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BeeneHue

Paspen «JIMHeRHble anekTpuyveckue LEnY NOCTOAHHOMO Tokay B
Kypce «TeopeTUHeCKUe OCHOBBI 3NEKTPOTeXHUKN® CTaBuT chepyoume
aagaum: M2yduTh 3akoHbl Oma u Kupxroda 1 MeToabl pacuyeTa uenei
CUHYCOWAANBHOrO TOKA, OCHOBAHHLIX HA ATWX 33KOHAX; NMpUMEeHEHWE
3TUX METOACB ANA PacyeTa NPocTeRluMX LIened ¢ OGHUM UCTOMHWKOM K
CNOXHBIX Heneid ¢ Heckonbkumn 3MC; M3yuuTe ABNEHWE pEe3oHAaHCA
TOKOB ¥ HanpsXeHUid B pa3BeTeneHHoN Leny W yMETb ONpeaensTs rna-
pPEMeTpel LENW B 3TUX PEXMMaX, CTPOUTb BEKTOPHLIE AVarpammbl TO-
KOB M TONOTPAIUYECKUE AnarpaMmul HaNpKEHWH, NPUMEHATL CUMBO-
nu4eckdil MeTog pacyeTa uenei CUHYCOMAAaneHOro TOKA, onpepensaTs
MOLLHOCTE Lenu.

KoHTponsHas pabora cocTouT U3 Tpex 3aaaqy. B nepsoi paccunTel-
BRETCH PA3RETBNEHHAA Lenb G oQHUM UCToUHMKoM SAC curycousanb-
Horo Toka, Bropas nocasileHa pacyeTy pasBeTBfIEHHOW Uenu 8 peso-
HAHCHOM pPEXUME W WMCCMEADBaHMI0 YaCTOTHLIX XapakTepwucTuk. B
TpeTbeil 3agaye cMoXHaA SNeKTpu4eckan LeNb ¢ HEeCKONbKAMWA NCTOY-
Hukamn 30C. NocTpoerue BEKTOPHLIX W ToROrpaguyecknx guarpamm
B KaKAoW aapade cnocobcrayeT Bonee rnyBOKOMY NOHUMEHWIO PU3N-
YeCcKWX NPOLEeCcCoB, NPOVCXOAALLUX B LEenK.

OcCHoBHbIE pacHeTbl U MCCNeA0BAHNA BNUSHWS NapaMeTpos Ha pe-
XUM paboTel Lenw NPoBOAATCA NO Nporpammam, pazpaboTaHHbIM aB-
Topamu Ha L|BM.

Mo pesyneraram MCCNEAOBaHWIE CTYAEHT CTPOMT COOTBETCTBYIOLME
rpachmigs, aHanusMpyeT ux U AenaeT COOTBETCTBYIOLLME BbIBOALI O BMURA-
HUW 33AAHHOTO NAPAMETPA HA PeXVM paboThl CCNEAYEMON Lienu.

ViHavBKRAYANbHBIE 330aHNS ANA CTYASHTOB COCTOAT M3 TPEX 3aaad.
Homep sapuasTa onpegendeTcs ABYMA nocnegHumu uudpamu wndpa
crygeHTa. Ecnu aee nocnegHue undpkl obpasyot yuene Sonbwe 50,
HeoBXxoRuMo NONYYEHHOS YUCNO PA3AenuTb Ha 2 i OKpYIUTE A0 Leno-
ro Yucna B MEHbLLYH CTOPOHY.




3apnava 1. MccnegoBanue anexTpuyecKkux Lenei
CUHYCOMAANLHOIC TOKA C OHWM UCTOYHWKOM TIMTAHUS

1. Mo Sase paHHeIX (Tabn.1.1) Ang ceoerc BAPWaHTa ONPEeAGnUTL
rapameTpbl snekTpudeckon uenu (puc. 1.1), nutamwehca oT cetn cu-

HYCOMAANEHOO TOKA ¢ HanpsyexueM U .

U R, /| ©u,,

0
o
=

Puc. 1.1, BnexTpudeckan uent

2. OnpegennTs KOMNMNEKCHBIE CONPOTUBNEHVS BeTBel B anrebGpan-
Jeckolk U nokaszaTensHoW diopmax. '

3. PaccuntaTth KOMMASKCHBIE CONPOTURNEHWR NapannensHoro y4a-
cTka dh B anreBpavueckoi U NoKa3aTenbHol GopMax.

4. OnpenennTb KOMNNEKCHOE BXORHOEe CONPOTWBMeHMe B anreb-
pau-ecKol U noKasaTensHoW hopmax.

5. Paccuurars BxopHod Tok I, B anrebpandveckoi v nokasartens-
HOiA hopmax.

6. PaccuuTaTtbh HanpspkeHue NapannensHoro yqacrka dh Ump B
anreBpandeckol U NOKasaTensHoW hopMax.

7. PaccuuTaTh TOKW BTOPO# U TPeThel BeTBEH NapannensHoro yya-
cTka dh p anreSpanyeckoi M noxasatensHok copmax,



UcxoaHble aadHee AnA 3agasy Ned

Tabnuua 1.1

Kiomen ConpoTuenenus anemeHToB ueny, Om MHpekc ns-

e | Uyl MEHASMOTO

P Rl X L2 X l R2 X L2 X, C2 Rs X L3 X 3 | tapamerpa
i 2 3 4 5 ) 7 8 9 10 11
1 150 5 5 10 7 28 14 10 10 20 1
2 300 & 6 12 8 32 16 12 12 24 2
3 300 7 7 14 9 36 18 14 14 28 3
4 300 8 8 16 11 44 22 16 16 32 4
5 300 9 9 18 12 48 24 18 18 36 ]
6 300 10 10 20 14 56 28 20 20 40 6
7 300 11 11 22 15 60 30 22 22 44 7
8 300 12 12 24 16 64 32 24 24 48 8
9 300 13 13 26 18 72 36 26 26 52 9
10 300 14 14 28 19 76 38 28 28 56 10
11 100 15 15 30 21 84 42 30 30 60 11
12 100 16 16 32 22 88 44 32 32 64 12
13 100 17 17 34 23 92 45 34 34 68 13
14 100 18 18 36 25 100 50 36 36 72 14
15 100 19 19 38 26 104 52 38 38 76 15
16 100 20 20 40 28 112 56 40 40 80 16
17 100 19 19 38 26 104 52 38 38 76 17




MpoponxeHue Tabn. 1.1

Homep U B COHPOTMBHEH WA ANEMEHTOB Uenw, Om WHaekc n3-

shoiang | Ll MEHSEMArD

ap R, Xy Xe R, X, Xe, R, X, X¢; | napamerpa
18 | 100 18 18 36 . 25 100 50 36 36 72 18
19 100 17 17 34 23 92 46 3 34 68 19
20 100 16 18 32 22 88 44 32 32 64 20
21 150 15 15 30 21 84 42 30 30 60 21
22 150 14 14 28 19 76 38 28 28 56 22
23 150 13 13 26 18 72 36 26 26 52 23
24 150 12 12 24 16 64 a2 24 24 48 24
25 150 11 11 22 15 60 30 22 22 44 25
26 150 10 10 20 14 56 28 20 20 40 26
27 150 9 g 18 12 48 24 18 18 36 27
28 150 B8 8 16 11 44 22 16 16 a3z 28
29 150 7 7 14 9 36 18 14 14 28 29
30 150 6 6 12 & 32 16 12 12 24 30
31 200 5 5 10 7 28 14 10 10 20 31
32 200 6 6 12 8 32 16 12 12 24 32
33 200 7 7 14 9 36 18 14 14 28 33
34 200 8 8 16 11 | 44 22 16 16 az 34
35 200 9 9 18 12 48 24 18 18 36 35
36 200 10 10 20 14 56 28 20 20 40 36
37 200 11 11 22 15 60 30 22 22 44 37




OkcHyatue Tabn. 1.1

Homep ConpoTuenetns aneMeHTos tenu, Om MHaexe na-

BapuanTa U’ B R X X R X X X X MEHREMOrD

1 L2 Cl 2 L2 c2 Rz L3 c3 napameTpa
38 200 12 12 24 16 64 32 24 24 48 38
39 200 13 13 26 18 72 36 26 26 52 "39
40 200 14 14 28 19 76 38 28 28 56 40
41 250 15 15 30 21 84 42 30 30 60 41
42 250 18 16 32 22 88 44 32 32 64 42
43 250 17 17 34 23 92 46 34 34 68 43
44 250 18 18 36 25 100 50 36 36 72 44
45 250 19 19 38 26 104 52 38 38 76 45
46 250 20 20 40 28 112 56 40 40 80 45
47 250 19 19 38 26 104 52 38 38 76 47
48 250 18 18 36 25 100 50 36 36 72 48
49 250 17 17 34 23 92 46 34 34 638 49
50 250 16 16 32 22 88 44 32 32 64 50




8. Paccuntarb NONHYK, PEakTUBHYIO W AKTUBHYIO MOLLHOCTM, Mo-
Tpebnsiembie Uenbio.

9. OnpegennTb NOKa3aHWs M3MEPUTENBHBIX NPMOOROB.

10, MNOCTPOUTL BEKTOPHYIO gWarpamMmy TOKOB ¥ Tonorpadu4eckyio
AUarpammy HanpsHKeHun. .

11. UccnedoBaTb BNUSHUE NapaMeTpa, UHOSKC KOTOROFO YKasaH B
ctonBue 11 tabn. 1.1, Ha ToKkn BeTBel M noTpebnaemble MOLHOCTK.

Moctpouts rpapuxn I = f(napamemp) v S,Q, P = f(napamemp),
NpoaHanuanpoBarh X, CAenarts BLBoOALI,

Pewenue
OnpedeneHue KOMINIEKCHbIX CONPOMUeneHul
KomnnekcHoe conpoTuBrieHne BeTev
Zi=R+J-X =2,
rae R, — aKkTnsHoe ConpoTUBNEHUe i-i BETEK;
X, — peakTuBHOE conpoTuBneHue Hieeten X, =X, — X ;
Z, - mopynk conpoTyenewus j-fiBeten Z =vR* + X*;
. X,
@; — apryMEeHT CONPOTUENEHUs i-0i BETBYN @, = arcig(—-).
i

KomnnekcHoe conpoTMBReHWe napannensHoro yyacrtka dh

L] L]
- : ji 4 ‘( ;
B Z2- 73 Zzew: . Z3ems Z.m,;ej P2+
== =

22-}-23 R2+jX2+R3+jX3 R:m+jX3n

Jlpy+oy,
= Z'dltce

J g
Z]'He

roe Z,, —monyns aHameHaten Z, = R: + X}

X
@,, — @PryMeHT aHameHarens @, = arcig(—=);
R
T
Z_. — MOAYNb CONPOTUBNEHUA NAPAFNEnLHOND YYacTka

e Jnp :
=L " = Ryt JX
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Z =Zwr:fz:m;

nap

@mp — apFyMeHT ConpoTUBNEeHKA NapannensHoro y4acrtka

Prap = P2 TP @y
AKTUBHEA YACTE COMNPOTUBNEHWA NapannenbHor y4acTka
Rm = Zm,p COS P,y -
PeakTueHas YacTk CONPOTUBNEHWA NapannenbHoro y4acTia
Xnap = Zl’lﬂp sin ¢nap *

KoMnnekcHoe BXOAHOE COMPOTUBREHNE
5 —_— r ; - p o ks -Hac
Zua =R + jX, +RMP +_}me =R _+jX, =2,¢e",

rae R, —axrusHoe xopnoe conpotuenenve R, =R +R .

X, — peakTueroe BxopHoe conpotuenenne X, =X, + X, ;

-

Z,. - mopyns exoaHoro conpotuenenus Z, = R: + X7 .

X
@,, — apFYMEHT BXOAHOIO CONPoOTHBNEHuA @, = arctg(—=%).

ax

Pacyem mokoe

BXOAHOW TOK OMPEAENAETCS YPABHEHUEM

T iz j(Wu‘wu) s i
= ; _Iie — £tax +Jr[!,peax'

U
rae £, — Mopynb 8xogHoro Toka 1, = = :

P, 4z ~ APTYMEHT BXOAHOTO TOKA @, =@, =P, ;

I, ., — BewecTeenHas YacTb axoaHoro Toka I, , =1, cosg,,;

I

1, peax — MHUMER YACTb BXogHoro Toka I, . = I sing,, .

HaripskeHye NapannensHoro y4actka HaXoaMM NoO YPaBHEHUIO



U, =12, =1e%7 " =U_ %"y __+; U

Hap nap Ay g, napax Hap, heur '

rae U,,, — MOAYNb HaNpRXxeHus NapanensHoro yuactka
Um =1Z

nag

(;{?u_mp — aprymMeHT HanpAXeHus napannensHoro y4acTtia

@nap = wi,sx + ';Du,nap;

Upap.ox — BELIECTBEHHAA YACTbL HANPAXEHWS NAPANAENLHOro yya-
CTKa Unap.ax = Unap cos ?’u,nap ;

U . peax — MHMMAS YACTb HANPKEHUS NAPANIENBHOMO Y4acTka
Unap,pcax = Unap Sil‘l qou.ﬂap '

[ns npoBepku BLINCNHEHHLIX PacYeToB LeneccoBpasHe NposecTu
onpefereHne HanpAaXeHWa napannensHoro y4acTka no Apyrim ypas-
HEeHWAM, 8 UMEHHO,

U. =£f_}] Z,,,,‘,,=Uem _qeﬂﬁm'“)=({/§m+j%m _

nap

- (Ul,ax + jU],peax) = Un + jUnap,peax’

— BelwecTpeHHan U MHUMaRA HacTy BXOAHOIO HarpRAXe-

P, A%

rae U, UJ

aw ! peax
wa U, =Ucosg, =U, U, =Using, =0, Tak kak no aaganmio
¢ =0;
U
HUS)

U — BEWECTREHHAaR 1 MHUMaA YacT BXOAHOrO Hanpsxe-

fanv? I pear

Uf,ax = [IZI COS(‘;OH + qof,ax) i Uf,peax s I!ZI Sin(@u H: ';Di,ax) '

¥ U — BELUECTBEHHAA U MHUMASR YACTU HANPAXEeHNA

nap.ak ! nag, peax
flapannenbHoro yyacTka
U = Um‘ T Ul

nqap ax

U

1, pear *

U =U

ax ! Rap, peax PEax e

Tok BTOpoi BeTeBK [, onpegenseTc no ypaeBHeHuio

. - Jo.,
_ Unap _ Unape "~
N Z.e'
2
ZZ

_ JPy pop =~P2) _ :
—IZe . +J‘{2‘peak'

— *d.ax



rae 1, —mogyne Toka sTopon seTeun I, =U, ./ Z,;
@;, — @PFYMEHT TOKa BTOPO BETBU @, =@, ., ~ P;
Do ¥ 5 pea
en l,, =Il,cos0, , I, .
Tok YpeTeedl BeTBY [, HAXOAUTCA NO YPABHEHUIO

— BeLUeCTREeHHaA 1 MHUMaA 4YacTy TOoKa BTOPO#H BET-

=I,sng, .

L 2
F Py nap
e Unap _ Unape
* 5 - ey a se
Z.e

ZJ'

rae I, — moayns Toka stopoit seten I, =U,  /Z,;

j{wuunw_wj) _1
T fdax

+ ji,

L pedk

@, — @pTYMEHT TOKA BTOPOA BETBU @ =@, .\, — D3
1

dux
seten I, =1I;c08¢, , I, =1 sing, .

Pesynbrars! pacueTor cBogum B Tabn. 1.8.

8 xauyecTee NPOBEPKU NMPOBeAEeHHbIX PacHeTOB paccyuTaTh Belle-

CTBEHHYK) 1 MHUMYIO COCTABMNAILLME Toka I, NO ypaBHEHUAM

1 4 =1 +1

lax 1, peax 3, pear *

1] I3,peax — BeljeCTBeHHaA M MHWMAA 4acTW TOKa TpeTbel

=1

2.ax

+ 1.

Jax ! 2, peax

Pacuem rionHoll, peaxmueHol u axmueHol MowHocmel u
onpederieHue nokasaHul uamepumensHsix fnpubopos

PacueT NONHOW, PEaKTMBHON W SKTWBHOW MOLWLHOCTER BeaeM no
YPaABHEHWAM:

=Ul, Q=S8sing,;, P=5cosg,, .

N8 nposepxy NpoBEASHHBIX PACYETOB PACCUUTATL AKTUBHYIO, pe-
AKTURBHYIO ¥ NONKYIO MOLHOCTY NO ypaBHEHNAM:

P,=IR +DR,+IIR; Q, =X, + X, + I} X;;
S=\P +0; .

MokasaHusl aMAEPMETPOB U BONBTMETPA PABHBI MOAYNAM TOKOB M
MOAYINIO Hanpskenus. MokasaHne BATIMETPa PaBHO AKTUBHOW MOLUHO-
CTH, NOTPeBrAeMai Lenbio.



llocmpoenue eekmopHol Ouaspammb! MOKos8 U
monozpaghuieckol duazspamMmbt HaNPAXeHUld

MocTpoeHne BEKTOPHOW AMarpamMmmbl TOKOB MPOBOAUTCA B Cneayio-
wer nocnenoBaTeNbHOCTH,
1. Mo BELISCTBEHHOR OCK OTKNAALIBALTCH BELESCTBEHHAR COCTAB-

nawowan Toka f, .

2. K koHuy BekTopa 7, . npucTpausaetcs sextop 1, pear » KOTCPbIA
pacrnonaraeTcs 1o MHUMOM| OCh.

3. Coennrsiem navano sextopa I, . ¢ koHuom sektopa [, gz W
fnonyvaetca pekTop Toka 1, .

4. K koHuUy sekropa [, npuctpansaetcs sekrop [, . . KOTOpbIil
pacnonaraercs No seLecTBEHHON Ocu.

5. K koHuy BexTopa 1, , npucrpausaetca sextop I, ..., KOTOpbiA

pacnonaraeTcs No MHUMOH OCH.
6. Havano sektopa [/, , coeauHsieTcs ¢ koHUOM Bextopa [, n

peas
nony4aloT BexTop Toka /.
6. [lanee Hauano sexTopa [, . (Ha4ano KOOPAMHAT) COBAVHSIOT C

KOHUOM BekTopa [, ¥ nony4aiT BekTop Toka /.

FlocTpoenue sefeTcn B MaciuTabe.
BekTopHas guarpaMma TOKOB nocTpoeHa puc, 1.2.

r 3 o+ j
1, Ly
I ]2 P t
fz,ax
i
: > 13_ peax
Macuwmat I

0 2 4 6 8 10 12 14 A4
|'I||lif[nll||!||||||||||tl|'|.|

Pwc. 1.2. BextopHan auarpamMma TOKoB
10




MocTpoeHne TonorpaciMyeckold auarpamMbl HanpsxeHwd nposo-
AWMTCS B Cneaylowei nocneoBaTenbHoCcTH,
1. Touky h YCNOBHO 3a3eMnsiOT, YTO MOIBONAET NOTEHUMAn 3TOMH

TOYKM NpUpaBHsTL HyMo F, = 0.
2. MoTeHUMan TOMKW M ONpesenfeTcs YpagHeHeM

Fm — IQ XL'Ze-jI‘57 — IZXCZe}'(Wi.z"LST} iz F + _]F

"aw m,peaK )

maxt S m, peon

raeF, , F, .. F — MOfyNb, BewecTBeHHasR W MHAMAs 4acTu no-

TeHumana Touku m F,

FM = I2X(:2; Fm,ax = Fm COS(‘;DE,Z _1’57) '
B poar = F,sin(g;, -1,57).

3. U3 Havyana koopavkar (Todka h) NnpoeogaT eektop £, . no Be-

m.ax

UWeCTBEHHOA OCU B NONOXWTENbHOM HanpasneHuun, ecnu E >0, m

max

oTpuuaTenpHom, eciv F_ < (.

m.ax
4. K xoHuUy Bextopa F, . npuctpausait sextop £, ..., KOTODGIi

pacnonaraeTes ne MHUMOR OCW B OTPUUIATENBHOM HaNPaBNEHWN, ecrv

F,, pewe <0, v nonoxurencHom, ecnw F, . >0.

5. CoenuHss Ha4ano eektopa F. . ¢ KOHUoMm BekTopa F,

m.ax m, peox ?

nonyvarwT BeKTOp noTeduynana Fm §

Bextop F, otcraet or sexropa Toka [, Ha 90° (1,57 pad).
6. MoreHuman To4Ky k onpeaenfeTca YpaBHEHUEM
Fi=Fa+I,R = Fu+ LR = Fu+ F, . + jF,

LK peaw

e F,, F, .. F

%+ Fr,peay— MOAYFb, BELIECTBEHHAS U MHUMAR YacTu no-

TeHuuana Toukm k F,
Fo=LR, . F , =Fcos9,: F
7. K koHuy Bextopa F,, npuctpausaeTca sektop F; ., KOTOpbIA

pacnonaraercs no BelleCTBeHHOW OCH B NOMOXWTENLHOM Hanpaene-
um, ecom Fy > 0, v oTpunatensHom, ecnm F .. <0.

=FEsing,,.

L feak

11




8. K konuy mextopa F , npuctpausaior sektop F ... KOTOpbIi
PACNONAFAETCA MO MHAMOW OCY B NONOXUTENLHOM HaNPaBliesun ecnu

Fy pear > 0, w OTpUUaATENBHOM CTN F, . <O,

9. [laniee coeanHsIOT Hauano eektopa F, . C KOHLOM BeKTopa
B

&, peax
Bektop F, napanneneH BekTopy Toka [, .
10. MoreHunan ToukM d onpesenseTcs ypasHeHnem

W NONY4aIoT BEKTOP NoTeHuuana F, .

s _ > > s? _ 2 Jig g +.57)
Fo=Fi+l, X, 0" = Fg+ 1,X,,&® =

= Fk+ F:f.ax + jFa’.peax .
rae Fy, Fy oo+ Flyt oo — MORYSb, BEWECTBEHHAR U MHUMES YacTW no-
TeHunana Toukn o F;
F,=0X,,. F . =F, cos{g,, +1,57),
Fy peas = Fysin(g, , +1,57) .

11. K koHUy Bextopa F, npucTpausaior BexTop Fdrak,_- KOTOPGINA
pacnonaraeTcs No BeluecTBeHHoW OCH 8 OTPULIATENLHOM Hanpasne-
Ham, ecnn £, . <0, u B nonoxutensHom, ecnn F, > 0.

LK
12. K koHUy BexTOopa £, , NpUCTPauBaKT BEKTOP Fy peac» KOTODBIA
PacnoNaraeTCA Mo MHUMONA OCH B NONOXWTENbHOM HaNpaBNeHnu, ecnu

Fy peme > 0, B OTpULaTENBHOM, €CM F, . < 0.

13. Coeannue navano pektopa F . c koHuom Bektopa F, .
NOMY4aioT BeKTop nNoTeHuwana £, .

Bextop £, onepexaeT sekrop Toka I, Ha 90°(1,57 pad).
14. FloTeHUMan TOUKK ¢ ONPEASNNeTCs ypaBHeHWeM

F.‘ =Fa+], XC]e—jl.S'I - Fd_l_IlXClef(@;,.—i.s?) =

ﬂf.?d+};;m +jF

C, pear *

12
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raeF., F, .. F, — MOOYNb, BELWECTBEHHAA W MHUMAR 4actu fo-

€.ax ot oC, pear
TeHumana Toukn ¢ F .
F,=1X,. F., = F.cos(p, ~157);

el *cax

F. ...=F_sin(p,, —157).

€, peun
15. K xouuy Bektopa F, npucrpavsalor sextop F, ., KOTOpbiA
pacnonaraeres o BeLeCTBEHHOR Ocu 8 OTPULATENsHOM Hanpagne-
haw, ecnn F. <0, v B nonoxurensHom, ecnv F, . > 0.

£,0x8 oLaK
16. K koHUy BeKTopa ch_ NpUCTPanBaIoT BEKTOP F;_ e KOTOPbIR
pacnonaraeTcs Mo MHUMOA OCK B OTPULATENbHOM HanpaBneHvu, ecnn
F <0, n B nonoxuTeneHom, ecnu F, . > 0.

&, PeaK

17. CoeauHue Ha4ano Bektopa F, . C KOHLOM BeKTOpa F e
nonyuaem BeKTop noteHuuana F .
Bextop F, oTcraer oT sektopa Toka [, Ha 90° (1,57 pad).

18. MoteHuuan ToMKW b oNpeaenseTca ypapHesem

Fo=Fetl R =FA+IRe" =F.+F, +jF, ...
1M 174 bux b, peax

rae by, Fyoi By peax™ MOAYTb, BEWECTBEHHAA U MHVMaR “aCTU No-
TeMuynana Toukm b Fy
F:b = II‘RI; Fb,wc = ‘FL COS@,—]I: ‘F:’J,peax = Fb SlT'll;Di-.] .

19. K xoHuy sekropa F, NpucTpausaioT sektop £, , KOTOPbiA
pacnonaraeTca No BeiLECTBEHHOW Och B NONOXKWTENBHOM Hanpaene-
Huam, eciu F, . > 0, v 8 otpuuatensiom, ecnn F, , < 0.

20. K koHUy sektopa F, , NpUCTPaUBEIOT BEKTOP Fy peax » KOTOPBIN
PACNONAraeTcA No MHAMOM OCU B OTPULATENEHOM HANPABNEHUY, ecim
F, peax <0, 1 B nonoxutensHom, ecnn F, . > 0.

21. CoeguHve Hadano sektopa F, , C koHUoM Bektopa Fp ...
nonyvyaem BekTop noteHuwana F .

Bekrop F, napannenex sextopy Toka 1, .

13



22. FloTeHumnan TouYkK a ONPeAenAETCA YPaRHEHUEM

Fo=Fy+1, Xmeﬂ'” = Fb"'I]Xuejm'l”’S?) = Fot F, ,, + JF,

a,peak ?

rmefF,, F, . F — MOZYnb, BeleCTBeHHAA ¥ MHKMMAad 4acTu no-

a.ax ' g pedx
TeHumana toukm a I :

F,=1X,;F,, =F,cos(g,, +1,57):

F, poue = F, sin(g,, +1,57).

a, peax’

23. K koHuy pektopa F, npucrpauvsalT Bektop B KOTOpbHiA

pacnonaraeTcs fo BELUSCTEEHHOW OCW B MNONOKUTENLHOM Hanpasfe-
Ham, ecrm F, . > 0, v B oTpuuatenshom, ecnn F, < 0.

a.ax
24. K koHuy sextopa F, , npucpaveaioT sextop F, ... KOTOPbI#

pacnonaraeTcA No MHUMOMR OCKU 8 NONOMUTENEHOM HanpaeneHuu, ecnw

F, peax >0, n B OTpUUaTensrom, ecnu F, . <0.

25. Coeaunve Hadano sextopa F, . ¢ KoHuom Bektopa F, s
nofnyyaem BekTop notexuuana F, .
Bekrop F, onepexaet Bektop Toka I, Ha 90° (1,57 pad).

26. MoteHyuan Toukn FonpegenseTcs ypapHeHNEM

e ¥ - 157 _ Koy —157) _ :
Fr=L X' =1 X e"" | Sty M

rmeflF,., F, F — MOAYNL, BELECTBEHHAS # MHUMAES 4acTy fo-
f’m f’m

TeHuuana Toukn f F .
= F,cos(p,, ~1,57).

F,=LX,, Ff,ax
Ff,pwx = Ff sin(g, , ~1,57).

27. Vs nauana koopaWHaET (Touka h) nposogar sexTop F, . 1o Belle-
CTREHHOW OCY B OTPULETENBHOM HanpasneHun ( 7 o KON

28. K koHuy pekTopa F, , npuctpausaem sextop F, . . KOTO-
Phifi pacnonaraeTcs No MHMMON OCH B OTPULIATENbHOM HANPaBNEHWH,

ecm F, .. <0, v nonoxurensiom, ecrm F, . > 0.

14
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29. CoeanHup Havano eektopa F, . € KOHLOM BekTopa ;e
nonyJaeM BekTop noteHumana £ .

Bektop F, OTCTAeT OT BeKTOpa TOKa I, na 90° (1,57 pad).
30. Noreruman TOMKA € ONpeAenAeTCA YpasHEHNEM

Fe=Fr+ LR =Fr+ LR =F 1+ F ot JFopuue

rae F,, F, 4\ F, pope— MORYNb, BELUSCTBEHHAS U MHUMAS HacTi no-
TeHuwana Toukm k [ :
F:? :IBRS; }:;,m = FLCOSQEJ; ‘F;,peax
31. K xoHuy sexropa Ff npucTpaveaoT Bekrop F, ... KOTOpbIA
pacnonaraeTca NO BEWECTBEHHOW OCH 8 NONOXKUTENBHOM Hanpasne-
Hun, ecnn F, >0, n B oTpuuatensHom, ecnn F,, <0,

e,ax

= F,sing; .

32. K koHuy sektopa F, . npucTpausalT sektop F, ., , KOTOPHIA
pacnonaraeTca o MHUMOA OCH B OTPULIATENBHOM HanpasieHuwn, ecnu

F, o <0, uBnonoxurensiom F, ., >0.

33. CoeguHus Hauano Bektopa F_ . C© KOHLUOM BEKTOpa Felpm,

05
nonyvaem aexTop noteHuvana F, .

Bextop F, napanneneH sekropy Toka 7, .
34, CoeMHVE HEYanNO KOOPAMHAT C TOMKOW &, NOMy4aem BeKTop

BXOAHOrO HanpsixeHua [/ .
Mpumevanue. TOMKA 3 AONHNA NEKATL HA BELUECTBEHHOR OCH, TAK KAK BPTYMEHT

BxogHoro Hanpsxetiua @, = 0

NocrpoeHune BeaeTcH B Macwrabe.
Tonorpachmeckas AMarpamMma HarnpskeHuit nocTpoeHa puc. 1.3.

15



b, peus

Erie s

Macwma6
% I ] 0 80 10120 140 B
l:(n Fil 1 [

Puc. 1.3. Tonorpachuyecian avarpamMma HanprRXeHUA ¥ BEXTOpHAA iMarpaMMa TOKOs

Hiccnedosanue enusHuA 3a0aKH0z20 pesucmopa Ha PeXum
pabomeot uenu

NcocnenosaHna  npoBecT#  C NOMOLbIC NporpaMmel  Exsel
kp_2_1.xls. TlporpaMma nNo3BONAET BuINONHATE PacyeThl, aHanornd-
HbIE paHee NpoBeReHHBIM, ANA 23 3HaYeHUit 3a4aHHOro napamMeTpa.

Conporuenenve napametpa wsmenserca ot Olflap,, no
2,311ap,,, . Ans nocTpoeHns rpadmkos nporpamMma opMUPYeT CooT-

‘BeTcTaylowue Tabnuuel U cTpouT TpeSyemble rpadmkm,

MNporpammy Exsel xkp_2_1.xIs MOXHO NONy4uTk Ha xaghenpe, Ha
Kadbeape TaKKe MOXHO NoNy4uTh o6pasely oopMNEHNst KOHTROMBHOMR
paboThl B BUAE thaitna Omyem _2.doc/.

16




3apava 2. NccneaoBanne pe3soHAHCHbIX PEXUMOB

Ans cxembl, NpUBEAEHHOR HA puc. 2.1, KoMep XOTOpoW 33dal B
Tatbn. 2.1, Tpebyercs:

p 1,
‘,_vi_l__,
p L R,
U = Rz
I
s : I
Caigma !
—_—l
S ] -
'Rl
R,
U C
L I
v : v 1
Cxema 3

Pug s

1. OnpefennuTe PE30HAHCHYIO YacToTy.
2. Tlpu pe3oHaHCHOW 4acToTe @, DACcCYMTaTb TOKW BETBEW W no-

CTPOUTh BEKTOPHYIO ANArPaMMY TOKOB U HAMNPSXEHU,
> 3. PaccumtaTb MacTOTHLIE XapakTepucTukn. MocTpouTs 3aBuCHMO-
€TV MOAYNEt N apryMeHTOs BXORHOIO COTIPOTMRIMEHWS U GONpoTUBIe-

MM napannentHoro yuactka Z = f(w) v @ = f(w), Tokos seTeeit
or vacvotel [ = f(w), npoaHanuanpoBaTs MX U CAENaTh COOTBETCT-

BYIOLME BbIBOAkI.
4. MMocTponTs BEKTOPHLIE AWArpaMMbl TOKOB W HANPSIKSHWH npu

vacrote @, = 0,50, v @, =15@, .
MNapameTpbl Uenk npuseaeHs! B Tabn. 2.1.

17



NapameTpbl SNEKTPHYECKUX Liened

Tadnmua 2.1

Howmep | o o ConpoTUBNEHNA NEMEHTOB Lienu Homep
BapuaHTa b R,Om| R,,Om|L M| C, uxp| cxemsl

1 2 3 4 5 6
1 100 10 20 3 60 1
2 120 4 12 10 100 2
3 300 15 12 11 7 3
4 200 15 20 4 60 1
5 200 10 12 10 100 2
s 400 5 12 14 7 3
7 150 15 15 4 60 1
8 200 15 12 6 100 2
9 400 5 10 10 8 3
10 180 10 10 5 70 1
11 200 15 14 6 90 2
12 400 10 8 10 8 3
13 170 10 12 7 70 1
14 200 10 10 7 80 T2
15 400 10 10 10 9 3
16 120 5 15 7 70 1
17 200 ) 12 7 80 2
18 400 10 10 12 9 3
19 200 15 10 8 70 1
20 200 10 12 8 80 2
21 400 15 12 12 9 3
22 120 5 10 5 70 1
23 200 10 14 7 70 2
24 300 5 12 12 10 3
25 130 6 12 7 70 1
26 150 10 14 7 80 2
27 300 5 10 8 10 3
28 150 10 11 4 60 1
29 220 15 16 8 75 2
30 300 8 13 10 12 3
31 150 9 12 6 70 1

18
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QuoHyarwue Taébn. 2.1

ConpoTHENEHUA 3NEMEHTOS Lenn

Homep U.B Homep
BapuaHTa . R.,OM|{ R, ,Om|L MH|C, mxd| cxemsl
az 250 15 14 9 90 2
33 250 4 12 10 5 3
34 200 12 12 8 70 1
35 150 8 12 9 90 2
36 250 4 12 12 9 3
37 220 15 10 7 80 1
38 150 8 15 9 60 2
39 250 15 10 12 12 3
40 220 15 12 3 40 1
41 170 8 14 8 60 2
42 300 15 15 15 12 3
43 180 10 12 4 45 1
44 170 8 12 10 80 2
45 300 15 15 15 15 3
46 180 10 15 5 35 1
47 200 12 10 6 80 2
48 250 11 16 11 11 3
49 150 10 15 3 45 1
50 220 12 10 3 60 2

PeweHne

OnpedeneHue pe3oHaHCHO yacmombi

B pesoHaHCHOM peXUMe BXOAHOR TOK LEMH, COAepKallelk uHayK-
TUBHOCTb M €MKOCTb, [OMKEH COBNaAaTh No hase ¢ BXOAHLIM Hanps-
KeHueM. [INA 3TOro KOMMMEKCHOEe BXOAHOE CONPOTUBMEHWE Lenw

OOMKHO BbITh

Z“ =z&xeﬂ] =Rax+anr =R

YUCTO BELHECTBEHHOW BENUMUHON;

ex 1

X, =0,

FAE AHAYKTUBHOS W EMKOCTHOE COMPOTUBNEHNe X, = al ; Xo=1/wC.

19




N3 yenoeus pe3oHandca cneayer, YTo pejoHaHcHan vYacToTa:

— ans cxeMbl 1 @, = R’;—C_—L

B Ty LR
RZ

- Q1515 CXEMBI 2 (0, = _ |
’ \}LCRg-LZ
’L—R??C

— DA CXeMbI 3 @), = 4f————.

C

fepeBoa HaCcTOThl M3 pag/c B rpaayckl OCYWeCTBRAeTes no ¢gop-

myne f = a, :
Vi

Pacuem mokos semeeli u nocmpoenue 8eKmopHou
duazpaMMbi MOKOA@ U HANPAXeHull Npu pe3oHaHcHoU yacmome

BXO,D,HOB ConpoTUBneHne
Zo=Z,+Z,,=(R+R,)+JjX,+X,,) =7 e’

nap

rae Z nap — KOMMNEKCHOE CONPOTUBNEHWE Napannenbroro yHacT«a:

2 Z. Z. Z,mcejwm [ Prag .
Zﬂﬂ‘p = —_.2 3_ = —Z T = Mpe; = ‘Rm:p =+ ij H
Z,+2Z, an
ch e 2223 ; Zzu = \/(RZ + RJ)Z + (XZ + X3)2 ;
1 X +X qug . - i
Cuiy arcsin~+——2; Z = T Prp = Puse ™ O

3K T

Rnap = Znap cos wnap ; Xnap = Znup s1n g’nap *
BxoaHoR Tok

5 =UlZo=——=1e"" ™ = Le™ =1 4 + J1, e

1,08

8
ZGI
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3

rae [, =U/Z,; I, =1Icosg,; fipe =1iSiNQ, 0, =0, —0,,.
HanprxeHue NapannenbHOro y4acTka
Unap = I] Znap = fZejw“‘w"”) = Umpejwh'mp =l + jU

nap.ar nap, pear 1

rae U, o =U,,, 008 Pl D= U, sin P

MpoBepka pac4eTor NO ONPEASTEHMIO HANPSIKEHNUA NapannNensHo-
rO y4acTKa NPOBECTH € UCNONb30BAHNEM YpaBHEHWR

Unp =U-11Z:=U, ~ U, +Upeax - Ul,peax = Unap.m— + JU

nap, pear *

Toxn I, n I, onpegensiotcs ypasHeruamy:

. S 8} s

| U: a . Znap s TAE A
Zs Z;

3 g Ha U f

]3 == Di S = —Pﬂejws = I),ax + J‘IS,pear ?
Z;s Z,

(B P, = Prgp = P2 Py = Prap — Py Ly = 1, 0089, ;

Iz,pem\' = IZ sin @iz ; I3,ax = I3 cos @f:, i I3,peﬂ‘k'

=Ising, .
[ns nposepku pacyeTos NO ONpeaeneHuIc TOKOB I, v I, Hantu
BeWeCTBEHHYIO W MHUMYIO COCTaBNALIME ToKa [, NO ypaBHeHusM:

I

1,ax

=1

=12,ax+13.ax; 1 2.ear+13.pemc'

i, peax

locTpoeHue BEKTOPHOR AMarpaMMmbl NPOAEMOHCTPMPYEM Ha NpH-
mepe cxems: 3.
Moctpoenne creayeT HadaTh © Toka J,. CReayiowmnM 3Tanom se-

nAETCA NOCTPOEHWEe HanpsMeHWsl RapannentHoro y4acTka. Ans atoro
W3 HaYana KoopAWHaT OTKNaAbiBaeTCA BEKYOp naferus Hanpsxesun

Ha conpotuanenn R, U, =I,R,, cosragaioimuit no HanpasneHuio ¢
Tokom [,. [lanee k konuy Bektopa [,R, npuctpavBaeTcs BekTop
1,X, no HanpaeneHno, NepreHAVKYNAPHOMY TOKY I, B cropony one-
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pexeHns (NpoTME 4acosoi cTpenkw). Janee COBAWHAIOT Hauano Bek-
Topa I,R, v KoHey eekTopa 1, X, v nonyyaioT BekTop HaNPAXEHNA

napannensLHore y4acrka U,mp (puc. 2.2).

£

Maciumaber ’
O ; 2 3 4 5 6 7 A
I'lllIllll‘l‘illlIIIIIlIIIlIIII

0 40 80 016020240203

||l|||nl||||| yba b el

Puc. 2.2, BexTopHES BUArpaMMa TOKOB U HANPRAKEHWIA B PEIOHAHCHOM peXAMe

CrefyloMm 3TanoM sBfsieTcs noctpoeHue sektopos I, n I.
[lns 3TOro K KOHUy Bektopa Toka I, NpucTpausaem pektop Toka [,
onepexaiowmii ha 90° wanpsxenne U, . flanee coeavHAiOT Havana
sektopa [, ¢ koHuoOM eektopa [, u nonyuatot Bektop Toka [, B pe-
30HAHCHOM pexvme (cxema 3) sexkTop Toxa [, ROMXeH cosnajats ¢
sekTopom U, .,

QNS HAXOMAEHUS BEKTApa BXOAHOMO Hanpskernsa [/ K KOHLY BekTopa
U, MPACTPAMBRIOT BEKTOP 1, R,, coBnapalownin no Hanpaenesmio ¢ To-
koM ], . 3aTEM COBRMHSIOT HAUAN0 NOCTPOSHUS C KOHLOM BekTopa /R, v
NONy-aloT BexTop BxopHoro Hanpsskedna U, (eM. puc, 2.2).
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Pacuem u IOCMpoeHUe HacmOomHbIX XapaKmepucmuK

PacueTbl NpoBecTy o nporpamme Exsel_2 2.xls. [ins NOCTPOEHNA
38BMCAMOCTEN MOAYNER ¥ ApryMeHTOB BXOAHOTO CONPOTWBNEHNS M

CONPOTURNREHMA NapannensHoro yuactka Z = f(@) u ¢ = f(w) npo-

rpamma (hopMHUpYET COOTBETCTRYIOWYIO TaBnuly.
NipUMepHbI BUA YECTOTHBIX XapaKTepUCTUK NPUBEASH Ha puc. 2.3 u24.

250 . . I
Zeg [
200% - = £ ; B B O (R
80— ssanhems beser wnds Y , . : .
Zn 2 3
$00.- 5 L qp\ @ .
50 Aoep / \
e |y
[+] =% @ 4 i
b 100 200 oo 400 o0 TO0 o))
-50 S ; \ qzmﬁ.r __Tm
=100 |. i - ] wm_p
~150 |

10

|

0 10D 200 300 400 500 500 T00 Bog 800
Puc. 2.4, Hactotkee xapakiepuctacn { = f(@)
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BexmopHbie OudazpamMsl MOKOS u HANPSIKEeHUU
npu wacmomax w, = 0,50, u @, =1,50, .

MpumepHbIA BUA BEKTOPHLIX AUArpaMM NPUBEAEH Ha puC. 25un26.

LR,

I2XL2

Puc. 2.5. BeKTOpHan AMArpaMMa TOKOB i Hanpsaxeruii npn vactote @, = 0,5@,

LR,

e
' ol

i 2R I
2
Puc. 2.6. BekTOpHAR AKarpamMa TOKOB W Hanpskeruik npu vactote @, = 1,50,
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3apnava 3. ViccnepoBaHue CNOXKHLIX SMEKTPUYSCKMX Lienel
CUHYCOMAAJTLHOrO TOKa

Ana anexTpuueckod ueny puc. 3.1, napameTps! KOTOROH Npueege-
Hel B Tabn. 3.1, Tpebyerca BLINONHATL CReayloLLee:

1. Ha ocHoBaHun 3akoHoB Kupxroda cocrasute B obliem Buge
CHCTEMY YpaBHEHWH NS pacueTa TOKOB BO BCEX BETBRX LIENM,

a
Xu A XL2 A XL3 ar
b € k
XC[ (& 7 11 X(}—z /IA XC}m
R II Iz 13
1 R, R,
d h b}
s

Puc. 3.1. 3nexvpuseckas yens

2. Onpe,n,eanb JHa4YeHUA TOKOB BO BCEX BETBAX BOCMNONLIOBAR-
WACE O4HMM M3 METOA0B PAECYETA CNOXHBIX 3NEXTPUYECKWX Lened.

3. MNocTpouTb TONOrpaUUEcKyid QUarpamMy HaNPsHKEHNH, CoBMe-
LLEHHYK C BEKTOPHOW BuarpamMMoli TOKos.

4. Wccneposate BusHWe NapameTpa, WHOEKS KOTOPOro YKasaH B
cronbue 17 vabn. 3.1, Ha Toku BeTBE U NOTPEBNASMbIE MOLWHOCTH.
Moctpouts rpaduku [ = f (napauem;}.) n 8,0,P= f(napamemp),
npoaHanmanpoaaTk X, cAeNarb BLIBOALI.

25



9Z

flapameTpbt 3NEKTPUYECKUX Liened

Tabnuua 3.1

% Moaynu u aprymesTol 34C CONPOTUBNEHNS AKTUBHbIX ¥ PEAKTUBHBIX 3NemMeHToB, OM % %
g %' 'pel’ Ez’ Pz E;- {083' ‘Rl XLI XCI Rz XLZ XCZ R3 XLS XCS %5
2 rpap | 8 |[rpag| & [rpaa ER
1 2 3 4 5 6 7 8 9 10 | 11 12 13 | 14 | 15 18 | 17
1 150 90 |120| 0 1100| 45 | 15 | 10 5 10 5 10 | 10 [ 10 20 | 1
2 1300] 0 1200| 45 | 100 | 180 | 14 | 21 9 9 14 21 21 1315|1351 2
3 (300 45 {200 45 {100 [ 135 | 13 [ 195 | 8 8 13 | 19.5 [19.5(29.26] 12 | 7
4 1300| 90 | 200|135 |100 | S0 ; 12 | 18 7 7 12 18 | 18 [ 27 [ 106 [ 4
5 {300 135 |200; 180 |100} 45 | 11 [165 | 6 6 11 | 16.5 116512475} 9 5
6 |300] 180 | 200 O (1001 © 10 [ 15 7 7 10 15 | 15 1225 | 105 | 6
7 (30011351200 45 1100| 90 | 9 | 135) 8 8 g9 13.5 {135(2025( 12 | 7
8 [300] 90 |200)| 90 {100)| 135 | 8 12 9 9 8 12 [ 12 | 18 | 1356 ; 8
9 1300| 45 {2001 135|100 | 180 } 7 [105 | 10 | 10 7 10.5 110.5(15.76¢ 15 | 9
10 |300| O | 2001 180 [100] 45 | 6 9 11 11 6 9 9 | 135 165 | 10
11 [ 1001 O [300, 180 {200 | 90 7 |1051 12 | 12 7 10.5 [10.5(15.75| 18 ! 11
12 1100 { 45 1300 | O [200 [ 45 8 12 13 | 13 8 12 | 12§ 18 § 195 | 12
13 1100 | 45 [ 300 | -45 [200]| O 9 [135 ] 14 | 14 9 13.5 |13.5.20.25] 21 | 13
14 | 100} 135 {300 | 90 | 200} S0 ; 10 | 15 15 [ 15 | 10 15 | 15 [ 225 | 225 | 14
15 100 | 180 (300 | 135 |200] 135 | 11 | 165 ] 16 | 16 [ 11 | 165 [16.5/2475} 24 | 15




L2

Npogonxenue Tabn. 3.1

Moaynu u aprymenrsl 34C

ConpoTuBREHWS aKTUBHBIX ¥ PEAKTUBHbIX 3NeMeHTOoB, OM

Huaexc namesne-
MOrg napameTpa

E

143

-

[+ X .

§ E;” ri:g EBZ : li:ﬂ %' rﬁ:n Ry Xy | Xa | By | X, | Xeo | By | X Xes

16 | 100 0 300 | 180 1 200 | 180 | 12 18 17 17 12 18 18 27 1255 | 1

17 100 | 45 | 300 135 {200 | 45 13 : 195 11 11 13 19.5 | 19.5[(28.25] 165 | 2
18 [ 100§ 80 | 300 90 | 200 0 14 21 12 12 14 21 21 i 315 18 7
19 (100 | 135 | 300;: 45 | 200 | 90 15 § 225 13 13 16 1 225 |225(33.75| 195 | 4
20 { 100 | 180 | 300 0 200 | 135 ; 16 24 14 14 16 24 24 36 21 5
21 [100] 45 | 250 | 45 300 135 | 17 | 255 ] 15 15 17 255 125.513825| 2251 6
22 11001 180 | 250 180 | 300 | 180 | 18 27 16 16 18 27 27 | 405 24 7
23 |00 ] 135 {250 ) 135 1300 135 | 19 | 285§ 17 17 19 285 |285[4275| 2551 8
24 {100| 90 | 250 90 |[300| 90 20 30 18 18 20 30 30 45 27 9
25 | 100 45 | 250 | 45 | 300 45 18 285 ] 19 19 19 285 (2854275 28.5 | 10
26 1 100 0 250 0 300 0 18 27 20 20 18 27 27 1405 | 30 11
27 (100 90 1250 | 90 | 100 0 17 | 255 | 19 19 17 | 255 [265(38.25) 285 | 12
28 1100 135 1250 ] 135 | 100 | 45 16 24 13 13 16 24 24 36 195 | 13
29 |1001 180 | 250 | 180 | 100 | 45 15 | 22.5 14 14 15 225 {225(33.75| 21 14
301100 45 1250 45 {100 135 | 14 21 16 15 14 21 21 13151225 | 15
312003 135 | 300 | 135 [ 100 ) 180 [ 13 | 195 16 16 13 195 119.5(|29.25| 24 1

32 1200 180 ; 300! 180 | 100 0 12 18 17 17 12 18 18 27 1255 | 2




8¢

Owonuanue 1abn. 3.

—

a b
% Mogynw u aprymenTsl 31C ConpoTYBNEHUA aKTUBHBIX K PEAKTUBHDIX INeMeHTon, Om % E
g l::B] | Ez ' %2 I E3 gl T Rl XLI XC] R, X:.z Xea R, XLs Xes E E
2 rpap | B |rpan| B |rpaa 33
331200| 45 | 300|135 1100 | 45 | 11 [ 165 | 18 18 11 16,5 | 16.5124.75| 27 7
341200 180 [300( 90 [100 | 90 | 10 15 19 19 10 15 15 12251285 4
351200| 135 | 300} 45 {100 | 135 [ 11 | 165 | 20 20 11 16.5 [16.5124.751 30 5
36 {2001 90 | 300 0 100 | 180 | 12 18 19 19 12 18 18 | 27 | 285 6
37 (200 45 1100 0 100} 45 13 11951 18 18 13 | 18.5 | 19.5[20.25] 27 7
38 :2001 O 1001 45 [100] 180 | 14 i 21 17 17 14 21 21 {315: 255 | 8
30 /200 90 100! 45 [1001 135 | 15 1 225 | 16 16 15 | 225 [225(33.75| 24 9
40 | 200! 135 {100 ] 135 | 100! S0 16 | 24 15 15 16 24 24 | 36 [ 225110
41 | 2501 180 | 100 | 180 {100 | 45 | 17 1265 | 14 14 17 | 255 12553825 21 11
42 | 250 | 45 [250( 180 (100 | O 18 | 27 13 13 18 27 27 1405 195 [ 12
43 1100 | 180 [ 250 435 {150 | 180 | 19 1285 | 19 | 19 19 | 285 |285(42.75] 285 | 13
44 1100 135 12501 90 | 150 | 135 | 18 | 27 18 18 18 27 27 | 405 ] 27 | 14
45 1100 90 [250) 45 | 1501 S0 17 12865 | 17 17 17 | 25.5 {255]38.256| 25,5 | 16
46 | 1007 45 | 250 0 1501 45 | 16 | 24 16 16 16 24 24 36 24 2
47 |100| O | 250 ) 90 (150 | O 15 | 225 | 15 15 15 | 225 [225(33.75} 225 | 3
A8 1100 | 90 12501 135 [150 [ 90 [ 14 | 21 14 14 14 21 21 |315 | 2 4
49 (100! 135 1250 | 180 ! 150 135 | 13 1 185 | 13 13 13 | 195 119565(2025[ 195 ] 5
50 | 250 | 180 [ 100 45 | 1501 180 ; 12 18 12 12 12 18 18 27 18 6




PeweHnwns

MepeBoR rpaayCcos B paaUaHs! NPOBOANTCS N0 YPABHEHMIO
@ =2mp° 1180 .

Ypasnernusn no 3akoHam Kupxzaogha

3agaHHast ueAb MMEeT ABa yana W O2a KOHTYPa, NOATOMY COCTAB-
AAETCH OAHO ypasHerune no 1 3akoHy Kupxroda v gpa no Bropomy:

}1+12+}3 =0; El—é2=}1él—}222;
JE;:Z""EB =12é2*1323,

rae Zi — KOMMIEKCHOR CONPOTUBREHNE NEpBOi BETBM:

Zi=R+ j(X,, - X)) = Zlem' ; wlzarctg%;

i

X=X, —Xgi Z,= Rlz +X12

Z2 ~ KOMNNEKCHOE COMPOTUBNEHWE BTOPOI BETBM:
L]
ey 3 = Jey . —
Zr=R+ (X, ~ X)) =22 X, =X, -Xc

Z, =R+ X! 9, = arctg%;

2

24

Z3 - KOMNNEKCHOe CONPATURIEHNE TPETLEI BETBY!
Zs=R, + j(X,, - Xe)=2Z,e™” X=X~ X

Z, =Rl + X} .0, =arctg%_.

3

Pacyem mokoe serngei}

InAa pacuera ToKos seTBEH UenecoobpasHo BOCNONLAOBATLCH Me-
TOAOM KOHTYPHbIX TOKOB. PacuetHble ypaBHeHus:
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InZn+IwZo=En; InZu+InZn=En,

rae I, . 1,, — KOHTypHbE TOKK,

E,,, E,, —xontypHue 3IC,

E,=E-E, =E_,+ jEl,peax —(E,

- i - e . _ 2 2 .
= Bl T JEll,peax =E """ E, = '\IEII.ax + E]l.peax :

- E!l,pem' i
npu E,,A,’ax >0 @,, = arclg ~=—,

Liax

* jEZ,peax) =

g

B
npu E,,,. <0 @,, =arcig—2% 1+ 27,
11,ax

E22 = EZ_ E3 = El.ax + J-El,peax . (EJ,ax + jEle“’) =

22 peak !

— y — jWe . —_ 2 2
- E22,ax + JEZZ.pem - Ezze < ! E22 e \/En,ax +E

E
pn Eppe >0 0,5 = arctg 2,
22.8%

E
npu E,p, <0 @, =arcig =222 1 27
22 ax

Z,, — coBCTBEHHOE CONPOTUBNEHNE NePBOTO KOHTYPA:

Z.,, = él+ Z'2 =R+ jX,+ R, +jX, =R, + jX,, = Z,&’";

R,=R+R,. X, =X,+X,, Z, =R, + X},

Z.zz - coBeTBeHHoe ConpoTUBNEHWE BTOPOrO KOHTYpa:
Z,=Z,+Z, =R, + jX, + R, + jX, = Ry + jXp, = Zpye'™;

R,=R,+R, X, =X,+X,, Z), =~|RL+ X},
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Z,, . Z,; - CONPOTUBAIGHUA CMEXHON BETRM:

Z,=2,=-2Z,=-Z,e'".

Pellexve CUCTEMEI YPaBHEHURA KOHTYDHbBIX TOKOB BbIMONMHUTL © AO-
MOLLbHD ChpenenuTenan:

- - A
I =$; I ='—.2*;
A A
rae A — rnaBHbIA onpegenuTens
. Z]I Z]2
A — . -
le ZZZ
A1, t.hz — onpegenuTeny
- Ell ZIZ d Zl] E]l
AI .. 4 - - Az = . -
EZZ ZZZ | ZZI E22

Pacyer onpenenutens A seperca no YPaBHEHUAM:

A=ZuZn-ZuZn=(R, + JX IRy, + X)) -
— (R, + JX, HRy, + jX,) = R, +jX, =Z,e",
rae R, = R,R,, ~ XXy —(R,Ry ~ X Xn):
X, = X, Ry, '*‘Rquz —{R;:X i +R12X21)i
Z, =R+ X},

npn R, >0 @, =arctg£l;
11

X
npn R, <0 ¢, =arctg =+ 21
11
AHANOrMYHO HAXOAST onpesenuTenm A wA,.
Onpegenexne KOHTYPHBIX TOKOB BeAETCS No YPaBHEHUAM;
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i
. A] Zﬁ e a1

e, N LA j“’fn — 4 .
I == 7 % =0 =1y e Jhy pear s
A A
> sy
} - A, ZA,e =] .%m = + il .
b R o, 122 = Ly ax T J22 peo 3
A Z, e’

Z
rae 1, =-Z—""‘—; @ =@p ~Pu; Do =L CO8Q,
A

- . _ A R - .
Lt peax =y SINQy 5 Ly =210, =@, ~@s:

Z,
Ly o =1y c08@; Izz.pem- =I,,sin ?r,,

PacyeT TOKOB BETBER NPOBOAWTCA 110 YPABHEHMWAM:

2 . io

Li=hy =1+ J peac =11 Ly

% o 2 2 o
rae I]_ax = Ill,un ’ Il.peux = Il],peax ’ JrI - \J Il,ax T Il‘peax 1
npu I, >0 @, =arctg—",
1.ax
Il Pear
npw 1, <0 @ =arctg——+2x;
1,ax
° % ; i
13 =iy =IB,ak +.}I3,pcax = IJe i ;

' - " - 2 2 i
rae I‘.’.,ak = _In,ax 1 IS.peax - Izz,peax ' 13 - '\JI 13,0‘;( + IS,peax ’
mpv I, >0 @ =arctg 2

lax
13 Peax

npu [, <0 @, =arclg—"—+2x%;
: dax
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IZ = 122_ jrIl = IZ,ax + sz,pem.- = Ize-wfz ]

_ . _ o _ Ay 2 .
rae Is.ax = _-122,ax s I3,pearx - Izz,pem:' I?. = Iz.ax +I2,peah‘ 1

1 K
npu 1, >0 @, =arctg 2=,

2.0

- I?.,pcax )
npu I, <0 @, =arctg =% 4 27,

2.ax
npaBHanOCTb pacyeToB nposepreTca nyrem cocraepheHns Ga-

MaHCa aKTUBHBLIX MOLHOCTeIR.
AKTMBHARA MOLHOCTL Boex 3AC

PE = RC[EI 1'1]+ RC[EZ Iz]'l' Re[E; 13] = EIII cos(qgel - qpﬂ )+
+E,1, cos(‘?’g, =@, Y+E], 005(%, -9}

AKTUBHES MOWHOCTL, BbiAENAEMas B Pe3ncTopax:
= ]2 2 2
Po=LR+1LR+IR,.

flocmpoeHue monoapapuyeckoil Quazpammbl HanpXeHU
U 8exmopHol GuazpaMmbl MoKos

1. BexTopHyio anarpammy TOKOB CTPOMM Tak ¥e, KaK B 3afave 1
(pwc. 3. 2).

2. MNpn nocrpoeHun Tonorpadudeckok Auarpammel YCnosHo 2a-

3EMIIFAICT TOMKY §,
3. MoreHyuan Toukwm h orpegensTca ypasHeHem
: —_ . e jc
Fa =B ¥1E 50 SE 09,

4. Noterunan Touwun f F = F =1L, R, . Ana vaxoxpeHus noteu-
Unana ToHKkM f H2 Tonorpaduueckoit quarpamme MPOBOAUTCA BEKTOP

I,R, napannensHo Toky I, B HanparneHwu NPOTUBONONOXHOM TOKY
(puc. 3. 2).
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Puc. 3.2. BexvopHan auarpaMma Toxos 1 Tonorpauyeckan guarpamma HaNPREHHA

5. Noteruman Toukn e Fe = Fr+ jI,X ., . Ans onpeaenexns no-
TEHUMAna TOUKM € Ha Tonorpachuueckol Awarpamme RPOBOAUTCA M3
koHua sextopa I,R, sektop I, X, . nepneHaukynsipHbli Toky [, Ha-
fpaBferHbIR B CTOPOHY ONEPEeXeHns (CM. puc. 3.2).

6. Motenunan Touku a Fo = F.— jLX,, . ToTenuuan To4kW a Ha

Tonorpadueckoit aMarpaMme onpegenseTcA koHuom sekropa 1, X, .

KOTOPbIA NPOBOANUTCH M3 TOHKW € NEPNEHANKYNAPHO TOKY [, B CTOPOHY
oTCTaBaHmna (CMm. puc. 3.2).

7. MoTeHuwans Touek d, ¢, b, n, m, k ONpeAenATCA aHanorniHo.
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Hccnedosanue enuanus 3a0aHHO20 apayMenma Ha MoKy
semeel U NomMpebnseMbie aKmusHLIe MOWHOCIU

Wccnenosaknsi npoBecT ¢ NOMOLYbIO nporpammel Exsel
Kp_2 3.xis. MporpaMma no3sorsieT 8bINONHUTL pacyeTsl, aHanoruy-
HbI@ PAHEE NPOBEAEHHbLIM, ANA 23 3HAYEHWH 38/1aHHOrO NapaMeTpa.

MNporpammy Exsel kp_2_3.xIs MOXHO NORyuwuTh Ha kachenpe. Ha
Kadeape TaKke MOXHO NonyuuTs obpasely OOPMNEHNA KOHTPONBHOM
paCote: B Buae chaitna Omvem _2.doc/,
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