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B Te'leHHe rrocnenHHx 12 neT B n a6opa TopHH SJnepHhiX rrpo6neM 06'he 

UHHeHHoro HHCTHTyTa S!UepHbiX HCCnenoBBHHM B ily6He H3Y'IBnHCb CBOHCTBB 

Hei\TpOHone<jJHuHTHbiX SJnep, KOTOPbie rrony'laiOTCSJ rrpH 6oM6apnHposKe pa3nH'I

HbiX MHilleHefi 6biCTp biMH rrpoTOHBMH. B s T ofi CTBTbe Mbi llbiTaeMcSJ naTb 

Kp8TKHif 0630p 3 THX pa6oT, llOUBeCTH HeKOTOpbie HTOrH H 06CyUHTb rrepCileK

THBbl nanbHeiflliHX HCcneUOB8HIIA. 

§ 1. BseneHHe 

PaaHoo6paaHe a TOMHhiX SJnep o'leHb senHKO - ropaano 6onbllle pa3Ho

o6pa3HSJ 8TOMOB: Mbl 3 H8eM cefi'IBC 104 COpTa 8TOMOB, HO 6onee 1600 COpTOB 

8TOMbiX S!Uep. Yf3y'leHHe CBOifCTB BCeX 3THX S!Uep - orpOMHBSI pa6oTa, H 

TOnbKO ae6onblllaSJ nonSJ ee cnena Ha. OnHaKo Y*e H Terrepb HaKorrneaaaSJ 

HH<jJOpM8UHSI 3 8HHM8eT T biCSI'IH CTp8HHU Cllp8BO'IHHKOB • Me*Uy TeM, tjlH3HKH 

panyiOTCSI, KOrna OTKpbiT HOBbiH H30TOil. no'leMy 3TO TBK? - no'leM~ OTKpbi

THe aosoro H3oTorra HnH o6aapy*eHHe KBKoro-HH6ynb aosoro SJ.nepaoro rrepe

x ona, He3H8'1HTenbHO ysenH'IHBBIOIUHe 06IUHH o6'heM HH<jlopMBUHH, Bbl3biB8IOT 

'18CTO O'leHb 6ypHbiH HHTepec? norrbJTaeMCSI 06'h SICHHTb. 

EonblliHHCTBO aToMHbiX SJnep - cno*Hbie cHcTeMbi MHorHx ayKnoaos, 

He llOUU8IOIUHeCSI neTanbHOMy paC'I(!TY; B 3THX ycnOBHSIX OCHOBHbiM HCTO'IHH

KOM Ha<jlopMauHH SJBnSJIOTCSI 3KcrrepHMea'ranbllbie Hcc nenosaHHSJ. HerrocpencTBell

HO rronyqaeMaSI HH<jJOpMaUHSI HMeeT T86rrH'IHbiif xapaKTep H He rrpHBO.[lHT K 

llOHHM8HHIO CTpyKTypbi, llOKa He H8i\.[leHbl K8KHe-HH6y,nb 38KOHOMepHOCTH B 

CBOl!CTBBX• 06bi'IHO, Korna 38KOHOMepHOCTb Hal!,neaa, UllSI Hee HBXO.!lHTCSI 

rronxonSJmee o6'hSJcaeaHe. TaK 6hinO rrpH OTKpbiTHH rrepHonHqecKol! cHcTeMbi 
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aneMeHTOB Menneneeaa (aaKoHoMepnocTH B aaneHTHbiX o6ono'lKa x a T oMoa), 

HflH npH OTKpbiTHH 38KOH8 Mo3nH nnH BHyTpeHHHX o6onoqeK 8TOM8 ( peHTre

HOBCKH e cepHH). · 3TOT nponecc BhlHBneHHH 3 8KOHQMepHOCTei! npOHC XOnHT 

c ei!qac B o6n8€TH 8TOMHbiX Hnep. H BOT TYT-TO H B03HHK8eT TpynHOCTb: 

Hnpa oKaawaa~TcR o'leHb aenoxo~MH npyr aa npyra. EcnH TSKHe rno6anb-

Hbie X8p8KTepHCTHKH Hnep, K8K M8CC8, flfiOTHOCTb, .P83Mepbi, ClKHMSeMOCTb 

H T.n. H3MeHH~TCH nnaBHO npH nepexone OT Rnpa K Hnpy, TO H8H6onee HHTe

peCHhle X8p8KTepHCTHKH 0 CBH38HHbie CO CTpyKTypoi! Hnpa, OK83b!Ba~TCII ~"'eHb 

HenOXOlKHMH. llnR TOrO, 'IT06bi CP8.BHeHHe 6hln0 nnonOTBOpHblMo npHXOnHTCH 

paanenHTb Rnpa sa rpynnbi no 'I~THOCTH H aenH'lHHe N. H Z ~ no aenH'IHHaM 

I" (cnHH H 'I~THOCTb BOnHOBOi! ~YHKUHH) nnH OCHOBHhlX COCTOHHHi!, no npH

aannelKHOCTH Hnpa K KpyrnbiM H neljlopMHpOBaHHbiM HnpaM H T.n. Ho H nocne 

T8KOrO paaneneHHH Rnpa nall<e onaoi! rpynnhl CHUbHO OTUH'l8~TCH no CBOi!CT

B8M, T8K K8K onHO'I8CTH'lHbie HnH MHOrO'l8CTH'lHbie B03 6yll<neHHbie COCTOHHHR 

CHUbHO CMeiUa~TCH npyr OTHOCHTenbHO npyra B COCenHHX Hnpax. 

B peaynbTaTe aToro npo6neHHH aa rpynnbi OK83biBaeTcH, 'lTO B Kall<noll 

rpynne H8XOnHTCH 2,3 HnH 4 Hnpa. YcT8H8BnHB8Tb 38KOHOMepHOCTH npH CTOUb 

ManoM qacne To'leK HenpocTo. HoaaR TO'lKa MOll<eT oKaaaTb pewa~wee BnH

HHHe H8 nocTOBepHOCTb H8Me'I8BIUei!CH 38KOHOMepHOCTH, HHOrna nonTaepnHTb 

npenCK838HHH TOil HUH HHOll HnepHOii MonenH, 8 HHorna Bbl3B8Tb ee 'KpH3HC' • 

npaaeneM npHMep. npennonOlKHM, 'lTO H8C HHTepecy~T CBOitCTB8 OCHOB-

171 
HOrO COCTOHHHH H.[lp8 70Yb 10.1 H M bl XOTHM COflOCT8BHTb CBOiiCTB8 9Toro 

stnpa H cocenaax, KOTOpbie MoryT 6 biTb llOXOxOI, Ha nero. OnnaKo HaaecTHO 
. l» lH 

TonbKO TPH Rnpa c aeq~THbiM A H 101-M ne liT po aoM : 88 Dy 
101 

, 88 Er 101 
lfSH 187 Ut a -

H T2 f 1011 HO 0 Dy fiO'lTH HH'lero He H3BeCT HO, y Er (I =5/2 , 

H TOUbKO y
173 

Hf OCHOBHOe COCTOHHHe Toro ll<e THna , 'lTO H y 
171 

Yb 

( JU = 1/2-). 3TH COCTOHHHH) neitCTBHTenbHOJ BO MHOrOM flOXOlKH, HO flO nByM 

T O'lKaM aaKo &oMepaocTH ycTaHaBnHBaTb onacao, H npH xonHTCSI ll<nSTb, Korna 

175 
6yneT OTKpbiTO H H3y'leHO SIApO f4 W 101 • 

§2. nony 'leHHe Hel!TpoaonecjJHUHTHbiX H3 0TOflOB 

llnH OTKpb!THH HOBb!X H3 0 TO fiOB H n n H neT a UbHOrO H3y'leHHH HX C BOliC T B 

Hyli<Hbl ycTpOfiCTB8 nnH c o anaHHH H30TOflO B H ]J,llla AeTKTJrpOBa.lnl.ll •x H3-

liY'le.mnr. 
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K aaqa n y nHTHnecHTbiX ronoa cnoco6bi Ha roToaneHHH p anHoaKTHBHbiX 

H30TOflOB orpa HH'lHB8flHCb peaKUHHMH, c oanaaaeMbi MH Hne pH biMH 'l8CTHU8 MH 

M8flb!X 9HeprHA ( D , p , d , a - no 20 M 9B), H ljloTopeaKUHHMH ( y p , y D 

H T.n.) • npa 9TOM, KSK npaBHno, nonyqanHCb H30TOfibi, nelKSIUHe aenaneKO 

OT nHHHH CT86HnbHOCTH (o6hl'lHO OTflH'l8~IUHeCH H8 1-4 HyKnOH8 OT CT86Hnb

HbiX), H TOnbKO a npouecce neneHHH nonyqanHCb Rnpa c 6onbWHM H3 6biT

xoM Hei!TpOHOB - nae OTHOCHTenbHO He60nbWHe o6naCTH Hnep. 

B nHTHnecRTwx ll<e ronax noHBHnHCb ycKopHTenH c HHTeHCHBHbiMH ny'f-

KSMH 6biCTpb!X '18CTH!l ( C 9HeprHei! B HeCKOUbKO coT Mas), a a wecTHne-

cSITbiX ronax - y cKopHTenH TSill<enbiX HOHoa. CoananHe 9 T·HX y c KopHTenell 

OTKpbinO B03MOlKHOCTH AUSI nonyqeHHSI T8KHX H30TOflOB, H3rOTOBHTb KOTOpbie 

paabwe 6bmo nenbast. 

0nHHM H3 T8KHX YCKOpHTenell OK838fiCSI CHHXpOUHKnOTpOH na6opaTOp HH 

stnepHbiX npo6neM 06'benaaeaaoro HHCTHTyTa stnepHbiX HCcnenoaa HHA ( nanb-

we Mbl fiHWeM COKpaiUeHHO! UHKfiOTpOH nHn). npn fiOMOIUH 9 TOrO yCKOpH-

TenSI MOlKHO nony'laTb npOTOHbl C 9 Heprnefi AO 680 M a B. 3Ha'lHTenbH8H HH

TeHCHBHOCTb nyqKa H xopowaH c Ta6HnbHOCTb ycKopnTenH coanann oco6o 

6naronpHHTHbie ycnoBHH nnH aayqeHHH peaKuH l! rny6oKoro p a c w enneHHH Hnep -

peaKUHH (p, y p, X D), B KOTOp hlX, B peaynbTa Te B38HMonel!CTBHH, H3 Hnpa 

BbmeTaeT y npoTOHOB H x ae l!Tponoa . Yll<e B 1950 rony E.B.KypqaToa, 

A.H.MypHH, n.K.naapyXHH8 H np. H3y 'lann H8 UHKnOTpoHe nHn M e x a HH3M 

9THX peaK!lHilo 0630p 9THX pa6 0T MOlKHO H8 HTH B KHHre n epcjJHnOB8 H n p/ l/• 

B p e aKUHH rny 6oKoro pacwe nne HH H MOlKHO pa3nH'lHTb nae CT a nHH. 

Ha n e paoll c TaAHH 6biCTpaH q a cTHua c T a nKnaa eTc H c Hnep Hbi M H Hy KnoHaMn 

H nepe naeT HeKOTOpblM H3 HHX 3 H8'lHTenbHY~ 9HeprH~. 3TH BTOpH'lH bie 'l8C 

T'IIU b l MoryT nH6o BbineTa Tb H3 Hnpa , nH6o n epena Tb a nep rHIO npy rHM H y K

noaaM. BoaanKaeT HnepH bil! KacKa n HnH nH BeHb, a peaynbTa Te KOTo p oro Ha 

stn p a BbiUeTHT HeKOTOpoe 'lHCUO 6bi CTpb iX HYKUOHOB, a Hnpo OC T 8 HeTCH CHUb

HO B036yll<neHHbiM ( 'Ha r peT bi M "). 

H a BTOpo l! CT 8 AHH 9 TO Har peT oe H!lpO HC n apHeT HyKnOHbl - TeM Menn eH-

nee, 'leM MeHbWe a HeprnH B036yll<ne HHSI Hllpa ; n po u ecc OC T 8 K8BfiHB8eTC SI 1 

KOr na 9 Heprn >I B0 36yll<neHH SI T 8KOll8 0 'lTO >Inpo He MO)I(eT yll<e HCnyC THTb HH 

nel!T po H, HH npoTo H. B 3TOT MoMe n T !Vtbi HMe e M panH oaK Tn a n oe Hnpo - npo

ayKT, n anbnel!wee • ycnoKoe tme • KOToporo n neT a .o c noaHoM {3- H y- npou ec -

C8MH. 
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Ha nepaoA cTanHH, npH abineTe 6biCTpbiX qacTHU, aepo!!THOCTH ablneTa 

nn11 npOTOHa H HeATpOHa nO'ITH onHHaKOabi 1 H 3TH '!aCTHUbl ablneTaK>T a TOM 

*e 'IHCneHHOM COOTHOWeHHH, a KaKOM HaxonHnHCb a HCXOnHOM 11npe; no3TOMY 

gnpo TOnbKO CMewaeTC!! anonb nHHHH CTa6HnbHOCTH , Ha aTOpoA CTanHH 1 KOrna 

HCnap!!K>TC!! MenneHHbie '!aCTHUb1 1 HeATpoHbl HMeK>T npeHMyweCTBO nepen npo

TOHaMH H3-3a KynOHOBCKOrO 6apbepa, H BbineTaK>T B 3Ha'IHTenbHO 6onbWeM 

KOnH'!ecTae. B peaynbTaTe nony'laK>TC!! snpa co 3Ha'IHTenbHhiM HenocTaTKOM 

HeATpOHOa no cpaaHeHHK> CO CTa6HnhHbiMH - HeATpOHonei)lHUHTHble !!llpa, 

06e CTanHH - KaCKanHa!! H HCnapHTenbHa!! - HMeK>T CTaTH CTH'IeCKHA xa

paKTep; rpauaua Me*nY HHMH TO*e HMe·eT ycnoaHbiA xapaK.Tep, BcnencTaHe 

aToro paaHoo6paaHe H30TOnoa, nony'laK>wHxcs a peaynhTaTe peaKuHH rny6o-

Koro pacmenneHHH, o'!eHb senHKO - MO*Ho nyMaTb, 'ITO o6paayK>TC!! 

!!npa, a03MO*Hbie An!! naHHOA MHWeHH H 6oM6apnHpyK>WHX '!aCTHU, 

ace 

OnuaKo aepo!!THOCTh o6paaoaaHH!! H30Tonoa, KaK npaaHno, 6hiCTpo y6biaa-

eT no Mepe ynaneHHS! OT nHHHH CTa6HnbHOCTH, B peaynhTaTe Ha onbiTe 

ua6nK>naK>TCSI He ace aoaMO*Hbie, no ace *e MHorHe H30TOflbi, TaK, HanpHMep, 

npH peaKUHH T a +- p ( 660 Maa) Ha6nK>nanocb 6onee 100 paanH'IHbiX aaoTo-

noa
1 

H cpena HHX HMeBWHe nei)lHUHT B 12 HeATpOHOB, 

HaoTOnhi c nelj!HuHTOM a 5-10 HeATpouoa H CTanH OCHOBHbiM 06'beKTOM 

H3y'leHHH a 60-x ronax. 3TH HccnenoaaHHH ynanoch pa3aepHyTb wHpOKHM ljlpoH

TOM, B HHX cpa3y npHH!!nH yqacTHe, KpOMe OH.HH, neHHHrpancKHA H MocKOB

CKHA yuasepcHTeTbi, HucTHTYT reoxHMHH H auanHTH'!eCKoA XHMUH ( MocKiaa), 

PanHeBb!i! H HCTHTYT H J.1 HCTHTyT MeTponorHH ( neHHHrpan) 1 nonHTeXHH'leC-

KHi! HHCTHTYT B TawKeHTe. 

B HaCTO!!Wee apeM!! H30TOflbl, npHrOTOBneHHble Ha UHKnoTpOHe n.Hn, 
HccnenyK>TCS! a neuHHrpane, MocKae, KHeae, AnMa-ATe H TawKeHTe, B 

npare, B apwaae, n K>finHHe , KpaKoae, EynanewTe, lle6peueHe, Colj!HH, Eyxapec

Te, KoneurareHe H f~Te6opre. 

Ycnexy aTHX pa6oT a 6onbwoi! Mepe cnoco6cTsoaano noabiWeHHe HHTeH-

CHBHOCTH ny'!Ka npOTOHOB CHHXpOUHKnOTpoHa n.Hn C 0,3 Ma ( 1956 r,) no 

1,1 Ma (1959 r.) H no 2,3 Ma (1961 r.). llpyrHM aa*HbiM ycnoaHeM yc-

newHoro npoaeneHHSI snepHocneKTpocKonH'leCKHX HccnenosaHHi! !!BHnoch o6ecne-

'!eHHe pallHOXHMH'IeCKOrO B.bllleneHHS! panHOaKTHBHblX H30TOflOB H3 o6ny'leHHbiX 

MHWeHei!, npH 3TOM llOnlKHbl 6b!Tb BblflOnHeHbl O'!eHb *eCTKHe Tpe6oaaHHll: 

6 

, · 

6b!CTpoe BbiileneHHe, 'IT06bl MO*HO 6binO H3y'laTb KOpOTKO*HBywHe H30TOnhi; 

6onhWHe nonHbie H ynenbHbie aKTHBHOCTH npHrOTOBnlleMblX HCTO'IHHKOB; Mana!! 

TonwHHa HCTO'IHHKOB nns 6eTacneKTpocKonHH, H np. BbiCOKa!! aKTHBHOCTb o6-

ny'leHHhiX MHweHei! (no 2-3 rpaMM3KBHBaneuTa panas) npeapawaeT pa3pa6oTKY 

MeTOilOB BbiileneHHS! H30TOflOB B CnO*HYK> TeXHH'leCKYK> 3ana'ly, Tpe6yK>wyK> 

npHMeHeHH!! panHOXHMH'!eCKHX 60KCOB C T!l*enoli 3aWHTOli 1 MaHHnynliTOpaMH 

H nucTaHuHoi!HbiM o6opynoaaHHeM, B TO *e apeM!! cnenyeT noMHHTh, 'ITO 
-10 

HY*HO BbiilenHTb H3 MHWeHH 6e3 cymeCTBeHHblX noTepb 10 rp panHOaKTHB-

Horo aemecTaa, 

B panHOXHMH'!eCKOH rpynne n.Hn pa3pa6oTaHbl MeTOilbl ablneneHHS! H30TO-

nos H3 o6ny'leHHbiX MHWeHeli : Ta, Er. Gd , An B npyrHx rpynnax ocaoeHo 

BbiileneHHe npenapaToB H3 o6ny'leHHbiX St, Y, Ag, Cd, Ge, Tb, Bi, Cu, Hf, Pt . 

PHc .. l. fopoJJ.a, x:yna nocTaBruJJOTCB HeRTpouo.a~HUHTHtMe R30TODbi, nonyqaeMble 
H8 CHHXpoUHKnoTpoHe 06'bel1HH9HHOrO HHCTHTYT8 R.aepHbiX HCCn9llOB8HHA. 
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5biCTpoe SbiJleneBRe ( • 2 'laCos) D03BOnReT R3y'laTb CSOi!CTB8 R30TO-

DOS c nepHonaMR no nonyqaca. XopowHe Ka'lecTsa RCTO'IBHKos: ManaK Ton

m&aa, SbiCOKaR paQHOXRMR'IeCKaR 'IRCTOTa R 6onbWaH aKTRSBOCTb ( QO BeCKOnb

KRX QeCHTKOS MRnnRK~pR) Qa~T B03MO~HOCTb DpOSOQHTb HCCne QOB8BHH C no

MaWb~ cospeMeBBbiX an&<jla- H 6eTa-cneKTpoMeTpos. 

PeaKURH C TH~enbiMR ROBaMH TaK~e npHBOQHT K o6paaOSaBR~ Hei!TpO

HOQecjlHURTHbiX H30TOD0So npeQnono~M, 'ITO OCyWeCTSnHeTCR peaKUHR ~~~80 + 
181 

+· 1\0 npR cnRRHRH 9THX snep nonyqaeTcH· H30Ton n Re • Ycroi!'IHSble 

Ill Uf lll ll 
&aoTODbl Re: Re R Re .CnenosaTen&ao, see peaKURH Ro( , 0, n) Re 

6yQyT QaB8Tb Hei!TpoHOQecjlHURTHble H30TODblo nns ocymeCTBneHHR peaKUHil 

9Toro THna aeo6xoQHMbi TH~enbie HOBbl; aano npeononeTb 3Ha'IHTen&Hbi A Kyno

HOBCKHA 6apbep; npaKTR'IeCKH aeo6xOQHMbl HOHbl C 3HeprHeil • 10 Mas/HyKnOH. 

CymeCTSY~WHe yCKOpRTenH TH~enbiX HOBOS HMeiOT HHTeHCHSHOCTH HOH-

Hbl X llY'lKOS, HeQOCTBTO'lHble .UnH nony'leHHH npenapaToB· 6onbWOil 8KTHBHOCTH 1 

He06XO.llRMblX QnH HQepBOil ClleKTpOCKOllHH ( CM. §3o .) • Ho .uns oTKpblTHH 

HOBblX H30TOllOB IHHTeHCHBHOCTH .UOCT8T0'1Hbl1 H pH.U H30TOllOB 6bl l1 OTKpblT 

npH llOMOWH yCKOpHTeneA TH~enbiX HOHOS na6opaTopHH H.UepHblX peaKuHA OHHH 

H B 8MepHK8HCKHX na6opaTOpHHX. 

§3. CpaaaeaHe paa nH'lHbiX MeTo.uoa nonyqeaHH 

Hei!TpOHO.UecjlHUHTHblX H30TOllOS 

0CHOSHblM .UOCTOHHCTSOM TOrO HnH HHOrO C!IOC06a rrony'leHHH pa.UHOBK

THBHb lX i130TODOS HBnHeTCH S03M0)KHOC'fb llpHrOTOBneHHH HX S KOnH'leCTSe, 

.UOCTB TO'lHOM .UflH HCCne.UOSBHHH CBOHCTS aTHX H30TO!IOB. n peUH3HOHHble C lleKTp o

M e Tpbl o6bl 'lHO o6naQB~T Manol! CBeTOCHI10il H T p e 6 yiOT HCDOI1b30B8HHH HC TO'l

HHKOS SblCOKOi! BKTHBHOCTH. qT06bl cpaBHHTb p 83Hble C llOC06b i llOny'le HH H H3 0-

T ODOB, Mbl SOCll011b3yeMCH MeTO.llOM Cp a sHeHHH, rrpe .uno)Ke HH bl M He.UB BHO P y .u-

/2/ 
CT8M O M 

Bso.UHTCH s e nH'lHHa F -cKopocTb o6paaosa HHH H.Uep .uaaaoro a a o Torra : 

d 

FB JI(x)u(x)pdx. 
0 

3 .uecb I ( :a:) -noToK qacTau, rra.uaiOIUHX aa MHmeHb u (x) -ce q eaa e peaKu a u; 

8 

y<IHTbisaeTCH H3MeHeHHe I ( :a: ) H u( :a: ) c a aeprHeil (no rny6HHe :a: sayTpb 

MHWeHH) ; p - llnOTHOCTb S~WeCTS8 MHWeHH; d - ee T011lUHH8 , 

O.uHH H TOT )Ke pa.UHOBKTHBHbiil H30Ton MO)KeT 6biTh nony<IeH H3 XHMH-

'leCKH p83HblX MHlUeHei! llpH COOTBe T C TBeHHO pa3HblX peaKUIIHX; MoryT npH 

MeHHTb CH 'lBCTHU bl pa3HOil a aeprHH H Ml!illeHII p83HOil TOfllUHHbl , 3Kc nepHMeHT8 -

Topa IIHTepecyeT SOllpOC ! KBK nony'li!Tb M8KCHM811bHY~ CKOpOCTb o6pa30B8HHH 

H,Uep ,llBHHOrO H30T008? nonyCTHM , 'ITO OH MO)KeT MeHHTb DO CBOeMy YCMOT

p-e-HHIO MHilleHII (nHillb 6bl 3 TO 6binH MHWeHH H3 CT86HnbHblX H30TODOS) H B.bl6H

p8Tb yCKOpHTenH - UHKI10Tp0Hbl II CHHXpOUIIKflOTpOHbl 06bi'lHbiX TllllOBo q TO 

cne.uye T npe.unoqecTb, KaKoBa MBKCHManbHBH senH'lHHB FmaE B Ka~oM KOHK-

peTHOM cnyqae ? 

nns Toro , 'lT06bl paCC'lHT8Tb F, CKOpOCTH o6pa30B8HIIH pa.UIIOBKTHBH biX 

s.uep, HY)KHO 3HBTb ce<IeHHH u ( :a:) H 11Cll011b30B8Tb COOTBeTCTBY~WH8 Beflll'lll -

H bi .uns I ( :a: ) , p H d 

B enH'lHHbi u (:a: ) Py.ucTaM onpe.uenHn , onHpaHCb qacTH'lHO Ha aKcne-

pHMeHT811bHbie .UBHHbie , 'l8CTH'IHO HB ll011yaMDHpH'leCKHe cjlopMyfl bl H TeOpH!O 

H.UepHbiX peaKUHil. npH He6onbWHX a HeprHHX llpOTOHOB HBH60nee CylUeCTSeHHbl 

peBKUHH THll8 ( p, X II ) ; .ll11H He60flblUHX X ceqeHHSI aTH?C peaKUHil H3MepeHbl 0 

HO .llflH X> 3 HX llpHXO.llHTCH aKCTp8ll011HpOB8Tb , OllHp8HCb HB T eOpHIO H,Uep

HbiX peaKUHHo npa 60l1b lUHX aaeprHHX llpOTOHOB H.UYT p83H006pa3 H bi8 peaKUHH 

rny6oKoro pacmerrneHHH ( p , y p, :a: 11) . Py.ucTaM Sbi6pan B KaqecTBe ax rrpe.u 

CTBBHTenH peaKUHH ( p, 2p :a: ll ) ; aKC!lepHMe HT811bH bi X .llBHHblX .llflH peBKUHH C X.:: 3 

Mano , rroaToMy aeaa6e)KHO rrpaMeaeaae rronyaMrrHpaqeCKH X cjlopMyn .uns ceqe -

HH/
31 

T a6naua 1 

OcaoBHbie xapaKTepHCTHKH MeTo.uos nparoTosneHHH 

HeiiTpOHO.UecjlHUHTHblX H30TO!IOB ( K pHC , 2) 

HcTo'lRHKH 

'l8CTHU 

noTOK 'l8CTHU 

UHKI10Tp0Hbl 1.00 I' A ; p, d, a 

CHHXpOUHKnoTpOHbl 

YcKopaTena TH )KenbiX 

HOifOB 

2,51' A ; P 

10 I' A, 
TH)Kenbie 

HOHbl 

9 

3aeprns TonmHHa MHWeHH 

50 Mas 170 MrlcM
2 

600 Mas 18 r/cM
2 

nepeMeRHBH 10 MrlcM
2 
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PHc.2. CpaEHeHHe MeTonoa nony<teHHSI HeiiTpoHoneti>HUHTHbiX H3oTonoa 

(Z~65) (o6'bSICHeHHSI B TeKCTe), 

10 

-
Tb 

0) 

~ 

B Ka<tecTBe npencTABHTenH peaKUHH c TH>KenbiMH HOH8MH PyncTaM Bbi-

6pan peaKUHIO ( 
14 

N , x a ) • 

ilnH j ( 0), H8't8nbHOH HHTeHCHBHOCTH ny'tK8, Bbi6p8Hbl 3H8'teHHH nnSI 

ny<tliiHX H3 cymecTBYIOIUHX MHllleHei\. M bi Hcnonh30BanH nnSI HHTeHCHBHOCTH 

ny<tKa npoTOHOB B CHHxpouHKnoTpoHe 3Ha<teHHe 2,5 11. A ( TOK Ha BHyTpeHHIOIO 

MHllleHb Ha CHHxpoUiiKnoTpoHe OYIHYI); nnSI HHTeHCHBI'iocTH ny<tKa TH>KenbiX 

13 
HOHOB- 3H8'teHHe 10" A ( 6,10 HOHOBfceK) - 3TO cpenHee 3H8'te HHe nnSI 

ycKopHTenSI TH>KenbiX HOHOB Y -300 a OYIHYI; H nnSI HHTeHCHBHOCTH ny<tKa 3a

pH>KeHHbiX 't8CTHU H8 UHKnOTpOH8X cpenHHX 3HeprHil - 3H8'teHHe 100 fJ.A - 3TO 

cpeOHSISI peanbHO HCnOnb3yeM8SI nnH npoH3BO.llCTB8 H30TOnOB BenH'tHH8 TOK8 B 

COBpeMeHHbiX UHKnOTpOH8X. 

TonmHHa MHWeHH d B pac<teTax PyncTaMa 6bma npHHHTa paaHoi\ I MHn-

2 
., 170 Mr/CM ) : Mbl 

2 • 
nHMOnb/cM ( nnH MHllleHH H3 Ta aTo cooTaeTcTayeT 

2 
yaenH'tHnH ee .llnH CHHXpOUHKnOTpOH~B llO 18 r/CM , TBK K8K npH KaCaTenbHOM 

npOXO>KneHHH ny'tK8 npOTOHOB OHH npOHH3biB810T OKOnO I CM MHllleHH, ilnH TH-

2 
>KenbiX HOHOB TOniUHH8 MHllleHH npHHSIT8 paBHOH 10 Mr/ CM , TBK . KBK BCe paB-

HO TH>Kenbie HOHbl He npOXO.llSIT HB 6onbliiYIO rny6HHy. 

Ha pHc. 2 npencTaaneHbi pe3ynhT8Tbi pac<teTOB nnH npoH3BoncTBa H3o-

TO nOB Tb z =165). no OCH a6CUHCC OTnO>K6H He.llOCT8TOK 

Hei\TpOHOB B H30TOne no Cp8BHeHHIO C H30TOnOM, nnH .KOTOpOrO 

x) 
( 0,01 A ) 

2 

; no ocH opnHHaT oTno>KeHbi F max- MaKCHManhHbie N-Z·40 
2 + 0,01 A 

CKOpOCTH o6pa30B8HHSI B aT/ceK, 

JlHHHH 06'beOHHSIIOT 'tO'tKH, OTHOCHIUHeCSI K pa3HbiM MHllleHSIM H peaKUHSIM , 

TaK, HanpHMep, Kp8HHHSI neB8SI TO'tK8 nnH nHHI'H ( p, X a ) OTHOCHTCSI K o6-

156 v 
pa30B8HHIO Tb , KOTOpbiH MO>KeT 6biTb nony<teH no pe8KUH>IM 

ISS IS& 15&. US 151 155 

54 
Gd ( p, y) 

65 
Tb , 

54 
Gd ( p , 11 ) Tb , 14 Gd ( p , 2 a ) Tb " T .n. 

CpenH acex 3THX peaKUHil HaH6onblllee ce<teHHe u msz Mo>KeT 6biTb 

nonyqeHO, npH COOTBeTCTBYIOllleM non6ope 3HeprHH npOTOHOB, nnSI peaKuHH 

155 
(p, a ); n03TOMy HCnOnb30B8HO HMeHHO 3TO (1 mea (TO >Ke cnenaHO nnSI Tb, 
154 153 152 151 Tb , Tb H Jb). ilnSI Tb peaKUHSI ( p, a) y>Ke HenpnronHa, TaK 

x/ 
3 MnHpH'teCKH Hai\neHHOe Bblp8JKeHHe OnSI nHHHH CT86HnbHOCTH B Ta6nH-

ue H30TOnOB, 

II 



K8K 

nm1 

HHH 

HeT cTa6HIIhHOI"'O 
151 

Gd • noaToMy HCITOIIb30B8Ha peaKUHSI 
152 

Gd (p, 2n) 151 Tb; 

ISO Tb 9TO ylKe peaKUHSI 15~d(p,3n). 151
Tb, nrrH KpaliHeli ITpBBOH TO'IKH IIH

( p, x n )-peaKUHSI 
152 Gd ( p, 5 n ) 

148 
Tb . 

B peaKL·w·x rny6oKoro pacmeiTneHHSI Bbt6op MH!UeHell H peaKuHi!: eme 

6orrhllle . Ho, KBI< yKaaaao, PyncTaM Bbt6pan peaKUHH THITa ( p, 2pxn) ( peaKUHH 

THIT8 (p,pxn) HMeiDT 6 rrH3KOe Ce'!eHHe, HO He noiTyCKBIDT XHMH'IeCKOI"'O Bbl

neneHHSI panH08KTHBHOI"'O H30TOITa). 

KpaHHSISI rreB8SI TO'IK8 KpHBOli (p,2pxn) H8 pHc.2 COOTBeTCTByeT o6pa-

155 158 155 
aoaaHHID 

85 
Tb ITO peaKUHH 88 Dy( p, 2p) Tb ; 9TOT lKe H30TOIT MolKeT 

6b!Tb ITony'leH ITO peaKUHSIM 1 58 Dy(p,2p2n)
155

Tb , 189 Tm (p,Spl!ln) , 

!B1Ta(p, 9p 19n) H T.n ., HO Ce'!eHHSI nrrSI HHX MeHblUe. Kpai!:HSISI ITp8B8SI 

TO'IK 8 H8 Kpl!BOli rny60KOI"'O pacmeiTrreHHSI OTHOCHTCSI K peaKUHl! 
158Dy( p, 2p 16n )UTh. 

!130TOITOB Tb C A < }49 H peaKUHH ( p, 2p 16n ) HHKTO He Ha6nronan1 II09TO-

MY 9 T 8 '18CTb KpHBOli OCHOB8H8 H 8 9KCTp8ITOIISIUHH ITO <j>opMyrraM PynCT8M8o 

0HH He onH03H8'1Hblt H 3KCTp8ITOIISIUHSI MOlKeT 6biTb p83IIH'IH8 - II03TOMY KpH

Bble rny60KOI"'O pacmeiTrreHHSI HeCKOIIbKO paCXOnSITCSI B 06II8CTH 60IIblUHX Xo 

PHc.2 rrOK83biB8eT, 'ITO nnH ITOIIy'!eHHSI H30TOITOB C HenoCT8TKOM B 1-5 

HeHTpOHOB MOlKHO C H8H60IIblUHM yciTeXOM ITOIIb30B8TbC51 SlnepHbiMH peaKUHSI

MH C '18CTHU8MH CpenHHX 9Hepl"'HH 1 Bbt6Hpj1 51 ITOnxonS!mHe MH!UeHH H 3 Hepl"'HID 

qacTHU. OnHaKo ITPH HenocTaTKe B 5-7 aei!:TpoHoB aeo6xonHMO HCITorrb30B8Th 

nnH MH!UeHH C8Mbte rre!"'KHe H 1 K8K ITp8BHII0 1 H8HMeHee pacrrpOCTpaHeHHbie CT8-

6HIIbHbie H30TOITbl COCenaero 3 IIeMeHT8o 3TO 3H8'1HTeiibHO 38TpynHHeT ITOCT8-

HOBKY OITbiTOBo 

lii30TOITbl C HenoCT8TKOM B 8-15 Hei!:TpOHOB rry'I!Ue BCel"'O ITOIIY'I8Tb ITO 

peaKUHH rny6oKoro pacmeiTneHHS!o 

npH 60IIbllleM HenOCT8TKe HeliTpOHOB peaKUHH I"'rry60KOI"'O pacmeiTneHHSI 

H pe8KUIUI C TS!lKeiiblMH HOH8MH HMeiDT COITOCT8BHMble Ce'!eHHS! o 

CnenyeT, onHaKo, aaMeTHTh, 'ITO ITpH ITony'!eHHH KopoTKOlKHBymHx Hao-

TOITOB ( T tf2 E J MHH) HCITOIIb30B8HHe llOCT8TO'IHO TOIICTb!X MH!UeHell 

BCTpeqaeT 3H8'1HTerrbHb!e TpynHOCTH: H3 HHX Henel"'KO 6biCTpO BbtnenHTb KOpOTKO

lKHBymHe H30TOITbio B peaKUHSIX c TS!lKerrbiMH HOHBMH Ha-aa MBIIbiX ITpo6eroB 

TS!lKeiib!X HOHOB HCITOIIb3YIDTC51 l"'Opaano 6onee TOHKHe MH!UeHH ( MeHbllle 10 

10 Mi"'/Mc2). 3TO 06CTOSITeiibCTBO II03BOrr51eT HCITOIIb30B8Tb lliiS! H3BIIe'!eHH51 

HaoTonoa, o6paaoaaBlllHXC51 a peaKuHu, HX Bbt6HB8HHe H3 MHllleHH. B CB513H 

12 

C 9 THM peaKUHH C TSilKeiibiMH HOHBMH, ITO-BHnHMOMy, 6ynyT 6onee Bbll"'OllHbl 

ITpH HCCrrenoBBHHH H30TOITOB H H30MepHbiX COCTOSIHHI\ C O'leHb MBIIbiMH ITepHO

naMH ITonypaciTana. 

PHc.2. ITOK83biBaeT TBKlKe, 'ITO ITpH ITepexone OT H30TOITOB C ne<j>HUHTOM 

B HeCKOIIbKO HeiiTpOHOB K H30TOIT8M C ne<j>HUHTOM B 15 HeliTpOHOB CKOpOCTb 

o6paaoaaHHSI B peaKuHHx rny6oKoro pacmeiTrreHHSI ITanaeT Ha 3-4 ITOpHnKa. Cne

noaaTenhHO, lliiSI TOI"'0 1 'IT06bt ITpOH3BOnHTb HCCrrenOB8HHSI CHIIbHO-HeliTpOHOlle

<j>HUHTHbiX H30TOITOB H8 COBpeMeHHOM ypOBHe, HYlKHO nH60 cymecTBeHHO H3-

MeHS!Tb H3MepHTeiibHYID 8ITIT8p8Typy, IIH60 OpHeHTHpOB8TbCSI Ha 3H8'1HTerrbHOe 

ITOBbtmeHHe TOK8 B YCKOpHTerrSIX ( 'Me30HHbte <j>a6pHKH' H T.IT.). 

§4. AITITapaTypa, ITpHMeHSIIDillBSICSI nrrSI SlnepHo-ciTeKTpo

cKOITH'!ecKHX HCCrrenOB8HHH 

llrrS! HCCrrenOB8HHH CITeKTpOB H3IIy'leHH51 B 06~enHHeHHOM HHCTHTyTe Slnep

Hb!X HCCIIellOB8HHH ITpHMeHSIIDTCSI! 

1. EeTa-ciTeKTpoMeTpbt c naoliHoi!: nByKpaTHoli <!>oKycHpOBKoli ITY'!Ka aneK

Tpoaoa. Y!x paapelllaiDm851 CITOC06HOCTb R a 0,2 % 1 CBeTOCHII8 0 e0,15% OT 4 1r • 

npeHMymeCTBOM ITpH60pOB 9TOI"'O THIT8 SIBIISieTCSI O'leHb HH3KHH <j>oH pel"'HCTpH

pyiDmell CHCTeMbl ( MeHee OnHOI"'O HMITYIIbC8 B cyTKH) 1 'ITO IT03BOIIS!eT H3Y'I8Tb 

O'!eHh cna6bte KOMITOHeHTbl 6eT8-H3IIy'!eHH51 1 B03HHK8IDillel"'O IIpH paciTane pa

nH08KTHBHbiX H30TOITOBo 

2. EeTa-ciTeKTporpa<j>bt c ITOCTOSIHHbiM onaoponHhiM Mal"'HHTHbiM IToneM 

ITO HMITYIIbCY C paape!U8ID!Ueli CITOC06HOCTbiD no 0,02%. 

3. Eorrblllo li MarHHTHbtli anb<j>a-ciTeKTporpa<l>: paape!UaromaSI CIIoco6HoCTb-

3-4 K3B, CBeTOCI!II8 fl =0,04% OT 4 1r 1 panHyC p8BHOBeCHOli op6HTbl .. 1,5 MeT-

pa (pHc.3). 

4. npH60pbl lliiSI HCCrrenoaaHHSI 1"'8MM8-CITeKTpOB1 CITeKTpOB 1"'8MM8-1"'8M

M8 H 3IIeKTpOH-1"'8MM8 COBIT8lleHHli H8 6aae CUHHTHIIIISIUHOHHbiX I! M81"'HI!THbiX 

CITeKTpoMeTpOBo 

5. fepM8HHH-IIHTHeBb!e neTeKTOpbl 1"'8MM8-H3IIy'leHH51 C paapelU8IDUleli 

CITOC06HOCTbiD 3-8 K3B H a<l><l>eKTHBHbiM o6~eMOM no JQ CM3 • 

KaK yiTOMHHanoch Bbtllle, ncc-nenoaaHHSI uaoToiToa, ITpHroToaneHHbiX a 

lly6He, rrpOBOllSITCSI T8KlKe B pS!ne HHCTHTYTOB CTpaH-y'!aCTHHU OY!f!Y! C HC

ITOIIb30B8HHeM 60IIblUOI"'O 8pCeHana COOTBeTCTBYIDilleli 8ITITapaTypblo 
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T A E ~ H U A 2 

Hsoron~/ BrrepB~e H~eHTH~HqRpoBaHH~e npH Hccne~oBaRHH 
rrpo~yKTOB o6nyqeHHH YHmeHea rrpOTOH8YH Ha CHHXpO~KnOTpORe 

OHHH 

llepuo~ 
itisoTonj rronypac-

na~a 

~ 80 Rb 8 ~H 
81 :3 3-5MHH 
81*~ 20-30MHH 
81 Z-r 7-I5MHH 
82 Z-r (10±_3 )YHH 
83 Z-r 6,5-lOMHH 
83 5-r I,4 ~H 
84 Z-r (l6:t,4)MHH 
85 Zr (l5~)MHH 
90 Mo 6,4 tiac 
II6 Te 2,5 tiac 
II7 J IO MHH 
132ce 6,3 qac 
133ce 4,2 qac 
l34p-y I qac 
I36 Nd.. 55 MHH 
I37mNrJ. 55 MHH 
!37 Nc:A. (22:t,2)MHH 
I3Bp,.. (I ,5:t,O,I5)MHH 
!38 No.. 5,5 trac 
I40"'Pm (6±.I) YHH 

I40Pm ~ I5 YIJIH 
I40Sm (!3, 7±.0 ,8)MHH 
I4~, (2I:t,I) MIJIH 

I 4I Sm (22 ,5:t,I ,4 )MHH 

Cc~nKa HSOTOD 
Ha 
JIHT . 

(2) 146 Go/. 

(4) I46E~.~. 

(4) I47Gc;( 

(3) l50Tb 

(3) I53Tb 

(3) l53D~ 

(2) I 55 D.!:J 

(3) I55Ho 

(3) I 56 Sm. 

(2) I56Er 

(I) I57Ho 

(5) I57ET' 

(6) I58Ho 

(6) I58E1"' 

(I) l59E-r 

(13) I62Trl\ 

(7) I62 .!Jb 

(!3) 163 !:fb 

(8) l64T,., 

(9) I64!1b 

(13) I66m~0 

(IO) l66L~.~. 

(IO) 66Hf 

(13) I67Hf 

(IO) I67Lu. 
14 

l l
!lepHO~ llepHO~ rCHnK SOTOIT nonypac-rCHJIK8 

nonypac- Ha na~a Ha 
rr~a ~T. JIHT. 

45 .ltH 

4,4 ~H 

(35:t,I)trac 

3,5 trac 

3 ~H 

(7±.3 )J18C 

IO tiac 

I (!) 
(I) 

(46±_3)MHH 

IO qac 

12 YHH 

IS YHH 

24 MMH 

27 YHH 

2,5 qac 

I trac 

2I ,5YHH 

26 YHH 

'""l3MHH 

2 MHH 

75 !IHH 

IS YHH 

(3 ,3±.0 ,2)MH 

(5 ,3t.O; 7 )MH 

(I ,9±_0,2)MH 

(55t,3) MHH 

(I) 

(I) 

(I) 

(I) 

(I) 

(I) 

(I) 

(II) 

(II) 

(II) 

(I) 

(I) 

(I) 

(12) 

(I2) 

(13) 

(I) 

(I) 

(13) 

(13 

' (t3) 

{13) 

{I) 

l69L. I,5 ~H (I) 

I7IHf I3 trac (I) 
I?6 w (2,5±.0,4) (I) 
I Bios (2 ,S:t,O ,4) (I) 
I 83J,.- (60t.6)MHH (I) 
I84Jr (3 ,It.O ,3) (I) 
I84Pt (2,6±.0,6) (I) 
I 85Ft 0,5-I ,8q (I) 

I I I 

lTHTepaTypa K Ta6mru e 2 

I. E . C .ll lKenenoa, ll. K . neKep, B.O.Cepreea. CxeMhi pacnana panHoaKTHBHhiX 

>~nep. A_::: lOO.¥bn. AH CCCP M . JT. ( 1963). 

2. E .B.KypqaToB , B . H .Mexenoa, M .H. Ky3Heuoaa , ll. H .Kyp'faToaa . CeccH51 

AH CCCP no MHpHoMy Hcnonh30B8HHJO a TO MHOii :meprHH 1-5 HJ01151 1955r. 

l13n. A H CCCP MocKBa ( 1955). 

3. H . r . 3aiiueaa , B.B.Ky3Heuoa , M .H.Ky3Heuoaa , Ma Xo l1K, f.My3HOnh, 

XaHb Wy-lKyHh, <f lKo Mo-nyHb, tfyMHH B.r. npenpHHT Ol1HY! P - 1724, 

1ly6Ha ( 1964). 

4 . H . f . 3aiiueaa , M ,H.Ky3Heuoaa , M . f . llo!UHllOB, r .My3H011b. npenpHHT OY!Hl1 

2412 CTp. 50, 1ly6na (1965). 

5 . H.f. 3aiiueaa , M .H.Ky3Heuoaa , H .IO. lleaen6epr, B.A . XanKHH. P anHoXHMH SI 

T. 2 N97 , 451 ( 1960) . 

6. H .P:>Ke38HKa H np. ( YfH-T SinepHblX HCcnenoBaHHii B npare) tf acTHoe coo6-

menHe. 

7. )!(. )!(eneB , B.KammHHKOB H np. npenpHHT OYIHYI P -1 857 ( 1964 ), 

B. B.KanHHHHKOB, Yf.lleMeTep, KHM En Cy H np. npenpHHT OYI HYI P-2570 

( 1966). 

9. K.fpoMoB, A .llanar ynSIH H np. )!(3T4> 47, BhmycK II (1964). 

10. 3 . XeppMaH, r.n<jJpennep, ll.XpHCTOB. n penpHHT OYIHYI P-264 7 ( 1966). 

II. )!(. T.)!(enea, B.f.Kal!HHHHKOB, A.B.KynpSIBueaa, r.M y3HOllb, H.A.lle6enea, 

c.n. MaKapoa, 3.XeppMaH. n penpHHT OYIHYI P-21 96, ( 1966). 

12. A.Abduma likov, A.Abdurasakov, K.Gromov, Z h.Z helev , N.Lebed ev, 

B.Dzhelepov, A .Kudrjavtseva: Physics Le tters 5 ,359 (1963). 

13. MaTepHanhi 10 coaemaHHSI no Siuepnoii c.neKTpocKonHH H TeopHH Siupa . 

1ly6na, HJOHh 1967 r. 

§5. HeKoTopbre pe3yJlhT8T hi HccnenoBaHHii 

B o3MOlKHOCTH, KOTOphre noSIBJlSIJOTCSI npH Hcnonh30B8HHH CHHxpoUHKllO

Tpona OYIHYI anSI nony'feHHSI H3oTonoa, no-BHUHMoMy, narnSinnee acero MO:>KHO 

npOHllll JOCTpHpOB8Tb TeM <jJaKTOM 0 'ITO B Te'feHHe 195 1-1 967 f'OUOB
0 

npH 0 6lly 

'feHHH MHilleHeii npOTOH8MH Ha CHHXpOUHKllOTpOHe B Jl y6He, 6b!ll0 OTKpbiTO OK0-

110 WeCTHUeCSITH H30TOnOB (Ta6n. 2). 3To 6onee Tpex npoueHTOB Bcex H3BeCT

Hb!X ceiiqac H30Tonoa. K aK HeTpynno y6enHThCSI, 6onbWHHCTBO H3oTonoa, ne-
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Puc . 3 . E orrb lllOH Mar HHT H blH a rrb<j>a - c rreKTporpa<j> n a6opa TOpH 11 '1Jl9pHblX rrpo 6 -

rre M OYf f! Yf R = 3-4 K 3 B , n = 0,04% O T 4 , p anu yc paBHOB 9 CHOH o p -

6 HTbl u 1,5 M9Tpa , B 9C 3 Il9 KTp OM BrHHTa 90 T . 

16 

pe'IHCIIeHHblX B Ta6rrHU9 2, S!BIIS!IOTCS! HeltTpoHone<j>HUHTHbiMH C H9AOCT8TKOM 

H91tTpoHOB OT 5 JlO 12. CHCTeMBTH'IeCKHe HCCrrenoBBHHS! CBOitCTB H3rOTOBIIeH

HblX B lly6He H30TOIIOB Il03BOIIHIIH TBK~e IlOIIY'IHTb 60IIblllOe KOIIH'IeCTBO HO-

Bb!X BB~Hb!X 3KCIIepHMeHT8IIbHblX JlBHHblX 0 CTpyKType S!Apa. YKa~eM 3Jl9Cb 

TOIIbKO HB HeKOTOpble HBH6onee BBJKHble peayrrbTBTbl .3THX HCCIIe)lOBBHHllo 

HaH60IIblllej:! BHHMBHHe 6b!Il0 ynerreHo HCCIIeAOBBHHS!M CTpyKTypbl ne<j>op

MHpoB8HHbiX snep a o6nacTH penKo3eMeilbHbiX aneMeHTOB ( 150 <A < 190). 

Yfay'leHbi cxeMbi BOa6y~eHHbiX ypoaael! psna '19THO-'IeTHblX HJlep. 3TOII o6-

nacTH: 
174 

Yb , 
172 

Yb , 
170 

Yb 
188 IU 114 162 

Er , Er , Er , Er, 
180 158 

Dy , Dy H np. nony'leHbi HOBbie caeneHHB o6 ypoaasx apamaTeilbaoll, 

Kone6aTerrbHolt (6eTa- H raMMa-Kone6aHHH, OKTynorrbHbie K~ne6aHHB ( pHc.5 

H 6) H JlBYXKBB3H'I8CTH'IHOit npHpOJlhl. 0co6eHHO HHTepeCHble H norrHbte caene-

HHS! 0 B036y~eHHbiX COCTOSIHHSIX 
110 

Dy 0 

114 
Er , 188Er 118 Er 6btrrH 

nony'leHbi rrpH H3y'leHHH pacnana 
110 Er - 114 Tm '"Tm ue T /4-8/ 

, H m • 

8 3THX pa60T8X neTarrbHO H3y'leHbl CBOitCTBB OCHOBHbiX H KOrre6aTenbHbiX COC

/9/ 
TOSIHHit 3THX HAep. Y CTBHOBneHO CyUleCTBOBBHHe npeACK838HHbiX CorrOBbeBbiM 

110 181 188 
nayXKBB3H'IBCTH'IHbiX cocToHHHl! B Dy , Er H Er • B pa6oTe fi.)I(H-

/6/ 
IIH'IB H np. BrrepBbie yCTBHOBrreHO cymeCTBOBBHH9 ypOBHSI 'leTbipexKBB3H-

/1Q/ 
'IBCTH'IHOI! rrpHpoJlbi . Bpaan H np. o6Hapy~HIIH PHA KOrrrreKTHBHbiX COCTOSI

HHit THna 0+ B 
184 Er 

6eTa-pacnane 110 La 

/11/ 
• s.n~enenoa, O.Kpa<I>T H np. noKaaaiiH, 'ITO npH 

+ + 
(nepexon 0 • 0) aan-B OCHOBHOe COCTOSIHHe · no Yb 

peT no H30TOfiH'I9CKOMy CnHHy IIpHBOJlHT K CyU19CTBeHHOH 38Jl9p~Ke CKOpOCTH 

6eTa-pacnana. 

MHoro · HOBbiX caeneaali nony'leHo npH accnenoaaHHH cTpyKTYPbi ypoBHell 

ae'leTHbiX ne<j>opMHpoaaHHbiX Hnep. HneHTH<I>HuHpoaaa pHn HOBbiX onaoKBa3H'Ia c

TH'IHbiX ypoaaelt B HApax 
151

Dy , 
15~ Ho , 

181
Ho , ll'l Er , 113Er , 115Er, 

181 
Er • 

117 
Tm • 

117 
Yb • 

171 
Yb • 

173
Yb. nony'leHHbie pe3yrrbT8Tbl IIOK83bi 

B8IOT, 'ITO HH~HHe B036y~eHHble H OCHOBHble COCTOSIHHSI H9'19THbiX S!Aep B 

OCHOBHOM npaBHIIbHO OIIHC biBBIOTCSI HB OCHOBe rrpeACTBBIIeHHil: o6o6U19HHOI! MO

Jl9IIH Hnpa Eopa H MoTTerrbcoua (onHo'laCTH'IHbie ypoBHH cxeMbi HHrrbcoHa ). 

0nHBKO 6b!IlH 06HapyJKeHbl TBK~e COCTOSIHHSI 0 KOTOpbte H9Ilb3SI 06'bSICHHTb K B K 

. . /12/ 
OJlHO'IBCTH'IHbte. TaK, B pa6oTe K.fpoMoaa H np. rrpH uccnenoaaHHH pac-

nana 
117 

Tm 6bm aneHTH<I>HuHpoaaH ypoaeHb raMMa-aa6pauuoHHoro THna a 
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Pac,4, · CxeMa pacnaaa 188 Tm • Ha6moaanacb cneayJOmae BOa6ylK.QeHHbre coc
T05IHHSI 5I.llp8 I ee Er , pOT8UHOHHbie ypOBHH OCHOBHOT'O COCT05IHHSI 
(0; 81; 265; 545 K3B) , · 2) poT8UHOHHble ypoBHH T'8MM8-BH6p8UHOH
HOT'O COCT05IHH5! (787, 860, 957, 1076 K3B); 'IeTb!peXKB83H'I8CTH'IHblli 
ypoBeHb ~135 K3B H .llpyrae ypOBHH KOnneKTHBHOli H .llBYXKB83H'I8CTH'I

HOH npHpO.llbi , 

18 

187 Er ( E =532 Kaa; 3/2+), 3TO oaaa aa nepablx ypoaaeli TaJtoro THna, aa6-

nJO.ll8BlllHXC5! B 5I.llp8X c ae'leTHbiM A. npa H3yqeBHH pacnB.Qa 
155

Tb B SI.Qpe 
155 · /13/ 

Gd 4>aarep a ap. o6aapylKHnH ypoaeab 6eTa-Kone6aTenbaoli npHpO.llbi, 
/14-16/ 

B pa6oTax ycTaaoaneao cymecTBOBa.aHe ypoaaeli TpeXKB83H'I8CTH'I-
IU + IU + 

HOT'O THII8 B S1.llp8X Er ( 1428 K3B, 3/2 ) H B Er (8/2 , 1540 K3B H 

1/2+, 1804 K3B), 

/17/ /18/ /19/ 
B o6aopax E,nlKenenoaa , K.fpoM.oaa , .R.)f(anaqa a ap. 

CHCTeM8TH3HpoBaHbl nonyqeHHble 3KcnepHMeHT81lbBble .ll8BHbie 0 CBOliCTB8X .Qe• 

rpopMHpOB8HBbiX SI.Qep, 0Ha XOpolllO IIO.QTBeplK.Q810T BbiBO.llbl o6o6meHHOli MO

.QenH Eopa-MoTTenbcoaa · H caepxTeKy'Ieli Moaena Conoabeaa o cBOlicTaax 
-- --

3THX 5l.Qep,' nony'leHHble 3KCnepHMeHT81lbHble .ll8HHbie cymeCTBeHBO p8ClllHpH-

IOT H8lllH npe.QCT8BileHH5! 0 CTpyKType .QerjlopMHpoB8HHbiX 5I.Qep, 

Eonbllloli HHTepec a H~CT05lmee apeMH nposanseTcH K aayqeHHJO saep 

nepexo.llHbiX o6nacTeli, · HaTepecao, aanpHMep, nony'IHTb aKcnepaMeHTBnbHbre 

CBe.QeHH5! 0 TOM, H8CKOilbKO pe3KO npoHCXO.QHT nepeXO.ll OT crpepH'IeCKHX K 

aerjlopMapoBaHHbrM sapaM. B 
/21/ 

a Kyaaeuosa a ap. .Qp. 

. /20/ 
pa6oTax )f(eneaa a .ll!J. , fparopbeaa H 
/22/ 

aayqanacb H.llpa nepexoaaoli o6nacTH c 

A .. lSJ • nonyqeHHble .ll8HHble no3BOIIHIOT C.QenaTb 38KnJO'IeHHe, 'ITO, XOTSI ne

peXO.ll OT crpepH'IeCKHX K .QerjlopMHpOB8HHblM S!.llpSM no HeKOTOpb!M CBOliCTB8M 

llpOHCXO.QHT BeCbM8 pe3KO, no .llpyrHM CBOliCTB8M H.llep (aanpHMep, IIO 3Hep

T'HH aeKoTOpbrX ypoaaeli, no aepo5ITHOCTH raMMa-nepexoaoa) yaaeTC5! aa6n10-

.ll8Tb nocTeneaaoe H3Meaeaae caolicTB sapa. 

/23/ /24/ 
B pa6oTax PlKe3aHKH a ap. a A6aypaaaKoaa a .Qp. nony'IeHbl 

3KCilepHMeHT81lbHble .ll8HHbie, IIO.QTBeplK.Q810InHe BbiBO.ll 0 TOM, 'ITO B o6naCTH 

HeliTpOHO.QerpHUHTHbiX H30TOnOB 6apBH H lle3RSI cymeCTByeT HOBBS! 061l8CTb 

.~:~erpopMHp088BBbiX H.ttep. 

P5I.ll Hccneaosaaali nocsgmea aay'leHHJO anbrpa- pacnaaa B o6nacTH pea

KoaeMenbllbiX aneMeHTOB, Anbrpa-pacnaa B aToll o6nacTH 3H8'IHTellbHo Meaee 

BepoHTea, '!eM B o6n8CTH T5llKellblX aneMeHTOB, H n03TOMy 3TH 3KC1IepBMea

T81lbHble HccneaoaaHHH CBH38Hbl co 3H8'1HTenbHbiMH TPY.llHOCTllMB, B bicoKaSI 
/25/ 

8KTHBHOCTb nony'laeMblX HCTO'IHHKOB n03BOIIHII8 lJyMHHY H .Qp, BnepBble 

npaMeHHTb ans accneaoaaaali allhrpa-pac naaa aaoronos pe.QKoaeMenbHhiX 31le

MeHTOB npeUH3HOHHbiA M8T'HHTHblli anbrjla-cneKTporparp, 3TO n03BOIIHIIO 3H8-

'IHTenbHO YTO'IHHTb HMeBUlHeCSI CBe.QeHHSI 06 anbrpa-pacna.Qe B30TOnOB B 3TOli 
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o 6 naCTH. Haa6onee HHTepeCHbiM pe3 ynbTBTOM acc neAOBaHHA gBngeTcg o6Ha

pylKeHHe (pH C . 7) TOHKOA CTpyKTypbl anb<jla-cneKTpoB l4l Tb 0 lSI Tb H IS$ Dy 

(o6HapylKeHHe anb<j>a-pacnaAa Ha B036ylKAeHHhl9 cocTogaag AO'IepHHX gAep). 

3TO gBneHHe nng H30TOnOB peAK03eMellbHhlX 3JleMeHTOB paHee He Ha6niDA8-

llOCb. 

£.=3644 keV t49TG £0( =3967 keV 

f'l9 {J!z·);;r.. '*9 . ex, T6 0(0 TG N 
d., . , . - A ~24 ·!05 

331 
£~ =3lt92 keV : l'o' ~ 0 fl 0 _,.m/ (5//) I\ -118 

150 
a. T6 

4 t 12 

2 6 

(0 
) '\ , ) \. of.. JJ 

. . IU 
Pac. 7. CneKTP a nb<!>a -qacTHu, B03HHKaiDmHA n¥H pacnaAe H3oronoB Tb H 

150 Tb • fpynnbi anb<j>a-'laCTHU a , 
49 Th H a 0 

150 Tb BnepBbie o6-

HapylK';(b' B 3THX HCCileAOB8HHgX. .. HHTeHCHBHOCTb rpynnbl a O 
150

Tb 
B 6.10 pa3 MeHbille HHTeHCHBHOCTH rpynnbi a O I40 Tb • Anb<j>a-qac

THUbl a I HI Tb npeACTaBm!IDT OAHH H3 cnyqaeB TOHKOA CTPY,KJYPbi 

anh<!>a-cneKTpoB peAK03eMerrbHbiX s neMeHTOB, BnepBbie o6HapylKeHHbiX 

B 3TH X accneAoBaHagx. · ¢>parMeHT cxeMhl pacnaAa 
149 Tb , oTHOCSI

maAcll K 3TOMY CllY'I8ID0 H306palKeH H8 BCT8BKe. 

22 

B nocnenHHe rOAbi npogBnHeTcg 6onbilloA HHTepec K accneAoBaHHSIM 

CBO~CTB H30TOnOB 0 yAaneHHbiX OT llHHHH CT86HnbHOCTH. 3TH HCCJleAOBBHHSI 

no3aongiDT npoABHHYTbcg 6nHlKe K rpaHHue ycTO~'IHBOcTn SIAepHoro BemecT

Ba. H3oTonhl, yAaneHHbie oT nHHHn cTa6anbHOCTH, o6naAaiDT o'leHb ManbiMH 

nepnoAaMH nonypacnaAa, H no3TOMY AnSI ax HccneAoBaHHSI Tpe6yeTCSI cneuat 

H8SI 6biCTpoAe~CTBYIDIII8SI annapaTypa. TaKHe HCCJleAoBaHHSI H8'18Tbl B na6o

paTOPHH S!AepHbiX npo6neM (My3HOilb H Ap.). B Te'leHHe 1966-67 rr. OTKpb· 

TO ceMb HOBbiX H30TOnOB H H30MepoB ( T 1f2!;; 20 MHH) 0 H3y'leHbl HeKOTOpbl 

ax CBo~cTBa. Ha'laTbi pa6oTbi no coopylKeHHID Macc-cenapaTopa on line 

ny'IKe npoTOHOB CHHXpOUHKilOTpoHa nJin. 

§ 6. 3aKniD'IeHHe 

TaKHM o6pa3oM, pe3ynbTBTbi MHoroneTHHX pa6oT no nony'leHHID HOBbi: 

HllH M81l0 H3y'leHHbiX p8AH08KTHBHbiX H30TOnOB0 npoBOAHBIIIHXCSI B na6opaTO 

pHH SIAepHbiX npo6neM OHJIH H 60ilbiiiOM 'IHCne HHCTHTYTOB CTpaH-y'laCTHHI 

OHJIH, CBHAeTenbcTByiDT o 6onbiiiO~ nnoAOTBOPHOCTH 3TOro aanpaBneHHSI H< 

cneAOB8HHHe 0HH npHBenH K OTKpbiTHID 60JlbiiiOI'O 'IHCil8 H30TOnOB B paaee 

HeAOCTynHOli o6naCTH 0 n03BOJlHilH YCT8HOBHTb HOBble. B8lKHbie 38KOHOMepHOC' 

060I'8THilH H8IIIH npeACTaBneHHSI 0 CBOI\CTB8X S!Aep, CAenanH B03MOlKHbiM Ill: 

poKOe cpaBHeHHe onbiT8 C rrpeACK838HHSIMH COBpeMeHHbiX MOAeneA S!Apa 0 

H T.D.. 

Ho He~paBHeHHo 6onee IIIHpoKae nepcneKTHBbi AnSI pa3BHTHSI SToll Ba> 

HOH o6naCTI! H3y'leHHSI 8TOMHOI'O S!Apa B03HHK8IDT B CBSI3H C nOSIBHBIIIHMH• 

B nocneAHee BpeMSI npOeKT8MH 3H8'1HTenbHOI'O yBellH'IeHHSI HHTeHCHBHOCTefi 

ny'IKOB npoTOHOB nyTeM C03A8HHSI1 H8 OCHOBe CHHXpOUHKJlOTpoHOB1 <j>a30TpOH• 

c Bapaauaei! MaraHTHoro nonS! (TOKH 50 MKa), na6o coopylKeHHH 'MeaoH· 

HbiX <j>a6pHK' ( TOKH 200-1000 MKa) • 3'!'H HOBbie B03MOlKHOCTH 6YAYT OCC 

6eHHO B8li<Hbl B CBH3H C TeM, 'ITO MOlKHO 6yAeT H3Y'I8Tb Hei!TpoHOAe· 

<j>HUHTHbie H30TOnbi 0 CHJlbHO YABileHHbie OT llHHHH CT86HJlbHOCTH, npOBOAHTb 

npeUH3HOHHbie HCCileAOB8HHH 06HapylKeHHblX paHee 6eTa- H anb<j>a-p8AH08K · 

THBHhlX HAep H H3Y'I8Tb p83JlH'IHOI'O poAa TOHKHe 3CjlcpeKTble 

23 



o6nacTH, Han6onee HHTepecHhiM pe3ynhTaToM nccnenoaaanfi RBnReTcR o6aa

pylKeane (pHc,7) TOHKOli CTpyKTypbl anb$a-cneKTpoB 141 Tb, ISITb HISS Dy 

( o6aa pylKeHne anh!lla-pa cnana aa ooa6ylKneHHhi9 cocTORHHR no'lepanx Rnep), 

3To RBneane nng naoTonoa penKo3eMenhHwx 3neMeHTOB paHee He Ha6n~na

noch, 

Ec~. =Jif92 keV 

150 
e~.. T6 

s r·toz 

6 

q 

2 

Eoc=3644 keV 
1'19 

o<., TG 

331----l 

0 

£0( =3967 keV 

l't9 . 
OC0 TG N 

21, ·to5 

18 

12 

6 

... =·' , roE ( ..... ... 

. . I~ 

Pnc. 7. CneKTp anh!lla -qacTHu, B03HHKa~mni! rr~H pacrrane H30TOIIOB Tb n 
150 Tb • · fpynnbi anh!lla -'laCTHil a , 49 Tb n a 

0 
150 Tb snepBbie o6-

aapylK~bi B 3THX HCCnenoBaHHRX. .. 11HTeHCHBHOCTb rpynnbl a O UOTb 

B 6.10 paa MeHbwe HHTeacnaaocTH rpynnbi a 0 
140 Tb • Anhl!>a-qac

THUhi a I l4l Tb npencTaBnR~ OJlHH H3 cny'laes TOHKOi! CTPY,K_!YPbi 
anh!lla-cneKTpoB penxoaeMenhHbiX 3neMeHTOB, anepBbie o6aapylKeHHbiX 
B 3THX nccnenoBaHHRX, · <llparMeHT cxeMbi pacnana 140 Tb , OTHOCR
mHilCR K 3TOMY Cny'laiO, H306palKeH Ha BCT8BKe, 

22 

B nocnenHHe ronhi npoRBnReTcR 6onhwoli HHTepec x nccnenoaaHHRM 

CBOilCTB H30TOIIOB, ynaneHHhiX OT nHHHH CTa6HnhHOCTH, 3TH HCcnenoBaHHR 

noaaonR~ nponBHHYThCR 6nnlKe K rpaanue ycToli'IHBOCTH Rnepaoro aemecT-

aa. 1130TOIIbi 0 ynaneHHbie OT nHHHH CT86HnbHOCTH0 o6nana~T O'leHb ManhiMH 

nepnonaMH nonypacnana, H no3TOMY nng nx nccnenoaaHHR Tpe6yeTcR cneunanh

HaR 6hiCTponeliCTBy~mag arrnapaTypa. TaKHe HccnenoBaHHR H8'18Tbl B na6o

paTOpHH RnepHhiX npo6neM ( Myanonh H np.). B Te'leane 1966-67 rr. oTK pbi -

TO CeMb HOBhiX H30TOIIOB H H30MepOB ( T l/2 :S 20 MHH) , H3y'leHbl HeKOTOpbie 

nx cso licTsa. Ha'ISTbi pa6oThi no coopylKeHH~ Macc-cerrapaTopa on line aa 

ny'IKe npoTOHOB CHHXpOUHKnOTpoHa n.fln, 

§ 6. 3axn~'leane 

TaKHM o6pa30M 0 peaynhT8Tbl MHOroneTHHX pa60T no nony'leHHIO HOBbiX 

HnH Mano H3y'leHHbiX paJlH08KTHBHbiX H30TOIIOB0 IIpDBOJlHBWHXCR B na6opaTO

pHH gnepHbiX npo6neM 011.1111 H 6onhWOM 'IHCne HHCTHTyTOB CTpaH-Y'ISCTHHU 

011.1111, CBHJleTenhCTBYIOT 0 6onhWOfi nnoJlOTBOpHOCTH 3TOrO HanpaBneHHR HC

cnenoBBHHli, Oan npnaenH K OTKpbiTHIO 6onbworo 'IHcna naoTonos B paaee 

HeJlOCTYIIHOli o6naCTH 0 n03BOnHnH yCTaHOBHTb HOBbie. BalKHbie 38KOHOMepHOCTH, 

o6oraTHnH HSWH npeJlCTaBneHHR 0 CBOfiCTBSX RJlep, cnenanH B03MOlKHbiM WH

poKOe cpaaaeane onbiTa c rrpencKa3aHHRMH cospeMeHHbiX Monenei! Rnpa, 

H T.ll. 

Ho aecpasaeaao 6onee wnpoxne nepcneKTHBbi nnR pa3BHTHR 3TOll Ba lK

aoli o6naCTH H3y'leHHR 8 TOMHOrO RJlpa B03HHK8~T B CBR3H C IIORBHBWHMHCR 

B nocnenaee BpeMR npoeKT8MH 3H8'1HTenbHOrO ysenH'IeHHR HHTeHCHBHOCTei! 

IIY'IKOB IIpDTOHOB nyTeM C03Jl8HHR1 H8 OCHOBe CHHXPOUHKnOTp0HOB 1 lP830TpOHOB 

c sapnauneli MarHHTHoro nong (TOKH 50 MKa), nn6o coopylKeHHR 'MeaoH-

HblX !IJa6pHK' ( TOKH 200-lQOQ MKa) , · 3TH HOBbie B03MOlKHOCTH 6ynyT oco-

6eHHO B8lKHbl B CBR3H C TeM 0 'ITO MOlKHO 6yneT H3Y'I8Tb Hei!TpoHOJle-

lPHUHTHbie H30TOIIbl 0 CHnhHO ynaneHHbie OT nHHHH CT86HnhHOCTH, npOBOJlHTb 

npeunaHOHHbie Hccnenoaaang o6aapylKeHHbiX paaee 6eTa- H am4>a-pannoaK

THBHhiX RJlep H H3Y'I8Tb pa3nH'IHOro pona TOHKHe s4xi>eKTbi, 
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B a aKmo'Je HHe C'IHTaeM CBO HM npHSITH hiM a onroM sr:..rpaaHTh OT HMeHu 

s cex y'Ia CTHHKOS HCCI!e llOSa HHli , 0 KOTO pb!X Wl!a pe 'lb S 3TOii CTa Tbe, r ny6o 

KyJO 6na roaa pHOCTb llHpe KTopy na6opaTOpHH SlllepHbiX npo6neM 'll!eHy-Ko ppec 

IIOH.QeHTY AH CCCP B.n.LllKenenosy aa 6onhlliYJO n nocTOHHHyJO noll.llep lK KY nccneao-

SaHH li CSOHCTS HeitTpOHOile$HUHTHbiX HaOTOITOS0 liOllY'IBeMb!X Ha CHHXpOUHKI!O

TpOHe nHn OHHH. 
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