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JUHAMHUYECKHUE 3AJIAYH TEPMOMEXAHUKH KOHCTPYKIIUHA
U3 3JIACTOMEPOB

AHHOTauuMA. B cTaTbe pacCMOTPEHa AMHAMMYECKAnA CBA3AHHAA 334a4a TEPMOYNPYroCTU KOHCTPYKLMIA U3
3/1aCTOMEPOB C Y4ETOM 3aBUCMMOCTU GU3UKO-MEXAHUYECKMX CBOMCTB OT TeMNepaTypbl, AAUTENBHOCTU U YC-
NIOBWIN HArpyKeHuA.

[nA peweHna CBA3aHHOM 3a4a4M UCNONb3YeTCA METOZ NOCNeA0BaTeNbHbIX NPUBAMKEHMI. MPOCTPaHCT-
BEHHAA 3aa4a TEPMOYNPYroCcTM U NPOCTPAHCTBEHHOE YPaBHEHWE TENNONPOBOAHOCTM pPeLleHbl C MOMOLLbO
METOZa KOHEYHbIX 31eMeHTOB. Ha OCHOBaHUM MONYYEHHbIX NONEN NepemeLieHnid, AedbopmaLinin, Hanpaxe-
HUIA M TemnepaTyp C UCNO/b30BaHMEM IHEPrETUHECKOTO KpUTEpUA pa3pyLleHns chopmyIMpoBaHO Kputepu-
aNbHOe ypaBHEHWA JONTOBEYHOCTM A/1A MaTepuana c nepemMeHHbIMU GU3NKO-MeXaHUYeCKMMM CBOMCTBAMM.

MonyyeHbl HOBbIE PELIEHMA 3a4a4M LIMKANYECKOTO AedOPMMPOBAHNA KOHCTPYKLMI U3 31aCTOMEPOB. Y-
TaHOBNEHbl 3aBUCMMOCTM TEMMNEPaTypbl Camopa3orpesa M LOATOBEYHOCTM OT MpeABapUTENbHbIX HanpsKe-
HUM.
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Y.G. Kozub, Ph. D. (Tech.), Associate Professor
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DYNAMICAL TASKS OF THERMOMECHANIC OF CONSRUCTIONS FROM
ELASTOMERS

Abstract. In the article the dynamic linked problem of thermoelasticity of constructions from elastomers
taking into account dependence of physics and mechanics on a temperature, duration and terms of loading is
considered.

For the decision of the linked task the method of progressive approximations is used. The three-
dimensional task of thermoelasticity and three-dimensional equalization of heat conductivity are decided by
means of finite element method. On the basis of the got fields of moving, deformations, tensions and tem-
peratures with the use of power criterion of rapture is set forth equalizations of longevity for material with
variable physics and mechanics properties.

The new decisions of task of cyclic deformation of constructions are got from sanactomepos. Dependenc-
es of temperature of dissipative warming and longevity are set on preliminary tensions.

Keywords: elastomer, thermomechanics, longevity, vibration isolator

BeegeHue. B nocnegHee Bpems BO3pOCaa POb UCMOAb30BaHNA B MPOMbILL/IEH-
HOCTU KOHCTPYKLMI U3 NMONUMEPHbBIX MU KOMMNO3ULIMOHHbIX MaTePManoB, YTO NO3BONAET
CHM3UTb MATEPUANOEMKOCTb MALUMH U KOHCTPYKLMIA, COKPaTUTb CPOKM NPOM3BO/ACTBA,
obnerynTb Nnepexos Ha HOBYKO MPOAYKLMIO, NOBLICUTb KOPPO3UIMHYIO CTOMKOCTb M3ae-
NNA. B COBPEMEHHbIX TEXHUYECKMUX KOHCTPYKLUMAX, U3rOTOBNEHHbIX M3 31aCTOMEPOB U
KOMMO3WUTHbIX MaTepnanoB Ha UX OCHOBE, MPU AMHAMUYECKUX HArpy3Kax CyLLecTBEH-
HOE BIMAAHWE Ha XapaKTep HanpAXEHHO-A4ePOPMMPOBAHHOIO COCTOAHMA OKa3bIBaET 3a-
BMCMMOCTb PU3MKO-MEXAHUYECKUX XapPaKTEPUCTUK OT TeMNepaTypbl, BOEMEHU U YCNO-
BU HarpyXeHus.

Mpn NPOEKTUPOBAHUM 3NACTOMEPHbIX KOHCTPYKUMMA CneayeT y4yuTbiBaTb BA3KO-
ynpyroctb, cnabyto C’KMMaemocCTb, AeMndUpytoLLMe CBOMCTBA, CTapeHne matepuana [1,
2]. No3tomy Bo3pacTaeT NOTPEOHOCTb B METOAAX PacYéTa, AatOWMX 40CTaTOYHO TOYHOE
peleHne, NO3BONAIOWMX AaTb HAAEKHYIO OLEHKY A0TOBEYHOCTM KOHCTPYKUMA. B Ha-
CTOALLEE BPEMA MCNO/b3YHOTCA Pa3InyHble NOAXOAbl ANA PacyéTa A0ATOBEYHOCTU pe-
3MHOTEXHUYECKMX U3AENUI, KOTOpble DA3NPYIOTCA Ha OCHOBE Pa3/INYHbIX KpUTEpUEB
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Pa3pPYLLUEHNA: SHTPOMUMNHOTO KPUTEPUA, KPUTEPUA PaspyLLEHUs MO pa3BMBalOLLENCA
NOBPEXAEHHOCTU, SHEPTETUYECKOTO KPUTEPUA paspylLeHmna [2-6]. B bonbwmnHCTBE cay-
YaeB 3/1aCTOMEPHbIE 3/1EMEHTbI KOHCTPYKLMI UCMbITbIBAIOT LUKANYECKME AedopmaLmy,
MPX 3TOM MPOUCXOAMUT CYLLECTBEHHOE MOrNOLLEHNe SHeprMM U camopasorpes. Lenbto
paboTbl ABnAeTcA pa3paboTka MeToda pelleHMA CBA3AHHOM 3a4ayvn TEPMOYMNPYrocTu
3M1aCTOMEPHbIX 3/1EMEHTOB KOHCTPYKLMIA B YCNOBUAX AUHAMMUYECKOTO HArpyKeHUs.

Pe3ynbrtatbl M ux obcyxxpgeHune. PopmyanpPoBKY CBA3AHHON 3aJaun ANA LUUKAK-
yeckoro AeGopMMPOBaAHNA MOXKHO NPeACTaBUTb B BUMAE YpaBHEHMA BUo n ypaBHeHMA
TEennonpoBOAHOCTH:

SFJgdx*dx’dx® — [[[ pPStgdx dxdx® - G G*n,n, Gduds =0,
v v s Vg

[[[er=T)57av+[[[ B,(T~T,)5e,0v = [[[ 4,T,6T av +
v v v

+”_[W05Tdv+”[q+h(T—9)]éTds, (1)

roe  F—cBobogHas sHeprus;
P, § — BeKTOpbl 06EMHbIX M MOBEPXHOCTHbIX HAarPy30K;
U — BEKTOp NepemeLleHuni;
g, G — MeTpuyeckme TeH30pbl HeAePpOPMMPOBAHHOIO M AaKTYaNbHOTO COCTOAHWS;
C.— TENNOEMKOCTb NPU NOCTOAHHOM Aedopmauuu;

B; — KOMMOHEHTbI TEH30Pa U30TEPMMUYECKUX YIPYTUX MOCTOAHHbIX, Onpese-
NAKOLLMX B3aMMHOE BAUAHME TEMMNEPATYPHOro Nona v nonsa gebopmaumi;
&j— KOMMOHEHTbI TEH30Ppa KOHEeYHbIX AedopmaLinid;

Ajj - KOMMOHEeHTbI TeH30pa TeN0MNPOBOAHOCTY;

Wo— NNOTHOCTb BHYTPEHHUX MCTOYHMKOB TEMNI0006pa30BaHus;

G — Tenn0BOW NOTOK;

h — ko3 PuuUmMeHT TenN100bMeHa;

60— TemnepaTypa OKpyKatoLen cpeapl.

Bapuaums cBoboaHOM aHeprum OF BbluMcnseTca no popmyne

S5F =W — o S5, 2)

roe oW = \/EO-"J&U — BapuaumA ynpyrou sHeprum gedopmayun.
g

B cnyyae COBMECTHOrO AENCTBMA HArpy3KM v TeMnepaTypbl, BO3HWUKaloWwme ae-
dopmaunm npeacTaBAAOTCA B BUAE CYMMbl YIPYrom gIS_W M TemnepaTypHoOn EIS.T)COCTaB-
NAOLWMX,

IR (Y L)
g, =& +& , (3)
a KOHTpPaBapMaHTHbIE KOMNOHEHTbI TEH30PA HANPAXKEHUI — B BUAE PA3HOCTH
i i
0 =0 =0 (4)
rae o, — KOMNOHEHTbI TEH30Pa HaNPsXeHUN, 0BYCN0B/IEHHbIE NePeMELLEHNAMM

Tena;
O, — TemnepaTypHble HanpaxKeHus.
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KOMNOHEHTbI TEH30pa HaNpPAXEeHWA ONpeaensloTcs 3aKOHOM TEePMOYNpPYrocTu
[oamena—HelimaHa, npeactaBaatowero cobon 3akoH yka, 060OLWEHHBIN Ha cayyai
y4y€Ta Temneparypbl:

o' =C"e, - p'(T-T,), (5)
rae  C™, 3" ana msotepmmueckoro v aanabaTHOro COCTOAHUM UMEKOT NPUMEPHO

OMHAKOBbIE 3HAYEHWA U NPEACTaBAAOT cOOON COOTBETCTBEHHO TEH30pP U30TEP-

MMWYECKMX YNPYrMX NOCTOAHHbIX U BEIMYUH, ONPEAENAoWnX B3aNMHOE BAUSAHUE

TeMnepaTypHOro nona v nona aepopmaumi, HasbiBaeMbix KO3GOUUMEHTAMM

TEMNEePaTyPHOro pacliMpPeHus;

T—TemnepaTtypa B TOYKe TeNna;

T, — Ha4yanbHaa Temneparypa.

KOMNOHEHTbI TEH30pa HanpPAXKEeHUN, BO3HMKAOWME OT TEMMEPATypbl, MOMXHO
BbIYMCIUTb NO popmyne

ol =2ug"g" e + 107g", (6)
roe i, A —kKo3adduumenTol flame;

g” — KOMNOHEHTbI METPUYECKOTrO TEH30pa,

KOMMOHEHTbI TEH30pa TENN0BbIX AePOopMaLui:

E/E/T) =a, (Tl _To)gk/r (7)

o, — KO3OOULMEHT IMHENHOTO TENN0BOrO paclUMpeHus;

6" — dyHKUMA U3MeHeHna 06bEMa Npu TemnepaTypHoii gedopmaLmu:

0" =g, (8)

KoadpduumeHT MNyaccoHa, Ana pacCMaTpMBAEMbIX TEPMOYYBCTBUTENbHbBIX MaTe-
PMANoB, Mano 3aBUCUT OT TEMMNEPATYPbI, U CYUTAEM NOCTOAHHBIM.

KoMnoHeHTbl TeH30pa HaMpAXeHUN, BO3HUKAOWMX OT TeMNepaTypbl, BbIYUCAA-
toTca no popmyne (6).

Mpw peleHnn 3aaa4mn TeNI0NPOBOAHOCTM ANA LIMKANYECKOTO AepOopMUpPOBaHNA
GYHKUMA BHYTPEHHUX UCTOYHMKOB TEM/IA BbIUMCAAETCA NO popmyne

27,
A

w, =2 j olédt . (9)

27[0

[na peleHna cBA3aHHOM 3a4a4M UCNONb3YETCA METOA, NOCNeA0BaTEbHbIX NPK-
bankeHnin. lna moaennpoBaHMA NPOCTPAHCTBEHHOrO NOAA NepemelleHunin, gedopma-
UMM M HAanNpPAXKEHMUM UCNONb3YETCA METO KOHEYHbIX 31eMeHTOoB [1].

JlONrOBEYHOCTb 3N1aCTOMEPHbIX 31EMEHTOB KOHCTPYKLMIN 3aBUCUT OT PEXMMOB
sKcnayaTaummn, CnefoBaTeslbHO, OCHOBHbIMM (aKTOpamu OnpeaensiowmMmMm YCa0BUS
Pa3pYLLUEHMA ABNAIOTCA KPUTUYECKME HAMNPAKEHMA 1 TEMNepaTypa.

[na onpefeneHns AOArOBEYHOCTU HEObXoAMMO onpeaenTb ONacHbIE TOYKM, B
KOTOPbIX BO3HMKAOT HanbobliMe rnaBHble HAaNPAXEHUA 1 Hanbonblune TemnepaTypsbl
AMCCUNATUBHOIO CamMopa3orpeBa. B KauyectBe KpuTepua pPaspylUeHUA NPUHUMAETCA
3HEpPreTMYECKMIN KPUTEPUI, KOTOPbIA ABNAETCA Hambonee ¢pusnyeckn 060CHOBAHHbLIM

[2].
]Udt:tf(aijé,.j. +7—G)dt=AU", (10)
0 0
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« 27«
roe  t =——N —Bpemsa A0 JIOKaIbHOro pa3pyLleHuns Bubponsonatopa;

0]

N" — KONMYECTBO LIMK/IO0B 0 0KabHOrO Pa3pyLLeHna BUBPOU30NATOPa;

AU — npegenbHoe (KpUTUYecKoe) 3HaueHne NAOTHOCTM SHepPruu, UayLLei Ha

pa3pyLeHNe pesunHbl;

g —TEena0BOW NOTOK;

¥ — 9HEeprvA BHELUHEN arpeccMBHOM cpeapl.

[lna moaennpoBaHMA BA3KOYNPYroro NOBeAEHUA 31aCTOMEPA MCMNONb3YEeTCA Ye-
TbIPEXanemeHTHaa mogenb broprepca [10], cocTtoawan u3 AByX ynpyrux un AByx BA3KKUX
3/1eMEHTOB.

B 3TOM MOAENM y4YnUTbIBAKOTCA MIHOBEHHAA YNPYrocTb, BbICOKO3NACTUYHOCTb, 3a-
na3AblBatoWwan ynpyroctb M HeobpaTumoe AepopmMmnpoBaHMeE NoL ANUTENbHON Harpys-
Kol. PYHKUMA M3MEHEHNA DU3NKO-MEXaHUYECKMX XapaKTepPUCTMK maTepuana onpeje-
NAETCA 3KCNEepUMeHTabHOM KpnBon G(t) =G, p(t).

J10CTaTOYHO XOpOLLEN anMPOKCMMaALMEN IKCMEPUMEHTANbHbIX AaHHbIX ABNAETCA
3KCNOHeHUManbHaa GyHKUMA

o(t)=exp(k, —k,Wt?), (11)
rae  k,, k, —KoadPMLMEHTbI annpoKcmaLLmy;

w =é5”5’7, &’ — cpefHee 3HaYeHUN AeBrnaTopa TEH30pa HanpAXeHNN.

KputepunanbHoe ypaBHeEHWE NPU LMKANYECKUX Aedopmaumax NPUHUMAET BUL,

t
| W oit)— it =AU, (12)
o\ o

rae 17, — HavyanbHoOe 3HaYeHne KOIQPULMEHT BASKOCTU I1EMEHTA C U3MEHAIOLLMMU-

CA XapaKTepUCTUKaMMU.

YncneHHOE MHTErpMpPOBaHME NIEBOM YacTU YPaBHEHUA C HEM3BECTHLIM BEPXHUM
npeaenom npeacTtaBnseT cobot HeNMHENHOE YPaBHEHME, PELUEHUEM KOTOPOro ABAA-
€TCA UCKOManA J0NrOBEYHOCTb.

3agaua 1. PaccmoTpum aepopmrpoBaHME CIOUCTOM TEPMOYYBCTBUTENbHOW LiN-
NNHAPUYECKOo 060104KN, NEBBIN TOPEL, KOTOPOM KECTKO 3aLLEeMNEH, a NpaBblii CBOOO-
A€eH, NOABEPKEHHON BO3AENCTBUIO HEPABHOMEPHOIO CTaLLMOHAPHOrO TEMMEPATYPHOro
nons snaa [7]

TV =7(2)+ 1 (2) k=1, 2,...,n),
roe N —KONMYECTBO CNOEB;

Z — KOOpAMHATa, OTCYMTbIBAEMARA BAO/Ib BHELUHEN HOPMAN K CPEAMHHOM No-

BEPXHOCTU LUMANHAPA.

MpeanonoXmnm 3aBUCMMOCTU GU3NKO-MEXAHUYECKMX XaPaKTEPUCTUK CNOEB OT
TemnepaTypbl, y4UTbIBasA TEPMOYYBCTBUTENBHOCTb MaTeEPUAnNa

£ =) (1+807Y);

6" =6 (147",

a® =g (1 + yl(,.k)T(k) + 7/(f)T(k)2) (i=1, 2, 3),

i i0 2
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e Y, 1Y) —noctoanHble, onpesenseMbie aKcNepUMeEHTaNbHO U Xapak-

Tepu3ytoLLMe 3aBUCMMOCTb YNPYrnx Moay/eil E,(k),G(k) M KO3PUUMEHTOB TEM-

nepaTypHOro paclwmpeHus a,.(k) OT TemnepaTypbl.

KoadduumeHT MyaccoHa, Ana paccMaTpMBaEMbIX TEPMOYYBCTBUTENbHbIX MaTe-
PVaNoB, Mano 3aBUCUT OT TEMMNEPATYPbI, U CYUTAEM NOCTOAHHBIM.

KoMNoHeHTbl TeH30pa HaMNpPAXEeHUN, BO3HUKAOWMX OT TeMNepaTypbl, BbIYUCAA-
toTca no popmyne (6).

d13NKO-MexaHMYecKme napaMeTpbl NPUHMMAKOTCA CeaYOWNMU:
=F ,,=1,704-10" Na; E,, =2,808-10"Ma; x4, =E,,/50; 1=0,2m;2h=0,04 m;
v, =0,106;v,, =v,, =0,174;v,,=0,064; &, =&, =&, =-0,25-10";
n=E;7,=0(i=1,2,3); 7, =-0,2413-10"rpag"; 7,, =0;y,, =—0,2445-10 "rpag ;

a,,=0,1134-10 *rpan™; a,, =0,1418-10 *rpag™; ar,, =0;R=0,4 M.

MocTpoeHHaA cucTeMa YPaBHEHUM B NEPEMELLEHUAX C NePEMEHHbIMU KO3hPu-
LMEHTAaMM PELIAETCA C NMOMOLLbI0 TPEXMEPHOTO METOAA KOHEYHbIX 31EMEHTOB, MOAY-
YeHHble pe3ynbTaTbl YA0BNETBOPUTE/IbHO COBMAAAlOT C pe3ynbTaTaMu, NONYYEHHbIMU
MPY TOYHbIX U NPUBNUMKEHHDBIX PELLEHUAX C NPUMEHEHMEM Teopum 060104EK aBTOPaMK
pabor [7, 8].

Ha pucyHke 1 npuBegeHbl rpaduKkm pagmnanbHbIX NEPEMELLEHNUIN, NMONYYEHHDBIX C
nomoulbto komnnekca MUPE/IA+ (KpuBas 1) u aBTopamm paboTbl [7].

YYéT TepMOYYBCTBUTENBHOCTM MaTepMana BHOCUT CYLLECTBEHHbIE MOMPABKM B
3HQYEHUA PACYETHBIX BENMYMH M HeobxoAuM NpU NPOEKTUPOBAHWWU OTBETCTBEHHbIX
TEXHUYECKMUX KOHCTPYKLNNA.

3apgaua 2. inccMnaTBHBIN Pa3orpeB Noa0ro LMANHAPUYECKOTO aMOPTM3aTopa B
YCNOBMAX NpPeABapUTENIbHOTO HarpyxeHus. Pasmepbl amoptusatopa: R;=0,035m,
R,=0,1m, h=0,175 m. Ynpyrue xapakTepucTukm pesuHbol 2959: paBHOBECHbIN MOAY/b
casura p =0,74 MMa, MrHOBEeHHbIN moayAb cagura , = 1,76 MMMa, v = 0,499; peono-
rMyeckne napameTpbl Agpa penakcauum PabotHosa « =-0,6; S =1,062; y =0,64.
AMNAUTYZa oceBbIX Konebanuit & = 0,008 m, yacToTa @ =40 ¢ . KoapduumeHT Tenno-
nposogHocTn A = 0,293 Bt/(m-K); KoadpduumeHTbl TennoobmeHa ¢ MeTananyecKon ap-
MaTypOii 1 OKpYKaIOLLEN Cpesoi, COOTBETCTBEHHO Hy = 5240 M™, Hy = 40 m™.

Ha pwuc. 2 npuBeaeHbl rpadukmn pacnpeaeneHuna yCTaHOBMBLLIENCA TeMNepaTypbl
camopasorpesa 6e3 npeasapuTenbHoro nogxatuna (1) u npeaBaputenbHom ocaakom (7,
8), KOTOpble NMOKa3blBalOT, YTO C
yBE/IMYEHNEM HaAYaNbHOW OcCaj- Ur
KM TemnepaTypa ysennuusaetca. |

. o 0.5 —
YYET Haya/NbHbIX HaANPAXEHUU — = T

0.5 T ———

OCHOBAH Ha MCMOMb30BAHWW WH- | e
KpEeMeHTaNbHON Teopun u eé | ., =
5 JV
pPeann3aLmMm MeToJOM KOHEUYHbIX | g —
anemeHToB [9]. 0.1 Z
3apauya 3. Pacyér cpoka ; X - e o
CAYKObl  NONOro  UMAMHAPUYE- #R

ckoro Bubpowmsonatopa. Pa3me- Puc. 1 — PacnpeaeneHve pagnanbHbix nepemeLLeHni

E

10
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pbl r, =0,9 cm, r,=2,6cm,
h=17cm. Mogyno casura
G =1,27 MNa, KO3pPUUMEHT
BA3KOCTU 17, =780 Mlla-c. [la-
pamMeTpbl  Agpa  penakcauuu
a =06, =111, y =0,64. Ko-
3pPMUMEHT TENNONPOBOAHOCTM
A=0,293B1/(m-K), Koadpduumen-
bl TennoobmeHa
H, =H, = 40 Bt/(m*K),
H, = 5240 BT/(M>K). Koadduuu-
EHTbI annpoKkcMmauuu
k, =7,2766 1/rop,
k, = 0,3166-10cm?/(rog’-kr).
PelweHune KpuUTepmnanbHOro ypas-
HeHuA AaéT 3Ha4veHune 0,43 roaa.

Ha pwuc.3 npeacrasneHbl
3aBMCMMOCTM [0/ITOBEYHOCTU OT
aMNANUTYAbl M YaCTOTbl Harpyxe-
HUA.

BbiBoabl. Pa3paboTtaH me-
TOZ, PeLleHns CBA3aHHON 333y
TEPMOYNPYrocT Ana cayyasa Aau-
HaMWYeCcKoro Harpyenus. [lo-
NIy4eHbl COOTHOLWEHMA ANA Kpu-
TEepPManbHOTO YPaBHEHUA AONTO-
BEYHOCTM 3/1aCTOMEPHbIX  3/€-
MEHTOB KOHCTPYKLMMA Ha OCHOBE
3HEPreTMYECKOro KpuTepusa pas-

131

105

® (j/ /’f— - \'-\‘

45

30

15 =

Rom
0.04 0.05 0.06 0.07 0.08 0.09 01 0.11
npepasaputenbHan ocagka: 1) A=0,02 m;2) A=0,01
m;3) A=0m
Puc. 2 — PacnpepeneHue n3bbITo4HOW TemnepaTypbl B ceve-
HUM z = h/2

taod teod

06 0,6

04 04

0z \ iz \

\“H '\.\

15 25 35 £y 5 7 9 A%

a) 6)
Puc. 3 — 3aBMCMMOCTb J0/IrOBEYHOCTU: @) OT YacToTbl; 6) OT
aMnAnUTYApI

PYLUEHMA C YYETOM U3MEHEHUNA GU3NKO-MEXAHMUYECKMX CBOMCTB C TEYEHNEM BPEMEHM, A
TaKXKe noj, AencTBUEM TENNOBOW HarpysKku. M3ydeHa 3aBUCMMOCTb TeMNepPaTypbl AuUc-
CMNATMBHOrO Camopa3orpeBa M AONTOBEYHOCTM OT YacTOTbl MU aMNAUTYAbl AMHAMUYe-

CKOM Harpyskm.
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TEOPUA BOJIHOBOI'O ABPASUBHO-YCTAJIOCTHOT'O NU3HOCA
YIIPYTOHACJIEACTBEHHBIX CPE/]

AHHOTaumA. PaccmaTtpuBaeTcA B3aMMOAEWUCTBUE YNPYrOHACAeACTBEHHOW CUNbHO AUCCUMNATUBHOW cpeabl
C NpesenbHO-HacbiWeHHbIM AByXda3HbIM NOTOKOM. YpaBHeHWe HanaHca NMoToka NpuHMMaeTca B Buae [Mo-
Nva-BenunkaHoBa, a pacnpeseneHne NyabCUpPYIOLMX 3HAYEHUI CKOPOCTEN B BUAE HOPMaNbHOMO pacnpese-
nenua Faycca. MpumeHUTeNbHO K pe3anHoBon ¢pyTepoBke bapabaHHOM MenbHULbI NOAYYEHO YpaBHEHUE ANA
BEPOATHOW CKOPOCTM M3MEHEHMA BbICOTbl NAMT QyTEPOBKM NO BpeMeHu. PaccmaTpuBatotca 0cobeHHOCTH
paspyLweHna pe3nHOBON GpyTEPOBKM B KOHTEKCTE ABNEHUW AETEPMUHUPOBAHHOIO Xaoca M HEKOTOPbIX 3aKO-
HOMEPHOCTEW ABUNKEHMA 3arpy3kn B bapabaHe MenbHULpbI.

KnioueBble cnoBa: pe3viHosble GyTepOBKU; TEOPUA BOTHOBOFO M3HOCA; YNPYro-HacNeACTBEHHbIE Cpespl;
AETEPMUHMPOBAHHbIN XaoC; ypaBHeHMe 6anaHca NOTOKa

V.1. Dyrda, D. Sc. (Tech.), Professor,
(IGTM NAS of Ukraine),

THE THEORY OF THE WAVE ARE ABRASIVE-FATIGUE WEAR ARE
ELASTIC-HEREDITARY ENVIRONMENTS

Abstract. Interaction are consider are elastic-hereditary strongly dissipation environment with extreme-
ly-saturat diphasic stream. The equation of balance of a stream are t over in the form of Pohl-Velikanov, and
distribution of puls values of speeds in the form of normal distribution of Gauss. With reference to a rubber
lining of a tumbling mill the equation for probable speed of change of height of plates of lining on time are
receiv. It are consider features of collapse of a rubber lining in a context of the phenomena of the determin
chaos and some laws of movement of loading in a barrel of a mill.

Keywords: rubber lining; theory of a wave wear; elastic-hereditary environments; the determin chaos;
equation of balance of a stream

OcHOBaHMeM A1A HAaNMCAHMA HACTOALLEW CTAaTbM CTaNa IKCNEPUMEHTANbHO YCTa-
HOB/NIEHHaA OOLWHOCTb AMHAMMYECKMX MPOLLECCOB M MOPPOMETPUYECKMX MPU3HAKOB
Npu MccnenoBaHUM NpeaenbHO-HACIWEHHbIX PYCI0BbIX NMOTOKOB M B3aMMOAEWCTBUA
3arpy3ku ¢ 3aWwnTHoM GyTepoBKom B bapabaHHbIX MenbHUuax. Oba cnyyas xapakTepu-
3YI0TCA MOLLHOW TYPOYNEHTHOCTbIO, a, CNeA0BaTeNbHO, NYNbCaLUMEN CKOPOCTEN M AaB-
NeHui; B 0bemnx cnyyanax HabaoaaoTca xapakTepHble MOPGOMETPUYECKME NPU3HAKK B
BUAE «PEYHOro AHa» WK «PeyHOro y3opa». B nepsom ciydae NpUYMHOW MOABNEHUSA
«PEYHOro AHa» ABNAETCA BOJHOBOWM XapaKTep pa3mbiBa M HaMblBa TBEPAOrO BELLECTBA
(B HONbLUMHCTBE pacCMaTPMBAEMBbIX C/Iy4anx MecKa); BO BTOPOM C/y4ae — BOJIHOBOM Xa-
paKTep abpa3nBHO-YCTAaNOCTHOrO M3HOCA PYTEPOBKM.

Mo AMHaMMKe PYCN0BbIX MOTOKOB MMEETCA ObLIMPHan nMTepaTypa, AOCTaTOMHO
Ha3BaTb K/aaccuyeckyto moHorpapuio M.A. BennkaHoBa «[lMHamuKa pycnoBbiX MNOTO-
KoB», u3aaHHyto B 1949 roagy; no AnHamuKe bapabaHHbIX MeNbHULL UMetoTca nybanka-
umm [1], B KOTOPbIX PACCMaTPMBAOTCA HEKOTOPbIE BONPOCHI BOJIHOBOTO M3HOCA PE3NHO-
BOW GYyTEPOBKM.

N3 ruapoamMHaMUMKKM M3BECTHO, YTO MAcCOBOE ABUXKEHWNE TBEPAbLIX YaCTUL, NO AHY
NOTOKa NPX ManblX CKOPOCTAX BCEraa npoucxoamt B Gopme ABUKEHWUA BONH. ITU BON-
Hbl ABUTAlOTCA CO CKOPOCTbIO MEHbLLER, YeM CKOPOCTb NOTOKaA. CyLLecTByeT pag, Teopuit
(Hanpumep, Teopua IKcHepa, Monmna n Apyrux aBTOPOB), pacCMaTpUBaOWMX gedopma-
LLMIO PA3MbIBAEMOrO HA U, B YaCTHOCTM, ABUXKEHME NECYaHbIX BO/IH. Teopua KCHepa K
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