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06m,an xapa1nep11cnrn:a pa60Thl 

AK'ryaJibllOCTI, TCl\lbl: 

HccJie.[(OBaHHe H.[(ep, HaX0.[(HlIIJIXCH Ha rpaHmIe HYKJIOHHOH CTa6HJihHOCTII, 

HBJIHeTC.H aKTYaJihHOH o6JiaCTh!O COBpeMeHHOH H.[(epHOH q>H3HKH. O.[(HH H3 

qiyH.[(aMeHTaJihHhIX B0IIp0C0B CBH3aH C orrpe.[(eJieHHeM rpaHHU cymecTB0BaHHH H.[(ep, 

C0CT0HIIIHX H3 MaKCHMaJihH0 B03M0lKH0ro qHcJia rrp0T0H0B II HeiiTpOHOB. Enaro.[(apH 

3KCrrepHMeHTa.M, BhIII0JIHeHHhlM Ha fa30HaII0JIHeHH0M cerrapaTope J1a6opaTopHH 

.H.[(epn1,1x peaKIIHii OH5II1, 6un .[(0CTHrHYT cymecrneHHhlii rrporpecc B ttccne.[(0Bamm 

.[(aHHOH rrpo6JieMbl. B peaKIIHHX Il0JIH0fO CJIH.HHH.H yCKopeHHhIX II0H0B 
48

Ca C 

MHllleHHhlMH H.[(pa.MH OT 
238U . .[(0 

249
Cf 6hIJIH CHHTe3Hp0BaHhl 14 H30T0I10B H0BhlX 

cBepxrnJKeJih!X 3JieMeHTOB C rropH.[(K0Bh!MH H0MepaMH OT 113 .[(0 116 II 118. OTKpb!T!Ie 

tt orrpe.[(eJieHHe CBOHCTB CBepxrnJKeJiblX .H.[(ep Bhl3BaJIH 6oJihlIIOH HHTepec K !IX 

.[(aJibHeiillleMy 3KCrrepnMeHTaJibH0MY H TeopeTHqecK0MY HCCJie.[(0BaHH!O. 

Cornacno rrepBhIM rrpe.[(CKa3aHH.HM MaKpOMIIKpocKorrnqecKoii M0.[(eJJH .H.[(ep (MM), 

IT0.HBHBlll!IMCH 0K0JI0 40 JieT T0MY Ha3a.[(, .[(BalK.[(hl MarnqecKoe .H.[(po c qncJI0M 

rrp0T0H0B Z= 114 tt neiirpoHOB N= 184 .[(0JilKH0 6hITh ueHTp0M o6naCTII cqiepwreCKIIX 

.H.[(ep C IlOBhlllleHHOH CTa6HJlhHOCTb!O. 3Ta rnrroTe3a 0CTaBanach npaKTnqecKII 

neH3MeHHOH .[(0 K0HIIa 1990-x f0.[(0B, K0r.[(a ycoBepllleHCTB0BaHHbie M0.[(eJIH, 

0CH0BaHHb!e na 6onee peanHCTHquoM 3cp<peKTHBHOM .H.[(epH0M I10Te1m11ane 

B3aHMO.[(eHCTBH.H, 6hlJ11I rrpHMeneHbl .[(Jl.H 0ITHCaHH.H CBOHCTB .H.[(ep. O.[(HaKO 

rrpe.[(CKa3aHH.H 3TlIX Ca.MocornacoBaHHh!X MO.[(eJieii 0TJIHqaIOTC.H .[(pyr OT .[(pyra, 

IT0CK0JihKY ne6oJiblIIHe H3MeHeHII.H rrapaMeTp0B MO.[(eJieii 0Ka3b!Ba!OT cymecTBeHnoe 

BJIH.HHHe Ha CTa6HJlhHOCTI, CBepxT.HJKeJiblX .H.[(ep. B q11CT0 MHKp0CK0ITHqecKIIX M0.[(eJIHX 

rrp0T0HHaH o6onoqKa rrp0HBJIHeTC.H rrpH 6onee BhIC0KHX 3HaqenH.HX rrp0T0H0B Z=l20, 

124 H 126, rrpH 3T0M 60JihlIIIIHCTBO pacqeTOB rrpe.[(CKa3bIBa!OT .[(JI.H neiiTpOHOB 

MaruqecKHe 3HaqennH N=184, HH0r.[(a N=l 72. CnnTe3 H orrpe.[(eJienne pa.[(H0aKTHBHhIX 

CBOHCTB CBepXT.HlKeJiblX .H.[(ep .HBJI.HeTC.H KpHTHqeCKH BalKHh!M .[(JI.H C0BepllleHCTB0BaHH.H 

H .[(aJibHeiilllero pa3BHTH.H Te0pHH .H.[(pa. CorrocTaBJieHHe Te0pHH C 3KcrrepHMeHT0M 

crroco6cTBYeT C03.[(aHHIO 6onee peanucTnqnhrx MO.[(eneii H.[(pa n rro3B0JI.HeT na.[(eJKnee 

rrpe.[(CKa3b!BaTI, CBOHCTBa eme 6onee y.[(anenHhlX OT H3BeCTHOH 06nacn1 .H.[(ep. 



CHHTe3 51,llep C He'!eTHblM 'IHCJIOM rrpoTOHOB IIO3BOJIReT B O,llHOM 3KCrrepuMeHTe 

1nyqaTb pa,llHOaKTHBHble CBOHCTBa 6oJibIIIOro 'fHCJia HOBblX HYKJIH,llOB, IIOCKOJibKY 

6naro,llapR 3arrpeTy Ha CIIOHTaHHOe ,lleJieHHe TaKue 51,llpa C 6oJibllIOH BepORTHOCTbIO 

HCIIb!TbIBaIOT a-paCIIa,[\. 1.l,eIIO'fKH IIOCJie,llOBaTeJibHbIX a-pacrra,llOB 51,llep CBepXTR)KeJibIX 

3JieMeHTOB rrpHBO,llRT K H3OTOIIaM Db C 6oJibllIHM H36bITKOM HeiiTpOHOB, 'ITO IIO3BOJIReT 

rrpocJie)KHBaTb II3MeHeHue CTPYKTYPbI R,llep rrpu rrepexo,lle 113 o6nacTII ccpepuqecKux 

CBepXTR)KeJib!X 51,llep, CBOHCTBa KOTOpb!X orrpe,lleJIRIOTCR BJIHRHIIeM HeiiTpOHHOH 

o6oJIO'fKH N= 184, K o6JiaCTH ,llecpopMHpOBaHHbIX 51,llep, pacrrOJIO)l(eHHblX B6JIH3H 

o6ono'IKH N=l62. 

PeaKUHH CJIHRHHR IIOHOB 
48

Ca C H3OTOIIaMH aKTHHH,llHbIX 3JieMeHTOB IIMeIOT 

ceqeHHR 3Ha'fHTeJibHO BbIIIIe (,!lo 100 pa3 ), qeM ceqeHHR, C KOTOpb!Mll o6pa3yIOTCR 

TR)KeJibie 51,llpa B peaKUHRX XOJIO,llHOro CJIHRHHR. 1Iucna HeiiTpOHOB B 51,llpax 

CBepXTR:iKeJiblX 3JieMeHTOB MOryT BapbHpOBaTbCR 3a C'feT HCIIOJib3OBaHHR pa3JIII'!Hb!X 

MHIIIeHHbIX H3OTOIIOB, TaKux KaK 
237

Np, 
24

'-
243 

Am IIJIH 
249

Bk. T.o., BO3MO)KHO u3yqeHue 

He TOJibKO nrnpOKOH o6JiaCTH CBepxrn)l(eJibIX HYKJIH,llOB, HO TaK)Ke ,llecpopMHpOBaHHbIX 

HeiiTPOH006orameHHb!X 51,llep C N2: 162, pacrroJIO)l(eHHb!X B6JIH3H ,llBa)K,llbl MarnqecKoro 

51,llpa 
270

Hs, KOTOpoe paHbllle rrpoBO,llHJIOCb rryTeM H3yqeHHR CBOHCTB nerKHX H3OTOIIOB 

C 'IHCJIOM HeiiTpOHOB N:c:;162. 

HaKOHeu, 60Jib1IIHe rrepHO,llbl rronypacrra,lla HYKJIH,llOB B KORI.le uerroqeK a

pacrra,llOB 51,llep CBepxrn)KeJiblX 3JieMeHTOB (HarrpIIMep, H3OTOIIOB Db) IIO3BOJIRIOT 6onee 

,lleTaJibHO HCCJie,llOBaTb HX XHMII'!eCKHe CBOHCTBa, '!TO paHbllle orpaHH'IHBaJIOCb 

BO3MO)KHOCTblO HCIIOJib3OBaimR TOJibKO 3KCIIpecCHb!X MeTO,llHK H3-3a OTHOCHTeJibHO 

KOpOTKHX apeMeH )Kll3HH H3OTOIIOB 
261

-
263

Db. 

U:eJJb pa60Tbl: 

1.l,ejlbIO ,llHCCepTauuu RBJIReTCR CHHTe3 cnepXTR)KeJibIX 51,llep B peaKUHH IIOJIHOrO 

CJIHRHHR ycKopeHHbIX HOHOB 
48

Ca C MHllleHHblMH 51,llpaMH 
243 

Am. B 3Kcrrepm,feHTe 

CHHTe3HpOBaHbl ,llBa ll3OTOIIa HOBOro 3JieMeHTa ITepHO,llH'!eCKOH Ta6mIUbl C aTOMHb!M 

HOMepoM 115, H3OTOnbI TaK)Ke HOBoro 3JieMeHTa 113 na6JIIO,llaJIHCb nocne a-pacna,llOB 

287 288 ~ 
H3OTOnOB , 115. HccJie,llOBaHbl pa,llIIOaKTHBHbie CBOHCTBa 11 HOBb!X H3OTOIIOB 

::JJieMeHTOB Db-115. l13MepeHbI cetJeHHR peaKUIIii 
243 

Am(
48

Ca,3n) u 
243 

Am(
48

Ca,4n). 

2 

06Hapy)KeHO cymecTBeHnoe nOBbIIIIe1me CTa6IIJibHOCTH HOBblX HYKJIH,llOB no 

cpaBHeHHIO C 6onee JierKHMH H3OTOnaMH Tex )Ke 3JieMeHTOB. 

Hay-man 11on11J1ia: 

1. BrrepBb!e B O,llHOM 3KCrrepuMeHTe CHHTe3npoBaHbl l'pa3y ,llBa HOBblX 3JieMeHTa C 

aTOMHbIMH HOMepaMH 113 II 115. 

2. BnepBbie onpe,lleJieHbl CBOHCTBa a-pacna,lla 9 HOBb!X H3OTOnOB TR)KeJibIX H 

caepxrn)KeJibIX ::JJieMeHTOB c 'IHCJIOM rrpoTOHOB OT 107 ,llO 115 (2
72

Bh, 
275

•
276

Mt, 
279

•
280

Rg, 

283
•
284

113 H 
287

·
288

115), a TaK)Ke ,llByx cnoHTaHHO ,lleJIRIUIIXCR HYKJIH,llOB 
267

'
268

Db. 

3. BnepBbie H3Mepenh1 cetJeHIIR peaKunii nonnoro CJIHRHHR 
243 

Am(
48

Ca,3n)2
88

115 

II 243 Am(48Ca,4n)2871 l 5. 

4. Pa,llHOaKTIIBHble CBOHCTBa R,llep c He'feTHb!M 'IHCJIOM npOTOHOB 105-115 a 

COBOKynHOCTH co CBOHCTBaMH 51,llep C tJeTHb!M 'IHCJIOM rrpOTOHOB IIO3BOJIRIOT na,lle)KHO 

orrpe,lleJIHTb aTOMHbie H MaCCOBbie 'IHCJia Bcex· HYKJIH,llOB, CHHTe3HpOBaHHb!X B 

48 238U 249Cf . 
peaKUHRX HOHOB Ca C MHIIIeHRMH ll3 - . 

5. )],JIR R,llep C He'feTHb!M 'IHCJIOM npOTOHOB IIOKa3ano CHJibHOe crnforn11311py1omee 

BJil!RHHe ccpeputJeCKOH neiiTpOHHOH o6oJIO'IKH N= 184. 

6. Brrepabie ,llJIR HetJeTHbIX no Z R,llep noKaJano cymecrnoaanue HeiiTpOHHoii 

o60JIO'IKH N= 162 11 OTCYTCTBHe BJIHRHHR rnnoTeTH'!eCKOH o6oJIO'IKH N= 172 Ha 

CBOHCTBa CBepxrn)l(eJib!X 51,llep. 

IIpaKTU'leCKaH QeIIIIOCTb pa60Tbl: 

1. l13MepeHHb!e PMHOaKTHBHbie CBOHCTBa HOBb!X 51,llep HCIIOJib3YIOTCR ,llJIR 

pa3BHTHR HOBb!X H COBeprneHCTBOBaHHR cymecTBYIOIUHX TeopeTH'!eCKHX MO,lleneii, 

onHCbIBaIOIUHX H npe,llCKa3b1Ba10mux CBOHCTBa R,llep. 

2. l13MepeHHbie cetJeHHR peaKUIIii 
243 

Am(
48

Ca,3n)
288

115 u 
243 

Am(
48

Ca,4n)287 115, a 

TaK)Ke CBOHCTBa HOBbIX HYKJIH,llOB HCnOJib3YIOTCR rrpH npoBe,lleHHH 3KCIIepHMeHTOB no 

CHHTe3y COCe,llHHX CBepXrn)l(eJiblX R,llep H H3Y1IeHHIO CBOHCTB Tex R,llep (HanpHMep, 

XHMH'!eCKHX ), KOTOpb!e 6b!JIH nonytJeHbl B peaKUHH 
243 

Am+ 
48

Ca. 

Ha JaIQIIT)' BbIHOCHTCH CJJe,-yIDIQUe DOJJO,KCIIIIH: 

1. Pe3yJibTaTbl 3KCnepuMeHTOB no H3y'feHHIO CBOHCTBa a-pacna,lla 9 HOBbIX 

nyKJIH,llOB (272Bh, 275,276Mt, 279,280Rg, 283,284113 H 287,288115) u ,-ayx crronrnnno 
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,nemnu;IIXC.11 II30TOIIOB 267'268Db. BnepBbie CIIHTe3IIpOBaHbI .[\Ba HOBb!X 3JieMeHTa 

Ilepno,nIIqecKOH Ta6JIIID;bl ,[(.11. MeH,neneeBa c aTOMHblMII HOMepaMII 113 II 115. 

2. Pe1yJibTaTbl 3KCnepIIMeHTOB no II3yqemno ceqeHIIH peaKD;IIH IIOJIIIOro CJIII.IIHH.11 
4sc 243 ycKopeHHbIX HOHOB a C MHIIIeHHbIMH .11,npaMH Am, corrpOBO)l(,[(aIOID;HXC.11 

HCnapemieM Tpex II qeTbrpex HettTpOHOB H3 B036pK,neuuoro COCTaBHOro .11,npa 291 115. 

I13MepeHHbie ceqemrn 3HaqHTeJibHO (B 10-100 pm) rrpeBbIIIIaIOT ceqeJIH.11 peaKD;HH 

XOJIO.[\HOro CJIII.IIHH.11, npHBO.[\.l!Iu;HX I( H30TOIJaM 3JieMeHTOB 112 H 113. 

3. ,[(OKa3aTeJibCTBO CHJ!bHOro BJIH.IIHH.11 rrpe,nCKa3aHHOH TeopeTHqecKH 

HeHTpOHHOH o6onoqKH N= 184 ua CBOHCTBa H30TOITOB HaH6oJiee T.ll)l(eJibIX 3JieMeHTOB C 

HeqernbrM qIICJIOM ITPOTOHOB (Z=l 11, 113, 115). 

4. ,[(OKa3aTeJibCTBO cyru;ecTBOBaHH.11 HeHTpOHHOH o6oJIOq!(H N=162 Ha npHMepe 

H30TOITOB 267,268Db, 272Bh, 275,276Mt. 

5. ,[(OKa3aTeJibCTBO CJia6oro BJIH.IIHH.11 IIJIII OTCYTCTBH.11 rIIITOTeTIIqecKOH 

HettTpOHHOH o6onoqKH N= 172 Ha CBOHCTBa .11,nep 3JieMeHrn 115. 

6. ,[(OKa3aTeJibCTBO 3aMeTHO MeHbIIIero ceqeHH.11 pxn KaHaJIOB B peaKD;H.IIX ITOJIHoro 

CJIH.IIHH.11 II30TOITOB T.sI)l(eJibIX aKTHHH.[\Hb!X 3JieMeHTOB C IIOHaMH 48Ca ITO cpaBHeHIIIO C 

ceqeHH.IIMII xn KaHaJIOB. 

AITpo6au;1rn pa60T1,1: 

3KCITepHMeHTaJibHb!e pe3yJibTaTbl, OITHCaHHb!e B .[\IICcepTau;IIH, .[\OKJia.[\bIBaJIHCb 

aBTOpOM Ha Me)l(,nyHapo,nHb!X KOH<pepeHD;H.IIX II COBeru;aHH.sIX: 

1. International Conference FUSION03: From a Tunneling Nuclear Microscope to 

Nuclear Processes in Matter, November 12-15, 2003, Matsushima, Miyagi, Japan. 

2. The 4th International Conference on Exotic Nuclei and Atomic Masses 

ENAM2004, September 12-16, 2004, Pine Mountain, Georgia, USA. 

3. Pa6oqee coBeru;aHHe " B.M. CTpyTIIHCKHH - 75, Ho.si6pb 15-16, 2004, KIIeB, 

YKpaHHa. 

4. Gordori Research Conference, Nuclear Chemistry, June 26-July I, 2005, Colby

Sawyer College, New London, NH, USA. 

5. International Symposium on Exotic Nuclei "EXON2004", July 5-12, 2004, 

Peterhof, Russia. 
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6. Third SANDANSKI Coordination Meeting on Nuclear Science, September 26-

30, 2005, Albena, Bulgaria. 

7. European Science Foundation Exploratory Worksl10p on The Chemistry of the 

Transactinide Elements, October 2-5, 2005, Oslo, Norway. 

8. Gordon Research Conference, Nuclear Chemistry, June 4-9, 2006, Colby

Sawyer College, New London, NH, USA. 

9. International Conference on Dynamical Aspects of Nuclear Fission, October 2-6, 

2006, Smolenice Castle, Slovak Republic. 

10. The VII Latin American Symposium on Nuclear Physics and Applications, 

June 11-16, 2007, Cusco, Peru. 

11. The International Symposium on Physics of Unstable Nuclei "ISPUN0T', July 

3-7, 2007, Hoi An, Vietnam. 

CTpyKrypa II o6beM pa6oTM: 

,[(HccepTaD;H.11 COCT0IIT II3 BBe,neHII.11, qeTb!pex rJiaB, 3aKJIIOqemrn II CITIICKa 

JIIITepaTypbI. OHa co,nep)l(IIT 91 CTpaHIID;Y MaIIIIIHOITIICHOro TeKCTa, BKJIIOqaeT B ce6.si 

28 pIICYHKOB, 2 Ta6JIIID;bl II CITIICOK JIIITepaTypbl II3 150 HayqHb!X pa6oT. 

IIy6mIKau;1111: 

OcHOBHbie pe3yJibTaTbl .[\IICCeprnu;mr OITy6JIHKOBaHbI B 11 pa6ornx. 

Co,ncpmauue pa6oThI: 

Bo BBC.[\emm KpaTKO paCCMOTpeHO H3MeHeHHe ITpe,ncTaBJieHHH O rpa1mu;ax 

cyru;eCTBOBaHH.11 nau6onee T.ll)l(eJibIX .11,nep, OTMeqeH p.11,n TeopeTuqeCKHX H 

3KCITepIIMeHTaJibHbIX pa6oT, ITOBJIH.IIBIIIIIX Ha cpopMIIpOBaHHe HOBbIX B3rJI.ll.[\OB Ha 

CTa6HJibHOCTb .11,nep C MaKCHMaJibHO B03M0)1(Hb!M qucJIOM ITPOTOHOB H HeHTpOHOB. K 

HIIM MO)l(HO OTHeCTH ITepByIO MO.[\eJib ,neJieHH.11 .11,nep, 3KCITepuMeHTaJibHOe 

o6Hapy)l(eHHe o6onoqeqHbIX 3cpcpeKTOB B .11,npax, MaKpOMIIKpOCKOITHqeCKa.11 MO.[\eJib 

6apbepa ,neJieHH.11 .11,nep, ITpe,nCKa3aHHe "ocTpOBa CTa6HJibHOCTH" CBepXT.ll)l(eJib!X .11,nep, 

3KCITepHMeHTbl ITO HX ITOHCKY H CHHTe3y Hau6onee T.sI)l(eJibIX .11,nep. 

PacCMOTpeHbl .[\Ba THITa peaKD;HH CHHTe3a T.ll)l(eJibIX .11,nep (peaKD;IIII rop.siqero H 

XOJIO.[\HOro CJ!H.IIHH.11), ITpHqHHbI ITa,nemrn ceqeHHH 3THX peaKD;HH C yBeJIIIqeHHeM qucna 

5 



rrpoT0H0B B C0CTaBH0M Hnpe, omicaHbl rrpem,1ymecTBa peaKU11tt cmrnHHH H30T0II0B 

aKTl1HIInHbIX 3.TJeMeHT0B C nBa)!(nbJ Mar11qecKHM HnpoM 
48

Ca. 

O6cy)!(L(aJOTCH MeT0.l(bl 11neHTmjmKaUHl1 aT0MHblX 11 MaCC0BbIX qJiceJJ H0BblX 

HYKJJI!.l(0B: MeTon reHeTWJeCKl1X KoppeJJHUIIH a-pacITanoB H0BbIX Hnep, ITpIIB0WII.I\HX K 

1!3BeCTHbIM HnpaM, JI3yqeH11e Xl1MJiqeCKl1X CBOHCTB 3JJeMeHT0B, II3Mepe1111e K 11JJII L 

cep11il: x-nyqeil:, 113MepeH11e MaCCbl HYKJJHnoB, II3MepeH11e cpyHKU11H B036y)KneHl1H nnH 

pa3JJJiqHbIX KaHaJJ0B peaKUIIH, MeTon ITepeKpeCTHbIX peaKU11H, C0IT0CTaBJJeHIIe 

pannoaKTIIBHbIX CBOHCTB H0BbIX H.nep C 3KCITepIIMeHTaJJbHbIMJI naHHbIMII nm1 

H3BeCTHbIX H.nep IIJJH ITpencKa3aHJIHMH Teop1111. 

IlpIIBO.l(HTCH pe3yJJbTaTbl 3KCITepIIMeHTOB ITO Cl1HTC3y CBepxrn)KeJJblX Hnep 11 

o6Hapy)!(eHHIO cyrriecTBeHnoro poCTa !IX CTa6JIJJbHOCTII ITO cpaBHeJrnro c JJerKIIMII 

I!30T0ITaMl1 113BeCTl!blX 3JJeMeHT0B. PaccMaTpHBaIOTCH oco6eHHOCTH CBOHCTB Hnep C 

HeqeTHbIM qJICJJ0M npoT0H0B. O6cy)!(naroTCH ceqeHHH peaKUIIII II0JJH0fO CJJl1HHIIH 

243 
Am+ 

48
Ca II IT0Cnenyromero IICITapeHJIH Heil:TpOHOB II3 B036y)!(neHHOfO C0CTaBH0f0 

Hnpa 
291

115, a TaK)!(e Q)!(JinaeMbJe panIIoaKTl1BHble CBOHCTBa HYKJJIInoB B ueITQq!(aX a

pacITa.noB H30TOIT0B 3JJeMeHTa 115. 

8 nepBOU rJrnBe 0ITJICaHa IT0CTaH0BKa 3KCITepm.1e11Ta. B 3KCITepIIMeIITax 

IICIT0JJb30BaJJCH fa30H3ITOJJHeHHblll cenapaTop Hnep 0T_naqu, COCTOHI.I(HH II3 nun0JJbl,I0fO 

Mar1111Ta 11 nByx KBa.z:1pynoJJbHbIX JJHH3. CenapaTop ITpe.z:1Ha3naqen .[IJJH co6upanHH 

npo.z:1yKT0B peaKUIIH II0JJl!0fO CJJHHHl1H Ha ero <pOKa.Tlbl!OH IIJJ0CK0CTH (TpaHCMl1CCHH 

0K0JJ0 35%) If 0T.[leJJeHJIH HX OT ITyqKa 60M6ap.z:1upymm11x 110H0B (<paKTOp nonaBJJel!HH 

-10
17), ynpyro pacceHHHbIX imep u npo.z:1yKT0B peaKU11H HenoJJH0fO CJJHHHl1H ( <paKTOpbl 

IT0,[laBJJeHHH 6xl0
14 

H 10
4-106 

,[IJJH Mace HYKJJH,[10B 6JIH3KHX K H.l\paM ITyqKa H MHllleHII 

C00TBeTCTBeHH0 ). IlpO.z:IYKTbl peaKUIIH n0JJH0fO CJJIIHHHH ,[IBII)!(YTCH B MafHIITH0M none 

B (no.z:1 .z:1eikrnueM Cl1JJbI Jlopenua) no .z:1yre c pa.z:1nycoM KpIIBII3HbI cenapaTopa p B 

C00TBeTCTBIIH C !IX l\IafHl1TIIOH )!(eCTK0CTbIO B-p=m·v/q. Ilone MarHIITa 3a.[laeTCH 

IICX0,[IH II3 IIMnyJJbCa m·V BbI6IITOfO II3 MIIllleIIII II0HII30BaHH0fO aT0Ma II ero 3apHna q. 

Ben1Iq1rna 3apH.na aT0Ma onpe,l:leJJHJJaCb II3 3MnHpJiqecKOH CIICTeMaTJIKJI 3apH,I:10B, 

1!3MepeHHbIX nnH cocemmx aT0M0B CBepxTH)!(e.TJbIX 3JJeMeHT0B, CIIIHe3HpoBaHHbJX Ha 

TOM )Ke ceITapaTope. Enaro.z:1apH JJH!leHHOii 3aBHCHM0CTH 3apH.l\0B aT0M0B OT HX 

6 

CK0p0CTH (q-v) II cna6oil: 3aBHCHM0CTII Maf!IHTHOH )!(eCTK0CTH TH)!(eJJbIX aT0M0B OT HX 

MaCCbI (m=288, ,t,,.m=± 1 ), TpaHCMHCCl1H cenaparnpa 0CTaeTCH 0.l(HHaKOBOH KaK ITpII 

H3MeHemm 3Hepnm 6m,16ap.z:1upyIOI.I(IIX H0H0B 
48

Ca (T.e., ne60JJbllIOM H3MeHeHHH 

CK0p0CTH v), TaK II ,[IJJH cocennHX H30T0IT0B CHHTe3HpyeM,,JX H,l:lep. 

Ilocne ceITapaTopa aT0MbI ITponeTaroT _qepe3 nBe ra30Bbie KaMepu .[IJJH II3Mepenm1 

BpeMel!II ITP0JJeTa H HMnJJaHTIIpyIOTCH B ,[leTeKT0pbI, paCIT0JJ0)!(eHHbie B <pOKaJJbl!OH 

nJJ0CK0CTH ceITapaTOpa. IlonyITpOBO,[IHJIKOBbie neTeKT0pbI pa3MepoM 4 CM ITO 

BepTIIKaJJII H 12 CM ITO ropH3011TaJJII C0CT0HT H3 12 ( 4x 1 CM
2

) CTPIIIT0B C IT031Il(IIOHHOH 

qyBCTBIITCJJbH0CTbIO B BepTIIKa.TlbH0M nanpaBJJeHHII. IlponyKTbl peaKUHH nonnoro 

CJJHHHHH IIMITJJaHTHPYIOTC51 B _KpeMHHCBble neTeKT0pbI Ha rny6HHY 0.5-1 MrlcM
2

, qTQ 

3aMerno HH)!(e npo6era a-qacTHU (Ra> 16 MrlcM
2 

ITPH Ea> 10 M3B). )];nH perHCTpaUIIII 

a-qacTHU, K0T0pbie MoryT BbIJJeTaTb ua3an II3 neTeKT0p0B, <pOKa.TlbHble ,[leTeKT0pbl 

0Kpy)!(el!bI B0CeMbIO 6oKOBbIMII neTeKTopaMH (4x4 CM
2
), o6pa3yH napaJJnenorpaMM 6e3 

ITepenHeil: rpaHJI. 3qi<peKTIIBHOCTb perHCTpaUIIII a-qacTHU C nOJJHOH 3HeprHeil: 

n0BbilllaeTCH C 52-54% ( TOJJbK0 ,[IJJH <pOKaJJbHbIX ,[leTeKTOpOB) ,[10 87%. 

)];JJH KaJJII6poBKH ,[leTeKT0p0B HCIT0Jlb30BaJJHCb Il3BeCTHbie H30T0IIbI Th II 

noqepHHe npo.nyKTbI IIX a-pacrra.z:10B, ITonyqeHHbie B peaKUIIII eCTYb(
48

Ca,3-5n). 

3HepreTJJqecKoe pa3pelllerrne a-qacTIIU, 3aperHCTpIIp0BaHHbIX <pOKa.TlbHbIM 

neTeKTOp0M C0CTaBJJHJJ0 60-100 K3B, 140-200 K3B - B cnyqae !IX perHCTpaUHH 

onnoBpeMeHH0 <pOKaJJbHbIM 11 6oKOBbIM neTeKTOpaMII H ~600 K3B rrpH penICTpaUHII 

T0JJbK0 6oKOBbIM ,[leTeKT0p0M. CITOl!Tal!HO ,[leJJHI.I(JieCH H.npa 
252

No, rronyqennr,re B 

peaKUJJJJ 
206

Pb+ 
48

Ca, IICII0Jlb30BaJJHCb ,[IJJH KaJJH6pOBKJJ 3HeprHH 0CK0JJK0B neneHJJ51 

H_nep H HX ITonnoil: KIIHeTHqecKoil: 311eprHH (TKE). 

Ilo3HUHOHHOe pa3pellleHJJe rrpH perHCTpaUJJJJ 3HeprHil: JJMITJJal!TIIpoBaHHbIX H.nep 

B neTeKT0pbr H HX rrocne.z:1yromero a-pacITana HJJH CIT0HTannoro .z:1enenHH cocTaBJJ51JJ0 

0.9-1.9 MM HJJIJ 0.5-0.9 MM C00TBeTCTBeHH0. IlpH perncTpaum1 a-qacTHU 

onnoBpeMel!IIO <pOKaJJbllblM (c MaJJOH 3Heprneil:) H 6oKOBblM neTeKT0paMH 

IT03JJUJJ0l!l!0e pa3pellleime 3aBJJCeJJ0 OT aMIIJJl1TY.l\bl CllfHaJJa B <pOKa.TlbHOM neTeKT0pe. 
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IIpn rrpoBe.n:eHHH 3KCrrepnMeHTa HCIIOJib30BaJJaCb crrel(JiaJJbHa51 CIICTeMa Ha6opa 

.n:aHHbIX, KOTOpM II03B0JI51Jia cymecTBeHllO rro.n:aBJI51Tb !pOHOBb!e C!ffHaJJbl npn 

perncTpal_\JIII pacna.n:oB CBepXT51)1(eJib!X 51.!J:ep. IIy'IOK IIOHOB 
48

Ca OTKJIIO'IaJJC51 IlOCJie 

B6JIBaHJI51 JI.n:ep B .n:eTeKTOpbl I! !IX nepBoro 3aperJICTp1IpOBaHHOro a-pacrra.n:a B TOH )Ke 

11031Il\lIII Toro )Ke CTplI!rn II B 3apaHee orrpe.n:eneHHOM BpeMeHHOM IIHTepBaJJe. BpeMJI 

OCTaHOBKII MOrJio BapbnpoBaTbC5! B nmpOKIIX npe.n:enax (.!J:OCTHraJIO 2.7 qaca B .n:aHHbIX 

3KcrrepHMeHTaX). IIp!I Ha6n10.n:eH1III a-pacna.n:oB .!l:O'IepHIIX HYKJIII.!J:OB rrpH 

Bb!KJIIO'IeHHOM IIY'IKe, !pOHOBbie CIIrHaJJbl npaKTII'IeCKII IlOJIHOCTblO rro.n:aBJIJIJIIICb, II 

Bep051THOCTb perucTpal_\JIII CJiy'IaH.Hb!X a-qaCTIIl.(, HC OTHOCJ!Il\lIXCJI K pacna.n:aM 

CBepXTJI)l(eJib!X 51.!J:ep, 6bIJia HII'ITO)l(HO MaJJa. ,n:nJI CHJI)l(eHJIJI 'IIICJia CJiy'IaH.Hb!X 

( !pOHOBb!X) OCTaHOBOK BbI6npaJJIICb orpaHJI'IeHHbie .n:nana30Hbl .!J:JI51 3Heprn/:i 51.!J:ep 

OT.!J:a'IJI (1I3 II3MepeHHbIX 3Heprn/:i .!J:JI51 .n:pyrnx CBepXTJI)l(eJib!X JI.n:ep) II a-'IaCTIIl\ (1I3 

TeopeTJI'IeCKIIX rrpe,[\CKa3aHJIH. II 3KcrrepHMeHTaJ!bHb!X .n:aHHb!X .!J:JI51 coce.n:HHX JI.n:ep ). 

Bo BTopoii rJiaBe npe.n:cTaBJieHbl 3KCnepnMeHTaJJbHbie pe3yJibTaTbl. MmneHb H3 

243
Am (o6orameHne 99.9%, TOJII1\11Ha CJIOJI 0.36 MrlcM

2
) 6bma HaHecena Ha Ti <pOJihry 

(1.5 MKM) nyTeM 3JieKTpooca)l(.!J:eHl1JI B BII.!J:e OKIICII AmO2 11 3allbIJieHa CJIOeM yrnepo.n:a 

(35 MKrlcM
2
). MmneHb COCT051Jia 113 6 ceKTOpOB co cpe.n:HIIM pa.n:11ycoM 6 CM II 

IIJIOil_\MbIO 5.3 CM
2

, KOTOpbie KpenJIJIHCb Ha Bpall_\al011\eMC51 .!l:IICKe. 

3KcnepnMeHTbI rrpoBe.n:eHbI npn .n:Byx 3HeprnHx HOHOB 
48

Ca Ena6=248 n 253 M3B 

B cepe.n:JIHe CJIOJI MIIllleHJI. THIIl1'IHa51 IIHTeHCIIBHOCTb IIY'!Ka 
48

Ca 6bma OKOJIO 6x 1012/c. 

B Ka)l(.!J:OM 113 3KcrrepnMeHTOB 6bma Ha6paHa 0.!J:JIHaKOBa51 .!J:03a ny'IKa 4.3xl0 18. B 

nepBOM OIIb!Te 3HeprnJI B036y)l(.n:eHH51 COCTaBHOro 51.!J:pa 
291

115 COCTaBJIJIJia 40 M3B, 

'ITO COOTBeTCTByeT 0)1(JI.!J:aeMOMY II3 pac'!eTOB II 3Kcnep11MeHTaJJbHb!X .n:aHHbIX .!J:JI51 

6JIJI3Kl1X peaKI_\IIH. (c MHll!eHJIMII II3 H30TOI10B Pu II Cm) MaKCHMYMY Ce'IeHl151 peaKUHH 

243 
Am(

48
Ca,3n)2

88
1 l 5. 

Tpn l(eno'IKH rrocne.n:oBaTeJibHb!X pacna.n:oB H30Tona 
288

115 npnBe.n:e111,1 11a 

Pnc. 1 a. IIp!I npoBe.n:eHHH rro.n:o6Hb!X 3KCnepHMeHTOB 0.!l:HO H3 Ba)J<He/:iwux 311a01e1111/:i 

HMeeT .!J:OKa3aTeJibCTBO Toro, 'ITO Bee 3aperHCTp1IpOBaHHb!e CHrHcU!bl (m,mna1rrm\H51 

51.!J:pa B .n:eTCKTOp, IIOCJIC.!J:Y!Oll\HC a-pacrra.n:u H CIIOHTaHHOe .n:enenne) He 51BJ!51!0TC51 

CJiy'IaH.Hb!Ml1 H onpe.n:eneHHO rrpHHa.n:Jie)l(aT 51.!J:paM B 1\CTIO'!Kax IlOCJIC.!J:OBaTe!ll,llh!X 

8 

pacrra.n:oB MaTep11HCKOro II30TOTia 
288

115 . .n:n51 HarJI51.!J:HOH. .n:eMOHCTpal\Hl1 3TOro cpaKTa B 

.n:11ccepTal\lIH rrpHBe.n:enbl 3HepreTII'IeCKne cneKTpbl co6bITIIH. 6e3 TOF ClffHaJJOB, 

3aperHCTp1IpOBaHHbfX BO BpeMJI 3KCnepnMeHTa (c BKJIIO'I_eHHb!M ny'IKOM), H a-'IaCTHl\ 

BO Bper..rn OTKJIIO'IeHl151 ny'!Ka, BpeMeHHbie crreKTpbl Bcex co6bITHH. C TOF cnrHaJJaMH, 

3aperncTpHpoBaHHbrx rrepe.n: a-pacrra.n:aMJI JI.n:ep 
288

115, 3HepreTn'IeCKHH cneKTp Bcex 

CJirHaJJOB, IlOCJie KOTOpbIX npo11cxo.n:11JIH OTKJIIO'IeHHJI TIY'!Ka, II OT.!J:eJibH0 3HeprnH a

'IaCTIIl\, 3a K0T0pbIMl1 rrocne.n:oBaJJII B Te'IeHHe .!l:BYX MIIHYT .n:Ba 11JIH 6onee a-pacna.n:a C 

Ea=8.5-l l M3B, a TaK)l(e crreKTpb! ClffHaJJOB c 6oJibll!OH aMnJI11Ty.n:o/:i (pacceJIHHbie 

'IaCTIII_\bl rry'IKa, 0CK0JIKl1 BbIHY)l(.!J:elIH0ro 11 CIIOHTaHH0ro .n:eneHJIJI 51.n:ep ). HaKOHeI.( 

rrpHne.n:eHbl IIOJIO)l(eH!rn Ha IIOB.epXHOCTl1 .n:eTeKT0pOB Bcex JI.n:ep, 3aperncTpnponaHHb!X 

a) Enao = 248 M3B 6) E.1a6 = 253 MJB 

ER I 10.98 M)B v 23.3.wAt 

.51±0.07 MJB I0.38±0.06MJB 

.3 MC 18.6 h!C 
2J.7JH.M 

I a, 

9.48±0.61 M,B 2) 
Ll96c 

6±0.06M,B 
.599 C 
.7.M.H 

2±1109MJB 
474 C 

.6Jl.Uf 

±0.16MJB 1) 
50 C 

±0.61 M,B 2) 9.74±0.061\!)B ~-=-As, IO.D±oo9M,B 
55 c 0.2487 c 272 I 834 c I 271 1 14 0 MC l/ 

Bh 19 2 ,,rn I Bh I J 7 7 "·" yeoK UOH06: l~_s_ 

SF 
205 M,B [15o+55] 3) 
28.69" 
/8.2.~ut 

as I) as--..-- RhlK~71()1Je11 , 9.02±0061\!JB ------
268 

~nt~2M,B ---~ ________________________ ! 

,Kit Db 181M,\t ~ 

SF~ SF 
200MJB [148+52] 3) 140M,B 206M,B [l7lH-36].1) 
23.54 'I ]6,80 'I !05.96 MHH 

23.2 M.U' / 7.8 .\Ut / 7, 9 ,\UI 

PHc. 1. LI,enol.JKH pacna.n:oB JI.n:ep 
288 115 (a) H 

287 115 (6). ,[vill KIDK)J,0ro ll.!l:pa YKa33Hbl 3Hepnm 

HMTIJiaHTal\HH MaTepHHCKHX JI.n:ep B .n:eTeKT0pbl H 3HeprHH (X-1.JaCTHI.\ ( C OWH6KaMH) HJJH 

0CK0JJK0B CTI0HTaHH0ro .n:eJJeHHJI, a TaK)l(e BpeMeHHb!e HHTepBaJJbl MelK,l\y co6blTHJIMH 11 HX 

TI03Hl\HH 0TH0CHTCJlbH0 Bepx11ero Kpall .n:eTeKT0p0B. 

I) a-1.JaCTHl.\bI c 3Heprnl!MH Ea=l0.04 M3B, 8.97 M3B H 10.37 M3B 6blJJH 3aperncTpHposa11b1 

0.!l:H0BpeMeHH0 cpoKaJJbHbIM H 6oKOBblM .n:eTeKTopaMH C 3HeprHllMH 2.01 +8.03 M38, 

3.14+5.83 M3B 11 1.30+9.03 M3B coorneTCTBeHH0. 

l) a-1.JaCTHl.\bl 3aperHCTp11poBaHbl T0JlbK0 6oKOBblM .!J:eTCKT0p0M. 

.1) OcKOJlKH CTI0HT3HH0ro .n:eJJeHHJI 3aperncTpHp0B3Hbl 0.!J:H0BpeMeHH0 cpoKaJJl,HblM H 6oKOBbIM 

neTeKT0paMH. 

9 



B [(erroqKax paCIIaJ:(OB MaTepIIHCKOro 113OTOIIa 
288

115 II Bcex co6b!TIIH CIIOHTaHHOro 

.n:e11enm1 c EsF> 120 M3B (Bcero 7 rnTyK). Tp11 co6bITIIH crroHTaHHoro .n:eneHIIH 

Ha6mo.n:aJIIICb IIOCJie a-paCIIaJ:(OB H3OTOIIa 
288

115. ,n:pyr11e qeTbipe co6bITII51 .n:eJieHIIH 

H.n:ep 06yc110B11eHbI pacrraJ:(oM II3OMepa 
244

mfAm (3 aToMa) 11 o.n:Horo 51.n:pa, rronyqemrnro 

B rrpe.n:b!.D:Yll\IIX OIIb!Tax, BblIIOJIHeHHbIX C TeMII lKe .n:eTeKTOpaMII, KaK 3TO cne.n:yeT 113 

pe3yJihTaTOB H3MepeHII51 qJOHa OT .n:eneHIIH .D:OJifOlKIIBYII\IIX HYKJIII.D:OB . 

Bee rrpe.n:cTaBJieHHbie crreKTpbl II pac0JeTbl y6e.n:11TeJibHO .D:OKa3bIBaIOT, qTo KalK.n:oe 

113 co6bITIIH B [(erroqKax, IIOKa3aHHbIX Ha P11c. 1, He 51BJI5leTC51 qJOHOBblM CllfHaJIOM H 

rrp11Ha.n:11e)KIIT CIIHTe3IIpoBaHHblM 51.D:paM 
288

115 II rrorne.n:yIOl[(IIM a-pacrra.n:aM 

II3OTorroB 
284

113, 
280Rg, 276

Mt, 
272

Bh II crroHTaHHOMY .n:e11eH11IO 268Db. 

BepTIIKaJibHhie OTKJIOHeHIIH Bcex a-qacTII[( II OCKOJIKOB .n:eJieHIIH OTHOCIITeJibHO 

IIO3II[(IIH H.n:ep OT.n:aq11 Ha .n:eTeKTopax IIOJIHOCTbIO COOTBeTCTBYIOT IIO311[(11OHHOMY 

pa3perneHIIIO .n:eTeKTOpOB, 3Hepr1111 Bcex a-qacTII[( .ll:1151 KalK.n:oro 113 HYKJIII.D:OB 

coBrra.n:aioT B rrpe.n:enax 3HepreT11qecKoro pa1perneHIIH, BpeMena pacrra.n:a KaJK.n:oro 

113OTOIIa HaXO.ll:51TC51 B rrpe.n:enax CTaTIICTIIqecKoro pa16poca II COOTBeTCTBYIOT 

3KCIIOHeHIIIIaJihHOMY pacrrpe.n:eneHIIIO. T.o., BO Bcex Tpex [(erroqKax Ha6mo.n:an11cb 

O.ll:HII II Te lKe H3OTOIIhI 
288

115-
268Db. CeqeHIIe peaK[(IIII 243 Am(48Ca,3n)288 115 

COCTaBIIJIO 2.7~i~ II6. 

Ec1111 IIHTeprrpern[(II51 pe3yJihTaTOB rrepBoro 3Kcrrep11MeHrn rrp11 Ena6=248 M3B 

Bepua, TO He60JiblllOe (Ha 5 M3B) IIOBbillleH11e 3Heprn11 IIOHOB 48Ca .ll:OJilKHO rrp11BeCTII 

K rra.n:eHIIIO 3n Kanana peaK[(IIII B HeCKOJibKO pa3 II IIOBblllleHIIIO Be1111q11Hbl ceqeHIIH 

cne.n:yml[(ero Kanana - 11crrape111151 4 HettTpOHOB. 

3To rrpe.n:rroJIOlKeHIIe IIOJIHOCTbIO IIO.D:TBep.n:1111ocb BO BTOpOM 3KCIIepIIMeHTe. Tip11 

3Hepr1111 IIOHOB 
48

Ca Ena0=253 M3B rrepBbIH II3OTOII He Ha61110.n:anc51, 3am pacrra):( 

.n:pyroro, coce.n:Hero 113ornrra 
287

115 6brn 3aperncTp11poBaH. ~erroqKa 

rrorne.n:oBaTeJibHhIX a-pacrra.n:oB 51.D:ep 
287

115-
275

Mt II crroHTaHHoro .n:eneHII51 267Db 

rrpIIBe.n:eHa Ha P11c. 1 6. <DOHOBbie YCJIOBIIH per11CTpaIIIIII 3TIIX H.n:ep 6bIJIII aHaJIOrIIqHbl 

rrepBOMY OIIhITY, II BepOHTHOCTII Ha61110.n:eHI151 KaJK.n:oro 113 51.D:ep KaK c11yqanHoro 

qJOHOBOro CllrHaJia Kpattne MaJibl. 

10 

HoBaH [(erroqKa 51.D:ep .n:ettCTBIITeJihHO rrp11Ha.n:11elKIIT .n:pyroMy H3OTOIIY {2 87
115), 

IIOCKOJibKY Bpel\rn pacrra.n:a BCex H.n:ep B 10 pa3 KOpoqe, a-pacrra.n:bI IIMeJOT 66JibIIIIIe 

3Heprn11 (Ha 0.6 M3B .D:JIH TPeTbero II qerneprnro HyK1111.n:OB B IIerroqKe) 11 MeHblIIIIe 

BpeMeHa. Ha OCHOBaHIIII Bb!llle rrepeq11c11eHHOro, IIOCJie,nHIOIO [(erroqKy H.n:ep cne.n:yeT 

OTHeCTII K 113OTOIIY 
287

115 - rrpo.n:yKTY 4n KaHaJia peaK[(IIII 
243 

Am+ 
48

Ca, ceqeHIIe 

KOTOporo COCTaBIIJIO 0.9 ~ti rr6. 

B .n:aHHOH IIerroqKe pacrra.n:oB 51.D:pa 
287

115 a-qacTIIIIa 113ornrra 
271

Bh He 6brna 

3aperncTp11poBaHa. Pa.n:11oaKTIIBHbie CBOHCTBa 
271

Bh .D:OJilKHbl 6b!Tb 6JIII3KII K 

CBOHCTBaM pacrra.n:a coce.n:nero 113ornrra 
272

Bh (Ea=9.O2 M3B, Ta=9.8 c). 3Heprn11 11 

BpeMeHa lKil31111 BCeX 11a61110.n:aB1llIIXCH 51.D:ep B [(erroqKe CIIJibHO OTJIIIqaJOTC51 OT 3TIIX 

3HaqeHIIH (cM. P11c. 16 11 2 HIIlKe). CrroHTaHHOe .n:eJie1me TaKlKe ue MOlKeT 

rrpIIHa.n:JielKaTb 113OTOIIY 
271

Bh 113-3a 3Haq11TeJH,HO 60Jihlllero BpeMeHII pacrra.n:a 

KOHeqHoro 51.D:pa (106 Milli). K TOMY JKe, B 06011x 3KCIIep11Me11rnx 6hIJIII 

3aperncTp11poBa!lbl 19 a-qacTII[( .n:eTeKTOpOM C 3<p<peKTIIBHOCTb!O perHCTPaIIIIII 87%, 

IIOTepH O.D:HOH a-qacTII[(bl BIIOJIHe BepOHTHa. Il03TOMY MOlKHO YTBeplK.n:aTb, qTo a

pacnaJ\ 
271

Bh rrpOII3OllleJI MeJK.n:y qeTBepTbIM a-paCIIaJ:(OM II CllOHTaHHbIM .n:eJieHIIeM, HO 

He 6b!J! 3aperncTpIIpOBaH .n:eTeKTOpOM. 

KpoMe Toro, 113MepeHHhie 3Hepr1111 IIMIIJiaHTa[(IIII aTOMOB 
287

·
288

115 B .n:eTeKTOpbI, 

IIX 3ap51.D: II ceqeHIIH o6pa30BaHII51 xopowo corJiacyIOTCH C .n:aHHbIMII, IlOJiyqe11HbIMII 

.ll:JIH CBepXTHlKeJihIX H.n:ep C qeTHbIM q11cJIOM IIpOTOHOB B peaK[(IIHX 
48

Ca C 51.D:paMII 
238U-

249Cf. B .n:aHHOM BapIIaHTe cxeMbl pacna):(a 113OTOIIa 
287

115 pa.n:11oaKTIIBHbie CBOHCTBa 

Bcex ua6JIIO.D:aBrn11xc51 51.n:ep cornacyIOTC51 c npe.n:cKa3aHII51MII Teop1111. 

8 TpeTbeii rJiaBe npIIBOJJ:51TC51 qJI13IIqecKIIe II XIIMIIqecKIIe MeTO.D:bl onpe.n:eJieHIIH 

aTOMHbIX H MaCCOBbIX q11ce11 CBepXT5llKCJiblX H.n:ep, CIIHTe3HpOBaHHbIX B peaK[(IIHX C 

11onaM11 
48

Ca. Tpu 113ornrra 3JieMeHTa 114 6hrnH rroJiyqeHbI B peaKIIIIH 
244

Pu+ 
48

Ca: 

289
114 (3n Kanan), 

288
114 (4n) H 

287
114 (5n). 3m JKe H 6oJiee JierKHH II3OTOII 

286
114 

Ha6JIIO.D:aJIHCb n .n:pyrnx, rrepeKpeCTHbIX peaK[(HHX KaK MaTepIIHCKHe H.n:pa, TaK 11 IIOCJie 

a-pacrra.n:oB II3OTOIIOB 3JieMeHrn 116: 
242

Pu(
48

Ca,2-4n)2
86

-
288

114, 
248

Cm(
48

Ca,3-

4 n)292,293l 16 '.', 288,289 114 11 245Cm(48Ca,2 _3n)290,291 116 '.', 286,287 114_ .ll:JI51 Bcex 

11 



rrepeqIIcJieHIU,IX peaKIIIIII II3MepeHhl Bb!XO,[lbl ll30TOIIOB B 3aBIICIIMOCTII OT 3HeprIIII 

B036y)l()];eHII.11 COCTaBHblX .srnep (cpyHKIIIIII B036y)K.[leHII.s!). I1p11 yBeJIII9eHIIII 3HeprIIII 

Bo36y)KneHII.sr rrocJie.[loBaTeJihHO Ha6monarrIIch II30TOIIhI oT HaII60Jiee T.sr)KeJioro no 

CaMOro Jiernoro. To, qTo II30TO!Ibl 
287

•
289

114 (II 
291

•
293

116) IIMeIOT He9eTHOe qIICJIO 

HeIITpOHOB, a 1130TO!Ibl 
286

•
288

114 (II 
290

•
292

116) - qeTHOe qIICJIO, CJienyeT II3 

PMIIOaKTIIBHbIX CBOHCTB 3TIIX .srnep II IIX noqepHIIX HYKJIII,[IOB. 113BeCTHO, 9TO 

He9eTHbllI HeIITpOH IIJIII rrpoTOH yBeJIII9IIBaIOT BpeM.11 )KII3HH OTHOCIITeJibHO 

CIIOHTaHHOro neJieHII.II Ha 3-5 rrop.11.[IKOB BeJiuqIIHbl. ,[(JI.II noqepHIIX ll30TOIIOB 
282

•
284

112, 

a TaK)Ke .srnpa 
286

114 3aperIICTpIIpOBaHO CIIOHTaHHOe neJieHJie, a ,[\JI.II coce,[IHIIX 

moTorroB 
283

•
285

112 - a-pacrran. EcJiu rrpenrroJIO)KHTh, qrn T.sI)KeJihIH II30TOrr (289
114) 

.sIBJI.sreTc.sr rrponyKTOM In Kamura (T.e., Ha caMOM neJie 3TO moTorr 
291

114), To rnrna 

qIICJIO IICIIapeHHbIX HeIITpOHOB BO BCex YKa3aHHbIX peaKIIII.IIX cJie,[IOBaJIO 6hr 

yMeHbIIIIITh Ha .[IBa. T.e., B peaKIIIIII 
245

Cm+ 
48

Ca 3aperncTpIIpOBaH On Kanan rrpII 

3HeprnII B036y)l()];eHII.sr 33-38 M3B. O.z:1naKo 3TOT Kanan ne Ha6Jironarrc.sr .z:1a)Ke B 

XOJIO,[IHOM CJIII.s!HIIII rrplI 3HaqrneJihHO MeHhIIIIIX 3HeprII.IIX (10-20 M3B). EcJIII OTHeCTII 

II3oTorr 
289

114 K rrponyKTY Sn KaHarra peaKIIIIII (T.e., peaKIIIIII 
244

Pu(
48

Ca,5n)2
87

114), To 

3TO 03Haqarro 6hr, qTO B peaKIIIIII 
244

Pu+ 
48

Ca Ha6JIIO,[laJIIICb 5, 6 II 7n KaHarrbI, HO He 

3aperIICTpIIpOBaHhl 3 II 4n KaHaJibl rrplI 3HeprII1I B036y)K.[leHII.II 40 M3B, xorn ,3Ta 

3Heprn.sr na 7 M3B BbIIIIe 6apbepa CJIII.IIHII.11 II COOTBeTCTByeT MaKCIIMYMY ceqeHII.11 3n II 

4n KanarroB. 

T.o., tpyHKIIIIII B036y)K.[leHII.11 II CBOIICTBa .srnep 3JieMeHTOB 114 II 116 ,[10Ka3hIBaIOT, 

qTo B rrepeKpeCTHbIX peaKIIII.IIX Ha6JIIO.[laJIIICb rrpo.z:1yKTbl 11crrapeHII.II OT 2 no 5 

neil:TpOHOB II3 B036y)K.[leHHbIX .srnep 3JieMeHTOB 114 II 116. 

CBoircrna .srnep, rroJiyqe1111b1x B peaKIIIIII 
243 

Am(
48

Ca,3-4n }287
•
288

115, rro3norr.1110T 

TaK)Ke IICKJIIOqlITb pxn KaHaJibI BO Bcex peaKIIII.s!X C IIOHaMII 
48

Ca, IIOCKOJlbKY 

CIIOHTaHHOe neJieHHe 6bIJIO 3aperIICTpIIpOBano TOJlbKO ,[\JI.II II30TOIIOB 
267

·
268D6 nocrre 

rr.srTII rrocJie.[loBaTerrhHhIX a-pacrranoB .srnep 
287

•
288

115. 

KaHarr axn ,[\JI.II BCex peaKIIIIII C IIOHaMII 
48

Ca TaK)Ke MO)KHO IICKJII09IITh, 

IIOCKOJibKY CBOHCTBa a-pacrrMa 15 .srnep 
283

•
285

112, 
283

•
284

113, 
286

-
289

114, 
287

·
288

115, 

290
-

293
116 ll 

294
118 xopOIIIO corrracyJOTC.11 C CIICTeMaTHKOII feirrepa-HeTTOJIJia Ta(Qa) 

12 

( 
r 

I 
1 

11 

1 
,! 

I 

.z:1rr.11 11e3arrperrre11HbIX a-rrepexonoB. K TOMY )Ke, 311eprnII a-pacrra.z:1a Bcex .11.z:1ep, 

IIOJiy9eHHbIX B 3TIIX peaKIIII.IIX, xopoIIIO corJiacyIOTC.11 C rrpe.z:1cKa3aHII.IIMII TeOplIH. 

Y6e.[IIITeJibHbIM IIO,[ITBep)KneuneM rrpaBIIJlbHOII II,[(eHTIItpIIKarrrrn aTOMHblX qIIcerr 

.srnep 
288

1 15 -
268D6 .IIBIIJIIICb 3KCrrepIIMeHTbl no orrpe.z:1errem1ro XIIMIIqecKIIX CBOIICTB 

CIIOHTaHHO .[leJI.sIIIIeroc.sr II30TOIIa 
268D6. 

Mmuenh II3 
243 

Am (1.2 MrlcM
2

) o6rryqarrach IIOHaMII 
48

Ca (E.,a6=247 M3B, .z:103a 

rryqKa 3.4xl0
18

). Bb16HTbie ll3 MIIIIIeHII .srnpa 
288

115 OCTaHaBJIIIBaJIIICb B c6opHHKe. 

ITocrre II.l!Tll a-paCITMOB 3a BpeM.sr OKOJIO 0,5 MHH B c6opHIIKe OCTaBaJIC.11 II30TOII 
268D6 

(TsF"' 1 n). C6opHIIK rrepHO,[IIIqecKII (pa3 B 1-2 ,[III.II) Bb!HIIMaJIC.11 II3 ycTaHOBKII, II3 Hero 

XIIMH9eCKHMll MeTO,[laMH Bbl,[leJI.srJiaCb cppaKI]ll.11 3JieMeHTOB Il.llTOH rpyIIIlbl. 113 

BbI,[leJieHHblX .11.[lep ll3fOTaBJIIIBaJIII TOHKIIII IICTOqHIIK, KOTOpbllI IIOMerrrarru Me)Kny 

rrapoil: rroJiyrrpoBO,[IHIIKOBbIX neTeKTOpOB ,[\JI.II. perIICTparrrrn OCKOJIKOB ,[leJieHII.11. 

,[(eTeKTOpbl IIOMerrrarrnch BHYTPb cqeTqIIKa Heil:TpOHOB ,[\JI.II orrpeneJiemrn IIX qncJia Ha 

aKT .z:1erreHn.11. 

B .[IByx cepII.s!X TaKIIX 3KCIIepIIMeHTOB 6bIJIO ua6rrroneHO 20 co6b!TIIII nerreHII.11 

.srnpa. HyKJIH.z:1 6brn rroJiyqeH B TOII )Ke peaKUIIII {243 
Am+ 

48
Ca), c TeM )Ke ceqenIIeM 

(4.2~:~ n6), nMeJI TY )Ke MOllV pacrra;a (SF), rrepnog rroJiypacrraga (32~~
1 

q) II TKE 

OCKOJIKOB (230 M3B), 9TO ll B qJII3II9eCKOM 3KCIIepIIMeHTe. T.o,, 0,[IIIH II TOT )Ke II30TOII 

(268D6) 6hIJI 3aperIICTpnpoBaH B o6onx (tpII3IIqecKOM II XIIMII9eCKOM) 3KCIIepIIMeHTaX. 

ITo pe3yJibTaTaM XIIMIIqecKoro O!Ib!Ta 3TOT H30TOII rrpnHa,[IJie)KIIT 3JieMeHTY 105 

(H30T0Ilbl 6oJiee JierKIIX 3JieMeHTOB II.IITOII rpyIIIIbl He nerr.sITC.11 CIIOHTanuo). 

CJienoBaTeJihHO, Bee rrpemuecTByrorrrne II30TOIIhI, ncnhITaBIIIIIe a-pacna.z:1 (2 72
Bh-

288 l 15), ,[IOJl)KHbl 6b!Tb OTHeceHbl K ll30TOIIaM 3JieMeHTOB 107-1 15, On.1eTIIM, qTo 

nenaBHO CBOIICTBa CBepXT.ll)KeJihIX 3JieMeHTOB C qeTHbIMH 9IICJiaMH rrpoTOHOB II IIX 

aTOMHhie HOMepa 6hIJill TaK)Ke He3aBIICIIMO IIO,[ITBep)K,[leHbl qJII3IIqecKIIM II 

XIIMIIqecKHMII 3KcrrepIIMeHTaMII. 

qeTBepTaH rJiaaa conep)KIIT o6cy)KnenIIe rrorryqe1111ux pe3yrrhTaTOB. 3HeprnII 

a-pacrra,[IOB .srnep Qa, CIIHTe3IIpOBaHHbIX B peaKIIIIII 
243 

Am+ 
48

Ca, a TaK)Ke II3BeCTHbIX 

panee II30TOilOB 3JieMeHTOB C HeqeTHbIM qIICJIOM rrpOTOHOB .22: 101 rrpencTaBrreHhl Ha 

13 



Pnc. 2. BeJIHqHHbI Qa 51,nep C qeTHb!M qncJI0M rrp0T0H0B II0Ka3al!bl B rrpaBOH qacTH J{JI51 

cpaBHemrn. TaM )Ke rrpHBe,neHbl pe3yJibTaTbl pacqeT0B :meprnif Qa, Bb!Il0JIHeHHb!X B 

paMKax MM Mo,neJIH. BeJinqHHbI Qa moTorroB 
275

•
276

Mt 11 
272

Bh coBrra,naIOT c 

TeopeTnqeCKHMH 3HaqeHH51MH (To )Ke Cal\!Oe BHJ{H0 ,nm1 JI,nep 
275

Hs H 
271 Sg), qT0 TaK)Ke 

CBHJ{eTeJibCTByeT 0 rrpaBHJibHOH HJ{eHTHqrnKaIIHH aT0MHb!X H MaCC0Bb!X qnceJI 

HYKJIHJ{0B, CHHTe3Hp0BaHHb!X B peaKIIHlIX C H0HaMH 
48

Ca. 

H3JIOM B II0CTerreHH0M rra,neHHH Qa C yBeJinqeuneM qucJia HeHTpOHOB y H30T0II0B 

01.:1uoro n rnro )Ke :meMeurn rrpn rrepeceqeunn qncJia N=l62, Ha6JIIO,neuub1ii. ,nJIJI JIJWP 

275
•
276

Mt n 
272

Bh, KaK 11 H30T0IT0B :meMeHT0B Ds, Hs 11 Sg, 51BJIJieTCJI 

3KcrrepnMeHTaJibHb!M J{0Ka3aTeJibCTB0M cymecTB0BaHHlI ueii.TpOHHOH o6oJioqKII N=l62. 

Crn611Jim11py10mee BJIH51HHe 3TOH o6oJioqKII rrpolIBJIJieTCJI 11 ,nJIJI II30TOIT0B Db -

rrapIIIIaJibHbie rrepH0J{bl a-pacrra.na 3Haq11TeJibH0 B03pacTa!OT y T51)KeJiblX II30T0II0B: 

Ta'?.5x 103 
c II Ta'?.3x 105 

c y 
267

•
268

D b, TOr,na KaK y II30TOII0B 
260

-
263

Db Ta=l .5-34 c. 

,l..(JIJI 6oJiee TJI)KeJibIX HYKJin,noB 
287

•
288 115, 283

•
284 113 11 

279
•
280Rg naqIIHaeT 

12 

co 
ill 

" §" 
C:: 10 

11 
tl 
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~ 
" :,: 

CT) 8 

a) 

\ Rg 
Mt 

0 t{, '~•~,~-z~11s 
Bh ~,-• ' 

• I " 

~. : ~: \ 
3 

'111 

T?: •o 
•Md 
' 

6) 

o~} ;f\~-~\ !~s 
lls o~y \ :~ 

' ~ ,: 116 ' : ' . . 
I ~: 

I 14 

112 
108-

110 

106 

I~ I" IW IM 1ro ITI IWI~ I" IW IM 1m ITI IW 
411cno HeiiTpOHOB 

Pile. 2 a) 3Heprnll a-pacna/J,a l!/l_ep 3JleMeHTOB C Z=!Ol-115 B 3aBHCllMOCTll OT 'lllCJla 
tteihpoHOB. JloMaHble JlllHllll - pe3yJJbTaTbl pac'leTOB, 3KCnepHMeHTaJJbHble /J,aHHble ,!1Jlll 

H3BeCTHblX ll/l,ep yKa3aHbl KPYlKKaMll, BeJJH'lllHbl Q,, .l1Jlll l!,!1ep, nony'leHHblX B peaKLlllllX 
aKTllllll/l_OB C HOHaMH 

48
Ca, OTMe'leHbl KBa/l_paTaMH (3aKpb1Tble ll OTKpblTble CHMBOJlbl - ll/l_pa C 

qeTHblM ll He'leTHblM 'lllCJIOM ttelhpoHOB COOTBeTCTBeHflO). 3tta'leHHll Mar11qeCKllX 'lllCeJI 
N= 152 11 162 noKa3aHbl nyttKTHpHblMH JIHHlll!Mll. MeJJKHM nyttKTHpOM nOKa3aHbl OTJIH'lllll 

3KCnepHMel!TaJJbllblX 3Ha'leHHH Q,, OT pac'leTHblX BeJJH'llllf. 6) To lKe caMoe .l1Jlll l!/l,ep C 'leTHblM 

'lllCJIOM npOTOIIOB Z=] 00-118. 

14 

rrpolIBJIJITbClI Bmrnune cJie,nymmeii., ccpepIIqecKoif o6oJioqKII N=l 84. BeJinqnHhI Qa 

51,npa 
284 113 Ha 1. 7 M3B Hil)l(e, qeM y JierKoro 51,npa 

278 113, CHHTe3IIp0Bat!H0ro II03J{Hee 

B peaKIIIIII XOJI0J{H0ro CJIII51IU!lI 
209

Bi(7°zn, 1 n), a Bpe,MJI )KJ13HII BbIIIIe B 260 pa3. 

H30Torrb1 3JieMeHTa 111 272Rg (T112=3.0 Mc), 
274Rg (T112=15 Mc) II 

280Rg (T112=3.6 c) 

,neM0HCTPIIPY!OT aHaJIOrIIqnoe IIOBhIIIIeHIIe CTa6IIJibHOCTII >1,nep C yBeJIIIqeHIIeM qIIcJia 

ueii.TponoB 11 rrpn6JIH)l(eHIIII K MarnqecKoMy qIIcJiy N=l 84. 

Y II30TOIIOB 
279

•
280Rg H 

283
•
284 113 0TJIIIqne TeopeTIIqecKIIX II 3KCrrepIIMeHTaJibHblX 

sem1qmr Qa ,nocrnraeT 0.6-0.9 M3B, aHanornqHoe ornIIqne (.no 0.5 M3B) 

na6JIIOJ{aeTClI y >1,nep C qeTHblM qIICJIOM rrpoTOH0B rrpII N'?.169. HeCMOTplI Ha 

3aBbIIIIeHIIe rrpe.ncKa3aHHbIX 3Heprnif a-pacrra,na JI,nep ITO cpaBHeHHIO C H3MepeHHb!MII 

BeJII1qrrnaMII, KaK rrpe,ncKa3aHHaJI TeH,neHl.11151 H3MeHeHHlI CBOHCTB H0Bb!X HYKJIIIJ{OB, 

TaK II qncJieHHb!e 3HaqeHIIlI Qa HaxO,lUITClI B xopoIIIeM corJiaCHII C 

3KCrrepIIMeHTaJibHb!MlI ,naHHb!MII )])Ill JI,nep B IIIHpOKOH Il panee HeII3BeCTHOH o6JI3CTH C 

Z=l 04-118 n N=l62-177. 

3KcrrepnMeHTaJibHbie ,naHHb!e TaK)l(e xopoIII0 corJiacyJOTClI c rrpe,nCKa3aHHHMII 

qIICT0 MIIKp0CKOITJiqeCKHX MOJ{eJieH. OJ{H3KO CJie,nyeT 0TMeTHTb, qTo J{JilI II30TOII0B 

3JieMeHTOB 115, a TaK)l(e 112 n 114 He Ha6JIIOJ{aeTClI OTKJIOHeHIIH OT IIOCTerrennoro 

yMeHbIIIeHIIlI BeJIIIqIIu Qa c yBeJiuqenIIeM qncJia neii.TpOHOB B 51,npax rrpn rrepeceqennII 

qIICJia N=l 72. 3TO CBHJ{eTeJibCTByeT 0 CJia6oM BJIHlIHIIII HJIH 06 0TCYTCTBIIII 

rIIIIOTeTIIqeCKOH neii.TpOHHOH o6oJIOqKn N= 172 B o6JiaCTn CBepxrn)l(eJib!X JI,nep C 

Z=l 12-115, rrpe,ncKroaHHOH B p51,ne caMocornacoBaHHbIX Mo,neJieif. 

~ 243 48 Pa,nIIoaKTHBHb!e CB0HCTBa 51,llep, cmITe3npoBaHHb!X B peaKIIIIH Am+ Ca, 

rrpe,nCTaBJieHbl B Ta6JIIIIIe 1. ,l..(JIJI MaTepIIHCKIIX H30TOIIOB 
287

•
288 115 II 51,nep 

cBepxTJI)l(eJiblX 3JieMeHTOB C qeTHb!M qIICJIOM rrpoT0H0B MM II HeK0TOpbie 

MHKpOCK0IIHqecKIIe MOJ{eJIII rrpe,nCKa3bIBaJOT II0CTerreHH0e II3Meneune IIX cpopMbl OT 

ccpepnqecKOH K ,necpopMIIpOBaHHOH B rrpo11ecce II0CJieJ{0BaTeJibHbIX a-pacrra,noB. ,l..(JIH 

TaKIIX 51,nep Il HX 6JIII)l(aHIIIIIX ,noqepnnx rrpo,nyKTOB a-pacna,na M0)l(H0 O)l(IIJ{aTh 

He3arrpemeHHb!e a-rrepeXOJ{bl. lfa Ta6JIIIIIbl BIIJ{HO, qT0 II3MepeHHbie BpcMeHa )l(II3HII 

yexp Il30TOII0B 3JieMeHTOB 113 II 115 COBITa,l(aJOT C BemrqIIHaMn, BbJqIIcJieHHhlMII Il3 HX 
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Ta6nm1a I. Pa.1111oaKTHBHb1e CBOHCTBa l!J:lep :meMeHT0B Db - 115. 

lI30TOIT 
T1111 

T112' Ea (MJB) Qa (MJB) lJ:3ornn Tim T,12 ' Ea (MJB) Qa (MJB) pacrraAa pacrra)(a 

288115 87 +105 
287115 32 +155 

a -30 MC 10.46±0.06 10.61±0.06 a -14 MC 10.59±0.09 10.74±0.09 
(60MC) (30 ms) 

0 48 +0.58 100 +490 284113 a . -0_)7C 10.00±0.06 10.15±0.06 283113 a -45 MC 10.12±0.09 I 0.26±0.09 
(0.3 c) (140 ms) 

3.6jjc 170+810 280Rg a 9.75±0.06 9.87±0.06 219Rg a -80 MC 10.37±0.16 10.52±0.16 
(0.4 c) (7 ms) 

0 72 +0.87 +46 216Mt a . -0.25 C 9.71±0.06 9.85±0.06 275Mt a 9·7 -4.4 MC 10.33±0.09 10.48±0.09 
(0.1 c) (2 ms) 

272Bh 9 g+I 1.7 
271 Bh -a . -3.5 C 9.02±0.06 9.15±0.06 a 

(5 c) 
- 9.07' 

(3 c) 

268Db SF/EC 
29+9 4 6 

-6 7.80' 26'Db 73 +350 
SF/EC -33 MHH 7.4 I' 

(6 '1) (9 o) 
Oum6KH C00TBeTCTBYIOT ypoBHIO Bepol!TH0CTH 68%. TTepHO.[lbl rronypacna.11a .11 
pa3perneHHbIX nepeX0.[10B, Bbl4HCJleHHbie .[\Jlll yKa3aHHbIX H30T0l10B 11 H3MepeHHblX HJJH 

11pe.11cKa3aHHbIX :meprnH a-pacna.11a Qa, noKa3aHbI B CK06Kax. 
6

) TTeptto.11 nonypac11a.11a 011pe.11ene11 .!IJlll 18 pacna.110B ll.!lpa 
2680b, 3aperncTp11poBaHHbIX B 

qJH3Il4eCKOM Il XllMil4eCK0M 'lKCnepttMeHTax. 

,) Pac4eTHbJe BeJJil4IlHbl. 

:meprttn a-pacrra.[(a ,ZJ;mI pmperneHHhIX rrepexo,ZJ;oB T""1c_ ,D;1rn II30TorroB 3neMeHTOB Rg, 

Mt II Bh COOTHOlIIeHIIe MelKJ(y yexp II f'alc COOTBeTCTByeT q:>aKTOpaM 3arrpeTa 3-10. 

flo,ZJ;06Hbie II ,ZJ;a)I(e 66IIblIIIIe 3arrpeTbI Ha a-pacrra,ZJ; Ha6JI!O,Zl;aJIIICb y 

,ZJ;eq:>opMIIpoBaHHbIX JI).Jep 
278

113, 
272Rg II IIX ).J04epHIIX HYKJIII).JOB. flOBbilIIeI!IIe 

q:>aKTOpOB 3arrpern MO)I(eT CBII).JeTeJibCTBOBaTb 06 II3MeHeHIIII q:>OpMbI JI).Jep OT 

cq:>epII4eCKOH K ).Jeq:>opMIIpOBaHHOH B o6nacTII HYKJIII).JOB C Z= 109-111, 4TO rrpIIBO).JIIT K 

6onee CJIO)I(HOH CTPYKType JI).JepHbIX ypOBHeH II IIOBbilIIeHIIIO Bepo51THOCTII a

rrepexo).JOB qepe3 B036y)I().JeHHble ypomm C pa3HbIMII KBaHTOBbIMil 'IIlCJiaMII. ,D;aimoe 

rrpe).JIIOJIO)I(eHIIe cornacyeTC51 C pe3yJibTaTaMil MM Il HeKOTOpb!X M1IKpOCKOIIIl4eCKilX 

MO).Jenen. Harrp11Mep, rrapaMeTp KBMpyrronhHOH .D:eq:>opMaIJHH ).JJIH H).Jep 
288

115 II 
284

113 

COCTaBJI5leT 0.072 II 0.138. flpII rrepexo).Je II3 o6naCTII ).jeHCTBil51 cq:>eptt4eCKilX 

o6onoqeK c Z= 114 II N= 184 K 06nacT11 ).Jeq:>opMttpoBaHHhIX JI).Jep B6JIII3H Z= 108 11 

N=l 62 B03paCTa!OT 3Ha4eHII51 rrapaMeTpOB ).Jeq:>opMaIJIIH ).JO 0.200-0.224 ).JJI51 H30TOIIOB 

16 

280
Rg, 

276
Mt u 

272
Bh. AuanorII4HOe IIOBhJlIIenne ).Jeq:>opMa1urn rrpe,D;CKa3hrnaeTC51 II ,n:IIH 

51,nep C 'IeTHb!M 'IIICJIOM rrpOTOHOB OT 0.084 ).JJI51 
291

116 .no 0.218 .nirn 271 Sg. 

B ljeII04Kax pacrra.na 51,npa 
288

115, IIOKa3aIIHbIX Ha Pnc. 1, CIIOHTaHHOe .neneuIIe, 

Ha6mo.naBrneecH rrocne 5 rrocne,noBaTeJibHhIX a-pacrrMOB, OTHeceHo K II30Torry 268Db. 

flepIIo,n rronypacrra.na 3Toro 51).Jpa He ,rrpoTIIBopeq1n CIICTeMaTHKe rrepIIo,noB 

CIIOHTaHHoro ).JeJieHH51 H3BeCTHbIX nerKHX II30TOIIOB 3JieMeHTOB Lr Ii Db, a TaK)I(e 

pacqenlM BeJIII4llH TsF ,D;JI51 coce,n:HllX 4eTH0-4eTHbIX 51).Jep C yqeTOM 3arrpeTOB Ha 

CIIOHTaHHOe ).JeJieHIIe HYKJIH.D:OB C He4eTHblM 4llCJIOM HettTpOHOB II rrpoTOHOB. T.o., 

CIIOHTaHHOe ).JeJieHH51 rrpe).JCTaBJI51eTC51 Han6onee Bepo51TIIOH MO.D:OH pacrra).Ja 51,npa 268Db. 

Pacrra.n 
268

Db rryTeM 3JieKTpOHHOro 3aXBaTa TaK)I(e llCKJI!04HTb HeJib351, IIOCKOJlbKY 

rrpe).JCKa3aHHM 3HeprnJI QEc= 1.68-2.18 M3B COOTBeTCTByeT rrapIJIIaJibHOMY rrepIIO).JY 

TEc OKOIIO HeCKOJihKHX qacoB. B 3TOM cnyqae crroHTaHHoe ,ZJ;eJieHne rrpmia.nne)KHT 

).J04epHeMy rrpo).JyKTY 
268Rf c O)I(II,naeMbIM rrepttO).JOM TsFcalc OKOIIO 1 c. HaKoHeI.J, a

pacrra).J H30TOIIa 
268

Db Ka)I(eTrn MeHee Bep051THb!M, IIOCKOJibKY 3TOT TIIII pacrra).Ja He 

Ha6JIIO).jaJIC51 B q:lH31I'IeCKOM 3KcrrepttMeHTe BO BpeM51 OTKJ1!04eHH51 IIY4Ka IIOHOB 48Ca 

(2.7 4), B XIIMII4eCKOM 3KCIIepnMeHTe CIIOHTaHHO ,neJI51lljIIHC51 HYKJIII).j 6hIJI Hatt).JeH BO 

q:>paKI.jIIII 3JieMeina 105 (T.e., ).JO KOHI.ja Bbl).JCJieHIIJI 3JieMeHTOB II51TOH rpyrrrrbI a

pacrra.[(a He rrpoH3ornno). KpoMe Toro, rrpo).JyKTal\,IH a-pacrra).Ja 268Db MOrnII 6b1 6bITh 

260
Md (268

Db '.:, 
264

Lr '.:, 
260

Md ~, TsF=32 .D:) c 6onblIIIIM BpeMeHeM )KII3HH IIJIII 264No 

(268
Db '.:, 

264
Lr ~c 

264
No :Y, Tsf.l c) c Manon BeJill4IIHOH 3HeprnII CIIMMeTpII4HOro 

).JeJieHIIH (QsF=264 M3B), 4TO rrpornBope4HT BhICOKOH TKE=230 M3B II 6oJiblIIOMY 

'IIICJIY HeHTpOHOB Ha aKT ).JCJieHII51 ( 4.2), II3MepeHHb!M B XIIMII'JeCKOM 3KcrrepIIMeHTe 

).JJI51 KOHe4Horo CIIOHTaHHO ).JeJI51lljCroc51 HYKJIH).ja. 

04eBII).JHO, 'ITO o6a rnrra pacrra).Ja 51).Jpa 
268D b (268D b :Y IIJIII 268D b t:,c 268Rf~) ue 

MeH51!0T YTBCp)I().JeHH51 06 H).Je!ITIIq:lIIKaljIIII aTOMHbIX HOMepoB 3TOro HYKJIH).Ja II ero 

rrpe).JlIIeCTBeHHIIKOB 
272

Bh-
288

115. AnanorII4Hh!e paccy)K.D:eHII51 MO)I(HO rrpoBeCTII Ii ,ZJ;JI51 

II30Torra 
267

Db. Bo3MO)I(H0 KaK CIIOHTauuoe ).jeJICIIIIe 3TOro 51).Jpa, TaK Il pacrra.[( ITO 

I.Jerro4Ke 
267D b ~ 267Rf~ (TsF= 1.3 'I). 
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KoHeqHb!e 51).lpa B 11erroqKax pacrra.ua H3OTOIIOB 
288

1 15 H 
287

115, HCllb!TbJBaIOlljHX 

CII011Tamrne )leJJeHHe, HMeIOT qncna rrpOTOHOB l1 Hel!TpOHOB 6JJH3KHe K Y/lBOeHHblM 

3HaqeHH51M MarnqecKHX qnceJJ Z=5O Ii N=82. ,[(JJ51 CIIOHTaIIHOrO )leJJeHH51 TaKHX 

HYKJJH/lOB (HarrpnMep, 258
•
259

Fm, 
259

•
260

Md, 
258

•
262

No) 3aperncTpHpoBaHo CHMMeTpnqHoe 

pacrrpe)leJJeHHe OCKOJIKOB C 60J!bl110H IIOJIHOH KHHeTnqeCKOH 3HeprHeH. ,[(JJ51 51).lep 

268Db(268Rf) Ii 267Db(267Rf) Ha6JJIO)larracb Bh!COKM TKE, a TaK)Ke 6JJH3KHe 3HaqeHH51 

3HeprHH OCKOJIKOB 268Db, !13MepeHHb!e B XliMHqecKOM Ollh!Te, qTo IIOJIHOCTblO 

cornacyeTC51 C O)KH)laeMb!M THIIOM CIIOHTaHHOrO )leJJeHH51 )lJl51 3THX 51).lep. MaccoBa51 

CHMMeTp!i51 OCKOJIKOB, HX BblCOKa51 KHHeTJiqeCKa51 3HeprH51 If MHO)KeCTBeIIHOCTb 

HettTpOHOB rrpH )leJJeHHH 268
Db (268

Rf) HaXO/l51TC51 B cornacHH c pacqeTHOH Bem1qHHOH 

3HeprnH, BhJ)leJJ51IOIIJeHc51 rrpH nx CHMMeTpHqnoM )leneHHH QsF=283 M3B (280 M3B). 

Enaro)lap51 3arrpeTy na CIIOHTaHHOe )leJJeHHe, 51).lpa C ueqeTHb!M qncJJOM rrpOTOHOB 

MOryT HCllb!TbJBaTb IIOCJIC)lOBaTeJJbHb!e a-pacrra)lbl BIIJIOTb )lO H3OTO11OB 3JleMeHTOB 

Db-Bh c 6onb111HM !136bJTKOM HCHTPOHOB. llncno HeHTPOHOB B TaKHX 51/lpax MO)KeT 

BapbnpoBaTbC51 3a C'IeT HCIIOJll,"lOBalllrn npyrnx MHllleHHb!X !13OTOIIOB 
231

Pa, 
237

Np, 

241 Am, 249Bk. PeaKIJHH CJJH51IIH51 
48

Ca c HHMH rrpHBO,!1,51T K nyKJJH)laM c MeHblllHM HJJH 

6oJJblllliM 'IHCJIOM HeHTpOHOB no cpaB11e11mo C 51).lpaMH 
287

·
288

115, 'ITO 11O3BOJJ51eT 

HCCJJe)lOBaTb 111HpOKy10 o6naCTb ccpeptt'IeCKHX 51).lep, a TaK)Ke H3OTOIIOB B6JJH3H 

)lBa)K)lbl MarnqecKoro 51/lpa 
270

Hs. Ce'IeHH51 peaKIJHH c nonaMH 
48

Ca 3Ha'IHTeJJbHO 

rrpeBocxo)l51T (B 10-100 pa3) ce'IeHH51 peaKIJHH xono)lnoro CJJH51HH51 
208

Pb,
209

Bi+
70

Zn. 

bOJ!bllllle rrepHO)lbl IIOJJypacrra)la H3OTOIIOB Db 11O3BOJl51IOT HCCJ!e)lOBaTb 6onee 

)leTaJJbHO XHMH'IeCKHe CBOTTCTBa 3Toro 3JleMeHTa Tpa)lHIJHOHHb!MH MeTO)laMH. 

B JaKJU0'ICIIIIH ccpopMynnpoBaHbl OCHOBHble pe3yJJbTaTbl 3KC11epHMeHTOB, 

U3JIO)Ke!-!Hble B )lHCCepTa11nn. 

OcnoBHhlC pc3y Jib TaThl )lllCCCpTa111111: 

1. CnHTe3HpOBaHbl )lBa HOBb!X 3JleMeHTa ITepnO)lH'IeCKOH Ta6JJHl!bl C aTOMHb!MH 

HOMepal\rn 113 If 115. BrrepBb!e B O,UHOM 3KCrrepnMe11Te IIOJJY'IeHbl H3OTOllbl cpa3y 

,usyx CBepxrn)KeJJb!X 3JleMeHTOB: H3OTO11bl 3JJeMeHTa 113 C MaccaMH 284 n 283 

11a6mo,uarruch nocne a-pacrra,ua MaTepHHCKHX 51,uep 
288

115 n 
287

115. 

18 

2. Onpe)leJJeHbl CBOTTCTBa a-pacrra,ua ,ueB51Tll HOBb!X H3OTOIIOB 3JICMeHTOB C 

'IHCJJOM rrpoTOHOB OT 107 .uo 115 (272Bh, 275,276Mt, 279,280Rg, 283.284113 n 287,288115), a 

TaK)Ke .usyx HYKJJH)lOB 
267

Db n 
268

Db, KOTOpb1e crroHTaIIHO ,ueJJ51TC51 CaMH HJJH 

npO/lYKThl HX P-pacna.ua (267
Rf, 

268
Rf). 

3. Pa,uHOaKTHBHhle CBOHCTBa 51,uep 3JJeMeHTOB C HeqeTHb!M 'IHCJIOM npOTOHOB 105-

115 B COBOKYIIHOCTH co CBOTTCTBaMn 51,Uep C Z= 104-118 11O3BOJl51IOT ll)lCHTHqJHIJHpoBaTb 

aTOMHblC H MaCCOBb!e 'IllCJla Bcex HYKJJH)lOB, CHHTe3npoBaHHb!X B peaK1Jll51X CJIIU!HH51 

51,uep OT 
238U .uo 

249
Cf c noHaMH 

48
Ca. ArnMHh1e HoMepa 51,uep c Z=lO5-l 15 6bmH 

11O,UTBep)K,UeHbl B XHMH'IeCKHX 3KCrrepnMeHTax. 

4. Ha OCHOBaJIHH CBOHC')'B pacrra.ua CBepXT51)!(eJJblX 51,Uep 
279

•
280

Rg, 
283

•
284

113 H 
287

•
288

115 )lOKa3aHO cymecTBOBaHHe CllJ!bHOro crn6nJJH3Hpy10mero 3cpcpeKTa o6oJJO'IKH 

C N=l84. CpaBHeHne pa,UHOaKTHBHb!X CBOTTCTB ll3OTOIIOB 
278

113 H 
284

113 11OKa3bJBaeT, 

1 1TO 6onee 6mI3Koe pacrroJJo)KeHHe 51,upa K N= 184 rrpttBO.UHT K 11a,ue1rn10 3HeprHH a

pacrra.ua Ha 1. 7 M3B ll COOTBeTCTBYIOIIJCMY IIOBblllleHHIO rrepno.ua rroJJypacna,ua B 260 

pa3. I130T011bl 
272

Rg, 
274

Rg ll 
280

Rg ,ueMOHCTpnpyIOT auarrorwrnoe IIOBb!IIIC!!lle 

crn6IIJJbHOCTH 51,Uep C poCTOM 'IHCJ!a HeHTpOHOB (Tl/2=3.0 MC, 15 MC If 3.6 c). 

5. ,[(OKa3aHO cymecrnosanne HCHTpOHHOH o60JJO'IKH C N= 162 Ha rrpnMepe 

pa.unoaKTHBHb!X csoficrn H.Uep 
267

·
268

Db, 
272

Bh H 
275

·
276

Mt. Corrocrnsneune 3HeprHH a

pacrra.ua ll BpeMeH )KH3HII HOBblX H3OTOIIOB C N~ 162 co CBOHCTBaMH pacrra.ua 6onee 

nernnx H3OTOIIOB Tex )Ke 3JleMeHTOB ,ueMOHCTpnpyeT ll3JIOM B H3MeHeHHH 3HeprHTT a

pacrra.ua H,uep n cymecrne1rnoe rrosb1111enne nx crn6nnbHOcTn rrpn rrpn6JJH)KeHHH K 

o6ono'IKe c N= 162. 

6. Ha OCHOBaHHH 3Heprm1 a-pacrra.ua H3OTOIIOB 
287

·
288

115, KaK l1 ll3OTOIIOB 

3JleMeHTOB 114 H 112 )lOKa3aHo cna6oe BJIH51Hlle l!Jlll IIOJIHOe OTCYTCTBHe 

rrpe,ucKa3allllOTT B HeKoTOpb!X MO)leJJ51X HeHTpOHHOH o6oJJO'IKH C N= 172. 

7. 3KcnepnMeHTbl 110 CHHTe3y 3JJeMeHTa 115 B peaKIJHll 
243 

Am(
48

Ca,3-

4n )287
•
288

115 rrpoBe,ueHbl rrpH .UBYX 3Hepnrnx HOHOB 
48

Ca )lJl51 na6JJIO)leHH51 /lBYX 

H3OTOIIOB 
287

115 H 
288

115 ll HX )lO'IepHHX 51,Uep. I13MepeHbl ceqe111151 3n If 4n KaHaJJOB 

peaKIJHH IIOJll!OrO CJIHHHHH 
243 

Am+ 
48

Ca, KOTOpbie xopo111O cornacyIOTCH C ,uaHHb!Mll, 

nony'IeHHhIMH .UJI51 peaK111111 noHoB 
48

Ca c 51,upaMn 
238U-249 

Cf. 
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8. CBOHCTBa pacmma H30TOITOB HOBh!X HYKJIH,IJ;OB, BMeCTe C 51,npaMH 6onee JierKHX 

H 6onee T51)1(eJib!X 3JieMeHTOB, CHHTe3HpOBaHHh!X B peaKl\H51X C HOHaMH 48Ca, 51BJI51!0TC51 

ITp51Mh!M 3KCrrepHMeHTaJihHh!M ,IJ;OKa3aTeJibCTBOM cymecTBOBaHH51 o6nacTH 

CBepXT51)1(eJib!X 3JieMeHTOB, cymecTBeHHO pacnmp51IO!l\eH rpaHHl\hl CTa6HJihHOCTH 

HaH6onee T5l)l(eJib!X aTOMHh!X 51,nep. 
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