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MOJAEJAPOBAHHUE TPOHECCA CYIIKH JbHSIHOM TPECTHI HA
KOHBEMEPHBIX CYHINJIBHBIX MAIINHAX C YYETOM
BAPUAIIUU HIUPUHBI CJIOA

A .MN. lllamanuna, H.B. Kucenés
@I'bOY BIIO KI'TY, 2. Kocmpoma, Poccus

AnHoTanmus. Ha 0a3e KOMIBIOTEPHOW MOJEIMU HMCCIENOBAH MPOIECC CYIIKU
JBHSAHOW TPECThl HAa KOHBEHEPHBIX CYIIMJIBHBIX MalllMHAX C Y4E€TOM BapHualuu
IIUPUHBI CIIOSI.

KuroueBbie ciioBa. Cylika TpecTbl, SJHEPro3aTpaThl, CTEIEHb PELUPKYISAILUU.

Jlo Hacrtofiero BpEeMEHHM Ha OTEYECTBEHHBIX JIbHO3aBOJax paboTaroT
CYIIWJIbHBIC MAIIMHBI I cTiaHeBor apHsHOUW TpecThl CKII-1-10J1Y, CKII-1-
10JIY1, CJIII-140-JIC xoTtopble OBbUIM CO3/IaHBl B YCJIOBHUSAX, KOTJa CTOMMOCTh
sHeproHocurenel Obuta He Benuka. OJHAKO B HACTOAIEE BpPEMs 3aTpaThl Ha
CYLIKY B CTPYKType ce0eCTOMMOCTH JJIMHHOTO BOJOKHA jgocturator 40% ot
oOIIIUX AHEpro3aTpaT Ha JbHO3aBoje [1].

B 3nauurtenvHOl cTeneHW HHU3Kas 3(PGEKTUBHOCTH CYIIKU JBHOTPECTHI C
UCIIOJIb30BAaHUEM CYIIECTBYIOIIEH TEXHUKU OOBSICHSAETCS Pa3IMYMsIMU CBOWMCTB
cTebsel, mocTynaronx Ha o0pabOTKy TpH PYJIOHHOW TEXHOJIOTUU YOOPKH.
UccnenoBanre cTeneHu 3allOHEHUsS TPaHCIOpTEpa TPECTOH B YCIOBHSIX
[ITo10X0OBCKOrO JIbHO3aBOAA [2] MO3BOJMJIO YCTAaHOBHUTH, YTO HA IPAKTUKE JTOT
NoKasareilb HaXOoAWTCs Ha ypoBHe 75% mpu konebanusx B npegenax 44-95%.
[Ipy 5TOM TMOTOK TEIUIOHOCHUTENSI TPH CYIIKE KOPOTKOCTEOEIbHOr0 JibHA
CTPEMHTCSI TPOUTH CKBO3b HE3aKPBITHIE CIIOEM YYaCTKH TPAHCIOPTEPHOTO
MOJIOTHA. DKCIEpUMEHTalbHbIe JaHHble [3], momydeHHble Ha MammHe CKII-1-
10JIV1, noka3plBarOT, 4YTO NPU  PACHOJIOKEHUH HA  TPAHCIOPTEPE
KOPOTKOCTEOENHHOTO JIbHA, CKOPOCTHM TEIUIOHOCHUTENS IO KpasMm CJos, B
CpPaBHEHHUH CO CKOPOCTBIO B €r0 CPEIHEN YacTu, UMEIOT paznuuust 10 250%. Ito
BBI3BIBACT HENIOMCITIOJIIb30BAHUE TMOTEHIIMAa CYIIMJIBHOTO areHTa W TOBBIIIEHUE
yACNIbHBIX 3Hepro3arpar. Kpome Toro, 4acth cTebJiel HEIOCYIIMBAETCSA, YTO
CHUKAET BBIXOJI IJIMHHOT'O TPENaHOTO BOJOKHA. MoJieTupoBaHue MPoIecca CYIKU
TpPEeCThbl NPU BapUALUU JUIMHBI CTEOJIEH M HMCIOIb30BAHUM CXEMBI C MPOJOJIBHON
NpoJyBKOM cios [4] mOKa3bIBaeT HAMYKME B JIAHHOM ciydae paszbpoca Io
BlIaxkKHOCTH B cioe 4,5-19,0%, YTo ¢ TEXHOJOTMYECKOM TOUYKU 3PEHUSA
HEJIOMYyCTUMO. B CylllecTBYIOIIMX MalllMHAaX KOHBEWEPHOrO TUIA JJisi CYLIKH
JBHSTHOM TPeCThI poOIieMa HEPABHOMEPHOU CYIITKH B TIPUHIIUIIE PEIIAETCS 32 CUET
NEePEeCyYIMBAHUS CJI0SI C MOCJIENYIOIUM €ro YBIQKHEHHEM JI0 TEXHOJIOTHYECKOM
BiIaXHOCTA. O4YEBUAHO, YTO ATO BBI3BIBACT ITOBHINICHHBIA PACXOJ] TEILIOBOM
OHEPTUU, KOTOPBIM MOXKET OBITh YMEHBIIIEH 3a CUeT YBEIWYEHHUS CTEIeHU
PELUPKYJISAIMN  CYIIWIBHOTO areHTa. Takoro poja  OIEGHKHM paHee He



NPOU3BOJMUIUCH, XOTS OHUM MOIJIM OBl BBISIBUTH PE3EPBHI MO CHUKEHUIO
SHEPronoTpedIeHNs Ha CYIIECTBYIOINX MAIlIMHAX.

B pabote uccinenoBanoch BIUSHUE CTENEHU PELUPKYISLUN, TEMIEPATYPHI
CYUIMJIBHOTO areHTa U CTENEHH 3arOoIHEHHs TPaHCIIOpTepa TPECTONH Ha OCHOBHBIE
MoKa3aTeNld Mpolecca CYIIKM IpU CXEME MPOIYBKU CIJIOS, COOTBETCTBYIOLIEH
mamHe CKII-1-10JIY. HccnenoBanusi BBITIOTHEHB Ha 0a3e KOMIBIOTEPHOM
monenu, paspaborannoit B cpege ANSYS CFX. Teomerpuueckass Mozenb
OpEICTaBIsSIET CEYEHUE CYIIWIbHOM Kamepbl (puc.l.) U ci0d TpecTsl,
MPOAYBA€MOI0 BEpPTUKAJIbHBIM TOTOKOM Bo3Ayxa. Mcmomwp3zoBanue 2D-—monenu
MO3BOJISIET BBINOJIHUTH TPEX(PAKTOPHBIM BBIYUCIUTENbHBIA HKCIEPUMEHT IpHU
MUHUMAJIbHBIX BBIYMCIUTEIBHBIX PECypCax.
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Puc.1. FGOMeTpI/I‘IeCKaﬂ MOICIIb CCUCHUA CYIHHHLHOﬁ KaMCpPbI

Tonuuua ciosg B cpenHeit yactu cocrabisuia 140 mm, o kpasm 90 mw,
0GbeMHAs IUIOTHOCTb 3arpy3KH CUMTANAch MOCTOSHHOM 50 kr/m°. IlomymmpuHa
ciosi BappupoBasiack B auamnazoHe 250—-500 MM, 4TO COOTBETCTBOBAJIO CTENEHU
3anojmHeHus TpaHcroptepa 50-100%. MaccooOMeHHbIE W (QUIBTPAIIMOHHBIC
CBOMCTBA CJIOS TPECThl MPUHUMAIWCh MO AaHHBIM [4]. CKOpoCTh BO31yXa Ha
BXoJe coctapisia 1,7 m/c, 4To cooTBeTcTByeT mapamerpamu Mamuasl CKII-1-
10JIY, temmepaTypa BapbHpoBajach B auamnazoHe 65-95°C, oTHocUTelbHas
BIIAXXHOCTh 17% crenenpb peuupkyssiinuu 0—5. HavanbHas BiaxkHocTs 25%, Bpems
CYIIKM NPH MOJEIUPOBAHUU ONPEAEISIOCh MO MOMEHTY, KOIJla MaKCHMallbHasi
BJIQYKHOCTB B ciioe He npesbimana 10%.

Pe3ynbwTaThl MogenupoBaHus MpeACTaBICHBI B BUIE TPaQUKOB. AHaIU3 pHC.
2 TOKa3bIBA€T, YTO YMEHBILIECHUE CTENEHU 3allOJIHEHUS TPAHCIIOPTEpPa TPECTOU



PE3KO yBEIMYMBAET BpeMsl CYIIKU B cieacTBUE "oOxoma" ciiosi BO3AYyXOM uepes
HE3aKpBIThIE YYaCTKH TPAHCHOPTEpA. YBEIUYECHHE PEUUPKYISIIUUA JUIIb B
HEKOTOPOH CTENEHU CTiaXXuBaeT JaHHBIM d(PdekT. YBenuueHue BpEMEHU CYIIKU
CBSI3aHO C TOBBIIICHUEM YJEILHOIO PAacxoj/ia AIEKTPOIHEPTUH U OTPUIATEIBHO
BIIUSIET HA CE0ECTOMMOCTb.
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Puc.2. 3aBUCUMOCTb BPEMEHHU CYILIKHU OT CTENEHU PELUPKYIISALNN U
MOJIYIIMPUHBI CJI0SI TPECTHI MpU TemIeparype Bozayxa 80°C

IloBpllIEHME HAYAJIBHOM TEMIEPATypbl BO3J1yXa IIPU CYLIKE CJIOS C
Bapualuei no mupune (prc.3) TpUBOAUT K CHIDKECHUIO BPEMEHHU CYIIKH, IPUUEM C
POCTOM TeMIIepaTyphl 3TOT 3G EKT yMEHbIIIAeTC .

JIns ciios BappUpyeEMOM IIMPHUHBI XapaKTep 3aBUCHUMOCTH BPEMEHU CYIIKH
OT TeMIlepaTyphl He 3aBUCUT. Hanbombpiuit uHTEpEeC MpeacTaBsIET 3aBUCUMOCTD
yAENIbHBIX 3aTpaT TeIJla Ha HCHApEHUE BIJIATU OT CTENEHU PEUUPKYISALUU U
nonymupunel ciaost (puc. 4). OueBUAHO, YTO HAMMEHBIIHNE YEJIbHBIC 3aTPaThl
TEIUIa WMEKT MECTO IPHU IMOJHOCTBHIO 3alOJIHEHHOM TPECTOM TPAHCHOPTEPE H
MaKCUMAaJbHOW CTEMEHU perupKyasiund. Pacuer nokassiBaeT 3Hauenue 0,29 MJx
HA KWJIOTpaMM HCIAPEHHOW BJarv, 4To OJIM3KO K TEOPETUYECKOMY TIpeleny
0,226 MJIx/xr.
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Puc.3. 3aBUCMMOCTb BpEMEHH CYIIKH OT TEMIIEpATyphl BO3yXa
Y TIOJIYILIMPHUHBI CJIOSl TPECTHI IPU CTENIEHU PELUPKYIIALNKU N=4

Puc.4. 3aBUCHUMOCTD yAEIBHBIX 3aTPAT TEILIa OT CTENEHU PELMPKYIALNN
Y TIOJIYLUMPHUHBI CJI0s TPECTHI IIpU TeMIieparype Bozayxa 80°C



OOpamiaer Ha cebsi BHUMaHHE PE3KUNA POCT YAENbHBIX 3aTpaT Temja co
CHMKEHHUEM IIUPUHBI cliod. Tak, mpu OTCYTCTBHM PEUUPKYJSLHUU CHHKEHUE
NONYIUPUHBL ciosg 10 250 MM (creneHb 3amoiiHeHus Tpancrnoptepa 50%)
OPUBOJIUT K POCTY 3aTpar Teria 10 23 MJx/Kr, a npu CTENEeHN PEHUPKYIIALIT 5 —
o 12,5 MJx/kr. Takum 00pa3oMm, TMOBBIIICHHE CTETICHH PEUUPKYISIUU XOTS U
CHW)KAeT yJeJdbHbIE 3aTpaThl TeIJa, HO HE MOXET B CKOJIbKO-HUOYIb
CYILLIECTBEHHO! CTEIIEHU KOMIIEHCUPOBATh BAPUALIUIO IIUPUHBI CJIOS.

B oTHOLIEHMM BIUAHUS TEMIEPATypbl CYIIMJIBHOTO areHTa, pacueThbl
NOKAa3ajdu, YTO NPH IIOJHOM 3allOJIHEHUM TPAHCIIOPTEpPAa TPECTOW YIEIbHBIE
3aTpaTrhl TeIla MOYTH HE 3aBUCAT OT TemIiiepaTypsl (puc. 5). Ilpu ymeHbieHun
IIMPHUHBI CJIOS POCT TEMIIEPATYPHI CYIIKM HECKOJIBKO YMEHBIIAET 3aTPaThl TEILIA,
OJTHAKO, OHU OCTAIOTCsI HENPUEMIIEMO BBICOKUMU.
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Puc.5. 3aBuCUMOCTB yIenbHBIX 3aTpaT TEIIa OT TEMIIEPATYPE BO31yXa
Y TIOJYIIMPUHBI CJIOSI TPECTHI IPU CTETIEHHU PEUUPKYIISIIUU N=4

BbIBO/I
MopaenvupoBaHue mporecca CylmKu JIbHIHOW TPECThl MPU CXEME MPOAYBKHU
cnosi, coorBercTBytomet wmammue CKII-1-10JIY mnokazano, 4To MOBBIICHUE
CTEIIEHU PEUUPKYJISILIMKA U TEMIIEPATYpPhbl CYIIKH HE MO3BOJSIOT KOMIIEHCUPOBATH
OTPUIIATEIILHOTO BJIMSIHUS BapualluM IIUPHUHBI CJI0S HAa yJEJIbHBIE 3aTpaThl TEILa.
DTO NpeabsBIsSeT MOBBINICHHBIE TPEOOBAHUS K OJTHOPOJHOCTH CIIOSl TPECTHI MPU
KOHBEUEPHOU CYIIIKE.
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