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AHHoOTaLMs. PaccMOTpeHbl BONPOCHI MPUMEHEHWS MPOrpaMMHbIX CPEACTB A4/19 OnpeaesieHns Be/INYmH OTHOCUTENbHOM ,qeq)opmau,mm
MNI0CKNX MaTtepnanos npu ,D.E(pOpMVIpOBaHI/IVI MaTeprasioB 3/JIMNCONAOM BPaLLEHMA Ha 3aHATUAX MO BbICLUE MaTeMaTuKe.

Kntouesble cnosa. [Jethopmauus, MyaHCOH, 3/UTUMCOVA BPaLLEHWS, UTepaLyoHHbIM MeTog, MAPLE ans anivMnTuyeckoro MHTerpaa.

M3ydeHne Kypca MaTemMaTUYecKux [AUCLUMANH
CTyAeHTaMN [AHEeBHbIX OTAENeHW HemaTeMaTU4ecKmnx
cneumnanbHOCTE, HanpuMep, WHXEHepHbIX, He npef-
nosiaraeT LIMPOKOr0 WCMOJIb30BAHUA Ha MPaKTUYECKUX
3aHATMAX BbIYNCANTENbHOMW TEXHWKU N COOTBETCTBYHO-
LLEero NporpaMMHOro o6ecrneyeHus, KpoMe MUCMosb30Ba-
HWS BO3MOXXHOCTEN MH(OPMaLMOHHBIX TEXHONOTUI ANs
NnpoBefieHNs KOHTPOMS U CaMOKOHTPOJIA MOMYYEHHbIX
CTyAeHTaMWn 3HaHWA 1 yMeHWIA B npouecce o6yyeHus, B
YaCTHOCTU 3MEKTPOHHbIX Y4ebHO-MeTOANYECKNX KOM-
nnekcos Ha nnatgopme Moodle. OgHako, B HacTosllee
BPeMA MPU M3YYEHUN OCHOBHbIX MOHATUIA MaTEMATUKW,
Kak, BMpPOYeM, U APYTMX GUCLUUMNIWH BbICLIENR LIKOSbI,
posib MHPOPMALMOHHbBIX TEXHOMOTNI BCE BPeMA PacTéT,
TakK Kak no3sofisieT ob6ecrneymTb BCeOO6LYI0 KOMMbIOTe-
pu3aunio n CTyAeHTOoB, U NpenojasaTenein, 0cBo60Xaas
OT TPOMO3LKMUX, PYTUHHbBIX BbIYMCAUTENbHBLIX MpoLiec-
COB, 3KOHOMS BpeMS A1 HOBbIX 06pa3oBaTe/lbHbIX TEX-
HOM0rMiA, NO3BOISET MOBbLICUTL KAYECTBO 06pa3oBaHNA 1
60nee 3h(heKTUBHO AOCTUTaTb €0 LiENENA.

3akpensieHne W pasBuUTUE y CTYLEHTOB Oyaywmx
WHXEHepOB-TEXHO/IOrOB  CMeLuanbHOW  KOMMeTeHLUn
AK-11 «BnageTb OCHOBHbIMW MeTOAamu, crocobamu n
cpefcTBaMM MOJSTyHEHUS, XpaHeHUS U NepepaboTKy UH-
thopmaLmn ¢ NCNO/b30BAHMEM KOMMbIOTEPHON TEXHUKN»
B MpoLecce U3y4eHUN Kypcos «MateMaTuKmn», «Bblcwel
maTeMaTuKn», «<MaTemMaTMyeckoro aHanm3a» nossonseT
chopmupoBaTtb Yy CTYLEHTOB MEPBOro Kypca HaBblKN U
YMEHUSA NUCMO0/b30BAHNSA NHHOPMALMOHHBIX TEXHONOT N
X0TA 6bl HAa YPOBHe Nofb30BaTens, a Takxke obecrneymsa-
eT peanu3aunio MeXnpegMeTHbIX CBA3en. Mpu n3yveHUn
MaTeMaTUYeCKNX 4UCLUUNANH Hanbosnee 3 HeKTUBHbBIM U
onpasfaHHbIM ABAETCA Ucnonb3oBaHne NMN3IBM npu ns-
YYeHUN NPUBAKEHHBIX METOAOB BbIYMCIEHWUIA 418 pe-
LIeHMA 3a4a4 NPUKNaLHOro XapakTepa.

B YO «BI'TY» B y4ebHbIli npouecc npu nposege-
HWUM NMPaKTUYECKMX 3aHATUI Mo Teme «eOMeTpuyecKue
NPUIOXKEHNA ONpeaenéHHOro UHTerpana» BHeApeHa Me-
TOAMKa pPacyéToB ANMH AYT W NAowWwagein NoBepxHOCTEN
OTOPMOBAHHOI0 /INCTOBOIO Marepuana MyaHCOHamu
pasfINYHbIX MPOCTPAHCTBEHHbLIX (HOPM, B YAaCTHOCTWU B
BUAE MOBEPXHOCTEN BpaLLEHWS.

Mpn dhopmoBaHUN 3aroTOBKM Bepxa 00YBWM pacTaX-
HO 00yBHOWM KONOAKOW MPOMCXOAUT OAHOBPEMEHHOE
NPUNOXEHWE PacTArnBaWNX YCUANIA B Pas/INYHbIX
HanpasneHuax, 4YTo NMpUAaéT 3aroToBKe CNOXXHYI Mpo-
CTpaHCTBeHHYI0 dopmy. UT06bI 06ecneyunTb HYXHOe
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KayecTBO (hOpMOBaHMA Bepxa 06yBM creAyeT YyuuTbl-
BaTb (DM3MKO-MeXaHW4eckme CBOICTBa DOPMYEMbIX Ma-
TepnanoB U pexumbl hopmoBaHua. [ns onpegeneHus
CNocobHOCTM MaTepnanos K (POPMOBaHWIO MPOBOAAT
UCNbITaHNS MaTepuanos Bepxa 06yBM ABYXOCHbIM CUM-
METPUYHbBIM PacTSXKEHWEM Ha pas/MyHbIX Tenax Bpa-
WweHns, Hanpumep, ciepe unm Tope [1]. Cxembl Takoro
fethopMMpoBaHMA NPeACTaBNeHbl HAa PUCYHKe 1

PucyHok 1- Cxembl fedhopMMpOBaHUS 06pa3L0B MaTeprana
[JBYXOCHbBIM PacTskeHVeM (a, 6 - chepuueckue
NPOZAB/NBAIOLLME MYaHCOHBI, B - TOPOUAA/TbHBINA
MOLAB/IVBAOLLMIA MyaHCOH)

OnpejeneHne BO3MOXHOCTW UCMOMb30BaHUA MaTe-
puana ans opMoBaHMA Bepxa 00yBM NPOM3BOAUTCS NO
BE/IMYNHE OTHOCUTENbHOW Aedopmalmu, KOTOpY npu-
obpeTaeT NAOCKMIA mMaTepuan B npoLecce nNpofasnvea-
HUA MyaHCOHaMMW PasNMyHbIX KOHdWrypauwin [2]. Ons
pacuéTta 3HaYeHW TaKMX OTHOCUTENbHbIX AethopMaLnii
no mMepuvaHy Sm MOBEPXHOCTU BpaLLeHUA UM no eé
naowaan £s nonyyeHbl GOPMY/bl X 3HAYEHW B 3aBU-
CUMOCTW OT BbICOTbI NPOAABAVMBaHUA N NapaMeTpoB Mo-
BEPXHOCTW BpaLleHMA NPOLaB/INBAOLLEN0 NyaHCOHa.

OTHOCUTENbHbIE fethopmaLMm COOTBETCTBEHHO MO
MepuAMaHy ¥ no naowasmn paccymTbiBaOTCA:

- Srl
-+100%,
So

-+100%; r, =-

Lo @
rae LO m SO cooTBeTCTBEHHO paguyc WM nnowab
paboyei yacTu Kpyroeoro o6pasiia 4o geopmManunm,

L »n S COOTBETCTBEHHO A/IMHA MepuiuaHa u nno-
Wwaab obpasua nocne geopMmMpoBaHUS.

[Ans onpepeneHns B popmynax (1) 3Ha4eHWU ANUHBI
mMepuamnaHa L v nnowaam noBepxHOCTU TeNa BpalleHuns
S 6e3yuéTa TONWMHbI MaTepmana UCrosb3yTcs CooT-
BETCTBYIOLME POPMY/bl BbIYUCIEHUA 4JUH AYT U M10-
Wwageli ¢ NomMoulblo onpeaenéHHbIX MHTerpana. Meto-
[ANKa HaX0XAeHUsA YKa3aHHbIX BEIMUYUH A5 MyaHCOHOB
B BUAe cthepbl, napabononga v annunconpa spawieHus
NPOUNNOCTPUPOBAHA Ha PUCYHKE 2 N 3aK/TH0YAETCA B Ha-
XoxgeHun L , Kak givHbel Kpueon ABC' n S |, Kak nno-
Waan NoBepxHOCTM BpaweHuUs ykasaHHon ayru ABC', ¢
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Y4Y&TOM BENMYMHBI MPOAaBAMBaHMA h, YTO COOTBETCTBYET
AnvHe oTpe3ka AA' 1 TOro, 4To paguyc Kpyroesoro o6-
pasua R coBnagaet c pagnycom NMOBEPXHOCTU BpaLLeHNS
(T.K. TONWWHOW MaTepmana MOXHO NpeHebpeyb K3-3a
manoctu) [3].

PucyHok 2 - Cxema npogasnmeaHus obpasLa matepvana
B (hopMe Kpyra nyaHCOHOM B BUfe Tesia BpalleHns

Mpn NofyYyeHMM 3HaYeHUH OTHOCUTENbHbIE Aethop-
Mauuu COOTBETCTBEHHO MO MepuiuaHy W Mo niaowagn
cneflyeT yyecTb napaMeTpbl MOBEPXHOCTU BPaLeHUSA Ha-
KOHeYHMKa MyaHCoHa NpojasinBaHuns.

Ona 6yaywmx WHXeHepoB-TEXHOI0roB 06YBHOrO
Npon3BOACTBA HaMBOMbLINIA UHTepec MpeAcTaBnseT ge-
(hopmMmMpoBaHMe MaTepuana NMOBEPXHOCTbIO 3//IMNCOMAA
BpalleHnsa, KoTopas Hambonee 61M3KO MOAeNMpyeT Ho-
COYHO-MYYKOBYK 4acTb 00YyBHOW Koiogkwu. Torga Ans
3aNnMncona BpaLleHns TakKMMKU napameTpamm sBas0TCA
6onbwas nonyocb a=OC=R n manas nonyocb (0Cb Bpa-
weHna) b=OA annunca [4].

dopmyna gna pacyérta 3HaueHUs OTHOCUTENbHOM fe-
thopmaLmmn No MepuanaHy nMeeT BUA:

+4R2p2 +E (iB,s) - 1j-100%, (2)

rae b - manas nonyock annunca, R - paguyc gedgop-
MUPYEMOro Kpyrosoro o6pasua, h - BbicoTa npogasnu-
BaHMA, nNpuyém p =b-h, m=Db2-p2, n=b2+p2,

A"R2- b2 .
e=- N 3NIUNTUYECKNIA NHTE-

P .
rpan 2-ro poga E (p; k) =JV 1- k2sin2 tdt.
0
dopmyna ana pacuyérta 3HayeHMii OTHOCUTENbHOM

fgedopMmal My no Nowagm UMeT BUL,

In (c+R)n
b ¢ b(2cp+ANn2+4cpl) 100%, (3)
R N\ N
\72p$m2+4R2p2- h2+4c2p 2)
n
roe c=VR2-b2 p=b-h  ,m=b2-p2
n=52+p2

BbluncneHna 3HayeHWA OTHOCKTENbHbIX gedop-
MauuiA, Nonyyaembix N0 MepuanaHy €m MOBepXHOCTU
BpalleHWs UK Mo eé nnowagam es no opmynam (2) u
(3) ABNAIOTCA O4EHb FPOMO3AKMM U AaXKe NCMO0/b30BaHNe
KanbKynaTopa OWyTUMO He CIKOHOMUT BPEMS BblUMCIle-
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HUIA N He rapaHTUpyeT OT BblYUCAUTENbHbIX OLINGOK.
MoaTomy cCTyfeHTaMm npefsiaraetca A0S MOBbIWEHUA
3(h(PEeKTUBHOCTM BLIYNCIINTENILHOTO MpoL,ecca UCMob3o-
BaTb BO3MOXHOCTM BCTPOEHHOTO MPUIoXeHmsa Microsoft
Excel, ¢ KOTOpbIM CTyAeHTbl 3HaKOMbl U3 Kypca «H-
opmatukmy». Mpyn 3TOM Ha MPaKTUYEeCKOM 3aHATUW MO
MaTeMaTuKe CTYLEHTbI MOTYT MOMYYUTb He TOMIbKO COOT-
BETCTBYHOLWMe Tabnuubl 3Ha4eHUn em u eS npu uk-
CMPOBAHHbLIX 3HAYEHUAX MapameTpoB, HO W MOMYYUTb
pasnnyHble BO3MOXHbIE BapMaLMmn 3TUX 3HAYeHUA npu
N3MEeHeHUW 3HavyeHni napameTpos a=R n 0<b<R, a Tak-
)K€ MOCTPOUTL COOTBETCTBYHOLWME TPaPUKN 3aBUCUMO-
CTel, NoKasaHHbIe Ha pUCYHKax 3 1 4.

PucyHok 3 - 'pathmKi 3aBUCUMOCTN OTHOCUTE/TbHOM
[ZethopmaLiveld No nnowaau (a) 1 no MepuamaHy
(6) oT BeNMUMHBI NpofasnMBaHNA h MyaHCOHOM B BUje
3/1IMNCoMAA BpaLLeHWs ¢ 60/1bLUOI nonyocklo a=R=56,5 Mm
1 pa3nIyHOM Masoli nonyockHo b

(1-b=— ;2-b=— :3-b=— ;4-b=— )
1,2 16 2,0 24

PucyHok 4 - T'padnku 3aBUCMMOCTU €S 1 emOT BbICOThI
npogasnueaHus h npu a=56,5 mm 1 b=35,3 mm
(akcueHTpucuTeT =0,48)

Tak kak npu hopmoBaHWUW AeTanel Bepxa 06yBU 06-
TSHKHO-3aTSXKHBIM U BHYTPEHHMM MPOCTbIM croco6amu oT-
HocuTeNbHas fedopmaumsa maTepmana Ha 06yBHOW KOMog-
ke He npesblwaetr 30 %, T0 no dopmynam (2) n (3) ¢
ncnonb3oBaHnem npunoxeHusa Microsoft Excel gnsa Bbli-
6paHHOro 3HayeHuss Masiioli nosnyocu b paccumTbiBaeTcs
3HauYeHWs BeNMUYUH Nnogbema h myaHCoHa B BUAE 3N/IMNcou-
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fa BpaweHWsa Ana nonyyeHWs HeoO6XOAMMON OTHOCU-
TeNbHOM gedopmauum. PesynbTaTbl pacH€TOB MOKasblBa-
0T, 4TO MNONYYUTb HaMbONbWY OTHOCUTENLHYIO
feopmaumio Kpyrosoro o6pasua matepmana B 30 % an-
ﬂVII'ICOVI,EI,OMRBpaLIJ,eHI/Iﬂ MOXHO MpW 3HA4YEHNM ero Mmanoi

nonyocu ----- <b<R wurTorganpuR = 56,5 MM 3Haue-
HWe Manoli Nonyocu anaunca spaweHns b nexuT B npe-
nenax ot 23,5 go 56,5. Bbi6op 3HaueHuMs paguyca pabo-
yei 30HbI o06pasua R = 56,5 MM 06ycnoBneH Tem, 4TO
anemeHTapHas npoba Marepuana WMeeT nnowafb
SO0~ 10000 m2 cpaBHMUMYK C MAOLWAALHD HOCOYHO-NYY-
KOBOW 4acTu 06YBHOI KONOAKM.

C nomMoLLblo 3/1eKTPOHHbIX Tabnuy Microsoft Excel
ONA CTY[LEHTOB NpeanaraeTcs NpoBecTU aHanus3 nony-
YeHHbIX pesynbTaToB (PMCYHOK 4), KOTOPbIA NoKa3blBa-
€T, YTO NpY NPOAABIMBAHUN Ha OLHY W TY>Ke BENINYUNHY
h 3HayeHUs oTHOCUTeNbHOWM AedopMaumy No naowanm
3HaYMUTE/NbHO BbIlE, YeM OTHOCUTENbHAaA fedopmauus
no MepuanaHy B cpefiHeM B 4 pa3a, HauMHas Co 3HaYeHUI
npogasnueaHmsa h =10 mm 1 KoTopoe ¢ pocTom h y6biBa-
eT. YUTo HarnsigHo 4eMOHCTPUPYET MOCTPOEHHbIN rpafuk
Ha PUCYHKe 5.

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38
BenmumHa npogasnusarns h, mm

s
PucyHok 5 - "patmk 3aBUCUMOCTU oth
S

m

B dopmyne (2) gna HaxoXAeHWUs OTHOCUTENbHOM
fethopmaumm no MepuanaHy Heo6XO0AMMO BbIUYMUC/IUTL
ANANNTUYECKWIA NHTErpan 2-ro poga

B

E(tB;s) = V1-s2sin2tdt 4)
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Mo 3apaHee BblYMCNEHHBIM tB 1 s .

OpHako uHTerpan (4) siBnsieTca He 6epywmmcs 1
Nno3aToOMy €ro crefyeT BbIYUCNATb NPUBIVKEHHBIMU
mMeToZaMu. Takve MeTofbl MOTYT ObITb peasn3oBaHbl C
nomMoLLbI0 MaTemMaTuyeckmx naketos Matlab, Mathcad,
Maple. Hanpumep, cTyfeHTaMm npeanaraeTcs WMCNosib-
30BaTb Hambonee 3(PeKTUBHbLIA NUTepaLMOHHbIA MeToq
apUMETNYECKN-TEOMETPUYECKOTO CPEAHEro B cpefe
Maple-11 patoowWwmnii 3Ha4eHWe 3NANNTUYECKOTO UHTErpa-
N1a C TOYHOCTbIO 0 MUISIMOHHbIX.

Takum o6pa3omM, Hanbonee paLMoHanbHO NCMOJb30-
BaTb 3/1EMEHTbl MH(OPMALMOHHbIX TEXHO/IOTUIA B Mpak-
TUKE MpenojaBaHUa MaTeMaTUKW AN CTYAEHTOB WH-
XKEHEPHbIX CMeumnanbHOCTel MOXHO MMEHHO Ha 3Tane
pelweHns NPUKNagHbIX 3a4ay Npu U3yvyeHuns, Hanpumep,
TeMbl «[TPUNOXKEHNE UHTETPASIBHOIO UCHUCIEHUAY, YTO
Mo3BOMISIET MNOKa3aTb, KakK MPUMEHATCA (YyHAaMeH-
TaNbHble MaTeMaTUyecKne NOHATUSA, Kak 0bLLeHayYHble,
npu peLleHnn NpukKNagHbix 3agay byayuieint npogeccu-
OHanbHOWM AeATe/NIbHOCTW, KOTOpas B HacToslliee Bpems
HEeBO3MOXHa 6e3 MCcnosb3oBaHUA MPorpaMMHOro obe-
CreyeHus.
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USE OF SOFTWARE TOOLS TO FIND THE RELATIVE MAGNITUDES
OF THE DEFORMATIONS DURING THE FLAT MATERIALS MOLDING

A.P. Dmitriev, A.V Kovalenko

Vitebsk State Technological University, Vitebsk, Belarus, dmitriev203509@gmail.com

Abstract. The issues of using the software tools for determining the relative magnitudes of the deformation during the flat materials
deforming by the ellipsoid of revolution at advanced mathematics classes were addressed.

Keywords. Deformation, punch, ellipsoid of revolution, iterative method, MAPLE for elliptic integral.
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