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TipH HayqeHHH o5paaoBaHHR MeaoHoB MeaoHaMH H naonHoli: nepeaapgn-

KH rr -MeaoHoB B aMynbcHoHHbiX KaMepax Obino aaperHcTpHpoBaHo 30000 

B38HMoneli:CTBHli: THI18 

1T + fl -+TT+ + .H' + ••. (I) 

B HHTepaane aHeprHA nepBHqHbiX MeaoHOB 200-300 M aa. 

8TOT UHKn aKcnepHMeHTOB Obin npoaeneH B na5opaTOpHH gnepHbiX 

npo6neM OM.HM. TiocTaHOBKa OllbiTOB H MeTon perHcTpauHH co6biTHA onHca
/ 1-4/ 

Hbi a pa6oTax • 

TipH rrocnenyiOUieM aHanHae aaean, o6paaoBaHHbiX rr- -MeaoHaMH, oT-

6HpanHCb T8KHe, B KOTOpb!X cpenH BTOpHqHb!X nyqeft IlpHCYTCTBOBan T -

o6paaHbift cnen. Bbmo aaperHcTpHpoBaHo 120 co5biTHil: TaKoro THna. Ma-

BeCTH0 0 qTQ T -o6pa3Hb!e cneabl Ha5niOn8IOTCR B OCHOBHOM IlpH HCilyCKa-

HHH srnep 8 /5-7/ 
Li • 06paaoBaHHe Rnep B - ManoaepoRTHo • Tipo5e-

s 
Li HaMepRnHcb Ha MHKpocKone MBM -9 c ToqHoCTbiO 1,5 MK. rH Rnep 

CpenHHil: OCT8TQqHb!li: npo6er nng 3aperHCTpHpOB8HHbiX COOb!THil: COCT8BnReT 

9 MK. 
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3aepreTHqecKHe H yrnoBhie paciTpeneneHHR snep 
8 

Li ITpencTasneHhi 

aa pHCo 1. M3 pHCyHK8 BHI1H0 1 qTO HX 8HeprHR He ITpeBbllli8eT KynoHOBCKO

ro 6api.epa ans TR)KenhiX snep ( Ag, B r) <PoToaMynhCHH ( .. 15 M a B). Tioa-

TOMY MO)KHO cqHT8Tb 1 qTo Bee OHH o6pa30B8Hhl rrpH B38HM011eitCTBIIH 

MeaoaoB c snpaMH yrnepona, aaoTa HnH KHcnopona. 

TT 

Ha ocaoBaHHH aTHX naHHhiX 6bmH BhiqHcneHbi ITonHhie ceqeHHR ITpouec-

ca .-. m ... TT+ + 
8 

Li + ..• (II) 

ans Tpex aaaqeaHit aaeprHH TT -Me30HOB ( CMo Ta6n. 1) • 

Ta6nHua 1 

3aeprHR ITepBHqaoro 
200 + 8 222 + 5 278 + 10 

TT -Meaoaa I M aB/ 

Tionao~ ceqeaHe peaKUHH 

TT+ 

0 
-+TT + !+ ... - () + 

8
L· 2,8 + 1,0 8,5 ~ 1,4 4,8 + 1,8 

l.Q-30 CM2) 

/8-9/ u 

Ma pa6oT MO)KHO oiTpenenHTb 1 qTo H3 scex B3auMoaeitcTBHH 

TT -Me30HOB C Rl1p8MH B 4JoT08MynhCHH 110n.11 B38HMOI1eifCTBHif C nerKHMH 

HnpaMH COCT8BnReT ITpHMepHO 011HY TpeTbo CneaoBaTenbH0 1 BepoRTHOCTb o6-
8 1 -2 

paaosaHHR snpa Li B ITpouecce (D) paBaa 120/30000 3 = 1,2•10 

Mo)KHO OTMeTHTb
1 

qTO 8T8 BepORTHOCTb ITpH 38XB8Te MeaneHHhiX OTpHUaTenb

/ 10-11/ 
HhiX rr -MeaoHoB snpaMH C , N , 0 , ITo naHHhiM pa6oT 

-2 cocTaBnHeT 0,5•10 • TaKHM o6paaoM, BH11HM, qTo ITpH aBoitaoit ITepeaapHa-

8 . 
Ke rr -MeaoaoB Hapo Li o6paayeTCR c 6on~:>rueit BepoRTHOCThiD. Boa-

MO)KH0 1 
9TO RBnReTCH cnei1CTBHeM TOrO, qTo ITpH B38HMOI1eifCTBHH TT 
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Me30H8 C R/1pOM ITpH HCITYCK8HHH BTOpHqHoro 

"ITepeiTonHeH" HeitTpoHaMH. 

TT + -Me30H8 OCT8TOK Rl1p8 

BaaHMoaeitcTBHe rr- -MeaoHa c snpaMH C , N 0 B ITpouecce 

(II) xapaKTepHo TeM, qTo ITocne HciTycKaHHR H3 nerKoro sapa TaKoro 

8 L" 4JparMeHT8 1 K8K I 1 118)1{9 ITpH ITOnHOM pacmeiTneHHH OCT8TK8 Rapa MO)K9T 

6biTh o6paaoBaHo He 6onee Tpex aap.H)KeHHhiX qacTHU. TaKHM o6paaoM, ITon-

Hoe qHcno BTOpHqHbiX 38pR:>K9HHblX qaCTHU B 8TOM cnyqae He 6yaeT ITpe-

Bbllli8Tb ITRTHo C apyroit CTOpOHbl 1 OHO He MO)K9T 6b!Tb MeHbllie Tpex, T8K 

KaK Macca Hapa oTaaqH He 6on~:>rue Macchi HcnymeHHoro TR)Kenoro <lJparMeH

Ta H cnen aToro snpa MO)KeT 6biTh aaperHcTpHpoBaH. EcnH )Ke o6paayeTcs 

8 
B 1 TO qHcno BTOpHqHhiX 38p.H)KeHHbiX qaCTHll MO)KeT 6biTb TOnbKO 11B8 

B peaKUHRX C 830TOM H TpH - C KHCnopOI10M. 

TaKHM o6paaoM, B paccMaTpHBaeMhiX ITpoueccax Ha nerKHX snpax qHc-

no BTopHqHhiX aapg)KeHHhiX qacTHU cTporo oiTpeneneaao. 0Kaaanoc~:>, qTo 

BCe 3aperHCTpHpOB8HHbie H8MH cnyqaH yJlOBneTBOpRIDT 8THM ycnoBHRMo J1y

qeBoe paCITpeneneUHe ITpHBeaeHO H8 pHC.· 2. llnR Cp8BHeHHH H8 TOM )Ke pH

/4/ 
cyHKe IToKaaaHo nyqeBoe paciTpeneneHHe cnyqaeB oT ITpouecca (I) • 

J1yqeBhie paciTpeneneHHH oTo6paHHhiX cnyqaeB ITOKaabiBaroT, qTo aBa 

C06biTHR MoryT 6b!Tb OTHeceHbl K OITpeneneHHOit peaKUHH: 
,f"' 

TT 
14 

+ N ... 
8 

B + 6 n. (1) + 
TT + 

C ITOMO!UbiD KHHeM8THqecKoro. 8H8nH38 Mbl IIOITbiTanHCb Bhii1enHTb H 

aeKoTophie npyrHe KaHanhi peaKuHit. B Ka)KJlOM co6hiTHH HaMepsnHch nnHHhi 

ITpo6eroB Bcex cneaoB BTOpHqHhiX aap.H)KeHHhiX qacTHU H yrnhi, o6paayeMbie 

HMH C HaiTpaBneHHeM ITepBHqHoro Me30H8o llnR BbiJ1eneHHR peaKUHif ITpOB0-

11HnCH pacqeT ITO KHHeMaTHqecKoit ITporpaMMe aa 3BM. TaKHM ciToco6oM 

MO)KHO 6binO Bbii1enRTb C06b!THH 1 OTHOCR!UHeCR K peaKUHRM 1 B KOTOpblX BCe 

BTopuqHbie qacTHUhi aapR)KeHhi Hnu HciTycKaeTcR oaHH aeitTpoa. K TaKHM 

peaKUHRM OTHOCRTCH cneayromue: 
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1T + 12c + s U a H .. rr + + +n, ( 2) 

14 + 8 6 
(3) 1T + N _. rr + Li + He 

' 

TT- + 16 0 _. TT+ + 
8

Li +
7

Li +R' (4) 

.... + 8L. 8 L' 
TT + I + I , ( 5) 

Tf + 14 N + 8 . 3 3 
... "+ Lt+ H+ H, ( 6) 

_. TT+ + 8
Li+

3
H+

2
H+n, ( 7) 

+ 16 0 + 8 . 6 2 (8) 1T _. rr + Lt + He + H , 

.... rr + + 8 Li + 
6 

He + 
1 

H + n ' ( 9) 

_. rr + + 8 Li + 4 He + 3H + n , ( 10) 

+ 8 3 3 2 
.. rr + Li + H + H + H , ( 1 I) 

_. rr + +8 Li + 3H +3H I 
+ H + n, ( 12) 

_. rr + + 8 Li + 3 H + 2 H +2H + n • ( 13) 

no pesynbTaTaM pac'leTOB He ObinO HafiAeHO .HH OAHOI'O cny'laSl peaKuHA 

c HcnycKaHHeM TonbKO sapSI)KeHHbiX 'laCTHU ( 3,5,6,8, 11). BepxHSISl rpaHrrua 

-30 2 
Ce'leHHSl 9THX peaKUHfi C AOCTOBepHOCTblO 90% MeHbWe, 'leM 0,4•10 CM • 

CpeAH peaKuHfi c rrcnycKaHHeM HefiTpoHa B pacnpeAeneH_HSIX no HeAo

cTarowHM MaccaM B HHTepaane (900-950) Mas .nHwb AnSI peaKUHH (2) OhinO 

saMe'leHo npeabrweHHe a¢4JeKTa HaA <Po HOM ( pHc. 3). OueHKa ce'leHHSl aTofi 
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-30 2 
peaKUHH ABeT aenH'IHHY ( 3,0 + 1,5) .to CM • TaKHM o6pasoM, MO)KHO 

CAenaTb BbiBOA 0 TOM 0 'ITO OOp830B8HHe 
8 

Li nprr ABOfiHofi nepesapSIAKe 

TT- -Me30HOB Ha net'KHX S1Apax B OCHOBHOM C011pOBO)KA8eTCS1 BbineTOM 

ABYX HnH oonee HefiTpOHOBo 

CpeAH saperHCTpHpoBaHHbiX coohiTHfi ohm o6Hapy>KeH cnyqafi c o6pa-

soBaHHeM ABYX {3 -aKTHBHbiX 4JparMeHTOB 0 KOTOpb!fi MO)KeT Ob!Tb OTHeCeH 

TOnbKO K peaKUHH 

rr- + 
16 

0 _,. rr + + 8 
Li + 

6 
He + 1 H + n • ( 9) 

,UpyrHM {3 -aKTHBHbiM !jJparMeHTOM 0 KpOMe 
8 6 

Li , SIBnSieTcSl SIApo He 

( pHc. 4). KHHeMaTH'IeCKHfi pacqeT rroJITBepArrn, 'ITO o6Hapy)KeHHoe coobiTHe 

COOTBeTCTByeT ABHHOH peBKUHH, 3Ha'leHHe MaCChi HefiTpOHB rrony'leHO paB

HhiM (939,8 + 5,0) Msa • 

TipeACTBBnSIIOT HeCOMH9HHblll HHTepec 3apet'HCTpHpOB8HHbie COObiTHSl, OT 

HOCS1WH9CS1 K peaKUIUI ( 1), KOTOpaSl C011pOBO>I<Il89TCS1 HCITYCKBHHeM W9CTH 

H9HTpOHOBo MccneJIOBBHHe TBKHX peaKUHH MO)KeT OK838TbCS1 BeCbM8 rrep

CI19KTHBHblM B ITOHCKBX CBS138HHblX MHOI'OHefiTpOHHblX CHCT9M, BbmOnHeH-

Hhle AO CHX ITOp 9KCITeprrMeHThl ITO ITOHCKY SlJiep, COCTOS1WHXrn3 OAHHX Hefi

/12~13/ 
TpOHOB ITOK83b!B8IOT0 'ITO He CyWeCTByeT CBS138HHbiX COCTOHHHfi 

AHHefiTpOHB H TeTpaHefiTpOHa. TIOITbiTKH HBfiTH B030Y)KAeHHbie COCTOHHHSI T&T 

paaeATpoHa rrpoAon)KaiOTCSI, B HacToSiwee BpeMSl He H3BecTHO HaHMeH~:>wee 

'IHCnO HefiTpOHOB, KOTOpbie MOI'yT o6pa30B8Tb yCTOfi'IHByiO CHCTeMy. TIOHC-

/14/ 
KH CHCTeMbl H3 WeCTH HefiTpOHOB, BbiiTOnHeHHbie 8BTOp8MH paoOTbl 0 He 

yBeH'!anHCb ycrrexoM. BepxHSISI rpaHHUa ce'leHHSl o6pasoBaHHH S1Apa 

-30 2 
ITOny'leHH8SI HMH, M9HbWe 10 CM /cTepaJI, 

6 n , 

3aperucTpHpoaaHHhre HBMH coobiTHSI peaKUHH ( 1) rrosaonHroT oueHHT& 

a4J4JeKTHBHYIO Macey HC11yW9HHbiX HefiTpOHOB, 3HepreTH'!eCKHe xapaKT9pHCTH

KH 3apet'HCTpHpOB8HHbiX COObiTHfi npeACTaBneHbl B Taon, 2. 
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Ta6nHua 2 

3HeprHSI 
rrepSH'IHoro 

TT- -M930Ha 
(Mas) 

3HeprHSI 
STOpH'IHOrO 
rr+- -M930Ha 

(Mas) 

3aeprHSI BenH<~HHa Hello-
s B cTaJOIUeft MaCChiMerr (Merr -6rn N) 

Cny<~aft N91 

Cnyqau N92 

174 

221 

48,7 

16 

(Mas) (Mas) 

1,9 

14,9 

5678,5 

5756 

38,6 

71,5 

B o6oHx cny'laSIX senH'IHHa H9JlOCTaJOIUelt MaCChi HecKonbKO 6onbllle 

MaCChi lii9CTH Heli:TpOHOS. 3To CBHJ19T9nbCTByeT 0 TOM1 'ITO Mbl He Ha6n!O

J189M S!JlpO 6 n s CBSI3aHHOM cocT-OSIHHH. ITonHoe ce'leHHe peaKuHH ( 1), 
-30 2 

OU9H9HH09 ITO aTHM JlSyM cny'laSIM 1 paSHO .( 1,3 + 0,9)•10 CM • 

YaenH'ISHHe HHTSHCHSHOCTH MeaoHHhlX rryqKos Mo~eT rroasonHTb B 6yJly

lii9M rrpoBOJlHTb CHCT9MaTH'I9CKH9 .ITOHCKH MHOrOH9llTpOHHblX CHCT9M 1 KOTO

pb19 MoryT 6b!Tb o6pa30SaHhl S peaKUHSIX JlSOllHOll rrepeaapS!JlKH TT- -M930-

HOB. 
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Pac.3. PacnpeneneHae :coobiTHM: no He.aocTaiOIIIelt Macce .ans1 peaKuaa 

11- + 12 C ... 11 + + 8 Li + 3 H + n • 
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