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INPAKTUKA 3ACTOCYBAHHS MATHCAD IIPU BUKJIAJAHHI EJIEKTPOTEXHIYHUX
JUCHUILIITH
Irsatnimug M. 1.

PRACTICE OF USING MATHCAD IN TEACHING ELECTRICAL ENGINEERING
DISCIPLINES
Ihnatyshyn Mykola

Oonum i3 cnocobie  nioGuujenHs Momueayii Moao00i 00 HABUAHHA HA IHICEHEPHO-MEeXHIYHUX
CneyianbHOCMAX € 66e0€HHs 8 OC8IMHI npoyec iHPopmayiinux mexrnonoiu. OCmManHimM Yacom npu SUKJIAOAHHI
oucyunnin «Teopis mexanizmie i mawuny, «Onip mamepianiey, «Eiekmpomexuikay wupoko2o GUKOPUCTHAHHSL
HAOYIU PI3HOMAHIMHI cucmemu Komn tomeproi mamemamuxu, naunowupeniviumu ¢ Maple, MathCAD, Matlab.
Ilepeniueni npoepamu 003601510Mb  HOKPOKOBO PO38'A3y6amu  PI3HOMAHIMHI  3a0a4 3 O0EMOHCIMPAYIcio
NPOMIJNCHUX Pe3YTbMamie 0OYUCIeHb, A MAKOIC MOOe08amu OUHAMIYHI 00'€kmu i npoyecu 3a aHATTMUYHUMU
dopmynamu, wo HeobXiOHe NpuU PO38 A3aHHI IHICEHEePHO-MeXHIYHUX 3a0ay. B mexcmi cmammi nHagooumscs
o6epynmyeanns doyitbHocmi ukopucmanns nakemy MathCad nio uac eusuenni oucyunninu « Enekmpomexuixa
Ma NpoMUCNIO8a eNeKMPOHIKAY CmyOdenmamu mexuiuHo2o 3akiady euwjoi oceimu. Ilposedens Oocniddcenus,
enekmpuuno2o Kona 3 donomozor nakemy MathCad na nexyitinomy ma npakmuunomy zausmmi, a nomim
camocmitina poboma 6 cepedosuwi MathCad npobyoacye y cmydenmie dodamkosuil inmepec 00 OUCYUNIIHU
«Enexmpomexuika ma npoMUCO8a eleKMPOHIKA», OCKITbKU 0036078€ CKOpiule ompumamu pe3yivbmamn,
npeocmasumu tio2o Ha2asoHo 8 6Udi epagixa, NOOUBUMUCS K NOYAMKOG] YMOBU GNIUBAIOMb HA PE3YIbIMAM.

Baoiciueo wob cmyoenmu nosnavomnuca 3 asamu npoyecy asmomamu3ayii iH#CeHepHo20 PO3PAXYHKY i
ananisy.

Knrouosi cnosa: enexkmpomexuixa, nepexioni npoyecu, MathCad

One of the ways to increase the motivation of young people to study in engineering and technical
specialties is the introduction of information technologies into the educational process. Recently, when teaching
the disciplines "Theory of mechanisms and machines", "Resistance of materials", "Electrical engineering",
various systems of computer mathematics have become widely used, the most common are Maple, MathCAD,
Matlab. The listed programs allow step-by-step solving of various problems with the demonstration of
intermediate calculation results, as well as modeling dynamic objects and processes according to analytical
formulas, which is necessary for solving engineering and technical problems. The text of the article provides a
rationale for the feasibility of using the MathCad package during the study of the discipline "Electrical
engineering and industrial electronics™ by students of a technical institution of higher education. Conducting
research, an electric circuit using the MathCad package in a lecture and practical session, and then independent
work in the MathCad environment awakens additional interest in the discipline of "Electrical engineering and
industrial electronics" among students, as it allows you to get the result faster, present it visually in the form of a
graph, see how initial conditions affect the outcome.

It is important for students to familiarize themselves with the basics of the process of automation of engineering
calculation and analysis.

Keywords: electrical engineering, transient processes, MathCad

Mathcad —cucTema KOMI'toTepHOT anredpu 3 Kiacy CUCTEM aBTOMATH30BaHOTO MPOEKTYBAHH,

OpIEHTOBaHa  Ha  MIATOTOBKY IHTEPAKTUBHUX JOKYMEHTIB 3  OOYMCIEHHSMH 1  Bi3yaJlbHUM

CYIIPOBO/KEHHSIM, BIJIPI3HSAETHCS JIETKICTIO BUKOPUCTAHHS 1 3aCTOCYBaHHS I KOJIEKTUBHOI pOOOTH.

Mathcad mae mnpocTuif 1 IHTYITUBHMM JUIi BUKOpPUCTaHHs iHTepdeiic kopucryBaya. Jlis

BBEJICHHA (QOpPMYJI 1 JaHUX MOXHA BHKOPHUCTOBYBATH SIK KJIaBiaTypy, TaK 1 CHeLialbHI IMaHenl
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IHCTpYMEHTIB.
HesBaxaroun Ha Te, IO I mporpama 3Ae0UIBIIONO Opi€HTOBaHAa Ha KOPUCTYBadiB-
Hernporpamicti, Mathcad Takok BHKOPHCTOBYETHCSA B CKIAIHIIINX IPOEKTax, 1100 BidyalizyBaTh

PE3YJIbTATU MATCMATHUYHOTO MOJCIIOBAHHS, HNIJIIXOM BUKOPUCTAHHSA HaHO1IbII IO PEHUX 00YHCIIEeHD

1 TpaAMIIHUX MOB IPOTPaMyBaHHSI.
Mathcad moBosi 3pydyHO BHMKOPHCTOBYBATH JIJIi HaBYaHHS, OOYMCICHb 1 I1H)KEHEPHHUX

po3paxyHKiB. BiakpuTa apXiTekTypa 3acTOCYHKIB Yy TMO€IHAHHI 3 MIATPUMKOIO TEXHOJIOTIH.

NET i XML no3Bonstors Jierko interpyBaru Mathcad mnpakrununo B Oyab-ski IT-ctpykrypm i

IH)KEHEPHI 3aCTOCYBaHHs. € MOXIIUBICTh CTBOPEHHS SJICKTPOHHUX KHHT (E-B00K).

€ nitepatypa [1] npu3HadeHa i CTYACHTIB Ta HIMPOKOrO KOJia CIELialiCTiB, 0 CTUKAIOTHCS
3 HEOOXIJHICTIO BUPILIYyBaTH PI3HI 3ajadi, MI0 OMNHUCaHI CKJIAJHUMU MaTeMaTUYHUMHU (PopMyTIamHu.
Mathcad nae MOKJIHBICTH 3pOOUTH PO3paxyHKH i OQOPMHUTH iX B BHII BUCOKOSIKICHOTO JIOKYMEHTA:
pedepara, KypcoBOro Ta JUILIOMHOTO MpoekTa, cTarti. Jlokyment Mathcad nerko tpanchopmyeTbes B
Word.

Teopiss i mpakTHKa eIEKTPOTEXHIYHUX po3paxyHKiB B cepemoBumii Mathcad i Multisim
HaBezieHa B [2].

Mertoro podotu € posrmsinytd RLC — koHTyp, 3actocoByroun omepatopu Mathcad suaiitu
YHCIIOBUHN PO3B’ 30K MU(EPEHIIaIbHOTO PIBHSIHHSA, 110 OMHICYE NEPEXiTHUH MPOIEC B HHOMY.

[TocninoBHMI KOHTYp CKJIaJa€eThCs 3 JpKepena KuBiIeHHS V, pesuctopa R, KoTymiku
iHaykTHUBHOCTI L Ta koHaeHcaropa C, o xony npotikae ctpym |, puc.1.

Teopis mepexiTHUX MPOIIECIB, MO MPOTIKAIOTH B ENCKTPUYHKUX KOJIax onucaHi B [3, 4].

—

Puc.1. [TocninoBuuit RLC-konuBanbHU KOHTYP.

Buxigni nani:

E:=1 B - mocriiina Hanpyra, R:=1( OM - aKTUBHUI omip koja, C:=1- 10 2 @ - emuicTs
KOHJIeHCaTopa, L :=10( ['H - IHAyKTUBHICTh KOTYIIKH.

Po3paxyHok.

[Tporpama Mathcad mis orpumanHs po3B’s3Ky AudepeHuianbHoro piBHsSHHA (1), mo omucye
NepexiTHUI MpoIec y KO, SKe CKIAAEThCs 3 MOCIIIOBHO 3’ € JHAHUX aKTUBHOTO PE3UCTOPA, KOTYIIKA
1HyKTUBHOCTI Ta KOHJEHCaTOpa
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qo = E Kn- 3apsii KOHJIEHCaTopa,
C

2
o = L — R— - PE€30HAHCHA 4YacTOTa KOHTYpa, o = atan i — - [104YaTKOBa (1)8,38,,
L-C 2
4.L C-R
do .
AO = ——— - [I0YATKOBA aMILIITy/lda KOJIMBAHb.
2
‘R
.. C
4L
Giver
d? d q(t)
L-—0a(t) +R-=q(t) + —==¢ (1)
dt dt C

q0=C, g'(0)= E . nouarkosi snauenns 3apsily KOHAECHCATOpa Ta CTPyMy.
R

g := Odesolve(t,150) -YMCIOBHI pPO3B’s30K mudepeHmianpHoro piBHAHHSA (1) oTpumanmii 3a
JOIIOMOTOF0 BiamoBigHoro oneparopa Mathcad.

I(t) := g—q(t) - CTpyM y Ko, UR(t) :=R - g—q(t) - Hampyra Ha PEe3UCTOpi, Uc(t) := %
t t

- Harpyra

Ha KOHJCHcATOpi, U (t) :=L- d—zzq(t) - Harpyra Ha KOTYIIITi.
dt
Ha puc.2 300paxeHO 3aJIeKHICTh 3apsy KOHAEcaTopa BiJ 4acy, 3TiHO IMOYAaTKOBHX YMOB
3apsi KOHJIeHcaTopa IopiBHIOE HyIto mpu t = 0.
0.1+
0.03
q(t)

-0.05

-0.1

Puc.2. I'padik 3anexxHOCTI 3apsly KOHIEHCATOpa, 10 OCl X — CiB
4ac B CEKYHJax, MO OcCi Y- KiB 3apsia B Kynonax ((t).
Ha puc.3 300pakeH0 3aJIeKHICTh CTPyMY B KOJI BiJ 4acy, 3riJHO MOYAaTKOBUX YMOB CTPyM

MakcuManbHui 1 nopiBHIoe 0,1 A mpu t = 0.
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0.19

I(t)

_Dll_r

Puc.3. I'padik 3anexHOCTI CTpyMy B KOJIi, IO OCl X — CIB 4ac B

CEeKyHJIaX, 1o oci Y- KiB cTpym B ammepax I(t).
Ha puc.4 300paxkeHo 3anexHicTh Hanpyr Ha pesuctopi Ugr(t), konmecatopi Uc(t) Ta koTyri
UL(t) Bixg yacy, 3rigHO MOYaTKOBHUX YMOB Ha pe3ucTopi MakcumanbHa Hanpyra Ug(0) = 0,997 B a Ha

KOHJICHCATOPI 1 KOTYIIII AOpiBHIOE HYt0 Tipu t = 0.

Puc.4. I'padik 3a51eKHOCTI HAIIPYTH Ha €IEMEHTax KoJia, 1Mo 0Ci X
— ciB Yac B CEKyH/Iax, M0 OCi Y- KiB Hanpyra y BojbTrax Ur(t) —
Hanpyra Ha pesuctopi, Uc(t) - nanpyra na kongencaropi, Uy (t)
- Hampyra Ha KOTYUIII.

Otpumana B nakeri Mathcad nporpama, 1o onucye nepexianuit nponec B RLC — kontypi, aae
MOJKJIMBICTh BUKJIQ/lauy MOSICHUTH, a CTYJIEHTY Kpalle 3pO3yMiTH SIK MapaMeTpy KoJjia BIUIMBAIOTh Ha
3MIHY 3 4acoM €JEKTPUYHUX BEJIWYMH, CTPyMiB, Hanpyr B koji. [loganpmuii po3BuTOK mnependayae
OTpUMATH PO3B’SI30K 3aJaul JJs KOTYIIKH 3 (PEpOMArHiTHUM CEpACYHUKOM, KOJM Ha 1HAYKTUBHICThH

BIUIMBAE TiCTEpe3nuc pepoMarHeTuka.
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VJIK 539.43:620.17(045)

PECYPCO3BEPEXEHHS ITPU PO3PAXYHKY KIHETUUHUX AKYMYJISITOPIB
EHEPI'Ti

Irmatnmma M. 1., Muxaiinumun M.C., Typsuuus 1. L.

RESOURCE SAVING WHEN CALCULATING KINETIC ENERGY ACCUMULATORS
Ihnatyshyn Mykola, Mykhailyshyn Mykhailo, Turianytsia lvan

Poszenanymo pospaxynox onmumanvHoi Gopmu nepepizy KiHEMUUHO20 AKyMYIAMOpd eHepeii, wo
00360JI5110Mb OXONUMU HAUOINbUL WUPOKE KOIO CHOMNCUBAYIE ABMOHOMHUX eleKmpocmanyit. Bxazyemocsa Ha
aKmMyanbHicmy NUMAHb, HO08 A3AHUX 3 AKYMYJO8AHHAM Ma 30epicaHHAM eHepeii 8 eKonociuHoMy acnekmi. Ak
00UH 3 6APIAHMIE, NEPCNEKMUBHUMU PO32TSLOAIOMbCSL AKYMYAAMOPU KIHeMUUHOI eHepaii (MaxoeuKu,).

KurouoBi ciioBa: akymynamop xinemuunoi enepeii, Maxoeux.

Questions related to the accumulation of energy, storage and increase in its density are quite relevant
from the point of view of ecology, since the accumulated energy is necessary in almost any machine and system
where energy consumption and transformation takes place. Accumulated energy is much cheaper, and its use is
environmentally safe. The calculation of the optimal shape of the cross-section of the kinetic energy
accumulator, which allows covering the widest range of consumers of autonomous power plants, is considered.
The relevance of issues related to the accumulation and storage of energy in the ecological aspect is indicated.
As one of the options, kinetic energy accumulators (flywheels) are considered promising.

Keywords: kinetic energy accumulator, flywheel.

[lepcneKTUBHICTh BUKOPUCTAHHS aKyMYJIITOPIB KIHETHUHOI eHeprii (MaXOBHKiB) B €KOJIOTTYHOMY
acniekTi posrmsinanack B [1-3]. B mux poGorax Oyno mokKa3aHO, IO BHUKOPUCTAHHS HOBHUX
KOHCTPYKUIHHUX MaTepialiB (BOJOKHUCTHX KOMIIO3UTIB) B KOHCTPYKIISIX POTOPIB MaxOBHUKIB CYTTEBO
HiABUIIUTH X MUTOMI €HEPreTHYH1 XapaKTEPUCTHKH, a 1ie, B CBOIO Yepry, 3pO0OHUTh X BUKOPUCTAHHSA 3
METOIO aKyMYJIFOBaHHS Ta 30epiraHHs eHeprii NepcreKTUBHUM.

MaxoBUYHHMI HAKOMHWYYyBa4Y €HEprii —MeXaHIYHOI eHeprii, B SKOMY €Hepris HaKOMUYyeTbCs 1
30epira€ThCsl y BHUIUISAI MaxoBHKa, M0 00epTaeThcs, ab0 MWOro MEepPCHEeKTMBHOTO BUKOHAHHSI —
CyNepMaxoBHUKa, a BUAUTIETHCS y BUIIIAAI MEXaHI4HOI eHeprii ooepTanHs. TakuM 4MHOM, 30epiraeTbes

BUJI eHeprii 0e3 ii mepeTBOpeHHs, 110 € HEBII'€MHOIO0 BUMOT'OIO 10 HAKOITMYYBayiB €HEeprii.
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