OT3bIB O@UUINAJIBHOTO OIMOHEHTA
Ha auccepTauMoHuyo paboty Corungpmoi Exarepunsl CepreesHsl Ha TeMy:

«[TonamepHBIE MORONATHEIC MATEPHAIE] JUIH GHOYHIOB ¢ KORTPOAAPYEMOi
NOPHCTOCTBIO H PazIHYHLIMU PeAKUHOHHOCHOCOOHBIMU TPYIIIAME Y,

NPEACTABICHAYIO HA COUCKAHME  YYCHON CTENECHW KAHIUAATA XUMHUSCKHX HAYK [0
crieidansHocTH 02.00.06 — BBRICOKOMOIEKYNAPHBIE COSIUHEHUS

Huccepraunonnas pabota Cupunbmoi Exarepunbl CepreesHBl [IOCBSIICHA CO3AAHMIO
HOBBIX MaKPOTOPHCTRIX [OJIHMEPHEIX MATCpHAJIOR, OQNAfdiomMX BHICOKOW MPOHHUACMOCTHIO B
COUCTAHHH €O 3HAYHTEJBHOH YACHBHOH IUIOIIAABIO IOBEPXHOCTH, TOMOTEHHOCTBIO MOPOBOMH
CTPYKTYPBI U T[O3BONIAIOIIMX OCYIUECTBAATE OUOQYHKIMOHATHIAMMIO MATPHUE! B MATKUX YCIOBUAX
1 34 KOPOTKOE BpEMSL.

Ha nporpecce B pa3paoTKe TaKUX MAaTEpHANOB B CYIIGCTBEHHON CTefleHu Oasupyerca u
CTPEMHUTENIFHOE Pa3BUTHE OMOAHAIMTHYECKUX MUKpouunoB. Mes co3panms MEKpOUMIa, rae poilb
OIEPAIMOHHEIX CIIOSB BBINQIHIIOT MAKPONOPUCTHIE MOHOMUTHBIE Marepuans (IMA-3JIMA) ¢
AHAJIOrAYHOH XpoMaTorpa@u4ecKuM copOeHTaM NOpOBOH CTPYKTYPOW, BIEpPBbIe NPEHIOKEHA H
peamzosand B UBC PAH Canxr-lletepbypr. Bemonuensoe Cunuusmoi E, C. auccepraunonnoe
HCCIC/IOBAHHE C BBENCHHEM B CTPYKTYPY NONUMEPHBIX MarpHUil Tpynr, HOBHIIAIOINHX €€
THAPOQUIBHOCTE, BBIABHIIQ HOBBIE MEPCUCKTHBE! HACTOMLIOBAHAA MOHOIWTOB IS NOCTPOCHUS
MHKPOAHATHTHIECKUX TECT-CUCTEM,

B nurepatypHoM 0030pe RUCCEPTAUHOHHOH paloTn OBCYIKARIOTCS BOUPOCHL
dopMupoBaHHs CHIIPHO CHTHTBIX [IOMHMEPHBIX CETOK, (ha30BOI0 paslelieHHs B IIpoliecce uX
CHHTE3a, CBOHUCTBA U METOJbI CHHTE3A HOMUMEPHBIX MOHOMTOR; CHEIHANLHOS BHUMAHKUE YISNSHO
MONAMEPHBIM  MaTepHalaM Ui co3gaHds  naargopM Mukpounna. KpuTuueckuit anamus
AUTEPATYPHEIX AAHHBIX TO3BOIUI JUCCEPTAHTY ONPENSIUTE CTPATErHIO NOCTAHORKU COOCTREHHEIX
IKCIIEPUMEHTOB.

[lpd onTUMH3aUMKH YCROBUM CHHTE3a IUCCEPTAHT VUUTHIBAN, 4T0 HA MOPHONOTHIo
KOHEYHOre  MarepHalia CyLIeCTBEHHOE BIMAHHE OKa3plBaeT [PHPOAa H  KONHYECTBO
HOPOOOPAzyIOMIMX BEINECTB, KOHUOCHTpaMWd W BUJX CIOHWBAJOUICTO ArcHTA W PyHKIHOHARBHOTO
MOHOMEPA, TEMIIEPATYPA H BpEMS MOJHMEPH3aLIHH.

B palore uUpennOXKeHbHI METOAB! CHHTE3a  HOBHIX MAKPODOPHCTHIX  MONHMEPHLIX
MaTepHaliOB Ha OCHOBE COTICIMMEPOB 2,3-300KCHIIPONMIMETAKpHIATa (THIHIHIMETAKpIIaTa), 2-
UUAHORTHIMETAKPUAATA B 2-THAPOKCHITHAMCTAKPHIATA ¢ TUIPOMHALHEIM CIIUBAIOINM AreHTOM

MHLEPHH 1,3-nTHMeTaKpUNIaTOM ¢ KOHTPO/IHPYeMo# OpoBoi cTpykrypoil. Ha npumepe Hanbonee



rugpodunsHoro  I'OMA-IJIMA BribpaH 3¢beKTHBHBIT HMHANUATOD NOMMMEpH3alud — 2-
THAPOKCH-2-METHIITIPOIHO(EHOH,

YcTaHoBNEHO, YTO BBENCHHE B IIOJHMEPH3AMMOHHYIO CMECh pPAacTBOPOB NOJHMEPOB HJIH
AOAEKAHOJa TPHBONUT K YMEHBIIEHMIO pasMepa MHKpornoOya, ©Oollee nnoTHOM yNakoBKe,
YBENHUYEHHIO VAeJBHOH IUIOIIAAH MOBEPXHOCTH MaTepHAIORB, YTO, B CBOFO odepeab, O00ecleqyuiio B
HNOCNEAYIONINX AKCTIEepHMERTaX 0Oolee BHICOKYI0 €MKOCTH — MMMOOMIHM3alMA| OHONOTHYecKH
AKTHBHEIX COCAHHEHHH.

A ruApo@UIH3aluE TTOBEPXHOCTH MaKpOMOPHCTHIX MATPHII HCIONB30BAHBI Pa3fIHUHbIC
MOAXOAEI, OOHH B3 KOTOPHIX - XHMUYEeCKad nocT-moaudukanus 6Gonee ragpodobHoro conomuMepa
TMHLEIMETaKpHIaTa H 3THNEHITIMKONb ANMETaKprIaTa (TMA-3IMA) IYTEM
MOJIUMEPAHATIOTHYHBIX IIPEBPAlCHHH DBHOKCHAHBLIX TpPynn ¢ (QOPMHPOBAHUEM ANbASTHIHBIX
CYKUMHHAMHAWIKAPOOHATHRIX ¥ HMHJA30AKapOOHATHBIX IPYNN ¢ COXpAHEHHEM IOPOBOH
CTPYKTYDHL, YTO KpalHe BaXKHO TIpH cTaHJAapTH3auny OMOMOrHYECKUX aHANIM30B.,

TTokazaso, 9TO BBE/ICHHUE B NIOJHMEPU3AIMOHHYIO CHCTEMY CIIHUBAIOIIET0 arenra ¢ bopiueh
rUAPOMHIBHOCTEIO IIPHBOAMT K H3MEHEHHIO KOHTAKTHOIO yIjla CMAYUBAHHA HA y51.

PazpaboTaHHble THAPOQPUILHBIE MATEpHANBl ANPOOHPOBAHLI B KA4ECTBE OINEpPAUMOHHBIX
cJIOEB MEKpounna i ananu3a 6enkos 1 JIHK. Yeranosneso, 4to ruapoduianzanmsg MoBepXHOCTH
MAKPOIIOPHCTEIX MOHOJHUTHBIX MAaTPHLl [03BOJAET CYIIECTBEHHO TIOBBICHTH YBCTBHTENLHOCTD
OHONOrHYECKOT0 aHajli3a Ha YHMe, PaclliipATE chephbl €70 IPUMEHCHHSL.

Jna cpaBaenns  Cupuubmo#t E.C. Opim cHHTe3HpoBaHBI AB2 0Opasua ¢ bojee
ruapodobuev cumparonmM areHtoM (TMA-DJIMA n HOMA-DJIMA). BaxHEM YCIOBHEM
HCIIONB30BAHUS MAKPOIOPHCTBIX MOHOIHMTOB B KAUECTBE OCHOBEI MHKDOYMIIOB  ABIIACTCH
TOMOTEHHOCTE IOPOBOIf CTPYKTYDHI 110 BCEMY 00BbEMY CHHTE3MPOBAHHBIX MATpHIl. JTa 3aljaqa
TaK:ke YCIIeNIHO PElIéHa B JaHHOH pabote.

OrntUMu3MpOBaH  1Ipoliece OHOPYHKIMMOHAIA3AMH [OBEPXHOCTH MOTUQHLHPOBAaHHLIX
o0pa3lOoB TMOJHMEPOB H IMOKA3aHO, YTO HPUMEHEHHE MOIH(PHIMPOBAHHBIX MAaTpPHIl TO3BOJSET
3HAYHTEIPHO YMEHBIUUTH BpeMs OHOQYHKIWOHAIH3aUu#d, TPH 3TOM €MKOCTH MaKpONOpPHCTHIX
MAaTE€PHAIOB MOKET OBITh CYHIECTBEHHO YBEJIUUECHA.

[TockonpKy B OTJIHYHE OT XPOMATOrPAQUYECKOTO paszfeleHus Ha MOHOQIMTax, I/e
BRIZIeIgeMOe OHONOrMYECKH AKTHUBHOE BEIECTBO MEPEHOCHTCS K3 IMOABHXKHOH B HENOOBHIKHYIO
dbazy mox geHcTBHEM KOHBEKLUHOHHBIX CHJI, B MHKPOYHIOBBIX CHCTEMaX CKOPOCTBIO NOJOOHOIO
nporecca yrpaBafger MoJjekyaapHas augdy3ud, aBropoM paboTel NMpH CO3LAHHH MAarpHIlbl
KIHOYEBOE BHUMaHue ObUIO yAeneHo MOpdOJOrAd HOPOBOrO HPOCTPAaHCTBa, CO3JaHHIO
YHUBEpPCAJbHOIO TPEXMEPHOIC Clog.

HDJIY‘{F.‘HHBIE pEC3yABTaThI COMMOCTABACHDL! € JAHHBIMH Ha JIBYXMEDHEIX CTCKIIAHHBIX HHIAX C



PEaKIHOHHOCTIOCOOHBIMH aNIbJACTHAHBIMA pynnaMA B 3D yHnamMd Ha OCHOBE HCCICIOBAHHBIX
panee [MA-DJIMA u [IDMA-3JIMA conmonnmepos.

[Tocne o0pa3opaHus KOMIUIEMEHTApHOH HYKIEOTHIHOH IAapel cpefHee 3HAYCHHE
HHTEHCHBHOCTH (MJIyOPECIIEHTHOrO CHrHajla oKasanock paBHbIM 2100 onTH4ecKHX €IUHHIL IJIA
CTEKNAHHBIX TIofokeK U 17650 ontuveckux equann it [ MA-3JIMA Marpuisl.

BaxabmM pe3ynpTaTtoM JHCCEPTANHOHHOM pabOThl ABWIOCH CO3JaHHE TECT-CHCTEMEBI Ha
OCHOBE MOHOJHMTOB Jua BbIiBIcHAA Myrtauwii reHa CETR. JIs  OIECHKH MOTEHIHANA
pa3paboTaHHbiX TECT-CHCTEM  JHCCEPTAHTOM  HCCICAOBaHbI  abOCOMIOTHAs HMHTEHCHUBHOCTH
(yopeclieHTHOro CHrHala Ha MAaTpUlax pa3Hod IpHPONEI; OTHOCUTENLHAA HHTEHCHBHOCTH
CHTHAJIa; COOTHOIIEHHUE CUTHAJ/UIYM MPH ONTUMANLHEIX KO3DHIMEHTaX YCUISHHS.

VeraHoBiieHO, 4To Haubosee 3 QEeKTHBHBEIM MaTepuUaioM IardopMbl OHOYMIIA OKa3ajcs
ofpasen;, MOJy4YeHHBIH ¢ HcOons3oBaHWeM  cucTeMbl 1% [IC B Tomyone/momexkaHone B
cootHomeHuH 50:50, obecreymBIINi MaKCHMadbHYI0 YYBCTBHTENBLHOCTB NMPH MHHHMAaNbHBIX

BPEMEHHBIX 3aTparax.

Hay4dHasi HOBH3HA JMCCEPTALMOHHOTO MCCIEAOBAHMS COCTOUT B pa3palbOTaHHBIX METOAAX
CHHTe3a HOBBIX MAaKpOIIOPHCTHIX THAPOMHIBHBIX MOJHMEPHEIX MATEPUAlOB ¢ KOHTPOIHUPYEMOH
IIOPOBOM  CTPYKTYpOH, BBeOcHHE B CTpyKTypy [I'MA-3/IMA MOHOIHTOB ajbJCrHIAHBIX,
CYKIIHHUMHIKAapOOHATHBIX H HMHIa30JIKapOaMaTHEIX FpyiL.

YCTaHOBNEHBI OCHOBHBIE 3aKOHOMEPHOCTH (POPMHPOBAHUSA NOPOBOH CTPYKTYPEI MOHOJIHTOB
Ha CTAOMH CHHTE3a B 3aBHCHMOCTH OT YCJOBHH MOJHMEpH3allHH W BIEpPBEIE BBIABJICHA pOINb
IIOJIMCTHPOJIOB € Pa3/MYHON MONEKYISIpHOIl MaccOM B Ka4ecTBE MaKpOMOJICKYJAPHEIX
nopoobpasyromux BeilecTB B GOPMHAPOBAHHA MOP(]OIOTrHH MOHOJUTHBIX CTPYKTYP.

[IpennoxeH anropuT™ BbeICOKOUyBCTBUTensHOro a”ammsa JIHK na mosepxnocru
MaKpOIOPHCTHIX MOHOJHUTHBIX IUIATQOpPM MHKPOYHIIA. O6uapyxeHa Oonee BEICOKaA
apdexrtuBHocTs (B 10 pa3) MakpoONOpPHCTBIX THAPOMHIBHBIX MATEPHAIOB MO CPaBHEHHIO C
JABYMEPHBEIMH CTEKJISHHBIMH MHKpouunaMu U Gonee rupodoOHEIM MOHOJHMTHBIM HOCHTEJIEM Ha

OCHOBC MOMUMEpPA IMANHAMIMETAKPHIIAaTd © 3THACHITIMKOJBAHUMCTRKPHIIATOM.

IIpakTHYecKas 3HAYHMOCTE

Ha ocHoBe Bcex pa3palOTaHHEIX MOHONHMTOB H3TOTOBIECHB! MHKPOUHIIEI.

TlokazaHo, 4YTO MAaKpOIIOPHCTBIE MOHOJIMTHEIE CJIOHM, 3aKpeIJICHHBIE Ha IIOBEPXHOCTH
CTEKJISHHOMN [TOJOJIOKKH, MOTYT OBITh HCIIOJIB30BaHbI VISl BRHICOKOUYBCTBHTENBHOIO aHAIN3a OCJIKOB
u JJHK.

VCTaHOBIIEHO, YTO BpeMs HMMOOMIH3AaIUMH HYKJIEOTHIHOTO JHMraHAa Ha IMOBEPXHOCTH



MaKpONOPUCTRIX MAarpHl [I0 CPaBHEHHIO CO BpEeMEHEM HMMOOMIIM3AaUUM Ha CTEKISHHBIX
mnardopMax B 2,5 paza MEHBIIE H COCTapIAeT 6 4 mpoTHB 16 4. 0OBIYHO HCHONB3YEMEIX I 2D
YHra.

Cosnanbl  TECT-CHCTEMEl 711 BHISBIICHHS MYKOBHCIHAO034. YOEJUTENBHO I10KAa3aHa
BO3MOXHOCTh ajanTaliyd OZHOH M TOH K€ Iaar(opMbl JUIS aHaIM3a pa3iu4HbIX OHOJICrHYECKHX
OOBEKTOB.

Ilo paboTe BO3HHK Pl BOMPOCOB

. B ueM paszmuume B JelicTBHM B KayecTBe IOpOTCHOB  PACTBOPOB IIOJIMCTHPONA,
[OTUIUMETHIICHIIOKCaHA, NOJHITHIEHTTIIKOIeH?

2. Ilouemy B cnydae u30bITKa KapOOHMIAHHMHAA307a — CTCIICHB KOHBEPCHHM HE
npeBbicuiia 30%?

3. Ha ctp. 84. yrBepxnaaercs, 4r0...68edenue 1% [IC nozsonsem noayuume mamepuan ¢
Gruskoii k cmandapmy mukpoznobynaproi cmpykmypoi. YTo NOHUMAETCS B JaHHOM
ciIydae oA CTaHaapTom?

4, TloyemMy T@pH YBETHYEHHH KOHIICHTpALIMU JIMTAH[AA H& TIOBEPXHOCTH MOHOJUTHBIX
CIOEB BO3DACTAET 3HAYEHWE BCIMYMHBI COOTHOWICHUS CHTHAL/IIYM, a B ciyvae
CTEKJISTHHBIX ABYMEPHBIX NOLIOXKEK — HET?

5. Ckonb ofipaBaaHO  YTBEpPHKIaTh HA OCHOBE pE3YNLTAaTOB OMHOINO TIEeHETHHECKOIo
3aboeBaHHg  MYKOBHCIHIO3a BooOIle O  NEpCHEKTHBHOCTH  THIPOQHIBHBIX
MaKPOTIOPHCTHIX MATEPHANIOB JUIA aHaTH3a TeHHBIX MYTAIHH?

6. UYro Takoe napamemp yyecmeumenvnocmu (Puc. 9, crp.18, asropedepar)? Ha ctp. 16
YTBEPXKAQETCA: KAaK cledcmeue YyScmeumenviocms (3@gexmusnocms) anaiuza
naoaem. Q3HadaeT TH 3T0, HTO MNOHATHS 3(MGHEKTHBHOCTL H YYBCTBUTENBHOCTB
OTOKIECTBIAIOTCA?

7. ViMerorca 3amedaHHs OQOPMHTENBCKOTO XapaKTepa: BCTpedarTcs onedatku {(crp.20,
cTp.27.30,42,42, 46, 48, 57, 72, 73,74, 94, 98. 112, 119); oTcyrcTBHE CCBUIOK B
JIUTeparypHoM o030pe MOA COOTBETCIBYIOIIHMMH pHCYHKaM# {crTp.16, puc.2; puc.3

cTp.17);

Bo3HHKIIME BONPOCH M 3aMEUYaHHA HE OTPA3HJIMCh Ha OOMIEH OYEHb BBICOKOH OLEHKE 3TOH
InpeKkpacHoH ArccepralMoHHOH pabotel. BrlmomHeno nobpoTHOe HCCIeAOBaHHUe, IIONYYEHBI
HHTEPECHEBIE U 3HAYUMBIE PE3YJILTATEI.

Conepkaune AMCCEPTAIIHU NOJMHOCTBIO OTPAXKEHO B aBTOpedepare MW COOTBETCTBYET

VKa3aHHOH ClIelUaTBHOCTH.



[To MarepuanaMm OuccepTalHy ONyOJHKORAHO 5 cTaTed B pEleH3UPYEMBIX MEXIyHApPOIHBIX
U OTE€YECTBEHHBIX U3JaHUAX, a TaKxKe 14 Te3UCOB HOKIAJ0B, IPeACTaRICHHEIX Ha BecepoccHiickux H
MEKYHAPOAHBIX KOHPEPEHIMIX.

Bce H310KeHHOE MMO3BOJET CICNaTh 3aKII0UeHHE, YTO 10 aKTYAJILHOCTH peIllaeMbIX 3alad,
Hay4YHON HOBH3HE M 3HAYUMOCTH OCHOBHBIX IOJIOXKEHUH W BLIBOJOB, MPAKTUYECKOH MONE3HOCTH
JOCTUTHYTHIX pe3yIbTaTOB paccMaTrpuBacMas OMCCEPTALIMS COOTBETCTBYET TpeboBaHusIM 1. 9
«llonoxkennss 0 NOPUCYKIECHHH YUEeHBIX CTEeNEeHEeH», YTBePKIEHHOTO IOCTaHOBJIEHHEM
[IpaputensctBa PO ot 24 centabpa 2013 r. Ne 842 u MOXeT paccMaTpUBaThCA KAK 3aBEPIICHHANA
Hay4yHO-KBaJH(PHKaUHOHHas padoTa, B KOTOPOH COOEPKHUTCA PELICHHE BaKHOM 3aJadd — CO3JAaHHE
IOJAMEPHBEIX MOHOJHWTHBEIX MaTe€pHAJIOB C THAPOQHIBHOM IIOBEPXHOCTBIO H KOHTPOJIHpPYEMOH
NOPUCTOCTBEO, [MO3BONAIOIIMX CYIIECTBEHHO [IOBBICHTH YYBCTBHUTEJIBHOCTE OHOMOTHYECKOIo
aHATTH3a HA YMIIE U PAaCHIHPHUTEL CHEPHl €ro IPUMEHECHUS, HMEIOMEH CYIMECTBEHHOE 3HAYEHHNE JIs
GuoMenuIMHEL, a ee aBrop - CuHuubma E.C. - 3acHyXMBaeT NPHCYXICHHS YYEHOH CTEIEHH

KaHIUJaTa XUMHYECKHUX HayK 1o crelnaibHoCTH 02.00.06 — BBICOKOMOJIEKYJISPHBIE COSTUHEHU.

DenepallbHOE  TIOCYIApPCTBEHHOE  OIOMKETHOE  0DpazoBaTeNbHOE  YUPEXKIEHHE  BEICIIETO
npodeccuoHanmbHOoro obOpazoranus «CaHkT—IleTepOyprckuii rocygapcTBeHHBIH YHHBEPCHTETY,

HUuctuTyT Xumuu CII0IY

[Ipodeccop kadeapsl opranudecKod XUMUAK
JOKTOp XHMHYECKHX HayK, Ipodeccop

GTRENA KALPOB T

H.A.TOPAHOBA
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