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TpuBatue akuionepHe ToBapuctso «3ABO/I ITIBIEHKABEJIb», M. Xapkis
’KuiBChKHiT HAL[IOHAbHI} YHIBEPCHTET TEXHOIOTIH Ta IH3aiiHy
MOJAEJIIOBAHHS EJIEKTPO®IZUYHUX TIEPETBOPEHD B
HOXEXKOBE3SIIEYHUX KOMITO3NIIAX KOITIOJIMEPY
ETUJIEHY 3 BIHUIALIETATOM TA TPUT'TAPATIB OKCUAY
AJIIOMIHIIO

Mema. BusznauenHs payioHanbHO20 CKIAOY NONXCEHCOOE3NEYHUX NONIMEPHUX KOMRO3UYIL 3
NOKPAWEHUMU eNeKMPODIZUMHUMY XAPAKINEPUCTIUKAMUNHA OCHOGI KONOJIMEDY emuieHy 3 iHiiayemamom i
MPUSIOPOKCUIY ATIOMIHIIO OA3YIOUUCL HA Pe3yIbmamax OOCHIONCEHb 3ANEIHCHOCHIE eleKmPUYHOl MiyHoCmi,
NUMOMO20 00 EMHO20 eNleKMPUYHO20 ONOpY, MAH2EHCY KYMA OieleKMpPUdHUX empam ma OieleKmpuiHoi
NPOHUKHOCME 810  (DI3UKO-XIMIYHUX — elacmueocmell iHepedieHmie ma KIbKocmi [ 61acmusocmei
Mooughixamopiag.

Memoouka. [lonimepni Komnosuyii Ha OCHOGI KOnolimepy emulieHy 3 GIHiIayemamom ma
mpu2iopamie OKcudy amOMIHIIO 3 PI3HUM 6MICMOM OP2AHOCUNLAHY K MOOUQpIKAMopa 6ueomossIuHa JiHii
xomnaynoyeanuns xomnauii X-Compound, [leeiiyapia. [na oyinku enexmpoizonayiunux enacmugocmeri
mMamepiany —SUKOPUCMAHO MemoOU BUMIDIOBAHHS — eNeKMPUYHOI MIYHOCMI, NUMOMO20 00 €MHO20
eIeKMPUYHO20 ONOPY, OleNeKMPUUHOi NPOHUKHOCIE MdA MAHZEHCY Kyma OleleKMPU4HUX mpam.

Pezynomam .Busigneno 3miHy enekmpo@izuyHux 61acmugocmeri NoNCeHcoOe3neuHUx NOoaMEePHUX
KOMRO3UYIll 8 3aNedHCHOCMI 810 PeONOSIUHUX BIACMUBOCHEU NOAIMepHOi mampuyi ma i3uKo-XiMivHux
eracmueocmetl. mpueiopamie OxKcudy amoMinilo. J{OCTiONCeHO 6naue HAHOMOOUPDIKAMoOpié HA OCHOBI
OpPeaHOCUNIAHIB8 HA GIACMUBOCMI KOMRO3uyill. Buseneno cunepeemuunuil egexmy pasi GUKOPUCMAHMSA
cymiwetimoougixamopis.

Haykosa Hosuszna. Bcmanoeneno eniue moouixamopie Ha enekmpo@izuuni 1acmueocmi
NOAHCENHCOOE3NSUHUX NOTIMEPHUX KOMRO3UYIN ma curnepeemuynul eghpexm ix 0ii. Iloxkazano, wo dodasanms 60
% mac. mpuziopamy okcuoy anomMiniio 2 8 KOMRO3UYilo Ha OCHOBI KONOAIMEPIE emuneHy 3 GIHIIaYemamom iz
emicmom K Mmoougikamopa aminocunany 1 6 xinvkocmi 1,5 % wmac. 3abe3neuye  noninuienws
eNeKMPOI30NAYIUHUX 6AACTNIUBOCIEN MAMepIaTy.

Ilpakmuuna 3nauumicms. Iloxazano, wo MOOeNOBAHHA eNeKMPOPIZUYHUX — BIACTNUBOCTHEL
noJHCENHCODEINEUHUX NONIMEPHUX KOMNO3UYIL 00380A€ SUOpAMU DAYIOHANLHULL CKAAO KOMNO3UYii 01s
00CsCHEHHS 3A0AHUX XAPAKMEPUCTIUK [307AYiT ma 000I0HOK KabenbHOi NPOOYKYilL.

Knrouoei cnosa: noscesxcobesneuni KomMnosuyii, Konoaimep emuiieny 3 IHIIayemamom, mpusiopamu
OKCUOY ANIOMIHIIO, OP2AHOCUNAHU, AHMUNIPEH, eNeKMPODI3UUHI 81ACTMUBOCIHII.

Beryn. Marepianu i3omauii Ta 000JI0HKM KaOeslbHOI MPOAYKLII MaroTh 3al0BOJBHATH
cenudiuHUM  ekcrutyaramiinuM  motpebam  [1, 2]. IlomimepHi KOMHO3WIii HE TOBUHHI
PO3MOBCIOKYBAaTH TOPIHHS, HE MICTUTH Y CBOEMY CKJIaJli TaJIOT€HIB, MAaTU 3HIKEHI MOKA3HUKH
VMY Ta TOKCHYHOCTI MPOAYKTIB ropinus [3, 4]. CTBopeHHs Oe3rajoreHHUX PELenTyp JI0CATaEThCs
3a paxyHOK BBEJICHHS B 0a30BUH MOJIIMEP aHTUITIPEHIB CAHTETUYHOTO Ta MPUPOTHOTO MTOXOKEHHS,
30KpemMa Tpurigpary okcuay amominiro Al(OHjz) [5, 6]. Benwkuii BMicT HaroOBHIOBAiB-
AQHTUIIIPEHIB B TAaKMX MaTepiajax BUKJIMKAE CKJIAJHOIII ITiJ] Yac MepepoOKH Ta HETaTUBHO BILIMBAE
Ha (i3UKO-MeXaHIYHI BIaCTUBOCTI [7].

Jlnist peryatoBaHHsI pEOJIOTIYHUX BJIACTHBOCTEH IMOJIIMEPHUX KOMITO3UIIIM BUKOPHCTOBYIOThH
moaudikaropu [8, 9]. BrumB nonimepHOi MaTpuili, HAlMOBHIOBAaUiB-aHTHUITIPEHIB Ta MOAU(DIKATOPIB
JOLUTBHO JOCTIAUTH 3 METOI0 MOJICIIIOBAHHS €IEKTPO(I3MYHUX BIACTUBOCTEH MOXKEXKOOE3MeUHUX
MOJTIMEPHUX KOMITO3HITIH T KaOeTbHOT TPOTYKITii.
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paIioHaTBbHOTO

BU3HAYCHHA CKiI1agy

IlocranoBKa Mera pobotu
MOXKEKO00E3MEYHNUX TONIMEPHUX KOMITIO3MIIM Ha OCHOBI KOMOJIMEPY €TWUJICHY 3 BIHUIAIETaTOM 1
TPUTIAPOKCHUTY AJIFOMIHIIO HA OCHOBI PE3YJbTATIB JOCIIIKEHb 3aJIC)KHOCTI €IEKTPHUYHOI MIITHOCTI,

TAHTEHCY KyTa MIeTeKTPUYHHUX BTpaT Ta

3aBJaHHI.

MUTOMOTO 00 €MHOTO  €JIEKTPUYHOIO  OTOpY,
TeNEeKTPUYHOI TPOHUKHOCTI BiJ (PI3UKO-XIMIUHMX BJIACTUBOCTEH IHTPEHIEHTIB Ta KUIBKOCTI 1
BJIACTUBOCTEH MOAM(IKATOPIB.

Pe3syabTaTn gpocaimxkenn. JlocnmimkyBaiu KomomiMmepu eTuieHy 3 Binutaneratom KEBI,
KEB2 (tabm. 1), Tpurigpar okcuay aliOMiHIIO SK HAITOBHIOBAY-aHTHITIpeH (Tabi. 2), moaudikarop

1-3-amiHOMPONUI-TPUETOKCICHIIaH, MoaU(iKaTop

nponinOyTinamin (tadm. 3).

2

aminocunan  (N-

3-TPUMETOKCHCHIIAaH)

Tabauys 1
XapakTepuCcTHKH KONOJIiMepiB eTHJIeHY 3 BiHi1aleTaToM
IToka3Huk KEBI1 KEB2
['ycTuHa, Kr/m° 939 951
[Toka3HHK MIMHHOCTI po3miaBy, 2,16 kr, /10 xB 2,5 5
BwmicT Bininanerary, % 18 28
Tabauys 2
XapakTepuCcTHKHY HANIOBHIOBAYiB-aHTHIIIPEHIB
[Toka3Huk Al(OH)
3pazok Ne 1 3pazok Ne 2
Macosa noinst, %:
— Al(OH)3 >99,2 >99,5
-SiO; <0,05 <0,1
- Fey03 <0,035 <0,03
- NayO <0,6 <0,4
MeniaHHHIA JiaMETP 9YaCTOUOK, MKM:
— cepenniit (Dso) 1,5 3
— makc. (Dgsg) 3,6 18
— MiH. (Dlo) 0,5 1
Tabauys 3
XapakTepucTHKH aMiHOCHJIAHY
3HadeHHS
Hoxast Awminocuiian 1 | AMmiHocuias 2
['ycruna, KF/Ms, 20 °C 950 947
Junramiuna B's13kicTh, Mlla-c, 20 °C 2 2,5
pH 11,3 10,9

[Tomimepni kommo3uilii BUrotoBisiin Ha ocHoBi KEB Ta TpuriaparTiB okcumy aatOMiHIIO

(Bmict 60 % wmac.) 3 pi3HUM BMicTOM Mojaudikatopa Ha JiHIT KOMOAyHAyBaHHsS KommaHii X-
Compound, HIBeitapis. [lo ckiany miHii BXOOUTh HACTYIHE OOJaJHAHHA: KOMIAayHIEp/3MillyBay
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120-16 L/D, excrpynep mo nmogae GS 140-6 L/D 3 rpaHyIt0i0u010 TOJIOBKOIO, CHCTEMa JT03YBaHHS
IHTpeNlieHTIB, B TOMY YHCII CHCTEMa J03yBaHHS CHUJIaHIB, TPAHCIOPTHI CHUCTEMH IHTPEHI€HTIB 1
TOTOBOT MPOJIYKIIii, CHCTEMa OXOJIOKEHHS TPaHyJI.

BumMiproBanHs en1eKTpo(i3MUHUX MOKA3HMUKIB IMOJIMEPHUX KOMIO3MLIA MPOBOJMIUCS Ha
3pazkax 3aBToBmku (1,0 + 0,1) MM, SKi BHTOTOBIEHO BalbI[EBO-NIPECOBHM METOJOM 3a
temmniepatypu T = 448 K. Cepito eKCIIepuMEHTIB 3 BU3HAUEHHS EJICKTPUYHOI MIITHOCT1, ITATOMOTO
EIEKTPUYHOTO OMOpPY, MICIEKTPUYHOI MPOHUKHOCTI, TAaHTEHCAa KyTa JICJIEKTPUYHUX BTpAT OYJI0
MPOBEACHO 3 BUKOpHUCTaHHAM arapaty tuny ANN-70, BumiproBaua enekrpuunoro onopy KMCH-1,
MOCTY 3MiHHOTO cTpyMy P589.

[luToMUl ENEKTPUYHHMIA OMip BU3HAYAETHCS HASBHICTIO BIIBHUX 3apsaiB (EJIEKTPOHIB Ta
10HIB) 1 iX pyxJuBiCTIO. EnekTpuuHa MIIHICTh — HAPYKEHICTh €JIEKTPUYHOTO OIS, 32 3HAYCHHS
AKOi BigOyBaeThcsi MpoOild, — Mipa eNEeKTPUYHOi MIIHOCTI JaHoro Matepiany. JlienexkTtpuyHa
MPOHHUKHICTh KOMIIO3UIIIITHOrO MaTepialy BHM3HAYA€THCS BIJHOMICHHSIM €EMHOCTI E€JIEKTPHYHOTO
KOHJIEHCATOpa, SIKUIl 3alIOBHEHO AIETIEKTPUKOM JI0 €MHOCTI TOTO XK KOHJAEHcaTtopa y BakyyMmi. Ilin
JIEJNIEKTPUYHUMH BTpaTaMU PO3YMIIOTh YaCTUHY €HEprii eNeKTPUYHOIO IOJs, SiKa HE3BOPOTHBHO
PO3CIFOETHCS B JIEICKTPUKY B (hOPMi TETIOTH.

O6poOKy pe3ynbTaTiB Ta MOOymOBY TpadikiB BUKOHYBAIM 3a JOIOMOTOI0 MPOTPAMHOTO
3abe3neyeHHss Microsoft Office Excel 2007. AnexkBaTHICTh pIBHSHHSI perpecii IPOBOIUIN
TepPEBIPKOIO CTATHCTHYHOT 3HAUYMMOCTI KoedimienTa nerepminanii R? mo F-kpurepiio, BU3HAYCHOMY
3a popmyioro [10]:

R’ n-m-1
Fo = 2
1-R m

Jie N — KUTBKICTh CIOCTEPEKEHb; M — KUIBKICTh (DaKTOpiB y PIBHSIHHI perpecii.

BumiproBaHHS €IEKTPUYHOI MIIHOCTI TOJIMEPHUX KOMIO3UIIIA TPOBOJIUIN 3MIHHOIO
Harpyroto 10 50 kB, wactotu 50 I't. Pe3ynpTaTu nocnimkeHs HaBeaeHO Ha puc. 1,2.
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Bwmict moaudikatopy, %
Puc. 1.3anexnicTh esiekTpuuHOi MilfHOCTI Bix BMicTy MomudikaTopy, 115 MoTiMepHIX KOMITO3HIiH HA OCHOBI

KEB-1 ta antumnipeny 1: kpuBa 1 — mogudikarop 1, kpusa 2 — mogudikarop 2, kpusa 3 — cymim Mmoandikaropis
ne, k1=0,67; k2 = 0,33; kpusa 4 — cymim mogudikaropis e, k1=0,33; k2 = 0,67
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o

Puc.2.3anexuicTp eekTpHuHOi MinHOCTI Bi BMicTy MoandikaTopy, s moaiMepHIX KOMIO3HI HA 0CHOBI
KEB-2 ta antumnipeny 2: kpuBa 1 — mogudikarop 1, kpusa 2 — mogudikarop 2, kpusa 3 — cymim Mmoandikaropis
ne, k1=0,67; k2 = 0,33; kpusa 4 — cymim mogudikaropis ge, k1=0,33; k2 = 0,67
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JlocmiKeHHST 3aJIeKHOCTI TMOKA3HUKIB €JIEKTPUYHOI MIITHOCTI BiJ MEIIaHHOTO JiaMeTpy
9aCTOK TPUTIIPATIB OKCUIY aTIOMIHIO (3pa3ok 1, 2); peoloriyHuX MOKa3HUKIB MOJIMEPHOI MaTpHIIi
KEB 1 i KEB 2 Ta ¢i3uko-ximMiuHuX BiracTuBocTeil Moangikaropis 1 i2 neMOHCTpYe:

— 3HaYHE MiJABHILEHHS €JIeKTPUYHOI MIIHOCTI 10 34-34,2 kB/MM mix 4ac BUKOPHUCTaHHS
a"turipenis 1, 2 Ta moaudikaropy 1 ans nmomimepuux matpuib KEB 1 it KEB 2 (kpuBa 1 puc. 1;
kpuBa | puc. 2). Ilig yac BuUKOpucTaHHS MOIU(]IKATOPY 2 CHOCTEPIra€ThCs 3HWIKEHHS IIHOTO
MOKa3HMKa 10 26-27,5 kB/MM BiAIIOBIIHO;

— M Yac BUKOPUCTAaHHS aHTUMipeHy | mis momiMmepHux matpuilb Ha ocHOBI KEB 2
EJICKTPUYHA MIITHICTh 3HAYHO 3HIKYETHCS 10 25,5 — 26 kB/MM nist moaudikatopis 1, 2.

Tak sk mokazaHo B [9] peosoriyHi BJIACTMBOCTI 3HAYHO MIJABUIIYIOTHCSA I Yac
BUKOpUCTaHHA Moaudikatopy 2. JoIiIbHO BCTAaHOBUTH, SIK BIUIMBAE Ha 3MiHY I[bOTO TMOKa3HHUKA
cyMim Mot (iKaTopiB.

CkiageMo piBHSHHS perpecii MoaudikaTopis 1 Ta 2 11 cyMimiei:

1.y = (28,81e%112%) . k1 + (28,57¢~%04) - k2;

2.y = (32,00e%937%) . k1 + (31,72e7%09%) - k2);

ne k1 — kinbkicTe Momudikaropy 1 y BaroBux dactuHax; K2 — Kinbkicth Moaudikatopy 2 y
BaroBHX YacTHUHAX.

3MIHOIO KUIBKOCTI MOAMQIKATOPIB B IX CyMmillaXx OJEPXKYBaIM ONTHUMAIbHI 3HAYCHHS
KUTbKOCTI MoaudikoBaHoi cymimri (puc. 1 kpuna 3, 4; puc.2 kpusa 3, 4).

BumiproBanHs 00'€éMHOTO €JIEKTPUYHOTO OMOPY 3A1MCHIOBAIMCS 32 JOTIOMOTOI0 KabeIbHOTO
BuMiproBaua omopy i3osmii «KHMCH-1» 3a manpyru 1000 B. Po3paxyHox muTomMoro o0’eMHOTO
€JIEKTPUYHOTO OIIOPY MPOBOIMIN 32 (POPMYIIOIO:

2
d, +d

n(lzz

— - 7 .R,,
4.t

ne di — miaMeTp BHMIPIOBAJIBHOIO €JIEKTPOAY, M; O,— BHYTpIlIHIN giaMeTp OXOPOHHOTO

Pv =

eIEeKTPOy, M; I— ToBIIMHA 3pa3ka; Ry— BuMipsHuii omip, Om.
PesynbpTaTu qociimkeHb HaBeIeHO Ha puc.3, 4.
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ne, k1= 0,67; k2 = 0,33; xpusa 4 — cymim moaudikaropis ae, k1= 0,33; k2 = 0,67
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Puc.4. 3anexHicTh MUTOMOrO 00’€MHOI0 ONOPY Bi BMicTy MoaudikaTopy mogiMepHUX KOMIO3ULiii HA OCHOBI
KEB-2 3 anTunipenom 2: kpuba 1 — moaudikarop 1; kpusa 2 — mogudikarop 2; kpusa 3 — cymim
moaudikaropis ae, k1= 0,67; k2 = 0,33; kpusa 4 — cymim moaudikaropis xe, k1= 0,33; k2 = 0,67
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3 NOiABMIICHHSAM  IMTOMOIO  00’€MHOrO  €JIEKTPUYHOTO  OMOPY  MOKPALIYIOThHCS
eJIEKTPOI30IALINHHI BIacTUBOCTI Marepiany. [lutomMuii 06’ €MHMIA €NEKTPUYHUNA OMIp MiIBUIILYETHCS
i yac BUKopuctanus moaudikaropy 1 (puc. 3, 4 kpua 1) Ta 3HIKYETHCS i YaC BUKOPUCTAHHS
monudikaropy 2 (puc. 3, 4, kpusa 2).

PiBHsHHS perpecii 3 ypaxyBaHHSIM BKJIAJiB KOKHOTO 13 MOJIM(IKaTOPiB B CyMillli:

3y = (2E + 12e8%1%) - k1 + (1E + 12e727%%) - k2)

4.y = (3E + 12e?%°%%) - k1 + (3E + 12e7281%) . k2

Oco06mBuUil BIUIMB HA 3MiHY MIUTOMOTO 00’ €MHOT0 €JIEKTPUYHOTO OIOPY MA€ BOJOTICTh, TaK
SK HAalOBHEHI AHTUIIpEHaMM MOJIMEpHI KOMITO3MIIi MalOTh 3JaTHICTb JO BOJOTONPOHHKHOCTI.
JloCIiPKeHO 3MIHM THUTOMOTO 00’€MHOTO EJIEKTPUYHOTO OIOpY BiJ BOJIOTOCTI MOJIMEPHUX
KOMITO3MITiN. Pe3ynapTaTu AoCHipKeHb HaBeleHO Ha puc. 5, 6. Crmocrepira€rbCsi 3HMKCHHS
MUTOMOTO 00’€MHOTO €JEKTPUYHOrO OINOpYy 3 MIABHILEHHSIM BMICTY BOJIOTM I HAllOBHEHUX
MOJTIMEPHUX KOMITO3HITIH.

PiBHsiHHSA perpecii 1y1s cyminiei MoaugikaTopiB:

59y =(5E + 21e788%%) . k1 + (3E + 24e 14%0%). 2

6.y = (5E + 14e723%%)- k1 + (5E + 16e~%1%%) . k2)

BumiproBaHHs TaHreHCy KyTa Ji€JICKTPUYHUX BTpaT 1 €IEeKTPUYHOI €MHOCTI (miis
MOJAVIBIIOTO PO3PAXYHKY JI€IEKTPUYHOI MPOHUKHOCTI CEpeOBUINA) 3A1MCHIOBAIH 32 TOTIOMOTOI0
MocTta 3MiHHOTO crpymy P589 3a mampyru 24 B 1 wactrotu 1 kIl 3 JOMyCTUMOIO OCHOBHOIO
noxubkoro + 0,1% mixg yac BuMmiproBanHs emHocti 1 £+ (0,02tgd + 3 - 10™) mix gac BHUMIPIOBaHHS
TAHTEHCY KyTa JieJeKTPUYHUX BTpaT.

1,0E+16 1.y = 5E+16e-39.%
R2=0,997
1 6 2.y = 5E+21e88.%
g 1,0E+15 4ﬁs—\ R2=0,996
é \\ 3. y= OE+17e43:4x
£ 1,0E+14 R?=0,930
5 4.y = 3E+24e144x
= R2=0,947
z 1,0E+13 5.y = 3E+17e753:5%
% R2=0,996
3] _ -63,6
= 1,0E+12 7.y—24_E+18e X
2 ¢ Be3 Mo dikaropy R2=0,985
= Moaudikarop 1 8.y = 5E+19g68.9x
= 1,0E+11 | ®Moaudixarop 2 \ R2=0,929
Cywmim Mo ikarops 2:1
Cymim mommndikarop 1:2 .
1,0E+10 l I

0,05 0,1 0,15 0,2 0,25 0,3
Boumnoricts, %
Puc.5. 3anexHicTh MUTOMOrO 00’€MHOI0 €JIEKTPHYHOTO ONOPY Bil BOJIOr0OCTi MoJIiMepHUX KOMIO3HUILild HA 0CHOBI
KEB-1 ta anTunipeny 3pa3ok 1 i mogudikaropis: kpusa 1 6e3 mogudikaropy; monudikarop 1 kpusa 2 — 0,6%,
kpuBa 3 — 1,5%; moaudixarop 2 kpusa 4— 0,6% kpusa 5 — 1,5%, kpusa 6 — cymim mogudikaropis xe, k1= 0,67;
k2 = 0,33; kpuBa 7 — cymim mogudikaropis ae, k1=0,33; k2 = 0,67
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Puc.6. 3aeKHiCTh MATOMOI0 00’€MHOI0 eJIEKTPHYHOI0 ONOPY Bil BOJIOrOCTi MOJTiMepPHUX KOMIIO3HUIIiii Ha 0CHOBI
KEB-2 ta anTunipeny 3pa3ok 2 i mogudikaropis: kpusa 1 6e3 mogudikaropy; monudikarop 1 kpusa 2 — 0,6%,
kpuBa 3 — 1,5%; moaudixkarop 2 kpusa 4 — 0,6% kpusa 5 — 1,5%, kpuBa 6 — cymim moaudikaropis ae, k1=
0,67; k2 = 0,33; kpuBa 7 — cymim moaudikaropis ae, k1= 0,33; k2 = 0,67

Po3paxyHku npoBouiu 3a popMmynamu:
JienexTpuyHa MPOHUKHICTH CEPEIOBUIIA
t

(d1+d2]2’
2

ne di — aiaMeTp BHMIpIOBAJIbHOTO €IEKTPOAy, M; O, — BHYTpILIHINA AiaMeTp OXOPOHHOTO

£=0144-C, -

eNIeKTpoAay, M; t — ToBIIMHA 3pa3ka; Cy — BUMIpsSHA €IeKTPUYHA EMHICTH, D.
TaHrenc kyra JAieneKTpUYHHUX BTPAT
1
tgd = =m-C ‘R

TIOCJL.. noci. !
- Cnap. ' Rnap.

Je o — KyroBa uactora, pan/c; C,,, — BUMIpsHAa €JEKTpPUYHA €MHICTb B €KBIBaJECHTHIN
napanenbHiil cxemi 3amimenHs, n®; R,,, — BuMipsHuil onip B eKBiBaJE€HTHIN mapajenbHiil cxemi
samimeHHss, OM; C,,.; — BUMIpsIHa €IEKTPUYHA €MHICTh B EKBIBAJICHTHIN IOCHITOBHIN cxemi
samimieHHs1, nd; R,,., — BUMIpSHHUI OImMp B €KBIBAJCHTHIN IMOCTIAOBHIN cxemi 3amimeHHs, Owm.
PesynbraTtu mocimikeHb HaBeIeHO Ha puc. 7, 8

BaxnuBumu enekTpodizuuHUMH XapaKTEPUCTUKAMH TSI TTOXKEKOOE3MEUYHUX TOJIMEPHHUX
KOMITO3MIIIH € JIeNeKTpUYHA TPOHUKHICTH Ta TaHTCHC KyTa JICJIEKTPUYHHX  BTparT.
EnextpoizonauiiHuil MaTepian BBaXKA€ThCS KPALIUM, SKIIO MAa€ HUKYl 3HAUEHHS Ji€JEKTPHYHOI
MIPOHUKHOCTI Ta TAHTCHCY KyTa JIeIeKTPUYHUX BTpAT. Pe3ynpTaTi HOCHIIKEHb MOKAa3yIOTh, IO TS
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kommo3uIlii Ha ocHoBi KEB 1 3HaueHHs IMX TOKa3HHWKIB 301IBITYETHCS IS BCIX CKIIAJIIB
MOJIIMEpHUX MaTepiais.

Bukopucranuss B skocti mnomiMepHoi Marpumi KEB 2 mnpusBoauTh 10 3HHUKEHHS
JieNeKTPUYHOI MPOHUKHOCTI Ta TAHTE€HCY KyTa JAieJeKTpu4HuX BTpar (puc. 7, 8). [iemexrpuuna
MPOHUKHICTh 3MEHIIYETHCS 10 4,2, a TaHTeHC KyTa JieneKTpuuHux Brpat 1o 0,0025.

5,0

0,03

1.y =4,790e0.07
R2=0,971

2.y =4,737e01%
R2=0,909

3.y = 4,761e-00%
R2=0,993

»
wn
;

4.y =4,721e011x
R2=0,992

5.y = 0,023¢-0:80x
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6.y = 0,023e04
R2=0,946
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7.y = 0,024¢0.63¢
R2=0,997

JlienexTp MuHa IIp OHUKHICTh
TaHreHc Ky Ta JieleKTp HIHUX BTpat
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Puc.7. 3anexuicTs Tie1eKTPHIHOI MPOHUKHOCTI Ta TaHTeHCY KyTa Big BMicTy MonudikaTopis, A5 moxiMepHux
koMmmno3unii Ha ocHoBi KEB-2 Ta anTnnipeny 1:xpusa 1,5 — mogudikarop 1, kpusa 2,6 — moaudikarop 2,kpuBa
3,7 — cymim mogudikaropis e, k1=0,67; k2 = 0,33; kpuna 4,8 — cymimt mogudikaropis ae, k1= 0,33; k2 = 0,67

5,0 : 0,025 1.y = 4,5780.05x
| —#—Moaudikarop 1 R2=0,962
i =+=Moaundikatop 2 _ !
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Puc.8. 3anexnicTs Tie1eKTPHIHOI MPOHMKHOCTI Ta TaHTeHCY KyTa Big BMicTy MoaudikaTopis, A5 moxiMepHux
koMmno3umiii Ha ocHoBi KEB-2 Ta anTunipeny 2:xkpusa 1,5 — moaudikartop 1, kpusa 2,6 — moaudikarop 2,kpuBa
3,7 — cymimn mogudikaropis e, k1= 0,67; k2 = 0,33; kpuna 4,8 — cymim mogudikaropis ae, k1= 0,33; k2 = 0,67;
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PiBHsiHHS perpecii 3 ypaxyBaHHSM BKJaAiB cymimni moaudikatopie 1 ta 2 Oyayrh MaTu
BUTJISAL.

Jnist mieneKTpUYHOT MPOHUKHOCTI:

7.y = (4,790e7%07%) . k1 + (4,737~ %17%) - k2).

8.y = (4,578e7%05%) . k1 + (4,539¢~008%) . k2).

J151s TaHTeHCYy KyTa JIieIeKTPUYHUX BTPAT:

9.y = (0,023e7%8%) - k1 + (0,023e7%42%) - k2.

10. y= (0,022~ 12%%) - k1 + (0,021e~%93%) - k2)

BaxnuBuii BrUIMB Ha eNeKTpOGI3UYHI BIACTHBOCTI IMOXKEXKOOE3MEYHUX IMOJTIMEPHHUX
KOMIIO3ULIN 371HCHIOE (OpMyBaHHS HAJAMOJIEKYJISIPHOI CTPYKTYpH OTPUMAaHMX KoMIo3uiii. IIpo
1€ CBIIYATh pe3ybTaTh JOCHIHKEHb €IEKTPHUYHOI MIIHOCTI, TUTOMOTO 00’€MHOIO €JIEKTPUYHOTO
OTOpy, Mi€NEeKTPUYHOI MPOHUKHOCTI Ta TAHTEHCY KyTa [IeJeKTPUYHUX BTpaT. Pesymbprartu
JOCIIJKeHb JAal0Th MOXJIMBICTH PO3POOJISATH TEXHOJOTIT OTPHUMAHHS MOJIMEPHUX KOMIIO3UIIN 3
KEPOBAaHUMH €JIEKTPO(DI3UIHUMHU BIACTUBOCTSAMHU IS 130JIAII11 1 000JIOHOK KaOeabHOI MPOAYKIIii.
[TepeBaramu qaHOTO AOCTIHKCHHS € BUBYEHHS €JICKTPO(I3MUHUX BIACTUBOCTEH MOKEIKOOE3MEUHUX
MOJTIMEPHUX KOMITO3HITIHHUX MaTepialliB 3 BUKOPUCTAHHSIM BUCOKOTOUYHUX Cy4aCHUX MPHOOPIB.

BucnoBku. Ha enextpodiznuHi BIaCTHBOCTI MOXKEKOOE3MEUHUX MOJIMEPHUX KOMIIO3HUIIIN
CYTTEBO BIUIMBAIOTH JUCIIEPCHICTH TPUTLAPATIB OKCUAY QJIIOMIiHIIO, PEOJOTiuHI BIACTUBOCTI
noJiiMepHoi MaTpuIi Ta (i3UKO-XIMi4HI BIACTUBOCTI MOAU(PIKATOPIB.

HonaBanns 60 % mac. aHTUHipeHy 2 B KOMIIO3UIII0O HA OCHOBI KOIOJIIMEPIB €TUJIEHY 3
BiHIJIaleTaToM i3 BMicToM Monudikaropa 1 B kinmbkocti 1,5 % mac. 3abe3neuye
eNeKTpUYHOi MIimHOCTI A0 34,2 kB/MM, muTOMOro 00’€MHOTO E€IEKTPUYHOrO OMopy M0 5 * 10

M ABUIEHHS

OMm-cM, 3HIDKEHHSI JIeNIEKTPUYHOI IIPOHUKHOCTI 10 4,2 Ta TAHTeHCY KyTa JIeNEKTPHYHUX BTPAT 10
0,0025, 110 CBITYUTH TIPO MOIMIICHHS SJICKTPOI30JISAIMHNX BIIACTUBOCTEH MaTepiaiy.
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MOJEJUPOBAHME DJEKTPO®U3NYECKUX IIPEOEPA3ZOBAHUI B
MOKAPOBE30IACHBIX KOMITO3ULUAX COMOJUMEPA DTUJEHA C
BUHWJIALETATOM U TPUTUJIPATOB OKCHJIA AJTIOMUHUS
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1
Yacmuoe axyuonepnoe oowecmaso «34ABOJ] KOJKKABEJIby, 2. Xapvkos
2 @ . . .
Kuescruil nayuonanbHblil yHUGEpCUMEn MEXHOI02ULL U OU3aUHA

IJenv. Onpedenenue payuoHanbHo20 COCMABA NOACAPOOE3ONACHLIX NOIUMEPHBIX KOMNO3UYULL C
VAYUUEHHLIMY — 9NeKMPOPUUYECKUMY — XAPAKMEPUCIUKAMY —HA  OCHO8e  CONOIUMepa dMuileHa ¢
BUHUIAYEMAOM U MPULUOPOKCUOA ATIOMUHUSL OA3UPYACL HA Pe3YIbMAmax UcCIe008aHull 3a8UCUMOCHIU
9/IeKMPUHECKOL NPOYHOCHU, YOENbHO20 00BbEMHO20 JIIeKMPUUEeCKO20 CONPOMUBTIEHUs, MAHeHca yeid
OUBNIEKMPUYECKUX HOMEPb U  OUDIEKMPUYECKOU NPOHUYAeMOCmU Om  QUBUKO-XUMUYECKUX CBOUCE
UHEPeOUEeHMO8 U KOIUYeCm8d U C8OUCME MOOUPDUKAMOPOS.

Memoouka. Ilonumepnvle KOMNO3uyuu Ha OCHOBe CONOIUMEPA IMUNEHA C SUHULAYEeMAmom U
mpuzudpama oKCUOa AUOMUHUS C PASTUYHBIM COOEPICAHUEM OP2AHOCUNAHA KAK Moouguxamopa
U320MaABIUBANU HA JUHUU KOMnayHouposanusi komnamuu X-Compound, I[lleeiiyapus. [na oyenku
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INEKMPOUBOTAYUOHHBIX — CGOUCME  MAMEPUATA  UCHOTb308AHbL  MemoObl  USMEPEHUsL  DNEKMPUUECKOU
NPOYHOCMU, YOETbHO20 00BbEMHO20 INEKMPUYECKO20 CONPOMUBTEHUS, OUINEKMPULECKOU NPOHUYAEMOCU U
Maneenca yana OudIeKmpuuecKux nomephb.

Pesynomamol.  Buvisignenvi  3agucumocmu  u3MeHeHus — JIeKmpo@UIUUECKUX — CBOUCM8
NOJCAPOOE3ONACHBIX NONUMEPHBIX KOMNOZUYULL 8 3ABUCUMOCTHU OM PEON0SUYECKUX CBOUCME NOIUMEPHOU
mMampuybl U QUIUKO-XUMUHECKUX CBOUCME mMpucudpamos oxcuda amomunus. Hccredosano enusiHue
HAHOMOOUPUKATNOPOS HA OCHOBE OP2AHOCUNAHO8 Ha ceolicmea Komnozuyuti. OOHapydiceno sasnenue
cunepeuyeck02o appexma npu UCHOIL30BAHUU MOOUDUYUPOBAHHBIX CMecell.

Hayunaa noseusna. YcmanogneHo eiusnue MOOUDUKAMOPOS HA IAEKMpoduudeckue ceoucmea
nOACAPOOE30ONACHBIX NONUMEPHBIX KOMRO3UYUll U cunepauveckutl s¢hgexm ux Oeticmsus. [loxazano, umo
dobasnenue 60% macc. mpueuopama okcuoa aroOMunus 2 8 KOMRO3UYUIO HA OCHOBE CONOIUMEPO8 IMUNEHA
C GUHULAYEMAMOM C COOepiCcanueM Kaxk moouguxamopa amunocunana 1 6 woauvecmee 1,5% macc.
obecneuusaem YayuuieHue dAeKMPOU3ONIAYUOHHBIX CEOUCIE MaAMepUad.

Ilpakmuueckaa 3nauumocms. Illokazamvl  npakmuueckue  OCOOEHHOCMU — MOOEAUPOBAHUSL
9NEKMPOPUIULECKUX CBOUCME NONCAPOOE3ONACHBIX NOJUMEPHLIX KOMNOUYUL, KOMOpble 3aKIIOYAIOMCI 6
8b100pe PAYUOHATLHOZO COCMABA O OOCMUNCEHUS 3A0AHHLIX XAPAKMEPUCTNUK UONAYUU U 00004eK
KabenbHoU npooyKyuuU.

Knrwouesvie cnosa: noosxcapobezonacHvie KOMRO3UYUU, CONOIUMED DMUNEHA C SUHUIAYETNANOM,
MOOUUKAmMop, aHMunupen, d1eKmpo@uuyeckue ceolUcmad.

MODELING OF ELECTROPHYSICAL TRANSFORMATIONS IN FIREPROOF
COMPOSITIONS OF ETHYLENE-VINYL ACETATE COPOLIMER AND ALUMINUM
OXIDE TRIHYDRATES
CHULIEIEVA O.}, PLAVAN V.2

'Private Joint Stock Company YUZHCABLE WORKS, Kharkiv
?Kyiv National University Technologies and Design

Purpose. To determine the rational composition of fireproof polymer compositions with improved
electrophysical characteristics, which composed of an ethylene-vinyl acetate copolymer and aluminum
trinydroxide based on the results of studies of the dependence of electrical strength, specific volume
electrical resistance, dielectric loss tangent and physical permittivity of the ingredients and the amount and
modifier properties.

Methodology. Ethylene-vinyl acetate copolymer and aluminum trihydroxide polymer compositions
which had different content of organosilane as a modifier were manufactured on the compounding line of X-
Compound, Switzerland. To assess the insulating properties of the material used methods for measuring the
electrical strength, specific volume electrical resistance, dielectric constant and tangent of dielectric loss.

Findings. The dependences of changes in the electrophysical properties of fireproof polymer
compositions depending on the rheological properties of the polymer matrix and the physicochemical
properties of aluminum oxide trihydrates are revealed. The effect of nano-modifiers based on organosilanes
on the properties of the compositions was investigated. The phenomenon of a synergistic effect with the use
of modified mixtures was found.

Originality.The effect of modifiers on the electrophysical properties of fireproof polymer
compositions and the synergistic effect of their action is established. It is shown that the addition of 60% of
the mass. aluminum oxide trihydrate 2 in a composition based on ethylene-vinyl acetate copolymers with the
content of aminosilane 1 in the amount of 1.5% by weight. provides improved electrical insulation properties
of the material.

Practical value. The practical features of modeling the electrophysical properties of fireproof
polymer compositions, which consist in the choice of a rational composition to achieve the specified
characteristics of the insulation and cable sheaths, are shown.

Keywords: fireproof compositions, ethylene-vinyl acetate copolymer, modifier, fire retardant,
electrophysical properties.
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