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Beenexue

Pazgen «llepexofHble npouecchl B NWHeAHBIX NEeKTpUHEcKUX Le-
nax» kypca «TeoperMyeckme OCHOBLI INEKTPOTEXHURU» CTaBWT Chne-
ayIOWUe 3a0a4K. HAYYMTBCA COCTaBNsAThb XapakrepucTUYeckne ypae-
HEHMA W ONPeaEensATb MX KOPHH, 0CBONTE METOALI pacyeTa nepexoAHbiX
NpoLeccoB.

KowrtponbHas pabota COCTOMT W3 ABYX 3ajad. B nepeol 3agaqe
PacCUUTHIBAIOTCH MEpexOAHbIe NPOUECCHL B LENH, NATASMON OT CEeTY
NOCTOSHHOMO TOKA, KNAcCUYecKkuM onepaTopHeim cnocobom. Bo BTOpPO#
3apaqe TpeGyeTCR paccynTaTh NepexogHbie NPoUEeccsl B TOW Xe Lenw,
NUTIEMON OT CETH CUHYCOMAANBLHOro TOKA. :

PacueTsl U MconesopaHue SAWAHUA NapaMmeTpos Ha NepexoiHble
NpoUeccbl NPOBOAATCS NO CTaHAAPTHLIM NporpaMMa, pazpaboTaH-
HbIM 2BTOPaMM.

Mo pesynbTaTaM WCCefosaHni CTYAEHT CTROWT COOTBETCTBYIOLLNE
rpathuiy, aHATM3NPYET UX 1 AENaET COOTBETCTBYIOWNE BbiBOAbI O BIWAA-
HUM 38AHHOIO NapaMeTpa Ha pexviM paboTsl ccneayeMon uent.

AHAMBUAYANbHbIe 33AaHKA ANA CTYAEHTOB COCTOAT U3 ABYX 3a4aY.
HoMep sapuaHTa onpefensetca AByMA NoCnenHimn umdpami wugpa
cryaenTa. Ecnu ppe nocnegHue unppsl obpasyeT uucno Bonewe 50,
HeoBXoaMMO NonyueHHoe YUCNO Pa3fenuTe Ha 2 W OKpyrnutb 4o Ueno-
ro YUCNa B MeHbLUYIO CTOPOHY.



3anava 1. UccnepoBaHune nepexogHbiXx Nnpoueccos
B NMHEWHbLIX Uensx

B anexrpyvueckoi denu (puc. 1.1) NponcxoauT KOMMyTaurs knoHom K.
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Puc. 1.1, 3nekTpwsacKan Cxema uccneqyemol Lenm

1pebyeTch;
1. CocTapuUTe XapaxTepUCTUHECKDE YPaBHEHWE U HaNTK erc KOPHM.
2. CocTaBnTh YpaBHEHMA ANA pacyeTa nepexoiHbix NpoLeccos To-

Ka WHAYKTMBHOCTW § = f(f), HanpsXeHUA Ha WHAYKTHBHOCTW
u, = f(£) NPy NOCTOAKHOM BO3AEACTBMMA (CETb NOCTOAHHOTO TOKa

{/ = const ).

3. PaccunTaTb nepexogHbie NpoLectsl ¥ NoCTPOWTE Ha OgHOM rpadu-
ke sagvemmocrn § = f(f) w u, = f(¢) B OTHOCUTENbHBLIX EAUHULIAX.

4. CocTaBuTh YpaBHEHUS ANA pacyeTa NepexodHbIX NpoLeccoB To-
Ka WHAYKTUBHOCTU i, = f(f), HanpsXeHUA WHOYKTUBHOCTM npy CUHY-
cCOMAanbHOM  BO3OEWCTBMM  (CeTb  CUHycOMZanbHoro  TOKa
= \/E Usinfat +@,) ).

5. PaccuutaTth NepexofHble MpoLEecchl M MOCTPOWTb Ha OQHOM
rpacpuke saucumocty i = f{), i, = f{¥), w i = f(I) e otHOCH-

TENbHLIX AMHULAX, 3 TAKkKe 3aBucuMocTn | = f(1) nu, = f(f).




MapameTpbl KCCneayembix Lene

Tabnuya 1.1
Home
Bap“aHﬂa UB | @.maa | o,panc | R,Om | L,mMw
1 2 3 4 5

1 220 150 200 10 500
5 200 140 200 30 1500
3 300 130 200 10 1000
4 100 110 200 30 1400
5 200 100 200 10 1200
6 200 90 200 25 | 1400
7 100 80 300 10 1000
8 400 70 300 20 1400
) 300 60 300 12 1000
10 250 50 300 20 1400
11 300 40 300 11 1000
12 100 30 300 20 1800
13 200 20 300 13 600
14 300 10 100 20 2000
15 100 0 100 15 1000
16 200 210 100 20 2000
17 200 -20 100 10 1000
18 200 -30 100 30 2500
19 300 40 100 12 1000
20 200 50 100 50 2500
21 300 80 100 12 1000
22 200 70 200 50 2500
23 150 .80 200 13 1000
24 200 .90 200 50 2500
25 100 00 200 10 1000
26 200 110 200 50 2300
27 250 2120 200 11 1000
28 300 130 300 | 50 2300
29 350 140 300 15 1000
30 400 150 7300 50 2500
31 200 0 300 9 1000
32 150 140 300 50 2400




Okondanue tabn. 1.1

B::r:ﬁq’:‘a N P rpan @ papgic | R . om | L wmru
1 2 3 4 5
33 200 130 300 10 900
34 250 110 300 50 2500
35 300 100 100 12 1100
36 350 90 100 70 2500
37 400 80 100 15 800
38 350 70 100 40 2500
39 300 60 100 20 600
40 200 50 100 50 400
41 300 40 100 10 600
42 200 30 100 50 400
43 300 20 300 15 700
44 170 10 100 50 500
45 300 0 100 15 700
46 200 -10 200 80 400
X 47 300 -20 300 15 _ 1000
48 200 -30 400 g0 A0
49 300 -40 500 20 2000
50 100 -50 600 15 1000
Pelerue

CocmasneHue xapaKkmepucmuyecKoz0 YPasHEeHUR

u oRpedenerue €20 KopHed

MNepeBoq WHAYKTHMBHOCTY W3 Ml H B [H npoBoAMTCS NO ypabHe-

wao Ly = 1

i n

/1000,

Ans ucenegyemoil Lenw guddepeHynancHoe ypagHeMue gna Ha-
ApsKeHUI (2-0M 3akoH Kupxrodpa) umeeT ang

u=1‘R+Lf§£,
dt




di
3ameHuB P W& ONEepaTop P, W NPUPaBHSB NOMYYEHHOE BbIpaXe-

HUE HYMIO, NOMNYUYMM XAPAKTEPHCTHHECKDE YPaBHeHNE NEPBOMD NOPAAKA

pL+R=0.
W3 NOCHeAHErD YPaBHEHM: KOPEHb XapaKkTepUCTHHECKOro ypaBHe-
R
HUA p=——.
P L

PacuemHbie YPasHOHUR NepexQoHbIX poyeccos
ApU IOCMOAHHOM MOKe

YpaBHeHWs ANA TOKE MHAYKTUBHOCTY N HANPDAXEHUA Ha Hell:
i=1_ +i =I_+4e"

Pt o npw
—Lﬂ-%f LAdp e’ ' =U Ce"'
U, = E’_ L, npun +tLApe = L.npun +L &
rae 1., 4 U, e — TPURYKOEHHBIE COCTABNAIOLINE:
U
Inpun = _E ' UL.npun T 0'

rae A v C — nOCTOAHHbIE UHTEMPUPOBAHUA.
HauanbHble YCROBUSA MO 3aKOHaM KOMMYTaL1K:

i (=0)=i,(+0) =i (0) =0; u, (0)=U-iOR=U.

ToCTOSHHBIE MHTErPUPOBAHKA HAXOLATCA U3 YPABHEHNA:

iQ=1_ +4;u,0)=U,.+C;

AN

A=i0)-1,,,: C=u,(0)-U, romn-
OKOHYATENBHbIA BUL PACHETHBIX YPABHEHW:

o Pl . Pt
I —'Inm"+Ae .uz -"UL."PM-{-CE [



Pacyem nepexodHbix NMPoueccos U nocmpoeHue
3asucumocmedli i = f(t) v u, = f(t)

~~(4+5)/p.
3agaeTca N pacyeTHbIMU TOUKaMW, NpUpaLleHe BPEMSHI MexXay
ABYMA pacueTHuIMU Toukamn Ar =1, /N

Bpemsa nepexoaHore npouecca ¢

nep

Ins HarnagHocTu rpacdukos NEpexoaHb!X NpoLeccoB WX Leneco-
E
of5pa3Ho CTPOUTb B OTHOCHTENBHBIX 8AUHMLEX X = x/ X, .
MpyMepHble KpUBLIE NepexoaHBIX NPOUECCos NOCTROSHKE Ha pyc. 1.2,

......

Puc. 1.2. KpvBsie nepexosHeiX npoLiecco Toka uigykrratoc™ I = f (¢},

HanpAKEHWA MHAYKTUBHOCTM B OTHOCHTENbHLIX BAWHKLIEX

Pacyemusie ypasHeHUR Nepexo0Hbix poUeccos
APLU CLHYCOUGAITIbHOM IMOKE

WuaykTueHoe conpoTuenedne X = @l .

Moaynb conpotvenesua uemn Z =+ R + X? | apryment conpo-

X
TURAEHWA @ = Qrclg E



. U
AMNNuTyaa NpUHYNAEHHOW cocTaBnaiowed Toka [, = V2 Z"

ApryMeHT NPUHYXASHHON cocTaBnsioued @, =@, — @ .
AMNIIUTYOE NPUHYKOSHHOW COCTABNSAKWER HaNPFKEHUA Ha WHAYK-
TvBHOCTL [J =1 X , aprymeHT ApUHYXASHHOA COCTaBNsH-

Lt mput At
e P, =@ +1/2.
HauanbHoe 3raueHue Toka weayktusHoctn { (0) = 0, navansHoe
3HayeHue Hanpsxenus Ha udaykTueHocts u, (0)=U,, . sing@, .
FOCTOAHHbIE KHTErPUPOBAHUA A=i0)—1, ..., 5meg,,
C=u,(0) - UL, o sin P,
OKOHYATENBHBIA BUA PACHETHBIX YPABHEHWNA:

. s pi i pi
! -"Inpun +Ade ¥, _uL,npun+Ce !
rae Inpun =1 ETN P Sln(ﬂ}f e ?’:) '
uL,npmr = ULu,npsm Sln(ﬂ}r * gout ) '

Pacuem repexodHpiX poueccos u nocmpoeHue
3aaucumocmel i = f(t) u u, = f(t) npu cuHycoudansHoM

go3delicmesuu

Bpewms nepexoaHora npouecca £ ~—(4+5)/ p .
3apaetes N pacueTHLIMU TOUXAMU, NPUPALLEHUE BPEMEHY MEKTY

ABYMA pacueTHolMM Toukamn Af =t¢, /N .

[Ina HarnAaHOCTH rpadrKos NepexcaHLIX NPOUECCOB CTPOAT VIX B
OTHOCHTENbHLIX eanuuax x =x/ X, .
MpuMepHbie KpHUBble NepexogHbIX NPOLECCos NOCTPOeHL! HA pyue. 1.3.



Puc. 1.3, KavBble Nepexofbix NPOLECCOR NPHHYKESHHON L, ., = (@),

ceoBopHol i, = f(¢) cocrasnseowmx v Toka vinyxusHocta | = (£},
B OTHOCHTESbHbIX BANHALAX




3apaua 2. UccnefioBaHne NEpexXofHbIX NPpoueccoB
B NMHEHHLIX LIeNnAX NOCTOAHHOIO TOKa

B anekTpudeckod yenu (puc. 2.1), nMTaemMoi OT CeTU NOCTOAHHOrO
TOKa, NPOUCXOAMT KOMMYTaLMA KoHoMm K.
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Pue. 1.2, INEKTPHUECKWE LENW

TpebyeTrca:
1. COCTaBUT: XaPAKTEPUCTIHECKOE YPABHEHME M HEWTW €ro KOPHW,
2. COCTaBuTE YpaBHEHUR ANA pacueTa nepexoaHbiX NpoLeccoB To-

Ka WHAYKTMBHOCTH §, = (1), HanpaxeHus ungykTvedocTy u, = f (1),
HanpaXeHus konaencaTopa . = f(f) v ero Toka i. = f(¢) aAna gpyx
papuaHToR conpoTuenenna R, =R, . w R, =5R, ..

3. PaccuMTath NEpPEexoAHbie Npoueccsl M MNOCTPOMTb HA OAHOM
rpacbuke 3aBucumoctu i, = f(t)}, u, = f(t), u. = f{t) w i. = f(t)
B OTHOGUTENBHBIX €AUHNLIAX ANA ABYX BApWAHTOR cONpoTUBNEHU R, .

4. MocTpowTe HA opHom rpaduke 3asucumoctn i, = f(f),
u, = f(f) Npn BELECTBEHHBIX ¥ KOMNIEKCHbIX l-:opl-tﬁx.

MOCTPOUTE Ha OAHOM rpadbike 3aBUCUMOCTY %, = () U

i, = f(f) npu BewWeECTBEHHLIX N KOMANEKCHBIX KOPHAX.

9



MpoaHannanpoBaTb NOCTPOEHHbIE KPUBLIE U CAENaTh COOTBETCT-
BYIOLLWE BbIBOALI.

MapameTpsl uceneayemux ueneh

Tabnwua 2.1
Homep U B Mapamerpel aNEMEHTOB Llenu Howmep
BapuanTa g R,Om| R,,Om| L, Ml |C, M| Cxemel

1 2 3 4 5 6
1 100 10 12 500 400 1
2 200 30 200 1500 400 1
3 300 10 14 1000 550 1
4 100 30 200 1400 400 1
D 300 10 15 900 400 1
6 200 25 200 1400 400 1
7 100 10 8 1000 400 1
8 400 20 200 1400 400 1
9 300 12 20 1000 500 1
10 250 20 220 1400 400 1
11 300 11 14 1000 550 1
12 100 20 220 1800 400 1
13 200 13 16 600 400 1
14 300 20 180 2000 400 1
15 100 15 8 1000 400 1
16 200 20 250 2000 500 1
17 200 10 15 1000 600 7]
18 200 30 250 2500 200 2
18 300 12 15 1000 600 2
20 200 50 250 2500 200 2
21 300 12 14 1000 600 2
22 200 50 220 2500 200 2
23 150 13 15 1000 600 2
24 200 50 230 2500 200 2
25 100 10 14 “1000 500 2
26 200 50 240 | 2300 200 2
27 250 11 14 1000 500 2
28 300 50 240 2300 300 |+ 2
29 350 15 | 14 1000. { 500 2

“10




OxkondaHue 1abn. 2.1

Homep o8 MNapameTpbl 3NeMeHToB Leny Homep
sapuanTa : R,OM[R,,Om| L,ulu | C, mrd| CXxembul

1 2 3 4 5 6
a0 400 50 270 2500 200 2
31 200 9 14 1000 600 2
32 150 50 260 2400 200 2
33 200 10 14 900 800 2
34 250 S0 300 2500 200 2
35 300 12 14 1100 500 2
36 350 70 260 2500 200 2
37 400 15 14 800 400 2
38 350 40 260 2500 300 2
39 300 20 20 600 200 3
40 200 50 250 400 40 3
41 300 10 10 800 800 3
42 200 50 250 400 40 3
43 300 15 10 700 800 3
44 170 50 250 500 100 3
45 300 15 12 400 800 3
46 200 80 250 400 70 3
47 300 15 10 1000 800 3
48 200 80 250 400 70 3
49 300 20 180 2000 600 1
50 100 - 15 20 1000 400 1

PeuwieHue

CocmasneHus xapaKmepLCcmuyecKozo ypasHeHus
u onpedeneHue e2o KopHell

MNepeson uHaykTveroct u3 MIn 8 F'u v emkocrv 3 Mxd B @
NPOBOAWUM MO YPABHEHUAM:

L, =L,,/1000; C,=C,, /1000000 .

COCTEBNEHUE XAPAKTEPUCTUMECKOTO YPaBHEHWs 3aKIIOHMaeTCA B
cneayoLwem:

11




1. CocraBnsietcA BoipaXeHue ANA KOMNASKCHOro BXOAMOrQ conpo-
TUBNEHMS

1
R——
Z(jw)=R, +jai,+_£=Rl+ij+___€L__

_ JORR,C+(joYR,LC+ R + joL + R, _
JoR,C+1
_(jo)'R,LC + jo(RR,C+ L)+ (R +R,)
joR,C +1 '

2. B nony4yeHHOM BoipaXeHan @ 3ameHsieM Ha p” n HalaeHHoe
ypaBHeHWe NpUpasHUBaem K Hymio
RLC+pRRC+LY+(R +R)
PR,C+1
W3 nocnegHere ypasHenus cnejyer:
PRLC+p(RR,C+L)+(R +R,)=0; p*+ap+b=0,
RRC+L) , R+R

R,LC RLC
KOpHN XapakrepucTudeckoro ypasHeHwa

Zp) =L

rage ¢ =

2
c

o
P2 5 P

F'Ipn NONOXUTENLHOM NOAKOPEHHOM BBIPEKEHWW KOPHW BellecT-

BEHHbIE"
¢ Ve c c’
=S4 ) —dip=-L- [ -a.
P=mT Ty P="5 V7%

l"lpu OTPMUATENHHOM NOOKOPEHHOM BblPadkKeHWH KOPHWU KOMNTeKCHbIe:

p=p+jv. p,=p—jvu,

12



¢
rae p — KoapruUMeHT 3aTyXaHua p = —5;

2
- ’ c
1 —y4acToTa cobeTrerHbiX kanebBannin v = . (d — -;i— )

PacqemHbie YPasHBHUS Mepaxo0HbIX NMPpoLeccos
NPU BELIECMBEHHBIX KOPHAX

YpasHeHust 4ns ToKa nHAYKTUBHOCTIU U HANPSXKEHWS HA HEl

il = Il,n;nm + l.l,ca = I!,npun i Aiele -+ AQEPZI :
di

u, =L 7 = Vs + LA pe™ + L4, p,e™,
rae Iy, M Up = NPUHYXASHHBIE COCTABNSIOLME:
U
oy =———3 U =0.
1.npus R] +R2 L npir

HauanoHble YCNoBUA N0 3aKOHaM KOMMYyTaLnK;
~ ANA cxembl 1

E(-0) =4 (+0) =) =0; u, (0)=U;
— ANA CXembl 2

(0= (+0)=0(0)=0; », (0)=0;
— AN CXeMbt 3

i(—0) =i (+0) =i (0) =% s u, (0)=-i(0)R, .

HOCTDHHHHE WMHTErPUPOBaHWA HEX0AWM K3 YPEBHEHHW
I-l (0) = I."Jrrpuu + Ai + "42; HL(O) = UL,npmr + Lp]Al + LPEA2;

b-q b-a
A|= Dy : A2= Py .
2~ D Py~ D
0O-U
- a“—*fl(ﬂ)-—fmpm: b=u£( )L L npr _

OxoHqaTensHBIR BU pacHeTHLIX YpaBHeHWA:

13



=1

1.mprun
rae C, =LA p,: C,=L4,p,.

YpaBHeHns BNA HaNpsKEHWA Ha eMKOCTM M TOKa KoHAeHcaTopa
IPY BELWECTBEHHBIX KOPHAX:

+ e + 4e” u, =U,  +Ce’ +Ce™,

L npun

U Sl W =il + Be™ + B,e™;

du,. =7

d t C.npun

C.npun

o= C +CB pe™ + CB,p,e™

e Ue o M Ly — NPAHYKASHHBIE COCTABNAIOLLIME:

i o =0.

C.npun = » S Rpun
" R +R,

HadanbHble ycnoBua No 3aKoHaAM KOMMYyTaLWK:

— AnA cxeMe! 1
te(~0) =uo(+0) =1 (0) = 0; i.(0) =, (0) = 0;
— Ans cxembl 2
. u,(0)
gt O g (W 2 ==

—~ ONA CXEMbI 3
UA-O)=u () =u (B =U, i.(0)=0.
TMOCTOAHHbLIE UHTErPUPOBEHUA HAXOANM %3 YpaBHEHUH:
uc(0)=Ucp, + B+ B, i(0) =1, +CpB +(p,B,;

BI:b_apz ;Bzzb""apl ’
PPy Py P
I-(-1
rae a=uC(0)_UC.n;mn; b: C( )C G .

OKoHYETENbHBIA BUL PACHETHLIX YPABHEHWA ANA HanpsweHus u
TOK& KOHAeHCaTopa:

Ue TUc e +Bi€™ +Bye® ;i =1

mt Pt
C b C.”.‘m" + Dle + Dze ¥

14



rae D, =CB p,, D, =CB,p,.

YpaBHeHWs ANs TOKa MHOYKTUBHOCTW ¥ HAanpsKeHWs Ha Heid npu
KOMINNEKCHBIX KOPHSX:

i =1

Lnpun

g 2]

lew —

+ Ae” sin{or + /),

L mprist

ty = Uy ot s = U+ LADE sin@X + )+ LAve™ cost +y),

rae 4 — nocTOAHHAA UHTErPUPOBaHMKS,
i/ -- HadaneHan gaaa.
MOCTOAHHLIE UHTErPUPOBAHUA HAXOAUM N3 YPABHEHWA:
1(0)= Il'“pm, + Asiny;

w, (O =U, ., +Lpdsing + Lodcosy .
W3 nocrieaHnX ypaBHeHWR nonyyaem:

a
W =arclg s A=— ,
b-ap sinys
u, (0)-U
rﬂea:il(g)_flnpw;:b= L( ) i
' L
OKoR4YaTenbHbiil BUJ PacyeTHbIX YpaBHEHWRA:
§y =1 + Ae™ sin(vr + ) ;
w, =U, ,,,+Ce (psin(t +y)+vcos +y)),

rne C=1A4.

YpaBHEHWA ANS HANPRMEHWs U TOKA KOHOSHCATODA NPU KOMNNexc-
HbIX KOPHAX:

u, =U

. P o ;
O npicis * Ue: g = C.npun + Be Sln(f.}t + W) '

i =1

O npreint

g oo = I pa T CBPE" sinft +y) + CBue™ cosr +y)

roe B - nocTosxHas WHTErpupoBaHus;
Y/ — HavansHaa taza,

Mogcrasnssa HavanbHele YCNOBUS B YPABHEHUA ANA HANPFKEHUA U
TOKA, MONYYAT:

18



u-(0)=U,,.,, + Bsiny;
ic(0) =1, +CpBsiny + CuBcosy .
3 nocnegHux ypasHeHuid nonyvaem:
a
; A= ,
b—ap sin s
_ 'iC' (0) - IC,npuH

w = arctg

rae a=u (0)-U. ppun s O =
’ C
OKoHYaTENBHBIA BUR pacYeTHBIX yPaBHEHWA:
i .
ue =Ue 0 + Be? sin(ut +yr);

ie = 1+ D (psinfr + ) + vcos@r + 1)),
rae D=CH .

Ans npoBepkn NposiedeHHbIX pacueTos HeoBxoguMo onpefenuTs
HauanbHble 3HAYEHNA TOKOB W HAMPSKEHWA MO MONYYEHHLIM pacyet-
HBIM YPABHEHUAM.

Pacuyem rnrepexofHbix npoueccos

Mp#  BEWECTBEHHbIX KOPHAX XapaKTepuUCTU4ECKOro YpaBHeHWS
BpeMmst NepexoaHoro npouecca ¢, ~ —(4+5)/ p, .

KonnuecTso pacueTHbIX Touek N onpesenset npupalienne BpemMe-
HU MEXY ABYMA pacyeTHbiMi Toukamn Af =£ /N .

Ans HarnagHoCTH rpathvkOB NepexofHbIX NPOoUeccoB UX Lieneco-
06Pa3HO CTPOUTL B OTHOCHTENBHbLIX eAWHULEX X = X/ X, .

Iina adanuaa xapaxkrepa nepexoOHblx NPOUECCOs NMPW BELWECTESHHX
A KOMNNEKCHBIX KORHAX HeoBXoammMo NoCTpOMTE Ha CAHOM rpadvke 3aeu-

camocTh i, = (1), u, = f(t),artaoke u. = f(t), i. = f(£).
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