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JEDOPMALINS, METOAbI UCIIbITAHWUM, [IPOTHO-
3MPOBAHME

Obvekm uccnedosaHus — 0bYBHble HUMKU, Npu-
MeHsieMble npu cbopke 3a20mosku 0bysu.

Llene pabomesl - u3y4yeHue xapakmepa degop-
Mayuu 0bysHbIX HUMOK 015 YCMAHOBNEHUS 803MOX(-
HOCMU npuMeHeHUs 3KCnpecc-Memooo8 npu oueHKe
UX Ka4ecmea u npo2HO3uposaHuu no NoKasamensim
MexaHu4yeckux csolicme.

B pabome ucnonb308aHbl U3MepUMeEbHbIE Me-
moobl OUEHKU Kayecmea HUMoK U mMemoodsl Mame-
Mamuy4ecko20 MOOeUPOBAHUS..

YcmaHoeneHsl pe3ynsmamsl 8AUSHUS HA 0CMa-
MOYHYI0 UUKIUYECKyr OegopMayuro 0by8HbIX HU-
MOK Makux mexHoMo2u4ecKux U 3KCnayamayuoH-
HbIX (akmopos, Kak ycusnue 3amsixku Weos obysu,
CKOpOCMb HazpyxeHus, epems skcnayamayuu. [Tony-
yeHa Mamemamuyeckas 3agucuMocms 0CmMamo4Holi
yukaudeckoli degopmayuu om yKasaHHsIX ¢akmo-
pos.

Pe3ynemamei pabomsi Mo2ym 6bimb UCN0/163080-
Hbl 0718 NPO2HO3UPOBAHUS Ka4ecmaa 00y8HbIX HUMOK
U paspabomku 3KcnpeccHoix Memodos ucnsimaHud.

KauecTBo coeaMHMUTENbHBIX LUBOB AeTanew Bep-
Xa 00yBM BO MHOFOM 3aBMCUT OT TOFO Kak, COOTHO-
CATCA HAMpsSKeHUs n aedopmalmu, BO3HMKAKOLWME
B HWUTKaX Mpw 3aTSXKKe WBOB M NMOCNEAYIOLLEN IKC-
nayataumMu U3Lenun, ¢ GuU3MKo-MexaHU4eckumu
CBOMCTBAMM 3TUX HUTOK. [MoJ06HbIM BOMpoCam
yAENeHo onpefneneHHoe BHUMMAHME B HEKOTOPbIX
paborax, B yactHoctv B [1, 2]. OgHako MHorue ac-
neKkTbl AaHHOW npobnembl BBUAY €€ CNOXHOCTU
OCTaKTCA NMlb 0003HAYEHHbIMKU. TeM He MeHee,
OHM MMEIT CYLLeCTBEHHOE MpaKTU4YecKoe 3Hade-
HMe B OTHOLUEHWM KaK MPOM3BOACTBA U3LENUI, TaK
M NPOTrHO3MPOBAHUA UX IKCMYyaTaLLMOHHBIX Xapak-
TEPUCTUK.

B npoBegeHHOM McCCnepoBaHWM CTaBMAaCh 3a-
[avya MOOEeNMPOBaAHUS HaMNpsXKEeHHO-AedOPMMUPO-
BAHHOIO COCTOSIHMSA (B AanbHenwem HI-cocTosHuS)

YOK 685.34.24.4:658.34.042.22
ABSTRACT

The research results of residual cycling deforma-
tion of thread used by assembling of upper foot-
wear parts are given in this article.

The influence of 3 factors on the residual defor-
mation was estimated: the effort of foot-wear last-
ing, loading speed, exploitation period.

The given factors are simulated on the pulser ac-
cording to static load, frequency of rotation of sine
mechanisms of pulser, the number of deformation
cycles.

The characteristic of dependence of these factors
is given and their effect on residual cyclic deforma-
tion is revealed.

The adequate polynomial model of dependence
is constructed which completely corresponds to logic
of physical interralation of quantities and can be
used for necessary analysis in prediction problems of
deformation properties of threads.

The results of the research allow to make the
conclusion about capabilities of reduction of testing
period and the using of proximate methods for eval-
uation and prediction of foot-wear thread quality at
preceding realization.

HWTOK, MPUMEHSIEMbIX B COEAMHUTENbHbIX LUBAX Ae-
Taneu Bepxa 06yBu Ha nynbcatope [MH-5, KoTopbIn
npeaHasHavyeH Ans onpeneneHns MHOroOUMKIOBbIX
XapaKTEPUCTUK TEKCTUIbHBIX HUTOK. BO3MOXHOCTH
3TOro NpmMbopa No3BONAT MOAENMPOBATH B3aUMO-
CBA3M MeXAY XapaKTepUCTUKAMU HaMpsS)KeHHO-Ae-
(hOPMMPOBAHHOIO COCTOSIHUS HWMTOK, CYLLECTBYIO-
LMe B peasibHbIX YCI0BUAX KCMAyaTaLuMm 06yBHbIX
U30eNnmn

lNoka3atenemM MWHTEHCUMBHOCTM H-cocToAHMSA
HUTOK BblBpaHa OCTATOYHas UMKaMdeckas aedop-
Maums Al , oTpaxatowwas pexmMbl Kak U3rotoene-
HWS, TaK M 3KCNayaTaumu nspenuin. BennumHa stoin
fedopMaumsa 3aKknagbiBaeTcs B npolecce npous-
BOACTBA Yepe3 BEeNUUMHY YCUIMS 3aTSHKKM wBea P
[3]. Ha cTtagum xe skcnnyaTauuu OHa 3aBUCUT OT
CKOPOCTU HarpyxeHus V, onpepensemMoin ckopo-
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CTbl0 XOAbObI, M MEepUoAa 3KCnayaTauum Usgenus
7. Takum 0bpasoM, B NPOBELEHHOM UCCIef0BaHNM
H-cocTosiHMEe HUTKM OMUCHIBANOCh QYHKLMEN:

a, =f(p,v,7). (1)

Ha nynbcatope [NH-5 BBeaeHHble BeNWMYMHDI
NpOMOAENUpPoBaHbl cneaywmm obpasom. Octa-
TOYHas UMKAnyeckas gedopmaums Alw (MM) peru-
CTpMpOBanacb HeMnoCpPeAcTBEHHO MO JIMHENHOM
WwKane npubopa Kak Hapacrawliee BO BPEMEHM
HeobpaTuMoe abCoNTHOE YANMHEHME WCMbITbI-
BaeMow npobbl HUTOK. BennunHa P (H) mopmenupo-
BaflaCb CTAaTUYECKOM Harpys3Kow, NpuKnaabiBaeMon
K npobe nepen HavyanoM MCNbITaHWA. Ons 3TOM
LLeNIM UCMONb30BasCs BXOASLLMIA B KOMMNEKT Npu-
6opa Habop creumanbHbIX rMpb. Macca rMpu Bbl-
H6upanacb No MpuNoXeHHoM K npubopy Tabnuue
B 3aBMCMMOCTM OT NMHEMHOM MIOTHOCTU HWUTOK M
C YY4ETOM CpefHUX YCUNWIA LIBA MNpU 3aTskke 00y-
BM Ha Konopaky. BeibpaHHas rups yknafbiBanacb
Ha BEPXHIO KPOMKY HUXHEr0 3aXMMa U B XOA4e
UCMbITaHWS CO3[aBana MOCTOSAHHOE MO BeMYMHE
cTaTnyeckoe HaTkeHue HUTKU. CKopoCTb LMKAK-
YeCcKoro Harpyxehnus V mMoLennpoBanacb 4acToTow
BPaLLEHUs 3KCLEeHTpMKa w (C!), nepemellatoLlero
BEPXHUI 3XMM npubopa, U 3adaBanacb C NOMO-
Wbt nMetowerocs Ha MH-5 peryngatopa ckopoctu
BpALLEHMS IKCLLEHTPMKA CO LUKANOW, OTrpagyupo-
BaHHOW B MMWH™. Bbinn BbIOPaHbI yCnoBMS 3Kcne-
pUMEHTa, NPUBAMXKEHHbIE K YC/NOBUSM OMbITHOM
Hocku. [Mepwop skcniyatauum T MOLENUPOBANCS
YMUCIOM LMKIOB UCMbITaHWiA npobbl n. Mpu 3TOM
€OMHWUYHBIA LMK Harpy3Ku-pasrpysku UCMbITbiBa-
€MOW HUTKM Ha npubope COOTBETCTBOBAN OAHOMY
wary npu xoabbe.

C yyeToM nMpuBeLEeHHbIX COOTBETCTBUI MOAeNb
dyHKumMK (1) B npusaske K nynbcatopy MNH-5 umeer
BuA, (2):

Al, = f(P,o,n). @)

MN3yyeHne 3TOM (YHKUMM BbINOAHANOCH B ABa
sTana. Ha nepBom 3Tane paccmaTpuBanacb OfHO-
(akTopHas 3aBucumocte Al = f (n) npu cpeaHnx
3HaYeHuAX ABYX Apyrux dhakTopos - P u w. NHTep-
Ba/ibl BO3MOXHbIX 3Ha4YeHwui ¢aktopos P . < P <
P.Ww. <wSw_  ONpeieneHbl C y4eTOM Nn-

max ax

TepaTypHbIX U OMbITHbIX AaHHbIX. OHM MMEIOT TaKow
Bua: 13<P<17Hw 150 < w <500 "1 Ha ocHoBa-
HWM 3TOrO CpefHME UX 3HAYEHUS COCTABNSAKT COOT-
BETCTBEHHO 15 H n 325 "+l

Llenbto 3TOro 3tana $BASOCb YCTAHOBAEHME
XapakTepa BAMSIHUS YMCNA LMKIIOB N HAa BEJIMUUHY
OCTaTOMHOM LMKAMYECKOW AedopMaLmu HUTKU B
wee. MHTepec npeacTaBnsai BONPoOC O TOM, KaK M3-
MeHsIeTCst CKopoCTb pocta Al no mMepe Bo3pacTa-
HUA n. ng ucnbiTaHWi 6b11M BbIBpaHbl HUTKK, MPU-
MeHsieMble B HacTosllee BpeMs B MPOW3BOACTBE.
MNMokasatenn ux QU3NYECKUX W MEeXaHUYECKUX
CBOWCTB NpeacTaseHbl B Tabnmue 1.

Tabnuya 1 - lNokazamenu cgolicme u3y4yaembix
HUMOK

Ycnos- Tpeboanus TOCT MakTuyeckume JaHHble
Hoe Nn- Pas- Yonu- Jn- Pa3- | Yoau-
060o3Ha- Hel- | pbIBHAs | HEHWEe | Hel- | pbiB- | HEHWe
HeHue Has Harpys- | npu Has Has npu
HUTOK
nnot- Ka He | paspbl- | nnoT- Ha- pas-
HOCTb, | MeHee, | Be HEe | HOCTb, | rpy3- | pbiBe,
TeKc H bonee, | TeKkc Ka, H %

%
701 65 2,55 23 74,4 | 401 | 18,24
86 /1 87,8 3,88 21 88,8 | 543 | 18,55

[paduueckoe M3obpaxkeHne pe3ynbTaToB UCMbI-
TaHWi NpuBeaeHO Ha pucyHke 1.

58

337

YANMHEHHE, MK

400 500 600 Joo

[ELS

——T0N —m—E0N

PucyHok 1 - [paguk 3asucumocmu 0ocmamoyqHol
Yukauyeckol degpopmayuu om Yucaa yukaos Hazpy-
HEeHUS

M3 pucyHka cnepyert, 4to cKopocTb pocta Al
He 0CTaeTcs NOCTOSHHOM. o 3HaveHus n*, paBHOro
100 umknaM, oHa 6bICTPO M MOYTM JIMHEWHO BO3-
pacraet, gocturasg 90 % cBoero MakCMManbHOro

max *
3HaYeHuns Alou .Mpuatom n*«n_ .

X
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JTO CBMAETENbCTBYET O TOM, YTO MPAKTUYECKM
HeT CMbICNa NPOAOMXKATb MCMbITAHUS MOC/Ie 3Ha-
YeHus n%, TaK Kak OCHOBHas MHdopmauus 06 Al
yxe nonyyeHa. OTClofa BbITEKAET NPUHLMMUANbHAS
BO3MOXHOCTb pa3paboTkuM 3KCMPEeCCHbIX METOA0B
MHOTFOLMKIIOBBIX UCMbITAaHUIA HUTOK A8 0O6YyBHOMO
Npon3BOACTBA.

Ha BTopoMm 3Tane nccnenoBaHns NpUMeHUTENb-

Tabnuya 2 - Ycnosus u pe3ynemamel 3KcnepuMeHma

HO K HMTKe 70J1 pacCMOTpEeHO COBMECTHOE BAMSHMNE
(aKTOpOB, CTOALWMX B MPABOM YAaCTU COOTHOLLIEHMUS
(2). Ans ymMeHblUEHMS Ynmcna HeobXOAMMbIX OMbITOB
MCNo/b30BaNoCh (akTOPHOE MIAHUMPOBAHME 3SKC-
nepumeHrTa. C Lenblo MUHUMM3ALUMKU YMCIA OMbITOB
BbIOpaH TpexypoBHeBbIi naaH Tuna B3 [4]. MaTpu-
La 3TOro niaHa v pesynbraThl UCCNEA0BAaHUS CO-
nepxarcs B Tabnuue 2.

Homep MaTtpuua nnaHa 3HaueHue BbIxoAHOro napamerpa Al
onbITa 3KCMepUMEHTa
X, X, X, X, Y
1 + + + + 5,07
2 + - + + 4,15
3 + + - + 4,07
4 + - - + 3,69
5 + + + - 4,04
6 + - + - 4,57
7 + + - - 3,67
8 + - - - 4,12
9 + + 0 0 4,22
10 + - 0 0 4,84
11 + 0 + 0 4,95
12 + 0 - 0 4,65
13 + 0 0 + 5,28
\_ 14 + 0 0 - 5,40 )

KoanpoBaHHbIe 3Ha4YeHWS GAKTOPOB X, X, X; U
WHTEPBANOB BapbnpoBaHUsl GaKTopoB A onpenens-

JIUCb MO ceayowmM GopMynam:

xi=(P™ - R)/1

XI — (Pmin _ PO)/;l’P :

X, = (a)ma" - o, )/ﬂa, ; X, = (a)max - o, )/ﬂw ;

Xi = (n’“a" —n, )/ﬂn : X; = (nm‘" —n, )//ln :

/lp — (Pmax _ Pmin)/z;

A = (a)max _wmin)/z;

ﬂn — (nmax _ nmin)/2 :

rae P,, w, n, - OCHOBHbIE (CPEAHME) YPOBHM CO-
oTBeTCTBYIOLWMX hakTopoB; Ap, Aw, An — 3HaueHus
LaroB BapbnpoBaHus (aKTopoB.

Mo AaHHbIM Tabaunubl 2 U MeToAMKe, ONUCAHHOM
B [4], nocTpoeHa afeKkBaTHas MONMHOMMUANbHAS MO-
nenb, umerolas sug, (3):

y=5,245+0,255-X, +0,286 - X, - X, +
+0,081- X, - X, —0,723-x? —0,448- X

Kak cBuMpeTenbcTBYeT MNOCTPOEHHAs MOAENb,
BCe BBe[eHHble (PaKTOpbl 0Ka3annCb HENUHEMHO
B/MSIOLWMMM HA BbIXOAHOM MapameTp — 0OCTaTou-
HYI UMKnnyeckyto gedopmaumio HuTkM. OTcroaa
cnefyeT, YTO HWUTOYHbLIN LIOB SIBNSIETCS HENUHen-
HbIM 00bekTOM. Peakuus ero — BeNMuMHa 0CTaTou-
HOW UMKAuuveckon pedopMaumm — onpepensercs
He TONbKO 3HAYEeHUSIMU AEeCTBYKLWMX (HAKTOPOB,
HO M coyeTaHMeM ypoBHel dakTopoB. 06 3TOM
CBUAOETENbCTBYET Hanuume 3MOEKTOB MapHOro Mx
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B3aUMOENCTBUS, YTO SIBNSIETCS KOCBEHHbIM MNpw-
3HaKOM BO3MOXHOCTM CKAuyko0Opa3sHbIX U3MeHe-
Hui Alow, npu usmeHeHnumn B w, n. ng OLeHKU 3ToM
BO3MOXHOCTM MPOBOAMNICA KAaHOHWMYECKUIA aHanu3
NOAYYEHHOM MOAMHOMMANBHOM Mogenu. [1pn 3ToMm
MCnonb3oBanacb MeToamnka, onmcaHHas B [4]. KaHo-
Huyeckas dopma nccnenyeMon Moaenu UMeeT BUA,
Kybuueckoro ypaBHeHus (4):

B®-1171-B*+0,306-B-0,010-y=0. (4

OpuH 3 ero KopHei OKasblBaeTcs 6AM3KMM K
HY/0, IBA LPYrMX — KOMIIEKCHO COMPSDKEHHDbIE.
CnepoBaTtenbHO, MOBEPXHOCTU PaBHbIX 3HAYEHWI
BbIXOLHOrO napameTpa NpeacTaBnsT cobow na-
pannenbHble MA0OCKOCTU. A 3T0, B CBOK ouepepb,
CBUAOETENbCTBYET O TOM, YTO B BbIOpaHHbIX 06na-
CTIX BAapbMpPOBaHUS GakTopoB P, w, N He CyLeCTBY-
T 3KCTpeManbHoro 3HayeHus Al . He cyuwecteyet
TaKXe 1 COYETAHUIM UX 3HAYEHU I, TPU KOTOPbIX BO3-
HUKAIOT CKaukoobpasHble n3meHeHus Al . Mostomy
NAaBHbIM U HEMPEPbIBHbIM U3MEHEHUSAM HAKTOPOB
P w, n B 0bnact 3KcnepuMeHTa COOTBETCTBYHT
nnaBHble 1 HeMpepbIBHble U3MeHeHs Al .

AHanus ocobeHHOCTe BAUSHUS  (HaKTOPOB
Ha Al ~nposesem nyTem AuddepeHLMpoBaHUS
ypaBHeHus (3) nooyepesHO MO KaxXAoM M3 KoaM-
POBaHHbIX MEPEMEHHbIX X, X, U X,. Mcnonb3osa-
HWe ypaBHEHUS MOJENU U3y4yaeMOoM 3aBUCUMMOCTU
B KOOMPOBAHHOW (opMe NOo3BONSET OLLEHWBATb
MHTEHCMBHOCTb BIMSHUS (GAKTOPOB NO  BeNUYMHE
Ko duuneHTo b, 1 b,r TaK KakK KOAMPOBAHHbIE
3HaueHus (AKTOPOB 3aK/HOYEHbl B OAMHAKOBbIN
ANA HUX uHTepBan: -1 <x, < 1. Utak, nonyyaem:

dy/dx, =—1,446 - x, + 0,286 - x,
dy/ dx, =—0,896 - x, +0,081 - x,
dy/dx,=0,286 - x, + 0,081 - x,

AHanusMpys nonyvyeHHble COOTHOLUEHMS, Nerko
BMIETb, YTO NMPU BO3PACTAHUM YCUNIUS 3aTSHKKM LLBA
X, (akTop P) CHWKaeTca CKOpOCTb pOCTa OCTaTou-
HOM UMKAMYyeckon gecdbopMaumm no 3ToM nepeMeH-
HOM, HO BO3pacTaeT No NepemMeHHon X, (dpaktop
n). OaHako, cyasd no KosghUUMEHTAM MpK X, U X,,
BAMSAHME  dakTopa P HaMHOro cunbHee. MHbl-
MW CNOBaMu, MPaBUIbHO 3aTSHYTbIMA LWOB (KOraa
HanpshXeHWe B HUTKE LUBA CYLLECTBEHHO He BbIXO-

OWT 33 npepenbl obpaTuMbix AedopMaumin) npe-
NATCTBYET HAapaCTaHUKD OCTAaTOMHOM LMKIUYECKOM
nedopMauMu aaxe Npu yBEIMYEHUU YUCNA LMK-
noB HarpyxeHus n. ObpatHas 3aBUCMMOCTb MexXay
CKOPOCTbI0 HApaCTaHMsl OCTAaTOYHOM LMKAMYECKOM
Aedopmaumu (dy/dx,) no 4actote UMKIMYECKOrO
BO3AENCTBMSA X, (haKTOp W) OT 3TOW YaCTOTbl NETKO
obbacHseTca TeM, YTo caMo no cebe nepuoauye-
CKO€ BO34eNCTBME COCTOMT B YepeaoBaHUK a3 Ha-
rpy3ku u otabixa. B dase otabixa npoucxogut pe-
nakcauus gedopmaumu, To ecTb ee CHuxeHue. Mpu
BO3paCTaHMM W COKPALLAETCs ANUTENBHOCTb dasbl
Harpysku, 4to BneveT 3a cobon CHMxKeHMM aedop-
Maluu, KoTopasl ycrneBaeT pPa3BUTbCS 3a 3TO BpeMsl.
ABTOMATUUYECKM CHUXKAETCS M OCTATOYHAS LMKIMYe-
ckag pedopmaums. MonoxuTtenbHoe BAnSHUE dak-
TOPOB X, 1 X, BO BTOPOM 1 TPETbEM YPABHEHUAX HE
TpebyeT 0c000M PU3NYECKONM apryMeHTaLMN.

TaknuM 06pa3oM, NOCTPOEHHAs afekBaTHas Mo-
NIMHOMManbHas Mopaenb 3aBucumocTu (1) nosnHo-
CTbt0 COOTBETCTBYET Jiornke ¢u3mMyeckom B3amMo-
CBS13M BXOASILLMX B HEE BEIMUYMH U MOXET C MOJHbIM
OCHOBAHMEM MCMOMb30BaATHCA AN HEOOXOAMMbIX
pacyeToB B 3343a4aX MPOEKTUPOBAHUS U NPOrHO3MU-
poBaHwms.
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