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Aauel!'IHKOB B.B., EorM'HH B.H., fpHr.opbeB E.n., 
no)KKHH O.B. 

1 - 7894 

HaoTonHbte a4l¢eKTbi npH aeynpyroM B3aHMOLiel!cTBHH npoToHoB 
660 M aB c SILipaMH 10 8 H 118 

npH aKcnepHM9HT81lhHOM H3Y'I9HHH peaKUHl! Ha H30TOnax 108 H liB noLI 

uel!cTBHeM npoToHoB 660 MaB ·npoaeueHo HccneuoaaHHe acjlcjleKToB, CBH3aHHbiX 

C H90LlHH8KOBbiM 'IHCIIOM Hel!TpOHOB B S1Llp8X-MHW9HSIX, 06Hapy)K9HO pa311H'IH9 
B a6comoTHbiX ce'leHHSIX. o6paaoaaHHSI H3oTonoa I ,2, 3 H H 3,4 He Ha LIByx 

H3oTonoB 6opa H ycTaHoaneHo pa3.11l'llle B cjlopMe cneKTpOB 3 He n 4 He , 
llCnycKaeMbiX H30TonaMil 6opa, 0THOW9Hil9 C9'19Hill! o6pa30B8HHSI H30TOIIOB 

H · H He Ha 10 8 11 II 8 yKaabtBaeT Ha 'leTKyro KoppenSIUHJO c HaoTonH'IeCKHM. 

cnHHOM BTOpll'IHblX '18CTIIU, 

• HccneuoBaHHe BbinOIIH9HO Ha CllHXpOUHKIIOTpOHe na6opaTopHH SILl_epHblX 

npo6neM OHHH. 

Coo6UleHMe 061.e,[IMHeHHoro HHCTMTyTa JUlepHhiX HCCJieAOBaHMI 

,izy6Ha, 1974 

@1974 06"beOUHeHHbiU UHCIIJUIIfY111 A?epHbiX UCC,/JeOQ60HUU ,ay6Ha 
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BBEilEHHE 

B ·Hacrosnuee speMSI ·B. CBSI3H c nonpocaMH o Knacrep-. 
HOii CTpyk'rype 'gnep H npifpone HpSIMb!X npouecCOB B Jlli.:..: 
Tepa:rype lliHp.OKO o6cym.uaeTCsi M8X8HH3M B38HJ\10nefiCTBHsi 
'laCTHU B.hJCOKHx· .sHeprHii c nerKHMli SIUpar..;H H CH.CTeMa:ru
Ka nponyKTOB Heynpyrux naaHMO.Ueiic:rsuii. 

Onpe.uene.Hiir,Jii ycnex n cHcTeMaTMKe ceqeuHii o6pil3o
Ba.HHSI ocni:ro'lHhJX Sinep/1 I nocpenc:rnoM annpoKCHMaUHn .; 
HX 3Mmipuqeci<lfMu ¢opMynaMH :rnna ¢opMym,i PyncraMa 
liHHU!inponan BHiiManHe' K. KacKa.uuo..:.:licnapliTenbHo;l n Kac...:. 
Ka.uuo-n3ph!BHOii (break-up)' Mo.uenSIM · pacuienneuuii 
nef'KHX SI.Uep rrpH BhlCOKHX 3HepriHJX 'laCTHU. B pSI.ue pa;.:. 
6o:r/2,3,4/ 6I>Jn0 nony'leHO pa3yMHOe COOTB8TCTBII8 3KCIIe
p!iMeliT.'WbHhlX C8'18Hlili o6pa30BBHHSJ "ocraTO'IHh!X SIUep 
C Bhl'lHCneHHhiMII IIO MOA8Jllf KBCKll.U + MIIOf'O'IBCTU'IIIhlll. 
pacnan~ a TaKme IIO 38BUCIIMOCTH 3TIIX Ceq~~Hii OT 3~8pf'lilf 
na.ualoumx npo:rouon; Kp.oMe roro, KaK OTMe'lanoch 8 pa~o
:re/~1-, . JICHOJth30Ba·HHe MOUenH MHOf'O'IaCTH'IHoro pacnana . 

· B036ymi:teHHBiX SI.Uep .uae:r xopomee conna.ueuue~ pac'leTHblx· 
R 3KcnepuMeu:ranbHhJX AaHHhJX no coo:ruomeuuiO · uao:roncin 
3H . , 3 He,\ .JIIe B peaKUliSJX p + .12 C npu 3Hepruu 

660 MsB. . ll, 3 l 
3aMe'leHH8SJ 8Bl'Op8MU•pa60T · K8'l8CTB8HHO BB>KH8SI 

ponb RaoronuqecKux crmuon ( T ) Sinep-Mumeueii H SI.Uep-. . . z 
llpO.UyKTOB B CUCT8MBTUKe a6COnJOTHbJX C8'18Hlfll · o6pa30B8-

- . . 7 • . . . ' ·, - - . . • ~ • • . 

HUH OCTaTO'lHblX SIUep T8K>Ke ·uamna CBOe ~CT8CTB8HHOe .. 
o6'hncueuHe B Mo.uenH. KacKa.U .,.. MHoroqaCTH'lUhJii pacna.u_, 
a -u~eH~o: o6paaonaiiHe o~:ra:ro."IHoro. gnp~ ~ ~~HR~anbHh;M 
31ia'leH!i8M · L\ Tz : ":. TzMHIII,-:- T zocr. ~: 3f1epr:e:rH'leCKH ~-~~f'O.UHd 
C 1'0'lKH~3peHH51 K~HeTR'leCKOll SHepf'HU, peanH3yeMOM B~~Ta
.UUH M~oroqacTH'lH<;>ro pacna.ua.·. Peay~h:ra:r,hi pa6oibll~i-. qo 
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U3y<IeHHIO _OCT8TO<IHhi?' SI.Aep ' '. · .Be 1 o6pa30B8HHbiX npii 
aaan:~oaeii:CTBIIH nporoaoa 150 H' 600 MaB c. SI.ApaMH 13 C; , 
noKa3biB810T cyruecTBeHHOe yaenii<IeHHe ce<IeHHll o6pa30BaHHSI 
Hell:rpoaon:a6brTO<IHhiX ·n:aoTonoa Be .no cpaaHeHHIO co cny
qaeM, Koraa MII~eHSIMH SIBnSIIOTCSI Mpa 12 C, <ITO Ka<Iecr-
aeaao cooraercrayeT H3MeHeHHIO 1'l Tz a 8TIIX aayx 

· cny<IaSix. BMecre c reM noao6Hbre riaHHbie no nonHhiM 
Ce<IeHHSIM BTOpH<IHbiX npOAY.KTOB SI.AepHbiX pacruenneHHll He 
ABIOT B03MO.lKHOCTH llOHSITh CTpyKTypHbi8 oco6eHHOCTH . ner-
KIIX SI.Aep II3-38 Man_Oll <IYBCTBIITeHbHOCTH P!iC<IeTHbiX ae.:.. 
HII~im K Bbr6opy rex iwH·, HHhii napaMeTpOB ''(eM., HanpH
Mep,/6/). Heo6x~AHMbl H3MepeiiHSI .H reopeTH<IeCK~n. aiianii3 -~ 
AHcptflepeHUHanbHbiX ce<IeHHll o6paaoaaHH5I. BTOpH<IHhiX qaCTHU. · 
B IIIIipoKoM AIIairaao~e Z; M, E, ®na6: . 3KcnepHMeH~anh-
JiaSI 1IHcpOpM8UIISI T8KOI'O po.Aa, nony<IeHH8SI B peaKUH5IX npH 
BbiCOKH~ aaeprHSIX ripoToHoa/7/ AnSI Sill~P c:pe.AHero -~T0!'-1-
HOI'O aeca, noKa3ana 1 <ITO B 38BHCHMOC_TII OT aenH<IHHbl 
H~~TpO-HHOI'O 'rra6brTka B Sillpe-MHIIIeHH cyrueCT~_eHH~ MeHSI
IOTCSI H .nonHhre, H AIIcpcpepeHuHanhHb;e ce-q;eHHSI qi5paaoaa-

~ t' 

HHSI BTOpH<IHbiX <I8CTHU. 
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,I 
il t\10.lKHO 6binO 6hr no_naraTh, <ITO o6Hapy:>KeHHOe BniiSIHHe · 

crpy~i:'YPHhiX oco6e~mocreii, SI.Aep-Mn:IIIeHell: Ha xapaKrepH
CTIIKII npo,AyKTOB peaKUlill. npH BbiC.O,KIIX _i3H8pi'HSIX 6~.AeT cy:;-: 
J1leCTBeHHO 1:I .llnSI .ne,I'KHX 5Jnep:-MHIIIeHell:. flnSI npoaepKH. 
~ror,o. npeairono.lKeHHSI II n.peanp~~SITa n~imaSI pa6ora ·no 
HCcneAOB8H!IlO ,AIIcpip~peHUIIanbHbi:K X~paKTepUCTliK 1!30TOnOB 
B_()A0p.~A91, H renHSI Qf?H .B:38HMOA8HCTBHII npOTOHOB 660 )'v\aB 

t 
. ':: t: 

C SI.ApaMH lOB H liB~ . . . . . . 
• y, • / 

METOllHKA 3KCflEPHMEHT A 

r 

l 
j 

. -. t 
-~· r 

' 3Kcnep1IM8HT ·rtpOB.OAIIHCSI Ha Bbii~e.AeHHOM ny<IKe. npOTO.;_ : 
aoa cmixpoUIIKiiOTpoaa fla6op~Topnii SI~epHhix npo6~e-M · .1 
O~.Hl1. B .HcnonhayeMoii K.aM'epe! pacceSiimSI 6hrnH 'ycraaoa-
neHhr 1\miiieHII } II TelieCKOn II3 nonynpOBOAHiiKOBbiX KpeMHH-
8BbiX A~TeKTOpoa, .a··cocr£m' KOTOpbiX ·aXOAIIHH · .AeTeKTOp 
dE/ dx' 1-onruiiiiOii 40 MKMi nereKrop· E II a~·Teil'op·· 
aHTHCO~naaeHHSI C TOHIUIIHBMII COOTBeTc"TaeHHO 800 .:H . 
500 MKM~ Bee aerei{l'opi>r 6hrnn: Bbmonaeabi MeTo.AoM, paa- ... 

4 

pa6oTaHHhiM a Paan:eaoM IIHCTHTyTe HM. B.f.Xnonn:na/81_; 
onu o6nanann: co6craeHHhrM ::mepreruqecKn:M paapeiiieHlieM 
MeHee 50 K~B AhSI Ea · = 5,5 MaB. lleTeKrop nonaoro 
nornorueHRSI'( E) n:~en qyacran:renhHYIO aoay no<ITH Ha aero 
ronwn:ay, II ·nn:IIIh MepraaSI aoaa. c o6paraoii cropoHbi 
COCTaanSI?JB' AOnii MHKpOHa. TeneCHblll yron pei'HCTp8UHH 
'I8CTHU. TeneCKOnOM 6hm onpeaeneH npii nOMOWW Kann6po-
BO<IHOI'O, IICTO<IHuxa a -qa'crn:u II cocTaansm (1,99 :!:.. _ 
:!:.. 0,02) .10-3 cp. 

a·aKyyMHaSI KaMepa c nacraHUIIOHHhiM ynpaaneuueM~.iiO-
. . ,. '. 'f.' .. 

3BOnSina ycTaHa:BniiB8Th TeneCKOn nOA 38t:l8HHbiM ;yr110M· - . . .. . . ' - .... 

u noMeiUaTh, ·B ny<IoK nporoHOB. ry nnii uay10 H3 uccneaye- . 
Mhrx · MIIIIIeaeii n:nn: y6uparh HX n·a ny<iKa nnSI uaMepeiin:SI 
·¢oua a rtpouecce pa6oTbr ycKopliren:si.: ·aiireucnauocTh nyq
Ka U3Mepgnacb HOHII38~HOHHOH ; KBMepoll:, . ~ann:6poa~HHOH no 

peaKUHSIM · 27 Al (p~ 3p ~) 24 Na II l~·.C'( p,pn) 1 1c. 0IIIn:6~a 
onpeneneHHSI a6bonroruoro ceqeiJ~SI ripoay~roa peaKun:~ 
COCTaansrna ,< 10%, n:' CKna.AbiBana·C~; B OGHOBHOM,, H3 \oulli-
6oK B Ce<IeHIIII ynOMSIHYTbiX KanH6p'o~O<IHbl~ pea~~HH li' 
MeTO,An:t{eCKHX OIIIH60K H8IIIHX H3MepeHn:~· Ce'IeHH~ ~THX 
peaK'UHH. -. 

3neKTpouuoe norii<IecKoe ycrpoll:crao~· ::UcrionhaoaaH:iloe 
a aanHoii pa6ore anSI ll:aeu-ru'cpliKauuu ~ac,:~u a< SI.Aepa~rx . 
peaKUIISIX. H ,AnSI H3MepeHnSi HX. aaeprnll:, onncaao B pa6o;
re19/.' Man~SI ann:renhnocTh ny<r'Ka npoTo'uoa ycKopu~nsi 
(160 MKCeK) npHaoalina K ~Ha<IHTe.nhHoft. 3arpyaKe TeJ'!:eGKo
na KaK :qacrn:uaMn'" oT · MRIIIeiJu, raK H ¢61Ioal,rMH :"trac-l-n:uaMn. 
floaroMy B cn:cTeMy ol-6opa qacTHU anSI auanti3a 6hma ' 
BBe.AeHa tSbiCTpaSI CXeMa coaiiaaeHHll ( !rr "' 70 HCeK) 
H aHTHCOBna.AeHn:ll:, KOTOpaSI ynpaBnSina pa60TOH aneKTpOH
HOPO nor~<IeCKOI'O ycrpoii:c'taa • .UnSI non)''I~HHSI npaBHnbHOI'O 
3H8<I8HIISI

1 

llOTOKa ll8A8IDWHX -OpOTOHOB 6hJna BBelleHa 'cxeMa 
"Mepraor;o apeMeHH". pa6oroii KOTopoil ;y.npaanSin uMnynhc 
6no.KRpoaku' axoaa noruqec~~-ro ycTpoll:cTaa. BnoK:..~~eM~ 
ane:Krpoaaoro ycrpoll:craa npHaeileaa ua ·pnc. 1. -

Kanu6poaKa .auepreTII<Iec~wii IIIKanhr. aiianii31IpyiOruero 
ycTpOHCT~a npOBO.AHnaCb C riOMOWblO a -HCTOtiHHK8 II reHe
paropa · rotiuoll: aMnnll:TYAhl. a ;-HCTO<IHHKH · 6btnH ycTaHoMeHbr 
Henocpe.ACTBeHHO _B TenecKone C o6paTHOll CTOpOHbi .AeTeK-
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Topoa, 'ITO noaaongno npoHaaonHTh npoaepKy pa6oTocno
co6aocTH neTeKTOpOB BO BpeMg H3MepeHHH. 

DnH HcKnroqeaHg anHga8g $oaa H3MepenHg npouaaona
nHch c_nenyromHM o6pa:3'oM: B nep:H<aTene MHweneA, ~Mea
weM Tpa' pafioqux nono:H<eHHg, yKpenngnacb onnoapeMenno 
ABe MHWeHH HCCnenyeMhiX H30TOll0Bo llpH HeH3MeHHOM pe
:lKHMe -pa60Tbl yCKOpHTE!ng H llHCTaHUHOHHOH CMeHe MHWe
HeH npoHa~onanach nocnenoaaTenhno· H3Mepenag: a) :-qac
'THU or iu:!jmoh Memena; 6) q:osoabl~-- ~mcTHu; , a) q~crau _ 

or aropoA MHwenH.: B cpenneM $on a o6nacru perHcrpa
UH~ Haoronos 2•3 H cocraangn= 30%, a a o6n-acrH pe-' 
rHCTpaUHH renHg -. }0% llpH HHTeHCHBHOCTH nyqi{a llpOTo-· 
HO~ 5.}08 1 /cM2.c~~. ' ' . . - - _ 

MaweHH 6opa 6hinH uaroroaneHbJ H3 \. paaneneHHbJX H3~ 
ronoa lOB (3,54. MrlcM2) H.,- II B (3;18 Mr/c~) c" conep-

:H<anueM ocnoauoro uaorona a MHwenu 97,8 11 97,96% co
OTBeTc'rae~no. llOCKOnhKY ::-MH-WeHH fihina-- H.a KOnnonHeBJ,JX 

nonno:H<Kmc, To nng: naMepenuii $ona 6I>ma npuroroa.Jiena 
cneuuanhHaSI MHwenh H3 KonnonHSI, paaiiasi no aecy .non
nmK.KaM KOnnoilHSI B:MHIDeHSIX C 6opOM (0~17 MrfcM2 ).-

- . 
3KCllEP11MEHTAJlbHbJE -PE3Y JlbTATbl' 

11cnonbaoaannoe B pa6ore sneKrponnoe norlf'IecKoe 
ycTpOHCTBO lflleHTHijlHK8UHH M1cc: 1\1 If aapSIAOB ·z. nponyK
TOB peaKuuu · no38on5Irio' nonyqarh pacnpenene.IIue perHcTpH-
pyeMbiX qaCTHU no aenH'IIIHe :: 

£(1\1, Z) ·= ( E + 0,5l\E) 0 •7-~l\E, 
' ~ ,~ 

rne 1'1. E H E ~- _snepran·, repgel\ihie qacruueu a. T~liKoM 
H TOnCTO~ nerekropax COOTBe.TCTBeHIIO~ llpli STOM. ~THOCH
renhHOe pachono>~<e.nHe OTi:lenhllblX u'aoronoa no WKaiie . 
auanaaaropa· co~-Taercray~T aaaHCHMOCTH f(l\1; Z) '== M0 • 77!-. 

·DnSI Hnmocrpauun paapew·e_HHSI no Macce na puc •. 2 
npaaeneuo sKcnepii~enTanhHoe pac~peneneHue f( M, Z) 
8 o6nacTH Haoronoa aonopona H renag, o6paaoaaHHbiX a 
peaKI£HH C gnpo¥ l.~B non yrnoM 8 na6. = 90°~ 3uep
reTaqeCKH~_ j:iHa~a~30Hbl nnSI BTOpH'IHbiX i:taCTHU, B· KOTOpbiX 
nonyq_~Ho pacnpeneneHHe ~ ( M, z} , yKaaaHbi B ra6nHue. 
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TaM )1{8 npuB8A8Hhi u3M8p8HHhie a6comoTHhi8 ·au~~8p8H~ 
uaanhHhi8 C8q8HHSI o6paaoaaHHSI uaoTonoa aoaopoaa H 1"8~_;;~· 
nuSI ua Io- B n 11 B · n nx oTHOID8HHSI. KaK BIIAHo liS 
Ta6nHUhl, OTHOlll8HHSI C8q8HHH o6paaoaaHn~ 1 H • 3 H • 3He 
3aM8THO OTnuqaJOTCSI OT 8AHHHUhi 1 qTo SIBnSI8TCSI yKa3aHH8M 
Ha HanuqH8 H30TOIIHOI'O a~¢8KTa anSI ynOMSIHyThiX IIpOAYK-

. . 

TOB B p8aKUHSIX npa Bb!COKHX 3H8pr'HSIX • 

. Ha pile. 3 np8acTaaneHhi. 3II8pr'8Tifq8cKH8 cn8KTpbi . 
II3.oTonoa 3•4 He ua SIA8p.10n u 11n, rronyq8.HHhi8 non 

yrnoM_. ®na6. = goo. llnSI uaoTona 3 He (anSI o6enx MH~, · 
lll8H8ii) ·Ha6nroaaroTcSI 6on88 x<eCTKue CII8KTphr, '18M .nriSI 
4He u aTo npoSIBn8~1I8 ·aoo6ru8 xapaKT8pno anSI aTiix 

nponyKTOB B BCnyqa8 H8ynpyroro B3BllMOA8llCTBHSI 'lBCTHU~ 
BbrcoKux aH8prnii c SiapaMn:/5,10/. Eon8e HHT8p8CHhrM, 

Ha Halll. aarn~, SIBnSI8TCSI paanuq!Ie a ~op~8 CII8KTpoa.nao
Tonoa 4 He ( H 3 He). OT aayx uaoTonoa SIA8p-Mniiieneii:. 
3To cneay8T . H3 PIIC. 4, Ha Ki:>TopoM IIpHB8A8Hbl OTHOlll8HIISI 

' . 3 4 AII~~epenuuanhnhrx ceqenuii: o6paaoaaHHSI · He II l.Je; . 
CMSirqeHH8 CII8I<Tpoa BTopaqnbrX qacTIIU anSI · 6onee nerKIIX 
Sillep-Mullleneu OTMetianoch y)l{e panee anSI ~:~aoTonoa . Ni "·. 
If· Sn /7 I. OanaKo a· ·cnyqae uaoTonoa 1 0 n u 11 B BhiSIBII

nach 8llle OAHa OC06eHHOCTh paCCMaTpHB88MOll 3aBHCifMO-. 
eTa, a· HMenno, anSI 4 He a o6nacTu anepriiH oKono 15 MaB· 
OTIIoiiieHa8 an~qlep8ntiuani:.nbrx -c8qenuii ~iaHOf3IITCSI M8nl:.ill'e. 

8AHIIHUbi, 3aBHCHMOCTh OTH.OllleHHB C8qf\rru o6paaoaaH!ISI'. ' 
n8rKux· BTopuqHhiX qacTHU ua 10 n H n OT HX H30To

nuq8cKoro .cnuna npiiB8ll8Ha na pHc. 5. 3a8Ch )1{8 noK,a3aHhi 
8Hanori!qHh18 3aBHC!fMOCTH JlnSI ApyrHx II30TOIIOB SIAep~ 

Mlllll81!8ii, B3SITbl8 1!3 pa!I88 ony6nitKOBBHHblX pa6oT/7,10/. 
Bo BC8X cnyqaSix o6napyxmaa8TCSI q8TKaSI KoppenSIUHSI oT
HOlll8HHSI ceq8Hifii C'H30TOIIHq8CKHM CIIllHOM HCIIYCK88MOii 
qaCTHUhi. 

OECY)K11EHI1E PE3YnbTATOB 

flposea8HH08"liccn~aoaa'nae noKaaaflo, '!To, oaHH H T8 )1{8 
n8I'KH8 ·rrp-onyKTfii' B3BIIMOA8HCTBir·SI npOTOliOB C 3H8pr'II8H 
660 'MaB c SIAPBMH.: IOn ll 11n-. o6paayroi'CSIC:C 'pa3Hbiim 
ce'leHHSIMH ·" HMeroT ·p~;Hhi~ ;H~preT~qecKire' c~~i:Tphr 
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B aaBIICIIMOCTH OT Tuna Hnpa-MHilleHII. _ OGa yKaaaHHhiX 

stlJ<lJeKTa HeBeiTHKII, OJlHaKO He06XOJliiMO IIMeTh B BHJlY t 'ITO 

o6ycrrOBITIIBaiOTCSI OHII pa3HliUeii MeiKJlY IICXOJlHbiMII SIJlpa~m 
BCero Ha OJliiH HeiiTpOH II C __ TO'IKH 3peHIISI cymeCTCTBYIOIIIHX 

npeJlCTaBrreHHH Q_ np!IpOJle peaKUHH np!I B.J:>ICOKIIX 9Hepr1ISIX 

SIBITSIIOTCSI HeOJKIIJl8HHbiMH. llpeJlCTaBITSieT IIHTepec, He 3a-· 
. . .· . 

TparHBaSI BOnpoCOB MeX8HII3Ma peaKUIIH, IICllOITb30BaTb yJKe 

ynOMIIHaBIIIIIHCSI Bblllle tiJopM8ITII3M II30TOllii'IeCKOrO Cn!IHB JliTSI 

BbiSIBITeHIISI xapaKTepHbiX. OC06eHHOCTeii Ha6nronaeMhlX stlJ<lJeK..,;. 

TOB.. a-1 
KaK G&mo noKaaaao aa p!IC. 5, aaBIICIIMOC"I:b -- =f(Tz) 

a2 -
JliTSI II30TOnOB BOJlOpOJla ll reiTIISI annpOKCIIMIIpyeTCSI B nep

BOM np!I6ITII/KeHIIII npSIMOH ITHH!Ieii B nonynorap!ItPMII'IeCKIIX 

KoopnHHaTmc. Hcnonbayg peaynbTaT&I pa6oT&r16/ no Hayq-e

HIIIO ceqemrii o6pa30BaHIISI OCT a TO'IHbiX SIJlep 7 •9 • lO Be ira 

SIJlep-M!IIIIeHeli - 12C II 13 C MO/KHO llOCTpOIITb aHanorH'I-
al . . 

HYIO -3aBIICIIMOC.Tb -- = £( T ) JliTSI ocTaTO'IHhiX SIJlep · a , z · 
- - ' 2 . . 

B peaKUIISIX llp!I Bb!COKIIX 9Hepr!ISIX. 3TH 3aBIICIIMOCTII JliTSI 

nayx_ sHeprnii npoTOHOB, 150 II 600 MaB noKaaaHhi Ha 

p!IC. 6. 0HU T8K/Ke , MoryT 6b!Tb annpOKCIIMHpOBaHbl llpSIMbi

MII iHIHIISIMII, HaKITOH KOTOpbiX, ropa3l:l0 6_()ITbllie Ha,KITOH8 

ITIIHiiii cooTBeTC?TBYIOIIIeii aaa!ICIIMOCTH _ai /a 2 nrrSI nerKHX 
. ' a 

qacTuu. CymecTaoaaHHe nsyx. saBHCIIMOCTeli ---i-1- = £( Tz) . 
' 2 

nrrSI BTOPII'IHbiX nponyKTOB peaKUIIii nP,n si.rcoKHX auepr!ISIX 

xapaKTep!I3yeT pa3ITll'IHOe BITIISIH!Ie COCTaBa liCXOJlHhiX SIJlep 

Ha npllpOJlY nerKIIX '!aCTIIll li OCTaTO'IHhiX SIAep B peaKUIIli. 

ConocTasneulie STIIX nsyx saBIICIIMOCTeii noKaa&maeT, 'ITO 

JliTSI HeiiTpOHOii36biTO'IHOrO Ii30TOna SIJlp8-Mliiii8HII ( 13 C 
liiTli liB ) atlJ<lJe!(T ueliTpOHHQH Ii36hiTO'IHOCTII OCT8TO'IHbiX 

SIJlep Bb;irie, 'I eM atlJ<lJeKT • HeiiTpOHHOH !i.36l,ITO'IHOCTII'' nerKIIX 

qacTHU a pea~uHu. Ta~HM,- o6pasoM, ueftTpoHolls6hrTo'Iu&re 

nponyKThi HnepHbiX pacmenneunii nerK~tX Hnep c 6orrblllOii 

aepOSITHOCTblO o6pa3yiOTCSI K8K OCTaTO'IHbie SIUpa, a He KaK 

IiCllYCKaeMhie '!aCTliUhi. _· · 

0TMe'IeHH&Iii a<PtlJeKT noneauo Y'IliThiBBTb. npu Ii3y<teHlili 

HeiiTpOHO!I36biTO'IHbiX II30TOnOB nerKliX SIJlep a6ITli3-li, •rpaHII

Ubl cTa6liiThHOCTII c noMOIIIbiO p_eaKunii· iipll BbiCOKIIX suep-
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~- >-Tz' . 
·puc. 5 If 6. 3aBHCHMOCTh. OTHOWeHHSI ceqeHHii _p6paaoa_aHHSI ~ 
BTOpH'lHbiX 'l8CT~U H3 ABYX H30TOnOB SI,nep-MHWeHeU . , 

OT H30TOnH'leCKOf'O CnHHa 'l8CTHU. llpSIMble nuHHU - annpOK

CHM8UHSI 3KCnepuMeHT8nhHbiX TO'leK. 
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I'IHIX, llng nOBbillleHU5I Bep05ITHOCTU UX Ha611IOAeHU5I Heo6-
XO£UIMO Bbi61ip8Tb HeiiTpOHOU36biTO'IHbie 5Il'(pa-MUllleHU II 

' . 
liMe~b· neno C npOJlYKT8Mii, KOTOpbie 5IB115IlOTC5I. OCT8TO'I- _ 

. . .al . 
HbiMii gnpaMII. Hanii'IIIe pa3HbiX 38BIICHMOCTeii -- = f(T ) 

' (72 ' . z 

ll115I OCT8TO'I~biX Hl'(_ep II HCnyCKaeMI?IX 'IBCTUU MO»eeT th:ITb 
IIcno.nL36a'aHo nng onpeneheHII5I npupo;tbi MexaHII3Ma o6-
pa3oaaang TOI'O II11H IIHOI'O r.ponyKT8 5IllepHOH peaKUIIII 1 

eC111I HM~lOTCH a6co:z~DTHhi~ .. Ce'IeHII5I o6pa30B8HII5I 3TIIX 
npOAYKTOB Ha pa3Hb!X H30TOnax ABHHOI'O 5IAp8-MUllleHU, 

Ha6nronaeMa5I a oniiie' 3aaucuMocTb OT II3oTonu'IecKoro 
CniiHa ~Ta<)iu~imii' ~e'I€HIIH- ·oopa30B8HH5I pa3111i'IHhiX .1{30-
TonoB aonopona n: renii5I II3 nayx smep-MullleHeii 10 s· II 

·al 118 oKa3anacb aHanorii'IHoii aaBn:CHMOCTII ~ = . f( T z ) 

u ~ u N·. S 171 Han:AeHHOH paHee A115I 5Illep-MIIllleHeH 1 li · n . 1 

II 5IB115IeTC5I, llQ-BIIAIIMOMy, HeKOTOpOH 06IUeii 38KOHOMep
HOCTblO, OTpa»eaiOIUeii B111I5IHHe HeHTpOHHOt'O H36hiTKa B 5IA
paX-MIIllleH5IX H8 XapaKTepiiCTIIKII peaKUHH npu BbiCOKUX 
aaepriigx, Ha pn:c. 5 npiiBeneHbi OTHOllleHII5I a1 I a 2 A115I 
H3y'IaeMbiX nap u3oTonoa gnep-MIIllleHeii. PaccMaTjmaag 
B COBOKynHOCTii pe3ynbT8Thi peaKUIIH Ha pa3neneHHhiX U30-
Tonax B , Ni H 'Sn , MO)I{HO OTMeTuTb cneAyiOIUIIe oco-
6eHI!OCTII H30TOnHbiX ·acpcpeKTOB npii o6pa3oaaHIIn 1' 2• 3 H, 

3•4 •6 He , 6 •7•8 Li .· B 3aBIICHMOCTII oT aenn'IIIHbi 
NI - N2 • 
-- -= 0 XapaKTepii3YIOIUeii OTHOCIITe1lbHhiH II36bi-Z . 
TOK HeiirpOHOB B tlBYX II30TOnax 5IAp8-MiillleHH. (nng U30TO
noB 6opa f) = 0,2, ,ll115I ii30TOnOB HUKerig 0 = 0,214, .ll115I. 
H30Tonoa onoaa 8 = 0,24): . ·. a

1 
. 

1) ·C yMeHbllieHUeM. Be11H'IHHhi 0 38BIICIIMOCTbu~= f{Tz) 
' 2 

CTaHoanTcg 6oiiee nonoroii. TaKIIM o6pa3oM, 'IeM -6onbllle 
pa3HIIUa B 'IIIC1le HeiiTpOHOB .llBYX 5I,Ilep-MUllleHeii, TeM 5o
nee HeiiTpOHOII36hiTO'IHbiMH CT8HOB5ITC5I nerKHe 'I8CTIIUhi 
a pacmenne HuH. 

2) · C · yaenH:'IeHH:eM o HecKonbKo y.·aenii.'IuaaeTcg pa3nH

'IHe B 3HepreTH'IeCKIIX CneKTpax 'I8CTHU 1 o6pa30B8HHbiX 
lf3 .llBYX H30TOnOB 5I,Ilep-MIIWeHII ( piiC. 4), , 

'16 

: 

:;_'Jc-,, 

Y:Ka3aHHhie .TeHnemiHH ·H30TOUHbiX acp¢eKTOB .nng nerKHX 
'I8CTUU B. peaKUII5IX npH -Bhi~OKHX 3Hep~H5IX, COXp8H5IlOTC5I, 
n~::.BH.IliiMoMy, ·.Ii · itnSI 6c}-~ee. Tsi~EwHx _qacTmL" B ~-pa6oTe01 I 
HCC1lell~Baitocb o6paaoaaHHe 1It30T~non Na . H3. ,., 9 i~1o- n'. 

· lO ~Mo; Ha puc.,:5 J1PK£l38HO paCC'IHTBHHOe no pe3ynbTa-
. . .· ' . . " . - . • ·~ a1·•· . 
TaM aToii: pa60Thi pacrrpeneiieane -- = £( T z ); 3Ta 

. . a2 -- . 
38BHClJ.MOCTb.,JIMeeT 1'8KOH »ee. XapaKTep, KBK H .ll115I ·1130~ 
Tonoa H , lie , Li B .na"HHpii o6nacn. Tz n .-xapaKTeJlH3y

. eTC 51 ,eiiie MeHblll~M H8K119HOM B nonynor~pH!pMnqeCKlJ.X 
KOOp.llHHBTaX, 'ITO .Haxo.nn:Tcg' B COOTBeTCTBU:H c. y·MeHbwe-
HU:eM BeJIH'IHHbi o Jtng H30Tonoa Mo ( · o . = 0,19). 

' .• 1 • • ~· • - • • f • > • 

: Ka»eeTC5I ecTeCTBeHHbiM,· 'ITO aa6nro.naeMbie. OTHocn-
TenbHhle i-I3oTonHhre' a«P<PeKThi nponopuu:oaanbH~I B~~~mae 
aeiiTpoaaoro n36biTKa a 5IApax. O.naaKo y.nnaRTenbHhiMH ·· 
npeacT8B115I~TC5I.H- "qyaCTBHTe1lbHOCTb" xapaKTepncTUK 

peaKUH.ft K napaMeTpy o 1 H. Ka'IeCTBeHHO . O.llHHBKO~J;>IH 
xapaKTep .. H30TOnHbiX . .acpcpeKTOB1 HeCMOTp5I Ha 6onbWOe 
pa3nH'IHe a6~on.JOTHbi:X. ceqeHnli peaKuuii 1i KynoaoacKnx 

6apbepOB ,llJISl BTOpH'IHbiX 'I8CTHU1 a T8K»Ce HeCMOTp5I H8 
pa3Hbiii (no .coapeMeHHhiM. npencTaB'neangM) aKna.n_ np5IMhiX 
H CT8THCTU'IeCKHX npOUeCCOB .B o6pa30B8HHe a:ropU'IHh!X 
qacl-nu npn pacuiennean'n nerKHX ·u TSI)!(~nirx su:iep ( Taimx, 
Ktm Mpa 6~pa n ·oncma). llpyroii' Tpyn~oc.ri.ro .nn9, noaH
;MaHuSI· npHpO.Ilbi. Ha6nro.naeMbiX a~cpeKTOB 5IBmieTtg. p83llH'IHe 

3~epreTH'IeCKHX CfieKrJ30B ~ac_THU, n:cnyiUeHHbiX H3 .llBYX 
n3oTonoa 5IAep-Mnwefieii. Bee -aro roaopnT o: Heo6xo.nnMo
cTn ll81lbHeiiWHX HCC1leAOB8HHH U30TOnHhiX a«lJcpeKTOB npn: 

.·- . ~. 

BhiCOKHX 3HeprUSIX. 

ABTOphi Bhipa»eaiOT CBOIO llpii3H8Te1lbHOCTb 'I1leHy;..KOp
pe_CnOH,IleHTY AH CCCP B.n .n»eeitenoay aa npenocTaaneu
Hyro. B03MO»CHOCTb npOB9CTH 3KCnepUMeHT Ha CHHXpOUHK-
110TpOHEl · Jla6opaTOPHH gnepHbiX. npo6neM OH .HH "H ri:p~cpec

copy H.A.OepcpuiiOay 3a nocT05IHHhrii nHT_epec H aHuMaHHe 

K pa6oTe. 
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HeT JIH .rrpo6eJioB B Bam~i1 6n6JIHOTeKe? 

Bhl MO)I(eTe fiO.,liY'lHTb no llO'lTe nepe'lHCJieHHbie HH)I(e KHHrli, 
ecJIH OHH He 6b!JIH 3aKa3aHbi pimee. 

16-4888 )J;o3aMeTpHJI a3nyqeuuii li clli13axa 3a- .• 250 CTp. 
IIUITLI YCKOPHTeneii _ 3aplllK.eHHLIX; _'laC-

2 p: '54 K. 

THU. )J;y6ua, 1969. 

~-6004 liuuapuwe' peaxuuu a;:J.pouos npu swco- 768 CTp. 7 p·. 60 K. 
KHX 3Hepru.Hx. )J;y6ua, 1971, 

~13-6210 Tpy.nw VI MelK~yuapo.nuoro CHMno· 372 CTp. 3 p. 67 K. 
3HYMa no ll.ztepuou 3nexTpouuxe. Bap-
wasa, 1971. 

~10-6142 Tpy,nw MeiK,nyuapo,nuoro CHMn03HyMa 564 .cTp. 6 p. 14 K. 
no sonpocaM asToMaTH3auuuo6pa6oT· 
KH ,naHHLIX C ny3WPLKOQLIX H HCKpOBLIX 
KaMep. )J;y6ua, 1971. 

~-6465 MelK,ZtyHapo.ztHaJI wxona, JlO CTPYKType 525 CTp. 5 p. 85 K. 
Jl.ztpa. AnywTa, 1972. 

~-6840 

~2-7161 

MaTepuanw II MelK.ztyuapo.nuoro <;HM· .3~8 CTp. 
n03HyMa no ~H3HKe BWCOKHX 3HeprHB 
u :meMeHTapuwx 'lacTHU. WTp6cxe 
nne co, lJC<;:P, 197~. ' 

3 p. 96 K. 

HenoxanLuwe, uenuueiiHLJe H 11epeuop· 280 CTp(; · 2 p. 75 K. 
MapyeMwe Teopuu nQnll. AnywTa, 
1973. 

rny60KOHeynpyrue H 1\(HOlKeCTBeHHWe 507 CTp. 5 p. 66 K, 
np«;~ueccw. )J;y6ua, 1973. · 

P1,2-7642 MelK.ztyuapo,nuu wxona Mono.nwxyqe• 623 CTp. 7 p. 15 K. 
HLIX no ~B3HKe BLICOKBX 3Hepraii. ro• 
MenL, 1973. · 

,[113-7616 Tpy.ztbi VII MelK.ztyuapo.ztuoro CHMno· 372 CTp. 3 p. 65 K. 
3HYMa no ll,nepuoii 3nexTpouuxe. liy.na-
newT, 1973. 


