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onbIT MOAEPHU3ALI CTAHOB MOKPOIo BOJIOYEHA MPOBOJIOKN
and METAJNJIOKOPAOA

A. B. JEMHJIOB, U. A. MYPABEHUKO, OAO «5EM3 — ynpasnsawowasn komnanus xonounea « SMK»,
2. XKnooun, l'omenvcras 0oa., Berapyco, ya. [pomviuwnennas, 37.
E-mail: mn.icm@bmz.gomel.by, texh.nic@bmz.gomel.by

B meuenue nocieonux iem nabuooaemcs meHOeHYUs UCHOIb30BAHUSA BEOVUUMU MUPOBLIMU NPOUBOOUMENAMU WUH Me-
manioxkopoa npogonok manoeo ouamempa (0,175—0,20 mm) ¢ bonee 6vlcokoli npouHOCmbIO, YMo mpebyem npumeHeHUs NOGbILUEH-
HbIX CYMMAPHBIX BbIMANCEK HA MOKPOM 60104YeHuu. Bozmodxcnocmov napawusanus obaxcamuii mosxcem 6blms 0cpaHuiena He
MONBLKO NAACMUYHOCTBIO 00paAbaAmMbl8aemMo20 MeMAind, HO U KOHCIMPYKYUell UMEIOWUXC BOJIOUUTbHBIX CIMAHO8, 8 YACTHOCTU,
HeO0CMamouHol CyMMAPHOU NACNOPMHOU KUHEMAMUYeCcKoU 8blmAXCKoU. Paccmompenst pe3yiomamel MoOepHU3ayull CmaHos
PABHBIX MUNOS, BKIIOUAIOWUE YEeUdeH e YUCTA NePeX0008 60104YeHUs 00 28 CO CHUMCEHUEM YACTHBIX U NOBbIUEHUEM CYMMAap-
HbIX NACNOPMHBIX BLIMANCEK 3d CUEm YCMAHO8KU OONOIHUMENbHBIX 80I0UUNIBHBLX WATO MAN020 OUAMEMpPa U OONOTHUMENbHBIX
60110K. Pesynbmamul pabomvsr noxkaswigaiom, umo noioicumenbHoiil spgexm om yayuuenus 00HUX MEXHOI0SUYeCKUX napame-
MPO6 MOXHCEM HUBETUPOBAMBCS YXyOuleHueMm Opyeux pakmopos. [lokaszano, umo cmanvl ¢ mpems napamu 80J104UILHBIX KOHYCO8
umerom 6onbuLle 603MONHCHOCMU 01 NPOBEOeHUs. OAHHOT MOOEPHUZAYUU, YeM AHA02UYHbIe CINANbL, HO C 08YMSA NAPAMU KOHY-
cos. [lpeonosicen kpumepuii OYeHKU BIUAHUA PAZMEPOS B0IOYUNLHLIX WALD HA NAACMUYeCKUe CBOUCMBA NPOBOIOKU Ol Memai-
JIOKOPOA, OCHOBAHMbLIL HA ONbIME IKCHIYAMAYUY CMAHO8 C PASHBIM NOCMPOEHUEM KUHEMAMUKU.

Knrouesvie cnosa. Mooepnusayus 80104UTbHBIX CMAHOS, MOKPOE BOL0YEHUE, NACNOPMHbIE KUHEMAMUYECKUe bIMAICKU, CYMMAp-
Hoe oboicamue, npoBoONOKA Ol MEMAIOKOPOd, CKONbIUCEHUE NPOBOLOKU, MEXHONO0SUYHOCTb CEUBKU, CKOPOCIb
801104€eHUS, U32UD, OUAMEMD BOTOUUTLHBIX UWALID, YUCTIO NepPex0008 B0N0UEHUs, B0I0UUIbHbIE KOHYCA.

s yumuposanus. [Jemuoos, A. B. Onvim mooepHuzayuu cmanog MOKpo2o 80104eHUs: NPOGONIOKU O memaniokopoa / A. B. [e-
Mmuooe, U. A. Mypaseiixo // Jlumve u memannypeus. 2018. Ne 4. C. 97-102. DOI: 10.21122/1683-6065-2018-4-
97-102.

THE EXPERIENCE OF MODERNIZATION OF MILLS
OF WET WIRE DRAWING FOR THE METAL WIRE CORD

A. V.DEMIDOV, I. A. MURAVEIKO, OJSC «BSW — Management Company of Holding « BMC»,
Zhlobin City, Gomel region, Belarus, 37, Promyshlennaya str. E-mail: mn.icm@bmz.gomel.by,
texh.nic@bmz.gomel.by

There is a tendency in recent years to use by the world’s leading manufacturers of tires metal wires of small diameter (0,175—
0,20 mm) with higher strength, which requires the use of increased total number of extracts on wet drawing. The possibility of
increasing the compression can be limited not only by the ductility of the processed metal, but also by the design of the existing
drawing mills, in particular, by the insufficient total passport kinematic drawing and, as a consequence, to the excessive sliding
of the wire relative to the drawing washers. Results of modernization of mills of different types including increase in number of
transitions of drawing to 28 with decrease in private and increase in total passport extracts at the expense of installation of
additional drawing washers of small diameter and additional reducing dies are considered. The results show that the positive
effect of the improvement of some technological parameters can be offset by the deterioration of other factors. It is shown that the
mills with three pairs of drawing cones have more opportunities for this modernization than similar mills, but with two pairs of
cones. The criterion of estimation of influence of sizes of drawing washers on plastic properties of a wire for a metal cord based
on experience of operation of mills with different construction of kinematics is offered.

Keywords. Modernization of the drawing mills, wet drawing, passport kinematic extraction, total drafting, wire for steel cord, wire
slip, twisting technology, speed drawing, bending, diameter of the washers, the number of crossings of a drawing, the
cone drawings.

For citation. Demidov A. V., Muraveiko I. A. The experience of modernization of mills of wet wire drawing for the metal wire cord.
Foundry production and metallurgy, 2018, no.4, pp. 97-102. DOI: 10.21122/1683-6065-2018-4-97-102.
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3aKITIOYUTEBHBIN JTal U3rOTOBJIEHUS IIPOBOJIOKH Tepes] cBUBKOW MeTaiuiokopaa Ha OAO «bM3 — ympas-
nsrontas komnanusa xonauHra «bMK» ocyliecTBisieTcst Ha cTaHax MOKpPOTO BOJIOUEHHUS! CO CKOJIBKEHHEM CO
CTYIEHYaThIM PACIOIOKEHUEM I1ai0 (C BOJIOUMIBHBIMU KOHycamu). OCHOBY MapKa CTaJeNpOBOJIOYHOTO IIeXa
Ne 1 cocrasnsitot cranbl «Niehoff» tuma HT 12.4 ¢ aBymMsa mapamMu ropu30HTajIbHO PACHOIOKEHHBIX KOHYCOB
¢ 21 1 23 nepexosamMu BOJIOYEHHS U CyMMApHOM MACTIOPTHONH KNHEMATUIECKOM BBITSKKOM HA YPOBHE [
24,1-24,3. B cranenpoBosiouHoM 1iexe Ne 2 0CHOBHBIM THIIOM SIBJIsitOTCS cTaHbl «Herborn» tuna HT 12.6 ¢ Tpe-
Msl TTapaMy PACIIONOXKEHHBIX 110 BEPTUKAIN BOJOUYMIBHBIX KOHYCOB, 22 MEepexoAaMy BOJIOYEHHUS U CyMMapHOU
NIACTIOPTHOM BBITSOKKOH Wi ~ 28,4,

Nmeromuiics napk cTaHOB MOKPOTO BOJIOYEHHSI TIO3BOJISIET TIPOTATUBATH TOHKYIO MIPOBOJIOKY ISl OOJBIINH-
CTBA CEPUNHBIX KOHCTPYKLIMA METAIIOKOPIa HOPMAJIBHOM U MOBBIIIEHHON TPOYHOCTH C YAOBIETBOPUTEIBHOU
TEXHOJIOTUYHOCTBIO MOCIENYIONIel CBUBKU. TeM He MeHee, aKTyalbHOM OCTaeTCs 3a/1aua CHUKEHUSI OOpBIBHO-
CTH TIPU CBUBKE METAJUIOKOP/Ia, B TOM YHCIIE 3a CUET COBEPIICHCTBOBAHNS KOHCTPYKIIMU CTAHOB C yU€TOM KOH-
KPETHBIX TEXHOJIOTUYECKHUX MMapaMeTPOB U TpeOOBAaHUI K TOTOBOM MPOBOJIOKE.

OpnHol M3 OCHOBHBIX MPUYHMH OOPBIBHOCTH MPOBOJIOKH SIBJISIOTCSI HAPYIICHHUS CIUIOMIHOCTH ITOBEPXHOCTH
n3-3a a0pa3MBHBIX UCTHPAHUH, JOKAIBHOTO pa3orpeBa MOBEPXHOCTU TPU BOJNIOYCHUH. Takue OOpBIBBI MPOBO-
JIOKM TPU METAJJIOrpapuuecKoM HCCIIeNOBaHUH KIAaCCU(UIMPYIOTCS B OCHOBHOM KaK «OOPBIBBI IO MPUYHHE
MOBEPXHOCTHBIX JI(EKTOB TOHKOTO BOJIOUEHHMsD». [10M00HOMY MeXaHH3MY pa3pyIlIeHHs TTOBEPXHOCTHOTO CIOS
CHOCOOCTBYET YBEIUYCHHUE CKOPOCTH MPOBOJIOKH OTHOCHUTENBHO a0 (CKONBKEHHS) M3-32 TEIUIOBBIICICHUS
OT TOBBIIIEHHOTO TPEHHUs C BUTKAaMM MPOBOJOKH [1]. YaydlieHus kadecTBa MOBEPXHOCTH M IIACTUYECKUX
CBOMCTB MTPOBOJIOKH MOXKHO TOCTHYB IPU MaKCUMAJILHOM HCIOJIB30BaHUH JIOITYCTUMOT'O YHCIIa MEPEXOJI0B U 3a
CUET YMEHBIICHUS CKOJIBKEHHS 110 BOJIOYMIBHBIM mmaiibam. [1Jist Toro HeoOX0 MO HCIIOIb30BaTh PalliOHANb-
HBII BBIOOP AMAMETPOB MPOBOJIOKH I10 Miepexoaam [2].

B Teuenue mocnenHux jeT HaOMONACTCS YCTOWYHMBAsI TEHICHINS MCIIOIB30BAHUS BEIYLIIMMUA MHUPOBBIMH
MPOU3BOJIUTEIISIMU IIUH METAJLIOKOpa poBoJiok mayoro auamerpa (0,175-0,20 mm) ¢ Gosiee BBICOKOM TIpOY-
HOCTBIO, 4TO OOYCJIOBJIGHO CTPEMJICHHWEM YIIYUYIINTh JKCILTyaTallHOHHBIE XapaKTePUCTUKU IIHH, CHU3UTH HX
METaJJIOEMKOCTh. [1oBBIIIEHE TPOYHOCTH MPOBOJIOKH METAJIJIOKOP/A AOCTUTAETCS 3a CUET YBEJINYEHUS CyM-
MapHON BBITSKKH MMaTCHTUPOBAHHO-JIATYHUPOBAHHOM 3aroTOBKU W CofepkaHus yriepona crainu. OcoOeHHO-
CTBIO MPOU3BOICTBA CBEPXBBICOKOIIPOUHOM MPOBOJIOKH TOHKHUX TUAMETPOB SIBIISIOTCS BBICOKHE CyMMapHBIE BbI-

TSKKM HA MOKPOM BOJIOUEHUH, COCTABJISIIOLINE u&f;'fx = 57,8 [ MPOBOJIOKU CBEPXBBICOKOM T'PYIIIBI MPOYHO-

ctu ST nuamerpom 0,175 MM u uéﬁfr‘ = 48,4 nns npoBonoku guameTpom 0,25 MMm. Bo3mMoXHOCTE HapamuBa-
HUs 00XKaTUs TIPY BOJIOYCHUH MOXKET OBITh OIPaHUYCHA HE TOJIBKO IJIACTUYHOCTHLIO 00padaThIBAEMOro MeTalIa,

HO ¥ KOHCTPYKIIMEN UMEIOIIUXCS BOJIOUUIIbHBIX CTAHOB, B YACTHOCTH, HEJOCTaTOYHON CyMMapHOU MaclnopTHON
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KMHEMATHYECKON BBITSDKKOM, KOTOPAasi IIPUBOIUT K 3aBBINICHHOMY CKOJIbKCHHIO TIPOBOJIOKH OTHOCHTEIBHO BO-
JIOYMJIBHBIX A0,

Ter10, BBIZCIAEMOE 32 CUST TPEHHMSI ITPOBOJIOKH O MIaii0y, MPOMOPIUOHAILHO Pa3HUIIE OKPYKHBIX CKOPO-
CTEH BOJIOUMJIBHBIX IIAW0 U MPOTITUBAEMON IPOBOJIOKH [3]:

QTp = (PB - Pnp)(vm - Vnp) = (PB - Pnp)vcm (1)
e Py, Py, — yCuius BOJIOYEHHS U IPOTUBOHATSDKEHUS COOTBETCTBEHHO; Vy, — OKPY)KHAsI CKOPOCTb BOJIOYHIIb-
HBIX WIANO; vy, — CKOPOCT BOJIOYCHHS; Vo, — CKOPOCTD CKOJIBKECHHS IPOBOJIOKH IO BOJIOYHIIBHOM 11aii0e.

[Ipn oueHb MaNBIX CKOJIBKEHHUAX BBICOKA BEPOSTHOCTH OOPHIBA TIPOBOJIOKH, @ MPH OOJBIINX — TOBBIIIEH-
HBI M3HOC TTOBEPXHOCTEH TATOBBIX a0 W POCT TEIUIOBBIICIEHHUS OT MMOBBIIIIEHHOTO TPEHUS C BUTKaMH IPOBO-
nokw [1]. Kak mokasana npakTuka, BOJIOYSHHE HA MapIIpyTax ¢ HEIOCTATOYHBIM 3allacOM BETMYMHBI CKOJIbKe-
HUS TI0 TIepexo/iaM MPHUBOAUT K YBEIWUSHHUIO BPEMEHH HACTPOWKH MPSAMOIMHEHHOCTH MPOBOJIOKA KOHEYHBIX
JTUAMETPOB, YXYAIICHHUIO MPSIMOJIMHEHHOCTH BO BpeMs padoThl. B Xo/e aHanmm3a ycTaHOBIEHO, UTO 3TO CBA3AaHO
C U3MEHEHHUEM BEeITMYMHBI IPOTHBOHATSKEHUS B pPE3yJIbTaTe HEOAHOBPEMEHHOTO U3HOCA MTOCIIEAHNUX BOJIOK. [liis
yCTpaHEeHUsI YKa3aHHOTO HeI0CTaTKa He0OX0IMMO 3a/1aBaTh OTPEIETICHHYIO HEOOBITYI0 BETHIYNHY MUHIMAITb-
HOTO CKOJIBKEHHUS TPOBOJIOKH B 3aBUCHMOCTH OT €€ JWaMeTpa Ha MPEAYNCTOBOW BOJIOYMIBLHOHN Traide [4].
B paborax mocnenHux JeT, B YaCTHOCTH [5, 6], mpemaraeTcsi HCIOIb30BaTh IPUMEPHO TIOCTOSHHYIO BETHIHHY
K03 GUIIIECHTA OTIEPEIKEHUS Ha KaXKIOM TIepexoe:

T = Ui / Mo =1,015-1,060, t'=1,02-1,08, (2)

rae p’;bm ¥ W — akTHYecKas u MacmopTHas BBITSKKA i-TO MEPEX0/a CTaHa.

[lo ompITy crenMaInCTOB UCCIEAOBATENBCKOIO LIEHTPA — OTPACIIEBON 1a00OPAaTOPUHU TEXHOJIOTHI METaTyp-
THYECKOTO M CTAJICIPOBOJIOYHOTO MPOU3BOJICTBA ONTHMANIbHAS BEIMYMHA CPEJHETO 10 MapLIpyTy ko3hduim-
€HTa OTEPEKEHHS IIPU BOJIOUEHNH CBEPX- U YJIBTPABBICOKOIIPOYHOM MPOBONIOKHK cocTapisieT T < 1,015 [2].

B pamkax ocBOoeHHUS TPOU3BOJCTBA CBEPXBBICOKONPOYHOI MPOBOJIOKK MAJIBIX THAMETPOB paHee Oblia Mpo-
BezieHa MozepHu3anus rpynnsl ctanoB HT 12.6, Bkirodaromast B ce0s yBEJIMUEHUE YMCIIA TIEPEXOJ0B BOJIOYE-
HuUs ¢ 22 10 28, cO CHU)KCHUEM YacCTHBIX U MOBBIIICHHEM CYMMapHON KMHEMAaTHUYE€CKOU BBITSDKKHU C 28,35 1o
36,82. JlanHas MoJEepHU3aLUs TO3BOJIWIIA MPOTATHBaTh MpoBoaoKy ST auamerpom 0,175 MM co cpeaHuM Bpe-
MEHHBIM COTIPOTUBIEHHEM Pa3phIBy 0kos10 3500 H/MM? mpu ckopocTu Ha HAMOTKe 15 M/C ¢ cCOXpaHEHHEM YI0B-
JIETBOPUTEIBHOM TEXHOIOTHYHOCTH M KaueCTBa CBUBKH METAJJIOKOP/A.

C y4eToM MOJOKHUTENBHOIO OIbITa 3KCIUTyaTallud MOJAEepHU3UpoBaHHbIX cTaHoB HT 12.6 u yBenuueHuem
00bEMOB ITPOM3BOACTBA TOHKOW MPOBOJIOKH MaJIbIX JHAMETPOB ObljIa MpopaboTaHa TEXHUYECKas BO3SMOKHOCTh
u 1ienecoodpasnocts MogepHu3aryu crana HT 12.4 CtIlL-1 mo 28 mepexooB ¢ MOCTPOSHUEM YacTHBIX KUHE-
MaTHYECKUX BBITSDKEK 110 aHAJIOTUHU C MOjiepHU3upoBaHHbIMU ctanamMu HT 12.6. B Tabn. 1 npuBeneHo cpaBHe-
HHE PACUETHBIX apaMETPOB CKOJIBKEHHS MPOBOJIOKH ST OTHOCHTENBHO MIai0 M0 MapHIPYTy BOJIOYECHHUS C JUa-
metpa 1,33 10 0,175 MM Ha cTaHaxX pa3HBIX MOAU(DUKAIIUH.

Tab6nuuna 1. CpaBHeHHe NAPAMETPOB CKOJIbKEHHS CBEPXBbICOKONPOYHOI MPoBooku ST 1o MapmpyTy BoI04eHHs!
auamerpom 1,33-0,175 MM Ha cTaHax pa3HbIX MoaHpUKAIMIT

HT 12.6 HT 124
IMapametp
22 nepexona 28 nepexonoB 21 nepexon 23 nepexona 28 nepexonoB
CyMMapHasi IacropTHas! BBITSKKA CTaHa Lo 28,35 36,8 24,1 243 35,9
CyMmapHasi BBITSKKA IPOBOTIOKH pg 57,76
CyMMapHO€ OTHOCHTENFHOE CKOJBKEHUE Cfm , % 50,9 36,2 58,3 58,0 37,9
Cpennee cxonbxenue 1o mepexonam Cony , % 2,31 1,29 2,78 2,52 1,36

J4 K3 Ta6J'II/IIII>I BUJHO, YTO MOACpHU3AIUA CTAHOB 10 28 nepexoaoB € YBCIMYCHUEM CYMMApPHOI0O KMHEMAaTU-
YCCKOIro COOTHOMICHUA ITO3BOJIACT HpI/I6J'II/I3I/ITeJ'IBHO B2 pa3a CHU3UTL CPEAHIOI0 BCIIMYMHY OTHOCHUTCIBHOTO
CKOJIBXKCHHA IO IMEPEXOaaM BOJIOYCHUSA CBerBLICOKOHpO‘{HOﬁ IMPOBOJIOKH JUAMETPOM 0,175 MM.

CYMMapHLIC MaCIOPTHBIC BBITAKKHU BOJIOYUJIIBHBIX CTAHOB CO CKOJIL2)KCHUEM HEI}(]:MM OIpPEACTIAOTCA KaK Ipo-

HU3BCACHUC COOTHOIIICHUN 4acTOT Bpall€Hus BOJIOYUIIBHBIX KOHYCOB U COOTHOIICHUN MHUHUMAaJIbHBIX U MaKCH-
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MaJIbHBIX JIUAMETPOB Ka)KAOH Mapbl BOJIOYMIBHBIX Iaii0. MakcuManbHBIH JHaMeTp BOJIOYHIIBHBIX A0 JaH-
HBIX cTaHOB cocTaBisieT 200 MM, TO3TOMY YBEITHMUEHHUSI CYMMapHBIX MAaCIOPTHBIX BBITSKEK U KPaTHOCTH BOJIO-
YEHUS PU MOJEPHHU3AINN MOKHO JOCTHYB TOJIBKO YCTAHOBKOM OMOJHUTEILHBIX BOJOYHIIBHBIX IIAH0 Manoro
JIraMeTpa U JOMOIHUTETbHBIX BONOK. Tak kak cransl HT 12.4 B otmumune ot HT 12.6 UMEIOT TOIBKO IBE Maphl
KOHYCOB (B HW)KHEW M BepXHEH 3MyJIbCHOHHON BaHHE, PUCYHOK), JUI TOCTHKEHHS PaBHBIX MACIIOPTHBIX BBITS-
xek cranbl HT 12.4 TpeOytoT Gonee 3HaunTenbHOro B cpapHeHnu ¢ HT 12.6 cHUKeHHss MUHUMAJIBHOTO IHaMe-
Tpa BOJOUMIIbHBIX 11aii0. [Ipu pa3zpaboTke mpoekTa MOJepHHU3ALMHU ONBITHOTO CTaHa Ha BOJIOYMIIbHBIE KOHYCa
BEpXHEH BaHHBI ObUIH JOOABJICHBI BOJIOYIIbHBIC 111al0bI fuameTpom 31,0 u 40,19 MM u ycTaHOBIIEHA JIOTIOJIHU-
TeJIbHAs BOJIOKA MEKAY IMapaMu KOHYCOB HIDKHEW M BepXHel BaHHBI (Tad. 2).

Ta6nuna 2. CpaBHeHHe MHHHMAJILHBIX THAMETPOB BBITSKHBIX HIAi6 BOJIOYHIBHBIX KOHYCOB cTaHoB TB
pa3HbIX MoaudHKanmii

HT 12.6 HT 12.4
IMapametp
22 nepexona 28 nepexo10B 21 nepexon 23 nepexona 28 nepexozo

MuUHHMATBHBH pasmep ITepBast mapa KOHyCOB 78,16 67,18 57,1 57,1 52,16
BBITSDKHBIX BOJIOYHJIBHBIX | BTOpas mapa koHycoB 78,16 67,18 57,1 52,16 31,00
a6, MM TpeTbs mapa KOHYCOB 78,16 67,18 -

CymmapHoOe nacnopTH(ngIwaHeMaTqucxoe 28.35 36.8 241 243 35.9
COOTHOILIEHHE CTaHa [

BaxxHBIM yCIIOBHEM CTaOMIIBHOTO MpOIlecca MHOTOKPATHOTO BOJIOYEHHUSI CO CKOJIBKEHHUEM SIBISIETCS Tpa-
BUJIbHOE COOTHOLICHUE MEX/ly IMAMETPOM HABHBAEMOM HA TATOBYIO WANKOY NPOBONIOKH (dyy,) M IMAMETPOM Ca-
Mol maiosl (D,,). CHIKeHHe TuameTrpa maid B 2 pa3a NPUBOAMUT K COOTBETCTBYIOIIEMY POCTY KOHTAKTHOTO
JIABJICHHSI C TTIOBEPXHOCTHIO MPOBOJIOKH, CIOCOOCTBYIOIIETO U3HOCY MIAH0 U MCTHPAHUIO TIPOBOJIOKH, a TaKKe
BIIMSICT HA BENMUMHY JAedopMaluy n3ruba v HaNpsDKEHHOE COCTOSHUE MPOBOJIOKU B MPOIECCE BOJIOYCHUS H,
B KOHEYHOM CYETe, Ha IUIACTHYECKHE CBOMCTBA rotoBod nmpoBonoku. C ymenbuienneM D, /d,, HanpsokeHUs
B ITOTICPEYHBIX CEUCHUSIX BUTKA OT €0 M3rnda OyIyT YBEIIMUUBATHCS M BMECTE C PACTSATHBAIOIIMMH HAIPSIKEHH-
SIMU BOJIOUCHHSI MOTYT TIPUBECTH K Pa3pyLICHUIO BUTKA MMPOBOJIOKHU, B KOTOPBIX HANPSIKEHHUS OT H3rU0a UMEIOT
OJIMHAKOBBIE HAIPABJICHUS C HANIPSHKEHUSIMHU BOJIOUEHUS [7].

Honycrumbie Benuuunbl D, /dy,, 3aBUCAT OT IIACTUMHOCTH (OTHOCHTEBHOTO YITTMHEHHUS) IPOTATUBAEMOTO
metaiia. Tax, s BonodeHol meu ¢ & > 20% pexomennyemble npenenst cocrasnsior 50 < Dy /d,, < 1000, mis
METAIIOB OONIbIIEH MIIACTHYHOCTBIO OTHOMWEHHE Dy//dy, ) MOKET ObITh YMEHBIIEHO, & JUI METAIUIOB C MEHbIIEH
TUTACTUYHOCTBIO — yBenuueHo [7]. Tak kak 3amac miacTHYHOCTH MAaTEeHTHPOBAHHO-JIaTYHUPOBAHHOM 3arOTOBKH
(mapameTpe! yIIMHEHNS) B IPOLIECCE BONIOYEHUs CHUKAETCS B Pasbl, AONYCTUMbIE BENNYMHbI U3rnba D,/d
MPOBOJIOKHU Ha BXOJIE B cTaH (MpH M3rude Ha TIepBOM KOHYCE) M Ha BBITSDKHOM KOHYCE BTOPOW Mapbl OymyT OT-
JIMYATHCS.

E1me omHOI XapaKTepUCTHKOM SIBISIETCS] BETMUMHA MAKCUMAIBHOW JieopMaIiiy Py U3ruode JTaTyHUPOBaH-
HOU MPOBOJIOKM Ha BOJIOUMIIBHBIX IIaii0aX, KOTOPYIO OPHEHTHPOBOYHO MOYKHO OLIEHHTH 110 YIPOIIECHHOU (op-
Myse (6e3 ydeTa pacTATMBaIONIEr0 YCHIINS BOJIOYSHHUS):

— dnp o
e=—100%, 3)
Dy, +0,5d,,

rae dy, 1 Dy, — COOTBETCTBEHHO AMAMETPbI POBOJIOKH U POJIMKA, MM.
Hanpsbkenne n3ruda mpoBOJIOKH Ha BRITSHKHBIX MIai0ax onpezesnsieM 1o Gopmylie:
d d

Cu=—2 ____Ex_PFE 4)
Dy, +0,5d,, D

114

rne £ — monyns FOnra, H/mm2.

Hcxonst U3 MapiipyToB BOJIOYSHHMsSI M JIMAMETPOB TSTOBBIX IAHO, MPOBEJEH pacyeT IoKaszarelield MaKCH-
MaJIbHOH JiehopMmaliyu M3ruda MPOBOJIOKKM HAa TATOBBIX IIaii0ax pa3HbIX CTaHOB. J[s pacuera ObUTH B3STHI
MapuipyTsl BonodeHus mpoBoioku ST 1,33—0,175 mm u poonoku HT 1,21—0,175 mm, a Taroke HT 1,55—0,25 mm
(tabm. 3).
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Ta6nuna 3. Pacuer mapamMeTpoB u3ru6a NpoBoJIOKH NMPU BOJIOYEHUH

Pacyer n3ru6a NpOBOIOKH Ha BXOZIE BO BTOPYIO Mapy KOHYCOB
JlnaMeTphl 3ar0TOBKU
M T'OTOBO# TIPOBOJIOKH Tun crana Hneno KuHeMaTHECKHX o
’ MePeXon0B JMaMeTp maiowl Dy, | AMAMETP NPOBOJIOKH, D d MaKCHMaJbHas
MM MM s MM OTHOMICHHE Ly np nedopmars usruda e, %
HT 12.4 28 31,0 0,519 59,7 1,66
1,33—0,175 ST ’ . : ’
’ ’ HT 12.6 28 67,2 0,653 102,9 0,97
21 57,1 0,572 99,8 1,00
HT 12.4 23 52,1 0,505 103,2 0,97
1,55—0,25 HT 28 31,0 0,744 41,7 2,37
22 78,2 0,796 98,2 1,01
HT 12.6 ’ : ’ ’
28 67,2 0,932 72,1 1,38
2 2,1 4 119,2
1,21-0,175 HT HT 12.4 2:; ;’O 8’522 529:) 01’88375

O hexTHBHOCT MPOBEACHHON MOJCPHHU3ALIMU CTAHOB OY/IET ONMPENesIThCs PE3YIbTUPYIOINUM ACHCTBHEM
HECKOJIbKUX TEXHOJIOTHYECKUX (PaKTOPOB, B YACTHOCTH, MUHUMHU3AIIUCH CKOJIBKEHHSI MEKIY TTOBEPXHOCTIMHU
MIPOBOJIOKH U BOJOYMIIBHBIX IAW0 U YBEITMYCHUEM Je(pOpMaIK U3rnda MPOBOJIOKH Ha JIOTIOTHUTEIBHBIX IHai-
0ax masoro auametpa. M3 tadn. 1, 3 BugHO, uTo MopepHu3aius ctana HT 12.4 no 28 mepexomoB mo3Bosinia
NpUOJIM3UTENBHO B 2 pa3a CHU3WUTH CKOJKKEHHUE TI0 MepexosiaM C OJJHOBPEMEHHBIM yBeanueHueMm B 1,7 paza
MakcHUMaJIbHOU Aedopmanyy u3rnda, HeTaTUBHO BIMSIONICH HA HANPSHKEHHOE COCTOSHHE MPOBOJIOKU B TIPO-
1ecce BOJIOYEHHS U, B KOHEUHOM CYeTe, Ha MJIACTUYECKHE CBOMCTBA TOTOBOM MPOBOJIOKU. MCHONB3ys TOJIBKO
AHAJIMTUYECKHE METOMBI, CII0KHO OLICHUTDH BIUSHHUE MPUHIUIHAIBHO PA3HBIX TEXHOIOTHYECKHX (HAKTOPOB Ha
TUTACTMYECKUE CBOMCTBA TOTOBOM MPOBOJIOKH, TIOATOMY ISl IPEIBAPUTEIHLHOM OIIEHKH 11€71eCO000pa3HOCTH JJaH-
HOTO MIPOEKTa MOAEPHU3UPOBAIN OJJUH ONBITHBIN CTaH.

B pesynbprare McnbpITaHUIl ONBITHOTO CTaHa JOOWTHCSA 3HAYUTEIBHOTO YIyUIIEHUS CKOPOCTEH BOJIOUEHUS
(c 10 1o 14 m/c) ynanoch TobKO 1pH BosioueHUH mpoBojioku HT nquamerpom 0,175 MM cepuitHON KOHCTPYKITHH
Mmetayuiokopaa. [Ipu BomovyeHun 3arotoBku Oonbiiero auaMetpa (1,33 MM) ymoBIeTBOpUTENBHBIE TUIACTHYC-
ckue coiicTBa rmpoBosiokd ST nuamerpom 0,175 MM U Ka4ecTBO CBUBKH TOCTUTHYTHI He Oblu. [Ipu BomoueHnn
npoBosiokd ST auamerpom 0,25 MM U3 3aroToBKU nuamerpoM 1,58 MM Oblia ToTydeHa TPOBOJIOKA C HU3KUM
YHCIIOM PEBEPCUBHBIX CKPYUYUBAHUM M HETOCTATOYHON TPOYHOCTHIO.

Pesynbprarhl MOAEpHU3AIMY U IPOBECHHS UCIIBITAHUI CTAHOB C pa3HbIM MOCTPOCHUEM KHHEMATHKH T103BO-
JISIOT OPUEHTUPOBOYHO OTIPENIEINTh HIDKHUN Tpeiesl OTHOLIEHUSI MUHUMAJIBHOTO TMaMeTpa BBITSHKHOM 11aiiobt
K JIMaMeTpy MpOTArMBaeMON NpOBONOKH D,,/dy,, Ha BENMYMHY KOTOPOrO HEOOXOAMMO OPHEHTHUPOBATHCS TIPH
BBIOOpE THTIA BOJIOYHMIIBHBIX CTAHOB M MOJCPHHU3AIMK UMEIOLICTOCS MapKa. 3arac MIaCTUYHOCTH MPOBOJIOKH
NpY U3ru0e MOYKHO OLIEHHUTH TI0 TApaMeTPy OTHOCUTEIHLHOTO YAIMHEHUS Agt, XapaKTepHU3yIOIero MakCHMalb-
HYI0 paBHOMEpHYIO jaedopManunio MpoBOJOKH. B KauecTBe KpUTEpHss MHHHUMAIBHO JIOIyCTUMOTO JIHaMeTpa
11aiid MOXKHO MCTIOJIb30BaTh Oe3pa3MeHHBIN KodQpuuneHT K, XapaKTepHu3yIOIUi 3amac IIaCTHYHOCTH MTPOBO-
JIOKY TIpU M3rH0e Ha BOJIOYMIIBHBIX MIali0ax:

e

Agt’
e e — MakcuMajbHas aedopMarius mpu U3ruoe MPOBOJIOKKA HA BOJIOUMIIBHBIX HIaii0ax, %o; Agt — OTHOCUTEIIb-
Has 1oJHast eopMarius Mpu MaKCUMaIbHOM YCHITUH, %b.

OnTuManbHBIC YCIOBHSI BOJIOYCHUS, UCKIIOUAIOIINE Pa3pyIICHUE TTOBEPXHOCTH MPOBOJIOKH M3-3a M3THOA,
COOTBETCTBYIOT K03 urineHTy 3amnaca K >> 1. Bennuuna Agt X0I0AHOTSIHYTOH MPOBOJIOKHA MOXKET U3MECHSIThCS
B JIOCTaTOYHO INHPOKUX IPEJesiax B 3aBUCUMOCTH OT OOXKATHSI, YCJAOBHMU BOJIOYEHHS M JPYTHX MapamMeTpOB
1 00BIYHO HaxoAWTCs B mpenenax Agt = 1,5-3,5%. Kak BugHo u3 Tabmn. 3, st MOASpHU3UPOBAHHOTO Ha 28 Tie-
pexonoB crana HT 12.4 nedopmanius u3ruba nmpoBOJIOKH MPU BOJIOUECHHUH B HEKOTOPBIX CIIydasXx MOXKET ObITh
COTIOCTaBUMA C €€ 3aracoM IIaCTHIHOCTHU. I IaTYHHPOBAaHHOW 3arOTOBKH XapaKTEepHBI 00Jiee BHICOKHE 3HA-
ueHust Agt ~ 7,0-8,5%, MOATOMY JUIsl IEPBBIX BBITSHKHBIX I1al0 Ha BXOJIE 3arOTOBKH B CTaH JOIYCTUMbI MEHb-
nIMe 3Ha4eHus oTHoweHus D, /d,,.

Ha mpaktuke ya00HEE MOJIb30BaThCs YIPOIIEHHBIM KPUTEPUEM, XapaKTEPU3YIOUUM OTHOIICHHE MUHH-
MaJIbHOTO JTHaMeTpa BOJIOYIIIBHBIX 1Al K Tuamerpy ucxopHo 3arotoBku (D, /d,). Tak, Ha cranax HT 12.4
MaKCUMAJIbHBIN TUaMeTp 3ar0OTOBKH COCTaBIsIeT 1,96 MM, 4UTO A TMaMETPOB BOJOUMIBHBIX Taid 52,1 u 57,1
MM COOTBETCTBYET MHHUMAIILHON Benuuune D, /d, Ha ypoBHE 26-29.

K 4)



102 CGUIT AT (RGLTGTGIT G [(ERUIIGET

4.(93), 2018

Pe3ynbrarel paboTHI OKA3BIBAIOT, YTO 1I€€CO00PA3HOCTh MOAEPHU3ALUHN CTAHOB MOKPOI'O BOJIOYEHHUS 3a-
BUCHT OT IIMPOKOTO KPyTra TEXHOJIOTHYECKUX (DAaKTOPOB, ONPEEIISIONINX TEXHOIOTHYHOCTD BOJIOUEHHS U CBOM-
CTBa TOTOBOW MPOBOJIOKH. B psizne ciydaeB monokuTeNbHBINA dPQPEKT OT yITyqLIICHUS OJHUX TEXHOJIOTUYECKHX
napamMeTpoB MOXKET OBITh YACTUYHO HJIM IMOJHOCTHIO0 HUBEJIMPOBATHCSI HETaTUBHBIMU MOCIIEACTBUSAMH YXy/LIe-
HUSI Opyrux ¢axrtopos. IlokazaHo, 4TO cTaHbl C TpeMs MapaMy BOJOYMIILHBIX KOHYCOB MMEIOT OOJIBIINE BO3-
MOXXHOCTH JUUISl ITPOBEICHUS] MOJACPHU3ALUH C ITOBBIIIEHUEM CYMMAapHBIX MMACIIOPTHBIX KHHEMAaTHYECKUX BbITS-
JKEK, YEM AHAJIOTHMUYHBIE CTAHBI, HO C AIByMS IIapaMH KOHYCOB. [IpeioxkeH kputepuil 1Jisl OLIEHKU BIUSHUS Mac-
mTabHOTrO (hakTopa OT U3MEHEHUS TMAaMETPOB BOJIOUMIILHBIX Iali0 Ha MJIACTUYECKUE CBOMCTBA MPOBOJIOKHU IS
METaJUIOKOP/ia, OCHOBAHHBIN HA OIBITE HKCIUIYaTalUy CTAHOB C Pa3HBIM IIOCTPOECHUEM KHHEMATUKH.
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