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B .uaaaoil pa6oTe o6cy*.UaiOTCl! HeKoTophte oco6eHHOCTH KHHeMaTHKH 

Xo X o o o o o 
pacna.uoa ->L+Y , ->1T +Y H X ->rr +" 

Y+Y ~y+y ....___. t.- Y+Y yty 
npH pacna.uax X

0 
->1T

0 
+ y H X

0 
->1T 

0 
+7T 

0 
peaoHaHCOB X c 60JibiiiOil 

Maccoil ( mxo >>m 17o ) napbi ·QJOTOHOB c aaHMeHbWHMH yrnaMH paaneTa c 

60JibiiiOH BepOl!THOCTbiO l!BJll!IOTCll pacna.UHblMH napaMH OT 1T O -Me30HOB, npH 

H (J 
11

o 1T 0 = ( p "0 , p rrO 
I 2 11 I 2 

B 

no,llaBJll!IOIIIeM 60JibiiiHHCTBe CJiy'laeB He MeHbiiie MHHHMBnhHbiX yrJIOB paane-

(J (min) 
Ta rroy H 

(min) 

(J 
11 

o
11 

o 
I 2 

, Enaro.uapl! aTOMy, o6ecne'IHBaeTcll ycnex MeTe-

.ll0B 1 HCnOnh3YIODlHX TOJlbKO yr'JIOBble H3MepeHHll pacna,UHbiX QJOTOHOB, 

CyiiiecTaeaao HHYIO CHTyaUHIO HMeeM npH pacna.uax X _, 7J + y 
L.y +Y 

MuHHMBJlbHbill yron paaneTa u;l;) = (p .. 7J .. ,jl' y ) =0 ° {no Kpailaeil Mepe 

) , H no yrJiaM pa3JieTa QJOTOHOB HeB03M0)1{H0 Bbi,IleJIHTb 

pacna.uayro napy OT 7J -Meaoaa. B aToM cny'lae .unl! aa.ue*HOil H.UeHTHQJH

KaUHH MO.Ilhi pacna.ua aeo6xo.uHMhi H3MepeHHll aaeprHil u yrnoa BbiJieTa pac

na.uHhiX ¢oTOHOB. KoM6HHHPYll nonapao ace QJOTOHhi, MO)I{HO Bbi'IHCJIHTb Tpu 

3Ha'leHHll a¢QJeKTHBHOH MaCChi, O.uHaKo TaKaS! IJPOUe.uypa 

TaK KaK OHa npHBO.IlHT K yaeJIH'IeHHIO CTaTHCTH'IeCKOr'O QJOHa, 

EcnH HcnonbaoaaTb H3BecTHyro QJYHKUHIO yrnoaoil KOppenliUHH QJoTOHOB 

rrpH pacna.ue X ' _, y + y 6eccnHaoaoro peaoaaaca X ' /1/ 
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I 

w(O,fJ)= 
ros ( 8 I 2) 1 • 

..;~ 2 
2 

,( fJ ";;;_ ros0/2) 
- ms (8/2) • sin 2(8/2) (1) 

TO e 6on&WBHCTBe cny'laee pacna11a X
0 

.. x '+ y una X 
0 

.. X ' + X' MOli<-
L-. Y+Y L-.yy 1---.yy 

HO OllH03Ha'IHO BbiJlenaT& pacnaAHYJO napy l!loTOHOB oT X ' -Me3oHa. B Bbipa-

ll<eHBH ( 1 ) fJ -cKopocT& peaoHaHca X ' , a (J -yron paaneTa pacnaJlHbiX 

I!IOTOHOB OT X' • nyTeM 3aMeHbl yrna (J napaMeTpOM e =sin (8/2) I sin( (J m /2) 

MOli<HO liiYHKUHIO w( (J, fJ) npeo6pa30BaTb K BHilY / 2 / x) 

w(e, y) = - 1-..; e 
1-e'lr 2 

e, -1 
( 1 ') 

rAe r= 1/v'1-fJ 
2 

H sin( Om/2) .. 1/y • BepoHTHOCT& Toro, 'ITO npa pac-

na11e X ' .. y + y 

1) napaMeTp e He npeBOCXOJlHT HeKOTOporo 3Ha'!eHHH e 1 Bbi'IHC-
1 

nHeTCH no l!lopMyne /2 I 

e~ r 1 _ 11e2 
w(e

1 
.r>= fw(e,r>de; fw<e,r>de=..; 1 

1 I 1-1/y2 
(2) 

2) napaMeTp k 1 = Ey/( Ex' /2 ) He MeH&we HeKoToporo 3Ha'!eHHH 

k 1 =1-..j1-1 /e1
2, a napaMeTp k 2 = Ey2 I (Ex • I 2) He 6on&we 2-k 1 =I+ ..j1-1/~ 2

1 

Bbi'IHCnHeTCH no l!lopMyne /2/ 

W
1
(k

1
, y)=(1-kt>f..J1-1/y 2

; (3) 

3) napaMeTp a=sin8 2 /sin8 1 (8 1 •(py:'Px·>,02 =(Py~'px,)) He MeH&-

we Bbi!SpaHHOrO 3Ha'leHHH a I , Bbl'IHCnHeTCH no lilopMyne / 2 / 

x) 
4JyHKUHH 

li<HTeneM 1 
2" 

.-

1-a 1 --- 2 W2 (a 1 ,y) =(--)/..j1-1/y 
1+a

1 
(4) 

w{e, y) OTnH'ISeTCH OT liiYHKUHH w( (J ,fJ) 
y2 

..;?":-t 

4 

HOpMHpOBO'IHbiM MHo-

• ·~ 
* ·'~,\-

~· ~ 
·~ ··I 
:~ 
,·,·.·~.:. p3'• 

'·' . 

1
~. 

~ 
~ 

·~·· .~ru. 
.:•··4!: }, .. ~. '. '. :: . .f. J 

' ,, 
.. ,' 

:t 
; ~~ 

i 
·:.~ 

, 

Haa6onee npocTo KapTHHS pacnaAa BhtrnHAHT e CHCTeMe noKOH p 

H8HC8o noaTOMY KOrrH'IeCTBeHHOe paCCMOTp8HH8 6yAeM IlpOBOAHTb B OC 

B 3TOH CHCT8M8 OTC'IeTa. 

p acnaA X 
0 

.. X ' + y 
L-.yl +Yz 

X8p8KT8pH3yeTCH TpeMH yrnaMH 

" " " 3HeprHHMH: 0 =(P p ) 0 =(p p ) (J =( p p ) E 
Y1 Yz Y1' Y2 ' YY 1 Y ' Y .I , YY2 Y ' Yz ' y 

HEy • nonb3YHCb liiYHKUHHMHW(ei,y) • Wl(kl,y) H W2(al,y) 

HO Bbl'IHCrrHTb eepOHTHOCTH W TOro, 'ITO npH pacnaAe B8rrH'IHHbl (J yl 

Oyy
1 

, (J yy 
2 

, Ey 
1 

, E y
2 

H E y HaXOJlHTCH B onpeAeneHHbiX r~ 

uax. Ha puc. 1 H 2 B Ka'leCTBe npaMepa npueeaeHbi pacnpeaeneHHH BE 

HOCTell W anH 3THX eena'IHH npu pacnaaax w .. 1/ + y 
L.yi+Yz 

H cp .. 71 
L. 

llnH Cp8BH8HHH HS 3THX ll<8 pHCYHKSX IlpHB8Jl8Hbl pacnpeaeneHHH B8p0H 

reA W anH 0 
w H 0 • KaK BHJlHO .. 17 +Y 

l-.y1+Y2 
¢ .. 11 +Y 

L--.yl +Yz 
pucyHKOB, eceraa npH pacnaae w (¢ ) .. 17 0 +Y IlpHCyTCTByeT I 

L.yl +Yz 

C 3Heprael! 1 6onbW8H MSKCHMSnbHOH 3HeprHH 4loTOH8 npH p8CTI8A8 W (¢ 

noaTOMy, ecnH HMeeTCSI CM8Cb pSCTISAOB: (w (cp ):>rf' y) + (w (cp ) .. 71 
L... 

TO p83Jl8nHTb 3TH MOAb! p8CTI8Jl8 He CnOJKHO, npa paCTISJle w ( cp ) .. 17° 
t,.Y 

ecer.~:~a aaeprHSI E y • ceo6oAHoro" <jloToHa 6onbllle aaepruA E y 
1 

H E 

pacna.QHbiX <j>OTOHOB OT 11° -Me30H8. no 3TOMY IlpH3HSKY nerKO BbiJl8n~ 
0 

pacnaAHYIO napy <jloTOHOB oT 11° -MeaoHoB. B cny'lae pacTiaAa X .. L 

BbiAeneaue napLI <jloroHOB oT 71 -Me30H8 He BCerAS O.QH03HS'IHO, 

PaCCMOTpHM CHS'Iane pacnall w _.71 + y • KaK BHAHO H3 
......_.y +y 

I 2 

B 6onbll!HHCTB8 cnyqaeB paCTI8Jl8 cnpaBeJlnHBbl HepaBeHCTBS 

(J 
max >(J >(J >0 >(J 

- Y 1 Y 2 YY 2 - YY I - min 

E =E < E <E <E 
min y y 

1 
- y 

2
-

(J - (J > !!,(J. 
Y1Y2 YY2 -
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2 

L:1L 
2{3 

ros(t.l/2) 

sin 2(t.l/2) 

• 
y~a --

2
=,( f3=!.rost.l/2) 

~-' - ms (t.l/2) ' 
(1) 

TBe cny'laee pacnaAa X0 
.. x '+ y unu X 

0 
.. X ' + X' MOll<-

&-. y+y 1...-.yy 1.--.yy 

p BhiAenHTb pacnaAHYIO napy ljloTOHOB oT X ' -Me3oHao B Bhlpa-

-cKopocTb pe3oHaHca X ' , a tJ -yron pa3neTa pacnaAHhiX 

, nyTeM 3aMeHbl yrna tJ napaMeTpOM e= sin (IJ/2)/sin( I} m/2) 

10 w( IJ,fj) npeof5pa3oBaTb K BHllY /2/ x) 

w(e.r> = -
1-v e 

1-e1r 2 

e -1 
(1 ') 

'ru sin(t.lm/ 2) = 1/y 
• BepoHTHOCTb Toro, 'ITO npu pac-

+Y 
MeTp e He npeBOCXOllHT HeKOTOpOI'O 3Ha'leHHH e I , Bbi'IHC-

pMyne 121 

e. r 1 -1 ;e 2 

fw<e.r>de!Jw<e.r>de=v • 
1-1/y2 

(2) 

~TP k 
1 

= Ey/( E,, /2 ) He MeHbwe HeKoToporo 3H&'leHHH 

2 , a napaMeTp k 
2 

=Eya /(E •' /2) He !Sonbwe 2-k 1 =i+y1-l/e1 ~, 
no ljlopMyne /2/ 

w (k, y)=(1-k.)h/~1/y 2 ; (3) 
I I 

rMeTp a=sint.l2 /sint.ll (tll•(py:.P.· >,Oa =(Py:.p •• )) He M9Hb-

~ro 3Ha'leHHH a I , Bbi'IHCnHeTCH no ljlopMyne /
2

/ 

1-a1 --
1
-2 

W 2 (a 1 ,y)=(--)/y1-1 Y. (4) 
1+a1 

w(e,y) OTnH'IaeTCH OT ljlyHKUHH w(IJ,fj) 
y~ 

yy2- 1 

4 

~ 

HOpMHPOBO'IHblM MHo-

·•·· .. ·· 
.'.~~ 

:v.{,\ 

·~·· . l 
~ 

' ~' . . 
··~ I 

~ ,;l•.'t' 

~ 
·~· 

.:~~:; 
·, 

1,,,: 

i~· 

'~ ·~~ 

/ 

f~ 
. '~~ 

I 
_ ....... _. ___ ................... -.. ---

Hau6onee npoCTO KapTHH8 pacnalla Bbl!'nHllHT B CHCTeMe nOKOH pe30-

H8HC8o noaTOMY KOnH'leCTBeHHOe paCCMOTpeHH9 fSylleM npOBOllHTb B OCHOBHOM 

B 3TOA CHCTeMe OTC'leTao 

P ac'naA X 
0 

.. X ' + y 
L..yl +Y2 

X8p8KT9pH3yeTCH TpeMH yrnaMH H TpeMH 

3HeprHHMH: (} = ( p " p ) (} = (p " p ) (} =( p " p ) E E 
Yi Y2 Y1' Y2 ' YY 1 Y ' Y .1 • YY2 Y ' Y2 ' Y1 ' Y2 

HEy 0 nonb3YHCb ljlyHKUHHMH W(e •• r> 'Wl(kl,y) H W2(al,y) 'MOlK-

HO Bbi'IHCnHTb BepOHTHOCTH W T0!'0 1 'ITO npH pacna11e BenH'IHHhl (} y y 1 . 1 2 

Oyy
1 

1 0 yy 
2 

1 Ey 
1 

1 E y
2 

H E y HsXOAHTCH e onpeAeneHHhiX rpaHH-

uaxo Ha puc. 1 u 2 e Ka'lecTee npuMepa npKBeAeHhl pacnpeAeneHHH eepoHT-

HOCTeA W AnH 3THX eenH'IHH npH p8Cll8ll8X W ->I) + y 
L.yi+Y2 

H cp ->'f/ +y • 
L.y1 +Y2 

llnH Cp8BHeHHH H8 3THX lKe pHCYHK8X npHBelleHhl pacnpeAeneHHH eepOHTHOC-

0 
->TT +Y 

I-. Y1 +Y2 
Tell W AnH w 

pucyHKOB 1 ecer11a np11 pacnaAe 

H cp 

w (cp 

-> TTO + y 
L..y, 

->TT
0 +Y 

L.y, +Yz 

• KaK eKAHO 113 

+ Y2 
npHCyTCTeyeT ljlOTOH 

c SHeprueli
1 

6onbweli MBKCHManbHOli SHeprun ljloToHa npu pacnaAe w (cp ) .. 'f/ +yo 
'-r.+Yz 

no3TOMY
1 

ecn11 IIM9eTCH CM9Cb pacnaaoe:(w (cp )->rfl y) +(w (cp) ->'f/ +Y ), 
L-. yy 

TO pa3aeni!Tb 3TH MOllbl pacnaaa He CnOlKHO, npu pacnaae w ( cp ) -> TT 
0 

+Y t.Y 1+Y2 

ecePAa aHep!'HSI E •ceo6oAHO!'o• !jloToHa 6onbwe aHepPHii E y 11 E y y 1 2 

pacnallHhlX <jJOTOHOB OT TT 0 -M930H8o no 3TOMY np1!3H8KY nel'KO Bbllleni!Tb 
0 

pacnaAHYIO napy !jloToHOB oT TT
0 -Me30HOB, B cnyqae pacnaaa X .. L. + y Y1 +Y 1 

BbllleneHI!e napbl !jJOTOHOB OT 'f/ -Me30H8 He BCe!'aa OllH03H8'1HO, 

• KaK enaHo 1!3 p11c.l 1 PaccMoTpi!M cHa'lana pacnaa w ->'f/ + y 
J..-.--->y +Y 

I 2 

e 6onbWHHCTBe cny'laee pacna11a cnpaeeAnHBbl HepaeeHCTB8 

tJ 
max 

>t.l > (} >0 > (} 
- Y 1 Y 2 YY 2 - YY I - min 

E I =E < E <E <E 
mn Y Y,-Yz-

(5) 

0 -0 >IHJ. 
yly2 yy2 -
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I 

H3 HepaBeHCTB (5) BH.QHO, 'iTO rrapbl <j>OTOHOB C HaH60IIbllliiM yrrroM paarre

Ta H HaH60IIblllHMII 9HeprllstMH IIfJOHCXOAstT OT pacrra.Qa '7 O -Me30Ha. npH 

8mln a 61°, 8max= 151°, Emtn= 200 Mae, Emax = 363 Mae 11 1';.8 = 3,5° 

HepaaeHCTBBM (5) YAOBIIeTBOpsteT "' 70% pacrra.QOB w 0 ~'1° +Y 

lllHXCst"' 30% p8CII8.QOB MOlKHO HBIII!CaTb HepaBeHCTBB 

.llrrst OCTaB-

(Jmax <8y Y ;;; 0 YY » 8 YY < 8 In 
1 2 2 1 m 

(5') 
E ,.,E :E «E > E 

min Y Y1 Y 2 

.llnst TBKIIX C06b1TIIiil B Ka"ieCTee pacrra.QHO!it rrapbl <j>OTOHOB OT 'IO -Me30H8 

MOlKHO e3stTb <j>OTOH C HaH60nbllleiit 9HeprHeiit II O.QHH 113 <j>OTOHOe C MeHbllleiit 

sueprueiit. KaJKnoe co6LITHe paa6ueaeTcst aa nee KOM6HaauHH, KOTopLie 6e

pyTcst C BeCOM 1/2. 3TH KOM6HHaUHH Marro OTrrH"iaiOTCst npyr OT Apyra. 

nono6uast KapTHHa ua6nJOaaeTcst H nnst pacrranoa ¢ 

(eM. puc. 2). 

.. 'I +Y 
L..--.y 1 +Y2 

Bc10 coaoKynaocTb pacnanoa pa3o6beM aa TpH rpynrrLI. 

K nepaoiit rpynrre oTueceM pacnanLt, ynoerre~eopst!OillHe ycnoeHstM 

(){I) 

min < (} <0 <0 < 
- Y, y2 yy I- yy2 -

E<
1> <E <E <E = E {I) 

min- Yl - Y2 y max 

0 -0 > M. 
yyl yly2 

(} (I) 

max 

(6) 

8 9TO!it rpyrrrre rraphl <j>OTOHOB C HaHMeHblllHM yrnOM pa3neTa H HaHMeHblllH-
.. { 1) {I) 

MH 9HeprHstMH - naphl OT pacnana '7 -Me30Ha. npu ()min • 113°, ()max•130°, 
(0 {0 

Emln • 306 Msa, E max • 350 M9B H f'l(} = 3,5° B rrepay10 rpynrry BXO.QHT 

12% C06hiTHiilo 

Ko BTOpoiit rpyrrrre OTHeCeM C06biTHst, ynoeneTBOpst!OillHe ycnOBHstM: 

8<2) < o 
min - Y I Yz 

: () <0 <0 (2) 
YY 1 Yv2 - max 

E<ll) > E 
max::. 

:::lE 
Y Y2 

> E > E <2> 
Y 1- min 

(6') 

6 

.,. 

~"" 
::1·,~\· 

~ ·i 

I 

' 

8 (I) ., 0 ;;; 0 < 0 > fl ( I) 
min= l'1Y2 YYt YY2 

E( I) ""E "'E > E < E( I) 
max y y 2 Y 1 min 

np11 8 <
2> = 111 o o <2> = 135° 

min t max ' 
E <

2> = 288 Mae 11 E <2> = 368 M~ 
min max 

py10 rpynrry BXOAHT "' 10% pacnaaoe. Llnst co6biTHiil 113 aToiit rpyrrrrbt 

qecTee pacnaaaoiit napbi <jloToaoe oT 'I -Me30Ha MOlKHO e3stTb <j>OT 

MeHbllleiit 9Heprueiit H OllHH 113 <j>OTOHOe C 6orrbllleiit aaeprneiit; C06LITI 

6HBaeTCst HB ABe KOM6HHaUHH, Ka)f{ll8st 113 KOTOpblX 6epeTCst C DeCO~ 

3TH KOM6HH8UHH Marro OTIIH"iaiOTCst .Qpyr OT Apyra. 

B TpeTbJO rpynrry exonstT pacrranLt, yaoane1'eopst10111He ycrroe11st 

{Z) <0 
()max YY2 

> () > () < () {2) 

Y,Y2 YY, min 

(2) ' {2) 

Ernin >Eyl <Ey <Ey/Emax 

Oyy-0 >M 
1 2 YY1 - • 

K aToiil rpynne np11 fl.() = 3,5° OTHOCIITCst "' 78% pacnaaoe • .llrrst Ta 

TH!it napa <j>OTOHOe C aHepi'IIstMII Hai!60rrbllleiit II HaHMeHbllleiit H yrno~ 

Ta, cpeAHHM 113 Tpex yrnoe, sterrsteTcst pacnanaoiit napoiit oT 'I -M' 

TaKHM o6pa3oM, rrp11 pacrrane w ( ¢ ) -+ 'I + y e "'709 
I-•y +y 

crryqaeB MOlKHO OllH03Ha"iHO yKa3aTb pacrraAHYIO napy <j>OTOHOB OT ~ 

30Ha, II e "'30% ( "'12%) cny"iaeB OllH03Ha"iHO cnenaTb aTOI'O aenb 

Ka38TeiibCTBOM TOI'O, 'iTO 3apei'HCTpllpOeaHHble e HeKOTOpOM 9KCIIe] 

3 y -co6hiTHst c s.P<!>eKTHeaoiit Maccoiit, 6nH3Koiit K Macce mx pe3o 

X , stenstiOTCst pacrranaMII Ha 11 O ( '7 } H y 9TOI'O pe30HaHCa MOI'YT 
I 

1) Pacnpenerreaue no suepru11 "ceo6onaoro" <jloToaa, ae axon 

napy pacna.QHhiX lj>oTOHOB OT npenrronaraeMoro 11° ('I') -Me3oua. B ' 

neyxqacTH"iHOro pacrraaa X -+11° ('I ) + y 9TO pacrrpeaeneaue B c 

UeHTpa M8CC 3y -CHCTeMbl .QOIIlKHO 6hiTb CKOHUeHT;:>HpOBaHO OKOnO 

neaaoro 3Ha"ieHHst saepruu Ey , paaaoro 

7 



( 5) BHJlHO, 'ITO napbl !jlOTOHOB C HBH60nbllJHM yrnOM pa3ne

MH auepi"H>IMH llpOHC'XO{I>IT OT pacnaaa 'I O -Me30Ha, npu 

max= 151°, Emln= 200 Mas, E max = 363 Mas H !!(} = 3,5° 

5) yaosneTsop>JeT = 70% pacnaaos w
0 ->'1° +Y .Un>l OCTaB-

naaos MO:>KHO HanHCBTb HepaaeHCTBa 

<Oy y ~ 0 yy » 0 yy < 0 min 
1 2 2 1 

~E ::gE 
In Y Yr 

«E > E 
Yz 

(5') 

Tull B KB'IeCTBe pacrranuoll napb! !jlOTOHOB OT 'IO -Me30H8 

TOH C HBH60nblllell auepruell H OllHH 113 !jlOTOHOB C MeHblllell 

e C06b!THe pa36usaeTC>I HB aBe KOM6HHBUHH, KOTOpb!e 6e

/2, 3TI! KOM6HHaUHH MBno OTnH'IaJOTC>I apyr OT apyra, 

apTHHa ua6nJOaaeTc>J H ans pacnanoa ¢ ... 'I +Y 
L.---yl +y2 

nuocTb pacnaaos pa3o6beM Ha Tpll rpynnhr, 

pynne OTHeceM pacnaahi, yaoane~aopsJOIUue ycnoausM 

(I) < 0 <0 <0 < 0 (I) 

min - YIY2 yyl- YY2- max 

<l> <E 
min- Y1 

<E <E 
Yz 

-0 • 
YYl YY >u.e. 

l 2 

= E <I> 
y max (6) 

apbl !jlOTOHOB C HauMeHb!UHM yrnoM pa3neTa H HaHMeHblliH-
( 1) (I) 

napbl OT pacnaaa 1J -Me30Ha, npu g min • 113°, 0max•13QO, 
(I) 

' E max .. 350 Mas H t!O .. 3,5° B nepayJO rpynny BXOilHT 

rpynne OTHeceM co6biTII>I, ynoaneTaop>IJOIUue ycnoausM: 

2) < e ::: o <e <O <'ZJ 
In - y l Yz YY l Yv2- max 

> E ~ E > E > E <2> 
ax= Y y 2 y 1 - min ( 6') 

6 

,.,. 

o<n .. o ;;o <O > !l<n 
mln=J'1Y2 YY1 YY2 

E( I) % E "'E > E < E( I) 
max y y 2 y 

1 
min 

n " o< 2
> = 111° o <'ZJ = 135° p min 1 max ' 

(2) (2) 
Emln = 288 Mas II Emax = 368 Maa BO BTQ-

py10 rpynny sxon11T = 10% pacnanoa • .Uns co6htTull 113 aToll rpynnhr a Ka-

'leCTse pacnanuoll napbr !jloTouos oT 'I -Me30HB MO:>KHO B3>1Tb !jloTOH C HBH-

MeHblllell auepruell H OllHH H3 !jlOTOHOB C 6onblllell 3Heprnell; C06biTHe pa3-

6uaaeTC>I Ha nse KOM6HHBUH11 0 KB:>Kila>l H3 KOTOpbiX 6epeTC>I C ::>eCOM 1/2, 

3TI! KOM61!HJlUHH MBnO OTnl!'laJOTC>I npyr OT npyra, 

B rpeTbJO rpynny axonsT pacnanbr, yaosner"sopsJOlllue ycnosusM 

(Z) <0 
0 max YY2 >0 

Y1Y2 
> 0 <0 (2) 

YY I min 

(2) , (Z) 
E > E y < Ey <E y > E 

min 1 ::; max 

eytyz- oYY :;::L'ie. 
1 

( 6") 

K aToll rpynne np11 1'10 = 3,5° OTHOCHTC>I "' 78% pacnaaoa • .Uns TBKHX co6br

Tnll napa !jloTonoa c aueprnsMu Hau6onblllell H uauMeHbiUell u yrnoM pa3ne-

Ta, cpeaHuM 113 Tpex yrnos, san>JeTc>J pacnaauoll napoli oT 'I -Me3oua. 

TaKHM o6pa3oM, np11 pacnaae w ( ¢ ) -> 'I + y ·-·y +y 
B =70% ( "'88%) 

cnyqaes MO:>KHO OllH03HB'IHO YKB38Tb pacnanHyJO napy !jlOTOHOB OT 'I -Me-

30Ha, u a =30% ( "'12%) cny'laes onuo3HB'IHO cnenaTb aToro uenb3>1, .Uo-

K838TenbCTBOM TOf'O, 'ITO 38perucTpHpOB8HHble B HeKOTOpOM aKcrrepi!MeHTe 

3 y - co6biTH>I c atj)!jleKTHBHoll Maccoll, 6nn3KOll K Macce mx pe30HBHCto 

X , ssn>IJOTC>I pacnaaBMII ua rr 
0 

('I ) u y aToro pe3oHanca MoryT cny:>KHTb: 
I 

I) Pacnpeneneuue no auepruu "cao6onuoro• !jloToua, ue axoasmero a 

napy pacnaaHhiX q,oToHoa OT npennonaraeMoro rr
0 ('I.) -Me3oua. B cny'lae 

nayx'laCTH'IHoro pacnana X ->rr
0 

('I ) + y a To pacnpeneneuue a CIICTeMe 

UeHTpa MaCC 3y -CHCTeMbl aon:>KHO 6b!Tb CKOHUeHT;:>HpOBBHO OKOnO Onpeae-

neuuoro 3Ha'!eHu>l auepruu Ey , paauoro 

'I 7 



i 
\I 

1 2 2 
E = --(m -m 0 ) 

Y 2m x " <'1 > ' (7) 
X 

c wHpHHoA, paBHOil nonywHpHHe peaoHaHca X • 

2) Pacnpe.tteneHHe nap pacna.ttHbiX !jloToHOB oT npe.ttnonaraeMoro rr
0 

('I ) -

Me3oHa Ha ABYXMepHOM rpa!jJHKe 

I"JJe 

E ;E =< 1- v 1-11e 
2 

>1(1 +v 1-1;e-
2 >. 

/'1 y2 

e =sin( oy y 12) I sin( 0 /2), sin( 0 m 12) = m 0 IE 0 I 2 m 17 ('f/ ) 77 ('f/ ) 

.I 2 2 
F,_, =vP +m o 

rr ('f/ > " ( 'I 
p =E y 

(8) 

npH ABYX'!aCTH'IHOM pacna.tte x .• Jl(., )+Y :3Hepi"Hll E,o(.,) rr
0
(.,) -Me30Ha 

B CHCTeMe ITOKOII pe30H8HCa lj;HKCHpOBaHa C TO'IHOCTbiO AO nonywHpHHbl pe-

30HaHCa X • nosTOMy napbl pacna.QHbiX !jJOTOHOB OT ,o (., ) - Me30HOB .QOn)l{-
0 

Hbl XOpOWO nO)I{HTbCII Ha rpa$HK !jlyHKUHH (8) .ttnll pacna.tta 77 ('I/ ) ·• Y 1 + Y 2 

c sHeprHeil rr0 ( 'I ) -Me3oHa E~ <'1 > • EcnH sHeprHH E y 1 , E y2 H yron paa-

neTa Oy
1
y

2 
.ttnll KaKoil-nH6o napbi !jloTOHOB xopowo cornacyiOTCII c paBeH-

CTBOM (8)
1 

TO s!jl$eKTHBHall MaCCa TaKOH napbl o6113aTenbHO COBna.ttaeT C 

Maccoli :(., )-Me3oHa. 06paTHOe cnpaBe.ttnHBO He Bcer.tta: He Ka*Aall napa 

$oTOHOB C s!jl$eKTHBHOH MaCCOll 1 6nH3KOll K Macae rr
0 

( '1/ ) -Me30Ha, XOpa-

WO nO)I{HTCII H8 rpa!jJHK !jlyHKUHH (8) .Qnl! rr
0 ('I/ ) '-Me30Ha, 

3) Pacnpe.tteneHHe nap pacna.ttHbiX !jloTOHOB OT npe.ttnonaraeMoro ~(., )-

Me3oHa no napaMeTpy e = sin ( Oyl y 2 I 2) I sin ( 0 m I 2 ) • .llnll ,o ('I ) -

Me30HOB :3TO pacnpe.tteneHHe OnHCbiBaeTCll $yHKUHeli w(e,y) yrnoBOH KOp-

peni!UHH pacna.ttHbiX !jloTOHOB npH Y = E ,P r 11 ,! m tP <'I > 

4) 8 CHCTeMe UeHTpa MaCC ABYX'IaCTH'IHOA peaKUHH 1 HanpHMep 

,- + p .. X0 + n , (9) 

HMnynbc peaoHaHca X !jJHKCHpoBaH: 

8 

--

''1,,,\, 

·) 
-\ 

t 
;,~1 

:;jj\ 

I 

\ 
\ 
\ 

~ 
_:I' 
J 
~~f I ) 

,,;, 
'jl,',l 

l 
\i 
ll 

1 
1 

• il 
I 

\ 

f 

I 

1 2 2 2 2 %· 
p =--1 [Eo -(m +m ) HE 0 -(m +m ) 11 , 

x 2Eo x n x n 

I:Jle E 0 -non Hall SHepi"Hll B CHCTeMe UeHTpa MaCC peaKUHH ( 9), .llo 

Hb!M (K 06Cy)I{.QaBWHMCll B npeAhiAYIUHX nyHKTaX) !jlaKTOM 1 yKa3biBa 

MOAY pacna.tta X 0 
.. rr 0 ('I ) + y , MO)I{eT cny*HTb pacnpe.ttene .. 

THil no ABYXMepHOMY rpa$HKY E 1 1E 
2
=f( .0~<'1 >y ) , r.tte E 

MeHbWall H 6onbwall sHeprHH H3 ABYX sHeprHil E ~<TJ > HE B 
A y 

UeHTpa MaCC peaKUHH ( 9) H O_n ( )= ( p o , p ) B STOll )l{e 
'IT" ., " ('f/ ) y 

3Ha'leHHll $yHKUHH f (0 ~('f/ ly ) MO)I{HO Bbi'IHCnl!Tb 'IHCneHHbiM CnOC 

Cny'laH ABYX'!aCTH'IHOI"O pacna.tta X 0 
.. ,? ('I ) + y peaoHaHCOB 

)I{.QaiOIUHXCll B ABYX'IaCTH'IHOA peaKUHH (9) 1 .QOn)I{Hbl XOpOWO nO)I{HTI 

rpa!jJHK !jlyH~/E2 = f( 0 rfJ ('f/ >y) .Qnll SHepi"HH pe30H8HC8 

Hoi! E = y p2 + m2 , r.tte p onpe.ttenlleTCII Bbipa*eHHeM ( 1 
X X X X 

.ttnll KaKora-nH6o 3y -co6hiTHII sHeprHH E ,o<'l > H Ey H yron 0 

xopowo y.ttoBneTBOpiiiOT ypaBHeHHIO E 1IE 2 = f(0 770 <'1 >y ) .ttnll pe 

X 
1 

TO s$!jleKTHBH811 M8CC8 rr
0 (rJ )y -CHCTeMbl 061138TenbHO COB~ 

MaccoA pe3oHaHC8 X • 06paTHoe He BCer.tta cnpaBe.ttnHBO: He Ka; 

6biTHe C s!jl!jleKTHBHOH MaCCOH rr
0('1/ )y -CHCTeMbl 1 6nH3KOH K MSCCe 

X , xopowo no*HTCII Ha rpa!jJHK !jlyHKUHH E IE =f(O,o<'l >y 

.lln11 pacna.tta X
0 

... TT 0 + 77 0 
.._. yy \.-+ y y 

MO)I{HO npOBeCTH pace: 

aHanorH'IHbie npe.tthiAYillHM, SToT pa·cna.tt 6y.tteM onHCbiBaTb ABYMll 
(rrl 

ABYMII 3Hepi"HSIMH: 0 yy -HaH60nbWHM yrnOM Me)I{.QY pacna.QHbiMi 

MH OT rr 0 -Me30H8 H 0 -HaHMeHbWHM yrnoM Me)l{ny $oTOHaMl yy 
HbiX rr 0 -Me3oHOB, E , H E 2 - HaHMeHbweli H HaH6onbweli sHe 

pacna.ttHhiX !jloTOHOB, B Ka'leCTBe npHMepa Ha pHc. 3 npHBe.tteHhi BE 
(Tf) 

yron oyy ( 0 yy TH TOI"01 'ITO npH pacna.Qe ro ... ,o+,o 

we (He MeHbwe) HeKoToporo 3Ha'!eHHSI H sHeprHSI E 1 (~ He Me 

6onbwe) HeKoToporo Bhi6paaHoro 3Ha'!eHHSI, BepOIITHOCTH Bhi'IHCnll 

ITOnb30BaHHeM !jlyHKUHll W(ei ,y), Wt(ki ,y) HW2 (a 1 ,y) ,.llJ 

WHHCTB8 cnyqaeB MO)I{HO aanHCaTb HepaBeHCTBa 

9 



1 2 2 E - --(m -m o ) 
Y- 2m x TT (Tf ) ' (7) 

X 

aoll nonyrnupuae peaoaaaca X • 

AeneaHe nap pacnaAHbiX ljloTOHOB oT npeAnonaraellioro ,
0 ('I ) -

MepHOM rpaljJHKe 

1Ey
2 

=( 1- y' 1-l/~ 2 
)1(1 +v' 1-lJe-

2 
), 

(8) 

Y 
12)1sin(O ;2), sin(O 12)=m 

0 
IE 

0 l 2 m m IT (l'J ) IT (l'J 

=v'P2 2 
+M ITO( 1f ) p=E y 

HOM pacnaAe X-•Jl('l )+Y 3HeprHH E,0 <'1 > rr0 ('1 ) -MeaoHa 

H pe30HaHCa !jlHKCHpOBaHa C TO'!HOCTbiO AO nonyrnHpHHbl pe-

03TOMY napbl pacnaAHbiX ljJOTOHOB OT rr
0 

(Tf ) - Me30HOB AOnlK-
0 

HTbCH Ha rpa!jlHK ljlyHKUHH (8) AnH pacnaAa TT (Tf ) -> y 1 + y 
2 

'I) -MeaoHa E,o<'l , • Ecnu 3HeprHH E y
1 

, E y
3 

H yron paa-

H KaKoli-nH6o napbi !jloTOHOB xoporno cornacy!OTCH c paaea

l31jJ!jleKTHBHaH Macca TaKOH napb! 06H3aTenbHO COBnaAaeT C 

eaoHa. 06paTHOe cnpaaeAnuao ae acerAa: He KalKAaH napa 

THBHOH Maccoli, 6nH3KOH K M8CCe rr
0 

( 1f ) -Me30Ha, XOpo

rpaljJHK ljlyHKUHH (8) AnH rr0 (1'/ ) -Me30H8. 

AeneHue nap pacnaAHhiX ljloToaoa OT npeAnonaraeMoro Jl(., )-

MeTpy ~ = sin ( Oy
1 

y 
2 

I 2) I sin ( 0 m I 2 ) • .LlnH rr0 ('7 ) -

cnpeAeneaHe onHCbiBaeTCH ljlyHKilHeli w( ~. y) yrnoaoli Kop-

biX ljloToaoa npH y = E ,P r 11 ,! m ,p <'1 > 

eMe ueHTpa Mace ABYX'!aCTH'!HOli peaK!lHH, aanpHMep 

IT- + p-> X0 + n , (9) 

Hca X <j>HKCHposaH: 

8 

~ 

'\ 
) 
·I 

... I 

;~, 
I 

~ 
I. 
'I 
\ 

tl 

:1 
r 
)1:; 

J 

~
'( 

' I 

I 
t 
1 

. II 

I 
~-
~ 

1 2 2 2 2 ~ 
Px =--1 [Eo -(m +m ) HE 0 -(m +m ) ]I 

2E
0 

x n x n ( 10) 

r~e E 0 -nonaaH 3HeprHH a CHCTeMe ueaTpa Mace peaKilHH (9), .LlononHHTenb

HhiM (K 06CYlKA8BUJHMCH B npeAbiAYUJHX nyHKTaX) ljlaKTOM, yKa3biBaiOUJHM Ha 

MOAY pacnaAa X 
0 

_.ITo ( '1 ) + y , MOlKeT cnylKHTb pacnpeAeneHHe co6bi-
• 

THli no ABYXMepHoMy rpaljJHKY E 1 IE 
2
=f( .O,o<'l >y ) , rAe E 1 H E 2 -

MeHblliaH H 6onbUJaH 3HeprHH H3 ABYX 3HeprHli E ,0('7 ) HE B CHCTeMe 
A y 

UeHTpa MaCC peaKUHH ( 9) H O,o (Tf )= ( p ITO(Tf ) , ~ ) B 3TOJi JKe CHCTeMe, 

3Ha'!eHHH <j>yHKilHH f (0 ,0('7 ly ) MOlKHO Bbi'!HCnHTb '!HCneHHbiM CnOC060M. 

Cny'!aH ABYX'!aCTH'!Horo pacnaAa X 0 _.,? ('7 ) + y peaoHaHcoa X , po-

lKAaiOI!lHXCH B ABYX'!aCTH'!HOll peaKUHH (9), AOnlKHbl xoporno nOlKHTbCH Ha 

rpaljJHK ljlyHKilHH E, IE2 = f( 0 ,p <'I >y) AnH 3HeprHH peaoHaHca X , pas-

Holt Ex= y'p 2 
+m

2 
, rAe p onpeAenHeTCH BbipalKeHHeM (10). Ecnu 

X X X 

AnH KaKoro-nH6o 3y -co6biTHH 3HeprHu EITo('l, HEy H yron OJl<'l >y 

xopowo YAOBneTBOpHIOT ypaaHeHHIO E 1IE 2 = f(OITo(Tf >y AnH peaoHaHca 

X , TO 31jlljleKTHBHaH Macca IT
0 

('/ )y -cHcTeMbi o6HaaTenbHO coanaAaeT c 

Maccoll peaoHaHca X • 06paTHoe He aceraa cnpaaeAnHao: He KalKAOe co-

6biTHe C 31jlljleKTHBHOli MaCCOli IT
0(1f )y -CHCTeMhi, 6nu3KOH K M8CCe pe30H8HC8 

X , xoporno nolKHTCH Ha rpaljJHK ljlyHKilHH E IE =f(O 0 ). 
TT ( 1f )y 

.LlnH pacnaAa X
0 

-> TT 
0 +ITO MOlKHO npoaeCTH paCCYlKAeHHH, 

'->yy L-+yy 

aHanorH'!Hble npeAblAYIIlHM, 3TOT pa·cnaA 6yAeM OnHCbiB8Tb ABYMH yrnaMH H 
(IT) 

ABYMH 3HeprHHMH! 0 yy -HaH60nbUJHM yrnoM MelKAY pacnaAHblMH !jlOTOHa-

MH OT ITO -Me30H8 H Oyy -H8HMeHblliHM yrnoM MelKAY <j>oTOH8MH OT paa-

Hb!X ,o -MeaoHoa, E , M E 2 - HaHMeHbrnell H Hau6onbrnell 3HeprHHMH 

pacnaAHhiX <j>oTOHOB, B Ka'leCTBe npHMepa Ha pHc. 3 npuaeAeHbi aepoSITHoc-
o 0 0 (Tf) 

TH Toro, 'ITO npH pacnaAe f -> TT +IT yron 0yy ( 0 yy ) He 6onb-

we (He M9Hbllie) HeKoToporo 3Ha'!eHHH H SHeprHH E
1
(F1 He MeHbUJe (He 

6onbrne) HeKoToporo Bhi6paHHoro aHa'!eHuSI, BepoSITHOCTH Bbi'IHCnSinHcb c He-

nonb30B8HHeM <j>yHKUHll W( ~. 'y)' w I ( k I 'y) H W2 (a 1 ,y) • .£lnH 6onb-

WHHCTBa cnyqaeB MOlKHO 38nHCaTb HepaaeHCTB8 

~ 
9 



(J _(J(IT) >f'l(J' 
Yv YY -

E >E 
1 - min (11) 

E <E 
2- max 

nnSI TaKHX COt5biTHli napa !j>OTOHOB C HaHMeHbWHM yrnOM paaneTa npOHCXOAHT 

OT OllHOI"O ITO -Me3oHa, a OCTaBWHeCSI llBa !j>OTOHa - OT APYI"OI"O ITO -Me-

30Ha. npa /).() .. 5°, E I= 30 M<IB H E2 - 600 M<~B B <ITY rpynny BXOilHT 

~ 85% COOblTHli, 0cTaBWHeCSI COOblTHSI MO)l{HO p830HTb HS KOMOHHSUHH - TpH 

KOMOHHaUHH AnSI KalKAOI"O COOblTHH, npeAITO'ITHTenbHeli TS KOMOHHaUHSI, KD-

TOpaH YAOBneTBOpHeT ycnOBHHM 

IEyl +Ey2 -m4yl2 l_::l'lEI 

I E + E -m I I < 1'1 E , y 3 y4 4Y 2 - 2 

2 2 
IEy/E Y2 -(1- yl-11<:12 )1(1+v'l-tlel2 )I :;1'1 I' (~/E y2 ), (12) 

2 2 
lEy, lEy -(1-v'l-tle34 )l(l+v'l-tle34) I ::;.1'12 ,(Ey.s EY. ), 

3 4 3 4 

rAe Ey1 
E y2 H E Ya , E y 4 - <~HeprHH pacnaAHbiX !j>oTOHOB Y 1 , Y2 H 

Y3 • Y4 OT npeAnonaraeMblX ITO -Me30HOB, m 4y - <l!j>!j>eKTHBHaH MaCCa 

4y -CHCTeMbl, 

.;, 2 =sin (Oy y 12) I sin( Om 12), 
I 2 

g 34 =sin( o y y /2) I sin( om 12) 
3 4 I 

-> A ) 
0 =(P ,jf ' 
~ Y2 Y1 Y2 

orr =<ii '",p .. )asin(OI2)=m ~m 12). 
3 4 Y 3. Y 4 m ITO . 4Y 

BenH'IHHhi l'lE 1 ' 1'1E2 ' 1'1, H £\ 2 onpeAenHJOTCH OWHOKaMH H3MepeHHSI 

3Hep!"Hli H yrnOB BblneTa !j>OTOHOB, 

10 

,.,. 

PaccyJKJleHHSI 0 TOM, KaKHe pacnpeJleneHHSI MOI"YT t5bJTb npHBnE 

AnSI JlOKa3aTenbCTBa MOJlbJ pacna11a X 0 
.. ,p +IT 

0 
, aHanOI"H'IHbl 

BeTCTBYJOIIlHM paCCYJKJleHHSIM OTHOCHTenbHO MOJlbl pacna11a X0 ->ITO( TJ 

KpaTKHe BbJBOJlbl 

11cnonb30BaHHe !j>yHKUHH yrnosoli KOppenSIUHH !j>oTOHOB OT pacna. 

CITHHOBOI"O pe30HaHca X '-> YY, IT03BOnSieT AnSI oonbiUHHCTBa pacnaAOB 

aaacos X -oX' +y H x .. X'+ X ' OAH03Ha'IHO yxaaaTb pacnaAHYJO 

!j>OTOHOB OT X '. 

ABTOP Bblpa)l{89T 6nai"OJl8pHOCTb r.l1. KonhinOBY sa none3Hble 0 

n H T e p a T y p a 

1. f. '-lenneH, 4>H3HKa sneMeHTapHblX 'laCTHU, 'Hayxa' , 1966, 

2. M.C. XsaCTYHOB, Coo6meHHe 0117111, 1-4475, ny6aa, 1969. 

Pyxonacb nocTynana B H3AaTenbCKHli OTl 

7 MSSI 1969 I"OAa, 
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(} _(}(TT) >f'>(}' 
Yv YY -

El 2:,E min ( 11) 

E <E 
2- max 

COi5biTHA napa ~OTOHOB C HaHMeHbWHM yrnOM paaneTa npOHCXOAHT 

TT 0 -Me3oHa, a OCTaBWHeCSI ABa ~OTOHa - OT APYI"OI"O TT

0 

-Me

{';(} = 5°, E 
1 

= 30 Maa H E
2 

= 600 Maa a aTy rpynny axoAHT 

btTHA. OcTaawHeC!I co6btTHSI MO>KHO pa36HTb Ha KOM6HHaUHH - TpH 

H AnSI Ka>KAOI"O co6biTHSI. OpeARO'ITHTenbHeA T8 KOM6HH8UHSI, KO-

aneTBOpSieT ycnoBHSIM 

1Ey
1 

+Ey
2 

-m 4yl 2 I:::~'>E 1 

I E + E -m I I < I'> E , y 
3 

y
4 

•y 2 - 2 

y 2 -( 1- y' 1-1 ;e I: ) I( 1 + y' 1-1 I.; I~ ) I ~ /'; I ' (By / E y 2 ), ( 12) 

-(1-v'1-1le
8

2

4 
)1(1+v'1-1le3:) 1 ~~'> 2 ,(EY~ EY ), 

4 s 4 

E y
2 

H E Ya , E y 
4 

- aHeprHH pacnaAHbiX ~oToHOB Y 1 , Y2 H 

oT npeAnonaraeMbiX 
TT 0 -Me30HOB, m 4y - 3~~eKTHBH8SI M8CCa 

·n ( o y y I 2) I sin( om 12), 
I 2 

.; 
34 

=sin((} y y ,f.!) I sin( Om 12) 
8 4 I 

=(P A ,jf ) ' 
y, y 2 

OY Y = (p A ,p.. ) H sin(O 12)=m l(m ;2). 
a 4 Y 

8
. Y 4 m 170 4Y 

bl I'>E I • I'>E2 , ~'>1 
H /';

2 
onpeAenSIIOTCSI OWH6K8MH H3MepeHHSI 

H yrnoa BblneTa ~OTOHOB. 

.,.,. 10 

Paccy>KAeHH!I 0 TOM, KaKHe pacnpeAeneHH!I MOI"YT 6biTb npHane'leHbl 

An !I AOKa3aTenbCTBa MOAbi pacnaAa X 
0 

.. .P +" 
0 , aHanOI"H'IHbl COOT-

BeTCTByiOUlHM paccy>KAeHH!IM OTHOCHTenbHO MOAb! pacnaAa X
0 

-oTT 
0

( 1j ) + y , 

KpaTKHe BbiBOAhl 

Hcnonb30BaHHe ~yHKUHH yrnoaoA KoppenHUHH ~TOHOB oT pacnaAa 6ec-

CllHHOBOI"O pe30HaHCa 

HaHCOB X -oX' +Y 

~OTOHOB OT X •• 

X'_, YY. noaaonHeT AnSI 6onblliHHCTBa pacnaAOB peao

H x .. X'+ X' OAH03Ha'IHO yKaaaTb pacnaAHYIO napy 

AaTop Bblpa>KaeT 6naroAapHOCTb r.H. KonbtnOBY 38 none3Hble o6cy>KAeHHSI. 

n H T e p a T y p a 

1, L '4enneH. 4>H3HK8 aneMeHTapHbiX 'laCTHU, 'HayKa' , 1966. 

2. M.G. XaacTyaoa. Coo6meaHe 011fiM, 1-4475, Jly6aa, 1969. 

;, 

PyKonHCb nocTynHna a H3AaTenbCKHA OTACn 

7 M8SI 1969 I"OA8o 
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EY ,Ey H EY rrpH pacrra.ue Ha rr 0 +Y cnnolllHbie KpHBbie) 
I 2 ._... Y 1 +Y 2 

If TJ + y ( rryHKTHpHbie KpHBbie) IIOKOH!llerOCH W -Me30Ha. 
a...-->yl +Yz 

PHc.2. P acrrpe.ueneHHe sepoHTHOCTeA .unH aenH'IHH 6 Yt y
2 

, 6 YJ 
E y , E y H E y rrpH pacrra.ue Ha rro + y 

1 2 -.yl +Y2 
KpHBbte) H 'L-. y 

1 
+Y

2 
+Y (rryHKTHpHble KpHBbte) IIO 

cp -Me3oHa. 
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