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KocTpomckoii rocy1apcTBEHHBIN TEXHOIOTHYECKU YHUBEPCUTET

[IpoBeneHa OlleHKa BIHUSHUSL CTENIEHU 3allOJIHEHUS! TPAHCIIOPTEPA CYIIWIbHON
MalIuHbI TPECTON HAa pABHOMEPHOCTH CYIIKH yTEM aHaJIn3a KOMIIbIOTEPHONH MOJAEIN
mporecca. YCTaHOBJIEHO, YTO MPHU CYHIECTBYIOIIEH cXeMe CYyHmKd (OopMUpYETCs
pazOpoc 1o cpenHed BiaxxHOCTH Tpectbl B mpenenax 10...14%, yto moxker
IIPUBOJIUTH K POCTY «HEA0padoTKu» 110 15%.

CyliecTBytolye CymnWiIbHbIE MAIIWHBI JJIs CTJIAHLEBOM JIbHAHON TpECTHI,
o0ecreunBaoIie MPOLECC CYIIKHM 0 CXEME, yYKa3aHHOW Ha PUCYHKe 1, UMEIoT
HEJ0CTAaTKH, CBSI3aHHbBIE C MOBBIIIEHHBIM BapbUPOBAHUEM JUIMHBI MOCTYIAIOIIETO Ha

JIbHO3aBOJbI JIbHA.
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Uccnenoanusamu, nposeaeHHbiMu B nepuon 2011-2014 r.r., ycranoBnena
MOBBIILICHHAs Bapualus JJIMHBI cTeOJed B JIEHTE, MOCTYNarouled B CYIIMJIBHYIO

MalIMHy. Y4acTKu cTe0sIeBOM JIEHThl MOTYT UMeTh mupuHy oT 30-40 cM 10 ogHOrO



MeTpa. JTO MPUBOAUT K HEPAIMOHATHHOMY 3aIllOIHEHHIO CETYaTOro TpaHCIopTepa
CYIUMJIBHOM MallvHbI, KoTopass B cpeaHeM coctaBisier 70-80% wu konebnercs B
npeaenax 40-90% [1]. Ilpu mumpune TpaHcmopTtepa 1,5 M ropsumii BO3IyX
ycTpemisieTcss B CBOOOJIHBIE OT cTeOJiel yJacTKU €ro MOBEpPXHOCTH, YTO, BEPOSATHO,
CHIDKAET 3P(PEKTUBHOCTH CYIIKH.

JIisi KONMMYECTBEHHOW OIEHKM BJIMSHHUS Bapualuu CcTeOJiel 1Mo JUITMHE Ha
PaBHOMEPHOCTh CYIIKH OBLIO OCYIIECTBIEHO MOJEIUPOBAHUE IpoLecca yIaaeHUs
BJIard U3 CTEOJIEBOrO CJI0S pa3HOW MMPUHBI HA 0a3e paHee pa3pabOTaHHOrO MOIX0/1a
[2]. Ucnonb3ys mporpammubiii komiieke ANSYS, wuccaenoBanu B3auMOICHCTBHE
TEIJIOHOCUTENS] C Y4YacTKOM CJIOod Ha TpaHcrmoprepe B 30He cymku. Croi
paccMaTpuBaIM pa3HOW MIMPHHBI, KOTOpask 0O0yCIOBIEHA HAIMYMEM B HEM crebei

pasHoit niuHel (1000 mm u 500 MMm) (puc. 2).
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Puc. 2. Moaenupyemsbiii y4acTOK
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(mpencraBieHa MOJYIIUPUHA CIIOS:
TUISL KOPOTKUX cTedneit 0,25 m; mis
JUTMHHBIX 0,5M)

[Tomaranm, yto cymka uaer Ao cpeaneit BiaxkHoctu 10% B noboM ydacTke
(r.e. B TOM, KOTOphIii coxHeT ObicTpee). Hauanpnas BnaxkHocTh 25%. CwmeHa
HarpaBJieHusl 1moTtoka yepe3 20 ¢ (MMHUTaIUs Tepexojia CJIosl U3 OJHON CEKIUU
MaluHbl B Apyryio). CKOpoCTh BO3/lyXa B CJI0€ HaxoauTcs B npexaenax 2,4-2,6 m/c.

. 3
[T70THOCTH y4aCTKOB M3 KOPOTKUX M JUIMHHBIX CTeOJIeH oarHaKkoBbI (50 Kr/m”)



B pesynbrare MojenupoBaHUS UCCIEAOBAaHBI CKOPOCTHBIE TapaMeTpPhI
TEIJIOHOCUTENST HAa pacCMaTpyUBaeMOM ydacTKe TpaHcmopTepa (cm. puc. 3). Jlunum
TOKa BBISIBWIM CYIECTBEHHOE IepepacipeeicHue TEIIOHOCUTENS! OTHOCUTEIHLHO
cTebmeBoro ciosi. B He3akphITOW 4YacTh TpaHCTIOPTEpA CPEHsSST CKOPOCTh S5 M/C,
cpenHeoObEeMHAsI CKOPOCTh B CIIO€ KOPOTKHX cTeOieit 1,66 m/c, B cioe JIMHHBIX

crednein 1,33 m/c.
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Puc. 3. I3MeHeHne BIa)XKHOCTH MOCJIE CYIIKH PAa3JIMYHbIX 110 IIMPUHE YYACTKOB
cTe0JIEBOTO CII0s
(A — nMHMM TOKa U pacrupeiesieHne BIaXHoCTH oT 8 10 14%;
b — pacnpenenenne BIa)KHOCTH MO JUIMHE MOTYIUUPUHBI CIIOSL:
crutonrHasi JuHus credau anuuaou 1,0 M, mynktupHas — 0,5 M)

C yyeroM 3aBUCMMOCTH BpPEMEHU CYIIKA OT CKOPOCTH IE€PEMEILICHUS
TETJIOHOCUTENST ObUI peann30BaH MOJEIbHBIN SKCIIEPUMEHT MO OIEHKE BIAXKHOCTH
pPa3HbBIX MO IUPUHE YYaCTKOB CTeOJied Ha BBIXOJI€ W3 30HBI CYIIKH. Y CTaHOBIIEHO,
YTO U3-3a [EPEPACIPEACICHUS ITI0TOKA TEIDIOHOCUTEIISI B HE3AKPBITYIO TPECTOM 4acTh
TpaHCIOpTEpa, KOHI[BI KOPOTKUX CTeOJield MepecylIMBalOTCs, a KOHIBI JJIMHHBIX

cTebset He JgocymmuBaroTcsa. B cpemHeM KopoTkocTeOenbHas TpecTa HWMeEET



BIIAXKHOCTH 9,9%, mimmnaHas 11,7%, To ecTh B LIEIOM JJIMHHBIC CTEOJIM HA BBIXOJC U3
30HBI CYIIKH UMEIOT OOJIBIIIYIO BIAKHOCTD.

B 51Ol CBA3M mpencraBiseT MHTEPEC BapbUPOBAHWE KOHEYHOW BIIAKHOCTH
TPECThI MPHU CYIIKE OJHOrO0 PYJIOHA C CUCTEMHO H3MEHSIOIICHCS B HEM JJIMHOMN
creOneit. Jlma sToro OBUIM HCIIONB30BaHBI AKCIIEPUMEHTAIbHBIE JaHHBIE 00
U3MECHCHHUM JUIMHBI CTEOJiell B 3aroTaBiIUMBaeMbIX JIbHO3aBOAOM pPYJa0oHOB [3]. Bwui
HCIIOIb30BaH SKCIIEPUMEHTAIBHBIM PSJT M3MEHEHHS JIJTMHBI cTeOJiel B OJTHOM PYJIOHE

U3 CIIy4ailHO BBIOPAHHOM U3 UX UCCIIEAYEMON COBOKYIHOCTH (pHC. 4).
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Puc. 4. I3amenenue aivnbl cTebiieit B JeHTe, CPOPMUPOBAHHOM U3 OJHOTO PYJIOHA
nepe/ CylnabHON MalllnHOM

Ucnonb3yss  ykasaHHBIM BBIIIE QITOPUTM pacueTra ¢ NPUMEHEHUEM
nporpaMMmHoro komiuiekca ANSYS, mnpuHsiM chaeayromye YCIOBHs Iporiecca
cymiku. HauanpHas BnaxHOCTh TpecThl 25%. CMeHa HampaBiieHUs ToToka uyepes 20 ¢
(MMUTAIMS IepexXo/1a CJI0s U3 OJHOM CEKIIMU MaIIUHbI B Ipyryto). CKopocTh BO3yXa

B clloe HaxoauTcsa B mpeaenax 2,0-2,2 m/c. [Im1OTHOCTH y4acTKOB M3 KOPOTKHUX H



JUIMHHBIX cTeOneil oamHakoBbl (43 kr/m°). WTorom pacuéra SBHINCH M3MCHCHHS
BJIQKHOCTH CTe0JIeH TPECThI B UCCIEAYEMOM pyJIoHe (puc. 5).

W3 mnpencraBneHHol TpaduyecKoil 3aBUCUMOCTH CJENYyeT BapbHpPOBAHHE
BIaXHOCTH TpecThl oT 10 mo 14%. Takoii uaTEepBa, coriaacHo [4], Oyaer BbI3bIBATH
CYIIECTBEHHbIE U3MEHEHHUS YyTJia U3JI0Ma CTeOe, MPOYHOCTH BOJIOKHA Ha Pa3phbIB, U
€ro M3rub0yCTONYMBOCTH. DTHU CBOWCTBA BO MHOI'OM MPEAOIPENEISIOT pe3ysbTar
nepepadoTKU TPECThl Ha MSUIBHO-TPENANIbHOM arperare, 0co0eHHO 3(PPEeKTUBHOCTH

O6€CKOCTpI/IBaHI/IH.
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Puc. 4. I3MeHeHue BIaXXHOCTU CTe0JIel TPECTHI U3 OJHOrO PYJIOHA Ha BBIXOE
CYIIMJIbHOW MalllMHOMN

B moarBepikeHNEe 3TOr0 BOCHOIB3YyEeMCSl allTOPUTMOM IPOTHO3MPOBaHUS [S]
YPOBHS «HEAOPaOOTKMY», MOIy4aeMOM IpPHU MepepadOTKH TPECThl ¢ Pa3HOW JJIMHOU
(puc. 3) ¥ COOTBETCTBYIOIIECH JIMHE BIAXKHOCTBHIO (puC. 4) B YCIOBHUSX YacCTOTHI
BpanieHus OapabanoB 250 00/MUH H TpyIme I[BeTa BOJOKHA B Tpecte No2.
OkaspIBaeTcsi, 4TO YyKa3aHHbIE HAa pUCYHKE 4 U3MEHEHUS BIAXHOCTH OyayT
OPUBOIUTH K Pa3IMYUsIM IO YPOBHIO «HemopaboTku» 1m0 15%. Takoii pe3ynbrar
OyJeT HEeraTUBHO BIUATh HA PEHTA0EIBbHOCTh padOThl JIbHO3aBO/A.

Takum 00pa3oM, UCIHOJIB30BAHUE CYIIECTBYIOIIMX CYIIMJIBHBIX MAalIWH IS
MOJICYIIKH BApbUPYEMOTIO 10 IMIMPUHE €0 TPECTHI (M3-3a HAIMYHKS Pa3HbIX MO JUIMHE
crebiei) He Oyner oOecmeunBaTh TpeOyeMbIX pe3yabTaToB. BapbsupoBanue

pe3ybTaTOB  OOECKOCTpUBAaHUA  CTeONed  M3-3a HMX  HM3MEHYMBOCTH  TIO



TCOMETPUYCCKUM IMapaMeTpaM OyJIeT YCHIIMBAThCA Pa3IMUUSIMH 10 UX BIIAKHOCTH.
JIns UCKITIOUEHMsI BBISIBJICHHBIX HEOCTATKOB HeoOxoauma pa3paboTka Oosee
COBEPIIIEHHOTO Mpoliecca CYIIKU, Pe3yJbTaThl KOTOPOrO0 MHUHUMAJILHO 3aBUCENHU Obl
OT JUIMHBI CTEOJI W WHBIX CTPYKTYpPHBIX MapaMeTpoB CTEOJEBOTO  CIIOA
(pacTaHYTOCTh CTEOJICH ¥ TONIIMHA CIIOST).

BBIBO/IbI

1. B cpene mnporpammuoro komruiekca ANSYS co3gan anroput™ uis
MOJIETUPOBAHUST  CYIIKH JIbHSHOM TpPecThl B MPUMEHSEMON Ha MPAKTUKE
CYLIWJIBHON MamnHe. BbISBICHBI pa3inyus B yCIOBUAX CYUIKH YYaCTKOB
CJIOSI C pa3HOM JJIMHOU CcTEOJIeH.

2. YCTaHOBJIEHO, YTO HW3-3a IepepacrpeicsieHus] MOTOKa TEIUIOHOCUTENS B
HE3aKpBITYI0 TPECTOM 4YacTh TPAHCIOPTEpa NpHU 3anonHeHun ero Ha 50%,
M0 3aBEPILICHUIO TPOIECCa CYIIKH KOPOTKOCTEOENIbHAsl TpecTa B CPEIHEM
UMeET BIAXHOCTD 9,9%, muuHasg 11,7%, TO eCTh B 1LI€JIOM UIMHHBIE CTE0IN
Ha BBIXOJI€ M3 30HBI CYIIIKA UMEIOT 00JIee BBICOKYIO BIIAYKHOCT.

3. MoaenupoBaHue mpolecca CYIIKH CIOs TPECThl, CPOPMUPOBAHHOTO W3
OJTHOTO pPYJIOHAa, BBISBICHB B3aMMO3aBUCHMbIC W3MEHEHUS KOHEYHOMN
BJIQYKHOCTU TPECTHI MOCJE CYIIKU CO CPEAHEH JUIMHOW CcTeOlield B pa3HBIX
ydacTKax CJI0sl TI0 €ro JTMHE. Pa3muuus 1Mo BIaXKHOCTH MOTYT JOCTHTATh 10
4%, 4TO MOXKET MPUBOJAUTH K POCTY «HemopaboTku» 10 15% u HeraTuBHO

BIUATH Ha 3((HEKTUBHOCTH padOTHI JIbHO3aBOAA.
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