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CTIAKICTH MMATIEPY 3 TOHKOIIAPOBUMMUW KPEMHIHOPT AHIYHUMH
HOKPUTTSIMHU 0 A1l MEXAHIYHUX HABAHTAKEHD

Axmyanvnicmy memu docnioycenns. Cneyugiuni ocobnueocmi cknady i CmpyKmypu yenoio308MicHo2o nanepy oo-
MEACYIONtb MOIICTUBOCHI 1020 WUPOKO2O BUKOPUCHIAHHS 6 CKILAOT NAKYEAILHUX MA KOMROZUYIIHUX MAMEPIais.

Ilocmanogxa npoonemu. Hasngni cnocobu noninuients eKcniyamayitihux 61acmugocmetl yentono308MiCHUX Mamepianie
WIAXOM 0OpOOKU XIMIUHUMU CROTYKAMU PI3HUX K1ACI8 He 3a8acou datome badicani pesynomamu. Ocobauso ye cmocyemucs
nioguwjens cmitikocmi nanepy 00 Oii MEXAHIUHUX HABAHMAICEHb 3 PIZHOMAHIMHUM eHepeemUYHUM CHEKMPOM.

Ananiz ocmanuix oocnioscens i nybnixauiii. bynu posenanymi nyénixkayii'y eioxpumomy docmyni, onyonikosani mame-
pianu, i guasnero, wo docniodicysani y cmammi npobiremu nompebyoms HOBUX ULIAXIE GUPIUEHHS Yb020 NUMAHH.

Buoinenns neoocniodcenux uacmun 3a2anbHoi npoonemu. 3acmocy8anis CNOayK, AKi 3MOJICYMb XIMIUHO 83A€MOOIs-
MU 3 NOBEPXHEIO YeNON03U A 3abe3nedumu KOHmMpoIb08anull il 2iopoginbHo-2iopoghobHuil barawc.

Ilocmanogka 3a0anns. Ompumanns 06’ eKMuBHUX OaHUX OO0 Ji€30amHOCmi Memo9i 3axucmy nanepy 3 HeOileHoi
Yeniono3u MOHKOWAPOBUMU KPEMHIUOP2AHIYHUMU NOKPUMMAMY, WSAXOM OYIHKU 3MOYY8AHOCMI i MexamiyHoi Miynocmi @
npoyeci Oii MexaHiuHux HABaAHMACEHD.

Buknao ocnoenozo mamepiany. Po6omy npucesueno oyinyi eghekmusHocmi 3acmocy8anHs moHKOUApO8UX KpeMHitiop-
2AHIYHUX NOKPUMMIB,3 PI3HUMU 8)2N1e800HeGUMU PAOUKANAMU MA PYHKYIOHANbHUMU epynamu Oiia amoma Kpemmiio, 0
3axucmy nanepy 3 HebileHoi yenono3u 6i0 6n1UGis 8ibpayii, yoapHux Hasanmagicenb, OUHAMIYHOT Oii nuy.

Bucnogxu 6ionosiono 0o cmammi. Ompumani pe3ynomamu MOJICYmMb CIAHOSUMU RPAKMUYHUL IHMepec Y YacCmuHi 3a-
CMOCY8anHs po3POONCHUX CKLAOI8 KPEMHIUOP2AHIYHUX MOHKOWAPOBUX NOKPUMMIE Ol 3aXUCmy nanepy uwooo po3pooKi
naKy8anbHUX Mamepianie na o20 0CHOBI, A MAKOIC WUAPYBAMUX HANOBHIOBAUIE Ol KOHCMPYKYILIHUX KOMNO3UMIS.

Kniouosi cnosa: nanip; monxowaposi kpemuitiopeaniumni nokpummsl, 8iopayis; yoaphi HAGAHMAIICEHH, NI, 3MOY)8A-
HICMb, MEXAHTYHA MIYHICMb.

Tabn.: 2. bion.: 11.

AKTyaJabHicTh TeMH J0caifxeHHsl. BupoOu Ta matepiaiy Ha OCHOBI POCIMHHUX MOJIi-
MepiB, 30KpeMa IENI0JI03M, MAIOTh KOMIUIEKC I[IHHUX (PI3UKO-XIMIYHUX BJIACTUBOCTEH, SIKi
HA/Ial0Th IIMPOKI MEPCHEeKTUBH X (DYHKIIOHAIBHOTO 3acTocyBaHHA. OcoOMMBUI 1HTEpeC sB-
nsie co0010 peatizallis narnepy B CKJIajl NaKyBaJIbHUX MaTepiaiiB Ta KOHCTPYKUIHHUX IIapy-
BaTUX KoMmno3uTiB. Heabusika nepeBara BUKOPUCTaHHS MOJIATA€ y BUCOKIA €KOJIOTTUHIN 6e3-
He].[i narepy. Yac PO3KJIaay OCTaHHBOI'O Hi,[[ ,Z[iCIO HaBKOJIMITHBOTO CCPCAOBUIIA CTAHOBUTH
70 BOX pOKiB MoOpiBHSAHO 3 150-200 poxamu a1 moiiMepHUX MatepiaiiB. Takuil BUCOKHIA
CTYMIHb HOTO 010JIeCTPYKIIIl 3yMOBJIEHUN OCOOIMBOCTSIMHU CKJIATy LENIOJI03H, IK OCHOBHOTO
IHIpeJlieHTa, Ta CTPYKTYpU caMoro marepiainy. Tomy 11t yCIiIIHOTO BUKOPUCTAHHS Harnepy 1
BUPOOIB HAa OT0 OCHOB1 HEOOX1/THE palliOHATIbHE MMOETHAHHS 3a3HAUEHHUX NIepeBar 3 e(peKTHB-
HUMHU MCTOJaMU 3aXUCTy B HpOHCCi CKCHHyaTaHﬁ.

IMocranoBka nmpodJemu. [loeqHanHsa B CKIajl manepy iHTPEAIEHTIB, M0 3a0€3MeYyl0Th
dbopMmyBaHHSI MOrO BIACTUBOCTEH, SIKi 3HAYHO BIAPI3HSAIOTHCA 32 CBOEHD (DI3UKO-XIMIYHOIO
CYTHICTIO, HE 3aBX]JIU J03BOJIsIE €(DEKTUBHO BUKOPUCTOBYBATH TaKUil Marepian Juis Lijel ma-
KyBaHH, a B JEIKMX BUMAJKaxX JUIl HAalOBHEHHS IIapyBAaTHUX KOMIIO3UTIB PI3HOTO (DYHKIIIO-
HaJILHOTO MpU3HaueHHs. ToMy akTyanbHOIO € polneMa (GopMyBaHHS TOTPIOHOTO PIBHS KO-
CT1 TAaKOTO Mamnepy HUIIXoM 00poOKH XIMIYHUMH PEYOBHHAMHU HEOOX1THOTO CKIIany.

AHaJi3 ocTaHHIX JociaiaxkeHb i myOaikamiii. [luranns, mos’s3aHi 3 Po3poOKOI0 CrOCO0IB
MIBUIIECHHS CTIMKOCTI Mamnepy M0 il JeCTPYKTUBHUX (PAKTOPIB HABKOJMIITHBOTO CEPEIOBHIIA Ta
HOro MexaHIuyHOi MILIHOCTI, JOCIDKYIOTECS Bike TpuBaiuid yac [1]. ¥V mepeniky ocTaHHIX 0co0-
JIMBOT yBaru 3aciayroBye oOpoOka narepy XIMiYHUMH PEYOBHHAMU PI3HOTO CKJIaAy Ta CTPYKTYpH
[2]. o Takux peuoBHH BITHOCITHCS MapadiHy, aMiTHI CMOJM Ta X Mo audiKallii, MOTIBIHUIOBHIA
CIIUPT, KPEMHIHOPraHiuH1 MOHOMEPH 1 MOJIMEPH Ta HAITOBHEHI MOKPUTTS Ha 6a31 ocTaHHIX [3—8].

XapakTepHOI0 0COOIMBICTIO LIETIOI030BMICHOTO Manepy, sikuid OyB copMOBaHMH 13 3aCTO-
CYBaHHSIM I€pepaxOBaHUX peareHTiB, abo oOpoOieHni Bke B TOTOBOMY BUIJISII, € HEJJOCTaTHBO
BUCOKHMI pIBEHb SIKOCTI B YAaCTHHI XIMIYHOI CTIHKOCTI Ta MEXaHIYHO1 MIIIHOCTI, 110 3yMOBJICHO
PIBHUMHU NPUYMHAMH, CEpe]l AKUX CI1J] aKLIEHTYBaTH yBary Ha TaKHX:

© Ocaymnenko K. B., Mepexko H. B., 2018
273



TEXHIYHI HAYKH TA TEXHOJIOTIi Ne 1(11),2018

TECHNICAL SCIENCES AND TECHNOLOGIES

- BIICYTHICTh MIIHOTO (0a)kaHO XIMIYHOTO 3B’S13KYy) MK IHTpEIIEHTaMU Marepy Ta 3Mill-
HIOIOYOIO0 PEYOBHMHOIO;

- BIJIHOCHO HEBHMCOKA XIMIUHA CTIMKICTh CaMOI PEUOBHHHU;

- HEMOJXJIMBICTh (DOPMYBAHHSI THYYKOTO ¥ €JaCTUYHOIO IIapy 3MILHIOIOYOro areHTa Ha
MOBEpXHI Narnepy;

- HU3bKa MEXaHIYHA MILUHICTb JEAKUX 3MIIHIOIUMX CKIIA/AIB, 30KpeMa Ha OCHOBI MOJIO-
PraHOCHUJIOKCAHIB.

HasBHicTh HU3KHM crielU(iyHUX 0COOIMBOCTEH y CKJIa/ll i CTPYKTYpi Manepy Ta, sk HaCIiJIoK,
(opMyBaHHS BIACTMBOCTEH, SIKI HE CHPHSIIOTH HOro e(heKTUBHOMY BUKOPHCTAHHIO, a TAKOXK I1e-
pepaxoBaHi BUILIE TPOOIEeMH, TOTPEOYIOTh MOIITYKY HOBHUX IT1IXO/IIB BUPIIIEHHS 1IMX 3a/1ay.

Buainenns Hexoc/iaKeHUX YACTHH 3arajbHoi MpoodJjeMu. 3aralbHUM 1 CYTTEBUM He-
JIOJIKOM HasIBHUX MIIXOMIB € BIACYTHICTh ypaXyBaHHS OCOOJMBOCTEH XIMIYHOIO CKJIaay ma-
nepy i HOro OCHOBHOTO IHTPEIEHTa — IIENII0NI03U TIPH BUOOP1 3MIIHIOI0UUX cKianiB. Ocobnu-
BICTIO OCTaHHbOI € NPUCYTHICTH sK riapodimbHuX OH rpym, Tak 1 rigpodoOHUX Byrie-
BOJHEBUX pajukaiiB. Tomy mist JOCATHEHHS €(PEKTUBHOTO 3aXUCTy TaKOro Marepialy Mo-
KyTh OyTH BUKOPHUCTAHI CIOJYKH, K1 MOXKYTb XIMIYHO B3a€MOJIISITH 3 TOBEPXHEIO 1IEITI0I03H
Ta 3a0€3MeYNTH KOHTPOJIbOBaHUM 1i ripoduibHO-T1IpodhoOHUI OanaHc.

Haii6inp11 moBHO nepepaxoBaHi BAMOTH MOXKYTh 33/I0BOJIbHUTH KPEMHIMOpraHiuHi MOHOMe-
pH i oJliroMepH, 1110 MICTATH Ol aToMa KPEMHII0 PEaKIiiHO 371aTHI IPYIH Ta BYIJIEBOIHEBI pa-
mukami [9; 10]. EdexTuBHICTh 3aXMCHOT J1iT MOXKe OyTH OLliHEHa 3a PiIBHEM 3MIHU 3MOYYBaHOCT1
TOHKOLIAPOBUX MOKPUTTIB Ha X OCHOBI B MPOIECI BIUIMBY MEXaHIYHUX HaBaHTa)XeHb (BiOparlis,
yIapHI HaBaHTAXKEHHsI, MHAMIYHA i MHTy). Bubip ocTaHHIX 103BOJIUTH, HA HAILy TyMKY, OLli-
HUTHU SIK MIIHICTH 3B 3Ky TOKPUTTIB 3 MOBEPXHEIO LIENTFOI030BMICHOTO CYOCTpary, TakK 1 piBeHb
ne(opMaTUBHOCTI OCTAHHIX.

ITocTanoBka 3aBaanHs (uijieil crarrti). ['0J0BHOIO MeTOIO 1i€T POOOTH € OTPUMaHHS
00’€KTUBHUX JAHUX IOJI0 JI€3AATHOCTI METO/IB 3aXUCTY Manepy 3 HeOUIEHOT HEeTt0I031 TOH-
KOIIAPOBUMHU KPEMHIMOPraHIUHUMH MOKPUTTSAMU LUISIXOM OLIIHKKA 3MOYYBAHOCTI M MeXaHI4-
HOT MIITHOCTI B TIPOIIEC J1i MEXaHIYHUX HaBAHTAXKEHb.

Bukiaa ocHoBHOro martepiaiy. EQekTUBHICTh 3aXHCTy TOHKOIIAPOBUX KpeMHIMOpraHiu-
HUX TOKPHUTTIB HpH Ali eKcruyaTauifiHux ¢axropiB (BiOpawis, ylapHi HaBaHTAKEHHS, ITHIT)
OLIIHIOBAJIaCh Ha MPUKIAJl HAMOTYBAJIBLHOIO Mamnepy 3 HeOuIeHoi nentono3u. ToBmumHa Horo
(70 £ 3) MkM, nopucTicTb — 55 %, icTuHHA rycTiHa — 1,42 r/cm?, pyiiHytoue 3yCHIUIsl B orepe-
YHOMY Hampsmi He MeHIue 32 H.

Moro moBepxHsi 3aXMINAgach TOHKOIIAPOBHMH TOKPHTTSMH, 5IKi (DOPMyBAIHCh METOIOM
3aHypeHHs B 3—5 % 3a 006’eMOM po34MHU Y BOJI 400 BOHI €MYIbCii IPOMHUCIOBUX KPEMHIHOP-
raHIYHUX OPOAYKTIB: MeTuicuiikoHaty Kanito (MCK), nomimerm (IIMI'C) — 1 nomietunriapus
cunokcaniB (ITEI'C), monmimerun (IIMC)- 1 nomieruncunokcanis (ITIEC), rinponizaty eTuncuii-
katy (I'ETC). 3acrocoByBayiuch TakoX MOM(]ikOBaHI BapiaHTH MOKPUTTIB Ha ocHOBI MCK 1
tioro moximuux MetwincuiikatiB mMiai (MCKM) 1 muaky (MCKL) Ta momiankinrigpuacuiokca-
HiB (IIMI'CM 1 [IEI'CM). JIBomapoBi cXeMu MOKPUTTIB 3aCTOCOBYBAJIUCH 3 aAre3iMHUM Mif-
[1apOM Ha OCHOBI TiIpOJIi3aTy €TUJICWIIKATy a00 METHJICHIIIKOHATY KaJlilo 1 MOro moxiHuX 3
HACTYITHUM HOKPHUTTAM HOMANKUITiApuaAcHIokcanaMu. OTBEpIHEHHS 31HCHIOBAJIOCH LIUIIXOM
TepMooOpobku ipu 100-120 °C [11].

EdexTuBHICTS 3aXUCTy Nanepy CHJIOKCAaHOBUMH MOKPUTTSIMHM OLIIHIOBAJIACh MICIs Aii BiO-
pauii (yacrota 5—120 ['u, npuckopeHHs 10 6 g, aMIUTITy1a 10 2 MM), YAapHUX HAaBaHTaKE€Hb
(mpuckopeHHs ynapis 10 35 g, TpuBalicTh iMnynscy 1—-10 mc, kimpKicTh He MeHIIe 20 B KOX-
HOMY IOJIOXKEHHI 3 4acTOTO0 He Outbiie 80 Ha XBuiIMHY) 1 iy [12].

VY npoueci BunpoOyBaHb 00po6IEHOTo nanepy KOHTPOIIOBAIUCH Taki mapameTpu [9]:

- KpalloBHii KyT 3MOYyBaHHS NOBEPXH1 BOJIOIO (®), rpaj;

- 3miHa MacH, %,

274



Ne 1(11),2018 TEXHIYHI HAYKH TA TEXHOJIOTI

TECHNICAL SCIENCES AND TECHNOLOGIES

- crymiHb ekpanyBaHHs (X), %. X =k (1 — cos Ox), A€ cos Ox - KOCUHYC KyTa 3MOYyBaH-
Hs1 IOBEPXH1 BOJIOI0;

- pyiiHYyIOUEe HaBaHTa)XEHHS Ha PO3pHB (Y BIICOTKAX JI0 MOYATKOBOI).

Kpim Toro, y po6GOTi 3arpornoHOBaHO BUKOPUCTOBYBATH MOPIBHSUIBHUIN KOe(IIieHT edek-
tuBHOCTI 3axucHoi Ail (ITIKE3]]), skuii 103BoJise OTpUMaTH OUTBII 00’ €KTUBHY OLIIHKY 3MIHU
MIITHOCTI Marnepy Ha pO3pHB Y MPOLIECi TECTYBaHb MOPIBHIHO 3 BUXIAHOIO:

MKE3)| = Z270,
(6°b/o'b)
7€ 6> 1 G'T — BIANOBIAHO PYHHIBHE HABAaHTAXKEHHSI Manepy 3 MOKPUTTSIM IICIIA 1 0 BUIIPOOY-
BaHb; 6°b 1 6'b — aHAJIOTTYH1 MOKA3HUKY /IS Marnepy 0e3 MOKPUTTSL.

OO0’ €1HYI0UO10 03HAKOIO JUIsl eKCIUTyaTaliiiHUX (akTopiB mpH 11l BiOpallii, y1apHUX HaBaH-
TaXEHb 1 MUy MOXE CIyTyBaTH MPHUCYTHICTh yAapiB Pi3HOI CMIIM Ta iHTeHcuBHOCTI. KpiM Toro,
CTOCOBHO MUJTY, HE BUKJIFOUEHO Pa3oM 3 OCTaHHIM 1 (pikcallisi HOro 4acTOK Ha MOBEPXHI Harepy.

JI0Ka30M MOXJIMBOCTI TAKOTO BapiaHTy PO3BUTKY MPOLIECIB Jii MMy CAYT'YIOTh JAaH1 100
3MIHU 3MOYYBAHOCTI MOBEPXHI Namnepy 3 KpeMHIHOpraHidHUMHU MOKpUTTAMU (Tabu. 1). [pu
bOMY 3a(iKCOBaHO MIHIMaJbHI 3HaYeHHs KyTIB O 11 BUXiAHOrOo Mmatepiany (44 npotu 62
miciis Aii ylapHUX HaBaHTaKeHb Ta 64 rpaaycu — micis aii BiOpariii).

Ta0mums 1
3mina enacmusocmeii nanepy 3 erMHZﬁOPZCZHZ"-lHWM noKpummsAamu
nicns Oii ekcniyyamayitinux ¢paxkmopie
BiOparris Y napHi HaBaHTa)KEHHS TTun

TTokpuTTs Kpatiosuii kyr | Crymias | KpaiioBuif kyT Crynin Kpatiosuii kyr | Crynins | 3MeHIIeH-

3MOYYBaHHS eKpaHyBa- 3MOYYBaHHS eKpaHyBa- 3MOYYBaHHS | €KpaHyBa- | Hs MacH,
TIOBepXHi, Tpajg | HHL % MIOBEPXHi, Tpaj HHL, % TIOBEpXHi, Tpajx | HHS, % %
be3 nokputra 64 -- 62 -- 44 -- 5,1
MCK 81 66,7 81 66,7 74 57,3 2,0
nMmIc 83 69,4 84 70,8 79 63,9 1,9
[ETC 84 70,8 83 69,4 78 62,6 1,5
nMC 82 68,0 80 65,3 80 65,3 2,9
M[EC 80 69,3 81 66,7 81 66,7 2,2
I'ETC 79 62,6 79 63,9 82 68,0 3,0
MCKM 82 68,0 82 68,0 101 94,1 32
MCKI] 84 70,8 81 66,7 99 91,4 3,7
IMI'CM 83 69,4 84 70,8 86 73,5 2,2
MNET'CM 87 74,9 86 73,5 87 74,9 1,8
I'ETC/TIETC 89 77,6 88 76,2 92 81,8 3,5
T'ETC/TIMI"C 87 74,9 86 73,5 86 73,5 3,8
MCK/TIET'C 101 94,1 98 90,0 87 74,9 4,0
MCM/TIET'C 96 87,3 99 91,4 89 77,6 3,6
MCLYIIETC 104 98,1 101 94,1 101 94,1 2,6
MCKM/TIET'C 102 95,4 100 92,7 95 85,9 3,1
MCKIYTIET'C 100 92,7 98 90,0 104 98,1 2,7

3acTocyBaHHs 3aXMCHUX MOKPUTTIB HEOTHO3HAUHO BIUIMBAE HA XapakTep iX 3MIHU B Ipolie-
ci aii nuimy. BkazaHi 3aKOHOMIPHOCTI CIIOCTEPIralOThCs Ul MPOMUCIOBUX CHJIOKCaHIB ® =
74 (MCK) ... 82 ('ETC) rpanycu, X = 57,3...68,0 %, cepeanboapudMeTUUH1 TOKa3HUKH CTa-
HOBJISITH BiINoBigHO 78,6 rpan. Ta 63,4 % i1 npomaposux nokputrie ® = 86 (CETC/IIMIC)...
104°(MCKITIETC), X =73,5...98,1 %, cepeanboapudmernuni nokazuuku 93,4 ta 83,7 %.

Mo udikoBaHi MIOKPUTTS B IIbOMY BHUIIJKy 3a0€3M€Uyl0OTh MAaKCUMAJIbHUI PIBEHb Cepei-
HbOAPU(PMETUYHUX 3HAYCHb MOPIBHIHO 3 Ji€l0 BIOpalii i yJapHUX HaBaHTAXEHb MPHU TOMY,
10 BOHH MOCTYNAI0ThCs ABOMApoBUM. CIliji TAKOXK 3ayBaXXUTH HAsBHICTb CYTTEBOTO Iepena-
ay (no 14°) y 3HaueHHSAX KpalloBHX KyTiB 3MOuYyBaHHs Ta 3MeHIIeHHS MacH (10 1,4 %) npu
3aCTOCYBaHH1 MOJIU(IKOBAaHUX METUJICHIIKOHATIB KaJlilo Ta MOJIIAJIKUITIPUICUIIOKCAHIB.
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[TopiBHsIIbHA OIIHKA 32 PIBHEM CepeAHbOAPU(PMETHUHUX JTaHUX 3MOUYYBAHOCTI MOKa3aia,
10 e(EeKTUBHICTh 3aCTOCYBAHHS JOCIDKYBAaHUX MOKPUTTIB, 32 BUHATKOM MOJU(IKOBAHUX
npu Il Uiy, MOXKJIMBO IMPOUTIOCTPYBaTH TakuM psiiom: ais BiOpamii (® = 81,0°...97,0°,
X =66,7...88,6 %) > ynapHi HaBaHTaxkeHHsa (@ = 81,4°...95,7°, X = 67,2...86,8 %) > nun
(0 =178,6°...93,4°, X=163,4...83,7 %). [ns Bcix BapiaHTIB TECTyYBaHb BHSBJICHA HeE3amepey-
Ha repeBara JBOIIapOBUX MOKPUTTIB.

Cepen ocTaHHIX MOXJIMBO BUIUIMTHU CKJIAJU HA OCHOBI METHJICHIIKATIB IUHKY ¥ Mifi B
MOEHAHHI 3 MOJIETWITAPUACUIOKCAaHAMH. 3HAUeHHS KpPaloOBUX KYTIB 3MOYYBAaHHS TaKUX
MOKPUTTIB Micis BUMIPOOYBaHb B Mexkax 95—104°. HalimeHin eeKkTrBHE 3aCTOCYBaHHS MPO-
MUCIJIOBUX KpEeMHIMOpraHiuHMX MPOJYKTIB 0e3 aoAaTkoBoro mMoaudikyBanHs. Kyru © mok-
PUTTIB 3 X 3aCTOCYBaHHSM CTaHOBJIATH Bif 74 10 82 rpamaycis.

Jlis mepepaxoBaHUX EKCIUTyaTalliHUX (PAKTOPIB PI3HOIO MIPOIO BIUIMBAE 1 HA MEXaHIYHY
MIIHICTh MPU PO3PUBI B MONEPEUHOMY HAPSAMKY BUXIAHOTO mamnepy. HaiimMeHin MiiHUM BiH
crae micas aii muty (Ha 27,3 %). BibOpauis HecyrTeBo (0,4 %) 3MeHInye, a yaapHi HaBaHTa-
#eHHs miaBUIIyIoTh (0,2 %) mokazHUKU MITHOCTI (Tabdi. 2).

Tab6mums 2
Pyiiniene 3ycunna na po3pus y nonepeunomy Hanpsamky (% 0o euxionozo) nanepy
3 KPeMHIUOP2AHIUHUMU NOKPUMMAMU NIC/IA Oii eKClyamayitiHux ¢paxkmopie

Biopauis YiapHi HABaHTa:KeHHs IInn
IHoxpurrs PyiiniBHe KE3]I PyiiniBHe KE3]] PyiiniBHe KE3]]
3yCHILIS 3yCHILIS 3yCHILIIS

Be3 mokputTs 99,6 -- 100,2 -- 72,7 --
MCK 124,2 0,64 131,8 0,58 82,8 0,96
nMmIc 101,6 0,95 103,4 0,94 82,4 1,16
[ETC 102,1 0,97 102,5 0,96 81,7 1,21
nMC 100,3 0,97 100,7 0,96 79,1 1,23
M[EC 98,2 1,17 97,6 1,31 75,9 1,52
I'ET'C 100,2 1,06 100,4 1,18 89,7 1,18
MCKM 111,6 0,91 112,4 0,90 77,8 1,30
MCKI] 110,4 0,92 110,2 0,92 84,6 1,20
IMI'CM 104,1 0,92 106,3 0,90 84,1 1,14
IIEI'CM 101,4 1,00 110,6 0,91 83,5 1,21
I'EI'C/TIETC 101,2 1,05 102,0 1,04 83,1 1,27
T'ErC/rimIc 101,6 1,06 101,8 1,06 81,2 1,32
MCK/TIET'C 106,2 1,04 108,6 1,02 78,6 1,41
MCM/TIETC 105,8 0,84 107,4 0,94 81,7 1,09
MCLYIIETC 104,9 1,09 106,2 0,95 88,1 1,29
MCKM/TIET'C 106,1 0,87 107,2 0,86 80,5 1,14
MCKIYTIET'C 105,9 1,10 106,4 1,10 91,4 1,28

3acTocyBaHHS 3aXMCHUX MOKPHUTTIB Ha 0a3i BUXIIHUX KPEMHIMOPraHIYHMX CIIOIYK MO-
pI3HOMY BIUIMBAa€ Ha MIIHICTh Hanepy B Ipoleci BUNpoOyBaHb. MakCHUMaabHOO, Ha PiBH1
97.6 (IIEC) ... 131,8 (MCK) Big BuXiZHOI, BOHA 3aJUILAETbCA MICHS Jii yJapHUX HaBaHTa-
xeHb. 3nauenns [TIKE3]] npu npomy cranosuts 0,58 (MCK) ... 1,31 (ITEC).

His BiOpawuii CyNpOBOKYETbCA 3MIHOIO LUX IOKA3HUKIB BIAMOBIAHO 10 3HAYECHb
98,2 (IIEC) ... 124,2 (MCK) 1a 0,64...1,17. MakcumaiibHe 3MEHIICHHS MIITHOCTI 3adiKcoBa-
HO IpH Aii muity. 3anuikoBa MiHicTh nanepy cranoButh 75,9 (IIEC) ... 89,7 % (I'EI'C), a
[NKE3 /] 3naxoautbes B mexax 0,96 (MCK) ... 1,52 (ITEC).

AHaJIOT14H1 3aKOHOMIPHOCT1 CIIOCTEPIraloThCsl M y BUIAJKY 3aCTOCYBaHHS MOAU(DIKOBa-
HUX CKIaaiB. P3BHUIM crioCTepiraeTbcsl TUTBKU B KUTBKICHUX MOKa3HHUKAaX. 3MEHIIYEThCS X
BepxHs Mexa Jo piBHS 111,6 % (MCKM, BiOpauis) ... 112,4 % (Toii cammii ckiaz, yaapHi
HaBaHTakeHHsI, Ta 3pocTtae HwkHA 101,4% (IIEI'CM, BiOpauis) ... 106,3 % (IIMI'C, ynaphi
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HaBaHTaxeHHs). [lokasnuku IIKE3]l mnepeOyBatote Ha piBHi 0,91...1,00 (BiOpamis) Tta
0,90...0,92 (ynapHi HaBaHTaKEHHS).

Jlist ity CyNpOBOKY€ETHCS OUTBII PAIUKAIIbHOIO 3MIHOIO 3a3HaU€HUX MapameTpiB. Pyii-
HIBHE 3yCcHJUIs 3MeHuIyeTbes 70 piBHA 77,8 (MCKM) ... 84,6 % (MCKL). 3nauenns I[TKE3 /]
npu poMy 3anumaerbes B Mexxax 1,30 (MCKM) ... 1,14 (IIMI'CM). 3ictaBieHHs 3Ha4€Hb
napaMeTpiB MILIHOCTI MOKa3ye, 1110 pi3HUL Moxke csrati 20 % 1 Ounblie.

3acTocyBaHHS JBOIIAPOBUX MOKPUTTIB JO3BOJISIE 1€ OUIbINE HIBETIOBATH BIIMIHHOCTI B
YacTUHI €PEeKTUBHOCTI IX BUKOPUCTAHHS 32 PIBHEM MIHIMAJIbHUX 3HaU€Hb KOHTPOJBOBAHUX
noka3HUKIB. Tak, micis Jii ylapHUX HaBaHTA)XXEHb, 3AJIUIIKOBE PYHHIBHE 3yCUIIS HA PO3PUB
nanepy nepedysae Ha piBHi 101,8 (I'EI'C/IIMIC) ... 108,6 % (MCK/IIEI'C), a noka3Huk
IKE3/[ 0,86 (MCKM/IIEI'C) ... 1,10 (MCKIWTIEI'C) 3HauenHs ix micns BiOpairii mepe0y-
BaIOTh MPAKTUYHO B TOMY X Jl1ala30HI.

Jlis ity XapakTepu3yeTbes OUTBII CYTTEBUM PIBHEM JIECTPYKIIii. 3aIMIIKOBA MILHICTb HE
nepesuiye 78,6 (MCK/IIEIC) ... 91,4 % (MCKL/IIEI'C) Big mo4aTkoBOi Mpu 3HAYEHHSX
I[NKE3/] na pieui 1,09 (MCM/IIEIC) ... 1,41 (MCK/IIETC).

Takum yuHOM, cepel HOCIKYBAHUX EKCIUTyaTallifHuX (akTopiB, HailOuIbIIa 3MOYyBa-
HICTh BOJIOIO MOBEPXHI Marnepy 3 TOHKOIIAPOBUM CHJIOKCAHOBUM MOKPHUTTSAM Ta 3MEHILEHHS
HOro MexaH14HO1 MIITHOCTI1 CIIOCTEPIraeThbes MICs JUHAMIYHOT JI1T TIHITY.

BucHoBkM BignoBigHo 10 cTaTTi. J[aHa KUIbKICHA OLIIHKA CTIMKOCTI Manepy 3 HeOUIeHO1
LEJIIOJI03H, 3aXUIIEHOT TOHKOIIAPOBUMHU KPEMHIMOPraHIYHUMHU MOKPUTTSAMH 3 PI3HUMH BYT-
JICBOJITHEBUMHU paJuKaliaMu Ta (PYHKI[IOHATbHUMU Tpynamu Oulsg aToMa KpeMHIlo J10 ii BiO-
pariii, yiapHUX HaBaHTa)XEHb Ta MY 3a MOKAa3HMKAMU 3MOYYBAHOCT1 MOBEPXHI BOJOIO Ta
MIIHOCTI Ha po3puB. IlokazaHo, 1m0 HalOLIbIIA TiAPOQUTI3ALIA CIIOCTEPIraeTbes MpH i MU-
ny. 3acTocyBaHHs MOJU(IKOBAHUX 1 JBOIIAPOBUX CHIIOKCAHOBUX MOKPUTTIB JI03BOJISLE 3a0€3-
MEYUTH BUCOKI Ta CTaOUIbHI BOJOBIIIITOBXYIOUI BJIACTUBOCTI MMOBEPXHI Manepy Ta HOro Mill-
HICTh B X0/ Jii AOCTIIKYBaHUX EKCIUTyaTaI[iiHUX (PaKTOpiB.

OTtpumaHi pe3y/ibTaTH MOKYTh CTAHOBUTH HMPAKTUUHUHN IHTEPEC Yy YACTUHI 3aCTOCYBAHHS
PO3pOOIEHUX CKIIAAIB KPEMHIMOPraHiuHUX TOHKOIIAPOBUX MOKPUTTIB VIS 3aXHUCTY Marepy Ta
PO3poOKH MaKyBaJIbHUX MaTepialiiB Ha Oro OCHOBI, a TAKOX IIapyBaTHX HANIOBHIOBAUIB JUIS
KOHCTPYKLIHHUX KOMIIO3UTIB.
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UDC 676.24
Kseniia Osaulenko, Nina Merezhko

THE DURABILITY OF PAPER WITH THIN SILICONE COATINGS
TO THE ACTION OF MECHANICAL LOADINGS

Urgency of the research. Specific features of the composition and structure of cellulosic paper limit the possibilities of
its wide use in the composition of packaging and composite materials.

Target setting. Existing ways to improve the properties of cellulose-containing materials by treating them with chemical
compounds of different classes do not always give the desired result. This is especially true for increasing the resistance of
paper to the action of mechanical loads with different energy spectra.
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Actual scientific researches and issues analysis. Public publications were publicly reviewed, published materials, and
it was revealed that the problems addressed in the article needed new ways of solving this issue.

Uninvestigated parts of general matters defining. Use of compounds that can chemically interact with the surface of
cellulose and provide a controlled hydrophilic-hydrophobic balance.

The research objective. Obtaining objective data on the effectiveness of methods for protecting unbleached pulp paper with
fine-gloss silicone coatings, by evaluating the wettability and mechanical strength during the action of mechanical loads.

The statement of basic materials. The work is devoted to the evaluation of the efficiency of the use of thin-skinned sili-
cone coatings, with different carbohydrate radicals and functional groups near the silicon atom, to protect unbleached cellu-
lose paper from vibration, shock loads, and dynamic dust action.

Conclusions. The results obtained may be of practical interest in the field of the use of the developed compositions of
organosilicon thin-chalk coatings for the protection of paper in the field of development of packaging materials based on it,
as well as ball joint fillers for structural composites.

Keywords: paper, fine-gloss silicone coatings; vibration; shock loads; dust; wettability; mechanical power.
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CTOUKOCTb BYMAI' C TOHKOIIIAPOBBIMH
KPEMHUOPIT AHUYECKUMH MMOKPHITUSAMMU K JIENCTBUIO
MEXAHHUYECKHUX HAI'PY30K

Axmyansnocms memot uccnedosanusn. Cneyuguueckue 0cobeHHOCMU COCMABA U CMPYKMYPbL YEN0N030Cco0epiicauyell
bymazu 02panuyUBaion 603MONCHOCIU ee WUPOKO20 UCNONb308AHUSA 8 COCINABE YNAKOBOUHBIX U KOMNOZUYUOHHBIX MAMEPUATOB.

Ilocmanogxa npoénemst. Cywecmsyiowue cnocoobl YiyuuieHus COUCME Yernio030C00epIUCAUUX MAMEPUANO8 nymem
ux obpabomKu XUMU4eCKUMU COCMABAMU PA3HBIX KIACCO8 He 8cee0a oalom dicenaemviil pesynomam. Ocobenno amo kacaem-
€51 NOBbIUEHUA CMOUKOCIMU OYyMa2u K 0eliCMEUI0 Mexanuieckux Hazpy30K ¢ pasHblM SHEeP2emuecKum CHeKmpoMm.

Ananu3z nocneonux uccnedosanuil u nyonukayuit. bviiu paccmomperivl nyonukayuu 8 OMKpuimom 0ocniyne, onyoIuKo8aHHvle
Mamepuainel, U 8blAGNIEHO, YMO paccmampusaemsle 8 CHamuve npobiembl HYHCOAIOMCS 8 HOBbIX HYMAX PeuleHUsl OaHHO020 80NPOCal.

Buioenenue neuccnedogannsix uacmeii obugeii npodnemol. Vcnonvsoganue coeouneHull, Komopvle cMo2ym XUmMuyecku
83aUMOOelCBO8ANb C NOBEPXHOCHILIO YELTION03bl U 0Oecnedums KOHMpOIUpyemblil ee CUOpoPuIbHo-2udpogodHblll banatc.

Ilocmanogka 3adauu. Ilonyuenue 00beKMUBHLIX OAHHBIX, OMHOCUMENLHO O0CUCMBEHHOCU MeMOo008 3auumsl bymazu
u3 HebeneHoll Yenniono3bl MOHKOWAPOBLIMU KPEMHUUOPAHUYECKUMU NOKPLIMUAMU, HYMeM OYeHKU CMAauusaeMocmu u me-
XaHUUecKol NPOYHOCMU 8 npoyecce 0elCmEUs MexaHUiecKux Hazpy3ox.

H3znoscenue ocnosnozo mamepuana. Paboma noceawena oyenke s¢hgpekmusHocmu ucnonb308anus MoHKOUAPOBUX Kpem-
HUTIOP2AHUHECKUX NOKPLIMULL, C PA3HLIMU Y2Ne800HLIMU PAOUKANAMU U QYHKYUOHATLHBIMU SPYNNAMU 8031e AMOMA KPeMHUs, Osl
3awumsl Oymazu u3 HeOeneHoll Yennionossl Om 8030elicmaus UOPayuL, YOapHbIX HASPY30K, OUHAMUHECKO20 OelCMBUs NbLIU.

Bo1600b1 6 coomeemcmeuu co cmameil. [lonyuennvie pe3yibmamsl MO2ym Hpeocmasisamb NpaKmuiecKutl uHmepec 8 oonacmu
UCNONL308AHUSL PA3PAOOMANHHBIX COCMABOB KPEMHUOPAHUYECKUX WOHKOWIAPOBLIX NOKpbImMULl Ol 3auumsl 6ymazu 8 obnacmu
Paspabomi ynakosouHbIX MAMepuaios Ha ee OCHO8e, a MAKICe, UWapO8ambiX HanoIHUmenetl Ot KOHCMPYKYUOHHBIX KOMIO3UMIOB.

Kniouegvie cnosa: 6ymaza; monxowaposvle KpemHutiopesanudeckue noKpulmus, subpayus,; yoapHvle Hazpy3Ku, Nblib,
CMAuUBAEMOCTb; MEXAHUYECKAs MOWHOCMD.
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