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H acTvSiwee H3naHHe HMeeT 3HaqeHHe 

npensapHTenb:iOll ny6nHK8UHH . 

B u enHx 6wcTporo swxona B cseT 

n o KnanoB OHH neqaT810TCSl B TOM BHne, 

Ka K HX npencTaBHnH pannopTepbi. 

B cnenCT BHe QlJC Hb G· 

M bl B bi H y X:n e H bl 3 8 M8TH0 C 

O c HoBHo e BHH MB HH e 

08 liH biX no p e30 H8HC 8M C 

H ua6ni00 8 HH fl H X B pa3nH 

B oKoH~aTenhHOM TE 



:BeT 

.ne, 

BcnencTBHe O'-ICHb Gonbulo ro oGbeMa npeacT.'1Dl1eJIHoro HaTCpllnna ( 6 1 paGoTa) 

Mbl Bl>IHY>I~.lleHbl 38MeTH O orpBHH'-IIITb TCMBTMK Y YC TJ-IOrO LJ.OKn8Jl,l1 . 

OcHOBHoe BHHMBHHe a noKna.ae GyneT ynencHo paccMOTfJCHHJO :3KcnepnMCHTanbHhiX 

!J.BHHbTX no pe30H8HC8M C Hyneaoi1 CTp8HHOCTbiO C TO'-IKH 3peH H H HX KBBHTODJJIX '-IHCen 

H H8611IOJleHMfl HX B p8311J.f'Uib1X pCBKUHfiX. 

B OKOHl.faTenbHOM Te J<CTe JJOKnaaa GyneT nponeacH nonpoGHbli'i oGaop ncex pa6oT. 
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0 
TJ - M930H 

B pa6oTa/ 
1- 3 / Hccne.noaanach BHepreTIPtecKas:~ 38BHCHMOCTb a.HQxPepenuHanbHOro c e -

0 - 0 
1.f9HHfl pO>KllSHHSI 'I -Me30HOB a HHTepaane 500-1300 M aa. PeaKUUII 11 + p -to Tf + n H CCII€ -

0 
.OOBBn BCb C ITOMOWblO HCKpOBbiX KSMep, nyTeM Ha6nJ0.0.9HHSl TJ -+ 2y 

/ 1,2/ 
pacna.aoa ; a pa -

6oTe/
3

/ C IIOMOWb iO ny3b!pbKOBOll K8Mepbl U3Y'IBnBCb peaKUUH 

+ 
11 + d ~ p + p + Hel!Tp. 

KoM6RHHpoB8HHbie peaynhTBT hi no sHepreTJP·ISCKoA aaaHCHMOC TH nonHero cel.feHHR po)f{aeHHfl 

Tf 
0 

- Me3oHoa, rronyt.JeHHhre a pa6oTax
1 1

'
21

, npencTaaneHbi Ha pHc. 1. 

PeaynhTBThl pa6oT
1 1

•
21 

HBXOilHTC<I B 6 nH3KOM cornac>m . 3HepreTuqecKa<~ 38BHCHMOCTb 

0 + 0 
C91.f9HHH pO>K.09HHS1 TJ B peaKUHH 1T n -+ TJ p npell,CT8BJ19 H8 HB pHC . 2. 

YrnoBbie pacnpe.aeneHHSI 1J 
0 

-Me3oHoa OT peaKUHH 11 p ... TJ 
0 

n , rpy6o roaops:t, no 

800 -1000 M 3B COBMeCTHMbl c U30TpOIIHbiM pacnpeaeneHHeM. npu 6onhUJUX 3HeprH51X pac 

npe.neneHH9 n.enaeTcst aaMeTHo aHH30TponHhiM. TaKoe noaeaeHHe yKa3biBaeT Ha To , t.tTo npH 

M8nbiX ::meprlHIX p0>Kll9HH9 TJO -M930HOB o6ycnaanHB89TCH B OCHOBHOM S - COCT051HH9M 1 

npH :o>HepruHx 6onbUJe 800-1000 Maa aaMeTHyJO ponh HB'IHHaeT urp&Th p -BOnH8. 

p - Me30H 

llaHHbl9 no HCCn9ll.OB8HHJO pacnpeaeneHHII Mace B CHCTeMe ll.BYX TT -M930HOB , 

npeacTaaneHHble Ha KOHijlepeHUHJO, KpailHe npoTHaope'IHBht. B pa6oTe 14 1 
,o ,- p 

p98KUHH TT p -+ ,+
11

- n npH 2,1 faa , H3yqanH pacnpeaeneHH9 MBCC 

aaTophi, Hccneay~ 

+ 
TT -11 -M930HOB 

rrpH paanH'IHbiX ne peaaHHb!X HMnynbcax. npH OT6ope co6biTHii c 300 < !'>. < 500 Maa B pac-

npeaeneHHH TT -TT + - Me30HOB Ha6nKll.B9TCSI 38M9THbiA: H36 biT OK C06biTHA HBll TIHKOM e 
M930H8 a6nH3H MBCCbl W - M930H8 M 1111 = 785 Maa, 'ITO aaTopaMH HHTeprrpeTHpy-

eTcH KBK *HaH6onee rpoMKHft ronoc• a nonb3Y wp -UHTepljlepeHUUH (puC , 3). 

161 
C apyroH cTopOHbi, a pa6oTe uccneaoaanocb pacnpeaeneHHe Mace ll.IHIHOHOB a HH-

Tepaane Mace 450-1000 Maa rrpH HMrrynhce 1,6 raa/c B peaKUHH 11 p ~11-11+ n c IIOMO!UbiO 

ll.BOfiHOrO MBrHHTHOrO CTI9KTpOM9Tp8 H HCKpOBblX K8M~p. 

feOM9TpHSI yC1'8HOBKH OT 6Hp8n8 B OCHOBHOM C06CITHSI C M8nbTM nepenaHHbiM HMnynb-

coM . B TepMHHax 11-" B38HMOll9t:\CTBHSI OT6op C06biTHtf COOTB9TCTBOB8n U3MepeHHIO auljl-

ljlepeHuHanbHoro ce'IeHH51 da npu yrnax, 6nH3KHX K 00°. 
dCos0

1111 
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T0'-11-fOCTb B orrpeneneHIHI MBCCbl !UIIHIOHB COOTB9TCTBOB8118 rayccoey pacnpe.neneHHlO C 

WHPHHOH 4 M3B. 

nonyt.r e HHOe pacnp91l9119HH9 m(rr+;r -) 
an<~ I\ ~ /\min + 21L J! (Cos0

1717
) <;_ 0 ,4 

npenCT8Bl10HO HB pHC. 4. HHKBKHX npyrHX pe30H8HCOB 1 KpOMe 

Macchi 750 tvha ne ua6mouaeTCH. OueHKa B03MO"<Horo 3<1>¢eKTa 

p - Me30H8 1 CO 3H81.{9HH9M 

(U .. 2 1T npHBO.ll.HT K 

3 H8 1·IeHHlO 
w ..... 2rr 

w ..... see 
( - 0 ,2.: 1, 1) % 

/4/ 
13 p93KOM npOTHBOpC'-IIHf C pe3yllhT8T8MH p860Tbl 

llH<jJ~lO peHUH8flbHOe Ce'!eHUe rr- 71 B3auMoaeficTBHH an<~ I Cos()"" I< 0. 2 npeacTaB-

JlCHO H8 pHC . 5 . 

B pnfJoTe 
111 

c noMOUlhJO HCKponort KaMepb! H MarHHTHOro cneKTpoMeTpa nccne.nooan -

Cfl c n eKTp MBCC .llHflH OHOB B rr -p CTO.I!Kil013E'JIJHIX npH 4 r3elc . CrreKTp Mace .llHflHOHOB 

2 2 
( i\ ~ 91' ) npeucTa :'lneH Ha puc. 6 H o5Hapy>KH-npH MBll bJX nepenaHHbiX HMn y nbcax 

aaeT nea l.f e TKHX MBKCHMYM0 n oGnacTH 700-800 M3e npH aua1.IeHHH Mace 720 J! 

ti 780 M3B c IIIHpHnaMH "" 80 M 3B. CpenHee 3HBt.JeHHe Maccbt e o6n acTH 3THx .uayx MaK-

C HMYMOD 6nH3KO K n6wenpHHRTOMy 3 Ha'-19HHIO M8CCbl p - Me3oHa. CTaTHCTH"'-IeCK H nony-

'-1 9 1-IH09 pacnpeaenenHe HeCOBM9CTHMO C npe.llfl0110>K9HH€M 0 H811Hl.JHH OllHOrO pe30HaHC8 (Be 

pOfi THOCTb OTCYTCTBH51 p8CLUeii119lHHt, flO OU9HKaM 8BTOpOB 1 COC TaBns:IeT OKOnO 1/200 ). 

2 2 
npH 5onbll1HX nepeUa HHbiX J!Mnyn bCaX (6 > 9 ~ pacmennenHe, o6Hapy)KHaae -

Moe npH MeHhwHx nepeaaHHLIX HMn yn bcax, He .~....~ 6nJO.aaeTCSl (eM. pH c . 7 ) . AeTopbt He nena 

IOT JIHK8KHX KOMMeHT8 pH9B K B03MO>KHOH HHTepnpeTBUHH H86niO.ll89MOrO p8CtUenn9HHSl M8KCH -

MyMa npH ~\r17 ~ 760 M 3B. 

8 pa5oTe ll>KOHCa H up. / 5 / HCCneaoeancH cneKTp MaCe UByx5030HHbiX CHCTeM , o5pa -

30B8HHbiX nepBH'-IHbiMH l7 -Me30HaMJ! C HMnynbCOM 12 H 18 r3efc. 3KCnepHMeHT npOBO-

!UfllCSl C flOMOLUblO HCKpOBbiX K8M9p H M8rHHTHOrO Cfl9KTpOM€Tpa. nony'-I€Hbl llH¢¢epeHUHallh -

Hbte ce'-leHHSl o6pa3oaaHHH p 0 
- MeaoHa a pa3nHt.tllhlX HHTepaanax nepeuaaaeMoro HMnynh-

CB . 8 cneKTpe MBCC !lByX6030HHbiX CHCT9M B o6nBCTM MBCCLI 

aa5moaaeTCSI HeKOTOpaS! CTpyKTypa (eM. pHC. 8 ) . 

B pa5oTe /9/ HccneaoBanacb peaKUH<I 
+ + 

11 p -+ p 1T 1T 

0 
p - Me30Ha, flO - BH.llHMOMY 1 

+ ... 
a Ka Hane rr p -+ p p • 

npH HCCnellOB8HHM cneKTp8 M8CC ll.HflHOHOB B 38BHCHMOCTH OT nepeaaHHOrO HMnynhC8 06 - . 

Hapy>KeHO LlOBOllbHO 3aMeTHOe CMeWeHH9 flOllO)KeHHH flHKa , COOTBeTCTBYIOWero p - Me30Hy. 

2 2 
np" 6 ~ 4" 

~\ (p) 760 + 9 M 3B, r·, (pl = 77 + 20 M:ae ; 

npu 41' 2</1.2< 20 , 2 

M2(p) = 780 + 6 M3a, l ~ (p ) 77 + 20 M3B; 

6 

2 
npH /1. > 20,2 

M3(p) = 788 + 8 M3E 

BTopbtM peaynhTBTOM, KOT< 

HO M81109 3H8 "1.feHHe WHpHHbl p 

AeTopht yKa3btBaiOT Ha cos 

>KeHHSl p - Me3oHa c Heony5nv. 

" 10 ) , 8 T8K)f{e H8 B03M0)K 

no>KeHHH p - Me30Ha B TepM 

AeTopbi ee KOMMeHTHPYIOT 

.ll8HHbiMH MHOrHX npyrHX 8BT0p0 

0 5pucoaaHHaSI KpaTKO CHTY 

• 760 M ae He HMeeT e Hac 

qHe n iD6oro H3 Tpex rrepet.tHcneJ 

M
1717

• 760 M3B, cMeweHUH non< 

30Ha ) He MO>K.eT Ct.IHT8TbCSl CKO; 

aanhH9Alli8Sl 9KCIT9pHM9HT811bHaH 

B pa5oTe
1281 

6wno o5Ha~ 
qacTHU8MH B peaKUHHX 

" 

" 

P o>KUeHue p - Me3o Ha Ha5niOJ 

Ce'!eHue po>KaeHHH p - Me3o> 

B peaKUUH c o5pa3oBaHue 

05pawaeT Ha ce5SI BHHMai 

/1. ::; 1100 M3B ce'!eHue po>KU< 

HMnynbca ( p uc, II). 

BonpOC 0 CBOACTBaX fo 

HOM p83pell1eHHb!M . 

3Hat.teHHe H30TOflH"I.feCKOrO 

x/ M.Ross and G.Shaw. Phys. Re 



u1a rayccoay pacnpeaeneiUfJO c 

H (Cos0
7777

) <;;_ 0 ,4 

p -M€301-18, CO 3H8'-leJUf€M 

r a w .. 2rr npKBOllHT K 

•4HH C peaynbT8T8MH pa60Tbl 
141 

I Cos0
7777 

I< 0. 2 npencTae-

ro cneKTpoMeTpa wccneaoaan

salc. CneKTp MBCC UHDHOHOB 

a E>neH HB pHC, 6 H 06Ha pylKH -

720 H 

B o6n 8CTH 3THX llBYX M8K

~30H8. CTaTHCTH1..feCK H nony 

nH1..fHH O.llHOrO pe30HBHC8 (ae -

2TBBn~eT OKOnO J / 200 ), 

pactUennenHe, o6Hapy>K HBae 

:M, pHc, 7). AaTOpbr He nena -

JnaeM oro pacmenneHHs:J MBKCH -

aayx6030HHb!X CHCT€M , 06pa 

r 3a/ C, 3KcnepHMeHT npOBO 

pa, f1ony4eHbi mujl<jlepe Hruranb-

)Banax nepeaaaaeMoro HMrryn h

o 
p - Me30H8, ITO - BH.llHMOMy, 

B KBHBne 17 + p -+ p + p 

nepenaHHoro HMnynhca o6~ 

1"B€T C TBYlOWe r o p - M930HY . 

77 + 20 Msa ; 

77 + 20 Msa ; 

npu (::. 2 > 

M3 (p) = 788 + 8 Msa, r 3(p) = 67 + 25 M 3a. 

BTopbrM p e3ynhTBTOM, KOTOpbrtl: aacny>KHBaeT oco6oro o6cy>«..oeHHH, H BnHe-rcs:~ aHOM8Jlh-

HO M8JlOe 3H8 t.I€HRe WHpUHbl p - Me30HB. 

AaTOp br yKa3bt BaiOT HB coana.a.eHRe nonyqeHHbiX HM H peaynhTBTOB no CMemeHHIO nono -

>K9HHH p -Mesoua c Heony6n uKOB8HHbiMH peaynbTaTaMH MI!'!HraHCKoll rpynnbr (cM. p>rc, 9 

H 10 ) , 8 T8K)K9 H8 B03MO>KHOCTb HHTepnpeTBUHH ITOJlyqeHHbiX A8HHbiX ITO C M9lll 9 HH IO na

p - Mesoua a TepMHHax pa6oT br Pocca u Woyx/ 

A BT Opbl H 9 KOMM9HTHpyiOT Tip Ht{HHbi p83HOrJ18CBS1 Me>K.lly ITOJlyYBHHbiMH HMH ll8HHblMH H 

U8HHblMH MHOrHX UpyrHX 8BTOpOB, 

0 6pHCOB8HH8 H Kp8TKO CHTY8UHH C M8CCOBblM pacnpeneneHHeM UHDHOHOB B o6naCTH 

760 M ae a e HMeeT a aac TOHme e apeMH KaKo ll-nH6o paayMHOA HHTepnpeTaUHH, HanH 

•m e mo6oro 113 Tpex nepe'!HCneHHblX 3<P¢eKTOB ( H8DII'!He CTpyKTypb! M8KCHMYM8 npH 

M7T77• 760 M3a , cMemeHHH nono>KeHHH p - M930H8 H 8HOM8JlbHO M8Jl8H WHpHH8 p - Me-

30H8 ) He MOlKeT C'IHT8TbCH CKODbKO -HH6yUb UOCTOBepHO yCTBHOBDeHHbiM, 3necb Tpe6yeTCH 

.ll8JlbH9Alli 8 H 3 K CIT9pHM9HT8Jlb H8H pa6oTa. 

B pa6oTe
1281 

6brno o6HapylKeHo po>KneHHe p - M930H8 COBMeCTHO CO C Tp8HH biMH 

l.J8CTHU8MH B pe8KUHHX 

" p .. KK + p ( n) + m rr . 
( I) 

P olKUeHHe p - M930HB H86niO,ll89T CH B C06biTHSIX C 4 38pR>K9HHbiMH 17 - M830H8MH . 

Ce'!eHHe polKoeHHH p - M930HOB C /1° - rHnepoHOM COCT8BD~eT (74 !. 28 ) 10-30 CM2, 

B peaKUHH c o6pasoaaHHeM KK - nap p - Me30H H86niOil8eTCH B 14% C06biTHI\ , 

0 6pBW89T H 8 ce5H BHH M8HH 9 , l.J T O B HHTepBane nep9Jl8HHbiX HMnynhCOB llO 

t::. ~ 1100 M3a ce'!eHHe po>KneHHH p - M930H8 np8KTHt{9CKH He 38BHCHT OT nep9Jl8 HHOrO 

HMnynbca ( pHc . 11). 

£
0 

- MeaoH 

Bo npOC 0 CBOI\ CTBBX f O - Me30H 8 B H8CTOSIIU99 Bp9MH MO>Ke T Ct.(HT8TbCS1 B OCHOB-

HO M pa3peweHHbiM . 

3Hal.JeHH9 H30TOflH'tJ9C KOro CflHH8, p8BH09 HYJllO, ITOCT8BJ19HH09 flO.ll COM H 9 HH e D H3B€C T -

x/ M.Ross and G. Shaw. Phys. Rev. Lett., 11,. 627, 1964 . 
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uoH pa6oTe K c yoHra H np., no!tTaepnHnoch OKOHYaTenbHO 6naronapH o6Hapy>KeHHIO H Hccne-

n oaam! JO JlP.iiT~BnbHbiX CHnbHbiX p8Cfl8!lOB f O -Me30H8 B OTHOW9HHH 1 6nH3KOM i< 

R = {'(TTO TTO) 

f 0(TT+ TT-) 

c ne/lylOIUe My H3 H30TOCIH1.J9CKHX COOTHOW€HliJ1: . 

::: I ~ 

B Ta6nHue ClpKBe,neHbl 3H8t{€HHS1 ~ , nonyYeHHbie a pa6oTax, npencTaeneHHhiX HB 

KOH<jte peHUH 10. 

J.1 3 ua6nJO.oeHHA He if TpanbH biX pacnan.oe f 
0 

-Me30H8 O!lH03H8t.IHO cnea.yeT , 1.JTO H30TOCIH -

1 feCKHn CfiHH f 0 
- Me3oHa pasen Hyn10. 

J.1ccnenoaaHHe yrnoaoro pacnpenene: tHH TT - Me30HOA a cnyl..fae pacnaa.a f 0 -M e -

a ona noK83biBaeT, 1.JTO oHo cynteCT :JeHHO a HH30TponHo. AHanua yrnoabtX pacnpea.eneHun, 

/13/ 
nonyqe HHbiX a pa6oTax , cornacyeTcH c cyJ.UeCTBeHHbiM npeo6naa.anHeM D - aonH. 

B pa6oTe ( 10) nposeaeHa nonbtTKa BbtaeneHH!l pe30HaHCHOt1 aMnn BTYllbt , cooTBeTCTBY-

10mei~ f
0 

- Me3oHy , aHanH3 HpyH rr-rr pacceHHHe. PeaynhTBTbt aHanH3a, npoaeneHnoro 

nnH co6bJT H H c ManbiM nepe.naHHbiM nMnynbCOM ( 11
2 

< 2011 
2 

) , B npennono>KeHHH 

cnpaaeanHDOCTH MOLtenH Olli-IOfiiiOIIJIOT'O 06MeH8 H B npBJlfiOnO>K€!-I lHI, l..fTO f O - M930H MO>K -

HO p8CCM8TpHB8Tb KBK rm -peaoHauc a ynpyroM pacceHHHH, npHaeneHbJ 11a 

puc. 12 a ,6 ,s. D - aonHa o o6nacTH f O -Me30H8 6biCTpo B03p8CT8 9T 1 KBK 3TO 1-186 -

niOllBCTCH B cnyqae TT+- r.- paCC9S11-IHH ( H, B03MO>KH0 1 COOTBGTCTBY9T COCTO~HHIO I : 2) • 

S-BOnHa o6uapy>t<HB8€T C51 B COCT OSlHH S"IX C = Q H = 2 H HMeeT H€60nbii!Oil M8K -

CIIMYM B 06l18CTH f O -M930HB . 

nony'tenHoe s pa6oTe (II) yrnosoe pacnpenenenHe ne MOX<eT 6btTb c ornacosa uo c 

118nH'HI€M TOnbKO 1.tHCTOT1 D BOITltbt ( puc. !3). 

Bonpoc o6 yrnosoM pacnpeaenemm r. -Me3oHon OT pacnaaa f
0 

- Me30H8 H e MOmeT 

Ct.J HTllTbC ~I 01<0111.J8Tenbll0 Bb!SlCHeHHUIM . 

B paGoTe (40) npouaoeneHa oue11Ka 3J-ta4eHHS1 oTHOCJ.tTenbHofl aepoSlTHOCTH pacrwna 

f 
0 

-Me.:Joua I-ta rn( - Me30IIhl . nonyYeHJIOe 3H81.f91111€ p8DHO 

co ... r(K 
R' = ___ .,;. 2,1 + 1, 2% 

f 0 -
~ TTTT 

EcnH f 
0 n un~eTcft Ylll rTapl!IM .. t c uHrne ToM , T o o nwnaeMoe TeopeTJT1.recKoe 31f81.Je -

m1c nns1 R' pasHa 4,8% x / . Ecmr (
0 

s:-~nnfteTCSl l..fnenoM YHIITD.pnoro MYllbT IJ nneTa , TO 

R' = 1, 2%. BJ.JIIIenpuoene nHllH oneHK a rooopnT CKopee n nonh.:Jy Toro, 4TO 
(0 

- M€301-1 

~ 11\nSI CTCSl 'l lleHOt-.·1 Myllt...TI I fiJI(~T .::l . 

x / CM. UOKH81l H • .H. no:-..tCp.:111'1 YK8, 6 .11. Y1o{l~llc H Yf .IO. KoGaapcoa !Ill KOJi(Jlepeuurm. 

8 

TT 1T'I - pe30H8HC 6bt iT HE 

M U 

rj1e 

npn n ccnenoeaHHH peaKUH i"i· 

H - HeATpanbHB H n eao• 

+ -
" " 
+ - 0 

1T TT 1T 

+ -
1T 1T HellTp 

+" -
2rr 2rr 

2rr +.2rr- rr 0 

2rr + 2TT- He! 

3rr+3,-
H c HeilTJ 

+" - 0 2rr 2rr rr 
rr+ ·,.- aei\1 

B ynoMHHYTbtX pa6oTax 6 

TeMe C M8CCOil H WHpHHOt\: , pa. 

cne.llylOlllHMH C80i't:CTB8MH: 

1) OCHOBHOH p8CIT8ll ITpOH 

2) pacnaa bt HB 
+. -

IT 1T 

lOTCRj 

3) H30TOCIH1..feCKHA CITHH I 

+-
4) rr " 'I -pe3oHanc pox 

B asyx pa6oTax, npeacTe 

qHcen 71TT TJ - pe30H8HC8. 

B snay HOBH3Hbt sonpoca 

B Ta6n11ne 2 npHBeaeHbt 

an!! pacnanos TTTTTJ -Me30Hf 

Ha6moaae"10e yrnosoe pt 
p 

qaeT 3H81..feHH9 g = 1 H • 

(LlnH " "'I CHCTeM b l 

OTcyTCTBne noa"beMa npH 
p 

sepo!!TIIbt M 3Ha qenne 9 = I 

Ha6n!OlleH~<e 
p 

B8pll8HTOB ~ 

+-
" "Y pa 

rpatjJHK LlanJ<U8 lliT!l l) 



:OWBHHH, 6nH3KOM .< 

•a6oTax, npencTaaneHHbix Ha 

H8lJHO cneayeT, l.JTO H30TOTIH-

cnyqae pacnaaa f 0 - Me -

3 yrnoBbiX pac npeneneHun, 

·o6naaanHeM 0 - BOTIH. 

Oif 8MTinHTYJJLI , COOTBBTCTBy 

fbl 8H811H38, npone.aeHHOf"O 

B npe.QnOnO>t<BHHlf 

eHHH, l.JTO f O -M €301-1 MO)K-

rTpHBBllBHbl 118 

B03p8CT89T 1 K8K 3 TO H86-

9TCTByeT COCTO>IIIH 10 I "' 2) . 

2 H HM98T He6onbii!O ii MBK -

>t<eT 6biTb cornacoaauo c 

!llla f
0 

-M830H8 119 MO>f\9T 

10 11 aepoHTHOCTH pac uana 

~Moe TeopeTu•rec Koe 3Hat.te -

·apiJOf"O MyllbTIHJneTa, TO 

::a 3y TOf"O, '-ITO f O -Me30H 

T717TJ - p930H8HC 

rrm7 - pe30HBHC 6btn ue.aaaHo o6Hapy)f{eH EepKnHeBcKoii H 6pyKx ei1BeHcxoif r·pyun:J

MH npH nccnea,oBaHRH peaKUH: i'J : K + p -+ A + H 

rne H - HeliTpanh HBSI ae.a.ocTa iOmaH Macca 

+ -
" " 
+" - 0 

" 17 " 

11 + 11- aeATp. 

2rr + 2rr- npH 
\- = 2,415 2,63 2,70 r 3a/c 

211 +"2"-" 0 

2rr + 2rr- uellTp. 

3rr+3 rr-

H ~ nellTp. 
2rr +2rr-rr 0 

rr+ ·"- uellTp. 
B ynoMHHYTbiX pa6oTax 6biTIO 

} npn Pk _~ 2,3 r311/c 

o6uapy~eHo cymecTaoaaune pe3onanca a 

T8M9 C M8CCOJ':i: H WHpHHOA , p8BHbiMH ~ (959 + 2) M3B H r 

cne,uyiO UIHMH CBOti:CTB8MH: 

1) OCHOBHOH pacnall TipOHCXOllHT HB 

2) pacnallbi na "+;,.-

lOTCH; 

+- 0 
" 17 17 

+ 
11 -11 -ry -M930Hbl; 

2rr+ 2rr-, 217+ 2rr-2rro H 3rr+ + 317-

3) H30TOTI!PI9CKHI! CTIHH I = 0 ; 
+-

4) " 17 TJ -pe3oilanc po~aaeTCH npH ManbiX nepeaaHHbiX HMnynbcax. 

+ -
" " TJ 

- CHC-. 

12 M ae co 

He H8DTIIOll8 -

B aayx pa6oTax, npeacTaaneHHbiX na Kon¢epenun10, rrpoae!leHo onpeaenenne KBBHTOBbiX 

qHcen 1117 TJ -pe3onanca. 

B anay HOBH3Hbi eonpoca Mbi paccMOTPHM 3TH llBe pa6oTbi HeCKOTibKO no!lpo6Hee. 

B Ta6nnue 2 npnee!leHbi rrpocTellwne MaTpH'IHbie 3TieMeHTbi 11 yrnoBbie pacnpe!leneHHR 

ami pacnallOB 11711] - M930H8. 

Ha6niO!laeMoe y rnoaoe pacnpe!lene Hne ( pHc • . 14) npaKTH'!ecKH H30Tponno, 'ITO ncKniO -
P + 

qaeT 3Ha'leHne ~ = 1 11 2 llnR C =±I 11 ~ 0 llnH C = -1. 

(Lln>~ ""TJ - CHCT8Mbl C = Q B03MO>KHbl 11106hi8 3 H8"18HHR g P 

0Tc y TCTBII9 TIOllb9M8 np11 M8TibiX HTIH 60TibWHX 3H8'19HH<IX M
2 
(rr+l7-) nenaeT Mana-

p 

BepOH TH blM 3HaqeHHe ~ = 1-. 

Ha6nl0llenne 
+ -

11 " y pacnana no3aonSieT eme 5onbwe coKpaTHTb ~urcno B03MO)f{HbtX 
p 

BllpHBHTOB ~ 

fpa<jlHK Llan11ua llTIR 

9 



n •J f! Hb pe.J~>..yJo ll <'p: • nHoMepH OCTL ."JaceneHliOC TH . B Ta6nHue 3 npH aea.enbt npocT eAwHe MaT

+ -
JHf'-f lll ! C' 3 JI C I\I f' I!Th\ fl/Hl T} -+ TT 'i1 y pliC:II<:Uta, 113 paCCMOTpeHHSI KOTOpblX Cllea.yeT, '-ITO 

PG -+ ~ 
11.1 fi ll10 fl8el\I \J C p:-tcnpenene JJH e COBMeC THMO C ~ = 0 ( B03MO>KHO COCTOHHHe 2 

1 
8 

COCTOH IIIH! ] ++ H 1-+ H CKlllOl.f810T CSl ). Ha6niODBeMoe yMeHbW8HHe llflOTHOCTH 38C8118HHOCTH 

npl! 60llblli HX ?H\(~pnHIX Y -KD8HTOB Bll€"18T 38 C060A H806XOllHMOCTb CyW8CT B€HHOI"'O 

138811 MO.Qe iiC THi l : 1 77 - TT - Me30HOB B KOHei.{ H OM COCTOHHH H 1 KOT Opoe MO >K9T 6biT b npe,llCTBB-

neHo T OllbKO p -Me30HOM . TaKHM o6pa3oM, C = - HCKn~qaeTCR SHAOM rpa~HKB 
PG - + 

Ll.anaua, H BBTOpbl npHXOllSlT K BbiBOlly , l.J TO g -= 0 

OTcyTCTSHe pacnana Ha 3" -Meaona, YTO cnenyeT H3 pHc . 15, yKB3btBaeT H a 

+ -
T0 1 I.{TO pacne..'l He. TT TT '7 H e HBllHeTCSJ aneKTpOMBrHHTHbiM p8Cll8.ll0M. 

fpa~HK LlanHua, nonyqeHH blil s pa6oTe 1381 , npHseneHHb!l! Ha pHc, 16, xopowo cor -
PC -+ 

nacye TCSI c npeu nono>KeHHeM I = 0, 9 = 0 

0 
Yrnoeo e pacnpe.nenenwe HOpManeH K nnocKOCTH pacna.na X npeucTaBneHo HB 

pHc. lfl,6, ru e {3 + TT 11 71 -¢ - nonHpHbt$\ H - 83HMYT8llhHbtA yrllbl B CHC T eMe llOKOSI 

Meaona . 

PacnpeueneHHe n<o Cos fJ 
p 

THMO C 9 - 0 

" Cos¢ B npenenaX O WH60K H30T pOflHO , qTQ COBM9C -

HaKOHeu, a pa6oTe 1381npHSOJlSITCSI oueHKH p>~ua napuHanbHbiX aepo>~THocTeA pacnaua 

+-
TT TT t1 - M930H8 

0 + -
X _. 11 11 y 
-- - -- = 0, 25 + 0,1 4 , 

x0 -+ tnT TJ - -
xO ~ 217+±211 = 0 ,00 + 0 ,04, 
xu -+ "" Yl -
x 0 ~ 3rr = 0,00 + 0, 2 .. 

0 
X -+ 111TTJ 

Ycpe a.HeHHbT e 3 Ha4 e HHH Macchi H mHpHHbt ""TJ - pea onaHca paBHbi, no .llBHHhiM pa -

6 
/37,38/ 

OT 1 

M - 957,5 + 1,5; r ~ 4 Mas. 

TaKHM o6pa3oM , coeoKynHoCTb n.aHHbix no 
PG + 

T O Bbte qHcna pBBHbt I , g c 0,0-

11"'1 - Me3oHy yKa3biBBeT, ttTo ero KBBH-

A - peaoHBHCbl 

A -pe30H8HC8MH npHHSlTO H83biBBTh pe3oHaHCbi a rrp - CHCTeMe 1 CYIUSCTBOB8HH8 

KOTOpb!X 6bWO o6uapy>Keuo rpynnoA fonbura6epos. H anH<me usyx peaoHaHcos s 11p - cHc-

T8M8 C M8CC8MH 1080 Mas 11 1300 Mas 6bm o oKoHqaTenbHO uoKa3aHo s pa6oTe 

HeMeuKo- EpHTBHCKoro COTpyUHHqecTsa. nepsoe YKB38HHe HB cywecTSOSBHHe pe30H8HC8 

S 11-71 O rr O - CHCTeMe C MBCCOA • 1000 Mas ( 6e3 BH8nH3B S03 MO>KHOrO paCJlBJl8 no 

rrp -w.eaouaM) 6bmo nonyYeHo s pa6oTe Tpe6yxoscKoro H up. 

10 

3aKnJOY8HH 8 06 H30 T O OH 

t. + 
n~ueHHA A 

1 
- 11 A 2- - Mea 

pasHS!TbC>I I un 11 2. 3HaYeH He 

HO cneayeT 113 HBnHl.JH ~ MO.ll 

B pa6oTe ( 18) np11seue 

KBK B pa5oTe ( !8) HCCn9JlOSI 

TO np8D.CT8B11Hll0Cb B03 MO>KH ! 

+ + 
p~ TT - - CHCT8M 1 KOTOpbl 8 

a pacnpeueneHHH no ,.P~eKTI 

Bbt6pOCbi npH .3 H81.{8HH5tX M8C 

CBHASTSnbCTBOM B nonh3Y H: 

3H81.{8HHSl M8CC H W HpH 

X apaKTepHoA oco6eHHO 

HHS HX B CTOnKHOBSHH SIX C I 

3H8 ttHT9llbH W9 yCHllH SI 

pe30HBHCOB, npH'!eM HBH6on: 

B pa6oTe EeplcnHeBCit 

Mj rr+"-1- Mj/"-1 un~ 

6btn cnenaH B b tBO.Il o npenn• 

pa5oTe MOll pacnaua 

PbiX COCT8BllSI9T R -

A2 3 H8tt9HH9 

A2 
J 

A. 
~ PC 

Pacnau A 0 
- peaou. 

KCeHOH-<jlpeOHOSOfi KBMepb! , 

np11seueuo HB pHc. 18. 

B pa6oTe
1151 

onpeue 

HccnenoaaHHSl pacnpe.neneH: 

LlanHUB, 

xl 
S. U. Chung et al. Phys. 



3 npHaeneHbt npocTeAwue MaT-

·peH HSl KOTOpb!X cneayeT, l.fTO 

-+ 
·03MO>K HO COCTOstHHe 2 ' a 

9HHe flnOTHOCTH 38CeneHHOCTH 

o6xoaHMOCTb cywecTBeHHoro 

:oTopoe Mo>KeT 6biTb npeacTae

cKnroqaeTcR BHllOM rpa~HKa 

H3 puc. 15, YKB3biB89T H8 

,JM pacnanoM. 

Ibill Ha puc. 16, xopowo cor -

0 
a X npe.a.cTaBJieHo Ha 

""nbl B CHCTBMe flOKOSI + 
11 "TJ -

50K H30TpOllHO, l.JTO COBMBC-

nhHblX aepoHTHOcTeA pacnana 

IBHCB PBBHbl, flO LlBHHbJM pa-

ry YKB3b!BaeT , qTo ero KBaH-

- CHCT8M8 1 CYI.Il:8CTBOB8HH8 

YX p830H8HCOB B trp - CHC-

!nhHO Jl0K838HO B pa6oTe 

IW8CTBOB8HH8 p830H8HC8 

B03Mo>Kaoro pacna.aa no 

p. 

3aKnJOYeHHe o6 H30 T On H'-1 9CKOM cnHHe A 1- H A 
2 

- Me30HOB cnenyeT H3 ¢aKTa Ha6 -
+ + 

nlOaeHHA A; - H A 2- -Me3o HoB, 1..fTO yKB3biB8eT Ha T O , 4TO H30TonHttecKHH cnHH MO>Ke T 

paBHHThCH I HnH 2. 3 Ha 4eHHe H 30TOOHttecKoro cnHHa I = I nmr A 2 - Meaona onuoaHa'I-

HO cneayeT H3 HanH'-IH ~ Moa pacnaaa A
2

-. KK 

B pa6oTe ( 19) npHeeaeHbi ceeneHHR o6 H30TOUH'!8C KOM c nHHe A 1 -Me3oHa . TaK 

KaK e pa6oTe (19) nccneaoeanacb peaKuHH 

+ 
p + p -+ TT TT 

+ 
TT 17 ( I) 

+ + 0 + p -+ TT TT TT TT TT (2 ) 

TO Up9JlCT8BnSinOCh B03 MO>KHbiM ITOCTpO.HTb pacnpe .neneHH51 ITO 3QlcPeKTHBH bTM MBCCBM {{nSl 

+ + 
p"C" TT- - cHcTeM, KOTOpbte xopowo cornacylOTCH c KpHBbtMH ~aaoaoro o6beMa , Toraa K.BK 

+ 
e pacnpeaeneHJm no 3<jl~eKTHBHbiM MaccaM e cncTeMax p- T1 + l-186n10ll8JOTC51 38M8TH bl8 

Bbi6pocbt npH 3 HaqeaHsrx Mace A 1 - H A 2 -Meaono'3. 3ToT p esynhTaT MO>KeT cny>KHTb 

CBH.08TBnbCTBOM B nonb3y H30TOTIHt.{8CKOro CflHH8 - M930H8 = I (pnc. 17). 

3HaqeHH51 MBCC H lliHpHHB A 1 - H A 2 -Me30HOB npneeneHbi e Ta6nnue 4. 

X apaKTepHofi oco6eHHOCThiD MexaHH3Ma po>KaeHHH A -Me30HOB HenHeTCH o6paaoea-

HHe HX B CTOnKHOB8HHSJX C MBnblM n e p8,ll8B88MblM HMnynhCOM. 

3HaqHTBnhHbi8 ycHnHH npHno>KeHbi K onpea.eneHHJO KBBHTOBbiX 'liHcen A 
1 

- H A 
2 

pe30H8HCOB1 npH'li8M H8H60nblll8fl HCHOCTb B 8TOM BOllpOCe cyrueCTByeT ans:r A 2 -M930Ha . 

B pa6oTe EepKnlleBCKoll rpynnb/
1 

H3 BHBUH38 rpa~HKB llanHUB B KOOpJlHHBTBX 

M I rr+ 11-l - M I,/ 11-l anR co6biTHl! 
+ 

11 P .... p + A2 .... p + :tr " 11 

6btn c.a.enaH BbiBOJl. o npeanoqTHTenhHOCTH Ha6nroneHHR e Toll )1(8 

pa6oTe MOll pacnaaa A 2 ~ K
0 ,K 0 

H r OTHOCHT8nbH8SI eepORTHOCTb KOTO-

Phi X COCTB BJI518T R • _ A2 .. KK 

A 2-> "P 

PC = 2+ - . 

30 ~ 7%, U03BOURIDT OllH83HB'IHO npHUHCBTb 

Pacnan A 2 - peaoHaHca Ha K K 
/ 50 / 

-M830Hbl uccnenoaancSI a pa6oTe c no MOill h iO 

KC9HOH-<jJpeOHOBOfi KaMepbi. 0ony'!eHH08 pacnpeaeneHHe 3<jl~eKTHBHbiX MBCC 

npueeneao Ha pnc. 18. 

KK -Me,onoe 

/15/ 
B pa6oTe onpea.eneaHe cnHHa H l.JSTHOCTH A 2 - peaonaHca rrpou a son u nocb nyTeM 

Hccne.a.oaaHHR pacnpeneneHHR nnoTHOCTH aaceneaaocTH nonoc p -M830HOB HB rpa~HKC 

nanuua. 

x/ 
S.U. Olunget a!. Phys. ~ev. '-'ett. , 1:1, 621(1%4) . 
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nony'!eHHOe pacnpelleneHI!e HBHny'llllHM o6p830M COOTB9TCTByeT 3H8'19HHJO { = 2 + 

XOT!l HCKnJO'IHTb 3 H8'19HIIST I+ ( e = 0) H 2-, no llBHHblM pa6oTbl ( 15). H9B03MOlKHO 

(pnc. 18 11 20). 

B pa6oTe ( 19) po>Kil9HKe A 1 - 11 A 2 -Me3ouoa uccnelloaanocb a nponecce aHHHrH-

n~UHH OCT8HOBHBWHXCR 8HTHOpOTOHOB. 

nony'leHH b111 M8TepH8J1 6bln HCllOJ1b30B8H AnSI onpe.neneHHSI CllHH8 H "19THOCTH A - H 

A 2 - M930HOB. 

Yrnoooe pacnpelleneHHe a pacnalle A2 .nocTaToqHo xopowo cornacyeTcR co 3Haqe-
p + 

HII9M 9 = 2 ( pHC, 21), 

B non HOM cornacHH c Bbi so.naMH, cne.nyJOI.UHMR H3 yrnoBbiX pacnpeneneuHA, aaxoaRTCR 

T8KlK9 H ll8HHbl9 , cnellyJOU:lle 113 8 H8flH38 rpa<i>HKB nanHua. Ha puc. 22 npHB91l9Hbl p81lH8flb-

Hbl9 pacnpelleneHK!l nnoTHOCTH H pacnpelleneHHH BllOnb oceR X H Y , Bee TpH pacnpelle-
P + 

neH~HI H8XOlHITC R B xopowet..t COOTB9TCTBHH ~0 3HaqeHHeM ~ "" 2 

CnenyeT OTMeTHTb, l.fTO BbiBOll. o pasencTee 5
PG +- /91 

2 , cnelly iOillKR 113 pa6oTbt , 

ue onupaeTcH ua ua6nto.neuJHt K K - pacn81la A - M930H8, 
2 

HaKoHeu, a pa6oTe /51/, eccnelly!l polKileHHe A 1 - 11 A 2 -M930HOB B ,.!p 

CTOJ1KHOD9HHRX npH 8 r3s /c , 8BTOpbl HC CJ19.llOB8l1H pacnpe.neneHHe OJlOTHOCTH 8 OOJ10C8X 

p -M930H8 H8 rpa cjl nKe Dan HUB H npHillflH K BbiBOily, 'ITO llflSI A 2 -p930H8HC8 B03MO>K-
+ + -

HhlMH 3Ha'leHHRMH ~P,.an <TJOTC!l I , 2 Hn>~ 2 (pHc. 23). 

Ha OCHOB8HHM C)'IU9CTBYJOW.ero 3KCnepHM9HT8JlbHOf'O ~18T9pH8J18 MO>KHO C.ll9J18 Tb BbiBO.ll, 

YTO JlJlSI A 2 - M930Ha KD811T0Bble tJH Cna p86Hbl ~PG = 2+-

CHTyaunst c KB811TOOLHvllf ttHcnaMH 

B pa6oTe 1161 l!ccnellonanacb peaKUH!l 

A 1 -peaoHanca nec KOllbKO ~reHee onpeneneHHast. 
- - + 

;r + N .. 11 + u + rri-N , rne N - Hllpo. (Dn11 

BLI08JleJIJfS1 Cll y ttaee T8KOii peaKUHH OT6Up811HCb COfiLJTUst C QtJeHb M8llbiMH nepell8HHblMH HM-· 

nynbCaMn ( /1,. < 150 M 3a /c ), uaKnBilbiBanocb Tpe6oaaune o6 oTc}'TCTBHH MBilDeHH biX npo-

TO HOB unH npy rHx upuaHaKoR paaaana HJlpa). B pacnpeJJenenuu 3<Pt!'eKT1lBI IT ·I ."'<. Mace 
+" - -

" rr rr-

C II CTeMt.t 1 npueeaeHHO~f 118 puc . 24, OT'-t8T11HBO BUJ.leH M 8 KCIH.tyM npH 1,08 f ~:m/.c C WHpiiHOA 

- 150 M3a, une uTlH!muHpyeMbii'r I<aK A 1 -pe30H8HC. npoaen.eHHbtH 8Jl811lf3 nQK83UIB8eT, l.JTO 

H8 6 1110JlUeMt.ti'l pe30IIaiJc COO TBeTCTByeT pacnaay A 1 .. 11 p • 

Bauay oTcyTc TBIHI Kpunoii ·~aaoeoro• o6beMa Tpy.nno onpeaennTh OTHoc uTenbHYiO 

.o.on10 cnyttaeo po)t\!leii JHI A 1 -Me30Ha a pacc MaT pHaaeMLIX naMII peaKUtHtx. A2 -M830H 

npllKTllt18CKl-1 OTCYTCTD )'C'T , 4T0 1 DO~~IO>I<H0 1 06bflCHSleTCSl p8 3 111i'IHOi i 3 HepreTHl.f8C KOi't 38BJI -

<": IIMUCTLIO CC 118 1111 ii !JO>l\.'J,eli1HI A 1 - Jt A 2 -Me30JJOB OT ::mepr1111. Cnuu 11 YeTHOCTb 

A 1 -~te301Hl 11 \f"'riC.t.lOBanncb nyTeM nocTpoeHHst pacnpenene11u~ nnoTHOC TH aaceneu:uocTH 

n nonocc p - f\ 1C.'l0 1f8 1-18 rp.::uJlJ.tKe flan HU8 . nony t.teJIHOe pncn pencnemre naxon uTCS1 B Y!10B-

1:< 

neTBOpHTenbHOM cornaCH H CO 

npe.OCK83biB8eM8H ll11R 

nepecet..teHHSI nonoc p - Me3c 

B pa6oTe
115 1 

auanorK'II 

aona , c TpoHnOCh pacnpe.oeneH 

Topoe ylloaneTBOpHTenbHO cor 

Onpenen enHe cnHHB H l.f· 

rpynnbix/ , a pa6oTe Tex >Ke 
H 

li (Cos U = 0 , rilE 
I lfo q I 

H HOpM8nh K TIJlOCKOCTH pacn 

0 
qneHa So e . 'ITO npOTII BOf 

/19 / 
B pa6oTe (a KOTOP• 

KHoaeHHSIX) 11n11 A 1 6bin npOE 

3ynhT8 T bl ero npHeeneHbi na 

HOCTbJO nnH A 1 - Meaona 

KK - Me30Hhl 1 TIOK838HHO E 

lHteM 
9 PG = 2 

Pe3lOMHpyH H8CT05IJJtt : i't 

Me30HO B CO 3H8 lJHT811bHOil BE 

B peaKunn 11 p • I 

po*.oenHe pe3oHanca a CHCTE 

SIBnReTCSI "P - pe30H8HC01\ 

HeB03MO*H8. 

8 pa6oTe/ 2S/ TOM ~e 

o6uapy>Keiibi pe3oHBHCbi a 

np11 Macce ~ 1050 M3B (M 

npH M -
KK 

1050 M 3B ue 

no ace~ BHOHMOCTH, B 3TOV. 

30H8 HC8 . 0KOHti8TeJ1hHOe pet 

ae n e HlHl KB8HTOBbiX lJHCen :': 

B p!llle pa6oT no nccn 

pe30H8HCLI C M8CCO~, 6nH3K 

MOJlhl p8CII8A8 . nplPUIH CI T8. 

x / S.U.Olllng et al. Phys. R 



p 
~TByeT 3H8"1eHKJO g c 2 + 

JTb! ( 15), HeB03MOlKHO 

oaanocb a npoaecce BHHRrR-

CflHHa H qeTHOCTH A -II 

o wo cornacyeTcR co aHaqe -

X pacnpeueneHHA, H8XOilHTCR 

Jl!c, 22 npuseueHht paaeanb-

" 
y 

• Bee TpH pacnpeae-
+ 

, cneuytOJllHA H3 pa6oTbr 
19 ~ 

IOHB. 

A o -Me30HOB a ,..:!:p 

:e nnoTHOCTH a nonocax 

A 2 -p930H8HC8 803MQ)f(-

.rana MO}f(HO cnenaTb BhiBOll, 

bKo ~IeHee onpeneneuHaH. 

, rne N - stllpo. (flnst 

M8llb1MH 118p8ll8HHbiMH HM-· 

'CYT C TBHH M8llD8HH biX npo-

+ - -
" " "-

TipH 1,08 f 3a/.c C WHpllHOA 

f 8JI8ll H 3 110K83LIB88T, '{TO 

l8JI UTb OTHOC IIT8llbHyiO 

p88 KUIHIX. A2 -M830H 

>ii 3 H epreTU1.J8C KOfi 38BJJ

H. Cnuu 11 t.teTHOCTb 

llJlOTHOCTH 3BC8ll8HHOCTH 

cnemre Wlxo.nuTCSl a ynon-

119TBOpHT911bHOM COr!lBC HH CO 3H8~9HH9M 

g p ~ 1 + 

p 

flpe)lCK83b!B8eM8ll )lnll ! = 1 

(pi!C, 25). 

lleCTpyKTHBH8ll HHTep¢epeHUI!H B 06naCTH 

nepece~eHHH nonoc p -Me3 0H8 He H86nJO)l8eTCH, 

B pa6oTe
1151 

aHanol'H"'HO TOMy, KaK aBTOphr nocTynanH B c nyqae aHanH3a A 
0 

- Me -

aoHa , cTpoHnoch pacrrpeaenenHe nnoTHOCTH a nonoce p -Me3oHa Ha I'pa¢nKe flamma , KO· 

Topoe yaosneToopHTenbHO co,..nacyeTcH co 3 Ha"!eHHeM 9P ·= 1
1 

""" 2- (pHc, 20), 

OnpeaeneHHe c nHHa H tt e THOC TH A 1 

I'pynnhrx/, B pa6oTe Tex JKe aBTopos
1 181 

ifoq 
tl (O>s U = , r.ne H q 

-MeaoHa, npoaeneHHoe a pa6oTe EepKnReacKon 

nononHeHo Hccne.no aa HHeM pacnpe.neneHJHI no yrny 

-COOTB9TCTB8HHO HMnynhC nepBH"'HOrO M930H8 
I Ito q I 

H HOpM8nb K nnOCKOCTH pacnaua trp - CHCTeMbl ), KOTOpoe COilepJKHT 3 8MeTHYJO np11 MeCb 

"'neHa Sn° 0 , 'ITO npOTHBOpe"'HT HX nepBOH8"18nbHOMy Bb!BOilY 0 pe30H8HCe C gPG = Q 

B pa6oT./ 
191 

( B KOTopoil poJKueHHe A2 - M930HOB H 3 Y48110Cb 8 p--p -CTO!l-

KHOBeHHHX) llnH A 1 6btn nposeaeH aHann3 aH8JIOI'H"'Hbll1 nposeaeHHOMY anH A 
2 

-Me30H8 ; pe -

3ynhT8T bt el'o npi!Beue>tbt Ha p11c, 26 H 27, 113 pHCYHKOB cneuyeT, 'ITO c 6onhUJol! sepoHT-

HOCTblO ll!ls:I A I - M930H8 9 
PG 

= 2- -. 0TcyTc TBH e pacnauoB A 
1 

-Me3oHa Ha 

KK -Me30Hbl , nOK838HHO e B pa60T8X/ IS BQ / , H8XOUHTCSI B nonHOM COI'n8CHI! CO 3H8"1e -

HJ19M 
g P G = 2 

P e3IOMHPYS1 H BC T OfliH\:i't pa3.a.en , MO>KH O y Taep>KllBTb , l.fTO cnHH H l.f e TH OCTb A 1 - A
2

-

Me30HOB CO 3 H8l.fHT9JlbHOrr l:l9pOS1THOCTbiO paBHbl 2- H 2 + COO TB9 T C TB8 HHO. 

B peaKUHII 17 p • ~p npH 7 ,5 f sa/c B pa6oTe
1281 

Ha6ntouanOCb 

317 -M930HOB npH 3 H8l.f 9HHH MBCCbl 1050 M :;m, KOTOpbth 

51Bll518TCH 11p -pe30H8HCOM (puc, 28), OaHaKo HlleHTH¢HK8UH51 e !'o c J\
1 

- pe30H8 HCOM 

H8B03MO>KH8. 

B pa6oTe
1291 

TOH JKe I'pynnbt B peaKuHH 

11 p ... KK + m11 

o6HapyJKeHhl pe30H8HChl B K° K- - CHcTeMe Kax npu Meece - 1300 M 3B 

npH Meece 

npn M -KK 

~ 1050 M sa (M(A 1 )) (eM, p11c . 29), HanH"'He pe3oHaHca 

1050 Mss He noaT aepJKaaeTCSI pa6oTaMH llPYI'HX aaTopoM 

(M(A
1
)), T8K II 

B K K - cncTeMe 

(nanpHMep,
118 

' 
501

. 

n o ecef:t BH.llHMOCTH 1 B 8 T OH p88KWI H H86lll0ll88TC S1 llpyroe 51Bll8HH8 1 OTJIH1.JH08 O T J\ I - pe -

ao HaHca. 0KOH1.IaTenbHoe petueHu e aToro eonpoca B03MO>KHO TOJihKO nocne npoaeneHHR onpe-

.ll8ll8HH51 KBBHTOBbiX lJH C8Jl 3 TOi1 C HC T 8 Mbl . 

B pnne pa6oT no HCcnenoea HHlO pe3oHaHcoe a cHcTeMe 3" - MeaoHOB Ha6n iDnanHCb 

pe30H8HCLI C MBCCOt\ 1 6 JIH3 KOJ1 K A 
1 

- pe3oHaHcy , .llllSl KOTopbiX He o6Hapy>KHBaeTcn "P -

MOll hi pacnana. OplPtUHLI TaKoro pa3 Hornac HH a nacTonLuce apeMH He SlCHbi . 

x / S.U.Otung et al. Phys. Rev. Lett., 12. 621, 1964. 
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HayaH6epr H naAc npeanoJKHITH HCIIOJlb30BaTb TaK Ha3bJBaeMblll MexaHH3M naAapnca 

/liTH 06bHCHeHHH MaK&IIMyMa B pacnpeaeneHHH ITO 8<)><PeKTHBHOil M8CCe trp - CHCT€Mbl B 

o6nacTH 1090 M3B. npn 3TOM COCTOf.HHS! , o6ycnaBITHBaJOmHe MaKCHMYM npH u 1090 Mae, 

He o6nB.UBJOT orrpeaene•RhiMH 3H8 49HHflMH yrnOBOrO MOM9HT8 H H30TOfiHtt€CKOrO CITHHB, T . e . 

/5 1/ 
A 1 ( 1090) He MOJKeT paccMaTpneaThCH KaK HCTHHHbiA peaoHaHc, B pa6oTe nponaeo-

llHITHCh noncKH A 1 - H A 2 - peaoHaHcoa a p + tr O - CHCTeMe, MBKCHMyM B pacnpenene-

HHB ITO 8<)><PeKTHBHblM MBCCBM KOTOpotl He MOJKeT 06ycnaBITHB8TbCS! MeX8HH3MOM natlapnca, 

+ 0 15 11 
8 pacnpeneneHHH a<P<PeKTHBHblX Mace p TT -CHCT9Mbl BBTOpb! HallJllH Bbt6poc , COOTBeT.,-

CTBfK>lllHH A~ -M930Hy, HO H€ H8llirut Bbi5poca, COOTB9TCTBYJOI.Uero At -M930Hy, OTKy,o.a 

HMH 5btn caenaH BbiBO.ll 0 TOM, t.ITO M8KCHMyM, OTB948JOI.UH:I:t A J -p~30H8HCY, MO .}f{9T HH-

Tepnpe~HpOBBTbCH ttax nponaneHne MexaHH3Ma HayaH6epra-naAapnca. 

B H8CTOSJWee apeMH pacqeTbl AHHCOBHI.f8 H ll!exTepa , a T8K>Ke r e6enHx/ ITOK83b!B8JOT, 

qTO MeXBHH3M naA3piTC8 B TOM BRAe, KBK OH 6blll HCIIOITb30B8H HayaH6eproM H nallCOM, 

MOJKeT llBTb CYlll9CTBeHHblll BKITBA TOJlbKO llOCTaToqgo 6nH3KO K nopory, Danee 6blll0 ITOKB -

3aHO , qTO B peaynbTaTe CyMMHpOBBHilH AHarpBMM THITa H306paJKeHHOtl HB pHC, 30 B03HHKaeT 

BbipaJKeHHe, He HM9JO!llee pe30H8HCH006pa3HOll CTpyKTypbl , BcneACTBH e 3TOrO K OTOJKJleCTB -

neHHIO Ha6nJOll8JO!UHXCfl 8HOM8nBfi: B C€'J9HHHX C MBKCHMYMBMH, o6ycnoBnHB89MbiM H M€X8HH3-

MOM natl3pnca, cnenyeT OTHOCHTbCH C 60JlbllJOH OCTOpOlKHOCTbJO, 

E -MeaoH ( KKtr -EeaoHaHc 1410 Mae) 

B pa6oTe
1391 

npeacTaaneHbi HOBbie aaHHbJe o K Krr -peaoHaHce. C uenhJO uay'!eHHH 

3 TQ(t CHCT€Mbl HCCn9llOB8n8Cb p98KUIHI 8HHJiTHnHUHH OCT8H0BHBlUHXCR 8HTHnpOTOHOB 

0 + - + 
Pll-+ K 1 K-IT+ rr IT- 6biiTO o6pa6oTaHo 3 16 co6bJTHA aToA peaKUHH, rroKaaaHo, 'ITO: 

0 + -
a ) Ha6nJOAaeTcH ITHK a pacnpeneneHHII Mace K 1 K- IT+ -cncTeMbi 

npn M = 1410 M3a; 

6 ) B o6naCTH 3TOrO ITHKa HMeeT MeCTO CHJlbHO e o6pa30BaHHe K: 88 -Me30Ha; 

a) pacnpeneneaue Mace KK' -CHCTeMbt KOHUeHTpHpyeTcSI a o6nacTH Manhtx 3 Ha\.feHHA 

Mace. 

Ebtna coenaHa nonbtTKB o6cs:~cHHTh ace 9TH naHHbte B npeonono>t<eHHH , ttTo HMeeT Mec -

TO TonbKO K: 88 -pe3oHaHc . B aToM npe.onono>KeHHH paccYnTbtBancH cneKTp Mace 

K~ K:!: rr + - CHCTeMbt , rrpHYeM YYH T htBanoch pe3oHaHCHo e K- TT B38HM0.09HCTBH9 CO 

BC9MH " -Me3oHaMn HaYanhHOti c ncTeMbt. Pe3ynhT8Thi pacliPTa npencTaaneHhl P. RHne 

KpHBOll a Ha pnc. 3 I. 

0TC10Jl8 8BTOpb1 Jlell810T ClleJlyiOU1H9 BblBOLl.bl: 

x/ 

xx/ 

n.oKna.aa. 

Gobel 'iaCTHOe C006IUeHHe Ha KOH<PepeHUHH , 

6onee nOAp06HO 3TO 6yueT p8C CMO TpeHO B OKOHqaTellbHOM "llPI1AI!Tf' 

14 

8) HeB03MO>KHO o6'bfiCHH1 

cymecTayeT TonhKO K ~ 88 -

6 ) cyruecTeyeT peaonaHc 

n oHCKH E - peaoHaHce 

HM9eT MeCTO TOllbKO ewe B J 

E -M930H MO>K9T 6b!Tb TC 

Ha pnc . 32 npencTaenen 
+. - 0 

qaee K~K-rr+ OT K 1 l 

KOTOpOf'O BbtttTeH Cfl9KTp M8C 

<PoH OT Hepe30HaHCHhlX KK , 

H 

nony'!eHH blH cneKTp xop 

I~ 70 M3B (o11JH6KH e 

0 t -
qae aHHIIrHnS!UHH p p-+ K 1 K IT+ r. 

6HHaUIIH o6paayeTCH B pe30H1 

AaTOpbi npHBO/lHT cneA) 

OOH8KO 3TH Jl8HHbte H9 SIBllSU< 

B pa6ne 118/ nccneno 

UIIB IT- p -+ K KIT N 

H 38pS!lK9HHblX KOM6HH8UHi\ n• 

/18 / 
ABTOpbi pa60Tbl Ta 

HbiX KKIT -cHCT9M8X C 

B pa6oTe
1451 

nccneno1 

H9fiTpOH8X Jl9HTOH8 ITO KBHBT 

nonyqeHO, qTO 
p 

p : 

H 

P• 

pn 

OTKyJJa 



~M biA M 8 X8HH3 M n aA a pnc a 

i acce 11p - C H CT 8 M bl B 

' MBKC RMy M npu - 1090 M ae, 

H30T O JlHtteC KOrO C llUHa , T. e . 

1c , B pa6oT/ 51 1 
11pOH3 eO -

e, MBKCHMyM e pacnpeaene

"' MexaHH3 MOM Dall apn c a . 
151 1 

nero 

HBllJJUf Bbi6po c , COOT BeT-r 

A 1 -Meao Hy, OTKyaa 

-p~aonancy , Mo .lKe T HH 

)nca. 

>KB f e6engx/ llO K83biB8 10T, 

-layaH6epro M 11 Da llcoM, 

Iopory , llanee 6hino noKa

HHo l! Ha PH C, 30 B03 HIIKB BT 

C TBH e :3T O r O K O T O*ll. BC T B -

5ycnoanHB8 8MbfMH Me X B HH a -

ance . C u enhro Hay q e HHs:r: 

I(CH BHTHilpO T O HOB 

J88K U HH, llOK838HO , 'tJ TO: 

re K ; 88 -Me3oHa ; 

I 06ll8C TH MBnb!X 3H8l..f8H H ti 

nc>~ cneKTp Mace 

" B38 HMoaeHC TBH8 CO 

npencTaBneHhi p, AHJle 

a ) H8B03MO*HO 0 6 b 51C HHT b :3K C n 8 pHM 8 HTB nhH bl8 ll,8HH W8 B npeQJlOfl0*8HHH 0 TOM , YTO 

cyrueCTByeT TOnhKO 

6 ) CyWBCTeyeT pe30H8HC D " -CH(:T8M8 C M = 1410 ( E - Me::JO u). 

n o nCKH E -pe30H 8 HC8 B apyrHx B03MO>KHbiX KK 311 - KBHanax Jl0 K8 3an u, Y T O on 

0 ±. + 0 
HMeeT M ecTo TOnhKO e we e KaHane K 1 K " 11 "

0 
TaKHM o6pa30M, rr o - B HJl H MOMy , 

E - M e 3oH MO>KeT 6biTh TOnhKO netiTpanbHbiM H HMeeT H30TOITHY9 C KHH cnHH I -= 0 • 

0 ±. -
Ha puc. 32 npeacTaaneH cneKTp Macc K t K " + -CHCTBMbl ( C ll06 8BllBHHBM cn y -

+" 0 + -
qae a K 1°K -rr+ OT K 1 K-rr+rr 0 rr 0 - cocTOS!HRI! - CM, llYHKTRpHyJO llRIJH JO ), H3 

KOTOpOro BbPITS H C ll8KTp MBCC I{ K rr - CHCT9 Mbi C Q 2 (an5! Tore, <tTo6bi y6p a Tb 

IjJoH OT HBpB30H8HCHb!X KKrr -KOM6HH8UHii c Q = 0) , 

nony <tBHHh! ll CllBKTP xopowo OllHC b!BBBTCR KPHBOll B periTa -BurHepa c M = 1415 M ae 

H [' ~ 70 Mae (owu6KH a aTRX eenH<tHHax + 15 Mae). T a KH M o 6 paaoM, npu KBlKJl OM cn y -
0 :!: + 

qae BHHHrHn5!UHH p p-+ K 1 K "+ " " onHa H3 aayx B03MO}f{H hrx H e ATpanbHbiX KK" -Ko M-

6HH8UHll o6pa3yBTC5! e pe30H8HCHOM E -COCTOS!HHH. 

PO 
AaTophi npHBO.O.HT cne.nyromHe 3HaqeHHSI KBBHTOBhiX "'Rcen E -MB30H8 ~ = 1 

Oll.H8KO 3TH ll,8HHbi8 H8 S1BnRIOTCH OKOH'tJ8TenbHblMH 1 TBK KBK C T8THCTHK8 Mana. 

B paane /18/ uccne11oaanHcb crreKTpbi Macc KK11 -CHCTBMhi, o6paaoaaHHoA a peaK -

UHH "-P-+ KK11N Maccoabii! crreKTp Hei!TpanhHhiX KOM6HHBURI! (KOK-11+,K+KO"l 

H 3 8p5!lKBHHbiX KOM6HH8UHll 110K838H 118 pHC, 33, 

/18 / 
AaTOpbi pa6oTbi TBK>K e aenaJOT ebiBOil o cywecTeoaai!HH peaoHal!ca a l!el!Tpanh-

HbiX -cHCTeMax c M • 14.30 Mae H 1 ~ 60 Mae, 

p - MB3011 

/ 45/ 
B pa60Te HCCn9llOB8nacb peaKUHH BHHHrHnRUHH OCT8HOBHBUIHXCR SHTHnpoTOHOB H a 

H8~TpOH8X LteHTOH8 no K8H8n8M: 

DonyqeHO, 'ITO 
pn -+</m 

p n ace KaHanbi 
H 

0 
pn -+ (t.l 11 

pn see K8H8nhi 

OTKYI!B 

15 

= (5,8 + 1.8~10-4 

< -3 
(5,8 + 1,4).10 • 



pn ~¢rr 
> 0,1. 

Pn -+WTT -= 1 
3TOT p e.JyiihTBT 11e cornacyeTcn c HBif neHHbiM patree 3 H848HH8Mx 

,.-p ~ q,,.-p < 00!2 
rr-p -+ 11-wp ' 

11 cornacy cTC ~l c nanHhiMH , nony'-leHHbiMH B K - P a.JaHMoaei.fcTBHH npH 2 ,3 fgs/c 
1 

K P ~ /\ ¢ 
= 0,30 + 0,10 

~~ p ... A.CJJ 

B pa6oTe /35 / npH HCCJ1ell.OB8HHH 8HHHrHIHIUHH BHTHnpOTOHOB C HMfTYJlhCOM 3 ,69 f ::nfc 

HBAlleHO OTHOWeHH e - + 
p+p~2,.+2rr+ ¢ 

P+p-+2rr,.+2rr-+w 

0THOWeH~fe BepOS1THOCTet\ p8Cfl8ll3 c/> -+ trp u ¢ ~ KK 

nony~..JeHo 3 HB'-IeHHe 

< 0,03. 

1461 
U3MepRnOCb a pa6oTe 

¢ ~ "P 
= 0 ,35 + 0,15. 

rae 

/ 411 <!> ~ KK 
B pa6oTe npoH3aoaunucb noucKu pacnaaoa e - 1-'+ 1-' ¢ w u Ha e 

r18pb! 1 KOTOpb!e ITpHB8J1H K OU8HK8M 1 npe.QCT8BJ18HHb!M B TafinHUe 5. 

EapHOHH ble peaoaaHcbi 

B 3 TOM pa3 n ene Mbl paccMoTpHM TonbKO neana LJHTenhnyJO qacTb 3KCnepRMeHTanhHO

ro MaTepHana no 6apHOHHbJM peaonancaM , ocTaBn51SJ 6onee nonnoe ocsellleHHe npencTasneH-

HhlX pa60T .UO OKOJPIBTeJlbHOJi peJlBKUHH JlOKJlB,O,B . 

B pa6oTe
12 11 

KccneaoaanHcb pe3 onaHCHLJe CTpyKTypbl a peaKUHU "+P ~ "+;,. -P" + 

a KBHanax 

+ 

" + P ... N~~ + Po (a) 

+ 
~ p + A 

... N"'*++ _"+ . -
~ N G/2 +" 

( 6 ) 

(a ) 

(r) 

npn HCCneaoaanHH KaHana (a) npH nepeaaHHLIX HMnynbCax 1\
2 

<;;_ !Sf' 2 Ha6moaan -

CR abJ6poc npH 3 Ha'teHHH MaCCbJ p, +;,.- -cHc TeMbJ npn t.l(prr +rr) =1480+10 M 3 a 

C WHpHH00 1, 120 M3a (puc. 34). ¥13 paccMoTpeHI!II pacnpeaeneHuli 3<!><1>eKTH BHbJX 
v 

Mace M(p" ) u r.l(p rr , 8 T8K>Ke rpa<jJnKa Y y -noy cneayeT, 'ITO Bb16poc npn 

M(pu + 11 ) MO:>t<eT 6bJTb o6ycnoBJieH po>K.lleHHeM H nocneayJOUIHM pacnaaoM H3o6apbl 

N •( 1510) (puc. 34,35). 

---- ----- -- - - ---
.,. ( 

· Lee et al., Pbys . Rev. Lett. ,.!!- 508, 1963. 
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B KaHan e peaKUUH (rl 

pacnpeneneHHfl rr -Me3 0I 

H3 pacc Mo TpeHHII r pa¢1fKa Y 

Call3aHO C abl6pOCOM a pacnp 

TaKOA CUCT9Mbl paaeH l ~ 5/: 

r = 220 + 20 M8a (pile 

fpa<jJUK JlanHua a KOOpa; 

rronoChl N*++ ( 1238) Cl-fn 

CylU9C TB9HH0 KOHCTpyKTHBH8H 

CymecTaoaanlle Bbl6poc• 

+ + 
M(p" " ) - 1560 M8a ' 

phi c nocnenyromHM ee KBCKB 

H9KOTOp01:! OCTOpO>KHOCTH, 

+ + 
abl6poCOM a p 11 IT - CHC1 

B8pH8HTOM MBTpHG:HO f'O ::meM 

mero anarpaMM9 pnc. 39,a (' 

HHTep¢epeHtiHOHHOrO qneH8, • 

En113Ku e no xapaKTepy 

npH HccnenosaHHH peaK 

neHO pacnpeaeneHII9 M(p" 

HOMY po:>t<aeHuJO 1!3o6apbl N 

a + -" " -cHcTeMe npH 

u3o6apbl 11 3aMeTnoe o6pa3o 

Ql{9 Hb *eCTKHM KHH9M8THY9( 

M
1 2

( p rr+) , M 28 (p" 

CBSI38 H bl COOTHOW9HH8M 

If 

M 

3TO COOTHOW 9 HH9 onpenenHf 

n .. 
BHrHepoacKoe pacnpeaeneHu< 

•++ · 
an11 N s/2-

• o 
u N a/2 - " 

Pe3ynhTBT TaKHX pacqeToB 

nacHe p8C'l9THOA KpHaoA C 

abl6poca npu Macce a uni!OH 

M + - = 390 M 8a , c 
1T 11 

np11 

p8CCM8TpHB8Tb K8K HCTHHHI 

CQ K8K KHH8M8THl{9CK09 en 



!lfcTBI!I! npl! 2,3 f 3B/ C ' 

TOHOB C I!MnynbCOM 3,69 f 3 sfc 

¢ Ha 

ue 5. 

e e -

ro qaCTb 3KCnepHMeHTBnhHO

I HOe ocaemeHHe npeacTaaneH-

peaKUI!II + + : - . + 
"P~""P" 

(a) 

(6 ) 

{B ) 

(r) 

1\
2 

~ lS I' 
2 

ua6n10.uan-

~ P17 +" ) =1480+ 10 M 3B 

lpeueneanA ~eKTHBHblX 

:ne.uyeT, 'ITO Bh16poc np11 

M pacna.uoM Hao6apbl 

B xaaane peaxu1111 ( r) H86nK>.ll89TCH cymeCTB8HH8SI BbtTHHYTOCTb BI18p9.0. yrnonoro 

pacnpeaeneHH SI 'TT -M83 0HOB B C .U.Ho C MBJlbiM nepeaaHH biM HMITYJlbCOM CUC TeMe P"+"+ 

1-13 pacc Mo TpeHII H rpa<jmxa 4 y -noy cne.uyeT, 'ITO npeo6na.uaa11e co6b!TII ii c MBnbiM 1\ 
0
(prr+" • ; 

CBH38HO C Bbi6pOCOM B pacrrpeaen e HHH M8CC CHC T8M bl 

TaxoA CIICTeMbl paBeH I c 5/2 IIpR 3H8tJ8HH H 

r = 220 + 20 M3B (pile. 36 II 37). 

+ + 
prr " 

fpa¢11K nanHU8 B KOOp.llHH8T8X 
2 +" 2 + 

M (p rr ) - M (p" ) ( pi!C, 38) llOK83hlB8eT, 'ITO 

rronochJ N*++ ( 1238) cHnhHO nepexpblBBIOTCH, npH'IeM B o6nacTn nepeKpbiTHSJ B0311HKlleT 

Cyl.Il8CTB8HHO KOHCTpyKTHBHBH HHTep<J>epeHUH Sl, OC059HHO CHJlbHO BL!pa>K8 HI-18 SI npH \ 2 < 151-L 2. 

CymecTBOBBHH8 Bbt6pOC8 B MBCCOBOM pacnpe.a.eneHHH p 'TT + 17 + - CHCT8Mbl ITflH 

M(p "+ rr+) • 1560 M3B MolKeT 6b!Tb HHTepnpeTHpoBaHo KaK polK.uea11e N:h 1130c5a -

*++ + 
pbl c nocne.uy10m11M ee xacKB.llHbiM pacna.uoM aa N8; 2 + " Taxoii BbiBO.ll Tpe6yeT 

H8KOTOpot:t OCTOpO>KHOC TH, ttTo OTMeqae TCH aaTopaMH., HeKoTopbie H3 '-lepT, cas:~38HHbiX c 

Bb!6poCOM B 
• . + 

p 1T 1T -CHCT8M8 1 coryT 6btTb K81J8CTB81IHO BOCITpOH3BeneHbl ynpOUl 9HHbiM 

B8pH8HTOM M8TpH'tJHOrO 3 JieMeHT8 ( npeHe6peraSI C IIHHOBbiMH 38BH CHMOCTfiMH ) r COOTBeT CTBYJO-

mero .u11arpaMMe p11c . 38,a ( polK.ueaae p 0 
- Me3oaa 11 113o6apbl N * ++ ( 1238 ) c yqeTOM 

KHTep¢epeHUIIOHHOr'O qneaa , o6yCnOBneHHOr'O CIIMMeTpH38UIIel\ no UBYM 1T + - Me30H8M). 

EnH3KH e no xapaKTepy pacrrpe.neneuHs:~ Mace c H c TeM bl 
+ + 

P" " nony'IeHbl B pa6oTe /3&' 

npH accne.nosaHHH peaKUHH 1T + p ~ "+ ·P" + :" npH 4 f aa/c . Ha pHC . 40 npe.ncTBB -

neao pacnpe.ueneal!e M(prr + "+) n ony 'Ie HHble B pa6oTe 12 1 I pe3ynbTBTbl no eepOHT-
*++ 

HOMY polK.QeHIIIO nao6apbl N a/2 .llBIOT B03MOlKHOCTb o6'hHCHRTb aa6n10.UBBWHHCH peao aaac 

B "+ "- - cncTeMe npH M"" • 300 M3B. 06pa3oaaaee B xauane (c) N"*+ (pr; + "-) 

H3o6apbl 11 3aMeTaoe o6paaoBBHHe 11ao6ap N*
0 

( prr -) 11 N *+ ( prr + ) npiiBO.llHT K 

O'tJeHb >KeCTKHM KHHeM8TIFieCKHM orpBHHtteHHHM . ilet\CTBHTellhHO, 3 HaqeHHR MBCC M 1 ~ 3 (p11 + 77-), 

M
12

(p 1T +) , M 
28 

(p TT II MBCCbl .UHnl!oHa ~1 13(11 + rr-) 

CBSI38Hbl COOTHOWeHHeM 

3To COOTHOWeHRe onpe.uenSJeT KHHeMBTH'IBCKIIe rpBHIIUbl rpa<jll!Kll llanHUB. l-1cnonb3YH 6pafiT-

Bnr"aepOBCKOe pacnpe.uenea11e unSJ M 1 28 ( MaxcHMyM np11 M ( P" + "-) ~ 1480 M3B) 11 

*++ ' 
.unSJ N gj2 -

*O 
11 N 8; 2 - 113o6ap MOlKHO aaiiTH pacnpe.ueneaHe .um1 MBCCbl .unnHoHa M(rr + "-)

1 

PeaynhTBT TaKHX pac'IeToB np11Beuea aa p11c . 34, H3 KOToporo cnenyeT oqeab xopomee cor

necHe paC'IeTHOH KpHBOtl C 3KCnep11MeHT8nbHOH r'IICTOr'pBMMO H H npiiBO.lli!T K 06HapylKeHIIIO 

Bb16pOC8 npl! MBCCe .ll lllli!OHB 390 M ae. 3TOT Bb!6poc MOlKIIO COilOCTBBIITb C MBKCKMYMOM 

npn M + _ ,= 390 M3B, o6aapylKeHHhlM CaMaocoM. T aKIIM o6 pa3oM , ecn11 
11 11 

N I> ( 1510) 

paCCM8TpHB8Tb KBK HCTIIHHbiH pe30HBHC 0 TO MBKCHMyM npH 390 M9A IIOnlKeH p8CCM8TpRB8Tb· 

CR K8K KHHeMSTHtteCKOe cneOCT BHe . 
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Aaarror>PIHbie p acq eTbi , npoaeae HHbie anSI o6rracTH Mace 1420 <;_ M{p11+11 +) :>, 1700 M aa, 

H HX cp8 BH9HHe C :3KCITepHM9HTarrbHOI! KpHBO!\ ITpHB9Ll9Hbl Ha pHC, 37. 3aecb H86IT!O!l89TCSI 

pacnrrbi B'IBTbiA MaKCHMyM a6nna n 500 Maa. 

n a nbae Amee HCCIT9LlOB8 HHe K8CK8LlHb!X pacnaaoa H306ap npoBO!lHITOCb B pa6oT/
57 I 

npn Hccne.aoaaaan peax:nan - - _, + 0 
" p -+rr 11 11 P" 

npR 3 , 7 f sa/ c , J.1 3 C06 biTH fi , OTB9'1a JOllillX :3TO fi peaKUHH, OT6Hp8ITCSI KaHan 
- - - + 

17 p -+ p +77 +77 + 'p, 

• B KO TOpO M H86ITJO!la eTCSI ClliTbHO e 06pa30BaHHe H306apb! N 8; 2 , PacnpeaerreHne a¢¢eK-

* THBHb!X Mace CHCT9Mb! " - N s/2 , o6paayeMoil B peaKUliH 
- . 

" P -+ p + :N s/2 ~ " . -
o6aapy}!{RBaeT TpR OT'IeTnRBbiX MaKCHMyMa npn M {N 8/orl•" ) c 1520, 1690 n 1920 M aa 

( pHC, 41 ), H8ITH'IH 9 KOTOpb!X IIHTe pnpeTI!pyeTCSI KaK CBHil9T9ITbCTBO B ITOITb3y peaKUHH 

... 
( 

lSll) 1690 
19ll 

11 + p .... p + :N 

•• • 
N -+N {1238) +" , 
• N -+ rrp 

3Ta rHITOT€3 8. riO,llT B6p >K.ll88TC51 T 8 M 1 l.ITO 8 K C II9pHM9HT8nhHb19 .[l8HH bl9 COBM8CTHM bl C 

B bl'.JHCn9HH bl M COOTHOI119HH 8 M .o,n SI I -= Y2 peaoHaHCOB ( 1520 H 1690 Maa) 

** - * - · + u (N -+" _N8; 2 ~ -+" 1r p) 

u(N 
+ • 

.. " Nah ~ -+17+;,-p) 

6 
T 

Dng pe30HaHCa 1920, H30 TOITH'19CKHil CITHH KOTOpOro paBeH 3/2, aHarrorB'!HOe COOTHO-

UI9HH e IlpHBOAHT K 3 Haqe RHlO 

** - · * +" _, 
u(N -+rr N8{2 s,12 -+" " p) 

** + + u-(N .. , N
8
h ~ -+11 rr-p) 

3 
2 

AH8ITH3 rpaqmKa narrHua npHBOLlHT 8BTOPOB K Bb!BOLlY 0 6nR3KOM cornacnn Ha6nJOaa -

8 MOrO OTHOlliS HHSl C B bll.fHCn S HH hi M. 

/ 22 / 
B pa 6oTe npoaoaunocb nccneaoaaHHe pe aKunn 

- . - = + 
1t p .... " 11 P" 

rrpH HMnynbc e 3,7 f aa / c : accneaoaanHcb MaccoBbie pacnpeaeneHHSI an11 (11 + " - ), {p11+) 

H {prr -) , B KOTOpbiX H86nlO.U89TC51 pO>K.U9HHe 
0 

p -M930H8 B 
* ++ · 

N 06paaoaa-

HHe N *o B biCTynaeT 6onee HpKo , eCnH M bl orp8HHtH1B89MC51 p8CCM0Tp9HH9M C06biTH51 C 

o6p83 0B8HB9M p -M930H8, KBK :3TO BB!lHO H3 pHC , 42. Ha6rri0Ll89Mb19 Bb!6pOC b! HHTep-

npeTHpyJOTCR KaK N;;
2 

( 1238)- N ~ ( 1510)-n NY, ( 1686)-aao6apbi , 

18 

l13 p11c . 43 cneayeT, ., . 

Kpb!B810TCH, '-ITO cymeCT B6HH« 

naaa p - MeaoHa. Y rnoac 

CTaaneHO K8K 

ll 
npH '19M 7\ = 1,5 + 0 ,4, 

Yrnoaoe pacnpeaen eHHe an>~ 

M9TpH'<HblM ( p HC, 44), '<TO J 

rr JO!laeMyJO 8CHMM9TpHIO B pE 

30H8HCHblM ¢o HOM . 

B pa6oTe
1521 

npn HCC 

o6 a apy>KHB810T C51 OB8 HOBbiX 

B biCO KOfi C T 8 THCTB 1.{8CK OA TO 

pe HHA) , 

n pe!lB8pHT9 IT bHbl9 xapE 

\1 3 0TOITH '<9CK!! il 

CflHH 

ITQIT!U' Sl 
c.u 
rs 

1/ 2 

3 / 2 

2, 64 5 + 

2,825 + 

\1 a MepeHH9 pa:3HOCTR 

noaanncb pe aKUHB 

KOTOpb!9 B p 8CCM8TpBBa9M< 

·-N- H 
*++ 

N - nao6ap. 

nonyqeHH09 aBTOpaM: 

H8 XO.O HTCH B COrnBCHH C p 

( B pa MKa x SU 8 

T OB OK 8 3blB8 10T C51 C B5138HH : 

m{N*-) -m { N 

D o KIT8Ll '<HK Bhlp8}!{aeT 

K. MapHm y , n.6. naHac6e 

3 T OT Kp8TKH A B8pH8HT AOK 



1420 '5. M(p"+"+) ~ 1700M,a, 

JHC, 37, 3A9Cb H8011JOA89TCS! 

ITpOBOAHIIOCb B paooT/57/ 

)BnCH KBHBn 

• PacnpeAeneHae ~eK-

., = 1520, 1690 H 1920 M3B 

TBO B 1101lb3y p98KllHH 

ibl9 ll8HHbl9 COBM9CTHMbl C 

I H 1690 M3B) 

3/2, 8HanorHt:IH:oe COOTHO -

H3KOM cornacJur ua6nJOaa -

I R N * ++ " 
06paaoBa-

18CCMOTpeHHeM C06biTHSI C 

:JO)l89Mbl9 9bi0pOCbl HHTep-

3008pbi, 

Vf 3 pHC, 43 Cll 9AY9T, 'ITO ITOIIOCbl H3008pbl H p - M930H8 38M9THO ne pe -

Kp UIB8 10T CH 1 l.fTO cymeC T B9HHO CK83b!B89TCH HB H3M9pS19MOM y rnOBOM pacrrpe.neneH~Hl p ac -

IT8A8 p - Meaoaa, YrnoBoe pacrrpeAeneaae B o6naCTH p - M930H8 M O>K9T 6biTb rrpe.n .., 

CTBBneHO KBK 

rrpH'I9M 
ll 

A 
= 1,5 ~ 0,4, H 

Ha) ~ A+ BCosa + C Cos • a , 

c 
A 

a 3,7:: 0,7, 

Yrnoaoe pacrrpeAeneaae 111151 co6btTHil 6e3 aao6apbt OK83btBaeTcH cymecTBeaao 6onee c nM

MeTpH'IHbiM ( pHC, 44), 'ITO ll89T B03MOJKHOCTb OO'bHCHHl'b BIIHHHH9M pOJKA9HHH H300 8pbt H86 -

nro.a.ae MyJO acHMMe TpHJO s pacnane 

30H8HCH biM <jJOHOM . 

p - M930H8 6e3 rr pHB119'19HHH HHTep¢ep9HUHH C H9pe-

B pa6oTe
152 1 

n p n accneAoBaHHH nonHhiX rrp -ce '!e HHil B o6nacTH 2,5 - 5 , 5 f 3 B/ c 

OORapyJKHBSlOTCH ABS HOBbiX pe30H8HC8 , 3TH HCCII91lOB8HHSI llpOBOilHIIHCb C 'lp93Bbi'!81\HO 

+ BbiCOKOI\ CT8THCTH'I9CKOil TO'IHOCTb lO (0,05 % llllSI IT p - H 0,08% llllSI " p - coy a a -

peaan ), 

n pe.OB8pHT enbHbi9 X8p8KT9pHCTHKH 3 THX HOBbiX p930H8HCOB IlpHaeneH bl B Ta6nHUe . 

Vf30TOITH'I9CKHil IIQIIWISI 3H'ti>r!IH , rronuag IDHPBHa , 4u.\.2 
, 

CilHH C.ll.H , 1 
c. U.H., C91..f9HH9 a 

10-27CM2 f3B f3B J0-27 CM 2 

1/ 2 2,645 ~ 0,010 0,23 0 ,85 3,69 

3 / 2 2,825 + 0,015 0,26 0,40 3, 11 

Vf3MepeHHe p83HOCTH M8CC N ~-" N •+~ aao6ap npoBeaeao B pa6oTe
1241

, 

llOB811HCb peaKUHH 

" 
n +n -ton+prr 

+ p +p-+n+p+ · rr 

Yfccne -

KOTOpbte B p8CCM8TpHB89MOll 00118CTH 3HeprHil npOHCXOIIS!T B OCHOBHOM C 00p830B8HH9M 

· - *++ N - a N - aao6ap. 

Dony~9HH09 8BTOp8MH 3H81..J9 HH 9 p83HOC TH M8CC 

l'.m (N•) = (- 0,6 + 5)M 3B 

HBXO.llH T CSI s co r nacHH c peaynbTaTaMH EepKnHeacKott r pyrrrrbl , KOTopaSI nonyqun a 

• ·- .+ l'.m(Y )•m(Y ) -m(Y ) - (4 ,4 + 2,2) M3B 

( B paMKax - CHMMe TpHH p83HOCTH Mace paanHttHbiX H aocnHHOB blX MYnbTRnne -

TOB OK83biB8lOTCR CBB38HHbiMH, T8K 'ITO 

m(N*-)-m(N*++) -lfl[m(Y•-)-m(Y•+ ·)} .. 

n oK1181l'IHK Bbtp8JK89T CBOJO rny6oKyJO 0118rOil8pHOCTb H8Y'IHbiM C9Kp9T8pHM C9KUHH 

K . Mapawy, n.B. n aaac6epry H B.M. WexTepy, 093 C8MOOTB9pJK9HHOll IIOMOIUH KOTOpbiX 

3TOT Kpa TKHi:t: B8pH8HT ll.O KnBll.B He MOr 6bi 6biTb no.nrOTOBneH. 
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