FREE VIBRATIONS OF CYLINDRICAL ANISOTROPIC SHELLS IN A
SPATIAL SETTING

A technique for solving the problem of determining the frequencies of free vibrations of thick
layered cylindrical anisotropic shells in a spatial setting is proposed. The material of
structures can have one plane of elastic symmetry, which is due to the rotation of the main
directions of elasticity of the original orthotropic material relative to the generatrix of the
shell. To solve this problem, the analytical method of Bubnov-Galerkin and the numerical
method of discrete orthogonalization are used.
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B cydacHiil mpakTuIll HIMPOKe MOIIMPEHHS HaOyBae KIE€Ha JIepeBHHA, sKa
OTPUMYETHCSl ILIIXOM CKJICIOBaHHS (heHonodopManbIeriIHAM KJIGEM JIUCTIB
JYIIEHOTO MIMOHY XBOHHMX mopig [1, 2]. TexHomoris BUpOOHUITBA KIIEEHOT
JIEPEBUHH 1IbOTO THITy JIO3BOJISIE 3HU3UTH HETaTUBHUU BIUIMB TPHPOJHUX
HEJIOJIIKIB ICPEBUHM, ICTOTHO MiBUIIUTH ii MII[HICHI TOKa3HUKH.

OnHak CyTTEBUMH HEJIOJIIKAMHM TaKMX KIEEHUX JEPEB'SHUX KOHCTPYKIiH B
YMOBaX IiJBUIICHOI BOJIOTOCTI € HH3bKa CTIHKICTh JO BOOU 1 arpecHUBHOI il
HaBKOJIMIIHBOTO CEPEIOBHILA, BOAHMX PO3YHMHIB Ta Oi0MONIKOKEHHSI.

[lepcriekTHBHUM HAIPSIMKOM KOMIUICKCHOTO BHPILIEHHS JaHUX MpoOieM €
po3po0Ka EMOKCHIIONIMEPHOTO TOKPHUTTS 3 MiJBHIICHUMH KOPO31HHOCTIHKUMHU
BIIACTHBOCTSIMHM JUISl 3aXWUCTy KOHCTPYKIII 3 KJI€EHOI JEpeBMHM B YMOBax
i ABUIIIEHOT BOJIOTOCTI.

CkJ1aJi Takoro MOKPUTTS MICTUTh: enokcHaHui omiromep mapku EJ[-20
aminanii  orBepmxkyBad IIEIIA Ta wmomudikyrouy m00aBKy Ha OCHOBI
KpEMHIHOPraHiyHOTO 3B'SIUyI0Y0ro. B SKOCTI aHTUMpEHy BUKOPHCTOBYETHCS
TIDA B xinmpkocTi Big 10 g0 20 mac.4. J[ist HamaHHS KOMITO3HIIIT TPUOOCTIHKOCTI
BUKOPHCTOBYBAJIM 010NN HA OCHOBI I'yaHiIuHA B KijbKocTi 0,2-5 mMac.4.

i BU3HAYCHHS CTIMKOCTI JO il BOAM Ta BOJHUX PO3YHHIB 3pa3Ku 0aJoK
mapku Ultralam (30x30x70 MM) 3 HOKpPHUTTAM 1 0e3 HBOTO BUTPUMYBAJIUCS IPH
temriepatypi 18-25 °C B nucTmiiboBaHOi BOAI 1 B pO3UMHI, COJILOBUI CKIIAJ SIKOTO
iMITYBaB MOPCBHKY BOJY.
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JocnikeHHst 3pa3KiB B arpecuBHUX cepenoBumax (B ymosax 10%-it HoSOgy,
10%-#t NaOH, 10%-#t NaCl) mpoBommmucs mpotsrom 2000 romma mo ['OCT
12020-72.

[IpoBeneno BUMpPOOYBaHHS TPHUOOCTIMKOCTI emokcumoiimMepiB. CyTh MeToxy
MOJISITa€ B EKCIIOHYBAaHHI MaTepianiB, 3apaXCHHX CIOpPaMH MBIIEBHUX TpuOiB, B
ONTUMANIFHIX YMOBAX ISl PO3BUTKY IIBLJI.

BusnaaueHO OCHOBHI (pi3MKO-MeXaHI9HI BIACTUBOCTI pO3POOICHOTO MOKPUTTS:
MIIHICTh TOKPUTTS NpU piBHOMipHOMY Binpusi no ctamu mo 'OCT 14760-69,
MitHicTb 1pH yrapi o ISO 8256:2004, crupannicTs no ISO 9352.

B pe3ynbrati npoBeneHUX JOCIIIKEHb Ha BOJO- 1 XIMCTIHKICTh BCTAHOBJICHO,
IO NpPU BHUKOPHCTaHHI 3aXMCHOTO IOKPHUTTS CTIMKICTh JepeB'sHUX Oallok a0
JUCTHJILOBAHOI 1 MOPCHKOi BOJM TiJBHIIYETHCS OUIbIIE HDK Ha JABa IOPSAKH,
3a0e3Meuyroun MiUTICHICTh AePeB'sTHUX BUPOOIB 1 KOHCTPYKIIIH, 3aXUIAI0YX TOPII 1
HE BUKJINKAIOUM BUKPHUBIICHHS MaTepiaiy.

B ymoBax cepemHBOTo CTyIEHs arpecHMBHOCTI cepenoBuina (B ymosax 10%-it
H2S04, 10%-it NaOH, 10%-it NaCl) HaHeceHHS Ha HepeB'sHI KOHCTPYKIIi
PO3p00IEHOTO EMOKCHUIONIMEPHOTO MOKPHUTTS 3a0e31euye BUCOKI MTOKa3HUKH 010- 1
XIMKOPO31HHOCTIHKOTO 3aXUCTY.

Po3pobiicHe 3axuCHE MOKPUTTS Ma€ (YHTINUIHI BIACTUBOCTI, 3aXHUINAIOYH
KOHCTPYKLII BiJl MOSIBM CUHSBH, LBIIEBUX 1 AepeBOpYHHIBHUX IpuOiB. BusiBieno
CTIHKY KOPEJISILil0 MiXK KOHIEHTpaui€eto 0iouuay i QyHriuMAHUMH BIaCTHBOCTIMHU
noiimepy. KomrmiekcHa olliHKa mOKaszajga, MO0 pPO3pO0JICHA CHOKCUIIOIIMEepHA
KOMITO3HMIIiSI MOXe OyTH BHKOPHCTaHA SIK 3aXHCHE MOKPHUTTS Il KOHCTPYKILIH 3
KJICEHOT IEPEBUHH, L0 MiIIA€THCS BIUIMBY 1BUIEBUX IPUOIB, BUCOKHX TEMIIEPATYP
1 MiABUIIIEHOT BOJIOTOCTI.
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BI1O- AND CHEMICAL CORROSION PROPERTIES OF EPOXY
COATING FOR PROTECTION OF STRUCTURAL GLUED-LAMINATED
TIMBER
The article presents a solution to practical problem - the development of epoxy coating of
low combustibility with corrosion-resistant properties for the protection of glued-laminated
timber in conditions of high humidity. Based on the test results obtained, it was found that
when using the developed epoxy polymer protective coating, the resistance of wooden beams
to distilled and seawater increases by more than two orders of magnitude, ensuring the
integrity of wood products and structures, protecting the ends and not causing warping of
the material. In conditions of medium aggressiveness of the environment i.e. 10% H2SO4,
10% NaOH, 10% NaCl, the application of the developed epoxy polymer coating to glued-
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laminated timber provides their high indicators of bio- and chemical corrosion protection
(water resistance, resistance to sea water and aggressive aqueous solutions). The developed
protective coating has fungicidal properties, protecting structures from the appearance of
blue stains, mold and wood-destroying fungi. Revealed a good correlation between the
concentration of biocide and fungicidal coating properties. A comprehensive assessment
showed that the developed epoxy coatings have increased biocorrosion-resistant properties
and can be used as protective coatings for glued-laminated timber structures exposed to
mold fungi, high temperatures and high humidity.
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OpHi€r0 3 aKTyalbHHUX MPOOJIEM, 1[0 BUHUKAIOTE B PI3HUX 00JIACTSX Cy4acHOL
TEXHIKH, € 3a0e3MeueHHs MIIIHOCTI 1 HaIiHHOCT1 KOHCTPYKIIIH 1 CHOPYA MY BIDTHB1
TEeMIIepaTypHUX HaBaHTaXeHb [1]. 3acTocyBaHHS UHCEIBHHX METOMIB 1O
BUPIIIEHHS 3aJa4 TEPMONPYKHOCTI KOHCTPYKIIH CKJIa[HOI reoMeTpii He 3HIKYE
HEOOXIJTHICTh PO3BUTKY €()EeKTHMBHUX aHAJITUYHUX METOJIB BHPIIIEHHS IHX
3aBJlaHb, 0COOJIMBO, JUIsl KOHCTPYKIiif, BAKOHAHUX 3 PI3HOPIJHUX MaTepialis.

Y OinbmocTi poOIT HOCHIKEHO TEPMOHANPYXKEHUH CTaH OJHOPIAHUX
IUTACTHH 1 000JI0HOK. Y JaHiif poOOTIi 3aMpOOHOBAHUIN METO PO3B’sI3aHHS 33134l
TEPMOTIPY>KHOCTI 0araTomapoBuxX IMIIHAPHYHUX OOOJIOHOK CKJIaAHOT (opmMu B
1adi. B OCHOBY anropuTMy po3B’si3aHHS MOKJIQJEHO METOJ 3aHypeHHS, paHilie
PO3pOOIEeHHI At PO3B’sI3aHHS CTATHYHUX Ta AMHAMIYHMX 337a4 OaraToNIapoBHX
ITACTHH Ta 000JOHOK [2].

PosrmsmaeTpess  OararomapoBa NOWTHAPUYHA OOOJOHKA, CcKiameHa 3 |
130TPONHMX IIapiB CTajOi TOBIIWHH, IO 3aiiMae Ha KOOPAMHATHOI NOBEPXHI -
30BHIIIHSA MOBEPXHS MEpHIOro mapy - obmacts 2, oOMmexxeHy koHTypoMm I'. Ha
000JIOHKY Jli€ CHCTEMa CHIIOBHX 1 TEIUIOBHX HaBaHTaKECHb.

Hedopmariii mapiB OOOJOHKM ONKCYIOTBCSI Yy paMKax Teopii mepmoro
MOPSIIKY, IO BpaxoBye aedopMariii MomepeyHOro 3CyBy W OOTHCHEHHA IO
TOBIIMHI y KOXXHOMY Imapi. PiBHSHHA TepMONpY>XHOi pIiBHOBAarM Ta TPaHWYHI
YMOBH OJIEprKaHi 3 IPUHIIUITY MOXKJIUBHX [IEPEMIIICHb.

3amava 3BOAUTHCS 10 anreOpaidHOro aHaNory IHTETpallbHUX pPIBHSIHBb 3a
JIOIIOMOT0l0 NpPUIOMY, SIKMHM IOJsira€ B HAcTynmHOMY. byzaeMo BBaxaru, LIO
obnacte Q) 3aHypeHa B OaraTrouapoBy HWIIHAPHYHY LIAPHIPHO ONEPTY OOOJIIOHKY
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