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OT3bIB

Ha aBTopedepar muccepraumu [lannna  Muxamna  MBanoBuua  «Pa3paboTka
TEXHOJIOTMYECKUX IPOIECCOB CO3[IaHUSI apPMUPYIOIIUX CTPYKTYP MOJIUMEPHBIX U YIJIEPOA-
VIJIEPOJHBIX  KOMIO3UIMOHHBIX  MaTepHaJioB Ha 0a3e  MOTAJIbHBIX  IMAKOBOKY,
MPEJCTABICHHYI0O HAa COUCKAaHHWE YYEHOM CTENEHH JOKTOpa TEXHUYECKUX HAayK II0
cneruanbHocTH 2.6.16 - «TexHosjorusi Mpou3BOACTBA M3JEIHA TEKCTUIHLHOW M JIETKON
MIPOMBIIIUIEHHOCTH.

HucceprammonHnass pab6orta I[lammna M.M. mocBsmieHa pa3paboTKe  TEXHOJIOTHUHU
MOJIYYCHHUST apMHUPYIOIIUX CTPYKTYp IS KOMIIO3WIIMOHHBIX MartepuaqoB Ha 06aze 3D
HAMOTOK, YCTOMYMBBIX K CIBHTY W PACCIOCHHI0O B JOKCTPEMAJIBHBIX YCIOBHIX
AKCIUTyaTallid, CO3JaHUI0 HOBOTO ACCOPTUMEHTAa TEXHUYECKOTO TEKCTUJISA C IITUPOKUM
CIIEKTPOM  TEXHOJIOTHUYECKHUX, TMOTPEOUTENHCKUX W  OKCIUIyaTallMOHHBIX  CBOMCTB.
Pa3paboTka M TPOU3BOJCTBO HOBBIX APMUPYIOIIUX  CTPYKTYP  KOHCTPYKIIMOHHBIX
KOMITO3UIIMOHHBIX MaTE€pUAJIOB, K KOTOPBIM OTHOCATCA MOTAJbHbIE TAKOBKH, HMEET
MPAKTUYECKYIO 3HAYMMOCTb ISl PA3BUTHS M TEXHOJIOTMYECKOTO MPOPHIBA MHOTUX OTpaciei
SKOHOMMKH CTpPaHbl, MOCKOJIBKY TaKM€ MaTepHalbl MOTYT HMCIOJIb30BaThCS BO MHOTHX
chepax JAesITCIHHOCTH.

[TonyyeHue HOBBIX apMHUPYIOIIMX TEKCTUIBHBIX MaTEpUaJIOB C 3aJaHHBIMHU
CBOMCTBaMHU IpEIoaraeT MPOCKTHPOBAHUE UX CTPYKTYPhI U TTapaMeTpoB (hopMUpPOBaHUS,
ompeneiieHne (AKTOPOB, OKAa3bIBAIOIIMX BIUSHHE Ha KAdeCTBEHHBIC IOKa3aTellH,
XapaKTEePU3YIOIINEe apMHUPYIOIIYI0 CTPYKTYPY M €€ CBOMCTBa, BBIOOP COCTaBIISIOIINX
KOMIIOHEHTOB, ONITHMAJIHBIX PEXXUMOB (popmupoBanus. J|Jiss yCIENIHOTO pelieHus 3a/1auu
CO3/IaHUSI APMUPYIOLIEH CTPYKTYpbl C HOBBIMH CBOMCTBAMH, BBICOKOW MPOYHOCTBHIO H
HAJEKHOCTBIO B  OKCIUTyaTallud, TEXHOJOTUYHOCTHIO  HEOOXOAUMO  MPOBEACHUE
KOMIUIEKCHBIX ~TEOPETHYECKUX W  OIKCIHEPUMEHTAIBHBIX HCCIEJAOBAaHUM, a TaKkKe
MpakTUUYecKas peajm3anus HapaOOTOK B MPOU3BOJCTBEHHBIX YCIoBUAX. [loaTomy, Tema
muccepraniioHHol paboTel [lanmHa M.U. sBisercs akTyajdbHOM, Tak KakK IOCBSIICHA
PELICHUIO BBIIICYKA3aHHBIX 3a]1a4.

Heo6xoauMo OTMETHUTH JIOTHYHOE M apryMEHTHPOBAHHOE H3JIOKEHHE Martepuana
JIACCEPTALUU.

B nepBoii ri1aBe Ha OCHOBaHMHM KPUTHUYECKOTO aHaIU3a HH(OPMAIIUH, UMEIOIIICICS B
HAay4YHO-TEXHUYECKON JIUTepaType MO BONPOCY apPMHUPOBAHUS  KOMIO3UIIMOHHBIX
MaTepHAJIOB C  HUCIOJb30BAHUEM  PA3JIMYHBIX TEKCTWIBHBIX TEXHOJIOTMHA, YETKO
chopmMyIupoOBaHbl 1IEb W 3aJa4d JHUCCEPTAlMOHHOW paboThl. B pesynbpTate cpaBHEHUs



TEXHOJIOTMIl apMHUpPOBaHUs, BBISBICHUS JOCTOMHCTB M HEIOCTATKOB CYIIECTBYIOIINX
apMUPYIOMIHNX TEKCTUJIBHBIX CTPYKTYpP MPEUIOKEHBI HOBbIE TEXHOJOTHMUECKUE PELICHUS U
COBPEMEHHBIN aCCOPTUMEHT TEXHUYECKOTO TEKCTWIS Ha 0a3e pa3iu4yHBIX HaMOTOYHBIX
CTPYKTYp, MO3BOJISIIOLIUX MPU MUHUMAIIBHON TPYJOEMKOCTH M OTXOJaX MOJTYYUTh IPOTYKT
C MaKCHUMaJIbHO BO3MOXHBIM WJIH 3aJaHHBIM KO3()PUIIMEHTOM 3amojHEeHUs o0beMa
KOMITO3UTa BOJIOKHUCTHIM MAaT€pUaIOM, OJTHOCTaJAUMHBIM CIIOCOOOM.

Bo BTOpoOii riaBe TMpeACTaBIEHBI PE3YIbTAaThl HUCCIEAOBAHUS CTPYKTYpPHI
apMUPYIOMINX HAMOTOK MOTAJIbHBIX MAaKOBOK U (PAKTOPOB, OKA3bIBAIOIIMX BIUSHHUE HA UX
KaueCTBEHHBbIE TMOKa3aTelu, YCJIOBUA UX (OpMHUpPOBAaHUS HAa TAKOBKAaX, a Takke
BO3MOXKHOCTh HUCIIOJIb30BaHMSI HMX B KAueCTBE HAMOJHUTENEH KOMITO3UIIMOHHBIX
MaTEPUATIOB PA3IMYHOTO HA3HAUCHHUSI.

ABTOp ompeAenus Tpu OCHOBHBIE TPYIIBI HAMOTOK MOTAJIbHBIX MaKOBOK, KOTOPHIE
BO3MO’KHO MPUMEHSTH B KAYECTBE apMHUPYIOIINX CTPYKTYP KOMIIO3UIIMOHHBIX MATEPUAJIOB,
Pa3IMYAOIINXCS TJIABHBIM TAapaMeTpoOM, XapaKTePU3YIOUIUM UX CTPYKTYPY - BEITUYHMHOU
yTJia CIBUTA BUTKOB.

Pa3zpaborana TexHosmorus mpoiecca GopMUPOBAHUS MHOTOCIONHBIX MPEU3UOHHBIX
cTpykTyp 3D HaMOTOK MOTaJbHBIX MMaKOBOK, OOECIEUHUBAONIAsl YCTOMYMBOCTh K CABUTY U
PACCIOCHHUIO BUTKOB HAMOTKH, TIPU UX MCIIOIH30BAHUH B KaU€CTBE apMUPYIOIINX CTPYKTYP
KOMIIO3UIIMOHHBIX ~ MaTepHUajoB, a TakKe TMPEAJIOKeHbl  HOBBIE  IMOKA3aTelH,
XapaKTEepU3YIOIINE CTPYKTYpY U cBoWcTBa 3D HaMOTOK.

PesynbratoM TpeTheil IJjiaBbl SBIWINCH YCTAHOBJIEHHBIE 3aBUCHMOCTH CTPYKTYPBI
apMUPYIOMIHX 000J1049eK, (OPMHUPYEMBIX HAMOTKOW OT YCJIOBHH MX (OPMUPOBAHUS - yriia
CKpEIIMBAaHUS BUTKOB, HATSKEHUS HUTHU U CTETICHU MPECCOBAHUS HAMOTKH.

B d4erBepToOil ri1aBe pPAacCMOTPEHBI MPOIECCHl APMUPOBAHUSA KOMITO3UIIMOHHBIX
MaTepHUaJIOB HAMOTOYHBIMU CTPYKTYpaMH 3aJaHHOW (OPMBI U KPUBU3HBI MOBEPXHOCTH.
YcTaHoBieHa 3aKOHOMEPHOCTH JIBIXKCHHE PacKIaTduKa HUTH BJOJL 00pa3yloieil MakoBKU
B TEUEHHE BCEro Imnpoiiecca (OPMUPOBAHMS 3arOTOBKH, WCKIIOUas, HCKaXEHHE (HOPMBI
HAMOTKHM, 32 CYET W3MEHEHHUS BEJIMYUHBI «CBOOOJHOTO OTpE3Ka HUTHU» MEXKIY
pacKJIaIYMKOM HHUTH M TOUYKOM BXOJa HUTHU B MAKOBKY. Ba)KHBIM pe3ylnbTaTOM SIBISETCS
pa3zpaboTaHHasi KOHCTPYKIHS MOTAJIBHOTO MEXaHHW3Ma, ITO3BOJISIONMET0 (HOPMHPOBATH
MaKOBKU Pa3IMYHOTO Ha3HAYCHUSI.

IIsTas  raaBa  TMOCBAIIEHA  HUCCIACAOBAaHUIO  MPOIECCOB  apMUPOBAHUSA
KOMIIO3UITMOHHBIX MAaTEPUANOB IUIOCKOW (OPMBI € TIOMOIILIO Pa3BEPTOK HAMOTOK
MOTaJIBHBIX TMaKOBOK. [lokazaHa BO3MOXHOCTh (OPMUPOBAHUS HAMOTOK pPa3TUUHBIX
CTPYKTYyp, a, CIEAOBAaTEIbHO, U UX Pa3BEPTOK, UCIOJIb3Yysd Pa3IMYHbIE T€OMETPUYECKUE
GbOpMBI TeN, HMMEKIIUX OCh BpPAIICHUA. DTO TIO3BOJUT ONTHUMH3UPOBATH PACKIIAIKY
APMUPYIONIUX HUTEH B TOTOBOM H3JIEIUM C W3BECTHBIM 3HAYEHHUEM YIJIa CKPEIIMBAHUS
BUTKOB, TI0 OTHOIICHHUIO BEJIMYMHE W HAMPABICHUSM BHEIIHUX BO3JACHCTBHI, C TPEOYyEeMbIM
YPOBHEM aHU30TPOIUU CBOMCTB, MPOTHO3MPOBATH PACIOJIOKEHUE HUTEH B apMUpYIOIIEH
CTPYKTYp€ MaKOBKH, MPU KOTOPOM pa3pylIarolire BO3JIEHCTBUS HAa HAMOTKY CO CTOPOHBI
BHEITHUX MPUJIATAEMBIX YCUITUH OYIyT MUHUMAJTbHBIMH.



B mecroii riaBe pa3paboTaHbl M TPEMAJIOKEHBI IS BHEJIPEHUS TEXHOJIOTHUU
dbopMHUpOBaHUS  YTIEPOA-YIIIEPOAHBIX  KOMIIO3UIIMOHHBIX  MAaTE€pUaIOB  Pa3IUYHOTO
Ha3HA4YEHUS C UCTOJIb30BaHUEM HAMOTOYHBIX CTPYKTYP.

Pa3paboTaHbl TEXHOJIOTHMU CO3/]aHUS HOBBIX KOHCTPYKIIMOHHBIX MaTE€pPUATIOB B BHJIE
MJIOCKUX HETKAHBIX MOJIOTEH, (POpMUPYEMBIX Ha 0a3e pa3BepTOK Ha IMJIOCKOCTh PA3TMUYHBIX
HAMOTOYHBIX CTPYKTYp M3 MaTEpUaJIOB Pa3IMYHOTO CHIPHEBOTO COCTaBa, a TAK¥KEe CIOCOObI
dbopmupoBaHusi MNPOPUIBHBIX KOHCTPYKIMH, C 3aJlaHHOM KPUBU3HOM MOBEPXHOCTU U
dbopMbI, UcTioNb3ys pa3BepTku 3D HAMOTOK pa3IUYHBIX CTPYKTYP.

[TokazaHo, 4TO HOBBIE TEXHOJOTMH APMHUPOBAHHUS KOMIIO3UIIMOHHBIX MaTepHUaIOB
IJIOCKOM U TPOCTPAHCTBEHHOM (QOpM BO3MOXKHBI TpPU OOBEAMHEHUU HECKOIBKHUX
TEKCTUJIBHBIX TEXHOJOTHMH B €IMHYIO, HANpaBJICHHYI0O Ha UCIOJb30BaHHE BCEX
MPEUMYIIECTB MPUCYIIUX UM, Ha TMOJYyYCHHE KOMIIO3UIIMOHHBIX MAaT€pUaioB C HOBBIMHU
CBOMCTBAaMH.

HayuyHnasi HOBH3HA COCTOUT B Pa3BUTUU HAYYHBIX OCHOB MPOIIECCOB (POPMUPOBAHUS
cTpyktyp 3D HaMOTOK, MPUMEHSEMBIX IPH aAPMUPOBAHUU TMOJHMEPHBIX U YIJIEPOA-
YTIAEPOIHBIX KOMIO3UIIMOHHBIX MATEPUAIOB M CO3/IaHUU WHHOBAIMOHHBIX TEXHOJIOTHH HX
MOJTyYEHHUSI.

JIOCTOBEpPHOCTh  MOATBEP)KJEHA B3aUMHOM  COTJJAaCOBAHHOCTBIO  PE3YJbTATOB,
MOJIYUCHHBIX B XOJE TEOPETHUECKHX U SKCICPUMEHTAIbHBIX HCCIIECIOBAaHUHN, a TaKkKe
pe3yabTaTaMi TMPOW3BOACTBEHHBIX HCHBITAHUN W BHEAPEHUS] CO3JAHHBIX TEXHOJOTUM
apMUPOBaHUsI KOMITO3UIIMOHHBIX MAaTepUaioB, POopMUPYEMBIX Ha 0a3€ MOTAIBHBIX MAKOBOK
Pa3JIMYHBIX CTPYKTYD.

Ha moii B3risin, pabota uMmeeT OOJbIIOe MpaKTHYeCKoe 3HaueHue. Pazpaboranbl
HAy4YHO OOOCHOBAHHBIA aJNTOPUTM CO3/JaHHUSI KOHCTPYKIIMOHHBIX KOMITO3UIIMOHHBIX
MaTepuanoB, GopMupyembIx Ha 6aze 3D HaMOTOK MOTaJIbHBIX TAKOBOK Pa3ITUYHON CTEIIEHU
3aMBIKaHUSI HAMOTKHU, HOBbIE KOHCTPYKIIMH MOTaJIbHOTO 000pyaOBaHus sl (POPMUPOBAHUS
npegopM KOMIO3UIIMOHHBIX MAaTEepPHAIIOB 3aJlaHHON (QOpMBI U TpeOyeMbIX pa3MepoB,
MOJIYYEHBI OTBITHBIE 00PA3I(bl TIOJTUMEPHBIX KOMIO3UIIMOHHBIX MATEPHUATIOB, aPMHUPYEMBIX
cTpyktypamu 3D HaMOTOK pa3IWYHOTO HA3HAYCHHS, TEXHOJOTHH ampoOUPOBAHBI H
BHEJIPEHBI B TPOU3BOCTBO.

CyI1ecTBEeHHBIM JIOCTOMHCTBOM JUCCEPTAllMOHHONW  pabOTHI SIBISETCS TIOJIHOTA
MPOBEACHHOTO MCCJIEIOBaHMS, OXBAaTHIBAIOIIETO BCE ATallbl MPOU3BOACTBA aAPMUPYIOIIUX
CTPYKTYp TOJIMUMEPHBIX M YTIIEPOJ-yIJIEPOJHBIX KOMITO3UIIMOHHBIX MaTepuajoB Ha 0Oaze
MOTAJTBHBIX MTaKOBOK.

OcCHOBHBIC TOJIOKEHUSI TUCCEPTAIMH HAILUIM OTPAKEHHE B MyONUKAIMIX aBTOpa, B
TOM 4YHCJI€ B 8 MaTEHTAaX Ha U300PETEHUS U MOJIE3HYIO0 MOJIEb.

ITo aBTOpedepary umeroTcs ciaeayrolue BOMPOChl U 3aMeUaHus:

1. U3 Ttekcra aBropedepaTra HE SCHO, KAKOE CHIPhE HCIIOIB30BAHO IS
dbopMUpOBaHUS APMHUPYIOMIMX CTPYKTYp MOJMMEPHBIX KOMITO3WLIMOHHBIX MaTepUajoB Ha
0a3e MOTaJbHBIX MAaKOBOK. B 4YaCTHOCTH, €CTh JIM OrpaHUYEHUS 1O BUIY, JIMHEHHBIM
IJIOTHOCTSAM, CTPYKTYpPaM TEKCTHIIbHBIX HUTEH?



OTMe4eHHBIN HEOCTATOK HE BIMSIET Ha TEOPETUYECKUE U IPAKTUUECKUE PE3YIIbTaThl
Y BBIBOJIbI IUCCEPTALOHHOTO UCCIENOBAHNUS.

3akirouenune

Huccepranmonnas pabora Ilanmna Muxauna MBanoBuuya Ha Temy: «Pa3zpaboTka
TEXHOJIOTMYECKUX ITPOLIECCOB CO3JaHUsI apMUPYIOIIMX CTPYKTYP NOJMMEPHBIX U YIJIEPOX-
YIJIEpOIHBIX KOMIIO3ULIMOHHBIX MAaTepualoB, Ha 0a3e MOTAJIbHBIX ITaKOBOK» SBISETCA
3aKOHYEHHOMN Hay4YHO-KBaJU(UKALIMOHHOMN paboroii, BBITTOJTHEHHOMN aBTOPOM
CaMOCTOSATEIbHO Ha BBICOKOM HaydHOM YypoBHe. B pabGoTe mpuBeneHbl Hay4dHbIE
pe3yabTaThl, MO3BOJISIIOIINE €€ KBATM(PUIHUPOBATh KaK pa3pabOTKy HaydyHO OOOCHOBAaHHBIX
TEXHUYECKUX PEIICHUM, BHEAPEHUE KOTOPBIX BHOCUT 3HAYWTEIBHBIM BKIAJL B
3(PPEKTUBHYIO PEATU3ALUI0 TEXHOJIOIMYECKOTo Mpolecca TEKCTHJIBHOTO IPOM3BOJICTBA.
HoBple HayuHble pe3ylbTaThl, CBSI3aHHBIE C Pa3pabOTKON apMUPYIOIMIMX TEKCTUIBHBIX
CTPYKTYp Ul IOJMMEPHBIX W YIJIEPOA-YIVIEPOAHBIX KOMIIO3MLMOHHBIX MATEPHAIIOB H
TEXHOJIOTUH UX (POPMUPOBAHUS, UMEIOT CYIIECTBEHHOE 3HAUEHUE Ul HAYKU U TPAKTUKH B
00J1aCTH TEKCTUJIBHON POMBIIIJIEHHOCTH.

Cuwnrato, 4yto nuccepranuonHas pabora [lanmna Muxanna VBaHoBuYa Ha TeMmy:
«Pa3paboTka TEXHOJIOTHYECKHX MPOIIECCOB CO3/1aHUsl apMUPYIOLINX CTPYKTYP MOJTUMEPHBIX
U YIIepoA-YIJIEPOJHBIX KOMIIO3MIIMOHHBIX MAaTE€pHalIoB, Ha 0a3e MOTaJIbHBIX MAKOBOK»
COOTBETCTBYET KputTepusM I. 9-14 «llonoxeHuss O NPUCYKIECHUU YUEHBIX CTEIEHEM,
yTBepkKAeHHOTo noctaHoBieHueM [IpaBurtensctBa Poccniickonn ®@enepanuun ot 24.09.2013
No 842, nmpeabsaBIIEMBbIM K JUCCEPTAIMSAM HA COMCKAHUE YYEHOW CTEMEHU JOKTOpa HAyK, a
ee aBTop, [lannH Muxann MBaHOBUY, 3aCiyKMBaeT NPUCYXKACHUS €My YYEHOM CTEIEHHU
JIOKTOpa TEXHUYECKMX HAyK IO cHenuaibHocTH 2.6.16 - «TexHosorus Nnpou3BOJCTBA
W3JETTU TEKCTUIBHOW U JIETKOW MPOMBIIIIICHHOCTH.
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