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Jhomenxo B.€., Apecoko M.B. «/Ilunamixka enekmpomooinsn 3 npueooom 6io e1eKmpoosuzyna noCmiiiHozo
cmpymy»

Busnauenns macoeo-uBuoKichux enacmugocmeti el1ekmpomMoOisia AGNACMbCA 8ANCIUSUM eNeMEHMOM npu
NPOEKMYBAHHI HOBUX KOHCMPYKYIU, 8 MOMY YUCILI NPU 8UOOPI HOBUX MUNIE e1eKMPOMODINIB, Wo 8i0N08I0a0Mb PI3HUM
ymoeam excniyamayii. /[ns eupiutents 0anol 3a0ayi HAUOLIbUL NPULIHAMHUM € MemOoO Meopii eleKmpoMoOiis — HaAyKu
npo  eKCHAyamayitini - 81acmueocmi  AKi  XApaxmepusyiomv — CHPOMONCHICMb — eeKMUEHO20  BUKOPUCAHHSA
eNeKMPOMOOIIS 8 NEGHUX YMOBAX I 0038015€ OYIHUMU BIONOBIOHICb 11020 KOHCMPYKYIL yum ymosam. Bukopucmanns
meopii enekmpomodina Ha Npakmuyi 0ae MONCIUGICMb NIOSUWUMU NPOOYKMUGHICIb eNeKMPOMODiis I 3HAUHO
SHUBUMU 11020 eKcnayamayiuni sampamu. [ ybo2o HeobXiOHO 30inbuumuy cepeorio WeUOKiCmb pyxy i 3SMeHuumu
eKCHIyamayitini enepeemuuni 3ampamu.

Ta2060 — WBUOKICHI 61ACMUBOCMI BU3HAYAIOMb OUHAMIYHICIb eleKMmpOMOOiia — CHPOMOJICHICMb
nepeso3umu nAcaicupie abo 6aHMANCI6 3 MAKCUMATbHO MOMICIUG0I0 weuokicmio. Hum euwja OuHamiumicme
e1eKmpoMoObins, mum 6inbuia 1020 NPOOYKMUBHICb.

Baoicnueum enemenmom maxoosic A61A10MbCs MEMOOU AHANIZY MAKUX XAPAKMEPUCTIUK eLeKMPOMODINL AK
CUn0BUIL I ROMYHCHOCMHUL OANAHC, OUHAMIYHA | NATUBHO-EKOHOMIYHA XAPAKMEPUCTNUKA.

B pobomi suxonano docnioscenns OuHamMiKu eieKmpomooiis 3 npusoooMm 8i0 eneKmpoOsUcyHa NOCMIHO20
cmpymy. Pospobnena memoouxa po3paxynky OUHAMIYHUX HABAHMAMICEHb ) €NeKMPOMAWUHHIN WA MeXauiuHill
cucmemax enexkmpomodina. Memoouka 8paxogye enekmpomazHimui aeuwa y 06USYHI Ma KOAUBANbHI npoyecu 8
mexaniuniti cucmemi. Ha ocnosi pospobnenoi mamemamuunoi mooeni i 3 SUKOPUCAHHAM MAMeMAmuyHO20
npoepamuozo 3acmocynky MathCAD ompumani po3paxynku msz208020 0anamcy eiekmpomooOins, a makodc —
nepexioHux npoyecis y ereKmpoMAWUHHII Ma MeXaniyHitl cucmemax, nooyoosami epagixu, sKi HaeeOeHi 6 OaHill
HayKogiti pobomi.

30iticnenHs npu6ody enekmpomoobina nepeddbaiacmscs 3a OONOMO2010 00HO20 e1eKMPOO8USYHA NOCMITIHO20
cmpymy.

Ipu po3pobnenni mamemamuunoi mooeni 6y10 po3paxo8ano ma208ull O6AIAHC MA OOCIIOHCEHO OUHAMIKY
RYCKY Npu6ooa enekmpomo0iis 3a 00NOM02010 MameMamuiyno2o npoepamnozo 3abesnevenns MathCAD i ompumano
CUU, MOMEHMU, nepemMiljeHHs, WBUOKOCMI Ma NPUCKOPEHHS NPYICHUX JIGHOK eNeKMPOMEXAHIYHOI OuHAMIYHOT
cucmemu.

B oOanuii uac, npu npoexmyeanni enexmpomoo6inie  ounamiumi axmopu, wo SuHUKAIOMb Npu ix
excniyamayii He epaxosytomuca. Tomy Haliuuicmb enleKmpoMoOinie ModcHA RIOSUWUMU, SAKWO HA cmaoii ix
NPOeKmMy6aHHs 6PAX0BYEAMU XGUNbOBULL XAPAKMED HAGAHMAICEHD.

Junamixa enekmpomoObing Hamu po32aaoanaca y 63aeMooii MeXaniyHux i enekmpomMazHimuux npoyecie i 8
pe3ynbmami 6yna OMpUMAHa MAMEMAMuyHa Mooenb OUHAMIYHUX Npoyecie npu pobomi, KOmpa 6eKnouand
oughepeHyianvHi pieHAHHA PYXy Mac, a makoic ougepenyiaivie PIGHAHHS eNeKMPOMAZHIMHUX ABUW 6 O8USYHI
npugooy.

AHanizylouu ompumany iHpopmMayio MONCHA aKYeHMysamu, wo OUHAMIYL eleKmpoMoOiis 3 NPUEOOOM IO
eeKMpPoO08USYHA NOCMINIHO20 CMPYMY MAN0 NPUOiIeHO yeazu i wupoka ingopmayis NpaKmuyHo GiOCYmHS.
Tomysensiemocsi aKmyanbHumM CMEOPeHHs NPOOYKMUBHUX 3PA3KI6 eneKmpoMoOinie, Memooux ix po3paxyHkie i
NpoBeOdeHHs HAYKOBUX 00CTI0NCEHb OUHAMIKU PODOYUX NPOYECis YUX MAWUH HA WO i Hanpasiena 0ana poboma.

Mema pobomu nonsicae 6 ananizi i po3apaxyHKy msz08020 OANAHCY €NeKMPOMOOIISL 3 eNeKMPOOSUSYHOM
NOCMIIHO20 CMPYMY, OOCAIONCEHHIO OUHAMIKY NPU NEPEXIOHUX NPOYecax.

Knrouosi cnosa: mamemamuuna molenv, OUHAMIKA, KOJAUBAHHA,  €LeKMPOMOOInb, Npusio, MexXaHIiuHa,
eNIeKMPOMAWUHHA CUCEMY, OUHAMIYHI HABAHMAIICEHHS, eNeKMPOMEXanHiuti npoyecu.

V.Ye. Liutenko, M.V. Yaresko ""Dynamics of the electric vehicle with the drive from the dc motor**

Determining the traction and speed properties of an electric car is an important element in the design of new
structures, including the choice of new types of electric vehicles that meet different operating conditions. To solve this
problem, the most acceptable method is the theory of the electric car — the science of operational properties that
characterize the ability to use effectively electric car in certain conditions and allows you to assess the compliance of
its design with these conditions. The use of the theory of the electric car in practice makes it possible to increase the
productivity of the electric car and significantly reduce its operating costs. To do this, increase the average speed and
reduce operating energy costs.

Traction — speed properties determine the dynamism of the electric car — the ability to transport passengers
or goods at the maximum possible speed. The higher the dynamics of the electric car, the greater its productivity.
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An important element is also the methods of analysis of such characteristics of the electric car as power and
power balance, dynamic and fuel-economic characteristics.

The study of the dynamics of an electric car driven by a DC motor is performed. A method for calculating
dynamic loads in electric and mechanical systems of electric vehicles has been developed. The technique takes into
account electromagnetic phenomena in the engine and oscillating processes in the mechanical system. On
Based on the developed mathematical model and using the mathematical software application MathCAD, calculations
of the traction balance of the electric car, as well as transients in electrical and mechanical systems, graphs are
constructed, which are given in this scientific work.

The drive of the electric car is provided by means of one electric motor of a direct current.

During the development of the mathematical model, the traction balance was calculated and the dynamics
of starting the electric vehicle drive was investigated using the mathematical software MathCAD and the forces,
moments, displacements, velocities and accelerations of the elastic parts of the electromechanical dynamic system
were obtained.

Currently, when designing electric vehicles, the dynamic factors that occur during their operation are not
taken into account. Therefore, the reliability of electric vehicles can be increased if at the design stage to take into
account the wave nature of the loads. We considered the dynamics of an electric car in the interaction of mechanical
and electromagnetic processes and as a result obtained a mathematical model of dynamic processes at work, which
included differential equations of mass motion, as well as the differential equation of electromagnetic phenomena in
the drive motor.

Analyzing the received information it is possible to emphasize that dynamics of the electric car driven by the
electric motor of a direct current is paid little attention and the wide information is practically absent. Therefore, it
is important to create productive samples of electric vehicles, methods of their calculations and research of the
dynamics of the working processes of these machines, which is the purpose of this work.

The purpose of the work is to analyze and calculate the traction balance of an electric vehicle with a DC
motor, the study of the dynamics of the transient process.

Keywords: mathematical model, dynamics, oscillations, electric car, drive, mechanical, electromechanical systems,
dynamic loads, electromechanical processes.

Beryn

Po6ota MexaHi3MiB MalllMH, B TOMY YHCIII €JIEKTPOMOOLIIB, ITiJ1 Yac MEPEXiTHUX TPOIIECIiB
CYIPOBOUKYETbCS AMHAMIYHMMHU HaBaHTAXEHHSAMHU [l — 4], BUHUKHEHHS SIKUX OOYMOBIICHO
IOPYKHICTIO JIAHOK i TXHBOIO 3/1aTHICTIO /10 30Y/PKEHHS B HUX KOJMBAJIbHUX MPOIIECIB 32 MEBHUX
yMOB. 3MiHHA CKJIaJI0Ba CHJI a00 MOMEHTIB NpU MPY)KHUX KOJMBAHHIX MOXXE OyTH HACTUIBKA
BEJIMKOIO, 1[0 CyMapHi MUTTEBI 3HAUEHHS 1X MEPEBUILYIOTh CTATHYHI Ta IHEPIIHI HABAHTAXKEHHS.
e MoKe IpUBECTH 10 IEpPEBAHTAKEHHS MEXaHI3MiB 1 IX BUXOy 3 JIaZy. YHUKHYTH ITUX KOJIHBAHb
HEMO>KJIMBO, IPOTE MOXKHA 1X CYTTEBO 3MEHILUTH HA CTail IPOEKTYBaHHS €JIEKTPOMOOLIIS.

Otxe, BpaxyBaHHs JMHAMIYHAX HABAHTA)KEHb HA JIAHKA MEXaHI3MIB €JIEKTPOMOOiIs Ta
JOCTIPKeHHsT WOTO TAroBOro OalaHCy € aKTyaJIbHUM 3aBJaHHAM 1 Ha TOMEPEAHbOMY eTari
MPOEKTYBAaHHS HOTO IOIUIFHO PO3B’S3YBATH HUITXOM MaTEMaTHYHOTO MOJICITIOBAHHS.

BpaxoByrouu Buie ckazane Oyna oOpaHa Tema poOOTH, sika HalpaBjeHa Ha BUPIIICHHS
BHUKJIQJICHOI BHWINE MPOOJEMH, a caMe JOCHIIKEHHS TATOBOro OajaHCy Ta JAMHAMIYHUX
HaBaHTAXXEHb Y MEXaHi3Mi IPUBOAY €IEKTPOMOOLIS 3 €JIEKTPOABUTYHOM HOCTIIHOTO CTpyMy NpHU
PI3HUX pexuMax poOOTH.

AHAJI3 0CTAHHIX JOCTIIKEeHDb

Hamu yxe HaromomryBajioch Ha Te, MO 0Oarato yBaru NPHAUISETHCS, B HaIl dac,
CTBOPEHHIO CYYaCHHUX €JIEKTPOMOOLNIB.. 3HaUYHA YyBara TakoX MPUIUIAETHCS KOHCTPYIOBAHHIO
€JIEKTPOMOOLIIIB 13 TPUBOJOM BiJ €JIEKTPOJABUTYHIB BEHTWJIBHUX, 3MIHHOTO Ta IOCTIHHOTO
cTpyMmy. s yAOCKOHATIEHHS €1eKTPOMOOLTIB HEOOXITHO MOCTIMHO TX TOCTIIKYBAaTH 1 HAXOJAUTH
NUBSIXH HaWOLIBI pallioHaTFHUX CTIOCO01IB eKCTUTyaTaIlli.

EnexkTpoMoO0iib € MpOrpecuBHUM HampsiMOM aBTOMOO11e0y/IyBaHHS, 1110 OTPUMY€E 3HAUHE
pOo3nOBCIOKEHHS. LM 1 MOSCHIOETHCS HAsIBHICTD, Y 1I€M Yac, BEJIMKOI KUIBKOCTI PI3HUX THUIIIB
eJIeKTpOMOOLTIB 1 iX mpuBOAiIB. BiACYTHICTP K YTOYHEHOI METOIUKHU PO3paxyHKY
€JICKTPOMOOLITIB, B TOMY YHCII 1 IX MPUBO/IIB, YCKIIAHIOE IXHE TPOSKTYBAHHS 1 €KCILTyaTallifo.
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JlocmiIPKeHHIO Ta aHalTi3y €JIEKTPO Ta TIOpUIHUX aBTOMOO1TIB, B TOMY YHCJI 1 iX MPUBOJIB,
BU3HAYEHHIO YaCTOT KOJMBaHb, MPUCBAYCHI Mpani HaykoBIiB baxmyToBa C.B., Kapynina A.JL.,
Kpyramosa A.B., Kanycrina A.A., PakoBa B.A.,Ymsmkina B.A, ®@inskina H.M., My3adaposa
P.C., baxxunosa O.B., Cmupnosa O.I1., CepikoBa C.A., 'natoa A.B., KonecunikoBa A.B. Ta in. Y
IIUX poOOTax €IEKTPO Ta TOPHUIHI ABTOMOO1TI ONMUCYBATUCS PI3HUMHU PO3PAXYHKOBUMH CXEMaMH
11X TMHAMIYHI CHCTEMHU PO3TISAAIUCEH SK OJTHO — Ta IBOMACOBI KOJMBAIbHI CUCTEMH, SIKi JIaBAIIN
MOJTMBICTh BU3HAYATH YaCTOTH KOJIMBaHb [1 — 6]. BH3Ha4YeHHIO 4aCTOT KOJUBAHb MEXaHIYHUX
CHUCTEM TaKOXX MPUCBSYCHI Tpati 3apyoixkHux BueHux Kommama JI. [7] 1 Tormna A. [8], SAroxima
H.P. [9], Kamnana 1. [10].

®opMy.IIOBAHHS METH A0CJTi/IZKeHb

Meta poGOTH monisrae B aHali3l 1 pO3paxyHKY TATOBOro OanaHCy eJNeKTpoMOOiis 3
€JICKTPOJIBUTYHOM ITOCTIHHOTO CTPYMY, AOCIIDKEHHIO TUHAMIKH TIPH MEPEXiTHUX MpoIiecax.

Pe3yabTaT mocaigxeHHs

Jlns BU3HAYCHHS OCHOBHUX MapaMeTpiB eIEKTPOMOOIIS MpHiiMaeMo: Ha HECYIIHIA Ky30B
aBToM0oOLIst 3A3—1102 migOupaemo i BCTaHOBIIIOEMO HEOOXi1HE 00IaTHAHHS JJIS €IIEKTPOMOOLIS.
[puBix enekTpoMoOiis 3AIMCHIOEMO €IeKTPOIBUTYHOM MOCTIHHOTO CTPYMY 4Yepe3 J0AaTKOBO
BCTaHOBJICHUH 3a1HiK MicT MockBuya — 2140.

I3 piBHSHHS OUHAMIKH PYXYy €JIEKTpOMOOLNs, sKe 3B’SA3y€ BCl CWIM, IIO MAIIOTh Ha
€JIEKTPOMOOLITB T 4ac HOTo PyXy OTPUMYEMO PIBHSHHS CHIJIOBOTO OanaHCy:

m Y _F _F

agp Pk

L 1)

dv

ae M, E — cuJIa 1HepIii;
V— MakcumanbHa HMBUAKICTh enekTpoMobisid. [Ipuiimaemo 90 km/t;
F, — cuna Taru Ha Beay4nx Konecax;
F 17— CUJIa IOPOIKHBOTO OTIOPY;
F,, — cuna onopy mositpsi.

Cua onopy moporn F 7 PiBHa cymi cunu onopy nifiiomy F; i cuni onopy kouennto Ff :
TOOTO:

F,=F;+F,;
F., =G,sin #=11025-sin 0,59 = 6505 H; @)
F, =G,cos g f =11025-c0s0,81=214H,

ne G, — nosua Bara enexkrpomobina, G, =m, g =1125-9,8=11025H ;

(0] o s v .
L =36" — MakcuManbHuii migiom, mo 101a€ eaeKTPOMOOLIb;
f — koediuient onopy kouennro. Hamu BusHauenuii i pisnuii 0,024.
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Cuna onopy MoBITpsI BU3HAYAETHCS 32 (POPMYIIOIO

I:”:ECX./O.V?:E.(),3.1,293.902:1571H, (3)

C, — koeoimient aepoannamianoro omopy. Ipuitmaemo mo [4] piBanm 0,3;

H -c?

4
M

B cBoro qepry, Cujia TATru CJICKTPUIHOI'O aBTOMOOLJII BUBHAYAETHCS HAaCTYITHUM YHMHOM
— M T
Fr=—, (4)
rb

0 — WwinbHicTs n0BiTPst. [puiimaemo no [4] pisaum 1,293

ne M, — Tarosuii MOMEHT;
I', — IMHAMIYHKH pajiyc Komeca.

I3 mxepen [1,6] TATOBHIT MOMEHT €NEKTPOABUIYHA TIOCTIHHOTO CTPYMY 3 TOCIIIOBHUM
30yIKeHHSIM Oy/ie BU3HAYATHCS HACTYITHO TU(PEPEHIIIAIBHOO 3aJI€KHICTIO!

M, (1) = Au+AM (1) + AUV (1), (5)

ne Ao, A1, A2 — TIOCTIiHI €IEKTPOABUTYHA. 3HAYCHHS TOCTIMHMUX BU3HAYAIOTHCSI BUPA3aMU:

A = A= = (6)

a)OSk a)OSk
ne M, — KpUTUYHUN MOMEHT JBUTYHA;
Sk — KpUTHYHE KOB3aHHS POTOPA;
(V) — CHHXPOHHA KyTOBa MIBUJIKICTh JIBUI'YHA;
t —yac.
BpaxoByroun Bupasu (1 — 6) ogep>kuMo piBHSHHS PyXy €JIEKTPHYHOTO aBTOMOO1IIS:
iy M: () 1 2
My ()=""-G, f-2C,p VY @
0

Otpumanuii Bupa3 (7) midcHUN 11 JUHAMIKM PYyXYy €JEKTPUYHOTO aBTOMOOIS IO
ropu3oHTANBHINA fopo3i. [Ipu pyci enekTpomoOins Ha ciyck (puc.l a) piBHSHHS Oyme MaTu
HACTYITHUN BUTJISI:

maV‘(t):M+Gasin,B—Gacosﬂ-f—%Cx-p-vz. (8)

0

[Tpu pyci enexTpomoOiss Ha migioM (puc. 1 b) piBHSHHS Oyje MaTH HACTYITHUA BUTJIS:

M;(t)

mV (t) = —G,sin B-G,cos - f——C p-V?Z (9)

0

HeoOxinHO 3ayBakuTH, 110 BHUBEJEHI BUIIE PIBHSIHHS TWHAMIKHA PyXy MOXHa BIJIHECTH
TaKOX 1 10 Tposeidyca Tak siK y HUX, JJI IPUBOA, TEK BUKOPUCTOBYIOTHCS €JICKTPHUHI JIBUTYHU
MOCTIHHOTO CTPYMY 3 TIOCJIIIOBHUM 30YyPKEHHSIM.
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a)

Puc. 1. Po3kinax cuam Barm FG =Ga eJeKTpoMOoOiIs mix 4yac pyxy Ha cmyck — (puc. 1 a)

Ta Ha migiom — (puc. 1 b)

Otpumani faHi Ui HOJAJIBIIMX PO3PAaXyHKiB 3aHOCUMO B Tabimui 1 Ta 2.

Taommums 1
ITapameTpu eneKkTpoMo0diis
T B Y N B s B 7
P P P 3Ha4YCHHA P P P 3HAa4YCHHA
BaHHA BaHHS
Ma KI 1125 u — 35
Fs =G, H 11025 r, " 03
I:GT H 6505 Ff H 214
F” H 1571 Vmax M/C 25
Tabaung 2

3HaYyeHHS MOCTiliHUX eJIEKTPOIBUIYHA

KyroBa [ocTiiiHi €TeKTPOIBUTYHA
Pexum IIBUIKOCTD
Tun enextpo- poboTH portopa
JIBUTYHA €JIEKTPO- €JIEKTPO- Ao A1 A2
JIBUTYHA JBUTYHA,
pazn/c

Siemens IP V5135-

4WS14 poboua

N =30 kBt XapakKTe- 314,16 38951 — 0,30726 |—498,3185
n = 3000 06/xB prcti

Hnsa 3pyunocti pimeHHs Ha EOM cucremn piBHsSHb (7 — 9) 3 BHKOPUCTaHHSIM
3acTocynky MathCAD npuBogumo ii 10 Takoro BUrIsmy 3 mojambmoro 3aminoro S = Z(t);

V =

V(t); vi= d(t);

V — mBuakicts enexrpomobins; V' = d(t) — npuckopenns enxexrpomobins:

z(t) =V (1);

V(1) =

uM() u

—(
rm  m

a

17

FGT + Ff + FH)’

M; =M(), ae S - mumix mnpoiiaeHuit enekTpoMobizeM,
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_Au_ AU MO,
M (t t)+
(t)= A z(t) +

uM(t) u
—— (ks + F +F,).
rama ( GT f ]7)

[Ticns miicTaHOBKYM TaHKUX B3SATHX 13 Tabmmip 1 12 Oymemo Matu:
z(t) =V (1);
V(t) =0.01036M (t) — 25.8;
M (t) =126769 — 198842 (t) — 3.26m(t) (11)

d(t) = 0.01036M (t) — 25.8.
[ToyaTkOBI yMOBH MaEMO HACTYITHI:
t(0) =0; z(0)=0; V=(0); d(0)=0; M(0)=0.
Po3B’s3anHs cuctemu piBHAHBL (11) poOUMO Ay MEXaHI3MIB €JIEKTPOMOOLNIS, M0

MaroTh MapaMeTpH, HaBeIeHI B TaOmuIax 1 1 2.

VY pe3ynabTaTi po3B’S3aHHS OJIEPKYEMO 3HAYEHHS MOMEHTY eJIEKTPOJIBHUIYHA,
NEepeMilleHHs, @ TAKOX IMIBUIKOCTI Ta MPUCKOPEHHS eJIeKTpoMoOis (puc. 2 — 4).

(10)

d(t) =

20 8x10°
14 Hrr
6x10°
15
4x10°
Z(t) 10 M (1)
- e I
2x10°
5
0
t.c
0 _2x10°
0 1 2 3

t

Puc. 2. Tlepemimennss macu Z(t) = S Ta 3MiHAa MOMEHTY eJIEKTPOJABHTYHA MeXaHi3My NPHUBOIY
ejekTpoMooinsa M(t) = My
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20 10

15 -7

Z(H) 10 Paad V(1)
- u ... —
[ 4
.’ 4
.'
,
Y
5 .
.‘ 2 t,c
. ®
o ?®
.7
.‘
]

o
wo

0 1 2

Puc. 3. llepemimennst macu Z(t) =S Ta mwsnakberi V(t) =V ejexkTpomMobins

[ToOynoBaHMii 32 BAKOHAHHMH PO3paxyHKaMu rpadik 3MiHH MOMEHTY €JICKTPOIBUT'YHA
y ¢yHkuii yacy (puc. 2) mokasye, 0 po3riH IPUBOJA €IEKTPOMOOina TpuBae Onmu3bko 1,8 ¢
BiJl MOMEHTY HOT'0 BKIIIOYCHHS. MaKCUMalIbHOTO 3HAYEHHSI MOMEHT jaocsirae npu t = 0,2 c.

60 20
m/s?

D(1)

10 Z(t)

t,c

0
3

t
Puc. 4. llepemimenns macu Z(t) =S ta npuckopenns V' (t) = D(t) exekTpomobins

BukopuctaHHs 4MCIOBUX METOJIB iHTErpyBaHHs Au(EpeHLiaJbHUX PIBHSAHB PyXY 1
€JIEKTPOMAarHiTHOTO CTaHy J1a€ MOXKIIMBICTh BUKOPHCTOBYBATH 3alIPOMTOHOBAHY METOIUKY ISt
pO3paxyHKy IWHAMIYHMX HABAaHTAXKCHb Yy CEIICKTPOMAIIMHHIA Ta MEXaHIYHIA cHCcTeMax
€JIeKTPOMOOLIIB Ti TX T1OpHU/IIB.

BucHoBku
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Bukonanuit anani3 Ta po3paxyHOK TSATOBOTO OajlaHCy €JIEKTPOMOOLIS 3 €IeKTPOABUTYHOM
HOCTIHOTO CTPYMY, TOCIIPKEHO JUHAMIKY IPH MEPEXiAHUX MpOoIecax.

Ilpn BUKOpPUCTAaHHI CTBOPEHOI MAaTeMaTMYHOI MOJEN MOKJIMBICTH IPOBOIAMTU aHaJI3
MepexigHUX TPOIECIB EICKTPOMOOUTS 3 YypaXyBaHHSIM HEPO3PHUBHOI B3a€EMOJIII €JIECKTPUUHOL
MAaIllMHU 1 MEXaHIYHOT YaCTUHU MTPUBOJY.

OtpumaHi  pe3yabTaTd JOCTIDKCHHS MEXaHi3My TIpUBOJA  €JIEKTPOMOOLTS, 3
3aCTOCYBaHHSM MaTeMaTU4YHOro mporpamHoro cepenosumia MathCAD, wMoxyte Oytu
BUKOPHUCTaHI NPU MPOEKTYBaHHI, PO3PAaXyHKY TAroBOro OajaHCy Ta BU3HAYCHHI JWHAMIYHUX
HaBaHTa)XCHb B JIAHKAX €JIEKTPOMOO1IIB.
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