ISSN 2079-5459 (print)

ISSN 2413-4295 (online) CEPLA "HOBI PIIEHHA B CYYACHHUX TEXHOJIOI'AX"

YK 679.7:678:544 doi:10.20998/2413-4295.2019.45.25

AOCJIIKEHHA BIIVIMBY IHI'PEJICHTIB HA EJTIEKTPO®I3UYHI BJACTUBOCTI
HAHOMOJAUPIKOBAHUX MMOXKEKOBE3ITEYHUX ITOJIIMEPHUX KOMITIO3UIIIA 3
JUT'TAPATAMMU OKCHUAY MAT'HITO

O. B. UYJIEEBA*, B. M. 30/I0TAPbOB

Ipusamue axyionepre mosapucmeo «3ABOJ] ITIBJEHKABEJTh», Xapxis, VKPAIHA
e-mail: echuleeva@ukr.net

AHOTALIA Memoro cmammi € 6U3HAUEHHS 6NAUSY (DIZUKO-XIMIYHUX 6l1ACmMUBocmeli ma KOHyeHmpayii Mmoougikamopis, muny i
oucnepchocmi  Ouciopamie OKCUOy MAZHIlO ma RNONIMepHOi Mampuyi HA ereKmpo@izudni GIACIMUBOCMI HONCENHCODE3NEUHUX
KOMRO3UYILIHUX Mamepianie Konoaimepy emuieHy 3 ininayemamom. Jlocriodcysanu KoMRO3uyii Konoaimepy 3 NOKAZHUKOM
naunnocmi posnnagy 2,5 2/10 xé ma 5 2/10 xe., ouciopamu okcudy MazHito 3 cepeoHim MeOlaHHIM JiamMempom Yacmo4ox 3 MKM ma
3,7 MKkM, aminocuranu 3 Ounamiynoro 8 ’askicmio 2 Mlla - ¢ ma 2,5 Mlla - c. [[na nposedenHs 00cniodxcensb SUKOPUCOBYBANU
Memoou GU3HAYEHHSI eLeKMPUYHOI MIYHOCMI, 00 €EMHO2O0 eNeKMpPUYHO2O ONOpYy, MAHSeHCYy Kyma OleleKmpuuHux empam,
dierekmpuunoi npoHuxHocmi. Jis yb02o SUKOPUCMOBYSAIU anapam 6UnpoOyeants i301aYil, GUMIPIOGAY eNeKMPUYHO2O ONOpY
i30nayii, mMicm 3MIHHO20 cmpyMy. 3 Memow NOpieHAHHA 015 KOMCHOI nonimepHoi Komnosuyii 6yo0yeanu epagixu 3a1eHcHOCmi yux
NOKA3HUKI6 610 eémicmy iHepedicHmie. Ompumano enekmpo@iz3uuHi Xapakmepucmukuy, sKi 00360J510Mb GUIHAYUMU CKIAO, WO
3abe3neyye OnmuManbHi 3HAYEeHHS 0N [30MAYIUHUX Mamepianie 3 NIOSUWEHUMU GUMOSAMU NOJNCEXHCHOT be3nexku. Bnepuie
BUKOPUCAHO MemOoOU eleKmpo@i3utuHux O00CHIONCEHb 3 Memol GU3HAYEHHs GNIUGY 6IACUBOCEU [HSPEOIEHMI8 NONIMePHUX
KOMRO3UYill Ha eNeKmpuyHy MIiYyHICMb, NUMOMUl 00 €MHUI eNeKMpuYHULl Onip, MAH2eHC Kyma OieNeKmpuyHux empam,
dienekmpuuny nponukHicmo. Enexmpuuna miynicme niosuwyemocs 3 25,5 kB/mm 0o 30 kB/mm, numomuil 06’ emuutl enekmpuyHuil
onip niosuwgyemoca 6id 4 - 10% Om - ecm 0o 6 - 10%* Om - cm, dienexmpuuna nponuknicms smenuyemocs 0o 3,8, a mameenc kyma
dienexmpuunux empam 0o 0,0055. Pe3yasmamu 00caiosicerb 00YilbHO 8UKOPUCOBY8AMU OJisl PO3POOKU CKAAOY NOXHCEHCODE3NEUHUX
NONIMEPHUX KOMNO3UYill 01151 KabenvbHoi npooyKyii.

Knrwwuosi cnoea: xomnosuyitini mamepianu, mMoougikamop, Konoaimep emuieny 3 GiHLIAyemamom; Oueiopam OKcuoy MacHiro,
eneKmpo@izuuHi 61acmMu8oCmi.

RESEARCH OF THE INFLUENCE OF INGREDIENTS ON ELECTROPHY SICAL
PROPERTIES OF NANOMODIFIED FIRE-SAFE POLYMER COMPOSITIONSWITH
MAGNESIUM OXIDE DIHYDRATES

O.CHULIEIEVA, V. ZOLOTARYOQV

Private joint stock company pjsc « YUZHCABLE WORKS», Kharkiv, UKRAINE

ABSTRACT The purpose of the article is to determine the influence of physico-chemical properties and concentration of modifiers,
the type and dispersion of magnesium oxide dehydrates and the polymer matrix on the electrophysical properties of fire-fighting
composite materials of copolymer ethylene with vinyl acetate. Copolymer compositions with a flux rate of 2,5 g/10 min and 5 g/10
min, magnesium oxide dihydrates with a mean median diameter of particles of 3 um and 3,7 um were studied, amino silanes with a
dynamic viscosity of 2 MPa - Sand 2,5 MPa - s. Methods for determination of electric strength, volume electric resistance, tangent of
dielectric loss angle, dielectric permittivity were used for conducting researches. For this purpose, a device for testing isolation, an
electric resistive resistance meter, and an AC bridge were used. In order to compare these indices, for each polymer composition, the
graphs were based on the content of the ingredients. Electrophysical characteristics have been obtained, which allow determining
the composition that provides optimal values for insulating materials with increased fire safety requirements. Electrophysical
investigations were first used to determine the effect of the properties of polymer compositions on electrical strength, specific
volumetric electrical resistance, tangent of the angle of dielectric losses, dielectric permeability. The electrical strength rises from
25,5 kv/imm to 30 kV/mm, the specific volumetric electric resistance rises from 4 - 102 Q cm to 6 - 10* Q cm, the dielectric constant
decreases to 3,8 and the tangent the angle of dielectric loss to 0,0055. The results of researches should be used for the development
of the composition of fire-safe polymer compositions for cable products.

Keywords. composite materials; modifier; ethylene-vinyl acetate copolymer; magnesium oxide dihydrate; electrophysical properties.

Beryn MOXKEIKOOE3MEUHNX MOJIMEPHUX KOMITO3UIIIHHUX

MmarepianmiB. CTBOpeHHsT  OE3TaJOTeHHUX  peUenTyp

3a ocTaHHI POKH MiJBUINMINCSA TEXHIYHI BUMOTH  JOCSTAETHCS 32 PAaXyHOK BBEJCHHSA B 0a30BHI mmoiiMep

0710 KaOenbHUX BHPOOIB Ta, K CIIJCTBO, HEOOXIMHICTh  AHTHUIIPEHIB — TiApokcuaiB meramiB [1]. OcHOBHHUMHU

PpO3pOOKH HOBHX MPOTPECUBHUX MaTEepialiB, B TOMY YHCIIi

TEXHIYHUMH XapaKTCPUCTUKAMU IS MMOKEK00e3NCYHNX
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MONIIMEPHUX KOMIIO3HUIII BIPOMOBXK eKCIUTyartamii €
enekTpodizuuHi mokazHUKW. OHAK, MOCHIHKEHHS iX
IIPOBE/ICHO HEJI0CTaTHbO. Tomy, JOCTI1JDKCHHS
3aJICKHOCTI €JICKTPO(I3UUHUX BIACTUBOCTEH BiJ CKIIamy
NOJIMEPHUX KOMIIO3MILiH, BpaxoByroud MoaudikaTop,
XIMIYHUH CKJIaZ, JTUCIEPCHICTh JWTIIPATIB  OKCHIY
MarHifo € akTyalpHOIO mpobiemoro. OaHuM i3 3aco0iB
3HWXKEHHS rOpIOY0CTi MOJIIMEPHUX MarepiaiiB
moioNieiHiB € BBEICHHS MO IOJIMEPHOT KOMITO3HIIIT
HANOBHIOBaYiB-aHTHIIpeHiB [2]. 3 wmieto  meroro
BHKOPHCTOBYIOTh HEOPTaHIUHI HAIIOBHIOBAYi-aHTUIIIPEHU
[3]. B ymoBax peanbroi noxexi [IBX mmactukaru, mo €
eJeMeHTaMu KaOemiB, ski MaroTh 3HadyeHHs KI go 40
OJIMHHIb, € JDKEPEJIOM BHIUICHHS KOPO3iHHOAKTHBHHX
razis HCl Ta 3mHaunHoro 3agmmieHHs. ToMy, 3 MeTOIO
BUpilIeHHs Tpobiiem, 1o noB’s3aHi 3 BunuieHasm HCl ta
3aTUMIICHHSIM, OYJI0 CTBOPEHO IMOJIIMEPHI KOMITO3HIIIT, SKi
HE BHUAULIIOTH KOPO3IMHOAKTHMBHHUX Ta3iB Ta MaroTh
3HAYHO HIDKYMHA piBeHb BuaineHHs gumy [4]. i
MaTepiad HE TUIBKM 30UIBIIYIOTH BOTHECTIMKICTH 32
paxyHOK MOTJIMHAHHS OIIBIIOI KUIBKOCTI Temia, ane U
HEUTPai3yIoTh KHCII Ta3H, IO HPU3BOIUTH 10 3HIKECHHS
auMoyTBopeHHs: [5]. B skocti mosiMepHOi 0a3u mux
MaTepianiB 3a3BHYail BUKOPHCTOBYIOTH HoTionedinu, a B
SIKOCTI aHTHIIPEHIB — JWTIApaTH OKCHUIY MarHiro. [6].

BuBuann BOTHETPHBKI BIACTHBOCTI KOMITO3UIIIHAX
Mmarepiainis, 6a3oBuM nojiimMepoM B sikux € LDPE/EVA. B
SKOCTI HANMOBHIOBAYiB BHKOPHCTOBYBAIM  TiIAPOKCH

MarHif0 Ta TPHTIIpaT OKCHIY alllOMiHil0. BOrHeTpuBki
BJIACTHBOCTI OL[IHIOBAJIM 32 TOPU30HTAJIBHUM TOPIHHAM Ta
3a KHCHEBHM iHAEKcOM [7]. 3a JOIOMOrOI METOJIB
TGA/DSC  npoBoAMINCH  JOCHI/DKEHHS  MOJIMEPHUX
KOMITO3MIIH 3 BHKOPHUCTAaHHAM B SIKOCTI aHTHIIIpEHY
MIOKCHIy MarHiro. BuW3Hawamm TEINIOEMHICTh — IHX
MmatepianiB [8]. ocikeHO BOTHECTIHKICT KOIOJIIMEPY
eTHNIeHy 3  BIHUTAalleTaToM, SKHH  HAIOBHIOBAIU
TPHUTIAPATOM OKCHIY ATIOMIiHIIO, TUTIApaTaMH OKCHUIY
Martiro Ta JIOKCHIOM KpemHito [9]. BcranosieHo, mo
331 3a0€3IeUYeHHsT IOKEXO00E3IMEYHNX BIACTHBOCTEN
KOMITO3MIIITHUX MaTepiaiiB Juisi i30JsIii Ta OOOJIOHOK
KaOeJiB Ta Kpamoi Oe3NeKd eJIeKTPUYHOrO OO0JIaJHAHHS
Ta TPHUCTPOiB, Mae OyTH JyKe BHCOKUH CTYIICHb
HaroBHEHHS MOJIMEPHOI MaTpHIi TigpaTaMy METaJIiB, 10
MOXKE IPHU3BECTH /O BTPATH THYYKOCTI Ta HHU3BKHM
MEXaHIYHUM BJIACTHBOCTSIM 3 OJHOYACHUMH IpoOieMaMu
mig  yac mepepoOku [10]. BuBwamm MoXIMBICTBH
BUKOPHCTAHHSA TiIPOKCHAY MarHiro, 6opatry mUHKY, Ta iX
CYMICHY [i0, SIK iHTi0iTOpY TOPiHHS MOJIMPOIIJICHOBOTO
BoJIOKHa. [Toka3ana epeKTHBHICTE BUKOPUCTAaHHS OopaTa
UMHKY.  BuKOpHCTaHHST  TiIDOKCHIy  MarHiro €
MaioepeKTUBHUM. [lepeBipsuTMCh TEIUIOBI, MEXaHIUHI Ta
Mopdodoriuni BiractuBocti [11]. Tlokazano eheKTHBHICTD
BUKOPHCTaHHS aMiHOQIKOKCHCWIIAHIB $IK ampeTiB Juis
MOJNIMIIEHHS  KOHTAaKTiB  TOJiMep-HallOBHIOBaYa B
KOMITO3HMLIIHUX Marepiasiax Ta OOpOOKH HEOpraHiYHUX
cyOcTpaTiB AJIs MiIBUIIEHHS aaresii pi3HUX IMOJIMEpiB i
mokpuTTis [12,13].

HaBeneni  fmociiDkeHHS — TOKa3yloTh, IO
BJIACTUBOCTI TOJIMEPHUX KOMIIO3UINI 3MIHIOIOTECS B

3aleKHOCTI Big ckimamy. PiBeHp  enekTpodiznaHnX
BIIACTUBOCTEH MOXKEeK00e3MeUHNX MOJTIMEPHUX
KOMITO3MLIHHAX MarepialliB  BIPOJOBK EKCILTyaTaril
kabenbpHOI mpoxykuii Mae BaximBe 3Ha4YeHHS. OpHak
Oarato 3amuTaHb, SKi TOB’S3aHO 31 CTBOPEHHSIM
MOXKEKOOE3NMEeUHNX MOJIMEPHUX KOMIIO3UIIH Bce 1
HeloCTaTHLO BUBYEHO. OCOOJIMBO 1€ CTOCYETHCS BILTHBY
MonuGikaTopiB, JAWTIAPATIiB  OKCHAY MAarHil0  Ta
MOJIMEPHOI MaTpHIli Ha eIeKTPOQi3NYHI BIACTHBOCTI.

Merta po6oTu

BuBueHHS BIDIHBY (i3UKO-XIMIYHHX BIACTUBOCTEH
Ta KOHIEHTpalii Moan(ikaTopiB, THUIy i AUCHEPCHOCTI
HATIOBHIOBAYiB-aHTHUITIPEHIB Ta MOJIMEPHOI MaTpHUIll Ha
enekTpodizuyHi BJIACTHUBOCTI MOXKEKO0E3METHUX
KOMIIO3UIIIHHUX MaTepialiB  KOIMOJIMEpy CTWICHY 3
BiHiTameTaToM. lle macTh MOXKIHBICTH OOIPYHTOBAHO
MiIXOAWTH A0  BHM3HAYEHHA  THIy  HOJIMepy,
Moaudikatopa, Ta  AWCHEPCHOCTI  HANOBHIOBaya-
anTunipeny. Lle TakoXx JO3BOJUTH MIBUAKO CKOPETYBaTH
perentypy KOMITO3WIII B 3aJEKHOCTI BiJ HAsIBHOI
cMpoBHHM  abo  Big  OakaHMX  eNeKTPO(i3WYHUX
BJIACTHBOCTEH KiHIIEBOTO MPOIYKTY.

Jlns mOoCATHEHHS IIOCTaBICHOI METH HEOOXIiTHO
JTOCTITATH 3aJIeKHICTh €NEKTPUIHOT MIITHOCTI, TTATOMOTO
00'eMHOTO  €NEKTPUYHOTO  ONOpYy, TaHIeHCa KyTa
JUENeKTPUYHUX BTPAT, AICIEKTPUYHOI MPOHUKHOCTI Bij
KUIBKOCTI MOJHM(]IKaTOPYy Ta BIACTHBOCTEH IHIPEIEHTIB
MOJIIMEPHUX KOMITO3HUIIIH.

Martepiaau Ta 001agHAHHS 1J151 BUBYEHHS
eJIEKTPO(]i3HIHNX BJIACTHBOCTEH

JocnimxyBanm KOIIOJIiMEpH eTHIICHY 3
Binimaneratom (KEB-1, KEB-2), xapakTepucTuku sSKux
HaBe/IeHO B Tabi. 1, a TaKkoX HAITOBHIOBAUi-aHTUIIIPEHH, B
AKOCTI SIKUX BHKOPHCTOBYBAJIHM JHIIIPaTH OKCHIY
MarHiro. XapaKTePUCTHKH HAIOBHIOBAYiB-aHTHITIPCHIB
HaBeaeHO B Tabi. 2. Moaudikarop 1 — 3-amiHonpomnmi-
Tpuerokcicunan, moaudikatop 2 — ammHocuian (N-(3-
TPUMETOKCHUCHJIAH) TPOMUIOYTiIaMiH). XapaKTepUCTHKU
HaBeJIeHO B TalI. 3.

BumiproBanas ~ eneKTpo(i3MYHMX — MOKa3HUKIB
MOJTIMEPHUX KOMIIO3MIINA NPOBOMMIIMCS Ha 3pasKax
3aBToBmKH (1,0 = 0,1) MM, BHTOTOBJICHHX BajbICBO-
MIPECOBIM METOAOM 3a Temneparypu 448 K.

Cepiro eKCIIepUMEHTIB 3 BU3HAUCHHS EIEKTPHIHOL
MIITHOCTI, MTUTOMOTO €JIIEKTPIIHOTO otopy,
JUEeNeKTPUIHOT MPOHUKHOCTI, TaHTeHCa KyTa
JieJIeKTPUYHMX BTpaT OyJIO MPOBEAEHO 3 BUKOPUCTaHHIM
anapary tuny AMWU-70, BuMipioBaya eJIEKTPUYHOTO
onopy KUCHU-1, mocty 3miHHOTrO cTpymMy P589.

OOpoOky pesynbraTiB Ta mOOymOBY TpadikiB
BUKOHYBAJIM 3a JIOTIOMOTOI0 MPOTPaMHOTo 3a0e3IeueHHs
Microsoft Office Excel 2007.

AJeKBaTHICTb DIBHSIHHS  perpecii
NEepeBipKOI0  CTATHCTMYHOI  3HAYMMOCTI

TIPOBOTHIIH
Koegirienra
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nerepminanii R? mo F-kpurepilo, BH3HaueHOMY 3a
¢dbopmyioro [14]:

R2 n-m-1
Fp:—2~—,
1-R m

Jie N — KUIBKICTh CHOCTEPEXEHb, M — KUIbKICTh
(axTopiB y piBHSIHHI perpecii.

Pe3yabTaTi J0CTiIKEeHb e1eKTPodi3sHIHNX
BJIACTHBOCTEH MOJiMePHHX KOMIO3HIIii

BumMiproBaHHSI eEKTPUYHOI MIIIHOCTI TOTiIMEPHUAX
KOMIO3HIIN MPOBOAWIN 3MIHHOIO Hampyroio a0 50 kB,
gactoToro 50 I'm.

PesynbraT nociimkeHs HaBeaeHO Ha puc. 1, 2.

JocmimkeHHs 3aJIe)KHOCTEH MMOKa3HUKIB
€JIeKTPUYHOI MIIHOCTI IMOJIMEPHUX KOMITIO3MINNA BiX
XIMIYHOTO CKJIaJly Ta JHMCHEPCHOCTI HANOBHIOBAaYiB-

AQHTUIIMPEHIB JIEMOHCTPYE BIUIMB KOXKHOTO 3 HHMX Ha Ii
BEJINYMHY.

AHani3 nUX XapaKTepUCTUK MOKa3ye, 10 HaWBUII
3HAYEHHA eNICKTPHUYHOT MIITHOCTI MOXKIIMBO JOCSTHYTH TIiJT
yac BHUKOPHCTaHHS B SKOCTI HallOBHIOBAYa-aHTHIIIPEHY
3pa3ok 4: it moiiMepHoi kommo3uilii Ha ocHoBi KEB 1 —
(25,5 — 30,0) kB/mMm; Ha ochosi KEB-2 — (20,8 — 28,0)
kB/mm. 1li 3HaUEHHS eNEeKTPUIHOT MIITHOCTI TOCSITAIOTHCS
Mg Yac BHUKOPUCTAHHS HAINOBHIOBaYa-aHTUIHMPEHA 3
MEHIIMM  CepelIHiM  JiaMeTpoM  4YacTO4OK  Ta
moaudikatopy 1.

Sk mokazaHo B [9] peosoriuHi XapakTepHUCTHUKH
MOJIMEPHUX KOMITO3UIIH 3HAYHO ITOKPAIYIOTHCS MiJl Yac
BUKOpHCTaHHsT MoaudikaTtopy 2. JlomiJbHO BCTaHOBUTH
SK BIUIMBAE Ha  EJIEKTPUYHY  MIIHICTh  CyMill
Mo (]iKaTOPiB.

CkiajaeMo piBHSIHHS perpecii Monudikaropis 1 ta
2 It BpaxXyBaHHS BKJIaLy KOXKHOTO i3 MOIU(IKaTOPiB:

1y = (2546e%19%) - k1 + (24,84€°058%) - 2.
2.y = (20,78¢°%15%) - k1 + (20,66€%188%) k2.

3MIHOIO KIJIBKOCTI MonaudikaropiB B iX cymimax
0JIEPIKYBAIH ONTHUMAabHI 3HAYECHHS KIJIBKOCTI
MojudirkoBanoi cymimi (puc. 1 xpusa 3, 4; puc. 2 kpua
3,4).

Po3paxyHOK THUTOMOTO 00’€MHOTO EIEKTPHIHOTO
OIIOpY MPOBOJIMIN 33 (hOPMYJIOIO:

2
Tt-(dl+d2j
2

pv=——"77""Ry,

4.1

ne di — aiaMeTp BUMIPIOBAJIBHOTO ENIEKTPOIY, M;
d> — BHyTpimHIil IiaMeTp OXOPOHHOTO EIEKTPOAY, M;
t — ToBImMHA 3pa3ka; Ry — Bumipstauii omip, OM.

PesynbTaTi HOCTIIPKEHb HABEACHO Ha PHUC. 3.

Tabmuma 1 —
€THJICHY 3 BiHUIAI[eTaToOM

XapaKTepUCTHKH  KOTIOJIIMEpY

IToka3uuk KEB-1 | KEB-2
I'yctuna, kr/m® 939 951
[Noka3Huk minwHHOCTI posmiaBy, 2,16 xr,| 2,5 5
/10 XB
BwicT BiHinaneraty, % 18 28
Tabmmms 2 — XapakTepUCTUKH HAIIOBHIOBAYiB-
aHTUIIIPEHIB
Mg(OH)2
TTokazuuk
3pazok Ne 3 | 3pazox Ne 4
Macosa nois, %:
— Mg(OH)2 >03 >03,2
- SO <0,05 2,2+0,2
— Fex03 <0,3 0,12+0,02
—NaO <0,05 -
- CaO — 2,2+0,2
MeniaHHU#R qiaMeTp 4acTOYOK,
MKM:
— cepenniii (Dso) 3 3,7
— makc. (Dog) 20 12,5

Tabmunst 3 — XapakTepuCTHKN aMiHOCHIIaHy

3HaYeHHS
[ToxazHuk - -
AwmiHocuiiad 1 | AmiHocuiaH 2
I'ycruna, kr/mS, 20 °C 950 947
JnHamiuna B'SI3KICTb,
MIla-c, 20 °C 2 25
pH 11,3 10,9
3 i ABULIEHHSAM ITUTOMOTO 00’eMHOr0

CJIEKTPUYHOTO OMOPY MOKPAIIYIOTHCS CICKTPOI30IAIiiHI
BJIaCTHBOCTI Marepiainy. IMutomuii 00’ eMHHI
€JIEKTPMYHUH OITip 3HauHO migBuuyeThes (Bix 4 -10%2 no
6 - 10¥) Om - cM 15t MOJTIMEPHKUX KOMITO3HILIH HA OCHOBI
KEB-2, antunmpeny 4 Ta B pa3i BHKOPHUCTaHHS
moaudikaropy 2 (puc. 3 xpusa 1). PiBHsHHS perpecii 3
ypaxyBaHHSAM BKJIAJiB KOXHOTO 13 MOIH(]IKaTopiB B
cyMirmi:

3.y = (2E + 12e1862%) - k1 + (2E + 12¢7231%) - k2

HocmimkeHo  3MIHH ~ THTOMOTO  00’€MHOTO
CJIEKTPHUYHOrO  OMOpY BiA  BOJOTrOCTI  IMOJIMEPHHUX
KoMIo3uliil. Pe3ynbraTy JOCHIIKEHb HaBEJEHO Ha
puc. 4.

[lokazaHO 3HWXKEHHS IUTOMOrO  00’€MHOro
€JIEKTPUYHOTO OTIOPY IS ITOJIIMEPHUX KOMIO3HUIIIH.

PiBHsHHS perpecii i cyminel Moandikaropis:

4.y = (4E +17e7399%) - k1 + (3E +
21e7%54%) - k2
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30,0 :
—#—Momudixarop |
=+=Moaudikarop 2
Cymim mommdikaropis 2:1
Cywmil i iB 1:

1.y = 25,46e0102x
R2=0,921
2.y =24,84e0058

. R2=0,991
ot & 3.y = 25,06€0.094x
R>=0,993
| 4.y = 24,90e008x
R>=0,981

27,5 -

25,0

Enexrpuuna mitHicTs, kKB/MM
‘I
\
\
\
AY
\
\
‘\
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:
\
\
»
N o

22,5
0 0,5 1 15
Bwmict mogudixatopy, %

Puc. 1 — 3anesxcnicmo enexkmpuunoi miynocmi 6io emicmy
Moougixamopy, 015 NOIMEPHUX KOMRO3UYIL HA OCHOBI
KEB-1 ma anmunipeny 4: kpusa 1 — moougixamop 1, kpusa
2 — mooughikamop 2, kpuea 3 — cymiuit moougixamopis oe,
k1= 0,67, k2 = 0,33; kpusa 4 — cymiw moougixamopis oe,
k1= 0,33; k2 = 0,67

300 I 1.y = 20,7867 215
=~ Mosudixarop 1 R>=0,989
= =+=Moaudikarop 2 . 2.y = 20,66€°:188x
= Cymim momixaropis 2:1 R>=0,975
2 27,5 H=Cymim momudixaropis 1:2 | 3.y = 20,02€0.198x
) R2=0,998
é 4.y = 20,90€0/188x
2 R2=0,997
g
'S 25,0 =
s -
= .
5 ”
= .2
§22|5 2
=
53
20,0
0 05 1 15

Bwmict momudikaTopy, %

Puc. 2 — 3anexcnicmo enexmpuunoi miynocmi 6i0 emicmy
Moougixamopy, 015 NOIMEPHUX KOMRO3UYIL HA OCHOBI
KEB-2 ma anmunipeny 4: kpusa 1 — moougixamop 1, kpusa
2 — mooughixamop 2, kpuea 3 — cymiwi moougixamopis oe,
k1= 0,67; k2= 0,33; kpusa 4 — cymiu moougixamopie de,
ki= 0,33, k2=0,67

1,0E+14 1.y = 2E+12¢1862¢
E R2=0,921
R I N B 02,y = 2E+12g231x
IS g Ll R2=0,967
o R B 3.y = 2E+12¢1.138
£ 1,0E+13 /-_,,-- 3 ¢ 4 R2=0943
= ey 4.y = 1E+12e16%
) e / R2=0,985
=] -
=
&
% 1,0E+12
=}
o
B
S
==
=
©
[}
S 1,0E+11
= ~B=Mommdixarop 1 >
E =*=Mouudikarop 2 4
g == Cywmim mopudikaropis 2:1
= —#— Cywmiw Mo ikaropis 1:2

1,0E+10 f

0 0,5 1 15

Bwmicr moaudixatopy, %

Puc. 3— 3anesxncnicmo numomo2o 06’ €MHO20 eeKMpPUYHO20
onopy 8i0 emicmy mMooupikxamopy noIiMepHUX KOMNO3UYIL
Ha ocnogi KEB-2 3 aumunipenom 4. kpuea 1 —
moougpikamop 1, kpusa 2 — mooughikamop 2, kpusa 3 —
cymiw moougpixamopie oe, k1= 0,67; k2 = 0,33, kpusa 4 —
cymiw moougixamopie oe, k1= 0,33, k2 = 0,67

1,0E+16 1y = 3E+17e310x
1 R2=0931

2.y = 4E+17e39%
R2=0,962

3.y = 7TE+23g115x
R2=0,995

4.y = 1E+18g406x
R2=0,924

1,0E+14 ¥ 5.y = 3E+21e %4
\ Y R2=0924

6.y = 7E+15¢16.7x
L] R2=0,89

7.y = 6E+156267
R2=0,899

OMm - cM
/

N

R4

2
p

.,

1,0E+15

¥ eJIeKTP HHHH OTTip

1,0E+13

+ Be3 mozmdikaropy

1,0E+12 H ¢ Momudikarop 1

B Mogudikarop 2 . 5
Cywmim Momikatops 2:1
CyMinLl Mo}mrhixz}'ropis 12

TTuroMuii 06'eMHM!

1,0E+11
0,05 01 0,15 0,2 0,25 03 0,35
Bosoricts, %

Puc. 4 — 3anexcnicmob numomozo 06’ €MHO20 eleKmpuiHO20
0nopy 8i0 8071020CMi NOIIMEPHUX KOMNO3UYIU HA OCHOBI
KEB-1 ma anmunipeny 3pasox 4 i moougixamopig:kpusa 1
6e3 mooughikamopy, mooughikamop 1: xpusa 2 — 0,6 %,
kpusa 3 — 1,5 %,; moougpixamop 2: kpuea 4 — 0,6 % xpusa 5
— 1,5 %, kpusa 6 — cymiw mooupixamopie oe, k1= 0,67, k2
= 0,33; kpusa 7 — cymiw moougixamopis oe,

ki= 0,33; k2= 0,67

BumiproBaHHs TaHreHCy KyTa Ji€IEKTPUYHHUX
BTpaT 1 ENeKTPUYHOI €MHOCTI (U  IOJAJIBIIOTO
PO3paxyHKy MAieNeKTPUYHOI MPOHUKHOCTI CEpeOBHUINA)
3iMCHIOBAIM 32 JIONIOMOIOI0 MOCTa 3MIHHOTO CTpyMy
P589 3a nanpyru 24 B i wacroru 1 k['11 3 momycTumoro
ocHOBHOIO moxubkoro = 0,1 % mixm 9ac BHMiprOBaHHA
emuocti i + (0,02tgd + 3 - 10%) mix yac BUMiprOBaHHS
TAHTeHCY KyTa JIeNeKTPUYHNUX BTPAT.

Po3paxyHku mpoBoIiIH 3a GOpMyIaMH:

JieneKTpr4Ha NPOHUKHICT CepeOBHIIA

£=0144.Cy - —

dl+d2 2"
2

ne di— aiaMeTp BUMIpIOBAIBHOTO €JeKTPOIy, M; O
— BHYTpIIIHIA JiaMeTp OXOPOHHOTO €JeKTpoay, M; t —
ToBIIMHA 3pa3ka; Cy — BHUMIpsiHa EIIEKTPUYHA EMHICTB,
nd.

TaHreHc KyTa JieNeKTPUYHUX BTPAT

1 =w-C

TOCIL..
map. Rnap.

tgo = ‘R

o-C

TI0CJL. !

e @ — KyToBa 4acTtoTa, pan/c; C,., — BUMIpsSHA
eJIeKTPUYHA EMHICTh B CKBIBAJICHTHIH IapaleNbHil cXxemi
3amimenns, n®; R, — BUMIpsSHUI Omip B €KBiBaJCHTHIN
napanenpHii cxemi 3amitieHHs, OM; C,oe, — BHUMIpsIHA
eJIeKTPIYHA €MHICTH B €KBIBaJICHTHIN MOCITiZOBHIN cxemi
3amimmeHHs, 1P; Ryoc,. — BUMIpsIHUI OIip B €KBiBaJICHTHIN
MTOCITIIOBHI# cxemi 3amimieHus1, OM.

Pe3ysbraTu 1ociipkeHb HaBeJICHO Ha pHUC. 5.
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9,0E-03 1.y=4616e011x
R?=0,989
2.y =4,643g003%
R?=0,958
3.y =4,635e00%
R*=0,989
4.y =4,631e00%
R?=0,991
5.y = 0,00701%¢
R*=0,966
6.y =0,007e0.17
R*=0,932
7.y =0,007e012
R?=0,906
7,0E-03% 8.y = 0007036
S R=0954

—#—Mozudixarop 1
Cywmim mozuiaropi 2:1

—¥—Tanrenc moandixarop 1

—4— Tanrenc cymim

——Mozmudixarop 2
= Cywmiun mommdixatopis 1:2
Tanrerc Mot dikaTop 2
i2:1 —@—Taurenc cymint i 2:1

8,0E-03

a NeJIEKTP HMIHUX BTpatT

JlieleKTp HuHa 1P OHUKHICTH
Y’

Tanreh

3,6 t

0,0 05 10 15
Buwicr moxudixaropy, %

6,0E-03

Puc. 5— 3anesxcnicmo dienexmpuunoi npoHuKHoCmi ma
MAaH2eHcy Kyma 8i0 emicny Moougikamopis, 0is
nonimepHux komnosuyitl Ha ochosi KEB-1 ma anmunipeny
4:xpusa 1, 5— moodugixamop 1, kpusa 2, 6 — moougixamop
2,kpusa 3, T — cymiue mooughixamopis de, k1= 0,67; k2 =
0,33, kpusa 4, 8 — cymiu mooughikamopis e,

k1= 0,33; k2= 0,67

EnexTpoizonsiiHuii Mmarepian BBAXKAETHCSA
KpalluM, SKII0 Ma€ HIKYl 3HAYCHHS JIeJIeKTPHYHOT
MIPOHUKHOCTI Ta TAaHTEHCY KyTa Mi€NEeKTPUYHUX BTpAaT.
PesynbraTy qOCIHiIKEHb OKA3yIOTh, IO IS KOMITO3UIIIN
Ha ocHoBi KEB 2 3HaueHHs 1MX IIOKa3HUKIB
30UIBIIY€EThCS TSI BCIX CKIIA/IIB TTOJIIMEPHHUX MaTepialiB.

Bukopucranns B sikocti nonimepnoi matpuni KEB
| IpU3BOAMTE N0 3HWKEHHS AICNEKTPUYHOI IIPOHUKHOCTI
Ta TAHTEHCY KyTa JieleKTpudHuX BTpar (puc. 5).
JienexTpryHa NPOHMKHICTH 3MEHIIyeThes 1m0 3.8, a
TaHTEHC KyTa fienekTpuyHux BTpat 10 0,0055.

PiBHsiHHS perpecii 3 ypaxyBaHHSM BKJIaJiB CyMili
mojudikaTopis 1 Ta 2 OyayTh MaTH BUTJISL.

Jist nieneKTpuyHOT IPOHUKHOCTI:

5.y = (4,616e°11%) - k1 + (4,643e093) - k2,
,Z[J'IH TAaHT'CHCY KyTa L[ieﬂeKTpI/I‘IHI/IX BTpar:
6.y = (0,007e7°1%%) - k1 + (0,007e~17%) - k2

BaxnuBuii BIUIMB Ha €IeKTpoQi3NIHI BIACTUBOCTI
MOXKES)KOOE3IMEYHNK  TIONIMEPHUX  KOMIIO3UIH  Mae
(hopmyBaHHS HAJMOJEKYJSIPHOI CTPYKTYPH OTPUMAaHHUX
komnosuiiil. [Ipo 1me cBigyathe pe3ympTaTd MOCIIIKCHD
eJIeKTPIYHOL MIITHOCTI, MTUTOMOTO 00’eMHOTO
CJIIEKTPUYHOTO OIOpPY, MICACKTPUYHOT MPOHHKHOCTI Ta
TAaHTCHCY KyTa [ICJCKTPUYHUX BTpar. PesynbraTu
JOCTI/KeHb JaloTh 3MOTY DPO3pOOJATH TEXHOJOTI]
OTPHUMAHHS TMOJIMEPHUX KOMIIO3MIIIA 3 KEPOBAaHHUMH
eNeKTPO(I3MYHUMH ~ BIACTHBOCTSAMHK  JUISL 130T 1
000JIOHOK KaOeIbHOT MPOYKIIii.

[lepeBaraMu maHOTO MOCHIDKEHHS € BUBYCHHS
eNeKTPO(I3MYHUX  BJIIACTHBOCTEH  MOXKEKOOE3METHUX
MOJIIMEPHUX KOMIIO3HITI THIX MaTepiaiB 3
BUKOPHCTAHHSAM BHCOKOTOYHHX CyYacHHX MPHUOOPIB.

BucHoBkn

Ha enexTpodizudHi BJIACTUBOCTI
MOXKEWKOOE3MEUHNX TIOJIIMEPHUX KOMITO3UILIH CYTTEBO
BIUIMBAIOTh JUCIEPCHICTh JUTIAPATIB OKCHIIB MAarHito,
peoJIoriuHi BIACTUBOCTI MoJiiMepHOi MaTpulli Ta (i3uko-
XiMi4HI ~ BiacTMBOCTi  MoaudikaropiB.  Enekrpuuna
MIIHICTE TiABHILY€eThCS 3 25,5 kB/MM mo 30 kB/mm s
komno3uuii KEB-1, nurigpary okcuay Marhiio 3

MEHIIUM  CepeJHiM  JiaMeTpOM  YacTO4oK  Ta
MoudikaTopy | 3 MEHIIIOIO THHAMIYHOIO B’ SI3KICTIO.
Mutomuit 00’ eMHUI CIeKTPHUIHUH orrip

nigBuinyeThes Big 4 - 102 Om - em 10 6 - 10 Om - cm
st momiMepanx kommo3unii KEB-2, murigpaty okcumy
MarHito 3pa3ok 4 Tta wmoamdikatopy 2 3 OLIBIIOKO
IUHAMIYHOKO B’ SI3KICTIO.

JlienekTpuyHa NPOHUKHICTH 3MEHIIYEThCS 10 3,8,
a TaHreHc KyTa maienekrpuunux Brpar go 0,0055 mis
noniMepaux komnosunid KEB-1, nurigpaty oxcumy
MarHiro 3pa3ok 4 ta moaudikaropy 1.
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Byow nacka, nocunaiimecs Ha yio cmammio HACHMYRHUM YUHOM:

YyaeeBa, O. B. JlocmipkeHHs BIUIMBY IHIPETI€HTIB Ha eNeKTPOQi3U4YHI BIACTHBOCTI HAaHOMOAU(IKOBAHHX
MOKEKOOE3MEYHUX MOJNIMEPHUX KOMITO3HMIIN 3 aurigparamu okcuay mardio / O. B. Uyaeesa, B. M. 3osorapbos // Bicnux HTY
«XII», Cepisn: Hogi piwennss 6 cywacnux mexuoiaoeisx. — Xapkis: HTY «XIIl». — 2019. — Ne 5 (1330). — C. 197-203. -
doi:10.20998/2413-4295.2019.05.25.

Please citethis article as:

Chulieieva, E., Zolotaryov, V. Research of the influence of ingredients on electrophysical properties of nanomodified fire-
safe polymer compositions with magnesium oxide dihydrates. Bulletin of NTU "KhPI". Series: New solutions in modern
technologies. — Kharkiv: NTU "KhPI", 2019, 5 (1330), 197-203, doi:10.20998/2413-4295.2019.05.25.

Hoowcanyiicma, ccolnatimecs Ha 9my CmMamvio Cledyiowum 00pasom:

Yyaeesa, E. B. lccnenoBanme BiMSHHS HMHTPEANCHTOB Ha 3JIEKTPO(U3MUYECKHE CBOMCTBA HAHOMOIM(HKOBAHHBIX
M0Xapo0Oe30MacHbIX MOJUMEPHBIX KOMIO3uIMi ¢ auruaparamu okcuiaa maruus / E. B. Uyneesa, B. M. 3omnorapes // Becmuuk
HTY «XITH», Cepus: Hoevie pewienus 6 cospemennvix mexnonozusx. — Xapbkos: HTY «XITH». — 2019. — Ne 5 (1330). — C. 197-203.
— doi:10.20998/2413-4295.2019.05.25.

AHHOTALTUA Llenvto cmambu Aenaemcs onpedeneHue euaHus QU3UKO-XUMUYECKUX C8OUCE U KOHYEHMPayuu MOOUGUKamopos,
muna u OUCNepCHOCIU OUSUOPAA OKCUOA MASHUS U NOTUMEPHOU MAMPUYbL HA SNIeKMPOopusuiecKue c8olicmsea noxapooe3onacHvix
KOMNO3UYUOHHBIX MAMEPUATIO8 CONONUMEPA dIMuieHa ¢ suHurayemamom. Hccnedosanu KoMnosuyuu Conoaumepa ¢ noxKasamenem
mexyuecmu pacnaaga 2,5 2/10 mun u 5 /10 mun., oueuopamst okcuoa macHus co CpeOHUM MEOUAHHBIM OUaMempom yacmuy 3 MKM U
3,7 MKM, amMuHOocunanvl ¢ OuHamuyeckou eazkocmoto 2 Mlla - ¢ u 2,5 Mlla - c. /[na nposedenuss ucciedosanuil UCnonb306aiu
Memoobl onpedenerus dNeKMpUieckoll nPOYHOCMY, 00bEMHO20 DNEKMPULECKO20 CONPOMUGTIEHUS, MAH2EHCA Yeld OUINEKMPULECKUX
nomepyv,  OUINEKMPUYECKOl npoHuyaemocmu. [ns 5mo20 UCNONb308ANU  ANNAPAM  UCNLIMAHUA  USONAYUU, USMepumens
CONPOMUBIEHUs USONAYUU, MOCT nepemerHo2o moka. C yenvlo cpasHenus 0N Kaxcool NOTUMEPHOU KOMNOSUYUU CIPOUTU SPAPUKY
3a8UCUMOCU DMUX NOKA3amenell om cooepxcanus uxepeouenmos. Ilonyuenvt snekmpo@usuveckue XapaKkmepucmuku, Komopble
NO360JAIOM ONPedeUms COCMas, 06eCne usaroweli ONMUMAIbHbIE 3HAYEHUs Ol U30TAYUOHHBIX MAMEPUANos ¢ NOGbIUEHHbIMU
MpeboBaAHUAMY  NONCAPHOU  Oe30NACHOCMU. Bnepevle UCnonb308anbl Memoobl NeKMPOPUIULECKUX UCCTLe008AHUL C  Yelbio
onpeoenenus GIUAHUA CEOUCME UHZSPEOUCHNO8 NOAUMEPHBIX KOMRO3UYUL HA DIEKMPUYECKYl0 NPOYHOCMb, Yy0elbHoe 00beMHoe
SNIeKmpudecKoe COnPOMuUGIeHUe, MAHSEHC Yena OUINEKMPULECKUX NOmeps, OUINEKMPUUECKYI0 NPOHUYAeMOCMb. DleKmpuiecKds
npounocmu nosviwaencs ¢ 25,5 kB / um 0o 30 kB / mm, yoenvroe obvemnoe anexmpuueckoe conpomueienue nogviuiaemes c 4 -+ 1022
Om - cm 0o 6 - 10% Om - cm, Ousnexmpuueckas npoHuyaemMocmos ymenvuaemcs 00 3,8, a manzenc yaia OusieKmpuieckux nomeps
0o 0,0055. Pesynvmamul uccne008anuii yeiecoodpasHo Ucnoab308ams O paspabomku cocmasa noicapo6e30nacHblx NOIUMEPHbIX
KOMno3uyutl 0115 KabenvbHou npooyKyuu.

Knroueevie cnoea: KoMRO3UYUOHHbIE MAMEPUATbL, MOOUDUKAMOP, CONONUMED IMUNEHA C SUHULAYEMAMOM, OUSUOPAM OKCUOd
MazHus; d1ekmpoguuuecKue ceolcmaa.

IHocmynuna (received) 29.03.2019
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