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B csoeM JtOiumne H xoTen 6L1 ocTanoBHTbCH na neioTopLix sonpocax, 

CBH38BHLIX C nepcneltTHB8MH CHBTe38 H H3yqeBHH CBOliCTB HOBLIX H30TODOB 

H aneMeHTOB0 B o6na~X. naneltBX OT DOliOCLI CT86HllbHOCTH. npa aTOM1 

ecTecTBeHBOo UpHXO.llHTCR OUHp8TbCH 88 MHOrO'IIIClleHHLie peaynbT8TLI0 nonyqes­

HLie 6naronapH TDJaTenLHOMY aay'leBHJO csoAcTB panaoaiTHBBLIX HaOTOnoa, 

HayqeBHIO OCROBHLIX 381tOHOMepROCTeli, aefiCTBYIODIHX B Bllpe. Bee llOCTHllte­

BHH B anepuoA tjmaHite 6hlnH B03MOlltBLI TOnblto 6naronapg caMooTaeplltenso­

My Tpyny 6onbDioro oTpana c!JaaHIOB, ltOTOpLIM npaxollHnOCL accneaoBaTb 

lt81t MOlltHO 6onee 111Hpo1tHA Ipyr HBneBHli0 BXOllHTb BO MHOlKecTBO lleTanei:, 

nenaTb nopoA 'lepsoByJO pa6oTy, IOTOpall, Ol1R81to, B nanLseAmeM o1taaana 

orpoMHoe BnHHBHe 88 p83BHTHe B8YitH H TeXBHitHo 

CasTea BOBLIX aaoTonoB 

nocne OTitpLITHH EeltltepenneM, Mapaeli CltnOllOBCitOi-KIOpB H ~poM 

K10pa ecTecTaeasoi pallH081tTHBBOCTH H ~peuepHIOM }l(onao-KJOpB - HCiycCT­

aessoli p8l1HoaiTHBBOCTH, na'lano a~tcnepaMeHTanbBLIX accnenosaBHA_ ae cy­

DJeCTBYJODIBX B UpHpolle H30TODOB H aneMeHTOB MOlltBO OTBecTH It 1934 roay, 

ltOrlla rpynna BT8llbHBCitBX c!JaaBitOB BO rnaae C 3.~pMH UOCTSBH.IJa OllhiTLI 

no aayqeBHJO aaXBSTa sei:Tpoaos paanH'IBLIMH aneMesTaMB. AsanorH'IIIhle accne­

llOBaBHH B Te ron~>~ DpoBO.llHnHCb H B CoaeTCitOW CoJOae B na6opaTOpBH H.B.Kyp-

3 



J1ay'I8SI CTpyxTypy CT86HnbHblX H p8JlH08KTHBHbiX SIJlep, SIJlepH8SI <j!HaHKB 

110 Mepe H8KOIIneHHSI 3KC11epHMeHT8nbHOT'O MaTepHana pacKpblBBeT nepell HBMII 

KapTHHy CTpoeHHSI MBTepHH. EcTeCTBeHHo rroaToMy npoaHanH3HpoBaTb, 

KBK JlBneKO llpOJlBHHynHCb Mbl B 3TOM HanpaBneHHH, CKOnbKO y)l{e CHHTe3HpO­

B8HO H H3y'leHO H30TOIIOB H CKOnbKO eme rrpeJlCTOHT rrony'IHTb H H3Y'IHTb HX 

B 6ynymeM. 0TBeT HB 3TOT BOIIpOC MO)I{HO rrony'IHTb, BarnHHyB HB pHc. I. 

Ha 3TOM pHCyHKe H306pa)l{eHbl KBK y)l{e CHHTe3HpOBBHHbie H30TOIIbl
0 

TBK H 

H30TOIIblo KOTOpble 6ynyT CHHTeaHpOBBHbl B 6ynymeM f 1/ • no OCHM OTnO-

)l{eHbi z ( 'IHCflO 11p0TOHOB B HJlpe) H N = A - Z ( N - 'IHCnO HeHTpOHOB 

B SlApe). CTa6HnbHbie HaOTOIIbi Hao6pa)l{eHbi TeMHbiMH KBBJlpaTaMH. BHernHHli KOH­

Typ, rrpencTaBneHHbiH crrnornHoll nHHHeil, o6oaHa'laeT rpaHHUbi o6nacTH cTa-

6HnbHOCTH, IIOny'leHHbie HB OCHOBBHHH TeopeTH'IeCKHX OUeHOK. 0ueHK8. 'IHCna 

B03M0)1{HblX H30TOJ;IOB B 3TOM o6naCTH Jl8eT BenH'IHHy 4000-5000. no 

HBCTOSimero BpeMeHH CHHTe3HpOB8HO I500 H30TOIIOB. 4To HOBOT'O MO)I{eT JlBTb 

HaM CHHTea H HccnenoBaHHe eme HeHaBeCTHbiX HaoTorroB? H nyMaiO, 'ITO 

HMeHHO anecb llpHpona T'OTOBHT HaM paanH'IHOT'O pona HeO)I{H)laHHOCTH: HOBble 

OCTpOBKH CTa6HnbHOCTH, HOBbie o6naCTH ne<jlopMaUHH 0 H30MepHble COCTOSIHHSI 

paanH'IHbiX THIIOB H M~:oroe llpyroe. CHHTe3HpyS1 TaKHe H30TOIIbl KaK Kanb­

UHft-3I HflH KanbUHii-70, Mbl IIOny'laeM Slllpa C O'leHb He06bi'IHbiMH COOTH0111e­

HHHMH llpOTOHOB H Hei!TpOHOB 0 KYflOHOBCKHX H SlllepHbiX CHn. B CBSI3H C 3THM 

CTaHOBHTCSI TaK)I{e IIOHSITHbiM Ham OC06bJii HHTepec K H3y'leHHIO TpaHcypaHOBbiX 

aneMeHTOB, T'Jle KynoHOBCKHe CHflbl O'leHb BenHKH 0 H II03TOMy IIO'ITH He cy­

meCTByeT o6bi'IHoro 6apbepa neneHHSI, a paanH'IHbie o6ono'le'IHbie a<jl<jleKTbi 

MOT'yT 6biTb Bbipa)l{eHbl '1pe3Bbi'IaiiHO CHflbHO. J1MeHHO B 3TOi! o6naCTH ane­

MeHTOB OTKpbiT HOBblil BHJl llllepHoJt H30MepHH -H30MepHSI ljlopMb/2/• 3necb 

)l{e B03MO)I{eH PSIIl llPYT'HX HHTepeCHbiX liBneHHlt, CBll.taHHbiX, HallpHMep, C 

HanH'IHeM BTOpOT'O MHHHMyMa B 3HeprHH neljlopMaUHH· llllpa,rrpeJlCKa38!1HOT'O 

CTpyTHHCKHM /3/ H T.Jl. 

I. MeTOJlbi rrony'leHHll HOBbiX HaoTorroB 

C TO'IKH apeHHll CHHTeaa HOBb!X H30TOIIOB rrpeACT8BnSIIOT HHTepec HeCKOflb­

KO THIIOB peaKUHJt: 

a' peaKUHH 0 Bbi3B8HHble 38pSI)I{eHHbiMH 'laCTHU8MH Cpenaei! 3HeprHH 
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yKTYPY CTa5HnbHbiX H paAHOBKTHBHbiX Haep, HA9pH8H <!JH3HKa 

HHH aKcnepnMeHTanbHoro MaTepnana pacKpbiBBeT nepen HaMn 

H MaTepnn. EcTeCTBeHHo noaToMy npoaHannanpoBaTb, 

BHHynHCb Mbl B 3TOM HanpaBn9HHH, CKOnbKO y>Ke CHHT93Hp0-

H30TOUOB H CKOnbKO eme Up9ACTOHT nonyqHTb H H3yqHTb HX 

eT Ha 3TOT BOUpOC MO>KHO nonyqHTb, BarnHHYB aa pnc. I. 

e H305pa>KeHbl KaK y>Ke CHHTe3HpOBaHHbl9 H30TOUbl 0 TaK H 

,Je 5yAyT CHHT93HpOBaHbl B 5yaymeM Ill. no OCHM OTno-

no npOTOHOB B Hape) H N =A - z ( N - qncno HeliTpOHOB 

bHbie naoTODbi nao5pa>KeHbi TeMHbiMH KBanpaTaMn. Baemani! KOH­

Hbiil cnnornHoi! nnHnei!, o5oaHaqaeT rpaHHUbi o5nacTH cTa-

eHHbie Ha ocHoBaHHH TeopeTnqecKHX oueHoK. OueHKa.qncna 

10noB B aToll o5nacTH aaeT BennqnHy 4000-5000. no 

eHH CHHTe3HpOBaHO 1500 H30TOUOB. YTO HOBOPO MO>KeT AaTb 

cnenoBaHne eme HenaBeCTHbiX naoTonoB? H ayMaiO, qTo 

poaa roToBHT HaM paannqHoro pona Heo>KnaaHHOCTH: HOBbie 

bHOCTH, HOBbie o5naCTH ne<!JopMaUHH, H30MepHbie COCTOHHHH 

H MEOroe npyroe. CnHTeanpyH TaKne H30TO!Ibl KaK Kanb­

Hi!-70, Mbl nonyqaeM HApa C oqeHb He05biqHbiMH COOTHOllle­

H Hei!TpoHoB, KynoHOBCKHX n HAepHbiX cnn. B CBHan c aTHM 

e UOHHTHbiM Ham OC05biil HHTepec K H3yqeHHIO TpaHCypaHOBbiX 

KynoHOBCKHe CHnbi oqeHb BeUHKH, H U03TOMy noqTH He cy-

10ro 5apbepa neneHHH, a paannqHbie o5onoqeqHbie a¢<!JeKTbi 

a>KeHbl qpe3BbJqaliHO CHnbHO. l1MeHHO B 3TOi! o6naCTH 3ne­

IHOBbiil BHA HAepHOll H30MepHH -H30MepHH <!JopMb/21. 3necb 

A npyrHX HHTepeCHblX HBneHnll, CBH3aHHbiX, H8UpHMep, C 

o MHHHMyMa B :aneprnn ne¢opMaunn HApa,npencKaaaanoro 

I n T.n. 

I. MeTonbi nonyqeanH HOBbiX naoTonoB 

·eHHH CHHTeaa HOBbiX H30TOllOB npeACT8BnliiOT HHTepeC HeCKOnb­

ll: 

o Bbi3B8HHbie 38pli>KeHHbiMH qaCTHllBMH cpenHeA 3HeprHH 
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a TSKlKe peaKUHH c He , B KOTOpblX o6paayJOTC!I HeliT-

poaoAecllHuHTHbie H30TOfibi, Hei!TpOHOH36biTO'IHbie H30TOfibi MOJKHO nony'IHTb 

B peaKUH!IX ( n, p l1(n, a lJp ,2p l,(d, p); 

6) HH3K03HepreTH'IeCKOe AeneHHe H Hei!TpOHHble fiOTOKH 6onbWOil nnoT­

HPCTH1 HCfiOnb30B8HHe KOTOpb!X npHBOAHT K o6p830B8HHJO Hei!TpOHOH36bi­

TO'IHbiX !!Aep; 

B) peaKUHH1 Bbi3B8HHble npOTOH8MH Bb!COKOil 3HeprHH ( CK8flbiB8HHe 1 

AeneHHe nocne 6b!CTpOrO K8CK8A8) 1 B KOTOpb!X o6pa3yJOTC!I K8K Hei!TpOHO­

Aecj!HUHTHbie, T8K H Hei!TpOHOH36biTO'IHbie !!Apa, 

r) peaKUHH, npoHCXOA!IIIlHe noA AeiiCTBHeM T!IJKeflblX HOHOB ( nonaoe H 

He non Hoe CflH!IHHe, AeneHHe npH Bb!COKHX 3HeprH!IX B036yJKAeHHll) 1 B KOTOpb!X 

o6paayJOTCll H HeiiTpOHOAecj!HUHTHble H HeiiTpOHOH36biTO'IHbie !!Apa, npH cpaBHe­

HHH paanH'IHWX MeTOAOB nony'leHHll H30TOnOB Heo6XOAHMO 3H8Tb Ce'leHH!I 

3THX peaKUHil, 3TH 3Ha'leHHll nH60 H3BeCTHbl1 nH60 HX MOJKHO nony'I8Tb 

aKcTpanonlluHeil Ha nasecTHbiX ce'!eimil noAo6Horo THna peaKunli, Y'IHTbiBBll 

nony'leHHbie 3HB'IeHHll Ce'leHHil H HMeJOmHeCll HHTeHCHBHOCTH ny'IKOB HB YCKOpH­

TenliX HflH peaKTOpax, MOJKHO oueHHB8Tb aqxpeKTHBHOCTH paanH'IHbiX MeTOAOB 

nony'leHHll H30TOfiOB B WHpOI<Oi! o6iJaCTH Z H A • BHAHMo, npn cpaBHeHHH 

uenecoo6paaHo paa6HTb see MeTOAbi CHHTeaa Ha ABe rpynnbi: 

) ) HanpaBneHHbie peaKUHH 1 B peaynbTaTe KOTOpb!X o6paayJOTCll O.llHH-.llBB 

HHTepecyJOIIlHX HBC H30TOna; 

2) peaKUHH, B KOTOpb!X O.llHOBpeMeHHO o6paayJOTC!I H30TOnbi B WHpOKOil 

o6nacTH Z H A • 

npeHMyiUeCTBO MeTO.llOB CHHTeaa nepBOrO THna COCTOHT B npo-

CTOTe H.lleHTH!/!HKBUHH nony'leHHbiX H30TOnOB (no KHHeMaTHKe peaKUHH, 

no !jlyHKUHH B036YJKAeHHll H TBK, nanee), 3TH peaKUHk yno6Hbl 0 HO OHH He 

ABJOT B03MOlKHOCTH naneKO OTOliTH OT nonOCbl CTa6HnbHOCTH, KpoMe TOrO, 

He acerAa soaMOJKlio noAo6paTb Heo6xoAHMYJO 'KOM6HH8UHIO MHWeHb-'laCTH-

UB, PeaKUHH BTOpOrO THna cpaay A8JOT HaM 60nbWOil Bb!60p H30TOnOB B WH-

pOKOil o6naCTH z • OAH8K01 npH 3TOM B03HHK8JOT npo6neMbl 3KCnpeCCHOI'O 

paaAeneHH!I HaoTonos H HX HAeHTH!/!HKBUHH, Oco6eHHO 6onhrnHe TPYAHOCTH 

BOaHHKBJOT npH nposeneHHH npeuHaHOHHbiX cneKTpoMeTpH'IeCKitX 'Hccnenosa­

HHil KopoTKOJKHBYWHX HaoTonos. BMecTe c TeM B aacTollwee speMll cy­

wecTBYJOT 8H8flH3HpyJOWHe CHCT9Mbl 0 pa60T810WH9 Henocpe.nCTBCHHO Ha ny'!Ke 
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ycKopeHHh!Y 'IBCTHU ( "on- lin~ " CHCTCMbi), B 'IBCTHOCTH, B Hamel! 

TOpHH HMCCTCSI pSIA YCTBHOBOK, pa60T810WHX B pCJKHMe "on- line": 

nonHeHHbiil cenapaTop nnSI 6biCTporo BbiAeneHHSI ( I0-6ceK) paAHoaK 

npoAyKTOB SIAepHbiX peaKUHli c paapeweHHeM no Macce 1\ A= t.0,03A, 

MarHHTHbiil Macc-cenapaTop SIAep OTAB'IH c paapeweHHeM no Macce 

c speMeHeM paaneneHHll AnSI raaoo6paaHbiX npoAyKToB - 5.Jo-3ceK, 

An!! aKcnpeccHoro HenpepbiBHoro XHMH'IecKoro paaAeneHHll npoAyKTOE 

npeHMYWCCTBa H HC.llOCTBTKH paanH'!Hb!X cnoco6oB CHHTeaa nOA 

paccMoTpeHbi B pa6o1·L'x PyncTaMa/4/, Ha npoBeAeHHoro TaM aHanH:J 

'ITO 60nbWHHCTBO MCTOAOB He naeT B03MOlKHOCTH .llBflCKO OTOliTH OT 

cTa6HnhHOCTH, HcKnJO'ICHHe cocTaBnHJOT peaKUHH, Bbi3BBHHbre npoTOH! 

coKoli aHeprHH, CxeMa aTHX peaKuHli cneAYJOWaH: nocne BaaHMOAei 

npOTOHa BbiCOKOi! 3HeprHH C !!.llpOM MHWCHH HMceT MCCTO nH6o npOUE 

pOI'O HyKnOHHOI'O KaCK8A8 0 nH60 rparMeHT8UHS1 0 B peaynbTBTe qero ll 

o6peTaeT aHa'IHTenbHYJO aHcprHJO soa6yJK.neHHll, B nanbHeilweM ocywe 

ell ncnapeHne HeiiTpOHOB HnH neneaHe, BepoSITHOCTb o6paaoBaHHSI Hae 

C paanH'IHbiMH 3H9pi'HSIMH B036YlK.llCHHll paCC'IHTb!BaeTCll no MCTOAY /1 

Kapno c Ha6opoM KOHCTaHT B3aHMoneilcTBHll aPP , ann , apn , a 

a H T.n. HcnonhaySI nono6Hbie pac'lilTbi, a TBKJKe onnpaSicb Ha at na 

MCHTBnbHbiC .naHHb!C 0 Py.nCTBM Bb!Ben !jlopMyny .llflSI paC'!(\Ta CC'ICHHll 

BaHHSI H30TOfiOB nocne 6b!CTpb!X npOUCCCOB0 38BHCSIWYJO 0": 'ICTblpex I 

MeTpoB. MenneHHbie npouecCbi pacc'!HTbiBaJOTCSI no o6bi'IHbiM !jlopMyn1 

HOi! !j!H3HKH, 3KcnepHMCHT8flbHO 6binO nOK838HO, 'ITO OTHOCHTCflbHblil J 

CC'ICHHil MCHSICTCSI cna6o C pOCTOM 3HeprHH npOTOHOB OT 500-800 M S 

30 faB, 'ITO BHAHO HB pH~o 2, rne npenCTBBflCHbl KpHBbiC Bb!XOAB H30 

I( z .. 53) npH neneHHH ypaHa npoToHaMH c aHeprHeil 590 Mas H 18 raa15/, 

.ll8HHb!X TBKJKe MOlKHO 38KnJO'IHTb 0 'ITO HCnOflb30B8HHe npOTOHOB Bb!CO~ 

rHH '1p93Bbl'l8iiHO acjlcpeKTHBHO AnSI CHHTeaa H30TOfiOB C Z :$ 75, Hano 

THTb1 'ITO 3TOT MCTOA B TC'ICHHC nocneAHHX ACCSITH neT C ycneXOM H 

aosancSI B lly6ae, B J1a6opaTopHH l!AepHbiX npo6neM Anll CHHTeaa H 

HHll CBOi!CTB H30TOnOB H H30MCpOB B WHpOIWil o6naCTH Z H A , 

.llnll CHHTeaa H30TOnOB Tp8HCypaHOBblX aneMeHTOB MOI'YT 6b!Tb H 

30B8Hbl nH60 HCiiTpOHHblC nOTOKH 6onbWOil nnOTHOCTH, nH60 TSIJKCnbiC I 
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3 
TBK)I{e peaKUHH C He, B KOTOpblX o6pa3yiOTCH HeiiT-

TOUbl, Hei!TpoHOH36biTO'IHble H30TODbl MO)I{HO nony'IHTb 

, a )
1
( p , 2 p l,( d , p) ; 

TH'!eCKOe neneHHe H HeitTpOHHble UOTOKH 6onbWOH nnoT­

e KOTOpblX npHBOnHT K o6pa30B8HHIO Hei!TpOHOH36bl-

,J3B8HHble npoTOHBMH BbiCOKOII aHeprHH ( CK8nbiB8HHe 1 

poro K8CKana) 1 B KOTOpblX o6pa3yiOTCH KBK Hei!TpOHO­

Hei!TpOHOH36biTO'!Hble Hnpa, 

non nei!cTBHeM TH)I{enbiX HOHOB (non Hoe H 

eneHHe npH BbiCOKHX aHeprHHX B036yll<neHHH) 1 B KOTOpblX 

oHonecjmuHTHbie H HeliTpOHOH36biTO'IHble Hnpa. DpH cpaeHe­

noB nony'!eHHH HGOTOUOB Heo6xonHMO 3H8Tb Ce'!eHHH 

3H8'1eHHH nH60 H3BeCTHbl 1 nH60 HX MOli<HO nonyqaTb 

H3BeCTHblX ceqeimi! nono6HOrO THUS peaKUHil, Y'IHTbiBBH 

5I ceqeHHli H HMeiOWHeCH HHTeHCHBHOCTH ny'IKOB H8 yCKOpH­

X, MO)I{HO oueHHBBTb a.pcjleKTHBHOCTH paanH'IHbiX MeTonOB 

B wHporwl! o6nacTH Z H A • BHnHMo, npH cpaBHeHHH 

HTb BCe MeTOnbl CHHTe3a H8 nee rpyDDbl: 

ble pe8KUHH 1 B peaynbTaTe KOTOpblX o6pa3yiOTCH OnHH-nBa 

KOTOpblX onHOBpeMeHHO o6pa3yiOTCH H30TOUbl B WHpOKOil 

MeTonoB CHHTe38 nepeoro THUS COCTOHT B npo-

BUHH nonyqeHHbiX H30TOUOB (no KHHeMaTHKe peaKUHH 1 

AeHHH H TBK Aanee), 3TH peaKUHH yno6Hbl1 HO OHH He 

naneKo OTOHTH OT nonOChl CT86HnbHOCTH 1 KpoMe Toro, 

HO DOA06paTb Heo6xoAHMYIO 'KOM6HH8UHIO MHWeHb-'IBCTH-

ro THUS cpa3y ABIOT HBM 60nbWOil Bbi60p H30TODOB B WH­

OAH8K01 UpH aTOM B03HHK810T npo6neMbl aKCUpeCCHOrO 

OB H HX HAeHTHVHK8UHH, 0co6eHHO 6onbWHe TpyAHOCTH 

'oeeAeHHH npeuH3HOHHbiX cneKTpoMeTpH'IeCKHX HccneAoBa­

HX H30TOUOB, BMeCTe C TeM B HBCTOHWee BpeMH cy­

PYIOWHe cHcTeMbi, pa6oTBIOWHe HenocpeACTBeHHO Ha ny'!Ke 
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ycKopeHHbiY 'IBCTHU ("on- lin~" CHCTeMbl), B 'IBCTHOCTH, B Hamel! na6opa­

TOpHH HMeeTCH pHA YCT8HOBOK1 pa60T810WHX B pe)I{HMe "on- line": ra30H8-

nonHeHHblH cenapaTop AnH 6biCTporo BbmeneHHH ( l0-6ceK) paAHoaKTHBHbiX 

npoAyKTOB HAepHblX peaKUHil c paapeweHHeM no Macce ll A= t_0,03A, aneKTpo­

MarHHTHblll Macc-cenapaTop HAep OTAB'IH c paapeweHHeM no Macce llA•±0,002A 

C BpeMeHeM p83AeneHHH AnH ra30o6pa3HblX DpOAYKTOB - 5,J0-3ceK1 yCT8HOBK8 

AnH aKcnpeccHoro HenpepbiBHoro XHMH'!ecKoro paaAeneHHH npoAyKToB H Ap. 

DpeHMywecTBa H HeAocTaTKH paanH'IHhlX cnoco6oe CHHTeaa noApo6Ho 

paccMoTpeHbl B pa6o1'L•x PyncTaMa/4/. l1a npoBeAeHHoro TaM aHanHaa cnenyeT, 

'ITO 6onbWHHCTBO MeToAOB He ABeT B03MOli<HOCTH naneKO OTOliTH OT nonOCbl 

CT86HnbHOCTH~ l1CKfliO'IeHHe COCT8BflHIOT peaKUHH1 Bbi3BBHHble UpOTOH8MH Bbi-

COKOH aHeprHH, CxeMa aTHX peaKuHli cneAyiOwaH: nocne eaaHMoAeilcTBHH 

UpOTOH8 BbiCOKOil aHeprHH C HApOM MHWeHH HMOeT MOCTO nH6o npouecc 6biCT­

poro HYKflOHHOrO K8CK8A8 1 nH60 rparMeHT8UHH 1 B peaynbTBTe qero HApO UpH­

o6peTaeT 3HB'IHTenbHYIO aHcprHJO soa6ylKAeHHH, B ABnbHeilweM ocymecTBnHeT­

CH HCUapeHHe Hei!TpOHOB HflH AeneHHe, BepOHTHOCTb o6pa30B8HHH Ha6opa HAep 

c paanH'IHblMH aHeprHHMH soa6ylKAeHHH pacc'IHTbiBaeTcH no MeToAy MoaTe­

Kapno C Ha6opOM KOHCTBHT B38HMOAeliCTBHH app'ann ,apn ,apa• 

a H T,A, l1CDOflb3YH DOA06Hble paC'!eTbl 1 a TBKlKO ODHp851Cb H8 aKcnepH-
na 

MeHTanbHbie ABHHbie, PyAcTaM BbiBen ,PopMyny AnH pacqeTa ceqeHHH o6paao­

BBHHH H30TOUOB UOCne 6biCTpb!X npoueCCOB1 38BHCSIWYIO OT qeTblpex napa­

MeTpOB, MeAneHHble npouecCbl pacc'IHTbiBBIOTCH no o6bi'IHhiM ,PopMynaM HAep­

Hoil ,PH3HKH, 3KcnepHMeHT8flbHO 6blfl0 UOK838H0 1 'ITO OTHOCHTenbHblil XOA HX 

ce'!eHHil MeHHeTcH cna6o c poe ToM aHeprHH npoToHoB oT 500-800 Mas Ao 

30 faB1 'ITO BHAHO HB pHC, 2, rAe npeACTBBneHbl KpHBble BbiXOAB H30TOUOB 

I(Z .. 53) npH AeneHHH ypaHa npoTOHBMH c aHeprHei!590MaB H 18fae/5/,_l1a aTHX 

AB.HHbiX T8KlKe MOlKHO 38KfliO'IHTb1 'ITO HCUOflb30B8HHe npOTOHOB BbiCOKOi! aHep­

rHH qpe3Bbi'!BiiHO acjxpeKTHBHO AflH CHHTe3a H30TOUOB C Z :$ 75, Hano OTMe­

THTb1 'ITO aTOT MeTOA B Te'!eHHe UOCnenHHX AeCHTH neT C ycneXOM HCDOnb-

30B8flCH B .Qy6He1 B na6op8TOpHH HAepHbiX npo6neM AflH CHHTeaa H H3yqe-

HHH CBOi!CTB H30TOUOB H H30MepoB B 111Hp0l(Oi! o6naCTH Z H A , 

.QnH CHHTe38 H30TOUOB TpBHCypaHOBbiX aneMeHTOB MOryT 6b1Tb HCDOnb-

30B8Hbl nH60 Hei!TpOHHhle UOTOKH 60flbiiiOil DnOTHOCTH 1 nH60 THlKeflble HOHbl, 
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Pac. 2. KpRBbie BbiXOAB aaoTonoB I ( Z = 53) npH AeneHHH ypaaa npoToHaMH 

c saepraeA E i = 590 MsB H E
2 
= 18 fsB. 
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CaaTea 6on&maacTBa BaBecTHbiX aaoTonos ·no cjlepMas BKnJO'IBTen&ao • 

nHeTCH nyTeM 06nyqeHBH ypa&a Bna DnyTOHBH. HeiTpo&aMB B snepBI>IX 

pax ana upa B3pi>IBaX snep&~>~x ycTpolcTB. CyT& STOro MeTona cocTo 

qTo B H81TpoHHI>IX DOTOK8X 6on&mol . DBOTHOCTB HnPa DOcnenOB8Ten&H( 

TbiBaJOT HeCJ:OnbKO HeiTpOHOB no TOr01 11:811: ORB aCDbiT8nB {J -p8CD8l 

naeT BOaMOlKHOCTb uony'IBTb aa acxonaoro snpa 218 U oqea& THJKem 

TODI>I ypaaa, KOTOpble B nan&aetmeM uocne aecxon&xax fJ -pacnano: 

BpamaJOTCH B aaoTODI>I 6onee nanexax aneMeHTOB. OnTBMBCTBqecKBe ( 

DOK838nB1 qTO TBKaM o6p830M MOlKHO DOII)''IBTb 9neMeHTI>I C 60n&WBM 

( z = 110,112 a T.n.) .B a.TOM aaupasneHBB 6blna nponenaaa rpaanioa&B.II 

uonyqeaa 6on&mas nnoTHOCTb aeiTpoaoB, paapa6oTaBY MeTOn~>~ sKcnpecc 

Ma'leCKOro B!>llleneHBH TpBHCypaBOBOI c!Jpaqaa, onBBK01 DODI>ITK8 DOny'IB' 

c Z > 100 ae yseaqanac& ycnexoM/61. 

B TO JKe speMH c 1954 rona B CoserexoM Co103e a CWA uapiUI 

p83BaBanacb MeTOnbl Ca&Teaa B peaQaHX C THlKenYMB BOH8MB
1 

'ITO E 

no CBHTe3BpoBaTb aneMeHTI>I no 105 BKHJO'IBTen&HOo B H8CTOKmee Bpe 

qacno CaBTe3BpOB8BBI>IX aaOTODOB B TpaacypaHOBOI o6n8CTB 6nB3KO 11: 

2. CBBTea B30TODOB B peaQBHX C THlK8BI>IMB BOBBMB 

Opa 06ny'le&BB THlKE!BI>IMB BOH8MB CBBTe3 B30TODOB MOlKBO OCy-

mecTBnKTb s peaxu•sx cnenYJDmero TBna. 

A. Henonaoe CnBHHBe. 

PeaKDBB Henonaoro "CnBHHBH BMeJOT MBOro p83BOBBllBOCTel, K8lKI 

aa KOTOpi>IX H8XOllBTCK B cnOJKHOI 38BBCBMOCTB OT OOIIhllloro 'IBCna D< 

MeTpoB ( SBeprBB1 38pSill8 B MBCCI>I 'IBCTBUI>I B Hnpa MBWeHB1 CTp)')[Tyj 

CBOICTB B38.11MonelcTBYJDmBX Hnep B T.n.). Ha BCero Baoopa pe8Klllll 

CaBTeaa aaoTODOB H8B60IIhiiiBI BHTepec DpenCTaBmiJDT pe8KllliB MBOrOI 

no&BI>IX uepenaq, xorila B uepenaBaewow xoMnnexce oTaomeHBe 'IBcna 

TOHOB II: 'IBcny &eiTpoBOB MOlKeT CBnbHO OTnB'18TbClil OT ellBIIIIIII>Io 3TJI I 

ueccy MOryT 61>1Tb BBTepeCHI>I C TO'IKB 3peHBK DOny'leHBlil 11:8I aeiTpoJ 

c!JauBTBI>IX, TBK • aeATpo&oB36YToqai>IX snep. B .ay6ae, asppawep, aa6 
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XOAa H30TOIIOB I ( Z 

ii E i = 590 M 38 H 
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~ 

I(t=5.3) 

E,=S90N3G 

Ez. = {{j T9G 

128 f3C R 

= 53) !IpH AeneHHH ypaHS IIpOTOHSMH 

E
2

= 18 faa. 

~ 

CB&Tea 6onbmBBCTBa BaBecT&hlX B30Tonoa·Ao ¢epMBB axnmqBTenbao ocymecTB­

naeTCH nyTeM o6nyqeHRH ypasa BnB DnyTOBBB &eiTpoH8MB B BAepBHX peaXTO­

paX Bllll DpB B3pJ>iaax BAepBbiX ycTpOICTBo CyTb aTOI'O MeTOAS COCTOBT B TOM, 

qTo a seiTpo&BhlX DOTOK&X 6onbmol nnoTHOCTB BApa nocneAoBaTenbBO aaxaa­

TbiBamT &eCKOnbXO HeiTpoHOB AO TOJ'01 X8X ORB BCDhlT81111 {:J -paCD8Ao 3-ro 

ABeT B03MOlltHOCTb DOnyqBTb B3 BCXOABOI'O BAp8 liM U Qqe&b TBlltenHe B30-

TODhl ypa&a, KOTOpble B A8nb&elmeM nocne &eCXOnbXBX {:J -paCDSAOB npe-

apamamTCB B B30TODbl 6onee A&neXBX sneMeBTOBo 0DTBMBCTRqecxBe OQeBXB 

DOK8381111 1 qTO TaKBM o6p830M MOlltBO nonyqsTb sneMe&Tbl C 6onblliBM Z 

( z =110,112 • T.A.).B 3.TOM sanpaaneBBB 6Hna npoAenasa rpa&Aii03Brul pa6oTa, 

nonyqe&a 6onbmaa nnoTBOCTb aeiTpoaoa, paapa6oT&BH MeTOAH aKcnpeccaoro XB­

MBqecxoro BHAeneBBB TpaBcypaBOBOI cjlpaKQBB, OAH8X01 DODbiTX8 DOnyqBTb BApa 

c Z > 100 ae yaesqanacb ycnexoM/6/. 

B TO lite apeMa c 1954 roAa B CoaeTCXOM C01oae B CIDA napannenb&O 

p83BBB81111Cb MeTOAH CB&Te38 B peaKQBSIX C TBlltenbiMB BOH8MB1 qTQ D03BOIIII­

no CBHTe3BpoB8Tb sneMe&Tbl AO 105 BKnmqBTenbBO. B H&CTORmee BpeMSI 

qscno CHHTe3BpOB8BBbiX H30TODOB B Tpa&cypa&OBOI o6naCTB 6nB3XO X 100. 

2. CBHTe3 H30TODOB B peaKQBBX C TBlltenbiMB HOH8MB 

nps o6nyqeBBH TBlltenbiMB BOH8MR CHHTe3 B30TODOB MOlltHO OCy-

mecTBIIIITb B peaxnssrx cneAYDmero THna. 

A. Heno1111oe cllllaBBe. 

PealtQHB senonBOI'O CIIIISIBBB BMemT MBOI'O pa311DBBABOCTel, lt8lltA8B 

B3 XDTOpbiX H8XOABTCSI B cnOlltBOI 38BBCBMOCTB OT 6onbWOI'O qscna napa­

MeTpoB ( 9HeprBB1 38pSIA8 B M8CCbl q&CTBQH B SlAp& MBWeBB, CTpYJtTypBHX 

CBOICTB B38BMOAelcTBYDmBX RAep B T.A.). lfa BCero aa6opa pealtQBA AnSI 

CBBTe38 B30TODOB H8B60nblliBA BHTepec npeACT&BIIIImT peaKQBB MBOI'OBYJt­

noBHHX nepenaq, Korila a nepeAaaaewoM xoMnneKce oTaomeBBe qscna npo­

TOHOB It qscny BeiTpoBOB MOllteT CBnbBO OTIIIIq&TbCSI OT eABHBQH. 3TH npo­

qeCCH MOryT 6HTb BBTepeCHH C TQqi[B 3peHBSI nonyqeBBSI lt8I &eiTpoBOAe­

cjiBnBTBHXe Tax • seATpo&oRa6HToqabiX RAeJ>· B lly6se, Ba,nPRMep, HB6n1Dll8-
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nacb c aaMeTHhlM ceqeaaeM peaKUHH rreperraqa 5-8 aeATpoaoe/7/, OrrHaKo 

CHCTeMSTHqeCKOe Hayqeaae MHOJ"OHyKDOHHbiX rreperraq He ITpOBOAHDOCb
1 

H rro­

aTOMY TpyrrHO rrperrCK838Tb 1 HSCKODbKO rrepcrreKTHBHhlM OKa~eTCH aTOT MeTorr 

rrnH CHHTeaa H30TOITOB1 CHDbHO yrraneHHbiX OT ITODOCbl CTa6HDbHOCTH, Heo6-

xoAHMO e 6na~aAwee epeMH rrpoeecTH cacTeMaTaqecKoe accnerroeaaae peaK­

uaA MHOJ"OHYKDOHHbiX rrepeAaq, 

E. PeaKUHH rronaoro cnHHHHH c acrrapeaaeM HeATpoaoe 

Opa B38HMOrreACTBHH TH~enbiX HOHOB (A !>.40 ) C HrrpOM MHWeHH orrHHM 

H3 OCHOBHbiX rrpoueCCOB HBDHeTCH o6p830BSHHe COCTBBHOJ"O Rrrpa C 6onb­

WOA aaepraeA eoa6y~eaaR, Oepexorr eoa6y~rreHHhiX Hrrep e ocaoeaoe coc­

TOHHHe COITpOBO~ASeTCH 1 I"DBBHbiM o6pa30M 1 HCrrapeHHeM HeATpOHOB
1 

qTO 

rrpHBOrrHT K o6pa30B8HHIO HeATpOHOAeljJHUHTHbiX H30TOITOB, 3TO rraeT WHpOKHe 

B03MO~HOCTH rrnR HCCnerrOBBHHH RAep, ne~SIUHX BHe ITODOCbl CTa6HnbHOCTH 1 

npa aay'leHHH a -pacrrarra, npoToHaoro pacnarra a T,rr. Ce'leaae TSKHX 

peaKUHA MO~HO 38ITHC8Tb B o6meM Barre 

a(A 
" 

-xn) •a 
" 

p (E*) n 
xn 

1•1 

rnl 

I'·toi 

rrre a., ceqeHHe o6paaoBSHIIH COCTSBHOJ"O Hrrpa1 p xn( E * ) - eepoRT-

HOCTh TOJ"0 1 qTO Rrrpo C aHepraeA BOa6y~AeHHH Ex acnyCTHT x HeATpO-

HOB, TaKHe peaKU1111 1 B qacTHOCTI! 1 'lpeaebJqaAHO yrro6Hbl rrnH CHHTeaa HeATpo­

HorreljJHUHTHbiX 1130Torroe - HanyqaTeneA rrpoToHoB. TaK, KapHayxoey c coT­

pyrrHHKaMI! (Jly6aa)/8/, a 38TeM K8H8rrCKIIM II aMepi!KSHCKHM ljJH3HK8M/9/ 

yrranOCh CIIHTe311pOB8Th OKODO AByX rreCHTKOB npOTOHHbiX 113nyqaTeneA, XOTH 

B CBOHX pa60T8X OHH DHWb HeMHOI"O OTOWDH OT ITODfCbl CTS6l!nbHOCTH, Op11 

rranbHeAweM rrporrBH~eHHH B o6naCTh HeATpOHOrreljJBUHTHbiX Rrrep e peaKUHHX 

C HC~apeHHeM HeATpOHOB ceqeHHe rranaeT1 TSK KSK pe3KO B03pacTaeT Be­

pORTHOCTh KOHKypapyiOIUHX npoueccoe, 

AHanorHqHaH CHTyaUHH B03HHKSeT npa CHHTeae H30TOnOB TpSHCypaHO­

BbiX aneMeHTOB, PeaKUHH C HcnapeHHeM HeATpOHOB B TeqeHHe nocnerrHHX 

rreCRTH neT HHTeHCHBHO HCnOnb30B8DHCb ADH CHHTeaa HOBhlX TpaHCypaHOBhlX 

aneMeHTOB I 101 • EbmH paapa6oTaHbi aKcnpecCHbie ljlaaaqecKae a XHMH­

qecKHe MeTOAbi BhirrenenaR a HrreHTHijJHKauaa, Bee aTo rroaeonano B nocnerr-

10 

.,. 
I ; 

; 

t 

, 

HHe I"OAhl B Jly6He CHHTe3Hp0BaTb H H3yqHTb ljlH3HqecKHe H XHMHqec
1 

ea H30Torroe 102, 108 H 104 aneMeHToel 11/. Herraeao aAec& 6wrn 

3HpOBaHhl Aea H30TOITa 105 aneMeHTa/ 12/, J1x rrpeABapHTenbHble XSJ 

KH cneAyiOIUHe: 

105 282 E = 9,4:!:. 0,1 Mae; 0,1 ceK ~ T ~ < 3 ceJC 

105 280 
E • G,7:!:. 0,1 Mae; T ~ > 0,01 cex. 

8 HSCTOHIUee epeMH ITpOBOAHTCH ASIIIbHeltwHe axcrrepHMeHTbl ITO 

ceoACTe 105 aneMeHTa ycoeepWeHcTeoeaHHolt MeTOrrHKOlt, Bcero 

HHe I"OAhl e Jly6He 6blnH CHHTeaapoeSHbl H B3y'leHbl cneAyiOWHe 8301 

2U, 248,241 6onbWHHCTeo B3 KOTOpbiX CBHTeaapoeaHO errepebie: II Es 

Fm 241,.247,248,249 , Mv 2$2 , 102 261,252,263,264,266,258 
103 

268,267 
200 tot ' 

·~ 
105 280,281 . OrraaKo c yeenaqeHaeM z accneAyeMbiX 

B30TOITOe,e CeH3B C TeM, qTo B peSKUBHX C BCnapea&eM HeATpOHOe 

3YIOTCH HeATpOHOAeljJBUBTHble RApa 1 pe3KO eoapaCTaeT BepO£THOCTb AI 

3To oaaa'laeT, qTo BMecTo o~rraeMoro, HarrpRMep, aaoTorra.lOO an 

e peaynhTaTe AeneaaR o6paayiOTCR ABa RApa c Z = 50. BoapacTa 

HecTa6RnbHOCTb RAep ITpH YBeDH'IeHRR Z rrpaeena K To My, 'ITO rrpa 

npo6neMhl CHHTeaa TpaacypaHOebiX aneM8HTOe npRXOrrRTCR BM8Tb Aell 

'lpeaew'laAHo ManbiMH ce'leHBRMH, OnbiTbi, npoeeAeHHhie e lly6ae, no 

'ITO ecna ceqeaae o6paaoeaHHH 102 aneMeHTa cocTaenReT 10-8 6apa 

104 aneMeHTa - 2tJ0-10 6apH, a rrnH 105 aneMeHTa aTa BeDH'IRHa 

MeHbme. TaK KaK narreaae ceqeaaH arreT no aKcnoaeaTe, To yaena'le 

MeHH SKCIT03HUHH Aena He . cnacaeT, Bwxorr anecb eHAeH e nony'IE 

6onee TR~enwx H30TOno& ASHHOI"O aneMeHTa, 0rrHaKO e peaKUHliX C I 

HHeM HeATpOHOe npa HCnODb30eaHHH onperreneHHOA KOM6HHaUHH MHIUeJ 

TR~enb!A HOB yrraeTCR nony'IHTb DHWb 1-2 HeATpOHOneljJHUHTHbiX B30TC 

HHTepecyiOmero aac aneMeaia, T,e, aeo6xoABMo HMeTb eoaMo~aoCTb : 

Z H A MHIIleHH H BORa e WHpOKHX npeAenax, 'ITO He ecerAa eoa 

Eonee rrepcrreKTHBHbiM MeTOAOM CHHTeaa TliJKeDbiX H30TOITOe Tp~ 

HOBbiX aneMeHTOB MO~eT OKa38TbCH rreneHHe ITOA AeltCTBHeM TH~enbll 

B Jly6ae OraHeCRHOM C COTPYAHHKSMH rrpoBOAHDOCb CHCTeMSTHqecKoe 

,'18HHe MeX8HH3Ma A8D8HBll B036YJKAeHHbiX RAep /18/, C DOMOIUbiO yCKopc 

11 



eqeuHeM peaKUHB rrepeua'IH 5-8 uefiTpouoa/7/o OuuaKo 

3Y'I9HH9 MHOrOHYKIIOHHbiX rrepeuaq He npOBOUHIIOCb1 H IIO­

CK838Tb1 H8CKOIIbKO nepCI19KTHBHhlM OK8*9TCH STOT M9TOU 

OB
1 

CHIIbHO yuaneHHbiX OT IIOIIOCbl CT86HIIbHOCTHo Heo6-

e Bp9MH IlpOB9CTH CHCTeMaTH'!eCK09 HCCIIeUOB8HHe peaK-

OIIHOrO CIIHHHHH C HCI18p9HH9M HefiTpOHOB 

fiCTBHH TH*eiiblX HOHOB (A $,40 ) C HUpOM MH1119HH OUHHM 

CCOB HBIIH9TCB o6p830B8HH9 COCT8BHOrO HUp8 C 6onb­

Y*U9HHBo Oepexou B036Y*U9HHbiX Buep B OCHOBROe COC­

eTCB, rnaBHbiM o6pa30M 1 HCIIapeHHeM H9fiTpOHOB1 'ITO 

8HHIO HefiTpOHOUeljJHUHTHbiX H30TOIIOBo 3TO uaeT IIIHpOKHe 

ccneUOB8HHB Huep, ne*BIUHX BHe IIOIIOCbl CT86HIIbHOCTH1 

-pacrrana, rrpoTonuoro pacrrana H Tollo CeqeuHe TaKHX 

HC8Tb B 06IU9M BHU9 

n) =a P 
~ 

(E*> n ~ 
t=l r.toi 

e o6p830B8HHH COCT8BHOrO BUp8 1 p xn( E * ) - aepOHT-

upo C SHeprHefi B036Y*ll9HHB Ex HCIIYCTHT X H9fiTpO-

H1 B '18CTHOCTH 1 qpe3Bbl'l8fiHO yuo6Hbl lliiB CHHT938 HefiTpO-

OIIOB uany'laTenefi rrpoToHOBo TaK, Kapuayxoey c coT-

) /8/ 1 a 38T9M KBHBUCKHM H 8M9pHK8HCKHM ljJH3HK8M/9/ 

B8Tb OKOIIO UBYX U9CHTKOB IlpOTOHHbiX H3IIy'laTenefi, XOTH 

HH IIHillb H9MHOrO OTOIIIIIH OT IIOIIOCbl CT86HIIbHOCTHo 0pH 

H*9HHH B o6naCTb HefiTpoHOUeljJHUHTHblX Buep B peaKUHHX 

pOHOB Ce'!eHHe Il8U89T1 T8K K8K p93KO B03p8CT8eT Be­

PYIOIUHX rrpoueccoBo 

CHTYBUHH B03HHKaeT IlpH CHHTeae H30TOIIOB Tp8HCypaH0-

98KUHH c ucrrapeuueM uefiTpoHOB B TeqeuHe nocnenuux 

HBHO HCIIOIIb30B8IIHCb UIIB CHHTeaa HOBblX Tp8HCyp8HOBbiX 

EbinH paapa60T8Hbl SKCIIpecCHbie ljJH3H'!eCKH9 H XHMH-

·lUeneHHB H uneuTuljluKaUHHo Bee aTO noaeonHno B nocnen-

10 

.,.:. 
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:~'~) 
' I '~7fti 
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t 

HHe rOUbl S lly6He CHHTe3HpOB8Tb H H3Y'IHTb cjJH3H'IeCKHe H XHMH'I9CKHe CSOIICT-

Ba H30TOIIOB 102, JQS H 104 aneMeHTOS/ Jl/ o Heuasao a.nec& 6hJIIH CRHTe-

3RpOBBHhl .nsa aaoTona 105 aneMeaTa/12/o Hx npe.nsapHTen&Hhle xapaxTepacTH-

KH cnenyiOmHe: 

105 :Ill E .. 9,4 .:!:. 0,1 Mas; 0,1 cex ~ T % ~ 3 ceJC 

105 180 
E • 9,7.:!:. 0,1 Mas; T% > 0,01 cexo 

B uacToHmee speMH nposonBTCB nan&uellwHe axcnepHMeHTbl no yTO'IHeHHIO 

CSOIICTS 105 aneMeHT8 ycoeepweHCTSOS8HHOII M9TO.QHKOllo Bcero 38 nocne.n-

HHe rO.Qbl S lly6He 6biiTH CHHT93HpOS8Hhl H H3y'leHbl cne.llyiOIUH9 H30TOnbl, 

6on&WHHCTSO H3 KOTOpbiX CRHTeaRpOBBHO snepSbte: t9 Es 
2U, 148, 147 

Fm 148,247 ,U8,149 ' Mv 251, 102 161,262,253,154,256,168 
103 

158,267 
100 101 • 

105 280,161 Onuaxo c ysenHqeuueM z RCCne.nyeMbiX 

K 180 
104 u 

R30TOnoB,s CSH3H C TeM1 'ITO S pe8KUHHX C HCnape&HeM HeliTpOHOS_ o6pa-

3YIOTCH HeliTpOHO.QeljJHUHTHbJe H.llp8t peaKO S03paCT8eT sepOl'!THOCTb .neneRHHo 

3TO 03H8'18eT t 'ITO SMeCTO O*H.Il89MOro1 uanpHMep1 H30TOna , JOQ aneMeHTa 

s peayn&TaTe neneHHH o6paay10TCB .nsa H.npa c Z • 50. BoapacTaiOmaH 

H9CTa6HIIbHOCTb H.Qep npH YBeiiR'IeHHH Z npHBena K TOMY1 'ITO npH peiU9HHH 

npo6neMbl CHHTeaa TpaucypaHOBbiX aneMeHTOB npHXO.QHTCH HMeTb .neno C 

'lpe3Sb1'18fiHO MaflhiMH Ce'!eHHHMHo 0nbJTb1 1 npose.QeHHbJe S lly6ue, noKaaanH, 

'ITO eCnH Ce'I9HH9 06pa30S8HHH 102 aneMeHTa COCT8BnHeT 10-8 6apu1 TO .lliiH 

104 aneMeHTa 2,10-10 6apu, a .nnH 105 aneMeHTa aTa senH'IHHa eme 

MeH&Weo Tax KaK na.neHHe C9'19HHH H.QeT no aKCnOHeHTe1 TO ysenH'I9HHe spe-

MeHH 9KCn03HUHH .Qena He .cnacaeTo Bhlxo.n anecb sHneu s nony'leuHH 

6onee TH*enhiX H30Tonos naaaoro aneMeaTao O.nuaxo, s peaKUHHx c Hcnape­

HHeM aeliTpOHOS npH HCnOITb30B8RHH onpe.neneHHOII KOM6HHaUHH _MHIUeR& -

TH*enblll HOR y.naeTCH nony'IHTb IIHIUb 1-2 HeliTpOROlleljJHUHTHbiX R30TOrra 

HRTepecyiOmero HaC aneMeRTa, Toeo He06XO.IlHMO HMeTb S03MOJKHOCTb R3M9HHTb 

Z H A MHIU9RH H BORa S IUHpOKHX npenenax, 'ITO He BCer.na· S03MOlKHOo 

Eonee nepcneKTHSHbiM M9TOllOM CHHT938 THJK9IIbiX B30TOnos Tpaacypa­

HOShlX aneMeRTOS MOJK9T OK838TbCH nenease non neliCTSHeM THJKenbiX HOHOSo 

B lly6ae OraaecHROM c coTpy.nsHKaMH nposo.nsnoc& cHcTeMaTH'!ecxoe say­

'lesue M9X8RH3M8 .neneRBH soa6yJK.Q9HHhlX B.Qep /JS'; o C nOMOIUbiO ycxopeHRhlX 

• 11 



HOHOB OT liB llO 
40 

Ar BXniO'IHTen&HO MO)I(HO 6binO HCCnellOBBTb o6naCTb 

anep no Z
2 I A 44. 06ny'lanHCb MHWeHH Ta ( Z = 73 ),An ( z = 79) 

Bi ( Z 

Te ( Z 

83), u ( z 
52), Ba ( Z 

92). PanHQXHMH'IeCKHM MeTonoM BhlllemmHc& 

56), penKoaeMen&naa rpynna, a TSK)I(e - B pane 

cnyqaeB - TH)I(enhle ocKOnKH oT Au ( Z = 79) no At ( Z a 85). B nan&neA-

weM c noMOI!l&IO Ge < Li ) -neTeKTopa HaMepanac& y - PBilH08KTHBHOCTb 

OCKOnKOB1 H no nony'leHHOMy cneKTpy npoH3BOJlHnaCb HJleHTH~HK8UHH H30TO­

fiOB H onpenenenHe HX BhlXOila. PacnpenenenHe ocKonKOB no Macce xopowo 

OfiHCbiBBeTCH 'YHKUHeA faycca 
A 2 

(A,- Tl 
P(A ). -

1
- exp [-r -

yrru2 
l. 

u2 

2 
rne A r H A e - M8CC8 OCKOnit8 H COCTBBHOrO HllPBi u - napaMeTp, 

onpenenHIOIIlHA WHpHHy MBCCOBOA KpHBoA. EbinH nony'leHbl cnenyiOI!lHe peayn&-

T8Tbl: 

1. lliHpHHB Maccosoro pacnpeneneHHH peaKo soapacTaeT c pocToM Z 2 I A 

COCTBBHOrO Hllp80 H B cnyqae 
238 

U ( 
40 

Ar, I ) na6niO)l8eTCH 6on&WOH BbiXOil 

H30TOfiOB An( Z = 79), Tl ( Z = 81), Ph ·(Z = 82), Bi ( Z = 83) ,Po ( Z =84) 

H At ( Z = 85). lliHpHna HaoTonHbiX pacnpenenen&ii TBKJ!'e peaKo BoapacTaeT 
2 

C pOCTOM Z /A (pHC. 3 H 4). 

2. OcKonKH nenenHa c 6on&woii sepoaTnocT&IO o6paayiOTCH B HaoMep-

238 20 HhlX cocToHHHHX. TaK, nanpHMep, B peaKUHH 
92 

U ( 
10 

Ne f l 6hlnH 

nony'leHbl B OllHOM o6ny'leHHH BCe H3BeCTHble H30Mepbl TJ C 6on&WHM Bhl-

XOJlOM (pH C. 5) • 

3. Panee y)l(e OTMe'lanoc&, 'ITO B peaKUHHX c HcnapenHeM neATponoB 

o6paayiOTCH KopoTKO)I(HBymHe HaoTonhl TpancypanoBhlX aneMenToB. TaK, B 

pe8KUHH Pn
242 

( 
22

Ne, 4n)11)4 
260 

o6paayeTCH H30TOn 1011 260.npH neneHHH 
94 

CBepXTH)I(enbiX COCTBBHbiX HJlep M8CC8 H8H6onee BepoHTHOrO H30TOfi8 388-

'IHTen&HO 6on&we. Llna npHMepa MO)I(HO yKaaaT&, 'ITO naH6onee sepoHTHBH 
fu 84 ~ I~ 

MBCCB 104 aneMeHT8 B peaKUHH 92 U ( 16 Kr I ) H n U ( 54Xe I 

p8BH8 104 
274

-xn • B peBitUHH, BllymeA qepea cocTaBnoe Hllpo, 3TO cooTBeT-

CTBOBBnO 6h! o6ny'leHHIO Po 242 HeCyl!leCTBYIOIIlHM H30TOfiOM Ne 32 
• 

!14 

npH o6ny'leHHH ypana ypasoM BaH6onee sepoHTBBH Maces 104 aneuesTa eme 

6on&We. BhiXOil n~oro BaoTOna nansoro aneuesTa B neneBHH uo~o oue-

BHT& no cnenyiOmeA ~pMyne: 

12 

"''"\~,I 

.;·\~:~·,,;} 
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.~~ .. ~ I 
' "i.f' '.: 
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~ISO 2fX) 

.) 

PHc. 3. MaccoBble pacnpenenenHH ocKonKOB neneHHa B peaKuHHX 

ttT 12 238 20 u23"{ 
1 1. 79 Au ( 1 C f ) ; 2. 92 11 ( 

10
Ne f ) ; 3. 

82 18 

4. Pac'I~Tnoe uaccoBOe pacnpenenen&e ocKonKoB nenenHH B ~ 
UHH U

218
( Kr~ 4 I ) • 

12 31 
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40 Ar BKniO'IHTenbHO MO>KHO 6binO HeCnellOBaTb o6naeTb 

o 06nyqanHeb MHWeHH Ta ( Z = 73),An ( z = 79) 

Z - 92). PallHQXHMH'IeeKHM MeTOilOM BbiilemmHeb 

z .. 56), penxoaeMenbaasr rpynna, a TaK>Ke - B psrne 

OeKOnKH OT Au ( Z = 79) no At ( Z = 85). B nanbHeA-

( Li ) -neTeKTopa HaMepsmaeb Y - pallHOaKTHBHOeTb 

qeHHOMY eneKTpy npOH3BOilHnaeb HlleHTH~HKaQHSI H30TO­

HX Bbtxona. Paenpeneneaue oexonxos no Macee xopowo 

eA fayeea 
A 2 

(A - ---!:.) 
r 2 

l. exp [-
u2 

'11172 

2 
M8eC8 OeKOnKa H eoeTaBHOrO Slllpa; u - napaMeTp, 

HY Maeeosoil xpHBoA. EbmH nony'leHbi cnenyK>mRe peaynb-

eosoro paenpeneneausr peaxo aoapaeTaeT e poeToM Z2/A 

B enyqae 
238 

U ( 
40 

Ar, I ) Ha6niOuaeTeSI 6onbWOA BbiXOil 

79), Tl ( Z = 81) 1 Ph U = 82) 
1 

Bi ( Z = 83) 
1 

Po ( Z = 84) 

HHa H30Tonawx paenpeneneHHi! Taxwe peaxo soapaeTaeT 

Co 3 H 4) • 

eHHSI e 6onbill0H BepOSITHOeTbiO o6paayiOTCSI B H30Mep-

K1 HanpHMep, B peaxunH 
92 

U 2118 
( 

10 
Ne

20 
I l 6blnH 

·6nyqeHHH Bee H3BeeTHble H30Mepbl TJ e 6onbWHM Bbl-

OTMeqanoeb, 'ITO B peaKQHSIX C HenapeHHeM HeiiTpOHOB 

>KHBymue naoTonbl TpaaeypaHoBwx aneMeHTOB. Tax, B 

e , 4n l 104 
260 

o6paayeTesr uaoTon 104 
280

• llpu neneHRH 

BHbiX srnep Maeea aau6onee sepostTHoro H30Tona aaa­

nst npHMepa MO>KHO yxaaaTb1 'ITO HaH6onee BepOSITHaSI 
2ss s 4 238 132 

B peaKUHR 92 U ( 38 Kr I ) R 92 U ( 
54

Xe I 

B peaKUHH, unymeil qepea eoeTaBHoe srnpo, aTO eooTseT-

BHIO Pn 
242 

aeeymeeTBYK>illRM R3oTOnoM Ne 32 • 
94 

·a ypaHoM Hau6onee sepoSITHaSI Maeea 104 aneMeBTa eme 

oro H30Tona naaaoro aneMeHTa B neneBBB MO>KBO oue-

ljlopMyne: 

12 
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92 
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1
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4. Pac'I~THoe Maccosoe pacnpeneneHHe ocxonxos neneHHSI B peax-
llBB U

231
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II 

I; 

•I 

!I 

x r 
f (A ,• Z) • o P ( A, )f ( 71- Z (A r )) P (F.*) ll "1 _ , 

0 ~ xn .... r 
tot 

rue A ; • A ,- x n • P( A r > - aepoHTHOCTb o6paaoBaHHH MaCChi A r B nene-

HHH, a ljlyHKUHSI f ( Z- Z P (A f )) onpeuenSJeT BepoSITHOCTb BbiXOna pa3.11HqHblX 

Hao6ap c MaccoA A, • 

J1a STOA ljlopMy:Ibl BHUH00 qTO XOTSI Ce'JeHHe o6paaoBaHHSI OnpeueneHHoro 

HaoTona naHHoro sneMeHTa HeaenHKO (nnH MaKCHMyMa Maccosoro pacnpenene­

HHH He npeBb!WaeT 5 •10-
27 

CM2) OllHaKO OTXOll OT HaH6onee BepoHTHOJI: MaCChi . ' . 
ttaHHOro S.lleMeHTa Ha Be.IJHqHHy 

"' 8 HeATpOHOB yMeHbmaeT BbiXOll Bcero Ha 

OllHH nopHllOKo nosTOMy ll8lKe npH neneHHH ypaHa HeOHOM STOT MeTOll nonyqe­

HHSI H30TOnOB 6onee scjMpeKTHBeH, qeM tteneHHe ypaHa TennOBbiMH Hei!TpOH8MHo 

KpoMe Toro, MOlKHO HatteHTbCH, qTo npH nepexone K 6onee THlKe.llbiM HOHaM, 

T8KHM K8K Kr ( Z = 36) 0 Xe ( Z = 54), W ( Z = 74 ), B OCKO.IIK8X tteneHHH 

Mbl CMOlKeM CHHTe3HpoB8Tb H30TOnbl Tp8HCyp8HOBbiX S.lleMeHTOB Bn.IIOTb llO 

105 sneMeHT8 CO 3H8qltTe.llbHO 60.IIbWHMH CeqeHHSIMH, qeM B pe8KUHHX C 06pa-

30B8HHeM cocTaBHoro Hllpa. MolKHO npennonaraT&, qTo neneHHe OKalKeTcR 

f'epcneKTHBHb!M MeTOllOM ll.IISI CHCTeMaTHqecKoro HayqeHHII 'H30MepHH ljlopMbl' 

B p83.1JHqHbiX 06.118CTSIX nepHOnHqeCKOA CHCTeMblo 3TO MOryT 6b!Tb KaK cno&­

T8HHO tte.IISIIIIHecg H30Mepbl0 T8K H H30Mepbl0 pacnatt810ntHeCH no llpyrHM K8H8-

.118M - nyTeM 8HOM8.11bHblX Y -nepexottoB, He06bi'IHblX BHllOB a -pacnana 
H T8K nanee. 

nepcneKTHBhl CHHTeaa caepxTRlKenhlx sneMeHToB 

Do HenaBHero BpeMeHH C'lHTa.IIOCb0 qTQ rpaHHU8 nepHOllHqeCKOA CHCTeMbl 

onpenenHeTC!I KOBKypeHuHell: ITOBepXHOCTHbiX CH.II npHT!IlKeHHH H ~Y.IIOHOBCKHX 

CH.II OTT8.11KHB8HHH/]4/. 0ttHaKo B tta.llbHell:meM 6bi.IIO noKa3aHo, qTQ npH pac­

CMOTpeHHH CTa6H.IIbHOCTH THlKe.llbiX llttep He06XOllHMO yqgThiB8Tb HeOttHOpon­

HOCTH B SHepreTHqecttOM pacnpeueneHHB Hyx.IIOHOB - TaK Ha3biBaeMble 'o6ono­

qeqHble scjMpexThl'/31. nepsoaaqan&Ho npennonaranoc&, qTo no aaanorHH c 

H3BeCTHbiM MarHqeCKHM qHC.IIOM ll.llll Heli:TpoHOB N = 126 C.lleAY!Ontee MarB-

qecxoe qacno A.IIH npoToaoB 6yneT TaKlKe Z 
126. KpoMe Toro, H3 pacq~-

i 16 

I ~ ' • 

• 

TOB nonyqanocb, qTo nnH HeATpOHOB MarHqecKH¥ qHcnoM 6yueT N = I 

T.e. Hnpo 126 
310 

uomKHO · 6biTb nBalKnhl MarHqecKHM/ Ip/. OnaaKo pa 

cxeMbl OUHOqaCTHqHblX ypOBHeA npOTOHOB B nOTeHllHane C p83Mb1Tb1M KJ 

noKaaanH, qTo MarHqecKHM qgcnoM nnH npoTOHOB 6yneT Z • I I4 H, 

o6pa30M 0 llB8lKllbl MarHqeCKHM llO.IIlKHO HBHTbCH Hllpo 114 2tll 1161. B 

lKe apeMH B HameA na6opaTOpHH MyablqKoll: H CTPYTHHCKHM 6bin npOBeJ 

6onee TWaTe.llbHblll: aHa.IIH3 CT~6H.IIbHOCTH Httep C 104 ~ Z 5 . 130 H 

<;:N ~ 190. no MeTOlly CTpyTHHCKOro, KpoMe oneHKH ntenH B OllHOqaCTHq&c 

cneKTpe, paccqHTb!BanaCb 3aBHCHMOCTb SHeprHH . Hnpa OT ero neljlopl 

Ebl.IIO noKa3aH00 qTO cynteCTByeT nenaH o6naCTb cljlepHqeCKHX Hnep BOKJ 

114 21111
, yCToJI:qHBOCTb KOTOpblX no OTHOWeHHIO K cnOHT8HHOMy tteneHHIO n 

ynaneHHSI OT ue&Tp8 06.118CTH MOHOTOHHO yMeHbW8eTCH/I7/. 8 ll8nbHeJI:u 

nono6Hble peayn&TaTbl 6blnH npHBetteHbl B pa6oTe CBHTenxorol 18/. Kpo 

B pHtte pa60T OUeHHB810TCSI BpeMeH8 lKH3HH p8311J!qHbiX H30TOnOB 9TOA C 

no OTHOmeHHIO X CnOHTaHHOMY tteneHH100 a -pacnatty, /J -pacnany H 

sneKTpOHHOMY 3aXB8TYo 3TH pe3yllbT8Tb10 KO&eq&o, ttaneKH no TOq&OCTII 

TorD, qTo xoTenH 6bl HMeTb sxcnepHMe&TaTophl, Tax xax &e6on&maH om 

B pacq~T8X MOlKeT ll8Tb CH.IIbHOe OTK.IIOHe&He OT O~ttaeMOJI: Be.IJHqHHbl 

MeHH l!<H3HH (nnll npHMepa yxalKeM, qTO H3Me&e&He /!;.Q "'-0,5 Mss, 
!1 

BOllHT K H3Me&eHHIO B /!;. r a ::._ 103 ), HO C8M ljlaxT cyntecTBOB8HHII 061 

caepXTHlKenhiX Httep B H8CTOHIIIee speMR ae Bhl3biB8eT COMHeHHR. Tax.Ha 

B3SITOrO H3 pa60Tbl CBSITeUKOrO/ 18/ 0 BHllH00 qTQ llnH H8H6onee CT86Hm 

H30TOnOB 114 sneMeHT8 BpeMH lKH3HH OTHOCHTe.llbHO CnOHT8HHOrO nen 

r ~ 1016 neT (oueHKa nonHoro apeMeHH lKH3HH, xoTOpall sxn10qae 

a -:pacnan, {3 - :pa~nan H sneKTpo&Hblll: aaxsaT, naeT a&a'I:HTellbl 

wy10 aeiiJiqHay r .. 102 - 101 
neT). 

nono6able pacqeTbl cymecTBytOT H nn11 sneMeHTOB z- 122-126, o 

HX apeMeHa lKH3HH no a - H f3 -pacnany ae nonlKHhl npesblmaTb 10-:: 

Tenep& aoaHHKaeT sonpoc, KSK no6paTbCR no ocTposa cTa6Hn&HOCTH? I 

B sTy 06nHCTb MOlKH01 COBepWHB npbllKOK qepe3 o6naCTb HeCT86HilbHbiX 

TOB ( 100-110), qTQ MOlKeT 6b1Tb Clle.llaHO B .lla60paTOpBbiX yC.IIOBHHX TC 

B peaKUBHX C TSilKe.llbiMB BOHaMH. 

17 



rnl 
<r.*> n )) p 

xn r <A; Zl - a., P < A1 l r < c- z~ (A .... r 
tot 

1
- x n , P <A 1 l - eepoSITHOCTb o6paaoBaHHSI Maccbt A 1 B nene­

r ( Z- Z P (A I )) onpenenSJeT BepOSITHOCTb BbiXOila paanH'IHblX 

BHilHO, 'ITO xoTSJ ce'leHue o6paaoBaHHH onpeneneHHoro 

:meMeHT& Heeenuxo ( nnSJ MaKCHMyMa Maccosoro pacnpenene-

5 ·J0-27 CM2) 
1 

OllHaKO OTXOil OT HaH6onee Be pOSIT HOI! MaCChi 

Ha senH'IHHY ., 8 HeiiTpOHOB yMeHbiDaeT BbiXOil BCero Ha 

noaToMy na~e npH neneHHH ypaaa aeoaoM aToT MeTon nony'le­

a$jleKTHBea, 'leM neneHHe ypaHa TennOBbiMH HeiiTpOHaMH. 

MO~HO HalleSITbCSI 1 'ITO npH nepexone K 6onee TSIJKenbiM HOHaM, 

Kr ( z = 36), Xe ( z = 54), W ( Z • 74), B ocxonxax neneHHH 

:HHTe3HDOBaTb H30T0llbl TpaHcypaHOBbiX aneMeHTOB BllnOTb no 

3Ha'IHTenbHO 6on&IDHMH Ce'leHHSIMH1 'leM B peaKQHHX C o6pa-

Hilpa. Mo~Ho npennonaraT&, 'ITO neneHHe oxaJKeTcs 

MeTOilOM nnH CHCTeMaTH'IeCKOrO H3y'leHHSI 'H30MepHH cjlopMbt' 

3TO MoryT 6b1Tb KaK CllOH­

H30Mepb1, Tax H uaoMepbl, pacnanaiOUIHecH no npyrHM xaaa-

y -nepexonos, aeo6bi'IHhiX BHilOB a -pacnana 

nepcneKTHBbl CHHTeaa CBepXTHlKenbiX aneMeHTOB 

speMeHH C'IHTanoc&, 'ITO rpaauua nepuonH'Iecxoll CHCTeMbl 

XOHXypeHQHeil llOBepXHOCTHbiX CHn npHTHlKeHHH H ~ynOHOBCXHX 

1141. OnHaxo B nan&aeiiiDeM 6blno noxaaaao, 'ITO npu pac­

r&HOCTH TH~enhlx snep aeo6xonHMO y'IHTbiB8Tb aeonaopon­

pacnpeneneHHH ayxnouos - Tax aaahiBaeMhle 'o6ono-

nepsoaa'lan&ao npennonaranoc&, 'ITO no aaanorHH c 

'IHCnOM llnH HeiiTpOHOB N • 126 cnenyiOmee MarH-

AnH npoTOHOB 6yneT T8XlKe z 126. KpoMe Toro, Ha pacql!-

16 

~ 

TOB nony'lanoc&, 'ITO llnH HeiiTpOHOB MarH'IeCKH¥ 'IHCnOM 6yneT N • 184, 

T.e. snpo 126 310 nonlKHO · 6btTb nsalKilhl Maru'lecxuM/ 11)/. Onsaxo pac'll!Thl 

cxeMbl OllH0'18CTH'IHbiX ypOBHeil npOTOHOB B nOTeHUHane C p83Mb1Tb1M KpaeM 

nOK838~H, 'ITO M8rH'IeCXHM 'IHCnOM nnH npoTOHOB 6yneT Z • 114 H, TaKHM 

o6pa30M
1 

llBalKilbl MarH'IeCKHM llOnlKHO HBHTbCH Hllpo ll4 
318 

/16/. 8 9TO 

JKe speMH B Hawell na6opaTOpHH Myahi'IKOII H CTpyTRHCKHM 6btn nposeneH 

6onee TmaTen&Hbtll aHanua CT(l6Hn&HOCTB snep c 104 < Z < · 130 H 170 < 
- - - -

-::N ~190. no MeTOilY CTpyTHHCXoro, KpoMe oueHKH menB B OllHO'IaCTH'IHOM 

cneKTpe, paCC'IHTbtBanaCb 38BHCHMOCTb SHeprBB Bnpa OT ero necjlopMHUHBo 

Ebtno noxaaaao, 'ITO cymecTByeT uenas o6nacT& c«<lepu'lecxBx snep eoxpyr 

ll4 298 , ycTOii'IHBOCTb KOTOpblX no OTHOIDeHBIO K CnOHTaHHOMY neneHBIO no Mepe 

ynaneHHH OT ueHTpa o6naCTH MOHOTOHHO yMeH&WaeTCSI/17/. B nan&HeiiiDeM 

nono6Hbte peayn&TaThl 6blnB npuseneHbl B pa6oTe CBBTenxoro/18/. KpoMe TOro 

B pHile pa60T oneHBB810TCSI BpeMeHa lKB3HH pa3nB'IHbiX B30TOnOB 9TOII o6naCTB 

no OTHOIDeHBIO X CROHTaHHOMY neneHRI01 a -pacnany, fJ -pacnany B 

sneXTpoHHOMY aaXBBTY• 3TH peayn&TaTbl, KOHe'IH01 naneKB no TO'IHOCTB OT 

TOrD, 'ITO XOTenB 6bl BMeTb SKCnepBMeHTaTOpbl, TaK XaK He6on&IDaH OIDB6Ka 

B paC'IeTaX MOlKeT naTb CBnbHOe OTKnOHeHBe OT OlKBnaeMOil BenB'IHHbl Bpe­

MeHH JKB3HB ( nnH npuMepa yxaJKeM, 'ITO uaMeaeaue A Q a ""0,5 M ss, npu­

sonuT K uaMeHeHHIO B A r a =- 103 ), so caM ljlaxT cym~TBOBaHHH o6nacTB 

csepXTHJKenbtX s:uJ.ep B HaCTOSJmee speMB ae Bb13biB8eT coMHeHBH. Tax0aa puc.6, 

B3SITOrO H3 pa60Tbl CBHTeQKOro/18/, BHllH01 'ITO llnH H8B6onee CT86Rn&HbiX 

H30TOnOB 114 sneMeHT8 BpeMH lKH3HH OTHOCBTenbHO CnOHT8HHOrO neneHBH 

r ~ 1016 neT (oneaxa nonaoro speMeHH lKB3HB1 xoTOpaH BKniO'IaeT 
on 

a -:pacnan, 

IDYIO BenB'IH&y 

fJ- pacnan H snexTpoHHblil aaxsaT,naeT aaaquTen&HO MeHb­

r .. 102 - 107 neT). 

nono6ahle pac'll!Thl cymecTBYIOT H nnB sneMeHTOB Z • 122-126, onaaxo, 

ux speMeHa lKB3HB no a - H fJ -pacnany ae nonlKBhl npesblmaTb 10-Scex. 

Tenepb soaHBxaeT sonpoc, xax no6paTbCH no ocTposa cTa6an&HOCTB? nonacT& 

B sTy o6naCTb MOlKH0
1 

COBepiDHB npbllKOK 'lepe3 o6naCTb HecTa6Bn&HbiX aneMeB­

TOB ( 100-110) 
0 

'ITO MOlKeT 6b1Tb cnenaHO B na6opaTOpBbiX ycnOBHHX TOnbKO 

B peaXUBSIX C TSIJKenhiMB HOH8MB. 

17 

~ 

.. 



Iii ,, 

'I 
[I 

I I, 
~ I 
I 

0 

-2 

-4 

-6 

00 -8 OJ 
C\1 

<t1 
I:; 

-40 0 

"' 0 
(¥) 

= -0: ~ t: 
J:! 0 
<t1 (.) 
t: (f) 
<t1 
~ 

CX) a 
()) 
C\J ..._ 

0: = 
'"' Q, 
Q) 
:.: 
(1) 

0: 
<t1 
:.: 
.II 
t: 
<t1 = ::I 

I :.: 
Q) 

"' 0 
t: 

""'-- 2.84 

-0.2 0 0.2 
E. 

0.4 

0.4 0.6 

"" 00 
C\1 

<t1 
§ 
"' 0 
(¥) 

= 
0: 

ti 

I'J 
<t1 
~ 

a 

0 

-2. 

-4 
-6 

-8 

Puc, 6, O}l(uaaeMbie apeMeaa }I(HSHU no cnoHTBHHoMy aeneau10 llJIH uaoTo­
noa 114 <~neMeHTa, 

18 

I .. . . [ ' . 

u238 + u238 
--,...____ 

-
~ 

40·1 lw I I I~~ 1 1 I . 7 ~ 

10-s 

i0-10 

wrs l teftt!iHm~/ 74 I I I 
~o-zo 

f0-251 I -I I I I I 
28ft Z86 288 290' PO~ 2IJl.l 

~ 
Puc, 7, BoaMoJKHble MeTOilbi CHHT638 H30TOfiQB 114 91l6M6HT8, 

19 



0 
E. 

Mble BpeMeaa lKH3HH ITO CIIOHTBHHOMy aeneHHIO lliiSI H30TO­
aneMeHTa. 

18 

~ 

'I' 
co 
N 

~ 
0 
1-o 
o 
!') 
iSl 

0 

Z=U4 

4o· I 1-- I I I 1(>< r I 7/ :i:> ? ) 

40-s 

i0-10 

ro-•s 

i0-2D 

f<f251 I I I 1 I . I I I 

296 29'1 292 29Cr 288 28({ Z86 

~ 4UCflO 

Pac. 7. BqsMOJKHble MeTOilhi caaTesa asoTorroe 114 :.neMeaTa. 

~ 
19 



I 

,, 

II 
If 

B 1967 rony rpynna aMepaxaacxax cjlaaaxoa ( CBHTeuxall, 

TOMUCOH H npyrHe) UOUbiTanaCb CHHTe3HpoBaTb }}4 sneMeHT. Ca11.1aa TSilKe­

nag qaCTHua, YCKOpSieMaSI B HaCTOHmee BpeMSI Ha nHHeliHOM YCKOpHTene TSilKe-
40 -

nbiX HOHOB , - Ar, ll03TOMy 6bma HCUOnb30B8Ha peaKUHSI 

Ar 40 

18 
+ Cm

248 

98 
- ll4 318 

174 
.. 114284 

170 
+ 4n. 

MaoTon 114 
284 

aaxonHTCH nanexo oT llBalKllbl MarHqecxoro Slllpa 298 
114 

H HanelKlla nonyqHTh }}4 aneMeHT B aTOll peaKUHH 6blna HeBe~HKa. 

lleliCTBHTen&H00 acjJcjleKT He 6bln 06HapylKeH, H aBTOpbl naiOT BepXHIOIO rpaHH­

IlY nnH ceqeaHa o6paaoaaaHa • 10-SO - 10-31 cM2 1 181• 3aa~HTen&ao 6o-

nee nepcneKTHBHOli Bbii'nHllHT peaKI{HSI 

Ca 48 + Pu 244 
110 94 

ll4 
2112 

.. ll4 
288 + 4n 

HnR 

48 248 
Ca 20 +Cm 18 • ll6 2lll _. ll6 

212 + 4 D • 

3To BHllHO H3 pRe. 7. 8 HaCTOHmee BpeMSI B Hamel! fla6opaTopRH 

ycxopeH R UpOBOllSITCSI cjtoHOBble OllbiTblo 

48 
Ca 

0nHaKo CRTyauRH C CRHTe30M 114 aneMeHTa MOlKeT 3HaqHTen&HO ynyq-

mRThCSI KaX TOnbKO UOSIBHTCSI B03MOlKHOCTb YCKOpSITb ROHbl THJKenee KpRn-

ToHa. Tax, npR neneaRR ypaaa Xe 32 
D4 HaR6onee aepoaTHaa Macca TalKe-

noro ocxonxa c z = 114 paBHa A 1 .. _305,a aaeprRa BOa6ylKlleHRa ocxon-

xa 6yneT COOTBeTCTBOB8Tb RCnapeHRIO 4-6 HeliTpO.OBo llna TOI'O qT06bl 

nonyqRT& aToT RaoTOn B peaKilRR, Rllymell qepea cocTasaoe anpo, aeo6xonR-
244 MO 6blnO 6bl o6nyqaTb Pa l4 

nblM HaoTonoM Ca :C: • 
He cymecTByiOmRM B npapone csepxTaJKe-

npa nepexone x 6onee THJKenhiM sneMeaTaM Z • 120-126 nerqe no­

no6paT& Heo6XOllHMyiO XOM6HB811HIO MHmeH&-HOB llnH CHBTe3a H30TOUOB C 

N = 184. llna npHMepa yxaJKeM 

48 112 aoo 
Ca 20 + Cf

18 
• l18 .. ll8 211 + 4n 

II v 

20 

Ni 
84 

Pu
244 308 304 

+ - 122 .. 122 +4n. 
28 94 

Zn88 p 244 312 
-. 124 

308 
+4n + ·124 . 

30 
0

94 

Kr 84 
+ Th::' 

316 312 
·126 .. 126 + 4n 

38 

H Tax ~anee. B cnyqae arHx peaxuHll cocTaBHble anpa MoryT nonyqaT 

oqeHb He6onbmoll aHeprHell aoa6yJKlleHHa, noaToMy, ecnH He noaBaTca 

TenbHbie ljlaxTopbi, noBbimaiOmRe aHeprHIO aoa6ylKlleHRH, ce'leHRH o6pa: 

aTHX H30TOllOB MoryT 6biTb BenHKH ., J0-26 - J0-28CM2. 

npH llOSIBneHHH 6onee TSilKenbiX HOHOB OCKOnKH neneHHSI aanonHH~ 

my10 qaCTb nepHOllHqecKOli CHCTeMbi, ll03TOMy llOSIBHTCSI B03MOlKHOCTh 

aa 6onbmOrO KOnHqeCTBa HOBbiX HeliTpOHOH36biTOqHbiX Hllep. 

Tenepb H xoqy ocTaHoBHTbca Ha oqea& HHTepecahlx peaynbTaTa 

qeHHbiX rpynnoll npoljleccopa <llaynepa, KOTOpbie aenaBHO 6binH coo6me 

ljleccopoM nayannoM I 19/. 3Ta rpynna HCllOnbayeT ljloTorpaljJHqecxHe -31 

una HayqeHHSI aneMeHTHOI'O COCT8B8 KOCMHqecKHX nyqell. HenaBBO HMI 

o6aapylKeHbi cneubi qacTHil, HOHH3Hpy!OmaH cnoco6HocT& xoTopbiX yxaa 

Ha To, qTo HX aapau z .. 106. 3TH peaynbTBThi, ecnH OHH 6yuyT nou 

ueHbi0 SIBSITCSI 6eaycnOBHbiM UOKa3aTenbCTBOM cymecTBOBaHHSI uonrOJKH 

CBepXTSilKenbiX aneMeHTOB. 

Ouaaxo, KaK HaM Ka)l{eTca, oueHKa aenH'IHHbi z B H8CTOSimee I 

MO)I{eT 6b!Tb cuenaHa llOCTaToqHO Haue)I{HO. 3TO CBSI3aHO C TeM, qTo 

HayqeHbl B KOCMHqeCKHX .lty'laX llOKa TOnbKO cneubi penSITHBHCTCKHX Sl, 

neaa (Z 26), a aapHubi 6onee TSIJKenbiX aneMeHTOB onpeuenHIOTCSI 

nonHuHell oT aTHx aHaqeHHll. noaToMy cneuyeT yToqHHTb xanH6poaoqa: 

paxTepl!cTHKR unH ljlopMbi cneuoa TSI)I{enbiX Huep B cjtoToaMynbCHHx. B 

CTH, MOlKBO HCllOnb30B8Tb TOT ljlaKT, qTo B HHTepBane z OT 83 uo I 

H30TOllbl SIBnSIIOTCSI pauH08KTHBHbJMH C M8nbiM BpeMeHeM lKH3HHo noaTOI 

Haue)I{HC) HayqHTh HOBH3Hpy!OmyiO CUOC06BOCTb qaCTHil C Z•83H90 

uanbHellmeM MOJKHO 6yueT Hcnon&aoBaTb aTH uaHBhle una onpeueneHHSI 

paua 6onee THJKenhlx qacTuu. OnHpaaCJ& sa axcnepRMeaTan&Hble uaHBbl 

nonyqeHHble B8MH llpH CHHTeae aneMeHTOB B o6naCTH Z OT 100 uo I 
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rpynna aMepHKaHCKHX ~H3HKOB ( CeHTeUKHA, 

) nonbiTanacb CHHTeaupoeaTB 114 aneMeHT, Cat.taSI TSilKe­

ycKopueMaH B HaCTOHWee BpeMH Ha nHHaiHOM YCKOpHTene THlKe-

40 Ar, ll09TOMY 6bma HCllOUb30BaHa peaKUHSI 

40 

18 

+ Cm248 
96 

- 114 
288 

174 

.. 114 234 
170 

+ 4n. 

298 
HaXOllHTCH naneKO OT llBalKllbl MarH'IeCKOrO Slllpa 114 

nony'IHTb 114 aneMeHT B aTOI peaKUHH 6blna HeBe.pHKa, 

~eKT He 6bin o6HapylKeH, H aBTOpbl llaiOT BepXHIOIO rpaHH­

• IQ-30 - IQ-8I CM 2 /l 8 /, 3Ha~HTenhHO 60-

BblrUSillHT peaKUHSI 

Ca 48 + Pu 
244 

• 114 
292 

-+ 114 
288 + 4n 

~ 94 

48 248 298 :112 
Ca 20 +Cm 96 •116 •116 +4n, 

puc. 7. B H8CTouwee BpeMSI B Hamel na6opaTOpHH 48 Ca 

cjloHOBbie OllbiTbl, 

C CHHTe30M 114 9UaMeHTa MOlKeT 3Ha'IHTenhHO yny'l­

llOSIBHTCH B03MOlKHOCTh YCKOpS!Tb HOHbl THlKenee KpHn-

Xe 5
3
: HaH6onee BepOSITHaSI M8CCa THlKe-

pasHa A I ~ _ 305 ,a aHeprHSI B036ylKllaHHSI OCKOn-

HCnapeHHIO 4-6 HaiTpoHOB, nnsr TOrO 'IT06bl 

a peaKuuu, anymel 'lepea cocTaBKoe srnpo, Heo6xonu­

P 244 
u 94 He cymecTBYIOwRM B npapone CBepXTSilKe-

THlKeUbiM 9UeMeHTaM z. 120-126 ner'le no-

KOM6RHaUHIO MRWeHh-HOH llUSI CRHTe3a H30TOllOB C 

48 212 aoo ne 
Ca 20 +Cf98 -11a .. na + 4" 

20 

... 1 

Ni 64 Pu244 
808 304 

+ - 122 .. 122 + 4n , 
26 94 

tn68 p 244 -124 
812 

-+ 124 
308 

+4n + 0
94 80 

Kr 84 + Th:!2 816 812 
-126 -+126 + 4n 

36 

H TaK .z:anee, B cny'lae STHX peaKUHii COCTaBHbie Slllpa MOryT nony'laTbCH C 

o'leHb He6onbwoii aHeprueii eoa6ylKneHHH, noaToMy, ecnu He noHBSITCH nononHH­

TenbHbie ~aKTOpbi 1 llOBbiWaiOwHe 9HeprHIO B036ylKlleHHSI1 Ce'leHHSI o6pa30BaHHSI 

aTHX H30TOllOB MoryT 6biTb BenHKH ,. IQ-26- IQ-28CM2, 

Opu noueneHHH 6onee THlKenblx HOHOB ocKonKH neneHHH aanonHHT 6onh­

wyiO qaCTb nepHOllH'IeCKOii CHCTeMbl 1 ll03TOMY llOHBHTCSI B03MOlKHOCTb CHHTe­

aa 6onhWOrO KOUH'IeCTBa HOBblX HeiiTpOHOH36biTO'IHbiX Hllep, 

Teneph Sl XO'IY OCTaHOBHTbCH Ha O'leHb HHTepeCHbiX peayni:oTaTaX, nony­

qeHHbiX rpynnoii npo~eccopa <Paynepa, KOTOpbie HenaBHO 6bmH coo6weHbi npo­

ljleccopoM OayannoM /19/, 3Ta rpynna HCll0Ub3yeT ljloTOrpaljlH'IeCKHe 9MYUhCHH 

nnu uayqeHHH aneMeHTHoro cocTaBa KOCMH'IeCKHX nyqell. HenaBHO HMH 6binH 

o6HapylKeHbl cnellbl 'laCTHU1 HOHH3HpyiOwaH cnoco6HOCTh KOTOpbiX yKa3b!BaeT 

Ha To, 'ITO ux aapun Z .. 106, 3TH peayn&TaTbi, ecnu oHH 6ynyT nonTaeplK­

neHbi1 HBHTCH 6eaycnOBHbiM llOKa3aTenbCTBOM CyweCTBOBaHHH nonrOlKHBYlliHX 

caepxTSilKenbiX aneMeHTOB, 

OnHaKo, KaK HaM KalKeTcH, oueHKa aenH'IHHbi z B HaCTOHWee BpeMH He 

MOlKeT 6biTh cnenaHa nocTaTo'IHO HanelKHO, 3To cauaaHo c TeM, 'ITO xopowo 

H3y'leHbl B KOCMH'IeCKHX ny'laX llOKa TOUbKO cnellbl ,penSITHBHCTCKHX unep lKe-

neaa (Z 26), a aapSillbi 6onee TSilKenbiX aneMeHTOB onpenenHIOTCH 9KCTpa-

nonsruueii oT 9THX aHa'leHHii. noaToMy cnenyeT yTo'IHHTh KanH6poBO'IHble xa­

paKTep:iCTHKH nnu ljlopMbi c::nenoa THlKenbiX unep B ~oToaMyn&cuux. B 'IBCTHO­

CTH, MOlKHO HCUOUb30BaTh TOT ljlaKT1 'ITO B HHTepaane Z OT 83 llO 90 BCe 

H30TOllbl SIBUHIOTCH pallH08KTHBHbiMH C ManbiM BpeMeHeM lKH3HH, OoaTOMY 1 ecnH 

HanelKHO H3Y'IHTb HOHH3HpyiOwyiO CllOC06HOCTh '18CTHU C Z. = 83 H 90, TO B 

nan&HelweM MOlKHO 6yneT HCllOUh30B8Tb 3TH naHHbie llUSI onpeneneHHSI 38-

puna 6onee THlKanbiX 'IBCTHU. OnupasuJI:o Ha aKcnepuMeHTanhHble naHHbie, 

nony'leHHbla HaMH npH CHHTeae aneMeHTOB B o6naCTH Z OT 100 llO 105, 
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MOlKHO UOX83,!1Tb1 "'TO BpeMH lKR3HR C8Mb1X .QOnrolKRBYIIUIX R30TOUOB STIIX 

SlleMeHTOB Be npeBbiiD&eT aecxonbXBX .QHeA. C .QpyroA CTOpoHb1
1 

MHOI'O"'BCnea­

Hble· TeopeTB"'eCXRe OQeHXR YK83biB8IOT1 "'TO H8R6onee CT86RnbHbiMB no BCeM 

BR.Q8M H.QepHOI'O paCU8.Q8 .QOnlKHbl 6b1Tb B30TOUbl sneMeHTOB C Z, 6nR3KBM 

J[ 
z = 114. IlosToMy Mhl C"'BTaeM, "'TO ecna 6y.QeT no.QTBeplK.Qea 1!-axT aa-

6niO.QeHRH B XOCM.B"'eCXRX ny"'8X THlKenbiX H.Qep C Z > 1()(), TO 9T0 MOI'yT 

6b1Tb TOnbXO R30T0Ubl SlleMeHTOB C 110:::: Z :::: 116. 

Y"'BTbiBaH CXOpOCTB "18CTRU B XOCMR"'eCKRX ny"'8X
1 

Ce"'eaRe .QeneHRR npB 

CTOnXHOBeHRB C 8TOM8MR BO.QOpo.Qa B pH.Q llpyrRX cflaxTOp08
1 

MOlKHO opaeaTB­

poBO"'HO OQeHRTb B03MOlKHble BpeMeaa lKR3HR "18CTRU C Z > 1()() 8 XOCMR"'ec-

XRX ny"'ax. 3TH oueax• .Q8IOT 8peMeaa • JOB - I08 neT. 

Tenepr. a xoTen 61>1 xocayT&cH.reoXRMB"'ecxoro acnexTa STOA npo6neMbl. 

XRMR"'ecx•e Rccne.QoBaHRH xyp"'&TOBRH, npose,qeaable B aameA na6opaTo­

PRR, UOX838nR1 "'TO H8"1BH8H C Z = 104 38CenHeTCH 8aemHHR SlleXTpoHH8H 

o6ono"'xa, T.e. xyp"'STOBRI oxaaanca ylKe ae axTRHR.QOM, a XRMR"'ecxRM aaa­

noroM raflla••· IlosTOMy MOlKHO npe,qnonaraTr., "'TO RaoTOnbl 110, 112, 114 

sneMeBTOB .QOnlKRbl RBnHTbCH aaanoraMR nnaTBHbl, pTyTB B CBRaua. Tor.Qa 

H8R6onee .QDnrolKRBYIIUfe Cpe.QR STRX THJKenbiX H.Qep ( T ~ ~ J08 neT) MOlKHO 

UOUbiT8TbCH o6aapylKRTb B UpRpo.QBbiX MRHepanax. Ho T8X X8K BORCK X8lK-

.QOI'O R3 HRX .QonJKeB OCymeCTBnHTbCH B P83nB"'BbiX UpRpO.QHbiX COe.QRHeHRHX
1 

To 4 xax aaM xaJKeTCH, 
H8R6onee UO.QXO.QHIIUIMR B CMblcne XRMH"'8CXOI 

o6oco6neaaocTR HBnHIOTCH coe.QBaeHRH cBRaua. Ecna OURpaTbCH aa .QltHHble, 

nony"'eBBble cllaynepoM B .Qp./ 191, To no oueHKaM B03MOlKH8H npRwecr. Rao­

TOnos "SK8CBRBUa" B nepB03.Q8HBOM CBRBUe COCT8BnHeT • J0-14. Tax KSX 

• SII:8CBRHen• UO H8mRM Upe.QUOnOlKeHRHM .QOnJKeH RCUbiTbiBaTb CUOHT8HHOe 

.QeneHRe1 TO He nBmeabl CMbiC.Q8 UORCXR CUOHT8HHOr1o .QeneHRH B CBRBUOBbiX 

MRaepanax. 

EcnR OlKII.QaeMall apxMecr. • SKaCBRBUa" cocTaBnReT • 1o-14 np• 

r ~ • 106 - 108 neT, TO aa6nK¥taewbll nepRoa pacna.Qa CBHBna .QonJKea co­

OTBeTCTBOBaTb BenR"'BHe • to20 - to22 neT. IloSTOMy .QnR perRCTp8UHR 

8KTOB CHOHT8BBOro .QeneHHH B UpKpo.QBOM CBHBUe HeOOXO.QRMO paapa6oTaTb 

MeTO.Q1 H03BOnHJOIIUII HCH0nb30B8Tb 60n&mRe XOnR"'ecTBa CBRBQ8 H He"!YBCT­

BHTenbHbll X filoay OCXOnKOB lleneHRR1 o6ycnoBneHHbiJ[ XOCMR"'ecKIIM.B ny"'SMR 

22 
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ana .QpyrHMR fiPR"'HHaMa. B .Qanr.ueAmeM, ecnH 6y.QeT nonyqeu nono*HT 

Hb!Ji ~eXTo TO, P83pa60T88 COOTBeTCTBYIOWHe XHMHqeCKI:Ie MeTO.Qbl I 

neHHH •sxac8aaua• H3 CBHnua ·HnH acnonbayH Macc-cenapaTopbi, MO*"' 

.QeT npo8eCTR R.QeHTRVHK8UHIO STHX H30TOUOB H aayqeuae HX CBOliCTB. 

I'H'IH8SI MeTO.QHK8 MO*eT 6b!Tb npaMeueua H npH noHCK8X H30TOUOB "Sfl 

U.Q8TRHbi" 1 "sK8pTyTH 0 H T • .Q. 

C .QpyroA CTOpOHbi, ueo6XO.QHMO OTMeTHTb, qTQ ecnH B KOCMH'IeCJ 

ny"'aX Rna npa aay'leHHH paanH'IHbiX MHHepanoB 6y.QyT o6uapy*eHbi non 

lKHBYmHe ( T ~ ~ 106neT) H30T0fibl cBepXTit>KenbiX sneMeHTOB, TO .QOn~ 

.cymeCTBoBaTb uenaH nneH.Qa aaoTonoB a sneMeHTOB, o6na.QaiOmax MeHb 

BpeMeHSMH *B3HH, KOTOpbie MOI'YT 6b!Tb CHHTe3HpOB8Hbl H H3y'leHbl Ha 

pHTen!IX T!llKenbiX HOHOB • 

B uacTollwee apeM!I onpe.Qenanocb uecxonbKO HHTepecnbiX uanp~ 

CBSI38HHblX C BOnpOC8MH UOHCK8 H CHHTeaa H30TOUOB CBepXT!IlKenbiX an 

TOB, KalK.QOe H3 STHX uanpaBneHHA CO.QeplKHT 8 ce6e MHOI'O HHTep 

a ueaay'leHHbiX sonpocos, a nporpecc mo6oro aa uax MOJKeT oxaaaTb o 

BnHIIHHe 88 .Q8.QbHeliwee p83BHTHe H.QepHOA 4IH3HKH 1 U03BOnRT UO HOBOM 

nonoliTH x npo6neMe npoacxolK.QeHRII sneMeHTOB a paaBHTb accne.QoBaHJ 

XHMH'IeCKRX R 4IH3H'IeCKHX CBOACT8 .Q8.QeKHX sneMeHTOB, 
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BpeMH lKR3HR CBMbiX llOnrO)ICRBYIIlRX R30TOnOB 9TRX 

HecxonLKRX nHeA. C npyroA CTOpoHw, Muoro~RcneH­

oneHxR YK83WBBIOT0 ~TO H8R6onee CT86RnLHbiMR no BCeM 

Z, 6nR3KRM 

Mbl C~HT8eM0 ~TO ecnR 6yneT nOilTBep)I(Jle& «'-BKT H8-

Hilep C Z > 100, TO 9T0 MOryT 

110 < z < 116. 

~aCTHQ B KOCMR~ecxux ny~ax, ce~eHHe neneHHB npu 

BOilOpona H pHil llpyrux ~KTOpOB0 MOlKHO OpReHTH­

lKH3HH ~BCTRQ C Z > 100 B KOCMH~ec-
6 . 8 

llBIOT BpeMeHa • 10 - JQ neT. 

6bl xocHyTLCH reoXHMH~ecxoro acnexTa STOll npo6neMbl. 

na6opaTO-' 

Z = 104 aacensreTCB BHemaBB anexTpoHHaB 

OKaaancH ylKe He 8KTBHHilOM0 a XHMB~ecKBM aHa-

MOlKHO npennonaraTL, ~TO B3oTOnbl 110, 112, 114 

HBnHTLCH aHanoraMB nnaTBHb10 pTyTH H CBBHua. Torna 

cpenB 3THX THlKenbiX Hllep ( T" 2:: 108 neT) MOlKBO 

B npRpoJlBbiX MHaepanax. Ho Tax K8K IIOBCK KaJK-

ocymeCTBnHTLCH B paanx~BbiX npBpollBbiX coellBaeaasrx, 

Ha&6onee nOilXOAHIIlRMB B CMblcne XHMH~ecxoA 

COCJUIBeBBsr CBBBIIa. Ecnx OfiBpaTLCR aa naaable, 

llp.fl
9
f, TO no OlleHKaN B03NOlKB8B npBNeCL B30-

nepB031laBHOM CBHHIIe COCTasnsreT • I0-14. Tax KaK 

npen:nonoJKeBBHM llOnJKea BCBbiTbiBaTL CBOBTaaaoe 

CMLICna nOHCKH CfiOHTaaaoro neneHHR B CBBHQOBbiX 

npHMSCL "3KaCBBHIIa" COCTaBnHeT • I0-14 BPB 

aa6monaeMLIA nePBon pacnana CBBHIIa nonJKea co­

• 1o20 - to22 
neT. floSTOwy QnB perBCTpBQBB 

lleneaag B HPBponBON CBBHIIe aeo6xollBNO paapa6oTaTL 

HCnOnL30Ba'1"L 6on&mue KOnR~ecTBa CBBHIIa B &e"iyBCT­

[0nKOB lleneHHR, o6ycnoBneB&HX KOCMB~ecKBNB ~MH 
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... l 

HnH npyrHMH npH~HHaMH. B nanLueAweM, ecnH 6yneT nony~eu nonolKHTenL-

HbtA acjJcjlexT, T0 0 paapa6oTaB COOTBeTCTBYIOIUHe XHMH'IeCKUe MeTOilbl Bbtlle-

neHHH "3K8CBHHU8" H3 CBHHU8 ·HHH HCOOHL3yH Macc-cenapaTOpbi, MOlKHO 6y­

neT npoBeCTH HlleHTHVHKaUHIO 3THX H30TOOOB H H3y~eHHe HX CBOiiCTBo Auano­

rH'IHaH MeTOilHKa MOlKeT 6&ITL DpHMeHeHa H npH llOHCKaX H30TOnOB "3Ka-

nnaTHHbi' t '9K8pTyTH' H T.Jl. 

C llpyroA CTOpOHbl 0 Heo6XOilHMO OTMeTHTL0 'ITO ecnH B KOCMH'IeCKHX 

nyqax HnH npH Hay'leHHH paanH'IHLIX MHHepanos 6ynyT o6aapylKeaw nonro­

lKHBymHe ( T ~ ~ J06neT) H30T00bl CBepXTHlKen&IX aneMeHTOB, TO llOnlKHa 

cyiUeCTBOBaTL uenaH nnesrna H30TOnOB H aneMeHTOB0 o6nanaiOIUHX MeHLWHMH 

BpeMeHaMR lKH3HH, KOTOpbie MOryT 6b1TL CHHTe3HpoBaHbl R H3y'leBbl Ha YCKO-

pHTenHX THJKen&IX HOBOB • 

8 HaCTOHIUee BpeMH onpenenHnOCL aecxonLKO HHTepeCHbiX HanpaaneHHA, 

CBH3aHHbiX C BOnpocaMH nOHCKa H CHHTeaa H30TOnOB CBepXTHJKenbiX aneMeH-

TOB. KalKJloe Ra aTRX uanpaaneaRA COileplKHT B ce6e MHOro HHTepeCHbiX 

H aeHay'leaablx sonpocos,H nporpecc nt06oro H3 HHX MOlKeT OKaaaTL orpoMuoe 

BnHHHRe Ha nanLHeiwee pa3BHTRe HllepHOi cjl&3HKH 0 n03BOnHT no HOBOMy 

nonoiTH x npo6neMe npoRCXOlKileHHH aneMeHTOB H paaBHTL HccnenosaHHR 

XHMH'IeCKHX H cjlH3H'IeCKHX CBOiCTB naneKHX aneMeHTOBo 
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