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BeeneHune

Msyuenue pazgence «Tpexdaanbie uenu» U «PacyeT NUHEeRHbIX
SNEKTPUYECKUX LEeneR HeCcMHYCOMBarnbHOro Toka» B Kypce «TeopeTu-
YECKME OCHOBbLI 3MEXTPOTEXHUKM» CTaBMT CNeayliowue 3agaun: Hay-
UUTBCA NPOU3BOAWTE PacYeTb! TpexdasHbiX Lened W CTPOUTE BEeKTOp-
Hbie ¥ Tonorpaduveckne gMarpaMmbl, OCBOMTb METOZb! pacuyeTra Nnu-
HefHbIX ANEeKTPUUECKIX Lienelk NpU HECUHYCOUAANbHEIX BO3AEACTBMAX.

KosTponstas pafoTta cocTouT va YeTbipex 3agav. rnepsas noces-
WeHa pacyeTy TpexdrasHbiX Lenei npy CUMMETPUYHOR Harpyske, 8To-
pas pacqeTy YeThipexnpoBoaHbiX TpexdasHLIX ueneil npu HecummeT-
PUMHON Harpyske, TPeTos PacYeTy TPEeXHPOBORHLIX TReXaaHbIX uenei
NPpY HECMMMETPUYHOIR HAarpyake; YeTBepTas pacueTy paspeTeneHHol
LMK NPKW HECMHYCOWAANBHbIX BO3ASHCTBUAX.

MpU BLINONHEHWW pacyeToB INSKTPUYECKUX LENed NPUXOGUTCA
BLINONHATE BONBLIOE KONMUYECTBO OAHOTUNHEIX BoMUCNEHNA. NoaTomy
C L&Nbio COKpALLEHUA BpeMeHU U NOSLILLEHUR TOMHOCTY PacyeToB No-
Ne3HbIM ABNAETCA NPUMEHEHWUE BbIMUCNUTENLHOR TEXHUKM,

HcnonsaoeaHne LNGPOBBIX BoIMWCITIATENbHBIX mMawnH (LUBM) no-
3BONAET BBECTU B KOHTPORbHYIO paboTy KpoMe TPahWUWOHHEIX pacye-
TOB 3NEKTPUYECKUX LIENed € 3afaHHBIMA JaHHLIMU 3NeMEeHTbl MCCne-
ACBaHWS BAMAHWA NapAMETPOB Lienks Ha pexiim ee paboTel. Takue uc-
cneporannA cnocoGeTeyloT Gonee rAyGOKOMY W3YUEHWIO 33KOHOB,
CBOWCTR 3neKkTpU4ecKkux ueneih M NOHMMaHWIO PU3UYECKUX NPOLIEcCos,
NPOUCXOAALLUX B HUX.

Mo pesynbTatam nccnefoBaHUil CTYAEHT CTROUT COOTBETCTBYIOWME
Fpachmin, aHaNManpyeT ux U AenaeT COOTBETCTBYIOME BLIBOARI O RNWA-
HW 3a0aHHOrO NapaMeTpa Ha pexim paboTbl uccnegyemMoi Lenu,

HoMep BapuaHTa 3afaHus ONPEAenseTcs ABYMSA MOCAeRHWMU
uupamu wucppa cryaenTa. Ecnu aBe nocnegxue undps obpasyer
uncno Bonsle 50, HeoBx0AMMO NONY4YEHHOE MKCNO PE3GENUTb Ha 2 1
OKPYIMMTL A0 UENOTO YACNA B MEHBLUYID CTOPOHY.



3apava 1. PacueT TpexchasHoit Leny NpU CUMMETPUNHON
Harpyaixe

1. Mo Gase panHbix (Tabn.1.1) ans ceoero BaphanTa onpeaennTb
napameTpel anekTpudeckoi uenu (puc. 1.1), nutaiowedcs ot Tpextaz-
HOR CETH CHHYCOWAANLHOIC ToKa.

1.1
ES—

Puc. 1.1. GnexTpuseckan Lenb

Tatnuya 1.1
McxopHbie QaHHBIE LiENK No BapuaHTam
ConpoTHRNEHUA
Hom?{p E s D, L D, . pesncTopes, OM
BapvanTa rpaa rpa rpaa R Xy X
1 2 3 4 5 & 7 8
1 220 0 -120 120 10 20 40
2 220 0 -120 120 9 13,5 4
3 220 0 -120 120 8 12 3
4 220 0 -120 120 7 10,5 2
5 220 0 -120 120 6 9 1
6 220 0 -120 120 5 7.5 2
7 220 0 -120 120 4 6 3
8 220 0 -120 120 3 4.5 4
9 220 4 -120 120 2 3 5
10 220 0 -120 120 1 1,5 &
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QOkoHuauue tabn. 1.1

ConpoTHBNeHUA

e | B | Pt | Pur | P | pesvcrooon. Ou
rpan rpaa rpag R X, Xe

11 220 0 -120 120 2 a 7
12 220 0 -120 120 3 4.5 8
13 220 0 -120 120 4 6 9
14 220 0 =120 120 5 7.5 10
15 220 0 =120 120 g g 11
16 220 0 =120 120 7 10,5 12
17 220 0 -120 120 8 12 B
18 220 0 -120 120 9- 13,5 7
19 220 0 -120 120 10 15 8
20 220 0 -120 120 11 16,5 9
21 220 ] =120 120 12 18 10
22 220 ] -120 120 13 19,5 11
23 220 0 -120 120 14 21 12
24 220 0 -120 120 15 22,5 13
25 220 0 -120 120 14 21 14
26 220 1] -120 120 13 19,5 15
27 220 ] 120 120 12 18 14
28 220 0 -120 120 11 16,5 8
29 220 1] -120 120 10 15 9
30 220 0 -120 120 9 13.5 10
31 220 0 -120 120 8 12 1
32 220 o -120 120 7 10,5 12
33 220 0 -120 120 6 g 13
34 220 1] -120 120 5 7.5 14
35 220 0 -120 120 6 9 15
36 220 o -120 120 7 10,5 14
37 220 0 -120 120 8 12 13
38 220 0 -120 120 2] 13.5 12
39 220 1] -120 120 10 15 11
40 220 0 -120 120 11 16,5 10
41 220 0 ~120 120 12 18 9
42 220 0 -120 120 13 19,5 8
43 220 0 -120 120 14 21 14
44 220 0 ~120 120 13 19,5 13
45 220 0 -120 120 12 18 12
46 220 0 -120 120 11 16,5 11
47 220 0 -120 120 10 15 10
48 220 0 -120 120 9 13,5 9
49 220 5] -120 120 8 12 8
50 220 0 -120 120 7 10,5 7




2. PaccuuTaTh (asdbie U RYHEeWHbIe HANPAXEHUST U apFyMeHTb
3TUX HANPAXSHWUIA B paguaHax.

3. PaccuuTaTb conpoTmenetns ¢as.

4. Paccumtarb NHEeHHbIe TOKW N NOCTPOUTE BEKTOPRHYIO AWarpammy
TOKOB ¥ HanpsiKeHwi.

5. PaccuwtaTe aKktMBHbie mowHocTy ¢has U B Uenom ecel Tpex-
dhrasHo@ Leni.

Pewenue

Pacuem chaaubix U TUHEIHbIX HANPAXeHUU
U Ux apzyMenmos

da3HbIe HANPMKEHUA HA HATPY3Ke HAXOAATCA NO YPABHEHUAM:
= bose wn s 1y je.
UA ""U¢e 4 ’ UB —U¢e 2 ) UC ‘—Ud,e = 1

e Uy =Byl Ppos =7 - @rpa /90
NMHeRHbIe HANPSKEHNA ONPERensTCA YPABHEHMSIMU:

U= Es~Fpg= UA'B,ar + jUAB,pea‘x = Uﬂeﬂ%s,

e Uy oo =E 40— Ey = E cosQ, E¢ cosg, ;
UAB \peax = EA peax EB peax = E sin @ed _Eqb sin @eg ;

U ‘\/UABax ABM_‘/_E '

o, i
npn U g >0 @45 = arctg —22E

AB,ax

U
npn U 4y o <O @ = arclg—=20% 4.2,
AB ax

Usc = Es—Ec =Upc g + JUspc pou = U e,

rae Use o = Ep oo = Ec o = Egc080, — EycOSQ, |
Upe pea = ¥ A—_— —E¢ pea =F 's.ingir;!.,,B -E,p singpec :

U \/UBCax BC peow '\/‘-Eqi ’
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u
npu Uﬁ'C.a;.- >0 @pc :arcth;

BC ax

UBC‘ peax

npu Upe .. <0 @y = arclg +2r,

BC ax
UCA = EC_ E"i = UCA,ax + jUCA,peax = Urne“’l‘ubf »

rae Ui =Ec e —E e = E,cosg, —E cosp, .

Ut pear = B 1‘57,'A_Pmt -—-E,@sing)eﬁ -E, sin(oed;
U..': = \/UéA,ax + UéA,

Jpear

=\B3E,;

U
npun Uy, >0 @, = arctg —Sore .
CA ax

peax

U .
— CAPH o Dy

npu Uy, <0 @, =arctg

CA.ax

Pacyem conpomuenexus a3

PeakTueHOE conpoTuBneHune ghasul
X=X, -X..

MNonHoe conpotuenesve (hasw M ero aprymexT:

Z=~NR*+X*; @:arctg%.

Pacyem nuneiitbix ((ha3Hbix} mokoe
JInHeRHbIE TOKW HAXOAATCA NO YPABHEHNAM:

by U ejﬁ’UA .
— UA = & =Ije;‘¢’;4 "—.Iﬁ‘ax +JI

14
. i A.peax ¥
P A Ze

The Iﬂ :U\fp‘{Z; @‘,A =¢U‘, =@, IA.a’x ;Ix COS@;A : IA.peax =I_=w Sin‘pf)‘;
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. 2 FOy
U U,e

_ _ - feg .
Fir= P =1 =1, 4 jly s
Fae (0!3 ZQ?U_;, -, IB,ax =I_r1 COSQDIB ; IE,peux =‘rx Sin(ﬂ;ﬂ;
g [.] U, e’ ; ’
C=_..£__,¢_._.__I P =IC,ax+fIC,peax'

rae @, =@y, —Ps Ion=1c089 ; 1, =1sng, .
MpyMepHan BEKTOPHAA AMArpaMmMa TOKOB U HANPAXEeHWA NOKas3aHa Ha
puc. 1.2

+J

Uge ] 1y

Puc. 1.2. BexTopHan AMarpamma TOKOB 1 HANDFAKEHWH

Pacuem akmusHbIX MOWwHocmell ghas u eced
mpexghaszHol uenu

Npy CHMMETPUYHOR HArPY3KE aKTUBHEA MOLUHOCTH B Kakpoi drase
onpepensTca ypasHennem F, = UM'Ju COS¢, CYMMapHas MOLJIHOCTb

cetw Pcym=3-F,.
[Ins NPOBEpKA NPABUIILHOCTY PacueToB LienecoolbpasHo paccun-
TaTh CyMMapHYIO MOLLHOCTS, BEIAENAEMYI0 B PEIUCTOpax Bas:

P,=3.I'R.

6




3anava 2. UccnepoBalue 4eTbipeXNPOBOAHLIX TpexdasHbIX
yenen NpU HECUMMETPUYHOR Harpyske

1. Ne Gaze pganHeix {(Tabn. 2.1) gps CBOEro BapraHTa onpeaenuTb
napaMeTpel ANeKTPUYEecKor uenn (puc. 2.1), nuTaweica ot Tpexdas-
HOM CeTH CHHYCONAANEHOTO TOKA.

!
y gy y

Pue. 2.1. 3nextpuyeckan Lens

2. PaccuwTath asHble U [TMHeRHbIS HanpsXeHUs U WX apryMeHTbI.

3. Paccunrarh conpoTUBNeHWs aa,

4. PaccuutaTth nuHedHble (hasHbie) TOKM U NOCTPOUTE BEKTOPHYIO
OVNArpaMMy TOKOB W HaNpPsKEHWEA.

3. PaccyuTaTh akTMBHBIE MOLWHOCTY (da3 ¥ B LeMOM BCe Tpex-
chazHoW uenu.

6. Miccnepoearh BNURHWE NapameTpa, WHASKC KOTOPOro YKasaH 8
cronBue 17 tabn. 2.1, Ha TOKW BeTBed v noTpebnAemMblie MOLHOCTW.
Moctpouts rpacpukn [ = f(napamemp) v 8,0, P = f(napamemp) .



Wcxoprble AakHeie TpexdhasHon Uueny no papwaHTam

Tabnuya 2.1

Moaynu u aprymenTs! thazHeix 34C

ConpoTuengHKs peauctopos, OM

g2
] ]
g ]
g 25
§ |EB| % |58 % | BB Pl R Xy Ko | B K Ko | R Ko | Ko |85
3 pag rpan rpag F5
= = 2
1 2 3 4 5 € 7 8 g 10 11 12 13 14 15 16 17
1 220 0 220 -120 220 120 20 20 10 5 20 Q0 5 s} 20 6
2 220 1] 220 -120 220 120 19 285 14 14 19 28,5 28 42 21 4
3 220 1] 220 -120 220 120 18 27 13 13 18 27 27 40 18,5 7
4 220 13 220 120 220 120 17 255 12 12 17 25,5 25 38 18 &
5 220 0 220 -120 220 120 16 24 1 11 16 24 24 36 15,5 &
G 220 0 220 -120 220 320 15 22,5 12 12 18 225 22 a3 18 4
7 220 0 220 =120 220 120 14 21 13 13 14 21 21 il 18.5 3
8 220 0 220 -120 220 120 13 19,5 14 14 13 19.5 19 29 21 3
9 220 1] 220 -120 220 120 12 18 15 15 12 18 18 27 225 2
10 220 0 220 -120 220 120 11 16,5 16 16 11 16,5 16 24 24 5
11 220 1] 220 -120 220 120 12 18 17 17 12 18 18 27 25,5 &
12 220 0 220 -120 220 120 13 19,5 18 18 13 19,5 19 29 27 7
13 220 0 220 -120 220 120 4 21 19 19 14 21 21 31 28,5 8
14 220 0 220 -120 220 120 15 22,5 20 20 15 22,5 22 33 30 9




Fipoacnxeuue tabn. 2.1

E | Moaynu v aprymentsi hasmsix 34C Conpotuenenuna pesucropos, Om g g
H $2
3 3o
g |EB| 2 B8l P BB P | R\ X | Ko | R Ky | Ko | R H | X |82
H pan rpaa rpag g5
£ 35
1 2 3 4 5 6 7 [ 9 10 11 12 IR EEE 15 | 17
15 | 220 0 | 2204120 ] 220 | 120 [ 16 | 24 21 21 18 24 | 24 | 38 | 35| 2
16 1220 | o | 2200 ) 120 | 220 | 120 | 17 | 255 | 22 22 | 17 | 255 | 25 | 38 33 3
17 | 220§ 0 [ 220 | 120 f 200 | 120 | 18 | 27 16 16 | 18 | 27 | 27 | 40 24 | 4
18 | 220 | o [2v0 |-120 | 220 120 | 19 | 285 | 47 77 | 19 | 285 | 28 | 42 ;255 ) 5
18 1 220 0 $220 | 420 | 220 | 120 | 20 | 30 18 18 | 20 | 30 | 30 | a5 | 27 6
20 j 220 D122 | -420 | 220 | 420 | 21 [ 315 ] 18 19 | 21 | 315 | 3 47 | 285 | 7
21 | 220 0 | 220 | 120 | 220 | 120 | 22 | 33 20 20 [ 22 33 | 33 | 49 | 30 [ 8
22 | 220 0 [ 220 | 120 } 220 | 120 | 23 | a5 | 29 21 [ 23 1345 34 | 51 | 5| o
23 | 220 0 220 | 2120 | 250 | 120 | 26 | 36 » 22 | 24 3% | 36 | 54 33 8
24 | 220 01200 | 120 | 220 | 120 | 25 {3751 23 23 | 26 [ 375 37 | s | 345 | 3
25 | 220 | o | 220 | 120 | 220 | 120 | 24 | 38 24 | 24 | 24 36 | 36 | 54 6 | 5
26 | 220 . 0 1220 | 120 {220 | 120 | 23 | 345 | 25 | 25 | 23 (345 | 34 | 51 | 375 | &
27 j220 | o 220 | 120 | 220 { 120 | 22 | a3 24 24 | 22 33 | 33 | 49 36 ?
28 | 220 0 220 | 120 [ 220 | 120 | 21 | 215 | 18 18 | 24 [ 315 ] 31 | 47 27 8
29 | 220 G [ 220|120 } 220 [ 120 | 20 | 30 19 19 | 20 30 | 30 [ 45 | 285 | 2
3 J 220 | o | 220 | 120 | 220 | 420 19 [ 2851 20 | 20 | 19 {285 | 28 | 42 30 3
3 {220 | o 220 | 120 | 220 | 120 | 48 | =27 21 2 18 | 27 | 27 | 40 | 315 | 5




ol

QxoHuaHue Tabn. 2.1

MonRynuv 1 aprymedTol dasneix IAC

ConpoTuanenns peancropos, OM

e ? ® P - S E
g’ EjB| " | E, Bl Yo | BB Tt LRy Xl X | R | X | X | B A& X | g
H paa rpaa rpaa 35
I -]
1 2 3 4 5 [} 7 8 9 1G 1 12 13 14 15 16 17
a2 220 0 220 =120 220 120 17 255 22 22 17 25,5 25 38 33 7
33 220 0 220 -120 220 120 16 24 23 23 16 24 24 36 35 9
M 220 0 220 -120 220 120 15 22,5 24 24 15 22,5 22 33 36 (]
35 220 0 220 -120 220 120 16 24 25 25 16 24 24 36 s 7
36 220 0 220 -120 220 120 i7 255 24 24 17 255 25 38 36 3
3r 220 0 220 120 220 120 18 27 23 23 18 27 27 40 4.5 3
38 220 Q 220 -120 220 120 19 28,5 22 22 18 285 28 42 33 2
30 220 Q 220 -120 220 120 20 30 21 21 20 30 30 45 315 4
40 220 0 220 -120 220 120 21 31,5 20 20 21 31,5 31 47 30 5
41 220 0 220 -120 220 120 22 33 19 19 22 33 33 49 28,5 8
42 220 [1] 220 -120 220 120 23 345 18 18 23 34,5 3 5 27 g
43 220 Q 220 -120 220 120 24 36 24 24 24 36 36 54 36 3
44 220 0 220 -120 220 120 23 34,5 23 23 23 M5 4 51 34,5 2
45 220 0 220 -120 220 120 22 33 22 22 22 33 33 49 33 5
48 220 4] 220 -120 220 126 21 31.5 21 21 21 31,5 kil 47 315 $
47 220 0 220 120 220 120 20 30 20 20 20 30 30 45 30 7
48 220 0 220 120 220 120 19 28,5 19 19 19 28,5 28 42 28,5 8
49 220 0 220 -120 220 120 18 27 18 18 18 27 27 40 27 9
50 220 Q 220 -120 220 120 17 25,5 17 17 17 25,5 25 38 25,5 3




Pacuem baatbix U RUHEUHLIX HanpsKeHuil
U UX apaymeHmos

PasHbie HaNPAXEeHUA HA HArpyake HAXOAATCA MO YPaBHeHUsS M

JPey . :
UA:EAe ! _UA,ax+JUA,peaJc’
Uy =Epe'™ =Up ot Uy oo’

B B B.an J B, peaw *
2 Sy .
UC =EC8 o Cax +JUC,peax'
rae U, =E cosg, ;U,, =E, sing, ;
Uﬂ,ax =, EB cos ‘;oes ; UB.ux = EB Sin Q)ea ;

UC o EC cos gpe,_v ; U(.‘,ax = EC Sin (pec ;
Pas =T P pea 190

TvHelHbie HanpPsXeHUA ONPeAeNATCA YPABHERUAMM

(}AB 21‘.5'A~JE§'3 =U o +JU

— JPan
A peax Une L]

rae UAB.ax = E.-i,ax _EB,ax = EA COS@% mEB COS@es ;
UAB,:N-’ax = E

A, peax _EB.peax = EA S @eA _EB sin Qes [
- 2 2
U = \/ U TU4

B, peax ;
U
npn Uz, >0 @, =arctg —22:22
UA'B,(.‘K
- UAB,peax "
npw UAB_GK <0 @, =arctlg—="=+2rx;
UAB,ax

Usc =Es~Ec =Upcp + jUpec pouc = U, e

rae UBC,aL‘ = EB,ax ik EC,an' = EB cos q"’en - EC COos q,e(_- i
U =E

BC, pear — B, peax mE'C,pmt\' = EB s ¢‘e, _EC sm @ec ;
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2 ;
Upe = \/Ejﬂc,ax +Use pean
peax

Usc
npu Upe e >0 @y = aretg——-—,
BC.ax

(540
v Uge o <0 g = aretg —=— e 4o
BC .av

UCA""EC_EA—' C;dax+JUG‘|p=ﬂK= CAea'{i’u
rhe UCA,ax = EC,ax - A o E COSI;De E¢ cos Q’e‘ '
Uy e =E -E

CA, peax {7, peax A, peax

Ues :\/U +Ué4 peax 1

U
NP Uy > O @y = arclg——2,;

CA.ax

=E.sing, —E,sing, ;

Ucp pear
npun Ugy o <0 @y = aretg ——22% 421
CA ax

Pacyem nuHelHslx (¢hasHbix) moKos

JIHEHbIE TOKW HAXOAATCH NO YPaBHEHNAM:

' J
bl UA _UAe %‘

Ta= = — =1 /" = + 7 .
éA ZAe”u A A.ar J A, peax
rae IA 2U,4KZA;
=@y, " Pa:s
[MK =F 4CO5¢; ;
Ly pone =7, sin @y,
. (} U ejwu
Ig= .Bzw_-&T_Iejﬁs—IBax JIB-P"‘W'
7 Zye'™?
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rael, =U,/Z,;
@, =Py, — P>
Iy =Igcos@, ;

IB,peax = IB sin ¢13 ;

2 Uc U ef%'c i _
IC— e Zcejwc ="EI.|‘I.‘eJr ¢ =IC.ak+jIC.peak'
Zc c
rae I =U./2Z;
@, =Py, —Pcs
Ie o =1ccos @
e poue = I 5IN1 @y -
Tox Hynesore nposcaa
10 - I +.;IA Jpeax Iﬂ,a’x +JTB,pmx +I(?,ax + }I(“pem ™

o + I, peas = 1€,
rae Iﬂax_"IA,ax-i-IBax Coax ’
IO,peaJ\' =1,  peax +IB,pem'+IC peax
I, = 0ax+I(fpeax

I
npu Iy, >0 @, =arcig—2,

Bax

A
npu Iy, <0 @, =arcig L% 47,

Oan

MpumepHas BexTOpHAn JuarpaMma TOKOB M HANPSKEHU npueepe-
Ha Ha puc. 2.2,
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Pic. 2.2. BekropHan AMATPaMMa TOKOE W HANPRKEHUI

Pacyem akmueHbiX MowHocmel gas u eceld
mpexdhasroll yenu

AKTUBHAS MOLUHOCTD B thazax orpeaensiTCs ypaBHEeHUaMuU:
P,=U cosp,, Py =Uylzcospy; B =Ucl,co80..
CyMMapHas MOLLHOCTL TpexXdasHoh cety
Pom=P,+ B+ B .

[ins NpoBepkv NPaBUMbHOCTY PacYeTos LenecoobpasHo paceuw-
TaTh CYMMAPHYIO MOWHOCT, BLIRENAEMYIO B PE3UCTOpaX (as:

P,=DR, + I R, + IR, .
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Vccnedosanue snuaHus 3adanHozo napamempa Ha moku
eemaeil U nompebnaeMsie MOWHOCTIU

Wccnepgoranua npoBecTd € noMollslo  nporpammbl  Exsel
kp_3_2.xis. Fporpamma no3ponaeT BbINONHAST pacyeTbl, aHanoruud-
Hble paxee npoBeAeHHbIM, ANA 23 aHaYeHWA 3a4aHHOro napamMeTpa.

ConpoTusnenve napametpa uamensietcs ot Ollap., Ao

2,3l1ap._ ., . AnA nocTpoeHus rpadukos nporpamma hopMupyeT cooT-

BETCTBYKLLUe TabnuUb U cTpouT TpebyemMbie Fpacdukm.

Mporpammy Exsel up_3_2.xIs moexHO nonyyuTe Ha kadegpe. Ha
Kachegpe Taioke MOXKHO NonyunTh obpasey obopMNeHns KOHTPOIMLHOR
paboTtsl &8 Buge davna Omuem _3.doc/,
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3apnava 3. MccnepoBanue TpexnpoBoAHLIX TpexdasHbIX
uenei NpU HECUMMETPUYHON Harpy3ke

1. Mo 6ase AanHeX (T2Bn. 3.1) AnNA cBOEro BapwaHTa oNpeaennTL
napamMeTpbl anNeKTpuYeckoid Luenu (puc. 3.1), nuTalowieiica ot Tpexdas-
HOH CETU CHHYCOWAANBHOIO TOKA.

{;Pi }

Y

Puc. 3.1. Onextpuseckan Lienb

2. Paccuutatb dasHbie C N NUHERHbLIE HaNPSHKEHWUA U uX apry-
MEHTOB.

3. Paccuutath CONpoTMBNEHUA (has.

4. Paccuurats nposoanmocty das.

5. Paccuutars HanprxeHuse CMeUeHMS.

6. PaccunTtaTth haaHble HANPMKEHWA Ha Harpy3Kke 1 UX apryMeHTbl.

7. Paccuurartb nuHelnbie (hasHbie) TCKN U NOCTPOUTE BEKTOPHYIO
Auarpammy TOKOB W HANPRXEeHWI.

8. PaccuntaTb akTuBHBIE MOLLHOCTU WCTOWHMKOB (a3 1 B8 UEnoMm
scel TpexdasHoh Lenu. CoctaenTe Banaxc mowHocTed. OnpagenuTs
NoKazaHnA BaTTMETPOB.

8. Uccnegoeate BAMAHKE NapaMeTpa, WHAEKC KOTOPOro YkasaH B
ctonBue 17 tabn. 3.1, HA TOKM BETBEd U aKTUBHLIE MOWHOCTH. [No-

ctpouts rpadmm I = f(napamemp) n P = f(napamemp) .
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HcxopHbie faHHkle TpexcasHol Lenu no BapuaHTam

Tabnwya 3.1

- Mogynu 4 apryMeHTh hastsx 1C ConporuBnesns pesucTopos, Om E E
gt EH
g3 @, =g
T5|E8| %l e P g8l Pl R XX IR K| M | R X | X |E2

pag rpag rpaa 23

1 2 3 4 5 6 7 8 9 10 i 12 13 i4 | 15 16 | 17
1 1 2030 [ 220 f -120 | 220 | 120 | 20 | 20 10 5 20 0 5 0 20 6
2 | 220 [} 220 | 420 | 220 | 120 19 | 285 | 14 14 | 19 | 285 | 28 | 42 21 4
3 | 220 [] 250 | 120 | 220 | 120 B | 2z 13 13 1 18 | 27 | 27 ] 40 [108 ] 7
4 | 220 0 220 | 120 [ 220 [ 120 [ 17 [ 255 | 12 12 | 17 | 258 | 25 ] 38 18 6
5 | 220 0 | 200 [ 120 | 220 | 520 16 24 it 11 16 | 24 | 24 ]| 36 [ 185 5
6 | 220 0 220 | 120 | 220 | 120 15 | 225 | 12 12 | 15 | 225 | 22 | a3 18 4
7 | 220 0 220 [ 120 [ 220§ 120 | 14 24 13 13 | 14 21 21 31 | 185 3
8 | 220 [} 220 | 120 | 220 3 120 13 | 1951 14 4 | 13 | 195 | 19 | 28 21 3
g | 220 ) 220 [ 120 [ 220} 120 | 12 18 15 15 | 12 18 [ 18| 27 [ 225 [ 2
10 | 220 0 200 | 120 [ 220 | 120 | 1 | 185 | 16 8 | 11 165 | 16 | 24 24 5
11 | 220 0 220 | 120 | 220 | 120 | 12 18 17 17 | 12 i8 | 18| 27 | 285 | 8
12 | 220 0 220 | 120 [ 220 | 120 | 13 | 195 | 18 18 | 13 | 195 | 19 | 29 27 7
13 | 220 0 220 | 120 | 220 | 120 | 14 21 18 19 | 14 2 21 | 31 [ 285 8
14 | 220 [) 220 | 420 | 220 | 120 15 | 225 | 20 | 20 | 15 | 225 | 22 | a3 30 9
15 | 220 [} 220 | 120 % 220 | 120 16 24 21 21 16 24 [ 24| 36 | 5] 2




1)

Flpogonxkerue Tabn. 3.1

Moaynu v aprymenTbl hasHbix 3AC

Conpotusnedus pesictopos, Om E §
] 5o
g:= L
g3 @ @ 2. cE
TRIEB| ™ (E,B| "7 E,Bl Tt R X, Ko | B | X | X | Bl X | X |8 s
rpag rpan rpag g g
+ 2 3 4 5 6 7 | 9 10 11 12 13 14 | 15 8 | 17
16 | 20 0 220 | 120 } 220 | 120 17 | 255 | 22 22 | 17 | 255} 25 | 38 3 3
17 | 220 0 220 | -120 | 220 | 120 18 27 16 w | ta | 27 | 2r | 40 24 {4
18 | 220 [} 220 | 120 | 220 | 120 19 | 285 | 17 17 190 [285 | 28 1 42 [ 258 [ 8 |
19 | 220 0 220 | 20 | 220 | 120 | 20 30 18 18 | 20 30 30 | 48 27 8
20 | 220 0 220 | 420 { 290 | 120 | 2% | 315 | 19 19 | 21 P15 ) 31 | 47 e85 [ 7
2 1 20 0 220 | 120 {220 [ 120 | 22 33 20 | 20 | 22 33 33 | as 30 8
22 | 220 3 220 [ 120 | 220 | 120 } 23 ! 345 | 21 29 EHESIEYENREERE)
23 | 220 4 220 | 120 | 220 | 1207 24 36 22 22 | 24 35 B | 54 33 8
4 | 220 | © 220 | 120 [ 220 ] 120 | 25 |35 | 22 23 | 28 |ars | 37 | 56 | 345 | 3
25 | 220 0 220 | 120 [ 220 | 120 | 24 36 24 24 | 24 B/ 038 | 54 % | 5
26 | 220 0 220 | 120 | 220 | 120 | 23 | 345 | 25 25 | 23 | 345 | 34 | 51 [ 35| B
27 | 220 0 200 | <120 | 220 | 120 | 22 33 24 24 | 22 33 | 33 | a9 6 7
28 | 220 0 220 | 120 | 220 § 120 | 21 | 315 | 18 15 | 21 | 315 | 34 47 27 8
29 | 220 0 220 | 120 | 220 | 120 | 20 30 19 19 |2 30 30 1 45 [ 285 [ 2
30 | 220 0 220 { 120 | 220 | 120 19 | 285 | 20 20 | 19 {285 | 28 | 42 30 3
3 | 220 0 220 | 120 | 220 | 120 18 27 21 21 18 27 27 | 40 { NS5 | 5
a2 | 220 0 220 | 420 { 220 | 120 17 | 285 | 22 22 | 17 | 265 | 25 [ 38 33 7




61

OroHuaHue Tabn. 3.1

- Moaynu n aprymeHThl hasHex 300 ConpoTheneHus peauctopos, Om b %

TgE8| W olE, 8 P lg, e Pl RO X X f R X | X | R K| X |82
rpaa rpan rpag 2

1 2 3 4 5 6 7 ] [] 10 11 12 3 [ 14 ] 15 16 | 17
33 | 220 0 220 | 120 | 220 | 120 | 18 24 23 |23 | 16 | 24 [ 24| 3 [ 45| 9
34 |[2z20| o0 220 | 1120 | 220 | 120 | 15 [ =225 24 | 24 | 15 |25 | 22 | 33 36 5
35 [ 220 | 9 220 | 120 | 220 [ 120 | 18 24 25 | 25 | 16 | 24 | 24 | 38 far5 | 7
3 220 ] 0 220 | 120 | 220 | 120 | 17 [ 255 | 24 [ 24 | 17 | 255 | 25 | a8 38 5
37 1220 | o0 | 220 | 20 [ 220 ] 120 | 18 [ 27 23 | 23 | 18§ 27 [ 27 [ a0 T a5 3
38 1220 | 0 [ 220 | 120 | 226 [ 120 | 19 [ 285 | 22 | 22 | 1@ | 285 | 28 | az 33 2
3 |220] o 220 | 120 [ 226 | 120 | 20 30 21 21 | 20 {1 30 [ 0] a5 [ 315 4
40 § 220 | 0 [ 200 | 120 [ 2204 120 | 21 |5 20 [ 20 { 21 35| 3 | 47 30 3
41 1220 | 0 [ 220 | 120 [ 220 [ 120 | 22 | a3 19 19 | 22 ] 33 | 33 [ 40 | 285 | 8
42 1220 | o | 220} 120 [ 220 | 120 | 23 [ 345 | 18 [ 48 | 23 [ 345 | 34 | 51 27 9
43 [ 220 | o [ 220 | 120 | 220 | 120 | 24 36 24 | 24 | 24 | 36 | 3B | 54 36 3
44 [ 220 | 0 | 220120 220 120 | 23 [ 345 | 23 | 23 [ 23 1 3a5 | 34 | 51 f 345 | 2
45 | 220 | o | 220 | 120 [ 220 [ 120 | 22 | 33 22 | 22 | 22 | a3 | 33 | 49 33 5
46 | 220 0 |=200 | 120 | 220 120 [ 214 | 315 21 24 | 21 ias | 3 [ 47 | 35| 6
47 | 220 0 |20 | -120 | 220 | 120 | 20 | 30 20 | 20 [ 201 30 [ 3] 45 30 7
48 | 220 0 |20 | 120 220 | 120 [ 19 | 285 | 18 19 | 19 [ 285 | 28 | a2 [ 285 | 8
49 | 220 0 [220 | 120 | 220 [ 120 | 18 | 27 18 18 1 181 a7 | 27 | 4 27 9
50 | 220 o |20 | 120 [ 220 | 120 17 | 255 | 17 17 | 17 | 255 | 25 | 38 [ 255 | 3




Pewernue
Pacyvem ¢hasnbix 3LC U nuUHeURLIX HanpsxeHuld

daarbie IC HAXOAATCA NO YPABHEHUAM:

E, = EAeMA =E, o+ JE,

peax *

 Ec=Ee™ =E_ . + jE,.

\pea*

JPey _ '
zEBe & _Eﬂ,ak‘+JEB .mx|

rae £, =E, cosp, ; E, . =E,sing, ;
Ey o =Ezcosg, ; EB“ =[Epsing, ;
Eg o= Ec 0080, Ep = Ecsing, ;
@ o =7:-¢vzm,/90.
NuHelbie HaNpRXeHUs ONPeensAITCs YPaBHeHUAMN:

> - [ ]
e - : s Fa
UAB _E"‘_E‘B _UAB,aK +JUAB.pealt _Une M’

B8 Usgon =Ep0~Eyoe =E 08, —E,cosg, ;

B.ax A.on
UAB LDeax = EA.pmx wEB,pmx = EA sm ‘Pe,t _EB Sin ?’eﬂ ;
AB ‘JUAB.ax +* AB peax x
U
A,
npu Uy, >0 @, = arctg 2222
UAB.aN
UAB peux
npn U 5, <0 @ =arctg——"=+27;
UAB,ax

Usc =Es—Ec =Upp + jUpc pene =Upce’™,

=Ep o~ Ec . =Eycos @, —Eccos P

=Ey o —E

Lpeax C,pear

rae U,
U

C.ax

=Eysing, —E_ sing, ;

BC, peax

20



UBC = ‘JU;C,CM' + U;C,pcax '

_ U
npu Uy . >0 @ = arctg — 2w .
BC.ox
npu Uy <0 @y = arctg —22E% L o0
AC ax

Uci=Ec-FEa =Ugu + /U =Ucaejm,

CA,peax

rae U,
U

CA . pearx

Uey = \/ Ug‘A,ax * Uéu

=B~ E, 0 = E cos P, — E, cosgQ, ;

s

= E peax =4 poax = Ec Sing, ~E, sing, .

Jeax :
U
CA, 3
np” UCA.aA‘ > 0 ggCA = arCIg B '
CA,ax

UCA, bean

npu U <0 @, =arctg +27.
CA,an cA

CA,ax

Pacuem conpomuenetus ¢as

PeakTvBHbIe CONPOTMBNEHUs has:
Xi=Xy—Xeas Xp=Xppy=Xegi Xo =X o~ KXo
MonHeie cONPOTUBNENNS (Ha3 U UX APFYMEHTHI:

Z, =R+ X;, @, =arcrg%—;

A

Zy=\Ri+ X}, 0, =arctg%;

B

Zo= AR+ X2 0, =arctg-jgc-c—.
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Pacyem nposodumocmei: ghas

Pacuer TokoB yenecooBpasHo BecTu METOROM Y3NOoBbIX MOTEH-
uwanoe. [inga atoro MeTofla HeoBXxoaMMo 3HATL NpPOBOAVUMOCTW BETBEN
{tha3s), KOTOPLIE PaCcCUUTLIBAIOTCS NO YPABHEHNAM:

YA o ....}..... = YAef!‘Pm = YA'GR + jyai,peax :
Za
Y, = .1 _ ],:?ejwrs =Y, . +jYB‘pm_;
Zy
YC = --1_ = Ycej@rs = YC,w: + jYC,peax’
Zc
1 .
rae Y, =7 P = Yiw=Yic080, Y, =Y, sing, ;
A
1 ;
Y, = 'Z—; Py, =—0g; Yy, = Vyco80, 1 ¥, . =Y,;sin @y, ;
¥
1 :
YC = }_l @YC == Y(,',ax =I’( COS@YC ; Y(’,‘,peax = Y(,‘ sin I;DYC .
-

Pacuem nanpsikerus cmeuieHus

Hanpsxexune CMelLieHWs PaccuYUTLIBEETCA No YPaBHEHNIO

' I“}:’A‘.é‘,d"'}.rﬂ_EB"'}-,CéC_gax-l-jqpem{_

Uoo e = el
YA+Y;‘)‘+YB+ 3mc+.;3peax
qem’ )'Puw- ”
= 381"?3 =U00Ie = UOOb,n‘x +jUOO.,peax’

qax = };EA COS(QDI"A + g’e" ) + Y:EiEB cos(gol’ﬁ + Q’es ) +
+Y.E;cos(p, +9,);

qpean = YAEA Sin(q’}'d + ‘peA ) + YBEB Sin(¢yﬂ # t;Dey ) +
+ 1 E. sin(e, + .0

22



Y= U +yl,

LpEaE

npw Y. >0 @, = arctg ~——~

aK

e
npn 4, <0, @, =arctg t}”‘"‘ +27.

a%

3 =YA.GK+YB,ax+},l’,aW’3 '=Y

ar peas A, peax

3=y3 +3
: 3
npu 3 >0 @, =arctg L

aK

+7¥

B, peax

+¥.

C,peax;

< -
npu 3, <0; @, =arcig 3 +27,

aN

q . —— .
Uoo' = ?' ¢Um. =Py — Pyl
Yoo e =Uoo €08 Pu, Uoo',peax =U,y s Yl
Pacyem thasrbix HanpsKeHUl Ha Hazpy3ske

DazHbie HanpsKeHNA Ha Harpyske HaxO0garCca no ypasHeHWAM:

Us=Es~Upo '%UA‘G“_ + jU, e =UAej%";

Us=Es—Uoo =Up, + jUy 0 =Uze" ™"

; ; g - R T
Ue =Ec-Uogo EUC‘ + JUc pore =U® 5
rae Uy, =E, . + pe
UA..m'ax = 4 pedk F Uoo pea'x
2 2
Ug=JUjsn+U,

, peax ;

23



u
npn U, , >0 @, =arcg b‘:’”"";

A,

U,
npn Uy, <0 @, =arcig—22% 4. 2y ;

Aax

Uy byl s 2B, £

B.ax B, peawn B, peax 00'"090* :
2 2
U UB ax + UB peax ?
U
npu Uy, >0 @, =arcig—>=E=,
Bax
- UB,pmx
npu Uy, <0 @, =arctg—5 4 25 ;
B.ax
U = Eco + U wr Y =Bt an',pm ;
2
UC = \I +UC , Dear '
U
npv Up . >0 ¢ = arctg—SE2,
UC.m

U
npn Ue,, <0 @, =arcig—S2% 4 ox,

C.ax
Pacuem nureliHbix moxoe
NuHedinbie TOK HAXOARTCA NO ypaBHEHUAM:

3 {}“1 U efwb",' .
O | - Th ol — .
I"'_ T 7z eﬂu _IAe * _IA,ax+JIA,pca‘x'
Z.q 4 :

ipe [, =U,/Z,; Pre = Pu, —Pur

I,..=1, cosg, ;1 =1Asin¢.,‘;

A, peax

. .
Sy
s Us Up™=
e _Uge I z
Ip= - i - IBe T4 Bax + JIB.{JS’QR‘ :

o i
zs e

- 24



rae Iy =Uy/Zy; @, = @y, — Pai

Iyp =1g0089, . 1

Ic

B, peax

. z
Pt
% _ Uce _ Uce Conae

» e
s Z.e

rpe . =Uc/Zc; @, =9y,

lem=1ccosg ;1

C.pear

=Izsing, ;

- e :

- Ce ‘ _IC,GR.{-JIC.WG'R’
~@c;
=I.sing, .

MpuMepHan BEKTOPHAS AMAarpaMMa TOKOB M HANPSIKEHWHA NOCTpoe-

Ha Ha puc. 3.2.

+ j = - ’D
4
P
Ueq ; 4
T
c 2 =3 B
UC _'_-’JC UB
-
Iy
Ic

Puc. 3.2. BedTOpHLIB MATpaMMLI TOKAB W HANPSREHWA
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Pacuem axmuensix mowHocmei ¢az u scel yenu

AKTUBHER MOLUHOCTH WCTOMHUKOB dasmbix AC onpepensercs
ypaBHeHUstMu:

Fy=E, I, cos(p,, —@.)
By =El, c08(p,; — @, )i

£ =E.l.cos(p,. — ?r.) .
CymmapHas MowHocTs TpexdasHol ceTn
PC'yM = PA + P.'E + PC g
Ana nposepkn npapunsHocTy pacuetos uenecooBpasHo paccum-

TaTb CYMMEPHYI0 MOWHOCTE, BbiAeNAeMyl B peaucTopax as, 1.e. co-
craeuTh GanaHc MoLHOCTER

Fy=DLR,+I;R, +I’R..
Nokasanun BaTrMeTpoe:
R=Uyl, COS(¢U‘,C — %, ¥ = Upedy Cos(@uﬂc ~ @ ).
MOLWHOCTE Lienu no nokasaHuam BaTTMETPOB
> P=P+P,

Uccnedosarue enusnus usmeHsemozo napamMempa Ha moxu
8emeel, haskbie HanNpPXeHUs Ha2PyaKy U Hanpsorkerue
CMELUEHUS U aKMUGHBI® MOLLUHOCIMU

Uceneporanun NPOBECTM C NOMOLULI0 nNporpammbl  Exsef
Kp_3_3.xIs. [porpaMma no3sonsieT BbINONHATL pacveTb! aHanoruvHble
paHee npoBe\eHHbIM ANS 23 3HaYeHui 3afarHHOr0 NapameTpa.

Conpotvenenue napameTpa usMeHseTca ot 01 Hap,, no

2,3 lap,,, . Ana noctpoenns rpachuxos nporpamma dopmupyet co-
OTBETCTBY!IOUIME TaBNUULI U CTPOUT TpeByeMmble rpacmku.
fporpammy Exsel kp_3 3.xIs mMOxHO nonyyute Ha xacpeppe. Ha

katbespe TaKke MOXHO NONYYnTh obpasew odopmneHus KOHTPOMbLHOM
pabotel B BuAe taiina Omvem _3.doc/,
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3anaua 4. ViccneaoBaHMe NUHEWHBIX NEKTPHYECKUX LLenen
¢ HecuHycouaanbHbiMu 3C

1. Mo Baze gaHHbLx {Tabn. 4.1) ANA CBOErQ: BAPUAHTA ONPeRennuTE
napameTpel 3NEKTpUYeckoi uenu (puc. 4.1), nurawoweAca OT OBHO-
¢hasHoN CETH HECUHYCONAANBHOTS TOKA

u(®)=U,+U, sinfat + @, )+U ,sin(3at +@,,) .

_@UL_

X R X
a a 1 ct g
s L@

XCS

d
L
e
R3
7 (\? 24
XLs
r[z k 4 ]3
h

Pygc. 4.1. 3neTpuueckas Lenb

u(r)

o

2. COCTaBUTL PACHETHLIE CXEMbl ANS rapMOHUK.

3. PaccunTaTh KOMNNEKChl Hanps®eHWd TapMoHUK. PaccuuTaTe #
NOCTPOUTE 3aBUCUMOCTK U = f(wt) .

4. PaccunTaTte CONPOTUBIIEHUA BETREN ANH KAXAOK TAaPMOHUKAN,

5. PaccuuTaTe ANS KawQOW TapMOHWKY# CONPOTUBNEHWE napan-
NensLHOro y4acTKa, 2 TAIoKe BXOAHOE CONPOTUBIEHHKE,

6. PaccuutaTe ANSA KDKAOW rapMOHUKN BXOAHOR TOK [ L

7. Paccuutars ANA KEDKAOW rapMOHUKM HanpshkeHue NapannenbHoro
yuacTka. [ns npoBEpKU NMPasunbHOCTY PacUEToB PACCHUTATL TOXE Hanps-
HEHUE NO APYTOMY KOHTYPY, CpaBHUTe PeSyNbLTATE W GASNaTk BbiBOAB,

8. PaccunTaTe GNA Kawaoii rapMOHUKM TOKW BeTBel napannens-

HorO yqacTka. [TpoBecTH NPoBEpKY NPABUNLHOCTY PACYETOR, onpele-
NWB BXOAHOW TOK, ¥ax cymmy Tokos [, w [,

27



9. Paccuntars zasucumocty i = f(at) ans kaxgoit rapmoHukm. To-
CTPOUTL Ha 0AHOM rpadvke 3asucuMmoacty i, = f(@t) gnA Bcex rapMo-
HUK U PE3YNBETUDYIOLLEro HECUHYCOMAAMNLHOND TOKa. [OCTPOUTL Ha OAHOM
rpacpuke i, = f(at) v u, = f(ot) v caenams cooTBETCTBYIOWME Bhi-

BOAb.
10. CnpegenuTs NOKa3aHnsA npuBopos.

28
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Wcxonmbie AaHHbe Uend no BapuaHTam

Tabnuua 4.1

{logro: Havanbhbie tha- WHayKTvsHbe EmkocTrbie
g8 oo | At | Wi | ot o, | copmanmmmon | _comminens, ou
Jo___ § nAKKYan Ha NepBOA rapMOoHWKe
; Uy | U |Ups | 00 | 25 | & R | K u | X &, Xo | Xy | Xes
1 2 3 4
1 30 150 20 70 25 15 20 25 15 10 25 0 40 1]
2 32 160 85 60 35 18 21 31 24 A 46 [ 0 4
3 34 170 €6 '] 45 17 22 32 25 3 48 1] 48 0
4 36 180 70 80 55 18 23 33 27 H 48 13 o 36
L] 38 180 T3 90 65 19 24 34 28 36 51 0 51 a8
B 40 200 76 100 75 20 25 35 a0 a7 52 [i] 52 39
7 42 210 80 H8 a3 21 26 36 kil 39 54 15 0 40
8 44 220 83 125 100 22 27 ki 33 40 55 3 55 0
2] 46 230 BB 135 110 23 28 38 34 42 57 a 57 42
10 48 240 90 145 120 24 29 39 36 43 58 0 0 43
11 50 250 83 50 25 25 30 40 37 45 60 0 60 Q
12 52 260 96 60 35 26 31 41 39 46 61 18 61 45
13 54 270 100 70 45 27 a2 42 40 48 63 0 £3 47
14 56 280 103 80 35 28 33 43 42 49 64 2 0 0
15 58 200 166 90 65 29 34 44 ] 51 66 4] 86 1]
16 [1] 300 110 100 75 30 35 45 4] 52 67 0 67 [1]




0g

MpogomxeHwe Tatn. 4.1

MocTo- EmkocTHble
§E | oo | Auny | o | S o | ot On_|_crosmiemn ou
& § nAowan PaA HA NEPBORE FAPMOHAKE

® U, Uy | U P Pz R R, R, Xy | X A XCI Xey Xes

1 2 3 4 5

17 30 156 &0 108 83 15 20 30 0 30 45 4] 45 0
18 32 160 63 125 100 16 21 31 0 A 46 0 46 0
19 34 170 66 135 110 17 22 32 o 33 48 0 48 36
20 36 180 70 145 120 18 23 33 27 M 49 13 49 36
21 38 190 73 50 25 19 24 34 28 36 81 14 Q 38
22 40 200 76 60 35 20 25 35 s 37 52 15 0 39
23 42 210 80 70 45 21 26 36 3 39 54 Q a 40
24 44 220 83 80 55 22 27 37 33 [ 55 0 0 41
25 46 230 86 S0 65 23 28 38 34 0 57 Q 9 42
26 48 240 a0 100 73 24 29 39 38 Ji] 58 [ 58 43
27 50 250 93 108 83 25 30 40 a7 Q &0 1] 60 0
28 52 260 96 125 100 26 31 41 39 0 61 18 61 0
28 54 270 100 135 110 27 32 42 40 48 63 20 63 ]
30 56 280 103 145 120 28 33 43 42 49 64 21 64 ]
31 58 280 106 50 25 29 34 44 43 51 66 21 66 o]
32 60 300 110 60 35 Kit] 5 45 45 52 67 1} 87 50
a3 30 150 60 70 45 15 20 30 22 30 45 a 45 33




OkoHYaume Tabn. 4.1

L&

flocre- 3 Wi BRI EMKkocribie
§E|amm | ot | e | copiaron | e, o
2 § naewan Ha AEPBOA rapMoHKKe

° U, U [ Uy 0u | 0, RIR | & | X, |X, (X, Xeo [ X | Xes

1 2 3 4 5
34 3z 160 63 lo] 55 16 21 31 24 N 46 0 46 34
35 34 170 66 80 65 7 22 32 ] 33 48 [} 48 36
36 36 180 70 100 75 18 23 33 o M 49 0 49 38
ar 36 190 73 108 83 19 24 34 ¢ 36 51 0 0 38
38 40 200 78 125 100 20 25 a5 0 a7 52 0 1] 39
39 42 210 80 135 110 21 26 36 a 39 54 1] 0 40
40 44 220 43 145 120 2 27 ki 33 40 55 0 a 41
41 46 230 86 50 25 23 25 38 34 42 57 i} 1] 42
42 48 240 90 B0 35 24 29 39 38 43 58 0 58 0
43 50 250 23 70 45 25 30 40 37 45 (24 ] 60 1]
44 52 260 96 B0 55 26 3t 41 39 46 0 19 &1 D
45 54 270 100 90 85 27 32 42 40 48 2 20 63 0
45 56 280 103 i00 75 2B 33 43 42 49 0 21 64 [
47 58 290 106 108 83 29 34 44 43 51 0 21 66 0
48 60 300 110 125 00 30 35 45 45 52 0 22 57 a
49 A0 200 76 135 110 20 25 35 elv] 7 52 0 52 38
S0 30 i 150 60 145 120 158 20 30 22 30 45 ] 45 33




Pewenue
Pacyemnbie cxemsi Ons zapmMoHuk

Ans HyneBol rapmMoHvku @ =0 WHAYKTUBHBIE CONPOTUBNEHKUSA
pasHel  Hynio X, =@l =0, eMmkocTHbE - GecxoHeuHoCTW

1
Xc=——==00, T.6, B BETBU C EMKOCTBHIO NOABNSETCS pazpeie (puc.

4.2, peteb 2). MNoaTtomy gna Hynesoil rApMOHMKK MCXOOHAR CXemMa MOo-
KET RPUHATL BUA, NPUBESEHHLIR Ha puc. 4.2.

a Aa Rl1 d ‘!
; {

u(?) V) s HVR .

Puc, 4.2, PacyeTHas cxema ns HyneacH rapmormion

Ans nepsoit ¥ TpeTkel rapMOHUK PacyYeTHBIC CXEMbl aHANOTMYHbI
MCXO[HOW cxeme puc. 4.1. MHAYKTUBHLIE # EMKOCTHBIE CONPOTHRNEHKUA
ANA NepBoil rapMOHMKK NpUBeaEHE: B Tabh. 4.2, WHayKTUBHBIE W EMKO-
CTHEI@ CONPOTUBNEHWA ONA TPETbel rapMoHUKM CNPeAeNsIoTCA ypas-
HEHUAMM;

Xi:=3X,,: X, =X,/3.
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Komrninekeb! HanpsikeHull 2aDMOHUK.
Sasucumocmu u = f(wr)

Komnnexcel HanpskeHnit nNepeoilt 1 TpeTbeR rapMoHUK onpeaens-
0TCS YpaBHEHNAMM:

Uy =U,ej"’“‘ i Us =U3ej“"" ;
rae U, v U, - peicteyiowme aHaveHns:
U.ul U = UM'3 .
V2072
PacueT HauanbHbix a3 HanpskeHWH rapMOHMK B pagnaHax ocy-
LUECTBARETCA NO YPABHEHUIO

U, =

Ppas = Popaa® /90.
BewecTeeHHas v MHuMan COCTaBNAOLME HaNpKeHus;

Uy=Ucosp, U,, =Using,
Pacuer sasucumocrei u = f{wt) eepeTea no ypaBHeHusM;
u,(y=U,: () =U sin(wxt +¢,);
u, (1) =U ;sin(ext + @, ); ut) = U, +u,(8) +uy(2),

MpumepHbId B1g 3aBucumocTei 1, = f{@f) nokasaH Ha puc, 4.3.

300 — —
200{—- /- : /
100 o / /
L0 e~
0 J/ \\ } f an
0 250 400 400
. Paiiin,
108 o; v4 ,
200 ] 2pad
-3001—. j

Puc. 4.3. 3asucumocrn %, = f(@t)
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Pacvem cornpomuaneHuil semsel

KomnnekcHoe conpoTUBNEHVE BETBU ANA Nepsci u TpeTben rap-
MOHVK

SE 3 — i
Zl' = Rf + jXI: - Ze 1
rae R, — aktueHoe conpotuenenue j-i BeTeu:

X, - peakTueHoe conpoTuenenue i-i seten X, =X, — X ,;

Z, - Mogynb coNpoTMBNEHUs i-il BeTeu Z, = fR? + X7 ;

, X,
@; — apryMeHT ConpoTUBNEHUn /-4 Beten @, = arcig( R; ).
i
Mpy onpegeneHnn ConpoTUBAEHKN ANA TpeTeed rapMoHUKM Heol-
XOAWMO YHEeCTb, YTO MHAYKTUBHOE COnpoTWBNeHWe B 3 pasa Gonbiue,

“em Ha nepBo X, =3X,,., a eMKkocTHOE B 3 pasa MeHble
X(.‘,je = Xc,;:‘f3 :

Ana onpepenexna conpoTHBNEHW ANs HYNeRo#H FrapMOHNKN HEo6-
X0AWMO BOCMONb30BATLCHA PACYETHOR CXEMOH pHe. 4.2

Pacyem KOMAIeKCHbLIX conpomusnierull napannensHO20
yvacmka u exo0H020 conpornueneHus

KomnnekcHoe conpoTUBneHue napannensHoroe yyactka dh ans 1 u

3 rapMOHMK
é’mp _ VATVA _ Zzej% . 236”” _ che.!(%ﬂ*’n _
2+ 2 R2 +jX2 +R’3 +.}X3 R}H +jX3u
(@) +op.
Z e_p' 27y N
— “uuc s APy .
T i Zpp =Rt X s
IH

rae Z,, ~wopyne siamenatens Z, =R, +X7 .

XW
@,, — APTYMEHT aHameHaTens @, = arcig( 7 )

nag

Z,,, —MOLyNk CONPOTURINEHNA NapannensHoro yuactka
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2y =212,

Drap — aprymMeHT CoOnpoTUBNEHKA NapannensHOro y4acTka

?’mxp =@, +¢’3 ~ P

AKTWBHAR YACTL CONPOTURNEHWUA NAPANMENLHOTO Y4HacTKa

Rmp = Zmp COS @,y -

PeakTBHasa YacTb CONPOTUBNEHUA NapannenLHoro y4acTra

X

i)

=Z,,5ng@,, .

[nsa HyneBoW rapMolnKA BTOpas BETBb DaIOMKHYTa (puc. 4.2), no-
atomy Z,,, =R, = R;.

FPacyem KOMIMIeKCHO20 8X00H020 conpomnusnensun

KomnnekcHoe BXOAMOE CONPOTUMBNEHWE NS Nepsoid W TpeThen

rapMoH1K

Zoo =R+ jX, + R+ jX,;, =R, + jX, =Z,e'"

rae R, -~ axrusHoe BxoAHoe conpotuenenve R, =R + R, .

X, — peaKtusHoe BxoAtoe conpotvenerne X, = X, + X,
_ / 2 2,
Z_, — mMopy/Nb BXOAKOTO CONPOTVENEHNA 2, =R+ X, ;

X
@, — 8pryMeHT BX0QHOro CONPOTUBNEHUA @, = arctg (TR.;‘E..) ;

[N HyNeBOW rapMOHUKU BTOPas BETBb PASOMKHYTa (CM. puC. 4.2),
nostomy Z, =R =R +R,.

BxoaHoiA
ypaBHEHUEM

Pacvyem exo0Hozo moka 1|

TOK ANR NEPBOR W TPETLER rApMOHUK ONPeAesAeTCs

. " 7o,
I~ " iy, -4 - lax
i Z“e "

8x

+ jI

1, peax *
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U
rae I, - mogynb sxogHoro Toka I, = ol :

P4 — BPTYMEHT BXOAHOTO TOKA @, = (0, — @, ;
1, .. — BewWwecTBeHHan yacTs exoaHoro Toka 1, . =1, cos@, ;
1

1, peax — MHUMES YaCTE BXOAHOTO TOKa 1,

L, pax

Ansi HyneBo#k rapMoOHNKV BTOPas BeTBbL PasoMKHYTa (CM. pUc. 4.2),
nosromy I, =U, /R, .

=] sing,, .

Pacuem Hanpsxexust napannensHozo yvyacmka dh

HanpsxeHue napannensHoro yuacrka Ans Nepeoil U Tperbed rap-
MOHWK HAXOgUM NO YPaBHEHWIO

Ump = 1Zmp =Ileiw,,zna [ Pray =UM H{Pax 4 Pngp) =U + U

napax nap, peax?
rae U,,, - Moaynb Hanpshkenusi napannentHoro ywactka U o = o

Q?u.mp — ApryMEeHT HanpaxXeHus napannenbHoro y4acTka

@nap = @J,ax + qpu.nap ;
Ump.ax — BeLeCTBEHHaA 4acTh HANPAXEHWA NapannensHoro yya-
crka U,,, . = Ump COSP, .05

Uﬂqp.mr — MHUMEA YacTb HanNpAXEHMA napannenbHore y4acTka

U,

nap, peak Unap S ¢wmp >

Ans HyNeBOA rapMoHNKA BTOPas BETBL PA3OMKHYTa (CM. puc. 4.2),
nostomy U, =R =IR,.

nap

AnA nNpoBepkd BLINOMHEHHLIX PACcYeTOB NPOBECTH ONpeAeneHWe
HaNPRXEHUA NApannenLHOTo YYacTka No APYrMM ypaBHEHUAM

U:ap ZU_}I Z:@=Ué% "qe}(ﬂmn) = Uax +jUpeax -

- (Ul,ar: + le,peax) = Unap,ax + JUn
rae U, , U, — BeLIECTBEHHAR W MHUMER YaCTH BXOAHOrO HANPSDKEHUS

ap, preax !

Uy=Ucosp,=U, U,, =Using, =0, Tak xak no sapanuio
?.=0,
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—

U iwr U

fLact M Lpeax = BELWEeCTEeHHAA ¥ MHWMMa5 4acTh BXOAHOro Hanpsa-
HenuA.

Uju=1ZU cos(g, + ?i,ax) )
U, peae =HhZ)U sin@, + @, )

U — BELLECTBERHAA U MHUMaR YacTy HanpsKeHus

Kp, pear
napannencHoro y4yactka

Usaprae = Ut =Una» Unapeor = U paa = U,

nap, 6K l,ax ? nap, peax peax

U

napax *

»peax
[lnn Hynescii rapMOHUKK BTOPAst BETBL PA3OMKHYTa (CM. puc. 4.2),
noatomy U,,, =U, —LR,.

Pacuem moxos semeell napanfiensHoz0 yyacmua

[inst nepeoli U TPETbed rAPMOHUK PacqeTHbIe YPaBHEHWA aHano-
rMYHbI,
Tok Bropoi BeTBU 1, HAXOAYM RO YpaBHEHUIO

-] qu.Mp
- U"“P — U“"Pe

= = i 2
. Z e.W:

2
Z.?

rae I, — mogynb Toka BTOpPON Beteu [, = UMP 1Z,;

— HPupap=P2) _ .
=Le m _Iz.ax +.}IZ,peaxi

@, — ApryMeNT ToKa BTOpGi BETBU @, =@, ... — @,
I

2.a%

0 I, ., — BEWECTBEHHAS N MHMMas MacTV ToKa BTOpO BeT-

gn I,, =1,co89,, I,

.mx=Izsm;p,.2.

Tox TpeTheil BeTeM 1, HaxoavM No ypaBHeHWIo

-
@y pap
L B U, € _
3= - Z e 5€
> &
3
Z,

rae I, ~ moayne Toka BTopoi eten I, =U/, 1 Z,:

J‘(wu,nap—w’!) =13,ax +jI

3, peax }

@, — APTYMEHT TOKa BTOPOI BETBU @) =0, .. ~ Py}
I. wnl

3,ax 3, peax

— BELWEeCTBeHHan W MHUMas YacTu TOKa BTOpPON BeT-

B [

3.ax

=1,0080, . I, 0, =1,sing, .
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Ans Hyneso# rapMoHwkn BTOpas sereb Pa3loMKkHYTa (CM. puc. 4,2),
noatomy I, =0 (paspbis yenu), I, =U,mp IR =1,

B kadecTse NpoBepKA NPOBEAGHHBIX PACYETOB HEOBXOAUMO pac-

CHWTETb BEWEeCTBeHHYIO W MHMMYIO COCTaBRsIOWMe Toka /, no ypae-
HEHUSM;

I

lax

=5 41 I

2,an Jax ' M, peax = Iz,peax + Ij,peax -

Pacyem aasucumocmeil i = f(wf) u u, = f(wt)
U nocmpoerue zpaghuxoe
Pacuet sasucumocten 1 = f(wt) senem no ypasneHusm:
L) =1,: i(t)=1I  sin(wt+ @a); 5 =1 ;sin(Caxt +¢,);
(=1, +i () +i,(r).
rae £,, v I ; — aMnnutygHble 3nadueHns Tokos rapMoHnK
L,=~21;1, =4I,
Ha puc. 4.4 npueepeHs! NpUMeEpHbIe 3aBUCUMOCTY i, = f(wt).

! posses B

Puc. 4.4. 3aancumocrv I, = f (k)
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Ha puc. 4.5 nocTpoeHbl NpUMepHsle 3asucumoctd i, = f(wt)

u, = flot).

0 50 100 150 0

Puc. 4.5, 3aavcumoctn £, = f () w u, = f(ot)

Onpedenerue nokasarnut npubopos

MpuBopb! INEKTPOMArHUTHOA CUCTEMB USMEpPROT JeicTeylowme

3HAYEHWA U3MEPAEMbIX BEFTUHMH.
LOedCTByIolME IHAYEHNS HeCUHYCOWAANkHLIX BEMWUUH ONpeaens-

OTCA NO YPaBHEHUAM:
Ly, =L+ TP +17 Uy, =JUS + U+ U
rae 1, I,, U, , U, - feicTeyowne 3HaueHna rapMoHuk.
Hanpsxenue U, onpepenseTcs ypasHeHnem
Usm = (R, = jX o)+ TR, + X ;) =
= (e + I peu R = JX )+ Uy + I o Ry + X 1) =

= (Ub + jme-pI-'ax) = meef%m ’

Ak
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Tne me,ax = I‘l,ale + Il,peaxXCl + Il.m:RZ - ]2,pem:XL2;
me.._max S Il,peale £ Il,axXCl e Iﬁ.peaxRZ o+ IZ.axXLZ ;
me = \/Uffmm +Uz

&m, peas, *
e
non U,,,.. >0 @, =arcig—2% .
b, peaw
npu U, . <0 @, =arctg—""% 4oy .
bm, peax

Hanpsxenue U,, onpeaenaetca ypaBHenvem

Usa = 11(R, = jX0) = (g + T,y YR, = X ) =
= Uitrae + TVt o) = Upg’®™
rae Uy, =1, . R, +ILPMXC,;
Ut peax = Ly iR~ e i
Upg = JUZ o + U2

bd, peax 1
npn Uy >0 @, =arcig—t2= .
bl peas
- Ubn',ar
npu U, <0 @, , =arctg +27.
bd peax

Pacyem axmuenoll MouHocmu. BanaHc mouHocmed.
Onpedenenue nokasaHuil sammmempa

AKTMBHas MOLHOCTb Ha KEXAOWH rapMOHUKe OnpegenseTcs ypas-
HEHYEM

B=U alyu COS(Q?Uk -9 ).

AKTVBHEA MOWHOCTL BCeW LISNW, paBHan MOKa3aHWRM BaTTMETpa
Ha BXofe:

B, =B +P+Ph.
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MoTepu mowHoCTH B peancTopax Ha Ka o rapmoﬂuke
2 2 z
AR =1, R + LR, +1I,R,.

MoTepn MOWHOCTH B pesncTopax, PaccHUTaHHBIX NO AENCTBYIOL M
3HAYEHUAM HECUHYCOMAANbHBLIX TOKOB BETEEH:

ZB@ =I:u.1R1 +Iiu.2R2 +I;,3R3-
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