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A Jl_!i__Q_ T a !!. II SI 

PacCMOTpeaa_ B03MO>KHOCTb npOTOHHOI'O pacnaAa HAep C z > !1J • 3TOT BHA paA1Io-

8KTIIBHOI'O npespameHIIH, BKJIIO'ISIOllllill B ceosi K8K IICnyCKSHIIe 38Il83Ab!B8!0UllIX npOTOHOB, 

TSK II npo,TOHHbli! pa cnaA II3 OCHOBHOI'O COCTOHHIIH, AOJI>KeH ObIT_b BeCbMS pacnpocTpaaea

HblM HBJieHIIeM cpeAII Hel!TpOHOAecplIUIITHbIX II30TOilOB Bcex 3JieMeHTOB BilJIOTb AO BIICMyTa. 

3aMeTHSH KOHKypeHUIIH co CTOpOHbl a -pac.naAa MO>KeT npoHBIITbCH JIIIWb AJIH HAep C 

'IIICJIOM npOTOHOB IIJIII Hel!TpOHOB, HeCKOJibKO npeBbllllS!OllllIM MSI'II'leCKIIe 'IIICJIS 50 II 82. C 

yBeJIII'leHIIeM z 3Hepr1IH CBH31I npOTOHa see oonee IlJISBHO 38BIICIIT OT MSCCOBOI'O 'IIICJIS, 

no3TOMY AJIH KS>KAOI'O 3JieMeHT8 TH>Kenee OJIOBa MO>KHO YK838Tb OT ABYX AO 'leTbipex 

II30TOilOB, HeCT80IIJlbHblX B OTHOWeHIIII IICilYCK8HIIH npOTOHa II3 OCHOBHOI'O COCTOHHIIH II IIMe-

. -1 -10 
IDWIIX II3Mep1IMoe BpeMH >KII3HII ( r P - 10 - 10 ceKL Ansi sneMeHTOB c He'leTHbIM 

z Z a 51): C!OA8 OTHOCHTCH (H8'11IH8H C 

JJ9,.120 124,12$ 128,129 132,133 
La , Pr , Pm , Eu 

Sb zos,106 
1 1

100,JJo Csl14,J15 

136,13'1,138 141 142 
·Tb , Bo • Tm " 6

-
148
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lSI -154 

Lu ' Tal51-l60' RelU-Hs, fr l6S-16a ' Au 17o-t13
, Tl 112

-
175

• BonbWIIHCTBO STIIX 

+ 
II30TOilOB MO)KIIO IlOJIY'IIITb II3 MaTeplIHCKIIX HAep C 'leTHb!M z nocne fJ - pacnaAa; 

3TO 3H8'11ITeJibHO ynpomaeT IlOCTSHOBKY OilbITOB, nplIBOAHTCH HeKOTOpble HAepHbie peBKUIIII 

C TH)KeJiblMII IIOH8MII, KOTOpbie Il03BOJIH!OT nony'IIITb 3TII II30TOilb[, 

Ansi 3neMeHTOS TH)Kenee cslIHua peaKo soapacTaeT sepostTHOCTb a -pacnaAa, 0Aaa

KO li 8 3TOl! OOJISCTH, BilJIOTb AO 6epKmrn, B03MO)KeH npoTOHHblll pacnaA II3 OCHOBHOI'O 

-5 -IO 
COCTOHHIISI c r - 10 - 10 ceK. 

p 

Abstract 

The probability of proton decay of nuclei with Z > 50 is discussed. Thiil kind of radioactivity including the 

emission of delayed protons as well as proton decay from the ground state should he a rather spread phenomenon 

among the nentron-deficient isotopes of all elements up to bismuth. A notable competition on the part of a -

radioactivity can. he displayed only for nuclei with.proton or neutron _numbers a litte higher than magic numbers 

50 and 82. As Z of the nucleus is increas~d the proton binding energy ever gradually depends upon the mass 

number. :Therefore, for_ each element heavier than Sb from 2 to 4 isotopes unstable for proton emission from the 

ground. state and having the measurable half-life ( r ,. 10-1- 10-l(?,ec) can: be observed. Among the elements 
P 106,106 109,110 11,,115 

with odd Z the following are referred to this series ( hejsinniniz with Z= 51): Sb , I , Cs 
119 120 124,126 128,129 132,133 t36,13T,!38 141,142 . 146-148 

La ' ,. P_r Pm • Eu , Tb , Ho , Tm 
151-IU 157-160 162-165 165-168 170-173 172-176 

Lu , Ta Re , Ir ,·Au , Tl • ·The ~ajority of these.isotopes 
.• + 

could be obtained from the parent nuclei with even Z in the resulfi,f fJ -:-decay, which considerably simplifies 

the experiment. Several nuclear reactions with heavy,ions which,allow to get these isotopes.are given. 

The probability of a -decay is sharply,increased for elements heavier than Pb. However, even in this region 

up to Bk the proton dec(!y from the ground state with rP ,. 10 -S - 10-lO sec is possible. 



BollpOe O npoTOHHOM paena,a.e pa.a.11oaKTIIBHblX ll.C.0p H00,C.HOKpaTHO o6eym.a.anell B 
, , , Ill 

nllT0p8TYPEl {nepe'i0Hb oeHOBHblX pa6oT np11ae,a.eH B ). ,.ilnll, aneMeHTOB e 2 ,< 50 np~.!l-

eKS38HO, KaKH0 1130TOllbl ,a.onmHbl 6b!Tb 11anyqaT0flllMII llJ?OTOHOB II paeeMOTp0Hbl OeHOBHb10 

qepTbl paanH'iHblX B11,C.OB p -pacna,a.a, 

3Hepr0Tll'i0CKall B03MO:lKHOCTb npOTOHHoro pacna,a.a ll0l1Bflll0Tell KaK ene,a.eTBll0 eHH

:lK0Hllll 8Heprn11 CBll311 npOTOHa Ilpll ·YM0HbW0HIIII qnena H0llTpOHOB D g,a.pe:• PaeeMaTpHna-· 

nocb H0eKOnbKO MexaHH3MOB npOTOHHoro paena,a.a, 

Bo-nepBbIX, D03MO:lKHO eHHT03Hp0B8H110 ll,a.ep e OTp11uaTenbHOll 8Hepr11ell eBll311 npo

TOIIS, Taxne ll,npa HeeTa6HnbHbl K ncnyCKSHHIO npoToHa H3 oeHOBHOro eoeTOllHHll, B 3T0¥ 

enyqa9 xapTnHa p - paena.na aHanor11qHa Toll, Koropy10 Mb! HM00M np11 a -paella.Ile rra 

OCHOBHoro eoeTOllHHll · ll,npa. 

Bo-BTOpb1x, B03MomeH .a.nyxeTyneHqaTbill MexaH11aM npoTOHHOro paena.a.a - rrenyeKa

HHe 38Il83J;\blB810UlHX npoTOHOD: Ha nepBOM a,rane - Il0311TpOHHblll paena.n e DbleOKOll 9H0p

rnell, HS DTOPOM a,rane - Bhlfl0T npoToHa II3 BOa6ym,a.eHHOro ( a D H0KOTOpblX i:nyqagx H 

113 OeHOBHOro)• eoeTOllHHll' .C.O'i0pHero ll,C.pa. Eenn 9Heprnll npoTOHa Hll:lK0 BbleOTbl Kyno

HOBeKoro 6apbepa, IlpOTOH Bblll.C.0T aa npe.nenbl g,a.pa ,nyTeM KB8HTODOM0XSHII'i0eKoro npo

HllKHOD0HHll eKB03b 6apbep, KapTnHa paena,a.a nprr ·STOM IlO.!l06Ha SIDnllHHIO, rrenyexaarrll 

.a.n11H110-npo6emHblX a -qaeTHU, Eenrr llJ:lpOM 11enyeKaeTel1 Ha.a.6apb0pHb!ll npOTOH,. Mom-

no roaoprrTh 06 aHanorrrrr e aanaa.a.brnarolllnMrr iiellTpoHaMrr, 

Bo3MO:lK0H T8Km0 Tp0Tllll M0XSHII3M npoTOHHOro paena,a.a 
Ill 

II30M0pHb!il , 

Bee~a aepollTHo, 'iTO HeKOTOpb!e 'i0TH,hie no z 1130TOilbl e 1136b!TKOM npoTOHOB, 
. 12 31 

6y,nyT He!JblTbIBaTb pa,n11oaKTIIBHblll paenan HHoro Trrna - .C.BYXIlpOTOHHblll ' , 1:P0.!lilO-

naraeM00 ey~eeTBOBaHH0 TaKoro paena,a.a llDnlleTell npllMb!M ene.a.eTB~0M acpcpeKTa nap

uoro aaarrMo.nelleTBllll HyKnOH?B D Sl,a.pe, Il09TOMY 9HeprH!I .nayxnpOTOHHOro paella.Ila orpa

HU'i0Ha nenn'iHHoll 8Hepr11a enap11aaHHll, 

K HaeTOlllll0My Bp0M0HII ony6nrrKOBaHO, HeeKOnbKO pa6oT 06 9KenepHM0HTSnbHc:iM Ha6-
' 14-7 ll . , 

·nro.a.eHrrrr rranyqaTenea npoTOHOB , ' • Bo aeex enyqagx peqb 11.a.eT, no-a11.a.HMOMy, 06 

11enyeKaHHH aanaa,a.hrnaromrrx , npoTOHOB, H a116onee Tllmenblll, H3 , Ha6n10.nanw11xell nanyqaTe-
, · , · /6 ll 

nell ' - II30TOil KpllilTOHa 'n1160· 6poMa e MaeeOBbll>:f 'illenoM 70-72 ,, • 

803MO:lKHOeTb eymeCTBOBaHllll 'p -paena,na g,a.ep e 2 < 50 paecMOTpeHa He,noeTa-
181 

TO'iHO ,a.eTanbHO, B pa6oTe OTM0'i0HO, '1TO .!lnll aneM0IITOB Tllmenee onoaa oeHOBHblM 
191 

KOHKypeHTOM , P -paena,a.a 6y.neT a -paena.a.. B pa6oTe enenaH He eoaeeM y,a.aq-

3 



Hbll! BbIBOJ:l O TOM, '!TO 11a-3a KOHKypeau1111 co CTOpOHbl a -pacnaaa an11 aneMeHTOB 

T!IX<enee onoaa 11cnycKaa11e aanaa,1:tb1Ba10m11x npoToHOB aoo6me He aonmHo Ha6n10.1:taTbC11. 

B H8CTOSIIUel! pa6oTe aHan11a11pyIOTCSI CBOl!CTBa Hel!TpOH0.1:tecpllUHTHbIX H30TOnOB ane

MeHTOB C Z >. 50. 

/IOI B paC'!eTax Hcnonh30BMIICb aHa'leHHSI Mace H3 Ta6nuu KaMepoaa • KOTOpbie no-

ny'!eHbl no YTO'!HeHHOl! nonyaMnHpH'!eCKOl! cpopMyne C Y'l8TOM BnH!IHll!I o6onoqeK. BpeMSI 

)l(H3HII Sl,llep B OTHOllleHIIII 11cnycKaH IISI npOTOHa Hnll a -qacTIIUbl onpe,llensinocb no 113-

/ ll/ 
B8CTHbIM cpopMynaM ansi KBaHTOB-MexaHH'leCKOl! npOHHuaeMOCTII 6apbepa • .Llnsi 

He'!eTHb!X !1,1:tep BBO,l:lHncsi K03cpql11UH8HT aanpeTa (nop!l,llKa ,lleCSITII) B OTHOIU8HIIH a 

pacnaaa; 

TaK11e paC'!eTbI, paayMeeTC!I, He .npeTeH,1:tyIOT Ha 6onblllyIO TO'IHOCTb, O,llHaKo, C IIX 

noMOlllbIO MO)l(HO C,llenaTb PIIJ:l cymecTB8HHbIX BJ>IBO,l:lOB. 

0Kaaanoc&, '!TO npoTOHHbil! pacnaa aonmea 6bITb ·aeo&Ma pacnpocTpaHeHHbIM, a B 

p11ae cnyqaea aa116onee aeposiTHbIM Bll.llOM paauoaKTIIBHOro pacna.lla cpeau Hel!TpOHo

aecpHUHTHbIX H30TOnOB Bcex aneMeHTDB annoTb ,llO BHCMyTa. 3aMeTHaSI KOHypeHUIIH co 

CTOpOHbl a - pacna,lla MOmeT npOHBIITbCH nHlllb ansi Sl.1:tep C 'IIICnOM npOTOHOB llflH 

Hel!TpOHOB, H8CKOnbKO np8Bblll1aIOIUIIM MBrll'18CKll8 '!Hcna 50 H 82, 

11aoTOnbI, KOTOpbie 6y_z:;tyT acnycKaTb np11 paaaoaKTHBHOM pacna,lle npoTOHbl, o6pa

ayIOT o6llIHpHyIO o6naCTb, noKa3aHHYIO Ha p11cyHKe I. .LleTanbHO o6nacTb p -pacnaaa 

IlOKaaaaa Ha pHCYHKax 2 11 3 OT.1:tenbHO ,llflSI z .< 50 u Z > 50. 

B npaaol! ·qacTII 3TOl! o6nacTH, 6name K CTa6HnbHblM H.1:tpaM, 11Mll,8T M8CTO fllllllb 

J:tBYXCTyneH'!aTbll! MeXBHH3M npOTOHHoro pacnaaa - HcnycKauue aanaaauaa10m11x npOTO

HOB. PacCMOTpHM ycnOBHSl 1 npH KOTOpb!X TaK08 IICilYCKBHHe B03MO)l(H0 0 

no Mepe Up0,1:tBH)l(eHHH B,IJ8BO OT o6nacTII CTa6HnbHOCTH 3HepI'IISI CBSl311 IlpOTOHa B 
+' . 

Sl.1:tpe ( B p J YM8Hbllla8TCH, a 3H8pI'HSI /3 - pacnaaa (E 13+) yaenH'IHBaeTClI. 11cnyc-, 

KaHlle aanaa.1:tbIBaIOIUHX npoTOHOB B03MQ)l(HQ nHlllb B TOM. cny'!ae, ecnu B8flH'IHHa 

E f3 + npeBbilllaeT 3HeprHIO CBH3H npoTOHa B J:l0'18pHeM H,1:tpe. Eonee TOI'O I B* ( aaep

I'IISI aoa6ymAeHHH H.1:tpa nocne f3 + -pacna,lla) aonmHa 6b1Tb TaKoil; .qT06bI KOHKypeaua11 

co CTOpOHl,I paaaauHOHHOI'O nepexoaa H8 6bma no,llaBnHIOIUell. 3TO, no cymecTBy, ycno-

BHe an11 3HeprHH HcnycKaeMbI:,,; npOTOHOB E P = ·J!,* -•BP • ·; KoHKypeHUIIH co CTOpOHbl y 

aany'leHHH 6yaeT HecymecTaeHHa npu EP > E Po 

npH KOTOpol! cpeaaee BpeMSI )l(H3HH DpOTOHa B Sl,llpe 

1 I',lle 'E o - KHH8Tll'l8CKaH aaeprHH, 

-M r 
p 10 cex. H Ta6nuue I npaae-

aeHbl 3Ha'leHHSI 

CKOI'O 6apbepa. 

'E PO J:lflH paanH'IHb)X z , onpeaeneHHble no npoaunaeMOCTH Kynoaoa-
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Ta6nnua 

z 20 30 40 50 60 70 80 

E o ,, 0,7 0,95 1,5 2,0 2,5 2,9 3,4 

+· 
TaKHM o6pa30M, nnsi IlOSIBil9HHSI npoToHHoro H3nyqeHHSI noene /3 paenana Heo6-

xonHMo: !!.,, .; E +-CE + B ) > 0 {3 pO p 

/l/ . 
, .Hnpa, Ha'IHHBH e KOTOpb!X Bb!TIOilHS19Tel1 3TO 

HepaBeHeTBO, ne)Kl}T Ha rpaHHue o6nae'I'H p -paenana. Pa3yMeeTeSI, nnsi 3THx sinep HMe-

eTeSI IlHWb 3HepreTH'leeKaSI B03M0)KHOeTb HenyeKaHHSI 3ana3)lbIBaIOWHX. npOTOHOB, BepOSIT

HOeTb )1{8 3TOro SIBileHHSI Mana. no Mepe yaenH'l9HHSI )l9qlHUHTa H8l!TpOHOB pa3HOeTb /). p 

B03paeTaeT, paeTeT H aepOSITHOeTb HenyeKaHHSI 3ana3)lll!BaIOWHX npoTOHOB, 

npH )lOeTaTO'IHO eHilbHOM o6e)lH9HHH Sl)lpa Hel!TpoHaMH 3HeprHSI eBSl3H npOTOHa eTaHo

BHTeSI OTpHuaTenbHOl!, 3To OTBe'!aeT 3HepreTH'leeKOl! B03M0)KHOeTH p -paenana H3 oeHoB-

Horo eoeTOSIHHSI, Y H8'18THblX no Z H30TOilOB TaKaSI B03MO)KHOeTb HaeTynaeT HeeKOilbKO 
+ . 

paHbwe, '18M y '19THblX, 3HeprHH /3 -nepexonoB 3)::teeb paBHbl 10-15 Maa, enenoaaTenb-
-1 · -2 

Ho, nepeonhl nonypaenana ansi pa3peweHHbIX nepexoaoa 6yayT nopsiaKa 10 - 10 eeK, 

no3TOM)'- npoTOHHbll! paenaa H3 oeHOBHOro eoeTOSIHHSI npOSIBHTeSI, eenH . r,, -~ 10-1 
eeK, 

Oeo6bll! HHTepee npeaeTaBilSIIOT H30TOilbl e BpeMeHeM )KH3HI! OTHOel!T9IlbHO HenyeKaHHSI 

npOTOHOB OT 0,1 eeK AO 10-10 
eeK, TaK KaK TaKoe Bp8MSI MO)KeT 6b!Tb l!3Mepeao. Crona 

lOh!Od •109•110 114,tlS 119,120 
OTHOeHTCll (Ha'IHHasi e Z • 51) Sb , I' , Cs , La , 
Pr'"•'u , PmlZB,129 Bul3Z,133 ·, Tbl36-ISB • "Rol41,Ha , Tm 146-148 • Lu 161-164 

161-160 IU-165 165-168 110-113 11Z-HS 
"Ta , 'Re , Ir , ·Au , Tl 

CneayeT 3aM8THTb, '!TO e yaenH'leHHeM Z aHepr11si eBSl3H npoToHa Bee 6onee nnaa-

HO 3aa11e11T OT '!Hena HSl!TpOHOB, noaTOMY nnsi Ka)Knoro sneMeHTa TSl)K8nee onoaa MO)KHO 

yKa3aTb OT nayx no . '19Tblpex H30TOilOB, y no6HblX nnsi H3y'leHHSI npoTOHHoro paenana H3 

oeHOBHoro eoeTOSIHHSI, Llnsi 6onee nerKHX aneM8HTOB n3-3a pe3KOl! 3aBHel!MOeTI! -B,, OT 

Maeeoaoro 'IHena H 6onbWel! npoHnuaeMOeTI! KynoHOBeKoro 6apbepa BepOSITHOeTb nony'l8HHSI 

1!30T0il0B e H3M8pHMblM _r,, 3Ha'IHTenbHO HH)Ke, Bee sinpa B o6naeTI! p -paenana 

npn z >. 50 aeeTa611nbHbl B OTHoweHHI! HenyeKaHHSI a -qaeTHU, Ha p11eyHK8X 1 n 3 

npoaeneHa Ill!HHSI, Ha KOTOpol! HSXO)lSITeSI H30TOilbl e BpeMeHeM )KH3HI! B OTHOWeHl!H 

a -paenana H3 oeHOBHoro eoeTOltHHSI r a - o, 1 eeK, BnpaBO OT STOii Ill!HHH 

r a > O, l eeK n, eneaoaaTenbao, a -paenan He MO)KeT KOHKypnpoBBTb B ·aTol! o6naeTH 
+· 

e p -paenanoM n /3 -paenanoM, no npyryro eTopoay rinH11n, nnsi 6one_e nerKnx n30-

T0ilOB, r a ·.< 0, 1 eeK, O6naeTI! 

Kpb!BaIOTeSI B J::tBYX M8eTax (pne. 

p -paenaaa n a -paenana ( r a <. 0, 1 eeK) nepe- . 

n 3) npn 'll!enax Hel!TpOHOB n npoTOHOB, HeeKonbKO 

npeBblWSIOIUHX MarnqeeKHe - 50 H 82, C YM8HbW8HH8M 'IHena ael!TpOHOB B sinpe 
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rP yMeHbWSOTCSI rbp83.!l0 ObICTpee, '!OM r a , noflTOMY .!l8)K8 B 9TIIX MOCTSX .!lnSI 

H30TOllOB C HO'IBTHbIM z npOTOHHbiff pacna.o H3 OCHOBHOro COCTOSIHHSI 6y.oeT 6onee Be-

pOS!TOH, '!OM a -pacna.o. 

Cne.oyeT OTMOTHTb, '!TO BO Been o6nacTH p -pacna.oa .!ll!SI_ aneMOUTOB TSl)Kenee 

onoBa B03MO)KH0 HcnyCKSHHe 38ll83.!lbIBSIOWHX. a -qacTH!l, YcnOBH8 B03MO)KHOCTH TSKO-

ro npouecca cne.oyromee : !:J. a m E {3+-tE a +.-Ba) >. 0 , 3.!lOCb -Ba - 9HeprHn CBSl3H 
- 0 . 

a -qacTKUbl B .!lO'l8pH8M SI.Ope, E, ao onpe.oenneTCSI TSK )KO, . KSK 'E Po , -no Mepe· 

yaenH'l8HHSI .z:teqJHUHTS HeffTpOHOB p83HOCTb !:J. a p8CT8T 3HS'IHTenbHO Me.oneHee, '!OM 

!:J. P , ll09TOMY HcnyCKSHHe 38ll83.!lbIBSIOIUHX a -qacTll!l He SIBnSleTCSI onacHbIM KOH-

KypeHTOM .!ll!SI Bbin8TS npoTOHOB, 

.Llm1 ·9/!8M8HTOB TSl)Kenee CBKHUS B8pOS!THOCTb a -pacna.oa pe3KO B03pacTaeT, 

3To CBSl38Hd C B/!HSIHHOM 000/IO'IKH 82 npoTOHS, TeM He MeHee, 6naro.oap51 p83KOff 38BH-

CHMOCTK r P · OT MSCCOBOro 'IIICna, B p~.!l8 cnyqaeB p -pacna.o H3 OCHOBHOro COCTOSI" 

HIISI MO)K8T HM8Tb B 3.!l8Cb 00/!bWYIO BepOSITHOCTb, '18M a -pacna.o. HanpHMep, H3o-
,,,_,. -5 -10 

TOllbl BHCMyTa Bi , .onn KOTOPbIX r P - 10 - 10 CeK, .z:t'On)KHbl HCllb!TblBSTb 

p "'."P8Cll8.!l, Bo3MO)KH0 cywecTBOB8Hll8 H3ny'ISTenea llpOTOHOB C TSKBMH )KQ Bp8M8Ha

MH )KU3HH II cpe.ou nerKHX H30TOllOB OT. qipSHUHSI .!lO 6epKl!HSI, HanpaMep, .onn 8M8pHUIISI 
,12-211 . 

9TO Am 

vfa-3a BnHSIHHSI 000/!0'IKII 128 Heff.TpOHOB B KOHKypeHUHII co CTOpOHbl cnOHTSHHoro 

.!l8/!8HHSI H a -pacna.oa, p -pacna.o, no-BH.!lHMOMY, HO 6y.oeT HM8Tb MOCTS .onSI 

Sl.!l8p TSl)K8nee 6epKl!HSI, 

Ha pacyHKO' 2 OTM8'18HbI 51.!lpa, KOTOpbI8 MoryT HCllb!TbIBSTb .!lBYXllPOTOHHhlff pac~ 

/2 3/ 
na.o 1 

, Cne.oyeT OTM8THTb, '!TO .onn Sl.!l8p TSl)Kenee CTpOHUHSI .!lBYXllpOTOHHbiff pacna.o 

Y)KO H8 MO)KOT K_OHKyp11pOBSTb C pa3peweHHblM {3 -nepeXO.!lOM, 3TO OOCTOSITOnbCTBO 

cne.oyeT H3 TOr.o, 'ITO Ha-aa pocTa KynoHOBCKoro 6apbepa II orpaHU'IOHHOCTH 9HeprHH 

cnapHBllHHSI Bp8MSI :lKH3HH 9THX Sl.!lep OTHOCHTenbHO Bc.nycKSHHSI O.!lHOBpeM8HHO .!lBYX 

-1 
. npoTOHOB 6y.oeT 6onbWe 10 COK, . 

06naCTb p -SKTHBHblX Sl.!lep C Z ·~50 3HS'IUTenbHO y.oaneHa OT CTSOH/!bHbIX H30TOllOB, TeM HE) 

MeHee OHS .!lOCTH:lKHMS I ecnB ucnonb30B8Tb peaKnHK C TSl:lKOnhIMH HOHSMH, Mo:lKHO npUBOCTH .onirH

Hhlff CllHCOK f.!l8pHbIX peaKUBff C ycKopeHHblMK KOHSMH OT 830TS .!lO HHKOnSI, KOTOpbi8 ll03BOnSIIOT 

nony'IHTb npaKTH'IOCKH moooa uaoTon H3 o6nacTB p -pacna.oa, 6onbwoa HHTepec npe.o

cTaanS110_T ll.!lpS C H8'18THblMH 2 B HHTepaane OT 59 .!lO 71, H8CTSOHnbHbI8 B OTHOWe

HHH ucnyCKSHKSI npoTOHOB H3 OCHOBHOro COCTOSIHHSI, 3'1Ul H30.TOllbl MO:lKHo· nony'IHTb 

+: 
nocne {J - pacna.oa MSTepHHCKHX Sl.!l8p C '18THbIM Z , 'ITO 3HS'IHTenbHO· oonerqaeT 

llOCTSHOBKy 9KCnepHM8HT8, TaKue ·cpaBHHTenbHO KOpOTKO)KHBYUl!He P -aKTHBHb18 51.!lpa 

-1 -10 
( r p - 10 - 10 cex) MOryT ObITb .!l0CT8Bn8Hbl K Cll8KTPOME;!Tpy 38 BpeMSI nopS!.!lKS 

8 



nonynepHoaa {J -pacnaaa. BpeMSI ;)!{H3HH B 0TH0W8HHH HcnycKa HHS! npoToHa MomeT 

6bITb H3MepeHO B )JSHH0M cny,iae no 3aaepmKe p -pacnaaa 0TH0CHTenbH0 npeawecT-

BylOIUero Il03HTp0HHoro nepexoaa. B Ta6nHue 2 npBB0llSITCSI HeK0T0pb!e siaepHbie peSKUBB, 

C IlQM0lllblO K0T0pblX M0;)!{H0 nony"!liTb noao6Hbie li3ny"!aTena • 

npoTOHHO-p8llH08KTHBHOe 
Slllp0 

124 
Pr 

12S 
Pr 

128 
Pm 

12, 
Pm 

132 
'Eu 

133 
Eu 

Tb
136 

131 
'Tb 

ua 
Tb 

HJ 
llo 

142 
Ho 

146 
Tm 

"' 'Tm 

'Tm 
148 

Lu ISi 

Lu 1$2 

JU 
Lu 

tu 
Lu 

. Tad n au a 2 

3HeprBSI 
p -pacnaaa 

Mas) 

1,3 

0,9 

1,5 

1,1 

1,,4 

l 

1,6 

1,2 
i.s 

1,5 

1,2 

1,7 

1,i3 

1 

1,9 

1,6 

1,2 

0,9 

7 

.Haepaasi peaKuai_v a K0Topoll 06pa3ye,:csi 
MaTepBHCK0e fJ -aKTliBHoe Slllpo 

96 21 124 
Ru (Si ,6n) Nd 

96 21 12S 
Ru ( Si , ,Sn) Nd 

106 I 28-129 
Cd (Si 

21
, 6-!il)Sm 

96 36 129-121 
'Ru ( Ar , i3-,4n) .911 

106 32 133-132 
Cd (S , 5-6n) 'Gd 

Ru" (Ca'0 ',i3-,4n) ·aa.·"3
-uz 

IOI 36 131-UI 
Cd (Ar ,,4-6n)Dy 

Pd102 (Ca'o ,14-6n )'Dy. tsl-136 

106 40 142-141 
Cd (Ca ,i4-5n)Er 

u2 ,o u, ;..z41 
Sn (Ca 114-6n)Yb 

Mo 92 (Ni 61 ,i3-4n)Yb
141

-
146 

Mo
94 

(Ni
11

, ,4n) Yb 
141 

'Ru
96 

(Ni 61 
, i3n') Hf ISi 

91 SI 113-UI 
'Ru, (Ni , i3-5n) Hf 

99 II IS4 
iRu (Ni , i3n ) Hf 
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1. 06nacTb ·npoTOHHo-aKTHBHblX l1Jl0p, H306pameHHall B KOOpllHHaTax z ll N 
aawTpHXOBaHa' ( z -qucno npOTOHOB, N 'IHCno Hel!TpOHOB B ll.llpe). 

rpaauua o6nacTH p -pacna.lla cnpasa npoxo.llRT qepea RaOTonbr, JlnH 
KOTOpblX ~ p - ER+- ( E Po+' B p ) - • 0 ( CM, ll0!1CH0HH'1 B T0KCTe). 

Ilpyrall rpaauua 'ltpoae.lleHa TaKHM o6paaoM, 'IT06hr sneao oT Hee Ha

xo.o.HnHCb nIUllb H30TOllbI C apeMeHeM >KH3HH_fu OTHOW8HKH HcnyCKBHHH 

npoTOHOB H3 OCHOBHOro COCTO!!HH!! r p < 10 ceK; Ha Il)'HKTHpHol! nH-
HHH HBXO.llSITCSI He'leTHbie no Z SI,llpa • .anH KOTOpbIX r P --10-lceK. 
Ha WTpHx-nyHKTHpHol! nHHHH pacnonemeHbl H30TOilbl C apeMOHeM »<H3-

HH B OTHOW8HHH a -pacna.o.a H3 OCHOB!Joro COCTOf.lHHSI Ta .. 
10-I CeK, flerqal!wlle CTa6H/lbHble H30TOilbl S/l0M8H ,OB llOKaaaHbl Kpym

KaMH, coe)lHHeHHblMH /lOM8HllOl! nHHllel!. CTpenKH Hao6pamaroT ycnoa
HO nyTII m>ny'leHl!ll , 40 p -aKTIIBHblX l!Jlep B peBKUHllX C ycKopeHHblMH 

Ho~aMH Ne •• H Ca 

12() N 



z 
60 

:so 
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JO 
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P H c. 2. 06naCTb p -aKTHBHhIX SI.llep c Z <· 50. KpymKH - nerqallwHe CTa6HnbHhl0 

H30TOIThI aneMeHTOB, noMaHHaSI cnnownasi nHHHSI npoee.oeHa qepea ll.llpa, 

.llnll KOTOpblX I',. Pa E +-fll p~ + -BP ) ,. 0 , .H.opa, .onsi KO'.DOPhlX 

E +·.. 2( E +:-B p, /3 H8XO.llllTCll Ha nyHKTHpHoil nOMSHHOil nHHHH, 3aqep-

H . .fliHhIMH T~0eyronbHHKSMH no1<aaa11u H30TOIThI, HS'lHHSll c KOTOphIX 

r < 10-lceK. HeqeTHbljl no z ll,llpa C apeMeHeM )KH3HH OTHOcH-

_TenbHOP ; -pacna.oa H3 OCHOBHOrO COCTOSIHHSI ( }0-l - 10-lO) C0K 3SK-· 

mo'i0Hbl B npSIMoyronhHHKH • KpeCTHKSMH 0003HS'i8Hhl H30TOllhI, .llnSI Ko

TOpbIX He IICKnIO'i0H8 B03M0)KHOCTb .oayxnpOTOHHOI'O pacna.oa. 
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p II c. 3. 06nacTh p -aKTbBHblX Sl,Zlep C z >" 50. CrmornHaSI nnaBH8SI KpHBBSI 

o603H8'IBeT rpaHHUY, neBee KOTopoll apeMl! )KH3Hl! H30TOilOB B OTHOlll£1HHII 

a -pacna,Zla 1!3 OCHOBHoro COCTOS!HIISI r a < 101ceK. 0CT8flhHble 

o6oaHaqeHHS! Te )Ke, 'ITO Ha PIIC. 2. 


