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PA3PABOTKA U UCCJEJOBAHUE YCTAHOBKMH JJISI
IITAMEJUPOBAHMSA JIbHOCBHIPHS B HENPEPBIBHOM
TEXHOJIOTHYECKOM MOTOKE

BE3BABYEHKO A.B.,
['HY Bcepoccuiickuii HAQy4HO-HCCIEA0BATEIILCKUN HMHCTUTYT MEXaHU3AIUU
JpHOBOJCTBAa Poccenbxo3akanemun, TBeps,
HOBHKOB 3.B.
®I'BOY BIIO KocTpomcko#l Tocy1apCTBEHHBIN TEXHOJIOTUYECKUN
YHUBEPCUTET,
[IpoaHanu3upoBaHO  COCTOSIHUE  TIEpepadOTKU  JIBHOTPECThl  Ha

apHO3aBoAax. [Ipencrapiena TMHUS 7151 MOTYyYEHHS] OTHOTUITHOTO BOJIOKHA U €€
UCCJIEIOBAHUSI HA JIbHO3aBOJIE.

KiroueBrie cnoBa: JbHSHaAs TpecTa, JbHSHAS JICHTA, OJHOTHITHOC W
HITaneJIMPOBAHHOE BOJIOKHO, DKCIIEPUMEHTAIbHAS YCTaHOBKA.

AHanu3 HCCICIOBAaTeIbCKUX M Apyrux pabor [1-23] mo mepepaboTke
JHLHOCHIPBS B OHOTHUITHOE U IITANIETMPOBAHHOE BOJIOKHO MTOKA3aJl, YTO:

— CYILECTBYET 3HAUUTEIHLHOE KOJHMYECTBO CIIOCOOOB IITANEIMpOBAHMUS,
TEXHOJIOTHYECKOTO  000pYIOBaHUS M  OKCICPUMEHTAIBHBIX  yYCTAaHOBOK,
o0JaaroMX Kak JOCTOMHCTBAMH, TaK M HEIOCTATKAMMU.

— IIMPOKO  PAaCIpOCTpaHEHA  TEXHOJOTHUS  INTANCIHPOBAHUS  C
WCITOJIb30BAaHUEM TIOJATOTOBKM KOPOTKOTO BOJIOKHA B KapJ0YeCATbHBIX M
JICHTOYHBIX MallIMHaX, KOTOpas MO3BOJSET HAa CTAAUH MOATOTOBKU 3 (HEKTUBHO
Pa3BOJIOKHATH MPOYKT.

— SBHO HE TMPEBAIMPYET KaKOW-TMOO C€mocod MeXaHHYeCKOro
HITaNeJIMPOBAHUS, IPUMEPHO B PABHOM CTENIEHU MIPUMEHSIOTCS Pa3pbiB, pe3Ka U
BBICOKOCKOPOCTHOE TOIEePEYHOE PACIIUIBIBAHNE BOJIOKHA.

— OCHOBHBIMH HEJIOCTaTKaMH pa3pbiBa BOJIOKHA (B 3a)KaTOM COCTOSIHHH)
SIBIIIETCS. HEOOXOIUMOCTh €r0 MHOTOKPATHOTO MOBTOpeHHs (0T 2 A0 8 pas), 4To
OPUBOAUT K YIOPOXKAHUIO OOpaOOTKM W OTPULIATENILHO CKa3bIBaeTCs Ha

KauecTBe TMpojaykra (yBEJIMYEHHWE yrapoB, TIOBPEXKIAEMOCTH  BOJIOKOH,



CHU)KEHUE IJTMHBI BOJIOKHA).

— B OTJIMYME OT Pa3pbiBa, METOJ PE3KH IMO3BOJSACT MOTYYUTh 3aJaHHYIO
JUIMHY BOJIOKOH, HO HE 00ecrneuMBaeT IMOJTYyYEeHUE TOHKHX BOJIOKOH, TO €CTh
NPOJIYKT XapaKTePU3YEeTCsl JKECTKOCTbIO, HEIOCTATOYHON TOHWUHOM, KOHIIBI
BOJIOKOH HE HMMEIOT MPHUPOJHOHN CyKHUBAIOIIEWCS 3a0CTPEHHOW (OPMBI, UTO
HEMaJIOBRXXHO [IJIsl TIpoliecca MPS/ICHUs, MOTOMY HMHOI/IA KOTOHMH HHU3KOIO
HOMepa. JIaHHBIN METOJ] TTO3BOJISIET OCYIIECTBIIATH MITANEIMPOBAHUE TOJIBKO TIO
JUIMHE, HO HE IO TOJIIIMHE.

— HE OTJIaeTCs SIBHOTO MPEMOYTEHHs IITANEIUPOBAHUIO B Macce WIH B
JICHTE, TaK KaK CYIIECTBYIOT U COBEPIICHCTBYIOTCS T€ U IPYTUE MEXaHU3MBI.

— OOIIMMH HEIOCTaTKaMHU JIMHUM IITaleJIMPOBaHUS SBISIOTCS: OOJIbIIIast
METaUI0- M DHEPrOeMKOCTh, BBICOKas WX II€HA, YacTO HEBBICOKAS
MIPOU3BOJANTEIILHOCTE W HEBO3MOXKHOCTh OTEPATUBHOW TEpeHATaJKd B
mpoiiecce  paboOThl  OTHAEIBHOTO  OOOpYJOBaHUSI B 3aBUCUMOCTH  OT
WU3MCHSIONINXCS CBOMCTB MCXOTHOTO CBHIPBS;

— 3((HEeKTUBHON TEXHOJIOTHEH IITaNEeJIMPOBAHUS BOJOKHA SIBISIETCS Tak,
KOTOpasi MOXET JINKBUIUPOBATh HaUOOJIee JUTMHHBIE TEXHUYECKUE BOJIOKHA, UX
YTOHHUTHh W TOJATOTOBUTH K OYHUCTKE OT KOCTPBI, TO €CTh TEXHOJIOTHS JOJKHA
OBITh Tako#, YTOOBI BOJIOKHO OBIJIO C YBEIWYEHHBIM COJCpP)KaHWEM BOJIOKOH
HEOOXOMMMOW [IMHBI TPU MaKCUMaJIbHOM HMX OYHMCTKE OT KOCTPhI M HE
LIEJUTFOJIO3HBIX PUMECEN.

W3 BBIIEU3NOKEHHOTO CIEAYET, UTO SIBISETCS aKTyaJlbHbIM pa3paboTka
0oJiee COBEPIICHHOTO OOOpYyJAOBaHUS ISl IITANEIUPOBAHUS JIBHOCHIPHS,
KOTOPOE MCKIII0YaJIo, YKa3aHHbIC HEIOCTATKU. J[pyruMu cioBaMy COBPEMEHHBIM
JHHO3aBOJ JIOJDKCH UMETh MAIIMHY IS IepepaboTKH JIbHSHOW JICHTBI TPyOOoro
YecaHMs B OJTHOTUITHOC M IITANCIMPOBAHHOE BOJIOKHO.

[lenpto HacTosmie pabOTHI SBISETCS pa3pabOTKa MAIIMHBl IS

mTancjinupoBadHrsa JIbHOCBIPbSA B BHJAC BOJIOKHA B MACCC M JICHTC, KOTOpBIfI



JOJDKEH HMMETh MEHBIIYI0 METalIo- W JHEProeMKOCTh U CTOUMOCTh. Jis
JOCTHKEHHSI TIOCTaBJICHHOM 11eNTi HEOO0XO0ANMO:

— pa3palboTaTh KOHCTPYKTUBHO-TEXHOJIOTMUECKYIO CXEMY MAaIlUHBI JIs
HITANeIMPOBAHUS JTHHOCHIPhS] B HEMTPEPHIBHOM TEXHOJOTUYECKOM TOTOKE,;

— pa3paboTaTh SKCIEPUMEHTAIBHYIO YCTAaHOBKM JJIsl IITareINpOBAHUS
JLHOCBIPBS;

— TPOBECTH OSKCIEPUMEHTAIbHBIE HCCIEAOBAHUA IO OOOCHOBAaHUIO
napameTpoB U PEKUMOB padOThI, IpeIJIaraéMoi KOHCTPYKIIUH;

— OIPENEIUTh XapaKTEPUCTUKU MOTy4aeMOro BOJIOKHA.

B [23, 24] pa3paboTaHbl ONMbITHBIE 00Opa3lbl MAIIUHBI JJIsI TIEpepadboTKU
JbHA, COCTOSIIIME U3 CTAJIBHON paMbl, BHIIIOJIHEHHON U3 LIBEUIEPOB U YTOJKOB,
paboueil Kamepbl U3 JUCTOB Xkeje3a 3 MM, INIOCKOro padovero opraHa U3 CTajiu
TONIIMHON 9 MM, NHUTAKOMIEr0 YCTPOMCTBA B BHUJAE IApbl MSUJIBHBIX BAJIBIIOB
OCTPOTPaHHOTO pUGIICHUS C yCTPOMCTBAMH HaXXMMa, NPUBOJOB ABYX [23] u
oqHOrO [24] paboumx OpraHOB, a TAK)KE MHUTAIONIMX BAJBIIOB C HATSHKHBIMU
ycrpoiictBamu. HepoctaTkom mpencTaBaeHHbIX 00pa3lioB SBISETCS, TO, YTO OH
MOJKET NepepadaThiBaTh OAHOBPEMEHHO TOJIBKO JIBa PYJIOHA, YTO HEJOCTATOUYHO
JUTs 0O€CTIeYeHHsI BBICOKOU MPOU3BOIUTEIILHOCTH.

[Ipennaraercss KOHCTPYKTHUBHO-TEXHOJIOTMUYECKAss CXeMa MAallUHbl IS
HITAeTUPOBAHUS JIHHOCHIPhS B HEMPEPHIBHOM TEXHOJIOTMYECKOM MOTOKE JIJIs
NOJly4YE€HUSI OJHOTUIIHOTO U IITAleIMPOBAHHOIO BOJOKHA W3 Pa3IMYHbIX
1yOOBOJIOKHUCTBIX MaTepuasioB (puc. 1).

Maimna paboTaeT cienyromuMm oOpa3oM. JIbHOCBIphE B BHJIE CIIOS
cteOseil, TeHThl U3 pyJIoHA WIM KHUI MO JBYM HHUTAIOIIMM TpaHcHopTepam 1
MOJIaeTCSl B TMHTAIONIME BaJbIbl 2, KOTOpPHIE HAPYIIAIOT CBsI3b BOJOKHA C
JIPEBECUHOM, MOJAIOT Marepuasl B pabouyro kamepy 3 uepe3 ma3el 4 U
YAEPKUBAIOT €ro mpu mnepepadbotke. B paboueit kamepe oOpabaTbiBaeMbIit
MaTepuajl TOABEpraeTcs BO3JCHCTBUSM CO CTOPOHBI 3aTOYCHHBIX PEKYIIUX

KPOMOK IINIOCKOI'O pa6oqero opraHa 6, d TaK KaK OHM 3aTO4YCHBI OIIPCACICHHBIM



o0pa3oM, TO MpH BpallleHuH paboyero opraHa rno oopadaTsiBaeMOMy MaTepuaty
HAHOCATCS yAapbl, B pe3ylbTaTe KOTOPBIX MaTepuayl pyOuTcs (pexercs) Ha

HY)KHYIO JUTUHY.
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Puc. 1. KoHCTpYyKTHBHO-TEXHOJIOTHYECKAs CXEMa MPEIJIaraéMor MalllMHbI JJIsI
HITaneINPOBAHUS JIbHOCHIPbS B HEMPEPHIBHOM MOTOKE:
1 — nuTaroue TpaHCIOPTEPHI; 2 — Y3JIbI MUTAHKS U IIPOMUHA B BUJI€ BAJIBIIOB;
3 — pabouas kamepa, 4 — ma3sl sl BBOJIa MaTepuaa; 5 — maTpyOoK Ui BEIBO/IA
MITaNeJIMPOBAHHOTO BOJIOKHA; 6 — pabouuit opraH; 7 — IpUBOJI

[Ipomecc pe3ku TMPOXOJUT OJHOBPEMEHHO OOEMMH 3aTOYEHHBIMU
peXYyIIMMHU KpOMKaMH pabouero opraHa 6 B OJHOW TUIOCKOCTH U TPHU
ONPENEICHHOM YIJIE HAKJIOHA KPOMOK K TOPU30HTAJIBHOW IUIOCKOCTH, YTO
oOecrieynBaeT OTOPOC BOJIOKHA OT IIEHTpa K ero mnepudepuu, TO €CTh K
BHYTPCHHEH TMOBEPXHOCTH KOXXyxa paboueit kamepsl 3. JIbHOCHIpHE,
MOCTYyIaroliee B 00paboTKy C JIEBOIO TPAaHCHOPTEPA, MOJIy4aeT BO3ICUCTBUE OT
pabouero opraHa cBepxy, a C MPaBOro TpPaHCHOPTEPA — BO3ACUCTBUE CHU3Y.
Ecnmu mepepabateiBaeTcsi JIeHTa, TO CHaudajga OyneT mepepaboTaHO METOIOM

HEKOHTPOJIMPYEMOTO pa3pbiBa, a 3aTe€M METOJOM pE3KH, YTO OOCCIICUHT



JIOCTAaTOYHOE PA3BOJOKHEHHWE U TMOJYYEHHUE HYKHOM JJIMHBI BOJIOKOH.
[TorydeHHBIE BOJOKHA BMECTE C KOCTPOW M TBUIBIO YAAISIOTCS W3 pabodeid
KaMmepbl 3 MOTOKOM BO3/yXa, CO3/aBa€MbIM BpallleHHe padodero oprana 6 uiu
BEHTHJISITOPOM, Yepe3 OOKOBOM BBIXOJ 5 Ha OUUCTKY.

Ha pwuc. 2. mpeacraBineHa (QyHKIIMOHAIBLHO-TEXHOJIOTHYECKAS CXEMa

BKCHCpHMCHTaHBHOﬁ YCTaHOBKH Hpezmaraemoﬁ MAalInHBbI.
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Puc. 2. ®yHKIIMOHATILHO-TEXHOJIOTHYECKAs CXeMa MaKETHOTO o0pasiia aganrtepa Jjis
HITANEIUPOBAHUS JIbHOCHIPHS C PYJOHHBIM MEXaHU3MOM:

a— BUj COOKY; O — BUJ CBEpXY; B — C PYJIOHHBIM MEXaHH3MOM: T — pabo4uii opraH BHYTpHU:
Jl— C JIEHTOW Ha BXO€e: 1 — pyJIOHBI JIEHTBI; 2 — yCTPOUCTBO /UJIsl pa3MaTbIBaHUS PYJIOHOB;
3 — UTAIOIINE CTOJIBI; 4 — BaJIbIIBI TUTAIOIINE, MSJTBHBIC; 5 — paboyvast kamepa; 6 — pabouuit
opras; 7 — mTaneJupoOBaHHOE BOJIOKHO; 8 — BO3AYXOBOJ JIsl YAJICHUS TTOJIyYEHHOTO
BOJIOKHA ¥ KOCTPBI; 9 — acripanimoHHasl yCTaHOBKa

YcTaHoBKa I HMCCIEAOBAaHWS MAIIMHBI TO3BOJISIET 00pabaThIBaTh
JBHOCBIPhE TIPU  CIEAYIOIIUX IMapaMeTpax: CKOPOCTH TPaHCIOPTUPOBAHUS
Martepuana 10 20 M/MHUH, 4acTOTe BpalleHus padouux opraHoB jo 2500 MI/IH_l,
IJIOTHOCTH 3arpy3ku marepuana o 0,7 kr/M°. TexHuUuecKne XapaKTePUCTUKU:
yCTaHOBJIEHHAs! MOIIHOCTh 3,3 kBT, rabaputasie pazmepsl He Oosee 3,0%3,0%2,5
M., Macca He 6oiee 350 k.

[IpoBeneHbl  AKCIIEpUMEHTANIBHBIC  HCCICIOBAHUS  Pa3pabOTaHHOTO
YCTaHOBKH. B KauecTBe UCXOIHOTO MaTepuaja BbICTYNAIU ABA BUJA ChIPbS:

1. nmpHOoTpecta Nel,0, HOpManbHON CTENEHW BBUICKKH, HMEIOIIAs
conepkanue BoJiokHa 32%, otnmensieMocTh 7,5, mpouHocts 90 H; maccoByro
JIOJTI0 KOCTpPHI B Tpecte 66%, 3TaloH usera 3;

2. JeHTa TpyOOro dYecaHuWs B BHUJIEC JIBHSHOW JICHTOYHOM ITaKIIH,
MOJy4YeHHAs] M3 TPECThl JIbHA-JOJTYHIIAa HOPMAJbHOM CTEIEHM BBUICKKH CO
CIEAYIOIINMHU XApAKTEPUCTUKAMH BOJIOKHA B HEW: CpeaHeN MaccomuHou 73,9
MM; JITHEHHOM TUIOTHOCTHIO 2,9 TeKc; MaccoBoi joiei koctpsl 11,2%.

JIbHOTpeCcTa BpPYYHYIO YKJIQJbIBajJaCh Ha MHUTAIONIME CTOJIBI M TaKXKe
BPYYHYIO TOJlaBajlach B MsUIbHBIC Bajbllbl W Jajee mepepadaTbiBaiach B
paboueit kamepe. I[loaydeHHOE BOJIOKHO ITHEBMOTPAHCIIOPTOM IIOCTYNalO B
acCMypalMOHHYI0 yCTaHOBKY. Ilocie yCTaHOBKH BOJIOKHO MPOXOJWIIO OYUCTKY
OT KOCTpBI B TpsAcviibHOM MammHe TI'-135J1.

[lepepaboTka Benachk mpu 3arpy3ke cpa3y Ha 00a MUTAIIMUX CToJa (PuC.
2). Kpome Toro, mjis BBISICHEHHS] TOTO, OYAYT JIM U3MEHSATHCS XapaKTEPUCTUKU

MoJIy4acMoOro BOJIOKHA, C€CJIM IIUTAThb YCTAHOBKY TOJIBKO C OJHOI'O CTOJIa (C



JICBOTO WJIM C TIPABOT0), a TAKXKE Cpazy ¢ 00eux, 3arpys3ka Beslach OTIEIbHO Ha
JIeBBINA M MpaBblid CTOJBI. [Ipy MUTaHWM YCTAaHOBKHU JIBHOCBHIPHEM C JIBYX CTOJIOB
oOecrnieunBaeTCs BO3/CUCTBHE pabouyero opraHa Ha ChIPhE C JIBYX CTOPOH: C
JICBOTO CTOJIa BO3JICHCTBHE HAHOCITCS CBEPXY, C MPABOTO — CHU3Y. BeencTeue
ATOr0 MUTAHHE C OOEUX CTOJIOB MPUBOAUT Cpa3y K JABYM BO3JCHCTBUSIM Ha
JBHOCBIPhE CBEPXY U CHU3Y (pHuC. 2).

BnaxxHocts 060uX MaTepuaioB BO BpeMs mepepaboTku coctasisiia 12%.
IlepepaGoTKa IPOXOAWIA TPH IUIOTHOCTH 3arpy3Kd JbHOTpecThl 0,3 Kr/m’,
JIGHTBI KOPOTKOTO BOJNOKHA 1,6 Kr/M’, 4acTOTe BPAIICHHS PaGOYMX OpPraHOB
n=700, 1100, 1500 u 1900 mur", ckOpoCTH MOJaYN MAaTEPHANOB B 0OPAGOTKY
10 M/MuH.

Jlanee moxy4eHHOE IITANeIMPOBAHHOE BOJIOKHO MOABEPTaOCh OICHKE, B
KOTOpPOW MO MeToAuKaMm [25] OIpeaensuiich CIeAyIONIHe XapaKTePUCTHKU
JHHOBOJIOKHA: CPEIHSS MacCOAJINHA, CPEIHEB3BEIIEHHAs JUHEHHAs MIOTHOCTh
BOJIOKHA, MaccoBas JI0JIsl KOCTPHI B HEM.

Pe3ynbrarel mepepaOOTKM JIBHOTPECThl M JIEHTHI TpyOOro yecaHus
npejcTaBiieHHbIe B Ta0. 1 u 2, Ha puc. 3 u 4.

BonokHo, momydeHHOe MpH nepepadoTKe JHHOTPECTHI, UMEET CPEAHIOI0
Maccomuay 68,1-120 mm (tabn. 1). B 3aBUCHMOCTH OT 4acTOTHI BpalllCHUS
pabouyux OpraHoB 3TOT MoKa3areidb yMeHbmaercs Ha 540,0-591,9 mm (ot 660
MM J10 68,1-120 MM), TO €cTh B cpeaHeM 7-8 pas.

Puc. 3 mokasbiBaeT, uTo npu nepepaboTKe JbHSIHONW TPECThl YBEIMUECHUE
YaCTOTHI BpaIlleHHs pabourx opranos ot 700 mus™ 10 1900 Mun" 3HAYMTENHHO
U3MEHSET XapakTep pachpelesieHHs AJIUH BOJIOKHO B Macce, TO €CTh C ee

YBEIIMYEHUEM YHUCJIO BOJIOKOH € INIMHOM 0-75 MM pe3Ko BO3pacTaeT.



Tabmauua 1
XapaKTepUCTUKH IITAICIUPOBAHHOTO (OJHOTHUIIHOIO) BOJIOKHA M3 TPECTHI JIbHA-I0JITYHI[A

Nel,00
XapaKTepUuCTUKHU Hcxonnas n, ymun’" [Tocne  [locne TpacuibHON
TpecTa YCTAaHOBKH MAIIHHBI
700 120,0
1100 oba 100,5 5 )
1. Cpenusist MmaccoIMHa, 1100 neBwIi 107,0 ©3 cymect
600 = BEHHBIX H3MEHE-
MM 1100 npaBbIii 107,8 i
1500 71,2
1900 68,1
700 4,0
1100 oba 4.0 5 ]
2. CpenHEeB3BEIICHHAS 1100 neBwIi 4.0 ©3 cymect
JIMHENHAS INIOTHOCTD, TEKC B 1100 mipaBsIii 3,6 BCHHBIX H}MeHe_
1500 3,8 i
1900 3,2
700 40
1100 oba 35
3. MaccoBas 07151 KOCTpBHI, 66 1100 neBs1it 66 36
% 1100 npaBbrit 35
1500 28
1900 25
Tabnwmna 2

XapaKTepUCTUKU LITANECIUPOBAHHOIO BOJIOKHA II0CIIE aJaNTepa U3 JIbHIHOU JIEHTHI,
ITOJIY4EHHOU M3 JIbHOTPECTAa HOPMAJILHON BBUIEKKH

1

XapakTepuCTUKU HcxonHas N, MuHn ITocne ITocne TpscunbHON
JICHTA YCTaHOBKH MAaIIAHBI
700 59,7
900 57,1
1. Cpemss MaccoumHa 1100 o6a 54,6 0e3 cymect-
VM ’ 73,9 1100 neBoIit 64,8 BEHHBIX
1100 mpaBwIit 63,5 W3MEHEeHHUI
1500 53,1
1900 49,8
700 2,3
900 2,4
1100 oba 2,3 0e3 cymect-
2. gpenHeBsBemeHHaﬂ 2,9 1100 neBbIit 2,8 BeIZIfIiIX
JMHEWHas MIOTHOCTh, TEKC = .
’ 1100 mpaBwIit 2,4 W3MEHEHHI
1500 2,6
1900 2,5
700 9,7
3. MaccoBas 10751 KOCTPbI 200 7.3
% ’ 11,2 1100 o6a 112 7,1
1100 meBsIit ’ 5,6
1100 mipaBsIid 5,3




1500 5,6
1900 55
35
30 k
2 \\ — - - 700 06/MuH
- \
5% \ - - - - 1100 06/MuH
o
520 7= — — 1500 06/MuH
3 \\
Q15 3 N 1900 06/MuH
T 7 SR
z Ro -
X 10 S
o <
O 5
@]
0
w | v o | wv|jw (v |w(wfon L fw L lw|w v
fa\] ~ N ~ N ~ o] N~ N N~ oV N~ N N~ N N~
~— ™ (o] [e0] -~ ™ © [o0] — [s2] O [e0] ~— ™ [(e] [e0]
~ ~ ~ ~ N N N N (a0} o (a0} (a0}
0- | 25-| 50- | 75- |100-|125-{150-|175-|200-|225-|250-|275-|300-|325-|350-(375-
25 [ 50 | 75 1100(125|150| 175|200 |225(250(275|300|325|350|375 (400

Krnaccbl ASH

Puc. 3. PacnpeﬂeneHI/Ie BOJIOKOH IIO KJIaCCaM IJIMH B IITAIICIMPOBAHHOM
BOJIOKHC, ITOJIYYCHHOM U3 JIbHOTPECTHI
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o

700

1100 1500

YacrtoTa BpalueHus paboyero opraHa, 06/MuH

a

Cpensist IMHEHHas MI0THOCTh
BOJIOKHA, TEKC

1900

4,5
4,0
3,5
3,0
2,5
2,0
15
1,0
0,5
0,0

1100 1500
YacToTa BpaLueHvst paboyero opraxa, 06/MuH

0

700 1900

Puc. 4. Pacnipenenenrue MacCOIMHbBI U IMHEHHOMN TIJIOTHOCTH BOJIOKOH B
LITareJIMPOBAHHOM BOJIOKHE, IIOJIYYEHHOM U3 JIbHOTPECTHI
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Kraccbl ONH
Puc. 5. Pacnipenienenne MTMHEMHON INIOTHOCTH BOJIOKOH B IITAIEINPOBAHHOM

BOJIOKHC, ITIOJIYYCHHOM U3 JIbHOTPECTHI

HccnenoBanre BIMSHUS TMUTAHUS YCTAHOBKH JIBHOCBIPHEM OTIEIBHO C
JIEBOTO WJIM C TIPABOr0 CTOJIOB, a TAaKXKe Cpa3zy ¢ 00X CTOJIOB, IMOKA3adH, YTO
IpU MMHTAaHWHM C JICBOTO WJIM TPABOTO CTOJIOB XapaKTEPUCTHUKU IOJYyIaecMOTO
BOJIOKHA CYIIECTBEHHO HE HM3MEHSAIOTCS (Tabm. 1), To ecTh TMpu dYacToTe
Bpaenust padodero oprana 1100 mun™ ¢ geBoro crona (1100 1eBblit) cpemmss
MaccomgnuHa coctasigeTr 107,0 mm, a ¢ wacroroit 1100 mpaseiii — 107,88 mwm.
CyliecTBEHHOTO HM3MEHEHHs CPEJIHEW MacCOMJIMHBI HE HAONIOJaeTcss W Tpu
MUTAaHUU aJanTepa cpa3y ¢ ABYX CTOJIOB, TOo ecTh 100,5 MM c o0Geux CTONOB,
npotuB 107,0 u 107,8 MM ¢ 1€BOT0 M MPABOr0 CTOJA COOTBETCTBEHHO.

MaccoBasi 10Ji1 KOCTPHI B INTaleIUPOBAHHOM BOJIOKHE W3 JIHHOTPECTHI
cocrtaBiisieT 25-40%, 4TO SABIISIETCA OOCTATOYHO BBICOKUM 3HaueHHEM. B aToM
Clly4aeT, CjeayeT TpPUMEHHUTh eIIe OJHYy TPSACWUIbHYI0 MAIIMHY WJIH
JOTIOTHUTEIHHBIA OUUCTUTET.

BosokHO, OJTydeHHOE U3 JIBHSHOM JICHTBI, HIMEET CPEIHIOI0 MACCOIUHY

ot 49,8 1o 64,8 MM (Tabi. 2). B 3aBUCHMOCTH OT 4aCTOTHI BpaIlleHHsS PabOUYnX



OpraHoB Ha JIEHTE 3TOT IMOKa3aresb yMeHbinaercs Ha 9,1-24,1 mm (ot 73,9 1o
49,8-64,9 mm), To ectb A0 1,5 pa3. OCHOBHYIO MacCy COCTaBJISIIOT BOJIOKHA
mumHou 1o 150 MM, a BonnokHa giuHOI 6osee 150 MM coctaBisitoT He 6oiee 5%
(puc. 3), 3TO TOBOPUT O JOCTATOYHOW PABHOMEPHOCTH IO JUIMHE IOJTy4aeMbIX
BOJIOKOH

V3MeHsiss 4acTOTy BpameHusi paGouero oprasa or 700 mo 1900 mum™
MOXHO HW3MEHSTh CPEJHIOK MAacCOIJIMHY BOJIOKHA Ha 352 MM, a
CPEIHEB3BCIICHHYIO JIMHEHHYIO IIJIOTHOCTh MOXHO HECKOJIbKO CHH3HUTD,
YCTaHOBUB 4acToTy Bpauienns 1900 mun™.

CpenHeB3BelIeHHas JIMHEHHAs] TUIOTHOCTh BOJIOKHA cocTaBisieT 3,2-4,0
TeKc (puc. 5) ¥ B 3aBUCUMOCTH OT JIJTUHBI BOJIOKHA MOXKET BapbUPOBATHCS OT 2
1o 5-7 Tekc.

MaccoBasi 10J1s1 KOCTpbI B IITA0CIMPOBAHHOM BOJIOKHE U3 JIbHOTPECTHI
cocTaBisieT 9,5-9,7%, 4To ABISAETCA AOCTATOUYHBIM JUIS TOTO, YTOOBI MOIY4YaTh

M3 HCTO PA3JIMYHbLIC BUABI ITPOAYKIINH.

BoiBOABI

1. B TexHuke MIMPOKO paclpocTpaHEHa MeEXaHUYecKas TEXHOJIOTHUs
HITANeIUPOBAHUS BOJIOKHA C UCIIOJIb30BAHUEM MOATOTOBKH KOPOTKOTO BOJIOKHA
B KapJOYyeCaJbHbIX W JICHTOYHBIX MalllMHaX, KOTOpas MO3BOJSET Ha CTaJIuu
NOJATOTOBKUA 3(P(HEKTUBHO Pa3BOJOKHUTH MPOIYKT, OJHAKO HE TMPEBaJIUPYyeET
KaKOM-TM00 crnocod MEXaHMYECKOro IITANeIMpOBaHUs U B PAaBHOW CTENEHU
OPUMEHSIOTCSI  Pa3pblB, pe3ka M BBICOKOCKOPOCTHOE  IIONEPEYHOE
pacIIMIIbIBAaHUE BOJIOKHA, HE OTHAeTCs TaKKe SBHOTO MPEANOYTCHHUS
HITANeIUPOBAHUIO B Macce WM B JeHTe. [y BbIMycKa MITaneIupOBaHHOTO
BOJIOKHAa C  MHHAMAaJbHBIMH  3aTpaTaMH  CPEICTB, BpEMEHH  Ha
nepeoOOpyAOoBaHME M MPOU3BOJCTBO  HEOOXOAMMO  YHUBEpCAIbHOE
00OpyIOBaHUE, KOTOPOE BIUCHIBAIIOCH OBl B CYIIECTBYIOLIUI JIbHO3aBOJ C

MHWHHUMAJIBHBIM BJIOXKCHHCM (1)I/IHaHCOBBIX CpEacTB.



2. Henocratkamu JIMHUH IITANEIMPOBAHUS SIBJSIOTCS: OOJIbIIAs METAILIO-
U YHEPrO€MKOCTh, BBICOKAs MX LI€HA, YaCTO HEBBICOKAs MPOU3BOJUTEIBLHOCTh H
HEBO3MO>KHOCTb OIEPAaTUBHOW MEpEHANaJKU B Ipolecce paboThl OTAEIBHOTO
000py1I0BaHUS B 3aBUCUMOCTH OT U3MEHSIOIINXCS CBOMCTB UCXOIHOTO CHIPbSL.

3. Pa3paboraHa  KOHCTPYKTHBHO-TEXHOJIOTMYECKAas  cXema  JUId
LITANeJIMPOBAHUS JIBHOCBIPBS B HENPEPBIBHOM TEXHOJIOTMYECKOM ITOTOKE IIO
MEXaHUYECKOM TEXHOJIOTMM METOJOM pE3KH, COJepKamias JBa NUTAIOLIUX
TpaHCIOpTepa JIBE€ Mapbl NUTAIOIIMX BajbIOB Ul TOAAYM BOJIOKHA B pabouyro
KaMepy, OJTHOTO paboyero opraHa B BUJI€ IUIACTUHBI C 3aTOUEHHBIMH PEXYLIUMHU
KPOMKAMH, PACIOJIOKEHHBIMU B OAHOW IUIOCKOCTU MOJI YIVIOM K TOPH3O0HTY.
[Tpu nepepaboTke JEHTHI, MpoIleAlIeld MepepadoTKy METOJOM pa3pbiBa B
rpybouecasbHON MallMHE. YCTaHOBKAa COBMECTHO C 3TOM MamIMHOW Oyaer
KOMOMHUPOBAaTh METO/bl HEKOHTPOJHMPYEMBII pa3pblB C METOAOM PE3KH, UTO
o0ecrieunBaeT JOCTaTOYHOE Pa3BOJOKHEHHE, IOJIYYEHHE HYKHOM JJIMHBI U
MAacCCOBOH JOJIA BOJIOKOH.

4. PazpaboTaHHasi yCTaHOBKA IO3BOJISIET NepepadaThiBaTh JILHOTPECTY U
JEHTy TpyOOro 4ecaHus ¥ B 3aBHCHUMOCTH OT MOCTYHAIOUIETO ChIPbS MOXKET
MIOJTY4aTh IITANEIIMPOBAHHOE BOJIOKHO CO CpeqHer Maccoammuon ot 49,8 no 120
MM, JITHEHHOW TUIOTHOCTH OT 2 70 7 TEKC, MacCOBOM J10JIeid KOCTPHI OT 5,5 /10
40%.

5. VYcraHoBKa HMeeT IIUPOKUI WHTEpBaJl BapbUpPOBAHMSI YaCTOTHI
BpallleHusi padouero opraHa MW B 3aBUCUMOCTH OT TpeOyeMoOWl JUIMHBI
MOJy4aeMOro BOJOKHA MOkeT u3MeHsAThCs oT 700 1o 1900 MuH",

6. IIpoBenmeHbl SKCIEpUMEHTANIbHBIE MCCIAEAOBAHUS YCTAaHOBKH IIpU
HITaNeJIMPOBAHUU JIbHSHOW TPECThl U JIEHTHI IpyOOro udecaHwus, ONpeeNCHBI
napamMeTpbl M XapaKTepUCTUKM Ipollecca IITANEIUpOBAHMS, MO pe3yJbTaTaM
KOTOPBIX IMOJIYYEHbI XAPAKTEPUCTUKHU IITANEIUPOBAHHOIO BOJIOKHA U PEXKUMBI

00paboTKH.



HpI/IMCHeHI/Ie ABYX IMUTAOMIUX TPAHCIIOPTCPOB IMMO3BOJISICT IITAIICINPOBATD
JIbHOCBIPLC HA HYXHYIO JIHWHY C MOBBLIIICHHOM IMPON3BOAUTCIBHOCTBIO, a
IMPUMCHCHHUC OJHOI'O pa60qer0 opraHa 3HA4YUTCJIBbHO YIIPOIIACT KOHCTPYKIHIO
aJalrrepa, IoBbIMIACT eé HaJIC)KHOCTh, YMCHbIIACT MCTAJIJIO- U SHCPTOCMKOCTD U

3aHUMAaCcMY1O III10Ia/1b.
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