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MOJEJIOBAHHS PYHHYBAHHS KOMIIO3UIIMHUX MATEPIAJIIB
Y BUTTAZIKY CKJIAJHOI'O HAIIPYKEHOI'O CTAHY

Axmyanvnicme memu docnioncennsn. Cyuacni menoenyii po36umKy MauuHo6y0y8aHHs OCHOBAHI HA BUKOPUCTAHMI
npoepecusHux mamepianise, AKi MarOme CYymmesi nepesazu y NOPiGHAHHI 3 mpaouyitinumu mamepianamu. JJocriodcents xa-
pakmepy pyuHy8aHHa makux mamepianie nio 0icio eKChiyamayitiHux HagaHmadiceHb Ha cmaodii npoexmyeanus eupody 3abes-
neuye usHayenus mepminy 6e3giomosnoi pobomu ma npayezoammocmi mexanizmis. Tomy icHye nHeobXionicms 00ciodNCcenHs
KiHemuKu pyuHy8anHs KOMROZUYIUHUX MAmMepianie npu 3apoodCceHHi MiKpopyUHYy8aHb, w0 6I0N0GI0AE aKmusayitinomy npo-
yecy noeHo20 pyUHy8aHHs 8V31a MAUUHU.

Ilocmanogxa npobnemu. Jlocniodcents pyuHy8ants KOMNOSUYIIHUX MAMepianié 0OCHOBAHI HA KOHYenyiax npeocmas-
JleHHsi OOHOPiOHOCII CMPYKmMYpU, 6a2amoKOMNOHeHmMHO20 Mamepiany ma 1o2o Qizuko-vexaniunux eracmusocmei. IIpo-
bnema cmeopeHHs MAMeMamudHux mooenet, AKi OnuUCyloms pyuHy8aHHs KOMRO3UYIUHUX Mamepianie, a maxkodic memooie
11020 KOHMPONIO, HANPUKLAO, 3A YIbMPA3EYKOBUMU 3MILYEHHAMU NOBEPXOHb, 000AMKOBO NO8 A3AHA 3 PIZHOMAHIMHUMU MA-
MeMAmu4HUMU anapamami, Wo onucyioms Kinemuxy pyuHyeaHHs makux mamepianie.

Amnaniz ocmannix oocnioxycens i nyonikayiii. Bynu pozensanymi ocmanui nyoaixayii y 6i0Kpumomy 00Cmyni, KIo4aoyu
KOHYenyiro pyiHy8aHHs KOMIOSUYIUHUX MAmepianie y 6uensioi NyuKa 60J10KOH.

Buoinenns neoocnioycenux wacmun 3azansnoi npoonemu. Jlocniodcennss Kinemuku MiKpOCMPYKMYPHUX PYUHY8aHb
NOBEPXOHL KOMUOZUYIUHUX MAmMepianie y GUNAOKy CKI1a0H020 HANPYICEHO20 CIMAHY.

Ilocmanogka 3ae0anns. Iliosuwenna 0ocmosipHocmi 8U3HAYEHHs XapaKkmepy pyuHy8anHs KOMRO3UYIHUX Mamepianié
Y 8UNaoky CKIA0HO20 HANPYICEHO20 CMAHY OCHOBAHe HA pO3pPodYi MOOeni, AKA 8PAX08YE Xapakmep 3MiHU HANPYICEHO20
cmaHy MikpoenemeHmis, a maxkodic 3MiHy KitbKOCmi He3pYUHOBAHUX MIKpOeneMeHmi8 y 4aci 00 NOBHO20 PYUHYBAHHS 3PA3KA.

Buknao ocnoenozo mamepiany. Ilpogedeni meopemuuti 00CHiOdNCeHHs PYUHYBAHHA 8OIOKHUCIO20 KOMNO3UYILIHO20 M-
mepiany y 8unaoky CKIaoH020 HANPYICEHO20 CMany, AKUll 8i0N0GI0ac NONepeyHomy HaBaHMAadICeHHIO, WO O0380IAE BCIMAHOBU-
MU 3aKOHOMIPHOCHI 11020 PYUHYBAHHSA 8 YacCi 3anedicHo 8i0 ghakmopis, ujo enausaioms. Ompumani pe3ynbmamu MoOen08anHs”
0038071810 Mb OYIHUMU PO3NOOLL MIYHOCIE MA HCUBYYICTIND KOMNOZUYIIHO20 MAMEPIANY HA KOJICHILL cmadii 1020 pyUHYBAHHSL.

Bucnoexu 6ionoeiono 0o cmammi. Po3pobnena modenv pyiinyeants KOMNO3UYIUHO20 MAMepiany y Unaoky CKiaoH020
Hanpysiceno2o cmamny 00360JI5A€ OYIHUMU Xapakmep pYUHY8aHHs MIKpoeleMeHmie 6a2amokoMnOHeHMHo20 Mamepiany 8 4aci,
a makodic GUABUMU WLIAXY NIOBUUEHHS MIYHOCII 3 YPAXYBAHHAM OTIOYUX CUNOBUX HABAHMAICEHb HA 00CTIONCY8ANULL 3PA30K.

Kniouosi cnosa: xomnosuyitinuii mamepian, 8010KHO; hopma; HABAHMAIICEHHS; HANPYICEHHS, MIYHICMb, PYUHYBAHMHS.

Puc.: 3. Bion.: 5.

AKTYaJIbHICTH TEMH JA0CTiIzKeHHsI. PO3BUTOK CydacHOTO MamHOOYTyBaHHS CIIPSIMOBAHUI
Ha BUKOPHCTAaHHS MaTepiaiiB, sIKl MAalOTh BUCOKY MILHICTb, HU3bKY Bary, Majly BapTiCTh, @ TAKOX
MPOCTOTY TEXHOJIOT'K0 BUTOTOBJIEHH. J[0 TaKkMX MaTepianiB BIAHOCATh KOMIIO3HILIIMHI MaTepiaiu
pi3HOI cTpykTypH. Taki Marepiaay MarOTh CYTTEBI IlepeBar B MOPIBHIHHI 3 TPAJULIIIHUMU Ma-
TepiajaMH 3aBJSKU IIMPOKOMY BapilOBAHHIO BJIACTHUBOCTEH y MeXaX OKPEeMHUX CTPYKTYPHHUX
rpyn. JocnipkeHHs: (Gi3MKO-MEXaHIYHUX XapaKTEPUCTHK Ta XapaKTepy pyHHYBaHHS TAKUX MaTe-
plaiiB mif JI€r0 eKCIUTyaTalliiHUX HaBaHTaXEHb Ha CTa/lli MPOEKTYBAaHHS TEXHIYHUX CHUCTEM 3a-
Oe3nedye JOCTOBIPHE BU3HAYEHHS pecypcy MailOyTHIX JeTaleil Ta By3iiB. TOMY akTyaJlbHUM JUIs
i€l rpynu MatepiaiiB € JOCIDKEHHS KIHETUKH PYHHYBaHHS MPH YTBOPEHHI MIKpOpPYHHYBaHb,
110 BIMOBIIa€ aKTUBALIITHOMY TIPOIIECY MIOBHOTO pyHHYBaHHS 3pa3KiB.

ITocranoBka npodJjemu. Ha cyuacHoMy erani po3BUTKY MPOEKTYBAaHHS MAILIUH JUIs 3a0€3-
NeYeHHs HEOOXITHUX eKCIUTyaTallliHUX XapaKTepUCTHK, MAIIMHOOY/IBHA rajly3b Ma€e NOTpedy
B OUTBIII MIIIHUX Ta 3HOCOCTIMKMX Martepianax. HuHi [uis BUpileHHs i€l 3a71a4l B pI3HUX Taly-
351X TEXHIKU IIMPOKOTO 3aCTOCYBaHHs HaOyBaroTh KoMno3uliiiHi marepianu (KM). ocmimken-
Hsl MILIHOCTI Ha CTa/iii MPOEKTYBAHHS, METOJM KOHTPOJIIO Ta JlarHocTuku Takux KM y nporeci
eKCIUTyaTallli € pI3HOMaHITHUMHU Ta NOTpeOyroTh okpeMoi yBaru. OJTHUM 3 HalnepCcrneKTUBHI-
HIMX Ta MAJOAOCIKEHUX € MeTo] akycTUu4HO1 eMicii (AE). CyTb IbOro MeTo 1y NoJIsirae B J10-
CIIKEHHI MPYKHUX 3MillEeHb, 10 BUHUKaOTh Y KM y mpoueci ioro pyiinyBanHs. [IpoGiema
CTBOPEHHSI MaTEMaTUYHUI MOJIENeH, sIKi OMUCYIOTh curHanu AE, moB’si3aHa 3 HasIBHICTIO Pi3-
HOMAHITHUX KOHLEMNIINA pyHHYBaHHS CyLUIBHOTO W 0araTOKOMIOHEHTHOI'O Marepiaiy Ta pi3-
HOMAHITHUX MaT€MaTUYHUX araparis, 1110 OMUCYIOTh KIHETUKY pyHHYBaHHS MaTepiaiy.

© Kocmau O. I1., Xomenko A. C., 2018
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AHaji3 ocTraHHiX AocaikeHb i myOaikaunii. [l nociipkeHHs MPOLECIB PyHHYBaHHS
KM mmpoke 3acTocyBaHHS 3Haifllula BOJIOKOHHA MOJIENIb Marepiaily, 3TiIHO 3 SKOK Marepial
MPEACTABIAEThCS Y BUNIAAL Iydka BosokoH (FBM — fiber bundle model) [1-4]. Lis mMonens
omnucye pyiiHyBanHs KM sk mocniioBHe pylHYBaHHS BOJIOKOH y MYYKY 3 HOAAIBLIMM MEpepo3-
TMIOZIVIOM HaNpyKeHb Ha BOJIOKHA, 110 3AJIUIIMINCh HE3PYHHOBAHUMH B MPOLIECT HABAHTAKEHHS.

Mopens pyiiHyBanHs KM 3anexuth BiI: po3paxyHKOBOiI (CHJIOBOI) CXeMH LI€T MOJeni
(Buy HaBaHTaXE€HH:), GOPMU MONEPEUHOTO Mepepi3y BOJIOKOH €JIeMEHTapHUX 00’ eMiB (Ipsi-
MOKYTHI, TPUKYTHI1 KPYIUI1 1 T. 1H.), @ TAKO’K XIMIYHOI CTPYKTYpH Ta ogHOpigHocTi KM.

Mopaens minHocTi KM Moxke Oyt npeacTaBieHa 3a METOAMKAMU 3arajlbHUX 1HKEHEPHUX
MIIXO/1IB, Ta KIHUEHO-EJIEMEHTHOTO aHalli3y, 10 J03BOJIUTh OTPUMAaTH 0araro(pakropHy Mo-
JIeTb pyHHYBaHHS. Y TakOMY BUIQJKY PO3INISAAIOTh PO3NOJUT HAPYKEHb HE JIMILIE K (PyHK-
11ii, BUKJIMKaH1 30BHIIIHIM HAaBaHTAXCHHSM, a K TaKl, [0 MOXYTh BUKJIMKATU JI0JIATKOBE Ha-
BaHTa)XE€HHs 0e3 OyIb-AKuX (QI3UYHUX /111 HA 00 €KT.

ToOTO 30BHIIIHE HABAaHTAXXEHHS, 110 MPHUKIIAZCHE 10 00 €KTa B OJHOMY HAIPSMKY, 4epe3
HEMOXJIMBICTh JieopMallii cucTeMu (BBEEHE JOJATKOBE I€OMETPUYHE OOMEKEHHSI) BUKIIHU-
Ka€ B 00’€KT1 JOJATKOB1 HAIPY)KEHHS, 1110 COPUYHMHSAE CTATUYHY HEBU3HAYEHICTh CUCTEMH.

Buainenns HexoCHisKeHMX YACTHH 3arajbHoi npodiaemu. CydacHi MaTeMaTU4H1 MO-
JeTi, 1110 ONUCYIOTh Ipoluec pyiHyBaHHs KM, crivpatoThCst Ha CTOXaCTUYHICTh SIBUILL, 1110 BH-
HUKAIOTh Y TPOLECi PYWHYBaHHs eleMEHTIB. [pYHTYIOUMCh Ha PIBHO3HAYHOCTI MPOIECIB
pyiinyBanHs KM Bia pi3HOrO BUAY HalpyXeHb, TaKi MaTEMAaTU4H1 MOJIEN1 HEOBHOIO MIpPOIO
MIPABUIILHO OMMCYIOTh (PI3UUHY CYTHICTb MpoLecy pyiHYBaHHs. TakoxX UM MOJESM IpUTa-
MaHHa ifeanizalis Marepiany, GOopMH, pO3TallyBaHHs BOJOKOH Ta HamoBHIoBaua KM Toio.
Lle npu3BOIUTH 1O BUHUKHEHHS CYTTE€BUX MOXUOOK PO3pPaxyHKY Ta 3HAYHO YCKIIAJHIOE 00-
IpyHTOBaHui BuOIp napamerpis KM (koedirienTta 3amnacy MifHOCT1, MOIYJIs IPYXHOCTI O~
HUYHOTO BOJIOKHA 1 HAIIOBHIOBAYa, KOe(II[IEHTa KOHIIEHTpAIlii BOJOKOH Ta 1H.).

3 1bOro MOIJISIy aKTyaJIbHUM € po3poOka Mozeni pyiiHyBaHHs KM, sika BpaxoBye Xapak-
TEp 3MIHU HAIMPY)KEHOT'O CTaHy €JIEMEHTIB, @ TAKOXK BPAaXOBY€E 3MIHY KUIbKOCT1 HE3pyilHOBa-
HUX BOJIOKOH Y 4aci JI0 MOBHOTO pyWHYBaHHA. Y TaKOMY BHUIAJKy MoOJeNb pyiiHyBaHHS KM
MOBMHHA BPAaXOBYBAaTH SIK 30BHIIIHI CHJIOBI YAHHUKHU, TaK 1 TEOMETPUYHI XapaKTEPUCTUKU
enemMeHTIB KM Ta ix (pi3uKo-MexaHIuH1 XapaKTepUCTUKH Ha PIBHI CTPYKTYpHU Martepiaiy.

ITocTanoBKa 3aBaaHHsA. MeTOIO CTaTTI € MOJEIIOBAHHS Ta aHANI3 NPOLECY PyHHYBaHHS
KM, sikuit po3risgaeTbesi y BUIIIAI IIy4Ka BOJIOKOH, JJIsl CKJIaJHOTO HAIIPY>KEHOTO CTaHy Ha-
BaHTa)KEHOTO 3pa3Ka MiJl 11€0 MONEPEYHOT CUIIH.

BukJiaa ocHOBHOro martepiaiy. Y BHUIAaJKy BUKOPHCTAHHS BOJIOKHUCTOI MOJIENI pyHHY-
BaHHs KM npu nomnepedyHoMy HaBaHTa)XXE€HHI, CYLUIbHUI 00’e€M Marepiaidy MOKHA MpescTa-
BUTU Y BUDJISIII JIEAKOT BU3HAUYEHOI KUTLKOCT1 BOJIOKOH, SIKI PO3TaIllOBYIOTHCS Ha OJHAKOBII
BIJICTaH1 OJTHE BiJl OJJHOTO Ta MAlOTh OJTHAKOBI (DI3MKO-MEXaH14H1 BIacTUBOCTI (puc. 1, a). Mo-
JieTb pYHHYBaHHS OJJHOTO BOJIOKHA 3 3aCTOCYBAaHHSIM METOJUK KIHUEHO-EJIEMEHTHOIO aHaji3y
Jla€ MOXKJIMBICTh OINUCATU 3aranbHy MinHicTe KM y uvaci. Hanpuknan, y Haiinpocriiomy BH-
NaJIKy TaKy MOJIENIb MOXKHA MPEJICTaBUTH SIK BOJIOKHO KBaJPAaTHOIO MOIEPEYHOTO Iepepizy,
sKe 3alieMiieHe 3 000X OOKIB )KOPCTKUMH OMIOPAMH Ta HABAaHTAXKEHE MOMEPEYHUMU CUIIaMH @,
SIK1 BUKJIMKAIOTh Moro 3ruH (puc. 1, 6).
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Puc. 1. [Ipeocmasnents 00HOPiOHO20 KOMROZUYIIHO20 Mamepiany
¥ 8uenA0i CYKYNnHOCMI 8ONOKOH (@) ma po3paxyHKo8a cxema HABAHMANCEHHSL

00HO020 BOIOKHA MA 2PYNU BOTOKOH 32i0HO 3 MOOeLTIO (0):
P — nosoosoicnsa abo posmseyroua cuna, d— eeomempuyni poamipu 00H020 enemenma, | — eiocmans
MIDIC 3AKPINICHUMU HEPYXOMUMU OIOKAMU, 0 — NOnepeyre 3ycuis, L- 3a2anvha 008acuna 00H020 B0IOKHA

Po3pobnena monens pyiinyBaHHsS KM BpaxoBye pO3paxyHKOBY CXEMY, PO3IOALT Hampy-
JKEHb Y CUCTEeMi, XapakTep AeopMyBaHHs, a TakoXK (i3UKO-MEXaHIYH] XapaKTepPUCTUKH BOJIO-
KOH Ta HarloBHIOBaua (puc. 2).
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3a Takol CXeMHU HAaBAaHTAKEHHS Ta 3aKPIIUIEHHS B ONOpaxX BUHUKATUMYTh PEAKIii (CHIIK Ta
MOMEHTH CHJI), BIJI IKMX TaKOX MO JOBXKHHI BOJIOKHa BUHUKAaTUMYTh HOPMaJIbH1 HalIPY>KEHHS.
Maremarnyna Moziens pyrHyBanHs KM BpaxoBye Take:

- PO3PaxyHKOBY CXeMYy (CXeMy HaBaHTa)XEHHS) TOCIIIHOTO 3pa3Ka;

- (Qopmy momnepeyHoro nepepizy BOJIOKOH (IIPSIMOKYTHA, KPYIJIa, IIIECTUKYTHA Ta 1H.);

- MEXaHI4H1 BJIaCTUBOCTI BOJIOKOH Ta HAllIOBHIOBAYA;

- cxubHIcTh KM 10 MIIaCTUYHOTO Ta KPUXKOTO pYHHYBaHHS BOJIOKOH Ta HallOBHIOBAYa,

- KOHIIEHTpALlil0 BOJIOKOH y cTpyKTypi KM;

- WMOBIPHOCTI1 pyHHYBaHHs BiJl pI3HOTO POy HAIPY>KEHb.

Mopens BpaxoBye Oyab-iKy, AOBUIbHY (DOpMY MOINEPEYHOro Mepepidy BOJOKHA, OJHAK
IIPUITYCKaE, 10 BCl BOJIOKHA MAIOTh OJTHAKOBY (POPMY, Ta CTaJl PO3TAIIyBaHHS BITHOCHO LIEH-
TpaJIbHUX OCEH 3arajibHOTrO Mepepizy MaTepiay.

®di3uyHa yacThHa MoJesi OyayeTbCs Ha OCHOBI PO3PAXyHKOBOi CXEeMH OJIHOTO BOJIOKHA
(puc. 1, 6), mo 3anuIIa€ThCS HE3PYHHOBAHUM, IOKW HABAHTAXXEHHS HE CTaHE KPUTUYHUM Ta
He MpU3BEJIE 0 MOYaTKy HEOOOPOTHOTO pyHHYBaHHS [5].

[H11a yacTuHA MaTeMaTUYHOI MOJIENI ONUCY NPOLEC pyHHYBaHHS MaTepiaay Micisl MOBHO-
ro pyHHYBaHHS MEPIIOTo BOJIOKHA Ta BPaXOBYE UMOBIPHOCTI PYHHYBaHHS KO>KHOTO HaCTYITHO-
r'0 BOJIOKHA B1Jl HAIIPY>KE€Hb PI3HOTO POJY.

3riiHoO 3 PO3pOOJIEHOI0 MOAEIUIIO 3aJIEKHICTh 3MIHM HalpyKeHb Yy 4Yacl 10 MOYaTKy pym-
HYBaHHS OIUCYETHCS PIBHAHHAM BUAY:

O':(go+k't)'(Ev'[SfS,—'N])+(l_£STS,—'N]'E”)'(1—EV'SV-(go+k.t))'(1_Ev'lv'\/@'llm)’

vn

vn

e, €0 IoYaTkoBa ochoBa Jedopmallisi cucteMu; k — koedilieHT HaBaHTaXeHHs; t — vac; E, —
MOJTyJTb TIPY>KHOCTI BOJIOKHA; S, — MJIOIIA MONEPEYHOro nepepizy BOJOKHA; N — MoYaTkoBa Ki-
JBKICTh BOJIOKOH; Sy, — 3arajibHa Iuiomia nepepizy; £, — MOJIylb IPYKHOCT1 HAallOBHIOBaua; [, —
MOMEHT IHEpIIii epepizy BOJIOKHA; L — TOBKHUHA BOJIOKHA.

KinpkicTh He3pyiiHOBaHUX BOJIOKOH Nin, B IEBHUI MOMEHT Yacy Onucye QyHKIIis:

_Vo,j‘ (O (1K.20.Ey B Sy Sy oN Ly .L)=0 (10 k.80 . By .y Sy Syn NIy L) gy
N ,=N-e ° ,
1€ tp — 4ac Mo4aTKy pyWHyBaHHs; V) Ta r — mapamerpi pi3uko-MexaHiuHuX BiaactuBocteit KM.
Hanpy»xeHHs Gin, 1110 BUuHMKae y KM y niporieci Horo pyiiHyBaHHS1, OITUCYEThCS BUPA30M BUJLY:
—
" N ing
JI€ Gad — KpUTUYHE HANPY)KEHHS pyHHYBaHHS.
3anexHICTh KUIbKOCT1 He3pyHHOBaHUX eneMeHTiB KM (puc. 3, a), a Takoxx 3MiHa HalpyKeHb
y npoueci pyiiHyBaHHs (pHc. 3, 6) y 4aci IpOUTIOCTPOBaHI [yl YMOBHOTO MaTepiaity, sSIKUi CKia-
naetbest 3 50 BosyokoH. [lapameTpu Mozeni BIANOBIIAIOTH CXWJIBHOCTI Marepiaily 10 KPUXKOTO
pyiHYBaHHSI Ta Ma€ HE BHCOKY HEPIBHOMIPHICTH (Di3MKO-MEXaHIYHUX BiacThBocTeld. HapaHra-
xeHHsa KM Oyno HenepepBHUM Ta JTIHIMHO 3pOCTalOYMM 3 BU3HAYEHOIO MOCTIHHOIO IIBUJIKICTIO.
Pesynbratu MozenmoBaHHs MMOKa3ykOTh, 10 pyHHYBaHHs enemeHTiB KM Mae penakcariiiHuii
xapakrep naaiHHd. [Ipu npomy pyiinyBanHs enemeHTiB KM XapakrepusyeTbesi JBOMA CTalisIMU,
K1 XapaKTepU3YOThCs pi3HOIO WBHIKICTIO. [lepiia cranis (puc. 3, a) pyiiHyBaHHS Mae JTyXe HU-
3bKY IIBUJIKICTb Ta XapaKTePU3YEThCS MOCTYNOBUM 3pOCTaHHAM HarpyxeHHs. CIill 3a3HauMTH,
110 Ha pUC. 3 MpPeNCTaBeHI Pe3yNIbTaTh 3 YaCOBUM IPOMDKKOM BiJI IIOYATKy PyWHYBaHHS MEpLIO-
ro enemeHty KM, a nouarok HaBanTaxeHHs 3pazka KM nounHaBcs 3 HylbOBOT BIIMITKH yacy.

e

adm

44



Ne 1(11),2018 TEXHIYHI HAVKHM TA TEXHOJIOTI
TECHNICAL SCIENCES AND TECHNOLOGIES

30

20

10

0.0415 0.0416 0.0417 0.0418 0.0419 0.042t,¢C

a

o, MIla
100

80
60
40

20

~
o

0.0415 0.0416 0.0417 0.0418 0.0419 0.042t,cC
o

Puc. 3. 3axonomipnocmi 3minu He3pYIUHOBAHUX BOIOKOH Y YACE (@), @ MAKOMC 3aKOHOMIPHOCMI
3MIHU HanpyJiceHs (0) npu pyuHy8aHHi KOMNO3UYIIHO20 MAMEPIAy NONEPEYHOK CULOO

3 pe3ynbTariB MOJIEIOBAHHS TaKOXK BUIHO, 110 Apyra ctaiis pyiHyBanHs KM xapakrepu-
3Y€ThCSl BUCOKOIO IIBUAKICTIO, IPUYOMY il BIATIOBIZA€E Pi3Ke 3pOCTaHHs HApPYXEHHS B yacl
(puc. 3, 6).

TpuBanicte yacy pyitHyBaHHs enemeHTiB KM nyxe Mana, 1110 BIJNOBIAAa€e XapakTepy pyu-
HYBaHHIO KPUXKUX MaTepianiB. Tak, HapHUKIIaj, BITHOLUIEHHS Yacy MOBHOTO pyiHyBaHH KM
JI0 4acy HABAHTAKEHHS 3pa3Ka MaTepialy CTaHOBUTH BeJIMUUHY O1u3bKy 107,

BucHoBku BinmoBinHo a0 crarri. Po3pobnena monens pyiinyBanHsa KM, sika BpaxoBye
3MIHY KUIBKOCTI 3aJIMIIEHUX efleMeHTIB y yaci. KM y Takomy BUNaJKy NpeICTaBI€HO Y BH-
IJISLI1 ITy4YKa BOJIOKOH IIPU MPOTIKAHHI MPOLIECy pyHHYBaHHS €JIEMEHTIB B YMOBax Jiii momnepe-
YHOI'O HaBAaHTAKEHHSIM.

[loxa3zano, 10 Ipu PO3BUTKY pyHHYBaHHS BOJOKOH KM KpHBa 3MIHM KUIBKOCTI 3aJIMIIIE-
HUX €JIEMEHTIB Ma€ HelepepBHUM Xapakrep maliHHsA. HemepepBHICTH mpoliecy pylHYBaHHS
CYIPOBOJIKY€ETHCS] HETIEPEPBHICTIO 3pOCTaHHS HANpyKeHHsI Ha eleMeHTax KM.

PyiinyBanns KM xapakTepu3yeThcsi ABOMA CTAIIsIMU pyHHYBaHHS, SIKI MalOTh PI3HY ILIBU-
IKIiCTh. 3aranbHe pyiiHyBaHHsS KM Mae penakcauiiiHux xapakrtep MaJiHHA. AHaji3 pe3yibTa-
TIB MOJIEJIIOBaHHS 32 YMOBH MOCTIHOCTI HABaHTAKEHHS MIOKA3aB TaKe: 31 3MEHIICHHSAM Kilb-
KOCT1 He3pyiiHoBaHUX eneMeHTiB KM BinOyBaeTbcs HelniHiiTHE 3p0CTaHHs HalPYKEHHsI B Yaci,
a TaKOX LIBUJKE MPOTIKAHHS CAMOTO MPOLECY.

OtpuMaHi pe3ynbTaT MOJETIOBAaHHS Y3TOKYIOThCS 3 ICHYIOUMMH YABJICHHSMU MPO pyM-
HYBaHHS KPUXKHX MarepiajiB.
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Oco6nuBuil IHTEpEC CTaHOBUTH JIOCIIKEHHS XapakTepy pyiiHyBaHHs enemeHTiB KM npu
3MIHI T€OMETPHUYHHMX MIKPOCTPYKTYPHUX IOKa3HUKIB Marepialy, a TakoX Horo Qizukxo-
MEXaHIYHUX XapaKTEPUCTUK.
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UDC 620.179:534.6
Anton Khomenko, Aleksandr Kosmach

SIMULATION OF DESTRUCTION OF COMPOSITE MATERIALS
IN CASE OF COMPLEX STRENGTH CONDITION

Urgency of the research. Modern trends in the development of mechanical engineering, based on the usage of advanced mate-
rials, which have significant advantages over traditional materials. Study of the destruction nature of such materials under the inf-
luence of operational loads at the design stage of the product ensures the determination of the period of failure-free operation and
the working capacity of the mechanisms. Therefore, there is a need to study the kinetics of fracture of composite materials in the
initiation of microfractures, which corresponds to the activation process of complete destruction of the machine assembly.

Target setting. Investigation of the destruction of composite materials is based on the concepts of the representation of
the homogeneity of the structure, the multicomponent material and its physico-mechanical properties. The problem of creat-
ing of mathematical models, which describe the destruction of composite materials, as well as methods of its control, for
example, ultrasonic displacements of surfaces, is additionally associated with various mathematical apparatus, describing
the kinetics of the destruction of such materials.

Actual scientific researches and issues analysis. We were considered the latest publications with publicly available, in-
cluding the concept of fracture of composite materials in the form of a fiber bundle.

Uninvestigated parts of general matters defining. Study of the kinetics of microstructural destruction of composite ma-
terials surfaces in the case of a complex stress state.

The research objective. The increase in the reliability of the determination of the fracture nature of composite materials in
the case of a complex stress state is based on the development of a model that takes into account the nature of the stress state of
microelements, as well as the change in the amount of intact microelements in time until the sample is completely destroyed.

The statement of basic materials. Theoretical study of the destruction of fibrous composite material in the case of a
complex stressed state that corresponds to the transverse loading, which allows establishing the laws of its destruction in
time, depending on the influence factors was conducted. Were obtained simulation results that allow estimating the distribu-
tion of strength and durability of composite material at each stage of its destruction.

Conclusions. The developed model of destruction of composite material in the case of a complex stress state allows to
estimate the nature of the destruction of the elements of multicomponent material in time, as well as to identify ways to in-
crease strength, taking into consideration the current force loads on the sample.

Keywords: composite material; fiber; shape, gravity, pressure; strength; destruction.

Fig.: 3. References: 5.
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Anmon Xomenko, Anexcanop Kocmau

MOJAEJIMPOBAHMUE PA3ZPYIIEHUSA KOMIIO3UIIMOHHBIX MATEPUAJIOB
B CJIYYAE CJIOKHOI'O HAIIPSI)KEHHOTI'O COCTOAHUA

Axmyansnocms membl uccneoosanus. Cogpemennvie meHOCHYUU PA3GUMUAL MAUUHOCMPOEHUSs, OCHOBAHHbIE HA UCNOTb-
306aHUL NPOSPECCUBHBIX MAMEPUATO8, KOMOPble UMEIOM CYujecmeentble NnpeumMyujecmsd no cpagHeHuio ¢ mpaouyuoHHbIMU
mamepuanamu. Hccnedosanue xapakmepa paspyuwieHus makux Mamepuanos noo oelicmsuem dKCniyamayOHHbIX Haspy30K Ha
cmaouu npoexmuposanus uzoenus odecneuusaem onpeoeieHue cpoka 6e30mKasHoll pabomsl u padomocnocooHocmu mexa-
Huszmos. Tlosmomy cywecmgyem HeoOX0OUMOCMb UCCIEO08AHUA KUHEMUKU PA3PYULeHUs KOMNOZUYUOHHBIX MAMepuanos npu
3aPOACOSHUU MUKPOPAZPYUEHUTL, YINO COOMBEMCMBYen aKmuBayUuoHHOMY Npoyeccy NOIHO20 Pa3pYUeHUs Y31a MAUUHbL.

Ilocmanogxa npoénemst. Hccnedosanue paspyuienus KOMNO3UYUOHHBIX MAMEPUANO8 OCHOBAHO HA KOHYENYusx npeo-
cmagnenuss 0OHOPOOHOCIU CIPYKMYPbl, MHO2OKOMNOHEHMHO20 MAMepUuanid u e2o @usuko-mexanuieckux ceovcms. Ilpo-
bnema co30aHus MamemMamuideckux mMooenell, OnUCbIBAOWUX Pa3pyuleHus KOMROZUYUOHHBIX MAMEPUANO8, d MAKdice Memo-
008 €20 KOHMPONA, HAnpumep, YIbmMpa3eyKo8biMU CMeWeHUAMU NO8epXHOCHel, OONOIHUMENbHO CBA3AHA C PATUYHBIM
MamemMamuieckumy annapamom, OnuUcbI8aloWuM KUHemuKy paspyuleHus makux Mamepuanos.

Ananuz nocneonux uccnedosanuii u nyonukayuil. beinu paccmompenvl nocieonue nyonuKayuy 8 OMKpulmom 00Ccmy-
ne, 8KIIO4As KOHYENYUIO Pa3pyuieHus KOMNOZUYUOHHBIX MAMEPUATO8 8 8U0e NYUKA BOJIOKOH.

Buioenenue neuccnedosannvix uacmeii oouieit npoonemult. Hcciedoganue KuHemuku MUKpOCmMpyKmypHuixX paspyuie-
HUll nogepxHocmeti KOMNOZUYUOHHBIX MAMEPUATO8 8 CILYHAE CLOICHO20 HANPAICEHHO20 COCMOAHUA.

Ilocmanogka 3adauu. Ilosviuenue docmogepnocmu onpedenenus XapaKxmepa paspyuenuss KOMRO3UYUOHHBIX Mamepu-
anos 8 ciyuae ClOACHO20 HANPAJICEHHO20 COCMOSHUA OCHOBAHO HA pa3padomKe Mooenu, yuumsléaioweli xapakmep usmene-
HUSL HANPAICEHHO20 COCMOAHUS MUKPOIIEMEHMO8, d MAKIICe USMEHEHUe KOAUUeCBa Heno8pedCcOeHHbIX MUKPOITEMEHNO8 80
8pemeHu 00 NONHO20 paspyuieHus oopazya.

H3noscenue ocnognozo mamepuana. Ilposedenvt meopemuueckue uccie008aHus paspyuenus: 6010KHUCIO20 KOMNO-
SUYUOHHO20 MAMEPUANA 8 CIyUade COACHO20 HANPAICEHHO20 COCMOANUSA, KOMOPbIl COOMEemcmayem nonepedHoll Hazpysxe,
n0380/15em YCMaHo8ums 3aKOHOMEPHOCIU €20 pa3pyuleHus 80 8peMeHlU 8 3asucuMocmu om enusiowux gpakmopos. Ilony-
yenHble pPe3yrIbmamvl MOOETUPOBAHUs NO3BONAIOM OYeHUMb pacnpeoenenue NPOYHOCMU U JICUBYHECHb KOMNOZUYUOHHO2O0
Mamepuana Ha Kaxcoou cmaouu e2o paspyuleHusl.

Bui6oowt ¢ coomeemcmeuu co cmamoweii. Pazpabomannas modens paspyuienuss KOMROZUYUOHHO20 Mamepuand 8 Ciy-
uge CNOJICHO20 HANPAICEHHO20 COCHOANUS NO3BOJAEm OYEeHUMb XAPaKmep paspyuleHus MUKpOIIeMeHmo8 MHO20KOMNO-
HEHMHO20 Mamepuana 80 8peMeHuU, a maxdice GblAGUMb HYMu NOGLIUEHUS NPOUHOCMU C YHEmOM OelUcmBYIOWUX CUIOBbIX
Hazpy30K Ha ucciedyemvlii obpasey.

Kniouegwie cnosa: KomMnosuyuoHHulll MAmepuai, 6010KHO, hopma; Hazpy3Ka, Hanpsadlicenue; NPOUHOCMb, paspyuieHue.
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