
OT3hiB 
oct»u~uaJihHoro onnoueuTa ua ,IJ,HccepTa~uouuyro pa6ory 

KpuJKaHOBCKoro HJibH HuKoJiaeBH'Ia 

«METO,ll; TIOCJIE,ll;OBATEJihHOrO rH,ll;POTHOJIHPOBAHIDI H 
rH,IJ;POCHJIHJIHPOBAHIDI- YHHBEPCAJihHhiH HHCTPYMEHT CHHTE3A 
TIOJIHWYHKil;HOHAJihHhiX KPEMHHHOPr AHW-IECKHX COE,ll;HHEHHH H 

TIOJIHMEPOB P AJJIHqHOH APXHTEKTYPhl», 
npe,ll,cTaBneuuyro ua coucKauue yqeuou CTeneuu KaH,IJ,H,IJ,aTa XHMH'IeCKHX uayK 

no cne~uaJihHOCTH 1.4.7. BhiCOKOMOJieKyJIHpHhie coe,IJ,HHenuH 

BbiCOKHe Tpe6oBa.HHSI K KOHTPOlliO CBOHCTB KpeMHHHOpra.HHqeCKHX coe,n;HHeHHH H 

IIOJIHMepOB ,n;erraiOT aKTYaJibHbiMH HCCJie,li;OBaHHSI, IIOCBSII.QeHHbie IIOHCKY HOBbiX IIO,li;XO,li;OB K HX 

CHHTe3y H MO,n;H<llHKaiJ;HH. B HaCTOSII.Qee BpeMSI HCIIOJib3YeTCSI MHO)l(eCTBO peaKUHH H HX 

coqeTaHHH ,li;JISI CeJieKTHBHOH ~YHKUHOHaJIH3aiJ;HH KpeMHHHOpra.HHqecKHX coe,n;HHeHHH, cpe,n;H 

KOTOpbiX HaH6orree qacTO HCIIOJib3YeMbiMH SIBJISIIOTCSI peaKUHH pa,n;HKaJibHOfO 

m,n;pOTHOJIHpOBaHHSI H MeTaJIJIOKOMIIJieKCHOfO rH,n;pocimHJIHpOBa.HHSI. ,[(HCCepTaiJ;HOHHaSI pa60Ta 

KpH)l(a.HOBCKoro .HrrbH HHKorraeaHqa HarrpaarreHa Ha H3yqeHHe rrpHMeHeHHSI TaKoif 

IIOCJie,li;OBaTeJII>HOCTH peaKUHH K O,li;HOMY cy6cTpary, qTo o6ecrreqHT IIIHpOKHe B03MO)l(HOCTH ,li;JISI 

CeJieKTHBHOH ~YHKUHOHaJIH3aiJ;HH H CHHTe3a HOBbiX BbiCOKOMOJieKyJISipHbiX 

KpeMHHHOpraHHqeCKHX coe,n;HHeHHH, a TaK)l(e 1103BOJIHT rny6)l(e H3yqHTb ~yH,n;aMeHTaJibHYIO 

1Ip06JieMy . fH,ll;pOCHJIHJIHpOBaHHSI cepoco,n;ep)l(aJUHX COe,li;HHeHHH, KOTOpaSI He,li;OCTaTOqHO 

HCCJie,li;OBa.Ha B HaCTOSII.Qee BpeMSI. B CBSI3H C 3THM TeMa .UHCCepTai.lHH, rrpe,UCTaBJieHHaSI K 3aiUHTe 

.H.H. KpH)l(aHOBCKHM, sraJISieTcsr aKzyarrbHOH. 

,[(Hcceprau;HOHHaSI pa6oTa .H.H. KpH)l(aHoacKoro HarrHcaHa rro Tpa.n;HUHOHHOMY rrrraHy, 

H3JIO)l(eHa Ha 160 CTpaHHUax H COCTOHT H3 BBe,n;eHHSI, JIHTeparypHOfO 063opa, 06Cy)l(,UeHHSI 

pe3yJibTaTOB, 3KCIIepHMeHTaJibHOH qaCTH, BbiBO,li;OB, CIIHCKa HCII0Jib30Ba.HHOH JIHTepaTypbl (221 

HaHMeHOBaHHe) H IIpHJIO)l(eHHSI. ,[(HccepTaUHSI BKJIIOqaeT 15 Ta6JIHU H 72 pHCYHKa. 

Bo eeeoeHUU (2llaea I) eMKO H co.n;ep)l(aTeJibHO C~OpMyrrHpOBaHbl aKryaJibHOCTb, uerrb H 

OCHOBHbie 3a,ll;aqlf, HayqHaSI HOBH3Ha H rrpaKTHqecKaSI 3HaqlfMOCTb ,li;HCCepTaUHOHHOH pa60Tbl. 

B 211aee lJ paCCMOTPeHbl y)l(e orry6JIHKOBaHHbie pa60Tbl, IIOCBSIIUeHHbie CHHTe3y H 

HCCJie,li;OBaHHIO 3aBHCHMOCTeH CTpyKrypa-CBOHCTBa IIOJIH~YHKUHOHaJibHbiX 

KpeMHHHOpraHHl:!eCKHX coe,n;HHeHHH pa3JIH~OH apXHTeKrypbl, a TaK)Ke o6cy)l(,UaiOTCSI 

HeKOTOpbie OC06eHHOCTH IIpHMeHeHHSI peaKUHH m,n;pOTHOJIHpOBa.HHSI H fH,ll;pOCHJIHJIHpOBaHHSI B 

XHMHH KpeMHHHOpra.HHqeCKHX coe,n;HHeHHH. 

B 211aee lJirrpe,n;cTaarreHbi co6cTBeHHbie pe3yJibTaTbi .HrrbH HHKorraeaHqa. 

,[(HccepTaHT CHHTe3HpOBaJI 60 HOBbiX COe,li;HHeHHH, Ha OCHOBe IIOJIH~YHKUHOHaJibHbiX 

CHJia.HOB, CHJIOKCa.HOB H UHKJIHl:JeCKOfO IIOJIHCHJICeCKBHOKCa.Ha. llpoaHaJIH3HpOBa.HO BJIHSIHHe 

,li;JIHHbl aJIH~aTHqecKOfO MOCTHKa Me)l(,Uy aTOMaMH KpeMHHSI H cepbl Ha aKTHBHOCTb CHJia.HOB B 

peaKUHH fH,ll;pOCHJIHJIHpOBaHHSI. Orrpe,n;eJieHbl OIITHMaJibHbie YCJIOBHSI CHHTe3a H oqHCTKH 

IIOnyqeHHbiX coe,n;HHeHHH, orrpe,n;eJieHbl CBOHCTBa HaH6orree HHTepeCHbiX H3 HHX. 

B 211aee IV aaTop orrHCbiBaeT 3KcrrepHMeHTaJibHYIO l:!aCTb, a HMeHHO ace peareHTbi H 

MaTepHaJibl, MeTO,li;HKH CHHTe3a H HCIIOJib3YeMbie B ,li;HCCepTaiJ;HOHHOH pa6oTe ~H3HKO

XHMHqecKHe MeTO,ll;bl HCCJie,li;OBaHHSI, TaKHe KaK 1H , 13C, 19F H 
29Si .5IMP-crreKTpOCKOIIHSI, .HK-
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cneKT_POCKOIHUI, reJibnpOHHKaiOIIJ;<UI XpOMaTorpaqm.H, TepMOrpaBHMeT_PHqeCKHH aHaJIH3, 

,ll;H<pcpepeHIJ;HaJibHM CKaHHpyiOIIJ;M KaJIOpHMeTpH.H, HCCJie,ll;OBaHHe MOHOCJIOeB B BaHHe 

fleHrMIOpa H .n;p. 

HayqHM HOBH3Ha H OCHOBHbie BbiBOnhi TIIJ;aTeJibHO nposeneHHOH pa60Tbl CBOn.HTC.H K 

crrenyiOIIJ;eMy : 

• YcTaHoBrreHo coxpaHeHHe Si-H rpynn B ycrroBH.HX pa,n.HKaJihHoro rHnpoTHOJIHpOBaHH.H H 

3aBHCHMOCTb YCJIOBHH nposeneHH.H peaKIJ;HH OT HCnOJib3yeMbiX peareHTOB. f1ono6paHHbie 

ycnoBH.H no3BOJIHJIH nposonHTh peaKn;HIO rHnpoTHOJIHpoBaHH.H no KOJIHqecTBeHHoii 

KOHBepCHH peampyiOIIJ;HX rpynn npH BbiCOKOH CeJieKTHBHOCTH peaKIJ;HH no ~-a,JJ.nyKTy . 

• I1oKa3aHO, qTo rHnpocHJIHJIHposaHHe CHJiaHOB c nsyM.H CH2-rpynnaMH Me:>I<:,Lzy aTOMOM 

cepbi H Si-H-rpynnoii He npoTeKaeT npH TeMneparypax no 120 °C. ITpHqHHa -

o6pa30BaHHe npoqHoro xerraTHoro nrraTHHOBoro KOMnneKca, ycToifqHsoro B ycrroBH.HX 

peaKn;HH. ITpHMeHeHHe KBaHTOBO-XHMHqecKHX pacqeToB no3BOJIHrro npencKa3aTb 

CT_POeHHe KOMnJieKCa, KOTOpblH narree 6hm BhiLleJieH, OIIHCaH H HCIIOJib30BaH nJI.H 

BbiCOKOTeMnepaTypHOrO (150 °C) mnpOCHJIHJIHpOBaHH.H CMeCH BHHHJI- H 

rHnpHnconep)l(a.r.u;HX noJIHnHMeTHJICHJIOKCaHOB. 

• ITposeneHo mnpocHJIHJIHpoBaHHe 6orrbiiioro KOJIHqecTBa cepoconep)l(aiiJ;HX cy6cTpaTOB 

( CHJiaHOB, nHCHJIOKCaHOB, IJ;HKJIOTeTpaCHJICeCKBHOKCaHa H noJIHcpyHKIJ;HOHaJibHOrO 

nOJIHLlHMeTHJICHJIOKCaHa) C KOJIHqecTBeHHbiMH (>95%) KOHBepCH.HMH cpyHKIJ;HOHaJibHbiX 

rpynn H BbiCOKoii (>95%) cerreKTHBHOCThiO peaKIJ;Hii. HarrHqHe cyrrhcpHnHoii rpynnhr 

HeCKOJibKO 3aMenJI.HeT peaKIJ;HIO rHnpoCHJIHJIHpOBaHH.H H o6yCJIOBJIHBaeT 6orree BbiCOKYIO 

3arpy3KY KaTaJIH3aTOpa (0.1-1 MOJI % ), no cpaBHeHHIO C T_Pa,JJ.HIJ;HOHHO HCnOJih3yeMOH 

(1 0 -3-10 -4 MOJI % ). Ba)I(HbiM nocTOHHCTBOM pa3pa6oTaHHoro MeTona nocrrenosaTeJihHoii 

MOnHcpHKaiJ;HH nOJIHcpyHKIJ;HOHaJibHbiX KpeMHHHOpraHHqeCKHX coenHHeHHH, 

conep)l(a.ru:Hx rpynnhi Si-Vin H Si-H, .HBJI.HeTc.H B03MO)I(HOCTh cerreKTHBHoro 

npHcoenHHeHH.H BBOnHTb noJI.HpHbiX (CnHpTbl, f13fH), HenoJI.HpHbiX (Ar, Alk, rrepcpTOp

Alk) H cpyHKIJ;HOHaJibHhiX (arrKOKCHCHJIHJihHblli) cpparMeHTOB B CTpyKrypy cy6cTpaTa Ha 

pa3HbiX CTa,JJ.H.HX MOnHcpHKaiJ;HH. 

• IJonyqeHHbie norrHcpyHKIJ;HOHaJibHhie nOJIHMepbl o6Jia,JJ.aiOT BbiCOKOH TepMHqecKOH (290-
3 92 °C) H TepMOOKHCJIHTeJibHOH (281-413 °C) CTa6HJibHOCTbiO H HMeiOT xapaKTepHbie nJI.H 

JIHHeHHbiX IT.D:MC TeMnepaTypbl_ CTeKJIOBaHH.H (117-129 °C). TaK KaK Ha BTOpoii CTa,JJ.HH 

MOnHcpHKaiJ;HH npOTeKaeT nOJIHMepaHaJIOrH~M peaKIJ;H.H 110 cpyHKIJ;HOHaJibHbiM rpynnaM, 

HaxOL{.HIIJ;HMC.H B OCHOBHOH u;enH (4% MO,ll;HcpHIJ;HpyeMbiX 3BeHbeB) - CnOC06HOCTb 

nOJIHMepOB K KpHCTaJIJIH3aiJ;HH nonasJI.HeTC.H. 

• EhmH nonyqeHbi naHHbie o 3aBHCHMOCT.HX cT_PyKrypa-csoiicTBa nJI.H npoH3BonHhiX 

TeTpau;HKJIOCHrrcecKBHOKCaHa H ero MOHOMepHbiX aHarrorax. Ehmo ycTaHosrreHo, qTo 

nonyqeHHbie npenopraHH30BaHHbie IJ;HKJIHqecKHe coenHHeHH.H noHH)I(aJOT 

noBepXHOCTHOe HaT.H)I(eHHe 3cpcpeKTHBHee HenpenopraHH30BaHHbiX coenHHeHHH 

aHarrorHqHoro cTpoeHH.H (HaT.H)I(eHHe Ha rpaHHn;e pa3nerra sona-mrryorr 14-17 MHIM 

npOTHB 28 MH/M) npH onHHaKOBOH MaCCOBOH KOHIJ;eHTpau;HH. Ha OCHOBe 

cpyHKIJ;HOHaJibHOrO CTepeoperyJI.HpHoro IJ;HKJia 6bill0 nonyqeHO KOHBepCHOHHOe 

noKpbiTHe nJI.H MeTaJIJIHqeCKHX nOBepXHOCTeH, 06Jia,JJ.aiOIIJ;ee aHTH06rreneHHTeJibHbiMH 

CBOHCTBaMH H IIOKa3aBIIIee yseJIHqeHHOe BpeM.H no nO.HBJieHH.H KOpp03HH B KaMepe 
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COlliiHOfO TyMaHa ITO cprumeHIUO C CHJiaHOM aHaJIOfHqHOfO CTpOeHIDI (132 IIpOTHB 510 

qacoB). I1ccrre.nOBaHHe IIOBe,neHHX MOHOCJIOeB <l_}yHKU:HOHaJihHhiX IIOJIHMepHbiX 3Be3,n B 

BaHHe fleHrMIOpa IIOKa3aJIO 3aBHCHMOCTb IIOBepXHOCTHOfO ,naBJieHHX H IIJIOrn;a,nH Haqarra 

KOH<I_}OpMaU:HOHHOfO rrepexo,na OT CTepeoperymipHOCTH CHJICeCKBHOKCaHOBOfO x,npa. 

IlpaKTHqecKM 3HaqHMOCTh. ,lJ;HccepTaHTOM pa3pa60TaH H OIITHMH3HpOBaH MeTO,n 

rrorryqeHH}I IIOJIH<I_}yHKU:HOHaJibHhiX KpeMHHMOpfaHHqeCKHX COe.D:HHeHHM, KOTOpbie MOfYT 6biTh 

HCIIOJih30BaHbl B KaqecTBe rrpeKypcopOB KOHBepCHOHHhiX aHTHKOpp03HOHHbiX IIOKpbiTHM, 

opraHopacTBOpHMhiX HeHOHHhiX ITAB, CHJIOKCaHOB c pacrrpe.nerreHHhiMH no nerrH 

<l_}yHKu:HOHaJihHhiMH rpyiiiiaMH, rrpeKypcopoB ,Ullil rrorryqeHHX <l_}yHKU:HOHaJihHhiX MaTepHaJIOB H 

IIOKpbiTHM. 

B U:eJIOM, cffiopMyrrHpOBaHHbie IIOJIO)KeHHX, BhiHOCHMbie Ha 3alUHTy, HayqHax HOBH3Ha 

pa60Tbl, ee BhiBOllhl H rrpaKTHqecKM 3HaqH:MOCTb cymeCTBeHHhiX 3aMeqaHHM y OIIIIOHeHTa He 

Bhl3biBaiOT. 

II o pa6ome y onnm-leHma ecmb cJZeoylOUJUe eonpocbz u 3a.Me'-l.aHUJl. 

1. B TeKcTe .nHccepranHH Ha CTp 66 yKa3aHO, qTo «Ilpo.nyKThi ( coe.nimeHHX 52 H i52) Bhi.D:emiJIH 

IIpH IIOMOrn;H rrperrapaTHBHOM reJihiipOHHKaiOrn;eif xpoMaTOrpa<I_}HH, HO TaK)Ke ,Ullil rrepBHqHOM 

oqHCTKH IIpHMeHXJIOCb TpeXKpaTHOe (He ,npo6Hoe) rrepeOCa)KlleHHe B CHCTeMe TOJIYOJI

aneTOHHTpHJI. CyMMapHhiM BhiXO.D: rrorryqeHHoro rrpo.nyKTa rrocrre rrepeoca)K.LJ:eHHX cocTasJUirr 50-

60 %». A B 3KcrrepHMeHTaJihHoil qacTH .D:llil coe.nHHeHHX 52 BhiXO.D: YKa3aH 74%. TaK KaKOil )Ke 

BbiXO,U rrpo.nyKTa 52? 

YKa3aHHbie 3aMeqaHHX HH B KOeif Mepe He 3aTparHBaiOT OCHOBHhiX BhiBO.D:OB H HTOfOB 

pa6oThi, a 6orrhiiie HMeiOT .D:HCKyccHoHHhiM xapaKTep. OcHOBHhie pe3yJihTaThi H BhiBO.D:hi 

,UHCCepTai.J:HH OCHOBaHhl Ha TlUaTeJihHhiX 3KCIIepHMeHTaJibHhiX .D:aHHhiX, o6o6meHHXX, KaK 

C06CTBeHHhiX .D:aHHhiX, TaK H HMeiOlUHXCX B JIHTepazype. ABTOpe<l_}epaT .D:HCCepTaU:HH H 

rry6JIHKai.J:HH OTpa)KaiOT OCHOBHOe co.nep:>I<aHHe pa60Thi. MaTepHarrhi ,UHCCepTaU:HH 

orry6rrHKOBaHhi B qeTbipex cTaThXX B )KypHarrax WoS H Scopus (TpH Ql H Ol!Ha Q2) H Te3Hcax 

O.D:HHHa,UU:aTH .LJ:OKJia,UOB Ha Me~HapO.LJ:HhiX H BCepOCCHMCKHX KOH<I_}epeHU:HXX. 

B nerrOM ,ll.HCCepT3QHH HBJIHCTCH uayquo-KB3JIHfi»HK3QHOHHOH pa60TOH, B KOTOpOH 

3BTOpOM npe,ll.JIO~CHO pemeuue npo6JieMbl XHMHH BhiCOKOMOJieKyJIHpHhiX COC,!J.HHCHHH, 

HMCIOW:CH Ba~uoe uapO,ll.HOX03HHCTBCHHOe 3Haqeuue, IIOCKOJihKY pa3pa60TaH HOBhiM MeTO,U 

rrorryqeHHX HOBhiX <l_}yHKI.J:HOHaJihHhiX OJIHfOMepOB H IIOJIHMepoB, KOTOpbie MO)KHO HCIIOJib30BaTb 

B KaqeCTBe BhiCOK03<1_}<1_}eKTHBHhiX rrpeKypcopOB KOHBepCHOHHhiX aHTHKOpp03HOHHhiX IIOKpbiTHM, 

opraHopacTsopHMhiX HeHOHHhiX ITAB, cHrroKcaHoB c pacrrpe.nerreHHhiMH no nerrH 

<l_}yHKI.J:HOHaJihHhiMH rpyiiiiaMH, rrpeKypcopOB .LJ:llil IIOJiyqeHHX <l_}yHKU:HOHaJibHhiX MaTepHaJIOB H 

IIOKpbiTHM. 

BhmorrHeHHoe I1.H. KpH)KaHOBCKHM Hccrre.nosaHHe cooTBeTcTsyeT naciiopzy 

CIIeU:HaJihHOCTH 1.4. 7. BhiCOKOMOJieKymipHbie coe,nHHeHHX II. 2 «CHHTe3 OJIHfOMepOB, B TOM 

qHcJie CIIeU:HaJihHhiX MOHOMepoB, CBX3h HX CTpOeHHX H peaKU:HOHHOM CIIOC06HOCTH.» , II. 4 

«XHMHqecKHe rrpespameHIDI IIOJIHMepoB - BHyTpHMOJieKyllilpHbie H IIOJIHMepaHaJIOfOBbie, HX 

CJie,UCTBHX.» H II. 9 «IJ.erreHaiipaBJieHHM pa3pa60TKa IIOJIHMepHbiX MaTepHaJIOB C HOBbiMH 

<PYHKI.J:H}IMH H HHTerrrreKTYaJihHhiX CTPYKTYP c HX rrpHMeHeHHeM, o6rra,naiOIUHX 

xapaKTepHCTHKaMH, orrpe.nemiiOlUHMH o6JiaCTH HX HCIIOJih30BaHH}I B 3aHHTepeCOBaHHhiX 
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OTJ)aCJUIX HayKH H TeXHHKH» . 

.IJ:uccepTa:UHOHHrui pa6oTa KpH)l(aHOBCKoro HuKonaeBuqa «Mem.n: 

IIOCne,n:OBaTenbHOfO rH.D:pOTHOilllpOBaHHSI H rH,n:pOCHnHnHpOBaHHSI YHHBepcanbHbiH 

HHCTJ)yMeHT CHHTe3a IIOITH<l_}yHK:UHOHMbHbiX KpeMHHHOpraHHqecKHX COe.D:HHeHHH H IIOITHMepOB 

pa3nH~OH apXHTeKTypni» IIOITHOCTbiO COOTBeTCTByeT KpHTepHSIM, YCTaHOBneHHbiM IIII. 9-14 

I10ITO)l(eHHSI 0 IIpHCy)l(LJ:eHHH yqeHbiX CTerreHeH, YTBep)l(LJ:eHHOfO IIOCTaHOBneHHeM 

TipaBHTenbCTBa PoccuiicKoii <l>e,n:epa:uuu .N2 842 oT 24 ceHTSI6p.s~ 2013 r. B pe,n:aK:UHH c 

H3MeHeHHSIMH, yTBep)l(,n:eHHbiMH rrocTaHOBneHHSIMH TipaBHTenbcTBa P<l> .N2 335 OT 21 arrpeJUI 

2016 r. H .N2 426 OT 20 MapTa 2021 r. , a ee aBTop, KpH)l(aHOBCKHH Hnns1 HuKonaeBuq, 6e3ycnoBHO, 

3aCny)l(HBaeT IIpHCy)l(LJ:eHHSI yqeHOH CTeiieHH KaH.D:H.D:aTa XHMHqecKHX HayK ITO CIIe:UHMbHOCTH 

1.4.7. BniCOKOMoneKyJUipHbie coe,n:uHeHHSI. 

Oclmu:uaJihHhiH onnoueuT: 3aBe.n:yiOIUHH na6opampHeii <}lyHK:u;HOHanbHbiX MaTepuanoB ,n:n.s~ 

OpraHHqecKOH :meKTJ)OHHKH H <l_}OTOHHKH <l>e,n:epanbHOfO rocy,n:apCTBeHHOfO 6IO,n:)l(eTHOf0 
yqpe)l(LJ:eHHSI HayKH HHCTHTYT CHHTeTHqeCKHX IIOilliMepHbiX MaTepHanOB HM. H. C. EHHKOITOIIOBa 
PAH. 

,n:OKTop XHMuqecKHX HayK (crre:u;HanbHOCTb 1.4.7- BniCOKOMoneKyJUipHI>Ie coe,n:uHeHHSI) 
Tene<}loH: +7 (495) 332-58-97 
Email: borshchev@ispm.ru 
liopm.es Oner BaneuTuuosuq « 12» LieKa6p.si 2024 r . 

HaHMeHOBaHHe opraHH3ai.J;HH: <l>e,n:epani>Hoe rocy,n:apcTBeHHoe 6IO,n:)l(eTHoe yqpe)l(,n:eHHe HayKH 
HHCTHTYT CHHTeTuqecKHX IIOITHMepHbiX MaTepHanOB HM. H.C. EHHKOITOIIOBa PocCHHCKOH 

aKa,n:eMHH HayK 

IJoqTOBbiH a,n:pec: 117393, r. MocKBa, yn. I1po<l_)coi03Hrui, ,n:. 70 

Tene<}loH opraHH3a:UHH: +7 (495) 335-91-00 

A,n:pec ::meKTJ)OHHOH rroqTbi opraHH3ai.J;HH: getmanovaev@ispm.ru 

IJO.D:IIHCb LJ:OKTOpa XHMHqecKHX HayK, 3aBeLJ:YIOIUero na6opaTOpHeH <l_}yHK:UHOHMbHbiX 
MaTepuanoB ,n:JUI opraHHqecKoii :meKTpOHHKH H <l_)oTOHHKH EopmeBa Onera BaneHTHHOBHqa 

y LJ:OCTOBepSIIO. 

YqeHbiH ceKpeTapb <l>fEYH HHcTHTyTa CHHTeTuqecKHX rronHMepHbiX MaTepHanoB HM. H.C. 
EHHKOITOIIOBa p AH, KaH.D:H.D:aT XHMHqeCKHX HayK 

feTMaHoBa EneHa BacHnbeBHa « 12» LieKa6p.si 2024 r. 
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