Ne 2 (14), 2022 BectHuk TBepCKOro rocyjapcTBEHHOTO TEXHUYECKOI0 YHUBEPCUTETA

Cepust «CTpOUTENBCTBO. DNEKTPOTEXHUKA U XUMUYECKUE TEXHOJIOT I

10. Sova V.V., Kusajkin M.l. Vydelenie i ochistka belkov [Isolation and purification of
proteins]. Vladivostok: Dal'nevostochnyj un-t. 2006. 42 p.

11. Pasynskij A.M. Himiya belka [Protein chemistry]. Moscow: lzd-vo inostrannoj literatury.
2002. 358 p.

11. Medvedeva A.N. Methods of biochemical research. Questions of medical chemistry. 2001.
No. 4, pp. 426-438. (In Russian).

12. Abramova Z.1. Issledovanie belkov i nukleinovyh kislot [Study of proteins and nucleic acids].
Kazan: Kazanskij gosudarstvennyj universitet im. V.1. Ul'yanova-Lenina. 2006. 162 p.

14. Semak 1.V., Zyryanova T.N., Gubich O.I. Biohimiya belkov [Biochemistry of proteins].

Minsk: BGU. 2007. 67 p.

INFORMATION ABOUT THE AUTHORS
ORLOQV Vladimir Vladimirovich — Postgraduate Student, Tver State Technical University, 22,
embankment of A. Nikitin, Tver, 170026, Russia. E-mail: v.v.orlov95@gmail.com
OZHIMKOVA Elena Vladimirovna — Candidate of Chemical Sciences, Associate Professor,
Associate Professor of the Department of Biotechnology, Chemistry and Standardization, Tver
State Technical University, 22, embankment of A. Nikitin, Tver, 170026, Russia. E-mail:
eozhimkova@mail.ru

CITATION FOR AN ARTICLE
Orlov V.V., Ozhimkova E.V. Biological nitrogen fixation and its significance for the early stages
of the development of flax // Vestnik of Tver State Technical University. Series «Building.
Electrical engineering and chemical technology». 2022. No. 2 (14), pp. 67-74.

YK 667.64:678.026

®U3NYECKHUE METO/Ibl MOJIU®UKAIIUU CTPYKTYPHI U CBOMCTB
INOJIMMEPHBIX KOMITIO3UIIMOHHBIX MATEPHUAJIOB
HA OCHOBE CTEKJIOTKAHUA

B.U. Cmonapenko, B.H. Onvuanckuii
YO «Bumebckuii 2ocydapcmeeHubill mexHoio2udeckull ynusepcumemy (2. Bumeock)

© Cromnspenko B.W., Onpmanckuit B.U., 2022

AHHoTanusi. B craTthe paccMOTpEHBI 3J€MEHTHl TEXHOJOTMH U CIOCOOBI (PU3NYECKOM
MoaudUKaMK TOJUMEpOB. Pa3paboTaHbl pEeKOMEHIAIMM 10 TOA00PY KOMIIOHEHTOB U
OTJIENbHBIX 3JIEMEHTOB TEXHOJOIMYECKOro IIpolecca MPOU3BOACTBA KOMITO3ULIMOHHOIO
MaTepuaiga Ha OCHOBE CTEKJIIOTKAHU C YIYYIIEHHBIMH MEXaHHYECKUMH XapaKTEepHUCTUKAMU.
[IpencraBieHsl mpolecchl M 3aBUCUMOCTH BJIMSHUSL CBOWCTB OTJIENbHBIX KOMIIOHEHTOB
KOMIIO3UTa Ha MEXaHMUYECKHE CBOICTBa MaTepuaja B LEJIOM. BBINOJHEH aHaln3 METOJI0B
¢usnueckoil MomuUKAIMM TOJIMMEPOB, OTOOpaHBl HamboNee MNpPUEMIIEMbIE BapPHAHTHL
ITpoBeneHa UX CpaBHUTENIbHAs XapaKTEPUCTUKA, PACCMOTPEHA BO3MOXKHOCTh UX NPUMEHEHUS B
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TEXHOJIOTMYECKOM  mporecce. Iloka3aHbl 3aBUCMMOCTM  MEXaHHYECKMX  XapaKTEPUCTUK
MOJIMMEPHON DJMOKCUIHOM MaTpHIbl OT JJIUTENIbHOCTH OOJydeHUsi ee ynbTpaduosieTOBBIM
M3JIy4YCHHEM BO BpeMs IOJHMMEpHU3alMH, B XOJ€ KOTOPOTO 3KCHEPUMEHTAIBHO IMOATBEPKICHA
s dexTuBHOCTH JaHHOTO MeToAa. [lomydeHbl 3aBUCUMOCTH, OTPaXKaoIIUe XapaKkTep U CTENeHb
BIUSHUSL JUIMTEIBHOCTU YJIbTPapUOIETOBOrO0 OOIYYEHMs] SMOKCHIHOTO IOJIMMEpa Ha €ro
MEXaHWYECKHUE CBOKCTBA.

KitoueBble cj10Ba: KOMIIO3UT, CTEKJIOBOJOKHO, MOAM(UKAIWSA, SHOKCHAHAs CMOJa,
NOJIMMEpU3aLHs, CBOMCTBA, MOAYJIb YIIPYIOCTH, PAaCTsKEHHUE, U3THO.

DOI: 10.46573/2658-7459-2022-2-74-85

BBEJIEHUE

PazBurtue IPOM3BOJICTBEHHBIX  TEXHOJOI'MH CTaBUT BONPOC  pa3pabOTKH
KOHCTPYKLIMOHHBIX MAaTe€pHalioB, MPEBOCXOJAIIMX [0 CBOMM I[apaMeTpaM TpaJWLHOHHO
ucrnonb3dyembie. OAHO W3 TMEPCHNEKTHBHBIX HANpaBJICHUH B 3ITOM oOmacTu — pa3paboTka
NOJIMMEpHbIX MaTepuanoB. llonumepHble Marepuanbl 007aJal0T YpPE3BBIYAMHO IIUPOKUMHU
BO3MOKHOCTSIMH BBHJIy NMPAKTHYECKH OE3rpaHMYHON BapHaOEIbHOCTH COCTaBa KOMIIO3WUIIUH U
METONOB MOIU(HUKAIMH, a TaKkKe Onaromaps IIMPOKOW HOMEHKJIAType CaMUX IIOJHUMEPOB H
HAIOJHUTENEH. 3a4acTyl0 TOJIBKO TOJIMMEPHl CIOCOOHBI COOTBETCTBOBATH BO3PACTAIOLIMM
TpeOOBaHUSIM COBPEMEHHBIX TEXHUYECKHX pa3paboTok. B obmactu MammHocTpoeHus u
CTPOUTENIbCTBA MOJMMEPHBIE MaTepHallbl BCE aKTHBHEE KOHKYPUPYIOT ¢ TaKMMM MaTepUallaMu,
KaKk MeTajll, JepeBo, xkene300eToH. J{OCTOMHCTBOM IOJIMMEPHBIX MAaTepHUaioB SBISETCS
coyeTaHue TpeOyeMOro ypoBHsS MEXaHMUYECKHMX CBOMCTB ¢ HH3KOW CTOMMOCTBIO MaTepuala U
BBICOKOM MPOU3BOIUTENILHOCTBIO IIPU (POPMHUPOBAHUY U3/IEITHH.

KoMIIO3MIIMOHHBIE KOHCTPYKLMOHHBIE MaTepuaibl Ha OCHOBE TEPMOPEAKTHBHBIX
OJINTOMEPOB HaXOJAT IIMPOKOE IMPUMEHEHUE B CTPOUTEIBCTBE U BO MHOTHX CIIY4asX 3aMEHSIOT
MeTaJuibl, a 6Jarofaps HU3KOM INIOTHOCTH, BBICOKOH KOPPO3HMOHHON CTOMKOCTH M BO3MOYKHOCTH
3aMEHbl HECKOJIBKMX METAJUIMYECKUX NETaell Pa3HOr0 HAa3HAYEHMsI OJIHOW, BBIIOJIHEHHON W3
MOJIMMEPKOMIIO3UTA, OHM HE3aMEHHMBI B Pa3IWYHBIX O0JACTSIX CTPOUTENbHOW HHAyCcTpuu. B
CTPOUTENIbHBIX KOHCTPYKIMSIX IIUPOKOE MPUMEHEHNE HaXOJAT CTEKJIOIIACTUKH, MPOU3BOACTBO
KOTOpBIX Ha CETOAHSIIHUN JeHb NpeBbICHIIO 2 MIH T. CTEKJIOMIaCTUKOBBIE MaTepHaibl Ha
OCHOBE TEPMOPEAKTUBHBIX OJUTOMEPOB, B TOM YHCJIE OAMOKCHAHBIX, MOTYT 3((EKTHUBHO
HCIIOJIb30BAThCS Il U3TOTOBJICHUS! CTPOUTENBHBIX U3JENIUNA U KOHCTPYKIUNA B 3HEPreTU4eCcKOu
orpaciu [1].

bnarogaps ManoMmy yAenpHOMY Becy KOMIIO3WLMOHHBIE MaTepuaibl Ha OCHOBE
CTEKJIOTKAHM MPEBOCXOAAT CTajlb [0 3HAUEHUIO YACIbHOM NPOYHOCTH: PaBHOIPOYHAS
KOHCTPYKIUS U3 CTEKJIOIUIACTUKA OKAa3bIBA€TCs B JBa pasa Jierue cTajpHON. Huskuii ynenbHbIN
BEC, HHU3Kas TEIUIONPOBOJHOCTh (CpaBHMMAsi C TEIJIONPOBOJHOCTBIO JPEBECHHBI), BBICOKas
JUDJIEKTPUYECKAsl MPOYHOCTb, OTCYTCTBHE DJIEKTPOXMMHUYECKON KOPPO3MH, a TaKXKE BBICOKAs
aTMOC(EepOCTOMKOCT, M OHONIOTHYECKass CTOWKOCTh OO0ECHeUMIIM IIUPOKOE IMPHUMEHEHHE
marepuana [2].

AKTYyalTbHOCTh COBEPIIEHCTBOBAHUS (DPU3MKO-MEXaHMUYECKUX CBOMCTB MOJMMEPOB IMyTEM
uX MoauduKanuu OoOYCIIOBIIEHA pacHIMpeHHEeM c(epbl NMPUMEHEHHUS NaHHBIX MaTepUaloB B
CTPOUTENBCTBE U PA3IMYHBIX 00IACTAX TEXHUKH.
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B cratee mnpuBeneH aHaiM3 3JIEMEHTOB TEXHOJOTMHM U CHOCOO0B MOAU(UKAIIH
MOJIMMEPOB C LENbI0 Pa3pabOTKH PeKOMEHIAIMIA 110 TOBBIIICHUIO MEXaHUYECKUX XapaKTePUCTHK
MOJIMMEPHOTO ~ MaTepualia, OINHCAHO OSKCIEPUMEHTAILHOE HCCIIEJOBAHUE  3aBUCHMOCTHU
MEXaHUYECKUX XapaKTePUCTHK TIOJMMEPHOM MaTpullbl OT MNPOAOKUTEIHHOCTH OO0IydyeHUs
YO (ynbTpaduoaeTOBBIM) U3JIyY€HUEM B MOMEHT MOJIMMEPHU3AI[UN MATPHIIBL.

INOCTAHOBKA 3AJIAYA

Jliis obecriedeHHsT BHICOKMX MEXAHUYECKUX XapaKTEPUCTHK PAlMOHAIBLHO MPUMCHSTH B
KayecTBE MAaTpUILbl SMOKCUIHBIA TMONIMMEp, OONANAIOIUi MPUEMIIEMbIMH XapaKTEepPUCTUKAMU
aAre3ud K CTEKJIOBOJOKHY. ONTHMalIbHBIM BApUAHTOM MOXET SBIAThCS cMona DJ[-20
'OCT 10587-84 — onuromep, COCTOSIIIMIA U3 SMNUXJIOPTUAPUHA U AUPEHUIONIPOIAHA, B
W3HAYaAJIbHOM COCTOSIHUM TIPEICTABJISIOMIMNA COOOM BS3KYIO NPO3PAYHYI0 MACCy C SIHTApPHBIM
OTTEHKOM, KOTOpas MpH BO3JCHCTBUM OTBEPAMTENS IMEPEXOAUT B TBEPJOE, HEPACTBOPHMOE,
HETJIAaBKOE COCTOSIHUE.

CrangapTHBIMH OTBEPIUTENSAMU U1 STOW CMOJIIBI SBIISIOTCS MOJUATHUICHIIOINAMUHOBBIN
(II2TTA) otBepmutens TY 6-02-594-85, tpustmnenterpamun (TOTA) TY 6-02-1099-83.
Ortan-45 TY 2257-045-18826195-01 — 3T0 HETOKCHYHBIN OTBEPAUTEIIb AMHHHOTO THIIA, KOTOPBII
HE UMEET HETPUATHOIO 3aI1aXxa ¥ HE BBI3BIBACT AJUICPrUUYCCKUX PEaKIIUi, 10 CBOMCTBAM OJIM30K K
[IDTTIA, HO cmona mocie OTBepkaeHus Oonee IutacTuyHa. JlaHHBIM oOTBepauTenb Oosee
TEXHOJIOTMYEH, HE O00pa3yeT IMOBBIIIEHHOE YHUCIO TIOMEPEYHBIX CIIUBOK IOJUMOJICKYJIBI,
Onarogaps uemy obecreuynBaeTCs Jdydlias 3IaCTUYHOCTh MAaTPHIIBI, a MPOLIECC OTBEPICHUS HJIET
HecKoJIbko ObicTpee, ueM y TOTA.

CTeKJIOBOJIOKHO TPHU HM3TOTOBJICHWU CTEKIJIOTUIACTUKOB MPUMEHSETCS B BUJE POBHHIIBI,
npsijiei, HuTed, TKaHel, matoB. [lpu TekCTHUIBHON 00paboTKe CHUXKaeTcs Kod(PPHUIUEeHT
MCIIOJIb30BaHUs MPOYHOCTH €AMHUYHOTO CTEKJISTHHOTO BOJIOKHA. DTO OOBSACHSIETCS pa3pylieHueM
YaCTH BOJIOKOH, BOSHUKHOBEHHMEM MOBEPXHOCTHBIX TPEIIUH, HEOTHOPOAHOCTHIO pPaOOTHI BOJIOKOH
[P 3aKPYYMBAHUH, YCIOKHECHUEM MPOIHUTKH CB3yroIuMm [3].

[To ycnoBuro pabOThI BOJIOKOH Ha paCTHKEHHE-CXKAaTHE HauOoJiee TMOIXOASIIUMU
MaTepuaiaMH MPeACTABISIOTCS POBHUIIA C AMAMETPOM BOJIOKHA OT 5 10 11 MKM, pacronoxkeHHas
non yrioM 45-90°, catun 8/3 u poBucran 30A.

Crnenundurka MCIONB30BaHUS KOMIIO3UTOB B CTPOUTENHCTBE MPENIOJaraeT KOHTAKT C
BIQXHOW  cpeloi, ¥  37eCh ONTUMAJIbHBIM  BapHaHTOM  SBJISIETCS  OECIIEIOYHOE,
AITFOMOOOPOCHITMKATHOE CTeKJI0 Mapku «E» [4].

B 1menom cBoicTBa CTEKJIOIIACTHKOBOTO KOMITO3UTA 3aBUCAT OT TIPOYHOCTH U
neOpPMAallMOHHBIX CBOMCTB MAaTpHIlbl, COCTaBa M OPHEHTAIIMM HAMOMHHUTENS] W TMPOYHOCTH
aJre3MOHHOTO CJIOSl. AJTre3MOHHOE B3aUMOJCHCTBHE TPOUCXOAWT TIO TPAHUIE KOHTAKTa
HATOJHUTENS U MATPHIIbI, 00pa3ysl MpuiIekKalluidi K TTOBEPXHOCTH pa3Jiena MepexoIHblii cioi. B
MIEPEXOTHOM CJIOE 00pa3yeTcsi CBSI3b MEXKIY MaTPUIICH W HAMOJHUTEIIEM, BIUSIONIAS HA yCIOBHE
TOPMOXKEHHSI TPEUIMH B MaTepuane. EciM mpoYHOCTh MEPEXOMHOTO CIOS MEHBIIE MPOYHOCTH
BOJIOKOH HATOJHUTENSA, TO TPEIIMHA OYJeT MPOXOAWTH IO MOBEPXHOCTH pa3jenia, a Ha H3JIOME
OyZieT 3aMETHO BBHITATMBAHHE BOJIOKOH M3 MaTPHIIBI, CIEIOBATENBHO, YeM OOIbIINe aare3us, TeM
BBIIIIE MEXaHUYEeCKHe CBOWCTBA. [Ipu MpeBBIIIEHUN BEPXHETO Mpejaesia MPOYHOCTH aare3MOHHOTO
CIIOSI, OIpENENIeMOro MPOYHOCTHIO HAIMOIHUTENS, MaTpUIla TepsSeT CBOM CBOWCTBA YIPYroro
cBs3yroriero [4].

IIpn pa3paboTke KOMMO3UIIMOHHOTO MHOTOKOMIIOHEHTHOTO Marepuaia HeoOXOIUMO
CTPEMHUTHCS MaKCHUMalbHO HCIOJB30BaTh CBOMCTBO KaXJOTro 3JE€MEHTa, YTOOBbl 00ecneduThb
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OJIHOPOAHOCTh UX JedopMaluy MPU MPUIIOKEHUU HATPy3KH, U CTapaTbCs MepeiaTh MaKCUMYyM
Harpy3Kd HECYIIUM apMHUPYIOIIMM BOJOKHaM [5].

B pabore [6] omucaH KOMIUIEKC TpeOOBaHWH, CBS3BIBAIOIIUX CBOMCTBA MaTpPHIBI U
BOJIOKOH: IIPY ONTHUMAJIBHOM COJEP’KaHUU apMUpPYIOIIUX BosokoH 70 % oT oObema maTtepuana
WX TIPOYHOCTHBIE CBOMCTBA peayn3yroTcs Ha 90 %.

TpeOoBaHuUsI BBIpAXKAIOTCS CUCTEMON HEPAaBEHCTB!

E
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OnokcuaHas MaTtpuna TpeOyeT IopaOOTKH, CHMYKAIOIIEH XpYNKOCTh W TOBBILIAIOLICH
yIpyrue CBOMCTBa Marepuana. [Ipm 3TOM HEOOXOOUMO CTPEMHUTBCS HU30EXKATh YIOPOKAHUS
MaTeprayia, BO3HHMKAIOIIETO NMPH XHMHUYECKHX METoJaX MOAM(DUKAIMH MOJMMEpOB. YacTHYHOTO
YIAy4IIeHHs] MEXaHMYECKMX CBOHCTB MOXKHO JOOWTHCS MPUMEHEHHWEM OTBepauTens «Jtanm 45y,
TIOBBIMIAOIIETO TUIACTUYHOCTh MATPHUIBl. JlabHEHIee MOBhIIICHHE TUIACTHYHOCTH BO3MOXKHO TIPH
NpUMEHEHNH (U3UUECKHX METOAOB MOAM(HUKAIMK TOIUMepa. B oTiamuue OT XUMHYECKHUX
(u3NYECKIe METO Bl MOAM(DUKAIIIH SKOJIOTUIHBI, YIPABJISIEMBI, JICTKO TIOJIAIOTCS aBTOMATH3AIIHH.

Ouznyeckas MoauduKamus JAETUTCS Ha TEPMUYECKYIO, OOJIydeHHe, BaKyyMHO-
KOMITPECCHOHHOE BO3JICUCTBHE, MEPHOIUYCCKYIO AeOopMaIliio, BO3JICHCTBHE MAarHHTHBIM I10-
nem [7].

Ha ocHoBanum naHHbIX pa®oThl [7] mpoBeneH aHAIM3 HanOOoJee MPUEMIIEMBIX METOJIOB
busndeckoit MonupuKauu moaumepos (Tadm. 1).

B pesynprare ananmmsza MeTonoB (usnueckod MoauduKanyMd OJHUM W3 Haubosee
MEPCIICKTUBHBIX BUAWTCS METOA Bo3AekcTBUS Y D-U3NydyeHUss Ha MAaTPHIy MOJIUMEPHOTO
komrno3uTa. JlocromHCTBa M OCOOEHHOCTH BO3JEHCTBUS JAHHOTO METOJAa: METOJ Mpu
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MUHMMAJIbHBIX SHEPreTUYEeCKUX 3aTparax CIIOCOOEH JIETKO BCTPauBaTbCs B  TEXIpolece
IPOU3BOACTBA KOMIIO3UTA, IpU 3TOM Y®D-u3iydeHHe CHocoOCTBYeT OOpa30BaHHIO HOBBIX
LENIOYEK Ha HayaJbHOM JTale IOJIMMEpPHU3alMd, YMEHbLIAeTCsd KOJIMYECTBO IONEPEUYHbIX
CIIMBOK IIOJMMOJIEKYJIbI, CTPYKTypa H3MEJIbYaeTCsl M YIUIOTHSAETCS, M, KaK CIEJICTBUE,
HOBBILIAIOTCS IPOYHOCTh, KECTKOCTh U YNPYrocTb MaTepuana. Kpome Toro, Ha HadajabHOM
Tane K MaTepually MOJABOIUTCS JONOJHUTEIbHAs JHEPrus, BBI3bIBAIOLIAS YCKOpPEHUE
HOJIUMEPU3ALIUHA MATPULIBI.

Tabauya 1
Ananu3z MeTofioB (pusnueckoit MoupUKaINK TOJTUMEPOB
. . Bo3moxHOCTB
Criocob XapaxTep BO3A€HCTBUSA Bnusiaue Ha cBoiicTBa
MPUMEHEHUS
MOAU(DUKALINN Ha TIoJIUMeEp MoJINMEpa
B TEXIIpoLIecce
IloBbIraer Temmneparypy | Jlerko BnuceiBaeTcs
KpUCTaJUTM3alHH, B TEXIIPOLIECC,
[aBnenue, xonoaHas Brnusiet Ha CTpYKTYpHYIO
MOBBIIIAET MPOYHOCTHEIE MIOJIOKUTENBHO
MpoKaTKa YHOPSI04EHHOCTh
XapaKTepUCTUKU BJIMSIET Ha 3aJaHHbIC
Ha 10 % CBOWCTBa
YcKkopsieT oTBepAeHUE
VYnerpaduoneroBoe P P ’ [NoBbImaer [IpoctoTta ob6opy-
CHIKAeT HEPTUI0 aKTUBALIH
U3ITy4YeHHeE. MIPOYHOCTHBIE JIOBaHUsI, HU3KHUE
. OTBEPIK/ACHUSI, IOBBIIIIAET
Bpems Bo3nelicTBus XapaKTepUCTHUKH Ha 3Hepro3arparsbl,
BEPOSITHOCTh 00pa30BaHUs o
15-30 muH, [MHA 9 . 30 %, cHKaeT HE YCIIOXKHSIET
JTMHEHHBIX eTel Ha Hadallb-
BoustHbI 200350 HM, N BOJIOTIOTJIOIICHHE TEXIIPOoIIecC.
HOM CTa/Iny C MOCIIEAYIOLTUM
MOIIIHOCTb H3ITy- MaTepuaia, yBennuuBaeT | TpeOyeT 3alluThl
2 (hopMHUPOBAHUEM M3 HUX
yarens 1,5 BT./cM N aJre3uIo nepcoHaia
CETUYaTOH CTPYKTYPHI
VYabeTpa3BykoBas
0bpaboTka
A. OuucTka HUTH
OT 3aMaciuBaTess A. IloBpexaeT
5 MUH, yacToTa A. CKOpOCTh OYUCTKHU BOJIOKHA. Nmeercs
110 I'm. yBenmuauBaetcs B 30 pas. b. IloBuImaercs 3HAYUTEILHBIN
b. Xononnas b. Bnuser Ha rmyOunHy ynpyrocts B 1,4 pa3a, ITOJIOKUTEIIBHBIN
MpoKaTKa + BO3IICHCTBHSI. npo4yHocTh — Ha 12 %. a¢dekr, TpedyeT
+ ynpTpasByk 20 KI'm. | B. CHmxaeT BI3KOCTh CMOJBI. B. Bpems nponutku 3aILUTHI IEPCOHAIA,
B. O6pabotka I'. IloBbIlTaeT paBHOMEPHOCTh | yMeHbIaeTcs B 1,6 pasa. | JOMOTHUTENHHOE
MAaTPHIIBI paclpeneneHnst KOMIIOHEHTOB I'. IToBbmaeT obopymoBaHue
2 .
2—7 BT./cM". MIPOYHOCTHBIE CBOMCTBA
I'. O6pabotka
KOMIIO3UTa
NIpY 3aCTHIBAHUN
Iobimaet Ha 40 % 3aMeTHbIN 3P deKT
Bu6 . [lepememmBanue cioes MPOYHOCTH U YIIPYTOCTb, B COUYETaHHU C
AL
VD P noBbImaeT 3pPEeKTUBHOCTh CHIDKAET BOJOMOITIO- | TEXHOJIOTUYHOCTHIO,
-A3ITy4eHHe o
Y4 BO3JIEICTBHA LICHUE MaTepHuana, TpeOyeT 3aLIUThI
YBEIMUMBACT aATC3HI0 repcoHana
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OxoHnuanue mabauywvl

N . BosmoxHOCTB
Crioco0 XapakTep BO3/A€HCTBUSA BnusitHue Ha cBoiicTBa
MIPUMCHCHUS
MOU(DUKAIIAN Ha TIOJIUMEP oJimMepa
B TeXIpolecce
Bo3sneiictBue
AJNIEKTPOMArHUT-
DKOHOMHUYHOCTb,
HOTO T0JIS, BPeMSI
N A. Pacter ynopsio4eHHOCTh [oBbIIeHME TTPOY- MPOCTOTA YIpaB-
BO3JICHCTBHS N
15 HAJIMOJICKYJISIPHOM HOCTHBIX XapaKTEPUCTUK | JICHUS, 3HAYUTEIb-
MUH .
’ CTPYKTYPBL. Ha 30-90 %; mocrosHHOE HBIW MOJIOKUTENb-
HaIpPsHKEHHOCTh N
b. [lonmxkaet Temnepatypy T0JIe BBI3BIBAET aHN30- HBIH 3 DekT.
MarHMTHOTO TOJIS N Tre6
OTBEPIKICHUS TPOITUIO CBOWCTB e0yeT Cpe/iCTB
636 KA/M: P P PEbYET €p

A. TlocTosiHHOTO.
b. IlepemenHoro

3aIUThI IEPCOHANA

Mexanotepmu-
YeCKHH METO/I.
A. Obkatka
CTaJIBHBIM POJIUKOM
mpu t = 65-90 °C,
JABJICHUE POJIMKA
600-750 MITa.
b. BuiTsbxka
IIpU TEMIIEPAType
BBIIIIE TOYKH
KpUCTaJUTA3AITIH
Ha 15 °C

A. ®opmupyer usznenue
C DJIACTUYHBIM SAPOM
Y )KECTKUM BHEITHUM CJIOEM.
b. Menser cTpykTypy
CTPOECHHS MaTepHana

IIpouHOCTHBIE CBOMCTBA
MTOBEPXHOCTHOI'O CJIOS
B 10 pa3 npeBocxonsT

HCXOJHBIN 00pa3el.
IIpouHOCTB NIOBBILIAETCS
B 4-5 pa3 o Bceit
TOJIIIMHE 00pas3ia

Bo3moxxno
MPUMEHEHNE METO/1A
Ha CTaJNM NpOT-
TUBaHUS TI0JIOCHI
OT JKCTpyAepa
JI0 TIpecca, 3Hauu-
TEJIBHO TOBHIIIACT
MEXaHUYECKHUE
CBOMCTBA KOMIIO3HTA

MATEPHUAJIBI U METO/1bI UCCJIEJOBAHUS

Jlis MpoBeAEHUs SKCIEPUMEHTAJIbHBIX MCCIEOBaHUN CrocoOOM 3aluBKH B (hopMy
W3TrOTOBJICHBI 00pa3Isl U3 AnoKcHaHOTO Toaumepa J/[-20 TOCT 10587-84.

Pazmepsl 06pa31oB:

anst ucnbitannss Ha u3rnd mo ['OCT 4648-71: nmuna 80 mMm, mupuna (25 £ 0,50) mm,
tomuHa (2,00 + 0,20) MMm;

st ucnbiTaaus Ha paspbiB mo [OCT 11262-80: mmmaa 250 MM, paccTOSHUE MEXTY
METKaMH, OIPEICIISIOIUMH TTOJI0KEHHE KPOMOK 3aKUMOB Ha 00pasiie, coctasisiet (170 £ 5) mvm;

pacuerHas aauna (50 + 1) MM, mupuna (25 £ 0,50) MM, Tommmaa (2,00 + 0,20) Mm.

Tonumnaa obpa3na u3MepeHa B TOUKAX, HaXOSAIIUXCA HA PACCTOSHUM +2 MM OT LIEHTpa
obpasma, mo I'OCT 6507 ¢ uHCHOIB30BaHMEM MHUKpPOMETpa, O00ECIEeUHBAIONIICTO H3MEPEHHE
¢ morpemHocThio +0,01 mm. Illupuna oOpas3uma u3MepeHa B COOTBETCTBHM CO CTaHIAPTOM
NCO 16012 «Ilmactmaccel. OmnpenenieHne JTUHEHHBIX Pa3MEPOB HCIBITATEIBLHBIX 00pPa3IoB» C
UCIIOJIb30BAHUEM MHUKPOMETpa, OOECIEeUMBAIOIIEr0 HM3MepeHHe C MmorpemHocTbio +0,02 mwm.
VYcnoBus KOHIMIMOHMPOBAHMSI M HCHBITAaHUS 0Opa3loB B cTaHAapTHOW artMocdepe 23/50,
temneparypa Bozayxa 23 °C, orHocutenbHass BiIaxHOCTb 50 % B COOTBETCTBUM C
I'OCT 12423-2013.
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[IpomomKUTENIBHOCTD BO3ACHCTBUSA M3IydeHUs u3MeHsuiachk auckpetHo: 0; 7,5; 15; 30;
45 MMH C KaXIbIM HOBBIM 0Opa3moMm. M3MepeHue BBIIEPKKH MPOM3BOJMIOCH C MOMOIIBIO
nabopatopHoro taiimepa TJI-301 ¢ wmHmukamumed BpemeHH B auamnazone g0 99 muu 59 c.
B kagectBe ucrounuka uznyuyenus npumensuiacek gamna T8 UVC G13 15 Br, ycraHoBieHHas Ha
paccrosgauu 100 MM OT MTOBEpXHOCTU MaTepuasa, JJIMHA BOJIHBI u3aydyeHus: 254 uM. B kaxaom
OMBITE MPUMEHSIIACH MATUKPATHAs! TOBTOPSEMOCTb.

MexaHuueckue CBOWCTBa OOpa3lOB H3Y4YEHbl MpPU TMPOBEACHUM UCIBITAHUS B
COOTBETCTBUHM ¢ MeToaukou, omucaHHoi B I'OCT 9550-81, cucrema m3MepeHUs] HArpy3Ku —
B COOTBETCTBMHM C TpeboBanusmu mis Tpynnsl mMammH 0-Y mo T'OCT 28840 (mpenen
noryckaeMoii morpemHocta +0,5 % u3mepsiemoit Harpysku). i mpoBeeHUS HCTIBITaHUI Obliia
UCIIONIb30BaHa pa3pbiBHAs JabopaTopHas mammHa WDW-20E, cooTrBercTBYyIOIIast TpeOOBAHUAM
I'OCT 28840-90 «MamuHbl i1 UCIBITAHUS MAaTEPUAIOB HA PACTSDKEHUE, CHKATUE U U3THUO».
OO01re TeXHUYeCKUe XapaKTePUCTUKNA MAIIMHbBI IPUBEEHBI B Ta0I. 2.

Tabnuya 2
TexHUUecKkne XapakTepPUCTHKHU HCIIbITaTeIbHOW MamuHsl WD W-20E
XapakTepucTuka 3HaueHue
MaxkcuManbHasi Harpy3ka 20 xH
To4HOCTB U3MEPEHUS IPUIIOKEHHON HATPY3KHU +0,5 %
Tounocts n3Mepenus aedpopmarnyu odpasma +0,5 %
Pazpemenne nepemenieHus 0,001 mm
TO4YHOCTBE U3MEpPEHHUS IEPEMEILICHNUS +1 %
Jlnamna3oH CKOpPOCTEN HArpyKEHUsI 0,005-500 mm/mMuH
MaxkcumanbHOe epeMelieHne TPaBepChl 800
NIPU PACTSHKEHUH U CKATUU
[HupunHa npocTpaHcTBa ISl UCIIBITAHUN 370 mm

CKOpOCTh pacxokJACHHS 3aXBaTOB NpH pacTspkeHun coctasiseT (1,0 £ 0,5) % /mun, npu
u3rude 3 MM/MHH, pacCTOSTHHE MEXy OIlopaMH MpH u3rude 60 mm.

Monynp ynpyroctTd NpU pPACTSKEHUH OMNPENENsUICSs Kak OTHOIICHHWE IpUpalieHus
HAIpsDKEHUST K COOTBETCTBYIOLEMY IPUPALLEHUI0 OTHOCHUTENBHOIO yAIMHEHUs. Moaynb
YIPYTOCTH NpH pacTskeHuu (£,) B MIla Beraucnsics mo ¢popmyiie

E — (Fz_Fl)'Io 1
P A (AL —Al)
rae F, — Harpyska, cooTBeTCTBYyIOIIast OTHOCUTENbHOMY yaymHeHuto 0,3 %, H;
F1 — Harpy3ka, cooTBeTCTBYIOIIAsl OTHOCUTENbHOMY yumnHeHuto 0,1 %, H;
I, — pacuernas pauHa 0Opasma, Mm;
Ag — TUIOIIAIb HAYAFHOTO MOMEPEYHOT0 CeYeHHsI 00pasiia, MM;
Al, — ynnmuHeHne, MM, COOTBETCTBYIOIIEE Harpyske Fo;
Aly — ynnuHeHue, MM, COOTBETCTBYIOIICE Harpy3ke Fi.
Monynb ynpyroctu npu u3rude onpeaesnsics Kak OTHOLIEHUE MPHUPAeHHs HalpsyKeHUs

K COOTBETCTBYIOIIEMY NPHUPAIICHHIO OTHOCUTEIBbHOW aedopmanuu (0 TPEXTOUCUHOW CXeMe
HaArpy»KEeHU).
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OtHocuTenbHas aedopMalis KpaiHUX BOJIOKOH PaCCYMTHIBAIACH IO (opMyJie
6zh
¢ = =
r/ie Z — 3Ha4YeHue nporuda, Mm;
h — Tommuua obpasia, Mwm;
Ly — paccTrosiHue Mexay OOpaMu, MM.

Ckopocth jaedopmarvii TPH PACTSHKEHUW OIpPEIesiach KaK OTHOIICHHE CKOPOCTH
MEePEeMEIICHHS TIOJIBIYKHOTO 3JIEMEHTA HCIBITATSIbHON MamuHbl (V) K JIuHE o0pas3ia MexIy
KpOMKaMu 3aKUMOB. [Tpu nu3rube ckopocTh aehopMaIiui pacCYMTHIBAIACH 110 (hopMyJie

2
u-L
6h
1

rae U — CKopocTh AehopMaIii KpaitHuX BOJIOKOH oOpas3na, paBHas 0,01 MuH .

V=

PE3YJbTATBI SKCIEPUMEHTAJIBHBIX UCCJIEJJOBAHUM
B pesymprare SKCHEPUMEHTAIbHBIX HCCICAOBAHUN OBUTM IMOJYYCHbI 3aBUCHMOCTH
U3MCHCHUSI MEXAHWYECKHX CBOWCTB MATpPHUIBI OT BPEMEHH OOJIyYCHUs MPU IOJUMEPU3ALUH
(puc. 1-4).

80,000 -
Y= 0,0005x%% —0,0499x% + 1,5042x +

+58,048
R#=09392

75,000

70,000 -
v = 0,0006%° — 0,052x% + 1,4667x +
+ 54,404
Rz =10,9321

65,000
0,000 -
4

55,000

y =0,0003x* - 0,031x* + 0,9238x +
+40,797
R#=10,9339

50,000 A

45,000 -

HMzrubarnmee HanpskeHnue, H

40,000 &

35.000 , . . . .
0,000 10,000 20,000 30,000 40,000 50,000

Bpemsa odpadoTKH, MHH

Puc. 1. I3MeHeHre MEXaHUYECKUX MapaMeTPOB MPHU UCTIBITAHUH SMOKCHUTHOTO MOJIMMepa
Ha U3TUO0 B 3aBUCUMOCTH OT MTPOJIOJDKUTEILHOCTH BO3AeHCTBUS Y D-M3mydeHus
B MPOIIECCE TOTUMEPHUBAIMH. Omax — U3THOAIOIIIEE HAIPSHKEHNE TTPH MAaKCUMAaJIbHON HarpyskKe,
Op — M3rudarollee HapsHDKEHUE IPU paspyLIeHnH; Oy — MAKCUMaIbHOE U3rHOarolee HAIPsyKECHNE
ynpyroit nedopmaru o0pasma
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v = 609,08x00217

700,000 1 s ¢ max R?=0,9768

650,000

v = 540,44x0,0216
R*=10,9721

600,000 -

550,000

500,000 y = 440452075
] *oy R2=0,9583

450,000 —+ !

400,000

e e
Ll

Hanpsikenue, H

350,000

300,000 . . . . .
0,000 10,000 20,000 30,000 40,000 50,000

Bpemsa o0paGoTKH, MHH

Puc. 2. I3MeHeHne MEXaHUYECKHUX [TapaMeTPOB IOKCUIHOIO ITOJIMMEPA ITPU UCIIBITAHUN
Ha PaCTsHKEHHUE B 3aBUCUMOCTH OT IIPOJOJDKUTEIBHOCTH BO3AeHCTBUA Y D-n3nyyeHus
B ITPOLIECCE MOTMMEPHU3ALNN: Omax — HAIPSDKEHUE PACTSHKEHUSI P MAaKCUMAJIBHOM HAarpys3Ke;
Op — HAIIPSDKEHUE PACTSHKEHHS IIPU Pa3pyLICHNH; Oy — MAKCUMaJIbHOE HAINIPSIKEHUE PACTAKEHUS
ynpyroii nedpopmannu odpasua

2950

2900 -

2850 A

2800 -

2750 S

2700 y = 2801, 2x0.0055
2650 - RZ2=10,9347

2600

Mlla

2550 A

MoayJb ynpyroct npu usruoe,

ESDD T T T T T 1
n 1a 20 30 40 50 ]l

Bpems 00paboTku, MUH

Puc. 3. 3aBucHUMOCTh U3MEHEHHUS MOYJISI YIPYTOCTH MPH U3THOE
OT NPOAOJIKUTEIBHOCTH BO3ACUCTBUSA Y D-U31ydeHUs B IIPOLECCE IOJIUMEpU3auu
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2900 -
2850
2800

2750

2700 - y = 2760x500
Rz =10,992

2650 A

MoayJb ynpyrocTu npu
pacts:kennn, Mlla

2600 -

2550 . . 1
0 20 40 60

Bpems 00paboTku, MUH

Puc. 4. 3aBUCUMOCTb U3MEHEHUS MOYJISl YIPYTOCTU IIPU PACTSKEHUU
OT NPOAOJKUTEIIBHOCTH BO3AEUCTBUA Y D-U31ydeHUs B IPOLECCE IOJIUMEpPU3auu

CornacHo mpexcraBieHHbIM Ha puc. 1-4 rpapukam, MexaHHMUECKUE XapaKTEPUCTUKU
o0JydeHHBIX 00pa3ioB (Mpelaen HAMpsHKSHUS TPH  MaKCUMAalIbHOW Harpyske, Mpezes
HAIPSOKEHHS TIPU PaspyIICHUU U MPEAeN HANPSDKCHUS PU yIpyroi aehopMaiui) HOBBICHINCH
B cpeaneM Ha 15-20 %.

PaccunTaHHbI Ha OCHOBaHMHU MPOBEJCHHBIX M3MEPEHUH CpPEeIHUN MOIYyJb YNPYTrOoCTH
npu M3ru0e W paACTSHKEHWHM BBISBHJ AHAIOTWYHBIE TEHICHIIMA 3aBUCHMOCTH TIOKa3aTernen
YIPYrocTH OT BpeMeHH oOiyueHns o0pas3moB. JlaHHBIE 3aBUCHMOCTH C JIOCTOBEPHOCTBIO
He Huxke 93 % ONMUCHIBAIOTCS MPUBEIEHHBIMU Ha TpapuKax MaTeMaTHUYEKUMHU MOIEISIMH.

Ananusupys rpaduKi, MOXKHO MPUNTH K BBIBOAY, YTO 00IyueHue Hanbosee 3 PeKTUBHO
B TeueHue nepBbix 8—10 muH o0paboTku. [lanbHeiimee yBenuueHue BpeMeHH 00JIyuyeHHs] UMEeT
3aMETHO MEHbIIYI0 3¢ deKTUBHOCTh Bo3zAelcTBUA. Ha rpaduke 3To BbIpakaeTcsi CHUKEHUEM
CKOPOCTM HM3MEHEHHUs NapaMeTpoB YIPYrocTd o0pasnoB (rpaduk MNEpexXoAUT B IOJIOTYIO
TPAEKTOPHIO). DTO BIIOJIHE COMOCTABHUMO C TEOPETUYCCKUMHU TPEAIOCHUIKAMH, OOBSCHIIOIINMHI
Bo3zelcTBUE Y D-U3TydeHHs Ha MPOLECC MOJUMEPU3AIINH STIOKCHTHOTO OJIMTOMEPA.

3AK/IIOYEHHUE

B cratbe mnpoaHaIM3MPOBAHBI 3JEMEHTHl TEXHOJOTMHM M CHOCOOBI  (U3NYECKOU
MOIUGUKAIMM ~ TOJIMMEPOB,  CHOCOOHBIE  OOECHEYUTh  IOBBIIIEHHBIE  MEXaHUYECKHE
XapaKTepUCTUKU MaTepHualla; MpeJICTaBICHO SKCIEPUMEHTAIbHOE HMCCIEIOBAHNE 3aBUCHMOCTH
MEXAHUUYECKUX XapAKTEPUCTUK MOJUMEPHON MATPHIIBI OT BpEMEHH BO3AEHCTBUS Y P-U3iIydeHns
B Mpoliecce NOJUMEPU3AIN MaTepraia ¢ LEeJIbI0 MOBBIIIEHNUS MOl YIPYTOCTH MPU U3THOE U
pacTsbkeHuu. B Xoie sKcrnepuMeHTa IOJIY4eHbl 3aBUCHMOCTH MEXAHMYECKHX XapaKTEPHUCTHUK
SMOKCUHOM MaTpHIlbl OT BPEMEHU OOJIy4eHHUs IpH MOJIMMEpU3aluu MaTepuana. B pesynbrate
o0ydeHus: SnoKcUIHON cMoibl D/[-20 mpu monmMepu3aluil MEXaHUYECKUE XapaKTePUCTUKH
noBeicuinch Ha 15-20 %. HaumbGonemuii 3¢ dexT mocturaeTcs TpH TPOIOJDKUTEILHOCTH
oOiydenus, cocrapisitonieit 8—10 MuH. Pe3ynbTaThl SKCIepUMeHTa MOATBEPKAAIOT, YTO JaHHBIHA
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MeToa (U3UYECKON MOAMGUKAIIMU TOJMMEPHOW MaTpHIlbl 00aJaeT JOCTAaTOYHO BBICOKOU
9G(HEKTUBHOCTBI0O M MOXET MPHUMEHITHCS B TEXHOJOTHYECKOM TIPOIecce IMPOM3BOACTBA
MHOTOKOMIIOHEHTHBIX MOJUMEPHBIX MaTEPHUAIIOB.
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PHYSICAL METHODS FOR MODIFYING THE STRUCTURE AND PROPERTIES
OF POLYMER COMPOSITE MATERIALS BASED ON GLASS FABRIC

V.1. Stolyarenko, V.I. Olshansky
Vitebsk State Technological University (Vitebsk, Belarus)

Abstract. The article discusses the elements of technology and methods of physical

modification of polymers. Recommendations have been developed for the selection of
components and individual elements of the technological process for the production of a
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composite material based on glass fabric with improved mechanical characteristics. The
processes and dependences of the influence of the properties of individual components of the
composite on the mechanical properties of the material as a whole are presented. The analysis
of methods of physical modification of polymers was carried out, the most acceptable options
were selected. Their comparative characteristics are carried out, the possibility of their
application in the technological process is considered. The dependences of the mechanical
characteristics of the polymer epoxy matrix on the duration of its irradiation with ultraviolet
radiation during polymerization are shown, during which the effectiveness of this method is
experimentally confirmed. Dependences reflecting the nature and degree of influence of the
duration of ultraviolet irradiation of an epoxy polymer on its mechanical properties are
obtained.

Keywords: composite, glass fiber, modification, epoxy resin, polymerization, properties,
elastic modulus, stretch, bending.
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