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Pa6om BbtnOAHeHa e <Pusww-rexH-uttecKo,u uilcruryre 
FocyaapcreeHHoco KOMurera no ucnoAbsoaaHum 

· aTOMHOii aHepcuu CCCP 

·• 
AHHOTAUH.5I 

. Pa6oTa TIOCBHW:eHa li3MepeHIIIO MaCC aTOMllhiX ·· 
H.Llep. Pa3pa6orana Macc-cneKrpocKOTIHtiecKaH ycra
nosKa c. pa3peillmow:eli cnoco6nocTbJO '80 000-,-
100 000. HccJieAOBaHhl CliCTeMaTI!tieCKlle oum6Kll 
Macc-cneKTpOCKOTilltieCKOfO MeTOAa .. onpetJ:eJieHll~ 
Mace. '1-bMepelihi MaCChi aroMHhiX liAep_B ot'iJiacn• 
MarntieCKIIX qnceJI Z=82; N=50, 82 II 126, petJ:K0-
3eMeJihHhiX tJ:e¢'opMI!pOBaHHhiX lltJ:ep;' a .TaKllie TO
p115!, ypaHa II TIJIYTOHllll. 0THOCIIT('JihHa5! norpelll
HOCTh 113MepeHIIll Mace pasHa f1M/M=5 • 10-7 

+
-+- 2 • 10-7. PaccMOTpena CIICTeMaTHKa 3HepriiH CB5!-. 
3H ABYX nocJietJ:HIIX' neiJ:rponos. B AannoiJ: pa6ore· 
MaCChi H30TOTIOB 'Aallhl .B KIICJIOpOtJ:HOll rnKaJie. 
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1. Dpe.ncTaBJieHHe 0 CTpoeiiiiii 'aTOMHOTO 3l)J.pa. TOCHO cmmaao 
c nsyqeHneM Mace HJI.ep. Macchi 'H.nep HB.JHilOTCH 'IPyH.ziaMeHTa.irh-· 
HhiMII · KOHCTaHTaMn;. sHanne · KOTOphiX Heooxo.n.nMo. JI.JIH · onpe.n.eJle-· 
HHH OCHOBHhiX xapaKTepHCTHK HJI.pa!; 3HeprHH CB5I3H; Ha. HyKJIOH,, 
3HeprHH npHCOeJI.HHeHH5I. IIOCJie}J,IHHX IIpOTOHa li HeHTpOHar nap-· 
HhiX 3HeprHH npOTOHOB li HeHTpOHOiB, li .;n,p. -J1I06aSI. MO)J.eJio> 01'fff~ 
chrBaiOIIJ.a5I cTpyKiypy 5IJI.pa, AOJI}l{Ha bTBeiJa"Th Ha •Bonpoc: Ka~ 
KOBhi 3HepreTHqeCKHe napaMeTphl H;n,pa H KaK OHM CB5I3aHhi JI.pyr 
c· .npyroM · B coce.nailx 5IJI.pax; B 3TOM <cMhiCJie Macchi aTOMHhiX 
5IJI.ep 5IBJI5IIOTCSI TeMH He06XO)J.liMhiMH .BeJIHqHHaMII, 110 KOTOphiM 
MO}KeT 6hiTh npoBepeHa; npaBHJibHOCTh TOM HJIH HHOH MO,li.eJIII 
5IApa; ·KpoMe TOfO, IIpH llOCTPOeHHH CXeM · pacna.na li onpe)J.eJie
HHII Q-BeJIIJqHH peaKUHH qaCTO He06XO)J.HMO 3HaTb, MaCChi HCXOA;_, 

: HOfO' II :KOHeqHQfO 5I)J,ep~; . , . 
ToqHOCTh, c Kotopoii JI.OJI}l{Hhi · 6hiTh nsBeCTHhi Maochi . 5IJI.ep,. 

B Ka}KJI.OM KOHKpeTHOM: CJiyqae OIIpe;n,eJI5IeTCH KpyroM HCCJie;n,ye
MhiX BOIIpOCOB. •. ,UJiH perneHH5I 60JihlllllJICTBa npo6JieM' MaCChi 

. ; 5I)J.ep IJI.OJI}l{Hhl 6biTh. ll3BeCTHhi C AOCTaTOqHQ BhiCOKOH TQqHQCThiO. 
HanpnMep, AJIH nccJie;n,oBaHIIH HeMOHOTOHHOCTII 3HepreniqecKIIX 
rrapaMeTpoB B o6JiacTII TaK HashmaeMhiX. MarnqecKnx qnceJI nmr 

· 3Heprnn • napuoro BsaHMo.neiiCT.BHH B' o6JiaCTII .n.e~PopMnpoBan-
. HhiX .. • £Aep · r Heo6xo;n,nMo, · qTo6hi ·. OTHOCHTeJihHa5I. norpernHocrh> · 

· ~M/M orrpe.neJieHIIH Mace He np'eBhilllaJia 5 · liT'~ . · · ;: 
,UeiicTBHTeJihHo; qTo6hi;. y-cTaHoBHTh cKaqoK I3 · 3Heprnn' cB5I

sn, pam~ oil 3 Mae, npii nepexo;n,e · oT sarro'.rmeHHoii oooJioqKn ·K 
HesarrOJIHeHHoli (A = 208) . XOT5I ·· 6hi ·, c ToqHoCThiO ;n,o 50/o, cooT
BeTCTBYIOili.He MaCChi'r)J.GJI}l{Hhl 6biTh I ll3MepeHhi c: OTHOCHTeJibHOH 
norpernuocThiO ~M I M, · MeHhrneli 5 ·1 Q--;-7• 

B uacT05Illl.ee BpeM£ II3BeCTHO, qm .ne~PopMnpoBaHHhie qeT
. HO-qeTHhie 5I;n,pa . Ha6JIIOJI.aiOTC5I 'TOJihKO B. Tpex' yaKHX IIOJiOCaX 

nepiiO)J.HqeCKOH, • CHCTeMhi B npe.n.eJiaX yqaCTKOB. poTaUIIOHHOfO 
· . Bos6y}KJI.eHIIH. B ·paMKax coBpeMeHHhix Mo;n,eJier-i H.npa cymecT-

BOBaHIIe Tpex 06JiaCTeH ;n,et!JopMHpOBaHHhiX HJI.ep C. pe3KOH rpa-. 
HHll,eH nepexo.na OT · c~PepnqecKOH K 3JIJIIII1COIIJI.aJihHOH •·IPopMe 
[1, 2] . o6nHCH.HeTc.H. BJIHHHHeM napuoro BsanMo.neiicTBIIH. HYKJIO
HOB. Dpn.nepexo.ne K .n.et!JopMnpoBaHHhiM HJI.paM nap·ua£'0iHeprn:g 

·y6i,maeT, •• na.naH ;n,o·'.1iirHIIMyMa B . .cepe;n,nue o6Jiacnr .n.e~PopMIIpo-
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MHHhU( SI)I.ep~ n BHOBh B03paci'aeT K xouuy o6Jiatnt. UpocJie
.llHTh 3a H3MeHeHHeM :mepreTI:IqeCKHX · xapaKTepHC'l'HK SI,llep B 
·~roii ooJiaCTH H, ·B qacrHOCTH, ·HCCJie.noBaTh HeMOHOTOHHOCTH B 

ll3MeHeHHH napHoro B3aHMo.n.eiicTBH5I npn nepexo.u.e OT ccpepHqe
tKHX K .U.ecpopMHpOBaHHhiM H)l.paM · MOJKHO Jllllllh npu ycJIOBliii; 
eCJIH H3BeCTHhl COOTBeTCTByiOIUHe MaCChi C OTHOCHTeJihHOH no-
rpelllHOCThlO, He npeahilllaiOmeii ~-+- 5 • 10-7

• · · 

. O.u.uaKo Jio nocJie.u.Iiero BpeMeHH H3MepeHHH Mace npoBOJlJH
JIHCh C TaKOH TOqHOCThlO, KOTOpaH He n03BOJIHJia npocJie)l.HTh 
Jl,eTaJibHO HeMOHOTOHHOCTH 3HepreTHqeCKHX xapaKTepHCTHK H)l.ep 
B 3THX OOJiaCTHX rn.epHO)l.HqeoKOH •OHCTeMhl. . • . 

> ;<;}J.D. i195.0 r.. · lllS •UOIUero qncJra '4fi Cif80HJihHhiX M30TOnOB 'B 

· JJUmuaamre. :liM<Jfl<.-239 3Haqeun:H :Mace ·•OhiJm. 'li3MepeH1:il 'TOJih
. mo JJtiUI .htuamon(m. tM:acchi ,cp.e.nHmc :li 'T5DKeJihlX 'JJ..nep rOl:li:TIH 
,[UJtpe,Ue.TreHhl JHellp:HMbiM fCpaBHeHIIEM CO lBlWp:H'IJHh1MH •CT.aHri,ap-

r.ffi81MI:1, {0UH10KR .Jllplll ';3TOM )J.OC.THrail!a 2 M&B, a •OTHOCHTeJibH85I 
. morpewuomh maMqpemiii ilO-A ,[~i7iJ., 

l;l:aC;FOHIIJ;RH 1pa:6m;a ·ObiJia ,uaqao;a .c U.e:JIHIO 'li3MepHT:h MaCChi 
. • u • . 

' ·cp£JUIHX ;H · 'LRW:e:TihLX . 5lJJ.~p C, <OllHOCHTeJibHOH . ;norpelllHOCT.blO 
:5 • !1.0...:.7-+-'10~~. B,:nponpaMMY :ncanet,JJ;OBamrii 'BXO:li.HJIII ;<y1JacrKH 

··mepltO:!UiqecKOH. tCHCll1eM.bl, :dBKJIIOlialOllJllll! · tMarHIJe:CKHe :n;npa, kc 
'f\LllC.llOM IIIeHTpOHoB'/JV:, paBHhiM ;50 :Il JL26m riityOTOHOB .Z., p11BHblM :50 
m .82) ,·;a 'TaKtKe\do:nac:rh N =ll0:+;1'4'Si., a·rrpe.neirax IKOTo.poii q>ac

. monuLK-eHa JBepXHRH r;pauuu.a•:nepexo:na orr c@epHqecKwx ,K :n.ewop
. MHpoaaHHhiM H)l.paM )l.JIH 150<A<l90 ,ll TpaHHUa nepexo.:n.;a lK 

::p:e:¢opMIIpoaaHHlJllM .:H;~J.paM uaYmra~H lC A <222. · . ~. · · · 
: :iliEilliil 1M3M~peHBI .MRCChl ;cTaOIIJlbHhlX 1ll30TOll0:B ~B OO.JtaCToll 

":c;pe,unwx .~Mane DT •C.TpDHUKH :(Z ==:38, IN 46~ 1JJ.o py:r:euu;g t(Z=f44, 
}ft.f,==:6.GJ:) ril iB .'OD:rracnm 'J'"H:}!{e:llbiX ,MRC:C'JOT rracpHHH .!llO ~'IIJIYTORII.:H 

d.:r4<l4<;240. . ._. . ' :: 
Dfiuiac:r.h .tOT 1cmp:.ouun:H. !.!LO ip'YTBRHH mp:e,!l.ctraa.rrn~ atHrr~pec 

·!B rQB513H rc ;RBIHCHeHHeM 31!KOHO'MBJlHOC!fBHz!BO.IIII3Il ;IMarmrearmro 
··qnc:rra iN== i50 '~4o0.f:5o90:} .. 1MracChi :3Hnquwe:rrmmii ·II1l'CTH :H3·o:ronna rn 
3Toii ooJiaCTH )1.0' icHx no.p :MaCC'-CIIeKT;pDO<imniieCKII He iH3MepH
-~mch t(Z1'.90• Z.r92., i.Mn95, .Ru98 ell ,:JI:p.); 3HaqeHIIH J>taOC :H3:CDl'.onoB. 
!RulJlO M f.Rulll1 !OI>IJIIl :nsmepeHhi umepBhie. iBcero' :s :sroii. v.t5:nacrrn 
'fhiiJIO. msMepeuo ~25 !IIBOTonoB erpoHl1,.Il.H, IITTPHR. )IJ;ltpwouH:H, 
mno6nn., J~m:n:n6:neHa 1H. ~py:remrH. · )l:m1 :s:roro mol"pe.6amunllXCb ·nc-
cJie)l.oBaTh. 60 )l.yoneTOB, -raK KaK .:MaCChi 6onbUiimc:rna IDDTnnGn 

·'01lpe:Jl£;7151JlilCh ;C JJIOMO!I1,h10 3-4 ;p_<t3:!1HYRhTX ,ny6Jie.T.OB. 
£ ,'Jl.uanasoae lli74<A-<;240 DbiJtH !H3Mepemn. rMaccm 42 'CTa

r.6nmmlillX ll:l30TOH.O:B 1I18cPHHH, :BO;Jib<lJpatt!a, 1I':IDIT:a:na, peHRSI, m.pliri,H:H, 
•DCMIUJ:, nJiaT.HHBl, ;SO.llOTa,. :p:cy!I:H, :raJIJiiUI, .. CBIIIIUa,. BilCMy:ta :II :.6 
.H3.0TOllOB 1rDpJ1~, ~aHa lil :n:nyroruiH :c tOTHm::nTeJibHOll JlOrpemHO
<C.TdilO 1 Q-'.7.,..,;.J5·· jl,Q-7• !Bcero Ob1JlO :ITC!c:rre:nosaHb '82 .')zy.6.neT.a. 

- JJJ.m:H 1peweHHH II!lOcraBJieHHOii EWI:alfll :sh1DOP Maac-cne.KTpo
'illHDrilflleoKO:ii :CilCJr.e'Mbl .D:BOHHDH. $DicyiDHpOinm. 'C .:JIHHeHHOH WKa

. ..noii· ·.!Mace . u :Ma:noii :ro:repicy;poii myYKa ~(;1.0..,-5:) rn lOOtie.TaHIIu :co 

·1 

. «CBeTOCIIJihHhiM» · HOHHhiM IICTOJIHIIKDM GbiJIJ · n{msnam uaii6o;;rte~ 
l\fHOroo6emaiOI.IJ.HM·. YMeHBllleHHer anepTyphiJ ·IIY.qKal B liOHHa-am
THtieCKOii- · CIICTeMe )l.BOHHOH cpoKycHpOBKII nOMHMOJ nOHIDKeHll~ 
ypoBIIH aoeppaU.JIOHHhiX OlliHOOK. npiiBO)l..HT' K. cy!I1,eCTBeHHOMy. 
yBeJIHIJeHHIO «fJIYOHHhl pe3KOCTH IIOHHO-OllT>IIqeCKOfO: • II300p81-. 
JKeHHH» .. PeaJin3aiJ.HH TaKoii: nouno-onrHqecrmii cnc.TeMbt noTpe
ooBaJia pa3paOOTKII HOBOfO TIIna' IlOHHOfO• IICTOlJHIIKa C; 6crJIIk·• 
lllOH nJIOTHOCThlO TOKa 3MIIC'CHH II MaJihll\1 paaopOCOM' IIOHOB: no;· 
CKOpOCTHM.. . . .. . l 

. P a3pa6o1'Ka· u· coopyLKe!me Macc-cneKT.pocKOITH:<IecKoii· ycTaJ- · 
HOBKJI 3aHHJIH BpeM:H C 1951 no J955 r. rJiaBHhiM oopaaor.r· II3•. 
38 HeOOXO)l.IIMOCTII H3yqeHIIH npHqHH B03MOJKHhiX. CIICTeMaruqec.
KliX OlllliOOK H3MepeHHH ll nOBhillleHUH paapelllaiO!I1,eH cnoco6:
HOCTH ycTaHOBKH J[O 3HaiJ:eHHH 100 00Q. flepBhie H8)l.eJKHhi.e: pe-
3YJihTaThl OhiJIH .noJiyqeHhi B 1956 r. 

p·aooTa co.u.ep:m:nT BoceMh rJiaB, BKJIIO;qaJI: nepByiD. BBOJI
HyiO: rJiaBy, s: KOTopoii pacMaTpHBaiOTCH IIMeraru.necH 3Kcnep1Il\rero-: 
TaJihHhle )J.aHHhie ITO li3MepeHHIO Mace H)l.ep II! )l.aeTC:H IlQC.TaHOBKa: 
3aJiaqn. 

2.. Bo BTopoii rJiime·. npoBOJIHTCH onucanire Macc~c.neK:rpo• 
CKOIIHqeCKOH ycTaHOBKli, MeTO)l.OB IOCTHpOBK1li IIOHHO.-OIITIIIIeCKOH! 
CHCTeMhl. II' MeTO)l.OB- IICCJie)l.OBaHHH . Ji.llCnepCllOHHbiX KOHCTaHT 
lllKaJihi Mace. · 

. HoHHo-onTHqecKaH r cHcTeMa Macc-cneKTporpacpa BhlllOJIHena . 
B· OCHOBHOM ITO CXeMe )l.BOHHOH cpoKycnpOBKW EeiiHOpii)l.'JK'R:-:
Hop)l.aH~. 113 oiiTnqecknx napaMeTpOB 3Toii' cxeMhf. OhiJIH! ·HaMe
HeHhi: yroJI pacTaopa. U.IIJIHH)l.pHqecKoro KOH.n.eucaTopa: (co· 127"' 
)1.0 63°38') II yroJI MeJK

0

)l.y nJIOCKOCThlO cpOTOilJiaCTHHhi: H. rJiaBHOll1 
OITTHqeCKOH OChlO (c 24°481 )1.0 31°8') ... ' ' · . · : 

flpn yMeHhWeHHH yrJia paCTBOpa KOH)l.eHCaTopa ·.n:a 63?38'; 
COKparu.aeTC.H BpeMH npeOhiBaHHH .IIOHOB. B: 3JieKTpOCTaTIIqecKOMt 
noJie H onTnqecKne y3Jihr nyiiKa (yiiacTKII ny.qKa c OTHOCIITeJih-· 
HO BhiCOKOH nJIOTHOCThio 3apH)l.OB) OKa3niBaiOTCH BhiHeCeHlffil~ 
Ml! 3a· npe)l.eJihf KOH)l.eHCaTOpa. i:)TO B 3Halffi.TeJIBHOif CTeneHH 
yJiyqlllaeT .ycJIOBHH aBTOKOMTiencau.IIn o6'0eM1Ioro 3ap:H)l.a nyll'" 
iKa: • B cxeMe Beiiilopu)l.JKa- Hop)l.aHa reoMeTpiiiiecKoMy- MecTY' 
ToqeK, YAOBJieTBOpHIOlU,eMy ycJIOBHHM cpoeyciipOBKH no HanpaB-· 
JieHH:HM, ' COOTBeTCTByeT JIHHIIH, oopa3yiOlU,aH:. C: rJiaBHOW OnTH
qecKOH · ochiO yroJI 24°48'. TonhKo ua MaJioM: yiiaCTKe. cpoKaJib· 
n'oii JIHHHH mKaJia Mace :HBJIHeTCH JIHHeiinoif. B TO JKe BpeMSI. 
110)1. yrJIOM 31 °8' K rJiaBHOH OnTnqeCKOH OCIL- npOXOJ[JIT. JlllHIIWo,,_ 

y)l.oBJieraopHIOllJ.aH ua OTHOCHTeJihHO 6oJinlllOM yqacTKe ycJio-: 
BHIO JIHHeiinocTn lllKaJihl Mace. Ha Macc~cneKTporpacpuqecKIIX. 
ycTaHOBKaX C OTHOCHTeJihHO '-OOJihlllliM anepTypHniM Y,E'JIOM,. nJIOC:•· 
KOCTh cpoTonJiaCTHHhi He MOJKeT ·OhiTh opiieHTnpoBaHa rro)l.: yr'" 
JIOM31°8', TclK KaK npn MaJIOH.rJiyOHHe pe3KOCTll II300pa:JKeimH 
He3HaqnTeJihHhie OTKJIOHeHmr .OT yrJia 24°48f MoryT npHBe:CTH' If; 
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HapyrneHHIO yrJIOBOH · qlOKYCHpOBKH. ilpH IVIaJihiX arrepTypHhlX 
yrJiax perucTpHpyiOIUaH , q)oTonJiaCTHHa MoJKeT OhiTh ycTaHOB
JieHa no.D. yrJIOM 31 °8'. B HOBOM noJIOJKeHHH nJiaCTHHhl H3-3a 

OOJihliiOH rJiyOHHhl pe3KOCTH H306pa1KeHHH yrnupeHHe JIHHHH 6y- .. 

,neT npaKTH'IeCKH HeOIUYTHMhiM. . . . 
B KaiieCTBe uci'oiiHHKa uoHOB rrpHMeHeH; ucToiiHHK aHo.D.HOii 

IIJia3Mhl B aKCHaJihHO CHMMeTpHIIHOM HCnOJIHeHHH., 3JieKTpOCTa-• 

THIIecKaH JIHH3a npe.D.CTaBJIHeT co6oii UHJIHH.ll.PMIIecrmii KOH.D.eH~ 
CaTop C yrJIOM paCTBOpa 63°38' H cpe.D.HHM pa.D.HYCOM KpHBH3Hhl 
300 .MM. p aCCTOHHHe MeJK.ll.Y. OOKJia.D.KaMH. 10,000 ± 0,005 .MM. 

BhiCOTa o6KJia.D.KH 100 .M.M. Bxo.D. u BhiXO.ll. HOHHO'ro nyiiKa B KOH

.D.eHcaTop· .D.Haq)parMHposaHhi. HarrpHJKeHHe MelK.ll.Y o6KJia.D.KaMu . 
(2000-3000 B) npHJIOJKeHO CHMMeTpHIIHO, . II IIOBepXHOCTh Hy-

JieBOfO noTeHUIIaJia · cosna.D.aeT c ueHTpaJihHOii nosepxHoCThiO, 

KOH.D.eHcaTopa. 
:UHJIHH.ll.pHl!eCKaH. MarHIITHaH JIHH3a BhiiiOJIHeHa B . BH.ll.e 

60-rpa.D.yCHOfO ceKTOpHOfO MarHIITa C MeJKnOJIIOCHhiM 3a30p0M 

3. M.M. Pa.D.nyc KpHBH3Hhi TpaeKTopnii noH(m B t'!arHHTHOM. rroJie 

paseH 300 MM. «3q)q)eKTHBHaH rpaHnua» MarHHTHoro rioJIH oT

CTOHT OT rpilHHU noJIIOCHhiX HaKOHeiiHHKOB npHMepHO Ha 2 AUt. 

1\ap.D.HHaJihHhie 'TO'IKH 3JieKTpOCTaTHlJeCKOH H MarHHTHOH JIHH3 

paCUOJIQ)KeHhl· CHMMeTpHIIHO. . . . 
<l>opMHpOBaHHe · HOHHOfO nyqKa IIpOH3BO.ll.HTCH OTOOpOM 

HOHOB H3 · HCTO'IHHKa IIepe3 · KpyrJIOe 01BepCTHe · .ll.HaMeTpOM 

0,15 • MM. BeJIHlJHHa ycKopHiomero .. HanpHJKeHHH. 35-+- 50 · KB. 

Bxo.D.HaH meJih wupnHoii 5-+- 10 MK. HaXO.ll.HTCH Ha paccTOHHHH 
8 MM OT 3MHCCHOHHoii nosepxHOCTH HCTOlJHHKa. Ha paccTOHHHH. 

212 MAt oT sxo.D.Hciii meJIH pacrroJioJKeHa anepTypHaH meJih pa3-

MepoM 30X 1000 AtK: Aneprypa nyqKa cocrasJIHeT 5 • 10-
5

• Ha 

BhiXO.ll.e UHJIHH.ll.pHIIeCKOfO KOH.ll.eHcaTOpa .HaXO.ll.HTCH IUeJih pa3-
•M:epOM 80 X 6000 AtK. B nJioCKOCTH n3o6paJKeHHH UHJIHH.D.pniiec~ 
KOH Jil!H3hi pacnoJIOJKeHa .D.Haq)parMa co meJihlO wnpHHOH OT 

200 .no 500 MK. Bxo.D.HaH meJih MarHHTHciro aHaJin3aTopa HMeer 

pa3Mepbi 200X 1000.-MK:. 
,UJIH ycrpaHeHHH 3qJqleKTa 3JieKTpOCTaTHlJeCKOH nOJIHpH3a- . 

. UIIH .D.HacpparMbi H3fOTOBJieHhi H3 . nJiaTHHOBhiX. nJiaCTHH, CHaO

' :lKeHHhiX BCnOMoraTeJihHhiM. ycTpOHCTBOM .ll.JIH nepHO.ll.H'IeCKOfO 

. nporpesa B saKyyMe npn TeMnepaType goooc. YcTaHOBJieHo, 'ITO 

npn 3TOM 3qlqleKT noJIHpH3aUHH IICKJIIOlJaeTCH. II MaCc-cneKT

paJihHhie JIHHHH npHHHMaiOT npaBJIJihHYIO cpopMy. : 
.. . HoHHo-onTHIIeCKHii npeo6pa3oBaTeJih, pacnoJioMeHHhiH B He
' 1 nocpe.D.CTBeHHOH 0JIH30CTII OT nJIOCKOCTH qlOTOnJiaCTHHhi, .D.aeT 

B03MOJKHOCTh BH3yaJihHO HaOJIIO.ll.aTh cneKTp Mace, ycTaHaBJIH

BaTh HCCJie.D.yeMyiO rpynny JIHHHH B UeHTpe qlOKaJihHOH nJIOCKOC
TH II cne.D.HTh 3a KaiieCTBOM cneKTpa BO BpeMH 3KCn03HUHII no 

KpaiiHHM JIHHHHM. . 
· · PerucrpaUIIH Macc-cneKrpaJihHhiX JIIIHIIH npoH3BO.ll.IITCR Ha 

/. 'qlororrJiacnmax pa3MepoM 6X 18 cAt. 

6 

B Macc~cneKTpocKonHIIecKIIX · ycrpoiicTsax, y.D.OBJieTsopHI0-

1II.HX. ycJIOBHHM .ll.BOHHOH qlOKYCIIpOBKH, napaMeTphi 3JieKTpHIIeC

KOH II MarHHTHOH JIIIH3 CTpor'o CBH3aHhi . onpe.D.eJieHHhiMH COOT

HOilleHHHMII. B 'IIaCTHOCTH, B cJiyqae CHMMeTp11lJHoro P.acnoJio

JKeHHH Kap.D.HHaJihHhiX: TO'IeK UeHTpaJihHhie pa.ll.11YChi KpiiBH3Hbi 

3JieKTpnqecKoii 11 MarHHTHoii JIHH3 .D.OJI:lKHhr ObiTh paBHbi 11 He

o6xo.D.iiMo,. 'ITOOhi yroJI BXO.D.a. nyiiKa HOHOB B JIHHim OhlJI paBeH 
crporo goo .. 

MexaHH'IeCKaH IOCTHpOBKa He n03BOJIHeT. ocymeCTBHTh 3TH 
)'CJI.OBHH C .ll.OCTaTO'IHOH· CTeneHhlO. TO'-lHOCTH. ilpH H3MepeHI1H 

BapHaUH11 paCCTOHHHH, O'leHh MaJihlX no cpaJ:meHHIO C paCCTOH

H11eM MelK.ll.Y Kap.D.IIHaJihHbiMII TOlJKaMI1 (nopH.D.Ka HeCKOJihKH'( 

M11KpoH), B03HHKaiOT MeTO.ll.HlJecKne rpy.D.Hocrn •.. MaJibie OTKJIO

l!eHIIH OT yrJia goo MoryT OCTaThC~ He3aMeiieHHhiMI1, TaK KaK 

..ll.aMe np11 oqeHh y3KIIX meJIHX B .D.HacpparMax (B npe.D.eJiax He

.3HaiiuTeJihHhiX H3MeHeHIIH yCKOpHIOIUero HanpH:lKeHIIH II HaiipH-
. JKeHHH;: np11JIO:lKeHHOro K UI1JIIIH.D.pHqecKOH. JII1H3e) nyiiOK MOJKeT 

npOH'fH qepe3 HOHHO-OnTII'iecKyiO CHCTeMy CO cpe.D.HI1M pa.D.I1YCOM 
KrJIIBI13Hbl, OTJIH'IaiOIUHMCH OT pacqeTHOfO 3Ha'leHIIH, 11 ycm)BI1e 

q)oKyc11pOBKH no cKopocTHM 6y.D.eT HapyineHo. 
L(JIH noJiyqeHI1H .Heo6xo.D.HMoii roqHoCTH 11SMepeHI1i B pa6o

'Te npiiMeHeHa HOBaH MeTO.ll.I1Ka rrpeUI13110HHOH IOCTIIpOBKI1 Macc

crreKTporpacpa C nOMOIUhlO 113MepeHHH MaJihlX OTKJIOHeHI1H KOH'. 

'TpOJihHOro 110HHOfQ1'nyiiKa OT «II.D.eaJihHOH» TpaeKTOpn11; 

B pa6ore onpe.D.eJieHhi .rpe6osaHI1H, npe.D.'hHBJIHeMbie . K pe

JKI1MHhiM napaMeTpaM ycTaHOBKI1. iloKa3aHO, · 'ITO .D.eHCTBI1e 

·OO'beMHOfO 3apH.D.a nyqKa HapyrnaeT qJOKYCIIpOBKY no CKOpOCTHM 

E «II.D.eaJihHOH>> CI1CTeMe. 3TO CKa3hiBaeTC5I He' TOJihKO Ha C.ll.BHre 

Kap.D.I1HaJibHbiX TOlJeK 110HHOcOIITI1lJeCKOH. CIICTeMhi, HO 11 rrp11BO

..ll.11T K HapyrneHI1IO ·.D.IIcrrepc11oHHhiX csoiicTB OT.D.eJihHbiX ee Y3JIOB. 
I13MeHHIOTCH nOJIOJKeH11e. II BeJIHlJI1Ha IIOHHO-OIITI1lJeCKOrO 'II30-

.6pa1KeHI1H, II B pe3yJihTaTe B03HI1KaiOT CI1CTeMaTUlJeCKI1e 9lliii0-

.KII H3MepeHI1H Mace. . . · .. . 
Pacnpe.D.eJieH'He HOHOB no 3Hepr11HM B rryqKe orrpe.D.eJIHeTcH 

'9JieMeHTapHhiMI1 npoueccaMI1 • HOH006pa3QBaHHH; pacnOJIO:lKe

HHeM 30H TeHepaU11H. HOHOB H xapaKTep0~1 3JieKTp11IIeCKOrO IIOJIH . 

B HOHHhiX 11CTOlJHI1KaX ~lHO.ll.HOH IIJia3Mhl 30Ha reHepauifii 110HOB 

3JieKTpOHaMI1 Bhi.ll.eJieHa · .ll.OCTaTO'IHO lJeTKO ·II pacnOJIOJKeHa 'Ha 
HeKoropoM paccroHHIIH ·or~ nosepxHOCTH 3MHCCHI1. B aHO.ll.HOii 

TIJia3Me, 3apH:lKeHHOH IIOJIO:lKI1TenhHO ( OTHOCI1TeJihHO 3JieKTpO.D.a 

C OTBepCTHeM OTOopa), ITO Mepe npii6JIHJKeHI1H K nosepXHOCTI1 

'9MHCCHI1 HOHH3aUIIH 3JieKTpOHaMI1 CTaHOBHTCH BCe peMe. B rpa

HH'IHhlH CJrOH IIJia3Mhi, Herrocpe.D.CTBeHHO np11MbiKaiOIUIIH K 3JieK~ 
- rpo.D.y co meJihiO 3M11CCHI1, IIOHhi rJiaBHhiM o6pa30M nocTynaiOT 

'1I3 30HhL reHepauiiii 3JieKrpoHaMI1. HoHhi, .HaiinHaH csoe .ll.BI1-

JKeHIIe C renJIOBOH CKOpOCThlO, ycKOpHIOTCH IIOJieM (oTpiiUaTeJib
HOfO aHO.ll.HOfO na.D.eHIIH) B CTOpOHY nosepXHOCTII OTOopa. 3KCIIec 

. :PIIMeHraJihHO OhiJio noKa3aHo, 'ITO IIaCTh noHos .D.OXO.ll.IIT .ll.O me~ 
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Jill 3MHeeHH 6e3 eTOJIKHOBeHHH H· n03TOMY nOKH)J.aeT nJia3MY e 
1\laKCHMaJihHOH 3Hepmeif,. COOTBeTCTBYIOIII.eH .. pa3HOCTH noTeH-· 

Il,JiaJIOB 30Hbi reHepall,HH H nosepXHOCTH OT6opa. )lpyra5I qaeTb' 

HOHOB B pe3yJibTaTe IIepeaapH.lJ.KH He )J.OXO)J.HT )J.O noBepXHOeTJI 

oT6opa. Oco6eaao 3cp£lleKTHBHO nepeaap5I.LJ.Ka npoHCXO.LJ.IIT B TOH
KOM CJIOe r·aaa B paifoHe III.eJIH 3MIICCIIH~ ·l1oHbl,. n05IBIIBIIIIIeC5I B 

peayJibTaTe nepeaap5I)J.KII B o6.7JaeTH III.eJIII 3MIIeCIIH, nOKH)J.aiOT · 

nJia3MY .C OTHOCIITeJihHO MaJIOH 3Hepriieii,' o6paayH 3HepreTM1Jee
Illi lJeTKO Bbi)J.eJieHHyro· rpynny. 

JlyLJOK IIOHOB aTOMapHOfO BO.LJ.Opo:n:a TaKJKe IIMeeT' «TOHKYIO 

cTpyKTypy». OH cocTOHT II3 Tpex LJeTKO Bi>I.lJ.eJieHHbiX no HaLJaJih

HhiM 3Heprii5IM rpynn IIpOTOHOB. 
Jlpii T3KOM paa6poce ,HOHOB no 3Heprl!5IM He06XO)J.IIMO, 1JT0:-

6b~ cpe.LJ.HIIe 3HaLJeHII5I 3Hepmu IIIJHOB, eOCTaBJIHIOIIl,IIe :n:y6JieT-. 

nyw na py, . 6biJIII 6JIII3KII~ B npoTIIBHOM CJiyqae npn BbreoKot'r 

)J.IICnepCHH 3JieKTpOCTaTIILJeCKOH JIIIH3bi KaJK)J.biH COpT l!OHOB MO

JKeT 6hiTh Bbf)J.eJieH B iiyLJoK, C.ll.BIIHYTbit'r s· Toil: IIJIII IIHOH. Mepe . 

oTnocnTeJibHo ocu KoH:n:encaTopa. CeJieKTIIBnoe · so~eiicTsne no

_JJH o6nel\moro aapH:n:a Ha nccJie:n:yeMbie IIOHbi. npnBO.lJ.IIT K Hapy

rnemuo )J.HCriepcnOHHbDC CBOHCTB 3JleKTpOCT3THLJeCKOH JJHH3bi II 

. COOTBeTCTBeHHO K CHCTeMaTnLJeCKIIM- OIIIHUKaMi II3MepeHHif; 

B pa60Te · 6biJIH IICCJJe:n:osaHbi 3HepreTII1JecKue cneKTpbi uo

HOB, COCTaBJJHIOIIl,HX Macc-cneKTpOCKOIIHLJeCKI!e :n:y6JieTbi H Hall-< 

)leHbi COOTBeTCTBeHHO OIITnMaJibHbie peJK.HMHbie napaM~Tpbr 

HOHHOfO HCTOLJHUKa. 

3. B TpeTbeif rJiaBe paccMaTpiisaroTeH MeTo:n:oi o6HapyJKeHIIH 

MaJibiX ~uCTeMaTHLJecKux oiiiu6oK II3MepeHHH · D.Mf M ,...,_, 10-7• 

Ilpn onpe:n:eJieHnn Mace· H.LJ.ep, nocJie Toro KaK naMepeHbl c 
HeOUXO)J.HMOH TOLJHOCTbiO paCCT05IHII5I MelK.LJ.Y paaperneHHbiMII 

Macc-cneKTpaJihHhiMH JIHHHHMH, cepbe3Hbie TPY.ll.HOCTH B03HH

KaiOT B nepeBO)J.e 3THX paceTOHHHH B COOTBeTCTBYIOIIl,IIe pa3HOC 0 

. TH Mace. HMemro -a:n:ecb MoryT HMeTh MecTo cneTeMaTnLJecKne 

OlliiiUKII, ycTpaHeHHe KOTOpbiX CBH3aHO e UOJlbiiiHMH 3KCIIepii-

MeHTa.7JbHbiMH TPY.LJ.HOCTHMH. · . 

0TKJIOHeHli5I OT . «II)J.ea·JibHOH CUCTeMbi»,." B KOTOpOH CTporo 

y:n:osJieTBOpHJIHCh 6br ycJJOBHH :n:soiiHoii cpoKycupoBKn; MoryT 

B03HHKHYTh BCJie)J.eTBHe. p5I)J.a IIpHLJIIH, HapyiiiaioiiiHX B TOll .JIJIII 

HHoii CTeneHn paseHCTBO :n:Hcnepenii 3JieKTpnqecKoif II MarHHTHoii: 
JIHH3. Ilo3TOMY B KaJK.LJ.OM KOHKpeTHOM · cJiyLJae .LJ.OJIJKHO 6biTh yc-: 
TaHOBJJeHO, . lJTO C . HeOUXO)J.HMOH TOLJHOCTbiO lPYHKil,IIOHHpyeT 

J:moifHaH cpoKycnposKa. a TaKJKe TIII.aTeJJhHn nayiJeHbi :n:IIerrep
cuoHHbie KoHcTaHThi no sceif pa6oiJeli: qaeTu IIIKa'Jlbi Mace. 

0TCYTCTBHe ·MeTO)J.a o6napyJKeHHH MaJibiX CHCTeMaTIILJeCKIIX 
OlliUUOK H3MepeHHH f!M/M< 1 Q-5 HCKJJIOlJa:JJO B03MOJKHOeTb 

flOBbiiiieHHH· . TOLJHOCTH II3MepeHII5I, , TaK KaK He60JJbiiiHe Hapy
llieHIUi; CHCTeMhi )J.BOHHOK . cpoKycHpOBKII OCTaBaJIHCb BHe KOH-
TpOJIH. . 
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B pa6oTe noKa3ano, LITO c noMOIII.biO :n:yum~TOB .e paaJJHLJHhi
MII xapaKTepHCTIIKaMJI _HaLJaJibHbiX 3Hepmif HOHOB, HanpHMep 
TJina Hz-D n H3-DH _HJIJI Nz-CO H CNH2-N2,. MOJKHO o6-

HapyJKHTh MaJibie CIICTeMaTlfl.IeCKIIe OlliH6KII f!M(M ,...,__ lQ-7, Bbi-

3BaHHbie HapyiiieHHeM encTeMbi .ll.BOHHOH cpoKyCHpOBKH. 3nepre

THLJecKHe XapaKTepHCTIIKH .LJ.y6JieTOB, npiiHHTbiX B HaCTOHIII.eH 

pa60Te B KaLJeCTBe KOHTpOJibHbiX (.ll.JIH IOeTHpOBKII OnTJILJeCKOH · 

CHCTeMbi H o6aapyJKeHHH·. cneTeM?TIILJeCKHX OIIIII6oK),. 6biJIH 

npe:n:sa pnTeJibHo nayqenbi c noMOill.hiO cneu.naJibnoii Macc-cneKT
porpacpnqecKoii ycTaHoBKH · c BbiCOKoli paapernaro.iu.eii cnoco6-

HOCThiO 50 000, HO 6e3 CJICTeMbi lPOKYCHpOBKH no CKOpOeTHM. : 

TaK KaK npn 3TOM noJJoJKeHIIe JJJIHHJI na · ¢oTonJJaCTHHe on-

pe:n:eJJHeTcH BeJIHLJHHOH. MaCChi IIOHa ·H ero- HaLJaJibHOH 3Hepriiii, 

. TO paCCTOHHHe MelK.LJ.Y .LJ.y6JJeTHbiMII. JJHHII5IMH ( B 1 Q-3 a.e.M.), OT
.liHLJaeTeH OT 3Ha1JeHH5I, orrpe:n:eJIHeMoro TOJibKO :n:ecpeKTOM Mace 

51)J.ep •. 3HaK OTKJrOHeHHH 3aBHCHT OT pacnoJrciJKeHH51 B .LJ.y6JJeTe 

.JIHiniu Hona c II36biTOLJHOH 3HepmeiL B pa6oTe rioKaaano, LJTo 
B·eJIHIJHHa 3Toro OTKJionennH BoapaeTaeT no Mepe yseJinlJeHHH 

l.!HCJJa OCKOJrKOB B aCCOil,HaTIIBHOM KOMIIJieKCHOM HOHe. C pOCTOM 

.n.aBJJeHJIH neli:TpaJibnoro raia B paspH:n:e na6hlTOLJHa5I 3HepriiH 

nonos · yMeHbiiiaeTcH na-sa yseJIJILJeHHH qucJia CTOJIKnosenuli: c 

aTOMaMH II IIOHaMH nJia3Mbi. II yMeHbiiieHHH BeJIIIlJHHbi OTpiiil,a

-reJibHOrO aHO)J.HOfO Ha)J.eHHH. QJI.HaKO )J.aJKe npn OTHOCHTeJibHO 

BbiCOKIIX )J.aBJieHHHX B HeTOLJHHKe BeJIHLJHHa OTKJIOHeHJIH. OCTaeT- . 

CH eJJHlliKOM 6oJihiiioli:, LJT06bi .MOJKHO 6brJio OTKaaaTbc.H OT ciic-
. 'I'eMbi. lPOKYCIIpOBKH no CKOpOCTHM·. . . . . 

O:n:Hoii 113 ocnoBHbiX JI nan6oJiee TPY.LJ.HhiX aa:n:aLJ, B03HHKaro
mnx npn BbiHcnennn ericTeMaTII.LJeCKnx OIIJH6oK, HBJJHeTCH :n:o

CTHJKenne TaK Ha3biB3eMOfO «BHyTpeHHero COr.i:IaCHH»: · peayJihTa·

TOB H3MepeHII5I. 3HaLJeHIIH II pa3HOCTH Mace IICCJie)J.yeMbiX H.LJ.ep, 

noJiyLJeHHblX npH nOMOIIl,H .LJ.y6JieTOB e. pa3,zimiHbiMH 3HepreTHLJec

KHMH XapaKTepHCTHKaMH, )J.OJIJKHbi COBna)J.aTb B npe)J.eJiaX CTa

'I'HCTJILJeCKHX. oiiin6oK JI3MepeHJIH. B npnnu.nne 3TO oanaqaeT, LJTO 

J(OJIJKHa •Y.ll.OBJieTBOpHTeJJbHO lPYHKil,HOHHpOBaTb )J.BOHHaH cpoKy-
CHpOBKa. . . · · ·. ·. . . , · 

B nacToHu~eli: pa60Te JI.JJH npe:n:sapnTeJibHoro HCeJie:n:oBannn 

i !(<BHyTpeHnero corJJaCIJH» 6biJIH na6panbr :n:y6JieTbi e paaJIHLJHbi

MJI 3HepreTHLJeCKHMH XapaKTepHCTHKaMH, BKJIIOLJaiOIII.~e 5I)J.pa: oz, Cl3, Nl4 II Nl5 •. 

. C12N 14H2- N2H 

Cl2N!tH2 - ctzo 

2 3aK. 2184 

Nl5H2 - OH 

Nz14
- 0 20 

CI2H- C13 

Cl2H5 - Ct3H4 

NHH :._ Nl5 

NHH3 ;-- Nl5H2 
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· YKa3aHHbre .ny6JieTbi y.no6Hhi B TOM OTHOIIIeHIIII, t!To II3 HIIX 
MoryT . 6biTh COCTaBJieHbi KOM6IIHaUIIII,. paBHhie COOTBeTCTBeHHO 
HyJIIo II M (Cl2H4_:_0), liTO MO)!{eT HBIIThCH .nonoJIHIITeJihHOii 
npoBepK6rr OTCYTCTBIIH CIICTeMaTIIl!eCKIIX OIIIII60K: 

1} M (C12N11H2- N214) + M (Nz11 - 0 20)- M (C12 N11H2 __:_ 

-C120)=0; 

. 2) M (N14H3 - Nl5H2): + M (Nl5H20H)- M (02Nl4H2-

- Cl20) =0; 

3) M (N 15H2- OH) + M (Nl4H3 - N15 H 2) + M.(02 N14 H 2 -

- N214) = M (Ctz H4-:- 016); 

4) ~ (02 N14 H2- oz 0) + M (02 Nt4 H2-:- Nzu) = 

= M\C12H 4 - 0). 
Ha OKOHl!aTeJihHO HaJia)!{eHHorr Macc-cneKTporpaqJIIl!eckoii 

ycTaHO!iKe C riOMOIUhlO .'3TOH CIICTeMbi KOHTpOJihHhiX ,ny6JieTOB 
II UIIKJIOB 6hiJIO ,UOCTIIrHYTO «BHyTpeHHee COrJiaCIIe» B npe,neJiaX 
cTaTIICTIIl!eCKIIX OIIIII6oK II3MepeHIIH ±I · 10-6 a.e.M. 

L(JIH pa3HOCTII Mace KOHTpOJihHhiX ,ny6JieTOB llOJiyl!eHhi: 

1) M (Cl2Nl4H2 - N2
14) = (12, 579 ± 3)·10:-3 a. e. M.; 

2) M (C12N14H2 -020 16) = (23, 818 ± 3)·10-3 a. e. M.; 

3) M(N2H-:...C120 16)=(11, 238±3)·10-3 a. e. M.; 
4) M (N 15H2 - 0 16H) = (13, 023 ± 3)·10-3 a. e. M:,; 

5) M (NHH 3 - N15H 2) (10, 796 ± 3)·10-3 a. e. M.; 
6) M (N14H- Nl5) = (10, 796 ± 3)-10-8 a. e. M.; 

7) M (02H- 0 3) = (4, 473 ± 3)·10-3 a. e: M:.; 

8) M (Cl 2H 5 - Cl3H 4) .. (4, 472 ± 3)·10-3 a. e. M.; 

9) M(C12H4 - 0 16) = (36, 3975 ± 0,5)·10-3 a. e. M, 

CooTBeTcTBeHHo .UJIH Mace H.nep 0 2 , Cl3, ·N14, N15 noJiyl!eHhr 
CJie.ll.yiOIUIIe 3Hal!eHIIH: 

M (C12) = 12, 0038150 ± 5 a. e. M.; 

M (C13) · 13,0074885 ± 5 a .. e. M.; 

M (N14) . 14,0075267 ± 2 a. e. M.; 

M (Nl5). 15,0048763 ± 2 a. e .. M. 

· 'i; B HacToHruee' BpeMH II,MeioTCH Macc-cneKTporpaqJIIllecKIIe n 
H,UepHhie ,naHHhie, ll03BOJI5llOIUIIe . Bhil!IICJIIITh C BhiCC:JKOH TOl!HO
CTbiO MaCChi (1 2, C13, N14, N15• IlpiiBe,neHHhie B HacToHruei1 pa-
6oTe 3Hal!eHIIH 3TIIX Mace• xopoiiio corJiacyiOTCH c .naHHhiMII 
MIIHnecoTcKorr [8] II EpyKxerrBeHcKorr J!a6opaTopiirr II .naHHhi
MH, Bhil!HCJieHHhiMII 3&epJIHnroM, 'KeniiroM, .IVlaTTayxoM n 
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BancTpa nocpe.UCTBOM ycpe.nnennH MeTO.UOM· HaHMeHhiiiiiX' KBa.n- · 
paTOB BeJIIIl!IIH, llOJiyl!eHHbiX · II3 .sr,nepHhiX peaKUHH II ClleKTpOCKO
ITHl!eCKHX ii3MepeHHrr [9, 1 0]. 

· 4. B l!eTBepTorr . rJiaBe. npiiBO.UHTCH · pe3yJihTaThi II3MepeHitH 
Mace aTOMHhiX H,Uep OT raqJHHH ,UO BHCMyTa. . .i 

'B pa6oTe pa3B~Ta MeTO,UIIKa IICllOJih30BaHII5l ,ny6JieTHOfO Me-, 
To.na .UJIH II3MepeHIIH Macchi II30Tonoa. c A,...__ 200. IloKa3aHa B03-. 
MO)!{HOCTh IICIIOJih30BaHII5l TH)KeJihiX opraHIIl!eCKIIX COe,UIIHeHIIH 
.D;JIH o6pa30BaHH5l ,ny6JieTOB. ' . . . . . . . .. 

11ccJie.ll.yeMa5l 06JiaCTb BKJIIOl!aeT CTa6IIJibHbie. H,Upa 40 H3l\J:
TOUOB raqJHIIH ·(A= 174, 176, 177, 178, 179, 180) . TaHTaJia (A=' 
....:: 181), BO.JihqJpaMa (A=:= 180, 182, 183, 184, 186), peHIIH. '(A=-· 
~185,"}87), OCMIIH (A=186, 187, Hi8, 189, 190, 192), IIpirJJ;IIH: 
(A=191, 193), nJI·aTHHhi (A=/192, 194, 195, 196), 30JIOTa (A=:= 
= 197), PTYTII (A= 196, 198, J 99, 200, 201, 202), TaJI.iimr (A ;=;'' 
~ 203, 205), CBHHUa. (A = 204; 206, 207, 208) II BIICMyra:· (A~. 
= 209). . . . . c . •. . . . .• 

L(JIH 22 II30TonoB II3 '3Toro l!IIcJia, a. IIMeHHo .UJHI · Hfl7~; 
Hfm, · Hft79, Retss, Osts7; Ostss, Osts9, 1r11M, Irt9a, pf192, Aul97, 
Hgi98, .Hgi99, Hg2oo, Hg2ot, Hg2oz, Te203, Tezo5, Pb~o4, Pb206 II 

Bi209, .no: HacToHruerr pa6o'fir (1956-1959 rr.) Macc-cneK:Tpo
cKonHliecKIIX 3HalieHIIrr ne HMeJIOCh, a MaCChi. ocTaJihHhrx:II30To'-' 
HOB 6hiJIII H3MepeHhi C T.Ol!HOCTbiO. 10-4• . •: . • , • , .. : • : 

113Mepeniie Mace npoH~BO.UIIJIOCh c noMOIUhiO. H30TOUIIliecKlix 
H MOJieKyJIHpHhiX .n.y6JieTOB, B 'KOTOpbiX B Kal!eCTBe 3,TaJIOHI;l,hiX · 
Mace·. HCllOJih3YIOTC5l IIOHhL MOJieKyJI opraHHl!eCKIIX ccie.ll.IIHeHHH 
II3BeCTHOH MaCChi. . B. IlepBOM cJ!yqae onpe.neJIHeTCH . pa3HOCTh 
Mace H30TOUOB, OTJliiiuiiOIUIIXCH Ha O.ll.HH IIJIII ,UBa MaCCOBhiX l!IIC_: 
Jia. Bo BTopoM cJiyqae onpe.neJI5IeTCH pa3HOCTh Mace Me)!{.ny . 
IlOHOM Heii3BeCTHOH . MaCChi H. MOJieKyJIHpHhiM 'IlOHOM II3BeCTHOH 
Macchr. BeJIHl!IIHa MaCChi, oripe.neJIHeMorr II3 MOJieKyJIHpHoro 
.LJ:Y6JieTa, 5lBJIHeTC5l · onopHQH BeJIJl'LIIIHOH, CB5l3hiBaiOruerr H,Upa 
Il30TOUIIl!eCKIIX ·,ny6JieTOB CO cy6cTaH,napTaMII. 

B pa6oTe noKa3ano, liTO COBj\ieCTHoe HCf10Jih30BaHIIe II30To-
riiilleCKHX Il MOJieKyJIHpHhiX ,ny6JieTOB ·ifa cpe,UHIIX II TH)KeJihiX 

1 Maccax 3Hal!HTeJihHO noBhiiiiaer TOliHOCTh H3MepeHIIrr. TaKorr -Me
TO.il. IlCKJIIOliaeT HaKanJIHBaHne OIIIII60K Il3MepeHIIH, TaK KaK no_: 
3BOJI5leT onpe.n.eJIHTh Macey IICCJie,nyeMOfO H,Upa,. MilHYH 60Jih:
UIOe liilCJIO npoMe)!{yTOl!HhiX CTyneHeH ,UJI5l cpaBHeHII,fl MaCChi 5l,U
pa C MaCCOH 016

• 1\poMe TOfO, HCKJIIOl!aiOTCH OCJIO)!{HeHII5li CB5l-
3aHHhie C llOJiyl!eHHeM IlOHHhiX nyl!KOB MHOf03apH,UHbiX IIOH.OB. C' 

·· MaJihi~ artepTypHhiM yr.iroM. HoHhi TH)KeJihiX opraHHl!eCKIIX Mo
.neKyJI 1\IOryT 6hiTh noJiyl!eHhi c noMOIIJ.hiO IICTOliHIIKa aHo.nHorr 
UJia3Mhi. B. IICTOliHIIKe RHO,UHOH HJia3Mhi. 30Ha reHepaUIIH HOHOB' 
Haxo,nHTCH B noJie · OTPHUaTeJihHOro · aHO.UHoro na.neHIIH, pacno-. 
JIO)KeHiioro Henocpe.n.<;TBeHHO y. rueJIIl: 3MilCCIIII. BpeM:H '1)KJ13Hlt 
IIOHOB B UJia3Me HaCTOJihKO MRJIO, 'liTO 'BepOHTHOCTh. MHOfdKpat.:.) 
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'HOfO :c:roiiKHOBeHIUI C 3JieKTpOHaMH TaK:>Ke CTaHOBHTCH M:aJIOH H 
. 'HeKOTOpaSI JLOJI.H TH:>KeJibiX .MOJieKyJI HOHH3yeTCH OTHOCHTeJibHci 
·HH3K03Hepre:rniJHhiMH 3JieK:rpoHaMn : 6es nocJie.nyiOr.u:eii .nncco-
~na~nrr. · · · 

.. B. pa6o:re IIOKa3aHo;. IJTO rrpn n.neHTHcpiiKa~HH JIHHHH MciJie
KYJI1IpHoro .ny6JieTa CJie.nye:r HMeTb B BII.UY· JIHHHIO c~_:lq3Hn-1 
OIJeHh.'6iin3KYID. ~ :.3TaJIOHHOH JIHHHH c~ H~ •. ECJIH paspernaiO· 
in.~'ii. 'crioco6Hoci'i · Macc-cneKiporpacpa· · .. iie.noci-a:roqHo BeJinKa, 
JIHHHH «ca:reiiJin:ra», 'coir.ep:>Kar.u:aH C 13, Mo:>Ke:r npnBeci'n K H:e
CHMMeTpHIJHoMy yrnnpeHHIO OCHOBHOH yrJieBO.UOPO.UHOH JIHHHH H 
coo:rBeTcTBeHHO K cnCTeMa:rnqecKoii own6Ke. miMepeHnH. B Ka:>K~ 
)l.OM OTJLeJibHOM CJiyiJae He06XOJLHMO rrpaBHJibHO .li.UeHTHcpH~HpO
BaTh 3TaJH;)HHYIO JIHHHIO, IJTO MO:>KeT. 6biTb BbiHOJIHeHO TOJibKO B 
CJiyqae, eCJIH JIHHHH «CaTeJIJIHTa». pasperirena. norrpaBKa, BBo-' 
.UHMaH Ha. IIpHCyTCTBHe . .<<CaTeJIJIHTa», .5IBJI~eTCH B. KaKOH·TO cTe
,rreH!t' HeOrrpe.neJieHHOll H B pH.ne CJiyqaeB 'Mci:>KeT IIOCJIY:>KHTh ,lie-' 
·rotiniiKoM own6Kn: B Halllnx H3MepennHx BO Bcex cJiyiJa.5Ix JIH
HHH «caTeJIJIHTOB» IJeTKO paspernaJIHCb. Paspernai.Or.u:aH crroco6~ 
'HOCTh Macc-crreK:rporpacpa B 80 000-I 00 000 6brJia .nocra:roiJHa 
)l.JIH pasperneHHH · .ny6Jie:ra CigH!o-CisC13Hg. · · 

HoHhr nccJie.nyeMbiX nso:rorroB rroJiyiJaJinch BBe.nenneM B o6-
.Jrac:rh ano.n.noii. IIJia3Mhi lic:roqnnKa irapoB MeTaJIJianpn rroMor.u:n 
ncrra pJ1niJIH crre~naJibHOH KOHCTPYK~HH. no.no6HbiM . o6pa30M . :8 
rasopaspH.U.HYIO o6mic:rh BBO.U.HJIHCh Tai{:>Ke oprannqecKne coe.n.n
HCHHH. · I1PH 3:r~M ocHoBnoii paspH.n. B. nonnoM nc:rpiJHHKe rro.n.-
.n.ep:>KnBaJicH na reJIHH, ' ·· · . . · ~ ' 

/ 

'Opn '· Bbi1IHCJieHHH MaCChi. 3TaJIOHHbiX MOJieKyJI HCIIO.'Ib30Ba-
JIHCb cJie.n.ymr.u:ne sHaiJeHHH,.'l\tacc cy6cran.n.ap:roB [10]: . . . 

n0 = l, 0089861 ± 0,4a:. e. M.; .· . 

H 1 = 1, 0081456 ± o, 1 a. e. M:; 
2 . : . . . . . . 

D = 2, 0147425 ± q,l a. e. M.; 

0 2 
• I2, 0038150 ± 0,~ a.· e. M.; 

0 3 = 13, 0074883 ± 0,5 a. e. M.; 

Nl' = 14, 0075262 ± .0,5 a. e. M.; 

· 0 16 ·· 16, 0000000 ± 0,0 a. e: M. 

Bcero .zv:m .naHHoro .nnarrasona Mace B Itac:rom~eii pa60Te 
H3yiJeHO 72 H30TOIIHIJeCKHX II MOJieKyJIHpHbiX )ly6JieTa. 0THOCH· 
J;eJihHaH. rrorpewnoc:rb nsMepeHnii Mace nccJie.nyeMbiX 11.nep He. 
1IpeBbrrnae:r. 5 • I Q-7. · · · . . · ·· ; ·: · 

B :reiJeHIIe I960-,-I96I rr. pesyJihTaTbi rtarnux H3Mepeimii, 
BhiiiOJIHeHHbiX B I956-I959 rr. (ll..:...I4); 6biJIH IIO.UBeP,rHYTbi 
)J.OJlOJIHHJ'eJihHOMY aHaJIH3Y H HCCJie.UOBaHHHM. · BHOBb 6biJIH H3y
'lleHbi~ ;CHCTeMaTHIJeCKHe ·II CTaT,HCTHIJe·CKHE} OlliH6KH H3MepeHHH 
o:r.n.~.ri~IJblX . .ny6JieTOB. Dpu 3TOM ns paccMo:rpeHnH npnrnJiocb 
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HCKJIIOIJHTh Il · .ny6JieTOB •. B · · pa6o:re rrpnBO.UHTC5I pesyJihTa:rhr 
HOBbiX HCCJie.UOBaHHH. . ··\: ' ·· . • 
:•': DpHHHTYIO · B ·· pa6o:re: Me:ro.nnKy . Macc-crreK:rporpacpnqecKiix 
~HK~OB MO:>KHO rroKasa:rh Ha rrpnMepe iisMepeHHH Mace. nso:ro~ 
IIOB racpHHH H OCMHH. . . 

110Hbi racpHHH II opraHHIJeCKHX MOJieKyJI II()JiyiJaJIHCb HCIIa
peHHeM xJiopn.na · racpHH.5I II opraHnqecKoro. coe.nnHeHHH CTHJih6e
Ha (C(4H12) B pa3pH.z:r.e reJIIIH. . · .. ' . ~. · 

,UJIH H3MepeHHH Mace H3o:rorroB Hf176, Hfl77, Hf178, Hf179 n 
Hf180 6brJia rrpnHm:a cxeMa, B Ko:ropoii nso:rorrnqecKne .ny6JieTbr 

y ·<·,\ . 

'Hf177 _ Hf176; 

I Hf178_ Hfl17'; 

·~·; Hf179:...... lifiJB; 
. f-I£tso .:_ H.f179 

rrpnBH3aHbi K . cy6c:raH:.nap:raM :rpeMH orropHbiMH MaccaMH c 
IIOMOII~blo MOJieKyJIHpHbiX .ny6JieTOB 

Cl4HIO- Hf178; 
C14Hu -.Hf179; 

CuHI2 - HflBO:.~ 

Macca II3o:rorra Hf174 6hrJia H3MepeHa c rroMOIIJ:hiO ·.ny6Jie:ra 
C14H6-Hf174. . ; . • · . . . . 

CxeMit H3MepeHHH. Mace nso:rorroB rrpnBe.neHa Ha puc~ I. Pe-
3YJibTaTbi H3MepeHHll, rrpHBe.neHbi B Ta6JI. 1 II 2. . 

BeJIHIJHHbi . .UJIH orropHbiX .Mace, rroJiyi'IeHHhie H3 pa3JIHIJHb!X 
MoJieKyJIHpHbiX .ny6JieToB B rrpe.neJiax own6oK nsMepeHHH, xopo-
mo COrJiacyiOTCi Me:>K.l(y C060ii. 1 ' • ·, •• • • 

YcJIOBJ;Ie «BHyrpeHiiero · corJiacnH» ,llJIH saMKHy:roro ;~HKJia 

I M (CI4H1z)- M (C14H 12 - Hfl80
) I - I.M (HP80 - Hf179) + 

. + M (G,4H·~,) - M (C14H 11 - Hfi79) I , 6. . 
\ '~ - ', . ' . ' ... : ~ ' 

RI>IIIOJIHHeTcH c' TOIJHOCThiO 15 • I Q-6 a.e.M-, 

· 
1 LLJ:IH UHKJia .. 

I M (C14Htz)- M (C14H 12 - Hf180) I -'- I.M (Hf180 - Hfl79) + 
+ M (Hf179 - Hf~78)- M (C14H 10J- M (C14H 10 ..:.... Hf178) I = 0 

BeJIHIJHHa pacxo:>K.neHHH 42 • I0-6 a.e.M. Haxo.nn:rcH B npe.neJiax 
own6oK nsMepeHHH. . · ! . · . , ·" : .. 

.BbrcoKaH TOIJHOCTh (6 • I0-6) Macc~crreK:rpocKorrniJecKHX .. H3:
MepeHnii pa3HOCTH MaCe a TO MOB,· OTJIHIJaiOIIJ:HXCH IIO. MaCCOBbiM . 
,liHCJiaM Ha e.UHHH~y, .UJIH ;H30TOIIOB racpHIIH,' BOJibcppaMa,o OCMJIH, 
IIJiaTHHhi, CBHH~a II p:ry:rn 6brJia .noc:rnrny:ra ,U:>KoHCOHOM H Ba
HO B I957 r. [I5] Ha I5-can:nMeTpOBOM Macc~crreK:rp'oMe:rpe Mna- · 
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HecoTcKoro ymmepcnTeTa; B TOM JKe yHHBepcnn~Te B 1959. r. 
EeHcoHoM, .llaMepoy n PnsoM Ha 40-caHTHMeTpoBO)\L Macc~cneK
TpoMeTpe c BhiCoKoii T'OtiHocTbiO OhiJIH iisMepeHbi Macchi nsoTo-
noB PTYTH-H CBHHUa [16]. · 

M(HJ 180-HJ 119;:: 
. = 1,001tf9j: 40 

M(Hf119.:_Hfl18)= 

= 1,002520:!: 60 

11(Hf178-HJ17"J= 
=1,00065Z:t:H_ 

lf/180 

1ift79 

H.f178 

P11c. 1. CxeMa 113MepeHIIH Mace 113QTonos raqni11H. 

' 1 B 1960r. EaHo, .llJKoHCOHOM H HnpoM fl7] ObiJIH npencTaB
JieHhi pesyJihTaTbl · H3MepeHHH 61 Mace .ll.YOJieTa OT ra.ll.OJIHHHH 

. .ll.O 30JIOTa. IloJib3YRCb .ll.pyrHMH .ll.aHHbiMH, · llOJiytieHHbiMH B 
Mn:HHeCOTCKOM · yHHBepcrneTe, H 3HatieHHRMH 3Heprnii R.ll.epHhiX 
. peaKUHH n· pacna.ll.OB, OHH COCTaBHJIH TaOJIHUY Mace- .ll.JI5i CTa-
6HJibHblX · H pannoaKTHBHbiX H30TOTIOB OT CaMapHR .ll.O ila.ll.OHa. 
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l 
I 

l 
'J 

i 

i 

N2 
njn 

t) 
2 

J 

1l 
f 

~~ 
u 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 
24 

25 

26 

27· 

28 

29 

30 

31 

. ' 

lly6neT 
Pa3HOCTb Mace 

B a. e. M. 

C14Hs- Hfl74 0,106744±50 
C14Hu; _:_. Hfl78 0,134431 ±50 
C14H12 ·:___. Hfl79 0,140084:±50 

C14H12 ~ Hf180 0,147124±60 
Hf177- Hf176 1,002919±100 
Hf17B _ Hfi77 1;000662±44 
Hfi79-:- Hf17B 1,002520±60 
HflBO-::- Hfl79 1,001119±40 
C1aHuN-Ta181 0,141212±50 

C12H10N2-:- W 187 0,136212±70 

C12H1iN2- W183 0,142003±60 . 

c12H12N2 -W.18' 0;149136±50 

C1sHs .- W 186 , 0,092637±50 
C1sHs·.,- Re185 r 0,006117±60 

C1sH1--'- Re187 
l · 0,098899±30 

C2oHu)-:-0s186Q4 0,144659± 100 
' C1sH7-0s18604 0,98892±80 

C1sHs- Os188 : 0,106640±100. 
C1sH4 _:__ Os 18802 0,085549± 100 
C2oH12-0s18804 o,t58347±70 
CtsHg- Osts9 · O,l12236±100 
Ct8Hs- Os18~02 0,090949± 100 . 

C19H9- Os1890a 0,127472±90 
C14CttaHg-Ost9o 0,115199±80 
CtsHs- Os19002 0,098630±65 

CtsHs--:- Os19202 0,111363±40 

CtsCt 13Hu- 0,1_43323±30. 
Qgl92Q3 

Qg187- Qg186 1,002320 :±:50 
QglaB _ Qgl87 1,000330±50 
osl89---: 05~a~ 
'' 

• 1,002589± 100 
Qstvo _ Ost89 1,000590± 100 

Ta6JJI!Ua 

N2· Pa3HOCTb ·Mace 

nfn 
1ly6neT. 

B a: e. M: 

321 C1sHu--'- lr191 · 0,125234± ioo 

3? I C 14H90 .:__ Ir193 0,102194± 150 

34 CiaHsN2- pf192 0,107312±200 
35 CiaHwN;_:pfl94 0,121603±90 
36 C1aHuN2__::_pfl95 0,127400±HiO 
37 C 14Hu0-Pfl9~ 0,116136± 100 
38 C1aHI2N2-Pfl96 0,135058±200 -39 pf194 _ pfl92 . 2,002000±250 
40 Pt 195 ___:, pp94 1,002362± 100 
41 pf196- pf195 1,000475± 120 
42 C1aHuON~ 0,117572±100 

Aui97 

43 Hgi9s _:_·Aui97 1,000544± 120 
44 Aul97_ptl96 1,001814± 120 
45 CJsHs- Hgi9s 0,080219±50 
46 C1aHu02-Hg199 0,107674±30 
47 C1sHs- Hg200 0,094300±50 
48 C12CI3Hu02- 0,110950± 100 ' 

_!-Ig2oo 

49 Hg2ol _ Hg2oo 1,002284±20 

50 CtsHu- Hg202 0,107659±20 
51 Hgt99-~ Hgt9s 1,001828±60 

52 Hg2oo -'-- Hgt99 1,000382±60 
53 Hg201 --'- Hg200 1,002284:±:60 

54 Hg202---: Hg2ot 1,000650±30 
55 CtsHta- Tl205 ll,l27190±50 

56 Ct6H14-:- Pb2os 0,135080±50 
57 CtsHuO-Pb207 0,105153±30 . 
58 C14Hs02-Pb208 0,075840±50' 
59 Pb2o7 _ Pb2os 1,001750±60 
60 Pb2os _ Pb2o7 1,001960±60 
61 C14H1aN2-Bi209 0,127516±40 
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.N.! 

nfn 

1 

2 
3 

4 

5 
6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 
17" 

18 

J130T011 

Hf174 

Hflis 

.Hf177 

Hf17s 

Hf179 

Hflso 

TaiBI . 
w1s2 

w1sa 

. WIB4 

. WI86 

ReiSS 
ReiB7 

Oslss 

Osl87 

0 ;;1ss 

Osl89 

Osi90 

llaHH~Ie· HaCTOH-· -~~.N~ j·-': :, , , 
IUeii pa6oTbi . I 113ororr , 

B a. e .. M •. (1962 r.) rr rr· · 

11-3,995552± 100 

I 75,997554± 120 

176,9997-73± 100 

178,000435± I 00 

179,002928± 100. 

180,004033±.100 

181,00551 I ±50 . 

182,006080±50 

183,008431 ±50 

I 84,009443 ±50 

186,013460±50 

185,01 1836::j:80 

187,015346±30 

186,01309~±100 
187,015352±80 

188,015718± 100 

189,018331 ± 100 

190,018962±80 

119 
'20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34. 

35 

36 

Osl92 

·Jr191. 

Jrl93 

Ptl92 

pp94 . 

Ptl9s 

Ptl9s 

·Au197 

; Hgl9s '. 

Hgl99 

Hgzos 

Hg2oli 

Hg2o2 

T12os 

· Pb2os 

Pb207 

Pb2os 

.8j209 

Ta6JIIIUa 2 

llaiiHhle uacToli
IUefi pa6oThi 

a a. e. M. (1962r.) 

I 

. 192,022455±4~ 

191,021593± HlO . 
I 

193,024526± 150 

l_92,022500±20i 
194,024500±90 ' 

195,026862±50· \ 
196,027337 :±: 100 . 

• 197.029151 ± 100 I 
198,029695±50 . 

. 199,031523±30 I\ 

. 200,031905±50 

201,034189±20 

202,034839±20 

205,039690±5() 

206,039940±50 

207,041690±30 

208,042750±~0' 

. 209,041855±2i 

B pa60Te BaHo; . .[(:>KoHcoHa H Hnpa B KaqecTBe· e.n:HHCTBeH
Hoii: ODOpHOH BeJIHqHHhl Jl.JIH HSOTODOB racpHH~np~HHTa MaCC~ 

M (Hf176)= 175, 997725 ± 100 a. e. M., . . 

noJiyqeHHaH HSMepeHne~ JI.y6JieTa ., 

M(C13C H I.:...:_ Hf176) _:_ 210 310 + 40-10-3 . 12 19 ' - . a, e. M • 

PacXO:>KJJ:eHHe co. SHaqeHHeM JJ:JIH M (Hfl7~)' noJiyqeHHbiM B 

HaCTOHIII.eii: pa6oTe, COCTaBJIHeTi 150 • 10-6 a.e.M. DpH cyMMapHOH 
0lllH6Ke H3MepeHHH· 180 • 1 Q-6 a.e.M. . . . . . . , .. 

3HaqeiiHH JJ:JIH paSHOCTeii: .Mace HSOTODOB, llOJiyqeHHhie C DO
MOill.hiO MOJieKyJI.HpHbiX II. HSOTODHqecKHX JJ:y6JieTOB, COrJiacyiOT
C}l, c OTHOCHTeJihHo BhiCOKoii: ToqHocThiO ±30 ·il0-6 a.e.M. Xopo~ 

· rno corJiacyroTcH · iaK:>Ke B · ppe.n:eJiax onin6oK HSMepeiinH, sHaqe
HHH JJ:JIH paSHOCTeii: Mace, llOJiyqeHHbie B HaCTOHIII.eii: pa601;e II 
B pa6oTe [18]. BMecTe · c TeM Ha6Jiro.n:aeTcH QOCTOHHHhrii: c.zi.BHr 
3Ha"':eHHii: (17] Ha BeJIHqHHY (+150-+-200) • 10;-6 a.e.M: Oo BCeii: 
BepOHTHOCTH,;npOHCXO:>KJI.eHHe 3TOfO CJI.BHra CJieJJ:yeT o6~51CHHTh 
'.' ' . . . 

1\) 

! 

l 
. l . . 

' 

i 
I 
1 . I 

l 

i 
I 

I 

' ~ 
y 

l 
"! 

oirm6Koii: B HSMepeHnn MaCChi onopHoro mwTona B [17] .. 11s cpaB
HeHHH .Macc-cneKTpOCKODHqecKHX BeJmqHH C COOTBeTCTBYIOIII.HM!I 
HJJ:epHbiMH SHaqeHliHMH Jl.JIH paSHOCTeii: Mace HSOTODOB raqJHHll 
MO:>KHO saKJIIOqJITh, qTo IICCJieJI.OBaHHhre s· pa6oTe [19] (y; ·n) -pe
aKLLHH He npe.iJ.cTaBJIHIOT nepeXOJJ:OB K OCHOBHOMY COCTo5ni:JIIO. 
3HaqHTeJihHO Jiyqrne corJiacyroTcll c Macc-cneKTpocKonHqecKHMH 
JJ:aHHhiMH HOBbie SH·aqeHHH. JJ:Jill .3THX peaKI.LHH, npliBeJJ:eHHbie B 
pa6oTe [20] (sa HCKJiroqeHHeM 1 Hf17! (y;·.·n) Hf176 /). · · v ·, · , 

.Um1 HSMepeHHll Mace HSOTonoB ocMHH H_criciJihSOBaJIHCh. OKHCh 
OCMIIs_I (0s04) H opraHHqecKHe coe)l.HHeHHll TepcpeHHJI (C1sH14) 
H nepHJieH · (C2oH1z).: Opit 3ioli' JI.JIH IICCJieJJ:ciBaHHH MilCC 6hrJia 
npHH.HTa CXeMa, .J3 KOTOpoii: HSyqaeMbH~ HS(>TOllhi npHBH3aHbi . K. 

: cy6CTaH.n:apTaM nHThiO onopHhiMH . MaccaMII Osis_6, Osiss,. Osl 89,. 
Os190, Os192 c:noMOIII.hiO cJieJJ:yiOIII.Hx ~WJieKyJIHpHt,rx H nsoTonn
rrecKHX JJ:y6JI~TOB (pHC. 2): 

1.--; 

C H ·. · Os'BGQ. 20 10- 4• . 

C15H7 -'Os1s7; 

C H 0 ISS l. 15 8-. s ; . ' . 

i C1sH.4 - OS18802; · 

C2oH12- Os1sso4; 

C1~H9 - Os1s9; . 

C H -Os1s9o. . 18 5 ·; 3• 

C C 13H ..:__Os19o. 
14 1 9_. . ' 

C1~H6 _:__ Os1900 2 ; 

C H . Os1920 · 18 8- 2• . 

C C 13H / 0 1920. 18 1 11 - s :l; 

· o51s7· .:...:._ Os1~6; 

o 51ss _ o 81s1; 

q51s9 _ 0s1ss; 

Qs19o _ Os1s9_ 

PesyJihTaThi nsMepeimii: npnBeJJ:eHhi B Ta6JI~ 1 H 2.: .[(JIH: npo
BepKH Macca OCMHH-188 onpe.n:eJIHJiaCb 'TaK:>Ke. C llOMOll~hiO· JI.y6-
_JieTa . Hg204_-:-0s1880, IICCJie.n:oBaHHe :KOTopoi:o np!me.'lo K' <;Jie-· 
JJ:yiOIII.eMy 3HaqeHHIO JJ:JIH paSHOCTH r.tacc: 

'M (Hg2o4 .!._ Os1880) 1 
· 0,022584::± 50 a. e. M. · 

; . 
· ·• ;OpHHH~a~ M (Hg204

) = 204,038328·.:;..:. 9 a;e~M. [16], noJI~ri~eM. 
; M (Os188) = 188,015745± 60 : a.e.!\1.,. qTo .. xoporno corJiacyeTCH 
. SHatieHH51l'~IH, llOJiyqeHHbiMH C ,TIOMOmhiO·; MOJieKy.irHpHbiX JJ:y6Jie-
. ~TOB; , : . ' . ·' . ,• , 

. ·; Bo -Bcex cJiyqa5Jx OTKJioHeHHH OT ycJIOBHii: <<BHyTpeHHero co~ 
rJiclCHH>). He ;Bh!XOJJ:HT Sa npe.U,eJibi.yKaSaHHhJX'OlllH60K HSMepe
EIHH~ Macchr aioMoB uaxoJI.HTCH;B xopqrneM corJiaCHH · HesaBHCH-· 
r;w OT Toro, us KaKHX 3KcnepnMeHTaJihHhrx· JI.aHHhiX.OHH BhiiJ:Hc-

' JieHhi. I(poMe Toro, noJiyqeHHI,I~ 3HaqeHH5{. JI.JIH !'-face iisoTonoB 
racpHHH y.n:oBJieTBopHTeJihHO npiiBH3hiBaiOTCH ·K ·au<NeHHHM Mace · 
HSOTODOB peHHH H BOJibcppaMa. .. , 

PasHocTb Mace · ~ (Re187)-M (Os187) ,.;o,000006±80. a.e.M. 
no.n:TBep:>K.n:aeTCH pacna.n:oM Re187 (~-) Os187, JI.JIH KOToporo Haii:
JI.eHo Q==c0,000004±4 fC3B [16]. 
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Pnc. 2 .. CxeMa H3Mepennfi Mace II30TonoB OCMIIH. 

11Haqe .neJio o6CTOHT npH cpaBHeHHH pe3yJihTaTOB HaCTOfiiU.eii 
pa6oThi c .naHHhiMH BaHo, .llLKoHcoHa H Hrrpa [17]. 3.neth HMeioT
_cH 60JihlliHe paCXOLK.UeHHH a6COJIIOTHhiX 3HaqeHHH nprr npeBOC
XOJI.HOM coBna.neimrr BeJirrqrrH pa3HOCTeii Mace. Macchi Ii3oTonoB 
OCMHH; IIOJiyqeHHhie B HaCTOHill.eH pa6oTe, OTJIHqaJOTCH OT .naH
HhiX (17] Ha (500-900) • 10-6 a.e.M. B CTOpOHY 60JihlliHX 3Haqe
HHH. Bee 3T<? yKa3hmaeT Ha TO, qTo nprrqrrHy npoTHBopeqrrii CJie
.nyeT HCKaTh B OUIH6KaX H3MepeHHH Mace OIIOpHh!X H30TOIIOB. 
.lJ.eiiCTBHTeJihHO, B pa6oTe [17] HCIIOJih3yeTCH TOJihKo· e.UHHCTBeH
HaH onopiiaH BeJirrqrrHa M (Osi86), He npoBepeHHaH npaBHJiaMH 
«BHyTpeHHero QOrJiaCHH». . 

I13MepeHHhie . B pa6oTe (17] .UBa MOJieKyJIHpHhiX .ny6JieTa 
Cl3CuH21N-Os186 H C14H22-0s19~ npHBO.UHT K; 3HaqeHHHM .UJIH 
Mace H30TOIIOB 

M (Os186) = 186,012579 ± 200 a. e~ M. 

M (Os190) = 190,0018843'± 100 a; e. M ... 

He corJiacyiDlll.HXCH MeLK.ny co6oii Ha 700 ·10-6 a.e.M. K coLKa
.TJeHHIO, 3TO 3HaqeHrre MaCChi Os190 [17] 6htJio oT6paKoBaHo H B 
KaqecTBe onopHoii BenrrqrrHhi npHHHTa Macca Os186. Tor.na, KaK 
BH.UHO H3 Ta6.lr. 2, 3HaqeHrre M (Os190) HBJIHeTCH 6oJiee .nocTOBep
HhiM. H B npe.neJiaX CYMMhi OIIIH6C)K H3MepeHHH COr.TJacyeTCH C , 
.naHHhlMH HaCTOHlll.eH pa60Thl H pa60Thi (18]. 

5. B mnoii rJiaBe nprrBo.n5!TcH' pe3yJihTaTbr H3MepeHrrii Mace 
aTOMI;IhiX HAeP. ToprrH, ypaHa H· nJiyToHHH: Th232,, 023\. 0235 rr 
<Pu240. Pe3yJibTaTbl 1!3MepeHHH IIP!iBe.neHhL B Ta6JI .. 3 H 4 •. n pH 
H3MepeHHH MaCChi H30Tona TopHH HOHhi .ny6JieTHorr naphi rioJiy
qaJIHCh rrcnapeHHeM B pa3pH.ne B• aTMoccpepe reJIHH MeTaJIJirrqec
Koro TOpHH H 1,5-.nrrcpeHHJI-3:MeTHJIIIHpa30JIHHa C6Ht6N2. 

T a 6 JI li ~a· '3 

N.· I . - Jly6JH!T :I . Pa3uocrb Mace 
n/n . ,B a. e. M. · 

1 C1sH12N2-Th232 0,062010± 100 
,2 C2oHIO-;-U234Q16 0,042423±50 
3 CI9H7- U23s 0,010765±50 
4 C1sC'3Hu- Pu240 0,035497±50 

Opu H3MepeHHH Macchi H30Tona ypaHa-235 ucnoJih30BaJiach 
OKHCh ypaHa, o6oralll.eHHaH JI.O 70 o/o H30TOOOM 0 235 . .lly6JieT o6-
pa30BhiBaJICH ¢parMeHTOM neprrJieHa C2oH12 . .UJIH H3MepeHHH 
Macchi MaJio pacnpocTpaHeHHoro H3oTona 0 234 rrcnoJih30BaJiach 
OKHCh ypaHa, o6oralll.eHIIaH 0 234 JI.O 1 o/o. 3TOT H30TOII H3MepHJI-
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CH a cocraae 0 2340 16 • .L{Jui ·o6pasoaamm JJ.y6.1Jera npnMeHH.iicH 
OCKOJIOK nepnJieHa c Maccoii 250. Dpu· nccJieJJ.oBamm MaCChi uso
rona nJiyTOHHH Pu240 HOHhi JJ.y6JietHoii naphi noJiytJaJinch ncna
peHneM MeraJIJintJecKorq nJiyroHnH,· ·. o6oraru.eHHoro n3oronoM 
1Ju24o JJ.o 10 -+-12% u nepnJieHa. 

CpaaHeHue noJiytJeHHhiX; sHatJeHn~ Mace Th232 · u uzss c no
MOIU.hiO aemi:tJnH Q peaKunn [21] 

U235 (a)'Th231, Q = 4660 ± 150 ·KaB; 

Tti232 (r, n).Th 231 , .Q ·- 6350± 40 KaB 

npuao)J.HT K yJJ.OBJietaoputeJihHOMY ·pesyJihTary.· PasHOCTh Mace. 
. M (U235) '-M (Th232), . BhilJHCJieHHaH no ](aHijhiM HacroHru.eii · 'pa-

6othi; pasHa 3,006909± 120 ·a.e;M~, ior)J.a KaK no HJJ.epHhiM ··JJ.aH-
HhiM - 3,006840 ± 180 a.e.M. . , . 

· Be.i.rutJnHa ppSIIOCTn Mace PuN°-:'-Th232, BhilJHCJieHHaH; c no~ 
MOill.hiO• BeJilflJliH pacna)J.OB 1Pu240'(a)'U236, 'Q'=I4577± 150 K3i"t. 

[21] u U 236 (a) Th232, Q~6249± 150 K38 [21], cocraB.iiSieT 

·.I M (PuZiO~ Th~32) ' 8;018302 ± 250 a. 'e. M.,. 

TOr )J.a KaK no, )J.aHHhiM HaCTOHIU.eii: • pa60Thi 

M (Pu240)-'- M (Th232) = 8,018433 ± 120 a. e. M. 

PacxoJKJJ.eHne MeJKJJ.Y 3THMH JJ.BYMH aeJintJnHaMu notJTn a rpn 
pas a MeHhllle. cyMMapHOH ornn6Kn' HSMepeHn.ii. 'TaKoe COBIJa)J.e
·Hlfe pesyJihTaTOB, noJiytJeHHhiX COBepiiieHHO paSJilflJHhlMH MeTO
)J.aMH, yKaShiBaeT Ha Ha)J.eJKHOCTh npliBQ)J.liMOfO SHalJeHHH MaCChf 
nsorona Pu240. Jl.o HacfoHru.ero apeMeHu Macc-cneKrpocionutJec
Klf MaCChi liSOTOnOB nJiyTOHliH He liSMepHJiliCh.' J13MepeHlfe MaCe 
Th232, U 234 u U 235, BhinOJIHeHHoe CraH<flopJJ.oM .u .L{aKaopcoM B 
1951--'-1952 rr. [22, · 23], c6JJ.epJKaT 6oJihume cucreMatutJecKne 
ornii6KII. .UaHHhre· froueHra [6] u C1-aH!floPJJ.a, .UaKaopca [23] 

1 saHmKeHhi. HanpiiMep, pacxoJK)J.eHIIe sHatJeHIIH; noJiytJeHHoro B 

· HacroHru.eii pa6ore JJ.-!lH. Pu240, co SHatJeHIIeM,· noJiytJeHHhiM n pa-
6ore [6], npeshirnaer ornii6Ky , Harnero IISMepeHIIH npii1tepHo a 
20 · .pas. 0)J.HaKo, . BOSMOJKHO, 3TO paCXOJK)J.eHIIe o6bHCHHeTCH 
oum6otJH_OCThiO Macchi onopHoro IIsorona Pb208, IICITOJihSciBaHHO
ro B: pa6ore [6]. 

/. 20 
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BeJIJiliiiHa 3Toii: MaCChi, paaHaH 208,041640± 1000 a;e.M. npii

HHtaH Sa .3TaJIOH npu BhJllliCJieHHHX, 6hiJia BSSITa liS· HeTOlJHhiX 
Macc-cneKrpocKoniitJecKIIX HSMepeHIIii Crali<flop]{a II JJ.p; [23]. 
3ra BeJIIIlJIIHa. OTJllilJaeTCH 'npiiMepHO :H:a 1100; 10-6 a.e.M. OT 
.rr,aHHhiX Hacromueii pa6othi n pa6othi BeHCOHa, .UaMepoy II 
PIIsa [16]. EcJIII yqecTh 3TY nonpaaKy, ·ro pacxoJKJJ.eHHH oKa
JKYTCH B npeJJ.eJiax oum6oK nsMepeHuii:. 

6~ .B IIIeCTOH rJiaBe paccMatpnaaiOTCH pesyJibT3Thl IISMepe
HHH Mace aroMHhiX HJJ.ep or crpoHUIIH )J.o pyreHIIH. HccJieJJ.yeMaH 
o6Jiacrh BKJIIOtJaer cra6n.rihHhre · HJJ.pa 25 nsoronoa crpoHuiiH 
,(A=84, 86, 87, 88), HTTPIIH (A=89), unpKOHliH (A=90, 91,92, 
94, 96), HH06HSI (A =193), MOJIII6)J.eHa (A= 92, 94, 95, 96, Q7, 98, 
100), pyreHnH (A=96, 98, 99, 100, 101, 102, '104). Beer<) JJ.JIH. 
JJ.aHHoro JJ.nanasoHa "Mace a HacroHru.eii pa6ore nsyqem) 60 JJ.y6-
Jieroa c TOlJHOCThiO LlM/M =2'-5 · 10:-7. MacChi SHalJIITeJihHoii 
-qactli liSOTOnOB B 3TOH 06JiaCTH MaCc-cneKTpOCKOnlitJeCKII He liS
MepHJiliCh (Zr91 , Zr9~, Mo98, R.u98 u JJ.p;). 3HatJeHnH JKe Mace nso
ronoa R.u100 u R.u101 nsMepeHbi anepahre. PesyJihTathi nsMepeHnii: 
npnae.rr,eHhi B ra6JI. 5 n 6. HoHhi crpoHunH rw.irytJaJIHCh IIcnape
HneM MeraJIJIHtJecKoro crpoHuiiH B paspHJJ.e IICTOtJHHKa aHoJJ.Hoii 
nJiaSMhi. .U.riH noJiytJeHHH MOJieKyJIHpHhiX HOHOB ncnoJihsoaaJinch 
roJiyoJ:I C1Hs U: · IIsoaMHJIOBhiii: cnnpr CsHizO. HoHhi unpKOHHH 
noJiytJaJIHCh ,ncmipeHHeM B: 1paspHJJ.e reJIIIH XJIOpHJJ.a uiipKOHHH. 
.[{JISI MOJieKVJIHpHhiX JlliHlfii. HCnOJihSOBaJIHCh IIOHhl <flparMeHTOB 

' aHHJliiHa c6i-hN ii KyMo.i.ra C6Htz.'. ·.· .. ' ' . . . 
· .. Dpli nsMepeHnn Mace rtso1'onoa MOJIH6JJ.eHa ncnoJihsoaa.1nch: 

xJiopnJJ. MOJIH6heHa, remaH C1Ht6 u unKrJioreKcaHOH C6HtoO: 
HoHhL pyreHnH noJiytJaJIHCh ncnapeHneM B paspHJJ.e reJIHH Me
-raJIJlHtJecKoro pyreHnH . .L{JIH noJiytJeHnH MaJio pacnpocrpaHeHHhiX 
nsoronoa pyteHnH ucnoJihsoaaJicH XJiopnJJ. pyreHnH;· HoHhi opra
HntJecKIIX coe)J.IIHeHIIi-i' llOJiy,'IaJIHCh BBe)J.eHIIeM B paspHJJ. CTIIpo
Jia CsHs. H _renT aHa C7.Ht6·' HoHhi. IITTPHR noJiytJaJIIICh ncrrape
HHeM B paspHJJ.e ToJiyoJia C1Hs MeTaJIJIIItJecKoro nopornKa nT
rpnH. .[{JIH cpaaHeHIIR .nciiOJihSOBaJiaCh , JlliHHH OCKOJIOlJHOro 
noHa. C1Hs. HoHhi HIIo6IiH noJiyq·amich licrrapeHneM MetaJIJIIItJec-. 
Koro HIIo6u5!. · .L{JIH cpaaHeH~H IIcnoJihSOBaJiach JJHHHH no HOB aHII-
JIHHa C6H7. (M = 93). · · 

. PasHOCTH Mace Zr86-Zr84, Zr87-Zr86 II Zr88-Zr87, noJiytJeH
Hhie B HacroHru.eii p·a6ore, xopouio corJiacyrorcH c )J.aHHhiMH 
;IJJ.epHhiX peaKuiiii [24]: · 

. R,b84 (~-) Zr8i, Q . ...:..:.. 909 ± 8 K3B 

Rb85(r, h) Rb8
', Q . ~ 10580 ±57 KaB. 

Rbss (p', n)Zr85 , Q - 1890± 30 K3B 

Zr8.6 (1, n) Zr85, Q =- 11500 ± 300 !CaB (25), 
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Ta6Jinl.\a 5 

~I .lly6JieT IPa3HOCTb Mace II N21 .lly6JieT I PaaHOCTb Mate: 
B a. e. M. ufn B a. e. M. 

CsH12 -Sr84 0,180583±23 18 C1Hs....:...Mo92 0,155804±25 
2 CsHsO- Sr84 0,144148±17 19 CsCJ3H7 - Mo92 0,151390±25 
3 C1H2-Sr86 0,106482±42 20 C1Hw-Mo94 0,173205±46 
4 CsHw- Sr86 0,164039±24 21 CsHsO-Mo94 0,136652±70 
5 CsHuO- Sr87 0,172251±21 22 CsCJ3Hg-Mo94 . 0,168686±88-
6 C1Hs-Sr88H 0,125822±80 23 C1Hu._:_ Mo95 0,180271 ±30 

i 7 C1H4- Sr88 0,125862±38 24 CsH70-Mo95 0,143926±40 
8 C1Hs-:- Zr90 0,142323±21 25 C1H1a ----,Mo97 0,195852±50 
9 CsCI3Hs-Zr90 0,137832±36 26 C6H90 -- Mo97 0,159530±50 

10 CsH4l\J. - Zr90 0,129768±50 27 C1H14-Mo98 0,204173±50 
11 C1H1-Zr91 0,149206±28 28 CsHwO- Mo98 0,167715±50 
12 CsHsN -Zr91 0,136626±37 29 CsCI3Hta-Mo98 0,199641±50 
13 C1Hs-Zr92 0,157564± 19 30 C7Hts- Motoo 0,217721 ±31 
14 CsC 1~H7 - Zr92 0,153118±25 31 C1H1s- Ru99 0,211593± 100 
15 CsHsN -Zr92 0,145006±29 32 C7Hts-- Ru100 0,221048± 100 
16 CsHs0-Zr94 0,135558±22. 33 C1Hs __:_ Y89 0,133303±70 
17 C5C13H7N-Zr94 0,154877±28 34 CsH7N- Nb9a.. 0,151579±20 

Ta6JIHI.\a 6 

.N? I ~-.llaH~fhle HaCTOH- -~~ o I , l.llan!lhie .HacTOH-uf~ _ HaoTon men pa60Tbi B :J~ H~oTou · men_ pa60Tbi B 
· . a. e .. IlL (1962 r.) . · a. e. M. (1962 r.) 

•', .... 
1 Sr84 83,940078± 15 114 , Mo97 96,936670±30 
2 . srss 85,936497 ± 15 15 Mo9s 97,936630±50 
3 'Srs7· 86,936426±21 16 . Motoo· · 99,939314±31 

'' 4 srss. 87,931432± 16 17, .. Rugs. 95,938081± 100 
5 Zr9o 89,933257± is '' 18' · Ru98 97,936421 ± 100 

'6 Zr9I 90,934533 ± 15 19 Ru99. ,. 98,937277 ± 100 
7 Zr92 91,934290± 15 20 Ru100 99,935964± 100 

'8 Zr94 93,936232±28 ' 21 Rutot 100,937272± 100 
.'9. Zr96 95,938876±44 22 - Ru102 101,936624± 100 
10 Mo92 91,936036± 15 23 Ruto4 103,938379± 100· 
11 Mo94 93,935024±50. 24 ' ysg . . 

88,934130±70 
12 Mo9s 94,936017± 18 25 . Nb9a ' 92,935856±20 
13 Mo96 95,935142±30 

.22. 

OTKy,na. 

H 

I 

_ ~M (Zr86 - Zr84) = 1,996425 ± 300 a. e. M. 
f 

zrs6 (n, 1) zrs7, 

zrs7 (n, T) zrss, 

Q = 8417± 18 IC88 (26]; 

Q = 11140 ± 50 IC88 [26], 
COfJIClCHO KOTOpbiM 

~M (Zr8.7 - Zr86) = 0,999947 ± 20 a. e. M., 

_ ~fl1(Zr88 - Zr87) = 0,997012 _± 60 a. e. M. --

.llJIH · M (Zr91-Zr90) HeT pa3HorJiacnil: c H,nepHhiMH .naHHhiMH: 
pasHOCTh Mace, Bhi4HcJieHHa5I c noMOIIJ.hiO peaKU:HH Zr90 ( d, p) Zr9t, 
JJ:JIH KoTopoil: Q = 4960 ±50 KBB [27], cosna.naeT c pesyJihTaToM 
HaCTOHill,eil: pa6oThi. .llJIH M (Zr92~Zr91 ) , H,nepHhre. peaKU:HH 
Zr91 (n, y)Zr92, · Q=8660±40 K3B,' Zr91 (d, p)Zr9::, Q=6500± 
± I00 K38 [26) llpHBO.Q5IT K' BeJIH4HHaM, pacxo,nmu:HMC5I _ C Macc
cneKTpOCKOllH4eCKHM 3Ha4eHHeM COOTBeTCTBeHHO. Ha 7I • lQ-6 H 
l4I · I0-6 a.e.M. . 

B cJiyqae M (Mo97-Mo96) H,nepHhie .naHHhie npnso.nHTK npo
nmope4HBhiM '3Ha4eHII5IM _. :U.JI5I pa3HOCTH Mace. _ Q- 3Hepriiii 
H,nepHhiX ' peaKIJ.Hil: · Mo96 (d, p)Mo97, Q=45I0±300 KaB n 
Mo97 (d, p)Mo96, Q=___:7I00±3QO K38 H3MepeHhi c 60JihlllOH 
Oillii6Koil: . .llJIH M (Mo98-'-Mo97) pacxoJK,neHne c H;a,epHhiMH .naH
HhiMH npeBhiillaeT cyMMY Oillii6oK H3MepeHIIH. BeJIH4IIHa noJIHoil: 
3Heprnn peaKU:HH Mo97 (d, p)Mo98, Q=6060± IOO KaB, no-BIIAII
MoMy, Oillii6oqHa. K 6oJihllliiM pacxolli.neHIIHM _ c · .naHHhiMII Ha: · 
CT<)mil.eii: pa60Thi. npHBO.QIIT peaKU:II,5I ,RuiD1.'(d, ,· p)Ru102, Q;;,; 
=6220±60 'K36 [27) .. , . 

CpaBHeHne pa3HOCTeii:' Mace H30Tonos cTpOHU:HH, u:npKOHIIH, 
MOJIII6,neHa H pyTeHIIH C TeMH JKe pa3HOCT5IMII Mace, Bhi4HCJieH
HhiMH nb .riaHHhiM nonHhiX 3Heprriil: H.QepHhiX peaKU:HH, llOKaSbi-

. I - . 

saeT, 4TO noJiy4eHHhie 3Ha4eHH5I Mace xopo!llo ·corJiacyroTcH 
MeJK.ny co6oil: B npe,neJiax Bcero U:IIKJia. 

. Macc-cneinpocKonnqecKoe siiaq_eHHe pa3HOC.TH Mace M (Zr90-
-Zr88), noJiy4eHHoe 8 HacToHmeil: pa6oTe, paBHO I ,999825 ± 
± 20 a.e.M. TioJih3YHCh . .naHHhiMII SI,nepHhiX peaKu:nil: n pacna.noB 

Zr88 (d, p) Zr89, . -
zrs9 (~:- )Xs9, 

zrs9 (~~) xs9, 

Zr9o ( T' n) zrs9, 

-Q = 4260 ± 70 IC88 (24]; 

Q = I463 ± 10 IC88 (24]; 

Q . 2843 ± 7 IC88 [24]; 

Q = ~ II 780 ± 90 IC88 [24], 

IIMeeM M (Zr90-ZrB8) = I,999838 ± II5 a:e.M. 
no .naHHhiM ' Macc-cneKTpOCKOllH4eCKHX H3MepeHHH 11ceiico- ' 

pa;' Eap6epa H .llaKsopca [28], BeJIII4HHa · 3Toil: pasHocTH Mace 
cocTaBJIHeT I,999866±200 a.e.M. PacxoJK,neHIIe c .naHHhiMH l(o-
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mm3a, .ll>KOHCOHa 11 H11pa [29] He npeshrrnaeT 130 • 'I0-6 a.e:M. 
Macc-cneKTpocKonuqecioe 3HaqeHI1e pa3Hocrn Mace 

M (Mo92-Zr92) paBHo 0,001746±.20 a.e.'M. 1-h U11KJHi. peaKU11ii: 
[24} Zr92 (d, p)Zr93, Q=4430±40 KaB; Zr93 (~-)Nb93, Q=63± 
±2 KaB; Nb93 (p, n)Mo93, Q=-1270±40 KaB 11 Mo92 (d, p)Mo93, 
Q=:5630±50 KaB 11MeeM M(lY\o92-Zf9Z) =:0,001744±80 a.e.M. 
Macc-cneKTpocKonl1qecKoe 3l:!aqeHne 3Toii: pa3HOCTI1, noJiyqeH

. Hoe B pa60Te feii:repa, Xorra, .UaKsopca n .UeiiAHe~I [30], pas-
Hoe 0,001340 ±400 a.e.M. ornn6oqHo. 

Macc-cneKTpocimnl1qecKoe 3HaqeHI1e pa3HOCTn Mate 
M (Mo100-Ru99) pasHa 1,002037 ± 100 a.e:M. U11K.JI 1 peaKU11ii: [24] 
Mo99(13:-)Tc99, Q.= )380± 10 KaB; MoiOO(y, n)Mo99, Q = -8100± 
±300 K3B, Te99 (~-:)R.u99, 'Q~293±2 KBB np11BOAI1T:i< sHaqeHniO 
1 ,002080 ± 300 a.e.M. · · \ 

Macc"cneK.TpocKomiqecKoe : 3HaqeH11e · pa3HOcTH Mace · 
M (Mo94-Zr84) pasHo 9,994946±53 a.e.M. Bbrql1cJiemur c no
MOJUhiO 5IAepHb!X peaKU11H H pacnaAOB [24,--27,. 31, 32) IIp11B0AHT 
JJ:JIH 3TOH pa3HOCTI:l Mace K BeJII1qi1He 9,994988±370 a.e.M. .. . 

7. B ceAhMOii: rJiase npoBOA11~CH cpasHeHI1e pe3yJihTaTOB 
HaCT05IIUeii. pa60~bl C .npyrHMI1 ·MaCC~CIIeKTpOCKOIII1qecKI1.MI1 AaHc . 
HhiMI1. .Uo nocJieAHero speMeH11 Macc-cneKTpdcKonl1qecKI1e 113-
Jv!epeHI1H AJI5I 06JiaCTI1 TH)KeJibiX Mace· He corJiaCOBb!BaJII1,Cb KaK 
Me)!{Ay' C060ii:, TaK 11 C H.p:epHh!M11 AaHHbiMI1. 003TOMY pacqeT 
Mace . TH)KeJibiX aTOMOB BeJICH TOJibKO IIO 3KCIIepHMeHTaJihHbiM . 
3HaqeHI1HM 3Hepr11H · ~-pacrraAOB }I 3Hepmii:. HAepHb!X·,peaKUI1ll. 
3 a rrocJieAHee speMH rroJIO)KeHlre cyiu.ecTBeHHO 113MeHI1JIOch: .Umi 
o6JiacTI1 -TH)KeJihiX Mace cT'a:no·so3MO)KHhiM cosM:ecTHoe paccMoT; 
peHI1e Macc-cneKTpoci<onl1qecKrrx "11 HAepHhiX AaHHhiX.. . 

C IIOHBJieHIIeM pe3yJibTa'rOB HaCTOHJUeii: pa60Tbl [11, 12) 11 
Jia6opaToprrrr MrrHHecoTcKoro yHI1Bepcrr1'eTa [15-17] yMeHhlllii
JIIICh pacxO)KAeHIIH Me)KAY Macc-crreKTpocKorrl1qecKrrMrr II3Mepe
H11HMII. DprrMeHHH 6oJiee TIUaTeJihHhiH oT6op 3Heplrrii: SIAepHbiX 
pe~lKUIIH, yAaJIOCb C6JIII311Tb MaCChi, BbiqrrcJieHHbie\ C II,OMOriJ.hiO 
Q BeJII1qifH H II3MepeHHbie MaCC-CIIeKTpOCKOIIHqecKII.\ .· .. 

I1CIIOJ!b3YH OAHOBpeMeHH9 C HAepHbiMll AaHHblll,i11 (B Kaqe
CTBe BXO,liHbiX MaCC-CIIeKTpOCKOI111qecKIIX BeJIIIqiiH) pe3yJihTaTbi 
HaCTOSIJUeii: pa6oTbi, orry6JII1KOBaHHhie B 1959 I'., II pegyJibTaTbl 
1I3MepeHI1ii: MIIHHecoTcKoii: Jia6opaTOpiiii, · KeHIIr, MaTTayx II 
IBarrcTpa s KOHUe 1961 r. MeTOAOM HaiiMeHhllliiX KBaApaTos Bhi-
qucJIHJIII MaCChi II30TOIIOB Ami 176 ~A~ 196 [ 18). . 

CpasHeHIIe AaHHhrx [16, ·17] c 1\iaccaMn, BhiqncJieHHhiMII KeHII
. 'roM, MaTTayxoM II BarrcTpa; -noi<a3b!BaeT, qTo y.nosJieTsopiiTeJib

Hoe COfJiaCI1e o6ei1X rpynrr -Mace MO)KHO B11AeTb TOJ!bKO J!Hlllb 
· AJIH II3oTorros csiiHUa II PTYTII (n3MepeHIIH, BhiiiOJIHeHHhie EeH~. 
COHOM,-.Ll.aMepoy 11 P1130M Ha 40~CaHTIIMeTpOBOM MaCC-CIIeKTpOMeT
pe)·. Dpn 3Torir rroqTH see MaCChi 176~fi ~-196 pacxoAHTCH c co
rJiacosaHHhiMH 3HaqeHIIHMI1 Ha seJil!qnHy, npesbnuaiOIUYIO oum6-
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KH 113MepeHHH. .Ll.JIH -06JiaCTII 184 :;::;A~ 196 paCXO)KAeHIIR AO
CTIIfaiOT 60JiblliOll BeJIIIqifHhi (200:_860} • lQ-6 a.e.M .. -

MacChi, rroJiyqeHHhie s uacToHmeii: pa6oTe, s .rrpeAeJiax rro
rpernHocTeii:. · IISMepeHIIH xoporno cosnaAaiOT c cor JiacosaHHhiMI1 
3HaqeHmrMu Mace, noJiyqeHHhtx KeHI1roM, MaTTayxoM n BancTpa. 
3To· pa3peruaeT c.neJiaTh BhiBOA, qTo AJISI 11CCJieAyeMoii: o6Jiacnt 
Mace Me)KA~ MaCC-CIIeKTpOCKOI1HqecKIIM11 11 HAepHbiM11 AaHHbiMII 
HeT HIIJ{aKIIX rrpiiHUHIIIIaJibHhiX IIpOTIIBOpeqnii:. 0THOCIITeJihHO 
B03MO)KHhiX npiiqnH pacxo)KAeHIIH pe3yJihTaTOB BaHo, .Ll.)KOHCO
lia II HI!pa MO)KHO CAeJiaTh cJieAymmiie 3aMeqaHIIH. 

B pa6oTe EaHo II Apyriix 6oJihiiiiiHCTBO Mace HAep II3MepH
JrOCh IIpH' IIOMOJUH TaK Ha3b!BaeMbiX «II30TOI1HhiX Ay6"1eTOB». 3TH 
AY6JieThi II03BOJIHIOT BhiqiiCJIHTh pa3HOCT.h Mace Ha OAHY IIJIII 
ABe MaCCOBhie eAIIHIIIlhi. 0AHaKO AJIH :roro qT06bi IIOJiyqiiTb a6-. 
COJIIOTHOe· 3HaqeHIIe BeJIJiqiiHhi' MaCChi; Heo6XOAIIMO XOTH 6bi Ha 
HeKOTOpbiX HApax IIpOII3BeCTH cpaBHeHIIe J:r.aHHOH HeiT3BeCTHOH 
MaCChi' co· CTaHAarJTOM 0 16 IIJIII cy6CTaHAapTHbiMII BeJIIIqiiHaMII 
H, C12 II· D: EcTeCTBeHHo rro3TOMY npiiqiiHY pacxmKAeHIIii B a6-
COJIIOTHhiX 3HaqeHIIHX Mace II30TOIIOB liCKaTb B orrpeAeJieHIIII 
«oriopiihiX» Mace- Ay6JieToB c rrp11MeHeHIIeM opramrqe.cKIIX 
COeAIIHeHHll. 3TO ·TeM 6QJiee· sepHO,. qTO II30TOI1Hhie pa3HOCTlf 
Mace 'B cpaBHIIBaeMhiX •pa60TaX .COBIIaAaiOT OTHOCIITeJihHO XO-
porno. · · 

OcHOBHhiMII rrpiiqiiHaMII pacxo)KAeHIISI;;. KaK HaM Ka)KeTCH, 
HBJIHeTCH .. rrpnMeHeHire B pa60Te [17] Macc-crreKTpoMeTpa. c Ma
Jioii: pa3pernmomeii: crroco6HoCTbiO ( 14 000). · n pn TaKoii: pa3pe
IIIaiOmeii erroco6HOCTII Han6oJiee orracHoli: rrpiiMeChiO, crroco6Hoii: 
IIpiiBOAIITb K CHCTeMaTnqecKHM . OIIIH6KaM, · HBJIHeTCH rrpnMeCh · C 
COAep)KaHIIeM H30TOIIa Cl3, AJIH . pa3AeJieHH5I KOTOpoii: B ll3Me
pHeMOH o6JiaCTII Mace Heo6xoAHMa pa3pernaiO.IUaH crroco6HOCTb-
40 000-45 000. . ' 

AHaJIII3 3KcrrepnMeHTaJihHhiX AaHHhiX, rroJiyqeHHhiX B pa6oTe· 
[17), IIpHBO)lliT K Bb!BOAy, qTo 60JihlliHHCTBO paCXO)KAeHIIll Me)KAY 
pe3yJihTaTaMH HaCTOHIUeii: pa60Tbi II pa60Tbi [17) MO)KHO 09b.HC
HHTb HaJinqneM B MOJieKyJIHpHbiX Ay6JieTaX [17) Hepa3perneHHhiX 
rrpHMeceii:. 
1 ' OrrbiT pa60Thi · c TmKeJibiMH oprannqecKHMll coemmeHHHMH 
B Haiiieii: Jia6opaTOpH11 IIOKa3h!BaeT, qTo B IIJia3MeHHOM HOHHOM 
HCToqHnKe KpoMe .ny6JieTOB CH-Cl3 Ha JII06oii 1\Iacce II <iJpar-. · 
MeHTOB BBOAHMoro opraHnqecKoro coeAHHeHIIH s crreKTpax rrpn
cyTCTBYIOT noHhi accotinatnsHoro nporrcxo)KAeHHH Tnrra A+ H, 
A+ H 2 n Aa)l{e noHhi TnrraA+ CH.M , rAe M = 1, 2; 3, 4, A - Mo
JieKyJIHpHnrii: noH rrepsnqnoro oprauuqecKoro coeAnHeHmr. 

B pa6oTe B KaqecTse HJTJIIOCTpaunn rrpnseAeH crreKTp TOJiyo
Jia C1H8 (M=92). Ha Maccax 91; 92', 93· n 94 rrpncyTcTBYIOT 
Ay6JieTI>I CH-C13. KpoMe Toro, Ha Maccax 93, 94 Hl\leiOTC.H noHhi 
Tuna A+ H n A+ Hz- AOCTaToqHo 6oJihrnoii: nHTeHCHBHOCTH. TaM, 
rAe HHTeHCHBHOCTh' noHos; coAep)Kamnx C 13, AOBOJihHO seJinKa, 
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.. 
J.wryTnpHCYTCTBOBaTh HOHhi nma CsC213H7, T .. e. c co.nep:m:aHireM 
.li.BYX aTOMOB. H30TOIIa C \3 . H COOTBeTCTBeHHO C .li.BOHHhiM . .ny6Jie-
TOM CH-C13 Ha .naHHoii Macce. · · . . . 

CoseprneHHO aHaJIOrH'lHaH KapTHHa Ha6mo.naeTcH rrpn HC
noJih30BaHnn opraHH'leCKHX coe.nHHeHHii c M:accoii.150-200. 

DpncyTcTsne noHos accou:HaTnBHoro npoHcxo:m:.neHnH HapH.ny 
c noHaMn, co.nep:m:aru:nMn CI3 n C213, rrpH ycJiosnn, Hesl,rcoKoii 
pa3perna10ru:eii cnoco6HOCTH 1\W:m:eT npnsecTn K · cncTeMaTH'lec
KHM ornn6KaM. HarrpnMep, pacxo:m:.neHne . .namihrx · EaHo n . .np .. 
no Macce Os186 c pe3yJihTaTaMn HacToHru:eii pa6oThi · MO:m:Ho 
b6n51CHHTh npncyTCTBHeM [17] B Hepa3perneHHOH IIpHMeCH HOHa 
.accou:naTHBHoro· rrponcxo:m:.neHHH C12H2N (ncrroJih30BaJICH .nu~ 
reKCHJiaMnH M = 185, C 12H 27N) HapH.ny c ocHOBlioii .JIIIHHeii 
c11 C 13

H27N, l1CnOJih30BaHHOH .li.JIH H3Mepemm MaCChi: Os186. n pu
cyTCTBHe :=noli Hepa3perneHHoii npm\(ecw npHse.neT K CMeru:eHH_ID 
u.eHTpa JIHHHH B cTopoHy TH:m:eJihiX ·Mace. 3Ha'leHHe .ny6JieTa no 
neJIH'lHHe 6y.neT 6oJihllie, 3Ha'leHHe Macchi Os 1 ~6 -coOTseTCT~ 
BeHHO MeHhllie (Ha 0,6 • 10-3 a.e.M.). 3To H Ii:a6JIIO.riaeTC51 rrpH 
.cpasHeltHH c pe3yJihTaTaMH HacToHru:ei'! pa6oThi. AHa:norn'lHaH 
Kapnma Ha6JIIO.naeTCH iipH H3MepeHHH MaccW186, Osi9o,Iri9t. 

B pa6oTe nposo.nHTCH cpaaHeHIIH 3Ha'leHHii Mace,. Bhi'lHCJieH
"Hhrx no IIOJIY.3MrrepH'leCKHM cpopMyJiaM ·I\aMepoHa H JleBH, C .3KC
nepHMeHTaJihHhiMH 3HalJ:eHII51MH Mace HaCTOHIIJ:eii pa60Thi. 

)J,JIH IICCJie.nyeMoii o6miCTII A> 17 4 q)opMyJihi I\aMepoHa II . 
.JJ eBH .naiOT BeJIH'lliHhl, OTJIH'laiOru:IIeCH OT .3KCnepHMeHTaJibHh!X 
3HalieHHii ·oT 800.~ I0-6 .no 3600": 10~~ a.e.M, I( oco6eHHo pe3KHM 
·OTKJIOHeHHHM OT .3KCnepHMeHTaJibHhiX 3HalieHIIH cpopMy{ia I\aMe
poHa. IIpHBO.li.HT B 06JiaCTII .n,ecpopMHpOBaHHh!X H.Uep. 3.necb OlliH6·; 
Ka .nocTHraeT 3600 • I 0~6 a.e.M. CTOJih 6oJihrnne OTKJIOHeHHH, : c 

·OllHOH CTOpOHhi, o6nHCH51loTCH HenpaBHJihHhiMH HCXO.li.HhiMH .3Kcrre:, 
pHMeHTaJibHb!MH .naHHb!MH, IIpiiHHTh!MH. I\aMepOHOM np11 · Bb!liiiC
.JieiiHH, C .npyroii .CTOpOHhl, TeM, liTO K .necpopMHpOBaHHh!M H.lJ.paM 
HeJI63H npnMeHHTh o6biliHYIO noJiy.3MnepHliecKyiO cpopMyJiy: OT 
. .ne<PoRMaU:HH 3aBHCHT •H KyJioHoBcKaH n noaepxHOCTHaH _.3Hepnm 
H.npa. · 

8. B BOChMoii rJiaae paccMaTpnsaeTcH cncTeMaTHKa .3Hepruu 
• <CBH3H HeiiTpOHOB II rrpoTOHOB. ,[(JIH conocTasJieiinH .3~cnepnMeH-. 

TaJibHbiX 3HalieHHH Mace H.ll.ep rrpe.li.CT3BJIHeT IIHTepec HCCJie.li.O
BaHne li3MeHeHH51 nOCJie.li.Heif napbl HeHTpOHOB .II ripOTOHOB B 3a
BIICIIMOCTII OT MaCCOBOfO liHCJia A [34]. · 

. )J,aBHO 6b!JIO 3aMelieHO, liTO eCJIH OTKJia.ll.biBaTb Ha rpacpiiKe 
~KcnepiiMeHTaJibHbie 3Ha'leHH51 .3Hepr.Hii CB513H IIOCJie.li.HeH rrapb! 
HeiiTpOHOB ll rrpOTOHOB. B 3aBHCHMOCTH OT MaCCOBOfO liiiCJia, TO 
TO'lKH, OTHOCHIIJ:IIeCH K .ll.ll.paM; C O.li.HHaKOBh!M liHCJIOM HeHTpOHOB 
II npoTOHOB, JIO:m:aTC.Il rtpn6JIH3IITeRhHO Ha. IIp.IIMhie JIIiHIIll II !'ihi 
noJiyliaeM ceTKY napanneJiorpa~MoB. 3T~ ceTKII napaJIJieJiorpaM
MbB MO)KHO . paCCMaTpiiBaTh KaK CIICTeMaTHKY .3HepriiH IIpHcoe-
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Jl.HHCHHH llOCJIC)l.HCll napbl HCHTpOHOB H ·npOTOHOB, aHaJIOrHliHYIO · 

cHCTeMaTHKe :meprHii (3-pacnana. HaJIHliHe JIHHeiiHhiX cBH3eii 

3THX 3HepreTHliCCKHX napaMeTpOB OT MaCCOBOrO. llllCJia o6bHC

HHCTCH. TCM, liTO 3HeprHH CBH3H H)l.pa npe)l.CTaBJIHCT KBa)l.paTHli

JIYIO. cpyHKUHIO oT liHCJia HYKJIOHOB B· pa3JIHliHhiX o6oJIOliKaX, · a 

ll03TOMY ee pa3HOCTH, KOTOpbiC onpe)l.CJIHIOT 3HeprHIO npHCOC)l.H

HCHllH llOCJIC)l.HCH napbl HCHTpOHOB S zn H npOTOHOB S 2p ; )l.OJI)l{

Hbl JIHHCHHO H3MCHHTbCH. B 3aBHCHMOCTH OT liHCJia HYKJIOHOB. 

B 3TOM CMhiCJie ·H3ylleHne· 3HepreTulleCKHX napaMeTpos HJl.pa 
yno6HO HallaTb .C 3Heprllll CBH3ll llOCJIC)l.HCH napbl HCHTpOHOB H 

· npoTOHOB. ¥1ccJieJl.oBaHne cHcTeMaTHKH 3HepT.HH CBH3H H)l.pa CBH-

3aHo C HCKOTOpbiMii Hey.n.o6cTBaMH,. TaK KaK ORa HBJIHCTCH KBa)l.

paTllliHOH ¢yHKUHeii . liHcJia HYKJionos. B cJiyllae cHcTeMaTHKH 

3HeprHH CBH3H llOCJIC)l.HHX HCHTpOHOB H npOTOHOB KapTHHa OC

.'IO)l{HRCTCH liCTHO-HCliCTHbiMll KOJie6aHHHMH. · 3Heprull . CBH3ll. 

Yno6cTBO nocTpoeHHH ceTKH S 211 H S 2P o6bHCHHeTcH eme u TeM, 

'l.J:TO pa3HIIUa Mace llaCTO H3BCCTHa C 6oJiee BbiCOKOll TOliHOCTbiO 

.. ..r:ia*e Tor.n.a, Korna H3BCCTHhi caMII. Macchi. HMeeTCH nocTaTOliHO 

l\IHOrO peaKUHll (y, n) ·II (n, y) II npeUII3IIOHHbiX MaCC~CllCKTpO
. CKOlliiliCCKIIX H3MepeHHH mioTOllliliCCKHX ny6JieTOB. 

ConocTq.BJICHIIe 3KcnepiiMCHTaJihHhiX 3HalleHHH S zn H S zv 
.CTaHOBIITCH oco6eHHO 2 HarJIH.li.HbiM, CCJIII ;3KCnepiiMCHTaJibHbiC 

-roliKII HaHeCTII Ha cooTBeTCTBYIOIUYID noJiy3MnepiilleCKYIO ceTKy, 

OXBaTbiBaiOUWIO 60JibiiiOe liHCJIO H)l.ep. C llOMOIUbiO TaKOrO llO

CTpoeHIIH MO)l{HO llpOKOHTpOJIIIpOBaTh COMHIITCJlbHbiC 3HaliCHIIH 

II yCTaHOBHTb, B KaKHX MeCTaX )l.OllyCTHMa OUCHKa HCH3MepeH-

. HbiX BCJIHliHH •. 'B pa6oTe npHBO.li.HTCH CCTKa 3HeprHH CBH3H Jl.BYX 

nocJienmrx HeiiTpQHOB .li.JIH mnpoKoro .n.uana3ona Hnep (pHc. 3). 
A=80+ 252. . 

B ueJIOM KapTnHa H3MeHeHHH S 211 · c pocTOM A o6Hapy)l{H-

BaeT HeKoTopyiO TOHKYIO cTpyKTypy,. KOTopyiO HeJih3H Henocpen
cTBCHHO OTO)KJl.CCTBHTb C npH3HaHHbiMH MarHliCCKHMH liHCJia

MH. CJienyeT O)l{H.ll.aTh,. liTO c noHBJieHHeM HOBhiX nocToBepHbiX 

·! 3KcnepHMeHTaJihHhiX naHHbiX KapTnHa 6yJl.eT Bee 6oJiee yToli

HHTbCH. O.n.HaKo y1Ke ceiillac MO)l{HO BIIJl.CTh, liTO cpaKTHllecKii no
Jiyllemre Ka)l{.n.oii HOBOH yToliHeHHOH 3KcnepHMCHTaJihHOH ·BeJIH-

. 'IJHHbi •ll03BOJIHCT.YJIYliiiiiiTb npHMOJIHHCHHOCTb H nJiaBHOCTb JIH

'JUIH: 3To o6cTOHTeJihCTBO CHJihHO ynpomaeT nocTpoeHHe ciicTe-

1.laTHKH. B o6JiacTII, rne 3Hepriiii CBH3H II3BeCTHhi c 6oJibiiiOii 

TOliHOCTbiO, CHCTeMa napaJIJICJIOrpaMMOB Haii60Jiee CHMMeTpHliHa.' 

B HaCTOHIUCC BpCMH CIICTCI\WTHKa 3HeprHH CBH3II p:OCJie)l.HliX 

Jl.BYX HellTpOHOB MOJKeT 6biTb IICllOJib30BaHa .li.JlH cinpe)l.eJieHII.H 

HeH3MepeHHbiX 3HalleHIIli Mace. flpH 3TOM MO)l{HO. CliiiTaTb. '!TO 

norpeiiiHOCTb B6JIII3II 3KCllepHMCHTaJibHO II3YliCHHbiX yllaCTKCJB 

ceTKII He 6yneT .npeBhiiiiaTh 150-200 KEiB. 

Pe3yJihTaTbi Hac:ro5Imeii pa6oTbi ,ua10T B03MO)l{HOCTh BIIJl.eTh, 

B KaK<?H Mepe MO)l{eT.?biTb IIOBbiiiiCHa TOliHOCTb II3MepeHHH Mace 

27 



'• 

aTOMHbiX H~ep .. 3~eCb·. He06XO.[{Hl\W: lleTKO• pa3JIHtf3Th TOqHOCTh 
orrpe~eJieHim:. paccroHHIUI!. Me)l{~y · paspeureHHhiMH Macc-crreKT
paJihHhiMH: JIHHHHMH OT •TOll, C KOTOpoif· Mbi yMeeM nepeBO~HTb 
3TH paCCT05IHH5t B: COOTBeTCTBYIOlll.He pa3HOCTH Mace. 113Mep5IH. 
c· BhlCOKoii• TOtiHOCThiO' paccroHHHH Me)I{~Y' u.eHrpaMir ~y6JieTHbiX 
JIIIHHH,. MBI He: l\W)I{eM YTBep1K~aTb, liTO' C TaKOH . )l{e TOqHOCTbiO 
orrpe~eJ'1HeM: pasHocrb' Mace·. B Ka)I{~OM KO_HKperHoM cJiyqae: 
~OJI1KHhr. 6brr.Ii Tlll.aTeJihHO- .nsyqeHbi ~ncnepcnoHHhre KOHCTaHThr~ 
KaK 6brJio noKa3aHo · B HacroHir(eii pa6oTe; ~JIH 3Toro ~OJI)I{HO 
nMeTb Mecro . «BHyrpeHHee. corJiacne» pesyJihraroB· H3MepeHniL 
3HaiJeHHe H p33HOCTH Mace· IICCJie~yeMbiX H~ep, ITOJiyqeHHbiX nprr 
ITOMOlll.If ~y6JieTOB C pa3'JIHqHbiMH 3HepreTHIIeCKHMH' xapaKrepnc
THK3MH, ~OJI)I{Hbi coBrra~a.Th B npe~eJiax cTanrcTnqecKnx oum6oK 
H3MepeHHH • .l(JIH 3TOrO. OC06eHHO HHTepeCHbi· ~y6JieTbJ, fl03BOJI5IIO:.. 
lll.He cocraBJIHTb IJ.IIKJihi; paBHhie coqrBeTCTBe!mo HYJIIO · IIJIH_ Be
JiuquHe pasHocnr' Mace o~Horo us xopomo usyiJeHHbiX <t)yH~a-· 
MeHTaJibHbiX ~y6JieToB. ToqHcicrb H3MepeHHH · onpe~eJIHercH TeM, 
HaCKOJihKO xopomo y~oBJieTBOpHIOTCH 3TH' ycJIOBHJI .. HecMoTpH 
Ha cneu.ncpnqeCKHe 'TPY~HOCTlt, KOTOpnie 0CJI0)1{H5IIOT ITOCTaHOBKy 
II npoBe~eHHe· IT0~06Hb!X 3KCnepuMeHTOB, MO)I{HO CIJHT3Tb, qTo 
npH TlUaTeJihHOH' IOCTHpOBKe HOHHO-OllTHqecKoii· CHCTeMbi H. ~py
rnx pe)I{HMHbiX napaMeTpoB Macc-cneKrporpacpa· s~ecb MO)I{eT 
6biTn ~ocrnmyTa TOlrHOCTh B 1-2·1076 a.e.M. 

HoBeiirnne ycnexn Mero~oB nsMepeHIIH paccToHmur Me)l{~y 
u.einpaMn Macc-crreKrpa:n:bHbrx: JIHHRii nosBoJIHIOT Bn~eTh; qTo u 
3~eCb Oliiii6KII H3MepeHH5I Motyr: 6b!Tb ~OBe~eHbl ~0 l-2X 
X I0-6 

a.e:M. TaKnM· o6pasoM, Her· npHqnH O)I{H~aTb' KaKorO-JIH-
6o orpaHHlleHII5I ~JI5I ~OCTII)I{eHIIH elll.e 60Jiee· Bb!COKOH 'TO'IIHOCTII 
HimepeHHH (B o6JiacrH TH)I{eJibiX Mace nopH~Ka 10_.:.8) Mace 
aTOMHb!X H~ep C Oliiii6KOH, He npeBbllii3IOlll.eH· 3-5 K38. 
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