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Anomayis. I[lo6yoosa mexaniunux mooenet 0s
iMimayii N08edIHKU NPUPOOHUX BOTOKHUCIUX MA-
mepianie, makux K 6068Hd, Ni0 Yac yYOapHo-mexa-
HIYHOI 83A€MO0II 8UMA2ac NoO2IUbIEeHO020 3HAHHSA

Xapaxmepucmux OKpemux 80J10KOH, 30Kpema iXHboi

Mopghonozii, pozmauty8anHsl y nepeniemenHi, miy-
Hocmi ma drcopcmrocmi. Cmpykmypy epy6oi 606HuU
MOXCHA A0EKBAMHO ONUCAMU CIMOXACMUYHUM PO3-
NOOIIOM 2eOMEMPUYHUX NAPAMEMPIS il B0IOKOH ma
BIILHUX NOPOINCHUH MIHC HUMU HA OCHOBI YUCE/lb-
HOo20 Mooentosanius. Memoio docnioxcens € npose-
O€HHs  YUCENbHO20 — MOOEN08AHHS  npoyecy
VOApPHO-MEeXaHiuHoi 83a€M00ii epyboi 08ewoi 6068HU

ma 6U3HAYEHHsT OUHAMIKU 3MIHU 1T MAKCUMAIbHOL

Hanpyscenocmi i 8iOHOCHOI deghopmayii. /[ns do-
CNLIONCEHHSL ABUWA NPYIHCHOO 2icmepe3ucy nio uac

VOAPHO-MEXAHIUHOI 83aEMOOIT 36011004CeHOI epyOoi

B06HU NPUUMEMO MAKI NPUNYUEHHS Tl CHPOWEeHHSL:
3A3HAYEHULl Npoyec NpedCcmasisie coboi 3a0avy
Nnpo KOHMAKMHY 83AEMOO0II0 aOCONIOMHO MEEPOUX
Ml 3 NOPUCMUM CePe00UUeM; CUNA MEPMS MIdIC
OOKOBUMU NOBEPXHAMU | ULAPOM HOPUCTNO20 Mame-
piany (360100i1ceHa epyba 606Ha) GIOCYmHus, uepes
He3HauHe il 3HAYeHHs NOPIBHAHO 3 OII0UYO0I0 CUNOID,
PYX PIOUHU 8 ROPUCOM) cepedo8Ui (36010H#CEHIT
2py6itl 806HI) nionopsoxogyemucs 3akony apci,

IMocTanoBka npodaemu. [ToOynoBa MexaHiu-
HUX MOJIEJICH JIJIsl IMITaIlli MOBEIIHKU TPUPOTHUX
BOJIOKHUCTHX MaTepialliB, TAKKX SIK BOBHA, ITi]T 4ac
yIapHO-MEXaHIYHOI B3a€MO/IIi BUMarae mormosne-
HOTO 3HAHHS XapaKTEPUCTHK OKPEMHUX BOJOKOH,
30KpemMa IXHbOi MOp(OIIOTii, pO3TallyBaHHS y TIe-
peruieTeHHi, MIITHOCTI Ta opcTtkocti [1, 2, 3].
Tomy mocCIiKEHHS B3aEMO/IiT BOJIOKHUCTHX MaTe-
piaJliB Ha MIKpO-MEXaHIYHOMY piBHI € HEoOXif-
HHUMU.

AHaJIi3 OCTaHHIX JOCTIIKeHDb | mMyOaiKkamii.
CrtpykTypy rpy00i BOBHU MOXHA aJICKBAaTHO OITH-
CaTHW CTOXAaCTHUYHHM PO3MOJIJIOM Te€OMETPUUYHUX

cnocmepediceHts nio yac 1abopamopHux 00Cio-
JHcenb 3a depopmayiero 36010cenoi 2pyooi 801U,
AK 80JIOKHUCMO20 Mamepiany, 8 npoyeci ii Hagaw-
MaxfcenHs i po36aAHMAdNCeHHs O0alu 3MO02y Npu-
uHAmMU iv Peonoziuny Mmooenb AK
NPYIACHO-8 A3KO-NIACMUYH020 mind. 32i0H0 3 @i-
3UKO-MEXAHTYHUMU BAACMUBOCMAMU B08HU M
npogedeHuMU 1a00paAMoOPHUMU OOCTIOHCEHHAMU iT
oepopmayitinux xapakmepucmux, nobyo0oeanda
CmMoxacmuuna Mooenb CMpyKmypu 606HU, 5K 60-
JIOKHUCMO20 Mamepiany,  npo2pamHOMy naKemi
Star CCM+. Bonokna 6061u npeocmaeieti y aue-
JI10I OUCKPEemu308aHoi mempazoHaibHoi cimku. 3a
MoOenb 8010KHA NPUUHAMO 8 A3KO-NAACMUYHE
misno, sKe 3HAxXo00Uumvcs y piokomy cepedosuuji.
pe3yibmami 00CaioHcenb NPOBEeOeHO YUCENbHE MO-
0e06aHts npoyecy yOapHO-MexariyHoi 63aemooii
2pyboi 06e4oi 606HU [ BCMAHOBIEHO OUHAMIKY
SMIHU MAKCUMATLHOI HANPYIHCEHOCMI | 6IOHOCHOT
oepopmayii epyboi 6osnu. Ompumana 3anexnc-
HICMb MAKCUMATILHOL HanpysiceHocmi 2pyboi 606HU
8i0 ii ionocHOI deghopmayii, sKa noxazye Ha-
SABHICMb AGUUA NPYIHCHO20 2iCMePe3Ucy.

Knwuoei cnoea: eoena, yoapno-mexamiuna
83A€EMOO0Is, NPYHCHULL 2icmepe3uc, MOOent08aAHHs,
oeghopmayis, cmoxacmuura Mooes.

rapamMeTpiB ii BOJIOKOH Ta BITbHUX MTOPOKHUH MIXK
HUMH Ha OCHOBI YHCEILHOTO MOJICITIOBAHHSI.

Jlnst mociKeHHS SIBUINA TPY>KHOTO TicTepe-
3UCY MiJ 9ac yJapHO-MEXaHIYHOI B3aEMOII1 3BOJIO-
YKEHOT rpy00i BOBHM IMTPUHMEMO TaKi MIPHUITYIIICHHS
W CIIPONIEHHS:

— 3a3HauYEHUI MpoIeC MpeACTaBIsge co000 3a-
Jaqy Mpo KOHTAKTHY B3aEMO/Ii10 a0COIIOTHO TBEP-
JUX T 3 TOPUCTUM CEPEOBUILIEM;

— cwiIa TepTs MK OOKOBHMH TMOBEPXHAMH 1
IapoM MOPUCTOTO Marepiany (3BoJIoKeHa rpyda
BOBHA) BIICYTHs, Yepe3 He3HAUHE ii 3HaYCHHS T10-
PIBHSIHO 3 JIIFOUOIO CUJIOKO [4];
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— PyX PIAMHU B IOPUCTOMY CEpEIOBHILI (3BOJIO-
KEHiH rpy0iil BOBHI) MiAMOPAIKOBYETHCS 3aKOHY
Japci [S];

— CIIOCTEPEKEHHS Mija yac JabopaTopHUX J0-
CIJDKeHb 32 Je]opMalli€ro 3BOJIOKEHOI rpy0oi
BOBHU [6-9], K BOJIOKHHCTOTO MaTepialy, B Mpo-
11eCl HAaBaHTAXXEHHS 1 pO3BAaHTAXKEHHS J]aJId 3MOTY
OPUMHATH 11 PEOJIOTIYHY MOAENb SIK TMPYXKHO-
B’SI3KO-TUTACTUYHOTO TiJa.

Merta nocaigxenn. [IpoBecTu ynicenbHe MOzie-
JIIOBAHHS MPOLECY yIapHO-MeXaHI4HO1 B3aeMOIii
rpy0oi oBeyoi BOBHM Ta BCTAaHOBUTH JMHAMIKY
3MiHH i1 MaKCUMaJIbHOT HAPY>KEHOCTI 1 BIAHOCHOT
nedopmariii.

BukJiax 0CHOBHOIro mMartepiajy J0CTiKeHb.
3rigHO0 3 (I3MKO-MEXaHIYHUMHU BIACTHUBOCTSIMU
BOBHH Ta MPOBEJICHUMHU JIAOOPATOPHUMH JOCHTII-
KEHHAMH 11 feopMaliifHuX XapakTepUCTUK [6-9],
noOy/loBaHAa CTOXacCTUYHAa MOJENb CTPYKTYypHU
BOBHH, K BOJIOKHHCTOTO Marepiaiy, B IpOrpam-
Homy naketi Star CCM+. BosnokHa BOBHU Ipeji-
CTaBJICHI y BUTJISI JTUCKPETU30BaHOT
TETparoHalbHOI ciTkH (puc. 1). 3a MozIeb BOJOKHA
OPUMHATO B’A3KO-IUIACTUYHE TiJIO, SIKE€ 3HAXO-
IUTBCSL y piakoMy cepenoBuini. Ha moBepxHIo
11apy BOBHH Ji€ 3MiHHUM TUCK P:

P(x,h(t))=— =1(G +0,5F, (1+coswt))/(a-1), t <t<t,,

G/a-1), 0<t<t,
F
a-l

0, t,<t<t,,

(1)

ne X — koopauHata, M; t = (0; t1) — mMpoMIKOK
qacy enacTU4HO1 aedopmarlii miclis HaBaHTaKEHHS
po0ouoi MINTH 13 BIOPOABUTYHOM, C; t = (t1; t2) —
MPOMIXKOK Yacy nedopmarii mif i€ TpuMycoBoi
CWJIH BIOPOJBUTYHA, C; t = (f2; t3) — MPOMIXKOK Hacy
enacTU4HOi nedopmartii micist po3BaHTaXEHHS, C;
F,, —ammiTyna KonuBanb BiOPOABUIYHA 38 CUIIOKO
F, H; G — cuna TskiHHS BEpXHBOI pyXOMOT IJTUTH,
H; ® — yacrora konuBaub BiOponsuryHa, I'i; a, | —
TeOMETPUYHI PO3MIpH I1acTa BOBHH, M; h(t) — BH-
coTa IUIacTa BOBHU, M.

VY pe3ynbTari YuCeIbHOTO MOJICIIIOBAHHS OTPHU-
MaHa rpadiyHa iHTeprapeTanis JMHAMIKU IPOIecy
nedopmailii BOBHU SK BOJOKHHUCTOTO MaTepiany
(puc. 1).
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t= 5 wmc

t=10wmc
Pucynoxk 1 — I'padiuna inTepuperamnis npomecy aedop-
Marlii rpy0oi BOBHH

CyTHICTh AMHAMIKK TIpolecy aedopmariii rpy-
001 BOBHHU Bi00paxaroTh rpadiki 3MiHU MaKCH-
MaJbHOI HANPY>KEHOCTI (pHC. 2, a) Ta aOCOTFOTHOT
nedopmariii (puc. 2, 6) 3 4acom.

O06’ennyroun rpadiku Ha pucyHkax 2, a Ta 2, 0
OTPUMYEMO 3aJICKHICTh MAKCUMAIIbHOI Hampyxe-
HOCTI rpy0o0i BOBHU Bij ii BiqHOCHOI Aedopmartii
(pucyHok 3), sika TOKa3y€e MPHUCYTHICTh SBHINA
MPYXHOTO ricrepe3ucy. Lle mosicHIoeTbCs aHI30Tpo-
Mi€I0 MEXaHIYHUX XapaKTEPUCTUK BOBHH, SIK BO-
JIOKHUCTOTO MaTepiay.
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Pucynok 3 — 3anexHiCTh MAKCUMAIIFHOI HAIIPYKEHOCTI
rpy0o1 BOBHH BiJ 11 BiJTHOCHOT edopmartii

BucHoBku. IIpoBeneHO 4HCEIBHE MOIEIIO-
BaHHS TPOLIECY YAapHO-MEXaHIYHOT B3a€MOIii rpy-
060i oBe4oi BOBHHU, B pPE3yJIbTaTi BCTAHOBJICHO
TMHAMIKY 3MiHM MaKCUMAaJIbHOI HampyXeHOCTI 1
BiTHOCHOI aedopmanii rpy6oi BoBHU. OTprMaHa
3aNIeKHICTh MAaKCHMAJIBHOI HAIMPYKEHOCTI TPy0oi
BOBHHU B ii BiHOCHOT nedopmaiiii, sika mokasye
MIPUCYTHICTH SBHIIA MIPY>KHOTO TiCTEPE3HCY.
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Summary. Construction of mechanical models
for the imitation of conduct of natural fibred mate-
rials, such as wool, at to shock-mechanical re-
quires  co-operation deep knowledge of
descriptions of separate fibres, in particular their
morphologies, location in interlacing, durability
and inflexibility. The structure of rough wool can
be adequately described the stochastic distributing
of geometrical parameters of its fibres and free cav-
ities between them on the basis of numeral design.
The purpose of researches is a leadthrough of nu-
meral design of process shock-mechanical co-op-
erations of rough sheep wool and determinations
of dynamics of change of it maximal tension and
relative deformation. For research of the phenom-
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enon of elastic hysteresis at to shock-mechanical
will accept co-operations of water-wet rough wool
the followings suppositions and simplifications: the
noted process is a task about the contact co-oper-
ating of absolutely solids with a porous environ-
ment; force of friction absents between sides and
layer of porous material (rough wool a water-wet),
through its insignificant value in comparing to op-
erating force; motion of liquid in a porous environ-
ment (to water-wet rough wool) submits the law of
Darcy,; a supervision is at laboratory researches
after deformation of water-wet rough wool, as fi-
bred material, in the process of its loading and un-
loading enabled to accept it reologic model as
resiliently-viscidly plastic body. According to phys-
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ical and mechanical properties of wool and con-
ducted laboratory researches it deformation de-
scriptions, the stochastic model of structure of wool
is built, as fibred material, in the programmatic
package of Star CCM+. The fibres of wool are pre-
sented as sampled tetragonal grid. For the model
of fibre it is accepted viscidly plastic body which is
in a liquid environment. As a result of researches
the numeral design of process is conducted shock-

YIAK 677.312:65.018

mechanical co-operations of rough sheep wool, the
dynamics of change of maximal tension is as a re-
sult set relative deformation of rough wool. Got de-
pendence of maximal tension of rough wool from
its relative deformation, which shows the presence
of the phenomenon of elastic hysteresis.

Key words: wool, shock-mechanical interaction,
elastic hysteresis, modeling, deformation, stochas-
tic model.
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Annomavusn. Ilocmpoenue mexanuueckux mo-
oenell 051 UMUMAYUU NOBEOeHUsT eCecmEeHHbLX
BOJIOKHUCTBIX MAMEPUALO8, MAKUX KAK WepCmb,
npu  YOapHO- MeXaHuyeckoMm 63aumooeticmsuu
mpebdyem 21yO0KUX 3HAHUL XapaKmepucmux om-
0ebHbIX BOJIOKOH, 8 YACMHOCMU UX MOpghono2uu,
PACNONOMNCeHUs 8 nepeniemeHul, NPOYHOCMU U
acecmkocmu. Cmpykmypy epybou wepcmu 603-
MOJHCHO AOEKBAMHO ONUCAMb CMOXACMUYECKUM
pacnpeoenerHuem 2eoMempuyecKux napamempos ee
B0IOKOH U CBO0OOOHBIX NONOCMEl MeH Y HUMU HA
0CHO8e YUCTIeHH020 Modenuposanusi. Llenvio uccie-
008aHUL A8TIA1EMCSL NPOBEOEHUE YUCTEHHO20 MOOe-
JUpoBanus npoyecca  YOapHO-MeXaHU4ecko2o
83aumooelicmaus 2pyooul ogeuvell uwepcmu u onpe-
oeneHusi OUHAMUKU USMEHeHUs ee MAKCUMATbHOU
HANpAXCeHHOCMU U OMHOCUMENbHOU 0eghopmayuil.
s uccneoosanus A6neHus ynpy2020 2ucmepesuca
npu  YOapHO- MeXaHuyeckoM 63aumooeticmseuu
VBIANCHEHHOU 2pYOoll uwepcmu npumem cieoyio-
wue npeonoiodHceHUs U YnpoujeHus: OmmedeHHblil
npoyecc npeocmasisiem coooti 3a0avy 0 KOHmMaxKm-
HOM 83AUMOOeticmEUl abConomHo meepovlx mej ¢
nOpUCmMoU cpedoll; cuia mpeHus mexcoy O0Ko-
8bIMU NOBEPXHOCMAMU U CLOEM NOPUCMO20 Mame-
puana  (verasichennas — epybas  uiepcms)
omcymcmeyem, u3-3a He3HAYUMmenbHO20 ee 3Haue-
HUSL 8 CPABHEHUU ¢ Oelicmeytoweli CULOU,; 08UdICe-
HUe HCUOKOCMU 8 NOPUCTOU Cpede (VBNANCHEHHOU
epyboil wepcmu) noouunsemcs 3akowny Japcu, na-

onrodenue npu 1a60paAmopPHLIX UCCIE008AHUAX 3d
Ooepopmayueti y8naiCHeHHOU epyOoUl uepcmu, KaxK
BOJIOKHUCIMO20 Mamepudaa, 8 npoyecce ee Hazpy-
HCEHUSL U PA3CPYHCEHUS OANU BO3MOHNCHOCIb NPU-
HAMb — ee  peoio2uvyecKyro  Mooelb KAk
ynpyeo-eazko-niacmuynoe meno. Coznacrno ¢u-
3UKO-MEXAHUYECKUX CE0UCME UepCmU U NPOB8edeH-
HbIX — 1aOOpPAMOPHLIX — UCCNEe008AHULU  ee
0ehoOpMAaAYUOHHBIX XAPAKMEPUCMUK, NOCMPOEHA
cmoxacmuueckas Mooelb CMpPYKmypbvl uwepcmu,
KAK 80JI0KHUCMO20 Mamepuaid, 8 npocpamMmmHoM
naxeme Star CCM+. Bonoxna wepcmu npeocmag-
JIeHbL 8 8UOe OUCKPEMUZUPOBAHHOU MEeMpAa2oHaAlb-
HOU CemkKu. Mooenvro  6onoKHaA NPUHAMO
8A3KO-NIACMUYHOE Meno, KOmopoe HAX00UMCcsl 8
JHcUOKoU cpede. B pezynomame ucciedosanutl npo-
8€0€eHO 4YUCIeHHOe MOoOenuposanue npoyecca
VOAPHO-MEXAHUYECKO20 83aUMO0eUcmaus epyoou
oeeuvell ulepcmu, 8 pe3yibmame YCmaHo81eHo OU-
HAMUKY UBMEHEeHUs MAKCUMATbHOU HANPANCEHHO-
cmu U OmHOCUmMeNbHOU Oegopmayuu 2pyoou
wepcmu. Ilonyuena 3asucumocms MaKCUMAIbHOU
HanpsaxceHHocmu 2pyooti uiepcmu om ee OMmHoOCU-
menbHOU Oeghopmayuu, KOMopas NOKA3bLEAenm Npu-
cymcmaeue s871eHUsl Ypy2020 2ucmepesucd.

Knrouegwie cnosa: wepcmo, yoapHo-mwexaruue-
cKoe g3aumooeticmaue, ynpyeuti 2ucmepesuc, mMo-
oenuposanue, odepopmayus, CcmMoxacmuyeckas
Mooerb.
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