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OT3hiB BE):(YIIJ;EH OPr AHH3AJJ;HH 

Ha ,n:IIccepTaiJ;IIOHHYIO pa6oTy BrracoBa AneKce5I BaciirrheBII~a Ha TeMy 

«)l{apOCTOMKIIe B5IJKYII.(IIe II 6eTOHbl C rrpiiMeHeHIIeM 

BbiCOKOfJIIIH03eMIICTOfO lliJiaMOBOfO OTXO.[l;a», rrpe,n:CTaBJieHHYIO Ha 

COIICKaHIIe y~eHOM CTeiieHII KaH.[l;II.[l;aTa TeXHII~eCKIIX HayK ITO 

crreu;IIaJibHOCTII 05.23.05- CTpoiiTeJibHbie MaTepiiaJibi 11 H3,n:errl15I 

AKryaJihHOCTh H36pauuoii TeMhl 

B HaCT05III.(ee BpeM5I cymecTByeT rrpo6neMa, xapaKTepHa5I ,n:rr5I Bcex 

reorpm)m~eCKIIX periiOHOB II KOTOpa5I CB5I3aHa c yBerrH~eHHeM 3anacoB 

TexHoreHHbiX rrpo,n:yKTOB. B TO JKe BpeM5I ceif~ac BocTpe6oBaHbi TaKIIe 

xapaKTepiiCTIIKII orHeyrropHoro MaTepiiana, KOTOpbie II 03BOJI5IIOT eMy 

Bbi.[l;epJKIIBaTb He TOJibKO BbiCOKIIe TeMIIepaTypbi, HO II pa3JIII~Hble Haiip5IJKeHII5I, 

B03HIIKaiOII.(IIe rrpH :mcrrnyaTaiJ;IIII. B coBpeMeHHOM MaTepHarrose.n;emm 

orHeyrropHoro rrpoii3Bo,n:cTBa o6o3Ha~IIJiacb Heo6xo,n:HMOCTb peweHH5I 

O.[l;HOBpeMeHHO .Ll:BYX rrpo6JieM, CB5I3aHHbiX C cerO.[l;H5IlliHIIM COCT05IHIIeM pa3BIITII5l 

JKII3HII, HayKH II TeXHIIKI1. 3TO MaTepiiaJIOBe,n:~eCKHe 3a,n:a~l1, CB5I3aHHbie C 

C03.[l;aHHeM 6e306JKHf0BbiX JKapOCTOiiKHX MaTepHaJIOB, He ycTyrraiOLIJ;l1X ITO 

IIHIJ~CKMijrOCYAAPCTI3HHwt 
YHileiPCHTET APlU1TiiKTYPbl 

M CTPO~TE.R~TiSA 
S../111 fi ~ 

«:t.Q .. o,q~ 2~ 



3KCrrrryaTaQHOHHbiM xapaKTepHCTHKaM 06)1(Hf0BbiM orHeyrropHni M l1 

3KOITOrHqecKHe, HarrpaBrreHHhie Ha HCITOITb30BaHI1e TeXHOreHHOfO Cnlpn 51 l1 

3KOHOMHIO rrpHpO.LJ:HDIX pecypcOB. I13BeCTHO .LJ:OCTaTOqHo 60ITbliiOe LJ:HCITO pa60T n o 

HCITOITb30BaHHIO TeXHOreHHbiX rrpO.[(YKTOB B rrpOH3BO,[(CTBe CTpOHTeJibHbi X 

MaTepHanoB. O.n;HaKo, rronyqeHHe )l(apocTOHKHX MaTepHanoB Ha o cHoBe 

TeXHOreHHOfO Cnlpn.H npaKTHqeCKH ,[(0 CHX rrop 3aTpOHYTO oqeHb MaJIO. 

I1o3TOMY KOMITJieKCHbiH ITO.LJ:XO.[( K peweHHIO MaTepHaiTOBe.n;qeCKOH 3a,[(aLJ:H C 

yqeTOM COBpeMeHHOH 3KOITOfHH CITe.[(yeT rrpH3HaTb aKTYaJibHbiM, TaK KaK rrpH 3TOM 

B rrpOMbiiiiiTeHHOCTH CTpOHTeiTbHbiX MaTepHaJIOB pewaeTC51 QeJibiH p51.[( 

3KOHOMHqecKHX, TeXHOITOrHqeCKHX H 3KOITOrHqecKHX BOITpOCOB. 

CBH3h pa60Thl C DJiaHaMH COOTBeTCTBYIOIIJ,HX OTpacJieH uayKH H 

uapo.r.uoro X03HHCTBa 

CoBpeMeHHhiH crrpoc Ha CTpOHTeiThHhie orHeyrropHnie MaTepHaJini 

KOHQeHTPHpyeTC.H BOKpyr TaKHX oTpacrreii rrpOMblliiiTeHHOCTH KaK 

MeTanrryprHqeCKa51 rrpOMbiiiiiTeHHOCTb, MaliiHHOCTpOeHHe H IIpOMbiiiiiTeHHOCTb 

CTpOHTeiTbHbiX MaTepHaJIOB. YKa3aHHbie OTpacrrH ITOKpniBaiOT OCHOBHOH o 6oeM 

pniHKa )l(apOCTOHKHX MaTepHaJIOB, BMeCTe C TeM, 3aqacTy iO Ha TaKHX 

rrpe.n;rrpH.HTH.HX CKaiTITHBaeTC.H 60ITbliiOe KOJIHqeCTBO OTpa6oTaHHbiX MaTepHaiTOB, 

qacTHqHo HITH ITOITHOCTbiO COXpaH.HIOI.U;HX )l(apOCTOHKHe CBOHCTBa. BKrriOqeHHe 

BTOpHqHbiX pecypCOB B rrpOH3BO,[(CTBO CTpOHTeiTbHbiX MaTepHaJIOB IT03BOITI1T He 

TOITbKO yMeHhiiiHTb HX ce6eCTOHMOCTb, HO H yMeHbliiHTb 3KOITOfJIIqeCKI1H pHCK, 

CB.H3aHHhiH c xpaHeHHeM H yTHITH3aQHeii OTXO.LJ:OB. CorrracHo KOHQeiiQHH 

"ycToifqHBOfO pa3BHTH5l11 , 3aKperrrreHHOH ,lJ,eKrrapaQHeif ITO OKpy)l(aiOI.U;eH cpe.n;e H 

ycToifqHBOMY pa3BHTHIO, rrraBHa.H QeiTb pa3BHTH5l COBpeMeHHOfO o6r.u;eCTBa -

C03.LJ:aHHe ycrrOBHH, o6ecrreqHBaiOI.U;HX ITOTpe6HOCTH H HHTepeCbi KaK HbiHe 

)I(HBYI.U;HX, TaK H 6y.n;yr.u;Hx rroKorreHHH rriO.n;eii. O.n;Ha H3 Ba)I(He"HwHx 3a.[(aq -

peweHHe rrpo6rreMni yTHITH3aQHH rro6oqHhiX rrpo.n;yKTOB rrpoMniwn eHHhiX 

rrpOH3BO.LJ:CTB. QqeBH.LJ:HO, qTo paQHOHaJibHOe HCITOITb30BaHHe rrpHp O.[(HbiX 

pecypcOB H 3ai.U;HTa OKpy)l(aiOr.u;eif cpe.LJ:bl OT 3arp.H3HeHHH ee TeXHOfeHHhiMH 

OTXO.LJ:aMH 5lBIT5leTC5l Ba)I(HeHIIIeif 3a,[(aqe}i COBpeMeHHOfO o6r.u;eCTBa. 0 .[(Hl1M 113 
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peiiieHMM :noii 3a.n;aqM HBJUieTcH pa3pa6oTKa TexHonorMii YTMJIM3aU,MM 

cyiiJ,eCTBYIOIIJ,MX OTXO)l.OB M rro6oqHbiX rrpo.n;yKTOB. ,Zl.JIH :nora Tpe6yeTCH TIOHCK 

rryTeM rrepepa60TKM BTOpMqHoro CblpbH M rro6oqHbiX npo.n;yKTOB, KOTOpbie B 

HaCTOHIIJ,ee BpeM51 He MCIIOJib3YIOTCH ITO KaKMM-JIM60 IIpMqMHaM. 

J1pM Oll,eHKe COBpeMeHHOrO COCTOHHMH IIpOMbiiiiJieHHOCTM CTpOIHeJibHbiX 

MaTepMaJIOB 6biJIM BbiHBJieHbl pH)]. rrpo6JieM, O)l.Ha M3 KOTOpbiX 3TO HI13KHH 

ypoBeHb BOBJieqeHMH OTXO)l,OB IIpOMbiiiiJieHHOCTM B HOBOe IIpOM3BO)l,CTBO. B 

IIpHOpMTeTHbiX HanpaBJieHMHX peaJIM3all,MM «CTpaTerMM pa3BMTMH 

rrpOMbiiiiJieHHOCTM CTpOMTeJibHbiX MaTepMaJIOB Ha rrepMO)l, )l,O 2020 ro)l,a M 

)l,aJibHeMIIIYIO rrepcrreKTMBY )l,O 2030 ro)l,a», yTsep)l()l,eHHoii pacnopH)I(eHHeM 

ITpasMTeJibCTBa PoccMiicKoii <De)l,epau,MM B 2016 ro)l,y, cTaBMTCH 3a.n.aqa 

BOBJieqeHMH B IIpOM3BO)l,CTBO CTpOMTeJibHbiX MaTepMaJIOB B KaqecTBe CblpbH 

TexHoreHHbiX oTxo.n;os. TaM )l(e OTMeqaeTcH, qTo: «PeanM3aU,HH CTpaTerHM 

rrpM6JIM3MT PoccMiicKyiO <De)l,epall,MIO K ypoBHIO caMbiX pa3BMTbiX cTpaH MMpa no 

IIOKa3aTeJIIO )l,OJIM YTMJIM3all,HM OTXO)l,OB B 06IIJ,eM Macce MX e:>KerO)l,HOrO 

IIpOM3BO)l,CTBa». 

TaKMM o6pa30M, .n;MccepTall,MOHHa5I pa6oTa coMcKaTeJI5I Bnacosa AneKce5I 

BacHJibeBMqa MMeeT Herrocpe)l,CTBeHHYIO CB5I3b C IIJiaHaMM COOTBeTCTBYIOIIJ,eM 

OTpaCJIM HayKM - «CTpOMTeJibHbie MaTepMaJibl M M3)l,eJIMH», M HapO)l,HOro 

X035IMCTBa. 

HoBH3Ha uccJie)J,OBannH u noJiyqennhiX pe3yJihTaToB, BhiBO,ll,OB u 

peKOMeH)J,aiJ,HH, clJ>opMyJIHpOBaHHhiX B )J,HCCepTaiJ,HH. 

HayqHaH HOBM3Ha pa60Tbl orrpe.n;eJUieTC5I C Haiiieif TOqKM 3peHMH CJie)l,yiOIIJ,HMM 

OCHOBHbiMM IIOJIO)I(eHMHMM. 

ITepsoe - 3TO HayqHoe o6ocHoBaHMe Bbi6opa TexHoreHHoro CbipbH B BH.n;e 

IIIJiaMa IIJ,eJioqHoro TpaBJieHHH aJIIOMHHHH )l,JIH IIOJiyqeHHH )l(apOCTOHKHX 

KOMII03Mll,HOHHbiX MaTepHaJIOB Ha CMeiiiaHHbiX BH)I(YIIJ,HX. 

PeiiieHHe rrpo6neMbi Bbi6opa TexHoreHHoro CbipbH )l,JIH rronyqeHHH 

KOMII03Hll,HOHHbiX BH)I(YIIJ,HX H 6eTOHOB - qpe3BbJqaifHo TPY .IJ:HM 3a)l,aqa. C O)l,Hoi1 

CTOpOHbi cyiiJ,eCTBYIOT )l(eCTKMe 3KCIIJiyaTaU,HOHHbie Tpe6oBaHHH K )l(apOCTOMKHM 
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MaTepiia.rraM, a C .n;pyroii CTOpOHbi - OC06eHHOCTll TeXHOreHHOrO Cbl pb51, 

OITMCaHHbie B rnase 2 .LJ:IICCepTaiJ;IIll, ll CB513aHHbie C TeM, qTO OHO 5J.BJI5J.eTC51 

no6oqHbiM npo.n;yKTOM .n;pyrnx npoii3BO.LJ:CTB. I1 Bnacos A.B . .LJ:OJI)l(eH 6biJI HaHTM 

B3allMOCB513b 3KCITJiyaTaiJ;llOHHbiX CBOHCTB )l(apOCTOHKOrO KOMIT03llll;llOHH Or O 

MaTepna.rra (>KKM) c TexHonornqecKMMM napaMeTpaMM 11 XMMMqecKoii npn po.n;oil 

TeXHOreHHOrO Cblpb51 Ha TaKOM ypOBHe, KOTOpblll 6bi IT03BOJillJI nporH03Ylp OBaTb 

He06XO.LJ:llMbie CBOMCTBa )l{KM. ,[(nccepTaHT cnpaBMJIC51 C 3TOH 3a.n;aqeif TaKMM 

o6pa3oM, qTo npe.n;nmKIIJI napaMeTpbi, ncnoni>3yeMbie s cospeMeHHbi X 

<i_}yH.n;aMeHTa.TibHbiX HayKaX .LJ:JI51 OITMCaHll51 CBOllCTB Bei.IJ,eCTB: rrepsoe - 3TO 

HaJillqlle BbiCOKOTeMnepaTypHbiX TeXHOreHHbiX cpa3 KaK KpllTepllll ycTo ifqYJ.BOCTYI 

MaTepna.rra npii 3KCnnyaTaiJ;IIM; BTOpoe - pa3Mep qaCTllll; TeXHOreHHOrO Cbl pb51, 

qTo IT03BOJI5J.eT B CBOIO oqepe.n;b pa3.LJ:eJIMTb TeXHOreHHbie CllCTeMbi H a HaHO-, 

MOHHI>Ie II rpy6o.n;IIcnepcHbie. 

TaKMM o6pa3oM, HayqHoe o6ocHoBaHMe Bbi6opa TexHoreHHoro Cbip b51 s 

sn.n;e nmaMa I.IJ,enoqHoro TpasneHM51 a.rriOMMHM51 .LJ:JI5I nonyqeHM51 cMernaHHbiX 

)l(apOCTOMKIIX B5J.)I(YI.IJ,IIX II 6eTOHOB, IIpllBe.n;eHHbie B rnase 3 .LJ:llCCepTaiJ;llll, C 

Harneii TOqKll 3peHII5I COOTBeTCTBYIOT perneHMIO 3a.n;aqn non yqeHll51 )l{KM C 

ITOBbiilleHHbiMII <i_}II3IIKO-TepMllqecKMMll CBOHCTBaMll, KaK OCHOBaHHbie Ha 

COBpeMeHHOM ypoBHe pa3BllTll51 MaTeplla.TIOBe.n;qecKOH HayKII. Ilpo.n;yKTllBHOCTb 

Bbi6opa TeXHOreHHOrO Cblpb5I .LJ:OKa3aHa npaKTIIqeCKOH CTOpOHOll p a60 Tbl, B 

pe3yJibTaTe KOTOpOH pea.TIM3aiJ;ll51 MeXaHll3MOB BJill5IHll51 HaHoqaCTllU: Cbl pb51 

npllBO.LJ:llT K TaKMM KpynHbiM .LJ:OCTll)l(eHll51M, KaK ITOBbiilleHMe OrHeynopHOCTll, 

TepMOCTOHKOCTll, TeMnepaTypbi IIpllMeHeHM51, ll C03.LJ:aHMe B llTOre accopTHMeHTa 

HOBbiX )l(apOCTOMKIIX MaTeplla.TIOB. 

BTopa51 npiiHIJ;IIITlla.TibHa51 IT03llll;ll51 HayqHOH HOBll3Hbi CB513aHa C 

paccMorpeHneM BJIII5J.HII51 rnnaMa I.IJ,enoqHoro TpasneHM51 Ha npou:eccbi cpa3o- YJ. 

CTPYKTypoo6pa3oBaHM5I npn TeMnepaTypax 3KcnnyaTaU:IIM )l{KM OT 800 .n;o 

1500°C, a TaK)I(e Ha peorrornqeCKlle ll TeXHOJIOrllqecKMe CBOHCTBa )l(apOCTOllKYIX 

KOMIT03llU:llH. 
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B pa6oTe MCCJie.l(OBaH npou.ecc CMHTe3MpOBaHM51 :>KapOCTOHKMX B51:>Kylli,MX Ha 

OCHOBe rM,n:paBJIWieCKMX IJ,eMeHTOB M :>KM.l(KOCTeKOJibHbiX KOMII03Mll,MH C 

npMMeHeHMeM KOJIJIOM.l(HOrO OTXO.l(a npOMbiiiiJieHHOCTM, co.n:ep)l(aw,ero 

HaHO"Y:aCTMIJ,bi, - IIIJiaMa lll,eJIO"Y:HOrO TpaBJieHM51 aJIIOMMHM51. 

ABTOp MCIIOJib30BaJI KOJIJIOM.l(Hble CBOHCTBa )l.MCIIepCHOH <Pa3bl IIIJiaMa 

lll,eJIO"Y:HOrO TpaBJieHM51 aJIIOMMHM51 BO-nepBbiX )l.JI51 MHTeHcM<PMKaiJ,MM IIpOIJ,eCCOB 

<Pa3o- M CTPYKTypoo6pa3oBaHM51 TyronnaBKMX coe,n:MHeHMH, KOTOpbie B rrpoU,ecce 

nepBM"Y:Horo o6:>KMra npM TeMnepaType 1200°C M Bhiiiie <PopMMPYIOT cpa3bi 

MYJIJIMTa (3Al20 3 ·2Si02) M CMJIJIMMaHMTa (Ah03 ·Si02), "Y:eMy cnoco6CTByeT 

aMop<PM3aiJ,M51 <Pa3 rJIMH03eMMCTOrO M KpeMHe3eMMCTOrO COCTaBa M HaHOpa3Mep 

"Y:aCTMIJ,, BO-BTOpbiX, HaHOpa3Mep CIIOC06CTByeT pocTy IIJIOlll,a)l.M KOHTaKTa, qTo 

npMBO.l(MT K IIOBbiiiieHMIO npoqHOCTM )l(l{M M B KOHe"Y:HOM MTOre ynyqiiieHMIO 

TepMOCTOHKOCTM M OrHeynopHOCTM BCeH KOMII03Mll,MM, M, B-TpeTbMX KOJIJIOM)l.Hble 

CBOHCTBa IIIJiaMa .l(aiOT B03MO:>KHOCTb peryJIMpOBaTb peOJIOrWieCKMe M 

TeXHOJIOrM"Y:eCKMe CBOHCTBa 6eTOHHOH CMeCM Ha OCHOBe CMeillaHHbiX B51:>KYlli,MX, 

"Y:TO OIIMCaHO B 3 rJiaBe .l(MCCepTaiJ,MM. IJpMMeHeHMe HaHOTeXHOreHHOrO WJiaMa 

BbiCOKOrJIMH03eMMCTOrO COCTaBa B COCTaBaX :>KapOCTOHKMX KOMII03Mll,MH 

no3BOJIMJIO yny"Y:IIIMTb peonorM"Y:eCKMe xapaKTepMCTMKM pacTBopHbiX M 6eTOHHhiX 

CMecei1:, a TaK)I(e yBeJIM"Y:MTb BeCbMa Ba)I(Hble IIOKa3aTeJIM OrHeynopHbiX 

<PyTepOBO"Y:HbiX MaTepMaJIOB, KaK npO"Y:HOCTb IIOCJie 06)1(Mra B 30He KpMTM"Y:eCKMX 

TeMnepaTyp (80071 000 °C) M TepMM"Y:eCKYIO CTOHKOCTb. 

na3Mpy51Cb Ha 3TMX Oco6eHHOCT51X CBOHCTB TeXHOreHHbiX HaHoqaCTHIJ,, 

.l(MCCepTaHT nporH03MpyeT, II IIOJiy"Y:aeT HOBbie )l(apOCTOHKMe MaTepMaJibi, 

OTJIII"Y:aiOlli,IIeC51 IIOBbiiiieHHOH TeMneparypoi1: 3KCIIJiyaTaiJ,IIII He MeHee 1500°C, 

ynyqiiieHHOH TepMOCTOHKOCTbiO II npO"Y:HOCTbiO, a TaK:>Ke B03MO)I(HOCTb yrrpaBJI51Tb 

CTpyKTypoi1: IIOpMCTOCTM, "Y:TO OIIIICaHO B rJiaBaX 3, 4 )l.MCCepTaiJ,MII. 

TaKIIM o6pa3oM, BBe,n:eHMe 3JieMeHTOB HaHoTexHonoriiii B :>KapocTOHKMe 

KOMII031Ill,IIOHHbie MaTepiiaJibl, HaM npe.l(CTaBJI51eTC51 B paBHOH CTerreHII M 

COBpeMeHHbiM II IIOJie3HbiM .l(JI51 ynyqiiieHM51 CBOHCTB MaTepiiaJia. 
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3uaqnMOCTh )J.JIH HayKH H npOH3BO)J.CTBa (npaKTHKH) UOJiyqeHHhiX 

aBTOpOM )J.HCCepTaQHH pe3yJibTaTOB. 

0CHOBHa.SI 3Ha~HMOCTb )J)I.SI HayKH rrpe)lnaraeMOll pa60Tbi COCTOHT B TOM, 

~TO B Hell BIIepBbie Bbi.SIBneHbi 3aKOHOMepHOCTH BflH.SIHH.SI BBO)IHMOrO B 

)l(apOCTOHKYIO KOMII03HIJ;HOHHYIO CMeCb TeXHOreHHOrO KOMIIOHeHTa, 

CO)lep)l(ai.U:ero HaHO~aCTHIJ;bi, Ha 3KCIInyaTaQHOHHbie xapaKTepHCTHKH 

CMeiiiaHHbiX B.SI)I(YI.U:HX H MaTepHanOB Ha HX OCHOBe H OIIHCaHhi MeXaHI13Mbi 

peanu3au;uu 3Toro BnH.SIHH.SI. TaK aBTopoM ycTaHoBneHbi 3aKOHOMepHocTH 

cpopMupoBaHH.SI CTPYKTYPhi )l(apocToliKHX B.SI)I(YI.U:HX, CHHTe3HpoBaHHhiX Ha ocHoBe 

rH)lpaBnH~eCKHX QeMeHTOB, )l(ll)IKOCTeKOflbHbiX KOMII03HIJ;Hll 11 

HaHOTeXHOreHHOrO rnnaMOBOrO OTXO)la; IIOny~eHbi 3KCIIepHMeHTanbHbie 

3aBHCHMOCTH BflH.SIHH.SI TeXHOreHHOrO Cblpb.SI - rnnaMa I.U:eno~Horo TpaBneHH.SI 

aniOMHHH.SI Ha OCHOBHbie peonorH~eCKHe CBOllCTBa paCTBOpHbiX H 6eTOHHbiX 

KOMII03HIJ;Hll. I1CII0flb3Y.SI ycTaHOBneHHhie cpH3HKO-XHMH~eCKI1e rrpou;eCCbi 

cTpyKTypoo6pa3oBaHH.SI aBTOp )IOKa3an B03MO)I(HOCTh rrony~eHH.SI 3cpcpeKTI1BHbiX 

)l(apOCTOllKHX B.SI)I(YI.U:HX C IIOBbiiiieHHbiMH 3KCIInyaTaQI10HHbiMH 

xapaKTepHCTHKaMH KaK Ha OCHOBe rH)lpaBnH~eCKHX u;eMeHTOB, TaK H 

)I(H)IKOCTeKonhHhiX KOMII03HQHH. MaKCHManbHbie cpH3HKo-TepMw-IeCKI1e 

IIOKa3aTenH )l(apOCTOllKHX B.SI)I(YI.U:HX rrony~eHbl IIpH OIITHMMbHOM CO)lep)l{aHHH 

rnnaMa I.U:eno~Horo TpaBneHH.SI aniOMHHH.SI ( 10 o/o ). B cocTaBbi )l(apocTOHKHX 

B.SI)I(YI.U:HX Ha OCHOBe IIOpTnaH)IIJ;eMeHTa H )l(ll)IKOrO CTeKna BBO)IHflC.SI ei.U:e 

TOHKO)IHCIIepCHblll BbiCOKOOrHeyrropHblll OTXO)l IIpOMbiiiifleHHOCTI1 

aniOMoxpoMHCThiH rropoiiioK - OTPa6oTaHHhiH KaTanH3aTop B HecpTeXHMH~ecKoli 

rrpoMbiiiineHHOCTH HM-2201, a BBe)leHHe pa3nH~HhiX orHeyrropHbiX 

3aiiOflHHTeneli B KOMII03HIJ;HH C )l{apOCTOllKHMH B.SI)I(YI.U:HMH II03BOflHflO rronyqHTb 

aBTopy IIIHpOKYIO raMMY 6eTOHOB pa3nHqHoro Ha3HaqeHH.SI C 6onee BbiCOKOll 

TeMrrepaTypoli IIpHMeHeHH.SI H IIOBbiiiieHHOll TepMOCTOllKOCTbiO. 

3acnyra )IHccepTaHTa B TOM, qTo 3a)la~a uccne)loBaHH.SI ccpopMynupoBaHa 

HCXO)l.SI H3 rrpaKTHqecKOll IIOTpe6HOCTH rrpe)IIIpH.SITHll OTpacnH CTpOHTenbHbiX 
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MaTepHanOB, OIIbiT KOTOpbiX MO)l(eT 6oiTb BOCTpe6oBaH )J,pyrHMH rrpe)J,IlpH51TH51MH 

Poccww. 

IJpaKTW:IeCKa51 U:eHHOCTb pa60Tbl 3aKJUOl.JaeTC51 B pa3pa60TKe COCTaBOB H 

TeXHOJIOniH )l(apOCTOHKHX KOMII03HU:HOHHbiX MaTepHanOB pa311Hl.JHOrO 

Ha3Hal.JeHH51 C HCIIOJib30BaHHeM TeXHOreHHbiX OTXO)J,OB H cpH3HKO-MeXaHHl.JeCKHMH 

xapaKTepHCTHKaMH, He ycTyllaiO.I.IJ:HMH cy.r_u:eCTBYIO.I.IJ:HM MaTepwanaM, B 

pa3pa60TKe TeXHOJIOrHl.JeCKOH )J,OKyMeHTaU:HH H IIOJIO)l(HTeJibHbiX pe3yJioTaTaX 

HCIIbiTaHHH IIOJiyl.JeHHbiX aBTOpOM MaTepHanOB B IIpOMbiiiiJieHHbiX Y CJIOBH51X. 

Pa3pa6oTaHHbie cocTaBoi )l(apocTOHKHX 6eTOHOB rrpoiiiJIH rrpoH3BO)J,CTBeHHYIO 

arrpo6au:wiO Ha Ey3ynyKCKOM KHprrHl.JHOM 3aBo)J,e (OpeH6yprcKa51 o6nacTo) B 

Kal.JeCTBe orHeyrropHoro cpyTepoBOl.JHOro MaTepwana BaroHeToK TYHHeJII>HhiX 

rrel.Jeil. 

KouKpeTHhie peKoMeH)J.aQHH no ucnoJih30Bauuro pe3yJihTaToB u 

BhiBO)J.OB )J.HCCepTaQHOHHOU pa60Thl, HMeiOIQeii: npHKJia)J.HOU xapaKTep. 

Pe3yJioTaTbi H BbiBO)J,DI )J,HccepTaU:HOHHOH pa6oTbi BnacoBa A.B . Mory T 

HCil0Jib30BaTbC51 Ha rrpe)J,IIpH51TH51X rrpOMbiiiiJieHHOCTH CTpOHTeJibHbiX 

MaTepHanOB; rrpe)J,IIpH51TH51X XHMHl.JeCKOH H HecpTeXHMHl.JeCKOH 

rrpOMbiiiiJieHHOCTH; rrpe)J,IIpH51TH51X MeTannyprHl.JeCKOH H MaiiiHHOCTpOHTeJi bHOH 

rrpoMDIIIIJieHHOCTH B Kal.JeCTBe orHeyrropHoro cpyTepoBOl.JHoro MaTepwana, B 

rreqecTpoeHHH B Kal.JeCTBe orHeyrropHoro rrpwrraca, a TaK)l(e rrpw peMOHTHhiX 

pa60TaX pa311Hl.JHbiX TeiiJIOBbiX arperaTOB. 

060CHOBaHHOCTh H )J.OCTOBepHOCTh uayqnhiX llOJIOmeHHU, BhiBO)J.OB H 

3aKJiroqeuuii. 

BnacoBhiM A .B. rrpoBe)J,eHbi KOMrrJieKCHbie B3aHMO)J,OilOJIH51IO.I.IJ:He 

HCCJie)J,OBaHH51: cpH3HKO-XHMHl.JeCKHe, cpH3HKO-MeXaHHl.JeCKHe, IIeTporpaqmqecKHe, 

)J,HcpcpepeHU:HanbHO-TepMHl.JeCKHe H )J,pyrwe, pa3pa6oTaHHbiX )l(apOCTOHKHX 

MaTepwanoB c wcrroJih30BaHHeM TexHoreHHoro Coipo51. ITonyqeHHbie B pa6oTe 

pe3yJioTaTbl HCCJie)J,OBaHHH IT03BOJI51IOT C 60JibiiiOH )J,OCTOBepHOCTbJO 

CHHTe3HpOBaTb )l(apOCTOHKHe B51)l(Y.I.IJ:He H 6eTOHbl CO crreu:wcpHl.JeCKHMH 

cBoiicTBaMM (rroBoiiiieHHa51 XMMMl.JecKa51 CTOHKOCTo). ITpnMeHeHMe p a3JIMl.JHhiX 
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3<}l<}leKTHBHbiX )l(apOCTOHKHX B5l)I(YIIIHX B KOM6HHaLJ;HH C rrerKHMH H T5l)l(eJiblMH 

OfHeynopHbiMH 3aiiOJIHHTeJI5lMH II03BOJI5leT pacnmpHTb HOMeHKJiaTypy COCTaBOB 

orHeynopHbiX <jlyTeposolfHbiX MaTepHaJIOB c 3a,UaHHbiMH csoH:cTBaMH. ITpHMep 

paclfeTa OIITHMaJibHOfO COCTaBa )l(apOCTOHKOrO B5l)I(YIIIero C llOMOllJ.blO 

MaTeMaTHlfeCKOfO IIJiaHHpOBaHH5l 3KCIIepHMeHTa, IIpHBe):(eHHblH B rnaBe 4 

):(HCCepTaiJ,HH ):(eMOHCTpHpyeT BIIOJIHe y6e,UHTeJibHbie pe3yJibTaTbl H ll03BOJ151eT 

fOBOpHTb 0 ):(OCTOBepHOCTH IIOJiylfeHHbiX 3KCIIepHMeHTaJibHbiX ):(aHHbiX, T.K. 

aBTOpOM IIpHMeH5llOTC5l COBpeMeHHbie CTaH,UapTHbie MeTO):(HKH H H3MepHTeJibHbie 

cpe.ucTBa. 

,[I,OCTOBepHOCTb BbiBO):(OB H Ha):(e)I(HOCTb pa3pa6oTaHHbiX aBTOpOM 

peKOMeH):(aiJ,HH ):(OKa3aHa 3KCIIepHMeHTaJibHO, IIpHlfeM He TOJibKO B 

rra6opaTOpHbiX, HO H B IIpOH3BO):(CTBeHHbiX ycJIOBH5lX. 

O~enKa co~ep~auuSI ~uccepTau.uu, ee JaBepmeuuocTb B ~eJioM, JaMeqanuH 

no olf>opMJieHHIO. 

,[I,HccepTaiJ,HOHHa5l pa6oTa COCTOHT H3 BBe,UeHH5l, II5lTH rrraB, 3aKJIIOlfeHH5l C 

HTOfaMH BbiiiOJIHeHHOfO HCCJie):(OBaHH5l, CIIHCKa JIHTepaTypbi, BKJIIOlfaiOIIIero 214 

HaHMeHOBaHHH, Tpex IIpHJIO:>KeHHH. 06IIIHH o6neM pa60Tbi COCTaBJ15leT 203 

CTpaHHIJ,bi MaiiiHHOIIHCHOfO TeKCTa, ):(HCCepTaiJ,H5l CO,Uep:>KHT 60 pHCYHKOB, 26 

Ta6rrHu,. 

B rrraBe 2 IIO,Up06HO H3JIO:>KeHbi MeTO):(HKH 3KCIIepHMeHTa, OIIHCaH COCTaB H 

CBOHCTBa OCHOBHbiX MaTepHaJIOB, HCIIOJib30BaHHbiX B pa6oTe. rnaBa 3 IIOCB51IIIeHa 

C03):(aHHIO H HCCJie):(OBaHHIO CMelliaHHOfO )l(apOCTOHKOfO B5l:>KYIIIero Ha OCHOBe 

fH,UpaBJIHlfeCKHX IJ,eMeHTOB C ylfeTOM <}Ja30BOfO COCTaBa H HaHOpa3Mepa LJaCTHIJ, 

TexHoreHHoro Cbipb5l - rnnaMa IIIeJIOlfHoro TpasrreHH5l aJIIOMHHH51. K 

):(OCTOHHCTBaM rJiaBbi CJie,UyeT OTHeCTH IIpHMeHeHHe aBTOpOM COBpeMeHHbiX 

MeTO.UOB Hccrre.uosaHH5l CBOHCTB H CTPYKTypHo-<}la30BbiX npespaiiieHHH 

IJ,eMeHTHOfO KaMH5l pa3pa6oTaHHbiX COCTaBOB B npou,ecce IIOBbillieHH5l 

TeMIIepaTypbi 06)1(Hfa. rrraBa 4 IIOCB5liiieHa pa3pa60TKe COCTaBa H TeXHOJIOfHH 

IIOJiylfeHH5£ )l(apOCTOHKOfO B5l:>KYIIIero H 6eTOHOB Ha OCHOBe :>KH):(KOfO CTeKJla H 

CHJIHKaT-fJibi6bl C HCIIOJib30BaHHeM TeXHOreHHOfO Cblpb5l - lliJiaMa IIIeJIOlfHOfO 
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TpaBJieHIUI. 3.n;ecb CJie.n;yeT OTMeniTb If3yqeHHe aBTOpOM XHMHqecKOH CTOHKOCTH 

pa3pa6oTaHHbiX )l{apocTOHKHX 6eTOHOB. B rrrase 5 onHcaHhi onoiTHo

npoMhiiiiJieHHhie HCI1biTaHH51 pa3pa6oTaHHbiX )KapOCTOHKHX 6eTOHOB H pacqeT 

TeXHHK0-3KOHOMHqecKOH 3cpcpeKTHBHOCTH npHMeHeHH51 )KapOCTOHKHX 6eTOHOB 

Ha CMeiiiaHHOM rH.n;paBJIHqeCKOM B51)KYIIJ:eM. 

CTpyKTypa pa6oTDI rrorHqHa51 H oTseqaeT 3a.n;aqaM Hccrre.n:osaHH51, o.n;HaKo, 

HMeeTC51 p51.D: 3aMeqaHHH, KaK no cpopMe, TaK H no co.n:ep)KaHHIO. 

1. AsTopoM rrpe.n:rro)l{eHa TexHorrorH51 norryqeHH51 )l{apocToHKHX B51)KYWJIX H 

6eTOHOB c npHMeHeHHeM MeCTHbiX npoMDIIIIJieHHbiX oTxo.n:os. O.n;HaKo He 

I1pHBe.l(eHbi 06oeMbi ITO BbiXO.l(y H 3anacaM .l(aHHbiX CblpbeBbiX KOMnOHeHTOB. 

2. IlpH onpe.n;erreHHH XHMHqeCKOH CTOHKOCTH y HeKOTOpbiX COCTaBOB 

)KapOCTOHKHX 6eTOHOB aBTOpy CJie.l(OBaJIO 6oi HCCJie.l(OBaTb IIIJiaKOYCTOllqHBOCTb 

HOBbiX OrHeynopHDIX cpyTeposoqHbiX MaTepHaJIOB. 

3. AsTop MHoro BHHMaHH51 B pa6oTe y.n;err51eT neTporpacpHqecKoMy 

Hccrre.n:osaHHIO CTPYKTypoi pa3pa6oTaHHbiX )KapocToHKHX MaTepHarros, 

no.n;Tsep)K.n;a51 HX peHTreHo-cpa30BDIMH Hccrre.n:osaHH51MH. O.n;HaKo npH 

Hccrre.n:osaHHH u:eMeHTHoro KaMH51 Ha ocHose KOMn03HU:HH: Ill.."( 500-):J:O+ TO)J: 

I1M220 1 c 10% IIIrraMa nocrre o6)l{Hra npH TeMnepaType 1200°C asTop .n:erraeT 

BbiBO.l( 0 npHCYTCTBHH cpa3 MYJIJIHTa H CHJIJIHMaHHTa TOJibKO Ha OCHOBe 

neTporpacpHqeCKHX HCCJie.IJ:OBaHHH, qTo Bbi3biBaeT COMHeHH51. 

4. O,n:Holi H3 sa)l{HeHIIIHX xapaKTepHCTHK )KapocTOHKHX 6eTOHOB 51BJI51eTc51 

npe.n:erroHO .n:orrycTHMa51 TeMnepaTypa npHMeHeHH51, KOTopa51 onpe.n:err51eTc51 no 4 H 

40%-HOH .n:ecpopMaL(H51M rro.n: Harpy3KOH. CorrraCHO rOCT 20910 pe3yJioTaTbi 

orrpe.n:erreHH51 .n:ecpopMaU:HH no.n: Harpy3KOH ocpopMJI51IOT B BH.n;e .n;HarpaMMbi 

"TeMnepaTypa - ,n:ecpopMaL(H51 11 , HO aBTOp npHBeJI .IJ:HarpaMMbl TOJibKO .l(JI51 

T51)KeJibiX )KapOCTOHKHX 6eTOHOB Ha CMeiiiaHHOM )KH.IJ:KOCTeKOJibHOM B51)l{Ylll,eM. 

Ha KpHBbiX ,n:HarpaMM He OTMeqeHbi ToqKH Haqarra pa3M5J:rqeHH51, 4%-Holi 

,n:ecpopMaL(HH, 40%-HOH .n;ecpopMaL(HH H npH KOTOpOH npOH30IIIJIO pa3pyiiieHHe 

o6paJu:a. 
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5. He YKa3aHhi Bhi6opKa, ,n:oBepHTeJibHbi0: HHTepBaJI 11 eTaTI1eTw-IeeKa51 

o6pa60TKa pe3yJibTaTOB H3MepeHH51 ITpO~HOeTH Jia6opaTOpHbiX o6pa3UOB. 

6. Tpe6yeT yTo~HeHH51 IT03HUH51 o TeMITepaType ITPHMeHeHH51 JierKoro 

)l(apoeTOHKoro 6eToHa Ha eMernaHHOM rJIHH03eMHeToM B51)1(YIIJ:eM. TaK Ha p11e. 

3.19 OeTaTO~Ha51 ITpO~HOeTb 6eTOHa ITOeJie 06)1(Hfa ITpH 1 000°C ITpaKTI1~eeKI1 

paBHa HYJIIO, B TO)I(e BpeM51 aBTOp HeiTbiTb!BaeT Ha TeiTJIOITpOBO.ll:HOeTb o6pa3Ubl 

:noro 6eToHa IToene o6)1(Hra ITPH 1 000°C, a peKoMeH,n:yeT ITPHMeHeHHe ero ITPH 

TeMITepaType 11 00°C, XOT51 ITO ,n:aHHbiM Ta6JI11Ubl 3.6 ITpe,n:eJibHa51 TeMITepaTypa 

ITPHMeHeHH51 TaKoro 6eToHa 1 000°C (KJiaee 6eToHa H1 0). 

7. B Ka~eeTBe o6IIJ:HX pe,n:aKUHOHHbiX 3aMe~aHHH eJie,n:yeT OTMeTI1Th, ~To 

06beM pa60Tbi eJIHIIIKOM BeJIHK, ~aeTb pa3,n:eJIOB MO)I(HO 6biJIO 3Ha~I1TeJibHO 

eoKpaTHTb, OeTaBHB fJiaBHOe - o6ey)l(,n:eHHe 11 BbiBO.ll:bi, TaK B fJiaBe 2 OITHeaHHe 

eTaH,n:apTHbiX MeTO.ll:HK H3JIHIIIHe ITO,n:po6Hoe, B Ha3BaHH51 fJiaB 3 11 4,- He BOIIIJIH 

6eTOHhi, Ha eTp. 63 ITO seeM: sepo51THOeTH OIIIH6o~Ho YKa3aHbi "aHHOHhi Na- " 

BMeeTO KaTHOHOB, Ha eTp. 46 HeKoppeKTHO YKa3aH «,n:epHBaTorpaqm~eeKI1H» 

MeTo,n: aHaJIH3a BMeeTo «.n:HcpcpepeHUHaJihHO-TepMH~eeKoro». B hiBO.ll:hi, 

e<PopMyJIHpOBaHHbie Ha OeHOBaHHH HeeJie,n:oBaHHH, H3JIO)I(eHbl ITpOeTpaHHO, e 

6oJihiiiHM KOJIH~eeTBOM UH<l>posoll: 11H<l>opMaUHH. TaK, BbiBO.ll:hi B 3aKmo~eHI111 2, 

3, 4 MO)I(HO 06be,n:HHHTb 11 eoKpaTHTb ITO 06beMy, OeTaBHB HaH60Jiee Ba)I(HOe; 6 11 

7 - TO)I(e eaMoe. 

CooTBeTCTBHe asTope<l>epaTa ocHOBHhiM noJioiKeHHHM }J,HccepTauuu. 

ABTope<l>epaT ITpaBHJibHO 11 ITOJIHO ITepe,n:aeT eo,n:ep)l(aHHe ,n:HeeepTaUHH, 

o<l>opMJieH B eooTBeTeTBHH e Tpe6oBaHH51MH BAK MHHo6pHayKH Poeemi, XOT51 

o6beM aBTOpe<l>epaTa HeeKOJibKO ITpeBbiiiiaeT peKOMeH,n:yeMbiH (24 eTp.). 

Ilo,lJ,TBepiK,l1,eHHH ony6JIHKOBaHHhiX ocHOBHhiX pe3yJihTaToB 

}J,HCCepTaQHH B HayqHoii neqaTH. 

Ilo pe3yJibTaTaM BbiiiOJIHeHHbiX HeeJie,n:oBaHHH OITy6JII1KOBaHO 24 Hay~HbiX 

pa60Tbi, B TOM ~Herre IIIeeTb eTaTeH B H3,D;aHH51X, BXO.D;51~HX B ITepel!eHb 

peueH3HpyeMbiX Hay~HhiX 113,n:aHI1H BAK MHHo6pHayKI1 Poee1111, 11 O.D;Ha eTaTb51 B 

H3,D;aHHH, BXO.D;51I.U;eM B Me)l(,n:yHapO.D;HYIO pe<l>epaTHBHYIO 6a3y ,n:aHHbiX 11 eHeTeM 

10 



QHTHpoBaHIUI Scopus. OcHOBHbie rroJIO)l(eHHH .n:HccepTaQHH .[(OKJia.[(hiBaJII1Cb Ha 

Me)l(.[(yHapO.[(HbiX H BCepOCCHi:f:cKHX HayqHO-TeXHlflieCKHX, Hay qHo-npaKTlfqeCKI1X 

H HayqHo-MeTO.[(HqecKHX KOHcpepeHQHHx: XV AKa.[(eMHqecKHX qTeHHHX P AAC H 

«,II:OCTH)l(eHH51 H rrpo6JieMbi MaTepHaJIOBe.[(eHH51 H MO.[(epHH3aQHI1 CTp011TeJibHOH 

HH.[(YCTpHH» (Ka3aHb, 2010 r.); «Tpa.[(HQHH H HHHOBaQ1111 B CTp011TeJibCTBe 11 

apxHTeKType» (CaMapa, 2010-2016 rr.); «Ilpo6rreMbi rrpoqHoCTI1 11 

.[(OJirOBeqHOCTH 6eTOHa H )l(eJie3o6eTOHa» (Ycpa, 2011 r.); «YHHBepCHTeTCKHH 

KOMIIJieKC KaK perHOHaJibHbiH QeHTp o6pa30BaHH51, HayKI1 H KYJib-Typbi» 

(0peH6ypr, 2013-2014 rr.); «AKTYaJibHbie rrpo6rreMbi HHTerpaQH11 HayKM 11 

o6pa30BaHH51 B perHOHe» (Ey3yJiyK, 2013-2014 rr. ); «l1HHOBaQH OHHbi e 

cTpOHTeJibHbie TexHorrorHH. TeopnH 11 rrpaKTHKa» (OpeH6ypr, 2015 r .); « H ayKa 11 

o6pa30BaHHe: <l>yH.[(aMeHTaJibHbie OCHOBbi, TeXHOJIOrHH, HHHOBaQHll» (0peH6ypr , 

2015 r.); «TeopH51 H rrpaKTHKa IIOBbiiiieHH5I 3cpcpeKTHBHOCTH CTpOHTeJibHbiX 

MaTepHaJIOB» (IleH3a, 2015 r. H 2017 r.); «Ka3aXCTaHQbi - HaQH5I e.[(I1HOrO 

6y.[(yiQerO» (YparrbCK, 2016 r.); «Pecypc0-3Hepro3cpcpeKTHBHbie TeXHOJIOrl111 B 

CTpOHTeJibHOM KOMIIJieKCe perHOHa» (CapaTOB, 2017 r.). 

Co.n:ep)l(aHHe rreqaTHbiX pa6oT OTpa)l(aeT OCHOBHble IIOJIO)l(eHH51 

.[(HCCepTaQHH B .[(OCTaToqHo IIOJIHOM o6oeMe. 

3aKJnoqeuue 0 COOTBeTCTBHH )J.HCCepT3QHH KpHTepHHM, 

ycTanosJieHHhiM lloJio~euueM o npucy~)J.euuu yqenhiX cTeneueu. 

TaKHM o6pa3oM, .[(HccepTaQHH BrracoBa ArreKceH BacHJibeBtrqa HBJIHeTCH 

3aKoHqeHHOH HayqHO-KBaJIHcpHKaQHOHHOH pa60TOH, B KOTOpOH H3JIO)l(eHbl HOBbie 

HayqHo 060CHOBaHHbie TeXHOJIOrHqecKHe perneHH51 H pa3pa60TKH IIO IIOJiyqeHI1lO 

)l(apOCTOHKHX KOMII03HQHOHHbiX MaTepHaJIOB pa3JilfqHoro Ha3HaqeHH51 C 

yrryqrneHHbiMH 3KCIIJiyaTaQHOHHbiMH xapaKTepHCTHKaMH C IIpHBJieqeHHeM 

TeXHOreHHOrO Cblpb51, HMelOIQHe CyiiJ;eCTBeHHOe 3HaqeHHe .[(JI51 pa3BHTH51 CTp aHbi, 

qTO COOTBeTCTByeT Tpe6oBaHH5IM II. 9 «IlOJIO)l(eHH51 0 IIpHCY)l(.[(eHHH yqeHbiX 

CTerreHeif», YTBep)l(.[(eHHoro rrocTaHOBJieHHeM IlpaBHTeJibCTBa Pocc11iicKo ii 

<l>e.n:epau;HH OT 24.09.2013 r. N2 842, rrpe.n:oHBJIHeMbiM K .[(HccepTaU115IM Ha 

COHCKaHHe yqeHOH CTerreHH KaH.[(H.[(aTa HayK, a ee aBTOp 3aCJIY)l(HBaeT 

11 



IIpHCY)I()l.eHIUI yqeHOM CTeiieHM KaH)l.M)l.aTa TeXHJiqecKMX HayK ITO CIIeU:MaJibHOCTM 

05.23.05- CTpoHTeJibHbie MaTepHaJibi M M3)l.errmi. 

0T3biB Ha )l.MCCepTaU:MIO M aBTOpe<l>epaT o6cy)l()l.eH M O)l.06peH Ha 3aCe)l.aHHH 

Ka<Pe)l.pbl «CrpOHTeJibHbie MaTepHaJibi M TeXHOJIOrMM», IIpOTOKOJI N2 1 OT «06» 

ceHT516p51 20 19 r. 

ITpHcyTCTBOBaJIM COTPY.ll.HMKM Ka<Pe.ll.pbi: 3ase)l.yiOII.I,a51 Ka<Pe.ll.poil, )l..T.H., 

npo<Peccop ITerposa T.M.; )l..T.H., npo<Peccop lllaHrMHa H.H.; )l..T.H., npo<Peccop 

EerreHU:OB IO.A.; K.T.H., .ll.OU:eHT ~)l(aiim H.A.; K.T.H., )l.OU:eHT ITorreTaes A.B.; 

K.T.H., .ll.OU:eHT Xa)l.)l.a)l. T.X.; cTapiimil rrpeno)l.aBaTenb HMKOJibCKMM K.B. 

ITpHrrrarneHHbie: )l..T.H., npo<Peccop Ka<Pe.ll.pbi «I1H)I(eHepHa51 XHMM51 H 

ecTeCTB03HaHMe» IITYITC - MacrreHHMKOBa JI.JI. 
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