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1. TunoBbIe 3ala4uy U MIPUMEPLI UX pCIICHUA.

3 anxgawyua l TpexdasHslii CHMMETPUYHBIN MPHUEMHUK,

COCTMHEHHBIN B 3BE3y L,=2,=2.=
=2,=221% =(11-j1905), Om  mnomkmouen K
TpexdazHomy CUMMETPUYHOMY re”Heparopy, dazHoe

Hanpspkenue  kotoporo U, =220B. Omnpenenuts TOKH H

MOIIHOCTH MPHUEMHHUKA.
Pemenue: I3 KoMIekca CONPOTUBIICHNS] IPUEMHUKA

umeem: Z, =220m, R, =110m, X, =-19,050m, ¢ =-60°.

Tak kak reHepaTop W MPHUEMHUK CUMMETPHUYHBIC, PEKUM
paboTsl TpexdazHoi 1enu OyAeT CHMMETPUIHBIM.
Cucrema ¢ha3HBIX HaNPSHKEHUH TeHepaTopa B KOMIUIEKCHON
dhopwme:
U,=U,=220B;

U, =U,\ " =2200 " = (-110- j190,5), B;
Ug =U A% =2200%% =(-110+ j1905), B.

B cummerpuuHOM pexxume paboOThHl  IEMH  y3JIOBOE
Hanpsbkenne Uy =0, mosromy QasHble  HalpsoKEeHUS
MPUEMHUKA paBHBI ()a3HBIM HAIPSDKCHUSM IeHepaTopa:

U, =U, =220B;
U,=U, = 2200 B;
U,=U,=2200""" B.

JInHeliHbIe HaIIPsPKCHU A IIPUCMHHUKA TaKXE  PaBHbI
JIMHEWHBIM HAIPSOKCHUAM I'€HEpAaTOpa:

U,=U,=U,-U,=220+110+ j1905=
=330+ j190,5=381"*"  B;
U,. =U - =Ug-U,. =-110- j1905+110- j1905=



=—j381=381 /" B;
u,=U,.,=U.-U,6=-110+ j1905-220=
=-330+ j190,5 =381 B.
®da3Hble (JIMHEWHbIE) TOKU IPUEMHUKA!

- :% - 222}\,2—?60" :10}\‘j600 = (5+ ]8,66) s A:
—j120°
j120° .
1. = g = % =107\,180 = _1OA,
Z, 2%
re l,=l,=1,=1,=10A; I, =1,=10A.

CyMMa KOMIUICKCHBIX TOKOB IIPH CHMMETPHYHOM PEKUME
1,+1,+1.=0.
AKTHBHAsI MOIITHOCTh TPUEMHHKA
P=3U,l,Cosp=3-220-10-0,5=3300Br,
rne Cosg =Cos(—60°) =0,5.
PeakTHBHAs MOIIHOCTH IPUEMHHKA
Q=3U,1,Sing =3-220-10-(-0,866) = -5716Bap,
rne Sing = Sin(—60°) =—-0,866.
3HaK «MUHYC» y PEaKTUBHON MOIIHOCTH MOKa3bIBAET, YTO

Tpex(da3Hblii MPUEMHUK UMEET EMKOCTHBIN XapaKTep.
[TonHast MOIIHOCTH MPUEMHUKA

S =/P?+Q* =+/3300? + 5716 = 6600 BA.

OnpenenHM MOIITHOCTH MMpUEMHUKA KOMILIICKCHBIM
MCTOAOM:

S=U, L+L_Jb L,+L_Jc L =220-107%" + 22007127 .1 006" 4
+ 2200100 = 2200071% + 22000 + 220007 =
= 66000 %" =3300- j5716.
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N3 xommiekca MomHOCTH mnoiydaem: S =6600BA,
P=3300Bt, Q=-5716Bap. BekropHnas pmuarpamMmma B
KOOpAMHATaX KOMIUJIEKCHOM TIOCKOCTH M300pakeHa Ha puc. 1.
W3 BekTOopHOW jauMarpaMMbl BHJIHO, 4YTO TOKH B (hazax
pUEMHUKA OTIEPEKAIOT COOTBETCTBYIOIIHNE dasznbie
HampspkeHus Ha  yron @ =-60°, 4YTO COOTBETCTBYET
€MKOCTHOMY XapakTepy Harpy3KH.

+1

“ 50B
2A
Uas
ll Q/\ lh
) ¢
*)
Uca Uc 2
_ ¢ Us
C — B
Usc
I
Puc. 1

3 a naua 2. TpexdasHblil reHEepaTOp C CUMMETPUYHOM
cucreMoil Hampsbkenuidi, U =380 B mnoaxmouen k

MPUEMHHUKY, COCOIUHEHHOMY B  3BE3Jy, KOMILUIEKCHOE
COIIPOTHUBJICHUE OTMACIBHBIX (a3 koTtoporo 3amanbl: Z, =40

Owm; Z, =400 = (34,64+ j20), Om;

Z, =400 =(34,64— j20), Om.

OHpe,Z[eJ'II/ITL (ba3HBIe u HHHeﬁHLIe HaHp}I)KeHI/I}I U TOKHU
HpI/IeMHHKa, cro aKTI/IBHYIO, peaKTI/IBHYIO n HOHHYIO
MOIIDHOCTH, HOCTpOI/ITB Tonorpaq)nqecxne I[I/Ial“paMMLI
HaHp&I)KeHI/Iﬁ nu BCI(TOpHBIC IlI/IanaMMBI TOKOB I CJ'IC,Z[YIOH_II/IX
pe)KI/IMOBI



1) npu HaMM4YMU HYJIEBOTO MPOBOJA, COMPOTHBICHUE
KOTOPOI'O PaBHO HYIIIO;

2) 0e3 HYJCBOTO MIPOBO/JIA;

3) mpwu pasrpy3ke oJHOH (a3sl 63 HYJIEBOrO MPOBO/IA;

4) 1mpu KOPOTKOM 3aMBbIKAHUHM OJHOW (ha3bl O3 HYICBOrO

IIPOBOJIA.

Peme nue: Cyad no UCXOAHBIM JITaHHBIM, Tpex(da3HbIN
MPUEMHUK HECUMMETPHYHBIN, XOTS TOJHBIE COMPOTHBIICHUS
oT/enbHBIX (a3 oauHakoBbl U paBHBl 40 OMm, HO Xxapakrep
Harpy3ku Qa3 pas3nuuHblii: B ¢a3ze a — aKTHBHas Harpyska
(p,=0), B ¢da3e b — wuHmykTHBHBII XapakTep Harpy3ku

(@, =30°), B ¢ase ¢ — eMKOCTHBIH XapakTep Harpy3Ku

(@, =-30°). B cBsa3u ¢ 5THM pexUMBI pabOTHl TpexdazHON

uenu OyayT HECUMMETPUYHBIMHU.

Peosicum 1. Ilpu necummempuunou Haepyske, cOeOUHEHHOLU
36€300li U Hamuyuu Hy1e8o20 Npoeood, CONPOTUBJICHHE
KOTOporo Z,  paBHO  HyJIIO, Y3JI0BO€  HAaNpsOIKEHUE

U, =1yZy =0, nostoMy ¢a3Hble HanpsHKEHUs IPUEMHUKA
U,=U,-U,=U,,
U,=U;-U,=Ug,

U, =U.-U,=U..

da3Hoe HanpsHKeHHE TeHepaTopa

Y. 3% 20

U, =
» /3 173

Cucrema (ha3HBIX HaNpsDKEHUH TeHepaTopa B KOMIUIEKCHON
dopme:

U, =U,\" =220 B;
U, =U, " =2200" = (-110- j1905), B;
U, =U "% =2200%" = (-110+ j1905), B.



Cucrema  nUHEHHBIX  HaOpsHKEHUM  reHeparopa U
IIPUEMHHUKA!

U, =U,-U, =220+110+ j1905=330+ j1905=

=380, B;
Uge =Ug —U =-110- j1905+110- j1905=—j381=
=387, B;
Uca=U. -U, =-110- j1905-220=-330+ j1905=
=381 | B.
®da3zHble (IMHEWHBIE) TOKH MPUEMHUKA!
1,22 2220 55 A1 =55 A, y, =0;
Z, 40
- j120° -
1, =2 22 55 (L4763 j2,75); 1, =55 A,
Z, 40M%
Vip = -150°;
j120° o ]
1 =2 2200 g (47634 j275); | =55 A,
“Z, a0 i

v, =150°.

Tok B HyJI€BOM IIPOBOJIE:
Iy=1,+1,+1,=55-55j-4,763+ j2,75-4,763+ j2,75=
=-4,026=4,0261"%"; 1, =4,026A, y,, =-180".

Kommiekcuas MOITHOCTb IPUCMHHKA:

* *

S=S,+S,+S,=U_I,+U, 1, +U_l =
=220-5,5+ 2200 %" .5 5 4 22001 .5 511 =

=1210+121007 3 +12100% =1210(L+ M* +1713") =
=1210(1+0,866+ j0,5+0,866— j0,5) =1210(2,732+ jO) = 3306
P =S =3306 Br, Q=0.



PeakTuBHas MOIIHOCTH Tpex(a3HOW Lenu B pexume |
paBHa  HyII0, TaKk KAk  MHAYKTMBHas  MOIIHOCTb
Q, =1210-0,5=605 Bap A €MKOCTHasg  MOIIHOCTb

Q. =1210-(-0,5) =—605Bap  OAMHAKOBEI U  B3aHMHO

xommeHncupyrores : Q=Q, — Q. =0.

Tonorpaguyeckass auarpaMMa Hanps>KEHUR M BEKTOpHAas
qUarpaMMma TOKOB B KOOpAMHATaX KOMILJIEKCHOM IUIOCKOCTH
st pexuma 1 mocrpoeHa Ha puc. 2.

Bexktop TOkKa B HyneBoMm mpoBoje |, Ha auarpamMme

MOJYy4YeH B pe3yJabTaTe CYMMHUPOBAHHUS BEKTOPOB (ha3HBIX

TokoB 1, 1,1

Pesxcum 2. B 3TOM peXHME HUMEEM HeCUMMEMPUYHYIO
mpexgasuyro yensv 6e3 HY1e8020 NPOBOId.

Jlnst onpeaenieH st y3JI0BOro HampsbkeHus 1mo dopmyie (1),
BBIYMCIUM MPOBOAMMOCTH OTHENIbHBIX (pa3 MpPHEMHHKA B
KOMIUIEKCHOU (opme :

Y, = -1 _o025-2510%Cm;
= Z, 40

a

Y, = zi - 40;300 =25-1021% = (2165~ j1,25)-10% Cw
b




= 1. 1_ _=25-1020%" =(2165+ j1,25)-10%,Cwm.
= ; 40}\(—]30
VY3110B0€ HaNpsKEHUE
L_JN — liAXa +uBXb +QCXC (l)
Xa +Xb +Xc

OHpCILCHHM OTACIBHO YHCIHUTCIb W 3HAMCHATCJIb 3TOIO
BBIPpAKCHUA:

U,Y,+U.Y, +U_.Y,  =220-25-102 + 2200 " .25.10 24 1% +
+ 22001 .2 5107203 =5 5(14+ A0 4 B0 =
=5,5(1-0,866— j0,5-0,866+ jO,5) =5,5(-0,732) = 4,026 A.
Y, +Y,+Y,=(25+2165- j1,25+ 2165+ j1,25)-107% =

=6,83-10°Cm.
Uy, = Lozi =-58,95 B.
6,83-10

®da3Hble HaMPSHKEHUS TPUEMHHKA!
U,=U,-U, =220+5895=27895 B;

U, =U,-U, =-110- j1905+5895=-5105— j1905 =

=197,2x 1'% B;
U.=U.-U, =-110+ j1905+5895=-51,05+ j190,5=
=197,20)1%" B.
(DaSHLIe TOKH HpI/IeMHI/IKaZ
1, = Y, 27895 _ 6,974 A;
Z. 40
U, 197,2x 1%

=S =T~ 498 = (<3486 j3486), A;
b

_U, 197,20
Z, 400
IIpoBepka o nepsomy 3akoHy Kupxroda:
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la + lb + I_C = O’
6,974—3,486— j3,486—3,486+ j3,486~0.

KomruiekcHas MOIIHOCTh MPUEMHUKA!
S=U,l,+U,l, +U_ I, =27895-6,974+197,2x 1% .4 93" +

+197.2)0195° .4 93)7 1135 219454+ 972,200%% 197223713 =
=19454+842+ j486+842— j486=36294 B-A;
P=36294 Br, Q =0.
BekropHas quarpamma 1iist pexxumMa 2 ocTpoeHa Ha puc. 3.

Pesicum 3. Paszepyska oouotl ¢pasvl (nanpumep, ¢azer b
npuemuuxa) 0e3 Hylneeoeo npogooa. B 3TOM pexume

conpotuBienue ¢Gaspl b Zy = o, a IPOBOAUMOCTb 3TOU (a3bl
Yp=0.

1]
Uca
[
Puc. 3
VY3110B0€ HaNIPsKEHUE
A
B S A

Yucnurears U 3HaMeHaTeb 3TOr0 BBIPAKCHUS:
U,Y,+U_.Y,=220-25-102 + 2200 . 2,5-10 2% =55(1+
+M%0) =55(1-0,866+ j0,5) =0,737+ j2,75=2,847A7" A;
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Y. +Y.=(25+2165+ j1,25)-10° = (4,665+ j1,25)-107% =
=4,83.10°M%", Cum;
j75° - )
Uy = % =58,94)M0%" = (29,47 + j51,04), B.
4,83-107°A0°
@a3Hble HAIPSKEHUS TPUEMHUKA:
U,=U,-U, =220-2947— j51,04=
=190,53— j51,04 =197,25, 1" B;
U, =U,-U, =-110- j1905-29,47 - j51,04 =
=-139,47— j24154 = 27891\ "*" B;
U,=U.-U, =-110+ j1905—-29,47 - j51,04 =
=—139,47 + j139,46 =197,24).*" B.
®da3Hble TOKU NMPUEMHUKA:

—j15° .
I - %_ _ % _ 4,031 = (4,763— 1.276), A;
lb = & = & = 01
Z, ®©

U, 1972408
[Iposepka o nepomy 3akony Kupxroda:
la+lp+1c =0
4,763— j1,276— 4,763+ j1,276 =0.
KommnnekcHas MOIIHOCTL ITPUCMHUKA:

S=U,l,+U, 1, +U 1 =19725 7" .4,930"" +
+197,24)5°. 4,931 115 = 972,6(1°° + 10 1%°) =
=972,6(1,866— j0,5) = (1815— j486,3) =187 °° BA;

S =1879 BA, P =1815 Bt, Q =-486,3 Bap.
BekropHas auarpamma it pexxuma 3 moctpoeHa Ha puc. 4.

13
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N3 pacueroB u BekTOpHOW auarpammsl (puc.4) cienyer,
YTO HamnpsHKeHWE Ha pasrpyxaeMoll ¢a3e mNpuUeMHHKA
Bogpactaer (Up = 279 B) mo cpaBHeHnio c¢ (a3HBIM
HanpspkeaneM reHepatopa (Us = 220 B); cucrema da3Hbix
HalpsDKEHUH NPUEMHUKA HECUMMETPUYHA, TaK KaK BO3HMKIIO
y3noBoe Hanpspkenue (Un=59 B); Tok B pasrpyxaemoii dase lp
paBeH HY/IIO, a TOKM B JIBYX ApYrux ¢azax OJUHAKOBBI IO
BemuuuHe (la = lc = 4,9 A) u HaxogsaTcs B mpoTuBOdasze
(caBUHYTHI Ha yroJ, paBHbId 180°).

Pescum 4. Kopomkoe 3amvikanue o00HOU ¢hazvl 0Oe3
Hyneeo2o nposoda. Ilpeamonoxum, uro ¢aza b npuemHmKa
3aMKHYyTa HaKOpOTKo, Toraa Zp =0, a Yp = oo.

VY3110B0€ HanpsKEHUE

. _YaYa+UpYp+UcYe o
. _®

Ya+Yp+Ye ©
PackpoeM HeompeaeneHHOCTh, pPAa3JeNUuB YHUCIUTEIb |
3HaMeHaresnb Ha Y !

+1
A 0B
Ua 2A
lﬂ U:\ Ll_\B
+j Us n/ Uxn N
Uca / /oc Uec Us
Wy |
® = B
Usc
Puc. 4
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b Yb

— (-110- j1905), B.

da3HbIc HAIPSHKCHUS TPHCMHMKA!

U,=U,-U, =220+110+ j190,5=330+ j1905= 38 —
= QAB;
Uy=Ug-Uy=U;-Ug=0;
U,=U.-U, =-110+ j1905+110+ j1905= j381= 38PN —
=Ugg =Ug
Taxkum oOpa3om, HampsHKEHUE HA KOPOTKO3aMKHYTOH (haze

paBHO HYITIO, a Ha JBYX JAPYrHX (a3aXx OHO BO3pacTaeT o

JINHEMHOTO HAMPSLKCHUS.
®da3Hble TOKU MPUEMHUKA:

j30° - )
1, =2e (3BT g 5050 _ (82494 j4,763), A;
z, 40
U, 0
1, = Z_ = —, HEONPEICICHHOCTH!
b

j90° o
I, = LEJ— = jiikiso“ = 9,525 = (—4,763+ j8,249), A

PaCKpOGM HCOIIPCACIICHHOCTb JIA TOKa I_b o nepBomMy

3akony Kupxroda:
1,+1,+1.=0, orkyna

Iy =—(1,+1,)=—(8,249+ j4,763— 4,763+ j8,249) =
= —(3,486+ j13,012) = -3,486 j13,012=13 4711 A,

s pacu€Ta BUAHO, YTO MPH KOPOTKOM 3aMbIKAHUU OJIHOH
(1)2[3]:1 TOKH BO BCCX (pa:«:ax CYIICCTBCHHO BO3pacCTaroT,

0CcOOCHHO B KOPOTKO3aMKHYTOH (hasze.
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KomMrnekcHas MOIITHOCTh TPUEMHHUKA!
S=U,I,+U,1,+U 1, =38D0% 0525, 1
381V -9,5250 12 =3629(\” + A 1*") =3629(1+ 0,866 j0,5) =
=6772- j1815= 7011 BA;

Puc. 5

S =7011BA, P=6772 Bt, Q =-1815 Bap.

BekropHas auarpamma st pexxumMa 4 mocTpoeHa Ha puc. 5.
3 a g1 a u a 3. Tpexda3uslii CcUMMETPUYHBIH

ANEKTPOTPUEMHHUK, COCTMHEHHBIN B TPEYrOJbHUK,
KOMIIJIEKCHBIE COMPOTHUBJICHHS] OTIENBHBIX (a3 KOTOpPOTO
3a/1aHbl: Z,=2,.,=2.,=38% Om, nmomkmoueH K

CHMMETPHYHOMY T€HEpaTopy C JIHMHEHHBIM HanpsHKCHUEM
U , =380 B (puc. 6). Onpenenuts (azHble U JINHEHHBIE TOKH,

AKTUBHYI0, PCAKTUBHYKO M IIOJIHYHO MOIIHOCTHL IIPUCMHHUKA,
IOoKa3aHud BATTMCTPOB U AKTUBHYIO MOIIMHOCTH IMPUCMHHKA I10
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MOKa3aHWsIM  3TUX  1puOopoB. IloCTpOUTH  BEKTOPHYIO
yarpamMmy HalpsKeHUH U TOKOB.

*
Ao LW Ia
Uss [

Bo-4

Uca
C GUv "W
N

—
[s

Puc. 6

Pe m e Hn mue : Ilpu coenuHeHNN OTHETBHBIX (a3
MIPUEMHHKA TPEYrOJIHbHUKOM JIMHEWHbIE W (Da3HBbIC HATIPSKEHUS
paBHBI:

U,=U,=380B.
3anumiem ¢azHbIe HAMIPSHKEHUS B KOMIUIEKCHOM opMe:
U,=Y,=380B;
U, =U "% =38001" = (-190- j329),B;
U, =U WP =3800"" = (-190+ j329), B.

da3HbIe TOKU IMIPUCMHUKA:

Lo =2 = T S 1007 - (5= 866) A
Zab

- j120° o
1, _ Y, _ 3800 — =100 =-104;
©Z, 38
U, 380
~ca an - 387\,j60°
Crenoarensro, 1, =1, =1,=1,=10A.

=10M%" = (5+ j8,66), A.

JInHeliHbIE TOKU:
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l,=1,-1_,=5-]866-5-j866=-j17,32=17,321" A;
lg=1,-1,=-10-5+ j8,66=-15+ j8,66=17,321"" A;

le=1_-1,, =5+ j866+10=15+ j8,66=17,323%""

IIposepka: Tak Kak JUHEMHbIE TOKH 00pa3yrOT 3aMKHYTHIH
TPEYrOJAbHUK, TO I€OMETPUYECKas CyMMa HMX BCerga paBHa
HYITIO:

Ia+1lg+1c=0;
—j17,32—-15+ j8,66+15+ j8,66=0.
JIuHelHbIe TOKU IPU CHMMETPUYHOM PEKHAME OJUHAKOBBI
Ta=lg=1c=1,=1732 A,
a COOTHOIIIEHNE TUHEHHOTO 1 (baSHOFO TOKOB COCTaBJISIET
1 1132 19353

l, 10

Kowmmmexcuas MOIIMHOCTb IMPUEMHHKA:

S=Uglp+tUpl+U 1, =
=380-1007%%" + 3800 112" . 10018 4 380012 . 100 1% =
=3-38000/%%" =114000)%°" = (5700+ j9873) BA,
otkyna S =11400 BA, P =5700 Br, Q =9873 Bap.

[Tokazanust BATTMETPOB:

a) I1o ToxoBoii 0OMOTKe mepBoro BartMeTpa Wi mporekaer
TOK la, @ K 0OMOTKE HAMPsHKEHUS €ro MPUJIOKEHO HANPSDKEHUE
U ,5 - [loaToMy 1151 onpeiesieHus MOKa3aHusl 3TOr0 BaTTMETpPa

KOMIUICKCHBIM MCTOAOM HaJA0 TICPECMHOXHUTH KOMIIJICKCHI

Up=Uyul,, e

1, =380-17,320J%" = 65816\ = j6581,6, BA.
Tak kak BCHICCTBCHHAA 4YaCThb KOMIIJICKCA §1 paBHa HYIIIO,

TO MMOKa3aHUEC IICPBOT'O BATTMETpPA PW1:O.

S,=U

~ab

18



6) ITo ToxoBoi#t 0OMOTKe BTOporo Bartmerpa W2 mportekaer
TOK lc, a K 0OMOTKE HAaPSHKEHUS 3TOTO BATTMETPA MPUII0KEHO
HaTpsHKCHHUE

L_JCB = _QBC-
Hostomy S, =U lc =-Ug.l¢;
—U .. =—380A 2% = 3gOp 1) 1%° — 3800 B;

S, =38001%°.17,321 %" = 658161 %° =
= (5700+ j3291) BA;
[lokazaHne BTOpPOro BaTTMETPa pPaBHO BELIECTBEHHOM
9acTH KOMITIeKca S,, T.e. Pw2= 5700 Br.

AnreOpamdeckas CcyMma ITOKa3aHUW OOOHMX BaTTMETPOB
paBHa aKTUBHOM MOIIHOCTH Tpex(a3HoM Lenu:

P=PR,, +PR,, =0+5700=5700 Br.
Bekropnas auarpamMma ajisi cxemsl (puc. 6.) MOCTpOeHa Ha
+1

uc. 7.
P * 100B
2A

uuh

I s
lca @ab _l_ub
+J Pca
gcu bc ch
lbc
I.
Puc. 7

3 axawu a4 Tpexda3ublii HECUMMETPUUHBIH TPUEMHUK,
COEJIMHEHHBI B TPEYroJbHUK (pUC. 6), MMeeT Cleaylolne
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dasuble  compormbnenms:  Z,, =38,  Z, =380m,

Z. =381,

Cucrema HaNpsDKCHUH MCTOYHMKA ITUTaHUS CHMMETPHYHA,
U,=380B. Ompenenutrs ¢dasHple U JIUHEHHBIE TOKHU,
aKTHBHYIO, PEAKTHBHYIO U IOJIHYI0 MOIIHOCTH HNPHEMHUKA; IO
MOKAa3aHUIO BAaTTMETPOB OIPEACIHTh AKTUBHYIO MOIIHOCTh
npueMHUKA. [loCTpOUTH BEKTOPHYIO IMarpaMMy TOKOB H

HaIpsKECHUH.
P e m e Hn u e : ®azHple (IMHEHHBIE) HaNpPSHKEHUS

Tpex¢a3Hou Henu:
U, =U, =380 B;
U, =U, A% =3800 "% = (-190- j329), B;
U, =U, A% =3800% = (-190+ j329),B.
®da3Hble TOKU MPUEMHUKA:

1, =om - 380 g - (5_ jg66) A;
Z,, 38

- j120° -
Uy _ 3800 =100 " = (-5- j8,66), A;

Tz, 38
j120° -
I = %""" = 2223‘1_600 =100 =—10A.

JIMHEWHbBIC TOKH:
l,=1,-1_,=5-j866+10=15—j8,66=17,32A" " A;
lg=1, -1, =-5-j866-5+j8,66=-10,A;
le=1,-1,, =-10+5+ j8,66=-5+ j8,66 =100"" A.

IIposepka:
Ia+lg+1c=0;
15— j8,66—10—5+ j8,66=0.
Kommnekcuas MOIIIHOCTH ITPUCMHUKA:
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¥ Ed £

S=Uglap +Uplp +Ug 1l =

~ ~ ab -~ al ~ ca—-ca
=380-100J%”" + 3800 12" . 10012 4 380012 . 100 18" =
= 38001/%°" + 3800+ 38001 1% =
=1900+ j3291+3800+1900— j3291= 7600 BA,
CnenoBarenpHo, P =S =7600 Bt, Q=0
[Toka3aHus BaTTMETPOB:

S, =U, |, =380-17,32% = 65820% =
= (5700+ j3291) BA.
[Mokazanue nepsoro Bartmetpa (W1) Pw1=5700 Br.
S,=U CBL; =3800%" . 100712 = 380001 =
= (1900 — j3291),BA;
ITokazanue Broporo BartMerpa (W2) Puwz =1900BT.
AKTHBHAs MOIIHOCTh Tpex(a3zHoro mpHUEMHHKA TIO

HOKa3aHUIO BATTMETPOB:
P = Pw1+ Pw2= 5700 + 1900 = 7600BT.
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Bekropnas guarpamma Jis  HECHMMETPUYHOTO DPEXUMA
IIOCTPOEHA Ha pHuc. 8.

N3  BexkTOpHOM  auarpaMMbl  BUJHO, 4YTO  IIpH
HECHMMETPUYHOM pPEXHME padOThI LEMH CUCTEMBI (Da3HBIX M
JMHEWHBIX TOKOB SBIISIOTCS HECUMMETPHUYHBIMH.

3 anxgawyuas Jlano: Moaynu ¢asHbIX U MexIy(DasHBIX
(JINHENHBIX) HampspkeHud  TpexdaszHoro IIPUEMHUKA,
coequnenHoro 3Besmon: U,=225B, Up=285B, U=180B,
Uap=400B, Upc=416B, Uca=370B.

Tpebyercs moCTpoUTh TOMOrpaQHUUECKyI0 JAHATpaMMy
HaIpsKEHUH.

PemeHnune: B cooTBEeTCTBUM CO BTOPBIM 3aKOHOM
Kupxroda:

Uab+ Upct Uea= 0; (2)
Uab=Ua—Up ; Upc =Up—Uc ; Uca=Uc—Ua. (3)

N3 Beipakenus (2) crmemyer, dYro Tomorpadpuveckas
auarpamMma MexxayQasHbIX HaIpsDKeHHs! TPeCTaBisieT coOoi
TPEYroJbHUK, TOATOMY €€ IIOCTPOCHHSI CBOJAUTCA K
MIOCTPOCHUIO TPEYTOJBHUKA [0 TPEM 33/1aHHBII CTOpOHAM.

[Topsinok mocTpoeHus:

1. Bei6upaem macimrad Tonorpaduyeckon JuarpaMMel.

2. B BbIOpanHOM wMacmTabe cTtpouM (B TIPOM3BOJIBHO
BHIODAHHOM HAmpaBJCHUHM) OJMH M3 BEKTOPOB CHUCTEMBI
JUHEWHBIX HanpsokeHui, Hanpumep, Uy (puc. 9).

a 50B

Puc. 9
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3. PactBopoM  1mmpKyas, paBHRIM B Macmrabe
HanpspkeHuto Uap, u3 Toukn " b " nemaem nepByro 3aceuky (1),
a U3 TOuku " ¢" pacTBOpOM,
paBHbIM HanpspkeHuto Uca, — BTOpyto 3aceuky(2). Touka
MEPECEUCHHS 3aCEUYCK OMPEEIsIeT MOJOKEeHHEe TOYKU "a" Ha
tonorpaduueckoit muarpamme, (puc. 9). Coemunsiem Touky "a"
¢ Toukamu "b" u "c" u yka3piBaeM HampaBieHUs1 BeKTOPOB Uap
1 Uca B COOTBETCTBUHU C BBIpAKEHHEM (2).

4. Teomerpuueckass  WHTEpPHpETalMi  KaXIOTO U3
COOTHOILIEHUHN BbIpaxkeHUs (3) mpencTaBiseT coOON Takxke
TpeyrojbHUKd. B cBsi3u ¢ 3tum u3 touek " b" u "c" nemaem
3aceuku (3) u (4) pacTBOPOM UHPKYJsS, COOTBETCTBEHHO
paBHbIM B BbIOpaHHOM MacmTabe HampsokeHno Up u U,
[Tepeceuenne 3aceuek (3) m (4) ompenmensieT Ha aUarpamme
MOJIO)KEHUE HEUTpaIbHOM TOYkM mpuemMHuka N. CoenuHuB
TOYKYy N C TOYKaMH &, D ,u ¢, mojydaeM BEKTOPBI (ha3HbIX
HanpspkeHuid Ua , Up 1 Ue.

3 anxaua 6. [lano: snekrpuueckas uemns (puc. 10). JI1 u
JI2 — namnel HakanuBaHusa. CucTeMa HaNpsHKEHUH TreHepaTtopa
cumMmerpuyHa.  IIpoBogummoctn  jmamm  Y1=Yo=Y  Cwm,
NpOBOAMMOCTh  KOHAeHcatopa Y. .=jY  Cm.  ®dasHoe
Hanpspkenue reHeparopa Ueor= 220 B.

Onpenenurs, Kaxaﬂ U3 Jamn OyJeT CBETUTH sipye:

d




— IIpU OPSMOM TOPSIKE ceoBaHus a3,
— IIpu 00paTHOM NOPSAKE cliefioBaHus (a3.

3 anaaya 7. laHo: cucrema HampspKeHUs Tpex(azHOTO
reHeparopa cummerpuyna, U, = 380B. [IpuemMuuk coenunén
3Be3/10i 0e3 HEHTpaJIbHOTO MPOBOAA, CONPOTHBIECHHE (a3
npuémunka Za = (6+j8) Om; Zp=(6+j8) Om; Zc =0 .

OrnpenenuTs:

1. ®dazubie Hanpspkenus npueManka Ug, Up, Ue;
2. AKTHBHYIO ¥ pEaKTUBHYIO MOIIHOCTH Tpex(a3zHOro

MIPUEMHUKA.

3 angauyua 8 JlaHo: Tpexda3Hblii MpUEMHUK COEAMHEH

3Be3/0N 0e3 HeWTpaimpHOro mpoBoja, Zc = (, ocrajabHBIC
WCXOJHbIE JaHHbIE B3ATh U3 3a/1a4H 7.
Onpenenuts:
1. Toxl;
2. AKTUBHYIO M PEaKTHUBHYIO MOJHOCTb Tpex(da3zHoro
MIPUEMHHUKA.

3anagayva9. CuMMETpUYHBII MPUEMHUK MMHUTACTCS OT
reneparopa (puc. 11) ¢ HecumMMeTpUUHON cHUcTeMOr (a3HbBIX
HanpspkeHuii (puc. 12):

U, =120B,U, =120 *"B,U . =1200/*'B.
COHpOTI/IBJ‘IeHI/I}I IIpUCMHUKA HpHMOﬁ IIOCJICOA0BATCIIBHOCTHU
Z, =3+ j1=316M"*" 0m,
O6paTHOﬁ IIOCJICI0BATCIBbHOCTHU
Z,=1+j3=3160"""0m,
HyneBoﬁ IIOCJICA0BATCIBHOCTHU
Zop = ji1=1"0Om.
OHpe,Z[eJII/ITL [OKa3aHUsA JIMHEUHBIX aMIICPMCTPOB u
MOCTPOUTHL BEKTOPHBIC JUATrPAMMBbI HAITPS?)KCHUH U TOKOB.
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Pemenne:
1. Cucremy (a3HBIX HampsOKEHHH TeHepaTtopa pasyiokKUM
Ha CUMMETPUYHbBIE COCTABJISAIOLIME.

Z1.72.70 +1

Puc. 11 Puc. 12

Hanpsixenne npssMoi nociie10BaTeIbHOCTH:
Uy =3 U +aU, +aUo);
U, =120B,aU , = AJ120° 1200719 =1200% =
=(1039+ j60)B,
a’U, =11 12000%" =120 = (1039 - j60) B,
U =%(120+103,9 + j60+1039— j60) =109,3B.
HaHpH)I(eHHe O6paTHOI71 IIOCJICA0BATCIbHOCTU:
U =5 U2, +al);
U , =120B,a°U , = A" 112012007199 — 12001150 =
=(-1039+ j60) B;
au . =" 12009 =1200%%" = (-1039 - j60) B;
U,,= %(120—103,9 +j60-1039— j60) =

=-293=293)\ 11" B,
HaHpH)KeHI/Ie HyHeBOﬁ IIOCJICA0OBATCIBbHOCTHU:
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= % (120- j120+ j120) =40B.

[IpoBepka NPaBUIBHOCTH PA3JIOKEHHUSI HECUMMETPHYHOU
cuctembl Hanpsbxkennid U, U, ,U. Ha cUMMeETpUYHBIE
cocrapisromue U , U ,,,U ¢

u,=U,+U,,+U,,=1093-293+40=120B;
U,=a’U, +aU,, +U, =1093x %" 4 29 3) 1180")i120"
+40=-54,65— j94,65+14,65— j2535+40=—j120B;
Uc=aU,+ QZQAZ +U 5 = 109,37\-j1200 + 29,37&71‘18007{]‘1200 +
+40=-54,65+ j94,65+14,65+ j2535+40= j120B.

BexTopHble AMarpaMMbl CHUMMETPHYHBIX COCTaBJISIOMIMX
HalpsDKEHUW W 33JJaHHOW CHCTeMBbI (Da3HBIX HANPSHKCHUM
reHeparopa nocTpoeHsl Ha puc. 13:

408
Us e +]
Uno Uso Ueo

: G AT

+1

puc. 13, a — cuMMeTpuYHas COCTaBIAIOMIAS MPSAMOMN
nocuenoBareabHOCTH; puc. 13, 6 — oOpaTHON mocCHeno-
BaTeJIbHOCTH; puc. 13, B — Hy/neBOH NOCIeN0BaTENbHOCTH;
puc. 13, r — cymMMmapHas BEKTOpHas JuarpaMma, Jarolias
HECUMMETPUYHYIO CUCTEMY (pa3HbIX HAPSHKEHUI TeHepaTopa.
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2. Jna npsamMoii u  OOpaTHOH  CHMMETPUYHBIX
COCTaBJIIONUX (ha3HbIEC HANIPSHKEHUS TeHEpaTopa U MPUEeMHUKA
paBHBI MEXIY COOO0H, Tak Kak Harpy3ka (a3 oJIMHAKOBA.

V310B0€ HaNpsKEHUE HYJEBOM  MOCIEA0BATEIbHOCTH
paBHO (ha3HOMY HANPSHKEHHUIO HYJIEBOW IOCIIENOBATEIBHOCTH,
T.e. U,o=U,, =40B. Toku HyneBoii INocaeI0BaTEILHOCTH
IIpH OTCYTCTBUU HYJEBOTro mpoBoja (puc.l1l) paBHbI HyIIO, TaKk
Kak Z, = oo,

@a3Hble TOKH MNPAMOM IOCJIEIOBATEIBHOCTH OINpPENEIIsiEM
1o 3akoHy Oma:

la=on o 1093 o i _ (3283 j1094)A.
;1 3’167\‘118,43
2
lBl — L_JBl — g‘ lJA:I_ — azlAl — )\171'1200 '34,6)\,7]-18’430 —
Z, Z,
= 34,6)718%%4% = (259 j22,96) A.
lCl — & — Q‘QAI — Q-lAl — 7\4]120° '34,6}\.71.18’430 —
Z, Z
= 34,601 = (-6,94 + j34) A.
[IpoBepka:

I +1g+1g =0; 3283— j10,94—259— j22,96—
—6,94+ j34=(-0,01+ jO,1) ~ 0.
dasHple TOKN O6p8.THOI>'1 IIOCJICA0BATCIIBHOCTHU:

- j180° ) . )
e Llez ) i:; =9,272" = (-2,931~ j8,796) A;
=2 y
Ug, _ 23U,
Z, 4,

= 9,270/ =9 27205 = (9,084 + j1,86) A;

e, =

— QlAz — 7\(]120u .9’272xj251,57° —
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pHucC. 14, a — ayarpaMma CUMMCTPHYHBIX COCTABJIAIOIIUX TOKOB

— L_JCZ — QZQAZ — gzlAz — 7\‘—]1200 ‘9’2727\‘1'251,570 —
Z, Z,
= 9,270 = (—6,152+ j6,937) A.
[IpoBepka:
Ly +1g,+1c,=0; —2,931- j8,796+ 9,084+ j1,86—
— 6,152+ j6,937=0,001+ j0,001~ 0.
3. PesynpTHpytonue dhazHbie (JTMHEHHBIE) TOKH:
ly=1,y+1,,+1,,=3283-j10,94-2931- j8,796=
=299 j19,74=3583)\ 1834 A;
lg=1lg +1g + 15 =—259-j22,96+9,084+ j1,86 =
=16,82— j211= 26,98\ 1" A;
le=lg +1lg,+1e =694+ j34-6152+ j6,937 =
=—-13,09+ j40,937 = 42,9817 A,
[Tokazanusa amMmnepMeTpoB:

Ai—)|A=35,83A; Az_)|5=26,98A; A?._)Ic=42,98A-

Ha puc. 14 nocTpoeHbl BEKTOPHBIE JHArPaMMBbl:

pr[MOfI IIOCJICI0BATCIIBHOCTH,

puc. 14, 6 — quarpaMMa TOKOB 0OpaTHOM MOCIICIOBATEIIbHOCTH;

puc. 14, B— nuarpamma (ha3HbIX TOKOB IPUEMHUKA.

]()J 1 [l
+1 [l +1

By
] 1 1

|

A2

I

1
Y I

Puc. 14
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2. I/IH)IPIBI/I)IyaJILHLIe 3aJaHuA

MuamusuayaneHoe 3amanue 7.1
Pacuer Tpexda3Holi 2IeKTPUUYECKON LIEIH [IPU COSIMHEHUN
01HO(ha3HBIX OPUEMHUKOB 3BE310M.

aHo:
Cxema TpexdazHoii anekTprueckoi nenu (puc.15)
Cucrema HaIpsHKEHU N Tpex(azHoro HUCTOYHMKA

cummerpruHa, U, = 220 B, gacrora f = 50 I'. [Tapamerpsr
0MHO(A3HBIX TPUEMHUKOB OMNpeAeNuTh 1o Tabm. 1 B
COOTBETCTBUHU C WHIUBUAYAIBHBIM MU(PPOM H 3aHECTH UX B
Tabm. 2.

Tpebyercs:

1. Onpenenuts HanpspkeHUs Ua ,Up ,Uc ,Un ,Uay ,Unc ,Uca 1
TOKH la, I, Ic,IN B cliemyronux pexumax:

a) HecuMMeTpUIHbIN TTpu Zn = 0, ki1tou K 3aMKHYT;

0) HECUMMETPHYHBIN TIpH ZN = 00, KITto4 K pa30MKHYT;

B) pasrpy3ka oaHoW (a3el Tpex(da3zHOTO TNPUEMHHKA TpPU
Zn= 0, ko4 K 3aMKHYT;

r) pasrpy3ka oaHoW ¢a3pl Tpexda3HOro IPUEMHUKA MPHU
ZN = oo, k1104 K pa3oMKHYT;

I a

Puc. 15

1) KOPOTKOE 3aMbIKaHue (a3bl NpUEeMHHUKA IpU Zn=00, Kitou K
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Pa30MKHYT;
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2. Onpenenuts HanpspkeHust U, ,Up ,Uc ,Un ,Uap ,Ubc ,Uca 1

Toku la, Is, lc, IN aga cUMMETpUUHOTO HpPUEMHUKA

Z.=Zp=2c=100e 1°,Om.

3. ITloctpouth TOMOrpaduuecKue AuarpamMmbl HANpsDKEHUH C
BEKTOPHBIMHU JTMArPaMMaMH TOKOB ISl BCEX PEKHUMOB 11. 1.1
1.2. 3aJJaHus.

Tabnuna 2

Re | L | Rt | R | Rs C | B (a3bl mpuemMHHKa BKIFOUEHO
OMm [TH|OmM | OM | OM | MKD “a” “b” “c”

UuauBuayanbHOE 3anaHue 7.2
Pacuer Tpexda3Ho# NIeKTPUYECKON 1ENH IPU COSTUHEHUN
01HO(Da3HBIX MPUEMHUKOB TPEYTOJIbHUKOM.

aHo:
Cxema TpexdasHoii a1ekTpuueckoii nemu (puc. 16).
Cucrema HaNPSHKCHUN Tpexda3Horo UCTOYHUKA

cummerpuuda, U, = 220 B, gacrora f = 50 I'i. ITapameTpsr
onHO(A3HBIX MPHEMHUKOB OINpENeNUTh MO Tabl. 3 B

COOTBETCTBUHU C WHIUBUAYAJIbHBIM IMIM(PPOM M 3aHECTH UX B
Tadi. 4.

TpeGyercs:
1. Omnpegenuts ¢a3Hble U JUHEHHBIE TOKHU, AaKTHBHYIO

MOIIHOCTh OT/ENBHBIX (a3 ¥ BCEro MPHEMHHKA B CIETYIOMINX
pEeKUMAX:

a) HECUMMETPUYHOM MOJTHO(Ba3HOM;

6) ipu oOpbIBe 0/1HOM (ha3bl MPUEMHUKA.

2. OmnpenenuTh 5TH K€ BEIMYHHBI JUII CHMMETPHYHOTO
npueMHHKA Zab = Zp c= Z ca = 2008/, Om.
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3. IlocTpouTh BEKTOpPHBIE AMArPAMMBI HAIPSDKEHUNH U TOKOB

JUIsl BCEX peKUMOB 1.1 u 2 3anaHusl.
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4. OnpenenuTh NOKa3aHUS BAaTTMETPOB, 1. 1 u m. 2 3aganus, u
MOoKasarh, YTO ajreOpanyeckas CyMMa MOKa3aHW BAaTTMETPOB
paBHA aKTUBHOUW MOIIIHOCTH TpeX(a3HOTo MPUEMHHKA.

*
Ao FBWI L a
T x\J/
UAI;U(’A 1&/2
! a
BCI N5
UB('
Co-t

Tabmuma 4

Re | L | Rt | R | Rs C | B ¢a3bl npueMHUKa BKIIOUCHO
OMm [TH| O™ | OM | OM | MKD “ab” “bc” “ca”

WnpmBuayanpHoe 3aganue 7.3.
Pacyer MeTOJIOM CUMMETPHUYHBIX COCTABJISIOIINX
Tpexda3zHol CUMMETPUYHON EIH IPH HECUMMETPUYHOMN
CHCTEME HANPSHKEHUIA.

aHo:

CumMmeTpuYHbIN TpexdazHbIi MIPUEMHUK c
CONPOTHUBJIEHUEM MpsiMON Zi, oOpaTHOM Z> W HyneBol Zo
MoCJe10BaTeIbHOCTH, puc. 17.

Cucrema Hanpspkenuit U,, Up, Uc Ha 3akUMax NMpueMHUKA
HecuMMeTpuyHa (Tabi. 5).

Tpebyercs:

1. OHpe,Z[eJ'II/ITL AHAJIUTUYCCKN H Fpa(I)I/I‘-ICCI(I/I CUMMCTPUYHBIC
COCTaBJIAOIIUC (I)aSHBIX HaHp}I)KCHI/Iﬁ IMPpUCMHUKA.
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2. OmpenenuTs CHUMMETPHYHBIE  COCTaBISIOMIME  TOKOB
IIPUEMHHUKA.
3. OmpenenuTh aHATUTHYECKH M rpaduyecku (a3Hble TOKH
NpUEMHUKA.

4. OmnpenenuTs OTHOIIEHHE AKTUBHOW MOIIHOCTH HPSAMOI
MOCIIEIOBATEIbHOCTH K AaKTHBHOM MOIIHOCTH Tpex(azHOTO
NIpUEMHUKA.

A o—;‘—l/\
[B Z

BC —
C Ic %

O —
UAUBUCI, Zo

NoV V VN

Puc.17
3. JJabopaTopHbie padoThl
JlabopaTopHas pabora 7.1.

Hccnenosanue tpexdasHoOi SIIEKTPUYECKOHN IIEN IIPU
coeIMHEeHUH 0H0(ha3HBIX IPUEMHUKOB 3BE30M.

Lenb paboThI: duznyeckoe MOJICTUPOBAHUE
AIIEKTPOMArHUTHBIX MPOILIECCOB B Tpex(hazHOW IIEKTPUUECKOI
Uenu TpU COEIWHEHUH OTHO(A3HBIX MPUEMHUKOB 3BE3I0H.
BrisiBneHue posiu HyJIEBOrO MPOBOJA W AKCHEpPUMEHTAbHAs
MIPOBEpPKa pEe3yJbTaTOB pacueTa HHAWBUIYATbHOTO 3aJaHUs
7.1
IIporpamma paOoThI:

1. DOKcnepuMEeHTaJbHO  HMCCIENOBaThb  3aJaHHYO B
WHAUBUIYAIHOM 3afaHuu 7.1. TpexdaszHylo 3JIeKTPUYECKYIO
LeNb B CIETYIONINX HECUMMETPHUUHBIX PEeXKUMaX:

a) HecUMMeTpu4Has Tpex(daszHas Ienb C HYJIEBBIM
IIPOBOJIOM;
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0) HecummerpuuHas Tpex(dasHas wnemnp 0e3 HYJIEBOTO
MIPOBOJIA;

B) pasrpy3ka ojHOH a3bl Tpex(a3sHOro IHpHUEMHHKA C
HYJIEBBIM TIPOBOJIOM;

I) pasrpy3ka oJHOW ¢a3bl Tpexda3sHOro mnpuemMHuKa 0Oe3
HYJIEBOTO MIPOBO/JIA;

) KOPOTKO€ 3aMmblkaHWe OJHOW (a3el TpexdazHoro
preMHUKa 06e3 HyJIeBOTO IPOBO/IA.

2.  DKCHepUMEHTAJIbHO  HCCIEN0oBaTh  3aJaHHYI0 B
WHJUBHUAYyAIbHOM 3aaHud 7.1 TpexdazHyl 3JIEKTPHYECKYIO
Ienb B CHMMETPUYHOM pPEXHME C HYJIEBBIM U 0€3 HYJIEBOTO
MPOBOJIA.

VYKkazaHus 110 ITOJATOTOBKE K JIA00paTOpHOU padorte

1. BwmoysHUTH HHIUBHIYATIbHOE 3aaanue 7.1.

2. Wzyuuth comeprkanue maboparopHoit paboTsl 7.1.

3. B otuere k maboparopHoii padote 7.1:

2.1 HauepTtuTh cXeMy 3JEKTPUUYECKOHN IeNH, aHAIOTUYHYIO
cxeMme, n300pakeHHOo# Ha puc. 18.

2.2 VYkazath compoTuBieHHS (a3 Tpexda3zHOro MPHEMHHUKA,
COOTBETCTBYIOIIME UHAUBUAYAIbHOMY 3aaHui0 7.1.

2.3 TloarotoBuTth TaONUIly PACUETHBIX W OMBITHBIX JAAHHBIX
6, 3aHeCTH B Hee pe3ylbTaThl pacueTa Ienu U3
WHIUBUAYAIbHOTO 3a1aHus 7.1.

2.4 TloarotoBuTh TaOIUILy U3MEpPEHUH 7.

MeTtoanyeckne YKa3aHus 0 BBHITOJHEHUIO Da6OTBI

1. CoOpaTb 3JEKTPUYECKYIO IIelb, CXeMa KOTOPOH
a”ajmornyHa cxeme puc. 18. Ilpu cOopke nenu ydecTb, 4TO
0003HaueHHE HIIEMEHTOB Ha CTEH/IE OTJIMYAETCS OT YKa3aHHbBIX
0003HaueHM B MHAMBUAYAJILHOM 3a7aHuu 7.1:

36



B zamapum 7.1: Ha CTEHJE:

Karymka Ry, L; Karymka Lz,
pesuctop Ro; peoctar Ry;
pesuctop Ry; peoctar Rp;
pesuctop Rs; peocrar R..

Ha cxeme onekTpuyeckol 1menud yka3aTb  HOMeEpa
BBIOPaHHBIX aMIIEPMETPOB (U3 A1... As).

2. Jlna BBIMONHEHUA M. 1, a MPOrpaMMBbl YCTaHABJIHMBAIOT
conpotuBiieHus (a3 Tpexda3zHOTO NPHEMHUKA OJHOTO U3
YJIEHOB OpUrajibl U Ipu 3aMKHYTOM Kitoue K u3MepstoT TOKH U
HampspKeHUs Tpex(da3HOM 1eU B HECUMMETPUYHOM PEXUME C
HYJEBbIM MpoBOAOM. HampspkeHus U3MepsSIoTcs  OJHUM

BOJIBTMETPOM, MO0YEPETHO IO KJTFOYUAast €ro K

COOTBETCTBYIOIIUM TOYKAM JJICKTPUICCKOM TISITH:
JIMHEWHBIC HATIPSHKEHUS UCTOYHUKA! Uag, Usc, Uca;
JIMHEWHBIC HATIPSHKEHUS TTPUEMHUKA: Uab, Upe, Uca;
(ha3HbIC HAMPSHKEHUS UCTOYHHKA! Ua, U, Uc;
TOYKH, K KOTOPBIM MOAKTI0YaeTcs V. An, Bn, Cni;
(ha3HbIC HANIPSDKEHUS MPUEMHHKA. Ua, Up, Ue;
TOYKH, K KOTOPBIM MOAKII0UaeTcs V: an, bn, cn;

Jis u3Mepenusi y3noBoro HampspkeHus Un, BOJBTMETp
MOAKIIIOUAETCS K TOUKaM Nn.

A R2=30 Om;

R«=20,5 Om;
BO_@"_‘:—1 —t 1-058 Ia:
Co—A ) Ri1=50 Owm;
- % T O
No—@A) /Kﬁ Ri=150 Om.
Puc.18

Pe3ynpTaThl U3MEpeHHii 3amucarh B TaOIMIly U3MEpPEHUH 7.
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Tabmua u3mepenuii 7

PP e ™™ | 4 | o | as | s v
Hsvepsiemeie N | b | la | le | Uv | Ua | U | U
BEJTHYNHEL
Homu- | dmax, mer | 100 | 100 | 100 | 100 | 150 | 150 | 150 | 150
HaJlb- lion, A 150 | 300 | 300 | 300
ot U’y | 2A | 2a | 254 | 25| B B B
ii?e 0,02 | 0,02 | 0025 | 0025 | 1 2 2 2
pE6o Cup A/ A/ A/ A/ B/ B/ B/ B/
acn acn aca aca aen aen aen aen

poB

1,a.

o zter.)

3HaueHue

u3Mepssi-

eMou

BEINYH-

HBI (3HB)

1,0.

o zmen.)
Pesynb 3UB
-TaThbl 1,B.
H3Me- a(xen.)
peHuit 3UB

1,r.

a(nen.)

3UB

1,m.

ozen.)

3UB

1l,e.

ozen.)

3UB

Hanee, pa3MblkarOoT K04 K W  HU3MEpSIOT TOKH H
HaTpsDKeHHUs Tpex(pa3HOW e B HECHMMETPUYHOM PEIKUME
6e3 HyneBoro nposoja (pexxum 1. 0)

s pasrpy3ku omHOW u3 ¢a3 TpexdasHOro mMpuEeMHUKA
(pexum 1. B) oTkirO4aOT conpoTuBienue Ry unu Rz wim Rs u
W3MEPSIFOT TOKHM M HAINPSDKEHUS C HYJCBBIM IPOBOJIOM, a 3aTEM
6e3 HyneBoro nmposoja (pexxum 1. ).
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JUia  mpoBeneHUss  ONbITa  KOPOTKOTO  3aMbIKAHUS
(pexxum 1. 1) HEOOXOIUMO OTKITIOYHUTH AIIEKTPUUYECKYIO HEMb OT
UCTOYHUKA MHUTAHUS, PA3OMKHYTh K04 K wiM moJiHOCThIO
OTCOEAMHUTh  HYJIEBOM TMpPOBOA. 3aTeM  IPOBOJHUKOM
COEJIMHUTH OJIHY U3 TOUYeK “a”, “¢” win “c” (B COOTBETCTBUU C
WHJMBHAYyAIbHBIM 3aJanveM 7.1) ¢ Toukoi “N” menw.
BritounTh 3MEKTPUYECKYI0 LEMb K HWCTOYHMKY MHTaHUS,
U3MEpPUTh TOKM M HANpPSOHKEHUS TPU KOPOTKOM 3aMbIKaHUU
(a3bl Tpexpa3zHOTo MPUEMHHUKA.

VYuutbiBasg, 4YTO TNpU KOPOTKOM 3aMbIKaHUM  (a3sbl
MpUEMHUKA, (pa3Hble HANpsHKEHUs] TPUEMHHUKA YBEIHMUNBAIOTCS

B /3 pa3, 4To MPUBOJUT K CYHIECTBEHHOMY YBEIHMUYEHHUIO
¢da3HbIX (JIMHEHWHBIX) TOKOB, W3MEPEHHS B D3TOM pEXKHME
HEOOXOJIMMO  YCKOpUTh, 4TOOBl  M30exaTh  Ieperpena
3JIEMEHTOB JIEKTPUYECKOH LIEIH.

[ToouepenHo ycranaBimuBas conpoTuieHus: Ry u R3 npyrux
YJIEHOB OpHUrajpl, MPOBOAAT U3MEPEHUS A1 HECUMMETPHUHBIX
PEKUMOB TpeX(Pa3HOU IENH OCTAIbHBIX YIEHOB OpUTrabl.

3. Jlns BBINOJHEHUS I1. 2 IpOrpaMMbl HEOOXOMMO B CXEMeE
puc.18 3amyHTHpOBaTh (3aMKHYTh IPOBOJHHKOM HAaKOPOTKO)
kaTymky L3k u KoHaeHcaTopHyto Oarapetro C, yCTaHOBHUTh
R1=R>=R3=100 Om u MO IKJTFOYHTh TpexdazHyro
CUMMETPUYHYIO L€Nb K MCTOYHUKY NUTaHusA. lIpousBomsT
U3MEPEHHUsl TOKOB U HaNPsOKEHUH JJI1 CHMMETPUYHOIO peKuMa
C HyJIEBBIM IIPOBOJIOM U 0€3 Hero.

Tabnuuy usmepenuit 7 u Tabauily ¢ pacueTHbIMU JaHHBIMU
U OTBITHBIMH JIaHHBIMHU 6 NPEICTABIAIOT MPENOaBaTEN0 JUIs
MIPOBEPKH.

CoaeprxkaHue oTUeTa

1.11ens u mporpamma padoTHI.
2.Cxema 9KCIepUMEHTATIBHBIX UCCIIET0BAHHMN.
3.Tabmu1pl ¢ pacYeTHBIMH U ONIBITHBIMHU JIAHHBIMHU 6.
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4.BpiBOIBI O IPUYMHAX PACXOXKJIEHUS OMNBITHBIX H
pacCYMTaHHBIX JAHHBIX U POJIU HYJIEBOIO IIPOBOJA.

Jlaboparopuas pabdora 7.2.
HccaenoBanne Tpexda3sHON MIEKTPUIECKON LIENH IIPH
COCANMHCHUU OI[HOd)EBHI)IX IIPUECMHHUKOB
TPEYTOIHLHUKOM.

Lenp paboThI: duznueckoe MOJEJIIMPOBAHHE
ANIEKTPUYECKOW  IleMM OpU  COEAUHEHMH  OJHO(a3HBIX
MIPUEMHHUKOB TPEYrOJbHUKOM, H3YyU€HHE Crocoba M3MepeHHs
aKTUBHOM MOIINHOCTH Tpex(da3HOW 1Lenu METOJOM JIBYX
npuOOpoB M SKCIIEpUMEHTabHAs TMpPOBEpPKa pe3ylbTaToOB
pacuera HHANBUAYAIbHOTO 3aaHus 7.2.

[IporpamMm paGoThI:

1.OxcnepuMeHTanbHO UCCIIEeI0BATh 3aJJaHHYIO B
WHIUBHUAYAIBPHOM 3aJlaHuu 7.2 Tpex(da3Hyl SIIEKTPHUYECCKYIO
LeMNb B CIEIYIONUX HECUMMETPUUHBIX PEKUMAX:

a) HecummeTpudanblii 10JIHO(a3HBIA PEKUM;

0) Pasrpyska onHo# (a3sl TpexdazHOro NpueMHHUKA.

2.9KCIIepUMEHTATIEHO UCCIIEeIOBATh 3aJJaHHYIO B
WHIUBUAYAIbHOM 3aaHuu 7.2 Tpexda3zHyl 3JIEKTPUUYECKYIO
L[eNb B CHMMETPUYHOM PEKUME.

YkazaHus o HOAroTOBKE K J'Ia60DaTODHOfI Da6OTC

1.BBINOIHUTE MHAUBHIyalbHOE 33/1aHue 7.2.

2.M3y4uTh coaep:kaHue J1abopaTopHOi paboTsl 7.2.

3.B otuere k mabopaTopHoii padote 7.2:

3.1  Haueptutsh CXeMy  OJIEKTPHUYECKOM LeNH,
aHAJIOTHYHYIO CXeMe, U300paxkeHHO! Ha puc.19.

3.2  VYkazarb  compoTuBieHus  ¢a3  Tpex(azHOro
MIPUEMHUKA, COOTBETCTBYIOIIME UHJI. 331aHUI0 7.2.

41



3.3  IloaroroButh TAONUIy pACYETHBIX U OMNBITHBIX
TaHHBIX 9, 3aHECTH B Hee pe3yJbTaThl pacueTa LEnu Hu3
WHJUBUAYAJIBHOIO 3aaHus 7.2.

3.4  IloaroToBuTh TAOIUIy H3MEPEHUI §.

MeTtoanyeckue YKa3aHus 10 BEIIIOJHESHUIO Da6OTI)I

1. CoOpaTh DdJE€KTpUYECKYIO LI€Mb, CXe€Ma KOTOpOM
aHajormgHa cxeme puc. 19.

*

AAo—{g} £_— W

R2=1200Owm;
R«=20,5 Om;
L=0,286 I'H;
R1=200 Owm;
R3=150 Om.

Bo—@— LW

*

C A3

Puc. 19

[Ipu cOopke nenu yuecTb, 4T0 0003HAYECHUS AJIIEMEHTOB Ha
CTeHJIE OTJIMYAlOTCA OT YKa3aHHbIX O0O3HauYeHUUH B
WHIUBUAYAIbHOM 3a1aHuu 7.2:

B 3amanum 7.2: Ha CTCHJE:
karymka Rg,L; Karymka Lag;
pesuctop Ro; peoctaTsl R1u Ry;

BKJIIOUCHHBIE MOCIIEIOBATENIBHO;
pesuctop Ri; peoctat Ry,
pesuctop Rs; peocrar Rc.

B Buy oTCyTCTBHS Ha CTEHJE LIECTOTO aMIIEpMETPa, TOK
¢a3pl mpUeMHHUKA, B KOTOPYIO BKIIIOYEH pe3uctop Ri, MOXHO
HE U3MEPSTh.

42



Ha crenne nmerorcs Bartmetp Wio ¢ HOMUHAJIBHBIM TOKOM
2 A u Bartmerp Wg ¢ HoMHHanbHBIM TOKOM 5 A. TlosTomy B
onHy u3 jguHuUd (A win B) ¢ HaMMEHBIIMM Yy BCEX YJICHOB
Opuraibl TOKOM BKIIOYUTH BarT™MeTp Wio, a B npyryro — We.

[Ipn u3MepeHun akTUBHOM MOIIHOCTH Tpex(azHOW Ienu
METOJIOM JBYX NPHOOPOB (ABYX OAHO(A3HBIX BATTMETPOB)
[IOKa3aHWE€  OJHOIO0 U3  BaTTMETPOB  MOXET  OBITh
OTpULATENBHBIM. JTO 3aBUCUT OT KO3((UIMEHTa MOIIHOCTH
enu W HecUMMETpuu TokoB. Ilosromy s wu3MepeHus
BEJIMYMHBI OTPULIATEIBHOTO T[OKa3aHWs BaTTMETpa HaJo
MEPEKIIIOUNTh KOHLBI OOMOTKHM HampsikeHHs (y HEKOTOPBIX
TUIIOB BaTTMETPOB MMEETCs ClielhaibHasi KHOTKA) U 3alucaTh
IIOKA3aHMWs BaTTMETpa C€O 3HAKOM “MHHYC’. AKTHBHas
MOIIIHOCTh Tpex¢azHoW Ienu OyAeT paBHA aneeOpauieckoll
CyMMe TIOKa3aHUH IBYX BATTMETPOB:

P = Pwi+ Pwe.

2. Ins BblmosiHeHus M. 1, a mporpaMMbl yCTaHaBIMBAIOT
conpotruBiienuss Ri um Rz oaHoro w3 uneHoB Opuraiasl M
MOAKIIOYAIOT LeMb K Tpex(asHOMY HCTOYHUKY MHUTaHUS.
Pe3ynbrarhl u3aMepeHuii 3aHOCAT B TAOIUILy U3MEpPEHUH 8.

3.Jlna BemmonHeHus m. 1, 6 mporpaMMmbl OTKJIIOYAIOT B
Tpex($a3HOi 1enu COOTBETCTBYIOIIEE COMPOTHBICHHE U
U3MEpSAIOT TOKH, HANpsHKEHUS U TIOKa3aHUs BaTTMETPOB,
3amMchiBas TOKa3aHUs MPUOOPOB B TaOiuily u3MepeHuit 8.
[Toouepenno ycranaBnuBas compoTuBieHuss Ri u Rz mpyrux
YJIEHOB OpUTaJbl, MPOBOAAT U3MEPEHHS ISl HECUMMETPUYHBIX
PEXUMOB TpexGha3zHOH IeH OCTAIBHBIX YJICHOB OpUTaIbl

4. JInsi BBIMIOJIHEHUS M. 2 TPOTPaMMBI, OOIIETO Ui BCEX
4iieHOB Opwuraipl, BKIoyaloT BMecTo Rz u Lsc peocrat R, u
IIYHTUPYIOT KOHAeHcaTopHylo Oatapeto C. B kaxnayio da3zy
BKIOYaloT mo Zy = 200 OM  akTHBHBIE CONPOTHBIICHUS
(pp = 0) W mTPOM3BOIAT H3MEPEHHUS BCEX BEIMYHH B
CUMMETPUYHOM PEKUME.
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Pe3ynbTarhl ONBITOB MEPEHOCAT M3 TAOIMILBI U3MEPEHUI B
TabauIly 9 ¢ pacyeTHBIMH U ONBITHBIMU JTaHHBIMHU.

ComepxxaHue oTuera

1.lenb u nporpamMma padoThI.

2.CxeMa dKCIIePUMEHTAITLHBIX UCCIIC0BAHHIA.

3.Tabnuia ¢ pac4EeTHHIMU U ONIBITHBIMH JTAHHBIMH 9.

4.BbIBOJIBI O TPUYMHAX PACXOKACHUS OTBITHBIX U
pacUYEeTHBIX JAHHBIX.
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4. TEMbI UCCJEJOBATEJILCKOI PABOTBI
CTYJEHTOB (YUPC, HUPC)

1. KongeHcaTopHble IIYHTO-CUMMETPUPYIOIIUE YCTPONCTBA
U UX TPUMEHEHHE IS TOBBIIICHUS] KayecTBa HAINPSHKEHUS B
y3J1€ Harpy3KH.

2. VYnpasnenue KOH/IEHCATOPHBIM ITyHTO-
CUMMETPUPYIOUIUM YCTPOMCTBOM C LENbI0 KOMIIEHCAIUH
PEaKTUBHON MOIIHOCTH.

3. VYnpasnenue KOHJIEHCAaTOPHBIM LIYHTO-
CUMMETPUPYIOLIUM YCTPOUCTBOM C II€JIbI0 CHHKEHHS MOTEPh
SHEPrUH B JINHUU JIEKTpOIepeadH.

4. DIIEKTPOMAarHUTHBIE LIYHTO-CUMMETPUPYIOLLIUE
YCTpOMCTBA.

5. IlpoekTupoBaHue Apoccens Mg KOHIAEHCATOPHOTO
LIYHTO-CUMMETPUPYIOMETO YCTPONCTBA.

6. CompoTuBiiecHHEe TPSIMOW, OOpaTHOW © HYJICBOH
[TOCJIE0BATEIHOCTH ACUHXPOHHOTO 3JIEKTPOBUTATEIIS.

7. CompoTuUBJICHHE TPSIMOHW, OOpaTHOWM ¥ HYJEBOU
MIOCJIE0BATENBHOCTH y3J1a CEIbCKOXO03SMCTBEHHON HArpy3KH.

8. Pacdyer HecuMMeETpUYHOW Tpex(a3HOU SIEKTPUUECKON
LEMA METOJIOM CUMMETPUYHBIX COCTABJISIOIINX.

5. BOITPOCHI JJIs1 CAMOKOHTOPOJIA

1. UeM MOXHO OOBSCHHCH INUPOKOE PACHPOCTPAHCHUE
Tpexda3HbIX Lenei?

2. Kak M0OHO moy4uTh TpexdazHyro CUCTEMY 3.1.C7

3. HaueptuTh BeKTOpHl [BYX-, TpeX-, 4YETBIpEX- U
mectudaszHoi CHMMETPUYHBIX CHCTEM 3.]1.C.

4. Yto Takoe CBS3aHHBIE W HECBS3aHHBIE MHOTO(]a3HbIC
uenu?

5. Jlate onpenenenue cneayromux Benudud Us, Uap, la, Po,
Un.
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6. lats onpenenenue caeayomux Beauund Usc, Ua, lab, IN,
Sa, QB.

7. YO Takoe CUMMETPUYHBIN peXuM TpexdazHoH renu?

8. Jloxazarb, 4YTO B CHUMMETPUYHOM DEXKUME IPHU
COEIMHEHUU TNPUEMHUKOB 3BE370M JIMHEIHbIE HaNpsKEHUs

Oombire (ha3HBIX B V3 pas.
9. Jloka3arb, 4YTO B CHUMMETPUYHOM DEXKUME IpHU
COCAMHCHUHN TMPUECMHHUKOB TPCYrOJIbHUKOM JIMHEUHEIE TOKU

OoJbiie (ha3HbIX B V3 pas.

10. ITosicHUTB poJIb HYJIEBOTO MPOBOJAA B Tpexda3zHOM Lienu
MIPU COEAMHEHNU IPUEMHUKOB 3BE370H.

11. Kak U3MEHSIOTCSI HANPSKEHUSI U TOKA CUMMETPUYHOTO
Tpex($a3HOro MpHEMHHMKA, COEIMHEHHOro 3Be3oil  0e3
HYJIEBOTO IPOBO/IA, IpU OOpBIBE OAHOM U3 a3 mpueMHHUKa?

12. Kak wu3MeHAOTCS JUHEHHbIE ©  (da3Hble TOKH
CUMMETPUYHOTO Tpex(a3HOro MPHUEMHUKA, COEIWHEHHOTO
TPEYroJbHUKOM, €CJIM B OJIHOM U3 (a3 mpUEeMHHUKa MPOU30ILIEN
00pbIB?

13. Kak u3MEHATCS MOIIHOCTM W TOKH OTACIBHBIX (a3
CUMMETPUYHOIO TMpPUEMHUKA, COECIUHEHHOTO 3Be3/loi 0e3
HYJIEBOTO MPOBOJA, MPU KOPOTKOM 3aMbIKaHUU OJHON U3 (a3
NpUeMHUKa?

[4. Kak u3MepUTh aKTUBHYIO MOIIHOCTH CHUMMETPHUYHOMN
TpexdaszHoi nemnu?

15. Kak u3MepuTh axkTHUBHYIO MOIIHOCTh TpexdazHoil
TPEXIPOBOJHOM IENU B HECUMMETPUYHOM peKuMe?

16. Kak u3MepuTh axkTHBHYIO MOIIHOCTb Tpex(dazHoi
YETBIPEXIIPOBOAHOM 1IEMU B HECUMMETPUYHOM pEXHUME?

17. Uto HeoOXoauMO JUIsl TOJyYEHHs Bpallarollerocs
MarHUTHOTO NOJIs?

18.  IlosicHUTh  HpUHIMI  JEHCTBUS  CHUHXPOHHOTO
Tpex(a3HOro AMEKTPOABUrATENS.

19. IlosicHMUTP TpPUHLMI ~ AEUCTBUS  ACUHXPOHHOTO
Tpex(a3HOro AMEKTPOABUraATENS.
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20. J[loxaszatp, 4TOo JIOOYI0 HECHMMETPUYHYIO CHCTEMY

BEKTOPOB  MOYHO Pa3IoKUTH Ha  CHUMMETpUYHbIE
COCTAaBJIAIOIIHE IPsIMOH, oOpaTHOI u HYJIEBOU
IIOCJIEI0BATEILHOCTEN.

21 Jlath ompejpeneHUE COMPOTUBICHUHN TPSIMOM, 0OpaTHOU
U HYJIEBOW MOCIIEA0BATEIBHOCTEN.

22. Jlokazarsb, 4TO COTIPOTHUBJICHUE HYJIEBOU
MOCJIEI0BATEILHOCTH CUMMETPUYHOTO TpexdazHoro
MPUEMHHUKA  OTMPENENSeTCS  CICAYIOIIMM  BBIpAXKEHUEM
Zo=Zyp + 3Z\.

23. Kakue cHMMETpPHYHBIC COCTABIISIONINE COJACPIKATCS B
JIMHEWHOM HaIlpsHKEHUU ?

24. Jloka3aTh, 4YTO TOK HEHTpPAJIbHOTO IPOBOJA pPaBEH
YTPOCHHOMY 3HAYEHUIO TOKA HYJIEBOU MOCIEA0BATEILHOCTH.

25. Yrto Takoe TPHUHIUN HE3aBUCUMOCTH JICUCTBUS
CUMMETPUYHBIX, COCTABJISIIOIIMX M [UId KakuxX Leneil OH
MPUMEHUM?

26. Pa3bsICHUTH aaropuTM pacyeTra TOKOB Tpex(azHOTro
CUMMETPUYHOIO TMpPUEMHUKA NP HECUMMETPUYHON CHCTEMe
HAMpPsDKEHUN Ha 32)KHMax MPUEMHUKA.
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MOAYJIb 7. TPEX®A3HBIE DJIEKTPUYECKHUE LEIIN

WNHmuBuayanbpHBIE 3aJaHUs HW  METOOWYECKHE  yKa3aHWsI K
J1a00paTOPHO-TIPAKTHICCKUM 3aHATHSIM
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