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OT3bIB BEYIIEN OPTAHU3ALIUU
MenepanbHOro rocy1apCTBEHHOIO 0I0KETHOTO 00pPa30BaTEIbHOIO YUPEKIEHHS
BhicIIero odpasoBanus «CaHkT-IleTepOyprekuii rocynapcTBeHHbIH
TEXHOJIOTMYECKUH UHCTUTYT (TeXHUYECKUH YHUBEPCUTET)»

Ha aMccepTalMoHHyI0 padoTy beikoBoit Enenst HukonaeBHbl Ha Temy:
«I'maponuTHyeckas cTabUIBHOCTh TEPMOCTONKUX MOJIMMEP-HEOPraHHYECKUX
HaHOKOMITO3UTHBIX MaTepHaioBy,

NpeICTaBICHHYIO Ha COUCKAHUE YUeHOH CTENeHU KaHau1aTa XMMHYeCKUX HayK
110 crietUalbHOCTH 1.4.7. BoicOKOMOIEKyY IS pHBIE COeTUHEHHUSI

[Tonmep-HeopraHiyeckue HaHOKOMIIO3UTHBIE MaTephasibl HeOOXOAMMBI JUls
Pa3BUTHs KITIOYEBBIX OTpacied TEXHWKH, HauyMHasi C TakuX, Kak He]TsHasd,
SHepreTHveckas, aBUallMOHHO-KOCMHYECKash M 3aKaHYMBasi U3rOTOBJIEHUEM W3JCIIHH
MeJMUMHCKOro HasHadeHus. Cpeau HaHOpasMepHBIX HaroJHWATeNed Haubdonee
IUMPOKO TMPHUMEHSIOTCS Ha [PaKkTHKe MHOTOCTEHHbIe YIJepojHble HaHOTPYOKH
(MCVYHT) u yraneponnsie HaHoBosiokHa (YHB). M3Becten psan ucciie0BaTebCKux
paboT 1o BBEIEHUIO ITUX HAHOYACTHI B OJIUMEPHbIE MAaTEPHAITbI CAMBIX Pa3IHYHbIX
KJIACCOB: OT IJIEHOK )KE€CTKOLEMHbIX MOJIUMEPOB 10 MOJIUMEPHBIX I'MIAPOreliel, U ux
BJIMAHMIO HA CBOMCTBA MOTy4YeHHbIX KOMIIO3UTOB.

XOoTs MCCe0OBaHUsl HAaHOKOMIIO3UTOB Ha OCHOBE IOJIMMEPOB BeIyTCS YyKe
JlaBHO M B LEJIOM MX CBOMCTBA HU3Y4eHbl NOCTATOYHO MNOAPOOHO, OJHAKO psil
BOIIPOCOB 10 HACTOSILIEr0 BPEMEHH OCTAIOTCS OTKPBITHIMH. Takoe mosoxkeHue aei B
JaHHOM 00JacTH MOJMMEPHOrO MaTepHajOBe/ICHUs HEeraTMBHO CKa3blBaeTcs Ha
BO3MOXKHOCTH YCIMEUIHOrO MPUMEHEHUs] 3TUX MaTepHalioB B IEJIOM psile OTpaciiei
TEXHHKH.



Onnoii u3 rpynn Takux cnabo MCCie0BAHHBIX BOIPOCOB ABJIAIOTCS XapakTep
M MaciITabbl BIMSIHUS TOTO WM MHOTO HAHOPAa3MEPHOro HAamoJHUTENs Ha
FUAPOJTUTUYECKYIO  CTa0MIIBHOCTH Marepuasia. Jrta uHPOpMalus O0COOEHHO
aKTyajllbHa JUIi  HaHOKOMIIO3HUTOB, (OPMHpPYEeMBIX Ha OCHOBE [10JMMEPOB,
YCTOMYMBBIX K FHAPOJM3Y. MaTepuaibl TAKOro THIA PUMEHSIOT JUIs M3TOTOBJICHHUS
JeTaned yYCTPOWCTB, KOTOpble B TpOIecCe IKCIUTyaTallud MOTYT [0/BEprarhes
JAJUTEJIbHOMY M aKTMBHOMY BO3JEHCTBHUIO THAPOIU3YIOLIMX areHToB. OaHol u3
IPYII TaKKUX MOJMMEPOB, XapaKTEePU3yeMbIX MPeAeIbHO BBICOKOW THIAPOIUTHYECKO
CTa0MIILHOCTBIO, ABISIOTCS  apomartudeckue nonuumuasl  ([TA), u3BecTHble
COYETaHHEM PEKOPIHO BBICOKHMX MEXaHHWYECKUX, TEPMUUECKHX W JAUIIEKTPUUECKUX
XapaKTEePUCTHUK C BLICOKOM I'MAPOJIMTUYECKONH U paHallMOHHON CTOHKOCTHIO.

Takum obpasom, nomydenne uHpoOpManuu, Kotopasi Oblia Obl MOATBEPKIEHA
CUCTEMATHYECKUMH SKCIIEpUMEHTAIIbHBIMU JaHHBIMHM, O XapakTepe M Macluradax
BIIMSIHUSL PA3IMYHBIX HAHOYACTULl HA TMAPOJIUTUYECKYIO CTAOMJIILHOCTH I[JIEHOK
HAaHOKOMIIO3UTOB Ha OCHOBE TOJIMUMU/IOB, SBJISIETCS AKTYAJAbHOM 3a/1a4eil.

Heabio aucceprannoHHoi paboTel ABISIOCH CPABHUTENILHOE MCCIIEI0BAHNE
TUAPOJIMTHYECKON  CTAOMIBHOCTM  IJIGHOK  TEPMOCTOMKHX  apoOMaTHYeCKUX
MONMMMHMIOB ¥ HAHOKOMIIO3MTOB Ha HX OCHOBE, HAIOJIHEHHBIX YIJIEPOAHBIMHU
HaHOYaCTULAMH PAa3IMYHOM I'eOMETPUH, KOTOpPOE MO3BOJIMIIO BBISIBUThH (PAKTOPBI,
BIIMSIFOLLME HA 3TY XapaKTEPUCTHKY U3ydaeMbIX MaTepHalloB, OLEHUTH BO3MOKHOCTH
MOBBIIIEHUS YPOBHS MX TMAPOJUTHYECKOM CTAaOMJIBHOCTH W ONpeAeIuTh
MePCIIEeKTUBHbIE HAIIPABIEHUS UX ITPUMEHEHHUS.

Jlns noctuxenus nocrasineHHo e E.H. BeikoBoii 6su1u chopMyiiHpoBaHbI
U pellieHbl ClIeyIolHe 3aJaYH:

e HapaGotaHbl napTUH MaTPUYHBIX u MOAUMEpP-HEOPraHM4eCKUX
HAHOKOMITIO3UILIMOHHBIX IUIEHOK Ha ocHoBe [1M pa3iuuHbIX TMIOB B KOIMYeCTBax,
AOCTATOYHBIX [UJIsi IIPOBEIEHUs] TUAPOIUTHYECKUX SKCIEPUMEHTOB B IOJHOM
00beMe; OXapaKTepH30BaH KOMIUIEKC CBOMCTB 3THX IJIEHOK;

® JCCIIEIOBAHO BIIMSHHUE THAPOJIM3a HA XUMHYECKOe CTpOEeHHe, MeXaHUYeCKHe,
TEPMUYECKHE M Mopdonoruueckue  xapakrepuctukud miaeHok [IM  wu
HAaHOKOMITO3UTOB Ha UX OCHOBE;

® [IpoBe/ieHa OLEHKa A(PQEKTUBHOCTH (PYHKLUMOHAIM3ALMN HAHOYACTHL Tepes
BBEJIEHMEM B IOJIMMEP KaK Croco0a MOBBIMIEHUS MMIPOIMTUYECKOH CTaOMIBHOCTH
HAaHOKOMIIO3UTOB Ha ocHoBe [1U;

® BhbIsIBJIEHBI cbamopbl, BIASIOIINE HAa T’MAPOIUTHYCCKYHO CcTadUIBHOCTH U3yHaeMBbIX
MaTepHuaos;

® HalJeHbl METOABI TMOBBILIEHUS YPOBHS TUAPOTUTHYECKONH CTAOMILHOCTH
HaHOKOMIIO3UTOB Ha ocHoBe [1H.

Hayuynan wnoBu3Ha paGotel E.H. bbikoBoil ompenpensiercs Tem, 4TO B Heid

BIEPBbIE  MPOBEACHO  CPaBHUTEIbHOE  MCCIEAOBAaHUE  TUAPOIMUTUYECKOM

CTaOMIILHOCTH B ILEJIOYHOM Ccpejie MVIEHOK HAHOKOMITO3UTOB HA OCHOBE TMOJHMHMH/IOB



pa3iMyHOr0 XMMHYECKOrO CTPOCHMSI, HAMOJIHEHHBIX YIJIEPOJHBIMM HAHOYACTHIIAMH
pa3jM4HbIX THUMOB. BriepBble MOgydYeHbl NaHHbIE O KHUHETUKE TIHUAPOJIUTHYECKOH
ACCTPYKLHMHU B ILIETOYHON Cpelie TUIEHOK HAaHOKOMITO3UTOB HAa OCHOBE Pa3IU4HbIX
MOJMMMHIOB IO HM3MEHEHHIO MeXxaHudeckuX xapakrtepuctik u MK cnexktpoB B
npouecce ruaponusa. OnpeneneHbl KOHCTAHTBI CKOPOCTH M 3HEPrdM aKTHBALMH
peaKkLu ruApOJIMTHYECKON NeCTPYKLMHU IJIEHOK HAHOKOMITO3UTOB B 3aBUCUMOCTH OT
CTPOEHUS MOJUUMUI0B. BrisiBiieHbl (haKTOPBI, BIMSIOLIME HA CTENIEHb YCTOWYHUBOCTH
HAHOKOMIIO3UTOB, C(DOPMUPOBAHHBIX W3 MOJMUMHIOB U YIIIEPOJAHBIX HAHOYACTHUIL, K
BO3JIEHCTBUIO TMAPOJIU3YIOIIMX CPe/.

[IpakTHYyeckass 3HAYHMOCTBH PaGOTBI COCTOMUT B PEILIEHWH BOMPOCOB BHIOOpA
KOMITOHEHTOB W TEXHOJOTHYECKUX [PUEMOB TOJYyUYEeHHS HAHOKOMIIO3UTHBIX
MaTepualioB, XapakKTepu3yeMbIX MAKCHUMallbHO BO3MOXHOH YCTOHYMBOCTBIO K
TUJPOJIM3y B COYETAHUHU C BBICOKMM YPOBHEM OCTalIbHbIX CBOMCTB. Mudopmarius,
MoJly4eHHass B paccMaTpuBaeMod paboTe, IMO3BOJHMT OMNpPEAENUTb ONTUMAaJbHbIE
YCJIOBUSI IKCILIyaTalldd W IPOrHO3MPOBATh CPOK CIYXObl M3IAENMA paziuyHOro
Ha3HAYEHUS!, U3rOTOBJICHHBIX U3 MOJUMUMHUAOB U HAHOKOMIIO3UTOB HA UX OCHOBE, B
YCIIOBUSAX JENCTBUS THIPOJIU3YIOIIMX areHTOB.

OGocHOBAHHOCTHL M 10CTOBEPHOCTH IOJYYEHHBIX MAHHBIX M BBIBOJOB Ha MX
OCHOBE  OmpeleseTcss  HCMONb30BAHMEM  COBPEMEHHOI0  BBICOKOTOYHOI'O
000py10BaHusl, B3aUMHBIM COOTBETCTBHEM PE3YJILTATOB, MOJYYEHHBIX C MOMOIIBIO
pa3iMYHBIX ~ METOAOB  MCCJIEJOBaHUS,  BOCMPOU3BOAMMOCTBIO  pPe3yJbTaToOB
IKCIIEPUMEHTA A1t OOJIBIIOrO KOJIMYeCTBa 00pa3lioB, a TAKIKE UX COrIACOBAHHOCTbBIO
C JIMTEPaTypHBIMH JAHHBIMH B Te€X CIy4asx, KOrja Takue JaHHble HMEJIHCh.
Pesynprarel nccnenoBanus ObIUTH OIMyOJIMKOBaHbI B 3 CTATHAX, BXOIAILIMX B €peYeHb
BAK, 1 B 9 Te3ucax JOKJIaa0B.

Jluccepranms comepKUT BBeJeHHE, 0030p JHUTEPATyphl, IKCIEPUMEHTAIBHYHO
4acTh, pe3ysbTaThl U UX OOCY)KACHUE, BbIBOABI, CIIMCOK LIMTUPYEMOH JIMTEpaTypbl
0HO npunoxenue. Pabora usnoxena Ha 130 crpanuuax, BkitoyaeT 36 pucyHkos, 19
Tabnuu 1 | npuiiokeHue.

AHa/IM3 coiepKaHus padoThbl.

Bo BBesenunm aBTrop paboThl OTpa)kaer aKTyalbHOCTb  BbLIOPAHHOTO
MccienoBaHus, (OpMyIHpyeT ero Ieidd M 3aJlaud, OCHOBHBIE MOJOKEHHS,
BbIHOCHMMBIE Ha 3allUTY, IPUBOJUT HAYYHYIO HOBU3HY M MPAKTHYECKYIO 3HAYUMOCTh
JOCTUTHYTBIX Pe3yJbTaTOB.

O0G30op JMTepaTypbl MOCBAMEH aHAJIW3Yy  COBPEMEHHOTO  COCTOSIHHUS
MCClIe/IoOBaHUH B O0NacTH TIUAPOJUTHYECKOW CTAaOMIBHOCTH IMOJMMEpPOB B
arpeccuBHbIX cpeaax. PaccMoTpeHbl npouecchl riposin3a noJIMMepHbIX MaTepHalioB
(B 4aCTHOCTU — IOJUMMHUIIOB) U KOMIIO3UTOB HAa MX OCHOBE, a TaK’Ke OCHOBHbIE
METOJbl HCCIEJOBaHUS HX TUAPOIUTHYECKOW cTabunbHocTu. Dopmynupyercs
MOCTAHOBKA 3a7a4 JUCCEPTALIUH.

B sxcnepumeHTANIbHONH YAaCTH ONMUCAHBI YCIOBHUS TOJYYEHHS IOJUMMHUIHBIX



[UICHOK M HAaHOKOMIIO3MTOB Ha MX OCHOBE, a TaKXe YCJIOBHUS TMAPOJIM3a IJIEHOYHbIX
oOpasuoB. B 3Toif 4acTH AMCCcepTalMU TaKkKe OTPaKeHbl METObl MCCIIEeOBaHMUS
W3MEHEHHsI CBOWCTB IJICHOYHBIX OOpa3lloB B Mpolecce T'MIPOJin3a: MeXaHUYecKue
ueneitTanus, MK cnekrpockonusi, cKaHUpyolias 3J€KTPOHHAs MHUKPOCKOIMUS,
METO/Ibl TEPMOIPaBUMETPUYECKOI0, TEPMOMEXaHUUYECKOro u auddepeHIraibHOro
TEPMHYECKOr0 aHajM30B, JU(P(PepeHIHaTbHON CKaHUPYIOLIEeH KalopUMeTpHH,
oIpe/ie/IeHHe BOAOIOIIIOIEeHUs, HaOyXaHUsl, MIIOTHOCTH.

[lonyyennsie pe3ynbTaThl U UX 0OCYKAEHHE COCTABISIOT COJEpKaHHE TpeThei
raapbl auccepranu. B nanHoi rnase E.H. beikoBa mokasana, 4To Ha CKOPOCTBH
FUAPOJIMTUYECKON ECTPYKLUH PACCMOTPEHHBIX MATEPUAJIOB BIIUSAET peaju30BaHHas
[IPpH WX HM3rOTOBJIECHHMH IUIOTHOCTH YMNAaKOBKM Makpouenei. [lokazano, 4rto ans
MJICHOK  MOJIMMMHUIOB,  XapakTepu3yeMbIX  OJMHAKOBOM  HAAMOJEKYJISPHOM
CTPYKTYpOH, HaOmonaeTcss TEHACHLMS K  yBEJIWYEHHIO THAPOJTUTHYECKOM
CTa0MJIBHOCTH MaTepuaja MO Mepe CHIKEHHs [O0JM H30LITOYHOro CBOOOIHOIO
oObeMa ¥ yBelIHYeHHUs! KOd(pQUIMEHTa MOJIEKYJISPHOM YNakoBKH. BbIIO MokaszaHo,
4TO [UJICHKH HAHOKOMIIO3MTOB HAa OCHOBE MOJHMMMJIOB YCTYMAIOT 10 YPOBHIO
TUAPOJUTHYECKON CTaOMIIBHOCTH HEHAIOJNHEHHbIM IieHKaM. OHAKo Mpu 3TOM
E.H. BeikoBa SKCrepUMEHTATBbHO MOKa3ajia, YTO MOBBIEHUE T'MAPOIUTHYECKON
YCTOHYHUBOCTH HAHOKOMMO3UTHBIX TUIGHOK 10 YpPOBHS, OJIM3KOrO K CTaOMILHOCTH
[VICHOK COOTBETCTBYIOUIMX MATPUYHBIX MOJUUMMIOB, MOXKET ObITh JOCTHUIHYTO
MyTeM CHHKEHHUsS JIOJIM M30BITOYHOrO CBOOOHHOro oObeMa B Marepuaie 3a Cyer
MCTIOJIL30BAHUS TMOKOLICTIHBIX TMOMMUMHUAOB HWIW/KM  (PYHKLHOHAIU3MPOBAHHBIX
HAHOYaCTHII.

B wuemom guccepraumonnas pa6ora E.H. BeikoBoit «l wiaponuThueckas
CTaOMIIBLHOCTD TEPMOCTONKUX NOJIMMEep-HeoOpraHuueCcKux COoeIMHEHU I
NpejcTaBiseT CoOOM 3aKOHYEHHOE Hay4YHO-KBaTM(DUKALIMOHHOE WCC/Ie/[0BAHHUE,
BBIIIOJIHEHHOE Ha BBICOKOM Hay4HOM YpPOBHE, MPOW3BOIUT O4YeHb XOpollee
BI€YaTICHUE W  COAECPKUT DJEMEHThl CYILIECTBEHHOW HAyYHOW HOBHW3HBI.
ABtopedepar M AMCCepTaLMs HAMKCAHBI XOPOIIMM SI3BIKOM, JIEFKO YWTArOTCS.
BbIBOJbI  TOTHOCTBIO COOTBETCTBYIOT COJAEPKAHMIO paboThl M TOSyYEHHBIM
pe3yjbTaTtaM, 10CTOBEPHOCTh KOTOPBIX HE BbI3bIBAET COMHEHHA.

[TosyueHHbIe aBTOPOM pe3yIbTaThl MOTYT OBITh UCIIOIB30BAHbBI B OPraHn3alusX,
CHeUUaNM3upyoUMXcss Ha (QyHAAMEHTaJIbHBIX M IMPUKIATHBIX HCCISIOBAHHUIAX
MOJIAMEPHBIX MaTepHUalioB.

[Ipu o3HaKomeHnH ¢ auccepranneil BOZHUKIIN ClIeIYIOLHME BOIIPOCH M 3aMEYaHMUs

1. B pabote nokasaHo, 4TO B HEKOTOPBIX CIIy4asx [0C/e MpoBe/IeH s I'HAPOJIN3a
MEXaHWYECKHE XapaKTEPUCTUKH [OJMMEPHBIX HAHOKOMIO3UTHBIX TIJIEHOK He
CHWXAIOTCs, KaK CleloBalo OXHIaTh, @ HECKOJNbKO BO3pacTaioT. ABTOpY
HEeO0OXO0IMMO NPOBECTH OOBICHEHUE ITOMY HEOKUIAAHHOMY P PeKTy.

2. TloyeMy M3MeHeHUE MOJIEKYNSPHOH MacCChl OMpENeNIeHO TOJIbKO JUls JABYX
nosmumepos [IM-TU u IIM-TXMH, a He juist Bcex mecatu?



3. B TekcT aMccepTaLiK CTOMIIO BKIFOYHTH HeGOIIbIIOE 3aKI0UeHHUE, B KOTOPOM
epeyucleHbl Hanbosee IMAPOJIUTHYECKH CTabHUIIbHBIE KOMIO3MTHBIE MaTephalbl,
NPEJICTABIISAIOUINE HHTEPEC IS MTPAKTUYECKOTO IPUMEHEHUS.

4. Ha crp. 43 puccepranuy He yKasaHa TONIIMHA HCCIEIyeMbIX [UICHOK, a
TOJNBKO «iIupHHA (~ 60 MM) 1 auuHa (~ 30 MM)».

5. Xorenoch Obl YTOUHHUTB, YTO UMEETCsS B BUIY KOTJa JMCCEPTaHT 06CYkKaaeT
«HETIOJIHYI0 COBMECTUMOCTbD ..... HAHOYACTHUI] C MOJUMEpHO marpuuei» (ctp. 15
aBropedepara).

YKa3aHHble 3aMeYaHUs M BOIPOCHI HE 3aTParMBalOT OCHOBHbIE PE3yJbTaThl U
BbIBOJIbI IMCCEPTALLMOHHOTO UCCIIEIOBAHHS U HE CHUXKAIOT BBICOKOM OLEHKH PaboThI.
[lo 0Gbemy, conepxaHHIO, aKTyalbHOCTH M HAYYHOW HOBH3HE JHUCCEepTallMOHHasI
pabora bbikoBoii Enenbt HuxonaeBnb «uapoanTHuYeckasi cTabHIbHOCTD
TEPMOCTOHKHX MOJHMEP-HEOPraHHYeCKHX HAHOKOMIO3HTHBIX MaTePHAJIOB»
TIOJTHOCTRIO  YZIOBJICTBOPSIET TPEeOOBaHUSIM, INPEIbSBISEMBIM K JIMCCEPTALUSAM Ha
COMCKaHHE y4eHOW CTeNeHH KaHAUAaTa HayK ¥ COOTBETCTBYET KPUTEpHsAM IL.i. 9-14
[lonoxenust 0 npuCyXeHHH y4eHBIX CTemeHeil, yTBepkaeHHOro [locTaHoBieHHeM
npaButesibctBa  P®  Ne842 or 24.09.2013 B pemakuMu C  M3MEHEHUSIMH,
yTBepxkaeHHbIMU [locTanoBneHnem npasurenserBa PO No335 ot 21.04.2016 u Ne 426
ot 26.03.2021 r., a e€ aBrop, beikoBa Enena HukosnaeBHa 3aciiykuBaeT npucykaeHus
YYCHOH CTeNeHM KaHAWJaTa XHMHYECKHX Hayk Mo crenuaisbHoctv 1.4.7.
BricokomonekynspHble coeiiHeH s (XMMUYECKHE HAYKH ).

Huccepranus, aBropedepar u 0T3bIB 00CYKIEHBI M 0700peHbl Ha 3acelaHNH
Kadenpbl ~ XMMHUYecKOH  TexHomormu — moiammepoB  Cankt-IletepOyprckoro
FOCY1apCTBEHHOI'0 TEXHOJIOTHYECKOr0 WHCTUTYTa (TEXHHUYECKOro YHHBEpPCHTETaA),
npoTokosa Ne 27 ot 12 centsbps 2022 r.

IIpodeccop kadenpsr Xumudeckoi TEXHOIOTUH

nonumepos CIIOI THU(TY),n0kTop XMMHYECKUX HAYK

no cnenuanbHocTh 02.00.06-BhicokomonekynsipHbie

CoeJIMHeHus, podeccop /F\IZ—{ o MaunsxoBckuii Jleonna Hukonaesuy
On.noyra: Lmashlyakovsky@Iti-gti.

Ten. 8-(812)-494-92-17

DezepalibHOE rocy1apeTBeHHOE OIODKETHOE 00pa30BaTebHOE yUPEKICHHE BhICIIETO

(TEXHUYECKUN YHUBEPCUTETY.
190013, r. Caukr-IletepGypr, MockoBckuii rp. 1. 24-26/49. . 1
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