I[TOJIMMEPJIIK MATEPUAJIZIAPIbIH TPMBOJIOI MAJIBIK KACUETTEPIH SJIEKTPOH/IbI-
COVIJIEJIIK ©HAEY APKbIJIBI APTTHIPY

’Koba KP BFM rpaHTThIK KapKbUIaHIBIPYBl asChiHAa JKy3ere achlpbuiibl, AP05134982 rpanTsl.
2018-2020 >xpinapra apHaIFaH KapKbUlaHabIpy kesemi — 21 min 140 MbIH TeHre.

BacbimM 6arbIT: TaOuFW pecypcrapibpl YTHIMIBI TMaianaHy, OHBIH IIIIHAE CY PecCypCcTapbl, IeoIorus,
KaiiTa eHJIey, )kaHa MaTepruasiap MeH TEXHOJIOTUSUIAP, Kayirnci3 OyHbIMIap MeH KOHCTPYKIUsIIAp.

3eprreynin e3ekriniri: Ilomumepnik MaTtepuammapapl KONIaHy CajajapblHBIH KEHEI0l OJapIIbIH
HeTi3iHe OepiireH KacheTTep KellleHiHe Me JKaHa KOHCTPYKIMSUIBIK MaTepHaigapAbl d3ipieyai Tamar
etri. MyHzpail marepuaingap >KOFapbl eHIMII ojicTepMeH OyibiMaapra enzenyl Tuic. byn moceneni
HICTTY/IiH KYPAETIJIri moauMepiepid Oipkarap KeMIIiliKTepiMeH OalIaHBICTHI, aTan alTKaHJa TOMEH
KBUTy TO3IMJINIT, COKKbIFA TO3IMJINIri oHe To3yra Te3iMuaiiiri. Ilomumepnepai eHIEYiH
MEePCHEKTUBAJIBl  SAICTEPiHIH Oipi 3NEKTPOHIBI-COYNIETIK eHAey Oombim Talbumansl. CoyneneHuipy
XUMUSUIIBIK peareHTTep I KoaanOai-aK moJuMep KYPbUTBIMBIH OaFbITTaIFaH TYpAE 63repTyre MyMKIHIIK
Ocpeni. ¥CHIHBUIBII OTBIPFaH X002 YJIKEH MPAaKTUKAJIbIK MaHbI3Fa ue, cebebl 3epTrey HOTHXKeCiHae
MONIMMEPITIK  MaTepraiaplblH OCTTiK KaOAThIHBIH TO3yFa TO3IMJUIITIH apTTBIPAThIH BaKYyMCHI3
ANEKTPOHABI-COYNICNIK OHACY peXUMICpl o3ipieHesni. ATanraH >k00a BpomigaB FeUIBIM - KOHE
TEXHOJIOTHsIIap YHUBepCcHTETiHIH (Bpoiyias k., [Tonbina) FanpiMaapbIMeH OipIiecilt )Ky3eTe achIpbUIIbL.

Makcarpl: Bakyymchi3 3IEKTPOHIBI-COYIIENIK OHJEY Ke3iHAEe MOMUMEpIiK MaTepHalIapIpy
KYPBUIBIMJIBIK TYPJICHY 3aH/IBUTBIKTAPBIH KOHE TO3yFa TO3IMII MoudUKaIsIaHFaH OeTTiK KadaTTapbH
KaJIBIITAaCYbIH 3epTTeYy.

Kobanbin HoTHAKeNepi: [lommamun (PAG), ynbTpaxkorapbl MOJIEKYJANBIK caaMakThl nmonustiieH (PE-
UHMW) sxone momusrepumus (PEI) HeriziHzeri monmMmepliik MaTepHaliapliblH TO3yFa Te3IMIiIIriH
apTTBIPY YILUIIH OHEPKACINTIK MMMYNbCTIK aekrpon yuetkimi MJIY-10 (KypuaroB k., «Sapomnbix
TexHoynorusmap mnapki» AK) KOHABIPFBICHIHIA BaKyyMCBI3 JJIEKTPOHJIBI-COYIENK OHJICY PpEeXUMIepi
93ipIeH/I.

PA6 momuamwuai yImiH TO3yFa Te3iMIi MOMU(UKAIMUIAHFaH KabaTTapbl KAJBIITACTHIPY MaKCaThIHIA
ANIEKTPOHIBI-COYIIETIK eHeyIi cayneneHy mo3acel 250 kI'p — 3 MI'p (coyne suepruscer 2,5-2,7 MaB)
apajbIFbIHIA KYPrizy ycbiHbansl. 4,5 MI'p xoHe ofgan korapsl go3ajapaa PA6 pamuanusuiblk KapTaro
nporieci OacranaTbIHbBI AHBIKTAIJIBI.
PA6 ymin kaTTbutbIkTel 1,2—2,5 ece apTThIpyJbl KAMTaMmachl3 €TETiH YCHIHBUIATHIH COYJIEJEeHY J03acChl
100250 xI'p (coyne sneprusce! 1,1-1,3 MaB, coyne torst 20 MA) 6ok Tadbbutanbl. Karreumsik TOCT
4670-91 CTaHAapThIHA Colikec TK-2M acraObIHIa OJILLIEH/I].
PEI yurin >xorapsl TO3yFa TO3IMIUTIKTI KaMTaMmachl3 €TETIH YCBHIHBUIATBIH COyJeleHy no3ackl 3 MIp
(coyne sneprusicel 3,0-3,5 MaB, coyne Torst 6,84 MA). PEI MarepuaniapbHbIH TO3y KapKbIH/BUIBIFbI
ANEKTPOHJIBI-COYJICmK eHAeyre neiin 44,4x10°¢ mm*H-m ©Oonca, 3 MIp nmo3ama emHueyaeH KeiliH
0,25%107° mm*/H-M-re neiiH TOMEHIENTIHI aHBIKTAJIIbL.

Koanany cananapei: Mammna sxacay, aBTOMOOHIIb XKacay JKoHE XUMUS OHEPKACiOi.



[TOBBILIEHUE TPUBOJIOT MYECKUX CBOMCTBIIOJIUMEPHBIX MATEPUAJIOB
SJIEKTPOHHO- JIVUEBOM OBPABOTKOM

IIpu mnomnepxke rpanroBoro ¢uHancupoBanus MOH PK, rpautr AP05134982. O0nbem
¢punancupoBanus Ha 2018-2020 rr.—21 mun.140 ThIC.TEHTE.
IIpuoputerHoe HampaBJjenue: ParoHanbHOE HCIONB30BAaHWE MPUPOIHBIX, B TOM YHCJIE BOIHBIX

pecypcoB, TeoJOrusi, TepepadoTKa, HOBbIE MaTepHabl M TEXHOJOTWH, OE30MacHble W3ICIUs |
KOHCTPYKIIUH

AKTYaJbHOCTh HMccJeAoBaHuii: PacumpeHne oOnacteld NpPUMEHEHHUS TOJMMEPHBIX MarepuaioB
noTpedoBaio CO3aHMS Ha €r0 OCHOBE HOBBIX KOHCTPYKIMOHHBIX MAaTepHAIOB C 3a/IaHHBIM KOMILIEKCOM
CBOWCTB, CITOCOOHBIX K IepepadOTKe B M3/IEJHs BHICOKOIPOU3BOIUTEIBHBIMA MeToAaMu. CIOXXHOCTH B
peleHun 3Toi 3aauu 00yCIIOBJIEHA PsIOM HEIOCTATKOB: HU3Kasl JKapOINPOYHOCTh, YAAPOIPOYHOCT U
U3HOCOCTOMKOCTh. OIMH W3 MEPCIEKTHBHBIX METOAO0B OOpaOOTKH IMOJMMEPOB SIBISIETCS 3JIEKTPOHHO-
nydeBast o0paborka. OOiyueHre TMO3BOJSIET HAMPaBICHHO W3MEHATHh CTPYKTYypy IonuMepa 0e3
MPUMEHEHUS] XUMUYECKHUX peareHToB. [Ipenaraemplii MpoeKkT uMeeT 0OJIbIIoe MPaKTUYECKOe 3HAYCHUE,
TaKk KaKk B pe3yJbTaTe IPOBOJUMBIX HCCIECIOBAHMN OynyT pa3paOoTaHbl PEKUMBI BHEBaKYyMHOM
JNIEKTPOHHO-TYYeBOM  OOpabOTKM  TOJMMEPHBIX  MaTepHalioB,  OOECIEUUBAIONIME  BBICOKYIO
HA3HOCOCTOMKOCTh IOBEPXHOCTHOIO cCJOs. JIaHHBIA NIPOEKT peanu3yercsi COBMECTHO C YYEHBIMHU
BporlaBckoro yauBepcuTeTa HayKu U TexHonoruii (r. Bpomas, [omibma).

Heap: M3ydnTh 3aKOHOMEPHOCTH CTPYKTYPHBIX IpEBpalleHHd © (HOPMUPOBAHHUS H3HOCOCTOMKHIX
MO (DUIIMPOBAHHBIX TTOBEPXHOCTHBIX CJIOEB MOJIMMEPHBIX MATEPHAJIOB MTPU BHEBAKYYMHOM 3JI€KTPOHHO-
JIy4eBoil 00padoTKe.

Pe3yabTarsl npoekra:

° pa3paboTaHbl pEXHMMBI BHEBAKYYMHOH OJJIEKTPOHHO-IyueBOil o00paboTku (DJIO) Ha
MIPOMBIIIJICHHOM HWMITYJIECHOM yckoputene anektpoHoB WMIIV-10 (r. Kypuaro, AO [Ilapk simepHBIX
TEXHOJIOTWH) JUIs TIOBBIICHUS] HM3HOCOCTOMKOCTH TIOJIMMEPHBIX MarepuajoB mnonuamuga (PAG),
nomuatrieHa (PE-UHMW) u nonustunennmuna (PEI):

° i1 (popMHUpOBaHUST HM3HOCOCTOMKMX MOJUPHUUMPOBAHHBIX clioeB mnomuamuaa PA6  DJIO
paloHaBHO TPOBOAUTD NMPH Auana3oHe 1036l o0myuenus 250 k['p - 3MI'p (sueprus nyuka 2,5-2,7 MaB).
[Ipu no3e >4,5 MI'p HaunHaeTcs npoLece paaualoHHoe crapenne PA6;

° peKoMeHayeMbIit quama3oH A03bl o0myderns DJIO mms PA6 oOecreunmBaroiias yBeIMUeHHE
TtBepaoctd B 1,2-2,5 paza 100-250 k['p (sHeprust myuka 1,1-1,3 M»aB, tok myuka 20 MA). TBepmocthb
n3Mmepsiack B cootBeTcTBUU ¢ [[OCT 4670-91 Ha prbope TK-2M;

° pexoMenayemast 103a odmydenus: PEl muis obecriedeHus: BEICOKOTO YPOBHSI M3HOCOCTOMKOCTH 3
MTIp (3ueprust myuxa 3,0-3,5 MaB, Tok myuka 6,84 MA). UnrencusHocTs n3Hamusanus PEI ot 44,4x10°

6 MM3/H'M (mo DJI0) cHmkaercs 10 0,25><1O_6 MM3/H'M (mocne DJIOipu 3 MI p).

Otpaciu npuMeHeHHsl pa3padoTku: ManmHOCTpOeHUE, aBTOMOOMJIECTPOCHUE U XUMHYECKast

MIPOMBIIIIJIIEHHOCTb.



IMPROVEMENT OF TRIBOLOGICAL PROPERTIES OF POLYMERIC MATERIALS BY
ELECTRON BEAM TREATMENT

The project was carried out with the support of grant funding from the Ministry of Education and
Science of the Republic of Kazakhstan, Grant AP05134982.
Total funding for 2018-2020 amounted to 21.14 million KZT.

Priority area: rational use of natural resources, including water resources, geology, processing,
new materials and technologies, safe products and structures.

Relevance of the research: The expansion of application areas of polymeric materials has
required the development of new structural materials based on polymers with a specified set of
properties that can be processed into products using high-performance methods. The complexity
of this task is associated with a number of disadvantages of polymers, such as low heat
resistance, impact strength, and wear resistance. One of the promising methods for polymer
processing is electron beam treatment. Irradiation makes it possible to purposefully modify the
polymer structure without the use of chemical reagents. The proposed project has high practical
significance, since the research results enable the development of non-vacuum electron beam
treatment regimes that provide high wear resistance of the surface layer of polymeric materials.
The project was implemented in cooperation with scientists from Wroclaw University of Science
and Technology (Wroclaw, Poland).

Objective: To study the regularities of structural transformations and the formation of wear-
resistant modified surface layers of polymeric materials during non-vacuum electron beam
treatment.

Project results: Non-vacuum electron beam treatment regimes were developed using the
industrial pulsed electron accelerator ILU-10 (Kurchatov, Nuclear Technology Park JSC) to
improve the wear resistance of polyamide (PA6), ultra-high molecular weight polyethylene (PE-
UHMW), and polyetherimide (PEI).
For the formation of wear-resistant modified layers of PA6 polyamide, electron beam treatment
is recommended in the irradiation dose range of 250 kGy to 3 MGy (beam energy 2.5-2.7 MeV).
At doses of 45 MGy and  higher, radiation aging of PA6 begins.
The recommended irradiation dose range for PA6 that provides an increase in hardness by 1.2—
2.5 times is 100-250 kGy (beam energy 1.1-1.3 MeV, beam current 20 mA). Hardness was
measured according to GOST 4670-91 using a TK-2M tester.
For PEI, the recommended irradiation dose to ensure high wear resistance is 3 MGy (beam
energy 3.0-3.5 MeV, beam current 6.84 mA). The wear rate of PEI decreases from 44.4x107°
mm?/N-m before electron beam treatment to 0.25x10°¢ mm?3/N-m after treatment at a dose of 3
MGy.

Fields of application: Mechanical engineering, automotive industry, and chemical industry.
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