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I. Bs ene HHe 

~ccnenosaHHe yrnoa oR KoppenHUHH y - KB8HTOB , HCflJCK8eMbiX npH pacna,a, e Tr
0 

- Me-

30HOB B pe8KUHH 

0 

" + n' ( I ) 
L 2y 

ri03BOUHeT C Bb!COKOi\ TO'IH OCTbiO o npenenHTb MBCCy p BCTIB!lBIO!lle RC H 'I BCTHUb/ l - 3/ ¢yHK-

UHH yrnOBOR KOpp e nHUI<H y -KBBH TOB 

T8KOBB, 1.J.TO 

F < ode= I [ 2 f3 t < e- I l r l /2d e. 
0 

~ s l l + ens 0 ) / ( 1 + ens 0., ) 

Y -KBBH T bl HCnyCKBIO TCH B OC H OBHOM TIO!l yrnBMH paaneTB 0 

K KpHTH'I eCKOMy yrny 

(2) 

• 6nH3KHMH 

{ 3) 

rne f3 -cKo p oCTb p acnan BIOlllelicH 'IBCTHUbl. EcnH HBpH!ly c o6bi'IH biM rr0 -M eaoHoM 

Cyll.leCTByeT TBK>Ke BTOpoR H e RTpBUbHbiR fT -Me30H, MBCCB KOTOp o r o 6nH3KB K MBCCe 

06bi'IHOr O fT 

0 

- Me30HB ( O!lHB H3 TBKHX B 03MO>KH OC T e R o6cy>K!lBTIBCb 6Bn!lHHbiM/
4/), TO 

cpyHKUHH yrnOBOR KOppe TIHUHH )' -KBBH TOB HBpH!ly C •nHKOM • B o6n8CTH 0 ~ 23°, CBH-

38HHbiM c pacna.noM o6bi ttHoro ,a -Me3oHa, .aon>K HB HMeTb ewe OJJ.HH "'nHK' npH aHaqe-

HHI! 0 , COOT BeTCTBYIOllleM M8Cc e BTO p oro H eliTp8TibHOTO Me30HB. 8 Cnyqae , eCTIH y r n o -

aoe paape ll.leHHe perHCTpHpyiO!llell annaparypbl 8 !lOC TBTO 'IHO Bb!COKO ( 8 << 0., ) J 

HccnenosaHHe yrnoa oll KoppenHuHH y - KBBH T OB B peaKUHH ( I) npencTaanHeT co6oll 

O!lHH H3 3cpcpeK THBHbiX rtyTell rtOHCKB BTOpOrO Hel!Tp8TibHOTO MeaoHa/
2 / 

2. n ocTBHOBKB OribiTB. P eaynbT8Tbl H3Mep e HI<ll 

)lnH 1<3MepeHHH yrn OBOll KOppenHUHH y -KBBHTOB B H 8C T OR!lle ll pa6oTe 6b!TIB He-

fi0flb3 0B8H 8 T B >Ke annap aTypa , liTO H npH onpe.a.eneHHH pa3HOCTH M8CC 38pSVK €HHOr O H 
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Hel!TpanbH o ro nHOHoa
131 

3Kcn ep11M9HTbl Obln ll BbmonHeH bl Ha C IIHXpouKK/lOTpo He lla6opaTo-

P"" I!LLepHbix npo6neM OvHI V1 B 1982 r. tr- -MeaoHbl ocTaHasnKsanKCb B >KIILLKOBOLLopoLL-

HO~ M HW 9HII, II napbl Y -KBBHTOB periiCTpHpOB8/liiCb q epeHKOBCKIIMII Cll9KTpOM9Tp8MII 

nonH o ro nornoweHIIH (pHc. I ). P acc T ORH II e Me>KLLY cneKTpoMeTpaMH " MHWeHbJO oblnO Bbi6-

,-

~ r 

~ ~L-L...::_J 

~ f 

!'!!!! 

p II C , I. 

CxeMa aKcnepi!M e HTa , 1,2 - CUIIHTIInniiUIIOHHble C'!eT'IIIKII MOHI!Topa ny'IKB tr -M e -

3 0HOB . 3- CUIIHTii/l/l SIUII OHHbiJI C 'I9T'IIIK, 4 ,5 - '!epeHKOBCKII 9 C ll 9 KTpOMeTpb1 llO/lHOrO n orno­

W9H IISI, 8 - cPII/lbTp, T OpM 0351LUIIA "- - M930Hbl, H 2 - >KIILLKOBOLL0p0LLH8H MHW 9Hb, 

H a pKcyHKe noKa3aH a 'IBC Tb CBIIHUOB OA aaLUH Tbl cneKTpoMeTpo a. 

p a H o p a BHbiM 180 eM . Yrn oaoe paapeweHHe 0 COC T BB/lll/10 B 9TOM Clly 'l ae 3° , JlnH pe-

rH CTp 8 UHH COBnaaeHHR y -KBBHTOB H 1T -M e30H8 HC00flb30B8n 8Cb H8HOCeKyHaHaH 

CX9 M 8 COB/l8Jl9HIIJI . 6narOJl8pH TOMy, 'ITO nOpOrll peri!CTp8UHII Y -KB 8 HTOB B qepeHK OB-

CKHX c neKTpoMeTpax Obi Ill!" Bb!Op8Hb! BbiCOKHMII (30 Mev), ypoaeHb perKcTpKpyeMoro ·cj:>oua 

Oblll HH3 KHM: c yJlaneH HeM MHw eH H C Ko p ocTb C 'leTa coana,!leHII ll na,!lana B 200 paa, cj:>ou cny­

'l a l!Hblx c oana,!leHII ll cocTaanHn I%. 

4 

J 

VlccneJloBaHHH yrnosoll 

Obl/111 npoB eJleH bl B o6nacTH y 

113M9p9H IIJI npeJlCT8B/l9H bl H 8 

po6Ho 1 noc Kon bKY a nepBbiX ' 

MOCTII /1( 0) np11 0 ~ ( 11 

-JO ·20 

3 BBII C IIMOC Tb CKOpOCT II C 

TOB () • Kp11B8H - T eop e T : 

cyweCTBOBBHHSl TOnbK O 06hi\.ll-

8 b!'IIIC/l9HIIe TeopeTII'I eC 

paapeweHIIe annapaTypbi , Obi; 

He/3 / 



:HHxpouHKnoTpoHe Da6 o paTo-

BnHB8nHC b B )!( H.llKOBO.ll OpO.ll ­

OBCKHMH cneKTpOMeTp8MH 

p8MH H MHWeHb!O 6bin0 Bbi6-

MOHHTOp 8 nyqK8 rr -M e-

·KTpOMeTpbi nonHero norno­

KH.llKoso.nopo.nHa !l MHW eH b. 

3 . 

30B8n8Cb H8HOCeKyH.OH 8SI 

Y - KB8H TOB B qepeHKOB-

ib perHCTpH pyeMOrO ·<P<>HB 

na.nan a s 200 paa, ¢oH cny-

Vlccne.nosaHH!l yrnosoll 38BHCHMOCTH CKopocTH cqeTa cosn a.neHH A y -KBBHTOB N1( 9) 

6binH npose.neHbi s o6nacTH yrnos - 35°< 0 < 35°. P eaynbTBTbi MHoroKpaTHO nosTopeHHbiX 

H3M epeHHll npe.ncTasneH bi Ha pHc . 2. VIHTepsan yrnos OT 0 .no 18° 6bin HayqeH 6onee no.n-

p06H O, f!OCKOnbKY B nepB b!X OflbiT8X 6bin8 06HBpy)!(eH8 He6onbW8!l HeMOHOTOHHOCTb 38B HCH­

MOCTH N( ()) npR () ~ ( IU - 16°) , nosTopHBWB!lCH H npH CHMMeTpHqH OM aHaqeHHH () ._ 

N{8) 

t IP 

-JO ·20 · fO Ill 

p H C . 2. 

3asHCHMOCTb cKopocnr c q eTa yy -c osna.neHHll N OT yrna pa3neTa y - KsaH-
ToB () • KpHB B!l - TeopeTHqecKa!l 38BHCHMOCTb N(()), BblqHcneHHB!l s npe.n no no>KeHHII 
cyl!leCTBOB8HII!l TOflbKO o6biqHOrO He l!TpBnbHOrO 7T -Me30H8 . 

3. 06pa60TK8 peaynbT8TOB 

BblqHcneHHe TeopeTnqecKol! KpRsoll N( (} J , yqHThiBBJOl!lell KoppenHUH!O (I) H yrnosoe 

paapeweHHe annapaTypb!, 6hrno npose.neH o MeTo.noM M oH Te-Kapno Ha s n eKTpOHHoll >.< awH­

He/3/ 
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Ha pHc. 2 npH e eneHa aaBHC HMOCTb N ((} J , Hal!neHH aH e npennono>KeH H H , 'IT O cyLUecT-

/ 3 5/ 
oyeT TOnbKO Oelbi 'IH bll! Hel!TpBnbHbll! Me30H, MBCCB KOT OpOI"'O XOp OIUO H3 B e CTH 8 ' • noc-

KOflbKy COr'fl8CHe nonyyeHHOa 3KCil€pHM9HT8flbHO R BbiYHCneHHOA 38B HCHMOCTeA IV((}) oKa-

3ll fl0Cb Hey!lOBneTBOpHTenbHbiM, 6bi n 8 K OflH'-1 9C TB€HHO np08H8nK3HpOB8H 8 f"HI1 0 Te38 cywec T -

30 

20 

BOI38HIHI DTOporo HettTp8nbHOf"O Me30II8 1 p8Cfi8.Q8IOll.le r OCH H8 .ll.B8 y - KB8HT8. C clTOl! 

uenb~ 6bJflH Bb!l.fH Cfl€H!JI yrnOBbl9 KOppenHUHH Y -KBBHTOB LlnR paanH'IHWX 3HB'IeHHl! 

M DCCLI p8Cri8!l8JOW9r'OCS1 M €30H8 1 H rtpOB9.D.9HO COilOCTBBneHHe 3KCI19pHM9HTBn bHhiX .Ll8HHbiX C 

KpHD b lMH N(O) , n pH o npeneneHHH KOTopwx eapbH p osanHCb Macca BTopo!"' o Hel!TpanbHOI"'O 

M930Ha 11 ero oTHOC~fTenbH bi A: BKnan a • P aaHOCTb M ace 11 - MeaoHa H o6bP-IHor o 

11° - MeaoHa 6hina aaSITa npH p ac qeTax paaHol! 4 ,60 MeV /c
2 /3.5/ 

xz 
2 

H a pHc. 3 npHaeneHbi aenH'IHH bi )( • Bbl l.JH Cfl9HHbi9 !ln H p aan HYHWX 3H8 l.J 9HHA: paa-

fo e:~ 
0 10 20 30 , 

p H C. 3. 

CyMMB Kaa.apaToa H OpMHpoeaHH biX OTKnoHeHI-tJ\ 3 K cnepuMeHTBnbH h i X T otteK OT p ac -

q eTHhiX KpHBbiX ( )( 
2 

) npH pa3 nH'IHbiX 3H8'!eH HRX 0 m • n yHKTH p H BR n p !!MBR npoeene -

H B liB ypOBHe )( 2 = k • 

HOCTH MBCC " -Meaou a H BTopoi"'o Hel!TpanbHOI"' O M eaoua !1m I senH'IHHhi lim H 
(}'" 

CBSI38Hbl COOTHOWeHHeM (3)/ npH 3H84.9HHSlX a , COOTB9TC T BY10lUHX O TH OC HTen bHOMy 

MHHHMYMY X • K a K BHLlH O H3 3TOI"'O pHcyHKa, aenH 'IHH a ·x 2 
BCIOLly , aa HC K n iO q euueM 

o6nBCTH yrllOB (Jm = 13° , 38M e TH O npeBbiWBeT 'IHCn o C T eneHe l! CB060Ll bl ( k . = ! 9). 

llHcj:lcj:lepeHUHllllbHBR BepORTHOCTb W (B OTHOCI! T ell bH bl X e LlHHH U BX), xap a KTepHay iO lUB H 

.O.OCTOBepii OCTb rHnOTe3bl 0 CYW9CTB088HKH BTOpo r o H9t:\TpBnbH Or O M 9 30H 8, n p HB9.0.9H8 

ua pHc. 4 . 6 

W , omH.t4. 
' qs 

44 

4J 

q.z 

qll -

0 5 10 

I,J I,S (I 

llHcj:lcj:lepeHU HB n bHBR 

CTpe nKoll yKaaaHhi aeml'tH 

" -Meaou y .• 

EcnH npenn ono>K HTc 

TO aenJPfHH8 
2 

X OK83bl 

COCTBBnRe T B HBWeM cnyt 

TenbHO B03pacTaeT. 3To ~ 

)Kenoro HeATpanbHoro Me.:: 

por O OTnHqSST CR OT M BC C 

0TH OCHT 9nbH bi A BKnB.O. BTC 

+ 2,2 -2 
( 1,8 _ 

1 0 
) 10 • C y<te . 

neHa aenHqHHS Kea.a.paTa 



•eanono>KeHHH, 'ITO cyLUecT­

pomo 113B9CTHa/
3•51• noc-

! 38BHCHMOC Tel! IV (IJ) oKa-

311poeaHa rwnoTeaa cyLUecT-

:!B8 y -KB8HT8. C 3TOl! 

}KCITepHMeHTBnbHhiX .ll8HHbiX C 

Macca BToporo Hel!TpanbHOro 

" -Me30Ha H 06bJl!HOro 

13.5/ 

_____ --~... ___ e:, 
JO 

~HTBnbHbiX TO'-IeK OT pac­

'HKTHpH8R npRM8R npoeeae-

(Jm 

CTBJlOWHX OTHOCHTenbHOMy 

~~~ CB060!lbl ( k = 19). 

IU8X), X8p8KT9pH3YJOW8R 

oro Meaona, npHse.aeHa 

W,omH.ti1. 

qs 

ql~------

D 5 10 15 20 25 
JO e:. 

I,J (I 2,1 6,6 
~m,Mrl 

p II C. 4 • 

.[lllltJitJep9HUH8nbH8R BepORT.JOCTb 

CTpenKoll yK838HbJ eenH'IHHbJ (Jm 11 

W np!< paanii'IHbiX 3H8 '19HHRX pa3HOCTI< M8CC !J.m. 
!J.m , COOTB9TCTByJOLU1<9 06bi'!HOMy H 9l!Tp8nbHOM y 

rr -MeaoHy.. 

4. 0 6 c y >K a e H 11 e 

Ecnu npeanono>KIITb, 'ITO cyLUeCTByeT TOnbKO o6bJ'IHbJll Hel!TpanbHbJl! 

TO eenH'IKHa X OKB3bJBaeTCR paeHoll 30. BepORTHOCTb nony'leHHR e onbJTe X 
2
> 30 

cocTaBnReT e HaweM cnyqae 0,05 • B o6nacTK yrnoe (Jm ~ 13° eenK'IKHa W aHB'II< -

T9nbHO B03p8CT89T. 3TO yK83bJB89T H8 B03MO>KHOCTb cyLUeCTBOB8HIIR BTOporo , 6onee TR-

>Kenoro Hel!TpanbHoro MeaoHa, KOTOpblll pacnaaaeTCR Ha aea y -KB 8HT8 H M8CC8 KOTO-

poro OTnHl{89TCS1 OT M8CChl rr 

0THOCHT9nbHbJl! BKnaa BTOporO H9l!Tp8nbHOro M930H8 a nony'leH paBHbJM 

+ 2 2 -2 
( 1,8 _ 

1 
:o ) 10 • C y'leTOM paanH'IHH e ¢aaOBbJX ~6beMax OTCJO!la MO>KeT 6bJTb onpeae-

neHa eenK'IIIHa KeaapaTa MoaynR aMnmiTY!lbl I I, I , xapaKTepHayJOLUel! o6paaoeaHHe 
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+ 6 - 2 
3TOrO Me30H8. 0Ha COCT8Bn!leT (5 _ 

3
) 10 OT KB8L! p 8 T8 M OL! yn!l 8M OnHTyL!bi npouecca 

( 1 ) I I 01 2 

Tt 
38BHCHMOCTb N(OJ , BbiLtHcneHHBH rrpH yKB38H H biX Bhiwe napaMeTpax, npu-

aeneHa Ha p11c . 5. 

N(fJ) 

1,0 

0,8 

0,4 

0,2 

0 5 10 fS 20 25 JO JS 

p 11 c . 5. 

CpaeHeHH e H3MepeHHbiX 11 Bhi'IHcneHHbiX 38BUC HM OC Tel! N(O) 
KpHB £HI , npHae.neHH8H H a pHc . 2. CnnowHas:I KpHB BH Bbi Y. HcneH a a 

BBHH!l BTOporo Hel!TpanbHOrO Me30ii8 C p 831lOC TbiO MBCC I'J.m 
a = 0 ,01 8 . 

/(r/ 

• n yHKTHpOM TIOK838H8 

npeanonO)f{8HJ.Ui Cyll.!.P.CTB0-

2 ,4 MeV /c2 H BKnan oM 

V!cnonb3Y!l n ony 'l e HII bie naHH bie o6 yrnoeoi! Koppen!lUHH y -K88HT OB 1 MO>KH O H 8 ATH 

B8pXHIOIO rpaHHYHYIO OUBH Ky a .n.nH BKnana aToporo He ATpanbHoro rr - Me30H8 a 

llpll p83flH'·{HbiX 3H8 4 8H lHIX {',. m • :Oha oueHK B , Bbi'IHCn8HH8!l L!n!l 95%-ro ypoBH!l L!OCTOBep-

II OCTH, 11pH B€LlB J-1 8 H 8 pHC . 6 . T aM .>K€ npHB8.0.8H8 B8 pXH5151 rp8 HIPtH 851 .OU8HK 8 .UflH OTHOW8JI IHl 

KB8Llp8TOB MOL!ynel! a MnniiTYLl I I 12
/ I I 0 I 2 

X Tf 

B 3llKniO Y. e i-we cnenyeT no.n 4epKHYTb, t.tT O nony1.feHHbie a HacTostweA: pa6oTe .aaHHbie 

eule 1-1e noK83LIB8IOT cjJaKTa cywecTaoaaHHH aToporo HeATpanbHor o Me3oH a- 3 H 8 1.J8HIHt X 

aHe NnHKB ... He.a.oc T B T O I.fH O aenHKH", l.iT06bl M O>K H O 6bWO c .nenaTb nono6Hoe yTaep>K.lleHHe. 

8 

~ 

t 

ex'"". 
1,0 

0,8 

0,6 

0,4 

0,2 

I 
0,1 

0,118 

0,06 

I 
0,04 

0,02 

;~ / 
0,008 / 

0,006 

0,004 

0 5 10 

lJ l5 1,8 2.~ 

BepxHHe rpa HI!'IHbie o ueHKH nn: 

KpHB a!l 2 - n a HHbie p a6oTb/2/ • 

H a6niOL!8B WHl!C!l B o6n ac TH em ~ J; 

TH 'I8CKOi! <j:lnyKTYBUHII . n oaT OMy B8C 

npH noMOWH annapaTypbi c ewe 6on 

npoeepKH nony'leHHor o peaynhTBTa !l 

nponeTa' B o6n8C TH, COOTBeTCTBY~U 



TB MOJlynSI BMITnHTJJl bl npouecca 

H yK838H H biX Bb!We nap8M€Tp8X
1 

npK-

JO JS 
I 

1 
' 

c TeA N(O) , nyH KTHpOM n oKa3a}II.l 

LJH CneHa B npe.a.n0110}K€HHH \yU!.PCTOQ-

~ t<m 2,4MeV lc2 H BKnaaoM 

• 
y - KB8HTOB , MO>KHO H8ATH 

eHHBSI JlnSI 95% - ro JpOBHSI JlOCTOBep-

HHl r'p81H1'LJH8H .OU€HK 8 Ll,llH OTHOWeHH~ 

HHbl€ B 118CTOSIW€A pa6oTe .Q.8HHbi € 

2 
X 

c.n.enaTb noao6Hoe yTaep>KLl€HHe. 

C(max. 

1,0 

0,8 

0,6 

0,2 

0,1 

0,08 

0,06 

0,04 

0,02 

0,01 

0,008 

0,006 

0,004 

0 

p 

5 

1,5 

I 
/ 

I 

/ 

I 
I 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

,......----,, J I 
// \ I 

I \ I 
I

I \ I 
\ I 

/ ,_/ 

10 15 20 

(8 2,2 !!I J,~ ~2 

p H c • 6. 

BepxH He rpaHHqHbie oueHKH an11 a ( KpHBBSI I ) 
Kpna a 11 2 - llBHHbie pa6oTb/21 . 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
\ 

25 

~~ 

' 

0,4 

0,2 

0,1 

0,08 

' 0,06 ', __ ,----. 
0,0¥ 

0,02 

30 e; 
6,6 Am, i'ftv 

I '· 
2 2 

(KpHBBSI 3), H I I I t"o I 

H a6niOJl8B WHl!CSI B o6n ac TH 0 m ~ 13° "nHK" MOr ITOSIBHTbCSI B peaynbTBTe peJlKOl! CT8THC­

TnqecKol! cj:JnyKTyauHH , no3 TOMY BeCbMB )l{enaTenbHO yTOqHeHHe yrnol3Ql! KOppenSIUHH N(O) 

npH ITOMOWH annapaTypbi c ewe 6onee BbiCOKHM yrnoBbiM paapeweHHeM. JlpyrnM nyTeM 

npOBepKH nonyqeHHOrO peaynbTBTB SIBnSieTCSI perHCTp8UHSI Hel!TpOHOB MeTOJlOM " ape MeHH 

nponeTa• B o6naCTH, COOTBeTCTBJIOlllel! JK838HHOl! BbiWe p83HOCTH MBCC fl m 
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nonb3y eMC SI cnyqaeM no6narOLI8pHTb A . <t> . .[lyHal!ueBa 38 llOMOlllb B pa6oTe "' 
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