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Hayxosuii kepienux — O.E. Kopnitiyyx
JOCJIIKEHHS TMHAMIKHA CUJIU CTPYMY B RLC-JJAHIIOT'Y

VYci 3MiHH, SKi BiIOYBalOTBCS B €JICKTPHYHOMY JIAHIIO3i: BKIIOYCHHS, BUMKHEHHS, KOPOTKE 3aMHKaHHS,
KOJINBAaHHS BEIMYMH OyIb-SKOTO TMapaMeTpa TOIIO — TATHYTH 3a COOO0 MepeximHi MpoIecH, MO0 HE MOXYTh
BiOYyBaTHCh MHUTTEBO, OCKUIBKM HEMOXIIMBAa MHUTTEBA 3MiHA CHEprii, fKa € y 3amaci eJIeKTPOMAarHiTHOTO IIOJIS
JaHmora. TakuM YHMHOM, TMEpexigHuil mporiec oOyMOBJICHHN HEBINMOBIMHICTIO BEIMYMHH 3allaceHOi CeHeprii B
MAarHiTHOMY I10JIi KOTYIIKH Ta eJISKTPUYHOMY IOJIi KOHJIeHcaTopa i1 3HA4YeHHIO U1 HOBOT'O CTaHy JIAHLIOTa.

Y pa3i mepexiiHUX IpPONECiB MOXYTb BHHHMKATH BEJIHMKI IEpEHAINpyrd, HAJCTPYMH, EJIEKTPOMArHiTHI
KOJIMBAaHHS, SIKI MOXKYTb IICYBaTH POOOTY MPUCTPOIO aX 10 BUXOY HOTo 3 Jany. 3 iHIOro 60Ky, nepexiHi Ipouecu
3HaXOJsITh KOPUCHE NPaKTHYHE 3aCTOCYBaHHs, HAIPHMKJAJ, y PI3HOr0 pOJy ENeKTPOHHHMX IeHepaTopax. Bce e
00yMOBJIIO€ HEOOXIAHICTh BUBUCHHS METO/IB aHaJIi3y HECTALIOHAPHUX PEKHUMIB POOOTH JIAHIIIOTA.

OCHOBHUM METOJIOM aHaJi3y MEPEXiTHUX MPOIICCIB Y JIHIHHUX JIAHIFOTAX € KIACUYHUIN METO/I, AKUH MOJIsITae
y Ge3nocepeIHbOMY IHTErpyBaHHI Au(epeHIliaTbHUX PIBHSIHB, 1[0 OMKUCYIOTh SICKTPOMArHITHUN CTaH JIAHITFOTa.

Posrnssaemo RLC-naHIfor, Mo € BayKIUBOIO CKIIAIOBOIO OB CKIaTHUX EICKTPHYHIX JIAHITIOTIB Ta MEPEeXK.
Takuii naHufor, K MOKa3aHO Ha pHC. 1, MICTHTh HACTYIHI CJIEMEHTH: PEe3MCTOP, OMp SKOro JOopiBHIOE R (om);
KOTYIIKA, IHIyKTUBHICTS siKOi — L (2enpi); konmencarop, emuicts skoro — C (¢hapao). Lli enemMeHTH mMia'€JHAHO 10
JDKepedia eNeKTPOpYIIHHOT cruiti (HanpHKiIaz, 1o 6aTapei abo 1o TreHeparopa), ike y MOMEHT dacy t (Cex.) mozpae no
naHutora Hanpyry E(t) (eoasm). KpeciaeHHs exeKTpHYHOI CXeMH BUKOHAHO Y BEKTOPHOMY rpad)idHOMY penakTopi
Microsoft Visio (puc. 1).
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Puc. 1. Enexrpuunnii aanmor RLC

Hexaii Hapasi nmaHImor 3aMKHEHUH, TOOTO BUMHUKad S Ha puc. 1 BrmodeHnil. [lo3HauMMO cHiy cTpymy B
Mepexi y MoMeHT dacy t uepes I(t) (amnep), a 3apsin kouaencaropa — Q(t) (kyion). Toai pynkuii Q Ta | 3a10BiTBHIIOTH
HACTYITHOMY PiBHSHHIO:

2= 1(®). ()

3rigHO eJIeMEeHTapHHUX 3aKOHIB CJICKTPHKH, aJiHHSI HAPYTH Ha 3a3HAYCHHUX eJIEMEHTaX MoJaHo y tabu. 1. s
JIOCJIIJDKEHHS TTOBEAIHKHU JiaHIora (puc.l) OynemMo BHKOPHCTOBYBATH AaHi Tabiuii Ta npyruid 3akoH Kipxroda:
anreOpaiuyHa cyma najiiHb HAIPyTd Ha eJIeMEHTaX KOHTYPY JIaHIIOTa JIOPIiBHIOE HANpy3i, MPHUKIaAeHil 1010 1IbOTO
JaHIIoTa.

Tab6auus 1.
ITaginHg HAaNpPYru HA eJieMeHTAaX JaHII0ra
Enemenr nanutora Komywwxa Pesucmop Kondencamop
. . dl 1
ITagiHHS HANpyTH HA €JIEMEHTI L T RI T Q

SIK HacHioK, cuiia CTpyMy Ta 3apsl y NPOCTOMY JIAHIIOTY, IO CKJIAJAa€Thesl 3 PE3UCTOpa, KOTYIIKH i
KOHJICHCATOpPa, 33/I0BOJIbHSIE OCHOBHOMY PIBHSHHIO JIAHITIOTA!
L%+R1+%Q:E(t). )
SAxmo mixcraButu (1) B piBHAHHA (2), OTpUMaeMo JiHilHe nudepeHuianbHe PIBHAHHS JIPYroro MopsiiKy
BiziHOCHO 3apsiny Q(t) mpu Binowmiii Hanpysi E(t):
LQ" +RQ'+2Q = E(®). ®)
VY OUIBIIOCTI MPAKTUYHUX 337134 LiKaBUTh He 3apsa Q, a cuina ctpymy /. BukopucroByroun pisHstHHS (1) abo
Q' (t) = I(t), npomudepenuroemo 06uaBi yacTuru piBHsHHs (3) Ta migcraBumo / 3amicts Q'
LI” + RI' + %1 = E'(b). ()
Bpasae Toit ¢axT, mo piBHsaHHA (3) i (4) MaloTh Taky camy (opMy, SIK 1 pO3IIITHYTa MEXaHIYHA MOJIEINb Y
JOCIIIJDKEHHSX 3aracalouux KOJMBaHb [6; 7] — pIBHSAHHS PyXy CHUCTEMH, IO CKJIAAAETHCS 3 Tija, 3aKpIIUICHOTO Ha

OpYXKUHI 3 AMOPTH3aTOPOM, Ha SIKY i€ 30BHilIHs cuna F(t):
mx" + cx' + kx = F(t). 5)
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HaykoBa gisiibHicTh fiK HUISX popMyBaHHS NpodeciiHUX KOMIIETeHTHOCTel Mai0yTHBHOIO (haxiBus

OTxe, MXK MEXaHIYHIMHY Ta SJICKTPUIHUMH CHUCTEMaMH iICHY€E JTy>Ke BayKJTHBa aHAJIOTis.
Sk npaBwIio, Hanpyra 3miHHOTO cTpymy — E (t) = E sin wt. Toxi piBustHHs (4) npuiiMae BUTIISL
1
LI" +RI' +-1 = wE, cos wt, (6)
PO3B’SI30K SIKOTO MOYKHA [OJIATH Y BUIIISIII CYMH IIEPEXITHOTO CTPYMY (CTpyMYy IIpH IepeXiHOMY Ipolieci abo cTpyMmy
HEBCTAHOBIICHOT'O PEXXUMY) [nc T2 BCTAHOBJICHOT'O HIEPIOANYHOTO CTPYMY /g
I = Il'lC + IBl'lC' (7)

VY Bumajkax, e MoTpiOHO 3HAWTH BETMUYUHY KOPOTKOYACHOTO CTPYMY, 334al0Thcs MoyaTkoBi 3HaueHHs /(0) ta
Q(0). e 3amaui Komi (3amaui 3 mouarkoBumu ymosamu). Tomy crniouarky ueo6ximuo oGuucnuru I'(0). s usoro
migcraBnsgemo t = 0 B piBHIHHS (2):

1
LI’(O)+RI(0)+EQ(O) = E(0), (8)
sike 103BoJisie Bupasuty I'(0) yepes MoYaTKOBI 3HAUEHHS CTPYMY, 3apsly Ta HANPYTH.

Hanpuxknaz, posrasaemo RLC-nanmor, B skomy R =50 Om, L=0,1 Th, C=5-10* ®. B MomenT yacy t = 0,
ko 3uauenHs /(0) = Q(0) = 0, maHiror miaKIIOYaETHCS 10 Oarapei i3 cranoro Hampyroio 110 B. 3uaiinemo cury
CTPYMY B JIQHIIIOTY.

E(0) _ 110

Ockinbku E(0) = 110, 3 piBusauns (8) orpumaemo I'(0) = T 1100 (A/c) i nudepeHuianbHe

pipusinast HaGyBae Burmsimy: 0,11 + 501" + 2000/ = E'(t) = 0. BimnosigHe xapakTepHCTUYHE pPiBHSIHHSI
0,172 + 507 + 2000 = 0 mae ngBa KOpeHi 1; = —44 i r, ® —456. BuKopuCTOBYIOUH IIi HAONMKEHI 3HAYCHHS,
3aMMCyeMO 3aranbHui po3s’a30k: 1(t) = ¢e ™+ + c,e~*5%t. Jlani po3s’a3yeMo cucTeMy PiBHSHE.

I0)=c;+¢c; =0

I'(0) = —44c, — 456¢, = 1100, 3Bimku ¢; = —c, = 2,670. Toxi mykaHa cuia MepexiIHoro CTpyMy:

1(t) = 2,67(e™*4t — g=4561), 9)

3ayBa)knMo, L0 CUJIa CTPYMY IiJ 4ac nepexiguoro mnporecy [(t) = 0 npu t — +00, He3anexHo Bij cTanoi

Harpyru (puc.2, I-1). 'eomeTpuuHy inTepnperarito po3s’s3Ky (9) nposeaeHo 3a nonomoroto [13 GRANI (puc.2).
EIETE

I(t)

I-1

0.01 t

1-2

Puc. 2. llepexinumii crpym I-1 npu nigk/arouenHi 6aTapei.
Cymapuuii ctpym I-2 npu ninkiaioyeHHi reneparopa

Sxmio npunyctutH, mo RLC-nanmior 3 Tumu camumu moyarkopumu ymosamu /(0) = Q(0) =0 y moment t = 0
NpUETHAIN 10 TeHepaTopa 3MiHHOTO cTpyMy 3 Hanpyroto 110B i wacrororo 60I'm, To nudepenmianbue piBHAHHS (6)
y LbOMY BUIaIKy Ha0yBa€ BUIIISAY

0,1/" + 501’ + 2000/ = 377 - 110cos377¢, (10)
a Horo po3B’s3ok (puc.2, 1-2) € cymapuum crpymom (7), SIKMH CKIagaeTbcs 3 MEPEXiTHOTO CTpyMy I[ne Ta
BCTAHOBJIEHOT'O IIEPIOIUYHOTO CTPYMY Jgnc!
1(t) = (—0,307e~*4 + 1,311e7*56) + 1,846sin(377t — 0,575). (11)
3pyyHHM crioco0oM JUTA 3HaXOMKEeHHS po3B’s3Ky (11), BogHOUac moOynoBH Horo rpadiky, JOCTiKEHHS Ta
aHanizy MateMaTHdHoi Mojieni (10) € 3acTocyBaHHsI CHCTEMH KOMIT 10TepHOT Maremarnku Mathcad.

Biamitumo, o micist oaniei m’srol cexyram |1;.(0,2)| < 0,000047A. e MoHa IOPIBHATH 3 BEIHYHHOIO
CTPYMY, SIKHH TPOXOJUTH KPi3b HEPBOBE BOJOKHO JIOJUHU (CHJIAa CTPyMy B aKCOHI ITiJ] 4ac mepenadi HEPBOBOTO
immyiscy sumie 0,004 yuxA4). Take Mane 3Ha4eHHs CTPYMY TOKa3ye, 110 MepexiHa CKIaoBa po3B’sI3Ky 3HUKAE JTyxkKe
IIBUIKO.

Toii daxkr, 110 oxHe 1 Te came qudepeHIialbHe PIBHSIHHS CIYXUTh MaTEMaTHYHOIO MOJICIUTIO PI3HUX (Pi3MYHMX
(MexaHIYHUX, EeNEKTPUIHHUX) abo Oionoriyamx cucteM [1-7], Bpakaroue UTIOCTpYE Baj)UIMBY OO0’ €IHYIOUY POJIb
MaTeMaTHKH B TOCIKCHHI MPUPOJHHUX SBHUIIL.
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Anotanis. Januyk 1. Jocuimkenuss nuaamikn cuiam crpymy B RLC-nanmtory. ¥V cmammi nposedeno
MOOENIOBAHHSL eNeKMPULHOL CUCmeMU, KA CKIAOAEMbCs 3 Pe3uUcmopa, Komywiku ma Konoencamopa. Ilposedeno
AHANEI3 CUTU CIPYMY 8 IAHYIO2Y, eleMeHMU K020 Nid'cOnano 00 dicepena erekmpopyuitinoi cunu, — 0o bamapei abo
eenepamopa. Modenb no6ydosano na ocnosi meopii dughepenyianbHux pieHAHb 3 UKOPUCMAHHAM KOMN TOMepHOL
epaghiunoi inmepnpemayii po3e a3annsi.

Knrouogi cnoea: enexmpuunuili nanyroe, onip, iHOYKMUGHICMb, EMHICb, HaAnpyea, 3apsio, CUia Cmpymy,
OoughbepenyianvHe pigHAHHA.

Annoranus. [Jamuyk JI. UcciaenoBanme amHamukm cuiabl Toka B RLC-uenu. B cmamve npogedeno
MOOenUupoBanue 3NeKmputecKoli CUCmeMbl, KOMOopAdsi COCIMOUmM U3 pe3ucmopad, Kamywku u Konoescamopa. IIposeden
AHAU3 CULL MOKA 8 Yenu, 3J1eMeHmbl KOmopou nookaoyens Kk ucmounuky I/C, — k bamapee uiu ceHepamopy.
Mooenv nocmpoena Ha ocHoge meopuu OuD@EPeHYUAIbHbIX VPABHEHUU C UCNONb308AHUEM KOMNbIOMEPHOU
2paguyeckol unmepnpemayuu peuleHus.

Kniouesvie cnoea: snekmpuieckas yenv, CONpomusienue, UHOYKmMuGHOCMb, eMKOCMb, Hanpaxicenue, 3apso,
cuna moka, ougghepenyuanvroe ypasHenue.

Abstract. Danchuk D. The study of the dynamics of the current in the RLC-circuit. The article contains
a simulation of the electrical system, which consists of a resistor, a coil and a capacitor. The analysis of the current
in the circuit, the elements of which are connected to the source of the EMF — to the battery or generator. The model
is based on the theory of differential equations using computer-generated graphical interpretation of the solution.

Keywords: electric circuit, resistance, inductance, capacitance, voltage, charge, current, differential equation.
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KOMIETEHTHICHA CAMOPEAJII3ANIA BUKJTAJAYA MAUCTEINBKUX JTUCHUIIJITH

Camopeartizartisi 0COOMCTOCTI — BayKJINBA MPOOIIeMa CYCIIBCTBA, OCKIJIBKH OCOOHCTICTD Bifirpae 3HaYHY POJIb
y #oro edektuBHOMYy (yHKIioHyBaHHI. KoXXHa OIWHA TparHe 0 caMopeanisamii Juist Toro, mo0 3HaWTH
MpHUTaMaHHE TUTBKY CBOTH BIacHii npupoai, Miciie B )xuTTi. Ha choroaHimHii AeHb, eheKTHBHICTS poOOTa BUKIagada
MUCTEIHKUX JUCIUILIIH 0araTo B 4OMY 3aJIe)KHUTh BiJI BMiHHS OTIepyBaTH 00’ €MOM 3HaHb, OyTH TOTOBUM 3MiHIOBATHCS
Ta MPUCTOCOBYBATHUCS JI0 HOBUX ITOTPEO PUHKY Mpalli, IIBUIKO NMPHHMAaTH PillICHHS, HABYATHCH YIPOIOBXK XUTTS [2].

KomnereHTHiCTP — IIe pe3ysibTaT OCBITH, IO BHABISETHCA B OBOJIOJMIHHI BHKJIQAAYeM MHCTEIBKUX
crieriasbHOCTE HAbOpoM crocobiB AisibHOCTI Ui nocsrHeHHs meTH. Ha nymxy A. B Kosnpa xomnereHTHiCTH
BUKJIa/1aya MUCTELLKUX AUCLMIUIIH BKJIIOYA€ HE TUIBKU IIUPOKY EPYAUIIIO Ta BOJIOJIHHS NPAKTHYHUMH HaBUYKaMU
B rajly3i XyJ0)XHbOi KYJIBTYPH, NEJaroriku, NCHXOJOTii, MHCTELITBO3HABCTBA, €CTETUKH; ane W C(OpPMOBAHICTH
0coOHCTICHUX SIKOCTEH Ta 3a10HOCTEH, HEOOXIMHHUX /ISl YCIHIIIHOTO 3JIMCHEHHS (QYHKLINA BUKJIagada MUCTELBKHX
qucruintid. 1O. Ilenex moBoauTh, 110 KOMIIETEHTHICHA caMopeaiizallis BHKIagada 0a3yeThcs Ha CKIIAIOBHX, SIKI
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