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I. BBEJ(EHl1E 11 IIOCTAHOBKA 3A,UAtID 

Ilpa ,IUlarHOC TllKS 3aOOJISBalli1i1 JlUI3HSHHO BaJiUIWC opranoa 'lSJIOBeKa 

uepcrreKTHBHHM RBHHSTCH HCrrOJIb30BaHllS KOpOTKOBlIBymero M30Torra 

I23I (TI/2 = I3,3 'laca), pa.u;HOaKTIlBmlli pacnan xo roporo conponoa

,ItaeTCH acnyozaaaea MOHoxpOMaTH'leCKllX ;r -KBaHTOB C an eprzea 

Eo = I59 KaB. 

B OTnH'lH8 OT IDHpOKO ncnOJIbaysMoro B Me~cKOH rrpaKTllKe 

ooa ee ,ItOJII'OlIGmymero J" - H a-naJlY'WTeJIH I 3I I (TI / 2 = 8 ,ItHell) npa 

npusreaeaau npenapara I 23I caaaa arcn za rerpansaaa panaoaxraaaaa 

Harpy3Ra Ha OpraH1l3M rrO'lTll B IOO paa ll, KaK npaBKno , nQJIY'laSTCR 00

JISS Ra'leCTBeHHoe "llaoOpuxs H1l8 llCCJIsAYsMor o oO~sKTa. 8To OOCTORTeJIb

CTBO aHa'lHTeJIbHO pacIDHpReT OOJIaCTb rrpHMOHe HRff rrpeuapaTa. 

~ rrpon3BO,ItCTBa I23I nCrrOJIL3YIDTcH H.ztepHHe pe~H rro,It 

,ItenCTBueM rrpO TOHOB, ,ItenTpOHOB , ol-'laCT~ C aaep rne.l1 OT ,IteCHTKOB 

,ItO COTeH MaB /I-5/, a razse aJISKTpOHOB C aHeprHe.l1 ~ 50 MaB /6/. 

YCKopHTeJILHHe yCTaHoBKH .ztJIH uOJlYtIeHlJR Dy'lKOB aTYX 'laCTHU pacuo

JIOlKe11ll B KPYllHWC anepasx nea rpax, OIm EMeKlT BliCOKylO axcnnyara

UHoHHym CTOIDAOCTb, H ~ ax coopYliteHRR TpeO]IDTCR 00JIbillH8 KaUll

TMbHH8 sarpars , 

BaEHettmee 3aa'lSHlle ID~eeT PfmllO~HaH 'lHCTOTa rrpenapaTa. 

BMecTe C TeM B YK83aHRHX BHme peaKnHHX B rrpOnecc8 OOJIY'!eHllfl 



06p aSYJllTCR nooonase J'> - H '0 -pa,IUlOaKTHBHlIe npO.nyKTH, BKJIa,n; KO

TOplDt CYII\eCTBeHHO BOSpaCTaeT C yBeJllilIeIDIeM SHeprllH rrytIKa. ::lTO 

06C TORTe~CTBO SHallllTe~HO ycnOXHReT Sa,n;8llY BU,I(e~eHHR ~ep 1231 

B KOHelIHOM llTore, EHeOKlle TPe60BaHRfl K HsoTonHo~H npe,n;'bRBJIlleT , 

lllICTOTe 06~YllaeMoro MaTep l18~a MllweHR. 

OTMeTHM TalOKe, lITO BDH.n;y KOpOTKOr o BpeMelill l!UISHll IISOTOIIa 

1231 He Ma~O BaEHllM ¢aKTOpOM RBnReTCH sKcnpeccHocTb Bcex TIo cne~ 

~FIX nocne o6~e lillR oIIepaUHll R 6ucTpa R ,I(OeTaBKa npeIIapaTa B 

Me,n;RIJ,HHCKll e yqpelK,I\emiR. 
B HSBecTHoii Mepa yx8saHHHX BUW8 TPy,n;HocTeli MOlKHO Hs6elKaTb , 

ecnH ~ no~elillR H30Tona 1231 HcnO~SOBaT b ~To~epHYJll peaKURID 

124xe(r ,n)123xe ua nytIKe a~eK TP oHOB C aHepr H e~ 22-25 MaB /7,8/. 

06pa3YJllmHRCR TIpH 3TOM ~ 123xe (T1/ 2 = 2 , 08 lI aea) C BSpORT

HOCThID 100% nepeXO,I(HT B HCKOMHll npO,n;yKT - 1231 /9/ . 

IIop or peaxnaz 124xe ("d",n) COCTaBMeT 10, 5 M3B; C81IeHHe oopa

30BaHWl 123Xe ,I(OCTRraeT MaKClIMaJl1>aOro 3H8'leHIDl.-v 0, 5 oapna npa 
/ 6/	 " 

aaeprna Eo = 15 MaB • IIOImliteIDIe 3HeprID!! nepaasaoro nytIK8 

MeKTPoHoB Be,n;eT HeMHuyeMo K na,n;amno BHXo,n;a 123xe Bcne,ncTBHe 

yMeHbWeImR BKJIa,IJ;a lIteCTKOH KOMllOH8HTH B Henpepwmo na,n;aID1Il8M CneKT

pe KOHBepTHP0BaHHor0-y -lI3J!Y"tleHHR. O,nHaKO orpaHWlelille MaKClW8Jll>

Hoft aaepraa a -KBaHTOB aa ypOBHe Eo.{ 25 M3B HCItlI!D'laeT npaxra

lIeCKll ue~OM ~yrRe KaHanH pe~. ::lTO n03BO~ 8T no~aTb 

KOHe'llillH npO,n;yKT 1231 BUCOKOR pa.nnO~O ll tJ:RCTOTH B8nocpe,ncT

BeHBO B nponecce ero BaKOMeHWl oes lIcnO~30BaHIDl caosnoa rrpoua

m u pa,n;ROXlIMlI'IeCKOr O pa3,n8~eHIDl npO.nyKTOB R,Ii;eplillX pea..KIUti1 . 

C~e,n;ye T OTMeTHTb, 'ITO HHTeaClIBHHe ~ M eKTPoHOB C aaep

r lIeii ,n;o 25 MaB MOryT 6uTD no~eHH H8 KOMIIaKTlillX , aa,n;8lKHllX H 

npOCTHX B aKcMyaTauan YCTaaoBKax - MRKpoTPoaax ~ MM or a6npHT

HHX mmeaHlDt YCKOPlIT8JIRX. 
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B 1984-85 r r. HaMll 6ana npoBe,n8Ha C8pRa 3Kcnepm~e HT oB no 

onpe,ne~e HED B03MolKHocTeu ,n;aHHor o MeTo,na /8/ . ~a HSMep eHa saBR

ClIMOCTl> saxona ~ep 1231 OT aaepr aa ny'IKa 60M6ap.nHPYJlllllHX anexrpo

HOB. E~o noxa aaao, 'ITO npa eaep r aa ny'IKa 3~eKTpOHOB E = 22 MaB e 
C lIcnO~30Ba ImeM MHW8Im H3 060r8lll8HHOr O B30Tona 124X8 B Onp8,n;8

~8 HHHX y cnOBHRX MOlK8T 6UTb ,nocTnrayT BHXO,n; ~ep 1231,cooTBeTcTBYID

DUlli y,ne~Ho H p a,n;ROaKTllBHOCTlI 60JI88 0 , I MKlOpll/ MKA. xac •r paMM. 

OTcID,n;a cn8,n;OBMO, 'ITO H8 MllKPOTPOHax rnna Ml'-22 IIJIH 181'- 25 

npa o6~eImH MHWelill 124X8 BeCOM 10 r B O,I(HOM lO- ll8COBOM 

ceaacs MOlKHO nOJIY'illTb npenapar 1231 aXTllBHOCTbJO OXMO 0 , 2 XIDpH 

BUCOKOU pa,nnOHYKnH,I(HOH 'illCTOTU. 

Hacrosmas paoo-ra IIOCBRlIleHa ,na ~He fur. eMy pa3BHTlIID 3TFIX accae

,n;OBaImH C uensn nO~8ImR npenapar a 1231 , y,nOBJIe TBopRlOU\8ro rpe

60BaHHRM, npe~~8~mM ~pM8Koneeli ~ ero Henocp8,n;cTBeHHoro 

RcnO~30Ba HlIR B M8,n;nnHHCKHX B pa,n;Ho6HO~OrHlJ: eCKHX nenRX. 

II. IIPOMSBO,llCTBO PA.lU10AKTMBHOrO M30TOIlA fl O,llA- 123 

nxn npOH3BO,n;CTBa HSOTOna 1231 HCnO~30B8~CR Mo.nn~oBaHHHfr 

BapHaHT paH88 OrmCaHHOa yCTaHoBKH / 8/ , KOTOpaSI CXeMaTHlJ:eCKlI 

npe,n;cTaBJI8H8 H8 pac, I. 

IIyqOK MeKTPoHoB C aaeprHea 25 M3B , BHBe,n;8!IHl:lH :33 YCKOPHT8~

aoa KaMepu MHKpOTpOBa MI'-25, ~KYCHPOB8~CR aa MllWeHb, y.na~eHHYJll 

OT YCKOpllTe~ Ha paCCTORIme 5 M. 

2.1.	 MnmeRb B Ka~eC TBe MHm8HH HcnO~30~CR Ta-nn

~lI'lecKHii COC~ BUCOKoro ~aBJIeWAff C 

TO~OR CTeHOK 2,5 MM, BHYTpeHHlIii o6~eM 

zoroporo COCTa~ 5 ct? IIYllOK 3JleKTPoHoB B3aHMO,n;eiicTBoBM C 

~OM cocy,n;a , KOTOpHii BHIIOJlHHJI p ons TOPM03BOR MHW8HH :3 zoaaepropa, 
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-----------,rli 

J!,Jm ClUITHSI TeIlJIa C MillDeWi (p ,..., 0,3-0,5 KBT) 60KOBM nOBepXHOCTl> 

URnH~a oxna~a~acD BO~On. MRmeHHHfi Y3e~ ~epe3 nro~~THH BeH

TlL1lI> noncoenannncn K KOMMYlurn:aUHoHHOn CIiCTeMe, mmOJlHeHHo]l H3 

Me~ TPy60K ~llaMeTpoM 2 MM. IIoCJle~ COCTOSIJIa 113 cocyna-xoa

TeilHepa, conepaanero o60ramellHHR KCeHOH npa ~aMeHlm ~ I ara, 

npoMeEYTo~oro cocy,n:a 06~eMOM 0,25 Jl, pacc~TaHHoro Ha R36 HTO~

Hoe naaneane no 20 aTM, Ii BaHH, lIanOJlHeHHHX llrn,l(KliM aSOTOM R 3TlJ

JlOBHM CllHpTOM C He3Ha'illTS~:bHOil (N 4%) .I\06aBKOii rmmepllHa. I1sMeIUm 

COOTHOmSHHe asoTa, cru~Ta II r~spIiHa, MOmHO Bap:bnpoBa T:b Te ~mepa-

BOAa 

I p-:;Q"--- -- l 
I ToPPrp I 

~~ 4: \ 1-<}-J-l \;:;II I 

Li--; --: 
~ - ~' ..... K l1ac oc v 
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PRC. I. CxeMa 3KcnepIiMe HTa~ :bHOH YCTaHoBKll. 

I - MElleH:b , 2 - nro~~aTan BeHT~, 

3 - npoMe~YTo~HHft o6~eM , 4 - llCXO,nHHll 
o6~eM , 5 - aSOTHaSI ~OBymKa,
 

6 - ~e OJIlI T O Ba JI ~ODyIIIKa, 7 - TpaHCnOpTlIHU
 
6~OH, 8 - rasoBHH C60pHIIK.
 

1

TYPY B sanae OT 83 ~O 173 K. IIpe~apH TeJI:bHO BCR CIiCTeMa, BKJIJD~aJI 

o 6~eM MEIDeHll , OTKa'llIBaeTCR ~O ~aM eID1SI ro-3 Topp , a sa TeM sanoa

HSIeTCSI KceHOHOM,no ~aMe HliSI 3 anA. r asoo6pa3HHH KceHOH BillAOpalitll

BaeTCR B npOMelltYTO~OM 061>eMe, H3 xoropor o saTeM r aa nepexaxn

BaSTCR B 06~eM MllmeHll nyTeM nOCJle,nOBaTeJI:bHOrO OnyCKaHllJI MIillieHHO

ro cocy,na B ~ a30T H CllHpTOBYD BaHHy. ~a HHHM cnoco60M MOmHO 

~OCTHrHyT:b ~OTHOCTa KceHOHa ~o 2-3 r/c~ 3 (o6mee K~h~eCTBO Be

meCTBa B M}~eHll OK~O 10-15 r ). 

IIoCJle HanO~eHRSI cocy,n HarpeBaeTCR ~o KO ~maTHoH TeMllepaTypH, 

tITO npllBO~T K nOBHIDeHmJ ~a BJle HRSI r asa B HeM ,no 200 aTM. 

2.2. PeERM 06~eHllSI MHmeHb, co~ep~aSI 060rameHHHH 124xe, 

DpH BHCOKOM ~aBJIe HKH 06~ac:b B 

TetIeHHe 10 qaCOB nytIKOM aneKTpoHoB 

HHTeHcnBHOCT:bV 13 MEA. J!,Jm nc~eHliSI BOSMO~On yTetIKll KceHOHa 

B npouecce 06~eHHJl (c BHCOKHM conepsanaea p~nOaKTHBHOrO H30

TOna 123xe) MHmSIrnHH Y3e~ nOMem~CSI B 38~~Tan OTKa~aHHHll 06~eM , 

cHa6xeIrnHH ~OBymxon Dpll Tel£uepaTYPe ~oro a30Ta. ~3MepeHlleM 

p~OaKTHBHOCTH JlOBymKll no o-H~eHHD 123xe (n ~OtI~pHerO ~a 
1231) ocymeCTB11HJICSI KOHTpOJI:b aa COCTOIDmSM MillDSHll. Ha B O,Il,llOr,1 

ceaHCS o6JIyQeHliJI yTSllKi1 ra3a He 6wro o6Hapy;;(SHo. 

IIo osoaxaaaa 06~eHnSI MlIIlleHb "ocrasana" B Te~eHlie nyx xa

COB ~ paCnaAa OCTaTKOB 123xe B 1231, nOCJle tIero ra3 

neperrycaaaca B DpOIr.eEYTo'IHHii 06~eM, TSMlISpaTypa xoroporo 6WIa 

170 K. 3KcnepHMeHT~HO 6uno yCTaHOBJIeHO, tITO DpaKTHtIeCKH Bce 

06pasyomnecSI aTOMH 1231 o6men aKTEBHOCT.b~ OKO~O 0,2 KDpH OCTaDTCSI 

He BHYTpeHHe~ nOBepXHOCTD AmmeHH. 3aTeM ~lillDeH:b OTCOe~M1UIJlaCh OT 

KOMMYHHKBUHOHHOH CllCTe~m II TpaHCnopTllpona~acD D cne~lIaJI:bHOe nOMe

~eHRe .I\J1Sl ~~Helimefi pa6oTH. 
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CJIe.nyeT OTMeTI1T:b, 'ITO aKTHBHOCT:b Ml1WeHH nOCJIe BIIKJIlO"{eHHR 

ny'lK8 aJIeRTpOHOB 11 2- ~acoBoH B~ep~ o6YCJIOBJIeHa rrpaRTR'leCKI1 

uemmOM a' -H3JIY'!elrneM 1231 (E y = 159 KaB), xoropoe oonee 'leM B 

104 pas OCJIa6JlReTCR CTeHKatm Ta-cocy,na MI1IDeHR. lloaToMY ~eMOHTa ~ 

MHIDeHH Mo~eT 6UT:b np oBe~eH sa JIerROH SamHTOH Ii TpaHcnopTnpOBIW 

ee ocymeCTBJIeHa B TOHKOCTeHHoM Ph -RoHTeHHepe. 

ITo BeJlH'lHHe Ct~ TO H co CTeHOR MHWeHR panI10aKTHBHOCTll,I1SMe

peRHOll no JIHHI1H E = 1591mB, USB8CTHIIM ~HHHM no sHepreTl1'leCr 
ROH SaBHCI1MOCTI1 ce'leHUR peaKUKH I24Xe (1 ,n)I 23xe, cneKTpy TOpMOS

aor o 0" -11~eHJilJl aJIeRTpoHOB C Eo = 25 MaB, a TaKlIte pffilUlMY 06.ny

'leIDUl C yqeToM nepnonon noaypacnane MaTepHRCRoro (I24Xe) H no

xepaer o (123:[) anep MOlltHO Orrp8~eJJHTl> a®>eRTHBHOCTl> HacTo.fIll\eH 

Me TO~ no npoHSBO~CTBY HSOTona 1231• llo HaillHM oueHKaM, OHa 

COCTaBJIReT OROJlO 30%. 

ill. BH.IJ:FJjEID1E HO,IJ,A-123 11 IlPHI'OTOBJIEID1E IIPEIlAPATA 

11cxo~mlli rrpO.IJYKT ,IJ,lIll npHrOTOBJIeHRR lPapMIlpenapaTa pa,n;HOaR

TI1BHOrO 1231 ~o~eH Y~OBJIeTBOpRT:b CJIe~ Tpe60BaHHRM /10/ : 

50 MKIllPH/MJIKoaueHTpaIJ;WI Ho~a B pacTBope 
co~epJKaHRe ~yrnx pa~oaRTHBP8,IUioHYKJIH.IUlaR 'lHCTOTa 
BHX HSOTonOB no I1HTeHCHBHOCTI1 
lI3JIY'leHHR ~ 10-5 

co~epJKaHRe B llJOpMe llo.IUmaXmm'!eClWR llJOpMa Ho~a 
4 95% 

6-9pH pacTBopa
 

Co~epJKaIme lIOHOB HaTpHR
 
0,05 Mom/JIHTpB pacTBope 

llpHMeCH TRXeJIRX MeTaJIJIOB, 06pa

symmRX C frO~O M HepacTBoplmwe

coe.wmeHRR Will ,llJlYI'lle rrpl1MeClI,
 
aa KOTOpHX fro~ He06paTRMo
 {O,02 MKI'cop6npyeTCR 
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3.1.	 B~eJIeHHe I1S MmIJeHlI B nepssx omrrax ~'llI necoponae 

Ho~a co OTeHOK KaMepU npllMeHRJICR 

pacTBop Na2S20J , 'ITO 06eCne'lllBaJlO 

HSBJIe'leHRe OROJlO 95% HaKOIlJIeRHoi! aKTRBHOC Tll . B HaCTOffil\ei1 paoo re 

6ano yCTaHoBJIeHO,'lTO H80~OKpaT Haff ~ecop6UMB> 95% ilo~ BOSMo~a npll 

1l0nOJI:bSOBaHHll I MJI CJIe~ paCTBOpl1TeJIen : Na OH (pH=6-II) , 

aMMHaKa (pH=8-II) , THOCYJW!iHTa I:l TllocYJl1><PaTa Ha TpIDr, MYPaB:blUIOH 

KHCJIOTH , r H,Iij)aSIDII'H,Iij)aTa , anaroaa , STWIOBoro cnapra xI .4110

TRnJII1pOBaHHOH BO~ . lloJ!Y'l8eMaR Y~eJJ hHaB aKTHBHOCTl> B paCTBOpe 

rrplI STOM ~OCTHra8T 200 ~lliDplI/MJI H MO~T 61ITl> yaeJIH'leaa B ~e CRTKll 

pas rrpOCTIiM ynaPllBaH.ll.8M. 

3.2 .	 PazmOHyKJm.JJ;HaR IToCJIe zaanoro 06JIY'leHHH I1S aJIHK
~C TO Ta IlpoAYKTa BOTH paCTBopa rryTeM AosnpoBaHHoro 

pas6aBJIeHHR IlpHrOTOBJIRJiCR o6paseu 

)1)1H HSMepeHIDl CneKTpaJI:&HOn aKTHBHOCTH 6' -H3J!Y'l8HHH. 

Ha pHC. 2 npeACTaBJIeHH t -cnexrps oopaana, H3MspsHHor o 

B lIlllpOKOM aarepsaae speaesa ~ep~ IIOCJIe OKOH'laHWi o6JIy'lSHHR, 

'lT06u S~KTHBHO saper lIcTpBpOBaTl> Bce pannOaKTHBHHe HSOTOnu HOAa 

C nepnoAaMH nOJIYPacTIaAa OT 13 'la COB AO 60 ~HeH . 

AHaJIns cneRTpoB nOKaSUBaeT, 'ITO Bce Ha6~aeM!le IIHKR 

0' -H3J!Y'l8HHR o6YCJIOBJIeHH pacnanoa HSO TOIIa 1231. .lImnm, COOTBeT

cTByvmHe pacna.ny ~yr~ RSOTOnOB HOAa, paDHO KaK R lI30TonOB ~y

I'RX SJIeMeHTOB, He 6ann 06HapyxelW • .1f.mI aID: MoryT 6UTl> AaHH ~OCTo

sepao JIllIIl1> sepxaae rpaHHI(ll BKTHBHOCTH BO BceM naanaaoae aHeprRii 

Q-H3J!Y'leHHR,OT o,or AO 5 MaB, aa ypOBHS ro-5 OT OCHOBHoro H3JIY'le

HID! 1231 (Eo = 159 KsB). Boaee TO'lHOe SHa'leIDIe YPOBHII rrpllMeCRID:. 

aKTHBHOCTeH MOXHO yCTaHOBHTl>, COnOCTaBnRB AaHHHS, nOJIY

~aHHHe Dpz 06JIY'leHHB KceaoHoBoH MHmeHn BUCOKOro 06or~eHRR 
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a. o - H3MepeHHe C ( Ge Li ) 

~e TC KTOpOM OO~MOM 

80 CM3 CrryCTR 4 ~a ca
 
H 100 ~aCOB nOCRe OKOH


~aHM o6Jr:v'leHM
 

COOTBeTCTBeHHO.
 

JIHIllUi C :3HeprHe~
 

1, 46 il13B 06YCJIOBJIeHa
 

eCTecTBeHHoll P~HO


aKTHBHOCTbID KaRllff-40 .
 

-B , r	 - H3MepeHHe C 

~eT eKTopoM H3 ~C Toro 
3

Ge oo~eMoM 2,1 CM

Crry CTR 4 ~a ca H 45 ~H ej 

nOCRe 06JlY'IeHlJ.q. 

llORoxeHHe HaH60Ree 

HHTeHCHBH1lX JIHInlH lIp ll 

O~~8HHll ilo~a-I2 5 

nOKa3aHO CTpeRKaMH
 

aa InIllUIeM cnexrp e •
 

(I24Xe _ 99,9%), H eCTeCTBeHHOrO H30 TonHor o COCTaBa (I24Xe - 0,1% 

+ see npyrae CTaOllJThHUe II30 TOIIll). 3TOT aaaans ~aC T BCp XHlOIO rpaaa

IIY npzaecaax aItTHBHocTeil aa ypOBH8 ~I O-6 OT OCHODHOiJ. RHIWH 1231. 

OTcD~a CJIe~8T, 'ITO B ~aHHOM MeTo~e ~RR nOR~8HHR H30TOITHO 'lliC

roro npenapara, B npamrane , MOllUIO HCnORb30B aTb KceHOH c oa os 

HH3Koro H30TOllHoro 060rameHM. 

3.3.	 llo~e HH e Ho~a nO~eInl e MHKp OKO.1llPI eCTB Y C To ~rno

B p acTBope ro COe~HeHHR iJ.o~a B aane ll o~~a 

(=795%) RBJlJ1eTCR ~OCTaTO~O TPY.ll:llOli 

3 a~aq e ll, oTHocnmeHcR K OO.1laCTIf KRaCCH"tleCKOH p a~OXHMHH. 

113BecTHU8 MeTO~KH Bll)J;8.1IeHM panaoaxraanoro i1.o~a H3 OOJlyqeH

HI:lX MHlDeHe~ BKJIlDlIaIOT, KaK rrpasano , CTM lI lO OTrOHKH ero D napcoo

pa3HoM COCTORHll H C nOCJIe~m2M nep e Bo~oM B Tp eoyeMr~ x~mqecKYIO 

qx>PMY OKHCJIelllleM n BOCCTaHOBJIeHHeM B BO~HO.ii lj)a3e /III . 
B H8meM M8To~e MOllUIO c~eC TBeHHO yrrpO CTHTL TeXHO.1l0r llIO, 

HCKJIID~B CTa;n;HIO B03rOHKH. 

KaK YK83llB8.JIOCb paaee , oce~alOlIlHii 118 cresxax MmneHHofi KaMepU 

1to~ nOCJIe :maKYarnm H3 aee KceHOHa MOlKllO ~8C OpOnp0B8T I:o pa3.1lll'lliHMH 

paCTBOpHT8.1LfIM1I. O,IUlaKO onpaneaeaae XJIMH'IeCKO;\ <JiOPMIl }jOM B arax CMll

Bax nOKa 3anO, lITO B OTCYTCTBae H.1IH DpH C.7IHmKOM HH3KOfi Ko~ellTpa

~ BOCCTaHOBRTeRR B paCTBOpe (~IO-4 MO.1lbIJilITP) BeCb HO~ Haxo

~TCR B !POp/.le, OT.JIlftIHOll OT ii:o~a . ABTOMaBllpOBmme nomnrx CMll

BOB iio~a ne ~ano no.nO!tHTeRbHUX p e3YRb T3TOB. oop a oorx a p a CTBopOB 

t!o~a y.nbTpa~o.'1eTOM npRBO,!UU8 K MOXO BOCrrpOlI3 BO,I(HMI1M p e3YRbT8TaM. 

Ha;n;elKHHe Ko~eC TBe HHUe H crporo Docnp01l3DO,I(UMUe ~aHlll1e 

no nepesony scex qx>pM iiO~8 B ilo~ nOJIY'!aJIHCb C rrpuM8II e lIHCM 

BOCCTaHOBRTe.neH THlla n Na 2SOJ npH KOlrueHTpaUHnx HX DNa2S20J 

3paCTBope ~ 10- MO.1lbI.1lMTp. O,IUiaKO Heo6xo~MOCTb nOC.1l0~mcro 

PHC.	 2. CneKTpu dr-H3 R~eHRH rrpenapaTa ~0~a-I23. 
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y~eHRH STlfX BOCCTaHOBRTeReH ann ITpO~TOB ax paanO~eHllR R3 

pacrsopa (B COOTBeTCTBIrn: C TPeOOBaHReM epapMaKOnel1) CHJIbHO orp a

Kll~ aeT B03MO~HOC Tb IfX ITpllMeHeHRH. 

C YlJ:S TOM STor o HaMll dwr BlidpaH D KalJ:SCTBS BOCCTaHOBIlT8JliI rH,D,

pa3llHr 11,llJlaT,il ,nscopdWl.fl HOM co CTSHOK MillIlSHHO.H xaMspH OCYlllSCTBRfl

JIaCb pacraopoa r li,lQoORllCll a:lIloIOHHfl C ,nodaBKO}i ranpaauaranpara (B03MO ,... 
~ SH BapnaHT ,nsc opd~al; lJ:llC T~A pacTBopoMNH40H C no CRs~ ,nouaBRs

HilSMr l~a3 IUirlmpaTa ) . BOCCTaHOBRSHHHH HO,n HS 113MSH.flST CBOSll ~OD

MU B npo~ sccs BHnapTIBaID1H ,nocvxa no,n BaK~doM . Ynap llB8HllS HSOOXO,nHMO 

~ pa an o~s HHfl r lu\pa3IlHr lmpaTa . lloCRs STor o CYXOll OCTaTOK paCTBOpRST

CR B dll,IUICTH.JI.1U1P0BaHHoii BO,nS, .n;OBS,nSHHOll C nOMOlIlI>1O NaOH,nO pH=7- 9. 

B pesyRbTaTe 3TRX onep~ no~CR , no cymeCTBy, r OTOBHH 

(llapMIIpenapaT• 

Onepanaa necoponaa HOM co CTeHOK MHIIIeHHOH KaMepH nponona

JIaCb B nQJIYaBTOMaTZlJ:eCKOMpeEEMe.Od~ eM pRCTBOpa HS npeBliillaR o,nnoro 

MWlJlWl.HTPa . IIoJIY'!eRmm nOCRe CMHBa pac rsop, co.n;eplltalI\llli panaoaa

Tmlmlli tio.n; , oT$UU>TPOBliBaRCR R ynaplilBaJICR non BaKj'YMoM aa ycra

HOBKe . CXeMaTJiI1:lSCKliI rrpe.n;CTaMeHHoH sa pRC. 3. 

YCTaHOBKa BK.7IlO'laeT <IJwn>TPYDIIlee YCTpoiicTBO R rrpReMHlilK q,nJU,T

paTa - CTaHMPTHylO CTeK1llIHHYD aMIIYJIY. ~opBaKYYMHHH Hacoc nO,l{Coe

,nmmSTClI R yCTaRoBRe xepea qn.un,TP RS CBJImtBreJUI H axraaapoaaaaoro 

yrJIH.. AMr!yRa - rrpReMHmt ~TPaTa - HMeeT TSMllepa TYIJY 800Ci 

ynapRBaHRe pacrsopa 1231 R ero g)RJn.TP~ R.n;yT O,l{HOBpeMeHHo . 

nocne ynapRBaHRH pacTBopa ,l{ocyxa B aMIIYJIY rrpR paooT~e M aaeoce 

nO,ItaeTCR aeooxozaaoe KOJUl1le·cTBO pacrsopa NaOH cpH = 7-9. 

nOJIY'!aeMHH npa STOMpaCTBOp npencsasaaer eOOoH rOTOBHH npenapar 

1231 C y.n;eJU,HoH aRTIDlHOCTbIl >" 200 MKDPll/O, I - I M1I, B KOTOpOM, KaK 

nOKaSaRR RSMepeHRR, 98-99.% Beero HO.n;a BaXO,l{RTClI B BR,l{e Ho~ a. 

Orrpe,l{eReHRe XHMRlJeCKOrO coeTOHHHH HO,l{aB paeTBOpax rrpOBO~ OC b 

ueTo.n;aMRBOCXo.JtfIII\efi OyMa!tHo! XPOMa'fOrpaqum Ba xpOMaTorpa~eCKoli 
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6YMare - BaTMaH-I H TOHROcnOllHOll xp01Ml TOrpa¢Hn Ha C~OXOHHX 

nnaCTllHKaX uv- 254 ( ~CC P ) /1 2 ,13/. Bo Bcex ll3MepeHHRX 6unn no~

~eHH cor~ac~mzecH pe3yxoTaTll . 

C~e ,IJ;yeT oTMeTIITh, ~T O ROJilfCleCTBeHHO HO.mmUaR cpopMa 1231 B 

no~eHHoM paCTBope He MeHHeTCH no RpallHeii Mepe B Te ~e HUe 2 cy

TOK. 

Bce onepaUKH OT Ko~a o6~~eHHH ~o npRrOTOBneHRn npenapaTa 

3aHHMaIDT ORO~O O~Horo ~a ca . Pe 3Y~Ta TH , rro~eHHH e HaMH B 20 OITH

Tax,	 XOpOIDO cor~aCYJO TCH .zwyr C .zwyrOM. 

3.4.	 O~CTKa pacTBopa. ~RHb TPauHH pacTBopa npoBo,nRnac}, C 
AHa~a npIDJIecei1 

HCrrO~30BaHUeM ~epHHX @aRbTPOB If3 
o 

~aBCaHa C ~aMeTPoM OTBepCTHll 200 A. 

oTa orrepauRH BBe~eHa B npouecc nO~OTOBRH npenapaTa ~ HCKnID'<Ie-

HHH B03UOBHoro rrOna.naHHH B paCTBOp KOHCTPyxo;rrOll-M}mpO~aCT~ 

HHX MaT epHa~OB H aepacrnopasazx Mmtp0'laCT~ B OC~ acxomnrx 

peaKTllBOB. YxoTpacpllnbTPauHR HC!tnD'<IaeT TaRXe 06pa3CBaHUe rrceanO

KO~O H,nOB B paCTBOpax, co,neplltamHX 1231, 'ITO o6eCrre~eT cTa6J11xo

HOC T}, XlfMH'qeCKOn tPoP"lli - llO.mma . 

Ilocne tPH~TpaUKH CaM tPwnoTP H tIaCTb ynapeHHoro aa JIaBCaHOBoil 

nO~OKKe pacTBopa 1231 aHa~3HPo~cD Ha co,neplltanne IF.ffKP0aJI e~eH

TOB C rrOM0lIU>1O peHTreHotPJIIDopecneHTHoro aHa~3aTOpa /14/. 

Ha pHC. 4 npe~CTaBJIeHH BllXO,nH pa~ ~eMeHTOB B MKr, 

06HapYllteHHHe Ha ~epHo M ~Tpe If B pacTBope. OTc~a cne.nyeT, ~TO 

BeCOBoe conepsaaae 3TlIX :l~eMeHTOB B pacrsope <, 015 MKI'. CymSCTBSH-

HO TO , 'lTO B lICXO,lUiOl.l ;JaCTBOps OTCyTCTBYJOT 3JIS:.leHTH TIDitMSS EMS3a. 

Bonee 'lYBCTBllTe~HHH aaanas npOBO,nHJlCH C rrOMOlIU>1O 3JleKTpOHHO

ro MI1KpOCKOrra JSI.1 -840 JOEL (.HnOIDIJI). EwIo 06HapYEeHO. 'lTO nocno 

ynapHB8Hllll OT.tPHXOTpOBaHHoro pacrsopa ocanox 06pa3YJOT 'laCTHJ.Ui 

12 

(aepHa) pa3MepOMOT I ~o 10 MHKpOH. Mx o6mnil BeC,no OueHRaM, 

COCTaBnHeT ORO~O 0 ,02 MKI'. Haadoaee KpynHHe 'laCTHllll aaannaapo

BaJmC}, C nOMOlIU>1O :l~eK TPoHHo ro soana,n no xapaRTepHCTH'leClto,"':Y 

pellTreHOBcROMY If3.nyqemm onpe~e~cH HX 3~eu.ellTH!1.li COCTaB. 

B raonane npIfBe~eHH cpenaae KOHIJ;eHTpaUKH conepsaaaa 

a~eMeHToB, rro~eHHHe B 5 If3MepeHHRX (o6~ e K Tax) . 3~ec }, Ta~e 

. oouapyaeas JillIII}, s~eMeHTH C z ~ 28. Conepaaaae s~eMeHTOB TIDite~ee 

E~e3a MeRee 0,005 I~. 

Ta6Jflll{a 

aneMeHTHHll COCTaB OC~ 

(nec e- 0,02 MK!') 

aneMeHT Mg Al Si P S CI K Ca Fe TREe~ee Fe 

C O~eplit8 HHe 
6 6 30 5 2 4 28 I I 6

(B %) 

IY. XAPAKTEPHCTl1N1 IIPEIIAPATA 

IIpe,wmr aeMJlli HaMll: MeTO ~ rr0 3BOM eT B Te'<ISIWe paooxer o ,nHH 

aa ~e MeRTPoHoB Mmq>OTPoHa Mr-25 rro~ T}' npenapar panaoax

THBHoro no~a-I23 , o6~a.n~ero cne~1 ,narn~: 

nO~HaH aKTHBHO CTb (no mnnm E o = 159 KaB) --200 MKlDpH 

~ I MJl0 6~ eM paCTBopa 
':7200 MKlDpn/M1IY~eXOHaH BKTHBEtOCTb pacrsopa 

?-IOpH pacTBopa 

C O~e plit8 lille i10110B Na B pacrsope .(IO-5 Mo~},/m~TP 

XmvuJtlecKaR tPopMa (B BH,nS Ho~a) ~95% 

P~OHYKJIlUl:HaH 'lHCTOTa IIpBMecu l.. ro-6 

llpRMSCH cTa6WThHIrX a~ e MeHTOB (.0,05 MKr(sa l'ICKJIIO'lelilleM Na )
 

13 TOM 'lliCJlS TflEMliX :,leTaJIJIOB 13 <a.005 MIt!'
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llOJI~eHHHe ,lJ.aHHHe HaxOM TCSI na yposae , a no HeKOTOpHM napaaer 

paM SHa~Tem,H O rrpeBOCXOMT JIY"IIlli!e KOMMep ~eCKH nocrynas e B 

HaCTORIl\ee BpeMfI npenapara Ho~a-I2 3 , rrpHMeIDIeMile ,I(JlR M8,UllKO- 6HO

JIOr~e CKHX ~eJIe ll. 

5.	 3AKJIDlJEHME 

~3 pe3Y~T a TOB HaCTOameH pa60TH cne~eT , ~ TO Ha MMKpOTpOHe 

MT-2 5 npa o6Jl~emm MillIJeHH H3 ocorans aa oro I 24Xe BeCOM ro r 

B Te~ eHHe r o~a (250 ceaHCOB no 10 ~acoB) MOmBO npoH3Bo~HTb MO~

123 o6~eH aKTHBROCTbID OKOJlO 50 KIDpH. llocne I~~or o ceaRca 06~

~e HHH B Te~eHH e I ~ca C nOMomPID OUHcaHHo ~ BHille MeTO~ 

MOllteT 6HTb npRrOTOBJIeH npenapar, y;qOBJIeTBopsmnudt acea Tpe6oBa

HRffM WaPMaKOrrev. ~ He rrOCpe~CTB e HHOrO er o BCnOJlD30BaHHH B Me~o

6HOJlOrffqeCKRX yqpe~eHHRX. 

llPHHBMaR BO BHBMaHHe , ~o Mmql0TJlOH JIBJIJIe TCR MaJIora6apHTHl1M 

yCKopUTeJleM (noTpe6JlReMaH MO~HO CTb yCTaHoBKH - 20 KET, 3Kc~a T a

~OHHaR CTOHMOCTb 16 py6/~c. rrepcoaaz 3 ~eJIOBeKa), a nOCJIe.lU'IOmaJI 

onepanaa npnroTOBJIeHHH npenapaTa MOllteT 6HTb BHllOJlHeHa OTHOCHTeJIb

HO npOCTllMlI cpe~C TBaMH, MOlKIlO noaarars , ~TO ,lJ.aHHHH MeTO,lJ. npOBS

BO~C TBa llo,lJ.a-I2 3 JIBJIJIe TCR B HaCTOamee BpeMJI Hau60Jlee ~eilleBHM XI 

,lJ.OCTYITHID4. 

~CXO ,I(ff H3 Toro, ~TO RH,I(KB~aJIbHaJI ,lJ.03a ~ ~arHOCTHKH 

COCTaBJIReT OT 0.1 MKIOpH (Il\RTOBH,IUlaSI aeaesa) ~o I MKIDpH (c eprme, 

JIerxne H T.,lJ..),B ~THBaR H~KOTOPYID rroTepID aKTBBHOCTR npenapaTa 

B RHTepBaJIe BpeMeHR Me~ ero npnrO'I'OB1IeHReM H HCnOJlD30BaHl:leM (no 

",24 'I) ,M01KHO ~OrryCT HTb, 'ITO aroro KOJIH~eCTBa ~OCTaTO'IHO MSI 06CJIe,lJ.0

BaHHH 60JIee COTHH n~eH'I'OB B ,lJ.eHb npaKT~eCKH HenpepHBRO B Te~ e

REe rO,lJ.a . ll~eHH e 123r MOllteT 6HTb HaHaXeHO B KOpOTKHR CpOK BO 
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MHornx peI'k101l UX c-rpa un , 'ITO llClCJllOlWOT TPY.nHOCTH C TpaHCIIOpT}!POB

KOn xopornoxnnyaoro II:JJlY'In'l'OJUI aa 60JlDilll1e paCCTORHllSI H ;r(eJIaeT 

er o 06me,lJ.OCTYIIIIIIM JtJIJI nnrpoxoro MeJ(lfil.lIHCKOrO npliMeHeHIIR. 

CJlO,lJ.yOT OTMOTllTb T3Kilte, ~TO caM ~eTO,lJ. nOJl~eHHSI 1231 HMeeT 

onpeneaeause peaepsu . Bce CTa;IJ;llll noJIyt!elllfSI Ii noc.r.e,lJ.yIDIJUIX TeXHOJIO

r~ec KHX npo~eccoB ~OrryCKaIDT YBeJIR~eHHSI y~eJIbHoft aKTHBHOCTH no 
~ . 

RPaHH&R Mepe B 8-10 pa3. 8TH p83epBU MOryT 6UTb peaJIRSOBaHH rryT8M 

nOBWlleHlUl . HHTeHCHBHOCTH ~ 3JI8KTpOHOB ,lJ.0 ro D-I 50 MKA. ~TO 

RBJIRe TCSI peaJIbHOH 3a~a~ell ~ COBpeMeHHoll YCKopUTeJlDHOH T8Xllllrol. 

ABTOpll rJIy6oKo npH3HaTe~HH a.KaJJ:eWlIty r .H.WJlepoBy aa 

nOCTaHOBKY sa,lJ.a~ H aKTHBHoe ~aCTHe Ha Bcex CTa~ ee BHnOJI

HeHHH . C'lHTaeM CBOHM ,lJ.OJIrOM OTM8THTb pa60TY H.B.KoJIecoBa, 

H.A.XapHToHoBoll, B.I.1 .IIJIOTKO,'B.B.Mr y:MHOBa, B3RBlIIllX aa ceo« Tpy,U no 

pa3pa60TKe KOHCTPYKUVill yCTaHOBRH II ll3rOTOBJIeHllID aneMeHTOB 

MHIIl8HH. MH 6 JIar O~apHH npoq,. B.A.XaJIIGlHY H KaH,I(. XHM. HaYR 

B. ~ . KoCSIKOBY sa ~eHHHe COBeTH H nOMOmP npH BHllOJlHeHHR p~O

xm,n:rqeCKOH ~CTIi HaCTORIl\eH pa60TH . a raxae JI.H.CaJlaMaTHHY , 

E.JI. i ypaBJIeBOn. O .JI.OpeJIOB~ 3a npOBe,lJ.eHHe H3MepeHIiH no 3Jle

MeHTHOMY aHaJIR3y. 
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Ora Hec AH ~.U . HAl' . 18 -88-758 
nOnY'l eHHe paAHo15"o'h JI ,,'It '( '<I)' 0 11"'"l1pn, a HO/II'I -1 2) 
Ha	 nY~Ke 311CKTPOfIOIl t :U 11olJl ~"'i; " , H ~, lt 

OnHcallil Ml'" IIA" " II " IIPHIIt 'I"'"I~ P'l lIylll, ' ,I "~ :JKC Ilt: PHMU HTon no nonY4eHHIO pa 
AHoaKTHo'lOr o IIp.,'11 II1'.1 ' II • 'l OA '" 17 J . 1I1"'II"I' lI'''''I \:1I1101"0 All" MeAHKo- 6Honor H'l ecKHX 
HcCneAOO.1ltlll; , 1I0H,') ,II" ', 'II<' III'" I U·'IIIl,OllllM Cll l lI YlIUIIHH MHwe"H uecoa lOr H3 
060ral~ e,...o ro 12/•X.. "Y'IHOM :II ,,,' t< r pOIIOII c " 1I..prH('H 25 1'1:10 lIa MHKPOTpOHe MT- 25 
MOHCHO 11 1IK 01l11l~ K OP O'l(lIHC""YI~lI i\ H"olOIl 12'1 1 ;IKUlII IIOC' bMl OK0J10 200 MKIOPI1. 
Pa apafio r au Mlo!l()/I H:lIl/ll1'HH'H" P;lIlHO,11( THIIIII.)( il TOMOII Ii npHrOTOIIJ1CHH" pac r ao pa , 
KOTOPblH n0 3I10ll"CT n Te4e'tHc 1-1,5 'Ill con no cn o OI(Oll'llllIHll oGnY'IeHH" nonY4HTb 
npenilpaT, YAooncT oopRlOlIIHil BceM Tpe60ullHH"M lllapMrlKoncH. 11:1 pe:lynb TaToB pa60
Tlol c nenyer , 'lTO Ha Manor aoopHTHIoIX ycxopwr ennx 3neKTpOHOU c 31teprHeil nY4Ka 
AO 25 M3B MOHCeT 6101Tb HanaHCeHO 3KOHOMl14HOC H WHpoKOMaCWT1l6HOe npOH300ACTOO 
paAHoaKTHBHor o npenapaTa BIoICOKor o Ka4eCToa.1231 

Pa60Ta ObinonHeHa 0 fla60paTopHH RAepHblX peaK~HH OI1RI1 . 

Ilpenpmrr 0 61>ellHHCHHOro HHcnrryTB R,D.epHblX HCcnclloBIIHHA.,lly6H8 1988 

lle pe eon O. C.0HII01"l1111\000 H 

Oganess l an Yu .T s . ct [II. 
Pr oduc t i on of lodlllu-12) Rad iob 
on 25 MeV EIec t ron IJ<onm ' 

i o l o Spec Imen 
18 - 88 - 758 

g Ica l 

The t echn l qun I ~ dlsc rl bed and exper Iment a l results are presented f o r 
pr oduc t i on of r nlll oilCI Ive spec l men- lodlne-1 2) f o r medIcal biolog Ica l Inves
t Igations . It 15 s ho wn tha t In ten hou r IrradIatIon of 124Xc enriched ta r
ge t of 10 g wcl fJhl hy the 25 MeV e lec tron beam at 1'11-25 mlcrotron shortl lved 
1231 wIt h aCllvll y o f Abou t 200 me l c an be accumulated. The procedure was 
developed f or ..x t ..... c t l on of ra d i oac t i ve atoms and preparing the solu t ion 
t ha t perm l t s 10 " h . ,, 11I dur ing 1-1. 5 h af t er the end of Irradlotlon the spe- ' 
cl men which sn r l s t l e • • 11 pharmacopoeIa requirements. It follows f rom t he 
results thai 1I ~ 1 11t 1 '\111. 11 I - siz e e lec t r on accelerators with the beam energy up 
to 25 MeV pe rml • • I" or qan i ze economical and large-scale production of high 
qual i t y r ad l onr I I v .. '1p.... IIOcn o f 1231 f o r servicing a large region of t h Is 
country. 

The l nves t 1,,"1 I "n hn s bee n per f o r med at the Lahorntory of Nucl ear 
ReactIons, J I NR, 

I'ft'prlnt or tht, Jo int Institute for Nuclear Research. Dubna 1988 


