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TEXHONOMUA WU OBOPYAOBAHWME NEFKOWM MPOMBIWIEHHOCTU U MALMHOCTPOEHWUSA

MOAENNPOBAHUE USMEHEHUA OCTATOYHOW LIMKJIMYECKOW AEDOPMALIUU
HUTOK B PEXXUME NEPUOAUYECKOIO PACTAXEHUA

A.A. Haymenko, E.A. lLlepemer, J1.[. Koznoeckas

PEDEPAT

OBYBHbIE HWTKY, OCTATOYHAS LMKJTNYE-
CKAS JEDGOPMALMA, MOLEJIMPOBAHUE, AHAJIN3
PA3MEPHOCTEMW, HEJIMHEVHbBIE CBOMCTBA HUT-
KW, SOQEKT YIIPOYHEHWSA HUTKU

B pabome uccnedosaHo enusHue Ha degopmayu-
OHHOE COCMOSIHUE WBeliHbIX HUMOK 3KCnayamayu-
OHHbIX U MexHOo02u4eckux akmopos. B kauecmese
aKkmopoe ucnob308aHsl MAkUe Xapakmepucmuku,
Kak ydenbHas paboma pacmsixeHus HUmMoK npu 3a-
mske 06ysu, 8peMs U CKOPOCMb HazpyeHus. Me-
poli  coomHoweHus HanpsieHuli u degopmayud,
B03HUKAIOWUX 8 HUMKE NePBOHAYAIbHO NPU 3GMSIH-
Ke weos u 8 danvHeliwem 8 npouecce 3Kcnayama-
yuu uzdenud, 58a51acCb 0cmMamoyvHas 0epopmayus.
Smum nokasamenem  OUEHUBANOCL Oepopmayu-
OHHO-HANPSIHEHHOE COCMOSHUE WBELHbIX HUMOK.

Ha ocHose pe3ynemamos nposedeHHsbix ucce-
008aHUL 8bINOJIHEHO MOOENUPOBAHUE OCMAMOYHOU
yuknu4eckol degopmayuu ¢ npumeHeHUeM meopuu
pazmepHocmell. [locmpoeHa Modens 3asucumocmu
ocmamoyHol  yukaudeckol degopmauyuu om 3KC-
nayamayuoHHLIX U MEXHOM02UYeCKUX (HAaKkmopos.
JaHHas Modens Moxem ucnoib308amMscs 8 3a0a4ax
npoeHo3uposaHus 001208e4HOCMU 06y8u, U320Mos-
JIEHHOU C NpUMEHEHUeM HUMOYHbIX COeOUHEHUU.

OCHOBHbIM METOAOM CKpENJieHns feTanen Bep-
xa 00yBM SBNSETCA HUTOUHBIN. B HacTosLwee BpemMs
ONs npeanpusTuii 06yBHOM OTpAC/M OCTPO He CTo-
UT BOMPOC O MPOYHOCTU LIBEMHbIX HUTOK, TaK Kak
B NPOM3BOACTBE LUMPOKO MPUMEHSIIOTCH CUHTETU-
yeckue LBENHble HUTKM, 0bnafatoLime 4OCTaTOuHO
BbICOKOM MPOYHOCTb. OfHAKO aKTyaslbHOM OCTaeT-
€5 npobnemMa UX pacTsKeHUs B HUTOYHOM LUBE B
npotiecce 3Kcnayatauum obysu.

Bcnencteue ocobeHHoCTel CTpoeHus Mnonu-
MEpHbIX MaTepuanos, K KOTOPbIM B YaCTHOCTU OT-
HOCSATCS U LUBEMHbIE HWUTKW, AJIS HUX XapaKTepHO
HannMume Tpex cnaralwmx vacren pedopmauuu;

34

YOK 677.017.42

ABSTRACT

SHOE THREAD, RESIDUAL CYCLICAL DEFORMA-
TION, MODELING, DIMENSION ANALYSIS, NONLIN-
EAR PROPERTY OF THREADS, HARDENING EFFECT
OF THREADS

The influence of exploitation and technological
factors on deformation state of sewing threads is in-
vestigated in this article. The following characteris-
tics are used as the factors: work of thread extension
during footwear lasting, time and speed of loading.
Residual deformation is used as a measure of cor-
relation between strain and deformation which first
occurs in the thread during stitch lasting and during
product exploitation further on. This measure is also
used to estimate the deformation and strain state of
sewing threads.

On the base of the research results the simulation
test of residual cyclic deformation with the use of di-
mension theory was fulfilled. The model of depen-
dence of residual cyclic deformation on exploitation
and technological factors is developed. This model
can be used in the problems of footwear durability
prediction made with the use of sewing thread junc-
tion.

Hapafy C HebOoMbWOoM WMCTUHHO ynpyroi aedop-
Maumen 6onblyo ponto obpatumon aedopma-
UMM B 3TUX MaTepmanax COCTaBNseT nacTmyeckas,
MeAJIeHHO pa3BMBaLLAaca U ncyesarowas. Kpome
TOro, OA4HOBPEMEHHO PAa3BMBAETCS M OCTAaTOYHAs
HeobpaTuMas pedopmaums. C o4HOM CTOPOHbI, OHA
3aBUCUT OT PU3MKO-MEXAHMYECKUX CBOMCTB NpPU-
MEHSIEMbIX HUTOK, a C APYroM — OT pexmnMa 3KCny-
ataumun msgenuit [1]. C LOCTaTOYHbIM OCHOBAHUEM
OCTaTOYHY AedOopMaLMI0 MOXHO paccMaTpmBaThb
KaK Mepy COOTHOLUEeHMS HampsbkeHun u pedop-
Maluii, BO3HMKAKLWMX B HUTKE MNEepPBOHAYaNbHO
npu 3aTsdKKe LWBOB M B AanbHENLEM B npouecce

BECTHWMK BMTEBCKOIO FOCYAAPCTBEHHOIO TEXHOJSIOTMYECKOTO YHUBEPCUTETA, 2016, N2 1 (30)



TEXHONOTUSA U OBOPYAOBAHWME NEFKOM MPOMbIWIEHHOCTU U MALIMHOCTPOEHUS

aKkcnnyaTtaumm nsgenuit. B ussectHbix pabortax ato-
My BOMPOCY YAENeHO HefoCTaTOYHOe BHWMaHue,
MO3TOMY OJHOW M3 MPUYMUH ABASIETCS CNOXHOCTb
obbekTa mccnenoBaHus. OQHAKO OH MMeeT cylle-
CTBEHHOE MpaKTUYecKoe 3HaYeHWe B OTHOLIEHWUU
Kak MnpOM3BOACTBA M34ENUIi, TaK M NPOrHo3MpoBa-
HUS UX IKCMIYyaTaLLMOHHBIX XapaKTepuCTuK.

Mo Mepe MHOrOKpPaTHOro PaCTSKEHUS B HUTAX
M3MEHSETCS PacnonoXeHne OTAENbHbIX YacTen BO-
NIOKOH MMM 3MIEMEHTAPHbIX HWUTEN, HeJoCTaTOYHO
3aXaTblX Npu CKpyuyuBaHuu. B pesynbtate CTpyk-
TypHble 3NMEeMEeHTbl pacronaratTcs 6onee opuel-
TUPOBAHHO BAONb NPOAOJILHOW OCU BOMOKOH (MK
HWUTEN), Ny4lle B3auMMOAENCTBYIOT ApYr C APYroM 33
CYET MEXMONEKYNSPHbIX CBA3EN, CUNT TPEHUS M Tak
fanee. 3T 9BNEHWUS CONPOBOXAAKTCS YBENNYEHU-
€M OCTaTOYHbIX YAAUHEHMUM, COCTOAWMX B OCHOB-
HOM M3 HeobpaTMMOM NNACTUYECKOM, a TaKXkKe M3
MeAJIeHHO MCcYe3aroLen YacTu 31acTMYeckon ae-
dopmauun. B nocnepyolmx Lmknax beictpoe Ha-
pacTaHue yAIUMHEHUI pe3Ko 3aMeanseTcs, CTPYKTy-
pa HUTK B M3BECTHOW Mepe cTabunmsnpyercs.

PaspylweHue cTpykTypbl MaeT cnabo 1 He MoXeT
BbI3BaTb CKOJIbKO-HMOYb CYyLLLECTBEHHOrO yXyaLle-
HUS MexaHW4yeckux CBOMCTB. Ecin cTpykTypa BO-
JIOKOH UK HUTEN Xopoluuas, a BeIM4YMHa U H4acCToTbl
PaCTSHKEHWA TaKOBbl, YTO OHWM BbI3bIBAKOT TOJNIBKO
6bicTpoObpaTUMble  fedopMaumu, cocTosime B
OCHOBHOM W3 YNPYyrux 1 0T4acTu 13 6bICTPO penak-
CUPYIOLMX 3MACTUYECKMX KOMMOHEHTOB (TO eCTb
M3 TaKuX, KOTOpble B KXAOM LMKIE PACTHKEHUS
yCNeBakT UCYE3HYTb 33 BPEMS Pa3rpy3ku U OTAbI-
Xa), B pe3ynbrate BO34ENCTBUIA HE NPOUCXOAUT Cy-
LEeCTBEHHbIX YXYALIEHWI CTPYKTYPbl MaTeprana u B
UTOre OHa OCTAeTCs MOYTU HEU3MEHHOM.

MaTepwuan BblAepPXMBAET OUYeHb HOMbLIOE YNCIO
paCcTSHXKEHW, HEpeaKo onpenensieMoe LecsaTKkamu
M COTHAMMU TbiCAY, @ MHOrOA U MUNNTMOHAMU LIUK-
noB. PasButMe CTpyKTypHbIX OedheKToB M Hakon-
neHve HeobpaTUMbIX AedopMaLMiA, COCTOSLLMX U3
MeLNEeHHbIX 31ACTUYECKMUX U MNACTUYECKONM YacTen,
naoeT o4yeHb MeaneHHbIMU TeMNaMu; Nullb nocne
60nbLWIOro YMCNa LMKIOB HAKaMIMBAETCS HEKOTO-
pas HeobpaTumas gedopmauus [2].

B npoBeneHHOM uccneaoBaHWM CTaBMNachb 3a-
[avya MOOENMPOBaHUS OCTAaTOYHOM LMKIIMYECKON
AedopMaLMn HUTOK KakK BEMUYMHbI, ONpefenseMon
(U3NKO-MEXaHNYECKMMMU CBOMCTBAMM HUTOK U Xa-
pakTepUCTUKaMM pexxmMma Ux nepuoamnyeckoro pac-
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TSOKEHUS B COEAMHUTENbHBIX LIBAaX AeTanein obysu
C MCNOSIb30BAHMEM aHaNM3a pa3MepHOCTEN, KOTO-
pbIi XOPOLIO 3apekoMeHa0Ban cebsi B HayUYHbIX UC-
CnefoBaHUNX B LEnoM paae obnacrei.

3a nokasaTefb U3MEHEHWUS HanpsKeHHOo-Ae-
dopMuMpoBaHHOro (B fanbHenweMm HJ) coctosHus
HWUTKM MOXHO MPUHATb HapacTaloLLylo BO BPEMEHM
BEIMUMHY OCTAaTOYHOM UMKAMYecKon aedopMaumnn
Alm,, SABNSOLLYIOCS CNeaCcTBMEM MEPUOAMYECKOro
Harpy>xeHus HWTKM B LIBE B MpoLecce 3Kcnayarta-
LMK 1 pa3BUTUS B HEM HEOOPATUMOW, NIACTUYECKOM
cocTaBnsiloler nonHou pedopmaumn. McxogHoe
HL coctosiHMe HWUTKM 33[aeTcs Ha CTaguu Npous-
BoacTea usgenus. OHo obycnosneHo paboTou, co-
BEPLWEHHON MpU 3aTAKKe COeQUHUTENbHOro LWBa.
JTa paboTta onpepensieT HayanbHYK BHYTPEHHIOKO
3Hepruto gebopMaLmm HUTKK B 3ToM wee. Konuue-
CTBEHHOM MEpOM €e NIOTMYHO MPUHATb YAENbHY0
3Hepruio gedopMauMu HUTKK, TO eCTb YAENbHYI0
paboTy pacTsXKeHWs HUTKU MpU 3aTHKKE COeAUHM-
TeNbHOro Wea *. Ha ctagmu skcnayaTaumMm HUTKA B
lBe MoABepraeTcs nNepuMoguMyeckoMy C 4acTOTOM
@ BIUSHWIO CTOPOHHMX GaKTOPOB, «pacluaTbiBato-
LMX» CTPYKTYPY HUTKU U YMEHbBLUAOLWMNX BHYTPEH-
HIOK 3Hepruo aedopMaLun HUTKU U, TEM CaMbiM,
CHMXKAKLWMX NPOYHOCTb COEAMHUTENIbHOMO  LUBA.
CHWXeHMe BHYTpeHHeN 3Heprum nedopMaumm HUT-
KU1 B LUBE NPOUCXOAMT U BO BpEMEHW t BCneacTaue
penakcauMoHHbIX MnpoueccoB. Takum obpasoMm, B
npoBeaeHHOM uccnenosaHmm HJL coctosiHue HUTKK
OMUCHIBANOCH PYHKLUMEN

AL, = f(r.a.1) . (1)

[ins oTBeTa Ha BOMPOC O BO3MOXHOCTW CyLle-
CTBOBaHMS Takon GYHKLMM NPOBEAEM aHANM3 pas-
MepHoCcTelr BBeaeHHoM dopmbl (1).

MNpencraBum BoipaxkeHune (1) B Buae, copepxa-
WEeM NULb KOMOUHALMM MCXOOHBIX BeNUUUH. [Ins
3TOr0 WMCMO/b3yeM peNeeBCKUA METOL peLieHus
pa3MepHbIX cuctem [3]. Boipasum BHavane pasmep-
HOCTM UCXOAHBIX BEMYMH, TO €CTb BEIMUYMNH, BXOAS-
wux B (1).

Mcnonb3ys cuctemy CWU, BBeoem OyKBEHHble
0603HayYeHns pa3MepHOCTeN OCHOBHbIX eAuHUL, B
cucteme CU: eguHmua mMaccbl — M; eguHULA On-
Hbl — L; eanHuua spemMern — 0. C nOMOLLbIO HUX
NMOCTPOMM Tak HasbiBaeMble (GOPMYy/bl pa3MepHO-
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CTel sl pacCMaTpUBaeMbIX BennumnH: Al , 1, @, 1.
C 3TOM Lenblo B BblpaXXeHUK, ONpeaenstowem pas-
MEpPHOCTb KaXAO0M BESMYMHbI, MPUHATbIE 0603Ha-
YEHMS OCHOBHbIX EAMHUL, 3aMEHSIEM BBEAEHHBIMU
cumBonamu. B pesynbtate nonyyaeMm QGopmynbl
pasmepHocTe BenmynH dopmbl (1). 3T Gopmynsbl
npeacraeneHbl B Tabnmue 1.

OueBuaHoO, YTO BblpaxeHue (1) aBnseTcs NUwWb
obuwen GopMoW 3anMcUM  33aBUCUMOCTU  MEXAY
BBeAEHHbIMWU BenUYMHaMK. B mencTBUTeNbHOCTM
XapaKTep B/WSHWUS apryMeHTOB Ha (YHKLMIO, BO-
obLe roBopsl, HEOAMHAKOB. M03TOMY ecTecTBEHHO
C TOYKM 3pEeHUs NPUBAUKEHUS K UCTUHHOM 3aBU-
CMMOCTM CNlefyeT MCNonb30BaTh Takyt dopmyny:

i a b e
Aloq_f(r :a) :’t )’ (2)

roe a, b, ¢ — HekoTopble He3pa3MepHble Mokasa-
TENN CTeMeHel, OTPAXALWME XapaKTep BIUSAHUS
($aKTopoB 7, w, t Ha BenunuuHy Aloy.

Mopmyna (2) sBnsetcs OTNPaBHOM (MCXOLHOW)
npu NPOBEAEHUM aHaNM3a Pa3MepPHOCTEN Ha3BaH-
HbIM Bbile MeTodoM. [anee neicTByeM ciemyto-
WM obpazom.

MoncTaBmM B (2) BMECTO 0603HAYEHWUI BEINYMH
dopMynbl Ux pa3mepHocTel 13 Tabnmubl 1. Umeem:

L=g{(LI’®7*)* (@),0°}. 3

[ng Toro 4yTo6bI NOCEAHEE COOTHOLWEHUE BbIN0
OLHOPOJHbIM OTHOCUTENbHO Pa3MepPHOCTEMN, A,OMK-
Hbl BbIMOHATLCA CNEAYIOLME OTHOLLUEHMUS MeXay
nokasaTeNsMu cTeneHen:

anal:1=2a;

ma®:0=-2a-b+ec

M3 3Tnux cooTHowweHu umeeM: a=05;me=1+
+ b. MNoactaBuM HalaeHHbIe 3Ha4YeHUs B popMmy (2):

Al{w . f(?,O.S,a)b,tHb) ‘ 4

Ob6benunHss BE/TMYUHDI, UMerulne O0gMNHAKOBbIE
nokasaTenu CTeneHen, nony41m aose KOM6MHaLI,l/Il/I:

AL, (r* -0 = f(o-1)"

O6e oHKM okaszanucb HespaszmepHbIMKU. ITO CBU-
[leTenbCTBYeT O TOM, YUTO YpaBHEHMeE, COOTBETCTBYHO-
wee dopme (1), cywecTByeT, TO €CTb UMEKTCS OCHO-
BAHUS CYUMTATb MNOSIHOM UCXOLHYH TPYNMy BEJIUYMH,
npeactaBneHHy 3Ton Gopmoi. Taknum obpasom,
yeTblpe UCXOLHbIX BENUYMHbI YAAN0Cb 0ObEAUHUTD
B Be Oe3pa3MepHble KOMOMHauuu. B cooTHolwe-
HuK (5) HensBecTHbIM ocTaeTcs Bua GyHKuUmmM f u
3HayeHuMe nokasatens crenexnu "b".

Ons noucka noaxopswen  annpokcuma-
umm (5) nepenuwem ero B CiefywWeEM BUIe:

AL, =(A-¥")t-[f@-D)'],

roe A — HeKoTopbl 6e3pa3MepHblid COrnacyoLLmi
(MacwTabHbIN) kO3bDULMEHT.

lprvHUMas BO BHUMaHMeE, YTO BEIMYMHY t MOXKHO
NpeLcTaBuUTb Kak t = n/w, roe n — YUCI0 LUMKNOB
Harpy>eHus, OKOHYaTe/bHbIN BUA MaTeMATUYECKOM
mogmenu ¢dopmbl (1) CTaHeT TakuM:

AL, =AY n[f)']

YunTbiBas, 4TO yaenbHas paboTa paspbiBa 7,
XapakTepu3yoLlas HeW3MeHHble [N [OaHHOW
HUTU ee MexaHWyeckue CBOMCTBA, ABNSETCS MO-
CTOSSHHOW BeNIMYMHOMN, @ @ = Const nNo MeToau-
YEeCKMM COO0BpaxeHMaM, U 4ToObl OTYETIMBO YBU-

Tabnuya 1 - BenuyuHsl, 8xooswue 8 popmy (1), ux pasmepHocmu u opmynel pasmepHocmel

0603HayeHue BeNUUYUHbI

PasmepHoctb B cucteme CU

(Mopmyna pasmMepHOCTH

Aloy L
r H m/xe L? @2
@ e1
t e
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[leTb BaXKHYH 0COBEHHOCTb MOCTPOEHHOM MOAeNu,
dopManbHO CcooTHOoWweHWe (7) npeacTaBuUM Tak:

AL, =Kl (8)
K(n)=(4r" o) f(ot)"] . o

®yHKuMio (8) C NOAHBIM OCHOBAHWEM MOXHO
onpefenuTb Kak KBa3WIMHEMHYH, Tak Kak ¢op-
MaNibHO BennumHy K(n) MOXHO paccMaTtpuBaTh B
KayecTBe YrnoBoro Ko3dgduumeHTa nNpsMon, onu-
CbIBAEMOW NMHEMHON (QYHKLMEN Alou = Kn npwu
K = Const. Ho, kak cnenyet u3 (8), K = K(n), n 37a
3aBMCMMOCTb OTOBpaXxaeT BAUSHUE HA OCTATOUHYHO
LMKIMYeckyo aedopmaumio Alm, npouecca penak-
cauun pedopmaumm, 0BYCNOBNEHHOW HaNM4MEM
penakcauMOoHHbIX CBOMCTB HUTU. CnepoBatesnb-
HO, MO Mepe pocTa BeNUYUHbI 7 rpaduK DYHKLMK
Alw = [K(n)]n 6ynet BCce Gonblue OTKIOHATLCS OT
npsMon ALW: Kn. 51a BaxHas 0cobeHHOCTb no-
CTPOEHHOM MOLENU MOXET PacCMaTpMBaTbCa Kak
OOMH U3 CUSIbHbIX KPUTEPUEB KAYECTBEHHOrO CO-
OTBETCTBMS COOTHOLIEHUS (8) Mopenu nsyyaemow
33aBUCUMOCTMU.

[na noucka noaxoasilen KOHKpeTHOM Moaenu
3aBucUMocTn (8) Bbln NpoBeaeH 3KCNEPUMEHT Ha
HuTkax 70J1 n 80J1 c uenbto M3yveHns ogHodakTop-
HOW 3aBUCUMOCTH Alou = @(n). ccneposaHms 6bim

nposeaeHbl Ha nynbcatope [MH-5 npu yactote Ha-
rpyxeHuit @ = 300 mun™, ctaTM4yeckoin Harpyske
P_ =1,5HuBennunHe upknmyeckon aepopmaumm
Alu, paBHoi 10 MMm.

BbibpaHHble 3HAaYEHUS1 YaCTOTbl COOTBETCTBOBA-
N0 CpefiHel CKOPOCTU XOAbbbl, @ 3HaYeHWe CTaTu-
YeCKOM Harpysku — CpeflHeMY YCUIMIO, BO3HMKLLE-
My Mpwu 3aTsHKKe coeanHuTenbHOro wea [4, 5]. Mpwu
BblOOpEe UMKIMYECKOM fedopMaLMK YUMTbIBAIUCH
CO0BpaXKEHUA, U3NOXKEHHbIE B [4].

Kak konuyecTBeHHas Mepa OCTaTOYHOM LMKU-
yeckor fedopMaLmu MCNONb30BaNoCh HeobpaTtu-
MOe HapacTawllee yanuHeHue Al UCNbITbIBAEMOMN
HWUTKM, BbIpaXXeHHOE B MM. [pacduk 3aBUCUMOCTH Al
= f(n), rae n - YACNO UMKIOB HArpyXeHus, npen-
CTaBNEeH Ha pucyHke 1.

MonyyeHHbIN rpaduK NOKa3bIBAET, YTO OO 3Ha-
ueHns n = 60 PyHkums Al = f(n) Bepet ceba kak
NnHerHas. OgHako nocne 3ToM TOYkM rpadumk Ha-
YyMHaeT Bce H6onblue OTKNOHSATHCS BHU3 OT NPSIMOW,
oToOpaxasa TeM CaMbIM pacTyllee BAUSHUE Ha Ha-
pacTaloLLylo OCTaTOYHYI UMKAnYeckyo nedopma-
LMI0 npouiecca penakcaunn. Kak cneayet m3 rpadu-
KOB Ha puCyHKe 1, HauMHas oT 3HayeHus n = 60, ¢
poctoM n BennunHa K ymeHbluaetcs. [pu 3Have-
HUM n = 100 3HaveHne K CTaHOBUTCS PaBHbIM HY/O
C TOYHOCTbIO 4,0 OWMOKM anMpOKCUMaLIMKN IKCNepU-
MEHTaNbHbIX KPUBbIX, U B AaNbHeNLEM B 061acTu
n >100 He OTK/IOHAETCS OT HYNEBOro 3HAYEHUs, TO
€CTb HAKMOHHbI Y4acTOK KpPWUBOM NepexoauT B ro-
PU30HTANIbHbIN.

TaknuM 06pa3oMm, HapacTaHMe OCTaTOYHOM LIMK-

7 o6 — —— 5.67 5,8
25 =
% a 3,37
§ 3 -
=
E 2
=
0 T . T . . i
0 100 200 300 400 500 600 700
LMKNbI

—4—70/1 =880/

PucyHok 1 - [pagpuk 3asucumocmu ocmamoydHol Yukauyeckol degopmMayuu om Yucaa Yukao8 HazpymeHus
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nnyeckoi aedopMaumm ONMUCbIBAETCS NULLb TOM Ya-
CTbHO KPUBbIX HA PUCYHKe 1,KoTOpas nexuT B obna-
¢ 0 < n < 100. 015 nonyveHMs pacyeTHbIX OLEHOK
BEIMUYMHbI OCTAaTOYHOM LMKANYEeCKon aedopMaumm
B KOHLLe 3TOM 06/1aCTM NOCTPOEeHa MaTeMaTUyecKas
MOJeNb B BUAE CTeneHHOW dyHKLMM Buaa y = ax®
[Ons 3TMX QYHKUMI XapaKTepHO Hanuyne MpakTu-
YecKM TMHEMHOro y4acTKa Ha 40CTaTOYHO 60/1bWOoM
YAANEHUWU OT HYNEeBOM TOYKM, YTO COOTBETCTBYET
0COBEHHOCTAM (BOPMbl IMNUPUYECKMX KPUBbLIX HA
pucyHke 1.

C Mcnonb3oBaHMEM METOAA HaUMEHbLIMX KBa4-
paToB MOMy4YeHbl CiefyoLMe MaTeMaTUYeckme Mo-
nenu 3asucumoctun (8): pna weenHom HuTkm 70J1:
Al =0,095 n® ; ana weeiHon Hutkn 80J1: Al =
0,054 n%°. AnekBaTHOCTb Mofeneit oueHWBaNachb
BE/IMYMHON OTHOCUTENIbHOW OLUMOKM annpoKcMMa-
unii O (%), onpepensasweica no dopmyne & = (|
Al - Al | /Al ) - 100 %, roe Al - 3kcnepuMeH-
TaNbHblE 3HAYEHMs YAMHEHW u Al - cootseT-
CTBYHOLUME 3HAYEHUS YAUHEHWI, BbIYMCIIEHHBIE NO
YPaBHEHMSM MOCTPOEHHbIX Mopenen. PesynbraTbl
CPaBHWUTENBHOIO aHANM3a BEMYMH  YOJIMHEHWM
npeactaBneHbl B Tabnmue 2.

Lns weeiHon HUTKKM 70J1 cpenHsas OTHOCUTENb-
Has oWKMbKa annpoKcMMaLmm 5@ =41 %.

Ons weenHon Hutkn 80J1 3Ta owmnbka cocras-
NSIET BEIMUUHY Scp =21%.

TakuM 06pa3om, NonyyeHbl JOCTaTOYHO TOUHbIE
CTAaTUCTMYECKME aNMPOKCUMALMM M3YYEHHbIX 3a-
BMCMMOCTEM, XOPOLIO OTpakakowme HapacTaHue
OCTaTOYHOM LMKIMYECKOW AedopMaLnmn LBEMHbIX
HWTOK B pEXMME UX NEPUOSUYECKOTO PACTSKEHUS.

OcobbIft MHTEpeC NpencTaBASOT FOPU30HTANb-
Hble YY4aCTKM Ha KPWBbIX, M30OpAKEHHbIX HAa pPU-
cyHke 1. OHM CBMOETENbCTBYOT O TOM, YTO nocne
3HayeHns n = 100 He HabnwopaeTcs HapacTaHus

OCTaTOYHOM UMKAMYeckon fedopMaummn. ITO MOX-
HO 0OBACHWUTL M3BECTHBIM M3 [6] 3apdekToM ynpou-
HEHWS HWUTM 33 CYET ee MNpenBapUTENbHOrO Bbi-
TarmBaHua. Kpueble Ha pucyHke 1 MokasbiBaoT,
4yTo nocne 3HaveHus n = 100 npoumsowno peskoe
nepepacnpefneneHne COCTaBASIOWMUX MONHOW Ae-
dopMaumm HUTOK. MHbIMM cnoBamu, dusmko-me-
XaHuyeckne cBoKcTBa HUTOK nocne 100 umknos
BbITArMBaAHMS CTaNN CYLLECTBEHHO APYrMMU. 3HAUK-
TeNbHO BO3poC/ia A0Ns ynpyron aedopmauun, 4to
M 0OBbACHSET OTCYTCTBME OCTAaTOYHOM LMKIMYECKOM
fedopMaLmMu, N0 MeHblUEeN Mepe, 10 3HaYeHUs 1 =
600. Kak pokasaHo B psiae UCciefoBaHWUi, Hanpu-
Mep, B [6],yNpOYHEHUE HUTU B XOAE NpeaBapUTENb-
HOro BBITAMBAHWUS CBA3aHO C PACNpsIMAEHUEM U
nepeopueHTaumen MakpoMonekyn noanMepa. 3Tot
3 deKT, C 04HON CTOPOHbI, NO3BONSET HECKOMbKO
MHaye paccMaTpuBaTtb GU3MYECKME MEeXaHWU3MbI,
obycnoBnvBatoLmMe LONrOBEYHOCTb HUTOYHbIX CO-
efMHeHui peTanen obysu. C Apyroi CTOPOHbI, OH
HaBOAMT Ha MbICNb O LOMNOMHWUTENbHbBIX ONepaLmax
nO NOAFOTOBKE HUTOK K MCMONb30BAHMIO B TEXHO-
NIOTMYECKOM npouecce MNpOM3BOACTBA 0OYBHbIX
u3aenuii, B YaCTHOCTU, NpeaBapUTENbHOE BbITAMM-
BaHME HUTOK.

Taknum 0b6pasom, npoBefeHHOE MCCenoBaHMe
MOKa3asno, YTO HUTKA MPU LIMKIUYECKOM Harpyxe-
HWM BefeT cebs KakK CNoXHAas HeNMHeHas cucrTeMma.
Mpouecc Takoro HarpyXeHust BK/IOYAET TpW CTa-
OWW: IMHEHOe HapaCTaHWe OCTaTOYHOM UMKauYe-
ckon pedopMaumn, HeIMHEMHOE ee CHUXEHWE U,
HaKOHeL,, YNpOYHEHNE HWUTKM U U3MEHEeHue OCTa-
TOYHOM uMKnmMyeckon pedopmauuu. MMonyyeHHble
pe3ynbTaTbl MOTYT ObITb UCMOMIb30BaHbI ANS Adfb-
HeMLWMX UCCNefoBaHUM HAAEXHOCTU HUTOYHbIX CO-
eflMHEeHWI geTtanen obyeu.

Tabnuya 2 - IkcnepumeHmansHole 3HadeHus Ala u 3HadeHus Alm, nonyyeHHbie ¢ noMoublo Mooesnel

Yucno Lna weeiHon HUTKK 701
uMKnos

N Al (Mm) Alm(mm)

20 0,8 0,8

40 1,6 1,5

60 24 2,2

80 2,8 2,8

100 3,2 34

38

6 (%)

0,0
6,2
8,3
0,0
6,2

[nga weeiiHoi HuTKK 80J1

Al3 (Mm) Alm(mm) 0 (%)
14 14 0,0
2,6 2,6 0,0
4,0 38 5,0
5,0 49 2,0
5,7 5,9 3,5
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