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B HBWH aHH Tpyaao npeacTaBHTb ce6e, ~T06bi rae-To aa 3eMne niDaH He 

aHanH, 'ITO TaKoe paaHA HnH 'ITO 3HB'IHT cnoBo 'paaHoaKTHBHOCTb' . MapHR CKno

aoBcKaR-KIDpH BMecTe c flbepoM KIDpH noaapHna qenoBeqecTBY H aToT aneMeHT 

H aTO fiOHRTHe. 

Co BpeMeHH BenH'Iai\wero OTKpb!THR Ha~anOCb WHpOKOe H CHCTeMaTH'IeCKOe 

HCCneaoBBHl!e ecTeCTBeHHOi\, a 38TeM H HCKyCCTBeHHOH paaH08KTHBHOCTH. J1 aTO 

RBHnOCb HeoueHHMbiM BKnBJlOM B H8WH npeJlCTaaneHHR 0 CTpOeHHH BeiUeCTBa, B 

HBYKY 06 8TOMHOM Raep. 

HaepHaR ~H3HK8 HCCneayeT CTpyKTypy Raep K8K CTa6HnbHhiX, TaK H paaHOaK

THBHhiXo '-!eM 6onhwe paanH'IHhiX H3oTonoB HccneaoBaHo, TeM nonHee pacKphiBa

eTCR nepea HBMH K8pTHH8 CTpoeHHR RaepHOH MBTepHH. EcTeCTBeHHO noaTOMY npo-

8H8ilH3HpOB8Tb, HaCKOnbKO aaneKO npoaBHHynHCb Mbl B aTOM HanpaBneHHH, CKOnbKO 

y)l{e CHHTe3HpOB8HO H H3y'leHO H30TOfiOB H CKOnbKO ewe npeacTOHT nony~HTb H 

H3Y'IHTb aKcnepHMeHT8TOpaM B 6yayiUeM. 0TBeT H8 aTOT BOnpoc MO)I{HO nony'IHTb, 

B3rnsiHyB Ha pHc. 1. Ha aToM pHcyHKe H3o6pa)l{eHhi y)l{e CHHTe3HpOBBHHhie H B03MOlK-

Hble H30TOilhi, KOTOpbie, ilO-BHaHMOMY, MOryT 6biTb H3y'leHbl B 

HhiMH Z ( Z - 'IHcno npoToHoB B Rape) H N =A - Z , 

6yayweM c paanH'I

N - 'IHcno aeATpo-

HOB B Rape, A - Maccoaoe 'IHcno). CTa6nnhHbie H30TOnbi nao6palKeHhi TeMHbiMH 

KBaapaTaMn. flocne OTKpblTHR cynpyraMn )f(onHO-KIOpH B 1934 roay HCKYCCTBeHHOH 

paaH08KTHBHOCTH pa3nH~HbiMH CfiOC068MH B RaepHblX peaKUHRX 6bin0 nony'leHO 

eme OKOilO 1500 H30TOilOB, ilpH'IeM npHMepHO 100 H3 HHX - B TpaHcypaHOBOH o6naCTH. 

MacmTa6 pHCYHK8 HBCTOilbKO MenKHH, 'ITO aeneHHe Raep, KOTOpOe onpeaenHnO 

TexHH'IeCKHH nporpecc 20 BeKa, Ha aTOH KBpTe H30TOilOB OCT8BHilO ilHIIlb ManeHb-

KHe BhiCTynhi A H E. BuemHHft KOHTyp, npeacTasneHHhiil cnnowuoil nHHHeft, o6oaua-
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qaeT rpSHHilbl o6naCTH CT86HnhHOCTH, nony'leHHble HS OCHOBSHHH TeopeTH'I~CKH}\ pac

q~TOB, nerKO BHileTh, 'ITO o6naCTh CHHTe3HpOB8HHbiX H30TOUOB O'leHh Mana 110 cpaB

HeHHIO c o6nacThJO, KOTopyiO npencToHT aanonHHTh, OueaKa '!Hcna eoaMo>KHbiX H30To

noB B STOA o6naCTH naeT eenH'IHHY '!eTblpe-US!Th ThiCSI'I, 3TO 3H8'1HTenhHO 6onhWe 

ecero nony'leHHoro no cHx nop. 

BoaHHKSIOT nea eonpoca: 

1, '!ero MO>KHO O>KHJl8Tb OT HCcneAOB8HHSI STHX H30TOUOB H, cneJlOB8TenhHO, 

HY>KHO nH HX nonyqaTb? 

2. MolKHO nH HX nony'IHTh? 

Ha aarnHil KOnneKTHB8 cjJH3HKOB H XHMHKOB, pa60T8101UHX B lly6He, 6eaycnOBHO 

HYlKHO UblT8ThCSI nonyqaTh STH H30T01lhl H H3Y'I8Th HX, CHHTe3HpyS! T8KHe H30T01lbl
1 

K8K, CKa>KeM, KSnhUHA-70 HnH KanhUHA-31 1 Mhl nony'IHM B CBOe pacnopH>KeHHe S!Jlp8 

C O'leHh aeo6hl'IHhlMH COOTHOWeHHSIM' 'IHCen npOTOHOB H HeftTpOHOB (20 p H 11D 

HnH 20 p H 50 D ) , B STOM cnyqae Mbl CMOJKeM H3Y'I8Th S!JlepHOe BeweCTBO B 

KpaftHe HeOChl'IHhlX COCTOSIHHHX, TaKOA MeTOAOnOrH'!eCKHJ! llOJlXOil BeCbM8 xapaKTe

peH nnH cjJH3HKH eoo6we. TaK, HanpHMep, HccnenoeaTenH HayqaJOT noeeneaHe eewecTBa 

B CHnhHhlX MarHHTHblX nonHX, npH O'leHh 6onhWHX AaBneHHHX, B ycnOBHHX Bb!COKHX 

sneKTpH'!eCKHX noneft H T,Jl, C STOA TO'IKH apeHHSI H3y'leHHe HnepHOA MaTepHHt KOrJla 

COOTHOWeHHe Me>KAY KynoHOBCKHMH H S!JlepHblMH CHnaMH aeo6bl'IH0 1 1103BOnHT nony

'IHTh O'leHh none3HYIO HHcjJOpM8UHIO 0 CBOACTB8X HAepHoro BeweCTBa. B CBH3H C 

• 

STHM CT8HOBHTCSI 
UOHSITHblM OC06blft HHTepec K H3y'leHHIO naneKHX TpaHcypaHOBbiX 

sneMeHTOB
1 

rile H KynOHOBCKHe, H S!JlepHble CHnhl oqeHb eenHKH. 

KaKHM o6pa30M MO>KHO nonyqaTh HOBble H30TOUbi? 

3Ty aaAa'ly nbiTanHCh pewaTh MHOrHMH cnoco6aMH. B qacTHOCTH, nnH nonyqeHHSI 

O'leHb TH>KenbiX H30TOUOB TpaacypaHOBbiX 
1
sneMeHTOB B CoellHHeHHblX illTSTSX HCUOilh-

30BSnHCb UOA3eMHbie S!JlepHbJe B3pb!Bbl. CyTb STOrO MeTOA8 COCTOHT B TOM, 'ITO B 

aeATpoHHhlX noToKax npenenbHO 6onbwoA nnoTHOCTH HApa nocnenoeaTenhHO aaxea

TbiBSJOT HeCKOnhKO HeATpOHOB, He ycnee HCUb!TSTh 6eTa-pacnaJl, 3To naeT B03MO>K

HOCTb nony'IHTb H3 HCXOJlHOrO ypaHa-238 O'leHb TH>Kenhie H30TOUbl ypaHa, KOTOpble 

nocne HecKonbKHX 6eTa-pacnaAOB npeepaiUaiOTCH B 6onee aaneKHe aneMeHTbi. 

4 

nepBbie onbiThl aenanHch He cneuHanhHhiM o6pa3o 

B 1952 roay B ClilA, B pe3ynhTaTe B3pbJBa He no 

C He o'!eHb 6onbWHM llOTOKOM HeftTpOHOB, 6bin OTKpblT 

255. J1CXOAH H3 CSMblX 061UHX C006paJKeHHft, MOJKHO 6binC 

nony'IHTb UOTOKH 3H8'1HTenbHO 6onhWHe H, ecnH JlenaTb C 

XHMHIO, TO STO AOnlKHO npHBeCTH K ycnexy B llOilblTKe 1 

aToMHbiM HOMepaM. OnTHMHCTH'!eCKHe oueHKH noKa3bJBanH, 

·SneMeHThl C 6onhWHM 3Ha'leHHeM Z 0>KHil8110Cb 1 'lTC 

6b!Th CHHTe3HpOB8H 110 sneMeHT, 112 H T.Jl, 

HaAaeTCSI aeMHoro npHMepoe, Koraa anSI nocTH>KeHH! 

WHX nOTOKOB HeftTpOHOB H XHMH'IeCKOrO H3Bne'!eHHH Tp81 

aaTpa'!eHo cTonhKO ycHnHA, HO yqeHbie 6binH _eoonyweene 

HHKHOBeHHSI B o6naCTh JlOnrO>KHBylUHX H30TOUOB Jl8neKHX S, 

K8K Mhl C'IHTaeM, MSKCHMYM TOrO, 'ITO B006IUe MOJKHC 

MeTOJlOM K 1966 rony ynanOCh nony'IHTh nHWh H30T011 }( 

2571 T,e, 38 14 neT STHM CUOC060M UpOJlBI!HynHCh JlSJKe I 

Ha nee enHHI!Ubi, HaM He Ka>KeTcH, 'ITO sTo noKa3bJBae 

MeTOJl8j UO-BIIIli!MOM_Y, cywecTBYIOT KSKHe-TO .1lOUOnHHTenJ 

KO BI!JlH0 1 'ITO eCTh ~113H'IeCKSSI npH'IHHS, KOTOpSS! UOK8 

CSI B o6naCTh HOBbiX sneMeHTOB TSKHM CUOC060M, 

llpyroft MeTOil CHHTe3a HOBbiX Slllep, pa3p860TK8 KC 

Ha'!aTa B 1954 rony H B Coelli!HeHHbiX illTaTax 11 e CoeeTc 

HS OllHHSKOBOJ! I!Jlel!HOJ! OCHOBe1 - STO UOUbJTKS IICUOnh301 

'!SCTHUbi: yrnepon, KHcnopon, HeoH, aproH. B aToM cny'la 

Hbl JlB8 nyTI!,: Bo-nepBbiX, OT CnOlKHOrO Slllpa MOryT OT 

MaTepHH 1 CKSlKeM, Cpaay US!Tb-CeMb HeJ!TpOHOB, H 1 TSKHI 

llOBSTeUbHOrO 38XB8T8 SlllpO-MI!WeHb MO>KeT 38XB8THTb Cpi 

poHOB, 

llel!cTBHTenhHO, peaKUHH TaKoro THna H3y'lanHch. B , 

aaqa 5-8 Hel!TpoHoB. Ce'!eHHe ylKe TaKoro npouecca Ma. 

YXOili!M aaneKo OT o6naCTH CT86HnhHOCTII. '!T06bl UpOHI 

61!nhHOCTH ( p11c. I), Heo6xolli!MO cTa6HnhHbJe Hllpa o6o1 

Ce'!eHI!e sToro npouecca 6yaeT HacTonhKO MBnbiM, 'ITO 

nonbaoeaHHH 6onee TS!lKenbiX qacTHU Mano 'ITO o6ewaeT 
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TH CTaoHnbHOCTH, nonyqeHHbie Ha OCHOBaHHH TeopeTH'I~CKH~ pac

!b, 'ITO oonaCTb CHHTe3HpOBaHHbiX H30TOnOB O'!eHb Mana no cpaB

KOTOpyiO npeacToHT 3anonHHTb. OueHKa '!Hcna B03MOlKHbiX H30To-

aaeT aenH'IHHY '!eTbipe-nHTb Tb!CH'!. 3TO 3Ha'IHTenbHO 60JibWe 

ao cHx nop. 

.a aonpoca: 

0 OJKHJlaTb OT HCCneaoBaHHH 9THX H30TOnOB H, cneaoBaTeJibHO, 

aTb? 

HX nony'IHTb? 

neKTHBa cj!H3HKOB H XHMHKOB, pa6oTaiOWHX B lly6He, 6e3yCJIOBHO 

nyqaTb 9TH H30TOnbi H H3y'!aTb HX. CHHTe3HpyH TaKHe H30TOllbi, 

HA-70 HJIH KanbUHA-31 , Mbl nony'IHM B CBOe pacnopHJKeHHe Hapa 

H COOTHOWeHHHMH 'IHCen npOTOHOB H HeilTpOHOB (20 p H 1)D 

) • B 9TOM cnyqae Mbl CMO)I(eM H3y'!aTb HJlepHOe BewecTBO B 

COCTOHHHHX. TaKOil MeTOJlOJIOrH'!eCKH-A nOJlXOJl BeCbMa xapaKTe-

6we. TaK, HanpHMep, HccnenoaaTenH H3y'laiOT noaeneHHe semecTBa 

nOJiliX, npH O'!eHb 60JibWHX JlaBJieHHliX, B ycJIOBHliX Bb!COKHX 

T.Jl. C 9TOit TO'IKH 3peHHll H3y'!eHHe ll1lepHoil MaTepHH, KOraa 

y KYJIOHOBCKHMH H HaepHblMH CHJiaMH He06bi'IHO, ll03BOJIHT nony

;HyiO HH<jlOpMaUHIO 0 CBOACTBaX HJlepHoro BeweCTBa. B CBli3H C 

nOHliTHbiM OC06biil HHTepec K H3y'!eHHIO aaneKHX TpaHcypaHOBbiX 

;KyJIOHOBCKHe, H HJlepHbie CHnbi O'!eHb BenHKH. 

M MOlKHO nonyqaTb HOBbie H30TOllb!? 

biTanHcb pewaTb MHorHMH cnocooaMH. B qacTHOCTH, anH nonyqeHHH 

TonoB TpaHcypaHOBhiX aneMeHTOB B CoeaHHeHHbiX lliTaTax Hcrtonb-

,Je HJlepHbie B3pb!Bbl. CyTb 9TOrO MeTOJla COCTOHT B TOM, 'ITO B 

X npeaeJibHO 60J!bWOA nJIOTHOCTH liJlpa nocneaoBaTenbHO 3aXBB

HeilTpOHOB, He ycneB HcnbiTaTb 6eTa-pacnan. 3To naeT B03MOJK

HcxoaHoro ypaHa-238 o'!eHb THJKenbie H30TOnhi ypaHa, KOTopbie 

6eTa-pacnanos npespawaiOTCH B 6onee naneKHe aneMeHTbi. 
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nepBble onbiTbl nenanHcb He cneuHanbHbiM o6pa3oM • 

B 1952 roay B Cll!A, B pe3ynbTaTe B3pbiBa He noa3eMHoro, a HaaeMHoro, 

C He 0'19Hb 60JibWHM nOTOKOM HeATpOHOB, 6b!JI OTKpb!T 100-A 9JI9M9HT C MaccoA 

255. HcxoaH H3 caMbiX o6wHx coo6pa)l(eHHA, MO)I(HO 6bmo npeanonoJKHTb, 'ITO ecnH 

nony'IHTb llOTOKH 3Ha'!HT9JibHO 6onbWHe H, 9CJIH aenaTb Cll9UHanbHYIO 9KCllp9CCHYIO 

XHMHIO, TO STO JlOJ!lKHO npHB9CTH K ycnexy B llOllbiTKe llpOJlBHHyTbCll K 60JibWHM 

aTO.MHblM HOMepaM. 0nTHMHCTH'I9CKHe OUeHKH noKa3b!BanH, 'ITO TaK MOlKHO nony'IHTb 

·9JI9M9HTbl C 60JibWHM 3Ha'!eHHeM Z 0JKHJlaJIOCb, 'ITO TaKHM CI10C060M MOJK9T 

Ob!Tb CHHT93HpOBaH 110 9JI9M9HT, 112 H T.)l. 

HaAaeTCH HeMHoro npHMepoB, Koraa anH nocTHJKeHHH uenH - nony'!eHHH 6onb

WHX llOTOKOB HeilTpOHOB H XHMH'!eCKOro H3BJie'!eHHll TpaHcypaHOBOit <jlpaKUHH 6blJIO 

3aTpaqeHo CTOJ!bKO ycHJIHil, HO yqeHble 6binH .BOOJlyWeBneHbl Bb!COKOA aaaaqelt npo

HHKHOBeHHH B oonacTb nonroJKHByutHx H30TonoB naneKHX aneMeHTOB H caenaHo 6blno, 

KaK Mbi C'IHTaeM, MaKcHMyM Toro, 'ITO soo6we MO)I(HO caenaTb. OaHaKo aTHM 

MeTOJlOM K 1966 roay yaaJIOCb nony'!HTb JIHWb H30TOll 100-ro aneMeHTa C Maccoil 

257, T.e. 3a 14 neT aTHM cnoco6oM npoaBHHynHcb naJKe He no z a no A Bcero 

Ha aBe eaHHHUbi. HaM He KaJKeTcH, 'ITO aTo noKa3biBaeT nonHyiO 6eaHaae>KHOCTb 

MeTona; no-BHJlHMoMy, cywecTByiOT KaKHe-To .oononHHTenbHbie B03MOJKHOCTH. OaHa

KO BHJlHO, 'ITO eCTb <jlH3H'!eCKall npH'IHHa, KOTOpaH nOKa He no3BOJIHeT llpOJlBHHYTb

CH B OOJiaCTb HOBbiX aneMeHTOB TaKHM CllDCOOOM. 

llpyroA MeTon CHHTe3a HOBbiX snep, pa3pa6oTKa KOToporo napannenbHO 6biJia 

Ha'!aTa B 1954 rony H B CoeaHHeHHbiX lliTaTax H B CoaeTcKoM Co103e, no-BHllHMOMy, 

Ha OJ:lHHaKOBOit HJ:leilHOil OCHOBe, - STO llOilbiTKa HCilOnb30BaTb TlllKeJibie ycKopeHHbl8 

qacTHUbi: yrnepoa, KHcnopon, HeoH, aproH. B aToM cnyqae npHHUHnHanhHo B03MOJK-
~ 

Hbl J:lBa nyTJr: BO-nepBbiX, OT CJlO)I(HOrO HJlpa MoryT OTpbtBaTbCll KYCKH llllepHOft 

MaTepHH, CKalKeM, cpa3y llH'fb-CeMb HeitTpOHOB, H, TaKHM o6pa30M, BMeCTO nocne

JlOBaTeJibHOro 3aXB8T8 SIJlpO-MHWeHb MOl!<eT 3aXBaTHTb Cpa3y UeJibli! KOMnJieKC Hei!T

pOHOB. 

LleitCTBI'!TeJibHO, peaKUHH TaKoro THna H3y'laJ!HCb. B lly6He Ha6JIIOJlanaCb nepe

aaqa 5-8 Hei!TpOHOB, CeqeHHe ylKe TaKoro npouecca Mallo, XOTSI Mbl npH STOM He 

YXOJlHM aaneKo OT 06JiaCTH CTa6HJibHOCTHe 4T06b! npOHHKHYTb B 06JiaCTH H8CTa-

6HJibHOCTH ( pHC, 1), Heo6XOJ:lHMO CTa6HJibHbie HJ:lpa o6oraTHTb 40-50 Hei!TpOHSMH. 

Ce'!eHHe aToro npouecca 6yaeT HaCTOJibKO MaJibiM, '!To sToT MeToa aalKe npu He-

nOJib30BaHHH 6onee THlKeJibiX '!aCTHU Mano 'ITO ooewaeT. 
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BTopoA rryTb 3aKn~qaeTCH B TOM, 'iTO BMeCTO rrpouecca rrepe~aqH KOMrrneKCOB 

HyKnOHOB HCIIOnb3y~TCH peaKUHH CnHHHHH, ~nH npHMepa paCCMOTpHM, 'iTO ~On*HO 

rronyqHTbCH rrpH o6nyqeHHH 0 CKalKeM, CBHHUa-208 HeOHOM-20. 8 STOM cnyqae KOMrrayH~

Hilpo-ypaH-228 6y~eT HMeTb B036y~eHHe oKono 60 Mas. B pe3ynhTaTe H3 aero 6yneT 

HCrryweHO 6 Hel!TpOHOB H 6yneT CHHTe3HpOB8H nerKHli H30TOII ypaa-222, 3TOT CIIOC06 

naeT aeATpoHoo6enHeHHbie H30TOrrbi. 

3THM MeTOilOM, B 'i8CTHOCTH, 6binH CHaTe3HpOB8Hbl Hel!TpoaoneljlHUHTHhie H30TO

llbl - H3nyqaTenu npoToHoB. B ~y6He B.A.KapHayxoay c coTp. H a KaHane npoljl, 

Benny, a rro3naee H aMepuKaHCKHM uccnenoaaTenHM P.MaKijlapnaHy, A.nocKaH3epy 

H np, ynanoCb nHwb HeMHOrO Bbil!TH 3a 06naCTb CTa6HnbHOCTH H, TeM He MeHee, 

6 
• 11,2,3/ n 

Ha n~naTb OKOnO nsyx necHTKOB rrpOTOHHblX H3nyqaTeneA , pH nanbHeliweM 

11p0/lBHlKeaHH B o6naCTb Hel!TpOHoneljlHUHTHblX H30TOIIOB llOnlKaa H86n!O/l8TbC51 rrpencKa-

3aHHaH npoljl. B.M.ronhnBHCKHM nsyxnpoTOHHas panuoaKTHDHoCTh. ~n51 sToro Tpe-

6yeTcH BhmeT 15-20 HeATpoHoB. OnHaKo 3necb Ha'iHHaeT nelicTBOBBTb *ecToqaliumli 

saKOH, 3H8KOMblli BCeM, KTO 38HHMaeTC51 CHHTe30M 51/lep, naneKHX OT 06/18CTH CT86Hnh

HOCTHo Mbl XOTHM yl!TH OT STOll o6nacTH KaK MOlKHO llanbwe, 8MecTe C TeM ll/151 STOll 

-14 
uenu Mbi ucnonhsyeM 51nepabie npoueccbi, KOTOpbie XOT51 H rrpoTeKa~T sa 10 ceK, 

ao 51Bn51~Tc51, no-cymecTay, anua6aTuqecKHMH. nosToMy rrocne BbmeTa 6-8 HeliTpo

HOB yMeHbWaeTC51 Bep051TaOCTb HCIIyCKaaH51 aeliTpoaOB 51llpOM, a Bep051TaOCTb neneaH51 

snpa nnH BbmeTa H3 aero npoToaoB saaquTenbao B03pacTaeT. B cnyqae aeH:Tpoao

neljluuuTabiX H30TOIIOB CpenHHX M8CC Hnpo llbiT8eTC51 BepayTbC51 H, nef1:CTBHTe/lbiiO, 

B03Bp8IU8eTCR B o6naCTb CTa5HnbaOCTH, HCIIYCK8R llpOTOabi, 

B npouecce cuaTe3a TpaacypaaoBbiX sneMeaToB aenuKa aepo51TaocTh neneaHH, 

a pesynhTaTe KOToporo BMecTo 51npa, aarrpHMep, 100-ro sneMeaTa rronyqaeTc51 naa 

51/lpa C Z = 50, 3TO H llpHBOllHT K TOMy, 'iTO llpH peweHHH rrpo6neMbl CHHTee~a TpaH

cypaHOBbiX sneMeHTOB llpHXO~HTCSI HMeTb ~eno C K8T8CTpOijlHqecKH ManbiMH Ce'ie-

HHSIMHo nocnenHHe OllbiTbi, rrpoaeneHHbie B ~y6He, ITOK838nH, 'iTO, eC/IH ceqeHHe 

-R 
102-ro 9/leMeHTa, ll/ISI KOTOporo CHHTe3HpoBaHO WeCTb H30TOITOB,COCTBB/151eT 10 6apa, 

-10 
TO ceqeaue o6pa3oBaHH51 104-ro aneMeaTa - TO/IhKO OKono 10 6apa, a ll/ISI 105-ro 

aTa aenuquaa eme MeHbWe. Bee, 'iTO MOli<HO cnenaTh nnSI yaenHqeHilSI Bbixona,- sTo nu6o 

llOBblCHTb HaTeaCI!BaOCTb llY'iK8 ycKopeaabiX 'i8CTHU 0 /IH60 yBe/IH'ii!Tb BpeMSI 3KCIT03H

UHH no aeCKO/IbKHX { HnH ~alKe MaOI"'HX) neT, 06a STH CITOC06a /IHHeHHbl, a rra~eHHe 

ceqeHH51 SKCIIOHeHUH8/IhHO, nosToMy, 110 aaweMy MaeHH~, 105 sneMeHT, CBOHCTB8 

KOTOpOI"'O cel!qac yTO'iHSI!OTC51 B ~y6He, rro-Bal]HMOMy, 6yneT IIOCne~HIIM llOCTyllahiM 

sneMeHTOM ~n51 sToro MeTona. 
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EcTeCTBeaHo aosHHKaeT aonpoc, eCTh nH BbiXO~ us cos~aaweroc 

HHM851Cb 8H8nH30M B03MO*HOCTell, Mbl llpHwnH K BbiBO~y: neneHue Rile 

TOp, 38TPYllHR~lUHA CHaTe3 HOBbiX H30TOIIOB H sneMeHTOB, norrbiTB 

B8TbCH HHorna 11pHMeH51~lUHMC51 SKcrrepHMeHT8TOp8MH llpHeMOM: 38! 

cflaxTop pa6oTaTb B Hawy nonhsy. ByneM llbiT8TbCH ocymecTE 

BbiX sneMeHTOB rryTeM neneHH51 51/lep, llOCTerreHHO yaenH'iHBaH sapHll 

Hllpa. Torlla ocxonxu neneHHH TaK*e nocTerreHHo 6ynyT ysenuquJ 

H, B KOHUe KOHUOB, B rrpenenbHOM Cnyqae, CKa*eM, rrpH o6nyqeg, 

MO*HO rrony'iHTb H30TOllbi naneKHX Tp8HCypaHOB, M He TOnbKO Tpf 

IIYTHO H Bee H30TOllbl, I1pellCT8B/IeHHbie Ha pHC, 1, 

KpoMe Toro, MeToll oco6eHHo nepcnexTHBeH nnH rronyqeHH 

lUHXCH B H30M9pHblX COCTOHHHRX pa3nH'iHbiX THIIOB, 

MlleH, KaK 6yllTo 6bi, He6eccMbicneaHa, OllHaKo, aeo6xonaMo 

KOTOpbie 6bi IIOKBSanH, 'iTO *e B neltCTBHTenhHOCTH rronyqaeTcH, C! 

CH H30TOllOB pa3nH'iHblX sneM9HTOB- B rrpouecce neneHHR, C STOll 

nocnenHero rona a ~y6He IO.U.OraaecsaoM coaMeCTHo c 'rpynrro 

rrposeneabl CHCT9MaTH'i9CKHe HccnenoBaHHH rrponyKTOB neneHH51 T51 

neliCTBHeM MHOr038p51nHhlX HOHOB, Mbl o6paTH/IHCb BHaqane K pa6oTf 

KOrna 6binH HCIIOnh30BaHbl cpaBHHTe/lbHO nerxue qacTHUbl- yrnef 

nyqancSI ypaa. B sTHx uccnenosaaxsx nonyqanacb KpHBaH pacnpenen 

MOM rrpH Z = 50, 

BosHuxan aonpoc: 'iTo npousoi!neT c Kpusoll pacnpeneneHHH, 

yaenuquBaTh sapRn nana~mell qacTHUbi? Besy-cnoaao, 'iTO MaKcuM: 

CM9lU8TbCR, a HMeHHO, 3aMeHa 'iBCTHUbl C Z =6 HB qacTHUy C 

BM9CTO yrnepona) rrp~BeneT K COCTaBHOMy 51npy C Z = 114 H JlE 

naCT Z = 57, T,e, CMeweHHe HB BOC9Mb enHHHU Y*e 6yneT HMeTb 

sToro, KaK 6bmo noxasaao npocfl, B.M.CTpyTHHCKHM c coTpynHHKaMH, 

npeneneHH51 nonlKHa yaenuquaaThC51. 14•51 

Ha puc. 2 rroKasaHo pacnpeneneaue ocKonKoB neneHHR no A n 

HHR ypaHa nerKOi! 'iaCTHUel! C Z= 6 H TH*enol! 'iSCTHUelt C Z = 
KpHBbie 1IOKa3biB8~T 38BHCHMOCTb WHpHHbl pacrrpeneneHH51 OT sHepr 

OrrbiT nposonHncR rrpH HecxonbxRx aHeprHRX 6oM6apnHpy~mHx 'l 

cMeweHue MaKCHMyMa pacnpeneneHull, cymecTB9HHoe pacwupeHHe Kp 

cna6all 38BHCHMOCTb OT sHeprHH rrana~lUHX qacTHU. 

7 



3aKniO'!aeTeSI B TOM, 'ITO BMeeTO npoueeea nepena'IH KOMilneKeOB 

yiOTeSI peaKUHH enHSIHHSI. Jlng npHMepa paeeMoTpHM1 'ITO nonlKHO 

ny'!eHHH, eKaJKeM, eBHHUa-208 H90HOM-20. B 8TOM enyqae KOMilBYHn

eT HM9Th so36ylKJleHHe oKono 60 Mas. B pe3ynhTaTe H3 aero 6yneT 

OHOB H 6yneT eHHTe3HpOB8H nerKHH H30TOil ypaH-222. 3TOT enoeo6 

nHeHHhie H30TOilhlo 

M, B qaeTHOeTH
1 

6binH eHHTe3HpOBaHhl HefiTpOHOneljJHUHTHbie H30TO-

npOTOHOB. B lly6He B.A .KapHayxosy e eoTp. H B KaHane npoljl. 

H aMepHKaHeKHM HCenenoBaTenSIM p .MaKijlapnaHy, A.noeKaH3epy 

Hllih H9MHOrO BbltiTH 3a o6naeTh eTa6HnhHOeTH H 1 TeM He MeHee, 
• /1,2 3/ 

nBYX neeHTKOB npoTOHHbiX H3nyqaTenefi 
1 

• npH nanbHefiWeM 

HefiTpOHOneljJHUHTHbiX H30TOilOB nOnlKHB H86niOnaTbeSI npeneKa-

.fonbnaHeKHM nByxnpOTOHHaSI panHOaKTHBHOeTb. JlnH STOrO Tpe

-20 aet!TpoHoB. OnHaKo 3neeh HB'IHHaeT netleTsosaTh JKeeToqafiwHtl 

KTO 3aHHMaeTeSI eHHTe30M Hnep, naneKHX OT o6naeTH CTa6Hnb

ytiTH OT 8TOti o6naeTH KBK MOlKHO nanbwe. BMeeTe e TeM llJ1SI 8TOH 
-14 

yeM HnepHbie npoueeebi 1 KOTOpbie XOTSI H npOT9K8IOT 38 10 eeK, 

-eymeeTBy, 81lH86BTH'I9eKHMH. nosTOMY noene Bbin9T8 6-8 H9tiTpO

BepOSITHOeTb HenyeKaHHSI H9tiTpOHOB HnpoM, a B9pOSITHOeTb neneHHSI 

H3 Hero npoToHoB 3Ha'!HTenhHO so3paeTaeT. B enyqae HetiTpoHo-

iTOilOB epenHHX Mace Hnpo llbiTaeTeSI BepHyTbeSI H1 netieTBHT9J1bll0 1 

o6naeTb eTa6HnbHOeTH 1 HcnycKaSI llpOTOHbl. 

CHHTe3a TpaHeypaHOBbiX sneMeHTOB BenHKa B9pOSITHOCTb neneHHSI, 

TOporo BMecTo Hnpa, HanpHMep, 100-ro sneMeHTa nonyqaeTeH nBa 

3TO H npHBOnHT K TOMy, 'ITO npH pemeHHH npo6neMbl CHHTe31h TpaH

npHXOnHTeSI HM9Tb neno e K8TaCTpOijJH'!9eKH ManbiMH ceqe

He Ollb!Tbl
1 

rrpoBeneHHbl9 B Lly6He, IIOK83anH, 'ITO, eenH CC'!eHH9 
-8 

1 
nnH KOTOporo CHHT93HpOBaHO meeTb H30TOilOB 1 COeTaBJ1SI9T 10 6apH 1 

-10 
30B8HHSI 104-ro 3J19M9HT8 - TOJ1bKO OKOJ10 10 6apH 1 a JlJ1SI 105-ro 

e M9Hbme. Bee, 'ITO MOlKHO cnenaTb nnH ysenH'IeHHH Bbixona,- aTo n116o 

CHBHOeTh rryqKa ycKopeHHbiX qaCTHU1 J1H60 ysenH'IHTh Bp9MSI 8KCil03H

KHX (HnH nall<e MHorHx) neT. 06a sTn crroeo6a nHHetiHhi, a rraneHHe 

9HUHanhHO. nosTOMY, 110 Harne My MH9HHIO, 105 sneMeHT, CBOifCTBa 

e yTO'IHSI!OTCSI B Lly6He, llO-BHilHMOMy, 6yneT IIOCJ19JlHHM nocTyiiHh!M 

aToro MeTana. 
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EeTeeTBeHHO B03HHKaeT BOIIpoe, eeTb J1H BbiXOn H3 eoanaemeroell IIOJ10lKeRHll? 3a

HHMaHeb aHaJ1H30M B03MOJKHOeTefi, Mbl npHIIInH K BbiBOny: neneHHe llnep - oeHOBHOII: ljlaK

TOp, 3aTpynRlllplUHH CHHT93 HOBbiX H30TOnOB H sneMeHTOB. nonbiTaeMell BOenonb30-

BaTbell HHOrna npHM9HliiOIUHMell SKenepHMeHTaTopaMH npHeMOM: 3aeT8BHM MeWaiOIUHII: 

«l!aKTOp pa60T8Tb B HaiUy nonb3Y• EyneM nbiTaTbeSI oeymeeTBnSITb eHHTe3 HO-

BbiX sneMeHTOB nyTeM neneHHll Hnep, noeTeneHHO ysenH'IHB8ll 38plln 6oM6apnHpyiOIUero 

llnpa. Torna OCKOnKH neneHHll TaKJKe noeTeneHHO 6ynyT ysenH'IHB8Tb esoll: 3apHn, 

H, B KOHUe KOHUOB, B npenenbHOM enyqae, eKaJKeM, npH o6ny'I9HHH ypaHa ypaHOM 

MOlKHO nony'IHTb H30TOnbi naneKHX. TpaHeypaHOB. J1 He TOnbKO TpaHeypaHOB 1 a· no

nyTHO H see H30TOnbi, rtpeneTaBneHHbie Ha pHe. 1. 

KpoMe Taro, MeTon oco6eHHO nepeneKTHBeH nna nonyqeHHll Hnep, aaxona

IUHxeH B H30MepHbiX eoeTOliHHliX pa3nH'IHbiX THilOB. 

J1neSI, KaK 6ynTO 6bi, ae6eeeMbieneHHa, OnHaKO, Heo6xonHMO npoBeeTH Ollb!Tbl 1 

KOTOpb!e 6bi llOKa3anH, 'ITO JKe B nell:eTBHTenbHOCTH nonyqaeTell, CKOnbKO o6pa3yeT

el! H30Tonos pa3nH'IHbiX sneMeHTOB · B npoueeee neneHHll. C aToll: uenbJO B Te'leHHe 

nocnenaero rona s Lly6ae lO.U.OraaeeliHOM eosMeeTHo e 'rpynnoll: XHMHKOB 6bmH 

nposeneHbl eHeTeMaTHqeeKHe HecnenOBaHHll nponyKTOB neneHHSI TSIJKenbiX llnep non 

nell:eTBHeM MHOroaapl!nHbiX HOHOB. Mbl o6paTHnHeb BHaqane K pa6oTaM 1956-1958 rr., 

KOrna 6binH Henonb30BaHbl epaBHHTenbHO nerKHe qaeTHUbl- yrnepon· H a30T H o6-

nyqanell ypaa. B sTHX HeeneuosaHHliX nonyqanacb KpHeag pacnpeneneRHll c MaKeHMY

MOM npH Z = 50. 

Bo3HHKan sonpoe: 'ITO npoH3oii:JleT c KpHsoil pacnpeneneHHll, ecnH nocTeneaao 

ysenH'IHBaTb 3aplln nanaJOIUell: 'laCTHUbi? Eeay-cnoBHo, 'ITO MaKCHMYM KpHeoll: 6yneT 

CMeiUaTbCll 1 a HM9HHO, 3aMeHa 'laCTH!lbl C Z =6 Ha 'laeTHUY e Z "' 22 (THTaH 

BMeeTO yrnepona) npHBeneT K COCTaBHOMY llnpy C Z = 114 H neneHHe nononaM 

naCT Z • 57, T.e. CMeiUeHHe Ha BOeeMb enHHHU yJKe 6yneT HM9Tb MeCTO. noMHMO 

sToro, KaK 6bmo noKa3aHo npoljl. B.M.CTpyTHHeKHM c coTpynHHKaMH, nHenepCHll pae-

npeneneHHSI nonJKH8 YB9J1H'IHBaTbCll./4 •5 / 

Ha pHc. 2 noKa3aHo pacnpeneneRHe oeKonKoB neneHHll no A nnll enyqal! nene

HHll ypaaa nerKo.ll: qaCTHuell: e Z= 6 H TliJKenoil qaCTHuell: c z .. 10. nyHKTHpHbie 

KpHBble fiOKa3b!BaiOT 3aBHCHMOCTb WHpHHbl pacnpeneneHHll OT sHeprHH B036yJKneHHll. 

OnbiT nposonHnca npH aecKonbKBx sHeprHliX 6oM6apnHpyiOIUHX 'laC"I.:HU. HanHuo 

eMeiUeHH9 MaKeHMyMa pacnpeneneHHll 1 CyiUeeTBeHHOe paCWHpeHHe KpHBOII: H noBOJ1bHO 

ena6all 38BHeHMOCTb OT sHeprHH nanaJOIUHX 'laeTHU. 
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3KCII9pHM9HTbl IIOKa3biaaiOT1 'ITO JlalKe, KOI'Jla Mbl Jl91IHM ypaH H90HOM, 9TOT 

MeTOJl rrony'leHHH H3oTorroe aaa'IHTenbHO a4$eKTHBHee o6bi'IHoro MeToaa, Koraa aene

HHe ocymecTanHeTCSI TerrnoahlMH aeltTpOHaMH, HecMOTpH Ha TO, 'ITO llpH aeneHHH 

Ha TellnOahlX HeltTpOHaX IIOIIy'laiOTCR Jlaa IIHKa B pacrrpeaeneHHH MaCC OCKOIIKOB 

Jl91I9HHSI, OJlHH IIHK OCKOIIKOB 1IpH JleneHHH ypaHa yCKOpeHHbiMH HOHaMH HeOHa HaCTOIIb

KO WHpOK, 'ITO JliiR OOIIbWHX A BbiXOJl H30TOIIOa OKa3biBaeTCR a ThlCSI'IH H MHIIIIHOHbl 

paa 6onbwe, 'leM npH aeneHHH Ha aeltTpoHax (PHc. 3). 

5J yrrOMHHan 0 TOM, 'ITO H peaKUHH rrepeJla'IH, H peaKUHH CIIHRHHSI- 9TO rrpouecc 

aaHa6aTH'I9CKHit, noaToMy 1 CHHTe3HpyH TpaHcypaHOBbie aneMeHTbl a HJl9pHblX peaKUH

SIX CIIHSIHHSI C TSilKellbiMH HOHaMH 1 Mbl IIOIIy'laeM HeitTpOHOJle¢lHUHTHbl9 H30TOIIbl C He

JlOCTaTKOM H9CKOIIbKHX 'laCTHU - IISITII, W9CTH, a IIHOrJla II 6onee, HIIKOrJl8 He Ob!Ba

eT 1130biTKa, H JlHCIIepCHR O'leHb Mana, EcnH JKe HCIIOIIb3yeTCSI rrpouecc JleneHHR, 

TO aa C'I~T Toro, 'ITO B aToM npouecce pacrrpeaeneaHe no aaeprHHM aoa6yJKaeHHR 

O'leHb CIIOlKHOe, JlHCIIepCHSI IIO A 1IpH Jl8HHOM Z TaKlKe BeiiHKa, nolKanylt, HaHOOIIb

WHit HHTepec rrpeacTaBnHeT KpHBaH, rrony'leHHaH B rrocneaaee epeMH ( PHc. 4). 06-

ny'laH ypaa Z = 92 aprOHOM Z = 18, Mbl JlOIIlKHbl OhliiH IIOIIY'IHTb COCTaBHOe 

S!JlpO C z 110 H rrpH aeneHHH rrononaM HJlpa c Z • 55. 0JlH8KO 3a C'I~T 

JlHCIIepCHH IIO Z 6bin 06HapylKeH noiiOHHit Z = 84) H JlalKe paJlHit z = 88). 

3TO 03Ha'!aeT, 'ITO B 9TOM onbiTe Mbl IIO'ITH nOJlOWIIH K TpaHcypaHOBbiM aneMeHTaM, 

0nHpaRCb Ha MeTOJlHKY, OCHOBaHHSI KOTOpolt 6biiiH aanolKeHbl eme MapHelt KIOpH a 

Te aaneKHe I'OJlbl, KOI'Jla nonoHHit BnepBbie H3BileKanCH H3 OOIIbWHX MaCC PYJlbl, 

a Hawe BpeMH yaanOCb H3Y'IHTb pacnpeaeneHHe IIO A JliiR nonoHHH Ha OOIIbWOM 

'IHCne H30TOIIOB, nony'laiOWHXCSI B ypaHOBOit MHWeHH, o6ny'leHHOit HOHaMH HeOHa H 

aproaa. 

Ha cneayiOmeM pHCYHKe (PHc. 5) npeacTaaneao Kynonoo6paauoe pacnpeaeneHHe 

npOJlYKTOB JleneHHSI JliiSI aToro cny'laH, nOCTpoeHH09 B Tpex H3MepeHHSIX no JlaHHbiM 

aawHx aKcnepHMeHToe. 3aecb pacrrpeaeneHHe no Z 38XB8TbiaaeT IIpHMepHO 50 eJlH-

HHU, a JliiSI KalKJlOrO JlaHHOrO Z IIOIIy'laeTCSI HeCKOIIbKO JleCSITKOB H30Tonoa, noa-

TOMY JlSJKe a onbiTe, rae Mbl HCIIOIIb3yeM cpaaHHTellbHO nerKHe 'laCTHUbi 0 nonyqaeTCSI 

OKOIIO 10QQ H30Tonoa. HeT HHKaKHX COMHeHHi!, 'ITO, yCKOpS!Si 6onee TSIJKellbie '18CTH-

Ubi, MOlKHO IIOIIY'I8Tb MHOrO TbiCSI'I H30TOIIOB H B TOM 'IHCne H30TOnbi aaneKHX Tp8H-

cypaHOBbiX aneMeHTOa, ~~ 
YJKe ynoMHHanocb o ToM, 'ITO Heo6xoAHMO ycKopHTb TaKHe '18CTHUbi, KaK KpHn- , 

I 1', I TOH, KCeHoH, eonbcjlpaM, ypaH. C aTolt uenbiO B HacToHmee apeMH eo seeM MHpe paa- l 

I ,; 
I 8 ~ 

~ • I I .. 

pa6aThlBaiOTCSI llpoeKTbl ctrreuHallbHbiX YCKOpHTenelt, 06 OJlHOM H3 KOT 

eanocb a aoKnaae rrpocjl.fHopco. Mbi a 0115111 Bbi6panH nyTb, aecKorrbl 

OT TOro, KOTOpbiM HJlYT cPH3HKH B CiliA, B HaCTOHmHit MOMeHT HCTO'II 

TaiOmHit B lly6He, IIO HHTeHCHBHOCTH MHOroaapS!JlHbiX HOHOB ( 7-8-Ga! 

rrpeaOCXOJlHT HHTeHCHBHOCTH1 IIOIIy'leHHbie B CiliA, BMCCTe C TeM E 

He HCIIOIIb30aaHbl ace B03MOlKHOCTH. Haw HCTO'IHHK HOHOB 6bm pa 

20 neT Ha3aJl aKaJleMHKOM fl.A,ApUHMOBH'IeM C COTpy JlHHKaMH 

H30TOIIOB, H, IIHWb HeMHOI'O H3MeHHB ero rrapaMeTpbi, yaanOCb II( 

oaaoaapHJlHbiX 8-12 - aapHJlHbie HOHbi, EcTb rronaaH yae peaaocTb, 'I 

ace, 'ITO aaeT TeXHHKa, llpHMeHHeMaSI B lllla3MeHHbiX HCCII9JlOBaHH 

IIOIIY'IHTb 14-16· .-aapS!JlHbie HOHbl, Ha UHKIIOTpOHe MHOroaapHJlHbiX HOHC 

eTCH BOnbcjlpaM, rrpaBJla, IIOKa JlO aaeprHit "' 100 M 9B, 3To BbiCOKO 

cjlpaM ( + 10) H npOCTOe yaenH'IeHHe JlHaMeTpa MaWHHbl, He CTOIIb l 

·yKaaaao a aoKnaae rrpocjl. A.fHopco, aacT B03MOlKHOCTb nony•WHHH ec 

Ha C HHTeHCHaHOCTHMH B JleCHTKH MHKpOaMrrep H C 9HeprHeit, H· 

ocymeCTBneHHSI HYKIIeOCHHTe3a, 

Pa60Thl no HCTO'IHHKY HOHOB IIO cymeCTBy CBOJlHIIHCb K IIOnb 

B raaoabiit pa3pHJl H8HOOIIbWYIO MOWHOCTb, 3To JlenaeTCSI TeMH, 

HCTO'IHHK8MH HOHOa H perynHpyeMblMH TepMOS!JlepHbiMH rrpoueCC8MH, 

eTCH, 'ITO CpaaHHTerrbHO HeaaaHO OTKpbin.aCb HOaaSI a03MOlKHOCTb ll 

peaynbTaTe paaaHTHH naaepuolt TeXHHKH yaanocb C03JlaTb- CB• 

O'leHb 60ilbWOit HHTeHCHaHOCTbiOo llocTaTO'IHO CKa3aTb, 'ITO na: 

MOWHOCTbiO a ) BaTT, aKaHaaneHTeH HMIIYIIbCHOMY HCTO'IHHKY MOl 

COTeH Tb!CSI'I KHIIOaaTT. noaTOMy, ecTeCTBeHHO, IIOS!aHnHCb Mb!CIIH 0 

9THX rHrSHTCKHX MOmH()CTelt AilS! nonyqeHHSI BbiCOK03apHJlHbiX HOHOa 
~ 

aepa aenHK8, 0JlH8KO, 9HeprHSI Ha OJlHH KaaHT COCT8BnHeT HeCKO~ 

BOIIbT H 9THMH Ka8HT8MH HeOOXOJlHMO OTpbiBaTb OT aTOMS aneKTP' 

CaH3H 100, a HHoraa H ·tooo aneKTpoHaonbT. noaToMy ewe roa 

OTHOCHIIHCb K npHMeHeHHIO lla3epoa He O'leHb Cepbe3110 , IIOKa He II( 

IIYOIIHKaUHH, a KOTOpb!X COOOW81l0Cb 0 'ITO B pe3yllbTaTe o6nyqeHHH 

naaepaMH MeTaiiiiH'IeCKHX nnaCTHHOK IIOIIY'18IOTCSI 8-JQ- H JlalKe )5 

TBKHX aneMeHTOB, K8K K81IbUHit, JKeneao. 

9 



1 
qTO ASlKe, KOI'A8 Mbl neniiM ypalf aeOHOM, STOT 

o6biqHoro MeTona, Korna nene-

HeATpolfaMII. HecMoTpR Ha To, qTo np11 neneHIIH 

IDTCSI AB8 nHK8 B pacnpeneneHHH MSCC OCKOIIKOB 

neneHHII ypaHa ycKopeHHbiMII IIOHSMII HeOH8 HSCTOnb-

BbiXOll 1130TOnOB OK83biB8eTCSI B TbiCSiqll H MHnnHOHbl 

HB aeATpoHax (Pile. 3). 

II peaKUIIII nepenaqll, II peaKUIIII CIIIISIHIISI- STO npouecc 

Tp8HCypaHOBbie aneMeHTbl B RnepHblX peaKUII

IIOIIyqaeM HeATpOHone<!liiUIITHbie 1130TOIIbl C He

- IISITII, W9CTH, a IIHOrna II 6onee. H11KOI'A8 He 6biB8-

Hb Mana. EcnH lKe HCnOIIb3yeTCSI llpOUeCC neneHHSI, 

M npouecce pacnpeneneHIIe no aaeprHRM Bo36YlKAeHHR 

Z T8KlKe aeniiK8, nolKanylt, H8H60nb

' nonyqeaHaR B nocnenHee apeMR ( P11c. 4). 06-

z = 18, Mbl AOnlKHbl 6binH nonyqHTb COCTSBHOe 

Rnpa c Z • 55. OnaaKo 38 cq~T 

Z = 84 ) II ABlKe panHlt z = 88). 

nOAOWIIII K Tp8HCypaHOBbiM aneMeHT8M, 

6biiiH 3anolKeHbi ewe Map11eA KIDpH a 

113BneKancR H3 6on&wHx Mace PYAbi, 

pacnpeneneHHe no A nnR nonolfHSI aa 6on&WOM 

ypaHOBOlt MIIWeHII, o6nyqeaaolt HOHSMH HeOH8 H 

npencTaaneao Kynonoo6pa3Hoe pacnpenenea11e 

nocTpoeaaoe a Tpex H3MepeHIIRX no naHHhlM 

pacnpeneneH11e no Z 38XB8TbiB8eT 1IpiiMepHO 50 en11-

Z IIOIIyqaeTCSI HeCKOnbKO neCSITKOB 1130TOnOB. noa-

IICII01Ib3Y9M cpaBHIITenbHO nei'KIIe qacTIIUbi1 nonyqaeTCSI 

qTo, ycKopRR 6onee TRJKenbie qacTII-

B TOM qllcne 1130TOIIbl A81I9KIIX TpaH-

qTO Heo6XOlliiMO ycKOpS!Tb T8KIIe qacTIIUbl, K8K Kplln

C 3TOH U91lb10 B H8CTOS!Wee Bp9MSI BO BCeM MHpe pa3-
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pa68TbiB810TCSI llpOeKTbl <tlleUHanbHbiX YCKOpHTenelt, 06 OllHOM 113 KOTOpblX p8CCK83bi

B81IOCb B noKnane npocjl.fHopco. Mbi B OI.UB1 Bbi6panll nyTb, aecKOIIbKO oTnllqaiDwiiAcSI 

OT TOI'O, KOTOpbiM IIAYT cjl113HKH B CiliA, B HSCTOSiwHA MOM8HT HCTOqHIIK IIOHOB, pa6o

T8IDwHA B Jly6ae, 110 IIHT8HCIIBHOCTII MHOI'038pSIAHbiX IIOHOB ( 7-8-aapRAHbiX) B 25 pa3 

npeaocxonHT HHTeacHBHOCTII, nonyqeHHbie B CWA. BMccTe c TaM a IICTOqHHKax ewe 

Jf9 llcnonb30B8Hbl Bee B03MOlKHOCTII. Haw HCToqHIIK HOHOB 6bin pa3p860T8H noqTH 

20 neT H838A 8K8AeMHKOM n.A.ApUHMOBHqeM C COTPYAHHK8MH AilS! paaneneHHSI 

H30TOnOB, H, nHWb H9MHOI'O H3MeHHB ero napaMeTpbl, YABIIOCb nonyqHTb BMecTO 

OllH038pSIAHbiX 8-12 - 38pS!llHbie HOHbl. EcTb nonHSSI yaepeHHOCTb, qTo, 11CnOIIb30B8B 

Bee, qTo ABeT T9XHIIK8, npHMeHReMaSI B nnaaMeHHbiX IICCIIeAOB8HIISIX, Mbl CMOlKeM 

IIOIIyqiiTb 14-16· ·-38pSIAHbl8 HOHblo Ha UIIKIIOTpoHe MHOI'038pS!llHblX HOHOB 011fll1 ycKOpR-

8TCSI BOIIbcjlpaM, npaana, noKa AO 3HeprHJ! "' 100 MaB. 3TO BbiCOK038pRAHbllt BOIIb

cjlpaM ( + 10) H npOCToe YB91IIIqeHII9 A118M9Tp8 M8WHHb1 1 He CTOnb I'III'8HTCKOe, KSK 

'YK838HO B AOKnane npocjl. A.fHopco, ll8CT B03MOlKHOCTb IIOIIyqeHIISI BOIIbljlpaMa II ypa-

HS C HHT9HCHBHOCTSIMH B necSITKII MHKpoaMnep H C 3HeprHelt, aeo6xonHMOlt lliiSI 

OCyweCTBII8HHSI HyKneOCIIHT938 • 

Pa6oTbl no HCTOqHHKY HOHOB no cywecTBy CBOAIIIII!Cb K IIOIIblTK8M 'BOI'H8Tb" 

B I'830Bbllt paapSIA H8H60nbWYID MOWHOCTb, 3TO nenaeTCSI TeMII, KTO 38HIIM88TCSI 

IICTQqHIIK8MII IIOHOB II perynllpyeMblMII TepMOSIAepHb!MII 1IpOU8CC8Mii. HaM npellCTSBIISI

eTCSI, qTO Cp8BHIIT81IbHO H9A8BHO OTKpbin,8Cb HOBBS! B03MOlKHOCTb H8 3TOM nyTII. B 

peayn&TaTe pa3BIITIISI naaepaoA T9XHHKII YABIIOCb C03A8Tb CB9T0Bb!e nyqKII C 

oqeH& 6on&woA HHTeHCIIBHocTbiD. llocTaToqHo cKaaaTb, qTo naaep co cpenaeA 

MOwHOCTbiD B 1 BSTT, SKBIIBaneHTeH IIMnynbCHOMy IICTOqHIIKY MOwHOCTbiD MHOI'O 

coTeH Tb!CS!q KIIIIOBSTT, no3TOMy, ecTeCTB9HHO, IIOSIBIIIIIICb Mb!CIIII 06 IICnOIIb30B8HIIII 

STIIX I'III'SHTCKIIX MOWHOCTelt lliiSI nonyqeHIISI BblCOK038pS!llHblX IIOHOB. MoWHOCTb na-

aepa Belli!KS, OAHSKO, 3Hepi'IISI HS OAIIH KBSHT COCT8BIISieT HeCKOnbKO aneKTpOH-

BOIIbT II 3TIIMII KB8HT8MII Heo6XOlliiMO 0Tpb!B8Tb OT STOMa 31IeKTpOHbl C aHeprHeil 

CBSI311 100, 8 IIHOI'AS II ·1000 31l9KTpOHBOnbT. noaTOMY ewe I'OA TOMy H838ll Mbl 

OTHOCIIIII!Cb K 1IpHM9HeHIIID naaepOB He oqeHb cepbe3!10 , IIOK8 He IIOSIBIIIII!Cb nepBbl8 

ny6nHK8UIIII, B KOTOpblX C006wanOCb, qTO B p83YilbTaTe o6nyqeHI!SI CBepXMOW!IblMII 

naaepaMII MeTallllllqecKIIX IIII8CTIIHOK nonyqaiDTCSI 8-JO- II llSlKe 15 -38pSIAHble HOHbl 

TSKIIX aneM8HTOB, KSK K81IbUIIA, lK81I930. 
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no-BHI:IHMOMy, !IpH CTOnb 6onbWHX MO!ItHOCTHX npOHCXOI:IHT TO, 'ITO !j>H3HKH Ha-

3biBBIOT KOnneKTHBHblM B03l:leAcTBHeM C Ol:IHOBpeMeHHblM nornorueHHeM 6onbruero 

'IRena CBeTOBblX KBaHTOB, nH6o KaKHe-To apyrHe npoueCCbl, !IpRBOLIH!ItRe K B03HHKHO

BeHHIO sneKTpR'IeCKHX nonell, LlOCTaTO'IHb!X LlnH rny60KO!l HOHH38UHH aTOMOB. 

nosTOMy HapHLIY C aanbHeAWHM YCOBepweHCTBOBaHHeM nnaaMeHHblX HCTO'IHHKOB 

He06XOLIHM8 paapa60TKa naaepHblX HCTO'IHHKOB. EcnH LlYMBTb 0 KonneKTHBHblX YCRnR

SIX B C03l:IBHHH MeTOLIOB YCKOpeHHH HBH6onee TH)I(enb!X HOHOB, TO, O'ieBHI:IHO, Heo6xo-

.IUIMO 6yaeT, B nepByiO O'lepeab, liPOLIYMBTb B03MO)I(Hble HanpasneHHH pa6oT no yeo-

BepWeHCTBOBaHHIO HOHHblX HCTO'IHHKOB. 

npHMepoM TaKHX KonneKTHBHblX ycHnHA B perueHHH HaH6onee C!IO)I(Hb!X aaaaq 

MO)I(eT cny)I(HTb TpaHcypaHOBBH npo6neMa. He BLlaBaHCb B TOHKOCTH LIHCKYCCHH no 

XHMHH 102-ro sneMeHTa, OTMeqy, 'ITO peaynbTaTbl aMepHKBHCKHX y'leHblX, !IO-BHLIHMO

My, CyrueCTBeHHO LIO!IO!IHHT HBWH peaynbTaTb!, OCHOBBHHb!e HB raaosoll XHMRH. Koaeq

HO, 9TO BCe 6y!leT LlBneKo OT TOl"O, 'ITO Mbl XOTerrH 6bi 3H8Tb 0 102 sneMeHTe. 

Cnoao 'XHMHH' BKnlO'IBeT B ce6H H !jJH3HKO-XHMH'IeCKHe H sneKTpO-XHMH'IeCKHe H 

PHLI LlPYl"HX CBOi!CTB, H OHO no CyrueCTBy HeRC'IepnaeMo. Ha!leHTbCH HB TO, 'ITO Mbi 

6y!leM HMeTb TOMB, OliHCbiBa!OruHe XHMH'IeCKHe CBOi!CTBa 102 sneMeHTa !IOLI06Ho TOMy, 

'ITO ecTb B CnpaBO'IHHKe rMerrHHa 0 LlPYl"HX sneMeHTax, H LIYM810, HeT OCHOB8HHi!. 

Ho Mbl MO)I(eM, CKa)l(eM, onpe!lenHTb BB!IeHTHOCTb, KOTOpaH TO)I(e YC!IOBHa. ( J.iaseCTHO, 

'ITO BaneHTHOCTb 3aBHCHT OT BHeWHHX ycnoBHi!). C STOll TO'IKH apeHHH MHe Ka)l(eTCH, 

'ITO l"830B8H XHMHH - OLIHH H3 OCHOBHblX MeTOLIOB HCCrre!lOB8HHH, HCnOnhayeMbii! B 

Hamel! na6opaTopHH (MeTOLIOM raaosoi! XHMHH H3Y'Ia!IHCb CBO!lCTBa H 102, H 104 sne-

Me&Toa) - npe!lcTaBnHeT co6oi! y)l(e 6onbwoll war snepe!l ' • . 16 71 

BoaHHKaeT Bonpoc o npaBoMepaocTH onpe!leneHHH !j>HaHKO-XHMH'IecKHX csoAcTB 

.IUJH OTLlerrbHbiX aTOMOB. Ha!IO CK83aTb, 'ITO KOI'LIB Mbl Ha'IHHanH OnbiTbl no XHMHH 104 

aneMeHTa, Mbl HCXOLIHnH H3 TOI'O, 'ITO y X!IOpRCTbiJI COeLIHHeHHi! 104 sneMeHTa H X!IO

PRLIOB ra!j>HHH 6y!lyT aaanOl"H'IHbJe CBOi!CTBa. B yqe6HHK8X Mbl HaWnH Ll!IH COeLIHHeHHH 

rafiiHHH LlaHHb!e 0 LlBBneHHH rrapos B 38BHCHMOCTH OT TeMnepaTypbl. 

Ho KBK npHMeHHTb STO liOHHTHe K OLIHOMy aTOMy? nony'IHnBCb O'leHb TPYLIHBH 

CHTY8UHH. 0!1H8KO OK838!IOCb, 'ITO LlnH OLIHOl"O 8TOM8 HMeeTCSI COOTBeTCTBYIOW8SI 

4JH3H'IeCKaH aHB!IOI"HH. EcnH OLIHH aTOM MHOI'OKpaTHO CTB!IKHBaeTCH C liOBepxHOCTbiO, 

nH6o B HOH006MeHHOi! KO~ CBLIHTCH Ha CMOny H CHOBa YXOLIHT, TO 'IHCnO aKTOB 

8llCOp6UHH H necop6UHH O'ieHb BenRKO, H TOI"LIB BMeCTO ll8BneHHSI napOB BBOllHTCSI 

liOHHTRe Cpenaero BpeMeHH, B Te'leHHe KOTOpOI"O STOT aTOM CHART Ha liOBepXHOCTH. 
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3TO IIOHHTHe 38KOHHO, H y HBC ReT HRKaKHX COMHeHHi!, 'ITO !IOBeaeHI 

6yneT coananaTb c TeM, KaK sen 6bi ce6H 6onbwol! KOMrrneKc BT• 

B38HMO!lei!CTBHH Me)I(Lly HRMH. Ho B3aRMO!lei!CTBHe He06XOLIHMO Y'IHT 

BeCOBbiX KOnH'IeCTB1 nosTOMY ecnH Mbl C'IHTaeM XHMHIO 3aKOHHOi! Ll 

aTOMOB, TO OHB CTOnb )l(e 38KOHHa Ll!ISI OLIHOI"O aTOMB. 

Mae KB)I(eTCSI, 'ITO B TOil LIHCKYCCRH, KOTopaSI, H Ha!leiOCb, ewe 

npOLIOn)l(aTbCH, STO npoTHBO!IOCTBBneHHe XHMHH H !j>H3HKH 0'19Hb HCK) 

B TOM, 'ITO ecnH Mbl nOLIOA!leM K sneMeHTBM, KOTOpbJe )I(HByT, CK8)1( 

LIO!IH CeKyHLlbl, TO HH I'830BBH, HH )I(HLIKBSI XHMHSI HH'Iero He Ll8LlyT. 

38 3TH speMeHa HLlpB 6y!lyT 38XB8TbiB8Tb K -sneKTpOllbi, H Hayqe 

CKHX ny'lei!, no-cymecTBy 1 Ll8CT CTO!Ib )l(e Ha!l9)1(Hbie LlBHHbie 0' Z 

3TO nony'laeTCSI B peaynbT.aTe x¥MaTorpa!jJH'IeCKOI'O R3y'leHHSI sne 

CneuHanhHoro paccMoTpeHH{~pe6yeT TaK)I(e sonpoc o6 onpe!lel 

'iHCnB HOBblX H30TOnOB. B nocne!lHee Bp9MSI npH CHHTeae KOpOTK 

HCliOnb30BBnRCb M9TOLlbl TBK H83biB8eMOi! !jJH3H'I9CKOi! HLleHTH!jJHK8Ul 

TOLIBX HLleHTR!jJHKaUHSI npOLIYKTOB peaKUHi! no M8CCOBOMY 'IHCny li 

HB!IpRMep, no !j>yHKURH BOa6y)l(!leHHSI LlBHHOi! peaKUHH, T.e. no BbiXOLl 

npo!lyKTa B aaBHCHMOCTH oT sHeprHH 6oM6apLIHPYIOWHX '18CTHU. OLIH< 

KOCBeHHOil RLleHTH!jJHKaURH He BCer!la LIBIOT OLIH03H8'1Hbii! peaynbTBT 

HB BO!IpOC 0 MBCCOBOM 'IHC!Ie H30Tona MO)I(HO nony'IHTb, ecnH RCnO 

cneKTpOMeTp HnH Mace -cenapaTop. 0!1HaKO STO Ll0n)I(9H 6bJTb He O( 

npH6opa, a 6b!CTpO!lei!CTBYIOWHi!, ll03BOnSIIOWHi! pa6oTaTb C 0'19Hb KC 

H!lpaMH. B HaCTOHruee BpeMSI, KaK BBM H3BeCTHO, TaKHe RHCTpyMeH' 

pHLle na6opaTOpRi!. J.ix rnaBHaH OCo6eHHOCTb COCTOHT B TOM, 'ITO 

Hb!X peaKURi! LlOn)I(Hbl 61tiCTpO OTLlenHTbCH OT MHWeHH H 6b!CTpO Tpal 

a HOHHhiil RCTO'IHRK aenpepb!BHO pa6oTa10wero Macc-cenapaTopa. Pe 

natla cenapHpOBaHHbiX H30TOnOB ocyrueCTBnSieTCSI TyT )l(e B cen~ 

6bJCTpO!lei!CTBYIOWHi! cenapaTop B nHHHH C UHK!IOTpOHOM TH)I(e!IbiX H 

B ny6ae. 

Ha!lo cKaaaTb, 'ITO noKa ycnex anH ae ycrrex no CHHTeay Hao~ 

cny'IBSIX onpeaenH9TCSI HHTeHCHBHOCTbiO ny'IKB, H30TO!IHOi! 'IHCTOT 

OTCYTCTBHeM B Hell npnMecei!, TaKHX KaK csnaeu. K co)l(aneHHIO, 

no CHHTeay sneMeHTOB 102 H 103 He YllOBneTBOpH!IH STHM yC!IOBE 

HH a illseunn, HH a CoseTCKOM Co10ae. Torna HC! 6bmo onaonaoTc 
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My, npH CTOIIh 60IIhllll!X MOIIIHOCTSIX npOHCXOill!T TO, 'ITO !flH3HKH Ha

THBHb!M B03Jlel!cTBHeM C OllHOBpeMeHHh!M nornomeHHeM 60IIhlllero 

KBBHTOB, IIH60 KBKHe-To llpyrHe npoueCCbl, npHBOilSIIIIHe K B03HHKHO

CKHX nonel!, llOCTBTO'IHb!X lliiSI rny60KOI! HOHH38IIHH BTOMOB, 

BpHilY C llBIIhHel!llJHM ycoBepllleHCTBOBBHHeM nna3MeHHb!X HCTO'IHHKOB 

IIB3epHb!X HCTO'IHHKOB, EcnH llYMBTb 0 KonneKTHBHb!X ycHnH

ycKopeHHSI HBH6onee T!llKeiib!X HOHOB, TO, O'leBHilHO, Heo6xo-

epay10 oqepeah, npoayMBTb B03MOlKHbre HanpaaneHHH pa6oT no yeo-

HOHHb!X HCTO'IHHKOB, 

TBKHX KonneKTHBHb!X YCHIIHI! B pellleHHH HBH6onee CIIOlKHb!X 381l8'1 

TpaHcypBHOBBSI npo6neMa. He BllBBB!!Ch B TOHKOCTH lll!CKYCCHH no 

eMeHTB, OTMeqy, 'ITO pe3ynbTBTbl BMepHKBHCKHX y'leHblX, no-BHilHMO-

IlOnOIIH!IT HBllll! pe3yiihT8Tb!, OCHOBBHHble HB ra30BOI! XHMHH, KoHeq

eT aanexo OT Toro, 'ITO Mbi xoTena 6br 3HBTh o 102 aneMeHTe, 

BKII!O'!BeT B ce6H I! !flH3HKO-XHMH'IeCKl!e H aneKTpO-Xl!MH'IeCKl!e H 

icTB, I! OHO no cymecTBy HeHC'!epnaeMo, Haae.!ITbC.!I Ha TO, 'ITO Mbl 

a, Olll!Cb!BB!OIIIHe XHMH'IeCKl!e CBOi!CTBB 102 aneMeHTB noao6HO TOMy, 

BO'IHHKe fMerrl!HB 0 llpyrHX aneMeHTBX, .!1 llYMBI0
1 

HeT OCHOBBHHII. 

alKeM, orrpeaenHTh saneHTHOCTh, KOTopaSI TOlKe ycnoBHa, ( H3secTHo, 

38BHCI!T OT BHelllHI!X YCIIOBI!i!), C STOll TO'IKI! 3peHI!SI MHe KBlKeTCSI, 

HSI - OllHH 1!3 OCHOBHblX MeTOilOB HCCIIellOBBHH.!!, HCilOIIh3yeMbli! B 

II ( MeTOilOM ra30BOi! XHMHI! H3Y'IBIII!Ch CBOi!CTBB H 102, II 104 ane-

. 16 71 BIIHeT co6oi! ylKe 6onhllloi! lllar snepea ' 

,onpoc 0 IlpBBOMepHOCTH OllpeaeneHI!.!! !flll3l!KO-XHMH'IecKI!X CBOi!CTB 

MOB, Haao CKB3BTb 1 'ITO Koraa Mbl HB'Il!HBIII! Onb!Tb! IlO Xl!Ml!l! 104 

1!3 Toro, 'ITo y xnopl!CTb!X coeaHHeHHi! 104 aneMeHTa H xno

T BHanorH'!Hb!e CBOi!CTBa, 8 yqe6HHKBX Mbl HBillnH lliiSI COellHHeHHSI 

BBIIeHHH 118pOB B 38BHCHMOCTH OT TeMnepaTypb!, 

eHHTh STO 110HSITHe K OllHOMy BTOMy? nony'IHIIBCb O'leHb TpyllHB.!! 

OK838IIOCh, 'ITO lliiH OllHOro BTOMB HMeeTCSI COOTBeTCTBYIOIII8.!1 

H!l. EcnH OllHH BTOM MHOroxpaTHO CTBIIKHBaeTCSI 

HOi! KO~ CBilHTCSI HB CMony H CHOBB YXOilHT, 

C IlOBepXHOCThiO, 

TO 'IHCIIO BKTOB 

p6UHH O'leHb BerrHKO, H Toraa BMeCTO llBBneHHSI Il8pOB BBOill!TCSI 

BpeMeHH, B TeqeHHe KOToporo STOT BTOM Cl!lll!T HB noaepXHOCTI!, 
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3TO IlOHSITHe 38KOHHO, I! y HBC HeT HHKBKI!X COMHeHI!i! 1 'ITO llOBelleHHe OllHOro BTOMB 

6yaeT COB!l81l8Th C TeM, KaK Ben 6b! ce6SI 60IIhlll<Jit KOMilneKC BTOMOB, eCIIH HeT 

saaHMoael!CTBHH l>;felKilY HHMH. Ho B38HMolleltcTBHe aeo6xoaHMo y'IHTh!BBTh nHlllb anH 

BeCOBbiX K!)IIH'IeCTB1 IlOSTOMy ecnH Mbl C'll!TaeM Xl!Ml!IO 3aKOHHOit lliiSI COTeH TbiC!I'I 

aTOMOB, TO OHB CTOIIb )l{e 38KOHHa lliiSI OllHOrO STOMa, 

Mae KalKeTCSI, 'ITO B TOil lll!CKYCCHH, KOTopaSI, !! HallelOCh, eme He aonro 6yaeT 

npOilOIIlKaTbCSI, STO IlpOTHBOilOCTBBIIeHHe Xl!Ml!l! II !fl1!3l!Kl! O'leHb HCKyCCTBeHHO, lleno 

B TOM, 'ITO ecnl! Mbl IlOilOl!lleM K aneMeHTaM, KOTOpbre lKHByT, CKalKeM, Ml!IIIIHOHHbie 

aonH cexyHilbl, To HI! ra3oBaSI, HI! lKHilKaSI XHMHSI HH'Iero ae aaayT. BMecTe c TeM 

38 aTH apeMeaa S!llpa 6yayT aaxsaThrB8Th K -aneKTponbr, H l!ay'!eHHe peHTreaos

CKI!X ny'lell, no-cymeCTBY, llBCT CTOIIb lKe HallelKHbie llaHHble 0., Z KBK, CKalKeM, 

aTO IlOIIy'laeTCSI B peaynhTaTe X~MaTorpa!flH'IeCKOrO H3y'leHHSI aneMeHTB. 

CneuHanbHoro paccMoTpeHH{~pe6yeT TaKlKe sonpoc o6 onpeaeneHHH Maccosoro 

'll!Cna HOBhlX l!30TOilOB, 8 nocneaHee BpeMSI IlpH Cl!HTeae KOpOTKOlKHBYliiHX Slllep 

l!CilOIIh30BarrHCh MeTOilbl TaK Ha3biBBeMoi! !fl1!3H'IeCKOl! HlleHTII!fll!KaUHI!, 8 STHX Me

TOilBX HlleHTH!flHKalll!SI IlpOilYKTOB peaKUHl! IlO MBCCOBOMy 'll!Cny n'poH3BOill!II8Cb , 

Hanpl!Mep, IlO !flyHKlll!l! B036YlKileHHSI llBHHOl! peBKIIHH, T.e, no BbiXOilY HCCrreJlyeMoro 

npoayxTa a aaBHCHMOCTH oT aaeprHI! 6oM6apaapyromax qacTI!U. Oaaaxo aTI! MeTOilbi 

KOCBeHHOi! l!lleHTII!fll!KaUI!l! He BCeraa llBlOT OllH03H8'1Hbllt peayrrbTBT. npHMOl! OTBeT 

Ha BOilpOC 0 MaCCOBOM 'll!Crre 1!30Tona MOlKHO nony'll!Th, ecnl! HCnOrrh30BaTb MaCC

CileKTpOMeTp l!III! MBCC -cenapaTOp, 0aHaKO STO llOrrlKeH 6b1Tb He o6bi'IHbll! Sapl!aHT 

rrp1!6opa, a 6bJCTpOilei!CTBY!OIIllllt, noaBOIISI!OIIII!l! pa60T8Tb C O'leHb KOpOTKOlKHBYIIIIIMI! 

Slllp8Ml!, 8 H8CT0SIIIlee BpeMS1 1 KBK BaM 1!3BeCTH0 1 TBKI!e l!HCTpyMeHTbl C031l8!0TCSI B 

pHile na6opaTOpl!lt. Hx rnaBHa!l OCo6eHHOCTh COCTOI!T B TOM, 'ITO rrpollyKThl Hllep

HblX peaKUI!i! llOIIlKHbl 6b!CTpO OTilerrSIThC!I OT Ml!llleHlf I! 6b!CTpO Tp8HCnOpTI!pOBaTbCSI 

B l!OHHbri! l!CTO'IHI!K HerrpepbiBHO pa6oTa10mero Macc-cenapaTopa. Perl!cTpaUI!!I pac

naaa cenap!!pOBBHHbiX aaoTono·B ocymecTBrrHeTCH TYT lKe B cenapaTope. Taxol! 

6b!CTpOileitCTBY!OIIII!i! cenapaTop B III!Hl!l! C UHKIIOTpOHOM T!llKeiibiX l!OHOB C031l8eTCSI 

a lly6ae. 

Haao cxaaaTb, 'ITO noxa ycnex !!III! He ycnex no CHHTeay 1!30Torroa so MHOrl!x 

CIIY'IBSIX onpenen!leTCSI l!HTeHCHBHOCThiO IlY'IK8 1 1!30TOnHOl! 'IHCTOTOl! MHllleHH H 

OTCYTCTBHeM B Hell IlpHMecel!, TBKHX xax cBI!Heu. K colKaneHI!lO, nepawe onwTw 

IlO Cl!HTeay aneMeHTOB 102 H 103 He YllOBneTBOpHnH STI!M YCIIOBHSIM HH B CiliA, 

HI! a lllaeuHH, HH a CoaeTCKOM Coroae. Toraa Hd 6brno OllHOI!aoTonHhrx MHllleael!, 
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noaToMy nony'!eHHble llaHHble MOlKHO 6binO npHnHCaTb TOMY HnH HHOMY H30Tony. B 

'!aCTHOCTH, H30TOn, KOTOpbli! CHHTe3HpOBanCR B WBellCKOJI pa6oTe, aa 3TH 10 neT 

'npHHHMan• nRTb 3Ha'!eHHll MaccoBoro '!Hcna OT 251 no 255, H noTpe6oBanacb MHo

roneTHHH pa6oTa B ny6He no CHHTeay H nccnenoBaHH~ wecTH naoTonoB 102 aneMeH

Ta llUH Toro, 'IT06bl He OCTaBHTb MeCTa llUH HOBbiX H HOBbiX rHnOTe3 ynopCTBY~WHX 
/8/ 

aBTOpOB 

BTopoe o6CTOHTenbCTBO OKaaanOCb TaKlKe CyWeCTBeHHhlM. B Ha'!anbHOll CTallHH 

3KCnepHMeHTOB Ha THlKenbiX HOHaX He 6hlnO RCHO, 'ITO O'!eHb onaCHOJI npHMeCb~ 

6ylleT CBHHeu. BbiXOll aHanorH'!HbiX anb4Ja-Hany'laTenell Ha CBHHUe B MHnnHOH paa 

60nbWe BbiXOlla llaneKHX TpaHCypaHOBbiX aneMeHTOB, nonyqa~WHXCR npH o6ny'!eHHH 

nnyTOHHH, K~pHH HUH Kann4JopHHR. noaTOMy O'IHCTKa MHWeHel! OT CBHHUa a6con~THO 

Heo6XOllHMa. 3Ta 3a.Qaqa OKaaanaCb O'!eHb TRlKenol!, noCKOnbKy B XHMH'IeCKHX H 

4>nanqecKHx Hay'!HbiX na6opaTopHRX MHOro CBHHUa. na6opaTOpHH HaCbiWeHbl CBHH-

UOM: nal!Ka npOH3BOllHTCH CBHHUOBbiM npHnOeM, y Ka6enel! - CBHHUOBble o6onO'!KH, 

3aWHTa .QenaeTCR Ha CBHHUe H T.ll. 

no-BH.QHMOMy, HaM y.Qanocb .QOKaaaTb, 'ITO B WBe.QCKOJI pa6oTe 6bin He 102 

aneMeHT, a nponyKT o6ny'leHHH CBHHUa, T.e. uaoTon 88 aneMeHTa, nu6o npoayKT 

peaKUHH CpbiBa HnH .QeneHHH C Z • 90. 

Pa60Tbl no CHKTeay 105 aneMeHTa TaKlKe BO MHOrOM 3aBHCHT OT 'IHCTOThl 

MHWeHel!: - B HHX aonycTHMo xpal!He Manoe conep)l(aHue CBHHua. 

BTopoll nonxon - aTo coanaHne Taxux ycnoBHll, Korna .Qa)l(e OllHH cnyqaJI pac

nana HaCTOUbKO Ha.QelKeH, 'ITO He llonycKaeT npOTHBOpe'!HBhlX TOUKOBaHHJI H npH aTOM 

HHKaKHe !jloHbl He CKa3biBa~TCH. B Hamel! pa6oTe no aneMeHTy 105 Mbl H.QeM 060HMH 

nyTHMH: C OllHOi! CTOpOHbl, Mbl TWaTenbHO O'IHWaeM MHWeHH OT CBHHUa, a C llpyroll -

CTapaeMCS'I Ha aKT a - pacna.Qa nony'IHTb MaKCHManbHY~ HH4JopMaUH~, KOTOpaH 

a6con~THO HCKn~qaeT B03MOlKHOCTb npOHBneHHH KaKHX-HH6yllb Mewa~W.HX 4JaKTOpOB 

( M9TOll aMnnHTYllHO-BpeMeHHbiX KOppenHUHi!) • 

Monollble y'laCTHHKH pa6oTbl no 105 aneMeHTY OllHO BpeMH C'IHTann, 'ITO oHa 

3aBepweHa. 0llHaKO Te CUO)I(HOCTH, KOTOpble 6binH CO 102 aneMeHTOM, a TaK)I(e 

TpyllHOCTH, BbiS'IBHBWHeCH B pa6oTaX no 103 aneMeHTy ( HaWH peaynbTaTbl HaXOllHTCH 

B npOTHBOpe'!HH C TeM, 'ITO 6binO ony6nHKOBaHO B 1861 ro.Qy aMepHKaHCKHMH HC-

cnenoBaTenHMH), npHBOllHT aac K aaxn~'leHn~. 'ITO cnenyeT npononlKHTb uccneno

BaHue, xoTH HH4JopMaUHH no 105 aneMeHTy, KOTopoi! Mbl pacnonaraeM, Ha.Qe)I(

Hee naHHbiX, nony'leHHbiX nepBoHa'!anbHO no 102 H 103 aneMeHTaM. 

12 

• 

He aHa~, ynanocb nH MHe noxaaaTb cocTOHHHe npo6neMbl B aac 

W9Mo no-BHllHMOMYo B npownoM 6bin0 O'leHb MHOrO CKOponanHTenbHbl 

noTpe6oBano nononHHTenbHoro necHTHneTaero Tpyna, H MHe KalKeT 

HaM HYlKHO 6onbwe llyMaTb 0 HaCTOHWeM H 6yllyWeM. noaTOMY H He 

aoro aHanuaa pa6oT nepuona 50-x -Ha'!ana 60-xronoB, 

EcnH lKe acnoMHHTb o npownoM, TO TOnbKO 0 llaneKOMo· a HME 

qeCKHX ycHnHHX, cnenaHHbiX Mapnell: CKnO.QOBCKOli-K~pH H nbepo 

OHH OTKpbiBanH HOBble aneMeHTblo HaAO CKaaaTb, 'ITO TOrlla HOBble 

KpbiBanHCb B ycnOBHHX nonaoro OTCyTCTBHH .QaHHbiX 06 HX XHMH'Ie 

6ea npuMeHeHHH KaKHx-nu6o cnolKHhlX ( c Haw ell TO'IKH apeHHH) .,. 

O'leHb Tpe6oBaTenbHOM OTHOWeHHH K C06CTBeHHhlM peaynbTaTaM 

aHanuae nonyqaeMhlX naHHbiX. noaToMy HH 
B OllHOil H3 pa60T cynp 

cywecTBy, aeT cnyqaeB, cKonbKo-an6yllb noxolKHX Ha cuTyauu~, 

OTKphlTHeM 102 H 103 aneMeHTOB1 KOTopaH 1 KaK Mbl HaAeeMCH, 

fiOBTOpeHHll: B 6yAyWeM, 

noaBOnbTe MHe B 3aKn~'leHHe Bblpa3HTb HallelKAYo 'ITO 3a.Qa'l 

H HCCnelloBaHHR MHOrHX HOBbiX aneMeHTOB H H30TOfiOB 6yAeT yen 

OCHOBe o6'beAHHeHHhlX ycHnHll: yqeHbiX pa3HblX CTpaH. 

nuTepaTypa 

1. B.A.KapaayxoB, r.M.Tep-AKonbRH, B.r.Cy660THH. npenpHHT OHl 

A.M.Paskanser, R,M.Pherson, K.A.Esterlund R.L.Reeder: 

10362, 1962. 
2. 

3. 
R,Barton, R,MGI.Pherson, R,R, Bell, W.R. Trisken, W.':. 

Moore, Can. Journal of Physics 411 2007 ( 1963). 

4. IO.A.Myabi'!Ka, IO.ll.OraaeCRH, E.H.nycTbinbHHK, r.H.<I>nepOBo 

5. B.M.CTpyTHHCKHll, 51<1>, 1, 821, 1865 r. 

6. H.3Bapa, T.C.3aapoaa, P.llaneTKa, IO.T."4y6ypKoB, M,P,lllana 

OH.s:!H P-2548, D.y6aa, 1866. 

7. H.3aapa, T.C.3aapoBa, 

8, 2, 1867. 

P.llaneTKa, IO.T."'y6ypKOB, M.P.lllanae 

8. r.H.<I>nepOB. npenpHHT OHfiH n7-3444, 1867 r. 

PyKonHCb nocTynnna B nanaTen~ 
12 neKa6pR 1867 rona. 
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118HHble MOJKHO 6bin0 npHnHC8Tb TOMY HnH HHOMY H30TOny. 8 

CHHTe3HpOBancR B WBellCKOft pa6oTe, 38 aTH 10 neT 

MaccoBoro 'IRena OT 251 110 255, H noTpe6oBanacb MHO

no CHHTesy H HccneaoBaHH~ wecTH HsoTonoB 102 aneMeH

IlnSI HOBblX H HOBblX rHnOTe3 ynopCTBy~IUHX 

oKasanocb TaKJKe cymecTBeHHbiM. B Ha'lanbHOA cTallHH 

HOH8X He 6binO !ICHO, 'ITO O'leHb Oll8CHOA npHMeCb~ 

aHanorH'IHhiX anbcjla-Hsny'laTeneA Ha CBHHUe B MHnnHoH pas 

TpaHcypaHOBblX aneMeHTOB, nonyqa~IUHXCSI npH o6ny'leHHH 

KanHcjlopHHSI. noaTOMy O'IHCTK8 MHWeHeft OT CBHHU8 a6con~THO 

OK838n8Cb O'leHb T!IJKenoft, llOCKOnbKY B XHMH'IeCKHX H 

MHOrO CBHHU8. fla6opaTOJlHH HaCbiiUeHbl CBHH

npHnOeM, y Ka6eneft - CBHHUOBble o6onO'IKH, 

CBHHUa, T.e. 

'ITO B WBeACKOft pa6oTe 6bin He 102 

H30TOn 88 aneMeHT8, nH6o npOAYKT 

z = 90. 

T8KJKe BO MHOrOM 38BHCSIT OT 'IHCTOTbl 

THMO KpaAHe Mance COAepJK8HHe CBHHU8. 

aTO C031laHHe TaKHX ycnOBHft, KOrlla ll8JKe OAHH cnyqaft pac

' 'ITO He llOnycKaeT npOTHBOpe'IHBhlX TOnKOBaHHR H npH aTOM 

pa6oTe no aneMeHTy 105 Mbl HAeM o6oHMH 

, Mbl TIUaTenbHO O'IHIUaeM MHWeHH OT CBHHUa, a C ApyroA -

a - pacnaaa nony'IHTb MaKCHM8nbHY~ HHcj)OpMaUH~, KOTOp&H 

B03MOJKHOCTb npoS!BneHHSI K8KHX-HH6YAb MeWa~IUHX cjlaKTOpOB 

KOppenSIUHR) • 

pa60Tbl no 105 aneMeHTY OllHO BpeMR C'IHTBnH, 'ITO OH8 

CnOJKHOCTH, KOTOpble 6binH CO 102 aneMeHTOM, a TaK:JKe 

Sl B pa6oTax no 103 aneMeHTY ( H8lllH pesynbT8Tbl HaXOilRTCSI 

'ITO 6binO ony6nHKOB8HO B 1961 rOAY aMepHK8HCKHMH HC

saKn~'leHH~, 'ITO cneAyeT npoAonJKHTb Hccneao

aneMeHTy, KOTopoA Mbi pacnonaraeM, 

nepBoHaqanbHO no 102 H 103 aneMeHTaM. 
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HaAe:JK-

He 3H8~, yaanOCb nH MHe noKa3aTb COCTORHHe npo6neMbl B HaCTOSillleM H 6yay

IUeM. Do-BHilHMOMYo B npolllnOM 6bin0 O'leHb MHOrO CKOponanHTenbHblX BblBOilOBo 3TO 

noTpe6oBano )lononauTe~bHOro )lec!!THneTHero Tpylla, H MHe KaJKeTc!l, 'ITO Tenepb 

HaM ayJKHO 6onbWe JlyMaTb 0 H8CTOSIIUeM H 6yJlyiUeM. DoaTOMY Sl He )laBan nollp06-

HOrO aaanusa pa6oT nepuolla 50-x -Ha'lana 60-x rollOB. 

EcnH JKe BCllOMHHTb 0 npolllnOM
1 

TO TOnbKO 0 )laneKOMo· a HMeHHO - 0 repoH-

qeCKHX ycHnH!IX
1 

cllenaHHbiX MapHeA CKnOilOBCKOA-KtopH H DbepoM KtopH, KOrlla 

OHH OTKpbiBanH HOBbie sneMeHTbio HallO CK83aTb, 'ITO TOrlla HOBbie sneMeHTbi OT

KpbiBanHCb B ycnoBHRX nonHerO OTCyTCTBHSI )laHHbiX 06 HX XHMH'IeCKHX CBORCTB8X 

6e3 npHMeHeHHR KaKHX-nH60 cno:JKHbiX ( C Haw eft TO'IKH speHH!I) MeTOJlHK
1 

HO npH 

O'leHb Tpe6oBaTenbHOM OTHOWeHRH K co6CTBeHHhlM pesynbTaT8M H 
rny6oKOM 

aaanHse nonyqaeMhlX )laHHblX. nosToMy HH B ollHOA H3 pa6oT cynpyroB K~pH, no

cymecTBy, aeT cnyqaeB
1 

CKOnbKO-HH6Yilb noXO>KHX Ha CHTY8UH101 C0311aBWYIOCSI C 

OTKpbiTHeM 102 H 103 sneMeHTOB1 KOTOp8R 1 K8K Mbi H8JleeMCR, He 6yJleT HMeTb 

noBTopeHHA B 6yllyiUeM. 
DosBOnbTe MHe B 38Knto'leHHe Bbipa3HTb HalleJKilYo 'ITO 3a)la'la HyKneOCHHTe3a 

H HCCnellOBaHH!I MHOrHX HOBbiX sneMeHTOB H H30TOnOB 6ylleT ycneWHO peweHa Ha 

OCHOBe o6'bellHHeHHbiX ycHnHA yqeHbiX pa3HbiX CTpaH. 

flHTepaTypa 

1. B.A.Kapaayxoa, r.M.Tep-AKonb!IH, B.r.Cy66oTHH. npenpHHT OHSU'I, P-1072, 1963. 

2. A.M.Paskanser, R.M.Pherson. K.A.Esterlund R.L.Reeder: Rept 

10362, 1962. 

3. R.Barton. R.Mc.Pherson. R.R. Bello W.R.Trisken. W.'I'.Link and R.B. 
Moore, Can. Journal of Phy~ics 411 2007 ( 1.963). 

4. lO.A.My3bi'IKa, IO.U.OraaecSIH, E.H.nycTbinbHHK, r.H.4>nep0Bo H4>, 6, 306, 1967. 

5. B.M.CTpyTHHCKHA, H4>, 1, 821, 1965 r. 

6. H.3Bapa, T.C.3aapoaa, P.llaneTK8, IO.T.~y6ypKOB, M,P,lllanaeBCKHA. npenpHHT 

OHHH P-2548, D.y6aa, 1966. 

7. H.3Bapa, T.C.3aapoaa, P.llaneTKa, IO.T.~y6ypKOB, M.P.lllanaeBCKHA. PallHOXHMHSI 

9, 2, 1967. 

. a. r.H.4>nepoB. DpenpHHT OHHH D.7-3444, 1967 r. 
PyKOllHCb nocTynHna B H3JlaTenbCKHR OTJlen 

12 )leKa6p!! 1967 rolla. 
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