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KOMITO3UTU HA OCHOBI ®TOPITIOJIMEPIB I METO/ iX IIEPEPOBJIEHHS ¥
BUPOBU

HHI «Ykpaincbkuii Aep:kKaBHMiA XiMIKO-TEXHOJIOTIYHMIA YHiBepCUTET», YKPATHCHKUIA AepKaBHUiA YHIBepCUTET
HayYKH i TexHooriii, M. Jlninpo, Ykpaina

Po3pobreHi moxiMepHi KOMIO3UIIIMiHI MaTepiajii Ha OCHOBi (DTOPIIOJIIMEPIB i CHTiKa-
TeII0 Ta METOH iX ImepepoOKu y BHpoOM. Bu3HaueHO MOUIIBHICTH BUKOPUCTAHHS SIK
HarnoBHIOBavya MoJiTeTpadTOpeTUIeHy, KomojliMep TeTpadTopeTuieHa 3 eTWICHOM Ta
noiBiHiTineH(GTOpU A APiOHOAMCIEPCHOTO MIOKCHUAY KPEeMHIiIO CrIiKareato. BigmoBinHo
0 3HaUYeHb KOe(illiEHTY HEOTHOPITHOCTI OAepKAaHUX IOJIMEPHUX KOMIIO3MIIiii BCTa-
HOBJICHO, IO SIKiCTb PO3MOAUICHHSI CUJIIKare o y ¢GTopIiojiMepax Mpy CyMillleHHI BU-
XiTHUX KOMIIOHEHTIB MOJIMEPHUX KOMITO3UTIB 3a IOMOMOTOIO0 CTAaHAAPTHOTO METOMY
3MilllyBaHHS y IIBUAKOXIMHIM MeXaHIYHiil MilIajii € cepeaHboro. s il mokpamieHHs
OyJia 3alponoHOBaHA METOOMKA OJEPKAHHS IMOJIIMEPHUX KOMITO3UTIB Ha OCHOBI (pTOp-
MHOJIMEpPIB Ta MIOKCHAY KPEMHII0O CHUJIKaremio, sKa IMOJISITAa€ B in Situ CyMillleHHi BU-
XiTHMX KOMIIOHEHTIB 1X ITOJIiIMepHUX KOMITO3UIIil y MIPOIIeCi CHHTe3y HaltoBHIOBavya. Po3-
po0JIeHI TToJTiMepHI KOMITO3UTH, OTPUMAaHI 3a 3alIPOIOHOBAHOI0 METOAMKOIO MAalOTh Ha
55—60% kpaiily SIKiCTb PO3IMOAIICHHS HiX Ti, 110 OTPMMAaHi 3a cTaHAapTHOIO. Bu3Ha-
YeHi OCHOBI (Di3MKO-MexXaHiuHi BJIACTUBOCTI (IYCTMHA, HAMPYXKEHHS IPU MEXi TeKy-
YOCTi Ta MOMIYJIb IPYXKHOCTI IIPU CTUCKAHHIi, TBEPIiCTb) PO3POOJCHMX ITOJIMEPHUX
KOMITO3UTIB i BCTAHOBJICHO, 1[0 iX 3HAYECHHST MAIOTh YiTKY KOPEJISIIiIO i3 SIKiCTIO pO3II0-
iy cuiikaremo y dropnomimepax. Tak, mis marepiajliB, OTpMMaHUX 3a METOIOM in
Situ CyMillleHHSI BUXiTHUX KOMIIOHEHTIB MOJIMEPHUX KOMIIO3MIIii PiBeHb MOCIIMKEHNX
(dizuko-MexaHiyHMX BIacTUBOCTelt Ha 5—20% mepeBUIllye aHATOTIYHMIM U KOMITO3UTIB,
OTPUMAaHUX 3a CTAaHAAPTHOIO METOIMKOIO MepepOOIeHHSI.

Kmiouosi cioBa: ¢droprioniMmepu, TiOKCUA KPEeMHilO, MepepodsieHHs y BUPOOH, in situ
cyMileHHsI, (i3MKO-MeXaHiuHi BJIACTHBOCTI.
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Bcmyn

CyuyacHe MalIMHOOYIyBaHHSI HE MOXE iHTeH-
CHBHO PO3BMBATHUCS 0€3 BUKOPUCTAHHST HOBUX MaTe-
piaJliB i3 KpalllMM piBHEM BJIACTMBOCTEH 3aMiCTh ic-
Hytouux aHajoriB [1,2]. OgHuMM i3 Takux mate-
piajiB € noJjiiMepy Ta KOMITO3UTHU Ha X OCHOBi. BoHu
BUPI3HSIIOTHCS BUCOKHUM PiBHEM CTIMKOCTI IO arpe-
CUBHUX CEPEHOBMIL, NOCTATHIM piBHEM MillHICHUX
BiactuBocteit (1o 240 MITa ) nmpu MiHIMaTbHUX 3Ha-
yeHHsX ryctunn (0,8—2,2 kr/m?), MOXIIMBICTIO pO-
00TM y By3Jiax TepTs 0e3 Ta i3 3MallyBaHHSIM TOILLIO

13].

© O.C. Kaoar, I.I. ITikyna, 2025

OIHUMH i3 HAMOLIBLI PO3MOBCIOIKEHUX TPYIT
nosiMepiB € dropriojiMmepr. BoHu Bigpi3HSIOTHCS
HaWKpallolo CTIKICTIO J0 Aii arpeCUBHUX CEpelo-
BUIL cepell yciX mojimMepiB (HaOyxarTh i pO3UMHSI -
JOThCS TiIBKM TIPU Ail JeIKUX OpraHiYHUX PO3YMH-
HMKIB, CyMillli KOHLIEHTPOBAHMX a30THOI i COJITHUX
KHUCJIOT TOLLO), BACOKUM PiBHEM TEPMiUHOI CTIMKOCTI
(mo 450°C), HeBeTMKMMHM 3HAYCHHSAMM KoedilieHTa
tepts (10 0,2) npu GpuKLiliHii B3aEMO/IIT i3 CTA/LIIO
Ta OJHOM i3 HaWKpalluMxXx 3HOCOCTiIMKOCTeH
(mo 100-107° M/M) i3 BimoMUX moJriMepiB [4].

OpHak ¢roprogiMepyu MaloTh JOCUTh HEBUCO-

This article is an open access article distributed under the terms and conditions of the Creative
Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).
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KU piBeHb (Di3rKo-MexaHiuHMX BaacTuBocTteit (10—
60 MIla), 10 oOMexXye iX 11e OUIBLI HIMPOKE BUKO-
PUCTaHHS y Cy4aCHUX MalllMHaX i MexaHi3max [5,6].
Tomy akTyaJbHUM € MOKpalleHHs iX (pi3nKo-Mexa-
HIYHMX BIaCTUBOCTEH MpU 30epekeHHI BUCOKOTO PiBHSI
Teru1o(izMYHMX Ta TPUOOJOTIUHUX.

OgHUM i3 OCHOBHUX METOIB ITOKpAIleHHS
PiBHSI BJIaCTUBOCTEI ITOJIIMEpHUX MaTepialliB € oaa-
BaHHS Y 1X CKJIaJ Pi3HUX 3a IPUPOLO0I0, CTPYKTYPOIO
Ta MOpP(OJIOTi€EI0 HAaMOBHIOBAYiB i MOIMUDiIKATOPIB.
Bonu BcTynaioTh y QizuuyHy UM XiMiuHYy B3aEMO/Ii10
i3 MOJIIMEPOM i MalOTh 3HAYEHHST apMYIOUUX KOMITO-
HEHTIB OoTpuMaHOi Komrmo3uuii. Haitbinbue pos-
MOBCIOJI)KEHHS cepell HallOBHIOBAviB Ta Moau@ika-
TOPiB oJiepXKaJIU JMCHEPCHI TBEP/i MaTepiajiu Ha OC-
HOBI BYTJIELIO Ta KPEMHIIO.

Tak BioMi MoJiiMepHi KOMITO3UTH, HAITOBHEHI
Pi3HUMU 3a CTPYKTYPOIO BYIJIELIEBUMU MaTepiaiaMu
[7,8]. BoHnu 3HAYHO TTOKPAIIYIOTh PiBeHb TPHOOJI0-
TYHUX BJIACTUBOCTEN MOJIMEPHUX KOMITO3UTIB MPU
(GpuKLifAHII B3aEMOIL i3 CTAJLIIO, ajie HEraTUBHO
BILJIMBAIOTh HA PiBEHb iX MilIHOCTI.

Bigowmi nojiiMepHi KOMITO3UTH, B SIKUX B IKOCTi
HaIlOBHIOBAaUiB BUKOPUCTOBYIOThCSI KPEMHIEBMICHI
matepianu [9,10]. Taki HammoBHIOBaYi AO3BOJISIOTH
30UIBLIUTHU SIK (Di3UKO-MEXaHiYHi TaK i TpUOOIOTiuHI
BJIACTUMBOCTI mosiiMepiB. ToMy BUKOpPUCTaHHSI Ha-
MOBHIOBAYiB IMOJIiMEPiB HA OCHOBI KPEMHIEBMiICHUX
marepiajiB OiblI aKTyaJbHO.

bisbliicTh KpeMHIEBMICHUX HaIllOBHIOBaYiB
HajJaHi y BUJISAi 1IOKCUIY KPEMHIiIO Pi3HUX MOAU-
¢ikaniii, i3 mpuTaMaHHOIO IM CTPYKTYypOlO Ta
mopdosoriero. BoHU Biipi3HSAIOTHCS JOCUTH PO3BU-
HEHOIO MoBepxHelo (puc. 1) Ha AKili 3HAXOAUTHCS
BeJMKa KiJIbKiCTb aKTMBHMX CUJAHOJbHUX Tpyn
(SiOH), 3matHuX 10 (GizMUHOI Ta XiMIYHOI B3aEMOIil
i3 mojiimepoM (puc. 2).

V pobori [11] TeopeTuuHo (32 IOIIOMOIOIO

8188 602

KBAaHTOBO-XIMIYHUX PO3pPaxyHKiB Ha piBHi ab initio
Teopii) Ta eKCHnepuMEeHTaJbHO (3a AOMOMOrO0
IK-cnekrpockoriii) 10BeIeHO B3aEMO/Ii10 CUIaHOJIb-
HUX TPYI AI0OKCUIY KPEMHilO i3 aMifHUM y apoma-
TUYHMX Ta ajiaTMYHMUX MoaiaMigax (puc. 2).

YV pob6ori [12] noBeneHa B3a€EMO/isl CUJIAHOJIb-
HUX IpYI i3 METaKPUJATHUMU Y TIPOLIECT OJEPKAHHS
KOMITIO3UTY Ha OCHOBI MTOJIIMETUIMETAKPUIIATY 13 TIOK-
CUIIOM KpEeMHilo. 3Baxkalouu Ha 11€ BUKOPUCTaAHHS
JIIOKCUAY KPEMHIIO [IJ1s1 HAOBHEHHS (hTOpHOJIiMepiB
€ JIOCUTb aKTyaJIbHUM.

IlepeBaru, siki mpUTaMaHHi JiIOKCUAY KPEMHiIO
MNpy BUKOPUCTAHHI 1OT0 SIK HalTOBHIOBaya MoJliMepiB,
€ 1 loro YacTKOBUMM HenomikaMu. Tak, 3aBOSIKM J10-
CUTb PO3BMHEHI aKTUBHIli TOBEPXHi HOr0 YaCTUHKU
CXWJIbHI JIO arperatiii i CTBOPIOIOTh arjioMepaTy po3-
MipaMu y A€CSATKU MiKPOMETPIB, SIKi IOCUTb CKJIATHO
3pyiiHyBaTu. BoHUM BuCTymamTh $IK MiKpo- Ta
MakpoJeMEKTIB CTPYKTYPU OJepKaHUX MOJTIMEPHUX
KOMIO3UTIB, Ta KOMITOHEHTY, SIKUI JOCUTb CKJIAAHO
PIBHOMIpHO PO3MOAUIATH y TTOJliMEepHil maTpuii. Tle
BC€ HEraTMBHO BIUIMBAa€E Ha piBeHb (Pi3MKO-Mexa-
HIYHUX BJIACTUBOCTEH OJEp>XKaHUX MOJiMEPHUX
KOMITO3MTIB.

ToMy nocuTh akTyajibHUM € po3poOKa METOIM -
KM CYMiCHOI IepepoOKU IMOKCUAIB KPEMHIIO i3 TO-
JliMepaMu 3aBASIKUA SKili BOACTbCS MaKCUMaJbHO
NOApPIOHUTH arjioMepaTyu HaloBHIOBaYa Ta PiBHO-
MipHO PO3MOAIAUTU iX B 00’€Mi mojiMepHOi
MaTpuLi.

Memooduka excnepumenmy

006 ’ekmu docaidvncers

Ak 06’exTH J0CiKeHb OyJIM 00OpaHi HaCTyIHi
dropnonimepu: nomirerpadropermieH (ITTPE), ko-
noyimep TeTpadropermiieHa 3 eTuiacHoM (KTDE),
noniBinimigendTopun (IIBA®D). ¥V Buxiznomy
BUIJISIII IOCIIIKEH] (DTOpIIoiMeEPH SIBJISIIOTH COO0I0
JIpiOHOAMCIIEPCHI TTOPOLIKK O1Ioro KOJabopy i3 Ha-

Puc. 1. MixpomeTpru4Hi 3HIMKI YaCTMHOK TiOKCUIY KPEMHilO

0.S. Kabat, 1.1. Pikula
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cunHoo 1itbHicTiO Bim 0,35—0,50 r/cM® i mepe-
BaXXHUMU po3MipaMM YacTUHOK 10—20 MKM

Memodu docaidncens

MikpoMeTpuUHi 3HIMKM YaCTUHOK HiOKCUIY
KPEMHil0 Ta MOBEPXOHb IOJIMEPHUX KOMITO3UTIB
OTpUMMaHi 3a JOMNOMOTOI €JeKTPOHHOTO
(Superprobe-733 (Jeol)) ta ontuuHoro (MBC-9)
MIKPOCKOITiB, OCHAILIEHUX KaMepaMH ISl €JIEKTPOH-
HUX MiKpodoTrorpadiii.

PiBHOMipHiCTb pO3M0/Iily HalOBHIOBaya B MO~
JIIMEPHiiA KOMITO3ULIiT OLIIHIOETHCSI 32 JIOTTOMOT'0I0 KO-
ediuieHTa HeogHopiaHOCTI (V():

(1)

Jie C; — BMICT HaroBHIOBayYa y MOJIiIMEPHiil KOMITO-
3utii, %; H — BMicT HaroBHIOBa4a IpH ifcaabHOMY
posnoniji, %; n — 3arajbHa KiUIbKICTh MpoO ITO-
JIIMEpHOI KOMITO3MIIii.

[Tpu ineanbHOMY PO3MOLTI BUXiTHUX KOMITO-
HEHTIB MOJiMepPHOI KOMIO3U1lii KoedillieHT V. 10-
piBHIOE OAMHUILI. 3HAUEHHST KoedillieHTa HEOAHO-
pinHoCTI B iHTepBasli 1—2 BKa3ylOTb Ha BUCOKY, B
iHTepBaJli 2—5 — Ha cepeHIO i Oiiblle 5 — Ha HU3b-
KY SIKiCTb PO3IO/iJIEeHHSI HallOBHIOBava y MoiMepi.

I'yctuHy nojiMepiB Bu3HaueHo 3a ISO 1183 3a
JIOMTIOMOTO0 METO/TY TiIPOCTATUUHOTO 3BaXKyBaHHS Ha
aHayiTnuHux Barax BJIP-200 3 momysaeM s rigpo-
CTaTUYHOTO 3Ba>KyBaHHSI.

HamnpyxeHHs npu MeXi TeKy4ocTi (6,) Ta MO-
nyJib 1ipy>kHocTi (E) mpu cTuckaHHi 10CTiIKyBaHUX
ros1iMepis BusHavyaum 3a ISO 604 Ha yHiBepcasbHiii
po3puBHiit MaruHi 2167 P-50.

Tsepuicts (HB) marepiaiiB BUBHa4Y€HO METO-
JOM BAABJIIOBaAaHHS KyJdbKM Ha TBepaomipi 2013
THICII BignosigHo a0 ISO 2039-1.

Pe3yavmamu ma ix o62o6openns

BinnoBinHo 10 3[iiiCHEHUX paHillle JOCTiIKeHb

3OBHIHS [IOBEPXHS
JHIOKCHIY KPEMHIIO

JTIOKCH/T KPEMHIIO

[13] om0 BU3HAUYEHHS TPaHyJIOMETPUYHOIO CKJIamy
¢roprojiiMepiB BCTAHOBJIEHO, 1110 OCHOBHUI PO3Mip
yacTuHoK IITOE cknamae Bigm 20—30 MKM,
KT®OE — 1-5 mxm i [IBAP — 1—-10 mxm. Tomy
CYMILLIEHHST LIMX TOJIiMepPiB i3 ApiOHOAMCTIEPCHUM
JIOKCUJIOM KPEeMHil0 (OCHOBHUI pO3Mip YaCTUHOK
10—20 MKM) MOXJMBO 3IIMCHUTU 3a JOMOMOTOIO
CTaHJIAPTHMX MPOLIECIB 3MilllyBaHHSI IpiOHOAUCTIIEP-
CHUX MaTepiaiB.

JlocuTh e(heKTUBHUM METOAOM 3MilllyBaHHS €
eJieKTpoMarHiTHuii [ 14]. BiH nmossirae y akTMBHIM ail
JTUCIIEPCHUX MOJIOJILHUX TiJl, SIKi XaOTUYHO MepeMi-
LIYIOTbCSl Y MarHiTHOMY I10J1i 3MilllyBaua Ha KOMIIO-
HEHTH MOJIIMEPHOI KOMITO3U11ii 3MYIIYIOUH 1X PiBHO-
MIpHO PO3MOALIATUCS B 00’ €Mi Ta MOAPIOHIOIOUM ar-
JloMepaTH HaroBHIoBavya. OqHaK BUKOPUCTAHHSI 11bOTO
o0slaiHaHHS MA€ JOCUTb CYTTEBUI HEIOIK, SIKUMA
MOJISITA€E Y 3aCMiUeHHI MoJjliMepHO1 KOMMO3UILii ITpo-
JYKTaMU 3HOLLYBAHHST MOJIOJIbHUX TiJl.

Tomy s cymillieHHSI BUXiIHUX KOMITOHEHTIB
MoJIiMepHOT KOMIO3U1lil OyJ10 BUKOPUCTAHO CTaH-
JApTHUI METOJ MEXaHIYHOT0 3MillryBaHHs. JIJ1s1 Iboro
BUKOpPMCTaHa IIBUAKOXiHA MeXaHiuHa Milllajka i3
CKJIAAHOIO KOHCTPYKIIIEIO JIOMATei 1151 OIbII iHTeH-
CHUBHOTO Ta SIKICHOTO MPOLIECY 3MilllyBaHHSI.

OIHUM i3 OCHOBHUX HEHOIIKIB LIbOTO METOIY
3MilllyBaHHS APiOHOAMUCIIEPCHUX MaTepialiB € iX
BiTHOCHO HEBHCOKA SIKiCTh IepeMilllyBaHHSI, siKa
BILIMBA€E HA PIBHOMIipHICTh PO3MO/Iijly HAalTOBHIOBaUua
B nostimepi. Lle okazye HeraTMBHUIA BIUIMB Ha PiBEHb
BJIACTMBOCTEM oiep>KaHUX MOJiMEPHUX KOMITO3UTIB.

VY naHiit poOGOTi piBHOMIpHICTb PO3MOIiIY Ha-
MOBHIOBaya y KOMITO3MTax OLliHIOBaJIU 3a (POTO Mo-
BEPXOHb CKOJIiB AOCIIXKEHUX MOJIMEPHUX KOMIIO-
3UTIB OJlEpXKAaHMUX Ha ONTUYHOMY MiKPOCKOIIi
(puc. 3).

KinbKicHU# po3paxyHOK SIKOCTi PO3IOAiIeHHS
BUXiTHUX KOMITOHEHTIB y MOJiMEPHUX KOMITO3UTaX
3/1iACHIOBABCS 32 JOMTOMOIOI0 3HAXOKEHHS 1X KO-
eillieHTY HEOTHOPIAHOCTI, SKUI BU3ZHAUAETHCS 3a
MTOPiBHSIHHSIM TIJIOL, 110 3aiiMa€ MiOKCUI KPEMHIIO

30BHIIIHS IIOBEPXHSI
JIOKCHIY KPEMEIIO

Puc. 2. CxemaTnuHe 300pa)keHHSI CUJIAHOJBHUX I'PYN HA MOBEPXHi AIOKCHIY KPEMHIlO
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Ta (bTOproiMep Ha MOBEPXHSIX CKOJIiB pO3POOIEHUX
martepiais.

OTpuMaHi pe3yJbTaTh pO3paxyHKiB HaBeICHi
Ha rpadiky (puc. 4). BignoBigHO 10 HMUX MOXHa
CTBEPIKYBaTH, 110 MOJIiIMEPHI KOMITO3UIIIHI MaTe-
pianu, sIKi OTpUMaHi 3riHO i3 CTAaHJZAPTHUM METO-
JIOM 3MilllyBaHHSI APiOHOIMCIEPCHUX MaTepiaiiB
MalOTh CEPEIHIO SIKiCTh PO3MOALICHHS CUJIiKarejto y
¢roprnoaiMepax. [TpuuomMy BiAMOBiIHO 10 pe3ysib-
TaTiB OTPMMAaHUX Yy po0oTi [15] mokpaluTu 1ei mna-
paMeTp y MojiiMepHUX KOMMO3UTax, OTPUMaHUX 3a
JTAHOI0 METOAMKOIO CYMIlEHHSI BUXiIHUX KOMIIO-
HEHTIB MOJiMEpHOI KOMMO3ULLiT MTPAKTUYHO HEMOX-
JsuBo. Tomy HaMM OyJ1a 3alTPONOHOBaHA HOBA METO-
JIMKa OTPMMaHHS MOJiMEPHUX KOMITO3UTIB Ha OCHOBI
¢ToprioniMepiB i JIOKCUIY KPEMHil0 CUTiKareto, sika
MOJISITA€E B in situ CyMillIEHHI BUXiTHUX KOMITOHEHTIB
iX MoJiMepHUX KOMITO3ULIii B MPOLIECi CUHTE3y Ha-
MOBHIOBAyYa.

3rinHo 3 L€ MEeTOAMKOW ApiOHOAMCHEPCHI
droprosiMmepu I0AAIOThCA y peakiliiiHOAKTUBHE

KoedinieHT HeoHOPIIHOCTI
TOTIMEPHIX KOMIIO3UTIB, V¢
\

2
Homep koMnosuty

Puc. 4. 3naueHHs koedillieHTa HEOTHOPITHOCTI V(-
TOJIIMEPHUX KOMIIO3UTIB CHUJIiKareab+droprosimep:
1 — MIT®E; 2 — KT®E; 3 — MNBA®D

0

Puc. 3. Mikpodororpadii moBepxoHb MoJiMEpHUX KOMITO3UTIB cuiikareab+droprnonimep: a — KTDE; 6 — IMBA®

piIMHHE CepelOBUILIE ¢ BiIOyBA€THCS CUHTE3 CUJIi-
KareJjto i3 BOASHOIO pO3UMHY HaTpiii MeTacuiikary,
KM TIpU MOCTIMHOMY TlepeMilllyBaHHI MiAKUCI0-
IOThCSI PO30aBJICHOIO COJISTHOIO KMCIO0TOI. Cxema in
situ CyMillleHHSI BUXiIHUX KOMITOHEHTIB MOJiMEPHUX
KOMIIO3U1Iiii Ha OCHOBI (PTOPIOJIIMEPIB i CUJTIKATENIO
y MpolEeci CUHTe3y HallOBHIOBaua 300paxeHa Ha
puc. 5.

BianosigHo 10 Hely BOIHEBUI PO3YMH HATpiid
CWJIIKaTy IMpH MOCTIHHOMY HOTO MepeMilllyBaHHi J10-
JIAaI0ThCS TBEPA1 YaCTUHKM (PpTOoproiMepy (puc. 5,a).
CTBOpEHa IPU LILOMY CYCIICH3isI € CUCTEMOIO B SIKili
TBEP/li YACTUHKU TOJiMepy 3HAXOIAThCs y XaOTH-
YHOMY PYCi i piIBHOMIpHO PO3MO/IiJIEH] Y PiTUHHOMY
cepenoBuili (puc. 5,0). OmepxxaHa CycHeH3is ITif-
kucmoerbest 10% BomssHum posurHoM HNO,; no
pH 6,5-7,5 (puc. 5,8). IIpu 1uboMy BimOyBaeThCs
MNpPaKTUYHO MOMEHTAJIbHE YTBOPEHHS 3aCTUIJIOTO aK-
BareJito B IKOMY 3HaXOASITbCS PIBHOMIPHO PO3MO/Ii-
JIeHi yacTiHKU roprioaimepy (puc. 5,r). OTpuMany
CUCTEMY aKBapesb+@ToproiaiMep MiagaloTh NOCTY-
noBiit cymui mpu temreparypi 30—40°C (puc. 5,1)
npu sKiii BinOYBa€eTbCsl 3HAYHE 3MEHIUEHHS Ti
00’eMy 3a paxyHOK BUIIapOBYBaHHS BOJIOTH i3 aKBa-
reJjto, 110 NPUBOJE 10 MOT0 YCaIKEHHS 3 OXOIUIeH-
HSIM TIPU LIbOMY TBEPAMX YaCTUHOK (hTOPIIOJiMEPiB
(puc. 5,e). CTBopeHa cuctema Kceporesib+dTopnoJti-
MEp BIIMMBAETHCS Y IUCTUIbOBAHIM BOAI 3 METOIO
BUAJ€HHs TMOOIYHUX MPOAYKTIB peakiuii (cijib,
KMCJIOTHI PELITKU) 1 10AATKOBO MiAcylyeTbes. OT-
py¥MaHa Mpu LbOMY IOJiMepHa KOMMO3UILis
(puc. 5,x) iiae Ha mojasblie NepepoOIeHHS Y BUPO-
ou.

OuiHIOBaHHS SKOCTi pO3MOAiIEHHS CUJliKare-
JIIO y MOJiMEPHUX KOMITO3UTaxX, OTPUMMaHUX 3a
3aMpPONOHOBAHOIO CXEMOIO, TTPOBOAMIN 32 3HAXO/I-
JKeHHSIM KoedilieHTa ix HeogHopigHOCTi. Pe3yibTa-
TU HaBeJleHi y TabaulLi.

0.S. Kabat, 1.1. Pikula
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3HavyeHHs Koe(ilieHTIB HEOHOPITHOCTI PO3NOALIEHHS CHTIKATEI0 Y MOJiMEPHIX KOMIIO3UTAX

Merox oxepskaHHs MOJTIMEpHOT 3navyeHHs koedilieHTa HeoHOPiAHOCTI Vi
KOMITO3HIIT [NTOE+SiO, KT®E+SiO, [IBJ®+Si0,
CTaHIApTHUI 3,7 4.9 42
in situ 2,1 7,8 2,6

Jlpicrommcnepci (10-40 mxm)
rapHyJ (roprmoniMepis

JpibHoucHepeHuil ProproniMep

Cycnensis: Bonsimil po3unH Na, SiO; +

10% Bonauuit pozann HNOy

\

Bonsuuii pozaun
Na,SiO;

(A

| E

S S S S S S
a

3acTHIVINI aKBareb i3 JaCTHHKAMH
(ronpomimepis

— T =30-40C

S
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MEpPHMX KOMITIO3ULili Ha OCHOBI (hTOPIONiIMEPIB i CHITiKareao y

MpoLeci CUHTE3y HaroBHIOBava

BianoBinHO 10 OTpUMaHUX pe3yJbTaTiB KO-
eillieHT HEOAHOPIAHOCTI KOMITO3UIIili Ha OCHOBI
[IT®E Ta I[1BJA®, orpuMaHux 3a JOIMIOMOTOIO in situ
CYMIILIEHHST BUXiTHMX KOMITOHEHTIB Ma€ Ha 55—60%
MEHIIIi 3HAYEHHS HIX 111 KOMIIO3U1Iii1, OTpUMaHUX
3a CTaHIAPTHUM MeToaoM. [1pu 1iboMy iX 3HaUEHHSI
BiIMOBiTAI0OTh BMCOKIi SKOCTI pO3MOMiJIEHHS Ha-
MOBHIOBaYa y MojiMepHii Marpuii. s maTepiany
Ha ocHoBi KT®E crocrepiraeTbes 30iIbIIEHHS
KoeilieHTa HeogHopigHocTi 3 4,9 no 7,8. Lle mo-
SICHIOETBCSI CKJIAMIHOIIAMU PO3IMOITY YaCTUHOK
KT®E y peakuiitHOMy cepeTOBHIL TIPY CUHTE3i CH-
JliKareJyto, Koy, HaBiTh MpU iHTEHCUBHOMY Mepe-
MillTyBaHHi, HEMOXJIMBO OYJI0 OJIep>KaTh CYCITeH3i10
i3 piIBHOMipHO PO3MOAIIEHUMH YaCTUHKAMM TBEPAOL
pevyoBUHMU (TTOJTiIMEP HE TOHYB i 3HAXOMMUBCS Ha TO-
BEpPXHi BOJISTHOTO PO3YMHY HATpild CUITIKATY).

CTaHOBUTD iHTEPEC AOCIIUTH, SIK METOJ, Iepe-
poOJIEHHS MOJIIMEPHUX KOMITO3UTIB BIUIMBA€E Ha iX
3HauUeHHS1 (Pi3MKO-MexaHiYHUX BiaacTuBocTteit. Jlo
OIHMX i3 HAMOLIbII BaXIMBUX (Pi3UKO-MeXaHIYHUX
BJIACTUBOCTE! BiHOCSTHCS TYCTWMHA, TBEPHAICTb,
HamnpyXeHHS TTPY MEXi TeKy4OCTi Ta MOYJIb MPYX-
HOCTI IIPU CTUCKAHHI.

BinnosigHo 10 3ailiCHEHUX TOCIIIKEHb OCHOBHI
(hi3NKO-MeXaHIYHi BJIaCTUBOCTI pO3pO0JIEHUX ITOJIIMEP-
HMX KOMITO3UTIB (TYCTUHA, HATIPY>KEHHS TIPU MEXi
TeKYy4OCTi Ta MOJYJib MPY>XXHOCTI MPU CTUCKAHHI,
TBEP/iCTh), OTPUMAHUX 34 in situ METOIMKOIO Tepe-
poOku MawTh Ha 5—20% BMILMI piBeHb HiX s
KOMITO3UTiB, OTPUMAHUX 3a CTAHJApPTHOI METOIM-
ko (puc. 6). Ilpuyomy 1ie XapakTepHO ISl I10-
JiMepHUX KoMro3uTiB Ha ocHOBi [ITDE Ta [IBAD.
g matepianiB Ha ocHoBi KT®DE crniocrepiraeTbest
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Jiesike 3MEeHIIEHHS! TOCipKeHUX BiactuBocteit. Cin
BiIMITUTH, 1110 piBeHb (Pi3UKO-MEXaHIUHUX BJIACTH -
BOCTE# pO3p00JIEeHUX KOMITO3UTIB YiTKO KOPEJIOE i3
SIKICTIO PO3IOAIIEHHS CUITiKares o y (proprnosiiMepax,
1110 BU3HAYEHO paHillle 3a 3HAYeHHSIMU KOeilliEHTiB
HeomHOpigHOCTI (Tabauus). Tak, marepianu i3
HalMEHIIMMHU 3HAaYeHHSIMU KoedillieHTa HeOomHO-
piIHOCTI (HAWBUIIOKO SIKICTIO PO3MOAIIEHHS Ha-
MOBHIOBaYa y MOJIiMEPHiii MaTpUlli) MalOTh HAKpa-
M piBeHb (Qi3uKo-MeXxaHiuHuX BiactuBocteit. Ile
CBITYUTH MPO YiTKY 3aKOHOMIipPHICTb, SIKa IIOB’SI3y€E
SIKICTh PO3IOJiJIEHHS HAalOBHIOBaYa y MoJiMepHilt
MaTpUlli i3 MOro piBHEM BJIACTUBOCTEM.

BinnoBigHo n0 3miliCHEHUX AOCIHiIXEHb
MOXKHA CTBEPKYBAaTH, 1110 3aIIPOITOHOBaHA METOMMKA
OTPUMAaHHS MOJIMEPHUX KOMITO3ULIiii MpH in situ cy-
MilLIEHHI IX BUXiTHMX KOMIIOHEHTIB y IIpOLIeCi CUH-
Te3y HallOBHIOBaya J103BOJISIE OJEepKaTH TMOJiMEpHi
KOMIIO3UTH i3 Kpalllolo SIKiCTIO pO3MOALIEHHS CUJTi-
KareJito y (proprojiimepax, 1o nokparitye ix ¢izuko-
MexaHiuHi BracTuBocTi Ha 5—20%.
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Bucnoexu

Po3po6iieHi nosiMepHi KOMIOO3UTH HAa OCHOBI
¢ropnonimepis (nosireTpadTopeTUIEHyY, KOMoJimMe-
py TeTpaTOpeTUIEHY 3 ETUJIEHOM Ta TMoJliiHiTineH (-
TOPUY), SIKi HAITOBHEHi TIOKCMHOM KPEMHil0 CJIi-
KareJyieMm.

Po3pobsieHa HOBa MeTOaMKA OJIep>KaHHS MO-
JIIMEPHUX KOMMO3MLIM i1 MaTrepialiB Ha OCHOBI
(proprosiMepiB Ta cujtikareso, sika rnoJjsira€ y in situ
CYMillIEHHI X BUXiZTHUX KOMIIOHEHTIB y IIPOLIECI CUH-
TEe3y HAITOBHIOBAYa.

BuznaueHo, 1110 SIKiCTb PO3MOIIEHHS CUTiKa-
remto y [ITOE ta [IBA® m1a KOMITO3UTIB, onepxKa-
HMX 32 in situ MeToguKow Ha 55—60% kpala, HixX
JIJIS1 aHAJIOTiB, OTPMMAaHMX 3a cTaHaapTHOo. [l Ma-
tepianiB Ha ocHOBIi KT®E sgxicte posmnomiseHHs
BUSIBUJIACh HUXKYOIO BHACIIOK HEMOXJIMBOCTI PiBHO-
MipHO PO3MOJIIUTA YACTUHKU IOJIIMEPY y peak-
LiHO aKTUBHOMY CEPEIOBUILI IIpUM CHHTE3i Ha-
TTOBHIOBAYA.
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MMOJIIMEPHUX KOMIIO3UTIB Ha OCHOBI y ¢roproiimepis: 1 — I[ITOE; 2 — KT®E; 3 — IIBAD
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BusHaueHi ocHOBI (hi3MKO-MeXaHiUHi BJIacTH-
BOCTI (TyCTMHA, HAIPY>KEHHSI IIPX MEXi TeKy4JOCTi Ta
MOAYJIb TPYXHOCTI MPU CTUCKAHHI, TBEPIiCTb)
PpO3pO0JIEHUX MOJIMEPHUX KOMITO3UTIB i BCTAHOBJIE-
HO, 10 iX 3HAU€HHSI MalOThb YiTKy KOpEeJsiilo i3
SIKICTIO PO3MNOILTY cuilikarento y proprnojimepax. Tak
IIJIS MaTepiajiB, OTpMMaHUX 32 MeToIoM (in situ) cy-
MilleHHS BUXiAHMX KOMIIOHEHTIB MOJIIMEPHUX
KOMITIO3MIIil piBeHb NOCHiIXEeHUX (Pi3ruKo-mexa-
HiIYHUX BjacTUBOCTE Ha 5—20% nepeBulllye aHaIO-
TIYHUI 17151 KOMIIO3UTIB OTPMMAaHMX 3a CTAHIAPTHOIO
METOAMKOIO IIEPEPOOKMN.
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Polymer composite materials based on fluoropolymers and
silica gel, as well as a method for their processing into products,
have been developed. The feasibility of using
polytetrafluoroethylene, tetrafluoroethylene-ethylene copolymer,
and polyvinylidene fluoride as fillers has been established. Based
on the heterogeneity coefficient values of the obtained polymer
compositions, it was determined that the distribution quality of
silica gel in fluoropolymers using the conventional mixing method
in a high-speed mechanical mixer is moderate. To improve this,
a method for obtaining polymer composites based on
fluoropolymers and silica gel has been proposed, involving the in
situ combination of the initial polymer composite components
during the filler synthesis process. The polymer composites
obtained using this method demonstrate 55—60% better
distribution quality than those produced by the conventional
approach. The basic physicomechanical properties (density, yield
stress, compressive modulus, and hardness) of the developed
polymer composites were determined, revealing a clear correlation
between these properties and the quality of silica gel distribution
in fluoropolymers. Specifically, materials obtained via the in situ
combination method exhibit physicomechanical property levels
that are 5—20% higher than those of composites produced using
the standard processing technique.
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