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[lenssmMu n3ydeHHsT NUCUMUIUIMHBL «T€Opus 3NEKTPUUYECKUX LEMEN» SABISIOTCS
OBJIaJICHUE COBPEMEHHBIMU METOJAaMH aHAIW3a, CUHTE3a U pacyeTa AJIECKTPUUECKUX
[enern, MEeToJaMU MOJICIMPOBAHUS W UCCIECAOBAHUS  PA3JIMYHBIX PEKUMOB
AIEKTPUYECKHUX 1IETIEN HA KOMIBIOTEPaX.

[TPAKTUYECKOE 3AHATHUE Nel

Pacuer INCKTPHICCKHUX ueneﬁ MOCTOAHHOI'0 TOKA PAa3/iIMYHbIMHA METOJaMH

1. IlepBbiit u BTOpPOI 3aK0HBI Kupxroga
(MeTO HeMmoOCpPeACTBEHHOI0 NPUMeHeHus 3aKo0HOB Kupxroga)

AaHo
Ri=16 Owm;
R>=31 Owm;
R3=24 Owm;
R4=13 Owm;
R5=33 Owm;
Re¢=40 Owm;
R;=22 Owm;
Rg=7 Owm;
E1=30 B;
E,=24 B;
E;=16 B;
Es=11 B.

Hauntun
ToKM B LENN HEMNOCPEACTBEHHbIM NMPpUMeEHEHUEM 3aKOHOB Kupxroda.

PeweHue




CocTaBnisieM ypaBHeHUs No 3akoHaM Kunpxroda. MepBbi 3akoH Kupxrodga
roBOpPUT O TOM, YTO CyMMa BTEKalLWMX N BbITEKAKOWMX TOKOB B N1t060OM y3ne
CXeMbl paBHa Hyn0. Bropoi 3akoH Kupxroda rnacut, 4to anrebpanyeckas
CyMMa nageHun Hanps>XeHUM rno 3aMKHYTOMY KOHTYpYy paBHa cymMmme D/C B 3TOM
KOHType. B npuBeaeHHon cxeme m=7 BeTBen u n=4 y3na. CnegosaTenbHO, Mo
nepBoMy 3akoHy Knpxroda Ao/KHO 6bITb COCTaBneHO N-1=3 ypaBHEHMUS, a No
BTOpOMY 3akOHY Kupxroda m-(n-1)=4 ypaBHeHus. PaaMeyaeM Npon3BOJIbHO
BblbpaHHble HanpaB/ieHUs TOKOB, KOHTYpPbl 06X040B, Yy3/ibl CXEMbI.




A

A

(I = I5 + I, (nepesiit 3akoH Kupxroda gas y3na"0")

I = I + I; + I3 (neperlii 3akoH Kupxroda gisa ysnaa)

I; + I, = I; (nepewi#i 3akoH Kupxroda ans yzna "b")

E, —E, = IRy — LR, + I5R;5 (BTOpOIii 3akoH Kupxroda gi1a koHTypa I)
E, = LR, + I3(R3 + Ry) + IgR; (BTOpO¥ 3ak0oH Kupxroda ans koutypa Il)
—E; = —I;R; — IsR5 — IgR¢ (BTOpOIi 3akoH Kupxroda ans koutypa IlI)
\E; — Eg = I;R; — IgRg (BTOpOIi 3aKk0oH Kupxroda ans koutypa V)

(16=15+12
15=]1+I7+]8
11+12=I3

30 — 24 = 161, — 311, + 335
24 = 311, + (24 + 13)15 + 40,
—16 = —22I, — 331 — 40I,
(16 — 11 = 221, — 7Ig

f16=15+12
[5=11+I7+18
11+12=I3

6 = 1611 - 31[2 + 3315
24 =311, + 371 + 401,
\5 = 221, — 7I,

(L +Is+1,=0
11+15+17+18=0
L+L+I=0

161, — 311, +33I; = 6
311, + 371 + 40l = 24
331 + 40l + 221, = 16
L2217 = 718 — 5




33 40 22
0 22

0

33 40 22 0
0 22

0

OTBeT:

0,082 A; 13=0,347 A; 1s=0,131 A; 16=0,214 A; 1;=0,140 A;

11=O,265 A; I,
Is=-0,273 A.



2. Metoa koHTypHBIX TOKOB (MKT).

AaHo
Ri=16 Owm;
R,=31 Owm;
R3=24 Owm;
R4=13 Owm;
Rs5=33 Owm;
Re¢=40 Owm;
R;=22 Owm;
Rg=7 Owm;
E1=30 B;
E,=24 B;
E;,=16 B;
Es=11 B.

Hauntun
ToKM B LENM METOAOM KOHTYPHbIX TOKOB.

PeweHue

PasmeyaeM Npoun3BOJSIbLHO Bbl6paHHbIe Harnpasiae€HNUA TOKOB, KOHTYpPbI O6XO,£I,OB,
Y3J1bl CXEMbI.




CocTtaBMM MaTpMyHOE ypaBHEHNE KOHTYPHbIX TOKOB.
(2)(I)=(U),rne

(Z) — maTpuua KOHTYPHbIX COMPOTUBIEHUN;

(I) — maTpmua HeM3BECTHbIX KOHTYPHbIX TOKOB;
(U) — maTtpuua 24C KOHTYpOB.

R1+R2+R5 _RZ —'Rs 0
;o ~B; R, +Rs+ Ry + Rg —Rg 0
( )- _R5 _R6 R5+R6+R’; _R"
0 0 —R7 R‘;+R3.
16+ 31 + 33 -31 -33 0
@ - -31 31 +24+13+40 —40 0
R: —40 334+40+22 —22
0 0 -22 22+7
80 —31 -33 0°
_[-31 108 -40 o0
2) = —33 —40 95 -22
0 0 -22 29
I
111
1=
() IIII
IIV‘
B, — By 30— 24 6
[ B2\ [ 24 | [ 24
) = -E; || —-16 | | -16
E,— Eg, 16— 11 5
80 -31 —33 0\ '/6 0,265
_n-1qn | —31 108 —40 0 24 | _ (0347
D=@7W =\ _33 Z40 95 —22 -16 | | 0,133
0 0 -22 29 5 0,273

[;=0,265 A;

111=0,347 A;
111120,133 A,
IIV=0,273 A.

Oﬂpeﬂ,eﬂVlB BCE€ KOHTYPHbIE€ TOKM, Bbipa3nM 4epes HUX TOKN B BETBAX:
11=II=0,265 A;

I,=I;;-1;=0,347-0,265=0,082 A;

I3=III=0,347 A;

I5=II-1111=0,265-0,133=0,132 A;



162111-111120,347-0,13320,214 A;
I7:IIV'IHI:0,273'O,13320,140 A,
Is=‘IIV=‘O,273 A.

HaliaeHHble TOKM COBMaZatT C TOKaMn, BblYUCIEHHBIMU C UCMOSIb30BaHNEM
3akoHOB Kupxroda, 4yto noaTBepxaaeT NpaBUbHOCTb PELLEHUS.

[NPAKTUYECKOE 3AHATHUE Ne2

Pacuer Pa3BE€TBJICHHBIX neneu MmoCTOSTHHOIO TOKA

Metoa y3a0BbIX noTeHIMAM0B (MYII) - MeTOa y310BBIX HANIPSIAKEHU I

AaHo
E{=9 B;
E2=13 B;
Es=15 B;
J=1,4A;
R;=12 Om;
R,=16 Owm;
R;=9 Owm;
R4=5 Owm;
R5=10 Om

Hauntun
Tokn B BETBSIX METOAOM Y3J/10BbIX NOTEHLUMANOB (Y3/10BbIX HaNps>XeHUn):

Pemenue

b — i C
—
E1 R3

A l<1\@53
R2 R4

R1 1>Y I [4 RS

CoctaBMM MaTpUYHOE ypaBHEHME Y3/10BbIX NOTEHLMANOB.
(V)(U)=(1), rae:
(Y) — maTpuua NnpoBOANMOCTEN BETBEN;
(U) — MaTpuua HEN3BECTHbIX MOTEHLMANOB;

9



(I) — mMaTpuua BTEKAKOLWMX UM BbITEKAKOLWMNX M3 Y3/10B TOKOB.
3aMeTuM, YTO M3BECTHOM MaTpuLEeN SBNSIETCS MaTpuLa TOKOB, NO3TOMY
NcTouHMkM 3AC BKNHOUYEHHbIE MOC/EA0BATENbHO C PE3UCTOpaMn HeEo6Xo0aANUMO
3aMEHUTb UCTOYHNKAMWN TOKa HOMUHANoM E/R , coeAMHEHHbIMU C pe3McTopamMm
napannenbHo. MoTeHuMan ToYKM a MOXHO 3anucaTtb cpa3dy U,=E>=13 B:

0 0 0
(1 N 1) 1 N 1 N 1 1
1) = Ry Ry Ry R, Ry R;
0 1 1 N 1 N 1
E,
(U)=(Ub)
U,
0
E,
(N = R,
==
0 0 0 0
(1 1) 1 1 1 1 E E,
—(—+=) —+—+— - 2 1
R, R,) R, R, R, R, (Ub) | &
0 _l i l l UC E_l
R; R; Ry Rs 5
0 0 0 0
(1 2 1) 1 3 1 +1 1 13 9
12 16/ 12 16 9 9 Ub>= 12
. 1 1,11\ \15_,
\ 9 9 5 10 10 '

0 0 0 13 0
(—0.146 0,257 —0,111) (Ub) = 0,75)
0 —-0,111 0,411/ \U, 0,1,

c

10



—0,146- 13 + 0,257U, — 0,111U, = 0,75
—0,111U, + 0,411U, = 0,1

—1,898 + 0,257U, — 0,111U, = 0,75
U, = 3,703U, — 0,901

U, =3,703U,.— 0,901

0,841U.= 2,88
U, = 3,703U, — 0,901

U.=3,4248B

{o ,257(3,703U, — 0,901) — 0,111V, = 2,648
{Ub = 11,78 B

3Ha“ noTteHuuasnbl yanos, NCNOJIb3YEM 3aKOH OmMa un HaVIﬂeM TOKU B BETBAX.
U,—(Uy—E,) 13—(11,78-9)

I, = R = T =0,852 A
; U,—U, 11,78—13 0.076 A
2 R, 16 -
, U,—U. 11,78—3,42 0929 A
* Ry 9 -
U,
=—S="—=10,684A
$=R.= 5 0,68
—(U.—E;) —(3,42-15)
= - = 10 =1,158A

Ons wecTton BETBM MOXHO 3anmncaTb NepsBbi 3akoH Knupxroda:
Ig=]+1,—15=14+0,684—1,158=0,926 A

OrBer: 1;,=0,852 A; 1,=-0,076 A; 15=0,929 A; 1,=0,684 A; Is=1,158 A;
I=0,926 A.
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[TPAKTUYECKOE 3AHATHUE Ne 3

Pacuer MNEPEXOAHBIX ITPOIIECCOB B LICHAX IIEPBOIro 1 BTOPOro nmopsaikoB

Ilepexoanbie npoueccol 1-ro poaa (mepBoro nNOpsAAKa).
AaHo
Ex=100 B;
aT=2;
L=2 M'H=0,02 H;
C=10 mk®=10" ®;
Ri=1 Owm;
R,=4 Owm;
R3=1 Owm.

Hantn
uc(t)-?(4ncneHHo n rpaduk);

Pemenne

L
K

o
|
I

@ e(t)

R3
R1
I 1

| S—

HaxoauMm xapakTepuctnyeckoe CconpoTuBieHne uenu p, 4ng 3atoro
npupaBHMBAEM K HYJ/1l0 BXOAHOE COMPOTUBJIEHUNE LIEMNA:

1
ZBX=R1+R3+E=O

1
Ri+ R;)=——
p(R; 3) C

1 1

P R _=_5_104 =1
(R, +R5)C _ (1+ 1105 ¢

'p:

12



[ToCcTOAHHAA BpeMeHn Lenu: —5-10%
HaxoanM yCcTaHOBMBLLEECH 3HAUEHME HanpsaXeHna Ha EéMKoCTU. pu
NOCTOAHHOM 3HayeHun 3C EMKOCTb 3KBUBANIEHTHA pa3pbiBY — CNeA0BaTesIbHO,
TOK B LIEnn He NOTEYET: Uc ycr=E;

HaxoaAnM AOKOMMYTauMOHHOE 3HAYEeHUE HaMnMpsaXXeHns Ha éMkocTu. Lenb
Pa30MKHYTa, B HEN HET UCTOYHUKOB 3HEPrun, cneaosaTesibHO, BCE NageHuUs
HaMps>XXeHUNn Ha aneMeHTax pasBHbl HYNtO: Uc(0-y=uc(0)=0;

ObLliee pelleHne ans HanpsXeHna Ha EMKOCTM MOXHO 3anucaTtb B BUAe:

Uuc (t) = Ug yer + APt

1 _
_|= =2-1072c= 20 MKC

HaxoAWM NOCTOSIHHYIO MHTErpUPOBaHUS A U3 HaYanbHbIX YCOBUIA:
uc(0)=E +AeP°=E+ A

A=uc(0)—E=0—E=-E
Bce HensBecTHble OnpeseneHbl, MOXHO 3an1caTb OTBET:
uc(t) = E — EePt = Eg(1— ePt) = 100(1— e~510%)

Haxoaum npeaen noctpoenuns rpaduka:
max=4T=4:2:10-5=8-10-5 c=80 mKc;
uc(t) = E — EePt = Eg(1— eP?) = 100(1— e~>10%)

MyHKTUPOM yKasaHo 3HayeHune 2/4C B uenu.

[NPAKTUYECKOE 3AHATUE Ne 4

IIpumeHeHne OMEPATOPHOTrO METO1A JAJISl PACUYETA MEPEXOHOI0 Mpouecca B
JIEKTPUYECKOI 1enu

Ilepexoanbie mpouecchl 2-ro poaa (BTOPOro nopsiaka)

=
o

o
5 0m
0,0

21
98

1TH;
0-4 O;
B.

4

moOr- o
Il

Hantn

ic (t)—?(knaccnyecknin meton)

ic (t)—?(onepaTtopHbin MeToa — cBOb6OAHbIE COCTaBMSAOWME)
ic (t)—?(rpadwmk)

13



Pemenne

CxeMa uenu:
L

Kaaccuyeckui meTto.

PacueT XapaKTepuUCTUYecKoro COMNpPOTUBNEHUSA uenu p.
HaligeMm BxooHOe COMPOTUMBIIEHUE LIEMU U MPUPABHAEM €ro K Hynt. Mpu noucke
BXOJHOI0 COMPOTUB/IEHUS CUYMUTAETCSA, 4YTO BCE KOMMYyTauum npousownu, 30C
3aMeHSETCs 3aKOPOTKOM, WCTOYHMKW TOKa pas3pbiBOM. 3aTeM byt TOYKy
CXeMbl NpeobpasyldT B [ABa 3aXMMa W  CUYMTAOT OTHOCUTENIbHO  HUX
COMNpoTUBNEHMNE Lenu:

|

14



st (p) =0

R-(1/pC) _

R+pL+ =
e R+ 1/nC

R2+£+pLR+£+£=O
pC C pC

R2p+p2LR+£p+§=0
C C

o (R+2) 2w
A TN T
. (R 1y 2
o +2(;+ze) * g =0

5 1 2
) 0

p2+p(o,o1+z-1o-4-5 T2 104001
p? + p(500 + 1000) + 105 = 0

p? + 1500p + 106 = 0

D = k% — ac = 7502 — 106 = —437500

—k +VD J—
D12 = —a = —750++/—437500= —-750 £ 661j

§ =750 cYwy = 661cL.

XapakTep nepexofHoro npowecca npu KOMiIeKCHO-COMnpsiXXeHHbIX KOPHAX
onpeaenseTcs BblpaXeHneM: x(t) = Xycr + Ae Psin(wt + ¢)

Haxoaum yctaHoBuBLUMECSA 3HAYEHUSA TpebyeMbiX BenYmH. Pucyem
3KBMBAJIEHTHYIO CXEMY MO MpoLIecTBMm 601bLIOro Konnyectsa spemeHn. Knwou
cpaboTan, Bce nepexoaHble npouecchl 3aBeplueHbl. Ha NoCTOAHHOM Toke
MHOYKTUBHOCTb 3KBUBA/IEHTHA 3aKOPOTKE, EMKOCTb pa3pbIBY:

15



1

YcTaHOBMBLUEECS 3Ha4YeHNEe NCKOMOIo ToKa: ic yCTZO A AHanus

AJOKOMMYTAUMOHHOI0 COCTOAHUA ANA HaXOXAEHUA COXPAaHAKLWNXCA BETNYHNH!

Hanps)XeHUs Ha EMKOCTU U TOKa YEpPE3 UHAYKTUBHOCTb. Ha NOCTOSAHHOM TOKe
MHAYKTUBHOCTb 3KBUBAJIEHTHA 3aKOPOTKE, EMKOCTb pPa3pbiBY.

ik [

’ R

CxeMa uenu 40 KOMMyTauuun:

E 98
rax=liax= g5 = 5710~ &°34

Uc 2 = Iy - 2R = 6,53-10 = 65,33 B

AHann3 HaydanbHbIX YC/TIOBMIN HYJIEBOrO Nopsaka. PaccMaTpuBaeTcs MOMEHT
BPEMEHW Cpa3y Noc/ie KOMMyTaL UM,

Mo 3aKOHaM KOMMyTaLMM MOXHO 3anucaTb:
16



ILI‘IKOZIL.EIK:6,53 A;
UCnK0=UCp‘=65,33 B;

Torpa:
Irako=Ucnko/R=65,33/5=13,07 A;
ICnK0=ILnKO'IRnKO=6,53'13,07='6,53 A;
Uinko=E-RInko-Ucnko=98-5-6,53-65,33 =0 B.
AHaNInN3 Ha4dasbHbIX YCﬂOBMVI nepBOro nopdaka (I'IpOM3BO,£I,HbIX OT Ha4aJibHbIX
BeﬂM‘-IMH). PaCCManVIBaeTCFl MOMEHT BpPEMEHUN Cpa3y nocgae KoMMyTauunn. T.K.
24C NMOCTOAHHA, a 3KBUBAJIEHTHAA CXEMa PUCYETCA ANA NMPON3BOAHbLIX BEJIMYUH,
TO NCTOYHUK GYLI,eT OTCYyTCTBOBATb.
L
Y

[r Rﬁ

||

1
uc(®) =7 f i (t)dt

1
Uears = Uz (04) = 7 1o

1 1
UCru(l = EICHKO - m . (—6,53) = —32650 B/C
di(t)
w@=L-;
U =L-1I
ULm.O

Urx1  —32650
Ignx1 = CR?M =" = —6530A/c

Ienx1 = Innx1 — Irox1 = 0 — (—6530) = 6530 A/c

OnpepeneHne He3aBUCUMbIX KOHCTAHT M3 HadaslbHbIX YCﬂOBMVI. 3anuweM
BblpaXxeHue ANd ToKa yepe3 EMKOCTb ANA Haya/lbHOro MOMEHTa BpeMeHu. Takxe

17



3anuwemM BblpaXkeHne Ans npou3BoAHOM TOKa vyepe3 éMKOCTb B HayallbHbIN
MOMEHT BpEMEHU. Pelunmm cuctemy ypaBHEHUN, U HANAEM HEN3BECTHbIE A N .
ic(0)=-6,53 A; iC'(0)=6530 A/c; icyr=0 A;

{ic (0) = iy yer + ASin(e)
ic(0) = —6ASin(¢) + AwyCos(¢)

{ic (0) = ASin(y)
ic(0) = —6ASin(¢p) + AwyCos(¢p)

_ ic(0)
~ Sin(p)

i-(0) = —6

ic (0) ic(0)
i

Sin) Sin(p) + Sin() woCos (@)

N3 BTOPOro YpaBHEHUs CesyeT:
ic(0)wg

i (0) = =5ic(0) + = ==

ir(0) + 6ic(0) 6530—750-6,53
Q= arctg(tg(tp)) = arctg(—2,64) = —69,3°

tg(w) = = —2,64

_ic(0)  —6,53
~ Sin(e)  Sin(—69,39)

= 6,98

ic(t) = 6,98 - 75%sin(661t — 69,3°)

18



OneparopHbIii METOJI.

PrcyeM onepaTopHY0 CXEMY 3aMELLEHUS

L-h(_O) pL
/t\
D R Uc)/p R

I/D‘ E/p

1/

[Nenaem npeobpa3soBaHune Jlannaca ana ncroyHmka 4C:

E(t)=98;

E(p)=98/p;

HayanbHble 3HaYeHUsa ANg ToKa Yyepe3 MHAYKTUBHOCTb M Hanps>XXeHus Ha
EMKOCTMN BO3bMEM M3 npeablaywero pacyera:

[,(0)=6,53 A;

Uc(0)=65,33 B;

Hangem noTeHunan TOYKM a METOAOM ABYX Y3/10B.

0O603Ha4YnM He 3a3eMseHHbIN y3en «a», Toraa:

Y-Ua=I;

U.=1/Y,roe I — BTekawwme B y3en Toku,a Y — nNpoBOANMOCTb BETBEMN.

E/p+L-1,(0)  Uc(0)/p

R+ plL 1/pC
Ua (p) = 1 1
R+pL TRYPC
0 (o) E/p+L-1,(0) Uc(0)/p
p R+ plL 1/pC
le@) =—7—=pC 11 =
pC R+pLTRTPC
E + LI, (0)p
| FEpL_ G <[ B+ LIL(OPIR + Uc (O)CR?p + Uc (0)CRPL] _
a 1 1. | R+ R +pL +pCR? + p2CRpL -
R+pL " R™P
|+ LLOPIR + U (0)CR?p + U, (0)CRp>L]
7 2R +p(L + CR?) + p2CRL B
| &+ 1n@pr+ v @R + U (0)CRp?L)
- 1 R\ 2 =
2 — _ —
RCL (92 + 2 (gz +7) *+ 1)

19



_c -E +p(L1,(0) + U:(0)CR) + p?U-(0)CL ~

L (v +2 (e + 1)+ 1)

| ,(0) R E 1

L (o* +p(ge + 1)+ 12)

o+ p (2 K)o B L

U.c0)Cc TT)T U0 Ic
= U (0)C- 2‘()1 = Cz()
P +P(R+z)+ﬁ
2y ( 6,53 " 5 )+ 98 1
, P*P 533 2-10% 1 0,01) T 6533 0,01-2-10¢%
— 55332105 - - . _
2
P +”(5-2-10-4”0,01)’“0,01-2-10-4
P p? + 1000p + 7,5 - 10°
: (p + 750 + 661,4))(p + 750 — 661,4))

ic(t)=13,07-1073 . p(~750-661))t

(=750 — 661j)2 + 1000(—750 — 661j) + 7,5 - 103
(—661j - 2)

> 5
+13,07- 1073 [(—750 +661)2+ 1000(—750+ 661j) +7,5-10° e(_750+661j}t‘ _

(661 - 2)
= (—3,268 + 1,242j)e 7750661t 1 (-3 268 — 1,242))e7750+661))t =
= e773%[-3,268 - cos(661t) + 1,242sin(661t) — 3,268cos(661t) + 1,242sin(661t)] =

= e~ 73%[—6,53 - cos(661t) + 2,485in(661t)]

Ncnonb3ys dopMyny AONOSHUTENBHOrO yrna:

20
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. 5 . Lo -
acosx + bsinx = \/a? + b2 - cos(x — @), rae @ HaXOAUTCSA U3 YPaBHEHHI

a —b,53
cosa = — =— = —0,936
va®?+b? /6,532 + (—2,48)2 159, 49
, b 2,48 &= 15
Sina = —— = — = 0,355
va?+b? /6,532 + (—2,48)2
ic(t) =6,98-e 73% cos(661t — 159,4°) = 6,98 - e~ "% sin(661t — 69,4°)

Mo 3apgaHuto TpebyeTcsa HaWTU TONbKO CBOO6OAHbIE COCTaBMAKOWME TOKA, HO Tak
KakK ero yCTaHOBMBLUEECS 3Ha4YeHWe paBHO HYJ/IO, TO MOJIYYEH MOJIHbIA TOK.
3aBMCUMOCTb EMKOCTHOrO TOKa COBMadaeT C MNONYYEHHOW KNAaCCUYECKUM
METOAO0M, YTO NOATBEPXAAET NPaBUIbHOCTb PACYETOB:

Ipadisd JaBHCHMOCTH TOKA Hepe? KOHICHCATOp o1 Bpesersi [o=f(t)
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IMPAKTUYECKOE 3AHATHUE Ne 5

Iepenarounas pyHKUMS JIEKTPUYIECKON LENH M0 HANPSKeHUI0, eé AUX n
oYX

KoHTpOJIbHBIE BOIIPOCHI:

1. Kakue 4acTOTHbIE XapaKTEPUCTUKHU CYIIECTBYIOT?

Kakue Buabl nepeaaTOuHbIX XapaKTEPUCTUK CYLIECTBYET?
Yro Takoe Bo3nercTBre Ha YI1?

Uro takoe peakius YII Ha Bo3aeiicTBue?

Kak cBsizana nepenarounast pynkmus UIl c Bo3nelictBueM u peaxiueit?

A O

Kakoe BoznmeiictBue u kakas peakuus YII wucnonb3yroTcs mOpu  pacuere

nepeaToOuHON PYHKIINH 110 HAPSKEHUI0?

7. JaiiTe onpeneneHue nepeaaToyHon GyHKIIUU 10 HAMPSHKEHUIO?

8. Haiite onpenenenune AUX nepenarounoii pyHkiuu mo Hanpspkeruto YIT?

9. Haiite onpenenenune ®UX nepenarounoit pyHkimu mo HanpspkeHuto YI1?

10.Kak cocraBnsiercsa oneparopHas cxema 3amenienus UI1?

11.Kak ompenenuTs mnepeaaTOuHy0 (PYHKIMIO MO HANpPsHDKEHUIO B OTEPATOPHOU
dbopme?

12.Kak 3amucarh BBIpaXEHUE TMEPEAATOYHON (YHKIUU 1O HANPSHKEHUIO B
KOMILIEKCHOU opme?

13.Kak omnpenenuth mnepenaToyHyr0 GYHKIUIO IO HAMPSDKEHUIO C TTOMOIIBIO
Matpullsl A - napamerposn UII?

14.Kak ompenenuTsh mepenaTouHyro (DYHKIUIO IIEMH, COCTOSIIeH u3 2 KacKaJHO-
coearHeHHbIX YII?

15.1IpaBuna pacuera BoipaxkeHus AYUYX mnepenarounoir ¢yakuuu YII B
KOMILIEKCHOM (opMe.

16.1lpaBuna pacuyera Boipakenuss DOUX nepemarounoit ¢ynkuuun YIl B

KOMILIEKCHOM (popMe.

17.1lpaBuna BbpIOOpa Auama3oHa 4acTOT, B KOTOPOM HYXKHO paccuuThiBaTh AUX
22



4I1?

18. IIpaBuna noctpoenus rpadpuxkoB AUX u ®YX?

ITPAKTUYECKOE 3AHATHE Ne 6

KommuiekcHasi nepegarouHasi (PyHKUUs elH, 0OXBAYEeHHON 00PATHOI CBA3HIO

KoOHTpOJIbHBIC BOIIPOCHI:

1.
2.

9.

Uto Takoe oOpaTHas CBS3H?

Kaxkas 06paTHa51 CBs3b HA3bIBACTCA HOHGBHOﬁ, a KaKkasia Hapa3HTHOﬁ?

. Uem oTnmyaeTcs moa0KUTEIbHAs 06paTHa51 CBA3b OT OTpHHaTCHBHOﬁ 06paTHOﬁ

cBA3U?

J1J1s 4ero UCnoab3yeTcs MOJI0KUTENNbHAS 00paTHas CBA3b?

J171st 4ero UCHob3yeTcsl OTpUlaTeNbHasE 00paTHAsI CBS3b?

Yem oTnmyaercs mocienoBaTesnbHas oOpaTHasi CBSA3b IO TOKAa OT TaKOW CBSI3U
K€ T10 HaNPSKEHUIO?

Kak Bnuser nonoxkurenabHas oOpaTHas CBA3b Ha mnepenaTouHyro gynkmuio YUII
10 HAMpSHKEHUIO?

Kak Bnusier orpunatenbHas oOpaTHas CBsI3b Ha nepenatounyio ¢pynkuuio YIT
10 HAMpPSHKEHUIO?

Kaxk Bruser OTpHULATCIIbHAs 06paTHa51 CBA3b Ha BXOOHOC COITPOTHUBJIICHUC qI1?

10.YTo Takoe riryOrHa 0OpaTHOW CBSI3U U YEMY OHA paBHA?

11.YTo Takoe gakTop 0OpaTHOM CBS3H U YEMYy OH paBEeH?

12.JlocTOMHCTBA OTPHUIIATEIILHOW OOpAaTHOU CBSI3U?

13.Yto Takoe riy0okast OTpuLiaTeNbHas CBSI3b?

14.Kak Biusier riyOoKas OTpHIATENbHAs CBS3b HA MOJIYJb IEpPEIaTOYHON

¢dbynkuuu YI1, oxBaueHHOTO TOM CBSI3bI0?

15.Yemy paBeH wMoxylnb TnepenaTouyHodl ¢GyHkuuM mo HanpspkeHuto Ul

OXBaYEHHOTO ITyOOKOW OTPULIATENbHON CBA3BIO, TOKAKUTE 3TO?
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16.Kak Bnusier oOpaTHas CBsi3b Ha pabOTy pPE3UCTHUBHOTO YCHJIMTEI,
MIOCTPOECHHOTO Ha ONEPAIMOHHOM YCUIUTENE?

17.Kakue cBoiicTBa MpUOOPETAET OMEPALMOHHBIM YCHIMTENb MPU OXBATE€ €ro
OTpPHULIATENILHON 00paTHOM CBA3BIO?

18.Micnonb30oBaHuEe  TOJIOKHUTEIBHOW  OOpaTHOM  CBA3M  JJIs  CO3JaHUsA
aBTOT€HEPATOPOB?

19.Kputepun yCTOMUUBOCTH 3JIEKTPHUUECKUX LIETEH, OXBAYEHHBIX MOJIOKUTEIBHOU

00paTHOI CBS3BIO.

[TPAKTUYECKOE 3AHATHUE Ne 7

Pacuer NMEPBUYIHLIX 1 BTOPUYHBIX MApaMETPoOB JJIMHHOM JIMHUH

KoHTpOoJIbHBIE BOIIPOCHI:

1. B kakux ciyyasx JUHUS TEepelayd >HEPrHMM paccMaTpuBaeTcs Kak LeMb C
pacnpeeleHHbIMU TapaMeTpamu?

2. 3anummre GopMyay UIsl pacdeTa KOMIUIEKCHOTO BOJIHOBOTO COINPOTUBIICHUS
JIVHAU?

3. 3anummure Qopmyny IS pacueTa MOJIYJS KOMIUIEKCHOTO BOJIHOBOTO
COTMPOTHUBIICHUS JUIMHHOM JINHUN?

4. Hapucyiite rpaduku 3aBUCUMOCTH MOZYJISl BOJIHOBOTO CONPOTHBIICHUS JIMHUU
OT YaCTOTHI.

5. 3anummuTte ¢opMyly IS pacdyeTa apryMeHTa KOMILIEKCHOTO BOJIHOBOTO
COTIPOTHBIICHUS JTUHUH?

6. Hapucyiite rpaduk u3MeHEeHHsI apryMEHTa BOJIHOBOTO COMPOTHUBICHHUSI JIMHUU
OT YacCTOThI?

7. Kaxoil xapakTep nuMeeT KOMIUIEKCHOE BOJIHOBOE COIPOTUBIICHUE JIMHUN?

8. 3amummure QopMmyny s pacdeta KodpduimeHta pacmpocTpaHEHUs

QJICKTpOMar HHTHOﬁ BOJIHBI BAOJIb JII/IHI/II/I?
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9. Kaxoit buznueckuii CMBICTT kodddunmenTa pacnpocTpaHeHus
AIIEKTPOMArHUTHOMN BOJIHBI BJIOJIH TUHUU?

10.3anummre BhIpakeHrne Kod(hduiMeHTa pacupoCTpaHEHUS SJIEKTPOMArHUTHON
BOJTHBI BJIOJIb JIMHUU JJIsI TUHUH C TIOTEPSIMU U JIMHUH 0€3 TTOTeph?

11.C kakoil CKOPOCTBIO paCIpOCTPAHSIETCA SJICKTPOMArHUTHAs BOJHA BIOJIb
JIUHWH, TaiTe ee onpeaeneHue?

12.3anummre u 06bscHUTE GopMyTy IS pacuera pa3zoBoit ckopocTu?

13.Kak paccuutarh NepBUYHBIE ITAPAMETPbI JTUHUH, €CIIH 33]IJaHbl BTOPUYHBIE?

14.3anmummre Gopmyny sl pacuera JUIMHBI TUHUU U OOBSICHUTE €€ (U3MIECCKUIN
CMBbICIT?

15.Kak cBs3aHa MJIMHA JUMHAM C YacTOTOM pACHPOCTPAHSIONIETOCA MO HEu
cur”ana’?

16.Kak onpenenuth 4acTOTy CHUTHAJIA, NMPU KOTOPON B JTUHUM YIOXKHUTCS IIeJas
JUTMHA BOJIHBI PACIIPOCTPAHSIONIErOCs 0 Hel curHana’?

17.Kax W3MEHUTH SKBUBAJCHTHYIO JJIMHY WCKYCCTBEHHOW JIMHUM C MalbIMU
norepsimMu?

18.UTo Takoe K03 HUIIMEHT OTPAKEHUS B JUTMHHOW JTUHUK?

19.3anmummte BeipakeHne KodhPuiimeHTa oTpakeHus 1Mo HAMpsLDKEHUIO B KOHIIE U
B Hauajse JIMHUU?

20.B xakux mpenenax MEHSIOTCS 3HaYeHUS KOPHUITUEHTOB OTPAKEHUs?

21.YeMm otnuyaTcs MEXIy coO0oi KOIDPHUIMEHT OTpakKeHHUS MO HANPSHKEHUIO OT
Kod(purmenTa oTpakeHUs Mo TOKY U oueMy?

22 Kakoit pexum paOOThl JUHUU HA3bIBAE€TCS COTJIACOBAHHBIM, B YE€M €ro

0COOEHHOCTH?
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I[TPAKTUYECKOE 3AHATUE Ne 8

HenckakenHasi nepegada CUrHaJioOB B JUIMHHOM JINHUHU. Y CJI0BHEe XeBHCAU/IA.

KOHTpOJIbHBIC BOIIPOCHI:

1.
2.

8.
9.

[ToHsiTHE HENCKAKEHHOW NIEPEIAYX CUTHAJIOB.

VY c10BHs HEMCKAaXEHHOU IEpeIadyy aHAJIOTOBBIX CUTHAJIOB B JUIMHHOW JINHUM.
[IpuunHBI NOSIBICHUE aMIUTUTYIHO-4aCTOTHBIX UCcKaxeHu (AYI) anamoroBbix
CUTHAJIOB.

[Mpuuunbl mosiBneHUs: ¢a3o-4acTOTHBIX uckakeHuin (OUM) anHamoroBbix
CUTHAJIOB.

Kak Bmusitor AU n @YU Ha paznuyHble BUABI CBS3H.

TpeGoBanus k kKO03(PGUIMEHTY OCTA0JCHHUS O TIPU HEUCKAKEHHOW Tepenade
CUTHAJA.

TpeGoBanus k koadpuimeHTy (as3sl  mpu HEUCKAKEHHOMN MepeIaue CUrHaia.
YcaoBusa XeBucanaa.

Peanusanms ycnosuit XeBucanja B pealbHbIX JJIAHHBIX JIMHUSIX.

10.Ha3HaueHne aMIIMTy AHBIX KOPPEKTOPOB.

11.Buapl aMIUIMTY IHBIX KOPPEKTOPOB.

12. AMIIIMTY THBIE KOPPEKTOPHI 1-TO M 2-TO MOPSAIKOB.

13.Pacuer u moa0op mapamMeTpoB aMILIUTYTHOTO KOPPEKTOPa.

14.Ha3nauenue (pa3oBbIX KOPPEKTOPOB.

15.®a3zoBbIe KOPPEKTOPOB (KOHTYPHI) 1-T0 U 2-T0 MOPSIKOB.

16.Pacuet u moabop napameTpoB (ha30BOro KOppeKkTopa
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I[TPAKTUYECKOE 3AHATHUE Ne 9

I[I/ICerTHbIe CUTHAJIbI U UX XaPAKTCPUCTUKH

KoHTpOJIbHBIE BOIIPOCHI:

JlaiiTe onpenenenue aHanoroBoro curnana. Ilpusennure nmpumep.
Jlalite onpeneneHne TUCKpeTHOro curnana. Ilpusenure npumep.
Haiite onpenenenne nudponoro curHana. [Ipuseaure npumep.
YT0 Takoe ypOBEHb KBAHTOBAHUSA?

UTo Takoe QUCKpEeTHU3alus CUTrHajla Mo BPEMEHH U 110 YPOBHIO?
Kaxk mpou3BoauTcs AUCKpETU3aus aHaJI0roBOro curHaia?

B xakoM BHji€ 3aNTUChIBACTCS TUCKPETHBINA CUTHAN?

UTo Takoe EMMHNUYHBIN TUCKPETHBIM UMITYJIBC U €T0 HAa3HAYCHHE.

X N kD=

3anuch JUCKPETHOTO CUTHAJa B BUJE CEPUM CMEIIEHHBIX JUCKPETHBIX

UMITYJIbCOB.

10.Teopema KotenbHukoBa. Ee onpenenenne u Ha3HaYEHHUE.

11. JIist uero Hy>K€H MHTEpPBaJI TUCKPETU3ALUH 10 BpeMeHn KoTenpHukoBa?

12. Kakum OyJeT CeKkTp aHaJIOTOBOTO CUTHAIA, €CITU MHTEPBAJ JUCKPETHU3AINN
M0 BPEMEHHU BbIOpaAH MO BETUYHHE OOJIbIIE, YEM PACCUUTAHHBIN IO TEOpEME
KotenbHukoBa, u nmouemy?

13. Kakum OyJeT cekTp aHajIoroBOTO CUTHAJA, €CJIU MHTEPBAJI JUCKPETU3ALUN
M0 BPEMEHHU BbIOpAH MO BETMYMHE MEHBIIE, YEM PACCUUTAHHBIN MO TEOpeMe
KortenbHukoBa, u mouemy?

14. Cucrema 1iupoBoii 06pabOTKH CUTHAJIOB.

15. CnekTp JUCKPETHOTO CUTHAaA.

16. Hapucyiite cieKTp AUCKPETHOTO CUTHAJIA.
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ITPAKTUYECKOE 3AHATHE Ne 10

Aaroput™m uudposoi puabrpaunu. llndpossie puiabTpol

KOHTpOJIbHBIC BOIIPOCHIL:

JluckpetHoe npeoOpazoBanue Jlamnaca.

Z — ipeoOpa3oBaHKE U €ro UCIOJIb30BAHHUE.

JlatiTe onpenencHue udpoBoro GuiabTpa.
JIoCTOMHCTBA M HEAOCTATKH MUGPOBBIX (GUIBTPOB.
WMy nbcHas XxapakTepuCcTUKa TUCKPETHON TETTH.
Cuctemnas pyHkius 1mudpoBoro GuibTpa.
Anroput™m 1udpoBoit puIbTpaIuu.

Hasznauenue ameMeHTOB IM(PPOBOTO PUIHTPA.

o ® 2 kW=

OO0BsicHUTE aITOPUTM padOThl IMPPOBOTO PHIHTPA.
10.YTo coboii mpeacTaBiseT BIXOHOW CUTHAT UG POBOTo GuibTpa?
11.HepexypcuBHbIi I poBoi PrIbTp.
12.00BsicHUTE aNTOPUTM PAOOTHI HEPEKYPCUBHOTO TU(POBOTO PHIBTpA.
13.Hapucyiite cxemy HEpeKypCUBHOTO ITUGPOBOTo (HUIbTpa 2-r0 MOpsIIKa.
14.3anuimTe BeIpa)XeHUE UMITYJIbCHOW XapaKTEPUCTUKHU U CUCTEMHOM (PYHKITUU
HEPEKYPCUBHOTO IIMGPOBOTro HUIBTpa 2-r0 MOpPSIAKA.
15.PexypcuBHbIi IHPPOBOIT GUIBTP.
16.00bsicHUTE aNTOPUTM PAOOTHI PEKYPCUBHOTO ITU(DpOBOTO DHUIBTpA.
17.Hapucyiite cxemy peKypCUBHOTO ITUGPOBOTO GUIbTpa 2-T0 MOPSIIIKA.
18. 3anuimuTe BeIpaxeHUE MepeaaToyHon (yHKIIUU PeKYPCUBHOTO IU(PPOBOTO
bunpTpa.
19. 3anumuTe BEIpaXKEHHE CUCTEMHOM (QYyHKIIUA PEKYPCUBHOTO IUPPOBOTO

bunbTpa.
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