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Bnuanue wepoxoeamocmu u paduyca npu gepuiune njioCKux KoaKkoe
Ha IpPpekmusnHocms pazeo10KHEHUA MEKCMUTBHBIX OMX0006
M.H. Yupkos, B.A. I'yces, A.M. FOoenkoe
Kocmpomckoii I'ocyoapcmeennoiit mexnonozuieckuii yHugepcument

B cmambe npedcmaeneHbl pe3ynbmambl 3KCrepuMeHmarbHbIX uccriedoeaHuli, Mo OUeHKe
8/IUSIHUSI Ka4eCmeeHHbIX rNapamMempos [/I0CKUX KOJIKO8, a UMEHHO: wepoxogeamocmu paboyel
nogepxHocmu U paduyca CKpyareHus npu 8epliUHe Koska Ha KoaghghuyueHm pa3eonokHeHus K.

[Ipouecc mnepepabOTKM BTOPUYHBIX MaTepuaiabHbIX pecypcoB (BMP) cocrout u3 psna
[IOCJIEIOBATENbHBIX IMEPEX0J0B, OCHOBHOE MECTO Cpeaud KOTOPbIX OTBOJAWUTCA  ONEpaluu
Pa3BOJIOKHEHHUS, OCYIIECTBIISIEMON Ha HIMNIAIbHOM 000pyi0BaHuH (puc.l.).

]

Puc. 1. Texnonorudeckas cxema pa3BOJOKHSIOIIEH MallIMHbBI 1t iepepadoTku BMP
l-nuraroiue Banuky; 2-pabounii 6apadan; 3-KOJKOBbIE NIAHKU; 4-TEKCTUIIBHBIA MaTepua
DKClepUMEHTAJIbHbIE HCCIIEOBaHUS OBbUIM TPOBEAEHbI HA MaJorabapuTHOM pBIXJIIUTEIE

O0apabannoro tuma (MPBT) B maboparopuu kadempst TXOM u TC KITY [1]. B mporecce
SKCIEpUMEHTa Oblila BBINOJHEHA MojiepHu3auus y3na nurtanus MPBT, myrem noGaBieHust Ha BbIXOJE
U3 MUTAIOLIUX BAJKOB IOJKHU U3 YroJika, YTO MO3BOJIMJIO HCKIIOYUTH IMPOBHCAHHE BOJIOKHHUCTOTO
Matepuaia npu pasBosiokHeHun BMP (puc.2.).

Puc.2. YcosepmencrsoBanue ycranoBku MPBT
1 — muTaromas mapa; 2 — onopa IMUTAIONINX BaJIKOB; 3 — MOJIKA JUIS CX0Ja MaTepuana; 4 — rIaBHBIMA
OapabaH; A — pacCTOSHUE MEKAY KOJIKAMH U TIOJIKOH



[TockonbKy Ha JaHHYIO YCTAHOBKY 3aKpEIUBUIUCh IJIAHKA C KOJKaMU pa3HON JJIMHBI, MbI
BBIJICPKUBAIM TOCTOSIHHBIM 3a30p MEXIY KOJKaMU U MOJKOM A= 2MM 3a cueT TOpHU30HTaJILHOIO
CMEIICHHUsS MEXaHU3Ma IUTaHHs, 4YTOObl HCKIIOYMTH BIUSHUE JaHHOrO (QakTopa Ha Hpolecc
pa3BonokHeHuss BMP. PaccTosHre KOHTpOJIMPOBAIOCH IIYIIOM .

K uncny dakropos, Bnusromux Ha 3((eKTHBHOCTH Tpo1iecca, OTHOCITCS KadeCTBEHHBIC TIOKA3aTeln
TEXHOJIOTUYECKOM OCHACTKH 000pyAoBaHus. Eciu AeTaabHO pacCMOTPETh 30HY Pa3BOJIOKHEHHUS, TO B
HEW MOJKHO BBIJICJTUTh OCHOBHOW TE€XHOJOTHYECKUN AJIEMEHT — KOJIOK, 3aKPEIUICHHBIA Ha KOJKOBOMW
MJIAaHKE, HEMOCPEJACTBEHHO OKAa3bIBAIOIIMN yaapHOE BO3JCHCTBHE Ha CIION TiepepadaThIBa€MOTO
Marepuana (puc.3.).
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Puc.3. [1nockue KONKM 1 KOJIKOBBIE TUTAHKH I pa3BoJiokHeHHsT BMP

CreneHb pa3BOJIOKHEHUS TEKCTUIILHBIX OTXO0JI0B 3aBUCUT OT MHOKECTBA (DAKTOPOB: KOJIMYECTBA U
BUJIa IepepadaThIBAEMOTO ChIPbs, TEXHHUUYECKUX XapaKTEPUCTUK OOOpYIOBaHUS, TEXHOJIOTHMYECKUX
peKUMOB TiepepaboTku. OIHAKO HEMATOBAXHBIM (DaKTOpOM, BIMSIOUIMM HA PE3yJbTaT Ipolecca
Pa3BOJIOKHEHUSI IPU OJJUHAKOBOW IJIOTHOCTHU KOJIKOB, SIBJISIETCSI KAUECTBO KOJIKOBBIX IUIAHOK, KOTOPOE
KOMIIJIEKCHO MOKHO OLIEHUTH 10 CJIEAYIOIIUM KPUTEPUSIM:



1. mepoxoBatocTh (Ra) pabodeii TOBEPXHOCTH KOJIKA;
2. panuyc KpUBU3HBI IPU BEPIIHHE;

[IpenBapuTensHO OBUTM  HW3TOTOBJCHBI OOpa3lbl KOJKOB C Pa3IMYHON IIEPOXOBATOCTHIO
noBepxHoctu — Ra 0,8...5,6 u paguycom mipu Bepmmae — r = 0,1...1,5mMm (puc. 4,5). Paguyc npu
BEPIIMHE KOJIKA TMOJydald MEXaHW4ecKOH 00pabOTKON ¢ MOMOIIBIO a0pa3wBHBIX KpyroB. IIpormecc
3aKpYTJIEHUSI COCTOSUI B CBOEOOpa3sHOM «3aTauMBaHHUM» KOJIKOB IYTEM KAacaHUs BEPIIMHON KOJIKa
Bpamaromerocss abpa3WBHOTO Kpyra, W OINHKCBIBAHUS €10 HEOONBIION Iyrd OKPYKHOCTH B
TOPU30HTAIBHOM TIocKocTH. IllepoxoBaToCTh KOJIKOB JOCTUTANach OOpaOOTKOW aOpa3WBHBIMHU
KpyraMu C pa3jIn4HON 3€pHUCTOCTBIO.

KoHTposbHbIe 3amMepbl paAlyCOB KOJKOB IMPOU3BOIMINCH HA HHCTPYMEHTAIBHOM MHKPOCKOIIE
C IPUMEHEHUEM PATUYCHOM rOJIOBKHU.

Puc. 4. DkcriepuMeHTaTbHBIC 00Pa3Ibl KOJKOB € pa3auvHbIMU paguycamu 1=0.1...1.15 Mmm

Puc.5. O6pa3ip! KOJIKOB ¢ pa3IMyHOM mepoxoBarocThio Ra 0.8...5.6 Mkm



[[TepoxoBaTOCTh KOJIKOB OMPEIEIISIN C IOMOIIBIO TpHOopa i ONpPeesIeHUs IIEPOX0BATOCTH
n3nenuit paznuusbix TuoB MarSurf PS1 ¢ BCTpoeHHBIM MUKPOIIPOLIECCOPOM U OPUTHHATIbHBIM
MporpaMMHBIM obecrieueHrueM (puc.6.).
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Puc.6. U3mepenue 1mepoxoBaTOCTH IIOCKUX KOJKOB Ra.

YpoBHWU BapbMpOBaHUA
dakTopbl | -1,414 -1 0 1 1,414 Ti
Xl=r 0,1 0,4 0,8 1,2 1,5 0,4

X2 = Ra 0,8 1,8 3,2 4,6 5,6 1,4
u X1 X2 X1? X1*X2 x2° Yu Yru (Yu-Yru)®
1 i, - + + + 0,715 0,794 0,0624
2 + - + - + 0,773 0,638 0,018
3 _ N N } + 0,854 0,842 0,000064
4 + + + + + 0,737 0,686 0,0026
5 -1,414 0 2 0 0 0,657 1,15 0,2098
6 1,414 0 2 0 0 0,629 0,247 0,146
7 0 -1,414 0 0 2 0,71 0,738 0,00078
8 0 1,414 0 0 2 0,773 0,805 0,001
9 0 0 0 0 0 0,703 0,694 0,000081
10 0 0 0 0 0 0,71 0,694 0,000256
11 0 0 0 0 0 0,715 0,694 0,00044
12 0 0 0 0 0 0,71 0,694 0,000256
13 0 0 0 0 0 0,703 0,694 0,000081

Puc.7. Ilnanuposanue PILIKD

[ToaroToBneHHbIE KOJIKM 3allpeccoBaji B paHee H3rotoBieHHble 3aBojoM OAO «Kpachas
MaeBka» sKCIepUMEHTaIbHbIE KOJIKOBbIE TUIaHKU U ycTaHaBnuBayid ux Ha MPBT. Onbrtable 00pa3iis



HETKaHOro Marepuana, pazmMepoM 200x200 MM B3BEIIMBAJIMA HA BBICOKOTOUYHBIX BECaX W MOJBEpraiu
Pa3BOJIOKHEHHIO TIPH PEKUMAX, 00ECIICUNBAOIINX HAUO0OIBIIYIO 3D PEKTUBHOCTH mpotiecca [1]: Nos/un
=500; Sy =0.3. KoadduimeHnt pa3BoIOKHEHHS ONPEACISIICA M0 Macce HEPa3BOJIOKHEHHOUN YacTh
Marepuarna.

B kauecTBe T1UIaHAa OSKCHEPUMEHTa MCIOJB30BAICS POTOTAOEIbHBIM  LEHTpPaIbHBIN

KOMITO3ULIMOHHBIN 3KkcniepuMeHT (PLIKD) koTopblif mpoBoAKIM Ha MSITH KOJUPOBAHHBIX YPOBHSX (-a, -
1, 0, +1, +a) (puc.7.). B kauectBe (pyHKUMH OTKIMKAa NMPUHUMAIH OTHOCUTEIBHBIH KOIPPHUIUEHT

pa3BosiokHeHus Kp:
Kp=—"—2, ()

IJIe M; — Macca UCXOJHOTO 00pa3La;
mp — Macca HEPa3BOJOKHEHHOI'O MaTepuaia.
bouto nposeneHo 13 onbITOB, KaXKIbI U3 KOTOPBIX MOBTOPSJICS IATh pa3 B CIIy4allHOM IMOPSJIKE
JJIs1 UCKIIFOUCHHS CUCTEMATHYCCKHUX OIIINOOK. P€3}IJ'H)TaTI)I OKCIICPUMCHTA 06pa6aTI>IBaJ'H/ICI> B IIaKE€TEC
Excel, MathCAD. bruio mony4eHO ypaBHEHHE PErpeccCHH BTOpPOro Tmopsaka (2) ¥ IMOCTpoeHa

MMOBEPXHOCTh OTKIIMKA (pHC.8.):

F(xy) == 0.694 — 0.326x + 0.024y + 0.0074x° + 0.030y°> + 0.248 x-y @)

iy

Ba

Puc.2 3aBucumoctb ko3¢ ¢unuenTa pa3pojaokHeHus Kp ot mepoxoaroctu noBepxHocT Ra u

paauyca npy BepIIuHE KOJIKa T

[lo pe3ynbraraM MpPOBEAECHHBIX AKCHEPUMEHTOB, a TAKXKE [0 HArJsSIHOMY H300pa’keHUIO

MIOBEPXHOCTH OTKJIMKA (PUC. 2) MOXKHO C/AEATh CJAEAYIONINE BbIBOBI:



1. [epoxoBaTtocTh paboueil MOBEPXHOCTH IVIOCKUX KOJKOB Ra W paauyc npu BeplIMHE KOJIKa T

OKa3bIBAIOT CYHIECTBEHHOE BIIMSHHUE HA MPOLECC Pa3BOIOKHEHU BMP;

2. B rpaHMYHBIX TO4KaX (pakTopHOro mpocrpancTBa (ombIT NeS, Neb puc.7.) pacueTHOe 3HaUYE€HUE
ko3 duimenta pa3BOJOKHEHHMsS]  3HAYUTEIBHO OTJIWYAETCS OT OKCIIEPUMEHTAIBHOTO H
MPEBBIIIAET 1, 9YTO B MPUHIIUAIIE HE BO3MOXKHO. T.0. TMOJIMHOM BTOPOTO Topsiika (2) sBisieTcs

a/IeKBaTHBIM JUIsl TOCTATOYHO Y3KOW 00JIaCTH 3HAYEHUM NEPEMEHHBIX (PaKTOPOB.

3. YCTaHOBJIEHO, YTO MaKCUMaJbHbIA KO3QPuireHt pa3posnokHenus Kp=0,854 nocturnyr npu

CJIeNYIOIUX 3HaYeHUsAX mapameTpoB: R = 0,4 MM, Ra 4.6 Mxwm.

4. VYuyuTbiBas 3HaAYUMOCTb UCCIIEAYEMBIX MapaMeTpPOB IUIOCKUX KOJIKOB, II€JIECO00pa3HO BHECTH
UX B Ka4e€CTBE PErVIAMEHTUPYEMBIX IapamMeTpoB B TV NpH U3roTOBIEHHE KOJKOB B YCIOBHUAX

OAO «Kpacnas Maeska», r. Koctpoma.
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