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PeaKUHH J:teneHHSI Slltep TSIJKe.llhiMH HOH8MH HHTepeCHhl C ABYX TO'IeK 3pe

HHSI, Bo-nepBhiX, OHH B8lKHhl .ll.llSI TeopeTH'IeCKOii TpaKTOBKH npouecca J:tene

HHSI CH.IlbHO B036yJKJ:teHHhiX Slltep, TaK KaK TOJibKO C llOMOIUbiO YCKOpeHHbiX 

TSIJKe.llhiX HOHOB MOJKHO nony'laTb KOMnayHA-Siltpa C BllO.IlHe onpeJ:te.lleHHblMH 

Z H A H BhiCOKOlf 9HeprHeft B036yJKJ:teHHSI B WHpOKOM HHTepsane 3Ha'leHHi!: 

Z
2
/ A • Bo-BTOpbiX, 9TH peaKUHH OTKpbiBaiOT npaKTH'IecKyiO B03MOJKHOCTb 

CHHTe3a HOBbiX 9.1leMeHTOB H H30TOUOB /l / 6nai"Olt8pSI TOMY, 'ITO IllHpHHa 

KpHBhiX M8CCOBOI"O H H30TOUHOI"O pacnpeJ:teneHHlf OCKO.IlKOB pacTeT C yaenH

'IeHHeM 9HeprHH B036yJKJ:teHHSI SIJ:tpa /2/, 

.Qng 9KCnepHMeHT8.1lbHOI"O onpeneneHHSI WHpHHhl KpHBbiX H30TOUHOI"O pac

npeneneHHSI He06XOAHMO OnpenenHTb OTHOCHTe.llbHhie BhiXOAhl B03MOJKHO 6onb

wero 'IHCna H30Tonos naaaoro aneMeHTa. BsHny Toro, 'ITO IllHpHHa H30Ton

Horo pacnpeneneHHSI B Y3KHX npeJ:tenax H3MeHeHHSI 8TOMHOI"O HOMepa OCTaeT

CSI llpH6.11H3HTe.llbHO llOCTOSIHHOi!:, TO A.llSI onpeJ:teneHHSI IllHPHHbl H30TOUHOI"O 

pacnpeneneHHSI MOJKHO HCUO.Ilb30B8Tb rpynny COCeAHHX 9.1leMeHTOB, .Qng 9TOA 

uenH HaH6onee yno6aolt rpynnolt SIB.IlSIIOTCSI penKHe aeMnH. 

B naaaolt pa6oTe H3y'lanocb H3oTonaoe pacnpeneneaHe penKo3eMenbHhiX 

OCKO.IlKOB J:teneHHSI A.llSI 9.1leMeHTOB OT La AO Gd 

HHH ypaaa HOHaMH yrnepoJ:ta, aeoaa H aproHa. 

, nony'leHHbiX · npH J:tene-

npH onpeJ:te.lleHHH OTHOCHTe.llbHhiX Bh!XOAOB H30TOllOB peAKHX 3eMenb 

B03HHKaeT He06XOAHMOCTb Bhlltene'H:HSI HX B paJ:tHOXHMH'IeCKH 'IHCTOM COCTOSI

HHH, 11Cll01lb30B8BWHeCSI paHee lt.llSI aHa.llOI"H'IHbiX 11eneii MeTOAhl HOH006MeH

HOii XpOM8TOI"pacPRH /3-4/ HMe.llR CyllleCTBeHHhlii He.llOCT8TOB: - 60.IlbWyiO npo

ltO.IllKHTeJibHOCTb OAHOI"O IIHK.Ila p83Ae.lleHRS11 AOXOAHIIIYIO AO HeCKO.IlbKHX 'laCOB, 
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flo3TOMY B ABHHO~ paOOTe A11SI paaAelleHHSI peAK039M911bHbiX 311eMeHTOB Obi-

1l0 peweHO npHMeHJiTb 31leKTpOMHrpaUHOHHbiH MeTon, HCI101lb30B8HHbiH paHee 

nnSJ paaneneHHB penxoaeMellbHo~ rpynnhl ocxonxoe ~oToneneHHSJ ypaaa /5/ 

3KCnepHM9HT8nbH8H ~aCTb 

To11CTBSI MHlli9Hb ("' 20 Mr/cM2 ll 0 ) Oo11y'la118Cb B Te'leHHe HeCKOllb-
3 8 

KHX '18COB H8 BHyTpeHH9M ny'IKe 300-CSHTHMeTpOBOf'O UHK110TpOH8 naoopa-

TOpHH S!AepHbiX peaKUHH 011Hi1 HOH8MH 
12 

C 1 
22 Ne H11H 

40 Ar C 3HeprHSJ

MH COOTBeTCTBeHHO 120, 200 H 300 Mae, flocne paCTBOpeHH.SI oony'leHHOH 

MHllleHH B HN03 H BHeCeHHSI HOCHTe11SI "' 50 t- 100 MKf' La+3 OCBlKA811HCb 

cpTOPHAhl 118HT8H8 H penKHX 3eMe1lb, flocne nepeeeneHHSI ~TopHAOB B f'HJlpo-

OKHCH OC8JlOK paCTBOpS111CSI B 7,5 N HCI , PaCTBOp IIpoiiyCK811CSI 'lepea Ko-

110HKY, aarronaeaayiO SHHOHHTOM Dow<'x -I B Cl' - ~opMe, A11SI yJlalleHHH 'le-

TbipeXBalleHTHbiX 91leMeHTOB 1 38XB8'1eHHbiX OCSJlKOM La F
3 

• 4>H11bTpaT, co-

JlepJKaewuii ece P33 H TpexeaneHTHbie aKTHHHJlhi, Bbicywneancg Jlocyxa, a 

aaTeM rrocTyrran aa anexTpOMHrpaunoaaoe paaneneaHe, BbiXOA cyMMhJ peJlKO-

38M81lbHhlX 911eMeHTOB IIO Jl8HHOH MeTOJlHKe COCT8B11Sl11 80%. 

.,.., 3neKTpOMHI'p8IlHOHHOe p83)leneHHe peJlK039MenhHbiX 

aneMeHTOB 

a} MexaanaM aneKTpoMHrpaunoaaoro paaJleneaHH 

Pa3Jle11eHH9 CMeCH HOHH3HpOB8HHhlX BeweCTB MeTOJlOM 911eKTpOMHrpa

ll11H B03MO:JKHO IIpH YC110BHH 1 'ITO p83Jl911SleMbl9 HOHhl pa311H'I8IOTCSI 11HOO no 

BellH'IHHe 38pS!Jl8 1 11HOO no Be11H'IHHe paJlHYC8 B f'HJlp8THpOB8HHOM COCTOSIHHH, 

llnS! ocymecTeneaaSI aneKTpoMnrpauHoaaoro paaJleneaHSI aaHoonee YJlOOHhl 

IIpHoophi Jl11SI snexTpo~opeaa aa aaepTHoM rropncToM aanonaaTene. PaanenSie

MaSI CM9Cb Jl011lKH8 OhiTb BHeCeHa B nopHCTbl~ Hano11HHTe1lb B BHJle Y3KOH 

30Hbl, Pa31lli'IH8SI noJlBHlKHOCTb HOHOB IIpHBOJlHT K ee pacwenneHHIO H noSlB-

11eHHIO HOBbiX 30H1 COOTB9TCTBYIOlliHX 'IHC11y KOMnoaeHTOB B CM9CH, P011b no

PHCTOro H8II011HHT911SI CBOJlHTCSI B Jl8HHOM cnyqae K rrpeJlOTBp8IIl9HHIO p83Mbi

B8HHSI 30H, 
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ll11SJ 3cp~eKTHBHOf'O p83Jle11eHHSI 011H3KHX IIO XHMH'IeCKHM CBOHCTBSM 31le

M9HTOB B COCTSB 9119KTp011HT8 H900X0JlHMO BB9CTH KOMn11eKCOOOp83YIOlliHe 

eemecTsa. HeonHaaxoeaSJ ycTo~'IHBOCTh o6paayiOwHXCSJ rrpH aToM KoMrrnexcahJX 

HOHOB SIB11SleTCSI IIPH'IHHOH IIOSIB119HHSl pa311H'IHH B Be11H'IHHe cpeJlHero 38pSIJla, 

8 1 C11eJlOB8T911bH0 1 H CKopOCTH MHrpaUH~ HOHOB p83lle11SI9Mh1X 9119M9HTOB, 

Kax H3B9CTH01 CKopOCTb 311eKTpOMHrpaUHH M9T811118 B paCTBOpe, B Ko

TopoM yCT8HBB11HB8eTCSI Ob!CTpoe paBHOB9CHe Me:JKJly BCei\m KOMII119KCHbiMH 

~OpM8MH: 

M + A -• MA 

MA +A -> MA
2 .......... 

MA +A 
n-1 

MA , 
n 

onHChiBaeTCSJ ypaeaeHHeM /6 I· 

u 
n I 

Uk+lf3 U [A] 
1 I I 

c 
l+lf3. [A] 1 

j I 

(1) 

(2) 

f'Jle lJ c - Cpel\HSISI CKOpOCTb MHf'p8UHH 311eMeHT8 0 U k - IIOllB,lKHOCTb ero 

KBTHOHHOH ~OpMbl 1 U I - IIOJlBHlKHOCTb i -oil KOMIIeKCHOH cpopMbi
1 

[A] - pae

HOBeCHSSI KOHUeHTpBUHSl 11Hf'8HJl81 n - M8KCHM811bHOe 'IHC110 11Hf'8HAOB, CBSI-

38HHhiX B KOMII11eKC 1 {3 I - KOHCT8HT8 YCTOH'IHBOCTH i -ro KOMII11eKCS, 

YpaeaeaHe (2) BhiBeneao B rrpellrronolKeHHH, 'ITO cxopoCTb ycTaaoene

HHSI pBBHOBeCHSI M9lKJlY KOMI111eKCHbiMH HOHSMH ( CM, ypaeaeaHe ( 1)) 3H8'1H

T911hHO rrpeeocXOllHT cxopocTh anexTpOMHrpauHoaaoro rrepeaoca, B aToM cny

'lae yaKaSI aoaa, conepJKawaSI ece HOHHhie cpopMhi naaaoro sneMeHTa, B npo

uecce MHf'PBUHH He 5yneT pacwerrnSITbCSl Ha 30Hbl
1 

COOTB9TCTBYIOlliHe HHAH

BHJlYB11hHblM KOMI1119KC8M, CxopOCTb IIepeMeweHHSI TBKOH 30Hbl
1 

HBXOASillleftCSI 

B AHH8MH'IeCKOM p8BHOBeCHH 1 oyneT orrpenenSJTbCSl BK118AOM OTAellbHbiX HOH

Hb!X COCT8B11SII01\IHX, 

YpaeaeHHe (2) onpeJlen.SJeT paaHoCTb M9lKAY eenH'IHHSMH cKopoCTH 

8119KTpOMHrpaUHH paanenSJeMbiX alleMeHTOB IIpH 111000ft 38A8HHOft paBHOBeCHOH 
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KOHUCI!Tp8UHH llHI'8HA8. Ecn11 npeA!IOllO>KIITb, 'iTO B paCTBOpe !IpOTeKaeT TOllb

KO OAHOCTylleH'i8TbiU npouecc KOMnlleKCOOopa30BaHHR, T,e, n =I , TO pa3-

HOCTb CKOpOCTeii 3lleKTpOMHI'paUHH ~!I c AllR ABYX 311eMeHTOB Bblpa3HTCSI 

C11CAYIOIUHM o6pa30M: 

~u =l!' -U"= 
c c c 

I'Ae f3 ;- > f3,' 

u ~ + u ; f3 I LA J 

+f3,(A) 

u~ + u'1' f3 1[A] 

I +f3)A) 
(3) 

cl>yHKUHSI ~U c((A) ) npoxo.nuT 'iepe3 MBKCHMyM. KoHueHTpaUHSI nu-

1'8HAa, npH KOTOpOH sljK!JeKT pa3.ctelleHHSI MaKCHMalleH, paBHa 

(A ) = ( f3 , f3 , ) - t/~ 
(4) 

.[lng 011H3KHX no CBOHCTBBM 3lleMeHTOB (naHT8HHAbl H TpaHCnllyTOHHeBbie 

311eMeHTbi) MO>KHO npHHSITb, 'iTO nO.ctBK>KHOCTH K8THOHOB H KOMnlleKCHblX HOHOB 

OltlfHaKOBbl: 

U'=U" 
k k 

U' =U" 
I I 

u 
k 

u 

B aToM cny'iaea~eKT pa3.cteneHHSI 6y.neT uenHKOM onpe.nenRTbCR Heo.nuHaKo

soll: ycTQ'l;'iHBOCTbiO KOMnlleKCHbiX HOHOB .ctaHHOft pa3cte11SieMoll: napbi, non

CTaHOBKa ( 4) B ypaBHeHHe (3) npHBOAHT K CllenyiOIUeMy Bblpa>KeHHIO A11SI 

~u 
MaKe. • 

~u 
c max 

V {3"/ f3' -I 

vf3"1f3' +I 

(U -!1 
k (5) 

LfeM OOllblUQ pa311K'iKSI B yCTOH'iHBOCTK KOMI!lleKCOB, TeM BbiiUe sljl4leKT 

P83Ae11eHHSI, 0TCIOA8 cnenyeT, 'iTO HaH1IY'iiUHMH KOMI!lleKCOOopa3yiOIUHMH Be

IUeCTBaMH npu pa3.neneHHII CMecell: penKo3eMenbHblX u TpexsaneHTHbiX TpaHc

nnyToHHeBbtX 311eMeHTOB RB11SIIOTCSI KOMUlleKCOHbl H, B 'iaCTHOCTK, 3TH1leHAHa

MHHTeTpayKCYCH8SI II l,2-AH8MHHUHK1IOI'eKCaHTCTpayKCYCHaSI KHC1l0Tbl, 
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YsenH'ieHHe rpanueHTa noTeHUuana nponopuuoHa1l&HO COKpamaeT npo

non>KHTen&HOCTb pa3aeneHHSI no Tex nop, noKa cKopoCTb aneKTpoMurpauuoH

Horo nepeHoca He CTaHeT cpaBHHMOH no Be1IH'iHHe CO CKOpOCTbiO YCTaHOB1le

HHSI paBHOBeCKSI Me>KAY KOMnneKCHbiMH HOH8MH pa3nenSieMbiX 31leMeHTOB, npH 

001lblllOH CKOpOCTH nepeHoca, T,e. npH BbiCOKHX I'panKeHTaX nOTeHUHana, AH

HaMK'ieCKOe paBHOBeCHe BHYTPH 30Hbl HapylllHTCSI BC1leACTBKe TOI'O, 'iTO Ka>K

ctaSI H3 cllopM (eM. ypasHeHHe (1)) 3a speMSI csoero cymecTsoaaHHSI ycneeT 

npoftTH non neftCTBHeM nonSI 3aMeTHOe paCCTOSIHHe. 3TO npHBeneT K pa3Mbl

B8HHIO .30Hbl H1IH Aa>Ke K ee pacmenneHHIO Ha OTAe1lbHbie KOMnOHeHTbi, H pa3-

neneHHe cTaHeT Heso3MO>KHhiM /7 I. 

TaKHM o6pa3oM, KHHeTHKa peaKUHA KOMnneKcoo6pa3osaHHSI a pacTaope 

ycTaHaB1IHBaeT ecTeCTBeHHbili: npeAen pocTa cKopOCTH pa3AeneHHSI cMecu. Hy>K

Ho OTMeTHTb, 'iTO no CpaBHeHHIO C HOHOOOMeHHOH XpOMaTOI'pacilueii 31leKTpo

cilope3 SIB1ISieTCSI 6onee ObiCTpb!M MeTOAOM pa3Ae1leHHSI, noCKOllbKY peaKUHH B 

paCTBOpe npoTeKaiOT C 601lbllleii: CKOpOCTbiO, 'ieM HOHHbiH OOMeH Me>KAY >KHA

KOH H TBepnoii cila3aMH (paCTBOp - CM011a). 

6) MeTonuKa aneKTpOMHrpauuoHHoro pa3aeneHHSI 

.[lnSI pa3Ae11eHHR CMeCH peAK03eMe11bHbiX 311eMeHTOB, Bb!AelleHHb!X H3 

ypaHa nOClle 0611y'ieHHSI ei'O TSI>Kellb!MH HOH8MH, HCn011b30B811CSI npHoOp A11SI 

npepbiBHoro sneKTpocllope3a Ha 6yMare. 

Pa3AeneHHe CMecu P33 npOH3BOAH1IOCb Ha nonocKax xpoMaTorpa¢uqec

Koll: 6yMaru saTMaH - 31 pa3MepoM 55 x 1 eM. KoHCTpyKuusr'' npu6opa noKa-

3aHa Ha puc. 1. MeTOAHKa pa3aeneHHSl 3aK11IO'ianacb s cnenyiOmeM. CMecb 

paAHOaKTHBHblX H30TOnOB peAK03eMe11bHblX 311eMeHTOB, conep>KaiUaSI AO 50 MKI' 

118HTaHa, BbiCYlllHBallaCb CIOCyXa Ha <fJToponnaCTOBOi!: nOAllO>KKe, 3aTeM CyXOH 

OCT8TOK paCTBOpS111CSI B 0,05 M1l 31leKTp011HTa. OTOT paC'rBOp C nOMOUibiO Ka

ITH1111Sip8 H8HOCH1ICSI Ha npensapuTe11bHO CMO'ieHHYIO S11eKTp011HTOM IT0110CKY 

xpoMaTorpacilH'ieCKoA 6yMaru. nocne sToro 6yMara noMemanacb s npH6op nnSI 

31leKTpo<flope3a no11 C110H KepOCHHa, 'iTO Heo6XOAHMO A11SI nonnep>KalHISI HY>K

HOft TeMnepaTypbl H npei10TBpameHHSI HCnapeHHSI B011bl 113 31leKTp011HTa, npo

nH.TbiB8IOUiei'O 6yMary. B Ka'ieCTBe sneKTponuTa ucnonh3osanucb 0,01% pacT

sop hi llByHaTpHeBOH C01IH STH1leHAHaMHHTeTpayKCYCHOH KHC110Tbl, Be11H'iHH8 

pH pacTsopos ycTaHasnusanacb a npe11enax OT 1,77 110 1,91. Pa3neneHue 
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ocymecTansmocb npH rpaJlHeHTe noTeHuHana 24 a/eM a Te'leHHe 70 MHayT. 

no OKOH'I8HHH p83JleneHHSI 6yM8I"8 BhiCYWHB8n8Cb, H C nOMOIUblO p8JlHOMeTp8 

C TOpUOBhlM C'leT'IHKOM onpeJlenSinOCb pacnpeJleneHHe 8KTHBHOCTH BJlOnb 6y

M8lKHOH nonoCKH. J18HT8H BO BCeX cny'laSIX HMen H8H60nbWY10 nOJlBHlKHOCTb 0 

'ITO n03BOnSinO nerKO HJleHTHcllHUHpOB8Tb 30Hbl OCT8nbHhlX ane-.MeHTOB• J.130TOn

HbiH COCT8B K8lKJlOH 30Hhl onpeJlenSinCSI C nOMOillblO y - cneKTpOMeTpa C 

Ge ( Li) - JlpeiicllOBhiM JleTeKTOpOM H 4096- K8H8nbHhlM aaanH38TOpOM /8/ • 

PaapeweHHe cneKTpoMeTpa 6binO He xylKe 4 Kaa. 

npoJlOnlKHTenbHOCTb BCeii p8JlHOXHMH'IeCKOH npoueJlyphl, H8'iHH8SI C paCT

aopeHHSI o6ny'leHHOH MHWeHH H JlO nony'leHHSI cllpaKUHH 'IHCTbiX peJlK03eMenb

HhiX aneMeHTOB0 COCTaanHna "' 2 '18C. 

C uenblO BhiSICHeHHSI B03MOlKHOCTH COKpameHHSI npOJlOnlKHTenbHOCTH pa3-

JleneHHSI CMeCH peJlK03eMenbHhiX aneMeHTOB 6bin DpOBeJleH pSIJl OnbiTOB no 

. 144 144 ( ' ) 
p83JleneHH10 paBHOBeCHOH CMeCH Ce - Pr 1 1; 2 = 17 MHH B 0,02% pacT-

aope TpHnoHa E npH pH = 1,96. BenH'IHHa rpanHeHTa noTeHuHana 6bma 

noahxmeHa c 24 llO 100 a/eM, a TeMnepaTypa - c 50 llO 70-80°C. Paanene

HHe npOBOJlHnOCb H8 nonOCK8X 6yM8I"H B8TM8H-31 p83MepOM 15 X 1 CM 

(pHC. 2). 

'l{HCTOT8 BhiJleneHHOI"O H 4 Pr npoaepSinacb nyTeM H3MepeHHSI nepHOJl8 

nonypacnaJ18 B Te'leHHe apeMeHH > 5 1'
1

; 2 • npaMeCeii 
144

Ce o6HapylKeHO 

He 6binO. 

Ha pac. 3 noKa~un npHMep onHoro H3 paaneneHHii CMeCH peJlK03eMenb-

HhiX ocKonKOB neneHHSI, nony'leHHhiX no peaKUHH
238 

u ( 
22 

Ne , r) • Aaano

I"H'IHhie peaynbT8Thi nony'leHhi npH o6ny'leHHH ypaHa HOHaMH yrnepona H ap-

I"OHa. 

BaaHMHoe aarpS13HeHHe peJlK03eMenbHhiX aneMeHTOB, onpeJleneHHOe no 

y -cneKTPY, He npeabiwano 0,1 %. 

KalKJlhiii H3 BhilleneHHbiX peJlK03eMenbHhiX aneMeHTOB conep:lKan 6onb

woii H860p H30TOnOB C BeCbM8 cnOlKHhiM Y - cneKTpOMo Y - cneKTpOMeT

pH'IeCKHii 8H8nH3 n03BOnHn HlleHTHcllHUHpOB8Tb cnellylOmHe H30TOnhi ( CM. Ta6n. ). 

nnSI nOJlC'IeTa 8KTHBHOCTH OTJlenbHbiX H30TOnOB K8lKllOI"O pellK03eMenb

HOI"O aneMeHT8 6binH HCDOnb30B8Hhl clloTonHKH nonHOI"O nornomeHHSI, JlnSI KQ

TOpb!X H3BeCTHbl KB8HT0Bble BhlXOJlhl / 9 /. Pac'leT npOH3BOJ1HnCSI no cllopMyne: 
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-400 
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PHc. 2. PaatteneHHe paBHOBeCHOil CMeCH c~ 144
- Pr 144 

B 0,02% paCTBOpe TpH-
noHa 5, pH = 1,96, E=100 a/eM, r = 5 MHH. 
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Pac. 3. PaatteneHHe P33, nony'leHHbiX no peaKilHH u ( 22 Ne , I) ; E=24a/cM, 
r • 70 MHHo 
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Ta6naua 

\ 
I 2 3 4 5 

KaaHTOBhle BhiXOilhl, OTHocaTellbHhle HHTeacaanocTR 
---

(' IH 285 :tu-reh 134 X 
H sueprRH Y -aany~eHRH OTilellbHhiX H30TOfiOB OT 

.~ II 

R8HT8H8 110 rallOllHHHH, nony~aeMblX npH o6ny'leHHH Pr 137 1,5 tJac Sil 54 
yp8H8 MHOroaapHIIHhiMH HOH8MH -

- .============~=====================~=============== 2,ID· 't!ac 298 X 77 
3sepras 

Pr 138 5II X 46 
nepaoa 

KaaHTOBhlll 0THOCHTeR&Hhle 790 X roo 
HaoTon Y - H3Ry'leHRH BhiXOil B% 

nonypacnaaa B KSB 
HHTeHCHBHOCTH 1040 100 

--
I 2 3 4 5 

Pr 139 4,5 tJac 5II 18 

40,22 qac 329 20 Pr 142 I9,~ tJCIC 1570 X 3,7 
140 487 40 La 815 19 

I 926 X IO Pr 14~ 5,98 't!ac 680 roo 
1596 96 750 85 

980 35 
141 1370 X La 3,87 'll8C 2 

9,25 UHH 650 X 1 Nd 147 
II ,06 AHH 91 Y. 28 

48 3r9 X 3 
La 142 900 9 lJ-30 4 

IOIU ~ 533 X I3 
1060 4 
ISSO x 5 - 1,8 't!&C II4~ 18 

.... 17 'll8C 208 X 17 r56 X 4 
CeliO 

265 IOO 210 27 
300 56 149 270 X 26 Nd 

518 30 327 X 5 
571 29 
606 44 

424 X 9 
783 - 541 IO 
829 - 654 9 

Ce 137 9,0 'll8C 446 X 2,3 Pm
148 5,4 .l(HH 551 27 

·9r4 15 
C laTm 255x 

1465 X 23 . . 34,4 qac II 

Ce 
1

• 140 ~He~ 165 X 80 Pml48m 41,8 .l(HH 289 X 
413 X 

I3 
17 

~,5 ~He~ I45 X 48 I 551 X 95 
630 X 87 
727 36 

33 qac 57 II 

~ 
916 21 

Ce 143 
293x 46 IOI5 20 
493 2,4 
668 7 p.,•• 
725 8 5j,I qac 286 X 2 

12 11 IS 



I 2 3 4 5 •• I 2 3 4 5 
-

Pm 150 2,68 qac 334 X 7I 

I 
F 1a7 I5,1 qac 64 c.? ,n 

402 ? 320 X 5 
?IOX 8 3?0 X 14 ( CJIOlKH~ 
831 ,. 18 4!3 X 'l.? 
8t!O .\. 12 4?? X 5 

II65 X 23 623 6 
!330 X 22 
1750 £. 10 - Gd 147 35 qac 229 ~~ 150 

395 X 85 

I 
15 I 2?,8 tiaC ?0 5 Pm ---

roo x 7 149 9, 5 ;IJ,!IR 150 ~ 48 
IS (CJIOl!t~ 

Gd 

I?O X 299 X 23 240 5 347 X 21 
2?5 6 
340 X 21 

I 
U9 

450 X 5 (CJIOlKH~ Gd I 8 t~ac 58 3 
660 3 363 9 
720 6 - x - JIMHJ.m YAOOIIhie ,2.\JIH pacqeTa aKTR:BHOCTM 

s 15 3 
• Ill 46,8 qac ?0 5,4 

103 X 28 

Sm 156 9,4 Gac 88 ~ 30 
166 -· IO 
204 X 20 
250 5 (CJIOi!Oii 
291 3 

F 147 21,5 AHeti 122 20 -II 

I98 ~ 24 
600 A 7 

F 14S 

'" 54 ,2.\Hfl 551 :{ I20 
620 90 

F 150 12,55 qac 334 X •II 4 
406 X 3 

!55 
Eu I ,8II ro,l\a 87 32 

105 20 

156 15,4 ,2.\lifl 89 X 8 Eu 

646 ? 
724 X 6 
812 9 

1070 X II 
IISO 14 (CJI07.1:H~ 

14 • 15 



A = S 0 Ko • l o • x 
I L, I L, I yL, I I (6) 

rae A I - a6COnJOTH8SI BKTHBHOCTb i - H30TOll8 B H3M9pS19MOA npo6e; 

Sf,l - nnOUl8Jlb cjJOTOllHK8 f -nHHHH i -H30TOna; Kf,l- KBBHTOBblit BbiXOJl 

f - nHHHH i -H30TOlla. 

'4ucno o6pa30B8BlllHXCSI 8TOMOB KB:IKJlOrO H30TOna 6binO nepeC'IHTBHO 

38TeM Ha MOM9HT HX B03HHKHOB9HHSI B SIJl9pHbiX peaKUHSIX, Oocne y'leTa BKna

Jl8 reHeTH'IeCKHX ueno'leK crpoHncSJ HOPMHpoeaHHbiA rpacj!HK Maccoeoro pac

npeaeneHHSI H30Tonoe peaxoseMenbHoA rpynnbi aneMeHToe. Ha pHc. 4 e Ka

'lecTee npuMepa npeacTaeneHbi MaccoBbie pacnpeaeneHHSI H3oTonoe peaxoae

MenbHbiX aneMeHTOB OT La ll.O Gd npH o6ny'I9HHH ypaHa MHOr038pSI.QHb!MH 

HOHBMH HeOHa H aproHa, l13 npeD.CTaeneHHOA Ha :3TOM pHCYHKe KapTHHbl BH.O

HO, 'ITO Maccoeoe pacnpeaeneHHe HsoTonoe peaxoaeMenbHbiX aneMeHToe npe

TepneeaeT 3!iB'IHTenbHOe pacuiHpeHHe c pocToM napaMeTpa Z2 I A /10/, 

8hiBOltbl 

l, Paspa6oTaHa MeTO.OHKa anexTpoMurpauHOHHoro pasaeneHHSI peaxo

seMenb!J:biX OCKOnKOB .QeneHHSI ypaHa TSnKenbiMH HOH8MH, 

2, l13M9p9Hbl OTHOCHT9nbHb19 Bb!XO.Qbl H30TOllOB La , Ce Pr , 
Nd Pm , Sm , Eu H Gd npH aeneHHH ypaHa HOHBMH yrnepoaa, Heo-

Ha H aproHa, 0ocTp09Hbl KpHBbl9 MaCCOBOro pacnpeaeneHHSI H30TOllOB pe.QK0-

39M9nbHb!X aneMeHTOB, 
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