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BJIUAHUE TEXHOJOI'MYECKUX TPUEMOB U CTEIIEHHU
BBIJIEZKKU TPECTBI HA IPOYHOCTHBIE XAPAKTEPUCTUKH
OJHOTHUIIHOTI'O JIBHAHOT'O BOJIOKHA
®enocosa H.M., Buxapes CM.

(KocTpoMckoii TOCyIapCTBEHHBIN TEXHOJOTHICCKUI YHUBEPCHUTET)

IIpounocmuuie ceolicmea 8010KHA ONPedelaiom 803MONCHbIE COYEMAHUS
U UHMEHCUBHOCMb MeXaHU4ecKux 6030elicmseuil 6 npoyecce 06pabomxu,
HanpaenieHus  OalbHeuue20  UCHONb308AHUS — NOJYYEHHO20 — Mamepuand.
llpusedenvl  pezynbmamuvl OYeHKU NPOYHOCMHBIX CBOUCE OOHOMUNHO20
JILHAHO20 B80JIOKHA, NOAYYEHHO20 Npu nepepabomke mpecmvl Pa3HOU CmeneHu
BbLIEIHCKU N0  PA3TUYHBIM — MEXHON02UUeCKUM  cxemam. Ananuzupyemvie
Xapakmepucmuky Onpeoessiiucy no OuazpamMmam pacmsadxiceHus o0pa3yos

B0JIOKHA HA MOOEPHU3UPOBAHHOU pa3pbléHou mawurne PMII-1.

OJIHOTUITHBIM  BOJIOKHUCTBIM  MATEPUAJI, BAPHUAHT
OBPABLOTKHN, JTNATPAMMA PA3PBIBA, B3AVIMOJIEVICTBUE
BOJIOKOH, BJIMAHUE ®AKTOPA

Huskue BBIXOJl JJIMHHOTO BOJIOKHA M YPOBEHBb MCIIOJIb30BaHUA JILHSIHOTO
ChIpbsi B II€JIOM BBI3BIBAIOT HEOOXOJUMOCTH TMOHMCKa 0o0Jiee PpalMOHAIBHBIX
HaIpaBJIeHUI TMepepadOTKU HMMEIOIIErocs acCOpTUMEHTa TpecThl. OgHUM U3
TaKuX PEIICHUMN SBIISACTCS TEXHOJOTHS MOJIyYeHHUs BOJIOKHA 0€3 pa3/esIeHUs €ro
Ha JUIMHHOE M KOPOTKOE — TEXHOJIOTUsS MOJy4YeHHUs OJHOTHITHOTO BOJIOKHA. B
MHUPOBOM TMPAKTUKE WMEIOTCS OTIEIbHBIE 00pa3ibsl 000pYyJOBaHUS A

MOJYYEeHUs] OJHOTHUIHBIX BOJIOKHUCTHIX MmaTepuaioB (OBM). Opnnaxo

B crarbe ucnons3oBaHbl pe3yabTaThl cclenoBaHu, nposeaeHHbIX Ceposoii FO.B., Kapnosoit H.E. B 2010-
2011 rr.



aKTyaJlbHOW  ocTaeTcsi  pa3paboTka M BHEApPEHHE  MajorabapuTHOIro
000pyI0OBaHUSs, OTJIMYAIOIIETOCS MOHIKEHHON MaTepHalio- U 3HEPTOEMKOCTBIO.
C uenpio onTUMHU3aIMK HaOOpa MEXaHUUYECKUX BO3JIECUCTBUI Mpu nepepaboTke
JBHSHOM  TpecThl  MPOBEACHO  CpaBHUTEIbHOEe  uccieaoBanue OBM,

MOJTyYE€HHOTO TPH peaTn3alii HECKOJIbKUX cXeM 00padoTKH (cM. TabII.).

BapuanTel 00pabOTKH TPECTHI

Bapuant 06paboTku TpecTbl O6o3HayeHue
BapUaHTa
MsutbHO-TpenanbHblid cTanok CMT-200M Cxema 1
[Tmrommika [1C — MsutbHO-TpenanbHbId cTaHOK CMT- Cxema 2
200M
ILmronunka [1C — 1 MmoayJsib MsITTbHOM MaliuHbl M- Cxema 3
110J12 — msuibHO-TpenanbHblii cTaHok CMT-200M
[TepBblii MOyNb MsITTbHOM MamuHbl M-110J12 — Cxema 4
MsUIBHO-TpenanbHblii ctTaHok CMT-200M

[Ipumeuanue: B ctanke CMT-200M peain3zoBaHa oJHOMpPOIECCHAas 00paboTKa
Martepuana

KauecTBO OJJHOTUITHOTO BOJOKHA 3aBUCUT OT KAYECTBA UCXOAHOTO ChIPhS
U OT TEXHOJOTMYEeCKOro Ipolecca €ro mnepepadoTkH, T.e. OT BHUJA,
NIOCJIEOBAaTEIBHOCTH M PEXUMOB TEXHOJOTHYECKHX orepauui. Llenbro
HACTOsIIeH paboThl ABISUIACh OLEHKA MPOYHOCTHBIX Xapakrtepuctuk OBM c
MIOMOIIBI0 MOJICPHU3UPOBAHHON pa3pbiBHONH MamuHbel PMII-1 [1]. TTomumo
pPa3IUYHOrO0 COYETAHMSI MEXAHWYECKUX BO3ACHCTBUN M3ydaloCh BIIHUSHHE
KauecTBa TPECTBbl, M3 Koropou momydanu OBM, Ha ero mnpo4HOCTHBIE
XapakTepuCcTHKU. B yacTHOCTH, B paboTe UCHOIb30BANIACh TPECTa HEJoexKaas
U TpEeCTa HOPMAJIbHON CTENEHU BBUICIKKH.

Cnegyer OTMETUTh, 4YTO MOATOTOBKa oOpasmoB OBM k pa3psiBy
OCYILECTBIISUIACH 110 CTAHIAPTHOM METOJIUKE [2], MpeAnoJiaramiieil moAroTOBKY
BOJIOKHUCTBIX JIEHTOYEK JJIMHOU 27 cM U Maccoit 420 Mr, X MpeaBapuTeIbHOE
NOAKPYYMBAHUE M Pa3pblB MPU PACCTOSHUM MEXKIYy 3aKUMaMu 7 CM.

[TonBrkHbIN 3akuM MamHbl PMII-1 nepeMenaercst ¢ HOCTOSHHON CKOPOCTBIO




B TOpPU3OHTAJIBHOM IUIOCKOCTH. Jluarpamma paspslBa  (uKCHUpoBaach
noJIHOCTBIO (puc. 1) B ocsx «Bpemst — Harpyska», oqHako npu HEOOXOIUMOCTH
BO3MOYKHO IIPUBEACHHUE AHArpaMMBbl B KJIIACCHYECKOM BAapHUaHTE «Y JUIMHEHUE —
Harpy3ska».

[lo mosyyeHHou Ha moaepHu3npoBaHHOW MammHe PMII-1 auarpamme
paspsbiBa (puc. 1) paccUMTHIBAIOT TaKUE XapaKTEPUCTUKU Pa3pbIBHOW HArpy3Ku
UCIIBITBIBAEMOIO0 MaTepualia, Kak MPOJOJLKHTENIBHOCTh pas3pbiBa oOpasua, c;
BEJIMYMHY MAaKCUMAaJbHOIO ycuius, H; CKOpOCTh HapacTaHus pacTATMBAIOLIETO
yeunusi, H/c; ckopocth yObIBaHusl pacTsrubaromiero ycunus, H/c; mmomans
KPUBOJMHENHOW Tpamenuy, oOpa30BaHHOM JMarpaMMOW pa3pblBa M OCBIO

aocmucc, H-c.

P H

Puc. 1 — O6mumii Bua AuarpamMmel pa3pbiBa, MoJlydaeMol Ha
MOJICPHU3UPOBAHHOM pa3pbiBHOW MamuHe PMII-1:
t; — epemsa 3anazovieanus; T — npodondicumenvHocms paspvléa oopazya,
P — senuuuna maxcumanvnozo ycunus
AHann3 3HAYEHUH MaKCHUMalbHOW pa3pbiBHOW Harpy3ku (puc. 2),
NOATBEPINI, 4YTO BOJIOKHA, BBIJCICHHBIE W3 TPECTHl HOPMAJIBHOW CTEIECHH
BBUICXKKH, SIBIISIOTCS 00Jiee MPOYHBIMUA B CPABHEHUU C BOJIOKHOM, BBIJIECICHHOM
U3 HEJOoJeXanol TpecTbl. UTO MOKHO OOBSICHUTH CTENEHBIO pa3pylLIeHHs B

Mpouecce pacCTujia NCKTUHO-JIMTHUHHOI'O KOMIIJICKCA, IMTPUAAOMICTO XPYIIKOCTD



BOJIOKHUCTBIM KoMmruiekcam. OpHako B 1elIoM o00a BUIA BOJIOKHA SIBISIOTCS
HEJIOCTATOYHO TPOYHBIMH. HamoMHuMM, 4dYTO pa3phiBy TMOJBEPraHCh
CKpYYEHHbIEC JICHTOYKH, C(HOpPMHUpPOBAHHbIE Ha JeHTooOpaszomarene JIO-2 u3
MaccChl BOJIOKOH, CPEJHSISI MacCOMJIMHA KOTOpbIX cocTaBuia 211-239 u 255-300
MM Y HEIOJSKAION TPEeCThl M TPECThl HOPMAJbHOW CTENICHU BBUICKKH

COOTBCTCTBCHHO.
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TPECTa HEOOIICK A a4 TPpeCTa HOPME.]'.I]-HDﬁ CTETIEHH EELICHEEIL

Puc. 2 — U3menenne makcuManbHOU pa3pbiBHOM Harpy3ku OBM

MakcuMainbHasi pa3pbiBHas Harpy3ka XapakTepu3yeT camble MPOYHBIE
BOJIOKHA, JIOJII KOTOpPBIX B 00mIel macce HeBenuka. [lockoiibky B mpoliecce
nepepaboTKH BOJIOKHA TepepadaThiBalOTCsA B Macce, TO BaKHA MHQOpMAIIHUS O
MIPOYHOCTHBIX XapaKTEPUCTHUKAX OOJIBIIMHCTBA BOJIOKOH, a TAKXKE O XapaKTepe
CUJIE UX B3aUMOJECHCTBHSI.

OmHolt W3 TMPOYHOCTHBIX XApPaKTEPUCTHUK, KOHTPOJIUPYEMBIX TMIPHU
UCIIBITAHUSIX BOJIOKHHUCTBIX MaTEpUalioB, SIBISETCS paboTa pas3pbiBa, MO
KOTOpOM MoHUMaeTcsi paboTa, coBepiliaeMasi BHEIIHEH CHUJION MPHU PacTsSKEHUU
oOpaslla, TOKa3bIBAIOIIASl KAKO€ KOJMYECTBO DHEPrMM 3aTpPauyeHO Ha
MIPEOJIOJICHUE PHEPTUU CBSI3U MEX]y YaCTHIIAMHU CTPYKTYPhI ATOT0 00pasia mpu
ero paspymenun. Kak mnpaBuio, paboTy ONpenenstoT Kak IUIOMIa/lb,

OTPaHMYEHHYIO KpPUBOM Ha JuarpaMMme pacTsKEHUS B OCSIX aOCOJIIOTHOE



yJIMHEHUE — ycuiiie. Bennuuny, mponopluoHalbHY0 paboTe pa3pbhiBa, MOXKHO
ONpPEAECIUTh Ha AuarpaMmax, MOJYYCHHBIX Ha MOJCPHU3UPOBAHHOM MAIIWHE
PMII-1, mocpenctBoM ompeAeieHus] IUIONAa1d, OTrPaHUYEHHONW KPHUBOU
pacTsbKeHUsl U ochio abciuce. st BerYucieHus: paboThl pa3pbiBa HEOOXOAUMO
BBCJICHHE  IOMPABOYHOTO  KOd(PPHUIIMEHTa,  YUUTHIBAIOMIETO  CKOPOCTH
MEepEeMENICHNUST MOJABM)KHOTO 3aKMMa C 3aKpEIUICHHBIM HAa HEM JIaTYMKOM
nepeMenieHrs. AHAIM3 CPeHUX TIIOMAeH, MPUBEICHHBIX HA PHC. 2, TIOKa3all,
YTO BOJIOKHA, BBIJCICHHBIE W3 HEIOJEKAIOW TPECThl COMPOTUBIISIOTCS
pACTATHBAIONIEH HArpy3Ke ropasfo XYy»Ke, BOJIOKOH, BBIJIEJICHHBIX W3 TPECTHI
HOPMAaJbHOM CTENEHHW BBUICKKHU. [IpM 3TOM CyIIECTBEHHOM pa3sHULBI MEXKIY
obpazniamu OBM, mojydyeHHBIMH TI0 HCCIEIYEMBIM CXeMaM, MPAKTHYECKU HE
HaOJrO1acTCS.
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TPECTa HEQOMSEATAR TPECTA HOPMANBHOH CTETEHNH BRITIEHHH
Puc. 3 — 3meHenune miomniaan KpUBOJIMHEHHON Tparnenun

XapakTepuCTUKAMH, KOCBEHHO ONPEAEIISIOIUMHU CTEIICHb
B3aMMO/JICHCTBUS BOJIOKOH IIPU PACTSKEHHH, MOTYT CTaTh CKOPOCTh HApaCTaHUs
U yObIBaHMsI Harpy3ku (puc. 4, 5).

[Ipy nprIIOkKEHUH PACTATUBAIOLIEH HArpy3KH K Iy4YKY BOJIOKOH B Hayaje
MPOIIECCAa MPOUCXOJUT HATPYKEHUE OTIEIbHBIX BOJOKOH, COCTAaBIISIOIINX
IIy4OK, IIPXU 3TOM B CHJIy HEOJHOPOJHOCTU CTPYKTYpPBI U CBOWCTB BOJIOKOH MX

pa3pblB IPOUCXOIUT HEPABHOMEPHO, B pa3Hble MOMEHTHI BpeMeHu. CraObie



BOJIOKHA, pa3pyLIUBILINECS MTEPBbIMU, B3aUMOACUCTBYIOT C IPYTUMHU BOJIOKHAMU
My4YKa 3a CYET BO3HUKHOBEHHUS CHUJ TpPEHUS MeXay BojokHamu. [lostomy
CKOpPOCTb HapacTaHUs HArpy3KM KOCBEHHO XapaKTEPU3YET HE TOJIBKO MPOLECC

pa3phiBa, HO ¥ HAYAJIO MPOIIecca pacTaCKUBaHUS.
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TPECcTa HOPMANEHO CTeNeHH
BBLITENEHA

TPECTd HEOONCXATaA

CropooTs yOmBanus, ef.

cxema 2 | cxema 3 | cxema 4
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TpEecTa HeNOIexKanas TpecTa HOPMAaIBHOH CTENeHH

BBITEEEI

Pucynoxk 5— CxopocTs yObIBaHUS Harpy3Kku mpu paspeise OBM
Uro KacaeTcsi CKOpPOCTH YOBIBaHHSA, TO OHa KOHTPOJMPYETCS TOCie
pa3pbiBa BCEX BOJIOKOH, BKJIFOYAsl CaMble MPOYHBIC, U XapaKTEPU3YET TOJIBKO
IIPOLIECC PACTACKMBAHMS BOJOKOH Iyuka. COBMECTHBI aHaW3 CKOPOCTH
HapacTaHUsi U CKOPOCTH YOBIBaHUSI Harpy3Kd IO3BOJUT OLICHUBATH CTEINEHb
B3aUMOJICUCTBHS BOJIOKOH B IMYYKE M B HEKOTOPOH CTENEHH XapaKTepU30BATh

CHUJIBI TPEHUS BOJIOKOH B ITyYKE NIPU pACTACKUBAHUU.



[Ipu HarpyxeHuun 0O0Opa3LOB 10 MOMEHTa pa3pbiBa CaMbIX MPOYHBIX
BOJIOKOH B3aUMOJICHCTBHE BOJIOKOH B My4YKax cliaboe, CKOPOCTh MPaKTUYECKH
He npesbimaer 1 H/c. [lpu 3TOM paznuuus Mexy BapHaHTaMH IOJy4YEHUS
BOJIOKHA MPAKTUYECKU HE TPOSIBIISIOTCS.

CkopocTh yObIBaHHS Harpy3Kd MPEBBHIIIAET CKOPOCTh €€ BO3PACTaHUS Y
BCEX BAapHAHTOB BOJIOKHA M3 TPECThl HOPMAJIbHOM CTENEHU BBUIKKH. UTO
KacaeTcsi 00pa3lioB BOJOKHA U3 HEOJEKAION TPECThI, TO BETUYUHBI CKOPOCTEH
JI0 pa3pbiBa M TOCJI€ HEro MPaKTHYeCKHu He oTiauvarorcs. Cieayer OTMETHUTh,
YTO YeM BBIIIE CKOPOCTh pACTAaCKHWBAHMS, TEM MEHBIIE CHUJIbl TPEHHUS,
BO3HUKAIOIIME MEXAYy BOJIOKHAMH Tiyyka. [lomydeHHBIE  pe3ylbTaThl
CBUJCTEIBCTBYIOT O OOJIbILIEM B3aUMOJCHCTBUM BOJIOKOH U3 HEIOJIEXKAIION
TPECTbl B CPaBHEHHU C BOJIOKHAMH, BBIICTICHHBIMH W3 TPECTHl HOPMAIbHOMN
CTETICHU BBUICIKKH.

Pe3ynbrarel ~ QUCHEPCMOHHOIO  aHajuM3a  CBUJAETEIBCTBYIOT O
CYIIECTBEHHOM BJIUSIHUU MCXOJIHOTO KauyeCTBa TPECTHI HA BCE KOHTPOIUPYEMBIC
MIPOYHOCTHBIC XAPAKTEPUCTUKU OIJHOTUITHOTO BOJIOKHA. J[OJISI BIWSHUSI 3TOTO
dakTopa B 3aBUCHUMOCTH OT XapaKTEPUCTHKU cocTaBiser 5-22%. ®dakrtop
«BapuaHT OOpPabOTKW» OKa3bIBAET CYIIECTBEHHOE, HO HEOOJBIIOE BIHUSHUE
JUIIHL HAa BEJIMYMHY MAaKCHUMAJbHOM pa3pbIBHON HArpy3k (JIOJsl BIIMSIHUS
cocraBmia 3,8%). OTO B HEKOTOPOW CTENEHH XapaKTepU3yeT CTEeNeHb

MOBPEXKICHUS BOJIOKOH B MPOIECCE MEXaHMYECKOW 00pabOTKU JIHHSHOM TPECTHI.

BbBIBO/IbI

B pesynbrare NpOBENCHHBIX MCCICAOBAHUN JUISL  XapaKTEPUCTUKU
IIPOYHOCTHBIX  CBOMCTB  BOJIOKHHCTBIX  MAaT€pUaJIOB, ONPEACIIEMBIX €
UCIIOJIb30BAHUEM  MOJIEPHUBMPOBAHHON  pa3peiBHOM  MamuHel  PMII-1,

MPEJIOKEHO TIO MOJIYYEHHOM JuarpaMMe pacTSHKEHUS ONPEAECHATh TAKUE



nokKaszaTelid, KaKk  MaKCHUMallbHas  pas3pblBHAs  Harpyska,  IUIOHIaJb
KPUBOJIMHEITHOM Tpamnenuu, oO0pa30BaHHOW AuarpamMmoil pa3pbiBa, CKOPOCTh
HapacTaHUsi U CKOPOCTb YyObIBaHUSA Harpy3ku. [IpoBeieH cpaBHUTEIbHBIM
aHaJIM3 MPOYHOCTHBIX Xapaktepuctuk OBM, momydyeHHoro mpu mnepepaboTke
TPECThI PA3HOUN CTETEHU BBUICKKH MO PA3IUYHBIM TEXHOJIOTUYECKUM CXeMaM, B
pe3yibTaTe, KOTOPOrO HE YCTAHOBIIEHO CYIIECTBEHHOIO BIMSHUSA Habopa
MEXaHMYECKUX  BO3JCUCTBUN  HA  BEJIMYMHY  OCHOBHBIX  pPa3pbIBHBIX

XApPaKTCPHUCTHK.
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