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J.1crronb30B8HHe yCKOpe HH biX MHOI'038pHJJHbiX HOHOB JJaeT B03MO>KHOCTb 

I 1,21 
H3Y"'8Tb rrpouecc neneHHH O"'eHb TH>KenbiX ( Z > 1()()) B036y>KAeHHbiX HJJep • 

no Jl8HHbiM TapaHTHHa/3/ H JJpyrHX aBTOpOB/4,51, B o6nacTH S!Jlep c z,. 100 

JJenHTCH rrpeHMyll1eCTBeHHO COCT8BHOe HApo, IIpH 3 TOM Ce"'eHH e neneHHH 6nH3-

KO K reOMeTpH"'eCKOMy. 

8 HBCTOHWeli: pa6oTe orrpeneneHbl BbiXOAbi HeKOTOpbiX IIpOJJYKTOB nene-

HHH HApa C Z = 110 H3 B036Y>KJleHHOI'O COCTOHHHH 0 o6pa30B8Bllle!'OCH B 

238 40 
peaynbTaTe B38HMOJJeli:cTBHH ypaHa - 238 c aproHoM-40 ( U + Ar .. 110 .. f), 

a TaK»<e cnenaHa rrorrbiTKa oueHHTb HeKoTopbre xapaKTepHCTHKH rrpouecca 

neneHHH nnH 3Toro c ny"'aH. 

3KcnepHMeHTBnbHBH qaCTb 

06ny "'eHHe ypaHa IIpOH3BOAHnOCb HB BHyTpeHHeM IIy"'Ke UHKnoTpOH8 

MHOI'038pHAHbiX HOHOB 0J.1.SH1. 

MHllleHb rrpeACTBBnHna C060li: enol!: ypaHa B BHAe US 0 e' TOniUHHOli: 

3,5 Mr/cM2, HBHeCeHHbili: H8 40-MHKPOHHYIO aniOMHHHeByiO cjJonbry 3neKTpo

nH30M H3 8UeTOHOBOI'O paCTBOpa ypaHHnHHTpaTa/6/. llnH IIOrnoiUeHHH OCKOn

KOB neneHHH 0 BbineT8IOll1HX H8BCTpeqy IIy"'KY HOHOB 0 rrepen CnOeM U S 0 
8 

yCT8-

H8BnHBanaCb aniOMHHHeBaH cjJOnbra TOnWHHOli: 10 MK. 3HeprHH HOHOB Ar+7 

rrocne rrornoTHTenbHOA cjJonbrH cocTasnHna 270 Maa, TOK - 1-3 MKa. 

B HeKOTOpbiX cny"'aHx Of<HCb-3BKHCb ypaHa ( U 3 0 8 ) HaHocHnacb cnoeM 

15-20 MrlcM2 Ha ToncTyiO _ aniOMHHHeByiO oxna»<naeMyiO aonoli: rrnacTHHy. 3Ta 
. 0 

MHIUeHb ycTaHaBnHBanacb IIOA yrnoM 12-15 K IIy"'KY yCKopeHHbiX HOHOB. 

3aeprHH HOHOB aproaa TBK>Ke COCT8BnHna 270 M 3B 0 TOK - 3-7 MKa. Bpe-

MH o6ny"'eHHH B p83Hb!X Oil biT8X H3MeHHnOCb OT 5 JlO 12 "'BCOB. 
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MHweHh nocne o6ny~eHHR pacTBOpRnach B a30THO~ KHcnoTe, nepea 

pacTBopeaHeM ao6aBnRnHcb HOCHTenH: Ag, Te , Ba , La, 'tb H Au ,Pa3aene

HHe a neMeHTOB npoH3BOllHnoch no cxeMe, noKa3aHHofi aa pHc , 1, 

Cepe6po, BbiL~eneaaoe H3 pac TBopa nocne ao6aaneHHR conRHOH KHCnOTbi 

B BHae Ag Cl, pacTBopRnocb B 10% pacTsope NH 
4 

o· H H o6pa6aTbiBa-

noch rHapooKHCb~ ~ene3a, nocne aToro cepe6po oca~aanoch cepoaoaopo-

aoM, OcaaoK pacTaopRncR 

noch B BHae Ag Cl. 

B 830THO H KHCl!OTe H cepe6po BHOBh Bhlllel!R-

BapHfi, oca~aeHHbifi B Blllle Ba SO 4 , pacTBOpRnCR B 0, 1 M pacTsope 

aTHneaaHaMHHTeTpayKcycaofi KHCl!OTbi B cMecH c NH 4 OH 17 I, 3BTE!M oca~-
ll8liCR K8p60H8TOM H8TpHR, nocne paCTBOpeHHR Kap60H8T8 6apHR rrpOH3BOllH

l!OCh OC8~lleHHe ero B BHlle HHTp8T8 H3 KOHUeHTpHpOB8HHOH 830THOfi KHCliO-

Tbi, 0KOH'IBTenhHO 6apHfi oca~aancR B BHae Ba CrO 4 

PeaKo3eMenhHhle aneMeHThl, oca~aeaawe B BHae ~TopHaoa, pacTaopR

nHch B CMeCH 830THO~ H 6opHOfi KHCliOT H 38TeM OC8~ll8l!HCh 8MMH8KOM 

B BHlle rHllpOOKHCH, 0C8llOK rHllpOOKHCH paCTBOpRl!CR B 830THO~ KHCl!OTe 

H ynapHBancR aocyxa. HHTpBThl peaKo3eMenhHhlX a neMeHTOB pacTBOpR~HCh 

B cMecH CH 3 OH ( 95%) H 5M HN0'3 (5%) H pacTaop nponycKancR 'Iepe3 

XpOM8TOrpa~H'!eCKY~ KOliOHKy CO CMOliOH flayaKC 1 X 2, npH 9TOM HB 

KonoHKe aacop6HpoaanHCh nerKHe peaKo3eMenhHbie aneMeHTbi, a TR~enbie -

BbiMbiBBl!HCh/8/. JlerKHe naHTBHHllbi aecop6HpoaanHcb 0,1M pacTBopoM a3oT

HOI KHCl!OThl, ~p8KUHH TR~el!hlX H nerKHX pellK03eMenhHhlX aneMeHTOB p83-

aenRl!HCh OTllel!hHO HB XpOM8TOrpa~H'!eCKOH KOliOHKe CO CMOliOH flayaKC 

50 x 10/9/. 3n~HpoaaaHe npoH3 aoaHnoch pacTaopoM naKTaTa aMMOHHR c 

KOHUeHTpauHei!:, nnaBHO H3MeHR~WelcR OT 0,11 llO 0,4M npH pH = 4,67 H 
0 

TeMnepaType KOliOHKH 87 C, 3n~BT C06Hp8l!CH no KannRM H H3MepRl!CR HB 

y _ , H {3 -C'I~T'IHK8X lll!R onpeaeneHHR nono~eHHR nHKOB pellK03eMenh-

Hb!X aneMeHTOB, 

3onOTO H Tennyp Bhlllel!RliHCh H3 p8CTBOp8 BOCCT8HOBneHHeM HX llO 

aneMeHT8pHOrO COCTOHHHH H3 6M~COl!HHOKHCl!OrO paCTBOpa cepHIICTb!M r830M, 

0C8llOK paCTBOpRl!CH B KOHUeHTpHpOBBHHOfi COliHHOfi KHCl!OTe npH nponyCK8-

HHH aneMeHTapaoro xnopa. 

3onOTO 9KCTparHpOB8liOCb H3 5M p8CTBOp8 COliRHOH KHCl!OTbl 9THli8UeT8TOM, 
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Oocne ynaneHHH opraHH'!eCKO~ ~a3bi aonoTo s paa6asneaao~ aaoTHo~ KHCnoTe 

BOCCTBHBBnHBBnOCb AO MeTanna, 0oBTOpHOe BOCCT8HOBneHRe 30nOT8 HHTpR

TOM H8TpHH rrocne paCTBOpeHHH ero B CMeCH 830THO~ H COnHHOH KHCnOT 

o6ecrre'!HBano ero paAHOXHMH'!eCKYIO '!HCTOTY ( CM, pRe, 2) • 

Tennyp, ocTaswH~CH B pacTsope rrocne 3KCTpaKUHR aonoTa, cop6Hpo

sancH H8 HOH006MeHHO~ KOnOHKe C 8HHOHHTOM ilay3KC 1 X 2/10/, Tiocne 

rrpoMbiBaHHH KonoHKH 5M HCI Ami yAaneHRH ceneHa, Tennyp 3n!OHposancSJ: 

paCTBOpOM 1M COnHHO~ KHCnOTbl H BOCCT8H8BnHB8nCH cepHHCTblM ra30M AO 

a neMeHTapHOrO COCTOHHHH, 

B HeKOTOpblX cnyqagx H3 o6nyqeHHO~ MHllieHH BbiAenHnCH HOA H rranna 

AH~. Hon, no6asneHHbl~ rrepen p8CTBOpeHHeM MRWeHH B BRAe HOAHA8 0 OKHC

nHnCH AO aneMeHT8pHoro COCTOHHHH, PaCTBOpeHRe MRWeHH llpOR3BOARnOCb 

a crreuHanhHO~ ycTaHOBKe nnH AHCTHnnHUHH aneMeHTapHoro Hona. HoA ynasnH

aancH paCTBOpOM cynb~HTB H8TpHH 0 H3 KOTOporo, llOCne yrrapHB8HHH paCTBOpa 

H OKCHneHHH HHTpHTOM H8TpHH B 830THO~ KHCnOTe 0 8KCTparHpOBanCH '!eTb!pex

XnOpHCTblM yrnepOAOM, EpoM B 3THX ycnOBHHX He OKHCnSJ:nCH, ilanee ROA 

CHOB8 BOCCT8H8BnHB8nCH AO ROAHA8 cynh~HTOM HaTpHH R OC8*AanCH B BR

ne Ag J . 
TiannanH~ oca*AancH AHMeTHnrnHOKCHMOM H3 cna6oaMMHa'!Horo pacT

Bopa. Oocne paCTBOpeHHH OC8AK8 B CMeCH COnHHOH H 830THOH KHCnOT rrpo

BOAHnHCb l!OBTOpHbie rrepeoca*AeHRH, TiepeA K8*Ah!M OC8*AeHHeM paCTBOp 

o6pa6aTbiBancH rRApOOKHCb!O *eneaa AnH yAaneHHSJ: rrpHMeceii. 

XHMH'!eCKH~ BhiXOA 3neMeHTOB orrpenenHnCH secoBbiM HnH crreKTpo~oTo

MeTpH'!eCKHM MeTonoM. HAeHTH~HKaUHH H30Torros rrpoHasonHnacb rro rrepHOAY 

rronypacrraAa H 3HeprHH y -KBaHTOB/ 11 I. 

HaMepeHHe y -crreKTpOB rrpOH3BOAHnOCb Ha CUHHTHnnHUHOHHOM H rrony

!IpOBOAHHKOBOM Ge ( Li ) y - crreKTpoMeTpax. CuHHTHnnHUHOHHbiH y -crreKTpo

MeTp MonenH S -24 Intertechnique c KpHcTannoM N a J ( Tl ), paaMepoM 

3 x 3 nJOiiMa, HMen pa3pemeHHe .. 8% nnH y -nyqeif 
137 Ca • 

TionyrrpOBOAHRKOBbl~ y -Cl!eKTpOMeTp C '!YBCTBHTenbHb!M o6'heMOM 

Ge(Li)- neTeKTopa 8,5 CM3 R perRCTp8UHe~ Cl!eKTpa H8 MHOrOK8H8nbHOM 

a MrrnHTYAHOM aHanH3aTope AH -4096 HMen aHepreTH'!eCKoe paapeweHHe 5 Kas 

(He3aBHCHMO OT aaeprHH y -KBaHToa)/12/, Hcrronb30BaHHe TaKoro crreKTpo

MeTpa ll03BOnHnO yaepeHHO HAeHTH~HUHpOB8Tb HeKOTOphle H30TO!Ihl peAK03eMenL -
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HbiX aneMeHTOB H HTTpH5! nocne ITOBTOpHOH O'IHCTKH QJTOJ.HlllOB 6e3 HX p83JleneHH5! 

aa aneMeHTbi/2,12/, B KaqecTBe rrpHMepa pa6oTbi Ge (Li) y - cneKTpoMeTpa 

H p8llHOXHMH'leCKOH 'IHCTOTbl aneMeHTOB H8 pHC, 2 IIpHBelleH y -crreKTp, 

HMeJOmHX OTHOCHTenbHO M8nbii1: BbiXOil H30TOITOB 30nOT8, H3MepeHHbiii qepe3 

55 '!8COB nocne KOHU8 o6ny'leHH5!, 

OnpeneneHHe BbiXOilOB H3oTonoB K KOHUY o6ny'leHH5! npoH3BOilHnocb no 

IInomallH QJOTOIIHKOB C Y'l~TOM XHMH'!eCKOrO BbiXOil8 aneMeHT8 , rrepHOJl8 rrony-

p8CII8Jl8 H30TOII8, aHepreTH'!eCKOii 3QJQJeKTHBHOCTH y -cneKTpOMeTpa H OTHO-

CHTenbHOrO BhlXOJl8 y -KB8HTOB C Jl8HHOi! 3HeprHei1: /11/, 

Pe3yllbTBTbi H o6cy)l(aeHH; 

0THOCHTenbHhlil BhlXOJl H30TOITOB, o6pa30B8BWHXC5! B pe3ynhT8Te JleneHH5! 

ypaaa, o6ny'leHHoro ycKopeHHbiMH HOHaMH aproHa , rrpHBeneH B Ta6nHue. 

iln5I p8C'l~T8 M8CCOBOro pacrrpeJleneHH5! npoJlyKTOBJleneHH5! H8 OCHOB8-

HHH BhlXOllOB OTllenbHhlX H30TOIIOB Heo6XOllHMO orrpenenHTb BKn8ll ll8HHOrO 

H30TOIT8 B BhlXOJl IIpOilYKTOB JleneHH5! 3TOil M8CChl, npennonaranOCb, 'ITO He-

38BHCHMbie BbiXOllbl H3068pOB C 38p5IIlOM Z CHMMeTpH'lHO pacrronaraJOTC5! 

OTHOCHTenbHO H8H6onee Bep05ITHOrO 38p5IIl8 OCKOnKa ll8HHOi! M8CCbl Z H 

COOTBeTCTBy!OT p8CIIpeneneHH!O faycca/13/: 

p ( z) = 
1 --===-e 

JrrC 

(IE -IE I A)] 
2 

c 

rne p ( z)- Bep05ITHOCTb 05p830B8HH5! IIpOllYKT8 neneHH5! ll8HHOi! M8CCbl C 

38p5!Jl0M Z C -napaMeTp, X8p8KTepH3Y!OIUHi1: WHpHHY 38p5IIlOBOrO pac-

rrpeneneHH5! H He 38BHC5ImHi! OT M8CChl, iln5! onpeJleneHH5! BKn8Jl8 KYMYn5ITHB

HOrO npollyKT8 neneHH5! B BhlXOil M8CC He06XOJlHMO 3TO BhlP8*eHHe HHTerpH-

poBaTb no Beet! uerro'!Ke f3 -pacnaJla . 

OnpeneneHHe HaH5onee Bepo5ITHoro 38p5IIl8 Jl8HHOii MaCChi z P (A) rrpH 

JleneHHH MHOr038p5IllHbiMH HOH8MH npOH3BOllHnOCb, K8K H B pa60T8X/1 • 2/, H8 

OCHOB8HHH rHnOTe3hl p8BHoro CMeiUeHH5! 38p5!JlOB/14/,KOTOp85! IIpHMeH5In8Cb 

K rrepBH'!HbiM OCKOnK8M ( T.e, llO HCnapeHHSI Hei!TpOHOB), l.JT06bi rrepei!:TH K 

ITpOil_YKT8M JleneHHSI1 IIpenrronaranOCb, 'ITO 'IHCnO Hei!:TpOHOB, HCITapSI·!OWHXCSI 

H3 Ka*Jloro ocKonKa, rrporropuHoHanhHO ero Macce. 
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t 
) 

no oueHKaM, npOH3BeAeHHhlM Ha OCHOBaHHH pa6oT/1,2/, qHCnO HCna

pHBlliHXCH He~TpOHOB npH aeneHHH KOMnayHA-HApa COCTaBnHeT 10-13, a napa-

MeTp C ne~HT B HHTepBane OT 2 AO 3. 

Ha OCHOBaHHH 3THX npearrono~eHH~ no Bh!XOAaM OTAenbHh!X H30TOnOB 

(eM. Ta6n.) 6hmH paccqHTaHhi BhiXOAhi npoayKTOB aeneHHH no MaccaM. Ta

KHe pacqAThl 6hlnH rrpoBeaeHhl C yqATOM BhlneTa npH aeneHHH KOMrrayHA-HApa 

10, 11, 12 H 13 He~TpOHOB npH pa3Hh!X 3HaqeHHHX napaMeTpa C OT 2 AO 3. 

HaHnyqrnH~ peaynhTaT, KOraa BCe TO"!KH yKnaAhiBanHCb Ha nnaBHYIO CHMMeT

pHqHyiO KpHBYIO Bh!XOAOB MaCC npoayKTOB aeneHHH, nonyqHnCH B npeanono

~eHHH, qTQ npH aeneHHH COCT8BHOrO HApa HCnapHeTCH 11 HeaTpOHOB H na-

paMeTp C = 2,6. 

Ha pHc. 3 rrpHBeaeHhi paccqHTaHHhie rrpH yKaaaHHhiX rrapaMeTax 

HHH BhiX oaoB Mace, Bhipa~eHHhie B npoueaTax oT o6wero BhJxoaa 

CrrnornHaH KpHBaH - HOpManbHOe pacrrpeaeneHHe raycca/2/: 

(A -A )
2 

Cp 
c' 

P(A) ___,,;;.1,__ , e 

( 200%). 

rae P (A) - BepoHTHOCTh o!SpaaoBaHHH npoayKTOB aeneHHH aaaaofi MaCChi, 

A - rronOBHHa CYMM MaCChi MHllieHH H ycKopeHHOfi qaCTHUhl C yqATOM 
cp 

HCnapHBlliHXCH HefiTpOHOBi C ' - napaMeTp, xa p aKTepH3y!OlUH fi lUHpHHy 

MaccoBoro pacnpeaeneHHH. B aaHHOM cnyqae A cp = 133,5, a napaMeTp 

C = 1600. KaK BHAHO H3 pHCYHKa, pacnpeaeneHHe faycca XOpOlUO COOT

BeTCTByeT 3KCnepHMeHTanbHh!M A8HHhiM. illHpHHa 3TOrO pacnpeaeneHHSI Ha 

rronOBHHe Bh!COThl COCTaBnHeT - 60 MaCCOBhiX eaHHHU. no OUeHKaM, npo

BeaeHHhiM Ha OCHOBaHHH pa60Thl/ 16 / , Bh!XOA npOAYKTOB aeneHHH B MaKCH

MyMe COCTaBnHeT OKOnO 20 M6apH. 

llnH cpaBHeHHH sa pHc. 3 npHBeaeso MaccoBoe pacnpeaenesHe npo-

AYKTOB aeneHHH ypasa, o6nyqessoro HOHaMH seosal 1 I, TaK~e BhJpa~essoe 

B npoueHTaX OT o6rnero BhiXOAa. KaK BHAHO H3 pHCyHKa, lUHpHHa MaCCOB

ro pacnpeaeneHHH B cnyqae aeneHHR ypasa, o6nyqessoro HOHaMH aprosa, 

HeCKOnhKO 6onhrne, qeM npH aeneHHH ypasa, o6nyqessoro seosoM 

Boa6y~aeHHH "' 90 M aB). TaKoe HaMesesHe rnHpHHhi MaccoBoro pacnpeae-

z 2/A neHHH c yBenHqeHHeM rrapaMeTpa xoporno cornacyeTCH c aKcnepHMeH-

TanhHhiMH IJaHHb!MH pa60Th/2/ • 
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Ha pHc, 4, rLle Ll8 Hhi Ll HijlljlepeauH a nbHaH H HHTe rpanbHa H KpHBbie p a cnpe

LleneHHH faycca C II8p8MeTpOM C = 2, 6, H8HeCeHbl T O'IKH p acnpe!leneHHSI npo

LlYKTOB LleneHHSI ITO 38p5!Ll8M, K a K BHLlHO H3 pHCYHKa, Ll8HHbie XOpOiliO COOT

BeTCTBYIDT Bhl6paHHOMy rrapaMeTpy C LlnSI 38pS!LlOBOrO pacrrp e Ll eneHHSI, 

B 38KniD'IeHHe 8BTOpbl B b!p8>K8IOT CBOIO r n y6oKyiO 6 narOLl8pHOCTb r.H.<l>ne-

poay 3 8 rrocTaHOBKY 3a~R'IH, H.3aape H ID.U.OraaecHHy 38 rrone3Hhle o6-

CY>KLleHHH pe3ynbTaToB, a TaK>Ke 3. ill ernoBCKOMY H H . H . l.Jy6 y pKoBoi% 3 8 rroMOllib 

B IIpOBeLleHHH 9KCIIepHMeHTOB, 
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3JieMeHT [ 3oru n Tl/2 E 
ttac tl 

u3J3 

39 y 92 3 ,5 560 
93 IC ,3 267 

• 8 Pd 109 I3,5 90 

H 
Ag I II IBO 342 

II2x 3ri4 617 
Te II9 I5,9 fi!45 H 

I32 77,7 230 
J I3I 193 360 ~3 

Ba 131 288 I24 
~8 

I 40 307 537 
51 

La I40x 40, 2 4[,7 
Ce I43 33,0 293 ~~ 

Pm 
l SI 27,S I7C 8 1 

Sm 
153 'a,o I05 82 

I 56 9 ,'+ 204 
Eu I 57 I5,I 370 83 

Tb I 53 55 ~1 2 "' I56x I34,4 199 
UDy I 57 B,I 326 

Tu 167 230 2IO 19 

Au I93 I5,8 II4 79 

I94x 39,5 328 ' 
I96x ~ 4tl 356 
I98x 64,9 ~I 2 

199 75,6 I 58 

X) JKpaHHpOBaHHU9 H~pa. 

Ta6 .'l~!l\a 

BbJ XO)( Buxo,l\ Bb!XO.Z:: 
- RBUHT a H80TOna Mace ~ 
% OTH , e,n: , OTH , e,n:. 

2, o 2 ,0 3,I 
6 ,C 1,6 .... ? 

v , ~ 

5, 0 3 ,7 6 ,0 

6 ,0 4,0 8,7 
4I 3,0 8, 6 
85 O,I2 II ,o 
90 r,r 12 ,2 
82 fi ,4 r2, e 
28 7, 2 13,6 
34 r,o I2 ,4 
40 2, 4 IO, O 
46 2, 0 I0,7 

18 n ? 
.j, · - 8,7 

28 4 r 

' I 9,0 
20 1,2 7,1 
I 4 3,3 ?,8 
30 0 ,22 8 ,8 
40 1, 2 e,o 
90 0 ,32 7,5 
43 0 ,5 4,8 
5,0 0 ,2I 0,70 

6o 0 , 2 O,Fi7 
94 0 ,25 o, 71 
95 o,r2 0, '~0 

?,7 o,n 0,39 

g 
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