOH 

a) npOTOH II HeATpOH a') npOTOH H HeATpOH 

r) LlBa npOTOHa r') LlBa HeATpOHa. 

3) BbineT npoTOHOB H HeATpOHOB, o6ycnoaneHHhlX pacceRHHeM 
+ rr II rr M930HOB B RLl-

pax yrnepona nepen HX nornoweHI!:eM
1

He y'lHTbiBancR BBHLlY ManoA aepoRTHOCTH 3THX npouec

coa. 
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OHbl H3 

·rnoweHHH 

llpOTOHOB , 

lOB)) .ll0ll)I(Hbl 

·HHbiX qac-

l0l1)1{ Ha 

lY ny'laMH. 

B BHyTpll 

·IX qaCTIIU, 

+ 
lf'IIIO TT- -

Sl np11 cne-

1 nepe.uaeT-

3HyTpeHHI!X 

1pa llpiiBO.lliiT 

lnS! npocTo

oHaMII, Pac-

)HOB B S!.ll-

r Hx npouec-

.[lng OlliiCaHHSI pacnp e .ueneHHl! C06b!TIIH BH,lla no •mc ny nyqel! aae.ueM c n e.uyiowHe 

napaM e Tpbi . 

+ ± 
7J- - aepoSITHOCTb nepe.ua'lll nonHol! aaeprHH rr -Me3oHoB Ha nep ao l! c T a.U HH npo u ecca nornowe-

HilS! napaM E + 
pa3HOIIMeHHbiX HYKllOHOB (np) , Cllll npiiHS!Tb BepOS!THOCTb ll Of'lTOWeHII SI TT--

Me30HOB a !l.llpe yrnepo.ua paaHol! I, To, cornacHo npe.unono)l{e HHIO I, aepoS!THOCTb n epe.u a 

qll llOlTHOl! 3HeprHH TT ± - Me30HOB napaM O.llHOH MeHHbiX HYKllOHOB 6y .ueT ( 1- 1l ±) . 

.; - OTHOWeHHe Be p OS!THOCTH npouecca a) J a')] K qHcny Hel!TpOHOB( npOTOHOB ] B OCT3TKe !l .llpa , 

( - OTHOWeHIIe aepOS!TH OC TII npouecce f') , ( r' ~ K q11cny npOTOHOB( Hel\TpOHOB 1 B OCTa T Ke !l.Upa . 

K - OTHOWeHIIe aepO!lTH OC TH upouecca 6) ( 6') j K npOH3Be.lleH if iO CyMMbl BepOHTHOCTel! npouec-

COB a) 11 6)[ Ia') 11 6n aa q11cno Hel!TpoHoa[ npoToaoa] a ocTaTKe !l.Upa. 

J.1cnonb3yfl BBe,lleHHbie napaMe ':'pbl 11 , f, 1 ( , K , MO)I{HO npe.UCTaBHTb BepOS!TH OCTH 
+ w,- -co6b!TIIl! Tllna I c qllcnOM ny'lel! i B Bll.lle: 

+ + 2 2 + 
lfO = 25•7] 'K '(1-5,;-5(,) + (1-11 )•[4•K'•(1-6K}(1-6 f,-4(.}(1-4~-6(,)+16K• (.(1-4 f,-6Q] 

+ + 
jtl = 7J ·[10K•{l-5K)(1-5f,-S(,/+50K•f,•(1-5f,-5(,)]+ 

w 
0 

+( 1 - 11 + }( 24 'K 2 
' ( 1 -6 f, - 4(,) ( 1 -4,; -6 (, )+ (1- 4K)( 1-6 K}(1-6 ,;-4 ()(1 -4(,}(1-4.;-6()+ 

- ( 2 2 2 7J • (1-5K) •(1-Sf,-5(,) + 10•(, · (1-5K)(l-5 f, -5 (, ) + 25•(, ] + 

+ 6 (,' ( 1 -6 K) ( 1 -4 (, -6 f,) + 6 • f, • ( 1- 4K) ( 1- 4f, -6 (,) + 24 • K • { • ( 1 - 4(,- 6 .;) + 36 • f, ' (] ; 

- - 2 2 :l 
W

2 
•7J •(25•K •(1-Sf,-5(,) + 50K•f,• (1-5f,-5(,)+ 25• f, ] + 

11 



+ r 1 - TJ - H 4K . r 1 - 6 K ;r 1 - 4 e - 6 o u -4(,- 6 e; + 24 . K. e. r 1-4e- 6 ' ; + 

2 2 
+ 4 e. r 1 - 6 K; r 1 - 4' - 6 e; + 4' . u - 4 K; r 1-4 e - 6 o + 24 .. ; + 24. ' 1 ; . 

w3 r 1 - TJ ; • [ 16 . e.' + 16. K.,. r 1 - 4 e - 6 o 1 . 

nonaraSI B H8nHC8HHbiX Bblpa>KeHHSIX 
+ 

TJ TJ TJ MO);(HO 11:3 ? KCnepHMeHT8)]bHbiX 

p a cnpeD.eneHHl! C06biTHll THna I no 'lii:Cny nyqel! onpeD.enHTb MeTOD.OM H8HMeHbWHX KB8D.p8TOS 

BenH'lii:Hbl n a paMeTpOS TJ , e , (,, K npeD.CTasnSi e T HHTepec paCCMOTpeHHe 38SHCHMOCTH 

yK838HHb!X napaMeTpOB OT MHHHM8nbHOl! D.nHH b l nyqa • .[lnSI <ITOrO 6biflll: D.OfiO)]HHTef!bHO nOCTpoe

Hbl pacnpe D.eneHHSI C06biTHll THna I no 'lHCny nyqel! npH MHHHM8flbHbiX D.fiii:H8X nyqa 4, 5, 6, 7, 

11 MM. BenH'lHH b i napaMeTpos 11 , e . ', K 
Bbi'III:Cf!Sifiii:Cb D.riSI K8)!{D.0I'O H3 nony'leHHbiX pac-

npeD.eneHHll C06hlTHl! Tll:fl8 1 no 'III:Cfly nyqel!. 38BHCHMOCTb aTHX napaMeTpOS OT KHHeTH'IeCKOl! 

aHeprHH npOTOHa T min , npo6er KOToporo B nponaHe paseH MHHHManbHbi M D.riHHaM nyqa 2, 4, 

5, 6, 7, 11 MM, npeD.CTaaneHa H8 pH C. 7. n pH Sbi6paHHbiX MHHHM8fl bHbiX D.f!HH8X ny'lel! S3Se

WeHHbie CYMMbl KS8..:tp8TOS OTKfiOHeHHl! )( 
2 

aKCnepHMeHT8flbHbiX D.8HHbiX OT TeopeTH'IeCKHX se

± 
nH'IHH W i npHHHMBIOT cooTseTCTBeHHO 3Ha'leHHSI: 9:7 ; 1,6; 0,8; 3,2; 4,3; 5,2. CpasHHSaSI 

Il01Iy'leHHbie 3H8'leHHSI CO cpeD.Hel! Sef!H'IHHOl! )( 
2 = 5, KOTOpaSI XapaKTepH3yeT )( 

2 
-pacnpeD.ene-

HHe, MO)!{HO 38K)]IO'III:Tb, 'ITO nOfiO)!{eHHbie B OC HOSY TeopeTH'IeCKOI'O 8H8flll:38 npeD.nOfiO)!{eHHSI 

H e npOTHSOpe'18T aKcnepHMeHT8flbHbiM D.8HHbiM. noaTOMy HM ee T CMb!Cfl paCCMOTpeTb 6onee 

D.eTanbHO 38SHCHMOCTb K8)!{D.Oro 11:3 napaMeTpos OT T min • 

C H3MeHeHHeM T 
min pacnpeD.eneHHSI co6biTHl! THna 1 no 'IHcny ny'lel! cHnbHO D.e¢opMH-

py!OTCSI. 3 Ty D.e¢opM8UHIO MO)!{HO SHD.eTb 11:3 COnOCTasneHHSI pacnpeD.eneHHl! C06b!TII:l! THna 1 no 

'lii:Cny nyqel! npH MHHHM8flbHbiX D.fiii:H8X nyqel! 2 MM II: 11 MM, npHBeD.eHHbiX COOTSeTCTBeHHO 

Ha p11:c. 3 11: 8. HecMOTpSI Ha aTo, senH'IHHbJ napaMeTpa TJ a npeD.enax aKcnepHMeHTanbHbiX 

ow~~:6oK no)l{ a TCSI Ha npSIMyiO, nposeD.eHHyiO Ha yposHe cpeD.Hero S3aeweHHoro TJ D0,65. Ha6n10-

D.8eMBSI He38SHCHMOCTb napaMeTpa 1J OT T 03HaqaeT, 'ITO cD.enaHHbie np11: aHanH3e npeD.-
mln 

nono>KeHHSI npasHnbHO oTpa)!{aiOT cpH3HKY npouecca nornomeHHSI 
+ 

11 - -Me30HOB SID.paMH yrnepoD.a. 

8 CSSI3H C aTHM pacnpeD.eneHHSI C06hlTHl! THna 1 no 'IHCfly ny'lel! He38SHCHMO OT T rnln cneD.yeT 

XapaKTepH30S8Tb OD.HHM cpeD.HeB3BeWeHHb!M 3H8'1eHHeM 7] = 0,65 ±_0,1 0. 0wH6Ka /). 7] Sbi'III:C)]SI

naCb He K8K OWH6Ka cpeD.HeS3SeLUeHHOI'O /).TJI , a no ¢opMyne /).7]- y(/).TJz)}+(/).7]
2

)
2 , BKfll0'1810-

LUel!, KpOMe /). 1] 
1 

, CpeD.HIOIO OLUH6Ky /).7] 
2 

napaMeTpa 7] npH p83 fiH'IHbiX 3Ha'leHHSIX T min 1 

T8K K8K COOTSeTCTBYIOLUHe BenH'IHHbl TJ He S!Bf!SIIOTCSI He38BHCHMbiMH. 

3Ha'leHHSI napaMeTpOS .; II: (, , K8K SHD.HO 11:3 pHC. 7, o6paLU810TCSI B HYflb npH Tmln 

oKono 25 Mas. 3To 03HaqaeT, 'ITO aHeprHS! OD.Horo 11:3 D.syx HyKnOHOs, ShineTaiOLUliX 11:3 SID.pa 

yrnepoD.a Ha OD.HH nepsH'IHbill HyKnoH s npoueccax s), s') H r), r'), He npesbiLUaeT 25 M9s. 

3HeprHSI D.pyroro HyKnoHa, KaK npasHno, D.Ofi)!{Ha 6biTb 6onbLUe 25 Mas, "I'aK KaK a npoTHSHOM 

cnyqae pacnpeD.eneHHSI C06biTHl! SHD.8 1 no 'IHCny ny'lel! H8XOD.II:)]HCb 6bi S npOTHSOpe'IHH CO CD.e-

naHHbiMH npH HX 8H8f!H3e npeD.nOfiO)I{eHHSIMH. 

npH Tmln =0, K8K nOK83bi S8eT fiHHel!H8SI aKCTpanonSIUHSI, napaMeTpbi e H (, D.OCTHI'810T 

K8>KD.blll senH'IHHhl nopSID.Ka 0,1. TaKoll pe3ynbTaT MO)!{eT cny)!{II:Tb HeKOTOpb!M yKa38HHeM Ha TO, 

12 

'ITO Be 

K OrD.a 

HyKnOH 

HOCTb 1 

HOe SID. 

MO)!{H O 

'lHc e n J 

eT, 'lTC 

TBep)!{ ! 

T8K K81 

s co6 bi 

ll.lii:X B 

g, 

HynSI. ,:: 

aHeprH< 

HyKnOHC 

aHanH3E 

B HHTe~ 

HbiX n ] 

oT nonH 

Pe3yfl b1 

vb Ta6. 

D.8eTCSI 

o6cy)!{ D. 

On 

no 'IHCn 

S38HMOL 

1 ) 

2) 

3) 

l-13-38 • 

HX npOT• 



lllbHbiX 

sanpaTOB 

HCHMOCTH 

o nocTpoe

f1 5, 6, 7, 

HhiX pac-

yqa 2, 4, 

elt B3Be-

eCKHX se-

CpaBHHBBR 

acnpenene-

, 6onee 

• necpopMH

THna 1 no 

CTBeHHO 

iTBllbHbiX 

,65. Ha6mo-

nH3e npen-

H yrnepona. 

min cnenyeT 

-2-
• BKniO'lBIO-

eHHSIX T min ' 

:pi! T min 

H3 Rnpa 

25 Mas. 

npOTHBHOM 

>'lHH co cne-

LlOCTHrBIOT 

!lHHeM H8 TO, 

I 

'ITO BepOSITHOCTb B38HMOLieltCTBHSI BHyTpeHHero nepBH'lHOrO HYKllOH B C HYKll OH B MH OC T B TK B S! Ll pB, 

K OrLI B 3 HepreTH'leCKH B 03 M O)!{eH BbineT H3 S!LlpB Ll B y X HJlH 6onee HyKn OH OB H B OLI HH n e pB 11'lH bllt 

HyKnOH npH Tmln = 0 COCTaBnAeT B e llH'lHHy nopRLIKB 1. 3 To 0 3HB'l8 e T, 'IT O npHT min= 0 llH 60 B epo ~n

HOCTb npoueccos a)l[al)] H 6),[6
1
)l6nH 3 KB K Hymo 1 na 6o s npo u ecc a x a ),l a ')] H 6 ) ,[ 6' )] ocTa T o q-

HOe S!LlpO B 60llbWHHCTBe c nyqaeB o6pa3yeTCSI B B 036y)!{LieHHOM COCTO SIHHH. A H B JlOrH'lH blfl BbiBOLl 

MO)!{HO cn e nBTb, ecnH np03KCTpanonHpOB8Tb npe LICTBBlleHHyiO H a pHC. 9 38BI!CHMOCTb c p e LIHH X 

'lHc e n nyqelt i + ~ ~T T min B o6naCTb Tmln < 9 M3B. nHHeltHBSI 3KCTpan OJ1SIUHA noKB3bJB a -

eT, 'ITO cyMMa i + H i- npHHHMBeT 3 Ha'leHH e nopRLIKB 4 n pH Tmln = 0 . 3TOT pe3ynbTBT n o n-

TBep)!{L!BeT BbiBOLl 1 CLi e llBHHbiH npH 3KCTpanOllSI UHH 38BHCHMOCTH napaMeTpOB H OT T 
min 

TBK KBK CYMMB -;+ H i- npeLICTBB ll SieT c p enHee 'lHCllO 3B pSI )!{eHHbiX H HeHTpB llbH bi X 'lBC THU 

B co6biTHRx BI!LIB 1, B qe M ueTpynuo y6enaTbCR, ecnH npane p )!{HBB TbCR npencTasneHHH , n e )!{a

WHX B OCHOBe 8H8llH38 p acn p eneneHHlt 3 THX C06biTHlt no 'lHCny nyqelt. 

BenH'lHHhl napaMeTpa K B npenenax 3KCrie pHMeHT8llbHblX OWH60K He OTllH'lBIOTCSI OT 

HYllR. 3TO YK83hlBBeT HB T O, 'IT O H3 LIBYX p83HOHMeHHhlX HyKllOH OB B npoueccax B) H s') 1 6 o nee 

3HeprH'lHbiM B 60llbWHHCTBe cnyqaeB SIBllSie TCSI HYKllOH, OLlHOHMeHHbi$1 C BHyTpeHHHM nepBH'lHbiM 

HyKJlOHOM. LlnR nOLIKpenneH.HSI IIOlly'leHHOrO pe3 yllbT8T8 HB OC H OBe npeLICT8BlleHHlt 1 p B 3 B HT bJX npH 

8HBJ1H3e p acnpeneneHHlt C06hl THlt THrill 1 riO 'lHClly nyqe j:!, pBCC 'lHThlBBll OCb 'lH CllO DpOTOHOB p ± 

B HHTe psane 3 HeprHlt 9-25 M3B. Pac'leTHbie 3HB'leHHR P + H P HaxonHnl!cb npH Tpex p ll311H'l-

HLIX npeLIIIOllO)!{eHHSIX 0 LlOllSIX U pOTOHOB B HHTepsane aueprHA 9- 25 M a s 

OT nOllHOrO 'lHC llB n pOTOH OB COOTBeTCTB e HHO B npouecCB X B), B 
1

) H r) : 

+ + t 
!{ ~,) 1 ."'{ ;;) 0 [( 

r; = 0,5 

+ + + 
II .r<-: 0,5 x:- 0,5 !Cr) = 0,5 ) 

B) B) 

+ ± + 
III !{ ;,) = 0 [( 1 K;) = 0,5 • 

B) 

Pe3ynhTBTbi pac'leToB npHBOLlSITCSI B Ta6n~~:ue 3 BMecTe c 3KCnepHMeH T8llbHbiMH LlBHHbiMH. 

Vf3 TB6llHUhl BHLIHO, 'ITO HBHlly'lwee COrnacHe 3 KCnepHMeHTBllbHbiX H p BC 'le TH biX LlBHHb!X Ha6niO

LlBeTCSI ripH n e pBOM npennollO)!{eHHH. 3TOT pe3yllbT8T riOLITBep)!{L! Be T B biBOLl , cnenaHH bil! npH 

o6cy)!{neuHH napaMeTpa K • 

A uanH3 pacnpeneneHI!lt cpenuelt aHeprHH npoToHoB B c o6bi THRX BH na 1 

B 38BHCHMOCTH OT 'lHCJ18 nyqelt 

OnHpaSicb ua npencTasneHHR, pa3BHTbi e npH aHanH3e pacnpeneneHI!lt co6biTHlt BHLIB I 

riO 'lHClly nyqeJl: i , MO)!{HO HBnHCBTb Bbip8)!{ eHHSI LlllSI cpenuelt 3HeprHH npOTOHOB T
1
± B 3THX 

B38H MOLl eltC TBHHX, eCllH BBeCTH riOHSITHSI: 

1 ) 3cpcpe KTHBHOlt 3HeprHH ut npOTOH8 B npoueccax a) H 6') 

2) acpcpeKTHBHOlt '3HeprHH u2 npOTOH8 B npouecce s); 

3) gcpcpeKTHBHOJl: aHeprHH u npOTOHB B npouecce s'). 
J 

113-38 Hepa3llH'lHMOCTH npOTOHOB B npouecce r) HMeeT CMbiCll rOBOpHTb TOllbKO 06 3HeprHH o6o

HX npOTOHOB, KOTOpyiO npH6J1H)!{eHHO MO)!{HO C'lHTBTb p8BHOJ:! CYMMe 3cpcpeKTHBHbiX aHeprHlt U2 H U
1 

• 
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H e Tpy .a H o sH.aeTb, 'ITO B " ' pa>KeHH Sl .a n SI y.± 
I 

+ r1 = F, r,, f , G 1(, U1 , u2 ,U3 J, 11 3 K o T o p bl x U
1 

, U
2

, u, 
S! S DS! ~TCS! ¢ Y HK UH S!MH 7 n apaMBT p OS 

He~3SBCTH~ . 8 enH'IHH ~ HBH3SBC TH~x n apa-
- -------

M CTpOS U 
1 

, U
2 

, U J S .a a HH OH p a 6oTe H8XO.llH1lHCb H3 Tpex ypaS H8HH~ .ll DS! T + , T - , T-. C 
J 1 2 

uenb~ y11po w e HHS! pac'! e T o s nonaranocb e = c; =0,055 H K = 0 . 8 n p e .aen a x rpa HH'III b i X 

3H 8 '1Bi!H~ 
- -+- --=-- ~ 
TJ , r 1 , r 2 6wn o n o ny'I8HO H8CK ODbKO rpynn S 8 11H'IHH n a p a M e T pOS U

1 
, u

2 
, u,. 

DnSI K a)!(noro H a 6 o pa 
~--- --

napaMeTpo s U 1 , U 2 ,U
3 

Shl'IHC1lS!1lHCb C p B.ll HH B a H e p rH H n p OT OHOS 

T + T + T-
1 ,T2, 4' 3 • HaHny'lw e e c o rnacHe pac'IBTHhiX .aaHH hiX c aKcnepHMe HTanbH hi MH, K a K 

DOKa3 ~BaeT HX COD OCT8S118HH B , H a6n~.a aeTCS! npH 3H8'1 8 HHS!X a¢¢eKTH S H ~X a H e prH~ npOT OH OS S 

cne.ay~LUHX npe .aenax : u1 = 65 -75 M a s, u 2 = 39-46 M a s, u $ = 14 - 16 M a s. DnH n pHM e pa s 

Ta6nHue 1 npHS O.llS!TC S! p a c'!e TH we senH'IHHhl c pe.aHeA a H e prH H n p o TOH Os B co6~THS!X BH.aa I, c o o T-

BB TCTSy~LUHB Cne .ay~LUHM 3 H a '! e HHS!M napaMeTpos: U
1 

= 75 M a s, U 
2 

4 1 M a s, U
3 

= 14 M s s. 

8 e nH'IHHa n a p a M e Tpa U1 H e npOTHSOpB 'IHT 3aK11~ '18HH ~ 0 TOM, 'ITO DpH r.ln= 0 11H60 se-

pOSITHOC Tb npo ueccos aH a')l H 6) , 1. 6'))6nH3K8 K Hyn~, nH6o s npoueccax a),[a')] 11 6).[6 ' )Joc-

T8TO'IH08 Sl.llpO S 601lblUHHCTB8 C1ly'laeB o6pa3yeTCSI B B036y )i(.ll 8 HHOM C OCTOSIHIIH. Ha6n~.aaeM08 

p831111'1118 B B81lH'lHHax s¢¢eKTHBH blX 3Heprllit U 2 H U J DO.llTBBp)!( .ll a e T C.llenaHH bllt paHee B blBO.ll 

0 T OM, 'ITO H3 .llBYX pa3 H OIIM8HHblX HYK110HOB, B binBTa~LUHX H3 Sl.llpa yrnepo .aa B npoueccax 

B) II s'), 6onee 3He prH'IHblM B 601lbWHHCTBe cnyqaes SIB11S!BTCS! HYK11 0 H, O.llH OHMB HHblA C nepBH'I

HhlM. 3HeprHSI TaKoro HyKnOHil, KaK npasHno, npeB biwaeT 25 M s s. 

8 CBeTe nony'lBHHblX p e 3y1lbTaTOB nerKO 06'bS!CHHTb npe.llCTaBneHH blit H8 p HC. 4 3Hepre TH'le

CKHit cneKTp npo T OHOB, B bineTa~wHx 113 Sl.llep yrnepo.aa npH norn o w e HHH rr- -Me3oHoB. C o rnac-

Ho npe.acTasneHHSIM, pa3BHTbiM npH aHanH3e pacnpe.aen e HHlt co6biTKlt THna 1 no '!Hcny ny'lelt, n po

TOHbl B 3TOM cneKTpe .ll01J)!(Hbl 6biTb o6yC1lOB118Hbl r118BHblM o6p83 0M npOUBCCOM B ' ). 8 CBSI3 H C 

TeM, 'ITO npOTOHbl B 3TOM npouecce, K 8 K yK83biB8110Cb B blWB, B bin8T8~T 113 Sl.llpa B OCHOBHOM B 

HHT8pB8118 3HeprHlt 9-25 M'.iJB H WHpHHa 3TOrO HHTBpBaJla cyw e CTBB HHO MBHbille WHpHHb l 3Hepre

TII'l8CKOrO cneKTpa, B npHse.aeHHOM cneKTpe Ha6n~.aaeTCS! pe3KHA o6pbiB npH sHeprHH 25 M s s. 

npe.aCTaBJlSIBT HHTepeC Cp8BHBHHB npH O.llHHaKOBOit 3HBprHH B3aHMO .llBICTBHSI BHyTpeHHHX 

nepBH'lHb!X HYK110HOB H nona.aa~LUHX B S!.llpO H3BHB BHBWHHX nepBH'IIJblX H Y KDOH OB C HYKD O H8MH 

Sl.ll8p yrnepo.aa. 8 H8CTOSIW81 pa6oTe cpe.llHSISI 3HeprHSI BHyTpBHHHX nepBH'IHblX HYKDGHOB npH

HHM88TCSI paBHO it 9 7 MsB. 83aHM O.aeiCTBHe BHB W HHX nepBH'lHb!X npOTOHO B H HB~TpOHOB npH 

124 I 125 I 
3HeprHH, 511H3KOI! K 97 Mas, HCCDB.ll 0B8110Cb COOTBeTCTBBHHO B pa6 o TaX H • n o o y 'leHHblB 

B 3TIIX pa60T8X SHepreTH'lBCKHe H yr1lOBhl8 pacnpe .aeneHHS! npOTOH OB (HeltTpOHOB) YK83 hlB8~T 

H8 TO, 'ITO BHBWHHB nepBH'IHblB Hel!TpOHbl ( npOTOHbl) B38HM O.llB ~CTBy~T C npOT OH 8 MH ( Hel itTpOH8-

MH) BHyTpH Sl.ll8p yrnepo.aa KaK C O CB060.llHblMH, 8CDH Y'18 CTb npHHUHD n aynH, HM11Y1l bC H Oe pac-

npe.aeneHIIB HYK110HOB BHyTpH S!.llp8 H BTOpH'IHblB CTODK HOBBH HSI B binBT8~WHX H3 S!.llB p yrnepo .aa 

npoTOHOB (HeATpoHos). EcnH C'IHTS Tb B3SHMo.aeitcTBHS! B HyTpe HHHX H BH8WHHX n e pBH'IH hl X HyKno-

124 ,25/ 
HOB C HYK110H8MH Sl.llBp yrnepo.aa O.ll HHaKOBblMH, T O I HCD0 Db3YSI p e 3y1lbT8T bl pa6 o T , M O)!(HO 

IIOK838Tb, 'ITO B HaCTOSIWBit pa6 o Te .ll01l)!(Hbl Bbin 0 11HS!TbCS! Cii8.llY~WHB COOTHOW B HHSI: K = 0,07 , 
+ + + U ~ U , K-: .. K- ,. _r(- = 0,5 • 3TH coo THow e HHS! HSXO.llSITCS! B npoTHB o pe'lHH c pe3ynb-

2 $ B) B) r) 
TaTSMif H8CTOSILU8l! pa60Tbl. T8KHM o6p830M, MO)!(HO C.ll8118Tb B b!B O.ll, 'ITO B38HMO.llBitCTBifSI BHew-

HHX If BHyTpeHHHX nepBH'IHb l X HyKDOHOB C HYKDOHaMH Sl.ll8p yrnepO.ll8 pa31lH'IHbl. 3TO pa3DH'llf8 

14 

M0)!{8T 

30HOB 

110HOB 

'!HI{ C T 

CKHX p 

110H8Mf. 

E 

Hblll Ht 

3 a o6c 

E.n. > 
3118KTp 

MOWb 

K011118K 

3blpbK· 

L G.B. 

2. B.Rt 

3. A.Mi 

4. A.SI: 

5. H.By 

6. F.Ja 

7. H.v 
8. F.H. 

9. P.Ar 

10 . .lK . 

11. P. 

12. B . 

13. r. 

---------

14. s.o 

15. De 

16. A.f 

HI. w. ~ 

18. J .H 

19. D.l 

20. S.l 

21. C.l 

22. J..C 



·poe 

: THbiX napa-

- , T-. C 
! 2 

b!MH , KaK 

lpOTOHOB B 

pHMepa B 

BHlla I, COOT-

= 14 M3B. 

' 0 nH6o ee-

6) ,[6 ')Joc-

JaHee BbiBOll 

'ueccax 

3HepreTH'le

HOB. Cornac-

nyqell, npo

B CBSI3H c 

OCH OBHOM B 

>HHbi 3Hepre-

H 25 M3B. 

I BHyTpeHHHX 

C HyKnOHaMH 

KnGHOB !IpH-

pOHOB !IpH 

nony'leHHb!e 

a3biBaKJT 

~bcHoe pac-

yrnepo11a 

'IHb!X HyKno-
25/ 

, MO)I{HO 

K = 0,07 , 

IH c pe3ynb

tcTBHSI BHew-

MO)I{eT 6 biTb o6ycnoeneHo cTpyKTypoll Hllpa yrnepo11a. DellcTBHTenbHO, npH nornoweHHH 

30HOB c 3HeprHell 55 M ae B Hllpax yrnepo11a yrnoeoe pacnpelleneHHe BHyTpeHHHx nepBH'IH biX Hy K-

nOHOB OTHOCHTenbHO !IpS!MOl! , COellHHSIKJUiell HX UeHTpb!, QOn>KHO 6b!Tb aHH30TpO!IHbiM. npH HanH-

CKHX p acnpelleneHHSIX HyKnOHOB, Bbi6HBaeMb!X H3 Slllpa BHyTpeHHHMH H BHeWHHMH nepBH'IH b!MH HyK-

noHaMH. 

B 3aKnKJ'leHHe aeTopbi Bbipa>KaKJT HCKpeHHKJKJ 6naro11apHocTb E.M.noHTeKopeo 3 a nocTOHH

Hbil! HHTepec K pa6oTe H ueHH bi e COBeTbi; M.I~.MewepHKOBy, c.c.repwTel!Hy, B.r. Conoebee y 
± 

3a o6cy>KlleHHe pe3 ynbTa TOB pa60Tbi; IO .Ll. npoKOWKHHy 38 BbiBOll ny'IKOB 1T -Me30HOB; 

E.n. >KHllKOBy , A .<t>.nyK'hHHueey 3a noMOI.l.lb npH o6pa6oTKe 3KcnepH:MeHTanbHhiX 11aHHbiX Ha 

aneKTpOHHOll cqeTHOll M8WHHe. Mbi p81lbi no6naro11apHTb B.JI. TpHcj:JoHoea , A .Vf.Wapoea 3a no

MOlllb npH npoBelleHHH 3KCnepHMeHT8 H 3.A.Eypoey 38 o6pa60TKy CTepeocj:JOTOrp acj:JHll, 8 T8 K>Ke 

KonneKTHBhi coTpyllHHKOB no11 pyKOBOllCTBOM Vf.A.naHKoea H K.A.Eallqepa, H3 roToBHBwH e ny-

3blpbKOByiO KaMepy. • 
PyKonHCb nocTynHna B H31laTenbCKHH 

OT11en 3 MaS! 1963 r. 
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Ta6nHua 

+ 
" - Me30Hbl 

2 3 4 

T min 
(Mas ) 46 4 9 34 26 
ny'l 

T ( M 3s ) 
m•• nyq 

57 62 40 28 

T M3s) pae'l. ( 64 53 37 27,5 
nyq 

Ta6nHua 

+ rr - Me30Hbl 

2 3 4 
no seeM 
ny'laM 

naHH811 0,113!., 0,129!.. 0,213!.. 0,204!., 0,164!., 
pa6oTa !_0,136 !.,0,050 !_0,061 !_0,094 !_0,0.34 

P a6oTa 
I 

1,00 0 36 +0,09 0,36!_ 0,18!.. 0,29!.. 
/10/ -0,56 • -0,10 !_0,08 !_0,09 !_0,05 

P a6oTa 
0,250!., 0,130!., 0,095!_ 0,071!.. 0,110!.. Ill / 
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17 - Me30H bl 

I 2 

31 26 
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1 2 
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Ta6nHua N23 
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!_0,258 

PaeqeTH&re 3H8'leHHR 
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20 

23 
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!_0,065 
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266 332 
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(I) 3: ---

0 8 
I 

10 12 
I 

I 
1----r------ II \ ----- ·-e--
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4 7 9 

P Hc . 1. CxeMa onbiTa. 

1 - ny '! OK npoTOH OB n p K BbiBO.Ue TT + - Me30HOB, 2 - ny'!OK npOTOHOB npH B biB O.Ue TT - M e3 0 H OB, 

3 - 6epHnnHeBaSI MHWeHb, 4 - B8KyyMH8SI K8Mepa CHHXpOUHKfl OTpOHa , 5 - CT8flbH bie H8C8.U KH , 
+ 

COe.QHHeHHbie C Sl p MOM sn e KTpOM8f'HHT8 CKHXpOUHKflOTpOHa, 6 - ny'IOK TT - - Me30HOB , 7 - C BHH -

UOB8 SI 38WHT8, 8 - KB8.U p ynonbHble <J>oKyCHpyiOWHe flHH3bl, 9 - OTKnOHSI IO LUHJI: s neKTpOM 8 f'HHT, 

lQ - CT8flbHOH KOnnHM8TOp, 11 - 'IYf'YHH bie nnHTbl B O KHe '!eT bipe xMeTpO BO H 6e T O HHOH 38U~HT bi, 

! 2 - npOn8HOB8SI ny3 bi pbKOB8SI K8Mepa. 
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Pacnpe.aeneHHe B38HMo.aeltcTBHit, conposo>K.aaJOLUHXCs:i nornomeHHeM rr - -Me30HOB B aaBHCHMOCTH 

OT 'IHcna nyqelt np11 .an11He nyqa .>,. 2 MM. 5 = 
. + ~I 
I- - 'li!Cno nyqeit BO B38HMO.OeitCTBH51X; ~ - OTHOCI!TenbH Oe 'lHCnO B38HMO.OeHCTBHH C 'IHCnOM 

nyqeiti :!:_ • np!!Be.aeHHbie OLUH6KH o6ycnoineifbl CT8THCTHKOit II HeOn03H8HHbiMH C06biTH51MH. Kpy>Ko"l-
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P11 c . 5. Yrnosoe p acn p e.oen eH He ny't e it a ono3HBHHbi X co6biTHSI X , con p o B O)I{.QaiOll.liiXCSI nornoll.leHI!eM 

IT :!: - Me30H OB SI .QpOM yrne p o.oa. 
+ 0 - n poe K UII SI n p OC Tpa H C T BeHHO!'O y r na Me)I{.Qy cne.QOM IT- - Me30H8 II n y'tOM H8 nnOCKOCTb0 

nap ann enbHyiO nnOCKOC T II nne H KII; #± OTHOCHTenbHOe l{I!CllO ny'tei! B IIHTepsane yrna 0 30 (CO 

cTaTH C TH 't e CKI!MH Oll.lH:6K a Ma) . P-

150. 18011 l}-
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Puc. 6. Pacupe.aeneHue .aayxny'leBbiX co6biTHl! , conpoao>K.aa!OLUHXCSI nornoweHHeM 

"+_ M€30HOB S!.ClpOM yrnepO.Q8 D 38BHCHMOCTH OT npOCTp8HCTBeHHO yrna 

Me>K.Qy ny'I8MH. 
+ 

f-J - npOC Tp8HCTB€HHbll! yron ME'>K.Cly ny'I8MH; ( ..:~~-LL)-
5.,. I = 2 

OTHOCHTPflbHOe 

'IH c no co6biTHi! a HHTepaane yrna /1 15° npu .aJH.~e ny'la > 
n pHBe.QeHHbl€ OLUH6 KH S!BflSIIOTCSI CT8THCTH'IeC KHMH. 
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P HC . 7. 3aBH CHM OCTb n a p a MeTpOB T) , .; , ( , K OT KHHeTH'! PCKOl\ 3 Hepr11H 

B npo n a He p aseH MHHHM 8 flbH OH ll fl ll He ny'!a . 

T 
min 

ll 
15 1 l 20 

15 20 

_c::::> 
<...., 

25 T.,.n {H.I} 

25 Tm,n {M>! ) 

n p o T o Ha , npo6e r KO T o p o r o 



+ 
s~i 
J II 

0,6 

I 
t 

Q5 

q4 

0.3 

0,2 

O,f 

~ 
0 

~ 1 
• ! J 0 . . 

0 2 J 4 i+ 

S,~ i 
s,; 

0,6 

as 

o.4 

Q3 

0,2 

O,f 

0 

0 

0 1 2 3 

+ 
Puc. 8. Pacnpe.aeneHHe B38HMo.aeAcTBHil, conpOBO)K.0810lllHXCSI nornoweHHeM "--Me3oHOB B 38BHCHMOCTH oT 

'IHCna nyqeil npH MHHHM8nbHOA .anHHe ny'l8±2 11 MM, 

j±- 'IHCno nyqeJl BO B38HMO.QeACTBHSIX; ~~- OTHOCHTenbHOe 'IHCnO B38HMO.QeACTBHA C 'IHCnOM 

.± su 
nyqeJl l , npuae.aeHHbie O!UH6KH o6ycnoane:Pbl CT8THCTHKOA H HeOU03H8HHblMH C06biTHSIMH, Kpy-

)KQ'IK8MH OTMe'!eHbi pacqeTHbie 3H8'1eHHSI Sz4,1 
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PHc, 9. 3aaHC IIMOCTb cpe.aHHX '!Hcen ny'lei! OT KHH e TH'!eCKOi! 3HeprHH Tmtn npoTo Ha, npo6er K OTOporo a 

nponaHe paBeH MHHHMBnbHOi! .UnHHe ny'la, 

e - Cpe.aHee 'IHCnO ny'lei! BO B38HMO.UeilCTBHSIX, conpOBO>K.U8lOlllHXCSI nornOUleHHeM " -Me30HOB 

S!.Up8MH yrnepo.aa; 
0 

- TO >Ke HB ny'!Ke "+- Me30HOB; X - c pe.aHee 'IHCnO 38pSI>KeHHblX H 

Hei!TpBnbHbiX '18CTHU B O B3aHMO.Uei!CTBHHX, ConpOBO>K.U8lOlllHXCH liO!"'nO LL!e HH €'M "f -Me30HOB 

SI.apaMH yrnepo.aa. 
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