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o{uqHa.rrbuoro o[rroHeHTa Kyusrnona Pyc.naua Maurenu.ra Ha

ArrcceprarlrroHHyro pa6ory Eafircasuesa Aprypa S.nsqapoBrqa <<CHnres

rlpocrblx apoMarlrrrecmlrx no.nueSupoB c KeroKcr{MarubrMu {parvrenraMr{ H

KoMrIo3IrrbI Ha Irx ocHoBe), [peAcraBJIeHHyIo Ha corlcnauue yuenofi cre[eHrr

KaHAr{Aara xrrMrrrrecrcrrx HayK rro c[eqr{aJrbHocrrr 02.00.06

BbrcoKoMoJreKyJrfl pHble coeAlrHeHI{f

Kar ugsecrHo, o4uofi u3 BaxHefiuux 3aAarr xtrvtutr BbrcoKoMoJreKyJrf,pHblx

coeArlHeHuit sr,rgercfl cuHTe3 rroJll{MepHbrx Mareprr€uloB c KoMrrJIeKcoM [oJre3HEIx

ceoficm. Hapxay c cuHTe3oM HoBbrx [oJrlrMepHbrx crpyKryp Bce 6omruee

3HarIeHI4e npzo6peraer rvro4ra$rar<awrfl. cyqecrByrouux rpoMbrrrrJreHHbrx

noJrr{MepoB. I,IsnecrHo, qro nau6olee

lpoMblrxneHHbrx rroJrr4MepHbrx MaTpLrq

sSSercruBHbrMr4 rrao.qnQuraropaMr{

xzMuqecKravrz SparMeHTaMLr.

fiauuat AI{ccepraIILIfl rIocB.rIrUeHa peureHr4ro aKTyanbHoit sagauu rro cHHTe3y

MoHoMepHbIx rr noJIkIMepHbIx crpyKryp, co.{epxarqr4x rrpocrue s$upnbre cB.,r3r{,

KeroKcLIMarHbIe, 6ensoQeuoHoBble vr cynr$ononue Sparuenrrr, a raKxe

LICCneAoBAHkIe BO3MOXHOCTIiI HCIOJIb3OBAHkIfl, CLIHTe3LIpOBaHHbIX COeALIHeHnfi Xar

vrogu$zqnpyoqux Ao6asor K rrpoMbrrrrJreHHhrM rrpocrbrM apoMarr.,rqecKr{M

norurs$zpal. I4cctteAoBaHuf, s o6nacru noJrf{eHkrfl 14 npr{MeHeHzx uo4o6nux

rIoJILIMepHbIx crpyKTyp npeAcraBJrqror, KaK uayrurrfi, TaK u rtpaKTuqecrcufi,

IzHTepec. Ilpe4ctaureHHall pa6ota r.rMeer pfiA AocrorrHcrB, TaKr{x, KaK

KoM[JIeKcnufi no4xoA AJIf, AocrI{xeHI{, rrocraBrenHofi qeriu, ocHoBaHHufi ua

outuualrnofi [ocJIeAoBareJIEHocrr4 cr{HTe3oB: MoHoMepbr 6torz 6lor-

coloJlplMepbl, o6naAaroque KoMlJreKcoM rtreHHbrx [poruo3r{pyeMbrx cnoficrn;

BBeAeHI{e cvHTe3}IpoBaHHErx 6nor-couoJrr{MepoB B Kaqecrne uo4aQrararopoB B

rrpoMrrrlneHHbre rroJrr{Mepbr . fiaruuat reMarr.rKa BecbMa aKTy€[JrbHa.

,{ucceprarluoHHafl pa6om EafiKaszesa A.3. uocrpoeHa cornacHo

flBJI{IOTCf, CTpyKTypbr CO CXO)KpTMrI

rpe6onauzsvr BAK u BKJIIoqaer cJleAyroulr4e pa3AeJrbr: BBeAeHLre, wrreparypnrrfi



o6sop, gKclepzMeHT€IJrbHyro qacrb, o6cyx4eu[e pe3yJrbraroB, BBrBoAhr, c,,klco*
uctloirb3 oraHuofi Jrr,rreparyphr.

BseAe,ue coAepx[t neo6xoA[IM're rnarz6zrarlr4oHHbre xapaKTepr,rcrt.Ku
Al4cceprarll4Lt: '(ocraroqHo qerKo o6ocnosana aKTy€IJrEHocrB nu6paunofi renarr
I4ccJIeAoBaHVfl', o[perenenrr o6rert I{ npeAMer r4ccireA oBa,Ltfl, cooprrayru4poBaHH
II.JII,, 3araqu Ilt rIoJIoxeHI{f,, BBIHocLIMhre Ha 3aIrII,ITy.

Jlzreparypnufi o6sop rrpeAcraBJr.rrer co6ofi aH€rJrLr3 JrzreparypHrr>:
I4croqHLIKoB IIo reMe ALIcceprarIrII4, [ocBf,IrleHHbx cuoco6au [oJr]4reHr{rr [pocrbDi
apoMaruqecKlrx nonzs0zpon, BJruf,HkIIo crpoeHrrf, zcxoAHrrx MoHoMepoB Ha
cnoficrsa o6pasyrorquxcfl, [oJrrrMepoB. Hapr,gy c sTLrM paccMoTpeHhr
KoM[o3I4ItrLIoHHhre MarepLIEUrhr Ha ocHoBe npoMbrrrrJreHHErx rroJrraMepoB w
cJror{crocr{JrrrKarHhrx HaHonarronnzrenefi .

Bo ntopofi HIaBe ((gKclepuMeHT€rJrbH€ur qacrb)) aBTopoM [pr{BoAf,Tcfl
xapaKTepucruKvl ucxo.qHblx Belr{ecrB w pacrBopr,rre.rrefi, [crroJrb3yeMbrx B
Ilpoqecce cI{HTe3a MoHoMepoB u rroJILIMepoB, coAepxarqr{x KeroKcr{MarHhre

Sparuermu' onzcrrBalorcf, MeroAt4Kr, czHre3a HoBBrx noJrLrMep-o6pasyroq,x
crpyKTyp p€I3rl'IqHoro 6no'rHoro xllMlrqecxoro crpoeHu;r Ha ocHoBe 4,4,-
.ql'IxJlopAr'rsenzncyrroona, 4,4'-gu$topgzoennrcyrroo ua, 4,4,-gnxaop4zseHr4Jr
KeroHa, 4,4'-gu$rop4n0eu[JrKeroHa , 4,4'-gurn4poxcz4zseH[JrcyJrb@oua, 

ArrKero
KcI{Ma 4,4'- .4zaller}IJrAu{enuloBoro s@upa. flpe4craure,br paspa6oraHHhre
MeroAIrKlI cLIHTe3a pflAa HoBbIx MoHoMepoB 6noquoro crpoeHlrrr, 6nor-
conoJrrrMepoB, B qacrHocrr4, 6ror - co[oJrusQupcyrrQoHoKcLtM ara u 6ror
couonzs$rapcynr0oHKerorroKcvrMara, a raKxe orrucan Hosrrfi cuoco6 BErAeJreHr,f,
,JIEKTPOXI{MLTqECKI,IM METOAOM I,I3 NPZPO4UOfi .,I,.HEI HAHOP€I3MEPHOTO
6ernonzta-3 (75-80 oz rraontrraoprrJlJroH,tra) c Hr{3Kr,M coAepxaHzena rap6oHaroB
MET€TJIJIOB.

B tperrefi ruane, cocrofl IrIe it us nsrupa3AeJroB, o6cyx4arorc.f, [oJryqeHHbre
pe3yJlbrarbl' B gtofi HIaBe o,,l4cblBalorcf, ycJroB't.n rroJrrr eH'fl, HoBEIx 6no.rHrrx
Mo,oMepon' 6nor<-cotloJr[MepoB, 6enronzta-o u KoMlo3rrrl[oHHbrx MarepIltuIJIoB



Ha ocHoBe npoMbIrIrJIeHHoro noJrr,rMepa rorr4QeHuJrercoupcyJrbooHa (Radel R ),
c[HTe3r'rpoBaHHhrx MoAZoUraropoB u 6euronzra-3.

B neprorra lI BTopoM pa3AeJlax rperrefi DraBbr paccMorpeHbr cloco6rr u
MexaHLI3MbI [oJrrreHkrfl Ar.rKeroKc[Mco,{epxarqero MoHoMepa v HoBhrx
MoHoMepoB 6ro'I,oro crpoeHzfl c n=5. Eo*uroe BHLtMaHrae aBTop yAeJrlrr
I'rcrreHLIIo 3aKoHoMepnocrefi uporeKaHl,If, peaKrlar{ cr4HTe3a MoAeJrBHErx

coe4zneurafi' qro TIo3BoJILIJIO ttafiru olruMaJlbHhre ycnoBrrr npoBeAeHH{
rIoJInKoHAeHcaqI4u' C uouoqbrc coBpeMeHHBIx cuoco6os uccJreAoB aHn,, TaKrrx.
xar< zK' 'f,MP-cneKTpocKorrl4f,, gJleMenrnrrfi a*a,rkt3 6rrnz AoKa3aHEr cocraB rr
cnoficrsa [oJrfreHHrrx coeAr4nenzfi .

B rpe*eM pa3AeJIe aBTop orlktc€ur pe3yJrbrarbr r.ccJreAoBaHu{ [poqecca
cr{HTe3a 6ror<-conolusf, zpoKcrrMaroB.

B rper.eM pasAeJle coAepxl4Tcf, uogpo6noe o[r4caHr{e rroJurue'H'rx
pe3yJIBTaroB, o6ocnosaHze yclonzfi [oJrrreHr,r.fl HoBbrx 6nor<couoJrr.rMepoB, a
TaKxe MeroABr ux LtccJleAoBalflnfl,. PaccuarpuBarcTc.f, rrpoqeccbr o6pasonauur
lpocrElx apoMar}IqecKl4x uo'uussupon rlpu cr{Hre3e B ArrMerrrJrcyrr6orcz4e,
BbL',IBJreHhI orITI{MaJrbHhre ycJroBr4f, cr4HTe3a 6nox-conoJruMepHErx CTpyKTyp,
ycraHoBJleHbr KoHIIeHTpaIII4OHHbTe coorHor[ eflHufl. vr TeMleparypHhre pexr4Mbr,
BTLISIOqUe Ha BbrxoA IIeJIeBOTO [poAyKTA, BrrtrflHute pacrBopr{TeJr.,r z Bo3MOXHbre
no6o.rHrre peaKrlr,u4.

.{m oupeAeJleHl4f, crpyKTyphl [oryqeuHhrx coeAr{HeH ufi. npuetreqeHbr raKrre
METOAbI I,ICCJIE.{OBAHLIfl., XAr: ZK-CIEKTPOCKOIILIf,, oJIEMEHTHTTfi ArrAArAg.

r4M rpeAJroxe'a ourltM€ulbHa.fi o6o6qenuax cxeMa rroora,,,oro
lpelaparl4BHoro rloJlrreHu' HoBBIx 6lor-couoJlltMepHbrx crpyKTyp c pasnoft
CTEtrEHbIO KOHAEHCAqI4LT U P€I3HEIMI,I KOHIIEBrIMZ {YUTqTIOH€[JIrHrIMI4 IPY111IAMI{
ttyrcneo0unrnofi n enenrpoQznurofi flprtpoAhr, coAepxarrrr4x Hancrv c
SeHunrHrrrraz flApaMpr npocryro e$zpHyro cB.fl3b,

coAepxarrlr4x r^ApflAy

Kero-, cylr@ononrre

c

u
KeroKcI4MarHEre MocrLIKr4' crpyrtypustit $usaitH yKa3aHHBrx [poAyKToB crpot4Jrc.,r
raKuM o6pasou' qto6rr xuMuqecK'f, upapoAa cocraBJr.f,rorq[x Qparuenton



CIOCO6CTBOB€UIA XOPOI,IEfi COBMECTI.MOCTZ C IPOMEIIIIJIEHH'IMI

rarxe xopouefi aAr$r.ru K MarpraqaM pa3nr{quofi rprporrr.

rronr4MepaMv\ a

3arffo'rzreJrbH're ABa pa3AeJIa .qaHHofi rna'rr [ocB.srqe,br paccMorpeHr{ro
paspa6otaHHoro aBTopoM cuoco6a floJrrreH]rf, us narus,ofi HrLrHEr
MecropoxAe*ufl' fepnerex (Poccur, KEP), coAepxarqefi naonruoplrJrJroHltroByro

Sparquro Ao soyo, oJreKrpoxl4Mr4qecK[M MeroAoM HaHop,3MepHoro,
yHktMoA€ulbHoro 6enronzta-3 (75-80% MoHrMopurrouzra) c Hrr3KlrM
coAepxaH,eM rap6ouaron Cu*r, Mg*, u Ap. MeraJrJroB; nao4z0 uKa\vu
uorz0eurueus{zpcylssona 4o6anrau u culr eszpoBangbrx 6nor- couoJr4Mep oB -6lox-couonzesupcynr0onoKcllMaroM u 6nox-couonus@zpcynr0oureroHo
KcI{MaroM' floxa3a*a Bo3MoxHocr' [paKTuqecKoro uc,,oJrE3o Ba,-r
cr'rHTe3r{poBaHHErX COe4unennfi B KaqecrBe uo4uouqnpyroqeft 406anru K
[oJIrraeMbIM B [poMBrIrIJIeHHEIx uacura6ax rIoJII4MepaM c rleJrbro yJrrrrrreH Hfl. ux
TexHoJrorrdqecKnx csofi crs.

B [paKTilqecKoM [JIaHe IIeJIeHalpaBJreHHoe BBeAeHHe pEBrr4qH'rx
oKcnMarH'rx crpy*TypHhlx Sparnaenton, KaK u oxrrA€uroc', cuoco6crnoB€Ljro
o6pa:onaHr4ro HoBrrx 6no.r,hrx MOHOMepHbrx crpyKTyp, coAepxarq,x s cso6M
cocraBe pa3Hbre floJrLrMepo6pa^:yroqze 

synxqzoH€urbHbre rpynrhr. Oro
lo3BoJrrrJlo B IIIkIpoKoM .qua[€BoHe xuMrrqecKrrx upeBparq euufr. rroJrfrr{Tb
pa3Ju4qHEIe 6nor-couoJlt4Mephr, Koropbre [poflBJrrror HoBEre csoftcrsa Lt
yBeJu4qHBaIor Bo3MoxHocrllt [prlMeHeHzf, [oJrI{MepHhIx MarepLraJroB,
cIrHT$LtpoBaHHBrX Ha ux ocHoBe.

Brrno4rr raKxe qerKo orpal*arcT cyrb [poAeJraHnofr pa6orrr.
B anrope@epare [peAcraBJIeHEr neo6xo4znarre AaHH6re, ocBerrlarcq,e

ocHoBHoe coAepxaHue pa6or'r, KparKo LI .,tcHo z3JroxeH Marepr,r.Ur kr p$yJrbrar'r
r{ccJreAoBauuit.

Horrre MoHoMepbI u [oJIrreHHEIe rr3 Hkrx 6roxz u 6norc-conoJrr4Mephr
oAHO3HaqHo cBkrAereJrbcrByrcT o HOBr43He A,CCepTarlzonnofi pa60rrr, a
neo6xoguMocrb LIx AaJrEHefiurero accJreAoB a*hflco3Aaer rrorurrHyrc [epc[eKTHBy
Altfi. larrbnefiluefi pa6oru.



B KaqecrBe floxeJraHwit we*yer orMeTurb cJreAyroqee:

1' Bce cI{HTe3u IIpoBoAI{npIcB B Ar,rMerr.rJrcynr$orcz4e, uHrepecuo 6uro 6rr
paspa60rarb MeroAr{Kr{ c,Hre3a AaHHErx crpyKryp u B Apyrux A.[p. Karuu
o6pasou MoryT L,'MeHT{TE.-a csoficrBa cuHTe3[poBaHHErx 6ror-coloJrr.rMepoB ,,pLI
3aMeHe pacrBopureJu AlrMerrlrJrcynrsorcuAa Ha Apyrue AArIp (N,N-
Ar,MerLrJrarleraMrlrA, N-uerzrlupponr.rAoH, Ar4Merunooprua^au4 r.u.).

2, xenarenrno 6oree rroJrHoe uccJreAoB aHHe Qusuro-x,Mr4qecKux u
MexaHzqecKr{X cnofi crs o6pasqon rroJrr.rMep os z 6ror_ corroJrrtMepoB.

B qelona Al4ccepraltr voftHafl'pa6om BafiKasuena A.3. [peAcraBJrf,er co6ofi
3aKoHqeHHoe HafrHoe zccJIeAoBaHI4e, BhI[oJIHeHHoe Ha BbIcoKoM TeopeTr{qecKoM
I{ 9KclepI{MeHTaJIbHoM ypoBue. MatepI{€IJIEI, [peAcraBJreHHbre B Ar{ccep Tar\uu, vt
ony6nzrcoBaHHhre 6age crarrn cBtaAereJrbcrByror o srrcoxofi
npooeccnonalr,ofi rna-uz0ura\uLtcoucKarenx. ronyqeHH're pe3yJr'TarBr t4MercT
AOCTaroqHyro HarrHyrc HOBI{3Hy r4 orrpe.(eJreHHoe npaKTzqecKoe 3HaqeHr4e.

cuztalo, qro Azcceprall[oH naa palora <<cznre3 npocrbrx apoMarr4qecKr{x
uonzs0npoB c KeroKct4MarHhIMI{ Sparnaeur a^u u KoMlo3t4TEr Ha r4x ocHoBe)
orBeqaer rpe60nanzxna [yHKTa g <<floroxenzs o ,,pucyxA e*u.r rre,brx
crenenefi>> (fIocmnoBJIeHI{e rpaBr.rreJrbcrBa poccuficrofi (De4epaqza or
24'09'2013 J\lb 849), rpeAb.,tBJrreMErM K KaHAr{AarcKLrM .{r{cceprarlzru. Arrop
Ar4cceprarluz Eafir€BueB Apryp Dlr4apornu,
cTerleHrr r.aHAL4AATA Xr{M[qecKax HayK IIo
BbrcoKoMOJreKyJr.npHEre coeA umeilr4fl..

OQuqnansnrrfi orrroHeHT

AOKTOp xr{Mr4qecKrrx HayK

(02. 0 0. 06 - BhrcoKoMoJreKyJr.f,pHhre coeA uneuux),

npoQeccop xa$e4phr rexHoJrorvrr

rlpoAyKTon o6rqecrBeHHoro rrur aHus. u xu.vluu
@e4epaaruoro rocyAapcrBeHHoro

6ro4xerHoro o6pasoBareJrbHoro

AocrorrH rrpt4cyxAeHur yueuofi

cleuvnJrbHocrr4 02.00.06
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