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IIpakTnuna podora Nel

«Ananiz enekmpuyHUX Kil NOCMIUHO20 CIMPYMY 3 OOHUM 0XHCEPETIOM HCUBNEHHSL.

Busnauennsa exgiganenmuoz2o onopy, cmpymie i Hanpy2 y imKkax.»

Meta poboru: Habymu npaxmuyHux HABUYOK PO3PAXYHKY HApPAMempie
ENeKMPUYHUX KIl NOCMIUHO20 CMPYMY, WO MICMAMb 00HE 0XHCEePeNo HCUBNEHHS.
3aceoimu memoOuxky 6U3HAYEHHs EeKBIBAIEHMHO20 ONOpy KOAd, d MAKO’C
3HAXO0ONCEHHA CMPYMIB | HANpPY2 ) 1l020 8IMKAX 3 BUKOPUCMAHHAM OCHOBHUX 3AKOHIB
enekmpomexuixu — 3akornie Oma ma Kipxeoga.

KurouoBi cjioBa: erexmpuune Kono, NOCMIUHUL CIMPYM, €K8I8ANeHMHUL ONIp,
3axon Oma, 3axonu Kipxeogha, cmpym, nanpyea, odxcepeno sxcuenents, po3paxyHoK
eNeKMPUUHUX KITL.

Key words: electric circuit, direct current, equivalent resistance, Ohm’s law,

Kirchhoff’s laws, current, voltage, power source, electrical circuit analysis.

1. TeopeTnuna yacTuHa.

JIs eNeKTPUYHOrO KOJIa, CXeMa SIKOro TokaszaHa Ha puc. l.la, BUZHAYUTH
CTpYM JKepena *uBjeHHs [, skumo Binomi 3HadeHHs: E;R;R;R;R;R,. ne YY-
MOPSITKOBUM HOMED B JKypHaJi CTApOCTH.

Buxigui nadi Haseaedi B tadu. 1.1.

Ne ng, B Rl, Owm Rz, Owm R3, Owm R4, Owm Rs, Om

CTYyJICHTa

1 110 8 7 6 10 7

+YY

2 120+YY | 10 4 4 8 9
3 130+YY | 19 8 5 6 8
4 140+YY | 8 10 8 4 11
5 150+YY | 10 4 9 5 10
6 160+YY | 21 5 11 8 13
7 170+YY | 16 6 12 9 12
8 180+YY | 20 9 14 10 14
9 190+YY | 22 8 16 12 15
10 100+YY | 12 8 10 4 6
11 110+YY |8 7 6 10 7




12 120+YY | 10 4 4 8 9
13 130+YY | 19 8 S 6 8
14 140+YY | 8 10 8 4 11
15 150+YY | 10 4 9 5 10
16 160+YY | 21 5 11 8 13
17 170+YY | 16 6 12 9 12
18 180+YY | 20 9 14 10 14
19 190+YY | 22 8 16 12 15
20 100+YY | 12 8 10 4 6
21 110+YY | 8 / 6 10 7
22 120+YY | 10 4 4 8 9
23 130+YY | 19 8 5 6 8
24 140+YY | 8 10 8 4 11
25 150+YY | 10 4 9 5 10
26 160+YY | 21 5 11 8 13
27 170+YY | 16 6 12 9 12
28 180+YY | 20 9 14 10 14
29 190+YY | 22 8 16 12 15
30 100+YY | 12 8 10 4 6

MetoaudHi peKOMEH1alliil 10 pO3B’sI3yBaHHS 3a7a4i.

Buznauyenns CTpymMy 1o B riIKax CIICKTPUYHOT'O KOJId, CXCMa AKOT'O

npejacrasieHa Ha puc. 1.1., 3 ymoBo1o:

U =120B;R, =100m; R, =150m; R, =80m; R, =120m; R, = 240m. .

! | | 4
._*__J I ‘Fll_.\..llrr =
| |
[ / R gl | &
* ! Il A f

Puc. 1.1. Cxema kouna.
Ipukaan pimeHHs.

3aMiHMMO KOXKHE TapasiesibHe 3’ €THaHHS PE3UCTOPIB OJHUM C€KBIBaJCHTHUM

oriopoM (puc. 1.2) Ta BUBHAYMMO 3HAYCHHS ITUX C€KBiBaJCHTHHUX OIOPIB.



JUist 1BOX mapasenbHo 3’ €JHAHUX PE3UCTOPIB:

L=

: '
L . L"_i-.r:-u Hygs

Puc. 1.2. Cxema 3aMillieHHsI OMOPIB €IEKTPUIHOTO KOJIA.

1. 3HaiiTu eKBIBaJICHTHI OMIOPH.

RR, 10-15
12 = = = M’

R +R, 10+15
1 1,1 1 11 1 6

+ +—+—=—=
R, R, R, R 8 12 24 24
R, =40m.

0,25;

2. 3HaliTH cTpyM JKepena 3a 3akoHoM OMa Jist BChOro KoJia:

I U _ 120 _ 12
R,+R,, 6+4
3. Po3paxyBaTu CTpyM B T'UIKax.
3a nmpaBUIIAMU «UY>KO1 TUTKH»:
1, =1 R, =12. 15 =7,2A.
R +R, 10+15
I,=1- R =12- 10 =48A.
R, +R, 10+15

3a TOMOMOT010 HANPYTH Ha MapajebHUX TUIKaX:



U, =R, -1 =4.12=148B;
|3=U345=@=6A;
R, 8
| =Yus 38y
R, 12
= Jus _ 285
R, 24

5
BusHadyeHHS eKBIiBAJIEHTHOI €EMHOCTI.

Y mOpakTHYHUX EIeKTPUYHUX CXEeMaxX YacTo 3aCTOCOBYIOTH KOMOIHAIIil
KUIBKOX KOHJIEHCATOPIB, 3’ €JHAHUX MDK CO00I. AHAJOTIYHO JI0 MPOBIIHHKIB,
PO3PI3HSAIOTH JIBA OCHOBHI TUIH 3’ €JJHAHB: MOCIIIOBHE Ta MapajeibHe.

[TocninoBHe 3’€aHaHHs mependayae, M0 HETaTUBHO 3apsjKeHa IUIaCTHHA
OJIHOTO KOHJICHCAaTOpa 3 €JHYEThCS 3 TMO3UTHUBHO 3aPSKEHOI IJIACTUHOIO

HACTYIIHOT O, Jlaﬂi — HCTATHUBHA OAPYTOro 3 MIO3UTUBHOIO TPETHOI'O 1 TaK IIaJ'Ii.

. 3 €y c, L c,
—+| |:| H I_— My Al o i oAl N G=G1=Q2=0y
L, I, L
i, iy iy - e

e o U=l +U,+U,

Puc. 3. [locnigoBHe 3’ €THaHHS KOHJEHCATOPIB.

ITin gac mochimoBHOrO 3’€AHAHHSA KOHIEHCATOPIB 3apsaM Ha BCIX IXHIX
oOkmaakax (3a BHHATKOM IIEpINOi, MiAKIIOYEHOI Oe3rmocepeaHbo 10 JpKepena
YKUBJICHHS ) BAHUKAIOTh y PE3YJIbTaTI €IEKTPOCTATHYHOT IHAYKITIi. YHACTITOK I[HOTO
BC1 OOKJIAgKu KOHACHCATOpIB 1 OaTapess B IUJIOMYy MaTUMYTh OJHAKOBUHN 3a
BEJTUYMHOIO 3apsij (.

[ToTeHmianu croiaydYeHHX OOKJIAAOK JBOX CYCITHIX KOHICHCATOPIB €
OJIHAKOBHMH, TOMY 3arajlbHa pI3HMIS TOTEHIlaJdiB Ha KIHISX OaTapel
KOHJICHCATOPIB JIOPIBHIOE CyMi HAampyr MK OOKJIaJAKaMU KOKHOTO OKPEMOTO

KOHJICHCATOpa.



U=¢-@ T
@-@)+ig-ai+tig-a)+. . =g-a=U
U=U+U, +U, +U, +
Po3nuiieMo pi3HULIIO TOTEHIIaIIB MIXK 00KJIaJJKaM1 KOYKHOTO KOH/IEHCATopa,

BpaxoBYyIOUM, III0 Hampyra Ha OaTapei JOpPIBHIOE CyMi Hampyr Ha OKPEMHUX

KOHJIEHCATOPaX:
y=q /0
Uy =gy 1 C
E-'rg — i;llg .ll ':'l3

[lincTaBUMO OTpuMMaHi BHpa3H JJIs HAIPYT Ha OKPEMHUX KOHJEHCATOpPaX y

hopmymy:
LI TR I
cCoo C G
[TapanensHe 3’eqHaHHA — II€ TaKUH TUI 3 €IHAHHS KOHJEHCATOPIB, MPHU

SIKOMY OJJHOMMEHHO 3aps/KCHI TUIACTHHHM BCIiX KOHJACHCATOPIB IMiJ’ €IHYIOTHCS JI0
CIUIBHUX TOYOK: YC1 TMTO3UTHBHO 3apSJKEHI — JI0 OJHIET TOUKH, a BC1 HETaTUBHO

3apsKeH] — 710 1HIIOT.

+If'}_

Ll c

o }—‘ g=qtqgztq;
—1 &l —
_+U‘_

H— C=C +Cy+C

Puc. 4. TlapanenbHe 3’€THaHHS KOHICHCATOPIB.



Poznuiemo 3apsa Ha KO)KHOMY KOHJIEHCATOP1, BAKOPUCTOBYIOUN O3HAYEHHS

€MHOCTI:

napajesbHOMY 3’ €JHaHH1 HaIllpyra Ha BC1X KOHJIEHCATOpaxX OJHAKOBa:

g1 =50
g4, = Gy,
gy =55

[lincTaBuMo yci oTpuMaHi Bupazu y (GOpMyIly, BpPaxOBYIOYH, IIO MpH

3aBaanHa 2. J{7s eneKTpUuuHOTo KoJia, cXeMa SIKOro IokasaHa Ha puc. S (a Ta

0), po3paxyBaTu €KBIBaJICHTHY €MHICTh. [louaTkoB1 1aHi HaBeeH1 B TabI. 2.

Bapianr | U,B C,,mx® | C,, mx®@ C,, Mx® C,, mx® C,, Mx®

1 34+a 8 8 6 8 7

2 42+q 10 4 4 6 9

3 53+a 19 8 5 4 11
4 64+a 8 10 9 5 10
5 75+a 10 4 11 8 13
6 86+a 21 5 12 9 12
7 97+a 16 6 14 10 14
8 111+a 20 9 16 12 15
9 119+a 22 8 16 12 15

[IpumiTka «o — 11e ocTaHH1 JAB1 IU(PpU HOMEPY 3aJIIKOBOT KHIDKKU CTYICHTa»




IIpakTnuna podora Ne?
«Buxopucmanus piensanv Kipxeogha ons ananizy pozeanysicenux enekmpudHux Kin
NOCMIUHO20 CIPYMY»

Merta poboru. Osnaiiomumuci 3 NPUHYUNAMU 3ACMOCYBAHHA DIBHAHb
Kipxeopa ons amanizy poseanysjiceHux eneKmpudHux Kil NOCMIUHO20 CMPYMY.
Hasuumucs ckraoamu ma poss’sizyeamu cucmemu pi6HAHb O GU3HAYEHHS
cmpymie i Hanpye y 2LIKax Kold, nepesipsmu SUKOHAHHS 3AKOHI8 30epediceHHs
eHepeii ma 3apsady, a maxkodic Gopmysamu HAGUUKU NPAKMUYHO20 DO3PAXYHKY
eeKMPUYHUX Mepedic 3a 00noMo2o1o 3akoHis Kipxzoga.

Kuawuoi caoBa: pisuauns Kipxeoga;, nepwuii 3axon Kipxeoga, opyeuii
3axon Kipxeogha, poseanysicene enekmpuune KOIO;, NOCMIUHUL CMPYM; KOHMYD;
8Y30J1, CMPYM,; HANpy2a; onip, Memoo aHali3y el1eKmpudHuUx Ki.

Key words: Kirchhoff's equation; Kirchhoff's first law; Kirchhoff's second
law; branched electric circuit; direct current; circuit; node; current; voltage;

resistance; method of analyzing electric circuits.

1. TeopeTnuni BizomocTi

[Tin gac aHamizy €NeKTPUYHHUX KUT 4acTO HEOOXIJHO BHU3HAYUTH CTPYMH Y
BITKax Ta HaNpyry Ha eJIeMEeHTaX KoJja 3a BimoMuMH napametpamu jxepen EPC i
CTPYMY, OTIOpaMH PE3UCTOPIB Ta KOH}Iryparli€ro koja. JlJis Kt MoCTIHHOTO CTPyMY

BILJIUB 1HAYKTUBHOCTEH 1 EMHOCTEH HE BPAXOBYETHCH.
S0 enekTpuYHe KOJIO MICTHTh M Biroxi M3 BY3J1B, TO 3T1AHO 3 MEPIINM

i mpyrum 3akonamu Kipxroda s HbOro MOKHa CKJIACTH BiAMOBITHO (nb3 _1) Ta

(n, _nb3+1)H63aHe)KHI/IX piBHAHBb. TakuM YHHOM, 3arajioM OTPHUMAEMO My

2N

HE3aJIeKHUX PIBHSAHD 3 © ° HEBIIOMUMHU — CTpyMaMH y BiTKaxX Ta Halmpyram Ha

CIICMCHTAax.

3akon OMa 103BOJISIE CKJIACTH IIIE n, PIBHSIHB, SIK1 TTOB’SI3YIOTh MK COOOFO
Hafpyru Ha €JIeMEHTax Koja Ta CTPYMHM Y BIANOBIJHUX BITKax. Y pe3ysbTarTi

10



CUCTEMA CKJIAA€ThCA 3 2n, pIBHSIHb 3 2n, HEBIIOMUMU — CTPyMaMHu BITOK 1

Harpyramu €JIeMeHTIB.

1106 crpocTUTH PO3B’SI30K, KUIBKICTh PIBHSHb MOKHA 3MEHILUTH A0 My
BUPA3UBILIHN:

. yC1 CTpyMU 4epe3 HapyTH Ha €JIEMEHTax, abo

. yC1 HapyTy 4yepe3 CTPYMHU BITOK.

HaiiyacTimie BHKOPUCTOBYIOTH JPYIMM MiJIX1 — BUPaXarOTh HANpPyTrH

€JIEMEHTIB 4Yepe3 CTPyMH BITOK. Y 1LbOMY pa3l s HE3aJIeKHUX KOHTYpIB

0e3mocepe/IHbO CKJIaJat0Th PIBHSAHHA 3a ApyruM 3akoHoMm Kipxroda, ne B miBiid

I.R
K%, aB

YaCTHHI PIBHSHHS BKa3yIOTh NaJIHHS HAMpyr Ha Pe3uCTOpax y BUTIIAJI

npasiii — EPC, 1o BXoAsTh 10 CKIIaay BIAMOBIIHOTO KOHTYDY.
CxiagHIIMMU € 3BOPOTHI 3a/layl CUHTE3Y ENeKTPUYHUX KUI, KOJIM 3a

BIJOMUMH 3HAQUYCHHSIMHU CTPYMIB 1 Hampyr Ha OKpEeMHX JUISHKaX HEOOX1THO

BU3HAUMTHU KOH(DIryparito CXeMH Ta mapaMeTpH ii eJIEeMEHTIB.

[Topsaok po3paxyHKy €JIEKTPUUHOTO Koja MeTosioM piBHSHB Kipxroda:

BuzHauutu KiTbKICTH BY3I1iB (nb3_1) 3 i BiTOK b y KOJi, 3aJ1aTH JAOBUIBHI

HaIPSIMH CTPYMIB Y KOXKHIHM BITIII.

3a nepmum 3akoHoM Kipxroda ckiactu (n,5-1) PIBHSHB.

Bubpartu He3anexHi KOHTYpH KoJjia Ta 3a7aTH HampsM ix o0xoay (3pydyHo —
32 TOJUHHUKOBOIO CTPLIKOIO).

J1J1st KO’KHOTO 3 KOHTYPIB CKJIACTU PIBHSIHHS 32 pyruM 3akoHoM Kipxroda y
dopmi:

ZIkRk_ZEk

Po3B’s13yemMo cuctemy piBHSIHB 1 BU3HAYAEMO 3HAUYCHHS HEBIIOMUX CTPYMIB Y
BITKaX KoJa.
[lepeBipsieM0O TMPaBWIBHICTH PO3PAXyHKIB 3a JIOIOMOTOI0  OamaHcy

MOTYKHOCTEH.

11



Xoua nepeBipKy MOKHa BUKOHATH i 3a 3akoHaMu Kipxroga, 3acTtocyBaHHs
€HEepPreTHYHoro OanaHcy J03BOJISI€ JOJATKOBO MIATBEPAUTH  KOPEKTHICTb
OTPUMAHUX PE3yJIbTaTIB.

3riiHO 3 TaHUM METOJIOM, CyMa MOTYHOCTEM, 1110 T€HEPYIOThCS JKepeslaMu
€Heprii, MOBUHHA JOPIBHIOBATU CyMI1 ITOTY>KHOCTEH, CIIO)KMBAaHUX HABAHTAKEHHSIMHU
(Y KOnax MmocTiHHOTO CTPYyMY — PE3UCTOPAMH).

[HImIMMHU  cOBaMH, B €JIEKTPUYHOMY KOJII MAa€ BHUKOHYBATHCS OajlaHC

MOTYXHOCTEH, IKUH € MPSIMHUM HACIIIJIKOM 3aKOHY 30€pexeHHS eHeprii:

oicepen cnooicusauie

PosrasiHemo enekTpuyHe Koyo Ha puc. 1.1:

Puc. 1.1. CxemMa eneKTpUYHOrO KoJia 3 TpbOMa KOHTYpaMH.

VY xomi (puc. 1.1) HasiBHI N, BY3JIIB 1 N Bitok.
KinbkicTp He3aneXHUX PIBHSAHDB, SKI MOYKHA CKJIACTH 32 TMEPIIMM 3aKOHOM

Kipxroda, mopiHtoe:

l,+1,-1.=0

5

l,+1,+1,=0

KinbkicTh KOHTYPIB ISl PO3PAXYHKIB:

12



n,—n, +1=n

Bunuisiemo mpocT KOHTYpH 1 BUOMpPAEMO HAIMpPSIMU KOHTYPY PYXy CTPyMy 3a

TFOJIMHHUKOBOIO CTPIJIKOIO:

IIR -I.R —1,R =E

3°'3 1°

I.I,R,+1,R,—1,R, =E,—E,;

49

N.,R,+I,R -I.R =E,—E

4 62

3rigHo 13 3akoHamu Kipxroda O0yo CkiiaeHO CUCTEMY 3 IIECTU PIBHSIHbD, 110
MICTUTb UIICTh HEBIJOMHUX CTPYMIB.

JUist OuIbLl CKJIAAHOrO eJeKTpUYHOro kona (puc. 1.2) KUIBKICTH BY3IIB
JIOPIBHIOE nbs, a KUIBKICTB BITOK — N, .

VY Bitui Ne® cTpyMm € BiIOMUM, OCKUIBKM HOTO 3HAYEHHS BU3HAYAETHCS
JDKEPEJIOM CTPYMY.

OTxe, 3arajibHa KUIBKICTb BITOK 13 HEBIIOMUMHU CTpyMaMH CTaHOBUTH N, —1.

KinpKicTh HE3aNeKHHX piBHSIHI), K1 MO>XHa CKJIacTH 3a MepmumM 3aKOHOM

Kipxroda, nopiBHIOE€: n,-1=4

DL +1,+1,=0;
)1, -1,-3=0;
L -1, -1,=0;
Hl, -1, +1,=0.

3HaxX0AMMO BIIMOBIIHY KUIBKICTH piBHAHB 32 Il 3akonom Kipxroda:

n=n,-n,-1=7-5+1=3

13



Puc. 1.2 Cxema eneKTpHUYHOIO KOJIa 3 YOTUPMa KOHTYpaMH
CknaaeMo piBHOCTI 1St 3 3 (4) HE3aIEKHHUX POCTUX KOHTYPIB:

LR, -I,R - 1R =E;;
nyl.R -1L,R,-1,R,=E, —E;
myLR+I1R-1,R,=E;

Jlist mepeBipKM BIPHOCTI MNPOBEIECHUX PO3PAXYHKIB HEOOXITHO CKIACTH

pIBHSHHS OajlaHCy:
2 2 2 2 2 2
ILE,+LE +1.E,+JU_,=1'R+1,R, + LR, +1, 'R, +I,’R. + I, 'R,,

e Ys = LR+ LR,

2. Ilpukiag po3paxyHKy JIHIKHOTO €JIEKTPUYHOIO KOJja MOCTIHHOTO CTPyMy

meTozioM piBHSAHB Kipxroda

[Mpuknan 1. Jns AiHIAHOTO €MEKTPUYHOrO KoJja, 300pakeHoro Ha puc. 1.3,
HEOOXIJTHO CKJIACTU PIBHAHHS 3rigHO 13 3akoHamMu Oma Ta Kipxroda, a Takox

BU3HAYUTH 3HAYCHHA CTpYMiB y BITKax 1 HaI[iHHH HAIIpyT Ha CJICMCHTAX IHbOI'0O KOJIA.

R
. | i -
30
= R4
2 Om
R8 R10
Usx=10 B I Dm Om D4 Om
R5
5 0Om
R2 R3 R6 R7 R9
— 1 — {1
1 Om 4 Om 8 Om 3 0Om 7 Om

Puc. 1.3. Cxema JiHIMHOTO €NEKTPUIHOTO Koa Jjis npukiaany 1.1

I[Tin wac cknamanHs piBHSAHB 3a 3akoHamu Owma Ta Kipxroda npuiimaemo, 1o
HyMepallis HarmpyT 1 CTPyMiB BIJIOBIAa€ HyMepallii Omopis.
OCKIUTbKM €JIEKTPUYHE KOJIO Ma€ Tpu By3iu (auB. puc. 1.4), To 3rimHO 3

nepmmM 3akoHoM Kipxroda Mo)kHa 3aTTMcaTH IBa HE3aJIEKHI1 PIBHIHHSA:

14



s By3na 1:

L=+, +1;npul,=1;I,=1,

1 0°

ISl By3na 2:

L=l +gnpul =1

OCKUIBKH CTPYMH Yepe3 Pe3UCTOpH R.iR, CHpsIMOBaHI1 J10 JKepesa BXiTHO1
EPC, nJist HUX BUKOHYEThCS CITIBBIIHOIIICHHS:
L=1,=1,
EnexTpuuHe KOO MICTUTh TPU HE3AJEKHI KOHTYPH, TOMY BiJIIIOBITHO /0
napyroro 3akoHy Kipxroga ckinagaemMo piBHSHHS 711 KOXKHOTO 3 ITUX KOHTYPIB.
u_=U,+U,+U,+U,+U,;
U,+U,+U,=U,+U;

U,=U,+U,.
/1 1 1
0w I}-'Eﬁ
2 Om
- RE R10
Usx=108 B8 [ Jrie,
[l
5 Om
R2 H3 [al:] R Ra

1 0w 40m 3 B0Ow I0m 2 TOMm

Puc. 1.4. Cxema mis ckiiajianHs piBHAHB 3a 3akoHamu Oma ta Kipxroda

3 ypaxyBaHHSAM 3akoHy OMa I KOXHOI BITKH €JIEKTPUYHOTO KoJja
CKJIQJIAEMO CHUCTEMY 3 T1’SITH PIBHSIHb, SIKA OTIMCY€E B3a€EMO3B’ 130K CTPYMIB, HAMPYT 1

OTIOPIB y KOJII.

VIR + 1Ry + LRy + IRy + IR = Uy :

'F-'-‘IF"-I- +JI5R5 = fﬁﬂﬁ +.Ir'I|R]I + Iﬂﬂﬁ;
| IsRg = foRy + I1p Ry
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[lepenuiiemMo OTpUMaHy CHCTEMY pIBHSIHb, BpaxOBYIOUM, IO 4Yepe3

MOCJIITOBHO 3’ €/IHAH1 €JIEMEHTH €JIEKTPUYHOIO KOJIa IPOTIKAE OJAHAKOBUM CTPYM.

hh=1y+lg+ 1y,

I; = Ig + Iy,

LRy + Ry + R )+ 14 |Ry+ Rs)=Upgy ;
IR, + R )= I (R, + Ry )+ IRy

| I3y = Ig(Ry + Ryg).

. -

[lincTaBUBIIM YMCIOBI 3HAYEHHS BXIJHOI HAmpyrd Ta OMOPIB PE3UCTOPIB,

OTPUMAEMO HACTYIIHY CUCTEMY PIBHSIHb:

([ =T +1g+1y;
I =0+ 1y,

Bl + 71, =10;
T, =11, +101;
10y =11;.

o,

Po3B’skeMO OTpUMaHy CUCTEMY PIBHSIHB.
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fﬁ=%‘;i=|_m_,;
In=dg+ 1o =11 +1Ig=2.1Iy;
LUy +100 112 g +10-1.10,

-7 7
L=l +1g+1y=48T1g+1.1Ug+ Iy =69T11,;

=487,

Iy

81, +71, =8-6.9711, +7-4.8711, =R89.865], =10;
10

" 89.865
I, =111, =1.1-0.1113 = 0.1224 A;

[,=211,=21-0.L1113=02337 A;
[, =48TUH, =4871-0.1113=0.5421 A;
I =697TU,=06971-01113=0.7759 4.

I =0.1113 4;

3a OTpUMaHUMHU 3HAYEHHSMU CTPYMIB OOUYMCIUMO HAMNPYTH HA OKPEMHUX

CJIICMCHTAax KoJia.

U, =1,R, =0.7759.3=2.3277 B.
U, = 1,R, =0.7759 -1=0.7759 B.
U, =I,R, =0.7759-4=3.1036 8.
U, =1,R, =0.5421.2=1.0842 B.
U,=I.R,=05421-5=27105B.

U, =1.R, =02337-8=1.8696 B.
U, =I,R, =02337-3=0.70118.

U, =1,R;=0.1224.10=1.224 B.

Uy =I,Ry =0.1113-7=0.7791B.
Uy =1gRp =0.1113-4=0.4452 B.

Ha ocHOBI oTpuMaHuX pe3yJabTaTiB BUKOHAEMO MEPEBIPKY JAOTPUMAaHHS

3akoHiB Kipxroda /st By31iB 1 KOHTYPIB €IEKTPUYHOTO KOJIA:
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s By3na 1:

I =079 A=1,+1,+1,=0,5421 + 01224 +0,1113 =0,7758 4;

IS By3na 2:

[,=02337 4=1,+1,=0122 +01113 =0,234 4

115 By3na 3:
I,=0,7764=1+1,=0,542 +0,2337 = 0,776 4;
JUTSL IEPIIOTO KOHTYPY:
U +U,+U,+U, +U, =2328+0,776 + 3,104 +1,084 + 2,710 =
=10,002B U, =10B;
JUISL APYTOTO KOHTYPY:
U,+U, =1084+2710=3,795B =
=U,+U, +U,=187+0,701+1,224 = 3,795B;
JUISL TPETHOTO KOHTYPY:

U,=1224B~U9+U10=0,779 + 0,445 =1,224 B.

BukonaHni mnepeBipkM MOKa3yrTh, IO IS BCIX BY3JIB 1 KOHTYpIB

IIPABUIBHO.

JIJ1st 10aTKOBOTO KOHTPOJII0 OTPUMAHUX PE3yJIbTaTiB — HAMPYT Ta CTPYMIB

y KOJI1 — CKJIaJIeMO 0ajlaHC MOTY>KHOCTEH.

[ToTyXHOCTI, 110 PO3CIIOIOTHCS HA OKPEMHUX EJIEMEHTAX CXEMU:

EJEKTPUYHOTO Kosa 3akoHM Kipxroga HOTPUMYIOTBCS 3 BHCOKOIO TOYHICTIO

(BimHOCHA OXMOKa cTaHOBUTH MeHIe Hik 0,02%), oTxe, po3paxyHOK MPOBEACHO
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P =U,1, =23277-0.7759=1.8061Bm;
P, =U,1, =0.7759-0.7759=0.602 Bm;
P, =U,I, =3.1036-0.7759=2.408 1 Bm;
P, =U,I, =1.0842-0.5421=0.5877 Bm;
P, =U I, =2.7105-0.5421=1.4694 Bm;
P, =U, =1.8696-0.2337=0.4369 Bm;
P, =U,I, =0.7011-0.2337=0.1638 Bm;
P, =Ugl, =1.224-0.1224=0.1498 Bm;
P, =U,I, =0.7791-0.1113=0.0867 Bm;
Py =U,,l,, =0.4452-0.1113=0.0496 Bm.

CyMa MmoTyHOCTI €JIEMEHTIB:

N=10 N=10
P, =Y P=>U,l =7,760Bm.

i=1

[ToTy>XHICTb, CIIOKHBAYIB:

P e =Yoerl sy =U gL, =10-0,776 =7,76 Bm.

bananc motyxHocTeN:
P =1,16Bm ~P. =7,760Bm.

Po3paxyHku BHKOHAHO 3 BHCOKOIO TOYHICTIO, OCKLIBKH BIJHOCHA TMOXHOKa

mpu  TiepeBipii  OajlaHCy TMOTY)XKHOCTEM CTaHOBUTH HE3HAyHE 3HAYCHHS, IO

MITBEP/KYE MPABUIBHICTh OTPUMAHUX PE3yJIbTATIB.

P,.—P -
¢ =P =P 1000, T759=7.760

P . 7,759

-100% =-0,014%

3. Jlomanrse 3aBIaHHS

HeoOxigHo BUKOHATH PO3PaxXyHOK JIIHIHHOTO €JIEKTPUYHOTO KOJa METOJIOM
CKJIaJIaHHs PiBHSAHB 32 3akoHaMu Kipxroda, BUKOPUCTOBYIOUH MPUKIIA]T, HABEACHHM
y myHKTI 2, 1715t cxem Ne 01...15 3rigHo 3 BUXITHUMHU JaHUMH, IIOJaHUMH B TaOJIHIII

1.1.

3aBI[aHHH A0 IIPAKTHUYHUX 3adaHATb BH3HA4YA€ BHKIIaAd4 3ad OOIIOMOIORO

4OTUPBOX3HAYHOTO Koy — XX.YY, ne
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XX — HOMEp BapiaHTy CXEMH;

YY — mnopsakoBuid HOMEp B CIHHUCKY CTapoCTH; BapiaHTa IapaMeTpiB

€JIEMEHTIB cXeMHU (BIAMOBiAHO A0 Tadm. 1.1).

[Ipuknan: Bapiant 06.11 o3Havae, MO HEOOXITHO MPOBECTHU PO3PAXYHOK

cxemu Ne 06 3 BUKOpHUCTAaHHSIM BUXIIHUX JaHUX Bapianrta 11.

Ne gapianty | UBx, B | R1,Om | R2,OMm | R3,0m | R4,0OMm | R5,0m | R6,Om | R7,0OM | RS, Om
01 10+YY 2 4 6 8 1 3 5 7
02 12+YY 3 5 7 9 2 4 6 8
03 14+YY 4 6 8 8 3 5 7 9
04 16+YY 5 7 9 7 4 6 8 8
05 18+YY 6 8 8 6 5 7 9 7
06 20+YY 7 9 7 5 6 8 8 6
07 22+YY 8 8 6 4 7 9 7 5
08 24+YY 9 7 5 3 8 8 6 4
09 26+YY 8 6 4 2 9 7 5 3
10 28+YY 7 5 3 1 8 6 4 2
11 30+YY 6 4 2 2 7 5 3 1
12 16+YY 5 3 1 3 6 4 2 2
13 20+YY 4 2 2 4 5 3 1 3

BapiaaTu cxem 111 po3paxyHKy.
[t nZ e =r
&4 S ! [] = 1
o [
' |

Cxema Nel.
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Cxema Ne3.

=T =5 =7
U I L
=_]2
o— 1} -
Cxema N4,

a¥| R4 RS ¥

Cxema Nos.



F1 RS R7

—{L__1—» 1
[] R2 [ R4 RE
A3 P&
*—a{ 1» 1
| N—|
Cxema Ne 6.
R R4 R5 R7
—
R3 RE R&
R2
Cxema Ne 7.

A1 R4 RS

Cxema Ne8.

R1 RZ R4 RS R7
o e 1

[] R3 [].FE'E RS

Cxema Ne9.
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R1 R4

R3
R5

Cxema Nel0.

(21]

8
RT
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IIpakTnuna podora Ne3
«BukopucmaHHﬂ Memoo eK6i8aNeHMHO20 cenepamopa

Merta podoTH — gu3HaAUUMU €KGIBAIEHMHY EMHICMb MA XAPAKMepUCmuKu
eNeKMPUUHO20 KOJIA 3 NOCHIO0BHUM [ NAPANeNbHUM 3 €OHAHHAM pPe3ucmopis,
nposecmu analiz CMmpymy ma Hanpy2u Ha OKPemux eleMenmax KoJd.

KurwouoBi ciaoBa: enekmpuyne Kono, pe3ucmop, eKei8anieHmua EMHICMb,
napaneivhe 3 €OHAHHA, NOCTIO06HE 3 EOHAHHA, HANpY2a, CMPYM.

Key words: electric circuit, resistor, equivalent capacitance, parallel

connection, series connection, voltage, current

E
o = Eza 1[2’
7 7 —~—— O [
8 B 7
a /] 5

Puc. 1. Jlo po3paxyHKy CTpyMy BITKH METOJIOM €KBIBAJIEHTHOI'O

AKmueHuii i nacueéHuil 060noaOCHUKU. Y OYyIb-IKii €IeKTPUYHIN cXeMi
3aBKIM MOXKHA BHUIUIATH SKY-HEOyJb OJIHY BITKY, a IHINY 4YacTHHY CXEMU
HE3JIC)KHO B 1i CTPYKTYpH ¥ CKIIAJIHOCTI YMOBHO 300pa3uTH MPSIMOKYTHHUKOM
(puc. l,a). lllogo BumineHOi BITKM BCS cXeMa, IO3HAY€HA MPSIMOKYTHHUKOM, €
JABOMOJTHOCHUKOM.

SIK0 ABOMOJIOCHUK Ma€ JDKEpelia eNEeKTPOCHeprii, To HWOro Ha3WBaIoTh
AKTUBHMM, B TPSIMOKYTHHKY WOTO TIO3HAYAIOTh JITEpOI0 «Ay». Skmo y
JIBOTIONIOCHUKY HEMAE JKePell eNEKTPUIHOI €HEPrii, TO HOro HA3UBAIOTh HACUBHUM
JIBOTIOJIIOCHUKOM 1 B PSIMOKYTHUKY HE MUITYTh HisKOI TiTepu abo mitepy «I1» (puc.
1,2).

MeTton eKBIBAJICEHTHOTO TeHepaTopa 3acTOCOBYIOTH TOJII, KOiau Tpeba
BU3HAYUTU CTPYM TUIbKM B OJIHIM BITHI CKJIAJHOI CXEMH 4YM MpoaHaII3yBaTH

3Ha4yeHHs (U 9M 1) Tipy 3MiHI TapaMeTpa i€l BITKU. MeTo1 OCHOBaHHI Ha IPUHITAIT
24



HaKJIaJJaHHs, TOMY HOT0 MOXHA 3aCTOCOBYBATH TUIbKU JIJIS TIHIHHUX €JIEKTPUYHUX
K1

Hexaii 3a1ana nesika cxema il HOTpiOHO HAWTH CTPYM TUIBKU B OAHIH 1i BITLI.
Meton OCHOBaHMI Ha MPUHLMII HAKJIAJaHHS, TOMY MOrO MOKHa 3aCTOCOBYBATH
TUTBKY JIJIS JIIHIMHUX €JIEKTPUYHUX K1JI.

Hexaii 3a1ana aesika cxema il moTpiOHO HAWTH CTPYM TUIBKM B OJIHIM 1i BITIII.
VYsBHO moMICTUMO pemty cxeMu, sika Mae EPC 1 onopu, B IpSIMOKYTHUK (aKTUBHHIA
aBornotocHUK "A"), BuaimuBIIM 13 Hel OJHY BITKY ab, B siKii HEOOXIIHO HAWTH
ctpym | (puc. 1,a).

Ctpywm | BiTkHM ab He 3MIHUTBCS, SKIIO B 1[0 BITKY YBIMKHYTH JIBi OJJHAKOBI i
npotuiexHo cupsimoBadi EPC E1 1 E> (puc. 1,6). 3nauenns EPC E1 ta E; Bubepemo
TaKUMH, 10 JOPIBHIOIOTH HAMpYy3i Ha 3aTHcKadax ab mpu HepoOouoMy Xoi (H.X.)
BITKH (TOOTO IpU BUMKHEHHI BiTkH ab):

El = EZ = UabHX-

Ha ocHoBI npuHIuny HakjIagaHHs cTpyM / MOKHA 300pa3uTH SIK CyMY JBOX

crpymiB I' ta 1" (puc. 1,6,2):
= 1'+1"

Crpym |' uknukanuit EPC FE1 1 Bcima mxepenamu EPC  aktuBHOTO
JIBOTIOJTFOCHUKA, TTIOMIIIIEHUMH Y IPSIMOKYTHHK (pHcC. 1,8), a cTpyMm |" BUKIUKAETHCS
Ttk EPC E> (puc. 1,2). Y npsmokytauky "I1" cxemu (puc. 1,2) BincytHi Bci EPC,
ajie 3aJIIIeH] X BHYTPIIITHI OTIOPH Ta OMOPH BITOK CXEMH.

Ockinbku E1 = Uypux 1 HAIpsIMIIEHA 3YCTPIYHO 11 HAMpy3i, To cTpyM |' 1o-
PIBHIOE HYJICBI:

I'=Ug,—E)/Ry =0/R; =0

Crpym I" i3 cxemu (puc. 1.46,2) BU3HAUUTHLCS TaK:

EZ _ UabeH

IIIZ —
RHX+RH RH.X+RH

ne Regx — BXigHUWI oOIMip JBOMOJIOCHUKA IOAO KieM ab, Horo mie Ha3WBarTh
€KBIBAJICHTHUM OTIOPOM JBOTIONIOCHUKA Re; Ry — omip BiTkm ab — omip
HABaHTAXCHHSI.
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VYpaxosytoun, mo I=I'+1"= 0 + "= [|", MoxkeMo ocTaTOuHO 3amucaTt, 110

ctpyM | BuIiIeHOT OKpeMoi BITKH @b BU3HAYUTHCS TaK:

— Uabe — EEKB
R,.+R, R, +R,

dopmyna BiAMOBIAAE cxeMi, 300paxeHiit Ha (puc. 1,0), B kil Egxkp=Uabux, @
REKB =Rabe

Sxuo npuitHaTy, mwo Ry = 0 (3akopoueHi 3aTuckadi ab), TO OAEPKUMO CTPYM
KOpOTKOro 3aMukaHHs (K.3.) |x = Egxs/Rexs, 3Binku Rpxp = Epxp/lIx. OTXe, BHYT-
PILIHIH OMip CKJIaHOT CXEMU MOX€E OYTH BUBHAYEHUH EKCIIEPUMEHTAIIBHO 3 PEKUMY
K.3. SKIoO cTpyM K.3. HaAMIPHO BEIUKHH, TO pPEXKUM MOXKHA 3IIHMCHUTH,
YBIMKHYBIIH 710 KJieM ab Bigomuii omip Ro Toxi I'k = Erks /(Rexs + Ro), 3BiaKu

E

EKB _ R
0

]
I K

R =

OCKiTbKM  pO3MVISIHYTHA  METOJ OCHOBaHMH Ha 3aMiHi  aKTHBHOTO
JIBOTIONIOCHUKA €KBIBAJEHTHUM TeHepaTopoM (puc. 1,0), To HOro mnpHUHITO
Ha3MBaTH METOJOM €KBIBAJIEHTHOTO TeHeparopa, abo METOAOM aKTHBHOTO
JIBOTIOJIOCHHUKA.

[TocniioBHICT PO3PAXYHKY IIUM METOJIOM TaKa:

a) po3MHUKaeMO BiTKy ab (Bumukaemo omip Ry) i 3HAXOAMMO HAIMPYry MiK
toukaMu ab : Ugpyy, 11€ # Oyae EPC exBiBanenTHOro remeparopa: Epxs = Uabux,

0) Bu3HauaeMO BXimHWi omip Rpx BCi€l cxemMu I0A0 3aTHcKadiB ab mpu
Heaitounx mxepenax EPC (ix £ = 0) it BumkHeHoMy Ry. BHyTpimHi onopu mxepen
EPC 3anumarorhcs;

B) 32 (OPMYJIOI0 3HAXOAMMO CTPYM Y BiTIli ab cxemmu.

BapiaHaT 11 caMOCTIfHOTO BUKOHAHHS.

Bapiant R,Om | R,Om | R,Om | R,Om | R,Om E.B
BinmosinHo no Homepy B | 1+a 4 2+a 1+a 2 10 +a
KypHaJi CTApOCTH

[TpumiTka «o — 11e ocTaHHi AB1 UGPU HOMEPY 3aTIKOBOT KHUKKH CTYACHTA

Mpuxnax 1.5. BusHauute ctpym B giaroHami ab mMocToBoi cxeMu (pwucC.

1.49,0). nis sKoi
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R1:R4=10M,R2=4OM,R3=20M, R5=20M,E1=10B.

Puc. 2. Po3paxyHOK cTpyMy METOJOM €KBIBAJICHTHOTO T'€HEepaTopa

1. Po3amukaemo BiTKy ab (puc. 2,6) i 3HaX01MMO HaAMPyry HEPOOOUOTO X0y
Uabe-

E R E 410 110

U.. =U,-U=RI -RI =R - - _
b TEoTL e AR PR 4R, R +R, 441 142

=467B=E,,,

2. Ilimpaxyemo BXigHUW oOmip BCi€l CXeMU IWIOJAO 3aTHCKaYiB ab, SKIIO
mxepeno EPC 3akopoueHo (puc. 2,2). Ockiabku BHYTpilHIN omip jkepena EPC
JOPIBHIOE HYJICBI, TO TOUKH ¢ 1 0 cXeMH BUSBUJIMCS 3'€ JTHAHUMH HaKOpoTKo. Tozi

R-R;, R,-R, 1.2 4.1
BX = + = +
R+R, R,+R, 1+2 4+1

=147 Om =R,y ;

CtpyMm B giaroHaji MOCTOBOI CXeMH 3rifHO GhopmMynnH Ta (puc. 2,6) TOPIBHIOE:

Ece - 467

= =1342A
Reg TRy 147 +2

IH
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IIpakTuyna podora Ne4
«Buxopucmanus memooy KOHMYPHUX CIPYMi6»

Meta poGotu: O3snatiomumucs 3 MemoOOM KOHMYPHUX CMPYMIE ma
HABYUMUCS 3ACMOCO8Y8aAMU 1020 Ol AHANI3Y eNeKMPUYHUX Kil NOCMIUHO20
cmpymy. Bukonamu pospaxynox cmpymis y 2ilkax Koada 3a 00NOMo20i0 Cucmemu
pieHsanb, ck1adeHoi Ha ocHosi 3akony Kipxeoga ona konmypis.

Kuarwuosi cinoBa: xoumypruii cmpym, 3axon Kipxeogha, enexmpuune xono,
PIBHAHHS KOHMYPIB, ONip, 0Jicepeio Hanpy2u.

Key words: mesh current, Kirchhoff’s law, electrical circuit, mesh equations,

resistance, voltage source.

VY Tab6n.1.2 waBenmeni 29 BapiaHTIB PO3PaxXyHKOBOI'O EJICKTPUYHOTO KOJa,
KOKHUH CTYJCHT BUKOHYE 1HIMBIAyadbHUN BapiaHT 3aBlaHHsA. UHMCIIOBI 3HAYCHHS
€JIEMEHTIB CXeMHU IpeJICTaBlIeH] B TabJ1. 1.2 1 BHOMPAIOTHCS BIIMOBIIHO 10 OCTaHHBOT
udpu Homepa rpynu. Hanpuknan, as rpynu 273 — BapianT Ne3. Jlust rpym 241-
244 BapiaHT BUOMPAETHCS BIATOBIAHO 10 CyMH IU(p Y HOMEP1 TpyIy; HAIPUKIIA],
1 Tpynu 244 Homep Bapianta Oyzae 2 +4 + 4 = 10.

Homep cxemu n (nuB. Ta6a. 1.1) BianmoBigae mopsiAKOBOMY HOMEPY, IMiJT IKUM
IPI3BUIIE CTYJICHTA 3alUCaHe B TPYIIOBOMY YKypHAJI.

Tabnuysa 1.1

Homep UwucnoBi 3HaUCHHS TapaMeTPiB €IIEMEHTIB CXeM

BapiaHTa
RilRy|R3| R4 | Rs | Re | R7 | E1 |Eo |Es | EBs | Bs | B | E7 | 1 | Do

OMm B A

1 10| 5|15/ 8 |6 | 5|4|10/30/2040|15|10(20|10| 5
2 5(8|6(10| 7|15/ 4|20(10|30(15|40|20(10| 5| 3
3 8 /10| 6 |15 7 | 4 |5 ]40/15{10,20|30|10|20| 3 |10
4 10/ 6 | 8| 7|15 543010154020 2 (10| 2 | 8
5 6|5 (10|15 8|7 |15/40(10{20|20({30(10| 8 | 2
6 7 110| 8 |15 615|20[10(30{40|15|{10(20| 6 | 7
7 15/6 | 5|8 10, 4| 7|10/40(15/20{20|30(10| 7 | 6
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8 4 15| 5 10 20/10/20|40|30|15|10 2
9 10| 6 | 4 15 301020401520 |10 5
10 8 | 5115 10 10/ 20(30|40|10|20 |15 6
Tabnuys 1.2.

Cxema Cxema
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10

11
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13

14

15

1.4. MeToan4Hi BKa3iBKH:

1.4.1. TIpu po3paxyHKy METOAOM KOHTYPHHUX CTPYMIiB PEKOMEHIYIOTHCS

CTPYMH JIKEpeN CTpyMy /1 1 [> 3aMHUKATH 1O HAMKOPOTIIMX NUISIXaX 1 pO3rIsSgaTH iX

K KOHTYpPHI.
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1.4.2. Tlpu Bukonanui n. 6 3aBnanHs EPC ekBiBaneHTHOro reHepartopa Eg
MpUIMaEThCS PIBHOIO Hampy3i xonoctoro xoay Uy Ha 3aTHCKayax pO3IMKHYTOI
apyroi ramysi. IIpy npoMy po3paxyHOK CTPyMIB Yy CX€Mi, IIO YTBOpMJAcsi B
pe3yabTaTi pO3pUBY APYroi Taily3i, HAWOUIBII JOIUIBHO BUKOHYBAaTH METOJIOM
BY3JIOBUX MMOTEHIIIAJIIB.

1.4.3. IIpu BUKOHaHHI 1. 4 3aBJaHHS BOJIbTMETP PO3IJIAIA€THCS K 11€aIbHUM
(RE,:OO).

1.5. llpukiaaag BUKOHAHHA 3aBJaHHA 1:

Buxinni jani;

Crpouka ganux 4, cxema 7: R1 =10 Om; R, =6 Om; R3 =8 Om; Ra =7 Om; Rs
=150mM;Re=50mM; R7=40m; E1=30B; Eo=10B; E3=15B; E4=40B; Es =
20B; Ee=20B; E;=10B;J1 =2 A; )2 =8 A.

JIns BUX1THOT CX€MM BKa)XEMO HAIPSIMKH BCIX CTPYMIB Ta BHU3HAYMMOCS 3

KOHTYPHUMU CTPYMaMH Ta By3J1aMHU.

B

Ckriaaemo rpad 11 BUXiTHOT CXEMH:
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4

i)

BusHaunmocs 3 KUIBKICTIO PIBHSIHB, K1 MOTPIOHO CKJIACTU AJI KOKHOTO 3
METO/11B pO3B’sI3aHHS.

I3

3 1

KinbKicTh BITOK B 6
KinbKkicTh By3711iB B cUCTEMI y 4
KinbkicTh HE3aeKHUX KOHTYPIB k=(B-y+1) 3
KinbKiCTh piBHSIHb 32 METOJIOM PIBHSIHb CTaHIB Nmpc=B 6
KinbkicTs piBHsHB 3a | 3akoHoM Kipxroda Nizk=y-1 3
KinbkicTs piBHsHB 3a 1] 3akonom Kipxroda Nisx=Nwmpc -Nisx | 3
KinbKicTh piBHSIHb 32 METOJIOM KOHTYPHUX CTPYMIB Nmkc=K 3
KinpkicTh  HEBIAOMHX 32  METOJIOM  BY3JIOBUX | NMyr=y-1<B 3
[IOTEHI[1aJIIB

[Tepmuii 3akon Kipxroda 3acToCOBY€EThCS 10 BY3ITiB 1 POPMYITIOETHCS TAKHUM

n
YMHOM: anrebpaiuHa cyma cTpyMiB y By3Jli JopiBHIOE Hymo. Y |, =0. JlomatHuMH
k=1

3aIUCYIOThCSI CTPYMH, IO HAIpaBJIeHI BiJ By3Ja, B’ EMHUMH — Ti, 1[0 HAIIpaBJIeHI
1o By3na. Ciij 3ayBayKUTH, IO MTOTPIOHO BPaxoOBYBaTH CTPYM JIXKEpEIia SKIIO BOHO

3’€THAHO 3 BY3JIOM.

Hpyruit 3axoH Kipxroda 3acTOCOBYETHCS 10 KOHTYPIB EJIEKTPUYHOTO
JaHIora Ta GOPMYIIOETHCS TAaKUM YUHOM: Y OyIb-IKOMY KOHTYpi, anredpaiuna

CyMa Hallpyr Ha 3aTHCKaX BITOK, IO BXOJATH JIO I[LOIO KOHTYPY JOPIBHIOE HYIIIO.
n n n

YU, =0, abo > E => Rl . JlomaTHUMH 3aIHCYIOThCS HANPYI'W Ta CTPyMH,
i=1 i=1 i=1

HAIPSIMOK SIKAX CITIBMAJA€ 3 HAIPSIMKOM JIOBUTBHO BUOPAaHUM HAIPSMKOM 00XOIy

KOHTYDY.
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1. CkiazieMo cuctemy piBHsIHB 3a 3akoHaMmu Kipxroda:

=1, =1l —1,+J,=0
l,+1,+1.-J,=0

L +1,-J,=0

I,R +1,R, — I .R, =E, +E,
LR, + I,R, = E, - E,
l,(R,+R;)=E, - E,

2. 3anpoBaKyIOud MOHATTS KOHTYPHUX CTPYMIiB, CTPYMH BITOK BU3HAYAIOTh
AK anreOpaidyHy CyMy OTOUYIOUMX KOXKHY 33/1aHy BITKY. JloaTHUMHU 3aMuCyrOThCs
KOHTYPHI CTPYMH, HAMPSIMOK SIKMX CIIBMaAa€ 3 HAPSIMKOM CTPYMIB BITOK.
Busnaunmo cTpymu y BiTKax yepe3 KOHTYpPHI CTPYMHU:
L =1,+J;
=1y —15;

|3=—|22;
I, =1,+J,;

Is = Izz - |33;
g =—1,.
3anuIeMo CHCTEMY PIBHSHD 3a METOJIOM KOHTYPHHX CTPYMIB Y 3arajbHOMY
BUTJISAIL:
R11|11 + R12|22 + R13|33 = E11

R21|11 + Rzzlzz + R23'33 = E22
Railyy + Ryplyy + Ryglys = By

B marpuuHOMY BUTIISII, 115 CHCTEMa Ma€ TaKWid BUTIISI:

Rll R12 R13 Ill Ell
[R]x[1]=[E], e [R]=[Rs Ry Ru|,[1]=|l2]. [E]=|Esl-
RSl RSZ R33 |33 ESS
EnemenTr rosioBHOI1 miaroHani wmatpuili [R] — moBHI (BiacHi) omopwu

BIIMOBITHUX KOHTYPiB. [IOBHUM OmoOpoM KOHTYpy OyZeMO Ha3WBaTH CyMYy OIMOPIB

JlaHOrO KOHTYpy. EnemeHnTH, 110 jeXkaTh 1Mo3a rojoBHOI0 JiaroHammo (Ry,i#j) —

3arajibHi OTIOPH JIJIS i-TO Ta J-TO KOHTYPiB. 3arajbHi OMIOPH 3aIHCYEMO 31 3HAKOM
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“+”, SKIIO KOHTYPHI CTPYMH CYMDKHHMX KOHTYpIB OpI€HTOBaH1 3rifHO. Ko
CYMDKHI KOHTYpU HE MalOTh 3arajbHUX ONOPIB, BIANOBIIHUNA OIIp 3alHCYEMO SIK
HYJIb.

Cnig 3ayBaXKuTH, 110 SKIIO KOJO MICTUTh BITKH 3 JKEPEIOM CTPyMY, TO B
IbOMY BHUIAJKy MM BBa)Ka€EMO, L0 KOKHA BITKa 3 JXKEPEJIOM CTPYMY BXOJIMTH JI0
CKJIaAy NIE€SIKOTO KOHTYpY, SIKUA MICTUTH B €001 1HII BiTKU 3 jkepesnom EPC Tta
onopiB. Ilpy 1pOMY, KOHTYpHI CTpyMH JaHUX KOHTYPIB BBa)KAIOThCS Harepen
BIJOMUMHU, Ta PIBHUMHU CTPYMY JpKepesa. PIBHSHHS 32 METO10M KOHTYPHUX CTPYMIB
B I[bOMY BHIMAJKy CKJIQJIal0OTh TUIbKH JIJIi KOHTYPIB 3 HEBIIOMUMH KOHTYPHUMHU
CTpyMaMHu, ajie Mpu 3alucy ClIiJ] BpaXOBYBaTH yC1 KOHTYPHI CTPYMHU, SIK BIIOMI, TaK
1 HEBIZIOMI.

CkiazieMo cuctemMy piBHSIHb 32 METOJIOM KOHTYPHHUX CTPYMIB.

|11'(R1+R2+R6)_|22'R2:E1+E2_|44'R1
_|11'R2+|22'(R2+R3):E3_E2
Iy (R +Re) =B, —E; — 155 - (R, + R)

[TizcTaBUMO B OTpUMaHy CUCTEMY PIBHSIHB ITOYATKOBI JIaHI.

l,,-(10+6+5)—1,,-6=30+10-2-10 21-1,,-6-1,, =20
~1,-6+1,,-(6+8)=15-10 —6-1,+14-1,,=5
|, (7+15) = 40—-15-8- (7 +15) 221, =-151

VY matpuuHii Gopmi, 1151 cUCTeMa PIBHSIHb Ma€ TaKUW BUTJISIA:

21 -6 0] [1,] |20
—6 14 0|x|l,|=| 5
0 0 22 [l |15

Jlns po3B’s3Ky 11i€i cuctemu 3actocyemo meroa Kpamepa.

21 6 O
A=|-6 14 0[|=5676
0 0 22
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20 6 O
A=|5 14 0(=6820

151 0 22
21 20 O
A,=|-6 5 0|=4950
0 -151 22
21 -6 20
A,=|-6 14 5 |=-38958
0 0 -15

3Haii1eMO KOHTYPHI1 CTPYMHU.

T 5820 1202 A;
A 5676
L=t 490 o872 A;
A 5676
1, =20 - 38998 _ 664 A
® A 5676 ’ '

CtpyMH B BITKaX 3HaXOJAMMO 4Yepe3 KOHTYPHI CTPYMH.

|, =1,+J,=3202A;
l,=1,-1,,=033A;
l,=—1,, =-0,872 A;
l, =1, +J,=1136 A
g =1, — 1y, =7,736 A;
|, =1, =-1,202 A,

[lepeBipuTi OTpUMaHi pe3yabTaTH MOKHA IIIISIXOM ITiJICTAHOBKH 3HAYEHB 10

piBHsAHB, OTpuMaHuX 3a [I-m 3akonom Kipxroda.
LR +1,R,-I,R, =E +E,

LR, +,R, =E,-E,
|4(R4_R5) = E4_E3
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3,202-10+0,33-6—(~1,202-5) =30 +10
0,33-6+(-0,872-8) =10-15
1.136-(7-15) = 40-15

40,01-40=0,01
4,996 -5=-0,004
24.992 -25=-0,008

SIk MOKHA MOOAYNTH 3 IEPEBIPKH, 3arajibHa MOXUOKa B pO3B’SI3KY 32 METOOM
KOHTYpHUX cTpyMiB He mnepeBuilye 0,01. g moxuOka BUHUKIA SIK Pe3ysbTat
OKPYTJICHHSI IPU PO3PAXYHKY CUCTEMU PIBHSIHb.

3. ¥V Meroai KOHTYpHHUX CTPYMiB, MU BBaKaJld NEPBICHUMHU HEBIAOMHUMHU
KOHTYpPHI CTPYMH, a B METOJil BY3JIOBUX IIOTEHIIANIB, 32 HEBIAOMI OepyThCs
NOTeHIiany By3JiB JjaHiiora. CTpyMH y BiTKax MOXYTb OyTH 3HaiiieH1 udepes
MOTEHITIaIX BY3JIIB 3aBASKH 3akoHY OMma.

B marpuuHOMY BUIIISI/I1, cCCTEMA PIBHSIHb MA€ TAKUN BUTIISA:

[Glx[¢]=[3], ae [G] — kBampaTHa MaTpHIls BY3JI0BHX MPOBIAHOCTEH. Bimomo, 110
. 1
npoBigHicTh G — BenuuuHa, o0epHeHa onopy. G = e

Enementn ronoBHOi miaronani marpuii [G] — y3sTa 3i 3HakoM “+” cyma
IPOBIAHOCTEH yCIX BITOK, NMPUETHAHUX JO JAHOTO By3ia (BJlacHA IPOBIAHICTS).
EnemenTH, 1110 J1€kath 1m03a rojJoBHO giaroHanto (Gij, 1#]) — y3s1Ta 31 3HaKOM “—”
CyMa MPOBIIHOCTEH BITOK, IO 3’ €IHYIOTh MK C000I0 By3iau | Ta | (3araibHa
npoBiaHicTh). [IpaBa yacTMHA KOXKHOTO PIBHAHHS, J OPIBHIOE alreOpaiuHii cymi
no6ytky EPC mkepena Ta mpoBiTHOCTI KOXKHOI BITKH, IO MPHETHAHA JIO JAHOTO
By3na. 3Hak “+” — sgkmo EPC HanpaBieHa 10 By3ia, IO PO3TIAAAEThCA, Ta “—,
AKIIO Bim Bysna. Jlis CKiIajaHHS CHCTEMH pIBHSHB 3a METOJOM BY3JIOBHX
MOTEHITIaIB, OJIUH 3 BY3JIiB HEOOX1THO 3a3€MJIUTH.

3azemuinmo By301 1: ¢1=0. Toxi ¢p=-E3=-15 B.

CkrnageMo cucteMy piBHSIHb.
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i.ﬁ.i — i—_5+\]
@5 R, R, Dy R, R, 1

i.}.i :5_54_&_\]1
R R, R) R R, R

R S
@3 R, @,

2

[TizcraBmisitoun MOYaTKOBI AaH1, OTPUMYEMO:

. i_}_l _ .i—_@_kz
%117075) %10 10

_ .i+ . i+l+l —Q_E_{___]'S_z
%107 10°6°8) 10 6 8

0,3:9,-01-¢,=-1
—0,1- ¢, +0,39167 - o, =—2,54167

B matpuuHiit popmi 11t cuctemMa Ma€ TaKui BUTIIAL:

@5
X

‘ 0,3 -0,1 ‘
@y

-0,1 0,39167

o
 |-2,54167|

Po3B’spxeMo ii 3a qonomororo metoaa Kpamepa.

0,3 -0,1
= =0,1075
-0,1 0,39167
-1 -0,
A, = = -0,64583
—2,54167 0,39167
0,3 -1
, = =-0,8625
-0,1 -2,54167
3HaiiIeMO TOTEHITIaIn BY3JiB 3 Ta 4!
g, =2 _T00483_ o ieR: g, =22 o085 g p0ap
A 0,1075 A 0,1075

Ctpym# B riikax 3HaXOJUMO 3TiHO 3akoHy OMma.

¢.~¢,+E _ ~6,008-(8,023+30 .05 .
R 10

I, =




- ¢4—§1+ E, _8,023-0+10 (oo 4.
2

§02 _¢4 _ _15_(_87 023) — _0 872 A.

|
° R 8

I, - o, —p +E, _ -15-0+40 ~1136 A:
R, +R; 7+15

I, = (”3;”1 _ 000870 _ o5 4
6

l,=J,-1,—-1,=8-(-0,872)-1,136 = 7,736 A, 3rigso 3 |I-m 3akonoMm Kipxroda.

[lepeBipky MeToma BY3J0BUX MOTEHLIANIB BUKOHYIOTH 3a [-M 3akoHOM

Kipxroda.

—l,—1,—1,—1,+J,=0

l,+1,+1,-J,=0
L +1,-J,=0

-0,33-1,136-7,736+1.202+8=0
—0,872+1,136+7,736-8=0
3,202-1,202-2=0

Sx BUIHO 3 OCTAaHHBOI CHCTEMH pPIBHSHB, OTPUMaH1 JaHHI BIAMOBIIAIOTH
piBHsHHIO 3a [-M 3akoHOM Kipxroda.

4, BanaHc MOTYXKHOCTI — HACJIIIOK 3aCTOCYBaHHS 3aKOHY 30€peKEHHS eHepTii

JUTS €JICKTPUYHHX JIAHIIIOTIB.
Jnst po3paxyHKy OalaHCy TOTYXHOCTI HEOOXITHO 3HATH Hampyry Ha

JDKEPENIax CTPyMY.
U,=JR+E,+1,R -E =2-4+10+3,202-10-30= 20,02 B.

U,,=1,-(R,+R)—E, =1,136-(7+15)—40 =—15,008 B.
3HaiIeMO TOTYKHICTh JKEpena Ta CIIoKiuBaya eHEeprii.
P.=>E-l,=E 1, +E,- 1, +E, I, +E,-1,~E,-J,+U,,-J,+U,,-J, =160,816 Br;
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P,=D>12R =12 -R+12-R,+12-Ry+12-(R,+R;) + 1Z-Ry +J, -R, =160,879 Br.
Sk MmoxxHa mo0auuTH, Pyy~P.,, TOOTO OaNaHC TOTYKHOCTENW BUKOHYETHCS.

5. 3HaiiIeMo MOKAa3HUKH BOJBTMETPY SK PI3HUIIIO NOTEHIIATIB MK TOYKAMHU
HOro miAKIIOYeHHS.

V =g, -, =—8,023— (—15) = 6,977 B.

6. MeTol €KBIB&JICHTHOIO TE€HEPAaTOPY BUKOPUCTOBYETHCA TOJ1, KOJIH
NOTPIOHO 3HAWTH CTPyM B OJHIM 3aj1aHiid BITHI. Bukopucraemo meil meton s

PO3paxyHKy TOKY [>. YMOBHO MpuOHpaemMo 3 KoJjia BITKY, 1110 MICTUTh Rz, E».

ol

o E,+E
Ctpym > MOXXHA 3HaWTH 3a Takow (opmyroro: |, :ﬁ, ne E,, =U_
2 exe

HaIpyra — X0JIOCTOTO X0y Ha 3aTUCKaX Po3IMKHEHOI BITKU. U, =@, — ¢, .

Po3B’skeMo oTprMaHe KOJIO 3a JIOIIOMOI'00 METO/Ia BY3JIOBHX IOTEHIIIAIIB.
3azemuiumo By301 1: ¢1=0. Toxi ¢p=-E3=-15 B.

CxiiaieMo cucTemy piBHSHbD.
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[TizcraBnsitoun MOYaTKOBI AaH1, OTPUMYEMO:

.[iJrl o L 30

%11075) %10 10

1 (1 1] 30 15
P T,

— ._+ . —+— =
%1077 1078) 10 8

0,3:9,-01-¢,=-1
—0,1-¢,+0,225- ¢, =—0,875

B marpuuHniit popmi 11 cuctemMa Ma€ TaKuil BUTIIAL:
?s _‘ -1 ‘

(2

0,3 01
X
0,875

-0,1 0,225

Po3B’spxemo ii 3a gjonomoroto metoaa Kpamepa.

0,3 01
A= =0,0575
-0,1 0,225

-1 -0l
A, = =-0,3125
0,875 0,225

03 -1
,= =-0,3625
~0,1 -0,875

3HaiigeMo OoTeHITiaau By3JiB 3 Ta 4:

[ToTpiOHO 3HAUTU Res. st mporo HeoOximuo mxepena EPC 3akoporutn,

BITKH 3 JDKEpeJaMu CTPyMY PO3IMKHYTH.
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1 Py 1 °
I | l 1
R, a R3
R4
o
Rg Rs
— —
| S | S
e R-(Ri+R;) 8-(10+5) 52174 0.
R +R,+R, 10+8+5
3HaX0AUMO 3HAYEHHS TOKY /2.
_E+E,. _10+(-6,304) _ 0,329 A.

|, =
’ R,+R,,  6+5,2174

7. Jlns moOyaoBM TMOTEHIIHHOI giarpamu,
HEOOX1THO OO1MTH O00paHMii KOHTYp Ta BU3HAUYHUTH
MOTEHI[Ia KOXKHOI Touku. O0xoaumMo KoHTyp 1-2-3-

4-1:
3azemuinmo By301 1: ¢1=0;

@, =¢,—E;=0-15=-15 B;

¢, =¢,—1,R,=-15-1136-7=-22,952 B;
@,¢, + E, =—22,952+40=17048.

[TepeBiprMO TOYHICTH PO3PAXyHKIB:
o =¢,—1,R;=17,048-1136-15=0,008 B, = 0

3a pe3ynbTaTaMu po3paxyHKiB, MOOYyAyeMO MOTEHINIIHY Jiarpamy.
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IIpakTuuHa podora NeS.
«Po3zeanycene Koio CuHYCoOiOaNbHO20 CIPYMY»

Meta po0OTH - 3aKpinieHHs 3HAHbL 34 po30itom «Memoou po3paxyHky
eNeKMPUUHUX KL NPU NOCMIUHUX CUHYCOIOAILHUX CIPYMAX» ULISIXOM PO3PAXYHK)
KOHKPENIHO20 €JIeKMPUUHO20 KOold 13 83AEMHOIO iHOmeu(BHiCMIO.

KuarwuoBi ciaoBa: cuwmycoioanvHuti cmpym, enrekmpuumne KOAO 3MIHHOZO
cmpymy, akmuenuil onip, 3akon Oma 01 3mMiHHO20 cmpymy, ¢haza ma 3cye ¢hasu,
PE30HaHC cmpymis, KoeQhiyieHm nomyH#CcHOCmi.

Key words: sinusoidal current, alternating current electrical circuit, active
resistance, Ohm's law for alternating current, phase and phase shift, current

resonance, power factor.

1.2. 3micT poboTu:

1.2.1. Ans 3aganoi BuxijgHO1 cxemu (Ta6:.2.1) cKiIacTu CUCTEMY pPIBHSIHB 3a
3akoHaMu Kipxroda ¥ 3anucatu iX y MaTpuuHii Gpopmi.

1.2.2. Jlna 3amaHoi BUXIIHOI CXEMH CKJIACTH CHUCTEMY PIBHSHb METOJIOM
KOHTYPHHUX CTPYMIB 1 3alMCaTH iX y MaTpUIHIN Ghopmi.

1.2.3. Cxnactu Tabmuiro gaHux s yBeneHHs B EOM mis po3paxyHKy
CTPYMIB BHXIJTHOI CXeMH OJHUM 13 MeTOiB (1.1 a6o 2 — Ha BHOIp).

1.2.4. VYBectu Buximai mgani B EOM 1 oxepxaTl KOMIUIEKCHI 3HAYCHHS
CTpyMiB y ramy3sx. Po3apykiBky nanux pospaxyHkiB Ha EOM Bkieitu B
pPO3paxyHOK. 3amucaTi BUPaXKEHHS CTPYMIB B aireOpaiuHiid 1 moka3oBii ¢popmax, a
TaKOX XHI MUTTEB1 3HAYCHHS.

1.2.5. Jlna ogHOTO 3 HUXKHIX KOHTYPIB pO3paxyBaTH KOMILIEKCH HAMPYT Ha
BCIX €JIEMEHTaX, Y TOMY YHCII1 i Hanpyru B3aeMHO1 iHAYKIIIi. [ToOy1yBaTH BEKTOpHY
aiarpaMmy CTpyMiB 1 TonorpadidHy aiarpaMmy Hampyr IS OTO KOHTYPY.

1.2.6. 3a nmaHmMm po3paxyHKy MOOYyayBaTH Ha OJHOMY Tpadiky KpuBi
MUTTEBHX 3Ha4eHb EPC €2 1 ctpymy iz,

1.2.7. OGuncnuTy MoKa3aHHs BaTTMETPa aHATITUYHO U 1O JAHUM BEKTOPHOT

JiarpamMu CTpyMiB 1 TonorpadiuHoi aiarpaMu Hampyr.
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1.2.8. 3a pe3ynbTaTamu o04uCIEHb M.4 CKJIACTH OaNaHC MOTY>XHOCTEH Iist
BUXIJHOT CXEMHU.

1.2.9. BBaxarouu, mo i 3aJaHOl CXEMHM IHIYKTUBHHH 3B'I30K MIXK
KOTYIIKaMHU BIICYTHIH, METOJOM BY3JIOBUX MOTEHI[IaNIB 3HANUTH CTPyMH KoOJja.
3anucaTtu KOMIUIEKCH LIMX CTPYMIB B alireOpaiuHii 1 MoKa3oBiil ppopmax.

1.2.10. IpuitHsBIIM y SIKOCTI HaBaHTaKEeHHS Ry, Lo, 3HaliTu cTpyM |2 MeTogoM
€KBIBaJIEHTHOI'0 F€HEPATOPa, BBAXKAIOYH, IO 1IHAYKTUBHUMN 3B'SI30K MIXK KOTYLIKAMHU
BIJICYTHIH.

1.2.11. Busnauutu, sKMii peakTUBHUI €JeMEeHT TpeOa BKIIOUUTH MapajieabHO
HABAHTAXKEHHIO, MO0 KOE(DIIIEHT TOTY)KHOCTI HaBaHTAXXEHHS JIOPIBHIOBAB
onuHull. BusHauutu, 3 kUM cos @ OyJie mpaioBaTH B I[bOMY BUMAJAKY JIKEPEIIO

exBiBasienTHO1 EPC.

Tabnuys 2.1.
n | Cxema n | Cxema
e4 C4
R4 : }7 R4 ed 0}47
_ L4 L4
M14 M24 FUANAA
:/' ‘\‘ N M12/’_*\:\M34
L1 L2
(1) ng N (De2
1 & M23 15
R1D R3 R2
C1—=— A) 3
C2
() |
NIV N
W
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rRe 4 o4
—D—@—{ —

« L4 L4
M12 a—n ‘\1 M24 M14 /
WE/WW_ mm
L1 % L2 L1 L3 J3
et N CD e2 ANDA VR4 /
L3 M23 16 M23
M2 %
R1 R3 D R2 R 2 R3
C1
R2
C1 —_—C2
. T T4
STan S
W
17
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R4 e4 }(i
L4
M24,/',|\/|,12\\ ‘E‘M24
e
18
R1
c1 @Js c2
T 0 T
\* *
W W*
n3 J3
)
L4
W
T e2 L1 ed
19
[] r2 et R4
— C2 C4—
—" R1
C1
@j Nl
N AN
W W
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e4
—%—@—{Ti R3 J3
>
20
W
R4 e4 0}47
L4
M14 /;/**\lvms
L1 L3
e1 ng J3 \\\//
21
R1 e2
R3D
C1
R2
Cc2
anu
AW ) 1
W *
W
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10

ed C4

24

e4d C4

11

25

e2 c2

L4 L1
e4d L3 /91 T
+ M13
R4 J3  R1 D

C4 R3 C15

—
N
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e4 C4

e2

L4
M24 / \MM
NYY\_*Ti‘/W\/\_
L2 L1
e2 L3/ e
12 V13 26
R2 R3 R1
C2 C1
W)
N
NI
W
J3 J3
i R3 D
—— =0
L3
M13 *
J/ ‘\\*MZS M13/14/—\\\M43
13
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J3

14

R3
O

L3

2.3. Buxigni namni:

2.3.1. Homep cxemu N BUOUpPAETHCS 3a MOPSIKOBUM HOMEpPOM, MiJ] SKUM

Npi3BUIIE CTY/IEHTA 3aMKiCaHe B TPYIOBOMY KypHAJIL.

2.3.2. UucioBi 3HaYeHHs €JIEMEHTIB CXeMH HaBeJleHI B Tabj. 2.2, BapiaHT

3aBnaHHs N BUOUpAeTbCS BIAMOBIIHO JO OCTAHHBOI MUGPH Tpymu, i Tpyn 241-

244 — BIANIOBITHO 10 CyMU LU(P Y HOMEPI TPYIIH.

2.3.3. Jlng Bcix BapiaHTiB yactoTa Hampyrum Mepexi f= 50 I'm EPC

BU3HAYAETHCSA 32 HACTYITHUMU (HOpMyTaMu:

0 100 15[n+N |
ElzT(n'l‘N)eJ B;
0 gg .SEEI’H—N}
EZ:F(nJrN)eJ B
U 120 1AmN)
E4:T(n+N)eJ B;
0

I2:0,2n+j0,lN A
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Tabnuysa 2.2.

[TapameTp UucnoBi 3HaueHHs )i BapiaHTiB N

1 2 3 4 5 6 7 8 9 10 | 11

Ri, Om 30 | 20 | 15 | 40 | 60 | 10 | 50 | 35 | 25 | 45 | 55

Ly, I'n 0.10/0.20{0.15|0.12|0.16 | 0.18 | 0.13 | 0.10 | 0.14 | 0.16 | 0.19
Cy,mx® | 100 | 120 | 150 | 200 | 250 | 130 | 180 | 110 | 170 | 140 | 130
R2, Om 15 1 20 | 35| 30 | 18 | 17 | 16 | 12 | 10 | 25 | 28

Lo, I'n 0.2010.300.15|0.25|0.280.15|0.23 | 0.28 | 0.17 | 0.18 | 0.22
Co,mx® | 200 | 300 | 350 | 250 | 280 | 320 | 330 | 270 | 220 | 350 | 300
R3, Om 10 5 7 15 8 6 4 12 | 16 9 11

Ls, I'n 0.05]0.10]0.12|0.15|0.08 | 0.06 | 0.11 | 0.07 | 0.13 | 0.09 | 0.10
R4, OM 50 | 25 | 30 | 20 | 33 | 40 | 45 | 38 | 27 | 35 | 42

L4, I'n 0.2010.15/0.25|0.10|0.17|0.19|0.22 |1 0.11 | 0.18 | 0.13 | 0.21
Csq, mx® | 220 | 200 | 150 | 250 | 180 | 150 | 170 | 190 | 230 | 240 | 190
My, I'n 0.09/0.18/0.13|0.10|0.14|0.12 | 0.10 | 0.08 | 0.13 | 0.14 | 0.18
Mas, I'n 0.03]0.080.110.13|0.06 | 0.05|0.10 | 0.05|0.12 | 0.08 | 0.07
Masg, I'n 0.03]0.09|0.11 | 0.08 | 0.07 | 0.05|0.10 | 0.06 | 0.12 | 0.07 | 0.09
My, I'n 0.080.13/0.14|0.09|0.12|0.15|0.11|10.09 | 0.12 | 0.12 | 0.17
Mis, I'n 0.040.080.11 | 0.10 | 0.06 | 0.04 | 0.09 | 0.06 | 0.11 | 0.06 | 0.08
Mas, I'n 0.16 | 0.13|0.12|0.07|0.16 | 0.13|0.17 | 0.10 | 0.14 | 0.11 | 0.17

2.4. Ilpuknaa BUKOHAHHA 3aBAaHHS 2:

BuxiaHi jasi;

Crpouka nannx N=4, cxema n=10: R; =40 Om; R2 =30 Om; R3 =15 Om; R4
=200m; L1=0,12TH; L2 =0,25TH; L3=0,15TH; L4 =0,10 I'a; C; =200 Mx®d; C>
=250 MKCD; |V|12 = 0,10 FH; M13 = 0,10 FH; M24 =20 B; f =10 B;
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[HIT1 BUX1AHI JaH1 OOYHMCIIFOEMO BIJIMOBIIHO /10 HACTYITHUX BUPA3iB:

100

100 5 ———(10+4)-e"**" =140e/™ = 47,883+ j131,557 B;

ElzT(n+ N)-e’S(MN)
g, = (niN)-errem
n

_ %(10 +4)-e/%09% 119611 _ 4] 956+ 103,845 B;

E3 120(n N) 112 (n+N) _

n
J;=0,2-n+j0,1-N =0,2-10+ jO,1-4 =2+ jO,4 = 2,0396e™*" A

1200(10 4)-eM00) ~168e 1" = 164,329+ j34,929 B;

1. Po3paxyHok po3ramykeHOro Koja TMpd HASBHOCTI B3a€EMHOI
IHAYKTUBHOCTI MOXXHa BECTH, CKJIQJIAl0YM PIBHSHHS IO IEPUIOMY W JIPYyromMy
3akoHax Kipxroda. [Ipu 1ipomy HEOOXiTHO BpaxoBYBaTH, L0 CTPYM Y OYyIb-sKii
rimm 3anexuTh He TUTbkH Big EPC okeperna, sike 3HaAXOAWThbCS B HiM 1 Bix
MOTEHITIAIIB THX BY3JIIB, JI0 KX BOHA MPUETHAHA, aJIe TAKOX 1 BiJl CTPYMIB 1HIIIHX
riToK, ski HaBoAsaTh EPC B3aemMHOT iHIYKITII.

Ilepmmmii 3akon Kipxroda > I, =0 BcTaHOBIIOE, m0 anrebpaiuHa cyma

CTPYMIB T1JIOK, IO CXOJIATHCS B OJIMH BY30J1, JOPIBHIOE HYJI0. BiH 3aCTOCOBYETHCA
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710 HE3aJIEKHUX BY3JIB, TOOTO TaKuX, SIK1 BIAPI3HSAIOTHCS Xouya O OJHIEI0 HOBOIO
T'UJIKOIO.

IIpu cxnamanHi piBHAHBb 3a ApyruM 3akoHoM Kipxropa EPC B3aemHoi
IHAYKIIT 3BUYailHO BPAaxXOBYIOTHCS SIK BIANOBIAHI HAmpyrud. 3HaK KOMIUIEKCHOT

Hanpyru + jX .. [, Ha edeMeHTi K BU3HAYaeThCsI Ha MiCTaBl 3iCTABICHHS HAIPSIMKY

obxony enemeHTa K i MO3UTHMBHOTO HANPSMKY CTPyMy B eleMeHTi S. Skmio mi
HaIpsSMKH 111010 OJHOMMEHHHUX 3aTUCKAYiB OJIHAKOBI1, TO HaNpyra JI0piBHIOBATUME

Xels- Y IPOTHBHOMY BUIIAJIKY HAIpyTra JOPIBHIOBATUME — jX [ -

Orxe, npyruii 3akon Kipxroda > E; =D Z 1, + jX .l .
BusznauaeMo KiUIbKICTh pIBHSAHB 3a 3akoHaMu Kipxroda.
Yucno rinok 3 HeBigoMuUMH cTpymMamu ' = 3,
OTXe€, YUCJIO piBHAHB N =11 = 3.
KinbkicTs By3miB y cxemi B3 = 2.
Toni: kKUIbKICT piBHAHB 3a I 3akoHOM Kipxropan=B3-1=2-1=1;
KUIBbKICTh piBHSAHB 3a Il 3akoHoM Kipxrodpa np=n—-n=3-1=2.
Ckrnagemo cucteMy piBHSHB 3a 3akoHamu Kipxroda.
I, -1,-J,=0
R+ §(X = X))+ 1 [R, + (X o = X))+ iX iy + X sy + X pigds =
— Xyuuls =E +E,
3[Ry + J(X s = X )= X, = E,

[IpenacraBumo 10 cUCTEMY PIBHSAHB Y MaTpU4HIN hopmi:

1 -1 0 I,
R+ J(X =Xy + X)) Ry +I(X 1, =Xy + Xyup) — X X1, |=
0 — Xz Ry +§(Xe = Xeo)] | T
Js
=|E,-E, - X y1ad
E4
2. Jns po3paxyHKy pEeXHUMY CKJIQJHOTO EJIEKTPUYHOrO KOJa MOYXKHa

OOMEXKHUTHUCH CIIUIBHUM PO3B’A3aHHAM JulIe K = (I — B, +1)=3-2+1=2 He3aJeKHUX
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pIBHSIHb, CKJIQJICHUX Ha TMiAcTaBl Apyroro 3akoHy Kipxroda, CKopuCTaBIIUCH
METO/IOM KOHTYPHHX CTPYMIB.
[Tpu ubomy nepunii 3akoH Kipxroda, 3BM4aifHO, 3aBKI1 33 10BOJIbHIETHCS.
CkiaieMo cucTemMy piBHSIHb 32 METOJIOM KOHTYPHHUX CTPYMIB.
KinbKiCTh pIBHAHB y CUCTEMI PIBHSETHCS YUCIY HE3aJEKHUX KOHTYPIB 1
JIOPIBHIOE 2.
I.llliRl +R, + j(xu + X=Xy — Xcz)]+ ‘js |:Rl + j(xLl - X01)]+ j2xM12I.ll -
Xy I.22 + jXMlZ‘j3 + jXMlS‘jS = El Ez
_jXM24I.ll + I.zz [R4 + J (XL4 - Xc4)]

[IpencraBuMo 1110 CUCTEMY PiBHSAHb Y MaTpUuHINA (popmi:

:E4

{R1+R2+j(XL1+XL2_X01_XCZ+2XM12) _jXM24 }{fn}:
— X2 Ri+ 1 (X =Xcs)] |1
_ Ei_EZ_j3|:R1+ j(XLl_XC1+XM12+XM13):|
E,
3. Buznadyaemo HeOOX1TH1 YMCIIOB1 3HAYEHHSI PEAaKTUBHUX OTIOPIB.
X =ol; X, :iC; Xy =oM , pe @=2xf =2-314.50=314c ' - KyTOBa YacToTa.
0

[TincraBumo BuxiaHi 1aHi. OTPUMY€EMO:

X, =37,6801; X, =15924 0m; X, — X, =21756 Ou;

Xz =314 Oxn;
X, =78,5 On; Xo, =12,739 Om; X, — X, = 65,761 Ow;
X . =471 Om: XM13:31’4 Owm;
R X 20 = 21,98 On;
X , =314 On; X, =12,739 Om; X, — X, =18,661 On;

[TincTaBnstoun YUCIIOBI 3HAYEHHS, OTPUMYEMO MATPHUIIO JJII PO3PAXYHKY
3HauY€Hb KOMILJIEKCHUX CTPYMiB 3a nonomororo [1K.

Bukonaemo po3paxyHOK SIK CHUCTEMHU pIBHSIHb, CKJIQJCHOI 3a 3aKOHAMU
Kipxroda, Tak i cucTeMu piBHSIHB, CKJIAJICHOI 32 METOJ0M KOHTYPHHX CTPYMIB.

Po3paxynok Bukonanuii Ha [1K 3a momomororo mporpamu MathCAD 2001
Professional.

Po3paxyHok cucteMu piBHSIHb, CKJIa/J1eHOI 3a 3akoHamu Kipxroda:

[IpeacraBumo cuctemMy piBHSAHb Y TAKOMY BUTJISIAL
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[A] X [I] = [B] , de:
[A] —MaTpui KOe]ilieHTIB CUCTEMU

[B] — MaTpuis BUIBHUX YJICHIB

I
[1]=|1
I,

HiI[CTaBJIHIO‘II/I YHCJIOBI1 3HAYCHHS, OTPUMYEMO:

1 -1 0 2+0.4j
A=|40+53.156] 30+97.161j  —21.98] B =| 102.399-35.088;
0 —21.98)  20+18.661] ~164.329+34.929]

Po3’si30k Oyaemo mykaru y surasi [1]=[A]" x[B]

Po3paxyHok BUKOHYEMO 3a goromororo 3aco6is CAITP MathCAD 2001
Professional

[=A"B _
1 0.537 +0.007j
[=| -1.463-0.393j
12 |=1 .
—4.092+3.957]

14

OTpuMyeMO 3HAYCHHSI CTPYMIB:
— y KOMIUIEKCHIN hopMmi:

[1=0.537+0.007] A
12=-1.463-0.393] A
4= -4.092+3.957] A

— y MOKa30Bii ¢opmi:

I1=0537 A  agr(11)=0.747 rpaj
12|=1.515 A agr(12)=-164.964 rpax
14/=5.692 A agr(14)135.961 rpaj

Po3paxyHok cucTeMu piBHIHb, CKJIAJ€HOI 32 IONOMOI0K) METO1Y

KOHTYPHHX CTPYMiB:
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[IpencraBumo cucteMy piBHSIHb Y TAKOMY BUIJISJIL:
[C]x[l'] =[D], ne:
[C] — MaTpuna KOe]IIEHTIB CUCTEMH

[D] — MaTpuL BUIBHUX YJICHIB

[[] - { I'll} — MaTpUIld HEBIIOMUX KOHTYPHUX CTPYMIB

22

HiI[CTaBJIHIO‘II/I YHCJIOBI1 3HAYCHHSA, OTPUMYEMO:

o _[70+1150.317 21,98 o [ 43,661 j157,4
| —j21,98 20+ j18,661 | -164,329 + j34,929

Po3B’s130k OynemMo mykatu y BUTIIS I [I] = [C]_1 x[D]

Po3paxyHok BUKOHYEMO 3a goromororo 3aco6is CAITP MathCAD 2001

Professional
11 _ap 111 (-1,463- j0,393
122) 122) | -4,092+ j3,957

CtpymH y TiIKax 3HaXOAMMO Yepe3 KOHTYPHI CTPYMH:

l,+J, 1,=0537+j0,007 A
1, |, =-1,463-j0,393 A
1, |, =—4,092+ j3,957 A

Il
|2
I4

4, Takum 9WHOM, MU OTPUMAJT HACTYITHI 3HAYCHHSI KOMITJICKCHUX
CTPYMIB y T1JIKax.

|, =0,537+ j0,007 =0,537e%7" A
|, =—1,463— j0,393=15150/4% A
|, =—4,092+ j3,957 =5,692e 7% A

3anuIIeMo MUTTEB] 3HAUCHHS :

i,(t)=0,537/25in(314t +0,747°) A
i,(t)=1515+/2sin(314t —164,964°) A
i,(t)=5,692+/2 sin(314t +135,961°) A

d. [Tpuitmemo ¢, =0. Tosi mOCTiMOBHO 00XOUMO 30BHIITHINA KOHTYP 1
PO3paxOBYyEMO MOTEHIIIAT KOXKHOT TOUKH.



P, =0~ jxczl'z

Ps :¢2+R2|.2

P4 :¢’3_E2

Ps =@, + JX |_2|.2 + ijlZI.l - jXM24I.4
Po =Ps + X Lll.l + jXM12|.2 - ij13‘j3
@ Z(pe_El

Py :¢7+R1|.1

Bukonyemo po3paxynok 3a gonomororo MathCAD 2001 Professional

f,=0 f;=0

2" 1 C2 2

fo=f,+1, R, f,=—-48.881+6.845] B
f,==f,+E, f, =—90.837+110.69 ] B
fom - X i Xyl =0 Xya 1 f, =26.763+102.703 ] B
fomfo+j- X h+i- Xy b= Xyl f, =26.272+139.831] B
f,=f,—E f,=-21.611+8.274 B
fo="1+1-R fy =—0.113+8.558] B

[lepeBipuMO MpaBUIBHICTh PO3PAXYHKY:

@ =@ — Xl
fo=Te—J - Xei- Iy f =0

3a pe3ynbTaTaMy PO3paxyHKy B MacimiTadi moOyAyeMO BEKTOpPHY Jiarpamy

(HaBeZCHO B KiHII1)
6. 3anumemo mutTeBI 3HaueHHsT EPC e; 1 ctpymy io:

e, (t) =112+/2sin(314t +112°) B;
i, (t) =1,515/2 sin(314t +164,964°) A;

I'padixm e(t) i iz(t) HaBepeH1 HIXKYE.

:=0,0.0001...0.030
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; —— : —
U" / \‘\ 4‘ ;
&2(t)-— | / / x| | A
Ce—— ’ | | 4
100 | Fi \ Y,
‘ 0 005 7001 0.015 /02 025 /0j3
i2(t) ' ! \ f
e 5 v, N ;
-1 \\ d \\ i "l

3HaXOIII/IMO ITOKa3aHHA BATMCTPY
Rv = Re[l_z '((ba _¢1):|'
P, = Re[TZ-(fG —fl)], P, =-93,36 Bt

Ckrnagemo 6aJlaHC TOTYKHOCTEH

3HaXOAMMO HAIPYTy Ha JKEPEIl CTPyMY:

Uy =35 [Ry + JX 5]+ [ R+ 5 (X = Xy ) [ = By + Xyl + Xpuss (1, +J5)
UJ3:=J3:(R3+ j- XL3)+ 11:[ R1+ j-(XL1-XC1) |- E1+ j- XM12- 12+ j- XM13- (11+J3)
UJ3=-15,827+14,373jB
UJ3|=21,379B arg(UJ3)-k =137,757rpan

Tenep 3HAXOAMMO MOTYKHICTH JIKEPEIIa 1 CIIOKUBA4a HEPTii:

[ToTyxXHicTh mxKepena:

S, =E1-11-E2-12+E4- 14+ UJ3- J3; S,. =790,904+781176j B-A

[ToTyXHICTP CITOKHBava:



S =Zn1:Zilf + J'_anlZXanlmln cos(y, —w, )
S = IE[ R+ J(Xi =X [#F 2[R+ 1(X = Xep) [FIF[Ry+ JX |+ 2[R+ J (X = X)) ]+
+j2.[xM12|1|2cos(y/[1 )+ Xusshds 008 (v, w5, )= Xyl c0s(w; —w, )}
Per=(|11])" - R1+(|12))" - R2+(|33])° - R3+(|14])” - R4;
Pcri=790,904 Br.
Qer'=(|11])" -(XL1-XC1)+(|2])" - (XL2 - XC2) +(|33])" - XL3 + (|14]) - (XL4— XC4);

Qc'=957,79 Bap.

Q1:= XM12-[11]-]12|- cos(arg(l1) —arg(12)) Q1=-24.77 Bap
Q2 :=XM13-(11- 33| cos(arg(l1) — arg(J3)) Q2=-33.841 Bap
Q3:= XM24-|12|-|14|- cos(arg(12) — arg(14)) Q3=-97.379 Bap

Q,"=Q1+Q2+Q3
Q,=Q,"+2Q," Q, =781.176 Bap

SCH :: PCl'I + j‘QCH
S, =790.904+781.176]  B-A

S, =790.904+781.176j B-A
S., =790.904 +781.176j B-A

Sk 6Gauumo, S, =S, , poOMMO BHUCHOBOK, IO OalaHC IOTYKHOCTEMH

BUKOHYETHCSI.
Q. Hampyra mix BepxHIM Ta HI)KHIM BY3JIaMH CXEMH JOPIBHIOE:
- E, N - E, B js
U:R1+J'(XL1_XC1) R2+J'(XL2_XC2)
1 1

. + X
R1+J'(XL1_XC1) R2+J'(XL2_X02)
Bukonyemo po3paxyHok 3a jgornomororo MathCAD 2001 Professional

E1 E2
: o ~J3
U - RI+i-(XL1-XC1) " R2+j(XL2-XC2)
_ b
R1+j-(XL1-XCl) R2+j-(XL2-XC2)

U=-25.352+86.875] B
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Toku B riikax BU3BHAUMMO 3TiIHO 3akoHYy OMma:

I = - ’ = - H - .
' R1+J'(XL1_XC1) ’ R2+J'(XL2_XC2) ) R4+J'(XL4—XC4)

E-U EeU g,

, El1-U
I1'= -
R1+J-(XL1—XC1)

, —E2+U
12" = -
R2+]-(XL2—XC2)

, E4
14" = -
R4+J-(XL4—XC4)

OTpuMy€eMO 3HAYEHHS CTPYMIB:
— Y KOMITJIEKCHIH QopMi:

I1'=1.882+0.094] A
12'=-0.118-0.306] A
14'=-3.521+5.032] A

— y MOKa30Bii ¢opmi:

I1|=1.884 A agr(11') =2.859 rpan
12=0.328 A agr(12')=-111.088 rpan
|14'|=6.142 A agr(14)124.981 rpag

10. BBaxkaruu, moO IHAYKTUBHUN 3B’SI30K MDK KOTYIIKaMH BiJICYTHIH,

3HAXOJMMO CTPYM |, 3a JIOTIOMOI0I0 METO/1a CKBiBAJICHTHOT'O T€HEpaTopa.

HpeI[CTaBI/IMO YaCTHHY CXCMHU, 30BHIIIHIO CTOCOBHO HaBaHTAKEHHS y BI/IFJ'IHI[i

JABOITOJIFOCHHMKA.

Crpy™m [, 3HaX0aAMMO BiAmoBixHO 3akoHy Oma: I, = Z— ne:
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E,. =U_ — Hampyra XoJoCcTOro X0y Ha 3aTHCKa4aX PO3iIMKHYTOT FIKH.
Z =R,+jX,,=30+j78,5 OM — omip HaBaHTAKECHHS.
Z,,=R+j(X,—X,—Xg,)=40+j(37,68-15,924 —12,739) = 40 +j9,017 Om

— €KBIBJICHTHUI OMIp.
3HaXOMMO HAIPYTy XOJIOCTOTO XOMY:
E, -
R+ (XeXa) L L .
Uy = |_11 = _E2:E1_J3'|:R1+j(XLl_Xm)]_Ez:
R1+ j(XLl_ Xc1)

=47,883+ j131, 557—(2+ j0,4)-(40+ j21, 756)+41,956— j103,845 =

=18,541- j31,8 B.

E, =U_=18541-j318 B.
Toni 3Hax01UMO CTpyM |,

E. _  18541-j31,8 18541 j3L,8 36,8104 "

€K8

i, = _ _ _ o
®"Z +Z,, 30+785+40+j9,017 70+ (87,517 112,0679¢ %3

= 0,118 - j0,306 A

— 0 328e7j111,102° —

11. 3amiHMMO MOCHIIOBHY CIOJIYKY €JI€MEHTIB HABAaHTAXXEHHS Ha MapayieNbHy.

1 i

KB R2 , C E“g

i::i:i: G B; ==B¢
ZGKG % Lz E Ze;(g

=— R, —=— 30 ~=0,00424794 CM — aKTUBHA IIPOBIIHICTE;
Ry + X, 30°+785

B, = ZXLZ — = 278’5 ~=0,01111544 CM — peaKTUBHA IPOBIIHICTE.
R, + X, 30°+785

100 cos¢ nopiBHIOBaB OJMHUII, HEOOX1AHE TOTPUMaHHSI YMOBH B, =B_.
B. =»C , BU3BHAYNMO BEITMYNHY IIYKaHOI EMHOCTI:

c-Bc _B 00U 5 309.105 ~ 35, 4 uxcd .
) 314

—_<
@

Busznaunmo cosg,,, .
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Bextopna miarpasa, My=1 B/ana®, M=0,04 A'voe®

oS @, = cos(z//E.m ~y, ) = cos(y/Em y ) =cos(v,.).

1 1
Z*=7 + =Z +— (TOM oB =B., B -B.=0).
= Z=cxe G—J(BL—BC) Z=cxe G( }]I'I‘I L C L C )

Ton1 BU3HAYa€EMO:

Z*=40+ j9,017 +

2 2
% — 275,408+ j9,017 Onm.

9,017
W, = arctg

=1,875°=¢, ;

275,408
cosg,,, =C0s(1,875°) =0,9995.
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EK3AMEHAIINAHI MIUTAHHSA 3 JUCIHUILIIHU «TOE Y.1»

1. EneMeHTH eneKTpUYHOro KoJla Ta iX XapaKTEpUCTUKH.

2. CxemMu 3amilieHHs JDKEpeNa €Heprii. YMOBH €KBIBAaJEHTHOCTI CXEM
3aMIILIEHHS.

3. CrpykTrypa e1eKTpuYHOTo Koja. 3akoH Oma.

4, CrpykTypa enexkTpudHoro kojia. 3akonu Kipxroda.

5. MeTo KOHTYpPHHUX CTPYMIB.

6. EnepreTnunuii 0anaHC eJIeKTPUYHOTO KOJIA.

7. Merton By3710BUX MOTEHIIAJIB.

8. [TpuHIMD 1 METO HAKJIAJaHHS J)Kepesl eHeprii.

9. BxinH1 1 B3a€EMH1 MPOBITHOCTI BITOK, iX pO3PaXyHKH.

10.  BnacTtuBicTh B3a€EMHOCTI 1 i BUKOpHcTaHHs. Teopema kommneHcarii.

11.  TleperBopeHHS MACUBHUX AUISTHOK €IEKTPUYHOTO KOJIA.

12.  TleperBopeHHS aKTUBHUX JIUISTHOK €JIEKTPUYHOIO KOJIa.

13.  Tlepenecenns mxepena EPC 3a By3o:.

14. AKTHUBHI 1 [ACHUBHI JIBOIIOJIOCHHUKHA. MeETOox €KBIBAJIEHTHOTO
reHeparopa.

15. CunycoimaJibHUH CTpyM Ta OCHOBHI BEJIMYMHH, 1[0 HOTO
XapaKTepU3YIOTh.

16.  3o00pakeHHS CHHYCOITAIBHUX (PYHKIIIIT 00€pTOBUMH BEKTOPAMH.

17.  300pakeHHA CHHYCOITAJIbHUX CTPYMIB 1 HaAMpyr KOMILJIEKCHUMHU
byHKITISIMHU.

18.  ChiBBIZHONICHHS MDK HampyraMu 1 CTpyMaMH Ha eJeMEHTax KoJja
3MIHHOTO CTPYMY.

19.  PospaxyHkoBa cxema KoJjia 3MIHHOT'O CTPYMY.

20.  3axonu Kipxroda st Kkojia 3MIHHOTO CTPyMY.

21.  Omip B KOJIi CHHYCOIaIbHOTO CTPYMY.

22.  IHIYKTHBHICTH B KOJi CHHYCOITaIbHOTO CTPYMY.

23.  €MHICTH B KOJIi CHHYCOIJaJIbHOTO CTPYMY.

24.  TlocmimoBHe 3’emHanHs eneMmeHTiB R, L, C B KoJi CHMHYCOITaJIbHOTO
CTpyMy.

25. TpuKyTHHKHU HAmpyr 1 OMOPiB.

26.  Ilapanenwue 3’ennanns enemeHTiB R, L, C B Kol cHHYCOInambHOTO
CTpyMy.

27. TpUKyTHHKHU CTPYMIB 1 MPOBITHOCTEH.

28. [TacuBHUI JBOIOIIOCHUK TIPH CHHYCOIZAJIBHOMY CTpyMi. YMOBHU
€KBIBAJICHTHOCTI CXEM 3aMiI[EHHS.

29.  3axonwu Kipxroda B KOMILIIEKCHII GopMi.

30.  CumBOMIYHUIN METOJ PO3pPaxyHKY KOJa CHHYCOITaIbHOTO CTPYMY.

31.  IloTy»XHOCTI KOJIa CHHYCOiJaJbHOT'O CTPYMY.
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32.  KomuiekcHa MOTYKHICTb.

33.  banaHc moTyXHOCTEH KoJla CHHYCOiaJIbHOTO CTPYMY.

34.  Pe3oHaHC y NOCTIJOBHOMY €IEKTPUYHOMY KOJI.

35.  Enepreruuni mpoteci npu pe30HaHCl y TOCIIJOBHOMY €JIEKTPUUYHOMY
KOJIL.

36.  Peszonanc y mapaneiabHOMY €IEKTPUUHOMY KOJI.

37.  YacTOoTHI XapaKTepUCTUKHU PEAKTUBHUX €JIEMEHTIB.

38.  Hamenirpb ocHOBHI mOHATTS MarHiTHUX ki1 ( B , F, H, @ ) Ta
OoXapaKTepHu3yHTe 3B’ 130K MK HUMH.

39. HaBenitb OCHOBH1 3aKOHM MAarHITHUX KUI: 3aKOHH MOBHOTO CTPYMY,
3akoHu Oma ta Kipxroda.

40. Hasenirb GopManbHy aHAJIOTII0 MDK MarHiTHUMH ¥ €JIeKTPUYHUMHU
KOJIAMH.

41.  TlosicHITH MOPAJIOK PO3PAXYHKY HEPO3Tally’>KEHOTO MAarHiTHOTO KoJia
[pU MOCTIHHOMY CTPYMI: MpsAMa 3aaya.

42.  TlosicHITH MOPAJIOK PO3PAXyHKY HEPO3Tally’>KEHOTO MAarHiTHOTO KoJia
IpU MOCTIHHOMY CTPYMI: 3BOPOTHA 3a/1a4a.

43.  TlosicHITH MOPSAIOK PO3PAXYHKY pO3Taiy>KEHOr0 MarHiTHOro Kojia Mpu
NOCTIMHOMY CTpyMI: MpsiMa 3a/1a4a.

44.  TlosicHITH MOPAJIOK PO3PAXYHKY PO3ralyKEHOTO MarHiTHOTrO KoJja Mnpu
NOCTIMHOMY CTpyMI: 3BOPOTHA 3aj1a4a.

45.  IHnykTHMBHO3B’s3aHI  eneMeHTH  Kosa.  [IoHATTS ~ B3aeMHOI1
1HAYKTUBHOCTI.

46.  Po3paxyHOK eJIeKTpUYHHUX KUI 31HIYKTUBHO3B I3aHUMHU €JI€MEHTaMU.
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