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[IpuBeneHbl BapuaHTHl KOHTPOJIBHBIX 3ajlady IO TMEPBOM 4YacTH Kypca U
PEKOMEHIAlIUKM M0 MX PEIICHUI0 MPUMEHUTEIBHO K pasjefiaM: IIEMU MOCTOSHHOTO
TOKa, 0AHO(a3HbIE IIENMU NEPEMEHHOTO TOKa, Tpex(a3HbIe e MEPEMEHHOTO TOKA.

MoryTt OBITh HMCHOJIb30BAaHBI MJISI MPOBEJICHUS TMPAKTUYECKUX 3aHATHH B
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OTBETCTBEHHBIN
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BBenenmne

[Ipemiaraemple B~ METOAMYECKUMX  YKA3aHUSX  KOHTPOJIbHBIE — 3a/auu
OXBAaThIBAIOT MaTepHUaJl TMEPBOM 4YaCTH Kypca ‘“DIEKTPOTEXHUKA, IJICKTPOHUKA U
MUKPOIPOLIECCOPHAs TEXHUKA” u COOTBETCTBYIOT nporpamme JUTSt
HEAJIEKTPOTEXHUYECKUX CIEHUATbHOCTENM By3a. PelnieHue mnpuBEeAeHHBIX 3a1ad
CIIYXUT 3aKpPEIJICHUIO TEOPETHUYECKUX 3HAHUN U TPOBEPKE TIIYOWHBI YCBOCHUS
CTYICHTaMH COOTBETCTBYIOIIUX pa3nesioB. KaxJ1oMy CTYJEHTY B TEUEHHUE CEMECTpa
HEOOXOMMO PEIINTh HWHIWBUYaJIbHBIE KOHTPOJIbHBIE 3aJa4dl MO CIEAYIOIMIUM
pazzenam:
I Ilenu mOCTOSIHHOTO TOKA C OJTHUM UCTOYHUKOM 3JIEKTPOIHEPTHH.
2 llenu NOCTOSIHHOTO TOKA C HECKOJIBKMUMH UCTOYHUKAMU 3JIEKTPOIHEPTUU.
3 Opmnoda3zHbie 1enH NEPEMEHHOTO TOKA C IMOCIEI0BATEIBHBIM COSTMHEHUEM
MPUEMHUKOB.

4 OpnodasHple MEMH TMEPEMEHHOTO TOKa C TMapauIeIbHBIM COEAMHEHHEM
MIPUEMHUKOB 3JIEKTPOIHEPTUH.

5 Opnodaszuble 1enu MNEPEeMEHHOTO TOKa CO CMEIIAHHBIM COCAMHEHUEM
MIPUEMHHUKOB.

6 Tpexdaznbie Lenu MNEPEMEHHOTO TOKa MPU COCIUHEHUH NPUEMHHUKOB
AIIEKTPOIHEPIHH M0 CXEME «3BE3/Aax».

7 Tpexdaszupie 1eMu TNEPEMEHHOTO TOKa MPH COCAUHEHUH TPHUEMHHUKOB
AIEKTPOIHEPIUU IO CXEME «TPEYTOJIBHUK.

[IpuctynaTh K pemIeHUIO 3a/1a4 OYEPETHOTO pa3zena CIeayeT Mocie
M3Y4YCHHs] HEOOXOAMMOro MaTepuaia IO TMPOYUTAHHBIM JIEKIUSIM WIA IO
peKoOMeHayeMOM JuTeparype. B Havane Kaxaol 3ajadd CIeAyeT yKa3aTh 3aJaHHBIN
BApUAHT U UCXOJIHbIC JaHHBIC JJIsI CBOEro BapuaHTa. Homep BapuanTta KOHTPOJIBHOM
3a/1aud MO KaXJIOMY U3 pa3/ielioB COOTBETCTBYET MOPSAKOBOMY HOMEpY (amuinu
CTyJIEHTa B CIUCKE rpymbl. Pelienre 3a1aun HEOOXOIMMO BHavaje NpeICTaBUTh B
oO1ieM BHJie, a 3aT€M BBECTH B UCIIOJIb3yeMbie (OopMYyIbl 1U(PpPOBHIE BETUYUHBI U
00s13aTeIbHO TMPUBECTH €IUHUIIBI BCEX HAMJICHHBIX MPU PACUETE UCKOMBIX BEJIMYMUH.
B xome pemienus 3amaud HEOOXOAMMO MCHOJIB30BaTh TEOPETUUYECKUE CBEICHMS,
MIPUBECHHBIE B KAXIOM pa3jiesie JaHHBIX METOJUYECKUX YKa3aHUU.

1 OEIIN TIOCTOAHHOI'O TOKA C OJHUM
NCTOYHUKOM JJIEKTPOOHEPI'MHA

[lepen pemieHreM KOHTPOJBHOW 3aJaud IO 3TOMY paslely HEOO0XOAMMO
CaMOCTOSATEJIbHO O3HAKOMUTHCS MO JuTeparype [1...6] u KOHCHEKTy JeKIHil ¢
OCHOBHBIMH 3JIEMEHTAMH 3JICKTPUUYECKON 1IENU MOCTOSHHOTO TOKA.

K ocHOBHBIM (u3u4ecKkuM 3aKOHAM, TO3BOJIIONIMM pPACCUYUTATh PEKUM
pabOThI AIEKTPUUYECKOM EMH MOCTOSHHOTO TOKA 000U CIOXKHOCTH, OTHOCST 3aKOH
OmMma, 3aKOH COXpaHEHHMs 3apsjia, 3aKOH COXpAHEHHUs SHEpruu (MepBbIM U BTOPOH
3akoHBI Kupxroda). Ha ux ocHOBE COCTaBISAIOTCS YpaBHEHHSI COCTOSIHHSI BETBH, y3J1a,
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koHTypa. OOmmIeil 3amaueiit pacyeTa SBISETCS OMpEACIIEHHEe TOKOB BO BCEX BETBAX
Ienu TpH 3aJaHHBIX TMapaMeTpax 3JEMEHTOB IENH W HW3BECTHOW KOH(MHTyparuu
LETH.

DONeKTpUYecKre 1eNM TOCTOSHHOIO TOKa C  OJHUM  HCTOYHUKOM
AJIEKTPOIHEPTUU HA3bIBAIOT NPOCTHIMU. B NMaHHBIA pa3fen BKIIOYEHBI 33/layd 110
pacyeTy NpoCTOM LENH C IMHEWHBIMU 3JIEMEHTAMMU.

BapuaHTbl MHIUBUYAIBHBIX KOHTPOJIBHBIX 33Ja4 MO AAHHOMY paslieny AJist
HEUYETHBIX HOMEpOB TpuBeaeHbl B Tabnuie 1. Ha pucynke 1 m300pa’keHbl CXEMBI
AJEKTPUYECKUX LENeH, AJIsI KOTOPBIX MPU 3aJaHHBIX MapaMeTpax 3JIEMEHTOB LEMH
HEOOXOMMO OMPENEIUTh: SKBUBAJICHTHOE COMPOTHBICHHE R, Ha 3axumax
WCTOYHUKA JJICKTPOIHEPTHH; TOKM BO BCEX BETBSX IENHU; HANPSHKEHUS Ha BCEX
PE3UCTUBHBIX 3JEMEHTax Lenu; sJekTpoaBuxkymyw cuiny (BC) wucrounmka
ANEKTPUYECKON SHEPIHMU MPU H3BECTHOM BHYTPEHHEM COINPOTUBJICHUU HCTOYHUKA
R,; aKTHBHBIE MOIIHOCTH BCEX PE3UCTUBHBIX 3JIEMEHTOB; AKTUBHYIO MOIIHOCTD,
OTJIaBa€MyI0 HCTOYHUKOM DJeKTpodHepruu. Jlokasarh OamaHc MOIIHOCTEH
UCTOYHUKA W TMPUEMHHUKOB. [IpocThie 1enu OOBIYHO pPACCUUTHIBAIOT METOJOM
CBEpThIBaHUA (MpeoOpa3oBaHusl): OTACIbHBICE YYaCTKU CXEMBbI YOPOILIAKT H
MOCTENEHHBIM TPeoOpa30OBaHUEM MPHUBOASIT CXEMYy K OJHOMY HKBUBAJECHTHOMY
CONPOTUBJIECHUIO R, Ha 3aKMMax a U ¢ UCTOYHHUKA BJIEKTPUUECKOU 3Heprun. Cxemy
VOPOLIAIOT TYTEM 3aMEeHbl TPYyHIbl  MOCIEIO0BATEIbHO WM  MapajlielIbHO
COEIMHEHHBIX PE3UCTOPOB OAHUM SKBUBAJICHTHBIM.

Ecnm pesuctopsl R, ...R, BKIIFOUEHBI B TAHHOW BETBM IMOCIEI0BATEIIHLHO, TO UX
SKBUBAJIEHTHOE COMPOTUBJICHUE HANEM U3 BbIPAKEHUS

R,=R;+R,+...4+R,. ()
Ecnu pe3ncTopbl BKIIOYEHBI TAPATIICIIBHO MEXKTY COO0M, TO BETUIMHY UX 00OpaTHOTO
SKBUBAJIEHTHOTO COIIPOTUBIICHUS HAWJIEM U3 BBIPAKCHUS
1 1 1 1

— =+t (2)
R, R, R, R

9 n

[Tocne mpeoOpa3zoBaHusi cxemMa MPUHUMAET BHUJ, M3 KOTOPOTO HAXOIWM TOK B
HEPAa3BETBJICHHOM YaCTH LIETIH:
I=U/R,,
rae Uy, — HanpspKeHUE MEXIY 3a)KUMaMH a U b MCTOYHHKA DIIEKTPOIHEPTHH;
R, - 5KBHBaJIEHTHOE CONMPOTUBIICHUE LIETIH HA ITUX 3aKUMaX.
JlambHEUIIINM pacyeT TOKOB BO BCEX BETBAX LIEMM W HANPSHKEHUM HA OTICIbHBIX
PE3UCTOPHBIX JJIEMEHTaX MPOBOAUM C UCIIOJIb30BAHUEM OCHOBHBIX 3aKOHOB
MOCPEICTBOM OOpaTHOrO MPeoOpa30BaHUsA CXEMbI DJICKTPUUECKOW Ienu K ee
ucxogHomy Buay. JJC uCTOYHUKA AIEKTPOIHEPTUU HAWIEM U3 BBIPAKECHUS
E=U_+IR,
rae U,=IR,; I — Tok B HEpa3BETBICHHOW YaCTH LEIH.
AKTHBHBIE MOIIHOCTM Ha pE3UCTOpax HAWUJAEM YMHOXEHHEM CONPOTUBICHUS
pe3ncTopa Ha KBaJpaT MPOTEKAIOMIETO Yepe3 HEro TOoKa. AKTHBHYIO MOLIHOCTD,
OT/IaBa€MyI0 UCTOYHHUKOM, HaliJIeM YMHOKEHUEM HAIpPsKEHUS Ha 3aKMMax a U b Ha
TOK B HepasBerBiieHHOM wactu 1enu (P= Ugl). CpaBHeHHE CyMMBI aKTHBHBIX



MOIIHOCTEM BCEX PE3UCTOPOB I1EMU C MOIIHOCTbIO HCTOYHMKA TMOKaXeT
MPaBUILHOCTH pacueTa pekuma Ienu (6ajaHnc MOITHOCTEH ).

Pucynok 1 — CxeMbl 2JIeKTPHYECKUX 1eMNei
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BapuaHTbl MHIUBUIYaIBHBIX KOHTPOJIBHBIX 3ajlad MO JAHHOMY paslieny s
YETHBIX HOMEPOB IPHBEACHB B TaOimie 2. PacyeT TOKOB BO BCEX BETBSAX IICTH H
HanpspKEHUW Ha OTIEIBHBIX PE3UCTOpax MPOBOJAUM C HCMOJb30BAHHMEM OCHOBHBIX
3aKOHOB. /{15 BETBU C 3aJJaHHBIM TOKOM HaXOJWM HampsiKEHUE KaK MPOU3BEICHUE
3aJJaHHOTO TOKa Ha ee compoTuBieHue. Jlagee paccMarpuBaeM Jpyrue BETBH,
COCMHEHHBIC C JIAHHOW MOCJIeIOBATEIbHO WM TNapajuieIbHO M HMEKIIME C He
OJIMHAKOBBIN TOK WJIN HAIMPSHKEHUE HA 3aKUMaX.

Tabnuna 1 — McxonHble JaHHBIE IO IEPBOMY pa3zeiry AJisi HEUETHBIX
HOMEPOB BapUaHTOB

Howep Us [Ro | Ri, | R | Ry, | Ry | Rs | Re
BapuaHTa | pucynka | B [Om | Om | Om Om Om Om Om
1 1.1 240 | 14| 12 10 15 24 8 -
3 1.2 60 | 1,2 ] 15 6 5 20 10 15
5 1.3 200 | 1,0 8 20 8 4 4 4
7 1.4 72 10,8 10 15 4 6 6 3
9 1.5 60 06| 16 36 24 40 10 8
11 1.6 120 | 04 | 15 5 2 4 8 3
13 1.7 240 1 0,2 | 12 4 6 10 15 -
15 1.8 150 | 0,1 | 10 5 15 10 5 20
17 1.9 60 | 03] 15 10 15 20 5 -
19 1.10 60 | 0,5 3 8 2 4 15 -
21 1.11 300 | 0,7 8 3 10 S 10 2
23 1.12 60 | 09 5 4 12 20 12 6
25 1.13 72 | 1,1 6 10 3 12 6 2
27 1.14 100 [ 1,3 ] 10 20 5 5 10 15
29 1.15 150 | 1,5 5 10 4 10 15 -

Ta6m/1ua 2 — HCXOZIHBIC JAaHHBIC I10 TICPBOMY pa3acily AJId YCTHBIX HOMCPOB

BAapHUaHTOB
HOMep I5, Ro, Rl , R2, R3, R4, RS, R6,
BapuaHTa | PUCYHKa A Om | Om Om Om Om Om Om
2 1.1 7 102115 15 10 7 5 -
4 1.2 5 104 20 5 8 15 10 10
6 1.3 6 106 8 15 8 4 5 4
8 1.4 8 108 | 12 12 10 10 5 10
10 1.5 5 101710 10 10 20 5 5
12 1.6 10 | 0,3 | 15 5 5 10 2 8
14 1.7 8 105 4 8 8 6 10 -
16 1.8 12 1 0,7 | 15 6 10 3 5 10




[Tponomkenne Tabauib 2

HOMep I5, Ro, Rl, R2, R3, R4, RS, R6,
BapuaHTa | PUCYHKa A Om | Om Om Om Om OMm OMm
18 1.9 15 1 1,0 | 20 8 7 5 4 -
20 1.10 10 | 1,5] 5 10 2 8 12 -
22 1.11 20109 ] 6 5 8 4 8 3
24 1.12 6 [ 12| 3 5 10 15 10 5
26 1.13 15 | 14| 6 10 8 12 6 8
28 1.14 40 1 1,3 | 10 20 15 5 15 10
30 1.15 15 11,11 9 10 8 10 10 -

2 IIEIIN TIOCTOSHHOI'O TOKA C HECKOJIBKUMHA
NCTOYHUKAMMU JIEKTPOOHEPI'MHU

s pereHus KOHTPOJIBHBIX 3a7a4 110 3TOMY paslelly HeoO0X0IuMO
MPEBAPUTEIILHO O3HAKOMHUTHCS C YPAaBHEHUSIMU JJICKTPUUYECKOTO COCTOSHUSA,
MTO3BOJISIOIIMMH PACCUNUTATh PEKUM PaOOTHI JIEKTPUUECKOM TISTTH.

DNEeKTPUYECKYI0 IIeTbh TOCTOSHHOTO TOKa, COJEpXAIlyl JBE WM Oojiee
BETBEHM C MCTOYHHMKAMHU DJIEKTPUYECKOM SHEPTHM, HA3BIBAIOT CJIOXKHOW IECIBIO.
AHalu3 CIOXHOU 1ENU NP U3BECTHON KOH(UTYpallMU U MapaMeTpax €€ AIEMEHTOB
COCTOMT B HAaxOXJCHUU TOKOB, HANPSIKEHUW U MOIIHOCTEW i1 BCEX SJIEMEHTOB
uenu. KnaccuueckuMm METONOM pacuera TaKuX LENeW SBISETCS HEMOCPEACTBEHHOE
npuMeHeHue 3akoHOB Kupxroda (ypaBHEHHMI 3IEKTPUYECKOTO COCTOSHUS IICIH).
[Ipu GoJbIIOM KOJMYECTBE BETBEU I1€JIeCO00pPa3HO MPUMEHHUTh METOJ KOHTYPHBIX
TOKOB (METOJI BCIOMOTATENbHBIX HEU3BECTHBIX), YTO IMO3BOJSET CYIIECTBEHHO
YMEHBIIUTh YHUCJIO PEIIAeMbIX YPAaBHEHHH (KOJIMYECTBO PACCUUTHIBAEMBIX
KOHTYPHBIX TOKOB IPU 3TOM rOpa3/i0 MEHbIIIE KOJTUYECTBA BETBEH 1IEIIN).

BapuaHTbl MHIUBUAYaAIBHBIX KOHTPOJIBHBIX 33Ja4 MO JAHHOMY pa3lieny AJist
HEUYETHBIX HOMEPOB TpuBeaeHbl B Tabnuie 3. Ha pucyHke 2 M300pa’keHbl CXEMBI
AJEKTPUYECKUX LENeH, AJIsI KOTOPBIX MPU 3aJaHHBIX MapaMeTpax 3JIEMEHTOB LEMH
HEO0OXOMMO BBITIOJHUTH CIEAYIOIIEE: BHIOPATh MOJIOKUTEIBHBIC HAPABICHUS TOKOB
BO BCEX BETBSAX M yKa3aTb WX CTpPEIKaMU Ha CXEME; COCTABUTh HE3aBUCHUMBIC
ypaBHEHHUS T10 MiepBoMY 3akoHY Kupxroda 11 y3110B cXeMBI; COCTaBUTh YPaBHCHHS
o BTOpOMY 3akoHy Kupxroda a8 HE3aBUCHMBIX KOHTYPOB CXEMBI; PCIIHUTH
COCTaBJICHHBIC YpaBHCHUS M HAWTH TOKH BO BCEX BETBSX; MPOBEPUTH OajlaHC
MOIITHOCTEW MCTOYHUKOB M MPUEMHUKOB 3JIEKTPOIHEPTUU; COCTABUTH YPABHEHUSI 11O
METOJ1y KOHTYPHBIX TOKOB U PELIUTh UX, HAUTH TOKU B BETBSX.

BapuaHTbl MHIUBUIYaIBHBIX KOHTPOJIBHBIX 3ajJlad MO JAHHOMY paslieny JJis
YETHBIX HOMEpOB IpuBeleHbI B Tabnuie 4. Ha pucyHke 3 m300pakeHBI CXEMBI
AJIEKTPUYECKUX LENeH, Al KOTOPBIX MPU 3aJaHHBIX MapaMeTpax 3JIEMEHTOB LEMU
HEOOXOJMMO BBIIIOJTHUTL TO K€ CaMO€, YTO YKa3aHO Il HEYETHBIX BapHAHTOB
KOHTPOJIbHBIX 3a/1a4.



Tabmmma 3 — MicxoaHble JaHHBIE TI0 BTOPOMY paszieny JJIs HeYETHBIX

HOMEpPOB BapHAHTOB

10

HOMep El, Ez, Rl, RQ, R3, R4, R5, R6,
BapHaHTa | pUCYHKa B B OMm Om OMm Om OMm OMm
1 2.1 24 | 96 8 16 8 8 6 5
3 2.2 110 | 130 | 6 2 5 4 6 5
5 2.3 48 | 24 | 4 4 8 8 8 8
7 2.4 14 | 20 | 3 2 4 5 1 2
9 2.5 20 | 8 9 4 15 10 8 7
11 2.6 25 | 10 8 12 5 7 10 15
13 2.7 100 | 150 | 30 20 100 80 150 40
15 2.8 25 | 10 | 14 10 20 20 15 30
17 2.9 16 8 9 10 5 4 6 10
19 2.10 30 | 40 | 4 3 1 2 3
21 2.11 120 | 100 | 30 21 14 11 10 12
23 2.12 60 | 80 | 2 8 5 5 6 8
25 2.13 90 | 110 | 20 15 5 5 15 10
27 2.14 36 | 10 | 4 2 3 8 7 1
29 2.15 28 | 25 8 5 2 2 2 6

Ta6m/1ua 4 — I/ICXOZIHBIC JAaHHBIC I10 BTOPOMY pa3Jciy JJIsd YCTHBIX HOMCPOB

BAapHUaHTOB
Howmep Ei, | Eo, | Es, | R, | Ry, R, Ry, Rs,
BapuaHTa | pUCYHKa B B B OMm Om Om Om Om
2 3.16 55 18 4 8 4 3 2 4
4 3.17 16 5 32 | 10 3 4 4 5
6 3.18 10 6 24 4 5 6 6 5
8 3.19 6 20 4 4 6 4 4 4
10 3.20 24 | 90 | 40 | 10 15 10 10 15
12 3.21 100 | 120 | 100 | 16 14 10 18 10
14 3.22 50 | 25 | 20 6 20 15 8 12
16 3.23 14 10 | 20 3 10 8 15 10
18 3.24 483 | 24 12 4 6 10 10 8
20 3.25 25 10 10 | 15 7 8 12 15
22 3.26 30 | 40 | 50 5 4 6 8 15
24 3.27 100 | 120 | 60 | 20 20 80 60 90
26 3.28 25 10 15 | 14 10 12 15 15
28 3.29 16 8 10 8 10 15 8 10
30 3.30 120 | 100 | 80 | 15 16 8 15 20
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Pucynok 2 — CxeMbl 2JIEKTPUUECKHUX IeTeH
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Pucynok 3 — CxeMbl 2JIEKTPUUECKHUX TeTeH
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JIst cocTaBlIeHHsI YpaBHEHHH IO TEpBOMY M BTOpoMy 3akoHam Kwupxroda
MIPEK/IE BCETO BRIOMPAEM MPOU3BOIHHO MOJIOKUTEIHHBIC HAIIPABICHUS TOKOB BO BCEX
BETBSX, TIOKA3bIBAEM UX CTpEJIKaMHu Ha cxeMe mienu ¢ ooo3Hauenuem (I, I, I u 1.1.).
Uuciio HEM3BECTHBIX TOKOB PAaBHO YUCIY BETBEHM CXeMbl «B». [ X onpeneneHus
CJIEyET COCTABUTh CTOJIBKO K€ (B) HE3aBUCHUMBIX YpaBHEHUU. UHCIIO HE3aBHCUMBIX
YpaBHEHHI 1O TepBOMY 3akoHy Kupxroda Ha eIWHHUIly MEHbBIIE OOIIEro dYmcia
Y3JI0B «y» CXEMbI LI€NH, T.€. HY)KHO cOCTaBUTh (y — 1) ypaBHeHuil. Ha ocHOBaHUM
BTOpOro 3akoHa Kupxroda cocrapisieM HEIOCTAIOMIME /10 YHUCIIA «B» HE3aBHCHMbIC
yYpaBHEHHUS, T.€. JODKHO OBITh COCTaBJIEHO B-(y-1) ypaBHeHuid. [[s1 3TOro HyxXHO
BBHIOMPATh HE3aBUCUMBIE  KOHTYpPHl TaK, UYTOOBI KaXJbld CIEIYIONIUN KOHTYP
coJiepkay XOTs Obl OJHY BETBb, HE BOIIEIIYIO B KOHTYPHI, JJIsl KOTOPBIX YpaBHEHUS
1o BTopoMy 3akoHy Kupxroga yxxe cocraBiieHsl.

[Tocne cOBMECTHOrO pEIICHHsS] CUCTEMbl HE3aBHCHUMBIX YPaBHEHHM HaXOJUM
TOKHM B BeTBsIX. Ecim /1 kakoro-i1ubo Toka MOTy4eHO OTPHUIATeIbHOE 3HAYCHHUE, TO
JEHCTBUTENLHOE HAMMPABJICHNE TOKA TPOTUBOIIOI0KHO BEIOPAHHOMY paHee.

[IpoBepsieM OanaHc MoIIHOCTEW: ainreOpamyeckass CymMMa MOILIHOCTEH Bcex
HMCTOYHUKOB 3JIEKTPOIHEPTUU JIOJDKHA OBITh paBHa apuUPMETUYECKOH CyMMe
MOUIHOCTEN BCEX NPUEMHUKOB AIEKTPOIHEPTUH.

JIns pacuera mpeACTaBICHHOW LENU METOAOM KOHTYPHBIX TOKOB IMPUHUMAEM
T€ K€, YTO U paHee, He3aBUCHUMbIE KOHTYPHI. B KaXXloM M3 KOHTYpPOB NPOU3BOJIBHO
BBIOMpAEM TIOJOKUTEIBHOE HAMpaBlIeHHE KOHTYPHOTO TOKa (BCIIOMOTATeIhbHAs
HEU3BECTHAsA, OJIMH TOK BO BCEX BETBSIX KOHTYpA), IOKA3bIBAEM MX HA CXEME IIENH C
ob6osnauenueM: Iy, I, 133 1 T.4. JIJIsI KOHTYpHBIX MTapaMeTPOB JOJDKEH BBIMOTHATHCS
Bropoii 3akoH Kupxroda. CocTaBiaseM CHCTEMY HE3aBUCHMBIX YPaBHCHHUU IS
BBIOpAaHHBIX KOHTYPOB IO BTOpoMy 3akoHy Kupxroda wm pemraem ee. 3areMm oOT
KOHTYPHBIX TOKOB INEPEXOJMM K TOKaM B BETBSIX HA OCHOBAHUU NEPBOrO 3aKOHA
Kupxroda: Toku B BETBSIX HAXOJATCA KakK ajire0Opandeckas CyMMa KOHTYPHBIX TOKOB,
MIPOXOASAIINX YEPE3 PACCMATPUBAEMYIO BETBb.

3 OJHO®A3HBIE HEIIX IEPEMEHHOI'O TOKA C
MNOCJIEANOBATEJBHBIM COEAUHEHUEM IPUEMHHUKOB

[Ipexxae yem NpUcTYNUTh K PEHICHUI0 KOHTPOJIBHBIX 3aJ1ad 110 3TOMY pas3Jieny,
HEOOXOMMO O3HAKOMHTHCS C TMOPSJAKOM pacdera HEpa3BETBICHHOW IIETH
MEPEMEHHOTO TOKA W TOCTPOCHUSI BEKTOPHOW AMArpaMMbl HAMPSHKEHUN U TOKA LT,
YCIOBUSIMM BO3HUKHOBEHHUSI pPE30HAHCA HANPSHKEHUW B TAKOM M[ENU U €ro
MOCJIEACTBUSIMH.

NunuBuyanbHble KOHTPOJIBHBIE 33/1a4M IO JAHHOMY pa3ieny JJisi HEYETHBIX
HOMEPOB BapHaHTOB INMpHUBEACHBI B Tabmuie 5. Ha pucynke 4 m300pakeHBI CXEMBI
HEpA3BETBJICHHBIX I1IETIEH TMEPEMEHHOr0 TOKa, JUIsi KOTOPBIX TMPH 3aJaHHBIX
rmapamMeTpax JJIEMEHTOB IIEMA HEOOXOJWMO BBIMOJHUTE CIICAYIOIICE: OINPEACIIHTh
pEaKTHUBHBIE MHAYKTHUBHBbIE X; U PEAKTUBHBIE €MKOCTHBIE X. COINPOTHUBICHUS MPU
f=50I"11, mo;HOE CONMPOTHUBICHUE IENH Z; ONPEIeTUTh TOK B LIETIH U HAIMPSIKEHUS HA
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OTJIETIbHBIX €€ y4acTKaX, MIPUHSB HANPsKEHUE Ha 3aKMUMaxX UCTOYHUKA paBHbIM D/1C
ucrounuka E (Uy,=E); onpenenuts aktuBHyto P , peaktuBHyro Q u mojHyoo S
MOIIIHOCTH, OTJaBacMble HCTOYHHUKOM DJIEKTPOIHEPTHH; TMOCTPOWTH B MacIITadbe
BEKTOPHYIO JMarpaMMy TOKa W HaNpsDKCHUW IIenH, Ha KOTOpOH W300pa3uTh
HaIpsDKEHUS I KaXA0ro AJIEMEHTa LEMNU; ONPEACIUTh PACUeTOM M MO BEKTOPHOU
qUarpaMMe IMOKa3aHUsl BOJBTMETPA, MOAKIIOYEHHOIO K HEKOTOPHIM TOUYKaM LIEIH;
ONPENIENNTh YaCTOTY U3MEHEHUs HaNpsHKEHUA MCTOYHUKA f,, IIPH KOTOPOH B JTaHHOM
e BO3MOXKEH PE30HAHC HAINpsDLKEHWM, M IOKa3aTh BIUSHUE pPE30HAHCA HaA
BEJIMYMHY TOKa L€ W HanpsHKeHUWW Ha ydactkax npu f,. MunusumpyanbHble
KOHTPOJIbHBIE 33Ja4d [0 JAHHOMY pasJely [Js YETHbIX HOMEpPOB BapUAHTOB
MPUBEJICHBI B Tabnuie 6, HEOOXOIUMO BBIMOTHUTL TO K€ CaMOE, YTO YKa3aHO IS
HEUYETHBIX BAPUAHTOB.

Jlis  pacdera TPENCTaBICHHOW IIeMM OJHO(A3HOTO TEPEMEHHOTO TOKa
HEOOXOIMMO OTPEIEITUTh PEAKTUBHBIC COMPOTUBICHUS X W MOJHOE COMPOTUBIICHUE
Z uenu. PeakTUBHBIE CONPOTUBIIECHUSI HAXOJIUM B COOTBETCTBHUH C BHIPAKEHUSMH:

X=2rfL, X =127fC, (3)
rae f — yactoTa M3MEHEHUs] HAaPsHDKEHUSI UCTOUYHUKA IIEKTPOsHEPTUH Uy

L — uHIYKTUBHOCTH KaTyliku; C — eMKOCTh KOH/IEHCATOPa.

[lonHoe compoTHBIEHUE LEMU, B KOTOPOM HMCTOYHHUK HHEPTUU BKIFOUEH
MOCJIEI0BATENBbHO C MPUEMHUKAMHU, HAJIEM U3 BbIPAKEHUS

Z=|ZR +(Xx, - X.) @
rae XR, XX, XX, — cyMMa aKTHUBHBIX, PEAKTUBHBIX WHAYKTUBHBIX U PEAKTUBHBIX
€MKOCTHBIX COITPOTHBIICHUI 3JIEMEHTOB LIETIH.
Tok B nenu I n Hanpsbkenusa Ha ydactkax (U, U, U, u T.1.) HaxoauMm B
COOTBETCTBUU C 3aKOHOM OMa. MOUTHOCTH HCTOYHUKA HAXOAUM IO BBIPAXKEHUSM:
P=I’YR, Q=ITX, S=I'Z, (5)
rae 2X=XX-2X..
JIyist mOCTpOeHUsT BEKTOPHOUM JuarpaMmbl HEOOXOJIUMO BBIOpaTh MaciiTad Jjisi TOKa
m; U A HanpsbkeHus m,. [locTpoeHne HauMHaeM ¢ pacrosoKEHUsI BEKTOpa TOKa,
HAMpPSDKCHUS Ha DJIEMEHTaX IIeTH pacrojaraéM OTHOCHUTEIBHO BHIOPAHHOTO BEKTOpa
TOKa B COOTBEeTCTBUMU C xapaktepom mpuemHuka (R, L, C). Cymma BeKTOpOB
HaIpsHKEHUH Ha OTHEJbHBIX 3JEMEHTax LIENH J0JKHA J1aBaThb BEKTOP HAMNPSHKEHHS
HMCTOYHHMKA, KOTOPBIM B MacmrTabe momkeH paBHAThC OJJIC wucrounmka. U3
BEKTOPHOM JuarpaMMbl MOXEM ONpPENENUTh IOKa3aHUd BOJbTMETpa. Pe3oHaHC
HaIpsHKEHUH B JTaHHOW 1€MW MOXHO MOJIYYUTh U3MEHEHHEM YacTOThl HANPSIKEHHS
HMCTOYHHKA, PE30HAHCHYIO YaCTOTY HAXOJIMM U3 paBeHCTBa LX;=XX..
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Pucynok 4 - CxeMbl Hepa3BETBJICHHBIX LIeTICH



Tabmmma 5 — McxoaHble JaHHBIC TIO TPETHEMY pa3AeiTy I HEUCTHBIX

HOMEpPOB BapHAHTOB

16

Howmep E, Ci, C,, G, L, L,, R, R,,
BapuanTta | pucynka | B | MK® | Mk® | Mk® | mMI'm | M['H | OMm Om
1 4.1 150 ) 100 | 200 20 50 0 10
3 4.2 100 | 200 | 300 oo 0 20 5 8
5 4.3 120 ) ) 150 10 40 4 3
7 4.4 200 | 300 | 500 o0 100 0 6 6
9 4.5 220 ) 250 | 350 70 90 10 0
11 4.6 150 | 600 oo 800 0 30 2 5
13 4.7 100 oo 150 0o 40 80 9 6
15 4.8 120 | 100 oo 0o 90 50 7 3
17 4.9 200 | 230 | 330 oo 60 70 10 15
19 4.10 220 ) 400 oo 100 80 12 3
21 4.1 150 | 700 ) 900 0 45 4 4
23 4.3 100 o0 100 | 400 30 0 10 6
25 4.2 120 | 300 | 500 | 700 0 90 0 15
27 4.4 200 ) 200 oo 50 70 10 8
29 4.5 220 | 150 | 200 | 300 25 0 14 0
Tabmmma 6 — icxoaHbie JaHHBIE TIO TPETHEMY Pa3 eIy IS YeTHBIX
HOMEPOB BapUAHTOB
Howmep E,, Ci, C,, GCs, L, L,, R,, R,,
BapuaHTa | pUCYHKa B MKD MKD MKD ml'H ml'H Om Om
2 4.7 150 ) 200 o0 100 110 15 20
4 4.6 100 | 1500 ) 1000 80 70 5 0
6 4.9 120 o0 o0 300 16 25 8 10
8 4.10 200 | 100 150 0o 30 0 10 8
10 4.1 220 | 150 ) 500 10 15 0 8
12 4.3 150 ) 1000 oo 90 80 8 2
14 4.2 100 | 160 | 200 oo 70 50 10 0
16 4.4 120 | 350 ) 260 40 60 0 20
18 4.5 200 ) 220 700 50 80 20 0
20 4.9 220 | 1000 | 700 600 0 100 0 25
22 4.6 150 | 400 ) 350 110 0 10 20
24 4.1 100 ) 160 210 0 90 7 15
26 4.8 200 | 180 o0 280 85 0 10 10
28 4.1 220 o0 750 0o 120 105 15 15
30 4.9 150 | 850 ) 900 0 115 5 4
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4 OJHO®A3HBIE IEIIX MIEPEMEHHOI'O TOKA C
IMAPAJUVIEJIBHBIM COEJIUHEHUWEM ITPUEMHHUKOB

JUis  pemieHusi KOHTPOJBHBIX 3aJad 10 JTOMY paslelny HeoO0XO0IuMO
O3HAKOMHUTBCS CO CIOCOOAMH COEAMHEHHS SJIEMEHTOB IIEMU MEXIy COO00W U C
HUCTOYHHKOM, TIOPSJIKOM pacuera oOJAHO(a3HON Ilenu TMEepPEeMEHHOT0 TOKa ¢
MapajielbHbIM COCAUHEHHEM NPUEMHHUKOB M MOCTPOCHUS BEKTOPHOUN IHArpaMMbI
TOKOB M HAIpsHKEHUN LEMU, YCIOBUSMU BO3HUKHOBEHHMSI PE30HAHCA TOKOB B TaKOU
LIETH U €r0 MOCIEICTBUSMH.

NunuBuyanbHble KOHTPOJIBHBIE 33/1a4M MO JAHHOMY pa3Aeny IJisi HEYETHBIX
HOMEPOB BapUaHTOB MpuBeacHbl B Tabnuie 7. Ha pucyHke 5 uzoOpaxkeHa cxema
onHO(a3HON 1eNu ¢ MapauIeTbHBIM COCIUHEHUEM MPUEMHUKOB, JUIsI KOTOPOH MpH
3a]aHHBIX TapaMeTpax »dJIEMEHTOB HEOOXOIMMO  BBINOJHHUTH  CJEAYIOIIEe:
ONpENEIUTh PEAKTUBHBIE CONMPOTUBIICHUS AnnemMeHToB uenu npu =50 I'u u nonHbie
COTNPOTHUBIICHU 00eux mnapaUieNbHbIX BeTBeH (7, Z,); ONpENeNuTh TOKU B
napamnenbHbix BeTBsAX (Ij, I,) mpu Uy,=E n HanpsokeHuss Ha OTAEIBHBIX 3JIEMEHTAX
BETBU; OINPEJECIUTh TOK B HEPA3BETBICHHOW YacTH 1enu [; onpenennTs akTUBHYIO U
PEAaKTUBHYI0 MOIIHOCTH JUISl KaXKJIOrO SJEMEHTAa LEINU, aKTUBHYIO M PEAKTUBHYIO
MOIIHOCTH MCTOYHUKA, MMOJHYIO MOIIHOCTh UCTOYHUKA 3JEKTPOIHEPTUU; TOCTPOUTH
B MacmTabe BEKTOPHYIO JHarpaMMy HAampsDKEHHUH W TOKOB IIETH, Ha KOTOPOH
M300pa3uTh HANPSHKEHUE KAKIOTO DJIEMEHTA IIeTM W TOKH B BETBSX; ONPEACIUTH
YacTOTY W3MEHEHHUs HANPSKEHHs UCTOYHUKA AJIEKTPO3Hepruu f,, mpu KOTOpou B
JAHHOM 1eNU BO3MOXKEH PE30HAaHC TOKOB, M I[IOKa3aTh BIIMSHUE pPE30HAHCA Ha
BEJINYMHY TOKOB B BETBSAX U B HEPA3BETBICHHOM YacTH Lienu IpH f,,.

1 1

Pucynok 5 — Cxema onHOGa3HOM 1eTNH ¢ TapaJIeTbHBIM COSMHCHUEM MTPUEMHUKOB
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Tabmmma 7 — icxogHble JaHHBIE TI0 Y€TBEPTOMY pa3iely JiJis HEUYETHBIX
HOMEPOB BapHUaHTOB

HOMep E, R], Rg, L], L2, Cl, C2,
BapHaHTa B OMm Om MI'H MI'H MKD Mx®
1 100 3 10 47 33 oo 155
3 120 4 5 0 45 310 280
5 200 6 7 38 0 710 515
7 220 12 9 25 15 280 oo
9 150 9 8 75 52 oo 200
1 100 7 6 0 65 405 310
13 150 15 12 80 0 182 415
15 200 4 13 95 73 715 oo
17 220 6 15 100 0 135 242
19 150 7 4 0 100 193 274
21 100 11 3 28 38 oo 225
23 120 13 8 32 0 521 910
25 200 14 16 40 84 812 oo
27 150 9 11 0 27 315 610
29 100 7 16 15 43 oo 652

NunuBuayanbHble KOHTPOJBHBIE 33Jla4d MO JAHHOMY pa3Aeny JJjisl YETHBIX
HOMEPOB BapUAHTOB MPUBEEHBI B TAOIHIIE 8, HEOOXOUMO BBITIOJHUTH TO KE CaMoe,
YTO YKa3aHO JUIsl HEUETHBIX BapuaHTOB. [Ipu pacyeTe Lenu UCroiab3yeM BhIPAKEHHS
(3) st onipeniesieHUsl peaKTUBHBIX COMTPOTUBIICHUM B MapaljieIbHbIX BETBAX, [lomHOe
CONPOTHUBJICHUE KaXKJ10M BeTBU (Z;, Z,) HaXOAUM B COOTBETCTBUU C BhIpakeHUEM (4),
HCITONIB3Ysl CYMMAapHBIE CONMPOTUBJICHUS JaHHOUW BeTBU. Toku B o0enx BeTBsax (I, 1)
W HanpsbkeHus Ha oTAenbHbIX yvactkax BetBM (Ug, Uy, Uc) Haxomum B
cootBeTcTBUU ¢ 3akoHOM Owma npu Uy,=E. Tok B Hepa3BETBJICHHOW 4YacTH IENU
Haxo0JIUM B COOTBETCTBHHU C BBIPAXKEHUEM

1=JELy+ 1), (©)

rae XI=1,,+1,, — apudmeTndeckas cymma akKTUBHBIX COCTaBIstOmKUX TOKOB I u I, B
napauieNbHbIX  BeTBAX; Xl,=l,+l, — anreOpandeckas cymMMa peaKTHBHBIX
COCTABJAIOIINX TOKOB B IAPAUICIBHBIX BETBIX, TaK KaK PEAKTHUBHYIO
COCTABJISIONIYIO TOKA B BETBH C MHIAYKTHBHOCTBIO O€peM B ATOM CyMME CO 3HAKOM

MHHYC.
COCTaBHﬂIOH_H/Ie TOKOB B BCTBJIX HAXOJAWUM B COOTBETCTBUU C BBIpEDKGHPI?[MI/I:
l,,=1cosg, Ilp:IlSIH¢la
1,,=1,cos9,, 12p=1251n¢2’ (7)

cosp, =R, /Z,, cosp,=X,/Z,, cosp,=R,/Z,,
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sing, =X, /Z,, X, =X, —X¢, X,=X,-X,.

AKTHUBHYIO U PEAKTUBHYIO MOIIHOCTH KaXKJIOI'O 3JIEMEHTA IIENMU HaXOIUM IO
BBIp@KCHUSAM (5). AKTHBHYIO MOIITHOCTh MCTOYHWKA HAWAEM Kak apu(PpMETHUECKYIO
CyMMY aKTHUBHBIX MOIIHOCTeH oOeux BerBeil: P=P;+P,. PeakTuBHyH0 MOIIHOCTH
HMCTOYHHUKA HAMJIeM KakK alreOpanuecKkyrd CyMMY PEaKTHUBHBIX MOIIHOCTEH 00enx
BeTBell: Q=0Q;+Q,, 3/1eCh pEaKTUBHYIO MOIIIHOCTh BETBH C E€MKOCTBhIO OepemM co
3HaKkoM MuHYc. B mro0oit  BerBU Q=Q; -Q;c. [losHYIO0 MOIIHOCTH UCTOYHHKA
BJIEKTPOSHEPTUH HAWJIEM W3 BBIPAKCHUSA

s=J Py +(Z0)={P+0, ®)

rjae XP- apudmMerndeckas CyMMa aKTHBHBIX MOIITHOCTEH B BETBSX;
YQ — anrebpanyeckas CcyMMa peaKTUBHBIX MOIITHOCTEH B BETBSIX.

Tabnuna 8 — McxoHble JaHHBIE TTO YETBEPTOMY pa3eiy JJis YETHBIX
HOMEPOB BapUaHTOB

Howmep E, R,, R,, L, L,, Ci, C,,
BapuaHTa B Om OMm MI'H MI'H MKD Mk®
2 120 10 0 25 45 210 120

4 200 6 8 30 0 305 325

6 220 5 6 0 40 680 500

8 50 8 0 10 20 230 250

10 150 0 12 50 80 760 170
12 200 7 4 60 0 360 330
14 220 10 7 0 70 155 410
16 120 12 0 65 90 1500 125
18 100 0 15 40 75 1100 520
20 150 14 4 100 0 160 238
22 200 0 6 110 15 180 270
24 220 9 7 0 35 355 190
26 120 16 0 55 32 1200 175
28 150 9 11 70 0 480 900
30 100 0 13 22 12 180 800

JIns moCTpoeHWsT BEKTOPHOW JuarpaMMbl HAIpsHKEHUH M TOKOB  LIEMH
HE0OXoauMO BBIOpaTh MacmiTad: A HaNpsHKEHUH - m, W JJISE TOKOB — M.
[TocTpoenue nuarpaMMbl HAUMHAEM C PACIIOJIOXKEHHUST BekTopa HanpsbkeHus U,,=E,
BEKTOpPHl TOKOB B TNapaJUIEJIbHBIX BETBSX pAaCIONaraéM OTHOCUTEIBHO BEKTOpPA
HanpspDKEHUS B COOTBETCTBMU C XapaKTEpOM HArpy3ku B BeTBU. lcnonbzyem
YPaBHEHUS ISl BEKTOPOB:

Li=li-Lip,  L=loa-lpp I=11+], 9)

Tok B HEpa3BETBICHHOW YAaCTH LEIH, MOJYYCHHBI Ha BEKTOPHOM JuarpaMme
MyTeM CIIO)KEHHSI BEKTOPOB TOKOB B BETBSX, B MacmTabe TOJDKEH COOTBETCTBOBATH
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10 BEJIMYUHE TOMY K€ TOKY, HallJIeHHOMY IO BbIpaxeHuto (6). BekropHas cymma
HaAMpsDKEHWH Ha y4JacTKax JI00OW BETBU JOJKHA JaBaTh HAMPsHDKCHHE MCTOYHHKA
DNICKTPOSHEPIUM: o
Uri+Up-Uei=Uyp, UratUp2-U=Uyy. (10)

Pe3onanc TOKOB B JaHHOM WENM MOXHO TMOJYYUTh HW3MEHEHHUEM YaCTOTHI
HaIpsHKEHU UCTOYHUKA. PE30HAHCHYIO 4acTOTYy HAXOJUM U3 PABEHCTBA PEAKTUBHBIX
npoBoauMocTeir obeux BerBel By =Bc , B oaHOM ©3 KOTOpBIX mpeoOiagacT
VHJIyKTUBHOCTB, & B IPYTOii — eMKOCTb. B atom ciywae I=I;,+15, X1,=0.

S OJHOPA3SHBIE HEIIN IEPEMEHHOI'O TOKA CO
CMEIMAHHBIM COEJMHEHUEM TIPUEMHHUKOB

Jlnst  pemieHUss KOHTPOJBHBIX 3a7a4 110 3TOMY pa3Aeily HeoOXOauMO
O3HAKOMHTHCSI C TOPSIKOM pacuera oAHo(azHOW Ilenu MEePEeMEHHOTO TOoKa Mpu
CMEIIAHHOM COEIUHEHUU MPUEMHUKOB 3JIEKTPOIHEPTUH U MOCTPOCHUS BEKTOPHOMU
quarpaMMbl HalpsOKEHUH W TOKOB LIEMH, YCJIOBHSIMU BO3HUKHOBEHHS PE30HAHCA
HanpspKEHUM M TOKOB B TaKOM IIETH U UX MOCECTBUSMH.

NunuBuyanbHble KOHTPOJIBHBIC 33/1a4M IO JAHHOMY pa3ieny JJisi HEYETHBIX
HOMEPOB BapHaHTOB IMpuBeACHBI B Tabmuie 9. Ha pucynke 6 M300pakeHBI CXEMBI
0THO(A3HBIX IIETIEeH TMTEPEMEHHOTO TOKA CO CMEIIAaHHBIM COCAMHCHUEM TTPHEMHUKOB,
JUISL KOTOPBIX TIPH 3aJIaHHBIX IMapaMeTpax 3JIEMEHTOB HEOOXOJMMO BBHITIOJIHHUTH
CIEIyIONIEEe: ONPEACIUTh PEAKTUBHBIE COMPOTHUBIEHUS AIEMEHTOB nenu (Xp, Xc)
npu =50 u mnonHble compoTuBieHUs BeTBeU (Z,, Z,, 7Z3); OIPEIEIUThH
MpOBOAMMOCTH TapauienbHbiX BeTBed (G,, G;, By, B3) W moiHyro mpoBOAMMOCTH
obOeux mnapawieabHbIX BeTBeH (Y,3); ONMpENENUTh SKBUBAJIEHTHBIE COMPOTUBIICHUS
obOeux mapamienbHbIX BeTBeH (R,3, X33); ompenenuTs MoJHOE CONMPOTUBIICHHE BCel
LeNH, TOAKIIOUEHHON HA 32)KMMbl UCTOYHUKA, Z,, © TOK B HEPa3BETBICHHON YaCTH
uenu I, ; omnpenenuTs HANpsHKEHWE Ha NapajuieNbHbIX BeTBAX U,, U TOKHA B
napainenbHbix BeTBsX (Lo, 13), Hanpsbkenus Ha kaxaoM anemente uenu (Ug, Up, Ue);
ONPEACINTh AKTUBHYIO U PEAKTUBHYIO MOITHOCTH KaXJI0W BETBH, MOJHYIO MOITHOCTb
TIPUEMHUKOB; OIPEJICIUTh aKTUBHYIO, PEAKTUBHYIO U MOJHYIO MOIITHOCTH UCTOYHHKA
anektposnepruu (P, Q,, S,); TpoBepuTh OalaHC MOIIHOCTEH; ITOCTPOUTH B
MacmTade BEKTOPHYIO JWarpaMMy HaIpsOKEHUH W TOKOB IEIH, HA KOTOPOM
M300pa3uTh HAMpPsHKEHUE KaXKIO0TO JJIEMEHTa IENMW M TOKA B BETBSX; OINPEICIHUTH
YaCTOTHl U3MEHEHUS HANPSHKEHMs MCTOYHUKA DJIEKTPOdHEpruu f,, mpu KOTOphIX B
BETBSAX BO3MO>KHBI PE30HAHCHI HANPSKECHUN U TOKOB, U MOKA3aTh BIMSHUE PE30HAHCA
Ha BEJIMYMHY TOKOB W HaNpsHKEHUM Ha ydyacTkax Ienu. MHauBHayalbHbBIC
KOHTPOJIbHBIC 3aJayd 10 JAaHHOMY pa3jieily [Jis YETHBIX HOMEpPOB BapHaHTOB
npuBeeHbl B Tabmuie 10, HeoOXOAMMO BBIMTOJIHUTH TO YK€ CaMoe, 4TO yKa3aHO IS
HEUETHBIX BAPUAHTOB.

[Ipu pacuere nenu UCNoab3yeM BbIpakeHUs (3) ISl ONPENECTICHUS PEAKTUBHBIX
COIPOTHUBJICHUM 3JIEMEHTOB Menu. [IoTHbIE COMPOTHUBICHHUS MOCIEAOBATEIBHOU C
WCTOYHUKOM Z; U ABYX HapajlieNIbHbIX BETBEU Z;, Z, HAXOAUM IO BBIpAXEHHIO (4),
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HCTIOJIB3YSI CYMMAapHBIE COMPOTUBIICHUS KOXI0M BETBU. J[JIs1 pacueTa 3aJaHHOM 1IETH
HCTOJIb3yeM MeToJi mpoBoguMocTei. OmpenensieM aktuBHble G M peakTuBHbIE B
MMPOBOAVMMOCTH MMAPAJIICTBbHBIX BETBEH B COOTBETCTBUH C BBIPAKECHUSAMMU:
R2 R3 X2 X3
G GTg B By 4
2 3 2 3
rme X,=X,, =X X;=X; - X5

Haxonum apudmernyeckyro CyMMy aKTUBHBIX IPOBOJUMOCTEN MapalieIbHbIX
BeTBel: G3=Gy+G;, anredpanyeckyro CyMMy pPEAKTHUBHBIX MPOBOJMMOCTEH 3THX
BeTBel: By3;=B,+B;, noaHyo npoBoauMocTh napauielibHbIX BETBEU: Y 3= G232+B232
Haxonum »5skxBuBajieHTHOE akTMBHOEC R;3 W peakTuBHOE Xj3 CONPOTUBIICHUS
MapaJIjIeIbHbIX BETBEN B COOTBETCTBUHU C BBIPAKCHUSMMU:

Rys=Goy/ Yo', Xos=Bos/Yai'. (12)

Cxema 1enu ynpocTuiiach: TEMEph CONMPOTHBIICHUST TepBoi BeTBU (R, X|) u
SKBUBAJIICHTHBIC COMNPOTUBIICHUA MapauieabHbiX BeTBeW (Ry;, Xj3) coenmHEHBI
MOCJIEA0BATEIIBHO C HCTOYHUKOM JJIEKTPOHEPruu. Jlamee pacuer menu BeaeTcsl Kak
MpU TOCJIEN0BATEIbHOM COEIMHEHHH WCTOYHHMKA € NOpueMHukamu. Ornpezaensem
AKTUBHOE, PEAKTUBHOE W IIOJHOE COMNpPOTUBIEHUA Takol 1enu: R,;,=R;+Ry;,

2 2
X=X 1+X23, Z, =+/R,” + X, ,rne X=X ;-Xc;. B coorBercTBUM ¢ 3akoHOM OMa

HaxXoAuM TOK B HepasBeTBieHHOM wactu 1enu: [,=U,/Z,,. Hanpsokenuss Ha
napamnenbHbix BeTBAX: Ugy=U,=U;=I,Z,3;, rne Z,;=1/Y,;. Toku B mapamieibHbIX
BeTBAX: L=Uy/Z,», z=Ug/Z5.

Haxomum nHanpspkennss Ha kKaxjaoMm u3 anemeHtoB nenu (Ug, Up, Ug).
AKTHBHYIO, PEAKTUBHYIO U TTOJHYIO MOIITHOCTH KaKJI0TO JIEMEHTA I[EMU HaXO0IUM T10
BeIpakeHUsIM (5). BbIpaxkeHuss (5) HCHONB3yeM [JIS OMNPEACJICHUS aKTUBHOM,
PEAKTUBHOM M MOJHOW MOIIIHOCTEW MCTOYHHKA JICKTPOSHEPTHH P MOJICTAHOBKE B
Hero Toka I} m conporuBnennit Ry, X, Zap. IlOCTpOEHHE BEKTOPHOW IHArpaMMbI
HayMHaeM ¢ BbIOOpa maciiTaba Jijisi HanpsKEHUN m, W JUIs TOKOB ;. Pacnonaraem
BEKTOP HANpPSDKEHHS Ha NapaluieNIbHBIX BETBAX Ugp=U,=U;, OTHOCHTEIBHO HEro
pacronaraéM BEKTOPhl TOKOB B mapajuiesibHbIX BeTBsX (I, I3) ¢ yueroM xapakrepa
Harpy3ku. Ucnonszyem Boipaxkenus (7) u (9) mis BekTopoB TOKOB. B maciitabe my
3TOT TOK | JOJI’KEH COOTBETCTBOBATH BHIUMCICHHOMY paHee. BeKTop HampsiKeHus Ha
3aKMMaxX UCTOYHUKA HAWJIEM U3 YpaBHEHUS Uap=Ugp+ Uy

Hanp;mceHI/Ie Ha Kamnoﬁ BETBH JIOJDKHO COOTBETCTBOBATh  OOIIEMY
BBIPaKCHUIO: U d—URl+ULl+UC1a Udb=UR2+UL2+UC2’

Udb—UR3+UL3+UC3
BekTopsl HampspkeHUH Ha ydacTKaxX IIeMH JIOJDKHBI OBITh IMOKa3aHbl Ha BEKTOPHOM
nuarpamMme. [Ipu onpeneneHnyn pe30HaHCHOM YacTOThl HCTOYHUKA 3JICKTPOIHEPTUH
HEOOXOMMO PAcCMOTPETh PABCHCTBO PEAKTUBHBIX CONPOTHBIICHHUN B BETBIX H
PaBEHCTBO PEAKTUBHBIX IPOBOJAUMOCTEW B MAapaJICIbHBIX BETBIX. AHAIN3 ITUX
COOTHOIIIEHUI MOKAaXET BIMSHUE TOTO WM MHOTO PE30HAHCA HA BEJIUYMHY TOKOB U
HaIIpsDKEHU.

B, = B, =
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Tabnumna 9 — UcxomHbie JaHHBIC TI0 MSITOMY pa3eiy I HEYeTHBIX

HOMEpPOB BapHAHTOB

HOMep E, Rl, Rg, R3, Cl, CQ, C3, Ll, L2, L3,
Bapuanta | pucyrka | B | OM | OM | Om | MKD | MKD | MKD | MT'H | M[H | MI'H
1 6.1 100 | 10 - 6 - 1400|500 | 15 | 25 -
3 6.2 150 | 8 10 5 - 380 | - 75 - 85
8 6.3 120 | - 12 7 | 810950 | - 62 - 58
7 6.4 220 | - - 9 14201225370 | 38 | 54 -
9 6.5 200 | 4 3 - 195 | 274 | 390 | - - 24
11 6.6 150 | 5 - 14 | 335 | 424 - - 105 | 120
13 6.1 100 | 11 - 4 - 910 | 510 | 80 | 65 -
15 6.2 120 | 13 12 | 14 - 845 - 44 - 53
17 6.3 220 | - 10 8 | 410 | 166 - 60 - 105
19 6.4 200 | - - 7 [ 370555610 72 | 84 -
21 6.5 150 | 6 12 - | 770 | 185 | 190 | - - 88
23 6.6 150 | 4 - 8 240 | 320 | - - 24 35
25 6.1 220 | 5 - 6 - 580 | 620 | 35 | 84 -
27 6.3 200 | - 6 10 | 375|280 | - 54 - 28
29 6.5 120 | 3 10 - | 215|434 | 505 - - 45
Ta6mura 10 - McxoaHble JaHHBIE 110 MATOMY Pa3aeiy Il Y€THBIX HOMEPOB
BapHUaHTOB
HOMep E, Ll, L2, L3, Rl, R2, R3, Cl, Cz, C3,
BapuanTta | pucynka | B M[H|{M[H|M[H|OM |[OM |Om |MK® | MKD | MKD
2 6.6 100 | - 18 | 42 8 - 10 | 654 | 335 -
4 6.5 150 | - - 25 7 12 - 246 | 615 | 725
6 6.4 200 | 45 | 82 - - - 13 | 415 | 735 | 815
8 6.3 120 | 28 - 55 - 9 15 | 952 | 512 -
10 6.2 100 | 25 - 44 | 11 4 6 - 275 -
12 6.1 150 | 110 | 120 | - 6 - 14 - 185 | 248
14 6.2 220 | 95 - 88 3 8 12 - 915 -
16 6.3 200 | 18 - 75 - 4 5 980|378 -
18 6.4 150 | 33 | 64 - - - 3 185 | 425 | 538
20 6.5 100 | - - 18 9 10 - | 788 | 633 | 327
22 6.6 150 | - 55 | 67 5 - 7 | 280 | 712 -
24 6.4 220 | 86 | 96 - - - 13 | 575 | 812 | 934
26 6.2 200 | 15 - 37 4 6 8 - 592 -
28 6.3 120 | 58 - 92 - 7 4 | 346 | 485 -
30 6.5 100 | - - 39 | 10 | 12 - 188 | 356 | 482
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Pucynok 6 — Cxembl 0qHO(A3HBIX IETICH IEPEeMEHHOTO TOKa CO
CMEIIAaHHBIM COEJIMHEHUEM MPUEMHUKOB

N
e
e —————

6 TPEX®A3HBIE LIEIIM IEPEMEHHOI'O TOKA IIPU
COEJUHEHUU TIPUEMHHUKOB 11O CXEME «3BE3J1A»

[lepen pemieHHeM KOHTPOJBHBIX 3a7ad IO ASTOMY pa3Aely HEOOXOAMMO
O3HAKOMHUTBCS C  dJIEMEHTaMH  Tpex(a3HOH CHCTEMBI  DJIEKTPOCHAOKCHHUS
notpedurenei, cxeMamu coeAuHeHUs (a3 Tpex(azHOro MUCTOYHUKA U TPUEMHUKA
Npyu Tepefadye dSICKTPUYECKOW HHEPruu OT HUCTOYHUKA K TPHEMHUKY 4Yepes
TPEXIIPOBOAHYIO WA YETHIPEXTIPOBOAHYIO JTUHUIO AekTponepenaun (JIDIL.

NunuBuyanbHble KOHTPOJIBHBIE 33/1a4M N0 JAHHOMY pa3Aeny IJisi HEYETHBIX
HOMEPOB BapuaHTOB TpuBeleHbl B Tabmuie 11. Ha pucynke 7 wn300paxeHbI
Tpex(azHbie MPUEMHUKH, COSTMHEHHBIE TI0O CXEME «3Be3/1a» MPHU YETHIPEXITPOBOTHON
JIDII, panmsg KOTOpPHIX TPHM 3aJaHHBIX TapaMeTrpax HeoOXOIWMO BBIIOJHHUTH
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CIICMYIONIEe: OMPEICIUTh TIOJHBIE CONMPOTHBICHUS (a3 npuemHuka (Z,, Z,, Z.);
onpenenuTs (azHoe HanpsbkeHne Ug U BeJIMYMHY TOKA B KaKHoi (asze mpreMHHKa
(I, Iy, I.); onipeaenuTh aKTUBHYIO, PEAKTUBHYIO U TIOJIHYIO MOITHOCTH KaXKa0u (has3wl
npueMHuka (Py, Qg, S¢); ONpenenuTs aKTUBHYIO, PEAKTUBHYIO U ITOJHYIO MOLTHOCTH
tpexdasznoro npuemuanka (P, Q, S); moctpouTs B MacmTade BEKTOPHYIO JHArpaMMy
HAMpsDKEHUA W TOKOB Tpex(a3HOro NpPHEMHHKA [JIsi HOPMAJIBHOTO pEKUMa
ANIEKTPOCHAOKEHUsI; Ha BEKTOPHOW JMarpaMMe OMPENEIuTh TOK B HEUTpPaIbHOM
npoBojie IN; MOCTPOUTH BEKTOPHYIO JMarpaMMy HANpsHKEHUM U TOKOB Tpex(a3Horo
MPUEMHHUKA MPU OOpBIBE OJIHOTO W3 JIMHEWHBIX MPOBOJAOB (a, b Wiu ¢) W HanU4UU
HEUTPAJIBHOTO TPOBOJAA N; OMPEACIUTh TOK B ABYX JIMHEHHBIX MPOBOJAX U JABYX
¢dazax Tpexda3zHOro mMprUEeMHUKA IPU OOPBIBE TPETHErO JTMHEWHOTO M HEHUTPATbHOTO
MPOBOJIOB; IMOCTPOUTH BEKTOPHYIO JUAarpaMMy HAaMNpsKEHUW U TOKOB MJIS 3TOTO
aBapuiiHOTO pexkxnma. HAuBUAyaabHbIE KOHTPOJIBHBIE 337a4M 110 JaHHOMY pa3ieny
JUTSL Y€THBIX HOMEPOB BapUAHTOB MIPHUBEACHHI B TabmuIle 12, HE0OXOAMMO BBITIOTHUTH
TO K€ CamMoe, YTO U JIJIsl HEYETHBIX BAPUAHTOB.

Pacuer ¢asnpix mapameTpoB Tpex(}azHOTO NMPUEMHHKA CBOAUTCS K pacyeTy
KaKJI0M (a3bl U MPOU3BOJUTCS AHATIOTMYHO PacyeTy OOBIYHOM OfHO(A3HOW IIeTH
nepeMeHHOro Toka. [Ipu ompejeneHuu TOJHBIX COMPOTUBIECHUN B KaxKou ¢ase
MpUEMHUKAa HCHOoJIb3yeM BbipaxkeHue (4). HezaBucumMo oT cxeMbl coenuHeHus ¢as
CUMMETPUYHOTO UCTOYHHUKA BJIEKTPOIHEPTHH MEXKAY JHHEHHBIMU mpoBoaamu JIOII
CYLIECTBYIOT TpU OJMHAKOBBIX [0 JICHCTBYIOIIEMY 3HAUYEHUIO JIMHEHHBIX
HarpspDKeHns (CABHHYTHIX IO (a3e OTHOCHUTEILHO Apyr apyra Ha yron 2m/3). Iloka
HEUTpajab UCTOYHUKA U HEUTpab MPUEMHHUKA COCIUHEHBI HEMTPAIbHBIM IIPOBOJIOM,
T.e. Tpu yeTbipexnpoBoaHor JIDII s CUMMETpUYHOTO M HECUMMETPUYHOIO
Tpex(a3zHOro TPHEMHHKA, COXpaHsIeTcss CUMMETpusl (a3HBIX  HaNMpPsDKCHUN
npuemnuka (U,=U,=U.=Uy). na Ttpexdasnoro mnpuemMHHKa, (a3l KOTOPOIo
COCIMHEHBI TI0 CXEME «3BE3/1a», CIPABEJIUBBI COOTHOIICHUSI:

L=y V, =V, /3. (13)

Toxku B oTaenbHbIX (hazax npuemauka (I, I, I.) HaxoauM B COOTBETCTBUU C 3aKOHOM
Owma. Ilpu HecummeTpuuHOM Tpexda3zHoll Harpy3ke B deTbipexnpoBogHon JIDII
(coxpansieTcsi cUMMETpHs (pa3HBIX HAINPSDKEHUN) HapyllaeTcs CUMMETpUs (ha3HBbIX
TOKOB, KOTOpBIE OJHOBPEMEHHO SBIIAIOTCS TOKAaMH B JIMHEHHBIX MPOBOJAX.
AKTHBHYIO, pEaKTHBHYI0O H TIOJHYIO MOIIMHOCTH Kaxaouh (a3el TpexdazHoro
npuemHuka (Py, Qg, S4) Haxomum 1o BBIpAKEHHUIO (5). AKTHBHYIO MOIIHOCTB
Tpex(a3zHOT0O HECUMMETPUYHOTO MPHEMHHKA HaWJeM KakK apu(pMETHYECKYIO CyMMY
AKTUBHBIX MOIMHOCTEH OTHenbHBIX ¢a3 P=P,+Py+P.. PeakTuBHYI0O MOIIHOCTH
Tpex(a3zHoro mNpuUEeMHUKAa HaWAeM Kak ajreOpamuecKkyl0 CyMMYy pPEaKTHBHBIX
MomHocTe oTaenbHbIX (a3 Q=0Q,+Qy+Q., MOTHYI0O MOIIHOCTH Tpex(ha3zHOTro
MIPUEMHHUKA — 110 BBIPAYKEHHUIO (8).

JI1st moCTpOCHUST BEKTOPHOM JTHAarpaMMbl HANPSOKEHUH W TOKOB TpeX(a3zHoro
MIpUEMHHKA BBIOMpacM MaciiTad HampspKeHHH m, ¥ MaciiTad TokoB my;. I[locTtpoenwue
HAYMHAaeM C pa3MEIICHHS CUMMETPUYHOW CHUCTEMBbI BEKTOPOB JIMHEWHBIX
HANPSDKCHUN (Uab, ch, Uca), MOJaBAa€MBIX OT CHMMETPUYHOTO Tpex(ha3Horo
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ucrounnka depe3 JIDII. BekTopbl JTWHEWHBIX  HaNpsOKEHWH — 00pasyroT
PaBHOCTOPOHHMI TpeyroJbHUK (a, b, ¢ — ero BepmuHbl). M3 1eHTpa 3TOrO
Tabmmma 11 — Mcxomabie gaHHBIE MO IIECTOMY pa3jielly Uil HEYETHBIX HOMEpPOB
BapUAHTOB

Howmep U, R,, Ry, R., Xas Xb, Xe,
BapHaHTa | pPUCYHKa B OMm Om Om Om OMm OMm
1 7.1 127 5 - 5 3 15 10
3 72 220 10 6 9 5 8 12
5 7.3 380 15 8 - 10 6 20
7 7.4 500 - 12 14 25 8 7
9 7.5 660 25 - - 15 40 35
11 7.6 660 22 18 17 12 14 9
13 7.7 500 27 23 12 5 12 11
15 7.8 380 - - 19 32 40 24
17 7.9 220 40 30 27 38 25 17
19 7.10 127 7 9 12 4 8 9
21 7.1 220 30 - 35 15 42 21
23 7.3 660 33 41 - 18 27 55
25 7.5 500 42 - - 24 58 62
27 7.7 660 54 62 45 28 33 30
29 7.9 127 5 8 7 9 11 15

Tabnuna 12 — McxoaHble AaHHbIE MO pa3zieny 6 A YETHBIX HOMEPOB BAPUAHTOB

Howmep U, R,, R,, R., X, Xy, X,
BapuaHTa pHUCYHKa B Om Om Om Om Om Om
2 7.10 660 52 48 55 28 34 22
4 7.9 500 45 38 24 35 20 15
6 7.8 500 - - 35 65 70 28
8 7.7 220 12 18 23 8 17 21
10 7.6 127 7 10 11 9 15 16
12 7.5 127 6 - - 12 18 22
14 74 220 - 24 15 33 28 18
16 7.3 500 38 +4 - 25 32 54
18 7.2 500 29 35 42 41 27 37
20 7.1 660 58 - 38 6 65 42
22 7.2 660 43 52 60 31 40 25
24 7.4 380 - 27 29 30 18 34
26 7.6 380 20 37 40 27 25 30
28 7.8 220 - - 21 15 18 19
30 7.10 220 4 8 12 37 29 33
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Pucynok 7 — TpexdasHble MPUEMHHUKH, COSTMHEHHBIE TI0 CXEME «3BE371a»

TPEYroJbHUKa — TOYKH N (TOYKH TIEPECEYCHHS €ro MeAuaH WIH OWUCCEKTPHC)
BBIXOJIAT BEKTOPHI (ha3HbIX HanpspkeHuid mpuemuuka (U,, Uy, U.) mpu cuMMeTpuIHOM
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W HECUMMETPUYHOM HArpy3ke C HEUTPAIbHBIM IIPOBOJIOM (YETBHIPEXMPOBOIHAS
JIDID). Tonoxenue BektopoB (asubix TokoB (I, Ip, I.) Ha BexTOpHOI mMarpamme
OIpeeNsaeTCs YrJIOM CABUTa 10 (pasze g OTHOCHTEIBHO COOTBETCTBYIOLIETO BEKTOPA
($a3HOTO HANpPSHKCHHS, KOTOPBIA HAXOAWM JJIsi KaXI0W ¢as3pl MpUEMHHUKA U3
BBIpAKEHUS COSPy=Ry/Zy. B cOOTBETCTBUU ¢ XapakTepoM Harpy3ku B JaHHOU (ase
MpPOBOAMM B MacmTabe STH BEKTOPHl TOKOB. OMTHOBPEMEHHO 3TH K€ BEKTOPHI
SBJISIIOTCS JIMHEWHBIMM TOKaMU JJisi Tpex(a3HOro MPUEMHUKA, COEAMHEHHOTO 10
cxeme «3Be3a». [Ipn nHOM mopsiiKe MOCTPOEHNs BEKTOPHOW MarpamMMbl JIMHEWHbBIE
HaIpsDKEeHUs y Tpex(a3zHoro mprueMHUKa MOTYT ObITh HaJIEHbl B COOTBETCTBUH CO
BTOpBIM 3aKOHOM Kupxroga:

Uasza'Ub; chzUb'Uc; UcazUc'Ua- (14)
Ha BekTopHOI nuarpaMMe 3TH BEKTOPHI HANPaBIs€M OT BBIUUTAEMOTO BEKTOpA K
YMEHBIIIAeMOMY BEKTOPY. B cooTBeTCTBHM ¢ mepBhIM 3akoHOM Kupxroda ams y3ma n
Tpex(azHOro MpUEeMHUKA CIIPABEIITNBO COOTHOIICHUE

1nN=1a+ib+1c . (15)
CnoxuB rpaduuecku ykazaHHbIE BEKTOPBI, IOJIy4aeM B MacliTabe BETUYUHY TOKA B
HEUTpaibHOM TpoBosie I,n, KOTOpPBIA MOMKEH OBITh W300pakeH Ha BEKTOPHOMU
muarpamme. [lpu oOpwiBe ogHOTO U3 JHUHEHHBIX TpoBogoB JIDII wnmm dassl
MpUeMHUKa (OTKIIOYEHUH BCEX NPUEMHUKOB JYHEPrud B ATOM (aze) MpPUEMHUKU
TaHHOM a3kl OCTAlOTCA 0€3 DJICKTPO’HEPTHH, a TPHEMHUKH JIBYX IPYyrux ¢as
MPOJIOJKAIOT MOJIY4aTh 3JIEKTPOIHEPTHUIO OT HETIOBPEKAEHHBIX TUHEWHBIX MPOBOOB.
[Ipy HamuuuuM HEUTPATLHOIO NPOBOJA [Ji NPUEMHUKOB, MPHCOECIWHEHHBIX K
HEMOBPEKIACHHBIM JIMHEHHBIM TIPOBOAAM, OOPBIB UY)KOT'O JIMHEWHOTO MPOBOJA
MpakTHYeCKM He omymaercda. [Ipu  OTCYyTCTBUM  HEHTpalbHOrO  MPOBOAA
(tpexnpoBogHas JIDII) npumemMHUKH JBYX ocTaBmUXCA a3 OyayT BKIFOYCHBI
MOCJIEIOBATENIbHO M TOK Yepe3 HUX OyAeT OMNpeAeNsaThCs BEITUYUHOU JIMHEHHOTO
HaIpsDKEHUS U UX DKBUBAJICHTHBIM IOJHBIM CONPOTHUBICHHEM, a HANpsDKEHUS Ha
3TUX TpueMHUKaX ((a3Hble HANpsHKEHUs) OYAyT ONpenensiThCs B COOTBETCTBUU C
3akoHOM Oma. B Takoli iernu BO3MOKEH PE30HAHC HAIIPSKEHUN.

7 TPEX®A3SHBIE HEIIN NIEPEMEHHOI'O TOKA IIPH
COEIMHEHUWU ITPUEMHHUKOB 110 CXEME «TPEYI'OJIBHUK»

[Tepen pemieHreM KOHTPOJBHBIX 3aJad IO 3TOMY pasliely HEOO0XO0IUMO
O3HAKOMHTHCSI C COOTHOIICHUSIMU MEXIY (a3HbIMH M JIMHEWHBIMU IMapaMeTpaMu
Tpex(a3zHOro MNPUEMHHUKA, COCAMHEHHOIO IO CXEME «TPEYrOJIbHUK», MOPSIKOM
pacueTta Tpexda3HOW IIeNU U MOCTPOCHUS BEKTOPHOM JUAarpaMMbl HANpsSOKEHUU U
TOKOB, aBapUMHBIMU PEKUMAMU IJIEKTPOCHAOKEeHUSI Tpex(ha3HOTO MPUEMHHKA.

NHnuBuayanbHble KOHTPOJBHBIE 33/1a4W M0 JAHHOMY pPa3Aeily JJisl HEYETHBIX
HOMEpPOB BapWaHTOB TMpuBeAcHHI B Tabmuue 13. Ha pucynke 8 wu300pakxeHbI
Tpexda3Hple TPHUEMHUKH, COCIMHCHHBIC «TPEYTOJBHUKOM», JUIS KOTOPBIX IPH
3aJJaHHBIX TTapaMeTpax HEO0OXOIWMO BBIIOJHUTH CIEIYIOIIEE: OMPEICTUTh IOTHBIC
conpotuBiieHus (a3 npueMHHUKA (Zay, Zibe, Zca); ONPEACIATH AKTHBHYIO, PEAKTUBHYIO
U TOJHYH0 MOLIHOCTH Kaxnoil ¢asel npuemHuka (Py, Qg Sg);  ompenennts
aKTUBHYIO, PEAKTHUBHYIO M TMOJHYIO MOIIHOCTH TpexdasHoro npuemHuka (P, Q,
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S); moctpouTh B MacmTabe BEKTOPHYIO JUarpaMMy HaNpsOKEHHH ©  TOKOB
Tpex(a3zHOro mpHEMHHKA JUIsi HOPMAJbHOTO PEXHMMa DJJICKTPOCHAOKCHHsS; Ha
BEKTOPHOM JWarpaMMe ONpPEICIuTh TOKH B JHHEHWHBIX mpoBomax (I, Iy, Io);
MOCTPOUTHh BEKTOPHYIO JHArpaMMy HAMpPSOHKEHUH W TOKOB Tpex(azHOro MpHEMHHKA
IpU OOPBIBE OJHOTO W3 JIMHCHWHBIX MPOBOJOB (a, b WM C); MOCTPOUTH BEKTOPHYIO
JTUarpaMMy HaIpspKEHHUH W TOKOB IPU 00pbIBe 0HOU 13 (a3 npueMHnKa (ab, bc mm
ca). HMHnuBuayanbHbIEe KOHTPOJBHBIE 33Ja4d IO JAAHHOMY pas3lielly JJisl YETHBIX
HOMEPOB BapUaHTOB MpHUBEJEHBI B Tabmuie 14, HE0OXOAUMO BBIMOIHUTH TO XK€
caMoge, YTO U JJIsl HEYETHBIX BAPUAHTOB.

Pacuer TtpexdazHoro mpueMHUKA CBOJUTCS B pacyeTy Kaxiaou ¢dasbl 1Mo
(da3HBIM TapamMeTpaM U MPOU3BOJUTCS AHAJOTUYHO pacdeTy OObIYHOU OHOGa3HOU
[end TepeMeHHOTo Toka. [l ompegeneHus TMOJHBIX COMPOTUBIEHUN (a3
MPUEMHHUKA HCIONb3yeM BeipakeHue (4). Ilpu cxeme «TpeyronbpHHK» Kaxaas (asza
MpUEMHUKA BKJIIOYEHA MEXAYy JUHEHMHBIMA NPOBOJAMU U HAXOAUTCS IOA
COOTBETCTBYIOIIUM JIMHEHHBIM HAIpPSIKEHUEM, KOTOPOE OJHOBPEMEHHO SBISETCA
¢asupiM HanpsbkenueM npueMHuka (U,=Ug). Tokn B oTaenbHBIX (pazax MpHEMHHKA
(Taps Tpes Ica) HaxommuMm B cOOTBETCTBUM € 3aKOHOM OMa. TOKM B JIMHEHHBIX MPOBOJIAX
MOTYT OBITh OIpPEJEICHbl B COOTBETCTBHMM C TMEpBbIM 3akoHOM Kupxroda,
3alIMCaHHBIM JJIs Y3JIOB a, b u ¢:

L=lp-1ca, Ly=Tpc-Taps [=Ica-Toe. (16)
Orcrofa CleayeT, 4To HE3aBHCHMMO OT XapaKTepa Harpy3KHM BCETIa CHpPaBeIIMBO
PaBEHCTBO

I+1p+1.=0. 17)

MomHoctr a3 NpUeMHHKAa HaxXOJAWM TI0 BheIpakeHUsM (5). MomHocTH
Tpex$a3HOro MPUEMHHKA HAXOJUM dYepe3 MOIMHOCTH ¢a3 TakK, Kak 3TO OBLIO
MoKazaHo Jisi Tpex¢a3HOro NMPUEMHHKA, COCMHEHHOIO MO CXeMe «3Be3fa». s
MOCTPOCHUSI BEKTOPHOM JAMarpaMMbl BbIOMpaeM MaciTad HampsHKeHUH m, WU
Macitad TokoB my. [locTpoeHue BEKTOpPHOM AuarpaMMbl HAUYMHAEM C Pa3MEIICHUS
CUMMETPUYHON CHUCTEMBbI BEKTOPOB JIMHEHMHBIX HAMPSKECHUI (Uab, ch, Uca),
MOJaBAEMbIX OT CUMMETPUYHOrO Tpex(a3HOr0 HCTOYHUKA SJICKTPOIHEPTUU Uepes3
JUHUIO 3JIEKTPONEpeIayu. Bektop nuHeifHOro HampspkeHus Uy, IPHHATO
HATPABIIATh BEPTHKAILHO BBEpX, BEeKTOp Uy oTcTaer ot Hero Ha 120°, Bextop Ug,
otcraer oT BekTopa Up, Ha 120°. OXHOBPEMEHHO 3TH BEKTOPBI SBISIOTCS (ha3HBIME
HanpsKeHUAMHU. IlonoxkeHne BeKTOpPoB (a3HBIX TOKOB mpueMHHKA (L, Ipe, Ica)
OTHOCHUTEIIFHO COOTBETCTBYIOIINX HAMPSKEHUN OMPENEeIsieTCs YIriIoM, KOTOPBIH
HAaXOAMM M3 BbIpakeHHs cosQy=R¢/Zy, u xapakrepoMm Harpy3ku B (ase. Ilocie
pa3MenieHuss (Pa3HbIX TOKOB IpaUUecKd HAXOJUM BEKTOPhI TOKOB B JIMHEMHBIX
MpoBOJax, mnpumeHsas ypaBHeHus (16). MHorma BEKTOpPhl JUHEWHBIX TOKOB
M300pakaroT COCAMHSIONIMMH KOHIIBI BEKTOPOB (Da3HbIX TOKOB. OOPBIB OJHOTO W3
JTUHEHHBIX TPOBOJOB HAPYIIAET  HOPMAIBHBIH  PEXHM  AJIEKTPOCHAOKEHUS
TpexdazHoro npueMHUKA. [Ipu STOM NpPUEMHUKH TOJIBKO OXHOW (a3bl OymyT
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Pucynok 8 — CxeMbl IpUEMHHUKOB, COCIMHEHHBIX ‘‘TPEYroJIbHUKOM
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Tabmmma 13 — McxomHbple JaHHBIC 110 CELMOMY pa3aeily IS HeUETHBIX

HOMEpPOB BapHAHTOB

HOMep Una Rab’ Rbc’ Rca’ Xaba XbC’ Xca’
BapHaHTa | PUCYHKA B Om Om Om Om Om Om
1 8.1 127 50 - 55 30 70 15
3 8.2 220 100 60 90 50 80 18
5 8.3 380 110 80 - 90 60 80
7 8.4 500 - 120 140 100 80 70
9 8.5 660 250 - - 125 400 350
11 8.6 660 220 180 170 120 140 90
13 8.7 500 270 230 120 50 120 110
15 8.8 380 - - 190 | 320 360 210
17 8.9 220 140 130 127 58 55 47
19 8.1 127 70 90 52 40 60 80
21 8.1 220 90 - 135 115 142 21
23 8.3 660 33 41 - 70 80 120
25 8.5 500 275 - - 85 224 300
27 8.7 660 340 162 145 54 130 230
29 8.9 127 50 80 70 90 100 85
Ta6mz1ua 14 — McxoaHble JaHHBIC MO CCAbMOMY pa3acily i1 YETHBIX
HOMCPOB BapHaHTOB
HOMep Una Rab’ Rbc’ Rcaa Xaba XbC’ Xca’
BapHaHTa | PUCYHKa B Om Om | Om Om Om Om
2 8.1 660 180 120 88 75 68 32
4 8.9 500 145 138 | 124 135 120 115
6 8.8 500 - - 235 | 280 320 70
8 8.7 220 120 98 75 80 67 71
10 8.6 127 70 50 40 32 25 18
12 8.5 127 60 - - 22 78 92
14 8.4 220 - 104 85 99 28 18
16 8.3 500 250 144 - 125 132 400
18 8.2 500 129 135 | 142 141 127 137
20 8.1 660 158 - 138 160 165 142
22 8.2 660 143 152 | 160 131 140 125
24 8.4 380 - 127 | 129 | 300 180 134
26 8.6 380 120 137 | 140 127 125 130
28 8.8 220 - - 121 150 180 90
30 8.1 220 140 80 120 137 129 133
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HAXOJUTHCS TOJ] HOMUHAIBHBIM (ha3HBIM HampspDkeHueM. [IpueMHHUKN TBYX ApyTrHUx
$a3 OKaXyTCs COCAMHEHHBIMHU TOCIEIOBATEIHPHO W COBMECTHO OYIyT HaXOIUTHCS
Mo/ TakuM J>Ke (ha3HBIM HampspkeHHeM. Tok depe3 HUX OyneT OmpenensTbes HUX
SKBUBAJICHTHBIM TOJHBIM CONPOTUBICHUEM, a HAINpPsHKEHUS HA ATUX MPUEMHHKAX
(pasupie HampspkeHUs1) OYIOyT OINPEAENATHCS B COOTBETCTBUH € 3akoHOM Owma.
CrnenoBaTenbHO, 3TU MPUEMHUKH OKAXKYTCS IMOJ HANMPSIKEHUSIMH, OTIMYAIOIIUMUCS
OT HOMMHAJIBHOTO 3HaueHus (a3HOro HampspkeHus. B Takoil menu BO3MOXKEH
PE30HAHC HaIPSKEHU.

Besikoe m3MeHeHue CONMpOTUBJICHHUS B OJHOW M3 (pa3 NMpPUEMHHUKA BBI3BIBAET
OJIHOBPEMEHHOE H3MEHEHHME COOTBETCTBYIOIIETO (ha3HOrO TOKAa M JABYX JMHEHHBIX
TOKOB B JIMHEWHBIX MPOBOJAX, MOJKIIOUEHHBIX K ATOW (ase, HO He BIUSAET Ha
BennunHy (asueix HanpsokeHunid (Uy=U;) m QasHeIX TOKOB B Jpyrux Qasax
Tpex(a3zHOro MpUEMHHKA, a TAaK)KE€ Ha BEIUYHHY TPETHErO JIMHEHHOTO TOKA. JTUM
YCIIOBHSIM COOTBETCTBYET aBAPUHHBIN PEKUM 3JICKTPOCHAOKCHUS TIPH OOPBIBE OJTHOM
u3 ¢a3 mpueMHuka. To ke camMoe BO3HUKAET MPU OOBIYHOM OTKIIOUEHHUH BCEX
MPUEMHHUKOB SHEPTUU B OJHOU U3 (a3: TOK B 3TOM (pase HEe UAET; U3MEHSIETCS TOK B
JIBYX JTUHEWHBIX MPOBOJIAaX, MOJKIIOUCHHBIX K 3TOU (ha3e; TOK B TPEThEM JIMHEHHOM
MPOBOJIE HE U3MEHSETCS; TOKU B IBYX JIpyrux Qazax He uzMeHstorcsa. Bee 310 snerko
M300pa3UTh C MOMOIIBIO0 BEKTOPHOU JHarpamMmbl.
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COIEPKAHHUE

BBenenne

1
2
3

[lernu MOCTOSTHHOTO TOKA C OJTHUM UCTOYHUKOM AJIEKTPOIHEPTUU

[lernu MOCTOSTHHOTO TOKa C HECKOJIBKUMH HCTOYHUKAMU 3JIEKTPOIHEPTUU

OpnnodaszHble enu NepeMEeHHOr0 TOKa ¢ OCIEA0BATEIbHBIM COETMHEHUEM
MPUEMHHUKOB

OpnnHodaszHble enu NepPeMEHHOT0 TOKA € TapaJuIeIbHBIM COEUHEHUEM
MPUEMHHUKOB

OpnnodaszHbie enu NepeMEeHHOr0 TOKa CO CMEIIaHHBIM COeIMHEHUEM
MPUEMHHUKOB

Tpexdasnpie nienu nepeMeHHOro TOKa P COSTMHEHNH IPUEMHUKOB 10
CXeMe 3Be3/a

Tpexdasnble 1enu nepeMeHHoro Toka Ipyu COeIMHEHNU IPUEMHUKOB 110
CXEME TPEYTOJIbHUK

Cnucok peKOMEHAYEMOW JTUTEPATYPBI
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