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BBEOEHUWE

[IpenonaBareneM CTyAEHTY COOOLIAETCS HOMEP €ro CXeMbl LENU U HOMEP

CTPOKHU B Ta6J'II/ILIC C YUCJICHHBIMHA 3HAYCHHUAMU 11apaMCTPOB 3JICMCHTOB CXCMBI.

OO0BbeM paboThI IS CTYICHTA MPUBEICH B KAKIOM 3aJJaHUH.
Pacuetsr Bemonastores B cucteme CH.
[TocTpoenune rpadyMKOB MOYKHO BBITTOIHATEH C TIOMOIIBIO TTAKETOB TPHUKIIATHBIX

IpPOrpaMm.

I[OM&HIHGC 3aJaHucC O(l)OpMJ'ISIGTC}I B IIMCBMCHHOM BHJC C CO6J'IIOI[CHI/I€M

I'OCT.

pr,Z[OGMKOCTL N CIOXHOCTb KAXKXIOOTO 3addHHA pAaCCUNTAHA Ha CTYIACHTOB

QJICKTPOTCXHUYCCKUX U IJICKTPOMCXAHUYCCKUX CHGIII/IaHBHOCTeﬁ.

KEDKIIOG JOMAIIHCC 3a1aHUC cHa0KEeHO IMIPUMCPOM THUIIOBOI'O pacdcTa.

SAJJAHUE Nel
PACYET HEIIN TIOCTOAHHOI'O TOKA

TpeOyercs :

1.

2.

o ok

Haueptuts rpad nienu, nepeBbs u qonoiHeHns. COCTaBUTh TOMOTpaduIecKue
MaTPHITBI [ETIH.

PaccunTaTh TOKM BO BCEX BETBAX METOJIOM Y3JIOBBIX TIOTCHIIHAJIOB.
PaccunTaTh TOKM BO BCEX BETBAX METOJIOM KOHTYPHBIX TOKOB, CPABHUTH C pe-
3yJbTaTaMu pacyera mo I.2..

PaccunTtaTh mokazaHusi BOJILTMETPOB.

[TpoBepuTh OamaHC MOIIHOCTH.

PaccunTaTh 3HaUEHUS MOTEHIIMATIOB TOYEK COCTMHEHHUS DJIEMEHTOB BHEIITHETO
KOHTYpa IeMH, TOCTPOUTh MOTCHIIMAJIBHYIO JUarpaMmy. BeiOpath onTumais-
HYIO TOUKY 3a3€MJICHUSI.

PaccunTaTh 3HaUeHME TOKA B 1IEMM YKA3aHHOW MPEMNo/iaBaTesieM METO0M JK-
BHUBAJICHTHOTO MCTOYHHKA TOKA.

PaccunTaTh 3HaUEHWE TOKA B MY YKA3aHHOU MPETOo1aBaTe]IeM METOI0M JK-
BUBaJIecHTHOTO uctounuka JJIC.



BapuaunTtbl 1oManiHero 3ajaHus

Tabmura 1.1
Ne | Jo | Ef | B2 | Es | Ea | Es | E6 | Go| Ri | Rz | R | Ra | Rs | Re | R7 | Rsg [ Ry
A B|B|B|B|B|B|M|OMm|OMm|OmM|OmM|OmM|Om|Om| Om |OM
1| 14 [100| 40 | 120 60|180 | 140| 0.2 18 16 (10 |19 |16 |40 | 20 | 6
2| 8 |50 (100 7Of 90{120 | 80| 0.3 6 | 7 |16 |15| 9 | 20| 13 |10
3 | 10 [220 110| 110f 220{220 | 110{04 | 15|12 | 6 |16 | 20| 20| 4 | 6 | 5
4 1100 | 100 | 110( 110{120 | 160{ 0.1 | 16 | 20 | 25 | 18 | 22 | 30 | 10 | 14. |10 |13
5| 6 |100|120| 60f 100({110 [ 220{ 01|25 |18 |12 | 20| 20| 15|10 | 12| 8
6 | 10 |110|110| 120| 120{150 | 2001 0.2 | 18 [ 12 |16 | 20 [ 15 (15| 4 |10 | 8
7 (110 | 80 | 120( 110|140 | 100/ 04 |30 | 7 |20 | 6 |10 | 15 | 14 14 |10
8 | 12 |120|120| 130 100{150 | 200{ 0.1 | 25 | 15| 18 | 10 | 12 | 18 | 10 | 20 |15
9 | 8 |130|130| 140| 100{120 | 120{ 0.2 | 15| 10 | 10 | 12 101 14| 8 |10
10 | 12 | 150|150 | 140| 140|110 | 100/ 04| 20 | 15| 10 | 8 8 12| 5
11| 4 |100| 50 | 100{ 50100 | 60{02| 6 | 9 (15| 7 20|10 |16 | 7 |9
12 | 110 | 220 | 110| 110|100 | 1100210 | 15|12 | 8 (12| 9 | 2 | 5 |6 |10
13| 5 |200|150| 200| 150/100 | 110{01| 20 | 15| 25|18 |12 | 20| 8 | 8 | 6
14| 12 | 90 |100| 60| 120|160 | 120/ 0.3 | 25 | 9 16 | 6 |18 | 6 | 10 |20
15| 110 | 110| 220| 220|100 | 100{0.2| 6 | 8 | 15| 4 (10|15 | 2 | 8 |5 8



















IIPUMEP PACYUETA
R, «—1I;
[ 1

Puc.1.41

Cxema 3JIEKTpUYECKOM LIENH IIOCTOSHHOTO TOKa IpuBeeHa Ha puc. 1.41. Yuc-
JIOBBIC JJaHHBIC CBEACHBI B TA0JI. 1.2
Tabmuma 1.2
Jo E: E> Es E4 R1 R> R3 Ra Rs Re Go
A B B B B OmM Om Om Om Om OmMm CMm

12 110 | 220 | 110 | 110 10 15 12 8 12 9 0,2

1. OpuentupoBaHHblii rpad, AepeBbsi, J0N0JTHEHUSA, OCHOBHbIe TONMOrpadu-
YyecKHe MaTpHIbI
1.1. Yeptum opueHTHpOBaHHbIN Tpad naHHOM nenu (puc. 1.42).

@)

{1} 3}

0 5
-« e 16)
®J <C {2}
3

Puc.1.42

@ @, @ @ — y3nel rpada ; 0, 1, 2, 3, 5, 6 — BeTBU rpada.

Jannomy rpady cOOTBETCTBYET CieIyIOIIUe IepeBbs, IpUBeAeHHbIE Ha puc. 1.43 —1.45.

/L qﬁ T

Fiic.1.43 FPrc.1.44 Fuc.1.45




@ @
2 &
0 @
2 3z ®£ 0 @

Fuc.1.46 Prc.1.47 Prc.1.48

JlomonHeHus K MOKa3aHHbBIM JIEPEBbSIM NpUBEIeHBI Ha puc. 1.46 — 1.48.

s nepeBa Ha puc. 1.43. cocTaBUM OCHOBHBIE TOMOTrpaduueckre MaTpuibl (A,
Q, D).

1.2. CocraBuMm Ma uy coen i (A). I aToro Ha rpade BrIOepeM He-
3aBHCHMBbIE Y3IIbI : y3eJ1 , y3eJ1 @ y3eJ1 Torz[a

o 10 1
A= .
@0 -1 -1 0 0 1
®0 0 1 -1 -1 0
1.3. CocraBum Mmatpuily rinaBHbIX cedeHuit (Q) . s aToro Ha rpade (puc.

1.42) nokaxkeM cneapbl TN1aBHbIX ceuenuit ({1}, {2}, {3}) u yurem nepeBo, nokazaH-
HOe Ha puc. 1.43.

Marpuna Q BBEITJISIUT CIEAYIOMIAM 00pa3oM
1 2 3 5
1 o o -1 o
Q=1 1 1 -1 o
o o -1 1 1

O O kRO

1.4. CocraBum Mannuy rIaBHbIX KOHTYpoB (B). I{ns aToro Ha rpade (puc.

| 1.42) BbIOEpeM riaaBHbIE KOHTYPBI U
T4 4 y4TeM JONOJIHEHME Ha puc. 1.46.
l I'naBubii koHTyp Nel cocrout mu3
I )E BetBel 0, 1, 6. I'maBHBIN KOHTYp No2
D 2 cocrouT U3 BeTBel 1, 2, 5. ['naBHbIN
E1 koHTyp Ne3 cocrout u3 Betseit 0, 3,
1 1—:—1 vﬁ R 5.
: T 13 Martpuna B BeIrIsIauT clie-
' JTYIOIIMM 00pa3oMm:
3, R E; 0 1 2 3 5 6

:ﬂ_@i In -1 00 0 -
N L B=20 110 1 of
He LA 31 0 01 -1 0

2. Pacyer TOKOB BO BceX BeTBSIX LleNH METOOM Y3JI0BbIX HANIPSIKEHHUIA.
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Ha puc. 1.49 nzo0pakena cxema, mo KOTOPOH mpon3BoauM pacueT. OHa OTiIu-
YaeTcsl OT EePBOHAYAIBLHON TE€M, YTO B HEW OTCYTCTBYET BETBb, cojiepkaiias Ry u Ey
, TaK KaK TOK B 3TOW BETBU PaBEH HYJIIO, 1 OTCYTCTBYIOT BETBU, COJIEPKAIIIHE BOJIbT-
METpbI (BHYTPEHHEE COMPOTUBIIEHUE BOJIBTMETPA —0).

[Tpou3BOIBHO 3a1aIUMCS TTOJIOKUTEILHBIMU HAMPABIICHUS TOKOB B BETBSIX U
MOKaXEM UX MOKAKEM CTPEIKAMHU.

Hudpamu 1, 2, 3, 4 Ha cxeme (puc. 1.49) nponymepyeM y3ibl. 3a Oa3UCHBIM
y3ell puMeM y3ed 4 u OyZieM CUUTATh €ro MOTEHI[MAJ PaBHBIM HYJIO (@, = 0).

HaitneM noteHuuaibl OCTAbHBIX Y3JIOB.

[ToTeHMAIBI Y3710B MOKHO HAUTH C TOMOIIBIO MATPUYHOTO YPaBHEHUS

A G(B)AT(pz AJ(B)_AG(B) E(B) ’
a HaMpsDKEHUs BETBEH M0 YpaBHEHHUIO
u® =ATep.

Bepxunii mnnekc (B) o3HayaeT NpUHAMIEKHOCTh K BETBH Lenu, T — 3HaK
Tpancroruposanus Marpunsl, G® — juaroHanbHas MaTpHIa POBOXUMOCTEH BET-
BEH, @ — MaTpuIla-cToI0€EI] MOTEHIIUAJIOB Y3JIOB, JE®_ MaTpulia-CTOJI0€I] TOKOB HC-
Tounnkos Toka, E® — marpuma-cronten IJIC serseit, U® - marpuua nanpsoxeHuii
BETBEU

Ecnu nens npocras (KOJUYECTBO Y3JI0B MaJIO), KaK B JAHHOM CIIy4ae, y3JIOBbIE
YPaBHEHUS COCTABJISIIOTCS HEMOCPEICTBEHHO MO CXEME.

1 1 ¢ E
(_+_+G0J'(P1_Ez_q)2Go:_é_\]o’

Rs Rs

1 1 (0N E:
=+ 0, - —-0,c.=——+ ] .,
[R1 Re Goj 2 Rs 1Go R Jo

(i+i+1)%_&_&:§_é_
Rs Rs Ro Rs Rs R: R2
ITocne pacuera nonyunm : @;=-110,3 B, ¢, =-74,4B, ¢3=-89,5 B.

[To 3axkony Oma Ju1st ydacTKa LENH, COAEPXKaIIero Wiu HE COAEPIKAILETO UC-
touHUK JJIC, cocTaBUM ypaBHEHHS 1JI1 HAXOXKIEHUS TOKOB BO BCEX BETBSX LIEMHU

_ 1 W _ "2 1 _ V3 2
¢~ ¢ ¢, +E ¢, +E
IO_ 1/ ] Il_ ] |2_ ]
Go Ry R2
0@+ Es _ 0370, Rt
|3_ ! Is_ ! Ie_
Rs Rs Re

[ToncraBuM B 3TH (POPMYJIbI YHCIEHHBIE 3HAYEHUS U PACCUNTAEM TOKU
_ —110,3+74,4 -74,4+110 —-89,5+220

-71,18A, |, = =3,56 A, = =8,7 A,
. 1/0,2 . E 15
.- —110,3+1E;9,5+110 _744A |5:—89,i;74,4 __126A |e:11§’3:12’26 A

Toxu lp u |5 monyunnucek oTpullaTENbHBIE, CIEAOBATEIBHO, UX MEPBOHAYAIBHO BbI-
OpaHHOE HAIPABJICHUE HYKHO TIOMEHATH Ha MMPOTUBOIIOJIOKHOE.
[IpoBepka TOKOB MPOU3BOIUTCS 1O TIEpBOMY 3akoHy Kupxroda.
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3. PacueT TOKOB B BEeTBAX LeNH METOAOM KOHTYPHBIX TOKOB.

Pacuet npousBoautcs no cxeme Ha puc. 1.50.

Bribepem He3aBHUCUMBIC KOHTYPBI M ITPOU3BOJIBHO 33aMMCS HAIIPABICHUS MU
KOHTYpHBIX TOKOB (l1 , |7, |3) B HUX.
KoHTypHBIE TOKM MOXHO HANTH C TTOMOIIBI0 MAaTPUYHOTO YPaBHECHUS

BR®RBTIK=gE®_BR® J(B)’

a TOKH B BCTBAX HAXOOATCA U3 ypaBHeHI/Iﬁ

-

1E;

RO
E
Jg R, 3
Prc.1.50 _1;

1®) =BT 1%
R® - MaTpuLa CONPOTHUBIICHUM BET-
BEH, 1 - MaTpulla KOHTYPHBIX TOKOB.

Ecnu nens nmpocras, KOHTYpHBIE

YPaBHEHUSI COCTABJISIIOTCA HEMOCPEI-
CTBEHHO II0 CXEME.

1 1 Jo
RetRit— |"li—Rilo——Is=Eit—,
Go Go Go
(R5+R2+ Rl)‘|2—R1|1—R5|3:_E1+ Ez,

1
— tRs+Rs ’|3_R5|2__|1:E3_i-
Go Go

HOI[CTEIBI/IM YHUCJICHHBIC 3HAYCHUA

24'1_10|2_5|3:170,

PemmB cucremy, nomyuum | =12,26 A;

I, =8,7 A; 15,=7,44 A.

Teneps HaiiieM TOKH B BETBSAX KaK KOMOMHAIIMN KOHTYPHBIX TOKOB

i0: |3'|1+J0 = 7,18 A ;
14=0;

i5: |2'|3: 1,26 A, i6: |1: 12,26 A.

R,

i1:|1'|2:3,56A ;i2:|2 ) i3:|3:7,44A;

4. OnpenesieHue NOKa3aHUM
BOJIBTMETPOB

J{ns onpeneneHus nokasa-
HUWA BOJbTMETpOB Vi u V, co-
CTaBUM YPaBHEHHUS, WCIOIb3YS
BTOpori 3akoH Kupxroda. s
ATOTO BBIOEPEM  HAMPABIICHUS
00x0/la KOHTYpOB, B KOTOpBIC
BXOJIT BOJBTMETPHI U MOKAKEM
ux Ha puc. 1.51.

Uvi= E1- 1 Ri+ 1h Ry,
Uvgz E4— |3 R3+ E3.
Ilocie moacTaHOBKU YHUCJIEHHBIX
3HAQYEHU B YpaBHEHHUS TOJY-
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YUM:
Uy1=110-3,56-10+8,7-15=204,9 B, U,,=110-7,43 -12+110=130,84 B .

5. IIpoBepka 0ajiaHca MOLIIHOCTH
CocTtaBuM ypaBHEHHE JJI POBEPKU OaslaHca MOTPEOIsIEMO U TeHEPUPYEMOit
MOIIIHOCTEN B uccieayeMon nenu. Ciaemayer 3aMeTuTh, 4To eciid HarpasiaeHue J/1C
MCTOYHMKA U HaIlpaBJCHUE TOKA, MPOTEKAIOUIEr0 Yepe3 Hero, He COBMAAAl0T, TO JaH-
HbI ucTouHuk DJ[C sBaseTcs moTpeOuTeaeM MOIITHOCTH.
2 2 2 2 2 |§ lo
iRt 1R I3Rs T IsRs t 1gRe = Ealit E2l2+ Eslat— ]
0 Go
[Tocne moACTaHOBKY YHCIICHHBIX 3HAUCHHUH MOTYyYUM

2
3,562 -10+8,72 - 15+7,43% -12+1,26° - 12+12,262 -9+ 118 =

=110 3,56 +220 -8,7+110 7,43+ 7’_128.12,

3554,13 Br=3553,7 Br.
Paccuuraem PACXOKACHUC B ITOJTYYHUBIIUXCA 3HAUYCHUAX
_PwPur g000p 5 355413-35537
Pus 3554,13

bananc MoniHocTel B mpeaenax MOrpemHOCTH COOM0IAaeTCs, YTO CBUIETEINb-
CTBYET O IOCTOBEPHOCTH PACCUUTAHHBIX 3HAUEHUSIX TOKOB.

§

x100% = 0,01% .

6. PacueT MOTEHIMAJIOB B TOYKAX COeHHEHHS 3JIEMEHTOB BHEIIIHEr0 KOHTYPA H
MOCTPOEHHE MOTEHIHATbHOI THATPAMMBI
bykBamu a, b, ¢, d, e Ha

b Ry T puc. 1.52 0003HAYUM TOYKHU
—L 1 tac BHEIIHETO0 KOHTYypa, A KO-
I l T R, TOpBIX OyIeM HCKaTh IOTEH-
i I, CD E, UMbl [Torennman kopiryca
DRE E, |V, MPUHUMAETCS. PaBHBIM HYIIIO
Gy I R (90=0).
— — & QGa=Qot Es=E4 ,0p=Es+
III/I:I,__\II * { |+ d +|6 R6 ’
"\jj R E: Pc=Ppt 2Ry, 04 = ¢ - E2,

—D|:3|_’_@7 @ (Pez(Pd_E3l(Pa=(Pd+l3R3
e —

Prc1 52 I ITocne moacTaHOBKU YUCIICH-
5 o
He.L.02 HBIX 3HAYCHUM ITOJTyUHM

¢,=110 B, Pp

=110+12,26x9=220,31 B, ¢©.=220,34+8,7x15=350,84 B, ¢4=350,84-220=130,77
B, ¢.=130,84-110=20,84 B, ¢,=20,84+7,43x12=110 B.

[TonyueHHbIe 3HAYEHHUS MOTEHI[MATIOB UCIIOIb3YEM IJI MOCTPOEHUS MOTEHIIU-

anpHOU nuarpammsl (puc. 1.53). ITo ocu abcumce oTKiIanbIBaeM 3HAYEHUS CONTPOTHB-
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JICHUH YYAaCTKOB BHCITHCTO KOHTYpA, IPUICM 3HAYCHUC COIMPOTUBJICHHUA y4aCTKa OT-
KiIagAbIBA€M HC OT HadaJla KOOpAHWHAT, 4 OT 3HAUYCHHUA COIIPOTUBJICHUA MPCABIAYIICTO
yY4acCTKa. IIo ocu OpAHAT OTKJIaAAbIBACM 3HAYCHHA ITOTCHIHUAJIOB TOYCK BHCHIHCTO
KOHTYpa, BCC 3HAUYCHUA OTKIIAJAbIBACM OT Hadalla KOOPAMUHAT.

B 4 ¢

]
2
=
|
L L L L L L O O I

~1
=
1]
T T

1 2 3 £ a & 7 = 9 10 11 12
Puc.1.53

BriOupaem TOUKYy BHEHIHEr0 KOHTYypa COCAMHEHHUS C KOPIYCOM YCTPOMCTBA,
TakuM o0Opa3oM, 4TOObl Pa3HOCTh MOTEHIIMAJIOB MEXKAY JaHHOW TOYKOW M JI00OM
JAPYTroil BHEIIHETO KOHTYpa Obljla MUHUMAJIBHOMU. DTO - TouKa «d».

7. Pacuer TOKA B COIIPOTHUBJICHUH Rl METOAO0OM IKBHBAJICHTHOI0 HICTOYHHKA TO-

Ka
PacyeTHas cxeMa nokaszaHa Ha puc. 1.54.

R
II-::_3.1 T 1
|::|RE K.3. 1\_2/ ()Ez
E
R, E{ : R.
IIl\‘—’/II‘¥/?:[I{33
R Es
— £y
| I | H\J
Fuc.1.54

[IpruMeuanne: B cXeMe BBIIIOJI-
HEHO MpeoOpa30BaHUE HUCTOY-
HMKa ToKa B ucTouHuk IJIC.

oLl goy,
GO 012

E0=ﬁ=£=60 B
GO 0a2

Pemraem 3amauy mo wmerony
KOHTYpPHBIX TOKOB. Cucrema
YPaBHEHUN:
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K.3.1

| '(Re"‘Ro )+O—|K.3~3R0:E0+E1,

0+ |K,3,2'(R2+ R5)+ I ,sRs=—E2tE1,

~lyRo+ 1 R+ 1, (Re+Rs+Ro)=Es—Ez
= R, R,
6 | | S

DRE a D R, |
Ry B - ’
e R
lﬁl Puc.1.56
Puc.1.55

[Tocne noicTaHOBKY YMCIICHHBIX 3HAYCHUI CUCTEMA YPAaBHEHUHN PUHUMAET BU]I
141 +0-5) =60+110,
K.3.1 K.3.3

0+27] esa T 12| ss

=-220+110,

-5] 1T 12| esa T 29 . 50.

PemuB CUCTEMY ypaBHeHHﬁ, OIIPCACIINM KOHTYPHBIC TOKHU B PCIKUMEC KOPOTKOI'O 3a-

MBIKAaHUA
IK.3.1 :14975 Aa

e
L T

Puc.1.57

IK.3.2 = -7932 Aa

lcs3 =7,29 A.
Torjma TOK SKBUBAJIECHTHOTO MCTOYHHUKA
paBCH Ja.r. = IK.3.1 + IK.3.2 = 7343 A.
OnpenensieM BHYTPEHHIOIO IIPO-
BOJIMMOCTh SKBHBAJICHTHOTO HCTOYHH-
ka Toka. IIpeaBapuTeIbHO BBIUUCIUM
HKBUBAJICHTHOE COMPOTHUBIICHHUE.
PacueTHas cxema mnocie nepeBo-
JIa UCXOJTHOM CXEMbI B MACCUBHBIN pe-
KuUM (uctounuku IJC npeacTaBistoT-

Csl IX BHYTPEHHUMH COTIPOTUBIICHUSIMU, & UCTOYHUKH TOKAa BMECTE C BETBSIMHU, B KO-
TOPBIX OHU PACIOJIOKEHBI, yOuparoTcs) mokasaHa Ha puc. 1.55.
BrImoHuM 3KBUBaAIEHTHBIC TipeoOpazoBanus (puc. 1.56 — 1.57).

Rso = Ro Rs = >-10 =185 Om,
Rot Rs T Rs 5+10+12
Rss — Rs Rs :10.1224'44 Owm,

RotRstRs 27

_(222+9)-(4,44+15) +185 Om.
2,22+9+4,44+15

3KB

Ro'Ro__512_52 o,
RotTRs T Rs 21
_ (R30+ Re)' (Rss+ R2)+

R3o T Rs T Ras T R>

R3o ™

RSO’ RaKB =

R = 8,96 Owm, G = i =0,112 Cwm.

Row

COOTBETCTBEHHO MHTEPECYIOLINI HAC TOK PaBEH:
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_ Jon 7,43

- G2 .01=351 A.
s+, @ 0112401

8. Pacuer TOKa B COIMPOTUBJICHUN Rl METOAOM IK- I
BHBAJIEHTHOr0 ucrounuka IJC e
R, HalJICHO paHee B PEUICHUU MO Me- DR b Uxx ()Eg
. N
TOAY SKBUBAJEHTHOIO UCTOYHHUKA TOKA. G,
— E,
HcxomHyto cxemy mpeodpasyeM K BUIY: - R
Hanpsxenue XoJ10cToro xo1a onpenensiercs A AN _
W3 YpaBHEHUs, COCTABJICHHOI'O COTJIACHO BTO- loxx \3‘;’) R E;

3
poro 3akoHa Kupxroda: 1 O

UX.X._ |6X.X.R6— IOX.X.]-/Go: E1+ E6, Puc.1.58
Uy x=68,27 B.

5

L

Ortcrona Tok B BeTBU Nel pasen:

I = Uxx 6827 =356 A.
Rokg+R1  886+10

3AJJAHUE Ne 2
PACUYET JUHEHHOM SJEKTPUUYECKOMH LENIN
CUHYCOMJAJBHOI'O TOKA KOMIVIEKCHBIM METOJ0M

[IpoBecTr pacyer JIMHEWHOU AJIEKTPUYECKOMN LIENMNU KOMIUJIEKCHBIM METOJIOM B CO-
OTBETCTBHM CO CXE€MaMH, NMPUBEJICHHBIMU Ha puc. | ... 4 U coaepx almrumMu CUHYCOHU-
JnanbHbie ucTouHuku DJIC 1 Toka:

e=E,sin(ot+y,),

i=1,sin(ot+y,),
rjae € u | — mraoBeHHble 3HaueHus DJIC u Toka, Ey u |, — aMIIUTyAHBIC 3HAYCHHMS
S/C u Toka, ¥, u ¥; — HauanpHbie pa3zbl IJC u Toka cOOTBETCTBEHHO; OM — Kpyro-
Bas yacToTa (w=2nf ); t — TeKymee Bpems.

Tpebyercs:

1. Paccuntarh TOKM BO BCEX BETBAX MPUEMHUKA U HAMPSIKEHUE HA 32KUMAX BET-
BeH npuemHuKa. [IpoBecTr MpoOBEPKY MOIYUYEHHBIX 3HAYEHUW O MEPBOMY U BTOPO-
My 3akoHaM Kupxroda (111 HE3aBHCHUMBIX y3JI0B U KOHTYPOB COOTBETCTBEHHO), TIPH
3TOM OTHOCHUTEJBHAS MOIPEMIHOCTD MPOBEACHHBIX PACUETOB HE JIOJKHA MPEBBIIATH
1 %.

2. OnpenenuTh AEUCTBYIOIIAE 3HAYEHUS] TOKOB BO BCEX BETBSX JJICKTPUUECKOMN
LIETIA U HANPSDKEHUN Ha 3aKUMax BETBEU MPUEMHUKA.

3. OnpeaenuTh MoKa3zaHusi MPUOOPOB: aMIiepMeTpa A, BOJIbTMETpa V U BaTTMET-
pa W.

4. PaccuuTarh aKTUBHYIO, PEAKTHUBHYIO M IOJHYIO MOIIHOCTH B KOMILJIEKCHOMU
dbopme, k03 dUIMEeHT MOIIHOCTU NpueMHuKa. [IpoBepuTh OGalanc MourHOCTEN (OT-
HOCHUTEJIbHASI IOTPEUTHOCTh TPOBEAEHHBIX PACU€TOB HE JIOJKHA NpeBbIaTh 1 %).
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5. Ha KOMIUIEKCHOH INTIOCKOCTH MOCTPOUTH BEKTOpHYIO nuarpammy DJ1C, TokoB
u HanpspkeHuil. [IpoBeputs 3akoHbI Kupxroda.

6. HamucaTh BhIpakeHUs JJIsl MTHOBEHHBIX 3Ha4YeHUH Toka (1), HampsokeHus (U),
aKTHBHOM (P,), peaKTUBHOMU (pP,) U MOJHOM () MOIIHOCTEH Ha 3a)KMMaX IMPUEMHUKA.
[TocTpouTh rpadhmku 3aBUCUMOCTEH 3THX BEJIMYHMH OT BpeMeHH (t).

BapuanTbl noManiHero 3aiaHus

Puc. 2.3 Puc. 2.4
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Tabnuua 2.1

No = We Reui | Xigui I Pi Gun2 R1 L, Ci R2 L, C, Rs L3 Cs f
- B rpajg OMm OMm A rpaja CmMm Om MIH | MKD Om mlH | MKD OMm M[H | MKD I'o
1 120 45 5 4 60 -25 0,25 4 2 00 10 35 100 20 40 500 50
2 30 40 6 3 25 25 0,2 4 0,5 00 10 3,5 50 18 4 20 500
3 90 -40 4 5 40 35 0,3 5 0,2 3 12 0 3 15 0,3 2 5000
4 140 50 3 3 80 0 0,15 8 4 100 14 45 80 16 60 00 50
5 40 54 2 6 30 20 0,2 10 15 80 18 45 o0 22 55 40 500
6 115 -25 4 4 65 -45 0,2 12 0,5 5 20 0,75 4 30 0 4 5000
7 250 10 6 4 120 60 0,4 3 3 00 16 140 20 28 250 40 50
8 210 20 8 5 120 35 0,3 7 0 65 15 6,5 40 25 6 55 500
9 140 -35 5 4 90 10 0,2 10 0,7 00 18 0,5 5 20 0,4 6 5000
10 70 42 6 2 45 -22 0,1 6 9 75 30 150 00 45 220 180 50
11 150 28 5 2 80 60 0,3 6 1,2 50 25 0 30 32 25 5 500
12 65 -48 2 6 36 48 0,2 14 0 3 16 45 0,4 18 0,45 0,3 5000
13 90 53 4 4 55 -22 0,4 10 5,6 70 24 40 55 25 180 00 50
14 30 45 5 3 20 -45 0,2 18 2,4 35 22 15 45 27 0 38 500
15 20 -10 5 2 40 30 0,15 16 3 00 12 0,44 9 26 0,34 2,5 5000
16 110 40 6 3 70 20 0,1 3 4 45 15 40 90 0 30 400 50
17 40 -50 7 5 20 70 0.2 5 3 30 12 32 83 17 3,7 40 500
18 72 34 4 5 45 43 0,25 0 0,4 5 16 0,8 5 18 0,2 3 5000
19 100 62 5 4 30 -26 0,2 9 2 00 17 32 33 40 200 150 50
20 60 -38 7 2 35 60 0,15 4 15 40 12 0 35 28 42 47 500
21 160 38 5 4 85 -38 0,25 12 0,6 55 42 3,6 0,5 30 0 0,2 5000
22 310 23 3 5 160 -25 0,1 12 42 00 42 180 30 34 320 30 50
23 190 67 5 4 100 33 0,3 12 3,6 30 37 36 3,5 32 24 00 500
24 150 15 6 2 80 -15 0,2 12 0,6 o0 40 2,6 2 30 3,2 24 5000
25 25 25 5 2 15 15 0,1 4 6 47 16 110 35 17 70 00 50
26 42 -40 8 6 20 30 0,15 4 1.3 00 15 7 25 14 11 5,6 500
27 27 29 5 2 17 67 0,1 4 0,15 32 14 1,8 00 16 0,45 | 1,25 | 5000
28 400 20 8 4 250 -20 0,2 3 45 00 12 54 80 20 300 60 50
29 60 60 5 4 27 -28 0,3 8 2,4 10 16 18 7,2 23 0 12 500
30 55 45 7 5 45 -30 0,2 6 0,4 38 45 5,4 00 50 0,45 0,3 5000
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INPUMEP PACYETA

Ha puc. 2.1 npuBeneHa cxema 3JICKTPUICCKON ETH, COepKaIIeH HCTOYHHKH
OJIC u Toka. TaM ke yka3aHbl BEJIMUYMHBI BHYTPEHHUX COMPOTHBJICHUN W MPOBOIM-
MoOcTel UCTOYHHKOB. OcCTajibHBbIC YMCIICHHBIC 3HAYCHUS MapaMeTPOB IPHUBEIICHHI B
Tabm. 2.2.

Tabmura 2.2
Em Ye | Im ¥, R1 Ly R2 L, Cs R3 Ls Cs f
B rpan A rpan M[H| OmM | M[H | MKD | OMm | M[H | MKD
OMm I'o
25 0 15 30 2 0,6 12 45 60 18 3 12 500

R G LBI
Om Cm MI'H
5 0,25 1,27
1. [IpenBapuTeNbHO BBINOJHUM SKBHUBAJIEHTHOE TPEOOPa30BaHUE CXEMBI,
3AMEHUM HCTOYHUK TOKA J, = J, sin(wt+¥,) = %ejw =10,71e%®” =9,28+ j536 A,
Ha AKBUBAJICHTHBIMN HMCTOYHHK DJ1C ( E.2 ) v

3, 10717

SACE, = G 025 =42,84e'* =371+ j21,42 B 1 BHYTPEHHUM COIPOTHBICHUEM
S,
G 0,25

62

[Tonyunnu nBa mocien0BaTeNbHO COEAUHEHHBIX HCTOUHUKA DIC:

E,u E, (e =E,sinot= 2 =17,86 A, E, =17,86 A), 3aMEHHUM HX OJTHHM

J2

SKBUBaJIEHTHBIM HcTOUYHUKOM DJIC ( E ).
E,=E —-E,=17,86-371- j21,42 =-19,24 - j21,42 = 28,79¢'**"" B,

RakB'BX - RBl + RBZ =5+4= 9OM9 ;am.sx = Ralca.Bx + JX Le; =5+ J4 = 9,856j23'960 OM.
2. Paccuntaem sKBUBaJICHTHOE COIIPOTUBJICHUC IIPUCMHHKA
Loam =L + 28 7 oR 1 X, =2+ [L88=2751°7 Ou,
o Z,+Z, '

Z, =R, +j(X,, —X¢,) =12+ j8,82 =14,89"°*** Om,

Z,=R,+ j(X_ —X.)=18- j17,12 = 24,847 1***° Om, Loy _ 11,88e%%% =11,76 + j1,7 Om,
3 3 Z, +_3
Z o =2+ jL88+1176+ jL7 =13,76 + j3,58 =14,22¢"**° Om.
3. Paccuuraem nmomHoe COIPOTHUBJICHUC LICTIN
Z. =2, +Z. . =9+ j4+1376+ j358=2276+ j7,58=23,99%"%** Om.
Pe3ynbpTaThl pacyeToB cBeACHBI B Ta0M. 2.3.

9KB.TIP
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Tabmuma 2.3

B anre6panyeckoii popme | B nokazarensHO# hopme
CompoTHBicHNE OM
Z,, 9+ j4 9,85¢ 1239
ZAN— 13,76 + j3,58 14,22e114%¢
Z, 2+ /1,88 2,75e1%%%
Z, 12+ /8,82 14,89¢ 13632
Z, 18— 17,12 2484714356
% 11,76 + j1,7 11,88¢ %%
Z,+Z; 30-,83 31,13¢711>*°
Z. 22,76 + j7,58 23,99¢ 11842
JX Ly j4 4190
Xy 71,88 188’
X, J14,13 14,13e7%°
- X, - J5.31 5,31 /%7
Xy, 7942 9,42e'%°
- X, —J26,54 26,548 1%
R., 5 5
R,, 4 4
R 2 2
R, 12 12
R, 18 18
X, 1,88 1,88
X, 8,82 8,82
X, -17,12 -17,12
4.  PaccunTaeM TOKHU B BETBSX MPUECMHHUKA
j=Eom_ 287917 | 506155 — 104 j059A,
Z, 23991
[of Lo L2000 2484610 o0 s _ 96— j0,03A.
Z,+1Z, 31,13e /15
I,=1,—1,=104+ j0,59-0,96 - j0,03=0,08+ j0,56 = 0.57e /%" A,
5. Paccunraem HaIpPsHKCHUS Ha AIIEMEHTax (9147 (puc. 2.5)
Ups = 2, . =1,20e17%%% 9,85e123% =1182¢/%3%" B, U,, = I|R, =1,20e/*°% .2=2,40e'% B,

Uzs = I.ljx L =1,20e'29%5 .188e!%0 =2 2611965 B,

U,, =I,R, =0,96e™ .12 =1152¢"*** B,
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U, =1,jX,, =096e™* -1413e’" =1356e/**>°

)
]
?

B Yo B, Uy, = I;R, =0,57e/™¢" .18=10,26e**" B,
Ugs = I, (— X, ) = 0,966 .5,31e 10 =51¢ %4 B,

Uy = I,iX, =057e/7 .9,42e% —537¢"" B,

Ugs = I5(~ X o, ) = 0,576/ . 26,54 10 —1513¢ *** B,
IIo IMOJIYUYCHHBIM BCIMYMHAM CTPOUM BCK-

I Li ~ TOPHYIO AMarpaMMy TOKOB M TOINOIPa(UUECKyIO

JyarpaMMmy HarpsbkeHui (puc. 2.6).
at 6. OnpenenuM mokaszaHusi IpuOOpPoB

5
] o
e aMIIEpMETpP MOKa3bIBACT ACUCTBYIOIICEC 3HA-
B
YCHUC TOKa [,
1, =12 A,
® BOJIbTMETP MOKA3bIBAET ICUCTBYIOLIEE 3HA-
YyeHHe HanpsHkeHust U, =U

fagiu]

Puc. 2.5

Uy =U,, +U,; +Ug, +U o + Uy, = 2,46/2%%5 +2,260119%% 11152e1%%% +13561°%%% +5,1e71%84 =
=2,09+ j119-112 + j1,96+11,51+ j0,31-0,37 + j13,56 +0,13 - j5,09 =17,06e'**** B.
U, =17,06 B,
¢ BATTMCTP IMOKA3bIBACT AKTHUBHYIO MOIIHOCTD, HOTpC6J‘I$IeMy10 IMMPUCMHUKOM
Ry = LU cosp=1,U,cos(¥, —¥, )=12-17,06-cos(44,22" —29,65°) =

Uie

=1,2-17,06-cos(14,55°) =19,81 Br.

1. Paccuntaem MomHocTH
P, =R, =1982 B, Q=1,U,sinp=12-17,06-05=512 BAp,

S=P +jQ=1982+ j512=201e"** BA.
KoadduimenT MoHoCcTH paBeH: cosg=0,97.

Buumanue. B npedenax noepewinocmu pacuema snauenue yena ¢ (14.35°: 14.48°)oononc-
HO co8nacmo ¢ (hazol Zsxsm (IUS:] '

8. [TpoBepum OanaHC MOIIHOCTEN

S, =E, l1=2879e/ .120e729%5 _34 5519 _3278+ j1092 B,

*—3HaK COMpsKEHUS,

SHOTp = Pa + JQ '
P, = 12(R +R,,,.) + 2R, + I2R, =1,20°(2+9) + 0,967 -12+ 0,572 - 18 = 33,21 B,
Q=I2(X, + X )+ 12X, + 12X, =1,202(188+4) + 0,967 -8,82 + 0,577 - (~17,22) = 11,04 BAp,
{é‘w — 33,21+ jL104 =35¢1%% BA,

S,., = 32,76+ j10,92 = 33,55¢"*** BA.

PaCXO)KJICHI/IC MCXKIY MOAYJISIMHU ITOJIHBIX MOIJ.[HOCTCﬁ paBHO
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S~ Sren 35-33,55
5, == 100 = | |
S 33,55

TCH

100 =4%.

Pacxoxxnenne Mexay (pazaMu MOTHBIX MOIITHOCTEH paBHO

~

100- 18,39 -18,42|

)
FCH(/,

‘gnorp - SFCH(/)
o =+—~2 7 100=0,16 %.

9. 3anumieM GopMyITbI 11T MTHOBEHHBIX 3HAUCHUN BEIMYUH
i, =1,2-/2-sin(wt + 29,65°) =1,70sin(wt + 29,65°) A,
U, =U, =17,06-/2 -sin(wt +44,22°) = 2413sin(wt + 44,22°) B,

np.

p,=R  i?=1376-{1,70sin(cwt + 29,65 =19,88-[1 - cos(2et + 59,30 )| =

9KB Mp

~19,:88- [+ sin(20t —30,7° )| Br,

p,=X  i?=358-{L70sin(wt+29,65")} =517-sin(20t+30,70°) BAp,

9KB IIp

p=u, i, = 24,13sin(et + 44,22) -1,70sin(et + 29,65') = 19,89 — 20,51c0s(20t + 73,87°) =

—19,89 + 20,47sin(2wt ~16,13') BA
['padyiku BenmmuuH npuBeneHsl Ha puc. 2.7.

A

1

+1
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uipp,.p,

40.00

10.00

10.00

20,00

30.00

Puc. 2.7

SAJTAHUE Ne3
PACYET TPEX®A3HOM LIEINTU

Harpy3ku npucoeMHEHbI ¢ CUMMETPUYHBIM TpeX(ha3HbIM TE€HEPATOPOM C T10-
MOIIBIO JIMHUU dJIEKTporiepead. Harpy3ku CoeIMHEHBI IO CXEME «3BE3/1a» U «Tpe-
yroJibHUKY (puc. 4.1).

HauanbHble qanHbIE TpUBEICHBI B Ta0M. 4.1.

Benmuuunsl dazabsix IJIC cunyconmanbHoi GopMbl 3a1aI0TCs MPENoaBaTeieM
(Ey = 127, 220, 380, 500 B).

TpeOyercs:
1. Paccuurtarh KOMIUIEKCHBIE (pa3HbIC TOKM M HAMPSHKEHUS Ha KaXJIOW Harpyske,

JINHEUHBIE TOKU.

PaccuuraTe nokasaHus aMmnepMeTrpoB U BaTTMETPOB.
Paccunrtarh akTUBHYIO, pEAKTUBHYIO U TOJHYIO MOIIHOCTh TpeX(a3Hoi Lemnu.

[TpoBeputh GamaHC MOITHOCTEH.

o &~ D

[TocTpouts TOMOTpaUUecKyr0 aUarpamMmy HANpPsHKEHUH U TOKOB Ha KOM-
IJIEKCHOM TNIOCKOCTH.
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Bapl/IaHTLI AOMAIIHET0 3aJaHUA
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TaOmuma 3.1

Ba- JInnelnbie [IpuemMHUK <«3Be€3 1 a»

pu- poBoaa ba3za A0 ba3za BO baza co

aHT R)] X)]L X)]C R X|_ XC G B|_ BC R X|_ XC G B|_ BC R X|_ Xc G B|_ BC

OMm | OMm | OM | OM | OM | OM | CM | CM | CM | OM | OM | OM | CM | CM | CM | OM | OM | OM | CMm | CMm | CM

1 2 2 - 20 30 50 - - - 30 50 20 - - - - - - 0,05 | 0,05 | 0,1
2 - - - 15 2 10 - - - 15 2 10 - - - 10 20 10 - - -
3 - - - 15 5 10 - - - 10 2 15 - - - 10 20 8 - - -
4 - - - 10 15 - - - - 12 14 - - - - 10 - 18 - - -
5 1 1 2 - - - - - - - - - - - - - - - - - -
6 2 3 1 - - - 0,05 | 0,04 | 0,05 | 100 | 100 50 - - - - - - 0,02 | 0,01 | 0,02
7 - - - 20 20 - - - - 20 20 - - - - 20 20 - - - -
8 - - - 20 40 60 - - - 40 60 20 - - - 60 20 40 - - -
9 - - - 60 100 20 - - - 60 100 20 - - - 00pBIB (ha3bl

10 - - - - - - 0,01 | 0,02 | 0,01 - - - 0,02 | 0,01 | 0,02 | 10 15 10 - - -
11 - - - 10 15 - - - - 10 10 - - - - - - - 0,02 | 0,02 | 0,04
12 - - - - - - 0,05 | 0,04 | 0,05 | 200 | 100 | 200 — — — KOPOTKOE 3aMbIKaHUE (ha3bl

13 - - - 10 20 35 - - - KOPOTKOE 3aMbIKaHUE (ha3bl 12 14 28 - - -
14 - - - 15 10 - - - - - - - 0,01 | 0,02 | 0,01 - - - 0,05 | 0,05 | 0,04
15 - - - - 40 - 0,05 - 0,02 | 20 - 20 - - - 18 - 10 | 0,02 - 0,02
16 - - - 40 20 60 - - - - - - 0,05 | 0,04 | 0,05 18 | 18 - - - -
17 - - - - 10 - 0,1 0,1 0,5 — 10 — 0,1 0,1 0,5 00pBIB (ha3bl

18 - - - 10 - - 0,05 | 0,1 0,05 KOPOTKOE 3aMbIKaHUE (ha3bl - - - 01 | 005 | 0,1
19 - - - 35 10 20 - - - 16 - 12 0,1 - 0,1 10 12 10 - - -
20 - - - 8 16 8 - - - - - - 0,05 | 0,1 0,05 8 16 8 - - -
21 - - - 6 16 8 - - - 6 16 8 - - - 6 16 8 - - -
22 - - - 12 16 32 - - - 12 16 32 - - - 12 16 32 - - -
23 - - - 6 - 8 - - - 6 - 8 - - - 6 8 - - - -
24 - - - 10 - - 0,2 - 0,2 10 - - 0,2 - 0,2 10 - - 0,2 - 0,2
25 - - - 18 30 6 - - - 18 30 6 - - - 18 30 6 - - -
26 - - - 12 20 4 - - - 12 20 4 - - - 12 20 4 - - -
27 - - - 24 2 20 - - - 24 2 20 - - - 24 2 20 - - -
28 - - - 6 8 16 - - - 6 8 16 - - - 6 8 16 - - -
29 - - - 18 24 - - - - 18 24 - - - - 18 24 - - - -
30 - - - 4 - - 0,2 - 0,2 4 - - 0,2 - 0,2 4 - - 0,2 - 0,2




Ta0muna 3.2

Ba- JIuneiinsle IIpueMHUK «TpE€yTrOJbHHUK»
pu- poBoOJIa basza AB baza BC baza CA
aat | Ry | Xp | Xne R XL Xc G B, Bc R XL Xc G B Bc R XL Xc G B Bc
O|Om | Om | Om | OM OmMm CMm CMm Cm OmMm Om OmMm Cm Cm Cm OmMm OmMm OmMm Cm Cm Cm
M
1 2 2 - - - - - - - - - - - - - - - - - - -
2 - | - - 6 16 8 - - - 8 26 32 - - - 4 15 12 - - -
3 - | - - 8 16 8 - - - 8 32 24 - - - 8 15 7 - - -
4 - | - - - - - 005 | 01 | 0,05 - - - 0,05 0,1 0,05 - - - 0,05 0,1 | 0,05
5 1 1 2 - - - 0,2 0,2 | 0,25 10 15 10 - - - 20 20 25 - - -
6 2 3 1 - - - - - - - - - - - - - - - - - -
7 - | - - 00pBIB a3kl 60 | 100 20 - - - 80 40 | 100 - - -
8 - | - 60 | 100 | 20 - - - 00pBIB (a3bl 80 40 | 100 - - -
9 - | - - 30 | 70 30 - - - - - - 0,01 0,02 0,01 40 - 40 - - -
10 | - | - - 30 | - 40 0,01 | 0,02 | 0,01 12 - 15 - - - 10 8 - - - -
11 | - | - - | 15 | 40 20 [0,02 |0,02 |0,02 10 10 - 0,1 0,5 0,4 10 20 10 - - -
12 | - | - - 8 2 10 02 | 025 | 0,2 25 25 10 - - - - - - 0,04 | 0,04 | 0,05
13 | - | - - 2 10 2 02 | 025 | 0,2 20 30 10 - - - - - - 002 | 002 | 04
14 | -] - - 10 2 10 02 [ 025 ] 02 20 25 20 - - - 40 25 40 - - -
15 | - | - - - - - 0,05 | 0,05 | 0,02 30 10 40 - - - 5 - 8 0,1 - 0,04
16 | - | — - | 30 | 20 50 - - - 4 20 4 0,05 0,1 0,05 - - - 0,05 | 0,02 | 0,04
17 | - | — - 10| 5 10 1 0,25 | 0,25 | 05 20 30 10 - - - - 25 - 0,02 | 0,02 | 0,04
18 | - | — - 10 | 15 10 - - - 4 6 2 0,2 0,2 - - 15 - 0,5 - 0,5
19 |- | - - 5 15 10 0251025 | 05 30 10 40 0,1 - 0,1 - - 20 04 0,4 -
20 | — | — - 10 | 50 10 0,05 | 0,05 | 0,04 20 10 20 - - - - - - 0,01 0,01 | 0,02
21 | - | — - 8 6 16 - - - 8 6 16 - - - 8 6 16 - - -
22 | - | — - 16 | 16 4 - - - 16 16 4 - - - 16 16 4 - - -
23 | - | — - - - - 02 | 025 | 0,2 - - - 0,2 0,25 0,2 - - - 0,2 025 | 0.2
24 | - | - - |10 | - - 0,8 0,2 - 10 - - 0,8 0,2 - 10 - - 0,8 0,2 -
25 | - | — - 8 4 10 - - - 8 4 10 - - - 8 4 10 - - -
26 | — | — - 16 8 20 - - - 16 8 20 - - - 16 8 20 - - -
27 | — | — - 24 | 10 20 - - - 24 10 20 - - - 24 10 20 - - -
28 | - | — - 4 - - 02 | 025 | 0,2 4 - - 0,2 0,25 0,2 4 - - 0,2 025 | 0.2
29 | - | - - - 5 - 0,4 - 0,4 - 5 - 0,4 - 0,4 - 5 - 0,4 - 0,4
30 | - | — - 8 16 10 - - - 8 16 10 - - - 8 16 10 - - -




INPUMEP PACYETA

HauganpHbie JaHHBIC:

U, =380B, Z;, =10+ j10 OmM, Z
Harpyska «3Be3na»:

R,=15 Om, R, =15 Om,
Xa=2 O, X, =2 Om,
Xea =10 Om, X, =10 Om,
Harpy3ka «TpeyroibHUK»:
Ry =8 Om, Ry, =8 Om,
X =16 Om, Xiae =32 Om,
Xeap =8 Om, Xeac =24 Om,

Cxema nenu, npuseneHHas Ha puc. 4.1, ¢

ynpoiaercs (puc. 4.2).

=50m, L5 = —j50m,

R, =10 Ow,
X =20 Om,
Xee =8 Om
Ra =8 O,
X =15 Om,
Xew =1 OMm

YU4E€TOM Ha4YaJIbHBIX AAHHBIX

- RL-4 XLa
y 2
0 PN
+-oO—e— 4)
EB 2
Ig
X,
Cc
B
| O/ 5
EC * l]a
Ra Rb Rc
Xla Xib Xie
Xeq Xep Xee

Puc. 4.2

1. PaccunTaem moJiHbIe COMPOTUBICHUS (ha3 HArpy3KH U JIMHEHHBIX TPOBOIOB.
1.1.

[TonHbBIE CONMPOTUBIEHHUS] JIMHEWHBIX MMPOBOJIOB:

Z. =10+ j10=14.14¢" Om, Z, =5 Om

ZLc:_

j5=156"19" Owm.
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1.2. Tlonnsie conpoTuBieHus ¢a3 HArpy3Ku («3BE3/1a»):
Z, =Ry + (X~ X)) =15+ j(2-10)=15- j8=17e ***"" Om,
Z, =Ry + (X — Xep) =15+ j(2-10)=15- j8 =17 2" O,
Z, =R, + (X, ~Xc,)=10+ j(20-8)=10+ j12 =15,62¢/* O
1.3. Tlonnsle conpoTuBieHusl (a3 Harpy3Ku («TpeyroJbHUK):
Z. =Ry + i(X = Xcap) =8+ j(16-8)=8+ j8 = 11.31e° Om,
Zyo = Roe + J(X oo = X o) =8+ j(32-24) =8+ j8=11e*" Om,

Zo =R+ J(X i = Xeip) =8+ j(32-24) =8+ j8 =111 Om.
1.4. TIpeobpasyem «3Be3/y» B IKBUBAICHTHBIN «TPEYTOIBHUK:

' ;alb +;b;c +;c;a
;ab = 7 =

—cC

17712807 7712807 | 17712807 15 6@ 19049° | 17¢712807° 15 gg 15019°
) 15,62¢ 1901

Lca

= 47,75 71%%% = 459 j4351 Owm,
Z' _ ;a;b +;b;c +;0Za _
Z=bc — Z -

—a

176—128-070 17e—j28.07° +17e—j28.07° 15.62¢ j50.19° +17e—j28.070 15.62¢ j50.19°
B 17e—j28.07°

=40,2e7%7" =40~ j4 Om,
Z' _;aZb+Zch+;c;a _
—ca Zb

17712807 7712807 | 17712807 15 6@ 19019° | 17¢712807° 15 f0g 15019°
- 17e7j28.07o

= 40,2757 =40 j4 Owm.
[TepBonauanbhas nens (puc. 4.2) npeodbpasyercs B 1elb, TPUBEICHHYIO
Ha puc. 4.3.
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48 __}

Ce{}

Zic

Puc. 4.3 Puc. 4.4

1.5. JlanHyro mens nmpeoOpasyeM B SKBUBAJICHTHBIN «TPEYTOJIbHUK» (pUC. 4.4):
Zabzab _ 11,31e 145" 47, 75¢ 18397
Zab +;Iab 8+ j8+4,559_ 143,51
_ ;bc;m _ 11,31ej45O 40,29—15.710
Zyo+Zy 8+ j8+40- j4
Z.Zq _ 11,3145 40,2¢ 1577
L, +ZCa 8+ j8+40- j4
1.6. IIpeoOpa3yeM «TpeyroIbHUK B 3KBUBAJIEHTHYIO «3BE31y» » (puc. 4.5):

Zye = =1314e”"" =112+ j6,864 Om,

=9,44e 135 =7,779+ j5,352 Owm,

=BC

=944 =7 779+ j5352 Om.

Z=CA T

.7 j315° j34,59 o
ZA S Z s ';CA __ 1314e 9,446 _ 3250+ j2,005 = 387¢%7 O,
— Zpgt+Zg +Zca 26,758+ j17,568
A j34,53 j31,5° o
7 ZacZw 94k 131467 _ o 4 2,005 = 387677 On
T L tLgc +Zcs 26,758+ j17,568
.7 j345% j34,59 o
AR Zca I;BC _ 9,44e 9,446 ~ 2,26+ j1628 = 2,79¢ 157" O,
— Zpg+Zpge+Zcs 26,758 + j17,568
A H 1 A }—
Z 2t
Zrq4 £y Z
B -+ 5 0’
: o1 __1—e
Zip Zp >
=B
ce{__H 11—
4e Zc ce{—+—
Zc
Puc. 4.5 Puc. 4.6

1.7. TlomydeHHyro 1enb Ipeodpa3yeM B YIPOIICHHYIO «3Be31y» (puc. 4.6).
[Tonnbie conpoTuBieHus a3 menw, MokazaHHo Ha puc. 4.6:
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;A = ;LA + ;IA =10+ JlO + 3,259 + 12,095 = 13’259 + 1127095 — 17’947ej42,37° OM,
Lo=2Z g+ ;B =5+3,259+ j2,095=8,259 + j2,095 = 8,521ej14’280 Owm,

Z.=Z,+Z.=—]}15+2,26+ j1,628 = 2,26 — j13,372 =1356e %" Owm.
COOTBeTCTByIOH_[I/Ie IIOJIHBIC TPOBOAUMOCTHN .

Ya= 2 - ; = 0,04116 — j0,03755 = 0,056e 1***"  Cwm,
Z, 17,947eM%¥

Yg = = ; =0,11376 - j0,02885=0117e ¥ Cw,
Zg 8521e)*%

Y. = A 001228+ 30.07271= 0,073 (.

Z. 1356e71904"
1.8. PaccuuTaeM ynpoImieHHYIO 1IeTh MO CXEME «3BE3/1a».
Harpy3ska ¢a3 — HecuMMeTpuuHa, TO3TOMY HaiiJieM HarpsiKeHUE CMellle-
HUSI HEUTPAJIU:
L.Joo" _ EAXA + EBXB +Ec Xc
Y +Yg+Y,
Tak kak reHepaTop CUMMETPHUYEH, (baBHLIe QI[C PaBHBI:
Ex =380 Vv, Es =380 " =190 - i329 B, Ec =380 = -190 + j329 B,

L.J ) 380-0.056e 12" +380e 1% .0.117e 4% 138061 .0.073e 84"
o0 — - = =

0.04116 — j0.03755 +0.11376 — j0.02885 +0.01228 + j0.07271

 —41.72- j55.989
0.1672 + j0.00631
Paccuuraem MMaJCHUA HAIIPSAKCHHA B JIMHEWHBIX IIpoOBOJax

=-261.79— j324.98 B.

U = Ea—Uoo =380+ 261.79+ j324.98 = 641.79 + j324.98 = 719.3¢/*¢ B,
Us = Es—Uoo = —190— j329+361.79 + j324.98 = 71.79 — j4.02 = 71.9¢ *Z B,
Uc = Ec—Uoco =—190+ j329+361.79 + j324.98 = 71.79 + 653.98 = 657.9¢ /%" B.

Torna TOKH B TMHEWHBIX NPOBOAAX PABHBI

Ia=UaY, =719,3e1¢ .0,056e 142" = 40,08e 155" = 38,623 j10,722 A,

ls =Us-Y, =719e %% .0117e 4% =8 43¢ "% =8051- j2,528 A,

lc =Uc-Y, = 657,97 .0,073e 194" — 4851e/% — 46,666+ j13,255 A.
1.9. Paccuuraem majeHus HANPsHKCHUH Ha JIMHEHHBIX MPOBOJAX:
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Ui = [a-Z,, = 40.08e %55 .14,14e1%" = 566.8¢/% =493+ j279 B,

Uw = le-Z,, =893 ¢ .5 42,19 "¢ — 40255 j12.64 B,

U = lc-Z,, = 4851 1561 — 727,601 —198.8+ j700 B.
1.10. da3Hble HANPSKEHUA B «3Be3e» (Z,, Zg, Zc):

Upzinz | —40.08e 755 .3.87¢/%™ ~1553¢/F —1483+ j45.97 B,

Ue =I5 Z, =843 "% .387¢1%7 — 32 69e/5% —3153+ j8.628 B,

. ® ' i1640 : 0 i1600 .
Uc =lc Z. = 48511 .2.79e/37" =135¢ 1% = _127— j46 B.
1.11. Hcnonn3ys BTOpoM 3akoH Kupxroda, paccuntaeM JTUHEHHBIE HamNpsKe-
HUS B «TPEYTrOJbHUKE)» MEPBOHAYAILHOM 1IETTH:

Um=14Z, 152, =Ua-Us =148.3+ j45.97 —31.53— |8.628 =116.72 + j37.342 —
=122.6e'"™ B,
Un =18 Z, —lc Z. =Us—Uc =31.533+ j8.628+127 + j46 = 158.53+ j54.628 =

-167.7e" B

Uw =lcZe —1nZ, =Uc—Un =127 — j46—148.3— j45.97 = ~275.3— j91.97 —

=290.3¢7 ¢ p
1.12. PaccuuTtaem TOKH B (pa3zax «TpEyroJibHUKa:
U 122,677

> T =10,83e 127" =9,632— j4,964 A,
Zab ll, le

|ab=

Ub 1667
Z,, 11.1e1*

lbe = =14.82¢ 7159 =13.322— j6.494 A

Ua 290.3e 110

Z, 1131/*

1.13. PaccuutaeM TOKM B JIMHEHHBIX MPOBOJAX, MPHUCOCIMHEHHBIX K «Tpe-
YTOTBHUKY:

lab— | ca = 9,632 j4,964 + 22,954 — j11,458 = 32,586 — j16,422 = 36,49¢ 1257 A,

|ca:

= 25.65¢ 1% = 22,954 + j11.458 A

L]
I A

Is = Ine— lap =13322 — 6,494 — 9,632 + 4,964 = 3,69 — j153 =399 1225 A,

lc =l oo = —22,954 + 11,458 ~13,322 + 6,494 = 36,276 + j17,952 = 40,47 3% A,
1.14. PaccuutaeM (ha3Hbie HAMPSKEHUSI B IEPBOHAYAIILHOM «3BE3/1EN:
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. _ Ua-Y, —Ue-Y, 122,667 .0,0588e/%% —290.3e % .0 06de 1%

Y. +Y, +Y, 0.1447 — j0.0064

=147.3e " =145.1- j25.36 B,

0, UseY, ~Uw-Y, 166.7e" -0.064e %' ~122.6¢/" .0.0588¢2"
b = = _
LA R 0.1447 — j0.0064

=79.43¢71%% =31.94— j72.72 B,

O _ Ua-Y, —Un-Y, 290.3e 5 .0,0588¢/2% —167,7e/"”" .0.05880/2%

Y. +Y, +Y, 0.1447 — j0.0064

=186e % = _121,3— j140.9 B.
1.15. PaccuutaeM (ha3Hbie TOKM B IEPBOHAYAIBHOMN «3BE3/IEN:

. ¥ —j1o° o

la= l; = 11477% =8,66e® =8,233+ j2,7 A,
La e

. . - 66,3° o

- g_b _ % — 467717 —3671— j2,89 A,
Ly 17e'°*

. ' —j13¢° _

I = U c 186e — 11’98—11790 = —11'9 + 10,19 A.

Z. 15625
1.16. PaccuuTaeM HampsiKEHUS CMEIEHUS HEUTpaiau MEepBOHAYAIBLHOM «3BE3-
TTBD»:

Uoo = Ea—Ura—Ua = 380— 493— j279—145.1+ j25.36 = —258.1— j253.64 —

=361.8¢ " B.
2. OnpenenuM noka3zaHusi aMIepMETPOB, UCIIOIb3YA pe3yabTarthl 1.1.13.

I, =1,=4008 A, 1, =1;=843 A, 1, =1.=4851 A.
3. PaccunTaeM MOIIHOCTH Harpys3okK.

3.1 Harpy3ka «3Be31a»:

Sstar = 53 *5p * 5S¢

A

~ . 2 2 2 . 2 ;
Sa = Pa + an = IaRa + jlaxa :(8.66) 15+ 1(8.66) '(—8):1124.9— j600 BA,

~ . 2 ) 2 . 2 ;
Sb = Pb + ij = IbRb + jlbxb =(4.67) 15+ 1(4.67) -(—8):327.13— j174.47 BA,

T U O 2 1oL 2 o .
Se =P +1Q, =12R +jIZx_ =(119)7-10+ j(11.9)" 12 =1416.1+ j1699.32 B4,

S,  =2868.13+ j924.85 BA.
star

3.2. Harpy3ka «TpeyrojbHUK»:
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A =Sab T e *5ca

S 2 o i om? o
Sob = Pap 1% = 15pRap * Jlab ab =(10.83)“ -8+ j(10.83)" -8 =938.31+
+]938.31 BA,
5 Y 2 o 2 o_
Soo =P, +iQ, =12 R +jlZx =(1482)"-8+[(1482)° -8=1757.1+
+]1757.1 BA,

Seq =P +iQ, =12R_+i12x =(2565)° 8+ (25.65)" -8=5263.38+

ca caca " J'ca’ca ' ' '

+j5263.38 BA

= 7958.79 + j7958.79 BA.

SA
3.3 MOH_[HOCTB B JINHEMHBIX MTPOBOJIAX:
§L

2

= _ . 2 .2 _ 2 10 _ .
S, . =P _+ JQLa = IARLa + JI5 X a —(40.08) 10+(40.08) 10 =16064 + j16064 BA,

—12R  =(8.43)°.5 =35532 Bd,
§ =P +jQ =-jl2x =-j(4851)° 15=—j35298.3 BA
Lc c ' ' ’
§, =16419.32- [19234.3 BA

3.4  IlonHas MOIIHOCTH HArpy30K:

Sioad = Sstar ~ Sa S| =2868.13+ 924,85+ 7958.79 + j7958.79 +16419.32 ~ j19951 =

i 0
= 27246.24 - [11067.4 = 29408¢ 1221 gy

3.5. PaccunTaemM MOIIHOCTH HCTOYHUKOB:
S S 4§ +§. —EAla+EBIB+EC.] 16°
Ssource - SA“LSB +SC =EA-IA+EB-IB+EC-IC =380-40.08¢ +

H o 120 . o) . o cr A0 . 0
1380e 1207 846l 1 380e /120" 4851671037 _15230e 110" 1 310271103
100
118430e 143" —14640 + j4197 — 718 {3110 + 13478 — 12560 = 27400 — 11482 =
: o
— 20708 127" By,

3.6. IIpoBepuM BhITIOTHEHHE OajaHca MOITHOCTH:
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P -P _
5 _ source ~"load 10, _ 27400-27246 0000 oo

P = 27400
source
Qqource ~ Cload 11482 -11067,4
5 = 100% = == 2 =="100% = 3%
Qsource

4. OHpC,ZIeJII/IM IMOKa3aHusA BATTMCTPOB

° *
PW1 = Re{u AB | A},

° ° ° j300
UAB = EA—EB =570+ j329 = 658¢ B (EAB),
. 0] . (0]
Ry = Re{658e130 .40.08¢ 1150 ]: 658-40.08- Cos45.50 = 18484.8 Bm,
1

° *
PW —Re[UCB Ic},
2
[ ] [ ]

° ranoO
Ucg =Ec-Ep = 658¢]%

B (~Egc )

0N 10
Ry =Re[658e190 48,510~ 1164 }:658-48.51-003(—740):8798 Bm.
2

5. TloctpouMm TomorpaduyecKkyro nuarpamMmy HampsDKCHHM M TOKOB Ha KOM-
IJIEKCHOM TuIocKocTH (puc. 4.7).
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SAZTAHUE Ne 4

PACYET NEPEXO/HBIX ITPOIIECCOB B INHEHMHOM
SJJEKTPUYECKOM IENTHU
3agaHbl pa3BETBIICHHBIC dJEKTpUUecKue 1enu: ¢ ogHuM (puc. 1-12) u
nBymsi (puc. 13-80) peakTUBHBIMU dJ€MEHTaMu; ¢ HyJleBbIMU (puc. 13-40) u
HeHyneBbiMH (puc. 41-80) HayanbHBIMU YCIIOBUSMH; CXEMbl MOBBIIIEHHOM
cnoxkHocTH (puc. 81-90), npennasnauennsiii st YMUPC. Ha Bcex cxemax yka-
3aH BUJ KOMMYTAIIMH, BHI3BIBAIOIINI MEPEXOIHBIN TIpolLIecC.
[TapaMeTpbl PIEMEHTOB CXeM, IPUBEICHHBIX Ha puc. 4.1 — 4.80 BrIOUpa-
FOTCS U3 TAOJIHIBI 3.
Tpebyercs:
1. PaccuutaTh nepexoAHbIA MPOIECC B 3aJlaHHOW LIEMU KJIACCHUYECKUM
METOJIOM.
2. Paccuurtarh nepexoHBIM MpOIECC B 3aJlaHHON IENU ONEepPaTOPHBIM
(160 IpyruM yKa3aHHBIM MPENoAaBaTEIeM) METOOM.
3. IMocTpouts rpaduku U3MEHEHHS BO BPEMEHHM TOKOB B BETBAX IEMHU U
HaIpsHKEHU Ha pEaKTUBHBIX AJIEMEHTAX.

BapuanTbl 1oManiHero 3ajiaHus

Tabmuma 4.1
[TapaMeTphl 2JIEMEHTOB DIEKTPUIECKON LIEMH
N_aiiﬂﬂ U Ry R2 R3 Ly Lo Cq Co
B OMm Tu MKD
1 200 100 50 200 1,0 0,5 50 100
2 100 125 75 50 0,4 0,2 20 40
3 120 100 100 125 0,2 0,1 20 40
4 50 150 75 50 0,5 0,2 25 50
5 75 50 75 125 0,2 0,1 0,2 0,1
6 50 800 1000 1000 0,25 0,5 0,2 0,1
7 75 800 2000 1000 0,25 0,5 0,1 0,2
8 100 1500 500 1000 0,4 0,8 0,1 0,2
9 120 50 125 50 0,2 0,4 20 10
10 200 200 125 50 0,4 0,2 125 80
11 240 100 50 200 0,5 1,0 50 125
12 240 200 100 100 0,1 0,5 100 50
13 50 800 1000 2000 0,25 0,50 0,1 0,2
14 240 200 100 100 0,8 0,4 100 50
15 150 50 125 50 0,4 0,2 10 20
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16 150 50 125 50 0,2 0,4 20 10
17 100 100 50 100 0,5 0,1 100 50
18 100 200 100 100 0,4 0,8 80 125
19 110 800 1000 1000 0,5 0,25 0,1 0,2
20 50 800 1000 | 2000 0,25 0,5 0,2 0,1
21 110 125 50 75 0,2 0,1 40 20
22 100 125 50 100 0,1 0,2 20 40
23 50 100 50 100 0,5 0,1 50 100
24 50 100 50 100 0,5 1,0 125 80
25 50 100 50 200 0,5 1,0 100 50
ITPUMEP PACYETA

Paccunraem nens, nokazannyro Ha puc. 4.91. UucneHHble JaHHBIE IS
JTAaHHOW CXEMBbI IIPUBEJICHBI B Ta0. 4.2.

Taonuua 4.2
U Ro R; R, L C
B Om Om OMm I'n MKD
150 100 300 200 0,1 10
1. Knaccnueckuii MeTox
L Ry i i 1. HOyers t=0 - wmoment
F—LY Y KOMMYTAIIUH.

2. Tox || BeIOMpacM B Kade-
CTBE HCKOMOM NIEPEMEHHOU,
T.K. 3TOT TOK HOJYUHSAETCS 3a-
Ry KOHaM KOMMYTaLHUH.

3. PaccuntaeM TOKH OO KOM-
Puc. 4.

myrarmu, T.e. mpu t<-0.
Ilenb comepKUT pe3nucTop R, . MocrosuusIi TOK yepe3 KOHIAEHCATOp HE Mpo-
XO[IUT, TI03TOMY i.(-0)=0
. U, 150
I (_ O) = R =

, +R +R, 100+300+ 200
i,(-0)=i (-0)=0,25 A, u.(-0)=R,i,(—0)=200-0,25=50 B,

4. Ucnonw3ys 3akonbl Kupxroda, 3amuiieM ypaBHEHHs JUIsl BPEMEHH IOCIe

=025 A

KOMMYTalluu (t 2 O
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L(L—'tL+ Rji, +R,i, =U,,

) u
i. =C—<.
' ¢ dt

[TpuBeneM naHHyIO cUCTEMY K OJHOMY AU(depeHIInaTbHOMY YPaBHEHUIO, B KO-
TOpoM (GuTypupoBaia Obl TOILKO OJHA epeMeHHas - Tok || (wim Hanpsokenue

Uc ), T. K. 9TH TIepeMeHHBbIE HE U3MEHSIIOTCS B MOMEHT KOMMYTAIlUH, TTO3TOMY
npu penieHud AU QepeHManbHOr0 ypaBHEHUsI B KaueCTBE HayalbHBIX YCIIO-
BUII MOXHO HCIIOJIb30BAaTh UX 3HAYEHUS, KOTOPHIE OHU MPUHUMAIOT 10 KOMMY-
Taluu t=-0 Hexmouas nepemennbie 1oy Iy Uc | u3 cucremsr (4.1) mo-
JTy4uM Tpedyemoe nuddepeHIanbHOe ypaBHEHUE BTOPOTO MOPsIKa:
2. -
d|L+ 1+ 1 d|L+1 1+Rli_luo
2 L= . (4.2)
dt RL RC)dt LC R, LC R,
5. Paccunrtaem HOBBIH ycTaHOBUBIIMitCA pesxum nemu (T —>00):
: U 155 o :
i'=—0 = =03 A i, =i, =03 A, i, =0,
R +R, 300+ 200
u. =R,i, =200-0,3 =60 B.
6. Haitnem HayanbHbIE YCIOBUS JJIsI HKCKOMOM MTEPEMEHHON U €€ TPOU3BOIHOM:
di,

||_ (+ ) )51 dt . CornacHo 3akoHaM KOMMYTallu UMEEM
t=+0

i, (-0)=i(+0)=025 A,  u.(-0)=u.(+0)=50 B.
[Tocne moacTaHOBKY 3TUX BEIWYUH B cucTeMy (4.1), 3anMcanHyo 11 MOMEHTa

Bpemenn L = +0, MOJIYYHM CUCTEMY alreOpandyecKux ypaBHEHUN OTHOCUTEIb-
HO IIEPEMEHHBIX:

di, du,.

i,(+0), ic(+0), =
1,(+0), ic(+0), — o h

t=+0
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' —i,(+0)—i.(+0)=-0,25 ,

dil R ho)=Ye_Rigos
| dtle L L L
~R,i,(+0)=-50 ,
. (r0)-cde| o
dt t=+0
Pemas oty cucreMy, onpenenuM HeJ0CTaloee HaYaJIbHOE YCIIOBHUE:
di|  _,g A/
dt |, (4.3)
: : duc
OIHOBPEMEHHO HalIEM: '2(+ O) =025 A, I (+ O) =0, E =0.
t=+0
7. [logcTaBuM YHCIIEHHBIE JAHHBIE B YpaBHEHUE (4.2) U PEIINM €ro
dZi, di
+3500—=+25-10°i, =75-10°,
dt? dt : (4.4)

Pemenue HeonHopoaHoro nuddepeHmanbHoro ypaBueHus (4.4) 3anumiemM Kak

i/ -/
CYMMY YaCTHOT'O PCIICHUS I, u obmiero pemeHus || 0THOPOAHOTO YpaBHEHUSI:

YNy
Pemenne oqHOPOIHOTO ypaBHEHUs, Ha3pIBaEMOE CBOOOJTHBIM TOKOM, 3a-
MHACHIBACTCS CIEAYIOIIUM 00pa3oMm:

/. t p,t
i, = Ae™ + Age™ (4.6)
rae A1 51 A2 —IOCTOSIHHbIE MHTErpupoBanus; P; u P, —xopum xapakrepu-
CTHUYCCKOTO ypaBHCHI/IHZ
p? +3500p+25-10° =0.

PemaeM 310 ypaBHEHHE U HAXOAUM:

p,=—2500 ¥/, p,=-1000 ¥/

Kopnu oonoicnvr 66ims ompuyamenbHulMu Yuciamu, eciu KOPHU NOJYYUTUCH
KOMNJIEKCHLIMU, MO OHU OOJHCHbL UMEMb OMPUYAMETbHYI0 BeUjeCEEeHH)I0
yacme.

Pemenue (4.5) ¢ yueToM 11.5 3anuiineM CIeayronmM o0pazom:

: / 4/ -250Q -100Q
I =1 +1. =03+ Ae + Ae : (4.7)
[Tponuddepenurpyem 3To ypaBHEHUE:
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di, ~2500 ~100a
i —2500Ae —1000e"" (4.8)

8. BrrunciuM MoCTOSHHBIE MHTETPUPOBAHUS A1 u A, . Jlns storo sarm-

rem (4.7) u (4.8) ms Bpemenn t = +0 , mojcTaBuB B HUX YHCIIEHHBIC 3HAYEHUS
HaYyaJbHBIX YCIOBUM.

0,25=03 + A +A,,
250 = -2500A, —1000A, .

Pemast sty cucremy, Haiinewm: A_L =-0133 , A, =0,083. Moxcrasum BeI-
YUCJIEHHBIE BEJIMYMHBI B MPABYIO YacTh ypaBHEHUS (4.7) U MOJIYyUYUM pPEILICHUE

i, =0,3-0,133e7°" +0,083e " A (4.9)
9. Pacuer ocTanbHBIX TOKOB M HaHpHH(GHI/II;'I Ha PCAKTHUBHBIX 3JICMCHTAX H

MOCTPOCHHE TPpaPUKOB.
[ToncraBum (4.9) B cuctemy (4.1) 1 HaliieM OCTalIbHBIEC TOKHU:

I, = 1 U,-Ri, — Lﬂ =0,3+0,033e*°* —0,083e " A,
2 R 0 L dt
2

: : : -250Q -100Q
- =1_—1, =-0166¢e +0,166¢e A,
N HAIIPAKCHUA Ha KOHACHCATOPC U Ha KATYIIKW HHAYKTHBHOCTH !

U. = Ry, = 60+6,66 2% ~16,66"° B,
u = L% —33,25¢ 750 _g 3t g

Jlanubie pacueToB cBeeHbl B Ta0u. 4.3. Ha puc. 4.29 npuBeeHbl COOTBETCTBY-
folye rpaduKyu Ha BpEMEHHOM UHTEPBAJIE:

0<t< 35 =0,003-+0,005 c.

‘pl,Z‘
Benuuuna epemennozo umnmepéana evlibupaemcs paeénou (3 +5)1,  20e
, €CJIU KOPDHU XAPpaAKmepucmu4ecKkoeco ypasHerusl eeuecneerHoble 4uc-

min

Ja, 6 ciydae KOMNIEeKCHblX KopHeﬁ pacdem 6blNOJIHAEemMCA HA 6DEMEHHOM UHMED-
eaie, pd6HOM He MeHee mpem nepuoOaM Konebanuil moxkos u Hal’lp}l.?lceHI/llj.

Tabmnura 4.3
Ne t iL(®) i2(t) ic(t) uc(t)
c A A A B
1 +0 0,260 0,250 0 50,0
2 0,4-10° 0,307 0,256 0,050 51,3
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0,319

0,267

0,052

53,2

0,8-10°

8

3,0.10°

0,304

0,296

0,008

99,2

3ajauy MOKHO OBLIO pelInTh, He pemtas AuddepeHnansHoro ypasHenus (4.3).
OO61iee perieHune IJ1s1 TOKa MOKET OBITh Cpasy IMPEICTABICHO B BUJIE:

i, = Ae™ + AeP +i’

HuddepennnanbHoe ypaBHeHHE He pemiaetcs. KopHU XapaKTepHCTUYECKOTO

YPaBHEHMS ONPENEIAIOTCS, UCTIOIb3Yysl MATPULLy KOHTYPHBIX COIPOTHUBIICHUM:

det Z{p)=det

=det

PLAR TR, | Ry
0,1p+500 -200
=0
-200 200+10°/p

WM MaTPUILy Y3JIOBBIX MPOBOIUMOCTEH (dEtY(p) = 0)). Ncrounuk Hampsoke-

HHA 3aKOPOYCH.

detY (p)

u, B [i, Al i,

60 0.3 i
L~ u,

50

40 |0.2

30

20 0.1

10 "\\ .

V] <

——

0 04 08 1.2 1.6 2.0 24 238 /M

?

C

Puc. 4.29

1

=——+
200

p, =—2500 E
C

p, =—-1000 l_
c

=i+ pC + ——

2

10 p

1

pL + R,

+ =0
0,1p+300

O06a ypaBHEHHUsI TafOT OJTHO
U TOKE PEIIICHHE:

3areM MOYKHO 3arucarh

i|_ — Ag_e_ZSOOt +Aze—1000t +O,3,

dip _
dt
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JlanbHeilliee penieHre COBNaaaeT ¢ paCCMOTPEHHBIM paHee.

2. OnepaTopHblii MeTON
PaccuntaeM HavyallbHbBIE YCTIOBUS JUIs IEPEMEHHBIX

i (~0)=025 A=i (+0), UC(_ 0): 50 B =uc(+ O)-
OTHU BEIUUHNHBI HCIIOJIB3YIOTCA IIPU HAITMCAHUHN ypaBHeHI/Iﬁ OCIIN B OHepaTOPHOﬁ

dopme. Cornacno 3akoHam Kupxroda 3anuiiieM cienyronryro CUCTEMY ypaBHe-
HUU B olepaTopHOil hopme:
s

IL(p)_ Ic(p)_ Iz(p)ZO,

pLI, p)_ I—iL(O)+ Rzlz(p):
(

1 u~(+0
\EIL(p)""#_RzIz p)=0.

HOIICTEIBHM YUCJICHHBIC 3HAYCHUA B IaHHYIO CUCTCMY

U

N

IL(p)_ Ic(p)_ |2(p):O,
01pl, (p)—0025+300i (0)+ 200I2(p)=%,

.

10° 50
TIL(p)_'_F_ZOOIZ(p):O'

[IpuBeeM CUCTEMY K OTIEPATOPHOMY YPABHEHHIO OTHOCHUTEIBHO OIEPATOPHOTO
toka | (p) Y CPaBHHUM C PaHEe MOTyYCHHBIM PelIeHHEM
L ()= A(p) _0,25p> +1125p+0,75-10°
B(p) p(p?+3500p+25-10°)
rae A(p) — noauHOM yuciuTens U B(p) — moauMHOM 3HaMeHaTes.

Pekomedeemc;z nposepums nNpasujibHOCmMb NOJNYYEHHO2O YPABHEHUA C
noOMoubro npeéeﬂoe:

0,25p® +1125p+0,75-10° _ 0,25

i (+0)= lim pt, (p)=1im p o(p?+3500p+25-10°) 1 A
2 106 106
i[:iL(oo): IpiLr(} pIL(p):IimpO’ZSp +1125p+0,75-10°  0,75-10 03 A

o plp?+3500p+25-10°)  2,5-10°
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- ./
PaccuuTannbeie TOKHU I|_ (+ O) )41 I|_ COBITaJal0OT C COOTBCTCTBYIOIIUMU
TOKaMH, IMOJYUYCHHBIMHU 110 KIIACCUYCCKOMY MCTOOY.

Yrobsl paccunTath Tok I (t) OyZeM HCIIONIb30BaTh TEOPEMY pasJioxkKe-
HUSL:

IL(t) Z ((pk)) pit

(4.10)
1. Haiinem xopuu u3 ypasaenus B(p)=0
p(p? +3500p +25-10°)=0.
1
p,=-2500 = p,=-1000 = , _g
c’ Cc’ '
2. Ilpoussenem nuddhepeHnrpoBaHue
() — dB(p) _apn2 6
B (p)—d——Sp +7000p+2,5-10
D :
1
3. Paccunrtaem ko3 dunreHT E?((FI)O)) JIST KOPHS p, =—2500 ; :
A(p,) _ 0,25(—2500)° +1125(- 2500)+0,75-10° 0133 A
B'(p,)  3(-2500) +7000(- 2500)+ 2,5-10° T
1
4. Paccuntaem K03PPUIHUEHT [:‘/((F;)) JUISL KOPHS p, =-1000 E
2 6
A(p,) _ 0,25(-~1000)" +1125(-1000)+0,75-10° _ 0,083 A.

B'(p,)  3(~1000) +7000(—1000)+2,5-10°
Ap)
B'(p)
A(p;) 0,75-10°
B'(p,) 25-10°
6. Ucnonb3ys (4.10) momydaem hopMyity Jjsl TOKA:

i, =0,3-0,133e°°" +0,083e " A

Dta dhopMmyiia coBaaaeT ¢ Beipaxenuem (4.9) s | t). monyuennsM Knaccu-
y L s y

YCCKMM MCTOAOM. Toku B APYIrux BCTBAX W HAIIPSIHKCHUC HA PCAKTUBHBIX 3JIC-
MCHTax IOJYy4aroT 11O aHaJIOT'UH.

5. PaccunTtaem Ko>pPHUIHEHT s xopust Pz =0

=-0,3 A.
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3. MeToa nepeMeHHbIX COCTOSIHUS
IIpu cocraBneHnU ypaBHEHHM COCTOSIHUS ¢ MOMOIIBIO 3aKOHOB Kupxroda
M1 YMCHBIICHUA ITPOMCIKYTOYHBIX Hp€06p8,30BaHI/H>'I PCKOMCHOYCTCA IJIsI UH-
. di,
JYKTUBHOCTH HCIOJIb30BaTh IEPEMCHHBIC I u dt (st Hanp;DKeHI/Iﬂ), I
du.
emxocts - Uc u dt (mmst Toka). CrenyeT TakKe ypaBHEHHUS M0 BO3MOXK-

HOCTH 3aIlMChIBaTh TaK, YTOOBI B KaXKJ0€ U3 HUX BXOJUJIO HEe Oojiee OAHOM Ipo-

M3BOJIHOM OT MepeMeHHoM cocTosius. [locne cocTaBineHusl ypaBHEHUM 110 3aK0-

HaMm Kupxrodda 13 HUX UCKITIOUAIOT BCe alire0OpandecKue epeMeHHbIe, T.¢. Te-

PEMEHHBIEC, HE SIBJISIOIINECS IEPEMEHHBIMU COCTOSIHUS.

Colrosias ckazaHHOE, HEMOCPEACTBEHHO 10 CXEME 3aIluIleM CUCTEMY YpaBHe-

HUMU:

du,
dt

di .
Ld—tL+ R,i, +u. =U,,

I, =1,+C

.

~

3nech |, - anreGpanueckas nepemennas. ITocie ee HCKITIOUEHHS MOTyYaeM CH-
CTEMY B BUJIE:

dip/dt “RyL 1L ir L .-"[pr

duc/dt 1/c |-I’'R2C| | uc

(4.11)
[Toce moiIcTaHOBKY YUCJICHHBIX 3HAYEHUN MapaMeTpoB JIEMEHTOB IIEIU
cucrema (4.11) mpuHuMaeT BUj

iz -3000 | -10 ; 1500

d
dt

e 10° -500 e

npu
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ir(+0) 0,25

nc(+0) 30
Kopuu XapaKTEPUCTHUECKOTO | ypaBHCHUS
det(lp - A) = p2 +3500p = 25-10° =0 COBMAJAIOT C paHee HaWJICHHBIMU
1 1
suavermsvu: Py = —2900 ;1 p, =-1000 E

Cucrema nuddepeHImaibHbIX YPABHEHUIM pelIaeTcsl pa3InyHbIMA METO-
JTaMU YHCJICHHOTO MHTErpupoBaHus. VHTepBan MHTErpUPOBAHUS ONPEICISICTCS
CJIeIyIONUM 00pa3oM

T,.=(3+5)/|p| . —4/1000=0,005 c
- min )
Ecnu miig MHTErpUpOBaHMS UCIIOJIB3YETCS SABHBIM METOA DHWiEpa, TO IIar UHTe-
TPUPOBAHUS MOXXHO IPHUHATH PAaBHBIM 3HAYCHHIO h= (0101+O’1)/ ‘ pk‘max

B o0miem ciayuae mar h<1/ HAH, rae |A|—oxna u3 HopM Matpuisl A. Obmiee
YHCJIO IIar0B HHTEMPUPOBAHUS PABHO

:T ~ (3_5)‘pk‘max

HWHT.

A
~ =(30+500)—m
h (0’01_ 0’1) P« ‘min ( ) ‘ P« ‘min

MosxHo BueTh, 4T0 N MIPOMOPIIMOHAIBEHO YHCITY O0YCIOBICEHHOCTH MaTPHUITBl A
U MOXKET OKa3aThCsl BeCbMa OOJIBIIINUM JIJIS )KECTKUX CHCTEM.

SAZTAHUE Ne5

PACYET NNEPEXO/IHBIX ITPOIIECCOB B HEJIMHEWHBIX JJIEK-
TPUYECKHUX HEIIAX

B nenu, copepxarieil HeMMHEWHBIN 3JIEMEHT (MHAYKTUBHBIN, EMKOCTHOU
WJIU PE3UCTUBHBIN) U HAXOAIIEUCS MOJ IEUCTBUEM MOCTOSTHHOTO HAIPSIKEHUS,
IIPOUCXOJNT 3aMBIKAHUE WIIM PA3MBIKAHUE KITIOYA.

TpeOyercs:
1. Haiitn 1 mocTpouTh BpeMEHHBIE 3aBUCUMOCTH TOKOB BO BCEX BETBSAX L[€-
I ¥ HanpspKeHUs Ha HeJMMHEMHOM syeMeHTte. [lo ykaszanuro mpenopaBartens
BMECTO HANpsOKEHHUs] Ha HEJIMHEHHOM 3JIEMEHTE MOXKET OBITh MPEIIOKEHO IO-
CTPOUTH HAIIPSHKEHHE Ha JIMHEMHOM PEaKTUBHOM 3JjieMeHTe. [ pacuera wuc-

45



M0JIb30BaTh: METOJ KYCOYHO-TMHEHHOM anmpoKCHUMAllMK U METOJ MOoCe0Ba-
TeJIbHBIX UHTEPBAIOB (MeToa Ditnepa).

BapuanTbl foOManIHero 3aaHus

BapuaHThl pacdeTHBIX CXE€M MpeACTaBlIeHbl Ha puc. 5.1 — 5.36, yucneH-
HbI€ 3HAYEHUS! BEJIMYMH MPUIIOKEHHOIO CONMPOTUBIIEHUS U IMAPAMETPOB JIMHEH-
HBIX 3JIEMEHTOB IIeNU — B Tabnuue 5.1, XapaKTepUCTUKU HEIMHEHHBIX JIEMEH-
TOB — Ha puc. 5.37 — 5.39.

[lepBbie 16 cxem conep:KaT HEIMHEWHBIA PEAKTUBHBIN AEMEHT (KaTYyILIKY
Cc (peppOMarHUTHBIM CEPACYHUKOM WJIM BAapHUKOHJ — KOHJEHCATOP C HEJIUHEH-
HBIM JURJICKTPUKOM), OCTaJIbHbIE — HEIMHEWHBI pe3uctop. OcoOeHHOCTH pe-
HICHUA 337a4 C HEJIMHEHHBIMU PEAKTUBHBIMH M PE3UCTHUBHBIMHU 3JIEMEHTAMHU
PacCMOTPEHBI B METOIMYECKUX YKa3aHUX.

o—{ ] _T_ I 1% I L I
R1 R2 R1 R2
R3
U U D Rs
v R4 \ 4 R4 ]
o I |
Puc.5.1 Puc. 5.2
% I ! I
R1 R>
R3
U
v
o l
Puc. 5.3 Puc. 5.4
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o—{ 1 R
R1 R R>
v R ‘ U | JRs ‘
© (o,
Puc. 5.5 Puc. 5.6
o I
o L Rq
R1
U ‘ R> I:I U ‘ R, Eg
o | v R3
o I
Puc. 5.7 Puc. 5.8
o — . o — . —
I I T I
R1 R1 Ro
R3 & R3 &
) N— U A
N N
4 R4 4 R4
1% 11 o |
Puc. 5.9 Puc. 5.10
— — —
o I I o I
R1 Ro R1
o R A o, (R AL
AN N
\ 4 R4 \4 R4 ]

Puc. 5.11 Puc. 5.12
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o
Puc. 5.13
o
R1 Ro &
S R
o
Puc. 5.15
o L | 1 _z
R1
R3
U C
o l
Puc. 5.17
o L I _z
R1

i
<
2
SN

Puc. 5.19

% I I
R1 R
R3 &
U BN
v
o l
Puc. 5.14
o
Rl RZg~
L
(o,
Puc. 5.16
S T e e P
R1
R3
U C——
v R4
o 11
Puc. 5.18
— —
o I I
R1 R3

i
<
2
SN
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Puc. 5.23

Puc. 5.27

Py
o

o
q

Puc. 5.28
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A0
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Puc. 5.29

o w]] w]

(o,
Puc. 5.31
—F———
R: \)
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L
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o !
Puc. 5.33
R3
U R>
L
o ¢
Puc. 5.35

% L I 1
Ry
0 N
L
o |
Puc. 5.30

% L I

Ry

v R, ]
Puc. 5.32
% I
R
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Puc. 5.34
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L
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Tabmura 5.1

U R: R | Rs R4 C L
Cxema | Bapuanr B oM kD T

a 400 50 10 2 100 - -

! 6 600 50 20 2 100 - -
B 500 50 20 5 100 - -

r 800 50 20 2 100 - -

a 200 10 10 10 100 - -

5 6 200 10 10 20 90 - -
B 300 20 10 20 180 - -

r 400 40 10 50 160 - -

a 200 20 - 20 80 - -

3 6 200 20 - 20 60 - -
B 100 10 - 20 50 - -

r 200 20 - 50 80 - -

a 200 10 10 2 - - -

A 6 200 20 10 2 - - -
B 200 20 5 1 - - -

r 200 10 20 1 - - -

a 200 25 10 5 - - -

5 6 200 20 10 2 - - -
B 200 20 20 2 - - -

r 200 25 20 6 - - -

a 200 40 25 10 - - -

5 6 200 50 25 25 - - -
B 200 20 20 10 - - -

r 200 10 20 4 - - -

a 200 40 - 10 - - -

. 6 200 40 - 5 - - -
B 200 25 - 10 - - -

r 200 25 - 25 - - -

a 200 10 10 10 - - -

3 6 200 10 10 5 - - -
B 200 20 10 10 - - -

r 200 10 20 10 - - -

a 150 70 - 5 75 - -

9 6 150 20 - 5 50 - -
B 150 10 - 2 88 - -

r 150 40 - 10 200 - -

a 150 70 10 5 75 - -

10 6 150 20 15 5 50 - -
B 150 10 5 2 88 - -

r 150 40 20 10 200 - -

a 150 10 20 40 100 - -

11 6 150 10 5 20 120 - -
B 150 5 10 5 140 - -
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r 150 10 50 90 200 -
a 150 10 - 40 100 -
12 0 150 10 - 20 120 -
B 150 5 - 5 140 -
r 150 10 - 90 200 -
a 150 30 10 20 - -
13 0 150 50 20 25 - -
B 150 40 10 10 - -
r 150 55 20 20 - -
a 150 30 10 20 - -
14 0 150 50 20 25 - -
B 150 40 10 1- - -
r 150 55 20 20 - -
a 150 10 40 90 - -
15 0 150 20 50 80 - -
B 150 40 20 60 - -
r 150 25 25 50 - -
a 150 10 40 90 - -
16 0 150 20 50 80 - -
B 150 40 20 60 - -
r 150 25 25 50 - -
a —200 90 - 10 - 6
17 0 —200 190 - 10 - 6
B —300 30 - 15 - 6
r -300 180 - 20 - 6
a —450 60 - 15 75 10
18 0 —500 60 - 20 70 10
B —450 30 - 15 55 10
r —450 30 - 20 100 10
a 400 10 - 40 50 5
19 0 250 15 - 60 225 5
B 400 20 - 60 160 5
r 500 20 - 30 100 5
a 200 12 - 4 1000 8
20 0 240 12 - 3 1200 8
B 240 16 - 4 1200 8
r 200 15 - 3 1500 8
a 300 20 - 5 - 10
21 0 240 12 - 4 - 10
B 240 15 - 3 - 10
r 240 16 - 4 - 10
a 180 90 - 5 - 5
29 0 200 100 - 6 - 5
B 240 120 - 10 - 5
r 240 150 - 10 - 5
23 a 240 - 3 15 - 8
0 240 - 4 12 - 8
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B 240 - 4 16 - 8 -
r 300 - 5 20 - 8 -
a 240 - 12 60 - 6 -
24 0 220 - 11 110 - 6 -
B 220 - 10 90 - 6 -
r 240 - 10 150 - 6 -
a 240 3 - 12 - 10 -
o5 0 240 3 - 15 - 10 -
B 240 2 - 10 - 10 -
r 240 2 - 8 - 10 -
a 120 - - 100 - 12 -
26 0 120 - - 200 - 12 -
B 125 - - 125 - 12 -
r 125 - - 60 - 12 -
a 240 12 4 - - - 10
97 0 300 20 5 - - - 20
B 240 16 4 - - - 30
r 240 15 3 - - - 40
a 240 12 60 - - - 50
28 0 240 12 36 - - - 60
B 240 15 60 - - - 70
r 240 15 30 - - - 80
a 240 15 60 - 225 - 90
29 0 240 10 40 - 50 - 10
B 240 12 60 - 168 - 20
r 300 20 60 - 150 - 30
a 240 12 - - - - 40
30 0 200 10 - - - - 50
B 240 15 - - - - 60
r 240 20 - - - - 70
a 240 - 60 12 - - 80
31 0 220 - 90 10 - - 90
B 240 - 150 10 - - 10
r 220 - 110 11 - - 20
a 300 20 180 - - - 30
32 0 240 12 60 - - - 40
B 320 20 60 - - - 50
r 240 15 60 - - - 60
a 240 30 10 - - - 70
33 0 240 24 12 - - - 80
B 240 30 15 - - - 90
r 270 30 20 - - - 10
a 240 12 60 - - - 20
34 0 240 15 60 - - - 30
B 240 15 75 - - - 40
r 240 20 180 - - - 50
35 a 50 - 15 3 - - 60
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0 60 16 4 - 70
B 60 12 4 - 80
r 60 20 5 - 90
a 125 60 12 - 10
36 0 125 36 12 - 20

B 125 60 15 - 30
r 125 30 15 - 40

015 ¥ B6

0,14 I —

0,13 —— —

0,12

0,11 —

0,1 1

0,09 Ve

0,08

0,07 7

0,06 /

0,05 /

0,04 /

0,03

0,02

0,01 / A

0
o 1 2 3 8 10 11 12
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Puc. 5.39 BonpTmanepHas XxapakTepuCTUKa HEJIMHEWHOTO PE3UCTOpa

IPUMEP PACUYETA (R)
«Pacuem nepexoduozo npouecca 6 yenu, coOepafcameﬁ HeJluHelHoe conpo-
muejieHue)»
R — i i
o— / o1+
/
1, v
- L
[ — R,
Q
Prc. 12.38

Cxema uenu npuBeaeHa Ha puc. 5.38.
Jano: U =400 B, R, =200 Om, C=0,05 Mx®.
Pemenue
1). t=0 - MOMEHT KOMMYTAII}H.
2). t>0 coCTaBMM CHUCTEMY YpaBHEHUH, UCTIOJIB3Ys 3aKoHbI Kupxroda

i=i +i,
U=u+R,,,
L
dt
II€ & — HalpsDKEHUE HA HEJTMHEMHOM PE3UCTOPE.
Bripazum ToK i, :

i, =i(U ~u)
2
Vurewm, 4to i, =C e _ o dU —w) __cd
dt dt dt
L du 1

Torpma i =i, +i, = _CE+R_(U —U), OTCIO/Ia TTOTYYUM

2

chz—l:+u+R2i =U. (5.1)

3). Onpenenum paboumii y4acTOK Ha BOJIbT-aMIIEPHON XapaKTEPUCTUKE HEIU-
HeWHoTro conpoTtuBiaeHus (puc. 5.39).
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300 = ——1

|
200 4= —m :
' I
A |
100 : i
|
a : ! !.: L
T T
0 0,1 02 03 04 05
Puc. 5.39
Haxomum HavansHbie yeaosus: U, (0)=U , U =u(0)+u.(0), oTcroza moiy-
yaeM

u(0)=0 (5.2).

DTO paBEHCTBO OMpEJIEET Hayauo paboyero yyacTka — TOUKY @, JIJIsl KO-
Topot u=0 B, i=0 A.

Wrak, Hy>)kHO pemuTh ypaBHeHue (5.1) npu HayanbHbIX YCI0BUAX (5.2).

HaxoguMm HampsbkeHHe Ha HEJTWHEWMHOM COMPOTHBIICHUM B YCTaHOBHB-
IEMCS PEXKHMME, KaK TOUKy IepecedeHus (Touka B) Kpuboit u(i) ¢ mpsmoii
u=U—R,i=400-200i mysi t =co. B Touke B uMeeM u=300 B, i=0,5 A.

MeToa KYCOYHO-TMHENHON aNPOKCUMANNHU

ANIpoKkcUMHpPyeM 3aBUCUMOCTH U(i) Ha ydacTKe aB JIByMs OTpE3KaMu
npsMbIX a0 1 0B. Pazouenue npoBouM TakuM 00pa3om, yTOObI JIoMaHas
HanOoJIee TOUHO COOTBETCTBOBAJIA UCXOHOM XapakTepucTuke. Ha kaxxaom u3
OTPE3KOB 3alUCHIBAIOTCS JINHEWHBIE YPABHEHHE, CBSI3bIBAIOIIIEE MTApaMETPhI
AIIeMeHTa

A). Yyactok a0. Ha 3ToM yuacTke OTpe30K anmnpoKCUMUPYIOLIEN MTPSAMON
OMUCHIBAETCA CIEIYIOIIUM yYpaBHEHUEM U =1000i . DTO ypaBHEHHE BHOCUM B

ypaBHeHue (1) u momyyaem R2C1OOO% +1000i + R,i =U , 3TO ypaBHEHHUE peLIaeM
: u(0) di .. . 4
MPY HAYAJTBHOM 3HA4YEHUH TOKa i(0)= Toop =0+ g T10%i+2-10% = 4-10°,

ﬂ+12-104i =4-10°.
dt

XapakTepucTHIECKOe YpaBHeHHE « +12-10* =0, oTcroga « =-12-10* 1
c

Pemenue uiiem B Bule
=it Ae (5.3)

s t =0 mosryyaem i'=%.
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3anumiem (5.3) Aji1 MOMEHTa KOMMYTaIluu ( = 0) 0= % +A, A= —%.
dopMUpyeM pelieHue i = %(1— g 1210 ): %(1— g 1210t ) A.

HaXOILI/IM MOMCECHT BpPEMCHHU t,, COOTBGTCTBYI-OHII/Iﬁ TOUKE 0.

02 =%(1—e) t, =0076-10* ©,
C

.1 1210° .
Takum o0paszoM, pelieHue UMEeT BHL =3 1-e*#%") A ¢ MOCTOSTHHOH

BPEMEHHU 7, = ¢ JeHCTBYyeT B MHTepBayie 0 <t <t,.

12-10*
b). Yuactok 0B.

Ha yuactke OB OTpe30K TMpsMOM  OMNHUCHIBAECTCS  yPaBHEHHEM

u :200+¥(i —0,2). D10 BBIpaXXEHHE BHOCHM B ypaBHeHue (5.1) u monydaem

R,C %%WL 200+¥(i —0,2)+R,i=U . [ToacraBinsieM 4YHCIICHHBIE 3HAYEHMS T1a-
paMEeTpOB U TOJTydaeM %+16-1O4i =8-10". JlanHO€ ypaBHEHHE pemaem sl t,,

di .
YYHUTBIBAsA, YTO B YCTAHOBHUBIIEMCS PEIKUME prin 0, m moiay4aem i, =0,2 A

XapakTepucTUIeCKOe YpaBHEHHE « +16-10* =0, oTCI07a o = —16-10" 1
c

Pemenue uiieM B Buze

i=i"+Ae"", (5.4)
Jitst t =00 mosyvaem i’ = 8_1
16 2
Bamumiem (4) Uit MOMeHTa BpeMmeHu (t=t,) 0,2 = % A A—_03.
CDOpMI/IpyCM peLeHue i = %_0’ 3e—1e.104(t_t0) A
Tox 1= %_O’ 3e (") A pH3MeHsIeTCs ¢ MOCTOSHHOI BPEMEHH 7, = 16-10*

Ha MHTEPBAJIE BDEMEHU t >t .

Metoa Jiijiepa (MeTOM IMOC1€/I0BATEILHBIX MHTEPBAJIOB)

Memoo Diinepa — 3TO YUCIACHHBIA METOJ], B KOTOpOM JrdepeHimanisuoe
ypaBHEHHE TIEPBOTO TMOPSIKA 3aMEHSETCS areOpandecKuM MpHu 3aMeHe TTPOU3-
BOJIHOM 10 BPEMEHU OTHOLIEHUEM KOHEYHBIX PA3HOCTEN.

HaxoauMm nocTosiHHy10 BpEMEHH 7 , alllIPOKCUMUPYS pab0oduil yuacToOK aB
OJIHUM OTPE3KOM TMPSIMOM, KOTOPBIM OMHUCHIBACTCS CIEAYIOIIUM YpaBHECHUEM
u=600i. [laHHOe BbIpaXeHHE BHOCMM B YypaBHeHHE (9.1) U mnomyyaem
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RZCGOO% +600i + R,i =U . [loacrasisieM 4YMCIEHHBIE 3HAYEHUS [IaPpaMETPOB LEIH

U I10JIy4acM %+1,27 10°%1 = % -10°. OTcroa HaXOIUM IIOCTOSIHHYIO BPEMCHU
1
rT=——¢C
12,7-10°

[Ipennoaraem, 4To NEPEXOAHBIN MTPOLECC MIUTCSA 57 .
Pacder BbImosiHSEM C TIaroM h, KOJUYECTBO KOTOPHIX BHIOMPAEM pPaBHBIM

16.
5 5'1271104
h=>t__ 25020 _0246.10° .
16 16
Y
0.5 #L__ I
_—
0.4 I
/s
0,3 ~
0,2 —+#
0.1 /
| ¢
-4
0 0.1 0.2 0.3 0.4 107e
Puc. 5.40
AJITOpHUTM pacyera BBITJISIUT CIEAYIONIIM 00pasom

U, =U +AU=U, + jdu=uk +h Rlc U-u, -R,i,).

Uy 2

[loncraBinsieM YnCIIeHHBIC 3HAYCHUS
. 0246-10°

200-0,05-10°°
1). lenaem HyneBoii war t=0, i,=0, u,=0.
2). Jlenaem mnepBbiii mmar t=h, u, =u, +0,13(400—u, —200i,)=52 B, i, =0,03 A.
AHanoOruyHbIM 00pa3oM COBepIlIaeM OCTalIbHbIE 14 maros.
[To pe3yabTaTaM pacueToB CTPOMM 3aBUCUMOCTH i(t) (puc. 5.40).

(400 —u, —200i, ), u,,, =u, +0,13(400—u, —200i, ).

U = Uy

IMPUMEP PACYETA (L)
«Pacuem nepexoonozo npouecca ¢ yenu, cooeprcauieil HeJIUHEUHYI0 UHOYK-
MUGHOCHb)
Cxema nenu nmokasana Ha puc. 5.41.
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JlaHo: U =30 B, R, =500 Om, R, =100 Om R, =200 Om. Be0ep-
amIiepHasi XapaKTepUCTHKa MpeCTaBiIeHa Ha puc. 5.42.
1). t =0—MOMEHT KOMMYTaIl1H.
2). t>0 coCTaBMM CUCTEMY YpaBHEHUIl, UCTIOIB3Ys 3aKOHBI Kupxroga

=i, +i,
dw
U=(R,+R —_— .
)+
1 dw
i, =——
R, dt
R, R,
T
U L R,
'T-J.
O
Puc. 5.41.

[IpeoOpazyeM NMoIy4eHHYIO CUCTEMY YPaBHEHUH CIEeIyIOIUM 00pa3oM

U=(R,+R, )i+ Ry R, d¥  d¥
R, dt  dt
OTCIOIA TIOJTyYUM
d_‘P+ (Ro + Rl)RZ i — R,

dt R,+R +R, R,+R +R,
[ToxcrasisieM YMCICHHBIE 3HAUYECHUS [1IAPAMETPOB U MIOJIYYHUM PACYETHOE ypaB-

HCHHC

Z—T+150i =75. (5.5)

3). Onpenenum pabouuii yuacTOK Ha BeOep-aMIepHON XapaKTepUCTUKE HEIU-
HEWHON UHIYKTUBHOCTH.
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87
-3
10 | B6 |
4 Aﬂ/
IR
3 1 !
n/t
" 1R
viRlR
1] . 0l |U.2 UI|3 04 f,A
Puc. 5.42

HaxoauM HadalbHbIe yCaoBus: i(0)= % = % =0,03 A, u janee no Beodep-
1
aMIIEpHOM XapaKTEPUCTUKE HAXOAUM
¥(0)=333-10"° B6, (5.6).
i(0), ¥(0)—koopauHATHI Hayaga paboyero yyacTka — TOUKH .
HaxomuM TOK uepe3 HEIMHEWHYH0 HWHIAYKTMBHOCTH B YCTAaHOBMBIIEMCS

pexume, 1ig t=oo. U3 ypaBHenus (5.5) numeem i:%:0,0S A . DTOT TOK Xa-

pakTepusyeT KOHell pabodero yyacTka - TOUky 0.
MeToa KYCOYHO-JIUHECHHON ANNPOKCUMALUY
AnmnpoxkcumupyeM 3aBucuMocTh (i) Ha ydactke ab 1Byms otpeskamu
npsiMbIx bC u ca.
A). Yuacrtok ca. Ha 3ToM yyacTke OTpe30K almnpoKCUMUPYIOIIEH NpaMoin
OIMKCHIBAETCS CIAEAYIOIINM YpaBHEHUEM

¥ =2,66-10"° +5-10°(i —0,166). (5.7)
OT0 ypaBHeHHME BHOCMM B ypaBHeHue (5.5) wu momydaem
di di

5-10’3’a+150i =75; a+30-103i =15-10°, 3TO ypaBHEHHE pelIaeM NpHU Havajb-

HOM 3HadeHuu Toka i(0)=0,3. XapakTepucTHIecKoe ypaBHEHHE o +30-10°=0,

OTCIONA & = — ! . 1; r=3-10" c.
3-10° ¢
Pemenne uiem B Buze
i=i"+Ae ", (5.8)
s t =00 mostyyaem i’=1’5'103 =0,05.
30-10°
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3anumiem (5.8) s MoMeHTa KomMyTanuu (t=0) 03=005+A, A=0,25.
dopmupyem pemenne i=0,05+0,25e % A,
DTO0 penieHue JeUcTByeT 10 i, = 0,166 A u t,. Haxonum MoMeHT BpeMeHU

t,, COOTBETCTBYIOIIUI TOYKE C:
0166 =0,05+0,25e %17  t =0,256-10" c.
Takum 06pasom, pemenre i =0,05+0,25e " A ¢ HOCTOSHHOI BpeMeHH

7=3.10" ¢ meiicTByeT B mHTEpBaie 0 <t <t,.

B). Yuacroxk cb.

Ha ywactke Cb oTpe3ok TpsMOil  ONMHUCHIBACTCS  ypaBHEHUEM
¥ =15-10"° +1O‘2(i —0,05). DTO BbIpaXeHHE BHOCUM B ypaBHeHwue (5.5) u moiy-
Jaem 10‘2%+150i =75, %+150-102i =75-10°. JlaHHOE ypaBHEHHE peIIaeM

npu i, =0166 A.
XapaKTepruCTUIECKOe ypaBHEHNE « +150-10° =0, oTcoaa o =-150-10° 1
c

Pemenne niem B Buze

i=i"+Ae ", (5.9)
7,5-10°
150-10°
Bammiem (5.9) s MomeHTa Bpemenu (t=t,) 0166=0,05+A, A=0116.

=0,05.

JIns t =co mostyyaeMm i’ =

dopmupyeM pemeHne i =0,05+0,116e 500 A

- - . s ] ~
Tox i=0,05+0116e*°"("") A y3MeHseTcs ¢ MOCTOAHHOH BpEeMEHH

7, C Ha MHTCpPBAJIC BPEMCHHU t > 1.

~ 150.102

Metoa JDiiJiepa
Haxoaum mocTossHHYI0 BpEMEHH 7 , alllPOKCUMHUPYS pabouuii yyacTok ab
OJTHAM OTpPE3KOM TpsiMoii. HaxoauM COOTBETCTBYIONTYIO HHAYKTUBHOCTh
P(0)-P(o) P, -,

L=— - 20 =732-10° OTcroJa HaXOAUM IMOCTOSIHHYIO BPEMEHH
i0)-i() .-,
-3
= L = 7,32-10 =0,049-10°° c.
150 150

[Ipennoiaraem, 4To NEPEXOAHBIN TPOUECC MIATCS 57 .

Pacuer BpITIONTHSIEM € TITaroM h, KOJIMYECTBO KOTOPHIX BHIOMpPaEeM paBHBIM
16.

. _5¢_5:0049-10°
16 16
AJIropuTM pacueTa BBINISIUT ClIeAyomuM o0pa3om (13 ypaBHenus (5.5))

=153-10"° c.
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Y, =% +A¥ =¥, +h(7,5-150%, ).
1). lenaem HyneBo# mar t =0, W, =3,33-10°B6, i, =0,3 A.
2). Jlenaem mepBblii mar t=h, ¥, =¥, +1,53-10°(7,5-150i,)=2,76-10"° B6,
I, =02 A.

AHanornyHeIM 00pa3oM COBepIIaeM OCTalIbHbIE 14 mI1aros.
ITo pe3yibTaTaM pac4eToB CTPOUM 3aBUCHMOCTH i(t) (puc. 5.43).

i, A L

|

0,3 |
[

02 l
] "H

0.1 \...,_
t T

0 1 2 5 4,10 e

Puc. 543

IMPUMEP PACYETA (C)
«Pacuem nepexoonozo npouecca ¢ yenu, cooeprcauieil HeJIUHEUHbLI KOHOEeH-
camop»

i AL

Puc. 5.44

Jano: U =30 B, R, =100 Om, R, =50 Om, C =01 mx®, KyJIOH-BOJIbTHAs Xa-
paKTEPUCTUKA PUBEAEHA Ha puc. 5.45.
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4.
10° K
4
K S S R——
- \\
O
2
1 /
I I
I I
( L
0 1 T
5 10 15 20 25 30 B
Puc. 5.45

1). t =0—MOMEHT KOMMYTaIl{H.
2). t>0 coCTaBMM CHUCTEMY YpaBHEHUH, UCTIOJIB3Ys 3aKoHbI Kupxroda

=i +1,
U=u.+Rj,

[Ipeobpazyem JaHHYIO CUCTEMY

U:Rlic+&uc+uc1 d—q-l-i(l—{—&juczi_

R, dt R R, R,
HOI[CTaBHM YUCJICHHBIC 3HAUYCHU A HapaMeTPOB n HOquHM
‘3—‘3+3-102uc _03. (5.10)

3). OnpenenuM pabouMii y4acTOK Ha KyJIOH-BOJBTHON XapaKTEPUCTUKE HEJU-
HEWHOT'O COIPOTUBIICHHUS.
Haxomum HauambHbie yCmoBus: Uc(0)=U =30 B U 1O KyJOH-BOJBTHOU

xapakTepuctuke (0)=35-10° K. Takum 00pa3oM, Mbl HalIM KOOPIAUHATHI

Hayaja paboyero ydyacTtka — TOYKH Q.
Paccmotpum yctanoBuBluiica pexum. W3 ypaBuenus (5.10) umeem
U — 0,3
¢ 3107
MeToa KYCOYHO-JIMHEHHON aNNPOKCUMALNH
ATIPOKCUMUPYEM 3aBHCMMOCTh ((U. ) Ha ydacTke ab JABYMs OTPE3KAMH

=10 B. /laHHOE HanpsKEHUE COOTBETCTBYET TOUKE 0.

MPSIMBIX aB U BO.
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A). Yuacrok aB. Ha 3ToM yyacTke OTpe30K anmnpoKCUMUPYIOIIEH MPsIMOii
OIIMCBIBACTCS CICAYIOLIUM YpPaBHCHHUEM (= 28-10° +0,07-10°° (uc — 20). 910

YpPaBHEHHUE BHOCUM B YpaBHEHHUE (5.10) 151 MOJy4aeM
u du

0,07-10°° d_tc +3-10%u. =03 — d_tc +4,3-10°u, =43-10° 3TO ypaBHEHHE pEIlIaeM

IIpY Ha4aJJbHOM 3HAYCHUHU HAIPSKCHUS HA KOHACHCATOPE U, (O) =30 B.

XapaKkTepuCTHICCKOE YpaBHEHHE « +4,3-10° =0, oTcIoAa o = —4,3-10° 1
C

1

"T310° ¢

Pemenne nmem B Buze

Uc =Uu. +Ae ™", (5.11)
5

JIns t =co mostyqaem ug :%=10 B.

Barmmmem (5.11) s momenta kommyTtanu (t=0) 30=10+A, A=20.

dopmupyem pemenue U, =10+20e“*t B,

Haxogum MOMEHT BpeMeHHU t,, COOTBETCTBYIOIIUM TOUKE B!

20=10+20e**%%  t =0,16-107° c.

Taxum oOpa3om, perieHue UMeeT BUJ U, =10+ 20e **%t B ¢ mocTosHHOI

BPEMCHHU 7, = C JIEUCTBYET B MHTEpBaje 0<t<t,.

4,3-10°
b). Yuacrok BO.

Ha yuactke BO OTpe30K TMpsIMOM  OMNHUCBHIBAETCS  yPaBHEHHEM
q=2,0-10"°+0,08-10°(u. —10). D10 BBIpakeHHe BHOcMM B ypaBHenue (5.10) u

du
noJjayJyaeM d_tc +3,75-10°u, =37,5-10°.  XapakTepUCTUYECKOE  ypaBHEHHUE

a+375-10° =0, orcroga « =-3,75-10° 1, T, = ;5
o 3,75-10
Pemnrenue umem B Buze
Ue =ul +Ae™", (5.12)
37,5-10°
I t =00 moay4yaeM u. =———=10 B
A i ¢ 375-10°

Bammmem (5.12) s MomenTa Bpemenu (t=t,) 20=10+A, A=10.

dopmupyeM pemieHue u, =10+10e >0 t6) B,
5 ~r
Hanpsxenue u. =10+10e 277 B y3menseTcs ¢ MOCTOSHHOI BpeMe-

HU T C Ha MHTEpBAaJIC BPEMEHHU t >t .

2~ 375.10°
Metoa Diijiepa
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Haxonum nmocTosiHHY10 BpEMEHHU 7 , alllIPOKCUMUPYsI pabounii y4acToK ad
OJIHUM OTPE3KOM MPSMOM, KOTOPHIA OMHUCHIBACTCS CIEAYIOUM YpaBHEHUEM

q=20-10"° +% -10°(u. —10). JlanHOE BhIpaXkeHHEe BHOCHM B ypaBHenwue (5.10) u

du
nojaydaeM —<+4-10°u. =40-10°. Orcroila HaXOJUM MOCTOSHHYIO BpPEMEHU

1
T= = C
4.10
[Ipennosiaraem, 4To NEPEXOAHBIN MPOLECC AJIUTCS 57 .
Pacder BoinoJiHsIEM € 1m1aroM h, KOJIMYECTBO KOTOPBIX BHIOUPAEM PaBHBIM

1
T AA5
16. h="C = 410° _4478.10° «.
16 16
t, B
30
\\
20
R“'-..
4'-.‘-
10 _—
t
0 107
02 04 06 08 1.0 1.2 q
Puc. 5.46

AJTOpUTM pacuera BBITJSIUT CIEAYIOUIUM o00pa3oM (M3 ypaBHEHUS

(5.10))
G =0 +h(0.3-3-107u, ).

1). Menaem HyneBol mar t=0, ¢,=35-10° K, u,, =30 B.
2). Jlenaem mepBblit mar t=h, g, =g, +0,078-10°(0,3-3-107u,)=3032-10° K,
U, =215 B.

AHanoruyHeIM 00pa3oM coBepllaeM ocTallbHbIe 14 maros.
ITo pe3yabTaTaM pacueToB CTPOMM 3aBUCUMOCTH U (t) (puc. 5.46).
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COJNIEPKAHUE

BBenenue
3AJIAHUE Nel

PACYET HEIIN HOCTOAHHOI'O TOKA
IIpumep pacuera

3AJJAHUE Ne 2

PACYET JIMHEMHOM SJEKTPUUYECKOM HENIN
CUHYCOUJAJBHOI'O TOKA KOMILUIEKCHBIM
METOJI0M

IIpumep pacuera

SAZTAHUE Neo3
PACYUET TPEX®A3HOMU LIEIIN
IIpumep pacuera

3AJIAHUE Ne 4
PACYET NEPEXO/JHBIX ITPOIIECCOB B
JUHEMHOM SJEKTPUUYECKOM LIENIN
IIpumep pacuera

SAJTIAHUE Ne5

PACYET IHEPEXOJAHBIX TPOIIECCOB B
HEJJMHEWHBIX JIEKTPUYECKHUX HEIISIX
[Tpumep pacueta (R)

[Tpumep pacuera (L)

[Tpumep pacueta (C)
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