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H3y'leHHe MexaHH3Ma peaKUHH MHoroayKnOHHhiX nepella'l BBJKHO c 

/1-4/ 
TO'IKii 3p8HiiSI nOHiiM8HiiSI CTpyKTypbl 5lllep, 8 ITOK838H0 0 'ITO npH 

B381iMOilei1cTBHH TaKHX cnoJKHhiX 5lllep KBK 14 N 22 Ne H 
40 Ar c 

6onbWOH BepOS!THOCTbiO npOHCXOilliT nep81l8'18 uenb!X KOMITneKCOB, COCTOSI

illliX H3 6onbworo 'IHcna ayKnoaoa. Yrnoahie pacnpeJleneHHSI peaKUHit MHO

roHyKnoHHbiX nep8Jl8'1 CHnbHO OTnli'I810TCSI OT TOrO, 'ITO Ha6nJOJl8nOCb llnSI 

6 /5/ I' 
peaKUiiii OllHOHyKnoaaoro o MeHa • ·J3 aaanH3a yrnOBhiX pacnpeJlene-

• /3/ /6/ 
Hlill ' cneJlyeT, 'ITO npOU8CCb! 0 npHBOilSiillli8 K MHOrOHyKnOHHb!M nepe-

ll8'18M 0 npOiiCXOilSIT npli rrpliU8nbHb!X napaMeTpax, COOTB8TCTBYIOillliX nepe

Kpb!TiiiO SIJlepHbiX noaepxaocTeii. B HBCTOSiillee apeMSI cymecTBYJOT pa3nH'I-

17,8/ 
Hhl8 rHITOT83b! 0 M8X8HH3Me peaKUiiH MHOroayKnOHHbiX nepella'l , 

0JlH8KO TeopeTH'I8CK08 OITHC8Hii8 3TOrO npouecca B8CbM8 38TpyllHiiT8nbHO 

113-38 ClinbHOH 38BiiCP.IMOCTH BbiXOilOB npOilYKTOB peaKUiiit MHOrOHyKnOHHbiX 

nepella'l OT MHOrliX napaMeTpOB, a T8KlK8 H81lOCT8TK8 3KCnepliM8HTanbHOH 

.l.. K 141 • 
liH't'OpM8Uiili, 8K cneJlyeT 1i3 , peaKUHSI MHOrOHyKnOHHOH nepell8'11i npo-

TeKaeT a llBa aTana: Ha nepaoM rrpoacXOilliT nepella'la onpeJleneaaoro KOMn-
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neKCB C qncnoM HeHTpOHOB x 1 n H llpOTOHOB y p • Ha aTopoM aTane 

H3 o6pa30B8BW8rOCH B036y*aeHHOrO gapa HCIIapsreTCH x 2 n uefiTpOHOB. 

TaKofi MexaHH3M peaKUHH TaK*e a 3HaqHTenbaoa cTeneHH 3aTpyausreT 

HHTepnpeTaUH!O nonyqeHHbiX pe3ynbT8TOB. 

141 
nauuasr pa6oTa srsnsreTcsr npoaon*eHHeM H nocssrmeua BbiHCHeHHJO 

MeXaHH3M8 peaKUHH nepeaaqH. TipOH3BOaHnOCb H3yqeHHe 38KOHOMepHOCT8H 

o6pa30S8HHH npoayKTOB peaKUHH MHOroHyKnOHHhlX nepeaaq B TH*enofi 

o6nacTH Mace sraep 190 < A < 200. CHHManHCb TaK*e yrnosbie pacnpe-

aeneHHH Haep, o6pa3osaHHbiX a pe3ynbTaTe oTpbiBa HnH noaxaaTa srapoM 

qaCTHUbl HeCKOnbKHX HyKnOHOB1 8 T8K*8 CII8KTpbl KHH8THqecKHX 9HeprHfi 

aTHX sraep. 

MeTOL1HKa aKcnepHMeHTa 

MHmeHH H3 197 Au , 208 Pb H 209 Bi c coaep*aHHeM onaCHbiX 

-5 
IIpHM8C8H ~ 10 % o6nyqanHCb Ha BHyTpeHHeM nyqKe UHKnOTpOHOB 

Y-310 H Y-200 nyqKaMH HOHOB 12 C , 22 Ne H 40 Ar c HHTeHCHBHOCTb!O 

70, 30 H 8 MHKpOaMnep H MBKCHManbHOH 9HeprHefi 170, 180 H 270 Mas 

-COOTS8TCTB8HHO. nnsr H3M8H8HHH 9HeprHH 6oM6apaHpy!OIUHX HOHOS MHlli8Hb 

noMemanacb Ha pa3Hbte paaHYCbi. 

TonmHHa MHmeaea so scex cnyqasrx cocTasnsrna 
2 

1 Mr/cM H on-

peaensrnaCb C TOqHOCTbiO ao 20%. BeiUeCTSO MHlli8HH HBHOCHnOCb Ha M8CCHB

HY!O noanO*KY H3 OC060 qlfCTOrO anJOMHHHH C coaep*8HH8M OII8CHbiX llpH-

-5 
Mecea ~ 10 %. Tioano*Ka, oxna*aaeMasr soaoa, yKpennMacb aa Koaue 

CII8UH81IbHOrO npo6HHK8 H IIOMeiUanacb B KaMepy YCKOpHT8nH Ha 3aaaHHbiH 

paaHyc. TaKaH KOHCTpyKUHH MHlli8HH II03BOnsrna HCIIOnb30B8Tb 6onblliH8 HH

T8HCHBHOCTH nyqKOS HOHOS. BpeMH o6nyqeHHH COCTaBnHnO 2 qaca. Tiocne 

06nyqeHHH MHlli8Hb H qaCTb an!OMHHH8SOH noanO*KH ( TOniUHHOH 15 MKM) 

paCTBOPMHCb B KOHU8HTpHpOB8HHOH 830THOH KHCnOTe H paaHOXHMHqeCKHMH 
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MeToaaMH SbiaensrnHcb aneMeHTbi Au Hg Tl Pb H 

Bi , o6pa3yJOIUHecsr s pe3ynbTaTe peaKUHfi nepeaaq. Hcnonb3osaHHe 

ansr H3yqeHHH THX<81Ib!X npoayKTOS peaKUHH nepeaaqH H30TOIIOS 30IIOTa, 

pTyTH, TanHH, CSHHU8 H BHCMyTa 06'bHCHHIIOCb TeM, qTo srapa 9THX aneMeH-

TOS S OCHOBHOM HCIIb!TbiS8!0T {3 -pacnaa C nocneayJOIUHM HCIIYCKBHHeM 

raMMa-KsaHTos. XapaKTepHCTHKH pacnaaa 9THX sraep ( 9H'3prnsr raMMa-nepe

xoaos, HX a6COII!OTH8H HHT8HCHSHOCTb H ap.) T8K*8 XOpOlliO H3S8CTHbi, qTO 

aenaeT 9TH H30TOIIbi yao6HbiMH ansr HccneaosaHHH raMMa-cneKTpoMeTpHqec-

KHM MeTOaOM. 

BpeMH XHMHqecKoro SbJlleneHHH KB*llOH <jJpaKUHH COCTasnsrno 40 MHHyT. 

ToqHoCTh s onpeaeneHHH XHMHqecKHX Bbtxoaos SbiaensreMbiX aneMeHTOs 

"' 15 %. Tiocne XHMHqecKoro sbiaeneHHH H3Mepsrncsr cneKTP raMMa-nyqefi 

Kax<aoro aneMeHTa c noMOIUbJO 'asyx Ge ( Li ) -cneKTpoMeTpos s coqeTaHHH 

c 4096-KaHallbHbiMH aMnmHyaHbiMH aHaiiH3aTopaMH. MeToaHKa H3MepeHHH 

y -CII8KTpOS H OIIpeaaTieHHe OTHOCHT81IbHbiX H a6COII!OTHblX SbiXOaos 

141 
H30TOIIOS 6bJIIH T8KHMH .tKe, K8K H S pa6oTe • 

Tip11 o6nyqeHHH Ag H Au HOHBMH 22 NC c aHeprHefi 

175 Mas 6biiiH H3MepeHbi yrnosbie pacrrpeaeneHHH sraep 24 Na • 18 F 

COOTSeTCTSyJOIUHX peaKUHHM ( + 1p +ln ;-lp-3n ) • OrrbiTbi rrpo-

SOaHIIHCb Ha BbiseaeHHOM rryqKe UHKIIOTpOH8 Y -300. CXeMa OllbiT8 IIO 1!3-

MepeHH!O yrnosbiX pacrrpeaeneHHfi rrpoayKTOs peaKUHfi nepeaaq rrpeacTaEneHa 

Ha pHc. 1. BbmeaeHHbiH nyqoK HOHos 
22 Ne HHTeHCHBHOCTb!O 5 MK8 KOII-

IIHMHpOB8IICH C IIOMOIUb!O CHCT8Mbl .turacpparM H IIOIIaaan HB Ml!lli8Hb, H3ro

TOSIIeHHy!O H3 QJOIIbrH TOIIIUHHOH 1 MKM. TipoayKTbl peaKUHH s6HS8IIHCb S 

M8llHbiH c6opHHK TOIIIUHHOH 60 MKM, ·paCIIOII0*8HHb!H Ha BC8H SHyTpeHHefi 

IIOSepXHOCTH peaKUHOHHOH K8M8pbi. TipH o6nyqeHHH MHlli8HH 1!3 301IOT8 ang 

HCKIIJOqeHHH Y -QJOHB OT OCKOnKOS aeneHHH M8llHbiH c6opHHK 6biii 381UH-

IUeH 8II!OMHHH8SOH «!JOIIbrOH TOnlUHHOH 20 MKM. TI OCII8 o6nyqeHH 5I c6opHHK 

0 
pa3p8381ICH Ha KOIIbUB, COOTS8TCTBY!OIUH8 yrnOSOMy HHTepsany L\ 0 = 5 t 

H IIpOH3SOaHIIOCb H3MepeHH8 raMM8-8KTHSHOCTH sceX C60pHHKOS, COOTS8TCTsy

!01UHX yrnaM 5° - 160°. 
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Pwc. 1. CxeMa onhiTa no way'leHHJO yrnoBbiX pacnpe.lleneHHi!: npO.llYKTOB 

peaKUHi!: nepe,lla'IH. 

1. KonnwMaTop. 

2. Mwweab. 

3,4. C6opHHK SI.llep. 

5. C6opHHK ocKonKOB AeneHHR 

6. Uwnwaap ct>apa.lleR. 
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D.nR H3MepeHHR saepraA o6paayJOIIlHXCR SI.llep 24 Na H 18 F H 28 Mg 

0 0 
B HHTepaane yrnoB 15-20 H 50-60 HCIIOnh3068nHCh C60pHHKH• npe,llCT86-

nRJOIIlHeCOOOA .llB&.llUaTb cnoea nRTHMHKpoaaoA anJOMHHHeaoA ~onbrH. Ha 

pacnpe,lleneHHR raMMa-aKTHBHOCTeA Mep 24 Na , 18 F a 28 Mg no Ton-

IllHHe COOpHHK8 6hln nony'leH cneKTp HX KHK9TH'I9CKHX 9HeprHA 38BHCHMOCTH 

npo6er-saeprHR .!lnR Mep 18 F 
/9/ 

H 24 Na ' 28 Mg 6bmH a3SITbi aa pa6o-

Tbl 

3KcnepHM9HT8l!bHbl9 peaynbTaThl 

B Ta6nHue I npe.llCTaaneHbi ce'leHHR o6paaoaaHHR aaoTonoa, nony'leH

HbiX B .llaHHOA pa60Te. 

B Ta6nHue II /4/ 
npHaeAeHbi peaynbTaTbi paooTbi • 

Ha pHc. 2 noKaaaHbi pacnpeAeneHHR BbiXO.llOa paanH'IHhlX npo.llyKTOa peaKuHA 

nepe.lla'IH npH o6ny'leHHH R.llep 209Bi H 197 Au HOHaMH 22 Ne c saeprH

eA 170 Mas. KpHBbie, OIIHCbiBSJOIIlHe SKcnepHMeHTanbHbie TO'IKH, npoaOAHnHCb 

H HCIIOnh306aHH9M M9TO.ll8 H8HM9HblllHX K6a,llp8T06 C OOMOIIlblO 38M. 3TH 

pacnpe.lleneHHR, TaK )Ke KaK H pacnpeAeneHHR, nony'leHHbie a o6naCTH cpe.ll

HHX MaCC Mep, C .ll0CT8TO'IHOA TO'IHOCTblO OOHCbiBalOTCR CHMM9TpH'1HhiMH 

KPHBbiMH, 6nH3KHMH K rayccoaCKHM pa::rrpe .11eneHHRM THna: 

P (x) 
y 

exp-[-
(x -x )2 

2a; ( 1) 

I'.lle x 'IHCnO HeATpOHlJB B R,llpe, o6paayiOIIlHXCR C MaKCHManbHbiM Bhl-

XO.llOM llpH 3a.ll8HHOM 3H8'19HHH 'IHCna npOTOHOB ( y ); 
2 

2 ax - rrapaMeTp wapHHbi pacnpe.lleneHHR. 

B Ta6nHue 

AeneHHH ( 2 a 2 
X 

H II .ll8Hbi T8K)Ke aaa'leHHR wupHHbi uaoTonHbiX pacnpe

H 3Ha'leHHR H8H6onee aepORTHOA MaCChi ,llnR .ll8HHOI'O 

Twna peaKUHH c ~HKCHpoaaHHbiM 'IHcnoM npoToaoa. Ha cpaaHeHHR STHX 

7 
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Ta6neua 2 

3KcnepHMeHTanbHbie 3H8'19HHSI C9'19HHH o6pa30B8HHSI H30TOUOB 

H aaaqeHHe napaMeTpOB WHPHHbi ( 2 a ~ ) H30TOnHbiX pac

npeneneHHli, nonyqeHHb!X B pa60Te /4/ B peaKUHSIX MHOr'OHYK

nOHHblX nepena'l nnSI o6nacTH Mace gnep 120 < A < 145. 

peakuuA l~:,fi"IAp,2G: lx r~Jd~.\it~l peakuuA ~~JA~'Ap j2G! ~X IK3CTOI1 ~~~l;Jf!fE 
1:7~~ ~~[0006 f- -15 f110 14 '560 0.095 
-5 I f126 312 386 Cl003 -14 t121 2.12 212 0.260 

C 133<-12-2pt•n'nlll0 12,75 ~28,61..81()81-3 J:128 0' 441 - -12 r123 13 .. 0 159 (!620 
5 {..'. 14 I' r -1 r13o 25 7~3 Cl003 -11 r12' ~o 605 Q370 

o r131 92 JM o.oo5 !3'l., -9 1126 "~ 386 o.160 
•1 I 'T132 2 3 77310:0069 La ~"9-~rJ-•n)I 290 456 12l2 82t0.7 -7 r128 0.~2 4~1 0.023 

1

-11 r ><u 1,4 560 o.oo2s -5 rt30 .;,35 7<3 o 0027 
-1o r121 :1.12 212 o.009 ~ 1131 .. 2 .l6o< o0017 
-s rm 1J.o 159 0.100 -3 r132 2.3 77 -
-7 r12' llf\O 605 o12s -1 1 134 09 eso -

cf)r.J2-2 •xr/11170 14,161'27 ~1.1'0.51-5 I126 12 386 o:2'o 0 y135 6.7 1140 -
• p- I' -3 r128 ~~ .w 0.18 -15 r"u 1< 560 o.oo25 

-1 ruo 12.5 7~3 0,115 -1' t121 2.12 212 0,010 
0 1!131 92 3M 0,062 -1 J123 13,0 159 0,02' 

•1 I132 2.3 n o.oJ1 -11 112~ 98.o 60 o.o17 
•3 :r13• o.9 850 o.oo' ,,~ -9 1126 312 386 o.OO? 
~4 I'Tm 67 11~0 oooo5 Ff- 1rJ.2-6p•xrjr 170 ~59 123241•Q6 -7 r128 !\<: «1 o.oo1s 
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tiSHHb!X SHtiH0
1 

'ITO nony'leHHbie pacnpetieneHHSI tinS! TSUKenoit o6naCTH 

MSCC Sltlep Mano OTnH'IS~TCP. OT Toro, 'ITO HMeno MeCTO npH 06ny'I9HHH 

Cs HOHSMH 
22 Ne c Toil *e aHeprHeii. 

Ha pHc. 3 npetiCTasneHhi H30TOfiHbte pacnpetieneHHSI, nony'leHHhte npH 

o6ny'leHHH 19 7 Au HOHSMH 12 C c aHeprHeA 80 H 170 Mas. 11a pHcyHKos 

SHtiHO, 'ITO C ysenH'!9HH9M aHeprHH HOHOS napaMeTp WHpHHhl 2 U~ tinS! 

peaKUHA Au ( 12 C , + y p ± xn ) , a TSK*e ce'leHHe peaKUHH ysenH'IH-

B8~TCSI0 

Ha pHc. 4 tiaeTCSI aasHCHMOCTb napaMeTpa WHPHHhi H30TOnHhiX pacnpe

tieneHHii OT MSCChl HaneTa~wero HOH8 tinS! pa3nH'IHblX peaKUHA. Bee H3Me

peHHSI npoaetieHhl tinS! OtiHHSKOBOA CKOpOCTH '!8CTHUhl H8ti KynOHOBCKHM 

6apbepoM. BHtiHO, 'ITO WHpHHa H30TOfiHhiX pacnpetieneHMii npotiyKTOB peaK

UHA MHOrOHyKnOHHh!X nepetiS'I MeHSieTCSI nnaBHO H He3H8'1HT9nbHO C ysenH-. 
'!eHH9M 8TOMHOrO HOMepa 6oM6aptiMPY~111eit '18CTHUhlo 

B Ta6n11ue I tiSHhi TSK*e ce'leHHSI npotiyKTOB peaKUHA nepetia'IH, 

o6paay~wMXCSI np11 6oM6aptiMpOsKe MOHSMH 22 Ne c aHeprueA 170 Mas 

tiBS*tihi MarM'IeCKHX Sltl9P 208 Pb • BMtiHO, 'ITO ce'!eHHe peaKUMA Ha aTHX 

SltlPSX no cpasHeHH~ C C9'19HH9M peaKUHH H8 Bi yMeHbWaeTCSI B HeC-

KOnbKO pa3, 

Yrnoahie pacnpetieneHHSI Sltiep 
24 Na 18 F , o6paay~111HXCSI B 

peaynbTSTe aaxaaTa HnH noTepH HOHSMH 22 Ne HeCKOnbKHX HyKnOHOB npeti-

),(-1p-3n ) B 
CTasneHbl Ha pHC, 5. nnSI peaKUHH ( + 1p + 1 n 

0 
yrnOBOM pacnpetieneHHH Ha6n~tiaeTCSI '!eTKHA M8KCHMYM npH yrne "' 40 , 

'ITO cooTseTcTsyeT peaep~optiOBCKOMY yrny pacceHHHSI. BenH'IHHa peaep

~optiOBCKoro M8KCHMYM8 yMeHbWaeTCSI C ysenH'IeHHeM 'IHCna nepetiBHHbiX 

HyKnoHos. Ha aToM *e pHCYHKe npetiCTaaneHhi yrnoahie pacnpetieneHHSI 

24 Na , o6paaoaaHHoro npH 6oM6aptiHposKe cepe6pHHOA MHIIIeHH HOHaMH 

22 Ne c aHeprHeA 170 Mas. 
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PHc. 5. YrnoBhie pacrrpeJleneHHSI Sl)lep 18 F 
IIpH 6oM6apJlHpOBKe 30nOTOA (KpHBhle 1,2) 
meabJO c HOHaMII c aaeprHeA 175 Msa. 
pesep~OpJlOBCKOI"O pacCeSIHHSI. 

14 

B~ta$ 
, 24 Na , o6pasoaaHHhiX 

H Cepe6pSIHOA (KpHBaSI 3) MH
CrpenKaMH orMe'leH yron 

1 
I 

~· 
I! 
f. 

i 

3aepreTH'IeCKHe crreKTphi SIJlep 
24 Na , 28 Mg H 18 F , rrony'leH-

Hhie npu o6ny'leHHH 19 7 Au HOHaMH 22 Ne c aaeprueA 170 Msa a na6. 

CHCTeMe KOOpJlHHaT, IIpHB9Jl9Hhi Ha pHC. 6. CrreKTphl HM910T XOpOillO Bhipa-

>K9HHhie MaKCHMYMhl C IllHpHHOA Ha nonyBhiCOTe 25 Maa. 

06cy>KAeHHe pesynbraroa 

PeaKUHH MHoroHyKnOHHhiX nepeJla'l sransriOTCSI aeCbMa cno>KHhiMH 

npoueccaMH, saaucsrruHMH or 6onhmoro 'IHcna napaMerpoa. nosroMy ux 

reopeTH'l9CKOe OIIHCaHHe CBSI3aHO C 6onblliHMH TpyJlHOCTSIMH. norrhiTaeMCSI 

Ha OCHOBaHHH SKCIIepHMeHtanbHOA HH~OpMaUHH, nony'leHHOA B )laHHOA pa-
/4/ 

6ore, a TaK>Ke B 1 BBeCTH HeKOTOphie npeJlCTaaneHHSI 0 peaKUHSIX De-

peJla'IH 6onblliOI"O 'IHCna HyKnOHOB, Ha OCHOBaHHH KOTOphiX MO>KHO 06'bSIC

HHTb 3aKOHOMepHOCTH o6pa30BaHHSI pa3nH'IHhJX H30TOIIOB B STHX peaKUHHXo 
/4/ 

Ka>KeTCSI BeCbMa aepOSITHhiM, KaK STO y>Ke OTMe'lanOCb B , 'ITO 

KOHe'IHhie IIpOJlYKThi peaKUHA MHOI"OHyKnOHHhiX nepeJla'l o6pa3yiOTCSI B pe

synbTaTe peaKUHH, HJlymeA a JlBa srana,- co6craeaao nepeJla'la ayKnoHoa 

H nocneJlyiOmee ucnapeaue aeArpoaoa H3 o6pasoaaamerocsr aos6y>KJleHHOro 

npoMe>KyTO'IHoro npoJlyKra peaKUHH ( AM(Hl,~yp:!:x 1n- x 2 n' ) ). 3ro 

IIOJlTBep>r:s:JlaeTCSI saBHCHMOCTblO HaH6onee BepOSITHOA MaCChi IIpOJlyKT8 onpe

JleneHHOA peaKUHH C ~HKCHpOBaHHhiM 'IHCnOM rrpOTOHOB OT 3Hepi"HH 6oM-

6apJlHPYlOillHX HOHOB H HX MaCChi ( CMerueaue A p a o6nacrb orpuua-

renbHhiX 3Ha'leHHA X C yaenH'IeHHeM SHepi"HH H MaCChi HOHa). 

B aacrosrmee apeMSI cymecray10r JlBe TO'lKH speausr aa MexaHH3M 

MaoroayKnoaaoA nepeJla'IH. Cornacao nepaoA, nepeJla'la HyKnoaoa ocy

mecranSietCSI npu nepeKphiTHH SIJlepHhiX noaepxaocreA JlBYX asauMoJleAcray-

lOlliHX SIJlep, H8XOJlSilliHXCSI B KOHTaKTe JlOBOnbHO JlnHtenbHOe apeMSI 
/10/ 

• Cornacao aropoA, apeMSI r » 
apam. 

r 
B3aHMOJlo 

15 



corrpHKOCHOB9HHH ABYX Haep B peaKUHHX aaHHOrO THITa CpaBHHMO C BpeMe-

HeM CTOnKHOBCHHH ( T << T ), H rrpouecc MHOro-
B3aHMOA. apaw. 

/1/ 
uyKnOHHOA rrepeaa~H MO*HO paCCMaTpHBaTb B KBa3HyrrpyroM rrpH6nH*9HHH o 

06e 9TH TO~KH 3p9HHH OCHOBbiBaiOTCH Ha aHanH3e yrnOBbiX paCrrpeae .. 

neHHA KOHe~HbiX rrpOAYKTOB peaKUHHo 113 OITbiTHbiX aaHHbiX, rrony~eHHb!X 

11 3/ 
a aaHHOA pa6oTe, a TaK*e a ' ,cneayeT, ~To rrpH nepeaa~e ao ~ 4 

uyKnOHOB B yrnOBhlX pacrrpeaeneHHHX nerKHX rrpoayKTOB Ha6niOaaeTCH MaK

CHMyM, COOTBeTCTBYIOIIIHA yrny pe3epcfJopaoBCKOro paCCeHHHHo 3To OllHo-

3Ha~HO CBHileTenbCTByeT 0 TOM, ~TO rrpOU9CC rrpOHCXOAHT 3a BpeMH, cpaB

HHMOe C BpeMeHeM rrponeTa HApa ~aCTHUbl MHMO Hapa MHWeHH 

. -21 /3/ 
( "' 10 ceK). B pa6oTe KyMrrcfJa H LloHua I'!J>H nepella~e 5,6,7 H 8 

HyKnoHOB MPY ~aCTHUbi B peaKUHH 383 Th ( :J:J Ne • ± yp ± xn ) a yr-

nOBbiX pacrrpelleneHHHX rrpOilYKTOB Ha6niOilanHCb TaK*e ~eTKH9 MaKCHMYMbl 

a6nH3H yrnos pe3epcfJopllOBCKoro pacceHHHH. B CBH3H c STHM HaM rrpellCTaa

nHeTcH, ~TO paCCMaTpHBaeMbie peaKUHH rrepella~H KaK OllHOro, TaK H HeC-

-21 
KonbKHX HyKnoHoa rrpoHCXOilHT 3a Manoe apeMH ( < 10 ceK). TaKHM 

o6pa3oM, rrepsy10 cTallHIO npouecca, rrpHBOilHIIIero K o6pa3oBaHHIO Ha6niOila

eMbiX HaMH rrpoayKTOB, MO*HO rrpellCTaBHTb KaK 6biCTpblft rrpouecc, rrpH 

KOTopo~·H3 Hapa MHWeHH rrepellaeTCSI B ~aCTHUy HnH Ha06opOT uenbiA 

-21 
KOMrrneKC HyKnOHOB 3a BpeMSI < 10 CeK. npH 9TOM o6pa3yiOTCH 

Hapa C 3apHilOM H MaCCOft OTnH~HbiMH OT z H A Ha~anbHoro Hapa 

H C orrpelleneHHOA 9HeprHeA B036Y*IleHHSI, KOTOpa.SI yHOCHTCH Y*e B pe-

3ynbTaTe MellneHHOro rrpouecca HCITyCKBHHSI HeftTpOHOB H raMM8-KB8HTOBo 

PaccMoTpHM cHa~ana rrepay10 cTallHIO. 

EcnH npellrrono*HTb, ~To o6MeH uyKnoHaMH rrpoHCXOAHT rryTeM nepe

lla~H KOMITneKCa HyKnOHOB, rrpHHallne*aiiiero HllPY MHWeHH HnH ~8CTHUbi 0 

TO, ITO-BHilHMOMy, H8H6onee aepOHTHO , ~TO COOTHOWeHHe HeATpOHOB H 

ITpOTOHOB B rrepellaBaeMOM KOMrrneKCe 6ylleT T8KHM *e, K8K H B Rape- llO

Hope. Torlla MO*HO O*HilBTb, ~To cfJyHKUHH 3aBHCHMOCTH qucna rrepellaaae-

16 

MbiX B KOMrrneKCe HyKnOHOB OT COOTHOWeHHH rrpOTOHOB H HeftTpOHOB B 

. I ( A-Z ) 
KOMrrneKCe 6ylleT HM9Tb M8KCHMYM rrpH D p "' z - Hapa 

llOHOpa C HeKOTOpoA llHCrrepCHeA OTHOCHTenbHO 9TOft aenH~HHbi, orrpellen.He

/11/ 
MOA CT8THCTH~9CKHM cfJaKTOpOM : 

pn (m) 
l :J 

] (2) 
y'Yir n P q 

_I ( --exp[- 2 ~ 

rile D -~HCnO rrepellaHHbiX HyKnOHOBj 

p H q - CT8THCTH~9CKHe BeCa rrpOTOHDB H HeftTpOHOB B Rape-

llOHOpej 

m - ~Hcno npoToHOB a rrepellaBaeMoM KOMrrneKce. 

BMecTe c TeM pacc~HTaHHyiO no cTaTHCTH'<{eCKHM ¢opMynaM sepoSIT

HOCTb COOTHOW9HHSI rrpOTOHOB H HeftTpOHOB B rrepellSBaeMOM KOMrrneKCe ewe 

Henb3H Cp8BHHB8Tb C 9KCrrepHMeHT8nbHbiMH llaHHbiMH, ToKo rrocneAHHe rrpea

CTaBnHIOT pe3ynbT8Tbi, rrony~eHHbie rrocne HCrryCK8HHSI HeftTpOHOB Ha BTD-

poM aTarre rrpouecca. 

LlnH OUeHKH ~HCna HCrrapHBWHXCH HeftTpOHOB He06XOAHMO y~eCTb 9Hep

reTH~eCKHA 6anaHC peaKUHA. 3TO MO*HO CllenaTb HerrocpellCTBeHHO B TeX 

cnyqaHX, KOrlla 6hln H3BecTeH aHepreTH~eCKHA crreKTp H yrnosoe pacnpelle" 

neHHe OllHOro H3 o6pa3yiOIIIHXCH Hllep. 3HeprHSI B036Y*IleHHH, HAYII18H Ha 

HcrrapeHHe HeATpOHOB, BbiqHCnHnaCb H3 rronHoA 9HeprHH B036Y*Il9HHH o6pa-

3YIOIIIHXCH Hllep. 

Mo*HO rrpellrronO*HTb, ~To aHeprHH aoa6y*lleHHH pacrrpeaensreTCH Me~

llY llBYMH o6pa3yiOIIIHMHCSI Hap8MH rrporrOpUHOHanbHO rrapaMeTpy rrnOTHOCTH 

ypoaHeA HnH, a rpy6oM rrpH6nH*eHHH, rrponopuHoHanbHO MaccaM Hllep. 

LlnH MHOrOHyKnOHHbiX rrepella~ 9TO H9ITOCpellCTB9HHO cnellyeT H3 OITbiTHbiX 

/12/ 
ll8HHbiX , rile B Hllpe qaCTHUbi Ha6niOil810TCH ypOBHH C 9HeprHeA He 

6onee 8-10 Mas, a TaK*e H3 H3MepeHHbiX aHepreTHqecKHX pacrrpeaeneHHA 

171 
npollyKTOB • HH*e rrpellCTaaneHbi peaynbTaTbi pacqeTa aHeprHA s036Y*-r 

lleHHSI Haep 
34 Na , 38 Mg H 

18 F 

17 



06~a3~10IUHifCSI npo.llyKT THn peaKUHH KHHeTH'IeCKaH 3aegrnH 
pe KU H 3H,~HS1fPO.llYK- B03 t)f(,lleHHSI 

Ta 3B ocTa ~or;o Sl.llpa as 

24 Na - lp - In 130 10 

28 Mg - 2p - 4n 135 24 

t8 F + lp + 3n 140 12 

llnH TeX cny'laeB, KOI'.lla HeH3BeCTeH cneKTp KHHeTH'IeCKHX 3HeprHA 

saep, nony'leHHe Ha'lanbHbtX pacnpeaeneHHA npoayKTOB npoH3BO.llHnocb nony

sMnHpH'IeCKHM cnoco6oM c ucnonb30!i SHHeM HeKOTOpbtX npeanono)f(eHHA. 

PacnpeaeneHHe KOHe'IHbtX npoayKTOB no A llpH ~HKCHpOBBHHOM Z 

Tpaac~opMHposanocb s pacnpeaeneHHe anH aaaaaaoro 'IRena nepeaasaeMbtX 

HyKnOHOB llpH pa3nH'IHOM COOTHOIUeHHH HeftTpOHOB H npOTOHOB B nepeaasae

MOM KOMnneKce (pHc. 7). Dpeanonaranocb, 'ITO npH aaaaHHOM 'IRene HyKno

Hos B ~OMllneKCe 3Hepi'HSI B036y)f(.lleHHSI B o6pa30B8BIUeMCSI H,llpe O.llHHSKOBa 

He38BHCHMO OT COOTHOIUeHHSI B HeM 'IHCna H~TpOHOB H npoTOHOB. 8 3TOM 

cny'lae MBKCHMYM pacnpeaeneHHH sepoHTHOCTH nepeaa'IH onpeaeneaaoro 

'IHCna HyKnOHOB ,llnSI Ha'lanbHbiX npO.llyKTOB 6y,lleT COOTBeTCTBOBaTb COOTHQ-

meHHJO A - z I z B Sl.llpe-.llOHOpe. 

0 OCKOnbKY H3 B036y)f(.lleHHOI'O Sl.llpa HCfiyCKBIOTCSI HeATpOHbl, TO paCC'IH-

TaHa.te pacnpe,lleneHHSI MO)f(HO cpaBHHTb C 3KCnepHMeHTanbHbiMH .llnH 38,ll8H

HOI'O 'IHCna npOTOHOB. Toraa pa3HHU8 B nono)f(eHHH Me)f(.llY MBKCHMYMBMH 

3KcnepHMeHTanbHblX H paC'IeTHblX KpHBblX .llBeT 'IHCno HCnycKaeMblX He JiTpo-

HOB. 

EcTecTseHHo, 'ITO noao6Hbte Bbt'lucneHHH HBnHJOTCH nHIUb rpy6oA oueH-

KOA 'IHCna HCllapHBIUHXCSI Ha BTOpoft CTS.llHH HeftTpOHOB ( x
2 

n ). Me)f(.lly 
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Pac. 7. PacnpeJleneHHe BbiXOJlOB KOHe'IHbiX npOJlYKTOB peaKUHH nepeJla'IH• 

o6paaosaHHbiX npH 6oM6apJlHPOBKe HOHaMH 32 Ne c sHepraeR 175 Mss 

Ue3HeBOR MHilleHH JlnSI 3aJlaHHOI'O 'IRena nepeJlaBaeMbiX HyKnOHOB ( 'IHCnO 

HyKnOHOB yKa3aHO B03ne Ka*JlOR KpHBOA) npH pa3nH'IHOM COOTHOilleHHH 

'IHCna HeRTpOHOB H npOTOHOB B nepeJlaBaeMOM KOMnneKCe. 
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TeM, aHanOI'H''lHYJO onepaUHJO MO*HO npoBeCTI-i JlnSI BCeX TO'IeK H30TOnHOI'O 

pacnpeJleneHHSI. PeaynbTBTbi no,~:~o6HbiX pac'leTOB npaset:~eHbi B Ta6naue III 

PacC'IHTaHHhle 3Ha'leHHH x 2 n xopolllo cornacyJOTCSI c STHMH *e 3Ha'le-

HHSIMH 0 onpeJleneHHb!MH B peaynbTaTe paC'IeTa no KHHeM8THKe npo.QyKTOB 

peaKUHH C nOMOillbJO SKCnepHMeHTanbH 0 nony'leHHbiX cneKTpOB KHHeTH'IeC

KHX 9Hepi'HA B TeX cny'laSIX, KOI',Q8 ,Q8HHhle cneKTphl 6hlnH H3MepeHhl. 

TaKHM o6paaoM, Tenepb rrpe,~:~cTaBnSieTCSI B03MO*HbiM soccTaHOBHTb 

H3 sKcrrepuMeHTanbHbiX pacnpe,~:~eneuuA no Z H A KOH8'1Hb!X npOJlyK-

TOB peaKUHH Ha'lanbHOe pacnpe)leneHHe, COOTBeTCTBYJOillee C06CTBeHHO HyK

nOHHOll nepet:~a'le. 3TH pacnpeJleneHHH y,~:~o6uo npe,~:~craBHTb B BH.Qe pacnpe-

,~:~eneuuA OTHOCHTenbHO OTHOilleHHH A- Z I Z B KOMnneKce nepe,~:~asaeMbiX 

uyKnouos npH ux aa,~:~auuoM 'IRene N • Ha puc. 8 noKa3aHbi TaKHe pac-

rrpe,~:~eneHH51 0 rrony'leHHbl8 C nOMOillbJO OnHCaHHblX Bbllll8 Bbi'IHCneHHfi .Qn51 

/4/ 
) , uay'leuuoA B pa6ore • Ha peaKUHH 

133 Cs 22 Ne, ± yp ± x n 

pHCYHK8X ,Q8Hbl 9KCnepHM8HTanbHbie TO'IKH H KpHBbie, 51Bn51JOillH8C51 paC'IeT

HblMH 3aBHCHMOCT51MH, nony'leHHbiMH c rroMOillbJO <iJopMynhi (2). Ha6nJO,~:~aeT-

cg uerrnoxoe cornacae pac"leTHhiX KPHBhiX c sKcnepHMeHTanbHbiMH aua'leHH51-

MH, 'ITO MO*eT CBH.QeTenbCTBOB8Tb 0 CT8THCTH'I8CKOM xapaKT~pe npouecca 

MHOI'OHyKnOHHOA nepe.Qa'IH npH ,Q8HHOM 3Ha'leHHH 9Hepi'HH 6oM6ap,t:~HpyJOillHX 

HOHOBa C nOMOillbJO 9THX ,Q8HHb!X fihWH nony'leHbl 38BHCHMOCTH Bep051THOCTH 

nepe.Q8'1H KOMIIneKCa OT 'IHCna HyKnOHOB B HeM. 0HH nOK838Hbl H8 pHC. 9 

.QnH t:IBYX THnOB peaKUHH nepe.Qa'IH OTpbiB8 H no.QXBaTa HyKnOHOBa 

J13 pHCYHKa BH.QHO, 'ITO Bep051THOCTb 0Tpb!B8 OT 51.Qpa MHilleHH HyKnO-

HOB 6onee pe3KO yMeHblll88TC5! C ysenH'I8HH8M HX 'fHCna, 'f8M Bep051THOCTb 

nO.QXBaTa HyKnOHOB 5Ulp0M MH!U8HH. 

/13/ /4/ B c,~:~enaua norrbiTKa o6~51CHHTb rronyqeuuoe HaMH B pacnpe-

.QeneHHe BhlXO.QOB npo,~:~yKTOB pe8KUHH MHOI'OHyKnOHHhlX rrepeaaq, npHMeHHB 

CTaTHCTH'IeCKyJO TeopHJO. ABTopaMH sToA pa6oThl 6hlnH rronyqeHhl Bhlpa*e-

HHH .QnH orrpe,~:~eneHHH HaH60nee BepOHHOA M8CChl H30TOIT8 ( AP ) ' 
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Ta6nHila 8 

Pacq~THoe 3HaqeaHe qgcna aeATpoaoa, HcnapHBWHXCH H3 

o6pa30B8BWHXCH B pa3nHqH&IX peaKilHHX nepeJlaqg B036YlKll9H-
Hb!X Hll9p. 

Pe8.K!tBJ'I (Aiz) llJICJIO ( A-z) 
B SApe- HJUOHOB i! 

B nepe,Jta- :uaxc. ,ItO ROpe BaeiiO.II 
KOIII118ICC8 

1,42 3 .. I,7 
!,42 4 2,4 
!,42 5 3,4 

CsiJ3(!k22 ,-4p-xn) I,42 6 3,7 
!,42 7 4,4 
1,42 8 4,6 
I,42 9 4,8 

-. 1,2 3 r,o 
I33w 22 ) 4 I,3 Cs e ,+Yp +xn 1,2 

I,2 5 I,6 
1,2 6 I,3 
1,2 7 I,3 

I,5 4 2,2 
r,5 5 2,6 

.2'7~ 22 
~i.(/'le ,-yp -xn) r,5 6 3,2 

I,5 7 3,0 
!,5 8 3,2 
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PRe. 8. PacnpeJleJieHHe BhiXOJlOB Ha'l:aJibHhiX npoJlyKTOB peaKUHll: nepeJla'IH 

o6paaosaHHbiX npH 6oM6apJlHpOBKe HoHaMH 22 Ne c saeprHell: 175 Mse 

U93H9BOJl: MHllleHH JlJ151 38Jl8HHOro 'IHCJ18 nepeJl8B8eMhiX HyKJIOHOB npH pa3• 

JlH'IHOM COOTHOlll9HHH Hell:TpOHOB H npOTOHOB B nepeJl8B89MOM KOMITJ19KC9o 
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PHc, 9. 3asHCHMOCTb sepoSITHOCTH oTpbtBa (nyHKTHpHaSI KpHsag) H noaxsaTa 
(cnnoruHaSI KpHBaSI) HyKnOHOB SlllpOM MHilleHH OT ~Hcna HyKnOHOB B nepeaa-

133C ( 22"'' ) saeMoM KOMnneKce anSI peaKUHii s ••e , ::!:Y p ::!: x n • 
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nony~a~merocg B peaKUHH nepeaa~H, a TaK*e ce~eHHSI o6paaosaHHSI H3o

Tona. Bbtpa*eHHe .anSI onpe.aeneHHSI ce~eHHSI BKmo~ano B ce6SI napaMeTp 

KBa3HynpyrOCTH (J , KOTOpbili 38BHCen OT MeXaHH3Ma peaKUHHa noa-

TOMY Ha OCHOBaHHH nony~eHHbiX 9KCITepHMeHTanbH 0 B Hamel% pa6oTe ce~e-

anii onpe.aengncH napaMeTp (J , KOTOpbiii BO BCeX cny~aSIX OK83bi-

aancg H8MHOrO MeHbille e,!lHHHUbl, 

B CBSI3H c 9THM asropbi pa6oTbi .aena~T BbiBOil o HeKBa3HynpyroM 
/13/ 

xapaKTepe peaKUHH MHoroayKnOHHoA nepeaa~H. Pacc~nTaHHbie B pa6oTe 

3Ha~eHHH Han6onee sepoHTHoA MaCChi HaXOilSITCSI B aennoxoM cornaCHH c 

aKcnepHMeHTanbHO onpe.aeneHHoA senH~HHoii AP 

Heo6xoanMo OTMeTHTb, ~To see npose.aeHHble Bhlrue paccy*lleHHSI 

llaHbl ,ang Ka~eCTBeHHOrO llOHHM8HHSI MeXaHH3Ma peaKUHII nepeaa~, T.K, 

npoueccbl, npHBOilSiillHe K Ha6n~aaeMbiM HaMH npo.ayKTaM, Moi'yT 6b1Tb 

3Ha~HTenbHO 6onee CnO*HblMH XOTSI 6hl BCne.aCTBHe Toro, ~TO HapS!IlY C 

paCCMOTpeHHbiM MeXaHH3MOM ITpH BblCOKHX 9HeprHSIX HOHOB B03MO*HO npg

MOe Bbi6HBaHHe HyKnOHOB H3 B3aHMOileiiCTBY~illHX Sl.llep, ~TO oco6eHHO 

Ba*HO B cny~ae peaKUHii nepe,aa~H 3Ha~HTenbHOrO ~Hcna HyKnOHOB, Ce~eHHe 

KOTOpbiX seCbMa Mano. OaHaKo nony~eHHhle nonyaMnHpH~eCKHe 3aBHCHMOC

TH IT03BOnSI~T B KaKOii-TO CTeneHH o6b3CHIITb 3aKOHOMepHOCtH o6pa30B8HHSI 

H30TOllOB B peaKUHII nepe.aa~H, a TaK*e OUeHHTb B03MO*HOCTH 9THX peaK-

UHii ang nony~eHHSI H30TOITOB, yaaneHHbiX OT o6naCTH {3 - CTa6HnbHOCTHa 

B 3aKn~qeHHe asTopbi c~HTaiOT csoHM npHSITHhiM aonroM no6naro.aa

PHTb aKa.aeMHKa r.H. <t>neposa 3a nocTaHOBKY 3aaa~H H UeHHbie 3aMe~aHHSI 

B npouecce BhmonHeHHSI pa6oThi. Mbl 6naroaapHbi TaK*e paanoxHMHKaM 

E.A. rao3.aesy, H.C. Manhuesoii H H.H. Yy6ypKOBOii 38 pa.anoXHMH~eCKHe 

BhiileneHHSI npoayKTOB peaKUHH, B.B. BonKosy - 3a none3Hbie 3aMe~eHHSI 

B npouecce o6cy*JleHHSI JlaHHOii pa60Tblj 3.ll. noKpOBCKOii, C.H. T~T~HHH

KOBY n Co KH XsaHy - 3a 6onbruyiO noMOillb a o6pa6oTKe aKcnepHMeHTanh-

HbiX pe3ynbT8TOB, 
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