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3amHTa COCTOHTC.si « )) 2006 r. Ha 3acenamm 

JlHCCepTaU,HOHHOfO COBeTa ,[{ 212.204.09 npH POCCHHCKOM XHMHKO

TeXHOJIOrHlJeCKOM yHnaepcHTeTe HMeHH ,[{.H. MeHneneesa no anpecy: 

r. ¥ocKBa, yn. fepoea TiaHcpHJiosues, Jl. 20, Kopn. 1 B qacoa B 

KOHcpepeHU,-3aJie M<DX cpaKyJihTeTa. 

C JlHCcepTaU,He:H MO:>KHO 03HaKOMHTbC.si B HaylJHO-HHcpopMaU,HOHHOM 

ueHTpe PXTY HMeHH ,[{.M. MeH.n.eneeaa. 

AaTope¢epaT JlHCcepTaUHH pa3ocnaH « » }IHBap.si 2006 r. 

YlleHbiH ceKpeTapb 

Jl.HCcepTaU,HOHHOfO COBeTa ,[{ 212.204.09: 

K.x.H. qHfipHKHHa E.M. 

Oli~AJI XAPAKTEPHCTHKA PAEOTbi 

AKI)'aJILHOCTL TeMLI. B HaCToR~ee npeMR no1Jle6neiilie pMIIOaKTIIBHbiX 
II30TOIIOB H MIIpe npo,non:li<aeT. ynenii'IIIBaTbCH. 3ToMy CDOC06CTByeT BCe 6onee 
B03paCTaiDlluiH mirepec K TlU<II1.i OlJlaCrulM ·HaJKII, KaK H,nepHaR Me,Z(IIJlHHa, 
PMIIo«iJapMa!lenmKa, · pa,nno3KonoiiDI. IloCTaHonKa HOBbiX · · 3Ma'l n 3Kom:irnqecKIIx 
IIccne.nonaiiiiHX, · ocnoeHIIe ciiHTe3a HOBbiX «~JapM:al<orrornqecmx npenapamn; 
cnoco6HbiX .nocrannRTb pa,nnOHJKllii.nbl ·. K pa3nii'IHbiM opraaaM qenoneqecKoro) Tena, 

II03BOnReT He TOllbKO paCmiipiiTb npiiMeHeHIIe )')Ke II3BeCTHbiX B 3TIIX o6naCTRX HaJKII 
PMIIOII30Tonon, Ho II oTKpl.macr B03MOJKHOCTII" ,nng iicnonb30BaHHR PMIIOHYKnii,non; 

paaee He norryqiiBilliiX miipoKoro npiiMeHeHIIR B Me.nii!liiHe II 3Korrornii. 
I130TOII 99mTc O'leHb mnpoi<o IICIIOllb3YeTCR B R.ziepHoll: M:e.nii!liiHe MR 

,nnarHOCTIIKII pa3nii'IHbiX Ja6orrenaaiiil · qenoneKa. 3m o6nRCHHeTCR npaicriiqecKH 
II,neaJIDHbiM CO'leTaHIIeM ero R,nepHo~«<JII3IIlJeCKm{ . CBOHCTB .· C ~ B03MOJKHOCTbiO . - ""' ' 

e)l(e,nHeBHoro nonyqeHIIR pMIIOHJKnii.na II3 reHepaTopa Henocpe,nCTBeHHO B KniiHIIKe II 
CIIHTe3a 60llbillOrO KOlliitJeCTBa IIpOCTbiX II KOMIIlleKCHbiX COe,Z(IIHeHIIH, KOTOpbie MOryT 

6b!Th IICIIOllb30BaHbi B CaMbiX pa3llii'IHbiX . KlliiHII'ICCKIIX CIIyYa!liiRX. B HacToi~ee 
BpeMR MIIponoe II01Jle6rreHIIe 3Toro PMIIOHYKnii,na npeBblillaeT 200000. KII ·~ ro.n II 
rrpo,non)l(aeT yBellii'IIIBaTbCR. IJ03TOMY COBepmeHCTBOBaHIIe . TeXHOllOriiii 99mTc 

OCTaeTCR KpaHHe aKryaJibHOH 3ll,l(atJeH .. 

I130TOII aKTIIHIIH C MaCCOBbiM 'IIICllOM 225 B HaCTOR~ee BpeMH IICIIOllb3yeTCH B 
KatJeCTBe MaTepiiHCKoro HyKnn,na MR ·crronyqeHIIR 213Bi, · i<oTopblli Haxo,niiT 

IIPIIMeHeHIIe B H,nepHoil M. e.nii!lHHe rrpn PMIIOTeparrm! paKOBbiX 3a6oneBaHIIH. O,naaKo 
2:t5 . 

Ac MO)l(eT 6biTh II CaM IIpiiMeHefl MR 3TIIX )l(e Jleneif. 3TO HeCOMHeHHO IIpiiBe,neT K 

yneniitJeHIIIO II01Jle6HoCTII B 225 Ac B 6nii)l(aHilleM 6y.ny~eM: · · ·. · 
237u . . rrpe,ncTaBnReT IIHTepec ,nng rrpiiMeHeHIIR ·n pMII03KonoriitJeCKIIX 

IIccne.nonaHIIHX npii II3yqeHIIH rrone,neHHH ypaHa B 6IIoc«~Jepe,· a TaK)l(e B 

na6opaTOpHbiX 3KCrrepiiMeHTax no Mo,neniiponaHmo ero rrone,neHIIR B pa3lliitJHbiX 

IIpiipO.I(HbiX II TeXHOreHHbiX CIICTeMax. 
OcHOBHbiMH crroco6a.Mn rronyqeHIIR 99mTc ·II 225 Ac B HaCTOR~ee npeMR 

RBnRIOTCR: MR 99mTc - o6nytJeHHe o6orameHHOrO 98Mo 6biC1JlbiMII, IIJIII TeiillOBhiMII 

HeHlJlOHaMII B peaKJlliii 98Mo(n, y), IIllii IIpii ,neneHHH 
235U II3 · B036y}K.neHHOrO 

TerrnoBDIMII HeHlJlOHaMH cocTOHHHR (o6nyqeHIIR rrpono,ngT B BbiCOKOIIOTO'llibiX 

H,nepHbiX peaKTopax), MR 225 Ac- o6nyqeniie 226Ra rrpoTOHaMII B peaKJliiii 
226Ra(p, 2n) 

(o6nyqeHII~ IIpOBO,nRT Ha ycKOpiiTenRX 3apH)l(eHHbiX tJaCTIIJl Irpii 3HeprnH IIpOTOHOB 16 
M3B). 3m MeTO,nDI xapaKTepii3YfOTCR BbiCOKIIMII cetJeHIIHMII peaKJliiH n .nocTaTOtJHO 
6onDmiiMII BbiXO,naMII !lenenDD( · pMIIOHJKllll.I(OB. O,nHaKO IIX npiiMeHeniie· He ncer.na 
MO)l(eT 6b!Th y,no6HbiM B CIIJiy . CllOJKHOCTeH, CBR3aHHbiX C O'IIICTKOH KOHe'IIIOrO 

IIpO.I(YKTa, YTllllii3aUIIeH BbiCOKOaKTIIBHbiX OTXO.I(OB, He06XO,niiMOCTblO IICIIOllb30BaHIIR 

.noporoCTOR~x W,mii'leCKIIX yCTaHOBOK. · · 
113oion 23 U .no H:acroR~ero npeMeHH ne namen miipoKoro rrpiiMeHeHIIR II3-3a 

OTCYTCTBrul y,no6HbiX MeTO.I(OB ero IIOllyqeHIIH. 
. BbiiiieJKa3aHHOe npe.nonpe,nenReT aKryaJibHOCTb. pa3BHTIIR aJibTepnaTIIBHbiX 
IIyYeH. IIpOII3BO.I(CTBa ,Z(aHHbiX • pMIIOHjXJIII.I(OB, KOTOpbie MOrllii 6bi Cll)')KliTb 
,Z(OIIOnHeHIIeM K )')Ke cyriJ;eCTBYfO~IIM MeTO.I(aM, a B OT,Z(ellbHbiX CllyqaRX li 3aMeHRTb 
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IIX. 0JliiH Il3 TaKnx MeTo.nos - IICIIOJih30BaHHe !lJoTosmepHbiX peaKunii. Ce'leHIIM 3TIIX 
peaKunii HII)J{e, 'leM ceqenii.M peaKunii c yqacTneM rrpoToHoB n neiiljJonoB. O.nnaKo 
IIpH B3alfMOJleHCTBHH tPOTOHOB C MJlpaMH MHIIIeHH peanii3YCTCM, KaK npaBHJIO, Jllillib 

(y,n) KaHan peaKUIIII, T.e. na6mo.naeTCM o6pa3oBaHHe TOJihKO uenesor?. HYKnllJla. 3To 
3HaqnTeJibHO nOBbiiiiaeT pa.nHOHYKnHJlHYIO qJICTOTY rrpo.nyKTa, ynpomaeT npoue.nypy 
ero BhmeneHIIM, O'IHCTKH II CHII)J{ae:r Jl030Bbie HarpYJKH. K TOMY )J{e, ycKopiiTenH: 
3JieKTPOHOB, IICnOJih3YJOIUHeCH B KaqeCTBe ycTaHOBOK JlRH nonyqeHHH nyqKOB 
!lJoTOHOB, 6onee KOMnaKTHhle H Menee :meproeMKHe rro cpasnennro c }!JlepHbiMH 
peaKTOpaMH II yCKOpHTenHMII qaCTJIU, ~0 OTKpbiBaeT B03MO)J{HOCTII opraHH3auHH 
ne60JibiiiJIX IIpOH3BOJlCTB KOHKpeTHbiX ueneBhiX pa.nHOHYKnlfJlOB B paMKax OTJleJihHOfO 

pernona. 
· Ha ocnosannn BhiiiieH3JIO)J{eHHoro rrpose.nenne nccne.nosannii · no nonyqeHHIO 

npenapaTOB 99mTc, 225 Ac II 237U c BhiCOKoii pa.niiOHYKniiJlHOii qncToToii B 
tPOTOH.nepHbiX peaKUHHX npe.UCTaBRMeTCM aKryanhHbiM. . 

lleJIL paooTbi. Pa3pa6oTKa TexnonornH nonyqeHHM npenapaTOB 99mTc, 225 Ac, 
237U . C BbiCOKOH . pa.nHOHYKnHJlHOH qucTOTOH B tPOTOM.UepHbiX peaKUHHX JlRM 

npnMeHeHHH B pMH06HOJIOfJiqeCKHX li pa.UH03KOJIOrHqecKHX HCCJieJlOBaHHMX. 
HayqnaH uosnJua. BnepBbie 3KcnepHMeHTanbHO • noKaJano, qTo 

!lJoToM.nepnbie peaKrrHH 
100

Mo(y, n)99Mo ~ 99
mTc, 

226
Ra(y, n)225

Ra ~ 225 
Ac, 

238U(y, ni37U n03BOJIHIOT nonyqaTb ueneBbie pa.nHOHYKnHJlbl C BbiCOKOH (Ha ypOBHe 
I 0"5 - I o·6 EKIEK) pa.nHOHYKnHJlHOH qJICTOTOH KOHeqHbiX npenapaTOB. 

Pa3pa6oTaHhi tPH3HKO-XHMHqecKHe ocnoBhi TexnonorHH 99mTc B !lJoToM.nepHbiX 
peaKUHHX, , BKniOqaJOIUHe o6nyqenHe HCXOJlHbiX MHIIIeHefi lPOTOHaMH C 
Hcrronb3oBaHHeM MHKPOTPOHa MT-25, pa.nHoXHMnqecKoe BhmenenHe H 
KOHueHYpHpOBaHHe KOHeqHbiX npO.llYKTOB. 

Pa3pa6oTana MeTo.nnKa nonyqeHHH 225 Ac, BKniO'IaiOIUaH H3rOTOBnenne 
HCXOJlHbiX MHIIIenefi, o6nyqeHJie HX tPOTOHaMH C HCnOJib30BaHHeM MHKpowona MT-25 
C nocne.nyiOIUlfM pa.nHOXHMH'IeCKHM BhiJlenenneM H KOHueHYpHpOBaHHeM 2 5 Ac: 

BnepBbie pa3pa6oTaH cnoco6 nonyqennH npenapaTOB 237U c BhiCOKoii 
y.nenhHOii aKTHBHOCThiO c ucnonb3osanneM Mem.na c6opa H.nep oT.naqn. Ko:~!lJ!lJ.nuneHT 
o6orameHIIM 237U npn 3TOM cociasnMeT I02 - I03• Cnoco6 Jamnmen naTeHTOM P<l>. - . . 

llpaKTn'lecKaH ueuuocTb. IIonyqenHhie peJynhTaTbi JlaiOT Ba)J{H}'IO 

JIHtPOpMaUHIO 0 B03MO)J{HOCTMX npHMeHeHHH, peaKUlill (y, n) li (y, t) .llRM IIOJiyqeHHM 
pa.nHOII30TOnOB Ha MHKpOTpOHe H JIJIHeHHOM ycKOpHTerre 3JieKYpOHOB.Pa3pa60TaHHbie 
MCTOJlHKJI ,n;aiOT B03MO)J{IIOCTb nonyqaTb JI30TOnbi C xapaKTepHCTHKaMH, 
n03BOJIMIOIUJIMH HCnOJib30BaTb JIX B Me,l(HUHIICKHX, a TaK)J{e B pa,n;JI03KOJIOfJiqeCKJIX H 
·pa.nHoXJIMJiqecKHx Jiccrre,n;oBaHHHX (:~neKTPo4Jope3 Mo-Te, ananJI3 Th, U, Np 11 Pu B 
noqsax n npnpOJlHhiX Bo,n;ax). IIpenapaThi 237U npHMeHMIOTCM B 
3JieKTPOMHrpauHOHHbiX JICCJie,l(OBaHIIMX H B lPH3JiqecKHX HCCJie,l(OBaHJIMX 

B03MYJUeHHbiX yrrroBbiX KOppenHunii (BYK). . 
· ,[{anbneiiiiiee pa3BHTHe pa6oT no nonyqeHHIO 

225 
Ac n 

99
mTc B !lJomH.nepHbiX 

peaKUHHX Ha nyqKax 3JieKTPOHOB KOMnaKTHbiX ycKOpHTenefi n03BOJIHT TOJibKO Ha 6a3e 
225- . I09"' MHKPOTPOHa MT-25 JUIP 0115111 norryqaTb npenapaTbi Ac aKTHBHOCThiO .no nK, 

99 11 237U 99 225A a npenapaThi Mo - .no I 0 EK. Bne.n;penJie Me:ro,n;oB norryqennH , Mo, c B 
npaKTHKY pafiOT 3JieKYpOHHbiX YCKOpHTenefi (JIJIHeHHbiX H MHKpOYpOHOB) C yqe:roM HX 

4 

OTHOCHTeJibHO 60Jibiiiefi ,l(OCTyllHOCTH, - npOCTOTbl .. ynpaBJieHHM II MeHhiiiiiX 
3Hepr03aYpaT no cpasnennro c .n;oporoCTOHIUHMH. ycKopnTenHMH 3apM)J{eHHhiX qacmu 
CYJUeCTBeHHO CHH3HT ce6eCTOHMOCTh npOH3BO.zirna ,l(aHHbiX pa.nHOHYKniiJlOB H 
pacnrnpnT o6naCTb nx npJIMenermH. 

AnpooaunH paooTLI. MaTepHanbi ,l(JiccepTauHonnoii pa6oTbi ,n;oKna.n;hmannch 
n o6c~aJIHCh na ceMHHapax Jla6opamprm H.nepHhiX peaKUHii 01151I1, VII 
Me)KJlyllapO.n;HOM _ pafioqeM COBeJUaHHH • no MHIIIeHMM. H MHIIIeHHOH XIIMHH 
(reii.n;enb6epr, repMaHHH, I997), VI Me)KJlynapO,l(JIOH IIIKOJie-ceMHHape no tPH3HKe 
TH)J(eJihlii iioHOB (,[{y6na, I997), Pa6oqeM coBemanJin no MOHimipnnry npnpOJlHhiX n 
HCKYCCTBeHIIhlX paJlJIOnyKnHJlOB n TH)KeJibiX' MCTaJIJIOB B OKp~aromeii cpe.n;e (,[{y6na, 
I999), V Me)KJlyllapoJlHOii Koncpepenunn no }!Jlepnoii n p3.n;noxHMJin (IIoHYpeJHHa, 
IIIBeiiuapHM, 2000), III PoccniiCKOH Kon!lJepenunn no PaJlJIOXHMHH (CanKT-I1erep6ypr, 
2000), XN Me)KJlyllapo.nnoii pa,l(JioXIIMnqecKoii Kon!lJepeiiunn (MapnancKne · JlaJne, 
qeXIIH, 2002), III PoccniiCKO-HIIOHCKOM- ceMHHape no Texneunro (,[{y6na, 2002), 
Me)J(JlyHapOJlJIOM nayqnoM ceMnnape no :~neKYpOHHhiM nyqKaM HH3Knx 11 -cpe,n;nHX 
:~neprnii (,[{y6na, 2003), Pa6oqeM coBemannn no nepcneKTHBaM npnMem:miH anl,!lJa
pacna.nqHKOB B MeJlllunHe (,[{y6na, 2003), I Koop.nnnaunonnoM • coilemannH· no 
nepcneKTUBaM nccne,n;oBaHHii B o6nacm HaYK o )KJIJHH qenoBeKa B MnpOBhiX }!JlepHbiX 

uenYpax (3onoThle necKn,. EonrapHM, 2003), IV PoccJiiicKoii KoncpepenuJIH no 
paJlJIOXHMHH «Pa,l(JIOXHMHH - 2003» (03epcK, 2003), V Me)KJlyllapoJlHoii 

Kon!lJepenunn no coBpeMeHHbiM npo6rreMaM B H.nepnoii 4Jn3nKe (Ca.MapKallJl, 
YJ6eKHCTaH, 2003), II Me)KJlyllapo.n;noM cnMn03JIYMe no pa3.n;enenn10 n 
KOHrreHYpHpOBaHHIO B aHanHTHqecKOH XIIMHH H pa,l(JIOXIIMHH (Kpacno,n;ap, 2005). 

llyoJinKagnn. ITo reMe ,l(JICceJ?TilUHH ony6nHKOBaHO 23 pa6oT:bi. 
OobeM paooTLI. Pa60Ta coCTOHT H3 BBe,n;enHM, 2 mas, Bhmo.n;oB n co.n;ep)J{JIT 83 

CYpaHHUhl, II pncynKOB, 10 Ta6JIHU n cnncoK cchmoK H3 Il3 HanMeHOBaHIIii. 

CO,[{EPJKAHHE P AEOThi 

Bo BBeJJ.ennn o6ocnoBaHa aKTYaJibHOCTb TeMhi nccne,n;oBaHIIH II 
ccpopMHpOBaHbl OCHOBHbie ueJIII pa60Tbi. 

llepsaH mana (IIIITepaYypiihlli o63op) COJJ.ep)J{HT anann3 nHTepaYypHhiX 
JlaHIIbiX 0 MepHO-cp1I3JiqeCKJIX CBOHCTBax 99mTc, 225 Ac, 237U, o6naCTHX HX 
npiiMeHeHHH, OCHOBIIbiX MCTOJI.~ nonyqeHHH II BbiJleJieHIIH. PacCMOYpeHbl 

oco6ennocm npiiMenenHH :~4J4JeKTa CUHJIJiap.n;a - qaJIMepca B peaKuHHX (y, n). 
OTMeqeno, qyo tPOTO}!JlepHbie peaKUHH npii pa3pa6oTKe COOTBCTCTBYJOIUIIX MeTO,l(JIK 
pa3,n;eneHJIM KOHeqnbJX npoJlYKTOB HBJIHIOTCH nepcneKTIIBHbiMII JlRH nonyqeHIIM 
II30TOnOB c BhlCOKOH PaJlJIOnyKnHJlHOH qJICTQTOH. 

BTopaB rJiasa (3KcnepiiMe:H-ram,naH 'laCTb) co.n;ep)J{JIT onHCaHIIe napaMeYpOB 
HCnoJib3yeMOro B pa6ore KOMllaKTHOro YCKOpiiTellM 3JieKTPOHOB- MT-25 MIIKpOYpOHa, 
cneKYpOMeYpnqecKoro o6opy.n;oBaHHH, MHIIIeHHoro YJna, pe3yJibTaTbi 3KcnepiiMeHTOB 
no onpe.n;eneHIIIO OnTIIMaJibllbiX · reoMeYpnqecKHx pa3MepoB MIImeneii, 

:~KcnepiiMeiiTilJibllbie ,n;anHble no BhlXo.n;aM ~c. 225 Ac, 
237

U s peaKUHHX ·(y~ n) c 
IICnOJib30BaHHeM MIIKpOTpOHa -MT-·- 25, a TaK)J{e MeTOJlJIKII BhmeneHHM JJ.aHHhlX 

H30TOnOB H3 o6nyqeHHhlX MHIIIeHeii. 
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Jfapa.ltempbl ucnoRb3YC-~1020 e pa6ome K.O,ltn0/(Jn1I02o yCK.opwneliR 3-~e;,:mpouoe- AfT-· 
25 .ltUKpompoua, cneKmpo,uempu'leCK02o o6opyi>oeamm, .uumeuHo2o y3Jla 

MnKpOTpOH - MHorouenesoii ycKopnTeJih 3JieKTPOHOB~ rro3BOIDIIO~IH 

nOJI)"'3Th nepBH'IHbie II BTOpH'IHbie nyqKH '13CTHU .!{JIX pa3JIH'IHhiX HCCJie.!{OBaHilH. 
IlepBH'IHbiM n)"!KOM HBJUH!TCH rrytiOK 3JieKTPOHOB. K BTOpH'IHhL'.f ny'IK3.M OTHOCXTCH 

TOpMOJHOe HJJI)"'eHUe (raMMa-rry<IKH) II HeH'IpOHhi, norryqaeMhlC B pe3yJihTaTe ()', n) -
peaKunn na TX)KeJihiX MeTaJinax, a TaK'A<e cMemaanoe y-n none. 

Ocuoemxe napa.l!empbl .HuKpompoua: 

MaKcuManhHM 3Heprux ycKopeHHhiX 3JICKTPOHOB, M3B 
,[{uarra3oH IIJMeneHIDI 3Hepruu, M3B 

Cpe.nmtii TOK ycKo~eHHhiX 3JieKTPOHOB, MKA 
IloTOK lPOTOHOB, c· 

nJroTHoCTb noToKa .fermoshiX ueii'Iponos, cM-2 -c-1 

IlJIOTHOCTb llOTOKa 6hiC'Iphlx Heii'IpoHOB, CM-2 ·C·l 
Ilo'Ipe6nxeMM MomnoCTb, KBT 

25 
5-25 

25 
1014 

10
9 

10
8 

20 

; ' ~ 

B pa6oTe ncrronhJosanoch cne.nyromee cneKTPOMe'Ipn'lecKoe o6opy.nosanue: 

.nCTeh."TbP. H3 csepx'IItcmro Ge c pa3pemeaueM 1,5 K3B aa JIIIHnn 1,33 M3B (6°Co) 
)J..'lll II3MepeHIIH raMMa-aKTIIBHOCTII; 

Si(Au)-.nCTeKrop rmoma.nhm 0,6 cM2 n pa3pernenneM 16 K3B JVBI II3Mepeniiii 
aJibliJa-aKTIIBHOCTH; 

Si(Li) .neTeinop c pa3pemeHIICM -200 3B Ha JIHHIIH FeKu1 (Ey = 6,4 K3B) .nnx 
pearreno-!lJmoopecueunmro aaannJa c soJ6yjl(){eHIIeM penrreuoscKoro 
ll3JI)"'CHHH pMHOII30TOIIHhiM HCTO'IHHKOM 109Cd. 

HcrroJIL3yeMbiH B pa6oTe MHmeHHhiii 6rroK npe.nCTaBJIXCT co6oii OTKphiTLiii c 
O.!{HOH CTOpOHbi aJIIOMIIHHCBbiH .!{Cp)KaTeJib, B l(eHTp KOTOpOrO noMernaeTCH KOHTellHCp 
c . MumeuhiO. . Ilocne . 3TOJ'9 OTKphiTM CTopona .nep)KaTeJIX UJIOTHO 3aKphiBaeTC~ 

aJIIOMIIHIICBOH lPOJibrOii , , TOJiillliHOH 50 MKM II .!{Cp)KaTeJih . )KCCTKO KpCIIIITCH 
HCIIocpe.!{CTBeHHO 3a BOJihlPPaMOBbiM KOHBepTOpOM 3JICKTPOHOB. ,[{aHHM KOHCTp)'KUIIH 
o6eCIIC'IHB3eT COOCHOCTb MHIIICHII II II)"'K3 lPOTOHOB, 'ITO II03BOAAeT MaKCHMaJibHO 

HCnOJib30B3Tb ero IIHTeHCHBHOCTb. (Puc. 1). 

Onpei>eReHue onmu\la.'lbubL'{ 2eo.uempu'1eCk'UX pa3Mepoe AlllllleHeii 

MHmenh, npe.ncTaBJIHIOillYIO co6oii. Ha6op H3 34 nnacmn H3 npHpo.nnoro 
MOITH6.nena, o6rryqann noTOKOM !lJoTOHOB MT-25. Tonmnna K3jl(){OH nnaCTHHhl 
COCTaBAAJia 300 MKM,. BbiCOTa II mnpuna - no 24. MM. PacCTOHHHC OT KOHBCpTOpa 
3IIeKTPOHOB .no Mnmeun coCTaBrrmro 5 MM. MaKCH..\Iaill,Hax 3Heprux ,_ cpomnos 
coCTaBJIHJia 24 M3B, TOK 3JieKTPOHOB- 15 MKA. Ilocne OKOH'laHIDI o6nyqeunx ~IDK.l1YIO 
rmaCTnny HJMepmrn na raMMa-cneKTPOMC'Ipe. ,[{rrx nnacnni no.n HOMepaMn: 1; 5, 9, 18,. 
26 ll 34 IIpOBO.!{HJill HJMepeHUe pacnpe.neJieHIIH aKTIIBHOCTII no IIJIOilla.!{H K3jl(){Oll 
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nnacTIIHhi. ITo 3KcnepnMeHTaJihHbiM .!{aHHbiM 6Lmn . noCTpOeHLI KpHBLie 
pacnpe.neJieHIDI IlHTeHCHBHOCTH IIOTOKa lPOTOHOB C 3HepruHMH Bhiille noporOBOH 
3Heprun JVB1 peaKUHH 1~0()', n) B norrepe'IHOH H UpO.!{OJibHOH UJIOCKOCTHX rrytiKa 
(puc. 2). 

e 

TI~x 3J'l'elcrPOBO:E 

·>I 

W - xomeprop 
3m!X'l'pOBO:E 

AI- ,Aep:lKaTeJIL 

Korieiinep c MnmenLro 

Cu MOHHTOpLI; 0 8 MM 

Puc. 1. CxeMa o6nyqeHIDI TOHKHX MHmeneii na Mf-25. 
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PaCCTOXHHe OT UelrrpaJlLIIOH OCH MHIIIeliH (MM) 

Puc. 2. Pacnpe.neneHIIe nHTeHCHBHOCTII II)"'Ka liJOToHoB B nonepe<Inoii II npo,i{onhHOii 

IIJIOCKOCTHX. 

Ha OCHOBaHHH nonyqeHHbiX pe3YJThTaTOB 6hm c.nenaa Bb!BO.!{ o TOM, 'ITO 
.!{HaMC'Ip MllillCHII, pasHbm 8 - 10 MM, HaH60Jiee IIOJIHO OTBeqaeT ycJIOBIIHM 33.!{3'1 IIO 
napa60TKe 60JibiDHX y.neJibHbiX aKTIIBHocreii na MHKpO'IpOHe MT-25 JUIP OJUIH. qTo 
KacaeTCX TOJiillHHbl Mnmenn, TO ona, KaK npasHJio, orrpe.nemJeTCX 33.!{aHHbiM 
KOJIWieCTBOM MHmeHIIoro MaTepnana 
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Jio.1y'leHue 99mTc 6 peaK!JUU 100Mo(y. n/9Mo ~ 99mTc c ucno,1b306aHue.u 
.uuzueneii U3 100 Mo03 u MemaJlJlU'IeCKOZO nat Mo 

,[(mi orrpe.[{eneHIUI BhiXO,[{a 99Mo o6nyqrum MHmenn H3 natMo (9,6% 10~o) B 
Bll.[{e cpolihrn n 100Mo03 (co,[{ep:>KaHIIe 100Mo- 99,9%) B Bll.[{e nopoiiiKa.. Macca cpolihrn 
coCTllBJUIJia 125,5 Mr, Macca 1~o03 -I5,6 Mr. B cnyqae cponhrn MnmeHh 
pacrronarrum nerrocpe.[{CTBenno B AmmeHHOM 6rroKe, a B cnyqae OKCII,[{a MOJJII6.[{eHa 
MUmeHh IIOMemarui B IJ;HliliH,[{pH'IeCKllll aJJIOMHHIIeBhill KOJITeHHep C BHYIPeHHUM 
,l{llaMeTpOM 8 MM, KOTOphlli 3aTeM 3aKpeiiJUIJIH B MUmeHHOM 6JIOKe. MaKCHMaJJhHall 
:mepriDl cpoTOHOB coCTaBmma 24 M3B, TOK 3JieicrpOHOB- I5 MKA (Ta6JJIIn:a I). 

Ta6nun:a 1. YcnoBHH o6nyqenHH Monn6.[{eHOBhiX MnmeHeii I<L'.tMa-KBanTaMH na 

................. .t' ...... .., ......... _ -·-- - -- r -- -- .. -----
99M -

N!! Mnmenh ToK, Bpel\m Co.[{~JKanne BhiXO.[{ ~Mo na speM»: 

nlrr MKA o6rryqennx, 1 Mo, oKonqannxo6nyqenn»: 
q Mr (KoKIMKA·q·Mr 100Mo) 

I n31Mo-cponbra 15 1,5 12,05 3,2 
2 100Mo03 15 2,0 10,52 3,1 

lh pe3yJJhTaTOB orrhiTOB cne.[{ycr, ~o o6nyqenne 10 r 1~o (o6oramenne 
99,9%) B Teqenne 100 qacoB rrpn TOKe 25 MKA n 3HeprnH 3JJeicrpOHOB 25 M3B 
rrpnse,[{eT K naKonrreHmo aKTHBHocm 99Mo rropH.[{Ka 1011 oK. 

06nyqenne 10 r rrpnpo,[{noro MOJJII6.[{ena (9,6% 1~o) B Tex JKe ycnoBHHX 
IIpHBe,[{eT K HaKOIIJieHHIO aKTUBHOCTH 99Mo IIOpH.[{Ka 1010 OK, ~ COOTBeTCTB)'eT 

xapaKTepncmKaM rrpOMhmmeHHhiX reneparopoB 99mTc. · 
06nyqeHHhie MHmeHH OXJJa)K.[{aJJH B reqemre 20 qacoB H IIpOBO,l{llJJH 

Bhl.[{errenue 99mTc no cne.[{yromeii cxeMe: 
1. Pacrnopenne MHmenn B paCTBope 2 M NaOH. 
2. CoocaJK,[{enue Nb c rn.[{pOOKHChiD JKerre3a. l{enlJ>ncpyrnpoBanne. 
3 .. IIepeBo.[{ 99Mo B cpopMy cpoccpopnoMorrn6,i{am nalJ>HH. 
4. Cop6UHH cpoccpopnoMoJJII6.[{am HalJ>HH na xpoMaToi-pacpuqecKOM AhOJ. 
5. Ilepenecenue Ah03 c cop6nposanHhiM 99Mo na KOJIOHK)'. 
6. IIpoMhiBKa KOJIOHKH 2 MJI paCTBopa 0,03 M HCI c 6poMOM .[{JJH cm6UJIHJan;nn 

Mo(VI). , 

7. IIpoMhmKa KOJIOHKH 20 MJJ H20. 
8. 3monpoBaHIIe 99mTc 0,85%-HhiM paCTBopoM NaCl. 

BhiXO.[{ 99mTc B .[{aHIIOii MeTO.[{HKe COCTaBJJHeT 80%, co.[{epJKanne 
pa.[{HOaKTUBHhiX rrpUMeceii He rrpeBhimaeT 1 0'5 oKIEK. 
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JlOJZY'IeHue 99mTc 6 peaK!JUU 100Mo(y. nl9Mo ~-??mTc c ucnollb306anueM 
. · MUZUeHu U3 '-Kap6oHllJla MOJZu6oena · :'; ' "" ' 

• ~ : J • ' 

Mnmenu, CO,[{ep:>Kamne 60 H 37 Mr KpH~H'IeCKOro nopomKa natMo(CQ)6, 
o6nyqarrn rrOToKOM cpOTonos MIIKpcrrpona c MaKcUMarrhnoii ·3neprireii 24 M3B: Bpel\UI 
o6nyqenu»: coCTaBnrro 30 MHHyr. 3areM o6nyqennhlii rropomoK Kap6onUJia MOJIII6.[{eHa 
rroMemrum B rrepermmyro yCTanOBK)' (puc. 3) n rrpoBO.[{HJIII· orr<iHKY Kap6onUJia 
Monn6.[{eHa H3 MnmeHHoro KOHTeiinepa B rrpueMHhiii KOHTeiinep. CxeMa pa3.[{enenHH 
Mo n Tc ,[{ana na pnc. 4. 

Bona 
KoHTeiiHep 
C MIIIIIeHLIO 

Puc. 3. CxeMa neperonnoii yCTanomoi. 

BowmWI py6amKa 
'•, 

PHc. 4. CxeMa Bhl.[{erreHIUI 99m.rc H3 o6nyqenHoii Mnmenn. 
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TeMrreparypy s rrpouecce orroHKH no.zmepxmsa.rrn s HHTepsarre 90-100°C. 
IJpneMHblil: KOHTefiaep OXJia.JK)];aJIH :JKHW(HM aJOTOM. BpeMa OITOHKH COCTaBHJIO } qac. 
PeJyJib TaThi OIIbiTOB C MHIIIeHaMH H3 Kap60HHJia MOJIH6.L{eHa ,L{aHbl B Ta6JIHrre 2. 

Ta VOfA•&-- •- --.~-------- -------------\,.-- V 

N2 06paJerr, OnbiT Co.nepx<aane Mo, Co.nep)!{auue T c, I 

nln Mr % % 

1 60 Ky6osbrn ocramK 34 70 I 
I 

,[{HCTliJIJiaT 66 30 

2 37 Ky6osbiii ocraTOK 30 64 
,[{HCTHJIJIHT 70 36 

IJocne OITOHKH Kap60HHJia MOJIH6,L{eHa B ey60BOM OCTaTKe OCTaiOTCH 99mTC 

(-67±3%), -32±2 % aKTHBHOCTH 99Mo (cpaKTop o6orameHna ~o- 104
), a TaJOKe 

~a.nnouJoTonbi 95
"
97Nb, o6paJoBaBIIIneca no peaKIUin 96

"
98Mo('y, p). Ilocne HaKonneHna 

9mTc B npueMHOM KOHTefiHepe CHOBa npoBO,L{llJill OITOHKY Kap60HUJia MOJIU6,L{eHa. 
IJpu 3TOM B npiieMHOM KOHTellHepe OCTaeTCH TOJibKO 99mTC (7Q'l(o), KOTOpbru CMbffiaJIH 
0,9% pacTsopoM NaCl. TaKHM o6paJOM, .nanHaa cucreMa MO)!{eT 6biTh ncnonb3osana B 
KaqecTBe cy6nnMaunoHHOro reHepaTopa 99mTc. 

,[{eTCKTHposaHne · 99Mo so scex o6paJrrax npomso.nunu Ha ra.MMa

cneKTpO.Meipe no JIHHIIH Ey = 181,1 K3B (6,06%), 99mTc- Ey= 140,5 K3B (88,9%), 9~b 
- Ey = 569 K3B (55,7 %). KonuqecTBO MOJIH6,L{eHa B IIOJiyqeHHbiX npeiiapaTax 99Tc 
o11pe.nenanu peHTreHocpnyopecrreHTHbiM MeTO.UOM. Co.nep)!{aHue Monu6.neHa B 
npeiiapaTax He npeBbiiiiaJIO 10-6 r. PeJyJibTaThi II3MepeHua peHrrenoscKux u raMMa
ciieKTpOB npenapaTOB 99mTc, IIonyqeHHbiX B OIIbiTax, npe.ncTasneHbi Ha puc. 5, 6. 
Co.uep)!{aHue pa.nuoaKTHBHbiX npuMeceii B KOHeqao.M npo.nyKTe He npeBbllllaJIO 1 0"5 

'lir<IEK. 
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Poe. 5. PeHTreHOBCKIIii cneKip npenaparn ~c 
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Poe. 6. faMMa-cne~ npenapaTa 99mTc 

1•12 
E,I>B 

:ue 

IlpHMeHellu~ M~e~eii 'u3 o6o~eimoro 100Mo 6onee rrpe.zirro.fnrren~Ho, T.K. 
npn o6nyqeHHII 100Mo cpoTOHaMH 'c .MaKCIIMaJibHOii 3Hepmeii .!lo 24 M3B ue 
nponcxo.L{HT. Hapa6oTKa.L{oJiro)KllB)'IIUIX npm..l<;!ceii <90•91•91m.9Jm~o II 97•96•95·91~b, qm 
HMeeT MecTO rrpn o6nyqeHllll MUIIIeHefi ll3 °31Mo. . 

Ilpu· , lBaHMO,L{eHCTIIHll 3n'eKTpOHOB C MaTepiiaJIOM . TOpM03HOH MHIIIeHll, 

cpOTOHOBC06Jiyqael\fbiM IIpenapaTO¥ II KOHCipYKUHOHHbiMll MarepHaJiaMH r.ui:meHHOro 
6JIOKa . o6pa3)'10TCH HeHTpOHbl. ,[{mi npe.UCTaBJieHHhiX 3KCIIepnMeHTaJibHbiX YCJIOBHH 

nOTOK TeiiJIOBbiX HeiiTpoHOB paBHbill. 105 H·CA-l2·c·l orreHeH,Ha..\III C llCIIOJih30BaHlleM 

peaKrrnn , 197 Au(n, y)198Au. . HyKJill.L{bi, o6paJymmneca B pe3yJihTaTe peaKrriiH 
100Mo(n, y)101Mo (Tlf2=14,6 M~H) ~ 101Tc {T112=14,2 MllH) ~ 101Ru (cra6.) 
qepe3 HecKOJibKO. qacos IIOCJie aKTHBaiillll IIOJIHOCThiO paCIIa.L{aiOTC.ll B CTa6HJibHbill 
101Ru. TaKHM o6paJOM, pa.nuoxnMnqecKaa qucrorn npenaparn 9?mTc onpe.nenaeTca 
TOJibKO ll30TOIIHoii qncmmii 100Mo. 

.IlOJl)l'leHue 225 Ac 6 pe'aKIJUU 
226 Ra(y. n)225 Ra ·~ 225 Ac 

.[{na onpe.L{eneHilll BbiXo.na 225 Ac 6I>IJIH ll3roTOBJieHbi .use ,TOHKHe .MnmeHn, 
co.nep)!{alline 'no: 0,65 MKr 22~ Ka)!{.L{aa. O.nHa MUIIIeHb rrpe.ncrasmma co6ofi cMecb 
nopOIIIKOB: cyJibcpaTOB. 6apna II pa.una, a .npyraa - HllipaT pa.una Ha aJIIOMllHHeBOH 
no.L{JloxOce. XHMriecKaa cpopMa MnmeHefi onpe.nemmacb rexHonomeii ll3BJieqeHna u 
KOHrreBipnpoBaHna pa.una H3 ero ncroqanKoB, nMeiOmuxca B HaJIHqJIH. Ka)!{.L{yiO 
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MHIUeHb noMern;rum B OT)leJIDHLIH UHJIHH)lpll'IeCKHH aJIIOMHHHeBf;>IH KOHTefiHep 
.nmlMeTpOM 8 MM u BbiCOTofi 5 MM. KoHTefinep 3aKphlBaJIH amoMHHHeBofi KpbiWKOH 
TOJIII{HHOH 0, I MM. . 

KoHTefiHep 3aKpenmum B MHrneHHOM 6noKe. Murnenu o6nyqrum ljloroHaMH 
MHKpOTpOHa MT-25 B TetieHne 30 u 20 qacoB npu TOKe :meKTpOHOB I5 MKA u 
MaKCHMaJIDHOH 3Hepnm ljloTOHOB 24 M3B. 

QfiJI}"'eHbie MHIIIeHH OXJia.JK)laJJH B TetieHHe I8 cyroK )llUI MaKCHMaJibHOrO 
HaKonnemrn 225 Ac, KOHTpOJIHpyx na raMMa-crreKTpOMeTpe H3Menenue · aKTHBHOCTH 
aKTHHH.li IIO ern )lO'IepHHM IIpO.nyKTilM 221Fr (Ey = 2I7,6 K3B, I2,5%, Tu2 = 4,8 MHH) H 
213Bi (Ey = 439,7 K3B, 27,3%, Ttn = 45,6 MHH). YcnoBH.li o6JI}"'eHH.li pa.nueBbiX 
MmneHefi raMMa-KBaHTilMH na MHKpOTpOHe MT-25 u pe3ym.mni BbiXo.na 225 Ac 
rrpe.nCTaBJieHDI B Ta6.lllllle 3. 

Ta6Jinna 3. YcJIOBH.li o6JI}"'eHH.li pa.nueBbiX Mnmenefi raMMa-KBaHTaMH na 

·----'-t''- ... t-'' -- --- ---------- ,..--,--
22SA, 

Mmneno Co.n~~anue ToK BpeMX BoiXO.Il .u.) Ac 

3JieKTpOHOB OfiJI}"'eHHSI Ha foxn = I8 cyroK 
(MKr) (MKA) (q) (EKI'I·MKA·Mr 22~) 

RaS04+BaS04 0,65 15 30 550 

Ra(N03)2 0,65 I5 20 550 

1Jepe3 I8 cyroK nocne OKOH'IaHH.li ofinyqeHH.li MHIIIeHb H3 Ra(N03)2 paCTBOp.liJIH 
B 9 M HCI, paCTBop yrrapuBrum .no BJIIDKHhiX conefi, KOTOphle pacTBOp.liJIH B 0,1 M HCI. 
~anee pa3.nenenue npo.nyKTOB peaxuuu rrpoBO.IllfJIH MeTO.IlOM uonoo6Mennofi 
xpoMarorpaljluu no CJie.nyiDmefi Mero)lHKe: 

1. Mcxo)lHhlH paCTBop O,I M HCI o6neMoM 0,5 MJI rrepenocHJIH na 
KaTHOH006MeHHYIO KOJIOHKY 0,2 X 4 CM, co.nepiKamyiO KaTHOHHT Dowex-50 

· (200-400 Mem). · 

2. KoJIOHKY npOMbiBaJJH paCTBOpoM 9 M HC104 o6'beMOM 4 MJI (BbiMhiBaiOTC.li 
Ra, Po, Pb, Bi) . . 

3. 225 Ac :mwnpoBrum paCTBOpoM 5 M HN03 o6'heMoM I MJI. 

CneKTpOMeTpll'IecKHe H3MepeHH.li pa3JIH'IHhiX ljlpaKU:Hfi n KoHetiHoro rrperrapam 
npoBO)lHJIH . C HCnOJib30BaHHeM raMMa- H · aJID«jla-CIIeKTpOMeTpOB. lfCTO'IHHKH )llUI 

aJibljla-crreKTpOMeTpHH 6hiJIH H3rOTOBJieHbl IIyreM HaHeCeHH.li aJIHKBOThi, OT06paHHOH 
I ' 

H3 ljlpaKI(HH aKTHHH.li, Ha IIO)lJIOJKKY H3 HepJKaBeiOrn;efi CTaJIH C IIOCJie.nyiDIIJ;HM 

ucnapeHHeM paCTBopa. ~ereKTHpoBaHue 225 Ac rrpoH3BO.IlHJIH no JIHHHSIM c Ea = 5,581 
M3B (I,2 %), 5,609 M3B (I,2 %), 5,638 M3B (4,4 %), 5,683 M3B (1,3 %), 5,724 M3B 
(3,2 %), 5,732 M3B (10,2 %), 5,792 M3B {8,7 %), 5,794 M3B (18,2 %), 5,830 M3B 
(50,9 %). 

Pe3ym.TaThi a.-H3Mepenufi nperrapam 225 Ac rrpe.nCTaBJieHhl Ha puc. 7. B 
npe.ncmBnermoM crreKTpe ljlon oT aJID«jla-'IaCTHU: c 3Heprnefi 4,785 M3B (94,4 %), 
4,602 M3B (5,55 %), omocxmuxcx K 22~ cooTBeTCTBOBaJI ern co.nepJKanuw B 
npenapare Ha ypoBHe 6·1 0'5 bK. 
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3HepntH (K38) 

Puc. 7. Anoljla cneKTp rrpemtpam 225 Ac. 

C U:eJibiO OIIpe.neneHH.li pa3HHU:hl B BeJIHtiHHax pa.nnau:HOHHhiX BhiXO)lOB 225Ra 
IIpH ofinyqeHHH TOH~OH. H TOJICTOH MHIIIeHefi H3 22~ fihiJIH IIOCTaBJieHbl MO)leJibHhie 
onbiThi c ucnoJib30BaHHeM B ·KatieCTBe MHrneHH xnoplf)la CBHHU:a. ToHKaSI r.iurneHh 
.lllfaMeTpOM 8 MM co.nepx<ana 9,6 Mr rropoiiiKa PbCh (7,2 Mr no Pb). ToncTil.li MrimeHb 
npe)lCTaBJI.liJia co6ofi CTaJibHOH U:HJIHif.llP c BHyTpeHHHM .llllaM~TpOM 8 MM, B · Kcn·ophlli 
noMemanu nopornoK PbCh Maccofi 2,69 ~ (2,008 r no Pb ). 06e Mnrnenu o6n0Janu B 
TetieHHe I 0 MHHyr rrpu TOKe 3JieKTpOHOB 15 MKA u MaKCHMaJihHOH 3Heprnu ljloroHoB 
24 M3B. I13MepeHH.li aKTHBHOCTH Mnmeneii rrpoBo,n:unu crrycTx 5 cyroK rrocne 
OKOH'IaHH.li o6iiyq:eHH.li. B CJI}"'ae TOJICTOH MHIIIeHH o6nyqeHHhiH rropOIIIOK PbCh 
H3BJieKaJIH H3 TpyfiKH, TiiJareJibHO nepeMeiiiHBaJIH H OTfiHpaJIH rrpofiy MaCCOH 13 Mr 
(9,7 Mr no Pb), KOTOPYIO H3Mep.liJIH BTeX JKe reoMeTpH'IeCKHX ycJIOBH.liX, 'ITO H TOHKYIO 
MHrneHD. Pe3yJioTaThi 3KcnepuMeHTOB c yqeToM Bb16paHHhiX reOMeTpll'IeCKHX 
rrapaMeTpOB nOKa3aJIH YMeHbiiieHHe y.nem.HOH aKTHBHOCTH )llUI TOJICTOH MHIIIeHH. He 
fionee, tieM Ha 20% IIO CpaBHeHHIO C TaKOBOH )llUI TOHKOH MHIIIeHH (TafiJIHU:a 4). 

-------- .. - --- ------- --------- ........ _. .... _ .................................... ------ -~ PbCl -
MmneHh Co.nepJKanue · ToK BpeMx BhiXO.Il .lu~Pb na BpeMX. 

031Pb 3JieKTpOHOB o6JI}"'eHH.li OKOH'IaHH.li OfiJI}"'eHH.li 
(Mr) (MKA) (MHH) {6Kiti·MKA·Mr natPb) 

PbCh 7,2 I5 10 34 

PbCh 2008 15 10 28 
TaKHM o6pa3oM, Ha MHKpOTpOHe MT-25 npu TOKe :meKTpOHOB 25 MKA H 

~MeHH OfiJI}"'eHH.li IQO 'IaCOB C IO Mr (I r) 22~ MOJKHO IIOJI}"'HTb )10 19
7 

bK (10
9

6K) 
Ac. llpu ucrroJih30BaHHH JIHHefiHhiX ycKopurenefi 3JieKTpOHOB, r.ne 3Heprnu raMMa-

13 



KBaHTOB MOryT .l{OCTHraTb .1{0 50 M3B, TOKII 3JieicrpOHOB - 500 MKA II 6oJiee, MO)I(HO 
no.rryqaTh 6oJiee 1 KH 225 Ac Me nee qeM Ja 100 qacoB o6.rryqeHIIH 1 r 226Ra. _. 

KaK )')Ke oTMeqaJIOCI>, npii BJaHMo.neiiCTBIIII 3JieKTPOHOB c· .MaTepiiaJIOM 

TOpM03HOH MIIIIIeHII, cpOTOHOB C o6.rryqaeMbiM npenapaTOM II KOHCTpYJ<UHOHHbiMH 
MaTepHaJial\fll MHIIIeHHOro 6JIOKa o6pa3)'IOTCH Heii:TpOHbl. llo3TOM)' BeJIHqJJHa 

omomeHHH 
227 

AcP
25 

Ac . 6y.neT orrpe.neJ1HThcH napa6oTKoii 227 Ac B peaKUHH 

22~(n, y)227Ra ~ 227 
Ac. Ceqenne JaxBarn TeUJIOBI>IX nefrrpoHoB .l{IDI 

22~ 
coCTaBIDieT no JIHTepaTypHI>IM .l{aHHbiM 12,8 6apn. CJie.noBaTeJIDHO, .l{IDI 

3KCrrepiiMel!TaJibHbiX YCJIOBHH, rrpe.nCTaBJieHHbiX B Ta6JIHI.{e 3, Beffifql(Ha OTHOIIIeHHH 

aKTHBHOCTeH 227 Ac/225 Ac He npeBbiCHT 1,8·1 o·9 EKIEK. 
113 peJyJIDmToB orri>ITOB BH){HO, qro ql(CTOTa 225 Ac, no.rryqaeMoro no peaKUHH 

226Ra(y, n) 3aBIICHT OT q1fCTOThl IICXO.l{HOrO 22~ II OT llliTerpaJibHOro llOTOKa cpOTOHOB. 

BI>IXo.n 225 Ac noBblrnaeTCB 1,5 paJa, ecJIH npcmJBO.l{HTb ne o.l{Hy, a necKOJII>Ko 
nocne.noBaTeJIDHDIX onepariHii no BI>menenmo ero H3 o6.rryqennoii MHrneHH. 

JlOJI)"leHue 237U B peaK!fUll 
238U(y. ~) c ucnoJib30Bamie.u J•temooa c6opa ROep omoa'lu . 

Ycrremnoe npnMenenne 3Toro MeTo.na B()JMO)KIIO B TOM c.rryqae, Kor.na 
o6rryqaeMI>lli 3JieMeHT o6na.naeT crroco6nocTI>ID cymeCTBoBaTh, no Kpaiineii Mepe, B 
.l{Byx .l{OCTaTOql(O YCTOHql(BbiX BaJieHTHbiX COCTOHiiHBX, a XHMHqecKHe COe,l{HHeHmi, B 

KOTOpbiX ci:a6HJIH3HpyeicH PMHOaKTUBHbiH H30Toll, MOryT 6I>ITb cpaBHHTeJibHO nerno 

oT.neJieHbl or ucxo.nnoro coe.nH:H:em:rH Mnrnenn. KpoMe roro, ucrroJih3YH 6onhiiiHe 

npo6ern H.l{ep OTJt~qH,, B03HUK~O~e npH peaKUHH (y, ri), Mo)Kno npOBO.l{IITh 
o6orameHIIe p3){uoaKTHBHhiX U30TOIHJB C - llOMOIIIblO Mci:rKO.l{IICITepCHbiX CHCTeM, 

nanpliM:ep cHcTeM JK:TB (IKH.l{Kocn:.' : n'lep.noe) u nuB. llpH 3TOM o.nmi cpaia ;leiiCTByeT 
KaK .nonop, a .zipyrM _.:... KaK aKuemop pa.nHoaKTHBHoro 3JieMenrn. · 

· ):{mr orrpe.nenennH BhiXo.na' 237U n peaKUHII 238U(y, ni37U o6nyqaJIH cponhry' nJ 
• • •• • • ' . < • 238 . 

MeTammq~cKo~ rrpHpo.nnoro ypana c co)teE)I(aHUeM U- 3,8 Mr if rropornoK 
.l{HOKCH,l{a ypana eatuo2), co.nepi<amero ll Mr 2 8U.(Ta6JIHUa 5). MHmeHU IIOMeiiiaJIU 

B MHIIIeHHbiH 6JIC?.K: 06rr)"ienue rrpoBO~H B reqeH:ue 5 qacoB IIOTOKOM cpo'l'OHOB c 
MaKCHMaJII>HOH.3HeprueH: cporonoB 24 M3B naMIIKpOTPoH:'e MT-25. ToK 3JieKTPOHOB 
6brn paBeH 15 MKA. · ... · 

. . ·.r 

i Ta6JIHQa 5. y cn(mug o6rry<ieHHH ypaHOBbiX 
237 M ----r--r_.,..._._ "- 9 .&.JI- _ __, ~.1. }-''"'.JJ~.LU.LLI..L.I.JI.I. ~UJ...tlt.Vj-\11.4 ~-

N2 06pa3ei.tlJ"U KOJJH'ICCTBO ToK, 
nln 21sU, (MKA) 

(Mr) 
I I natU - QJOJJhra 3,8 15 I 

"2 natUOz - OOPOIIIOK II 15 

MHIIIeHeH ral\IMa-KBaHTaMH Ha 

BpeMll BhiXO.zt"'U Ha .· 
o6nyqeHHll, KOHei.t o6nyt.IeHHll, 

(1.!) (I>KIMKA·t.I·Mr 238U) 
5 1100 
5 1000- < • 

, _Q6rryqennl,re Mumenn oxna)l(.l{aJIII B reqenue 24 qacoB:II.HJMep~ na i:-a.MMa-

crrei<TpoMc;:TPe. llo pe3yJihTaTaM · HJMepennii' 6I>rn, ouenen BhiXo.n . U, KOTOphlii 

COOTBeTcTBOBarr 1 I{EK/MKA·q·Mr 238U. ' · - . . - .·: ': .· -. 
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TaKue JKe ycnoBHH o6.rryqennH 6hiJIH · npu rrpoBe.nenun 3KcrrepiiMeHTOB no 
c6opy Mep oT.naql( 237U B npnBe.neHHI>IX HIIJKe cncreMax TB:TB -c co.nepJKaHHeM 238U B 
Ka)l(.l{OH MHIIIeHH paBHbiM _; 10 Mr (Ta6rr. 6): . . . ... .. . . 

1. CMeCI> rropomKOB Kap6n.na _ypana u xnopll){a HaTPIIH. MnrneHD nocrre 
o6.rryqeHIIH n oxna)l(.l{eHHH o6pa6aThmaJIH paCTBopoM (NRt)2C03. 

2. cM:eci> nopornKOB Kap6H){a ypana H JIHMOHHOKHCJIOro HaTPHH. MIIrneHb nocrre 
o6.rryqeHIIH H OXJiaJK.l{eHHH o6pa6aThiBaJIH paCTBopoM (NRt)2C03. 

3. B cepnn orri>ITOB ucrroJib30BaJIII cMecH nopornKoB U02Ch HJIH UOz(N03)2 c 
cpropii.naMu 3JieMeHToB 1-3 rpyrrrr rn6JIHUbi MeH.l{eneeBa. MaKpoKoMrroHeHT 
U02Ch (U02(N03)2) II3 o6rryqennoii CMecH nocne OXJiaJK.l{eHnH OTMhiiiaJIH 
paCTBopoM 0,1 M HCI, O,lM HN03 II paCTBopaMu 0,1 M HCI B rrpHCYTCTBHH 

cpropH.noB 3JieMeHTOB 1-2 rpyrrrr Ta6JIHUhi Men.neneeBa. 

PaJ.nenenue oca.nKoB n paCTBopoB npoBO.l{HJIH cpiiJIDTPauneii qepe3 TPeKOBble 

MeM6panb1 c .l{llaM~OM nop paBHI>IM 0,1 MKM IIJIH uenTPuclJyrupoBaniieM. 

237 
1,. _U .. &JI:& .... - "• & "'-'J'"'&.LI'.L ..... .L.L.O.I. ._. ... '"_.._.1._ «.l.u..o,.-.o..o..,o.'-'....., &.a,._. _.._.'-"•IJ~ .. ..._-IJ' ....,. ... _._.&a& -· 

N2 MHIIleHh YcnoBHll pa3.n.em!HHll Y.zteJihHall 3KTHBHOCTb 23'U, 
n/n ( KI>KIMr 238U) . 

MHIIlem./npenapaT 

1 UC+NaCI PaCTBop {NH.t)2C03 75/630 
2 UC+Na JJHMOHHOKHCJihiH. Pacrsop (Nf4),C01 151750 
3 U02Ch+LaF3+CaF2 0,1 MHCI, 1512000 

uei!TputjJyruposaHHe 

4 UOzCiz+LaF 3+CaF2 0, I M HCI+ CaF2, 75/4900 
LtCHTPH$yrHPOB3HHe 

5 U02(N03)z+ LaF1+CaF2+NaF 0,1 MHN03, 75/49500 
QJHllhTJ'3l.lHll 

B BeiiieCTBe-c6opnuKe KonneHTPHPOBaJIIICI> 
237

U (ceqenue peaKuuu 
238

U(y, n) = 
300 M6) H rrpo.nyKTbi .nerrenHH ypana (cet.IeHIIe peaKUHH 

238
U(y, f) = 170 M6). KaK 

BMHO u3 Ta6JIHUhi 6, B oni>rrax c rrpHMenenueM TPY.nnopacTBopHMhiX cpropu.noB B 
KaqeCTBe BeiiieCTBa-C60pHHKa H,l{ep OT,l{aql( .l{OCTHrHYThl 3HaqJITeJibHO 60JibiiiHe 

K03cpcpHUHeHThi 06orameHHH 237U. 3TO MQ)I(HO 06'hHCHHTh TeM, "'TO Mpa OT,l{aql( 
237

U 
CTa6HJIH3Hp)'IOTCH B HH3IGIX BaJieHTHbiX COCTOHHHBX H CIIOC06Hbl B OTJIHql(e OT U(VI) 

o6pa30BbiBaTh TPY.l{HOpaCTBOpHMI>Ie coe,l{HHeHHH c imHllMH cpmpa, "'TO crroco6CTByeT 

HX 6onee II~Oql(OMY y.nepiKaHHlO B BeiiieCTBe-c6opHHKe H TeM CllMbiM. yn~aeT 
Oql(CTKY OT 8U, HMeiOmero CTeiTeHb OKHCJieHHH (VI) B BemeCTBe MHIIIeHH. KpoMe 
TOro, nOBbiiiieHHaH paCTBOpHMOCTh B BO.l{HOH cpe.ne Naf, HCnOJib30BaHHOro B KaqeCTBe 
.no6aBKH B orri>rre N!! 5 TaKJKe cnoco6CTBYeT YBeJiuqenniD K03cpcpnunenrn Oql(CTKlf oT 
238U, O.l{HaKO BbiXO.l{ 237U npH 3TOM TO)I(e CHU)I(aeTCH. 

,[(rui oquCTKlf OT llpO.nyKTOB ,l{eJieHHH rrpu cpTOpH.l{HOM Bbl,l{eJieHHH 

pa.nnoiiJOTonoB (rrn. 3-5 Ta6n. 6) rrpHMeHHJIH cxeMy paJ.nenennH, rrpe.ncTaBJieHHYID na 

puc. 8. 
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O,lMHO 

+CaF1 

Onri.mKa 233U. D;eHTpnfllyrHp{iBaHHe, 20% ll'IJ 
. H..'IH fllJ1JILTp3JUU(. 131U > 99% 

H'lacn.O~ 

r------------------, 5MHN03 

+H3BO,.· 

KHnK'IeHne •.. 
PaCTBOpeHHe MHIUCHH. 

---+1 IlpnMecn: 
I 

CraolfJIHJal{na U(VI). 
KBr03 p;o .,, TepMocraTHpoBaHHe npn 

KOHl{. 0,1 MOJIL!JI 90'C B Te'leHHe 60 MHH. 

NH.N03 ,~~;o 

30% Tli4» 

BKepocHHe 

lMCH,COONa 

9MHQ 

· 1 "Sr, '""Y, ts.07Zr, ' 5""Nb, 
I . . 
1 "Mo, ''"'Tc, '13Ru, 11SRh, 
I . . . 
I .. " . 
I lliJ U2Cs u2Te u•La 
I ' ' ' . ' 
1
1 

140Ba ••1.143Ce '""'rd 41Ca 
I ' ' - 1

, ' I 
-------------------~ 

r----------. YnapHBaHne p-pa, 
nepeBOI{ U B fllopMy 

XJIOpHI{a •. 

I IlpHMecn: 
---------------+1 ,'17Zr- 0,6% 

(!} 1HJI10%9MHO 

B3TaHOJie 

@ O,SW:.JMHa .. 

132Cs, '"La, 143Ce 

,.,Zr, '17Nb, 132Te 

Puc. 8. CxeMa B~>menenilll u O'IHCTKH 237U 
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1 "Nb-0,7% 
1 13zes- o,o7% 
I 131Te - 0,8% 
I uoJ:.3 - 0,8% 
:• .. ce.:o;3% ._ _________ J 

CrrercrpoMerpWiecKne H3MepeHID1 p33JIH'IHLIX !f>pa!<Uuii u Koneqnoro rrperrapaTa . 
rrpOH3BO,!UUIR C IICHOJib30BaHHCM ra\IMa- U peHITCHOBCKOfO CIICKipOMeTpOB. 

,n:ereKTIIpoBanue 237U npou3BOJUUIR no JIHmrnM c Ey = 0,06 M3B (36%), 0,114 M3B 
(0,06%), 0,165. M3B (2,0%), 0,208 M3B (23%), Co.nep:lKaune 238U B nperrapaTax 
orrpe.nemmu c noMOII.{LIO peuTreno-!f>JIIOopecueHTHoro . auaJiu3a. Pa,nnoHYKJIU.nH)'IO 
'IHCTOT)' nperrapaTa OUCHIIBaJIII K3K OTHOillCHJie aKTIJBHOCTH npUMCCII K 3KTIIBHOCTH 

ocnoBnoro pa.nuoH)'KJllma, BLipa:lKenuoe B EKIEK, a y,nenLnyiO aKTHBHOCTL - KaK 
oTHorneHHe arcruBHOCTH npenapaTa K. Macce co.nep:lKameroc.SI B HeM 

238
U, 

HOpMIIpOBaHHOH Ha 1 Mr. 

BLIXo,n 237U B pe3YliLTaTC nepepa6oTKH Mnrnenn 238U no cxeMe, 
npe,ncraBnemmii na puc. 8 coCTaBHJI 70% (Ta6n. 6, nn. 3, 4) n 30% (Ta6n. 6, n. 5). 

fh nonyqeHHLIX pe3yllhTaTOB cne.nyer, 'ITO noBLnneHHe y.nenLnoii aKTIJBHOCTH 
237U ,nOCTHrneT ,nByx-TpeX TIOp.SI,nKOB npu ·IICTIOJib30B3HUU ,nll.S! o6nyqeHII.S! CMeceii 
rropornKoB UOzClz (U02(N03)2) c lf>TOpH,naMu 3JieMeHToB 1-3 rpyrrn m6miULI 

Men.neneeBa. 
Ha puc. 9 H 10 ,naHLI cnercrpLI penrreuoBcKoro- II raMMa- II3~qeniiii 

npenapaTa 237U. Co.nep)l{aHue npHMeceii pa.nnonyKJIMOB B rrpenapaTe . 
7
U ue 

npeBLICHJIO BeJIWIIIHY 1 0"5 EKIEK. 
Ilpn o6nyqelinn npnpo.nnoro ypaHa !f>oTOHaMn .no 25 M3B n o6p330BaBillHMHC.SI 

neiiTpOHaMH ne na6JIIO,naerc.SI peaKUHii, npnBo,n.Simux K o6p33oBaHHJO TaKoro 
KOJiuqecTBa H30TOIIOB ypaHa, KOTOpoe 6bl HapyrnaJIO U30TOIIH)'IO qiJCTOT)' KOHeqnoro 

npo.nyKTa- 237U u onpe.nemnomuM .SIBJDICTC.SI p33,nenenne 
237

U n 
238

U. 

8000 .......------··- ·--- ____ ..,___ -

:li 
0 
.D 

6000 
J lJ. ... ,._ 

c; . 
~ 4000 
:0 
:s: 

2000 

14,0 K3B 

17,8 K38. 

16,9 K3B 

16,1 K38 

26,4 K38 

59,5 K38 

I ---...JI.J I,JI IJ l.._j\_ II . 
0 I I I I I I I I 

0 1000 2000 

Kauanbl 

Puc. 9. Pe~noBcKHii c~e~ npenapa~ 237
U 
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Pnc.lO.TaMMa-cneicrp npenapaTil 237U 

BLIBOALI 

1. BnepBDie 3KcneprrMeHTa.JibHO IIOKaJaHo, qro !lJoTmmepHbie peaKQim 
100Mo(y, nrMo ~ 99mTc, 226Ra(y, nl25Ra ~ 225 Ac, 238U(y, n)237U JI03BOJUIIOT 
nonyqaTb ueneBbie PMHOH)'KJIHAbl c B.biCOKOH (Ha yponne 10-5

- I0-6 .EKffiK) 
paAHOH)'KJIHAHOH qHcroTOii KoneqnbJX npenapamn. 

2. Pa3pa6oTaHbi lPH3HKO-XHMnqecKHe ocuoB.hi TeXHonornH 99"'Tc , BKJIIOqruomeii 
o6nyqerrne HCXOAHbiX MHIIIeHeH ll3 MeTaJIJinqecKOrO MOJIH6AeHa ll OKCHAa 

, MoJIII6Aeua · (VI) !lJoTonaMu c MaKCHMa.JI.bnoii ::meprnen 24 M3B B 6JIII3KHX K 
OIITHMa.JibHbiM 6,CJIOBIHIX, o6ecnequnruomnx. BbiXOA (EO B) 99Mo. = 3,2 
KEKIMKA·q·Mr 10 Mo (npH npeMeuu o6nyqenHH AO 100 qacon), c nocneAYJOIUHM 
PMHOXIIMJiqecKHM BbiAeJieHHeM ll KOHQempnpoBaHHeM 99mTc C llCIIOJib30BaiiHeM 
cop6uuonuoro reuepaTopa na ocuone t!Joc4Jopnol\mJin6AaTil uaTPIIH H OKCIIAa 
aJIIOMUHHH. 

3. Pa3pa60TilHa MeTOAHKa nonyqeniiH 99mTc , nKJIIOqaromaH o6nyqenne HCXOAHhiX 
MHIIIeueii H3 Kap6omma Monn6Aena 4Jomna.\!:H c MaKCHMa.JI.buofi :meprneii 24 M3B 
C IIOCJieAJIOIQHM BbiAeJieHHeM H KOHUempHpOBaHHeM 99mTc C HCIIOJI.b30BaHHeM 
cy6nHMaunouuoro renepaTopa 

4. Pa3pa6oTaHa MeTOAHKa rronyqeniiH 225 Ac, BKJIIOqruomaH H3romBJieHHe HCXOAHbiX 
MHIIIeueii m 22~ o6nyqenHe nx 4JomuaMn c MaKCHMa.JihHOil :meprneii 24 M3B B 
6JIII3KIIX K OIITHMa.JibHbiM )'CJIOBHHX, o6eciieqlfBaJOIUliX BbiXOA 
225Ac = 550 .EKIMKA·q·Mr 22~a (npn BpeMeun o6nyqeuux 30 qacon u oxniDK,IJ;eHHH 
MHIJieHH B reqenHe 18 CJTOK), C JIOCJieAYJOIUHM PMHOXHMHqecKHM BbiAeJieHHeM H 
KOHQeHTpnpOBaHHeM 225 Ac C HCJIOJib30BaHHeM Karnonoo6MeHHOH XpOMaTOrpll$HH.· 
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5. BnepBbie. pa3pa6oTiln cnoco6 nonyqerrrrx · npenapaTon 237U c B.biCOKoii YAeJibHoii 
aKTHBHOCTbiO C llCJIOJib30BamieM MeT<lAa c6opa }IAep . OTAaqn, BKJIIOqaJOIUllll 
H3roTOBJieHHe KOMll03HQllOHHhlx MeJIKOAUCIIepCHbiX nopOIIIK006pa3H.biX MHIIIeHeii 
m cMecu · nopoiiiKOB ypaniiJia u !lJmpHAOB nmiTilHa H Ka'lbUIIH, o6nyqeune nx 
!lJoTonaM:H c MaKCHMa.rrbnoii :meprneil 24 M3B n 6JIH3KHX K oJITHMa.rr.bHbiM 
ycnOBIIHX,; o6ecJieqlfBaiOIQHX B.biXOA (EOB) 237U = 1 KnKfMKA·q·Mr 228U (IIpH 
BpeMeHH o6nyqeniiH AO 240 qacon),· c nocne.n)'lOIUHM paAHOXHMHqecKHM 
Bhl,l{eneHHeM ll KOHQeHTPIIPOBaHHeM :mu C llCIIOJib30BaHHeM MeTOAOB 3KCTPaKUHll 
Huounori> o6Meua. Crroco6·Jamnmeu rrareHTOM P<l>. 
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