
OT3biB m(miJ,uaJibnoro onnoueuTa 

ua ,LJ;uccepTaiJ,HIO ua coucKauue y11euoii cTeneuu 

K3H,ll;H,ll;3T3 XHMH1JeCKHX uayK 

T10nuuoii MaprapuTbi IOpheBHhi 

Ha TeMy: «2+ 1» TpHKap60HHJibHble KOMDJieKCbl TeXHeiJ,HSI H peHHSI C 

6u,LJ;eHT3HTHbiMH reTepOI.I,HKJIH1JeCKHMH 3MHH3MH H 3THJIH30IJ,H3H3IJ,eTaTOM» 

no cneiJ,uaJibHOCTH 1.4.13. - Pa,LJ;HOXHMHH 

AKT)'3JibHOCTb pa60Tbl. ,lJ;HCCepTaiJJ-IOHHajl pa6oTa IIOCBjlmeHa BeCbMa Ba)I(HOR 

TeMe - l1CCJie.LJ.OBaHI110 KOMIIJieKCOB TeXHeQI1j1 l1 peHI1jl .l.J.Jljl pa3pa60TKI1 rrepcrreKTI1BHbiX 

.l.J.l1arHOCTI1qecKI1X pa.LJ.I10cpapMIIperrapaTOB Ha l1X OCHOBe. 

IJ;eJibiO paOOTbl HBJIHJIOCb l1CCJie.LJ.OBaHI1e KOMIIJieKC006pa30BaHI1jl 

TPMKap6oHI1JibHbiX cpparMeHTOB TexHeQI1j1 11 peHI1jl c KOM6MHaQMeM: reTepoQI1KJII1qecKoro 

aMMHa 11 2-3Tl1JII130QI1aHoaQeTaTa .n.m1 pa3pa6oTKI1 rrpoQe.n.yp BBe.n.eHI1jl MeTKI1 TexHeQI1j1-

99m B 6l10MOJieKyJibl. 

HayquaH HOBH3H3 pa60Tbl COCTOI1T B TOM, qTo: 

- BrrepBnie 113yqeHo KOMITJieKcoo6pa3oBaHMe TPHKap6oHI1JibHOro cpparMeHTa 

[M(C0)3t (M = Tc, Re) c KOM6MHaQMeM: 6H.n.eHTaTHoro reTepoQMKJIMqecKoro aMMHa 11 2-

3Tl1JIH30QI1aHoaQeTaTa; 

- BrrepBbie ycTaHOBJieHbi KHHeTHqecKMe rrapaMeTpbi peaKQI1l1 BBe.n.eHI1jl 2-

3THJII130QI1aHoaQeTaTa B Tpi1Kap6oHI1JibHbie KOMrrJieKCbi TexHeQHj! 11 peHI1jl c 1, 1 0-

cpeHaHTpoJIMHOM I1JII1 2,2'-6l1ITI1pH.LJ.l1HOM; 

- BrrepBbie ycTaHOBJieHo, qTo xnopM.LJ:-MOHbi, HeH36e)I(HO rrpMcyTcTByiOmMe B 

3JIIOaTe TexHeQMeaoro reHepaTopa, He OKa3biBaiOT cymecTBeHHoro BJII1j{Hl1jl Ha 

B03M0)1(H0CTb l1CITOJib30BaHI1jl «2+ 1 » KOM6I1HaQI1I1 3Tl1JII130Ql1aHOaQeTaTa C 1,10-

cpei-JaHTpOJIHHOM I1JII1 2 ,2'-6l1ITI1pl1.l.J.l1HOM .l.J.Jljl BBe.LJ.eHI1jl TeXHeQI1j1-99m B Bl1.LJ.e 

Tpi1Kap60HI1JibHOrO cpparMeHTa B 6HOMOJieKyJinl, Tor.n.a KaK .l.J.Jljl peHI1jl He06XO.l.J.l1MO 

Y.LJ.aJij!Tb xnopM.LJ.-HOHbi 113 peaKQMOHHOR cHcTeMbi. 

,lJ;oCTOBepHOCTb H HOBH3H3 HayqHbiX ITOJIO)I(eHI1R l1 BbiBO.l.J.OB COMHeHI1R He 

Bbl3biBaeT I1 ITO.l.J.TBep)I(.LJ.aeTC.SI 3Haql1TeJibHbiM 06neMOM 3KCrrepHMeHTaJibHbiX 

Mccne.n.oaaHMR. B pa6oTe l1CITOJib30BaJII1 coapeMeHHbie cpi13HKO-Xl1MHqecKI1e MeTO.l.J.bi 

aHaJII13a. TaiOKe o6pamaeT Ha ce6jl BHMMaHMe oQeHKa Me)l(.n.yHapo.LJ.HbiX 3KcrrepTOB rrpH 

peQeH3I1pOBaHI1l1 rry6JII1KaQI1R ITO TeMaTHKe .l.J.l1CCepTaQI1I1. 

fipaKTUtJeCK3H 3H3lJHMOCTb .l.J.l1CCepTaQI10HHOR pa60Tbl COCTOHT B TOM, qTO: 
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- BrrepBbie rrpe)l;JIO)I(eHa KOM6HHau;IDI Heit'rpanbHbiX 6H.n:eHTaTHbiX JIHraH.n:on 

( reTepOIJ;HKJIHqeCKHX aMHHOB) C H30IJ;HaHH.LJ:aMH .LJ:JI.SI rrpoqHOfO CB513biBaHH51 

TP11Kap6oHHJibHbiX KOMIIJieKcon o.n:HonaneHTHbiX TexHeu;IDI H peHH51. B rrpou;ecce pa6oTbi 

CHHTe3HpOBaHO H Bbi.LJ:eJieHO 21 KOMIIJieKCHOe COe.LJ:HHeH11e (113 HHX 13 IIOJiyqeHbl 

BIIepBbie, .LJ:JI.SI · 8-MH IIOJiyqeHbl MOHOKp11CTaJIJibl, IIpHfO.LJ:Hbie .LJ:JI51 peHTfeHOCTPYKTypHOfO 

aHaJIH3a, .LJ:JI51 5-TH CH51Tbl .5JMP CIIeKTPbl). Y CTaHOBJieHa CTeiieHb BJIIDIHIDI XJIOpH.LJ:-HOHOB 

Ha rrpou;ecc KOMIIJieKcoo6pa3oBaHH51. 

· - Orrpe.n:eJieHbi H OIITHMH3HpOBaHbl YCJIOBH51 BBe.LJ:eHIDI MeTKM TeXHeiJ;U51-99m B 

BH.LJ:e TpHKap60HHJibHOfO <!JparMeHTa B 6110MOJieKyJibi C 11CIIOJib30BaHHeM KOM6HHaiJ;HH 

6H.LJ:eHTaTHOfO reTepOIJ;HKJilfqecKOfO aMHHa C 2-3THJIH30IJ;HaHoan;eTaTOM, MO.LJ:eJIHpyiO:W:HM 

MOJieKyJiy )I(HpHOH KMCJIOTbl. Pa3pa6oTaHHa51 rrpou;e.n:ypa MO)I(eT 6biTb HCIIOJib30BaHa .LJ:JI51 

C03,tiaHH51 HOBbiX Kap.LJ:HOTPOIIHbiX pa.LJ:110<lJapMrrperrapaTOB. 

~HCCepTa ... HH CO,LJ;ep~HT BBe.LJ:eHHe, 5 fJiaB, BbiBO.LJ:bl, CIIHCOK IJ;HTHpyeMOH 

JIHTepaTypbl, COCT051:W:HH 113 104 HaHMeHOBaHHH. Pa6oTa H3JIO)I(eHa Ha 169 CTpaHHIJ;aX 

MallJHHOIIHCHOfO TeKCTa, BKJIIOqaeT 129 p11CYHKOB, 36 Ta6JIHIJ;. 

ITo pe3yJibTaTaM .LJ:HccepTau;HOHHoif pa6oTbi orry6JIHKOBaHo 47 HayqHbiX pa6oT, 

cpe.LJ:H HHX 13 CTaTeif, H3 KOTOpbiX 12 orry6JIHKOBaHbl B Me)I(.LJ:yHapO.LJ:HbiX peu;eH311pyeMbiX 

HayqHbiX H3.LJ:aHIDIX, HH.LJ:eKCHpyeMbiX Me)I(.LJ:yHapO.LJ:HbiMH 6a3aMH .n:aHHbiX (RSCI, Web of 

Science H Scopus). Pe3yJibTaTbi pa6oThi Heo.n:HoKpaTHO .n:oKJia.LJ:biBaJIHCb Ha rrpecTmKHbiX 

pOCCHHCKHX H Me)I(.LJ:yHapO.LJ:HbiX KOH<lJepeHIJ;1151X. 

Bo BBC,li;CHHH IIpHBO.LJ:HTC51 OIIHCaHHe aKTyaJibHOCTH pa60Tbl, CTaB51TC51 u;eJIH H 

3a.LJ:aqlf HCCJie.LJ:OBaHH51, H3JiaraeTC51 HayqHa51 HOBH3Ha, rrpaKTH:qeCKa51 3HaqlfMOCTb 

IIOJiyqeHHbiX pe3yJibTaTOB, a TaK*e IIpHBOMTC5I OCHOBHbie IIOJIO)I(eHIDI, BblHOCHMbie Ha 

3a:W:HTy. 

IlepBaH r JiaBa pa60Tbl - IIpHBO.LJ:HTC51 0630p H aHaJI113 HayqHo-TeXHlfqecKOH 

JIHTepaTypbi, IIOCB51:W:eHHOH BBe.LJ:eH1110 TeXHeu;HeBOH H peH11eBOH pa.LJ:HOMeTOK B 

MOJieKyJibl )I(HpHbiX K11CJIOT. ITpHBe.LJ:eH cpaBHHTeJibHbiH aHaJI113 KOOp.LJ:11HaiJ;HOHHblX 

rpyrrri, HCIIOJib3yeMbiX .LJ:JI51 BBe.LJ:eHH51 TPHKap60HHJibHOfO <!JparMeHTa TexHeiJ;IDI H peHH51 B 

MOJieKyJibl )I<HpHblX KMCJIOT. ITOKa3aHO, qTO «2+ 1 » IIO.LJ:XO.LJ: 51BJI5IeTC51 HaH60Jiee fH6KMM H 

npOCTblM C CHHTeT11qecKOH TOqK11 3peHIDI. ITo HTory aHaJIH3a C.LJ:eJiaH BbiBO.LJ: 0 TOM qTo, 

HCIIOJib30BaHHe «2+ 1 » IIO.LJ:XO.LJ:a .LJ:JI51 BBe.LJ:eHIDI TeXHeiJ;11eBOH MeTKM B BH.LJ:e 

TpHKap60HHJibHOf0 <!JparMeHTa B MOJieKyJibl )I(HpHblX KHCJIOT C IIOMO:W:biO KOM6HHaiJ;HH 

HeHTJ)aJibHbiX feTepOUIIKJIIIqeCKIIX aMIIHOB II II30UIIaHII)J:HOH rpyiiiibl 51BJI51eTC51 HOBbiM II 

BeCbMa rrepcrreKT11BHbiM. 



BTopaH rJiaBa nOCB5I~eHa no,npo6HOMY 0n11camno 11CnOJib3yeMbiX peaKTI1BOB, 

o6opy .I(OBaHI151 11 MeTO.I(OB 11CCJie,noBaHI151 nonyqeHHbiX coe,ni1HeHI1H (11K, 5IMP, 

3JieKT_POHHa51 11 JIIOMI1Hecu;eHTHa51 cneKTpOCKOIII111, peHTreHOCTpyKTypHbiH aHaJII13, 

BbiCOK03<i><PeKTI1BHa51 )1(11.I(KOCTHa51 xpoMaTorpa<PI151, aTOMH0-3MI1CCI10HHa51 

CIIeKTpOCKOnl151 C 11H.I(YKTI1BHO-CB513aHHOH nJia3MOH, 3JieMeHTHbiH aHaJII13 ). 

B TpeTbeH rJiaBe IIO,npo6HO Oni1CaH CI1HTe3, CT_PYKTypa 11 CBOHCTBa nonyqeHHbiX 

coe,n11HeH11H: TexHeiJ;I151 11 peH1151. TaK)I(e npe,ncTaBJieHbi o6~11e cxeMbi CI1HTe3a «2+ 1 » 

Tp11Kap60HI1JibHbiX KOMnJieKCOB peH1151 c 611,neHTaHTHbiMI1 

reTepOIJ;I1KJII1qecKI1MI1 aMI1HaMI1 11 3TI1JII130IJ;I1aHaiJ;eTaTOM. 

Bee IIOJiyqeHHbie KOMIIJieKCbi 11MeiOT pal{-OKTa3,np11qeCKOe CTpOeHI1e. ,I(aHHbie 

coe,ni1HeHI151 11 rrpoMe)l(yToqHbie KOMnneKCbi oxapaKTep1130BaHbi MeTo,naMI1 

JIIOMI1Hecu;eHIJ;I111, HK, Y<l>, 1
H .51MP crreKTpocKonl11111 3JieMeHTHbiM aHaJII130M. 

B qeTsepTon r Jiase 113yqaeTc51 KHHeTI1Ka o6pa3oBaHI151 «2+ 1 » Tp11Kap6oHI1JibHbiX 

KOMIIJieKCOB TeXHeiJ;I151 11 peH1151 C reTepOIJ;I1KJII1qecKHMI1 aMI1HaMI1 11 2-

3TI1JI1130IJ;I1aHoau;eTaTOM. Hccne.nyeMbiH «2+ 1 » no.nxo.n no,npa3yMeaaeT, qTo B 

Tp11Kap6oHI1JibHbiX coe,ni1HeHI15IX T~xHeiJ;1151 11 peHI151 .nae cao6o,nHbie no311IJ;I111 3aHI1MaeT 

611,neHTaHTHbiH JII1faH,n, a TpeTblO Br KaHTHYIO n0311IJ;I1IO- MOHO,neHTaTHbiH JII1faH,n. 

,I(n5I ou;eHKH KOHKYP11PYIOJero BJII15IHI151 xnop11,n-110HOB Ha o6pa3oBaHI1e «2+ 1» 

Tp11Kap60HI1JlbHbiX KOMnJieKCOB Te!HeiJ;1151 11 peHI151 C reTepOIJ;I1KJII1qecKHMI1 aMI1HaMH 11 2-

3TI1JII130IJ;I1aHOaiJ;eTaTOM B pa60T 6biJia 113yqeHa KI1HeTI1Ka peaKu;l111 KOMIIJieKCOB 

[MCl(C0)3(N/\N)] (M = 99
Tc, R ; N/\N = bipy, phen) c 3TI1JII130IJ;I1aHoau;eTaToM B 

3TaHOJie. K11HeT11qecK11e 11CCJie,noB Hl151 peaKIJ;I1H C KOHBepc11eii 60-95 % npoBe,neHbi no 4 

TeMnepaTypHbiM TOqKaM (30, 40, 4 ' , 55 °C) .I(JI51 KOMnJieKCOB TeXHeiJ;I151 11 peH1151. 

B rrpou;ecce pa6oTbi ycTaH BJieHo, qTo B cnyqae KOMnneKCOB c TexHeu;l1eM-99 

CKOpOCTb B3a11MO,neiiCTBI151 1130HI1T_PI1Jia B 6eCXJIOp11.I(HOH CI1CTeMe JI11Illb HeMHOfO Bbiiiie, 

qeM B np11CYTCTBI111 XJIOp11,n-110H 1 B. ,I(JI5I peHI1eBbiX KOMIIJieKCOB 3Ta pa3HI1IJ;a 6onee 

cy~eCTBeHHa. ,I(JI5I nonyqeH1151 K<i>MnJieKCOB peHI151 peKOMeH.I(OBaHO npe,naap11TeJibHOe 

y,naneHI1e XJIOp11k110HOB. 

,naHHbie no onpe.neneHI1IO 3Hepr1111 aKTI1BaiJ;I111 11 

pacqeTy 3HTaJibnl111 11 3HT_POII 11 aKTI1BaiJ;I111 .I(JI51 peaKu;I1H [MCl(C0)3(NAN)] 11 

[M(C0)3(H20,EtOH)]Cl04 c C CH2C00Et B EtOH. C.nenaHo npe.nnoJio)l(eHI1e o 

MexaHI13Me peaKIJ;I111 . 

. B nHTOH rJiase on11caHo BJIIDIHHe XJIOpH,n-HOHOB Ha o6pa3oBaHI1e 

e901
Tc(C0)3(N/\N)CNCH2C00Et]Cl (N/\N = 2,2'-611n11p11,n11H 11JII1 1,10-<i>eHaHT_POJI11H). B 
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KaqeCTBe OCHOBHOfO MeTO)J;a HCCJie)J;OBamrn IIpH pa60Te C KOMIIJieKCaMH TeXHeUIDI-99m 

HCIIOJih30BaJiaCb BhiCOK03<l:><PeKTHBHa5.1 )I(H)J;KOCTHaSI XpOMaTorpa<l:>IDI. 

IlOKa3aHO, qTo rrpH KOHI.J,eHTpal.I,HH 2,2'-6HrrHpH.n;HHa 1 o-2 
M BhiXO)J; 2,2'-

6HrrHpH.n;HHOBOfO KOMIIJieKCa TeXHei.J,IDI-99m )J;OCTHraeT 100 %, a TaK )l(e, qTO XJIOpH)J;­

HOHhl He OKa3biBaiOT cy~eCTBeHHOfO BJIHSIHHSI Ha 3aMeli(eHHe MOHO)J;eHTaTHOfO JIHfaH)J;a 

Ha H30I.J,HaHH.li:HYIO rpyrrrry. 

B KaqecTBe JaMeqanHH no pa6oTe MOiKHO OTMeTHTb cJie)J.yrow;ee: 

1. He COBCeM KOppeKTHOe HCIIOJih30BaHHe TepMHHOJIOfHH 
11

0)J;HOBaJieHTHhiH 

Tc/Re" H "TexHeuHii(I), peHHii(I)". 06biqHo, TaKHM o6pa30M, Bhipa)l(aiOT KOJIHqecTBO 

aTOMOB CIIOC06HbiX rrpHCOe,lJ;HHHThCSI H/HJIH CTerreHb OKHCJieHlUI MeTaJIJia, a IIO CYTH, B 

pa6oTe HMeeTCSI BBH.li:Y KOMIIJieKCHhiH HOH C 3apS~)J;OM + 1. 

2. Ha HeKOTOpbiX pHCYHKaX (pHC. 94, pH C. 97, piiC. 117) B OCHOBHOM TeKCTe 

)J;HCCepTai.J,HH Ha3BaHHSI orrepal.I,HH Ha aHrJIHHCKOM Sl3hiKe. 

3. BbiXO)J; CHHTe3HpOBaHHhiX KOMIIJieKCOB TeXHei.J,Hif-99m .n;aH C yqeTOM 

pacrra.n;a 3JieMeHTa? 

4. KaKoe oi.J,eHoqHoe BpeMS~ CHHTe3a rrperrapaTa? 

BhillleyKa3aHHhie 3aMeqaHIDI He HOCS~T rrpHHI.J,HIIHaJihHhiii xapaKTep 

C.n;enaHHhie 3aMeqaHIDI He yManS~IOT 3HaqHMOCTII .n;HccepTai.J,HOHHoro 

HCCJie,li;OBaHHSI, H B UeJIOM He MeHj!IQT 06II(ero IIOJIO)I(HTeJibHOfO BrreqaTJieHIISI 0 

BhiiiOJIHeHHOH )J;HCCepTai.J,HOHHOH pa6oTe II He BJIIDIIOT Ha fJiaBHbie rrpaKTHqecKHe 

pe3yJihTaThi ,li;HccepTai.J,HH. Ilpe.n;cTaBJieHHrui ,li;HccepTai.J,IDI rrpe.n;cTaBJIS~eT co6oii 

3aBepllleHHYIO HayqHo-KBanH<l:>HKai.J,IIOHHYIO pa6ozy. IIpoBe.n;eHHhie HayqHhie 

HCC.r.ie,li;OBaHHSI IIpiiBeJIH K IIOJiyqeHHIO HOBhiX HayqHbiX 3HaHIIH. 

OI.J,eHIIBaS~ pa6ozy B uenoM, cqiiTaiO, qTo oHa S~BJIS~eTcS~ 3aKoHqeHHhiM HayqHhiM 

IICCJie)J;OBaHHeM, IIOCBSI~eHHhiM pellleHHIO Ba)I(HOH rrpo6JieMbl. 

Pa6oTa BhiiiOJIHeHa Ha BhiCOKOM HayqHOM II TeXHHqecKOM ypOBHe II HaiiHCaHa 

qeTKHM HayqHhiM Sl3hiKOM. 

ABTOpe<l:>epaT IIOJIHOCThlO H a.neKBaTHO OIIHChiBaeT C,ll;eJiaHeyiO pa6ory. 

,ll,IIccepTai.J,IIS~ oTBeqaeT T_Pe6oBaHIDIM, ycTaHOBJieHHhiM MocKOBCKHM rocy.n;apcTBeHHhiM 

YHIIBepciiTeToM HMeHH M.B.JloMoHocoBa K pa6oTaM rro.no6Horo po.na. Co.n;ep)l(aHHe 

)J;HCCepTai.J,HH COOTBeTCTByeT CIIei.J,HaJihHOCTH 1.4 .13. - Pa.n;HOXHMIISI ( IIO XHMHqecKIIM 

HayKaM), a Taioi<e KpHTepiDIM, orrpe.n;eneHHhiM rrrr. 2.1-2.5 IIoJIO)I(eHHS~ o rrpiiCY)I(.ll:eHHH 

yqeH1IX cTerreHeil B MocKOBCKOM rocy,a:apcTBeHHOM YHHBepciiTeTe HMeHH 

M.B .JloMoHocoBa, a Tal()l(e o<PopMneHa cornacHo T_Pe6oBaHIDIM IloJio)l(eHIDI o coBeTe rro 
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3a~HTe ~HCCepTaQHH Ha COHCKaHHe yqeHOH CTeneHH KaH~H~aTa HayK, Ha COHCKaHHe 

yqeHOH CTeneHH ~OKTOpa HayK ~OCKOBCKOrO rocy~apCTBeHHOrO YHHBepCHTeTa HMeHH 

~.B.J10MOHOCOBa. 

TaKHM o6pa3oM, · coHcKaTeJih TIOnHHa ~aprapHTa IOpbeBHa 3acny:IImBaeT 

npHCY)I(~eHH~ yqeHOH CTeneHH KaH~H~aTa XHMHqecKHX HayK no cneQHaJihHOCTH 1.4.13.­

Pa~HOXHMHR (no XHMHqecKHM HayKaM). 

O<j:mQHaJihHhiH onnoHeHT: 

KaH~H~aT XHMHqecKHx HayK, 

Be~y~HH HayqHhiH coTpy~HHK oT~ena pa~HOXHMHqecKHX TexHonorHH AO 

«BhiCOKOTeXHOJIOrHqecKHH HayqHO-HCCJie~oBaTeJihCKHH HHCTHTYT HeopraHHqeCKHX 

MaTepHaJIOB» HMeHH aKa~eMHKa A.A. EoqBapa», 

~~ 
~~ 

,ll;aTa: "_ill_" ~eKa6pR 2023 r. 

KoHTaKTHhie ~aHHhie: 

Ten.: + 7-499-190-89-99 (~o6. 82-89), e-mail: VL Vidanov@bochvar.ru 

CneQHaJihHOCTh, no KOTopou oq:mQHaJihHhiM onnoHeHTOM 

3a~H~eHa ~HccepTaQH~: 

05.17.02 TexHonorHR pe~KHx, pacce~HHhiX H pa~HoaKTHBHhiX 3JieMeHTOB 

A~pec MecTa pa6oThi: 

123098,r.~ocKBa,yn.PoroBa,5a 

AO «BhiCOKOTexHonorHqecKHH HayqHo-Hccne~oBaTeJihCKHH HHCTHTYT HeopraHHqecKHX 

MaTepHanoB» HMeHH aKa~eMHKa A.A. EoqBapa» (AO «BHHMH~») 

Ten.: +7(499)190-8999, 

e-mail: VL Vidanov@bochvar.ru 

http://www. bochvar .ru 

Ilo~nHch B.J1. BH~aHoBa y~ocToBep~IO: 

yqeHbiH ceKpeTapr, AO «BHHMH~», 

KaH~H~aT 3KOHOMHqeCKHX HayK 

Il03~eeB ~HxaHJI BacHJiheBHq 

~eKa6p~ 2023 r. 


