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I. B B e 11 e H B e 

3KCnepBMeHT8nbH09 HCCll9AOB8HBe pe8KDBA BCDSpeHBB H6CKOnbKHX aeATpOHOB B3 Co­

CT8BHOrO gnpa B o6n8CTH A8ll9KHX Tp8HCyp8HOB~A aneMeHTOB HHTepecHO C ABYX TO'IeK 

apeHHsr. 

Bo-nepBbiX, H3y'leHHe T8KHX peS!tUHA, B~3~B8eM~X TBlKen~MH HOH8MH, AnB COCT8B­

Hb!X unep C Z ~ 100 naeT B03MOlKHOCTb Bb16p8Tb H8HBhlrOnHeAWHA nyTb CHHT938 nocneAyiO-

lUHX s neMeHTOB. 

Bo-aTopb!X - aTO OARS H3 ueMuorax B03MOlKHOCTeA nonyqeaau AOnonHHTenbHOA HH­

~opMSDHH 0 BepOBTHOCTH npoueCC8 A eneHHH DpH CpeAHHX B Bb!COKHX 3HeprHBX B036ylKAe-

HHH n nu CHllbHOAellHlllHXCH unep, T.e. B Tex cnyqaax, KOrA8 COCT8BHoe HAPO n enHTCH npalt-

TH'IeCKH CO 100%-aoA BepOBTHOCTbiO. KpoM e TOro, B pe8JtDBHX THUS (J,xn) 

a nHHHBe 6oDbworo yrnoaoro MOMeHTa ua BRA pacnana cocTaauoro unpa, 

B nacToamee apeMH B naTepaType HMeeTCB pun pa60T
1 1

-8/ no H3MepeHHIO ce'leauA 

o6paaoaaHHH R30TonoB Cf , Fm H 102 -ro aneMeHTa B peaKUHHX c THlKenbiMH HOHSMB, 

O n aaKo no'ITB ace 3TH pa60Thi nocaumeuhl uccnenoaaHHBM peaKuHA (I, 4 0 ) H liHWb 

nae
12

•
41 

con eplKaT naHHbie o p e aKUHHX ( ~ 5 n ) c o6paaoaaaHeM H30Tonoa Cf • PeaKUHH 

ucnapeHHB 'le T bipex aeATpOHOB u n yT B oKono6apbepuoA o6nacTH auepraA, B aToll o 6nacTB 

3 HepraA MHOrHe napaMeTp~ pe8KUHli HCnapeHHH B H8CTOHlllee BpeMB TO'IHO He H3BeCTHbl, 

C 10na cneny eT oTuecTa ueonpen eneauOCTb B 3HS'IeHHH aueprHH aoa6ylKAeHH~, yrnoaoro 

MOMeHT8 H BenH'IHHbl KynOHOBCKOrO 6apbepa, 8 T8KlKe HeonpeneneHHOCTb B XOAe Ce'leHHH 

o 6 paaoaaauu coCTaauoro HAPS u c a oKono6apbepuoA o6nacTa, KpoMe Toro, acerna HMeeT-

CH HeTO'IHOCTb B 3H8'1eHHB 3HeprBB, CBB38HH8B C 3KCnepBMeHT8nbHOA TeXHBKOA, ~CHO, 'ITO 

aaanaa peaKuHii ( I,. 4 n 0K83~BaeTCH B 3H8'1HTenbHOH Mepe 38TpynHeHHbiM, 

3TO 3 H8'1liT, 'ITO, C OAHOI! CTOpOHbi, O'leHb 38TPYARHTenbH~MH HBnBIOTCll 3KCTpanOnli­

DliH Benii'IHH C e 'leHHII o6p830B8HHll li30TODOB B o6n8CTb Z > 102 B p98KUHHX TBD8 ( 1, liD ), 

C n pyrol! CTOpOHbl, BenH'IHHbl r Q ( Hei!Tp0HH8ll WHpHH8) H off (nenHTenbH8liWHpHH8) H 

ll X OTHOllleHHe ( r n I r f) onpenenliiOTCll c 60DblllHMH OWH6K8MH. TeopeTH'IeCKHII 8H8llH3 

n o n y 'leHHbiX p aaee 3KCnep HMeHT8nbHblX peaynbT8TOB DO Ce'le HHliM pe8KDHII ( 1,, 4 n) H 
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( I. 5 D ). 1<8K OTMe'laeTC SI B pa60T8X Xannepua
19 1

• nuK-nH'I8K8 /IO / . IOaeHrH H BauneH-

/ 11 / 
6 0 W8 H u p. 

1 
He MOlKeT )l8Tb OTBe T8 88 MHOrHe B0llp0Cb1 0 C BSI38 HHbte C BepORTBOCTb!O 

neneHHH Sllle p c uaaxuM noporoM nenesu11. TaKBMB aonpocaMB HBA HtoTC st aaeHCBMOCTH 10 , 

o['f B ( ['D / lf) OT Z , A, OT 3BeprHH B036ylKAeBH!I B OT BBAH'I HHbl yrnOBOrO M OMe HT8 

COCT 8BHOrO HApS, 0TneT 88 3TH BODpOCbl B KOHe'IHO~ C'!eTe A On lKeH A8T b 3H8BHB 3 8 KOH8 

pacnpeneneHBR DAOTHOCTH ypoaa e A B ero DapaMeTpOB AA!I paCCM8TpHB8BMOU o6naCTH Raep 

npu p8BHOBB CHbiX ne~OpMBUBRX H B 6 nH3H CBAAOBOH TO'IKH. 

fiAHB8R pa60T8 npennpHHstT8 C IIBnhlO DOAy'!BBHll 3 KCDepHMBHT8 n bHblX peaynbT8TO~ , 

6onee ll0AA8 tontBXCH TeOpeTH'IBCKOii o6pa60TKB 0 'IBM 3H8'1BHHR CB'IBHH H pe8KUHli THD8 (1,4n ) 

fing 3TOrO BCCAeAOB8Bbl p e aKIIHB BCll8peHHR THJl8 ( I , Xn ) B Jl OBOnbH O WHpOKOM 

AH8ll830He ·H3MeHeHHR X ( B OT)lenhBOM Cny'lae OT 3 A O 8) H A A H Z = 100 , 101, 102, 

II • 3Kcnep1IMeBTAnWIBR 'IBCih_ 

1. MeTOL1HK8 3KcnepHMe u r a 

PeaKIUIH Tuna I 1, xo ) npa o6nyqeBHB ypaua -238 . accnenoaanucb DO ablxony npon yx-

TOB, COOTBBTCTByJOmBX BCnapeBHIO X aeiiTpoaoa H3 cOCTaaaoro HAps. B CBR3B c TeM, 

'ITO 3I'II DpOAYITbl BMeJOI p83llll'IHble BpeMeHa lKH3HH (OT BBCKOnhXBX ABell AO HeCKOnh­

I<BX Ceii:)'HA), DpBNBHAAOCb AB8 Bllll8 MeTOllBI: AASI AOArOlKBByntBX H30TODOB ( T~> 20 MBH) 

H l<opOTIOlKBBymHX ( T ~ < 20 MBH) • 

HauepeHBe ceqeoali no nonrolKBaymuu nponyxTaM caonunoch 1< c n enytolllHM onepa-

UUHM: 

1. 06ny'leHBe ypauoaoli MHWeHH I urlcM
2 

B8 auyrpeuoeM ny'IKe ycxopaTenSI, 

DpB'IeM OCyWecTB.IUUlOCb C068paBBe BAep OTllB'IB, Bb16HTbiX 83 MHWeHH 3 8 C'leT BMDynbCB 

60M68pA11pYJOmBX '18CTBD, 

2. XaMB'IeCioe BblneneHBe aneueaTa ana rpynnN aneMeHTOD H3 c6opHHK8 Slllep 

0TA8'1B C Dp8MeReBHeM IIORoo6MeRRbiX MeTOilOB. 

3. Am.ojla-cDertTpOMeTpBB COOTBeiCTBy10meli XBMK'IeCJ<olt ~paxUHB c uenhto HueoTe~u­

~<anaa a -H3Jl)"'BRIIH ODpe.lleAeHBb'IX B30TOUOB II onpeneneBB!I a6conJOTHbiX I<OnH'Ie CTB HX 

8TOM OD. 

4. MaTeMATil'lecrtall o6pa60Trta peaym.TaiOB aaMepeHHII. 

3Taw MBTOAOM 6blnu BccnenoBAJibl cne.ay10mue peaJOIJIR: 

236 18 253-250 
U ( 0 , 3. 4, S, 6 a ) ·F• , 

4 

I 

I 
l 

238, 19 
Mv 253 Mv 252 Mv 250 U (F , 4, 5, 7a ) 

l . ~ . ~ .. 
fC fC fC 

:Fm 253 :F111 252 250 
:Fm 

H3MepeHHe ceqeo81 no xopoTxo~aymBM nponyi<T8M npo83BOA8AOCb 

M9TOABK8 per8CTp81l88 8 8A9BT8~8X81lBB a -AXT8B8biX 830TODOB no 8X A 

TAM, np8M8BKBnt8BCB B 3TOM Cnyqae 9XCnep8M8BTAnhBASI T8XBBKA 8 M8T( 

/8/ 
on8caabr a aawel pa60Te • Tax, IShlnB accnenoaaBhl cnenytomae peaxua 

238 
u 

18 
(0 

248 
, 8n ) Fm 

238 16 . 248 
U ( 0 , 6 D ) :Fm , 

238 22 256 - 254 
U (Ne , 4, 5, 6n ) 102 • 

Una roro, 'IT06hl cornacoaaTb pe3ynhiaThl o6eax MeTOA8X, peaxu8R 

6hlna accnenoaaua ~alKAhl: senocpencraeaao DO 

BBMy H30Iony Cf 

250 
:Fm 8 BTOpOII MeTC 

2. Pe3ynhT8Ihl a~tcnepaMearoa 

a) PeaxqB8 !!Cnapegg HBCXOJ!bXBX BeliTpOHOB C 06pa30B8HHeM H3QTOJ 

H8 pac. I npencraeneabl pe3ynbiBThl accnenoaaHBR 

252 251 250 
'leuall o6p830B8HBR H30Tonoe ·Fm , :Fm , Fm , 

4, 5, 6 H 8 ueliTpoaoa 83 cocraaaoro RAPS :Fm 256 
npa 

BbiM8 BOH8MB KBCllOp0ll8-18. 

3HepreiB'IeCI<8X 
248 

:Fm a peaK 

o6ny'leBBH ypaas 

Bee 38BRC8MOCTH HMetoT THAB'Ioo 'ucn8puTenhHbrll' BBil, DPB'IeM no1 
18 

H3MeuaeTCSI oT 9-10 Maa a peaKIIBH ( 0 , .4n ) n o - 16 Maa a peaK 

nonymBpHB8 l<pBBhiX, o6ycnoaneBB8SI B9MOB03HepreTH'IHOCTbto DY'II<8 B TOn 

cocTaBnSiei - 4 Maa. 

18 
Owa6xH H8 ~tpaaoll ( 0 , Sn ) naobr 1<81< CT8TBCTH'Iecxue B3 'IHCn;J 

0CT8llbBbiX KpBBbiX CIBTBCTH'IeCKHe OWH6KH 6nB31<H K p83Mep8M TO'IeX, B3 

9KCDepHMeBT8llbHble pe3yllhT8Tbl, 

6blna npellDpHBSIT8 llODbiT1<8 H3MepHTb ~HKIIHIO B036YlKA9HBSI pe&Klll 

OllHBKO aTo ae Yllanocb 83-38 Man oro 1~e'leaust. 6hln naWh npoa3aeneu on 

Ton~oll ypauoaoA MHWeHB 8008MB 0 c BhllleneuaeM · npollyKTOB peaxn 
253 252 

MBWeHH. 06m ull Bhlxon Fm cpaauuaancSI c BhiXOAOM :Fm • O~ta3a 
18 . 18 

C'IHT8Tb , 'ITO BRA ~YBI<IIBll aoa6ylK)leBHR pe8KIIBII ( 0 , 3n ) H (0 ,4n) 
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U 238'(F19 • 4, 5, 7a) llv 253 llv 252 ·r 250 

! . ~ , 
(C ~c 

253 252 250 
:Fm :Fm :Fm 

Hat.o:epeKBe ce'leuuA DO JtopoTJtOlKIIBYIIIBM Dponyii:T8M npouasonunocb c DpHMeueuueM 

MeTOAHXH perHCTp8JlHH H HA9HTHcpHK8JlHH a -81lTHBBbiX B30TODOB DO HX AO'IepHHM DpOAYil­

T8M, npBM9BSIBW8HCH B aTOM Cny'lae aJtCD9pHM9BT8nb88SI TeXBBil8 B M9T0Abl DOAp06HO 

/8/ 
ODBC8Hbi s uaweA pa60Te • TaJt, !SblnB accnenOB8Bbl cnenyiOIIIBe pea&JlBB: 

238 
u 

18 
(0 

248 
, So ) Fm 

238 16 . 248 
U {0 , 6D ) :Fm 

U238 (Me 22' 4, S. 6o ) 102256-254 • 

JlnH Toro, 'IT06bl cornacosaTb peaynbT8Tbl o6eax MeTona&, pea&nBR 
238 18 25 

U (0 ,6a) Fm 

6blna accnenosaoa~a~nbl: oenocpencTseooo no 

aeMy uaoTony Cf 

250 
:Fm H BTOpOA M9TOAHilOA DO AO'Iep-

2. PeaynbT8Tbl a&cnepuMeHTOB 

a) Pe8JtllHB ncnapeB!R H9Cil0flbllHX ueATpOHOB c o6pa30S8HBeM B30TODOS ¢@pMBH 

Ha puc. I npencTasneobl peaynbT8Tbl accnenosau8B 

252 251 250 
'198811 o6paaosaBHH H30TODOS 'Fm :Fm 'Fm 

4, 5, 6 a 8 uel!Tpoaos 83 cocTasaoro HAPS 'Fm
256 

np8 

HblMB 8088MB KHCAOpOAS-!8, 

3HepreTH'I9CilBX 38SHC8MOCTeA C~-
248 

'Fm B pe8KllHSIX HCD8p988SI 

o6ny'leuaa ypaua -238 ycxopeu-

Bee 38SHCHMOCTH HM9IOT THDH'IHO 'ucnapHT9nbHbiA' SHA, npH'19M nonywHpHH8 KpHSbiX 
18 18 

H3M9HSI9TCSI OT 9-10 Mas S pe8KllHH ( 0 , .4o ) AO • 16 Mas S pe8KllHH ( 0 , 8o) • 

nonywHpHH8 KpHSbiX 0 o6y.cnosneHH811 B9MOH03H9preTH'IHOCTbiO ny'IK8 8 TOADlHHOl! MHW9Hll II 

cocTasnsteT • 4 Mas. 

18 
Owa6KH ua Kpasoll ( 0 , So ) A8Hbl xax CT8THCTH'Iecxae 83 'IHCna OTC'IeTos, aa 

OCT8Ab8blX Kp8Sb1X CT8THCTB'IeCKHe OWH6KH 6AH31t8 K p83MepaM TO'IeK, H306p8~8IOIIIHX 

axcnepuMeHTanbHble peaynbT8Tbl, 

23& 18 253 
BLma npennpaaRTa nonbiTKa H3MepaTb cjlyuxnaiO soa6y~neHHH peaxnun U "\0 ,3n) Fm , 

onaaKo aTo ae ynanocb 8a-aa Manoro 1~e'leauH. BLIA nuWb npouasenea onbiT no o6ny'leHHIO 

TOACTOl! ypaHOSOil MHW9HH !1088MB 0 C SbineneHH9M npOAYKTOS pe8KllHil H3 C8MOil 
253 252 

MHrneuu. 061I1Hil Bb iXOA Fm cpasuusancH c BbiXOAOM 'Fm • 0Kaaanocb, 'ITO ecnu 

18 . 18 
C'IHT8Tb, 'ITO S8A <jlyHKllHll S036y~eHBSI pe8KllHil ( 0 , 3n ) H (0 ,4n) 0AHH8KOS, TO 
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253 -33 2 
Ce '!e HHe o6pa30B8HH!I Fm B M8KCHMyMe UOCTHraeT 1Uilllh 3,5• 10 CM , 'ITO B 2QQ pa3 

18 
Meabme ce'!eHHH peaxuaa ( 0 , 4n). To'lxa a a pac, 1 H aao6paJKaeT 3TOT peay1IbT8T, Ko-

18 
He'IHO, npH T81tOM MeTOUe nOJIOlKeHHC M8KCHMYM8 (Q ,3n)- pealtUHH He onpenenHeTCSI, 

6) Peaxuaa acnapeaaa aeCXOIIbXHX aeATpoaoa c o6paaoaaaHeM H30Tonoa MeaneneBRH 

Ha pac. 2 npencTaaneHbl peaynbTBTbl accnenosaHHH 3HepreTB'Iecxax aaaacaMOCTell 

c e '!eaal! peaxnHH U 
238 

( F 
19 

, xn ) Mv • 
253,252,250 

I130TOnbl Mv nepen nOCT8HOBKOll ll8HHOI! pa60Tbl He 6binH H3BCCTHbl, 

0neRit8 CBOIICTB HX panH08KTHBHOro pacnana 088808 OCHOB8HBB OlKBA8Tb, 'ITO llllH BCCX 

3THX aaoTonoa nepaon nonypacnana a oTaomeHHH aeaanpemeuaoro a -pacnana npaMepao 

paaea nepaony nonypacnana a oTaomeaBR aaxaaTa op6BTanbaoro 3nexTpoaa, nocxonbxy 
m ~ 2~ 

Mv H Mv aansnoTCH He'!eTHo-He'leTRbiMH, a H30TOU Mv - HC'!CTHO-'IeTHbill, 

TO cnenoaano npennonoJKHTb, 'ITO aa-aa CH1IbHbiX aanpeToa a -pacnana ace 3TH H30TOnbi 

6yn yT B OCHOBHOM HCnbiTbiB8Tb 3neltTpOHHbii! 38XB8T C o6p83088HBeM COOTBeTCTBeHHO H3o-
253 252 250 

Tonoa Fm , ·Fm , Fm 

B caH3H c 3THMH coo6palKeHHRMH 6binH nocTaaneHbl 3KCnepaMeHTbi no onpeneneHHIO 
253, 252, 250 2~ 

ceqeaal! o6paaoaaHH!I H30Tonoa Fm npH o6ny'leHHH U ycxopeHHb!MH HOHBMH 
19 

F • HenocpencTaeaaoe o6paaoaaaae H30Tonoa Fm a peaxnHH 92U + <jF Mano se-
/12r 

poHTHo, nocxonhxy a 3TOM cny'lae npoacxonHT acnapcaue npOToiia • MoJKao 6hmo OJKH-

A8Tb 1 qTQ H30TOUbl Fm 6ynyT nony'I8TbCSI B OCHOBHOM 8 pe3ynbT8Te 3UCKTpOHHOrO 

38X88T8 COOTBCTCTByiOIUHX B30TOnOB Nv , 

11aMepeuae 3HepreTH'!ecxax aaaHCHMOCTell nonTsepnano 3TH OlKHA8HHH, Oxaaanocb, 
252 250 

'ITO aaoTODbi Fm a Fm o6paayiOTCH a peaKUHHX, nnR xoTopbiX xon ce'!eHHH aaano-

rH'ICH XOUY Ce'!eHHSI (5n) H (7n) -Pe8KUHII, 3TO cnenyeT H3 Cp8SH8HHSI C COOTBCT-
238 18 . 253 

CTBYIOWHMH peaKUHSIMH U ( 0 ,xn) Fm • JlnH Fm 6blno nOJiy'ICHO nHmb onao aaa-

'ICHHe ce'!eHHH o6paaoaaaaa upa E F t 9 =96 Mas, 

KpoMe 3HepreTH'!ecxax xapaxTepHCTHK peaxual! o6paaosaHHH H30Tonoa Fm t CBH-

,UCTC1IbCTBYIOIUHX 0 TOM, 'ITO 3TH H30TOnb! S!Bn!IIOTCSI nponyxT8MH 3nCKTpOHHOrO 38XB8T8 

COOTBCTCTBYIOWHX H30TOnOB MCHneneBHR, 6binO DOny"'CHO eme OUHO HCCOMHeHHOe nonTsep-

lKIICHHC 3TOrO, 3xcnepHMCHT COCTO!In B cnenyiOIUCM, npa 3nCKTpOHHOM 38XB8Te C 3Hepruel! 
252 252/13/ 

E<o • 3,5 M3s, xaKHM aanReTCH pacnan Nv s Fm , B03MOlKH8!1 oTna'!a sutpa-
252 <C 252 

nponyxTa • 20 sa. MoJKHo oJKanaTb, 'ITO pacuan 

aaanorR"'HO 
181 

a -pacnany , ecna TOnbKO CBR3b 

llv -+ Fm B03MOJKHO uccnenosaTb 
252 

Mv C noaepXHOCTbiO, H8 KOTOpoA 

oa aaxonaTCR, ae cnHWKOM aennxa. Oxaaanocb, 'ITO ,nelicTBHTenbHO, aexOTopaH "18CTb npo­

nyxTOB 3nexTpoaaoro aaxHaTa nonan aeT aa c6opHHK anep OTIIB'IH, ecna sxcnepnMeHT nocTaa-

nea aaanorH'!HO 3KCnepHMeHTaM no c6opy nponyxTon a -pacnana • TAxoe C0611pB11HC IIUCT 

3HB'!HTenbHO MCRee 3¢<l>eKTH BHO (nHIUb B 15% 8KTOB 31leKTpOHHOrO 3 8XB8T8 npH 100% B cny qae 

6 

a -pacnana). 3To, onaaxo, nano B03MOlKHOCTb UOit.ll38Tb, 'ITO 
252 

252 
:Fm , llE 

nHeTCSI nponyXTOM 3llCitTpOHBOro 38XBBT8 llv , a naJKe aauepHTb 

na (pac. 3). Oxaaanocb, 'ITO 
252 

llv BCUb!TbiB8eT 3lleXTpOHHbiA 38XB8T 

T ~ - 8 MBH, JlnH npyrBX H30Tonoa llv T8XBe 31tCnepBMeHTbl T8KlK9 

a) Peaxuaa acnapeaBH aecx01Ibxax aeATpoaoa c o6paaosaaaeM H3TO 

Ha pac, 4 npencTaaneabl peaynhTBTbl accnenosaBBa 

Ce'leKRA o6pa30B8HBB H30TOnOB 102256 , 102255 H 102254 
2~ 

3HepreTH'ICCXII: 

a peaxuaax acr 

Ne 22, HCI!TpOROB npB o6ny'leHHB u YCI<Op8RRb!MII BOH8MII 

B 

Bee H3Mepeaaa BbmonaeHbl no cooTaeTCTBYIOWHM no'lepBBM nponyXTI 
250 ~1 

Fm , 11a-aa 'roro, 'ITO Fm HCnbiTb!BBeT a -pacnan nBmb 1 

He ynanocb UOny'IBTb C IIOCT8TO'IHO M8Ub1MR OWR6K8MH !tpRBYIO q 
5n 

6bln o6aapylKeH, nposeneHH8H 1tpBB8SI H8 pBC, 4, KOHC'IHO, RMeeT OpHeRTHJ 

Tep, B ce'!eaae B M81tCBMyMe MOlKeT OTUR'I8TbCSI R4 50%, 

Jlpyrae xpaable 4n R 6n uony'leRbl BDOJiae ysepeaao, 

m. 06CyJKAeKRe 3XCDepRM8BT8UbHb!X pe3y1IbT8TOB 

3J<CUepRMCHT81IbBble pe3y1IbT8Tb! DO IICCUCAOS8BBIO 3BepreTB'ICCXRX 3 

Ce'leBBA (I, XD) peaxiUIA ll810T B03MOlKHOCTb Sb!SISRTb HCitOTOpb!e 38XOHO: 

Dana COCT8SHbiX anep C Z :::_ 100, C10na, S nepsyiO O'!epenb, OTHOCSITCH 

S8UR'IRBbl MAXCBMyM8 CC"'CHHB pe8XURR ( I,Sa ) OT Z COCTASBOrO anpa 

OTHOWCBRSI BepOSITBOCTB HCUapeHBH aeATpOBA X sepOHTBOCTB neneBRH OT 98 

KRSI COCTASBOro Bnp8, 

Aaanaa sxcuepaueaTanbuoro MAT8pllana OCBOSAH HA TOM, 'ITO Bepo>r. 

DpHBOAJIIIIero X HCJ<OTOpOMy sutpy-uponyJI:Ty, DDny"'AIOW8MyCSI 113 COCT8BBOr 

BCD8peBBSI X aeATpoaoa, MOJKeT 6b!Tb oupeneneaa aa cnenyJOwero COOTH 

x r. 
U•q p 'D ( __ ) . , 

U C XD ._1 r i 1 

rne u 1lll - Ce"'eBBe peaxnaa ( I, 1lll ) ; u c - ce"'eaae o6paaosaBBB COCTl 

p U - S~OSITHOCTb HCDapeHJUI TO"'HO X BeATpOHOB, npOHOPMIIpOSAHKAlil CJl 

30M! I p - 1; 
ll•l Zlll 

r a - 3BepreTH'!CCit8SI lliHpHBa, COOTBCTCTBYJOW8SI BCnapeHKJO Bel!TpOB8i •[ ' 

WipHH8, JlnB CBnbBOilCllJIIIIBXCSI anep r • rD + r f' rne rf - nenHTe1IbBASI DIJ 
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252 
a -pacnana). 3To, onBAxo, nano B03MOJKBOCT& noJtaaaT&, qTo 

252 
:Fm , neACTBHT9n&HO ,sm-

n&eTCR nponyKTOM sneXTPORBOrO 38XBaT8 Mv , R naJKe H3MepuT& nepaon nonypacna-

na (pac. 3). Oxaaanoc&, qTo 
252 

Mv RCUb1TbiB89T sneKTPORHbiA 38XB8T C nepaonoM 

T ~ - 8 MRH. nnR npyrHX H30TODOB llv T8XBe 9JtCnepHM9HTbl T8XJK9 B03MOJKBhi. 

s) Peaxnau ucnapeHHR secxon&xux seATposos c o6paaosasaeM uaTonos 102 aneMeHTa 

Ha puc. 4 npencTasneHbl peayn&TaTbl accnenosaHRR 

CeqeHRA 06pa30B8HHR H30TODOB 102
256

, 102
255 

H 102
254 

238 
H9ATpOHOB DpH 06nyqeHHH U yCXOpeHHbiMH HOH8MH 

9HepreTRqecXHX 38BHCHMOCTeA 

s peaxuuRX RCD8pesug 4, 5 R 6 
Ne 22. 

252 251 
Bee H3MepeHHH BbmonHeHbi no cooTseTCTByiOIIlHM noqepHRM nponyxTaM ·Fm , :Fm 

H Fm 
250 

• Ha-aa Toro, qTo Fm 
251 

ucnbiTbiB8eT a -p8CD8n new& B 1% cnyq8eB, 

ue yn8noc& nonyq&Tb c JlOCT8Toqso ManbiMH OWH6X8MH xpxsy10 " 6a 

6bin 06H8pylKeH. npoB9Jl9HH8R XpHB8R H8 pHC. 4, KOHeqso, HM89T OpH8HTHpOBOqHbiA X8p8X-

Tep, x ceqesxe B M8XCHMYM9 MOlK9T OTnHq8TbCR Hll. 50%. 

npyrHe XpHBbl9 4n H 6n nony'leHbl snonse ysepesso. 

III. 06cylKJleHHe sxcnepRMeHT8n&HbiX peayn&T8TOB 

3xcnepHM8HT8n&Hb18 peayn&T8Tbl no HCCD9Jl0B8HRIO 9HepreTHqeCXHX 38BBCHMOCTeA 

CeqeHHII (I, m) peaxuHA J1810T B03MOlKBOCTb BbiJIBHTb H8XOTOpb19 38XOHOM9pHOCTB p8C-

D8Jl8 COCT8BHbiX gnep C Z ::: 100. CIOJ18 0 B nepByiO oqepen&, OTHOCIITCII 38BHCHMOCTb 

BenH~HN M8JCCHMYM8 ceqeRHII pe8XUHH ( I,Sn ) OT Z COCT8BHOrO gnpa R 38BHCHMOCTb 

OTHOW8HHR BepOIITHOCTB HCD8p8HBB H9ATPOH8 X BepOIITHOCTB neneHHB OT 9HeprHH B036yJKAd-

BHB COCT8BHOro &np8. 

Asanxa sxcnepxMeHT8n&Boro MaTepaana ocaosas sa ToM, qTo sepoBTHOCTb npouecca, 

DpHBOJlBI!lOrO X HOXOTOpOMY gnpy-nponyKTy, DOHy'I810IIl8MYCII H3 COCTABHOrO gnpa DyTeM 

HCDBpeHHII X H9ATpOBOB0 MOlKeT 6NTb onpeJl8D8H8 B3 cnenyJOIIlero COOTHOW8HRII: 

x r. 
<T • <T p 'D ( __ ) . 

XD C m i-1 r; 1 
(1) 

r11e <1 XD - C9'19BH9 peaKURB I, XD ) i D c- C9'18HB9 o6pa30B8HRII COCT8BBOro gnpa; 

p XD - B~OIITBOCTb HCnapeHHR Toquo 

30M: I p - 1; 
·- t J:ft 

X ueATPOHOB, npoHopMHposauuaB cnenyJOIIlHM o6pa-

r n - 9HepreTHqeCX811 WHpHH8, COOTB9TCTBYJOIIl8B HCD8peHRJO RellTPOB8; ·r - nonH811 

WHpRH8. nnR CRDbBOJl9DIIIIlHXCB &nep r ~ rD + rf' rne rf- nenHTen&R811 w.RpHB8. 
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Qqesua uo , 'ITO see 'lneHbi <PopMyn bi ( I) coaepJKBT s KB 'IeCTse ueaasuc uMoli n ep eMeH-

uoli s enH'IHHbl E aueprHJO 6oM6apaupyJOmeli '18CTHllbi u, c nea osaTenbuo , senB'IHHY yrn o-

BOrO MOMeHTB. 

KpoMe Toro, a u a'IOK cooep* HT csea euu s o Meece RllPB u a scex cTyneusx u e li-

Tpouuor o KacKaa a. 

l.faCTO SMeCTO T8KOii <j)opMynbi npHMeHHeTCH <j)opMyna , B KOTOpoli HCn Onb3YJOTCH - -
ycpeaHeHHbie no Hei!TpOHHOMY K8CK8llY s enH'IHHbi f n B f f • 

rae (_s_ ) = 
r. +r, 

0 = 0 p 
0 

·j . r. > n c -- I •= I r. -r: r, 

r . • 
<-- > 
r. + r, 

npu 8H8nH3e aKCnepHMeHT81lhHbiX peaynhT8TOB 38SHCBMOCTb Ce'leHBSI 

cocTasuoro RllPB OT auepruu uaneTaJOmux '18CTHU 6panacb ua pa6oTbi 
1141

• 
238 18 

KpHS8SI0 H306p8lKBIOIU8SI aTy 3 8SHCHMOCTb llnH CHCTeMbi U + 0 

Bun KpHSbiX p xn nonyqaeTCSI 83 aKcnepHM9HT8nbHbi X 0 
xn 

{2) 

o6p830B8HHSI 

Ha puc. I aaua 

a) 3asHCBMOCTb senH'IHHbi ( fn I r f) OT aueprHH soa6y*OeHHSI COCT8BHOro RllP8 

3KCnepHM9HT8nbHbi9 peaynbT8Tbi llOnyCK810T npOCTyJO 06pa60TKY C TO'IKH 3pe HBH 

H8XO*lle HBSI 38SBCHMOCTH ( r n I r f) OT auepruu S036Y* ll9HB.H, ecnH a onyCTHTb, 'ITO 

I ) BeT 38SHCHMOCTB ( r n I r f ) OT A • 2) BeT 38SHCHMOCTH ( r n I r f ) OT yrn osoro MOMeH-

Ta. B aToM cnyqae npu uasecTHbiX 3H8'IOHHHX 
r -

3 H8'1e HHH ( __ •_ )u, Cneo osaTenbHO, ( [ lr 1) 
r + r • 

n I 

u m ' .o c 

= (~) 
r. + r 1 

PID npOCTO HBXOUSITCSI 

I I-(~) 
r. + f 1 

.HCHO, 'ITO nony'leHHbl e TBKHM o6p830M 3H8'1eHHSI S cnyqae p83HbiX ( rn ) OTHOCSITCSI 

If 
K pa3JlH'IHbiM cpeo HHM a u eprHHM s oa6y*lleHHH, Ecnu C'IHT8Tb, 'ITO nocne ucnycxauns no-

cneauero uei!Tpoua HOPO ocTaeTcH co cpellHHM soa6y*o euueM = 5 Mas, TO aKcnepn-
rn 

MeHThl nOK83 biB8JOT, 'ITO (--) 1 s bi'Iucneuuoe no (1,4n ) - peaKUHH, OTHOCHTCSI K auepruu 
rf 

soa6Y* lleHBH = 25 Mas, 

no (1, 5o) 

no (I, 6n) 

no (! , 7n) 

no {1 , 8n) 

- p e8KUHH 

- peaKUHU 

pe8KUHII 

p e 8KUHII 

- 30 Mas , 

- 35 Mas , 

40 Mas, 

- 45 M a s. 

238 18 
TaKHM o 6pa3oM, s cnyqae peaxuu li U (0 ,xn)·Fm Mbi MO*e M nony'IHTb u auubie o 6 

fn 
H3Me ueuuu ( __ ) s uuTe psane aueprnli soa6y*Oe RH H 25-45 M as. 

f t 

8 

KpoMe Tor o , c pasueuue o xn u o(x+t ln a aeT caeueHHSI o senH'IHHe ( _ 

r nu s oa6y*aeuus, cooTseTCTSYJOIUeli ucnape uuJO ( X+ I ) uel!Tpouos. HanpuMep . 

ceqeuuli peaKUHll (1,6n ) H (1,5n ) 
r 

aaeT auaqeuue ( __ n ) 
rf 

npu aueprua 

Q 65 M as , a cpasueuue 
rn 

ce•Ieu ui! peaKuuli (1, 6n ) H ( 1,8n ) - ycpea ueuuoe n c 

11 8 M a uaqe uue ( - - ) 
rf 

npu a ueprnu s oa6y *neHHH = 75 Mas. 

TaKue pac'!eTbi 6htnu s bmonueHbi a ns scex peaKuui! , JlaHHbie u peaynbT• 

TO'IeHbi s Ta6nuuax 1-3. Ha puc. 5 c s eTnbt MH KPY*K8MH n oKaaaubi nony'leHH; 

30M 3H8'1eHHH ( f n I ff) npH pa3 nH'IHbiX a ueprHHX S036y *OeHHH a nH COCT8SH• 
rn 

MHH. Buauo, qTo HMeeTCH pe3KH ii poeT ( __ ) c pOCTOM auepruu s036Y*lleH 

npu E* a 25 Mas, 110 0,3 npu E•= 70 U as. 

.Hc uo, O,UH8KO, 'ITO npHHHTOe nHWb llnH Yll06cTS8 p8CCMOTpeHHll .[IOnyiUel 
r 

( __ n_ ) ./ f (A ) , ae ssnseTCH npasitnbHbi M, HasecTuo, 'ITO o enHMOC1 
rf 

6onbllle, '!eM MeHbllle A • 3Ty aasuCHMOCTb cne.uye T sueCTB s nony qeuuyro 

npu p8CCMOTpeHHB paanuqHbiX ( 0 
18

, xn ) peaKUBi! M8CCbi cpe.nHHX Rll9p B3MI 

H3M9H9 HHSIX X • TaK, o n H cocTaSHbiX RllOP <j)epMBH npu paCCMOTpeuuu 
18 

(0 , 4n ) - peaxuuu A = 254 ; 
18 

(0 • 5n ) - peaKUBH A = 253, 5 ; 
18 

( 0
18

, 6 n ) - pe8KUHH A = 253 ; 

(0 , 8n) peaKUBB A= 252. 

254 fn 
(r-) , nonyqeuubie o ns o pyi 

Macb, a nHWb nocne ::tToro B 

Ecnu S3S!Tb RllPO 
100 

Fm 38 OCHOBH09 1 TO 

o on >K Hbi 6btTb ucnpasneubt c y'leTOM pa3HHUbt 
fn 

(- ) oQT aueprHH S036Y* UeHBH 6y o eT IICKn!O'IeHa 38SHCHMOCTb OT 
rf 

A. 

Ha aKcnepuMeHTOS no o6nyqeuu 10 paanu'IHbiX 

rn 
H30TOnos nnyTOHBH 

ons aaaucuMOCTH <--r. ) oT A cneo yeT, qTo 

f 
( rn rn 

- ) A = 0,8(- ) 
r f r f A+1 

a -

MO* HO 6 bmO O* H08Tb, 'ITO a TO COOTHOllleHBe H3M9HHTCH npu nepexo.ne K TSI 

238 16 248 
noaTOMY 6bina uayqeua peaKUBH u ( 0 ,6n )Fm • BMeCTe c peaxuuelt u 

Mbl nonyqaeM napy, KOTOp8SI oaeT B03MO* HOCTb UOK838Tb, 'ITO 

0Tc10oa c neoyeT, qTo 

----r=;- r;; 
<-r ) A=a i~0,72 <--

f rf 

( r. > 
I, A 

r. 
= 0,85 <----r;-

A+ I 

Ar:IC :ua. 

113-38 TOI'O, qTo TO'I H:>CTb onpel(ene HHSI S COOTHOlii9HBH ( 4) OKonO 7%,.nns 

nonp8BOK H8 paauuuy M8CC s 38BBCHMOCTb (f n I r f) OT E• ucnonb3 0san 

HUe (3) , 

9 



r 
KpoMe Toro, cpasueuue u:m H u(x+t)n naeT cseneHHSI o senH'IHHe (T) npu auep-

ruu so36ylKneHHSI, cooTseTCTSYIO!Uell ucnapeHHIO (X+ 1) uel!Tpouos. HanpHMep, dpasueHue 

C9'I9HHii p98KUHll (1,6n) H (1,5n ) 
r· 

naeT 3Ha'IeHue ( __ n ) 

rr 
npH aueprHH S036ylK)l9HHSI 

~ 65 Mas , a cpasuef'ue 

ll8M 3H8'19HH9 (--
0 

) 

rr 

C9'19HHII pe8KUHll (1, 6n) H (1,8n) - ycpenH9HH09 no llSYM K8CK8-

npu aHeprHH soa6ylKneHHSI = 75 Mas. 

TaKHe pacqeTht 6hrnH sbmonueHht nnR scex peaKUHII. !laHHbte H pe3ynbT8Tbt cocpeno-

TO'IeHht s Ta6nuuax 1-3. Ha puc. 5 cseTnhtMH KpylKKBMH noKa3aHht nony'IeHHbte TBKHM o6pa-

30M 3H8'I9HHSI ( r 0 /r f) npH pa3HH'IHblX aueprHSIX S036Yll<ll9HHH )lHSI COCT8SHOPO SlAPS <jlep­
ro 

MHSI. BHAHO, 'ITO HM99TCSI pe3KKII pOCT (_ ) C pOCTOM !!HeprHH S036ylKA9HHSI OT 0,072 

npu E*-25 M!!s, no 0,3 npH E*=70 U!ls. 

.f!CHO, 0AH8KO, 'ITO npHHSIT09 HHlllb llflSI yno6cTS8 p8CCM0Tp9HHSI llOUYlU9HH9, 'ITO 

( ~ ) " f (A ) , He RsnReTcll npasunbHhtM. l13secTuo, 'ITO nenHMOCTb 11npa TeM 
rr 

6onblll9, '19M M9Hblll9 A • 3Ty 38SHCHMOCTb CnenyeT SH9CTH S nony'I9HftYIO H8MH K8pTHHy 0 

npu paCCMOTp9HHK p83HH'IHbiX ( 0 
18

, xn ) p98KUHII M8CCbl cpenHHX Slll9p H3M9HSIIOTCSI npH 

H3MeHeHHSIX X • TaK, nnR cocTaSHbiX SlllBP <jlepMHSI npu paCCMOTpeHHK 
18 

( 0 , 4n peaxuuu A = 254 ; 
18 

( 0 , 5o peaKUHH A = 253, 5 ; 
18 

( 0
18

, 6 n peaxuKH A = 253 ; 

( 0 , So ) peaKUHH A = 252. 

254 rn 
EcnK S3S!Tb SlllPO 

100
Fm ( T) , nony'leHHhte nnR npyrux Mace, 

M8C~ 1 8 nHWb nocne 3TOrO H3 38BHCHMOCTeA 

38 OCHOBHOe, TO 

llOnlKHbl 6h!Tb HCUp8SH9Hbl C y'I9TOM p83HHUbl 

I'n 
(- ) <>T aHeprHH S036ylKA9HHil 6yneT JlCKHIO'I9H8 38SHCHMOCTb OT 

rr 
A. 

113 aKCnepHM9HTOS UO 06ny'I9HHIO pa3HH'IHblX 

ro 
K30TOROS nnyTOHHR 

3asHCKMOCTll <--r: ) oT A cneayeT, 'ITO 

( rn rn 
(_ ) A = 0,8 (- ) • 

r r r r A+1 

/11/ 
a -'i8CTHU8MH 

(3) 

MO>KHO 6hlnO O>KH.ll8Tb, 'iTO 9TO COOTHOWeHHe H3M9HHTCSI npH nepexone K TR>KenbtM HOH8M. 

238 16 248 238 18 250 
noaTOMy 6brna H3Y'I9K8 p98KUKSI u ( 0 ,6n )Fm • BMeCTe c peaKUHell u (0 ,6n) ~·m 

Mbl nony'I89M napy, ltOTOp8S1 ll89T S03MO>KHOCTb UOK838Tb, 'ITO 

0TCIO)l8 cnenyeT, 'ITO 

( ro -) ro 
r r A =n ,=O, 72 < ----r( 

( rn ) 
I, A 

rn 
= 0,85(­r, A+ I 

113-38 TOPO, 'ITO TO'IIDCTb 0Up91l9H9HHSI S COOTHOili9HHH ( 4) OK OliO 7%.)lHSI SS9)19HHSI 

(4) 

nonpBBOlt H8 pa3HHUY M8CC s 38SIICHMOCTb (r n I r () OT E• HCUOHb30S8HOCb COOTHOille­

HHe (3). 

9 



n X T 9 p a T y p a 

1, B.B.Bollltos H np. :lK3T4>, ru!, 762 (1959), 

2, H.H. TapaHTKH 11 np. :lK3T4>, ~ 250 (1960), 

s. n.H.rycesa • np. :lK3T4>, & 973 (1959), 

4, T.Sikkelud et al. Phys. Rev., !_g, 543 (1958). 

5 , A;Ghiorso et al. Phys. Rev. Lett.,,!: 18 (1958). 

6, A.Ghiorso et al. Phys. Rev. Lett.,~ 473 (1961). 

7, E .fi.fioHen, B.A.KapHayxos, r .KyMIItjJ, B.A.rsoanes, 10, T ."'y6ypltos, :lK3T4>, JlL 11
1 
(1962) , 

8, E.n • .noaen, B.A.Uleroaes, B.A.Epua~tos, ATOMH&H saeprHH
1 

!lL 195 (1964), 

9, H. XannepH, .UeneHxe Slllep, <I>HaMaTrHa, 1962, 

10. r . A.ITHJC-fiH'I8X, C6. '4>H3HJC8 ll9JI9HH.II 8TOMHhiX Slllep', CTp. 166, roceTOMJI3Q8T, 1962. 

11. .UJK. P .IOHaeHre, P .BeHileH6ow. C6, • .Hnepable P&aiilRH', T, 11 CTp, 51, 
ATOMR31!8T1 1964 , 

12. B.A • .UpyRR, ITpenpHRT OH.HH, P-874, .Uy6Ha (1962). 

13. A.G.Cameroa. Cu. ]oar. Phys., ~· 102 (1957). 

14. T.D. Thomas. Phys. Rev., 116, 703 (1959). 

PyJCODHCb nocTYnHna B H31!8TenbcJCRA OTnen 
13 anpenH 1965 r . 

12 

G.xncl'/ 5 

4 

3 

2 

10 
9 

' 

I f'\~ 

I 
I 
I 

r lf\1 . I I_)--/ 
0 

I \ v 
I A 

~ 4n I / 

I \ I , 7 \ 

~ I I ' / 

~ I \1 i '\ + 
I _l ~'\ I i ~ i 

I 

3n•IOO , / \ \ I 
I 

! y ! ! I 

/; I I ! 

I i i 

! ' i 

I ! 

~~n I i I I j:l! 
! ' 

l 
I I I \ 

~ 
I ' I I \ 

7 
I I I 1 \ 
I I 17 I 

& 
I 

I I v l 
s 

~ 
: I I 
I I I 

i 
i 

3 I I 
e I I 

ttl I2J) 90 100 110 
238 18 

d 

I 

6, 

---- ----

-z~ 

l 
i 
I 

l 

l 
I 

IO·ZS 

5 

1 

i 
00 litJ HJ6 Eo'' 
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238 19 
Puc. 2 , 3asucuMOCTH ceqeuul! peaxuul! U ( F , xn) Mv 

OT 9Bepruu 6oM6apnupy10mel! 'ISCTHUbi ( na6,cucT.). 

14 

f{, f. 
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252 
Puc. 3. KpusaSI pacn8.1la llv 
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238 22 
PHc. 4. 3aeHCHMOCTH ce'leHHI! peai<uHI! U ( Ne , xn ) 102 

OT 3HeprHII 6oM68pll11pyiO!I1eil '18CTHUbl (na6. CHCT.) 
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r; .l 1,0 
nf(t 9 

8 
7 

6 

5 

4 

.; 

2 

10 
9 
8 
7 

6 

.5 

I I I 
·i ~ 

L I 
I I -

L -

j_ 
I 0 

/• 0 

j_ 

l 0 

, j_ 
_J._ ---1 

.-- _j_ 
__._ 

1 l l -l l 
fO 20 30 liJ 50 6<J 70 80 H3& f'' 0 

PRe. 5. 3aBHCHMOCTb senR'IHHbl ('r 0 tr f )oT aaeprRH so36ylK.IleHHSI 

cocTaBHoro Slllpa Fm ( 0 - 6e3 nonpasxu aa pa3HHUY A , 

• - npRseneHHbie x A =254). 
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