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AHIMALIA KPUBOLIHITHO - TIOB3YHHOI'O MEXAHI3MY B CUCTEMI
MATHCAD

I'HATHUIINH M. 1.

MyxkauiBcbKuii JepKaBHUI yHiBepcHTeT, YKpaina

Jloceio suxnaoanus meopii Mexanizmie i MAuiun, 30Kpemd, NOKA3ye, wo OOHIEI0 3 OCHOBHUX NPOOaeM
npu eupiuienni 3a0ay MexaHiku, € HeOOCMAamuiil po3eumox ysaeu cmyoeumis. IIpoyec onucy mexaniynoi
cucmemu nepedbavac nepedOaAyeHHs HANPAMKI® MONCIUBUX PYXIE cUCMEMU i, BUXO0AYU 3 YbO20, NOOAILUIO2O
8ubopy cnocoby ii onucy.

Vasa 6 natnpocmiwiomy posyminni yvboeo cioea - npoyec SUKIUKAHHA 00paszie 3 nam'asmi. YV
NPOOYKMUBHOMY CEHCI Ni0 Y6010 PO3YMIEMbCS Npoyec NepecmpyKmypy8anHs o0paszie nam'smi 3 MUHYI020
docsidy [ nepui cgopmosanux obpazie 6 Hosi koncmpykyii. Tobmo yssa poszensdaemvcs sk meopue |
KOHCMPYKMUGHE MUCTIEHHSL.

Animayia CK1aOHUX MEXaHIUHUX cucmem 3 HOGMOPIOBAHUMU pPYXaMu cama no cobi npeocmasisic
iHmepec 3 mouKu 30py akmusizayii ysaeu, it mperniney, 0yoyuu 3acob60om sUpieHHs: NPOMUPIYYS MIdC OUIKYE8AHUM
pyxom i pyxom cucmemu Ha expaui. InmepaxmusHi enemenmu, w0 003601A10Mb 3MIHIOBAMU NApaAMempu
cucmemu i, MUM CamMum, XapaKxmep pyxy, CIyicams 000amKO8UM KAMaiizamopom pooomu ysaeu.

Cymmeee micye 6 SUKIAOAHHI (PYHOAMEHMANbHUX MA MEXHIYHUX OUCYUNIIH 3aUMae 8i3yanizayis
yub06020 Mamepiany.

Cyuacui cucmemu Komn’'tomepHo20 3abe3neyeHHs: 6IOKpUBAIOMb B8eNUKI MONCIUBOCHI ONA Gi3yanizayii
Yyub06020 Mamepiany i inmeHcugixayii yu606020 npoyecy Ha ayOUMOPHUX 3aAHAMMSIX.

bioniomexu Komnac, Autocad, SolidWorks 0ozsonsioms imimysamu pyxu cKiadosux 4acmun eupooa 6
npoyeci peanvHoi pobomu.

3acmocysanus komn romepuux naxemis: MatLab, Maple, Mathematica, MathCad npusooums 0o
HeoOXiOHOCmi 30IUCHeHHT NPUHYUNOBUX 3MIH 6 MemoOuyi NpPo6eOeHHs NPAKMUYHUX 3aHAMb mda 3Micmi
JIeKYitiHo20 Mamepiany.

Mamemamuuna mooenb KpUSOUWUNHO-NOBZYHHO20 MEXAHI3MY CKIAOAEMbCA 3 PIGHAHb, SIKI ONUCYIOMb
NONONCEHHST MOYOK MA JTAHOK OO0CTIONCYBAHO20 BAJICIILHO20 MEXAHIZMY 8I0 Kymd, W0 GU3HAYAE NOLONCEHHS
6XIOHOI IaHKU, - KPUBOULUNA.

YV oaniti pobomi suxiadeno nobyoosy aumimayiinoi Mooeni KpusoWUnHO-nO83YHHO20 MEXAHIZMY 6
naxkemi Mathcad 2001 Professional. 3 mouku 30py mMemoouxku 6UKIAOAHHS MeOopil MexaHizmie i Mauwiun
ooyinvro euxopucmamu came MathCad, ockineku yeii nakem nepedbaiac mpancoopmayio MamemamuyHol
MoOeni Mexanizmy y 8i3yanbHy MOOeb.

Knrouosi crnoea: kpusowunno-no3ynHuil mexamiam, animayis, mathcad.

VY Ham yac oJiepKalid IMHPOKE 3aCTOCYBaHHS TaKi MOTY)KHI ITAKETH MaTEMaTHYHOTO
MOJIETIIOBAaHHS, SIKI HE BUMAraroTh CIEllialbHUX 3HaHb B MporpamyBaHHi, 11e Maple, MatLab,
Mathcad, SolidWorks tomo [1, 2]. Tlonermrytoun po3B’si3aHHS CKIQJHUX MaTeMaTHYHUX
3a/1a4, Takli CHUCTEMHU IO3BOJSIOTH 3HITH ICHUXOJOTIYHHMI Oap’ep NMpU BUBYCHI MEXaHIKH,
MaTeMaTHKH, OTIOPY MartepialiiB, Teopii MEXaHi3MiB 1 MaIlIWH, a TAKOX POOJATH MW MpoIiec
OUIBII IIKaBUM 1 MPOCTUM, 3HAYHO MiJBUILYIOTH eq)eKTHBchTL IpaLi pi3HUX CHELiaTiCTiB.
I'pamoTHe 1X BHKOPHCTaHHS y HaBYaJbHOMY IIPOIECI JIO3BOJIIE€ TIJBHIINTHA DPIiBEHb
MaTeMaTHYHOI Ta TEXHIYHOI OCBITH [3, 5].

00’ekm ma memoou 00cnioHceHHA.

O06’€KTOM JOCIHIKEHHS € KPUBOILIUITHO-IOB3YHHUI MEXaHI3M, 10 CKIAA€ThCs 3 OHOL
HEpyXOMOi JIaHKH, - CTOsIKa, 1 TPhOX PYXOMHX JIAHOK: KPHBOIIWIIA, HIaTyHA, TOB3YHA.
KpuBommn 37iiicHIoe o0epTaqpHUM pyX, IIATyH MpHUilMae ydacTh y JBOX pyXax,
NOCTyNAJIBHOMY Ta OOEpTaJIbHOMY 31 3MIHHOIO KYTOBOKO IIBHJKICTIO, MOB3YH PYyXa€ThCs
HOCTYTaJIbHO.

Jns  gocmiKeHHST KiHEMaTHKH MEXaHi3My 3aCTOCOBAaHO METOJA KOMIT FOTEPHOTO
MozenroBaHHs Ta a”iManii B maketi Mathcad 2001 Professional.

Ilocmanoeka 3a60anns.

JUis  KpUBOILIMITHO-TIOB3YHHOTO MeEXaHi3My, puc.l., CKJIacTH NporpaMu, B CHCTEMI
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Mathcad, nns aniManii Ta OOYMCIEHHS OCHOBHUX KIHEMAaTHMYHUX MMapaMeTpiB MeEXaHi3My,
noOyayBaTu JlarpaMu JIHIMHUX MEpeMillleHb, IBUAKOCTEN Ta MPUCKOPEHb BUXIAHOI JAHKU
3. Hy1p0BUM MOJIOKEHHSIM MEXaHi3My IPUHHATH KpaiiHe JIiBe MOJI0KEHHS JIAHKH 3.

Puc. 1. KpuBomunHo-noB3yHHUI MexaHi3M (1- kpuBomum, 2 — maTyH, 3 - MOB3YH).

Pesynomamu ma ix 062060penns.
IHouaToxk mporpamu 1 «AHani3 KIHEMaTUKU KPUBOLLIUITHO-ITIOB3YHHOTO MEXaHI3MY».
Buxinni nami:
r:=0.05M,1:=025M, e¢:= 0.0l M, n:=95 00/XB - KyTOBa HIBUAKICTh KPUBOIIHIIA.
Po3paxyHok.
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3ajexHICh KyTa IIaTyHa BiJl KyTa KpUBOIIXIIA
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Puc. 2. 3anexHICTh KOOPAWHATH JaHKU 3 Bl KyTa TIOBOPOTY BXITHOT JIAaHKH 1.
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AHaJior KyToBOi IIBUJIKOCTI LIaTyHa, JJaHKU 2

0y(0q) = 3714’2(4’1)
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Puc. 3. 3anexHiCTh KyTOBOT IIBUAKOCTI JIAHKHU 2 BiJl KyTa MMOBOPOTY BXiJHOI JaHKH 1.

AHaJIOT KyTOBOT'O IPUCKOPEHHS IIaTyHa, JIJAHKH 2

82(4’1) = :Tq‘”z(‘i’l)

AHanor mBUAKOCTI TOYKH B, 1aHKu 3

VB(61) == —xp(¢1)
AHaJsor npucKopeHHs Touku B, naHku 3

ag(01) = < Vp(01)

IIBuakicTh TOUYKH B, JaHKH 3

VB(t) = [g—tXB((D t)j

Puc. 4. 3MiHa MBUAKOCTI, M/C, JIaHKK 3 B 4aci, C.

[TpuckopenHs Touku B, naHku 3

ag(t) = s—tVB(t)
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ag® |0 0.1 . 0.3 0, 0.5 0.6

t
Puc. 5. 3MiHa NPUCKOPEHHs, M/c, TaHKK 3 B Yaci, c.

Kineus nporpamu 1.

IMoyaTok mporpamm 2 «AHiMarlisi KIHEMaTUKHA KPUBOIIUITHO-TIOB3YHHOTO MEXAHI3MY».
Buxingni nani:

r:=50Mmm, 1 :=250 MM, e := 10 MM, n := 95 00/xB

Po3spaxyHok

Koopaunatu Touku A

Xa (¢) = r-cos(). Y4(0) = rsin(p)
XB(d)) = r-cos(d)) + l~/1 — (%sin(d)) - %j{ YB(¢) =

.4 YA(“" 1’;0) ’ XB(d».L) - XA@»L) ( _ XA(d).lLSOD’

180 180

1x,0) = [1(x,0) if X4 ¢.% <x<Xg ¢.%

break

2 2 2 2
Rplus(x) =r —x% Rpipus(X) = —/r —x5

xg (0) =xg(e).  vp (¢) = vp(s)

3600
¢ = FRAME ——
36

e(x) =e
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180
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o)l )z
Puc. 6. Muts animarii npu ¢ = 45°/
Kinens nporpamu 2.

Bucnoexu.

Y poGoTi 3aCTOCOBAaHO METOAM  Teopii MeXaHI3MiB 1 MalluH, OOYHMCIIOBAIBHOI
MaTEeMaTHKH Ta MOJIefoBaHHs B cuctemi Mathcad. Otpumani, B cuctemi Mathcad, mporpamu
Ta aHiMaliss [6] MOXYyTb 3aCTOCOBYBaTHCh Ha NPAKTUYHUX, JEKUIHHUX 3aHATTAX, NPH
PO3paxyHKy, KOHCTPYIOBAaHHI Ta JOCIIPKEHHI KPUBOIIMITHO — MOB3YHHOTO MeXxaHi3my [7, 8].

[lomanpmmii  HampsiMm  poOOTH mependavyae KOMITIOTEPHY —aHIMAIl0 BEKTOPIB
IIBUIKOCTEH, MPUCKOPEHD Ta TUHAMIYHUX HABAHTAKEHB JIAHOK JIOCIIKYBaHOTO MEXaHI3MYy.
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AHHOTANUA

AHUMANUA KPUBOIIHUITHO - TOJI3YHHOT'O MEXAHU3MA B CUCTEME MATHCAD

Oneim npenooasanusi meopuy MexaHusmos U MAawiun, 6 YaCMHOCMU, NOKA3bleAem, 4mo OOHOU U3
OCHOBHBIX NpOONeM NpU peuweHuy 3a0ay MEeXAHUKU, SGIAemCcs HeOOCMAMOUHOe pPA38UMUEe B000PANCEHUS.
cmyoenmos. Ilpoyecc onucamus MexaHuyeckou cucmemvl npeonoaazaem npeoguoeHue HANpasieHull
B03MOCHBIX OBUNCEHULL CUCMEMDbL U, UCX0O05L U3 31020, OalbHellue20 8bl00pa cnocoba ee ONUCAHUAL.

Boobpasicenue 6 npocmom noHumaHuu 3mozo clo8a - npoyecc 8uvi3vbl8aAHUs 00paA308 u3z namamu. B
NPOOYKMUBHOM CMbICIE NOO 8000PAdCEHUEM NOHUMAEMCA NPOYecc nepecmpyKmypupo8anus oopazos namsamu
U3 NPoOULIOZ0 ONLIMA U npexcoe CIOHCUBUIUXCA 00pa308 & Hosble KOHcmpykyuu. To ecmv 60o0bpasicenue
paccmampusaemcs KaKk meopyeckoe U KOHCmpyKmugHoe MblulleHue.

Anumayusi  CIONCHLIX MEXAHUYECKUX CUCEM C NOSMOPSIOWUMUCS OBUICEHUAMU cama no cebe
npeocmagnsem uHmepec ¢ MOYKU 3PEHUs AKMusU3ayuu 6000padiceHus, ee mpeHuHed, Oyoyuu cpeocmeom
paspeulenusi NPOMUBOPEYUs MedHCOY  0ACUOAeMbIM  OBUIICCHUEM U  OBUICEHUEM CUCMEeMbl HA IKpawe.
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Humepaxmugnvle snemenmol, NO360AAI0UWUe USMEHAND NAPAMEMPbl CUCMEMbl U, MeM CAMbIM, XApaxkmep
OBUDIICEHUSL, CTLYIACAM OONOTHUMENTbHBIM KAMAIUZAMOPOM PAOOMbL 8000PAINCEHUSI.

Cywecmeennoe mecmo 6 NpenooasaHuu QYHOAMEHMANbHLIX U MEXHUYECKUX OUCYUNTUH 3aHUMAEm
BU3VANUZAYUSL YUEOHO20 MAMePUald.

Cospemennvie cucmemvl KOMUbIOMEPHO20 0OecnedeHuss OmKpbleaom Oobuiue BO3MOICHOCMU OIS
BU3VAIUZAYUU YHeDOHO20 MAMEPUATA U UHMEHCUDUKAYUU YUeOHO20 NPOYecca HA ayOUmMOPHbIX 3aHMUSIX.

bubruomexu Komnac, Autocad, SolidWorks nozeonsirom umumupogames 08UICEHUsT COCIABHBIX Yacmell
uzdenus 8 npoyecce pearvbHol pabomol.

Ipumenenue romnvromepuvix naxemos: MatLab, Maple, Mathematica, MathCad npueooum K
HeoOX00UMOCUL  OCYUEeCMEIeHUsl NPUHYUNUATOHBIX USMEHEHUIl 8 MemoouKe Hnpo8edeHUss NpaKmMU4ecKux
BAHAMULL U COOEPIHCAHUU TIEKYUOHHO20 MAMEPUAA.

Mamemamuueckas mooenb KPUBOULUNHO-NOB3VHHO20 MEXAHUZMA COCMOUM U3 YPAGHEHUI, ONUCHIBAIOWUX
NON0JICEHUEe TOYEK U 36EHbEE UCCTE0YEMO20 PbIYAICHOZO MEXAHUSMA OM Y2id, ONpeoeisioweco NoN0NCeHue
6X00H020 36€HA, - KPUBOWIUNA.

B 0annoii pabome uznosicenvl nocmpoenue aHUMAYUOHHOU MOOEIU KPUBOUUNHO-NHOG3YHHO20 MEeXAHUIMA
6 naxeme Mathcad 2001 Professional. C mouxu 3peHuss memoOuxu npenooagaHusi meopuiu MexaHusmos u
Mawiun  yenecoobpasHo ucnorvzoéamsv umenno MathCad, nockonvky smom naxem npedycmampugaen
MPAHCHOpMayUIo MamemMamuseckot MOOeU MEXAHU3MA 8 6U3VATLHYIO MOOEb.

Knrwouegvie cnosa: kpugowunto-non3yuubll Mexanusm, anumayus, mathcad.

SUMMARY

ANIMATION OF CRANK-SLIDING MECHANISM IN MATHCAD SYSTEM

The experience of teaching the theory of mechanisms and machines, in particular, shows that one of the
main problems in solving the problems of mechanics is the lack of development of students' imagination. The
process of describing the mechanical system involves predicting the directions of possible movements of the
system and, on this basis, further choosing a method for its description.

Imagination in the simplest sense of the word is the process of drawing images from memory. In a
productive sense, imagination refers to the process of re-structuring memory images from past experience and
pre-formed images into new designs. That is, imagination is seen as creative and constructive thinking.

The animation of complex mechanical systems with repetitive motions in itself represents an interest in
terms of animation of the imagination, its training, as a means of solving the contradiction between the expected
movement and the motion of the system on the screen. Interactive elements that allow changing the parameters
of the system and, thus, the nature of the movement, serve as an additional catalyst for the work of the
imagination.

An essential place in the teaching of fundamental and technical disciplines is visualization of educational
material.

Modern computer software systems provide great opportunities for visualizing educational material and
intensifying the teaching process in classes.

Libraries Compass, Autocad, SolidWorks allow simulating the movements of parts of the product in the
process of real work.

The use of computer packages: MatLab, Maple, Mathematica, MathCad leads to the need for
fundamental changes in the method of conducting practical classes and the content of the lecture material.

The mathematical model of the crank-sliding mechanism consists of equations that describe the position
of the points and parts of the investigated lever mechanism from the angle determining the position of the input
link - the crank.

In this paper, the construction of an animation model of the crank-sliding mechanism in the package
Mathcad 2001 Professional has been presented. From the point of view of the technique of teaching the theory
of mechanisms and machines it is expedient to use MathCad, since this package involves the transformation of
the mathematical model of the mechanism into a visual model.

Keywords: crank-sliding mechanism, animation, mathcad.

Kypnan nayxosux npayo Ne23(18)°2017



