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Bae)leHHe 

.HJlepllbie pe8KUHH, Bbl3bIBaeMb!0 ycKopeHHbIMI! TlDK0llbIMI! l!OH8MH, 0'!0Hb MHOro

o6pa3HbI. TTpl! 3H0pI'l!llX l!OHOB, npeBbllllaIOlUl!X KynoHOBCKHll 6apbep, OJllll!M 1!3 OCHOB

Hb!X nponeccoa llBllll0TCll Clll!llHl!e B3al!MO)lel!CTBYIOllll!X l1Jl0p C 06pa30BaHHeM B036y>K

Jl9HHOI'O COCTaBHOI'O l!Jlpa. HapllJlY C Bb!CO~Oll 3HeprHell B0_36y>Kll0llllll coci'aBHOe ll)l

po, o6pa3oBaHHOe B peaKUl!llX C Tll>K0llb!MI! l!OHaMH, o6na)laeT cneuHCp1!'!0CKOll oco6eH

HOCTblO - 6onblllHM MOMeHTOM KOnfft{eCTBa LlBH>KeHHSI. l1Meromueca B H8CTOSIIUee ape

Mll B pacnopl!>K0HIII! 3KCnepHM0HTaTopoa ny'IKH Tll>K0llh!X HOHOB 1103B0lllll0T nony'!aTb 

ll)lpa C 3HeprHell B036y>KJl0HHll JlO 100 M3B Ii MOM0HTOM KOIIH'!0CTBa JlBH>K0Hlill 

. JlO 70 h • Han11'1H0 CTOllh Bh!COKOI'O MOM0HT8 y COCTaBHOI'O ll)lpa 6yJleT cy1UeCTae11-

HO cKa3hlB8TbCll Ha MexaHH3Me ero pacna)la. B pl!Jle pa6oT H3y'laHHCb 3HepreTH'!e

CKl!e ClleKTphl II yrnOBhI0 pacrrpe)leneHl!ll 3apll>K0HHh!X '!aCTIIU I! Hel!TpOHOB, corrpoao>K

Jl8IOlUIIX pacrra)l apa1UaIOlUIIXCll l!Jlep; JleTallbHO 113Y'l0~0 )leneH11e l1Jl0P C BhICOKHM 

CilHHOM,. 

, CpaBH0HH0 pesynbTaTOB 3TIIX l!CCll0)lOB8HHll C )laHHhlMH, nony'!eHHhlMII Ha nyq

Kax nerKHX '!aCTHU (npoTOHoa, Jlel!TpoHoa) JlaeT Harn,,:JlHOe rrpeJlcTaaneH11e o amrn

HHH 6onbWOI'O MOM0HTa KOllll'!0CTBa JlBII>K0Hllll Ha rrpouecc pacna)la COCTaBHOI'O ll)lpa. 

TTp11 aHan113e 3THX JlaHHh!X 06pa1UaeT Ha ce6ll BHHMaH)le cne)ly101Uee. OueHKH 

cpeJlHer::o 3Ha'leH11ll yrnoaoro MOMeHTa,yHocHMoro 11y1<nonaMr, rrpH 11crrapen11r, 113 ao3-

6y>KJleHuoro ll)lpa C 3a)laHuoll TeMrrepaTypoll I! 3Hepraell apa1UeHilll, !IOKa3bIBaIOT, 

"ITO BhJJl0TOM TOnbKO HyKnOHOB H0B03MO>KHO.~ rrp11aeCTH Sl.!lPO B OCHOBH09 COCTO.RHHe. 

HyKHOllhl He MOI'yT yHeCTI! Bh!COKOI'O. MOM0HT8 COCT8BHOI'O l!Jlpa; rrocne 11cnapeHHll . 
'KIIOHOB TeMrrepaTypa l!Jlpa 3H8'1l!TenbHO IIOl!H>K80TCll,B TO apeMll KaK MOM0l!T KOIIH'!eCTBa 

. Jl.BH)KSHHSI OCT80TCH ,llOCTBTO'IHO BbICOKHM. 

TT pH paCCMOTpeHHI! .KapTl!Hhl. 11crrapeHHll qacTHU 1!3 B036y>KJl0HHOI'O l!Jlpa C Bbl"" 

COKHM Clll!HOM B.M.CTpyTHHCKHM/l/ 6binO BhlCK838HO npeJlllOIIO>K0HH0, '!TO OCT8TO'!

Hhlll yrnoaoll MOM0HT rrocne 11cnapeu11ll HyKHOHOB yHOCHTCll' KacKaJlHhIM y -1rnnyqe

H110M. COCTOlllUHM 113 6onblUOI'O 'll!Cna cpaBHIIT0llbHO Ml!I'Kl!X y -KaaHTOB. K aaa

llO['H'IHOMY 38KHI0'!0HHIO rrp11xoJlHT 1 .A.TTaK-TT11qaK
121 

rrpr, pacqeTe a MOJlen11 ne3a

BHCHMhIX '!8CTl!U cneKTpOB 38pll>K0HHhlX '18CTHU I! H0l!TpOH0B Jlllll apalUaIOlUl!XCll 

ll)lep. TTpoaepKa 3TOI'O rrpe)lllOIIO>K01!Hll,c H8lllell TO'!KH 3p0HHll .. 0'10Hb B8)1(1!8 Jlllll 

ll0HHM8Hllll M0X8HH3M8 pacna)la B036y>KJl0HHhIX ll)l0p C BhlCOKHM yrnoBhIM MOM0HTOM. 

3KcrrepHM0HT8llbl!hI0 HCCll0Jl0B8l!Hll xap8KT0pl!CTHK y -r,3ny'leHHll B peaKUHllX 

C Tll>K0llh!MH HOHaMH Kpal!He orpa1!1!'10H_hr. 

TTepahre OllhlThl no 113M0p0HIIIO cneKTpOB y -n3ny'!eHl!ll 6binl! npoae;:tel!bl HaMH 
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/3/ 
.anH peaKUHH Sn + C12 np11 snepr1111 11onoa yrnepo.aa - 80 Maa • Ha Ka>K,ab1l! 

aKT pacna.aa cocTaanoro H.apa naomo.aanocb 11cnycKanHe 10-12 y -Kaan;~B co cpe.a

Hel! snepr11el! - 0,8 Msa. 

/4/ 
B .aanbHel!weM, B paooTe Oblnll 113MepeHbl xapaKTepHCTIIKII y -11anyqeHI1lI 

npn oonyqeHnn V , Ho , Ba HOHSMH He, 11 C 12 c sHepr11el! OKono 10 Msa/11yKnoH. 

TiepaalI rnaaa H8CTOSI!llel! paoOTbl llOCBlI!lleHa aonpocaM, CBlI38HHblM C anHSIHHeM 

BbICOKOro MOMellT8 KOn11qecTB8 .aBH>KeHHlI COCT8B1101"0 lI,apa Ha MeX8Hll3M ero pacna.aa. 

Bo BTOpol! rnaaa Olll!C8llbl Ollb!Tbl ll oocy>K.aS!OTClI peaynbT8Tbl, nonyqeHHbie npn 

naMepeH!m xapaKTepHCTHK y -Hanyqe111111 npn oonyqe11nn Cu , Ta , W II U -Mnwe

nel! HOH8Mll o,. II Ne22 C 3Hepr11el! OT 4 .ao 9 Msa/HyKnOH B naoopaTop11ol! CHGTe

Me KOOp,a11HaT. 

Ycnoa1111 sKcne.e_nMeHTa 

-Onb!Tbl npoao.annHCb HS BllyTpeHHeM nyqKe 300 CM HHKnOTpOHa naoopaTop1111 
+3 +, 

11.aepHbIX peaKn11l! Ovl.Hvl. v!oHbl O 
16 

11 Ne22 ycKopeHHbie .ao sneprnl! 4-9 Msa/nyKnon, 

nona.aann Ha MllWeHb1 yKpenneHHY!O HS cneunanbHOM npoo1111Ke. vfHT0HCHBHOCTb · tJ1 

nyqKa a onbITax cocTaan11na OT 1 .ao 7 MK. 3Hepr1111 110Ha aapbnpoaanacb noMemenneM f 

MI1WeH11 Ha paannqHbll! pa.anyc ycKOpeHHlI II .an11 q:>HKCI1pOB8HIIOro nono>KeHHll onpe.ae

n11nac~ sK'cnepnMeHTSnbHO no TOpMo>KeHH!O HOHOB B A f -q:,onbrax
151 

C ToqHOCTblO 

He MeHee 3%. 

B KaqecTae Mnwe11el! ncnonb3oaanncb Cu , Ta , W II U .,.. q:,onbrH ecTeCTBeHnoro 

ll30TOllHOro COCT8Ba, yKpennellHbie K oxna:m:.aaeMol! Me.anal! noaepXHOCTH npOOIIHKa. 

B Ollb!T8X ncnonb30BHnHCb 'Tonc,Tbie'" MHWeHH, BO naoe>KaHne npHMeCH q:>011oaoro 

nanyqeHmr c Me.a11ol! no.ano>Kirn; Tonmn11a MHWeHel! a onb1Tax obma OT 25 .ao 100 MK, 

TioTOK qacTHU, na.aaroIJ.UfX Ha MHWeHb, H3Mep11nc11 qyBCTBHTenbllblM perncTpaTo

poM II K011Tpon11poaanc11 c HOMOlllblO aceaonHoaoro nel!TpOHHoro cqeTqHKa BF~ l noMe

menHoro aonnan UHKnOTpOHHal! K8M0pbl. 

y -Hanyqe11ne B nnTepaane s11eprnl! 0,05-3 Msa pernc'l'pnpoaanocb o.a110Kpnc

TanbHblM CUIIIITHnnllUHOHljblM cneKTpoMeTpOM, y.aanellHblM 118 paccTOlIIIIIE3 - 5 M OT 

MI1We1111. B H3Mepe11H!IX ncnonb30BMC!I KpHCTann Na] p83MOpOM 6 =40x40MM. vlM-

nynbCbI c <1>3Y no.aaaanncb 11a axo.a IOO-Ka11anbHoro aMnnaTy.aHoro a11annaaTopa 

AVl-100/1. rpa.aynpOBK8 cneKTpoMeTpa npoao.annacb C llOMOlllb!O HCTQqHHKOB MOHo-

xpoMHTHqecKHX y -nyqel!: 

~n65 (E al,11 Msa); Co 
y 

203 137 
Hg ( E =0,279 Maa); Cs ( Ey • 0,662 Msa); 

y ., 
(Ey =l,13 n 1,33 Msa) n Na (Ey =2,75 Msa). 

nnll IICKnroqeHHll q:>0118 KOMllTOHOBCKOrO paCCOlIHHll HS llYTII OT MHWellH ,ao Kpn

CTanna nyqoK y -KB811TOB .aaa>K,abl .anaq:,parMnpoaanc11. A6conroTH8lI 3q:>q:>eKTHBHOCTb 

cneKTPOMeTpa onpe.aenSinacb C llOMOlllb!O CHnbllbJX Kann6poB81111bIX y -ncToq11nKOB 
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paannqHol! a11epr1111, ycTaHOBnellHblX 118 .MeCTO !)'lCllOnO>KOIIHll MHWeHn,, H cocTaBn!lna 
-7 . . 

4 '. 10 • Ocoooe BHHM8_11ne oblnO oopameHO HS HCTOqHHKII q:>OHOBoro y -nanyqeHHll, 

B npouecce paooTbl BbllICIIHnocb, qTo cymecTaenHa11 qacTb n11Te11cna11ocTH q:,oHo

soro nsnyqeHHll ao aceM naMep11eMOM .ananaao11e :mepr11l! y -nyqel! ooycnoaneHa 

B38HMO.ael!CTBHeM 11el!TpOHOB C KpHcTannoM Na] (Tf), 

Cornac110 sKcnepnMe11TanbllbIM .aaH11bIM, na ·aoaoy>K.aesnoro cocTaBHoro 11.apa .an11 

nccne.ayeMbIX HHMH peaKuHll,oy.aeT ncnapl!TbCll B cpe.a11eM 3-5 Hel!TpOHOB, cneKTp KO

TOpblX nMeeT an.a -MaKcaennoacKoro pacnpe.aeneHnlI c -sHeprnel! a MSKCHMyMe 

2,5-3,0 Msa, 

Cne.ayeT OTMeTHTb, qTO BO naoe>KaBHH HCKa>Kellllll y -cneKTpa 113-3a KOMllTO

HOBCKOro pacce11H11ll Ha ,aeTanHx KaMepbl ycKopnTen11 y -nanyqe1111e per11cTp11pyeTC11 

B Y3KOM TeneC!IOM yrne, 3alllHT8 OT paccel!Hllb!X y -nyqeJ! l!Bn!leTCll •npoapaqnol!' 

.an11 nel!TpOHOB H COOTHOWellHe IIHTeHCHBHOCTel! y -KBHHTOB H Hel!TpOHOB' MO}KeT 

cymecTaeHIIO 0Tn11qaTbCll oT O>Kn.aaeMol! aennqn11b1, Ceqe11ne 11eynpyroro pacce11n1111 

.an11 2,5 Msa Hel!TpoHOB cocTaamreT 1,96 oapna .an11_ 11.0.aa 11 0,47 oapna .an11 naTpn11. 

y -nanyqe1111e npn 'HeynpyroM pacce11H1111 .aaeT BKna.a, B oc110BHOM, a MSirKyro qaCTb 

1 
-cneKTpa (E < 0,6 Maa). Ceqenae HKT11Ba111111 "aa 110.ae .an11 a11epr1111 E • 1-2 Maa 

y- - • 
Heaen11Ko (- 0,1 oapHa), 110 peaKo aoapacTaeT a oonacT11 a11epr11l! E0 ~ lKsa, .aocT11-

ra11 aen11qHHbl 50-·100 ;6apH, C .apyrol! CTOpOllbl, naaecTIIO, qTO 118 KS>K.abll! 8KT aax

B8T8 Me.aneH11oro 11el!Tpoaa aoaoy>K.ae11Hb!M 11.apoM .J 1" ncnycKaeTCll B cpe.aHeM 

3 y-KaaHTa c s11epr11ell: 2-2,5 Maa. Ba11.ay Toro, qTo B 11awnx OilbITBX perncTpaTop 

y.aane11 11a oonbWoe paccT01111He OT Mnwe1111, a KpHcTann Morn11 nona.aaTb pacce1111-

Hble 11ell:Tp011bl, cneKTP KOTOpb!X 311aq11Tenb!IO Mllrqe, qeM 11enocpe.acTae11110 aonH3H 

! MRW0HH. 

B CB!13H C 9TIIM Obin8 CKOIICTpy11poaa11a 38llll!T8, npe.aoxpaHlI!Olll8!1 cneKTpoMeTp 

OT Il0TOK8 pacce111111bIX 11el!TpOIIOB. <l>oTOYMIIO>KHTenb IlOMelllanc11 B CBllll·uo~yro 38lllll

TY (Tonm1111a cTe\tKH 50 MMl, KOTopa11 a caoro oqepe.ab, obma 0Kpy>Ke11a 200 MM cno

eM 3% paCTBopa oop11ol! KHCnOTbl B ao.ae; .aonon1111TenbHo, BOKpyr KpIICTSnna Na] 

ohm pacnono>Ke11 5 MM cnol! nopowKa B, C • Bc11 annapaTypa noMemanacb aa l ,0 M 

oeTOIIIIOll: 38llll!TOl!, B KOTOPY!O Obin BMOIITl!p0B811 11anene11llblll: 11a· Ml!Wellb KOnn11MaTop 

.a11aMeTpOM l_OO MM. Ko11Tponbllbie OllbITbI n0Kaaan11, qTo aKna.a_q:,011oaoro y -11any

qeHH11, ooycnoane1111oro Hel!'l'po11aM111 a 11aweM cnyqae ae npeBb1waeT 7% OT non11oll: 11s-

Te11Cl'IBHOCTH y -nyqel!, per11cTpn_pyeMblX cneKTpoMeTpOM. B oonacTII a11epr11ll: 

Ey < 0,2 Mas 11aonro.aancH 1111Te11cHB!lblll: cqeT y -KBSIITOB, OO!l3BIIHbll!_ T0pM03llOMY 

nanyqeHHIO sneKTPOIIOB BHYTPH B8KYYMIIOl! K8Mepbl UHKnOTpo11a. 

rpa11nua cneKTpa TOpM03110ro 11anyqe11Hll cymeCTBeHHO 38Bil~IIT OT 8MllllHTy.abI 

B.'i. sanp11>Ken1111 Ha ,ayanTax, noaToMy· npn npoae.aesnn Ollb!TOB cTaa11nacb _aa.aaqa 

nonyqeHHll 11eooxo.a11Moro TOK8 nyqK8 HS aa.aaHHOM pa.a11yce ycKopeHil!I npH MHHHM8nb

llOM 311aqe11HI1 ycKOPll!Olllero n0Te111111ana. 
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AKTHB8UH>I MllllleHH If aneMeHTOB yCKOpHTellbHOl! KaMepbl, He 38WHW9HHblX OT nyq

K8 B npouecce o6nyqeHH>I. COCT8Bll>11Ia He 6onee 2% OT nonHol! CKOpOCTH C.'leTa y 

KBBHTOB, <PoH, o6ycnoBII9HHbll! KYIIOHOBCKHM B036y>KJl9HHeM >1.r:tep MHWeHH If TOpMoa

HblM H31ly'leHH9M HOHOB, 6blll npeHe6pe>KHMO MBII, 

B p>1ae Onb!TOB OJlHOBpeMeHHO C y -Hally'IBHHeM perHCTPHPOBBIIC>I BblXOJl 

HBl!TpOHOB, B03HHK8IOWHX npH 6oM6apaHpOBK9 MHWeHH ny'IKOM HOHOB, Jlng aTHX uenea 

Hcnonb3oaanc>1 qioTOYMHO>KHTenb (<P3Y-33) co CTHnb6eHOBbIM KpHcTannoM, aaw!lweH

Hb1l! OT K8M9pbl UHKllciTpOHS 2-MBTpOBOl! 69TOHHOl! CTeHOl!, nepeJl KOIIIIHMBTOpOM no

MeW8118Cb 2 MM CBHHUOBS>I nnacTHHa am CHH>KBHH>I y -qioHa ycKOpHTell>J, Haae>KHB>I 

JlllCKpHMHH8UH>I OT y -ny'lel! JlOCTHranacb Jlll>I Hel!TpOHOB C aHepr11ea En ?.. 3 Mae. 

3KCnepHMeHTanbHbI0 pe3ynhT8Tb[ 

npH HHTBHCHBHOCTH ny'IKB I0
12

'1aCT./CeK CKOpOCTb C'IBTB 1 -KBBHTOB 

COCTBBII>lll 100-300 HMn/ceK, 'ITO no3BOIIHIIO nony'IHTb xopowyro CTSTHCTH'leCKYIO 

TO'IHOCTb B annapaTypHblX cneKTpax HMnynbCOB, B OCHOBHOM ace H3MepeHH>I npoBOJlH

IIHCb B no110>1<eHHH y -cneKTpOMeTpa noa yrnoM 8 = 115° K HanpaaneHHIO naaaro

wero ny'IKa, 06pa6oTK8 annapaTypHblX cneKTpOB npOH3B0JlHII8Cb C y'leTOM npH60pHol! 

qJOpMbl nHHHl! MOHOXpOM8TH'l9CKHX y -ny'lei! H aqiqieKTHBHOCTH KpHCTBlllla, 

Jlnll peaKUHH Cu + Ne 22 6blllH H3MepeHbl cneKTpbl y -ny'lel! npH aHeprHII 

ny'IKa, naaarowero Ha MHWBHb 74, 94, 115 11 140 Mae, BH.r:t y -cneKTpa Jlllll aayx 

aHa'leHHl! aHeprHi! HOHOB 74 H 94 Mae npeacTaaneH Ha puc, 1, 

no OCH a6CUHCC OTIIO>KeHa aHeprHll y -ny'lei!, no OCH opJlHH8T 

Hoe·qHcno KB8HTOB B e.a.HHHtIHOM HHTepaane aaeprHff. 

OTHOCHT0nb-

A6conioTHYJO HHTeHCHBHOCTb HanyqeHHll Mb! 6yaeM Bb1pa>1<aTb qepea napaMeTp v 
'IHCIIBHHO paBHbll! cpeaHeMy 'IIICIIY y -KBSHTOB, OTHeceHHblX K pacnaay OJlHOro llJlpa. 

BellH'IIIHS j; onpeaenllllBCb. KaK: 

rae Ny f N'y dEY 

<o (Ey) 

N 
V = 

no a c No 
nonaoe tIHCno y -KB8HTOB1 BO3HHK8l01UHX B peSKUHH; 

n O - HHTSHCHBHOCTb nyqKa HOHOB; 

tJ c - C0t{8Hl19 o6pa30B0HIHl COCTSBHOI"O st.a.pa, ycp0.0.H0HHO0 IlO TOnlllHHS MHlllSHHi 

NO - 'IHCIIO pa60TBIOWHX l1Jl9p MIIWBHH; 

E O - a6COIIIOTH8ll aqiqieKTIIBHOCTb perHCTpBUIIH y -cneKTpoMeTpa. 

B KS>KJlOM onb1Te onpeJlBllllllSCb cpeJlHllll SHeprHll y -cneKTpa K8K 

ir = r ErNrdEr/fNrdEr. 

6 

3KcnepHMeHTMbHble 3HS'leHHll ., If Ey Jl/Ill acex HCClle.r:tyeMblX peaKUHi! npea

CT8B/I9Hbl B BHJl9 o6wel! Ta6nHUbl,· B KOTopyro BK/IIO·'leHbl TSK>Ke OCHOBHble xapaKTepn-

CTHKH· COCTSBHOro l!Jlpa. 

npH onpeaeneHHll ;:; HCnOllb30BMHCb paC'IBTHble 3H8'19HH>I ce'leHH>I o6paaoaa-

HHll COCTBBHOrO >!Jlpa. 

nony'IBHHb!e B OnblTe 3HS'leHH>I Jl/I>I V 
noKB3blBSIOT pocT cpeaHero 'IHClla 

y -nyqel!, HcnycKaeMblX >IJlpOM c yaenH'leHHeM aHeprHH 6oM6apJlHPYIOWHX '!SCTHU. 

CneayeT OTMeTHTb, 'ITO npH aHepr~>IX 'ISCTHU B6/IH3H KYIIOHOBCKOro 6apbepa peaKUHH, 

y'IHTbIBB>I CH/IbHyJO aaBHCHMOCTb a
0 

( E), HeMOHoxpoMBTH'IHOCTb . ny'IKB ( M_,. 3%) E 
, c· Jlpyroi! CTOpOHbl, B 0611aCTH aHep-

Mo>KeT BHeCTH CH/IbHYIO norpeWHOCTb B V 

rHll HOHOB E > 6 Maa/HyKll, MO>KHO O>KHJl8Tb cyweCTBeHHOl! KOHKypeHUHH co CTopo-

Hbl np>!MblX peaKuHl!. 

C aTOl! uenb!O Jlll>I aaaaHHOl! aHeprHH ny'IKS HBpllJlY C H3MepeHHeM cneKTpa y -

11yqeJ! onpeae11>11IC>I BblXOJl Hel!TpOHOB, B03HHK8l0WHX B peaKUHH, HaMepeHH>I OTHowe-

HH>I uel!TpOHHOrO H y -Hally'IBHH>I npH paallH'IHblX ~HeprHllX ny'IK8 noaBOIIHIIH Haae>K-

HO HHTepnpeTHp0B8Tb 38BHCHMOCTb cpeaHero 'IHC~a 

OT aHeprHH 60M6apJlHpy10WHX HOHOB. 

y -KBBHTOB V B aaBHCHMOCTH 

SblllH npoaeaeub1 HaMepeHH>I cneKTpa y -nany'leHH>I npH pacnaae MarH'lecKoro 

COCT8BHOrO >!Jlpa. HaoTOnbl MBrH'leCKHX >IJlBP CBHHUS ( z =82) MOrlll{ Ob!Tb nonyqe-. . 
Hbl HBMH npH 0611y'leHHH w -MHWeHH. HOHSMH O 16 • SblllO npoaeaeHO cpaaHeHHe 

cneKTpOB y -nyqel! npH oony'leHHH Ta H w MHWeHel! HOHBMH O 16. C aHeprHel! 

100 Mae, 

3HeprHll HOHOB 6µ11a 
Bb!opaHa B01IH3H KYIIOHOBCKOro 6apbepa Jlll>I Toro, 'ITOObl 

HCKIIIO'IHTb npouecc aeneHH>I ll.r:tep H BM9CT9 C TeM,nO B03MO>KHOCTH, YMBHbWHTb 

BKIIBJl co CTOpOHbl peaKuHl! C BhlllBTOM aapll>KeHHblX 'ISCTHU, KOTOpb!e CMOryT cywe-· 

cTBeHHO HCKaaHTb o>KH.r:taeMhill aqiqieKT, Jln>1 MarH'leCKHX uaoTonoa caHHua cpeJlH>lll 

aHeprH>1 y -cneKTpa npnMepHO B 1,2 paaa 6011bwe, qeM Jlll>I coceJlHHX >1JlOP Tf, 

nolly'leHHblX B peaKUHH Ta + 016 

l1cno11b3y>1 co6CTBOHHYJO Moay11>1uy10 ny'IKa HOHOB a UHKIIOTpoHe HBMH 6un npo

aeaeH apeMeHHOl! SHSIIH3 y -nany'IOHH>I, B03HHK8l0Wero B peaKUH>IX Cu + Ne 22 

-ny'IH perHCTpHpOBSIIHCb Ob!CTpblM CUHHTH/Ill>I-
, B 9TH>IX onbITSX y 

H Ta + Ou 
UHOHHblM C'IBT'IHKOM C BhlXOJlOM HS apeMOHHOl! SH8/IH38TOp, nocTpoeHHbll! no np,muH

ny BpOMg-aMnllHTYJlHOro npeo6paaoBaTell>I, PaapeweHH9 CX9Mbl C.OCTBBllllllO 

-10 -10 
4,5• 10 ceK, WHPHHS KBHSIIS 6blll8 2•10 CSK, 

CyTb MeTOJlS 38Klll0'18118Cb B cneayroweM: 

EcnH npH 0611y'IBHHH MHWBHH apeMll H31IY'l9HH>I M9HbW9 JlllHTOllbHOCTH TOKOBO-

ro HMnynbCa, TO pacnpeaeneHHe y -nyqel!, aaperHCTpHpOBSHHblX 8H8/IH38TOpOM, 

7 
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Ta6naua 

Peaxuai, MaxcaM, Ce'le- 3Hep- Cpe.llHHII Cpe.aHee ,. •cyMMapHalI 
aHeprHlI HHe rHlI yrnoBoll •mcno 

Ey aHeprHlI HOHOB (6apH) B036, MOM8HT y -KBaH-
(MaB) y -Hany'leHHlI E (MaB) 

£(1,) TOn Ha MaKc, "o E* (Man) (M:rn) lI.llpO vE v (aKcn,) y 

74 0,36 56 19 6 0,80 5 
94 0,71 66 25 10 0,75 7 

Cu +Ne
22 

115 0,92 75 29 13 0,70 9 
140 1,06 86 35 11 0,70 8 

Ta + 0
1

; 
85 0,27 49 17 7 0,85 6 

100 0,47 61 25 9 0,80 7 

85 0,27 50 16 7 1,05 8 W + Ou 
JOO 0,47 62 24 8 1,00 8 

U +· 0 
H 

145 1,13 78 45 10::!:_2 

.llOn:>KHO rtonHOCTblO nonTOPlITb BpeMeHHhle xapaKTepHCTHKH BHyTpeHHero ny'IKa 'HoHon 

Ha .llaHHOM pa.aHyce. 

. t, . 
l-1aMepeHHlI, npoBe.aeHHhie n paanH'IHhlX y'lacTxax peaoHaHcHoll KpHBOII, noxaaanH, 

'ITO nono:>KeHHe MaKCHMyMon H lllHpHHa llHKOB pacnpe.aeneHHll y -ny'!ell n TO'IHOCTH 

COOTB8TCTByeT cj:,aaonhlM xapaKT8pHCTHK8M nHyTp8HHero llY'IKS HOHOn, HaH6onee ya-
' -9 

KHII llHK HM88T lllHpHHY - 2-3· 10 CeK, noaTOMy nepXHllll rpaHHilS BpeM8HH xac-
' ' -9 Ka.o.aoro y -Hany'l8HHSI OU8HHB88TCl!' KBK r aan, < 2•10 C0K, 

Jlni, aany,ieHHlI xapaKT8pHCTHK MrH01!8HHoro 
y -aany'leHHg npa .aeneaaa Ti,~ 

:>K8llhlX lI.llep C DOllbWHM MOM8HTOM KOllH'l8CTBa .llBH:>K8HHlI - ypaHOBSlI MHWeHh 6oM-

6ap.aupoBanacb lly'IKOM YCKOp8HH!,JX HOHOn KHCnopo.aa C 8H8J)fH8il 145 Man, l-13Mepea-
HbJII y -cnexTp cpaaHHBanci, co cnexTpoM y -aany'leHalI npa .aeneHHH U 231 Teu

nOBbIMH H811TpoHaMa, CornacHo .aaHHhlM,Ha Ka:>K.llhlll BKT .aeneHHlI n'pa 38XBaTe Ten-

noBoro H811TpOHa Ha6mo.aaeTClI acnycKaHae 8 :!:.. 2 KBaHTOB, KOTOphle YHOClIT n cpe.a

H8M aaeprmo 7 :!:_I MaB, AHanorH'IHhle .llaHHhle 6hlmt nony'leHhl naqMSHOM H .llp~ 

npu CllOHTaHHOM .lleneHHH c1au 

Ha Hawax .llBHHhlx _cneayeT, 'ITO npH .aeneaaa U 211 + O 16 Ha6moaaeTci, 
HCnycKaHHe ji' ~- 10 + 2 KBaHTon, a cj:,opMa y -cneKTpa COBna.aaeT C .llBHH_hlMH H3 
OilbITOB IIO .o.eneHHlO-TennoBblMH HeATpOH8MII. 

8 

l-13 .llBHHhlX, nony'leHHhIX B HaCTOlilll8ll paooTe, cneayeT, qTo npH o6ny'l8HHH 

paanH'IHblX MHWeHell ycxopeHHhlMH TlI:>K8llb!MH HOHaMH HaomoaaeTClI MrHOB8HHOe Y 
-9 

H3llY'l9HH9 ( r H3ll. < 10 cex)' COCTOlilll99 H3 6onhWoro qacna y -KBaHTOB co 

cpe.aaell aaeprHell 0,7-1,1 Maa, Cpe.llHHlI aHeprHH y -KaaHTOB, nony'leHHaH HBMH 

.llllll peaKUHII Cu + Ne.22 H Ta+ 0 11 , ~PHM9pHo Ha 20% MSHhwe, qeM B onhlTBX 

MonneHayapa, r.ae H3M9pllnHCh y -cneKTpbI .llllll peaKuHII Ho + C 12 a V +· C 
12 

npa aHeprHH aoaoa - 1100Maa. 3To paaaornacHe Mo:>KeT 6bITh ycTpaHeHo, ecna 
' /4/ 

Y'l9CTb BKna.a .llBOIIHhlX Hano:>KSHHII, KOTOpbl9 MornH IIM9Tb M9CTO B pa6oTe aa-aa 

OTHOCHT9llbHO Bb!COKOII acj:,cj:,eKTHBHOCTH perHCTpaUHII y -KaCKa.aa. CpaBHHM nony- . 

qeHHhIII HBMH y -cneKTp aoa6ymaeHHoro H.llpa Y (a peaxuaII Cu + Ne 22 ) .co 

cnexTpoM y -nyqell npH pa.aHauHOHHOM aaxaaTe Teunoaoro HellTpoHa ll.llpOM Rh 103 

(6nH3KOrO K ll.llPY y ). 

l,13 pIIC, 2 OT'l9TllHBO BH.llHO xaqecTB9HHOe paanHqIIe B cneKTpax: H3llY'l9HHe, 

B031!HK8l0lll88 B peaKUHH Cu + Ne 22>' cymecTB8HHO Mllr'le, qeM npH pa.llHBUHOHHOM 

aaxBaTe Tennoaoro Hel!TpOHa, HaM npe.acTaBnlle:;.cH, 'ITO, cornacHo rIInoTeae CTpy-
/ 1/ ' 

THHCKoro , aTo paamI'IHe BbiaaaHo TeM, 'ITO• npu pacna.ae apamaromerocH i,apa 

H3llY'19HH8 y -KBBHTOB npoHCXO.llU-f H3 COCTOllHHII C 6onbWHM MOM8HTOM K0111!'18CT"" 

BS .llBH>K9HHH. 

B KB83HKllaCCH'l8CKOM CT8THCTH'19CKOM npHDllH:>K8HHH/I/ 6hln npoBe,lleH pac'leT 

cneKTpOB KBCKB.llHhlX y -nepeXO.llOB am! peaKUHH Ta + old . Y'leT BhlCOKOro Mo-

M9HT8 K0ll!I'l9CTB8 .llBH)KSHHll COCTSBHOro ll.llpa .aan HeKOTopoe CMlir'leHIIe cneKTpa 

y -nany'leHHll, 0/:IHBKO nony'leHHbie peaynbTBThl He MOrnH 061>l1CHHTb axcnepHMeH

TSllbHbie .llBHHbie, np11qHH8 paaHornaCIIll 061>l1CHl18TCll TeM, 'ITO B npouecce KBCKa,ll

Horo y -11any'leH1Ill 'Tennoaall· KOMUOH9HT8 aHepr1m aoa6ym.aeHHll YM8HbW88TCll 

3H8'11IT9llbHO OblCTpee, '18M apamaTenbHBll, Bcne.acTBHe 3Toro B npouecce KBCKB.llHOro 

y -Hany'leHBll OTHOCIIT8llbHblll BKllB.ll aHepr;m apameHBll BOapacTaeT H H8,ll8)KHOCTb 

KB83HKnaccnqecxoro CT8THCTHqeCKOro paCCMOTpeHHH CT8HOBHTCH COMHHTenbHOA. 

.llnll .ll8T8llbHOro paCCMOTpeHIIll Heo5xO.lllIMhl H81I3B8CTHbl8 B H8CTOlllll98 ap8MlI cae

.ll8HHll O CTpyKType ypoaHell ll.ll9p C BbICOKIIM CUIIHOM npH aHeprHH aoa6y:>K.ll9H1Ill 

H9CKOllbKO Maa, 8 'IBCTHOM cny'lae .llllll .aecj:,opMHp0B8HHbIX qeTH0-'18THhlX ll.ll8P aHep-

I'HH nocne.o.HHX KB8HTOB 6y.n.eT, IIO-BH.lllIMOMY I orrpe.n.enHTbCH y -nepexoaaMH P<;>Ta· 

UllOHHOit nonoCbI, t{TQ IlO.ll,TB0p)K.ll88TCR OilbIT8MH MopHH8f'8 C a -qacTHll8MH. 

8 peaKUHII Cu + Ne 22 C yaeml'l8HH8M yrnoaoro MOM8HTa COCTaBHOrO lI.llpa 

HaonroaaeTCll pOCT nonHoll aHeprHH y -uany'l8HIIlI, 3TH peaynhTaTb! KOiIII'l9CTBl'!H-

HO 001,llCHlllOT xapaKT8pHblll C.llBHr MBKCHMYMOB cj:,yHKUHII aoaoy:>1<.aeHHll a cTopoay 

66nhWHX aHeprHII npH HcnapeHIIH Hel!TpOHOB H3 aoa6y:>K.ll8HHOro ll,llpa B peaKUIIllX 

C TSI>KenbIMH HOH8MH. 

npu o6ny'leHnH Ta " W -Muweaell HOHaMn O 
16 

c :mepruelt 80.,-100 Maa 

6hmo ycTaHoaneHo, qTo cpe.llHlllI aaeprHH y -ny'lell a peaKunH W + 0 
16 

npHMepHo 

A 
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B 1,2 pa3a 6onbille, qeM B cnyqae Ta + 0 16 • 3To pa3naqae npeacTaBn>1eT IIHTepec, 

T8K K8K ,rnepr1rn B036y>KlleHHll II cpeaHHll yrnoBoll MOMeHT COCT8BHbIX llllep B 9THX 

pea.KUHSJX rrpaKTHqecKH TO)K,lleCTBeHHhI. KoHTponbHbie OTiblTbl no H3MepeHHIO Cll9KTp0B 

y -n3nyqeHHS1 coce.ctHHX g.nep B 'nepeKpecTHhtx' peaKuHsrx noxaaanu, tzTo aa6n10.aae

Mhll! acpcpeKT He MO>KeT 6b!Tb 06'bl!CHeH pa3nHqHol! qeTHOCTbIO >lllep, o6pa3yIOIUIIXC>I 

np11 06nyqeH1IH Ta II IV 110HaM11 KHCnopoaa. HaM npeacTaBn>1eTc>1, '<TO pa3naq11e 

B xapaKTepe cneKTPOB CB>l38HO C np0>1BneH11eM Mar11qecKOll CTpyKTypbl COCT8BHO!'O 

llllpa Pb • 

OnbITbl no 113MepeHIIIO cneKTpa y -nyqeJ! H3 peaKUIIII u + 016 6bm11 npoBe.[leHbl 

C uenbIO onpeaenHTb K8K peana3yeTC>I HaqanbHblll yrnOBOl! MOMeHT KOMnByHll->lllpa 

. B npouecce aenemrn. npa aeneH11H .Ha'<anbHbil! MOMeHT KOn11qecTBa aB11>KeH11>1 6yaeT 

llpOHBnHTbCH B OTHOCHTenhHOM .OBH>K8HHH OCKOnKOB, 1.J:TO npaae.a.eT K 8HH30Tp0IlllH B 

yrnoBoM pacnpeaeneH11a upoayKToB aeneH11>1. 

J.,fayqeHHIO yrnOBbIX pacnpeaeneHI!l! OCKOnKOB aeneHI!ll noa ael!cTBI!eM Tl!>KenbIX 

HOHOB nocBl!IUeH Pllll pa6oT. OaHaKO 113 9THX onhITOB TPYllHO yCTBHOBl!Tb, K8K 'pea

n113yeTc>1' 6onbil10l! MoMeH; B036y>KaeHHoro ,iapa B upouecce aeneH11>1 113-3a neonpe

aeneHHOCTII T8KIIX napaMeTpO~ K8K T8MnepaTypa llllpa, MOM8HT HHepu1111 B ceanoBOl! 

TOttKe H .ap. B TO )Ke apeMH H3 .llBHHhlx, nonyqeHHhIX Ha nen.ensnuuxcsr 51,opax, cne-

ayeT, '<TO Bllll y -cneKTpa II cpeaHee q11cno H3nyqaeMbIX KBaHTOB cymecmeHHo· 

38BHCHT OT MOMSHTa COCTBBHO~O HLI.pa. 

npH o6nyqeHHII U 
231 

IIOH8MII O 1d Mb! nonyqan11 xopoillee cornac11e B cpopMe 

cneKTpa II B Cpe.(!H8M q11cne y -KBBHTOB C Onb!TBMII npll aeneHI!II U 236 Me.[lnev

HbIMR HeA:TpOHBMH H CIIOHT8HHOM .o.eneHHH Cf 
2

'
2 

• 3To YK83bIBSeT, rro-BH.llHMOMY, 

Ha TO, l!TO npH Jl9Jl9HllH H.nep TH::>K9JlblMH HOHBMH OCHOBH8H qacTb yrnoaoro MOMeHTa 

nepeXO.UHT B OTHOCHTeJibHOe .LlBH>KeHne .oayx OCKonKoa. 

3aKnroqeeae 

HacTOHIU8H pa60'J'B.. rtOCBHLUeHa HCcne.nOBBHHIO BnIUIHHSI BhICOKOI"O MOMeHTa KOnH-

't{9CTB8 .na10KeHHH Ha xapaKTepIICTHKH y -a3nyqeHnSI, conpoao:m:.na10mero pacrra,a, ao3-

6y:m:.neHHoro COCTBBHOI"O SI,O,pa a peaKUHSIX C TSI:m:enhIMH HOH8MH. 

l,13 8H8nnsa 3KCIIepHM6HTBnhHhIX pesynhTBTOB yeTattoaneHO cne.a,yIOw;ee: 

I. np11 o6nyqeHHII pa3n11qHblX MHilleHel! ycKopeHHblMH IIOHBMII 0
16 

II Ne
22 

H85TIIO.ll89TCSI HHTeHCHBHOe y -nsnyqeHne; cpe.a,Hee qacno y -KBBHTOB Ha K8>K~li 

BKT pacnaaa COCT8BHO!'O llllpa llOCTll!'88T 10-13 (oueHKII npoBell8Hbl anSI 'TOnCTb!l<' 

M>tWeHel!). 

2. CrreKTp y -Hany'lleHHSI B peaKUHSIX C T.H:m:enbIMH HOH8MH cymeCTB9HHO MHI"'-19 

10 

, .. 

qeM npH paanau~oHHOM 38XB8T8 TennOBblX Hel!TpOHOB. 3To o6bl!CHll8TCll TeM, '<TO B 

HaWeM cnyqae y -aanY,teHll8 npOHCXOllHT H3 COCTOSIHHl! C Bb!COKHM yrnOBblM MOMeH-

TOM. 

3. C yBenaqeHHeM .MoMeHTa xonnqecTBa aBa>KeeaSI KOMnayHA-llllpa na6nroaaeTcsr 

pOCT cpeaeero qacna y -KB8HTOB B K8CK8.[le. 

4. KacKallHOe y -u3nyqeHH8 l!Bnl!eTCll 6b!CTpbIM npoueccoM; nepexOA llllpB 
-9 

B OCHOBH08 COCTOllHIIe npom:_:xo.(!HT 38 Bp8Mll ·M8Hbillee 10 ceK. 

5, C yBenaqeHI18M MOMeHT8 KOn11qeCTB8 llBII>KeHHll llllpa· cyMM8pHaSI 9H8p!'Illl 

K8CK8AH0!'0 113nyqeHHII pacTeT. nonyqeHHbl0 pe3ynbTaTbl o6bllCHSIIOT 9Kcnep11MeHTanb· 

HO Ha6nroaaeMblll C.(!BH!' MBKCIIMyMOB cpylIKUIIl! B036y>Kll8HHll B CTOPOHY 6onbil11IX 

aiiepral! npa ncnapeHHH eellTpOHOB 113 B036y>KaeHHO!'O llllpa B peaKUilllX C TSI>KenbIMII 

l!OH6MII no cpaBHeHHIO C llBHllb!MII HB nerKIIX 'qaCTHU8X (npOTOHbl, ael!TpOHhl). 

6, Jlnll llll8P C MarnqeCKIIM q11cnoM npOTOHOB ( z = 82) cpellHllSI 9H8p!'1Ill y 

cneKT_pa npawa1pao B l,;'2 paaa 6onbwe no cpaBH8HIIIO c~ cocellHIIMII >1apaMn TannHll 

< z ~s1 l. 

7. <t>opMa y -cnexTpa a cpeanee qacno y -KBBHTOB, conpoBO>KAarom11x aene

n11e llllpa C Bb!COKIIM cnl!HOM~ npaKTH'<eCKH COBnaaaIOT C pe3ynbT8T8MII, nonyqeHHbl

MII np11 aene1mu u 231 TennOBblMII Hel!TpOH8MII H cnoHT8HHO!'O aeneHilll Cf 
212 

•, 3To. 

no-BHAHMOMY, CBH.[leTenbCTBye; 0 TOM, '<TO B npouecce aeneHHll 60nbWOll yrnoBOl! 

MOMeHT COCT8BHO!'O llllP" peanu3yeTCll, B OCHOBHOM: B yrnOBOM pacnpeaeneHIIII 

OCKOnKOB aeneHIIll II n11wb He3!18'<11TenbH8ll qaCTb nepeXOllHT B cot5CTB8HHbll! cnlIH 

OCKOn~oa_. 

3TII llaHHbre aaroT npeacTaBnee11e o TOM, KBK peann3yeTc>1 B npouecce aenen11>1 

Bb!COKI!ll Cnl!H B036.y>Kll8HHO!'O llllPB, 

OcnoBHol! MaTepaan, acnonb30BBHHblll B aaccepTanna, ony6naKOB8H B pa6o

/3,5-7/ 
TBX • 

Pa60Tbl 6bma .o.ono>KeHbI Ha XI cecc1111 YqeHoro coBeTa OJ.-HH1 11 Ha Koacpe-

penuan no HCCnellOB8HIIllM Ha UI!KnOTpOH_ax (KpaKOB, 1961 r,), KpaTK08 II3nO>Ke

HH8 pe3ynbT8TOB np1IB8ll8\0 B o630pHOM llOKnaAe r,H.<t>nep0B8 H8 CHMn031IYM8 

no npl!Mb!M B381IM0.(!8l!CTBHllM II M8X8HII3MY llll8Pljb!X peaKUHl! (naayll;· 1962 ·r.). 

C'<HTaIO CBOHM npa>1THblM aonroM no6na;oaapnTb r.H.<t>nepoBa 3a pyKoBoACTBO 

H8CTOl!IUel! pa6oTol!, a T8K>Ke 10.B. nooaHOB8; B.H. MapK0B8 II A.ct>. naHeBa 38 noMOlllb 

B npOBe,O,eHHH 3KcnepHM9HTOB. 

11 
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H3 peaKUHl! Rh (n, y) H Cu + Ne
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