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1. B B e JJ. e H H e 

npHHUHn raaoaanonaeaaoro Macc-cenapaTopa 6hln npenno*eH a 1957 ro­

ny E. KoaaoM H K. <l>ynMepoM, KOTOpbre, HCCnenoaaa ocHOBHbie oco6eaaoc­

TH npH6opa, HCITORb30B8nH ero anSI H3MepeHHSI lllHpHHbl 3apAAOBOrO pacnpe­

aeneHHSI ocKonKOB neneHHSI /1,2/. noaaaee raaoaanonaeHHhiil: cenapaTop 6hm 

nocTpoeH n. ApM6pycTepoM /3/ H npHMeHSincSI a aKcnepHMeHTax no onpeae-
235 u 

neHHID cpeaaero nepaH~aoro aapSiaa ocKonKoB aeneHHSI TennoshlMH 

aeil:Tp0H8MH /4/. 3aTeM n. ApM6pycTep c COTpyaHHK8MH HCnonb30BanH 9TOT 

TipH60p anSI HCCneaOB8HHSI H3ny~aTeneH 38IT83J.IbiB8IDWHX Heil:TpOHOB /5/ H 

apyrHX OTHOCHT9nbHO KOpOTKO*HBYWHX OCKOnKOB aeneHHSI / 6 /, 

raaoaanonaeHHhiil: cenapaTop HMeeT yMepeaaoe paapellleHHe anSI ocKon-

KOB aeneHHSI (oKono 3 H 5% no Hp anSI nerKHX H TSI*9Rb!X OCKOnKOB COOT-

BeTCTBeHHO), oaHaKO ero HeOCTIOpHMbiM npeHMYW9CTBOM SIBnSieTCSI 6biCTpo­

aeil:CTBH9, KoTopoe onpeaenSieTcSI speMeHeM nponeTa HOHa ~epea CHcTeMy 

( 10-6 ceK). 

B aacToSiweil: pa6oTe onHChiBaeTCSI raaoaanonaeHHbiil: Macc-cenapaTop 

(a aanbaeil:llleM - E3MC x)), npeaaaaaa~eHHhiil: anSI 6hiCTporo npSIMoro paa­

neneHHSI KOpOTKO)KHBYWHX Mep - npOJ.IYKTOB peaKUHH, Bbl3b!B89Mb!X MHOro-

38pSIJ.IHhiMH HOH8MH, 3TOT npH60p TIOCTpOeH B Jla60p8TOpHH SiaepHb!X peaK­

UHH H ycTaaoaneH Ha ny~Ke UHKnoTpoHa Y-300. 

x) E3MC - 6biCTpbill aneKTpOMarHHTHblll cenapaTop. 
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2. llpHHUHn aeDcrBHH rs3oHsnonnennoro Mscc-censpsrops 

npeACTaBHM Ce6e, ~TO B MeCTe HCTO~HHKa HeKOTOpoA: MarHHTHOA ~oKy­

CHpylOm:eA: CHCTeMbl paCIIOnO)KeHa MHWeHb1 o6ny~aeMaSI sapSI)KeHHbiMH ~aCTH­

uaMH, npoayKTbl gaepHbiX peaKUHA sa C~eT HMnynbca, nepeaasaeMoro 6oM-

6apAHPYlOWeA: ~aCTHUeA:, BbineTalOT. HS MHWeHH B BHAe HOHOB CO cpeAHHM sa­

pSIAOM1 saBHCSIW:HM OT CKOpOCTH. DonywHpHHa pacnpeaeneHHSI no HOHHOMY 

sapSIAY oKaSbiBaeTCSI seCbMa SHa~HTenbHOA ("'50%) /7 I. EcnH MHWeHb HMe­

eT KOHe~HylO TOnW:HHy, TO H pas6poc ITO CKOpOCTH TaK)Ke BenHK, TaKHM ~ac­

THUaM OTBe~aeT WHpOKHA AHanaSOH SHa'leHHA Hp • nocne npOXO)KAe~HSI Mar­

HHTHOA ~OKYCHpylOIUeA: CHCTeMbi OHH 6yayT paccesrHbi npaKTH'IeCKH no BCeA: 

~oKanbHOA nnocKOCTH. KapTHHa cTaHOBHTCSI cosepweHHO HHOA, ecnH MarHHT­

HaSI CHCTeMa sanonHSieTCSI raSOM npH He60nbWOM ASBneHHH, 

PaCCMOTpHM CHa~ana ABH)KeHHe 'laCTHUbl C nOCTOSIHHOA CKOpOCTblO, 3a 

C~eT npoueCCOB noTepH H noAXBaTa 9neKTpOH8 BO BpeMSI coyaapeHHH C MO­

neKynaMH rasa sapga HOHa Henpepb!BHO MeHSieTCSI1 ~nyKTYHPYSI OKOnO paBHO­

BeCHOro sHa~eHHSI e0 • B pesynbTaTe HOH 6yaeT ABHraTbCSI no TpaeKTo­

PHH, KOTOpaSI onpeaenSieTCSI ycpeAHeHHbiM no nyTH B MSrHHTHOM none sapSI-

AOM e HcHo, 'ITO cpeaHee no sceM 'laCTHUaM sHa~eHHe aToro sapgaa cos-

naaaeT C paBHOBeCHbiM: e = eo • nycTb pacnpeaeneHHe sapgaa HOHOB1 ABH­

)KYIUHXCSI B rase, HMeeT fayccosy tpopMy C M8KCHMYMOM npH paBHOBeCHOM 

sapsme H nonywHpHHOA L\e
0 

• I1s cTaTHCTHKH cneayeT, ~To ycpeaHeHHbiA no 

"N" nepesapSIAHbiM coyaapeHHeM sapga TSK)Ke 6yaeT HMeTb HOpManbHoe 

pacnpeaeneHHe c nonyruHpHHoA 

L\e 1 L1eo L1eo 1 --= --= const- --
ky'N eo eo VP (1) e 

rae N =aN 
a a -ce~eHHe nepesapSIAKH, N a- 'IHCno MOneKyn Ha nyTH 

'laCTHUbl B MarHHTHOM none, p - aaaneHHe rasa. <llaKTop "k" - MeHbrue 

eaHHHUbi, OH 6brn 6hi paBeH eAHHHUe, ecnH 6hr nocne Ka)Kaoro coyaapeHHSI pea­

nHsoaanocb paBHOBecHoe pacnpeaeneHHe sapSIAa. TaKHM o6pasoM, npouecc 

MHOrOKpaTHOM nepesapSIAKH npHBOAHT K 9~~eKTHBHOM ~OKYCHpOBKe no sapSI­

JJ.y. CTaTHCTH'IeCKHe ~nlOKTyauHH B 9TOM npouecce RBnSIJOTCSI OJJ.HHM HS rnaa­

HbiX ~aKTopoa, onpeJJ.enSIJOIUHX paspeweHHe rasoHanonHeHHoro cenapaTopa. 
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3Ty KOMnOHeHTY paspeWeHHSI MO)KHO sanHCaTb cneaylOIUHM o6paSOM: 

(~) 
Hp st 

1'1e "' 
e 

1'1eo _1 ___ . 

..fP e 
0 

(2) 

PaCCMOTpHM Tenepb, K ~eMy ttpHBeJJ.eT Ha'lanbH8SI JJ.HCttepCHSI HOHOB ITO 

9HeprHH. nnSI HOHa CO CKOpOCTblO V , cornaCHO oopy H nHHJJ.XapJJ.y /8/, 

paBHOBeCHbiH sapSIJJ. paBeH 

e 
0 

= zl/3 _v 

vo ' (3) 

rJJ.e Z - sapSIA SIApa, V0 - CKOpOCTb 9neKTpOHa B a TOMe BOAOpOA8, .llnR Ta­

KOH qacTHUbi MarHHTH8SI )KeCTKOCTb paBHa 

Hp = 
Mvc 

eo 

M_. 
= c v 0 z t/3 (4) 

T aKHM o6pasoM, ecnH ( 3) crrpaaeanHBO, TO Hp paBHOBeCHOH qaCTHUbl Ottpe-

JJ.enReTCSI TOnbKO MaCCOM H sapRJJ.OM RJJ.pa, 3TO OSHa'laeT, 'ITO Ha'lanbHbiA: 

pas6poc CKOpOCTH He JlOn)KeH ttpHBOJJ.HTb K AOIIOnHHTenbHOMY pas6pocy Hp 

ttpH ABH)KeHHH B rasOHaiionHeHHOM cenapaTope, 

Ba)KHbiM ~aKTOpOM 1 BnHSilOIUHM Ha paspeweHHe, RBnReTCSI MHOrOKpaTHOe 

pacceSIHHe HOHOB Ha MoneKynax rasa HanonHHTenSI. CpeJJ.HeKBaJJ.paTH'IHbiii 

yron OTKnOHeHHSI IIpH npOXO)KJJ.eHHH 'laCTHUeM ( zl 'M I ) c sHeprHeM E 

cnoSI rasa ( Z2 , M 2 ) TOniUHHOt!: d paBeH: 

2 
a = const p ( z 1 zz >z ( 2 fu 

E 

EM 
2 

M z z4/s-l)d. 
l 1 2 

MHoroKpaTHoe pacceRHHe npHaeaeT K pasMhiTHlO Hso6pa)KeHHSI B ~oKanbHOit 

ttnOCKOCTH, 3TOH KOMITOHeHTe OTBeqaeT 

!1Hp _ 2 _ 
( --) ;; ( L 2 2 2 " - ~ Hp m.e. {3D 1(3 a (Ll)+L"zaz(Lz))2 (5) 

r)lG L ! - paCCTORHHe OT MHWeHH JlO cpeJJ.HeM ToqKH M8I'HHTHOH TpaeKTOpHH, 

L 
2 

-paccTOR!me oT aToi'I TO'IKH no ljloKyca, (3 - K08<jJQJHUHeHT ropHSOHTanb-
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Horo ysemPieHHH, a ( L ) H a( L ) - yrnhr MHoroKpaTHoro pacceHHHSI nocne 
I 2 . 

rrpOXOJK.QeHHSI paccTOSIHHti L I H L 2 , D - ,QHcnepCHSI CHCT8Mhl x). n OMHMO 

CTaTHCTHKH nepeaapSI.QOK H MHOI"'OKpaTHOI"'O pacceSIHHSI Ha paapellleHHe .63MC 

6y.QyT TaKJKe BnHSITb napaMeTpb! Mal"'HHTHO-OnTH"'eCKOi!: CHCT8Mhl ( CTa6HnD­

HOCTh MSI"'HHTHOI"'O nonSI, a66epaUHH 1 KOH9"1Hhl8 pa3Meph! HCTO"'HHKa) • 0.QHaKO 

npoUeCChi, npOHCXO,QSI!liH9 npH .QBHJK9HHH HOHa "'epe3 1"'83; SIBnSIIOTCSI onpe.Qe-

nHIO!liHMH, 

-';!!-~ 
'-

~3 
§ 

z 

t '< PQcC'egHI../~ 
........... ..... _ 

[,LJ,al5f7eHue {NHI-I9)j
112. 

P!!c,l. Pac'leTHaH aaBI!CI!MOCTb paaperneHI!H ~Hp raaoHanonHeHHoro cena-

/2/ Hp 
paTopa OT aasneHI!H ren1151 

Ha pHc. ·1, B3SITOM H3 /2/, npHse.aeaa pac"'eTHaH aasHCHMOCTb paa-

A!!1?... 
Hp 

OT .QasneHHSI, Pac"'eT C,QenaH .Qnsr H9KOTopotl KOHKpeTHOH pellleHHSI 

CHCT9Mhl, IlpH"'eM 1"'83-HanonHHTenb ( ren11i!:) HSXO.QHTCSI TOnbKO B o6naCTH 

MSI"'HHTHOI"'O nOnSI, 0T.QenbHO noKa3aHO, KaK Be,QyT ce651 rnaBHhie KOMnOHeHThl 

paapellleHHSI, DOCKOnDKY OHH HM910T npOTHBOnonOJKHhie 38BHCHMOCTH OT .QaB­

neHHSI, CyMMapHOe paapellleHHe HMeeT MHHHMYM npH H9KOTOPOM ,QasneHHH;. 

x) 
COOTHOWeHHe (5) nony'!eHO BHBnOI"'H'IHO TOMy, KBK 9TO C.QenaHO B pa6o-

Te /3/ .QnH CHMMeTpH'IHOa MBI"'HHTHOa CHCT9Mbl, 

6 

~ 
:I 

,'I 

r 

,, 
I 

(! 

~ .. 

••on111111••••-uuuJ UL. J-L- ··--··-·····-~-- --- ·-· 
"•··-~-- ·-------

DonOJK9HH9 MHHHMyMa, a T8KJK9 OITTHManbHOe paapellleHHe onpe.aenSIIOTCSI 

9Hepi'HeA, M8CCOft HOHa, COpTOM ra<:~a, reoMeTpHei!: MSI"'HHTHOA CHCT8Mh!, liTo 

KacaeTCSI nocne.QHero 06CTOSITenbCTBa, TO SICHO, "'TO pa3p9Ill9HHe 3aBHCHT OT 

COOTH0Ill9HHSI M8JK.QY .QnHHOA nyTH B Mal"'HHTHOM none H BhiXO.QHhiM nne"'OM, 

CsoAcTsa raaoHanonaeHHOro Macc-cenapaTopa 6hinH no.apo6Ho H3y"'eHhi 

ct>ynMepoM H Ko9HOM /1-2 / H ApM6pycTepoM /3-4/ Ha ocKonKax .QeneHHSI, 

·a Ka"'ecTse HanonHHTeneA Hccne.~:~osanHCb H 2 , He , soa.ayx, Ar • Bhrno 

noKaaaao, "'TO ny"'lllee paape!lieHHe nony'laeTC51 c renHeBhiM HanonHHTeneM 

( ... 3% .anH 97 Zr 11 ., 5% .anR 131 I s pa6oTe 
121 ). 3KcnepHMeHTanbHO 

H3y"'eHa 3aSHCHMOCTb 3apSI.Qa OT aTOMHOI"'O HOMepa HOHa, CKOpOCTH, .QasneHHSI 

H COpTa raaa, DOK838HO, "'TO COOTH0Ill8HH9 (1) cnpase.QnHBO TOnbKO B Ka-

1{9CTBe nepsoro rrpH6nHJKeHHSJ. DpH aaanHae .QaHHhiX no cpe.aHeMy aapg.ay s 

9THX pa6oTaX HCITOnb3yeTCSI BM9CTO (3) cne.QyiO!liee Bblp8lK9HH8 

eo=yZn ( 
V I +x 
-) 

vo 
(6) 

0TCIO,Q8 IIOnyqaeTCSI 

V -x 
Hp = (-) 

vo 

Me v0 

yZn (7) 

BenH"'HHa y aaBHCHT OT copTa H .QasneHHSI raaa, a n H x •.QononHH­

TenhHO oT THna ocKonKa. c:l>ynMep H Ko9H rrony"'HnH s cnyqae 
9

11' Zr H renHe­

soro HarronHHTenR 3Ha"'eHHSI x = 0,055; 0,024 H 0,017 .QnH .QasneHHt!: 5,8, 

10 TOpp COOTB9TCTB8HHO, 3aSHCHMOCTb X OT ,QasneHHSI 06CyJK,QaeTCSI HH­

JKe, .UnH soa.QylllHoro aanonHHTensr TsrJKenoil: rpynnhi ocKonKOB ApM6pycTep /3/ 

nony"'Hn X =-0,24:!: 0, 1, 0TKnOH9HH8 OT nHHetiHOCTH B 3aBHCHMOCTH eO OT 

V npHBO,QHT K yxy.Qlll8HHIO paapellleHH51 npH HanH"'HH ,QHCnepCHH no CKOpOC-

TH, 3Ta KOMnOH8HTa pa3pellleHH51 pasHa 

( __M!e_) 
Hp v 

l:lv 
(8) =X 

v 

TaKHM o6paaoM, cyMMapHoe paapellleHHe HMeeT BH.Q: 

~';,[(~)2 +( l:l.Hp )2 +( l:l.Hp)2L~ 
Hp Hp ~t. Hp m.~. Hp v 

(9) 
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8. MarHHTHo-orrTH"lecxaH CHCTeMa B3MC 

Do.11po6Hoe onucaHne Mai"HHTHo-onTH"'ecxoA cncTeMbi B3MC .!laHo s 
191• 

3.!1eCb Mbl TOJibKO Kp8TKO nepe"'HCJIHM OCHOBHbie XapaKTepHCTHKH. Dpul5op 

15bin H3I"OTOBJieH Ha (5aae THIIOBOI"O M8I"HHT8 CD-57 A. 06ruui1: BH.!l ero IIOKS-

38H aa pHC, 2. 3To ceKTOpHbiH cneKTpOMeTp C OllHOPOllHbiM noneM C llBOH­

HOH ~oxycuposxoft. BepTHKanbaaH ~oxycuposxa ocywecTBJIHeTCSI c noMOlllb~ 

pacceSIHHOI"O IIOJISI Ha BX0.!1HOJ1: H BbiXO.!lHOA I"p8HHU8X M8I"HHTa. ,Ung ~OpMHpO­

B8HHSI cna.!la IIOJIH Ha rpaHHU8X HCI!OJ!b3Y~TCSI cneUH8nbHble Mai"HHTHbie 3Kp8Hbl• 

,Ung o6ecne"'eHHSI M8KCHM8JibHOH CBeTOCHJibl BX0.!1H851 H Bb!X0.!1H851 rpaHHUbl 

non~CHh!X H8KOHe'iHHKOB C.[leJiaHhl Kpyi'OBhiMH. B MeCTe HCTO"'HHK8 CHCTeMhl 

IIOMeUlaeTC51 MHllleHb 1 06nyqaeM851 MHOI'038p51.[1Hb!MH HOH8MH 1 BbiBe)leHHbiMH 

ua UHKJioTpoHa Y-300. Dy'iOK nona.11aeT B BaKyyMHy~ cucTeMy cenapaTopa 

qepe3 OKH0 1 ynnOTHeHHOe an~MHHHeBOH ~OJibi"OH TOJIWHHOA 5 MK, PaCCTOSIHHe 

Me:lK.!lY MH!UeHb~ H BXOJlHO:II: rpaHHUeft - 122 CM, PaJlHYC OCHOBHO:II: 'i8CTHUhl 

B M8I"HHTHOM rrc_>Jie - 80 CM 1 yroJI IIOBOpOTa 60°, ,Ung yBeJIH'ieHHSI BepTHK8Jib­

HOI"O BXO.!lHOI"O yrna KaMepa 6hin8 H3I"OTOBJieHa T8K 0 'iTO M8I'HHT­

Hhle IIOJI~Ca 51BJI151~TC51 ee BepXHe.ll: H HH:lKHe.ll: Kpb!IIIK8MH 1 T8KHM o6pa30M 1 

secb MarHHTHhdl: aaaop ( 10 eM) HBJI.HeTCSI pa6o'IHM. BepTHK8JibHhii1: BXOJlHOll: 

yron ;!:20, IIOJIH851 CBeTOCHJia - OKOJIO 1,4 • 10-2 CTepa.!l. 

0CHOBHbie H3MepeHH51 OIITH"'eCKHX CBO:II:CTB I1pH6opa 6h!JIH npOBe)leHbl C 

a -"'aCTHU8MH 
244 On ( JlByxaapH.!lHhiMH H OJlaoaapSIJlHhiMH). Anb~a-"'aCTH­

Uhi pei'HCTpHpOB8JIHCb IIOBepXHOCTH0-6apbepHbiM )leTeKTOpOM 1 KOTOphiA COBep­

IU8JI nepHO.!lH'ieCKOe .!1BH:lK8HHe nepneH.[lHKYJI51pHO OCH BbiXO.!lHOI'O naTpy6Ka B 

pall:oae ~OK8JibHOll: IIJIOCKOCTH (ropH30HT8JibH0 1 JIH60 BepTHK8JibHO), I1MeJiaCb 

CIIeUH8JibH8SI CX8M8 1 KOTOp851 II03BOJISIJI8 38IIHChiB8Tb H8 MHOI"OK8H8JibHOM 8H8-

JIH38TOpe aaBHCHMOCTb 'iHCJia OTC"'eTos OT KOOPJlHHBThi )leTeKTopa 191. B 

H3MepeHHSIX C a -'i8CTHU8MH 6hiJIO IIOJiy"'eH01 'iTO KOa~~HUHeHT I"OpH30HT8Jib­

HOI'O ysenn'ieHHH - 0,78, sepTRKaJibHoro - 2,7, JlHCrrepcHSI 18,5 MMI% Hp • 

flng Kanu6poBKH cerrapaTopa no Hp ( aaeHCHMOCTb Hp oT TOKa B MarRH-

) 
12 20 40 

Te HCIIOJih30B8JIHCb a -'i8CTHUhl H HOHhl ( C , Ne, Ar) C pa3JIH'iHhi-

MH 38pH.[18MH H 3H8pi"HHMH. 
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4. XapaKTepHCTHKH ra3onarronnennoro cerraparopa na 

llY'IKe TH'JKenbiX HOHOB 

4.1. PaaperneHHe 

PaaperneHHe cerrapaTopa ( ~Hp ) rroapo6Ho Hayqanocb c rrOMOlllbiO 

108 An p 68 '7_ 
pa.ctH08KTHBHOI'O H30TOII8 u~· 1 KOTOpblll IIOnyqanCH IIpH o6ny'I9HHll L.f1 

(1,7 MI'ICM, pa3Mep 10x10 MM) HOH8Mll 
40 Ar C 9HeprHelt OKOnO 185M9B 

(peaKUHH 68Zn (40Ar,p4n )103Ag H 68Zn(40Ar,5n)103CcJ_.108Ag)•llO 

OU9HK9 9H9pi'H51 HOHOB 
108 

Ag , Bbin9T810lliHX H3 MHlli9HH 1 pacnpe.cteneHa B 

AH8II830He OT "' 65 .[{0 20 M9B ( 38 C'leT TOpMO'JK9HHSI B MHlli9HH), .llnH C06Hpa-

t03 Ag 
HHH B ~oKanhHOlt nnocKOCTH cenapaTopa noMemanacb aniOMHHHeBaH 

~onbra. n ocne aKCII03HUHH c6opHHK paapeaancH Ha sepTHKanbHbte rronocKH, 

KoTopbie o6c'IHTbtBanucb aa Ge-Li crreKTpoMeTpe. 
108 

Ag H.cteHTH~HUHposan-

cH rro rrepuoay rronypacrrana ( "' 66 MHH) H aHeprHH y -rrepexoaos. Ha pHc,8 

rroKaaaao pacrrpeaeneaue Sl.ctep 
108 Ag s ~oKanhaolt rrnocKOCTH nocne nepe-

C'IeTa KOOp.ctHH8Tbl B 3H8'19HHe Hp , npH 9TOM B8KYYMH851 CHCT9M8 cena-

paTopa 6bma aarronaeaa renHeM npH nasneHHH, 6nH3KOM K onTHManbHOMy, 

lOll 
Ha puc. 4a rroKaaaao paaperneHHe rro Hp .ctnH Ag B ~YHKUHH aas-

neHHH renHH, KpHB8SI HMeeT THIIH'IHYIO ~OpMy, KOTOp8S1 0Tp8)1{89T BnHSIHH9 

OCHOBHblX ~8KTOpOB 1 OIIpe.ctenHIOlllliX pa3p9lli9HHe: CT8THCTHKH rrepeaapSI.ctOK 

H MHOI'OKpaTaoro pacceHHHSI, PeaKoe yxyarneHHe paaperneHliH c pocToM aas­

neHHH OT OIITHM8nbHOI'O 3H8'19HHSI Bbi3B8HO MHOI'OKp8THblM paCC951HHeM, 3aBH­

CHMOCTio OT .[{8BneHH51 3.[{9Cb 6onee CHnbH8SI 1 '19M cneoyeT H3 (5), 3T0 1 O'le­

BHAH01 d6~HCHSI9TCSI TeM, 'ITO C ysenH'I9HH9M .[{8BneHH51 CHH)I{89TCSI cpellHSISI 

9Hepi'HSI HOHa B cerrapaTope; 9TO IIPHBOAHT K llOIIOnHHTenbHOMy ysenH'I9HH10 

;
2 

• npH CHH)I{9HHH .ctasneHHH OT OIITHM8nhHOI'O 3H8'19HliSI paapellleHHe T8K­

)1{9 yxyarnaeTCH B COOTB9TCTBHH C YM9Hblli9HH9M 'IHCna rrepeaapMHbiX coyoa-

peHHH, npa OIITHManbHOM .[{aBneHHH paapellleHHe - 3-3,5%, 

H a pHc, 46 rrpase.cteHbi aaHHbte .ctnH soaayrnHoro aarronaeHHH. HaHny'l­

rnee paaperneHHe 3.cteCb OKOnO 5%, BenH'IHH8 OIITHManbHOI'O .ctasneHHH IIpHMep­

HO B 7 pa3 M9Hblll9 1 '19M .ctnSI renHSI, 3TOT H3M9H9HHe Bbl3B8HO, C OAHOH 

CTOpOHbl 1 ysenH'I9HHeM C9'19HH51 IIepeaapMKH 1 C APYI'OH - B03p8CT8HH9M Cpe.ct­

Hero yrna MHOI'0Kp8THOI'O pacCeSIHHH (rrpH ~HKCHpOB8HHOM .ctasneHHH) rrpH 

rrepexone K soaayxy, 

10 

q 

! i 
,I 

i~ 

1,5 

7:::'{,0 
.() 

~ 
~ 
~ 

:;t 

8 
'-as 
<: 

flg (0.3 

l 

.3,S% 

82 84 86 88 90 92 g~ 

Hf (gauss-eN) 

Pr!C,3, PacrrpeAeneHI!e aKTIIBHOCTII 
103 

Ag B <jloKanbHOil rrnocKoCTII 63MC, 
aarronHHTenh He , p = 2,7 Topp. 
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PHc.4. a) PaapelliSHHe cenapaTopa nnSI HOHOB 
108 Ag B ¢YHKUHH naeneHHSI 

ren11eeoro aanonaeHHH; 6) TO *e nnH eoany111H0ro aanonaeHHH. 
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--------

BbmH nponenaHbi HexoTopble H3MepeHHSI c HOHSMH 
132 Xe • 3TOT Hac-

Ton yCKOpS!llCSI UHKllOTpOHOM B BHlle )l8BSITH38pS!llHOrO HOHS H8 TpeTbeA rap­

MOHHKe llO 9HeprRH 150 M9Bo D acne npoXO>Kll8HHSI BSKYYMHOrO OKHa cenapa­

TOpa ( 5 MK AI } H aonoToro pacceaaaTellSI { .. O,S Mxr/c~) 9HeprHSI 
132 

Xe CHH>Kanac& no .. 50 Mas. HcnonbaoaanHCb naa xonnaMaTopa: no paccea-

aaTenSI ny'IOK orpaHH'IHB8llCSI no paaMepy llO 1,5 X 15 MM ( BblCOTS) 1 noc­

ne pacceaaaTenSI Bblll8llSil1CSI nHanaaoH yrnoa oT 2 no 8°. B .Poxan&HoA nnoc­

KOCTH HOHbl 
132 Xe perHCTpHpOB8llHCb CKSHHPYIOIIlHM YCTpOACTBOM C nosepx­

HOCTHo-6ap&epHb1M lleTeKTOpOM. 

132 
Ha pac. 5 npaaeneHa aa&HCHMOCT& nonywHpHHbi ny11xa Xe no Hp 

oT naaneHHSI He • PaapeweHHe a onTHMyMe "'2,5%. Y nyqweHHe paapeweHHSI 

no Cp8BHeHHIO C TeM, 'ITO nony'leHO )lllSI 
103 Ag , no-BHllHMOMy, CBSI38HO 

CO Clle)lyiOIIlHMH o6CTOSITel1bCTB8MH: ao-nepBbiX1 H8 'MSirKOA' 'ISCTH cneKTpa 

103 Ag CHllbHee CK83biBaeTCSI MHOrOKp8TH08 paCC8SIHHe; BQ-BTOpbiX1 npaKTH-
192 

'leCKSSI MOHOXpOMSTH'IHOCTb Xe no CKOpOCTH fiOllHOCTbiO HCKlli0'188T BKll8ll 

a paapeweHHe qneHa (8). 

4.2. 3f/Jl/JeK 'l'H B HOC Tb 

DonHaSI s4>4leKTHBHOCTb B3MC onpe)lel1Sil18Cb KSK OTHOW8HHe SKTHBHOCTH~ 

Co6paHHOA Ha 4>0K8llbHOA nnoCKOCTH 1 K TOMY 1 'ITO BbllleTallO H3 MHWeHH. B 

9THX onbiTax aepTHKSllbHbiA paaMep c6opHHKa 6bm 60 MM. SlcHo, 'ITO a.p.pex­

THBHOCTb 38BHCHT He TOllbKO OT CBeTOCHllbl npa6opa, HO H OT rrno&oro pac­

npe)lelleHHSI aToMoa OTllS'IH. HaaecTHo, 'ITO nponyKTbi peaxuHA nonHoro cnHH­

HHSI C TSI>KellbiMH HOHSMH neT SIT npeHMyllleCTB8HHO B HanpaaneHHH ny'IKS / 10/ • 

Tio HSWHM OUeHK8M
1 

B cnyqae TOHKOA MHWeHH { .. 0,2 Mr/ CM2) BO BXO)lHOft 

TeneCHbiii: yron cenapaTopa non>KHO nonanaTb oxono 25% o6paayiOIIlHXCSI Slllep. 

3Ta UH4lpa SIBllSieTCSI aepXHeA rpaHHUeii: a.p.peKTHBHOCTHo 

Ha p11c. 6a np11aeneHbi peaynbTBTbi H3MepeHHSI s.P.PexTHBHOCTH B3MCa 
103 

LlllSI 8TOMOB 0Tll8'1H Ag B «PYHKUHII Ll8Bl18HHSI rellHSI LlllSI MHW8HH TOll-

WHHOH 1,7 Mr/cM2 • KpHBSSI HMeeT nnaTO B o6naCTH M8llbiX )l8Bl18HHH H Cfi8ll 

llllSI L18BlleHIIH 1 npeBbiWSIOIIlHX onTHMBllbHOe. 3TOT cna)l Bbi3B8H pa3MbiTHeM 

"aao6pa>KeHHSI' 38 C'leT MHOrOKpSTHOrO paCCeSIHHSI H nonallSHHeM 8TOMOB 

OTL18'1H Ha aepXHIOIO II HH>KHIOIO CTeHKH KaMepbl H BbiXO)l,HOro ll8Tpy6xa. AHa-

13 
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norHqHbiH BHn HMeeT H 38BHCHMOCTb 9~KTHBHOCTH OT naaneHH~ nn~ Boanym­

HOI'O aanonHeHH~ (pHC, 66), 

Bhma Hccnenoaaaa TaK*e aaaHCHMOCTb stfltfleKTHBHOCTH H paapemeHH~ 

OT TO.riiUHHbl MHIU9HH, 3To BS)KHO nn~ Bhi6opa Of!THManbHOH TOniUHHbl MHllie­

HH npH HccnenoaaHHH nponyKTOB peaKUHA c ManhiM BhiXonoM, CooTaeTCTBYIO­

IUHe peaynbTSThi npencTaaneHbi aa pHc. 7 nn~ 103 Ag (nn~ renHeaoro aanon­

HHTen~ npH naaneHHH 2,7 MM pT,CT,). C yaenHqeHH9M 'ToniUHHbl atfltfleKTHBHOCTb 

nanaeT H3-38 nayx npHqHH: BO-nepBbiX 0 C yaenHqeHHeM TOniliHHbl MHIUeHH 

yrnoaoe pacnpeneneHHe ymHp~eTc~ (Ha-aa pacce~HH~ B MHIUeHH); BO-BTO­

pbiX, 8TOMbl OTnaqH, BblXOn~IUH9 H3 rny60KHX cnoeB MHIU9HH 0 HM9!0T nOHH­

)K9HHY!O 9Hepi'H!O H qaCTHqHo Tep~!OTC~ 38 cqeT MHOI'OKpaTHOI'O paCC9HHHH 

B raae, 0nTHM8nbH8~ TOniUHHB MHlli9HH nn~ peSKUHA C aprOHOM (~ 200 M9B) 

paaHa .. 2 MrlcM2. 

HaMeHeHHe paapemeHH~ c yaenaqeaHeM TonmRHhi MO)KeT 6biTb noH~To, 

ecnR npHH~Tb BO BHHMSHHe BKnan qneHa (8) H yqecTb HeKOTOpOe "o6peaa­

HHe' no CKOpOCTH aa cqeT norn~IU9HHH 8TOMOB OTnaqR B raae H nOHH)K9H­

HY!O 9tPtPeKTHBHOCTb noaeneHH~ no tPOKanbHOA nnoCKOCTR MenneHHbiX ROHOB 

(Ka-aa pacceHHH~). 

HaMR oueHHBanacb TSK)Ke stfltfleKTHBHOCTb c6opa Ha tfloKanhHYJO nnocKOCTb 

a -SKTHBHOI'O H30TOna 
149 Th 1 nonyqHBlli9I'OC~ B peaKUHH Cd + 

40 Ar, 

D.n~ cnyqaH aoanymaoro aanonaeHH~ nonyqeao E = 5-6%. IToHH*eHHe atfltfleK­

THBHOCTH no cpaBH9HH!O C 
103 Ag 1 nO-BHnHMOMY 1 CB~38HO C MHOI'OKpaTHbiM 

pacceHHHeM, KoTopoe anecb 6onee cymecTBeHHO Ha-aa MeHbmeA cpenHeA 

9HeprHH H 6onbmero Z HOHOB, 

4,8, 3aBHCHMOCTb p8BHOBeCHOrO 38pH.Q8 OT CKOpOC'/)H 

BbiUie Y*e OTMeqanOCb 1 qTo RMeeTCH OTKnOHeHRe OT nHHeHHOCTH B 

38BHCHMOCTH paBHOB9CHOI'O 3ap~na HOHOB OT CKOpOCTH, B pa60T9 /1/ npen­

no)KeHO cooTaomeaHe (6) nn~ paaaoaecaoro aapMa. HaMH 6hmR npennpHH~­

Tbi H3MepeHHH nn~ OU9HKH BenHqHHbl X B npaKTHqeCKH B8)KHOM nnH HBC 

nHanaaoae naaneHHH. HaMepeHH~ npoaonHnRcb c nyqKoM'
84 Kr • HoHbi 

84 
Kr-+6 

ycKop~nHCb B UHKnOTpOHe no 9HeprHH "' 100 M9B, f1ocne npOXO)KneHHH Ba­

KYYMHOI'O OKHa HOHbl pacceHBanHCb Ha TOHKOH aonoTOH tflonbre' H BXOnHnK 

15 
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PHc,6, a) 3cjxpeKTHBHOCTb CenapaTOpa .ctnSI a TO MOB OT.cta'IH
108 Ag B cnyqae 

renHeaoro aanonHeHHH a ~YHKUHH aaaneHHSI; 6) To me anH aoa­
aymaoro aanonaeHHSI. 
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PHc.7.BnHSIHHe TomuHHbi aa napaMeTpbi E3MC: a) aaaHCHMOCTb a$jleKTHB-
aocTH oT TonmHHbi MHmeHH, HanonHHTenb He , p = 2,5 Topp. 
6) PaapemeaHe anSI 103 Ag , aanonHHTenb He , p = 2,5 Topp. 
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a cenapaTop noll yrnaMH > 2°. Ha BhiXOJle OHH perHCTpHpQBanHCb CKaHHpyiO­

IUHM ycTpoi!:CTBOM c noaepxaocTHo-6apbepHbiM JleTeKTopoM." Onpe)lensmHcb 

3H8'19HHSI Hp JlnSI HOHOB c paanH'IHOi!: saeprHei!:. DnSI H3MeHeHHSI saeprHH 

HcnonbaoaanHcb nornoTHTenH H3 opraHH'IecKoi!: nneHKH, BenH'IHHa 'x ' aaxo­

JlHnacb no COOTH01ll9HHIO, Bb!TeKSIOIUeMy H3 (7 ) 

X= -2 
fn(Hp)

1 
-l'n(Hp)

2 

fu(E/ E
2

) 

B cnyqae renHeBoro aanonHHTenSI JlnH p = 5,4 Topp, E !! 55 MSB, E ~3 M9B 
1 2 

(a ueaTpe KaMepbi) nony'leao x = 0,030± 0,015, DnH JlaBneHHSI 2,7 Topp, 

E 1 ~ 87 MSB, E 2~ 61 MSB nony'leHo x = 0,070± 0,035, 

DnH B03JlYillHO_ro aanonaeHHH B cnyqae p = 0,35 Topp E ,"" 61 MSB, 

E ~ 39 M9B nony'leHo x =-0,037::!: 0,019, DnH JlaaneHHH 0,7 Topp H E1 ;:: 

85 MSB, E 2 ~ 37 M9B OKaaanocb x =-0,075 ± 0,038. TaKHM o6pa3oM, aaa-

'leHHSI X JlnH renHH H B03JlyXa Cp8BHHMbl0 0JlH8KO 3H8KH H XapaKTep 38BH-

CHMOCTH OT JlSBneHHSI npOTHBOnOnO)I{Hbl, 

ct>ynMep H Kosa 11 I npeJlnonO)I{HnH, 'ITO 3Ha'leHHe X a cnyqae He 
onpe)lenHeTCH s~eKTOM JlaBneHHH a paaaoaeCHOM aapHJle, Oa aaKniOqaeTcH . 
B TOM, 'ITO C nOBbllll9HHeM JlSBneHHSI Cp9JlHHi!: 38pSIJl npH Jl8HHOi!: CKOpOCTH 

cnerKa pacTeT, 34K!JeKT sToT 6bin o6aapy)l{eH llacceaoM I 11 I npH H3MepeHHH 

paaaoaecaoro aapHJla OCKOnKoB H o6~Hcaea BopoM H liHHJlXSPJlOM, PoeT paa­

Hoaecaoro 38pHJl8 C JlSBneHHeM CBH38H C BKnSJlOM B036y)KJl9HHbiX COCTOHHHi!: 

B np<UteCC noTepH sneKTpOHOB. flpH MSnbiX Jl8BneHHHX Bp9MSl Me)I{Jly COyJla­

peHHHMH 6onbllle BpeM9HH Bb!CB9'1HB8HHSI B036y)KJleHHbiX COCTOHHHi!:, IT09TOMy 

paBHOBeCHhli!: 38pHJl onpeJlenHeTCSI Ce'leHHeM ITOTepH sneKTpOHa H3 OCHOBHOro 

COCTOHHHH, C pOCTOM JlSBneHHH B036y)KJl9HHble HOHbl He ycneBSIOT BbiCBeTHTb­

CH Me)KJlY COyJlapeHHHMH H sneKTpOHbl H3 B036y)KJleHHbiX COCTOSIHHi!: nerKo 

Cpb!BSIOTCH, 3To npHBOJlHT K yaenH'IeHHIO Ce'leHHSI noTepH H K pocTy paBHOBeC­

Horo aapHJla, Hcao, 'ITO s4K!JeKT JlaBneHHH 6yJleT paanH'IHhiM npa paanH'IHhiX 

CKOpOCTSIX HOHa: C yaenH'I9HHeM CKOpOCTH OH B03paCTaeT, 3TO npHB9Jl9T K 

OTKnOHeHHIO OT nHHei!:HOCTH B 38BHC¥MOCTH paBHOB9CHOrO 3apHJla OT CKOpOCTH, 

C yaenH'IeHHeM JlSBneHHSI 9TO OTKnOHeHHe JlOn)I{HO yMeHblll8TbCSI
0 

T,K, sc!>4JeKT 

Jl8BneHHSI npH6nH)I{8eTCH K HSCbiiUeHHIO, 

18 

flpH JlBH)I{9HHH HOHS B B03JlyXe no KSKHM-TO "aHyTpeHHHM" npH'IHHaM 

3H8'19HHe X OTpHUSTenbHOe, flOCKOnbKY s$c!>eKT JlSBneHHH npHBOJlHT K npo­

THBOnOnO)I{HOMY OTKnOHeHHIO OT nHHei!:HOCTH B e = f( V) 1 CyMMapaoe 3Ha­

'19HH9 X JlnH B03JlyXa JlOn)I{HO paCTH (no a6COniOTHOi!: BenH'IHHe) C yaenH­

'19HH9M Jl8BneHHSI, 

flonyqeaaoe aaa'leHHe X Mbl HCnonb30BanH JlnH OU9HKH KOMITOH9HTb! 

( ~Hn) 103 -==- B paapellleHHH Jl nH Ag , BbineTaiOIUero H3 MHilleHH TOniUHHOft H v 

1, 7 p MrlcM2, 3Ta BenH'IHHa OK83b!B89TCH = 2% npH OllTHMSnbHOM JlaBneHHH, 

4.4. BnHHHHe c rerreHH 'lHCTOTbi ra.aa. Ha. xa.pa.Krepac-

THKH B3MCa. 

B Ka'leCTBe aanonaHTenH HCcneJlOBanacb CMeCb renHH H B03Jlyxa. Uenh 

STHX H3MepeaHil. 6hma JlBOHKaH, Bo-nepBbiX, aa)I{HO aaaTh, KaK BnHHeT npH­

Mecb B03Jlyxa K renHIO aa paapellleHHe H 3Ha'leHHe Hp • 3To onpeJlenHT 

Tpe60B8HHSI K B8KYYMHOi!: CHCTeMe cenapaTopa, Bo-BTOpbiX, BapbHpyH CMeCb
1 

_MO)I{HO nnaaao MeHHTb aaa'leHHH Hp JlnH JlaHaoro aToMa OTJla'IH, 3To 

ll03BOnHT Jl06HTbCSI HaHny'llllero OTJleneHHH HY)I{HOrO H30TOna OT ITY'IKS 6oM-

6apJlHPYIOIUHX 'ISCTHU. 
103 

MaMepeHHH npOBOJlHnHcb c Ag 132 
H Xe • Ha pHc. 8 npHBeJleHo 

Hp B c!>YHKUHH npoUeHTHOrO COCT8Ba CMeCH llpH c!>HKCHpOB8HHOM Jl8BneHHH 

2,7 Topp. flpH H3MeHeHHH CMeCH OT 'IHCToro renHH JlO B03Jl~Xa Hp nnaa-

HO MeHHeTCSI, flonaoe H3MeHeHHe COCTaBnHeT ""19%, 3To cornacyeTCSI C 

pa3nH'IHeM paBHOBeCHbiX 3apHilOB B renHH H B031lyXe, H3MepeHHb!M llnH OCKOn­

KOB (c yqeTOM sc!>c!>eKTa JlaeneHHH )111, CneJlyeT OTMeTHTh, 'ITO paaaoaec­

Hbii!: sapHJl OKa3hiBaeTCH O'leHb 'IYBCTBHTenbHhiM K creneHH 'IHCTOThi He. 

flpHMeCb eosayxa e 1% MeHHeT Hp Ha 1%. 
103 132 

Ha pHc, 9 noKa3aHo paapellleHHe JlnH Ag 'H Xe e saBHCHMOCTH 

OT COCT8Ba CMeCH ( p "' 2, 7 TOpp), fl pHMeCb B03JlYX8 JlO 10% npaKTH'IeC-

KH He YXYJllllaeT paspellleHHH, 

4.5. Ka.na6poBKa. B3MC (aa.BHCHMOCTb Hp or A HZ) 

Ha ocaoaaHHH TeopHH Bopa-liHHJlXapna MO)I{HO O)KHJlaTb aaeHCHMOCTb 

MarHHTHOft )l{eCTKOCTH OT M8CCOBOrO 'IHCna H UOpHJlKOBOrO HOMepa, naeae-

19 
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Taaa CMeCH He + B031lyX ( p = 2, 7 TOpp) • 
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/2/ 
MYIO <jlopMynoil: ( 4). <PynMep H KoaH ycTaHOBHnH, 'ITO aTa <jlopMyna Mo-

*eT paCCMaTpHBaTbCH TOnbKO B Ka'leCTBe rpy6oro IlpH6nH*eHHH, DepBOe 

OTKnOHeHHe CBH3aHO C HenHHeil:HOil: 3aBHCHMOCTb!O paBHOB9CHOI'O 3apg~a OT 

CKOpOCTH, 8Topoe KacaeTCH 3aBHCHMOCTH paBHOBeCHOI'O 3apH~a OT IIOpH~KQ­

BOI'O HOMepa HOHa. <!>ynMep H KoaH nony'IHnH ~nH BenH'IHHbl 0 (7) 3Ha'le-
91 97 

HHe "'0,3, cpaBHHI'IaH Hp ~nH Sr H Zr • DpH 6onee 3H8'1HTenbHOM 

H3MeHeHHH Z (nepexo~ OT A=94 K A= 133) nony'leHo n ... 0,5. 3TH H3Me­

peHHH 6binH npoBe~eHbi ~nH renHeBoro 3anonHeHHH, Mbi npoBenH H3MepeHHH 

Up nnH HOHOB B ~Hana30He MaCC OT 84 ~0 149 ~nH renHeBOI'O H B03~YW­

HOI'O 3anonHRTeneil:. HawR pe3ynbT8Tbi no~TBep*~aroT BbiBO~ o aenpaBOMO'I-

l/3 % 
HOCTii e

0
,. Z o 0AH8KO H 38BiiCHMOCTb e

0 
,z 2 TBK*e He onHCbiBaeT 8K-

cnepRM9HT8 B wRpOKOM ~Rana3oHe A • 

Ha pHC. 10 npRBe~eHbl 8KCnepRM9HTanbHbie ~aHHble OTHOCRTenbHO 3Ha-

'19HHH Hp nnH pa3nR'IHbiX ROHOB. Bo BCex cny'laHX renReBoro 3anonHeliHH 

~aBneaRe 6bmo 2,7 MM pT.cT., B03~ywaoro - 0,35 MM pT.cT. B aTRX R3Me-
90 108 126 

peHRHX Mhi Bocnonb30aanncb pa~RoaKTRBHbiMR H~paMH Mo , Ag , Cs 

1i 
149 Th 1 KOTOpble nony'lanRCb npR o6ny'leHiili MHWeHeH 1i3 Fe , 68 Zn 

x) 40 ( ) 110 Zr H Cd I'IOHaMR Ar 185 Mas • J13oTon Sn B03HHKan npR 
2 22 

o6ny'leHRH Nb ( 1MrlcM ) ny'IKOM Ne (,. 120 MaB). Bee R30TOIIhi, 3a 

HCKnroqeaReM Tb , R~eHTR<jJRURpoBanRcb no ::meprRR y -nyqeJ:i,, R3MepHe­

MOH Ge-Li cneKTpoMeTpoM, R nepRo~y nonypacna~a. J13oTon 
149

Th n~eH­
TR<jJRURpoBancH no a -R3ny'leHRIO u nepRo~y nonypacna~a. 3TOT R30Ton 

K 149 
o6pa30BhiBancSI B pe3ynbTaTe -3aXBaTa Dy , BepoHTHOCTb ero npSI-

Moro o6oa3oBaHRH B oeaKURR Mana /12/. 

JlnSI Toro 'IT06hi BhiHBHTb 38BRCRMOCTb Hp oT Z aKcnepRM9HTanb-

Hhre A8HHble 6binli OTnO*eHbl B KOOp~RH8T8X fg .!!.e 1i f gZ , PRe, 11 OT-
A 

HOCHTCSI K cnyqaro renReBoro 3anonHHTenSI npR naBneHRH 2,7 Topp. Heonpe-

~eneHHOCTb no Z B paHOHe 8KCnepRMeHT8nbHbiX TO'I9K CBSI3aHa C TeM, 

'ITO pei'HC'Tp!ipyeMbl9 S!~pa MOI'YT o6pa30BbiBaTbCSI He TOnbKO npSIMO B peaK­

UHH, HO H 3a C'ieT (3 + -pacna~a H30TOnOB C 6onbWHM Z o 0TMeTHM 1 

'ITO B cny'lae 
90 Mo BKna~ H30Tona 

90 Ru , no-BH~HMOMY, aeBennK. B 

x) 2 
Ton!UII:Hhl Mlllll9Hei!: COCTaBnSinll: 3,0; 1,7; 1,5; H 1,7 MI'•CM- COOTB9T-

CTB9HHO. 

22 

130 
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H.f=f{R) /p ... const 
He p·2.7roP. 

bo3~!:1X p :. 0 35 TOP. o '"
9rc 

o t3l Xe • tlf9TC 

of25Cs 

o f'?s'n • t3z X e 
ofOJ/Ig 

Lo ogoA1 
8·'Kr t;o 

• • {OJ/'7 
84 Kr r19 

60 Bo 100 120 140 160 180 
fi 

P~~:c.lO. Kan~~:6poaKa E3MC. 3aBRCRMOCTh Hp oT A AnH ren~~:eaoro aanon­

HeHRH ( p = 2,7 TOpp, BepXHIIH PHA TO'IeK) II B03AYlliHOrO ( p = 
~ 0,35 TOpp), 
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~:manaaoae oT 
84 Kr ao 132 Xe TO'IKH ne)l{aT oKono npSIMoii, OTBe'lmomefi: 

n = 0,53 ( ¢lopMylla 7). 0JlH8KO 3H8'1eHHe Hp llliSI 
149 Dy pe3KO OTXOllHT 

OT STOH liHHHH ( "' Ha 15%), 

3Ta aHOM8liHSI noBTOpSieTCSI H llliSI B03llYillHOI"O aanOliHBHHSI ( pHC, 12). 

To'IKH llliSI 
84 Kr 103 Ag 132 Xe ne)l{aT OKOliO npSIMOH, COOTBBTCTBYIO-

me:l!: n ;;; 0,6. 3Ha'leHHe llliSI 
149 Dy OTXOllHT OT npSIMOfi: H8 16% • 

.UnSI HCCllellOB8HHSI STOfi: 8HOM8liHH 6hlll0 ITOlly'leHO eme HBCKOllbKO TO'IBK 

B 06llaCTH pellKHX 3eMellb, l1oH8MH aproHa C SHepl"'HeH (180-190) MSB o6ny­

'18liHCb MHIUBHH 
94 Zr , Rh , Ag , Sb X) • .Hapa-npOllyKThl peaKUHfi: pe­

I"HCTpHpOB8liHCb B ¢loKallbHO:l!: nliOCKOCTH Cli!OllSIHhiMH llBTeKTopaMH, 0ocne 

sKcnoaHUHH CliJOlla onpeaeneHHhiM o6paaoM o6pa6aThiBanacb ( OT)I{HI", TpaB­

neHHe ITli8BHKOBO:l!: KHCliOTOH 113 1), B pe3yllbTaTe 'IBI"O ITpOS!BliS!liHCb TOllbKO 

TpeKH OCKOliO'IHOI"O THITa. 8 Ka'leCTBe ¢loHOBOI"O OIThiTa 8li!OMHHHBB8SI MHIUeHb 

o6ny'Ianacb aproaoM. TaKHM o6paaoM 6hlliO ycTaHoBneao, 'ITO aTOMhi OTlla-

'IH, BhllleTa!OIUHe H3 "pa60'IHX" MHmeaeii, 'leTKO OTllBliSIIOTCSI OT ¢>oaa. Mo)I{HO 

nonaraTb, 'ITO B STOH o6naCTH Slllep OCHOBHO:l!: Bh!XOll peaKUHi!:, npoTeKa!OIUHX 

'lepe3 COCT8BHOe SlllpO, CBSI38H C HCnapeHHeM TOllbKO HeHTpOHOB, liH60 HBH-

TpOHOB H OllHOI"O ITpOTOHa. aTO npHBOllHT K HeOnpeaeneHHOCTH z npoayKTa 

paBHOH ±. 0,5. UeHTp T SI)I{BCTH B pacnpeaeneHHH MaccoBoro 'IHClla aon)KeH cooT­

BeTCTBOBaTb HCnapeHHJO 4-5 HyKliOHOB 
1141 • To'IHOCTb TaKoil: oueHKH A 

He Xy)l{e ± 1. H a OCHOB8HHH STOI"O M8KCHMYMhl pacnpeaeneHH Sl TpeKOB ITpH 

06lly'leHHH yKa3aHHhlX MHIUBHBH 6hlliH OTHBCeHhl COOTBBTCTBBHHO K H30TOIT8M 

129-tarLa-Ce) ' t38- 139 (Em-Eu), 142- 14t Gd-Tb ), 157-159 ( Tm-Er) • llnH 

npOBBPKH MBTOlla C ITOMO!Ub!O Cli!OllS!HhlX llBTBKTOpOB B ¢loKallbHOll ITliOCKOC-

TH pBrHcTpHpoBaliHCb npoayKThi pBaKUHH 
68 Zn + 

40 Ar • MaKCHMYM · pac-

npBllBliBHHSI TpBKOB npHXOllHTCSI aa 3Ha'IBHHe Hp , OTliH'IaiOmeecSI OT 

nony'leHHoro llliSI 
103 

Ag P.e 5onee, 'IBM aa 1%. 

PBaynhTaThi OIThiTOB co CliiOllSIHhiMH llBTeKTopaMH ITOllTBBp)KJl8IOT aao-

MaliHJO B o5nacTH PBllKHX 3BMBllb: paBHOBBCHhiB aapSIJlhi 3llBCb MeHhiUB, 'IBM 

STO CliBllYBT H3 SKCTpanOliS!UHH ll8HHhiX llll'il 50l1Be JIBI"KHX HOHOB, H 3BeCT­

HO, 'ITO ITpH ITBpBXO)le K PBllKHM 3eMliSIM H8'1HH8BT 38ITOliH'ilTbC'il rny50KO­

lle)l{a!U8SI 4f o50li0'1Ka. aTO, ITO-BHllHMOMy, npHBOllHT K YMBHblUBHH!O CB'IB-

x)TOlllU!!Hbl Ml!lUeHell J ,7; 2,2; 3; 0,9 Mf'•CM-2 COOTBeTCTBeHHO, 
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e3t1J 
4,00 

I 3,95 

~l'tlt 

3,~ 

/,6 {,7 1.8 C9Z 

PHc.!l. 3aBHCHMOCTb Hp I A OT Z , ren11esoe aarronHeHHe, p 2,7 TOpp, 
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~(l'j} 

3,95 

3,90 

3,85 
];t9t 

tt i 
3,80 t6 

1.7 1,8 e8z 

Pr!C.l2. 3aaHCHMOCTb Hp I A oT Z , B031lYWHoe aarronHeHHe, p = 0,35Topp. 

To'IKII t5ea CI!Maonoa rrony'IeHhi co Cli!OilRHblMH lleTeKTopaMH Rllep 

0Til8'II! II OTHOCSITCS! (B IIOpHilKe B03paCT8HIIH Z ) K129 - 130 (La-Ce), 
1as-1a9 (Sm-Eu) , 142-t44 (Gd-Th), 1~7-159 (Tm-Er). 
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HHSI noTepH aneKTpoaa a 
e AllSI A8HHO~O 3H8~8HIIH IIOHHO~O 3apgna. C npy-

~oft CTOpOHbi, paBHOB8CHOMy 38pgny OTBe~aeT p 8 seHCTBO Ce~eHIIH ITOTepH II 

38XB8Ta 9119KTpofi:a (ac ) • nocKOllbKY a ""et • YM8Hblli8HII8 a I rrpiiBO-
c 

AliT K CM811!8HH10 paBHOBeCHSl B CTOpOHy MeHblliiiX 3H8~8HIIH 3apHA8, 

ABTOpb! 6118~0A8pHbl 8K8A8MIIKY f .H. cl>neposy 38 IIHTepec K p860Te, 

a TaKJKe H. lllanHesoA II B.n. nepellbl~IIHY 38 ITOMOII!b B OI!blT8X co ClllOASI­

HblMH A8T8KTOpaMH. 
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