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Anotamisi. IloOygoBa MexaHIYHHMX MoAeNed JyuIs IMiTalii IOBEIIHKH
MPUPOJHUX BOJOKHUCTUX MareplaiiB, TaKMX SK BOBHA, NPHU YAApHO-MEXaHIYHIN
B3a€MOJII BUMAarae mOrJIMOJIECHOrO0 3HAHHS XapaKTEPUCTHK OKPEMHUX BOJIOKOH,
30KpeMa ix mMopoJorii, po3TalryBaHHs y NEPEIUIETeHH1, MIIIHOCTI Ta >KOPCTKOCTI.
Crtpyktypy rpy00i BOBHHM MOXXKHA aJIeKBaTHO OIMUCATH CTOXAaCTHYHUM PO3MOJIIOM
T€OMETPUYHUX TMapaMeTpiB 1 BOJOKOH Ta BIIBHUX MOPOKHUH MK HUMHU HA OCHOBI
YHCEbHOTO MOJICTIOBAaHHSA. METO JOCHIKEHh € TMPOBEISHHS YHCEIHbHOTO
MOJICTIOBAaHHS TIPOIIECY YJIapHO-MEXaHIYHOi B3aemoii rpy0oi oBe4oi BOBHH Ta
BU3HAYCHHS JMHAMIKA 3MIHM 1 MAaKCHMAaJbHOI HAMpYXEHOCTI 1 BIJIHOCHOI
nedopmarii. st AOCHIDKEHHS SBHUINA NPYXHOTO TICTEPE3UCy NPH  yAAPHO-
MEXaHIYHIN B3a€MO/I1i 3BOJIOKEHOI rpy001 BOBHU MPUIMEMO HACTYITHI MPUITYIICHHS
W CIpOIIEHHS: 3a3HAYCHMWI TPOIEC MPEACTaBiIsie COOOI0 3aJady MpPO KOHTAKTHY
B32€EMO/III0 a0CONIOTHO TBEPAUX TIA 3 MOPUCTUM CEPEIOBUIIEM; CHJIA TEPTS MIiX
OOKOBMMU TIOBEPXHSMH 1 IIApOM MOPUCTOTO Martepiany (3BoJiokeHa rpyba BOBHA)
BIJICYTHSI, Uepe3 He3HAUHE i1 3HaYeHHs y MOPIBHIHHI 13 JIIF0UOI0 CUJION0; PYX PIIMHHU B
MOPUCTOMY CEpPEOBUII (3BOJIOKEHIN TpyOiii BOBHI) MiAMOPSIAKOBYETHCS 3aKOHY
Hapci; crocTepekeHHS Tpu J1a0OpaTOpHUX JOCTDKEHHSIX 3a naedopmariero
3BOJIOKEHOI Tpy00i BOBHH, K BOJOKHHUCTOTO MaTepially, B MPOLEC] i HABaHTaXKEHHSI
1 PO3BaHTAXKEHHS Nl 3MOTY MPHUUHATH i PEOJOriuHy MOJAENb K MPYKHO-B’ A3KO-

MJIACTUYHE TUT0. 3rigHO (PI3UKO-MEXaHIYHUX BJIACTUBOCTEH BOBHU Ta MPOBEIACHUX



7abopaTopHUX JOCHIKeHb 11 jnedopmariiiHuX XapaKTepucTuK, moOynoBaHa
CTOXaCTMYHAa MOJENb CTPYKTYpU BOBHH, SIK BOJIOKHUCTOIO MaTepialy, B
nporpamiomy makeri Star CCM+. BonokHa BOBHHM TMpEACTaBJICHI Yy BUTIIAII
JUCKPETU30BAHOT TETPAroHaJbHOI CITKH. 3a MOJENb BOJIOKHA MPUNHHATO B S3KO-
IJIACTUYHE TUIO, SIKE 3HAXOJUTHCS y PIAKOMY cepe/loBHIlll. B pe3ynbraTi JoCTiKeHb
IPOBEJICHO YUCEIbHE MOJCIIOBAHHS MPOIECY YIapHO-MEXaHIUYHOI B3aeMOJIl rpy0oi
OBEYOi BOBHM, B pE3yJbTaTi BCTAHOBJIEHO WHAMIKy 3MiHH MaKCHUMaJIbHOI
HANPY>XEHOCT1 1 BiAHOCHOI Jnedopmaiii rpy6oi BoBHHM. OTpuMaHa 3aJIeKHICTH
MaKCUMaJbHOI HampyXeHOCTI TIpy0oi BOBHM BIJ ii BIZHOCHOI jAedopMalii, sKa
MOKa3y€e NPUCYTHICTh ABUIIA MPY>KHOTO TICTEPE3UCY.

Kuio4uoBi cjioBa: BOBHa, yapHO-MEXaHIYHA B3a€MOIis, MPYKHUM TicTEpe3uc,
MOJEIIIOBaHHsA, AedopMallisi, CTOXaCTUYHA MOJENb.

IlocranoBka mnpo6Jjemu. I[loOymoBa MeXaHIYHMX Mojeiaed s iMmitamii
MOBEJIHKA TPUPOJHUX BOJOKHHCTHX MaTepiajiiB, TaKuX SK BOBHA, MPHU YAapHO-
MEXaHIYHIA B3a€MOJIi BHUMAarae MOTJIMUOJICHOTO 3HAHHS XapaKTEPUCTUK OKPEMHUX
BOJIOKOH, 30KpeMa iX MopoJorii, po3TallyBaHHS y TMEPEIUIeTeHHI, MIIHOCTI Ta
xopctkocti [1, 2, 3]. Tomy € HEOOXiTHUMH JOCIIIKEHHS B3a€EMO/IIi BOJTOKHUCTHUX
MatepiaiaiB Ha MIKpO-MEXaHIYHOMY PiBHI.

AHagi3 ocTaHHiX gochaigxens i myoOaikamii. Ctpyktypy rpy00i BOBHU
MO>KHA a/IeKBATHO OMMCATH CTOXAaCTUYHUM PO3MOJILJIOM T€OMETPUYHUX MapaMeTpiB ii
BOJIOKOH Ta BUIBHUX TTOPOKHUH MK HUIMH Ha OCHOBI YMCEIHHOTO MOJICIIOBAHHS.

JInst OCHiIKEHHS SBUILA MPY>KHOTO TICTEPE3UCy MpHU yIapHO-MEXaHIYHIN
B3a€EMOJIIi 3BOJIOKEHOI TIpyOOi BOBHM NPUMUMEMO HACTYNHI MPUIYIICHHS W
CHPOIIEHHS:

— 3a3HAYCHUH MPOIIeC MPEACTaBIsie COOO0K 3a7ady MPO KOHTAKTHY B3a€MOII0
a0COJIIOTHO TBEP/AMX TiJ 3 TOPUCTUM CEPEIOBHIIEM;

— cwia TepTss MK OOKOBUMH TOBEPXHSMHU 1 IIApOM IMOPHUCTOTO MaTepiainy
(3BoJIO’KEeHA TpyOa BOBHA) BIJCYTHS, Yepe3 HE3HAuHE il 3HAUCHHS B IMOPIBHSIHHI 13

airo4oro cuioro [4];



— pyX PpIOAMHM B TIOPUCTOMY CEpeIOBHINl (3BOJOXKEHIA TpyOiil BOBHI)
HiAMOpIKOBYEThCs 3aKony [lapci [5];

— CIOCTEpEeXXEHHS TIpU J1abOpaTOpHUX JOCHIIKEHHSAX 3a aedopMaliiero
3BOJIOKEHOT Tpy0oi BOBHH [6-9], sSK BOJIOKHHUCTOrO Marepiamy, B MpoIeci
HaBAaHTKEHHS 1 PO3BAHTAXXCHHS JAIHM 3MOTY MPUUHATH i PEOJIOTiYHY MOJENIb SIK
NpY>KHO-B’ I3KO-TUTACTUYHE TiJIO.

Mera pocaimkennb. [IpoBecTu umcenbHEe MOJETIOBAHHS MPOLECY YAApHO-
MEXaHIYHOi B3aeMOii rpy0oi OBeYOoi BOBHM Ta BCTAHOBUTH JMHAMIKY 3MIHM 1l
MaKCUMaJIbHOI HAMPY>KEHOCTI 1 BIAHOCHOT AeopMallii.

Buxiaaa ocHOBHOro marepiany I0CHiIKeHb. 3TigHO (DI3UKO-MEXaHIYHUX
BJIACTUBOCTEH BOBHHU Ta MPOBEACHUX JTAOOPATOPHUX JOCIIKEHbB 1i aedopmariiitHux
XapakTepucTuk [6-9], moOymoBaHa CTOXaCTHYHA MOJIENb CTPYKTYpU BOBHH, SIK
BOJIOKHUCTOTO Marepiaidy, B mnporpamHomy mnakeri Star CCM+. BosiokHa BOBHU
MIPE/ICTABIICH] Y BUTJISA/II TUCKPETU30BAHOI TETPArOHANIbHOI CITKH (puc. 1). 3a Moenb
BOJIOKHA TPUUHATO B’SI3KO-TUIACTUYHE TUIO, SKE€ 3HAXOAWTHCS Y PIIKOMY
cepenoBuilll. Ha BepXHIO MOBEPXHIO 1Iapy BOBHH JI1€ 3MIHHUI THCK P:

Gl/(a-1), 0<t<t,
P(x,h(t)):%= (G +05F, (L+cosat))/(a-1), t, <t<t,, (1)
0, t,<t<t,,
ne X — koopaunata, M; t = (0; t1) — nmpomikok yacy emactuuHoi aedopMartii micis
HABaHTa)XCHHS Po00YOi IIMTH i3 BiOpoaBHryHOM, ¢; t = (t1; 1) — mpoMikoOK Yacy
nedopmaltii mia g€ NpuMycoBOl CHITH BIOpOaBUTYHa, C; t = (f2; t3) — mpoMioK Yacy
enmacTuyHol Aedopmariii Micas po3BaHTaXeHHS, C; Fn — aMImniTyna KoJMBaHb
BiOpoaBuryHa 3a cwioto F, H; G — cuna TskiHHA BepxHbOi pyxomoi miautH, H;
® — YacTOTa KOJMBaHb BiOpoABUryHa, I'1r; @, | — reoMeTpr4HI po3MipH T1acTa BOBHH,

M; h(t) — BucoTa macta BOBHH, M.



t=5 wmc

t=10 mc

Pucynok 1 — I'padiuna inTepnperauis npouecy aedpopmarii rpy6oi BOBHU

B pesynprari umcenbHOro MOENIOBAHHS OTpUMaHa TpadiuyHa IHTEpIIpeTarlis
JIMHAMIKH TIporiecy Jedopmaltii BOBHH, K BOJIOKHHUCTOTO Matepiany (puc. 1).

CytHicTh auHaMiku mpouecy nedopmamii rpy0oi BOBHHM BiOOpaKarOTh
rpadikyd 3MiHU MaKCUMaJIbHOI Hampy»)eHocTi (puc. 2, a) 1 abcomoTHO1 nedopmarrii

(puc. 2, 0) 3 yacom.

Cyas KH/MZ A Ah, MM A

max> /—\
15 /\ 0.6 \
10 0.4
5 \ 0.2
0 5,0 10,0 15,0 t, Mmc 0 5.0 10,0 15.0 t, MC

a) 0)



Pucynox 2 — JIlunamika 3MiHM MaKCHUMaJIbHOI HAPYXEHOCTI B IIapi BOBHU ()

1 11 abcomroTHOI nedopmartii (0)

O6’eqnyroun rpadikd Ha pHUCYHKax 2, a Ta 2, 0 OTPUMYEMO 3aJECKHICTh
MaKCUMaJbHOI HampyXeHocTi Tpy0oi BOBHM Big 11 BigHOcHOI nedopmarii
(pucyHok 3), sKa TMOKa3ye TNPHUCYTHICTh SBHUIA TMPYKHOTo rictepesnucy. lLle
MOSICHIOETBCS aHI30TPOIIEI0 MEXaHIYHUX XapaKTEPUCTHK BOBHH, SK BOJOKHHCTOTO

MaTepiany.

G, ., KH/MZA

max>

¢« o—— |
0 0,2 0,4 0,6 Ah, Mm

Pucynok 3 — 3anexHicTh MaKCUMaJIbHOT HANIPYKEHOCTI rpy00i BOBHHU BiJ il

BiHOCHOI aedopmartii

BucnoBku. [IpoBeneHo yncenbHe MOICITIOBAHHS MPOIECY yIaPHO-MEXaHIUHOT
B3aemojiii TpyOoOi OBeuoi BOBHHM, B pe3yibTaTli BCTAHOBIEHO JMHAMIKY 3MIHU
MaKCHUMAaJIbHOI HaIpy>KeHOCTI 1 BiAHOCHOI aedopmarii rpy6oi BoBHU. OTpumaHa
3aJIEKHICTh MaKCHUMAaJbHOI HAIpPY>KEHOCTI Tpy0oi BOBHM BiJ 1ii BIJHOCHOI

nedopmailii, sika MOKa3ye NPUCYTHICTh SBUIIA MPY>KHOTO TCTEPE3UCY.
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AHHoOTauus. [locTpoeHre MEXaHUYECKUX MOJICIICH JJI1 UMUTALUK TTOBEACHHUS
€CTECTBEHHBIX BOJIOKHHUCTBIX MAaTEpUaJIOB, TAaKMX KaK MIEepCTb, MPU YIApHO-
MEXaHUYECKOM B3aUMOJCHCTBUM TpeOyeT TIIIyOOKMX 3HaHMM XapaKTEepHUCTHUK
OTJIETBHBIX BOJIOKOH, B YaCTHOCTU UX MOP(OJIOTUH, PACTIONIOKEHHS B MIEPEIIETCHHH,
IPOYHOCTHU U KeCTKOCTU. CTPYKTYypy IrpyOoOii IepcT BO3MOKHO a/IEKBATHO OIHUCATh
CTOXACTUYECKUM PACIPEICICHUEM T€OMETPUUECKUX MapamMeTpoOB €€ BOJOKOH H
CBOOOJHBIX MOJOCTEH MEXAY HUMHU Ha OCHOBE YHCIEHHOTO MoJenupoBanud. Llensio
UCCIICIOBAHUM  SABJISETCA IIPOBEACHUE YHUCICHHOIO MOJCIMPOBAHUA IIpoliecca
YAApPHO-MEXaHUYECKOr0 B3aUMOJEHCTBUA I'pyOOil OBE€YbEH IIEPCTU U OINpEACIICHUS
JUHAMMKA H3MEHEHMS €€ MAaKCUMAJIBHOW HANpsHKEHHOCTH W OTHOCUTEIIBHOU
nedopmanuu. [ns uccrienoBaHus SBICHHS YHOPYroro THCTepe3Hca IMpU yAapHO-
MEXaHUYECKOM  B3aMMOJCHCTBUM  YBJIQXHEHHOM TIpyOOil IIepCTH  NpPUMEM
CIEAYIOIIUE TPEANOI0KEHU U YHPOILIECHUs: OTMEYECHHBIM IPOLECC IPEACTABIIAET
co0o0l 3a7]a4y 0 KOHTAaKTHOM B3aWMOJIEHCTBUU aOCOJIIOTHO TBEPJIBIX TEJ C MOPUCTOM
Cpeloif; CuiIa TpPEeHUsT MEXIy OOKOBBIMH IOBEPXHOCTSAMU M CJIOEM MOPHUCTOIO
MaTepuaina (yBlIaKHEHHas rpy0as 1epcTh) OTCYTCTBYET, M3-32 HE3HAYUTEILHOTO €€
3HAUYECHUsI B CPAaBHECHUU C JICUCTBYIOUIECW CWJIOW; JBUKECHHUE KUIKOCTH B IOPUCTOM
cpene (yBIaXHEHHOUW TpyOoOil mIepcTH) momguuHseTcs 3akoHy Jlapcu; HabmroneHue
MIpU J1TaOOPATOPHBIX UCCIIEAOBAHUAX 3a AedopMaliiei YBIaXKHEHHON rpy0ol 1miepcTH,
KaK BOJIOKHHCTOIO MAaTE€pHalla, B NPOLIECCE €€ HATPYKEHUS W PA3rPYKECHUS NAIA
BO3MOKHOCTb IPUHATH €€ PEOJOTHMYECKYI0 MOJEINb KAK YIPYTO-Bs3KO-IUIACTHYHOE

teno. CornacHo (U3UKO-MEXAaHUYECKUMX CBOWCTB IIEPCTH M MPOBEACHHBIX



7a00paTOpHBIX HCCIEAOBaHUM €€ ae(OpPMAalMOHHBIX XapaKTEPUCTHK, MOCTPOEHa
CTOXACTUYECKAasi MOJEIb CTPYKTYpbl IIEPCTH, KakK BOJOKHHCTOIO Marepuana, B
nporpaMMHOM makere Star CCM+. BojokHa mEPCTH MPENCTABIEHBI B BHUIC
JTVACKPETU3UPOBAHHON TETPArOHAJIBHOW CETKA. MOJENbI0 BOJIOKHA MPHUHATO BSI3KO-
IJIACTUYHOE TEJIO, KOTOPOE HAaxOAWTCS B KUAKOM cpexe. B pe3ynbrarte
UCCIIECOBAHUI MPOBEJCHO YHCICHHOE MOJEIUPOBAaHUE TMpolecca  yAapHO-
MEXaHMYECKOTO B3aUMOJCHCTBUS TpyOOi oOBe4Ybed IIepCTH, B  pe3yJibTaTe
YCTAHOBJICHO  JIMHAMUKY  M3MEHEHUS  MAKCUMAJIbHOW  HANpsSHKEHHOCTH U
OTHOCUTENBbHON  Aedopmanuu  rpyboid  mepctu. [lomydeHa  3aBUCHMOCTH
MaKCUMaJbHOW HAMPSKEHHOCTH TPyOO IEPCTH OT €€ OTHOCUTENbHOM JedhopMaliui,
KOTOpas MOKa3bIBAET IPUCYTCTBUE SABJICHUS YIIPYrOro 'UCTEPE3Uca.

KiroueBble cioBa: 1epCcTh, YIAPHO-MEXAHMUYECKOE  B3aWMOJECHCTBHE,

ynpymﬁ TUCTCPE3NUC, MOACIUPOBAHUC, I[G(i)OpMaIII/ISI, CTOXaCTHYCCKasa MOACIIb.
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Summary. Construction of mechanical models for the imitation of conduct of
natural fibred materials, such as wool, at to shock-mechanical requires 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 cavities between them on the basis of numeral design. The purpose of

researches is a leadthrough of numeral design of process shock-mechanical co-



operations of rough sheep wool and determinations of dynamics of change of it
maximal tension and relative deformation. For research of the phenomenon 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-operating of absolutely solids with a porous environment; force of friction
absents between sides and layer of porous material (rough wool a water-wet), through
its insignificant value in comparing to operating force; motion of liquid in a porous
environment (to water-wet rough wool) submits the law of Darcy; a supervision is at
laboratory researches after deformation of water-wet rough wool, as fibred material,
in the process of its loading and unloading enabled to accept it reologic model as
resiliently-viscidly plastic body. According to physical and mechanical properties of
wool and conducted laboratory researches it deformation descriptions, the stochastic
model of structure of wool is built, as fibred material, in the programmatic package of
Star CCM+. The fibres of wool are presented 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-
mechanical co-operations of rough sheep wool, the dynamics of change of maximal
tension is as a result set relative deformation of rough wool. Got dependence 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, stochastic model.



