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NpeaucnoBue

Mpepnaraemoe yyebHoe nocobue npegHasHa4yeHo onsa CTy4EHTOB,
N3yyaroLmnx TeopeTUYEeCKNE OCHOBbI ANIEKTPOTEXHUKMU, N CTABUT LENbo
NPUBUTb HaBbIKN pacvéTa CNOXHbIX ANTIEKTPUYECKUX Lenen NOCTOAHHOMO U
o4Hoda3Horo cMHycomganbHOro TokoB. B nocobumn paccmartpuBatoTca
MeToabl: ypaBHeHU Kupxroda, y3noBbiX NOTEHLNAN0B, KOHTYPHbIX TOKOB,
9KBMBASIEHTHOrO reHepaTopa, HanoXxeHus, npeobpasoBaHnsa TPEYrofibHUKa
COMPOTUBIIEHNI B 9KBMBANEHTHYIO 3Be3ay. pn paccmoTpeHnn
3NEKTPUYECKUX Lenen NnpnuBogmMTcs HeobXxoaMMblin TEOPETUYECKUIA MaTepuan
N 0alTCs NOSICHEHMS K NPaBUITbHOMY €ro npumeHeHunto. Hanbonee BaxHble n
TpyAHble MeCcTa UNSICTPUPYIOTCA NOAPOOHBIMU CXEMAMM U KOHKPETHBIMU
ynucnosbiMu pacyétamu. Ocoboe BHMMaHME yaerneHo Bonpocam TOYHOCTU
BbIYMCIIEHWNIA U ONepaumsiM C KOMMAEKCHLIMW YuCnamMn, BriageHne KOTopbiMu
Heobxoamnmo npu paboTte ¢ LUenssMn nepeMeHHoro Toka. Manaratorca
TpeboBaHus, NpeabaBnsieMble K 00OPMIEHUIO rpaduKoB U gnarpamm, u
AarTCca NPUMEPbI UX NOCTPOEHUS.

Mocobue cogepXuT 3agaHus Ha pacy€THo-rpadmyeckme paboTsl,
npeaycMoTpeHHble y4ebHbiMKu nnaHamu. Kaxgoe sagaHne nveet 1000
BapuaHTOB, OTNNYAIOLLNXCA APYr OT Apyra cxemamu 1 YMCNoBbIMU
3Ha4YeHnAMM napameTpoB uenun. KaxxgoMmy cTyaeHTy npucBanBaeTcsl BapuaHT,
onpegensiemMbln Tp€xaHayHbIM YncrioM. Homep cxembl coBnagaeT ¢ nepBow
Luncppor BapmnaHTa, a UCxofHble AaHHble Ans pacyéTta BbibuparTcsa n3
COOTBETCTBYHOLNX Tabnuy no Bcem TpEM Ludgpam.

Mepen Hayanom pacyéToB CTYAEHT OOIMKEH U3YYMTb MO Y4EOHMKY U
KOHCMEKTY Nnekuuii Heobxoanmble pasaenbl Kypca v BHUMaTENbHO
03HaKOMUTLCS C NpaBunaMmm NPUGIMKEHHbLIX BbIYMCIIEHWUIA, 3NOXEHHBIMMY B
HacTosiLem nocobun B pasgene «lpunoxeHune».

K 3awmTte pacyeTHo-rpadmyeckon paboTbl CTyAEHT OOMKEH NOArOTOBUTL
OTBETbl Ha KOHTPOSIbHbIE BOMPOChHI, MOMELLIEHHbIE B KOHLE AaHHOro nocobus.



1. COAEP KAHUE PACUETHO-TPA®UUYECKUX 3AJIAHUHA 11O TEME
«Pacyer C105KHOH YJIEKTPUYECKON LENMU MOCTOAHHOI0 TOKAa»

1.1. 3aganue Ne 1

[nsa cxembl, 3agaHHON CTYAEHTY B COOTBETCTBUM C €r0 BapMaHTOM (CM.
nogpasg. 1.4 n 1.5), Tpebyetcs:

1) HanucaTb cUCTeMy ypaBHEHUI Mo 3akoHam Kupxroda (pewaTb 3Ty
CUCTEMY He cnepayer);

2) onpeaennTb TOKM BO BCEX BETBSAX METOAO0OM Y3510BbIX MOTEHLMANOB U
coenaTtb NPoBepKy No nepsBomMy 3akoHy Kupxroga;

3) paccunTaTb MOLLHOCTU Ha BCEX y4acTKax Lienn; coctaBuTb banaHc
MOLLHOCTEWN;

4) BbINOMHUTb pacyeT Luenu MeToaoM KOHTYPHbIX TOKOB;

5) pesynbTaThbl pacdeTa TOKOB, BbIMOSIHEHHOIO ABYMSI METO4AMMW, CBECTU B
Tabnuuy 1 cpaBHUTb Mexay cobon.

1.2. 3aganue Ne 2
MeTogoMm aKBMBaNEHTHOro reHepaTopa onpeaennTb TOK B BeTBM Ne 1.

lMpumeyvaHue: BHYTpEHHee CONpPOTUBIEHME SKBUBAIEHTHOIO reHepaTopa
HalTK ABYMSA MeToAaMu:

a) N3 PEXXMMOB XOJTOCTOro Xoaa 1 KOPOTKOro 3amMblKaHUA (Hanp;|>|<eHV|e XOJ10CTOro
Xo4da 1 TOK KOPOTKOro 3amMblkaHUA pacCyUTbiBaTb METOOO0OM HaJ'IO)KeHVIﬂ);
6) KaK BXOOHOE cornpoTtusrieHne aByxnositoCHUKa.

1.3. 3apgaHue Ne 3

1. Onpegenntb HanpsXKeHne mexay Todkamm m u n.

2. [NocTpouTb rpadpmk 3aBUCMMOCTM MOLLHOCTW P BblaensooLencs B
CONPOTUBIIEHUM NEPBOM BETBU, OT TOKA |; 3TON BETBW.

3. MNMocTpouTb rpadmk 3aBMCUMOCTU TOKa NEPBON BETBMU |; OT CONPOTUBIIEHUS
3ToN BeTBU R;.

4. [MoCTpOUTb BHELLHIOK XapakTEPUCTUKY 3KBMBArIEHTHOrO reHeparopa.

5. [Insa koHTypa, cogepxawero ase 9[C, nocTponTb NOTEHUNASTbHYIO
anarpammy.

TeopeTnyeckme cBeaeHus 1 npakTuyeckne npumepbl, Heobxoanmble Ans
BbIMONHEHNA NPEANOXEHHbIX 3a4aHUI, N3naratTCa HUXE NPUMEHUTENBHO
K cxeme, nsobpakeHHon Ha puc. 2.1.

1.4. BapuaHTbl CXEM Lienu NOCTOSAHHOMO TOKa
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1.5. YncsieHHbIe 3HAYEHHUS] TAPAMETPOB LeNH
Mepeas | £y, | Ry, | K4, | Bropas | Eo, | Ro, | K5, | Tpews | H3,| Rg,| Rg,
Lndppa Lncppa Lnchpa
BapuaHTa | B Om | Om |Bapuavta| g Om | Om | BaPmaHta | B | Om | Om
1 50 | 10 5 1 80 | 40 | 25 1 120 | 40 | 100
2 75 | 25 | 10 2 120 | 20 | 10 2 80 | 10 | 20
3 100 | 50 | 50 3 30 5 40 3 30| 5 | 50
4 25 | 25 | 40 4 40 10 | 50 4 75 |1 25| 10
5 80 | 20 | 25 5 50 | 25 | 40 5 90 | 10 | 50
6 120 | 40 | 20 6 75 | 25 | 100 6 110| 10 | 25
7 30 | 10 | 50 7 80 10 | 20 7 45 | 5 | 25
8 100 | 5 40 8 90 5 25 8 70 | 10 | 40
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2. METO[, YPABHEHUU KUPXIO®A

Yncno ypaBHeHUN, cocTaBrisieMblx no 3akoHam Kupxroda, paBHo yucny
HEen3BeCTHbIX TOKOB. B paccmaTpuBaemomn cxeme (puc. 2.1) OHO paBHO LLECTM.
Mo nepBomy 3akoHy Kupxroda nmeem Tpu ypaBHEHUS — HA eAUHNLY MEHbLUE

Yyncna y3JioB. rlpVIHI/IMaFI TOKKM, noarteKkarwwmne K y3ny, nofioxXmnTesibHbIMU, a
oTTeEKawwme oT y3Jia — oTpunuaTesibHbIMU, 3arnncCbiBaeM:

yzen1: Ig+1g—1,=0;
y3en 2: In+1,-17=0;
y3en 3: IW—1,-15=0.

Puc. 2.1. Cxema uenu

OcTaBLlUMeCcs Tpu YypaBHEHUS COCTaBMsieM Mo BTOPOMY 3akoHY Kupxroda.
HanomunHaem npaBuno 3HakoB: ecnin HanpaeneHus 3C 1 TokoB coBrnagatoT
C HanpaBneHnemMm obxoaa KOHTypa, TO OHW 3anNUCbIBAOTCS C MNIOCOM, ECIN He
coBMagaloT — C MMHYCOM. [Ins KOHTYPOB, OTMEYEHHbIX Ha CXeme

Ayroo6pasHbiMK CTpernkamu, nokasblBalowWwmMMm HanpaBneHns obxoaa,

nony4aem:

Eo+Eqi=1:Ry —I4Rq4 + 1Ry




E =R+ IgRg —Is5Rs;

B —Bys=I1R+14Rq4+TR7.

3. METO/J Y3JOBbIX IOTEHLIUAJIOB

YpaBHeHuW4, cocTaBfisieMble N0 3TOMY MeTOAY M Ha3blBaeMble y3r10BbIMU
ypaBHEHUSIMU, B KQ4eCTBe HEN3BECTHbIX COoAepKaT NoTeHumarbl y3ros,
npu4yemM oguH N3 HUX 3agaeTcs 3apaHee, 06bIYHO NPUHMMAETCS PaBHbIM
Hynto. [yCcTb TakuMm y3rioMm B cxeme (puc. 2.1) 6yaet yeTBepTbin: @4 = 0.

CTPYKTYpY YpaBHEHWI, 3annUCbiBAaEMbIX AN KAXO0ro U3 oCTanbHbIX Y310B,
pPaccMOTPMM Ha NpMMepe ypaBHeHUs Ans y3na 2. MNpu HanncaHun ypaBHEHWI
PYKOBOACTBYEMCS CriedyrLuMm npaBunamm.

MoTeHuwan y3na, 4ns KOTOPOro COCTaBMseTCs ypaBHEHME, YMHOXaEeTCs Ha
CyMMY NPOBOAVMMOCTEN BETBEN, NPUCOEANHEHHBIX K 3TOMY Y3nY: @, (Go+G4+G3).
OTO Npoun3BeLEHNE 3anNNUCbIBAETCS B NIEBOMN YaCTU YpaBHEHUS CO 3HAKOM
nnoc.

MoTeHumnan kaxaoro cocegHero yana (B AaHHOM cry4yae NepBoro U TPETbEro)
YMHOXaeTCsl Ha NPOBOANMOCTb BETBM, Nexallen Mexay 3TuMm (cocegHuM)
y3I10OM U y3110M, A1 KOTOPOro COCTaBMSETCS ypaBHEHWE. OTW NPOM3BEAEHNS
(p1G2 1 3G4) 3anMCbIBaOTCS CO 3HAKOM MUHYC.

B npaBoi yacTtu ypaBHeHMa cTouT anrebpanyeckad cymma nponsBeneHumn
O[C Ha NpoBOAUMOCTUN TEX BETBEW, KOTOPbIE NPUCOENHEHDBI K
paccmatpusaemomy y3ny (E-G, n E4G4). 311 nponsseneHnsa 6epytcs ¢
nntocom, ecnu 3C HanpaBneHa K y3ny, n ¢ MMHYCOM, €Crnu OT y3na.

Ntak, onga yana 2 umeem:

@(GQ+G4+G:J,) — @Gz — @364 = E2G2 — E4G4.

AHanNoOrM4yHo BbIrMAAAT YpaBHEHUA O5A Yy3510B 1n3:
@1(62"‘66"'65) - @262 - (DsGs =-E,G;;
@3(664‘644‘61) — (Dle — @264 = ElGl+E4G4.

lNoTeHuman 4YeTBEepTOro y3ria B ypaBHEHNA HE BXOOUT, TaK KakK Mbl MPUHATTN
€ro paBHbIM HYJHO.



CnenyeTt 3aMeTUTb, YTO BN 3TUX YPaABHEHMWI HE 3aBUCUT OT HanpaBneHun
TOKOB B BETBSIX U ANt UX HanucaHus He TpebyeTcs yka3aHUsl TOKOB Ha CXeMe.

O6bLLee ymMcno ypaBHeHUN, COCTaBNAEMbIX MO MeTOAY Y3MOBbIX NOTEHLUWAIOB,
Ha edVHULY MeHbLUe Yucra y3noB. B paccmartpuBaemom criyydae — 3.

OKoH4aTenbHO cuctema Y3IOBbIX ypaBHeHI/II7I Ans AaHHOW CXeMbl nocrne
npuBeaneHnsd FIOLI,O6HbIX YrneHoB NpuHMMaeT Bua:

611(01 + 612§02 + Gls(ﬂs =Jy;

621(P1 + Gzz(”z + st% =Jy;
(3.1)

G31(P1 + Gsz(Pz + (333(03 = Js.

B aTux ypaBHeHusX npoBoanMocTb Gj (C ABYMSI OOUHAKOBbLIMU MHOEKCAMM)
Ha3blBaeTcA COOCTBEHHOW NPOBOANMOCTLIO i-ro y3ria u paBHa cyMMme
NPOBOAMMOCTEN BETBEN, CXOAALLUNXCA B 3TOM y3rne. Hanpumep, cobcTBeHHas
NPOBOAMMOCTb TPETLErO y3na

633: GG+ Gy + Gy

MNposBoAnMOCTb C ABYMS pasnuyHbiMu nHaekcammn Gj HasbiBaeTcst obLen nnm
B3aMMHOW NPOBOAMMOCTLIO i-ro 1 j-ro y3nos. OHa paBHa B3SITON CO 3HAKOM
MWHYC NPOBOAMMOCTM BETBU, COEQUHSAIOLLEN 3TU Y3Tbl.

Tak, B3auMHas npoBOANMOCTb NepPBOro U TpeTbero y3sioB

1
Gig = Gy =—Gg = ——.
13 = Gy 5 R

CToswmi B NpaBon YacTu ypaBHEHUSA TOK J;, HAa3blBAEMbIN Y3710BbIM TOKOM,
paBeH anrebpanyeckon cymme npoussegeHmnn 34C Ha NnpoBOAMMOCTU TeX
BETBEW, KOTOPbIE NPUCOEANHEHDI K i-MY Y3nYy:

J1 Z—EEGQ; Jg ZEQGQ —E4G4; Jq=E1G1+ Eq Gy

[aHHble ang peweHnsa cuctembl ypaBHeHUn (3.1) ygobHO 3anuncbiBaTh B
MaTpU4HOM hopMe:



— MAaTpUAa KOa MUMEHTOE MR
Gar Gop Gog TRMLE KO3 L -
HEMIEECTHEL NOTEHU AN,

Ja — MaTPMUA CEOAOAHBX YNEHOE YRAEHEHMA.

910 uenecoobpasHo aenartb ocobeHHO Toraa, Koraa Anst peLeHns CUCTEMbI
ypaBHeHU npumMmeHseTca OBM, Tak kak nporpaMmbl COCTaBMATCS 0ObIYHO
Tak, Yto OBM 3anpalwmBaeTt gaHHble An4 pacyeTa B BUae matpuy — MaTpuubl
KO3 PMLNEHTOB N MaTpULbl CBOOBOAHbLIX YNEHOB.

Pewws cuctemy (3.1) n Hangs noteHumanbl y3rnoB, Mbl C MOMOLLbIO 3aKOHa
Oma MOXeM HarTu TOKU. 34ecCb AN HAaNnUCaHUS HY>KHbIX (OOpPMYn yxe
HeobXxoAMMO yKasaTb HanpaBieHUs TOKOB B BETBAX. OTU HanpasBfeHus
BbIOMpaloTCa COBEPLUEHHO MPOM3BOSIBHO.

Ans cxembl puc. 2.1 nmeewm:

I_(P4—(P3+E1. ] P =+ Ey [ 2
1 — y 0= ] 1 T
R; F) R4

14:(P3—(P2—E4; JA Rl P S Bk i
Ry R Ry

HeKOTOpre M3 TOKOB MO pe3yribTaTaM pacyeTa MOIryT OKa3aTbCA
oTpuuaTesibHbIMW. MeHsITb B 3TOM cliy4ae B cXeMe U B pacyeTax Hn4ero He
cnepnyer. 3HakK MWHYC B OTBETE 6y,1:|,eT YKa3blBaTb Ha TO, 4YTO AencTBUTENbHOE
HanpaBlieHne ToKa nNpoTUBOIMNOJIOXKHO NOKa3aHHOMY Ha CXeMe.

4. NMPOBEPKA PACHETA TOKOB

HangeHHble MeTogoM y3M0BbIX MOTEHLMANOB TOKM PEKOMEHOYETCS Cpas3y xe
npoBepuTbL NO NepsBomMy 3akoHy Kupxroda.

MycTb, HaNpuMep, NS TOKOB, CXOASLLMXCS B y3ne 1, nony4yeHbl cnegytowime
3HaYeHus:

I5=0844A; Ig=2124A; Is=-1282A.
B cooTBeTCTBUM C NnepBbiM 3akoHOM Kupxroda f9 = I + 15.

CpaBHuMBaeM:



Ig+15=2,124-1,282 =0,842 A;
I; =0,844 A.
PacxoxgeHue B 3Ha4eHUsIX TOKOB (abcomntoTHas NorpeLlHoCTb) COCTaBnsaeT
Al = 0,844 — 0,842 = 0,002 A.

OTHOCUTEnNnbHas norpewHoOCTb BblHNCIIEHNA TOKOB paBHa

5 0,844- 0,842

100= 0,24 %.
0,842

AHanorn4yHo genaetcs npoBepkKa 1 Aana octalibHbIX Yy3J10B.

BTOpaFI NnpoBeEpKa 3aKrio4aeTcd B COCTaBIIEHNN YpaBHEHUA GanaHca
MOUWHOCTEN, BblpaatoLlero 3akKkoOH CoxXxpaHeHund aHeprnn B C-).I'IeKTpI/I‘-IeCKOIZ
uernn n ycraHasnmBakwiero paBeHCTBO MOLLHOCTEN UCTOYHUKOB U
NnPUeMHNKOB SJ'IeKTpI/I‘-IeCKOIZ SHEPIrnn:

Z Pyer = Z Pknp , (4.1)
k=1 k=1

rae Pucr = Exdy — MowHocTb uctouHuka k-oit Betu; Py = I,%Rk —

MOLLIHOCTb, NOTpebnsaemas conpoTmeneHnem k-oi BETBM; M — YUCNO BETBEN B
Lenu.

B neBown yactu ypaBHeHus (4.1) 6epetca anrebpanyeckas cymma
MOLLHOCTEN: eCnn HanpaBrfieHne Toka He coBnagaeT ¢ HanpasneHem J[C,
TO AAHHbIA NCTOYHUK paboTaeT B pexxmme NnoTpebuTtenst aHepruu, u

npousseaeHue E;f; nuweTcs co 3HaKOM MUHYC (€ro MOXHO 3anuncathb C
NACOM B NpaBoOW YacTu ypaBHeHUs1). Tak, B cxeme Ha puc. 2.1

EJy+Eqly—Eqly =1*R{+ IRy + I2Ry + IZRy + I2R: + IR,

5. METO KOHTYPHbIX TOKOB

Yncno ypaBHeHUN, cocTaBriieMbIX MO 3TOMY MeTOAY, PaBHO YMCITy B3aUMHO
He3aBNCUMbIX KOHTYPOB. [1py pacCMOTPEHUN CXeMbI KaXXabl NOCenyroLLnm
KOHTYp sIBNAEeTCS HE3aBUCUMbIM OTHOCUTENBHO NpeablayLnx, ecrim OH
OTNUYaEeTCcs OT HMX XOTs Bbl OAHOM HOBOW BETBLIO. PaccmaTpmBaemMas Lenb
MMeEeT TPU HE3aBUCUMBIX KOHTYpa.



[na kaxxgoro n3 aTUX KOHTYPOB Has3Ha4YaeTCs Tak Ha3biBaeMbll KOHTYPHbIN
TOK, 3aMbIKaLLMICA MO BCEM COMPOTUBIIEHNSM CBOEro KOHTYypa.
HanpaBrneHna 9TUX TOKOB NPOU3BOJIbHbI.

Ons BbIGpaHHbIX KOHTYPHBLIX ToKOB ( f,.1, ..o n 1,3 Ha puc. 2.1)

3anncbiBalOTCA YpaBHEHUS MO BTOPOMY 3akoHY Kupxrodga. KoHTyp npu aTom
0b6xoanTcs NO HanNpaBfEHUIO KOHTYPHOIO TOKa.

PaccmoTpum nogpobHO cocTaBneHne ypaBHEeHUs NS NepBOro KOHTypa.

KoHTypHbIt TOK f,.1, NpoTekasi o ConpoTUBIEHNAM CBOErO KOHTYpa, Co3aaeT
Ha HUX NaJeHWe HaNPsHKeHUs, paBHOe

TRg + TRy +14Rqy =1 (Rg +Ro+Ry).

Mo conpoTtmBneHuto Ry, ABNSIOLWEMYCS 3NEMEHTOM NEPBOro KOHTYpa,
NPOTEeKaeT KOHTYPHbIN TOK BTOoporo kKoHTypa [,.5. CosnaBaemoe um
nageHue Hanpskenuns I,.o Rz cknagbiBaeTcs ¢ npeablaywmMMm, Tak Kak
HanpasneHus Tokos /.1 n 1,5 B conpoTueneHnn Ry oaMHaKoOBBbI.

MNageHve HanpsXXeHusl, co3gaBaeMoe KOHTYPHbIM TokoM f,.5 Ha
conpotmeneHun K4, 0OMKHO BbIMMTATLCA U3 3TON CYMMBbI, TaK Kak
HanpasneHus TokoB .1 1 1,3 B YeTBepTO BETBU NPOTUBOMNOMOXHbI APYr
npyry.

B npaBou yactn ypaBHeHuUs1, corfiacHO BTOPOMY 3akoHYy Knpxrodoa,
3anunceiBaeTcsa anrebpanyeckasa cymma scex OC koHTypa: E7 + E4.

MTaK, AO514 NepBOro KOHTypa nMeem.
LRy + Ry +Re)+ 1 oRe — 1, 3Ry =Ep + Ey.

AHanorM4yHo COCTaBnAOTCH ypaBHEHUS AN BTOPOro U TPETbEro
KOHTYPOB:

I.3(Rs + Ry+ Rg)+ I Ry +1 3R =Eq;
Ia(Ri+ Ry + Ra) I Ry + 1T o,R\=E1—Ey.

[Mocne psiga npeobpaszoBaHMii YpaBHEHUS! KOHTYPHbLIX TOKOB MOXHO
npeacTaBuThb B crneayloliemMm Buae:



R+ Ryodyo + Ryl 3 = By
RoJ1 + Rogl o + Rogl g = Eog; (5.1)
Ry L1+ Rypd o + Ryglg = Eq3.

MaTpuua KoapPprUMEHTOB NPU HENIBECTHbLIX TOKaX

Ry Rz Ryg
Ry Rz Rog
R31 R3z  Rag

MOXeT ObITb COCTaBneHa cpasy, 6e3 3anvcu ypaBHeHWUin, Ha OCHOBaHWU
aHanusa cxembl. Ee nopsgok (4mcno ctonbuos, paBHOE YMCNY CTPOK)
paBEH YMCIY KOHTYPHbIX TOKOB.

ONEeMEHTHI, CTosILME Ha rMaBHOW AnaroHanu (COI'IpOTI/IBJ'IeHI/IFl Cc
oAnNHaKoBbIMU I/IH,El,eKCaMVI), — 9TO TaK Ha3biBaeMble COOCTBEHHbIE
CconpoTuBIieHNA KOHTYpPOB, paBHblE CyMMeE COI'IpOTI/IBJ'IeHI/IVI KaXxagoro KoHTypa:

Rijy=R;+Ry+Rg;, Ryo=Ri+R5+R; Ry =R+ Ryq+KR.

COI'IpOTMBJ'IeHVIe C pa3HbiM NHOEKCaMW, Ha3blBaemMoe oOLWnM nnNn B3aMMHbIM
conpoTtuBlrieHNEM OBYX CMEXHbIX KOHTYPOB, — 3TO COMPOTUBIIEHNE BETBHU,
I'Ipl/IHaﬂ,J'Ie>KaLLl,el7l oaHoBpeMeHHO ABYM CcOCENHUM KOHTYpaMm, OHO
NOJTIOXKUTESIbHO, eClin HanpaBJiIeEHNA KOHTYPHbIX TOKOB B HEM COBMagatoT, U
oTpuuaTesibHO B NPOTUBHOM Clly4ae:

Ri3=Ry1=Rg;, Rig=R31=—R4; Ryz=Ryp =Ry

MepBbIN UHOEKC Y KaXXA0ro ConpoTUBMEHUS COBNaaaeT C HOMEPOM
paccmMaTpuBaeMoro KOHTypa U 0QHOBPEMEHHO YKa3bliBaeT Ha HoMep
CTPOKM MaTpuLbl. BTopoli nHaoeKc ykasbiBaeT Ha HOMep KOHTYpa, CMEXHOro
C paccmaTtpuBaembiM, U onpeaensieT Homep cTonéua.

Kaxkabln N3 3neMeHToB MaTpuLibl CBOGOAHBIX YNIEHOB



npeactaensieT cobon anrebpanyeckyto cymmy Bcex 9 C koHTypa. 9C
BXOAWUT B 3Ty CYMMY C NSIFOCOM, €CIN ee HanpaBfieHne coBnagaet
HanpaBfeHNEM KOHTYPHOro ToKa, U1 C MMHYCOM B NPOTMBHOM CIly4ae:

By =83+ Ey; Byy =By, Eaz = B1—Ey.

[Mocne peweHns cucteMbl ypaBHeHU (5.1) AencTBUTENbHbIE TOKM BETBEN
onpeaensarTca No HanAeHHbIM KOHTYPHbIM:

=L+ =Ly I3=Ia;
Iy=ng—ToaIs =1 Ig=Tn+1.
6. METO[l 3KBUBANEHTHOIO FEHEPATOPA
oT10T MeTo 0ObIYHO NPUMEHAETCA B TEX Clly4adX, Koraa Tp66yeTCF| HanTU

TOK B KaKkon-TO OgHOW BETBU Nnpn pa3syinyHbIX 3HAYEHUAX COMPOTUBIIEHUNA aTom
BETBUN U HEU3MEHHDbIX OCTallbHbIX NapamMeTpax uenu.

MycTb B cxeme Ha puc. 6.1, a Ham Heobxoanmo HanTu Tok I1. Toraga BCo Lenb
OTHOCUTENBbHO 3aXXMMOB NepBon BeTBU (Y3510B b 1 C) Mbl NpeaCTaBsiEM Kak
aKTUBHbIN OBYXNOMOCHUK (puc. 6.1, 6), KOTOpbIN, B CBOIO oYepeb, 3aMEHSIEM
3KBMBANEHTHbIM reHepaTopom (puc. 6.1, 8).

O[1C aKkBMBanNeHTHOro reHepaTopa £; paBHa HanpshkeHWo XxorocToro xoaa Uy
Ha PasoOMKHYThIX 3aXUMax [ABYXMomntocHuKa (puc. 6.2, a): E, = U/, aero

BHYTPEHHEeEe COMNpPOTUBIIEHNE B COOTBETCTBUM CO CXxeMol puc. 6.3, a
onpenenseTcs no dopmyrne

R, =22=-CIX (6.1)

roe IH: — TOK KOPOTKOIro 3amMmblikaHua OBYXMNOJIHOCHUKA.
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Puc. 6.1. 3ameHa 4yacTn anekTpnuy4eckon Lenn aKBMBanNeHTHbIM

reHepaTopom
]
a b g e
* b+ |—2| d
v 1B — B,
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Puc. 6.2. XonocTon xon akTMBHOIO ABYXMOSKOCHUKA

Mocne onpenenenuns £, n K, nHTepecyowmnin Hac TOK HAXOAUTCS U3 CXEMbI
puc. 6.1, 8 no oopmyne

_E’I _Ea

=212
R1+R3

(6.2)



3aMeHsAs aKTUBHbIN ABYXMOMKCHUK 3KBUBANEHTHbIM reHepaTtopoMm, 3C
nocnegHero Mbl MOXXeM HanpasnsTb NPOU3BONbLHO — HANpPUMep, Ha pucC.
6.1, 8 €e MOXHO HanpasuTb 1 BHWU3 (NP1 3TOM crieqyeT NOMEHATb U 3HaK

neped £, B hopmyne (6.2)). Ho B cxemax Ha puc. 6.2, 8 1 6.3, 8 3TOT NPOU3BON
NCKITHOYEH.

() L1 s

Puc. 6.3. KopoTkoe 3amblkaHne OBYXMNOMOCHUKA

Ecnu Ha puc. 6.1, 8 Mbl Hanpasunu E., BBepx, oT C K b, To B pexume
XOMOCTOro Xo[a To4ka b nmeeT NonoXuTenbHbIN NoTeHuman, a ¢ —
oTpuuatenbHbiit (puc. 6.2, a). MoaTtomy ctpenka L/, B cxemax puc. 6.2
HanpasnseTcs oT D k C (oT nntoca kK MuHycy). TouHo Tak xe, oTb kC, T. e. B
cTopoHy aevicteua OOC E., nomkeH 6biTb HanpaeneH u Tok f,. (puc. 6.3).

NTak, onga Toro 4tobbl HaNTK napameTpbl 3KBUBAreHTHOro reHepartopa,
Heobxoanmo pacCMOTpPETb ABa peXnmMa — XOJI0CTOro xoga n KOpoTKoro
3adMblKaHUA.

PaccuntaTb 3TV pexumbl MOXHO MtobbiM MeTogoM. Mo 3agaHuio TpebyeTcs
NPUMEHUTb 30eCb METO HanoXeHuUs.

6.1. PacuyeT pexunma xonocrtoro xoaa
B cooTBeTCTBMM C NPUHLMMNOM HaNoOXeHNs (Cynepno3numm) HanpsikeHne

XOJSIOCTOro xofa MoXeT ObITb HangeHO Kak CyMmMma HanpshKeHun OoT LeNCTBUS
kaxkgon O1C B oTAENbHOCTH:

U, =U,+U",



roe UJ), — HanpskeHne xonocToro xoaa, cosgasaemoe J[C E,4 (puc.
6.4, a); UY — nanpsixenue

xornocToro xoaa ot aevcteua OOC E- (puc. 6.4, 6).

3HaKu B NpaBoii YacTU MOCNEAHEr0 ypaBHEHUS ONPeaensoTCs B3aUMHbIMU
Hanpaenenusmu ctpenok 7., I n U (puc. 6.2. n 6.4). Kak cnenyet

HanpaensATb L1y, Mbl TOMbKO YTO BbiscHUNK. Hanpsbkenuns L7, n U
PEKOMEHYeTCS HanpaBMsATh B Ty e CTOPOHY, XOTS 3TO HeoBsA3aTENbHO.
Ecnu mMbl pelumnnu Hanpasutb L7, n I B pasHble cTopoHbl, To L 6ynet
PaBHO UX Pa3HOCTMU.

Tokn ot gencteua kaxkgon 3[C B oTAENbHOCTU, Ha3blBAE€MbIE YAaCTUYHbIMU
TOKamu, Ha cxemax puc. 6.4, a n 6.4, 6 HanpaBNAKTCA YXXe HE NPOU3BOSILHO,
a B COOTBETCTBUM C AenCTByoLWen B Lenn eanHcTeeHHon J0C — no eé
CTperke.

[Ansa obneryeHma NOHMMaHUA CTPYKTYpPbI Lenn pekoMeHayeTca NpeacTaBuTb
ee B bonee ygobHom Buge. Cxemy puc. 6.4, a, Hanpumep, MOXHO n306pas3nTb
Tak, Kak NokasaHo Ha puc. 6.5.
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Puc. 6.4. CxemMbl ons pacyeTa HanpsKeHUs1 XorocToro xoaa
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Puc. 6.5. YnpolieHHada cxema

Mopsgok pacyeTa cxeMbl puc. 6.5 cnegyroLwmnin.

Onpep,enﬂeM obLiee cornportuBneHune uennm oTHOCUTEIIbHO 3aXXNMOB
MCTOYHUKA.

Ry(R3 + Rg)
R, + Ry + Rg

RE,@ = R4 + R +

Haxogum Tok, npoTekatowmin no seteun ¢ 3C:

—.
RDE

PaccunTbiBaem HanpsbkeHue L7, ; Ha 3axumax napannensHo
COeNHEHHbIX BETBEWA:

Uia=Eq —I4 (R4 + Rg).
7 HaKoHeLl, HaxoanM TOKWM B NMapalriesibHbIX BETBAX:

f
cret

==, p-p=_—d
: RQ : : R5+R3

MNocnenHve OBa Toka MOXHO paccuuTaTthb, U He Haxoasa HanpsxkeHusa L7 ;.

PaccMoTpuM YacTb 3NIEKTPUYECKON LLENU, COCTOSALLLEN N3 OBYX
napannenbHO COeQMHEHHbIX CONPOTUBIEHUN (pUC.6.6).

Tpebyetca no nssectHomy Toky I Hawtn Tokm f1 n I5. CHavana
onpeaensem HanpshkeHve Ha ydactke ab:



Rk

=R, =f—.
b ab R1 N Rg
3aTem no 3akoHy OMa HaxoauM TOKU:
5 R rr R
R1 R1 + RE R2 R1 + RE

[MonyyeHHble dopMyribl 4al0T criegyrouiee npocToe npasuno.

Tok 8 00HOU U3 naparnnesibHbIXx 6emeell paseH rnpou3sedeHuUr obuwe20 moka
U conpomusrneHusi cocedHeli eemeau, OenieHHOMY Ha CyMMY COMpomueieHul
napannesnbHbix semeedl.

R,

Puc.6.6. OnpeaeneHne TOKOB B naparnsesibHbIX BETBAX

B cooTBeTCTBUM C 3TUM npaBuiom Arid cXxembl pucC. 6.5 nmeewm:

Iéziﬁ R3+R5

) L=
RQ +R3 +R5

4RQ +R3 +R5-

Hanpskenue /5, Haxoaum no cxeme puc. 6.4, a U3 ypaBHeHWs,

COCTaBIIEHHOro No BTOPOMY 3akoHYy Kupxroga ans KoHTypa, BKIIoYatoLLero B
cebs 9710 HanpsxkeHne. Hanpumep, KOHTYp, OTMEYeHHbIN AyroobpasHou
NYHKTUPHOW CTPesSikon 1, COCTOUT U3 ABYX BETBEWN (LLUECTOM U NATON) K

ctpenku V5. O[1C B 3TOM KOHTYpe HeT, N03TOMY B COOTBETCTBUMN CO BTOPbIM
3akoHoMm Knpxrogpa

DZI%R@ -|-1”5R5 —U;{.
OTcropga
;{ ZIéRG +IéR5.

Mo>xHO BOCNOMb30BaTbCA U KOHTYpOM 2. [Ing Hero



E,_q =I£1R_»_1 -I-U;{ +IéR3,
oTKyaa
Ul =E,—I4R, —I5R;.

Cxema puc. 6.4, 6 paccunTbiBaeTcst aHanorn4Ho:

Iz £y L oqr_gqr_ g Ry + Rs .
E = , ju— j— ,
R2+(R4 + Rg (R + Rg) T R T Re + Ry + R

Rq+ Ry + Ry +Rs
R,y + Rj

I =12 =11 )
3 g 2R3 +R5 +R4 +R6

U; ngﬂa—fgﬂg nnn U; =—I£1R,_1 +I§R3.

Ecnu B pesynbtate pacyeta O[C E. okaxeTcs oTpuuaTensHON, To BO

BCe CbOpMyJ'IbI ee 3HayeHue criegyet noacrtasidTb CO 3HAKOM MUHYC, HE
MeHAA, KOHEYHO, CaMnx (bopmyn N CXEM.

6.2. PacyeT pexnma KOPpOTKOro saMblKaHUA
BeinonHsieTcs no cxemam puc. 6.7.

I'Iepe,u, TEeM, KaK NMpUCTynaTtb K pac4HeTy 3TUX CXeM, Heob6xoaMmo YCTaHOBUTD,
YTO crieayeT NCKaTb.
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Puc. 6.7. CxeMbl A4ns pacyeTa pexmma KOpOoTKOro 3amMmblkaHnA



Toku It n I 6ynyT onpenenaTbca us ypaBHEHVst NEPBOro 3aKOHa

Kupxroda, cocTaBneHHoOMY Ans O4HOro us y3nos — C unu b, T. e., Ham HyxHO
3HaTb TOKM TPETbEN U NATON, NIMBO LWECTON N YeTBEPTON BETBEN.

MpeanonoXmm, 4YTo Mbl OCTAHOBUMUCL HA BTOPOM BapuaHTe U ULLeM
f r r r
BenuuuHbl £, 15, Ta n I§.

PaccmoTpum cHavana cxemy puc. 6.7, a. Ha nepBbin B3rnsag oHa KaxeTcs
oyeHb crnoxHon. OgHako, n3obpasnB ee HECKONbKO MHAYe, Mbl NErko Hanaem
pelleHune.

Mpexne Bcero 3aameTum, 4To yanbl D 1 C coeamHsoTca npoBoaHUKOM,
COMNPOTMBIEHNE KOTOPOro paBHO Hynto. CrnegoBaTernbHO, NOTEHUManbl 3TUX
y3I10B OAMHAKOBbI, N X MOXHO 00BbEAUHUTL B OAHY TOYKY (puc. 6.8).

Puc. 6.8. NpeobpasoBaHHas cxema

Nanee yyactok ab v BTopyio BETBb BbITArMBAEM B OAHY LIEMOYKY, a
conpoTuBneHne K3 nsobpaxaem Hag YeTBepTOi BETBLIO (puUC. 6.9).

CTaHOBUTCS BUOHO, YTO MNSATas U WWecTas BETBU COeAUHEHbI
napannenbHo, a BTopasi — ¢ HUMW nocneaosaTensHo. ConpoTtuenexHne Ka
OKasblBaeTCsl BKMOYEHHbIM NapansenbHO y4acTKy Lenu, COCTosILLIEMY U3
Tpex conpoTueneruin ( Ry, Rs n Rg). W, HakoHel, Bca aTa Lenb

coeanHeHa nocrneanoBaTteribHO € ConpoTuBIieHNEM R4 .
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Puc. 6.9. YnpouieHune cxembl puc. 6.7, a

OG6LLee conpoTuBrieHre 1 Tok I} B Nony4YeHHol cxeme
COOTBETCTBEHHO pPaBHbI:

Rg {RQ + —RRER}EE J z
; 5 T4 '
06 = Rq + R I4:R‘4
Rg +R2 +—5 i af
R5 +R5

Tak Kak ToK .”3 ABNAETCA YaCTbO TOKa Ié , HAXo4nmM CHa4ana ero, noJyib3ysacb

C(*)OpMyJ'IMpOBaHHbIM BbiLlLE NMpaBuUIioM orpeageneHnd ToKoB B napannesibHbiX
BETBAX:

f f R
12 =1a : ReR
Rg-l—Rg-I——E 2
R5+R5
Tenepb
B
R5+R5

N HakoHel, n3 cxembl puc. 6.7, a I =14 —1If.

Cxemy puc. 6.7, 6 Takke npeacrasnsemMm B bonee yqobHom Ans pacyeTa suae
(pyc. 6.10). 13 Heé Byoem nmeTs:



oy R
It Y R .
: ReRs __ RaRy YT R+ R,

Ry + R R4+ Ry

Rs

= _—__—-
- 2R5+R5

Rg-i-

Tenepb Bo3BpaLLaemMcsi kK cxeme puc. 6.7, 6 v onpepensiem Tok 1 :
e =15 —1IE.

Pe3ynbTupyowmnm TOK KOPOTKOro 3amMblkaHNA onpeaensem us
COBMECTHOrO pacCMOTPEHUNS CxeM puc. 6.3, e n 6.7:

I =1 +1I{.
R
E?r’”:; 2
T = —
IE"
Ra R4
| I
= =t
d Ié' b 14 d
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Rs Ra
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Puc. 6.10. YnpoweHne cxembl puc. 6.7, 6
BenununHa conpoTuenenns K. Bceraa nonoxuTenbHa. [JomkHa ObiTb

L
NONOXUTENbHOM N APO6L I—x (npaBasi yacTb bopmynbl (6.1)). NoaTomy npu
K.

O[IMHAKOBbIX HanpasneHusx Ha cxemax L/, n I, nx sHaku B pesynbrtarte
pacyeTa ToXe OOMKHbI MONMY4YNUTbCS OQNHAKOBBIMU.

6.3. BHyTpeHHee conpoTUBIieHMe 3KBUBANeHTHOIO reHepaTopa Kak
BXOQ4HOE CONpOTUBIIeHUe ABYXNOMOCHUKA

BHyTpeHHee conpoTuBneHne aKBNBanNeHTHOro reHepaTopa MoXeT ObITb
Ha4eHOo Kak BXOQHOEe CONPOTUBMEHNE aKTUBHOMO ABYXMNOMKOCHMKA Npw
paBeHcTBe Hynt Bcex ero C (puc. 6.11).

HecMoTpst Ha BUAMMYH NPOCTOTY CXEMbI, HENOCPEACTBEHHO HAWTK BXOOHOE
COMNPOTUBIMNEHNE LIENN OTHOCUTENBHO 3aXXMMOB b 1 C He yaaeTcs, Tak Kak



CXemMa He COAEPXUT HM nocreanoBaTenbHO, HU NapansiefibHO COeANHEHHbIX
BETBEW.
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Puc. 6.11. BxogHoe conpoTuBrneHne ABYXMNOSTHOCHMKA

K pewseHunto npuBogmt npeobpasoBaHme TpeyrosibHMKa CONpoTUBNEHUI B
3KBMBANEHTHYO 3Be3ay (puc. 6.12).

Cxewma puc. 6.12, a nony4aeTca n3 Lenu Ha puc. 6.11, ecrnv MbICIIEHHO
pa3BepHyTb ee, NOTAHYB B pa3Hble CTOPOHbI 3axumbl D 1 C.

MNpeobpasoBaTh B 3B€3[y MOXHO TPEYronbHWK, COCTOALLNIA U3 BETBE
Re, R4 1 Ry, BeplumHamu kotoporo asnstoTes yansl a, b v d.

ConpoTtusnenus 3gesabl K,, Ky n R; (pyc. 6.12, 6) npucoeanHa0TCA
K TeM Xe y3nam u onpefenstoTcs no creaylowemy npasuny.

ConpomusrieHue 38e30bl, MPUCOEOUHEHHOE K HEKOMOPOMY Y311y,
pasHo npou3eedeHUr CornPomMueneHuUli mpeyaorbHUKa, npucoeOUHEHHbIX
K 3momy y311y, OefIEHHOMY Ha CyMMYy CONpomuenieHuli mpeyaosbHUKa.

B cooTBeTCTBUM C 9TUM npaBunom

RoReg . p __ Ray o RqRy

Ry = , Ry = , Ry = :
R, + Ry + Ry R: + Ry + Ry R, + Ry + Ry
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Puc. 6.12. lNpeobpasoBaHune TpeyronbHUKa B 3Be3ay

O6Lwee conpoTMBEHNE NONy4YEeHHON cxeMbl (puc. 6.12, 6), paBHoe
BXOZAHOMY COMPOTUBIIEHUIO ABYXMNOSIOCHMKA, OnpeaenseTcs npocTo:

(Ry +R5)(Rz +R3)
R,+R:+R;+Rg

RE:.:: = Rax = RE: +

M OHO OOJTXHO NOoNy4YnTbCA paBHbIM BeJTUHNHE RE-’ HangeHHON n3 pexmnvon
XOJ10CTOro xoga n KOpoTKOro 3amMblKaHUA. R:} = RBX-

7. ONPEAENEHWE HANPAXXEHUA MEXAY IBYMA TOYKAMU
ANEKTPUYECKOW LIEINU

OTa 3agaya nNpu pacyeTe ANEeKTPUYECKUX Lienen BCTpeYaeTcsl O4eHb YacTo.
MycTb, HANpuMep, B Lenn Ha puc. 2.1 TpebyeTcs HANTU HaNpsaXXeHne Mexay
TOYKamMmM m u n.

Mpexae Bcero Heob6xoanMMOo NnokasaTb Ha CXEME MIM MbICIIEHHO NpeacTaBUTb
CTPEnKy 3Toro HanpsixeHusi. E€ HanpaeneHue onpeaensieTcs NopsiaKoM

crnenoBaHuns uHaekcoB y oykebl LS. [ing Hanpsbkenns L7, oHa HanpaBneHa

OTTOYKM M K ToYke N. Ecnu Mbl MeHsiem MmecTaMu uHaekcsl y 6yksbl L7, To
crneayeT U3MEHUTb W HanpaBrieHne CTPenkn Ha cxeme. MNpu 3Tom npu

pacyeTe MeHsieTCsi 3HaK NMOofy4eHHOro HanpskeHust, Tak kak &/, = —{/,...



[anblue 3anuceiBaloTCA ypaBHEHUS MO BTOPOMY 3akoHY Kupxroga ans
noboro KOHTypa, BKNYaroLwero B cebsa aTy CTpernky, kak 6bino caenaHo npu

pacuete Hanpsbxkenunt L. n U7 . Tak, ons konTypa m31nm npu obxoae ero
No YacoBOW CTperke

Byo=-U,, —I.Rq+IzRj.
OTclopa
Upw =—Eo — IRy + IR (7.1)

Mpy COOTBETCTBYIOLLEM HaBblke NocneaHAs opMyna MoXeT GbiTb 3anucaHa
cpasy, 6e3 cocTaBneHusa ypaBHeHUs BTOPOro 3akoHa Kupxroda.

B yka3aHHOM kOHType Hanpsikenue L7, . cknagbliBaeTcs n3 Tpex
HanNpPs>KeHWN:

U =Uma + 891 + U5 (7.2)

Mopsiaok nHaekcoB y 6ykB U COOTBETCTBYET NOPSAKY, B KOTOPOM Mbl
MPOXOAMM Y4aCTOK 3NIEKTPUYECKON Lenun, UAs OT TOMKM M K TOYKE N Mo

anementam K4, Rg n E5.
Tenepb HAaX0AMM 3HaYEHUE KaXaoro CraraeMoro B MoCneaHeM YpaBHEHUN.

BenuunHa {3, onpegensiowas HanpsikeHue mexay Toukamm m u 3,

npeacrasnseT coboi nageHue HanpsxxeHus Ha conpoTtueneHun K4, KoTopoe
Mbl OMKHbI B3AATb CO 3HAKOM MUHYC, TaK Kak OT TOYKM M K TOYKe 3 Mbl MAEM
npoTue Toka f4:

AHanorn4yHo
U3y =Ug, =I5Rs.

30echb B NpaBoi YacTu ypaBHEHUS CTOUT MIIOC, TaK Kak MbICIEHHas cTpernka
HanpsbkeHusa £791 u Tok J HanpaeneHbl B 0QHY CTOPOHY.

TpeTbe cnaraemoe L/ npeacraBnsaeT coboi HAaNPsXKeHUe Ha 3axnmax

NCTOYHMKA. ECcnn BHyTpeHHee conpoTnBneHne nocnegHero paBHoO HyIo, TO
9TO HanpsXXeHue no BenuyuHe pasHo B C, a 3HaK ero 3aBMCUT OT B3aNUMHOIO
HanpasneHnsa cTpernok Hanpsxxenna n 3AC (puc. 7.1).



u s
_‘-. ..ﬂ_
ao—@—of} ao—@—ob
- + - +
Ir'=-F U=E

Puc. 7.1. HanpskeHne Ha 3aXmmax MCTOYHMKA
PaccmoTtpum puc. 7.1.

I'Ip|/| yKa3aHHOl7| Ha cxemMe MNnoJdpHOCTUN 3aXXMMOB NCTOYHUKA noTeHuunarn
TOYKM b BbIlLE NOTEHUMana TOYKMN a Ha BEJTMHUNHY S,D.C

Pr — Py :Uba =E.
[MoaToMy nNpu oauHaKoBbIX HanpasneHusx ctpenok L7 n E (puc. 7.1, a)
U=Uy=-U,,——E.

Ecnu HanpasneHus ctpenok L7 n E npoTMBononoxHsl apyr apyry
(puc. 7.1, 6), TO

U=U,, =K.
C yyeTOM ckaszaHHOro HanpsxeHue Ha y4acTtke 1n (cm. puc. 2.1) paBHO

MoacTaBnas HanO4EeHHbIE 3HAaYEHUS HANPSPKEHUA Ha ydacTkax B oopmyny
(7.2), npnxoaum K BblpaxkeHuto (7.1).

To xe camoe HanpsikeHue, onpeaensieMoe no y4yactky m2n, 6yaeTt paBHO

Upn =Upo + Uy = B4 — I3 R5.

PaaymeeTc;l, BblHUCIIEHUE OOHOIO N TOrro Xe HarpsaxeHnd no AsBym
pa3nn4HbIM cbopmynaM OOJDKHO NpUBECTUN K OOMHAKOBbLIM pe3yribTaTaM.

8. NOCTPOEHUE T’PA®UKOB

8.1. O6wume TpeboBaHMA K ochopmneHuro rpachmkoB. 3aBUCUMOCTb
MOLLHOCTM OT TOKa

lMpaBuna nocTpoeHna rpacukoB pacCMOTPUM Ha NpUMepe 3aBUCUMOCTH
MOLLHOCTM P; BblOensioLencs B CONpoTUBNEHM NEPBON BETBU, OT ToKa |1 B
3TOM BETBW. JTa 3aBUCUMOCTb OnpeaenseTcs ypaBHeHMeM 6anaHca
MOLLIHOCTEN B cxeme puc. 6.1, 6:

EJ,— E.JJ =1{R/+ I?R,.

Tak kak I12R1 =P, 10



2
P =(E\-E;)I| -1 R;. (8.1)
Puc. 8.1. 3aBHCUMOCTEH MOIITHOCTHA OT TOKA

9T0 — ypaBHeHMe napabosibl CO CMELLEHHOW BEPLLUMHOW U HanpaBneHHbIMU
BHU3 BeTBAMM (puc. 8.1).

3
P1

5
B

0 %I,,' S

Fuc. 8.1, 38EMCHMOCTE MOLWHOCTH OT TOKA

3HayeHnsa TokKa, NPN KOTOPbIX napa6or|a nepeceKkaeT ropu3oHTalribHyH
OCb, HaxogATCA U3 ypaBHEHUA

(E1—E,)—I{R, =0
N COOTBETCTBEHHO paBHbI

n=5"% ,p_o

3

Mo cmbicny 1| — aTo TOK, NpoTekatoLwmii B cxeme puc. 6.1, 8 npu
3aKOpOYEeHHOM conpoTueneHun K. Mpu Toke, paBHOM MOMNOBUHE 3TOrMO
3Ha4YeHus, MoHocTb P makcumansHa:

2
(E‘l _Ea)
4K,

MNpeanonoXxmMm, 4To napameTpbl Lenu Ha puc. 6.1, 8 UMeIOT creayouime
YUCNEHHbIEe 3HaYeHUS:

E,=724B; E;=130B; R, =43,60m.

Mpexne Bcero HaxooMM MakcMMarbHble 3Ha4YeHus abeLumcebl U opanHaThl,
koTopble ByayT onpeaensTb pa3Mmepsbl rpaduka. B Hawem npumepe — 310

3HaveHus J1 v P

Pz = P | ﬁ:l

1 1.
— (B —E)~I}—(~I))R, =
iy (E 3)21 (2 1) R,



B —E, 130-724

—1,32A:
R, 43,6

If=

P = (%f{)zﬁza —(0,5-1,32)? . 43,6 = 19BT.

Mcxogs ns aTux BenuuuH 1 npegnonaraembix pasmepoB rpaduka,
Bblbupaem macutab, KOTopbIr yKa3blBaeM Ha Kaxgon ocu rpadumka B Buae
paBHOMEPHOM LUKasbl.

B ogHon eanHuue onnHbl (CaHTUMETPE, MUINIIMMETPE) MOXET coaepKaTbCs
m - 10" MMeHOBaHHbIX eaMHULL. 34eCb N — LIeIoe YNCIO, MOMOXUTENbHOE UMK
oTpuuaTternibHoe, a Ana m pekomeHaytTcs ymucna 1, 2, 5.

MonoXutenbHble 3HAYEHUS BEMNYMH OTKNaablBalOTCA BNPaBO Mo OCU
abcuuncc n BBepx No ocu opanHar.

B koHuUe kaxgon ocu ctaButcs BykBeHHoe 0603HauYeHne oTKNnagbiBaeMon
BENUYUHBI 1 YEPE3 3anATYy0 — ee eanHNLA N3MEPEHUS.

Ecnu rpadmk cTtpouTtcsa Ha 6enon (HenMHoBaHHOW) Bymare, TO YepTUTCSA
macltabHas ceTka.

[laHHble ans nocTtpoeHna rpaduka paccuntoiBaem no opmyne (8.1) n
cBoAUM ux B Tabnuuy (tabn. 8.1).

Tabnuuya 8.1
[aHHble ans noctpoeHna rpaduka
I
0 02| 04 o5 o6 °%°| o8 o9 1| 12|
A
A
97, 16, 17,| 18, 18,| 16, 1| 6,3
B 0 8 1 9 9 19 2 5 4 4 0
T

Puc. 8.2. [Ipumep noctpoenus rpaduka

Abcuuccbl ToYeK, BbibupaembIx A NOCTPOEeHUs rpadumka, xxenaTernbHO
pacnonaratb No ocu paBHoMmepHo. Ho B6rM3un xapakTepHbix obnacrten
KpMBOW (B HawleM criydae y BepLUnHbl napabornbl) TOYKM MOXHO B3ATb Yalle.
B Tabnuuy BHeCeHbl Takke 3Ha4YeHNss MakCUMarbHOW MOLLHOCTU 1 TOKa,
KOTOPOMY 3Ta MOLLHOCTb cooTBeTCTBYeT. [1pn nocTtpoeHun rpadurka ymcna u3s
Tabnuupbl Ha OcsiX He nokasbiBatoTcs (puc. 8.2).



F, BTt

T
5 N

0,2 04 06 08 1 12 141, A

T

Fuc. 82 Tpumep NOCTpoeHnA rpadka

8.2. 3aBMCMMOCTb TOKa OT ConpoTunBIiEHUA

3aBMCUMOCTb TOKa B NEPBON BETBU OT COMPOTUBIIEHNSA 3TOM BETBU CTPOMM MO
ypaBHeHWIo (6.2), KoTopoe npu BbiGpaHHbIX 3HaueHusx £, By n R,
NPUHUMaET BUA:

57,6

=22
Ry +436

MoacTaBnssa clofa pasnuuHbie 3HaYeHnst conpoTuBneHns Ky, npuxogum K
pesynbTaTam, NpeacTaBneHHbIM Ha puc. 8.3.

Ry, I A
Om I, A
0 1,32 12 \
10 1,07 10 \
20 0,91 08 \\
' H""‘-R
30 0,78 06 P
40 0,69 T
0.4
50 0,62
0.2
60 0,56
70 0,51 0 10 20 30 40 50 B0 R, OM
80 0.47 Puc. 8.3. 3aBMCUMOCTb TOKa OT CONPOTUBIEHUS

8.3. BHelwHAA xapaKkTepucTUKa NICTOYHUKA SHEpPruun

BHelLHASA xapaKTeprcTKka UCTOYHNKA 3Heprum (reHepaTtopa) npeacraenseT
co0O0li 3aBUCMMOCTb HanpsKeHNS Ha ero 3axkMMmax OT NPOoTEeKatloLLEro No Hemy



Toka. [1nga uenu, nsobpaxeHHon Ha puc. 8.4, a, oHa
BblpaxaeTcs ypaBHeHuem LV = E, — IR, . B cooTBeTCTBUM C
3TVMM YpaBHEHMEM HarnpsiKeHUe Ha 3aXKMMax UCTOYHMKA
MeHblue O[C Ha BeNMUYMHY NageHus HanpsiKeHUst Ha ero

BHyTpEHHEM conpoTmBneHnn. O6LWKnn BUA XapakTepUCTUKN
nokasaH Ha puc. 8.4, 6.

0

Puc. 8.4. BHelWHASA xapaKkTepucTnka NCTOYHNKA SHeprum

8.4. NoTeHunanbHaa gnarpamMmma

MoTeHumanbHaa guarpamma npegcrasnseT cobon rpaduk pacnpegeneHus
noTeHumnana BAoMb HEKOTOPOro KOHTypa. 1o 3agaHnio 3TOT KOHTYP OOSTKEH
BKNtoYaTb ABa UctoyHuka SC. Takum MOXeT ObiTb, HANPUMEP, KOHTYP,
COCTOSILL M U3 NEPBOKN, YETBEPTON M TpeTben BeTBeN (cM. puc. 2.1). Ha
puc. 8.5 OH NokasaH OTAENbHO.

Puc. 8.5. Kourtyp
ANEKTPUYECKON LIenn

Touky mexay nctourukom AC K¢ n conpotusnennem Ki 0603Haumm
Kakon-HMbyab 6yksomn, Hanpumep, byksown d. NoTeHumanbl Tovek 2, 3 n 4

N3BECTHbI N3 METOAA Y30BbIX NOTEHUMANOB, a Anda Todek m n d genaem
cnegyrowme pacyeThbl:

Py =P3 —L{4Rq v @, = @3 + B4,

Py =Pq — LRy @, =pa — Eq.

I'Ipep,nonomMM, YTO HaM 3adaHbl crneaywwme 3Ha4YeHnA COI'IpOTVIBJ'IGHVIVIZ



R, =300m; Ry =26 0m; Ry =59 Owm,
a [N NoTeHUMarnos Mbl NOMYYUnu:

@q=0; ¢y =-15B; (3 =70B; @, =48B; ¢, =28B.

MoTeHunanbHas guarpamma, COOTBETCTBYHOLLAS 3TUM AaHHbIM,
npeacrasneHa Ha puc. 8.6.

Mpn NoCTpoeHUn anarpammMbl KOHTYP 06X0AMM MO YacOoBOW CTPENkKe, HaunHas
C TOYKM 4 (BoOOLLE, HAaYanbHY TOYKY M HanpaBreHne 00xoaa KOHTypa
BblOMpaem nponsBonbHO). Mo ocn abcuunce oTknaabiBaeM 3Ha4YeHus
CONPOTUBMNEHNI B TOW NOCNEA0BaTENbHOCTU, B KOTOPOW OHN HaM
BCTPeYalTCs, a No OCh opanHAT — NoTeHUMarnbl COOTBETCTBYHOLLMX TOYEK.

MoTeHunanbHas guarpamma gaeT NoSHY MHopMaLnio O
paccmaTpmBaemMoM KOHType. KpoMme conpoTUBIIEHUI OHA NOKa3biBaeT
Benn4YnHbl U HanpasneHns 34C. C eé NoMOLLbI0 MOXHO onpenennTb Takxke
HanpshkeHne mexay AByms nobbimm Toukamu. Ha puc. 8.6 nokasaHo, Kak
onpegensieTcs HanpsbkeHne mexay Todkamm 3 n 2. OHO paBHO

Ugg =g — P2 =70-28=428B.
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Puc. 8.6. lNoTeHumanbHaa gnarpamma

9. COAEPXXAHUE PACHETHO-TPA®UYECKUX 3AOAHWUIA NO TEME
«PACYET J3JIEKTPUHECKOU LENMK  OAOHO®DA3HOIO
CUHYCOUOANBHOIO TOKA»

9.1. 3apaHue Ne 1

[ns cxembl, 3a0aHHON CTYQEHTY B COOTBETCTBUN C €r0 BApMaHTOM (CM.
nogpasg. 9.4 n 9.5), TpebyeTtcs:

1) HanucaTb ypaBHeHUs Mo 3akoHaMm Kupxroda n metony KOHTYPHbIX TOKOB
(pewaTtb 3T ypaBHEHUS He crieayeT);
2) MeToLOM Y3S10BbIX NOTEHUMANOB paccynTaTb TOKU B BETBSAX, cAenartb
NPOBEPKY HaNOAEHHbLIX TOKOB MO NepBoMY 3akoHy Knpxroda;
3) paccunTaTb MOLLHOCTU Ha BCEX y4acTKax Lenn, coctaBuTb BanaHc
MOLLHOCTEMN.

9.2. 3apgaHue Ne 2

1. HanucaTb BbipaXXeHUsi MTHOBEHHbIX 3HA4YEHUN HaOeHHbIX TOKOB.
HauyepTuTb BONHOBYIO AvarpaMMy Toka .



2. MMocTpouTb BEKTOPHYIO Tonorpadunyeckyo agnarpaMmmy Hanps>keHun,

COBMECTUB €€ C BEKTOPHOW JuarpamMmmon TOKOB

3. Onpegenutb NokasaHWe BaTTMETPA M HaNpsbKeHne Mexay ToYKaMmu m u n.
9.3. 3agaHue Ne 3

1. MNpeobpasoBaTb 3a4aHHYHO AMEKTPUYECKYIO Lienb, NpeacTaBnB ee B BUAE
nocnegoBaTesibHOro CoeANHEHNS 9KBUBANEeHTHOro reHepaTtopa 1 NnepeMeHHo-
ro anemMeHTa TpeTben BETBU (NEPEYEPKHYTOrO HAa CXEME HAKITOHHOW CTpers-
KOW).
2. [1na nony4yeHHON Hepa3BEeTBIIEHHON Llenn NOCTPOUTb KPYroByto Anarpammy
TOKa.
3. HanTtu no kpyrosoun guarpamme BefMYMHY TOKa Npu 3aaHHOM 3Ha4YeHUU
BEJTMYNHbI NEPEMEHHOIO CONPOTUBIIEHUS.
4. MNocTpounTb rpadmk 3aBUCUMOCTU TOKA TPETbEN BETBU OT BESTUYNHDI
nepeMeHHOro ConpoTUBIEHNS:
a) C MOMOLLIbIO KPYroBoM anarpamMmmeil;
6) pacyeTtom no popmyne 3akoHa Oma.

BapunaHTbl cxeM 1 AaHHble ONs pacyeTa NpuBELEHbI HUXKE.

9.4. BapuaHTbl cxemM ans pacyeTta Lenu cuHyconaanbHOro Toka
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9.5. UncnoBble 3HAYCHUA MAPAMETPOB LeNM CHHYCOMAATBLHOI0 TOKA

g%wl, v B | L Y .g%Elm.EEm o &3, Fs .ggf"q.q Lo
= § rpan. (rpag. | Om [ mrH | e T § B B | OM | MIMH| MED I § QM| MCH| MED
1 35 | =25 | &0 (254 &3 1 200 | 230 |80 |26 36 1 (45 162|152
2 |135 | 0 |48 1| 82| 2 (220 | 255 |78 (273 30 2 |38 261 | 60
3 70 10 |83 (17586 3 | 190 | 220 |83 |156( 45 3 |42 382 36
4 |18 108 |62 |223| B2 || 4 | 230 | 265 |79 |267 | 31 4 |39 318 47
5 |-BO0| BO [ 47 189101 & | 240 | 280 (82 |184| 42 5 (411197 94
B [-100) 20 (55 |163|120) B | 260 | 290 (75 |302| 28 B[40 1334 41
7 40 | 160 | 46 (207 72 7 (180 | 208 |84 (210( 37 743|238 63
a 20 |-40) 54 (MBS 93 | & (260 | 300 |77 (248 32 g |37 |229| 77
9 |—45| /5 [49 143141 9 | 210 | 242 (85 |286| 29 9 |36 350 42
0 [-70] &0 [ &1 |270] &1 0O (170 ] 195 |81 [242] 33 0 (44 |280] &R

MpumeyvaHme. Yactota 3C BO BCex BapmnaHTax coctasnsaet 50 'y
10. BEUCTBUA HAQ KOMIMJIIEKCHBIMU YUACITAMU

HanomuHaeM, YTO KOMMIEKCHbIM YACIIOM Ha3blBaeTCs BblpaxeHue Buaa
¢=a+ jb,

roe ;=./-1 — MHUMasa egnHULA.



Y 9
+7 ¢
R |
| b 910 — anrebpaunyeckas dbopma KOMMNNEKCHOro
| yucrna. Ha komnnekcHoW nnockocTn emy
o | COOTBETCTBYET BEKTOP & , @ COCTaBNsLne &
| n b onpenensioT ero NpoekLmmn Ha ocu (puc.
0 = Ny 10.1).

Fuc. 101, BekTop Ha KOMNNEKCHOA NNOCKOCTH

Puc. 10.1. BexTop Ha KOMITJIEKCHOH IJIOCKOCTH

Tak kak

d=cC COSOL, (10.1)

b=csina, (10.2)

TO, Ucnonb3ysi opmyny dunepa
coso+ jsina=e’”,
NONy4YMM TaK Ha3bIBaeMyHo nokasartesibHyto hopMy KOMMIIEKCHOIO Yncrna
¢=ce’'”.

Mpw BLINONHEHUN pacyYeToB HaM HEOGX0AMMbI 06e hopMbl 3annCK.
Anrebpaunyeckas Hy>xHa Ans CNOXEHUS U BbIMUTaHUS KOMMMEKCHbIX YniCcen, a
Takke ANs BbINOMHEHUS NPOBEpPOokK No 3akoHaMm Kupxroda n 6anaHcy
MOLLHOCTEN. YMHOXeHME 1 AeneHne LenecoobpasHo BbINoMHATb B
nokasaTtenbHol popme. MNMocneaHss HyxXHa eLlle U NOTOMY, YTO BENNYUHbI
TOKOB M HanpshKeHUn onpeaensaTcs MOAYNSIMU COOTBETCTBYIOLLIMX
KOMMIEKCHbIX Yncen.

OTn coobpaxeHnst TPeBYIOT HaNMcaHWs BCeX pe3ynbTaToB B 0benx dhopmax.

lMepeBopg 13 nokasaTenbHON OpPMbI B anrebpanyeckyto ocywecTBnseTcs no
dopmynam (10.1) n (10.2). O6paTHbIN NepeBo MOXHO BbINOSTHUTb C
NOMOLLIbIO BbIPaXXEHWUI:

a
¢ =-~a’+b* ; OL=arccos — (10.3)

C
nnn B Apyrom nopsdagke:



o = arclg E ; (10.4)
d b

= = .
COSCGL SO

I'Ipvl pacyeTax TPUroHOMeTpn4EeCKMX BEJIMYNH HA MUKPOKAINbKyNnATOpEe
HeO6XOﬂ,VIMO BHUMATEJIbHO CIlieanTb 3a noJiyydaeMbiMU pe3yribTaTaMu.

Tak, ecrnv Mbl UMeem KOMMrekcHoe Ynucno ¢1 =4 — j3 1 onpenensiem ero
aprymeHT no gopmyne (10.4), To nony4yaem

oLy = arctg ? = arclg(-0,75) = -36,87".
Ons uucna €7 =4+ i3 nveem
3 o
Ly = a}‘crrg—4 = arctg(-0,75)=-36,87".

[Mony4mnun TOT Xe cambli Yron, XOTa ACHO, YTO apryMeHTbl 3TUX
KOMMSIEKCHbIX Yncen pasnuynbl (puc. 10.2).

+ i
(-?2 MpasUnbHOE SHEYeRUe
3 / aEyMERE .’_IE
-4 4
0 J o, | +
Wy = —36,87°
-3

2
Puc. 10.2. OnpeaeneHne aprymeHTa KOMMEKCHOro ymcna

Kak BUOHO M3 pUCyHKa, apryMeHT BTOPOro KOMMEKCHOro Yncna HanaeH
HEBEPHO.

Ecnn 6ykson Y 0603Ha4MTb yros, BblaaBaeMblil KarbKynaTopoMm, TO B 060mx
cnyyasx Wy =-36,87°.



Ho ot =y, a oy = y+ m=-36,87" +180° =14313".
Moatomy
£:,1 _ 56—;35,8? : f:’E _ 5€j143,13 .
To ecTb aprymMeHT KOMMSIEKCHOIrO Yncria Mbl onpegensem ¢ NoOMOLLbLO
PUCYHKa, Hangs no npoekumnsam BekTopa (No BeweCTBEHHOMW N MHUMOW

COCTaBMSLWMM KOMMMEKCHOrO Yncna) KBagpaHT, B KOTOPOM 3TOT BEKTOP
HaxoauTcS.

AHarnornyHasa cutyauma nonydaeTcs, Korga y KOMMANeKCHbIX YNCEN
Eqa=—4+J3 cq=—4—j3
Mbl o obopmynam (10.3) cHavana onpegensieM Moaynb
c3=cq=4" +3° =5,

a 3aTeM aprymeHT
_4 )
Y = arccos ? = arccos(-0,8)=14313".

A B TOM, 1 B gpyrom crniydae mMbl Nosiydaem OAMH N TOT XXe pesynbTar, XoTA
Ha caMOM [efie apryMeHTbl 3TUX KOMMMEKCHbIX Yncen pasnuyHbl (puc. 10.3):

¢q =—4+ j3=56e/ Y,

¢, =—4— j3=5¢ 714315

3 w3 + A
ag =i =143,13°
4
0 T g

_3 #¢,

Puc. 10.3. ConpsiKeHHble KOMMNIEKCHbIE YMcna



HanomuHaem, 4To ABa KOMMSIEKCHbIX YMcra, n3obpaxaemble Ha KOMMIIEKCHOM
NSIOCKOCTU BEKTOPAMU, CAMMETPUYHBLIMU OTHOCUTENBHO BELLECTBEHHOW OCH,
Ha3bIBAOTCHA COMNPSXEHHbBIMMU.

Ha nepBom aTane BblYMCNEHUI B NOAOOHbIX 3aTPYAHUTENbHbIX Cry4Yasx
PEKOMEHAYETCS pUCOBaTb BEKTOP HA KOMMIIEKCHOW NNMOCKOCTU U 3anncbiBaThb
KOMMJIEKCHOE YMCO C MOMOLLIbIO 3TOrO pUCyHKa. B ganbHelwem, no mepe
NpMoOpeTeHns HaBblka, HAAOOHOCTb B TAaKUX PUCYHKax OTNadérT.

lMpuBeneHHbIe Bbie PopMYyrbl MOXHO UCMONb30BaTh NPSIMO B TOW
nocrnegoBaTenbHOCTU, Kak OHM 3anucaHbl. O4HaKo 3To He Bcerga yaooHo.
Hanpumep, npu npoBegeHUM BbIYUCTIEHNIN HA MUKPOKaNbKynaToOpe no
dopmynam (10.1) n (10.2) npuxoantcsa aBaxabl HAbupaTb Ha knasmnaType ¢ U

¢ — OAVH pa3 Ans onpefeneHus ¢, BTOpPo pa3 Ans oTbickaHus .

Bbinyckaemble B HacTosiLLee BPEMSI MUKPOKAbKYNATOPbl UMEKT PerncTpbi
NamsaTK, YTO NO3BOSIAET COCTaBUTb TaKyl NOCNEeA0BaTENbHOCTb HAXaTUS
KnaBWLL, NPY KOTOPOM Kaxkaas cCoOCTaBnsAoLLLas KOMMIIEKCHOro YyMcna
HabupaeTcsl Ha KnaBMaType TONbKO OAMH pa3. XOpOoLLUO N3y4nB CBOM
MUKPOKAIbKYIIATOP Y MHCTPYKLMIO K HEMY, y4aLLUACS MOXET cam
paspaboTtaTb yaobHble ans cedbsa metoawl. [pu paboTe ¢
nporpaMMumpyeMbiM MUKPOKarbKyNAaTOPOM MMEETCS BO3MOXHOCTb
COXpaHUTb NporpaMmy B NamMaTn MawwuHbl. Kak 3To genaeTcs, MOXHO
npounTaTb B PyKOBOACTBE MO 3KCMnyaTauum MMKpPOKanbKynsatopa.

B no6Gom criyyae BbiGpaHHbI METO BbIYMCIIEHWUI HYXXHO MPOBEPUTL C
MOMOLLIbIO KOHTPOSbHbIX 3a4ay.

Hanpumep:

4_j3:5€—j35,8?u _3+-}_4:5€_}125,B?D
~8- j6=107""*1%; 64+ j8=10e717

11. PACYET CJIOXXHOW ANEKTPUYECKOM LEENMN OOQHO®A3HOIO
CUHYCOUOAJIbHOI'O TOKA

PeweHne noctaBneHHbIX B nogpasg. 9.1-9.3 3agay paccMoTpmm Ha
npumMmepe anekTpuy4eckon Lenu, nokasaHHon Ha puc. 11.1. HanomuHaem,
4YTO ANS pacyeTa ANEeKTPUYECKNX Lienen CUHycomaanbHOro Toka
NPUMEHSAETCS CUMBOSIMYECKNIA MeTOA, Basupyowmmncsa Ha NPUMEHEHNN
KOMIMIEKCHbIX YNCEeN, U MEeTOA BEKTOPHbLIX AMarpamm. Tak Kak
MaTeMaTM4YecKuin annaparT, nexalimmn B OCHOBE 3TUX METOAO0B, ABNAeTCH
ANA CTYyQEeHTOB HOBbIM M 4YacTO BbI3blBAET onpeaeneHHble TpyaHOCTH, BCe
BblYMCNEHNA NOKaXXeM noapo6Ho.



[MycTb NnapameTpbl 3aaHHON 3NEKTPUYECKON Lienu NMEeIT criegyroLme
YMCIIOBblE 3HAYEHUSA:

e, = 174sin(wx + 50°)B, e, = 350sin(et + 125°) B,

R{=300m, C1=318mKd, F=50Ty,
R5 =200m, I, =0,1TH,
Ry =200m, I3=025TH, C5 = 80 MK®.

| 0]

Puc. 11.1. CnoxHas anekTpuyeckas uernb ogHogasHoro CMHycongasnbHoro
TOKa

Onpe,u,enﬂeM peaKkTuBHblE COMPOTUBIIEHUA BETBEMN:

1 1 1
X1 = = = —+=10 Owm;
wCy 2nfC; 2rx-50.318-10

1
x3 =Ly = 31,4 Om; X, = ®Lg = 78,5 OM; 3¢, = ——= 39,8 Om.

(ﬂCS
3anucbiBaeM KoMnnekcHble 3HadeHuss Q0 C n conpoTUBNEHUM:
E, = Em i 174 5507 _ g8t — 79,06+ j94,22B;
2 =
: E - 350
Fo =22 giv2 P00 o4750/%5 _ 4424 72027 B

2° TR



Zy=Ri— jx = 30— A10=3162¢"7"%%" on
Zo = Ro+ jxy =20+ j314=37,23¢"%"%" o

Z3 =Ry + j(x1, —xcy) =20+ j387 = 43,56e'%%F" Om

[NpeacTaBneHne Kaxxaon BeTBY B BUAE OQHOMO KOMMMEKCHOMO
conpoTumBreHna Z no3sonseT n3obpasuntb cxemy B 6onee KOMNakTHOM
Buae (puc. 11.2).

Puc. 11.2. KomnaktHoe n3obpaxxeHne anekTpuyeckon uenm

Takoe nsobpaxeHne NONHOCTLIO COBMadaeT C COOTBETCTBYHOLLEN LENbHO
MOCTOSIHHOIO TOKAa, U paccyYnTbIBaTbCS 3Ta Lenb MOXET TEMU XKe CaMbIMU
mMeTogamu. Hanpumep, nepsbiv U BTOPOKM 3akoHbl Knpxroda nveroT 3gech
cnegyowmmn Bua:

E\—Ey=11Z,-1:2y; BEo=F2Z,+125 I,+1,=1;.
MeToay KOHTYPHbIX TOKOB COOTBETCTBYIOT YPaBHEHMS:
By —Ey =1, (Z\+Z)) -1, Zy;
Ey=L(Zy+Z3)-1,Z3;
=iy In=ly—1Ip; I3 =1y

3apaHHas uenb CooepXKUT BCEro ABa y3na, no3ToMy 3aeck Hanbonee
LileriecoobpasHo NPUMEHSATb MeTo/ Y3OBbIX MOTEHLMANO0B, TaK Kak B 3TOM

Clnly4yae COoCTaBIiAEeTCA TOJIbKO OAHO ypaBHEHUeE. anIMeHeHVIFI 3TOro MeToaa

TpebyeT n ycriosme 3agaym.

11.1. PacuyéT ToKoB. [lpoBepkKa pacyéTa



MpvHMMaem noTeHLMan o4HOro 13 y3noB paBHbIM Hymto ( . = 0) 1
3anvcbiBaeM y3rioBoe ypaBHEHUE AN BTOPOro yana:

¢, (¥1+ Yo + ¥3) = BT, + B, T,

,El,anbme onpegendem KoOMmnieKkCcHblie NpoBOONMOCTH BETBEWN:

¥, 1 1 _=107.3163¢"%" =107 (30+ j10) Cm
Z1 3162¢ /1843
AHanorn4yHo

¥, =26,86.10 72 7797%" 2107 (14,43 j22,66) Cm,
¥y =2296-10 727928 _ 103 (10,54 - j20,40) Cm.
Tenepb paccunTbiBaeM noteHuman ysna e:

_ E1I’r*| -I-EQFQ _
Y*] +Y2 +Y3

e

123070 .3163.1072. 71547, 247507175 . 2686.107 . ¢7/57 5T
107 (30+ 710+ 14,43 2266+10,54— 20,40)

3890074 | 664807 1434 3618+ 2545+ j6142
107 (54,97 - j33,06) 107 (54,97 - j33,06)

jE?,B‘ﬂrD . o
B 10,54¢ _ 1 64?3€J98=BE =-2531+ j1623B.

107 .684,15¢~73107

MpumeHssa 3akoH Oma Ans ydacTka Lenun, HaxoauMM TOKU BeTBEMN:



. — P, +E;  2531- j1623+79,06+ j94,22 B

I1 = = -
Z 31,62¢ 71843
—3941714%9" _3812_ j0,999A,;
. o — o+ E _ .
i, =2 gé' 2 _3317e/'3% _ 0769+ j3227 A
2
I = (p‘fzf—"’“" —3772¢7%1%° _ 3044 j2207A
3

Henaem npoBepky no nepsomy 3akoHy Knpxroda. Cymma ToKkoB nepBou u
BTOPOW BETBEN A0MMKHA ObITb paBHa TOKY TPETbLEN BETBM.

lNpoBepsiem:
f»l + fg =3.812- j0,999- 0,769+ 73,227 =3.043+ j2,228 A,
fg =3.,044+ j2227 A

PacxoxaeHne oGHapyXmMBaeTcs TONMbKO B YETBEPTOW 3HavaLLen umdpe, 4To
[laeT OTHOCUTENbHYIO NOrpeLLHOCTb pedynbTata meHee, Yem 0,05 %.

BenunuuHa Toka onpegenseTcsa Moaynem KomnrnekcHoro Yymicna. Moatomy,
€CI1 B KaXXayto U3 BETBEW BKINIOYMTb aMnepMeTpbl, TO UX NokasaHusa oyayT
crneayoLwmumMm:

I1=394A I =332A; I3 =377A.
06pau.|,aeM BHUMaHMEe Ha TO, 4YTO
11 + 1'2 = Ig,

T. €. riepsbili 3aKoH Kupxeaogha 8bIrnoriHIemcsi morsibKo 8 8€KMOPHOU U
cumeosiudeckou ¢ghopmax. s Modyreli moKkoe OH Hecripageodrsius.

11.2. PacueT mowHocTen. CoctaBrneHne danaHca MOLLHOCTEWN

KomnnekcHasi MOLLHOCTb Ka)Kaoro MCTOMHUKA onpeaensieTcs no dopmyrne
— . *
S =K,

*
roe I — conpsieHHbIN KOMMNEKC ToKa.



Ewé pa3 HanomuHaem, 4TO CONpsiKEHHbIMU Ha3bIBaOTCHA KOMMEKCHbIE
4yucna, BEKTOPbI KOTOPbIX HA KOMMIIEKCHOM NSIOCKOCTM CUMMETPUYHbI
OTHOCUTENBLHO BeLecTBeHHON ocn (cM. puc. 10.3):
u " -D:F
¢ =a+ jb=ce’™,
H . — 7
¢ =a— jb=ce .

OHU nmetoT OOunHaKOBble MOAYJIN N paBHbIE NO BENTMYNHE, HO
NPOTMBOMONOXHbIE MO 3HAKY, apryMmeHThl.

Tak, ecrn 11 = 3,941~ 71405 10 1T =3.941071469

[MoaTomy

- .

Se = By} =123¢7%0 .3.941¢71459 —
— 484,7¢7%59 — 2073+ j4382 B. A
S, = Bol; =8217%'% = 7633+ j3022B-A
BelJJ,eCTBeHHaFI 4aCTb KOMIUJ1EKCa § onpegendeT aktTuBHyt0 MOLWHOCTb,
MHUMaA — peaKTUBHYIO, a

MOZYSb — MOSHYIO:
Fg =207 Bt; (5 =438 Bap; Sz =485BA.

[ns pacyeTa MOLWIHOCTU NOTPebuTensa npuMmeHsiem dopmyny
S$=1%7

30ecb KOMMNMEeKCHOEe COMpPOTUBIIEHNE BETBU Z YMHOXaeTcs Ha
KBagpaT Mo A4y s Toka.

Hanpumep, ans nepson BeTeuU

S =177, =3,9412 (30— j10)= 4659 1553 = 49117154 B.a,

ApaymMeHmbI KOMrieKkca MOWHOCMU U KOMIIJIeKca conpomuesieHus Ons
00HOU U mou e semseu 00UHaKOo8hbI.

MoLlHOCTN BTOPON U TPETLEN BETBEWN:
S, = 220+ 73455=4096¢'7"" B. A,
Sy = 2846+ 75506 =6198¢'7%%" B. A



banaHc MowHOCTEN, KaK 1 B LIEMNSIX MOCTOSIHHOIO TOKa BblpaXkaroLLi 3aKoH
COXPaHEHUS SHEPTNU, XapaKTepnsyeTCcsa paBeHCTBOM CYMM KOMIIEKCHbIX
MOLLHOCTEN NCTOYHMKOB N NoTpebutenein:
128 A 0 Y. 2 2
141 +E2I3 —Jr1 Z1 +IQZQ +1r323.

lNpoBepsiem:

Sg +Sg, =2073+ j438,2+763,3+ j302,2 = 970,6 + j740,4 B-A;

Si+8;+8; =9705+ j7408B- A

Hangem oTHOCUTENbHbIE NOrPELLHOCTU pe3ynbTaTa (Mo MoAyIio):

13 2%0| = 9705-9785 4 00_ 0,019
9706
7404 - 7408
85%) = |— —|-100 = 0,054 %.
7404

12. MTOCTPOEHME BONTHOBOW U BEKTOPHON OUATPAMM

12.1. BonHoBas anarpamma

Mo HaVI,ﬂeHHOMy KOMIMJIEKCHOMY 3HAa4Y€HWNIO TOKa Mbl MOXXeM 3arnncaTtb
ypaBHeEHNE €ro MrHOBEHHOIO 3HaA4YEHUA:

i=1, sin{ ot + ). (12.1)

AMMnuTyay Toka {, Mbl nony4aem, yMHOXWB Ha w@ MOZYyIb KoMnnekca
OENCTBYIOLLErO 3HAYEHUs TOKa, a HaYanbHas pasa J paBHa apryMeHTy
nocriegHero. Tak, MrTHOBEHHOE 3Ha4YeHne TOKa rnepBon BETBN,

onpegendemMoe rno HaVID,eHHOMy Bbill€ ero KOMMJieKCHOMy 3Ha4eHuto,
nveet sna.

iy = 3.942sin( ot —147°) = 5,57sin(wt —147°).  (12.2)
AHanorn4Ho:
i =3,317:2sinlot +1034°); iy = 3,772/2sin(wt + 36,2°).

"padunyeckoe nsobpaxkeHne ypaBHeHus (12.1) Ha3blBaeTCs BOIHOBOW amar-
paMmMon.



Mpwn nocTpoeHun rpaduka i (1) npexae Bcero onpeaensem Te 3HaYeHust
yrna &x , py KOTOpbIX TOK UMEET MakcuMarbHOe 3HauYeHne 1 paBeH HymIo:

i1=0 npm ¢ —14,7°=0,T.e.npu & =14,7° un

npu o —14,7° =180° 1. e. npn e = 194,7°;
f1=14, npunod —147°=90°T1.e.npn c¥ =104,7°.
Kpome Toro, Heo6xoanmo B3sTb €LLe HECKOSbKO NPOMEXYTOUHbIX TOYEK.
Mpryem gocTaToyHO B3ATb MX TONBKO AN NepPBOW NOMYBOSTHbI CUHYCOMAbI,

TakK KaK OoCTalibHasA 4aCTb KpI/IBOIZ MOXET ObITb NOCTpoOEHa U3 yCJ'IOBI/Iﬂ
CMMMETPUN.

B Tabn. 12.1 npuBeaeHbl pasnunyHble 3Ha4YeHus yrrna a¥f n CoOOTBETCTBYHOLLNE
MM 3HaYeHUS ToKa, BblMUCNEHHbIE NO dhopmyre (12.2).

Tabnuuya 12.1
[aHHble Ans NOCTPOEHNA BOSTHOBOW AMarpaMmbl TOKa NEPBON BETBU

o, 0 14,7 30 45 60 75 90 104,7
rpaa.
i, A -1,41 0 147, 2,81 3,96 4,84, 5,39 5,57

[MocTpoeHHasa no aTuM gaHHbIM KpuBasi NpeacTasneHa Ha puc. 12.1.

Ob6pawaem BHMMaHWE Ha TO, YTO Npu oTpULAaTENbLHOM HavanbHou ase
CYHycouaa CMeLlaeTcs BNpaBo OTHOCUTENBbHO Havana KoopauHar.

I,A

0 50 120 180 240 300 360 (¥, rpag,.




Puc. 12.1. BonHoBas AnarpaMmma Toka nepBoin BETBU
12.2. BekTopHaa Tonorpacpuyeckana auarpamma

O6bI4YHO BEKTOPbLI HANPsXKEHU 1 TOKOB Ha AnarpamMmmMe He OTAENSTCS Apyr
OT Apyra, a nokasblBaloTCca BMecTe, obpasysi obLuyto KapTuHy. Ecnn pacyeT
BeLeTCs B CMMBOJSIMYECKOM (hopme, TO anarpamma CTPOUTCA Ha KOMMSIEKCHOM
MNOCKOCTU B 0CsiX + U + j. [oCTpoeHue Kaxaoro BekTopa B 3TOM crny4ae

3any,D,HeHVIl7| He Bbi3bIBAeT.

Mpexae Bcero BbibupatoTcs maclwtabbl. TpeboBaHUA K HAM Te XKe, YTO U Nnpu
odopmneHun rpacukoB. YOobHbI, Hanpumep, Takne maclutabsbl:

m;r =20B/cm; m; =1 Alem
nnn

M;r =50B/cm; m; =05A/cmuT. 4.

rlpe,El,I'IOJ'IO>KVIM, YTO NOCTpOEHNE AnarpamMmmbl Mbl Ha4NHaAEM C BEKTOpPaA I*].

C nomoLLbto TpaHCnopTMpa Mbl MOXXEM OTMOXUTb €ro apryMeHT. Tak Kak OH
oTpuuaTesnibHbIA, TO OTKNaAblBaeTcd no YacoBown ctperike (puc. 12.2). AnuHa
BEKTOpa onpeaensieTcs AefleHMeM BESNIMYUHbI TOKa Ha MacluTab:

I 3,94 A
IInund geKmopa moxd = = =7.9cm.
P m; 0,5A/km

Tak kak TpaHCNOPTMP HEAOCTATOYHO TOYHbIA UHCTPYMEHT, TO AS1S MOCTPOEHUS
BEKTOpa NyJlle nonb30oBaTbcs anrebpanyeckoin OPMOoN KOMMIEKCHOro
yncna. PasgenuB ero BeLECTBEHHYH Y MHUMYIO COCTaBMSAOLLME HA
mMacLuTab, Hangem NpoekLun BEKTOpa TOKa Ha OCU:

Rel, 3812 Imi, -0999
_fen_ > =76 cM; b:m1: i

Fe =_—2CM.

Tak kak BellleCTBEHHas YacTb komnnekca Toka ( Re fy) nonoxuTenbHa, To
BENMYMHY ¢ OTKNaablBaeM BNpaBo OT Hayarna KoopauHaT, T.e. B
NONOXUTENbHOM HanpasneHny BelecTBeHHol ocu. MHumas yactb ( Im fy)

oTpuuatesibHa, No3ToOMy b HanpaBnAaeTcA BHUS3.



Puc. 12.2. locTpoeHne BekTOpa Ha KOMMEKCHOM NSTOCKOCTU

[MpaBUNbHO NOCTPOEHHasa BEKTOPHAs AMarpamMmmMa TOKOB [OJIKHa OoTpaxaTb
nepsbIn 3akoH Kupxroda. Ha puc. 12.5 BugHo, 4To ans paccmaTtpmBaemMou

Uernn 3ToT 3aKOH BbIMNOJTHAETCA: CyMMa BEKTOPOB ir*| 7] IQ OaeT BEKTOP Jrg

O6bI4HO Mbl MMeeM Aerio Co CBOOOAHBbIMU BEKTOPaMU, KOraa Kaxabli U3 HUX
MOXeT NepeHOCUTbCH napannensHo camomy cebe. MoaToMy BO3MOXHbI
pasnnyHble BapuaHTbl OQHOU 1 TOW e guarpammel (puc. 12.3). Bce atu
BapuvaHTbl XapakTepU3yKTCA TEM, YTO, BO-NMEPBLIX, KAXAbI BEKTOP UMeeT
OLHW U Te Xe OANUHY W HanpasneHue, N BO-BTOPbLIX, HA AnarpaMmme
BbIMOMHAETCA NepBbIn 3akoH Kupxroda: cymma nepsoro 1 BTOPOro TOKOB
paBHa TpeTbeMy.

AHanornyHo (13 cBo60AHbLIX BEKTOPOB) MOXET CTPOUTLCSI U BEKTOPHAS
avarpaMmmMa HanpsihkeHuin. OgHako, 04eHb YacTo MOCMEeOHIO CTPOST TakK, YTo
KaXKOOWM TOUKe 3MNEeKTPUYECKON LIeny COOTBETCTBYET TOYKA Ha KOMMIEKCHOM
MIIOCKOCTU. BekTopbl HAaNpsiKeHWin B 3TOM Crydae OKa3blBaloTCs NPMBA3aHHbIMY
K 9TUM TOYKaM U yxke He SBMSATCA cBOGOAHBIMU. BekTopHasa avarpaMmma Takoro
TUNa HasbIBaeTcs Tornorpaduyeckoit. [Ins ee NocTpoeHUst HEO6XOAMMO, NPUHSB
NoTeHUMan O4HOMN M3 TOMEK paBHbIM HYIH, paccyuTaTb NOTEHUMAnNbl OCTanbHbIX
TOYEK.

Mpumem, kak n B pacuyete, ¢, = 0.

Tak kak B emkocTn ] TOK NpoTeKaeT OT TOYKM ¢ K TOYKe ¢, TO NnoTeHuman
TOYKM ¢Z MeHbLUE MoTeHUMana ToMKM ¢ Ha BEeNWYMHY NageHnst HanpsKeHus
Ha KoHaeHcaTope C (conpoTuBreHne TOKOBOWM 0B6MOTKM BaTTMeTpa Mbl

NPUHUMAEM PaBHbIM HYNIO U NageHNe HanpsXKeHUs1 Ha Hel He yYUTbIBaeM):

Py =P, _j'l(_j-xC’]):j'ljxm .



Puc. 12.3. BapuaHTbl gnarpaMmmbl TOKOB
AHanornyHo:
Qg =@, — 1Ry,
[MoTeHumanbl BCex ToYek NepBor BETBMN Mbl onpegenunn. OgHako ¢ Lenbto
NPOBEPKN XeNnaTeribHO paccunTaTb N NOTEHLUMAr TOYKN & :

P = Qg+ Eq.
30ecb BenuynHa E 1 NpuGasnsaeTcs K .7, Tak kak no xony crpenkun 3C

BHYTPW UCTOYHMKA NOTEHLUMan NoBbillaeTcs (Mbl MAEM OT MUHYCa UCTOYHMKA K
nnLocy).

HanneHHoe no nocneaHer popmyne 3HadyeHme (P, A0MMKHO coBnagaTh C

T€éM, KOTOPOE Mbl HALLJIN MNMPU pacyeTe uenn MmeTogom y3J10BbIX
noTeHunarnos.

AHanorn4yHbIn I'IpOBepO‘-IHbIVI pac4eT noTeHUuMana To4Kn € cnenyert
BbIMNOJTHATb U MNMpU obxoae ocTanbHbIX BETBEW.

B paccmaTpnBaeMoM npumMepe KoMrnieKkCHble noTeHunarbl BCEX TOYEK
uernn nmeroT cneayrwmne SHa4eHn4:

P, =999+ j3812B;
¢y = -1044+ j68,1B;

Pp = ¢, —15jx5=1013+ j24,2B;
Py =Py —I2Ry =1167- j404 B,
$p =@ +13(—jxey) =887 - j1211B;
$r=@,+13jx;; =-862+ j1178B.

lNopsigoK NoCcTpoeHus Tonorpagpuyeckon gmarpamMmmeol.

1. Bblbupaem macwitab Hanps>keHna Hiz;.

2. PaspgenuB komnnekcHble noTeHuuanbl Ha 3TOT MacLliTad, Haxoaum



OTpe3ku B cCaHTUMETpaXx, ornpeaenstoLmne NonoXXeHne KaXaom ToYKM Ha
anarpamme. OTmedaeM 3T TOYKM Ha KOMMNIEKCHo nnockocTu. Hanpumep,

npu Miz; = 20 B/cm Touka m Haxogutcs Ha 116,7 : 20 = 5,8 cm npasee

BepTUKanbHom ocn n Ha 40,4 : 20 = 2 cM HWXe ropusoHTanbHom (puc. 12.5).

3. CoeanHsiem oTpeskamm NpsiMbIX TOYKK, 0603HaYaKLWmne Ha cxeme
3aXUMbI K&XOoro otaensHoro anementa (en g, and, d ve, c nbnr.
a.).

4. Naem HanmeHoBaHue kaxaomy sektopy ( Ugy, Ug,, Ej,u1.a)0
yKasblBaeM ero HanpasrneHue.

Ha nocnegHem NyHKTE cJiegyeT OCTaHOBUTbLCA nop,po6Hee.

PaccmoTpum dparMeHT avarpaMmmebl, coaepxaluen Toukm ¢ un ¢ (puc. 12.4).

d ' 5
<= U, J
H"\
-
Sy
ou™ /
~ !
o ~ 1o,
™~ !
x.x n
o
0

Puc. 12.4. OnpegeneHne HanpaBneHUss BEKTopa HanpsKeHns

Ha cxeme anekTpuyeckon uenu (cm. puc. 11.1) aTn Toukm onpegensoT
3aXVMbl CONPOTUBIEHUS K1,

NO3TOMY Ha BEKTOPHOM UR1 Anarpamme (puc. 12.5) coeguMHALWNIA NX BEKTOP

Mbl 0603Ha4YaeM cMMBOSIOM . HO Kya aTOT BEKTOP A0SKEH ObITb HanpasneH?

Tak kak no conpoTuBneHnto K1 Tok NpoTekaeT B HAaNpaBneHUM OT TOYKU & K
Touke d, TO Ug = U,z (nopagok cneaosaHns MHAEKCOB ¢ U d y Byksbl U

onpegendeTtcda HarnpasreHnem CTpesikm UR1 , d NocriegHAaAa Bcerga

HanpaBnAeTCAd No HanpaBJ1iEHUIO

TOKa).
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Puc. 12.5. BekTopHasa Tonorpaduyeckas guarpamma



KomnnekcHbIM uncnam ¢, 1 (; Ha KOMMNIEeKCHON NII0CKOCTU COOTBETCTBYIOT

BEKTOpbl, HA4YNMHawLmnecd B Ha4valie KoopanHaTt N OKaH4YMBaroLLneCcHd

COOTBETCTBEHHO B TOuKax ¢ U ¢ . Ha puc. 12.4 3Tn BeKTOPbI N306paKeHb
NYHKTUPHBIMU IMHUAMMK, @ Ha Tonorpaguyeckon gnarpamme (cMm. puc. 12.5)

OHW He noka3saHbl. [1o npaBuny BblYMTAHUS BEKTOPOB BEKTOP-pasHocTb L/,
HanpaBnseTCcsa U3 KOHLIA BEKTOpa-BblYMTAEMOrO (7 B KOHEeL, BEKTopa-
yMeHbLuaeMoro i, , T. e. 3 Toukun ¢ B TOUKy @ (OT BTOPOro MHOekca B
0003Ha4YEHUN HaNpPSXKEHMS1 K NepBOMY). AHANOrM4YHo, BEKTOP ULS = Uﬁg (cm.

puc. 11.1 n 12.5) gormkeH 6bITb HaNPaBrieH Ha AnarpamMmMe OT TOYKU # K
Touke f nT.4.

3[C E4 Ha cxeme HanpasneHa oT d Kk ¢ (0T MuHyca K Mocy), No3ToMy
noTeHumarn TOYKM ¢ Bbllle noTeHumana Toukn ¢ Ha sennunny 3/1C.
CnepoBatensHo, ¢, — ¢y =1/,; = £, 1 Ha BEKTOpHOW AnarpaMme BEKTOp

E nanpasnsietcst TouHo Tak xe, kakn Ly, T.e.ot d k e.

Mo aHanorMyHom npuynHe Bektop £ HanpaBneH oT 1 K €.

MpoBepka AMarpaMmmbl.

1. ConoctaBnsem HanpaBlieHNA BEKTOpa HanpsaXeHnAa Ha KaXaoMm
3JIEMEHTE N BEKTOopa TOKa, TrMpoTeKakwero no 3TOMY J3JIEMEHTY. na
AKTUBHOIO COMNPOTUBJIEHNA 3TN BEKTOPLI NMaparnesibHbl 1 HanpaBJieHbl B O4HY

CTOPOHY Kak coBnagatoLiune no gase ( Uﬁ ml, Ugn fz, UF@ " fg).

Ha y4qacTKke C MHOYKTUBHOCTbLIO TOK OTCTAET OT HanpaAXeHnA rno cba3e Ha yros

90° (Npwv BpaLLEHMM BEKTOPHOM AnarpamMmmMbl NPOTUB YaCOBOW CTPESIKN), a B
€MKOCTU TOK OnepexaeT HanpshKeHre Ha 3TOT xe yros. [MNposepuM, Hanpumep,

NpaBUNbHOCTL NpoBeaeHns BekTopa L/ ¢ . MepeHecem MbICNEHHO BEKTOP

U napannensHo camomy cebe Tak, 4Tobbl ero Ha4aro okasarnoch B TOHKE
¢ (B Hayane BeKTopa Toka
I1). Mpw BpalLieHUn 3Toi Napbl BEKTOPOB NPOTUB YacOBOW CTPENKM BEKTOP

o ¢y OyAeT oTcTaBaTh OT

I xak pa3 Ha 90°. CpaBHuTe NoaoGHbLIM e 06pas3oM B3anMHble

HanpaBreHus Bektopos L/ LV Iy,

UE‘S MUCE Cir.g,.



2. Ha sekmopHol QuazpamMme OOJIKEH 8bIMOJITHAMbCSA
emopou 3akoH Kupxeodga.

[MocmoTpum Ha puc. 11.1. HanpskeHne mexay TodkamMn € n ¢ paBHO
CyMMe HanpsbKeHW Ha anemeHTax Tpetben BeTBn g, L1 n Cy:

Ue"r: :URB +U_,53 +UC§
Ha Tonorpaduyeckoi guarpaMme mMbl BUAUM, YTO BEKTOP i,
HanpaBneHHbIN OT ¢ K €, paBeH CyMMe

BekTopoB Ly , Uy n Uk, (4TOObI NONAcTb U3 TOUKM ¢ B TOUKY €, Mbl
CHavana ugem BnpaBo BHU3 OT

¢ K # —no cTpenke HanpskeHna U , 3aTem no L7, k TouKe i, U
HaKoHeLll, 3aMblKaeM MHOrOYronbHu

K BEKTOPOM URS ).

[ns KOHTypa, 06pa3oBaHHOrO NEPBOI BETBLIO U CTPESKON Uéc
E'l = Ué'c + UC1 + Uf?q = UR»I + UC’»I + Uec'

A Onsi KOHTYpa, BKIOYAIOLLEro HanpshkeHne Ue.: 1 BTOPYIO BETBb,
Ey=U,+Up +Ug =Ug +Uy +U,,.

PaccmoTpute BHMMaTENBHO Tonorpaduyeckyto guarpammy u yéeautecs,
YTO OHa YOOBMNETBOPSET NOCNEAHUM ABYM YPaBHEHMUSIM.

TonorpacbmquKaﬂ anarpamMma no3sosideT O4eHb JIerko HaxoAuTb
HanpsxXeHne Mexagy ABymMs noBbIMK TOYKaMK SﬂeKTpM‘-IeCKOﬁ uenwu.

Hanpumep, HanpsikeHue L7, (HanpspkeHWe Mexay ToYkaMy m u n)

onpe,u,enﬂeTc;l ,EI,J'II/IHOVI BeKTopa, Hal'lpaBJ'IeHHOFO N3 TOMKM N B TO‘-IKy m .
Um=mn-my=4,3cm 20 B/cm = 86 B.
Pacuyet paet ansa {7, cneaywouee 3HayeHue:
U, =@, — ¢, =28+ j80,7 = 85,4/ 109
1.e.UJ,, =854B.

13. ONPEAENEHUE NOKA3AHUA BATTMETPA



MNokasaHne BaTTMETpa paBHO MPOU3BEAEHUIO HANPSIXKEHNS HAa 3aXMMax ero
napannensHon uemun £/, Toka ero nocnegosaTtenbHOM 06MOTkMN fgr U

KOCMHYCa yrra Mexay BeKktopamu UBT n fE,T (puc. 13.1).

IEIT £

*UBT By :UE:TIBTCDS(UBTjEsT)

*

Puc. 13.1. OnpeaeneHne nokasaHusi BaTTMeTpa

CTpeJ'IKI/I HanpsaXXeHnd UEFT M TOKa JrBT Ha cXeme BaTTMeTpa Ha4YNHaKTCA Y
3aXnMoB, OTMEeYEHHbIX 3BE304YKaMW, TaK HadblBaeMbIX reHEPATOPHbLIX 3a>KUMOB.

W3 puc. 11.1 cnepyer:

UE:T = .F'E.?.‘?E = ¢'M - (:Pm =-28 - jBU,T = 85?4€—j1|]9,1° B:
I =11 =—3,941771459" = 3944, 715557 .
[NoaTomy
B =854-3941 cos(-1091-16531) = 2588Br.

[laHHOE BblYMCIEHME MOXET ObITb OCbOpMJ'IeHO N NHaye:

Py = Rellorlir |- Re[85,4e‘f 097 3,941 EW”J -

= Re[sse,ee‘f 2"'4*411 — Re[25,88+ j335,6]= 25,88 Br.

FIpM namepeHmn MOLWHOCTU B pealibHbIX LenAx B 3aBUCUMOCTU OT CXEMbI
NOAKIMIYEHNA BaTTMETpPa Noka3aHune nocneaHero MoxeTt ObITb KakK
NOJTOXUTENbHbLIM, TaK N OTpUUATESIbHbIM. nOSTOMy pe3yfibTaT MOXeT
nony4ynTbCA n CoO 3HakoOM MUHYC.

14. npeoGpa3oBaHMe INEKTPUYECKOUN Lenu

B cooTtBeTCcTBMM C 3agaHmem Ne 3 K pacyeTy anekTpuyeckon uenu
OA4HOMga3HOro CMHyconaanbHOro Toka YacTb 3aaHHOWN Lenn (CM. puc.
11.1), copepxatyyto o6e 3C v NOAKINIOYEHHYIO K 3axknumaM f n # (K

3aXXnmam nepemMeHHoOro afiemeHTa TpeTben BeTBu), TpebyeTcs
npeacTaBuTb B BUAE 3KBMBANeHTHOro reHepatopa (puc. 14.1), napameTpbl



i, KOTOPOro ONPEAEnSIOTCA Ha OCHOBAHUM TEOpeMbI 06
153/%/ aKTVIBHOM [BYXMOIIOCHMKE.

3/ C askBuBaneHTHoro reHepaTtopa £, paBHa

Z
2 i, iy HanpshkeHuto xonoctoro xoaa L7, Ha pa3oMKHYTbIX

P 3axMmax AByxnontcHuka (puc. 14.2).

Fuc. 14.1. MNpecobpazoeanHan
ANeKTPUMYECKanA Uenk

Puc. 14.1. IIpeoOpazoBanHas
INEKTpUIECKas TeTh

Ons ee onpefeneHus HeobxoanMo cHavana HamT Tok £, :

7906+ 794,22+ 142 j2027
30- 10+ 20+ ;314

= 45280774931 p

u 3aTem Hanpsikerne Uy, :
Uy =Eg+ 137y =
= 2483+ j226,7 = 2281e/%%7% B.
nUnu No gpyron goopmyne (Yepes napameTpbl NepPBON BETBU):
U, = B— I 2,

NTaK,
B, =07, =2281e/%7 g (14.1)

BHyTpeHHee conpoTUBMEHNE SKBUBANEHTHOIO reHepaTopa Zg paBHO
BXOAHOMY COMPOTUBMEHMUIO ABYXNOMOCHUKA (BXOAHOMY COMPOTUBIIEHMIO Lieni

Ha puc. 14.2 OTHOCUTENbLHO 3aXXNMOB f n# npu

MbICIIEHHO 3akopo4eHHbIx JC):



7.7 3162¢ 71843 |37 2397.57
2 20— j39.8+ — =
7+ 7 50+ 21,4

Zy=R3— jxcy +

— 40,82 733,87 =5304e 7% om,

Puc. 14.2. XonocTton xo4 akTUBHOro ABYXMNOSOCHUKA

[lns npoBepku HaaeHHbIX E5 n £ Hagem Tok {3 no cxeme puc. 14.1

npun 3agaHHOM 3Ha4YeHUN x_,53 .

g B 2281707
S Z,+jx, 4082 j3387+,785

=377¢/%7 A (142

[Mony4nnun BennynHy, paBHyo HaNLEHHON paHee.

15. MOCTPOEHME KPYIrOBOW AUATPAMMbI

3anucbiBaeM KOMMMEKCHOE YpaBHEHME OKPY>KHOCTU AS151 HEPa3BETBEHHOM
uenu (puc. 14.1):

j:}: jSI{ _ jSI{
VA X ’
14258 4B/

Z, 12|

roe {9, — TOK KOPOTKOro 3aMblKaHUsi, NPOTEKAKOLLIMIA MO Lenu npu
3aKOPOYEHHOM NepeMeHHOM

COMPOTMBNEHNM U PaBHbI



E, 2281 %

_ 23,40 _
Z, 5304¢ /300 =4,30% =-2,368+ /3,691 A, (15.1)

jHK:

W — yron, paBHbIN pa3HOCTN apryMeHTOB NEPEMEHHOIO M NOCTOSIHHOTO
KOMMIEKCHbIX CONPOTUBIEHWIA:

W = argljxy, )-argZ, = 90 - (- 39,7) = 129,7°.

[MopsiAoK NOCTPOEHUS KPYroBOM Anarpammel
1. Boibupaem macwtabsl 3AC — mg, TOka — m; U CONPOTUBMEHNS — M.

2. Ha komMnnekcHom NNocKocTu No BblpaxeHuto (14.1) B BbIGpaHHOM
macluTabe oTknaabiBaem Bektop O[1C aKkBMBaNeHTHOro reHepatopa £, (puc.
15.1).

3. No gaHHbIM popmynbl (15.1) npoBoANM BEKTOP TOKa KOPOTKOrO 3aMblKaHUSA
jax- Ero onuHa paBHa

MOAYJTHO TOKa KOPOTKOIro 3amMbliKaHWA, ,D,GJ'IéHHOMy Ha macwTab Toka:

Of{:jﬂ.

My




Puc. 15.1. KpyroBas guarpamma Toka

4. Ha Bektope {3, OT ero Hayana oTknagbiBaem oTpe3ok Oa, onpeaensioLuLmmn

B MacLuTtabe conpoTtueneHnAa moayib NOCTOAHHOIO CONMpoTUBIIEHNA Z:_;. .

5. Yepes Touky a noa yrnom —W k Hanpaenenuio {3, NpoBOAUM NUHMIO
nepeMeHHOoro napameTpa (n.n.n.). [ns npaBMnbHOro eé NnpoBeaeHus Mbl
[OIMKHbI 3aTK 32 TOYKY a (Mas OT Hayana BekTopa {4 ) 1

OTNOXWUTb B HY>XHOM HanpasnieHuu yron —¥. B paccmaTtpuBaemom npumepe
aToT yron otpuuateneH (- = —-129,7°), noaToMy OH OTKNagblBaeTcs rno
4acoBOW CTperSiKe.

N3 Toukn 0 (U3 Hayana koopAnHaT) NepneHanKYnspHO NMUHUM NEPEMEHHOTO
napameTpa npoBoaum oTpesok 0D

N3 cepeaunHbl BekTopa {3, (M3 TOYKM p) BOCCTaHaBNMBaeM nepneHanKynsp
pb. Toyka nepeceyeHna

oTpeskoB pb 1 0D (To4ka ¢) — LeHTP OKPY>XHOCTU, oTpe3ok Oc — e€ paguyc.

YcTaHaBnnBaem OCTPUE LMPKYNS B TOYKY C U paguycoM, paBHbIM oTpesky cO,
NPOBOANM OYry OKPY>KHOCTM Mexay Todkamum O 1 K. Paboyasi 4acTb OKPY>KHOCTU

NEXUT C TOM e CTOPOHbI OT BekTopa J 3,;, YTO M NUHUS NEPEMEHHOTO
napameTpa.

[lns onpegeneHus Toka Nno avarpaMmme OTKMNaabliBaem Ha NHUN NepPeEMEHHOro
napaMeTpa OTPe30K an, paBHbl B MacluTabe My 3aaHHOMY 3HAYEHUIO

NepeMeHHOro CoNpPoTUBIIEHUS: an = X, /m_g . 3 Havana

KOOpAMHAT Yepe3 TOYKY N NpoBoAUM NpsiMyto. Touka nepeceyeHms 3Ton
MPSIMOW C OKPY)XHOCTbIO (ToYka M) SiBNsSieTCA KOHLIOM BeKTopa Toka f 5.
BennuunHa Toka paBHa Npon3BeAeHUI0 ANTMHbI BEKTOpa Ha

MacLuTab:

3= 0M-m;.



16. MOCTPOEHUE NI©PA®UKA TOKA

MNocTpoeHHas B macwiTabe KpyroBasi Agnarpamma no3sonsieT 6e3 kakmx-nmbo
AOMONMHUTENBHBIX PACYETOB peLLaTh pasnuyHble 3a4a4un No aHanuay 3agaHHon
Lenn.

MocTponm, HanpUMep, KPYBYIO 3aBUCUMOCTM ToKa f3 OT CONPOTUBREHNA X1, .

Ha nuHum nepemeHHoro napametpa (puc. 16.1, a) oT ee Havana (OT TOYKK a)
oTKknagbiBaeM TpebyemMble 3Ha4YeHMs1 MEPEMEHHOIO CONPOTUBNEHUS (X1, X2, X3
N T.4.) N CTPOUM BEKTOPbI TOKA, COOTBETCTBYIOLLME 3TUM COMNPOTUBIIEHUSAM.
3aTeM YNCMEHHbIE 3HAYEHNSA CONPOTUBIIEHNA N TOKOB NEPEHOCUM Ha rpadomk
(puc. 16.1, 6). Ecnn wkanbl TOka 1 cONPOTUBINEHMS Ha ocax rpaduka
pa3MeyeHbl B TeX e MacwTabax, B KOTOpbIX MOCTPOEHA Kpyroeasi
anarpamma, TO 3TOT NEPEHOC AenaeTcs YACTO MexaHn4eckun, 6e3 BCAKoro
nepec4yeTa.
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Puc. 16.1. INocTpoeHune rpacmka Toka ¢ NOMOLLbLIO KpYroBOn anarpaMmmbl



OTOT rpapuk MOXHO MOCTPOUTL N NO pesyrbTaTaM pacyeToB, BblMUCNASA TOK
no popmyne (14.2), npeacraesnstowen cobon BolipaxxeHne 3akoHa Oma ans
HepasBeTBMEHHOW anekTpuyeckon uenun (cm. puc. 14.1). Nogcrasnasa B
yKasaHHy popmyry Tpebyemble 3Ha4eHNA NepeMeHHOro ConpoTUBNEHUS

x_,;a,

NPOBOAMM BbIMUCIIEHNA BCUMBONMYecKomn opme. Baatble anga pacyeta
3Ha4YeHNs CONPOTUBIEHNSA N HAOEHHbIE BENMYUHBI TOKA nepen NoCTPOeHnEM
rpaduka pekoMeHayeTca 3aHeCTU B Tabnmuy NponsBosibHOM hopMbl.

KOHTPOJIbHbIE BOINMPOCbI

1. Kakue cywecTBylOT METOAbl pacyeTa CMOXHbIX ANIEKTPUYECKUX Lienen?
KakoBa CTpykTypa ypaBHEHMWI NPU NPUMEHEHNN 3TUX METOA0B?

2. YTOo Takoe ABYXMOMKOCHUK? YeM B 3MNeKTPUYECKOM LEenM MOXKHO
3aMEHUTb NAacCMBHbIA N aKTUBHbIN ABYXMOSTOCHUKN?

3. B 4em 3akniovyaeTcs CyWHOCTb MeToAa 3KBMBANEHTHOrO reHepaTtopa?
Koroa oH npumeHsieTca? Kak onpenenstoTca napameTpbl 3KBMBANEHTHOrO
reHepaTopa?

4. Kak dopmynupyeTcs npuHuun cynepnosvumn? Kakon meton pacyeta
OCHOBaH Ha 3TOM npuHUmnne?

5. UYto Takoe 6GanaHc wmowHocTen? Kakon U3NYECKUIA 3aKOH OH
oTpaxaeT? Kak oH cocTtaBnsaeTca?

6. Kak npousBogutca npeobpasoBaHne TpeyrosibHMKa COnpoTUBIIEHUIN B
3KBMBASIEHTHYIO 3Be3y?

7. Kak onpegenserca HanpskeHune  Mexay AOBYMS  To4Ykamu
anekTpuyeckon uenm?

8. 4To Takoe noTeHumnanbHas gunarpamma? Kak oHa ctpoutca?

9. UYto npenctaBndeTr cobOOM BHELLIHAS XapakTepucTMka WCTOYHUKA
aHeprnm?

10. Kakne TpeboBaHMa NpeabsaBnaTcs K MOCTPOEHNO rpadonkos?

11. KakoBbl OCHOBHbIE NpaBuna NpUGNMXeHHbIX BbIYUCITIEHNN?

12. Yto Takoe kKomnnekcHoe u4ucno? KakoBbl ¢opMbl 3agaHuA
KOMMMeKCHbIX 4ncen? Kak npou3BOAATCSA BbIMUCIIEHUA C  KOMMSIEKCHLIMMU
yncnammn?

13.B 4em 3akniyaeTca CyWHOCTb CUMMBOSIMYECKOrO MeToda pacyeTta
Lenen cuHycomnganbHOro Toka?

14. Yto coboun npeactaBnsieT BEKTOpHas Tonorpaduyeckasa gnarpamma?
Kak oHa cTpoutca?

15. Kak paccunTbiBalOTCS MOLHOCTU B LIENN CUHYCONOaNIbHOro Toka?

16.Kak no 3agaHHON cxeme MOAKMIYEHUs BaTTMETpa onpeaenuTb ero
nokasaHue?

17. Yto cobon npeacrtasndaeT kpyroBaa guarpamma? Kak oHa ctpouTtca?
Kak ¢ ee nomoLbto onpegensaeTcs BennynHa Toka?



3AKIKOYEHUE

M3noxeHHbINn B y4ebHOM nocobum maTtepman no3BosiseT paccuntaTb
NpaKTU4eCKn NBYI0 NUHENHYIO ANEKTPUYECKYIO LieMNb NOCTOAHHOIO U
CUHycouaanbHoro Toka. Belbop MeToga pacyeTa onpenensieTca CTpyKTypown
3NEeKTPMUYECKOM Lenu, KonM4eCcTBOM COAepKaLLMXCS B HEW Y3I10B U BETBEW.
OnuncaHHble METOAbI CNyXaT Takke OCHOBOW 4SSt aHanu3a 6onee CnoXxHblX
ANeKTpMYecKux Lenen — TpexdasHblX, cogepalinx NUHAYKTUBHO CBA3AHHbIE
3NeMeHTbI, uernen ¢ ICTOYHUKaMU HECUHYCONOanbHOro Hanps>KeHus:.
[NpuMeHsaTCA pacCMOTPEHHLIE METOAbLI U NMPU pacyeTe NEPEXOOHbIX
NPOLIECCOB B JIMHENHbIX LIENsIX.

Y10 KacaeTcs HEMMHENHbIX Lener, To NX napamMmeTpbl He NMOCTOSIHHBI,
ABNSATCA PYHKLUMAMUN HAMPSKEHWIA M TOKOB, U NMPOLECCHI, MPOUCXOASLNE B
HUX, ONMUCbLIBAIOTCSA HEMMHENHBIMWN YPaBHEHNSIMU CaMbiX Pa3HOOOpasHbIX
TUMOB, AJ151 KOTOPbIX HE CYLLECTBYET €ANHOM METOAMKN PELLUEHMS, U
N3NOXEeHHble B MOCOOMM MeToAbl OKa3biBalOTCA HENpUrogHsiMu. [ns pacyeTa
Takux uenen paspabaTbiBatoTCcs cneLmanbHble MeToAbl, 3a4acTyto
npubnmkeHHble. LLnpoko ncnonbaytotcs rpadunydeckne metToabi.



NMPUNOXEHUE
OCHOBHBIE NPABUIA NMPUBJNIMXXEHHbIX BbIYNCITEHUA

[Mpy NPON3BOACTBE BbIYUCIIEHMIA MOMyYaloLLMECs Yucna NnpuxogmTca
okpyrnaTb. OKpyrneHne 3akno4aeTcsa B 3aMeHE MCXOL4HOro Ynicrna apyrum
YUCITIOM C MEHbLUMM KonudectesoM uundpp. Ecnn nepeas n3 otbpacsiBaembix
uncp paBHa nnm Gonblue NATK, TO NOCNEAHASA Undpa oCTaBLLEroCs Yncna
yBENMUYMBaAETCA Ha eanHULy. Ecnu oTbpacbiBaemasi 4acTb COCTOUT TOSbKO M3
OAHOU UNdopbl «NATb», TO NOCNEAHSAN OCTaroLWascs undpa coxpaHaeTcs
HEN3MEHHOW, ECIM OHa YETHAas, U YBENMUYMBAETCA HA €ANHULY, ECrlN OHa
HeyeTHas (NpaBuIo YeTHOW undpbl).

Bce otnn4yHbIE OT HynA LI,I/ICbpr B |/|306pa>|<eH|/||/| YNCI1a Ha3blBalOTCA
3Havalnmn. HyJ'Ib ABJIAETCA 3HaYallnm, ecrih OH CTOUT B cepeanHe nnnm B
KOHLUE 4nucna. I'IepBble HYINM B AECATUYHDbIX ﬂ,pO6$’-IX 3Ha4YalWnmMmn He ABIAKTCA.

Mpumepsl:

0,2307 — YyeTblpe 3HavaLwmx umdpsl;
0,00052 — ABe 3Havyawmx umapsl;
10520 — NATb 3HaYaLLnX undp;
3,28 — TpU 3HaYaLWmx umdpsl;
3,280 — YyeTblpe 3HaYaLwmx umdpsol.

Mpn HanMcaHuM BOMbLUMX N O4YEHb MasibiX YUCEN PEKOMEHAYETCH
NONb30BaTbCS CTENEHbIO AECATM (ONbIT NOKa3bIBAET, YTO NpeHebpexeHne
3TON pekoMeHaaunen 4yacto NPMBOAUT K OLLIMBKaM Npu YTEHUN N 3anncu
yucen):

23756,82 = 2,38-10*%
0,000175621 = 1,76-10* = 17,6:10™.
O6a uncna okpyrneHbl 40 TPETbEN 3HaYaLWen unmdpsbl.

KonnyectBo 3Havalmx uudp npu takomnm goopme 3anumcu onpegenseTcs, Bo-
nepBbIX, TpebyeMOn TOYHOCTbIO, @ BO-BTOPbLIX, 3@aBUCUT OT KONM4ecTBa
BEPHbIX LMdPp B UCXOAHOM yucre. Ecnn, Hanpumep, N3BECTHO, YTO B YuCre a
= 26352300 comHuTENbHA NATaga umdpa, To AICHO, YTO DosbLle YeTbIpex
umdp 6paTb HET CMbICMA, U 3TO YNCIO MOXHO NPeacTaBuUTb Tak: a = 2,635-10’

Mpn oueHKe TOYHOCTM NOSNTyYaeMblX pe3ynbTaToB NOSb3YTCA MOHATUAMU
abCcontTHOM N OTHOCUTENBHOW NOrPELLHOCTEN.

AbBcontoTHON NOrpelwHOCTbO Ha3blBa€TCA MOAYJb PA3HOCTU MeXAY TOYHbIM
ymucnom A u ero I'IpI/I6J'IVI)KeHHbIM 3Ha4YeHnem a.



A=|A-al.

[Mpn npaBUNbHOM OKpYyrieHnn abcontoTHast NOrpeLLIHOCTbL HE NPeBbILLIaeT
NATU eOVHUL pa3psaa, crnegyroLero 3a rnocrnegHen octaBnsgsemMomn g pou.
Hanpumep, 4ncrno a = 8,237 Morno nosfiy4nTbCs B pe3ynbTaTte OKpyrneHus
Kak uncna 8,23651, tak n uincna 8,23749. Kak B ToM, Tak n B Apyrom
cnyyae Mbl gobasnsem unm otbpaceiBaem He 6onee, yem 0,0005.
[MoaTOMY Mbl NNLIEM, YTO 34eCb abCOMOTHAA NOrPELLHOCTb HE NMpeBbIWaeT
NATU AECATUYHbIX:

A< Aa,
roe Aa = 0,0005.

BenuuunHa Aa, cTosilasa cnpaBa OT 3Haka HepaBeHCTBa 1 orpaHnyMBaoLLas
BENMUYMHY abBCOMOTHOW NOrpeLlHoCTn, NpeactasndeT cobon Tak
Ha3blBAaeMyo NpeaenbHYy abCconoTHYO NOrPELLHOCTb, ONPEeaEnsItOLLYHO
MakCMMarbHO BO3MOXHOE 3Ha4YeHne abContoTHOM NOrpeLLHOCTU NPY AaHHbIX
KOHKPETHbIX 0BCTOATENBLCTBAX (BESIMYNHE YNCIAa U KONMYECTBE OCTaBIISIEMbIX

Npy OKpyrneHnn umdp).

Mo nmetoLieMycsi NPUBIMKEHHOMY YMCIY a MOXHO OnpeaenuTb rpaHnLbl, B
KOTOPbIX NIEXWT €ro TOYHOE 3HayeHne A,

Takkak A=|A-al| um |A-al <Aa, To —Aa< A-a < Aa.
OTcropa a-Aa<A<a+Aa.

[MycTb, Hanpumep, a = 3,16. [Insa Hero Aa = 0,005 (naTb eanHUL
paspsga, cnegyloulero 3a ero nocrnegHen undgpon). Noatomy a — Aa =
3,155, a + Aa= 3,165, 1 TOYHOE 3HAYEHME YMcna A NexuT B npegenax:

3,155 < A < 3,165.

M3 nocnegHero 4BOMHOro HepaBeHCTBa BUAHO, 4TO ymcno 3,16 morno
NONYYNTBCSA NPU OKPYrAeHnn ntoboro 13 Yncen, nexawmx B ykasaHHbIX
rpaHuuax.

Mo BennMynHe abCcontTHON NOrpeLlHOCTU HEBO3MOXHO CYANTb O TOYHOCTU
yucna. MNycTb, Hanpumep, abcontTHaA NOrPeLLHOCTb BbIYUCIIEHUS UK
n3mMepeHuns Toka pasHa 0,2 amnepa. MHoro aTo nnu mano?

Ecnn gencreutensHoe 3Ha4YeHne Toka AOBOMbHO BESNMKO, Hanpumep, 175 A, a
Mbl nony4mnn 174,8 A, To 9TO xopoLwuni pesyrnbTaTt. Ecnm e To4HOoe 3HaveHne
0,1 A, a mbl nonyyunun 0,3 A, TO AICHO, YTO 3TOT pe3yribTaT HUKyOa He roguTcs.



Mepoi TOYHOCTU NPUBNMKEHHOTO YMCa MOXET CINY>XUTb TOSNbKO
OTHOCUTENbHAs NOrPEeLLIHOCTb, paBHast OTHOLLEHMIO abCONOTHON
MOrpeLIHOCTN K MOAYI0 TOYHOMO 3HaYeHus Yicna:

A

5=
Al

Tak Kak Ha npakTuke A ~ a, TO 00bIYHO NPUHMMAIOT

Kak 1 y abcomntoTHOM NOrpeLlHoCTH, CyLLecTBYeT NpeaenbHoe 3HaYeHne dy
Ny OTHOCUTENbHOW NOrpeLLIHOCTH §:

5 < 8.

A
Ee BenuunHa o5 = 28y e npoueHTax: dg % = ae -100.

S el
[na ynomaHyTtoro paHee 4ucna 8,237

dq % = W1DD= 0,0061%.
8,237

E

[Mony4eHHbIn pe3ynbTaT roBOPUT O TOM, YTO OTHOCUTESbHAS
NOrpeLwwHoCTb NPUbnmKeHHoro ymncna 8,237 (BO3HUKLLIAA Npu OKPYrieHnK)
He npesblwaeT 0,0061 %.

Bbiwle Obinn 3anmncaxsbl ABa vYucna:
a1=3,28 wn ap=3,280.

Ha nepBblIii B3rnsa 9T YMcna CoBepLUeHHO oamnHakoBbl. OgHaKo 370 He
Tak. VIx npeaenbHble abConoTHbIE N OTHOCUTENbHbIE MNOrPELLHOCTU
COOTBETCTBEHHO PaBHbI:

0,005

Aa) =0,005  051% = 100=0,159%s;

®



Aay =0,0005, $5:% = 0.0005 1 55 _ 0,0159.
3,280

®

To ecTb BTOpoOe 4ncno saBnsetcs 6onee ToOYHbIM.

AcHOo, YTO BENMYMHA OTHOCUTESBHOM NOrPELLUHOCTM, BO3HMKAKOLLEN Npn
OKPYIIieHUN, 3aBUCUT OT TOro, Kakoe KONM4yecTBO 3HavalLmx undp
COOEPXUT Yncno. HeTpygHoO rnokasaTtb, YTO eCrn NOCsie OKPYIrIIEHUA YMCIIO

MMeeT N 3Havalux undp, a & — ero nepsasa umdpa, 1o npegenibHasa
OTHOCUTENbHas NOrpeLlHOCTb (B NpOLLeHTax) MOXeT onpeaensaTbes no

doopmyne:

1

' 100
2a-10%"]

Oa % =

Mpw oLEeHKe BENUYMHBI OTHOCUTENBHOM NOrpeLlHOCT Hanbonee
HebnaronpusTHOM sIBNSIETCS1 CUTyaums, Korga nepeas undpa ymicna paBHa
eauHuLe.

B aTom cnyyae npegenbHas oTHOCUTENbHAsi NOrpeLHOCTb NPy 3agaHHOM
yucne 3Havawmux umdp MMeeT HambonbLlee 3HaYEHME, paBHOE

1

Oa max%0 =

[na HarnagHOCTU MakcuMarnbHble 3HaYEeHUS I'IpG,EI,GJ'IbHOVI OTHOCUTESTBbHON
norpewHoOCTn, BblHUCIIEHHbIE MO nocrnegHemn daopmyne, npmBeneHbI B
Tabnuue NPUNOXKEHUA.

Ota Tabnvua no3BonseT onpeaenuTb Hy>XHOe KONMYECTBO LUMdp B Y1crne ans
[AOCTUXKEHMS TpebyeMoi TOYHOCTW.

Ecnu, Hanpumep, OTHOCUTENBHAsA NOrPELIHOCTb YMCa He JOKHa NpeBbiwaTh
0,05 %, TO Npn OKpyrrieHnn criegyeT COXPaHATb YeTbipe 3HavaLmx undopsl.

Tabnuuya 1.1

MakcumarnbHble 3Ha4YeHnsA npeaenbHON OTHOCUTENbHOW MNOrPELLIHOCTH

KonuyectBo 3Havawmx uudp ymcna 112 3 4 5 6

Oa max, %0 50| 5| 0,5 | 0,05 | 0,005 | 0,0005




[Mpw BbINONHEHUN apuUdMETUYECKNX Onepauuin Bcerga BO3HMKaeT
BOMPOC, CKOSbKO 3HaYaLUmnX umdp U OeCATUYHbLIX 3HAKOB AOIMKEH coaepXaTb
pesyrnbrar.

[Mpon3Boast BbIYNCNEHNS HA MUKPOKaNbKYNATOpe, CTYAEHTbl YacTo
BbINMUCbIBAIOT C MHANKATOPA BCE MMEKOLLMECH LNPPbl. ITO 3aHATME
coBepLUeHHO 6eccMbicneHHo. Bo-nepBbix, pabota ¢ 6onbLlumnm
KONMYEeCTBOM UMpp ABNSAETCSA MICTOYHUKOM AOMOMHUTENbHbBIX OLWKNOOK, a
BO-BTOPbIX, MPU BbIMNOSTHEHUM Y4EOHbIX 3agaHNn He TpebyeTcsa NPoOBOANTL
BbIYMCINEHNSA C TAKOW BbICOKOW TOYHOCTbIO. OObIYHO XBaTaeT 3—4
3HavaLmx undp.

YT0ObI M36exaTb 3TON HEHYXXHOW paboThbl U B TO XXe BpeMS MonyynTb
HeobXxoaAUMYI0 TOYHOCTb, MPU BbINOSTHEHUN pacYeTOB PEKOMEHOYeTCA
PYKOBOACTBOBATLCHA AaHHbLIMU, MPUBEAEHHLIMU B Tabnuvue NnpuoxeHns, n
cnegylowmnMm npasmnamMu.

1. Mpun Npon3BoaCTBE BbIYNCIIEHUIA BO BCEX NMPOMEXYTOUHbIX
BblKNagkax cnenyet 6paTb Ha oaHy uMdpy bonblue, YeM TpebyeTcs B
OKOHYaTenbHOM pesyrbTate. TO eCTb, €CNU UTOT BbIYUCIIEHMWN
HeobXoaUMO MOMYy4YUTb C TPEMS 3HaYaLLUMMK Ludpamu, TO pacyeThbl
crieqyeT BECTU MO YeTbIpeM Lmdpam.

B okoHuaTenbHOM pesynbTaTe «3anacHas» undpa otépacbiBaeTcs.

2. Mpwn cnoXeHnn 1 BblYUTaHUM B NOMy4YaeMoM pesyrnbTaTte crneagyet
COXPaHSATb CTONBKO AECATUYHBIX 3HAKOB, CKOMNbKO UX B CrlaraeMom,
coaepkallem HavMeHbLLIee YNCINO AeCATUYHbIX 3HaKoB. MpeaBapuTensHo
BCe criaraemble, coaep)xallune 6ornbliuee YUCIOo AEeCATUYHBbIX 3HAKOB,
HeobXoaUMO OKPYIMUTb, COXPAaHSAA OAHY NuLHIo uudpy. Hanpumep:

3.TMpn yMHOXEHUN 1 geneHnn pedynbTaTt JOMKEH Coaep)KaTb CTOMNbKO
3HavaLLmx undp, CKONbLKO NX B COMHOXUTENE C HAUMEHbBLLUNUM YMUCITOM
3Havalmx undp. NpegeaputenbHO BCE COMHOXUTENN, coaepxalume
Bonbluee Yncno 3Havawmx undp, criegyeT OKpyrinTb, COXpPaHast OaHY
NNLLHIO 3Ha4vallyro umdpy:



7382 o,o02s56 7
— X 273

36,24 1287:1,3582=36,24{3:1,352 =268

4.1Mpu BO3BEAEHMN YMCIA B KBagpaT unn ky6 1 npu n3srie4eHnn KopHs
(kBagpaTHoro, Kybnyeckoro) B nofilydaeMom pesynbraTe cregyeTt nucaTb
CTOMbKO 3HaYaLLunX Lndp, CKONbKO UX COAEPXUT NCXOQHOE YNCHO:

0,2342 = 0,0548: 0,26 = 3,203 .

M B 3aKknoyeHne — NnpaBnno opopMneHns pacyeTos.

Korga mbl NPoBOANM BbIMUCTIEHUS MO KAKOMY-NNGO BblpaXXeHWto, TO
ochopmnsAeM 1x crneayoLnMm o6pa3oM: 3anmcbiBaem pacyeTHY dopmyny,
nocrie 3Haka paBeHCTBa NokasbiBaeM MOoACTaHOBKY YMCIOBbIX 3HAaUYEHU U,
HaKoHeLl, NuLLIeM pe3ynbTaT U eauHULy n3mepeHusa. Hanpumvep:

_P1 @+ E; _ 6432-2582+120

d 38
Rl

=4171A.




BUBJIMOIPA®UYECKUA CINUCOK

1. OcHoBbl Teopun Lenen: Yueb. ons By3os / [.B. 3eseke, N.A. NoHknH, A.B.
Hetywwun, C.B. CtpaxoB. — 5-e usg., nepepab. — M.: SHeproatomnsgar, 1989. —
528 c.

2. TeopeTnyeckme OCHOBbI aNeKTpoTexHMKKN: Yyeb. ansa Bysos / K.C.
HemupuysH, J1.P. HenmaHn, H.B. KoposkuH, B.J1. YenypuH. B 2 T. — 4-e nag. —
CIne6.: Nutep, 2003. - T. 1. — 463 c.

3. MNonos., B.I. OcHoBbl Teopun uenen: Yueb. ans sysos / B.I1. Nono.. — 2-
e usg., nepepab. n gon. — M.: Beicw. wk., 1998. — 575 c.

4. HenmaH, J1.P. TeopeTuyeckne OCHOBbI 3NEKTPOTEXHMKN: Yueb. ana
By3oB / J1.P. HeimaH, K.C. demnpusiH. — 4-e n3g. — J1.: OHeprusa, 1981. — T. 1.
— 536 c.

5. lebec, M.P. 3agayHuk N0 TEOPUM NUHENHBIX INTEKTPUYECKUX LiENEn:
Yyeb. nocobue / M.P. LWebec, M.B. KabnykoBa. — 4-e uaa., nepepab. n gon. —
M.: Bbicwas wkona, 1990. — 544 c.

6. Lebec, M.P. C60pHUK ynpa)KHEHUA 1 3a4a4 NO TEOPETUYECKUM
OCHOBaM 3NeKTPOTEXHUKK: Y4eb. nocobue / M.P. LLebec. — M.: Bobicluas
LKkona, 1962.

— 472 c.

7. MaTioweHko, B.C. TeopeTnyeckme oCHOBbI 3f1EKTPOTEXHUKWN. JIMHENHbIE
3NEeKTpUYECKME LieNn NOCTOSAHHOIO N 04HOMAa3HOro CMHYCOMaanbHOro TOKOB:
Yueb. nocobue / B.C. MaTiowweHko. — Xabaposck: M3a-so ABIYTIC, 2002. —
112 c.



