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BeeaeHHe 

TeopeTH'IecxHe HccneaoBaHHH rrpouecca neneHHH TH~enhiX Rllep, rrpo

aeaeHHbie B TeqeHHe ITOcneaHHX neT, IlOK83biB810T
0 

'ITO CTpyKTypa 5apbepa 

aeneHHR a aHa'IHTenbHolf CTeneHH onpeaenReTcR o5ono'le'IHhiMH a«Jl!jlexTa-

MH 

0TKpbiTHe 5onblllOrO 'IHCna CllOHT8HHO l19nRIUHXCR H30MepoB, 8 T8K~e 

IlOl158pbepHbiX aenHTenbHbiX pe30H8HCOB ITpHHRTO paCCM8TpHB8Tb celfqac 

05bi"IHO K8K ITOllTBep~eHHe B8~HOlt ponH o5onoqe'IHbiX a!jl¢eKTOB rrpH 6onb 

IllHX llelPOpM8UHRX Rllep /2/. 

Cornacao TeopeTH'IeCKHM oueHKaM, o5ono'le'IHbie nonpaBKH B o5naCTH 

ypaHa llOn~Hbl COCT8BnRTb 0 IlpHMepHo, nonoBHHy BbiCOTbi 5apbepa neneHHR, 

B TO ~e BpeMR OK83anoCb1 'ITO COBepllleHHO HOBBS! CHTY8UHR B03HHK8-

eT llml CB.epXTR~enbiX aneMeHTOB C O'leHb 5onblllHMH 8TOMHblMH HOMepaMH 

( Z •> 110) 1 KOrlla H3-38 060nO'Ie'IHblX a¢4JeKTOB CT8HOBHTCH B03MO~Hb1M 
noHBneHHe 5apbepa neneHHR 181. 

neTanbHbie p8C'Ie'J'bl 06ono'le'IHblX acPcPeKTOB llnR CBepXTR~enbiX aneMeH-

TOB, npoaeaeHHbie PHllOM SBTOpOB C HCilOnb30B8HHeM paanH'IHbiX OllHO'IaCTHq

HbiX IlOTeHuHanoB, IlpHBOJlSIT K BbiBOllY 0 B03MO~HOCTH cymecTBOBSHHSI OCT

/4-7/ poaa cTa5HnbHOCTH caepxTsr~enbiX aneMeHTOB • Bo acex pa6oTax yxa-

3biBaeTcH, 'ITO HaH6onee 'leTxo o6ono'le'IHbie a¢¢exTbi non~Hhl 6biTb Bbipa-

~eHbi npH Z = 114 H N = 184, 

3 .............. ____________ _ 



0ITTHMHCTHtrecKHe oueHKH BpeMeHH )I(H3HH ansr HeKoTopbiX H30TOITOB 

CBepXTH)I(enbiX 9neMeHTOB CTHMynHpOBanH K8K HX ITDHCK B ITpHpoae, T8K H 

paOOTbl ITO HX CHHTeay l3 sraepHbiX pe8KUHHX. 

f1oHCK TpeKOB OCKOnKOB aeneHHH B CT8pb!X CBHHUOBbiX CTeKnax IBI, 

a T8K)I(e aa6niDaeaHe OCKOnKoB aeneHHH c IToMombiD 6onbmHx ITpoiTopuHonanb

HhiX ctreTtrHKOB B o6paauax H3 paanHtrHhiX MHaepanoB 131, ITpoBeaeHHbie B 

fly6He, ITpHBenH K 38KniDtreHHID 0 cymeCTBOB8HHII 
B rrpHpoae aeKoero 

CITOHT8HHO aensrtuerOCH H3DTOITa. f1ocnellyiDmHe HCCnellOBBHHH C BbiCDKD9¢</JeK-

I 101 
THBHbiM ):(eTeKTOpOM HefiTpOHOB ITOK838nH, 'ITO 'lHCno HefiTpOHOB, HC-

ITYCKaeMhiX ITpH aeneHHH 9Toro H30TOITa, Mano H llnH DKOHtraTenbHOro Bb!BDJ:l8 

0 TOM, CBH38H nH Ha6niDllaeMbifi a<f><f>eKT CO CITOHTBHHbiM aeneHHeM ITpHpOllHO

ro caepxTH)I(enoro aneMeHTa, aeo6xoaHMbi llOITOnHHTenbRhie HccneaoBaRHsr. 

HH OllHa H3 pa6oT ITO ITOHCKy ITpHpOllHbiX CBepxTH)I(enbiX aneMeHTOB 

B CUJA C HCITOnb30B8HHeM p83JIH'IHbiX MeTOllOB HX OOHapy)l(eJIHH, BKniDtraiD

WHX <f>niDopecueHTHbiH aaanH3 1 8KTHB8UHOHHbifi aaanH3
1 

perHCTpauHID RefiTpO

HOB crronTaanoro aeneHHsr, He aana nono)I(HTenbaoro peaynbTaTa I 11-131. 

A aanHa peaynhTaToB, ITpoaeaeaaHti IT pH HcrronbaoaaaHH oiTpeaeneHRbiX 

ITpeaiTono)l(eRHfi o xapaKTepe paciTaaa caepxTsr)l(enhiX aneMeHToa, aaeT aepx

HIDID rpaaHuy paciTpocTpaaenaocTH aneMeHTOB oT 1o-10 ao 1o-15. 

lfTO )l(e KacaeTCSI 9KCITepHMeHTOB ITO CHRTeay CBepxTSI)I(enbiX aneMeRTOB 

Ha YCKOpHTengx 38pH)I(eHHbiX 'IBCTHU, TO 3lleCb cneayeT 38MeTHTb, 'ITO MHOrHe 

HccneaoaaTenH ocnoBHbie naae)l(llbi aqanaraiDT na HCITOnb30BaaHe 

HaH6onee TH)I(enhiX ycKopeHHhiX HOHOB. f1peanonaraeTcSI, trTo aeneHHe 

KOMITayHll-Haep, o6pa3yiDWHXCSI, HaiTpHMep, B peaKUHHX U + Xe 

HnH U + U, ITpHBelleT K 00p830B8HHID CBepxTSI)I(enbiX aneMeHTOB 1141 

8 H8CTDHmeii pa6oTe OITHC8Hbl OITb!Tbl ITO ITOHCKy Tp8HCypaHOBbiX aneMeHTOB 

B ITpoayKTax B38HMO):(efiCTBHSI ITpOTOHOB C 9HeprHefi 70 faB C HJ:lp8MH BOnb

<f>paMa H ypa11a. 
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B ITpouecce pa6oTbi Obin ITpoBeaen TaK)I{e IIOHCK 

H30TOITOB ITpH o6nytreRHH CBHHUa ITpOTOHBMH C 9ReprH 

Ton'!KOM llnH ITOCTBHOBKH H8CTOHlUHX OITbiTOB SIB 

rpyiTIIbi yqeJibiX Peaep¢opaoBcKofi na6opaTopHH I 151, 

o Ha6niDaeaHH aeHaBecTHoro crroHTaano aenSimerocg E 

pTyTH,Bhiaeneanofi H3 o6nyqeaHofi B UEPH'e rrpoToH, 

24 faB MHllieHH H3 BOnb<f>paMa. 

ABTopbi pa6oTbi I 151 
Bbicx.aaanH ITpeaiTono>KeaHe 

acj:l<f>eKT MOr Ob!Tb CBSI3aR, B '!8CTHOCTH, CO CITORTBHHl 

aneMeRTa 112 ( 9K8pTyTb), DOp830B8Bllii!XCH B peaynb· 

peaKnHft B aonb¢paMe. 

f1pH 9TOM BHHMBRHe BKUeHTHpOBBnH JIB B03MO)I(JII 

HMITynhca ITpoToHa HllPY Bonh¢paMa, ITpearronarag, cne 

B38HMOllefiCTBHe llBYX Hllep BOnh<f>paMa 6yaeT HrpaTb 1 

3DB8HHH TpaacypaHOBbiX aneMeRTOB. 

B pa6oTe noaKaHuepa H ap. 1161, lf3y'!aBUJHX o6 

TOB ITpH B38HMO'llefiCTBHH C ypaHOM IIpOTOHOB C 9Hepn 

nOCb BHHM8RHe Ha HeCKOnbKO HHDiJ 8CITeKT HCIIOnb30Ba 

llHH, a HMeHH01 Ha B03MO>KHOCTb o6pa30B8HHSI Tpaacyp 

ITpH Fl38HMOllefiCTBHH C ypaHOM tjlparMeHTOB - Hllep Cpl 
).. 

aneMeRTOB. 

HciTonb30BBHHe BTopHtrHhiX peaKuHfi rr~HBneKarenb 

<f>pBS'MeHTOB ITpHCyTCTBYI()T H30TOITbl C U30biTKOM HeftT 

30M, CT8HOB~,T'?H ~03M0)1(H~IM, B ITpHRUifoiTe, CHHTe3HpOBB 

TSI)I(enbie uaoToiibi TpaHcypaHOBbiX aneMeaToB I 17 I. 

5 



OrrTHMHCTHqeCKHe oueHKH BpeMeHH MH3HH anH HeKoTopbiX H30TorroB 

TH:>KenhiX aneMeHTOB CTHMynHpOBBnH KBK HX llOHCK B llpHpone, T8K H 

bl ITO HX CHHTe3y ll HUepHb!X p88KUHHX, 

noHCK TpeKOB OCKOnKOB neneHHH B CT8phlX CBHHUOBhlX CTeKnBX 18l, 

:>Ke aa6niDneHHe ocKonKoB neneHHH c rroMombiD 6onbmHx rrponopuHoHanb

cqeTqHKOB B o6pa3uax H3 pa3nHqHbiX MHHepanoB 131, npoBeneHHhre B 

e, npHBenH K 38KniDqeHHID 0 CyW8CTBOB8HHR B npHpone H8K08f'O 

aaao nenmuerocH H3oTona. nocnenyJOmHe HccnenoBaHHH c BbiCOKoa<P<!leK-

• I 101 
IM neTeKTOpOM HeHTpOHOB nOK838nH, qTo qHcno Hell:TpOHOB, HC-

eMbiX llpH neneHHH 8T0f'O H30TOna, Mana H LlnH OKOHqaTenbHOf'O BbiBOLl8 

1 CBH38H nH Ha6niDLl8eMLIH 8QJQJeKT CO CnOHT8HHb!M LleneHHeM npHpOLlHO

epXTH:>Kenoro aneMeHTa, aeo6xonHMhi aononHHTenbHhie HccnenoBaHHH. 

HH OLlH8 H3 pa6oT no nOHCKy npHpOLlHbiX CB8pXTHMenbiX aneM8HTOB 

A C HCnonb30B8HHeM p83JJHqHbiX MeTOLlOB HX 06HapyM8HHH
1 

BKnJOqaJO

nJOOpecueHTHbiH 8HanH3 0 8KTHB8UHOHHhiH 8H8nH3 0 perHCTpauHJO Hell:Tpo

llOHTBIIHOf'O neneHHH, He aana nonoMHTenbHoro pesynbTaTa I 11-131, 

AaanHa pesynhTBTOB, npoBeneHHull: npH Hcnonb30BBHHH onpeneneHHbiX 

ono:>KeHHll: o xapaKTepe pacnana cBepxTHMenbiX aneMeHTOB, aaeT Bepx-

-10 15 paHHUy pacnpocTpaHeHHOCTH aneMeHTOB OT JQ LlO JQ- , 

4TO :>K8 KacaeTCH 8KCn8pHMeHTOB no CHHTe3y CBepXTHMenbiX aneMeHTOB 

KOpHTenHX 38pH:>K8HHbiX qacTHU 0 TO 3LleCb CnenyeT 38MeTHTb
0 

qTo MHOf'H8 

LlOBaTenH OCHOBHbie Hane:>KLlbl B03n8f'8JOT H8 Hcndnb30B8HH8 

nee TH:>KenhiX ycKopeHHhiX HOHOB, npeanonaraeTcH, qTo aeneHHe 

YHLl-HLlep, o6pa3yJOmnxcH, HanpHMep, B peaKUHHX U + Xe 

1141 U + U, IIpHBeLleT K 06p830B8HHJO CBepxTHM8nbiX an8M8HTOB 

H8CTomuei'J pa6oTe OnHC8Hbl OnbiTbl no nOHCKy Tp8Hcyp8HOBbiX aneMeHTOB 

LlYKTax B38HMOLleHCTBHH npOTOHOB C 8HeprHeH 70 faB C HL1p8MH BOnb-

n ypaHa, 
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B npouecce pa60Tbi 6bin npoBeaeH T8K)I{e nOHCK CnOHT8HHO aenHWHJ 

H30TOI10B llpH o6nyqeHHH CBHHU8 npoTOH8MH C 8HeprHeft 680 M 8B, 

TonqKoM nnH rrocTaHOBKH HaCTOHWHx onbiTOB HBHnacb rry6nHKauHH 

rpyrrnbi yqeHhiX Pesep<jlopaoBcKott na6opaTopHH I 151, B KoTopoll: coo6mam 

0 Ha6nJOL18HHH HeH3BeCTHOf'O CllOHTBHHO LlenHmeroCH H30TOII8 BO QJp8KUHH 

pTyTH,BhrneneHHott H3 o6nyqeHHoi!: B UEPH'e rrpoToHaMH c aHeprHell: 

24 faB MHllleHH H3 BOnbQJp8M8, 

ABTOpbi pa6oTbi I I 5I BbiCKa3anH rrpenrrono:>KeHHe,qTo Ha6nJOnaBlllHHCH 

a<jJ<jJeKT MDI' 6b!Tb CBSI38H 0 B qaCTHOCTH, CO CllOHT8HHhiM neneHHeM H30TOI 

aneM8HT8 J] 2 ( 8K8pTyTb) 0 06p830B8BlllHXCSI B pesynbT8T8 BTOpHqHhiX 

peaKnHft B Bonb<jlpaMe, 

npn 8TOM BHHM8HHe 8KUeHTHpOB8nH H8 B03MOMHOCTH llOnHOH rrepena 

HMnynhca rrpoToHa HLlPY Bonb<jlpaMa, npennonaraH, cnenoBaTenbHo, qTo 

B38HMOL1efiCTBHe LlBYX Hnep BOnhQJpaMa 6yneT Hf'p8Tb OCHOBHyJO pOnb B oe 

30B8HifH Tp8HCypaHOBbiX aneMeHTOB, 

B pa6oTe nosKaHuepa H np. 1161, HayqaBlllHX o6pa30B8Hife <jlparMeH 

TOB llpH B38HMO'LleftCTBHH C ypaHOM llpOTOHOB C 8HeprHeit 5,5 faB 
0 

o6pam. 

nocb BHHM8HHe H8 HeCKOnbKO HHOii 8CileKT HCilOnb30B8HHSI BTOpHqHbiX peal 

llHH 0 a HMeHH00 H8 B03MOMHOCTb o6p830B8HHH Tp8HCyp8HOBbiX aneMeHTOB 

llpH B381fMOL1efiCTBHH C ypaHOM if!parM8HTOB - H.Qep Cp8BHHTenbHO ne["'KHX 

aneMeHTOB, 

Hcnonb30B8HHe BTOpHqHhiX peaKuHtt rr~nBneKaTenbHO TeM, qTo. cpenH 

cpparMeHTOB llpHCYTCTByi()T H30TOilbl C H36b!TKOM H9il:TpOHOB
0 

H T8KHM 06J 

30M 0 CT8HOBHT<;:H ~03MOMH~IM, B llpHHUifolle 0 CHHT93HpOB8.Tb OTHOCHT9nbHO 

THMenbre H30TOnhi TpaHcypaHOBbiX aneMeHTOB I 17 I, 
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I 

1, MeTOL!HKa 9KCnepHMeHTa 

A, YcnoBHS! o6nyqeHHH 

MHWeHH H3 BOnbljlpaMa H ypaHa TOnWHHOH no 3 MM o6nyqanHCb npo-

TOHaMH C SHeprHeti 70 fsB Ha BHyTpeHHeM nyqKe npOTOHHOrO CHHXpOTpOHa 

MHCTHTyTa ljJH3HKH Bb!COKHX SHeprHH B CepnyxoBe, BBOL! MHWeHeit B KaMe

py YCKOpHTenH CHHXpOHHO C UHKnOM YCKOpeHHS! (8,75 CeK) OCyWeCTBnHnCH 

C nOMOllibiD M9XaHH3Ma BBOL!a ycTaHOBKH no nOHCKY MOHOnOnH llHpaKa 

( Yf1Mll), KoHTponb aa xaqecTBOM HaBeL!eHHH npoToHoB Ha MHweHb ocymecT-

BnHnCH C DOMOIIlbiD MOHHTOpOB H3 CUHHTHnnHUHOHHhlX C'ieT'IHKOB H TeneBH-

3HOHHOfi KaMepbi Yf1Mll. 

C yqeTOM KpaTHOCTH npOXO~L!eHHH npOTOHOB qepe3 MHlli9HH H3 BOnb

ljlpaMa H ypaHa x/ nonHWH DOTOK npOTOHOB qepe3 o6nyqaBWH9CH no 6 qa

COB MHW9HH onpeL!enS!eTCS! KaK 2,4 • 101 5 H 4 • 10 15 npOTOHOB 0 COOTB9TCTB9HH0 0 

LinH BOnb~paMa H ypaHa, 

0L!HHM H3 STanoB pa60Thl HBHnOCb o6nyqeHne npoTOHaMH C SHeprHeft 

680 M 9B CBHHUOBOii MHW9HH TOn!Il HHOii "' I r/ CM 2 Ha BHyTpeHHeM nyqKe 

CHHxpouHxno~poHa OH .HM. 

BpeMH o6nyqeHHH MHWeHH COCTaBnHnO 3 qaca, a HHTerpanbHhlii no

TOK npOTOHOB 0 npoWeL!WHX qepe3 MH1119Hb 0 COCTaBiln, npHMepHO, 6 • 10 16• 

6, paLl H 0 X H M H q e C K He MeT 0 Ll bl B bl Ll en e H H S! 9 n eM e H T 0 B 

BbiLieneHHe HA H3 Pb , o6nyqeHHoro npoToHaMH c sHeprHefi 680 MsB 

CBHHeu pacTBOpS!nCH B H N 0 3 , K KOTopoii 6bino Lio6aaneHo 50 MKr 

2+ . H 
Hg • J136biTOK KHcnoTbi HeitTpanH3oBancg aueTaToM HaTpHH L!O P = 5-6. 

x/ 
KpaTHOCTb npoxo~LieHHH onpeLiengnacb cornacHo pa6oTe A.B.lleMbH-

HoBa H LIP· (f1penpHHT OJ1.HM, P1-5399, lly6Ha, 1970), 
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PTyTb BbiL!enHnaCb ueMeHTaUHeft Ha nonocKe Me.llHOft !JlonbJ 

f1pH SHeprH'IHOM nepeMeWHBaHHH Ha Me.OH 3a 50 MHHyT DC 

( 2ru 80 :!:. 5% pTyTH no LiaHHbiM Mo.oenbHbiX onhrToB c Hg 

.llpyrHX sneMeHTOB 0 BbiXO.ll KOTOpbiX He KOHTpOnHpoBancg, 

roToB .onH H3MepeHHfi qepe3 3 qaca nocne xonua o6nyqen~ 

Bbi.llenenHe H4 H3 W • o6nyqennoro npoToHaMH c l 

f1pHMepHO TpeTb MaTepHana MHllleHH 0 CO,llep~8BUI8SI .Ill 

nofi pa.o~~:oaKTHBHOCTH, ano.oao pacTBopRnacb B 150 Mn 5 M 
poA .oo6aBneao 100 MKr Hg 

• 113 nonyqeHHoro pacTBopa 

sneMeHTbl cop6HpoaanHcb ocaLIKOM Mn (OR ) 
2 

, o6pa3y10r 

nesnoM .oo6aBneHHH pa36aBnenHoro pacTBopa Mn Ct
2 

HHSI sT.oro oca.oxa npH. narpeBaHHH c H 
2 

0
2

""' H C 1 pacTBOp 

BO.llOA, HeATpanH30Bancg aueTaTOM H8TpHSI .llO pH a 5-6 H 

nacb ueMeHTauHeA Ha MeL!HOA ljlonbre, 06!IlHH XHMH'ieCKHH ! 

nocne Bcex onepauHA cocTaBnSin ae MeHee 70%, f1penapaT 

H3MepeHHSI qepe3 CYTKH nocne KOHUa o6nyqeHHSI, 

06pa6oTKa ypaHOBOfi MHUieHH, o6nyqeHHOA npQTOBaMH 

I, BhiilenenHe xonuenTpaTa TRlKenhrx sneMeHTOB ( 75 

llnR nonyqeHHSI KOHUeHTpaTa 6brna B3SITa O.llH8 nnaCTHH 

agA 1 MM, MeTann pacTBOpSincg B uapcxoA 

ynapHBancg c H Ct · .llnR yLianeHHR H'N 0 
3 

BO.llKe H paCTBOJ: 

, 113 100 Mn 1 

no HC! 
12 paCTBOpa OC8lKL!8nCSI npH nponyCK8HHH H

2
S 

Oca.oox OT!\fbiBanH OT 3arpRanenHA ypaHoM, paCTBOpSinH B U 

eme paa ocalK.oanH cynbljJH.o MbiUibSIKa. 

CycnenaHIO As :i S 3· B. cnHpTe paBHoMepn&rM cnoeM 1 

.llHsneKTpHqecKHfi .ll9TeKTOp nnOIIl8.llb10 25 CM2o f1o L!S!i.lfbiM Mt 

- 'roB, BbrnonneHH&rx c pa.oHoaKTHBH&IMH HH.llHKaTopaMII, c 

IOTCSI npaKTHqecxH nonnocTblO At , Po , ·Bi , Pb 

H 6onbUie nonoBHHbi Os , Jr , Re , 

7 
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I. MeTODHKa aKcnepnMeHTa 

cnoBHH o5nyqeHHH 

eHH H3 BOnb$paMa H ypaHa TOnUIHHOH no 3 MM oonyqanHCb npo

aueprnefi 70 faB ua BHyTpeuueM nyqKe npoTOHHoro cnuxpoTpoHa 

¢naHKH BhlCOKHX aueprnfi B CepnyxoBe. BBoD MHmeaefi B KaMe

TenH CHHXpOHHO C UHKnOM ycKopeHHH (8 1 75 ceK) ocymecTBnHnCH 

~ MeXaHH3Ma BBODa ycTaHOBKH no nOHCKy MOHOnOnSJ llnpaKa 

KoHTpOnb aa KaqeCTBOM HaBeDeHHH npOTOHOB Ha MHUieHb ocymecT

noMOUib~ MOHHTOpOB H3 CUHHTHnnHUHOHHhlX cqeTqHKOB H TeneBH-

aMepbl YITMll. 

qeTOM KpaTHOCTH npOXO*DeHHSI npOTOHOB qepe3 MHUieHH H3 BOnb

paHa x/ nonH b!H noTOK npOTOHOB qepe3 oonyqaBUIHeCH no 6 qa

H onpegenHeTCH KaK 214 • 101 5 H 4 • 10 15 rrpOTOHOB1 COOTBeTCTB9HH0 1 

>paMa H ypaaa. 

HM H3 3TarrOB paoOTbl SIBHnOCb o6nyqeHHe rrpOTOH8MH C 9HeprHetl 

CBHHUOBOfi Ml!U!eHH TOnUI HHOfi "' I r/ CM 2 H8 BHyTp9HHeM nyqKe 

no~poHa 0~1 Hl1. 

MSI o6nyqeHHSI MHU18HH COCTaBnHnO 3 qaca, a HHTerpanhHbiii ITO

HOB, npomeDll!HX qepea MHllleHb, COCT8Blln, npHMepHO, 6 • 10
16

, 
\ 

p a D H 0 X H M H q e C K H e M e T 0 D bl B bl D e n e H H Sl 3 n e M e H T 0 B 

eneHne Hg u3 Pb 1 o6nyqeHHOrO ITPOTOHaMH C 3HePrHeH 680 M 3B 

aeu pacTBOpHnCSJ B H N 0 3 , K 

OhlTOK KHCnOThl aefiTpannaoBancH 

KOTopoii 6bino no6aBneHo 50 MKr 

aueT8TOM H8TpHSI llO pH = 5-6, 

paTHOCTh npoxo*aeHnH onpenenHnach cornacao pa6oTe A.B.lleMbSJ

p. (ITpenpHHT 011HI1, Pl-5399, lly6Ha, 1970). 
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T 

PTyTh BhillenHnacb ueMeHTauHeA Ha nonocKe M8llHOA $onhrH 4 X 6 CM2, 

ITpH aHeprHqHoM nepeMeUIHBaHHH Ha Mea~~: aa 50 MHHyT oca*aanHcb 
203 80 :!:. 5% pTyTH (no aaHHhiM MoaenhHhiX onbiToB c Hg ) 

1 
a TaK*e pSJa 

apyrHx aneMeHTOB1 BhiXOll KOTOphlX He KOHTponHpoBanCSJ, ITpenapaT Ohln 

roToB anSJ HaMepeHHA qepea 3 qaca nocne KoHua oonyqeHHSJ, 

BbiReneHHe Hg H3 W • o6nyqeHaoro npoToHaMH c gHeprHeA 70 faB 

ITpHMepHo TpeTh MaTep~~:ana MHmeHH 1 coaep*aBUiaSJ ao 70% HaBeaeH

HOA paaH08KTHBHOCTH 1 8HOllHO pacTBOpSJnacb B 150 Mn 5 M KOH 
1 

K KOTo-

poA ao6aBneHo 100 MKr Hg • 11a nonyqeHaoro pacTBopa PTYTh H apyrHe 

aneM9HTbi COp6HpOBanHCb OC8llKOM Mn ( OH ) 1 o6paay~UlHMCSJ npH Mea-
2 

neJIHOM ao6aBneHHH paa6aBneaaoro pacTBopa M n C I 
2 

• ITocne pacTBope-

HHSJ aToro ocaaxa rrpH. HarpeBaHHH c H 
2 

0
2

""' H C I pacTBop paa6aBnstncSJ 

BoaoA1 aeATpanHaoBancSJ aueTaToM HaTpHSJ ao pH a 5-6 H PTYTh BbillenSJ-

nacb U9M9HT8UH9H Ha M9llHOH $Onhre. 06umtl XHMHqecKHH BhiXOll PTYTH 

nocne Bcex onepauHA cocTaBnSJn He Meaee 70%. ITpenapaT nepeaaBancSJ Ha 

H3MepeHHSI qepea CYTKH nocne KOHU8 o6nyqeHHSI, 

Q6pa6oTK8 ypaHOBott MHllieHH, o6ny'I9HH08 npoTOIJ8MH C 9H9pfHeA 70 faB 

I. BbilleneHHe xoaueHTpaTa TSJ*enbiX aneMeHTOB ( 75 ~ Z < 85) 

llnSJ rrony'leHHSI KOHU9HTpaTa 6bina B3SIT8 OllH8 rrnaCTHHa ypaHa TOnUIH-

HQA I MM. MeTann paCTBopSJncg B uapcxotl Boaxe H pacTBop MHoroxpaTHO 

ynapHBancSJ c HCI anSJ ynaneHHSJ HNfJ 
3 • 11a 100 Mn ropgqero 1,5 M 

no HCI pacTBopa oca*nancSJ rrpH nponycxaHHH H 
2 

S 12 Mr A·s 
2 

S 
3 

0CallOK 0TMbiB8nH OT aarpst3HeHHA y'paHoM, paCTBOpSinH B uapCKOH BOllKe H 

eme paa oca*nanH cynh$Ha MhiUihSJKa. 

CycneaaHIO As 2 S 3 B. crrHpTe paBHoMepHhiM cnoeM HaaocHnn aa 

aHaneKTpitqecxHa aeTeKTop nnomanhiO 25 cM2• ITo aaliHbiM MonenhHbiX orrhi-

- 'roB, BbinO.riHeHHbrx c · paaHoax'i'~~:aa·hiMH HHllHKaTopaMH, c 

IOTCSJ npaKTHqecKH nonHOCTh~ At , Po , ·Bi • Pb 

H 6onhUie nonoBHHhi Os , jr , Re • 

7 

A ·s 
2 

· S 
3 

BbillenSJ-

' Hg , Au , Pt 



Cynb!I>HAHbiA KOHueHTpaT Obin nony'leH qepe3 cyTKH nocne Koaua o6ny-

'leHHSI ypaHa, 

2. BbineneHHe KoHueaTpaTa TpaHcnnyToHHeBbiX aneMeHToB 

a) 113 pacTBopa ypaaa nocne oca>KAeHHH As S ynanHnH cnenbi 
2 3 

H 
2 

S cepHeA ynapHBSHHli c H N 0
3 

H HCI • YpaH oTnenHnH oT HCKOMbiX 

aneMeHTOB
0 

COpOHpyH ero H8 KOnOHK9 flayaKC 1 X 8 ( 200-400 MeW) H3 

6-8 M HCI naHT8HHJlbl H 8KTHHHJlbl cooca>KnanH c 3 Mr La F 3 • naa-

T8H c6paCbiB8nH H8 K8THOH006MeHHOli KOnOHKe C flayaKC 50 X 8, Bb!Mb!B8SI 

cyMMY naaTaHHAOB ( aKTHHHnoa) no N d (Am) BKniD'IHTenbHO a -rHnpooK-

CHH3o6yTHpaToM 8MMOHHH, naHT8HHJlbl H 8KTHHHJlbl p83JlenHnH H8 8HHOHO-

o6MeHHoli KonoHKe c ilayaKc 1 x 8 npH anJOHpoBaHHH 10M Li Cl • ilanee 

cnenoaano KOHUeHTpHpOB8HHe rrpenapaTa Tp8HCrrnyTOHHeBbiX aneMeHTOB B 

npouecce cop6UHH H8 K8THOH006MeHHOA KOnOHKe H Bb!MbiB8HHSI 0,5M a -OKCH-

H300yTHp8TOM 8MMOHHSI C pH= 4, 75, 113 a!j>!jlmoeHT8 ynanHnH KOMrrneKCO-

o6pa3oBaTenb npH 3 -KpaTHOM ynapHBSHHH ero no'ITH nocyxa H nocnenyJOmeM 

no6aaneHHH BOJlbi, PacTBop nocne aTHX onepauHA HMen o6'beM oKono 0,1 Mn 

H H3 Hero TpaHCrrnyTOHHeBbie aneMeHTbl aneKTpOnHTH'IeCKH H8HOCHnHCb H8 

nonocKy BOnb!jlpaMOBOA >KeCTH 2 X 10 MM
2, XHMH'IeCKH A BbiXOA TSI>KenbiX 

8KTHHHAOB non>KeH Ob!Tb no H8WHM OUeHKaM, OCHOBaBHbiM H8 MonenbHbiX 

OITbiT8X C naHT8HHJl8MH 0 He MeHee 30%, npenapaT 6bin ITOJlrOTOBneH K H3Me

peHHSIM qepe3 cyTKH nocne o6ny'I&HHH ypaaa, 
. I 

6) MeTannH'IeCKHA ypaH C>KHrancsr B ToKe KHcnopona no u3 Oa • 

OKHcb-aaKHCb ypaHa pacTBOpHnacb B H N 0 3 
H Cl H nanee cnenoaana 

o6pa6oTKa, aaanorH'IHBH Hcnonb3oBaHHoA npH nony'leHHH nepaoro npenapaTa. 

Ebina TOnbKO HCKniO'IeHa onepaUHH O'IHCTKH H8 8HHOHOOOM9HHOA KOnOHKe 

aKTHHHJlOB oT naaTaHHJlOB. BTopoA npenapaT BbinensrncH cnycTH HenenJO 

nocne oony'leHHH H npenaaaHa'lancsr nnsr paaneneHHH c noMO!UbiOMacc-cenapa-

Topa. 

8 

'· 

a) Pa3neneHHe no MaccaM aKTHHHnHoA !jlpaKuHH H: 

Ha Macc-cenapaTope. 

nocne BbineneHHH H3 o6ny'leHaoro ypaHa npenapaT• 

aKTHHHJlbi, npoH3BonHnocb pa3neneHHe H30Tonoa aa ane~ 

Macc-cenapaTope na6op8TOpHH HnepHblX npo6neM 011.HJI 

a!j>!j>eKTHBHOro HOHHoro HCTO'IHHK8 C noaepXHOCTHOli HOHE 

BBHJly Toro, 'ITO ITOTeHUHBnbi HOHH38UHH TpaHcnny'l 

Jl0CT8TO'IHO HH3KH, CnenyeT 0>KHA8Tb 0 'ITO a!j>!j>eKTHBHOCT 

neneHHH 6bma ae MeHee 50%, 

r) PerHCTpauHH ocKonKoB neneHHH H a - 'IBCTHU. 

ilnH perHCTpaUHH OCKOnKOB neneHHH 6binH HCITOnb31 

naBC8H8 1 ITOMemaeMbie B KOHT8KT C TeM HnH HHb!M npen 

onpeneneHHOft 3KCIT03HUHH rrpOH3BOAHnHCb TpaBneHHH naB• 

no CITOC06y, OITHC8HHOMy B pa6oTe /19/, H ITpOCMOTp rrp 

Ha MHKpocKone, PerHcTpaUHH a -'18CTHU ITpOH3BOJlHnac 

. 6apbepHbiM KpeMHHeBbiM JleTeKTOpOM, 

11. Pe3ynbT8Tbi aKcnepnMeHTOB 

npenap8Tbi 0 rrpHrOTOBneHHble rrocne XHMH'IeCKOli OOj: 

o5pa3UOB aonb!jlpaMa; ypaHa H CBHHua, cpa3y >Ke nocne f 
I·· 

ITOMeutanHCb B KOHT8KT C JleTeKTOp8MH 0 perHCTpHpy!OUlHM 

HnH OCKOnKH neneHHH. 

113MepeHHH cneKTpoa a -'18CTHU C ITOMOIIlbiO ITOBej 

HblX n·eTeKTOpOS ITpOH3BOJlHnHCb B Te'leHHe HeCKOnbKHX C~ 

lJTO >Ke KacaeTCH ITOHCK8 OCKOnKOB CITOHT8HHOro ,ne, 

JBo3M6>KHOCTb oopaabaaHHH cpaBHHTenbao nonro>KHByutHx s 

Jlep>KHBanHCb B KOHTBKTe C naBC8HOBbiMH JleTeKTOpaMH B 

uea. 
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Hb!tl KOHUeHTp8T 6bin nonyt,teH -q:epe3 cyTKH nocne KOHUB o6ny-

KOHUeHTp8T8 Tp8HCnnyTOHHeBb!X aneMeHTOB 

pacTaopa ypaHa nocne oca>K.lleHHSI As S ynansrnH cneahi 
2 3 

A yrrapHBBHHti c H N 0
3 

H HCI • YpaH oTaensrnu oT HCKOMhiX 

cop6Hpysr ero Ha KonoHKe ilayaKC 1 X 8 (200-4()() Mew) H3 

naHTBHHllbl H 8KTHHHAbl COOC8)1(A8nH C 3 Mr 

BBnH HB K8THOH006MeHHOti KOnOHKe C 

aHHllOB ( aKTHHHllOB) ao N d (Am) 

ilayaKC 50 X 

BKniOt,tHT9nbHO 

La F 
3 

• naH-

8, Bb!Mb!BBSI 

a -ruapooK-

aTOM aMMOHHSio naHTBHHAbl H BKTHHHJlbl pasaensrnH HB SHHOHO-

onoHKe c ilayaKc 1 x 8 npu aniOHpoaaHHH 10M Li CI • ilanee 

KOHUeHTpHpOBBHHe nperrapaTa TpSHCrrnyTOHHeBhlX aneM9HTOB B 

op6UHH HS K8THOH006MeHHOR KOnOHKe H Bb!MbiBBHHSI 0,5M a -OKCH-

OM 8MMOHHSI C pH= 4, 75, l13 a~~niOeHT8 yJlansrnH KOMrrneKCO-

nb npu 

BOll hi, 

3 -Kp8THOM yrrapHBBHHH ero IIOt,tTH JlOCYXB H nocneJlyiOUI8M 

PacTaop rrocne aTHX onepauHA HMen o6'beM oKono 0,1 Mn 

TpaHCnnyTOHH8Bbl8 M8M9HTbl aneKTpOnHTHt,t8CKH HBHOCHnHCb HB 

nb~p8MOBOJ!: >K9CTH 2 X 10 MM
2 • XHMHt,t8CKHR BbiXOJl TSI>K9nhiX 

AOn>KeH 6biTb no HSWHM OU9HKBM, OCHOBBBHbiM HB MoaenbHbiX 

aHTaHHABMH, He MeHee 30%. OpenapaT 6bin noaroToaneH K HsMe-

es cyTKH nocne o6nyqeHHSI ypaHa. 

eTannuqecKHA ypaH C>KHrancSI a ToKe KHcnopona no ·[J 3 0 8 • 

ucb ypaHa pacTBOpSinacb a H N 0 3 - H CI H aanee cnenoaana 

aHanoruqaasr ucnonbsoBaHHOA npH nonyqeHHH nepaoro npenapaTa. 

KO HCKnJOqeHa onepaUHH Ot,tHCTKH HB 8HHOH006M9HHOR KOnOHKe 

oT naHTSHHAOB. BTopoR npenapaT Bhlnensrncsr cnycTsr HeJ:teniO 

qeHHSI H npeaHasHaqancsr nnsr pasneneHHSI c noMDutbiOMacc-cenapa-

8 

'. 

B) PasaeneHHe no MBCCBM BKTHHHAHOti ~p8KUHH H3 ypaHOBOti MHWeHH 

Ha Macc-cenapaTope. 

nocne BbJAeneHHsr us o6nyqeHHoro ypaHa npenapaTa, coaep)l(awero 

8KTHHHAbi0 npOH3BOAHnOCb pasaeneHHe H30TOnOB Ha aneKTpOMarHHTHOM 

MBCC-CenapaTope na6opaTOpHH sraepHbiX npo6neM 0l1.Hl1 C noMOWb!O BbiCOKO

a~~eKTHBHOrO HOHHOrO HCTOt,tHHKa C noaepXHOCTHOti HOHH38UHeU /18/. 

Bauay Toro, t,tTO noTeHuuanbi HOHHsauuu TpaHcnnyTOHHeBbiX aneMeHTOB 

AOCTBTOt,tHO HH3KH, CneayeT 0)1(HA8Tb 0 t,tTO a~~9KTHBHOCTb npouecca HX pa3-

aeneHHSI 6bina He MeHee 50%. 

r) PerucTpauusr ocKonKoB aeneHHSI H a - qacTuu. 

ilnsr perHCTpaUHH OCKOnKOB Jl9n9HHSI 6binH HCIIOnb30B8Hbl nneHKH H3 

nBBCBHB, IIOM8Ill88Mb!9 B KOHTBKT C TeM HnH HHbiM rrpenapaTOM, Oocne 

onpeaeneHHOR :3KCn03HUHH IlpOH3BOAHnHCb TpaBneHHSI naBCBHOBOfi nneHKH 

no Cnoco6y, OnHCBHHOMy B pa6oTe /19/, H npOCMOTp IlpOTpaaneHHblX nneHOK 

Ha MHKpocKone. PerHcTpauusr a -t,t8CTHU npOH3BOAHn8Cb noBepXHOCTHO-

. 6apbepHbiM Kp9MHH9Bb!M Jl9T9KTOpOM, 

11. PesynbTBTbi §KCrrepHMeHTOB 

OpenapaTbi, npuroToaneHHhie nocne XHMHqecKofi o6pa6oTKH o6nyqeHHhiX 

o6pasuoa aonb~paMa; ypaHa H CBHHua, cpasy )1(9 nocne ux HsroToBneHHSI 
~ 

IIOMeutanHCb B KOHTBKT C A8T9KTOp8MH, perHCTpHpyiOUIHMH a -qaCTHUbl 

HJIH OCKOnKH aeneHHH, 

l1sMepeHHH cneKTpOB a -qaCTHU C nOMOUlb!O noBepXHOCTHo-6apbep-

HhlX rieTeKTOpOB npOH3BOAHnHCb B T9t,t9HH9 H9CKOnbKHX CYTOK, 

lJTO >Ke K8C89TCSI nOHCKB OCKOnKOB CnOHTBHHOrO aeneHHSI
0 

TO, yt,tHTbiBBH 

mo3MO)I(HOCTb o6pasbBBHHSI cpaBHHTenbHO aonrO)I(HBywux sraep, o6pa3Uhi Bbi

nep>KHBanHCb B KOHT8KT9 C naBCBHOBbiMH A9T9KTOp8MH B Tet,teHHe Tpex M9CSI-

uea. 
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l 

A. W + p ( E = 70 ras) 
p 

llpenapaT, npHroTosneHHbift cornacHo npoue~ype, onHcaHHOfi B npe-

~hr~ymell: rnase, qepe3 24 qaca nocne KOHua o6nyqeHHSJ 6brn noMemeH , 

B KOHT8KT C naBC8HOBOll: nneHKOft. llocne TpexMeCSJqHoft 3KCn03HUHH H8 

nascaHosoft nneHKe He 6hlno o6Hapy*eHo HH o~Horo ocKonKa ~eneHHH. 

3TO 03HaqaeT, qTO sepXHSISI rpaHHU8 ceqeHHSI o6pa30B8HHSI CnOHT8HHO 

~enSJIUHXCSI H30TOnOB npH o6nyqeHHH BOnb¢paMa npOTOH8MH C 3HeprHeft 

70 faB He npeBb!IU8eT 2, • to-
38 

CM2. 

E = 70 fas) B. U + P 
p 

llocne xHMHqecKoft o6pa6oTKH ypaHa 6hrnH HsroTosneHhi ~Ba npenapaTa: 

1) npenapaT, co~ep*amHll: pTyTb HnH ee XHMHqecKHll: aaanor; 

2) npenapaT, co~ep*amHll: aKTHHH~hi. 

llepBbrll: npenapaT, HMesumll: nnoma~b, paBHyJO, npHMepao, 25 CM2, 

qepe3 CyTKH nocne KOHU8 o6nyqeHHSI 6bin noMe!UeH B KOHT8KT C naBC8HOBOft 

nnenKoft. nocne TpexMecSJqnoll: aKcno3HUHH 6bmH npose~eHhi o6pa6oTKa H 

npocMoTp nascaHoBoll: nneHKH. Ha Hell: He 6bmo 3aperHCTpHposaao HH o~Horo 

OCKOnKa cnoHT8HHOrO ~eneHHSI. 3TO COOTBeTCTByeT Bepxaell: rpaHHUe ceqe

HHSI o6pa30B8HHSI cnOHT8HHO ~enH!UHXCSI Sl~ep, paBHOll: 4 • to-
38 

CM2. 

AKTHHH~HhiM npenapaT cpa3y *e nocne ero H3roTosneaHH 6bm noMemea 

B KOHT8KT C nosepXHOCTH0-6apbepHbiM KpeMHHeBhiM ~eTeKTOpOMo 

Ha pHc. 1 npe~cTaBnea aaepreTHqecKHll: cneKTp a -qaCTHU, nony-

qeHHhill: 3a nepBbre 24 qaca nocne aaqana H3MepeaHil:. 06pamaeT aa ce6SJ 

BHHM8HHe qeTKO Bbipa*eHH8SI rpynna a -qacTHU c aaeprHell: E = 6, 75 Mas. a 

nepHO~ nonypacna~a ~nSJ aToll: rpynnb! 6nH30K K 36 qac. E~HHCTBeHHblft H30-

TOn cpe~H 8KTHHHJlOB, KOTOpb!ll: MO*eT 6b!Tb OTBeTCTBeHeH 38 noSIBneHHe 

yK838HHOJl: rpynnhl a -qaCTHU, - 3TO H30TOn K8nH¢OpHHSI ( Z = 98) C 

Maccoil: 246. 06mee qHcno Haep 246 Cl , o6pasosaBIUHXCSJ B ypaaoaoll: 

nnaCTHHKe TOniUHHOJl: 1 MMi paBH0 0 npHMepHO, 300. 3TO 3H8qHT, qTO ceqeaHe 

246 o6pasosaHHSI HSoTona Cl npH o6nyqeaHH ypaaa npoToaaMH c aaeprHeft 

10 
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+ P ( E = 10 r as) 
p 

paT, rrpuroTosneHHhiA cornacHo rrpouenype, orrucaHHofi B rrpe-

ase, qepea 24 qaca rrocne KoHua o6ny'IeHHR Ohrn rroMemeH · 

naBC8HOBOA rrneHKOH. flocne TpexMeCSI'IHOA 9KCIT03HUHH H8 

nneHKe He ohrno o6Hapy*eHo HH onHoro ocKonKa neneHHR, 

3H8'I8eT1 'ITO BepXHSISI rp8HHU8 Ce'IeHHSI 00p830B8HHH CITOHT8HHO 

H30TOITOB rrpH oony'IeHHH BOnb$paMa rrpOTOH8MH C 9Hepruell: 

peBb!III8eT 2 · • J0-38 
CM2, 

+ p E = 70 ras) 
p 

XHMH'IecKoii o6pa6oTKH ypaHa ohrnH HaroTosneHbi nsa npenapaTa: 

napaT, conep*aiiiHH PTYTb HnH ee XHMH'IeCKHH aHanor; 

napaT, conep*amuA aKTHHHnhl. 

ll: nperrapaT, HMeBIIIHii rrnomanh, paBHyJO, rrpHMepHo, 25 cM2, 

rrocne KOHU8 oony'IeHH.H Ohln ITOMeiiieH B KOHT8KT C naBC8HOBOH 

cne TpexMeC.H'IHoii aKcrroauuuu ohrnH nposeaeHhr o6pa6oTKa u 

ascaHoBoll: rrneHKH, Ha Hell: He ohrno aaperucTpHpoBaHo HH onHoro 

HT8HHoro aeneHH.H, 3TO COOTBeTCTByeT BepxHell: rpaHHUe Ce'Ie-

8HH.H CITOHT8HHO aenSI!IIHXCSI Rnep, paBHOH 4 • J0-38 CM2, 

HLlHhrll: nperrapaT cpaay *e nocne ero uaroTosneHH.H ohrn rroMeiiieH 

rroBepxHOCTHO-oapbepHb!M KpeMHHeBb!M aeTeKTOpOM, 

c. l rrpeacTasneH aHepreTH'IeCKHll: crreKTp a -'IaCTHU, nony-

rrepBbie 24 'I8C8 rrocne HB'IBna H3MepeHHil:, OopaiiiaeT ra Ceo.H 

eTKO Bbrpa*eHHB.H rpynna a -'ISCTHU c aHepruell: E a = 6, 75 Mas. 

ypacrrana anH aToii rpyrrrrhr 6nuaoK K 36 qac. EnuHcTBeHHhrll: uao

KTHHHaos, KO'I'Opb!H MO*eT Ob!Tb OTBeTCTBeHeH 38 ITOHBneHHe 

pyrrrrbr a -'I8CTHU, - 9TO H30TOIT Kanu$opHHSI ( Z = 98) C 

• 06mee 'IHcno .Haep 246 Ci , o6paaosaBIIIHXCH B ypaHosoll: 

Onll!HHOH l MM~ p8BH01 rrpHMepHO, 300. 3TO 3H8'IHT1 'ITO Ce'IeHHe 
246 

uaoTorra Cf rrpu o6ny'IeHHH ypaHa rrpoTOHBMH c aHeprueii 

lO 
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l 

70 faB COCTaBnHeT rrpH6nH3HTenbHO 10-35 CM 
2

• CneayeT 38MeTHTb1 ~TO 
crreKTp a -~aCTHU 8KTHHHAHOA !flpaKUHH AOBOnbHO cno>KeH. no-BHAHMOMy, 

HeKOTOpbie H3 rpynn a -~aCTHU MoryT 6b!Tb OTHeCeHbl K nerKHM H30TOIT8M 

KIOpHH H nnyTOHHH. Henb3H1 OOH8KO, HCKnJO~HTb, ~TO OHH MornH ITOHBHTbCH 

H B peaynbTaTe pacnaaa HeKoTopbiX 

naBlliHX B 8KTHHHAHYIO !flpaKUHJO. 

A08KTHHHAHhiX H30TOITOB1 ITO-

qepe3 ITHTb CyTOK ITOCne KOHU8 o6ny~eHHH rrperrapaT C 8KTHHHA8MH 

6bin noMeWeH B KOHT8KT C naBC8HOBOft rrn_eHKOft. npoCMOTp ITpOTpaBneHHOft 

nascaaosofi rrneHKH 6hin npoHaBeaeH rrocne Tpex MecHues ee o6ny~eHHH. 

Ha Heft T8K>Ke He ObinO aaperHCTpHpOB8HO HH OAHOI'O OCKOnKa, ~TO COOT

BeTCTByeT BepXHeft rpaHHUe ce~eHHH 4 • w-38 CM2. 

npH aneKTpOM8I'HHTHOM paaneneHHH H30TOITOB, COAep>K8lliHXCH B ypaHO

BOft MHllieHH, OhinH COOp8Hhl H30TOITbl B AH8IT830He M8CCOBbiX ~HCen 

220-271. OaHaKo Ha-aa ManocTH a~eKTa obmo npoHaseneao Hccneaosa

HHe nHllib OBYX nperrapaTOB C M8CC8MH 242 H 248. 

HaMepeHHH a -crreKTpoB rroKB3hiB8JOT, ~To B cny~ae rrperrapaTa, 

COOTBeTCTByJOlliei'O M8CCe 242, ITOMHMO rpyrrn, OO'hHCHHeMbiX 
228

'Th H npo-

AYKTaM H ero pacnaaa, aaonJOAae.;rcH rpyrrrra 

"' 6,1 Mas, KOTopaH MO>KeT OhiTb npHrrHcaaa 

162,5 AHH). 

a -~aCTHU C aHeprHeft 

242 c < .1 H3oTorry m 
y, 

Becb a!fl!fleKT aa MHllieHH c ,M.accoa 248 Mo>KeT OhiTb uenHKOM oo'bHCHeH 

cnaObiM 38I'pH3HeHHeM H30TOITOM 
2r8 rh 

B. Pb + P ( E P = 680 Mas) 

nocne Tpex~aCOBOI'O oony'IJ~HHH MHllieHH H3 CBHHUB HB BHyTpeHHeM 

rry~Ke rrpoToHoB cHHxpouHKnoTp~aa OH.HH OhinO nposeaeao BhineneaHe pTy

TH. nperrapaT C Bbl/:teneHHOft poty,TbiO ~epe3 3 ~aca ITOCne KOHUB o6ny~eHHH 

Ohin noMenreH B KOHTBKT C naBC.BHOB-oft rrneHKO·ft. qepea TpH MeCHUB 9KCIT0-

3HUHH rrneHKa obma rrpo'rpasneHa H ohin rrpoHaBenea ee rrpocMoTp. Ha rrneH

Ke He OhinO OOHapy>KeHO HH OAHOI'O OCKOnKa AeneHHH, ~TO COOTBeTCTByeT 

. 12 

BepxHeft rpaHHUe Ce~eHHH 00p830B8HHH CITOHTBHHO aeng 

pTyTH (HnH ee aaanora), pasaoa 5 • 1o-39 cM2. 

III. 06cy?MeHHe peaynhTaToB 

M o>KHO yKa3aTb TpH B03MO>KHhie npH~HHhi nogsneH 

lliHXCH H anb!fla-aKTHBHbiX H30TOITOB ITpH o6ny~eHHH MHlli 

aneMeHTOB ITpOTOH8MH BbiCOKOft 9HeprHH: 

1) OOp830B8HHe CITOHT8HHO AenHlliHXCH H30MepoB l 

2) rrpouecc !flparMeHTauHH aa ManoA rrpHMecH non 

BeHHhiX aneMeHTOB, ITpHBOAHlliHft K 00p830B8HHIO oonee , 

cTaoHnbHhiX TpaHcypaHOBhiX aneMeHTos; 

3) oopa30B8HHe Tp8HCypaHOBhiX aneMeHTOB BO BTC 

TeopeTH~ecKHe pac~eTbl 1201 
yKa3hiBBJOT aa B03M 

B8HHH oonaCTH "H30MepHH !flopMbi' BOnH3H z = 82. 

06ny'IBH CBHHeu rrpoToHaMH c aaeprHeft 680 Mas, 

MO>KHOCTb HBOniOABTb o6pa30B8HHe AOni'O>KHBylliHX CITOH1 

HaoMepoB pTyTH B peaKuHH Pb p,paxn). 

BepxHHH rpaaHua a!fl!fleKTa, ycTaHoBneHHBH B aawH 

< 5 • 10-39 CM2), rrpHMepHO Ha 11-12 ITOPHAKOB HH>t 

HHH H30TOITOB pTyTH B peaKUHH Pb ( p , p a X n ). 

PeaynbTBThl OITblTOB ITO o6ny~eHHIO CBHHUB ITpOTOH 

680 Mas MoryT ob!Tb Hcnonb30B8Hbl TaK>Ke AnH oueHKH 

ue ero aonro>KHBymero aaanora c z = 114. 

Cornacao TeopeTH~ecKHM oueaKaM, aaHoonee cTaf 

9TOI'O CBepXTH>Kenoro aneMeHTB HBnHeTCH 298 114 • E 

TO HOB C aaeprHeft 680 M 9B C 3THM H30TOITOM MO>KeT IT] 

HHIO cpaBHHTenbHO KOpOTKO>KHBylliHX CITOHTBHHO aenHlliHX 

TH ( z = 112). 
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ocTaBnReT npH5nH3HTenhHO 1o-35 eM 
2

• CneayeT aaMeTHTb, ~To 
a -~aCTHU 8KTHHHllHOft !jlpaKUHH llOBODbHO CDQ)KeH, no-BHllHMOMy, 

e H3 rpynn a -~aCTHU MOI"'YT ObiTb OTHeCeHbl K ne!"'KHM H30TOll8M 

nnyTOHHR, Henb3R, OllH8KO, HCKnJO~HTb, ~TO OHH MOI"'DH llORBHTbCR 

bTaTe pacna.oa HeKoTophrx 

aKTHHHllHY~ !jlpaKUH~. 

ll08KTHHHllHbiX H30TOllOB, no-

ea nRTb cyToK nocne KoHua o5ny~eHHR npenapaT c aKTHHHaaMH 

meH B KOHT8KT C naBCaHOBOft nn~HKOft. npoCMOTp npoTpaBneHHOft 

ofi nneHKH ohrn npoHase.aeH nocne Tpex MecRues ee o5ny~eHHH, 

aK)I{e He OblDO 3aperliCTpHpOB8HO HH OllHOI"'O OCKODKa, ~TO COOT

T BepXHeft rpaHHUe Ce~eHHH 4 • J0-38 CM 2 , 

aneKTpOM8I"'HHTHOM paa.oeneHHH H30TOllOB, CO.Oep)l{amHXCH B ypaHO

HH, obrnH co5paHbi HaoTonbr B aHanaaoHe MaccoBbiX ~He en 

O.oHaKo Ha-aa ManocTH a!jl!jlexTa obrno npoHase.oeHo Hccne.oosa

llByx npenapaToB c MaccaMH 242 H 248. 

epeHHH a-cneKTpoB noKa3biBa~T, ~To B cny~ae npenapaTa, 

TBy~mero Macce 242, llOMHMO rpynn, OO'bRCHHeMbiX 
228

Th H npo-

ero pacna.oa, Haon~llae:cg rpynna 

9B, KOTOpag MO)I{eT OblTb llpHllHCaHa 

HR) • 

a -~aCTHU C 9HeprHeft 

242 
H3oTony Cm ( T 

~ 

Cb a!jl!jleKT Ha MHmeHH c' ,Maccoa 248 MO)I{eT Ob!Tb uenHKOM OO'bHCHeH 

arpH3HeHHeM H30TOllOM 228 Th 

Pb + P ( E 
p 

= 680 Mas) 

ne Tpex~aCOBOI"'O oony'J~HHH MHUieHH H3 CBHHUa Ha BHyTpeHHeM 

oToHos cHHxpouHxnoTpoaa OIHIH 6brno nposeaeHo BbraeneHHe pTy

paT c Bhr.oeneHHoft pT"y:rh~ qepea 3 'laca nocne xoHua o6ny~eHHR 

TUeH B KOHTaKT C nasC.aHOB-oft nneHKOft, 1.Jepe3 ·TpH MeCHUa 9KCllO

IeHKa 6hrna npo'rpasneHa H obin npoHase.oeH ee npocMoTp, Ha nneH-

no OOHapy)l{eHO HH OllHOI"'O OCKOnKa .oeneHHR, 'ITO COOTBeTCTByeT 

12 

BepxHeft rpaHHUe Ce'l:eHHR o5pa30B8HHH CllOHT8HHO .oenRmHXCH H30TOUOB 

pTyTH (HnH ee aHanora), paBHoft 5 • 1o-39 cM2, 

III. 05cy)KJleHHe peaynhTaTOB 

M O)I(HO yxaaaTb TpH B03MO)I{Hbie npH'IHHbi noHBneHHR cnoHTaHHO .oenH

mHXCR H anb!jla-aKTHBHbiX H30TOllOB npH oony'leHHH MHUieHeft H3 TH)I{eDbiX 

aneMeHTOB npOTOH8MH BbiCOKOft 9HeprHH: 

1) o6pa30B8HHe CllOHT8HHO .oenHmHXCH H30MepOB H3BeCTHbiX aneMeHTOBi 

2) npouecc !jlparMeHTauHH Ha Manoa npHMecH aonro)I{HBymHx ecTecT

BeHHhiX aneMeHTOB, llpHBOllHmHft K o6pa30B8HH~ oonee nerKHX H MeHee 

CT80HDbHbiX TpaHCypaHOBblX aneMeHTOBi 

3) OOp830B8HHe Tp8HCypaHOBbiX aneMeHTOB BO BTOpH'IHbiX peaKUHHX, 

TeopeTHqecxHe pacqeTbJ 1201 yxaabma~T Ha soaMO)I(HOCTb cymecTBo-

BaHHH o6nacTH .. H30MepHH !jlopMbi" BonHaH Z = 82. 

06nyqag CBHHeU npOTOH8MH C 9HeprHeft 680 M 9B, Mbl HMenH B03-

M0)1{HOCTb H80D~ll8Tb o6pa30B8HHe llODI"'O)I{HBymHX CllOHT8HHO .oenRmHXCH 

H3oMepos pTyTH B peaxuHH Pb p,paxn), 

YCT8HOBneHH8H B H8UIHX OllbiT8X ( a < BepxHHH rpaHHua a¢!jlexTa, 

< 5 • J0-39 CM2) 1 npHMepHO Ha 11-12 nopHilKOB HH)I{e ceqeHHH o6paaosa-

HHR H30TonoB pTyTH B peaKUHH Pb ( p , p a x n ), 

PeaynbT8Tbl OllbiTOB no o6ny'leHH~ CBHHUa npoTOHaMH C 9HeprHeA 

680 Mas MoryT 6biTb HcnonbaosaHhi TaK)I{e llDR oueHKH co.aep)l{aHHR B CBHH-

ue ero aonro)I{HBymero aHanora c z = 114. 

CornacHo TeopeTH'IeCKHM oueHKaM, HaH6onee cTa6HnbHhlM H3oTonoM 

298 
114 , BaaHMoaeAcTBHe npo-aToro csepxTR)I{enoro aneMeHTa HBnHeTCH 

TOHOB C 9HeprHeft 680 M 9B C 9THM H30TOllOM MO)I{eT npHBeCTH K o6pa30B8-

HH~ cpaBHHTenbHO KOpOTKO)I(HBymHX CllOHT8HHO nenHmHXCR H30TOllOB 9K8pTy-

TH ( z = 112). 
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Do oqeHb rpy6biM OUeHK8M 0 CeqeHHe BbiXOJl8 OTJlenbHbiX H30TOflOB 

292,291,290 29 2 
::meii.EHT8 112 ( HanpHMep, 112 ) MO>KeT JlOCTHr8Tb ]Q- CM 0 

a,B03MO>KHO, H ]Q-28 CM2. 3TO COOTBeTCTByeT BepxHeft rpaHHUe COJlep>Ka

HHSI 3K8CBHHU8 B 06biqHOM CBHHUe 6nH3KOH K 10-10. 

flepeiiJleM K paCCMOTpeHHIO pesynbT8TOB OflbiTOB C npOTOH8MH0 HMeiO

IUHMH 3HeprHIO 70 fsB. 

foeopg o6 sKcnepHMeHTax c Bonb~paMoBoA MHIUeHbiO, cneJlyeT npe>KJle 

ecero saMeTHTb, qTo JlnH o6pasoBaHHSI sneMeHTa c Z = 112 Heo6XOJlHMO 

o6pasoBaHHe ~parMeHTOB c Z '2: 38. EcnH 6bi TaKHe ~parMeHTbi o6pa30Bbi-

eanHcb C 3HeprHeft, JlOCT8TOqHOH JlnSI B38HMOJleftCTBHSI C HJlp8MH BOnb~paMa, 

TO HeCOMHeHHO HMeno 6bi MeCTO o6pa30B8HHe pasnHqHbiX H30TOflOB 3K8pTyTH
0 

KaK JlDnro>KHBYIUHx, TaK H cpaBHHTenbHo KopoTKO>KHByiUHX. B HaiUHX onbiTax 

o6nyqeHHe 6binO Kp8TKOBpeMeHHhlM H Mbl MornH rOBOpHTb 06 o6p830B8HHH 

H30TOflOB C nepHOJlOM nonypacna)la OT HeCKOnbKHX qacoB JlO HeCKOnbKHX 

MeCSIUeB. 

PesynbTaTbl onbiTOB noKB3hiB810T, qTo npH o6nyqeHHH eonb~paMa npo

ToHaMH C 3HeprHeft 70 faB He HMeeT MeCTa 06p830B8HHe CflOHTaHHO Jleng-

-38 2 
IUHXCSI H30TOflOB. ( a < 2 X 10 CM ) • 3TOT pesynbT8T He npoTHBOpe-

qHT OflbiTaM f.H. 4>nepoBa C COTpyJlHHK8MH /21/, B KOTOpbiX 6binO flOK83a

H00 qTo npH o6nyqeHHH BOnb~paMa HeftTpOH8MH BbiCOKOH 3HeprHH He Ha6niO

Jl8eTCSI o6pa30B8HHSI 6biCTpbiX ~parMeHTOB C Z 1> 20 C 38MeTHbiM C~qeHHeM. 

KaK roBopHnocb B npeJlhiLIYmeft rnaee, npH o6nyqeHHH ypaHa npoToHaMH 
. . ' 

c aHeprHeli 70 fse Ha6niOLianocb o6pasoBaHHe H3oTona 
246 

Cf c ceqeaHeM 
246 "" IQ-35 CM2. 

nHIOTCSI peaKUHH 

238 u ( 14 c • 

HaH6onee eepoHTHhlMH peaKUHHMH o6pasoeaHHSI C/ .HB-

238 U ( 12 C , 4 n ), 238 U( 13 C, Sn ) H. 

6n ). B ·HBCTOSIIUee BpeMH He H3BeCTHbl HH ,MaC<;:OBbiA,. BH. 

aHepreTHqeCKHA cne~Tpbi HLiep yrnepoJla npH o6nyqei:IHR ypaaa npoToHaM~ 

c aaeprHeA 70 fsB. 

14 

OoaTOMy K8KHe-nH6o pacqeTbi BbiXOLia H30TOflO 

246 
IUHX peaKUHH o6pasoBaHHSI Cf 

0 He HMeiOT CMI 

Hs apyrHx H3BecTHbiX a -8KTHBHbiX H30TOflOI 

sneMeHTOB B H81UHX OflbiTax Mor, B npHHUHne, Ha6nK 

238 ·u ( 18 o6pa3y!OIUHHCSI B peaKUHSIX 0 
1 

4n 

H 238 U ( 20 0 ' 6 n ) • 

HamH sKcnepHMeHTanbHbie LIBHHhie He noseonmo 

nH6o saKn!OqeHHSI o6 o6pa30BBHHH 252 Fm 

qTO KacaeTCSI Ha6niO)leHHSI CflOHT8HHoro LieneHHl 

TO eLIHHCTBeHHbiM H30TOflOM 1 CflOHT8HHOe aeneHHe K01 

Ha6niOLl8TbCSI B H8illHX OflbiT8X 1 HBnHeTcg TH>KenhiH H3 

Maccoli 254. 

CnoHTBHHoe JleneHHe c 1'12 = 54 LlHH - OCHO 

254 Cf 
H OTCyTCTBHe TpeKOB OCKOnKOB CflOHT8HHOro 

BoA nneaKe, B Teqeane Tpex MecgueB HaxoanBrueiicg J 

HHLIHOA ~p8KUHeii, rOBOpHT, qTo, flO-BHLIHMOMy, npu B; 

E 238 
TOHOB C = 70 f::JB C U He .06pasy!OTCSI oq' 

yrnepoJla ( HanpnMep, c MaccoA 20). 

0TCyTCTBHe TpeKOB OCKOnKOB LieneHHSI Ha naBC8f 

LlHBUieiicg B KOHT8KTe C 388KTHHHL1HOH rppaKuHeii, MO>K4 

LlByMH npHqHH8MH: 

1. B3aHMOLieiiCTBHe ~parMeHTOB c Z ·> 20 c J 

K 06pa30B8HHIO 388KTHHHL1HbiX sneMeHTOB, npOHCXOJlHT 

HOCTbiO. 

2. 06pa3yiOIUHeCH H30TOflbi '388KTHHHLlHbiX sneMell 

nyTeM CflOHT8HHOrO .ileneHHH. 
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"!9Hb rpy6biM OU9HKaM, C9"!9HHe BbiXOil8 OTJlenbHhlX H30TOITOB 

292,291,290 29 2 
112 ( H8ITpHMep, 112 ) MO>K9T llOCTHraTb JO- CM 0 

o, H 10-28 CM2, 3To COOTBeTCTByeT BepxHeft rpaHHUe COJ19p>Ka

HU8 B o6hl"!HOM CBHHU9 6nH3KOft K 10-10. 

tiaeM K paCCMOTpeHHIO peaynbT8TOB OITb!TOB C npoTOH8MH 0 HMeiO

rHIO 70 fsB. 

!PSI o6 9KCITepHM9HT8X C BOnb<f>paMOBOfi MHUI9Hbl00 cneayeT npe>K.Qe 

eTHTb1 "'TO JlnSI o6pa30B8HHSI sneMeHT8 C Z = 112 H906XOilHMO 

e <f>parMeHTOB c Z ';::: 38. EcnH 6bi TaKHe <f>parMeHTbi o6paaoBbi

Heprueft, llOCT8TO"'HOH JlnSI B38HMOJlefiCTBHSI C Slllp8MH BOnb<f>paMa 1 

eHHO HMeno fihl M9CTO o6pa30B8HHe paanH"'Hb!X H30TOITOB 9K8pTyTH, 

>KHBYUIHx, TaK H cpaBHHTenbHO KopoTKO>KHByiUHX. B HaUIHX orrbiTax 

6hin0 Kp8TKOBpeM9HHbiM H Mbl MornH rOBOpHTb 06 o6pa30B8HHH 

nepHOilOM rronypacnaaa OT HeCKOnbKHX "l8COB 110 HecKOnbKHX 

nhT8Tbl OITbiTOB ITOK83b!B8IOT 1 "'TO ITpH o6ny"leHHH BOnb<f>paMa ·rrpo-

9HeprHefi 70 fsB He HMeeT MeCTa o6pa30B8HHe CITOHT8HHO JlenSI

TOITOB. ( a < 2 X J0-3 8 
CM 2 ) • 3TOT peaynbTaT He ITpOTHBOpe-

M f.H. <l>nepoaa C COTpyllHHK8MH /21/, B KOTOpbiX fibinO ITOK838-

H o6ny"leHHH BOnb<f>paMa HefiTpOH8MH BbiCOKOti: 9HeprHH He Ha6ni0-

830B8HHSI 6biCTpb!X <f>parMeHTOB C Z 1> 20 C 38MeTHbiM Ce"leHHeM, 

roaopunocb a npellbiilYIUeti: rnaae, npH o6ny"leHHH ypa~a npoToHaMH 

246 
70 fsa Ha6niOJlanOCb o6pa30BaHHe H30TOIT8 Cf C ce"!eHHeM 

2 246 
eM • HaH6onee aepoSITHbiMH peaKUHSIMH o6paaoaaHH.SI Cf . HB-

SKUHH 

4 c 
238 U ( 12 C ' 4n ), 238 U ( 13 C ' Sn ) ,IL 

6 n ) • B HaCTOSIIUee BpeMSI He H3BeCTHbl HH ,MSC<;:OBbiti:,. -llll. 

CKHfi cneKTpbi Hllep yrnepoaa npH o6ny"leHHit ypaHa npo'I'OHSMif 

j:j 70 rsa. 

14 

0o9TOMY K8KHe-nH6o paC"!eTbl BbiXOila H30TOITOB yrnepoaa, Bbl3biB8I0-

246 
IUHX peaKUHH o6paaoaaHHSI Cf 

1 He HMeiOT CMbiCna, 

Ha apyrHx H3BeCTHbiX a -SKTHBHblX H30TOITOB TpaHCKanH<f>opHHeBblX 

sneMeHTOB B H8UIHX OITbiT8X Mor, B IIpHHUHIIe, Ha6niOil8TbCSI nHUib 252 ftn 

238 ·u ( 18 0 4 ) 238 u ( 19 0 5 o6p83YIOIUHHCSI B peaKUHSIX 
0 

n 
0 

n 

H 238 U ( 20 0 ' 6 n ) • 

HaUIH sKcnepHMeHTanbHbie llBHHhie He rroaaonHIOT BhiCKaaaTb KaKHe

nu6o aaKniO"leHHSI o6 o6paaoaaHHH 252 Fm 

qTO KacaeTCSI Ha6niOJleHHSI CIIOHT8HHOro JleneHHSI B 8KTHHHilHOH <f>paKUHH, 

TO ellHHCTBeHHhlM H30TOITOM 1 CIIOHT8HHOe aeneHHe KOToporo Morno 6w 

Ha6niOJ18TbCSI B H8UIHX OilbiT8X 1 SIBnSieTCSI TSI>KenbiH H30TOIT KanHcpOpHHSI C 

MaccoA 254. 

CnoHTaHHoe aeneHHe c T¥2 = 54 llHSI - OCHOBHon THIT pacnaaa 

254 Cf 
H OTCyTCTBHe TpeKOB OCKOnKOB CITOHT8HHOrO aeneHHSI Ha naBC8HO-

BOfi nneHKe 1 B Te"!eHHe Tpex MeCSIUeB H8XOilHBillefiCSI B KOHT8KTe C 8KTH

HHilHOH <f>paKUHeti:, rOBOpHT 0 "'TO, ITO-BHilHMOMy, IIpU B38HMOJleftCTBHH IIp0-

TOHOB C E = 70 raa c 238 
U He 06paayiOTCSI O"leHb TSI>KenbJe H30TOilbl 

yrnepoaa ( HanpHMep, c Maceo A 20). 

0TCYTCTBHe TpeKOB OCKOnKOB aeneHHSI H8 naBC8HOBOfi rrneHKe, H8XO

IlHBUieRCSI B KOHT8KTe C 388KTHHH11HOH <PpaKuHefi 1 MO>KeT 6wTh o6~~CHeHO 

llBYMSI IIpH"'HHSMH: 

1. BaaHMoaeficTaHe <f>parMeHTOB c z '/ 20 C ypaHOM, IIpHBOilS!Uiee 

K o6pa30B8HHIO 388KTHHHilHblX aneMeHTOB, IIpOHCXOilHT C O"!eHb Manoft BepOSIT

HOCTbiO, 

2, 06paayiOIUHeCSI H30TOITbl '388KTHHHilHbiX sneMeHTOB He p8CIT81l810TCSI 

IIyTeM CIIOHT8HHOrO JleneHHSI. 

15 
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A.A. HayMoBy, OKa3aBIUeMy 5onbiUYJO noMOIUb B npoBeaeann o5ny"'8HIHI aa 
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