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8 OCHOBe npOH3BOACTBa J B HaCTORll\ee speMR ne*HT reHepa-

TOpHwA MeTOA nony4eHHR paAHOAOAa H3 paAHOKCeHoHa: 

123 Xe ~ 
f3+, 33 

123J. 

3TOT cnoco6 o6ecne4HBaeT BWCOKY~ pa AH OHyKnHAHY~ 4HCTOTY npe
napaTOB 12 3 J H OTHOCHTenbHO npOCTOe KOHCTPYKTHBHOe O$OpMne 
HHe TexHonorH4eCKOro npo4ecca. Ha H30XpOHHWX 4HKnOTPOHax c 
3HeprHeA npoTOHOB AO 80 M38 123 Xe nony4a~T B RAePHWX peaK4HRX 
127J (p , 5n) 123xe, pe*e HCnOnb3Y~T peaK4HH C AeATpOHaMH 
127J (d, 6n) 123 xe. MaTepHanaMH MHWeHeA cny*aT HOAHAbl 111 en04 HblX 

MeTannos H paCTBOpw 3neMeHTapHoro AoAa B AHAOAMeTaH e 1 - 5 ~ Ha 
ycKOPHTenRx npoMe*yT04HWX 3HeprMA /100 S E 4 acTH~ ~ 1000 M38/ 
123 Xe o6paayeTCR s peaK4HRX pac111enneHHR Cs , Ba HnH La/6 - 8 '. 

HeaaBHCHMO OT 3HeprHH 4aCTH4 see ycTpoACTBa AnR nony4eHHR 
123J reHepaTOPHWM MeTOAOM B npHH4Hne COCTORT H3 ABYX CTpyK

TYPHWX 4aCTeA, MHWeHH H c6opHHKa paAHOKCeHOHa, COeAHHeHHWX 
Tpy6KoA AnR TpaHcnopTHpOBKH paAHOaKTHBHOro raaa. BwAeneHHe 
H c6op paAHOKCeHOHa npOH3 BOARTCR HnH BO speMR o6ny4eHHR /oH
naAH npo4ecc/, HnH nocne o6ny4eHHR H AOCTaBKH MH WeHH B paAHO
XHMH4eCKY~ n a6o paTOPH~ /0$$-naAH npo 4ecc/ . B nHTepaType eC Tb 
onHcaHHe HeCKOnbKH X TeXHOnorH4 eCK HX ycTpoACTB, KOTOpwe HCnOnb-
3Y~TCR AnR nony4eHHR 123 J r e HepaTOPHblM MeTOAOM'

1
1.4 ,91. 

8 HaCTORll\eA pa6oTe npHBOAHTCR 06111aR cxeMa oH-naAH npo4ecca 
nony4eHHR paAHOAOAa H3 paAHOKC eHO Ha npH o6ny4eHHH CsCl Ha 
CHHxpo4HKnoTpoHe na6opaTopHH RAe pHwx npo6neM OMRM. 0Ha paapa-
6aTwsanacb, so-nepswx, AnR Toro, 4T06W H3Y4HTb B03MO*HOCTb 
n pHrOTOBneHHR cnanoreHHWX npenapaTOB 123J C AOnyCTHMOA AnR 
RAepHoA Me AH4HHW paAMOHyKnHAHOA 4HCT OTOA H, so-BTopwx, KaK 
MOAenb opraHH3a4HH npOH3 BOACTBa 123J Ha 6aae peKOHCTpyH pye
MOro CHHXP04HKnOTPOHa - ycT aHOBKH "$" / Ep =700 M38, HHTeH CH B
HOCTb BWB e AeHHOro ny4Ka npoTOHOB 30-40 ~KA/. B CBR3H C 3THM 
paccMaTpHBa~TCR sonpOC bl KOHCTPYK4HH MHWeHH, nosyweK, a TaK*e 
TpaHcnopTHPOBKH paAHOKCeHOHa. 

06~AR CXEMA YCTAHOBKM 

Ha pHc.1 noKa3aHa cxeMa ycTaHO BKH AnR nony4eHHR, BWA eneHHR 
H c6opa paAHOKCeHoHa B oH-naAH npo~ecce. MHweHb ycTaHaBnHsa
nacb B aane YCKOpHTenR Ha cne4HanbHOA nOACTaBKe CTporo no OCH 
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12" Al-1Hl-1fl1 

0611'::ILfEHIAE 1.-1 

OH-AAHH C60P xe" 
14111 

PACnAn 1,1 

16"1 HAKOnAEHIAE 

xe"-J'' 
nOCAE KOHUA 

18"1 06fl'::l'-IEH"1fl 

20" 
'::IDAJ',EHIAE Xe" 
nonroroBKA J" 

22"' 

24" 
1" 

I fll-1Hl.-1fl 2 

0611'::IYEHIAE "1 

OH-AM1H C60P xl 

PAcnAn 1,1 

HAKOnAEH"1E 

Xe"-J'' 
nOCAE KOHUA 

06A'::IYEH"1fl 

' 'cl llAAEHl-1E Xe",. 
nonroTOBKA J 

fll-1H"1fl 3 

0611'::IYEHIAE i,1 - .. OH-AA"1H C60P Xe 

PACnAn i,1 

HAKDnAEH"1E 

Xe"-J" 
nOCAE KOHUA 

06A'::IYEH"1fl 

'::IDAAEH"1E xe• 
nonrorosKA J" 

OTnPABKA nPEnAPATOB K 

PHc.2. CxeMa oH-nattH npo~ecca nonyqeHHR 
123

J 
~Xe B oµHOM ceaHce pa60Tbl Ha YCKOPHTene. 

BblBeAeHHoro ny4Ka npoTOHOB. AnR noAa41-1 re111-1H 1-1 OTBOAa paA1-10-
aKTl-1BHWX ra30B K Ml-1WeH1-1 nOABOAl-1Jll-1Cb no111-1x11opBl-1Hl-1JlOBble TOJlCTO
CTeHHWe /-1 ,5 MM/ TpyfiKl-1 AHaMeTpOM 4 MM 1-1 AJlHHOH -70 M. no
CTynaio1111-1A 1-13 6a11110Ha re111-1A cyw1-1111-1 Ha MOJ1eKyJ1HpHblX Cl-1Tax, ero 
paCXOA KOHTpo111-1po0a111-1 poTaMeTpaMl-1~ Pa6o4afl o6beMHaH CKOpOCTb 
re111-1H 6w11a 100+10 MJ1/M1-1H. TeMnepaTypy MaTep1-1a11a M1-1weH1-1/650°C/ 
l-13MepHJ11-1 TepMOnapOH, aKTl-1BHOCTb ra3a B OTBOAHL11eH.Tpy6Ke 
Cl\l-1HT"1J1Jlffl.ll-10HHWM C4eT41-1KOM. AaT41-1Kl-1 fiblJll-1 COeAl-1HeHbl C per1-1cT
p1,1pyio111eA 1-1 c 3an1-1cwsaio111eA annapaTypoA. 

AKTl-1BHWH ra3 1-13 TpaHcnopTHOA TPYfiKl-1 npOXOAl-111 4epe3 ocyw1-1-
Te111-1 1-1 nocTyna11 no OAHOH 1-13 Jll-1Hl-1H B nepBylO 1-13 Tpex JlOByweK, 
B KOTOPOH paA"10KCeHOH BWMopam1-1BaJ1CH np1-1 -196°c. 8TopaR 1-1 TpeTbff 
11osywK1-1 c11ym1-1111-1 AJ1H r11y60KOH 041,1cTKH re111-1H OT cneAOB paAHOKce
HOHa H AJlR cfipoca paAHOKCeHOHa H3 nepBOH JlOBYWKH nocne HaKon-

3 



JleHl1R B HeA HOAa. AnR YAaJ1eH11R KCeHOHa JlOBYWKY pa3MOpam11sa1111 
11 Harpesa1111, OAHOBpeMeHHO npOMWBaR re1111eM 113 6a11110Ha, He CBR-

3aHHOro C Ml1WeHblO. n11H1111 JlOByweK co611pa1111 3a 611011or114eCKOH 
3a~l1TOH, 11 pacnpeAeJ1eH11e ra3a no JlOBYWKaM ocy~eCTBJlRJ111 A11CTaH-
4110HHO Cl1CTeMOH BaKyyMHWX MeTaJ1Jll14eCK11X KpaHOB, CMOHTl1POBaH
HblX Ha OAHOH naHe1111. Tp11 Jll1Hl111 nosyweK n03BOJlRJ111 np11 He06XOA11-
MOCTl1 OAHOBpeMeHHo secT11 c6op paA110KCeHoHa 113 M11weH11, HaKon-
11eH11e HOAa, c6poc paA110KCeHOHa 11 nocneAylO~ee BWMWBaH11e HOAa 
113 J10BYWKl1 /p11c.2/. 

MHWEHb 

M11weHblO CJlYY.<1111 
KOHTeAHep /p11c.3/ 

I I 

8 

I 

8 

I 

E:I L'l..!1~I 1111 
1 

4 

3anonHeHHblH XJ10P11AOM 4e311R npRMoyrOJlbHblH 
pa3MepoM 40x60x 150 MM3. csapeHHblH 113 0, 5 MM 

Jll1CTa Hepmaseio~eA CTaJ111 MapKl1 
X18H9T. K Kpww~e KOHTeAHepa 

7 np11sapeH WTy4ep A11aMeTpOM 20 MM 
11 swcoToA 150 MM, 3aKpwsa10~11A
CR HaKl1AHOH raAKoA C Te$JlOHOBblM 
ynJ10THeH11eM. 4epe3 HaKl1AHYIO raA
Ky npOXOART Tpy6K11 AJlR ra3a 11 

6 

,,.-5 

lol's..1 / 

2 

3 

KaHan-Kancyna AllR TepMonapb1. 
KoHTeAHep C 4eTwpex CTOPOH 060-
rpesancR 3JleKTpone4blO MO~HOCTblO 
-500 BT; Top4eswe CTeHK11 KOH
TeAHepa, nepneHA11KY11RPHWe K 
npOTOHHOMy ny4KY, He o6orpesa
Jll1Cb. Harpes ne411 pery1111posa1111 
asToTpaHc<t>opMaTopoM. BcR KOH-< 

PHc.3. KOHTettHep ,IVIR xnopHCToro 
~esHa /paspes HIDKHeH qacTH,nep
neH,IJ;HKYJlRPHbIH K HanpaBJleHHlO nyq
Ka npOTOHOB/: I - BHyTpeHHRR 
qacTb c pacnnaBOM CsCI; 2 - Tenno
H3OJ1HPYIDIIIHH KOpnyc; 3 - 3JleKTpo
CilHpaJlb; 4 - KOHTaKTbl ,IVIR 

3JleKTponpOBOAa; 5 - WTy~ep; 6 -
HaKHAHaR rattKa; 7 - Tpy6KH ,IVIR 

BBOAa H BblBOAa rasa; 8 - KaHan
Kancyna ,IVIR TepMonapbI /BHyTpeH
HRR H BHeWHRR/. 

CTPYK411R AJlR yMeHbWeHl1R TennonoTepb noMe~anacb B Ten11011so1111-
py10~11A Kopnyc. 06~11e ra6ap11Tw M11weH11 /6e3 wTy4epa/ 6w1111 80x 
x100x16~ MM 3, Macca -2,5 Kr. Xnop11cTwH 4e311A MaccoA oKono 1 Kr 
nnas1111cR 4epe3 40-50 Ml1H nocne BKJ1104eH11R ne411 Ha nonHyio Mo~
HOCTb. 

M11weHb ttCnOJlb30BaJ111 B Te4eH11e sceA cep1111 3KCnep11MeHTOB no 
11ccneA0BaH1110 so3MomHocT11 nony4eH11R 11 np11MeHeH11R cnanoreHHoro 
123 J AJlR HAePHOH MeA11411HW. CyMMapHaR 3KCn0311411R B npOTOHHOM 
ny4Ke COCTaBJlRJla OKOJlO 120 4 cea~caMl1 no 6-8 4. YcneWHWH onwT 
AJ111TeJlbHOH 3KCn11yaTa41111 Ml1WeHl1 noKa3aJ1, 4TO XpOMHl1KeJleBble CTa-
1111 - nOAXOAH~l1H MaTep11a11 AJlR 113rOTOBJleHHR KOHTeAHepa AJlR o6ny-
4eHl1H pacnnasa CsCl np11 650-680°C. np11BeAeHHYIO np11H411n11a11b
HYIO cxeMy KOHCTPYK41111 Ml1WeH11 MOmHo 11cnOJlb30BaTb np11 npoeKT11po
BaHl1l1 yCTPOHCTBa Ml1WeHeA AJlR o6ny4eHl1R BWBeAeHHWM ny4KOM npo
TOHOB Ha ycTaHOBKe "<!>". 

TPAHCnOPT PAAHOKCEHOHA 

np11 pa6oTe B pem11Me OH-naAH BblXOA paAl10KCeHOHa onpeAenReT-
CR CKOpOCTblO nocTynneHl1R ra3a 113 Ml1WeH11 B JlOBywKy: 4eM Kopo4e 
speMR OT MOMeHTa o6pa3oBaHl1R aTOMa KCeHOHa AO ero aACOp641111 
B nosywKe, TeM MeHbWe n0Tep11 123 J 3a C4eT paA110aKTl1BHoro 
pacnaAa 123Xe Ha nyTl1 K JlOBYWKe. BpeMR TpaHCnOpTl1POBKl1 Xe* 
onpeAenReTCH ABYMR <t>aKTOpaM11: speMeHeM, Heo6XOAl1MWM AJlR BWAe
neHl1R paAHOKCeHOHa 113 CJlOR pacnnasneHHoro CsCI B ra30BYIO <t>a-
3y, 11 speMeHeM era TpaHcnopTl1POBK11 ~ nOTOKOM re1111R OT Ml1WeHl1 
AO JlOBYWK11. YCKOPl1Tb nepswA npo4ecc nyTeM 6ap60T11posaHl1R re-
Jll1R 4epe3 pacnnasneHHYIO COJlb 6wno TPYAHO no TeXHl14eCKl1M np11411-
HaM, TaK KaK 3TO npl1BOA11110 K TOMY, 4TO WTy4ep 3a611sancR Kpl1CTa11-
naM11 CsCL no3TOMY KOHe4 Tpy6K11, nOABOAR~eA ra3' npl1WJ10Cb 
pacno11om11Tb Ha yposHe sepxHeA 4acT11 KOHTeAHepa, KaK noKa3aHo 
Ha p11c.3, 11 o6AyBaTb re1111eM TOJlbKO nosepxHOCTb pacnnasa. 

AnR 04eHKl1 CKOpocn, Bb1AeneHl1R /TpaHcnopTl1POBKl1/ paAHOKce
HOHa 113 MaTep11ana Ml1WeH11 B 3Tl1X ycnoBl1RX 6b1Jl 113MepeH np11 · BblKJ110-
4eHHOM ycKop11Tene cnaA 11HTeHCl1BHOCTl1 raMMa-ny4eA 121 Xe / Ey : 
132 11 310 K3B/ 11 123 Xe/ EY: 148 .11 330 K38/ s noToKe rasa, 
npoXOAl1BWeM no Tpy6Ke HaA Ge(Li) - AeTeKTOPOM, pacnonomeHHblM 
PRAOM co c411HTl1J1J1R4110HHWM C4eT411Ko~ /p11c.l/. AeTeKTop 6wn nuA
coeA11HeH K 4096-i<aHanbHOMY aHantt3aTopy, pa6oTasweMy Ha 1111H1111 
c 3BM HP-2116. ~13MepeHl1R noKa3an11, 4TO Kon114ecTso 121 Xe 
s ra3osoi1 CMec11 naAano s 2 pa;rn 4epe3 6-8 MHH, a 123Xe - 4epe3 
11-12 Ml1H nocne Bb1KJll04eHl1R yCKOPl1TeJ1R /p11c. 4/. 6011ee npOAOJ1m11-
TeJ1bHOe BpeMR nonys1:,1AeJ1eHl1.R B nocneAHeM c11y4ae CBR3aHO C Ha
KonneH11eM 123 Xe 113 12~Cs/ T 112 = 5,6 Ml1H/. CneAOBaTenbHo, 
paA110KCeHOH BblAeJlRilCR 113 TOJlCTOro CJlOR pacnnasneHHOro CsCI 
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3aKJll04eHHe O 6blCTPOM BblAeJleHl-1"1 paAHOKCeHOHa "13 pacnnaaneH
Horo CsCl nOATBepmAaeTCR xopOWHM coanaAeHHeM Teope~M4eCK"1X 
BblXOAOB 121 J "1 123J '7 ', paCC4"1TaHHblX Ha OCHOBe 3Kcnep1-1MeHTa11b
HblX Ce4eHHH o6pa3oBaHHR MaTepHHCKHX RAeP KCeHOHa C nonpaBKOH 
Ha "13BeCTHOe apeMR TpaHcnopTHPOBKl-1, M 3Kcnep1-1MeHTaJlbHWX awxo
AOB, nony4eHHblX "13 raMMa-cneKTpOMeTp"14eCK"1X "13MepeHHH paAHO
HOAa, .HaKon1-1awerocR a JlOBYWKe /cM. Ta6J1_1-14y/. 

noBYWKH AnR PAAHOKCEHOHA 

PaAHOKCeHOH aACOp61-1poaa111-1 "13 nOTOKa reJlHR np1,1 -196°C Ha 
OKHCl-1 aJ110M"1H"1R /MapKl-1 11AJ1R xpoMaTorpaQJHl,111

' pa3Mep 4aCT"14 
50-70 MKM/ '7' a cTeKJlRHHOH noaywKe /p1-1c.5/. ra3 nocTynan K aA
cop6eHTY no 4eHTpaJ1bHOH Tpy6Ke, COeAHHeHHOH c KopnycoM noayw
Kl-1 MeTaJ1Jl"14eCK"1M TPOHHHKOM, "1Mel0~"1M HaKHAHWe raHKl-1 C pe3"1HOBW
M"1 ynJlOTHeHHRMl-1. K BXOAY 1,1 BWXOAY JlOBYWKl-1 6w111-1 nOACOeAMHeHW 
3arnyWK"1 C ynJlOTHeHHRMl-1 "13 pe3HHOBWX npo6oK /OT neH"14MJ1Jl"1HO
BWX CKJlRHOK/. nosywKa nOACOeAHHRJlaCb K CHCTeMe TpaHcnopT1-1poa
K"1 ra3a 4epe3 1-1r11y, "13rOTOBJleHHYIO Ha OCHOBe MeA"14"1HCKOH HrJlbl 
AJlR BHYTPHBeHHWX BJ1"1BaH1-1A 1-1 HMelO~YIO BWCBepneHHWe 6oKOBWe OT
aepCTHR. TaKOH cnoco6 COeAHHeHHR wnaHrOB no3B0JlRJl 6wcTpO Me
HRTb JlOBYWKl-1 6e3 HX pa3repMeT1-13a41-11-1. 

3ToT THn noayweK oKa3ancR npeAn04THTeJlbHee U -o6pa3HblX 110-
ayweK /6.', KOTOpble AOBOJlbHO 6bJCTPO 3a61-1aa10TCR JlbAOM' TaK KaK 

nocTynalO~HH B HHX ra3 npaKTH
~eCKM HeB03MOmHO noJlHOCTblO 

s 

8 

4 

3 

2 

6 
7 

4'=
-L 

04"1CT"1Tb OT a11ar1-1, 1-1, KPOMe 
Toro' u -o6pa3Hble JlOBYWKl-1 He
YA06HW AJlR 3Jll0"1POBaHHR paAHO
HOAa c cop6eHTa. On1-1caHHaR 
3AeCb JlOBYWKa cao6oAHa OT 3T"1X 

Pttc.5. lloBymKa ,l],JIH norno~eHHH 
~KCeHOHa: I - npo6ttpKa; 
2 - Tpy6Ka, ,l],JIH IlOAa~H rasa; 
3 - ynnoTHHW~H TPOHHHK; 4 -
HaKHAHbie raHKH; 5 - pe3HHOBbie 
npoKnaAKtt; 6 - cop6eHT; 7 -
CTeKilHHHblH qJHilbTP; 8 - ysen 
BBOAa Hrnhl; 9 - Hrna c 6oKo
BblMH OTBepCTHHMH; 1-0 - pesH
HOBaH npo6Ka. 

HeAOCTaTKO_B: BblMOpam1-1aaeMaR anara He 3aKynop1-1aa11a JlOBYWKY 
np1-1 npoxomAeH1-11-1 4epe3 cop6eHT ~20 11 re111-1R, 3J1101-1poaaH1-1e paAHO
HOAa nerKo npoBOAHTb 3a 61-1011or1,14ecKoH 3a~HTOH. KpoMe Toro, 
JlOBYWKY a co6paHHOM BHAe MOmHO OTnpaBJlRTb a KOHTeHHepe K no
Tpe61-1TeJ110, He npoBOAR 3JllOHPOBaHHR HOAa. 3To 4enecoo6pa3HO 
noTOMY, 4TO 3a apeMR AOCTaBKl-1 npOHCXOAHT 04"1CTKa npenapaTa 
OT 12¼ 3a C4eT ero pacnaAa a 121 T~ KOTOPWH OCTaeTCR Ha cop6eHTe 
np1-1 3Jll0"1POBaH"1"1 HOAan~ CneAyeT TaKme OTMeTHTb, 4TO B 3aKpw
TOH JlOBYWKe cop6eHT C paAHOHOAOM HaXOAHTCR B aTMOCQJepe re111-1R, 
"1 TeM CaMWM "1CKJll04aeTCR OK"1CJleH1-1e paAHOHOAa np1,1 TpaHcnopT1-1-
POBKe. 

TaKaR opraH1-13a41-1R 3Kcnep1-1MeHTa 6wna ocy~eCTBJleHa a coaMecT
Hwx pa6oTax OHHH c 0TAenoM npoH3BOACTBa "130Tonoa a UeHTpanb
HOM HHCTHTyTe <lJ1,131,14ecK1-1x 1-1ccneA0BaH1-1H /PocceHAOPQl, rAP/ 1-1 OT
AeneHHeM RAepHoH MeAHLIHHbl AMH K.r.Kapyc /ApeaAeH, rAP/. B npe
napaTax l23J, nocTynaaw1-1x 1,13 AY6Hbl, COAepmaH1-1e 125 J, 121J 

1,1 121 Te 6wno paBHO "111"1 MeHee 0,35; 3,0 1,1 0,03% COOTBeTCTBeH
Ho1101. npoBeAeHHble HCCJleAOBaHHR no3B0Jl"1Jl"1 CAeJlaTb 3aKJll04eHHe 
o np1-1rOAHOCT1-1 npenapaTOB cnanoreHHoro 123 J AllR 4e11eH RAep
HOH MeAH4"1Hbl. 

B aaKJ1104eH1-1e aaTopw awpamalOT 611aroAaPHOCTb A.M.Oaepoay 
1,1 M,AAHJ161-1w 3a noMO~b B npoBeAeHl-1"1 3Kcnep1-1MeHTOB. 

nHTEPATYPA . 

1. Bett R. et al. J.Radioanal .Chem., 1980, 
2. Schi~mel A., Kaspersen F.M., Lindner L. 

Radiat. Isotopes, 1979, 30, p.63. 

56, p.237. 
Int. J.Appl. 

3. Lindner L. et al. Proc. Symp. Radiopharmaceuticals and 
Labelled Compounds, Copenhagen, 1973, vol. 1, p.303. 
IAEA, Vienna, 1973. . 

4. Godart J., Barat J.L., Menthe A. lnt.J.Appl.Radiat. 
Isotopes, 1977, 28, p.967. 

5. Weinreich R. et al. J.Radioanal.Chem., 1976, 30, p.53. 
6. AneKceea E.r. 1-1 AP· npenpHHT nHH<ll, ~382, n., 1978. 
7. Adilbish M. et al. J.Appl.Radiat.lsotopes, 1980, 31,p.163. 
8. Peek N.F., Hegedus F. lnt.J.Appl.Radiat.lsotopes, 1979~ 

30, p.631. 
9. Lagunas-Solar M.C. et al. Trans.Amer.Nucl. Soc., 1979, 

33, p.922. 
10. Beyer G.J. et al. · Jahresbericht 1979, Bereich Kernchemie, 

ZfK-393, 1979, p.61. 

PyKOnHCb nocTyn1-111a B "13AaTeJlbCK"1H OTAeJl 
12 MapTa 1981 roAa, 

9 


