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Aicrya.rrbHOCTb npo6JieMbI 

IloJiyqeHHe HH<l>opMaQHH 0 CTpoemm aTOMHOro H,Apa HBJIHeTCH 0,l(HOH H3 

OCHOBHhlX 3a,Aa'I 3KCnepuMeHTaJILHh!X HCCJie,AOBaHHH H,AepHOH <l>H3HKH. TaKoro po,Lla 

HH<i>opMaI(HIO 0 C'rpOeHHH Mpa MO:>KHO IIOJiyqHTh rryreM aHaJIH3a aepO»THOCTeii }l,[(epHhlX 

peaKQHH npH B3aHMO,AeHCTBHH pa3JIH'IHh!X 'laCTHQ c ».APOM. 

Cpe.LlH orpoMHoro proHoo6proHH H,AepHhIX peaKuuii HeMaJIOBIDirnoe MecTo 

3aHHMaIOT peaKQHH, Bhl3BaHHh!e 3JieK'fPOMarHHTHh!MH B3aHMO,AeiicTBHHMH. TaKue 

peaKQHH rrpoTeKaIOT 3a C'leT 3JieKTpOMarHHTHOro IIOJIH, CBOHCTBa KOTOporo IIO,Ap06Ho 

HJy'leHhl, H MeXaHH3M nepe,Aa'IH 3HeprHH OT HaJieTaIOII(ero y-KBaHTa HCCJie,AyeMOMY R.LlPY 

.LlOCTaTO'IHO xopoIIIo HJBecTeH. B TaKux peaKI(HHX rrpome, 'leM a peaKQHHx ITO.LI 

,LleiicTBHeM HeiiTpOHOB u JapH:>KeHHhIX qacTuQ, OT,LleJIHTh 3<l>$eKThl CTPYKTYPhl »,Apa OT 

MexaHH3MOB ero B036y:>K,AeHHH. 

Pe3yJii.TaThI HCCJie,AoBaHuii pa3JIH'IHhIX rrpo11eccoa B3aHMO.LleiiCTBHH y-KBaHTOB 

HH3KHX H cpe,LlHHX 3Hepruii HMeIOT 60JILIIIOe 3Ha'leHHe He TOJILKO B o6JiaCTH H,llepHOH 

$H3HKH. TaK:>Ke HeMaJIOBa:>KHOe 3Ha'leHue HMeIOT pe3yJihTaTh! 3THX HCCJie,LlOBaHHR B 

CaMbIX pa3JIH'IHhIX o6JiaCTHX HayKH H TCXHHKH, a HMeHHO B H,LlepHOH 3HepreTHKe, 

H,llepHOH Me,LlHI(HHe, pa,AHaI(HOHHLIX pa3,AeJiax XHMHH, reoJionm, MaTepuaJIOBe,lleHHH, 

3KOJIOrHH H BO MHOfHX .ApyrHX. 

IJ;eJib H 3a,Ll3'1H HCCJie,LlOB3HHSI 

U:eJiblO ,LlHCcepTaI(HH HBJIHeTCH H3MepeHHe Bh!XO,l(OB <t>oTOH,AepHhIX peaKI(HH Ha 

JIHHeiiHoM ycKopuTerre 3JieK'rpOHOB Ep<l>H c MaKCHMaJihHoii 3Heprueii 40 M3B Ha 

MHIIICHHX H3 MOJIH6,LleHa, KCeHOHa H OJIOBa c o6pa30BaHHeM H,Aep 
99

mTc, 
123!, 111In 

MeTO,LlOM HaBe,LleHHOH aKTHBHOCTH. 

HccJie.LloBaHHH rrpoueccoa B3aHMO.LleiicTBHH 3JieKTPOMarHHTHoro H3JIY'leHHH c 

aTOMHbIMH MPaMH IIOKa3h!BaIOT, 'ITO H3Y'fCHHe $OTOH,n:epHhlX peaKI(HH CBH3aHO co 

cneuuqiuqecKHMH TPY.LlHOCTHMH. B Ka'lecTae ocHOBHhIX TPY.LlHOCTeil: Moryr 6bITh 

Bhl.LleJieHhl CJie,LlyIOII(He: 

1. OTCY'fCTBHe HHTeHCHBHhlX rry'IKOB MOH03HepreTH'leCKHX $OTOHOB, BCJie,LlCTBHe 

qero rrpHXO,LlHTCH HCIIOJlh30BaTh pa3JIH'IHhle MaTeMaTu'leCKHe H 

3KCIIepuMeHTaJILHhie yxumpeHHH .LlJI» Toro, 'IT06hl orrpe,AeJIHTL Ce'leHHe 
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peaKUHH B ycJIOBIDIX, Kor.11a crreKTp <j>OTOHOB, ee Bb13h!BaIOlllHX, 6JIH30K K 

MOH03HepreTH:qecKOMy; 

2. OTHOCH:TeJihHO MaJihie a6COJIIOTHhie BeJrnqH:Hhl ceqeHH:H <j>oTOJl.!lepHhIX 

peaKUHH; Tpe6yeTCJI BhICOKal! H:HTeHCH:BHOCTh <j>OTOHHblX nyqKoB, .!IJIJI 

yseJIH:qeHIDI BhIXO.!IOB peaKUHH Tpe6yeTCJI yaen~~t:BaTh TOJilllll'.HhI MHIIIeHeH, 

qrn rrpHBO.!IHT K yxy.11IIIeHH10 :mepreTH:qecKoro pa3perneHHJ1; 

IIpoae.11eHHOe B paMKax B .!IH:CcepTauHH HCCJie.11osaHH:e J!.!lep 99mTc, 1231, llJin, 

rronyqeHHhIX Ha rryqKe <j>oTOHOB mrneM:Horo 3JieKTpOHHoro ycKopHTeJIJ! Ep<I>M c 

3HepmeM: 3JieKTpoHoB 40 MJB HarrpaaJieHo Ha perneHH:e HeKoTopi:.ix H3 JTHX rrpo6JieM. 

HayqHaH HOBHJHa u rrpa1nuqecKaH QeHHOCTb pa6oTbI 

HayqHaH HOBH3Ha H rrpaKTHqecKaH ueHHOCTh rronyqeHHhIX pe3yJii:.TaToB 

COCTOHT B IIOIIOJIHeHH:H 6aHKa .!laHHhIX <j>OT0».11epHhIX peaKUH:H. J]:Jll! C03.!laHH:JI HOBhIX 

TeopeTHqecKHX MO.!leJieii ITO <l.>oTOH.!lepHhIM peaKUIDIM Tpe6y10TCJI Ha,ne:arni:.re 

3KCIIepH:MeHTaJihHble .!laHHhie. IlpHBe.11eHHhie pe3yJihTaThl MOryT 6h!Th HerrocpencTBeHHO 

HCIIOJlh30BaHhI ):(JIJI rrpoBepKH H pa3BHTIDI MoneJieii Jl):(epHhIX peaKUH:H. B qacTHOCTH, B 

CJiyqae BeJIH:qHH yneJihHOH aKTHBHOCTH o6pa30BaHH:JI H30TOIIa 99myc pa36poc 

rrpencTaBJieHHhIX B JIH:TepaType ):(aHHbIX COCTaBJIJ!eT OT 90 EK/Mr*MKA*q no 3200 

EK/Mr*MKA*q· CYllleCTBOBaHue TaKoro IIIHpoKoro pa36poca CBH):(eTeni:.cTByeT o TOM, ~o 

Tpe6YIQTCH HOBhie Ha,ne:arnbie ll'.3MepeHHJI ):(JIJI pa3BHTIDI cymecTBYIOlllll'.X Ii C03.!(aHHJI 

HOBhIX TeopeTH:qecKHX MoneneM:, OIIH:ChIBaIOlllll'.X <j>OTOH.!lepHhie rrpouecCbl. AHaJiorH:qHaJ! 

CHTyauIDI B TOH H:JIH: H:HOH Mepe OTHOCH:TCJI H K npyrHM ll'.30TOIIaM. 

OnHospeMeHHO B pe3yJii:.TaTe <l.>0ToJ1.11epHhIX paeaKUHii rronyqmoTcl! H30TOllhI 
99mTc, 1231 Ii 111 In, KOTOpbie H:Me!OT 60JihIIIOe rrpHMeHeHHe B Jl):(epHol1 Me):(H:I.IH:He Ii npyrHX 

OTpaCJIJ!X HayKH Ii TeXHHKH. 

IloJiyqeHHhie HaMH pe3yJihTaThI IIOIIOJIHJIT HMe!OlllHHCJI 6aHK naHHbIX, C03.!(aHHbIH 

Ha OCHOBe JKCrrepH:MeHTaJihHhIX H3MepeHHH, BblIIOJIHeHHb!X B HayqHb!X ueHTpax ClllA, 

Espom1 H PoccuH:. 
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0CHOBHble 331QHIQaeMble UOJIOmeHUH: 

3KcrrepHMeHTaJihHal! yCTaHOBKa Ha rryqKe JJieKTpOHOB mrneiiHOro ycKopuTeJIJ! 

JIY350 HauuoHaJihHOH HayqHoii na6oparnpHH HM. A.ArruxaHHHa (Ep<I>M); 

MeTonHKa 3KcrrepuMeHToB no uccJienosaeHIO <l.>0ToJ1.11epHhIX peaKUHii; 

MoHTe-Kapno pacqeTbJ .!IJIJ! OIITHMH3auHH ycJIOBH:H JKCrrepHMeHTOB - Bh!6op 

3HeprHH 3JieKTpOHOB, TOJilllHHhl KOHBepTopa; 

MoHTe-Kapno pacqeTJ>I u JKcrrepuMeHTaJihHoe uccnenosaeue nJIJ! 

OIITHMH3aUHH TOJllllHHhI MH:IIIeHeM:; 

• 3KcrrepHMeHTaJihHOe H3MepeHH:e BhlXO):(OB <j>oTOJl):(epHhIX peaKUHH Ii 

aKTH:BHOCTeii H30TOIIOB 99mTc, 1231 H 111In. 

Anpo6aQHH pa60Tb1 u ny6nnKaQnn. OcHOBHble pe3yni:.TaTi:.1 nuccepTaUHOHHoii 

pa6oThr noKJia,ni:.rnanHCh Ha HayqHi:.rx ceMHHapax HauHoHaJihHoli HayqHoM: Jla6oparnpHH 

HM. A.A.rrH:XaHJIHa (Ep<I>M), a TaIOKe 6LIJIH ):(OJIO'.lKeHhl Ha Me'.JK):(yHaponHhIX 

KOH<j>epeHUHHX Ii ceMH:Hapax: 

• 

• 

• 

Boci:.Mal! Me'.JK):(yHaponHal! KoH<l.>epeHI.IIDI ">JnepHaH H pa,nHauHOHHaH <j>H3HKa" 

ICNRP'2011, 20-23 ceHTH6pl! 201 lr., r. ArrMaThI, Pecrry6JIHKa Ka3axCTaH. 

14-ii Me'.JK):(yHaponHi:.1ii ceMH:Hap HKK MHTU "Pa3BHTH:e HHHoBauHii H 

TPaHc<l.>ep TeXHOJIOmii B KOHTeKCTe rno6anhHOH 6e30IIaCHOCTH:", 27-28 

ceHrn6pll 2011 r., r. ArrMaTi:.1, Pecrry6nHKa Ka3axCTaH. 

International Conference under the sponsorship of the International Science and 

Technology Center (ISTC) "Radiation Safety Challenges in the 21st 

Century"Yerevan, Armenia June 20-21, 2012 

Ilo TeMe nHccepTaunH orry6nH:Kosaeo 3 pa60T1>1 B '.lKYPHaJiax J13secTIDI HAH 

PA(<l>H3H:Ka) H Armenian Journal of physics. 

06'beM H CTpynypa .!IHCCepTaQnH: JJ:uccepTauIDI COCTOHT H3 BBeneHHJI, qeTi:.rpex mas 

H 3aKJIIOqeHHll, conep'.lKHT 96 CTPaHHll rreqaTHoro TeKcTa, BKJIIOqaJ! 66 pHCYHKOB, 9 

Ta6JIHll Ii CIIHCOK JIHTepaTyphl H3 53 HaH:MeHOBaHHH. 
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KpaTKoe co.n:epacaHue .n:uccepTaQHH 

Bee.n:eHue co.uep)J(HT KpaTKoe HayqHoe 06ocH0BaH11e aKTYaJ!hHOCTH Hccne.uoaam'.lii 

<tioToJI.uepHbIX npoueccoa B o6nacTH rnraHTCKOro .UHilOJihHOro pe30HaHca (r,lUI). ,lJ;aHo 

OilHCaHHe o6mero COCTOJIHIDI rrpo6JieMbI,1IpHBe,UeHbl CTPYKTYPa H OCHOBHble IIOJIO)J(eHIDI 

.UHCCepTaQHH. 06oCHOBaHa aKTYaJ!bHOCTb rrpoae.ueHHJI H3MepeHHH ceqeHHH peaKQHli: 

100Mo(y,n)99Mo~99mTc, 124
Xe(y,n)

123
Xe ~1231, 112Sn(y,p)111ln H 112Sn(y,n)111 Sn ~111 ln. 

PaccMoTpeHa B03MOiKHOCTh nonyqeHHJI H30TOilOB 99mTc, 1231 H 111ln Ha JJieKTpOHHhIX 

ycKopHTemix. 

B nepBOH rJiaBe ,UaHO KpaTKOe OUHCaHHe TeopeTHqecKHX rrpe.unoCblJIOK H o60CHOBaHHe 

3KCIIepHMeHTaJ!bHbIX HCCJie,UOBaHHH <tioTOJI.UepHblX npo1.1eccoB KaK c TQqKH 3peHHJI 

IIOJiyqeHHJI HH<iiopMaQHH 0 CTpyKType B3aHMO,UeHCTBHH, TaK H c QeJibIO onpe.ueJieHHJI 

Bb!XO,UOB H30TOilOB, HMeIOI.UHX rrpaKTHqecKoe npHMeHeHHe .UJIJI .UHarHOCTHKH H TepanHH 

OHKOJiorHqecKHX 3a60JieBaHHii. OnHcaH aKTHBaQHOHHhIH MeTO.ll H3MepeHIDI Bhixo.uoa 

peaKQHJ:i: 
100Mo(y,n)99Mo~99mTc, 124Xe(y,n)123Xe~123l, 112Sn(y,p)111ln H 112Sn(y,n)111Sn 

~111ln H orrpe.ueJieHHJI HX ceqeHHli:. 

OnHCaHbl HCCJie,UOBaHHJI H MO,UeJIHpOBaHHJI H3yqaeMblX npo1.1eccoB 

nocpe.ucTBOM rrporpaMM GEANT H PENELOPE c QeJihIO onpe.ueJieHHJI orrTHM!IJlhHhIX 

napaMeTpoa rryqKa <tioTOHOB H reoMeTpHH yCTaHOBKH. TipHae.ueHbI pe3yJihTaThI MoHTe­

KapJio MO,UemipOBaHIDI rrpouecca TOpM03HOro H3JiyqeHIDI 3JieKTpOHOB B TaHT!IJIOBOH 

MHIIIeHH c QeJibIO BhI6opa OIITHMaJ!bHOH TOJII.UHHbl KOHBeprnpa [ 1] (PHC. 1.1 ). 

! _, 
2"1000 

2'iJCIO 

20000 

'"""' 
1'000 

14000 

Lenglft,111111 

PHC. 1.1 3aBHCHMOCTb Bb!XO,Ua <tioTOHOB OT TOJII.UHHbl TaHT!IJIOBoro pa.n;HaTopa. 

OrrHcaHbI pa3pa6oTaHHbie H co3.uaHHb1e JKcrrepHMeHTaJ!hHbie ycTaHOBKH .UmI rrpoae.ueHHJI 

H3MepeHHH [2] (PHc.1.2), CHCTeMhl MOHHTOpHpOBaHHJI rrapaM~OB rryqKa H rrapaMeTpOB 

6 

3KCrrepHMeHTaJ!bHOH ycTaHOBKH, CHCTeMhl orrepaTHBHOro H3MepeHIDI rrorrepeq11oro 

rrpoqmmI 3JieKTpOHHOfO rryqKa CHCTeMOH, OCHOBaHHOH Ha BH6p11pyiomei1 CTPYHe [3]. 

PHc. 1.2. 3KcrrepHMeHTaJ!hHaJI ycTaHOBKa rro.u JJieKTPOHHhIM rryqKoM. 1 - QHJIHH.llP 

<l>apa,n;eJI, 2 - MHIIIeHHbIH MO.UYJib, 3-JIIOMHHH<iiopHbIH 3KpaH KOHTPOJIJI II03HQHH rryqKa, 4 

- .llHCTaHQHOHHOe ycTpOli:CTBO rrepe.uamKeHIDI MHIIIeHHOro MO.UymI. 

TipHae.ueHbI pe3yJihTaThI H3MepeHHJI rrpo<liHmI rryqKa (cM. PHc.1.3). 

Scan ofYerPhl Injector electron beam, 1*10 mkA, E•40 MeV, 10.06.2010 

1.4-, ..... , ...... , .. , •... ,1•··• •• '•• ••••·r .................... '!""' •·" ••••••••••1•• ................... ! .••. , .• , ........... ,T .................... I''''' .. ''''''''''''''!''"'''''"'''" .. "~ 

1.2 ~-
.! •··. 

~::1 ·:. 

1 ~1 l.JJ/I l\Ll I 
.... t 

...• , 
-~ 

~0.2 +---+---+---+---+---+---+---+---+---
IS 20 25 30 35 40 45 so 55 60 

Pos.,mm 

• Distr., mkA!mm 
•Gauss Fit 

P0c. 1.3. Pe3yJihTaT H3MepeHHJI rrpo<iiHmI nyqKa B aepTHKaJ!hHOM HanpaaneHHH. 

TipHBe,n:eHO OIIHCaHHe pa3pa6oTaHHblX MHIIIeHHbIX KancyJI .UJIJI TBep.uoTeJibHblX (PHC. 1.4) 

H ra3oo6pa3Hb!X (PHC. 1.5) MHIIIeHeJ:i:. 
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Pwc. 1.4. MmneHH!IJI Kancyna .[(IDI TBep.n:oTen&HOM MmneHw. Cnesa - c 

Ta6neTKaMH H3 cnpecoBaHHOro nopOIIIKa Mo03, cnpasa - ITOJIHOCTb!O 3aITOJIHeHH8JI TeM 

:lKe nopOIIIKOM H IlOKpbIT!IJI Me.[(HOM lf>oni,roil: .[(IDI npose.n:eHIDI MOHHTOpa HaKOITJieHHOH 

HHTeHCHBHOCTH lf>oTOHHOro rryqKa. 

OnwcaHa cwCTeMa mMepeHH.II cneKTPOB raMMa-KBaHTOB nocpe;wTBOM 

.[(eTeKTopa Ha OCHOBe Nal(Tl) H nonynpOBO.[(HHKOBOro .n:eTeKTopa H3 CBepxqHCTOro 

repMaHH.II. IlpHBe,n:eHbl pe3yJibTaTbl :mepreTHqecKOM KaJIH6pOBKH H H3MepeHIDI 

a6cOJIIOTHOM 31f>lf>eKTHBHOCTH .[(eTeKTopoB (PHc.1.6, 1.7). 

Pwc. 1.5. CxeMa ra3oBoii MHIIIeHH 

8 

• l 

• 0,67 

100 200 .300 400 500 600 700 
Energy 

Pwc. 1.6. 3aBHCHMOCTb 31f>lf>eKTHBHOCTH (B nponeHTax) perncTpanHH raMMa-KBaHTOB 

.[(eTeKTopOM Nal(Tl) OT 3HeprHH Ha paCCTO.IIHHH 10 CM OT BXO.[(HOro OKHa. 
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Pwc. I. 7. 31f>lf>eKTHBHOCTb ,n:eTeKTopa H3 csepxqHCToro repMaHIDI Ha paccTO.sIHIDIX 0, 3, 5, 

7. 7' 10, 25 H 50 CM OT HCTQqHHKa .n:o .[(eTeKTopa. 

Bo BTOpOii rJiaee .n:wccepTanHH .[(aHO OITHCaHHe MeTO.[(HKH 

3KcnepHMeHTaJI&Horo wccne.n:oeaHIDI peaKnHH 100Mo(y,n)99Mo. PaccMoTpeHbl cxeMa 

pacna.n:a 99Mo~99mTc, HHTeHCHBHOCTH H 3HeprHH pacna,n:Hb!X raMMa-KBaHTOB, 

y + 100Mo --+99Mo+ n Ilopor peaKnHH = 9.1 MeV 

t 

Tu2 - 67 qaca --+ 99mTc (Tu2 -6 qacoa) 

,[(IDI oneHKH O:lKH,[(aeMbIX Bb!XO.[(OB peaKnHH 100Mo(y,n)99Mo npose.n:eHO 

MoHTe-Kapno Mo.n:enwpoBaHHe 3aBHCHMOCTH B&1xo.n:a (Hapa6oTKH) aTOMOB 99Mo OT 

3HeprnH lf>oToHOB. ,[(IDI Mo.n:enwpoBaHH.II npo11eccos Hcnonb30Banc.11 naKeT GEANT4. 

KonwqeCTBO Hapa6oTaHHhlX aTOMOB 99Mo oneHHBaeTc.11 Mo.n:enHpoaaHHeM qHcna 
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BbIJHITaIOIUHX HeliTpOHOB, np11Hl1MruI BO BHl1Mrurne, qTo BepowrHOCTb norrromeHl1JI B 

MOJil16.lleHe BbIJieTeBIIIHX HeliTpOHOB Marra, a TaIOKe c yqeTOM Toro, qTo ceqeHMJI 

conYTCTByiom11x pea.KUllH l' + 2n II l' + np MaJibl no cpaBHeHHIO c ceqeHHeM OCHOBHOH 

pea.KU1111 l' + n. 3aBl1Cl1MOCTb Bb!XO.lla HeliTpOHOB OT 3Hepm11 <t>oTOHOB np11Be):(eHa Ha 

P11c. 2.1. 

2250 

aooo ·1 100 000 events • 
l751l 

J :1.500 

] 
t llSO 

il 
.,, 1000 

750 ·< 

500 .; 

151l·' 

. _ ..... 
• 
• .. "'"'-.. 

.. .. 
,.. 

•" .. ,., 
.•. ~, ...................... , .. , ........ .. 

115- l& 

.,, 
• •• 

'° :c.z E,MeV 

P11c. 2.1. 3aBl1CHMOCTh q11crra HeliTPOHOB, BI>meTeBIIIMX 113 MHIIIeH11 100Mo TorrmMHoli 

CM OT 3Hepm11 <l>OTOHOB (Ka:lK.llruI TOqKa RBJ!ReTCJI pe3yJII>TaTOM OT 105 <l>OTOHOB). 

IlOKa3aHO, qTo Ma.KCMMaJibHOe 3HaqeHl1e ceqeHMJI pea.KUMM Ha6JIIO.llaeTCR npM 

3HepmM cpoTOHOB Ey-17 M3B, qrn xopmno corrracyeTCJI c ony6rr11KOBaHHLIMM 

pe3yJibTaTaMM .npymx aBTOpOB [4]. 

IlpoBe.lleHo ):(Ba ceaHca 06rryqeHMJ1 o6pa3UOB 113 Mo03 .nrrR MCCJie.llOBaHHJI 

npoueccoB o6pa3oBaHMJI 
99

Mo M COOTBeTCTBeHHO 99mTc. IlepBbIH ceaHC 6hIJI npoBe,lleH 

np11 3Hepnrn nyqKa 20 M3B, BTopoli - np11 3Hepm11 40 M3B. 113MepeHhI cneKTpLI 

113rryqeHMJ1 o6nyqeHHhIX o6pa3UOB(CM. PMc.2.2), 113MepeHa cneu11cp11qecKrui aKTl1BHOCTb 

BbIXO.lla, npose):(eHo cpasHeHMe c paHee ony6JIMKOBaHHhIMH pe3yJII>TarnM11 [5,1]. B 

JIMTepaType no ,llaHHb!M pa3JIMqHbIX 3KCnepMMeHTOB np11BO.ll11Jl11Cb pe3yJII>TaTbl 110 

cneuMcp:HqecKOH aKTl1BHOCTM (Hapa60TaHHruI aKTl1BHOCTb, np11se.neHHruI Ha e,llMH11UY 

MaCCbl Ml1IIIeH11 - Mr, Ha e,1(11H11UY 11HTeHCMBHOCTl1 nyqKa - MKA, M Ha .LlJIMTeJibHOCTb 

10 

o6rryqeHMJI - qac) OT 90 EKIMr*MKA•qac[5] .llO 3200 EKIMr*MKA•qac[12]. no 

pe3yJII>TaTaM Onl1CaHHbIX B .lll1CCepnuurn 11ccrre):(OBaHl1H norryqeH pe3yJibTaT 3000 

EKIMr•MKA •qac. 

HayqHbIH ueHTP CcbIJIKa AKTl1BHOCTb, 
J;:l<'/Mr•Ml<'A*u 

O.IDIH Pl2-2004-210 [12] 3200 

PrY Pa,L\HOXMMMJI, 1993 [5] 90 

X<l>TH EPAC-98 [1] 370 

Ep<l>.H HacTOHIQaH pa6orn[2] 3000 

KaK Bl1.llHO 113 npMse.neHHOli Ta6JIMUhI, norryqeHHLie HaMM 3KcnepMMeHTaJibHI>Ie 

.naHHLie HaxO.llJITCJI B xopoIIIeM corrrac1111 c pe3yJII>TaTaMM, norryqeHHhIMl1 B O.IDIH, 11 

6JIM3Kl1 K Ma.Kc11MaJibHbIM 3HaqeHMJIM .ll11ana30Ha orry6rr11KOBaHHbIX ,l(aHHhIX. TeM CaMbIM 

nO.LlTBep:lKaeTCR .llOCTOBepHOCTb norryqeHHblX 3HaqeHMH, a BbICOKOe 3HaqeH11e 

cneuM<l>11qeCKOH aKTl1BHOCTl1 no3BOJIJleT npO):(OJI:lKaTb paccMaTp11BaTb MeTO.Ll norryqeHl1R 

99Mo nocpe.llCTBOM <l>oTOR.LlepHOH peaKUM11 - rrpH HaJIMq11H Cl1JlbHOTOqHblX 3JieKTpOHHblX 

ycKopMTerreli. 

Hiooo Nov.15 spectra ,0000 r· 
ieooo Spectro sum=-2.23667E+06 

Background Sum - 93208 

14000 

12000 

r~ 

n5f'ii:f42;~,~~E;~~ 
1.J9.B 
5.975 

200 225 

E(KeV) 

P11c. 2.2 .. CneKTP 113Jl)"ieHMJI o6Jl)"ieHHOro MaTep11arra qepe3 39 qacos nocne 

3asepmeHl1R o6rryqeHMR - 113MepeHo .lleTeKTopoM Nal(Tl). 
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IIpose,n:eH aJiaJIH3 30.BHCHMOCTH 3.KTHBHOCTH OT BpeMeHH, rrpome,n:mero IIOCJie 

3aseprneHIDI o6JiyqeHIDI (EOB - end of bombarding), pe3yJihTaTh! rrpHBe,n:eHbl Ha PHc. 

2.3. 

Ifa rrose,n:eHIDI rrpnse,n:eHHOro crreKTpa BH.nHO, qTQ rrepno,n: rroJiypacrra.na 

o6pa3osasmerocg semecrsa coCTasMer -64.2 qaca, 'ITO cooTsercTsyer rrepno,n:y 

rroJiypacrra.na 
99

Mo. A IIHKosoe 3HaqeHHe :meprnH B crreicrpe Ha PHc. 2.2 pasHoe -140 

K3B, COOTBefCTByer 3HeprHH H3JiyqeHH$1 
99

mTc, o6pa30BaBmerocg B pe3yJihTaTe pacrra.na 

99Mo. 

HccJie,n:osrum 30.BHCHMOCTh HaBe,n:eHHOM 3.KTHBHOCTH OT TOJIIUHHhl MHUieHH, TO 

ecn. <iia.KTHqecKH OT rny6HHhl rrpOXO)l(,lleHIDI <tioTOHOB B,n:OJih OCH rryq1<a (Pnc. 2.4). 

IlOKa3aHO qTo Ha.Be,n:eHHM 3.KTHBHOCTh B MHIIIeHH TOJIIUHHOM 30 MM BCJie,n:CTBHe 

rrornomeHH$1 qacTH <tioTOHOB B seruecTBe MHIIIeHH rra.naer rrpHMepHO B 1.5 pa3a - ITO 

cpasHeHHIO c BapHaHTOM HrHOpHpOBaHH$1 3Toro rrornorueHH$1 (PHC. 2.5). 

x10 4 

lnt=(16.2E+06)•exp(-t/130.68) 
T(1/2)~64.2h 

.. 
...... 

" <': . 
·--'f._ 

'-"-.._._,~~°'··~~--~~ .. oc"-~ .. ,,,.~..,.,,20•..1......i..........,{o 

Time (hr) 

PHc. 2.3. 3asHCHMOCTh a.KTHBHOCTH MHIIIeHH Mo03oT speMeHH rrocJie 3asepUieHH$1 

o6JiyqeHH$1 

12 

1200 

1000 
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C1' 

"' ,.:; 
~ 600 

<( 

"-,--...... . ~ 
~ '•'"··"'··· ... ;;. 

400 

200 

0 
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,. 
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Pnc. 2.4. 3asHCHMOCTh H3MepeHHOM aKTHBHOCTH o6JiyqeHHOM MHIIIeHH Mo03 

OT rny6HHhl qepe3 • - 15.7 qaca, • - 37.8 qaca, .A.- 62.7 qac HT- 84.3 qaca rrocne 

3asepmeHH$1 o6JiyqeHH$1 

9000 

8000 

7000 

8000 .,. 
m 5000 

f 4000 

"' 3000 

2000 

1000 

/,., 
,.,.S 

./ 

/./ 
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// , .. 

o+-~~~~~~~~~~~~~~~~~~ 

o s rn ~ ~ ~ ~ 

Depth, mm 

PHC. 2.5. l13MepeHHM HHTerpanhHM Hase,n:eHHM aKTHBHOCTh B 30.BHCHMOCTH OT 

TOJIIUHHhl MHIIIeHH (• TOqKH), H BhJqHcJieHHhie 3HaqeHH$1 Ha.Be,n:eHHOM 3.KTHBHOCTll B 

rrpe,n:rrono:>KeHHH, qTO BO Bcex Ta6JieTKax HaBe,n:eHHM 3.KTHBHOCTh O,n:HHaKOBa (. TOqKH). 
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Pwc. 2.6. 3aawcHMOCTb Haae.neHHOH aKTHBHOCTH OT .LlJIHTeJII>HOCTH 0611yqeHHH. 

.HccJie.L{OBaHa 3aBHCHMOCTb HaBe.L{eHHOH aKTHBHOCTH OT BpeMeHH 0611yqeHeHH, 

ITOKa3aHO qTo .LIO .LlJIHTeJihHOCTH 0611yqeHHH BITJIOTb .LIO 40 qacos Bb!XO.Ll pacTeT mrneHHO, 

qTQ COOTBeTCTByr iiepHO.LlY no11ypacna.na 
99

Mo (CM. Pwc. 2.6). 

Pa3pa60TaHa H OCBOeHa MeTO.L{HKa Bhl.ll:eJieHHH 
99

mrc H3 0611yqeHHOH MHIIIeHH 

Mo03• YcraHOBJieH B "ropxqeH: KaMepe" KOMnJieKc n:eHTpo6eJ1moro JKCTpaKTopa (PHc. 

2. 7), npose.neHo npo6Hoe 0611yqeHHH .LlJIHTeJibHOCTbIO I 00 qacoa H BI>meneHa onDITHaH 

napTHH nepTeXHeTaTa. AKTHBHOCTb COCTaBHJia 80 MKH. 

14 

) 

' 

J 

• 

PHC. 2. 7. 3cTpaKTop, MeIIIaJIKa H nepHCTaJibTHqecKHe HaCOCbl B BblTHlKHOM IIIKa<l.>y. 

OcHOBHb!e HayqHbJe pe3yJII>TaTbl HCCJie.L{OBaHHH, OITHCaHHb!X B .naHHOH maae, 

ony6JIHKOBaHbl B [3,6]. 

TpeTbH rJiaBa .L{HCCepTan;HH ITOCBH!lleHa 3KCnepHMeHTaJibHOMY HCCJie.L{OBaHHIO 

peaKII;HH 

124
Xe+y-

123
Xe+n - 33 - 1231 

.ll:aHbl o6ocHOBaHHe H aKTyJibHOCTb npOBO.L{HMb!X HCCJie.L{OBaHHH, 

n:errecoo6pa3HOCTb noJiyqeHHH H30TOITa 
123

1 Ha TOpM03HbIX <l.>oTOHax. IlpHBe.L{eHbl 

pe3yJII>TaTbl MO.L{eJIHpOBaHHH peaKII;HH 
124

Xe(y,n)
123

Xe, onpe.neneHbl OITTHMaJibHbie 

napaMeTpbl MHIIIeHH .L{Jlj! yaeJIHqeHHH Bb!XO.L{a H30Tona
123I [7](PHC. 3.1 ). 

1600 
lffevents 

!\;\ 

8 10 12 14 16 18 20 22 
Gamma energy,MeV 

PHC. 3.1. 3aBHCHMOCTb Bb!XO.L{a HeHTpOHOB OT 3HepmH <l.>OTOHOB npH o6nyqeHHH 

KCeHOHa. 
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Omi:caHa 3KcrrepHMeHTaJIE.HasI ycrnHOBKa ,nJUI pemcrpauHM peaKIIMM, 

paCCMOTpeHa MeTO,llMKa BE.I)leJieHIDI 1231 M3 06.uyqeHHOrO MaTpHa.rra, 011eHeHa qffCTOTa 

r10rryqeHHoro rrpo,nyKTa. OrrMcaH Mero.n M3MepeHmr crreKTpos raMMa-KBaHTOB, M3MepeHE.I 

crreKTpbI mnyqeHMH o6rryqeHHOro MaTepHa.rra(PHC. 3.2), IIOKa3aHO HaJIMqMe B crreKrpe 

qerKOH JlMHMM 159 K3B, qTQ COOTBeTCTBYeT M3llyqeHMIO 1231. 

DelB 

5.2E05;:::--- ---~,--T-

3.eEoo~ 

l:=t 
~I·~ I 1~ j 

0.00 84.00 128.00 192.00 256 
.......,(keV) 

Acquired: 811812010t1:31:13AM Ru1Time:500.00s. Liv9Tlme:473.8Ss. 
Fiie: F:\lune2010\tp20.Chn Channell: 1024 
Detector: #12901 MCB 129 

PMc.3.2. CrreKTp M3rryqeHIDI si:.meneHHoro 1231 qepe3 26 qacos rrocne 

3aseprrreHHj! o6rryqeHHj!. 

lfaMepeHa 3aBHCMMOCTb aKTMBHOCTM rrorryqeHHOro H30TOITa OT BpeMeHT IIOCJie 

3aBeprrreHMH 06.uyqeHHj! (PHC. 3.3), Bi:.1qncJieH nepHO,ll rrorrypacrra.na, KOTOpi:.rii COCTaBMJI 

~ 14.3 qaca M coornercrnyer rrepHo.ny nonypacrra.na 1231. 

16 
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PMC. 3.3. 3aBMCHMOCTb aKTMBHOCTM BE.I)leJieHHOro M30TOITa 1231 OT BpeMemi: ITOCJie 

3aBeprrreHMH 06.uyqeHHj!. 

OnMcaH Mero.n orrpe.neneHHj! aKTMBHOCTM. Y .nerri:.Hasi aKTMBHOCTi:. cocTaBMJla Y 

= 143.GK!Mz*MKA *'l, qrn cornacyercH c pe3yni:.TaTaMM ,npymx asrnpos[8]. 

l:leTBepTaH TJlaBa ,!IMCCepTRUMM ITOCBHII(eHa 3KCnepHMeHTaJIE.HOMY MCCJie,llOBaHHIO 

pear<11Mii 112Sn(y,n) 111 Sn~111ln M 112Sn(y,p)111ln rro rrorryqeHMIO moTona 111 ln. 

lfocrre,noBaHE.I o6a KaHaJia norryqeHMH M30TOIIa 111ln Ha MMIIIeHM M3 

o6orameHHoro onosa 112Sn (91 %). 

112Sn (y, p) 111ln, nopor pear<UHM - 7.55 MeV, KYllOHOBCKllii 6api:.ep - 10.78 MeV, 

• 112Sn (y, n) 111 Sn--+ (35.3 MMH ~ +)--+ 111ln, rropor peaKUMM - 10.79 MeV. 

PaccMoTpeHi:.r nap1111arri:.Hi:.re ceqeHllH o6eMx peaK1111ii. Tipe.ncrnsrreHi:.r cxeMbI 

pacna,nos 111Sn~111 ln II 111ln~111 Cd [9]. 0IIMCaHa 3KCIIepHMeHaTJ1E.HasI ycTaHOBKa ,!IJIH 

pemcTpRUHM 111ln. )J;aHE.I OIIllCaHlle Mero.na onpe.neneHIDI KOJill:qeCTBa <jJOTOHOB 

nocpe,nCTBOM MOHllTOpHbIX peaKUllH Ha MllIIIeHll 113 Me,nw. 

B KaqecTBe MOHllTOpa 6i:.rna MCIIOJIE.30BaHa MllIIIeHb M3 HaTypam.HOH Me,n11 BeCOM 

0.095 r ,llllaMeTpOM 17 MM II TOJlll(llHOH 50 MKM. 06e MllIIIeHM o6nyqaJillCb 

0,llHOBpeMeHHO, M qffCJIO IIa,llaIOIUMX Ha HMX <jJOTOHOB O)J;MHaKOBOe, TaK Kar< BBM.llY MaJIOH 
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TOJI!Ul1Hhl Ml1IIIeHei:i rrornomeH11eM cPOTOHOB B Me,[IHOH Ml1IIIeHl1 MO)KHO rrpeHe6pe%. B 

Ml1IIIeH11 li3 Me,1(11 rrpo11CXO,LIHT MOHHTOpHWI peaKI.111JI. IIocpe,nCTBOM 3TOH peax111111 

orrpe.ueJIJ1eTCJI q11cJIO ci>OTOHOB, na,n;arom11x Ha Ml1IIIeHh 113 
112

Sn, rryreM 113MepeHHJI 

11HTeHCHBHOCTH cneKTpa OT o6JJyqeHHOH MHJIIeHH H3 Me,nH. Bh!6op MOHHTOpHOH peaKUHH 

orrpe,lleJIJleTCJI Ha,n;elKHOCTh!O HMe!OIUHXCJI 3KCnepHMeHTaJihHhlX ,naHHhlX 0 HeH, 

y,no6CTBOM H .llOCTYilHOCThlO MaTep11aJia, H3 KOTOporo MO)KHO npHrOTOBHTh o6pa3I.lhl, 

speMeHeM lKH3HH 06pa30BaBII1erOCJI pa,n;HOaKTHBHOro ll,llpa. 

HaTypaJihHWI Me.llh HMeeT 2 mornna -
63

Cu (69.15%) H 
65

Cu (30.85%). Ha HHX 

no,n ,neHCTBHeM cl>oTOHOB npOHCXO.llRT CJie.llYJOIIIHe cl>orng,nepHhie peaKQHH: 

65Cu (y, n) 
64

Cu 

- c BhIXO.llOM peaKQHH crq = 53 M6, H 

63Cu (y, 2n) 
61

Cu 

- c BhlXO.llOM peaKU:HH crq = 2.6 M6 [10]. 
64

Cu HMeeT nepHO.ll IlOJiypacna,na 12. 7 qaca H 

rrpw pacna,n;e H3JJyqaeT raMMa-KBaHThl c 3Heprneii: 1345.8 K3B. Ilepwo,n noJJypacrra,n;a 

61Cu COCTaBJIReT 3.333 qaca, 3HeprHll H3JI)"leHHhIX faMMa-KBaHTOB - 283 K3B. qHCJIO 

ci>OTOHOB, na,n;aromHX Ha MHIIIeHh, onpe,lleJIJleTCR cl>opMyJIOH ( 4.1 ). 

N7 = /JNAJ(q,/{nuckerJ(l-e-J.11) e-J.12(1-e-J.13)) (4.1), 

z,ne 6.N - qHCJIO co61>ITHH no.n cl>oTOnHKOM, H3MepeHHOe ,neTeKTopoM B TeqeHHe 

BpeMeHH t3. "- - KOHCTaHTa pacna,n;a, O'q - BbIXO.ll peaKQHH, Nnuc - qHCJIO g_nep B I CM
2 

MHIIIeHH, yqaCTBYJOIIIHX B peaKU:HH, k - K03cl>cl>wuweHT nornomeHHR raMMa-KBaHTOB B 

MHIIIeHH, B03.nyxe H qarnKe ,neTeKTopa, e - 3cl>cl>eKTHBHOCTh ,l(eTeKTopa, 1'/ -

HHTeHCHBHOCTb faMMa-JIHHHH, t1 - .llJIHTeJihHOCTh o6JJyqeHHR, t2 - rrepHO.ll BpeMeHH OT 

o6JJyqeHHR .uo H3MepeHHR, t3 - .llJIHTeJibHOCTL H3MepeHHJI. Cpe.uHee 3HaqeHHe Nr no 

.llaHHhlM OTHOCHTeJILHO o6ewx peaKQHH COCTaBJIReT 5.5*10
12 

cl>oTOHOB/ceK. 

CrreKTp o6JJyqeHHOfO MaTepHaJia fihm H3MepeH c nOMO!Uh!O ,l(eTeKTopa H3 

csepxqwcroro repMaHHJI c BLICOKHM pa3perneHHeM HPGe. Ha Pwc. 4.1 rrpe,nCTaBJJeH 

crreKTP o6nyqeHHOro MaTepHaJia, Ha KOTOpOM xoporno BH,l(Hhl OCHOBHh!e faMMa JIHHHH, 

o6pa30BaBIIIHeCR B pe3yJILTaTe cl>oTOR.llepHh!X peaKQHH 
112

Sn (y, p)---> 
111

In H 
112

Sn (y, n)---> 

111 Sn---> 111 In no rroeyqeHHIO H30Tona 
111 

In 

18 

• 171.3 K3B C HHTeHCHBHOCTblO 90%, 

• 245.4 K3B C HHTeHCHBHOCTb!O 94%. 

i1 
8 ..,,_ 

"" ..... .'\, 

(ri.!iiKeVJ 

(I 245.4 Kev I 

E{KeVJ 

Pwc. 4.1. faMMa-cneKTp o6JJyqeHHoro MaTepHaJia qepe3 332 qaca nocJJe 3Kcno3HU:HH. 

CeqeHHe o6pa30BaHHJI H30Tona 111In orrpe,neJIJ1eTCR rrocpe,ncTBOM H3MepeHHoro 

,neTeKTopoM cneKTpa H qwcJJa cl>oTOHOB, BJ,JqHCJieHHOro rrocpe,nCTBOM MOHHTOpHOH 

peaKUHH Ha MHIIIeHH H3 Me,nH. .naHa oueHKa rrpHMeCeH B KOHeqHQM rrpo.uyKTe, 

o6ycJIOBJieHHbIX peaKI.IHJIMH Ha ,npyrnx H30TOnax OJIOBa, npHCYTCTBYIOillHX B 

o6orameHHOH MHIIIeHH, B pe3yJihTaTe KOTOphIX o6pa3YJOTCJI .upyrne H30TOIThI HH.llHJI. 

IlonyqeHo .llJIR ceqeHHJI 3HaqeHwe crq = 113 ± 10 M6, qTo Haxo,nHTCR B xoporneM cornacwH 

c pe3yJILTaTaMH ,npyrnx aBTOpOB [11]. 

B .llaHHOH pa6oTe nonyqeHo 3HaqeHHe crreu:wcl>wqecKoH aKTHBHOCTH, KOTOpWI 

npe,nCTaBJIReT co6ow aKTHBHOCTh, npwBe,LleHHYIO Ha e,nHHHI.IY seca o6nyqeHHOro 

MaTepwaJia, TOK rryqKa H .llJIHTeJihHOCTH o6nyqeHHR, pasHoe 1700 EKIMr*MKA *q. PaHee 

HCCJie,noBaHHJI no noJJyqeHHIO H30TOITa 
111 

In nocpe.llCTBOM cl>orng,nepHOH peaKUHH 6LIJIH 

npose,neHh! B X<l>TM. [13] 11ccJJe,nOBaHHJI 6LIJIH npose,neHhI B OCHOBHOM IIYTeM 

KOMnhJOTepHoro MO,nerrwpoBaHHR, a 3aTeM 3KCnepHMeHTaJihHO • .nJIJI y,neJibHOfO BblXO.lla 

H30TOna 
111

In HMH 61>m nonyqeH 3KcnepHMeHTaJILHhIH pe3yJihTaT 57.14 EKIMr*MKA*q. 

Pa3HHUa Me)K.lly HaIIIHMH .llaHHh!MH H ,naHHhIMH X<l>Tl1 MO:lKHO 06nJ1CHHTL pa3JJ11q11eM s 

reOMeTpHH MHIIIeHH, B qacTHOCTH pa3JIHqHeM B TOJI!UHHe KOHBepTopa. 
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B 3aK.fIIO'leHHH rrepequcJieHbl OCHOBHbie pe3yJibTaTbl, IIOJIYlfeHHbie B ,llJICCepT~HOHHOM 

pa6oTe. 
B rrpose.neHHbIX 3KcnepHMeHTaJibHhIX HCCJie.nosaHIDIX peaKuHi1 100Mo(y,n)99Mo 

~ 99mTc, 124Xe(y,n)123Xe ~123I, 112Sn(y,p)1111n H 112Sn(y,n)111sn ~ 111In Ha nyqKe 

TOpM03HOro H3eyqeHHH 3JieKTpOHOB c 3Heprneit 40 M3B JIHHeitHoro 3JieKTpOHHoro 

ycKopHTem1 Epct>l1 noeyqeHbI BbIXO.llhI H30TOITOB 99mTc, 123I H lllin. 

• 

• 
• 

• 
• 
• 

• 

• 

1. 

2. 

3. 

B xo.ne BbIIIOJIHeHmr .llHCcepT~HH 6bIJIH npose.neHbI cJie.[(yIOruHe pa60Tb1: 

,[(JIJI npose.neHHJI HCCJie.nosamdl: Ha pa3JIHqHbJX MHIIleHJIX 6b!JIH C03.llaHbl 
3KCIIepHMeHTaJ!hHble ycTaHOBKH, a.nanTHposaHHble K KIDK,l(OH H3 
perncTpHpyeMhIX peaKuHM:. 

C ueJibIO yseJIHqeHH.11 si,rxo.na KIDK.[(OH H3 peaKuHM: 61>ma rrpose.neHa 
MO.nepHH3~1UI mrneHHOro yCKOpHTeJI.s! 3JieKTpOHOB. 

,[(JIJI OIITHMH3aum1 napaMeTpos nyqKa npose.neHo MoHTe-KapJio 
MO.lleJIHpOBaHHe HJyqaeMMX rrpoueccos no nporpaMMaM GEANT 11 
PENELOPE. 

l1ccJie.nosaHa MeTO.[(HKa Bbl.lleJieHmr npo.nyKTa peaKQHH 99mTc, 123I H lllin H3 
o6rryqeHHoro MaTepHana. 

TiorryqeHbI BblXO.llbI H30TOilOB 99mTc, 123I H lllin npH 3HeprHH 3JieKTpOHHOro 
nyqKa 40 M3B. 

Tipose.neHo cpasHeHHe rrorryqeHHbIX .llaHHbIX 
pe3yJihTaTaMH .npyrnx aBTOpOB. TioJIY1feHO 
orr6JIHKOBaHHhlMH .naHHbIMH. 

c orry6rrHKOBaHHbIMH 
corrracHe c paHee 

TiorryqeHbl cueumlmqecKHe aKTHBHOCTH .[(JI.s! KIDK,l(OfO H3 H3yqaeMhIX H30TOIIOB: 
99mTc - 3000 liK/Mr*MKA *q, 123I - 143 liKIMr*MKA *q H 111 In - 1700 
liK/Mr*MKA *q. 

TiorryqeHHble 3HaqeHHJI cneum}mqecKHX aKTHBHOCTeli xopo1110 cornacyIOTCJI c 
aKTHBHOCTJIMH, norryqeHHbIMH B .upyrHX HCCJie,[(OBaTeJihCKHX ueHTpax. 
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The Investigation of Photo nuclear Reactions 

under 40 MeV Energy Beam ofYerPhl Linear Electron Accelerator 

SUMMARY 

The aim of the thesis is to measure the yields of photo-nuclear reactions under 
electron beam with a maximum energy of 40 MeV of linear electron accelerator YerPhI 
using molybdenum, xenon and tin targets to form the nuclei of 99mTc, 123I, JJIIn by the 
induced activity method. Studies of the interaction of electromagnetic radiation with 
atomic nuclei show that investigations of photo-nuclear reactions are associated with 
specific difficulties. The main difficulties are the following: 
1. The absence of intense beams of monoenergetic photons, thereby to use different 
mathematical and experimental shifts to determine the cross section of the reaction under 
conditions when the photon spectrum causing it is close to monoenergetic; 
2. The relatively small absolute values ofphotonuclear reactions cross-sections, requiring 
high intensity photon beam to increase the reaction yield, and that requires increasing the 
thickness of the target, which leads to deterioration of the energy resolution; 

Studies carried out in the framework of a thesis are aimed to solve some of these 
problems. Above mentioned isotopes are widely used in nuclear medicine for diagnosis 
and therapy of cancer. 

Scientific novelty and practical value of the results are the completion of a data 
base of photo-nuclear reactions. These results can be directly used for testing and 
development of models of nuclear reactions. At the same time as a result of photo­
nuclear reaction the following isotopes are producing - 99mTc, 123I and 1l1In, which are 
widely used in nuclear medicine and some other fields of science and technology. 

The experimental set-up for the research of photonuclear reactions on the 
molybdenum, xenon and tin targets was designed and created. The technology of the 
investigation of the mentioned reactions was developed. To increase of the yield of 
investigated reactions the Monte-Carlo simulation by means of GEANT and PENELOPE 
codes was performed and optimal parameters of the electron beam and targets geometry 
were chosen. The measurements of the photonuclear reactions yields and activity of 
isotopes 99mTc, 123I and Ill In were carried out. 

As a result of studies and modernization of linear accelerator for targets 
irradiation the next parameters was chosen: energy of electron beam - 40 MeV, beam 
current - - 10 mkA. Measurements of irradiated material were performed by the HPGe 
detector connected with the multichannel analyzer DSPEC-LF. 

The isotope 99mTc was obtained by process 100Mo(y,n)99Mo--+99mTc. The half-life 
of 99Mo is -66 hours; half-life of 99mTc is -6 hours. As the target the trioxide of natural 
molybdenum Mo03 was used. The dependence of activity on thickness of the target and 
time of irradiation was investigated. The obtained final product was confirmed by 
presence of peak at 141 keV in the spectrum of the emitted gamma rays from the 
irradiated material, which is the characteristic line for technetium. For the yield of the 
99mTc the value Y = 3000 Bq/mg*mkA *h was obtained. This value of activity is 
consistent with the endpoint of the wide range of values are cited in the publications, i.e. 
90-32000 Bq/mg*mkA *h. 
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The isotope 123I was obtained in the process 124Xe(y,n)123Xe--+123I, half-life of 
123Xe is -2.2 hours and half-life of 123I is -13.3 hours. As a target the xenon gas was 
used!, in which abundance of 124Xe is 0.96 %. The target was irradiated during the 12 
hours. The measurements of the spectrum from irradiated target were performed by 
HPGe detector. The presence of the line at 159 keV in the measured spectrum has 
confirmed the obtaining of the 1231. The specific activity of the 123I isotope was 143 
Bq/mg*mkA *h. This value of activity is in agreement with the data measured at JINR. 

The cross section of 111In isotope production was determined by the activation 
technique. As a monitor the reactions on the cooper 0

•
1cu were used. 

The isotope 111In was obtained by the two channels ofreactions such as direct 
production 112Sn (y, p)111In (half-life - 2.8 days) and 112Sn (y, n)1l1Sn(half-life 35.3 
min)-+ 111In . As a target the 91 % enriched tin was used. The target was irradiated 
during 15 min. The cross section of the 111In production was calculated using by means 
of measured spectrum of gamma from irradiated tin target and calculated number of 
photons received by monitor reactions on cooper target. The value of cross section was 
obtained crq = 113 ± 10 mb. The yield of lllin isotope was Y = 1700 Bq/mg*mkA *h. 
The contribution of impurities in the final product from the accompanying reactions was 
evaluated. 

In summary, the main scientific results presented in this thesis are: 
1. To investigate different reactions with various types of targets an 

experimental layout was built adapted to different recorded reactions. 
2. In order to increase the yield of investigated reactions the linear accelerator 

was upgraded increasing the beam intensity more than twice. 
3. In order to optimize the beam parameters the Monte Carlo simulation of 

processes by use of GEANT and PENELOPE codes were processed. 
4. The technique for separation of final products namely 99mTc, 123I and lllin 

from irradiated material was implemented and adapted to our specific 
condition. 

5. The yields of isotopes 99mTc, 123I and JJIIn in the electron beam energy 40 
MeV was obtained. 

6. The obtained data are compared with published results of other authors. An 
enough good agreement was observed to previously published data. 

7. The obtained values of specific activities are in a good agreement to that 
obtained in other research centers. 

The importance of presented results is that obtained values of cross-section 
could be used for investigation of structure of nuclei and creation of theoretical models by 
photons with energies in the area of GDR. 

The same time these results arc also applicable showing the opportunity of 
medicine intended isotopes production by means of high intensity linear accelerators 
especially for case when cross-sections of photonuclear reactions are comparable to these 
on proton and neutron beams. 
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