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232 Th was irradiated with 390 \1eV ions, Energy spectra of 
nuclear reaction products with atomic numbers 5 S Z <0_ 38 have been 
measured by i'.E, E methods at an angle of 20 °, It is concluded, 
that most probc"lble mechanism of formu.tion of products with 
20 .S Z :0: 38 u.re deep inelastic nucleon lrnnsfers, thot~gh the contri
bution of fission production cross sections for heaviest products 
may be essential. Dynamic nuclear deformations were estimated for 
deep inelu.stic interactions. 

The investigation has been performed at the Laboratory 
of Nuclr>ar Reactirms, JINR, 
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1. BBEJ(EHHE 

XapaKTepHOH oco6eHHOCTLID peaKUHHrny6oKoHeynpyrax 

nepe,IJ,a'l HyKnOHOB jrHnj JlBHJieTCJI o6pa30BaHHe DpO,IJ,YKTOB 

C 3HeprHJIMH, 6nH3KHMH K HX BbiXO,!J,HbiM KYHOHOBCKHM 

6apbepaM /1-4/.Cpe,IJ,HHe 3HeprHH npo,IJ,yKTOB peaKUHH MoryT 

,!J,OXO,!J,HTb ,!1,0 3Ha'leHHH, Ha - 30~ MeHbWHX, 'leM BenH'IHHbl 

KYHOHOBCKHX 6apbepoB. npa 3TOM KYHOHOBCKHe 6apbepbl 

Bbi'IHCHJIIDTCJI ,!J,JIJI ccllepH'Ie'fKHX JI,!I,ep
7 

C paCCTOJIHBeM Me>K,IJ,Y 

ueHTpaMH R =1 46 /A 1' 
3 + A 1 3 I ti>M nB6o R = 

I • I 1 2 
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2 
- MaCCOBble 

'IHCna B3aHMO,IJ,eHCTBYIDIUHX Jl,IJ,ep. 06a 3THX CDOC06a Bbi

'IHCHeHHJl KynOHOBCKHX 6apbepOB ,IJ,aiDT 'IHCHeHHble 3Ha'leHHJI, 

paJnH'IaJOIUHeCJI He 6onee '!eM Ha 3~. Uaa6onee sepoJITHOH 

DpH'IHHOH HeCOOTBeTCTBHJI Ha6nro,IJ,aeMbiX KHHeTH'IeCKHX 

3HeprHH KYHOHOBCKHM 6apbepaM ,!J,HJI ccllepH'IeCKHX JI,IJ,ep 

MO)I(eT JlBHTbCJI ,!J,HHaMH'IeCKaJI .necllopMaUHJI JI,IJ,ep B MOMeHT 

pa3pb1Ba HCXO,IJ,HOH ,!J,BOHHOB JI,IJ,epHOB CHCTeMbl. Cne.noaa

TenLHO, H3y'leHHe 3HepreTH'IeCKHX CDeKTpOB npo,IJ,yKTOB 

run MO)I(eT ,IJ,aTb CBe,IJ,eHHJI 0 BenH'IHHaX .necllopMaUHH JI,IJ,ep. 

npo6neMa oueHKH senH'IHH .necllopMauaii B.nep no Jaa

'leHHJIM KHHeTH'IeCKHX 3HeprHB npo,nyKTOB rUn aHanorH'IHa 

npo6neMe onpe.neneHHJI .necllopMauaii ocKonKoB .neneHHJI JI,IJ,ep 

DO 3Ha'leHHJIM HX DOHHOH KHHeTH'IeCKOH 3HeprHH /5-8/. Ilo 

aHanoraa c .neneHHeM B Ka'leCTBe nepaoro npa6nH>KeHHJI 

DpH aHanH3e rUJI MO)I(HO C,IJ,enaTb npe.nnono>KeHHe, 'ITO 

KHHeTH'IeCKaJI 3HeprHJI npo,IJ,yKTOB B BbiXO,!J,HOM KaHane 

onpe.nemteTCJI BeHH'IHHaMH HX KynoHOBCKOB H BpaiUaTenbHOB 

3HeprHH B MOMeHT pa3,IJ,eneHHJI. 3aTeM, Bbi'IHCnJIJI 3TH 

3HeprHH B pa3HbiX npe,IJ,DOnO)I(eHHJIX 0 cllopMaX JI,IJ,ep B MOMeHT 
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pa3~eJieHBJI B CpaBHBBaJI BX C 3KCnepBMeHTaJILHblMB 3Hep
reyuqeCKHMB cneKTpaMB, MO~O nonyqBTL ~aHHble 0 ~e
cllopMaiJ,BJIX .11~ep. 

~JIJI OnblTOB no B3MepeHKffi 3HepreTBqecKBX cneKTpOB 
6blJia B3JITa BCXO~HaJI CBCTeMa 232 'Ih +40 Ar /390 M38/
PeaKIJ,BB MHOrOHYKJIOHHblX nepe~aq B 3TOB CBCTeMe y)Ke 
B3yqaJIBCL B HaWBX pa6oTaX /9,10/. C nOMOIIJ,LIO MeTO~BKB 
~E.E 6blnH B3MepeHbl yrnoshle pacnpe~eneHHJI B 3Hepre
TBqecxue cnexTpbl npo~yKTOB peaxu.uii c 5 'S_ Z 'S_26. B xa
qecTBe ~eTeKTOpa ~E BCnOJIL30BaJICJI KpeMHBeBblB ~eTeK
TOp TOJIIIJ,BHOB 27 M KM. H3- 3a TOJIIIJ,BHbl 3TOrO ~eTeKTOpa 
~.II npo~yKTOB C Z ~20 y~aJIOCL 3aperBCTpBpOBaTL JIBWL 
BblCOK03HeprBqHble qaCTB cneKTpOB. npu aHaJIB3e )Ke 3Hep
reyuqeCKBX cneKTpOB 3BaquTeJILHblB BHTepec npe~CTaBJIJIIOT 
BMeHHO npO~YKTbl C aTOMHblMB HOMepaMB, 60JILWHMB, qeM 
Y 6oM6ap~upyroiiJ,eii: qacTBIJ.bl. TaKBe npo~yKTbl ue MoryT 
6b1TL pe3yJILTaTOM ~BCCOIJ,HaiJ,BB BCXO~HOB qacTHIJ,bl. 3TO 
nOBblWaeT Ha~e)KHOCTb aHaJIB3a B paMKaX npe~nOJIO)KeHHJI 
0 ~BYXTeJILHOM MeXaHH3Me peaKIJ,BB. 

Hccne~osaaue HB3K03HepraqHblX qacTeii cnexTpos npo
~YKTos C Z > 20 B CHCTeMe 232 Th + 40Ar /390 M3B/ 
npe~cTasnJieT BHTepec eiiJ,e B no cne~yJOIIJ,BM o6cTOJITenLcT
BaM. ~JIJI 3TOH CHCTeMbl nonyqeHO ~ODOJILHO 60JILWOe 
I- 50 M6/ ceqeaue npou.eccos c o6pa3osaaueM Tpex 
npo~yKTOB C Z ;::21/11-1.\f.B xaqecTBe B03MO)KHblX MeXaHB3-
MOB o6pa30BaHHJI Tpex npO,IJ,YKTOB B 3TBX pa6oTaX/ 11-14/ 
paccMaTpasanocL TpoiiHoe u xacxa,IJ,Hoe/15/~eneuue.B aa
CTOJIIIJ,ee BpeMJI MO)KHO paCCMaTpHBaTL B TpeTH:i Mexa
HH3M 06pa30BaHHJI Tpex cllparMeHTOB B pe3yJILTaTe O,IJ,HOrO 
axTa B3aBMO,IJ,eiicTBHJI: nocne,IJ,yroiiJ,ee ~eneaue TJI)Kenoro 
B036y)K,IJ,eHHoro JI,IJ,pa nocne nepe~aqa HYKJIOHOB. 

Ba)KHOCTL nocne~Hero MexaHB3Ma npo~eMoHcTpHposaHa 
s pa6oTe I 16/, r,IJ,e pa,IJ,HOXHMBqecKHM nyTeM nonyqeHa CJIO)K
HaJI xapTBHa Maccosoro pacnpe,IJ,eneHBJI npo,IJ,yKTOB s3aBMo
,IJ,eiicTBHJI 238 U + 40 Ar. 

~eneHBe nocne nepe~aqu HYKJIOHOB MO)KHO Ha,IJ,e.IITLCJI OT
JIHqBTL no KBHeMaTBKe OT TpOBHOrO B KaCKa,IJ,HOrO ,IJ,eJieHBJI 
s TOM cnyqae, ecnu nepe,IJ,aqa HYKJIOHOB ocyiiJ,eCTBJIJieTcJI 
3a CyiiJ,eCTBeHHO 6onee KOpOTKBe BpeMeHa, qey ,IJ,eneHHe. 
npu 3TOM KBHeMaTBKa o6pa3oBaHBJI nerxoro npo,IJ,yKTa 
nepe~aqu HYKJIOHOB 6y,IJ,eT npaKTBqecKB COOTBeTCTBOBaTL 
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~syxTenLHOMY npou.eccy. CooTBeTCTBeHHO, HeKoTopyroua
cllopMau.uro 0 MexaHB3Me peaKIJ,HH MO)KHO Ha,IJ,eJITLCJI nonyqBTL 
B3 3HepreTuqecKHX cneKTpOB B O,IJ,HOM KaHane B3MepeHBH, 
noCKOJILKY npB TpexTeJILHblX npou.eccax OHB MOryT 3aMeTHO 
OTJIBqaTLCJI OT cneKTpOB DpO,Il,YKTOB,IJ,BYXTeJILHblX npou.ec
COB, B OC06eHHOCTB B HH3K03HeprBqHOB qaCTB. 

B aacTOJIIIJ,eB pa6oTe s xaqecTBe ,IJ,eTeKTopa ~E uc
nonL30BanacL BOHB3aiJ,BOHHaJI xaMepe c ceTxoB:. CyMMapaa• 
TOJIIIJ,BHa CJIOJI pa6oqero ra3a H BXO,IJ,HOrO OKHa 6blna 3KBB
saneHTHa - 10 MKM KpeMHBJI. 3TO n03BOJIHJIO Ha yrne 20° 
nonyqBTL 3HepreTBqecKBe cneKTpbl DpO,Il,YKTOB BDJIOTL ~0 
Z =38 c cyiiJ,eCTBeHHblM cna,IJ,OM ceqeauii: s o6nacTB Manblx 

3HeprBB. 

2. METOJ(HKA 3KCIIEPHMEHTA 

OnhlTbl nposo~unucL Ha 310- CMIJ.BKJIOTpoae JUIP OH.HH. 
MuweHL 232Th TOJIIIJ,BHOB 1,7 MZ/CM 2 o6nyqanacL nyqxoM 
BOHOB 40 Arc 3Heprueii 390 M3B. no~ yrnoM 20° npo,IJ,yKTbl 
peaKIJ,HB perBCTpBpOBaJIBCL TeJieCKOnOM ~E.E.- ~eTeKTOpOB. 

~JIJI B3MepeHBJI y~eJILHblX DOTepL 3HeprBB qaCTHIJ, ~E 
BCDOJIL30BaJiaCL HOHH3aiJ,HOHHaJI KaMepa C ceTKOH ~pBWa, 
no~po6Ho onucaHHaJI s pa6oTel17/.~nJI B3MepeHBJI ocTaToq
HOB 3Hepruu qacTBIJ. E ucnonL3osancJI nonynposo~HBKOBblB 
Si(Au) ~eTeKTOp, HaXO~BBWBBCJI B pa6oqeM ra3e BOHH-
3aiJ,BOHHOB xaMepbl. Cosna~aswue so speMeHB /c yqeToM 
pa3JIHqBJI speMeHB HapacTaHHJI/ HMnyJILCbl C ~eTeKTOpOB 
~E B E nocne ycuneHBJI B npeo6pa3oBaHBJI s u.u4Jposoii 
KO~ 3anBCblBaJIBCL Ha MarHBTHYIO JieHTY C DOMOIIJ,LIO 3BM 
MBHCK- 32. On epa TBBHblB KOHTponL 3a aa6opoM aH4JopMaiJ,uB 
B xo~e 3KcnepuMeHTa ocyiiJ,eCTBJIJIJICJI nyTeM nonyqeHBJI 
Ha IJ.BcllponeqaTaJOIIJ,eM ycTpOBCTBe ~ByMepHbiX cneKTpOB 
256 (!\E) x 32 (E) KaHanos. 

3HepreTuqecxaJI xanu6posxa ~eTeKTopos ~E B E ocy
IIJ,eCTBJIJinacL no ynpyropacceJIHHblM BOHaM. ~n.11 3Toro 
6blnB H3MepeHbl aMnnBTY,IJ,hl BMnynLcos s ~eTeKTope E npu 
npJIMOM nona~aHBB s Hero pacceJIHHblX qacTBIJ. c B3BecT
HOB 3HeprBeB, 3aTeM C BXO~HblM MaiinapOBblM OKHOM B 
BOHB3aiJ,HOHHOB KaMepe 6e3 ra3a B C pa6oqBM ra30M. no-
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npaBKH Ha HOHH3aUHOHHhlB ~e~eKT B ~eTeKTOpe E BBO~H

flHCb B COOTBCTCTBHH C pe3ynbTaTaMH pa60Tbl / 18( 

3~eKTHBHaH TOniUHHa BXO~Horo OKHa H3 Maanapa B 
HOHH3au.uouuo8 KaMepe 6wna onpe~eneua no noTepHM 3Hep
ruu ynpyro pacceHuuwx HOHOB 40 Ar c noMOIUbiO Taonuu. 
npo6eroB / l(J/.0Ha COCTaBHna 0,62 A42/CM 2 Maanapa. llo
npaBKH ua nornomeuue 3Hepruu npo~yKTOB B Ma8napoaoM 
OKHe H MHWCHH TaK)I(C BBO~HnHCb C nOMOIUbiO Ta6nHU. 
npo6eroa 19/. llpe~nonaranocb, 'ITO peaKU.HH npoucxo~HT 
B cpe~ueM no Tonmuue cnoe Muweuu. MaccoBbie 'IRena 
npo~yKTOB peaKUHB npe~nonaranHCb COOTBCTCTBYIOIUHMH 
cpe~HeMy 3Ha'leHHIO A/Z ucxo~HOB cucTeMbi 232 Th + 40 Ar. 

Kanu6poaKa cel.feHHB npoao~unacb no ynpyro pacceHH
HbiM HOHaM, nOCKOflbKY no~ yrnoM 20c CC'ICHHe ynpyroro 
pacceHHHH MO)I(HO C'IHTaTb COBna~aiOIUHM C Pe3ep~op~oB
CKHM / 20/. 

06pa60TKa ~aHHhlX no 3HepreTH'ICCKHM cneKTpaM OT
~CflbHbiX 3flCMCHTOB npOBO~Hnacb Ha 3BM MHHCK-32 C no
MOIUbiO ~HcnneH CO CBCTOBhlM Kapau~aWOM. 

B Ka'leCTBe napaMeTpa u~eHTH~uKau.uu Z npo~yKTOB 
peaKU.HH 6bina npHHHTa BenH'IHHa I, onpe~enHeMaH COOTHO
WCHHCM 

I - a · C~ E ~ b· E + c · E 2 ) , 

r~e (a) - HOpMHpOBO'IHaH KOHCTaHTa, Bbi6paHHaH TaK, 'IT06bi 
pa3Mep ~ByMepHoro cneKrpa ii\E1E, I) no ocu I He npe
BbiWan 256 KaHanoa. 

KoucTaHThl (b) u (c) no~6upanucb H3 ycnoau8 Haunyq
wero paJ~eneHHH nHKOB ~nH pa3HbiX 3neMeHTOB Ha 3KpaHe 
~ucnneH, Ky~a BhlBO~uncH cneKrp (N,I), r~e N - 'lucno 
OTC'ICTOB, COOTBeTCTBYIOIUee ~aHHOMY 3Ha'leHHIO I. CnCKTp 
(N,I) npe~cTaaneu ua puc. 1. Y~oaneraopuTeJibHoe pa3-
~eneuue 3JieMeHTOB c 4::; Z< 31 y~anocb nony'IHTb npu o~HHX 
u rex >Ke 3Ha'leHHHX (b) ,;;-0,0576 u(c) =-2,2·10-5 • C na
paMel paMH (b) =0,0550 H (c) =- 5 · 10-:' y~aJIOCb noJiy'IHTb 
HeCKOJibKO nyqwee pa3~eneuue 3neMeHTOB c 1: > 30. O~HaKo 
MH 3JieMeHTOB c Z> 34 y~oaneraopurenbuoro pa3~eneHHR 
C06biTHH, COOTBeTCTBYIOIUHX OT~CflbHbiM 3JieMeHTaM, He fihi
JIO noJiy'leHO HH B HCXO~HOM cneKTpe (i\E,E), HH B CnCKTpe 
(NJ), 3~eKThl, OTHOCHMhle K 3JieMeHTaM C Z- 34, onpe
~eJIJiflHCb Ha OCHOBC TOrO, 'ITO HM COOTBeTCTBYIOT npoMe-
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)I(YTKH \1 B cneKTpe (N,l) TaKOH >KC BCflH'IHIIbl, 'ITO H ~nH 
3flCMCHTOB C MCHbWHMH 3Ha'ICHHHMH Z. 

0TMCTHM, 'ITO KOHCTaHTa (h)>>(C). U npe~ene npH 
(c) c 0 uaw napaMeTp u~eHTH~HKau.uu I npuu6peTae r BH~, 
Y>KC HCnonb30BaBWHHCll B pa6oTaX /21.22/, 
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HOMEP KAHAAA 

Puc l. Pacnpeoe,~Jeuue npooyKmoe o611y•wuw1 2a 2 Th 1 
10 Ar 

/390 M:JB/ no umoMHbHf uoMepaM, no/ly'leH1toe flO() Yc;WM 

20''. IlapaMemp u0eumu(/}w<a1JUU:const·(!\E-t-O.OfJ7!).E-2,:!-Hf ;, ·!<:~ 1 

)-l/IR y•wcmKa c11eKmpa aeepxy cnpaea napa.~temp wh'umu-

¢uKa1Juu: const·( \t: + 0 ,OGGt IE.:- S-l0-·5 E 2 ).OmHocume.l bHOe npeubl-
weuue Bblxooa 11pooyKma c Z =10 ceJI3aHo c npuMecb10 
UOH06 20f'!e 8 UCXOOHOM ny'lKe 40Ar. 

,l].aJibHeHWaR o6pallOTKa 3KCnepHMCHTaflbHhlX ~aHHbiX 

npoao~unach cne~yiOWHM o6pa30M. Ha 3Kpaue ~ucnneH 

CBeTOBhlM Kapau~aUIOM OTMC'IanHCb Ha'laJia H KOHU.hl o6-
JiaCTCH 3Ha'ICHHB 1, COOTBCTCTBYIOIUBX nuKaM OT~enhHbiX 
3JieMCHTOB. Bee C06hl1 HR MC)I(Jl.Y Ka)I(~OB napOB OTMe'leH
HbiX 3Ha'leHBB J OTHOCHJIHCh K O~HOMY onpe~eJieHHOMY 
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3neMeHTy. llporpaMMa o6pa6oTKB 3aTeM noJaonJlna nony
l.(BTb H3 ,u.ayMepHoro cneKTpa (AE+E, I) o,u.HoMepHble 3Hep
reTuqecKue cneKTpbl ,LJ.ITJI OT,LJ.eiTbHbiX 3ITeMeHTOB, BbiBO,LJ.BMble 
Ha IJ.H$poneqaTaiOIIJ.ee ycTpOHCTBO. 

3. PE3YJihTAThl H OECY)J(,l(EHHE 

Puc. 1 ,LJ.aeT KapTBHY OTHOCHTeiTbHOro BbiXO,LJ.a 3ITeMeHTOB 
no,u. yrnoM 20° npu o6nyqeHHH 232 Th HOHaMH 40 Ar c 3Hep
rHeii 390 M3B. ,[(nJI npo,u.yKTOB c aTOMHbiMH HOMepaMH, 
60ITbillHMH, qeM y aproHa, C pOCTOM Z He Ha6niO,u.aeTCJI 
yaenuqeHBJI BbiXO,LJ.a BniTOTb ,LJ.O Z =38. 3TO n03BOITJieT OT
HeCTB CYIIJ.eCTBeHHYIO qaCTb TaKHX npo,u.yKTOB K npo,u.yKTaM 
peaKIJ.HH nepe,u.aq HYKITOHOB, a He K OCKOITKaM ,u.eneHBJI 
COCTaBHOrO JI,LJ.pa. llpH BCnOrrb30BaHHOH HaMB OTHOCHTerrbHO 
BblCOKoii 3Hepruu 40Ar(- 10 M3B/HYKAJHau6onee aepOJITHo 
,u.eneHue cocTaBHoro Jl,u.pa Ha ,u.aa paBHhlx ocKorrKa /23/.npu 
3TOM BbiXO,LJ. OCKOITKOB C ZS:54 MOHOTOHHO yMeHbmaeTCJI C 
yMeHbilleHHeM Z B OTITHI..(He OT TOrO, l.(TO Ha6mo,u.aeTCJI Ha 
puc. 1. 

liTO )Ke KacaeTCJI TpOHHOro ,u.eneHHJI, TO MO)KHO OTMe
TBTb cne,u.yiOIIJ.ee. ,[(rrJI npo,u.yKTOB peaKIJ.Hii c Z ::;:26 B pa6o
Tax19.10/6blrrH norryqeHbl aHH30TpOnHble OTHOCHTerrbHO 90° 
B c.u..M. yrnoBble pacnpe.nerreHHJI, qyo crry)KHT .noKa3aTerrL
CTBOM HX 06pa30BaHHJI B peaKIJ.HJIX nepe,naqu HyKrrOHOB. 
,[(aHHblMB no yrnoBbiM pacnpe.neneHBJIM npo,nyKTOB c 26 < Z::;: 
::;_38 MM He pacnonaraeM. O,nHaKo yqHTblBaJI TO, qTo co
rnacHo .naHHbiM I 10/ au.n yrrrOBbiX pacnpe.nerreHuii npo,nyKTOB 
rHll C aTOMHbiMH HOMepaMB 22::,; Z::,; 26 npaKTHI..(eCKH O,D;H
HaKOB, .nnJI rpy6blx ou.eHOK MO)KHO c.nenaTb npe.nnorro)KeHBe, 

qyo yrrrOBhle pacnpe.nerreHHJI npo,nyKTOB c 26 < z < 38 BMeiOT 
TY )Ke $opMy, qTo a .nn.11 npo,nyKTOB c Z =26. B 3TOM 
cnyqae ,nnJI ceqeHBJI o6paJosaHBJI npo,nyKTOB c Z ?: 21 Mbl 
norryqBM BeiTBI..(BHY - 250 M6 /B3 HHX npo,nyKTbl C 26 <Z:s; 38 
.naiOT -100 M6/. Benaqaua 250 M6CyiiJ.eCTBeHHo npeablmaey 
ceqeHBe npou.eccoa c o6pa3oBaHBeM Tpex $parMeHTOB npa 

7 I :mepraa 390 M3B, cocTaBrrJIIOIIJ.ee -50 M6 1 11-14;. 
TaKBM o6pa3oM, .naHHhle no Bblxo,naM He noJaorrJIIOT 

o6'bJICHBTb o6pa3oaaaae acex npo,nyKTOB c Z ;:: 21 Tpex-
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TenbHbiMH npou.eccaMH. TeM He Meuee BKna,u. ,u.eneHBJI B pe
rBCTpHpyeMble HaMH npo,u.yKTbl C Z > 30 MO)KeT 6b1Tb cy
meCTBeHHbiM. Pa3,LJ.eJIHTb 34>4leKTbl ,u.eneHHJI H rHII B 3TOH 
o6nacTH Tpy,u.uo, nocKonbKY npu 6onbmux nepecTpoii:Kax 
HCXO,lJ.HbiX JI,LJ.ep yrnOBbie pacnpe,u.eneHBJI npo,u.yKTOB rHTI 
MoryT 6b1Tb noqTH H30TponHbiMB. Ho ,u.aHHble no 3HepreTa

qecKHM cneKTpaM pa3,LJ.eneHHbiX no aTOMHblM HOMepaM npo
.U.YKTOB B3aHMO,LJ.eHCTUHJI C Z ?:30 npe,LJ.CTaBITJIIOT HHTepec 
He3aBHCHMO OT TpaKTOBKH MeXaHB3Ma BX o6pa30BaHHJI. 

3uepreTuqecKue cneKTpbl npo,u.yKTOB c Z :S 20, nony
qeuuble o uacToJimeii pa6oTe, B npe,u.enax TO'-IHOCTH H3Me
peuuii: coana,u.aiOT co cneKTpaMB, nonyqeHHbiMH B pa6o
Tax /9.10/ ua TenecKone H3 KpeMHHeBbiX ,u.eTeKTopoa. ,[(nJI 
npo,u.yKTOB c 20 _: z :_: 26 o pa6oTe I 10/ 6binH nony'leHbi 
ITHillb BblCOK03HeprH'-IHble qacTH cneKTpOB. 

B HaCTOJIJ.J..tei pafioTe HCnOITb30BaHHe ,LJ.eTeKTOpa ~E C 
cymecTBeHHO MeHbille H 34>4leKTHBHOH TOITIIJ.HHOi n03BOITHITO 
nony'-IHTb KonoKonoo6pa3Hble cneKTpbl co cna,u.oM ce'leHHii 
- 20 pa3 OTHOCHTeiTbHO Ce'leHHJI B MaKCBMyMe ,LJ.ITJI npo,u.yK
TOB C aTOMHbiMH HOMepaMH BniTOTb ,LJ.O Z =38. 

Tunaquble cneKTpbl npo,u.yKTOB c Z =26,30,34,38 KaK 
B na6opaTOpHoi CHCTeMe KOOp,U.BHaT, TaK H B CHCTeMe 
IJ.eHTpa Mace B npe,u.noiTO)KeHHH ,LJ.BYXTeiTbHOrO MeXaHH3Ma 
peaKIJ.Bii npe,u.cTasneHbi ua puc. 2. 06pamaeT ua ce6JI BHB
Mauue O,LJ.HHaKOBaJI CHMMeTpHqHaJI $opMa 3HepreTBI..(eCKBX 
cneKTpOB KaK npo,U.yKTOB C Z =26, TaK B cymeCTBeHHO 
6onee TJI)KeiTbiX npo,u.yKTOB C Z =30,34,38. 3TO 06CTOJI• 
TenbCTBO n03BOITJieT C'-IHTaTb ManoaepOJITHbiM o6pa30BaHHe 
npo,u.yKTOB C 26<2 'S_ 38 npH TpOHHOM HITB KaCKa,LJ.HOM ,u.eneHBH 
COCTaBHbiX JI,LJ.ep, l10CKOITbKY B 3TOM cnyqae B 3HepreTaqe
CKHX cneKTpaX MO)KHO O)KH,LJ.aTb HH3K03HeprH'-IHOi qaCTB, 
TJIHYIIJ.eHCJI ,LJ.O npe,u.enbHO MaiTbiX 3Hepraii:. 

BpeMeHa npoTeKaHHJI peaKIJ.HH rHll COCTaBITJIIOT B 
cpe,u.ueM - 10 -21c /1-4/, BpeMeHa ,u.eneHHJI JI,u.ep TJI)KenbiMB 
HOHaMH COCTaBITJIIOT ;::_10 -19 C / 24/CoOTBeTCTBeHHO, ecnH 
Ha6niO,LJ.aeMble HaMH npo,LJ.yKTbl JIBITJIIOTCJI npo,u.yKTaMH nep
BOH CTyneHH nepe,u.aqu HYKITOHOB C nocne,LJ.ylOIIJ.HM ,u.eneHHeM 
TJI)Kenoro 4JparMeHTa, Ha KBHeMaTBKe perBCTpHpyeMbiX 
HaMB nerKHX npo,u.yKTOB 3TO He cKa)KeTCJI. TaKHM o6pa30M, 
MexaHH3M nepe,u.aqa HyKnouoa c nocne,u.yiOIIJ.BM ,u.eneHBeM 
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Puc. 2. 3uepze111u~ecKue cneK111Pbl Fe, Zn, Se , Sr , o6pa-
3YIOUIUXCJI e CUCllleMe 232 Th+ 40Ar /390 M3B/: ( • ) -
3KCnepUMflHIICIAbHble 3Ha~eHUJI 6 A. C. ( 0) - 3KCnepuMeH
JIQAbHble 3M'fflHUJI 6 C.JI.M. OAJI oeyxllleAbHOZO MexaHU3Ma 
peaKJIUU. CrtAOIIIHbJe Kpuewe oKoAo •o~eK e C.JI.M. noAy
~eHbl ny•eM y~e•a MeiiiOOOM Mo11111e- KapAo 3f}X/JeKJIIa ucna
peHUJI HeulllpoHoe u3 nepeu~HbJX 3Hepze111u~ecKux cneKmpoe, 
o603Ha~eHHbiX nyHKIIIUPOM /KpU6ble raycca/. CllpeAKQMU 
o6o3Ha~eHbl KYAOHoecKue 6apbepbl e C.JI.M. Kpuewe e A. c. 
npoeeoeHbl npoc•o no •o~KaM. 
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TJDKenoro !lJparMCHTa ll03BOnJieT 06'bJICHHTL KaK Ha6mo,nae
MLIC B pa6oTaX · 11-14 C06LITHJI C o6pa30BaHHCM Tpex !lJpar

MCHTOB B pe3ynLTaTe O.IJ:HOrO aKTa B3aHMO.IJ:CHCTBHJI, TaK 

H Ha6mo,naeMLIC B HaCTOJI~CH pa6oTe 3HepreTH'ICCKHC 

CllCKTphl H OTHOCHTCnbHLIC BLIXO.IJ:LI npo,nyKTOB C aTOMHLIMH 

HOMepaMH, 6onLWHMH, 'ICM y 6oM6ap,nHpyw~eH l.faCTHULI. 

Cpe.nune 3HeprHH3aperncTpnpoaaHHLixnpo,nyKTOBnpe.n

cTaBneHLI ua puc. 3. Y cpe,nueuue 6Lino npoae.neuo no ace My 

3aperHCTpHpOBaHHOMY 3HepreTH'IeCKOMY HHTepBany C Be

COM, nponopUHOHanLHLIM COOTBeTCTBYJO~CMY .D:H4MtJepeH

uuanLHOMY nonepe'IHOMY cel.feHHW. BepTHKanLHLIMH oTpe3-
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ATOMHbl H HOMEP 

Puc. 3. CpeoHue 3Hepzuu npooyKIIIoe e3auMooeuc111eu.11 
232Th + 40Ar/390 M3B/. BepllluKa/lbHbiMU Olllpe3KaMu o6o3-
Ha~eHbl noAHble wupuHbl Ha noAoeuHe 6biCOIIIbl 3Hepze•u~e
cKux cneKmpoa. HWICHJIJI KpueaJI - 3Hepzuu, coo•ee•c•eyro
UIUe KYAOHoecKUM 6apbepaM. BepXHJIJI KpueaJI coo•ee111CIIIey
e111 cyMMe 6biXOOHbiX KYAOH06CKOZO U ijeHIIpo6eJICHOZO 6apbe-
poe 0/IJI CfPepu~eCKUX JIOep C =J ,46 <l>M. 
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KaMH npe,D.CTaBneHbl nonHhle WHpHHbi Ha nonOBHHe BbiCOTbi 

3HepreTHqecKHX cneKTpOB (FWHM). 3HeprHH npo,D.yKTOB, 

COOTBeTCTBYIOW:He HX BhiXO,D.HbiM KynOHOBCKHM 6aphepaM, 

npe,D.cTaBneHhl HH)I(Heii KPHBoii. BepxHJIJI KPHBaJI cooTBeTcT

ByeT CYMMe KynOHOBCKOrO H IJ,eHTpo6e:>I<HOrO 6aphepOB. 

KynoHOBCKHe 6apLephl paccqHTLIBanucL ,D.nJI cclJepuqecKHX 

JI,D.ep c r o = 1 ,46 CI>M. BhiXO.D.Hoii u.eHTpo6e)KHbiii 6apLep 

paccqHTbiBancJI no MO,D.enu cnunwuxcJI cclJepuqecKHX JI,D.ep/25,00~ 
BXO,D.HOH op6HTanLHhiH MOMeHT 6Lin npHHJIT paBHbiM 100b , 
qTo 6nH3KO K nonyqeHHOMY 3KCnepHMeHTanLHO 3HaqeHHIO 

KpHTHlJ.eCKOrO yrnOBOrO MOMeHTa, paBHOMY 94!/9/, 
113 puc. 3 BH,D.HO, 'iTO yMeHLWeHHe KHHeTuqeci<OH 3Hep

rHH npo,D.yKTOB peaKIJ,HH ,D.O 3HalJ.eHHH HH)Ke BhiXO,D.HbiX 

KynOHOBCKHX 6apbepOB npH llO,D.XBaTe llpOTOHOB npOHCXO,D.HT 

JaMeTHO 6hiCTpee, qeM llpH CpbiBe. 0CHOBHOe KOnHqeCTBO 

Ha6nro,D.aeMbiX HaMH llPO.D.YKTOB rHII, Bbi,D.enJieMbiX llO 3Ha

qeHHJIM KHHeTHqeCKOH 3HeprHH,paBHhiM HnH MeHLWHM Bbi

XO.D.HhiX KynOHOBCKHX 6aphepOB,npe,ncTaBnJIIOT C060ii npo

.D.YKTbi llO.D.XBaTa npOTOHOB.,lJ.nJI npo,nyKTOB peaKIJ,HH C llO.D.XBa

TOM 3HaqHTenLHOrO qucna llpOTOHOB Cpe,D.HHe 3HeprHH B 

-1,3 paJa MeHLWe 3HeprHH,COOTBeTCTBYIOliJ.HX KynOHOBCKHM 

6apLepaM ,D.nJI cclJepuqecKux JI,D.ep. IlpaKTHqecKH TaKoe 

)l(e COOTHOWeHHe cpe,D.HHX 3HeprHii H KynOHOBCKHX 6apLepoB 

npu Hau6onee cHnLHbiX nepecTpoiiKax ucxo,D.HbiX Jl,D.ep ua-

6nro.naeTCJI npu rny6oKoueynpyrux nepe,D.aqax HyKnoHoB H B 

,ll,pyrux HCXO,D.HbiX CHCTeMaX MHWeHh + 6oM6ap,IJ,HpyiOliJ,aJI 

qacTuu.a I 1-4/, 

Ecnu cquTaTL, qTo KHHeTuqecKue 3Hepruu npo.IJ.YKTOB 

onpe,D.enJIIOTCJI HX KynOHOBCKOH H IJ,eHTpo6e)KHOH 3Heprueii 

B MOMeHT pa3pb1Ba ,IJ,BOHHOH JI,IJ,epHOH CHCTeMhl, TO cpe,IJ,HHM 

3HaqeHHJIM KHHeTuqecKHX 3HeprHii MO)KHO llOCTaBHTh B 

COOTBeTCTBHe 3HaqeHHJI r O :J<fJql, ,IJ,nJI cclJepHqecKHX Jl,IJ,ep, 

npHBe,IJ,eHHLie ua puc. 4a /HH)KHHe ToqKu/. Ha 3TOM *e 

pHCYHKe HH)I(Heii napoii CTpenOK OTMeqeHbl 3HaqeHHJI r O '3l}JUll 
KOTOpbie auanoruqHhiM cnoco6oM MO)KHO nonyquTL H3 cpe.r:t

HHX 3HeprHH OCKOnKOB C~~n·,feTpHqHoro ,IJ,eneHHJI B CHCTeMe 
238 40 12711. U + Ar /300 M3B/ 1cTpenKa 2/, a TaiOKe cnoHTau-

Horo ,IJ,eneHHJI 252 Cf Ha OCKOnKH C OTHOWeHHeM Mace 

1 ,4/28/cTpenKa 1/. IlpaKTHqecKoe coBna,IJ,eHHe Benuquu 

r0 3<tJ<P • .IJ.nJI ,IJ,eneHHJI no,IJ, ,IJ,eiicTBHeM TJI)Kenhlx HOHOB, cnou-
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A TOMHbiH HOMEP 

Puc. 4. flac111& /a/ - 3Ha'leHUJI napa.Me111pa 3(H/JeK111U6Hozo 
pac)uyca, noAy'leHH&re OAJI cpeoHux 3Hepzuii npooyK1II06 
JIOepH&rx peaKijUU 6 cuc111e.Me 232 TJH40 Ar /390 M3B/- /HUJIC- • 
HUe 1110\lKU/ U MQAbiX 3Hepzuii, C001116e111C1116YIOII#UX 0,1 Ce'le
HUJI 6 MQKCU.My.Me - /6epXHUe 1110\lKU/. flaC111b /6/- 0111HO
UleHUJI 60AbUIOU U MQAOU noAyoceii 6bi111JIHYIIbiX KOAAUHeapHbiX 
c(Jepouoo6, KOIIWp&rMu annpoKcuMupo6aHbl (JopM&r Jloep- npo
oyK1II06 63QUMOOeiic1116UJI OAJI o6oJICHeHUJI Ha6.1tKX)aeMbiX KU
HeiiiU'leCKUX 3Hepzuii KYAOH06CKUM 63QUMOOeUC1116UeM 
U ijeH111po6eJICHOU 3Hepzueii npu r O = 1,225 CI>M U UCXOOHOM 
paccliiOJIHuu MeJICoy no6epxHoC111JIMU Jloep 2 CI>M. HuJKHue 
1110\lKU C001116eJIC1116Y10111 cpeOHUM 3HepZUJIM, 6epXHUe- MQAbiM. 
TpeyzoA&HUKaMu o66eOeHbl 1110\lKU, noAy'leHH&Ie npu annpo
KCUMaijuu. (JopM&I 6oAee AezKozo (JpazMeHJia c(Jepoii. IIyHK-
1/IUpoM noKQ3QHO 01/IHOUleHUe HaU60AbUleU U HQUMeH&UleU 
oceii 3AAuncouoa OAJI ceoAo6oii (JopM&J IIIJIJICeAbiX npooyKmo6 
6 JICUOKOKaneAbHOM npu6AUJICeHUU /a2/ .,4AJI o6eux 'lQC111eii 
pUCYHKa CllpeAKU cnpa6a nOKU3bi6Q101/1 6eAU'lUHbl, OJIHOCJI
II#UeCJI K cnOHIIIQHHOMY oeAeHUIO 252 Cf' /1/ u oeAeHUIO 
CUCIIeMbl 238lJ + 40Ar/300 M3B/- /2/. TO'lKU 6 K6aOpaJiax 
coOIII6e111c1116Y10111 pe3yA&11la111aM y'le111a ucnapeHUJI HeiilllpOH06. 

13 



TaHHOrO ~C11CHHJI H peaKL(HH 1Hfl yKa3biBaeT Ha TO, 'ITO 

cpe~HHC ~HHaMH'ICCKHC ~e~OpMal.(HH Jl~ep BO DCCX 3THX 

llpOL(CCCaX npH611H3HTC11bHO O~HHaKOBbl. 

KpoMe cpe~HHX HHTepecHo rrorrLITaTbC.R cpaBHHTb H 

MaKCHMa11bHbiC ~e~OpMaUHH Jl~ep llpH )l.C11CHHH H B peaKUHJIX 

I'HII. 3TO MO:>KHO C)l.C11aTb nyTCM cpaBHCHHJI C KYJIOHOHCKHMH 

6apbCpaMH HH3K03HeprH'IHbiX 1.J.aCTCH 3HCpreTH'-H!CKHX 

CllCKTpOB. 

Ha puc. 4a BepXHJIJI CHCTeMa TO'ICK npe)l.CTaBJIJICT 

co6oif BC11H'IHHbl r O '1cjlp.• noJiy'ICHHblC )l.JIJI Hli3K03HCprH'I

HblX y'laCTKOB cneKTpOB, COOTBCTCTBYIOLUHX 0,1 BCJIH'IHHbl 

Bbixo.u.a B MaKCHMyMe. Be11H'IHHa 0,1 onpe.u.enxercx nony

'ICHHbiM B OnbiTaX cna)l.OM CC'ICHHH OTHOCHTC11bHO MaKCHMy

MOB 3HepreTH'ICCKHX cnCKTpOB /eM. puc. 2/. AHaJIOI'H'IHbiC 

BCJIH'IHHbl r O :)qHp. )1.11.11 OCKOJIKOB )l.CJICHHJI npC)l.CTaBJICHbl 

Bepxueu napoii cTpe11oK. 113 puc. 4aBH.U.HO, 'ITO MaKcHManL

Ho Ha6mo)l.aCMbiC ~e~OpMal.(HH JI.D,Cp B pCaKL(HJIX ['Hfl 3a

MCTHO 6011bWC .D,C~OpMaUHH OCK011KOB CnOHTdHHOro .D,CJICHHJI 

H 6JIH3KH K 3Ha1.J.CHHJIM, llOJiy'laCMbiM npH BbiHY:>K.U.CHHOM 

.D,C11CHHH T JI:>KC11biMH HOHaMH HaH6011CC T JI:>KC11biX JI.D,Cp. 

3Ha'ICHH.R napaMerpa pa.u.uyca r 0 =2- 3 C/>M rrpoTHBope'laT 

3KCllCpHMCHTa11bHbiM )l.aHHbiM no llp.IIMOMY onpC)l.CJICHHIO 

pa.u.uycoB x~ep, r.u.e .11,11.11 napaMeTpa cpe,IJ.HCKBa.u.paTH'IHoro 

pa.u.uyca no11y1.J.eHo 3Ha1.J.enue r 
0 

=1 ,2 cf>M /29/3ro rrpoTHBope

'IHC llpH aHa11H3C .D,C11CHHJI JI.D,ep ycTpaH.RCTCJI npC)l.ll0110:>KCHH

CM 0 C~CROHAa11bHOH ~OpMe OCKOJIKOB .D,CJICHHJI B TO'IKC 

pa3pb1Ba 1 5 •61. 
Ha puc. 46 npe.u.cTaB11eHbi .u.aHHble no oTHoweuuro C/ A 

6011bWOH H Ma1IOH no11yoce8 BbiT.IIHYTbiX c~epOH.D,OB, no11y

'ICHHble H3 3Ha1.J.CHHH cpe)l.HHX KHHCTH'ICCKHX 3HeprHH npo

.D.YKTOB rHn /HH:>KHJIJI CHCTeMa TO'ICK/ H Ma11biX 3HeprHH, 

COOTBCTCTBYIOILI.HX 0,1 BC11H'IHHbl BLIXO~a B MaKCHMyMe 

/BepXHJIJI CHCTeMa TO'ICK/. B paC'ICTaX OTHOWCHHJI nonyoceii. 

6L111o npHH.RTO: 1/ OTHoweHHe C/ A .11.11.11 o6oux npo.D,yKTOB peaK

U.HH O)l.HHaKOBO; 2/ 6011bWHC OCH C~epOH.D,OB K01111HHeapHb1; 

3/ napaMeTp pa.u.Hyca r 
0 

= 1,225 C/>M, paccTO.RHHe Me~y 
u.eHTpaMH c~epoH.D.OB R = (C 

1
+C 

2
+2) C/>M. Ky110HOBCKoe BJaH

Mo.u.eii.cTBHe c4!epOH.D,OB BLI'IHC11.11110Cb B COOTBCTCTBHH C 

pa6oTaMH/30,317, npaKTH'ICCKH B 3THX :>KC CaMLIX npe)l.ll01IO

:>KCHHJIX aHa11H3HpOBa11HCb ~OpMbl OCK011KOB .D,C11CHHJI JI.D,C,P 

TOpH.R, ypaHa H n11yTOHHJI HOHaMH 12 C H 16 0 B pa60TC /6/. 
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B COOTBCTCTBHH C .D,aHHbiMH no 3Ha1.J.CHHJIM r O 3 cpcj:J. OT

HOWCHHJI C/ A .11,11.11 npo.u.yKTOB run' BLI'IHC11CHHLie no cpe.u.

HHM KHHeTH'IeCKHM JHeprH.RM, 611H3KH K 3Ha'leHH.RM C/ A .11,11.11 

OCK011KOB ~CJICHHJI, paBHbiM 1,5-2 H OTMC'ICHHLIM Ha 

puc. 46 HH:>KHeii. napoii. cTpe11oK. 

3Ha1.J.eHH.R C/ A,cooTBeTCTBYIOILI.He Ma11LIM Ha6JIIO.u.aeMbiM 

3HeprH.RM, B C11y'lae rHn 3aMeTHO fi011bWe 3Ha'ICHHJI ~JIJI 

CnOHTaHHOrO ~C11CHHJI /BepXHJIJI CTpC11Ka 1/ H 611H3KH K 

se11H'IHHe C/ A .11,11.11 BLIHY:>K~eHHoro ~e11eHHJI cHcTeMLI 238u + 
+ 40Ar /300 M3B/ /BepxHu CTpenKa 2/. 

flo- BH~HMOMY, npe.D,e1IOM ~.II .D,HHaMH'ICCKOH ~e~opMal.(HH 
.R~ep MO:>KHO C'IHTaTL ~OpMLI .R~ep B CC~110BOH TO'IKC, no

CK011LKy noc11e 3TOrO MOMCHTa Jl~po ~aKTH'ICCKH nepeCTaeT 

cymecTBOBaTb, nepexo.u..11 B ~Ba ~pyrHx .11~pa. Y'IHTbiBa.R 

BLICOKHe 3HeprHH B036y:>K.D,CHHJI npo.D,yKTOB rHII, ~11.11 Ol.(CHOK 

CC~110BbiX ~OpM MO:>KHO BOCn011b30BaTLCJI ~aHHLIMH pa6o

TLI/32/, B KOTOpOH paCC'IHTaHLI ~e~OpMal.(HH .R~ep B :>KH~KO· 
Kane11bHOM npH611H:>KCHHH C Y'ICTOM yr1IOBOrO MOMCHTa. 

Ua puc. 46 nyHKTHpHOH KpHBOH llOKa3aHO OTHOWCHHe HaH-

6011bWCH H HaHMCHbWCH OCeH TpeXOCHOrO 3JIJIHllCOH.D,a, 

n011Y'ICHHOC B COOTBCTCTBHH C pa60TOH/~2/ ~11.11 Ce.D,JIOBOH 

~OpMbJ TJI>KC11biX npo.D,yKTOB C aTOMHLIMH HOMepaMH Z 
2 

= 
= 108-Z l' r~e Z 1 - aTOMHbiH HOMCp 3aperHCTpHpOBaHHoro 

11CrKoro npo~yKTa. YrJIOBOH MOMCHT npo~yKTOB onpe.D,e-

11JIJICJI no MO~C11H CJIHlliUiiXCJI .R~ep /2&,26/, 

113 puc. 46 BH)l.HO, '110 JIHWb .D,JIJI npo~yKTOB B6JIH3H 

Z l = 18 MaKCHMa11bHbiC .D,C~OpMaU.HH COOTBCTCTBYIOILI.HX T .II

:>KCJibiX npO.D.YKTOB 611H lKH K OU.CHKaM CC~110BLIX ~OpM B 

pa60TC /a2~flpo~yKTbl, o6pa3y101l.(HCCJI B pe3y11LTaTe nO.D,XBa

Ta Ha 6oM6ap~HpyiOIU}'H> 'laCTHUY 3Ha1.J.HTC11bHOro 'IHCJia 

npOTOHOB, HMCIOT llpHMCpHO UOCTOJIHHLIC MaKCHMaJibHbiC 

~e~OpMal.(HH, COOTUCH.: I BYH>ILI.HC CIA -3. 3TO Cyll.(CCTBCHHO 

MCHLWC Ol.(CHOK .11,11.11 CC.D,110BbiX ~OpM Jl~ep S pa6oTe /:32/, 

Bonpoc 0 6011bWHX ~e!llopMaU.HJIX Jl~ep, COOTBCTCTByJO

UUIX 06pa30BaHHIO npo~yKTOB C Z l < 18, Tpe6yeT cneu.H

aJibHOrO HCC11C~OBaHHJI. floJiy'laiDIL(HCC.II npH 3TOM TJI:>KC11biC 

npo~yKTLI c z 2 _too npe.u.cTaB11JIJOT co6oii. 11erKo .u.en•

UUICCJI Jl~pa, noJiy'IHBWHC B peaKL(H.IIX rUn BLICOKYID 

3HeprHJO Bo36y:>K~eHHJI I --200 M3B/ H BLICOKHH yr11oBoii. 

MOMCHT (_ 6011 ). Ce~JIOBbiC !llopMbl 3THX Jl~ep 611H3KH K 

c~epe. O.u.HaKo H3 3HepreTH'IeCKHX cnei<TpoB 11erKHX !llpar-
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MeHTOB B o6naCTH MaJiblX 3HeprHH, npH annpOKCHMaiJ;HH 

HX 4lopM clllepOH, ,Ami TJDKeJibiX npo,AyKTOB C Z 2 -100 Mbl 

nony'IHM C/ A- 6 I TO'IKH a TpeyronbHHKax ua puc. 46/. 
Ha6mo,AeHHe CTOJIL CHJibHO ,AelilopMHpOBaHHbiX Jl,Aep 3a C'leT 

cnen;HiiiHKH peaKIJ;HH rHIJ 6b1J10 6bl qpe3Bbl'laHHO HHTepeCHbiM. 

0,AHaKO HeJ1b3Jl HCKillO'IHTb, 'ITO 3,AeCb Mbl HMeeM ,AeJIO 

C nepeXO,AOM OT ,ABYXTeJibHOrO K 6onee CJIO)KHOMY MeXaHH3 • 

MY peaKUHH. HeKOTOpble aapuaHTLI TaKHX MexaHH3MOB npe,A

cTaaneubl ua puc. 5. B TpoiluoM ,Aeneuuu c o6pa3oaauueM 

B Ka'leCTBe TpeTbeH 'laCTHIJ;bl npO,AYKTa C Z l :_:: 15 MOryT 

6LITb peanHJOBaHLI KHHeTH'IeCKHe 3HeprHH, COOTBeTCTByiD· 

IIJ;He 3HeprHJIM, npHMepHO BABOe MeHblliHM, 'leM KynOHOBCKHe 

6apbepbl ,AJIJI ABYX clllepu'leCKHX JIAep. Ha JTO yKa3LIBaiDT 

3HepreTH'IecKHe cneKTpbi anbllla- qacTHU npu TpoH:uoM Aene

HHH c o6pa3oBaHHeM anbllla-qacTHU KaK TpeTbero 4lpar· 

MeHTa/33,34/. Eme MeHblliHe Juepruu MoryT 6biTb nony4eHLI 

B npouecce, Ha3BaHHOM ua puc. 5nepeAa'leH: HyKnouoa nocne 

AeneHHJI. OT KacKa,Auoro AeneuuJI I 15/ 3TOT npouecc MO)I(eT 

OTJIH'IaTbCJI o6pa30BaHHeM Ha nepBOH CTyneHH ,AeJICHHJI B 

Ka'leCTBe O,AHOrO H3 lilparMeHTOB CBoero pOAa "BTOpH4HOH" 

ABOHHOH Jl,Aepuoo cucTeMbi, no3BOJIJIIDlll;eH o6'hJICHHTb 6onb-

111YID MaCCOBYIO aCHMMeTpHID IIPOAYKTOB B3aHMOAeHCTBHJI. 

)J,JIJI peaJIH3aiJ;HH 3THX MeXaHH3MOB He06XOAHMO, KOHe'l· 

HO, 'IT06bl BpeMeHa )I(H3HH ,ABOHHLIX JIAepHLIX CHCTeM H AeJIJI· 

lll;HXCJI JIAep 'laCTH'IHO nepeKpbiBaJIHCb. C y'leTOM CTaTHCTH· 

4eCKOro xapaKTepa KaK rHIJ, TaK H ,AeJieHHJI, TaKOe nepe

KpbiTHe apeMeH ue npeAcTaBnJleTcJI ueaepoJITHLIM. Hanpu

Mep, MO)I(HO yKaJaTb ua B03MO)I(HOCTb peanuJan;uu ABOHHbl:X 

JIAepHbiX CHCTeM, COBeplllaiDIIJ;HX AO pacna,Aa HeCKOJlbKO 

o6opOTOB. 

KpoMe acero JToro, ueo6xo,AHMO oTMeTHTb, 'ITO caMa 

npoueAypa on;eHKH .AelilopMan;uu no JHepreTH'IeCKHM cneKT

paM Tpe6yeT TIIJ;aTenbuoro TeopeTH'IecKoro auanuJa. )J,a)l(e 

B 06bi'IHOM ,AeneHHH nepeXOA JIApa OT Ce,AJIOBOH TO'IKH K 

TO'IKe pa3pLIBa H3y'leH He,AOCTaTO'IHO. HMeHHO 3TY CTaAHID 

pa3BHTHJI ,AelilopMaiJ;HH Jl,Aep MO)I(HO Ha,AeJITbCJI H3Y'IHTb no 

3HepreTH'IeCKHM cneKTpaM JierKHX npOAYKTOB rHIJ, no· 

CKOJlbKY BbiJieT HX MO)I(eT COOTBeTCTBOBaTb CaMLIM pa3HbiM 

CTaAHJIM pa3BHTHJI AelilopMaiJ;HH COOTBeTCTBYJOIIJ;ero TJI· 

)l(enoro Jl,Apa /eM. puc. 5/. 
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Puc. 5. HeKo1!1opble 603MOJKHble ..wexaHU3Mbl e3au..wooeiic111· 
6UJI 1/IJIJK€AbiX UOH06 C JIOpaMU. 

4. Yf/ET HCIIAPEHHJI HEHTPOHOB 

3HeRrHJI B036y)I(,AeHHJI npOAYKTOB rHTI ,AJIJI CHCTeMbl 

2
32 Th+4 Ar /390 M3B/ MO)I(eT ,AOCTHraTb -200 M3B 

,AJIJI MaKCHMYMOB 3HepreTH'IeCKHX cneKTpOB. Il03TOMY HC

Ka)l(eHHe lilopMbl HCXOAHbiX ClleKTPOB Ja C'leT HCllyCKaHHJI 

BTOpH'IHLIX 'laCTHIJ; npH ,AeB036y)I(,AeHHH MOlKeT 6biTL cy· 

IIJ;eCTBeHHLIM. IlpO,AYKTLI peaKIJ;HH, KOTOpble MLI perHCTpH

pyeM, JIBJIJIIOTCJI HeiiTpOHHO·HJ6LITO'IHLIMH /3 5 ,36/.B TaKHX 
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H~pax :JHeprBB CBH3B HCHTpOHOB MCHblliC :JHeprHH CBH38 

nporouoa 8 anLiiJa- qacTHJJ.. Coo raercraeuuo, no auanorH8 

C ~CU036y)I{~CH8CM OCKOJIKOB ~CJICHHH, MO)I{HO npe~OOJIO

)I{H fb, 'f 10 OCHOBHbiM npOU.CCCOM CHHTHH B036y)I{~CHHH B npo

~YKTaX c Z 220 HBJIHCTCH ucnapeu8e uelirpouoa. 

BnuHnue 8cnapeHHH ucurpouoa ua liJopMy ~uepreTH'Ie

cKux CIICKTpOB npo~yKTOB C L =26,30,34,38 Mbl paCC'IH raJIH 

no Me ro~y Moure- Kapno ua 3 BM CDC- 6500 a ciie~yioiJJ.HX 

npe~riOJIO)I{CHBHX. fipou.ecc BJaHMO~CHCTBHH- ~BYXTCJlhHhiH. 

l1CXOJ~HhlC MaCCOBbiC 'IHCJia npo~yKTOB peaKUHH COOTBCTCT

BYIOT cpc~HCMY OTHOlliCHHJO l\' Z CHCTCMhl ~:~~Th >O Ar . 
~HCplHH B036y)I{~CHHH o60HX npo~yKTOB paaua paJHOCTH 

Mace na•JaJibHbiX H KOHC'IHblX H~Cp MIIHYC Q- peaKUHH 

~JIH Jl,lllnoro yqacrKa ~ueprelH'IecKoro cneKrpa. Pacnpe

.ueJICHile :JHeprHH B036y)J(~CHHH MCiKl(Y OpO.UYK fUMH npo

liOPLlllllll,lJibHO HX MaC CUM. 8 COOT BCTC fBHH C ~aHHhlMH 

00 HCilapcH8lO HCHTpOHOB HJ OCKOJIKOlJ J(CJICIIHH :\7 npu

HHTO, 'lrO HCHTpOHbl HCII)'CKaJOICH H l H.L(Cp, IIOJIHOCThlO 

ycKopt:HHbiX KYJIOHOBCKHM noneM. BemPIHIHl apaiJJ.arenLHOH 

:HICpliiH onpe~CJIHJiaCb 00 MO~CJIH CJIHIIlliii\Cll H~ep ':_:;,,;eo • 

Pac•1e fbi npoao~8JIHCh ~Jill JIIU'ICHHii n;,epuou rcMnepa

ryphi T = 1 M:JB u T =2 M :JB. 'Jrol uuTe paan T o6LI'IHO 

HCIIOJII,] ye fCH Op8 auaJIHJC peaKUHH C T H)I(CJlhlMH HOHaMH 

B paM~<.aX MO~CJI8 IIJIOTHOC fH ypoBHeli C IIOCTOHIIHOH TCM

nepa r r poli hs/. llpe~nonar·anocL, 4T o pacnpe~eneHHC ueih

poHOB llO :JHeprHH liBJiliCTCH MaKCI.ICJIJIOBCKHM. lfcXO.L(HhiH 

:JHCplt: lll'ICCKHH CIICKTp, )'lliHpCIIHC H C,I(BIIr Koropor·o npu

BO~H 1 K IKCIICp8MCHTaJibHO HaUJIIO~aCMOMY COCK I py, an

npo~<.cHMUpoaancH Kp8BOH I'aycca llapaMe rpLI ~ roH Kpunoii 

OllpC)(t: fiHJIHCb IIO MCTO~y HaHMCilblUHX KBU](pa fOB Ill Hau

JIY'IlliCI'O coana~euux noJIY'ICHHor o MCHI~OM Mou rt:- Kapno 

CIICKrpa C :JKCIICpHMCHfaJibllblMH IO'IKaMH. Pc·lyJihfaThl 

pac 'IC ra llp8BC~CHbl Ha puc. 2. llliCJICHHbiC BCJI8'1Hilbl cpe~

IIHX ~HeprHH, lli8pHH CIICKTpOB, Jlla'ICHHH :JHeprHli Ha ypOBHC 

0,1 OT MaKC8MyMa Bb!XO~a ,ilJIH H]MCpCHHbiX CIICKTpOB 

Fe , Zn, Se , Sr 8 onpe~eneHHbiX nyreM pacqera nepB8'f

HbiX COCKTpOB npe~CTaBJICHbl B ma6AUije BMCCTC C ~aHHbiMH 

MH cpe~uero '18CJia v 
1 

ueuTpouoa, BbiJieTeBill8X 83 o~uoro 

uccne~yeMoro H~pa. 

Y'leT 8CnycKaH8R ueuTpouoa np8B0~8T K cMeJ..UeHHIO 

IIOJIO)J(CHHJI cpe~H8X 3Hepr8H B 3HepreTH'ICCK8X COCKTpax 
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Ha 11-15 M:JB. 3TOT pe3yJILTaT HaX0~8TCH B COOTBCTCTB8H 

c ou.euKaM8 :JiiJ~iJeKra ucnycKaH8R ueurpouoa npo~yKTaMu 
rHn B pa6orax I 39,40/. KaK 8 CJIC~OBaJIO 0)1{8~a Tb ~JIH 830-

TpOIIHOrO 8CIIYCKaH8H HCHTpOHOB, BCJIH'I8Ha CMCII.(CH8H cpe~

HCH 3Hepr88 llpOIIOpJJ.80HaJibHa OTHOillCHBlO V l K Macce 

ua6niO~aeMoro npo~yKTa. 

3HeprH8, COOTBCTCTBYIOIJJ.8C CIIa~y Bb!XO~a B 10 pa3 

OTHOC8TCJibHO MaKC8MyMa, KaK BH~HO 83 llla6AUijbl 8 puc.2, 
CMCIJJ.alOTCH Ha 15·18 M:JB, T.e. HCCKOJibKO 60JibillC, 'ICM 

cpe~H8C 3Ha'ICHHH. 

KaK BH~Ho 83 ma6AUijbr, aapuauu8 T B npe~enax or 

1 ~o 2 M:JB cyiJJ.ecraeuuoro BJIHHHHH ua c~B8r :JHepreru

'ICCKHX CllCKTpOB He OKa3biBalOT. 

Ta6Auija 
Cpe~H8e :Juepr88, nonuble Ill8pHHbl ua noJIOB8He BbiCOTbl, 

MaJibiC 3Hepr88, COOTBCTCTBYJOIJJ.8C 0,1 Bb!XO~a B MaKCH

MYMe, cpe~H8e 'IHCJia ueurpouoa, ucnapxeMbiX o6o3Ha'leH-

HbiM8 B Ta6JI8U.C npo~yKTaM8 B3a8MO~CHCTB8H 40 1\r 

/390 M:JB/ c 2:l2 Th. T- npunHroe a pac'lerax 3Ha'leuue 
x~epuou TeMneparypLI. 

IIpoeyxT lfCTOtffimt E, ~whm Eo,1 v, T) I 
HH!{>OpMaiUUI MaE MaE Ma.e MaB 
.1113YepeHHe 139 49 93 - -

Fe pacqeT 152 49 108 5,15 1,0 
150 47 109 4,17 2,0 

I 

.1113MepeHHe 135 45 94 - -
Zn pacqeT 148 42 109 5,96 1,0 

150 42 109 4,73 2,0 
aauepeHze 131 44 97 - -' Se 
pacqeT 144 33 114 6,80 1,0 

!42 33 113 5,63 2,0 
H3MepeHHe 134 40 98 - -Sr 
pacqeT I 146 33 115 8,02 I,O 

146 33 116 6,65 2,0 
-------
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3Ha'leHB.II r 0 ')¢¢. H C/ A .IJ.n.ll F'e, Zn , Se , Sr c yqe

TOM 3~eKTOB OT BCDapeHBJI HeHTpOHOB npe.IJ.CTaBneHW Ha 

puc. 4 TO'IKaMB, o6Be.D.eHHWMH KBa.IJ.paTaMB. Y'leT Bcna

peHB.II HeHTpOHOB npBBO,lJ.BT K HeKOTOpOMY yMeHbWeHBIO 

pac'leTHbiX .D.e!llopMa~BH npO.IJ.YKTOB rUn, O,lJ.HaKO Ka'leCTBeH

HO He MeH.IIeT BbiBO,lJ.OB 06 OTHOCBTenbHbiX 3Ha'leHBJIX 

.D.e!llopMa~BH Jl,lJ.ep B peaK~BJIX rHII B ,lJ.eneHBB. 

5. BhiBO,[{hl 

l. B CBCTeMe 232 Th+ 40 Ar /390 M3B/ B3MepeHW 3Hep

reTB'IeCKBe cneKTPbl npO.IJ.YKTOB peaK~BH c Z ;:38. OTHo

caTenbHWe BWXO,lJ.hl 3TBX DpO.D.YKTOB yKa3WBaJOT Ha TO, 'ITO 

,lJ.a)l(e B o6naCTB HaB60nbWBX 3aperBCTpBpOBaHHWX Z BeCb 

3~eKT Henb3.11 06'b.IICHBTb ,lJ.eneHBeM. 0TCIO,lJ.a cne,lJ.yeT, 'ITO 

B peaK~BJIX run B TaKOH TJI)I(enoH CBCTeMe, KaK Th + Ar, 
MO)I(eT OCyllleCTBn.IITbCJI ysenB'IeHBe MaCCbl BCXO,lJ.HOH 6oM-

6ap.D.BPYIOllleH 'laCTB~hl 6onee 'leM B,lJ.BOe /o6pa30BaHBe 

Sr B3 Ar I. 
2. Cpe,lJ.HBe ,lJ.BHaMB'IeCKBe .D.e!llopMa~BB npO.IJ.YKTOB run 

6nB3KB K cpe,lJ.HBM .IJ.e!llopMa~BJIM OCKOnKOB CDOHTaHHOrO 

,lJ.eneHBJI B BWHY)I(.IJ.eHHOrO ,lJ.eneHBJI DO .D. ,lJ.eHCTBBeM T JI)I(enbiX 

BOHOB. 

3. MaKCBManbHble .IJ.HHaMB'IeCKBe .D.e!llopMa~BB npo.D.yK

TOB rUn DpB annpOKCBMa~BB BX !llopMbl BbiT.IIHYTbiMB 

c!llepOB,lJ.aMB COOTBeTCTBYIOT OTHOWeHBIO 6onbWOH B ManOR 

nonyoceu onnoTb .D.O -6. 0.D.Haxo 3TOT BbiBO.D. Tpe6yeT 

nposepKB nyTeM .D.eTanbHoro TeopeTB'Iecxoro aHana3a .D.B

HaMBKB pacna,lJ.a ,lJ.BOHHOH Jl,lJ.epHOH CBCTeMbl B BnB.IIHBJI 

BTOpB'IHbiX npo~eCCOB. 

B 3aKnJO'IeHBe aBTOpbl Bblpa)l(aiOT CBOIO rny60KYIO 

npB3HaTenbHOCTb aKa,lJ.eMBKY r .U.<I>nepOBY 3a CTBMynBpyro

lllBB BHTepec K pa6oTe B IO.A.My3bi'IKe 3a~eHHble o6cy)I(.IJ.e

HBJI. ABTOpbl 6narO,lJ.apHbl TaK)I(e O.r .raHrpCKOH 3a DOMOlllb 

npB o6pa6oTKe ,lJ.aHHbiX Ha 3BM MBHCK· 32. 
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PyKOOHCb DOCTYDHna B H3,IJ;a TenLCKHB OT ,IJ;en 
16 4leapanJ1 1978 ro,IJ;a. 

HeT JIM npo6eJion B Bamei1 6H6JIHOTeKe'? 
Bhl MolKeTe noJJy4HTh nn not:~Te rwpP4HrJJeHHble HHlKe KHI1I'H, 

ecJJil 01111 JH' 6bJJJI! 3m<a3aHJ.J par we. 

Pl,2·7642 
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)1,1,2-8405 

p 1,2-8529 

)1,6-8846 

)1,13-9164 

)1,1,2-9224 

)1,13·9287 

)1,7 - 9734 

)1,2 - 9788 

)1,-9920 

)1,9-10500 

)1,2·10533 
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CKOnHH H TCOpHH .R)lpa. )J,y6Ha, 1975. 180 CTp. 
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)lHKC 11pOBOJI04HbiX KaMep. )J,yfiHa, 1975. 344 CTp. 

IV MeJK)lyHapo)lnwii ceMHHap no npo· 
fineMaM $H3HKH BbiCOKHX JHCpl HH. )~yfi· 
Ha, 1975. 307 CTp. 
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MelK)lyHapO)lHII.R WKOJia • CCMHHap no 
BJaHMO)lCHCTBHIO T li)I(CJibiX HOHOB C ll)l" 
paMB H CBHTC3Y HOBbiX JJICMCHTOB 
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Tpy)lbl MeJK)lynapo)lHoil Kou~epeuuus 
no B 36paHHbiM BOnpocaM CTPYKTYPW 
RJlpa /)J.y6Ha, 1976 r./ 

TpyJlbl I I CuMnoJHyMa no KonneKlHB· 
HbiM MCTO)laM ycKopCHBll. )J,y6Ha, 1976. 

Tpy,D.bl X MelKJlYHIIPOJlHOii WKonw 
MOJIOJlbiX yqenwx no ~B3BKe BbiCOKHX 

452 CTp. 

292 CTp. 

JHepruii. liaKy, 1976. 560 cTp. 

3 p. 50 K • 

2 p. 50 K. 

3 p. 50 K, 


