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06maH xapaKTepncTnKa pa6oTLI 

Pa6oTa IIOCB»IU:eHa HCCJJe,!\OBamuo xaprucrepH:CTHK IIpOJzyKTOB (y, n). (p, n), (d. 2n) 

H (a, p3n) H,!\epHLIX peaKD;HH, BKJIIO'IM: 

'I.I lliMepeHHe BLIXO,!\OB 4JoTOH,!\epHLIX npon:eccoB c IIeJILIO HCIIOJib30Bamrn 

3KCIIepHMeHTaJibHLIX .naHHLIX Will pa3pa60TKH MeTO,!\l'IKH rrorry11eHHH Me,!\l'II!l'IHCKHX 

pa.nnoITTOTonoB. MmneHH o6oraIIIeHHLIX H30TOIIOB orroBa 
112

•
118

·
124

Sn H 

Hazyparr1>Horo cocTasa Te, Hf02 OOJIY'laITHCL Ha ycKopMTerre JIY3 50 HHJ1A npn 

JHeprnH Eymax = 40 MJB. ,[(ITH mMepeHHH BLIXO.!\OB pa.nMoaKTl'IBHLIX rrpo;zyKTOB 

l'ICilOJib30Barracb MeTO.[\HKa HaBe.[\eHHOH aKTHBHOCTl'I. 

Iii Pac11eT ce'IeHHH o6pa30BaHHH OCHOBHLIX H H30MepHLIX COCTOHHHH B peaKIIHJIX, 

HHHI!l'IHpOBaHHLIX raMMa KBaHTaMH, IIpOTOHaMH, .neHTpOHaMl'I H aJJb4Ja-11acnn1aMH. 

.H,nepHLie peaKIIHH 6LJJJl'I BLI6paHLI c yqeTOM coxpaHeHHH IlOCTOHHCTBa MaCCOBblX 

'IMcerr MHIIIeHeii: H H.nep-rrpo.nyKTOB. B pa6oTe TaIOKe 6r.IJJH pacc'IHTaHLT 1'130MepHr.1e 

OTHOIIIeHHH (HO) wrn H,!\ep-rrpo;zyKTOB rrepeXO,!\HOH o6JJaCTl'I. 3KcrrepHMeHTaJibHbJe 

AaHHLie cpaBHHBaIOTCH c ,!\aHHLIMH, paCC'll'ITaHHbie B paMKax rrporpaMMHOfO naKeTa 

TALYS 1.4. 06cy)K,LlaeTcH 3aBHCHMOCTh HO OT THrra H JHeprnn Ha.JieTaIOlll,ei1 

'IaCTHI!bI, CIIl'IHa MHIIIeHH H H.npa-rrpo;zyKTa, pa3Hl'II!bl CIIHHOB 1'130MepHoro 11 

OCHOBHOro COCTOHHHH IIpOJzyKTOB H MHIIIeHH (~ = Clm - lg - ltarg)), Maccosoro '-IHCJJa 

rrpo.nyKTa H oTHoIIIeHHH R(d,Zn)! R(p,n)• Rca,p3n)I R(p,n). .lJ:rrll OO'bllCHeHHll 

HeCOOTBeTCTBl'IH pac'IeTHblX H 3KCIIepnMeHTaJibHbIX .naHHLIX OLIJIH H3yqeHbl cxeMbl 

y rrepexo,!\OB H,!\ep IIpO.nyKTOB i'fScz3, ~~Rb45, ~~Y47, ~~Y4g, 1~Tc53, 1'jTcs6• 
1~~Te75, 1~~Te77 , 1~~Te79 • Ei,m rrpose.neH anarrn3 B03Mo»rnoro BKJTa.na 

BLICOKOCIIHHOBbIX HpacT COCTOHHHH Ha 3Ha'IeHHll H30MepHLIX OTHOllleHHH. 

AmanLHOCTL pa6oTLI 

Pa3BHTHe .l!AepHoi1: Me.!\l'IIIHH'LI HarrpHMYIO CBll3aHo c B03MO)J(HOCTLJO reHepaIIJm 

Heo6X0.[\1'1Mb!X pa,!\HOHYKJIH,!\OB, HX CTOl'IMOCTbIO H ,!\OCTYJIHOCTbIO. B IIOCJie.[\Hee BpeMll ):(Jill 

IIpOH3BO,!\CTBa Me,!\HIIHHCKHX pa,!\HOH30TOIIOB CTaJIH HCIIOJJL30BaTb 3JieKTpOHHbJe YCKOpHTellli 

c rrpHMeHeHHeM 4JoTO.ll,!\epHLIX peaKI!HH. IlpH 3TOM JJieKTpOHHLJe ycKop1neJIH H rrorry'-leHHall 

Ha HHX pa,!\HOHYKJIH,!\HM rrpo;zyKIIH:H (c YlJeTOM B03MO)J(HLIX paAHa~HOHHhlX OTXO.!\OB) 

3KOJIOrH'leCKH 6orree 6e30JiaCHbl, 'IeM H,!\epRLie peaKTOpbI, HMeIOT MeHbllIYIO CTOHMOCTb, 11eM 

IIHKJIOTpOHLI H c HX IIOMOIIl,bIO MO:lKHO rrorryqaTb HeKOTOpbie pa,!\l'IOHYKJTH,!\bl, KOTOpbie ;rn6o 

TpYAHO, JJH:6o IIpaKTH'leCKH HeB03MO;KHO IIOJIY'laTL Ha peaKTOpax H I!HKlIOTpoHax. 

3KcrrepHMeHTaJILHLJe ,!\aHHLie IIO BLIXO.[\aM «tioTOH,!\epHbIX peaKIIHH IIOKa3aJIH: 

BLixo.nLI MeJU!IIHHCKHX pa.nnon3oTorros rnrn H Il
7msn 06ecrre11MBaIOT B03MO>KHOCTL 

IIpOH3BO,!\CTBa B 4JoTOH,!\epHLIX peaKIIH:HX. 

1IpoH3BO.!\CTBO 124Sb H 177!!Lu MeJ:JHIIHHCKHX p3.!\l'IOH30TOIIOB B 4JoTOll,!\epHL1x 

peaKD;Hl!X HeIIerrecoo6pa3Ho, H3-3a Marroro 3Ha'IeHHll BLIXO.!\OB. 

-~---



HecMOTpl! Ha 3HaqHTeJILHoe qHcJio pa6oT, rrocBHmeHHLIX HccJieAOBfillHlO MO, AO 

CHX rrop HeKOTOphle BOIIpOChl rro-rrpelKHeMy OCT!llOTCl! aKTyaJihHhIMH. llioMepHLie 

OTHOIIIeHJrn 3aBHCl!T OT 60JihIIIOfO qucJia rrapaMeTpoB: THIIa peaKuHH, copTa H :rneprHH 

rra;n;aiomHX qacTHu, l!AepHhIX xapaKTepHCTHK MHIIIeHH H CHapJIAa, 3HepreTaqecKHX H 

CIIHHOBhIX rrepeMeHHhIX JIAep-rrpoeyKTOB. CHCTeMaTH3aQHl! BeJillqHH H30MepHLIX OTHOIIIeHHH 

3aTpyAHeHa BBHAY HeAOCTaTKa, HeTOqHOCTH H HeO):(H03HaqHOCTH 3KCrrepnMeHTaJihHhIX 

AaHHhIX. BcJie}J;CTBHe 3TOro AOIIOJIHHTeJihHaH HHlj_iopMaQHl! 0 xapaKTepe 3aBHCHMOCTH 

H30MepHhIX OTHOIIIeHHH OT orrpe}J;eJieHHhIX rrepeMeHHhJX rrpeACTaBJIHeT HHTepec /J)UI 

noHnMaHlrn MeXaHH3Ma B geJIOM. B pa6oTe 1101qm6Ho o6cylKAaeTCJI BJIHl!HRe CTPYKTYP 

Bo36YlKAeHHhIX cocTOl!HHM l!Aep-rrpo)J;YKTOB rrepexoAHoil: o6JiacTH Ha 3HaqeHHJI MO. 

TipaKTH'lecKaff ueuuocTL 

Ha OCHOBe IIOJiyqeuHhIX 3KCIIepHMeHTaJihHhIX pe3yJILTaTOB CAeJiaHhl BhIBOALI 0 

B03MOlKHOCTH lfioTOl!AepHoro rrpoH3BOACTBa MeAHuHHCKHX P8AHOH30TOIIOB 
111In, 111

msn, 
124

Sb, 
177

Lu rrpn 3Heprmi: Eyrnax = 40 M3B. 

Pe3yJILTaTLI aHaJIH3a IIOKa3aJIH pacxolK}J;eHHH 3KcnepHMeHTaJILHhIX R pacqeTHLIX 

AaHHhlX. CAeJiaHHLie BhIBOAhl 0 npaqJIHax HecooTBeTCTBHH MOryT CJIYlKHTh OCHOBOM /J)UI 

HeKoTophlX H3MeHeHJIH B rrporpaMMHOM rraKeTe TALYS. 

Hayquasi uosu1ua pa6oTLI 

BrrepBhJe rrorryqeHLJ 3KCIIepHMeHTaJihHhle AaHHhle OTHOCHTeJihHO BhIXO,!:{OB 

npo)J;YKTOB 
173

·
175

Hf, o6pa30BaHHLIX B (y, xn) peaKQHJ!x npH 3HeprHH E1max = 40 M3B. 

3aMeqeHLI HecooTBeTCTBHl! 3KcrrepHMeHTaJILHLIX n pacqeTHLIX AaHHLJX MO lJ)UI 

J1Aep rrpoAyKTOB iiSc23, ~~Rb45, ~~Y47, %Y48, i~rc53, ijrc56, 
1HTe75 , 

1~~Te77 , 1~~Te79 , 
KOTOph1e o6'hJICHeHLI BJIHl!HHeM CTPYKTYP B036ylK;n;eHHhIX cocTOJIH11li llAep-rrpoeyKToB Ha 

3HaqeHHl! MO. 

U:eJILIO HaCTOl!llleH pa60Thl JIBJil!eTCl! HCCJie;n;oBaHHe B03MOlKHOCTll rrpOH3BOIICTBa 

MeAHuHHCKHX H30TOIIOB B lfioTOl!}J;epHLIX peaKQHJIX H aHaJIH3a J130MepHLIX OTHOIIIeHHM, 

o6pa30BaHHLIX B (y, n), (p, n), (d, 2n) H (a,p3n) peaKQHl!X. 

Pe1yJ1hT3TLI "OCHOBHLie DOJIOlKeHUH, BLIHOCHMLie Ha 33WHry 

~ IIonyqeH11e 3Kcrrep11MeHTaJILHhIX 3HaqeHnil: Bh!XOAOB Me;n;nQHHCKHX 

pa;n;HOll30TOIIOB 
111In, 117

'"Sn, 
124

Sb, 
177

Lu c [(eJILIO o6cylK}J;eHHH B03MOlKHOCTll HX 

lj_ioTOJIAepHoro rrpoH3BOACTBa. YI3MepeHne BLrxo;n;oB H;n;ep-rrpoeyKTOB 
110

Sn, 
126

gSb, 

121Sb, 129gSb, 119Lu, 123"'Te, 129"'Te, 113Hf H 11sHf. 

)> IIonyqeHne 3KcrrepHMeHTaJihHLIX 3HaqeHHH H30MepHhIX OTHOIIIeHHil: rrpOAYKToB 

119m,gTe, 121m,gTe, 111m,gln, 123m,gsn. 

)> PacqeT ce'leHHli o6pa3oBaHIDI JIAep-rrpoeyKTOB (oT 
44

m.gsc AO 
127

"'·/{Xe) 

o6pa30BaHHhIX B (p, n), (d, 2n) H (a, p3n) peaKQHl!X no KOAY TALYS 1.4. 

CpaBHeHHe 3KcrrepHMeHTaJILHLIX AaHHLIX c pacqeTHLIMH AaHHLIMH. 

)> 06CYlKAeHHe 3aBRCHMOCTH 3HaqeHHli MO OT Tnrra H 3Heprnn HaJieTa10metl 

qacTHQLI, CIIHHa MHIIIeHH H l!Apa-rrpo,nyKTa, pa3HHQhl CIIHHOB H30MepHoro Ii 

OCHOBHOro COCTOl!HHl! rrpOAYKTOB H MHIIIeHH (ti.= (Im - lg - ltarg)), Maccosoro qffcJia 

rrpoeyKTa, omomeHIDI R(d,Zn)/Rcp,n)' R(a,p 3ni/Rcp,n) n CTJJYKTYP B036YlKAeHHLIX 

COCTOJ!HHM l!Aep-rrpo)J;YKTOB. 

06'beM H CTpyKrypa llHCCepTaUHH 

,ll;nccepTauHH COCTOHT 113 BBeAeHHll, 4 rrraB H 3aKJIIOqeHHl!. 0Ha COAeplKllT 125 
CTpaHHu, BKJIIOqaeT B ce6l! 6 Ta6JIHQ, 53 p11cyHKOB Ii CIIJICOK JIHTepaTypLI H3 203 

HaHMeHoBaHHM. 

Kparn:oe collep:arnuue 1mccepTauuu 

Bo BBe,!:{eHHH KpaTKO OIIHCh!BaIOTCl! npeHMymecTBa HCIIOJih30BaHHl! MeTOAOB 

l!AepHoil: lfiM3nKH B MeAHu11He, a TaKlKe ycrremHoe rrp11MeHeHne PaAHOHYKITHAOB B 

AHafHOCTHKe II rrpH rreqeHllll. 06cylK}J;aeTCJI Heo6xo;n;llMOCTh aJILTepHaTllBHhIX MeTOAOB 

rrpoJ13Bo;n;cTBa MeAHQHHcKHx paAH01130Torroa. 06ocHoBaHhI BalKHOCTh 11 aKTYaJILHOCTL 

JICCJie;n;oBaHHM lfioTOJI;n;epHLIX peaKQHH, clfiopMylIHpoBaHLI geJill JI 3a;n;aqn HCCJie;n;oBaHllJI. 

063op JIHTepazypHLIX AaHHh!X rrpoBO,!:{HTCJI JIO OT;n;eJihHOCTll B KalK}J;OH fllaBe, npn 

Heo6XOAHMOCTH - pa3;n;eJie, B COOTBeTCTBHH c TeMaTHKOH. 

IlepBaff rnaea COCTOHT H3 TpeX qacreif: OIIllCaHHe JIHHeHHOfO ycKopnTeJill 

3JleKTpOHOB JIY3 50 HHJIA, MeTO;n;a HaBe;n;eHHOH aKTHBHOCTJI, ycnoBllH rrpoae;n;eHHJI 

3KCIIepHMeHTa. 

B AaHHOil: pa6oTe J1ccrre;n;yeM1>1e MHmeHJi o6orameHHhIX M30Torroa orroBa 
112•118·124Sn JI HaTYPaJihHOro cocTaBa Te, Hf02 6hlJIII o6rryqeHLI Ha JinHeil:HOM ycKopnTerre 

:meKTpOHOB JIY3 50 HHJIA rrp11 3HeprHH Ee = 40 M3B n cpeAHeM TOKe 10 MKA. ,ll;m1 

MaKCllMaJihHOfO Bh!XO;n;a y KBaHTOB B KaqecTBe OIITHMaJihHOfO KOHBepTepa 6LIJl BLI6paH 

TaHTaJI TOJimHHOM 2 MM. HaBe):leHHal! aKTHBHOCTh B MllIIIeHJIX 113MepJirrach rrpn IIOM0lll!1 

cBepxq11cToro repMaHHeBoro ;n;eTeKTopa. PaAHOaKTllBHhie l!Apa J1;n;eHTnlfi11µ11poBanHcL no 

rrepHOAaM rronypacrra}J;OB 11 3HeprHl!M xapaKTepHhIX y JIHH11il:. Yicrrorr1>3oaaH11e HPGe­

;n;ereKTopa II03BOJJHJIO 11AeHT11lfiHQHPOBaTh o6pa30BaHHhle B pe3yJILTaTe l!;n;epHh!X peaKuHH 

pa;n;11oaKTHBHLJe ll;n;pa c 60JihIIIOM TQqHOCThIO. <l>oTo31filfieKTHBHOCTL ;n;eTeKTOpa 6Lma 

OIIpe}J;eJieHa rrpll IlOMom11 CTaH;n;apTHhIX y llCTQqHllKOB (QCf'J/I). ProperneHHe ):leTeKTOpa 



cocrnsJrnJio 1.66 10B ron1 mrnmi: 1.33 MJB H 618 JB rorn JIHHHH 122 10B. HHTeHeHBHOeTb 

Il)"IKa Ny 6bma onpe)leJieHa rroepe)leTBOM MOHHTOpHOH peaKWfH. B Ka'IeeTBe MOHHTOpHOH 

peaKU:HH 6blJIH BbI6paHLI 
65Cu(y, n)64Cu (BbIXO)l - 53 M6H) H 

63Cu(y, 2n)61Cu (Bb!XO)l - 2.6 

M6H) peaKU:HH [1]. lfuTeHeHBHOeTH Il)"IKa 6blJIH paBHbl l.06xl016 
H 2.35x1015 

cpOTOHOB/'lae 

)'.(JIJI rrepBoro H AJHI BTOporo 06JI)"IeHHli, COOTBeTeTBeHHO. B Ka'IeeTBe MOHHTopa 6hma 

BhI6paHa Me)'.(HaJI cpOJibra HaTypaJibHOfO eoeTasa TOJIIu:HHOH 50 MKM. MmneHH 112
•
118

•
124Sn 

TaK)!(e npe,!J;cTaBJIJIJIH eo6oii TOHKHe cponbrH. ,[(Jill H3fOTOBJieHHJI MHilleHeli H3 HfD2 H HaTTe 

nopollIKoo6pa3HbIH MaTepHaJI 6hIJI crrpeceoBaH B Ta6neTKH. Ehmo npoBe)leHo ABa o6JI)"IeHHJI. 

Tlpn nepBOM o6JI)"IeHHH MOHHTOp H MHIDeHH HfD2, Te H 
112

Sn o6JI)"IaJIHeb B Te'IeHHe 18 
MHH. Tipn BTOpOM o6nytieHHH MOHHTOp H MHIDeHH HfD2, Te H 

118
•
124

Sn o6JI)"IaJIHeb 44 MHH. 

qllCJJO rra)laIOJu:HX cpOTOHOB Ha MOHHTOp H OeTaJibHbie MHllleHll etIHTaJIOeb O)'.(HHaKOBblM, 

IlOCKOJihKY see MHllleHH TOHKHe H rrornomeHHe cpOTOHOB He3Ha'IHTeJihHOe. 

Brnpau rnaBa ,!J;Hcceprnu:HH nocBJIIu:eHa paetieTaM 11 o6ey)!(,!J;eHHJIM Bb!XO.!\OB 

npoeyKTOB cpoTOJI)lepHbIX peaKu;Hii: Ha MHllleHJix 112
•
118

•
124Sn, HaTTe, H"'Hf, H3)"Iemno 

H30MepHbIX OTHOllleHHH, onHcamno rrporpaMMHoro naKeTa TALYS, epasHeHllIO 

'.3KCnepnMeHTaJihHbIX )laHHblX c pactieTHhIMH. 

<l>OTOJI,!l;epHbie peaKu:HH JTO Jl,!l;epHb!e peaKu;HH, rrpoHeXO,!\J!Ju:He rrpH 

rrornomeHHH faMMa KBaHTOB ll,!\paMH aTOMOB. IlpH rrornomeHHH r KBaHTa ll)lpo ITOJI)"IaeT 

m6h!TOK JHeprHH 6e3 H3MeHeHHJ1 esoero H)'KJIOHHoro coeTasa. KaK H ,!l;pyrHe J1,1J;epHLie 

peaKU:HH, rrornomeHHe llJlPOM raMMa KBaHTa B03MO:>KHO TOJibKO rrpH BbIITOJIHeHHH 

He06XO)'.(HMbIX JHepreTHtieeKHX H e111IHOBbIX eooTHOIIIeHHii:. EeJIH rrepe)laHHall llJlPY :meprHll 

rrpeBOCXO,IJ;HT JHeprHio CBJl3H HYK.JlOHa B Jl)lpe, TO pacna,!( 06pa30BaBI1IerocJ1 Jl)lpa rrpoHCXO,IJ;HT 

qame scero c HcnyeKaHHeM HYKJIOHOB. TaKoii: pacrra)l se)leT K ll,!\epHbIM peaKu;HJIM THIIa (y, n) 

1I (y,p). 

Ha cero)'.(HJIIIIHl'lil: ,!J;eHb cymecTByroT H3.!\aHHJl H Me)!(,IJ;yHapo,!l;Hble 6a3bI .!\aHHbIX, 

o6'be)'.(HHJllOJu:He Bee )'.(OCTyITHhie JKCITepHMeHTaJibHbie ,!\aHHble 110 cpOTOJl)lepHbIM peaKl{HJlM 

[2, 3]. 0)'.(HaKO HeKOTOpb!e peaKU:HH )'.(O eHX rrop He HCeJie)'.(OBaHhl. HanpHMep, He 6blJIO 

3KCI1epHMeHTaJibHhIX )laHHbIX OTHOeHTeJibHO Bb!XO,!\OB IIpO,!J;yKTOB 
173

·
175

Hf, o6pa30BaHHbIX B 

(;v. xn) peaKu;nirx. B Ta6JI. 1 rrpHBe,!\eHbI BbIXO)lbI clioTOJl)lepHbIX peaKu;Hii: Ha MHWeHJix 

o6orameHHb!X H30TOIIOB OJIOBa 
112

•
118

•
124

Sn H HaTypaJibHOro eOCTaBa Te, HfD2, a TaK)!(e THIThl 

peaKU:HH, Be)lymHX K o6pa30BaHHIO paceMaTpHBaeMbIX rrpo)lyKTOB. 

AliaJIH3 IlOJI)"IeHHb!X pe3yJibTaTOB IIOKa3aJI, '!TO, B OCHOBHOM, Bb!XO)lbl (y, n) 
peaKu;Hii: pacTyT e yseJIH'leHHeM Maecosoro '!Mena JI,!l;pa-MHIDeHH. 

llioTOIIbl ll9m.gTe H 121m,gTe o6pa3YJOTCJI noepe)'.(CTBOM ABYX KaHaJIOB: B (y, n) H (y, 

3n) peaKu;HJIX. 0)'.(HaKo rrocKOJibKY rroporn paceMaTPHBaeMbIX (y, 3n) peaKu;Hii rropJI,!l;Ka 30 
MJB H ee'!eHHJI (y, n) 3Ha'IHTeJlbHO rrpesoeXQ,!\JIT cetieHHJI (y, 3n) peaKu;HH, TO OeHOBHbIM 

KaHaJIOM o6pa30BaHHJl ll9m.gTe H l2lm,gTe B ,!\aHHOM cnyqae MO)!(HQ C'!HTaTb (y, n) peaKu;HH. 

5I11po 
npoeyKT 

nosn 

117mln 

11711n 

121 ... 811 

121gsn 

12GgSb 

127Sb 

129gSb 

179Lu 

Ta6nnu:a l. 
BbIXO)lbI <l>oTOJ1)'.(epHb1X peaKu;Hil: Ha MmneHJix o6orameHHblX 113oTonos 

OJIOBa 
112

•
118

•
124

Sn II HarypaJibHOfO COCTaBa Te, HtDz. 

Tnn BbIX0.!1 jJ;:{po Tnn Bb!XO)'.I 

peaKQHH Cl", M6H npo;zyKT peaK11n11 Cl", M6H 

'"Te(y,n) """Te 
112Sn(y,2n) 110Sn 3.2 ± 0.3 !2lmTe 125Te(y,2n) 123"'Te 5.3 ± 0.6 

126Te( y,3n) m"'Te 

118Sn(y,p) 117mln 1.4 ± 0.14 121"'Te ••2Te(y,n) '""'Te 
1.6 ±0.2 12•Te(y,3n) 121mTe 

11ssn(y,p) 111q11 1.25 ± 0.12 121"Te mTe(y,n) 121"Te 
9.0 ± 0.8 i2•Te(v,3n) i21"Te 

12•sn(y,n) 121,,,811 280 ± 25 119"'Te 
1
•
0Te(y,n) '""'Te 0.075 ± 0.01 122Te(v,3n) li9"'Te 

,,.Sn(y,n) i2igsn 138±40 u9•Te 
120Te(y,n) "'•Te 

0.75 ± 0.07 122Te(y,3n) 119"Te 
••

0Te(y,pn) •••Ksb 
0.06 ± 0.01 129"'Te 130Te(y,n) 129"'Te 23.3 ± 3 130Te(y,p3n) 126KSb 

128Te(y,p) 127Sb 
1.2 ± 0.15 11'Hf 

174Hf(y,n)113Hf 
2.1 ±0.2 130Te(y,p2n) 127Sb 176Hff~,3n) 173Hf 

1 '"Hf(y, n)' "Hf 
130Te(y,p) 129Sb 0.27±0.02 175Hf 177Hf(y,2n)175Hf 61 ±3 

178Hf(v,3n)175Hf 

1s0Hf(y,p) 119Lu 4.0±0.4 - - -

Bb!XO.!\hl (y, p) peaKu;Hii: HaMHoro MeHbllle BbIXOJlOB (y, n) peaKu;Hii:. IloJI)"leHHbie 

pe3yJibTaTbI eOBIIa,!l;alOT e HMeIOmHMHell B JIHTepaType 3KenepHMeHTaJihHbIMH ,l:\aHHb!Mll 

(rn6n. 1). 
IlOJI)"IeHbl JKerrepHMeHTaJlbHbie 3Ha'!eHHJI Bb!XO,l:\OB oeHOBHhIX H H30MepHb!X 

COCTOJIHHH )'.(JIJI 
119

Te, 
121

Te, 
117In, 123

Sn oeTaTO'IHb!X ll)lep (Ta6JI. 1). TlpoBe)leHbl 

HCCJie,l:\OBaHHJI lf30MepHb!X OTHOWeHHH (rn6. 2). 

B HaCTOJimee BpeMll H3Beerno 6onee eOTHll B036y)!(,!J;eHHb!X H30MepHblX COCTOJIHHH 

e rrepHOAaMH rronypacrra)la 6oJibWe I c. OcHOBHoil: npH'IHHoii: H30MepHH JIBJilieTelI 6onbwair 

pa3HHila e111IHOB H30MepHoro H OeHOBHOfO COCTOllHHii: Jl,!l;ep (Af?. 3). HO (Yh/Y1 - OTHOWeHHll 

Bb!XO,!\OB Bb!COKOel11IHOBOfO eoeTOlIHHJI K HH3KOeITHHOBOMY) 3aBHCHT OT 60JlbIIIOfO 'IHCJia 

nepeMeHHbIX: MeXaHH3Ma clioTOHAepHOH peaKu;HH, THIIa H JHeprHH HaJieTaIOiu:HX 'laCTHU:, 

CTPYKTypbI H paena,IJ;a llJlPa npoeyKTa. EbmH cpaBHeHbI JKerrepHMeHTaJibHbie 3Ha'!emrn c 

JlaHHbIMH, paeC'IHTaHHbIMH e ITOMOJu:bIO Koga TALYS 1.4. Pe3yJibTaTur epaBHHTeJibHoro 

aHaJIH3a rro3BOJIJIIOT cy,IJ;HTh o npaBHJibHOeTH Bb16opa MexaHH3Ma H eTPYKTYP B036ylK)leHHbIX 

COCTOJIHHH Jl,!l;ep-npOeyKTOB rrepeXO,!\HOii: o6naeTH. B Ta6JIHU:e 2 IIpl!Be):\eHbI 

JKcnepHMeHTaJibHhie H pae'leTHbie 3Ha'!eHHlI HO. 



JI,ripo-

Ta6mru;a2. 

3KcrrepMMeHTaJihHhie M pacc1nITaHHble rrpH rroMorn;H KO,!l,a TAL YS 1.4 3HaqeHIDI MO 
(* ,[(aHHble OIBOCHTeJThHO Bh!XO,n;a 

129
gTe (3/2+) B3J!Tbl H3 [ 4]). 

TALYS 

3KcrrepHMeHT 
IIpOA)'KT (!) (2) (3) 

(4) (5) 

(6) (7) (6) (7) (6) (7) 

ll7In 0.89 ±0.09 0.87 0.88 0.91 0.88 0.89 0.85 l.11 1.25 

-
119Te 0.10 ± 0.02 0.12 0.11 0.13 0.13 0.12 0.12 0.15 0.18 

mTe 0.18 ± 0.03 0.14 0.14 0.16 0.16 0.15 0.14 0.19 0.21 

129Te 0.55±0.11 * 0.08 0.09 0.1 0.1 0.09 0.1 0.16 0.13 

msn 0.49±0.14 0.267 0.267 0.29 0.294 0.27 0.27 0.36 0.35 

PaccMaTp1rnaeMble rrpo,z:i;yKThI o6pa30BaHbI B peaKQHHx c BblJieToM o,11Horo HJIH 

HeCKOJILKHX HYKJIOHOB (Ta6JI. l) H JKcrrepHMeHTaJihHbie 3HaqeHIDI HO MeHhIIIe eD,HHHl(bI 

(Ta6JI. 2), T.e. 3aceJ1eHne BblCOKOCIIllHOBblX COCTOHHllH npOHCXO,!IHT c MeHbIIIe:il: 

Bepol!THOCTblO. 

lloJiyqeHHbIH pe3yJihTaT KaqecTBeHHO MOlKHO HHTepnpeTMpOBaTh B paMKax 

CTaTMCTH'ieCKOH MO)l,eJill COCTaBHOro ll,!lpa. B pe3yJibTaTe pa3BllTIDI KaCKa,[la 113 H,!lpa-MHIIIeHH 

BblJleTaIOT BblCOKOJHepreTWieCKHe HYKJIOHbl, OCTaBJIHJI ll,D,pY 6oJThIIIyIO 3HeprHIO 

B036y)l(,!l,eHHH II YrJIOBOH MOMeHT. IlocJie,!l,yIOlJ.laH HCIIapHTeJibHal! CTa,!IIDI COIIpOBOlK,!laeTCH 

Bb!JleTOM HM3K03HepreTWieCKHX HYKJIOHOB H y KBaHTOB. C yBeJrnqeHHeM qncJia BhlJleTeBIIIHX 

qacTHQ rrepBWIHoe crrHHoBoe pacrrpe,n;eneHHe pacIIIHpJieTCll. CJie,!l,0BaTeJI1>Ho, c yneJIWieHHeM 

'iHCJia KaCKa,D;HbIX qacTHD; BbICOKOCIIllHOBOe COCTOJIHHe o6pa3yeTCJI c 60JibIIIeil: BepoJITHOCTblO 

rro cpaBHeHmo c HH3KOCTIHHOBhIM. TaKHM o6pa3oM, HO HMeIOT 3HaqeHIDI 6om,IIIe e,!IHHHD;bI 

,!l,Jlll npO.!IYKTOB KaCKa,!IHO-HCIIapHTeJThHOro rrpouecca [5, 6, 7]. 

C TeqeHHeM BpeMeHH co3,11aTeJIH nporpaMMHoro rraKeTa TAL YS 11cxo,!l,ll, H3 HOBMX 

JKCIIepHMeHTaJibHhIX ,!laHHblX ycoBepIIIeHCTByIOT ero. 3TOT KO.LI ,!l,aeT B03MO)l(HOCTb 

BblqHCJIJITb ceqeHHlI H30MepHbIX H OCHOBHbIX COCTOlIHHii IIpOil)'KTOB rrpH pa3JrnqHblX (y, n, p. 

d, t, a, h) Harrernrom:nx qacTHuax B ,!l;MaIJa30He :meprnil: 1 KJB - 200 M3B wrn MHIIIeHei1 c 

MaccoBbIMH qMcJiaMH OT 12 ,n;o 339. B TAL YS 1.4 ,!l,OOaBJieHhI rroTeHQMaJibI orrTWiecKoi1 

Mo,n;eJIH, qrn II03BOJIJieT YJIY'iIIIHTb pe3yJii,TaTuI pacqeTOB rrorrepeqHoro ceqeHMlI peaKQHH rron. 

,!l,eMCTBHeM )l,eil:rpOHOB. 0IITWieCKaH MO)l,eJib MCIIOJTh3yeTClI ,!l,JllI c<t>epHqeCKHX, 

c<tiepOM,!l,aJibHblX H ,!l,e<tiopMHpOBaHHhlX lI,!l,ep. .l(JIJI 3THX lI,!l,ep KpOMe OIJ.HOqacTJ1qHbJX 

COCTOJIHllH BBO,!l,lITClI KOJIJieKTHBHhie BH6pal(HOHHble H poTaQHOHHbie COCTOJIHHJI (IIOJIOCbl). 

.l(JIJI pacqeTa ceqeHHil: H Bb!XO,!l,OB !IO CTaTll:CTH'leCKOil: MO,!l,eJIH Heo6xoD,HMO HMeTb 

MH<!iopMaumo 06 3HepreTWiecKHx ypOBHJIX B030)'lK)l:eHHoro rrocJieKacKa,!l,Horo H,!l,pa. EcnH 

HH<!iopMaQHJI 0 ,!l,HCKpeTHbIX ypoBHlIX B036ylKD,eHHlI lI,!l,pa He,!l,oczyrraa HJIH HenoJIHa, TO ,!l,Jlll 

pacqeTOB HCIIOJih3)'eTClI <liYHKQIDI pacrrpe,!l,eJieHHl! IIJIOTHOCTH ll)l,epHblX ypoBHeH 

(aHaJIHTH'leCKaH 3aBHCHMOCTb IIJIOIBOCTH lI,!l,epHbIX ypoBHeil: OT 3HeprMH B036yJKD,emrn, CilHHa 

H qemocTH ypoBHJI). TAL YS 1.4 coD,eplKHT IIl!Th pa3JIH'IHblX MO,!l,eJieil: )],Jill <J>yHKu1n1 

pacrrpe,!l,eJieHHll IIJIOTHOCTH lI,!l,epHbIX ypoBHeil:. 

TpH H3 HHX - 3TO clieHoMeHOJIOfH'leCKHe MO,!l,eJIH, ,!l,aIOlJ.IHe HeCKOJlhKO 

OTJIWiarom:HeCll )l.pyr OT ,!l,pyra BH,!l,bl ciiYHKQHH pacrrpe,!l,eJieHIDI: 

e MO,!l,eJTh IlocTOllHHaH TeMrrepazypa + <l>epMH ra3a (Constant temperature + Fermi 
gas model) (B TaOJI. 2 H Ha pHC. 1 MO)l,eJib OTMeqeaa KaK (l)); 

fil CMem:eHHaH MO,!l,eJTh <l>epMH-ra3a (Back-shifted Fermi gas model) (MOIJ.eJii, (2)): 

ti~ 06o6m:eHHaH cBepxTeKyqaH MO,!l,eJib (Generalised superfluid model) (MoD,eni, (3)). 

<l>YHKQIDI pacrrpe,!l,eJieHHlI 1IJ1omocTH JI,!l,epHhIX ypoBaeil: co,!l,eplKHT napaMeTp 

"o6pe3aHHH cIIHHa" (spin-cut parameter), KOTOpbIM orrpe,!l,eJIJieT mHp1my pacrrpe)l,eJiemrn 

yrnoBblX MOMeHTOB. IlpH MHKpocKorrWiecKHX Bhl'IHCJieHHHX 61,mo 3aMeqeHo, qTo napaMeT)J 

o6pe3aHIDI crrHHa 3aBHCHT OT 060JioqeqH1>1x 31filfieKTOB. T ALYS 1.4 II03BOJilleT )l,eJiaT1> 

pacqeThl c HCIIOJib30BaHHeM rrapaMerpa o6pe3aHHJI CIIHHa KaK 3aBHClllJ.IHM OT o6oJioqeqHJ,JX 

31filfieKTOB, TaK H He3aBHClllJ.IHM (Spin-cut model 1, Spin-cut model 2) (B Ta6JI. 2 Mo,11em1 

OTMeqeHbl KaK (6) H (7)) [8]. 
,[(Be H3 HHX - 3TO ,n;pyrne MO,!l,eJIH ,!l;JU! '1JYHKQHH pacrrpeD,eJieHHJI IIJIOTHOCTH 

l!,D;epHh!X ypOBHeil: c MHKpOCKOIJH'leCKHM 110,!IXO,!IOM: 

C:> IIJIOTHOCTH ypoBHeM 6epYTCll H3 TaOJIHQhI fopaeJIH (Microscopic level densities 
from Goriely's table) (Mo,11eJih (4) B Ta6JI. 2), B KOTopoil: rrpHBe,11eai,1 IIJIOTHOCTH 

ypOBHeil: Ha OCHOBe pacqeTOB, rrpoD,eJiaHHhlX XaprpH-<l>OKOM; 

Ct BKJIIOqaeT B ce6JI ,11eTaJihH1>1e Bhl'IHCJieHHH co6cTBeHHbIX IIJ1omocTeil: HD,epHhlX 

ypoBHeil: H H3MeHeHHH (Microscopic level densities from Hilaire's table) (Mo,!leJih 

(5) B Ta6JI. 2), B03HHKaIOlJ.IHX 3a cqeT KOJIJieKTHBHbIX 3'1J'1JeKTOB. 

KaK MOlKHO 3aMeTHTh, 3HaqeHHH HO, rroJiyqeHHble rrpH IIOMOLl.IH 

'1JeHOMeHOJIOrH'leCKHX MO,!leJieil:, Marro OTJIHqaIQTCH ,D,pyr OT ,11pyra H BO Bcex CJiyqaxx MeHbIIIe 

3HaqeHHil:, IIOJIYqeHHbIX rrpH HCIIOJib30BaHHH MHKpOCKOIIH'leCKHX MOD,eJieM. Ha1160J1bIIIee 

pacxolK,!leHHe 3KCIIepHMeHTaJibHbIX H pacqeTHhlX ,!laHHblX Ha6JllO,!laeTCll B cnyqae 

HeH!pOHOH30blTOqHLIX Jl,!lep 
129

Te H 
123

Sn • .l(JIJI H,!lpa 
117

In MHKpOCKOIIH'leCKHe MOD,eJIH ll,aIOT 



3Haqemrn: MO, 6oJibIIIHe 1, qTQ He cooTBeTcTByeT JKCITepHMeHzy. B ocTaJihIIhlX cnyqWix 

COOTBeTCTBHe YAOBlieTBOpHTelihHOe. 

Ha pHc. 1 ITpHBeAeHLI MO AJ1J1 H30TOITOB Te, H3MepeHHh!e a (y, n) peaKll;ID!X ITPH 

Eymax = 40 MJB. 

0.7 • 
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TALYS(1) 

TALYS(2) 

TALYS (3)1 
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PHc. I. 3aBHCHMOCTh MO OT Maccoaoro qHcrra ITpo,n;yKTa AJ1J1 H30TOITOB TeJUiypa. 

B MeTaCTaOHlibHOM COCTOJIHHH paccMaTPHBaeMhie ll,!l;pa HMeIOT CIIHH 1112·, B 

OCHOBHOM COCTOJIHHH 119Te, 121Te HMeIOT CITHH 112+, ll,!l;pO 129Te HMeeT CITHH 3/2+. KaK MO)!(HO 

3aMeTHTh, AJill JI,n;ep Te, KOTOphle HaxO,!l;l!TCJI a6JIH3H JaMKHYToro ITO q!fcrry ITpoTOHOB l!.n;pa Sn 
H xapaKTepH3YJOTCJI He6oJihIIIHM 3HaqeHHeM ITapaMeTpa .n;e<!iopMau;irn:, JHaqeHID! MO paCTYT c 

yaeJIHqeH1ieM qHcna HeHTPOHOB. AHaJIOfffqHWI 3aBHCHMOCTh 6w1a JaMeqeHa B pa6oTax [9, 
IO] npH Eyma.x = 25 MJB. 

Ha pHc. I noMHMO JKCITepHMeHTaJihHhIX AaHHhIX ITpRae.n;eHh! 3HaqeHID! MO, 
paccqHTaHHble npH ITOMOIIIH Ko,n;a T ALYS I .4 c HCITOJib30BaHHeM TPeX <IieHoMeHonorffqecKHx 

MOAeneil: Ml! <iiYHKIIHH pacrrpe.n;eneHID! IllIOTHOCTH JIAepHbIX ypoBHeii. Mo)!(llo CKa3aTh, 'ITO 

pacqeTHbie pe3ylihTaTbI xopomo corrraCYJOTCJI c JKCITepHMeHTalihHhlMH ,D;aHHhlMH B cnyqae 

JI,n;ep 
119

Te H 
121

Te. B cnyqae :iKe l!iJ.Pa 
129

Te JKcnepHMeHTanhHhie ,D;aHHhie ITO'ITH B 4 pa3a 

npeBOCXO,!l;JIT pacqeTHbie. 

IIonyqeHHbie JKCITepHMeHTaJibHbie ,D;aHHbie ITOKa3bIBaIOT, qm Alil! JI,n;ep TeJUiypa 

3Ha'!eHHJI MO paCTYT c yaeJIHqeHHeM qHcJia HeiiTpOHOB. Pac'ieTHLie AaHH&Ie He OTPa/KaIOT 

noii 3aBHCHMOCTH. 3Ha'leHIDI HO 3aBHCJIT OT CTPYKTYPhI 3acerreHID1 BhICOKOCIIHHosoro 

H30MepHoro COCTOJIHHJI. PacXOlK,1\eHID! JKCITepHMeHTalibHbIX H pacqeTHblX ,!l;aHHb!X MOfYT 

Ob!Tb CBJl3aHbl c HeilOJIHOH HH<iiopMau;HeH B036YJK,D;eHHbIX COCTOJIHHH Jl)J,ep B ITporpaMMHOM 

naKeTe TAL YS 1.4 (AJill ITonyqeHID! ,n;oITOJIHHTeJI&Holl: HH<iiopM~H CM. B rrraae 4). 

Ha pHc. 2 rrpHBeAeHLI 3aBHCHMOCTH MO OT MaKCHMaJihHOH JHeprnH TOpM03Horo 

H3JiyqeHHJI AJ1J1 peaKU;HH 120Te(y, n)119m.gTe H 122Te(y, n)
121

m.gTe. IloMHMO nonyqeHHblX 

pe3yJI&TaTOB HCITOJib30BaHhl ,!l;aHHb!e pa6oT [I I, 12, 13, I4]. 

0,1 

):"" 
-. 
'>=' 

0,01 

I 4 
.l .l 

a"-f20Te(y,n)11eTe 

11; 

I ii 
• 'I' 

• [14] 

I 0,1 

• [13] 0,01 
" [12] 
... [11] * HBCTORLqaR pa6ora 

-TALYS 

8 12 16 20 24 28 32 36 40 

E 

5~122Te(y,n) 121Te 

" 

• [141 
• [13] 
" [12] * HllCTOAU\8A pal5oTa 

-TALYS 

~ 

8 12 16 20 24 28 32 36 4o 

E 

PHc. 2. 3aBHCHMOCTh MO OT MaKCHMaJihHOH JHeprnH TOpM03Horo mnyqeHHJI 

AJil! peaK11HH a) 12°Te(y, n) 119m·~e, 6) 
122

Te(y, n)
121

'"·gTe. 

I1MeIOIIIHeCJI JKCITepHMeHTalibHble ,1\aHHbie B OCHOBHOM xopomo corrraCYJOTCll, 

KpOMe AaHHbIX pa6oThI [I I], r.n;e ,!l;lIJI HO peaKU;HH 
120

Te(y, n)
119

m·11Te ITonyqeHbI 3HaqeHHll. 

6ollbIIIHe e,n;HHHW>I. Ha6JIIO,n;aeTCJI KPYTOH pocT 3HaqeHHH MO Ha'IHHWI c nopora AO 

rHraHTCKoro ,1\HITOJibHoro pe3oHaHca, 3aTeM pocr 3aMeAJIJ1eTCJ1, a rrpH Eymax = 40 MJB 

3HaqeH!fe HO HeCKOJihKO yMeH&IIIaeTcJI. PocT KpHBhlX CBJI3aH c yaenffqeH!feM JHeprnw 

B030YJK,D;eHID! ocraTO'IHoro lliJ.Pa, B KOTOpOM pa3BHBaeTCJI KaCKa,D; yKBaHTOB. c yaelil!'leHHeM 

MaKCHMaJibHOH JHeprHH TOpM03Horo mrryqeHHJI (HaqHHWI c JHeprnH 25 M3B) BKliaA 

npl!Mb!X rrpo~eCCOB yserrwqHBaeTCJI, qTQ oco6eHHO 3aMeTHO AJill OKOlIOMarnqecKHX Jl)J,ep. H 

Be,D;eT K CHH:lKeHHIO BepOllTHOCTH o6pa30BaHID! BbICOKOB036y/K,1\eHHOro COCTOJIHID! l!Apa [9]. B 

pa6oTe [15] co6patthl HMeIOIIIHecJI B JIHTeparype AaHHhie ITO MO peaKU;Hll: 
130

Te(y, n)
129

"'XTe s 

o6nacTH 3HeprHH .n;o Eyma.x = 72 M3B, rAe xopoITIO BHAHa aHanornqHall 3aBHCHMOCTb. 

Ha pHC. 2 IIpHBe,D;eHbl TaK/Ke ,!l;aHHbie, norryqeHHbie c HCITOlib30BaHHeM KO,D;a 

TAL YS 1.4. B o6rracm 3HeprHH: 3a MaKCHMYMOM ,!l;HIIOJibHOro pe3oHaHca pacqerHh1e KpHBbJe 

pacnono1KeHb1 HHIKe 3KCITepHMeHTaJihHhlX. HaqHHall c JHeprnH - 25 M3B pacqeTHhle HO 

l 



npaKTH'!eCKH He MeIDUOTCJI, B TO BpeMll KaK 3KCIIepHMeHTaJThHbie 3Ha'lemm HeCKOJibKO 

yMeHblllalOTCJI. 

TpeTbH rJiaBa COCTOHT H3 )J;Byx qacTeil:: KpaTKO OIIHCbIBaeTCll rrpHMeHeHFie 

pa;::(HOaKTHBHbIX H30TOIIOB 
111

In, 
117

msn, 
124

Sb, 
177

Lu B Hi:i;epHOH MeAHrurne H o6cy:JK.L(aeTCJI 

B03MOll<HOCTb cpoTOJiiJ:epHoro rrpoH3BOIJ:CTBa 3THX MeAHIIHHCKHX PaAF!OH30TorroB. 

111
ln 

Paii:ttoH30TOII 111In rrpHMemeTCJI AJIJI ii:ttarHOCTHKH orryxoneil: roJIOBbI H rnett, 

Jlt!rKHX H KOHe'IHOCTeH, B CO'leTaHHH c O<t>3KT (oll;HocpOTOHHaH 3MHCCHOHHaH 

KOMIIbJOTepHaii TOMorpacpHii) H peHTreHOBCKOH KOMIIbIOTepHOH TOMorpacptteil:. KpoMe Toro 

3TOT paii:ttomoTorr ttcrroJib3YeTcJI B Ol!<e-TepanttH. 
111In H30TOII cpopMHpyeTCJI B MHJIIeHH 

112
Sn rrocpell;CTBOM ABYX KaHaJIOB 

Oll;HOBpeMeHHO: 

B (y, n) peaKIIHH o6pa3yeTCJI Jill;pO lllsn, KOTOpoe pacrraii:aeTCJI B lllln c rrepHOll;OM 

rronypacrraii:a 35.3 MHHYT [ 112Sn (y, n)-+ Ill Sn-+ lllln]; 

B (y, p) peaKIIHH o6pa3yeTCll Herrocpeii:cTBeHHO KOHe'lHbIH paAMOH30TOII 

111111 [112Sn (y, p)-+ lllln]. 

BbIXOIJ:bI (y, p) peaKIIHH, KaK rrpaBHJIO, MeHbJIIe Bb!XOIJ:OB (y, n) peaKIIHH. B cJiyqae 

MHUieHH 112Sn 3TH BbIXOIJ:bl OTJIH'laIOTCll Ha rropJIIJ:OK. Oi:i;HaKO rrpeHMYllleCTBO (y, p) peaKIIHil: 

B TOM, 'ITO MHJIIeHb H rrpoii:yKT JIBJIJIIOTCll Pa3JIH'IHblMH XHMH'leCKHMH 3JieMeHTaMH H 3Ha'IHT 

HX pa3i:i;eJieHHe He TaK CJIOlKHO. TaKHM o6pa30M, )];Ba KaHaJia o6pa30BaHHil Bell;yT K 6oJib!IIOMY 

BblXOAY (152 M6H) rrpoii:yKTa 
111

In 6e3 HOCHTeJIJI (cM. Ta6. 3). 
<l>OTOJiiJ:epHb!H cnoco6 IIOJIY'leHHil 

111 
In H3 MHJIIeHH OJIOBa II03BOJIJieT IIOJiyqHTb 

o6pa3!.\bl, He COll,epl!<a11IHe rrpHMeCH ll;OJifOlKHB~HX H30TOIIOB In. 

111msn 

CBOHCTBa pall;HOHYKJIHll;a ll7msn II03BOJIJllOT HCIIOJib30BaTb ero B AHarHOCTH'leCKHX 

H TeparreBTH'lecKHx l.\eJIJIX. Ei:i;ttHCTBeHHa» raMMa-JIHHHll (158.56 K3B c 86.4% 
HHTeHCHBHOCTbIO) yii:o6Ha wrn oc~eCTBJieHHil BH3YWIH3aIIHH (cM. Ta6. 3). 0THOCHTeJibHO 

He6oJibJIIOH rrepttoii: rronypacrra;::ia (13.6 ii:H) o6ecrre'lHBaeT rrptteMJieMyro ll:030BYIO Harpy3KY 

Ha nal.\HeHTa. Paii:tto<PapMal.\eBTH'lecKHe rrperrapaTbI, BKJIJO'lalOllIHe B ce6JI 
117

msn, 

HCIIOJib3YJOTCJI B IlaJIJIHaTHBHOii TepaIIHH rrpH KOCTHb!X MeTaCTa3ax. 

B i:i;aHHoil: pa6oTe M:r.r TaKJKe H3MepHJIH <PoTOBhrxoii: paii:ttott30Torra 
117

msn m 

MHIIIeHH 118Sn. McnoJib30BaHHe 06or311IeHHOH MHJIIeHH II03BOJIJieT m6ell<aTb o6pa30BaHHJI 

ll:OJlfOll<HB~ero PaAF!OH30TOIIa 
113

Sn B <PoTOJiiJ:epHbIX peaKIIHllX. Bo3MOlKHble peaKIIHH B 

MHIIIeHH 118Sn(y, p)
117m.8In (Tu2 (

117
min) = 116.2 MHH, T112 (

11781n) = 43.2 MHH). TaKHM 

o6pa30M, B MHJIIeHH IIOMHMO ll?msn o6paJyeTCJI TOJibKO KOpOTKOlKMBYllIHe H30TOIIbl ll?m,gln. 

) 

) 

) 

) 

HecMOTpll Ha TO, 'ITO Bb!XOA ll7msn B <PoTOlliJ:epHb!X peaKIIHlIX MeHbJIIe (cM. Ta6. 3), 

<PoTOrrpomBoi:i;cTBO noro PaAF!OHYKJIHIJ:a MOJKeT o6ecrre'IHTb aKTHBHOCTH, Heo6xoll;HMbie AJIJI 

TepaneBTH'leCKoro HCIIOJib30BaHHJI 6e3 ll:OJifOll<HBYIIIHX pall;HOaKTHBHb!X rrpHMeceil:. 

B Ta6JIHI.\e 3 rrpHBei:i;eHbI pacrrall;Hbie xapaKTepHCTHKH paii:HoaKTHBHbIX H,D,ep 
111

In, 

ll?msn, 1248Sb, 177gLu, HX KaHaJibl o6pa30BaHHil H H3MepeHHble Bb!XOll;bl. 

Jlllpo 
T112 

npoeyKT 

Jilin 2.80511 

mmsn 13.611 

124"Sb 60.211 

1118111 6.73411 

124Sb 

Ta6nm1a 3 . 
Pacrraii:mie xapaKTepHCTHKH paAHOaKTHBHbIX Jii:i;ep 

111In, ll?msn, 124gSb, !77gLu, HX KaHaJibl o6pa30BaHHil H Bb!XOll;bl. 

IIopor E (10B), 
peaKIIHH + y 

Bb!XOIJ: 
PeaKIIHH KYJIOHOBCKHH HHTeHcnBHOCTb 

6apbep M6H 

M3B 
(%) 

112Sn(y,n) 111Sn 10.79 
171.28, 90% 

lJ 152± 15 

msn(y,p) 1111n 
245.395, 94% 

7.55 + 11.3 

n•sn(y,n) 117msn 9.33 158.56, 86.4% 17.5 ± 1.7 

12sTe(y,p) 124Sb 8.69 + 11.3 602.729, 
0.71±0.03 

126Te(y,pn) I24Sb 17.8 + 11.3 98.26% 

11sHfly,p)mLu 7.34+ 14 
112.95, 6.4% 

I 79Hf1:y ,pn) mLu 13.44 + 14 0.61±0.06 

1s0Hf(y,p2n)111111 
208.37, 11.0% 

20.7+ 14 

124
Sb H30TOII rrpHMeHHeTCll B Ka'leCTBe KaJIH6pOBO'IHOro HCTO'IHHKa 

BblCOK03HepreTH'IHb!X clioTOHOB. IlOMHMO noro, HaJIH'IHe p - rpynnbl c 60JibllIOH 3Heprneil: If 

y • H3JlyqeHHil II03BOJIJ!eT HCIIOJib30BaTb 
124

Sb B HHTpaBacKyAApHOH 6paxHTepaIIHH 

(BttyTpHCOCYAHCTOH 6paxHTepaIIHH). 

PacCMOTpHM B03MOlKHOCTb IIOJiyqeHHJI 
124

Sb B clioTOJiiJ:epHb!X peaKIIHiIX Ha MHJIIeHH 

HaTypaJibHOro Te. 

06nyqeHHe MHIIIeHH Te HaTypam.Horo COCTaBa Bell;eT K pa3JIH'IHb!M KaHaJiaM 

peaKIIHH H cliopMHpOBaHHIO MHOlKeCTBa AOJifOlKHBYllIHX PaAHOH30TOIIOB. 



BhIXO,!\ H30Tona 124Sb HeBennK (cM. Ta6. 3). Ilpn ncnon1>30BaHHH o6orameHHoii: 

MHIIIeHl'l 125Te, BblXOA 124Sb MOlKeT B03paCTl'l p;o 10 M6H (npeAIIonarrur OCHOBHblM KaHanOM 

o6pa3oBaHHll 124Sb peaKWllO 125Te(y, p)124
Sb, BbIXO,!\ perumnn B cnyqae o6orameHHOii: p;o 

100% MHIIIeHl'l MOlKHO IIOJIY'il'lTb yMHOlKeHHeM 3HaqeHHll Ha 14, IIpHBe,[\eHHOfO B Ta6n. 3). 
IlpHHHMall BO BHHMaHHe He6onbIIIOH BbIXOA 

124
Sb B cjioTOll,!lepHbIX peaKl!HllX, 

Q.iomnpOH3BO,[\CTBO 124Sb KalKeTCll He pal!l'lOHanbHblM. 

1''Lu 

Pa,!1HOl'l30T0Il 177Lu IIIHpOKO l'lCIIOnb3YeTCll B ll,!lep!J'.OH Me,!\Hl!HHe, IIOCKOnbKY HMeeT 

yp;o6Hhle pacna,!IHbie xapaKTepncTHKH (TJ/2 = 6.7 AH, Ey = 112.95 K3B c 6.4% 
HHTeHCl'lBHOCTbIO; 208.37 ICB c 11.0% HHTeHCHBHOCTblO) (CM. Ta6. 3) H xopomo 

KOOp,!IHHHpyeMble XHMH'IecKHe CBOHCTBa. Eyp;yqH KOpOTKOlKHBYIIlRM /3 - H3ny'iaTeneM 
177

Lu 

npnrop;eH p;Jlll pa,!IHOTepaIIHFI. OH MOlKeT HCIIOllb30BaTbCll KaK 3aMeHHTenb 
131

1 HJIH 

ycHJIHTenb 
90

Y. 
B HaCTOlllllee BpeMll naHTaHOH,!\ 

177
Lu ncrrollblyeTcll AJlll nyqeBoii: TeparrHH 

pel!eIITOpa coMaTOCTaTHHa (nenTHp;Hbrii: ropMOH), pap;HO-HMMyHOTepaIIHl'I, nannHaTHBHOH 

TepanHH KOCTeii: H pap;HO-CHHOB3KTOMHl'l (HCCe'leHHe CHHOBl'lanbHOH o6ono'lKH cycTaBa). 

06nyqeHl'le MHIIleHl'l Hf02 HazypanbHOfO COCTaBa sep;eT K pa3nH'IHblM KaHanaM 

peaKIIHH H c)iopMHpOBaHHIO MHOlKeCTBa ,[\OllfOlKHBYIJll'IX pa,!1HOH30TOITOB. 

B cnyqae cjioTOnpoH3BOACTBa 177Lu m MHIIleHH Hf HazypanbHOro cocTaaa 

OCHOBHblM KaHanOM o6pa30BaHHll l'lHTepecyroIIIero Hae paJJ;HOH30TOna llBlllleTCll 
178

Hf(y, 

p)177Lu. ):ijlyrne perumnn (cM. Ta6. 3) ManoaepollTHbI H3-3a 6onbmoro :mepreTH'IecKoro 

6ap1>epa. BbIXO,!\ peaKIIHH p;Jlll cnyqall o6orameHHOH ,[\O 100% MHIDeHH MOlKHO HaHTH, 

yMHOlKall npHBe,[\eHHOe B Ta6nHIIe 3Ha'leHl'le Ha cjiaKTOp 3.66 (B 3TOM cnyqae BblXO,!\ 6yp;eT 

paseH 2.33 M6H). TaKHM o6pa30M, ManbrH BhIXO,!\ peaKIIHH He MOlKeT o6ecne'll'lTb 

p;oCTaTO'lHblX aKTHBHOCTeii: p;aJKe B cnyqae l'lCIIOITb30BaHHll o6orameHHOH MHIIleHH. 

B 'leTsepToii rnase ,[IHccepTaIIHH aHanITTHpyIOTCll HO AJlll .11,!lep-npop;yKTOB (OT 

44m.gsc ,!\O 127m.gXe), o6pa3oBaHHbIX B (p, n), (d, 2n) H (a, p3n) peaKIIHllX pacc'lHTaHHbie no 

KOAY TAL YS 1.4 (B1>16op peaKIIHl'l c O,!IHHaKOBbIMH MaccoBLIMl'l 'll'lCJiaMl'l MHIDeHeii: H ll,!lep­

npop;yKTOB n03BOnllIOT HaM nonyqHTh 3aBHCHMOCTh 3Ha'leHHii: HO OT THIIa 

60M6app;HpyIOIJlHX 'laCTHII). 06cyJKp;aeTCll 3aBHCHMOCTb 3Ha'leHHii: l'l30MepHbIX OTHOIIleHHH 

OT THITa l'l :meprHH HaJieTaroIIIeii: 'laCTHIIbl, cITHHa MHIIIeHH l'l .11,[lpa-npop;yKTa, pa3Hl'Illbl 

CITHHOB H30MepHOf0 l'l OCHOBHOfO COCTOllHHll npop;yKTOB H MHIIleHH (~ = (Im - lg - I1arg)), 

Maccosoro 'lttcna npop;yKTa, omomeHHll R(d,zn)f Rcp,n)• Rca,p3n)/Rcp,n) H cxeM 

B036ylK)J;eHHblX COCTOllHHH llp;ep-npop;yKTOB. 

IlpH cpaaHeHHH 3KCnepHMeHTanbHhIX pe3yn1>TaTOB c ,[\aHHblMH, pacclIHTaHHblMH no 

Kop;y TALYS 1.4, nonyqeHo, 'ITO: 

> Pac'leTH1>1e p;aHHbie ce'l.eHHii: o6pa30BaHHll npop;yKTOB llp;epH1>1x peaKIIHii: a 

OCHOBHOM l'l H30MepHOM COCTOllHHllX, Bbl3BaHHblX npOTOHaMl'l, p;eii:TpoHaMH l'l a -
'1.aCTl'll!aMl'l xopomo OTPaJKaIOT 3aBl'lCHMOCTb HO OT THna HaJieTaIOIJleii: qacnrn,1>1. 

> 3Ha'leHHll MO B llp;epHbIX peaKIIHllX no,!\ p;eii:cTBHeM p;eii:TPoHoB 6on1>me, '1.eM a 

peaKIIHllX ITO,[\ p;eii:CTBl'leM npoTOHOB. 3TOT BblBOA xopoIIIO KOppenHpyeT c 

3KCnepHMeHTaJibHblMH p;aHHb!MH, HMeIOIIIHMl'lCll B lll'lTepaTYPe. IlpH 3TOM 

OTHOIIleHl'l.11 R(d,2n)/ R(p,n) HMeIOT HaH60nbIIll'le 3Ha'leHHll Anll .11,!lep-npop;yKTOB c 

BhICOKHMH Cill'lHRMH. 3aMe'leHo, lITO B cnyqae MarHqecKHX ll)J;ep-MHIIleHeii: HJIH 

ll)J;ep-npo,[lyKTOB R(d,Zn)/R(p,n) HMeIOT HaHMeHbIDHe 3Ha'leHHll. 

> ,niui scex paccMoTpeHHbIX .11,!lep TeH,!\eHIIHll H3MeHeHHll HO B 3aBHCHMOCTH OT 

3HeprHH, pacc'lHTaHHruI B (p, n) peaKIIHllX, coxpaHlleTCll H B (d, 2n) peaKIIHllX. 

> KpHBhle 3HepreTH'IecKoii: 3aBHCl'lMOCTH MO AJlll He'leTHhIX no MaccosoMy 'lHcny 

.11,!lep-npo,[lyKTOB nelKaT BbIIlle, no cpaaHeHHIO c 'leTHhIMH no MaCCOBOMY '1.HCJIY 

ll,!lpaMH-npop;yKTaMH KaK p;Jlll (p, n), TaK l'l p;Jlll (d, 2n) peaKIIHii:, IlOCKOllbKY K CITHHY 

Ila,!laIOIIIeii qacTl'll!hI npH6aBJilleTCll CITHH .11,!lpa-MHIIleHl'l. 

> y CTaHOBneHO yMeHbIIleHHe HO B 3aBl'lCl'lMOCTH OT pa3HHllbl CITHHOB H30MepHOf0 H 

OCHOBHOfO COCTO.llHHll npop;yKTOB H MHIIIeHeii: (~=(Im- lg- ltarg)) KaK p;Jlll (p, n), TaK 

H AJI.11 ( d, 2n) peaKIIHii:. 

> IloKa3aHO, 'ITO AJlll ll,!lep npop;yKTOB 
44

Sc, 
86

Y, 
87

Y, 
129

Te, 
94

•
96

Tc, 
124

Sb 

3KCnepHMeHTanbHble ,[\aHHble CHJibHO paCXOp;llTCll c pacqeTHblMl'l ,[\aHHblMH. 

PacxoJKp;eHHe AJlll ll,D;ep npo,[lyKTOB nepexo,D;Hoii: o6nacTH MolKeT 6hITb cBll3aHO c 

HeITOJIHOH HHcjiopMaIIHeii: B036ylK,D;eHHblX COCTOllHHH ll,D;ep B rrporpaMMHOM rraKeTe 

TALYS. 

Ha pHCYHKe 3 IIpHBe,!\eHbI cjiyHKl!Rl'l B036yJKp;eHHll AJill OCHOBHblX (pnc. 3(6)) l'l 

H30MepHbIX (pHc. 3(a)) COCTOllHHH H30T0110B ~~Y47, nonyqeHHhle B 
86

Sr(p, n)
86

rn,gy peaKIIHH 

3KcnepttMeHTan1>Ho [20, 21] n c ncnon1>30BaHHeM Ko,D;a TALYS 1.4. MolKHO 3aMeTHTb, 'I.TO 

pacclIHTaHHble c ncnonb30BaHHeM Ko.aa TAL YS ,!\aHHhle B ITToMepHoM cocTOllHHl'l ,!laIOT 

cHllbHO 3aHHlKeHHbie pe3yllbTaTbI no cpaaHeHHIO c 3KcnepHMeHTan1>H1>IMH ,[laHHbIMl'l. 

B OCHOBHOM COCTO.llHHH COOTBeTCTBHe xopomee. IlpH'IHHbl pacXOlK,D;eHHii: MoryT 6b!Tb 

CBll3aHbI c npe,!1cTaaneHl'1eM yposHeii: so36yJKp;eHHll SI,!lpa B KO,D;e TAL YS. ,ll;eso36ylKAeHne 

IlOCpe,D;CTBOM HcnycKaHHll y KBaHTOB ll,D;ep, HMeIOIJlHX HpacT-COCTOllHHll, Ilpl'lBO,[\HT K TOMy, 

lITO BblCOKOCITHHOBOe H30MepHoe COCTOllHHe KOHe'lHOfO ll,[lpa o6pa3yeTCll c 60JI1>1Ileii: 

sepOllTHOCThIO, '1.eM rrpep;CKa3blBaeT nporpaMMHbrii: naKeT. 

~ 
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Pnc. 3. 3KcrrepnMeHTaJILHbie H paccqnTaHHLie c noMOID;LIO Ko.o;a TAL YS 1.4 4'YHI<Wll 

B036ylIC,o;eHl'lll ,!l;Jlll pea~ 86Sr(p, n)
86

m,gy AJill Bcex B03MOlICHLIX Mo.o;eneil: 

AJill ll,!l;epHblX ypOBHeil: ( o603HaqeHl'lll CM. B TeKCTe ). 

c u;eJILIO B03MOlICHOro ofu.JICHeHl'IJI HeCOOTBeTCTBl'IH JKcnepHMeHTarILHblX l'I 

pacqeTHLIX ;n:aHHblX 6bIJil'I H3yqeHbI BblCOKOCill'IHOBLie npacT ypOBHl'I ~fSCz3, ~~Rb45, ~~Y47, 
~~Y48, %~Tcs3, 4jTc56, 1HTe7 5, 1~~Te77, 1~~Te79 J1,o;ep rrpo.o;yKTOB. B pe3yJibTaTe 

rrpoBe,!l;eHHblX l'ICCJie;n:oBaHlfH c,o;eJiaH BLIBO,!l;, qTQ HaJil'l'Il'le BblCOKOCill'IHOBblX npacT ypOBHeil: 

BJIHHeT Ha 3HaqeHl'lll 1'130MepHLIX OTHomemrn. 

HpacT ypoBeHL JTO 6Jil'llICaiiIIIl'IH K OCHOBHOMY COCTOJIHlflO JHepreTl'!'IecKl'lil: 

ypoBeHb ll,!l;pa npH orrpe,o;eJieHHOM BLICOKOM cnHHe, TO eCTL COCTOJIHl'le ll,!l;pa c HaHMeHLmeil: 

JHeprneil:. 

B HaCTOJlm;ee BpeMJI HHTeHCHBHO (3KcnepHMeHTaJILHO H reopeTl'!'IeCKH) 

HCCJie,!l;YJOTCJI cxeMLI BLICOKOCill'IHOBbIX npacT ypOBHeil: citiepOH,!l;aJILHb!X H 

;n:eqiopMHJJOBaHHb!X Jl,!l;ep, KOTOpble o6pa3YJOTCJI B peaKD;HllX c THlICeJILIMH HOHaMH. 

BLICOKOCilHHOBb!e npacT COCTOJIHHll nepexo,!l;HLIX Jl,!l;ep HMeIOT pa3Hble KaHaJibl 

o6pa30BaHHJI: a) MHOroKpaTHOe KYJIOHOBCKOe B036yJI(,!l;eHlfe, 6) o6p830BaHl'le KOMrrayH,!l; -

ll;n:pa H ero nocne;n:yrom;Hil: pacna.o;. 

a) B Jl,!l;epHb!X peaKD;HllX, KOr.D;a HaJieTaIOID;HH TlllICeJibIH HOH HMeeT KHHeTl'!'IeCKYJO 

JHeprHIO MeH&me KYJIOHOBCKOro 6apLepa HOHa H ll.o;pa MHIIIeHl'I, npoHCXO,!l;HT MHOroKpaTHOe 

,!l;aJibHo;n:eil:cTByrom;ee KYJIOHOBCKOe B3aHMO,!l;eHCTBHe. CHJia OTTaJIKHBaHl'lll MelIC.D;y HOHOM H 

lI,!l;pOM He Il03BOJilleT HOHY IlPOHHKHYTb BHYTpL ll,!l;pa l'I BLI3bIBaTb BJaHMO,!l;eHCTBHe c BLIJieTOM 

qacTHu;. 3Heprllll HaJieTa10m;ero HoHa pacTpaqHsaeTcJI Ha Bpam;eHHe, a He Ha HarpeBaHHe 

JI,!l;pa, TO eCTL OHO OCTaeTClI "XOJIO,!l;HLIM" [ 16, 17]. H.rlpo MHmeHb B036yJI(.D;aeTCJI, HO He 

MeHJieT CBOH COCTaB. 06p83YJOTClI HpacT ypOBHl'I. EcJil'I Ji.D;PO - MHmeHb .o;eqiopMHpOBaHO no 

qHCJIY HeHTpOHOB, TO o6pa3YJOTCJI TaKlICe KOJIJieKTHBHLie Bpam;aTeJILHbie IlOJIOCLI npH y 
pacna.o;e o6p83yrom;ero JI.o;pa npo.o;yKTa. 

6) Ilo.o; .o;eil:CTBHeM TJIJI(eJioro HOHa o6pa3yeTCJI KOMilayH,!l; ll,!l;pO (HarrpHMep, 
73

Ge(1
6
0, p2n)

86
Y - [18]) c BLICOKOH JHeprneif B036yJI(,!l;eHHlI. 3Heprllll B036yJI(,!l;eHHJI 

CKJia.o;LIBaeTClI H3 JHeprHH CBH3H HOHa B KOMITayH,!l; ll.D;pe H npHHOCHMOH HOHOM 

KHHeTl'!'IeCKOH JHeprHH. lli JTOro B036yll(,!l;!!HHOro COCTOJIHHll MOryT H,!l;TH peaKD;HH c 

BblJieTOM HeifTpoHOB II 3apJIJI(eHHLIX qacTllD; (rrpOTOHOB - ecJil'I JHeprHll ,!l;OCTaToqHo ,!l;JIJI 

npeo.o;oneHHll KYJIOHOBCKOro 6apbepa), T.e. peaKD;llH (xp, yn). B pe3yJibTaTe KOHe'!Hoe JI,o;po -

rrpO.o;yKT npOXO.D;HT qepe3 pll,!l; B036yll(,!l;eHHLIX COCTOJIHHH, B TOM qHcJie BblCOKOCilHHOBb!X. 

KaK ITOK838Jil'I HCCJie.D;oBaHHll [ 18, 19], npH ,o;eBo36yJI(,!l;eHllll HpacT nonoc qepe3 

JJieKTpl'l'IeCKHe ,!l;llilOJibHb!e (El) H KBa.o;pynOJibHbie (E2), MarHllTHble ;11HI10JlbHLie (Ml) 

nepexo.D;LI Bb!COKOCilHHOBLie ,!l;OJirOlICHByID;He H30MepHbie COCTOJIHHll 3aceJilIIOTCJI c 6oJib!lleM. 

BepOllTHOCTLIO, B pe3yJibTaTe qero II yBeJil'l'IHBaIOTCJI H30MepHLie OTHO!lleHHJI. 

B 33KJIIO'leHUH npHBe.D;eHbI OCHOBHLie pe3yJibTaTbl, nonyqeHHbie B 

;n:HCCepTau;HOHHOH pa6oTe: 

• 

• 

• 

• 

BnepBbie nonyqeHbI JKCnepHMeHTaJibHLie ,!l;aHHLie OTHOCHTeJibHO Bb!XO,!l;OB 

npo;J;YKTOB 
173

•
175Hf, o6pa30BaHHLIX B (y, xn) peaKu;Hllx npH JHeprnH Ee= 40 MJB. 

IlonyqeHO, qTQ BLIXO,!l; 
111In o6ecneqHBaeT nonyqeHHe o6p83D;OB Bb!COKOH 

aKTHBHOCTH 6e3 HOCHTeJilI H He CO.D;epJI(aID;llX npHMeceif ,!l;OJirOlICHBYID;HX H30TOIIOB 

HH,!l;llJI AJill npHMeHeHHJI B Me;n:Hu;llHe. BbIXO,!l; pa,o;HOHYKJIH,!l;a ll7msn MOlICeT 

o6ecneqHTL TeparreBTl'l'IeCKOe KOJil'l'IeCTBO 3TOro pa.D;HOH30TOila 6e3 

,!l;OJirOJI(HBYID;HX pa,o;HOaKTHBHLIX rrpHMeceil:. 

IlonyqeHo, qTQ itioTOI1pOH3BO,!l;CTBO 
124

Sb H l77gLu pa,o;HOH30TOilOB 

Heu;enecoo6pa3Ho ,!l;BJI(e rrpH HCilOJib30BaHHH o6oram;eHHbIX MHilleHeif Te H Hf02, 

H3-3a MaJioro JHaqeHHJI BLIXO,!l;OB H o6p830BaHHe 60JibIIIOro KOJil'l'IeCTBa nofioqHbIX 

,!l;OJirOJI(HByID;llX pa;n:HOH30TOilOB. 

IlonyqeHbI ceqeHlfJI AJill Jl,!l;ep-npO.D;yKTOB OT 
44

Sc ,!l;O 127Xe B peaKD;lli!X C 

0,!l;l'IHaKOBLIMH MaCCOBbIMH qHCJiaMH MHIIIeHeii H ll,!l;ep-npo;n:yKTOB Ha OCHOBe 

pacqeToB no Ko.o;y TALYS 1.4. PacqeTH&Ie .o;aHHhle cpasHeHhl c 

JKcnepHMeHTaJILHblMH ,!l;aHHb!Mll. IloK83aHO, qTQ pacqeTHb!e ,!l;aHHble xopOIIIO 

0Tp8JI(aJOT 38BHCHMOCTb JHaqeHHH H30Mepmrx OTHO!lleHHH OT THna H 3HeprnH 

HaJieTaIOID;eM qacTHD;LI, CilHHa MHllleHH H Jl,!l;pa-npo.D;yKTa, pa3HHD;bl CITHHOB 

H30MepHoro H OCHOBHOro COCTOJIHHll rrpO.D;yKTOB H MHIIIeHeil: (a= (Im - lg - ltarg)), 

MaccoBoro qncna npo.D;yKTa, OTHO!lleHHJI R(d,Zn)/Rcp.n)• Rca,p3n)/Rcp.n)· 

~ 



• IloKaJaHO, 'ITO Wlll Hllep rrpoeyKTOB 44Sc, 86Y, 87Y, 129Te, 
94

•
96

Tc, 
124

Sb 
JKCrrepMMeHTanLHJ.Ie llaHHbie CHJILHO pacxo,w!TCH c paC'leTHLIMH llaHHbIMH. 
PacxolK,!leHHe ):(JUI Hllep IIpOLl)'KTOB rrepeXOLlffOH o6nacrn MOlKeT 6LITb CBJI3aHO c 
HeIIOJIHOH HH1j1opMaIUieil: B036ylK,!leHHbIX COCTOJIHHH Hllep B rrporpaMMHOM IIaKeTe 

TALYS. 
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lTfl2nLlJ.wJflti. nhwqgpwti.hpfl munLuti.wuflprapJnLti.J:! pct2qwqwu flqnmnUJ.uhpfl 

umU1guU1u UUJ.U1mU1lJ.ml. 11- pqnuhp hU!pwphpmpJnLti.uhpfl p_uti.U1plJ.nul'n 

UuthmhU1qhn 

Umhti.U1flmuU1qU1ti. w2]uwmU1up_J:! ti.iJ.jiptJ.Uib t :tJnmnufl2nLlJ.U1Jflti. nhU1qgj1wuhpnLu 
111In, 117msn, 124Sb b._ 177Lu pd2lJ.U1lJ.U1ti. nU1qflnflqnmnUJ.uhpfl umU1guU1uI! Erma:x = 40 lTt'-l 

tti.hpqflU1Jfl qhU]_p_nLu b._ (y, n), (p, n), (d, 2n), (a, p3n) nhU1qgflU1ti.hpmu U1nw2U1gwb 

U1J1Il.JnLup_-Uf12mlJ.uhpfl pqnllhp hU1pU1phpmpJnLuti.hpfl J!Uti.U1plJ.uwun: 
112

•
118

•
124Sn hwpumU1gtJ.wb b._ Te, Hf02 puwqU1u pwqU11}PllLJitJWUp raflpw]uuhpJ:! 

tiU1nwqU1JptJ.h1 hti. bp11-U1ufl :t>flq}llJ.U1Jfl fluumflmmmfl qbwJflti. qhqmpnuU1Jflu 

Ulj1U1qU1gnLgfllJi tJ.p.UI E. = 40 lTN tti.hpqflUIJP qhU]_p_IILU: PptUqU1uU1gtJ.h1 t hpqm 

tiU1nmqU1JJitnLU ' 18 p. b._ 

44 p. mb._nqnLJitJUIUp: UpI1Jlllli.J!-llfl2nLquhpfl (110Sn, 126gSb, 127Sb, 129gSb, 179Lu, 123mTe, 
129mTe) hmhpfl hw2tJ.U1JllJ.I! qU1mU1ptJ.h1 t uhpumbtJ.Ulb U1qmfltlmpJU1U uhpnqntJ., npuihu 

unti.flmnp nhU1qgflU1 oqmU1qnp1'Jh1ntJ. 65Cu(y, n)64Cu (hIDI! - 53 upti.) b._ 63Cu(y, 2n)61Cu (hJP-I! -

2.6 upti.): 

(y, x) nhU1qgfltUJIILU 111In, 117msn, 124Sb b._ 177Lu pd2lJ.U1qU1u nUIIlflnflqnumUJ.uhpfl 

qmp1\.tUpU1pU1qwu hmhpfl U1pdhpti.hpflg h1uh1ml qwmwptJ.ht t hhm11-JU1l hqpwqwgmpJmun' 

mln (152 ± 15 upu) pqnmnuifl tmn :t>nmml'fl2mlJ.U1Jflu nhwqgf1U1uhpnu.l 

U1UtwhntJ.nul' t ti.pUI lJ.flpwnnLpJIILU{! ufl2mlJ.wJflU pd2lJ.IILIUJUlti. uh2: ll7mSn flqnmnll.j_fl hIDI! 

(17.5 ± 1. 7 upu) qwpnq t UlUJ.UlhntJ.ht ti.pw phpUIUJ.b._mfllJ. J!UlUUlqnLpJIILti.{!: 

&nmnufl2nLlJ.wJflti. nhwqgflwuhpnLu 124Sb b._ 177&Lu flqnmnuiuhpfl 

UlJlillllll}JlllLJitJIILUJ:! ti.UJ.mmwqwhU1pUUlJ1 ~t up.mug tlmJ!p hmhpfl wpdhp_uh11fl (0.71 ± 0.03 b._ 

0.61 ± 0.06 upu, hwUWUJ.U1mwuwuwµwp) UJ.Wmfiwnntl, UnLJufluq hwpmmugtJ.wb Te b._ Hf02 

pflpU1]uuhpfl qhU]_p_nui: 

QwtlJtJ.h1 hu hhmmqnmtJ.nq pflptU]uuhpmu Ermax = 40 UN tti.hpqwJfl qhUJP_nLu 

µn1np huwpwtJ.np :t>nmnufl2nLlJ.wJflti. nhwlJ.gfltUti.hpfl hmhpn: Unw2flu U1uqwu umU1gtJ.h1 hu 
173Hf (2.1 ± 0.2 uµu) b._ 175Hf (61 ± 3 upu) UIJ1Il.JIILti.p_-Ufl2mquhpfl tlJnp1\.Uip.UlJ11lllJ.wu hmhPI! 

(y, xn) nhwqgflU1uhpnLu: 

~ 



4wmwptl.ht t 
119

m.gTe, 121m,gTe, ll7m,61n, 123m.gsn U1prymli1MI}l2mqlihpji jlqmihp 

hwpUiphpmiaJmlilihpji tlinpuwpwpwqwli II. hw2t{wpqw1}lfi mt!Jwtfihpjl hwuhuwmnLJaJnLfi: 

<w2t{wpqwJ}lli mp111mliplihpn umwgt{h1 hli TALYS 1.4 bpwqpUIJpfi l{lmiahia}l u}l2ngnt{: UJu 

qn11Ji u}l2ngnt{ umwgtl.ht hfi liwh. 44Sc - jig Ujlfi2h. 127Xe wprymli12-UJi2nLqlihpji 

qmpt{moplihpn II. jlqnuhp hmpwphpmiaJmlifihpn (p, n), (d, 2n) II. (a,p3n) nhwqg}lwlihpnLu: 

U111 UIJlllJillUJ1lihp]! hU1uhuwmt1.h1 hfi fihpqlllJillUU qpwqwlim~Ulfi uh2 Ulnqw 

tlinpuwpwpwl1wli mtl.Jw1lihpji hhm: .Rliliwpqt{h1 hli jlqnuhp hwpwphpmia1mfilihpji 

qm]ut{wonLJaJnLliJ! J!liqlinq uwulijJ.1.i}l mhumliJig II. tlihpq}lwJpg, iaJipw]uji II. wprynLlip­

u}l2nLqjl UUIJibjig, (p, n) II. (d, 2n) nhwqgjlwlihpmu E = IO UN tlihpqwjp 11hll!J1nLU 

wprumfip_-u}l2mqlihpjl jlqntlhp II. hjiuliwqwli tl.}lCiwqlihpji II. qhfun iaJipw]ufihpji ull!Jililihpji 

mwpphpnLJaJilllijig (d = (Im - lg - /iarg)), UIJlllJmlip-UJi2nLqlihpji qwlit{mcrwJJili iatl.Jig, 

R(d,2n)/Rcp,n)• Rca,p3n)/Rcp,n) hwpwphpm~mlijig: .Rliliwpqtl.ht hli liwh. (p, n) II. (d, 2n) 

nhwqg]1wlihpmu Sb, Ag, Rh, Tc, In wprumlip-uJi2mlJ.bhpji jiqnmmlllihpji jiqnuhp 

hwpmphpmiaJnLlilihpji tlibpqhmjiq qw]ut{wbmiaJmlin: <l>npuwpwpwqwfi II. hw2t{wpqw1Jili 

mtl.Jw1lihpji hwuhuwmnLJaJWli ctwuwbwq liqmmtl.ht t, np 44Sc, 86Y, 87Y, 129Te, 94•96Tc, 124Sb 

uJi2mqlihpji 11hUIJ1hpnLu WPllJmfiplihpfi jlpwpjig qmpnLq mwppbpij_mu hli: U111 

ullil1U1UUill!UlIDU1U)uWfinLJaJillfilihpp pwgwmpULJilJlllfi fiUIWIDWqnt{ IllUillUUUIU}lpt{ht hli 

j:{Scz3, ~~Rb45, ~~Y47, ~~Y4g, i~Tc53, i~Tcs6, 1~~Te75, 1giTe77, 1HTe79 wprymlip­

uJi2mqlihpji pmpup ull!JifiWJpfi jinwum UU1qll1pllll1qfihpn: flLUULUUU!Upplll[<}JilLUfihpji 

wprunLlipmu hqpwqmgtl.ht t, np lllJ'l qpqnt{wb pwpil.p ull!Jibw1Jili tl.}lCiwqlibpli wqqnLu hli 

jlqnuhp hwpmphpmiaJmfifihpjJ. wpcthp_bhpji ij_pw: 

Investigation of nuclear reactions for production of medical isotopes 

and analysis of isomeric ratios 

Abstract 

Thesis is devoted to the medical isotopes 1111n, 117msn, 124Sb, 177Lu 

production in the photonuclear reactions and analysis of the isomeric ratios, formed in 

the (y, n), (p, n), (d, 2n), (a, p3n) reactions. 

The targets of enriched tin isotopes 112'118'124Sn and the natural composition 

Te, Hf02 were irradiated at the linear electrons accelerator at the energy Ee = 40 

MeV. Two irradiations were realized: within 18 min. and 44 min. respectively. The 

yields of products of photo-nuclear reactions were measured by the method of 

induced activity. As a monitor reaction were selected 65Cu(y, n)64Cu (yield - 53 mb) 

and 
63

Cu(y, 2n)
61

Cu (yield - 2.6 mb) reactions. 

Based on the experimental yields of medical radioisotopes 111 1n, 117msn, 
124

Sb, 
177

Lu in the photonuclear reactions the following conclusions are made: 

The yield of 
111

1n isotope (152 ± 15 mb) provides to production carrier-free 

sample of high activity and does not containing impurities long-lived indium isotopes 

for use in medicine. The yield of 117mSn radionuclide (17.5 ± 1.7 mb) can also provide 

a therapeutic amount of radioisotope without long-lived radioactive impurities. 

The production of radioisotopes 124Sb and 1779Lu is inadvisable in 

photonuclear reactions, even when using enriched targets (Te and Hf02), due to the 

small value of the yields (0.71 ± 0.03 and 0.61 ± 0.06 mb, respectively) and the 

formation of a large amount of by-long-lived radioisotopes. 

We measured all the possible yields of photo-nuclear reactions products in 

the investigated targets at energy Ermax = 40 MeV. The experimental yields of 

products 
173

Hf (2.1 ± 0.2 mb) and 
175

Hf (61 ± 3 mb) formed in (y, xn) reactions are 

obtained for the first time. 

The experimental values of the isomeric ratios 119m.gTe, 121m.gTe, 117m.gln, 
123

m·
9
Sn products are obtained. It is analyzed the dependence of the experimental 

values of the isomeric ratios on the energy of y rays and the mass number of the 



product. The experimental data are compared with those calculated by the code 

TAL YS 1.4. Isomeric ratios of 44
m·9Sc to 127

m"9Xe products, formed in the (p, n), ( d, 2n) 

and (a, p3n) reactions with the same mass numbers of targets and products, were 

also calculated by TALYS 1.4. These data are compared with the available in the 

literature experimental data. The dependence of the values of the isomeric ratios on 

the type and energy of the incident particle, the spin of the target and the nucleus­

product, the difference of the spins of the isomeric and ground state products and an 

odd number of targets in the (p, n) and ( d, 2n) reactions at energy Eymax = 10 MeV (~ 

= Um - lg - ltarg)), the mass number of the product, the relationship 

Rcd,Zn)IRcp,n)• Rca,p3n)IRcp,n) are discussed. Dependence of the isomeric ratios of Sb, 

Ag, Rh, Tc, In isotopes on incident particles energy in the (p, n) and (d, 2n) reactions 

are also discussed. Discrepancies of the experimental and calculated data for the 
44Sc, 86y, 87Y, 129Te, 94

•
96Tc, 124Sb products have been observed. For the 

inconsistencies explanation the high-spin yrast levels of ~iSc23 , ~~Rb45, ~~Y47 , ~~Y48, 

:~Tc53, ljTc56, 1gTe75, 1~iTe77 , 1HTe79 products have been studied. As a 

consequence of the investigations, it is found that these high-spin yrast levels affect 

the value of the isomeric ratios. 

~ 
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