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AnHorauusi. [lolMMepHbIE MaTepuaibl ¢ HU3KOTEMIICPATYPHBIMH XapaKTePHCTHKAMH JOJDKHBI O0ECIevrBaTh HAJEKHOCTh TEXHHUKH,
KOHCTPYKIHI U COOPYXKEHHI [IPU BO3/ICHCTBUN KaK BHEIIHNX, TAK M BHYTPEHHHUX (PAaKTOPOB CHOCOOHBIX Pa3pyLINTh MaTeprall. AHAIH3UPYs
Hay4HO-TEXHHYECKYIO JIUTePaTypy B 001aCTH MAaTCPUAIOBEACHHS, B JACTHOCTH JIACTOMEPHBIX MaTEPHAIOB PAaOOTOCIOCOOHBIX B Pa3IMYHBIX
YIIE€BOJOPOAHBIX CPEeJax B yCIOBUSAX XOJIOZHOTO KIIMMaTa, MPHMHATO PElIeHHEe MPOJOKATh HCCISIOBAHUS HAMpPABICHHbIE HA MOBBIIICHUE
MOPO30CTOMKOCTH U JOJITOBEYHOCTH 3JIaCTOMCPHBIX MATEpPHAlOB CTOMKHMX K TOIUIMBY. B pa0oTe OnMcaHbl pe3yJbTaThl HCCIEAOBAHHS
OyTa/JMCH-HATPIWIBHBIX Kay4yKOB IIyTeM MOJM(HKAIMM arcHTaMH BYJIKAHW3AaUMH M IOJMMEPHBIMH JOOABKAaMH, C LEJIBIO YJIy4IICHHUS
KOMIUIEKCA IKCILTYaTAlHOHHBIX CBOMCTB JIACTOMEPHBIX MaTEPHAIIOB YIUIOTHUTEIBHOrO Ha3HAYCHHsI. VICClie10BaHbI CBOMCTBA BYJIKAHH3AaTOB
CTaHJAPTHBIX PE3MHOBBIX CMeceil Ha OCHOBe OyTa[MeH-HUTPHIBHBIX KAaydyKOB C Pa3iUYHBIM COACPKAHMEM HHTPUIIAKPHIOBOMH KHMCIIOTHL.
B kadecTBe arcHTOB BYJIKaHHM3alMKM ObUIM BBHIOPAHBI OPraHMYECKHi HMEPOKCH[ 21u-(2-TpeTOyTHIIIEPOKCHU30IIPOII) - OEH30 TOProBOH
mapku Luperox F-40 1 komOuHawust cepsl ¢ yckoputeaeM. OnpeaeneHsl KX PeOTOrHIecKHX CBOCTB B 3aBHCHMOCTH OT BH/IA BYJIKAHU3YOIIEr0
areHTa. MI3yueHs! HU3HKO-MEXaHHYECKUX H HU3KOTEMIIEPATYPHBIX CBOICTB IIOTyYeHHBIX ByJIKaHH3aTOB. IIpOBEEHO HCCIIE0BAHUE BIUSHHS
BH/a BYJKAaHU3YIOLIETO areHTa B PE3MHOBOH CMECH Ha OCHOBE MOJIPHBIX KaydyKOB Ha HH3KOTEMIICPATYpHBIC CBOWCTBA BYJIKAHHU3ATOB.
VccieioBanbl pelenTypbl PEe3NHOBBIX CMeceil Ha OCHOBE OyTa/[MeH-HUTPHIBHOTO KaydyKa, MOAM(HINPOBAHHBIX IIOTYKPHCTAINIHIECKHM H
CTHPOJI-0y THIICH-CTUPOIBHOrO  OJIOK-COMOIMMepa IS IIOBBILICHHS HHU3KOTEMIIEPATYPHBIX CBOHCTB. M3ydeHbl (DH3HKO-MEXaHHYECKUX
CBOICTBA MOJYYCHHBIX MaTepHagoB. IIpe/IOXKEHbl PeLeNnTypHO-TEXHOIOTHYECKUE pEeIleHHs, OOeclevHBaloNue IIOBBILICHHE
MOPO30CTOHKOCTH MOJTUMEPHBIX KOMIO3UIIMOHHBIX MATCPHATIOB HA OCHOBE 3J1aCTOMEPOB, SKCIUTyaTHPYEMBIX B YCIOBHSX HU3KHX TEMIICPATYP.
VccieoBanysi, HalpaBJiIeHHBIE HA Pa3pabOTKy HOBBIX METO/OB MOIAM(HKALMHK 3IacTOMEPHBIX MarepuanoB Ha ocHoBe BHK, mossossir
9((heKTHBHO pemaTs IpoOIEeMbl CO3AaHHS MHOTO(YHKIMOHATBHBIX PE3UH ISl PETHOHOB C XOIOAHBIM KINMAaTOM.
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Potential for development of fuel-resistant elastomeric materials
for use in regions with severe climate conditions

Anna S. Pushnitsa ' apushnitsa@inbox.ru 0000-0003-4417-4371
Valeriy V. Vlasov ganghubas@mail.ru 0000-0003-1057-8167

Alexandr S. Moskalev °  kaf-tospp@vsuet.ru 0000-0002-3403-3850

1 MIREA - Russian Technological University, Malaya Pirogovskaya, 1, p. 5, Mos-cow,119435, Russia

2 Yaroslavl State Technical University, Moskovsky Ave., 88, Yaroslavl, 1509999, Russia

3 Voronezh State University of Engineering Technologies, Revolution Av., 19 Voro-nezh, 394036, Russia

Abstract. Polymer materials with low-temperature characteristics must ensure the reliability of machinery, structures and structures when
exposed to both external and internal factors capable of destroying the material. Analyzing the scientific and technical literature in the field of
materials science, in particular elastomeric materials that can work in various hydrocarbon environments in cold climates, it was decided to
continue research aimed at increasing the frost resistance and durability of elastomeric materials resistant to fuel. The paper describes the
results of a study of nitrile butadiene rubbers by modification with vulcanization agents and polymer additives in order to improve the complex
of operational properties of elastomeric sealing materials. The properties of vulcanizates of standard rubber compounds based on butadiene-
nitrile rubbers with different contents of nitrilacrylic acid are investigated. Organic 2di-(2-tretbutylperoxyisopropyl)-benzene peroxide of the
Luperox F-40 trademark and a combination of sulfur with an accelerator were selected as vulcanization agents. Their rheological properties
are determined depending on the type of vulcanizing agent. The physicomechanical and low-temperature properties of the obtained vulcanizates
have been studied. The effect of a type of vulcanizing agent in a rubber compound based on polar rubbers on the low-temperature properties
of vulcanizates has been studied. Formulations of rubber compounds based on butadiene-nitrile rubber modified with semi-crystalline and
styrene-butylene-styrene block copolymer for increasing low-temperature properties are studied. The physicomechanical properties of the
obtained materials have been studied. Formulation and technological solutions are proposed to increase the frost resistance of polymer
composite materials based on elastomers operated at low temperatures. Research aimed at developing new methods for modifying elastomeric
materials based on BNC will effectively solve the problems of creating multifunctional rubbers for regions with a cold climate.
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BBenenue

BHuMaHHE K pa3BUTHIO PETHOHOB C XOJIOAHBIM
KJIMMaToOM, yJeJseTcs Mo MpUYMHaM 0e30MacHOCTH
rocyapcTBa v 9KOHOMHYECKOMY pocTy. Pazurtue
TpeOyeT pemIeHus 3a/1a4, CBSI3aHHBIX C 9KOHOMHYe-
CKAMH, TPUPOJHBIMH, HAYYHO-TEXHHUECKUMHU H
IpyruMu (akropamu. HaydHo-TexHmdeckuit hakTop
B 00JIACTH apKTHYECKOTO MaTEpPHAIIOBEICHUS BO
MHOT'OM OTIPEJIETISIET COCTOSIHUE Pa3BUTHSI PETHOHOB C
xonoaHeM KiuMaToMm. O630psl [1-3] akamemuka
B.M. by3HHKa U COaBTOPOB MOCBSILEHBI UCTOPUH
W TeHACHIMSIM Pa3BUTUS apKTUYECKOTO MaTepHa-
JIOBEJIEHUs, B KOTOPBIX IOKa3aHa aKTyalbHOCTb
WCCIIeIOBaHUI B OOJIACTH IMOBBIILIEHHS MOPO30-
CTOMKOCTH 371aCTOMEPHBIX MaTE€pPHAJIOB.

CornacHo ompeneneHuio akagemuka KM.B. Ta-
HaHAaeBa, MaTEePHaJIbl — 3TO XMMHYECKUE BEIIECTBA
CO CBOMCTBaMH, 00ECHEUMBAIONINMH WX TPAKTHIE-
CKOe TIpuMeHeHue. Marepuaibl, JODKHBI He TOJBKO
obecnieunBaTh MPAKTHYECKOE NMPUMEHEHHE, HO U
o0ecrieunBaTh JOJTOBEYHOCTh AKCILTYaTaI[FIOHHOTO
pecypca s obecriedeHus] HaleKHOCTH TEXHHKH,
0COOEHHO B YCIIOBHSX XOJIOJHOTO KinMata. PeruoHst
C XOJIOJHBIM KIIMMAaTOM TOJBEPKEHBI MEPeragoM
temnepatyp ot MuHyc 30 o 0 °C 3a cyTKH B OCEHHe-
BECEHHUWI NEPUOA W [UIUTEIBHOMY CHIDKEHUIO
TeMIiepaTypsl Bo3ayxa q0 muayc 60 JC B 3uMHUI
NepUO/]; BEICOKOH BIIQXKHOCTH, CHIIBHOMY BETpY U
Y ®-u3nydeHuto B JIETHUN NIEPUO/I.

[NonmmmepHbIe MaTepHaTbl ¢ HU3KOTEMIIEpATYp-
HBIMU XapaKTePUCTUKaMK JIOJDKHBI 00ecrieunBaTh
HaJIEXHOCTh TEXHUKHU, KOHCTPYKLHN U COOPYKEHUI
[IPH BO3JCHCTBUM KaK BHEIIHUX, TAK ¥ BHYTPEH-
HUX (DaKTOPOB CIIOCOOHBIX Pa3pYyIIUTh MaTepUal.
B paborax, moCBSIIEHHBIX APKTHYECKOMY MaTepH-
anosesieHnto [1, 2] ocoboe BHUMaHHE yICISETCS
BOMPOCY HAAEKHOCTH H3IENIMI HM3TOTOBICHHBIX
C TPUMEHEHHEM MOJUMEPHBIX KOMITO3UIIMOHHBIX
MaTepHaoB, MOCKOJIBKY CIOCOOHOCTh MaTepHalloB
JUTUTEIBHOE BPEMS COXPAHSTh 3KCILTyaTallMOHHBIC
CBOICTBa M paboTaTh Oe3aBapUItHO SIBISICTCS OJJHUM
U3 KITIOYEBBIX TPEOOBAHMIA MPU CO3IaHUN (PyHKIMO-
HaJIbHBIX MaTepHaJIOB, SKCILTYaTHPYEMBIX B YCIOBHIX
XOJIOJHOTO KJIMMAaTa.

B o030pe [1], npuBeneHo pacnpeneieHme
3JTaCTOMEPHBIX MaTepuaioB mo orpacisiM. C yka-
3aHHEM Ha TO, 9TO OJIMMEPHBIE KOMITO3UIIIOHHBIC
MaTepHualbl, B 4aCTHOCTH MOPO30-, Macjo-, O€H30-
CTOWKHE DIIACTOMEPHBIE MaTepHaIbl, HEOOXOIUMBI
JUTSL Pa3BUTHUS TIOJSIPHOW aBUAIMH, MOPCKHX W
PEYHBIX CYZ0B, HA3€MHOTO TPAHCIIOPTA B T'€0JIOTO-
pa3BeOYHONM TEXHHMKH, a TaKXKe CICIHATbHBIX
BUJIOB TEXHUKH JUIS JOOBIYM M TPAHCIOPTUPOBKU
YTIEBOAOPOJIOB U MUHEPAIBEHOTO CHIPBS.

Ha manHOM 3Tame co3laHue MOJUMEPHBIX
KOMITO3UIIMOHHBIX MaTePHAIOB, KOTOPBIE COCTABIIAIOT
He meHee 10% ot o0IIero 4uciia MaTepuaioB Jyis
PETHOHOB C XOJIOAHBIM KJIMMAaTOM, Ka4eCTBEHHO
MEepEexX0/IUT Ha HOBBIA YypOBEHb. B CBS3M C ueM
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YBEIUYNBAETCS KOJIMUECTBO paboT, MOCBSILEHHBIX
UCCIICIOBaHUSAM IO CO3JaHMIO «Smart materialsy,
N0 KOMIMAaTHOWJIN3alMK TMOJMMEPOB Ha TpaHULE
paszena a3 TepMOANHAMHYECKH HECOBMECTUMBIX
MOJIMMEPOB, MaTEeMaTHYECKOMY MOJEITHPOBAHUIO
CTPYKTYpPHPOBaHHSI TIPU Pa3IMYHBIX YCIOBHUSX BYJI-
KaHM3alUK U Jp., a Takke 3(Q(PEeKTUBHBIM METOJaM
OLICHKH SKCIUTYaTalMOHHBIX CBOICTB MaTeprasos [4].

[Ipu 3TOM, B HacTosIIee Bpemsi, 1715l HayJHO-
TEXHUYECKUX CIENHAINCTOB HMITOPTO3aMeIIeHIEe
CTOWT BO IJIaBE€ NPU BBHIOOpE MOJUMEPHOW Mart-
pHLBI ¥ QYyHKIMOHATIBHBIX A00ABOK TSl CO3HAHUS
HOJMMEPHBIX ~ KOMIIO3MLHOHHBIX  MAaTepHajoB,
OTBEYAIOLIUM JOJTOBEYHOCTH B YCIOBUAX IKCILTY-
aTaluy U TEXHOJIOTUYHOCTH.

Taxk, HarpuMep, I CO3AaHUS MOPO30CTOMKHX
PE3HH YIUIOTHUTEIHHOTO Ha3HAYCHUsS, CTOMKHUX
K BO3ACHCTBHIO TOIUIMBA, POBOIMIN HCCIECAOBAHUS
3aCTOMEPHBIX MaTepHaioB Ha OCHOBE THIPUPOBAH-
HBIX OyTaIeH-HUTPUIBHBIX Kay4dyKoB [8], snmxiiop-
THIPUHOBBIX W MPOMHICHOKCHIHBIX, KOTOpBIE
o0MafaT JTy4YIIMMA HU3KOTEMIIEPaTypHBIMH Xa-
PaAKTEPUCTUKAMH U CTOWKOCTBIO K arpecCHBHBIM
cpenam [5, 11, 13-18]. Oxmako, pe3y/IbTaTh IPOBEICH-
HBIX WCCJIENIOBAaHWN HE HAIUIM PACHpPOCTPAHEHHOTO
MPAKTUYECKOTO MMPUMEHEHHS MTOCKOJIBKY, IIEIEeBbIe
MHTPEIMEHTHI HCCIIEIOBAHHBIX 3/1aCTOMEPHBIX MaTe-
pHAJIOB BBITYCKAIOTCSl B OCHOBHOM 3a Tipezieniamu PD.

B P® BrImyckaroTcss pTOpPCHIIOKCAHOBEIE U
OyTaueH-HUTPIIIBHBIE Kay1yKH, KOTOpbIE 00J1a/1at0T
CTOMKOCTBIO K HU3KMM TEMIIEpaTypaM W TOIUIUBY.
DTOPCUIIOKCAHOBBIE HIIACTOMEPHBIE MaTEPHUAIIBI MOTYT
JUTUTENTBHOE BPEMsI KCILTyaTUPOBAThCA Ha BO3LyXe
B IIUPOKOM HHTEPBaJIC TEMIIEPATYp IPU KOHTAKTE
C pa3IMYHBIMU BHJAMH TOILIMBA, HO UX CTOUMOCTh
HaKJa/(bIBaeT OrpaHHuEHHNEe AJIs1 MHOTHX OTpacien
OPOMBIIIICHHOCTH. [22—24]. ByTajaueH-HUTpUIIb-
HBbIE KayYyKHd YCTYMAIT (TOPCHUIOKCAHOBBIM II0
TeMIIepaTypHOMY HHTEPBAITY KCILTyaTall|H, TIPH 3TOM
OHM 3HAYHTEIHHO JIEIIEBIIE W MMEIOT MOTEHIHAI
K Pa3JIMYHBIM BUJAM MOJU(PHUKALINY.

N3BecTHO, 4TO K aBUALIMIOHHOM MaTepHajIaM
NPEObsABISIIOTCS Oosiee JKECTKHE TpeOOBaHUS K
9KCIUTyaTallMOHHBIM CBOMCTBaM M JOJIFOBEYHOCTH
MarepuaitoB. [103TOMy YIUIOTHUTENBHBIE 3JIEMEHTHI
JUTsl aBUALIMOHHON TEXHHUKH, 00JIaJatoIie HU3KOTEM-
NepaTypHBIMU XapaKTEPUCTUKaMH U Maciio-, OeH30-
CTOWKOCTBIO M3TOTaBIIMBAIOTCS HA OTEYECTBEHHBIX
(TOPCHIIOKCAHOBBIX AIIACTOMEPHBIX MaTepUaax.

Veenudenue [6-12] HayuHO-IpaKTHUECKUX
paboT, HampaBJICHHBIX Ha HCCICAOBAHUE U pa3pa-
0OTKy HOBBIX METOJOB MOIM(HUKAIMH DJIaCTOME-
POB Ha OCHOBE OyTaaNeH-HUTPUIBHBIX KayUyKOB C
LEJBI0 YJIYUIIEHHUs IKCIUIyaTallMOHHBIX XapakTe-
PUCTHK U JOJTOBEYHOCTH PE3UH HA MX OCHOBE,
000CHOBaHO HMX pPa3sHOOOpa3ueM Ha OTEYECTBEH-
HOoM pbiHKe. [TAO «CUBYP Xonauur» npousBo-
IUT OyTaAneH-HUTPUIIBHBIC KayUYKH C Pa3InIHbIM
conepxanneM HAK (HUTpHIaKpHIOBOM KHCIIOTHI)
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or 18 mo 40% [25]. ITy6nukaruu, MOCBSIIEHHBIE
HCCIIEIOBAHUSAM PE3UH Ha OCHOBE I'MIPUPOBAaHHBIX
OyTanueH-HUTPUIbHBIX KaydyKOB, HMEIOT MECTO,
TaK KaK B HUX JAEMOHCTPHUPYIOTCS NMPEUMYIIECTBA
9KCIUIyaTallUOHHBIX CBOWCTB IO OTHOIIEHUIO
K OyTaIueH-HUTPUIbHBIM Kay4dyKaM.
OnacToMepHbIE MaTepHajbl HA OCHOBE TH-

PUPOBaHHBIX OyTaJMEeH-HUTPUWIBHBIX KaydyKOB
00J1a1at0T 030HO-, TEPMOCTOUKOCTBIO, & TaKXKe, YTO
B)KHO BBICOKOH MOPO30CTOMKOCTBIO B COYECTaHUH
C YCTOMUYMBOCTBIO K IEHCTBUIO PA3JINYHBIX YIJIEBO-
nopoanbix cpen [19-21]. Ha pucynke 1 npeacras-
JICHO CTPOCHUE MAaKPOMOJIEKYJ, C YBEIHUYECHHEM
KOJIMYECTBA IMOJSPHBIX TPYMI B OOKOBBIX OTBETBIIC-
HUSIX YJIy4ILaeTcss CTOMKOCTh K YIJIEBOJOPOIHBIM
cpeZiaM M CHIIKAETCS MOPO30CTOUKOCTb.
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Pucynox 1. CrpykrypHas dQopmyia OyranueH-
HUTPUIIBHOTO KaydyKa

Figure 1. Structural formula of butadiene-nitrile rubber

OnacToMepHble MaTepHasbl, M3rOTOBJIECHHBIE
¢ npumeHenueM ['BHK u BHK, Hanum mmpoxoe
pacripocTpaHeHHE B KadecTBE YIUIOTHUTEIHHBIX
9JIEMEHTOB B PA3MYHBIX TPAHCHOPTHBIX HAa3eMHBIX
CUCTEMax, U HaCOCHBIX CTaHIUH, MOCKOIbKY, OHU
o0ecneunBaroT JOCTATOYHBIN YPOBEHb CTOMKOCTH
K MaciiaM ¥ HU3KMM Temneparypam 110 mutyc 50 °C.

AHanu3upyst Hay4HO-TEXHUYECKYIO JINTEPaA-
Typy B 00JaCTH MaTepUaJIOBEICHHUS, B YACTHOCTH
3JIACTOMEPHBIX MaTepHaloB pabOTOCIOCOOHBIX
B Pa3JIM4YHBIX YIIIEBOAOPOIHBIX CPENAX B YCIOBHSIX
XOJIOZHOTO KJIMMarta, IPUHATO pelIeHHe MPOI0KATh
WICCIIE/IOBAHYS] HAIPABJIEHHBIE Ha MOBBIILIEHHE MOPO30-
CTOMKOCTH M JIOJIT'OBEYHOCTH 3IACTOMEPHBIX MaTepua-
JIOB CTOMKHX K TOIUIMBY. MccrieoBaHue HarlpaBiiCHHbIE
Ha pPa3pabOTKy HOBBIX METOI0B MOAN(DHUKALIUH HJ1a-
CTOMEpPHBIX MaTepuasioB Ha ocHoBe BHK mo3Boiut
s dexTrBHO permars mpodiIeMbl MaTepPUATOBEICHHS
IO TOJITOBEYHOCTH AKCILTYaTalliOHHOTO.

Heap padoThl — wH3yuCHHE KOMILIEKCA
CBOMCTB 3JTACTOMEPHBIX MATEPUAIIOB, PEIBSIBISIEMBIX
K YIUIOTHUTEJIBHBIM MaTepualiaM, MpegHa3HaYeH-
HBIM JUTSI U3TOTOBJICHUSI PA3TUYHBIX YILIOTHUTEIb-
HBIX DJIEMEHTOB TEXHUKH U KOHCTPYKIINH, KOHTAK-
THPYIOIINX C arPECCUBHBIMHU CPEaMH B YCIOBHUSIX
XOJIOJTHOTO KJIMMaTa.

MartepuaJibl 1 METOABI

B kauecTBe 0OBEKTOB HCCIIEAOBAHUS IPU-
TOTOBJIGHBl PE3WHOBBIC CMECH Ha OCHOBE OyTa-
JUEH-HUTPUIBHBIX KaydyKOB [0 CTaHAApTHOH
peuentype. Bce MonenbHble cMeCH TOTOBMIIM Ha
71a00paTOpHBIX CMECUTENBHBIX BaJbLax B OJHOM
TEMIIEPaTypHOM pEXUME.

3areM CcOrjacHO CTaHAAPTHBIM METOoJaM
UCHbITaHus [26] M3ydany KMHETHKY BYJIKaHWU3ALHU
W BIHMSIHUE PAa3UYHBIX areHTOB BYJIKaHU3alUK Ha
IKCIUTyaTalMOHHbIE CBOMCTBA MOJIETLHBIX 00pa3IoB.
BynkaHu3anoHHbIe XapaKTEPUCTUKHU OTIPEIEIISITH
¢ nomomipio peomerpa MDR 3000. B kadectBe
areHTOB BYJIKAHM3AIMH OBLTH BEIOPAHBI OpTaHUYECKHI
nepokcun  21u-(2-TpeTOy THIIEPOKCHI30IPOIIIIT) —
Oen3on ToproBoit mapku Luperox F-40 m xomOu-
HAallMs CEPBl C YCKOPUTEIIEM.

B kauectBe Momuduuupylomeii mo6aBku
M3y TOTYKPUCTALUTMUECKUI COTIONMMED 3TUIICHA
Y MPONMJIEHa IO TOProBoi Mapkoi Vistamaxx 6102,
a TaKXKe TEepMO3JIaCTOIUIACTHYHBINA CTUPOI-3THIICH-
OyTHUIIEH-CTUPOJIBHBIH OJIOK-COMOTUMED.

PesunoBeie cmecu coxmepxkamun BHKC-40
AMH, rtexunuueckuit yriepoxn I1-324, creapuno-
BYIO KHCJIOTY, OKCHJ IMHKAa C BapbUPOBaHHEM
coJiepKaHus opraHudecKoro nepokcuna 1, 2, 3, 5,
8 m 10 macc. yacreit Ha 100 macc. gacTteil kaydyka,
a TaKk)Ke CMECh CpPaBHEHHS Ha CEPHOM ByJKaHHU3Y-
folie cucreme. Penentypsl ONBITHBIX PE3UHOBBIX
cMecell mpeacTaBieHbl B Tabnuue 1., pe3yiabTaTsl
HUX WCIIBITAaHUN — B Ta0IuIe 2.

Kpome TOro, B xozme skcnepuMeHTa OBLIO
M3yUYCHO BIIMSHHUE TPEIBAPUTEIILHON MEXaHOAKTHU-
BaIlM IPpaHyJl NEpOKCHIA IyTeM M3MEIbYCHHUS Ha
CBOICTBa TOTOBOr'0 MaTepHaa.

Tabanma 1.
Penentyps! ONBITHBIX PE3UHOBBIX CMECEH
Table 1.
Formulations of experimental rubber compounds
IIudpsr 00pa3noB u cogepKaHue HHIPEIUCHTOB, Macce. .
I/Il*r’]r‘;gg;?;f Sample codes and ingredient content, phr
g 301 3112 311-3 3115 311-8 311-10 2C
BHKC-40AMH
BNKS-40AMN rubber 100,0 100,0 100,0 100,0 100,0 100,0 100,0
Oxkcupa nuuka | Zine oxide 5,0 5,0 5,0 5,0 5,0 5,0 3,0
Luperox F40 1,0 2,0 3,0 5,0 8,0 10,0
Creapun | Stearic acid 1,0 1,0 1,0 1,0 1,0 1,0 1,0
Cepa | Sulfur - - - - - - 15
Cynsbhenamun 11 | Accelerator CBS - - - - - - 0,7
Texyrmnepon 1324 (N330)
Carbon black I1324 (N330) 40,0 40,0 40,0 40,0 40,0 40,0 40,0
HWroro | Total 147,0 148,0 149,0 151,0 154,0 156,0 146,2
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Tabnuna 2.

Pe3yibpTaThl UCTIBITAHUH OMBITHBIX PE3UHOBBIX CMECEH

Table 2.

Test results of experimental rubber compounds

I Tudpsr 06pa3uoB 1 3HaUECHUE TOKa3aTeneH
Iﬂ’é?g;::é“ Sample codes and value of indicators
311-1 311-2 311-3 311-5 311-8 | 3I1-10 2C
Temneparypa Bynkanuzanun, °C | Vulcanization temperature, °C 160,0 160,0 | 160,0 | 160,0 | 160,0 160,0 | 160,0
BpCMSI OIITUMYMa BYJIKaHHU3allUW, MUH
Optimum vulcanization, min 26,0 26,0 26,00 26,0 26,0 26,0 21,0
VcnoBHast NPOYHOCTH MPH pacTsbKeHun, Mna
Conditional tensile strength, MPa 159 238 22,5 20,7 148 91 241
YcnoBHoe Hanpspkerne npu yummaeHnd 100%, Mma )
Nominal elongation tension of 100%, MPa 19 2.8 3.7 59 8.9 3.9
OTHOCUTENBHOE yITHHCHUE TIPH pa3pbiBe, %
Elongation at break, % 850,0 | 600,0 | 420,0 | 250,0 | 150,0 90,0 450,0
OTHOCHUTEIBLHOE OCTATOYHOE YIIMHEHUE, %
Relative residual elongation, % 60 20 8 4 0 0 8.0
Tsepmocts Ilop A | Shore A Hardness 57-60 | 59-63 | 65-67 | 69-71 | 75-77 | 77-80 | 67—70
T xpynkoctu °C | fragility temperature °C -45 -51 -56 -59 -52 -51 -50,0
OJIC 20%, 100°C, 72 u.
residual compression deformation 20%, 100°C, 72 u 715 63.1 574 36.1 36,6 396 741
HabGyxanne B CXKP-3, 24 4 100°C, % ) ) ) 74 ) ) 88
Swelling in CZHR-3, 24h 100°C, % ' '
OO6BbeMHast oyt Kaydyka B HAOyXIIIeM ByJIKaHH3aTe
Volume fraction of rubber in the swollen vulcanizate 0066 | 0108 | 0,139 | 0187 | 0,236 | 0,256 | 0.140
PasHoBecHas crenens HaOyxanwus | Balanced degree of swelling 14,198 | 8,237 | 6,198 | 4,341 | 3,252 | 0,256 | 6,124
Tabnaumna 3.
OU3NKO-MEeXaHNUECKUE CBOMCTBA BYJIKAHU3ATOB
Table 3.
Physico-mechanical properties of vulcanizates
INokazarenu Iudpsr o6pasos | Sample codes
Indicators 2C 2CB5 2CB10 311 311B5 311B10
VcnoBHas NpPOYHOCTB IPU PACTSHKEHNHU, Mia
Conditional tensile strength, MPa 21,0 294 194 26,0 16,5 285
OTHOCHUTETBHOE YAJIMHEHUE IIPU pa3pbIBE, %
Elongation at break, % 450 410 410 250 200 290
Teepuocts 1o lopy A yei. en.| Shore A Hardness 67-70 67-70 67-670 69-71 67-68 63-65
CroiikocTs k arpeccuBHbIM cpeaam CIKP-3 24 4, 100 °C ) )
Swelling in CZHR-3, 24h 100°C, % 88 9.9 4 119
T xpynkocru °C | fragility emperature °C -50 - - -51 - -
bnaronaps nononHUTENHHON MEXaHOAKTHBA- MOJIETBHBIX CMecell ObUTH BBIOpaHBl CMeCh

IIUH TIEPOKCHU/IA TIEPE] BBEICHNUEM €0 B PE3MHOBYIO
CcMech HaOJII0IaeTCsl YMEHBIIIEHHE TeMIIepaTypHOro
Ipejiesia XpyNnKOCTH BYJIKaHU3aTOB.

i BEIOpaHHON MOJETHHON CMECH 3HAYH-
TEJIBHO YJIYYIIMIINCH TOKA3aTENN TEMIIEPATyPHOTO
npenena xpynkoctu u OJIC. OntumanbHas 1034-
pOBKa cocTaBWia OT 3 10 5 Mac. 4. MepoKcHia.
Takxe yCTaHOBJIEHO, YTO TIPH €T0 I03UPOBKE 3 Macc.
YacTH, BYJIKaHU3aThl JIEMOHCTPHUPYIOT KOMILIEKC
(GU3UKO-MEXaHUYECKUX CBOWMCTB, HaXOISIIUHCS
MPAKTHYECKH HA OJHOM YPOBHE C BYJIKaHH3aTaMHU
B MIPUCYTCTBUHU CEPHI.

Jid u3ydeHMs BIMSHUS paHee HE INpHUMe-
HSBIIMHCS 111 MOAW(DUKALMK 3JaCTOMEPHBIX
KOMIIO3MIIMK TEXHOJOTHUECKOH T00aBKU — IOJTY-
KPUCTAJUIMYECKOTO CO-TIONMMEpa 3TUJIEHA U NPo-
MUICHA IO/ TOProBoW Mapkoil Vistamaxx 6102
¢ BapbupoBaHueM oT 5 o 10 macc. 4., B kauecTBe

C cozlep)KaHWeM OpPTaHMYecKOTro TEepOoKchaa 5 macc.
JacTell U CMEeCh CoJIeprKallias CEpHYIO BYJIKaHU3Y-
IOLIYIO FPyTITy.

Momuhukarwst CTaHAapTHON PE3NHOBOM CMECH
Ha ocHoBe BHKC-40 moxa3bsIBaeT, 4TO BBEICHUE
Vistamaxx 6102 B no3upoBkax ot 5 go 10 macc. u.
OKa3bIBaeT BIHUSHHE Ha (HU3UKO-MEXaHUYECKHe
niokazaren. [Ipu ero BBeieHUH B KOJIMYECTBE 5 Macc. 4.
C BYJIKaHU3YIOLIEH IpYyIIION, comepKauei cepy,
MIPOUCXO/UT TIOBBIIICHUE TOKa3aTels YCIOBHOU
npoyHocTH Ha pa3pbiB ¢ 21,0 MIla mo 29,4 Mlla,
HO CHIDKAETCS OTHOCHUTENbHOE yummHeHue ¢ 450
1o 410%. Teépmocts mo Illopy A ocraercs noutu
0e3 m3MeHeHni Ha ypoBHe 67—70 yc. en.

IIpn ByJkaHM3aUUMU PpE3UHOBOM CMECHU
nepokcugom Luperox F-40, npu mo3upoBke
Vistamaxx 6102 B konunyectBe 10 macc. 4., HaOJItO-
JTaeTCcs HE3HAYHWTEIbHOE YBEJIMUYEHHUE IMOKa3aTeNs
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YCJIOBHOW NPOYHOCTH NpU pacTsbkeHuu c 26,0
1o 28,5 MlIla u oTHOCUTENBHOTO YIMHEHUs ¢ 250
1o 290%. Ilpu Tom, uto TBepmocth mo Lllopy A
CHID)KAETCSl B MpEJeNiaX HECKOJNBKHX CIUHMII 10
6365 yci. en. Tarxoke yCTaHOBJICHO HE3HAYUTEIILHOES
TMOBBIIIICHUE CTOMKOCTHU K arpeCCHBHBIM CpelaM TIPH
BBeZieHnH Vistamaxx 6102 B coueranuu ¢ AuOyTIII-
cebalHATOM TI0 CPAaBHEHHIO C HCXOJHOH CMECHIO
(cpena CXKP-3, emnieparypa 100 °C, skcriosums 24 ).

post@vestnik-vsuet.ru

Jns  TNOBBIIEHUS HU3KOTEMIIEPATYpPHBIX
CBOWCTB PE3UH Ha OCHOBE HUTPHIBHBIX KAayYyKOB,
OBUIO HCCIENOBAaHO BIMSHUE TEXHOJIOTUYECKOU
JI0OABKH — CTHUPOJI-ITHIICH-0YTHIICH-CTHPOJIEHOTO
cononumepa (COBC). DkcrnepuMeHTal bHbIE pe-
LENTYpPbl PE3UHOBBIX CMECEH, MNpe/CTaBICHHbIE
B Tabmuie 4. DU3NKO-MEXaHUYECKHE CBOWCTBA
BYJIKAHU3ATOB TIPEACTaBICHBI B TA0IHIIE 5.

Tabauna 4.

CocraB pe3nHOBBIX cMecei

Table 4.

Composition of rubber compounds

[udpst 00pa3LoB U copepKaHNe HHIPETUSHTOB, Macc. .

Hnrpesuent Sample codes and ingredient content, phr
Ingredient 18 28 ISIL_| 280 | 401
Kayuyk BHKC-40AMH | Rubber BNKS-40AMN - - 100,0 - - 100,0
HFHKC-28AMH | Rubber BNKS-28AMN - 100,0 - - 100,0 -
BFHKC-18AMH | Rubber BNKS-18AMN 100,0 - - 100,0 - -
Bennna nuakossle | Zinc oxide 5,0 5,0 5,0 5,0 5,0 5,0
Luperox F-40 3,0 3,0 3,0 50 50 50
CreapunoBas kuciora | Stearic acid 1,0 1,0 1,0 1,0 1,0 1,0
Texnonornyeckas nobaska COBC | Technological additive SEBS 20,0 20,0 20,0 - - -
Jnoytuncedauunar | Dibutyl sebacate 10,0 10,0 10,0 10,0 10,0 10,0
Texamueckuit yraepoa 11324 (N330) | Carbon black 11324 (N330) 40,0 40,0 40,0 40,0 40,0 40,0
HWroro | Total 179,0 179,0 179,0 1510 151,0 151,0
Tabauna 5.
DU3HKO-MEXaHUYECKUE CBOMCTBA ByIKaHu3aToB (Pexxum Byakarmusanun 160 °C x 26 MuH)
Table 5.

Physico-mechanical properties of vulcanizates (Vulcanization mode 160 °C x 26 min)

Mokasaresm Indpsr 00pa3LoB ¥ 3HAUEHHUE TOKa3aTenen
Indicators ample codes and value of indicators

18 28 40 1811 2811 4011
YcnoBHas npouHocTs pu pactsbkennn, Mmna | Conditional tensile strength, MPa| 10,4 13,5 171 7,6 131 20,7
VYcnosroe Hanpsokerne Mlla, npu ymaennn 50%
Nominal elongation tension of 58%, MPa 16 15 14 35 3.2 5.9
Ycnoeroe HanpsbkeHne MITa, npu ymmaernn 100%
Nominal elongation tension of 180%, MPa 2.9 2,6 24 74 6.7 14,6
OTHOCUTENILHOE YIIMHEHHe IpH paspeise, % | Elongation at break, % 280,0 | 350,0 | 460,0 | 105,0 | 170,0 | 250,0
Teepaocts IIIOP A | Shore A Hardness 62-64 | 6263 | 61-63 | 63-66 | 65-67 | 6769
T xpynkoctu °C | fragility temperature °C -53 -46 -37 -71 -71 -59
OJIC 20%, 100°C, 72 u. | residual compression deformation 20%, 100°C, 72 4 - - - 31,7 35,9 36,1
CrotixocTs k arpeccuBHbIM cpetam CXKP — 3 24 1 100°C, %
Swelling in CZHR-3, 24h 100°C, % 456 | 206 | 102 | 373 | 159 | 74
OObeMHast 1071 Ka a B HAOyXIlIeM ByJIKaHH3aTe
Volume fraction of rubber in the swollen vulcanizate ] ] ] ] ] 0,187
PasHoBecHas creneHs HaOyxanus | Balanced degree of swelling - - - 4,341
Koagdurment moposocroiikoctu | Coefficient of frost resistance 0.20 017
Kg mipu -45 °C / K at -45 °C 0,46 0,07 0,15 082 059 0,11
KB mpum -25 °C/ K at -45 °C ! !

3akiouyenne

B pesynbraTe mponemaHHOW pabOTHI 10-
CTUTHYTHI CIIEAYIONINE Pe3yIbTAThI:

HccnenoBanbl  cBOWCTBAa  BYJIKAHHW3aTOB
CTaHJAPTHBIX PE3MHOBBIX CMECEH Ha OCHOBE OyTajleH-
HUTPWIBHBIX Kay4dyKOB C DPa3JIM4YHBIM COZepxka-
HUEM HUTPUIAKPUIOBON KHcinoThl. OmpeaeneHs
UX PEOJOTUYECKUX CBOICTB B 3aBHCHMOCTH OT
BUJIa BYJIKaHHU3YIOIEro areHTa. M3y4ens! ¢pusuko-
MEXaHMYECKUX M HHU3KOTEMIIEPAaTypHBIX CBOWMCTB
MOJTyYEHHBIX BYJIKaHU3aTOB.

IIpoBeneHo wuccnenoBaHWE BIMSHUS BUAA
BYJIKAHM3YIOILIIETO areHTa B pPe3MHOBOW CMECH Ha

231

OCHOBE MOJSIPHBIX KaydyyKOB Ha HU3KOTEMIIEpa-
TypHBIE CBOICTBA BYJIKAHU3ATOB.

HccnenoBanbl  penentypel  PE3HHOBBIX
cMecel Ha OCHOBE OyTaaUeH-HUTPUIIBHOTO Kay4yKa,
MOJU(HUIMPOBAHHBIX TONYKPUCTAJUINYECKUM U
CTHPOI-OY THIICH-CTHUPOJIBHOTO OJIOK-COMOIMMEpA.
N3yuens! GU3NKO-MEXaHUUECKUX CBOMCTBA IOJY-
YECHHBIX MaTEPUAJIOB.

IIpennoxeHsl penenTypHO-TEXHOJIOTUYECKHE
pereHus, oOecreynBarOINe HOBBILIEHHE MOPO30-
CTOMKOCTH MOJTAMEPHBIX KOMITO3ULIIMOHHBIX MaTepH-
aJIOB HAa OCHOBE 3JIaCTOMEPOB, JKCILIyaTUPYEMBIX
B YCJIIOBUSAX HU3KHUX TEMIIEPATyp



Pushnitsa A.S. Proceedings of VSUET, 2025, vol. 87, no. 1, pp. 227-234 post@uestnik-vsuet.ru

Jluteparypa

Bysnuk B.M., Bypkosckas H.I1., 3ubapesa 1.B. Apkrudyeckoe matepuanoseaenue. 2018. Ne. 3. C. 44.

Porosun J1.0. CeBepHblii mosroc 6ymet o0ycTpoen u 3aceneH // Poccuiickas ®eneparms ceromust. 2016. Ne, 12. C. 36.

Bbysunk B.M., Bacunesnu H.M. Marepuaibl A OCBOCHUS APKTHYCCKUX TEPPUTOPHUI-BBI3OBBI U perneHus //
JlaGopartopus u npousBozcTso. 2020. Ne. 1. C. 98-107.

JlenoB B.B., OxnonkoBa A.A. Pa3paboTku B 00JacTH CEBEPHOIO M apKTUYECKOIO MaTepPUAIIOBEICHHS AL
npomsItinteHHocTr PecrryOmmkn Caxa (Sxyrtus) // Tpupoansie pecypest Apkruku u CyOapkrukd. 2023. T. 28. Ne 4. C. 627-640.
doi:10.31242/2618-9712-2023-28-4-627-640

[TaBnora B.B., Cokonosa M.JI. MccnenoBanue BIUSHUS IUTACTH(GHUKATOPOB HA SKCIUTyaTallHOHHBIE CBOMCTBA PE3UH HA
OCHOBE SIMXJIOPIUAPHHOBOTO Kayuyka // HoBble MaTepHalibl M TEXHOJIOTHH B yCiIoBHsX Apkruku. 2022. C. 185.

[TaBnora B.B., Cokonosa M.[I., ®enopora A.D. BnusiHue conepkaHusi U MPUPOIBI TUIACTH(UKATOpa HA CBOWCTBA
OyTtaaneH-HuTpuiIbHOM pesunsl // XKypuan Cubupckoro ¢enepaipHoro yHuBepcutera. Texuuka u texaonoruu. 2021. T. 14.
Ne. 2. C. 222-232.

[TaBnoBa B.B., ®enopoBa A.®., CokonoBa M.J. UccnenoBanue Biusiaus JOP u JJOTD Ha skcruryaraliMoHHbIE
CBOICTBa pe3KH Ha OCHOBE OyTaAMCH-HUTPUWIBHOTO Kayuyka // Bxinang I Mennerneesa B pa3sBuTHE (pyHIaMEHTAIbHBIX HAyK,
B yrIyOJIeHHE U paciiupeHe o0pa3oBaHus A ycroituusoro paszsutus. 2019. C. 209-212.

Yumapun H.®., Eropos E.H., Konsrios H.J1. Mopo3ocToiikas pe3nHa Ha OCHOBE KOMOMHAINH OyTaAueH-HUTPUIBHOTO
W THIPUHOBBIX KayuykoB // VI3BecThs BBICIINX YUeOHBIX 3aBeleHui. XUMUA U XUMuueckas texuonorus. 2017. T. 60. Ne. 8.
C. 60-64.

IpokonbeB A.M. HccnenoBaHne KIMMaTHYECKOTO CTapeHUs Pe3MH HAa OCHOBE (TOpKaydyka M cMeceil OyTaaneH-
HHUTPHJIBHOTO ¥ IUCHOBBIX Kay4ykoB // Penakunonnas koswierns. 2022. C. 918.

Bo6posa U.U., KotoBa C.B., Haymosa }0.A. Bnusaue sxonornyaeix Macen OUTOHOpMAaH HA aAre3MOHHEBIE CBOMCTBA
MOpO30CTOMKHX pE3WH Ha OCHOBE OyTaJMeH-HUTPHIBHOrO Kaydyka// BecTHHK BOpOHEXCKOro rocynapcTBEHHOrO
YHHBEPCHUTETA HHXKEHEPHBIX TexHosoruit. 2023. T. 85. Ne. 2. C. 189-197.

Myxun B.B., ITetpoBa H.H., Mackantonaiite O.E. CpaBHuTEIbHAS OLICHKA KIIMMAaTHYECKOH CTOMKOCTU pE3UH Ha OCHOBE
SMUXJIOPTHIPHHOBOTO U OyTaAnCH-HUTPUIBHOTO Kaydyka // MeXaHHKa, Pecypc M AWATHOCTHKA MATEPUATIOB M KOHCTPYKIIMIL.
2018. C. 252-253.

Haropuast M.H. Biusinue miactiudukaTopoB Ha CBOWCTBA MacI00€H30MOPO30CTOMKIX pe3uH // TeXHUKaA W TEXHOIOTHS
He(TEXMMUYECKOTO U HedTerazoBoro npoussozactea. 2022. C. 121-122.

IerpoBa, H.H., Tloprasaruna B.B. BnusiHue pa3smepa 4acTuil ¥ KOHILIEHTpanuu (pTopcopepikaliero mojiuMmepa Ha
CBOICTBa MOPO30CTOMKHX PE3MH HA OCHOBE IPOMUICHOKCHIHOTO Kayuyka // [Ipuponusie pecypcbl ApkTukd U CyOapKTHKH.
2020. T. 25. Ne 1. C. 101-117. d0i:10.31242/2618-9712-2020-25-1-11

PesnnkoB M.C., Yumapua H.®., Eropos E.H., CannamoB C.M. UccnenoBanne BIMSHHS TEXHOJIOTUUECKHX JTO0ABOK Ha
CBO¥CTBA PE3HH Ha OCHOBE MUXJIOPIUIPHHOBBIX M MPOIIICHOKCHIHBIX KayuykoB // Kayuyk u pesuna. 2016. Ne 1. C. 18-21.

Ymmapun H. ®., Eropos E. H., Konmpuos H. U. Mopo3ocToiikas pe3nHa Ha OCHOBE KOMOHMHanuu OyTaaueH-
HUTPUIBEHOTO U THAPHHOBBIX KaydyKoB //M13BecTus BEICIINX yueOHBIX 3aBeAeHUN. XUMUs U XuMHuueckas texHosnorus. 2017. T.
60. Ne. 8. C. 60-64.

I'pecs U.M., lemunos II.B., Boctpuxos [I.C. MccnenoBanue HU3KOTEMIIEPATYPHBIX CBOMCTB U CTOMKOCTH K JIEHCTBUIO
ABHALIMOHHOTO KEPOCHHA 3J1aCTOMEPOB Ha OCHOBE MPOMMICHOKCHIHOTO WM SMHUXJIOPTHAPHHOBOrO KayuykoB // W3Becrtus
Bosrorpaickoro rocy1apcTBEHHOr0 TexHuueckoro yuusepcurera. 2017.Ne 11(206). C. 113-117.

YuJ. Liu, S., Cardoso, A., Han, Y. et al. Catalytic pyrolysis of rubbers and vulcanized rubbers using modified zeolites
and mesoporous catalysts with Zn and Cu //Energy. 2019. T. 188. C. 116117.

Kaxpamano H. T. Kacymoga, I'. III., Ocummunk, B. C., 'amxuesa, P. IlI. M3r0CcOCTOVKNE MONMMEpHBIE MaTepHAIEIL.
Crpykrypa u cBoiictBa //Tlnactuueckue maccer. 2017. Ne, 11-12. C. 8-15.

Klyuchnikov O. R., Klyuchnikov Y. O. Vulcanization of Elastomers with Quinol Ethers of P-Benzoquinone Dioxime //
Key Engineering Materials. 2021. Vol. 899. P. 479-485.

Xoposa E.A., PaznpsikoHoBa '.1., Xonakosa C.5I. BiusiHue CTPYKTYpbl THIPUPOBAHHOTO OyTaIMCH-HUTPHIBHOTO KaydyKa
Ha CTOMKOCTh K BO3ICHCTBHIO arpECCHBHBIX CpE M IOBBIIICHHBIX Temieparyp // TexHHKa U TEXHONOTHS He()TEXUMHUYECKOTO H
He(Tera3oBOro NpoU3BOACTBA: MAaTepHalIbl 6-if MEeXTYHApOIHOH Hayd.-TexH. KoH}. Omck, 2016. C. 155-156.

Sang J., Aisawa S., Hirahara H., Mori K. Primary process to fabricate functional groups on acrylonitrile-butadiene rubber
surface during peroxide curing //Chemical Engineering Journal. 2016. V. 287. P. 657-664.

Yaiikyn A. M. HaymoB U. C., BenenukroBa M. A., AmudanoB E. B. HoBble pa3paboTku pe3uH CreUaibHOro
Ha3HA4YeHMs Ha OCHOBE (hPTOPCUIOKCAHOBBIX KayuyKOB //ABHAllMOHHBIE MaTepuaibl U TexHonoruu. 2016. Ne. 3 (42). C. 60-65.

Emncee O. A. Yaiikyn A. M., By3auk B. M., CokxonoBa M. J| u ap. OcHOBHBIE IPUHLIHUIIEI TIOCTPOCHHS PELENTYP
MOPO30CTOMKUX PE3UH IS U3JEIUH, SKCIUTyaTUPYEMbIX B YCIOBHUAX apKTHUECKOro kiaumara //IlepcriekTuBHBIE MaTepUabl.
2015. Ne. 11. C. 5-18.

Yatikyn A.M., Anmudanos E.B., Haymos 1.C. DnacromepHble MaTepuaibl JUlsl IPUMEHEHHS B TOIUIMBHBIX U MAacISHBIX
cucremax (0630p) // HoBoctn marepuanoBenenus. Hayka u rexuuka. 2018. Ne. 3-4. C. 7.

Byranuen-uurpuibHele kayayku or CUBYP. URL:https:/nitrile.sibur.ru

I'OCT P 54547-2011 Cwmecu pesuHoBbie. OmpenesieHHe BYJKAaHM3AIMOHHBIX XapaKTEPUCTHK C HCIOJIb30BaHUEM
6e3poropHbIX peomerpos. M: Cranmaprundopm, 2013. 16 c.

232



Ihywnuya A.C. Becmuuk BTYIIIL, 2025, L. 87, Me. 1, C. 227-234 post@vestniR-vsuet.ru

References

Buznik V.M., Burkovskaya N.P., Zibareva I.V. Arctic materials science. 2018. no. 3. pp. 44. (in Russian).

Rogozin D.O. The North Pole will be equipped and inhabited //The Russian Federation today. 2016. no. 12. pp. 36. (in
Russian).

Buznik V.M., Vasilevich N.I. Materials for the development of Arctic territories — challenges and solutions //Laboratory
and production. 2020. no. 1. pp. 98-107. (in Russian).

Lepov V.V., Okhlopkova A.A. Developments in the field of northern and Arctic materials science for the industry of the
Republic of Sakha (Yakutia) // Natural Resources of the Arctic and Subarctic. 2023. Vol. 28. no. 4. pp. 627-640.
doi:10.31242/2618-9712-2023-28-4-627-640 (in Russian).

Pavlova V.V., Sokolova M.D. Investigation of the effect of plasticizers on the performance properties of rubber based
on epichlorohydrin rubber //New materials and technologies in the Arctic. 2022. pp. 185. (in Russian).

Pavlova V.V., Sokolova M.D., Fedorova A.F. Influence of the content and nature of plasticizer on the properties of
butadiene-nitrile rubber //Journal of the Siberian Federal University. Machinery and technology. 2021. Vol. 14. no. 2. pp. 222-232.
(in Russian).

Pavlova V.V., Fedorova A.F., Sokolova M.D. Investigation of the effect of DOF and DOTF on the performance
properties of rubbers based on butadiene-nitrile rubber //D. Mendeleev's contribution to the development of fundamental
sciences, to the deepening and expansion of education for sustainable development. 2019. pp. 209-212. (in Russian).

Ushmarin N.F., Egorov E.N., Koltsov N.I. Frost-resistant rubber based on a combination of butadiene-nitrile and hydrine
rubbers //News of higher educational institutions. Chemistry and chemical technology. 2017. Vol. 60. no. 8. pp. 60-64.

Prokopyev A.M. Study of climatic aging of rubber based on fluorocarbon rubber and mixtures of butadiene-nitrile and
diene rubbers //The Editorial board. 2022. pp. 918. (in Russian).

Bobrova I.1., Kotova S.V., Naumova Yu. A. The effect of eco-friendly Phytonormane oils on the adhesive properties of
frost-resistant rubbers based on butadiene-nitrile rubber. /Bulletin of the Voronezh State University of Engineering
Technologies. 2023. Vol. 85. no. 2. pp. 189-197. (in Russian).

Mukhin V.V., Petrova N.N., Maskalyunaite O.E. Comparative assessment of climatic resistance of rubbers based on
epichlorohydrin and butadiene-nitrile rubber //mechanics, resource and diagnostics of materials and structures. 2018. pp. 252-253.
(in Russian).

Nagornaya M.N. The effect of plasticizers on the properties of oil and gasoline resistant rubbers //Equipment and
technology of petrochemical and oil and gas production. 2022. pp. 121-122. (in Russian).

Petrova, N.N., Portnyagina V.V. The effect of particle size and concentration of a fluorinated polymer on the properties
of frost-resistant rubbers based on propylene oxide rubber // Natural Resources of the Arctic and Subarctic. 2020. Vol. 25. No.
1. pp. 101-117. doi:10.31242/2618-9712-2020-25-1-11 (in Russian).

Reznikov M.S., Ushmarin N.F., Egorov E.N., Sandalov S.1. Investigation of the effect of technological additives on the
properties of rubbers based on epichlorohydrin and propylene oxide rubbers. 2016. to. 1. pp. 18-21. (in Russian).

Ushmarin N. F., Egorov E. N., Koltsov N. I. Frost-resistant rubber based on a combination of butadiene-nitrile and
hydrine rubbers //News of higher educational institutions. Chemistry and chemical technology. 2017. Vol. 60. to. 8. pp. 60-64.
(in Russian).

Gres 1.M., Demidov D.V., Vostrikov D.S. Investigation of low-temperature properties and resistance to aviation
kerosene of elastomers based on propylene oxide and epichlorohydrin rubbers // 1zvestiya VVolgograd State Technical University.
2017. no. 11(206). pp. 113-117. (in Russian).

YuJ. Liu, S., Cardoso, A., Han, Y. et al. Catalytic pyrolysis of rubbers and vulcanized rubbers using modified zeolites
and mesoporous catalysts with Zn and Cu //Energy. 2019. Vol. 188. pp. 116117.

Kakhramanov N. T. Kasumova, G. S., Osipchik, V. S., Gadzhieva, R. S. Wear-resistant polymer materials. Structure
and properties //Plastic masses. 2017. no. 11-12. pp. 8-15. (in Russian).

Klyuchnikov O. R., Klyuchnikov Y. O. Vulcanization of Elastomers with Quinol Ethers of P-Benzoquinone Dioxime
//Key Engineering Materials. 2021. VVol. 899. pp. 479-485.

Khorova E.A., Razdiakonova G.l., Khodakova S.Ya. Influence of the structure of hydrogenated butadiene-nitrile rubber on
resistance to aggressive media and elevated temperatures // Technique and technology of petrochemical and oil and gas production:
Materials of the 6th International Scientific and Technical Conference. conf. Omsk, 2016. pp. 155-156. (in Russian).

Sang J., Aisawa S., Hirahara H., Mori K. Primary process to fabricate functional groups on acrylonitrile-butadiene rubber
surface during peroxide curing //Chemical Engineering Journal. 2016. VVol. 287. pp. 657-664.

Chaikun A.M., Naumov 1. S., Venediktova M. A., Alifanov E. V. New developments in special-purpose rubbers based
on fluorosiloxane rubbers //Aviation Materials and Technologies. 2016. no. 3 (42). pp. 60-65. (in Russian).

Eliseev O. A. Chaikun, A.M., Buznik, V. M., Sokolova, M. D. et al. The basic principles of constructing formulations
of frost-resistant rubbers for products used in the Arctic climate //Promising materials. 2015. no. 11. pp. 5-18. (in Russian).

Chaikun A.M., Alifanov E.V., Naumov |.S. Elastomeric materials for use in fuel and oil systems (review) //Materials
Science news. Science and technology. 2018. no. 3—4. pp. 7. (in Russian).

Butadiene-nitrile rubbers from SIBUR, URL.: https://nitrile.sibur.ru (in Russian).

State Standart R 54547-2011 Rubber mixtures. Determination of vulcanization characteristics using rotorless
rheometers. Standartinform, 2013. 16 p. (in Russian).

233


https://nitrile.sibur.ru/

Pushnitsa A.S. Proceedings of VSUET, 2025, vol. 87, no. 1, pp. 227-234

CBeenusi 06 aBTopax

Anna C. ymnuna aciupant, MUPDA, Poccuiickuii TexHOTO-
rudeckuil ynusepcuret, Manas [ Iuporosckas, 1.1, ctp.5, r. Mocksa,
119435, Poccus, apushnitsa@inbox.ru
https://orcid.org/0000-0003-4417-4371
Banepuii B. BiacoB k.T.H., JOLEHT, Kadeapa XUMHYECKON
TEXHOJIOTUU OMOJIOTHYECKH aKTHUBHBIX BEHIECTB U IOJNHUMEP-
HBIX KOMIIO3UTOB, SIpociiaBCKMii rOCylapCTBEHHBIH TEXHMYE-
CKUii yHUBEpCHUTET, p-T MockoBckuii, 88, r. SIpocnasis, 150023,
Poccus, ganghubas@mail.ru
https://orcid.org/0000-0003-1057-8167
Anexcanap C. MockaJieB K.T.H., OLIEHT, Kadeapa TEXHOJIOTHU
OpraHNYeCKHUX COCAMHEHHH U mepepaboTKu MoiuMepoB, Bopo-
HEKCKHI TOCYIapCTBEHHBIH YHUBEPCHTET WHXKCHEPHBIX TEXHO-
noruii, np-t Peosronuu, 19, r. Boponexk, kaf-tospp@vsuet.ru
https://orcid.org/0000-0002-3403-3850

Bkiag aBTopos
Anna C. IlymHuma Hanucal pPyKOIHCh, KOPPEKTHpOBal €€ [0
[I0JJaYM B PEAAKIMIO U HECET OTBETCTBEHHOCTh 3a ILIaruar
BaJjiepuii B. BiacoB KoHCynbTalys B X0/1€ UCCIIEI0BAHUS
Anexcanap C. MockajeB NPEAIOXKUI METOAUKY IPOBEICHUS
9KCIIEPUMEHTA

KondaukT nutepecon
ABTOpBI 325BILIIOT 00 OTCYTCTBHN KOH(IMKTA HHTEPECOB.

post@uestnik-vsuet.ru

Information about authors

Anna S. Pushnitsa PhD student, MIREA, Russian Technological
University, Malaya Pirogovskaya, 1, p. 5, Mos-cow,119435,
Russia, apushnitsa@inbox.ru
https://orcid.org/0000-0003-4417-4371
Valeriy V. Vlasov Cand. Sci. (Engin.), associate professor,
chemical technology of biologically active substances and
polymer composites department, Yaroslavl State Technical
University, Moskovsky Ave., 88, Yaroslavl, 1509999, Russia,,
ganghubas@mail.ru
https://orcid.org/0000-0003-1057-8167
Alexandr S. Moskalev Cand. Sci. (Engin.), associate professor,
technology of organic compounds and polymer processing department,
Voronezh State University of Engineering Technologies, Revolution
Av., 19 Voronezh, 394036, Russia, kaf-tospp@vsuet.ru
https://orcid.org/0000-0002-3403-3850

Contribution
Anna S. Pushnitsa All authors are equally involved in the writing of
the manuscript and are responsible for plagiarism
Valeriy V. Vlasov consultation during the study
Alexandr S. Moskalev proposed a scheme of the experiment and
organized production trials

Conflict of interest
The authors declare no conflict of interest.

Hoctynuaa 23/10/2024

Mocae pexaxuuu 13/11/2024

IpunsTa B neyars 25/11/2024

Received 23/10/2024

Accepted in revised 13/11/2024

Accepted 25/11/2024

234



