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MATEMATHYECKOE MOJIEJUPOBAHMUE ITPOKATKH
B ®PACOHHBIX KAJIUBPAX B CPEJIE MATHCAD

Peanuzosana ¢ naxeme MathCAD mamemamuyeckas Moodens NPOKAMKU € QACOHHBIX Kanubpax ¢uanyeeozo
Muna, no3eoNAUAA € UCNOTL308AHUEM EAPUAYUOHHBIX NPUHYUN08 MEXAHUKU CHIOMUHBIX Cped onpeoeians
doprtousmeneriie Memania u IHepP2OCUTIOsbie RapaMempsl npoxamxy. Ha npuvepe npokamxu e niacimoeom
maepoeoM Kaiubpe NOKA3aHA MemoouKa NOCMpoeHla noiia cKopocmeli, paciema cxopocmeti oeghopmayuil,
MOufHOCINU, VCUIUll U MOMEHNOoE NPOKAMKU, a maxdce OeghopMmayuli € HANPAgNeHUAX C80O00HO20 MedeHUA
Memania. [JaHHAa MamemManiyecKai Mooels NOI0HCEHA 8 OCHO8Y (emMOoMAMU3UPOBAHHO20 NPOEKNUPO8aH A
mexHoao2uu npoxamxu ¢ nomoujvio CAIIP TIT « Copmosasn npoxamxay.

Knroueeste cosa: npoxamka, paconwulii npogits, MameMamuieckai MoOes, apuayltioHHslie Memoosl, gop-

MOUSMeHEHNE MEMALIA, IHEP2OCUT0EbIE RAPAMEMPYI.

BBenenne

B aBmanmHOHHOH NpPOMBIIUIEHHOCTH IMHPOKO HC-
TIOB3YIOTCA (hacOHHBIE MPOGMHIH CIOKHOH I'eOMETpH-
gecKoi (opMEI B HeOOMBIIHX MAPTHAX IIOCTABKH. BMe-
CTe C TeM B COBPEMEHHBIX YCIOBHAX pabOTHI METALTYp-
THYECKHX MpPEINpHATHH aKTyalbHBIM CTAHOBHTCA BO-
Ipoc O MHHHMH3AIHH 3aTpPAaT HAa TEXHOIOTHIECKOE
obecIiedeHHe IPOH3BOACTBEHHOTO IPOIIecca.

Oco0eHHO OCTPO CTOHT BOIPOC COKpANIEHHA 3a-
TpaT TIPH OCBOSHHH IPOH3BOJICTBA HOBBIX (DaCOHHBIX
npodHIeH MPOKaTa, BHITYCKAEMOT0 MATOTOHHAKHBIMH
MApTHAMH. B CBA3H CO CIOXKHOCTEIO (hOpPMEI podHIeit
TIpH pa3paboTKe KaTHOPOBOK BalTKOB JacTO HMEIOT Me-
CTO OITHOKH B ONpeE/elIeHHH TeIeHHA MeTalla Ha CBO-
OOMIHBIX IOBEPXHOCTAX KAaTHOPOB — YIIHPEHHA CTEHKH,
TIPHpAIICHHA HIH VIOKKH (ruanmneB H T.0. TpebGyrorca
KOPPEKTHPOBKH KaTHOPOBOK ¢ II€PETOYKAMH BalKOB H
JIOTIOHHTENBHBIMH ONBITHEIMH IIPOKATKAMH, 9TO B KO-
HEYHOM HTOre IPHBOJHT K 3HAYHTEIRHOMY YBelIHUe-
HHIO 3aTpaT Ha OCBOCHHE.

B cBA3H ¢ 3THM IIpH NOATOTOBKE IPOH3BOJCTBA
oco00e BHHMaHHE JIOIDKHO YENAThCA KadecTBY pa3pa-
GaThIBaEMbIX KaTHOPOBOK BAJKOB, TOYHOCTH PacieTOB
(hOpMOH3MEHEHHA MeTallla, SHEPTOCHIOBBIX H JIPYTHX
TEXHONIOTHIECKHX NTAPaMeTPOB MPOKATKH.

Jl1a pemeHHA oJ00HOTO pojia 3ajad BechMa ITH-
POKO HCIIONB3YIOTCA METOABI MaTeéMaTHIeCKOTOo Moje-
JTHPOBAHHA NPOKATKH B (paCOHHBIX KaIHOpax ¢ MpHMe-
HeHHEM BapHAITHOHHBIX IPHHIIHIIOB MEXaHHKH CILIOII-
HEIX CcpeJl, KOTOpBIE MO3BOIAIOT JOCTATOYHO aJeKBAaTHO
OIIHCHIBATh TE€UEHHE MeTalia B ()aCOHHBIX KaTHOpax H
ToTydaTh JOCTATOYHO TOYHBIE PEMIeHHA IO IapaMeT-
paMm dopMOH3MEHEHHA MeTallla H SHEPreTHKE IpOoIec-

ca. OmHaKo TIpakTHYecKas pealH3alHA JAaHHBIX 3a7ad
CBA3aHA C CEPhe3HBIMH MaTeMaTHYeCKHMH TPYJHOCTA-
MH DENIeHHA BechMa I'DOMO3JIKHX cHCTeM JH(depeH-
IIHATBHBIX H HHTErpalbHBIX YpaBHEHHH. [ momyde-
HHA KOHETHOTO pe3ylIbTaTa paHee NPHXOAHNIOCH BBO-
JHTH 3HAUHTEIbHBIE YIIPOIMAIONIHE JOMYINEeHHA, a TakK-
7K€ HCIIOIB30BaTh YHCIICHHBIE MeTO/IbI pemennd [1 — 3].

IMocTanoBKa 3agaud. [[ensro HacToAmeiH paboThI
ABIIAETCA pa3paboTka NPHKIAJHOH IpOrpaMMEl pacduera
(hopMOH3MEHEHHA MeTallla H SHEPTOCHIOBBIX TapaMeT-
poe B cpeme MathCAD Ha OCHOBe MaTeMaTHIECKOH
MO/IEITH TIPOIIecca IPOKATKH B ()aCOHHBIX KaMHOpax.

Beioop MmaremarHdeckoro makera MathCAD o6y-
CIIOBIIEH PAAOM €T0 IPEHMYMIECTB II0 CPABHEHHIO C JpY-
THMH [aKeTaMH H A3BIKaMH NIPOrpaMMHpPOBAHHA. Tak Ia-
ket MathCAD BkmogaeT B ce0a GolbImoe KOITHISCTBO
BCTPOEHHBIX MaTeMaTHYeCKHX (YHKIHH, B TOM YHCIIE
HeoOXOTHMBIX J7IA pPelleHHsA BapHATHOHHBIX 3a/1ad MeXa-
HHKH CIUIOITHBIX Cpell; HMEIOTCA NIHPOKHE BO3MOKHOCTH
BH3YallH3aIlHH PE3YyNITATOB PACYETOB (IIOCTPOSHHA Tpa-
(HKOB, THATpaMM, IIOBepXHOCTeH | T.11.). [Taker o0mamaeT
JIOCTYITHBIM HHTep(eiicoM (MaTeMaTHIeCKHe BBIPaKEHHA
3aIHCHIBAIOTCA B OOMICTIPHHATOM BHJIE, IIPOIIECC CO3/IAHHA
TIpOrpaMMEI MOJKET OCYHIECTBIIATHCA OJHOBPEMEHHO C €€
oTmagkoii). Pabora ¢ makeroM He TpeOyeT CIIEIHAIBHBIX
3HAHHH B TPOrPAMMHPOBAHHH, 9YTO IIO3BOIIET OBICTPO
OCBOHThH PaboTy Ha KOMITFIOTEPE H PEAlTH30BaTh C €ro Io-
MOIIBI0 MaTeMaTHIeCKHe MOJEIH, He Bl]aBafACh B TOHKO-
CTH TpagHIHOHHEIX 136K0B C, BASIC 1 ap.

Pe3yabTaThl padoThl

Co3ganHaa aABTOpaMH MOporpaMMa OCHOBaHa Ha
METOOHEES OIIpEOCICHHA (bopMOHBMeHCHH}[ H 3HEProcH-
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JIOBBIX MAPAMETPOB NPOKATKH B (pacOHHBIX KamHOpax c
HCIONh30BAHHEM BapHAITHOHHBIX TIPHHITHIOB, IPEIIo-
skeHHOH B.C. MenseneBsM [4], H COCTOHT H3 MOJIA
BBOJIa HCXOJHBIX JIAHHBIX, JETHIPEX PacUeTHBIX oOmac-
Teil H IO BEIBOJIA PE3YILTATOB pacuera (pHc. 1 — 6). B
CBA3H C OTPaHHICHHBIM 00BEMOM CTAThH, IPHBEICHHBIE
Ha PHCYHKAaX THCTHHTH IIOKA3aHEI B yCeUeHHOM BHIE.

Jna ynobcrBa 3ambcH HCXOOHBIX JAaHHBIX HA pa-
GodJeM JHCTE IIOMEINEH 3CKH3 odara Jedopmarud. Ie-
XOJHBIMH JAaHHBIMH ABIAIOTCA pa3Mephl HCXOTHOH 3a-
TOTOBKH H KamHOpa, paJHyc BalKOB, CKOPOCTh IIPOKAT-
KH, a TakKe CONPOTHBIIEHHE MeTa/la Je()OpPMAITHH.

Ilocne mons BBOJA HCXOJHBIX JAHHBIX pacloia-
raroTcs YeThIPE PAcIeTHbIe 00NIACTH B CIEYIOMEM II0-
piAnke: mepBasd o0IacTe — 3T0 00NACTh OIpeeneHHA
TIoNA CKOpocTel TedeHHA MeTalla Ha KaKIOM yJacTKe
odara JedopMaIHH; BTOpad — cKopocTel aethopMaIHH
H HHTEHCHBHOCTH CKOpoOcTeH aedopMarHH; TPEeThd —
JHEPrOCHIOBBIX IAPAMETPOB TIporiecca (MONIHOCTH,
YCHITHA H MOMEHTa IPOKATKH); YeTBepTad — (pOpMOH3-
MeHeHHA MeTamna. JlaHHBIe pacueTHble OOIacTH He
TpeOyIOT KakoH-THOO PelaKIHH ITONh30BATeNd, I03TO-
MY OHH HAaXOJATCA B CBEPHYTOM COCTOAHHH H 3a0ITOKH-
DPOBaHEL

Jlna ynmoOcTBa momb30BaTeNld B Hadale pabGodero
JHCTa TPOTPAMMBI pa3MelleHa HH(pOpPMAIHA, 3HAKOMA-
mas ero ¢ o0nacThi0 HNPHMEHEHHS MPOrpaMMEI H OC-
HOBHBIMH NpHeMaMH paloTel. Pe3ymbTaTel pacdeTa
TI0Th30BaTENh HMEET BO3MOKHOCTh COXPAaHHTh B (op-
marte .rtf, 9T0 mMO3BONHT jmamee paboTaTh C COXpaHEH-
HEBIM (haimoM, KaK ¢ OOBMHBIM JToKyMeHToM Word.

Ha mnpHBeneHHBIX INHCTHHTAX CO3JAaHHOH mpo-
TpPaMMEI aBTOPAMH IIOKa3aH NPHMepP paciera GopMOH3-
MeHeHHsA MeTalla H 3HePrOoCHIOBBIX IapaMeTpoB IIpo-
mecca MPOKATKH (acOHHOTO Mpo(HIA, KOTOPBIH (hop-
MHpYyeTcd B KauHOpe ¢ OJHHM IUTACTOBBIM TaBPOBBIM
IIEMEHTOM.

IIpuBeaeHHEIH Ha pHC. 1 ogar AedopMaIlHH B IL1a-
CTOBOM TaBPOBOM KalmHOpe pa3/ielieH Ha 8 yJacTKOB,
gT0 00yCIIOBIIEHO ero reoMeTpHeil. Pacuer mpoBoaHTCa
TIoCIIeIOBaTEeNbHO, HAUHHAA C IIEPBOTO yJacTKa, B Ha-
TIPaBIEHHAX OECIPENATCTBEHHOTO TEUEeHHA METala.
IIpH mocTpoeHHH MONA CKOpOCTell Ha IMEpBOM YUacTKe
3aIACHIBAEM BBIDAXKEHHA I7IA ONpefeNeHHA KOMIIOHEHT
ckopocreii V, H V; . CoCTaBIIOMyH0 CKOPOCTH Vy

ompefieieM H3 3aKOHA IOCTOAHCTBAa o0bheMa. IIpH mo-
CTPOSHHH TOIA CKOpPOCTeH Ha OCTAalBHBIX YdJacTKax
3aIACHIBAEM BBIDAXKEHHA I7IA ONpefeNeHHA KOMIIOHEHT
cKopocTel Vy H V., a COCTaBIAIOINYI0 CKOPOCTH V,
HaXOJJHM H3 3aKOHA IIOCTOAHCTBA 00beMa.

B mone ckopocTeii BBeIeHHI JBa BapbHPYEMBIX I1a-
pamerpa — K03()HITHEHT BEITDKKH |1 H K03(QdHIHEHT

k, KoTOpEIH XapaKTepH3yeT IOJIOKEHHE MOBEPXHOCTH
pa3zena TedeHHA MeTalllla B TONEPEeIHOM HalpPaBICHHH.

BapbHpyeMble TIapaMeTphl PacCUHTHIBAKOTCA H3 YCIIO-
BHSA MHHHMYMA TOTHOH MOIMHOCTH C TIOMOIMBIO BCTPO-
eHHBIX (VHKIHH maketa MathCAD.
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Omnpenenerne ckopoctell AedopMallHH H HHTEH-
CHBHOCTEH cKopocTeH AedOpMAaIHH MPOH3BOJHTCA IO
H3BECTHBIM 3aBHCHMOCTAM [4]. TlomHy!0 MONIHOCTB
TIPOKATKH, COCTOANIYI0 H3 CYMMBI MOITHOCTEH CONpO-
THBIICHHA BHYTPEHHHX CHJ METAIUIa, CHII TPEHHA H CHII
cpe3a, OIpejenieM II0 OCHOBHOMY YPaBHEHHIO SHEpre-
THYecKoro Meroma [4]. Omnpenennid MOTHYIO MOII-
HOCTh IPOKATKH, HAXOJHM 3HaU€HHA MOMEHTAa H YCH-
maA mpokaTtkd [1]. Jlamee ompepenserca maedopmarmma
MeTalllla Ha cBOOOHOH IMOBEPXHOCTH OTKPHITOro (hiaH-
1la H Ha CBODOJHOH MOBEPXHOCTH CTEHKH (B TOM CIy-
gae, KOI/la He CYIIEeCTBYEeT OTPAaHHIECHHA €€ YIMTHPEHHA).

ITocite Toro, KaK IONB30BATENh 3AIIONHAI BCE IIO-
7 3HAYEHHH HCXOJHBIX BEIHYHH, eMy HeoOXOJHMO Ha
ydJacTke pa0odero JIHCTa IPOrPaMMEL, PACIIONOKEHHOTO
HIDKe BCeX oOnacTeif, BBECTH CHMBOIBHbIE 00O3Hade-
HHJA HHTEPECYIOITHX €r0 PacYeTHBIX ITapaMeTpPOB, Ha-
mpHEMep, K03 QHIHeHTa BHITAKKH |1 H IPHPAMIeHHA
OTKPEITOTrO (hanma e (pHc. 6), H HaKaTh KiapHmy En-
ter. IIporpaMMa aBTOMATHIECKH BBIIOJHHT PacdeThl H
BBIJIACT Pe3y/IbTaT B THCICHHOM BHJIE.

C moMOImBI0 JaHHOH IpOrpaMMBI OBLT BHIIIONTHEH
PAI KOHTPOIBHBIX pacueToB. BBIIOIHEHHBIH aHAIH3
pacdeTHBIX 3HAYeHHH ¢ ()aKTHIECKHMH JaHHBIMH ITOKa-
3aJI, 9TO TIOTPEITHOCTh BBIMHCIEHHH HAXOJHTCA B Mpe-
ngenax 12%, 9To mo3BoiAeT peKOMEHA0BATh IPOrpaMMy
JUTA HCIIONB30BAHHA IIPH HHJKEHEPHBIX PacdeTax.
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Puc. 3. Ob6nacTs onpeneleHHT HHTCHCHBHOCTH
ckopocTeH JedopMaIHe MeTala

Co3aHHaA TpPOTrpaMMa TMO3BOMAET PACCAHTHIBATH
medOpMAaITHI0 MeTallla B (paCOHHBIX KanHOpax H 3Hep-
TOCHITOBBIE TTApDAMETPHI 3a JOCTaTOYHO KOPOTKOE BpeMsA
H TIOTY9aTh JJOCTATOYHO TOTHBIE PE3YIbTATHL
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Puc. 4. ObnacTe onpeaeneHAA
IHEPrOoCHIOBEIX HapaMeTPOB Mpoliecca

B mr000H MOMEHT MOIB30BATENh MOMET KOpPpEK-
THPOBATh 3HAYEHHA HCXOJHBIX JAHHBIX, IIOCTIE UEero
TIporpamMma IIpPOH3BeeT MepepacdeT COOTBETCTBYIOMTHX
TapaMeTpoB C YYeTOM IIPOH3BEIEHHBIX H3MeHEeHHH.
IIporpaMMa BXOZHT B OHONMHOTEKY NPOTPAMMHBIX MO-
ayned CAITP TII «CopToBad poKaTKa» H HCIIOTIB3YyeT-
cA TIPH aBTOMAaTH3HPOBAHHOM TIPOEKTHPOBAHHH KAaIHO-
POBOK BAJKOB H TEXHOIIOTHH HPOKATKH CIOXKHBIX (ha-
COHHBIX IpodHIei.
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Prc. 6. BelBog pe3yibTaToB pacdera

BriBoabI

PeammzoBana B MathCAD maTteMaTHYeCcKas Mo-
Iellb TIPOKaTKH B ()acOHHBIX KamHOpax (IaHIEBOTO
THIIa, TO3BOJIAIOIASA C IOMOINBI0 BAPHAITHOHHBIX TIPHH-
IIHIIOB MEXaHHKH CILUIOIMHBIX CPEJ OMpeNenaTh aedop-
MAIlHIO MeTaJlla H SHEPrOCHIOBBIE TAPAMETPHI C BBICO-
KOH TOYHOCTBIO 3@ KOPOTKOE BPEMA.

MaTeMaTHIeckasd MOZIelb ION0KEHA B OCHOBY aB-
TOMAaTH3HPOBAHHOTO TIPOEKTHPOBAHHA TEXHOIOTHH
npokatkd ¢ Hcrnons3oBaaHeM CAIIP TII «Copropai
TIPOKATKa».
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MATEMATHYHE MOJEJTIOBAHHA ITPOKATKH
B ®ACOHHHX KAJIIBPAX B CEPEJJOBHIII MATHCAD

B.C. Meoeeoes, O.M. Macaenuii

Peamizopana B makeri MathCAD MaTeMaTHIHA MOJEIh IPOKATKH B (paCOHHHX KamiOpax ¢IaHIIEBOTO THITY, IO
JIO3BOJIA€E 3 BHKOPHCTAHHAM BapialliiiHAX MPHHITHIIB MeXaHIKH CYIUIPHHX CEPEIOBHIN BH3HAYATH (hopMO3MIHY Me-
TalIy i €HeProCHIOBI MapaMeTPH MpOKAaTKH. Ha MpHKIaml IPOKATKH B IDIACTOBOMY TaBPOBOMY KamiGpi HoKa3zaHa
1o0Yy/I0Ba oA MBHAKOCTEH, PO3PAaXyHKY MBHAKOCTEH JedopManii, HOTYy:KHOCTEH, 3yCHIb Ta MOMEHTIB IPOKATKH 1
nmedopMarii y HapAMKY cBOOITHOTO INTHHY MeTanmy. JlaHa MaTeMaTHYHA MOJIeIh MOKIAJieHa B OCHOBY aBTOMATH-
30BaHOT0 MPOEKTYBAHHA TEXHOOTII IPOKATKH 3a momoMororo CAIIP TIT «CopToBa mpoKaTKay.

KarowoBi cioBa: mpokaTka, acoOHHHE mpodinh, MaTeMaTHIHA MOJEb, BapiamiiiHi MeToaH, ¢popMo3MiHa Me-
TaTy, eHePrOCHIOBI TAPAMETPH.

MATHEMATICAL SIMULATION OF ROLLING PROCESS
IN SECTIONAL GROOVES BY MATHCAD

V.S. Medvedev, A.N. Maslenyi

Mathematical model of rolling process in sectional grooves of flange type was realized in MathCAD. The
model enables determining metal forming and energy parameters of rolling with using variational principles of me-
chanics of continua. By the example of rolling in tabular T-shaped groove the method of constructing velocity field,
calculation of deformation rate, capacity, forces and moments of rolling as well as deformations in directions of free
flow of metal are shown. We assumed this mathematical model as a basis of computer-aided designing technology
of rolling by means of technological process CAD «Flat-and-edge rolling».
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