
v34f.2r 
q,. 'A. ' ; j--· 1 f 

' v 

P7 - 5108 

r .H. 4lJJepoB, IO.I.l. OraHeCJIH, 10.8. Jlo6aHOB, 

IO.A. Jl83apeB, B.H. Ky3He~OB, c.n. TpeTbJIKOBa 

H3Y'IEHHE 

3AKOHOMEPHOCTER OBPA30BAHHH 

CllOHTAHHO ~EJIHmErOCH H30TOllA 

I 05 3JIEMEHT A 

-~=,;·~--------



I. 

I 

P7 - 5108 

r.H. ltJiepoB, IO.Q. Or&Hecmt, 10.8. Jlo6aHOB, 

IO.A. Jl838peB, B.H. Ky3He~OB, c.n. TpeTbJIKOB8 

H3YqEHHE 

3AKOHOMEPHOCTER OBPA30BAHHH 

CnOHTAHHO ~EJIHmErOCs H30TOnA 

105 3JIEMEHTA 

~~ .................. --



~ 

. ' 

. B KOHU9 1969 ro~a HaMH 6~H npoBe~eHH nepBHe 3KcnepHMeHTH 

no nozcxy cnoHraHHoro ~eJieHHH HsoronoB 105 sJieMeHra [ 1 J • llpH o6-

JiytreHHH .U:HIII9HH 243Am HOHaMH 22Ne 6HJI 06HapYJ~CeH H3.1IytraTeJII, OC

KOJIKOB CDOHTaHHOrO ~eJieHHH C nepHO~O.U: nonypacn~a OKOJIO 2 ceK. nnfl 
roro, trro6H orpaHHtrHTL xpyr peaxuzn, xoropHe .u:oryr npnBecTH K o6-

pasoBaHHD H~ep C D0~06HUMH CBOttCTBaMH, HCDOJIL30BaJICfl KOJIJIHMaUHOH

HHn .u:ero~ l 2] , npHMeHHBmHttCH paaee npH H3YtreHHH .u:exaHH3Ma o6paso

BaHHH xyptraroBHR [ 3] • HapH~Y c srHM 6HJIH onpe~eJieHH sxcnepHMeH

TaJILHO BepXHHe rpaHHUH napUHaJILHHX nepHO~OB DOJiypacn~a OTHOCHT9JIL

HO CDOHTaHHOrO ~eJieHHR H30TODOB 103 3JieMeHTa C MaCCOBHMH qJIICJiaMH ... 
256 H 257, a raxxe npoBe~eHa cepHR onuroB, Ha ecHoBe xoropux 6UJI 

~aH aHaJIH3 MHOrHX ~pyrHX B03MOEHHX peaKUHtt. Bee 3TH pesyJILTaru H3-

JIOXeHH B pa6oTe [I) • 

Rcxo~R H3 3THX pesynLraroB, a raxxe sKcnepHMeHTaJibHUX ~aH

Hux, DOJIYtl9HHb!X paHee npH H3YtreHHM CBoncTB M30TODOB C Z = 102,103 

H 104, .U:H npHmJIH K saKJIDtl9HMD, tlTO CDOHTaHHO ~eJIR~HllCH npO~YKT C 

~y2 ~ 2 ceK. 06pasyeTCR B peaKUHH DOJIHOro CJIHHHHR B3aHMO~encT

BYD~HX a~ep H D03TOMY H.lleeT aTOMHUn HOMep 105. 

B HaCTOH~ea pa6ore, ~H ~ODOJIHHT9JILHOn ~eHTH~HH HOBO

ro Raorona c 't'ya ...... 2 cex., xccne~oBaJiac:& s·aBRCRMocn ceqeaBa ero 

06pa30BaHH.H OT 3HeprHH 6o.u:6ap~Hpyll~X HOHOB 22 Ne • llpH 06JIYtl9HHH 
243Am HOHaMH 22 Ne HsoronH I05 sne.u:eHra .u:oryr 6hiTD nonytreHu 

TOJI:&KO B peaKUHH, DpHBO~.H~en K 06pa30BaHHD B036j'lt~9HHOrO COCTaB

HOro H~pa c nocJie~D~HM HcnapeHHeM HeMrpoHoB. HsBecTHo, qro ecnH 

raxott npouecc HUeer .u:ecro, ro, cornacHo crarHCTHqecxon .u:o~eJIH, 

SaBHCHMOCTb BHXO~a H30TOna C ~aHHH.II MaCCOBHM tlHCJIOM OT 3HeprHH 

Bosoy~eHH.H cocraBHoro H~pa HUeer xapaxrepHoe pacnpe~eneHHe, 6JIH~ 
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Koe K rayccoBCKO~ Kp!lmo}t. TaK KaK 3apSI,IJ;, uacca :i :meprHJI B03ClYlit

~eHHJI cocTaBHoro JI~pa xopomo orrpe~e~eH~, TO nonoR6HHe MaKCKMyMa 

H mHptma KpHBOM B03Clyx~eHHSI CBI-t~eT6JI:&CTBYIOT 0 KOJIHll6CTB6 HcnapHB

lliHXCSI HCI1TpOHOB, a C~e~oBateJI:&HO, H 0 Ma.CCOBOM tiHC~e KOH6tiHOrO 

npO~YKTa [
4

) • O~HaKO H3-3a HMHtiHH Bh!COKOrO ItYJIOHOBCKOrO 

Clap:r:.epa peaKD;HH H ClOJII>WO~ ~6JIHMOCTH COCTaBHOrO SI,I!;pa ( i"njlf 4.' 1 ) 

qlJHitlJ;HH B03ClY~6HHli B ~e~CTBHT6JILHOCTM OKa3b1BaiOTCH 38.M6THO HCK8.1!C6H

HbiMU no cpaBH6IUl:IO C T6M, tiTO HM66T MCCTO )(Jl.R H6,11;6JlfllllHXCR Sl,11;6p • 

ITo 3TOMY npH aaaJIH3e 3KcnepHMeHTMLHbiX pe3ym,xa:ros Mbl Cly.n;eM non:&so

BaT:&C.R ,n;aHHbiMH nOJIY3MnHpHti6CKl1X pacqeTOB, rrpOBe,ll;6HH~X B paelOT6 [5] •• -,llJia COnOCTaliJI6HHSI 3KcnepHM6HTMl>HhiX H pacqeTHbiX ,n;aHHbiX ClHJI 

nocTaBJI8H MO,Il;eJILH~ OnhlT TIO H3Mep6HHIO ~YHKD;HH B03Cly~eHHH H30TOna 

252
102, oelpasyiOlJleroc.fl B peaKD;HH 

235 U (22Ne, 5r'\. )
252

I02, CBO~CTBa 
H30TOna 

252
102 XOpOWO H3B6CTHbl: COrJiaCHO [ 3, 6), OH npH:MepHO B l/3 

,11;0118 CJiyqaeB pacn~a HCTiblTbiBaeT CllOIITaHII06 ~CJ16HH6 C nepi~O,Il;OM 

2,L1!0,2 ceK. 3rtcnepHMeHT~ npono~HJIHci> Ha ycTaHOBKe, omrcaHHOI paHee 

B paeloTe [ 3j • 

•MHWeH:r:. H3 
235 U (235 U - 59,8%; 23 '+ U - 1,3%) TOJllllH-

~ 2 
H0!1 990 !.UCr /CMc.. H nJIOlJlaft,l>IO 4, 5 CU ClOMClap.n;HpOBaJiaC:& nytiKOM HOHOB 
2') I2 
-'- N<: HHTCHCHBHOCTI>Kl ..., 5.10 q~~i • Tipo.n;yKTI::I peaKI~HH non~MH 

Ha CClOpHHK B BH,l(e "CleCKOH6tiHOM 11 HHKCJieBO~ Jl6HTbl TOJIU{HHO~ 50 MHKpOH 

H ~liHHOU 8 M, ft,BHlitYlll6~CSl CO CKOpOCTbiO 28 CM/CeK. (pHC. I). 0CKOJIKH 

,ll;eJieHHSl perHCTpMIJOBaJIHCI> C nOMOlJli>IO cnen;HaJibHhiX P;lOCt}Ja,THh!X CT6KOJI, 

paCITOJIOlitCHHbiX B,ll;OJIL Been ,ll;JIHHbl Jl6HTbl. fiOCJIC OClJiytieHHSl CT6KJia TIO)J;

BepraJIHC:b XHMHti6CK0!1 OClpaelOTK6 H onpe~eJIRJIOC:b tiHCJIO Tp6KOB OCKOJIKOB 

CnOHTaHHOrO ,JT,eJieHHSl [ 7] • 

3HeprH.fl HOHOB 
22 Ne nap:&HpoBanac:& B npe~enax II0-140 lo!3B 

C llOMOlJll>IO aJIIOMHHH6BbiX TIOrJIOTHTeJie}t. 3HepreTHti6CltHL1 pa3ClpOC HOHOB 
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cocTaBJISleT, no HamHM on;eHKaM, neJIHtiHHY He 6onee 2 M3B. MOHHTOpHpo

naHHe TIOTOKa HOHOB rrpOH3BO,Il;HJIOCI> no HaB6,11;6HHO~ 0-p~HOaKTHBHOCTH 

OT pacna.na _ 75 S e ( "G ~12 = I20 ~H. €.! = 121, 136, 265, 280 H 

40I K3B) LB) , oelpasyiOlJlerocn npH nsaMMo.n;e~cTBHH 22 Ne c Ni neH..; . 

TOR-COOpHHKOM SI,IJ;ep OT~atiH. 

Ha pHC, 2 rrpe~c:raBJieHa liJYHKD;Hll B03Clyllt~6HHR )J;JIH peaKD;HH 

235U ( 22 Ne, 5n. )
252

102. 3KcnepHMeHTaJibHble TOtiKH XOpOWO cornaCYIOT

cn c pacqeTHIDd pacrrpe~eJI6HH6M (nyHKTHpHaa KpHBaSl). ITOJIOX6HM6 uaK

CHMYMa KpHBOH COOTB8TCTBY8T 3HeprHH HOHOB 117 M3B, mxpHHa Ha TIOJiy

BbiCOTe cocxannaeT II M3B. BeJIHtiHHa ceqeH:eR, cooTBeTCTBY~llla.fl :uaKcH

:uyuy ~YHKD;HH B036YX)(6HHSl1 COCTaBJIH8T (l,l~0,3),IO-S2 c:u2 ~JIH B8TBH 

CilOHtaHHOrO ,ll;6JI6HH.fl. ,llHSl onpe~eH6HHJI DOJIOX6HHSl KPHBOH OTHOCHT6HbHO 

KYJIOHOBCKOrO 6apbepa peaKD;HH HaMH ClHHO H3M6p6HO TaKEe B paeloqHX 

YCJIOBH.f!X ceqeHH6 ,11;8JI6HHJI 235 U (22 Ne,, t ), KOTOpoe B 3TOil 06Jiac

TH 3HeprHi1 npaKTHti6CKH COBna,n;aeT C C6ti6HH6M OClpa30BaUHJI COCTaBHOrO 

Mpa [ 9] • 3aBHCHMOCTD <01 ( E.~) xopomo cornacyeTC.fl c pacqeT-

HbiM 3Hati8HHCM (IOj H 3KCnepHM6HTaJII>HbiMPI ~aHHbiMH pa60T~ [II] • 
-,. ( ITpH 3HeprHH KY JIOHOBcr~oro Clap:r:.epa 1:. AAii. = 104 M3B tiTO 1 cooTBeTCTBy.:.. 

eT ceqeHHIO ~eJieHMH G f = IO M6) :uaKCMMYM (PJHKD;HH nosely~eHH.fl peaK-

n;HH 235 U (22Ne, 5 n, ) 252102 CM6lJl6H OTHOCMT6JII>HO 6ap:r:.epa Ha Be-

Jltfqimy 14 l\i3B, tiTO TaKllte xopomo cornacyeTcJI c pacqetHbiM 3HaqeHHe:u. 

B nOCJI6,ll;yiOlllHX 3KCll8pHM6HTax ,ll;Jl.fl H3M6peHHSl !IJYHKD;HH B036YX

,IJ;8HHJI H30TOna C 't 'h. .-..... 2 CeK, MHW6Hb 
235 U ObiJia sa.:ueHeHa Ha 

MHmeHI> H3 
243 Am (243 Am - 97%, 

241 Am - 3%) TOJilllHHon 

980 MKr/cM
2 

H nJIOlll~bD 4,5 CM
2• Bee OCTaJII>Hb16 YCJIOBHSl OTI~Ta (CKO

pOCT:b ,IJ;BH~6HHSl Jl8HTH, Haelop f\t - norJIOTHTeJie~, HHTCHCHBHOCTb 

nyqKa H T.,n.) ClUJIH TaKHMH ~e,xaK B OTI~TaX ITO H3Yti6HHD peaKD;HH 
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235 U c22Ne, 5 n. )252102• 

3HepnUI HOHOB 22 Ne. Bap:oeyoBaJia.Cl> OT no ,11;0 130 MsB. Od

~ee tiHCJIO saperHCTpHpOB6HHHX OCKORKOB COCT6BRHBO ~ 300; HX Bpe

M8HH08 pacnpe,~~;eneHHe npe,IJ;ctanneHo Ha pHc. 3. H3 PI1CYH:rta BH,IJ;HO, 

t~TO nepHO,IJ; nonypacna,~~;a cnoaraHso ,~~;ens•erocs H3nyt~atens cocrannser 

't' ~h. "' 2,2_:0, 5 C8K, tYHKUHH B03dy:r,IJ;8HHH ,II;BJI H30TODa C 'ty~ -v 2 C8K 

npHBe,IJ;eHa Ha pHC. 4, ijyHKTHPHO~ BHHH8~ TIOKasaHH pa.Cti8THH8 KPHBHe, 

COOTB8TCTBYD~e HCTiapeHHD 4 H 5 H8~TpOHOB B peaKUHH 

243 Am(22 Ne ; 4n - 5n. ) 261 ,_260ro5. Ha 3TOK :~e pHCYHKe noKasa.Ha 

taKXe H3MepeHHaH HaKH 3HepreTH1.18CKaJI 3aBHCHMOCTl> C81.18HHJI ,IJ;eneHHJI 

243Am no,Jt ,IJ;e~CTBHeK HOHOB 22 Ne • 
H3 pHCYHKa 4 BH,II;HO, tiTO ~YHKUHH B03dyE,IJ;8HHH HMeeT MaKCID.!:YM 

npH 3HeprHH II7 M3B c mHpHHO~ Ha nonyBHCOTe 8 M3B, 

TIOJIOS8HH8 KaKCHMYKa KPHBO~ OTHOCHT8Jll>HO KYJIOHOBCKOrO dapl>

epa peaKUHH E. :,.
6 

.. 106 M3B ( G i = I0 Md) CMe~eHO Ha B8JIH1.1HHY 

II Man, 

xapaxTep ~YHKUHH B03dyS,JteHHH, npHB8,11;8HHO~ H6 PHC,~ HBJIH8TCH, 

no aaweMy uaeaHD, npHK~ yKa3aHH8M toro, tlTO Hadnm,~taeu~ HOBH~ 

H3nyqaTeJil> CDOHTaHHOrO ,I1;8Jl8HHH OdpasyeTCH qepe3 COCTaBHOe H,ltpO 

C DOCJ18,JtyD.HK HCnapeHH8M H8RTpOHOB H
1

CR8,II;OBaTenl>HO, HMeeT a.TOMHHR 

HOMep I05. B peaKUHH 243 Am c22Ne, :;( n. )265- ~ I05 c Ha.HdOnl>weR 

BepOHTHOCTl>D dy,JtyT 06pa30BHBaTl>CH H30TODH C MaCCOtt 261 H 260, tiTO 

COOTB8TCTBY8T HCnapeHHD H3 COCTaBHOrO H,II;pa 265105 4 HnH 5 He~TpOHOB. 
nna onpe,~teneHHR MaCCOBOrO tlHCJia H30TODa H80dXO,JtHMO HM8Tl> T01.1HH8 

3Hat~eHHH 3HeprHH CBH3H HCnapaD~XCH aenTpOHOB, T,K. C,ltBHr DO 3Hep

rHH pea.KUHH 5n. OTHOCHT8Jll>HO 4n. (CMo pHC, 4) COCTaBJIJI8T BCero 

4-5 M3B. B ,D;MeKotl odnacu l = 105 Macchi H,I~;ep HeHsnecTHbl 
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C BHCOKOn CT8TI8H:OD TOtiHOCTH
1
H 3TO OdCTOJIT8Jll>CTBO BHOCHT Heonpe

,neneHHOCTl> DpH H,II;8HTH¢HKar:um MaCCOBOro tmcna H30TOna, H3 COBOKYTI

HOCTH 3KCTI8pHMeHTaJil>HhiX ,naHHhiX (TIOROlK8HHe Ma.KCHMYMOB QJYHKUHli 

B03dy~eHHR, mHpHHa KPHBhiX, cornacHe c pacqeTHhiMH 3aBHcm~OCTaMH 

H ,lip.) HaM Kal!\:8TCSI, tiTO H3 ,D;BYX B03MOlKHh!X KaH,II;H,ll;aTOB ?6I105 H 
260ro5 donee Beposn:uo, trTo cnoHTaHJIOe ,~~;eJie Hue c 'I: Y2. "' 2 ce1t. OT

HOCHTCH K H30TOTIY C UaCCOil: 26I. BHXO,ll; H30TOTia B Ua.KCH1lJM8 cpyHKUHH 

B03dy:at,IJ;8HH.A: COOTB8TCTBY8T ceqeHHJO (5;tl,5).I0-34 cu2• EcT8CTBeHHO, 

CTIOHTa.HHOe ,IJ;eneHHe MOAteT dhiTb He e,JtHHCTB8HHLIM CTIOCOdOM pacna,IJ;a 

H,II;pa cGII05 i1 TI03TOMY TIORHOe CetieHHe pea.KUHH 

243 /.l.m c22 Ne, 4n. ) 261 ros umKeT dhiTb don11we yKa3aHHOH neJJHtlHHhl. 

BHBOJ(H: 

H3 3Kcnepm.~:eHTaJil>HbiX ,IJ;aHHhlx, nonyt~eHHLIX B nacTonntet1 pado

Te I1 npHBB,II;BHHhiX paHee B pa6oTe [IJ, MO:l!:HO C,IJ;enaTD cne,n;yiO~He Bhi

BO,IJ;H:: 

I. TipH odnyqeHH~f 243Am HOHaMn 22 Ne HadniO,IJ;eHo odpa3o

Ba.HHe ~r30TO na, HCTih!Tb!Ba.IO~ero CTIOHTaHHOB ,IJ;eJieHHB C TIBrPHO,II;OM TIOJIY-

pacna,IJ;a '\;'/2. = 2,2!0,5 ceK. 

2. HOBhiM H3JiyqaTeJJb RBJIRBTCSI npO,II;YKTOM pea.K~HH, npoTeKa.

!OntBH C Odpa30BaRHBM COCTaBHOro Sl,II;pa. H fiOCJJ8AY!OntHM HCnapeHHeM HBK

TpOHOB. 3TO H9TIOCp9,II;CTB8HHO cne,IJ;yeT H3 3KCTiepMMeHTa.JJl>HOrt 3aBHCH

MOCTH cetreHHR odpa.sonaHH.H or :mepn:T!I HOHOB 2;~ N e H ,~~;aHHHX no yr

noBoMy pa.cnpe,n;e.neHmo cno~JTaHHO )IBJJSI~erocH H30Tona, H3MepeHHOMY c 

TIOMO!llb!O ICORn:t1HaU¥!0HHOrO M8TO,n;a. 

3. CetreHHe odpa3oBa.HHR H30Tona B :r.raKcHMyMe rcpHBOi! D036YJK
"4 '1 

,II;eHHH COCTaBJIHBT - 5.10-~ CML )IJISI BBTBH CTIOHTaHHOro ,IJ;eJIBHHHo 

CJieAyeT OTM9THT:O, qTO CHHTe3HpOBaHHH8R,ll;pa HapR,II;Y CO CilOH

TaHHhiM ,li;9Jl8HH8M MOryT HCTibiTUBaTb H d... -pacna,IJ;, fi03TOMY napUI1aJil>-
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HHH nepHO~ nonypac~a OTHOCHTeRbHO cnoHTaHHoro ~eneHMa Mo~eT 

0HTb H9CKOJibKO OOJibme. 

TaKHM o0pa30M,BCe nonyqeHHHe ~aHHHe HBRHDTCH ~OllOJIHHTeJib

HHM llO~TBep~eHHeM BHBO~OB, paHee C~enaHHUX B paOoTe (I} , 0 

TOM, qTO CllOHTaHHO ~eRR~M~CR H3RyqaT9Jib C ~v2 - 2 ceK. RBJIReT

CH H30TOllOM 105 3JieMeHTao 

ABTOpH 6naro,ItapHH B.A.JLpyiiiHY sa J:leHHHe saueqaHJIIR, 

l{.A.faBpMOBY sa npHrOTOBJieHJIIe MJIImeHelt; H.B.KoneCOBY, B.M.I!JIOTKO 

H D.n. rrony6oapiiiHOBY sa 6onbmyv nouo~ B HaJia,ItKe annapaTypH H B 

npoBe,IteHJ/IJ/1 on~oB. 

BHpa~aeM OJiaro,ItapHOCTb rpynne 3KCnJiyaTaUHH YCKOpJIITeJIR DO.It 

pyKOBO,l{CTBou E.A. Sarepa, a TaiOB:e T. H.PHOaxoBott, I\. H.MepKIIIHOlt Ill 

A.B.CepreeBolt sa OOJibmOlt TPY.It no npOCMOTpy ,IteTeKTOpOB OCKOJIKOB 

,IteJieHJIIH. 
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3aBHCHMOCTb C9ti9HH.fl o6pa30BaHH.fl H30TOna ~52102 OT 

3HeprHH 6oM6ap,D;HPYillllHX HOHOB 
22 Ne. 

IlyHKTHpHa.H KpHBaSI - pactieTHa.fl tiJYHKUHSl B036Y:!~9HHJI 

peaKl{HH 235 U (22Ne, 5 n. ) 252102; qepHLI9 KBa.n;paThl -

3KCnepHM9HTaJibHble TOtiKHo 

lliTpMX-TIYHKTHpHaSI KPHBa.fl (npaBasr mKaJia) - pactieTHa.fl 

3aBHCHMOCTb CetJ:9HMSI ~eJI9HHR 235 V KlHaMH 
22Ne ; 

OTKPhlThle KPYlltKH - 3Kcnepm.mHTaJibHHe TOtiKH. 
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PHc. 4. 

3aBHCHMOCTh CelieHH.fi Odpa30BaHII.fi CITOHTaHHO AeJIRmerOCR 

H30TOITa C 't 1'2 - 2 CeK. OT 3HeprHH HOHOB 
22 Ne • 

IlyHKT:I'fPHh!e KpHBhie - pacqeTHhle rpym:r.nrH B03dylit,ll;eHHil peaK

UI--1~ 243Am c22Ne, 4n)26II05 H 243,L\m(22Ne, 5tJ260I05; 

qepHhle T0'4'KH - 3KCnepHMeHTaJihHhle 3Ha'4'6HHRo 

JIITpHX-ITYHKTHpHaH KpHBaR (npaBaH liiKaJia) - pacl.feTHaa 

3aBHCIOlOCU CeT.leHl!H ~eJieHHR 243Am HOHaMI--1 ?. 2Ne; 

otxpmhle KPYJ!tKH - 3ItcnepHMeHTMbHhle T0'4'KH. 
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