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C YCKOpeHHeM BnepBble B MHpe Ha 300- CaHTHMeTpOBOM 

UHKnoTpoHe JIJIP OHJIH HOHOB KanLUHJI-48 /I/ noJIBHnHcL 

6onLWHe B03MO>KHOCTH ~nJI 3KCnepHMeHTanLHOrO HJy'leHHJI 

JI~epHbiX peaKUHH no~ ~eHCTBHeM 3THX HOHOB. HHTepec 

K HJy'leHHIO peaKUHH no~ ~eHCTBHeM HOHOB KanLUHJI-48 

npoJIBnJincJI ~aBHO H o6ycnoBnHBancJI B nepByro oqepe~L 

TeM, 'ITO, KaK npe~CKa3biBanOCh HeKOTOphiMH aBTOpa

MH / 2, 3/ , peaKUHH CnHJIHHJI TJI>KenbiX Jl~ep, TaKHX, KaK ypaH, 

aMepuuui, Kropui, c HOHaMH KanLUHJI-48 MoryT JIBHTLCJI 

HaH6onee nepcneKTHBHbiMH ~nJI CHHTeJa CBepXTJI)KenbiX 

JneMeHTOB. HcnonLJOBaHHe HOHOB 48Ca ~nJI CHHTeJa CBepx

TJI)KenbiX JneMeHTOB nOJBOnHT nony'IHTh B KaqeCTBe COCTaB

l"!.IX Jl~ep ~OBOnbHO TJI>Kenble H30TOnbl 3THX JneMeHTOB npH 

MHHHManLHoi JHepruu Bo36y)K~eHHJI /15-20 M3B/, 'ITO 

JIBnJieTCJI npHHUHnHanLHbiM B BOnpoce CHHTeJa CBepXTJI)Ke· 

nbiX JneMeHTOB. fiepBble 3KCnepHMeHTbl no CHHTeJy TpaHC

ypaHOBbiX JneMeHTOB B peaKUHJIX C HOHaMH KanLUHJI· 48 /I/ 
noKaJanu, 'ITO a6comoTHoe JHa'leHHe ce'leHHJI o6pa3oBaHHJI 

HJOTona 
252102 B peaKUHH 

206 Pb+ 48 Ca npHMepHo B 

40 paJ npeBocxo~HT 
1
ce'leHHe o6paJoBaHHJI JToro HJOTona 
H 22 

B peaKUHJIX c HOHaMH 0 H Ne .KpoMe JToro, npH ~eneHHH 
TJI)Kenoro cocTaBHoro JI~pa, o6paJyromerocJI npu cnHJIHHH 

Jl~pa MHWeHH C TaKHM CHnhHO o6ora~eHHbiM HeiTpOHaMH 

HOHOM KanLUHJI, ~On>KHbl o6pa30Bb1BaTLCJI B Ka'leCTBe OCKOn

KOB ~eneHHJI 6onee HeiTpOHOH36biTO'IHble JI~pa, 'I eM B peaK

UHJIX c ~pyrHMH uoHaMH ( 40 Ar, 4°Ca>, 'ITO MO)KeT cblrpaTL 

pewaromyro pOnh npH CHHTeJe HOBbiX H30TOnOB JneMeHTOB 

BnnoTL ~o Z =85. HaKoHeu, HJy'leHHe peaKUHH ~eneHHJI TJI

)f(enLIX COCTaBHbiX Jl~ep B o6nacTH napaMeTpa ~enHMOCTH 

Z 
2 I A~ (Z2

/ A >Kpl1T. , KOTOpble o6paJyiDTCJI npu 6oM6ap~upoB-
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Ke T.IDKeJibiX MHliieHeii jypaH, aMepHI.J;HB, KIOpHii/ HOHaMH 

KaJihi.J;HH, MO)KeT ,I{a Th u;eHHYIO HHcilOpMai.J;HIO .I{JIH .I{aJILHeiimero 

nOHHMaHHH MeXaHH3Ma ,I{eJieHHH H.I{ep. 

,lJ;aHHaH pa6oTa HBJIHeTCH O.I{HOB H3 nepBbiX, BblnOJIHeH

HhiX c acnonL30BaHHeM ny'IKOB 
40•44• 48 Ca, H npe.I{npHHHTa 

C I.J;eJihiO H3y'leHHH HeKOTOpbiX xapaKTepHCTHK peaKI.J;HH 

,I{eJieHHH B036y)K.I{eHHbiX COCTaBHhiX H.I{ep, o6pa3YIOII.J;HXCH 

npH 06Jiy'leHHH MHliieHeB H3 TOpHH H ypaHa HOHaMH 40• 44 •48Ca 
/nopora peaKI.J;HH, a CJie.I{OBaTeJihHO, MHHHMaJihHOB 3HeprHH 

H036y)K,I{eHHH COCTaBHbiX H.I{ep, Ce'leHHB ,I{eJieHHH, a TaK)Ke 

o6pa30BaHHH COCTaBHbiX H.I{ep, 3HepreTH'IeCKHX 3aBHCHMO

CTeii 3THX ceqeHHB/. 

OnbiTbi npoBo.I{HJIHCh Ha BHyTpeHHeM H BbiBe,I{eHHOM 

ny'IKe 300-caHTHMeTpOBOrO I.J;HKJIOTpOHa TH)KeJihlX HOHOB 

ll~P. HHTeHCHBHOCTh BHyTpeHHero nyqKa HOHOB KaJihi.J;HH 

cocTaBJIHJia 1,5 MKA, BbiBe.I{eHHoro - 0,5 MKA. 3HeprHH 

nyqKa YCKOpHeMhiX HOHOB onpe.I{eJIHJiaCh no ynpyrOMY pac

CeHHHIO HOHOB KaJihi.J;HH Ha TOHKOB 30JIOTOB tPOJihre H 

BaphHPOBaJiaCh C nOMOII.J;hiO aJIIOMHHHeBbiX norJIOTHTeJieB. 

IlOJIHbiB nOTOK HOHOB, na,I{aiOII.J;HX Ha MHliieHh, H3MepHJICH 

C nOMOII.J;hiO KOJIJieKTOpa, KOTOpbiB npe.I{CTaBJIHJia H3 ce6H 

H30JIHpOBaHHaH MHliieHh, a TaK)Ke no MOHHTOpHOB peaKI.J;HH 

2 7 Al (HI,- 2p-ln) 24 Na. MHWeHh H3roTOBJIHJiacL nyTeM 

HaHeCeHHH ypaHa HJIH TOpHH Ha aJIIOMHHHeByiO nO.I{JIO)KKy, 

BblnOJIHHIOII.J;YIO pOJih c60pHHKa H.I{ep OT,I{a'IH. Ilocne o6ny

'leHHH MHliieHh CO C60pHHKOM nO,I{BepraJiaCh XHMH'IeCKOB 

o6pa6oTKe c u;enLIO Bbi.I{eneHHH 3onoTa. XHMH'IecKHii BbiXO.I{ 

30JIOTa onpe,I{eJIHJICH no BbiXOiY pa.I{HOaKTHBHOrO penepa, 

BHOCHMOrO ,I{O pa.I{HOXHMH'IeCKOro BbiJ].eJieHHH, C TO'IHO

CThiO .I{O 5 npou;eHTOB. raMMa-aKTHBHOCTh noJiy'leHHbiX 

ilJpaKu;Hii JonoTa H3MepHnacL Ja TeM c noMOII.J;hiO Ge (Li) -
,I{eTeKTOpa 06beMOM 44 CM 3 H ,I{eTeKTOpa H3 'IHCTOrO 

repMaHHH 06beMOM 2,1 CM B CO'IeTaHHH C 4096-KaHaJIL

HbiMH aHaJIH3aTopaMH. 3~eKTHBHOCTh Ge(Li) - ,I{eTeKTopa 

JJ;JIH 3HeprHH 200 H 400 K3B COCTaBJIHJia COOTBeTCTBeHHO 

7,5% H 3~, H pa3pemeHHe 2,0 H 2,2 K3B. PaJpemeHHe 

AeTeKTOpa H3 'IHCTOrO repMaHHH .I{JIH 3HeprHH 59,6 K3B 
cocTaBJIJIJIO 450 3B. H.I{eHTHcilHKau;HH H3oTonoB ocyii.J;eCTB

nHnacL no 3HeprHJIM H3BeCTHbiX raMMa-nepeXO,I{OB, COOT

HOliieHH.IIMH HX BHTeHCBBHOCTeii H nepHO,I{aM nonypacna,I{a. 
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H3 HHTeHCHBHOCTeii raMMa-nepeXO,I{OB C y'leTOM TOKa 

BOHOB, TOJIII.J;HHbl MHliieHB H BpeMeHHbiX cilaKTOpOB onpe,I{e

JIHJIHCh ce'leHBH o6pa30BaHHbiX B30TOnOB. 

Ha puc. 1 npe.I{CTaBneHbl B30TOnHble pacnpe.I{eneHHH 

30JIOTa, nony'leHHble npB o6nyqeHHH ypaHa H TOpHH BOHaMH 
40

•
44

•
48 Ca. tiepe3 3KcnepHMeHTaJILHble TO'IKH npoBe.I{eHbl 

raycCOBCKHe KpHBble, KOTOphie, KaK BB.I{HO H3 pHCyHKa, 

C XOpomeii TO'IHOCThiO OnHCbiBaiOT 3KCnepBMeHTaJILHble 

3Ha'leHHH. H3 pHcyHKa BH.I{HO, 'ITO H3oTonHoe pacnpe.I{eneHHe 

30JIOTa ,I{JIH peaKI.J;HH C HOHaMH KaJihi.J;HH 48 CMeii.J;eHO Ha 

8-10 MaCCOBbiX e,I{HHBI.J; B CTOPOHY 6onee TH)KeJibiX H30TOnOB 

no cpaBHeHHIO C peaKu;Heii 
2380+ 40 ca. 3TO npBBO,I{HT K cy

II.J;eCTBeHHOMY yBeJIH'IeHBIO BbiXO,I{a HeBTpOHOH36biTO'IHhiX 

H30TonoB 30JIOTa. TaK ,BbiXO.I{ 
199 Au yBeJIH'IHBaeTcH 6onee 

'leM B 100 pa3. C JaMeTHbiM ceqeHBeM ,I{OJI)I(Hbl o6pa3o

BbiBaTLCJI H 6onee TH)KeJible HeH3BeCTHble B30TOnbl 30JIOTa 

205,2°6 Au. TaKHM o6pa30M, H3 nony'leHHbiX .I{aHHbiX cne-

o2JSU+48Ca 10 .mu.44ca 

0,1 

•23:?u+40ca 
.232Th + 48Ca 

~ 0,01 u 

1 1 1 1 I fi I I I I I I I I I I I 0 0011 I I I I I I I I \ Maceo 
' '9) 195 200 205 U30TOnob 

Puc. 1. H3omonHble pacnpeoeAeHu.R 3oAoma, o6pa3Y10U#ezoc.R 
npu 06Ay'ieHUU ypaHa U TflOPUJI UOHUMU KUAbllff,· 3He~ZUJI 
uoHoe cocmaeA.RAa 306,274 u 245 OA.R 4°Ca, Ca u 4 Ca, 
C001fl6e1flC1flBeHHO. 
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)J,yeT, 'ITO COOTHOWeHHe HeiiTpOHOB H IIpOTOHOB B KOHe'IHbiX 

IIPOJJ.YKTBX CBH3BHO C 3THM COOTHOWeHHeM B HB'IBDLHOM 

JI)J,pe, 'ITO H CDe)J,OBBDO O)I(H)J,B Th )J,DH peaKI.(HH )J,eneHHH B03-

6y)I()J,eHHOrO COCTBBHOrO JI)J,pa. 

,LI,nJI Hccne)J,OBBHHJI rrpouecca )J,eneHHJI JI)J.ep o6bl'IHO 

IIODh3YIOTCJI xapBKTepHCTHKBMH MBCCOBbiX H 3BpJI)J,OBbiX 

pacrrpe)J,eneHHH iiepBH'IHbiX OCKODKOB, o6pa3yiO~HXCJI )J,O 

HCIIapeHHJI HeiiTpOHOB. ,lJ,nJI IIOCTpoeHHJI H30TOIIHLIX pacrrpe

)J,eneuHii nepBH'IHhiX ocKonKoB 6bln c)J,enaH, KaK o6bl'IHO Is/ , 
PJIJJ. npe)J.nono)l(eHHH. C'IHTanocL, 'ITO H30TorrHoe pacrrpe

)J,eneuHe OIIHCbiBBeTCJI cPYHKI.(HeH raycca BH)J,B: 

W(Af- AP) - exp[-
(A'£ -A )2 
____ P_], 

a2 
A 

/1/ 

r )J,e A P- uaH6onee aepoJITHaJI Macca JJ.DJI JJ.BHHoro 3BPJIJJ.B. 

,lJ,nJI HBXO:>K)J,eHHJI A p HCIIODh30BBDBCh rHIIOTe 38 paBHOrO 

cMemenHH 3BPJIJJ.B. KpoMe 3Toro, C'IHTanocL, 'ITO 'IHcno 

HCIIBpJieMbiX H3 OCKODKOB HeHTpOHOB IIpOIIOpl(HOHBDLHO MBC

Ce OCKODKB. B 3TOM cnyqae MBCCB OCKODKB )J,O HCIIapeHHJI 

HeHTpOHOB paCC'IHThlBBDBCh KBK: 

Ao -f -
Ar 

1 - ~/Ar 
/2/ 

r)J.e v- cpe)J,uee 'IHcno HeiiTpoHoB ua aKT )J,eneHHJI, Ar
MBCCB HB6DIO)J,BeMbiX B OIIhiTe OCKODKOB. rpy6aJI Ol(eHKB 

~ )J,enanacL c yqeToM 3HepreTH'IeCKoro 6anaHca peaKUHH. 

llapaMeTp WHPHHhi H30Tonuoro pacrrpe)J.eneHHJI a~ oueHH

~ancJI C HCIIODL30BBHHeM )J,BHHbiX pa60Tbi /S/. 06e BeDH'IHHbi 

v H a 1 JIBDJIDHCL aapLHpyeMhiMH napaMeTpaMH npH no

CTpOeHHH H30TOIIHbiX pacnpe)J,eneHHH rrepBH'IHbiX OCKODKOB 

H OKOH'IBTenhHO OIIpe)J,eDJIDHCh TBKHM o6pa30M, 'IT06bl 

3KCIIepHMeHTBDhHble 3HB'IeHHJI BbiXO)J,OB H30TOIIOB )J,BBBDH 

HBHMeHLWee OTKDOHeHHe OT pac'leTHOH KpHBOH H30TOIIHOrO 

pa-;;rrpe)J.enenHJI. M3oTOIIhi 3onoTa JIBDJIIOTCH aecLMa YJJ.o6-

HhiMH )J,DJI KOHCTpyHpOBBHHJI HB'IBDhHblX H30TOIIHbiX pacnpe

)J,eneHHH B CBJ13H C TeM, 'ITO 6onLWHHCTBO H3 HHX JIBDJIIOTCJI 

3KpBHHpOBBHHbiMH /He MOryT o6pa30RbiBBTLCJI B pe3yDhTBTe 

K - 3axaa Ta HnH {3 - pacrra)J,a coce)J.HHX 3neMeHTOB/. ,LI,nJI 

H30Torroa 
192

• 
193

• 
199 Au. JIBDJIIDmHxcJI KYMYDJITHBHhiMH, no-
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IIpBBKB HB KYMYDJITHBHOCTh pBCC'IHThlBBDBCh C HCIIODh30-

BBHHeM 3BpJI)J,OBOrO pacrrpe)J,eneHHJI, KBK 3TO OIIHChiBBDOCL 

a pa6oTe / 4/. 0JJ.HBKO a JJ.BHHOM cnyqae 3Ta rrorrpaaKa He 

rrpeablwana IO'?o OT rronHoro BhiXOJJ.B H30Torra. Ha puc. 2 
IIOKB3BHhl H30TOIIHhie pacrrpe)J.eneHHJI 30DOTB,o6pa3yl0mero

CJI B KB'IeCTBe nepBH'IHOrO OCKODKB B peaKI.(HJIX 2380+ 40Ca H 

2
38 Th + 48ca rrpH OJJ.HOH H Toil )l(e 3HeprHH ao36Y)I(JJ.eHHJI 

cocTaaHoro HJJ.pa -50 M3B. BHJJ.HO, 'ITO a rrpe)J.enax Toq

HOCTH 3KCIIepHMeHTB H30TOIIHhle pacrrpe)J,eneHHJI 30DOTB 

)J,DJI 3THX )J,BYX peaKUHH, HMeiO~HX 6DH3KOe 3HB'IeHHe rrapa

MeTpa )J,eDHMOCTH Z 2j A H 3HeprHH B036y)I()J,eHHJI, OIIHCLI

BBIOTCJI rayCCOBCKOH KPHBOH C O)J,HHBKOBOH WHpHHOH. 

~ 
::1 
.:J 
I 
:::J 

~ 
I 
~ .s 
~ 
X 

1 

0.1 

.0 w O.D1 

238 48c 
• U+ a 
o 

232Th + 
48ca 

- tJ- 8 -6 -4 -2 0 2 4 6 8 10 
t;-Ap 

Puc. f. H3omonH&ze pacnpeoeAeHUJt 30Aoma, o6pa3YIOUiezocJt 
e Kattecmee nepeuttHozo ocKOAKa e peaKIIUJtX 23 8 u + 4Bca u 
232Th+ 4Bca. 
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B ma6A. 1 npe.ncTaaneHhi nonyqeHHhle .naHHhle .nn.a wupuH 

H30TOnHbiX pacnpe.IJ;eneHHH 30nOTa H cpe.IJ;HHX 'IHCen HeHTpO

HOB, HCnapJIIOWHXCJI H3 OCI<OnJCOB. 

Ta6nuua 1 

Peai<I.J,HH EX/M3B/ AP a2 
A v 

23au<4oca.n 45,1 120 200,9 17 16,5 
238 U( 44 Ca, f) 44,5 80 203,1 13 11,5 
238 u (4Bca, f) 43,9 45 205,4 12 10,0 
232 Th(48ca, f) 43,2 45 204,6 12 8,5 

H3 Ta6nHI.J,hi BH.IJ;Ho, 'ITO napaMeTp UIHPHHhi H30TOnHhiX pac

npe.neneHHH ( al ) MeHHeTCJI c POCTOM napaMeTpa Z 2/ A H 

3HeprHH B036y:>I<.IJ;eHHJI, I<ai< 3TO cne.nyeT H3 CTaTHCTH'IeCI<OH 

Mo.nenu .neneHHH /S/. A6conroTHble 3Ha'leHHJI napaMeTpa wu

pHHhl Haxo.IJ;JITCH B HennoxoM cornacuu c 3THM 3Ha'leHHeM, 

nony,eHHbiM B peai<I.J,HHX npH o6ny'leHHH ypaHa HOHaMH 

'f.O Ar 41. Ha ocHoBe 3THX .naHHhiX onpe.neneHbi ce'leHHH 

.IJ;eneHHH COCTaBHbiX H.IJ;ep BCeX HCcne.IJ;yeMbiX B pa6oTe pe

ai<I.J,Hii:. 3HaH wupuuy H30TOnHoro pacnpe.neneHHH, a cne.no

BaTenbHO, H 3apH.IJ;OBOro, CBH3aHHbiX Me:>I<.IJ;Y C060ii:, MO:>I<HO 

6blnO onpe.nenHTL BbiXO.IJ;LI .IJ;aHHbiX MaCC OCI<Oni<OB .IJ;nH BCeX 

3Ha'leHHH 3apH.IJ;OB, 3aBHCHMOCTL I<OTOPLIX OT MaCChi .IJ;aeT 

Maccoaoe pecnpe.neneHHe. HcnonL3YH .naHHble pa6oTLI 161 no 

wupuHaM MaccOBhiX pacnpe.neneHuii:, HOpMupys pacqeTHhle 

MaccoBLie pacnpe.neneHHH I< MaccaM, nonyqeHHhiM H3 H3o

TOnHbiX pacnpe.neneHHH, a 3aTeM HHTerpupyH OTHOpMHpo

BaHHYIO I< a6coniOTHOMY Ce'leHHIO ~yHI<I.J,HIO pacnpe.neneHHH 

no aceM 3Ha'leHHHM Mace, MO:>I<HO nony'IHTL nonHoe ce'leHHe 

.IJ;eneHHH, I<OTOpoe .IJ;nH CTOnL TH:>I<enbiX COCTaBHbiX H.IJ;ep 

COOTBeTCTByeT Ce'leHHIO o6pa30BaHHH COCTaBHOro H.IJ;pa. 

B ma6A. 2 npe.ncTaaneHhi nony'leHHble Tai<HM o6pa3oM 3Ha

'leHHH Ce'leHHH 06pa30BaHHH TH:>I<enbiX B036y:>I<.IJ;eHHbiX COC

TaBHbiX H.IJ;ep npH CnHHHHH H.IJ;ep ypaHa H TOPHH C HOHaMH 
40

•
44

•
48

Ca npu pa3nH'IHhlx 3Heprusx. 

llonL3YHCL 3THMH .IJ;aHHbiMH, MO:>I<HO nOCTpOHTL ~yHI<I.J,HIO 

B036Y:>I<.IJ;eHHH COCTaBHOrO H.IJ;pa C Z =112, I<OTOpaH noi<a3aHa 

8 

Ta6nuua 2 
3Ha'leHHH Ce'leHHH o6pa30BaHHH COCTaBHLIX H.IJ;ep (a ) .IJ;nH 

pa3nH'IHbiX peai<I.J,HH C HOHaMH I<anLI.J,HH c 

MuweHb YckopSieM. 3Hep2US{ CocTae,Hoe % E"CM3~) GcCMcf) UOH ~OHciJ(M3&) Sl~po 

40 218 278112 45,1 47 10 
Co 225 53 35 

229 56 65 
238u 245 70 200 

306 120 490 

44Ca 274 282112 44,5 80 530 

48Ca 245 286 43,9 45 190 112 
--1-- - --·--

232 48Ca 245 I 280 43,2 45 430 Th 110 
-~-

Ha puc. 3. Kpuaas, npoae,neHHaH 'lepe3 3I<crrepuMeHTanLHhie 

TOlfi<H, HBnHeTCH pacqeTHOH I<pHBOH ;- = ft:E), BLI'IHcneHHOH 

B npe.nnono:>I<eHHH, 'ITO 

2 
a (E) = 77 r 3cp¢ (Al/3 -t-Al/3 )2 (l- ~) 

I 2 E /3/ 

c y'leToM 3HepreTH'Ieci<oro pa36poca ny'II<a HOHOB L\E Me

TO.IJ;OM, OnHCaHHbiM B pa6oTe /7/ • H3 HaHnyqwero cornaCHH 

3I<CnepHMeHTanLHbiX H pac'leTHbiX 3Ha'leHHH 6bln nonyqeH 

34KI!ei<THBHbiH pa.IJ;HYC B3aHMO.IJ;eHCTBHH (r 3cp~ .IJ;nH .IJ;aHHOH 

peai<I.J,HH,I<OTOpbiH OI<a3anCH paBHbiM r 3¢<!l =1 ,46±0,02 4JM. 
Ha puc. 4 npe.ncTaaneHa 3aBHCHMOCTL ce'leHHH .neneHHH 

OT BenH'IHHbl o6paTHOH 6oM6ap.D;Hpyroweii: 3HeprHH B CHCTeMe 

I.J,eHTpa Mace. 3I<cnepuMeHTanLHble 3Ha'leHHJI ce'leHuii: 6blnH 

nonpaaneubl c y'leToM 3HepreTH'Ieci<oro pa3peweHHJI ny'II<a. 
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~ 
X 
c.. 

1,0 

~0,1 

i 
Q01 

200 

238 40 
o U• Ca 

A 
2:Eu•44Ca 

• 231\J. 48Ca 

250 300 E<M3&l 

Puc. 3. 3HepzemutlecKaJI 3aeucu.Mocmb cetleHUJI OeAeHUJI 
cocmaeHozo JIOpa, o6pa3YJOfllezocJI e peaK!4UU U + Ca. 

%' 
a.. 

..g 
!400 
0::: 
s. 
I 
w 

"" w 
""::! 

E *<M::~@>> 

239u. 40ca 

Q.0055 t U.. M. 

1 Puc. 4. 3aeucuMocmb cetleHUJI oeAeHUJI om eeAU'lUHbl E ( . ) 
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llpHMaH, npOBe~eHHaH qepe3 3KCnepHMeHTanhHhle TOqKH, 

paccqBTaHa no ;opMyne /3/, r~e KynoHOBCKHH 6apbep 
Z1Z2 e 

B 
Ky.'!. l ; 3 l/3 ' npH 3HaqeHHH r3 <!J~=l ,46 CZJ.M. 

r 34Jcp. <A l + A 2 ) 

KaK BH~Ho H3 puc. 4, 3KcnepHMeHTanhHhle ~aHHhle xopowo 

onHchlaaroTCH 3TOH 3aBHCBMOCThro. ITonyqeHHoe 3HaqeHHe 

3qxpeKTHBHoro pa~Hyca Haxo~HTCH B npe~enax TOqHOCTH ero 

onpe~eneHHH B cornacHH co 3HaqeHHHMH, nonyqeHHhlMH 

paHee B peaK.u;HHX c HOHaMH 40Ar, 52Cr, 56 Fe. Heo6xo~HMo 
OTMeTHTI., qTO BOnpoc onpe~eneHHH TOqHoro 3HaqeHHH 

3~eKTHBHOrO pa~Hyca H~pa 48 Ca HBnHeTCH BeCbMa Ba~
HLIM B H~epHOH $H3HKe, T.K. 3~eCb MO)KHO O)KH~aTb npOHB· 

neHHH He06LiqHLIX H~epHLIX CBOHCTB, B qaCTHOCTH, HanHqHg 

CBepxnnOTHLIX COCTOHHHH H~ep /B/ · llpOBe~eHLI nepBLie 3KC • 

nepHMeHTanhHLie HCCne~oBaHHH B 3TOM HanpaaneHHH, B KQ • 

TOpLix aenHqHHa pa~Hyca CHnhHoro nornm.u;eHHH g~pa48C~t 
onpe~emmacb no ynp~ro~?: pacceHHHro nerKHX 3apH)KeHHLIX 

qacTHU Ha H~pax 4 Ca I. C noHaneHHeM B03MO~HOCTH 
YCKOpeHHH HOHOB 

48Ca OTKpLIBaiDTCH WHpOKHe nepcneKTHBLI 

KaK ~ng 3KCnepHMeHTanhHOH npoaepKH B03M0)KHOCTH CHH· 

Te3a CBepXTH~enLIX 3neMeHTOB B peaKIJ;HHX C 3THMH HOHaMH, 

TaK H ~ng HCCne~oBaHHH CTPYKTypLI CTOnb CHnbHO o6ora
IIJ;eHHLIX HeHTpOHaMH H~ep. 

ABTOpLI BLipa~aroT npH3Ha TenbHOCTh aKa~eMHKy 
r .H.<I>nepoBy 3a HHTepec K pa6oTe H .u;eHHbie 3aMeqaHHH B 

npo.u;ecce ee BLinonHeHHH. ABTOphi 6naro~apHLI KonneKTHBY 

06Y no~ PYKOBO~CTBOM o.H.MapKoBa 3a nonyqeHHe ~o
CTaToqHo HHTeHCHBHLIX nyqKOB HOHOB KanhiJ;HH. 
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Y CJIOBJUI 06MeHa 

llpenpHHTbl H C006UlCHHJI 0HJU1 paCCbiJiaiOTCll 6ecnnaTHO, Ha OCHOBC 

B3aHMHOrO 06MeHa, YHHBepCHTCTaM, HHCTHTyTaM, na6oparopHJIM, 6u6-

JIHOTCKaM H Hay'IHbiM rpynnaM 6onee 50 crpaH. 

fiOMHMO peryJillpHOH paCCblJIKH B TIOpll~Ke 06MeHa,HJAaTCJlbCKHH 

OT.D;CJI e>KerO.D;HO BblTIOJIHJICT OKOJIO 4000 OT.!lCJlbHhiX JallpOCOB Ha Bbl" 

CblJIKy npenpHHTOB H coo6UlCHHH OHJIH. B raKHX Janpocax cne.Ayer 

06ll3aTCJihHO yKaJblBaTh HHACKC JanpaUIHBaCMoro HJ~aHHJI. 

AP:peca 

llHcLMa no aceM aonpocaM o6MeHa ny6nHKaUHHMH, a raiOKe Janpo-

Cbl Ha OT.D;CJihHhiC HJ.!laHHll CJlC.!lYCT HanpaBJillTh no a.Apecy: 

101000 MocKea, 
FAaeHbtil nottmaMm, n/11 79, 
H30QIII€11bCKUU 01110€11 
06beOUH€HHOZO UHCIIIU111YIIIa 
Jloepubtx ucc11eooeauuil. 

A.zl.pec .D;Jlll TIOCblJIKH BCCX ny6JIHKaUHH B nopllAKC 06MeHa, a TaiOKe 

.D;Jl.ll 6CCITJiaTHOH TIO~ITHCKH Ha Hay'IHLIC >KypHaJihl: 

101000 MocKea, 
FAaeubtii nottmaMm, n/11 79. 
llayttuo-mexHuttecKaJI 6u6AuomeKa 
06b€0UH€HH020 UHCIIIUIIIyllla 
11oepHbtX uccAeooeauuil. 




