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JUHAMIKA TIPOHUKHEHHS PI/IMHU B TEKCTUJIBHI MATEPIAJIA 3
BPAXYBAHHSM HEJIHINHUX E®EKTIB

Iponuknennss piounu 6 mexkcmuibHi mamepianu 6 psadi eunaokie GU3HAYAE KOMpopmHicmb | QYHKYIOHATbHICMb
6upobie. B pobomi 3anpononosana cnpowjeHa MemoouKa po3e si3Ky HeiHIHO20 PIGHANHS PYXY PIOUHU 3 YPAXYGAHHAM PeasibHUX
enracmugocmeli mamepiany. PeanvHi KOHCMAumu, wo Xapakmepu3yioms yeu npoyec nOSBUHHI 6paxo8ysamu 08a ACHeKmu —
Oougysito piouHu i 2aibMYBaHHS, WO 6PAXOGYE 6NAUE HAKONUYEHOI Konyewmpayii na npoyec nponukHenus. Ooepcani
pesyrbmamu 0eMOHCMPYIOMb HeoOXIiOHICMb 8paxXy8anHs Opy2020 Gaxmopy, i a0ekeamuicms Mo0eni, Wo HAOIUNCAEMbCA OO0
excnepumenmanvhux oauux. Ilpu yvomy pospobnena modensv Giopisuscmovcs 6i0 ninitinux piwens na 20-30%, wo 0o3eonse
pexomenoysamu ii 015t NPAKMUYHO20 GUKOPUCTIAHHSL.

Kniouoei cnosa: mexcmunvHi mamepianu, RPOHUKHEHHS PIOUHU, HENTHIUNI PIGHSAHHS, KOeDIYICHM HAKONUYEHHS
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DYNAMICS OF LIQUID PENETRATION INTO TEXTILE MATERIALS TAKING INTO ACCOUNT
NONLINEAR EFFECTS

Water penetration in many cases determines the functionality of products, in particular in special garments, as well as in medical
textiles. Water penetration affects the comfort and durability of products. Existing models of water penetration have a number of shortcomings,
the main of which is the impossibility of taking into account the effects of the accumulated liquid on further sorption processes.

The article analyzes the shortcomings of existing linear models of fluid passage. The presence of two processes is noted. The first of
them determines the intensity of fluid movement. The second process affects this intensity with a certain accumulation of liquid in the material.
Taking into account two processes leads to the need to solve a nonlinear differential equation in partial derivatives. A simplified method that
takes into account the small thickness of the material is proposed. At the same time, the task is reduced to finding the concentration inside the
material. The equation reduces to a differential equation in which the variables can be separated. As a result, an analytical solution was
obtained, which takes into account nonlinear processes during liquid accumulation and includes two parameters that determine the sorption
properties of the material.

Numerical verification showed a significant difference between the obtained results and linear models. Water penetration rates for
real fluid accumulation rates differ by 20-30%. Adequacy of the obtained model is confirmed by approximation to known experimental data. The
obtained results prove the need to take into account nonlinear effects when determining indicators of fluid accumulation. The developed model
allows you to solve practical problems taking into account the indicators of the passage and accumulation of liquid in textile materials and
products.

Keywords: textile materials, liquid penetration, nonlinear equations, accumulation coefficient.

IMocTaHoBKa MPo0JIeMH y 3arajibHOMY BUTJIs/]

BomonpoHnkHEHHS TEKCTHIIFHUX BHUpPOOIB y 0araTbOX BHNAIKaX BH3HA4Ya€ I1X (QYHKIIOHATIBHICTH 1
KoMQpOpTHICTh. [IpOrHO3yBaHHSA IHOTO MPOIECY HA €Tall CTBOPEHHS BHPOOIB MOXE IOBHUCHTH C€(QEKTHBHICTB.
®i3ugHO TIpoIiec PyXy PIOVHH Kpi3b TEKCTWIBHI MaTepianu ysBise coboro mporec mudysii. MaTeMaTHYHO Iei
MPOIIEC OMHUCYEThCS MUPEPEHIIHHUME PIBHIHHSAMHA B YacTKOBHX NOXimHUX. OKpeMi aHANITHYIHI PO3B’S3KH HE
BPaxOBYIOTh PEANBbHOI 3aJIe)KHOCTI KOoeimieHTy nudy3ii Bil HAKOMMYCHOT PiMHM, IO PU3BOANUTE A0 HEMIHIHHOCTI
MpoIiecy 1 BHOCUTH 3HAYHI IOXHOKH B po3paxyHKu. CIpoOH YHCEIhHOTO peaizamii po3B’s3Ky HENiHIHHUX PiBHIHB
BUMAaraloTh BEJIHMKHX PECYpPCIB i HE MOXYTh BBa)KATHUCS pPEaJbHUM 3aCO00M JUIsl NPAKTHYHOTO 3aCTOCYBAaHHS.
Po3pobka cropomieHoi Moaeni MPOXOMKECHHS PIAMHM Kpi3h TEKCTWIBHHMN MaTepial MOXKEe CTBOPHTH YMOBH IS
OIepaTHBHOIO MPOTHO3YBAHHS TUHAMIKH PYXy PIIUHH 3 ypaxXyBaHHIM peallbHUX BIACTHBOCTEH Maepiaiy.

AHaJni3 ocTaHHIX J0CHiIKeHb Ta MyOJikauii

BoponponnkHeHHsI B 6araTboX BHIAJKaX BH3HA4ae (QYyHKIIOHAIBbHICTH BHPOOiB. BimsHawaerscs [1], mo
HHU3bKE BOJONPOHHUKHEHHS KPUTHYHO BXKIIMBE ISl OJISITY Ta CIIOPSDKEHHS, MPU3HAYSHUX JIJIS 3aXUCTY BiJl BOJIOTH
(mnamti, KypTKH, HaMeTH). Y MEIUYHOMY TEKCTHJII KOHTPOJIb BOJOIIPOHUKHOCTI 3a0e3leuye HaJIeKHUH 3aXHUCT BiJ
piguH [2].

KomdopT koprcTyBaua BH3HAYAETHCS THM, IO MaTepialy 3 ONTHMAIBHHM OaJlaHCOM BOJONPOHHKHOCTI
3a0e3NeyuyloTh Kpalui MIKpOKIIMAaT Tija, 3amobiraroud meperpiBy um mnepeoxosiopkenHio [3]. Haamipae
BOJIONIPOHMKHEHHSI MOXK€ IPUIIBUALIMTH 3HOIIYBAHHS TKAaHWHH Ta TOTIPIIMTH Ii BIACTHBOCTI, IO BH3HAYAE
JIOBTOBIYHICTh TEKCTWIBHHX BHPOOiB [4]. BomompoHukHeHHs BIimMBae Ha sKicTh mpoaykmii. Lle mo3Bomse
BUPOOHMKAaM KOHTPOJIIOBATH Ta TapaHTYBATH XapaKTEPUCTHKH CBOiX BHpoOiB [5]. CmopTuBHHH omsar y psmi
BUMAQ/IKIB BUMArae KOHTPOJILOBAHOTO BOJOIIOTIMHAHHA [6]. YpaxyBaHHS BIaCTHBOCTEH IO PyXy PiIAMHM IOTIOMAarae
MIPaBUJIBHO MifiOpaTH TKaHWHY AT KOHKPETHOTO 3aCTOCYBaHHS [7], BU3HAUNTH MOKAa3HUKH KOMGOPTHOCTI OAATY
[8], ctumymioe po3poOKy HOBHX MaTepiaiiB 3 MOKPAIICHUMH BOAOBIAIITOBXYBAaIbHIMH BIACTHBOCTIMH [9].

OcCHOBHa 4YacTHHA JIOCHI/DKCHb BOJONPOHWKHEHHS Kpi3h TEKCTHJIbHI MaTepiaad TpHUCBIYCHA
EKCIICpUMCHTANBHUM fociimkennsM [10-11]. B geskux podorax 3poOiieHa cripoda MaTeMaTUYHO OIHCATH MPOIIEC
MPOXOJPKEHHS PIMHU Kpi3k moniOHi marepianu. [TyOaikamii nboro Hampsimy OCHOBaHI Ha JliHeapi3oBaHii Mojeni
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nugy3ii pimuau Kpi3h Matepianu [12]. TleBHi crpoOu po3B’s3ky HemiHIMHUX 3amad audysii [13] HOCATH mdyxke
CKJIQJIHUI XapaKTep, 10 pOOUTH TX HENMPUIATHUMH JUIS IPAKTUYHOTO BUKOPHCTAHHS.

3aco0u po3B’s3Ky HENIHIMHMX JUiepeHUIHHUX piBHSHB [14] Ha HaII MOTIJISL] MOBHHHI CYNPOBOJKYBaTHCh
CHPOLIEHNMHU METOAAMH, SIK1 T03BOJISIIOTH BUKOPHCTOBYBATH iX B IIPAKTUYHUX 3a/1adax.

Meta pociimKeHHsI: PO3POOMTH 1 NEPEBIPUTH CHPOLIEHY MOJENb BH3HAYEHHS BOJONPOHHKHEHHS
TEeKCTWIBHUX MaTepialiB 3 BpaxyBaHHSIM HENIHIHHMX CKJIQJIOBHX TajbMyBaHHS mpoueciB audysii B mporeci
HACHYCHHS MaTepiay piluHO0

Bukag ocHOBHOro MaTtepiany

Po3paxyHkoBa MozeNs IPOHUKHEHHS PiOMHU B MaTepial npencrasieHa Ha puc.l. Ha pucyHky nokasaHa

TOBIIMHA MaTepiary. KoopanHarty x mo riuOuHi 1 3pyJHOCTI IIOYHEMO Bil TOYKH JOCSATHEHHS PiTUHH.

Puc.1 Po3paxyHnkoBa cxeMa NPOHHKHEHHSI PiTNHU B MaTepial

[Iporiec TpPOHWKHEHHS PITMHA B HECYIIBHI MaTepiald MOKHA ONHCAaTH piBHAHHAM mudysii [12].
HeBizomumM mapamMeTpoM B piBHSHHI BHCTyNae KOHIEHTparis piguan C, ska BHpaXka€ KUTBKICTh PiIUHH B IEBHIH
TOYLI BiHECEHO JO MaKUMAaJIbHO MOXJIMBOTO OO€MY MOPOXHHMH IUIsl il BMimleHHs. B umcioBoMy BHpa3si BOHa €

0e3p03MipHOI0 BETMIMHOIO 1 MOXKe 3MiHIOBaTHCH Big 0 1o 1.
ac a ac

Ar Ar  Ar’

Jlane piBHsAHHS € HemiHiiiHMM. bBarato mkepen cBimuarh, mo KoedimieHT audys3ii HE € MOCTIHHOI0
BEJIMYMHOIO. B 3aranpbHOMY BHNaAKy BiH caM 3aleKHTh BiJl HaKONMMYCHOI KOHIEHTpamii piguHU. 3aleKHICTh
KoedimieHTy nudysii Bil KOHIEHTPAIll JOCUTh BaXXKO MiaisATrae nocmmpkennto. Yacrime Beboro [13] Bu3Ha9aeThCs
3aJISKHICTh 3 Y9aCTh MOCTIHHOTO KoedimieHTy nudysii Do i koedinienTy HakonudeHHs o. KoedimienT audy3ii mae
po3mipHicTs M?/c. KoedimieHT HakomMueHHs — 6€3p0o3MipHa BENMYHHA. METOIM BU3HAYEHHA IMX Koe(ilicHTIB i ix
3HAYCHHS JJIS IEBHUX MatepiaiiB HaBeneHi B [15].

D=Dy(l—0c-U).
IIpu nomgaBaHHI IOTO BHpa3y IO PiBHAHHSA TUQY3il 0AePKY€ETHCSA TOCUTH CKIIAIHE HEINliHITHE PiBHSIHHS.

aC_D azc acy? c a2c
Fra E_J(E) B

3a paxyHOK HOSBU Koe(ili€eHTY HAKOMUYEHHS B PiBHSIHHI 3’ ABISIOTHCS WICHH 31 CTENICHSIMH Ta JOOYTKaMH.
PiBHstHHS BMimIye QyHKIITO, i mepry i [pyTy MOXigHy Mo koopawHaTi. i 3a0e3nedeHHs po3B’ 13Ky HeoOXiHI JBi
TPaHUYHUX YMOBH.

3i cxemu puc.| BUTIKaIOTh yMOBH

C=1 npu x=z,

C=0 mpu x=0.

CrpobyemMo po3B’s3aTé PIBHAHHSA B HaONMKEHOMY BHIUIAAL. bynemo BpaxoByBaTH, IO TOBIIMHA
TEeKCTHJIPHOTO MaTepialny JOCHTh Maja. ToMy 3HaueHHS MOXiAHMX 3aMiHMMO yYMOBHO KiHIIEBUMHU PIi3HHUIIMH 3

BpaxyBaHHSAM peaJbHOI KOHIEHTpAIlil BCEpeAWHI IUISHKH X = A (Puc.1). KonuenTparmito piiuHH BcepenuHi

Marepiairy 03Ha4YMMO JIITEPOIo U/
IMoxinHi HabMKeHOo OyMyTh 3aMiHEeHI KIHIEBUMHM PiI3HUISIMU 3TiHO BIZIOMHX ITPABUIL.
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Toni piBHsHHES qudy3ii MepenumeTses y BUTTIAL

du _ o (a01-20) 0_(1—0)2 oy 020
dr o IS I s

[Ticng mepeTBOpeHb PIBHAHHS NPUIME BUTIIS

du 2aD a+2 1 1
G
dt i 2g 2¢ 8

Hnst pOBB’HBKy JaHOTO piBHSIHHH MO’Ha CKOPUCTATUCI METOIOM pOS):[iJ‘IeHHH 3MiHHUX.
du BaDy

= — et
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IaTerpyBanHs mpaBoi 4acTWHU odeBHAHE. JIJIg iHTErpyBaHHsS JIiBOI YacTHHU Tpeba crepiry po3B’s3aTH
XapaKTCPUCTHYHE PIBHSIHHS 3HAMCHHUKA.
og+2 ( 1 1)
2 =0

"2 T2 78

u

Po03B’513k1 piBHSHHS MAKOTh BUTJIS
_g+2 (e+2)® 1 1
M= T 16 T2 20
s BimoMux 3HaYeHb KOe(illi€HTiB HAKOIMMYSHHS 00HIBa PO3B’SA3KH OyIyTh MIHCHUMH i MOSUTUBHUMH. Y
TAaKOMY BHITaJKy Api0 3 B0 YaCTWHU MOKHA PO3AUIMTH HA JBA TOJAHKH

u—u

1 B B 1 ( 1 1 )
o+2 (i_l) Cu—udu—uy) wy—up\u—uy u—u
20 20 8
Toni iHTETpa Bij TiBOi YACTHHHA MOXE OYTH 3aIHCHUH, 5K
1 In (u—ul).
Uy—1Ug U—1Ug

Toni 3 BpaxyBaHHAM BiJIbHOT KOHCTAHTH iHTETpyBaHHA K MO’kHa 3amucaTv pillieHHS y BATIISAAIL

80Dy |(g+42)% 1 1

U—Ug

ZK-exp —

u—u, s 160 8 2o
BpaxyBaBmu yMOBY piBHOCTI HYIJIIO KOHIICHTpAIIil B IOYaTKOBHI MOMEHT 4acy, 3arajilbHe PIillleHHsS MOYKHA
3HAUTH y BUIJISA
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3 BpaxyBaHHAM TeopeMu Biera
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3anexHOCTI Ul 3MIHU KOHIICHTpAIlil BCepeIuHi MaTepiary Uil pisHUX Koe(ilieHTiB HaCHYCHHS TOKa3aHi
Ha puc.2. Chix BiI3HAYMTH, IO peaNbHI 3HAYCHHS KOEQIIiEHTIB 3HAXOIATHCA B MeXkax 2-2,5, mO Jae 3HadHE
BiJIXMJICHHS BiJI JIIHIHHOTO PO3B’SI3KYy

u =
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Puc.2 — KonuenTpauisi Bcepemui MaTepiajly npu pisHux 3HauyeHHsIX Koediuienty Hacuyenns. 1-6=0, 2- 6=1, 3- 6=2, 4- 0=3

KimpkicTh piguiHH, IO HAKONWYEHA BCEpEAHMHI MaTepially BiHECEHA 110 OAWHUIN TUIONII BU3HAYAETHCS
IHTErpaIbHOK CYMOIO

U= [ c@adx~h-(u+l).

Uth
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Puc.3 — 3mina koHuenrTpauii pitunu B matepiani. 1-n1iniiina Moge/b, 2 —3aponoOHOBaHA MO/e/Ib, 3 — eKCIIEPHMEHTAIbHI JaHi
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Pucynok 3 meMoHCTpye, MmO nOaHi, OJep)kKaHi 3a 3ampOTIOHOBAHOIO MOJEIUII0 3HAYHO OJIMXKYl 10

EKCIIEPUMEHTAIbHHX.
BucHoBku

JloBeieHa HEOOXiAHICTH BpaxyBaHHS HENIHIMHUX e(EeKTIB NpPH MOJENIIOBAHHI IPOIECY MPOXOKEHHS
PIAMHHM Kpi3b TEKCTWIIBHI MaTepiany. 3amporoHOBaHa CIIPOIIEHa MOAENb PiIANHONPOHUKHEHHS BPaXOBY€E pealbHUN
BIUIMB HAaKONMMYEHHS pinmuHKM Ha KoedimieHT andysii. OnepkaHi pe3yjabTaTH JIEMOHCTPYIOTH BIIXHWJICHHS Bil
niniiiHOT Mozeni 20-30% i 6IM3bKO HAOMMIKAIOTHCSI IO PE3yJIbTaTiB, OJEPIKaHUX EKCIepUMeHTalbHO. OpepxaHi
METOIH OLTBII aJeKBATHO ONMHUCYIOTH MPOIECH HMPOXODKEHHS PiIUHH Kpi3h TEKCTHIIBHI MaTepiajw i MOXYTb OyTH
BUKOPHCTAaHI B MPAKTUYHHUX 3aJadax.
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