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Po3p’sa3ana 3amaya 3 po3poOKH METOMAIB BU3HAUEHHSI CTPOKY MPOXOJDKEHHS PIIMHU KpI3b
VIIUIbHEHHS LUIIXOM MOJIEIIOBAHHS JUCKPETHOI CTPYKTypu Marepiany mnpokiagku. Pob6ora
0a3yeTbCsi Ha EKCIEPUMEHTAIBbHUX JaHMX I0J0 CTPYKTYpH MaTepiajiiB s YUIUIbHEHb 1
eKCIIEPUMEHTax IO IMPOXO/KEHHIO DPIIMHU Kpi3b ejleMeHTapHl npobu. [loBeneHo, 1o peasbHa
JUCKpPETHA CTPYKTypa MaTepialy I03BOJISIE CTBOPUTH €(PEKTUBHY MOJETh MPOHUKHEHHS PLAMHHU
Kpi3b mpoxianku. CTBOPEHUH aJrOPUTM JTUCKPETHOTO MOJCIIOBAHHA COPOLIMHUX IPOIIECIB.
OpepxaHl TUCKPETHI 3aJIEKHOCT1 HAKOMMYEHHsI PIIMHU B Martepiaji. 3anpornoHoBaHi QyHKIIi, 110
HAWIINIIMM YMHOM alpOKCUMYIOTh TUCKPETHI 3aJIeKHOCTI. BHKOPUCTaHHSI JTUCKPETHOIO METOTY
MOJIEJIFOBAHHSI MPOLIECY MPOXOKEHHS PIIMHHU B YIIUIBHEHHSAX 3 MOPUCTUX MarepiajiiB JI03BOJIHIIO
noOyayBaTH peajbHy aHAIITUYHY (PYHKIIIO I'paHUIl 3MOYEHOi 30HU. Bnepiie BusiBieHuit edexr
30UIbIIEHHS KOHLIEHTpallil BCepeluHl MaTepiajiB JAEMOHCTPYE MOXIJIMBICTh JOCTPOKOBOIO
JOCSTHEHHS PIIMHOIO TpaHMIll Matepiany. OnepkaHi pe3yabTaTd J03BOJSIOTH MepeadadaTu CTPOK
[IOBHOTO HAMOKAHHS YIIUIbHEHb, IPOrHO3YBaTH CTPOK iX poOOTH , BHU3HAYATH MapaMeTpu
Marepianty Juisi BU3HAYEHOT0 TEPMIHY pOOOTH.

Kniouoei cnoga: yminbHEeHHs; TOPUCTI MaTepiaii; NIPOHUKHEHHS PUIMHU; TUCKPETHA CTPYKTYpa.

IHlyukaa A. B. <KAcuMMeTpUYHOE PacpOCTPAHEHUE )KUIKOCTH B IPOKJIAI0YHBIX MATEPHAIIAX).

Pemiena 3amaua no paspaOoTke METOAOB ONpPENETICHHsI CPOKa MPOXOXKICHUS KUJKOCTH 4epes3
YIUIOTHEHHS ITyTEM MO/ICIMPOBAHUS JMCKPETHON CTPYKTYpbl MaTepHraia npokiaaku. Paborta Gasupyercs
Ha DKCIIEPUMEHTATBHBIX JAHHBIX TI0 CTPYKTYpE MaTepHAIOB JUIS YIUIOTHEHWHA W SKCIEPHUMEHTaX II0
IIPOXOKJICHUIO JKUJIKOCTH Yepe3 AJIeMEHTapHbIe MPoObl. Jl0Ka3aHo, YTo peasibHas AUCKPETHAs CTPYKTypa
MaTepuaa Mo3BOoJIIeT co3JaTh A(P(EKTUBHYI0 MOJETb MPOHUKHOBEHMS >KUIKOCTH Yepe3 IMPOKIIAIKU.
Co3nan alnropuT™M JUCKPETHOTO MOJEIUPOBAHUS COPOLMOHHBIX IporieccoB. [lomyueHHble AUCKPETHbIE
3aBUCUMOCTH HAKOIUICHUS JKUJIKOCTH B Mmarepuainie. [lpemiokeHsl (QyHKIMH, HAWITy4dIIAM 00pa3om
aMMpoKCUMUPYIOT JWCKPETHbIE 3aBUCUMOCTU. lcronb30BaHuE NUCKPETHOIO METO/ia MOJAEIMPOBAHUS
mporiecca MPOXOKJICHUS KUAKOCTH B YIUIOTHEHHUSX W3 TIOPUCTBIX MATEPUATOB TMO3BOJMIIO TOCTPOUTH
pEATTbHYIO aHATMTUYECKYIO (DYHKITMIO TPAHWIIBI CMOYEHHOW 30HBL BriepBbie oOHapykeHHbIN >(dexT
YBEITMUEHUS] KOHIICHTPAIMA BHYTPM MAare€pUaJioB  JIEMOHCTPHPYET BO3MOXHOCTH JIOCPOYHOTO
JOCTIDKEHUS JKUIKOCTBIO TpaHHIIbI MaTepraia. [loydeHHbIe pe3yabTaThl IO3BOJISIIOT ONPEAETSITE CPOK
TIOJTHOTO HAMOKAHUS YIUIOTHEHUH, IPOTHO3UPOBATh CPOK UX PaOOTHI, OTIPEICIIATE MapaMeTphbl MaTepraia
JUIS OTIPEJIETIEHHOTO CPOKa padoTBhI.

Kntouesvie cnoga: ynioTHEHUs; NOPUCTbIE MaTepuasbl; MPOHUKHOBEHHE KUIKOCTU;
JTUCKPETHAsI CTPYKTYpa.
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Shchutska G. “The asymmetric distribution of the liquid in the cushioning material”.

The problem for the development of methods for determining the period of the passage of
fluid through the seal by simulating discrete structure of the gasket material is solved. The work is
based on the experimental data on the structure of materials for the seal and experiments of the
passage of liquid through the basic sample. It is proved that the real discrete structure of the material
allows to create an effective model of penetration of liquid through the pads. The algorithm of discrete
simulation of sorption processes is developed. The discrete depending of accumulation of fluid in the
material are obtained. Functions, that give the best approximation of discrete dependence are
suggested. Using the method of discrete simulation of the passage of the fluid in the seals of porous
materials made it possible to build a real analytic function dampened border zone. First discovered the
effect of increasing concentration within the material demonstrates the ability to achieve early fluid
boundaries of the material. The results allow to determine the period of full wet seals to predict the
duration of their work, to determine the parameters of the material for a certain period of operation.

Keywords: seals; porous materials; liquid penetration; discrete structure.

1. IlocranoBka mnpodjeMH Yy 3arajbHOMY BHUIVISIAI Ta il 3B'I30K i3 BaKJIMBHUMM
HAYKOBMMM YU NMPAKTHYHUMH 3aBJAHHAMU

VYIiipHEeHHS HEPYXOMUX 3€HaHb BUKOPHUCTOBYETHCS Bl PI3HOMAHITHUX cepax CydyacHOI
HayKH 1 TEXHIKM B TOYHOIO NpWJIAZoOyAyBaHHsS a0 OyAiBHULITBA. Y SKOCTI MaTepiajiiB Jyis
YIIUJIbHEHb BUKOPUCTOBYIOTh MaTepiajiy, Kl MaloTh IEBHY CTPYKTYpy. He3pakarouu Ha iX mHUpOKY
PO3IMOBCIOKEHHS, TPOLIEC TPOHUKHEHHS PITUHU B MOI0HI MaTepiaau ITOCTIHKEHUM HEJ0CTaTHRO.
JlocnijpkeHHsT LIbOTO IMPOLIECY MOKE HaJaTH 3MOTY BH3HAUUTU CTPOK pOOOTH YUIUIbHEHbD,

nependavynuTy BUX1] 3 1Ay, IPOEKTYBAaTH 00JaAHAHHS 3 3aJaHUM CTPOKOM POOOTH.

2. AHajiz pociaimkeHb i myOaikaniii, BHIJIEHHS HeBUPilleHHX paHille YacTHH
3araJibHol npoodJieMu

JlocnipKeHHsAM TMHAMIKH TIPOXO/DPKEHHS PITMH KPi3b YIIUIBHEHHS, Ha HAIll TIOTJISII, TPUIUISIIOCS
HEJIOCTATHRO yBar, Xo4a ix mpare3aTHICTh BIIOOPaKAETHCS Ha IKOCT1 POOOTH YCHOTO MPUCTPOIO HILTKOM.

B [1] 3poGmenmii ormsn wmatepiadiB Ay MIIUIbHEHHS. HaBeneHi aesiki  3aJIeKHOCTI
BUKOPHUCTaHHS TaKMX MaTrepiaiiB Bif poO0UYMX MapaMeTpiB (TUCKY 1 TeMIIepaTypu) 1 BiJ c€peIoBHIIA
(Boa, mapa, MacTHIIO Ta 1H). BU3HaueH1 TUIM 1 raily3b BUKOPUCTAHHS YIIUIbHEHb (Tabmuus 1).

[Ipane3natHicTh poOOTH YHIUTPHEHL Oarato B 4YOMYy IMOBsI3aHA 3 MIBHUIKICTIO TPOXOKEHHS
pIAMHU Kpi3b HbOTO. B [2] HaBeneHi BiIOMI METOIM BU3HAYEHHS 3aKOHOMIPHOCTEH MPOXOIKEHHS
PIOMHU KPi3b TIOPUCTI CEPEOBUINA, XOUa HE HABEICH1 METOIM PO3BA3aHHS ITPOIIOHOBAHUX PIBHSHb.

B pob6ori [3] 3pobneHa cnpoba HA OCHOBI CHKOPUCTAHHS METOJY CKIHUYEHHUX CJIIEMCHTIB
CIIPOTHO3YBATH IMPOIEC MPOXOPKEHHS PUIMHM Kpi3 moAiOH1 matepianm. Ha wam mornsn, mosaiOHa
MO/IENTh HE BPaXOBYE peabHy CTPYKTYPY MaTepiairy, TOMy MOXe JaBaTH 3HAYHI MTOXHOKH.

Crarti [4-5] IeMOHCTPYIOTh €KCIEPUMEHTAIbHI JaH1 MO0 BOJOMOTIMHAHHS TOPUCTUMU
Matepiagamu. BoHU Jar0Th MOXKJIMBICTD 3HANUTH crienu(I4H]1 XapaKTEPUCTUKHU MaTepLIiB, X04a JaHi

pOOOTH 1 HE 3aBEPIIYIOTHCS MOOYI0BOIO PEATbHUX MO/IEICH.
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Tabumus 1 — Bukopucrtanss yiiibHEHb

O3HaueHHs
TUITY Cxema ycTaHOBJIEHHS [Ipu3naueHHs
VIIUTbHCHHS
K1 \. VYuinpHeHHs (IaHLIeBUX 3€JHAHb TUITY
| LIUII-11a3
K2 VYiinpHeHHs (IaHLIEeBUX 3€HAHb TUITY
BUCTYII - 3alajiHa
K3 VYminpHeHHs  (QraHUEeBUX 3€IHAaHb 3 TJIAIKUMU
MTOBEPXHAMU

PoGota [6], B sikmii 3po0ieHa cripoda aHATITUYHOTO MOJIEIIOBAHHS MPOIECIB MOTIWHAHHS
BOJIOT'M Ba)KKO BUKOPUCTOBYETHCS Ha MIPAKTHIII Y 3BSI3KY 3 11 CKJIaJIHICTIO.

B psani po6ir[4-5] moBeneHo, 110 BKa3zaHi MaTepiajii B PEATbHOCTI € JUCKPETHUMH
CTPYKTypamu, JJIs IKUX 0akaHO BUKOPUCTOBYBATH CIIELU(IYHI MOJIEN1 PO3PAXYHKY.

B po6oti [7] 3ampomnioHoOBaHa JUCKpPETHA MOJEIb PO3MOBCIOKEHHS BOJIOTH B TOPHUCTOMY
Marepiani, 10 3HA4YHO CIPOIIYE MPOIEC MOJICIIOBAHHS MPU HAOIMKEHHI MOJENI 10 peajbHOi

cTpykTypu. Ha xanb, B poOOTI HE HaBEIEHO PEaIbHOTO BUKOPUCTAHHS MPOTIOHOBAHOT MOJEIIL.

3. Mera poGoTru — po3poOka METOJIIB BU3HAYEHHS CTPOKY IMPOXOJKEHHS PLAMHU Kpi3b
VIIUIbHEHHS IIIXOM MOJIETIOBAHHS JUCKPETHOT CTPYKTYPH MaTepiany IpOKIaIKH.

OBUYHMI TpolLeC MPOXOKEHHS PIAUMHHU Kpi3b YIIUIBHEHHS YABIAIOTH 3 cede audys3iro
BCEPEIMHY MOPUCTOi CTPYKTypH. Bimomi 6e3nepepBHI Mo, U0 ONUCYIOTh MOAIOHUI ImpoIliec.
BoHu B OCHOBHOMY OCHOBaHI Ha cHpo0ax po3B’sA3aHHS BIANOBITHUX AU(PEPEHLIHNHUX PIBHAHD B
YaCTUHHUX NOXiIHUX. HeBiioMuM napamMeTpom B LUX PIBHAHHAX BUCTYIA€ KOHIIEHTPALs PIIUHU B
MIEBHIM TOULll MaTepiany. XapakTEepUCTUKOIO Marepially BUCTyHae KoeQinieHT nudy3ii piAMHU B
Mmatepian. CrnpaBa po3B’si3aHHS NOMIOHMX PIBHSHb 3HAYHO YCKJIQJHIOETHCA y 3B’SI3KY 3 THM, IIO
koepiuieHT audy3ii cam € (QYHKIIEO KOHUEHTpauii piAuHA. Y pe3ynbTari pIBHAHHSA
MIEPETBOPIOETHCS Y HEJIHINHI, TPOLIEC IX PO3B’sI3aHHS MPAKTUYHO HEBIIOMUI.

3anpornoHOBaHUM HAMHU JUCKpETHUW minxin [7] mepembadae, mo marepiaji, M0 MLIATAE
nudy3ii , ysaBisie 3 ceOe ucTeMy Hop 1 MepexiHUX eIeMEHTIB MK HUMH.

JlickpeTHa KOMIpKa Takoi CTPYKTYpH JUI pO3paxyHKIB Oy/ie MaTH BUTJIsLL, HaBeAEHUN Ha puc. 1.
KoHueHnTpauis piiuHU B KOXXKHOMY €JIEMEHTI BU3HAUAETHCS, AK IUHAMIYHA (YHKIIS IUIIXOM
PEKYPEHTHOTO PO3BSI3KY CUCTEMU 3BHUANHUX TU(GEPEHLINHNUX PIBHSAHbD.

EnemeHT, 1110 Hakonu4ye BOJIOTY Ma€ HOMED i Y HaNPSMKY OC1 X, j — y HalpsIMKY ocl1y, k—y
HamnpsIMKy oci z. J1o HbOTo 3 TphOX OOKIB MIAXOIATH €JIEMEHTH KUBJICHHS, Y CBOIO YEPTy BIH PO3/a€
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pimuHy y Tpu 60kH. KiUTbKICTh BOJIOTH, 110 BXOIUTH JI0 €IEMEHTY 03HAUYMMO iHAeKcoM 0, KUTbKICTh
BOJIOTH, III0 BUXOJUTH 3 €IEeMEHTY — iHAekcoM 1. KoxHUil eneMeHT KHUBICHHS Ma€ NepeaaTouHy
(GYHKIIIO0, sIKa BU3HAYAE PI3HUII0 MDK KOHIICHTPAIIEI0 PIAMHMA Ha MOYATKY 1 KIiHII eleMeHTy. Y
3araJlbHOMY BHUMAJKY ISl YHKITIS 3aJICKUTh BiJl KOOPJAWHATH 1 Yacy.

Bxkazanwmii AITOPUTM OyB

BUKOPHCTAHHUN /TSI MOJICITIOBAHHS PO3TIKaHHS
piavHu B MIPSIMOKYTHIH CTPYKTYpi
VIIUIbHEHHS. Y SIKOCT1 MOYAaTKOBHUX 3HAYCHb

=

i J‘"

/
i

o BCIM KOMipkam Opajacs  HYJIbOBa

KOHIICHTpAITis. TTonaua piauHI
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3MIMCHIOBANIACS TMOCTIMHO B KOMIPKY 3

nomepom 0,0,0. Pesympratu MonemroBaHHS
PO3MOBCIO/DKEHHS PIJIMHA TTOKa3aHO Ha pHC. 2.

JIMcKpeTHa MOJIENTb PO3IIOBCIO/KEHHS
pimMHE B TEBHWI MOMEHT 4Yacy [ae
Puc. 1 — Enementapna aucKpeTHa KOMipKa pe3yiabTaTH, 3 SKUX IO-TIepIie, MOKHA
BU3HAYUTH pPEaJbHYy KOHIEHTPAIIIIO
PUIMHH B TICBHIM TOMYII, TO-Jpyre,
(dbopMy T'paHHUIll 3MOYCHOIT 30HH, SKOT
Jocsria piguHa npu it
PO3MOBCIOPKEHHI.

Ha pwuc. 3 mokazana ¢opma
3MOYCHOI TIOBEpXHI B OKpeMHUU
nepiox yacy. Ha mpomy pucyHky
MOKa3aHWW  BHEpPIIE  BUSBJICHUU
epekT 3O0UTBIIICHHS POHUKHEHHS
pimMHHA BcepenamHi Marepiamy. Jlns
OTIHCaHHS nporecy
PO3MOBCIOPKEHHS  piamHU  Oyna
MpOBeJICHA anpPOKCHMAITis

AUCKPECTHOI'O PO3NOBCIOIPKCHHA

PIIVMHN KOHTUHYAJIBHOIO MOAEIUIIO.
Puc. 2 — Po3noBCIOIKEHHS PITMHU B TUCKPETHIN MOJeIi VSBUMO LIyKaHY (GYHKIHIO Yy

BHTJISTI KOMOIHAIIIT TPSAMOT Ta €KCIIOHESHTH
X=(A4-B-Z)-e“*.
Hanani 6ynemo mpairoBat 3 6€3p0o3MIpHUMHU KOOPAHHATAMHU
x=a(l-p-z)-e’”,

e 0, B, y — koedillieHTH, 110 3aJIeKATh BiI MaTepiany YIIUIbHESHHS 1 PiTUHU.
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Puc. 3 — JluckpeTtHi pe3ynbTaTH pO3MOBCIOHKEHHS PIIUHA

Hesinomi KoedilieHTn
MOXKYTh BUCTYNATH (PYHKIIISIMHU 4acy.
BpaxoByroun opepkaHi JAMCKpPETHI
pe3yibTaTH,  MOXHa  OJepXaTh
3aJIeKHOCTI Ul PI3HUX MOMEHTIB

yacy. JlociimkeHHS NpPOHUKHEHHS

plAMHU BIIIHO YIIUIbHEHHS
J03BOJIUIIO noOynyBatu pan
JTUCKPETHUX 3aJI€KHOCTE,

peani3oBaHMX TIPH  ANMpPOKCHUMAIi]

Oe3nepepBHUMU JIHIAMHU (pHC.4).
HocnimxenHs GyHKUINA 3MIHU

IpaHULl  3MOYEHOI  30HM  Ja€

MOJKJIMBICTh BU3HAYWUTH 3aJIEKHOCTI

Koe(]iIieHTIB Big Yacy. AHaT3 3aJIeKHOCTEH JO3BOJMB BHSIBUTH JTUCKPETHI 3aJI€KHOCTI

. . . . . 1.7
Koe(IieHTIB BlI 4acy i Ha OCHOBI HMX — amnpOKCHMMYyrOYi OesmepepBHi GyHKUil f=—r,
t,

Q
I

2
2

1,2
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Puc. 4 — 3Mina rpaHuIli 3MOYEHOT 30HH JIJIs1 PI3HUX MOMEHTIB Yacy

HaBeneni BukiIagkyd J03BOJWIM MOOyayBaTH Oe3nepepBHY (PYHKIIIO I KOHKPETHOTO

BUIIAJIKY.
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Jlana QyHKI1Iis BpaxoByBaja KOHKpPETHI MMOKa3HUKU MPOHUKHEHHS pIAMHU B Matepian. Jls

JOBUILHOTO BUMAAKY (QYHKI[I}O FPAHUII] 3MOUYEHOI 30HU 3alIUIIEMO Y BUTJISI/IL

X = (1 + %)eﬁ”: . (1 —e )

Hana ¢yHKuis € yHiBepcanbHOW0. KoedilieHTy, Mo BXOAATh 0 HEIO € KOHCTAaHTaMH, 110

BHU3HAYAIOTh B3aEMO/III0 MaTepiaiy 1 piIUHU Ha eIEeMEHTapHOMY PIBHI.

BucHoBku

BukopucranHs AMCKPETHOTO METOJy MOJENIOBaHHS MPOLECY IMPOXOKEHHS pPIIUHU B
VIIUIbHEHHSX 3 MOPUCTUX MaTepiaiiB JO3BOJIWIIO MOOYAyBaTH peanbHy (DYHKIIIIO PAaHUIIl 3MOUYEHOT
30HM. Brepmie BusiBneHuit edekT 30UTHIICHHS KOHIIEHTpAIll BCEpeArHI MaTeplaiiB JEMOHCTPYE
MOJXJIUBICTh JTOCTPOKOBOTO JIOCATHEHHSI DPIAMHOIO TpaHull Marepiany. OxepikaHi pe3yibTaTu
JI03BOJIAIOTH MepeadayaTy CTPOK MOBHOTO HAMOKaHHSI YIIUIbHEHb, IPOrHO3YBAaTH CTPOK iX poOOTH ,

BHU3HAYATU IapaMeTpH Marepiaiy /Ui BU3HAYEHOI0 TEPMiHY poOOTH.
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