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+m 3 for the variables 
•x systems. The plot 
mo .. m1+m2+m3+m 4 coinc~des 

m3+m 4 ) joined with 
1. Distribution over the 
les (mi34 ,m~ 23 ) in the 
n the reaction m0 ... 

tilar rectangle (Fig.4). 
• ( m~23 ,mlu) in the 
~ Dalitz plot for the 
a and b of the rec
lere the limits are (19) 
v from the "Lemma on 

-! 
I 
I 

". 

llnarpaMMa llannua, KaK lf3B9CTH0 1 II03BOIISI9T IIp09UHpOBaTb Ha JlByMep-

. HOe MHOI"006pa31f9 COCTOSIHHSI ClfCT9Mbl •;pex 'IaCTHU 1,2,3 B Blfll9 TO'I9K C KO-

OpJlHH8T8Mif ( m;3 .mf2 l(m 1k- a~<jleKTHBHaSI Macca cncTeMbi i +kl • EcnH rrapbi 

1+2 If 2+3 o6pa3yiOT pe30HaHCbl C MacCaMH m ' If m" 1 TO IIOIIOCbl m 
12

=m 

If m23 =m, Bb!Jl91ISIIOTCSI Ha Jllfa!"paMMe CB0€10 I"YCTOIO HaC9119HHOCTbiO. f109TOMY 

JllfarpaMMa llannua Yll06Ha JliiH H3Y'I9HHSI CHCT9M1 B KOTOpb!X 0JlH8 If Ta )1{9 

'IaCTHUa M0)1{9T BXOJllfTb B COCTaB JlBYX pe3oHaHCOB B JlaHHOM Clly'Iae p€30-

H8HCOB B napax 1+2 II 2+3. 

lliiSI MHOI"O'!aCTH'IHhiX ClfCT9M JliiarpaMMa lla1IHU8 H9U3B9CTHa. 0JlH8KO 

3aJla'Ia 0 rrpoeunpoBaHHif Ha IIIIOCKOCTb COCTOS!Hifil: TaKHX CUCT9M M0)1{9T 6b!Tb 

IIOCTaBII9H81 IIpH'I9M K8K pa3 JliiSI C.Tiy'IaSI 1 KOI"Jla OJlHa If Ta )1{9 qaCTI!Ua MOlK9T 

BXOJllfTb B COCTaB JlBYX pa3Hh!X I"pyiiii 'IaCTHU ( He 05SI3aT91IbHO rrap) • TaKI!e 

Jll!arpaMMbl II03BO.TIIIIIIf 6bi OTJl9.TIS!Tb Jlpy!" OT Jlpyra KaHa.Tibl peaKUifil: 1 B KOTO,.. 

pb!X OJlHa If Ta lK9 '!aCTHUa CIIOC06Ha B03HHKaTb OT paCIIaJla JlBYX pa31III'IHhiX 

pe3oHaHCOB. Xo•p1 B03HIIKaromne pacrrpeJleneHnSI B o5nacTn II3MeHeHn:SI rrap IIHBa

pnaHTHhiX Mace y)l{e He o6.TiaJlaiOT paBHOMepHOCTbiO 1 CBOil:CTB9HHOil: 05bi'IHOil: · 

JlU8I"paMMe lla.TIUU8 1 9TO He SIBJISI9TCSI IIOM9XOii B TOil: 38Jl8'191 p8Jlll KOTOpOil: 

OHM CTpOS!TCSI: Bbi'IIfCIIeUne 0 l'HOCifT9.TibHtJil: BepOS!THOCTII ABYX KaHa.TIOB peaKUiflf •. 

Hano TO.TibKO 3apaHee pacc'!nTaTb "HopMaTnBHhie" (6e3pe3oHaHCHbie) pacnpeJle-

II9HliSI. 

B aToil: pa5oTe Jl.TISI pSina npaKTH'IecKII IIHTepecnhiX cnyqaeB 5yneT paCC'III

TaHa <jlopMa o6naCTII 113M9II9HHSI a<jl<jJeKTIIBHhiX Mace JlByX I"pyrrrr 'IaCTHU 1 lfM€10-



l!UIX o6IIIylO '18CTho 0Ka:lKeTCSI 1 'ITO BO BC9X cnyqaSIX ORB llM9€T cpopMy cpn

ryphl llannua, K KOTopoil ?pncoeanHeH oanH ns yrnoB onncaHHoro BOKpyr cpn

ryphl npSIMoyronbHHKa. EyaeT TBK:lKe paccqnTaHo HopMaTHBHoe pacnpeaeneHne 

co6biTnil B aToii: o6nacTn. Po:lKaeHue pesoHancoB, KBK u o6hi'IHO, 6yaeT npu 

aTOM Bhin€nHTbCH ll0Bhllll€1UIOH HaceneHHOCTblO ITODOC 1 napannenbHhiX OCHM KO-

opanHaT. 

Pellletme rrocTaBneHJ!hiX saaaq ynpolllaeTcH, ecnu npenBapHTenhHO ciflopMy-

nnpoBaTh neMMy. 

§I. fleMMa o P.BH)f{eHHH rjJrrrypbr Jlanilua 

3aaa"'a.1laH pacnaa 0-+ 1+2+3. Macca. oaHoil ns BTopn"'Hbix "!acT'uu B03-

·pacTaeT no cBoero npeaenbHO aonycTnMoro sHa'IeHnSI (HanpnMep, m 1 ao 

m 
0 

- m 
2 

- m 
3 

) , Hnn Macca rrepBH'IHOil 'IBCTllUbi 0 y6hiBBeT ao m +m + m • 
. I 2 . ~ 

non aTOM npoqne MaCChi C'Il!T810TCSI llOCTOSIHHb!Mll. KaK M€HSI€TCSI npH aTOM 

H8 nnoCKOCTll ( m ~a , m :
2 

) cpopMa II ~OnO)K9Hlle cpnrypbl llannua? 

2 
m.tz. 

{lno·-m~) 2 1 ~ a, I =- P = I cL 

A B 

(mfrtn;.f-1 c I ----. c ~ I·~ 

(trh_+m.., )z (me·- m-~)2. 
Puc. I. 

4 

..... m 2. 
2.1 

'l 
j 
I 
·i 
I' 

I 

i 

...;.)._-

Ynpoi.IJe!IHoe RellleHne ( l)nc. ·1). 4>nrvoa 

adbc t. o6p830B8HHh!H. 0Tp€3K8Mll UpSIMb!X 
2 . 2 2 2 

m
12

=(·m
1
+m

2
l, m

12
=(m

0
-m

3 
). 

llannua Bnncaua 

2 2 
m23 = (m2+m3) • 

B n 

m2 
23 

.0nHH8 CTOpOH I!pSIMoyronbHl!Ka YM€Hblll89TCH I!pll yMeHblll€ 

.QeneHnSI T B pacnaae, HanpnMep hc=T(m o-m t+ m2 + m a> • Koraa 

m 0 t m t, m 2, m 3 CTp€MllTCSI K CBOeMy KllH€M8TII'I€CKOMy npea1 

CHII3Yt m - CBepxy), TO aHeprOBhineneune CTp€MllTCSI K Hymo, I 
0 . . •· 

a BMecTe c HnM n iflnrypa llannua, CTSirn~aeTcSI B TO'IKy. Eyae1 

npeaenbHoil TO'IKOil. Korna m 1.:!.!!1 0 -=..m 2-=..m a. • To npeaenfaHaSI 

TO'IE:a a t ITO TO MY 'ITO nHHllll ac II ad npn ll3M€H€Hllll m l ..Q.S 

Bll:lKHhiMn. Koraa m 2 .:!_!1 o.=.!!lt...::!!s , To HerronBH:lKHhi npSIMhi€ 

TaK 'ITO ¢nf'ypa CTSirnBaeTcSI B TO'IKY d • Koraa m 3~ o::!!! 1 
rypa CO:lKM€TCSI B TO'IKY b • A Korna mg..;!.m 

1
..±_ m :a-±-m 

3 
--L..2 

niiHliii ac li c b , H cpnrypa llannua o6paTHTCSI B TO"'KY 

Ees aoKasaTenbcTBa n2nMeM cnepyromee cBoilcTBQ ~n 

TO'IKH nepeceqeHnSI ee rpaHHU c ny'IaMn, nPoBe.QeHHhlMn ns rrpet 

ll.2, Mepe ynaneHliSI COOTB€TCTBY101II€H nepeM€HHOH MaCChi OT npe 

"19HIISI MOHOTOHHO yaanSilOTCSI OT npe.QenbHOfi TO"'KHe 

Bhiaeneuubie ~pashi cocTaBnSiroT coaep:lKaHne neMMhi. Pe 

Mbl Ha3Bann ynpo'IIIeHHbiM, ITOTOMY 'IT0 1 Bo.,-nepBb!Xt H€ aoKa3b!Bi 

cBoilcTBo n, BO-BTopbiX, He oroBapHBaeM oco6o cnyqaeB, Koraa c 

SIHHh!X Mace paBHa uyn10 ( npn aTOM CKOpOCTb MOHOTOHHOrO YA~ 

Mo:lKeT nuoraa cTaTli pasuoil uynro). 

\. 

§ 2. 0P.Ha 'lBCTHua, o6IIU1H P.BYM nape. 

B cncTeMe n qacTnu <.!! ~ 3) H8HTli o6naCTb li3M€H9HII5 

II HopMaTHBHoe pacnpeaeneHne uaa aToii o6naCTbro. 

TipH n = 3 OTBeT Mhi sua eM: o6nacTb orpaunqeua !J;mrypoil 

n~enene~ne uan uero onu~ponuo ~pasuo 

d 2g ( ....!!_ )2 

2 

dm 2 dm 2 
23 12 

2 
m 

123 

5 



qagx oHa nMeeT <jlopMy <jln

·noa onncaHHoro BoKpyr <jln

HopMaTHBHOe pacnpeneneHne 

KaK n o6hl'IHO, 6yneT npn 

roc, napannenbHbiX ocsrM KO-

:nn npenaapnTenhHo c<jlopMy-

•ypbr ila.nnaa 

I 
3 BTOpll'IHbiX 'I8CTHU B03-

'Iel!HH ( HanpnMep, m 1 JlO 

0 y~biBaeT no m 1 +m 2 ~ m ~. 

: KaK MeHSieTCSI npn aTOM 

Je <jlnrypbi namrua? 

B 

··~ 

---~-------~ r,n2~ 
( m)2 me·- 1 

1 

\ 

l 
l 
! 

l 

I 

l 
I 
j 

! 
i 
j 

i 

YnpQ!l{eJI}{Qe __ pemenne ( pnc.·l). <Pnrvoa nannua anncaHa B UPHMovronbHHK 

adb~ 1. o6pa30B8HHbiH. 0Tpe3K8MH UpSIMbiX m 2 =(m -m ),2 
23 0 1 

m2 =(·ht +m )
2 

m 2 =(m · -m )~ 
12 1 2 • 12 o a 

!lnnHa CTOpOH UpSIMOyronbHHK8 yMel!biU88TCSI UpH yMeHbiUeHHll 9HeprOBbi

JleneHHSI T a pacnage, nanpnMep hc=T(m 0 -m 1+ m2 + m a·l • Korna OJlHa na Mace • 
m

0 1 m 11 m 21 m a CTpeMHTCSI K CBOeMy KHHeMaTH'IeCK.OMY Upegeny ( m 1,112,ma-

CHH3Y1 m
0

- caepxy), TO aHeproBbJAeneHne cTpeMnTcSI K Hynro, npSIMoyronhHHK, . .. 
a BMeCTe C HHM H <jlnrypa nannua, CTSirHBaeTCSI B TO'IKy. BygeM Ha3b!B8Tb ee 

npegenbHOH TO'IKOH. Korna m 1.;!.!!1 0 -=.,m 2-=.,m 11 . TO npeaenhaag TQgKa - axo 

TO'IKa a 1 UOTOMy 'ITO nHHHll ac H ad npn ll3MeHeHHll m I OCT8IOTCS! H8UO,Q-

TO HeUOABHmHbl UpSIMbi8 ad ll bd BH)Kl!biMH. Korga m 2 .::!..,T 0.::,!!1 1-=..!!
3 

.;;T.;;a;.;;K:....'I:.T;;.;O:......:<jl_n..;f'_.Y~P;:;,;8;;;_C=...;.T.;;SI.;;.r.;;;H;,;;;B..;a;;..e;;..T;;..C;;;.SI;,;;;_.;;B;....;;T..;O;..'I.;;K~y.__d __ _..::•....;:.K;.;o::;,;r:..A=a-m 3~ 0~ 1-_!11 2 , TO 1\:Jn-
rypa COmMeTCS! B TO'IKY b o A Korga mg..;!.m 1...±_ m ~ m a 1 TO H8UOABll)I{Hbi 

nHHIIH ac M C b 1 M l}>urypa nanuua o6p8THTCSI B TO'IKY c 

Bea goKaaaTenhcTBa npnMeM cnegy~mee caoH:cTa~ qmrypbJ nannua: 

TO'IKH nepeceqeHnH ee rpaHHU c ny'laMn, npoaegeHHbiMH na rrpenenbHofi TO'IKn. 

!!£,. Mepe yganeHHSI COOTBeTCTByromeH: nepeM8HHOH MaCChi OT npegenbHOrO 3Ha

'I8HMSI MOHOTOHHO yJlanSIIDTCSI OT rrpeJlenbHOH TO'IKMo 

BbrAeneHHbie <jlpaabi cocTaBnSiroT cogepmaHHe neMMbio Perueane aaJla'In 

Mbi Haaaann ynporueHHbiM, noToMy 'ITo, ao..,.nepabrx, He noKa3bJBaeM nocnenHee 

caoH:cTao H, ao-BTOpbiX, He oroaapHaaeM oco6o cnyqaea, Korga OAHa na nocTo

SIHHbiX Mace paBHa Hynro ( UpH 9TOM CKOpOCTb MOHOTOHHOrO yganeHHSI rpaHnu· 

MO:lK8T HHOrJla CT8Tl..> paBHOH Hynro) o 

§ 2. O,aHB 'll1CTHI!l1, o6mBH .aByM IIBpBM 
r 

B cncTeMe. n 'IacTnu <,!!.;:: 3) H8HTH o6naCTb H3M8HeHHSI (m~ 

II HopMaTIIBHoe pacnpeJleneHne nag aToii o6naCTbro. 

flpn n = 3 OTBeT Mbl 3HaeM: o6naCTb OrpaHH'IeHa <jlnrypoil: nannua, pac-

rr~e]lene~ne Hall nero OJlH~poJlHO ~paano 

dm 2 dm 2 
2a 12 

2 
m 

12a 

5 

( 1) 



,, 
I 

I 
I 

L 

,..:.__._ 

.Hcua H nnes1 pac"'eTa npn n > 3 : s¢<PeKTHBHaR Macca cncTeMbi 1+2+3 6onbme 

y:lKe He iJJHKCHpOBaHa1 ORa MeHSieTCSI OT /l =m + m + m llO m -m - •• -m ; 
1 2ll 1 2 ll '~ 0 4 n 

HCKOMaSI o6naCTb 6yneT cyMMOH ( B TOM CM!>ICJie 1 KaKOH npHila~T aTOMY CJ10By 

'TeopHSI MHo:lKeCTB) o6nacTefi npn BCeB03MO:lKHbiX m 123 , a pacnpeneneane -

cyMMOii: ( B o6bi"'HOM apH!J!MeTH"'9CKOM CMbiCJie 9TOI"O CJIOBa) llOil06HbiX :lKe 

pacn_penen~HHH Hall OTil9llb"llbiMH llHarpaMM8MH namiua. Haii:TH cyMMy o6nacTeli: 

H3MeiieHHSI (m2 , m 2 ) no BCeM m 
2 

nOMO:lKeT neMMa. npH m =/l 
28 12 . 1 3 IIIli 12!1 

9Hep!'QBbiileJieiiHe paBHO IIyni01 !J!nrypa o6paTHTCSI B TO"'KY c ( pHc.2) • C yBe-

JIH'JeHHeM m 
128 

!J!nrypa paCWHpS!eTCSI H OTOilBHJ"aeTCSI · OT TO'JKH c ; e~ rpaHH

Ubl MOHOTOHHO ynanmoTCSI no ny'IaM c BepmnHoli: c ; npn Han6onbmeM noixyc-

THMOM m , paBHOM M =m -m - •• -m , .Pnrypa Ltannua aafiMeT noaHUHIO 
128 0 4 n 

ADBC • npHC09JlHHHB K Heii: yron Ac C 1 nony'IHM IICKOMYIO o6naCTb I 

m~ 

(M-m3Y 

. '2. 

(~+mt) 

-1-
1 

I 

cm~-t-mJ):i.. 

D 

8 

c 
m2. 

(M-m,f .23 

Pnc.2. 

6 

·• 

1 ,, ,, 
i, 

',• 

l 
II 
'I 

l 
I 

,{1 

:l 
) 

~"'"-

B cucTeMe 1+2+,••+n pacnpeneneane nom~23 naeTcSI B J 

,.paaoBOI"O o6'beMa !J!aKTOpOM S n-2 (0;123 ,4 .. ,n) dm ;
23 

, T0-9C1 

o6'beMOM CI!CT9Mbl C IIOJIHOH MaCCOH m O II C MaCC8MH "!8CTeli: m
1 

PaBeiiCTBo ( 1) MO.lKeT 6biTh nepenncauo B anne 

3 
d s 

dm 2 dm 2 dm 2 
23 12 123 

2 
=(..!!__) 

2 

S 
0

_ 2 ( 0; 123, 4, ••. , n 

2 
m 

123 

CnenoaaTenhHo, pacnpeneneHne <I> no dm 2 dm 2 
23 12 

a o6na 

S=.JJ dm 2 
dm

2 
<IJ(m 2 

23 12 23 

6yneT naaaTbCSI HHTerpanoM 

2 
,m 12 

2 

d m 123 S ( 0 ; 123, 4, •• , n ) • 
2 n-2 

r" 
2 2 " 2 I <IJ(m ,m )=(-) 

23 12 2 r, m 
123 

ORo uopMIIpoaauo Ha S n -4Ja30Bblii: 06'beM BC9X n '18CTHU. 

BbPJIIcnnM rrpenenbi HHTerpnpoBaHnSI - rpaHHUbi naMeHeHIIH m 
2 2 

CHpOB8HHblX m 23 ,m 12 • HMeeM B cncTeMe noKOSI: 'JaCTHUI 

m 2 = ( P +p +p )2 = m 2 + m2 + m 2 + ' 
123 1 2 3 I 2 3 

+ 2(w
1 

+w
3 

)m
2 

+2w
1

w 
3 

-2p
1

p
3

cos 0
13 

. 

2 •:! 
TaK K8K m 12 H. . m 23 iJ!nKCHpOB8Hbl 1 TO B TOll :lKe CHCTeMe 0 

w 
I 

2 . 2 2 
m12-m1-m2 

2m 
2 

w 
3 

m 2-m2 -m2 
23 2 3 

2m
2 

p 2 =W2 
I I 

-m 

Kpaiiune 3H8"!9HH51 m :23 ocymecTBJISIIOTC51 npn co" e 13 = ±.1 

(m~23 )max =m~+ m~ +m~ + 2 (wl +W 3)m2 + 2W1 w3 ± 2 Pt P 3 ' 
min 

2 

I 

B HHTerpane (4) HH:lKHIIii: npenen f' , cnenoBaTenbHo, paBeH ~ 

Bepx HIIii: :lK9 paBeH MeHbllleMy I13 'JIICen M 
2 

II (m 
2 

) • npii n= 
ll!ll max; 

B ( 4) 6epeTCSI 1 npii 60JibWIIX n , He 060HTI!Cb 6ea "'IICJI9HHOI"O IIH'J 

7 



:ca cncTeMbi 1+2+3 6onbme 

I + m ll .QO ~- 0 -m 4 - •• -m n; 

SKOli npH.Qa~T aTOMy CJ'iOBy 

't23 , a pacnpenenenne -

·oro cnoaa) nono6HbiX )l(e 

11a. HaliTH cyMMy o6nacTeli 

KeT neMMa. Tipn m =P. 
Hill 1211 

TO'IKY c (pnc.2). C yae-

r · OT TO'IKH c ; e~ rpaHH .. 

; npn Han6onbmeM nonyc-

1 nannua 3aliMeT D03HUH~ 

liM· HCKOMy~ o6naCTb 

1-m,f 

B cncTeMe I+ 2+ , •• + n pacnpeaeneane no m ~ 23 aaeTCSI B npn6nu)KeHun 

•tP830BOI'O 05'b,eMa cpaKTOpOM 5 0 _ 2 (0;123 ,4 •• ,n) dm ;
23 

, TO-eCTb cp830Bb!M 

o5'beMoM cncTeMbi c nonaofi Maccofi m 0 II c MaccaMH qacTefi m
123 

,m 
4

, •• ,mn • 

PaBeHCTBO ( 1) M0)1(9T 5b!Tb nepenucauo B BH.Qe 

3 
d s 1T 2 sn-2 ( 0; 123' 4 •• .. .. 'n ) =(-) 

dm 2 dm 2 dm 2 2 
2 . 23 12 123 m 
123 

CneaoBaTenbHO, pacnpeaeneuue II> no dm 2 dm 2 
23 12 B o5nacTn 

S=ff dm2 dm2 <l>(m 2 ,m 212 ) 
23 12 23 

5y.QeT Ll8B8TbCS! HHTerpanoM 

t" 
'<l>(m 2 m2 )=(.!!....)2 J 

23 • 12 2 r, 

2 . 

dmt23 
--m--'

2
=-- S 

0
_ 2 ( 0; 123, 4, •• , n ) • 

123 

Ouo HOpMupoBaHO Ha sn -cpa30Bblii: o5'beM Bcex n 'IBCTHU. 

B 2 bl'IHCniiM npe.Qenbl HHTerpUpOBBHIIS! - rpaHIIUbl 113M9H9HIIS! m 1 ~ 3 2 2 
ClipOBBHHb!X m 23 ,m 12 • 11MeeM B CliCTeMe DOKOS! '18CTliUbl ·2 

m ~23 = ( p 1 +p 2 +pa )2 = m 12 + m22 + m: +' 

+ 2(w 1 +w 3 )m
2 

+2w
1

w 
3 

-2p
1

p
3

cos () 
13 

TaK 2 
KBK m 12 

·~ 
li. m 23 cpUKClipOBBHbl, TO B TOli )1(9 CliCTeMe OTCqeTa 

m2 -".ni2-m2 m 2-m2 -m2 12 I 2 23 2 3 p 2 =W2 -m2 w w 
1 2m

2 
3 

2m
2 

I I I 

Kpafiune 3HaqeunSI m :
23 

ocymecTBnSIIOTCSI npn cos() 
13 

= ± 1 

(m~23 )max =m~+ m~ +m! +2(w 1 +W 
3

)m 2 +2w1 w
3 

±,2p
1 

p 
3 

• 
min 

B HHTerpane ( 4) Hli)KHHfi npeaen f' , cne.QoBaTenbuo, paBeH (m 2 

( 2) 

(3) 

(4) 

( 6) 

' 2 123 
Bepx HUJ'i: )1(9 paBeH M9HbilleMy H3 'IHCen M U (m,:ll) max. • ilpl! n=4 HHTerpan. 

B ( 4) 6epeTCSI 1 llpU 6onbiUUX n He o6oiiTI!Cb 5e3 'IHCneHHOI"O UHT9I"OIIDOBSHHSI. 

7 



l 

Oco6HHKOM CTOHT- cnyqali: · m2 =0 · • 06nacTb I np11 STOM npocTo cosnanaeT 

c cooTBeTCTByiorueil: !jlHrypoil: Dan11ua np11 _ m 
123

= M , a npenenbi HHTerpHpo-

B8HHB B (4) cyTb 

£_ "= M2 

2 

f'=(m2+m2'-m2._m2)( m23 
12 23 I 3 m 2 ~· m 2 

2:1 :l 

+ 

2 
m 12 

--~-). 
m2-m2 

12 

(7) 

P acnpenencHJle _ell nnaBHO y6biB8eT OT TO'IKH c K Jl8ilbHHM Kp8BM 

o6nacTH • 0 xapaKTepe y6b!B8HUB MO)KHO COCT8BHTb npeJlCT8BiiCHUe _ H8 

npnMepe pacnana Ha qeTbipe ynbTpapenBTllBllCTCKHe qacTUUbi (n =4, m 1 = 0 ) 

ell ( m 1; , m ; 3 ) = m·~ fn 

BHyTpU KaanpaHTa 

2 
mo 

( 2 2 
m2 +m2 -mo-m -m2) 

12 23 12 23 

2 2 2 
ml2 +m23~mo 

0 

PeaoHaHCbi B cncTel'viax 1+2 n _2+3 Bbi30BYT 'He3aKoHHyro,. nepeaaceneH-

HOCTb nonoc m 
12 

= comit- ... :II' · ni 2 ~· = const 

,1: 

§3. OaHa •racTnua, o6IIIBH nape ii Tpoiixe ( n = 4) 

I 

B CIIcTeMe qeTbipex qacTHU. c onpeneneanou sHeprueu noKoH m 0 ( 'pacnan 
. 2 

0 -+ 1+2+3+4"') pacc'IHTaeM aopMaTHBHoe pacnpeJJ:enemte no dm 2 d m 
12 234 

3a<tmKcHpyeM- Macey m 34 KOMnayHn-<lacTIIUhi ( 3+4). Torna o6nacTbiO naMeue-

HUB m 2 , m 2 
12 234' 

: 6yJJ:eT !jlHrypa ·- llaniiua nmi pacnana '18CTUUbl U Ha Tpll 

'laCTIIIlbi c MaccaMII m , m 2· 11 m 34_ , pacnpeJJ:eneime 6yJJ:eT paBHoMep!Ib!M 

d2 s I 
dm 2 dm 2 

12 234 
m =conSl t 

34 

2 
7T ) • = ( --

2m o 
{8) 

O.r:i.HaKo, Ha caMoM nene, Macca m 34 nepeMeHHa. B !jlaaosoo6'heMHOM np116n11-

)KeHIIU ee 3Ha'leHHB pacnpeJJ:eneHhl no aaKoHy 

dS 

d_m 2 

34 

s (34;3,4) 
2 

8 

( 9) 

.. 

·,,.vf) 
')' . t . , .. ; ;! . 

' ,, .. ~\ 

lll 

\} 
I 
11 1.'1 
\I 

) 

! 

JlepeMHO)K8B ( 8) II ( 9) t nony'IHM IIiiOTHOCTb ell paCIIpeJJ:enei!llB I 

B BIIJJ:e 

ell(m 2 
234 

,m 2 
12 

) =<. -"~>2 
2m· 

0 

t" 
. f dm 2 S ( 34 ; 3 , 4 

, 34 2 
f 

) ' 

rne s 
2 

-!jlaaoBbiil: o6'heM CIICTeM!>I c Maccoil: m 34 

THUbl C M8CC8MII m
3 

II m 4 

, pacnaJJ:arorw 

-' 2 ' 2 ./ 2 2 
7T p* 

s2 (ab; a,b) = __ a_ 11 

2 

vmab -(m a+mb) vmab -(rna -m b) 

m ab 

HaTerpan a (10) 6epeTCB sneMeHTapHo. 

m2. 
12 

(mo-J13s- - -~- --- -· ,.., "F...:: 
.I 
I 

I 
I 

2 m ab 

cL ---r 
I 
(mo-m,. 

ft~ __ _j ___ ~ fJd r...-z:=t ( (,I) 
Cl I - o 

;! 

!'23it (n~z+mg")'- ·(mo-tnJ2 

Pnc.3. 

9 



npn aToM npocTo coanaaaeT 

1f , a npeaenbi HHTerpnpo-

2 
m 12 

--~->. 
IIi 2-m2 

12 1 

( 7) 

TO'IKII c K Jl8nbHIIM KpaSIM 

ocTaBnTb npeacTaaneune ~a 

me 'IBCTIIUbl (n =4, m I = 0 ) 

0 

'aeaaKOHHyiO' nepeaacenea-

·poJ1Ke ( n = 4) 

lHeprneli noKosr m 0 ( "'pacnaa 

meneaue no dm 2 dm 2 
12 234 

• Toraa o6nacTbiO naMeue-

acnaaa 'lacTnUbi U ua Tpn 

rteune 6yaeT paaaoMepnbiM 

2 
) . (8) 

.PaaoBoo6t>eMnoM npn6nn-

( 9) 

f1epeMH0}1(8SI ( 8) II ( 9), nony'IIIM nnoTHOCTb <I> 

B BUlle 

m 2 
• 12 

t" 

. J dm 2 S ( 34 ; 3 , 4 
f, 34 2 

pacnpeaeneunsr no d m 2_ d ~ 2 
?.!-\4 1~ 

) . 
(10) 

rae s 2 -<flaaoBbiii o6'beM cncTeM;.I c Maccoli m 
34 , pacnaaaiOmelicsr aa 'lac-

TIIUbi c MaccaMn m
3 

II m 
4 

HnTerpan B (10) 6epeTcsr aneMeHTapuo. 

I 
I 

--~----~~~~~~ Cl I 

Pnc,3. 

9 
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I 
I 

I 
i I 
I, 

I 

npn HaU60nbllleM JlOllyCTIIMOM 3H8'1eHIIII m 34 =m 0-m em 2 iflnrypa .Qannua 

o6paniaeTcSI B TO'IKY b ( pnc.3). Han6onhllleil: nnomaJln oHa- JlOCTnraeT npn 

m34 = /!34 = m 3 + m 4 .- Ha· neMMbi cneJlyeT 1 'ITO o6nacTh I· 1 B KoTopoil: Mo-

ryT MeHSITbCSI napaMe'fpbi m~34 n m~2 1 ecTb .Purypa .Uannua (JlnSI pacnaJla 

'18CTHUbl 0 Ha TpH '18CTHUbl C M8CC8MII m 1 ,m 2 II /!· 34 } 1 K KOTOpOil: npHC07-

JliiHeH yron " b " onncaHHoro BoKpyr Hee .npSIMoyronhHnKa. 3Ta o6nacTb 

6btn8 Hail:JleHa paHeef 1 ~ OJlHBKO Halll nyTb pellle HIISI HecpaBHeHHO n~ollle II 

ecTeCTBe HHe il:. 

npeJienbi HHTei'pHpOB8HHSI B ( 10) nony'IBIOTCH K8K rpaHH'IHbie 3H8'1eHHSI 

m34 npn aaJiaHHhiX m0 ,m 12 , m 234 • 11x nerKo noJIC'IIITaTb B cncTeMe no-

KOSI '18CTIIUbl 1 

(m 2 
34 

rile 

(c) 

234 

2 
) =(p -p) =m 2 +m 2 -21iJ liJ 

max 234 2 max 234 2 234 2 
min min 

2 2 2 
mo-m 1 -m234 

2m
1 

'(t) = 
2 

2 2 m -m 
12 

2m ,1 

2 
-m 

2 

~ 2 P 234 p 2 • (l2) 

p2=w2-m2 
I I 1 ( 13) 

HH)f{HIIM npeJienoM B ( 10) MO)f{eT OKaaaTbCH II 
2 

qncno p. 2 =< m + m ) 
34 3 4 

ecnn oRo 6onbllle 1 'I eM ( m 2 ) • 
34 min 

KorJia m =0 
1 1 TO HII)f{HIIil: npeJien ecerJla p.;~ 

BMeCTO (12) JiaeTCH Bbtpa)f{eHHeM 

2 m 
2 

12 )( 234 f "=(m 2 +m 2 -m 2 -m 
0 2 234 

m2 -m 2 
0 234 

1 a eepxHnll: npeJlen 

2 
m2 

). ( 14) 
m 2 -·m 2 

12 2 

C noMOIIlbiO lflopMyn aToro naparpalfla MO)f{HO Hay'laTb peaKunn Tnna 
,.. . I 

1T + N-+ N + TT+ TT+ 1T ( B KOTOpbiX 0)KHJl8eTCH pO)KJieHHe ,H3o6ap II JIByX-Tpex-

'18CTII'IHbiX 6030HHbiX pe30H8HCOB) • 

10 

.I 

§4. I1BpB1 061IlBH JIByM'·:'rpo/lKBM (n .. 4.1 

B peaKunn a + b ... 0 -+ 1+2+3+4 naMepstiOT pacnpeJleneHue Ha 

(m ~23 ,m;u ) 1 O)KIIJlaSI noHeneHnSI peaoHaHcoe B cncTeMax 1+2+ 

( HanpHMep, p + p -+ N + 1T + 11 + N unn p +;-+ 11+ + 11-+ rf- + 11 + 

a nM aTy peaKunro TaK: 0 -+ 1+( 23)+4. HaM CHOBa npeJlCTOHT pac 

lflurypy • .Qanuua 1 HO npn nepeMeHHOfi Macce m 28 • npu Haii60nbllle~ 

m =m -m -m OHB CO)f{MeTCSI B TO'IKY d ( pnc.4) 1 38TeM C yM1 
23 0 1 4 

m 
28 

lflurypa Ha'IHeT pacnnhiBBThCH H npu m = p. = m + m - 23 23 - 2 3 
JIOCTHI 

t:'O Han6onblllei'O paaMaxa. Y)f{e 3H8KOM8SI HaM MOHOTOHHOCTb yJlane 

.Pnryphl oT npeJlenbHOil: TO'IKII o6~SICHsteT1 no'leMy o6nacTh ec 

.Qannua ( JlnSI pacnaJla '18CTIIUbl 0 Ha '18CTIIUbl C M8CC8MII m 1 • /L 23 

KoTopofi npncoeJinHeH yron d onncaHHoro npSIMoyronhHnKa. nnoTJ 

npeJleneHHSI Ha Heil: JlaeTCSI HHTerpanoM 

2 <II (m284 
2 

• m 123 
) = ( _11_)2 

2m 
0 

r dm 2 s (23;2,3 ). 

max( /L 2 ,r> 28 2 
23 

2 
npeJienbi nony'IIIM1 npeJICT8BIIB m 223 B BIIJle (p -p· -p ) II BeJISI paC'Ie 

. 0 1 4 

Me llOKOSI 0 

m2 =m 2 +m 2 +m2 -2m (w +W )+2w liJ -2p p cos 0 • 
28 0 -· 1 4 0 1 4 1 4 1 4 14 

B aToll: cucTeMe 

(c)1 

m2+m2 -m2 
0 1 234 

2m 
0 

(c) 

4 

m~ +m~ -m:23 'p21 = liJ 12 -n 

2m
0 

TaK 'ITO npeJlenbi BbtrnSIJlSIT cneJlYIOIIliiM o6paaoM: 

± 
f 

2 2 2 n 2 m12S+m234-m0 +"'liJ11iJ 4'± P1P 4 • 

11 



m 34 =mo-m em 2 lj!Hrypa .QanHua 

nnomaaH oHa-ao~TnraeT npn 

0 oonaCTb . I 1 B KOTopoti MO

' ljlnrypa .Oannua (nnH pacnaaa 

H P.·a4 } 1 K KOTOpOil: ITpHCO~-

·pHMoyronbHHKa, 3Ta oonaCTb 

meHHH HecpaBHeHHo npome H 

OTCH K8K rp8HH'IHb19 3H8'I9HHH 

~0 ITOllC'IHT8Tb B CHCTeMe ITO-

+ 2p p 
- 284 2 • ( 12) 

( 13) 

H 

1 .a BepxHHti npenen 

2 
;_ m2 

). 
m 2 -·m 2 

12 2 

( 14) 

>~HO H3y'IaTb peaKUHH THlla 
. , I 

~neHHe,uao6ap H nByx-Tpex-

B peaKnHH 

(m2 m2 ) 
128 ' 284 

a+ b -+ 0 -+ 1+2+3+4 H3MepstK>T pacnpeaeneHHe Ha nnocKOCTH 

, o~Haast nostBneHHSI peaoHaHcoB B cHcTeMax 1+2+3 u 2+3+4 

( HanpHMep, p + p -+ N + 1T + 1T + N 

3HM aTy peaKUHK> Tax: 0 -+ 1+(23)+4. HaM CHOBa npeacTOHT paccMoTpeT& 

lj!Hrypy-.UanHua 1 Ho npH nepeMeHHoti Macce m 23 , llpH HaH6on&meM 3Ha'IeHHH 

m =m -m -m 
23 0 1 4 

OHa CO~MeTCSI B TO'IKY d ( pHc,4) t 3aTeM C yMeH&UieHHeM 

m 28 lj!Hrypa H8'1HeT pacnnbiB8TbCH H npH m
23 

= p. 
23
= m 

2 
+ m 

8 
nocTHrHeT cooe-

J;'O HaHoon&mero pa3Maxa. Y~e 3H8KOMaSI HaM MOHOTOHHOCTb yaaneHHSI rpaHHU 

lj!Hryphl OT npeaen&HOH TO'IKH OO~SICHSieT, ITO'IeMy o6naCTb eCTb lj!Hryp~ 

.QanHua. ( anst pacnaaa 'laCTHUbl 0 Ha '18CTHUbl C M8CCaMH m 1 • P. 28 • m 4 ) : K 

KOTopoil: npHcoeaHHeH yron d OllHC8HHOro npstMoyronbHHK8, llnoTHOCTb pac-

npeaeneHHSI Ha Hell: aaeTcst HHTerpanoM 

Cl>(m2 
284 

m2 
• 123 ( 15) 

llpenenbl nony'IHM, npeaCT8BHB 2 
m 23 

2 
B BRae (p -p · -p ) H Beast pacqeT B CHCTe-

0 1 4 

Me·noKOH 0 

B aToll: cHcTeMe 

2m 
0 

(.<) 

4 

TaK 'ITO npeaenbi BbtrnSiaSIT cneayromHM o6paaoM: 

± 
f 2 2 2 " 2 

m128+m234-m0 +~Ct>1Ct>4,.± P1P4' 

11 

( 16) 

( 17) 
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ll §5. l.faCTllUB, o6Ia8Jl tlBY~ TpOiiKBM ( n =5 ) · 

KaKyJO ~opMy nMeeT o6nacTh nsMeHt:;HHH ( m ~23 • m 3~5 ) B .c 

'IacTnu 1-5 c orrpeneneunoll: acpcpeKTHBHoil: Maccoll:? IlpencTaBnt. 

IIHTh 'IaCTliU B BIIJJ.9 pacrrana Ha Tpii 'IaCTHUbl ( 12) 1 31 (45) 1 JJ.Be 

I 

' \ 

I 

·l 

/1-......_, 

o6nana10~ rrepeMeHHOil: Maccoll:. Ecnn saKperriiTh m 12 II m 45 1 TO 

nnua nso6pa3HTCH cxeMoil: (a) Ha pnc.5. IlycTh Terre ph aaqneT 

m 
1 

a Macca m rrycTh rroKa 6yneT nensMeHHa. 06n.acTh nsM« 
12 45 
? 

m-
34

r;} H3o6pa3IITC51 ex eM oil: ( 6). Ecnn 1 naKOJWU 1 Ha'IaTh Mem 

m B paspellle!IHhiX rrpeilenax ( m +m , m 
0 

-p. 12 -m 3 ) 1 TO rro: 
45 . 4 5 . 

MyJO o6nacTh I - aTo nnarpaMMa .llannu a nnH pacrrana na 'lac· 

· CaMU m I +m 
2 

, m
3 

II m 
4 

+m 
5 

1 K KOTOpOM IIp11C09JJ.IIll9Hbl J].Ba yrna 

HIJM n rrpaBbiM HIIJKHIIM ormcannoro npHMoyronhHIIKa ( pnc.5B). 

IlnOTHOCTb pacrrpeneneHHH IlO 8TOii o6naCTll naeTCH JJ.ByKp< 

rpanoM 

ci> ( m 2 • m 2 ) = JJ dm 2 dm 2 s ( 12; l, 2 ) s ( 45; 4, 5 ) • 
123 345 12 45 2 . 2 

Ilpn ~anaHHhiX m , m n rrponsBonhHOM m Benll'IIIHa m 
123 345 45 

Ilp9B30HTll Hll m 
123

-m
3 

1 Hll m O - m 345 1 UHa'Ie CT8H9T II9BO: 

pacrran ( 123) .... ( 12 )+3 1 nn6o pacrran 0-> ( 12)+(345). Cne 

IL < m < min ( m - m , m - m ) • 
12 - 12- 123 3 0 345 

~ Korna snaqenne m 
12 

B 8THX ~penenax Bbt6paH0 1 TO sanaqa 

rpannu m
45 

pemaeTcH cpopMynoll: ( 12). 

(m 
2 ) =m2 +m2 -2w (L) + 2p 
45 max 345 3 345 3 - 345 p3 

min 

rne 
2 2 2 2 2 2 

m 0 -m 12 .-m 345 m345 -m 12-m3 

(L) = . (<)3 = 
345 2m 2ml2 

·12 

C npyroll: cTopoHhi 1 nonlKHO 6btTh co6nJOneno n ycnomre 1 anano 

IL 45 ~ m 45 ~ min ( m 345 - m 3 'm 0- m 123) • 

13 
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§5. g8CTHU81 061UBH .llBYM TpOHKBM ( n =5 ) 

KaKyiO <jlopMy HMeeT o6naCTh H3M8H~HHSI { m ~23 , m 3~ 5 ) _ B CHCTeMe HSITH 

qaCTHU 1-5 C onpeneneHHOil: a¢¢eKTHBHOil: Maccoil:? OpenCTBBHM ~acnan Ha 

HSITh qacTHU B BH!l8 pacnaAa Ha TpH qacT.HUbl ( 12) 1$ 1 (45) 1 ABe H3 ·KOTOpb!X 

o6naAaro:r nepeMeHHOil: MaccoA. Ecnn 38KpenHTh m 12 H m 45 I TO ¢nrypa na

nnua H3o6pa31ITCSI cxeMoil: (a) na p!ic.5. OycTh Teneph _uaqneT H3MeHSIThCSI 

m
12 1 a Macca m 

45 
nycTh noKa 6yAeT nen3Menna. 06n-acTh H3MeJieHnSI { m1

2
23 , 

m \ 4r) H::J06pa::JHTC51 ex eM oil: ( 6). EcnH 1 HaKoJteu 1 naqaTb MeHSITh n Macer 

m 
45 

B pa3pemeHHbiX. npeLJ.enax { m 4 + m 
5 

, m 
0

- fL 12 - ~ 3 ) 1 TO nonyqnM HCKO-

MyiO o6naCTh l - 3TO AHarpaMMa nannu a Aoi!SI pacnaAa Ha qacTHUbl C Mac

. CaM II m I +m 
2 

, m
3 

H m 
4 

+m 
5 

, K KOTOpoii HpHC08AIIH8Hbl AB8 yrna - o118Bblll Bepx

Hiill n npaBbiA HII;>KHIIA onncarmoro npSIMoyronhHIIKa ( pnc.5B). 

0nOTHOCTh pacnpeAflneHHSI ITO 3TOil: o6naCTH Aa8TCSI AByKpaTlib!M HHT,e-

rpanoM 

<I> { {n 2 , m 2 ) = Jf dm 2 dm 2 S { 12; 1, 2 ) S { 45; 4, 5 ) • 
123 345 12 45 2 • 2 

( 18) 

Opn ::tanaHHbiX m 
123

, m 
345 

n npon3BOi1hHOM m 
45 

Bennqnua m 12 ue MO;>KeT 

npeB30il:TH HH m 123 -m 3 1 HH m O - m 345 1 nnaqe CT8li8T H8B03M0)1{8H nn6o 

pacnaA (123) -+ ( 12 )+3 1 nn6o pacnaA 0-+ ( 12)+(345). CneaoBaTenhH0 1 

fL < m < min { m - m , m - m l. 
12 - 12- 123 3 0 345 ( 19) 

A Koraa 3naqenne m B aTHX npeAenax Bbi6paJio 1 To 3aAaqa BbiqncnennSI 
. 12 • 

rpannu m 45 pemaeTCSI ¢opMynoil: ( 12). 

{m 2 = m 2 +m2 -2w w + 2p p 3 45 max 345 3 345 3 - 345 
( 20) 

min 

rAe 
2 2 2 2 2 2 

m o -;-m 12 .-m 345 m345 -m12-m3 
w w3 

345 
2m 12 2ml2 ( 21) 

C Apyroil: cTopoHbi1 . non;>KHO 6biTh co6nroAeHo n ycnoBHe 1 ananornqnoe ( 19): 

!145 ~ m 45 ~ min { m 345 - m · 3 'm 0- m 123) • ( 22) 

13 



14 

floaToMy 4JopMynht ( 20} II ( 22) cnenyeT na BCHKIIH cny"'!ait o6'henm 

max ( Jl , m ) < m < min ( m , m - m , m - m ) • 
45 4 5mln- 45 - 45max 345 3 0 123 

CxonHhiM o6pa3oM MO)I(HO pacc"'!IITaTb o6naCTII IIGMeJieHIISI 1 

6onee cnolliHhiX ciicTeMax. 

TaK, B pacrrane 0-+ 1+2+3+4+5+6 o6nacTb II3MeHeJIIISI (m 2 -, 
12~4 

4JIIrypa llaniiUa LlnSI pacrrana Ha "'!aCTIIUbl C MaCCaMII m +in ' ; 
1 2 

m5 + m 
6 1 K KOTOpOH Ll06aBneHbl yrnhl a,b, c OIUICaHHOI'O BOKpyr 

yronbHUKa. B pacrrane .0 -+ 1+ ••• +7 o6nacTb II3MeHeHIISI ( m2 m ~ 
. t234 a 

.IIpOCTY IIpHMOyronbHIIK 1 OIIIIC8HHh!H BOKpyr 4JIIryph! llanuua LlnSI pc 

TeMbi c MaccaMII (m -m )-o(m +m )+(m +m >+(m +m) • Ho q o 1 1 .2 a 4 . 5 · 6 

TII"'!Hhte pe3oHaHChi BCTpe"'!aJOTCSI penKo. Eonblliiiii rrpaKTII"'!ecKuii cr 

cnenyromee yTBepllinenne, KacaromeecH o6nacTII II3MeHeHUH 
2 I 

( m12a ' 

Kane .0 -+ 1+2-i-IL._. 3+4. 

Bbt"''IICniiM rrpenBapiiTenbHO rpaHIIUhi m II M II3MeHeHIIst m 2a B aTe 

Torna IICKoMaH o6nacTb ( piic.B) orpaHn"'!eHa LlByMst nyraMn. II. llBY~ 

MII: . AB.CD eCTb 4JIIrypa llaniiU8 LlnSI pacrrana Ha t{8CTIIUbl. C Mac 

II m4; AF II ED - 0Tpe3KII CTOpOH OIIIIC8HHOI'O BOKpyr Hee IIpstM 

FE - "'18CTb rpaHIIUhl 4JIIryph! naniiua IIpii m 2a = M • CxoLlHb!M o6p13 

HHIOTCSI o6naCTII I II B LlPYI'IIX paCCMOTpei!Hb!X Bbtllie CIICTeM8X1 I 

IlpOIICXOiliiT KaCK8LlOM. 

nHTepa.Typa 

1. P.Nyborg, H.S.Song, W.Kerman, R.H.Good, Phys. Rc 

91.5, 1.965; P.Nyborg. Phys. Re'(., 1.40B, 921. (1.96 

PyKonucb nocTynuna B U3QaTenbcKnA oTaen 

23 nunapn 1969 roaa 

15 



(a) 

t 
1 
I 

' 
{o-) I 

~ 
i 
L -
rJ42)2. 

{B) 

nosToMy <flopMynhi ( 20) u ( 22) cnenyeT na BCHKHil: cnyqafi o5'hennnHTh B onny 

max ( p. , m ) < m < min ( m , m - m , m - m ) • 
4~ 4 ~min - 4~ 4~ max 34~ 3 • 0 123 (23) 

CxonHhiM o5pasoM MOmHo pacc'lnTaTh o5nacTu H3MenennH nap Mace B 

6onee cnomHhiX cncTeMax. 

TaK, B pacnane 0-+ 1+2+3+4+5+6 o5nacTb H3MeneHHH (m 1~~4 -,m 3!~ 6 ) ecTb 

<f>Ju•ypa llannua anSI pacnaaa na qacTHUhi c MaccaMH m 
1 

+ in 
2 

, m + m H 
. 3 4 

m5 + m 6 , K KoTopoil: ao5anneHhi yrnhi a,b, c onucannoro BOKpyr nee npHMo-

'. yronhHHKa. B pacnaae .0 -+ 1+ ••• +7 o6nacTb H3MenennH ( m2 , m 2 ) eCTh .no-
. 123• 3456 

npOCTy f!PHMoyronbHHK, onuCaHHhiH BOKpyr <flnryph! llannua JlnH pacnana CHC-

TeMbl c MaccaMH ( m - m )-. ( m + m >+< m +m >+ ( m + m ) • Ho 'leTbipexqac-o 7 I .2 3 4 5 6 

TH'IHbie pe30H8HChl BCTpe'IBIOTCH penKo. EonblllHH npaKTH'IeCKIIH CMbiCn IIMeeT . 

2 2 ) cneny10111ee yTBepmnenne, KacaJOllleecSI o5naCTII H3MeneHHH ( m
123 

,m 
234 

D Kac-

Kaae 0 -+ 1+2+1L_. 
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Toraa ncKoMaH o5nacTh (puc. B) orpanuqeua nnyMH ayraMn u. nnyMH oTpesKa
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