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BBenenue

3amauell KOHTPOJBHBIX PadOT SABIAETCS cUCTeMaTH3alus U 0000IIeHHe paHee u3y-
YEeHHOr0 MaTepHalia, MPUMEHEHHUE TEOPETHUUECKUX 3HAHUM JUIs pacuéra SJIEKTPUUYECKUX
LeMel MOCTOSIHHOTO U MIEPEMEHHOT0 TOKA JIF0OOH CII0KHOCTH.

OOmue ykazaHus K BbIINIOJHEHUIO U 0()OPMJICHUIO KOHTPOJIbHOI padoThl

1. Kaxxnass koHTpoJibHass paboTa BBIMOJHSAETCS B OTAEIBHON TETpagud B KIETKY,
YCJIOBHE 3a/1a4H NEPENUCHIBACTCS MOJHOCTHIO.

2. CxeMmbl, BEKTOPHbIE JUarpaMMbl U IpaUKH BBIMOJIHSIIOTCS KapaHAAlIoOM C IMpH-
MEHEHUEM YEPTEKHBIX MHCTPYMEHTOB. [IpHM BBIIOJHEHWH CXEM CIEAYET IOJIb30BATHCS
YCIIOBHBIMHU I'papuyeCKUMU 0003HAUECHUSIMHU.

3. Pemenue 3amau HEOOXOAMMO COMPOBOKIATh KPATKUMU U YETKUMU TOSICHEHUSI-
MHU. Brrauciienus cienyer NpoBOAUTH ¢ TOYHOCTBIO IO BTOPOT'O 3HAKA IIOCIIE 3AIISTOM.

4. OGo3HaUEHHUs INEKTPUUYECKUX BEIMYMH B TEKCTE, B (OpMyiax, Ha BEKTOPHBIX
AuarpaMMax M Ha 3JIEKTPUYECKHX CXeMaX JOJKHBI ObITh OJITNHAKOBBI.

5. Ilpu pemennn 3aaad cieayeT Noab30BaThCcsl MexIyHapoOJHONH CUCTEMOMN €IMHUILL
CH. bykBeHHble 0003HAUEHUS €AVMHUI] U3MEPEHUS CTaBSITCS IMOCIE OKOHYATEIBHOIO pe-
3yJabTaTa.

6. BexTopHbIe TuarpaMMbl TOJKHBI ObITh IOCTPOEHBI B MaclITade Ha MUJUIUMETPO-
BOM Oymare win Oymare B KJIeTKy. [IpuHaThIi MacmiTad qoJKeH ObITh yKa3aH.

Kpurepuu ouenkmu:
- OLIEHKA «OTJIUYHO» - BBINOJIHEHBI BCE IMMYHKTHI pa0OThI C COONIIOICHHEM BCEX Tpe-

00BaHMI K OPOPMIICHUIO;

- OLIEHKA «XOPOLIO» - BBIIOIHEHBI MYHKTHI PA0OTHI, OTMEUYEHHBIE «*» U «I1», ¢ CO-
OsrozieHreM Bcex TpeOoBaHUM K 0(hOPMIICHUIO;

- OIICHKA «YJOBJICTBOPUTEIHHOY» - BBITIOJHEHBI MMyHKTHI Pa0OTHI, OTMEYCHHBIC «*»,
C coOI0/IeHneM Beex TpeOoBaHU K 0(hOPMIICHHIO;

- OIIEHKA «HEYIOBJIETBOPUTEIIHLHO» - pab0Ta HE BHITIOJIHEHA
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Konrpoabnas padora 1 Pacyer cJIOKHBIX Lened MOCTOSHHOTO TOKA

JIJ1 C0KHOW 1Ienu MOCTOSIHHOTO TOKa HEOOXO0IUMO:

1”. CocTaBUTh CHCTEMY YPABHEHUH 110 METOIY Y3JIOBBIX U KOHTYPHBIX YPaBHEHHMIA.

2". CoCcTaBUThL CHCTEMY YPAaBHEHUIA 110 METOY KOHTYPHBIX TOKOB

3. PaccumMTaTh TOKH B BETBSIX OJHUM H3 H3BECTHBIX METOJIOB.

4", CocTaBuTh GalaHC MOIHOCTH.

5. BBIIOJHUTB IPOBEPKY: 3amucath ypaBHeHue 110 || 3axony Kupxroda u moxcra-
BUTH B HETO, OJyYEHHbIE 3HAYEHUS TOKOB.

6*. OmpenenuTh MOKA3aHUS BOILTMETPOB, HCHOJB3YS METOJ Y3JIOBOTO HAMpsKe-
HUSL.

7. TlocTpouTh MOTEHLMAJIBHYIO AMArpamMMy JUIsl JHOOOr0 KOHTYpa, COAEPMKAIIEro
nBa ucrouynuka JJIC.

CxeMsl i1 pacuera Ha pucyHke 1.5 — 1.7, unciioBble 3HaUYeHHs U1 pacuéra B Ta0-
aure 3.

IIpumep BbINOJIHEHUS] KOHTPOJIbHOH padoThI 1.
Hano:

E1 = 60B, Ez = SOB, E3 = 40B, E4: 30B, R1: 2OM, R2 = 4OM, R3: 1OM, R4 = SOM,
Rs=100M, Rg = 80m, R7 = 30M, cxema pucyHnok 1.1.

R1 Es
— Nk
> >

Pucynok 1.1 — Cxema i pacuera

Pucynok 1.2 — Cxema g onpenene-
HHA TOKOB B BETBAX
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1. 3agath HampaBlieHHE TOKOB B BETBSIX M HalpaBjieHHE 00X0Ja B KaKJOM HE3aBU-
CUMOM KOHTYpe (pucyHok 1.2).

2. CocTaBUTh CUCTEMY ypaBHEHHUH MO METONY Y3JO0BBIX U KOHTYPHBIX YpaBHEHHI.
Cucrema ypaBHEHMM Jis IaHHOM CXEMBbI COJIEPKUT 3 Y3JIOBBIX U 3 KOHTYPHBIX ypaBHe-
HUS:
l,—1,—1,=0
l,—1,+1,=0
lL,+1,-1,=0
E,—E,=1,R - 1,R, - IR,

E,+E,=1,R, +1,R, +1,(R, +R,)
E,—E, =1,R,—I,R, + IR,
3. CocTaBUTh CUCTEMY YPAaBHEHUMU 110 METOY KOHTYPHBIX TOKOB.

(1.1)

3.1. 3apare HampaBiI€HUE KOHTYPHBIX TOKOB M BBIPA3UTh OCHOBHBIE TOKH 4EpeE3
KOHTYpHBIE
L=1,0,=1—1,,
|3:|1117|4:|11_|111’ (12)
I Ly le =1y — 1
3.2. CocTaBUTh CUCTEMY ypaBHEHUH 10 METOAY KOHTYpHBIX TOKOB. Cucrema ypas-
HEHMM U1 TaHHOW CXEMBI COAEPIKUT 3 KOHTYPHBIX YPaBHEHUS
E,—E,=1L,(R+R,+R,) —I,R, —I,R,
E2+E4:IH(R2+R4+R5+R7)_|1R2_|111R4 (13)
E,—E,=1,(R,+R,+R)- 1,1, - I,R,
Pemmnts cucteMy OTHOCHUTENBHO KOHTYPHBIX TOKOB M OIPEIEIUTh OCHOBHBIE TOKH B

BE€TBAX J'IIO6BIM HN3BECTHBIM MATEMATNYCCKUM CHOCO6OM
10=1,-14—-1,-4—1, -8

80=—I-4+1,-22—1, -5 (1.4)
10=—1,-8-1,-5+1,-14
Tabauma 1 — 3HaueHUsT OCHOBHBIX TOKOB B BETBSX
I, 4 I, A I3, A4 I, A Is, A le, A
6,2039 0,0348 6,4875 -0,2487 6,2388 0,2836

4. CoctaBUTh O6alaHC MOIITHOCTH
Uctounuk DJIC E4 saBnsercs moTpeduTeneM, Tak Kak TOK B BETBU C COTIPOTUBIICHU-
eM R, nmeeT oTpuiaTebHOE 3HAUYCHHE

> Py=ElL+El,+El,-E,|l, (1.5)
>P, =60-6,2039 +50-0,0348 + 40 - 6,4875 — 30 - 0,2487 = 626,02 Bm
B, = IR + IR, + 2R, + I’R, + I2(R, + R, )+ IZR, (1.6)
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>P, =6,2039% - 2+0,0348° - 4+ 6,4875% - 1+ 0,2487° -5+ 6,2388” - 13+ 0,2836° - 8 = 626,02Bm
5. OnpenenuThb MoKa3aHus BOJIBTMETPOB UCIIOIB3YS METOJT Y3JIOBOTO HAMPSIKCHHUS.
5.1. [Tokazanus BonbTMETpa PV1 — 310 y31moBoe Hanpspkerue Uap

Up=E-LR+E+1R, :_(_Is(R5+R7)) (1-7)
U,, =50-0.034815-4+30+0.248762-5 = —(— 6,238813- 13) =811B
5.2. Ilokazanwust BomsT™MeETpa PV; — 310 y3moBoe Hanpsokerne Ukp
U = B, _(_ E,- |4R4)= _(_ Isz)_(_ |5(R5 + R7)) (18)
Uyp =50+30+0,248762-5 = —(—0.034815- 4) - (- 6,238813-13) = 81,248

6. [TocTponuTh MOTEHIMAIBHYIO AUArpaMMy JJIsi KOHTYpa, COAEPKAIIETO JIBa UCTOY-
Huka DJIC (pucynok 1.3).
: 1] ¢ B

10 Ar By - Aa

R Om

Ry
1
o I

]
1 * P

Pucynok 1.3 — Cxema JUIst OCTPOSHHS Pucynoxk 1.4 — IlorennuanpHas quarpaMma
Uit koutypa ABJIA

HOTCHHH&HLHOﬁ AuarpaMMbl
OnpenenuTs NOTEHIMANIBI TOYEK SN U3 PAa3HOCTH MOTEHIIMAIOB HAa y4acTKax LENH
(mameHust HAMPSHKEHUS ), TPUHSB MOTEHITMAT TOYKKA O paBHBIM HYJIIO.

PesynbpTaTel pacuéra npusenensl B Tabnuie 2. [loTeHnmanbHas auarpaMmma mpuBe-
7eHa Ha pucyHke 1.4.

Tabnuua 2 — Pe3ynpTaThl pacyéra A MOCTPOEHUs MOTEHIIUAIbHON JUarpaMMbl

@, — ¢, = |.R, =6,2388-3=18,71648 @, =—18,7164B
@, — o, = |,R, =6,2388-10 = 62,3883B @, =—811044B
@, —@, = 1,R, =0,0348-4 = 013928 @, =—81,2436B
@, — ¢, =—E, =508 @, =—31,2426B
¢, — s =—E, =-30B @, =—1,2436B
@ — @, =—1,R, =—0,2487 -5 = —1,2436B @, =0
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BapuaHnTtsl 3a1aHuii 1)1l BBINIOJHEHHSI KOHTPOJIbHOM padoTs! 1

Tabnuna 3 — YnucnoBbie 3HaYCHUS TSI BHITOJIHEHUS! KOHTPOJIBbHOM paboThI 1

Bapmn- Conporusienue, Om 91C,B

aHT Ri | R | Rs | Ra | Rs | Re | R7 Rs E1 E2 Es E4 Es

1 5 5 6 5112 | 4 2 4 50 40 30 20 15

2 314|484 )]8|10]| 6 20 30 40 50 60

3 5| 5|6 |6 |2 (12| 9 8 50 40 30 20 40

4 8 5| 4| 4 6 2 7 | 10 50 30 40 50 30

5 3| 4| 4 8 | 4 8 6 4 20 30 20 50 30

6 4 | 4 |5 |6 |72 3 3 40 50 50 30 15

7 314|418 | 4|86 4 20 30 40 50 60

8 2 3 | 4 7 4 6 4 8 30 40 50 60 20

9 5| 5|6 |6 |2|2]|4 9 50 40 30 25 30
10 8 | 5|4 4]6 |2 6 4 50 30 20 40 30
11 2 3 | 4 6 | 4 7 4 8 30 40 50 60 20
12 2 | 3|4 16 |4 7|4 6 40 50 30 60 20
13 2 13|49 ]4 6|5 9 20 40 30 10 15
14 8 5| 4| 4 6 2 3 4 50 30 40 20 25
15 5 5 6 6 2 2 4 9 50 40 30 20 10
16 4 14|15 |5|3]6 |3 5 40 50 50 40 30
17 2 | 3|49 |47 6 8 30 40 50 60 20
18 3| 4| 4 9 4 8 7 2 20 30 40 50 20
19 4 |5 7 9 6 | 4 6 4 40 35 28 10 12
20 516 |8 10|75/ 3 2 30 44 50 8 60
21 718 |10(12| 9 | 7 1 3 40 20 10 30 70
22 2 3 5 7 4 2 8 1 50 30 80 44 22
23 314|685 3|4 9 60 50 40 55 30
24 4 | 2|13 |4 ]| 7]|10] 12 20 30 45 55 60
25 3 1 2 4 6 8 8 | 10 25 35 40 50 60
26 4 |16 8 |10 | 3 5 7 9 20 25 30 40 50
27 516|143 |7]|8]2 1 20 40 25 35 50
28 2 3| 4 5 1 3 8 | 10 40 50 25 30 15
29 3|14 ] 2 5 1 6 8 | 10 40 25 35 15 60
30 4 | 3|1 4|3 ]| 4] 3 4 3 20 10 20 10 20
31 8 | 7|16 | 5|4 |3 ]2 1 40 50 60 70 80
32 109 (8|7 |6 |5 4 3 50 30 20 30 50
33 1 6 2 7 3 8 4 9 60 90 100 90 60
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v

Pucynox 1.5 — CxeMblI 17151 BBIIOJIHEHHS] KOHTPOJIBHOM padoThI 1
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Pucynok 1.6 — Cxemsl 17151 BHIIOJTHEHUSI KOHTPOJIBHOM paboThI 1 10
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Pucynok 1.7 — Cxemsbl 15151 BBIIOJIHEHUSI KOHTPOJIbHON padoThl 1

11
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Konrpoabnasi pabora 2
PacyéT cMeIIAHHOIO COeINHEHHS 3JIEMEHTOB B LeNsIX IePEeMEHHOI0 TOKA

B nporecce BpINOIHEHUS KOHTPOJIBHON pabOThl HEOOXOAUMO:

1”. OnpenenuTs MHAYKTHBHOE, EMKOCTHOE M IIOJHOE COIPOTUBICHHUE BETBEI.

2". Onpenenurs akKTHBHYIO, PEAKTHBHYIO U TIOJHYIO IIPOBOAMMOCTD MapalIeIbHbIX
BETBEH.

3". OnpenenuTh akTHBHOE, PEAKTHMBHOE M IOJHOE CONPOTHMBICHUE MapajllelbHbIX
BE€TBEU U BCEU IIENU.

4%, OnpeIeTuTh COCTABIIAIONINE TOKOB MTAPAILIETBHBIX BETBEH U Beeil e

5. TIocTPONUTH BEKTOPHYIO AMATPAMMY TOKOB U HAIPSKEHUH IIETIH.

6. OnpenenuTh cABUT (Da3 MEXKy TOKOM U HANPSIKEHUEM Ha BXOJE LEMH U MEXAY
HaIpsHKEHUEM Ha NapajijIeIbHOM YYaCcTKE LIENU U TOKaMU B BETBSIX.

7. PaccuuTaTh aKTMBHYIO, PEAKTUBHYIO U TIOJHYIO MOIIHOCTH IIEMU U OTAEIbHBIX
BETBEM.

CxeMbl 7151 pacu€Ta MPUBE/ICHBI HA PUCYHKE 2.5 — 2.7, YUCIIOBBIE 3HAUYECHUS B Ta0-
e 7.

IIpumMep BHINOJIHEHUS KOHTPOJILHOI PadoThI 2

Hano:
Ri1=10m; L1 = 10mln; C1 = 400mx®D; Ry = 20m; Ly = 20ml n; Cy = 300MmKkD;
L1 = 10mln; Iy = 24, f = 50I'y; cxema pucyHok 2.1

—_— YV
L AT —
1 1
R, i | I I2 I3
L3
U U
Z1 Z Z3
~ R, ~v ?
L
C2 e B
I1 I I3 ¢
B Y Pucynok 2.2 — IIpeoGpa3oBanHas
cxema

Pucynok 2.1- Cxema 1 pacuéra

1. Onpenennutb HHIYKTUBHOE, EMKOCTHOE M ITOJIHOE CONPOTUBIIEHUE KAXKIOM U3
BETBEU
1.1 ITHAYKTUBHOE CONPOTUBIIEHUE
X, = 2AfL (2.1)
X, =27-50-10-10° =3.140m, X_, =27-50-20-10° =6.280m, X, =27-50-15-10"° = 4.710m

1.2 EMKOCTHOE CONpOTUBIIEHUE

12
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X, =—— (2.2)

6 6
Xey =~ _7.960m, Xey =~
27 -50-400 27 -50-300
1.3 TlostHOE CONPOTUBIICHUE BETBU

2= JR? +(x,_ —Xc)? (2.3)
2, =17 +6.28% =6.3590M 7, =+/2% +(~7.96)? =8.2070m 7, =+/(4.71-10.62)% =5.910u

2. OHpeI[eJ'H/ITB AKTUBHYIO, PCAKTUBHYIO U IMOJIHYIO IIPOBOAMMOCTD IIapaIJICIIbHBIX

=10.620m

BETBEU
2.1 AxTuBHas MPOBOJIUMOCTD

R
g= 77 (2.4)
g —#—002476&14 g —L—002969CM g, = 0 =0Cul.4
' 6.359° ’ * 8207* ’ ® 5917 o
0,5=0,+0,+0, 0,3 = 0.02476 +.02969 = 0.05445Cm
2.2 PeakTuBHAs IPOBOIUMOCTD
X, — X
b=t "c — c (2.5)
b, =228 _0.155Cw b, =% _ o11818cu b, = 2171002 _ 416020
6.359 8.207 5.91
b,,=+b £b,+b,  b,,=0.155-0.11818—0.1692 = —0.13238C
2.3 IlonHas npoBOAUMOCTG MapaJIJIEIbHBIX YYaCTKOB
y=+9"+(h)° (2.6)

Yio3 = \/0-054452 +(—0.13238)% =0.14314Cwu

3. OHpGI[CJ'II/ITB AKTUBHOC, PCAKTUBHOC M IIOJHOC COIIPOTUBJICHUC ITapalJICIIbHOTO

y4acTka
g +b
R123 = %, X123 = 2123 (27)
Yi23 123
123 = M = 2.66190m
0.14314
013238 _ o0

Xigg = —————
22 0.143142
2,y = +/2.66197 + (—6.461)% = 6.98780x

4. OnpenenuTh aKTUBHOE, PEAKTHUBHOE U MOJ-

HOE COIPOTHBIJICHHE BCEHl LIENMU PUCYHOK 2.3

R=Ru+Ruas R =2.66190x Pucynok 2.3 — Cxema Juisi OnpejiesieHust

X =2X, + X,,3 X =3.14—-6.4610m 00IIET0 COMPOTHUBIICHUS LIEIH

13
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7 =4/2.66197 +(=3.321)2 = 4.25610x

5. OnpenenuTth BEIMYMHY TOKA U HAIPSDKEHUS! OTIEIbHBIX BETBEM C YUYETOM 3aBH-
CUMOCTEH, MPUBEAEHHBIX B TaOIHUIIE 5.

Tabnuua 5 — BapuaHTb! onpejieneHus napaMeTpoB CXeMbl

YcnoBue 3aauu Cxema PCIICHUA
I.I[aHO I,Z, 2123 U_I U _I I _Uae I _Uas I _Uae
N =z, a = V" Zipzy 11 = , 2 = UL
Haiitu: U, Uy, |4, 15, 13 Z, Z, Z,
II.I[aHO U,Z, 2123 I _B U _I I _Uae I _Uae I _Uag
o . - ' as 21237 1 ’ 2 = ' 3
Haiitu: |, Ugp, 14, 1o, I3 4 Z, Z, Z,
III.I[aHO Uab, Z, 2123 U . I _Uag U_IZ I _Uag I _Uag I _Uae
o . as " - ' - LA ' 2 ' 3
Haiitu: U, |, Iy, 12, 13 Z133 Z Z; Z3
IV. I[aHO |2, Z, 2123 I . U _ I I _ Uag I _ Uas I _ Uue U _ I
o 2" a = 1272y 11 = L - J =1z
HaI/ITI/I- U’ Uab, Il1 I’ |3 Zl ZS 2123

5.1 T.x. [1o ycnoButo 3a7a4u 3aJ1aH TOK BETBH, IIOATOMY HEJOCTAIOIINE JIAaHHBIC
oTpeieIsieM C y4eTOM TaOJIuIIbl 5, ciydait I'V.

U, =1 -2, I,=u = Do =Y U=1-z
Z2 23 Z123
U, =2-6.359 =12.718B
=218 15494,

8.207
|, = 12,718 _, 1554

5.91
12718 o

6.9878

U =182-4.2561=7.7462B
5.2 BbINOMHUATE IPOBEPKY, MOJTYISHHBIX 3HAYECHUH Yepe3 COCTABIISIFOIINE TOKOB

l,=U,-9 (28)
| , =12,718-0,02476 = 0,314894,, |, =12,718-0,02969 = 0,3776 4, | ;=04
Sl,=l,+1,+1, (2.9)
>l ,=0,31489+0,3776 + 0 = 0,692484
|, =U_ -(zh), (2.10)
l,, =12,718-0,155=197134, l,, =12,718-(-0,11818) = -1,503014,
|, =12,718-(-0,1692) = —2,151884,,
Sl =+l 21,11, (2.11)

21, =19713-150301-2,15188 = —1,6836 4

I =12 +(£12) (2.12)

|, =+/0,31489% +19713? =1,994, 1, =+/0,3776% +(~1,50301)° =154974,
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MCTOI[I/IIICCKI/IC YKa3aHus 110 BBIITOJTHCHUIO KOHTPOJIBHBIX pa60T
<(3J'ICKTpOT€XHI/IKa U DJICKTPOHHKA»

= /0% + (-215188)? = 2,151884,

U,=182-314=571B
6. OnpenenuTs BETUUUHY cIBUTA (a3 MEXTy TOKOM H HallpsHDKEHUEM Ha BXOJIE

| =/0,692487 + (~1,6836) =1,824

UL1:|'XL1

(2.13)

arctg =X
»= —
R (2.14)
@ = arctg 314-6.461 —51,3°
2,6619
7. 1lopAnoK MOCTPOEHUSI BEKTOPHOW IHATrPAMMBI JJI pa3BETBIEHHOM LIETH
7.1 OnpenenuTh JIMHBI BEKTOPOB
Tabnuua 6 — 3HaueHne JJIMH BEKTOPOB JIJIsl HOCTPOEHUS] BEKTOPHOM TMarpaMMbl
Axmuenas cocmaens- Peaxmuenas cocmas- o
Ilonnwvi mok eemeu Hanpsoicenue
ouwas moka JAIOWAas moxka
|a1:w:1,250ﬂ4 .= 197—78/14 I,l:i:&m
0,25 70,25 0,25
0,3776 15 155 12,7
a2 =E=1,510M ||p2=ﬁ:60ﬂ/l ||2=E=6,20M IUAA_ 1 —127CM
I, 3=£=8,60M ||3=£=8,60M
770,25 0,25
0,692 1,68 182 ,
I, = 025 ——— =2,768cm b 025—67CM I, = 025—7280/14 I, =—=57Tcm

7.2 TlocTpoeHue BEKTOPHOM JUarpaMMbl MapajuieIbHbIX Y4aCTKOB IICTH:

- MOCTPOUTH BEKTOP y3JIOBOT'O HANPSIKEHUS;
- OTJIOKUTh OTHOCUTEJIBHO BEKTOPA HAMPSHKEHUS] BEKTOPA COCTABJISIONIMX TOKOB B

mapayiCJIbHBIX BETBAX,

- OIIPEIENINTh BEKTOP TOKA B KAXKJOM MapauieIbHOM BETBU rpapuUeCcKUM CIOCO-

ooM.

7.3 K BekTOpHOI 1rarpamme mapajijieIbHOTO y9acTKa J00aBIseTCS BEKTOpHAS TUa-

rpaMMa HEepa3BETBJICHHOW YaCTH LEMH:

15



MCTOI[I/IIICCKI/IG YKa3aHus 110 BBIITOJTHCHUIO KOHTPOJIBHBIX pa60T

«ONEKTPOTEXHHUKA U HIEKTPOHUKA»
- HOCTPOUTDH BCKTOP HANPAKCHUSA IMOCICAOBATCIIBHOI'O Y4aCTKa OTHOCUTCIIBHO BCK-

TOpa OOLIETO TOKA; 4
- OIPEJEINUTh BXOJHOE |
HanpsHKEHUE rpapuuecKum ,‘
CJIOKEHHEM BEKTOPOB y3J10BOT'O /
HANPSDKEHUS U HAMIPSDKCHUS Ha "
BXO/JI€ LICTIN.
Bekropnas quarpamma Lo=1i :
npeJcTaBiIeHa Ha pUcyHKe 2.4,

Pucynok 2.4— BekTopHas AuarpamMma TOKOB U HaNpspKEHUH
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MCTOI[I/IIICCKI/IC YKa3aHus 110 BBIITOJTHCHUIO KOHTPOJIBHBIX pa60T
<(3J'ICKTpOT€XHI/IKa U DJICKTPOHHKA»

BapuaHThl 3a1aHMi 1J151 BHINIOJIHEHUSI KOHTPOJIbHOI padoThI 2

Tabnuua 7 — YucnoBbie 3Ha4€HUS BHIIOTHEHUSI KOHTPOJIBHON paboThI 2

Bxoanoe
Conporusienue, Om NuaykTuBHOCTH, MI' Emkoctb, MKD HaInpsKe-
Bapuanrt Hue, B

R1 R2 Rs L1 L2 Ls Ci C Cs Uns
1 2,3 3,4 4,8 23 10 24 300 300 456 124
2 6,5 3 4,8 12 11 22 400 222 734 242
3 5,9 S) 3,6 13 10 22 200 134 856 145
4 3,7 2 4,9 22 14 10 438 453 830 126
5 4,8 6 6,8 24 26 16 457 678 496 117
6 5,8 4 5,6 12 24 13 234 487 328 180
7 2,4 8 3,1 14 22 12 345 563 630 200
8 4,2 2 6,3 25 14 12 543 689 785 136
9 4.4 4 2,9 11 24 22 678 400 398 240
10 7,8 6 1,7 10 28 13 452 255 284 255
11 4,5 3 5,8 20 12 21 340 377 946 188
12 3,4 8 4.4 16 20 16 564 475 749 124
13 6,8 S) 3,5 14 26 27 386 186 295 250
14 4,6 3 8,7 13 22 24 749 400 385 140
15 2,4 5) 4,5 18 24 15 145 600 896 148
16 7,5 8 2,1 26 10 26 500 700 396 260
17 8,0 2 6,4 24 12 10 600 300 375 200
18 5,6 S) 3,3 15 20 15 700 530 968 100
19 3,5 3 6,4 24 15 27 400 560 547 170
20 3,8 8 4,5 16 22 29 375 420 324 180
21 7,6 5 2,4 10 26 11 486 670 563 135
22 5,2 4 6,1 20 18 20 264 260 859 260
23 4,2 7 4,3 10 23 22 486 660 396 221
24 2,6 3 3,9 15 39 11 826 346 865 100
25 8,4 9 5 16 22 25 456 284 438 120
26 5,4 4 6,1 13 27 27 628 356 648 160
27 3,5 6 4,3 15 22 12 638 739 894 145
28 2,4 2 7,3 21 14 13 930 296 400 123
29 6 7 5,9 25 22 14 482 506 300 214
30 5 9 4,5 23 26 15 475 368 486 216
31 4,6 4 2,4 22 17 16 284 600 800 133
32 3,6 3 7,4 26 10 17 594 530 432 188
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MCTOI[I/IIICCKI/IG YKa3aHus 110 BBIITOJTHCHUIO KOHTPOJIBHBIX pa60T
<(3J'ICKTpOT€XHI/IKa U DJICKTPOHHKA»

KonrpoabHas padora 3
Pacuér aBapuiiHbIX pe:KUMOB Pa0d0ThI B TPEX(Pa3HbIX HENAX

Heo0xoaumo:

1”. CocTaBuTb cxeMy ISl pacdéTa ¢ yuéToM moTpeduTeneil Kaxmoi (asel

2°. PaccuuTaTh JMHEHHBIE, (pa3HbIC TOKM M HANPSKEHHS, TOK B HYJIEBOM HPOBOJE
MIPU COCTMHEHUN HATPY3KH 3BE30M1 JJIsI HOPMAJIBHOTO peKuMa paboThI;

3*. TIocTpouTh BEKTOPHYIO AMATPAMMY TOKOB M TOHOIPadHMUECcKYyIO HAIpSKCHHIT
JUTsl HOPMAJIBHOTO pexuMa paboThI.

4. Paccuutath MOIIHOCTh KaKJI0¥M (pa3bl U BCEH LieNu sl HOPMAJIBHOTO pexUMa
paboTHhI

5°. COCTaBHUTh CXEMY JUISl pacuéra ¢ y4ETOM aBapUMHOIO peXUMa

6°. PaccuuTaTh JMHEWHEIE, (pa3HbIE TOKHM M HAIPSKCHHS, TOK B HYJIEBOM HPOBOJIE
MIPU COCTMHEHNN HATPy3KH 3BE3710M VIS 33JaHHOTO aBaPUIHOTO PeKUMa PabOTHI.

7. TIocTpOUTh BEKTOPHYIO AMATPAMMy TOKOB M TOHOIPaQHYECKYIO HAIPSKCHHIT
JUTSL aBAPUMHOTO pexkrMa padOoThl.

8. PaccunTaTh MOUTHOCTh KaXKJIOM (pa3bl U BCEH IEMHU JJI aBaApUHHOTO peKuUMa pa-
OOTHI.

IIpuMep BbINOTHEHUS KOHTPOJILHON padoThI 3
R, =50m,X, =—]60m R, =80m,X, = J4Om,R. =100m,U , =3808B

3anaHo: ABapuiiHbIi pexxuM: - 00pbIB da3sl B; kopoTkoe 3ambikanue gasbl C; 00-
PBIB HYJIEBOTO TIPOBO/IA

Onpenemus: UAB,UBc,UCA,UA,UB,UC,iA,iB,iC,iAB,iBC,iCA;Bﬂ

Penienue:

Xa Ra

1. PaccunTaTh mapameTpbl HOPMAIBHOTO pe- 5 la | I_
KUMa pabOThI LIETIH.

1.1. CoctaBuTh CXemMy C y4ETOM 3aJaHHBIX /oilff'\;(%f'\_ Rs
COMPOTUBICHUMN ISl KaxaA0W (a3bl Henu (PUCYHOK B | ]
3.1) NS Rc

Ic

1.2. Paccunrtarh KOMILIEKC CONPOTUBICHUS  (C e—b

KaK0# (hasbl A
0 Inn/

z,=5-j6=781e"0n,
Z, =8+ jAOm =894e'%%*°0n,
Zc =100m

Pucynok 3.1 — Cxema jj1s pacuera
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«3HCKTpOT€XHHKaI{BHCKTpOHHKa»

1.3. Onpenenuts ¢azHble HANPSKEHUS LENU MPU YCIOBUM, YTO HaudajdbHas (aza

HanpsbkeHus ¢asbl A paBHa HYJIIO:

. Uﬂejo . Uﬂe—jlzo . Uﬂejlzo
U,= Ug=—"— Uc= 3.1
A \/g B \/§ C \/§ ( )
. jo
U =38%" 2008
J3
. —j120 )
Usp = 380e 7 _ 220e?% =-110- j190,58
J3
. j120 -
Uc = 380e ™ _ 220e %% = 110+ j190,58
J3
1.4. Onpenenuth TOKU B ¢azax
=t (3.2)
Zy
i = L}? =22/ =132+ j17,34,
10e~"%
. j120
Fap =229 19015 = 10,115- 4,324,
20e 1%
_ j120
| se = 223‘; — 226120 = 111 19,054
1.5. OnpenenuTs TOK B HyJieBOM mpoBo/ie 1o [ 3akony Kupxroda
I.N:|/;1C+I-AB+I.BC (33)
Iy =13,2+ j17,3-10,115- j4,32-11+ j19,05 = -7,915+ 32,034
1.6. OnpenenuTh KOMIUIEKC MOJHON MOITHOCTH KaXK10H (ha3sl ¥ BCel e
S, =Us1, §,=Usl, S.=Ucl, (3.4)
S, =220-(13,2— j17,3) = 2904 — j3823BA
S, =(-110-190,5) - (-10,115+ j4,32)=1932+ j1404BA
S, =(~110+ j190,5)-(-11— j19,05) = 4785,9B4
S = S + S + S (3.5)
S = 2904 — J3823 + 1932 + j1404 + 4785,9 = 9622 — j2419BA
3HaK «-» yKa3bIBa€T Ha aKTUBHO-EMKOCTHOU XapaKTep HATPY3KH.
1.7. ITocTpoUTh BEKTOPHYIO AUATPAMMY JJISI HOPMAJIBHOTO pexXruMa pabOThI
m,:5i, I, 22—44c I, —11—22 I, —22—44 I, —328—656cm
cm 5 4 5 ¢ 5 N 5
m, =502 1, =380 7001, =220 44cm
cm . 50 > 50
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dazHbIe TOKK OTKJIAJBIBAEM OTHOCUTEIBHO (Da3HOTO HanpspKeHus U, C Ha4albHOW
¢a3zoii paBHoii 0.
BekTopHas tuarpamma npejcTaBiieHa Ha pucyHke 3.3.

2. ABapuiinpie peKUMBbI pabOTHI
CxeMbl npu aBapuHHBIX pekUMax padOoThI MPe/ICTaBICHBI Ha pUCYyHKE 3.2.

a) 0) L Ha Ea B) W T
T [ W Iy S
A._..||_| ]_ N T Rs ~
NS R B'_'W\_:'—‘ B
B'_"“ Y v \—l |—1

vy .

oy, Ee & cC =:|
vy
0

Pucynok 3.2 — CxeMbl ipu aBapuiiHOil paboTe 1enu
a) oOpBIB HYJIEBOTO MTPOBOIa; 0) 0OpbIB (hasel B; B) kopoTkoe 3ambikanue B (haze C

OOpBIB HYJIEBOTO ITPOBOIA
2.1 PaccunTath mapameTpsl 1IEMU IPU 00PBIBE HYJIEBOTO MpoBoaa (puc. 3.2, a)
2.1.1 IIpoBoAMMOCTH Kaxk101 (pa3bl

1

v, = (3.6)
_
1 .
y = 6-—18 = 0,06 + j0,08Cwm,
y, = 16+ 12 =0,04045- j0,02938Cwm ,
1
3_/0 = E =01Cm

2.1.2 Tlepekoc HanpsHKEHUs, BOSHUKAOUTUN MTPHU 00pBIBE HYJIEBOT'O MPOBO/IA

o/ 0 +0 +Oc
Uwn = a7 s Ye (3.7)

YatVp+Ye

-7915+ j32,03
0,06+ j0,08+0,04045 - j0,02938 + 011

2.1.3 ®da3zHoe HanpsHKEeHUE IPU 0OPHIBE HYJIEBOTO MPOBOA
/

Up =Uo-U/, (3.8)

Uwn' =

= 0,43529 + j160,04 = 160,04e'*%B

/

U, = 220-0,43529 - j160,04 = 219,5647 - j160,04 = 271,7e17%%%p

23



MCTOI[I/IIICCKI/IC YKa3aHus 110 BBIITOJTHCHUIO KOHTPOJIBHBIX pa60T
<(3J'ICKTpOT€XHI/IKa U DJICKTPOHHKA»
/

U, =-110- j1905-0,43529 - j160,04 = -110,43529 - j35054 = 367 524e/2°2°°B

/

Uc =-110 + j1905- 043529 - j160,04 = -11043529 + j30,46 = 114,559 /°***B

2.1.3 JInHelHbIi TOK Npy 00pBIBE HYJIEBOIO MPOBO/IA
/ /

i@=U¢y_@ (39)

. / .

| ic = (219,5647 - j160,04)(0.06 + j0.08) = 25,977 + j7,9627 = 27,17e"% 4

. / -

| 5 = (-110,43529 - j350,54)(0,04045 - j0.02938) = -14,7659 - j10,9348 =18,3377e /218524
/

| sc =(-110,43529 + j30,46)0,1=-11,04 + j3,046 =11,4524¢ 115457 4

2.1.4 MomHocTb, oTpedisiemast Kakaou (a3oil nmpu oOpbIBE HYJIEBOrO MPOBO/IA,
ompenensercs mo ¢opmyie 3.4

S, =(219,5647 — j160,04)- (25,977 — j7,9627) = 4429,59 — j5905,0650

S, =(-110,44- j350,54) - (-14,77 + j10,93)=-2139,33 - j932,82B2

S, =(~110,44+ j30,46) - (-11,04— j3,046) =-103511+ j1022,05B4

BekTopHas quarpamMmma aBapuiHOTO PEXUMA MPECTABICHA HA pUCYHKE 3.4.

OO6pnIB (hazHoro nposoaa B

2.2 PaccumuTaTh apaMeTphl 1enu npu oopeiBe (hazHoro nposoaa B (puc. 3.2, 6)

2.2 111pu oOpeiBe Pa3HOTO MPOBOJA M3MEHSIOTCS MapaMeTphl TOJIBKO aBapUHHON
(ha3bl, IBYX APYTUX OCTAtOTCS 0€3 U3BMEHEHUS.

—A_i9— -J53 : : .
2,=6-18=10e"0Om  jJ _oo0p |4 =22 =132+ j17,34
Z. =100m Uc = 2206/ = 110+ j190,58 lc =22e"% = -11+ j19,054
Z, =°Om
=B Uz =08 Iz = 04

2.2.2 Tox HyneBoro nmpoBoa mpu oopwiBe ¢asel B, onpenensercs mo ¢opmye 3.3

I =13,2+ j17,3-11+ j19,05 = 2,2+ j36,35 = 36,41656 %653 4

2.2.3 MomHocTh, ToTpebasiemast Kak10# ¢azoit mpu o0pbeiBe (hazHoro mposoja B,
onpenensiercs o Gopmyne 3.4

S, = 220(13,2 + j17,3) = 2904 — j3823BA

S. = (~110 + j190,5)(-11+ j19,05) = 4785,9B84

BekTopHas quarpaMmma aBapuiHOTO peXXKHUMa MpeAcTaBlicHa Ha pUCYHKe 3.5.

Kopotkoe 3ambikanue ¢asbi C
2.3 PaccuuTaTh mapaMeTphl LIETH TPU KOPOTKOM 3aMbIkaHuu B ¢aze C (puc. 3.2, B)

2.3.11Ipu KOpPOTKOM 3aMbIKaHUHN U3MEHSIOTCS MapaMeTPhl TOJIBKO aBapUiiHOM (a3bl,
IBYX OPYTUX OCTAIOTCA 0€3 N3MEHEHUS.
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z,=6-j8=10e""%0m

U. = 2208 | =220 =132+ j17,34
_ oy i36 . ) , .
2, =16+ J12=20"0m  j, _ 2206 = 110 j19058 |5 =116 =-10,115— j4,324
2. =00m U.=0B l e =(8-10)1 ¢

lco = (8+10)(-11+ j19,05) = -110+ j1905 = 219 9778¢"%°4
2.3.2 Tok HyIeBOro mpoBOZAa IMPH KOPOTKOM 3aMbikaHuu B (paze C, ompenensercs
o gopmyire 3.3

Iy =132+ j17,3-10,115- j4,32-110 + j190,5 = -106,915+ j203,48 = 229,8585¢e"'""*~4
2.3.3 MommHoCTh, moTpedasieMast Kax10i ¢ha3oi mpu KOPOTKOM 3aMbIKaHUU B ¢aze
C, onpeaensiercs o ¢popmyie 3.4

*

S, =Ual,, S, =220(13,2+ j17,3) = 2904 — j3823BA4

~

S,=Us1, S, = (-110 - 190,5)(-10,115 + j4,32) = 1932 + j1404BA
BekTopHas nuarpamMmma aBapuifHOTO peXuMa MpeCTaBlIeHa Ha pUcyHke 3.6.

Pucynok 3.4 — BekropHas nuarpamMma npu oOpbIBe HYJIEBOTO IPOBOJIA
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O Ua

Pucynoxk 3.6 — BekropHas iuarpamma npu KOpOTKOM 3aMbIkaHuu ¢a3sl C
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MCTOI[I/IIICCKI/IC YKa3aHus 110 BBIITOJTHCHUIO KOHTPOJIBHBIX pa60T
«3J’ICKTpOT€XHI/IKa U DJICKTPOHHKA»

BapuanTsel 3aganuii 17151 BHINOJIHEHUS] KOHTPOJILHOI padoThI 3

Tabnuua 8 — YncnoBbie 3HAUSHUS /1J1s1 BHITTOJIHEHHS] KOHTPOJIBHOM paboThI 3

ConporuBiaenus ¢pa3, Om
Bapuaur | U, B daza A Pa3a B ®Paza C Bun aBapuu
Ra | XaL | Xac | R | XL | XBc | Rc | XcL | Xcc

1 220 8 12 12 25 6 25 OO6psIB hazbr A
2 380 | 15 34 8 15 10 15 28 | OOpbIB HYIs
3 220 6 25 6 14 30 25 14 | K3 ¢a3sl C
4 380 8 24 10 20 10 12 12 | O6psiB azer C
5 220 20 25 10 32 4 18 K3 ¢azer A
6 380 | 10 12 16 32 10 18 25 | OOpbIB HyIs
7 220 9 16 10 18 25 16 12 | K3 ¢ass B
8 380 7 24 10 16 12 7 30 | O6psIB da3sl B
9 220 20 28 7 30 12 20 K3 ¢azer C
10 380 16 34 12 20 16 18 28 | O6psiB dazel C
11 220 | 14 18 16 18 28 18 34 | K3 dazer A
12 380 | 12 8 15 18 34 12 40 | K3 a3 B
13 220 20 12 12 40 15 20 OO0pbIB HYyIIS
14 380 6 34 15 20 6 25 12 | O6psiB hazer A
15 220 8 24 6 25 12 24 34 | K3 ¢a3zel C
16 380 | 14 20 10 24 34 14 12 | O6peiB HYynS
17 220 18 25 14 12 10 18 K3 ¢a3el B
18 380 9 12 10 18 9 16 25 | OOpeIB HyIs
19 220 7 24 9 16 25 20 15 | O6pmiB azel B
20 380 | 12 20 10 24 12 6 12 | K3 ¢azsl C
21 220 18 28 12 30 8 24 OO0psIB azer A
22 380 | 14 34 16 18 14 20 12 | O6psiB (azel B
23 220 | 12 8 14 18 28 18 10 | K3 ¢azs1 C
24 380 20 15 24 34 9 25 | O6psiB dazsl C
25 220 6 25 12 15 12 7 24 K3 daszsr A
26 380 8 34 6 25 12 20 30 | K3 ¢a3m B
27 220 | 14 20 8 24 12 18 10 | O6psIB azel A
28 380 18 10 20 10 14 28 | O6psiB (hazel B
29 220 9 16 25 10 25 5 24 K3 ¢azel C
30 380 7 12 9 16 15 20 12 | O6psiB azer C
31 220 | 12 20 7 24 30 25 34 | K3 ¢azer A
32 380 18 10 20 10 8 12 | O6peiB HYynA
33 220 | 14 18 28 16 28 8 24 K3 ¢a3zer B
34 380 5 34 14 18 14 20 10 | O6psIB pazer A
35 220 | 14 30 12 8 40 18 25 | O6peiB haze1 B
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