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E®EKTUBHI IIPYKHI CTAJII KOMIIO3UIIMHOI' O MATEPIAJTY

3 APMYBAHHAM IBOMA COPTAMU OJHOCITPAMOBAHUX
BOJIOKOH

I'pedentok C. M., k. T. H., TOIICHT

3anopizvkuii HayloHaNbHUU YHIGepcumen,
8y Kykoscvrozco, 66, m. 3anopixcoics, 69600, Vrpaina

gsm1212@ukr.net

3amporoHoOBaHO MiAXiJA 10 BHU3HAYEHHA €(EKTHMBHUX TMPYXKHUX XapaKTEPUCTUK BOJIOKHHUCTOTO
KOMITO3HMTa, apMOBAHOTO IEPIOJUYHOI0 CHUCTEMOIO JBOX BOJIOKOH. Y Marepialli BHOKPEMIIOIOTHCS
oOmacTi rekcaroHajabHOI OPMH, IO MICTATH MaTepiayl OJHOTO 3 COPTIB BOJIOKOH Ta OTOYYIOUY HOTO
MaTpHII0, TaK 1100 Ii 00JlacTi MOKPHBAIM YBeCh KOMIO3UT. OTpUMYyeEMO JBa THNHU oOnacTew, o
MICTATh BIiANOBIIHO TEPUIMH COPT BOJIOKHA 1 IPYruid copT BOJIOKHA. Jms KOXHOI 3 IMX oOiactei
IIPOBOAUMO IPOLEAYPY TOMOTEHI3alil BOJOKHHUCTOTO KOMIIO3UTY. B pesymbTari HeomHOpiIHHMN
Marepiai, 0 MICTUTh MAaTPHUIIO Ta BOJIOKHO, IPEACTABISIEMO OJIHODPIJHAM TPaHCBEPCAIbHO-
130TPOMTHUM MaTepiajioM, TPYXKHI BIACTUBOCTI SKOTO BHU3HAYAIOTHCSA ITSIThMa CTAMMHU. 3a Takoi
rOMOTeHi3amii Marepiajd HpeACTaBISIEThCS CYKYIHICTIO JIBOX THIIB 0O0NacTed 3 TpaHCBEpCANbHO-
130TPOMTHUMH BJIACTHBOCTAMU. JIJIs1 MBOTO MaTepialy TaKoXK MPOBOJUMO TIPOIETypy TOMOTeHizamii. Y
pe3ynbTaTi OTPUMYEMO OTHOPIJHHMIA TPAHCBEPCATBHO-I30TPOMHUI MaTepiall, sIKHH OMUCYye MEXaHiuHy
MIOBEIiHKY KOMIIO3UTa, apMOBAHOTO JIBOMa COPTaMH OJIHOCTIPSIMOBAHUX BOJIOKOH. Po3poOnenuit miaxin
3aCTOCOBAHO JI0 BHM3HAUCHHS €(EKTUBHHUX NPYXHUX CTAJIMX BOJOKHHCTOTO KOMIIO3UTa, apMOBAHOTO
OJIHMM COPTOM BOJIOKHA, ajie IPE/ICTABICHOTO K TPUKOMIIOHEHTHUI — MaTPHIIS Ta JiBa COPTH BOJIOKHA.
[TopiBHAHHA 3 YHCENLHUMH PE3yJIbTaTaMH, OTPUMAHUMH 32 CIIiBBIAHOUIEHHSIMH IHIINX aBTOPIB, AIOTh
J00py 301KHICTh. J{)1 MOB3OBXKHIX XapaKTEPUCTUK IeW 30ir MOBHHUH, a Iyl MONEPEYHUX — SKiCHA
KapTHUHA OJIHAKOBA, a 3HAYCHHS MAIOTh HE3HA4HI BiZIMIHHOCTI.

Kmouosi  cnoea: eonoxknucmuil Komnozum, eq@QeKmueHi RNPYJCHI CMAli, Mampuys, MpAHCEEePCAlIbHO-
i3omponHutl mamepia.
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IOPEKTUBHBIE YIIPYI'ME TIOCTOAHHBIE KOMITIO3UIIMUOHHOI'O MATEPHAJIA
C APMUPOBAHUEM ABYMSA COPTAMU OJHOHAITPABJIEHHBIX BOJIOKOH

I'pebenrok C. H., k. T. H., TOIEHT

3anoposicckuil HAYUOHAILHBI YHUBEpCUMmen,
yan. Kykoeckoeo, 66, 2. 3anopooicve, 69600, Ykpauna

gsm1212@ukr.net

[IpemmoskeH mOAXOX K OIpenesieHHI0 J(PQPEKTHBHBIX VYIPYTHX XapaKTEPUCTHK BOJOKHUCTOTO
KOMIIO3UTa, apMUPOBAHHOTO MEPUOJUYECKON CHCTEMOW IBOMX BOJOKOH. B Marepuane BbIOEHSAIOTCS
00JacTH TeKcaroHalbHOW (OPMBI, KOTOPBIC COAEPIKAT MaTrepuan OJHOTO M3 COPTOB BOJIOKOH U
OKPYKAaIOIIYI0 €r0 MAaTPHILy TaK, YTOOBI 3TH 00JIACTH MOKPHIBAIX BeCh KOMIO3UT. [lomyuaem aBa THIa
o0macteil, coepKalux MepBBIi COPT BOJIOKHA U BTOPOU COPT BOJIOKHA. J[iIst KaXkaoi U3 3TuX obmactei
MIPOBOJAUM IPOLENYPY T'OMOIE€HU3AaLMH BOJIOKHUCTOTO KOMIIO3uTa. B pe3ynpraTte HEOAHOPOIHBIN
Marepuaj, COAEpKAIlMi MATpUIly U BOJOKHO, IHPEACTAaBISEM OIHOPOJHBIM TpaHCBEPCAIbHO-
HM30TPOIHBIM MaTEpUaIOM, YIPYIHE€ CBOMCTBAa KOTOPOTO ONPEIENAIOTCS MAThIO NOCTOSHHBIMU. [lpu
TaKOil TOMOTCHH3AIlMH MaTepHajl NPEACTaBISIETCS COBOKYITHOCTBIO JBOMX THIOB oOiactel ¢
TPaHCBEPCAIbHO-U30TPONHBIMU CBOMCTBaMM. [ljie 3TOro Marepuana TakKe IPOBOJUM HPOLEAYPY
romMoreHuzanuu. B pesynbTaTe mnonyyaeM OJHOPOJHBIM TpaHCBEPCAIbHO-U30TPOIHBIN MaTepual,
KOTOPBIM OIHKCHIBAET MEXAHUYECKOE TOBEACHUE KOMIIO3UTa, ApPMHUPOBAHHOIO JIByMS COpPTaMH
OJIHOHAMPABJICHHBIX BOJOKOH. Pa3paboTaHHBIN MOIXOJ MPUMEHEH K OMPEACICHUIO 3(P(PEKTHBHBIX
YOPYIHMX IOCTOSHHBIX BOJIOKHHCTOTO KOMIIO3UTa, APMUPOBAHHOTO OJIHUM COPTOM BOJIOKHA, HO
MPEACTABIECHHOIO KaK TPEXKOMIOHEHTHBIM — MaTpulla W JBa copTa BoJiokHa. CpaBHeHHE C
YUCJICHHBIMU PE3yJbTaTaMH, NOJYYEHHBIMH IO COOTHOILIEHUSIM [PYTMX aBTOPOB, HAIOT XOPOLIYIO
CXOOUMOCTb. /ISl NpPOIOJBHBIX XapaKTEPUCTHK 3TO COBHAJCHUE IOJHOE, a Uil IONEPEYHBIX —
KauyeCTBEHHas KapTHHA OJJMHAKOBasl, a 3HAYEHUSI UMEIOT HE3HAYUTEIbHbIE OTINYHS.
Kniouegvie  cnosa:  eonoxkmucmulii  komnozum, dpexmusHvie  ynpyeue NOCHMOSHHblE, MAMPUYdA,
MPAaHCcEepCaIbHO-U30MPONHbIIL MAMEPUAT.

EFFECTIVE ELASTIC CONSTANTS OF THE COMPOSITE MATERIAL
REINFORCED BY THE UNIDIRECTIONAL FIBERS OF THE TWO TYPES

Grebeniuk Sergii, candidate of technical sciences, associated professor

Zaporizhzhya National University,
Zhukovsky str., 66, Zaporizhzhya, 69600, Ukraine

gsm1212@ukr.net

In the article it is proposed an approach to the determination of the effective elastic characteristics of the
fibrous composite reinforced by the two-fiber periodical system. In the material the hexagonal form
areas are singled out. These areas contain the material of the one type fiber and the surrounding matrix,
so that these areas cover the entire composite. We obtain areas of two kinds containing the first and
second types of fiber. Then for each of these areas we homogenize the fiber composite. Consequently,
we represent inhomogeneous material containing the matrix and fiber through the transversally-isotropic
in the issue material. Elastic properties of this material can be calculated by use of five constants:
longitudinal modulus E, transversal modulus E,, shear modulus G,,, Poisson ratios v,, and v,,.

Under condition of such homogenization the material is represented by the aggregate of the two kind
areas with transversally-isotropic properties. For this material we also carry out homogenization
procedure with the help of analogous correlation. In the issue we have in the issue transversally-
isotropic material modelling the composite’s mechanical behavior reinforced by two types of the
unidirectional fibers. Mechanical characteristics of such material depend on elastic properties of the
each of the fiber types and on the volume fraction of each of them in the composite. The elaborated
approach is applied to determination of the effective elastic constants of the fibrous composite
reinforced by one type of the fiber but represented as the ternary — matrix and the fiber of the two types.
Comparison with the numerical results obtained according to the other author’s correlations gives the
good convergence. This gives entire coincidence for longitudinal characteristics. In case of transversal
characteristics we have the same qualitative picture with insignificant discrepancies in values.

Key words: fibrous composite, effective elastic constants, matrix, transversally-isotropic material.

[Ipu BU3HAYEHHI HAMpPYXEHO-ACPOPMOBAHOTO CTaHy KOHCTPYKIH 13 BOJOKHHCTUX KOMIIO3UTIB
BUHUKAa€ HEOOXITHICTh ypaxXyBaHHS HEOJHOPIIHOI CTPYKTypu Kommno3uTa. IIpum BHCOKiN yacTOTi
apMyBaHHS BpaxyBaTHW MEXaHI4HI BiIMIHHOCTi KO>)KHOTO BOJIOKHA JIOCUTHh CKJIQJHO 3 MaTeMaTHYHOI
TOYKH 30py. SIK paBMIIO, TIPX PO3B’sA3aHHI TaKWX 3a7a4 HEOJHOPIIHUI MaTepiall MpeaCTaBIsSEThCs
OJTHOPITHUM 3 TPaHCBEPCATHLHO-130TPOIMHUMHU BIIACTUBOCTSIMH, IO 3aJ€KaTh Bl MEXaHIYHHX
BJIACTUBOCTEH MATpHIll Ta BOJOKHA Ta 00’€MHOI J0JII KOXHOI 3 HUX y KoMmrosuti. Ilicias goro
3a/1a4ya 3BOJIUTHCS 0 3a7a9i MEXaHIKH aHI30TPOITHOTO CEPEIOBHIIIA.

Bicnuxk 3anopizbkozo nayionanvhozo ynisepcumemy MNe 1,2016



50 Visnik Zaporiz'kogo nacional’'nogo universitetu. Fiziko-matemati¢ni nauki

3amadya BU3HAUCHHS €(PEKTHBHUX MPYXKHHUX CTaJUX HpPU apMyBaHHI OJHUM COPTOM BOJIOKOH
pO3B’A3y€TbCSI TMPU  PI3HUX  BUXITHUX  YMOBaxX pI3HUMH  MeTonaMH  (QaHATITUYHUMH,
ACUMITOTUYHUMH, YUCEIBHHUMH), IO BUIHO B poOortax [1-9]. SIkmo apmyBaHHS TPOBOAUTHCS
JEKIIbKOMa COPTaMHU BOJIOKOH, 3ajlada YCKJIQJHIOETHCS, 1 BH3HAYCHHS CPEKTHBHUX MEXaHIYHUX
XapaKTePUCTHK MA€ MEBHI TPYIHOLI MaTEMaTUYHOTO XapaKTepy.

Tak, y monorpadii Kwon Y.W., Allen D.H., TalrejaR. [10] mpexactaBieHO HIUPOKUI CIEKTP
METOIB 13 3aCTOCYBaHHSIM MMOBIPHICHUX Ta CTaTHCTUYHUX MIIXOJIB, SIKi JO3BOJIAIOTH ONMCYBATH
MEXaHIYHYy TIOBEAIHKY KOMITO3UTIB, Y TOMY YHCIIi, HABEJICHI TEPMOIIPY>KHI CTai IS BOJIOKHHUCTOTO
KOMIIO3UTa, apPMOBAHOTO CHUCTEMOIO N BOJIOKOH. CIIiBBIJHOIIECHHS Ui BH3HAYCHHS MPYKHUX
CTaJIMX BOJIOKHHCTOTO KOMITO3UTa, QPMOBAHOTO CHCTEMOIO N OAHOCIIPSIMOBAHHUX BOJIOKOH HaBEJICHO
y po0oti BosokoH [11]:
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PosrnsmemMo miaxim g0 Bu3HAYeHHS €(OEKTUBHUX MEXAHIYHMX XapaKTEPUCTHK BOJOKHHCTOTO
KOMITO3UTa, MEePIOJUYHO apMOBAHOTO CHUCTEMOIO TBOX COPTIB BOJIOKOH, HA OCHOBI rOMOTeHi3allii
KOMIIO3HUTa 3 TPaHCBEPCATbLHO-130TPOMTHUMH MATPHUIICIO Ta BOJOKHOM [12-16]. Jlns BH3HAUYCHHS
MPYXKHUX  XapaKTEepPUCTUK  KOMIIO3UTAa 3  TPaHCBEPCAIBHO-I30TPOMHOID  MATpPUICI0  Ta
TpPaHCBEPCAIbHO-130TPOITHUM BOJIOKHOM 3allpONIOHOBaHI Taki (GopMyau (TyT CHMBOJIOM * —
MO3HAYEHI BETUYMHHU, IO BIIHOCATHCSA JO Marepialy MaTpuili, a CUMBOJIOM © — IO3Ha4eHi
BEJIMYWHU, IO BITHOCATHCS /IO MaTepially BOJIOKHA):
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*

= =BT 1 |(wevia)-a(uviie) | B[ [ 1t | vi) v o1 vivis) |

b= E; (1+vy)— E; (1+V3,) .

OpHi€ro 13 HAMOUIBII PO3MOBCIOKEHUX CXEM PO3TAIlyBaHHS BOJIOKOH B OJHOCIPSIMOBAaHHX
KOMIIO3UIIIHHUX MaTepialax € reKcaroHalibHa yKJIajka BOJIOKOH (puc. 1).

C—

Puc. 1. IIpencraBieHHs] TPHKOMIIOHEHTHOTO KOMIIO3HUIIIHHOTO MaTepiamy

Po3rnsiHeMo mpukiag Takoi CXeMHM apMyBaHHS TPUKOMIIOHEHTHOI'O KOMIO3MLIMHOIO Marepiaily
JIBOMa COpPTaMH OJIHOCIIPSIMOBAHMX BOJIOKOH MEPIOAMYHOI CTPYKTYpH. 3HAWIEMO MPYXKHI CTali
TaKoro KOMIIO3MIIIHHOTO Marepiany, BUKOpUCTOBYHOUM Gopmynu (6-10), orpumani mis
JIBOXKOMITOHEHTHOT'O BOJIOKHHUCTOIO KOMIO3MLIHHOIO MaTrepialdy 3 TPaHCBEPCaTbHO-130TPOITHUMHU
MaTpPHUIIEIO 1 BOJJOKHOM.

P0316’eMo0 monepeuHuii mepeTuH KOMIO3ULIHOTO MaTepially Ha FreKcaroHajabHI KOMIpKH, TaK, 100
LEHTp TNEepeTHHYy [iaroHajel IecTUKYTHHKa 30iraBcsi 3 LIEHTPOM BOJIOKHA, SIK IOKAa3aHO Ha
pucyHky 1. Ilpu Takomy po30uTTI Marepian MaTpulll B OyAb-sKili T€KCaroHajJbHINA KoMmipli Oyzae
3aliMaTH OJIHAKOBHM 00’€M, SIKIIO JiaMeTp 000X COpPTIB BOJOKOH OJHAKOBMH, 1 00’€M, 110 3aiimae
MaTepiaj MaTpull, Oye pi3HUM, SIKIIO JlaMeTp BOJIOKHA Y KOKHOTO COpTy cBiid. OTXKe, OTpUMYEMO
7IBa THITH T€KCArOHAJILHUX KOMIPOK — JJIsl BOJIOKHA | copTy (TI03Ha4eHO MOXMIIO MITPHXOBKOIO), 1
muis BojokHa I copty (rmo3Hadeno Toukamu). Jlami 3rigHO 3 MPOIEAYPOIO, BUKIAIEHOIO B PO3LIL 2,
alpOKCHMYEMO T'€KCaroHajibHy KOMIPKY Kpyrom, pIBHMM IUIOINI Iii€i Komipku. | micis mporo
BHU3Ha4aeMo 3a (opMmyrnamMu, OTPUMAaHMUMU B PO3JAUIL 2 1 B MOMEpeNHIX MiApo3aiIax po3aury 3,
IPY>KHI CTalli /Ui JBOX oOiacTeil KoMIo3uTa, 1o MicTsaTh BostokHa I ta Il copry. 3Baxarouu Ha Te,
o oOWJBH cOpTa BOJIOKHA OJIHAKOBO HampaBieHl, Li ob6nacTi OyayTh MaTH TpaHCBEpCajlbHO-
130TpOIHI BIACTUBOCTI 3 OJJHAKOBUMHU IUIOIIMHAMHM 130TPOIii HAaBiTh, SIKIIO OOMBA COPTH BOJIOKHA
Ta MaTpHUIsl MaTUMYThb 130TPOIHI BIAcTUBOCTI. Jlani, ampoKCUMYy€EMO KOXHY TeKCaroHaJlbHY
o0jacTh, siIka MICTUTh MaTepiajl BOJOKHA Ta Marepiajll MaTpHIll 1 BIAMNOBIJAE OJHOMY 13 COpTIB
BOJIOKHA, HANpUKJIAJ, JUId BOJIOKHA [ copTy, Kpyrom, piBHUM IUIOLI T'€KCaroHajJbHOI KOMIpKU
(puc. 1). V pe3ynbTati OTPUMaEMO «YMOBHHIT» YK€ JTBOXKOMIIOHEHTHHI BOJIOKHUCTHI Matepiai 3
PO3paxoBaHMMH TIPY)KHUMH CTaJIMMH  TPAHCBEPCATBHO-130TPOITHUX «yMOBHOI» MAaTpHIli Ta
«yMOBHOT0» BOJIOKHA.

Jlo ™Momeni «yMOBHOTO» KOMITO3MIIITHOTO MaTepialy TOBTOPHO 3aCTOCYEMO MPOIEAYPY
BU3HAYCHHS NPYXHUX cTanux. Toxai MEpeTHH I[bOro «yMOBHOTO» Marepiany po3i0’emMo
reKCaroHaJbHUMHU KOMIPKaMH 1 3aCTOCYEMO 0 €JIeMEHTapHOI reKcaroHajJIbHOi KOMIpKH TPOLESypY
BU3HAYCHHS MPYXKHHUX CTaTuX 3a (opMynamu, OTpUMaHNMH B PO3AUNI 2 Ta IOYATKOBHX
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miApo3Aiax po3airy 3, 3a BU3HAYEHWMH paHillle MPYXHUMU CTaJIUMH «YMOBHOI» MaTpuIll Ta
«yMOBHOTO0» BOJIOKHa. O0’€MHa 107151 «yMOBHOTO» BOJIOKHA BU3HAUYA€THCS SK BiTHOIICHHS ILIOIII
Kpyra, 1o 3aiiMae «yMOBHE» BOJIOKHO, JIO TUIOLI T'eKCaroHanbHOI KoMmipku. OTpuMaHi MpYy>KHI
CTalli «YMOBHOTO» KOMIIO3WIIIMHOTO Marepiadly W OyayTh BH3HA4YaTH TMPYXKHI  CTajl
TPUKOMITOHEHTHOT'O KOMITO3HLIIITHOTO MaTepiaiy 3 IBOMa COPTAMHU BOJIOKOH.

SIKmo y BHXIJHOMY TPHUKOMIIOHEHTHOMY KOMITO3HUIIIfHOMY Matepiami 00’eMHa a0y BOJOKHA [
copry nopieatoe f,, a Bonokna Il copry — f,, To 06’ eMHa mons Marepiany MaTpui Oyae ckianaTu
1-f,—f,. Toni, 3riTHO 3 BHIICBUKIAICHUM IMiJAXOJAOM IPEICTABICHHSI «yMOBHOD» MaTpHIi i

«yMOBHOTO» BOJIOKHa, 00’€MHa J0JI1 «YMOBHOI» Marpumi OyAe CKIagaTh BEIUYHHY

f
(1-f,—f,)——+f
1 2 1>
f,+f1,
MPEJCTAaBICHHI «YMOBHOI» MAaTpHIli, a APYrHMid AOAaHOK — 00’€MHYy 1070 BoJiokHa | copTy B
IIPEJCTAaBICHHI «yMOBHOI» Marpuui. OTxe, 00’€MHa 10JI1 «yMOBHOI» MAaTpHll B «yMOBHOMY»

Je TIepIIMH  JOJAaHOK TPEACTABIISE JOJIK BHUXIJIHOI MaTpwill B

. . . f .
KOMITO3ULIIHHOMY Marepiajii Oyae CKjajaTd BEJIWYMHY, L0 JOPIBHIOE L AHaJori4Ho,

l+ 2
BU3HAUYUMO OO0 €MHY JOJIO «YMOBHOT'O» BOJIOKHa B «yMOBHOMY» KOMIIO3UIIIHHOMY Matepiai.
Ob0’emHa fm0MA  «YMOBHOTO»  BOJOKHa OyAe CKIaJaTH  BEIMYMHY, IO  JOPIBHIOE

(1— f,— fz)L+ f,, nme mepmmii JOZAHOK NPEACTABISE JOJIO BHUXIIHOI MaTpuii B
f,+f,

MPEJCTaBIICHHI «YMOBHOT0» BOJIOKHA, a JIPYrHid JOJaHOK — 00’€MHY noiito BoyiokHa II copty B

MIPEJICTABJICHHI «yMOBHOTO» BOJIOKHa. OTe, 00’ €MHA JTOJII «yMOBHOTO0» BOJIOKHA B «YMOBHOMY)

. o f
KOMIIO3UIIIMHOMY MaTecpiail 6yz[e CKJIaJaTHu BCIIMUUHY 2

1 + f2
Opnak, cni ypaxoByBaTH, 10 OTPUMAaHl CIHIBBIAHOUIEHHS Il PO3paxyHKy MNPYKHUX
BJIACTUBOCTEH KOMIO3MILIHHOTO Marepiajy ONepyrTh JHIle 3 00 €MHOIO JIOJICI0 BOJIOKOH 1 He
BPaxOBYIOTh JiaMETp BOJIOKHA 1 CTPYKTYpY YKJIaJku. TOMy BHUIIEBHKIIAQJECHY METOAMKY MOXKHA
3aCTOCOBYBAaTH 1 JUIsl 1HIIMX CXEM AapMyBaHHS, CJIJI JIMIIE€ BpPaXxOBYBaTH, IIO0 YUM TOYHIIIE
anpOKCUMYETBHCS KOJIOM MeKa MaTepialy MaTpuIli B MOJIEN1, TUM TOUHIIIE OTPUMaH1 Pe3yJIbTaTH.

JUis mepeBipKM TMPaBUIBHOCTI MIPKYBaHb OOYHMCIMMO TMPYXKHI CTajll JABOKOMIIOHEHTHOT'O
KOMITO3ULIHHOTO MaTepiany sIKk TPUKOMIIOHEHTHOTO 32 BUIIEBUKIIA/IEHOI METOAUKOO, PO3IUIUBILN
00’eMHY J0JII0 BOJIOKHA Ha Bl YaCTUHU — BOJIOKHO I copTy 1 BostokHo II copry.

PosrnsiHeMo TyMOBOKOpAHMH MaTepial 3 TakKMMU KOMIIOHEHTaMHu: Tyma Mapku 2959 3
koedirientom Ilyaccona v=0,49 ta moxmynem mpyxuocti E =528 Mlla, kopa 3 koedirieHToM
[Tyaccona v =0,3 ta momynem npyxuocti E =1277,5 MIla.

[IpencraBuMo 11eif ABOKOMIIOHEHTHUI KOMIIO3UIIIHHUNA MaTepiai K TPUKOMIIOHEHTHHH 3TiHO 3i
CXEMOI0, MoKazaHoto Ha puc. 1. [Ipu npboMy aiamMeTp BOJIOKOH Ta MPYKHI BIACTUBOCTI BOJIOKHA [
COpTY 1 IpYXHI BiacTuBocTi BojokHa II copry Oynyte oaHakoBi. Taka cxema po3TairyBaHHS
BOJIOKOH Ta BHMCOKa 4YacToTa AapMyBaHHS JalOThb 3MOIY BH3HAUYWTH, IO B HAIIOMY

TPUKOMIIOHEHTHOMY Marepialli BiIHOIIEHHs 00’ eMHUX 10Jb BosokoH I copry ta Il copry — f,/f, —
nparie g0 3. OO’emuumii Bmict kopma f =f +f,. TloOyayemo 3amexnHoCTi ATl TPYKHUX

BJIACTHBOCTEN KOMIO3HMILiiiHOr0 Matepiany Bing koedimienta f =0,4..0,96, skuii nokasye, sika
3arajibHa JIoJisl BOJIOKHA B KOMITO3UTI (puc. 2-6).

Bicnuxk 3anopizbkozo nayionanvhozo ynisepcumemy MNe 1,2016



54 Visnik Zaporiz'kogo nacional’'nogo universitetu. Fiziko-matemati¢ni nauki

1500 300,0
[
1200 - 240,0 /
900 Vs 180,0
E / E
1 2 /
MMa g0 e Mna 120,0
300 yed 60,0 ’,
0 / f 0,0 l=——T""
0,00 0,20 0,40 0,60 0,80 1,00 0,000,200,400,600,80 1,00
S— —_
— -———2

Puc. 2. TloB310BXHIH MOIYIB MpYXHOCTI: 1 — Gopmyna (1),

) | Puc. 3. Tlonepeunnii MOIyIIh IPYKHOCTI:
2 — TPUKOMITOHEHTHA MOJIeSb MaTepiaiy (cmiBnanae 3 1)

1 — popmyina (3), 2 — TPUKOMIIOHEHTHA MOJIEIb

MaTepiary
0,50 1,00
-~ —_—— -
——
0,45
0,90 /
v,, 0,40 \\ Vas
\ 0,80
0,35 AN
0,30 f 0,70
0,00 0,20 0,40 0,60 0,80 1,00 0,00 0,20 0,40 0,60 0,80 1,00
—_ I
-=-=-2 -—--2
Puc. 4. Koedinient ITyaccona v,, : 1 — dpopmyna (2), Puc. 5. Koedimient [Tyaccona v,,: 1 — dopmyna (3),
2 — TPUKOMIIOHEHTHA MOJIeNb Matepiany (criBnajae 3 1) (5), 2 — TpUKOMITOHEHTHA MOJIE]T> MaTepiaty
80,0

60,0 /
G /
MnA0,0 /
20,0

]
00 L=

0,00 0,20 0,40 0,60 0,80 1,00

---22

Puc. 6. Mogyns 3cyBy G, : 1 — dopmymna (4), 2 — TpHKOMIIOHEHTHA MOJIeIIb MaTepiany (cmiBmamae 3 1)

"

p——

f

Dizuxko-mamemamuuni HayKu ISSN 2413-6549



Visnyk of Zaporizhzhya National University. Physical and Mathematical Sciences 55

OTxe, 3riHO 3 3aPOIOHOBAHUM IIiJIXOJOM OJHOPIAHHUN TpaHCBEPCAIHHO-130TPONHUI MaTepia,
SKAH ONHCYE MEXaHIYHY IMOBEJIHKY KOMIIO3UTa, apPMOBAHOTO JBOMAa COPTaMH OJHOCIPSIMOBAHUX
BOJIOKOH TIPEACTaBISIETHCS TPAHCBEPCATHHO-130TPOITHUM OJHOPIAHUM MatepianoM. Takwii miaxin
3aCTOCOBAHO JI0 BU3HAUCHHS €(PEKTUBHUX MPYKHUX CTATHX BOJIOKHUCTOTO KOMIIO3UTA, apMOBAHOTO
OJHHUM COPTOM BOJIOKHA, ajJ€ MPEACTABICHOr0 SIK TPUKOMIIOHEHTHHH — MaTpUIi Ta JBa COPTHU
BOJIOKHA. [IOpiBHSAHHS 3 YMCENBHUMH pe3yJbTaTaM{, OTPUMAHMMH 3a CIiBBIJHOIICHHAMH IHIIUX
aBTOPIB, JArOTh J0OpPY 30DKHICTH. [ MOB3IOBXKHIX XapaKTEpPUCTHK LEeW 30ir MOBHUU, a yis
MONEPEYHNX — SKICHA KapTHHA OJIHAKOBA, a 3HAYCHHS MAlOTh HE3HA4H1 BIAMIHHOCTI (HE OLibIe
3%).
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