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BBE/IEHHE

Hacrosinmme Meroauueckue yka3aHUsl NMpEAHA3HAYeHbl ISl CTYJIEHTOB
3a09HOM (hOpMBI OOYYCHUS, BBHITIOJHSIONIMX CAMOCTOSTEIBHO, B TPOIECCE
oOyueHusi, KOHTPOJbHBIE 3aJaHUS MO Kypcy «OJEKTPOTEXHUKA U
AJEKTpOHMKa». Ha TUMOBBIX 3amadax MOJPOOHO TOKAa3aH XOJ BBITOJHEHHUS
3aIaHUsl C TIPUBJICYEHUEM KPATKUX TEOPETUUYECKUX CBEIICHHM, MOSCHAIOLIUX
pewenue. [IpuBeaeHpl BapuaHThl KOHTPOJIBHBIX 3aIaHUIA.

ConeprxkaHue KakJ10H KOHTPOIBHOM pabOThI IJisl KaXKI0M CrelMaIbHOCTH
ONpeNeNseT BEOyUIMd MpernojaBarelib. BapuaHTbl KaXIOTO  3aJaHusd
OTIPEIEIISIOTCA MO MocheHUM nudpam 3aueTHoil kHkKU. Ecnu B 3amanuu 10
BapUaHTOB, TO MO mocieaHel mudpe, ecau 50, TO MO ABYM MOCIETHUM
uuppam. CTyneHTbI, y KOTOpbIX HOMepa 3adyeTHOM KHWxKA ¢ 51 mo 100
BBITIOJIHAIOT BapuaHThI 3a1anuii ¢ 1 o 50.

I[TPOITPAMMA

BBenenue. OinekTpuueckass SHEprus, €€ OCOOEHHOCTH M 00JacTu
npuMmeHeHusi.  Kparkas  ucrtopuueckas  crpaBka.  TpaaullUOHHBIE U
aJbTEPHATUBHBIE UCTOYHUKHU JJICKTPUUYECKOW SHEPTUU. POJb 3JEKTPOTEXHUKHU
M DJICKTPOHUKH B Pa3BUTHHU KOMIUIEKCHOW aBTOMATH3allUM COBPEMEHHBIX
TEXHOJIOTUYECKUX U TTPOM3BOJICTBEHHBIX MPOLECCOB U CUCTEM YIIPABIICHUS.

JIuHeliHbIe JJIeKTPUYeCKHe Henu nocToasHHoro toka (IIIT).

DIIEKTPOTEXHUUECKHUE YCTPOMCTBA TOCTOSHHOTO TOKa M HUX 00JacTu
MPUMEHEHUS. DJEMEHTBI JJICKTPUUECKOW Menu. VICTOYHUKM YW NpPUEMHHUKH
ANEKTpUYECKOr »sHepruu. WX ycrnoBHble Tpaduyeckue U TMO3UIIUOHHBIE
0003Ha4YeHUsI Ha JJIEKTpUYECKUX cxemax. [IpuHIuMUAaNbHbIE IIEKTPUUYECKUE
cxeMbl. CXxeMbl 3aMEIICHUS JJIEKTPOTEXHUYECKUX YCTPOUCTB. HMpaeanbHbie
anemenTsl L{I1T.

Tononorndyecknue MOHATHS TEOPUU IJIEKTPUUYECKUX IEINEH: BETBb; Y3€II,
KOHTYp; HE3aBHUCUMBIA KOHTYpP. YCJIOBHBIC IOJIOKUTEIbHBIE HAIMPABICHUS
AJIEKTPUYECKUX BEJIUYMH: DJC; TOKa; HampspkeHus.  OCHOBHBIE 3aKOHBI
anekTpuueckoir menu: Owma; Kupxroda. YpaBHeHue OanmaHca MOIIHOCTEH.
Pexxumbl  paboThl DJIEKTpHUYECKOM Ienmu. PacdeT mNpoCThIX IIEMel: Ienu,
MOCJIEAOBATEIBHOE U IMAapalICIbHOE COCIUHEHUE 3JIEMEHTOB AJIEKTPUUYECKOU
uenu. Pacuer CiOkKHBIX 2JIEKTpUYECKUX Lienerd. Meronabl. MeTton KOHTYpHBIX
TOKOB.

OnHoda3znble Henmu. IJIECKTPOTEXHUUYECKHUE YCTPOWCTBA MNEPEMEHHOTO
ToKa. [IpU4MHBI UX MIUPOKOTO pacnpocTpaHeHus. MieanbHble 3IEMEHTHI LIENH
MepeMeHHOro Toka. (OCHOBHBIE TMApaMeTPbl CUHYCOWJAIBHOTO  TOKA:
MTHOBEHHBIC, aMIUIMTYIHBIC; CPEIHUE; JECUCTBYIOIIME 3HAUYCHUSI EPEMEHHBIX
BenuuuH. I[lepuoa u yacrora mepeMeHHOro Toka. CrocoObl MpeAcTaBiICHUS



CUHYCOMJANbHBIX  (YHKIMWA: BOJTHOBBIMH  JUAarpaMMaMH;, BEKTOPAMH,
KOMIUIEKCHBIMU YHCIIAMH.

Iens c¢ pesucropom. llens ¢ wmaeanpHOM HWHAYKTUBHOCTBIO. lLlenmpb c
ujaealbHOl eMKocThio. Llenmb ¢ mocaemoBarenbHBEIM coenuHennem R, L, C.
KoMIIIeKChl MOJIHOTO CONMPOTUBIIEHUA WU MPOBOAUMOCTH. KomrIuiekc moiaHou
MOITHOCTH.

[lenn ¢ mnapamnenbHbBIMU BETBSIMHU.  PacyeT METOJIOM AaKTHUBHBIX H
PEaKTUBHBIX TOKOB. Pe30HaHCHbIE SABJIEHUS B JJICKTPUYECKUX LEIX.
[ToBbIienre k03P PuIMeHTa MOIHOCTH IEKTPOYCTAHOBOK.

Tpexdasznbie nenu. IIpeumyiectBa TpexdasHbix 1enei. Tpexda3Hbii
reHepaTop.

Coenunenue ¢a3 B 3Be37y. UeThIpeXnpoBOJHAS 1IETIb: (pa3HbIe U
JIMHENHBIC HANPSKEHUS U TOKU. COOTHOILIEHUS MEXIY HUMU. BEKTOpHbIE
JiarpaMMBbl HallpsDKEHU TOKOB. Posb HyJieBOro nmpoBosa.

Coenunenue a3z B TpeyroibHUK. COOTHOIIEHUS MEXAy (a3HbIMH U
JMHEUHBIMU TOKAMU U HATIPSKCHUSIMU.

MomHocTh Tpex¢a3HOW Lenu Mpu CUMMETPUYHON U HECUMMETPUYHOU
Harpy3ke. MeponpusiTuss MO TOBBIMICHUIO KOA(DPUIMEHTa MOITHOCTH
Tpex(a3HbIX YCTAHOBOK. 3a3eMJICHHUE U 3aHYJICHUE AJIEKTPOYCTaHOBOK.

MaruutHble nenu. O6nacte npumeHeHus MI| ¢ mocrosaHOM MJIC.
MarauutHoe mone u ero xapakrepuctuku: B; ®; H; F; pur; po;ua.
deppoMarHUTHbIE MaTEPHUANIbl U UX CBOMCTBA.

3aKOHbl MArHUTHOW II€MHU: TMOJIHOIO TOKA, 3JEKTPOMATrHUTHOW CHJIbI
(Ammnepa), snextpoMarHuTHod — uHaykuuu (Papanes), Owma. Pacuer
OJTHOPOJHOM MAarHWTHOM Lenu: mpsmas ¥ oOparTHas 3afaud. TsroBas cuiia
AJEKTPOMArHUTA.

Marnuthsie nenu ¢ nepemeHHoirt MJIC. Ocobennoctu ML ¢ nepeMeHHOM
MJIC: rucrepesuc; BUXpEBbIE TOKU. Y PABHEHUE JICKTPUUECKOTO. PAaBHOBECHS.
KonTakTopsl. MarouTHbIE€ MyCKATENH.

Tpancdopmaropbl. HaznaueHue u mnpumeHeHue TpaHCHOPMATOPOB.
YCcTpolcTBO M HpUHIMUI JAEUCTBUS TpaHCHOpMATOpoB. Pexxumbl pabOTHI:
XO0JIOCTOTO XO/1a.; HAarpy304YHbIN; OMBIT KOPOTKOTO 3aMbIKaHus; aBapuiiHoe K3.
Cxema 3amemieHusi TpaHchopmaropa. BHemHsis =~ xapakTepucTHKa
tpanchopmaropa. KIIJ[ tpanchopmaropa. Tpexdaznbie TpaHchHOpMATOPHI.
AstoTtpanchopmatopsl. U3mepuTenbHbie TpaHCPOPMATOPHI.

Acunxponnble asurareau (All). ITpumenenne AJl. YcrpoiictBo A/
[Mpunuun nevictBust AJl. Oueprernueckass auarpamma AJl. Mexanunueckue
ceoiictBa AJl. EcrecTBeHHas wmexaHuueckas xapakrepuctuka AJl u ee
MOCTPOCHUE TI0 TACMOPTHBIM W MO0 KaTaJOXXHBIM JaHHBIM. Pabouwe
xapakrepuctukun  AJl. Ilyck AJ[. Onextpuueckoe Ttopmoxkenue A/l
PerynupoBanue ckopoctu poropa AJl. Ognodazusie A/l.



Mamunsbl nocTossHHOro Toka (MIIT). [Ipumenenne MIIT. YcrporictBo
MIIT. Hpunuun aeiicteuss MIIT. 3JIC MIIT. JIBurarenu moCTOSIHHOTO TOKa
(AIIT). Tunmer JIIT. Ilyck JIIT. EctecTBeHHBIE MEXaHUYECKHE
xapakrepuctuku JIIT. Perymmposanue ckxopoctu sikops HIIT: peocrarHoe;
MTOJIFOCHOE; IKOPHOE.

Cunxponnbie mamuHbl (CM). VYCTpoilCTBO, NPUHLHUI JICHUCTBHUS
CUHXPOHHBIX T€HEPATOPOB. YCTPOMCTBO, MPUHLMIN JEHUCTBUS CHHXPOHHBIX
npuratenend. Ilyck CJI. Mexanudeckue cBoiictBa CJ/[. 3aBUCHMMOCTh TOKa
cratopa C/] ot Toka Bo30yxaeHusi. CHHXpOHHBIE KOMIIEHCATOPBI.

JJIEeKTPOHUKA. JJEMEHTBl  JJIEKTPOHHOU TEXHUKHU. Pe3ncTopsl.
Konnencaropel. Karymku ungyktuBHoctd. Tpancdopmatopsl. duonsbl.
Tupucropsl. TpaH3uCTOPBI.

Beimpsimurenu. HeynpaBnsgemble  BBIIPSIMUTENMN. Onpenenenue,
MIPUMEHEHHE, YIIPOLIAIONIME JOMYIICHUS ITPU aHAIIM3€ BhIIpAMUTENEH. CXEeMBI
BbIpsiMUTENe.  COOTHOLICHHWST  MEXIYy  HANpSOKCHUAMH, TOKAMH U
MOIITHOCTSIMU B BBIIpSAMUTENAX. BpiOop n1oa0B. BoaHOBBIE auarpammel,
nosicHsItoIre padboty Beipamutencei. Criaxupatoune GuibTpel. BHemHue
xapakTtepucTuku BeinpsamuTenei. Mx KIII.

VYrpasisiemblil BEIIpsIMUTEND 110 cxeme OMC

Yeumurenu. Ilpocrerimuit YHY na OunonsipHom Tpansuctope. Cxema,
Ha3HaueHue ee demMeHToB. [Ipunnun padotel. TemneparypHas cTrabunu3arus
paboTel ycunutenei. MHOTOKackaJHble YCHIMTETU. Y CHUIUTENN MOIIHOCTH.
Yeunutenu mNOCTOSHHOrO Toka. OmepanuonHbie ycwiurenu. Ludpobie
ycrporictBa (IIY). IlpeumymiectBa Y. IlpocTeiimme Joruyeckue Omnepaluu:
NJIN, N, HE. Jloruueckue snementel: WJIM, W, HE WUJIM-HE, U-HE. Ux
0003HaYeHUE HA CTPYKTYPHBIX CXeMaX, TAaOJUIIbl UCTUHHOCTH, dJIEKTPUUECKUE
CXEMHbBIE aHAJIOTH.

Tpurrepsl. Lludpossie cueTunky uMiynbcoB. Peructpsl. Jlemmdparopsi.
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1. JUHEWHBIE HENHU IOCTOSIHHOI'O TOKA
1.1 Ananu3 npocThIX Hemnei NOCTOSIHHOI0 TOKA

[{erb MOCTOSTHHOTO TOKa COJEPIKUT HECKOJIBKO PE3UCTOPOB, COSTMHEHHBIX
cmemanHo. CxeMa IIeMM ¢ yKa3aHHBIMH CONPOTHUBJICHUSMM IIpUBEICHA Ha
pucynke 1.1. Bcromy MHACKC TOKA WIIM HAIPSDKEHHUS COBIAIACT C MHICKCOM
pe3ucTopa, Mo KOTOPOMY TMPOXOJUT TOK HJIM Ha KOTOPOM JICHCTBYET 3TO
HanpsbkeHue. Hampumep, depe3 pesucrop Rs; mpoxomut Tok |3 m Ha Hem
nericteyeT HampspkeHne Uiz, OmpenenuTs TakKe MOIIHOCTh, MOTPEOISIEMYO
BCEH IICTIBI0, M PACXO/T DJIICKTPHYCCKOM SHEPTHH LICTIbIO 3a 8 4 pabOThI.

[TosicHUTH ¢ TIOMOIIBIO JIOTHYECKUX PACCYKIECHUN XapaKTep W3MEHEHUS
AIEKTPUYECKOW BEJIMYWHBI, 3aJaHHOW B TaOJWIle BapHaHTOB (YBEIMYHUTCH,
YMEHBIITUTCS, OCTAHETCS HEM3MEHHOM), €CITM OJMH W3 PE3UCTOPOB 3aMKHYTh
HAKOPOTKO WJIM BBIKIFOUWTH U3 CXEeMBI. [Ipu 3TOM cuuTaTh MCTOYHHK 3.1.C. E
uacanbHbIM (Hanpsbkenne U Ha BXOJe Ienu Heu3MeHHBbIM). [Ipu TpyaHOCTSIX
JOTUYECKUX TIOSCHCHWHA OTBETAa MOXKHO BBITIOJHUTh pacdeT TpeOyeMoi
BEJTMYMHBI B I3MCHEHHOW CXEME W Ha OCHOBAHWHW CPaBHEHUS €€ B IBYX CXeMax
JlaTh OTBET Ha BOTIPOC.

Hano: puc.1.1, I, = 3 A.

Onpenenuts |s; 3amMpikaeTcs HAKOPOTKO R4, paccmotperh n3menenue U;.

Ry=20m Ry=20m
1
L
E
F I, =3Al S
( T . E RES =30Mm
R7=—1DP|I ~ R_:'_("OP"I CD R_:.Z(TOI\.I
Ry=30m R4=30m
a) 0) +
=7 !
Ry=20m R1=20m
| I—
E E
R;34=6 Om —x
= 1 E =50wm
Rs=60m ( ke "
B) r)
Puc.1.1. Ilpocras snekTpudeckas 1enb
Pemenue.

1.Onpenensiem od1iee conpoTuBiieHne pa3BeTBieHus Ra. Rs. Pesuctopsl
COCIMHEHBI MapaJIeIbHO



_ R,R, 4.12 _
R,+R, 4+12
Cxema 1ienu mpuMeT BUJ, OKa3aHHBIN Ha puc. 1.10)

2. Pesuctopsl Rz u R4 coemuHeHbl ocie10BaTeIbHO, UX 00I1Iee
COTNPOTUBJICHUE

Ry = Ry + Ry =3+3 = 6 Owm.

CooTBeTcTBYIOIIAs cCXeMa NpuBeaeHa Ha puc.l.1B)

3. Pesuctopsl Ry3s v Rs coennHensl mapaiienbHo, UX oo1iee
CONPOTHUBJIEHUE PABHO:

R,uRs _ 6-6

Ry +Rs 6+6

Teneps cxeMa 11eny UMeeT BUJl, TpUBEACHHBIN Ha puc.1.1r).

4. HaxoauM 3KBUBAJICHTHOE COIPOTUBJICHUE BCEH LIETIH:

Roe=Ri1+ Rys=2+3=50m.

5.0npenensieM najgeHue HaNpsHKeHUs Ha pesuctope Ry:

U2: |2R2: 3-4=12B.

OTO K€ HanpsLKeHHE NPHIOKEHO K pe3uctopy Rsz, mo3tomy TOK B
pesucrope Rj:

Is= U/R3=12/12 = 1 A.

6.Tox |4 mpotekaromuii yepes pesuctop R4 paBeH cymme TokoB Ip 1 13!

l,=L+13=3+1=4A.

Tax xak conpoTuBienue Ry = Rs, cornacHo pacueram, To TOK ls,
npoTeKaroluii uepe3 pe3uctop Rs Tak xe Oyzaer paBeH 4 A.

7. HanmeeHI/Ie U234: U5 = |4-R234 =4.6 = 24 B.

8.Tok B HEPA3BETBIEHHOM Y4aCTKE LIETIH:

lh=l4+1s5=4+4=8A.

9. Hanpspxenue B pesuctope Ri:

U1: |1-R1 = 8.2 =16 B.

10. Hanpsbxkenue Ha BXOA€E LEIH:

U=E=U;+Us=16 + 24 =40 B.

11. ITpu 3aMbIkaHuu pe3ucTopa R4 SKBUBAIEHTHOE CONPOTHUBIICHUE
napajujiebHbIX BETBEU Oy/IeT paBHO:

R 2.3 R 5 — 3-6

R,,+R, 3+6

Toraa 5KBUBaJIEHTHOE CONPOTHUBJICHUE BCEU LIEITH:

Rys=Ri+Ry3;5=2+2=40wm.

12. TTockoyibKy HaNps>KEHUE HA BXOJIE LIETIH OCTAETCSI HEM3MEHHbBIM, TO
TOK B HEPA3BETBJICHHOM YYacTKE L[EMU BO3PACTET 10 BETUYHHBI:

l1 = U/R, = 40/4 =10 A.

13. Hanpsokenue Ha pe3uctope R BO3pacTeT 10 BETUYHHBIL:

U:=11R;1=10-2 =20 B.

3 Om

23

R2345 = =3 0m.

Ross = =2 Owm.




14. MomHoCTh OTpediseMas 3IEKTPUUECKOM LIETbIO:

P =U-1=40-8 = 320 Br.

15. Pacxoa 3JIeKTpUUECKON SHEPTHUH 1IENbIO 3a § 4 pabOThI:
W =P-t=320-8 = 2560 Bt'u = 2,56 kBt1°u

KoHTposibHOE 3a/1aHNE BBITIOJIHEHO.

1.2 AHaJu3 CJI0KHBIX Lereil MOCTOAHHOI0 TOKA

JIns 2JIeKTpUYECKOW LenH, M300pakKeHHOW Ha puc. 1.2, BBINOJHHUTH

CleayIolIee:

1.CocTaBuTh ypaBHEHHS IS OTIpeICIICHUS TOKOB myTeM
HEIMOCPEICTBEHHOTO TMPUMEHEeHHsI 3akoHOB Kupxroda (ykazaB, s Kakux
y3JI0B M KOHTYpPOB OTH YypaBHEHMsS 3amucaHbl). Pemarb 3Ty cucremy
YPABHEHUU HE CIETyET.

2.0npeaenuTh TOKA B BETBSIX METOJIOM KOHTYPHBIX TOKOB.

3. Onpenenuth pexUMbl PadOThl AKTUBHBIX 3JIEMEHTOB U COCTABUTH
OaJlaHC MOIIIHOCTEH.

4. TlpoBepky MNpaBUIBHOTO PEIHICHUS 3aJa4d IMPOBECTH IO BTOPOMY
3akoHy Kupxroda.

Hano: E1 =130 B, E;=110B, R;1=150M, R,=11 Om, R3=19 Om,

R4=14 OmM, Rs=21 Om, Rg= 16 Om.

Puc.1.2. Cnoxuas anexTpudeckas 1emnb

CxemMa COOEpKUT IIECTh BETBEHM, CJIEAOBATEIBHO, HWMEET IIECTh
HEU3BECTHBIX TOKA. BhIOMpaeM yCIOBHO MOJIOXKUTEIbHBIC HANPaBJICHUS TOKOB
(Ha cxeme YyKazaHbl CTpejikamMu) JJisi KOTOpbIX 1o 3akoHaMm Kupxroda
HEOOXOJMMO COCTaBUTh WIECTh ypaBHEHUU. UHCIO y37I0B B CXEME YEThIpE,
MOATOMY IO mMepBOMYy 3akoHy Kupxrodpa HEOOXOAMMO COCTaBUTh TpHU

YpaBHECHHUS:
-1+ 13=0 s y3ia (a) (1)
lh—1,—16=0 st y3ina (c) (2)
-l +Hls+16=0 s y3na (d) (3)



JIJIss cocTaBieHUS HEOCTAIONMUX JBYX YPaBHCHHH pa30WBacM cXeMmy Ha
TPH HE3aBUCUMBIX KOHTypa. OO0X0j KOHTYPOB IPOBOIUM TPOTHB JIBYIKCHUS
JaCOBOHM CTPEKH M COCTABJIIEM JUIS KaKIOT0 M3 HUX YpaBHEHHE, MOJIb3YSCh
BTOPBIM 3aK0HOM Kupxroda:

Ei=Ril1 + Rals—Rsls  nms mepBoro xoHTypa 4)
E2; =Rl + Rsls + Rsls  y1s1 BTOpOro KoHTypa (5)
-R4ls — Rsls + Rglg =0 my1s1 TpeTbero KoHTypa (6)

B »>tux ypaBHeHusx Bce DJIC U TOKH, COBHAAAIOLINE C HAIPABICHHUEM
o0xo/la KOHTypa, 3amuchiBalOTCs co 3HakoM tumoc; IJIC u  TOKW,
HaIpaBJIeHHbIE HABCTpeuy 00X0/y - co 3HaKkoM MuHyc. Kak BUIHO U3 JaHHOTO
npumepa, o0IlIee YUCIO YpaBHEHUN, COCTABJICHHBIX IO MEPBOMY U BTOPOMY
3akoHaMm Kupxroda, paBHO YMCITy HEU3BECTHBIX TOKOB, T.€. YHCITy BETBEH.

2. IlpunuceiBaeM KakKIOMy HE3aBUCHMOMY KOHTYPY CBOW KOHTYPHBIM
TOK: l11, |22, M BbIOMpaeM MPOU3BOILHOE HAMPABICHUE KAXKIOTO M3 HUX (CM.
puc. 1.2). Yno6HO BBIOMpaTh HaIpaBiICHHE KOHTYPHBIX TOKOB BO BCEX
KOHTYpax €IMHOOOPa3HO - MO0 YaCcOBOM CTpEJIKE WJIM MPOTHB, a HAIpaBICHUS
00Xx0/1a KOHTYPOB — IO KOHTYPHBIM TOKaM.

CocraBnsieM ypaBHeHUs 1O BTopomy 3akoHy Kupxroda mist kaxmoro
KOHTYpa

l10 Ry+R3+Ry)-199R3-199R, =Eq4
-l191R3+172(Ry+R3+Rg)-19R5 =E») @)

IloncraBnsiss  uucneHnele  3HaueHus OJIC, HCTOYHMKA TOKa U
CONPOTHUBJIEHUH, IOy YUM:

[ 117 (15+19+14) - 19519~ 13314 =130

-11119+ 199 (11+19+21) - 135-21=110
-11114— 159 21+ 135(14+ 21+16) =0

4811 19199 -14-155 =130
11911 +51155-21155=110 ®)
-14-191 — 21199 +51133=0

[TosmyyeHHas cucreMa ypaBHEHHUM pacCUuThIBaeTcs no merony Kpamapa:
l11= A, 22 = By (9)
A A
rIe A - onpeeuTeNh CUCTEMBI YpaBHEeHuUH (8).
Pemum cucremy Tpex ypaBHEHUMW TIEPBOM CTEIEHU C  TpeMs
Hen3BEeCTHbIMU. COOTBETCTBYIOIIME ONpeAenuTeNnd A11, Az, ollydyaeMbie U3 A

-




MyTeM 3aMEHbI IEPBOT0, BTOPOTO U TPETHETO CTOJIOIOB CTOJOIIOM CBOOOIHBIX
YJICHOB, PABHBI

48 -19 -14
A=|-19 51 -21 =4851.51 + (-14)-(-19)-(-21) + (-14)-(-19)-(-21) —
-14 -21 51

(-14)-51-(-14) - 48-(-21)-(-21) - 51-(-19)-(-19) = 124848 — 5586 — 5586 -
9996 — 21168 — 18411 = 64101

130 -19 -14
A, =110 51 —21 = 13051-51 + (-14)-110-(-21) + 0-(-19)-(-21) —
0 -21 51

(-14)-51-0 - 130-(-21)-(-21) - 51:(-19)-110 = 338130 + 32340 + 0 + 0 —
57330 + 106590 = 419730

48 130 -14
A, =|-19 110 -21 = 48:110-51 + (-14)-(-19)-0 + (-14)-130-(-21)
-14 0 51

(-14)-110-(-14) - 48-0-(-21) - 51-(-19)-130 = 269280 + 0 + 38220 - 21560
+ 0+ 125970 = 411910

48 -19 130
Ai,=1-19 51 110 = 48-0-51 + (-14)-(-19)-110 + (-19)-130-(-21) —
-14 -21 O

130-51-(-14) - 48-110-(-21) - 0-(-19)-(-19) = 0 + 29260 + 51870 + 92820 +
110880 - 0 = 284830

Bocnonssyemcs hopmynamu Kpamapa u onpenenrim KOHTYPHBIE TOKH:

A
lyy = h — 419730 = 6,55 A.
A 64101
A
|, = s — 411910 6.43 A
A 64101
A
lg3= —2 = 264830 4,44 A
A 64101

4. 3HavyeHHs TOKOB B BETBSIX HAXOJATCA Kak anreOpanyeckas cymma
COOTBETCTBYIOIIMX KOHTYPHBIX TOKOB. Hampumep, Tok |3 B cMexHOW BETBU
COBIIAJIa€T M0 HaIpaBlieHHIo ¢ | 1 HanpaBieH HaBcTpeuy |11, mO3TOMY

I3 =1»—111=6,44-655=-0,12 A

ls=111—133=6,55-4,44=211 A

|5 = |22 — |33= 6,43 — 4,44 = 1,99 ~ 2,0 A
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5. Tox |1 B HecMMMeTpUYHOW BETBM (MO BHEIIHEH BETBU) pPaBEH
KOHTYpHOMY TOKY l11, moatomy: I = l13 = 6,55 A, cootBercTBeHHO |2 = I3 =
6,43 A.

|6 = |33 = 4,44 A.

MeTtoa KOHTYPHBIX TOKOB IO3BOJISIET YMEHBIIUTH YHUCIO YpPaBHEHUH,
HEOOXOIMMBIX ISl PEIICHHS 3a/1aui JI0 YUCJIa HE3aBUCUMBIX KOHTYPOB.

CocTtaBuM 0OajlaHC MOIIHOCTEH:

Eili+ Eolr= R1|12 + R, |22 + R3 |32+ R4|42 + Rs |52 + Rs |52
130-6,55 + 110-6,43 = 15-6,55% + 11:6,43% + 19-0,12% + 14-2,11% + 212 +
16-4,442

851,5+707,3=643,5+454,8+0,3+62,3+ 84+ 3154

1558,8 Bt = 1560,4. Br.

[Torpemnocts pacueroB cocrausier 0,1%, cienoBaTenbHO, 3amada
pemieHa, BepHO. [IpoBoauM MpPOBEpPKY MPAaBWIBHOCTH PEIICHUS 3aJadd IO
BTOpOMY 3akoHYy Kupxroda s mepBoro KOHTypa:

Ei =R 11 + R4ls- Rsl3

130 =15-6,55 + 14-2,11+ 19-0,12

130 =98,25 + 29,54 + 2,28

130 B = 130,07 B.

KonTposibHOE 3aaHN€E BBITIOJTHEHO.

2. OJHO®A3HBIE LHEIIX IEPEMEHHOI'O TOKA
2.1. OcHOBHbIC MOHATHUSA

[Ipu n300pakeHUU peasbHOTrO MPUEMHHKA JIEKTPUYECKOM PHEPruu B
BUJIE CXEMBbI 3aMEUICHMs, Ha MEPEeMEHHOM TOKE IMOJb3YIOTCI BCErO TpeMs
AJIIEMEHTaMH, KOTOPbI€ HAa3bIBAIOT UACAIbHBIMU:

- PE3UCTHUBHBIA 3JIEMEHT R, CONpOTHBIEHHE KOTOPOrO B LENHU
NEPEMEHHOr0 TOKa MPUHATO HA3bIBATh AKTUBHBIM COIIPOTHUBIICHUEM;

- eMkocTHbi ssemeHT C. IlapameTpoM WHIEaIBHOTO €MKOCTHOIO
AJIEMEHTA SIBJISIETCS €T0 AJIEKTpUUYecKas eMKocTh C;

- WJealbHbI  WHAYKTUBHBIN d2yemeHT 1enu L. Ilapamerpom
UICaIbHOTO UHYKTUBHOTO 3JI€MEHTA SIBJISIETCS] €r0 MHIYKTUBHOCTS L.

B T1abn.l moxkaszaHbpl  ycloBHbIE rpaduyecKUe  H300pAKECHHUS
PE3UCTUBHOTO, EMKOCTHOI'O, UHIYKTUBHOI'O 2JIEMEHTOB.

K wupeanbHbIM pPE3UCTUBHBIM 3JIEMEHTAM MOTYT OBITh OTHECEHBI
peocTaTbl,  PaAMOPE3UCTOPbI,  OOJIBIIMHCTBO  3JEKTPOHArpPEBATEIBHBIX
YCTPOUCTB (MAsUIbHUKH, BJEKTPOINEUH, SJEKTPOJIaMIIbl HAKAJIWBAHUS, YTIOTH,
CYLIMJIbHBIE IIKA(BbI, AIEKTpOKanopudepbl, BOAOHATPEBATENH U T. 1.)

[Ipumepom uaeanbHOro eMKOCTHOTO 3JIEMEHTA SIBIISIETCA KOHAEHCaTop,
a WJEaTbHOTO WHAYKTHUBHOTO 3JIEMEHTA WHIYKTHUBHAsl KaTyllKa, C MaJbIM
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AKTUBHBIM COTIPOTUBIICHUEM.

OcHOBHBIE CBOWCTBA AJIEMEHTOB IIETICH TIEPEMEHHOTO TOKA TPUBEACHBI
B Tabn. 1. BOIBIMHCTBO TPUEMHUKOB JJICKTPUUECKOW DHEPTHUH HMEIOT
aKTUBHO-WHIYKTUBHBI XapakTep, T.€. MX CXEMBI 3aMEIICHUS MOTYT OBIThH
MPEICTABIICHBl  TOCJIEIOBATEILHEIM  COCIMHEHHEM pPE3UCTUBHOTO R m
WHIYKTHUBHOTO L 31emeHToB, puc. 2.1.

R L
Y

Puc. 2.1. AKTUBHO-UHAYKTUBHAs BETBb

Takumu cxemamMu 3aMeIIEHUST MOTYT OBITh MPEACTaBICHBI: OOMOTKH
ANEKTPUUYECKUX JBUTATEJIeH M TEHEpaTopoB, OOMOTKH TpaHC(OPMATOpPOB,
KaTyIIKM MarHUTHBIX IyCKaTeJIeh, APOCCENM MEPEMEHHOTO TOKa, KaTYIIKH
U3MEPUTEIbHBIX 3JIEKTPOMEXaHHUYECKUX IPUOOPOB U Jp. B OOJBIINHCTBE
WH)KCHEPHBIX 33J1ad MaTeMaTHYSCKUMHU MOJICISIMU HArpy30K SBJISIOTCS JTHOO
pEe3UCTUBHAs, TMOO PE3UCTUBHO-UHIYKTHBHAS CXEeMa 3aMEIICHHUS.

Cxema 3aMelleHHs ¢ IocienoBaTelbHbIM  coequHeHueM R, L u C
HCTOJIB3YEeTCs JJIs pacyeTa U aHajau3a B Pajuo - U DJIEKTPOHHBIX CXEMaXx.

B Ta6n. 2 npuBeeHb OCHOBHBIE COOTHOIICHHS JIS TTOCIIEA0BATEILHOM
nenu R, L u C.

Tabmuma 1
OCHOBHBIE CBOMCTBA 3JIEMEHTOB 1[ETIEH TEPEMEHHOTO TOKA
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JByxnosrocuuk | Pesuctop Uneansaasa UneansHbIN
KaTYyIIIKa KOHJICHCATOP
O0o3HaueHue R L C
——+ Favaves —I
CB3b i Us u =L di i duc
— = —c e
MrHOBerILIX R dt 1dt —
3HA4YCHUM TOKa U u =1 Ii dt
HampsOKEHUS C
3akoH Oma I—UR I U | =U. /1/&C
R ol
Bakon Oma B P Ug I :—jU—L | = joCU,
KOMILICKCHOM R wlL
dbopme
ConpoTtuBieHue AKXTHBHOE PeaxTtuBHOE PeaxkTtuBHOE
R MHJIYKTUBHOE €MKOCTHOE
X, =l =24L 11
¢ wC 24C
BonHoBbIe u u u i u
22 t t
BEKTOPHBIEC 1| l\\_f,f l/}—\ t |7<\
JHArpaMMBI \/ 1 UW
I T L
—_— I
I F_’ I C
Yroia casura das ¢=0 @ = 90° @ =-90°
3aBHUCUMOCTD rt X X
COIIPOTHUBIICHUS L
OT YaCTOTEI ® © ®
MOIIHOCTD AKTHUBHasA PeakTuBHas PeakTuBHas
P=R-I? Br VHIyKTUBHAs €MKOCTHAas
QL:XL’IZ, BAp QC:XC'IZ, BAp
Tadoauna 2

OCHOBHBIE COOTHOILIEHHUS I ITOCIEI0BATEILHON 1IETTN




R :
CxeMa 3aMeIICHHS LY

VYpaBHeHue paBHOBECHA |
HaNpsKEHUH U=Ug+U +U.

3axon Oma jst geiicryromux | | _ U _ U
3Ha4YEeHHUI TOKa M HAlPsHKEHUS Z R4+ (X -X.)

To ke B KOMIUTEKCHOU (hopme

IToHOE COMPOTHBIEHHE e | Z =[R? + (X, — X¢)?

To xe B KoMIiekcHoit gopme | £ =R+ (X —X¢)

Yron caBura ¢az MexIy

= arctg—-——5;cosp = —
TOKOM Y HANPSIKEHUEM 4 g P
XL=Xc o= 0
Xe>Xc 0< @< 90°
X <Xc 0 >p> 90°

UL UC
BekropHas quarpamma nemnu /U/P
XL>Xc (N 1
Ug

[TonHas MOLHOCTE, B*A S=U-I
AKTHBHas MOIITHOCTh, BT P=U"I-cos@=S-cos¢

PeaxtrBHas MomHOCTh, B'Ap | Q= U I'sing=S-sing

Z
TpeyroabHUK CONPOTUBIICHUN /‘ X=X%,-X

npu ycinoBuu X > Xc R

. 5
TpeyroibHUK MOITHOCTEN TIPU K Q=0Q-Qc
ycnoBun X > Xc T

2.2. MeToauyeckne yKazaHusl K pelleHHI0 3a1a4
3anmaua 1. B nens cunyconnanbaoro Toka HanpsibkeHuem U = 100 B u

gacrotoii f = 50 ['1y BKiItoueHa KaTyIika ¢ akTHBHBIM conpoTuBieHneM R = 4 Om
U UHIYKTUBHBIM X = 5 Om.
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Onpenenuts: Tok B KaTymike, Ko3()QUIMEHT MOIIHOCTH; MOJHYIO,
aKTUBHYIO U PEaKTHUBHYIO MOIIHOCTH; EMKOCTb, P KOTOPOU B LI€TIA HACTYTIUT
PE30HAHC TOKOB; OCTPOUTH BEKTOPHYIO AUArPaMMY .

0, e
' i
K
\
U B — )(C
X[ Yi
O

Puc.2.1

Pemienue.

1. OnpepensiemM MOTHOE COMPOTUBIICHUE UHYKTUBHON KaTYIIKU:

/= \/RZ +X2 =4? +5* = 6,4 Om.

2. Tok B karymike onpezenseM 1o 3akoHy Oma: 1= U/Z = 100/6,4= 15,6 A.

3. Onpenemnsiem kodddunment mouHocTh: cosp = R/Z = 4/6,4 = 0,625

4. Yroun casura ¢a3 Mexay TokoM | u Hanpsxenuem U:

¢ = arccos R/Z = arccos 4/6,4 = arccos 0,625 = 51°.

5. INonnag momHocTs S = Ul = 100-15,6 = 1560 BA.

6. AxktuBHas momHOCTh P = Ul cose =100-15,6 -0,625 = 975 Br.

7. PeaktuBHas momuocTh Q= Ul sing = 100-15,6 -0,78 = 1217,5 BAp.

8. Pe3oHaHC TOKOB MPOMCXOIUT B LEIMAX C MapaJICIbHbIM COCAUHEHUEM
WHIYKTUBHON KAaTyIIKH W €MKOCTH TPH YCJIOBHUH PABEHCTBA MX PEAKTHUBHBIX
npoBoguMocTeit b = Dbe. Omnpenmenum  peakTHBHYIO — MPOBOJMMOCTD
WHIYKTUBHOM KaTYIIKU IO GOopMYyJIe:

b|_ = X|_/Z2 = 5/6,42 = 0,122 Cwm.

Tak kak IPOBOAMMOCTh €MKOCTH paBHa bc = 1/Xc = 1 = wC, 10
1/oC

€MKOCTb KOHJIEHCATOpa, IPU KOTOPOU MPOU30MIET PE30HAHC TOKOB, PaBHA:

C = bc/o = be/2nf =0,122/2-3,14-50 = 0,0003885d = 388,5 MxD.

9. Jlna mocTpoeHUsi BEKTOPHOM JHarpamMMbl ONPEIEINM HAIMpPSKEHUs Ha
aKTUBHOM U PEAKTUBHOM CONPOTHUBIICHUSX:

Ur=1R=15,64=62,4 B, U _=1X_=15,6:5=78B.
Brei6upaem macmitab: mo Toky M, = 2 A/cM, o HanpspkeHuto My = 10 B/ewm.

[Ipu mocTpoeHHH BEKTOPHOM JuarpaMMbl MEPBBIM CTPOUM BEKTOP TOKA,
TaK Kak OH SIBJISIETCS OOIIMM MPHU MOCIEI0BATEILHOM COSAMHEHUH 3JIEMEHTOB
uenu. [lo HampaBiIEHUIO 3TOr0 BEKTOpAa CTPOMM BEKTOp HAINpSDKEHUS Ha
akTUBHOM conpoTtuBiieHud. [lox yrimom 90° B CTOpOHY ONEpeKEeHUsi CTPOUM
BEKTOp HampsikeHusi Ha uHaykTuBHocTh. Cymma BektopoB Ur m Ui naer
BEKTOp TOKa B Hauaje aekTpudyecko nenu U (puc.2.2).
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e |

Up
Puc.2.2. BexropHas nuarpamMma

3amaya 2. llenb mepeMEHHOr0 TOKAa COAEPKUT PA3IUYHBIE SJIEMEHTHI
(pe3ucTophl, MHAYKTUBHOCTH, €MKOCTH), BKIIIOUEHHBIC MOCIEAOBATEIIHLHO.
HauepTtuth cxeMy 11eNu U ONPEEIUTh CICTYIONTNE BETUYUHbBI, OTHOCSIIIHUECS K
JTAHHOM 1ETMU: TMOJHOE CONMpOTHBICHUE Z;, HampsikeHue U, mpuiiokeHHOe K
nenu; Tok |; yron chura ¢a3 ¢ (Mo BeIMYMHE W 3HAKY); aKTUBHYIO P,
peakTuBHYI0O Q W TONHY0 S MOIHOCTH menu. HadeptuTe B MaciiTade
BEKTOPHYIO TMAarpaMMy IIETH U MOSCHUTH ee TocTpoeHue. [10SCHUTh XapakTep
U3MEHEHUs (YBEJIIMUUTCS, YMEHBIIMUTCS, OCTAaHETCS 0€3 HW3MEHEHHWs) TOKa,
aKTUBHOW W PEAKTUBHON MOIIHOCTH B ICTH MPH YBEIMYEHUN YaCTOTHI TOKA B
nBa pasa. HanpspkeHue, NpuiaioKeHHOe K uerm CUUTATh HEU3MEHHBIM.

Xc1 Xeoo
T UCl URI UCE
O

Puc.2.3. Dnexkrpuyeckas cxema

Hano: R1=120m, X(1=4 OMm, X1 =12 OM, Xe2=8O0mMm, | =4 A.
Pemenue:
[TomHOE CONPOTUBIIEHUE LIETIN:

Z =R, + (X, — X —X,)? =127 +(4-12-8)? = 20 Om
Hanpsbxenue, NprIoKEHHOE K ENu:

U=1Z=420=80B.
VYron cnpura ¢as:

- X01 - Xcz - arctg 4 _—ig -8 = -K3°

¢ = arctg% = arctg Xy

1
Koadduument momuoctu: cosp = cosd3°= 0,6
OmnpenenseM aKTUBHYIO MOIITHOCTD TEMH:

P=1°R;=4%12 =192 Br. wm P = Ulcosep = 80-4-0,6 = 192 Br.
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OmnpenenseM peakKTUBHYIO MOIITHOCTb IIETIH:

Q = Ulsing = 80-4-(-0,8) = -256 Bap.
OmnpenensieM MOJHYIO MOITHOCTH IIETH:

S=./P? +Q?=+192% + 2562 =320 BA wm S = Ul = 80-4 = 320 BA.
OmnpenensieM MajeHus: HAMIPSKEHUS HA COMPOTUBICHUSX LIETIN:

UR1= |R1 =4.12 =48 B; U|_1 = |X|_1 =4.4=16 B; UCl= |X(;1 =4.12 =48 B;

Ucz: |Xc2 =4.8 =32 B.

[TocTpoeHre BEeKTOpHOM AuMarpaMMbl HaUMHAeM C BbIOOpa MmaciiTada Jiis
TOKa W HampspkeHus. 3ajgaeMcs macmrTabom mo Toky M; = 0,5 A/cm, 1o
HanpspkeHuto My = 10 B/cm. JIMHBI BEKTOPOB COTJIACHO BBIOPAHHOTO
MacmrTaba: /;=8cm; fy=8cm; fyr=4,8¢cm; Ly =1,6 cMm; /yc1 = 4,8 cm;
? uc2 = 3,2 cMm. [locTpoeHre BEKTOPHOW IMarpaMMbl HAUMHAEM C BEKTOpa TOKa,
KOTOPBIN OTKJIAJBIBAEM 1O TOPU3OHTAIM. BEKTOp mMameHus HampsHKeHHS Ha
aKTUBHOM COIIPOTHBIICHHH COBMaaaeT mo (a3e ¢ BEKTOpoM Toka. M3 koHIa
ATOTO BEKTOpa OTKJIAIAbIBAEM B CTOPOHY omnepexkeHus Ha 90° BekTop
HaIpsHDKCHUST Ha WHAYKTHBHOW KaTyIIKe, a B CTOpPOHY OTcTaBaHus Ha 90°
OTKJIaJIbIBACM BEKTOp HANPSOKCHHWsT Ha TIEPBOM KOHJIGHCATOpPE W K HEMY
npuOaBIsIEM BEKTOP HANpsDKEHUs BTOPOro KOHJAEHcaropa. ['eomeTpuueckas
cymma BekTtopoB Hampsbkenuit Ug, Up, Uc paBna nampsikenuto U,
MPWIOKEHHOMY K IIETIH.

—= 40

™
T H

Uc1tUc o

Puc.2.4. BexktopHas nuarpamMma

[Ipy yBenWyeHWM YacTOTBI TOKA B JIBa pa3a COMPOTHBIICHUE
WHAYKTHBHOTO 3JIEMEHTa IIEMM YBEJIUYHUTCS B JiBa pa3a, a EMKOCTHBIX
9JIEMEHTOB YMEHBIIIMTCS B JiBa pa3a, Tak kak X = oL = 2nfL u X¢c = 1/oC =
1/27fC, rae f - vacTora Toka. PeaktuBHOE compotuBienue nemu X = X - X¢ =
8-10 = 2 OM yMEHBIINUTCS, CJEI0BATEIbHO YMEHBIIUTCS MOJHOE
CONMPOTHBIICHUE IIEMH, a TOK B ICMM IPH HEU3MEHHOM HANpPSHKEHUU
yBenuuuTcs. Tak Kak TOK YBEJIMUUTCS, TO aKTUBHAS MOIIHOCTh P = I12R; Taxxke
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YBCIIMYINTCA. Tak kak PCAaKTUBHOC COIIPOTHUBJIICHUC IIPU YBCIMYCHHUN YaCTOThI
TOKa YMCHBIIUTCS, TO PCAKTUBHAA MOIITHOCTDH Q - |2X TAKKC YMCHBIINUTCH.

3amavya 3. HampspkeHue Ha 3aXuMax LENH, W300pakeHHOW Ha puc. 2.5,
u3MeHseTcs 1o 3akoHy U = Up Sinot. AMITTUTYAHOE 3HAYCHHE HAINPSHKCHUE
Um, 3HaUE€HUS aKTUBHBIX CONPOTUBICHUNA R1 M Ry, MHIyKTUBHOCTEW KaTylIeK
L; u L,, emxocteit konnencatopoB Ci1 u Ca.

Yacrota nuraromero HanpspkeHus f= 50 I,

Heobxoaumo:

1. Onpenenuth moka3aHus MPHOOPOB, yKa3aHHBIX HA cxeMe (CM. puc.2.5).

2. OnpenenuTth 3aKOH U3MEHEHUS TOKA B LICTIH.

3. OmpenenuTh 3aKOH HW3MEHEHUS HAMpPSDKEHUS MEXAY TOUYKAMH, K
KOTOPBIM MOJIKJIFOYEH BOJIBTMETP.

4. OnpenenuTb aKTUBHYIO, PEAKTUBHYIO U MOJIHYO0 MOIITHOCTH UCTOYHHKA,
aKTUBHYIO, PEAKTUBHYIO M IOJHYK MOIIHOCTH NPUEMHHUKOB. COCTaBUTH U
OLIEHUTH OanaHc MomHocTell. PaccunTars K03(h(HULIMEHT MOLTHOCTH.

5. Omnpenenuth xapakTep (MHAYKTHMBHOCTb, €MKOCTh) U IapaMeTphl
3JIEMEHTA, KOTOPBIH JOKEH ObITh BKIIOUEH B 3JIEKTPUYECKYIO LENb ISl TOTO,
4TOOBI B HEMl UMEJ PE30HAHC HAMPSKEHUIM.

Hano. Upn=240B, R1=10Om, R,=12 Om, L1 =0,01 I'n, C, =800 MkD.

Puc.2.5. Dnekrpudeckas cxema

Pemenue.

OnpenenuM MoaHOE COMPOTUBIICHUE SJIEKTPUUECKOM LIETIH.

JIist  3TOro  HEOOXOAUMO OMNPENETUTh PEaKTHUBHBIE COMPOTUBICHUS
MHIYKTUBHOM KaTyIIKH M KOHJIEHCATOpa:

XL1: (DLl = 27‘Cﬂ_1: 23,14500,01 = 3,14 Om.

X = 1wC, = 1/2nfC, = 1/(2-3,14-50-800-10°) = 4 Om.

[TonHOE conpoTUBIIEHUE:

Z=\/(R1 +R,)? +(XL, Xc, 12 = /(10+12)2 + (3.14-4)2 = 22,02 Om.

HetictBytomnee 3HaueHrne U BXOAHOTO HANPSKEHUS:
U =Un/v/2 =0,707 U= 0,707-240 = 170 B.
Tok B mernu onpeaenum 1o 3akony Oma: | =U/Z =170/22,02 =7,72 A.
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VYron casura a3 mexay HanpsikeHueM U u Tokowm I
¢ = arctg XLTXR - arctg 314-4 _ -2,2°
Ry +Ry 10+12

AKTHBHAs MOIITHOCTH MTPUEMHHUKOB, ITOKa3bIBacMasi BATTMETPOM:

P = (R1+Ry)12=22-7,722=1311,2 Br.

Hanpspkenue Ha KOHJIEHCAaTOpe MOKa3bIBAEMOE BOJIBTMETPOM:

Uc2= Xc2| = 47,72 = 30,88 B.

JIns 3amucu 3aKOHA MU3MEHEHHUSI TOKa B LIETIM HAWJEM €ro aMIUIUTYIHOE
3HAYCHHE:

In=1v2 =1,41.7,72=10,9 A,

TOT/Ja 3aKOH U3MEHCHHUS TOKA B IICITH:

I = InSin(ot+¢) = 10,9 sin(314t+2,2°).

3aKoH M3MEHEHHMS HanpsKeHUus Ha KoHaeHcatope Ucy:

Ucz = Umcz Sin(ot-¢) = Uczy/2sin(ot-¢) = 30,88-1,41-sin(314t-90°) =
43,5-5in(314t-90°).

[TomHas MOIHOCTE UCTOYHUKA: S, = UI=170-7,72 = 1312,4 BA

AKTHBHAsg MOIIHOCTb HCTOYHHKA:

Pyer = Ulcose = 170-7,72-c0s2,2°= 1311,4 Br.

PeakTnBHAs MOIITHOCTH HCTOYHHKA!

Quer= Ulsing=170-7,72-sin2,2°=-50,4 BAp.

AKTHBHAsI MOIIIHOCTb IPUEMHUKOB: Py =rl°=1311,2 Br.

PeakTuBHAss MOIITHOCTH TPUEMHHUKOB:

an = Q|_1 - QCl = X|_1|2 - Xczl2 = 3,147,722 - 47,722 = -51,2 BAp

[TonHAas MOIITHOCTH IPUEMHHKOB:

Sup=(P2np+Q2p =4/131122 451,22 = 1312,2 BA.

bananc MomHOCTEN HCTOYHUKA U TPUEMHUKOB DJIEKTPUYECKON SHEPTUU:

Suer =1312,4 = S,,, = 1312,2 BA. Py» = 1311,4 = P,,, = 1311,2 Br.

Quer=-50,4 = Qp = -51,2 BAp.

Koaddunuent momHoCTH: COSQ = Pprp/Syp = 1311,2/1312,2 = 0,999.

Pe3onanc HanpsoKeHW IMEET MECTO B TTociietoBaTepHou nenu R, L, C B
TOM CJydae, €clii 00Iee peaKTUBHOE COMPOTHUBIICHHUE 1€ PaBHO HYJIIO, T.€.
npu X, = -Xc. [Jns nonydeHus: pe3oHaHCa HANPSHKEHUH B LENb HEOOXOIUMO
100aBUTh UHAYKTUBHYIO KaTYyIIKy C COTPOTUBIECHUEM PaBHBIM

X1 - Xez = 3,14 — 4 = 0,86 Om. MHAYKTUBHOCTHh TaKOW KaTyIIKH OyIeT
paBHa: X 2= wlL,, orcroma L,= X /o = 0,86/314 = 0,0027 I'n.

3agaua 4. llenb NEpPEeMEHHOrO TOKA COJEPKUT PA3TUUYHBIE SJIEMEHTHI
(pe3ucTophl, WHIYKTUBHOCTH, €MKOCTH), OOpasyroliue ABe Mapajlie/IbHbIC
BeTBU. Cxema 1enu npuBeaeHa Ha puc.2.6. MHaeke «1» y JONOJIHUTETBHOTO
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napaMeTpa O3HayaeT, 4TO OH OTHOCUTCS K TEPBOM BETBU;, HMHJIIEKC «2»- KO
BTOPOM.

Haueptuth cxeMy 1enu U ONpeaeanuTh CICAYIONINE BeIUYUHbL: TOKU |1 u
I, B 0O0oux BeTBsX; TOK | B HEpa3BETBICHHOW YacTH Iienu; HampsbkeHue U,
MPWIOKEHHOE K IeNH; akKTHBHYIO P, peakTuBHYI0 Q M MOJHYIO S MOIIHOCTH
115 Beew nienu. HauepTuTh B MaciTabe BEKTOPHYIO TUarpaMMy IIETIH.

Kakum o6pazoM B 3aJaHHOM IIENIM MOKHO IOJYYHUTh PE30HAHC TOKOB?
Ecnu nens He mO3BOJISIET JOCTUTHYTh PE30HAHCA TOKOB, TO MOSCHUTH, KAKOU
AJIEMEHT HaJI0 JOTOJHUTEIBHO BKJIFOYUTH B IIEMb JJ1s1 3Toro. Haueptuth cxemy

TaKoOM IIeNH.
Hano: R1=2 Om, R, =2 OMm, X 2=3 Om, P, = 16 Br.

0 O .
= = I
Ry, Ry
U H ¢12 U ¢12
E R
b dxp, 1 12
| ( __Xc1
Rl. R,
o a) O 0)

Puc.2.6. [TapamiensHOe cOeTMHEHUE BETBEH

Pemienue.
[TosHOE COMPOTHUBIIEHHUE BTOPOIl BETBU:

Z,=R,” +X," =(2+2)? +3* =50m.

R 4
AXTHBHas IPOBOJIUMOCTh BTOPOH BETBH: (o= —5 = — = 0,16 Cm

Z 5?

2
o X L2 3
PeakTuBHAs MPOBOAMMOCTH BTOPOIl BETBH: by = S 2 = 5—2 =0,12 Cm
2

Vroi caBura ¢as BTOpoii BETBU: (P, = arcCos—= = arccos —— = 37°

2

R, 4
Koaddumment momuocT: cos = — = 5 =0,8
2

Tok BTOpOIi BeTBH onpeaenuM u3 Gopmyisl Pr = [,?R;:

I,= /P,/R, =+16/4 =2 A,

Hanpsoxenne U, mpunoxkernoe k nenu: U = P/Icose = 16/2-0,8 = 10 B.
Toxk nepBoii BetBu: |1 = U/R;=10/2 =5 A.
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AKTHUBHBIN TOK BTOpO# BeTBU: 152 = I, OS2 =2-0,8 = 1,6 A.
PeakTuBHBIN TOK BTOpO#t BeTBU: |y = I, Sing, = 2- sin37°= 20,6 = 1,2 A.
Tok | B HEpa3BETBIEHHOI YacTH LEMU:

1= 0, +1,)% +1,° = J(5+16)* +12° =67 A.

AKTHBHAsg MOLIHOCTb NepBoii BeTBu: P = Ril;2=2.52=50 Br.
PeakTuBHAS MOIMHOCTE BTOpOi BeTBU: Q2= X 2l? = 3-22=12 BAp.
[ToHAst MOIITHOCTH JICKTPUUICCKOM ICTIH:

S= (P, +P,)*+Q,” =./(50+16)? +12° =67 BA
W S = Ul = 10-6,7 = 67 BA.

B snekTpudeckor Lenu ¢ mapajyieabHbIMUA BETBAMHM MOKHO IIOJYYHTH
PE30HAHC TOKOB NPHU YCIOBHUM DPAaBEHCTBA PEAKTUBHBIX IPOBOAUMOCTEH B
IIEPBOM M BTOPOM BETBAX, COJEPkKAUIUX B OJHOW BETBH HHIYKTHUBHYIO
KaTylIKy, a B Jpyroul KoHjaeHcarop. s moiydeHuss pe30oHaHCa TOKOB B
3aJaHHOW 3JIEKTPUYECKOM cXxeMe HeoOXOJUMO B MEpBOH BETBU JOOABUTH
KOHJICHCATOp, COTJIacHO puc.2.6 (0).

Jlji moCTpoeHUs BEKTOPHOU AuarpaMMbl BbIOMpaeM MaciTal: 1Mo TOKy

m, =1 A/cm, o Hanpspkeruto My = 1 B/cMm.

[lepBbIM CTpOUM BEKTOp HANPSDKEHUS, TaK KaK OH SIBJSETCS OOIIMM st
napaJuiebHbIX BeTBEH. 110 HanpaBIeHUIO HTOr0 BEKTOpA OTKJIAJABIBAEM BEKTOP
Toka nepBoii BeTBH l1. [log yriiom 37° B cTOpOHY OTCTaBaHUsI OT HAIPSKEHUS
CTPOMM BEKTOp TOKa BTOpOH BeTBU |z, KOTOPBIA MOJIy4aeTcsl CIOXEHHEM
BEKTOPOB AKTMBHOI'O M PEAaKTUBHOTO TOKOB BTOpPOW BeTBU. (CIOXKEHHE
BEKTOPOB TOKA MEPBOM U BTOPOM BETBU JAIOT BEKTOP TOKA B HEPA3BETBICHHOM
y4acTke menw |.

I

TI2 I

o —

[

Puc.2.7. BexkropHas nuarpaMmMa

3. TPEX®A3HBIE LHEIIU MIEPEMEHHOI'O TOKA
3.1. MeToanuyeckue yKa3aHus K pelIeHUI0 3aJaHNH

3amaua 1. PaccmoTtpuM 4eThipexnpoBoAHYI0 TpexdaszHyro 1ens (puc.3.1)
C JMHEHMHBIM HamnpspkeHuem U, =220 B. IlpuemMHHK BKIIOYE€H 3BE3O0M.

AKTHUBHBIC H HHAYKTHUBHBIC COIIPOTHUBJICHHA (1)8,3 COOTBCTCTBCHHO pPABHLI:
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R,=3 Om, X,=40m, R,=30m, X,=520m, R, =40m, X, =30m.
CrnenmoBarenbHO, peXUM pabOThl IeMM HecUMMETpUYHBIA. TpeOyercs
onpeaenuTh (Da3HblCc W JIMHCHHBIC TOKH, TOK B HYJCBOM IPOBOJE, aKTUBHYIO
MOIITHOCTh BCEH IIENU M KaKI0H (ha3sl B OTACIBHOCTH. [10CTPOUTH BEKTOPHYIO
JUarpaMMy TOKOB M HAPsOKCHHH Ha KOMILIEKCHOM TIJIOCKOCTH.

A O W=l

Puc.3.1. CoenriHenre npueMHUKa IO CXeME 3Be3/1a

Pewenue. Pacuet Tpexda3Hoii 1enu 0CyIeCTBUM KOMIUIEKCHBIM

MeToaoM. [Tonoxum, uto BekTop (azHoro HampsukeHust U. (a3bl a HampaBieH

. o . U,
110 JICUCTBUTEIILHOM OCH, Torna U, = —2~ =127 85, COOTBETCTBEHHO

J3

U, =127e ¢ B U =127e " B,
B stom citydae TpexdazHas 1enp pacnanaercs Ha Tpu o JHO(Da3HbIE e,
KaXKJ1asi Co CBOMM (pa3HbIM HanpsbkeHreMm. Haxoaum nuHelHbIe TOKH:

_ U, 12r 127
a Za (3+ 14) (5ej53o)

c.

I =254 A:

127e 120 197¢-1120°
(3+J52) (e’

In = U—b = = 2:|.,2€_j1800 A;
Z,

U, 1276 12782

Tz, 4+ (577
Toxk B HEUTpaJIbLHOM MPOBO/IE 110 IepBOMY 3akoHYy Kupxroda siBisiercs

CYMMOM KOMIUIEKCOB JINHEWHBIX TOKOB:

In = Lot Io+Ic = (15,29~ j20,29) + (—21.2) + (31+ j25,21) = —2,81+ j4,92 = 5,67e 12 4.

BekropHnas ntuarpamma npuBeneHa Ha puc3.2.

—254e718% 4,
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53 +1

Puc.3.2. BexktopHas nuarpamMmma

Ha BexTopHOM nmarpaMme MHOKa3aHO, YTO TOK HEWUTPAIBHOTO IPOBOJAA
ABJISIETCA BEKTOPHOM CyMMOM JIMHENHBIX TOKOB.

[Ip1 HECHMMETPUYHOW HArpy3Ke JJIsl ONPEAEIECHNs AKTUBHOW MOIIHOCTH
MOXHO ONPEACIIUTh MOIIHOCTh Kaxaou ¢as3wel otaenbHo: P, =U, I, cose, a
MOILHOCTh BCEW Tpex(a3zHONl CUCTEMBI MOIYYUTh KAK CyMMY MOILIHOCTEH
Bcex (a3. OHaKO Mpollle aKTUBHYIO MOIIHOCTb BBIYHUCIUTH KaK MOIIHOCTb,
paccerBaeMylo Ha aKTUBHOM COIIPOTUBJICHUHU.

P, =12R, = 254%.3=1935 Bm;

P, =I’R, =212%-.3=1348 Bm;

P, =1’R, =2181 Bm;

P=I’R, +I2R, + I2R, =5864Bm.

3amaua 2. PaccmoTpum Tpex(asHyro Iernb C JUHEHHBIM HaMpsHKEHUEM
U, =220 B, mpeeMHUK BKIIOYEH TPEYrOJbHUKOM, COMPOTUBIICHUE (a3bl
koTtoporo Z=(10+ j10)Om (puc.3.3). TpebOyercs omnpenenuth ¢a3HbIe U

JUHEHWHBIC TOKHM, AKTHBHYIO MOIIHOCTh BCEH Ienmu HW Kaxaoh (aspl B
OTAEIbHOCTH. [IOCTpOUTH BEKTOPHYIO AMarpamMMy TOKOB M HAIpPsKCHUW Ha
KOMIUIEKCHOM INIOCKOCTH.
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AL vl

Puc.3.3. CoennHenune npueMHUKa 110 CXEME TPEYTOJIbHUK

Pewenue. [lpumeM, 4TO BEKTOP JTUHEUHOTO HANPSKEHUs U 45 HAINPaBJIEH
10 JCHCTBUTEIIBHOM OCH, TOTJA

LJ 48 = L.J ab = 220B; lJ BC = lJ bc = 220841200 B; L.J c4 = L.J ca = 220ej1200 B.
Omnpenenum (a3HbIe TOKU:

©  Ua 220

Iab =

=156e 7% =11- j11A;

Z (10+ j10)
. ¢ —jL2c° '
Toe = U be _ 220e : =15,66_11650 —_15— J4,03A,
Z (10+ j10)
. ¢ —jL2e° .
fo = e 2208 77 g5 6e-i _ 403+ j15A
Z (10+ j10)

Haxoaum nuHelHbIe TOKH 110 TTepBoMY 3akoHy Kupxroda:
Lo =l —le =697 j26 =269 A
Is =I,,—la =26+ |6,97 = 26,9e % A;
T =1 —Tne =19+ j19= 26,9 1 A
AKTHBHAasi MOIITHOCTb IETMHU NMPU CUMMETPUYHON HArpy3Ke MOXKET ObITh

ONPEAEIICHA Yepe3 TUHECUHBIE HAMPSHKEHUS U TOK:
P=13U 1 cosp=-+/3-220-26,9cos45° = 3RI2 =3-10-15,62 = 7300 Brm.

Ha puc.3.4. mpuBezeHa BEeKTOpHas auarpaMma HampsDKeHH TokoB. Ha

BEKTOPHOU JIHarpamMme IIOCTPOEH BEKTOp JiMHeWHoro toka I,. IloctpoeHue

JIMHEWHBIX BEKTOPOB I, M I, CTyJeHTaMU BBIOJIHSAIOTCSA CAMOCTOSATEIBHO.
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Puc.3.4. BexkropHas nuarpamMma

4. TPAHC®OPMATOPHBI
4.1. KoHTpoJIbHOE 32/1aHUE

3amava 1. g TpexdaszHoro TpaHcpopMaropa €  3aJaHHBIMU
napaMeTpamH: MOIIHOCTh Spoy = 630 xBA, coemunenne oomoTok Y/Yo — O,
HOMHUHAJIBHOE  HANpsDKEHWE  HAa  3KAMax  NEPBUYHOM  OOMOTKH
tpancopmaropa 10000 B, HampspkeHHE XOJOCTOTO XoJa Ha 3aXKuMax
BTOpUYHON 00MOTKH TpaHchopmaTopa 400 B, HampsokeHHE KOPOTKOTO
3amMbIKaHus Ux = 5,5 %, MOIITHOCTh KOPOTKOro 3aMbikaHus Px = 7,3 xBm,
MOIIIHOCTh Xo0JiocToro xona Py = 2,0 kBm, Tok xonoctoro xonaa lyp cocraBnsier
3,0 % ot ligoy, OmnpenenuTs HOMUHAJIBHBIE TOKH IEPBUYHON W BTOPHYHOU
0OMOTOK, KO3((UIMEHT MOIIHOCTH XOJIOCTOI'O XO0Ja, COINPOTHUBJICHUS
NEePBUYHON M BTOPUYHON 0OMOTOK. [ToCTpouTh BHEIIHIOW XapakTepucTuky Uj
= f1(f) u 3aBucumocts KI1J] ot Harpy3ku 7 = f2(f) mist cosez = 0,8.

4.2. Meroanuyeckue yKa3aHusl K BbINOJTHEHUIO 32/ IaHUsI

HomuHanbHBIM TOK IEPBUYHON OOMOTKHU:
IIHOM: SHOM/(\/:’)' U]HOM) = 6301000/(1,7310000) = 36,42 A.
HomuHanbHbIM TOK BTOPUYHONH OOMOTKH:
l2roMm = SHOM/(\/3' Uzron) = 630°1000/(1,73:400) =910,4 A.
Toxk xonoctoro xoxa: lo= 0,037,701 =0,03:36,42=1,1 A.
KoaddunmeHT MOIMHOCTH X0I0CTOr0 Xoa:
cospo = Po/(N3* Uryon-lo) = 2000/(1,73-10000-1,1) = 0,105;
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VYo caura MeXIay TOKOM XOJIOCTOTO X0/1a U HalpshKEeHUEM: (g = 84°
OmnpenenuM cOnMpOTUBIICHUSI OOMOTOK.

ConpoTHBIEHNUS KOPOTKOTO 3aMbIKAHUS:

nonuoe Zx = Uk ollko = 0,055:10000/(V336,42) = 8,73 Om;
aktuBHOE Ry = Px/(3°1x?) = 7300/(3-36,42%) = 1,84 Om;

PEaKTHBHOE HHIYKTHBHOE X, =+/Z2 —RZ = /8,732 —184% =8530m.

ConpoTuBJICHUS IEPBUYHON OOMOTKH:
akTBHOE R; = R,=Rg/2 =1,84/2=10,92 Owm;
peakTuBHOE X1 = X, = Xg/2=28,53/2=4,27 Om.
ConpoTuBIIeHH BTOPUYHONW OOMOTKH:
aktuBHOe R, = R!/n?=0,92/25? = 0,0015 Owm;
peaktuBHOEe X1= X,/ n?=4,27/252 =0,0068 Om,
rae N = U;pon! U= 10000 /400 = 25 koddpdunment tpanchopmamnum
TpaHchopmaropa.
Jliis mocTpoenus BHemHeH xapakTepuctuku Uy = f1(f) Haxoaum moTepro
HAIPSOKEHUSA BO BTOPHYHOM 00MOTKE TpaHchopmaTopa:

AU, % = p(u, %°C0S ¢, + U, %°SiN @),

rae U, %, U, % — COOTBETCTBEHHO aKTUBHOE M PEAKTUBHOE MAJCHMSI
HaIpsKCHUM;

S — koapdunmeHT Harpy3ku Tpancopmaropa; CoS g2 — KodphuuueHT
MOIITHOCTH HArpy3KH.

U, % = Uxg %°C0S g ;  COS px =Rg /! Zg;
u,% =5,5-(1,84/8,73) = 1,16 % ;
U, % = /(u,%)? — (u,%)> = 55> -116° = 5,38 %.

HanpsikeHue Ha 3aKHMaX BTOPHMYHOM 0OMOTKM TpaHc(opMmaTopa:
Uz = (U2/100)-(100 - 4U; %).

3amaBasich pa3IMYHBIMU 3HAUYECHUSMH f§ OTPEACIISIeM HAPSOKSHNE
U, ( Tabx. 4.1).
Pacuer KII/] B 3aBucuMOCTH OT f TipoBeieM 10 GhopmyJie:

B-Son - COSQ,
B S0 1COSQ, + P +182 Py .

]7:

Pesynbratel pacueta KI1/] cBenensl B Ta0m. 4.1
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Tabmuua 4.1
3asucumocty KIIJl 1 HanpspkeHus Ha 3a)KUMaxX BTOPUYHON OOMOTKH
TpaHchopmatopa ot KodddurmeHTa Harpy3Ku

ﬁ AU, % Uz, B n ﬁ AU, % Uz,B n
0,01 | 0,042 - 0,716 0,5 2,08 391,7 0,985
0,025 0,1 - 0,863 0,6 2,49 390,0 0,985
0,05 0,21 399,2 | 0,926 0,7 2,91 388,4 | 0,984

01 0,42 398,3 | 0,960 0,8 3,32 386,7 | 0,984

0,2 0,84 39,6 | 0,978 0,9 3,74 3850 | 0,983

0,3 1,25 3950 | 0,983 1,0 4,16 383,4 | 0,982

0,4 1,68 393,3 | 0,984

[lony4deHnHble XapaKTEPUCTUKH MOKA3aHbl HA puc. 4.

N UBR
0o |- {’ o
08~ 400 Us
07 -
06 - 2004

05 -
04 - 200 H

03
02 100§
01

[ | [ | | | |

0

01 02 03

04 0506 07 08 09 10 B

Puc. 4.1 3aBucumocts KII/l 1 HanpskeHUs Ha 3aKUMax BTOPUYHON OOMOTKH
TpaHnchopmatopa ot KodppuilmeHTa Harpy3Ku

OmnpenenuM, Tpu KakoM Harpy3ke TpaHchopmaTop UMeeT MaKCUMaJIbHbIN
KT
PBrax= [P,/ P, = 1/2,0/7,3=0,523, ipu 3Tom 1 = 0,985.

3amada 2. Jlist omHodazHoro TpancpopMaTopa MOITHOCTEIO Syon = 0,15
kBA, nanpspkenusimu 127/6 B ipu wactore Toka cetu f =50 ', akTHBHOM
CEUEHUHM cepeuHnKa MarauTonposoaa Qc = 5,0 cM?, MATHUTHOM MHIYKIHMHU B
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cepaecunuke Bm = 1,1 Ta u KII[ pagaom n = 0,9, onpeaenuts NepBUYHBIN U
BTOPUYHBI HOMHUHAJIbHBIE TOKH OOMOTOK, KO3 (GUIIMEHT TpaHChHOpMaIIHH,
YHCJIa BUTKOB M IUAMETPHI KaXkA0W OOMOTKH MPH TJIIOTHOCTH TOKa B 0OMOTKax
J=2,5 A/mm2.

Pewenue.

HomuHaneHbIi TOK BTOPUYHON OOMOTKH:

IZHOM: SHOM/ UzHOMZ 0,15 1000/6 =25 A.

HomuHanbpHbIM TOK IEPBUYHON OOMOTKHU:

IIHOM: SHOM/( U1H0M 'I’]) = 0,15/(127' 0,9) = 1,31 A.

KoaddummenT tpanchopmariuu Tpanchopmaropa:

n= UIHOM/ Uy = 127/6 = 21.

Ywucao BUTKOB MEPBUIHON OOMOTKH:

W;=U1/(4,44" f- Qc' Bm) = 127/(4,44- 50- 5,0 -10* -1,1) = 1040

Yuciio BUTKOB BTOPUYHOU OOMOTKH:

W,=U,/(4,44" f- Qc’ By) = 6/(4,44-50- 5,0 -10* -1,1) = 49

Ceuenue mpoBOI0B OOMOTOK:

nepsuyHoi S1=11/J=1,31/2,5=0,524 mm?;

BropuuHoit S;= I,/ J=25/2,5=10 mm?.

JluaMeTpbl IPOBOJIOB:

nepBuuHOi oomoTku d; =1,13 Vs = 1,13 \/0,524 =0,82 MmMm.

BTOpUYHON 00MOTKH Oy =1,13 Vs, = 1,13 V10 = 3,6 MMm.

5. TPEX®A3HBIE ACUHXPOHHBIE IBUT'ATEJIN

AcuHxpoHHble  3nektpoaBurarenu  (AJ[)  cocTaBisSlOT  OCHOBY
ANEKTPOIPUBOAA OOJIBIIMHCTBA MEXaHW3MOB, HCIOJIb3YEMBIX BO BCEX
oTpacisix HapoaHoro xozsuctBa. AJl cocraBisror cBeime 90% mapka
ANEKTPOABUTATENEH MO KOJIUYECTBY M O0KOJO 55 % — mo MourHoctu. OHHM
noTpebsitor cBbiie 60% Bceil BhIpabaThIBAEMOM B CTpaHE SJIEKTPOIHEPTHUHU.
HoctounctBa AJl: BeICOKHMIT KOI(PUIIMEHT MOJE3HOTO JCHCTBUS, BBICOKAs
HAJIE)KHOCTh, MPOCTOTa M HH3Kasi CTOMMOCTb KOHCTPYKUWH, MUHHUMAaJbHBIC
3arpaThl Ha oOciyxuBanue. K Hemocrtatkam AJl crmemyer oTHeCTH OOMbIHE
(10 7lyom) TYCKOBBIE TOKHM W OTPAHWYEHHBIE BO3MOXXHOCTH PETYIMPOBAHMUS

CKOpPOCTH BpamieHus: potopa. B PO AJl oOmiero Ha3HayeHUs BBITYCKAIOTCS
cepuu: 4A; AU; 5A; 6A; RA .

5.1. YcrpoiicTBo TpexdgasHoro AJl

OCHOBHBIMM YaCTSIMA MAIlIMHBI ABJSIOTCA cTatop W porop. Crarop —
HEMOJIBMKHAS 4YaCTh MallMHbl. OH COCTOUT U3 CIEAYIOIINX YaCTEH:
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1. [Takera u3 WITAMIIOBAaHHBIX JUCTOB AJIEKTPOTEXHUYECKOW CTalv B
BHUJIC TIOJIOTO UWIMHIApa (MAarHUTONPOBOJ) C Tla3aMd Ha BHYTPEHHEH

MOBEPXHOCTH.
2. TpexdazHoit 0OMOTKH, yII0KEHHOH B Ma3bl CTaTOpA.
3. Kopmnyca, B KOTOpPBII 3anpeccoBaH MmakeT JMCTOB ctatopa. Kopmyc

AJl BBINOJHAETCS ATIOMHUHUEBBIM, CTAIbHBIM WA YYTYHHbIM. CTaTOPHYIO
0OMOTKY COENHUHSIOT B «3BE3Iy» —A , WIH «TPEyroJdbHUK» — A, JUIS 4ero
Hayayia ¥ KOHIIbI OOMOTOK BBIBOJISIT HA KJIEMMHYIO KOpOoOKy. CTaTtop CIyKuT
JUISL CO3[ITaHUSI BPAIIAIOIIEr0Csl MArHUTHOTO TOJIS.

Porop — Bpamaroniasicsa yacts aurareins. CepaeyHuK poTopa, Tak ke Kak
U cTaropa, HaOUparT U3 OTIEIbHBIX JIMCTOB AJIEKTPOTEXHUYECKON CcTaju.
OOMOTKH yKJIabIBAIOTCS B MA3bl, PACIOJIOKEHHBIC HAa HAPYKHOU MOBEPXHOCTH
poTopa.

Porop ObiBaeT JABYX THNOB: KOPOTKO3aMKHYTBIH U  (ha3HBIN.
KopoTko3aMKHYTBIA pOTOp MMEET OOMOTKY THMNa «Oeluybed KIETKW», T.C. B
BUJICE MEIHBIX WU ATIOMHHHUEBBIX CTEP)KHEW, 3aMKHYTBIX MEXAYy COOO0M IO
TopiaM, (a3HbIil pOTOp UMEET OOMOTKY TaKylo e, KaKk Ha CTaTope, C TEM XKe
yuciaom (a3 u nmap nomrocoB. OOMoTKa (a3zHOTO pOTOpa BCEraa COSTUHSACTCS
«3BE37011», IpHUYeM KOHIIbI (Pa3 COEOUHSIOT BMECTE€ U H30JMPYIOT BHYTpPHU
poTopa, a Hadayna (a3 COCTUHSIOT C KOHTAKTHBIMU KOJIbIIAMH, HACAKEHHBIMU
Ha BaJ pOTOpa M M30JUPOBAHHBIMH OT Hero. Ha xonbua HalloKEeHbI MIETKH, C
MOMOIUIbIO KOTOPBIX POTOPHAst 0OMOTKA COETUHSETCS C IIyCKOBBIM PEOCTATOM.

[ToAmMNIHUKOBBIE IIUTHI 00ECTIEYMBAIOT HEOOXOAMMBIN 3a30p MEXIY
cratopoMm u poropoM (0,5... 4 MM) U TIPEAOXPAHSIOT ABUTATENb OT MOMA aHUs
BO BHYTPb IOCTOPOHHUX MPEIMETOB.

5.2. llpunumn aeiicTBus Tpéxdasnoro A/l

B ocnoBe paboTel AJl jexKuT Bpaliaronieecs MarHuTHOE IMOJie, TPUHIINM
o0paszoBaHus KOTOPOTO U3jiokeH B [1] §14.4.

IIpu Bxmouenun AJ[ B Tpex(dasHyro ceTb Ha CTaTOpe MIHOBEHHO
oOpa3yercss  Bpalllalolleecss MarHuTHOE IIoJie, KOTOpO€  IepeceKaer
HENOJBIKHbIE BUTKH OOMOTKM poropa u HaBoauT B Hux IJIC. Tak kak
oOMOTKa poTopa 3aMKHYyTa, TO ToA JeicTBueM HaBeAaeHHON DJ[C B Hel TedeT
TOK. B3aumoselicTBre TOKa pOTOpa ¢ MarHATHBIM IOJIEM CTaTOpa IMPUBOIUT K
0o0pa30BaHMIO BpAIIAIOIIETOCS AJIEKTPOMArHUTHOTO MOMEHTa, KOTOPbIN
NPWIOKEH K BUTKAM pOTOpa M HAIpaBl€H B Ty JKE€ CTOPOHY, YTO H
Bpawaronieecss mojie cratopa. Kak TOIpKO Bpalaromuidé MOMEHT NPEBBICUT
TOPMO3HBIE YCWJIMS, POTOP HAuMHAET pPa3BOpAYMBATBCA M YBEJINYMBATh
ckopocTth BpameHus. [Ipu atom 3/IC u Tok poropa ymeHbpmarorces. Mismenenune
TOKa U CKOPOCTH BpallleHHs] poTopa OyJeT MPOUCXOJUTh 10 TeX MOop, MOKa He
HACTYIIUT PABHOBECUE MEXK/y BpallarOllM MOMEHTOM U TOPMO3HBIM.
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PoTop mBurarens Bcerma OTCTaeT OT MAarHMTHOTO IIOJIA cTaTtopa. ITO
OTCTaBaHHWE XapPaKTEPHU3YIOT BEIMYMHOW, HA3BIBAEMOU CKOIbICEeHUEM u
OTIpe eS0T TI0 popmyie

n,—n
s=——=2 | Q)
nl
60- f
rae n,=—— - 4acToTa BpallleHUsI MArHUTHOTO MOJIsl CTaTopa
p
(cuaxpoHHas); p — 4YHCIO map MojIrcoB OOMOTKH CTATOPA;
N2 — YacToTa BpalleHUs POTOPA; f — wuwactora TOoKa ceT.

Jlns mpomblinieHHoN yacToTel Toka  f= 50 'l cuHXpoHHas yacToTa
BpAILICHUS paBHA!

npup = 1 ny = 3000 o6/MuH;
nmpup = 2 ny = 1500 06/muH;
nmpup = 3 ny = 1000 o6/mMuH u T.4. 10 p = 5.

ITpu mycke s = 1, mwau 100 %, B HoMuHANBHOM pexume S = 0,02 — 0,12
iy oT 2 10 12 %. CxonpxKeHne UrpaeT BaKHYIO POJIb B OLIEHKE MEXaHUYECKUX
ceorictB AJl. YUToObl MW3MEHUTH HampaBlieHUE BpamieHus poropa AJl
HEOOXOJMMO TOMEHATh MECTaMU JIIOOBIX JIBa MPOBOJA, MOAXOIAIIUX K
JBUTATENIO U3 CETH.

5.3. Bbi6op cxeMbl coeiuHeHHsA 0OMOTOK CTATOpPa
BriBopl 06MoTOK cTaTopa AJl 0003HaYaAIOT CIEAYIOMIMM 00pa3oMm:

Cl1, C2, C3 — navana ooMOTOK (a3);
C4, C5, C6 — xoHub 0omoTok (da3z) (puc. 5.1 a).

c1 G2 C3 A B |C A B |C
Lot dco bes c1 beo icg
—
ch ok oh c6 c4 C5 6 Cc4 C5
A AN
a 6 B

Puc. 5.1. Coeaunenne ooMoTok cratopa A/l

Ha xnemMHO#1 KOpoOKe BBIBOJIBI OOMOTOK PacIoiararoT Tak, 4TOObl ObLIO
MOXHO OJHUMH TEPEMBIYKaMU TIOJYyYUTh JIBE CXEMBbI COCIUHCHMS — 3BE3JIa
WK TpeyroiabHuK (puc.5.1 6, 6).

OdyeHb BaXXHO MPABUIBLHO OMPENETUTh CXEMY COCAMHEHHS OOMOTOK, TaK
KaK OT OTOTO 3aBUCHUT JIUTeIbHOCTh paboTel AJl. Ilpum mnpaBumbHOM
COCIMHCHUH JIBUTATENh OyACT padoTaTh MECATKH JIET, IPH HEMPABHIBHOM —
JECATKH MUHYT.
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[Ipn noxkmrodeHWM IBUTATENS] K CETH, K €ro ¢ase JODKHO ObITh
MPUJIOKEHO MEHBIIIEE U3 YKa3aHHBIX Ha muTKe AJl HanpsoKeHue.

Ecnu na mutke (B macnopte) AJl ykazaHO J1Ba HampsbKEHUS U CIOCOO
coelMHeH s 0OMOTOK, Hanpumep: 380/220 B, A /A umun 660/380 B, A /A, To
ATy 3alHMCh CIEAYET IMOHMMAaTh Tak. Eciu NMHEWHOE HANpsKEHHE CETH, B
KOTOpYyro BKIItO4aeTcss AJl paBHO MEHbIIEMY HANPSHKEHUIO, YKa3aHHOMY Ha
HIUTKE JBUTATENsI, TO OOMOTKA CcTaropa JOJKHA ObITh COEMHEHA IO CXEMe
«TpeyroibHuK». Ecnu nuHeilHoe HamnpskeHHe CeTH pPaBHO OOoJbIIeMy
HaIpsHKEHUIO, YKa3aHHOMY Ha IIMTKE JBUTATENs, TO OOMOTKa cTaTopa JA0HKHA
OBITH COEJIMHEHA IO cXeMe «3Be3fa». Hanmpumep, 0OMOTKa cTtaTopa JBUraTENs,
Ha IIUTKE KOTOporo ykasaHo 380/220 B, A /A npu BKIIOUYEHHH B CETh
380/220 B momxHa OBITH COEIMHEHBI IO CXEME «3BE3/1a», TaK KaK JIMHEHHOE
Hanpspbkenre cetd (380 B) paBHO OosibllieMy HaMpsHKEHHIO, YKa3aHHOMY Ha
nutke AJl. A nBurarens ¢ HanpsbkeHusMu 660/380 B nmomkeH BKiIrOYaThCs B
Ty € CETh M0 CXEME «TPEYTOJIbHUK.

Ha cBoem kopnyce Bce A/l MMEIOT MacnopTHYO TaOIMUYKY, B KOTOPOH
yKa3aHbl OCHOBHbIE HOMUHAJILHBIC JJAHHBIC: TUII ABUTATENS; €r0 HOMUHAJIbHAS
MEXaHU4YeCKass MOIIHOCTh Ha Baily Puow, KBT; wacToTa (WM CKOPOCTBH)
BpalleHUs] poTopa NpH HOMHHAJIBHOW MOIIHOCTH Ha Baly  Nuoy, OO0/MUH
(w1 ®, C'), HampspKeHue, TOK, CXeMbl coequHeHust oomoTok, KIIJ[, cos ¢ u
JIp. TaHHbIE.

5.4. Mexanuveckasi Xxapakrepuctuka AJl

OcHOBHOM XapaKTepUCTUKON Al SBIIAETCS MEXaHu4ecKas
XapaKTEPUCTUKA. JTO 3aBUCUMOCTb YaCTOTBI BPAILIEHUS POTOPA OT MOMEHTA Ha
Bary AJl, n = f (M) puc. 5.2. YcroiiunBas pabora aBUTaTENs BO3MOXHA HA
yqactke M < M, 1 N > ng. C 10CTaTOYHONM 171 IPAKTUKUA TOYHOCTBIO,
YCTOHYMBAs 4aCTh MEXaHUUECKON XapaKTEPUCTUKHU MOXKET OBbITh IIOCTPOEHA 110
dbopmyiie:

v M,

S S

K

: (2)

S, S

K

rae My, — MakcuManbHbli (KkpuTrueckuii) MomeHT AJl, Hwm,

Se =S, (M, +ym% —1),

rae Mg = My/My — KpaTHOCTh MakcuManbHOro MoMenTa (1,7..., 2,2),
MPUBOJUTCS B CIIPABOYHUKAX;
Sy - HOMMHAJIBHOE CKOJIbXKeHHE A/, IpUBOINUTCA B CIIPABOYHUKAX.
3amaBasch TEKYIIMMHU 3HAYEHHUSIMU CKOJBXKEHUS S OT HyJsd A0 Sk,
BBIYHCIIAIOT 1O (popmyiie (2) COOTBETCTBYIOIIME UM 3HAYEHUSI MOMEHTa M.
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Puc.5.2. Mexannyeckas xapakTepucTuka AJ|

HGYCTOﬁqHBaH YacTh MEXaHMYECKOU XApPaKTCPUCTHKH, YIACTOK OT My a0

MK MOKET OBITh IMOCTPOCHA HpI/I6JII/I)K€HHO, HCIIOJIB3Yys ABC JOIIOJIHUTCIBHBIC
TOYKH, 4 UMCHHO TOYKY IITYCKOBOI'O MOMCHTA

Mi =My - My
(4)
U TOUKY MUHUMAJIbBHOI'O MOMCHTA IIPH ITYCKC
My =My - My,
(5)

rme Mg U My — KPATHOCTH ITYCKOBOTO M MHUHHMAJIbHOTO MOMEHTA
COOTBETCTBEHHO, IPUBOJISITCA B CITpaBouyHMKax mo A/l.
Homunanbabiii MoMeHT A/l onipenensieTcs o dhopmyiie

:§%BZHM (6)

H

M

H

rae Py — HoMuHanbHas (macnoptHas) MomHOCTh A/l B kBT,

Ny — HOMUHAJIbHAs YacToTa BpaiueHus potopa AJl, 06/MuH.

Mexannueckas xapaktepuctuka AJl Ha ydacTke OT pexuMa XOJOCTOTrO
X0/la 10 HOMHMHAJIBHOIO MOMEHTA MPAKTHYECKH JMHEWHAa M MOXET OBbITh
MOCTPOEH IO JBYM TOYKaM ¢ KoopAauHaTamu: 1) N =nNyi; M =0;2) N = Nyou ; M
= Miom.

EcrectBeHHas Mexannueckas xapakrepuctuka A/l B mpenenax MOMEHTa
OT HyJs 10 HOMHHAJIBHOTO PEKHMA — JKECTKasl, TaK KaK U3MEHEHUE MOMEHTA
Ha BaJly Ha 3TOM YYacTKE NPUBOJUT K HE3HAYUTEIBHBIM (BCErO0 HECKOJIBKO
IIPOLIEHTOB) U3MEHEHMSIM YacTOThI BPAILEHUsI POTOpA.

Ipumepwvl pewrenus 3a0a4 no ACUHXPOHHBIM OBULAMENAM

3aoaua 1. HomuHaibHAasT MOIIHOCTh TpeX(Pa3HOro0 ACHMHXPOHHOIO
JIBUTaTelIsl C KOPOTKO3aMKHYTBIM POTOpoM Pproy = 40 kBT, HOMUHanbHOE
HaIpsOKEHUE
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Urom,= 380 B, HoMuHanbpHas yacToTa BpamieHus potopa Ngoy = 980 06/muH,
HomuHaNBHBIA KIIJ 750 = 91,5 %, HOMUHAIBHBINH KO3(PPUIIUEHT MOUTHOCTH
cosp= 0,91, yncno map moarCcoB OOMOTKH cTaTopa P = 3, KPaTHOCTh IIyCKOBOTO
Ttoka B = lvex ! lmoy paBHA 5; KpaTHOCTB IMycKOBOro MoMeHTa & =Mvex ! Muom
paBHa 1,1; KpaTHOCTh MaKCHMAJILHOTO MOMeHTa A = Muax/ Moy paBaa 1,8.

OrnpenenuTh: MOIIHOCTb, MOTPEONISIEMyt0 U3 CeTU Pipoy, HOMHUHAIBHBIN
| 7oy 11 Iy cKOBOM |77y TOKH, 4aCTOTY BpallleHUsI MAarHUTHOTO MOJIS cTaTopa

N1, HOMUHAJIBHOE Spoy U KPUTHUUECKOE Skp CKOJIBKEHUE, HOMUHAIBHBIM,
MaKCHMAJIbHBIM U ITyCKOBOM MOMEHTHI JABUTaTeNs. [locTpOoUTh MEXaHUYECKYIO
xapaktepuctuky M = f(n).

Pewenue. MomHocTh motpediasieMast IBUTATEIEM U3 CETH:

Pipom = PHOM/ HHOM = 40/ 0,915 = 43,72 KBT.

HoMmuHaIbHBIN TOK JABUTATEINA:

ltiosr = Prioa/(N3-Ucgrncose-n) = 40-10% /(1,73-380-0,915-0,91) = 72,8 A.

[lyckoBoi TOK ABUTATENS:

|17y(j[( = ﬁ IHOM: 572,8 =364 A.

UYacToTa BpalieHuss MAarHUTHOTO TIOJIS CTaTopa:

n; =60-50 / p = 3000/3 = 1000 06/MuH.

HoMuHanbsHOE CKOJIBKEHUE JBUTATEIIS:

Srom = (N1 - o)/ N1 =(1000 — 980)/1000 = 0,02, (2 %).

Kputnueckoe ckoybKeHHE:

Skp = Swom(M + A2 -1)=2(1,8 + /2 -1) = 7,06 %, (0,0706).

HomuHanbHbIi MOMEHT:

Myoy = 9559 'PHOM/nHOM =9550-40/980 = 390 Hwm.

ITyckoBOI MOMEHT:

MnyCI(: 5'MH0M = 1,1390 = 429 Hwm.

MakcuMalIbHBI MOMEHT ABUTATEIS:

MMAX = /1 MHOM: 1, 8 : 390 = 702 Hwm.

JIns mocTpOeHusl yCTOMYMBOM YaCTU MEXAHUUECKOU XapaKTEPUCTUKU
ACHUHXPOHHOT'O JBUTATENS BOCHOJIB3YEMCSl YPABHEHUEM:

M= 2M]{p / (S](p Is+s/ S[(p),

rae Mgp— KpUTHYECKUN (MaKCUMAaJIbHBIN) MOMEHT JABUTATENS TIPU
KPUTUYECKOM CKOJIBKEHHUU Skp .

[ToncTaBUB M3BECTHBIE BEIMUUHBI TTOJTYUHM:

M =2-702/(0,0706/s + s/ 0,0706).

3agaBasich cKoJbxkeHueM B mpeaenax ot 0 mo 0,0706 Beruncium
Bparmaronii MoMeHT. OOBIYHO IIar pacdyera MpUHUMAIOT paBHBIM 0,1 Skp .

YacToTy BpaiieHust poTopa, mpu 3TOM, MOKHO OIIPENeTUTh 1o popmyiie:

n=ny( 1-s).

Pacuernbie nannbpie npuBeAcHBI B Ta0I. 5.1.
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Tadmuma 5.1

Ne n/n S n, 06/mun M, Hm
1 0,00706 993 139
2 0,01412 986 270
3 0,02118 979 387
4 0,02824 972 484
5 0,0353 965 562
6 0,04236 958 619
7 0,04942 951 659
8 0,05648 944 685
9 0,06354 936 699
10 0,0706 929 702
11 1,0 0 429

MexaHndecKkas XapakTepuCTHKa TpeX(a3HOro acCHMHXPOHHOTO JBUTATENSA
M=f(n), mocTpoeHHas 1Mo naHHBIM Tabn.5 mpuBencHa Ha puc.5.4. He pabouas
(He ycToWuuMBas ) 4YACTh MEXAHMYECKOH XapaKTePUCTHKH ITOKa3aHa
IYHKTHPOM.

1000

|

800 /

600 ,

/

!

/
f

7
Looaf 0
0 200 400 600 M, Hw

n, oBiuH

400

200

Puc.5.3. 3aBUCHUMOCTB 4acTOTHI BpalllEHUS] pOTOPA ACUHXPOHHOTO JIBUTATENs OT
MOMEHTA Ha Baiy.

3aoaua 2. AcCUHXPOHHBIN TpeX(]a3HbIl ABUTATENIb UMEET CIEAYIOIINE
HOMMHAJIbHBIE JJAHHBIC: MOIIHOCTh Proy =3 kBm; HOMUHAIbHBIC HANIPSKECHUS
380/220 B; cxeMbl coeIMHEHUs 0OMOTOK crtatopa Y/4; NTMHeHHOe HAIpsHKEHUE
cetd Ucgryy = 380 B; wactora BpameHus potopa Npoy = 953 o6/mun; KII/J 81
%; cosp = 0,76; xpaTHOCTH TyckoBOro Toka 3 = lgycx ! lgow paBHa 6;
KpPaTHOCTh IYCKOBOro MoMeHTa O =Mpyck | Mpyoy paBHa 2; KpaTHOCTB
MaKCHUMaJILHOI'O MOMEHTA A = Mwuax! MuoypaBua 2,2. OnpeaennTh: CXemy
CoeIMHEeHUs 0OMOTOK cTaTropa 3Be3fia Y WU TPEYTrOJbHUK A; HOMUHAJILHBIN
lnom M myckoBoM Ipyck TOKM; HOMUHAIBHBIM Mpom M MycKOBOMl Mpyck
MOMEHTHI. BpBIOpaTh ceueHHE AaIFOMUHHEBBIX IPOBOJOB, IPOJOKCHHBIX B
TpyOe, JUisl TONKIIOYEHHs JABUTaTeNls K ceTtu. Paccuntath u  BBIOpaTh
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MPEAOXPAHUTEIb JIJIS1 3AIUTHI IBUTATEINSI OT KOPOTKUX 3aMbIKAaHUU TP JIETKOM
U TSDKEIIOM ITyCKe.

Pewenue.

Tak kak JUHEWHOE HANPSHKCHHE CETH PaBHO OOJBIIEMY HANPSHKCHHIO,
yKa3aHHOMY Ha IIMTKE ABUTATENS TO a3kl 0OMOTKH cTaTopa JAOJKHBI OBITh
COEJIMHEHHI MO cxeme 3Be3na. (B BapuaHTax, r/ie JMHEHOE HAIPSKEHUE CETH
PaBHO MEHbIIIEMY HAINpPSHKEHUIO, YKA3aHHOMY Ha IIMUTKE JABUTATENsS TO (has3bl
OOMOTKHM CTaTOpa JIOJIKHBI OBITH COEIMHEHBI IO CXEME TPEYTOJbHUK).

HomunanbHbIN TOK ABUTATEIIS:

IHOM = PHOM/(\/3'UCETH'COS(0‘77) = 3000/(1,733800,760,81) = 7,4 A.

ITyckoBoit Tok asuratens: lyycx = B lnoy= 67,4 =44,4 A.

HomuHanbHbIi1 MOMEHT:

Muom = 9559 Proy INgoy = 9550°3,0/953 = 30 Hwm.

[TyckoBoit MoMeHT: Mpyck = 0 "Mpom = 230 = 60 Hm.

JIs MOJKIIIOUEHUST IBUTATENSI K CETH HEOOXOAUMBI TPU ATFOMHUHHUEBBIX
MPOBO/Ia, MPOJIOKEHHBIE B METAJUIMYECKON TpyOe, MOMYyCTUMBIA TOK KaXKJIOTO
13 KOTOPBIX OOJIBIIE WM PaBeH HOMHHAIBHOMY TOKY aBuratens. M3 tadm. 5.2
718 HAILIETO TIPUMEpPa BEIOUPAeM IIPOBOJ] CEYEHHEM 2,5 MM?, IOIyCTHMBIH TOK
KOTOporo paBeH 19 A, uro 60bllle HOMUHAIBLHOTO TOKA, paBHOTO 7,4 A.

Tabmanma 5.2
JlomycTUMBIE TOKH Ha aJTFOMHUHHEBBIC MPOBO/IA IIPOJIOKEHHBIE B TPyOe

Snros, | 2,5 4,0 6,0 100 |16,0 |250 |350 |500 |70

MM2

lnom, | 19 28 32 47 60 80 95 130 | 165
A

[Ipenoxpanurtens Mg 3allUTHl JBUTATENS OT KOPOTKHX 3aMbIKaHUMN
BBIOMPAIOT 10 ABYM ycioBusiM. CHauyajga pacCUMTHIBAIOT TOK IJIABKOW BCTABKU
npegoxpanurend. IIpu Jgerkom mycke TOK IUIaBKOW BCTABKM PACCUUTBHIBAIOT
110 (bopMyne: I]Z/ZBCT = |17yc1{/2,5 = 44,4/2,4 = 17,76 A.

[Ipu Tsxenom mycke ( HeHTpUQYrH, TPaHCIOPTEPHI, KOHBEHEPHI, U
T.I1.) TOK TIJJABKOM BCTaBKU PACCUMTHIBAIOT 1O (hOpMYyJIE:

I[Z/[BCT_ - |17ycj(/1,6...2,0) = 44,4/2 = 22,2 A.

[To Tabn. 5.3 BBIOMpaEM MPEAOXPAHUTENH, TOK KOTOPOTO PaBeH WU
Oonplle TOKA IJIABKOW BCTaBKM. B Hamiem npumepe mOpH JIETKOM ITyCKe
BbIOMpaeM mnpenoxpanutens [IPC — 25 ¢ HOMUHANIBHBIM TOKOM 25 ammep u
cTaHAapTHOM 1uiaBkoil BctaBko Ha 20 A. Ilpu TskenoM mycke BbIOMpaem
npegoxpanurenb [IPC — 25 ¢ HOMUHAIBHBIM TOKOM 25 aMIiep U CTaHJapTHON
MJIaBKOM BCTaBKOM Ha 25 A.
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Tabmwna 5.3

TexHn4eckre JaHHbIC PENOXPAHUTENEH

Tun Homwum. Howm. HomMmunansHBIN TOK O06macTh
Hanps TOK [L1aBkux BCTaBOK, A | IpUMEHEHHUS
)kenue,B | mpenoxp.,
A
I1PC 380 10 1:2:4;6,3; 10 Jnst 381U Tl OT
o5 4:6,3; 10; 16; 20; 25 | KOPOTKHX 3aMBbIKaHUI
. . ; 3JIEKTPOOOOPYIOBAHUS U
63 20; 25; 40; 63 Cmﬁ? Py
[1ITH-33 | 380, 500 160 2:4:6:;8;:10; 12;:16; | dus 3amuThl OT
25’ 32’ 40, 50, 63’ KOpOTKI/IX SaMBIKaHI/Iﬁ
80, 1001 125’ 160 IMPOMBIIIJIICHHBIX
YCTaHOBOK U
QJICKTPHYCCKUX CeTeﬁ

6. MALLIUHBI ITIOCTOSAHHOI'O TOKA (MIIT)

6.1. MeToguueckue yKasaHusl.

MIIT mmpoko ucnosb3yroTcsi B kKadectBe siekrpoasurarencit (JAIIT) u
redeparopoB (I'TIT). YerpoiictBo AIIT u I'TIT cxomHbI U 3aBUCAT OT CIOCOOOB
(cxeM) B030yxxaeHus. Bcero npuMmeHsieTcss 4eThIpe CXEeMbl BO30YKIEHUS:
HE3aBUCUMOE, NapajuielibHOe (IIyHTOBOE), MOCJIEIOBATEIbHOE (CEpUECHOE) U
cmenianHoe (komnayHjHoe). MIIT oOpaTtumel , T.e. MOTYT paboOTaTh B PEXKUME
JIIT nmm pexume T'TIT.

B pexume HIIT sxops ngBurarenss u oOMOTKa

BO30YKJIEHUS

MOJKJIFOYAETCSl K CETU MOCTOSIHHOIO TOKA, B PE3yJbTATE ABUTATENIb PA3BUBAECT
HOMMHAJIbHBI MOMEHT BPalllCHUS PaBHBIN:
M, =C,, x®, x|, Hu,

Cy, - ko3bdurment J[.I1.T., 3aBUcAIUN OT BETUYUHBI €TI0

rac

VICIIOJIHCHUS,
®,, - HOMMHAJIbHBIF MAarHUTHBIN MOTOK IOJIFOCA;

|, - HOMUHAQJIbHBIA TOK OOMOTKH SIKOPSI, KOTOPBIN ONpeesieTcs o

bopmyie:

re
B BOJIbTAX;

IH.H.: PH /(UH an) A’
P, ,U, - HOMUHAJIbHBIE 3HAYEHUSI MOITHOCTH B KBT 1 HanpskeHus

ny - HomuHanbHbIA KIT/I.

B pexume I'TIT sikops Bpamaercss NEPBUYHBIM JIBUTATENIEM, IPHU 3TOM
00OMOTKa BO30YKJIEHUS TOJKIIOYAETCS K UCTOYHUKY TTOCTOSSHHOTO TOKa (WM
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UCIIOJIB3YEeTCSl  TPHUHIMI ~ CaMOBO3OYXICHUS 32  CUET  OCTaTOYHOTO
HAMAarHWYMBaHUS TOJIOCOB W JNAIBHEUIIETO YCUJIEHHUS MAarHMTHOIO IOTOKa
Bo30yxkaeHus). B ostom cayuae ITIT BeipabateiBaer 3JIC paBHylO:
E, =C,xnx®d,

rae C,- xkoadduiuent, 3apucsamuii ot ucnoiaHenus ['TIT; n — gacrora
BpaIieHus: 000poToB SKOps; ® — MarHUTHBINA IMTOTOK BO30YKICHUS.

3aoaua. JIBuratelb MOCTOSHHOTO TOKAa C TMapajuieIbHBIM BO30YKICHHEM
(puc.6.1), ¢ HomuHaNbHBIM Hampsbkenunem U, =220B, P,=10xBt, 7,=85,5%,
ng, =970 o6/mun. Ilorepu mMourHOCTH B 1enu sikops AP, = 5,2% wu B uemnu
BO30OyxneHust AP,=4,2%  oT mnorpebiseMOd MOUTHOCTH JABUTrarens Py .
OnpenenuTh: TOK B Ienmu BO3OyXmeHus I,,, TOK memu skops |,

HOMMHaJbHBINA Bpamaommui MmoMeHT JIIT M, mycKkOBOW MOMEHT JBUTAaTENA
M,, ipu ycioBuu, uto 1,/1,,=2,5.

[l Gy

Puc.6.1. Cxema JIIT ¢ napannensHbIM BO30YXI€HHEM

Pewenue.

HomunanpeHas notpediasiemass MOLUTHOCTh ABUTATENs:
P

P, == 10 _ 11,965kBT;

n; 0,855

. 3 . 3
HoMunanbHbIM moTpedasieMblid TOK: 1, = Py, 107 _ 11,695-10 =5316A;

U, 220

Cuiia ToKa B 11eMU BO30YKICHUS:
AP, P, -0042 11695-0,042
U, 220 220
Cwuia Toka B LIenu AKOPSL:

AP, P, -0,052 11695.0,052
U, 220 220

=2,23A;

IBH -

=2,76A;

Ly

. P
HoMunanbpHbIM MOMEHT ABUTaTeNst: M, = 9550- —- =9950- 10 98,4

Ny
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o M I
[IyckoBOI MOMEHT JIBUraTesl, C y4ETOM YCIIOBHUS: M—H = =25:

I1 IH

M, =M, -25=984-25=246 Hu.

OnpenensieM MEXaHUYECKME U MATHUTHBIEC MOTEPU MOITHOCTH B
JIBUTATEIIE:

AP,wex + APM!JZ = ZAP - APafz :l!965_11099 = 01866 KBT,

rie > AP =P, —P, =11965-10=1965kBT —

oOIue MOTepr MOIITHOCTH JABUTATEIIS,
AP, = AP, +P, = 608,14 + 491,19 =1099 33 Br.

1. OCHOBBI 2JIEKTPOHUKH
7.1. BoinpsamuTeu

3aoaua. MomHOCTH Harpy3ku Py = 6 kBm, BempsmieHHbIH TOK 1o = 150 A,
Br1OpaTh cxeMy BBITIPSIMIICHHS; pAaCCYUTATh HEAOCTAIOIINE TTapaMeTPHI,
BBIOpATh BEHTHIIU U TpaHChopMaTop IS BeImpsimuTesst. Haueptuts cxemy
BBITIPSIMUTEIS.
Pewenue:
MortHoCcTb Harpy3ku 6 kBm, T.e. Oonblie 2-X xBm, caea0BaTeNbHO
BbIOMpaeM 3-X (pazuyro cxemy BoiipsimieHus: moctoByto (TMC), puc. 7.1.

R
UAE..TIU_E:ID% £D3 > I

A
B A Ua¢ Ry

VDE Z_va E_Fﬁmﬁ

Puc. 7.1. Tpexdaznas MocToBasi cxema BBITIPSIMIICHHS

OmnpenensieM BBITPAMIEHHOE HalpsKeHUE (IOCTOSTHHOE) HAa Harpy3Ke:

Ry 6000,
I, 150
[TapameTpsl (Ar0/10B) BeHTHEH A1t cxembl TMC:
a) Tox BenTms: |, :%0 = % =50A
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b) JomyctrMoe oOpaTHOE HANPSHKCHUE BEHTHUIIS
U =105-U,=105-40=42B

ITo 1,=50A u U,spaxe. = 428 BpIOUMpaeM 1o CHpPaBOYHMKY BEHTHJIM Ha TOK
paBHBIM WK OJMXKaNUIIUN OOJBIINN TOK MO cpaBHEHUIO ¢ 1,=50A, To *xe mis
HaIpsHKeHUsT BIOMpaeM Ha HaNpsbKeHHWE paBHOE WM Oivkaiiiee OoJibliee
yeM Uogpuae. = 42B. Hanpumep, noaxonat BenTwiin BK — 50 — 05 (50A;
50B; BEHTUJIH KPEMHHEBBIE).

ConpoTuBIIEHHE HArPY3KU:

obp.maxec.

H :ﬂ :ﬂ =0,2660m
I, 150
da3Hoe HanpsHKeHHEe BTOPUYHOM 0OMOTKH TpaHc(opmaTopa:
T.x. Uy =234-U, To U, =h :4—0 =171B ~18B
2,34 2,34

U, — npuHrMaeM ctaniapTHoe 3HaueHue 18B.
Ui — mpunuMaem ctangapTHoe 3HaueHue 2208, Toraa auHelHoe Oyiet
380B. OTo HaIa CeTb.

Koaddunment tpancopmarun tpancopmaropa N = Y, = 220 =12,2

U, 18
Bropuunsiii Tok Tpancopmaropa:

T.X. it TMC :—2= 082,10 1,=0,82-1,=0,82-150=123A
0
. I, 123
[TepBuuHsIi TOK TpaHchopmaropa: —= =——=10A
n 12,2
MomnocTs Tpancopmaropa st TMC:

P, =105-P,=105-6=63kBm

1.2. ¥YcuwaurtenabHble U TeHEPATOPHbIE YCTPOCTBA

B nanHOM pazjene cTyAeHTy MpeasiaraeTcs oJAroTOBUTH pedepaT Ha
TEMy YKa3aHHYIO B Ta0miuIle 3aanuii. B pegepare n0mKHO OBITH
OTPaXKEHO: OIPEICIICHUE FIEKTPOHHOTO YCTPONCTBA; €r0 MPUMEHEHHUE;
NPUHITUI ICUCTBUS; MPUHIMITHAIIbHAS DJIEKTPUYECKas CXeMa.

7.3. Jlornueckue 3j1eMeHTBI
Jloruueckue snemMenTsl (JID) BMecTe ¢ 3aIOMHUHAIOIIUMHU dJIEMEHTaMU
COCTAaBJISIFOT OCHOBY YCTPOMCTB IU(POBOM (TUCKPETHOIT) 00padOTKH
uH(OpMAaIUU- BEIYUCIUTENbHBIX MAIIUH, HA(PPOBBIX U3MEPUTEIbHBIX
npuOOPOB, YCTPOUCTB aBTOMATUKU U CBsI3H. Jlornueckue 3JeMeHThI
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BBITIOJTHSIOT MPOCTEHIIIHE JIOTHUECKHE oTlepaIui Haa mudpoBoit
uH(pOpMaIUeH, a 3aTTOMUHAIONIUE JIEMEHTHI CITYXKaT I €€ XpaHCHHUS.

JID gare Bcero cTposIT Ha 6a3e MEKTPOHHBIX YCTPOUCTB, pabOTaONINX B
KItoueBoM pexkume. [loaromy mudpoyro nabopmMalnio 0ObIYHO
MPEICTABIIAIOT B ABOMYHOMN (hOpMe, B KOTOPOU CUTHAJIBI IPUHUMAIOT TOJIBKO
nBa 3HaueHus: «0» (Jorudyeckuid Hysb) U «1» (Jloruueckasi eAMHUIIA),
COOTBETCTBYIOIIME IBYM COCTOSIHUSIM KJIFOYA.

B anreOpe noruku 10Ka3bIBa€TCs, YTO JFO00E CIOKHOE JIOTUYECKOE
npeoOpa3zoBaHue MOKHO MMPOU3BECTHU, UCIIONB3YS BCETO TP DJIEMEHTAPHBIC
JIOTUYECKHUE ONEpalUu:

1. Jlormueckoe cinoxxkenue (u3broHKIMA), onepanus NJIN, o6o3nagaemast
3HAKaAMU «+» W «V»., Y = X1+ Xo + ... X,

DTa 3alich YUTaeTCd TaK: eciiv Ha Bxoxe JID X, NI X, NN .. X, =1,
TO Ha BeIxone JID Y = 1.

2. Jlornueckoe yMHOXeHHE (KOHBIOHKIUA), onepanus M, obo3Hauaemas
3HAKaMU «-» WK «M. Y = X1- X' Xz ... Xp.

Ota 3anuck untaercs Tak: eciau Ha BxoAe JID X1 U Xo U X3 U .. X, =1, TO
Ha Beixone JID Y = 1.

3. Jlornueckoe orpunianue (naBepcus), onepauus HE, o6o3nauaemas
yeproit Haja nepeMenHoi. Y = X. Uurtaercs Tak: Y HE X.

Pa6oty JID npuHATO OMUCHIBATH C TOMOIIBIO TaOIUIIBI UICTUHHOCTH. B Hel
YKa3bIBAIOTCS BCE BO3MOKHbBIEC 3HAUEHUSI BXOAHBIX NEpEeMEHHBIX JID n
COCTOSIHUE Ha €ro BBIXOJE B COOTBETCTBUU C BBHIIIOJIHIEMON 3JIEMEHTOM
jgoruyeckoi ¢pyHkuuen. Tabiuibl MICTUHHOCTH JIs ipocTerunx JID ¢ nByms
MEePEMEHHBIMU UMEIOT BUJL:

Onepanusa MJIN Onepanus U Omnepauus HE
X1 X2 Y X1 X2 Y XY

0O 0 O 0O 0 O 0 1

0 1 1 0O 1 O 1 0

1 0 1 1 0 0

1 1 1 1 1 1

B obmem ciyuae JID mmeer M BX0/0B M OAWH BbIX0J1. Ha CTpyKTYpHBIX U
GyHKIMOHATBHBIX CXEMax JIOTMYECKHE OJJIEMEHTHl HM300paxkaloT B BHJIC
MPSIMOYTOJIBHUKOB, HA KOTOPBIX TTOKA3bIBAIOT BUJI BHITIOJIHSIEMOM OTepaIuu.
Jlornueckuii smement WMJIN o6o3navaro nudpoit 1, moruueckuit snement 1
o0o3HauaroT 3HaKoM &, jormyecku diemeHT HE mudpoit 1 u kpyxkoMm co
CTOpOHBI BBIXOAa cxeMbl. Ha puc.7.2 (a, 6, B) mpuBeneHsl o0o3HaucHus JID
cootBerctBeHHO MJIN, U, HE.

Ha npakTuke mMpoko NMPpUMEHSIOT KOMOMHUpOBaHHbIE JID, peanusyroiue
nBe  (u OoJjee) oruueckue onepaiuu, puc. 7.3 (a, 0).
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X1—1 Y £1& |Y 1 Y
Xz— — XE_ — X —
X3 X377

a 0 B
Puc. 7.2. O603HaueHNUs JOTHYECKUX IIEMEHTOB Ha CTPYKTYpHBIX cxeMax: a) UJIU; 6) U;
B) HE.
Xl —1 b Xl — | & ¥
— O

X2 ] X2 ]

a 0
Puc.7.3. OG03HaueHUs JOTHYECKUX IIEMEHTOB Ha CTPYKTYpHBIX cxemax: a) NJIN-HE;
0) U-HE.

Jlorndeckre PyHKIUU U TAOIUIIBI UCTUHHOCTH KOMOMHUPOBAaHHBIX JID nuMeroT
BUJI;

Tum anemeHnTa Jlornueckast pyHKUuMs Tabnuia HCTUHHOCTH
NJIN - HE Y =X+ Xz X1 X2 Y
0 0 1
0 1 0
1 0 O
1 1 O
N - HE Y:X1'X2 Xl Xz Y
0 O 1
0 1 1
1 0 1
1 1 0

Nwmerores u npyrue, pexe npuMmensemsle JI0.

JID wucnonb3yroTCS B pa3IMYHBIX YCTPOMCTBAaX LUMPPOBON TEXHUKHU:
TpUITEpax; CYETUUKAX MMITYJIbCOB; perucrpax; mudparopax; nemudparopax
u Jp.

B 3amaHuy Mo JOTrMYECKUM 3JIEMEHTaM HEOOXOJMMO OMpPEAEUTh YPOBHU
CUTHAJIOB HAa BBIXOAE 3JEKTPOHHOTO YCTPOWCTBA MPHU 3aJaHHBIX BXOJHBIX
CUTHAJIaX.
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2. BAPUAHTBI KOHTPOJIbHBIX 3AI[AHI/II71
8.1. JIunelinpie Henyu MOCTOAHHOI0 TOKA
8.1.1. AHayIu3 NPOCTHIX Lenei MOCTOAHHOI0 TOKA

3ao0aua. llenb TOCTOSHHOTO TOKa COACPKUT HECKOJIBKO PE3UCTOPOB,
COEIMHEHHBIX CMeMmaHHO. (CxXxema Lenu C YKa3aHHBIMH CONPOTHUBIICHUSMU
MIPUBE/ICHA Ha COOTBETCTBYIOIIEM pHCYHKe. HoMep pucyHka, 3aJaHHbIE
3HAQYEHUSI OJHOTO W3 HAIpPSHKEHWM WIM TOKOB WM BEIMYMHA, OJICIKAIAS
OTIpeJICNICHHIO, TIPUBENICHBI B Ta0. 8.1. Bcloay MHAEKC TOKa WM HaNpsHKEHUS
COBIIQJIa€T C MHIEKCOM pE3UCTOpa, MO KOTOPOMY MPOXOJUT TOK WM HaA
KOTOpPOM JEHCTBYeT 93TO HampspkeHue. Hampumep, depe3 pesuctop R3
NpOXOaUT TOK |3 U Ha HeM neilcTByeT Hampspbkenue Uiz, OmnpenenuTs Takxke
MOIITHOCTh, MOTPEOJISIEMYIO BCEU IIEMbI0, U PACXO] AJICKTPUUYECKOU IHEPTUU
LETbIO 32 8 4acOB PabOTHI.

[TosicHuTh XapakTep W3MEHEHHS AJIEKTPUYECKON BEJIMYMHBI, 3aJAHHON B
Ta0auIe BApUAHTOB (YBEJIMYUTCS, YMEHBIIUTCS, OCTAHETCSI HEU3MEHHOM ), €CITN
OJIMH W3 PE3HCTOPOB 3aMKHYTh HAKOPOTKO WM BBIKIIOUHUTH U3 cXeMmbl. [lpu
stoM cunutath UCTOUHUK DJIC E uneanvubim (Hanpspkenne U Ha BXoze 1enu
Heu3MeHHbIM). [Ipyu TPyHHOCTSAX JOTHYECKUX TOSICHEHUH OTBETa MOXKHO
BBITIOJIHUTh pacyeT TpeOyeMol BeIMYMHBI B HU3MEHEHHOW CXeMe M Ha
OCHOBAHWHU CPABHEHUS €€ B IByX CXEMaxX JaTh OTBET HA BOIMPOC.

E;=90mM
Ry=50m
1
I
= =
E = 9 G Rs=30mM
y E__:_) =T r'\“': )
(D I L I
-
o =4 (=4
R)=12.50M Rg=30m Rg=30M
| — |
L

Puc.8.1
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R1=100M R3=13.301\I
1
L
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E(D 3 R g=80m [
R-=100Mm
] _—
I
Rs=50M

Puc.8.9

 —
| I |
=10Mm

~
Rs=90M
R-=100M
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Tadmuma 8.1

Bapu - | Pucy - Hano Omnpe | [eiicTBue ¢ pe3ucTopom IIposectu

aHT HOK IS 3aMKHYT Briximrouen aHaJInu3
No No JINTH HaKOpPOTK U3 CXCMBI HU3MCHCHUA

(¢} BCJIMYHHBI

01 81 E=40B |1 R5 U1
02 8.1 =2 A E Re Us
03 8.1 U1= 40 B |6 R3 |6
04 8.1 ,=4 A E R; Us
05 8.1 |3: 8 A E R4 |2
06 8.2 E=120B I3 Rs I3
07 8.2 ;=20 A E R; U,
08 8.2 U,= 160 B 4 R U,
09 8.2 U,=36 B E Ry P
10 8.2 ,.=10 A E Re Us
11 8.3 E=240 B Us R, U,
12 8.3 U1: 90 B E R7 |1
13 8.3 |5: 30 A |1 Rg Uz
14 8.3 U3: 10B U7 Re |4
15 8.3 E=160B |5 R5 U1
16 84 E=200B |1 Re U4
17 8.4 .=5A E R, l;
18 8.4 U7: 50B |3 R7 U1
19 8.4 U1=200 B |7 R5 |1
20 8.4 |6: 6 A U1 R5 U3
21 8.5 le= 20 A E Ry Us
22 8.5 E=50B Us; R, Is
23 8.5 U4= 90 B |6 R5 U1
24 8.5 |2: 10 A E R6 |2
25 85 E: 300 B |3 R3 |6
26 8.6 E=140B I, Re Us;
27 8.6 le=10 A E R; P
28 8.6 U5: 8B |1 R3 U7
29 8.6 E=280B Ue R2 |1
30 8.6 =10 A E R: Us
31 87 E=200B |8 R7 |1
32 8.7 ng 30B E R4 U5
33 8.7 1,.=20 A Us R3 Us
34 8.7 E=100B 7 Rs ls
35 8.7 U5= 15B Ug R4 Ug
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Okonuanue tadi. 8.1

Bapu - | Pucy - Hano Omnpe | [eiicTBue ¢ pe3ucTopom IIposectu

aHT HOK IS 3aMKHYT Briximrouen aHaJInu3
No No JINTH HaKOpPOTK N3 CXEMbI U3MCHCHUA

(¢} BCJIMYHHBI

36 88 E=400 B U1 R3 |8
37 8.8 |8= 10 A |2 R4 Uz
38 8.8 Us;=60B E R; 4
39 88 E= 600 B |8 R5 Ug
40 8.8 U4: 80B E Rg |1
41 8.9 E=50B 7 R3 Us
42 8.9 |7= 4 A U1 R5 |7
43 8.9 Us=80 B E R Us;
44 8.9 |5: 12 A U7 Re |4
45 8.9 E=200B Us R; Us
46 8.10 |1: 5,5 A U7 R4 |7
47 8.10 E=210B I4 Rz U,
49 8.10 U,=220B I1 Rs U,
50 8.10 E=105B U, R, Is

8.1.2. AHAJIN3 CJI0KHBIX Leneil MOCTOSAHHOI0 TOKA

3aoaua. Jlns snexktpuueckoi 1enu, 3HaueHuss IJ[C UCTOYHUKOB U
CONPOTUBJICHUN MPUEMHUKOB KOTOPOM TMPUBEIECHBI B COOTBETCTBYIOIIEM
BapuaHTe 3aJlaHus Ta0J. 8.2 BBITIOJIHATH CIACAYIOIICE:

1.CocTtaBuTh  ypaBHEHUs Uil  OINpEIEIEHUS  TOKOB  IIYyTEM
HEIMOCPE/ICTBEHHOTO TMpUMeHeHusi 3akoHOB Kupxroda (ykazaB, s Kakux
y3JI0B M KOHTYpPOB 3TH YpaBHEHMsS 3amucaHbl). Pemars 3Ty cucremy
YPABHEHUM HE CIIEIYyET.

2.0npenenuTh TOKA B BETBSIX METOJIOM KOHTYPHBIX TOKOB.

3. Omnpenenuth pPeXKUMbl PaOOTHl AKTUBHBIX AJIEMEHTOB M COCTaBUTh
OaslaHC MOIITHOCTEH.

4. TlpoBecTu TPOBEPKY MPABWIHHOCTH PEIICHUS 3aJadyd IO BTOPOMY
3akoHy Kupxroda
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Puc.8.17 Puc.8.18
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E, —_——nS
Ry
Rs
f Ry
a 1 C
Ry Rg
R3 E;3
O
Puc.8.19 Puc.8.20
Ta6muma 8.2.

Bap. Puc. El, Ez, E3, Rl, Rz, R3, R4, R5, Re,
0 No B B B Om | Om | Om | Om Om | Om

1 8.11 25 - 15 4 3 2 5 4 3

2 8.11 - 20 10 5 4 3 4 3 2
3 8.11 100 34 - 11 16 5 8 3 10

4 8.11 50 - 20 8 10 | 15 12 16 8
5 8.11 80 40 - 6 11 | 17 12 14 20
6 8.12 120 - 36 12 16 8 10 12 15
7 8.12 - 40 80 10 16 | 12 17 20 14

8 8.12 45 - 20 14 12 | 19 16 3 8
9 8.12 85 30 - 7 10 8 11 14 20
10 8.12 - 100 50 20 15 | 16 18 15 10
11 8.13 110 - 60 12 16 | 10 8 14 12
12 8.13 140 120 - 20 24 | 25 28 30 14

13 8.13 76 34 - 15 18 | 12 10 8 6
14 8.13 - 60 80 8 6 7 5 12 14
15 8.13 150 - 80 14 16 | 18 14 12 10
16 8.14 120 100 - 21 25 | 20 26 22 20

17 8.14 - 40 60 8 12 | 15 20 6 4
18 8.14 60 80 - 12 10 | 15 17 13 14
19 8.14 110 - 65 10 14 | 15 14 16 18
20 8.14 - 100 50 18 20 | 22 12 14 10
21 8.15 120 80 - 12 15 | 14 16 18 12
22 8.15 120 - 60 20 15 | 14 18 12 16
23 8.15 - 60 80 15 16 | 12 15 14 18

24 8.15 30 90 - 7 6 9 8 6 8
25 8.15 100 - 36 6 4 6 8 4 10
26 8.16 60 - 80 10 10 | 16 18 15 20
27 8.16 - 140 160 25 20 | 24 26 23 22
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Okonuyanue tadmn. 8.2

Bap. Puc. E1, Ez, E3, Rl, Rz, R3, R4, R5, Re,
No Ne B B B Ou | Om | Om | Om Om | Om
28 8.16 140 120 - 18 11 | 16 16 14 12
29 8.16 - 160 140 20 22 | 20 24 18 16
30 8.16 100 - 150 16 20 | 22 28 10 14
31 8.17 86 90 - 14 10 | 16 12 15 20
32 8.17 - 32 80 10 16 | 18 12 14 10
33 8.17 50 - 70 8 12 | 18 12 10 14
34 8.17 120 160 - 20 28 | 22 20 25 18
35 8.17 - 120 160 16 18 | 13 16 10 20
36 8.18 150 50 - 6 4 3 8 8 6
37 8.18 46 - 88 4 9 6 7 3 8
38 8.18 - 120 60 21 22 | 26 20 18 25
39 8.18 40 100 - 10 8 12 10 14 10
40 8.18 - 32 80 8 10 7 15 9 11
41 8.19 120 80 - 22 18 | 16 24 26 21
42 8.19 - 60 120 21 24 | 22 15 18 18
43 8.19 80 140 - 18 20 | 16 14 22 14
44 8.19 120 - 50 11 15 | 12 16 18 12
45 8.19 - 100 50 8 10 | 15 12 22 16
46 8.20 130 62 - 14 22 | 21 18 15 10
47 8.20 - 40 100 8 16 | 10 14 22 15
48 8.20 150 - 120 15 20 | 12 16 18 22
49 8.20 50 120 - 8 12 | 20 25 10 8
50 8.20 - 140 70 14 14 | 14 16 12 18

8.2. OnHoda3Hbie nenu NepeMeHHOro ToKa

3aoaua 1. HanpspkeHne Ha 3aXuMax [EMHU, BapuUaHT KOTOPOU
COOTBETCTBYeT mocieaHell mudpe yueOHoro mmdpa cTyaeHTa W
u3o0pakeHHo Ha puc. 8.21, wu3mensercs mno 3akony U=Un, Sinot.
AMmuityaHOe  3HadeHWe — HampspkeHue Uy,  3HAYCHWS — aKTHBHBIX
conpotuBieHudt Ri1 u R,, uHayktuBHOcTeM kKarymiek L; m L, eMkocteit
koHjeHcatopoB C; u  (C, mpuBeneHbl B Tabi. 8.3. YacTora mnuTaromero
Hanpspkenus f = 50 I'm.

Heobxoaumo: M300pa3uTh 37IEKTPUYECKYIO IIeMb, COTJIACHO 3aJaHHBIM
napamMeTpaM COMNPOTUBICHUNH H ONPENETUTh. TOJHOE CONpPOTUBIECHUE Z,
Hanpspkenue U, npuiiokeHHoe K 1eny; Tok |; yron casura ¢as ¢ (mo BenuunHe
U 3HaKy); akTUBHYI P, peakTuBHyl0 Q M TOJHYIO S MOIIHOCTH LEIH.
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OnpenenuTe 3aKOH M3MEHEHHs Toka B uwenu. OnpenenuTs Xapakrep
(MHIYKTHBHOCTb, €MKOCTb) M IAapaMeTphl 3JEMEHTA, KOTOPBIM TOIKEH OBITH
BKJIFOYEH B 3JIEKTPUYECKYIO LIEMb ISl TOTO, YTOOBI B HEM HACTYNHII PE30HAHC
HanpsoKeHW.  YKazarh CHoco0 BKIIOUEHHUST 3TOro 3jeMeHTa. [loscHUTH
XapakTep U3MEHEHUs (YBETUUMUTCS, YMEHBIIUTCSA, OCTAaHETCS 0€3 M3MEHEHHS)
TOKA, aKTUBHOM M PEAKTUBHON MOIIHOCTH B LIENH IPU YBEIWYEHUH YACTOTHI
TOKa B J1Ba pa3a. HanpspkeHue, NPUIoKEHHOE K LENU, CYUTATh HEU3MEHHBIM.
Haveptuth B Macimirabe BEKTOPHYH AMArpaMMmy LENU M TMOSCHUTH €€

HIOCTPOCHHE.
Xc1 X1 Ry

—]

U

R; XL \TZ_
o—[ VYV
Puc.8.21
Tabmumna 8.3.

3a1aHHBI BapuaHT
napameTpsl | 1 2 3 4 5 6 7 8 9 10
Un, B 141 | 282 |424 (141 |70,7 | 141 | 282 |424 |70,7 | 141
R1, Om 10 - 10 - 8 14 |- 16 14 -
Ry, Om - 10 5 8 - 2 20 |4 6 8
Ly, mlH 15,9 /31,8 |31,8 [159 |- 31,8 {191 |- 31,8 | 19,1
Lo, mlH 15,9 | - 63,7 | 31,8 [ 159 | - 31,8 | 15,9 |- 31,8
Cy, MkD - 637 | 318 |- 159 | 318 |637 |159 |318 | 637
Cy, MxD 637 | 318 |- 159 | 318 |318 |- 318 | 637 |-

3a0aua 2. B uenb cuHycoMJaIbHOTO TOKa HampspbkeHueM U u gactotoii f
BKJIIOUCHA KaTyIlKa C aKTHBHBIM CONPOTHBICHHEM R W WHIYKTUBHBIM X
puc. 8.22.

Onpenenutb: 1) Tok B katymike. 2) Koadduruent momHoctu. 3) [oanyto,
AKTUBHYI0 W PEAaKTUBHYIO MOIIHOCTH. 4) EMKOCTb, NMpW KOTOpOW B IeNU
HACTYIHT pe30HaHC TOKOB. 5) [TocTpouTh BEKTOpHYIO auarpammy. JlaHHbIC 1is
CBOETO BapuaHTa B3sTh U3 Tab. 8.4.

Puc.8.22
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Tab6auia 8.4.

3agaHHbI Bapuant

napameTpsl | 1 2 3 4 5 6 7 8 9 10
U B 80 100 /120 |20 |40 |60 140 | 150 |[160 |180
R, Omu 30 |40 |50 |6 8 133 |6 16 (42 |36
X, Om 40 |30 |80 |4 89 |8 142 122 [26,2 | 57,6

8.3. Tpexdasubie nenu

3adaua 1. ]Jlns snexTpuuecKoil cxembl U300pakeHHOM Ha puc. 3.1. mo
3aJlaHHBIM B Tabi. 8.5. mapamerpam U JIMHEHHOMY HANPSHKEHHUIO ONPEICTUTh:
(da3Hple W JIMHEIHBIE TOKH, TOK B HEWTpaJIbHOM MpoBoJE (A YeThIpex
IPOBOHOM CXEMBbl), aKTUBHYI0, PEAKTUBHYIO U MOJIHYI0 MOUIHOCTH BCEU LIETIH
U Kaxaod (asel oraenbHO. [locTpouTh BEKTOPHYIO auMarpaMMy TOKOB U
HaANpsDKEHUH Ha KOMILJIEKCHOM IUIOCKOCTH. Pacuer mpoBOIUTH KOMIUIEKCHBIM
METOZOM.

VYka3zaHue: TOK B HEUTpaIbHOM HpOBOI[e OINPEAETUTh IO (bopMyJIe

Io —Ia+Ib+Ic, MOJIyYEHHBIH Pe3yibTaT 1Mo Io CpaBHI/ITL C pe3yJbTaTOM IO Io

MOJTYYEHHBIN U3 BEKTOPHOU JuarpamMMebl o popmyJie Io = I, -m,

3aoaua 2. ]Jlns 3NIEKTpUYECKOM CXEeMbl U300pakeHHOM Ha puc. 3.3. 10
3aJlaHHBIM B TaOJ1. 8.6. mapamerpam M JIMHEMHOMY HaNpPsHKEHHUIO OMPEIETUTh:
da3Hble W JMHEWHbIE TOKH, aKTUBHYIO, PEAKTUBHYIO M TOJHYI0 MOIIHOCTH
KaKI0M (a3pl m Bcedl nenu. IlocTpouTh BEKTOPHYIO AMarpaMMy TOKOB M
HaNpsHKEHUM Ha KOMILUIEKCHOW THIOCKOCTH. Pacuer mpoBOIUTH KOMILIEKCHBIM
METOJIOM.

Tabnua 8.5

Bapuantr | Uxn, | Ra, | Rs, | Re, | Xa, | Xs, | Xc,
B Ovu | Om | Om | Om | Om | Om

1 127 4 8 6 4 4 8

2 220 4 8 6 3 4 9

3 380 4 3 6 3 4 8
4 127 5 4 6 6 8 10
5 220 6 5 4 8 10 10
6 380 | 10 8 6 4 10 10
7 127 | 10 8 9 8 6 10
8 220 6 4 5 6 8 10
9 380 | 10 8 8 4 10 10

10 127 5 4 3 4 6 8
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Tadmuia 8.6

Bapuant | Uz, | Rab, | Rbc, | Rea, | Xab, | Xbc, | Xca,

B Ou | Oum | Om | Om | Om | Om
1 127 8 4 4 4 4 8
2 220 8 4 4 3 4 9
3 380 8 4 4 3 4 8
4 127 | 4 8 3 6 8 10
5 220 | 4 8 3 8 10 10
6 380 | 4 8 3 4 10 10
7 127 | 10 8 9 8 6 10
8 220 6 4 5 6 8 10
9 380 | 10 8 8 4 10 10
10 127 5 4 3 4 6 8

8.4. Tpancdopmartopsl

3aoaua 1. ]Ins ogHodazHoro TpaHcopmaTopa, mapameTrpbl KOTOPOIO
npuBeACHBI B TabO. 8.7 ompenenuTh HOMUHAIBHBIC TOKU MEPBUYHON |0y W
BTOPUYHOH 2101 OOMOTOK, KO3 UIIMEHT TpaHCcPOpMaIMU, YUCIO BUTKOB U
JUaMeTp KasKI0i 0OMOTKH IIPU MIIOTHOCTH TOKa B 00MOTKax J = 2,5 A/MM?,

Tabmania 8.7
Bapmant | Spowm, Ui, U,, Bm, Qc, f, n
kBA B B Tn cm? Iy

1 0,05 220 12 1,25 3 50 0,75
2 0,05 127 24 1,45 1,0 400 0,75
3 0,1 380 48 1,2 4,5 50 0,82
4 0,1 64 12 1,5 2,0 400 0,87
5 0,25 220 36 1,1 7,0 50 0,94
6 0,25 64 24 1,4 3,0 400 0,93
7 0,4 220 50 1,2 10 50 0,95
8 0,4 127 36 1,4 5,0 400 0,95
9 0,63 380 50 1,3 11 50 0,96
10 0,63 220 127 1,55 4,5 400 0,06

3aoaua 2. Jns tpexdazHoro TpaHchopMaropa, MmapaMerpbl KOTOPOTo
npuBecHbl B Ta0. 8.8 ompenenuTh HOMUHAIBHBIE TOKU TEPBUYHOMN | oy M
BTOPUYHOU |2101 0OMOTOK, TOK X0JIocTOTO X0Aa lo, KOdPHUIIMEHT MOIITHOCTH
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XOJIOCTOTO XOoJa cosp, KodhduuueHT TpaHchopmaruu N, COMPOTUBICHUS
NMEepBUYHOM U BTOpUUHOU 00MOTOK Ri, Xi, Rz, Xo. IlocTpouTh BHENIHIOIO
xapakrepuctuky Up; = f1(f) u 3aBucumocts KIIJ ot Harpy3ku # = fo(f) ms
cospz = 0,8.

Tabnuma 8.8

No Tun ['pynna JlaHHbIE U151 pacuera
Bap. | Tp-pa COCM 1 Spou, | Usrows | Uzo, | Uk, | Po, Pk, lo,

HCHIH KkBA KB KB % | xBm kBm | %
1 TM-25/6 Y/Yo-0 |25 6 0,4 45 10,135 0,6 3,2
2 TM 6300/10 | Y/Y,-0 | 6300 10 0,4 6,5 190 46,5 [0,8
3 T™M -40/10 | Y/A-11 |40 10 0,69 45 |0,19 0,88 |3
4 TM 4000/10 | Y/Y, -0 | 4000 10 0,4 55 |64 335 109
5 TM-63/6 | Y/Yy-0 |63 6 0,69 |45 |0,265 [128 |28
6 TM 2500/10 | Y/A - 11 | 2500 10 0,4 55 14,6 25 1
7 T™M -160/6 | Y/A-11 | 160 6 0,69 45 0,565 |[265 |24
8 TM 1600/10 | Y/Y,-0 | 1600 10 0,4 55 |33 18 1,3
9 TM -250/6 | Y/Y,-0 | 250 6 0,69 45 ]0,82 3,7 2,3
10 | T™M 100010 | Y/Y,-0 | 1000 10 0,4 55 1245 122 114
11 | T™M-100/6 | Y/Y,-0 | 100 6 0,69 |45 |0,365 [197 |26
12 | TM630/10 | Y/Y,-0 | 630 10 0,4 55 1,56 7,6 2
13 | TM-400/6 | Y/Y,-0 | 400 6 0,69 145 1,05 5,9 2,1

14 |TC3-16010 | Y/A-11 [160 |10 |04 |55 |07 |27 |4

15 | TC3-250/10 | Y/Y,-0 | 250 10 04 |55 |10 3,8 3,5

16 | TC3-400/10 | Y/Y,-0 | 400 10 04 |55 |13 5,4 3

17 | TC3-630/10 | Y/Y,-0 | 630 10 04 |55 |20 7,3 1,5

18 | TC31000/10 | Y/Y, -0 | 1000 10 04 |55 |30 112 |15

19 | TC31600/10 | Y/Y, -0 | 1600 10 04 |55 |42 16,0 |15

20 |TC3-10/0,66 | Y/A - 11 | 10 066 |04 |45 |009 |028 |7
21 | TC3-1600,38 | Y/A - 11 | 16 038 |023 [45 0125 |04 |58
22 |TC325/0,66 | Y/Y4-0 |25 066 |04 |45 0180 |056 |48
23 |TC3400.38 | Y/Y,-0 |40 038 |023 |45 |025 |08 |4
24 | TC363/0.66 | Y/Y,-0 |63 066 |04 |45 0355 |0,109 |33

25 | TC3-100/0.38 | Y/Y,-0 | 100 0,38 10,23 |45 |05 0,15 |27

26 | TC3160/0.66 | Y/Y,-0 | 160 0,66 |04 |45 0,71 0,206 |2,3

27 | TM-25/10 | Y/Yo-0 |25 10 0,69 |45 |0,135 |06 3,2
28 |TM-40/6 | Y/A-11 |40 6 04 |45 |019 1088 |3
29 |TM-63/10 | Y/Y,-0 |63 10 0,69 |45 [0,265 |128 |28
30 |TM100/10 | Y/Y,-0 |100 10 04 |45 [0365 |197 |26
31 |TM-630/6 | Y/Y,-0 | 630 6 04 |55 |15 |76 2
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Okonuyanue Tadm. 8.8

Ne Tun ['pymma JlaHHBIE [UIs pacueTa
Bap. | Tp-pa coeau Stom, Uirom, | U2, | Uk, | Po, P, lo,
HEHUU kBA kB kB % |kBm |kBm | %
32 | TM400/10 | Y/Y,-0 | 400 10 0,69 |45 [1,05 5,5 2,1
33 | TM-100/35 | Y/Y,-0 | 100 35 0,4 6,5 10465 197 [2,6
34 | TM-160/35 | Y/Y,-0 | 160 35 0,4 6,5 0,7 265 |24
35 |TM-250/35 | Y/A-11 | 250 35 0,4 6,5 [1,0 3,7 2,3
36 | TM400/35 | Y/A-11 | 400 35 0,4 6,5 11,35 5,9 2,1
37 | TM630/35 | Y/A-11 | 630 35 0,4 6,5 |19 7,6 2,0
38 | TM-25/6 Y/Yy-0 |25 6 0,69 |45 [0,135 |0,6 3,2
39 |TM-40/6 |Y/Yo-0 |40 6 0,69 145 [0,19 0,88 |3
40 | TM-63/10 | Y/Y,-0 |63 10 04 |45 ]0,265 |128 |28
41 | TM100/10 | Y/Y,-0 | 100 10 0,69 145 [0,365 |197 [26
42 | TM250/10 | Y/Y,-0 | 250 10 0,69 |45 0,82 3,7 2,3
43 |TM-630/6 | Y/Y,-0 | 630 6 0,69 |55 [1,56 7,6 2
44 | TM400/10 | Y/Y,-0 | 400 10 04 |45 [1,05 5,5 2,1
45 | TM-400/6 | Y/Y,-0 | 400 6 04 |45 [1,05 5,5 2,1
46 | TM630/10 | Y/Y,-0 | 630 10 0,69 |55 [1,56 7,6 2
47 | TC3-16/066 | Y/Y,-0 |16 0,66 04 |45 |0125 |04 5,8
48 | TC340/0,66 | Y/[Yy-0 |40 0,66 04 |45 (0,25 0,8 4
49 | TC3-100/066 | Y/Y,-0 | 100 0,66 04 |45 |05 0,15 [2,7
50 |[TC325/038 | Y/[Yp-0 |25 0,38 0,23 |45 0,180 0,56 [4,8
8.5. ACMHXpOHHBIE IBUTATEIH
3aoaua 1. HomuHaibHAasT MOIIHOCTh TPeX(Pa3HOro ACHHXPOHHOIO

JIBUTATEJISI C KOPOTKO3aMKHYTBIM POTOPOM Proy, HOMUHAIBHOE HAMPSIKEHUE
Uroy, HOMHUHANIbHA YacTOTa BpalleHUs poTopa Ngoy, HOMUHAIbHBIA KIIJI
Nroy HOMHMHAIBHBIN KOA((PUIIMEHT MOIIHOCTU COS@Q, YUCIO Tap MOJIFOCOB
OOMOTKH cTaTtopa P, KpaTHOCTH IMycKoBOro Toka P = lpvex /! lmow; KpaTHOCTD
MyCKOBOro MoMeHTa & =Myck | Mpoy; KpaTHOCTh MaKCHMaJIbHOTO MOMEHTA
A = Muax! Mpoy. Onpenenuts. MOIIHOCTh, MOTPEOISIEMYI0 U3 CeTH Piyou,
HOMUHAIBHBINA oy U TyCKOBOM |;7ycx TOKHM, 4acTOTY BpallieHUS! MAarHUTHOTO
nojisi craropa Ni , HOMHHAQJIBHOE Spoy UM KPUTHYECKOE Skp CKOJIBKEHUE,
HOMMHAJIbHBI, MAKCUMAJIBHBIA U IIYCKOBOM MOMEHTHI ABUTaTtelst. I1ocTpouTh
MexaHudeckyto xapakrepuctuky M = f(n). Jlanubie B3aTh U3 Ta0II. 8.9.

53




Taomuna 8.9

Ne | Prom, | Unom, | Nuom, | Mrom, | cose P | lmyver | Mayck | Muax
Bap. | kBm B | o6/mun| % lom | Muow | Muowm

1 0,25 220 860 56 0,72 3 3.0 2,2 2,0

2 0,37 380 1375 66 0,76 2 3,7 2,0 2,0

3 0,55 660 2850 74 0,84 1 6,5 2,3 2,4

4 0,75 220 935 70 0,72 3 4.0 2,2 2,5

5 1,1 380 1420 77 0,8 2 5,5 2,3 2,6

6 1,5 660 2835 79 0,87 1 6,5 2,8 3,0

7 2,2 220 960 78 0,74 3 55 1,9 2,5

8 3,0 380 1420 81 0,81 2 6,2 2,2 2,6

9 4.0 660 2895 84 0,87 1 6,8 2,2 3,3
10 5,5 220 950 82 0,82 3 6,0 2,2 2,5
11 7,5 380 1455 83 083 | 2 7,0 2,8 3,2
12 11,0 660 2940 | 87,5 | 0,89 1 6,8 2,0 3,3
13 15 380 970 89 0,82 3 7,0 2,3 3,0
14 18,5 660 1460 90,5 | 0,89 2 7,0 1,9 2,

15 22 380 2940 90,5 | 0,89 1 7,5 2,1 35
16 30 660 1475 91 0,86 2 1,7 2,7 3,2
17 37 380 2950 92 0,89 1 7,5 2,4 3,0
18 45 380 740 91 0,84 4 6,0 1,2 2,0
19 55 660 985 91,5 0,8 3 6,5 1,2 2,0
20 75 380 1480 93 0,9 2 7,0 1,2 2,3
21 90 660 2960 92 0,9 1 7,5 1,2 2,2
22 110 380 590 93 083 | 5 6,0 1,0 1.8
23 132 660 740 935 | 0,85 | 4 6,5 1,2 2,2
24 160 380 1480 | 93,5 | 0,91 2 6,0 1,3 2,2
25 200 660 1480 940 | 0,92 2 6,0 1,3 2,2

Tab6mauma 8.10
Ne | Puu, | Unon, Coeo. | Uceru, | Nuom, | Ruom, | cos@ | loyer | Muyck | Mmax
Bap. | kBm | B oom. | B 06/mun | % lvove | Muoym | Muowm
cmam.

26 0,25 |220/127 | Y/A 127 860 56 0,72 | 3.0 2,2 2,0
27 10,37 | 380/220 | Y/A 220 1375 66 0,76 | 3,7 2,0 2,0
28 | 0,55 |660/380 | Y/A | 660 2850 |74 084165 |23 2,4
29 (0,75 |220/127 | Y/A 220 935 70 0,72 [ 4,0 2,2 2,5
30 |[1,1 |380/220|Y/A |220 1420 |77 0,8 |55 |23 2,6
31 |15 |660/380|Y/A 660 2835 79 0,87 | 6,5 2,8 3,0
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Oxkonuauue 12011.8.10

Ne | Puum, | Unonm, | Coeo. | Ucerm, | NHom, | Neom, | €os | lgyer | Muyck | Mmax
Bap. | kBm | B oom. | B oo/mun | % Vo | Muomr | Muowm
cmam.
32 [2,2 |220/127 | Y/A 220 960 78 0,74 |55 1,9 2,5
33 [3,0 |380/220 | Y/A 380 1420 81 0,81 | 6,2 2,2 2,6
34 4,0 |660/380|Y/A 380 2895 84 0,87 |68 |[2,2 3,3
35 |55 |220/127 | Y/A 127 950 82 0,82 [ 6,0 2,2 2,5
36 |7,5 |380/220 | Y/A 380 1455 83 08370 (28 3,2
37 |11,0 |660/380 | Y/A 380 2940 875 (0,89 |6,8 2,0 3,3
38 |15 380/220 | Y/A 220 970 89 0,82 (7,0 2,3 3,0
39 |18,5|660/380 | Y/A 660 1460 905 (0,89 | 7,0 1,9 2,9
40 |22 |380/220|Y/A 380 2940 905 |0,89 |75 (21 3,5
41 |30 660/380 | Y/A 380 1475 91 0,86 | 7,7 2,7 3,2
42 |45 |380/220 | Y/A 380 2945 91 09 |75 |14 2,2
43 |55 |380/220|Y/A 380 1480 925 |09 |70 (1,3 2,5
44 |75 380/220 | Y/A 380 985 92 0,89 |55 1,4 2,2
45 190 660/380 | Y/A 660 740 93 0,85 (6,5 1,2 2,3
46 | 110 |660/380|Y/A 660 2970 91 0,89 | 7,0 1,2 2,2
47 |15 660/380 | Y/A 380 2940 88 091 |75 |14 2,2
48 |55 |380/220|Y/A 220 720 83 0,74 |55 |19 2,6
49 |22 |380/220 | Y/A 380 1470 90 09 |65 |14 2,3
50 [4,0 |660/380|Y/A 380 720 83 0,7 |55 1,9 2,6

8.6. MaluHbI MOCTOSHHOI0 TOKA

3aoaua. JlBurarenb MNapajjieIbHOTO BO3OYXXIEHUS, C HOMHHAIbHBIM
HamnpspkeHrueM U, pa3BUBaeT HOMHHAJIBHYIO MOIIHOCTH P,. HomuHanbHas

CKOpocTh BpamieHuss sikops h, u muauManbHbid K.ILJ. 7,. Ilorepmu
MOIIIHOCTA B IeMH SIKOps AP, u B 1enu Bo30yXIeHus AP, 3adaHbl B
IpOIEHTaX OT TNOTPeOasieMO MOIMHOCTH jaBurarens P, (tadm. 8.11).
OnpenenuTh: TOK B IEMH BO30YXKICHHS, TOK U COINPOTHUBIICHHE SKOPS TIPH
HOMWHQJIBHOW Harpy3ke |, , HOMUHQIbHBIA BPAIIAOIIAN MOMEHT IIPU MTyCKE

JBUTATEIIS C IIyCKOBBIM  PEOCTATOM, IOCTPOUTH MEXAHUYECKYIO
xapaktepuctuky asuratens (M), onpenenuts APuyex + APyarn.
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Tabmuma 8.11

Bapuant JlaHnHbI€ 115 pacueTa

U,.B P,, kBm AP, ,% AP, ,% n,,oo/mun | n,,%
1 110 60 5,2 4,8 980 86,5
2 220 10 S 4,8 2250 86
3 220 4 6,2 4,2 1025 82,2
4 220 6,6 6,2 41 2400 85,5
5 220 4,4 6,5 4,8 2100 84,5
6 220 2,5 5,8 4,8 1000 85
/ 220 10 53 4.4 2250 83
8 110 77 5,0 4.2 1050 85,5
9 110 80 5,4 4,5 1150 85,8
10 110 92 5,3 41 970 86,5
11 110 66 6,2 5,0 1050 85,5
12 110 35 6,3 5,2 2200 84,5
13 110 45 5,7 4,6 1500 85,0
14 220 15 5,0 4,0 1000 84,4
15 220 10 5,2 4,2 970 85,5
16 220 5,8 6,0 5,0 2200 84
17 220 19 4,8 4,5 980 86,5
18 220 29 5,0 4,3 2520 86
19 220 46,5 5,4 4,8 1025 82,2
20 220 14 4 4,6 2400 84
21 220 20,5 5,1 4,2 2100 85,5
22 220 33,5 9,5 4,0 1000 84,5
23 220 8,5 4 41 2250 85,5
24 220 13,5 4,8 4.2 1050 85
25 110 60 5,0 40 1150 84,5

8.7. Beimpsaamuresn

3aoaua. Tlo 3amaHHBIM TlapaMmeTpaMm Harpysku, Tabn. 8.12, paccuurarthb
HEJIOCTAIONINE TapaMeTpbl Harpy3ku. BpiOpaTh cXemy BBIIPSIMIICHUS U
HAYEPTUTh €€ C MUTaHueM OT TpaHcpopmaropa. CriaxuBaromuii GUIbTp HE
NpUMEHITh. PaccunTaTh mapaMeTpbl BHIIPAMUTENS U BeHTUIEH (nuonon). I1o
CIIPABOYHUKY BBHIOPATH TUIT BEHTUJIEH (JIMOIOB).

[Ipunsateie o003HaueHus: Pp — MOIIHOCTh MOCTOSTHHOTO ToKa Harpysku; Ug —
HaIpsDKEHHUE MOCTOSIHHOTO TOKA Ha Harpyske; lo — MOCTOSIHHBIN TOK Harpy3KH;
Ruarp. — conpoTuBneHue Harpysku; la — pacdetHbiil TOk BeHTHIS; Uospvae —
JOMyCTUMOE 00paTHOE HAINpPsHKEHUE Ha BEHTUWIE (TUO0/Ie);
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U, — da3Hoe HanpsKeHUEe BTOPUYHOM OOMOTKH MUTAIOUIET0 TpaHchopMaTopa;
U1 — da3Hoe HanpspKkeHue MepBUYHON OOMOTKH MHUTAIOIIET0 TpaHchopmaropa;
I, — da3Hbli Tok BTOpHYHOM OOMOTKH TpaHcpopmatopa; |1 — (asHbil TOK
HNEepBUYHON OOMOTKU TpaHchopmaropa; P, — cpenHss (TUIIOBasl) MOIIHOCTh
MUTAIOIIEro TpaHchopmaropa.

Tabmuma 8.12

[TapameTpsl HArpy3Ku
BapuanT Po, KBT Uo, B lo, A Ruarp., OM
1 0,1 9
2 3,0 150
3 0,4 3,24
4 100 70
5 220 48,35
6 45,45 9,68
7 1,5 64
8 3,0 68,2
9 0,05 4,5
10 110 90,9
8.8. 3ananus o aHATOrOBOM JIEKTPOHUKE
Tabmuua 8.13
BapUaHT Tema 3amanus
1 CxeMa, mpyHIMN AeUCTBUS ycuauTens Hu3koi yactotsl (YHY) ¢

OMUTTEPHON TEMIIEpaTypHOH cTaOUIIN3aIHei.

2

['paduueckuii ananm3 pabOThl YCHIIMTENSE HU3KOM YaCcTOTHI

w

JIByXKacKaJHbIA YCUIIUTENb HU3KOW YaCTOThI C PE3UCTUBHO-
€MKOCTHOM CBsA3b10. CXxeMa, IPUHLHUII JIEUCTBUS, JOCTOMHCTBA U

HCOOCTAaTKH.

Ycunutens nocrositHHoro Toka (YIIT

OnepanrOHHbBIEC YCUITUTENH.

Ycunurenu MOUTHOCTH € BBIXOJIHBIM TPaHC(OPMATOPOM.

Yeunmirenn MOITHOCTH 0€3 BBIXOJHBIX TPaHC(HOPMATOPOB.

oo NoO|o1 b~

XapaKTEPUCTUKU YCUINTEIICH HU3KOW YaCTOThI: aMILJIUTYyAHAS;
aMIIuTyHO-4yactoTHas (AYX); dasouactorras (PUX).

O

OOpatHble CBA3U B YCHIIUTEISIX.

JIuHEVHbIE M HEJTMHENHBIE UCKAYKEHUSI CUTHAJIA B YCUJIUTESX.
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8.9. 3ananus no uMmyJbCHOH U UG POBOIi IEKTPOHNKE
Tabnuma 8.14

BapUaHT Tema 3amanus

1 I/IMHYJII)CHLIG CUTHAJIBI: BUJbI CUTHAJIOB; IIApaMCTPbI CUTHAJIOB,
IMapaMCTpbl CCPHUH CUTHAJIOB, CITOCOOBI IMOJTYyUCHUSI.

MynbTUBUOPATOPBL.

['eHepaTOpbl TMHEHHO U3MEHSIOIIETOCS HANPSKCHUS.

LC — aBTOreHEepaToOphl TAPMOHUYECKUX KOJICOAHUH.

RC — aBTOTreHEepaTOphl TApMOHUYECKUX KoJieOaHui C MocToM BuHa.

OO WiN

RC — aBToreneparopsl rapMoHuuYeckux Konedbanuii ¢ RC
(azocaBHUTAIONIEH IETHIO.

Jlorndeckue 31eMeHThI

TpI/IF TCPBI Ha JJOTHYCCKHX JJICMCHTAX

O | 00|~

[{rdpoBbIe CUETUUKU UMITYJILCOB

10 Muxkpornpoueccopsl. Ctpykrypa. [IpuHiun nenctus

8.10. 3agaHue Mo JOrH4eCKUM 3JIeMEeHTAM

B cxeme, nmpuBeaeHHOI Ha puc.8.23 onpenenuTh CUTHAIBI Ha BBIXO/IaX
F., F,, F,.3Hauenue Ha Bxonax X,, X,, X,, X, Jansl B Ta0m. 8.15.

Taomuma 8.15

Bapuant X, | X, | X5 | X, Bapuant X, | X, | X, | X,
1 0 11010 6 1 1 1 0
2 1 0|1 1 7 1 1 0 1
3 0 11010 8 1 0 1 1
4 0 11010 9 0 0 1 0
5 0 O, 01|O0 10 1 1 1 1
1 ] Ex f

X

X 1 1
3

Xy

s

[ =

Puc.8.23. CxeMa BKIIIOUEHUS JIOTHUYECKHUX DJIEMEHTOB.
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HPUJIOKEHUSA

[Ipunoxenue 1

Cxembl BBIIPAMIICHUS U (POPMBI BEIXOIHOTO HAMPSHKEHUS MPU aKTUBHOM
HarpysKe

|U2 il Tf\ N,

EY( 8 r.ut

Puc. 111. OnHoda3Has oTHOTIOTyTIEPHOTHAS

T 2T 3T ot
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Puc. 3I1. Onnodaznast mocToBas
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Puc. 411. Tpexdaznas ¢ BHIBOJOM HEUTpaH

o T .
LI UAE.:D% £D3£D5 Ioum.i

e At

et
ﬂ i i i }
N LI

Puc. 5I1. Tpexdasznas moctoBas

Uc¢ RH

CooTtHomIeHus MCKIY TOKaMHU U HAIIPSAXKCHUAMU B BBIIIPAMUTCIIAX

Cxema BpmpsamieHA | Uy (Ugg vace | I, | Loy I, Sp Koado.
U,y U, ﬂ I, I, P, Ty JTbCAITHH,
% (0Bx)
Opmuononynepuoanas | 0,45 3,14 1 3,14 | 1,57 | 3,09 157
Onnodasznas nyneBas | 0,9 3,14 05| 157 [0,785| 1,48 67
Opnnodaznas mocrosas | 0,9 1,57 051|157 | 111 | 1,23 67
Tpexdasznas nyneas | 1,17 2,09 0,33 1,21 | 0,585 | 1,35 25
Tpexdaznas mocroBas | 2,34 1,05 0,33 1,05 | 0,817 | 1,05 6

Uo, lo, Po - cpenHue 3Ha4YeHUs BBINPSIMICHHOTO HaNpsHKEHUs, TOKa, W
MOITHOCTH Ha Harpyske.

Uosp.Mmakc, - AOMTYCTUMOE JUTUTEILHOE 00OpPaTHOE HANPSIKEHUE, BBICPKUBAEMOE
BeHTHIIEM (OHO B 2 pa3a meHbIe Unposos).

la - cpennuit mpsimoii Tok BeHTWIs1. Ero macnopTHoe 3HadeHHe (HOMHUHAIBLHOE
3HAYEHHUE).

U - pasHoe HanpsbkeHre Ha BTOPUYHONW 00MOTKe TpaHchopmaTopa.

l2 vaxe - AMIUTMTYTHOE 3HAYEHUE TOKA Yepe3 BEHTUIIb.
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I[I/IOI[LI HHU3KOYaCTOTHBIC

[Tpunoxenue 2

Tumn Ip Uobp Ump loGp f, T, °C
npubopa Makc, A | makc, B Makc, B | makc, MA | kI

J112 -10 10 100 - 1400 1,35 1,0 1,35 |-50... +190
J112 -16 16 100 - 1400 1,35 1,0 1,35 |-50... +190
J112 -25 25 100 - 1400 1,35 1,0 1,35 |-50... +190
J112 - 32 32 100 - 1400 1,35 6,0 1,35 |-50... +190
J112 - 40 40 100 - 1400 1,35 6,0 1,35 |-50... +190
J112 -50 50 100 - 1400 1,35 8,0 1,35 |-50... +190
J112 - 80 80 100 - 1400 1,35 8,0 1,35 |-50... +190
J112 -100 100 | 300 - 1600 1,45 20 0,5 |-60.. +190
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	Е1∙I1 + Е2∙I2 = R1I12 + R2 I22 + R3 I32 + R4I42 + R5 I52 + R6 I62
	851,5 + 707,3 = 643,5 + 454,8 + 0,3 + 62,3 + 84 + 315,4
	1558,8 Вт = 1560,4. Вт.
	Погрешность расчетов составляет 0,1%, следовательно, задача решена, верно. Проводим проверку правильности решения задачи по второму закону Кирхгофа для  первого контура:
	E1 = R1 I1 + R4I4 - R3I3
	Таблица 1

	Таблица 2

