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§ 1. Bseaeaiie 

BsaiiMonelicTsne npoToHoB c sHepriieli B coTHn M sB · c SIJlpaMn cny»<:IIT . 
. siflifleKTMBHblM cpeJlCTBOM M3y'leHHSI MexaHM3Ma npSIMbiX SIJl9pHbiX peaK-

UMfi, Han6onee npOCTb!MM OpOU9CC8MM1 OTH.OCSIIUHMHCSI K TaKOI'O Tlina 

peaKUMSIM1 SIBliSIIOTCSI npoueccbi Bhr6nsaHnSI ( p 1 2p ) 1 ( p 
1 

p d n T.n. 

Ha SI3biKe nnarpaMM nncnepcnoHHoll: Teopnll npSIMhiX SIJlepHhiX peaKullli: I 11 Ta

KMe npoueCCbl llOCTaTO'IHO XOpOWO OOMCb!BaiOTCSI flOliiOCHbiMII )lMarpaMMaMH, 

OTO 03Ha'laeT1 'ITO B3aiiMOil9UCTBIIe npOMCXOiliiT C Ma.noll: nepe)laqeli: HMOyllb-
. 2 2 2 

COB OCTaTO'IHOMy SIIlPY ( q "" )( 1 I')le )( = 2 m
81

c 1 E = m 
8

.+ m i - m A 

m 81 = m 8 m 1 I (m 
8 

+ m 
1 

) 1 m A , m 
8 

, m 
1 

- MaCChi Ha'lallbHOT'O SIIlpa 1 Ko

H9'1Horo SIJlpa H OOliiOCHOll: 'laCTIIUbi}, nng npoueCCOB1 B KOTOpbiX OCYIU.eCTBliSI-

2 2 
9TCSI 60llbWaSI nepenaqa HMny.nbCOB OCTaTO'IHOMY SIJlpy q > )( ) 

1 
Heo6xo-

lllfMO Y'IIITb!BaTb cno»<:Hbte JlHarpaMMbi c nepepacceSIHMeM qacTIIU B HaqanbHOM 

H KOH9'1HDM COCTOSIHHSIX, TipHMepoM TaKOI'D TMna npoUeCCOB cny»<:llliH peaKUHM 

( rr rr N ) 11 17 + d ... p + p B o6nacTII pesol!aHca 8. 
33

( 1236) 
1 

nonHhie 

C9'19HHSI KDTDpbiX.~OpOWD BOCOpOM3BOilSITCSI nyTeM TeopeTH'IeCKOI'O pac'leTa 

C y'leT.OM B3aiiMOJlellCTBIISI pe30Ha~ca 8,' 33 B KOHe'IHOM COCTOSIHIIH 12•3 /, 

HenaBHO B ny6He 6blliH BbinDnHeH~I ~3MepeHHSI cneKTpOB ne.liTpDHOBI IIC

nycKaeMbiX npn BSaHMDilell:cTBIIH npoToHoB c sl!eprHeii 670 Mas c pSIIlOM SIJlep 

OOil yrnaMII OT 6,5° llO. 16° B WHpDKOM HHTepBa~e HMOyllbCOB Jl9iiTpOHOB OT 

700 Mas/c llO 1700 Mss/c 14:-61. AHan113Hpyg nony'leHHbie HMnynbCHhie cneKT

pbi nell:TpoHoB, noMHMo HSBecTaoro KaHana peaKUHII p d N aBTopl>I 

STIIX. pa6oT BOepBbi9 06Hapy»<:llliH HDBblii IIHTeHCIIBHbiii KaHan peaKUHH o6paso-
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BaHHH aenTpoHoB c po*aeHneM rr -MesoHoB A ( p, drr ) B • B pa6o-

Te 141 npnBeaeu pesynhTaT npeaB.apnTenhHoro aHannsa MexaHHSMa 9TOn peaK

unn, BbinOnHeHHOrO H8 OCHOBe Moaenn HesaBllCHMhiX '!8CTIIU ami Hapa yrnepo

aa npn yrne 6,5°. Pesynh~aThi pac'!eTa ¢opMhi HMnynhcHoro cneKTpa Hennoxo 

cornacyroTCH C 9KCnepHM9HTanhHhlMH aaHHh!Mll, 

• B pa6oTax l5,6l npoBeaeH pacqe•r anSI o6onx npoueccoB ( p , drr ) n 

p , dN ) Ha ocHoBe ancnepcnoHHOn Teopnn npSIMhiX smepHhiX peaKunn 
1

1 I. 

PesynhTaThi pac'leTa anSI ( p , d rr ) c ncnonhsoBaHneM nonrocHoli tinarpaM

Mhi xopomo cornacyroTcH c 9KCnepnMeHTanhHhiMll aaHHhiMH anSI nerKHX Siaep 
' . 0 

B cny'!ae yrna 0 d = 6,5° ; anSI 6onhlllHX yrnoB ( 9,5°; 13,5° ll 16 ) ll 6onee 

TSI)!' ;nhiX Siaep Ha6nroaaeTCSI pacxo~eHH~ TeOpHH H 9KCnepnMeHT8, flpH'lHHa • 

· 9~ .;l~o ·pacxO*fleHnSI,. no-BnanMoMy, o6ycnoBneHa .9¢¢eKTOM nepepacceSIHllSI rr

-MesoHOB, o6p~.syeMhiX BMecTe c aenTpoHaMH B peaKunn · p + N-+ d + rr, Ha 

OCT8TO'lHOM, Slape, 

HacTOSIIUaSI pa6oTa nocBSIIUeHa TeopeTH'l~CKOMY auannsy MexaansMa npo~ 

uecca ( p ·., d 
17 

) c y'leToM nepepacceSIHHH rr - MesoHa ua ocTaTO'lHOM Sinpe. 
' . . . . 

B § § 2 n 3 aaH Bhmoa ¢opMym,I anSI an¢¢epeHunanhHoro ce'le_HHSI npouecca 

A ( p , d 
17 

) B ; § 4 nocBSIIUeH o6cy*aeHHIO pesynhTaToB pac'!eTa, Ilpea-

BapnTenhHbie pesynhT8Thl 9TllX pac'!eTOB 6binll npnBeaeHhl B pa6~Te 161 BMeC-

Te c nony'le_HHhiMH 9KCnepnMeHTanhHhiMll aaHHhiMH. B Halllen pa6oTe aeTanhHO 

o6cy~aaeTCH TeOP,eTH'!eCKllll aaanns HMnynhCHhlX cneKTpOB aenTpOHOB anSI Sin

pa yr.itepoaa npn yrnax 6,5°; 9,5°; 13,5° n 16°, n yrnoBoro pacnpeaeneHHSI 

aenTpotioB {B na6. cncTeMe) anSI Siaep Li , C ; Al , Cu , Rh n Pb • 

§ 2. Bel(!lllll:HHhie qacT:n 

KaK y~e 6hmo cKasaHo, Mhi paccMaTpnBaeM .peaKunro cneayromero Tnna: 

p + A _. d + rr · +· B, (1) 

rae ,A n B - uaqanhHoe n KoHe'!HOe Siapa. Ilonro'cHaSI n TpeyronhHaSI anar

paMMhi, ,onnchi~aroume npou~cc ( 1). c y'leTOM nepepacceSIHHSI' rr - Mesoua Ha 

pcTaTO'!HoM· gape, npnBeaeHhi Ha pncyHKax 1 n 2 cooTBeTCTBeHH0 1 N' , rr' 

H .B'- BHpTyanhHhl9 '!8CTllUbi. 
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p , d 17 ) B • B pa6o

l M9XaHH3Ma 9TOH peaK

aCTliU JlnSI .SIJlpa yrnepo

,caoro crreKTpa aerrnoxo 

poueccoB ( p , d17 ) H 

x gi:\epHbiX peaKunii 111• 

;!eM· IIOn!OCHOH nnarpaM

iHbiMH JlnSI nei'KHX stJl9p 
0; 13,5° n 16~) n 6onee 

9KCII9pHM9HTa. IlpHtJ:HHa' 

KTOM rrepepacceSIHHSI 17-

KUHH · p + N ... d + 17 , Ha 

1HanH3Y M9XaHH3Ma IIPD,-:-: 

lHa Ha OCTaToqHoM SIJlpe. 

lbHoro ceqeanst rrpouecca 

JbTaTOB pacqeTa. IlpeJl-

3Hbl B pa6~Te /61 BM9C-

Halli9H pa6oTe JleTanhHD 

TpoB JlSHTpoHoB JlnSI Sill-· 

rrnoBoro pacrrpeJleneHHst 

ll , Cu , Rh H P b • 

IKUHIO ~neJly!OlU9I'O THIIa: 

( 1) 

~st: 11 TpeyronbHaSI Jl11ar.

cceSIH11st' 17 - Meaoaa ira 

)~TBeTCTB9HHO, N, • 
, 

17 

l 
-1 
! 

1' -........... w . 
..... 

A B 

Pnc. 1. nonJOCH8ll JlHarpaMMa peaKUHH p + A .. d + 17 +B. 

A 

Pnc. 2. TpeyronbHaH nnarpaMMa peaKUHH p + A .. d + 17 +B. 

Ha 9T11X pncyHKax aen11qHHbi M A , M pd H M 
817 

o6oaaaqaioT BepmHHHbie qacT11 

Jl11arpaMM, T.e. M A DTBeqaeT BHpTyanhHDMy pacrrany 

A .. B + N' (puc. l) 11n11 A .. B' + N' (pnc. 2) 

M - rrpoueccy 
pd 

p + N·, ..... d + 17 (pnc. 1) 11nn p + N' ... d 

(pnc. 2) 

M -
, 

+ B' -. + B B17 rrpoueccy ·_17 17 

Beane B HacTostmeii pa6oTe Ben11q11Hhi Pi 

+ 
, 

17 

( 2) 

( 3) 

(4) 

mi 

o6oaaaqa10T 4-11Mrrynbc, aHepr1110, KHHeT11qecKyJO aaepr1110, 3-11Mrrynhc 11 Macey 

2 ... 2 
P. = P. 

I I 
E 

2 
= - m .

2 
• l1crronb30BaHhi cnenyJOIU11e o6oa-i I 

i -ol!: qacT11Ubi, 

aaqeH11st: sab =-(Pa + Pb)
2 

11 tab = (Pa-Pb) 2 (anecb 11 B nanbHeiimeM 

1i = c =;' 1 ). 

a) Bepm11HHast qacTb M A 

BepmHHHast qacTb M A 11MeeT B11Jl · 17 I: 

5. 



MA = AA • F, (q} 

A = 
A 

1 ( ~~/ y 
m BN' 

.. m = m m ,/ (m + m ,} 
BN' B N B N . 

X 2 = 2m , ( ; ( = m + m · ,- m 
BN B N A 

( 5) 

rae F
0 

(q) - !jlopMijJaKTOp, OTBe'!a!OIUHti pacrraaaM ( 2), q - HMITYllbC OCTa-
l . . 

TO'IHOro HJlpa 8 B naoopaTOpHofi' CHCTeMe, l - opoHTa.ribHbiH MOMeHT OTHOCH-

Te.ribHOrO JlBHmeHHH.'l8CTHU B H N' ·B Hnpe A • DpHBeneaaaH Bepuma-, 
H8H '18CTb y HB.riSieTCH HeH3BeCTHOH KOHCTaHTOti, .3aaqeaHe Be.riH'IHHbl y Bbl

oHpaeTCH T8KHM o6pa30M 0 'ITOObl TeopeTU'leCKHe KpHBbie H8XOJlH.riHCb B HaHnyq

llleM cornaCHH C 9KCITepHMeHT8llbHhiMH naHHbiMH, 

6)· BepliiHHHaH qa~Th Mpd 

nocKO.ribKY peaKUIIH p + N ... d + rr rrpn 9HeprHII naaaiOIUIIX rrpoTOHOB 

oxono 670 M aB o6aapymnBaeT peaoaaacaoe ·noBeaeane rrpH rronaoti aaeprmr 

B c.u.M. m,r = 2162 MaB c liiHpnaoti aa rronyBhiCoTe :·r.;* = 130MaB 
181

, 

aMIT.riHTyay Mpd MO:IKHO aanncaTb c noMoiUbiO ¢opMy.rihi EpefiTa-Bnrnepa. 

M 
pd 

i¢pd 
Apd e 

i 
EpN'- md*+ 2 rd* 

rne E ,=yS , 
pN p N 

i¢ d 
A pd e P - KoMrrneKcHaH Be.riH'IIIHa, ' a 

( 6) 

OITIICbiBa!O-

maH yrnoByiO aaBIICHMOCTb aMIT.riHTYJlhi M pd A pd II ¢ pd - netiCTBH-

Te.ribHbie Benn"'IIHhi, Benn"'IIHa A pd orrpeaemieTC.H !13 sxcrrepnMeHTa.ribHhiX 

naHHhiX o Jlii!jl!jlepeaunanbHOM ce"'eHHn peaxunn p "+ p.-> d + rr + , KoTopoe B. 

COOTBeTCTBUU C peaynbT8TOM paoOTbl /8/ (CCbi.IIKII Ha Jlpyrne 9KCITepnMeHT8llb

Hbie paooThi eM. TaM me) arrrrpoKcnMnpoBanocb BhipameaneM 

da 

d 0' 

a, 
1 1 

4 rr( A + - - - B) 3 5 

• (A+ cos 
2 e' - B cos

4 e'). 

Donaoe ceqeane a 
t 

rrapaMeTpbi A n B rroKaaaHhi aa puc. 3, rae 

yron B c.u.M. peaKUIIH, 

.6 

( 7) 

e' 

B) B.epliiHHHasr 

AMIT.riHTyaa M OT: , Brr 
peaKunn p + N'-> d +·rr' 

38BHCHMOCTb KHHeTU'leCKO 

HOB B pe~KUHH P +p -> C 

npnBeAeHo Taxme ceqeane 

TnqecKoll: aaeprnn aaneTaiO 

rnsr . rr -Meaoaa B pe~KD 

340 M sB, rae ceqeane ·rr 

TH"'eCK8.1I. saeprHH TT - 111 

'T ~ 140 M sB. 06oaHa'lnM 
0 

rnn B C,U,M, CUCTeMbl 11 

AMnnnTyAy M 
811 

Momao 

M - M' i¢ B 
B11 - B11 e 11 

M' A Bl 

B11 2 . 
S8 -m *+! 

11 B· 
1
\. 

rae A e icp B11 - KOMrrneKc 
B11 

M B11 • Dpeae6peraH aeTa 

A B11 ' m B* H rB* Mory 

o nonaoM ceqeann a, np 

pacceHaHH rr - Meaoaa 1: 

ITOliY'IHTb U3 Jl8HHhiX ITO Tt 

!jlopMyllhi a ( 11 A) , A 2h 
t 

§ 3.1! 

AMIT.riHTyAa, OTBe'l810! 

8MIT.riHTYil 



( 5) 

( 2J, q :.. IIMIT~llbC oeTa-

IHT8llbHblit MDM9HT OTHOCII-

A , IlpHBe.ueaHaSI BepwnH-, 
3Ha'I9HHe Bellii'IIIHbl y Bbl

rBbJe HSXDllllllHCb B H8lilly'I-

prHH na.uaroumx npoTOHOB 

teaae npli nonao~ aHepriiH 

. ' r . = 130M~B·· 181 , =oTe :• d* o 

opMyllbi Epei!:Ta-:-BarHepa. 

( 6) 

H8Sl. B9llii'IIfl!8 0 OITHCb!B810-

A P~ II ¢ pd - neiicTBH-

:SI II3 9KCt!epiiM9HT8llbHbiX 

+ .p. _:-- _d + IT+ 0 KOTop'oe B. 

Ha npyrne aKcnepiiMeHTanb~ 

)8/KeHHeM. 

B cos 4 0'). ( 7) 

r, , :o ~ : 

38Hbl Ha pHC, 3, r.ue ()' 

B) BepiiiHHHaSI qaeTb M BIT 

AMnnHTy.ua M B OTBe'!aeT paeeesmmo IT - MeaoHoB, po»maroUIHxeSI B • 
< IT 

peaKUHII p + N' ... d +·IT' ua oeTaTO'IIiOM SI.Upe B' , Ha pile, 4 noKaaaua 

38BHeiiMOeTb KIIH9TII'!eeKOit 9Heprlili IT - M930li8 OT yrna BbineTa .Uei!:Tpo

HOB B peaKUIIH P + p .... d + IT+ npll Ha'IanbHoit aHeprHH 670 M aB, Ha pile, ·4 

IT :!: c 12 
np1IB9.U9HO TaK~e ee'!eHIIe - pacceSIHIISI B 38BlieiiMOeTII OT KIIHe-

TII'I9CKOi!: aHepriiH uaneTaromero IT - Meaoua, BH.uuo, 'ITO KIIHeTH'IecKaSI ::mep

p + p -+ d + IT+ ne~HT B OOllaeTII OT 40 .UO rHSI IT -Me30H8 B peaKUHII 

± 12 . 
340 M aB, r.ue ee"'eHHe IT C - pacceSIHIISl HMeeT peaoHaHelib!ll: xo.u. KiiHe-

TH'!eeKaSI 9HepriiSl IT - M930Ha, eOOTBeTeTBYIOIU8Sl pe30H8Hey, eoeT8BllSI9T 

To ;:: 140 M 9B, 06oalia'IIIM '!epea m B * II r B *- pe30ii8liCHOe 3H8'I9Hlie aliep-

rlili B C,U,M, CIICT9Mbl IT - M930H-Sl.Up0 II llllipliliy H8 rronyBb!eOTe pe30H8HC8, 

r.ue 

M 
BIT 

M' 
BIT 

M MO~Ho aanHcaTb B BH.ue: 
BIT 

M' e 
BIT 

A BIT 

SB - m 2* +12/r-~-x----:i'~"* rg* 
( 8) 

IT B \.____.3/ 

A e icp BIT - KOMITlleKeliaSl B9lllf'IIIH8 0 
BIT 

DITIIeb!B8IOUI8Sl yrnoByro 38BHCUMOeTb 

M BIT , IlpeHeoperaSI .ueTanSIMH yrnoBoii aaBHeHMOeTu aMnnaTy.Ubi, senH'Ililibi 

A BIT • m B* II r B* MoryT ObiTb onpeneneHbl II3 9KCnepnMeHT8llbHb!X nal!lib!X 

o nonHoM ce'!eHHII u, npouecca pacceSIHIISl IT - Meaoua Ha H.Upe B , AnSI 

pacceSIHIISl IT - Meaoua Ha HccnenyeMhiX H.Upax rronHoe ce'!eHae u t Mo~o 

nony'IHTb H3 .USHHb!X ITO ll'± C
12 

- p8CC9SlliiiiO /9/ npli ITOMD!Illi 9MITIIpli'I9CKOii 

1101 
, r.ue A - MaccoBoe '!Hcno SI.Upa. 

§ 3 •. A~rpc!JepeHuHanbaoe ce'!eHHe 

AMnnaTy.ua, oTBe"'aromaH ~poueccy ( 1), aanacbiBaeTCSI KaK eyMMa .UBYX 

aMnnHTy.u 
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M = M p + M 1:!. , ( 9) 

rne Mp H M /:!,. - aMnnHTYJlhl 1 OTBe'IBIOIIIHe noniOCHOl!: H TpeyronbHOl!: )lHarpaM-

M8M COOTBeTCTBeHHOo 

B COOTBeTCTBHH C npaBHnBMH Bbl'IHCneHHSI nepenSITHBHCTCKHX ¢efiHM8HOB-

CKHX nHarpaMM Ill aMnnHTyna M p I OTBe"!8IOIIl8SI noniOCHol!: nHarpaMMe, 

HMeeT BHJl 

M 

M' 
p 

p 
M' e ic/Jpd 

p 

2imN,AA ApdFl (q} 

(tAB+ tABO-i7J}(EpN;-m d*+; 'fd*) 

2 

( 10) 

' = (mA·- m B) + 2mN'E 
ABO 

.Un.SI TpeyronbHol!: nHarpaMMhi (pH c. 2 ) SIAPO B' H IIYKnoH N' SIBnSIIOT-

CSI HepenSITHBHCTCKHMH1 B TO BpeMSI K8K TT' - MeSOII B ycnOBHSIX onhiTa/
4

-
61 

oKaSbiBaeTCSI penSITHBHcTcKoii qacTHuel!:. B CBSISH c aTHM aMnnHTyna M I:!. 

OTBe'I8101Il8SI TpeyronbHOl!: JlH8rpaMMe 1 HMeeT BHJl 

M~ 

M M M 
m , m 8 , m , A .pd Brr dq d'T , 

-i N TT .f B 
( 11) 

2 TT 4. Dl D 2 D 3 

2 T . D = q - 2m , , - ,.71 
1 B B 

D = q 2 - 2m ,T , - i 71 
2 N N 

2 E 2 2 • 
D =p - ,+m,-'71 

3 rr' rr TT 

... 
p =p-p-q 

rr' P d 

8 



( 9) 

TpeyronbHOll: nnarpaM-

ITH~HCTCKHX ¢e'li:HM8HOB

nomoCHOll: nnarpaMMe, 

( 10) 

H HYKnoH N' stBmuoT-

B. ycnOBHstX 00b!T8 14 -BI 

HM aMnnnTyna MA 

B' ( 11) 

soo 900 100o TprnaoJ,11J8 

3 

2 

170 200 300 7irtnao),l1;8 

2100 2200 2300 Et (C.IM-1./, H38 

B 

Q7 

0~ 

113 

a1 

2000 2200 2300Et (CIJ.H), M;8 

:r ~ 4·~ I 2f' f I' f ' ' c 
2000 . 201 2200 2300 Et(C.IJ..H,},Mi/) 

Pnc. 3. nonnoe ce'leHne a 1 H napaMeTpbi A H B peaKunn p + p .. d + 17 + 

9 



f\(Jr'c;f2l10"Z7 C1f2 

] . It'~ 
8,{(2p~ 

12 

I 
I 

500~ , 
I 

I v 

I 

400~ I I 
I 

\ 

/ \ 
3CXH 11/ \ 

8 

I I 
I I 

200~ 1/ I 4 
I I 
I I 

100~ I . I I I I I 

2 

100 200 300 400 7ir fnatf },/136 

Pnc. 4. ITonnoe ceqeane npouecca 
± l2 

TT C --- paccesrHHSI H 38BHCHMOCTb KHHe-
TnqecKofi aneprun rr - Me3oHa B peaKuHH 
nefiTpOHa Od (nyHKTHpHaH KpHBasr), 

p + p -+ d + rr+ OT yrna BhineTa 

10. 

J 
l 

i 
-~ 

_::, 

3aMeTHM, -'ITo M 8 7r Sl 

H r~-, ), H Apd cna1 

'leT nonrocHofi AHarpaM~ 

npHBOAHT K nonpaBKe fil 

-+ 
q H T B, 1 BRAHM, 'I 

COB H8 KOMnneKCHOfi. nn 

( 1) 

' ABa nonroca: T 
B' 2m 

+ m A - m B. , OTBe'laroume 

.Hbi Ha .HH:nmen nonynnoc 

.Ha HH»men nonynnbcKoc; 

t~hrcneHHbie oue.IiK:n 

npHMepHO H8 nBa llOpS!A 

B pe3ynhTaTe ljlopMyna 
( 1) 

nonroca T 
8

, • · nocne· 

C'IHTaTb ljlopMijlaKTop F 

rne 

. i( ¢ 
M = M' P• 

!:J. !:J. e 

M
, • = I 
!:J. 

2mN,ml 

1 80 d 
2I ----

1 = 1T . ( 4 BIB j 
0 

B 
0 ' B I ' B 



ll 
8,tf2palip 'I' 

.o.l 

12 

'KJ 

~ 
8 

f 6 

I 
I 
I 4 

I 
I 
I z 
I 
I 

7irlnatf. ), 1136 

(' 
'· 

9llHHll. H 38BHCHMOCTb KHH9-

J ~· d + ·"+ oT yrna BbineTa 

3aMeTHM, 'ITo M Bir siBmreTcsr tPYliKunefi oT S Brr ( T.e. lie saBHCHT oT q 
n T 8 ·, ) , H A pd cna5o saBHCHT oT yxoaa c Macconoii: n,onepxHocTn ( pac-

'JeT nonrocHoii: anarpaMMbi c y'leToM yxona Apd c Macconoii: nonepxHocTn 

npnBOJlH'r K nonpaBKe nopsraKa 10%). llpeHe6perasr saBHCHMOCTbro A Pd oT 

-+ 
q H T , , BHJ:~HM, 'ITO nonnHTerpan&Hoe Bbipa:)l{eline ( 11) HMeeT 5 nomoB . 

COB Ha KOMnneKCliOfi IInOCKOCTH KHHeTH'JeCKOii: 9lieprHH T
8

, US KOTOpb!X 

(3-) 

nna nonroca: 
( 1) 

T 
B' 

q2 
---- iTJ 
2m 1 

T , = E + yp: + m 
2
,- i TJ ; E=E -E + 

B 1r 11 3 P· d ll, . 

+ m A - m B. , oTBe'laromHe o6pameHHro B Hynh nenn•mH D n D 
1 3 

lib! Ha liH:)I{Hefi nonynnocKOCTH. l1HTerpan ( 11) Bbi'IHCllS!eM, 38Mb!K8SI KOHTyp 

lia HH:)I{Hefi IIOnynnbCKOCTH 

'tJHcneHHbie oueHKH ITOK83b!B8IOT1 'ITO Bbi'IeT1 OTBe'larou:mii: nonrocy 
(3.,.) 

T B'. 

B pesynhTaTe ¢opMyna ( 11) MO:)I{eT 5hiTb sanHcaHa c y'leToM TonbKo oaHoro 
rn · 

nonroca T B, • nocne HeKOTOpb!X npeo6pasoBaH.Hfi Db!pa:)l{eHHe ( 11). ecnH 

C'IHT8Tb !flopM!flaKTOp 

rae 

M' = 

"" 

1 

B 
0 

B 
l 

F (q} 
l 

B 
2 

77 

KOHCT8HTO fi1 IIPHliHMa eT BIIJl 

11 

B 
--2-1 
(B ) y. 

J 

(12) 

H X 



Bcmonasm HIITerpnpoaaane BbrpameHHSI .nmp!j>epeaunanbHoro ce'leHHSI 

d a 17 I no nMnynbcaM qacTHU B n rr , nonyqaeM HHTepecyromee Hac 

d 2(] 

.nn~epeaunanbaoe ceqeane , • flocne HeKoTopbiX npeo6paaoaaanil: 
dpd dOd 

( CMoo HanpnMep, I l 1/) HM99M .llByKpaTHbili: HHTerpan BI'I.ll8 

d 2 (] 

dp d .dOd 

I 21T 
2 

c f dcos (}* f d.p* IMI 
-z 0 

c = 
m.Am 8 mp m dm,. 2 * 

P d PB 

(2rr) 
5
1 Ed EBrr 

( 13)· 

l".ll9 3B93.llO'l:Ka 03H8'l:89T1 'ITO COOTB9TCTBYIOIU8SI B91IH'l:HHa oepeTCSI B CoUoMo 

'l8CTHU B H f7 O* n ¢* - nonSipHbiil: n aanMyTanbHbiil: yrnbi nMnynb-... 
ca P 

8 

I =. mApt> 

t 38 ll01ISipHyiO OCb npHHSIT B9KTOp 
.... 
p* 

A 
E 

Brr 
JS 

Brr 

2 
Y'lHTbiBaSI !j>opMynbi ( 9), ( 10) n ( 12), I Ml BbrpamaeTCSI qepea M p 

n Ml:l B anne: 

IMI 2 
= IM' 

I> + M~ 
i¢ 2 

e Brr I (14) 

Hs ¢opMy1lbi ( 14) cnellyeT, 'l:To Bbi'l:Hcneane lln¢¢epeaunanbHoro ce'l:eHHSI ( 13) 

ae saancnT oT. ¢a3bi ¢ B aMnnnTy.ne M pd 
pd 

TaKHM o6pasoM, Mbi nMeeM OKOH'l:aTenbaoe Bbipa:meane .ll1ISI .nncjl!pepea

.unanbHoro ce'l:eHHSI peaKunn (1): 

dp d 0 = C ( (] /> + (]A + (] ) 
d d u lnt ' 

d 2(] 

( 15) 

f'/l9 

12 

~-::::~____.,. ________ _ 

j 

I 

~ 

i' 

1 21T--
2 . 

(] = f f I M I d cos p p ' 
-J 0 

12,.--2 ' 
(]A .;, f f I M ~I d cos (} 

-z o 

127T -

(] In 1 = 2 f f. I ( R e M ~ 
-I 0 

+(ReM'ImM' -R~ 
A. ·• P 

Benn'l:HHbi u 
p (]/),. 

.nn!l>!l>epeaunanbHoe ce'l:earie 

n HHTep!j>epeaunn aMnnnTy~ 

§ 4. 06cy:lK.t 

PeaynbTaTbi pac'l:eTa c 

C'IHT8Tb ~OpM¢aKTOp KOHCTaf 

= 6,5° paC'l:9THaSI KpHB8SI .ll 

3KcnepHM9HT81IbHOMY cneK~ 

pHCo 5a BH.llH0 1 'ITO T90p9Tll' 

Tani:.Hbie llSHHbie. MaKCHMYM 

cTayeT KBaanynpyroil: peaKu: 

pac'l:eTbi c noMOIUbiO nomocat 

neil: SIB1ISI1ICSI ll9li:Tp0Ho 

Pac'l:eTHbie KpHBbie .on 

yrnoa 0 d = 9,5°; 13,5° ll 

'l9TlibiM KpHBbiM .ll1ISI yrna 

SI.npa npnae.neaaaSI aeprnnaaaSI 

neTa .neli:Tpoaa. TeopeTn'l:ecK 



iflcpepeaunan&Horo ce'leHHSI 

1y'laeM HHTepecyromee Hac 

!eKoTopbiX npeo6pasoaannil: 

rpan BH/la 

(13) 

UMyTallbHbiil: YI"llbi UMnyn&-
..j.' 

p* 
A. 

BbrpamaeTCSI 'lepes 

( 14) 

peHUHBllbHOI"O ceqeHUSI (13) 

( 15) 

1-

! 
-~ 

u 
p 

J 21T --
2 I I I M p I d cos (}* d ¢* 

-z o 
121T--

ufj. .;. I I IM ~l 2 d cos (J*d¢* 

-J 0 

J 21T 

u int 2 I I I(R eM~ ReM~+ lm M~ lm M~ ) cos ¢BIT 
-1 0 

+(ReM' lmM' -ReM' lmM' .. )sin¢ ldcos(J*d¢* 
fj. p p u BIT 

( 16) 

( 17) 

( 18) 

Benu'IHHbi a 
p 

a/),. H a in t OTBeqaiOT,. COOTBeTCTBeHH0 1 BKliB/lBM B 

JlHcpcpepeHUHSllbHOe ce'JeHHe ITOliiOCHOil: /lH8I"p8MMbi 1 TpeyrOllbHOil: /lHSrpaMMbi 

H HHTepcpepeHUHH 8MfiliHTy~ 9THX /lBYX /lH8I"paMM, 

§4. 06cy:H</leHne pesynb!aToB pac'leTa 

PesynbTaTbi pacqe'I'a c noMOUibiO nonrocaoii /lUarpaMMbi (pH c. 1) ~ ecnu 

C'IUTBTb ipOpMcpSKTOp KOHCTSHTOH, npellCT8Bl19Hbl Ha pUC, 5, llnH yrna 0 d = 

= 6,5° pacqeTHaSI KpHBaSI llliH npouecca (1) (pnc. 5a) aopMHpoaanacb. no 

aKcnepnMeHTanbHOMY cneKTpy npn HMnynbce lleil:Tpoaa 1375 M sa/c. Hs 

pHCo 5a BHilHO, 'ITO TeopeTH'IeCKaSI KpUBSSI H9Ill10XO OITUCbiBaeT 9KCIIepHMeH

T8llbHbie }laHHbie, M aKCUMYM rrpn UMrrynbce JleiiTpoHa s.. 1600 M aa/ c cooTBeT-

cTayeT KBasnynpyroii: peaK:unn A (p, dN) B • Cnnonmoil: Kpnaoil: noKasaHbi 

pacqeTb! C llOMOIIIblQ ITOliiOCHOH /lH8I"paMMbi1 B KOTOpOH rrpoMe:H<yToqHoii qaCTU

ueii SIBliSinCSI }leiiTpOHo 

·Pac'JeTHbie KpHBbi9 /lliSI fiOliiOCHOH }lHarpaMMbi peaKUUH . ( 1) B cny'lae 

yrnoB 0 d = 9,5°; 13,5° H 16° (puc. 56, 5a, 5r) aopMHpoaanncb no pac-
. 0 

'leTHbiM KpHBbiM /lliSI yrna 0 d- = 6,5 B npe/liTOliO:H<9HHH, 'ITO llliSI ll8HHOI"O 

SI/lpa rrpUB9/l9HHBSI BepWUHHSSI qacTb Y O/lUHBKOB8 rrpH pasnuqHbiX yrnax Bbl

neTa ll9l!:TpOHa, TeopeTnqeCKHe KpHBbi9 Ha pHC, 5o,B,r HSXO/lSI,TCSI B XOpomeM' 
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I 

~ l: 

0.· 

I ~ ~s 
dpdO'IbA/ccm~p 

c~ 8•B,s 

JI!L. ~s 
dpdg.'HJ&#:cmtp 

c~ B•f3.s• 

a.. 

+, 

B 

6 

d1~ HO 
0,061- dpdg 'l'f1d1c cmep 

c'~ B•9,s• 
0,05 

0.04 

0.03 

0.021 

O.Of 

600 

d'~ 1'16 
dpJQ ' i'l•l/c ere~ 

a 
c. 8•115' 

0.051 

O,IU 0021 t t f t 
t 

0,03, 

0.02 O.Of 

O.Of 

BOO 
600 

PP.c. 5, HMnyn&cH&Ie cneKTpbi aeliTponos, o6paayeM&IX. npn 6oM6apanpoBKE'; 
yrnepoaa npoToHaMn c aneprnell: 670 ,Mas noa yrnaMn .6,5°; 9,5°; 13,5° n 16° 
K HanpasneHHIO nepBll'tHOro fly'IKa, 3Kcnepm\1eHTan&Hble llBHHble B3HTbl ll3 
pa6oT&I 161. KpnB&Ie - p~ayn&TaT&I pac'JeTa rio ancirepcnon!loll: Teopnn npg
M&Ix HAepHbiX peaKunfi; - - nonrocHag .anarpaMMa; a n b - 'IBCTn 
nMnyn&cHoro cneKTpa, oTseqaromne B&IneTy aell:TpoHoB · .. Briepea' n 'Haaaii' 
B c.u,M; peaKunn P: + N ... d + _rr , - nonrocHali + Tpeyron&Hali,, 
anarpaMM&I; ------- Tpeyron&Hali anarpaMMa; -·-·-·-·- HHTepcjlepenunli 
nomocnofi n Tpeyron&Hofi anarpaMM&I; KpnBali c · HHAeKcoM "l = 1'" · - pac'JeT 
nonrocnoll: anarpaMM&I c y'IeToM 6aTnepoBcKoro ljJopMcpaKTopa ( l = 1 ) • 

14 

-- ~---"'--..·-.,..-.--
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cornacnn. c 'llaRRbiMH on 

oKono ·1400 M::m/c, a B 

MaTH'IeCKH npoXOAliT HE 

c.ysenn'IeRneM yrna Bh 

no-BHJlHMOMy1 :· liBnl!eTCl! 

eT yqecTb nepepacc~l!HHc 

B nepsyro oqepen& neo5~ 

5biCTpO MeRl!IOTCl! npii II: 

nne rr . - Mesona na HllP 

Ta nefiTpona a·peaKUHH 

CTpeMHTCl! K 3Ha'I9HH101 

·- paccel!RHl! ( T 
17 

.; 1 

omn~aT&; 'ITO nnarpaM:M 

l!Jlpe BHOCHT RaH50nbiiiHi 

IIIIIX yrnax, 

3aMeTHM 1 'ITO ceqe 

rnn rr - Mesoaa oKono 

EpefiTa-Bnrnepa, H M&I 

ne5perag ee yrnosofi sai 

eTcl! npennonolKeane:·o Tl 

TeopeTH'IeCKHe KpH 

TO'IHOM l!Jlpe llpHBe)leHb 

= 915°) BHJlH0 1 'ITO Tpe 

Tpeyron&Rofi nnarpaMM 

coB Menee ·1300 Ms1 

rionrocn'ofi II 'l .,, peRUHH 

IIIeRHe TeopeT~qeCKOH E 

Ho H yiiiHpeane nnKa· TeopE 

po~oa' :; 'c.~.~.· ( ~P~. ~~I: 
.. ,, ' ' '• _, ··-of· .. "' .. " 

KpHBal!,~llHCbiBaeT SKene] 

mag TonhKD rionrocnofi nn 
. :. ~· .. :· :·\' -~ 

,. i ~ ~ t: ,':. r .~,: .' 



8. 

npll 5oM5ap!!IIpOBKEl 
?•5?; 9,5°; 13,5° II 16° 
Aai!Hble B3S!Tbl ll3 
:11oaiiolr Teopnll npSI-
: a ll • b - "!aCTll 
ariepea··~~ 'aa3aii' 
1 +. Tpeyronbaastc, , .-,_,., 
•- llHTep~epei!UllSI 
M '' l '= l'"' - pac"!eT 
Topa ( l = 1 ) , 

I 
I 
r 

l 

cornaCIUI: C JlBHHblMU Ollb!TB TOnbKO B y3KOil: OOHBCTU UMnynb<;:OB Jl9il:TpOHOB 

OKOnO 1400 MaB/c, a B HU3KOUMIIynbCHOil: · 06naCTWp8C'L!9Tllbl9 KpUBbl9 CUCTe

M8TU'L!9CKU npoXOJlSIT HU:H<e SIKCI19pUM9HTBnbHblX TO'L!9K 1 ' ll pa3nll'L!ll9 paCT9T 

C. yBenU'L!9HU9M yrna Bbin9Ta Jl9.il:TpOHOB, TipU'L!llHOil: SITOI"O OOCTOSITenbCTBa0· .·· 

IIO-BllllllMOMy, SIBnSieTCSI -BKnBJl·, oonee cnO:H<llbiX Jlll8I"p8MM,. B KOTOpblX cneJly-. · 

9T y'L!eCTl;> rrepepaccesiHU9 Bbin9T810IllllX 'L!BCTllll ·liB OCTBTO'L!HOM S1Jlp9, TipU:SITOM 

B rrepByro O'L!9p9Jlb H900XO)lllMO Y'L!llTb!BBTb Ilp0119CCbl rrepepaCCElSIHUS1 1 KOTOpbl9 

6htCTpo MeiiSiroTCSI rrpn naMeneHnn yrna BhmeTa Jleil:Tpona, Harr.piiMep, pacceSI

Hne rr - MeaoHa na SIJlpe. 113 pnc. 4 sn.uHo, 'LITO npu yBenn'LieHnn yr,na · Bhme

Ta Jl9il:TpOH8 B peBKIIllll p + p -> d :f. TT + KUH9TU'L!9CK8SI 'SIH~pi"USI TT -M930H8 
' .. +. 12 

CTp9MllTCSI K 3H8'L!9Hlll01 KOTOpOMy OTB9'L!89T M8KCUMYM B X0Jl9 C9'L!9HllSI rr-C 

·- pacceSIHllli T TT ,; 140 MaB ~pu () d = 10°). B CBH3U c SITUM cneJlyeT 

o:H<UilBTb; 'LITO .uuarpaMMa c rrepepacceHHUeM rr - Mesona aa ocTaTo'L!HOM 

S1Jlp9 BHOCHT H8UOOnbillUil: BKna.U B C9'L!9Hll9 peaKuUU ( p d TT ) IIpU 6onb-

mux yrnax. 

3aMeTnM, 'LITO ceqeaue 
'+ 12 

rrpouecca rr- C - pacceHair'st _B o6nacTn· aHep-

run TT - M930ll8 OKOnO 140 M aB .uocTaTO'L!HO xopomo ormchma_eTcH cjJopMyiJOft 

Bpeil:Ta-BnrHepa, u Mhi onpeAenHnn rrapaMeTphi aMnnnTyllhi pacceHHUH, rrpe

He6peraH ee yrnoBOil: 38BHCUMOCTbiO, B CBH3ll C SITHM 6onee BepoHTHhlM HBnH-

9TCH rrpenrron0)1{9flll9~·o TOM 1 . 'LITO 3118'L!9llll9 cjla3bl . ¢
8

: 0, 

TeopeTU'L!ecKue KpUBhte c yqeToM nepepacceHHIIH rr - Mesoaa aa ocTa

TO'L!HOM Hllpe rrpnBell9Hhi Ha puc. 5 B. cny'L!ae ¢
817 

0. Ha pnc. 56 ( () d = 

= 915°) BllJlHOo 'LITO TpeyronbH~H JlHarpaMMa U llHTepcjlepeHIIUH 'noniOCHOil: ll 

TpeyronbHOil: Jlll8I"p8MM BHOCHT BKna.U B OCHOBHOM B o6n_aCTb UMIIynb

COB MeHee 1300 Mas/c, Y'L!eT · TpeyronbHOil: .unarpaMMhi · u nHTepqie-

peHunn rionro'cHoii: u __ TpeyronbHoil: JlUarpaMM. _JlaeT He , TOnbKo noBhi

meHne TeopeTU'L!9CKOil: KpUBOH B o6nacTU UMIIynbCOB · M9H99 1300 Mas/ C1 

HO II ymupeHne llUKa· TeopeTU'L!9CK;OH .~PllBOfi 1 O!B9'L!810Ill9I"O BbiJ19TY "Bnepe.u" ll9HT

po~oB' ~ . c.~•t,1• ( ~p~~. J!~·rryn~~e . Pd .. !! 1300 Mas/ cY. B p~ay~~TaTe _. cyMMapHBH 

KpUBBH : OllllCbiB89T, .aKCne~:lll~911:'8nbHhl9 'llll:~Hh19 nyqme, 'L!9M Kpll!:l'8H 1 OTB9'L!810-

Ill8H TOnbKO ·noniOCHOti Jlll8I"p8MM9, TaKoe cornacue C, SIKCI19pUM9HTOM !_IBOnl()~ 
•• •• ··:;\':'' !"'• "·.' .. 

'• ·• I .• .) •' 



~ 

naeTcn TaKme ann yrna e d 
0 

13,5 • B aTHX cnyqanx BKnan, o6ycnoBneH-

Hb11'1 a.p¢eKTOM nepepaccenmrn, COCTaBnneT 3!}MeTHYIO BenHqHHy ( OT 10% no 

50% B HHaKoHMnynhCHoii o6nacTn), Torna KaK ann yrna 6,5° (pnc. 5a) a<fJ

¢eKT nepepaccenHRn He HrpaeT cyruecTBeHHOH ponn. B cnyqae ed = 16° 

TeopeTnqecKan KpHBan c yqeToM a<fl¢eKTa nepepaccenHHn npoxonnT HHme aKc

nepnMeHTanhHhrx ToqeK B HH3KORMnynhcHoli o6nacTn ( ~ 1100 Msa/c) • 

..h_ MO 
dpda ' MsG;c crep. 

0.06 
c, B•9,5' 

0.05 

ao~ 

0.03 

Q02 

oooo 
0 0 

0 0 
QO.f 0 

1000 

Pnc. 6, PeaynhTaT:bi pac'leTa B cnyqae () d = 9,5° nnll yrnepona npn aanau-

HbiX 3Ha'IeHHliX q)83bl cp 
817 

(0°, 20°, 40° H 90°), nyHKTHpH:ble KpHBble - HH

Tep~epeHUHll nomocHol! H TpeyronhHol! nnarpaMM, CnnoWH:biGl KpHBbre - no
mocHaS! + TpeyronhHal! nnarpaMM~>r. 

Ha pnc. 6 npnaeneHbi pesynhTaThr pacqeTa c yqeToM nepepaccenHnn 

rr - MesoHa Ha ocTaToqHoM nnpe nns1 yrnepona npn yrne 9,5° c pasnnqHbi

MH sHaqeimnMH <flash! ¢
817 

oT 0° no 90°, Opn Bapna~HH ¢a~bi ¢
817 

HHTep

<flepeHUHOHHblfi qneH He naeT cymecTBeHHoro HSMeHeHHH pesynhTaToB, KpHBhre, 

OTBeqaiOIUHe HHTep<fJepeHUHH noniOCHOii H TpeyrOnbHOH UHarpaMM
0 

<fJaKTHqecKH 

16 
! -

Pnc, 7. YrnoBbre pacrip' 
l!llep Li o C . o Al 

, nomoCHOJ! AHBI'paMMbl ·(• 
.nuarpaMM ( Ton-cT~>ie Kpi 
pa6oTbi /6/, -



qagx BKnaa, o6ycnosnea

no sennqnay (oT 10% no 

yrna · 6,5° ( pnc. 5a) a<P-
fl. B cnyqae () d 

iHHH npoxoanT HH~e 9KC

:::TH ( ~ 1100 Mas/c). 

D 

D 
D 

I p o-
_ 1600 P, 1136/C 

lSI yrnepoAa npn 3anaH

THpHbie KpHBbie - Hlt
lOWHbiG! KpHBble - no-

yqeToM nepepacceHHHH 

yrne 9,5° ~ paannqabi-

~1!-_~H <fla~bl ~ BTT _ HHTep

:g pesynbTaToB. KpnBbie, 

AHarpaMM, <fJaKTHqecKH 

I 
I 
I. 
i 

.i 
·I .I 

l 

I 
! 

100 

80 

60 

80 

..rJ§_ 'J)-27 CH2 
dn.' cmsp. 

Pb 

Pnc. 7. YrnoBbie pacnpeneneanSI AeliTpoaoa B peaKuHn A (p, d rr) B AnSI 
SIAep Li , C . , Al , Cu , Rh' n Pb , BbmonaeHHble· c ·noMOWbro· 
nonroCHOli Ll118I'p8MMbl ( TOHKHe KpHBbie) H C)'MMbl _nOn!OCHOli H TpeyronhHOli 
J:tHarpaMM ( T~n-CTbie· Kpl!Bbie) • 3KcnepHM9HT8nbHbie A8HHbi9 B3.SITbl H3-
pa6oTbi 161. · ' 
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JJe MeJJSIIOTCSI B o6naCTH HMnyn&COB MeJJee 1200 Maa/c1 a B o6naCTH HM

nynbCOB oKono p 4 = 1300 Maa/c OJJH pacTyT npHMepao B 2-3 paaa npH 

yaenH'IeHHH yrna ¢ 871 oT 0° .no 00°. B peayn&TaTe cyMMapH&Ie KpHB&Ie He 

MeHSIIOTCSI B HH3KOHMnyn&cHoA o6nacTH1 a Hx paanH'IHe 8 o6nacTH HMnyn&coB 

oKono p 4 = 1300 Mas/ c He npeB&IIIIaeT 25%. IT pH aToM HaHny'IIIIee corna

CHe TeOpHH C aKCDepHMeHTOM COOTBeTCTByeT 3HaqeJJHIO ¢
871 

= 200 :!:_ 2QO. 

PeaiOMHpyS11 Mbl. BH.QHM1 'ITO DOniOCH8SI .QHai'paMMa XOpOIIIO ODHCbiBaeT 

.neATpoHH&Ie cneKTp&I ang yrnepoaa a peaKUHH ( p , d11 ) Ton&Ko npH yrne 

a&meTa aeATpOHOB 615° , .a B cnyqae 6on&IIIHX yrnos ( 915°; 1315° H 160) 

Heo6xo.QHMO y'IHTbiBaTb atl$eKT nepepacceSIHHSI 11 - Meaoaa Ha ocTa-

TO'IHOM g.npe. Ha pHc. 7 npHBe.neH&I aKcnepHMeHTan&H&Ie H TeopeTH'IeCKHe 

yrnoBhle pacnpeaeneHHSI .neATpoHoB oT peaKUHH ( p 1 d11 ) ang g,nep Li 1 

C 1 Al 1 Cu 1 Rh H Pb 
Ha pHc, 7 BH.QH01 'ITO yqeT alj!cpeKTa aepepacceSIHHSI yny'IIIIaeT cornacHe 

peayn&TaToB pac'leTa c aKcnepHMeHTan&H&IMH naHH~MH nng nerKHX gaep 

( Li H C ) 1 a ang TSI>Ken&IX gnep TeopeTH'IeCKHe KpHB&Ie .Qa.lKe c y'leToM 

nepepaCCeSIHHSI CHCTeMaTH'IeCKH DpOXO.QSIT HH>Ke SKCD9pHM9HTan&HhlX TO'I9K 

( B pacqeTax ¢ 811 = 0). Pacxo>K.QeHHe TeopHH c aKcnepHMeHTOM pacTeT c yne

nH'IeHHeM Macconoro 'IHcna SI.Qpa-MHmeHH. ITocne.naee1 no-BH.QHMOMY1 o6ycnoB

neao BKna.QOM MHOI'O'IaCTH'IHbiX npoueCCOB1 B TOM 'IHcne KaCK8.QHbiX npouec

COB1 Ce'leHHe KOTOphlX pacTeT npH yBenHqeHHH MBCCOBOI'O qHcna SI.Qpa, 

AnTop&I C'IHTBIOT CBOHM npHSITHbiM .nonroM no6naro.napHT& B,M, Kon&x6a

cona1 n.H. nanH.Qyca H H.C. lllanRpo aa none3Hbie o6cy>K.QeHHSI1 a T8K>Ke COT

py.nHHKOB rpynn&I B.H •. ITeTpyxHHa aa MHoroKpaTH&Ie H nnonoTBopH&Ie .QHC
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