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1 JABOPATOPHA POBOTA Nel

TEMA: MogenioBaHHsI CTaldX €INEKTPUYHUX TIPOIECiB y cepeni
nporpamyBanHs MATLAB. Yactuna 1.

META POBOTMU: Busuntu ocHoBHiI omepatopu MATLAB; mpuHImunmm
moOymoBu  ckpunT-haimiB 1 miamporpaM; oprasizamii BBEIEHHS 1
BUBeJIeHHs iH(OopMaIii; 00poOKH pe3ynbTaTiB MOICITIOBAHHS.

MartemMaTH4YHa MOJeJIb

Ji1s BUKOHaHHS pOOOTH HEOOXITHO PETEIHHO PO3TIISTHYTH MPUKIA]
CKJIaJaHHs MaTeMaTH4YHOI MOl eJICKTPUYHHMX MpoLeciB 1 1X aHamizy B
MPOCTOMY  €JCKTpUYHOMY Komi (puc.l.1) 3a JOMOMOroK CHCTEMH
MATLAB.
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Pucynok 1.1 — EnextpuuHa cxema, 10 MOJEIIOEThCS.
3ajani Taki mapaMeTpu eJIeMEHTIB CXeMH:

e1(t)=100sin(wt+n/6) B; e2(t)=200sin((wt+n/3) B;
o=2nrf; f=50Tw;

R1=1 Om; R2=2 Om; R3=3 Owm;

C3=1*10" @; L2=1*10°TIn.

[HoTpiOHO BU3HAUMTH CTaJ CTPYMH B TiJIKax.



[lepm, HDK CKIamaTH Tporpamy, 3alHIIEMO CHCTEMY pPiBHSHB
Kipxroda B KoMIUIEKCHIH dopMi.

Toni komriekcHe 300paxeHHst cunycoiganbaux EJIC

El 100er E2 200 13

PeaktuBni onopu
X, =ol2; X, =L
KomrmuiekcHe 300pakeHHS OTIOPiB TiI0K
ZI=Rl, Z2=R2+jX.; Z3=R3-jX..

Cuctema piBHsiHb Kipxroga 1yis Bu3HaueHHS CTPYMIB B TiJIKax

o -12 ~13= 0
Zl-11 +0-12 +Z3-13= El
0-11 +Z2:12 -Z3-13=-E2

1 -1 -1
M=lzL 0 2z3|;
0 z2 -z3

Bekrop npaBux yacTux



Toni HaBenmeHa BWINE CHCTeMa PIBHSIHB, 3allMCaHa B MATPUIHOMY
BUIUISLA1, BULVISLAATHME SIK

ac

— BEKTOP-CTOBIIELb IIYKAHUX CTPYMIB.

Il
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BupimeHHs 1pOro MaTpUYHOTO PIBHSHHS JJa€ BEKTOp IIyKaHUX
CTPYMIB B TiJIKax eJNeKTPUIHOTO KOJa.

Etanu po3podxu nporpamu

Illo6 po3pobuTH mporpamy, IO peali30Bye HABEJACHY BHILE
MatemMatnuHy Mojenb B cepenosunli MATLAB, HeoOXimqHO BHUKOHATH
HACTYITHI 3aBJIaHHS:

OpraHi3yBaTH BBEJCHHS IOYaTKOBHX JIAHUX;

CKJIACTH MaTPHIli CUCTEMH JIHIHUX PiBHSHB,

BUPILIUTH CHCTEMY JIIHIMHUX PiBHSHB;

BU3HAYUTH OXHOKY O0UYHCIICHB;

OpraHi3yBaTH BHBEJICHHS Pe3yJIbTATIB PO3PAaXYHKY B UUCIIOBOMY
ta\abo rpadivHOMY BHUTIISII.

Buxnnk DeskTop MATLAB

PoGoty B cepemoBumii MATLAB mounHarOTh 3 BUKIHUKY HaKeTy B
MeHto «Ilyck».

BBeneHHs mporpamMu  MOXHA 3[IMCHIOBAaTH 0O€3MOCEPEHBO 3
KOMaH/JHOTO BiKHA, TOCHIIJOBHO BHUKJIMKAIOYH 1O BHUKOHAHHS KOXKHOTO
omepatopa. [IpoTe mominmbHINIE KOPHCTYBAaTHUCS MJIA Ii€l METH BIKHOM
penakropa nporpam. [l mporo pukindemMo File=>New 3 roj0BHOT0 MEHIO



abo BiANOBIIHY IKOHY Ha MaHeNl IHCTPYMEHTIB. 3'SBUTHCS BIKHO peJaKkTopa
TEKCTY, B IKOMY HE0OXiTHO HaOpaTH OTNepaTOpH MPOTPAMH.

®aiinu-cuenapii (Script-files) Ta gaitnn-dpyunxuii (Function-files)

@Qaiinm, mo MicTATh KoMmaHAuM 1 omepatopu MATLAB,
HasuBarThCA M-daitmamu (M-files).
Icuytoth nBa THIIM M-daitnis (M-files):
o (aitmu-cuenapii (Script-files), 1o He MarOTh BXiTHUX MapaMeTpiB;
o (aitmu-dynkuii (Function-files), mo mMaroTh BXiHI TapaMeTpH.

BBeneHHsI NOYATKOBUX JaHUX METO0M NpUBJIACHCHHSA. KOMeHTapi

Ha mepmomy erari 3naiiomctBa 3 maketoM MATLAB BukoHaemo
BBEACHHS NOYAaTKOBUX AAHUX, BUKOPHUCTOBYIOUM OIEPATOpP MPUBIACHEHHS
0e3mocepeTHbO B TEKCTI MMPOTPaMH.

ITounemo mporpamy 3 BBECHHSI KOMEHTAapiB.

KoxxeH psaook KoMmeHTapiB MNOYMHAETBbCA 13 3HaKy %. Curixg
nam'siTaTd, 110 KOMEHTapl pPOCIHCHKOI MOBOI MOXXHA BBOJWTH TLIBKH
3aroJIOBHUMH OYKBaMH.

MoskHa 3anucyBaTi Koxkauil oneparop MATLAB sik B okpeMomy
PAAKY, TaK i TOCHINOBHI JEKiJbKa OMEpaTOpiB B OJAHOMY PAIKY. SIKimIo
orepaToOpH 3alMcaHi B CTOBIECIb, TOOTO MOOAUHII B PSAKY, MICIS KOKHOTO
3 HUX MOKHa CTaBUTU 3HaK ;. Lle o3Hauae, mo pe3ynbraT OOYHMCIIECHb
aBTOMAaTHYHO He Oy/ne BUBOJAUTUCH HA €KPaH NMPH BUKOHAHHI MPOrPaMH.

SIKIIo 3HaK ; HE CTABHTH — TO MICIsi BUKOHAHHS orepartopa Oyne
BUBOJUTHCH pE3yNIbTaT HOro BUKOHaHHS. OnepaTopw, sKi 3amdcaHi B
OJTHOMY PSAJIKY HEOOXiHO BIAMIISATH 3HAKOM ;.

Omneparopu BBEJCHHS JIaHUX 3 BIAMOBIIHUMH KOMEHTapsIMU
HaBeJieHi B TekcTi nporpamu Circuit 1 (cm.m.1.10).

Opranizanist o04uucienb. Bepudikanis pesyabsraris

V¥ tekcti nporpamu Circuit 1 (muB. m.1.10) 3HAXOAUTHCS KO, KUt
peamizoBye eran obuuciens El, E2, Xl xc,z1,72,73, a Takox GopMyBaHHS
matpuib M 1 F.

[Mpumitka: ymcno m € xoHcTanTtoro MATLAB 1 BuKIHMKaeThCS
3HAKOM Di.



Jia mepeBipku MPaBUIIBHOCTI OpraHi3aliii 004HCcIeHbh pPO3paxyeMo
€ - MOXUOKY 00YHCIICHb 110 30BHIIIHEOMY KOHTYpY cxemu puc.l.1.

BuBenenns pe3yabTartiB 004nc/IeHb

JIns BUBEIOCHHS PE3yJBTATIB CKOpHCTaeMocs omeparopoM disp,
SKAP JO3BOJISIE BUBECTH HAa JPYK CHMBOJbBHI pe3yibratd. OCKUIBKH
MATLAB He m03BoJIsi€E OJHUM OTIEPATOPOM BHBOAWTH HA JIPYK 1 YHCIA, i
CHMBOJIH, 3aCTOCYEMO CTaHAAPTHY QYHKIIF0 NUM2str(X), 1mo mepeTBoproe
YHUCIIOBY 3MiHHY X B 3MiHHY THIa «CTpOKa» (AuB. TeKcT nporpamu Circuit
1 Bm.1.10).

36epexkeHHsI MPOrpaMM i CTBOPeHHS HLIAXY MOYyKy Search path

s 30epexxeHHs mporpamu BukimdTe 3 MeHto File ommiro Save as i
30epexiTh cTBopeHuit M-daiin B ocobucTiit nupextopii mix im'sim Circuit 1.

Hust toro, mo6 3 MATLAB MoxHa Oyj0 BHKIMKATH CTBOPEHUI
BaMu (haiis1, BKaxkeMo HoMy nuisix nouryky. J{ist nporo sudepemo Set Path 3
mento File ma pobGouomy cromi (desktop) MATLAB i Buxopucraemo
J1aJI0TOBE BIKHO.

BuxonanHusi nporpamu

1106 BEKOHATH TIpOTpamy, IOCUThH B KoMaHgHOMY BikHi (Command
Window) micns 3HaKy 3anpoiieHHs >> BBecTd iM'ss M-(daiiny, B Hamomy
Bunanky ue Circuit 1, i Harucaytm ENTER. Pesymbratn oOumcieHs
OyzayTb BUBE/ICHI B KOMaHIHOMY BiKHI.

TexeT mporpamu i JicTHHT Ii BHKOHAHHS

%IIPUKJIAT] PO3PAXYHKY KOJIA CUHYCOIJAJIBHOI'O CTPYMY
% IIPOI'PAMA Circuit 1

f=50;

R1=1;

R2=2;

R3=3;

L2=1e-3;

C3=1e-4;



ph1=30;
ph2=60;

XL=2*pi*f*L2;

XC=1/(2*pi*f*C3);
E1=100/sgrt(2)*exp(ph1*pi/180*i);
E2=200/sqrt(2)*exp(ph2*pi/180*i);
Z1=R1; Z2=R2+i*XL; Z3=R3-i*XC;

M=[1 -1 -1;
Z1 O Z3;
0 Z2 -Z3];
F=[0; El; -E2];
I=M\F;

disp(['11=",num2str(1(1,1))]);
disp(['12=",num2str(1(2,1))]);
disp(['13=",num2str(1(3,1))1);

%IIEPEBIPKA 110 2 3AKOHY KIPXI'O®A
eps=E1-E2-Z1*1(1,1)-Z2*1(2,1);
disp([' error calculation eps=",num2str(eps)]);

YORYUCIIEHHA MO/[YIIIB I APTYMEHTIB (V PA/[IAHAX)
CTPYMIB, II]O OB9UCIIFOIOTHCA

I1M=abs(I(1,1));

12M=abs(1(2,1));

13M=abs(1(3,1));

phll=angle(l(1,1));
phi2=angle(1(2,1));
phi3=angle(1(3,1));
disp(['11M=",num2str(11M)]); disp(['phl1=",num2str(phl1)]);
disp(['12M=",num2str(12M)]); disp(['phl2=",num2str(phl2)]);
disp(['I3M=",num2str(13M)]); disp(['phI3=",num2str(phl3)]);

PesynbraTtu o0uHCICHB:

>> [1=-7.37618-26.903i
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12=-5.63886-29.2223i
13=-1.7373+2.3193i
error calculation eps=2.6645e-015-1.4211e-014i
11M=27.8959
phl1=-1.8384
12M=29.7614
phl2=-1.7614
I3M=2.8978

phl3=2.2137
>>

BHCHOBKH:OXHOKa po3paxyHKy ckiagae 107, oTke, pospaxyHoK
BHUKOHAHO BipHO.

Opraxizaunisi BBeleHHSI IOYATKOBUX JAHUX B 1iaJI0T0BOMY pe:KMMi
BBeemo moyaTKoBi JaHi 3a JOMTOMOTO0 oreparopa input:

R1=input('input value R1=");
R2=input('input value R2=");
R3=input('input value R3=");
L2=input(input value L2=";
C3=input('input value C3=";
phl=input(input value ph1=");
ph2=input(‘input value ph2=");

st iporo:

o BukiamueMo M-daitn Circuit 1 i mpoBeneMo BiNOBiIHI 3MiHU
BBEJICHHS TaHUX;

® [IepeBEIEMO TP BUBEICHHI PE3YJIbTATIB PO3PaXyHKY apryMEeHTH
phll,phl2,phl3 crpywmis 11,12,I3 3 panian B rpagycu:

disp(['1IM=",num2str(11M)," phl1=",num2str(phl1/pi*180)]);

disp(['12M=",num2str(12M)," phl2=",num2str(phI2/pi*180)]);
disp(['I3M=",num2str(I3M)," phl3=",num2str(ph13/pi*180)]);

® 3aMiHMMO BiJITIOBi/IHI ONIEpaTOPH BUBOY;
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® 30epexkemo nporpamy sik Circuit 2 i «mponuiemo» B MATLAB
(cm.1.1.8);
e 3 Command Window Bukmmuemo Circuit 2 Ha BHKOHAaHHS
(cm.1.1.9);
® BBE/JICMO YHCEIbHI 3HAYCHHS MOYATKOBUX JAHHUX B J1aJIOTOBOMY

pexxmmi. Ilicms KOXKHOTO dYHClia, IO BBOJUTHCS, HATHUCKYHTE
ENTER.

Pesympratn pospaxyHky 3a mporpamoro Circuit 2 TIOBHHHI
TIOBHICTIO 30iraTucs 3 pe3yibTaTaMu po3paxyHKy 3a mporpamoro Circuit 1,
3a BHHATKOM apryMmeHtiB phll,phl2,phl3 kommmekcHux wumcen I1,12,13,
3HAYCHHS SKHUX [PHU BUBOJI MEPEBOAATHCS 3 BUMIpY B pajiaHax y BUMIp B
rpamycax.

>> circuit 2
input value R1=1
input value R2=2
input value R3=3
input value L2=1e-3
input value C3=1e-4
input value ph1=30
input value ph2=60
11=1.31391+30.2501i
12=-0.904861+28.5767i
13=2.2188+1.6734i

error calculation eps=1.2434e-014+2.1316e-014i
11M=30.2786 phl1=87.5129
12M=28.591 phl2=91.8136
I3M=2.7791 phlI3=37.0242
>>

CreopenHs niznporpamu-¢pynkuii (Function-file)

Jns mopansimoro BHBOLY Ha Tpadik 3alexHOCTed CTpyMiB B
rijIkax po3paxyeMoO MacHBH HHMX (YHKIIH 3a JOIMOMOTOI0 IiAIpOrpaMHu-
¢yukiii MATLAB.

MareMaTH4YHO 3aJISKHICTh CTPYMY B TiJIIIi BiJ 4acy BUPaKAETHCS
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i(t)=+2-1-sin2-n-f-t+¢),

ne | — Momyns KoMIUIeKCy CTpyMy (3Hau€HHS AiF040T0 CTPYMY)
¢ - apryMEHT KOMIUICKCY CTPyMY..
Peanizyemo mignporpamy-QyHKIito oouucneHss i(t) sx
current(IM,f,phl,t),
1ie 3Ha4eHHs (OpMaTbHUX MapaMeTpiB
IM - Momyns KOMILIEKCY CTpyMY I;

f - 4acToTa;
phl - aprymMeHT KOMILIEKCY CTPYMY ©;
t - IOTOYHUH Yac.

Binkpuemo HOBUi (haiin B penakTopi TEKCTy 1 HAOepeMo HACTYITHY
nporpamy-QyHKIi0:

function im=current(IM,f,phl,t)
im=sqrt(2)*IM*sin(2*pi*f*t+phl);

30epexxeMo CTBOPEHY HiANporpaMy B OCOOMCTIH Tewi sIK current i
«aponumemo» B MATLAB.

I'padiunnii BuBig
ITocnimoBHICTD OiHA:
e puksaeMo M-gaiin Circuit 2;
e 3amMIIeMO B KiHII mNporpamMu (parMeHT, [0 peali3dye 3armoBHEHHS
MacHBiB MHUTTEBUX 3HA4YCHb CTPYMiB B TiJIKaX i BHBIJ iX B rpadidyHomy
BHUIUISIL:

% GRAPH
h=0.04/200;
t(1)=0;
i1(1)=current(11M,f,phi1,t(1));
i2(1)=current(12M,f,phI2,t(1));
i3(1)=current(I3M,f,phI3,t(1));
for k=2:201
t(k)=t(k-1)+h;
i1(k)=current(11M,f,phI1,t(k));
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i2(K)=current(12M,f,phiI2,t(k));

i3(K)=current(I13M,f,phI3,t(k));
end
plot(t,il,t,i2,t,i3);
e 30epekeMo mporpamy sk Circuit 3 1 «npornmmemo» i1 B MATLAB
(cm.11.1.8);
¢ 3 Command Window Bukimnyemo Circuit 3 Ha BUKOHaHHS (cM.11.1.9).
Otpumani TpadivHi 3aJeKHOCTI CTPYMIB B TUIKaxX BiJf MOTOYHOTO Hacy
HaBezleHi Ha puc.l.2.
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Pucynok 1.2 — 3aBUCHUMOCTH TOKOB B BETBSIX OT TEKYILIETO BPEMEHH.
e O opmiTh rpadiku, K MoKa3aHo Ha puc.l.2;
e BukoHaiite nporpamy Iie pa3, 3SMiHMBIIM TIOYaTKOBI1 JaHi:

el(t)=200sin(wt+n/2) B; e2(t)=80sin((wt+1/3) B;
R1=0.5 Om; R2=1 Owm; R3=4 Owm;
C3=2*10" @; L2=4*10°Tn.

e [TonuBiThCS, SIK 1I€ BIUIMHE HA PE3yJIbTaT PO3PaXyHKY.
e ¥V noui rpadika 3anuiniTe 3Ha4eHHS OYaTKOBUX JTaHHX.
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2 JABOPATOPHA POBOTA Ne2

TEMA: MopnenroBaHHsI CTajluX EIEKTPUYHUX TPOILECiB B y cependi
nporpamyBanHs MATLAB. Yactuna 2.

META POBOTH: BuBunmtn ocHOBHI mpuHOumu Bimragku MATLAB-
nporpam; Bepudikalis pe3yibTaTiB po3paxyHKy.

Sx mpaBuio, BCi TporpaMH MICTATh TIOMHIKA 1 BHMAararTh
BI/UIQIKK, TPUYOMY TMpaKTHKa T[OKa3ye, MO Bimiagka 1 Bepudikamis
pesynbTaTiB 3aiimMae, mpubausHo, 80% wacy poOOTH Haa MPOrpamMoro.
IMomuku OyBarOTh ABOX THUIIIB: CHHTAKCHYHI 1 JIOTIYHI.

Ockinbkun  MoBa MATLAB nepenbauae ditky (opmanizaiiito
HAIMCAHHA OTNEePATOPIB 1 IHITNX KOMITOHEHTIB MPOTPaMHU 1 4iTKe BUKOHAHHS
MaTeMaTHYHUX OIepaliif, TO NOpYIUIEHHsS LUX MpaBuil Yy Oaratbox
BUTIAJIKaX KOHTPONIOEThcA camoro cuctemoro MATLAB. B pesynbrari
cUcTeMa BHUAA€ JiarHOCTHYHE TMOBIOMIIEHHS TIpO IepeadadyBaHy
MOMUJIKY.

JloriuHi MOMMJIKY IMOB'A3aHi 3 HACTYITHUMU YHHHUKAMU:

® HEBIAMOBITHICTh BepOATBHOTO (HOPMYIIOBAHHS ITOCTABIEHOTO
3aBJIaHHS peATbHOMY 00'€KTY

® HEBIJINOBIIHICTH MATEMATHYHOTO 1 BEpOaNbHOTO ()OPMYIIIOBAHb;

® [IOMWJIKH B QJIFOPUTMI MaTeMaTHYHOI IOCTAaHOBKH 3aBJaHHS;

® IOMMJIKH B IIPOTPaMi, 110 PEATi30BY€ NaHUH aITOPUTM

® IOMMJIKH BBEJCHHS TECTY IPOTPaMu

® IOMHJIKH BBEJICHHS IOYATKOBHX JIAHUX.

Y psAni BUDAAKIB JIOTIYHI TOMHIIKH TPU3BOAATH A0 TOPYIICHHS
CHUHTaKCUCY TpOrpaMy 1 BHSIBISIIOTHCS Ha ertami TpaHcisii. Ilpore, B
OIIBIIIOCTI BHITAKIB, CaMa CHCTEMA JIOTIYHI IOMUJIKHA BH3HAYMTH HE MOJKE.
BusBieHHS JOTiYHMX MOMHIIOK € OOOB'I3KOM camoro mnporpamicra. Tomy
NPOrpaMiCT TMOBHHEH A00pe NPEeACTaBISATH BCIO JIOTIKY BHPIIIyeEMOTO
3aBJlaHHA B LUIOMY 1 KpuTepii TepeBIpKH aJeKBAaTHOCTI OOYMCIICHHS
NPOMDKHHUX JaHHMX 1 OCTAaTOYHHUX pe3yJbTaTiB. B3arami, momyk JOrigHHX
MOMMUJIOK HE Ma€ €JUHHX MPABUI 1 € TBOPUYUM 3aBAaHHSIM.

IIpoTe icHyIOTH CHibHI pexoMeHmamii mo Bimmaam. Hanpukman, Ha
erari mporpamMyBaHHS ~— a00 anropuTMizamii HEoOXiTHO MPOIyMyBaTH
METOAMKY MaiOyTHBOI BifjlaAKu. Y Tporpamy BBOISATH AEAKY KiIbKICTh
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OTIepaTopiB, HEOOXITHUX TUTHKY Ha €Talll BiIUTaIK¥, HAIIPUKJIad, BUBCICHHS
JIETKAX OCOOJIMBO 3HAYYIIMX BEIMYWH; TEepEBipKa IESKHUX CITiBBiIHOIIEHB,
SKi TIOBUHHI BHKOHYBAaTHCS 3aBXKIM a00 B KOHKPETHOMY PEKUMI.
[IporpamicT NOBHHEH MparHyTH JO JOKaji3allii 001acTi moMmIok. Jlis el
METH pO3pOONIEHNI CIelianbHUNA TMiAXiA 1 MOAYIBHE 1 CTPYKTYpHE
nporpamyBanHst. [Ipo 11e MO’KHa IPOYKTATH B CIIEIiaibHii JiTepaTypi [6].

HOI].lyK CHHTAKCUYHHUX MOMHUJIOK

Hdns  Toro, mo0 o3HAHOMUTHCS 3 METOAUKOI IOLIYyKY
CHUHTAaKCUYHUX MOMMJIOK, IITYYHO BHOCHTUMEMO X JI0 TEKCTY MpOrpaMu i
crioctepiraTumMeMo peakiito Tpanciasatopa MATLAB Ha ix mosBy.

Buxmmuemo Texct mporpamu Circuit 1. 30epexkemo iioro B Tiif ke
mupekropii sik Circuit 1 _debug. Tenep BHECEMO CHHTaKCHYHY ITOMUJIKY JIO
TEKCTY Tporpamu: y psaky 15 o6uncnens E1 npubepeMo ocTaHHIO TykKKY:

E1=100/sqrt(2)*exp(ph1*pi/180*i;

30epexxeMo oTpUMaHui (aiii. 3amycTumMo nporpamy.
Otpumaemo HactynHe nosizomieHas B Command Window:

>> Circuit 1_debug
??? Error: File: E:\ .\Circuit 1_debug.m Line: 15 Column: 31
")" expected, ";" found.

Lle noBigomIIeHHS TOYHO JIOKaJli3ye BHECEHY MOMMIKY. BurpaBrumo
ii.
Temep BHeceMoO iHIY TIOMHIKY: Y psIKy 213MiHUMO pO3MIpHICTB

MaTpulli F Takum ynHOM:
F=[0; EI; -E2; 0];

30epexeMo OTpUMaHUi (aiii 1 3aIycTUMO Iporpamy.
Otpumaemo HactynHe moBinomiaeHHs B Command Window:

>>Circuit 1 _debug
??? Error using ==>\
Matrix dimensions must agree.
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Error in ==> E:\.\Circuit 1_debug.m
On line 22 ==> |=M\F;

ILle moBigOMIeHHS TOMEpeKae IPO HEBIAMOBIAHICTE PO3MIPY
MaTpuilb pH BUKOHAHHI orepatopa [=EM\F B psiaky 22. Tenep BHIIPaBUMO
10 TIOMIJIKY 1 30epeskeMo Qaii.

Jami, BHeCiTh TOMWIKH A0 HalWCaHHSI CTaHIAPTHUX (QYHKIIH
(manmpukman, sqrt). 30epexiTh 3MiHH, 3aIMyCTITh 11 1 TITHETE TOBiTOMIICHHS
npo moMuiky. Moxere cripoOyBaTu BHECTH iHIII moMuiku. He 3a0yBaiite
nepea 3amyckoM 30epiraté mporpamy, a IOTIiM BHUIIPABISATH BHECEHI
HOMHJIKH.

Binsnaaka 3a nonomoroio pegakropa nporpam Editor/Debugger

OpgamM i3 3aco0iB  IHCTPYMEHTABHOTO TIONIYKY TIIOMHIIOK €
BXKHMBaHHS BOY/JOBaHOI CHCTEMH peAaryBaHHS 1 BiJUTaJKU Mporpam
Editor/Debugger.

OsHalloMUMOCS 3 ONIISMH BiITaJUUKa Ha TPUKIAAlI TPOTpaMu
Circuitl_debug.

Ilepen mowaTtkoM ceaHCy JOWiIIbHO ouncTHTH Workspace 3a
nonoMoror koMauau Clear i Command Window 3a J0IIOMOTror0 KOMaHId
Cle ( MoXHa BHUKOpPHCTOBYBaTH 3 Imielo Meroro ['osoBHe
mento—=Edit=Clear Workspace i 'onnoBne mento—=Edit=Clear Command
Window ). dani:

® 3aMyCTiTh BiAyIaAYMK mporpaM. st LOrO0 B TOJOBHOMY MEHIO
Editor/Debugger natuckyiite Debug—=Run. Ilicns wnporo, migBoasdu
Kypcop 10 Oynb-sikoi 3MiHHOiI a00 MacWBy B TEKCTI HpPOrpaMH, MOXHA
MPOCIIINTH X YrcelbHI (200 CHMBOIILHI) 3HAUCHHST,

e ounctith Workspace i Command Window . BcraHoBiTh Kypcop
nepea SKuM-HeOyIb orepaTopoM. Xaif e 0yme omneparop B psaaky 13

XL=2*pi*f*L2;

Hatuckyiite Ha ikony Set/clear breakpoint Ha maHesni iHCTPYMEHTIB.
UepBoHa Kpamka »37iBa BiJ BKa3aHOTo oOlepaTopa IO3HA4Ya€ TOYKY
nepeprBaHHs IPY BUKOHAHHI porpamu. Hatuckyiite Debug=>Run.
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3enmeHa CTpUTKa, MmO 3'IBHJIACS B TEKCTI MpOTrpaMH, BKa3zye Ha
omepaTop, nepea sSKkuM 3ynuHeHi oouncienHs. Y Command Window Bu
no0avuTe 3anpoIeHHS

K>>

0 BBEACHHS NOMANbIIMX BKa3iBok. Ileprn, HiX BU 3pobure IIg,
MiABEAITH KypCcOp /A0 3HAa4eHb 3MIHHUX, OOYHCIEHHX IO TepepHuBaHHS.
Cucrema mokaxke Il 3HayeHHA. AJie 3HaYyeHb 3MIHHHUX 1 MacHBIB MiCJIA
nepeprBaHHs BU HE MO0AYNTE, OCKIIBKH HA MOMEHT ITEPEpUBAHHS BOHH HE
BU3HAYEHI.

Jai HeoOXiIHO BUKOHATH HACTYIIHI il

® HATHCKyWTe Ha iKOHy Step Ha TaHeNl IHCTPYMEHTIB. 3eleHa
CTpiJIKa MepeMICTUThCA Ha OJUH PANOK BHHU3. [Iporpama BUKOHama OAWH
ormepatop 1 3HOBY 3ymuHWIaca. TakuM YHHOM, MO)KHAa BHKOHYBAaTH
Mporpamy 1o KpoKaX, KOHTPOIIOIOUHN K TOCITIIOBHICTh O0YHCIEeHb, TaK 1
3HAYEHHs OOYMCICHUX 3MIHHUX 1 MacHBIB. JIOBEIITh JO KIiHI[1 BUKOHAHHS
NpOrpaMu, BHKOPUCTOBYIOUM ITOKpOKOBe oOuucieHHs. Crocrepiraiite
3MiHY i1 TOsIBY HOBO1 iH(popMaIii;

e 3HOBY 3alyCTiTh MpOTrpaMy Ha pO3paxyHOK (HATHUCKyHTe
Debug=Run). Ins Toro, 1006 micist nepepruBaHHs BUKOHATH TPOrpamy 110
KiHLIS, HATUCKYWTE Ha MaHenl iHcTpyMeHTiB kHonKy Continue. Pe3ynbratn
o6umnciens Bu nmobaunte B Command Window;

® 33 JIONIOMOTroI0 KHOIKHM Set/clear breakpoint MoXHa 3HATH BKa3aHy
KypcopoM Touky mnepepuBanHs. Kuomkoto Clear all breakpoints moxna
3HSATH BC1 TOYKH IIEPEPUBAHHS B ITPOrpami;

® ISl IPOBEICHHS TOKPOKOBOI BIIIAJIKHK 13 3aX0JIOM B MIANPOrpamy
BUKJIMYEMO 3 penakropa mnporpam M-gaiin Circuit 3. 36epexxeMo ioro B
Tik xe npupekropii sk Circuit 3_debug. 3 MeTor 3a0LIaKEHHS 4Yacy
3aMiHUMO OIIepaTopiB JiaJIorOBOrO BBEJICHHS HA OMNEpaTopiB BBEJCHHS
JaHUX METOJOM TNPUBIACHEHHs (BUKODHCTOBYHTE misi 1€l MeTH
omepaTopiB BBefieHHss M-¢aiiny Circuit 1).

[Iporpama noBWHHA BUTJISIIATH TAKUM YHHOM:

% ITPUKJIA/] PO3PAXYHKY KOJIA CUHYCOINIAJIBHOI'O CTPYMY
%Circuit 3_debug

f=50;

R1=1,;

R2=2;
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R3=3;

L2=1e-3;

C3=le-4;

ph1=30;

ph2=60;

XL=2*pi*f*L2;

XC=1/(2*pi*f*C3);
E1=100/sgrt(2)*exp(ph1*pi/180*i);
E2=200/sqrt(2)*exp(ph2*pi/180*i);
Z1=R1; Z2=R2+i*XL; Z3=R3-i*XC;

M=[1 -1 -1;
Z1 O Z3;
0 Z2 -Z3];
F=[0; El; -E2];
I=M\F;

disp(['11=",num2str(1(1,1))]);
disp(['12=",num2str(1(2,1))]);
disp(['13=",num2str(1(3,1))]);

% IIEPEBIPKA 34 2 3BAKOHOM KIPXT'O®A
eps=E1-E2-Z1*1(1,1)-Z2*1(2,1);

disp([' error calculation eps=",num2str(eps)]);
% OFYUCIIEHHA MOYJIIB I APT'YMFEHTIB (Y PAIIAHAX)
OFYUCJIEHUX CTPYMIB

I1M=abs(I(1,1));

12M=abs(1(2,1));

13M=abs(1(3,1));

phll=angle(l(1,1));

phi2=angle(1(2,1));

phi3=angle(1(3,1));

disp(['1IM=",num2str(11M)," phl1="num2str(phl1/pi*180)]);
disp(['12M=",num2str(12M)," phl2=",num2str(ph12/pi*180)]);
disp(['I3M=",num2str(I3M)," phl3=",num2str(ph13/pi*180)]);
% GRAPH

h=0.04/200;

t(1)=0;
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i1(D)=current(11M,f,phi1,t(1));
i2(D)=current(12M,f,phi2,t(1));
i3(1)=current(13M,f,phi3,t(1));
for k=2:201
t(k)=t(k-1)+h;
i1(K)=current(11M,f,phI1,t(K));
i2(K)=current(12M,f,phi2,t(k));
i3(K)=current(I13M,f,phI3,t(k));

end
plot(t,il,t,i2,t,i3);

Hdns toro, mo6 AOCHIKYyBaTH pPOOOTY MporpamMH B UK, SK
MPaBUIIO, JOCHUTh 3pOOUTH 2 — 3 3aX0AM B HBOTO. TOMY 3aMiHUMO BEPXHIO
MEKy OIeparopa UKy TaKUM YHHOM

for k=2:5
t(k)=t(k-1)+h;
i1(K)=current(11M,f,phI1,t(K));
i2(K)=current(12M,f,phi2,t(k));
i3(K)=current(13M,f,phi3,t(k));
end

30epexiTh 3MiHEHY ITPOTrpamy.
BcTraHOBITE  Kypcop Tepen  OmepaTopoM BH3HAYCHHS  KPOKY
o0uncIIeHHs 3Ha4eHb (PYHKIISM CTPYMiB B TUJTIKaX

h=0.04/200;
Ta BCTAHOBITh TOYKY MIEPEPUBAHHSL.

JI71s1 KOHTPOJIF0 BUKOHAHHS M1 AMPOTPaM CKOPUCTAEMOCS OTITEI0 Step
in Ha HaHeJ i IHCTPYMEHTIB, SKa Ja€ MOXJIHBICTh JOCTIIUTH IOKPOKOBE
BUKOHAHHS OIEpaTopiB mianporpamMu. BukoHaeTe mporpamy 10 KiHIS 3a
JIOITIOMOTOXO (i€ OIITii.

Ommis Step out M03BOJIIE BHMTH 3 MIANPOrpaMu Ha OyAb-SIKOMY
eranl il BUKOHAHHA.

Onuis Exit Debug Mode peanisye Buxij 3 pexxumy BiAJaaKH.

3 Main menu= Breakpoints menu Mo>xHa BUKJIMKATH JOAATKOBI OMIii
BIIUTAJIKU:
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e Stop If Error — 3ynuHeHHs1 BUKOHaHHS TIPOTPaMU B Pa3i MOMHIIKH;

e Stop If Warning — 3ynuHEHHS BHMKOHaHHS [porpamMu B pasi
HONEPE/DKEHHST CUCTEMH PO MOXKJIMBY IOMHJIKY;

e Stop If NAN Or Inf — 3ynuHeHHs BUKOHAHHS B pa3i HEYHUCIOBOTO abo
0€3KOHEYHOTr0 3HAYCHHSI O0UMCIFOBAHOI BETMYHHU.

BxuBanHs THX a00 IHIIUX CHOCOOIB 1 OMINIA BiMJAAKHA IMporpam
BU3HAUAETHCA CaMHM MPOTPaMiCTOM 3ajJeXHO Bif Horo mocsiay,
kBami(ikamii, CTymeHS  CKIAQOHOCTI  BHpINIYBAaHOTO  3aBIaHHSA 1
IHIVBIAyaIbHOTO CTHJIFO MIPOTPAMyBaHHS.

Bepudixanis pe3yabTaTiB po3paxyHKy

Sk ckazaHo BuIIe, crcTeMa MOXKe 3a(iKCyBaTH JIOTi9HI TOMUIIKH
TIIBKY HENPSIMUM YMHOM, aJie 1 I1e TPaIUIEThCA Jalieko He 3amxau. Camuid
HE3pYYHUH BHUMAJOK JUIsl TpOrpamicTa, KOIU pPE3yNbTaTh pPO3pPaxyHKY
cx0xi Ha mpaBay. Tomy 3aBIaHHs JOKa3y MPaBHIBHOCTI PIllIEHHS Ma€ OyTH
MOCTaBJIeHA 1 peasli3oBaHa Ha eTarli Po3pOOKH TIPOTPaMH.

3poOHuMO 11 Ha MPHKJIIJIi IPOTrPaMu PO3paxyHKy CTPYMIB B JIAHIIIO31,
peanizoBanomy M-¢aiinom Circuit 3_debug.

Ha erani namucaHHS mporpaMu MU 3iHCHIIIN TEPEBIPKYy 3a 2-UM
3akoHOM Kipxroda mo KOHTYypy, HE BKIIOUEHOMY B CUCTEMY PiBHSIHB IS
3HAXOJ/KCHHS CTPYMIB B TiNIkax. J[JIs eNeKTpUYHUX JIAHIIOTIB TAKOTO POAY
nepeBipka HeoOXxinHa Terep mepeBiprMo, 4u JOCTAaTHS BOHA.

Ji1st 1bOTO BUKOHAEMO HACTYIIHI Jii:

e Brecemo noriyHy nomMuiky Ao mnporpamu. Ilpum 3amoBHeHHI
marpuii M 3amiaumo M(1,2)=-1 na M(1,2)=1. Tenep marpuis MOBHHHA
BUTJISIIATH TAKUM YHHOM:

M=[1 1 -1;
Z1 O Z3;
0 2z2 -Z3];
¢ 30epexkeMo mporpamy i 3aIrycTUMO 11 Ha po3paxyHOK.
Pesynbratu po3paxyHKy:

11=-17.5739-76.7793i
12=16.5153+79.355i
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13=-1.0586+2.5757i

error calculation eps=0
11M=78.7649 phl1=-102.8923
I2M=81.0554 phl2=78.2435
I3M=2.7848 phl3=112.3428
>>

Takum unHOM MU O6a4MMO, IO KPWBI CTPyMiB Ha rpadiky cXoki Ha
peasbHi, a moMmiKa po3paxyHkKy eps=0. OTxe, MpoBeIeHOI MEepPEeBipKU
HEIOCTATHBO IS BUSIBIICHHS JaHOT JIOT1YHOT TOMUIIKH.

Jisl eneKTpUYHOi CXEeMH PEKOMEHAYETHCS IMPOBOIUTU TEPEBIpKY
Takok 1o 1-y 3akony Kipxroda 1y By3na, HE OXOIUICHOTO CHUCTEMOIO
piBHSHBL I BH3HAuYeHHS HeBioMHX. Opra”i3oByeMO pO3paxyHOK
nepeBipku 1o 1-y 3akony Kipxroda i mo 2-y 3akony Kipxroda Ttakmm
YHHOM:

%IIEPEBIPKA I10 1 3AKOHY KIPXI O®A
eps1=I1(1,1)-1(2,1)-1(3,1);

%IIPOBEPKA 110 2 34KOHY KIPXI'O®A
eps2=E1-E2-Z1*I(1,1)-Z2*1(2,1);

disp([' error calculation eps1=",num2str(epsl)]);
disp([' error calculation eps2=",num2str(eps2)]);

1 IPOBEIEMO BIAMOBIHI 3aMiHH B IIpOrpami.
30epexkeMo TporpaMy i 3amycTHMO il Ha paxyHOK. OTpuMaemo
HACTYITHI pe3yJIbTaTH:

11=-17.5739-76.7793i
12=16.5153+79.355i
13=-1.0586+2.5757i

error calculation eps1=-33.0306-158.71i
error calculation eps2=0

11M=78.7649 phl1=-102.8923
I2M=81.0554 phl2=78.2435
I3M=2.7848 phl3=112.3428
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Takum urHOM, TIepeBipka 3a 1-um 3akoHoM Kipxroda mae moxubOky
eps1=-33.0306-158.71i. OueBuaHo, 110, OCKiIbKU 1-i 3akoH Kipxroda He
BUKOHYETBCS, TO PO3PaXyHOK BUKOHAHO HEBIpHO.

BumpaBuMo BHeceHy MOMWIKY 1 3HOBY 3allyCTUMO MpOrpamy.
OTprMaemMo HaCTYITHI 3HAYEHS TOXHUOOK

error calculation eps1=0
error calculation eps2=3.5527e-015+7.1054e-015i

BenuurHa noxuOKu CBITYHUTH PO MPABUIBHICTH PO3PAXyHKY.
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3 IABOPATOPHA POBOTA Ne3

TEMA: MogenoBaHHS CTaINX CICKTPUYHUX TIPOIECiB B  cepemi
MATLAB. YacTka 3.

META POBOTU: Po3pobutn i BiutaguTu mporpamy po3paxyHKy CTPyMiB 1
HalpyTd B 33/IaHOMY EJIEKTPUYHOMY JIAHIFO31 1 JOBECTH MPAaBHILHICTH

PO3paxyHKy.

3aBaaHHs HA BUKOHAHHS Po00TH

st 3amanoro BapiaHTy eNeKTPHYHOI CXeMH HEO0O0Xi1THO:
® PO3pPOOHUTH MaTEeMATHIHY MOJIENb PO3PaXyHKY CTPYMIB B TUTKaX i
HAIpyrd Ha PEaKTHBHUX €JIEMECHTAX;
® CKJIACTH MPOTPaMYy, IO peajizye po3po0IeHy MOJIEINb;
® BKJIFOYUTH B IIPOrpamy OIE€paTopiB, IO JT03BOJISIOTH IIPOBECTH
BepHU(QIKaIlilo pe3yIbTaTiB PO3PaxXyHKY;
e opraHizyBaTH rpadiuHe BUBeICHHS BKa3aHUX (PYHKIINA CTPyMIiB i
HarnpyrH;
® BiJUTaIUTH TIPOTPaAMY;
e pe3ynbTaTé podoTH ( mporpamMy, JICTHHT pO3PaxyHKY, rpadiku)
30eperTy B 0OCOOUCTIH AUPEKTOPIi Ha KOPCTKOMY JTUCKY.

InpuBinyanbHi 3aBaaHHs

Bapiaum 1:

Rz L3
Fi1 ﬁ 1mH
108 582 m

Ci =.2= 0

25/ 50Hz/0Dea 1 00pF
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Bapianm 2:
Rz L3
R 1mH
Fi1 cz
O " 1% 2000F e
102/ 50Hz/300eg
c3
-‘_mDuF
Bapianm 3:
R L1
1952 1mH
Rz
455
™ 2200 B0Hz/E00eg [] Rz L4
1005 SrmH
cz
T 100uF
Bapiaum 4
R4
Lz
~ 120mH = L GF 1205
120011 20H=2i1200 8a
L4
120mH
[] 1 Rz IE
1208 1206 1208 ca
-|_ 1200F
Bapianm 5:
R4
- " ok J_ ca 1208
144120Hz/1200eg m 120uF
La
120mH
A1 Rz A3
1206 1206 1208 o4
120uF




Bapianm 6:

Bapianm 7:

Bapiaum 8:
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Rl Rz 133F
1mH 1605 1208
- I
Fidt
[ Rz 1208
1508
Fid
10052
Ez
100/ TOHz/ 00 e R4
¢ 10052
[occ]
F2
1?'|'LF 1208
|| —
i
1mH 150%
Fid
1208
E:
ny 100W/ 50H 2/ 2002g
R1 R3
1500 1505
c3
10pF
Il
]
R R2
1mH 1605 1205
100V/50Hz/ 200 eq [ R4
[],E= 1208
150R
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Bapianm 9:
C3
10pF
Il
i
Ez2
B gz  100MITOH2/E0Deg
1mH 1505 1209 £
Rz [
[] 15052
R
‘Iﬂﬁ
Bapianm 10:
[
10pF
Il
il
R Rz
1rmH 1505 . 1208
Fid
N Eq [] 1208
100w B0Hz! 23009
Rz
1508
Bapianm 11:
Ed -
Z200W/50Hz/ 0D eg R1 L1 o
A 108 1mH I "
Ez -
IE0MIB0Hz/ 120020 p2 Lz T
N 108 1mH i
E3 -
2EWIEOH=/2400e3 K3 Lz T
2 105 1mH H
ﬁ | N I

o —

R4
1205
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Bapianm 12:
E1
2200/50H= DD eg L
: 1mH
P
S R
10%
E2
2200IS0H=11200eg Lz
£ 1rnH
P
e Rz
10%
E3
2200/50H 2/ 240029 L3
! 1rmH
P
P
Bk
1052
Bapianm 13:
Fil L
195 1mH
Rz
4552
L4
£z []15035'2 5mH
1o 100Hz 2009
cz
T 100uF
Bapianm 14:
= =]—
1
TmH R Rz Ca
I5052 1209 10uF
R4
[],F2 1205
160
R4
1mH 1002
EZ
100y P0Hz/ 60D =g
: 1mH
oy oy

L
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Bapiaum 15:
I =
c3
Rz
10uF 130
R1
1rmH 1505
] R4
. 1209
1004/50Hz/3002a 3
1200F
Rz
150%
Bapianm 16:
c3
2
10uF e,
I =
Il
3
R
10pF
1mH 15082 i
— ]
] R
- 3 1208
1004/50H=/30Deg
A3
T 1502
Bapianm 17:
£z
10pF
Il
I
=% Rz oo FOHz/ 600eg
1mH 1605 12085 £
GE
1505
R

1505
—

Fid
1205
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Bapianm 18:
E1 o
2200/50H=/ 0D eg o L1 =
A 102 1mH | "
cz
R2 L2
10% rH ml':'”':
: T I
EZ -
2200IG0H= 24006 R3 Lz =8
Z 105 1mH H
Py — |
— — |
Bapianm 19:
E1
220WiS0H=/00=g L1
: 1mH
R
1042
E2
2EOVIS0Hz/1200eg Lz
£ 1mH
oy
A2
10¢
L3
1rmH
A3
108
Bapianm 20:
mH 1505 1zom
1 :I—”—«
[ [Junfz
1509
mH 150% 1005
aase - —
E2
1004/ P0H=fEDD =g
:
P 1oose
— —
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Bapianm 21.:
E1 o
2200/ 50Hz/ 00 eg R 1 0ouF
2
S = |
E2
22000 B0Hz/1200eg Rz Lz
2 TraH
Py 108
= —
Ez o
220h//50Hz=1 240029 Lz s
2 rH uF
£y PR I
Bapianm 22:
Rz L3
[T] A1 ﬁ TmH
108 a5
~(|) 28150Hz/0000 == 15;”': [l
[
g5
-
200uF
Bapianm 23:
Lz F4
~ I 1 20mH k3 1205
14f120Hz/1200 eq 1 200F
R Rz R3

1208 1208 1208
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4 TABOPATOPHA POBOTA Ne4

TEMA: Po3paxyHOK TMepexiJHHX TPOIECiB UYHCEIbHHM METOJOM B
THIMHUX eNeKTpUYHuX Konax. Yactuna 1.

META POBOTU: BukopuctaHHs METOAy 3MIHHHUX CTaHIB, YHCEIHHHX
METOMIB iHTerpyBaHHS [u(epeHmiadbHUX pIBHAHD 1 JTUCKPETHHUX
CTPYMOBHX MOJIeNiel iHAYKTHBHUX 1 €MKICHHX €JIEMECHTIB B HESBHOMY
metoai Eitnepa s po3paxyHKy NepexiJHUX MPOIECiB.

MartemMaTH4YHa MOJeJIb

PosrisiHeMo enekTpuyHy cxemy, sika IoKkazaHa Ha pUcyHKYy 4.1.

R i

104 i2
—
o
i3
1] =T
1052 1052
~<> eft]
100k fBOHz/ 48029
C L
0.0001F 0.0 H

Pucynok 4.1 — EnextpuvHe KOJIO 3 MapaMeTpaMH €IeMEHTIB, [0 3aBAaHi

Y ™omenT t=0 3amMHKaeThCS KIOY 1 TOYMHAETHCS TEPEXiTHUN
NpoIIeC B HABEACHOMY EIEKTPHYHOMY KOJIi.

3aMiHUMO I1HJAYKTHBHUH 1 €MKICHHH €NEMEHTH iX JMCKPETHUMH
CTPYMOBHMH MoOJIeNsIMU. Tomi Koo HaOyae BHIUIAN, TOKa3aHWA Ha
pucyHKY 4.2. YV 1bOMy KOJi HEMa€ XOJHOTO €EMKICHOTO YM iHIYKTHBHOTO
€JIEMEHTY — LI€ JIAHIIIOT TIOCTIHHOTO CTPyMY.
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----- =il w2

Rz
! elt)

uil
[h)
— 1

+ = v LK
[ s=cen £ RlekiCh [l s=rL ]

Pucynok 4.2 — ExBiBaJIeHTHA cXeMa IIOCTIHHOTO CTPYMY IS KOXKHOT'O KPOKY IHTEeTpyBaHHS

B mouarkoBuit Mmoment t=0 BigoMi cTpym i; i Hampyra uf (k=1).
Lle HesanexHi moyatkoBi ymoBu. [yt MoMenTy t=h MoxHa BH3HAYNTH BCi
CTPYMHU Ta HAaIlPyrd, BUKOHABIIM PO3PAaXyHOK KOJa IMOCTIHHOTO CTPyMY.
Bukonaemo 1eit po3paxyHOK METOAOM BY3JIOBUX MOTEHIIANIB, IS BOTO
neperBoprmMo jukepenio EPC e(t) B jukepeno ctpyMy i OTpUMaEMo cXemy,
sIKa HaBeJleHa Ha PUCYHKY 4.3.

----- = 1) (1) o 2k

L i30ke1
Fi3 Rz

(3 (2)

I=ein/m G1=1/R1 [ a=cin B oo [la=hit =y

Pucynok 4.3 — Jlanigor 3 jukepenom EPC e(t), sikuil nepeTBOpPEHO Ha [PKEPENo CTPYMY.

Cucrema MOTEHIIAJIbHUX PIBHSIHD Ma€ BUTJISL:

+G 0 — G, —Gapy =1y,
—Gp01 + G0y —Gpapy = (4.1)
G0, — G0, + G005 = I
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ne
G, ;- cyma mpoBifHOCTEH TilIOK, 0 CXOAATHCS 10 By3ia 1.
1 1 1
G =—+—+—;
R Ry R,
G,, - cyma npoBinHOCTEil TiIOK, 110 CXOAATHCS 10 By3ia 2.
1 h
Gp=c+-—:
R, L
G,;- cyma mpoBifHOCTEH TiIOK, 0 CXOAATHCS 10 By3ia 3.
1 C
Gy =+
R, h
G,,=G,, -npoBinHicTh rinKu Mixk By3namu 1 u 2.
1 .
G, =—;
R,
G,3=G,; - mpoBiaHicTs rinku Mix By3namu 1 u 3.
1 .
Gy =—
R,
G,;=G,, - mpoBiaHicTs rinku Mix By3namu 1 u 3.
G,,=0;

1., 1,5, 35~ By3i0Bi cTpymu.
|,,- anrebpaiuna cyma CTpyMiB JKepert, MO CXOISIThCs 10 By3na 1.
_e(t) .
R,
|,,- anreGpaiuna cyma cTpyMiB JuKEpeII, 0 CXOAATHCS JI0 By3iia 2.

_ k.
|22——|2,

Ill

| ;;- anreGpaiuna cyma CTpyMiB JUKEPEII, O CXOAITHCS 10 By3ia 3.
—1]k-
I 22 T U ’

TakuM 9UHOM, OTPUMYEMO CUCTEMY JIHIHHUX PIBHIHB 3 TTOCTIHHIMH
KoeinueHTaMu.
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Pitrennst cucremu (4.1) 103BOJMUTH OTPUMATH MOTEHIAIM BY3JIIB,
TOOTO @y, P, P

SIkmo BiOMi MOTEHITAK BY3JIiB BU3HAYMMO BCi CTPYMH W HaIpyTH
HAa EMHOCTI

_ewm 1.

|
1 R ¢1R
2

i
2 R,

O — Qs

Iy
R,
Ue = @5,

[licist Bu3HA4YeHHS 1,iU. yTOYHIOEMO TApPaMeTpH AMCKPETHHX

CTPYMOBHX MoOjejiell, Jac 30UIbIIyeMO Ha BeIMYMHY KpoKy h i Bce
00YMCITIOETBCS  3aHOBO, IMOKH KUTBKICTH KPOKIB iHTerpamii He JOCsATHE
3aJIaHOT BEJIMUMHH.

Buiok-cxeMa ajiropuTMy PO3paxyHKY 3TiTHO 3 MATEMATHYHOIO MO/IEJLII0
brok cxema anroputMy po3paxyHKy NPHUBEIECHA HA MATIOHKY 4.4.

3aBaaHHA HA BUKOHAHHA JIa00paTOpHOi po6oTH

® PO3po0ITh IPOrpaMy Ha OCHOBI JaHOT'O AJITOPUTMY;

e BBEJIThH J0 NPOrpaMH ONEPATOPH, IO JO3BOJIATH BUKOHATH
NePEeBiPKY pe3yabTaTiB O0UUCIICHHS;

e oprani3yiite rpadiyHe BUBEICHHS PO3PaxOBaHUX QYHKITIH
CTPYMIB 1 HAIIPYT;

® TIPOBEJITH BIUIAJKy IPOTPaMHu;

® 30epeXKITh Pe3yNIbTaTh POOOTH (TIporpama, JICTHHT 0O0UNCIICHB,
rpadiku) B ocodrcromy daiii.
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Enrtered data
RLE2R3C.L Fauoy M —_ ]

h(l)=[|‘, Independent initial conditions

Uplen Lo

GuGuGas

GGz I T Defining of condadtances

e —— — e — — Forming of matrx of condadance s

T=={D/R1
Igg= Lk 1)
La=C*U(ke-10h

I=[Ty T :Taa

Fi=Gl

L,(K=({1/R1-Fi{ LVR1
Lk)=(Fi(1)-FiL/E 2
L(0=(Fi-Fir 5/E3

Uk =Fi( 3

Pucynok 4.4 — bnok-cxema anroputMmy o04HCIeHb EPEXiJHOTO MPOLEeCy
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5 IABOPATOPHA POBOTA NeS

TEMA: OOuncieHHS NepexigHuX INPOIECiB B JHIMHUX EICKTPHIHHUX
KOJIaX YHCENbHUM MeToZoM. YacTuHa 2.

META POBOTU: IlpaktnuHe BXHBaHHA METOAY 3MIHHHUX CTaHiB,
YUCEIBPHUX METOMIB IHTerpamii AuQepeHIiaTbHAX PIBHSIHB 1 TUCKPETHUX
CTPYMOBHX MOJIeNIel iHAYKTHBHUAX 1 €MKICHHX EJEMEHTIB B HESIBHOMY
Mmetoni Eitnepa amst po3paxyHKy HepexiTHUX MPOIECiB.

3aBaaHHsA HA BUKOHAHHSI POOOTH:

° CTBOpITH MaTeMaTH4YHy MOJENb, IO peali30oBye pPO3PaXyHOK
NepexiJHUX CTPYMIB B TUIKaX CXEMH sl Balloro iHAWBIAYaJIbHOTO
3aBJIAHHS;

®  pPO3pO0ITH AITOPUTM 3TiIHO CTBOPEHOT MaTeMaTHYHOI MOJENi, Mo
peaiizoBye HesiBHUI MeTon Eitnepa;

® pO3podITH TpoTpamy, IO PEalli30Bye PO3POOIICHUHN alTOPUTM;

® BBEJIITh /IO MTPOTPAMHU OINIEPATOPH, IO JIO3BOJISIOTH BUKOHATH MEPEBIPKY
pe3ynbTaTiB 00YHCIICHD;

e Oprani3oByiiTe rpadiuHe BUBEICHHS PO3PaXOBaHUX (PYHKIH CTPyMIiB i
HanpyrH;

® TPOBEJITH BiAAAKY IPOTPaMH;

e 30epexkiTh pe3yabTaTH poOOTH (IIporpamMa, JIICTUHT 004YHCIIeHb, rpadikn)
y BalioMy ocoOucTomy Qaimi.

InauBinyanbHi 3aBgaHHs

Bapiaum 1:

Rl
2065
[] R2

305

Rz
108 L3
0.00zH

m elt]
2200/ B0Hz/E00eg

c2

-|_ 0.0003F
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Bapianm 2.
— o
R
206
R3
308
- >22WI5IJE.IE:]EIBDDEQ o5 L3
0.002H
cz
0.0003F
Bapianm 3:
—E » 9“'—’
Fit
200 + Eo
ST A3
0%
Rz
~ elt)
100 L3
2200/50H=/600eg o
Cz
0.0003F
Bapianm 4:
- o
Rl
108 F+ Ex
30
I elt]
22001 50Hz/ 00 [] 2%?-2 1L55;-E
— cz
T o.000zF o é_oazH
Bapianm 5:
e L1
1065 0.001H 2 =5
405 108
~ elt)
300 F 40Hz 300 eg 3
0.0002F

. =
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Bapianm 6:
A1 L1
10 0.001H F3
105
N t [l 52
SO0/ 40H2/300eg 408 3
0.0002F
Bapiaum 7
= f
R ci
Rz
105 0.0002F 108
. ) ] Az
200 Lz
a0 EOHZ 0D ea 0.001H
Bapianm 8:
il
R 1
105 0.0002F
‘ICI'R
Rz
208
0. UU‘I H
a0 EEIH ZI2DD eg
Bapianm 9:
=)
R1 o
1058 3
0.0002F 102
[] Rz
2082 L3
em it 0001 H
1a/B0Hz=/ 20020
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Bapianm 10:
=
R1 o1
1o 0.0002F ‘IFé?Z
Rz
B0 Lz
em ] 0.001H
30L/50Hz/450eg
Bapianm 11:
— Il
1 i c»-""c
R1 c1
10f  0.000ZF P
105
R2Z
052
L3
eﬂ, iit) 0.00MH
204/ 50Hz2/ 45029 Lz
0.001H
Bapianm 12:
c
1':519 0.0002F
— Il "
I o »
Rz
105
Rz
505
Lz
~{ |} 2200450H2/ 00 25 0.001H
L2
0.001H
Bapianm 13:
— Il -
— || I -
1
1
108 g ooozF
R2
505
% Lz
“(::l 100h/50H=/E00eg 0.003H
Lz
0.001H
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Bapianum 14
— !
1T O""'c - l,f'_"\\
3] et
[ =201]
220vIS0H=/ 0D =g
Rz :
S0
Le
~ =111 0.003H
1004/ S0Hz/ B0 eg L2
0.O0TH
Bapianm 15:
¢
— . P
— o
rs;
Z200/50Hz/ 0Deg
Rz
B
Lz
~( =10 0.003H
100/ 50H=/ 60D eg La
0.001H
Bapianm 16:
:
— -
R
105 22t
2200/50H=/ 0D eg
Rz
50%
m[::) elit) ca
1 00W/B0H 2/ GO0 e Lz oz
0.001H '
Bapianm 17:
¢
— Il . £y
- ]
1%1-2 c1 =20t )
0.0003F 220W/50H=/00 &g
Rz
5032
~ 11
1DDVI5EDI-|[E]ISDDEQ F2
Lz 205
0.001H
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Bapianm 18:
4
— It
1 _L L
Al 1 20t
10 D.O003F o 2200 {S0Hz/ DD eg
0.0002F
Rz
5052
~ =1it]
1000/ S0H2/ B0 2 Lo
0.001H
Bapianm 19:
20 )
— I 220V/50H2/0Deg &
A1 i
108 ™
0.0003F oo
0.0002F
m.i) 2100 Rz
100 S0H 2/ 60020 505
L2
0.001H
L
Lo
Bapianm 20:
1 L1 =2t
Fit 160/ 50H2/300 25
o n.oulzulnaF 0.003H ;
— i I =
cz
0.0002F
ﬂ.() 21 Rz
100/ S0Hz/E00 25 B0%
.
Bapianm 21:
1 :»-’"'D_i -
R
205 Jre
302
Rz
N(:) 22w15§|5|t]zr50|3 ea 105 Lz
0.002H
cz
0.0003F




42

Bapianm 22:
— o
R — ]
1052
o et Lz
220 I50H=/ 00 29 156
L3
0.002H
Bapianm 23:
:
— . Pl
— A
R1 e2it)
105 Z20050H2/00eg
Rz
505
e10t)
100/ SOH=z/ 600 eq Lo =, nucngF
0.0071H ’
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6 IABOPATOPHA POBOTA Ne6

TEMA: MopmemioBaHHsS CTaduX EJICKTPUIHUX IIPOIECiB B HETIHIHHHUX
eJIIEKTPUYHHX Konax noctiitnoro ctpymy y MATLAB. Yactuna 1.

META POBOTMU: IlocraHoBka 3aBmaHHs, CTBOPCHHS porpamMu
pO3paxyHKy eNeKTPHYHOTO CTaHy WIPOCTOTO HENiHIHHOTO JIaHIIoTa
MOCTIHHOTO cTpyMy MeTogoM HetoToHa.

MartemMaTH4YHa MOJeJIb

HaBenemo  mpukianm — ckiIagaHHS —~— MaTeMaTHYHOI — MOJeNi
CJIGKTPUYHHUX MPOIECiB 1 iX aHaji3y B MPOCTOMY EIEKTPUYHOMY KO
(puc.6.1) B MATLAB.

Pucynok 6.1 — EnextpuyHa cxema, 1110 MOJETIOETHCS.

[TapameTpu eneMeHTIB CXeMHU:

E=10 B; R;=0.5 Owm;

Heniniitanii €JIEMEHT 3a/1aHUM BOJIBT-aMIIEPHOIO
xapaktepucTukor (BAX) B aHaNITHIHOMY BUTJISIII:

U.=a-1%, (6.1)

e U, — Harpyra Ha HexiniitHomy enementi; a=4"".
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[ToTpi6HO BM3HAYHTH CTPyM B cxemi MeTosioM HeroToHa.
Ha mixcrasi apyroro 3akony Kupxroda MoxxHa CKIacTy PiBHSIHHS

Ri-1+Un=E. (6.2)

[TincraBumo Bupasu s BAX neniniliHoro onopy (6.1) B piBHSHHS
(6.2) 1 oTpMaemo HeqiHilHe anrebpaiuyHe piBHAHHS BiIHOCHO CTpyMy I:

Ry I+ a-1”=E. (6.3)

Pisnstans (6.3) moxna samucatu ax T (1) =0, ne

f(1)= Ry I+ a-1” -E. (6.4)

Bignosigno no anroputmy Hetotona k+1 HaOmkeHHS 7151 CTPYMY
MOJKHA 3HAITH SIK

()
ki = b (1) (6.5)

Buxopstuu 3 (6.4), 3naitnemo pupa3s aist F'(1):
f(1)=R+a/(3-T7).
BuzHaveHHs1 MOYaTKOBOI0 HA0JIMKEHHS
[Ipuiimemo mouaTtkoBe HaOMMKEHHS CTpyMy B JaHio3i [(=0, Ttomi Ha

NepuIoMy Kpolli iTeparii pi3HUIS CTPYMIB MOYATKOBOTO 1 HACTYITHOTO
HaOJMKEHb

Il - |0= f (Io)/ f'(lo): -10/00 :O,

T.4., TIPY 33JaHOMY HaOJMKEHHI TIPOIIEC PO3XOTUTHCS.
BissMemo 3a mouatkoBe HabOmmxkenus lg=1, Tomi:

I, - 1= f (lo)/ F'(1lo)= -7.91/1.03=-7.68.

Omxe, ;=1 MOXHA IPUIHATH SIK IOYATKOBE HAOIMKCHHSI.
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IIporpama po3paxyHnky B cepeni MATLAB

Tonosna nporpama(script-file)::

% Caculation of the simple circuit by the Newton method

% Newtl

% Initial data

E=10; R=0.5; a=4"(1/3);

% Number of iterations

N=20;

% Initial approach

k=1;

I(k)=1;

% Iterative process

for k=2:N
fk_1=funl(l(k-1),R,a,E); % call of f(i)
dfdik=dfdI(I(k-1),R,a); % call of f'(i)
I(k)=1(k-1)-0.5*fk_1/dfdlk; % calculation of the next approach

end

% display of iterative process

plot(1);

[ligmporpama —dyuakims po3paxyaky (M-file) f(i):

% calculation of f(i)
function f=fun1(l,R,a,E)
f=R*1+a*1"0.333-E;

[Iigmporpama — dyukuisg pospaxyaky(M-file) £°(i):

% calculation of f'(i)
function der1=dfdI(l,R,a)
derl=R+a/(3*1"(2/3));

Pe3yabTaTu po3paxyHKy
Ha pucynky 6.2 HaBemeHa rpadidHa 3aJekKHICTH PO3PAXyHKOBOTO
3HaueHHSI CTpyMy B cxemi (puc. 6.1) Ha KOXHOMY KpOIl iTepallii Bif
HOMeEpa IbOTO KPOKY.
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3 puUCyHKa BHIHO, IIIO MPAKTUYHO JOCTATHHO 12-TH KPOKIB iTepamii Iis
32I0BUTHHOT TOYHOCTI PIiITICHHS.

InpuBinyanbHi 3aBaanHs

PozpaxyBatu ctpym B cxemi (puc.6.1), sxmo BAX HemiHifHOTO eneMeHTy
3aJa€ThCA aHAIITHYHOK 3aJIEXKHICTIO BIAMOBIIHO 10 Tabaumi 6.1.

I
L/

Pucynok 6.2 — 3anexnicts I(n).

3aBaaHHsl HA BUKOHAHHS Po00TH

e BuBunty mm.6.1 —6.3.
o [loBTOpHUTH NpOorpamy, HaBeJeHY B 1.6.4. i oTpuMaTH 3ajexHicTh I(n)
(puc.6.2);

s 3aganoro Bapianty BAX HemniHiliHOTO enmeMeHTy Ry
e Po3poOuTH MaTeMaTHYHy MOJIEHh PO3paxyHKy CTpyMy B Kot (puc.6.1);
e CKJacTu porpamy, o peaizoBye po3po0JieHy MOJICTb;
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e OpranizyBaru rpadidHe BUBEJCHHS PO3PaxyHKOBOT'O 3HAYCHHS CTPYMY
B cxemi (puc. 6.1) Ha KOKHOMY Kpolli iTepamii Bi HOMepa IbOro KpPOKY
I(n);

e Bigmagutu nporpamy;

e PesynbTatu poboTH (IIporpamy, JiCTUHT po3paxyHKy, rpadiku) 30epertu
B 0COOMCTIH TIPOCTOPI HA )KOPCTKOMY IFICKY.

e Odopmutu 3BIT 10 Ja0OPaTOPHiil pOOOTI.

Tabmuma 6.1
Ne BAX Ne BAX
: HEJIIHIMHOT O : HEJIIHIMHOI 0

paplaiTa enemenTa R, baplatta enemenTa R,

1 I=2.5U° 16 I=3U7 sign(U)

2 I=6U%ign(U) | 17 1=0.5U" sign(U)

3 1=2|U] 18 I=5Uarctg(U)
sign(U)

4 I=3U° 19 1=0.2arctg(V)

5 I=3[log.U-1] 20 1=8.6U° sign(V)

6 1I=3U° 21 1=3.5[exp(bU)-1]

7 I=argtg(U/5) 22 I=2arctg(V)

8 I=5U% sign(U) | 23 1= 9.4U%ign(V)

9 1=8|u|*"® 24 I=1.7U°
sign(V)

10 I=7U° 25 1=8U°

11 1=6.1U% sign(U) | 26 1=6.9[exp(U)-1]

12 1=5.2U° 27 1=6.9U°

13 1=9.3[InU-1] 28 1=2[exp(U/2)-1]

14 1=0.5U" sign(U) | 29 I= 7[log,U-1]

15 1=8|U|*"* 30 1=5.5[InU-1]
sign(V)
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7 IABOPATOPHA POBOTA Ne/

TEMA: MopmemioBaHHsS CTaduX IPOIECiB B HENIHIMHUX EICKTPUIHUX
KOJIaX TIOCTIHHOTO CTpyMy 4YHCEIbHUMH MeTonamu B cepeani MATLAB.
YacTuna 2.

META POBOTMU: IlocTanoBKka 3aBiaHHs, pO3pO0OKa MPOTpaMu pPO3PaxyHKyY
HENHIMHNX eNeKTPUIHUX KUT MOCTIHHOTO cTpyMy MeTooM HeroToHa, mpu
BUKOPHUCTaHHI JUCKPETHUX CTPYMOBHX MOJICIICH.

MaTtemMaTH4HA MOJeJIb

PosrnsiHemMo  mpukiian  cKiajaHHs MaTeEMAaTHYHOI MOJel
CIIEKTPUYHHUX TIPOLIECIB B KOJi, HaBeAEHOMY Ha pucyHky 7.1, i
npoaHaiizyemo ix B cepeni MATLAB.

Rz
(7 e
o |1<#---Hn 1
D
i —

PucyHnok 7.1 — 3agaHe enekTpuuHe KOJI0

3HaYCHHS MTapaMeTpiB eJIEMEHTIB!
EPC:
E,=10V; E;=5V,
JIiniiiHi onopH :
R1:2 OM, R2:3 OM,

Heniniitnuii omip R, 3amaeTscs ananiTHaHUM BupaxeHHsM BAX:
Us (1) =a- 13, (7.1)

ne Ut (1) — Hanpyra Ha HeiHIHHOMY pe3ucTopi,
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a=10"

[ToTpiOHO BU3HAUUTH CTPYMH Y BCIX TiJIKax JAHOTO JIAHLIIOTA.
Jlnst BupimenHs motpibHo oGuncroaty moxizay 9! mpm koHkperHEX
du

3HAUCHHAX Hampyru. J[is BUKOHAHHS 11i€i MeTH BUpimumo piBHsHHS (7.1)
1010 CTPyMY 1, 1 BI3bMEMO TOXiTHY:

I’¢ (U) =0.3U° (7.2)

Bupaz (7.2) nmo3Bosisie OOYHCIUTH TPOBIAHICTH AHCKPETHOL
CTPYMOBOI MOJIeJIi HETHIMHOTO PE3UCTHUBHOTO eJeMeHTy. ToMy B mporpami
Br3HauMMoO BHpa3 (7.2) ¢yHKmiero kopuctyBaya. [louaTkoBe 3HaYEHHS
(HypOBE HAONMMKEHHS) CTPYMY B HENIHIHHOMY OIOpi Mae OyTH 3alaHe.
3anamo #oro pieauM Iy = 0,1 A (cepenHbo-cTenboBa BenuunHa). HynboBe
HaAOJMDKCHHS TTOBMHHE BIiAMOBiZaTH aBoM BuMoram: moxigua dl/dU mpu
bOMY 3HAa4Y€HHI CTpyMy He Mae OyTW pIBHOIO HYIIIO; 3HAa4YeHHs [, He
MOBHHHO TEPEBUIIYBATH MaKCHMAIILHO MOXKJIMBOTO 3HAYEHHS CTPYyMy B
HeniHiiiHOMY enemeHTi. [lomepenHiii po3paxyHOK /o MOXHa BHKOHATH
TaKUM YHHOM: TpyOo 3amiantd BAX mpsmoro JiHI€I0 1 BHKOHATH
pO3paxyHOK CTPYMiB B OTPUMaHOMY JiHiiiHOMYy manmio3i. [lpore B
O1UTBIIOCTI BHIIA/IKIB BUKOHYBATHU TMOTIEPEIHIN po3paxyHOK /o HE MOTPiOHO.
[Ipoctime Bu3HAYHTH [y METOJOM MPHUCTPUIKK. SIKIIO TIpH SKOMYCh
3HaueHHI /p pO3paxyHOK YIEBHEHO CXOIHWTHCS, TO BHOpaHe 3HaueHHS [p —
Te, 10 Tpeoda.

OOuncieHi CTpyMH y BCiX TUIKaxX BCIX KPOKiB iTeparii 30epiraemo
B ABoBUMipHOMY MacuBi /. [lepmmii iHmekc 3amae HOMEp CTPyMy TiJIKH,
Jpyroi, — HoMep iTepariii.

Hani #ine nukn oOYUCIIeHb, B IKOMY HOMEp 1Tepallii 10 3MIHIOEThCSI
BiJl OMHUII 10 3ajaHOro HOMepa N. Y IUKI OOYUCITIOIThCS MMapaMeTpH
IUcKpeTHOl crpymoBoi Mmogeni G, J, a HemiHidHuWi naHmor (puc.7.l)
3aMIHIOETHCS €KBIBAJICHTHOIO CXEMOIO 3aMmiliieHHs (puc.7.2).
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J1=E1/R1
| —
S Iz

G1=1/R1
—

— Izl
Jk

Il

=
i -_— 1

o ng
~ g

-

JE=EZIRZ
L—F
=

I3

GZ=1rR2
-

— g2
Pucynok 7.2 — ExBiBasieHTHa cxeMa

Po3paxyHok cTpyMiB B INiHIIfHOMY KOJi, OKa3aHOMYy Ha puc.3.9,
MPOBENIEMO METOJIOM JIBOX BY3IiB:

%+5—J

(P1: 1l 12 '
—+—+G
Ri R,

ne J ta G - mapameTpu AUCKPETHOI CTPYMOBOT MOJIEII.
Toni cTpymu rijok 00UUCIIOIOTECS 10 HopMyIax
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IIporpama po3paxynky B cepeni MATLAB

TonoBua nporpama (script-file):

% Calculation of the direct current circuit by the Newton method

% with application of discrete current models of nonlinear resistance
% Newt2

% Initial data

global a
R1=2; R2=3; E1=10; E2=5; 10=0.8; N=10;
a=10"N(1/3);

% Initial approximation
1(1,1)=10;

% Iterative process
for k=2:N
U=Uf(I(1,k-1)); % call function, calculating Uf(l) accord to previous
% iterative step K-1
G=dIf(V); % call function, calculating dIf(U)(conductance)
% accord to previous iterative step K-1
J=1(1,k-1)-U*G; % equivalent source current according to previous
% iterative step K-1
phil=(E1/R1+E2/R2-J)/(1/R1+1/R2+G); % potential of the node 1
1(1,K)=J+phil*G; % current through the nonlinear resistor Rn
1(2,k)=(E1-phil)/R1,; % current through the resistor R1
1(3,k)=(E2-phil)/R2; % current through the resistor R2
End
% Display of iterative process
p=1:10;
plot (p,1(1,p),p.1(2,p).p,1(3,p));

Mixnporpama-dynkiis (M-file) pospaxynky Ug(l):

% Calculation the voltage across Rn as current function
function f=Uf(I)

global a

f=a*I"(1/3);
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IIignporpama-dyukuia (M-file) pospaxyuxy dl/dU):

% Calculation the derivative | with respect to U
function di=dIf(U)
di=0.3*U"2;

Pe3yabTaTi 004uc/IeHD

I'padiuri 3ameXHOCTI PO3paXyHKOBHUX CTPYMIB B TUIKax JJIaHOTO
eNEeKTPUYHOTO Kojna (Man. 7.1.) Ha KOKHOMY KpOIl iTepamii HaBeAeHi Ha
PUCYHKY 7.3.

I'padiuni 3amexHOCTI CTpyMiB TiJIOK BiJ HOMepa iTepamii IMOKa3ye
yIeBHEHY 301KHICTh METOY.

I’A 4 T T T T T T T
; ' — 11 {through Rn) []
15 [ --- 12 (through R1) ||
: _;_ ________ 13 (through R2) ||
3 L R R 1 ....... P _
28]
2 RS boeeen SR SR IR T foreeeas LI
15 e
0 S S SO SO S SO SO SO S
05 TL' _____ .'-Th'. _____ '_':"_' ______ bl ]

o I R R

B 7 g 9 10 n

Pucynok 7.3 — I'padiuni 3a71e:KHOCTI pO3paxyHKOBHX CTPYMiB TiJIOK BiJi HOMepa
KPOKY iTepauii
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InguBinyanbHi 3aBIaHHA

OO0uuCHiTh CTPYMH B TUTKaX JaHOTO €NeKTpHYHOTro Koja (puc. 7.1),
skio BAX HeniHiitHOTO eneMeHTy 3a1aeThes Tabnuieo 7.1.

3aBaaHHA HA BUKOHAHHA Po0OTH

e Bupuntnm.7.1.
e CkIiacTu mporpamy, HaBeJIeHy B IyHKTI 7.2 1 OTpUMAaTH 3aJIeKHICTh 5K
Ha puc.7.3.

Juns 3apanoi B Tabnmni 7.1 BAX i 3nauens napamerpiB R1 i R2
BUKOHATH:

e Po3poOuTn MareMaTHYHy MOJEIb PO3PAXyHKY CTPYMY B €IEKTPHIYHOMY
ko (puc.7.1);

e CxJlacTu nporpamy, 1o peaiizoBye po3poOiieHy MOJIETb;

e OpranizyBatu rpadidne BUBEJCHHS PO3PAaXyHKOBOTO 3HAYCHHS CTPYMIB
B cxemi (puc. 7.1) Ha KOKHOMY KpoIIi iTeparii BiJi HOMepa IbOro KpPOKy
11(n); 12(n); I5(n);

e Bimnamutu nporpamy;

e Pesynbratu poboTH (IporpaMy, JICTUHT po3paxyHKy, rpadiku) 30epertu
B 0COOMCTOMY HPOCTOPI KOPCTKOTO JHCKY.

e Odopmuru 3BiT 110 J1a00paTOPHii POOOTI.
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Taommus 7.1

Howmep BAX wuemniniiinoro emeMmenTta R, Ry, | Ry, | Ey, | By,
BapiaHTa On| On | B B

1 1=5.5[InU-1] 5 5 |40 |7

2 I= 7[log.U-1] 6 8 15 | 20
3 I=2[exp(U/2)-1] 7 71 |5 |13
4 1=6.9U° 3 8 8 |10
5 1=6.9[exp(U)-1] 2 85 |13 |14
6 1=8U° 8 41 |55 | 6.6
7 1=0.5U" sign(U) 7 8 [89]85
8 I=5U° sign(U) 5 |3 |20 |38
9 1=9.3[InU-1] 9 99 |13 |89
10 I=7U° 2 10 6983
11 1=0.5U" sign(U) 5 74 13819
12 1=3]U]"® sign(U) 1 19 [7 |86
13 1=5.2U° 6 25 |9 |68
14 1=6.1U” sign(U) 71 |88 [87 49
15 1=8|U|"* sign(U) 97 |83 [48]39
16 I=3U° sign(U) 59 [71 |20 |25
17 I=5Uarctg(U) 37 |82 |30 |40
18 I=argtg(U/5) 7 95 [8 |71
19 1=0.2arctg(U) 20 |18 [59 ]9

20 1=8.6U° sign(U) 54 |74 |50 |28
21 1=3.5[exp(bU)-1] 40 |85 |41 |52
22 I=2arctg(U) 22 |48 [17 |7

23 I=9.4U%ign(U) 13 |59 [59 |12
24 I=1.7bU? 35 | 6 89 | 35
25 1=3U° 21 |8 26 |23
26 1=3[log,U-1] 48 | 4 13 |9

27 I=3U° 6.1 |9 4 110
28 1=2+{U] sign(U) 82 |5 |46 |13
29 I=6U"%sign(U) 5 39 [11 |12
30 1=2.5U° 9 82 |45 |50
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8 IABOPATOPHA POBOTA Ne8

TEMA: MogenioBaHHsl CTaIWX €JNEKTPUYHUX MPOLECiB B HENTiHIHHUX
eJIIEKTPUYHHX KOJax moctiitnoro ctpymy B cepeai MATLAB. Yactuna 3.

META POBOTHU: IlocranoBka 3aBHaHHS, CTBOPCHHS porpamMu
PO3paxyHKy eJIEKTPHYHOTO CTaHy  HEJiHIMHOTrO eNeKTPUYHOro Koja
MOCTIHHOTO CTPyMy MeToioM HPBIOTOHa i3 3aCTOCYBaHHSM CILIAHHOBOT
inTepnomnsnii BAX.

MaremaTH4Ha MOJeJIb
CknazmeMo MaTeMaTH4HY MOJENb ENEeKTPUYHUX TMPOLECiB B
enexTpuaaomy ko (puc.8.1) B cepeni MATLAB, sixmo BAX HeniHitHUX

eJIEMEHTIB 3ajlaHa B rpad)iYHOMY BHTIISII.

R — 10

! En

I?ié an#

— [Z

Pucynok 8.1 — Mopentoema enekTpuyHa cxema.

[TapameTpu e1eMEHTIB CXEMHU:

E0:5 B,' E3:4 B,' R0:2 OM,' R3:5 Om .
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Henimitini emementd Rp; # Ry, 3amaHi  BOJBT-aMIIEPHOIO
xapakrepuctukoio (BAX) y rpadignomy BUIIISIII y BiAMIOBIAHOCTI 3 pHC.
8.2
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/ L
/ FLLL
L
iy
n
a)
i
T /
it /
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ha) ] 15 o 1ps 1a
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6)
a) — st Ry
0) — nst Rpp.
Pucynok 8.2 — BAX HeniHilfHHX OIOPIB.
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CxeMa 3aMilIeHHs], B AKiii HEMHIINHI OITOpH 3aMiHEH] TUCKPETHHUMH
CTPYMOBHMH MO/IEJISIMA, HaBe/leHa Ha prc.§.3.

2} 10k ---x
G0 "
J1k
<
5
0o 1k < 11k 0
13
et Jzk
— l—F
12k -+ s 1 @—<

Pucynok 8.3 — CxemMa 3aMilieHHS.

AJNropuTM BHpIlIeHHS i€l 3ajadi B IIoMy 30iraerecs 3
ANTOPUTMOM pIIlIEHHS 33/1a4i, 10 PO3TIISYEThCS B JTaOOpaTOpHii poOoTi

Ne7. OcobnuBicTio € rpadiynmii croci® 3aBmanHs BAX HemiHIHHUX
€JIEMEHTIB.

VY maremaTuuHiii Mozeni Bu3HauMMO BAX Bysnamu iHTEpHossmii
Tak, 1100 abciucu By3miB iHTepnossaii BAX mis Rnl u Rn2 36iranmcs, i
X, TAKUM YMHOM, MO>KHA OyJI0 O 3a7aT OJHUM BEKTOPOM.

IIporpama po3paxyHnky B cepeni MATLAB

l'onoBHa nporpama:
%  Newt3
%

% Calculation of the direct current branched nonlinear circuit by the
Newton method

% with application of discrete current models of nonlinear resistance
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% VACH of nonlinear resistances given as arrays

% VACH is interpolated by spline-method
% derivatives are calculated by numerical seven-point method

%MU - vector of voltage coordinates of reference points for

% the VACH of Rnl and Rn2;

%MI1 - vector of current coordinates of reference points for

% the VACH of Rn1;

%MI2 - vector of current coordinates of reference points for

% the VACH of Rn2;

MU=[-12, -10, -8, -6, -4, -3, -2, -1, -0.5,-0.2, -0.1, 0,...
0.1,0.2,05, 1, 2, 3, 4, 6, 8, 10, 12];

MI1=[-256, -200, -128, -72, -32, -18, -8, -2, -0.5, -0.08, -0.02, 0,...
0.02,0.08, 0.5, 2, 8, 18,32,72, 128, 200, 256];

MI2=[-172.8,-100,-51.2,-21.6,-6.4,-2.7,-0.8,-0.1,-0.013,-0.0008, -

0.0001,...
0, 0.0001,0.0008,0.013,0.1,0.8,2.7,6.4,21.6,51.2,100,172.8];

R0=2; R3=5; EO0=5; E3=4; hU=0.1; hl=0.1;

% ——-

% Parameters of equivalent current sources

% —_

G0=1/R0; G3=1/R3;

JO=E0*G0;

J3=E3*G3;

% —_

% Initial approximation

% —_

|_11=2.5;

_21=1,

% —_—

% Number of approximation steps

% —_—

N=40;

Y — —
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% lterative process
% — —

I(1,1)=1_11;
1(2,1)=1_21;
for k=2:N

Ulk=spline(MI1,MU,I(1,k-1)); % calculation of the voltage drop U1k
across Rnl
% according to VACH by the spline-method

Glk=der7(MU,MI1,U1k,hU); % calculation of the derivative of
VACH-function |_1(U)

U2k=spline(MI2,MU,1(2,k-1)); % calculation of the voltage drop
U2k across Rn2
% according to VACH by the spline-method

G2k=der7(MU,MI12,U2k,hU); % calculation of the derivative of
VACH-function |_2(U)

J1k=1(1,k-1)-Ulk*G1k; % current through the nonlinear resistor
Rnl

J2k=1(2,k-1)-U2k*G2k; % current through the nonlinear resistor
Rn2

% account of conductances
G11=G0+G1k+G2k;
G22=G2k+G3;

G12=G2k;

% node currents
111=J0-J1k+J2k;
122=J3-J2k;

% matrix of conductances

M=[ G11, -G12;
+-G12, G22];

% matrix of node currents
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luz=[111; 122];

% potential of node 1
phi=M\luz;

% branch currents

1(3,k)=J0-phi(1)*GO0;

1(1,k)=J1k+phi(1)*G1k;

1(2,k)=J2k+(phi(2)-phi(1))*G2k;

end

% —_ —_—
% display of iterative process

% —_—
p=1:N;

plot(p,1(1,p),p,1(2,p),p,1(3,p));

[Migmporpama —yHKIMA po3paxyHKy nmoxinaoi BAX B 3amaHii To4ri:

% der7

% Calculation of derivative of function given by table using
% seven-point method

% MX, My - vectors of values of argument & function

% x - value of argument at which function is calculated

% h- increment of argument

unction df7=der7(MX,MY ,x,h)

yk_3=spline(MX,MY ,x-3*h);

yk_2=spline(MX,MY ,x-2*h);

yk_1=spline(MX,MY x-h);

ykl1=spline(MX,MY ,x+h);

yk2=spline(MX,MY x+2*h);

yk3=spline(MX,MY ,x+3*h);
df7=(-yk_3+9*yk 2-45*yk 1+45*yk1-9*yk2+yk3)/(60*h);
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Pe3yabTaTn po3paxyHky

Ha pucynky 8.4. HaBeieHa rpadivHa 3alleXKHICTh PO3PAXYHKOBHX
3HA4YEHb CTPYMIB B cxeMi (puc. 8.1) Ha KO’)KHOMY KpoOLli iTepatii Bijg HoMepa
OO KPOKY.

2.5
=)
=
- 2
I R e Ak Pmemoees fommmees AR IR 1.5
i [ [ (R feomeeon Femeann P demoeens 41
[H 1 1 H H | | |
I ' ' ' ' ' ' '
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] ' ' ' ' ' ' '
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Pucynok 8.4 — Po3paxyHKOBI 3aJI€)KHOCTI CTPYMiB B TUIKAX.

Sk BunHO 3 rpadika, NpH iTepauisx HaOMMKEeHI pillieHHs 34iHCHIOITH
UKJTIYHI KOJMMBaHHS JOBKOJA HIYKAaHOTO pimeHHs. O4eBHAHO, IO MPOLEC
PO3XOIUTHCSL.

Honinmenns 30izkHocTi MeToxy HeroTona
Jlist mominmeHHs 301KHOCTI BBEIEMO BaroBUil KOCQIIIEHT B 3HAYCHHS

K+1, mo po3paxoByeThcsi, HAOMMKEHHS CTPyMIB B TiTkax. BHeceMo
HACTYITHI 3MiHU JI0 TOJIOBHOT IIPOTPaMH:
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% branch currents
1(3,k)=(J0-phi(1)*G0+I1(3,k-1))*0.5;
1(1,k)=(J1k+phi(1)*G1k+I(1,k-1))*0.5;
1(2,k)=(32k+(phi(2)-phi(1))*G2k+1(2,k-1))*0.5;

OTtpuMmaiiTe po3paxyHKOBI 3aJ€KHOCTI CTPYMIB B TiiKaX. SIKmIo 301KHICT
HE3aJ0BUIbHA, HEOOXiJHO 3MEHINUTH BaroBe 3HAYCHHS  HOBOTO
HaOJIVDKCHHST TAKMM YHHOM:

% branch currents
1(3,k)=(J0-phi(1)*G0+3*I(3,k-1))*0.25;
1(1,K)=(J1k+phi(1)*G1k+3*I(1,k-1))*0.25;
1(2,k)=(32k+(phi(2)-phi(1))*G2k+3*1(2,k-1))*0.25;

OtpuMaiiTe pO3paxyHKOBI 3aJ€KHOCTI CTPYMIB B TiIKax Ha KOXHOMY
Kpori iTeparii Bii HOMepa HBOTO Kpoky. I[lepexonaiiTecs, 1o mporec
CXOJUTHCH.

3aBaaHHA HA BUKOHAHHSI POOOTH:

® BUBYMTH 11.8.1.

e IOBTOPUTH TpOrpamy, mpuBeaeHy B 1.8.2. i oTpuMaru 3anexHocTi 1(n)
(puc.8.4);

e BimmoBimHO 10 1.8.3. moOuTHCcs 30DKHOCTI TPOIECY OOYMCICHb Ta
OTpPHMATH BiJIOBIJIHI 3aJIEKHOCTI 301KHOCTI Mpolecy oO0YKHCICHb CTPYMiB
B TJIKax;

® pe3ysbTaTH poOOTH (TIporpamy, JTICTUHT PO3paxyHKY, rpadiku) 30epertu
B 0COOMCTOMY IPOCTOPI KOPCTKOTO JHCKY.

e odopMuTH 3BIT 10 JIabopaTOpHiH poOoTi. Y 3BiTI BimoOpasuTH
MaTeMaTHYHy MOJIEb JOCIIPKYBAHOI CXEMH, TEKCTH IIPOTpaM, pe3yJIbTaTH
PO3paxyHKY, BHCHOBKHU.
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9 IABOPATOPHA POBOTA Ne9

TEMA: MopenoBaHHsS €JeKTPOMAarHiTHUX MPOLECIB B MarHITHUX KoJax
nocrtiitHoro ctpymy B cepeni MATLAB. YacTuna 1.

META POBOTMU: IlocraHoBka 3aBmaHHS, CTBOPCHHS porpamMu
pPO3paxyHKy HEJIHIHHONO MArHITHOTO JIAHIIOra IIOCTIHHOTO CTPyMY
MeTojoM HbIOTOHA 13 3aCTOCYBaHHSM MCKPETHUX MOJEICH MarHiTHHUX
OTOpiB 1 IX IHTEPIONAIT CTUIaliHAMHU.

MartemMaTH4HA MOJeJIb

CknazeMo MaTeMaTuyHy MOJIeNIb MarHiTHOTO JaHIora (puc.9.1) B
cepeni MATLAB, sikimo Bci HeniHiHHI eTeMeHTH 3aaHi TUCKPETHUMU
MOJEIISIMH, a 1X KpUBI HAMarHi4eHHs Y BUIJISA1 OTIOPHUX TOYOK.

e

Wy
A

",
o

A

Pucynok 9.1 — Mozenroeme MarHiTHE KOJIO.

[TapameTpu MaraiTHOro KoJja:
JloBxxrHa cepe/IHIX MarHITHUX JIiHIN BiAMOBiTHO A0 puc.9.1:
11=0.3 m; 12=0.3 m; 13=0.1 m;
[lIuprHa MarHiTHUX T'JIOK:
D1=0. 1m; D2=0.1 m; D3=0.1 m;
ToBmyHA cepIeyHMKA!
dit=0.1 m;
Benmmunza moBiTpsIHOTO 3a30pY:
Luft=0.00002 m;
CTpyM KOTYILIKH i KiTbKICTh BUTKIB!
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I=1 A; N=20.
KpuBa mamarnidenns cram cepaeunnka B(H) mokazana ma
pucyHky 9.2.

B T

-1sfo* -12li0* -opon -epon -3po0 b 3jo0 egoo ogoo t2f0* 1s5hot H A
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40 4o o —VU P 4 4 g HoAm
A .
,-/ l
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0)

a) — 3araJIbHUN BUIIIA]
0) — MOYaTKOBA AIJSTHKA KpUBOI HAMArHIYEeHHS.
Pucynok 9.2 — KpuBa HamarHiueHHs ctani cepaeunnka B(H);
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CxitazieMo cxeMy 3aMillieHHs 3aIaHOTO MarHiTHOTO JIAHITIOTa 5K Ha
puc. 9.3

SO Pl el) < Flux(2 k1)

=

Ry

£ Flux3 k1)

Flusd G1 Fluxs G3 Flusz G2
11

Pucynok 9.3 — Cxema 3amineHHs.
BimnosigHo o apyroro 3akony Kipxrodda mxepeno MAC F,
MO’KHA BHECTH JIO TUTKH, B SIKill 3HAXOAUTHCS MPOBiAHICTE Gy, a TOTIM

MIEPETBOPUTH HOTO B JKEPENIO MarHiTHOTro motoky FnG;. Cxema
3aMillleHHS], SIKa BiJIIIOBI/Ia€ [IMM NIEPETBOPEHHAM, HaBe/IcHa Ha puc. 9.4

w—Flux(1 k-1) iz <---Flux2 k-1)

—

1 Flux(3 k1)

Fm*G1

YR -

Pucynok 9.4 — Cxema 3aminieHHs 3 mxeperaoM MJIC, skuii IepeBOpeHO B JKEPEIIO
MAarHiTHOTO MOTOKY.
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IIporpama po3paxynky B cepeni MATLAB
l'osoBHA nporpama:
% Newt6
% —_—-
% Po3paxyHok HeriHIUH020 MASHIMHO20 KOIa Memooom Hviomona
)= e e e e e

n=20; Yoxinvxicmo imepayii memooy Hviomona

h=0.001; % xpox Ons euxoHanHs YUCETLHO20 OUDepeHYII08aANHS

I1=5; N=50; % cmpym komywiKu i KiibKicms 6UMKig

Fm=N=*I; % MPC

mu0=4*pi*le-7;

11=0.3; 12=0.3; 13=0.1; % 008IHCUHU MAZHIMHUX 210K

D1=0.1; D2=0.1; D3=0.1; % wupuna macHimHux 2in0K

dlt=0.1; % moswuna cepoeunuxa

luft=0.00002; % moswuna nosimpsano20 3a30py

S1=D1*dlt; S2=D2*dlt; S3=D3*dlt; % niowunu nepemunie macnimnux
Y%einox

Rm3=luft/(mu0*S3);%macrimunuii onip nosimpsanozo 3azopy
Gm3=1/Rm3;

% Kkpuea HamacHiueHHs CManu
B=[-2,-1.98,-1.96,-1.94,-1.92,-1.9,-1.86,-1.84,-1.8,-1.7,-1.6,-1.4,...
-1.2,-1,-0.8,-0.4,-0.2,-0.1,0,0.1,0.2,0.4,0.8,1,1.2,1.4,16,1.7,1.8, 1.84,...
1.86,1.9,1.92,1.94, 1.96, 1.98, 2];
H=[-11820,-5331,-3191,-2249,-1625,-1218,-660,-520,-295,-97,...
-51.4,-31.9,-26.2,-23.2,...
-20.8,15.2,10.8,7.58,10.8,15.2,20.8,23.2,26.2,31.9,...

51.4, 97, 295, 520, 660, 1218, 1625, 2249, 3197, 5331, 11820 |;
Flux(1,1)=0.02; % nouamikose HabAUINCEeHHA MAZHIMHUX NOMOKIE
Flux(2,1)=0.015;

Flux(3,1)=0.01;

% — —
% imepayitinutl po3paxyHox MAa2HIMHUX HOMOKI6 8 NIHIUHOMY JIAHYI03,
% wo micmumyv QUCKpemHi cmpymosi Mooeni, MemoooM 8y3108Ux

% nomenyianis

% — —
for k=2:n

% pospaxynox npogionocmi OucKkpemnux cmpymosux mooeneti onsi K-1
% imepayii
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U3=I3*spline(B,H,Flux(3,k-1)/S3);
G3=S3/13*der7(H,B,U3/13,h);
Ul=I1*spline(B,H,Flux(1,k-1)/S1);
G1=S1/11*der7(H,B,U1/11,h);
U2=I12*spline(B,H,Flux(2,k-1)/S2);
G2=S2/12*der7(H,B,U2/12,h);
% cmpymu ouckpemnux dxcepen 0 K-1 imepayii
Flux1=Flux(1,k-1)-U1*G1,
Flux2=Flux(2,k-1)-U2*G2;
Flux3=Flux(3,k-1)-U3*G3;
% syznoea npogionicmo 0nst K-1 imepayii
G22=G3+G1+G2;
G11=G3+Gm3;
G12=G3;
G=[ G11,-G12;
-G12, G22];
% syzno06i nomoxu ons K-1 imepayii
Fluxnode=[-Flux3; Flux3+Flux2-Flux1-Fm*G1];
% pacuem y3n08vix nomenyuanos oas K umepayuu
phi=G\Fluxnode;
% maenimui nomoku 0t K-ou imepayii
Flux(3,k)=(-phi(1)*Gm3+Flux(3,k-1)*2)/3;
Flux(1,K)=(Flux1+Fm*G1+phi(2)*G1+Flux(1,k-1)*2)/3;
Flux(2,k)=(Flux2-phi(2)*G2+Flux(2,k-1)*2)/3;
End
% —
% nobyoosa epagixa 36ixcHocmi imepayitinux npoyecis
% po3paxyHKy MacHImMHUX NOMOKI6 6 CHPUICHSX MASHIMONPOB0Oa
O mmm o e e e o e e
p=1:n;
plot(p,Flux(1,p)/S1,p,Flux(2,p)/S2,p,Flux(3,p)/S3);

[lignporpama—¢yHkuiss der7 po3paxyHKy MOXigHOI B 3aJaHiid ToOdIi
HaBeJIeHa B METOJIMYHUX BKaziBKax g0 jJaboparopHoi podoTu Ne 8.
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PesysbTaTn po3paxyHky

Ha pucynky 9.5 mpuBenena rpadidHa 3aJeXHICTh pPO3PaxXyHKOBHX
3HaY€Hb MAarHiTHOI I1HIYKIiI B TiNKax Mar"iTHoro koma (puc. 9.1) Ha
KO>KHOMY Kpolli iTepauii Bii HoMepa [bOT0 KPOKY.

— P =
: I . S DU N == E2ik) []
""""""" ; ; ; ; : ; === B3ik)
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Pucynok 9.5 — Po3paxyHKOBI 3a71€)KHOCTI MarHiTHUX TOTOKIB B CTPHXKHSX CEPJCYHHKA BiJT
KPOKY iTepauil.

3aBnaHHs HAa BHKOHAHHSA POOOTH:

® BUBYNTH 11.9.1;

® CKJIaCTH MPOrpamy, HaBeJeHy B 11.9.1. 1 OTpUMaTH 3aJIeKHOCTI MarHiTHOT
IHAYKLIT B CTPMKHAX Big HOMepa iTepauii (puc.9.5);

® BUBECTH YHCENbHI 3HAaUE€HHS PO3PaXOBAaHUX BEJTMYMH IHAYKLIT;

® JIOBECTH MPABMIIbHICTh OTPUMAHOTO PIiIIEHHS;

® pe3ynbTaTH PoOOTH (TIporpamMy, JICTHHT PO3PaxyHKY, rpadiku) 30epertu
B 0COOMCTOMY MPOCTOPI Ha KOPCTKOMY JTUCKY.
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10 TABOPATOPHA POBOTA Nel0

TEMA: MonemioBaHHs €JIeKTPOMArHIiTHUX IPOIECiB B MarHiTHUX KOJjaxX
nocrtiitHoro ctpymy B cepeni MATLAB. YacTtuna 2.

META POBOTMU: IlocraHoBka 3aBmaHHs, CTBOPCHHS porpamMu
PO3paxyHKy HENIHIITHOrO MarHiTHOTO KOJia TIOCTiHOTO CTPyMy METOIOM
HrproToHa 13 3aCTOCYBaHHAM JUCKPETHUX MOJENEH MarHiTHHUX OMOpiB i ix
IHTEpHOJIALIT CTIIaifHAMH.

3aBaaHHs HA BUKOHAHHS Po00TH

Jiist 3a1aHOTO BapiaHTy MarHiTHOTO KoJa!
® PO3pOOHMTH MaTeMaTHYHYy MOJIENIb PO3paxyHKy MAarHiTHHX MOTOKiB B
CTPHIKHSX;
® CKJIACTH MPOrpamy, L0 peaiiye po3poliieHy MOENb;
e opraHi3yBaru rpadiuHe BUBEJICHHS PO3PaXyHKOBHX 3HAYEHb MArHiTHUX
MOTOKIB B MarHiTHOMY Koui (puc. 10.1) Ha KOXKHOMY KpoIli iTeparii Bif
HOMepa IIbOT0 KPOKY;
® Bi/UIaINTH TIPOTPaMy;
® pe3ynpTaTH poOOTH (TIporpamy, JICTHHT PO3paxyHKy, rpadikn) 30eperTu
B 0COOMCTOMY IIPOCTOPI Ha )KOPCTKOMY JHCKY;
e odopmurn 3BiT 1m0 JnabopaTtopHid poOoti. VY 3BiTI BimoOpasutn
MaTeMaTHYHy MOJEIb IOCIIKYBAaHOT CXEMH, TEKCTH MPOTpaM, pe3ylibTaTu
PO3paxyHKy, BACHOBKH.
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InguBinyanbHi 3aBranHs
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Pucynok 10.1 — MarHiTHe K0JI0, [0 MOJICTFOEThCS.

[lapameTpyn Mar"iTHOI CHCTEMU BIAIOBIIHO 0 33JaHOTO BapiaHTY
HaBeZeHi B TaOmuii 10.1. KpuBa HamarHideHHs CTajli TpHUBEICHA B
naboparopHiit podoTi Ne 9.
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No L1, | L2, | L3, | L4, |L5,|L6, | L7, |L8,|L9, [L10,|L11*|I1,| I2, N1 | N2
MM MM |MM MM |MM |MM |[MM |MM [MM|MM| MM | A | A
1 |20 |80 |25 |80 |20 |25 |80 |0.02/0.02|25 |25 |[10]/10 |60 |60
2 |25 |80 [20 |80 |20 |20 |80 |0.01/0.02|20 |20 |20/10 |30 |60
3 |20 |100 |20 [100|20 |20 [100)0.03/0.02/20 (20 40|10 |10 |60
4 |30 (80 |30 |80 |30 [30 |80 |0.04/0.01/30 |30 40|30 |14 |20
5 |20 |90 [20 |90 |20 |20 |90 |0.02{0.03/20 |20 |50|5 |40 |50
6 |15 |80 [15 |80 |15 |15 |80 |0.05/0.03/15 |15 |15|10 |15 |10
7 |20 |70 |20 |70 |20 |20 |70 |0.06/0.04/20 (20 35|30 [50 |20
8 |40 |180 |40 [180 |40 |40 [180)0.02/0.02/40 (40 |50|7 |10 |80
9 |50 |200|50 |200|50 |50 |200]0.07{0.07|50 |50 |70/20 |20 |60
10 |20 |90 |20 |90 |20 |20 |90 |0.01{0.1 |20 |20 |30|10 |40 |40
11 |30 [100 (30 |100|30 |30 |100)0.05/0.02/30 |40 55|15 |5 |15
12 |50 |100 |50 |100|50 |50 |3000.08/0.07/50 |50 70|40 [20 |10
13 |40 |150 |40 |150 |40 |40 ]140)0.05/0.05/60 [40 50|60 |10 |80
14 |40 |100 |40 |100|30 |30 |100|0.05/0.02/30 |40 55|15 |50 |45
15 |10 (60 |10 |60 |10 |10 |60 |0.03/0.05/10 (20 |5 |15 |50 |10
16 |80 [200 |80 |[200|80 |80 |200|0.1 |0.2 |80 |80 70|60 |10 |60
17 |50 [200 |50 |200|50 |50 ]200)0.1 |0.2 |50 |50 50|60 |20 |60
18 |50 |300 |50 |300|50 |50 |300)|0.4 |05 |50 |50 60|60 [30 |60
19 |30 [250 (30 [250|30 |30 |250)0.05/0.02/30 [40 55|15 |30 |45
20 [40 |150 |40 15040 |40 |150|0.05/0.04{40 |40 |50|30 |50 |80
21 |60 |280|60 |280|60 |60 |280|0.02/0.02/60 |60 |60|50 [10 |60
22 |20 |70 |20 |80 |20 |10 |80 |0.03]0.02]10 |20 |10|10 |60 |30
23 |20 |190|20 |190|20 |20 |190|0.2 |0.08/20 |20 |60|30 |40 |80
24 |25 |80 |25 |80 |25 |25 |80 |0.02/0.02|25 |20 |10|10 |65 |20
25 |30 |150 |30 15030 |30 |150|0.04/0.03{30 |30 |40(35 |18 |19

* - L11- ToBmMHA CTPUKHIB CEPACYHHKA.
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