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JIABOPATOPHA POBOTA Nel
MeToam nepeTBopens Kij

MeTa poGoTH: BUBYEHHS OCHOBHMX METOJIiB TIEPETBOPEHHS Kill I
TIOAJIBIIOTO CHPOIIEHHS iX pO3paxyHKiB.

IIpuxianu nepereopensb eJIeKTPHYHAX KiJ

B3aemne nepersopennst Juxepes eHeprii

!‘RJ\ R!' — ‘L

I
JZE'GECQDG" =-R_;-[} GJII:R]_H[:I E=Rj o

a) 0)
Pucynok 1.1 — B3acMHe nepeTBOPEHHS CXEMH i3 DKEpPerioM CTPyMy ¥
CXeMy i3 JpKepesioM Halpyru

Jlns cxemu, mo 300paxeno ua puc.l.la, exBiBaJeHTHa MPOBIIHICTH
KOJa OO9IHMCITIOCTRCS 32 BUPazoOM

G.=G +G,, (1.1)

ne G; - nposijmicTs pxepena ctpymy; G, - IPOBITHICTE HABAHTAKECHHS.



Hanpyra ua HaBaHTaxCHHi JOPiBHIOE

J J

E= = ) (1.2)
Gexe Gi +G,,
ne J - cTpyM mKepeina cTpyMy.
CTpyM y HaBaHTaxECHHi IOPIBHIOE
i=E-G, =G _ TR (1.3)

TG +G, R+R,’

a¢ R;=1/G; - puytpiumili omip awepena ctpymy; R, - omip
HaBaHTAXKEHHSL.

JIng cxemu, njo 300pameno Ha puc.l.16, expipaneuTHuil omip xona
OOMUCITIOETRCH 38 BHPA30OM

R,..=R,+R,. (1.4)
Hanpyra mxepena JXABIIEHAS JOPiBHIOC

E=J-R;. (1.5)
CTpyM y HaBaHTaxEeHHi IOPiBHIOE

=L IR (1.6)
R., R +R

exe ] H

Tocaizopne 3’ cananun

IMocninoBuumM  3’c¢AHAHHAM  NPOBIAHHKIE  HA3HBACTHCA  Take
3’CIHAHHAM, TPH AKOMY KiHCIb TEPUIOTO MPOBIAHUKA 3 €HYETHCA 3
MOYATKOM JPYTOro, KiHelb APYTOoTe 3’€AHYCTBCA 3 MOYATKOM TPETHOTO i
T.4. {puc.1.2),



ExBiBanieHTHHIT OMip TAKOro KoJia 00UMCIIIOETHCS 33 BUPA30M

Rexe=Ri+R2 +R3 +R4 +R5. (17)
Crpy™m y koI OpiBHIOE
E
i=—, (1.8)
RBW

ae E - manpyra jokepena sKUBJICHHS.

sl o | ]

Pucynoxk 1.2 — B3aemie niepeTBOpEHHS CXEMHM i3 TIOCIIJIOBHUM 3’ €/IHAHHIM
OTIOPiB y CXEMY 3 €KBiBAJIEHTHUM OTIOPOM

Hanpyra Ha KOXHOMY €JIEMEHTI KOJIa JIOPiBHIOE
ne Ry - k - i omip xona.

CyMa mnajiinp HAOPYT'HW HA KOXKHOMY €JIEMEHTI KOJia JIOPiBHIOE
Hampy3i [pKepesia )KUBJIEHHS, TOOTO

YU =F, (1.10)
k



IMapanennne 3’ qHanny
IMapanensuum  3’¢QHAHHAM  [POBIJHUKIB  HA3WBACTHCS  TaKe
3’¢/IHAHHAM, IIPK SKOMY MOYATKH BCIX MPOBIJHUKIB 3’€IHYIOThCA B OJHiA

TOYII, 8 KiHIIi MPOBIAHAKIB — B ApyTii Touwi (puc.1.3).
ExBiBasieHTHA POBi/IHICTH TAKOIO KOJIA OOYHUCIIIOETHCS 32 BUPA3OM

Gouoe =G;+Gy +G3+ Gy +Gs, (1.11)

Hampyra y koiti I0piBHIOE

-, (1.12)
Gexe
ne J - ctpym /pxepena CTpyMy.
7% N WS R 7Y N
Gj| |Ga| |G| |Ga| |Gs| | Gex13|:|

J@D 3

Pucynok 1.3 — B3acmie nepeTBOpPEHHS CXEMH i3 Napaie/IbHUM 3’ €/THAHHIM
OIIOPiB y CXEMY 3 €KBiBAJIEHTHUM OIIOPOM

Crpy™m y K - ¥ rii KoJia BU3Ha4aeThes 3a opmyioro
i.=E -G, (1.13)

ne G, - poBixHiCTh K - 1 TiNKK KOJNA.
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Jis BxazaHoi cxeMu cyma CTpPyMiB y KOXHI TIiIni JOpPIBHIOE
3HAYEHHIO CTPYMY [DKepena JKHUBIEHHS, To6To

Yip=d. (1.14)
k

JIpabunkoBi cTpyKTYpH

JIng  moGymoBM  HM3BKOYACTOTHMX  (DIETPIB  3aCTOCOBYIOTH
EJIeKTPHIHI KOJIa, SIKi MAIOTh JAPabUHKORY CTPYKTYpY (puc.l.4).
R R» R R> R3
o B o o I S N =

ol &l] o] el el ol

a) 6)
Pucynox 1.4 — JIpabunkoBi xomna

Bxiguuit omip R, abo Bxigma mposigmicts G, =1/R,,
JpaOWHKOBHX KiJl YABISIETHCS y BUTIISAZI HETlepepBHOI pobi.
Jns xona na puc. 1.4 a, cxiagenoro 3 I1 - o6pa3nux xackais:

(1.15)



M

Jlns xona Ha puc. 1.4 6, cknaaenoro 3 T - obpaszHux xackais:

R, =R+ 1 . (1.16)

R +i
G;

JlabopaTopue 3annanns

O3HaliOMATACS 3 OCHOBHHMH METONAMH IEPETEOPEHHS €NeKTPHIHHX
KiJL,

Y  cepepoBumi MathCAD mnpoBecTH PO3paxyHKH CIpYMY ¥
HABAHTAXKEHHI JIT CXEMH i3 JDKeperroM cTpyMy (puc.l.la) Ta cxemu i3
JoxepenoM HanpyrH (puc.1.16). Ilepesiputn cniBmafiHug 3HauEHBL
CTYMy y HaBaHTaxeHHi mis o0ox BumagkiB. HoMiHanu ereMenTiB

cxeMA oGmparotsest 3 Tabn. Al gogatky A 3a ymosu, mo J=J,
E=El, R' =‘Rl’ ‘RH =R2.

Jqua cxeMH i3 TIOCHiAOBHAM 3’¢iHaHHAM omopie (puc.l.2) 3a
Jonomorow makery MathCAD mpoBecT po3paxyHKH MaliHHS
HANPYTH HA KOKHOMY €JIEMEHTI KOJIa T2 NIEPEBIPHTH BAKCHAHHA YMOBHA
(1.10).

Jna cxemm i3 mnapanenbHuM 3’€HaHHAM omopiB (puc.1.3) 3a
jgonioMorow Tiakery MathCAD mipoBecTH pO3paxyHKH CTPYMY Y
KOKHiH TUIIi KOJIa T2 MepeBipATA BAKOHAHHA yMOBH (1.14).

Jing enexkTpudHHX Kin y BurnaAi ApabuHkoBuX CTPYKTYp (puc.1.4) 3a
JonoMorow maxety MathCAD npoBecTH po3paxyHKH BXiZHOTC OIOPY
R G,

6x 6x
OdQopMHTH 3BiT.
BiznoBicTA Ha KOHTPOJBHI 3AITATAHHA.
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Kourpoabni maTadas

ITepepaxyBaTu OCHOBHI METOAH NEPETBOPSHHA ENEKTPUYHUX Kil Ta
PO3KPHTH iX CYTHICTB.

JaTH BU3HAYEHHAS MAPAIEITBHOTO 3’ CAHAHHS TIPOBIAHAKIB.

Sk BU3HAYACThCA EKBIBAICHTHA MPOBIHICTL KOMa?

Sk nepeBipHTH JOCTOBIpHICTL PO3PaxXYHKIB CTPYMY Y KOXHiH rimmi
KOJIa 3 MapAIeNBHAM 3’ CIHAHHAM TIPOBi THAKIB?

JlaTi BH3HAYEHHS MOCTiZIOBHOTO 3’ HAHHS MPORIIHUKIB,

Sk BU3HAYACTRLCA EKBIBANICHTHHIT OMp KOMA?

SIKk mepeBipHTH JOCTOBIPHICTH PO3PAXyHKIB HAIPYTH HAa KOXHOMY
SNEMEHTI KOJIA 3 MOCTiIOBHUM 3’ C/IHAHHSAM MPOBiHUKIRT

Sk BU3HAYACTBCA BXigHHN omip Kona, cknazgenore 3 T - ofpasamx
Kackazain?

Ax Bu3HAYAcTBCA BXigHa NPOBiAHICTE KoONa, ciIageHoro 3 IT -
o0Opa3sHAX KacKagiB?

10. ¥ peamisamii AKX NPACTPOIB 3aCTOCOBYIOTE APabHAKOBI Kona?
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JABOPATOPHA POBOTA Ne2

Mopenwsanns pofoTa enekTpu4Horo koJua y cepenopuii Electronics
Workbench (EWB)

Mera po6oTH: BH3HAYeHHS CTPYMiB Ta Hampyr Yy TiJiKax
SJIEKTPUYHOrO KoJIa 32 fonomororo nakery Electronics Workbench.

Ipuxaan MoeoBanNA podoTH €IEKTPHIHOIO KOJIA

JeramsHo omuc poGotu mpuknagHoro makery Electronics
Workbench nareneno B [1]. 3 ichyiodoro Habopy NACHMBHHUX €JIEMCHTIB
(pe3ucTOpiB) Ta JpKEpeN eHeprii CKIaJeMO CXeMy, SKa HaBeJIeHa Ha PHC.
2.1. JIns BUMipIOBaHHA CTPYMIB T2 HANpyT Y TiJIKaX EJEKTPAIHOTO KoJia
3aCTOCYEMO icHyouud Halip iHJMKATOpPIB (aMIepMETPiB, BOJILTMETPIB).
OTtpumani cXeMr BHMipIOBaHb HaBeJIeHO Ha puc. 2.2 Ta puc. 2.3.

Rj R5

1 1 2 — 3
| I S
E,
R,
/] [] 0 w]
|

Pucynok 2.1 — Cxema enexTpIHOTO KoJia



R2 RS
1 A2 BkOhm 2 AS 18KkOhm 3
a36.90 A,
o [ 133mpA)| ag (93500 A a6
+
) E1
| arvy
. R3
@ M 16 k Ohm
0.0028A 1 R4 RE
- — 8 k Ohm |:|1Uk0hm
4

Al

Pucynox 2.2 — BumipioBaHHSA CTpyMY Y TiJIKaX EIEKTPHYIHOTO KOJIA Y
cepenosnmi EWB

(]|

-2389 VW

V3
<>+ E1
) 3ty Ve

+
R1 M R4
14 k Thm DO R A Kk Chm 10 kRCs)hm
R3
16 k Dhm
—  1—
)

Pucynox 2.3 — BumipioBaHHS HanpyTH y TiJIKax eJICKTPUYHOIO KOJa Y
cepenosnmi EWB
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Anaui3z pofoTH HaNAHOT CXEMH Jac HACTYIIHI PE3yNBTATH:

* CTPYM NPUIOL TiJIKU JIOPIBHIOE 1.093 mA;
* CTPYM pesuctopy R; HopiBHIOE -1.707 mA;
* CTPYM JIpYTOI TiIKu IOPiBHIOE -399.8 pA;
* CTPYM TPEThOI MJIKH AOPiBHIOE -1.493 mA;
* CTPYM YE€TBEPTOI TUIKH IOPIBHIOEC 1.339 mA;
* CTPYM I1'ATO1 TiJIKM AOPIBHIOE 938.9 nA;
* CTPYM IIOCTOI TIJIKH JOPiBHIOE 938.9 pA;

* HampyTa Mik Bysnamna 1-2 nopieaioe  -2.399 V;
* Hanpyra mix By3namu 1-4 gopieuroe  -23.89 V;
* HANpyTa MiK By3namna 2-3 nopieaioe  16.90 V;
* HANPYTa MK By3namna 2-4 nopieaioe  -26.29 V;
* HampyTa Mix By3namu 3-4 nopieHioe 9389V,

JlabopaTopue 3annanns

Criacta B cepegopnmi EWB enekTpmuny cxeMy, IO HaBeleHO B
Jonaatky b, arifHo BapiaHTy CTYACHTA y XKypHai.

BrecTu HoMiHATH eICMEHTIB CXEMH 3TifHO 3 TAa0H. Al momaTtiry A.
IMinpmoduTAn A0 KOXHOI TIIKA CXE€MH BAMIPIOIOYI TIpHCTpOi
{ammiepMeTpu T2 BOJILTMETPH).

3amyctutn pexum “obuucnenus” y mnporpami Ta 3adixcysatu
3HAYEHHS HATIPYT MiJK BY3IIaMH T2 CTPYMIB Yy KOXKHii rimmi.

Odopmutu 3BiT.

BiznoBicTA Ha KOHTPOJBHI 3AITATAHHA.

Kourpoabni maTadas

Sxi yMOBHI Mo3HaYEHHT MaIOTh enemeut R, L, C'?

SKUM 9YHHOM 3IHCHIOCTECH CRIATAHHS CXEMHA?

MK 3a7a10TECA HOMIHANH €IIEMEHTIB CXeMH?

Axum dHHOM 3iHCHIOETECH TOROPOT SNEMEHTIR?

SIK 3amyCTATH pexuM “o0urciieHHs” y mporpami?

Y goMy mepeBara niporpaM EWB niepen inmmamMu nogiéanMA?



1o 90

10.
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HarecTu HeAONiKH MOJCIIOBAHHS CKIAJHHX CXEM NMOCTIHHOIO CTPYMY
B mporpaMHOMYy cepeosumi EWB.

Harectu 3aco6u BumiproBanug cTpymy, HanpyTu B EWB,

IMogcuutn 4KkuMM YUHOM MMAKIIOYAIOTRECE JO CXEMU MPHCTPOT
BHMipIOBAHHA.

o o3Ha4a0Th BiA €MHI SHA4YCHHA CTPYMIB Ta HANPYT, HIO BUMIpPAHI B
EWR?
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JABOPATOPHA POGOTA Ne3
Po3paxyHok e/IeKTPHYHOI0 K013 METO/IOM CTPYMIB eJleMeHTIiB

Mera pofoTn: BA3HAYEHHA CTPYMIB €JIEMEHTIB €JIEKTPATHOTO KOJa
3a 3akoHamMu Kipxroda.

CyTHiCTE METOTY

Metoa cTpyMiB eJeMeHTIB — I¢ OJMH 3 METOJMIB PO3PAXYHKY
POSTANYKEHOTO eJEKTPAYHOTO KOlla AOBUBHOI KOHpIrypamii, axwii
6a3zyeThea Ha 3axoHax Kipxroda ang crpymie ta Hampyr [2-6).

Tlpu cknamauui piBusus 3a 3axkonamu Kipxroda CyTTeRe 3HAYCHHA
Ma¢ KUIBKICTB TUIOK, By3JiB Ta KOHTYpiB. [ilka — Oe miIiHKa Kona, sKa
YTBOpEHA MOCHIZIOBHO 3’€/IHAHMMH €JIeMEHTaMH {Kpi3bh 4Ki TpoTiKac
OTHAKOBUH CTPYyM) Ta 3aMKHEHA Mix JBOMa By3namu. Byizoa — ne Touxa
3’¢aHaHHA TpboX afo Ginem riIok. Mac Micme TAaKOXK TepMiH “yCyHeHWH
BY30M” - 1I¢ TOYKA KOMa, B AKil 3’¢AHaHO JBa MocHigosuux onopu, Konryp
— OyAB-sKAif 3aMKAEHAN IUIAX, MO MPOXOAUTH KPi3hk JEKJIBKA I'iJIOK.

Tepumii 3axon Kipxroda omicye Gananc cTpyMiB ¥ By3Jlax KoJa:
anrebpaiuna cyma CTpyMiB ¥ BY3/Ii JIOPIiBHIOE HYJNIERi, TOOTO

S, =0. 3.0

Tlpu cxnagauHi piBHAHE 3a mepumm 3axoHOM Kipxroda cnouarky
oOHpaOTh AOBUIBHI HATIPSIMKHA CTPYMIB B YCiX T'UIKaX €JIEKTPHIHOIC KOJA.
Jani cmopamoBani 10 By3NMa CTpyMHM 3al0UCYIOTH 31 3HakoM "™+, a
CIpAMOBaHi BiA By3ia - 3i 3HakoM "-". KiNbKiCTh HE3AJIEKAHX BY3JIOBHX
PiBHAHB HOPiBHIOE

N,

=N, -1, (32)

ae N, - KinbKiCTh BY3UIB y cxeMi.
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JIpyrai 3axon Kipiroa omucye Oananc mampyru y KOHTypax:
anreGpaiuna cyMa majiHb HANPYTH HA elleMeHTax Oyab-AKOTO 3aMKHEHOTO
KOHTYpY HAOpiBHIOe anreOpaiunifi cymi emexrpopymiiinux cun (E.P.C))

BHIOBX TOTO ¥ KOHTYPY, TOOTO
x=1

m=1

ae Uy = Ry 1; - napinas wanpyra va k - my omopi; E,, - EP.C. m -0

JUKepena HanpyTu.
TIlpu cximaganni piBHAHB 32 ApyraM 3axkoHoM Kipxroga cnouatky
337a10Th JOBiJIbHI HANPAMKH OO0XOAY KOKHOTC HE3AIEKHOTO KOHTYPY

JOCTiTAYBAHOTO eneKTpu=HOTO Koja. MMani Hampyry Ha omopax riick
kouTypy (abe E.P.C) sammcyiors 31 3HaKOM "+", SIKIIC HAIPAMOK OGXOAy
KOHTYPY 30iracTecs i3 HAMpsSIMKOM cTpyMy B rinkax (i3 manpsmeom E.P.C.),
Ta npu po30iKHOCTI BKa3aHHX HANMPAMKIB 1Li BEIHYWHH 3aMUCYIOTh 3i
sHaxoM "-". KinbKicTh He3aNeRHAX KOHTYPHHX PiBHAHD JOPiBHIOC

N@=N3—N330—N3+1, 34

ne N, - saraneHa KinbkicTs Timox y cxemi; N,,. - KUIBKiCTH Tinok y
CXeMi, SIKi MiCTATE mKepeito cTpyMy; N, - KiNbKiCTB BY3JiB y cxeMmi.

OrTxe, aJTOPHTM pO3IPAXYHKY GISKTPHYHOTO KONA 38 METOJOM
CTPYMIB €JIEMEHTIB HACTYITHAN:

a) SKIIO eNEKTPHIHA CXEMA MICTHTE JIKEPENIO CTPYMY, TO IIPOBOASTE
il MEpETBOPEHHA 38 AITOPHTMOM, IKHH HaBE/IcHO Ha puc. 3.1;

6) 3a nepmmM 3axonHoM Kipxroda cknazaioTs piBHSAHHA JIA BY3IIiB
CXEMH, 3 32 JPYTHM 3aKOHOM - PiBHSHHS MIA KOHTYDiB; OTPHMYIOTH
CHCTEMY PiBHfHB;

B) 3a ponomorow MathCAD — mporpaMna po3B’A3YIOTb OTPHMAHY
CHCTEMY, TOOTO 3HAXOAATE RIIACHI CTPYMH KOMHOT TiJIKH,

Henonixom MeTOMY € CUCTEMU PiBHAHB BETMKOT POIMIPHOCTI,
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R < E=R-J

Pucysox 3.1 — ITeperBopeHHs JpKepenia CTPyMy B €KBiBaJICHTHE JKEPENIo
HAIpyTH

Mpuxaan pozpaxynky

3rigHo 3 HaBemennM Ha puc. 3.1 TEpPETBOPEHHSIM, JIOCHI/DKyBaHa
enextpudna cxema (puc. 2.1) MmaTuMe BT

Iy

Pucynox 3.2 — Cxema eJIeKTpuaHOro KoJjia

Moro mapamerpu pospaxoBamo 3rigHo 3 Tabm. Al momatky A:
BenwauHa jpkepena manpyrm E; =37 B; Benuduna Jpkepena crpymy
J1=2,8 wMA; omopu pe3ucTopiB Ry =14 xOm; Ry=6 xOum;
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R; =16 xOm; Ry =8 xOm; Rs =18 xOm; Ry =10 xOm. ITorpiGuo
BA3HAYMTH CTPYMH ¥ TUIKAX 32 JOIMOMOTOI0 3akoHiB Kipxroda.

3a mepmum 2axonom Kipxroda cknagacMo piBHAHES 14 By3B 1, 2,
3 Ta 32 APYrHM 3aKoHOM - piBHsHAA Mmin Kourypie I k, IT &, III k.
OrpuMacMo CHCTEMY PIBHIHb

1 g:
2 g:
3 g
Ik:
T k:
Ik

c Eem =J1'Rl.

(i) =iy +i3 =0;
iy +iy —is =0
iy +iy —is =0

1 (3.5

i) Ry —i5- Ry = By
iz‘Rz +i3 ‘R3—i4‘R4 =_El;
\i“.R“ +i5 ‘R5 +i6‘R6 =E1,

Pos'ssok  cucremn  (3.5) mipoBeseMO 32 IOTIOMOTOK)  TIAKETY
MathCAD. /Ing neoro 3acTocyeMO MATpHYHHH METOJ] PO3B’SA3KY CUCTEMU

piBusus, IToGyayemo

MAaTpULII0 KoedilicHTiB N npu HEBiloOMUX CTpyMax

Ta BEKTOP—CTOBIIENH BiAOMAX MapaMeTpiB V (BEKTOp BIUTHBY ).

Eekv:=RI-J1
1 -1 0 0 0) 0
0 1 1 -1 0 0
0 0 0 1 -1 0
N:= V=
R1L O -R3 0 0 0 Eekv
0 R2 R3 R4 0 0 -F1
0 0 0 R4 R5R6) El )

Marpumo mykanux CTpyMiB 3Haifiiemo 3a AonoMoroo obepHeHol
maTpulli, OTpUMAEMO CTPYMU B aMIICPax y BHTIAAI BEKTOPY—CTOBIIIIA.
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1.093454x 10°3 )
—3.997743x 10
1 ~1.493228% 10>

1338713 10 °

9.389391x 10 °

9.389391x 10" * )

Crpym pesnactopy R, B aMmepax JOpiBHIOC
iR1:=1, - J1 iR1= 1706546 10 >

JlaGopaTopne 2aBaannn

O3HaHOMUTHCA 3 ANTOPUTMOM PO3PAXYHKY SNSKTPUTHUX KiJl METOJOM
CTPYMIB €IIEMEHTIB.

O6patu cxemy, MO HABSACHO B A0AATKY b, 3riHO BapiaHTy CTy/ieHTa ¥
KypHami. Y JaHiif cXeMmi IPOHYMEPYBATH BY3NH, OOpaTW HAIpAMA
CTPYMIB ¥ KOXKHIif TUILI Ta HAMpAMA 00X0y KOHTYPIB.

CrNacTu CUCTEMY PiBHAHE 33 MEpIUM Ta APyTHM 3axoHamu Kipxroga.
ITpoBecTH pO3B'II0K OTPHMAHOI CHCTEMH 3a JOTIOMOTOIO TIAKETY
MathCAD i3 3acTOCYB2HHSIM MATPHIHOTO METONY.

TlopisuaTH oTpuMaHi 3HaYCHHA CTPYMIiB y KOXHiH rimmi xoma 3i
3HAYEHANMH, MO OTPAMAHC 32 JIOMOMOTO0 TIporpaMua EWB.
OdopmuTa 3BiT.

BianosicTu Ha KOHTPOJLHI 3aMUTAHHA,

KonTpoasHi NATARAA

TH BH3HAYECHHS MiHaM “TUIKa”, “Byson”, “ycyHeHHd B ”
H] * YH *

“KOHTYD”.

IMoschrTH me Take He3ATeXKHI KOHTYPH | HE3ANIEKHI BY3IIA.

Po3kpuT CYTHICTE METONY CTPYMIB CIICMEHTIB,



20

ChopmymoraT 3aKon Oma,

CdopmymosaTu nepimuii 3axon Kipxroga.

CtopmymosaTu apyruii 3axkon Kipxroda.

TTogcHuTH AxHM YHHOM OOHMpAOTHCA HAIPAMKM JUIA CTPYMIB TiJIOK Ta

AK 3 HUMHM TIOB 433HI JOAATHI HATIPAMKYN HAMIPYT HA OMOpax.

IMosgcuuty axuM duHOM 0GUPAETLCA HATIPAM 00XOMY KOHTYDY.

9. CkinbkM piBHAHD TpeGa CKIACTH 32 TIEPIIAM Ta JAPYTHM 32KOHAMHA
Kipxroda?

10. HaBectn mepeBard i HEAOMKH METOAY CTPYMIB €JIEMEHTIB.

Nk

o
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JABOPATOPHA POGOTA Ned
PospaxyHok ¢JEKTPHIHOIO KOJIA METOI0M KOHTYPHHX CTpyMiB

Meta poGoTn; BU3HAYCHHA BIACHHX CTPYMIB TiIOK pO3TalykKeHOTO
SJIEKTPAYHOTO KOJIAa METOJOM KOHTYPHHX CTPYMIiB.

CyTHiCTE METOTY

MeToa KOHTYPHHX CTPYMIRB — 16 METOJI PO3PaxyHKY €NeKTPUIHOTO
KOJIa IOBUILHOT KOH(DIrypallii, B AKOMY 3a HEBiIOMi BEIHIMHH MPHHMAIOThL
KOHTYpHI cTpyMH. BiacHi cTpyMH KOXKHOI TUIKA KOJIa BH3HAYAIOTH 34
TPUHIUIIOM CYIICPIIO3HLIL AK anre0paiiHy CyMy KOHTYPHHMX CTPYMiB, IO
NPOXOAATH 9epes TUIKY Kona [2-6].

Tleit MeTon 3acTOCOBYIOTE ISl PO3PAXYHKY CKIQJIHHX €JeKTPHIHHX
KiJl, ¥ AKUX KiIBKICTh BY3JB 6e3 oquuuili 6iNbina 3a KilbKICTh He3AICHHUX
KOHTYDIB.

AJNTOPATM pO3PaxyHKY eNeKTPHIHOTO KOIA 32 METOAOM KOHTYPHHX
CTPYMIB HACTYTIHHIL;

a) SKIIO eNEKTPHIHA CXEMA MICTHTE JIKEPEIIO CTPYMY, TO IIPOBOASTE
ii IepeTBOPEHAS 32 ANTCPHTMOM, AKHIT HaBeJAeHO Ha pHc. 3.1;

6) BU3HAYAIOTEL HE3AJICHKHI KOHTYPH; 1X HHCIIO CKIAAac

N, ,=N,—-N,+1, 4.1)

ae N, - saransra KUTBKICT TUIOK ¥ cxeMi; N, - KiIBKICTB By3JIiB ¥ CXeMi;
B) BU3HAYAKTE ONHAKOBI JyI1  BCIX KOHTYpHHX  CTpyMiB
Iy Ip  Igk
T) CKIAAlOTh CHCTEMY PiBHSHD, KUIBKICTh HE3ANEXHHAX piBHAHB
JOPIBHIOE KiNBKOCTI HE3AJICHHHUX KOHTYPIB; Yy 3aTaNbHOMY BHIJIAAI
CHCTEMY KOHTYPHHAX PiBHSHD MOMKHA 3AIHCATA HACTYITHAM THHOM:
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Ryl — Riplyy — .. — Rig Iy = By

= Roilyy + Ryplyy = .= Ry I g = Epp; 42)

Hokkkkkokkkkkkkkkkkokkokkkkkkk

—RK]I“ _RK2[22 +'+RKK1KK = EKK’

ne I;; - xoutypuumii ctpym; R;; - BnacHmii omip koHTYpy; Ry - crimbnmii
omip KOHTYpiB I,j, mpwiomyR; =R;;; E; - xomrypua EP.C., sxa

nopisrioe cymi ycix E.P.C., mo Bxoaars n0 xoutypy; E.P.C 3anucyrors 3i
3HaKoM "+", gKImo iX HAaTPAMOK 36iracThed i3 HAMPSIMKOM 00XO0Iy KOHTYPY,
Ta 31 3naxoMm """, sskmo ne 36iracTecs;

J1) OTPUMaHy CHCTEMY PiBHSHb PO3B’S3yI0Th JOBIIBHUM METOJIOM;

€) BH3HAYAIOTh BJACHI CTPYMH TiJIOK 9epe3 OTPUMaHi KOHTYpHi
CTpyMH.

Tlpuxaan po3paxynky

3rigHo 3 HaBeneHMM Ha puc. 3.1 HeperBOpeHHSIM, AOCHKYyBaHa
eJleKTpr9Ha cxema (puc. 2.1) MaTHuMe BUTIIS

i

Pucynox 4.1 — Cxema eJeKTpUIHOro Kojia
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OOupaemo obir xourypie Ik, Ilk, Ik (puc.3.1) Ta KOHTYpHHX
cTpymiB y mux koATypax (Iy; ; I;; ; Iz3) 3a 06iroM roaAMHAAKOBOI CTPLTKA.
CrnajgacMo cuCTeMy piBHAHB,

Tk: (L) -(R+Ry)—Iy Ry =E,,;
Hk: y=hy Ry+Ipn (R +Ry+Ry)-In3-Ry=-E;;  (43)
I ko |1 Ry+13;-(Ry + Rs + Rg) = Ey,

e Eexe =J1 ‘Rl.

Jost pose’s3ky cuctemu (4.3) y cepeponmi MathCAD niobyayemo
MaTpHIO kKoedimicHTiB R IpA HEBiIOMAX KOHTYPHAX CTPyMAax Ta BEKTOp—
CTOBNCUE BiJOMHX MapameTpib E.

Eekv:=RI-J1
Rl +R3 -R3 0 3 Eekv )
R:= -R3 R2+R3+R4 -R4 E:=| -El
0 -R4 R4+ R5+ R6 ) El )}

MaTpuio mykaHuX KOHTYPHHX CTPYMIB 3HAHAEGMO 38 JOMOMOTOH

obeprenoi Marprani. OTpAMacMO KOHTYPHI CTPYMH B aMIl€pax y BHTIISLII
BEKTOPY—CTOBIILIA.

1.093454x 1673 )
[=R" E [=| _3997743x 107 *
9.389391x 10" * )

BnacHi cTpyMm TiNOK 3HAZEMO 32 NPHHOUIOM CYTEPHO3ANIi
KOHTYPHHX CTPYMiB.
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Hampyry xoxuol rinkd kona sHaigeMo 3a 3axonoM OmMa
= 11-R1 -JI-R1 u, = lsz uy = 13R3

u,:=i,-R4-El u.:=1i_Rs

474 5= 1s g = 16-R6

Bnachi cTpymu B amrniepax Ta HAalIpyTH ¥y BOJIBTAX KOMXKHOI TIJIKH KO
HMACMO ¥ BATIBIAL BEKTOPiB—CTOBIIILIB,
y

1.003454x 107> )
4 —23.891648)
23.997743x 10 1 08646
~1.493228x 107> 23.891648
1= un=
1.338713x 107> —26.290293
a 16.900903
9.389391x 10”4 )
Crpym pesuctopy R B ammiepax qopiBHIOE
iRI:=i - J1 iR1=—1706546x 107>

BuronacMo IepeBipky OTpHMAHMX pe3Y/ILTATIB 338 3aKOHAMH
Kipxroda

. . . — 15
i+, —12=0 Uy —u3=7.105427x 10
i2+i4—i5=0 u3+u2—u4—E1=—3’}'
i—-i.=0 u,+El+u_+u. =37

5 6 4 5 76
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JlaGopaTopne 2aBaannn

O3HaHOMUTHCA 3 ANTOPUTMOM PO3PAXYHKY SNSKTPUTHUX KiJl METOJOM
KOHTYPHHX CTPYMIB.

JUns cxeMu 3TiIHO BAPIAHTY CTYNCHTA ¥ WKYPHAi BUKOHATH HEOOXiTHE
NICPETBOPEHHS Ta 00paTH HANIPAMH KOHTYPHHX CTPYMIB.

CKJIacTH CHCTEMY PIBHSHD BiIHOCHO KOHTYPHHX CTPYMIB.

IMpoeecTn po3B'A30K OTpUMAHOI CHCTEMH 3a JOTIOMOTO) IAKETY
MathCAD i3 3acTOCYBAHHAM MATPHYHOTO METOTY.

BuszHaduTH BIACHI CTPYMH TUIOK 33 TIPHHOHIOM CYTIEPIO3ALii
KOHTYPHUX CTPYMIB Ta HANpPYTy KOXKHOT IJIKH KONA 3a 3aKoHOoM Oma.
IMopiBHsATH OTpAMAHI 3HAYEHHA CTPYMIB TA HANPYT Y KOXKHiH Timmi
KOJIa 31 3HAYEHHSMH, SIKi OTPAMAHO 32 JOMOMOTOI0 Tiporpamu EWB.
Odopmutu 3BiT.

BizmoBicTA Ha KOHTPOJBHI 3AITATAHHA.

Kourpoabni maTadas

IMosicHATHA CYTHICTE METOAY KOHTYPHHX CTPYMIB.

YV  AKkMX BHNAAKaX PO3PAXYHKY CKIQAHMX CICKTPUYHMX  KiJl
3aCTOCOBYIOTH METO/I KOHTYPHHX CTPYMiB?

TTogcHuT fAKi EKBiBAJIEHTHI MEPETBOPCHHA 3aCTOCOBYHOTE B METOMI
KOHTYPHHMX CTPYMIB,

Hapectn ammopuTM pO3paxyHKY eNEKTPHTHOTO KOJIA 34 METOAOM
KOHTYPHHMX CTPYMIB,

Sk BU3HAYACTECA KUIBKICTD HE3ANCKHHX KOHTYPIB?

CKUTbKH HE3IeKHAHX PIBHAHD MATHME CHCTEM2 PIBHSHbB, CKIIAJIEHA 33
LIUM METOIOM?

Ax BAsHAYACTHCH 3HAK KoAaTypHOi E.P.C.?

3a SKAM MPAHIATIOM 3HAXOAATE BIACHI CTPYMH TUIOK?

HamecTu neperary i HEIOMIKH METONY KOHTYPHUX CTPYMIB,

. [losicHATA SIKAM YHHOM BHKOHYETBCA MEPEBIPKa AOCTOBIPHOCTI
OTPAMAHHAX PE3YIIbTATIB.



26

JABOPATOPHA POBOTA Ne5
Pospaxynok ¢1eKTPAYHOIO K012 METOIOM BY3JI0BAX NOTEHIIAJIB

Mera poGoTu: BU3HAYEHHS BIIACHUX CTPYMIB TiJIOK PO3TayKEHOTO
€JIEKTPHYHOTO KOJI2 METOJIOM BY3JIOBHX MOTEHIIIATiB.

CyTtnicTs MeTOIY

Meton By3.10BHX NOTEHHIAJMIB — IIe¢ METOJl PO3PaXyHKY
SIeKTPUdHOTO KOJIa JIOBUIRHOI KOH(QIrypamii, B sSKkoMmy 3a HeBijomi
BEJIWYMHA TPHHMAIOTH TIOTEHIIiaJIA BY3JIiB CXeMH. BiacHi cTpymMH KOMXKHOL
TUJIKM KOJIa BU3HAYAIOTH 32 3aKoHoM Oma [2-6].

Ileit MeTox 3aCTOCOBYIOTE IS PO3PAXYHKY CKIAQJHHX EJIEKTPHIHUX
KiJI, Y IKMX KiJIbKICTH By3JIiB 0€3 OJMHHIII MEHINA 32 KiJIBKiCTh HE3aJIeMHHX
KOHTYPIB.

ANTOPUTM pPO3pPaxXyHKY EJNEKTPHIHOTO KONla 3a METOJOM BY3JIOBHX
MOTEHINATIB HACTYITHHIA.

a) eleMEHTH KOJia IIEPETBOPIOIOTH JI0 BUTIIAAY, SIKMA €
NPHUITYCTHMHAM ISl METOJY BY3JIOBUX TOTEHIIANIB:

1) onopm 3aminor0TH MposigHOCTSIME R; = G 5

2) Jukepena HANPYTH 3aMiHIOOTS /Kepenamu ctpymy E; = J;;

Pucynox 5.1 — ITepeTBoperHs [pKepena HAPYTH B €KBIBAJICHTHE JDKEPENIO
CTpymy
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0) moreHmian By3na, AKMI 3’¢AHy¢ HAWOUIBINY KiTBKICTH TUIOK,
YMOBHO TIpUIMa10TE PiBHUM HYJICBRI i HA3HBAIOTE HAZHCHIM;

B) CKJIAJAKTh CHCTEMY BY3JIOBMX PiBHfHb; KUIBKICTh BY3JIOBHX
piBHAHB TIOBHHAA OYTH H2 OJMHHALIO MEHINE 32 KiJIBKICTH BY3JB CXEMH, ¥
3araflbHOMY BUNAJIKY CHCTEMA Ma€ BUTIAN;

G119y — Go9s — G393 —... = G, 9, = J115
1= G1 + G0z — Go303 —... = G @y = I3 .1)

ERERERERRERERERERFEREERERERERRE R

L= Gn®1 = G202 = G303 — ... + Gy = T

e ¢; - morteHmian i-ro Bysma; Gj; - BIacH2 NPOBIAHICTE By3la, IO
JOpIBHIOE CyMi TpPOBiAHOCTE! TiNIOK, MpUEHAHHX AC I-TO BY3Ia; G,-J,--
COUIBHA TIPOBIAHICTE By3MiB i, f, anqOMyGy- =Gy; Jy - Bysmoswii
CTPYM i -TO BY3la, SIKAA AOPIBHIOC CYMI CTPYMIB YCIX JDKEpeN CTPyMY Y
rinkax, MpHEAHAaHUX A0 {-ro By3na. lli CKIAfOBi BY3JIOBOrO CTpyMY
3ANMACYIOTH 31 3HaKoM "+, SIKIIO BOHH CHOPAMOB2HI /IO B3/, Ta 3i 3HAKOM
"M, 410 BOHU CTIPAMOBAHI BiJ| By371a,

I) OTpHMaHY CUCTEMY PiBHAHb PO3B’A3YIOTh JAOBIILHUM METO/IOM;

n) 3a 3akoEoM (OMa BH3HAYAIOTH BJACHI CTPYMH TUIOK 4epes
OTpHMAHI BYIOBi MOTEHIiANN,

Ilpuxnan pospaxynxy

3rifHo 3 HaBeleHHM HaA puc. 5.1 TepeTBOPEeHHSM, OCHIIKYyBaHA
eNEeKTpHYHA cxeMma (puc. 3.1) nepeTBOPHTECA A0 CXEMH, MO TICKA3AHO HA
puc. 5.2,

Ha puc. 5.2 mnosmaveno: Gy =1/R,, G,=1/R,, Gy=1/R;,
Gy =1/Ry, Gs=1/Rs, Gg=1/Rg, Joug = E1/Ry =E; - Gy.
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; G r G-;
?, i 2 0, is Js5 g
) = B X —
I 4 ’
16"'
; i G} IR,
R: :
& [ "
G| |7, o G,

0,

Pucynok 5.2 — Cxema enexTpHIHOrO Koia

JIns HaBeZIeHOT CXeMM CKJIaZIAEMO CHCTEMY BY3JIOBHX PiBHSHB

G 91— Gy 9y =Gz 93 =J3;
=Gy Q1+ Gy 0y — Gz 03 = J gy (5.2)
=G50 =Gy 9y + G333 =0,

e G11=G1+G2+G3; G22=G2+G4+G5; G33=G5+G6;
Gy =Gy =Gy Gy3 =G3y =0; Gy = G3y = Gs;s.

Jlnst posr’si3ky cucremu (5.2) y cepenoBumi MathCAD BBememo HOBI
eleMeHTH i mMofyayemo MaTpumo mpoBigHOCTEH G Ta BEKTOpP-CTOBIEIH
Jxepel cTpymy J.

1 1 1

Gl:=R1 G2:=R2 G3:=R3
G4=R4 '  Gs:=Rs'  G6=r6 !
Jekv :=E1-G<
Gl+G2+G3  -G2 0 ) I
G:= -G2 G2+ G4+ G5 -G5 J:=| Jekv

0 G5  G5+G6) 0 )
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Marpumo mykaHuX By3JIOBAX ITOTEHIIIATIB 3HAHIEMO 32 JOIOMOTCIO
dopmyu

$:=G 1)

OtpumaeMo By3JNIOBi MOTEHINANM B BOJLTAX ¥ BHIVIAAI BEKTOPY—
CTOBIILIA

23.891648)
¢ =| 26.290293
9.389391 )

Yepes mNOTEHNiaNA ByIiB PO3PaXyeMe HANpPYyTH ¥ TiUIKax
SICKTPUYHOTO KOJIA

u =0-¢1 u,=¢1-62 u,=0-¢)
u,=0-¢; ug =92 -¢3 u =¢3-0

HJani 3a 3axonamu Oma Ta Kipxroga BH3HAYHMO CTPYMH Y Tilnkax

i1 :=u1-Gl +J1 12 = u2-62 13 = u3-GS
i4 = u4-G4+ E1G4 i5 = uS-Gf i6 = u6-G(

Taxum 4MHOM, OTPMMAEMO BEKTOP—CTOBNELL HAMPYT TA BEKTOP—
CTOBITENb CTPYMIB ¥ TiJIKaxX
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1,003454¢ 1073 )
_a -23.891648)
—3.997743x 10 2308646
~1.493228x 10 ° —23.891648
1= u=
1.338713x 107 ° ~26.290293
4 16.900903
9.389391x 107 ¢ )
Crpym pesnactopy R, B aMmepax JOpiBHIOC
iR1:=i, ~J1 iR1=-1706546x 107>

BukonacM0 DepeRipKy OTpUMaHMX peE3yNBTATiE 33 3aKOHAMH

Kipxropa

i1+13—i2=0 ul—u3=0

i2+i4—i5=0 u3+u2—u4—El=—37

15—16=0 u4+E1+u5+u6=37
JlabopaTopue 3annanns

1. OsHalioMuTHCA 3 ANTOPUTMOM PO3PAXYHKY SNESKTPUHTHUX KiJl METOJOM
BY3JIOBHAX MOTEHINANIB.

2, Jlng cxeMu 3TiIHO BapiaHTY CTYJCHTA ¥ XKypHAJNi BUKOHATH HEOOXiHe

nepeTBOpeHHA Ta 0OpaTu 6asucHuiT BY30JL.

CKIIACTH CHCTEMY BY3JIOBHX PiBHAHb.

IMpoeecTn po3B'A30K OTpUMAHOI CHCTEMH 3a JOTIOMOTO) IAKETY

MathCAD i3 3acTOCYB2HHSIM MATPHIHOTO METONY.

W



31

Uepes orpuMaHi MOTEHIIANH BY3JIiB pO3paXyBATH HANpPYTH ¥ KOXKHIil
TUII eJIEKTPAYHOTO KOJIA T4 BIIACHI CTPYMH TUIOK 32 3aKoHOM OMa.
TlopieusaTH OTpuMaHi 3HAYCHHA CTPYMIB Ta HANDYT Yy KOXHIH rimmi
KOJ1a 3i 3HAYCHHAMH, AKi OTPUMAHO 3a JAonomorow nporpamu EWB.
OdopmuTa 3BiT.

BianosicTu Ha KOHTPOJLHI 3aMUTAHHA,

KonTpoasHi NATARAA

TTogcHuTH CYTHICTE METOMY BY3JIOBMX NOTCHILAMIB,

Y SKHX BHIRJKAX PO3PAXyHKY CKIQAHHX eNeKTPHYHAX Kil
38CTOCOBYIOThH METONY BY3JIOBUX MOTEHINIANIB?

IMosicHATA sKI €KBIBAIIEHTHI TIEPETBOPEHHS 32CTOCOBYIOTH B METOMI
BY3JIOBHAX MOTEHINANIB.

Hapectn anropuTM pO3paxyHKy €NEKTPUYHOTO KOJAa 38 METOAOM
BY3JIOBHAX MOTEHINANIB.

[Io Take GasncHMi By3on?

CKinbKH BY3IOBMX pPIiBHfHb MATMME CUCTEMA PIiBHAHB, CKJIAJICHA 34
AM METOIOM?

SIK BH3HAYACTHCS 3HAK BY3JIOBOTO CTPyMy?

3a AKMM NPUHIUIIOM 3HAXOAATh BIACHI CTPYMH TilIOK?

3a AKOi yMOBH 4YHCNIO PiBHSHB, CKJIAJEHAX 32 METOJOM BY3IIOBHX
TMOTEHITIANIB, MEHIIG YHCHA PiBHAHb, CKJIAJCHUX 33 METOAOM
KOHTYPHMX CTPYMiB?

. HaBecTr mepeBarn i HEIOMKH METOAY BY3JIOBHX MOTEHINAMIB.
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JIABOPATOPHA POBOTA Ne6

Pozpaxynok famancy moTyRHEOCTEH Ta NOTCHOIAALHOI AiarpaMn
SIEKTPHIHOIC KOJ1a

Mera pofioTh: mepeBipka BHKOHAHHS OajNaHCy TIOTYXKHOCTEH Ta
noOyIoBa MOTEHLIANBHOT AiarpaMu HaliIOBIIOTO 3AMKHEHOTO KOHTYDY.

Teopernuni Bigomocri
Bajaanc noTyxRH0CTeH

Ha miactapi 3axony 30¢pexeHHS eHEPril KiBKICTh TEIUIOTH, MO
BAAUIACTECS B OJMHALNO YaCy HA OTIOPAX CXE€MH, IIOBHHHO AOPIBHIOBATH
eHeprii, MmO JOCTABINETHCA 33 TOH Ke Uac DKEpeNiaMH JKHBIEHHS [2].
Orxe, pirHANHA eHEPreTHYHOro Ganamcy 3a YMOBH JKHBICHHS Bij
miepei E.P.C. Ta mxepen CTpyMy Mae BATIIA

SR =Y E Iy +> .Uy (6.1)
k k k

ne I - ctpym k-irinkn; R - onip ki rinkn; E; - mxepeno EP.C.;

U,,n - HanpyTa AiISHKY KOJIA, ¥ SKilf 3HAXOAMTHCS JKEPENo cTpyMy J .
Taxum 4uHOM, JiBa YacTuHa (6.1) omucye 3aralbHy MOTYKHICThL
CIIOKABAYIB, & MPABa — 3aTABHY MOTYKHICTE JKEPEIT €HePTii YChOTO KOJIa.

IMoTenuianLua aiarpama

Torenmiamsua aiarpama — ne rpagdigHe 300paskeHAs POMOAUTY
NOTCHIiaNiB y3AOBK Oyab-skoi fingHxu a0 3aMKHYTOTO KOHTYpPY
eIIeKTPAYHOTO KOJIa.

ANropuTM MOoOYA0BYU HACTYIIHHI:

a) oOMpaeThes 3AMKHYTHIT KOHTYP 3 Haibinbinoo kinbkicTio EPC;

6) moTeHWIAN OAHIET TOYKH KOHTYPY BBKACTHCH HYIILOBAM,

B) 3HAXOMATHCA MOTSHINATH YCIX TOUOK KOHTYPY 2a 2akoHOM OMma;

r) ofupacThes HAMPAMOK 00XOAY KOHTYDY;
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) QopMy€ETECS  BEKTOP—CTOBICHL  MOTCHILANIB Yy KOHTYPpI,
000B’ST3KOBO AOTPAMYIOIACH IOPAIIKY iforo o0xoy;

e) PopMyETRCH BEKTOP—CTOBICIE OmopiB, 000R’I3KOBO
JOTPUMYIOYUCH MOPAAKY fioro o0xoay i A0Aa0YM OAUH O OJHOTO ONOpH
HNUITHOK KOHTYPY;

x) OyIayeThcA NOTEHIliaNIBHA Jliarpama (Bick abCIHC — BEKTOP OIOpiB,
BiCh OpJHHAT — BEKTOP MOTEHIIIANIB).

Ipuxnan pospaxynxy

Jist cxemH, sky 300paxeno ma puc. 3.1, 3a Bupazom (6.1) y
cepenopuini MathCAD 3nafiieMo 3araibHy NOTYXKHICTh CIIOXKHBAadiB y
BaTax

Pc = (il)z-Rl + (iz)z-Rz + (i3)2-R3 . (i4)2-R4 . (iS)Z-RS + (i6)2-R6

Pc = 0.092396

Ta 3aTaNbHY MOTYKHICT JDKEPEIl eHePTii YChOTO KOlIa Y BaTax

Pk :=El i4 + Jl-Rl-i1 Pk = 0.0923%6

Ockimskn  Pc=Pk, TO eHepretHunmii ©OamaHC BHKOHYETBCH i
PO3PAXYHKH KOJIA BUKOHAHO MPABUIILHO,

Hani mobyayeMo NoTeHIANBHY JiarpaMy IJisi 3aMKHYTOTO KOHTYPY
4-1-2-3-4 3rigHo BHUImEHaBeJeHOMY airopaTMy. Hampamok ob6xonay
KOHTYpPY 00HpaeMo 3a 06iroM roIMHHUKOBOT CTPIJIKH,

BexTop—cToBniens NOTEHIIATIB ¥ KOHTYPi MATAME BHTJIS

0
23.891648

T
@ :=(dg b1 ¢2 3 ¢4} @ =| 26290293
9.38939]

o )
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BexTop—CcTORNEIE OMOPIB ¥ KOHTYPI MATMME BUTIL,

U

0 \ 1.4x 104

R1 ’
R := R1+R2 R=| 2x 104

R1+ R2+R5 3.8x104

RI+R2+ R5+ R6) A
48% 10" )

TTorenuiannha giarpamMa MaTUME BHTIIAN
1104 2.10* 3.10% 410 5.10
R

Pucynox 6.1 — INoTenuiannha giarpama
JlabopaTopue 3annanns

O3H2HOMATHCS 3 ANTOPHTMOM ITOOYAOBH NOTEHIIANBHOI JiarpamMu.
JUIA cxXeMH 3riZHO BapianTy CTyAeHTa y JKypHAN 3a JOMOMOTOI
MathCAD - mporpamu 3HaHTH 3aralbHy MOTYKHICTL CIOXUBAYiR Ta
3aTIBHY MOTYXKHICTH JDKEpen eHeprii ycboro kosa. IlepeBipatn
BHKOHAHHA ¢HEPTETHYHOTO OanaHcy.

Buxonatn mnolyfnoBy mnoTeHuianbHOi Jiarpamu  Ana  oOpaHOro
3aMKHYTOTO KOHTYPY 3TiZHO BHIIEHABEACHOMY AITOPATMY.

Odopmutu 3BiT.

BianosicTu Ha KOHTPOJLHI 3aMUTAHHA,
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Kourpoabni maTadas

SIlkMM 4MHOM BH3HAYACTHCA 3arajlbHa MOTYXKHICTh CIIOXKHBAdiB
ENEKTPHIHOTO KoJa?

SIKMM YAHOM BH3HAYACTHCS 3arallbHA TOTYXKHICTH JDKEPEN eHeprii
YCBOTO SIIEKTPHIHOTO KONa?

CohopmymoBaTu 3akoH 30€peMeHHT €HEPrili TA HABSCTH PIBHAHHA
eHepreTHIHOTO fayancy.

IMosgcuutn MO MOXKEe O3HAYATH HEBMKOHAHHA YMOBM Oalaucy
NOTYXHOCTEH KoJa.

JaTH BU3HAYEHASN MOTEHIIATBHOL AiarpamMa.

Hasectn anroput™ nolyaoBu NOTEHITIANBHOT Aiarpamu.

SkuM 9UHOM OOHPACTHECA 3AMKHY THH KOHTYp?

SIK 3HaXOAATHCA MOTEHITIAIA YCiX TOYOK KOHTYPY?

Sk rpagiano 306pa3uTu moTeHIiANbHY Aiarpamy?

. INoscHrATA KoM NOTEHIIANBHA AiarpaMa He 30iracTbes.
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JonaTor A
EeMeHTH eJICKTPHIHOTO KOJIa

Tabimns A.1 — 3nadeHHs eIEMENTIB eIIEKTPHIHOTO KoJla

Hazpa emementy cxevm | [lozHadeHHs Bupas gna obumicnenHs
Hxepeno EPC, B 5 2n+h-m

By In+d-2m
JEERETD CTPYMY, MA S 0.1-(n+h)

S 01-(n+d)
Pesucropi, xOM R 1+h

R 2+d

R J+h

Fy 4+d

Rs 5+h

R 6+d

1 - TIOPANKOBUIT HOMEP CTYJCHTA Y XKypHAaJ axaaemiuHOl rpynu
m - cyMa madp y NOPSAKOBOMY HOMEPY CTYAEHTa

d - KiTBKicTH OGYKB ¥y iMeHI CTy/IeHTa

h - KUTBbKiCTH OYKB y Mpi3BHINI CTYJEHTA

Tpuxnan: Isaros IOpiii KocTSsATHHOBHY Mac NOPSAKOBHI HOMED Y
wWypHani akafgemivuoi rpynu 15, Orke, qng uporo n=15; m=6; d=4;
k=13, a enemenTn cxemMu HaOyBaiOTh 3Ha4ens E;=37B; E, =37B;
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J1=28 MA; Jy=19 MA; R =14 xOm; Ry =6 xOm; R3 =16 xOwm;
Ry =8 xOm; Rs =18 xOm; Rg =10 xOm.

Jonarox b

BapianTd enexTpa<nanx cxem
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