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BIPOT'ITHUI MEXAHI3M NIJJCUJIEHHA AJITE3IL 3AXHCHOI'O ITIOKPUTTSA
MNOKEXXHUX HAIIIPHUX PYKABIB I'OJTYHATUMHU HAITIOBHIOBAYAMUA

[ToxexxHl HamipHi pykKaBa, pa3oM i3 IHIIUM TEXHIYHUM OOJIaJIHAHHSIM, € OJHUM 3
OCHOBHUX BHUJIB 030pOEHHS PATYBAJIBHUKIB 1 BiJ IXHHOT'O CIIPABHOTO CTaHy, 06araTo B 4OoMy,
3aJeKUTh OO€3AaTHICTh MOKEXKHOI YaCTUHHU, a OTXKE, 1 ycmilHe raciHHs noxkex. OCHOBHOIO
YACTUHOIO IOXKEKHOTO HAIIPHOTO PyKaBa € TKAaHWUU KapKac, BUTOTOBICHUH 3 HATypaJIbHHX
HUTOK a00 IITYYHHX BOJIOKOH. 3 BHYTPIIIHKOI CTOPOHM Ha KapKac HAHECEHO T1ApOi30JsIliiHe
MOKPHUTTSI Ha T'YMOBIM OCHOBI (TaKOX 3aCTOCOBYIOTH JIATEKC, MOJIypeTaH, TOHI0). Y IesSKUX
BUIAJIKaX BUKOPHCTOBYIOTh NMPOCOYECHHSI a00 HAHECEHHS 3aXHCHOTO MOKPUTTS 1 Ha 30BHIIIHIO
MOBEPXHIO PyKaBa. BaXIMBOI XapaKTEPHUCTUKOI IMOKEKHUX PYKABIB € TEPMiH eKCIUTyaTarlil
[1], sxuii 3amexuTh Bix CTabLIBHOCTI MEXaHIYHMX XapaKTEPUCTHK y yaci. Bigomo, mo TkaHuii
KapKac Ma€ BiJ CaMOIo IIOYaTKy BHMCOKY MeEXaHiuyHy MilHIicTh. IIpoTe BoJOKHAM Kapkacy
MPUTAMaHHUN CYTTE€BUN HEJOJNIK — 3HM)KCHHSI MIIIHOCTI Ha PO3PUB MiJ BIUIUBOM Bojoru, Y d-
onpomiHeHHs 1 030HY [1]. 30BHIIIHE HOKPUTTSA MPH3HAYEHE 3aXMINATH TKAHUH KapKac BiJ
HEraTUBHOT'O BIUIMBY aTMOC()epHUX YMHHUKIB, a 3aXHUCHE MOKPHUTTS, HacaMmIepe riapododHe,
MEPENIKOKAE KOHTAKTY ITiIKJIAIKU 3 aTMOC(EPHUM KHCHEM 1 BOJIOTOIO 1, TOMY, 3/IaTHE YCYHYTH
ueit mepomik [2, 3]. baxkaHo, 11100 30BHILIHE MOKPHUTTS IiABHINYBAIO 3HOCOCTIHKICTH BUPOOIB.
BracTUBOCTI TIOKPHUTTS CYTTEBO 3aJ€KaTh BiJ TUIY 1 KOHIEHTpamii HanmoBHOBadiB. OCTaHHIM
YacoM BEJHMKY MOIMYJSIPHICTh HaOyJIM TojYaTi HalOBHIOBAYi, SIKI MAarlOTh BEJMKE BiJHOIICHHS
JOBKMHM YaCTHHKH JI0 JIaMETPy, TaKi K raayas3ut [4] Ta BOIacTOHMT , AMB. TaOII. 1.

Ianyasur mae ximiuny dopmyiny Al,Si;Os(OH), — me mpupoanuii HaHomarepial, MO
BimoOpaxaeThes y #oro inmmit Ha3Bi — HNT. Liero abpesiatyporo (HNT — halloysite nanotube)
CIEIiabHO MiAKPECTIOEThCS He3BUYaiiHa (popMa YaCTUHOK HAMOBHIOBada. ['amya3uT BUTpUMYE
BEJIbMH BHCOKI TEMIIEpPATypH, ONPOMIHEHHSI, KOJIOCAIbHUN THCK. BiH BOJIOJIE€ Ny)KE BEIHKOIO
MEXaHIYHOK MIIHICTIO, HOMY TMpUTaMaHHI apMyK4Yd BJIACTHBOCTI, 3aBISKA YOMY BiH
BUKOPHCTOBYETHCS y PI3SHOMAHITHUX HAYKOBUX, TE€XHIYHHUX 1 NPOMMCIOBHX 3aCTOCYBaHHSX.
OcHOBHI B1IOMOCTI Mpo 1€l MiHepas HaBeJeHo B TalI. 1.

Tabmuns 1. [TopiBHIHHS OCHOBHUX XiMIYHUX BIACTHBOCTEH JBOX HAINIOBHIOBAUiB

I'anyasur MiKpoBoJIACTOHIT
XimiuHa Gopmynna A|28|2O5(OH)42H20 CaSiO3
Mopdororist YaCTUHOK HaHoTpyO4acra rojJacra
. BOJII PO3MOKAE, YTBOPIOKOYN HE PO3YMHICTLCS ¥ BOJI Ta
Po3unnHICTE y B p‘ ) » YIBOP P . Yy BOI
CYCIIEH31I0 1 TNIACTUYHY Macy OpTraHiYHUX PO3YMHHUKAX
.. ) JIETKO BTpayae BOY MPHU HArpiBaHHI B3a€EMOJIIE 3 COISIHOIO
XiMIYHa aKTUBHICTE . .
i mepetBoproeThest Ha Al,SioOs(OH), KHCIJIOTOKO
Kouip O1nuii, cipuid, ronyoyBaTuit Oimit

Bimomo, mo noxasanns 1-5% mac. HNT B moniMepHy MaTpuilto 103BoJIsie: 1) miaABUIUTH
MIIHICTh Ha PO3TAT; 2) MOCWIHTH TPYXKHICTh, 3) 30UIBIIUTA 4Yac 3aliMaHHS, CKOPOTHTH
MIBUAKICTH TIIHHS; 4) 3HAYHO MPOJIOBKUTH Yac BHBUILHEHHSI MOJIEKYI i3 HAaHOTPYOKH. MokHa
KOHCTaTyBaTH, 1o noaaBaHHd HNT B 3axucHY MIIIBKY HaJa€ MOKPUTTIO 3HAYHI ME€peBaru, JUB.
Tab. 2.

BoJustacToniTOM Ha3uBa€eTHCS MPUPOAHUNA MiHEpal — CHUIIIKAT KaJbLiI0 3 XIMIYHOKO (op-
myinoro CaSiOz. MIKpOBOJUIACTOHIT Ma€ TOJYacTy CTPYKTYpYy, NPH PO3KOJIIOBAaHHI MIKpO
KPUCTAJIIB YTBOPIOIOTHCS 3€pHA rodactoi Gopmu. BiH HE pO3UMHSAETHCS Y BOAI Ta OPTaHIYHHUX



PO3UMHHMKAX, ajie B3aEMOJI€ 3 COJSHOI0 KHcioTor. ['omuyacra ¢opma 3epHa BOJUIACTOHITY
BH3HAYA€ OCHOBHUI HANPSAMOK HOTr0 BUKOPHUCTAHHS K apMYIOUOT0 HAllOBHIOBAYa. AJie B ISIKHX
rajxy3sx MPOMHCIOBOCTI Ma€ 3HAYCHHS 1 XIMIYHHMHA CKJaJ BOJLIACTOHITY. Bimomo, 1o y BHpOO-
HUIITBI JIakoapOOBHUX MaTepiajiiB el HAMOBHIOBAY CIIPHUSE 30UIBIIICHHIO 3HOCO- Ta aTMOC(hepo-
CTIHKOCTI TOKPUTTIB, Ma€ BHPAXKEHY CTPYKTYpyIOdy JMil0 Ha PpO3MOALIT IHTPEIIEHTIB B
KOMITO3HIIii. BaXXJIMBO TakoX BIJ3HAYUTH, 110 MIKPOBOJIIACTOHIT CYTTEBO 30UIBIIYE aare3iro
MOKPHUTTSA 10 MiAKIAJIKH, HAJA€ TOKPUTTIO IMJIBUIIEHY SCKPaBICTh 3a PaxXyHOK BHCOKOTO
koe(dimienTa Oinm3Hu. [TOpiBHATH BIACTHBOCTI JBOX HANOBHIOBAdiB MOXKHA aHATI3YIOUYW JaHI
Tal. 2.

Tabnuus 2. By HanmoBHIOBAaYiB HAa XapaKTEPUCTHKH MTOKPUTTIB

I'aayasur MiKpoBOJLIACTOHIT

1 IT1JIBUIIYE MIITHICTh MMOKPUTTS 1 HOTO MiJIBUIIYE 3HOCOCTIMKICTh MOKPUTTS 1 HOTO
3HOCOCTIHKICTB; CTUPAHHS;
MiBUIIYE aJIre31t0 MOKPUTTS J10 . . )

2 . MiJBUIILYE are31t0 MOKPUTTS 0 MiTKIAAKU
MAKIIagKA

3 MiJIBUIIYE BOTHE3aXCHI BIACTUBOCTI MiJBUIIYE BOTHE3aXMCHI BIIACTUBOCTI
Marepiany; Marepiany;

4 l'[lI[BI/II_I_[ye' rinpooOHi B1aCTHBOCTI MiABUITYE aTMOCHEPOCTINKICTD MOKPUTTSA
TTOKPHTTS;

5 MiABHIIYE OMip eKCTPEMaTbHUM I ABHIIY€ OMip EKCTPEMaTbHUM XIMIYHIM
XIMIYHUM CEPEIOBHINAM; CepEIOBHINAM;

6 IIIBUIITYE OIIp IBLTI Ta €JICKTPOXiMid- | ITiIBHIIYE OIIp IBIJI Ta EICKTPOXIMIUHIM
Hii KOpO3ii; KOpO3ii;

7 | Ma€ BUPAKCHY CTPYKTYPYIOUY JIIFO Ma€ BUPAKEHY CTPYKTYPYIOUY Iit0

8 | BUKOHYE pOJIb HAHOKOHTEHHEPY

[lepeniyeni Bi1acTUBOCTI € O€3yMOBHMMHM I€peBaraMM MIKPOBOJUIACTOHITY, SIKI JIyXKe
CXOKIi 3 BIACTUBOCTAMH Tanya3uty (kpim nyHkty 8). HNT BBOAUTBCS y CKJIal OKPUTTIB 3apaiu
JOCSATHEHHS, TOJIOBHUM YHHOM, BUCOKOT 3HOCOCTIHKOCTI Ta aare3ii mo miakiaaxu [2, 4]. 3 anano-
TIYHUMU [OUIAMH J0JIA€THCSA 1 MIKPOBOJUIACTOHIT, OJIHAK BiH € OUIBIN JOCTYITHUM 1 Ma€ MEHIIY
miny. Buxonsuu 3 11i€i 00CTaBUHM MM BBa)XKa€MO, 1110 3aMiHa TaTya3UTy Ha MIKPOBOJUIACTOHIT €
Jy’Ke TOITHHOI0, BBAKAIOUM TAKOXK Ha HOTO BIIMIHHY OiTH3HY.

Taka BakjMBa XapakTepUCTUKA MOXKEKHHUX HAMIPHUX PYKaBIB SIK TEPMIH €KCIUTyaTaiii
0e3mocepeIHbO 3aJICKUTh BiJl HASBHOCTI 3aXHMCHOTO MOKPHUTTS Ta 30€peKEeHHS HUM 3aXHCHUX
XapaKTepUCTHK y vacl. 3a3BUYail KOHKPETHOK NPUYMHOIO CIHMCAHHA BHUPOOY € 3MEHILEHHS
PO3PUBHOTO TUCKY IO KpUTHUYHOI BenuuuHU. DakTopamu, 110 BIJIMBAIOTH Ha CTaOUIbHICTB
XapaKTEPUCTUK TTOKPUTTS B HaUOIIBIIINI CTETEH]I, € BUCOKA 3HOCOCTIMKICTD, TIJBUIIIEHA a/Ire31st
0 MiIKIAJAKU, a TaKoX JOCTaTHs TigpodoOHICTh Ta aTMOC(hEpOCTIHKICTh 3aXMCHOI TLTIBKH.
AHamizytoun JaHi Tabmuii 2 MOXHA 3pOOMTH BHUCHOBOK, WO BBEIEHHS MiHEpaly
MIKpPOBOJIJIACTOHUTY JI0 KpeMHiiopraHiuHoi Marpuili, Hanpukiian Sylgard-184, ska cama co6oro
€ 1HEepPTHOI0, MIIHO, TiApo(oOHOI0, TOIIO, MO3BOJISIE MIACHINTH TIEpeTideHi BIACTUBOCTI
3aXMCHOTO TOKPUTTS. DaKT TOro, MIO0 Talya3uT 1 MIKPOBAJIACTOHUT (SKIIO BOHU BBOISATHCS Y
KUTBKOCT1 1-3 Mac.%) 3HA4YHO MiJACWIIOITh aAre3if0 Ta 3HOCOCTIMKICTh MOKPHUTTIB MiATBEP-
JKYEThCS pe3yJbTaTaMH OaraThboX pOOIT 1 MOXE BBa)KAaTHUCS HAJIMHO BCTaHOBICHUM. Ils
o0OcTaBrHA JI03BOJISIE TIPOTHO3YBAaTH 30€peKeHHsI PO3PUBHOTO THUCKY B MpOLECl eKcIulyaramii 1
30UTBIIICHHS TEPMIHY EKCITTyaTallii MOKeKHUX HAMIPHUX PYKaBiB.

[TokpamieHHs1 3HOCOCTIMKOCTI OJIMEPHUX MOKPHUTTIB 3 TaTya3uToM abo MIKpOBOJIIACTO-
HUTOM TOSICHIOETHCS THM, IO 1[I HATOBHIOBAY1 CIIYTYIOTh MIKpOApPMYIOUUMU €IeMEHTaMH, TOOTO
3HAYHO MIJICWJIIOIOTh MEXaHIUHY MIIHICTh NojiMepy. B Toil xe Jac migBUIIEHHS BOTHE3aXUCHUX
BJIACTUBOCTEH MaTepiayly MOSICHIOEThCS THIIIMM MEXaHi3MOM. 3a pe3yiabTaTaMu JOCTiKeHHs [4]
OyJ10 3alpoNOHOBAHO, 1110 PYWHYBAaHHS Tajya3UTy Ta BUBUIBHEHHS MOJIEKYN BOJHM € MPUYUHOIO



3HIDKEHHSI MIBUAKOCTI TopiHHA. Cil BiI3HAYUTH, IO B 1€l pOOOTI JOCHIIKYBATUCS TTOKPUTTS
Ha OCHOBI JaTeKcHId (apOu 3 MOJaHUMH HAHOTPYOKaMM ranayasuTy y KiabkocTi 5%. Taka
kitbkicth HNT He 3MmiHrO€ 3a0apBieHHs BUPOOiB, MIOPCTKICTh TTOBEPXHI Ta aare3ito 0 MOBEPXHi
cyOcTpary, xoua MOKpallye BOIHE3aXHMCHI BIACTUBOCTI JIATEKCHOT (apOu. 3pa3Ku 3 JIATEKCHUM
MOKPHUTTAM OyJIM BUTIPOOYBaHi 3TiTHO CTaHIAPTY

‘Z_%_ﬂ%{ //AWX“IN[R\‘ A ASTM E84. Buspunocs, mo natekcHa ¢ap0a,

mo BMimye 5% raiayasury, € ONTUMaJIbHUM
] pIlIEHHSM, IIOJ0 3MCHIICHHS PO3IOBCHOKCHHS
Coating ***+-.__ noayM's 1 yrBopenHs gumy [4]. CrocoBHO
— *.‘ B MiCUIIEHHs aare3ii  BigomMo, IO  ICTOTHE
. 3HAYEHHS Ma€ OpiEHTAIlisI HAHOTPYOOK ab0 TOJI0K
[5]. Ha puc.] noka3aHo MOJIMBE PO3TallyBaHHS
YaCTMHOK Yy 3axWCHi turiBmi. Astopu [5]

Glass slide .-~

Film BBa)XXAIOTh, 110 BEPTUKAJIbHA OPIE€HTAIliS T'OJOK €

\ A ! \\ ! \ // ¢ OUTHMANGHOI AN  NOKPAamEeHHA anaresii.

/ OpieHTanio MPOBOAWIM B TOTOI[l CTHCHEHOTO

Substrate noBitps. Bimomo Takok, mo 3miHa (dopmu

Puc.1 — MoxHBa Opi€HTAIlis TOIYAaTHX HAHO- FOHiMepHQI M_anHui y pinkomy craHi (kosu
YACTHHOK y MOKPHTTI (A), 10 HAHECEHO Ha iCHye Tedis piIMHM) MPHU3BOJUTH JO YacTKOBOI
ninknanxy (B), i va rpanumi posiny (C) opieHTalii rojok B 00'emi. Tomy 10 yactun A ta

B puc. 1, mo 4acTkoBO BigoOpakaroTh CXEMY 3
po6otu [5], mu momanu yactury C, ska MOSCHIOE caMe IiACHICHHS aare3ii. Mu BBa)kaemo, 10
caMme TOJIKH, SIKi CTUpYaTh i3 IUTIBKM 1 MPOHUKAIOTH Y MiAKIAAKY, € BiIMOBITATBHUMH 32 €(EeKT
[MiICWJIEHHS aaresii.

Takum ymHOM, y pPOOOTI 3alPONOHOBAHO MEXaHi3M MiJCWICHHS aare3ii CHIIIKOHOBOTO
HOKPUTTS 10 MiIKJIAJKHU 32 PaXyHOK BBEJICHHsI HAaIlOBHIOBauiB roysyaroi gopmu. OGrpyHTOBaHO
3aCTOCYBAHHS MIKPOBOJIJIACTOHUTY B SIKOCTI MIKpOapMYyIO4OI'0 €JIEMEHTY Ta IPOMOyTepa aaresii.
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PROBABLE MECHANISM FOR STRENGTHENING THE ADHESION OF
PROTECTIVE COATING OF FIRE HOSES WITH NEEDLE FILLER

It has been considered the influence of halloysite filler in the form of nanotubes as well as
needle-shaped microwollastonite on the characteristics of protective coatings for the outer
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surface of fire hoses. It has been proposed a probable mechanism for strengthening the adhesion
of the silicone coating to the substrate due to the introduction of needle-shaped fillers. The use of
microwollastonite as a microreinforcing element and adhesion promoter is substantiated.



