OHIreabCCKUM TEXHOJIOTUYECKUN HHCTUTYT ((uiunain) dheaepalbHOro rocyJapcTBEHHOTO
OIOPKETHOrO0 00pa30BATENILHOTO YUPEHKACHUS
BBICIIIETO0 0Opa3oBaHus
«CapaToBCKUi TOCYJapCTBEHHBI TEXHUYECKUN YHUBEPCUTET
nmenu ['arapuna 10.A.»

Kadenpa «EctecTBeHHBIE 1 MAaTEMAaTUUECKHUE HAYKH»

IJIEKTPOTEXHUMKA U JIEKTPOHUKA

MeTtonnueckue ykazaHus K IPaKTHYECKUM 3aHITHIM
Y BBIIMOJIHEHUIO KOHTPOJIBHOU paboThI
JUISL CTYZI€HTOB HaIPaBJICHUN

09.03.01 «MudopmaTuka 1 BEIYUCITUTEIbHAS TEXHUKA
09.03.04 «IIporpamMmMmHas HHXEHEPUS»

15.03.02 «TexHOMOTHYECKHE MAIIUHBI U 000PYIOBAHUE)

15.03.05 «KOHCTpYKTOPCKO-TEXHOJIOTHUECKOEO0ECTICUeHNE MAIIIMHOCTPOUTEIBHBIX
TIPOM3BOJICTBY

18.03.01 «Xumuueckas TEXHOJIOTHUI»
23.03.01 «HedrerazoBoe memnox»

29.03.05 «KoHcTpyHrpoBaHue U3AEIHM JIETKONH TPOMBIIIIEHHOCTH

3204HOM (OPMBI 00YUECHHUS

Hreanc 2026
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BBE/JIEHHE

Hacrosimiue MeToanmveckue yka3aHWs NpeAHa3HAYeHbl Il CTYACHTOB
3a04HON (hOpMBbI OOYYECHHS, BBIMOJHSIONIUX CaMOCTOATENIBHO, B IpoOIecce
0o0yueHHUsl, KOHTPOJIbHBIE 3aJlaHusl TI0 Kypcy «ODJIEKTpPOTEXHUKA U
AJIEKTpOHMKa». Ha THUIMOBBIX 3amadax MoApOoOHO TIOKa3aH XOJ BBIMOJTHEHUS
3aJlaHUs C TIPUBJICUCHUEM KPATKUX TEOPETUYECKUX CBEACHHM, MOSCHSIOIINX
peuienue. [IpuBeneHbl BapuaHThl KOHTPOJIbHBIX 33 1aHUM.

ConepxaHue Kaxa0W KOHTPOJbHOW paOdOThI JJIsl KaKIOW CIICIHATbHOCTH
OmpeAesnseT BeAYIIMM MpenoAaBaresib. BapuaHTbl KaXI0ro 3aJaHus
OTIPENICIIAIOTCS 110 TTOCAeAHUM Iudpam 3adeTHOM KHKKHA. Eciu B 3amanun 10
BApUAHTOB, TO MO mocieaHed uudpe, eciu 50, TO MO JIBYM MOCICIHUM
uuppam. CTyneHTbl, y KOTOPBIX HOMepa 3adyeTHOM KHWxKh ¢ 51 mo 100
BBINOJIHAIOT BapUAHTHI 3a1aHuid ¢ 1 mo 50.

[TPOITPAMMA

BBeaenue. OnekTpuyeckas SHEprus, €€ OCOOEHHOCTH U 00JacTu
npumeHeHus.  Kparkas  ucropuueckas  cmnpaBka.  TpaguUMOHHBIE U
JIbTEPHATUBHBIE HCTOYHUKU 3JIEKTPUYECKON SHEPIHH. POJIb 3IIEKTPOTEXHUKHU
U DJIEKTPOHUKH B PA3BUTUH KOMIUIEKCHOM aBTOMAaTH3allMd COBPEMEHHBIX
TEXHOJIOTUYECKUX U MPOU3BOACTBEHHBIX IIPOLIECCOB U CUCTEM YIIPABIICHUS.

JIuHeliHbIe dJIeKTPUYeCKHe Henu nocTossHuoro toka (LIIT).

DNEeKTPOTEXHUUYECKUE YCTPOMCTBA IOCTOSHHOTO TOKA WU HUX 00JacTu
IIPUMEHEHUS. DJIEMEHTBI JJIEKTPUYECKONW Lenu. VICTOUHMKM W TpPUEMHUKH
ANIEKTpUYecKol dSHepruu. VX ycnoBHble TpaduyecKue U TO3HIIMOHHBIC
0003HAYEHUS Ha ANEKTPUYECKUX cxemax. [IpuHImnuambHbIe 3JIEKTPHUECKUE
cxembl. CXeMbl 3aMelIeHUsl 3JIEKTPOTEXHUYECKUX YCTpocTB. MneanbHbie
anemeHThl L{IIT.

Tonosiornyeckne IMOHATUS TEOPUU INEKTPUUYECKUX LIETNEN: BETBb; Y3El,
KOHTYD; HE3aBUCHMBIM KOHTYp. YCJIOBHBIE IIOJIOKUTEIBHBIE HAIPABIICHUS
IEKTPUYECKUX BEIWYMH: DJJC; TOKa; HamnpsbkeHHs.  OCHOBHBIE 3aKOHBI
anekrpudeckor wnenu: Owma; Kupxroda. YpaBHenue OanaHca MOIIHOCTEH.
Pexumbl paboThl aneKTpuueckod Ienu. Pacuer mnpocTeIX meneu: uenu;
IIOCJIEIOBATEIBHOE M IApaJUIEIIbHOE COCIMHEHHUE 3JIEMEHTOB JJIEKTPUYECKON
nenu. Pacder ClOXHBIX 3JIeKTpHueckux 1eneid. Meroasl. MeToq KOHTYPHBIX
TOKOB.

Onnoda3Hble Hemu. ODJIEKTPOTEXHUYECKHE YCTPOMCTBA IMEPEMEHHOTO
ToKa. [IpuumHBI MX MMPOKOro pacnpocTpaHeHus. MneanbsHplie 3j1eMEHTHI HEnn
nepeMeHHOro Toka. (OCHOBHbIE IapaMeTpbl CHUHYCOMJAIBHOTO  TOKA!
MTHOBEHHBIE; aMIUIUTYAHbBIC; CPEHUE; NECHCTBYIOIIME 3HAYECHHS EPEMEHHBIX
BennuuH. [lepuon u vacrtota mepeMeHHOro Toka. CrocoObl MpeiCcTaBIICHUs



CUHYCOMJIAJbHBIX  (YHKIMIA: BOJHOBBIMM  JlMarpaMMaMH; BEKTOpaMu;
KOMILJIEKCHBIMU YU CJIAMH.

Lens ¢ pesucropoMm. llenb ¢ wuacambHOM WHAYKTUBHOCTHIO. Llemb ¢
ujaeanbHON eMmkocThio. llenms ¢ mociemoBaTenbHBIM coenmHeHneMm R, L, C.
Komruiekebl MOJIHOTO COMPOTUBIEHUSI U TPOBOAUMOCTH. KoOMILIEKC MOJHOMN
MOITHOCTH.

Ilemn ¢ mnapamienbHBIMA BETBSAMU. Pacdyer MeTOIOM aKTHBHBIX U
pPEaKTUBHBIX TOKOB. Pe30HAaHCHBIE SBJIEHUS B JJICKTPUUECKUX IICTISIX.
[ToBbrienre k03P hurmeHTa MOIHOCTH AIEKTPOYCTAHOBOK.

Tpexdazubie nenn. IIpenmymiectBa Tpexdaszubix 1enei. Tpexdazabii
reHepaTop.

Coenunenue ¢a3 B 38e31y. UeTbIpeXIIpOBOIHAS LIETIb: (pa3HbIE U
JUHEHHBIC HaNpsDKeHUS U TOKA. COOTHOIICHUS MKy HUMH. BekTopHbIe
JarpaMMBbl HallpsbKeHUN TOKOB. Posib HyJIeBOTO MpoBOa.

Coenunenue (a3 B TpeyrojbHUK. COOTHOIIEHUS MeEXAYy (a3sHbIMU U
JUHEHHBIMU TOKAMH ¥ HAPSOKCHUSIMH.

MomHocTh Tpex¢a3HOW Lenu NMpu CUMMETPUYHON U HECUMMETPUYHOU
Harpy3ke. MepomnpusaTius 10 TOBBIMICHHIO Kod(h(HImeHTa MOIIHOCTH
Tpex(a3HbIX YCTAHOBOK. 3a3eMJICHHUE U 3aHYJIEHUE JIEKTPOYCTAHOBOK.

MaruutHble menu. O6nacte npumeHeHus MIL ¢ moctostaHONT MJIC.
MarnutHoe moje W ero xapakrepuctuku: B; ®; H; F; pur; po;ua.
deppoMarHUTHBIE MAaTEPUAIBI M KX CBOMCTBA.

3aKOHBl MAarHUTHOM I1IEMHU: TOJHOTO TOKA, JJIEKTPOMATHUTHOM CHJIbI
(Ammepa), anextpoMarHuTHoi — uHaykuuu (Dapanpes), Owma. Pacuer
OJIHOPOJHOM MarHuTHOM Ilenu: mpsmasi U oOpaTHas 3amaud. TArosas cuiia
AJIEKTPOMArHuTa.

Marnuthsie nenu ¢ nepemeHHoit MJIC. Ocobennoctu M1 ¢ nepemenHoI
M/IC: rucrepesnuc; BUXpEBbIE TOKA. Y PABHEHUE IEKTPUUECKOTO. PABHOBECHS.
KonTakTopsl. MarHuTHbIE IyCKATEIH.

Tpancdopmaropsl. HasnaueHue u mnpumeHeHHe TpaHCHOPMATOPOB.
YCTpOICTBO W TPUHLMUI JACUCTBHA TpaHcPopmaTopoB. Pexxumbl paboThI:
XOJIOCTOTO XOJIa.; HArPY304YHBII; ONBIT KOPOTKOIO 3aMbIKaHus; aBapuiiHoe K3.
Cxema 3amemieHusi TpaHchopmaTopa. BHemHsis ~ xapakTepuCTHKA
tpancopmaropa. KIIJI tpanchopmaropa. Tpexdaszasie TpaHCHOPMATOPHI.
ABtoTtpanchopmatopsl. U3mepurenbHbie TpaHCHOPMATOPHI.

Acunxponnble asurareau (Al). ITpumenenne AJ[. Ycrpoiicto A/l
[Tpunuun nevictBus AJl. DnHepretuueckas auarpamma AJl. MexaHnudeckue
ceoiictBa AJl. EcrecTBeHHas MexaHMuecKas Xxapakrepuctuka AJl u ee
NOCTPOCHHE TIO0 TMACHOPTHBIM MW TO KaTajJOXHbIM JaHHbIM. Paboune
xapaktepuctukn  AJ[. Ilyck AJl. Onekrpuueckoe Ttopmoxenue AJl.
PerynupoBanue ckopoctu poropa AJl. Oanodasusie A/l.



Mamunbl mocTossHHOro Toka (MIIT). [Ipumenenue MIIT. YcrpolicTBo
MIIT. Ilpunuun aeiicteus MIIT. 3JIC MIIT. JIBurarenu mocTostHHOrO TOKa
(AIIT). Tuner JIIT. IIyck JIIT. EcrecTBeHHbIE MeXaHUYECKHE
xapakrepuctuku IIT. PerymupoBanue ckopoctu sikopsa HIIT: peocrarnoe;
MOJIFOCHOE; IKOPHOE.

Cunxponnbie MamuHbl (CM). VYcTpoilcTBO, MNpUHLIMO ACHCTBHS
CUHXPOHHBIX TE€HEPATOPOB. Y CTPOMCTBO, NPUHILIMIT JEUCTBUS CUHXPOHHBIX
neurarenei. Ilyck CJI. Mexanuueckue cBoiictBa CJI. 3aBUCHMOCTH TOKa
cratopa CJI oT Toka Bo30yxaeHus1. CHHXpPOHHBIE KOMITEHCATOPHI.

DJIeKTPOHUKA. JJEMEHTHl  JJIEKTPOHHOMU TEXHUKH. Pe3ucTopsl.
Konnencaropel. Karymku wunmyktuBHoctu. Tpancopmaropsl. Juomsl.
Tupucropsl. TpaH3UCTOPEL.

Brimpsimutenu. HeynpaBnsgemble  BBIIPSAMHUTENN. Onpenenenue,
MIPUMEHEHUE, YIIPOILIAOIIME JOMYIIECHUS MPU aHAIN3€E BbIPSIMUTENECH. CXEeMBbI
BbIpsiMuTesieil.  COOTHOLICHUSI  MEXKIY  HampsHDKEHUSIMH, TOKaMUA U
MOIITHOCTSIMA B BBIIpsAMUTENSIX. BwriOop auonoB. BosiHOBBIE IuUarpaMmbl,
nosicHsitole padboty Bbeinpamuteneil. CriaaxuBaronue QuibTpbl. BHemHue
xapakTepucTuky Boinpssmutenen. Mx KIT/I.

VYupasinsiemblil BeipssMurelib no cxeme OMC

Yeumurenu. Ilpocreiimmii YHY na Ounonsipaom tpansuctope. Cxema,
Ha3HaueHue ee anemMeHToB. [Ipunnun padbotel. TemneparypHas crabunusaius
paboThl ycunutene. MHOTOKacKajgHble YCHJIUTENU. Y CHIIUTEIH MOIIHOCTH.
Yeunutenu mnOCTOSHHOTO Toka. OmepanuoHubie ycwiutenu. Ludposbie
yctpoiictBa (LY). IIpeumymectsa 11Y. Ilpocreiiimme oruyeckne oOrnepaiyu:
NJIN, 1, HE. Jloruueckue snementel: WM, W, HE WUJIM-HE, U-HE. Ux
0003HaUCHNE HAa CTPYKTYPHBIX CXeMax, TaOJUIlbl HCTHHHOCTH, DICKTPUICCKUE
CXEMHBIE aHAJIOTH.

Tpurrepst. Lludpossie cueTunkn umiynbcoB. Peructpsl. Jlemmudparops.
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1. JUHEMWHBIE IIENIN MTOCTOSIHHOI'O TOKA
1.1 Anaiu3 NpocThIX Henei MoCTOAHHOI0 TOKA

Llernb MOCTOSTHHOTO TOKA COJEP>KUT HECKOJIBKO PE3UCTOPOB, COETUMHEHHBIX
cMemanHo. CxeMa 1enu € yKa3aHHBIMHA CONPOTHBJICHUSMU NPHUBEJCHA Ha
pucynke 1.1. Bcrony MHAEKC TOKa WIM HANpPSKEHUS COBNAAAET C MHIAEKCOM
pe3ucropa, Mo KOTOPOMY NPOXOJUT TOK WM Ha KOTOPOM JAEHCTBYET 3TO
Hanpsbkenre. Hanpumep, yepe3 pesucrop Rz mpoxomutr Tok |3 m Ha Hem
neiictByer Hampspkenne Uz Ompenenuts Takke MOIIHOCTb, MOTPEOIsIeMyto
BCEH 1IeTbI0, U PACXO0/1 AIEKTPUUYECKOM SHEPTUH 1eThIO 32 8 4 pabOTHI.

[TosicHUTH ¢ TOMOIBIO JIOTUUECKUX PACCY>KIECHUN XapaKTep HW3MEHEHUs
AIIEKTPUUECKOW BEJMYMHBI, 33JaHHOM B Tabiulle BapuaHTOB (YBEJIUYUTCA,
YMEHBIIUTCS, OCTAHETCSI HEM3MEHHOM), €ClIi OJMH U3 PE3UCTOPOB 3aMKHYTh
HAKOPOTKO WJIM BBIKIIFOUUTH U3 CXeMbl. [Ipy 3TOM cuuTaTh MCTOYHHK 3.1.C. E
uaeaibHbIM (Hanpsbkenue U Ha BXoJie Ienu HEeM3MEHHBIM). [Ipu TpymaHOCTSIX
JOTUYECKUX TIOSCHEHWA OTBETa MOKHO BBIMOJHUTh pacyeT TpedyeMoi
BEJIMYMHBI B U3BMEHEHHON CXE€ME M Ha OCHOBAaHUU CPABHEHHUS €€ B JBYX CXEMax
JaTh OTBET HA BOIIPOC.

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

Onpenenuts ls; 3aMpikaeTcs HAKOPOTKO Ry, paccMoTpeTs n3meHnenue Us.

Ry=20m Ry=20m
1
L
OE
E I =3A -
R7=—1DP|I ~ R_:'=(1OP"I CD R:?:('FOI\I
Ry=30m R4=30m
a) 0) +
=32 /
Ry=20m R1=20m
I
E E
R;34=6 Om —z
~ 1 Rake=50n
Rs=60m ( ke "
B) : r)
Puc.1.1. TIpocras snekTpuyeckas Henb
Pewennue.

1.Onpenensiem ob1iee cONpOTUBIICHUE pa3BeTBICHU R,. R3. Pesuctopsr
COEIMHEHBI TapaUICTLHO



_ R,R, 412 _
R,+R, 4+12

CxeMa 11enu mpuMeT BUJI, MOKa3aHHBIN Ha puc. 1.10)

2. Pesucropsl Ry3 u R4 coeauHeHBI TOCIEI0BAaTEIHHO, UX 00IIIee
CONPOTHUBJICHUE

R234 = Rgg + R4 =3+3 =6 Owm.

CooTBeTcTBYyIOIIIAsA cXeMa MpuBeeHa Ha puc.1.1B)

3. Pesuctopsl Ry3, v Rs coennHeHbl mapaiienbHo, UX o01ee
COMPOTHUBJIEHUE PABHO:

RRe _ 6-6

Rys Ry 6+6

Tenepb cxeMa Lenu uMeeT BUJl, NpUBEACHHBIN Ha puc.l.1r).

4. Haxoaum 3KBHBAJIEHTHOE CONPOTUBJIEHUE BCEH LIENU:

R3KB: R1+ R2345: 2+3=50m.

5.0mnpenensem najeHue HaNpsKeHus Ha peauctope Ry:

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

OT0 K€ HamnpsbKeHHE NTPHIOKEHO K pe3ucTtopy Rs, MO3TOMYy TOK B
pesuctope Ra:

I3= U)/R3=12/12 = 1 A.

6.Toxk |, nmpoTekarommii yepe3 pezuctop R, paBen cymme TokoB |, u |3

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

Tak kak conpotuBienne Ry3, = Rs, cormacHo pacueram, To TOK s,
poTeKarouii uepes pe3uctop Rs tak sxe Oyner paBeH 4 A.

7. Hammpsixenne Ujyzy = Us = 14-Rp3, = 4-6 = 24 B.

8. Tok B HEPa3BETBJICHHOM yYaCTKE IIEMH:

|1= |4+ |5=4+4:8A.

9. Hanpsixenue B pe3ucrope R;:

Ul = Il'Rl =8-2=16 B.

10. HanpsbxkeHue Ha BXO/€ LEMH:

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

11. ITpu 3aMbikanuu pe3uctopa R, SKBUBAIEHTHOE CONPOTUBIICHHUE
napajijieibHbIX BETBEU Oy/IeT paBHO:

R,.R, _ 3-6

R,,+R, 3+6

Torna SKBUBaJICHTHOE COMPOTUBIICHUE BCEU LIETIH:

R3KB= R1+ R235 =2+2=40wm.

12. TlockoybKy HaNps>)KEHUE Ha BXOJIE LIETIH OCTAETCS HEM3MEHHbBIM, TO
TOK B HEPA3BETBJICHHOM Y4acTKe LMK BO3PACTET 0 BEIUYNHBI:

l,=U/R,s=40/4 =10 A.

13. Hanpsikenue Ha pe3uctope R; BO3pacTeT 10 BETUYHHBIL:

U,=1;R;=10-2 =20 B.

3 Om

23

R2345 = =3 0m.

=2 Om.

235 —



14. MomHoCTh noTpedasieMast JJIEKTPUIECKON 1EThIO:
P=U-1=40-8 =320 Br.

15. Pacxo 3JIeKTpUYECKON SHEPIUH 1ENbIo 3a 8 4 paOoThI:
W =P-1t=320-8 = 2560 Bt'u = 2,56 kBt'u

KoHTposibHOE 3a/1aHre BBITIOJIHEHO.

1.2 AHaIn3 CJI0KHBIX Leneil MOCTOAHHOI0 TOKA

Jlist snexTpudeckoi 1menu, u300paxeHHOW Ha puc. 1.2, BBITIOJTHHUTH

clenyouee:

1.CocTtaBuTh  ypaBHEHUS  JUIsl  OIpPEIENEHUS  TOKOB  IMYTEM
HETMOCPEJCTBEHHOr0 TMPUMEHEHUs1 3akoHOB Kupxroda (ykazaB, Mg Kakux
y3JI0B W KOHTYpPOB OTH YypaBHEHHS 3amucaHbl). Pemars 3Ty cucreMmy
YPaBHEHUU HE CIIEYET.

2.0npeaenuTh TOKA B BETBSIX METOJIOM KOHTYPHBIX TOKOB.

3. OmpenenuTth pexuMbl pabOThl AKTUBHBIX JJIEMEHTOB M COCTaBUTh
OaJIaHC MOILIHOCTEM.

4. TlpoBepky MNpaBUIBLHOIO pEHIEHUS 3a7a4d MPOBECTH IO BTOPOMY
3akoHy Kupxroda.

Hano: E;=130B, E; =110 B, R; =15 Om, R, =11 OM, R3=19 Om,

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

Puc.1.2. CnoxHnas 3nexTpuyeckas 1enb

CxeMa cOIEpXUT WIECTh BETBEH, ClIEOBAaTEIbHO, MMEET IIECTh
HEU3BECTHBIX TOKa. BriOMpaeM ycIoOBHO MOJIOKUTEIbHBIE HANPABIECHUS TOKOB
(Ha cxeme YyKaszaHbl CTpeJikaMHu) JJIsI KOTOphIX Mo 3akoHaMm Kupxroda
HEOOXOJMMO COCTaBUTh IIECTh ypaBHEHUU. UHCIO y3JI0B B CXEME YETHIpE,
MOATOMY IO TepBOMYy 3akoHy Kupxropa HE0OXOIUMO COCTaBUTH TpHU

yYpaBHCHHUS:
=1L +13=0 s y3ia (a) (1)
li-1,—-1=0 s y3na (c) (2)
-, +ls+ =0 s y3ma (d) (3)



Jlsisi cocTaBlneHUsT HEOCTAIONIMX JBYX YpaBHEHHUH pa3OuMBaeM cxemy Ha
TPU HE3aBUCUMBIX KOHTypa. OO0X0J KOHTYPOB MPOBOJUM MPOTHUB IBUKCHHS
9acOBOHM CTPENKU M COCTABIIIEM JUIS KKIOTO U3 HUX ypaBHEHHE, MOJB3YSChH
BTOPBIM 3aK0oHOM Kupxroda:

E: =Ril; + Ryly—R3ls st mepBoro koHtypa (4)
E, =Ryl + Rals + Rsls  ist BTOpOro koHTypa (5)
-R4ls = Rsls + Rglg =0 JUTS TPEThET0 KOHTYpa (6)

B stux ypaBHenusix Bce DJ[C M TOKH, COBINAJAOIIME C HANPABICHUEM
o0xoma KOHTypa, 3amuchiBaioTcs co 3HakoMm 1omoc; OJIC u  Tokw,
HaIpaBJIEHHbIE HABCTPEUY 00X0.y - CO 3HaKOM MUHYC. Kak BUIHO M3 JaHHOTO
npuMepa, o0IIee YUCIO YpaBHEHHH, COCTABJIEHHBIX MO MEPBOMY U BTOPOMY
3akoHaMm Kupxroda, paBHO YMCITy HEU3BECTHBIX TOKOB, T.€. YUCITY BETBEM.

2. IlpunuceiBaeM KaXJI0OMy HE3aBUCHMOMY KOHTYpPY CBOM KOHTYpPHBIN
TOK: l11, lo2, M BeIOMpaeM MpoM3BOIBLHOE HANpPaBIECHUE KAXKJIOT0 M3 HUX (CM.
puc. 1.2). YaoOHO BbIOMpaTh HaIpaBlIeHHE KOHTYPHBIX TOKOB BO BCEX
KOHTYpax €IMHOOOpa3HO - M0 YaCOBOM CTpeJIKe WM MPOTUB, a HaIMpaBICHUS
00X0/1a KOHTYPOB — MO KOHTYPHBIM TOKaM.

CocransieM ypaBHEHHUsI 1O BTOpoMy 3akoHy Kupxroda s Kaxaoro
KOHTYpa

l17 R+ R3+Ry)-199R3-199R =Eqq
-l11R3+122(Ry+R3+Rg)-157R5 =Ep) (7)

HOI[CT&BJI}IH YHMCJICHHBIC 3HA4YCHUA SI[C , HNCTOYHHKAa  TOKa u
COHpOTPIBHCHPIﬁ, [MOJIy4YuM:

11 15+19+14) - 15519 - 133-14=130
-11719+ 155 (11+19+21) - 135-21=110
“11114 - 199 21+ 135(14+21+16) =0
48171 -19-19p -14-155 =130
-19:11 +5L 195 - 2119 =110 ©)
~14-141 — 2115y +51133=0

IlonyueHnnas cucrema ypaBHEHUN pacCcuMThIBaeTCs o metony Kpamapa:
1= A, lo= A 9)
n=— 2T
rje A - onpeaenuTeNb CUCTEMbI ypaBHeHUH (8).
Pemmim cucremy Tpex ypaBHEHHMHM TIIEpBOM CTENEHH C  TpeMs
Hen3BEeCTHbIMU. COOTBETCTBYIOIINE OMPEACTUTENH A1y, Ay, IOTydaeMbie U3 A




IMyTEM 3aMCHbI IICPBOIr0, BTOPOTO U TPETHETO CTOJI6HOB CTOH6HOM CBO60,IIHBIX
YJICHOB, paBHbBI

48 -19 -14
A=1|-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 =10 51 —21 =130-51-51 + (-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
Ar,=|-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
A =|-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

Bocnonezyemcs popmynamu Kpamapa u onpeneniiMm KOHTYpHbIE TOKU:

A

= Do 419730 _epp
A 64101
A

|,z D 241910 _ g g
A 64101
A

= i 2284830 _ g g x
A 64101

4. 3HavyeHWS TOKOB B BETBSIX HAXOMATCA KaK anredOpamdyeckas cymMMma
COOTBETCTBYIOIIMX KOHTYpPHBIX TOKOB. Hampumep, Tok |3 B cMexHOU BeTBU
COBIIAJIAET MO HAMpPaBICHUIO C |y, 1 HampaBiaeH HaBcTpeuy |13, mo3TOMY

I3=1,-11=6,44-655=-0,12 A

ls=111—133=655-444=211 A

|5 = |22 - |33= 6,43 - 4,44 = 1,99 ~ 2,0 A
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5. Tox |; B HecUMMeTpU4YHOM BeTBU (MO BHEIIHEH BETBH) paBEH
KOHTYpHOMY TOKY |13, moatomy: | = l33 = 6,55 A, cootBerctBeHHO |, = I =
6,43 A.

|6 = |33 = 4,44 A.

MeTtoa KOHTYPHBIX TOKOB IIO3BOJISIET YMEHBIIUTh YHCJIO YpPaBHEHUH,
HEOOXOMMBIX JIJIS PEIICHHS 3a]]a4H JI0 YHUCIIa HE3aBUCUMBIX KOHTYPOB.

CocTtaBuM 0ajJaHC MOIIHOCTEMH.

Evli+ Exl,= Rili? + Ry 1,2 + Ry 152+ Ryly® + Rs Is* + Ry Ig°
130-6,55 + 110-6,43 = 15:6,55° + 11:6,43° + 19-0,12° + 14-2,11° + 21-2° +
16-4,44°

851,5+707,3=643,5+4548+0,3+62,3+84 +315,4

1558,8 Bt = 1560,4. Br.

[Torpemnocts pacuetoB coctaBiuser 0,1%, cienoBarenbHO, 3a1aya
pemieHa, BepHO. [IpoBoIMM MpPOBEPKY MPaBWIHLHOCTH PEIICHUS 3a7add IO
BTOpOMY 3akoHY Kupxroda s mepBoro KoHTypa:

El = Rl |1 + R4|4- R3|3

130=15-6,55 + 142,11+ 19:0,12

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

130 B = 130,07 B.

KoHTponbHOE 3aaHne BBITIOIHEHO.

2. OJHODA3HBIE LHEIIX IEPEMEHHOI'O TOKA
2.1. OcHOBHbIC MOHATHUSA

[Ipu m3zo0paxkeHun peasbHOrO MPUEMHHMKA AJIEKTPUUYECKON SHEPrUu B
BHUJIE CXEMbI 3aMEIICHMsS, Ha TIEPEMEHHOM TOKE IMOJB3YIOTCS BCETO TPEMs
AJIEMEHTaMH, KOTOPbIE HAa3bIBAIOT UICATHbHBIMU:

- PE3UCTUBHBIM »dJeMEHT R, COMpOTUBIEHHWE KOTOPOTrO B IIEMHU
MEPEMEHHOTO TOKa MPUHATO Ha3bIBATh aKTUBHBIM CONPOTUBIICHUEM;

- emkocTHbI sneMeHT C. IlapamerpoM uHI€aIBHOTO E€MKOCTHOTO
AJIEMEHTA SABJISETCS €ro JIEKTpUuueckas eMKocThb C;

- WJICUIbHBI WHAYKTUBHBIM 3ieMeHT 1enu L. Ilapamerpom
HJ1eaJTbHOT'0 MHIYKTUBHOTO 2JIEMEHTA SIBJIICTCS €0 MHAYKTUBHOCTS L.

B T1abn.l moxaszansl  ycioBHble Tpaduueckue  HU300paKeHUS
PE3UCTUBHOTO, EMKOCTHOT'O, MHIYKTUBHOTO 3JIEMEHTOB.

K wuneanpbHBIM pE3UCTUBHBIM JJIEMEHTAM MOTYT OBITh OTHECEHBI
peocTaThl,  PagUOPE3UCTOPHI, OOJIBIIMHCTBO  AJIEKTPOHArpPEBATEIIbHBIX
YCTPOUCTB (MasIbHUKH, SJIEKTPOIEUU, JICKTPOJIaMIbl HaKaJIUBaHUS, YTIOTH,
CYLIMJIbHBIE MIKA(BI, IEKTPOKaNopuepbl, BOAOHATPEBATENH U T. 1.)

[IpumepoM uaeanbHOro EMKOCTHOTO 3JIEMEHTA SIBISIETCS KOHJIEHCATop,
a UJealbHOTO HHJIYKTUBHOIO SJIEMEHTa WHAYKTHMBHAs KaTyIlKa, C MajbIM
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AKTUBHBIM COIIPOTHBIICHUEM.

OcCHOBHBIE CBOMCTBA 3JIEMEHTOB LIENEH IEPEMEHHOIO TOKA ITPUBEIECHBI
B Tabn. 1. BOJBIIMHCTBO NPUEMHUKOB DJJIEKTPUYECKONW DSHEPIUU HMEIOT
AKTUBHO-WHIYKTUBHBIA XapakTep, T.€. MX CXEMbl 3aMELICHHs MOTYT OBITh
IPEACTABICHbl  IOCIENI0BATENbHBIM  COCAMHEHUEM pe3ucTUBHOrO R u
UHAYKTUBHOTO L 3nemeHTos, puc. 2.1.

R L
Y

Puc. 2.1. AKTUBHO-UHIYKTHBHAs BETBh

Takumu cxemaMu 3aMelieHdss MOTYT OBITh MpPEACTaBIEHbI: OOMOTKH
AJIEKTPUYECKUX JIBUTATENIEH W TeHepaTopoB, OOMOTKH TpaHC(HOpPMATOpPOB,
KAaTYIIKM MarHUTHBIX IyCKaTeJleH, JpOoCCelid MEPEMEHHOT0 TOKa, KaTYIKH
U3MEPUTEIBHBIX 3JIEKTPOMEXaHUYECKUX MPUOOPOB U Jip. B OOJBIIMHCTBE
WHKXCHEPHBIX 337a4 MAaTEMaTHYECKUMU MOJCIISIMU HArpy30K SIBISFOTCSI OO
pe3ucTUBHAS, MO0 PE3UCTUBHO-UHIYKTUBHAS CXeMa 3aMeICHUsI.

CxeMa 3aMellcHHUsS ¢ IociiegoBaTelIbHBIM — coeaquHeHnueM R, L u C
UCIIOJIB3YETCS I pacueTa U aHaJIu3a B PAJUO - U SJIEKTPOHHBIX CXEMax.

B Ta6n. 2 npuBeeHb OCHOBHBIE COOTHOIICHUS JIJIS ITOCIEA0BATEILHOM
nenu R, L u C.

Tab6auna 1
OCHOBHBIC CBOMCTBA 3JIEMEHTOB IIEIel IEPEMEHHOTO TOKa
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JByxnomtocHuK | Pesuctop NneanbHas NneanbHbli
KaTyIlIKa KOHJICHCATOP
O0o3Hauenue R L C
— VL —F
CBs13b IzuFR uL—L% i:CduC
MFHOBCHfIBIX t dt p—
3HAUCHUU TOKA H 1.
Uc = —Ildt
HanpsHKCHUS C
3akoH Oma |:UR | _U | =U./1/oC
R oL
3akoH OME}I B P Ugr I :—jU—L I = joCU,
KOMIIJIEKCHOM R ol
dbopme
ConpoTuBieHue AKTHUBHOE PeaktuBHOE PeaktuBHOE
R WHJIYKTUBHOE €MKOCTHOE
X, = ol = 27fL 11
¢ wC 24C
BonHoBeie 151 u u i u
220 t t
BEKTOPHBIC 1| l\.\_ﬂ,f l/}—\ t |7<\
JHMarpaMMbl \/ 1 UW
I T L
—_— I
I F_’ I C
Yrona casura da3 p=0 @ = 90° ¢ =-90°
3aBUCHUMOCTbD rt Xy X¢
COIPOTHUBJIEHUS L
OT YaCTOTBI ® © ®
MomHocTh AKTHUBHaA PeaxtuBHas PeakTuBHas
P=R'I*, Br MHIYKTUBHAas €MKOCTHas
Q.- X, T%, BAp Qc-Xc'I, BAp
Tab6auna 2

OCHOBHBIE COOTHOIIICHUS JUISL IOCJICAOBATEIILHOM 1IEIH




Cxema 3amMmelteHus

R L C
L F—"

YpaBHeHue paBHoBeCcHs |

HATIPSDKEHUN U=U,+U_+U,.

3akoH OMa 1 IEMCTBYIOIIMX | — u _ U

3HAUYCHUN TOKA U HATIPSHKCHUS Z \/RZ +(X, = X)?
U U

To xe B KOMIUIEKCHOH hopme

Z_ R+ j(X +X¢)

[TonHoe COIIPOTHUBJIICHUC LCIINU

Z =R¥+(X_ - X.)?

To ke B KOMIUIEKCHOU (hopme

Z=R+j(X —-Xc)

Yron caBura ¢az MexIy o = arctg X, =X cos = R
TOKOM W HanpsnuKCHUEM R Z
X|_ = XC ¢ = 0
X >Xc 0< < 90°
X< Xe 0 >(p> 90°
UL 4 Uc
Bekropnas nuarpamma nenu /U/P
XL > XC ¢ N . I
Ug
ITonnas momHOCTE, B*A S=U-I

AKTHBHAas MOIITHOCTh, BT P=U"I-cos¢=S-cos¢

PeaktuBHas MommHocTh, B'Ap | Q= U-I'sing=S-sing

TpeyrojibHUK CONPOTUBIICHUHI

z
K =3, -Xe

npu ycioBuu X > Xc R

3 s
TpeyroiabHUK MOIHOCTEN NPH <% Q=0Q-Qc
ycioBun X > Xc T

2.2. MeroanyeckHe yKa3aHHMA K PellIeHUIO 3a/1a4
3anaya 1. B nens cunycongansaoro Toka Hanpsbkennem U = 100 B u

gacrotoii f = 50 ['11 BKiItoueHa KaTyiika ¢ akTHBHBIM cOnpoTuBiIeHneM R = 4 Om
Y UHAYKTUBHBIM X = 5 Om.
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Onpenenuts: Toxk B Karymike; KOI(D@PUIIMEHT MOIIHOCTH; MOJIHYIO,
AKTUBHYIO M PEAKTUBHYIO MOITHOCTH; €MKOCTh, IPX KOTOPOU B LIEMU HACTYIUT
PE30HaHC TOKOB; MOCTPOUTH BEKTOPHYIO AHarpaMmy.

0, e
! i
K
\
U B — )(C
X[ Yi
O

Puc.2.1

Pemenue.

1. Onpenensiem NOJHOE CONMPOTUBICHUE UHIYKTUBHOW KaTYLIKH:

Z= |R?+X? =+/4* 15 = 6,4 Om.

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

3. Onpenensem ko3 dumment momuoctu: cosp = R/Z = 4/6,4 = 0,625

4. Yron casura a3 mexay Tokom | u Hanpsikenuem U:

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

5. ITomnas momuocts S = Ul = 100-15,6 = 1560 BA.

6. AxtuHas moutHocTs P = Ul cose =100-15,6 -0,625 =975 Br.

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

8. Pe3oHaHC TOKOB MPOUCXOTUT B IEMAX C MapaJljIeIbHBIM COCTUHEHHEM
WHAYKTUBHON KaTYIIKA M €MKOCTH TPU YCJIOBHHM PAaBEHCTBA UX PEAKTHUBHBIX
npoBoguMmocteit b = Dbc. Ompenmenum  peakTuBHY!0  IPOBOIMMOCTB
VHIYKTUBHON KaTYIIKH 110 popMyIIe:

bL= X/Z?=5/6,4°= 0,122 Cwm.

Tax Kak IPOBOIMMOCTE eMKOCTH paBHa be = 1/Xc = 1 = oC, 10
1/oC

€MKOCTb KOHJIEHCATOPa, IPU KOTOPOM ITPOU30MIET PE30HAHC TOKOB, PABHA:

C =bc/w = bc/2nf = 0,122/2-3,14-50 = 0,0003885D = 388,5 MxD.

9. Jlna mocTpoeHUsi BEKTOPHON JAMarpaMMbl OMpPEIeTUM HaNpsbKeHUs Ha
aAKTUBHOM U PEAKTUBHOM COMPOTHBIICHUSAX:

Ur=IR=15,64=62,4 B, U_=1X_=15,6-5=78B.
Bribupaem macimtad: mo Toky m, = 2 A/cm, o HanpspkeHuto my = 10 B/ewm.

[Ipu mocTpoeHUHn BEKTOPHOM JuarpaMMbl MEPBBIM CTPOUM BEKTOP TOKA,
TaK Kak OH SIBJISIETCS OOIIMM MPHU MOCIIEIOBATEILHOM COEAMHEHUU 3JIEMEHTOB
uenu. [lo HampaBieHUIO 3TOrO0 BEKTOpa CTPOMM BEKTOP HANpPSDKEHHS Ha
akTUBHOM comnpotusierand. [log yrimom 90° B CTOPOHY OINMEPEKEHHS CTPOMM
BEKTOp HarpsbkeHuss Ha uHayktuBHocth. Cymma BektopoB Ur u Up naer
BEKTOp TOKa B Hauaje aekTpuyeckoi nenu U (puc.2.2).
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e |

Up
Puc.2.2. Bexkropnas nuarpamma

3amaya 2. llenb mepeMEHHOTO TOKa COJEPXKHUT Pa3IUYHbIE AJIEMEHTHI
(pe3ucTopbl, MHIAYKTUBHOCTH, €MKOCTH), BKJIIOUCHHBIE IMOCJIEAOBATEILHO.
HauepTtuth cXeMy LENU U ONPENETIUTh CIAEAYIOINE BEIMYNHBI, OTHOCSAIIUECS K
JAHHOM LENU: IOJHOE CONpOTHBIEHUE Z; HampsbkeHue U, npriioKeHHOe K
nenu; TOK |; yrom casura ¢a3 ¢ (0 BelIMYMHE U 3HAKY); AakTUBHYIO P,
peaktuBHyl0 Q W monHyro S MomiHoctu uenu. Haueptuth B Macmtabe
BEKTOPHYIO JIMarpamMmy L€ U MOACHUTH €€ noctpoeHue. [loscHUTh Xapakrep
W3MEHEHHsS (YBEJIIMUUTCS, YMEHBIIUTCS, OCTaHETCsS 0e3 HM3MEHEHHs) TOKa,
AKTUBHOW M PEAKTUBHOM MOIIHOCTH B II€NU MPU YBEIUUYECHUH YACTOTHI TOKA B
nBa pasa. Hanpsoxenue, HpI/IJ'IO)I(eHHOG K LEMHU, CYUTATh HEU3MEHHBIM.

X
T UCI UR1 UCE
o

Puc.2.3. Dnekrpuueckas cxema

I[aHOI R1: 12 OM, X|_1: 4 OM, XCI =12 OM, Xcz: 8 OM, I=4A.
Pemenue:
[TomHOE CONMPOTHBIICHUE TICTIH:
Z =R +(X, —Xq —Xg,)? =127 +(4-12-8)* =20 Om
Hamnpspkenue, mpriioxkeHHOE K TISTIH:
U=1.Z2=4.20=80B.
VYron cnpura ¢as:

~ Xy - X 4-12-8

Q= arctgi = arctg Xu c2 — arcth = -53°

1
Koadpurment mouHocTH: cosp = c0s53° = 0,6
OmnpenenseM aKTUBHYIO MOIITHOCTD TIEITH:
P=1°R,=4%12 =192 Br. wmu P = Ulcose = 80-4-0,6 = 192 Br.
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OmnpenensieM peaKTUBHYIO MOIITHOCTD IEITH:

Q = Ulsing = 80-4-(-0,8) = -256 Bap.
OmnpenensieM MOJIHYIO0 MOITHOCTD LEIH:

S :\/P2 +Q7? =4/1922 + 2562 =320 BA wmm S = Ul = 80-4 = 320 BA.
OmnpenensieM MajeHUs HAMIPSKEHUS HA COMPOTUBJICHUSX IICTIH:

UR]_: IRl =4.12 =48 B, U|_1 = |X|_1 =4.4=16 B, UC1: IXCl =4.12 =48 B,

Ucz = |Xcg =4.8=32B.

[TocTpoeHnre BEKTOpHOHM AuarpaMMbl HAYMHAEM C BBIOOpa MaciiTada s
TOKa W HampspKeHus. 3amaeMcs MacmrTabom mo Ttoky m; = 0,5 A/em, mo
HanpspkeHuto My = 10 B/cm. JlnwHBI BEKTOPOB COTJIACHO BHIOPAHHOTO
Macmraba: ¢/, =8cm; fy=8cm; fyr=4,8¢cm; fy =16 cm; £ yc1 = 4,8 cm;
luc2 = 3,2 cum. [locTpoeHre BeKTOPHOM AuarpaMMbl HAUWHAEM C BEKTOpa TOKa,
KOTOPBI OTKJIAJbIBAEM IO TOPU3OHTAIW. BekTop maneHus HampsoKEHUs Ha
aKTUBHOM COIPOTUBIICHUH COBIaJacT mo (aze ¢ BEKTOpoM Toka. M3 koHma
3TOTO BEKTOpa OTKIAIbIBa€M B CTOPOHY omepexerns Ha 90° BekTOp
HaNpsOKEHUsT HA WHAYKTHBHOM KaTyIIKe, a B CTOPOHY orcraBanus Ha 90°
OTKJIAJIbIBAEM BEKTOP HANpsDKEHHS HAa TIEPBOM KOHJACHCATOPE M K HEMY
npuOaBIsieM BEKTOp HAIpPsDKEHHS BTOPOTO KOHJAEHcaropa. I'eomerpuueckas
cymma BekTopoB HampspbkeHuit Ug, U;, Uc paBHa nHampsokenuro U,
MPWIOKECHHOMY K IICTIH.

—= 40

™
T H

Uc1tUc o

Puc.2.4. BexktopHasa nuarpamMmma

[Ipu yBenmuyeHWW YacTOTHI TOKa B JIBa pa3a COMPOTHUBIICHUE
WHAYKTUBHOTO DJJIEMEHTa IIEMM YBEJIMYUTCS B JIBa pa3a, a EMKOCTHBIX
SJIEMEHTOB YMEHBIIHUTCS B JBa pa3a, Tak kak X = oL = 2nfL u X¢c = 1/oC =
1/2nfC, rne f - vacTora Toka. PeaktnBHOE conpotuiieHue menu X = X - X¢ =
8-10 = 2 Owm yMEHBIIUTCA, CJIEAOBATEIbHO YMEHBIIUTCS IOJHOE
CONPOTHBIICHUE IIEMU, a TOK B IEMH NPH HEU3MEHHOM HaIpsDKEHUH
yBemmuntest. Tak Kak TOK YBEINYHTCS, TO aKTHBHAsI MOIIHOCTB P = I°R; Takxke
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yBenMUUTCs. Tak Kak peakTUBHOE CONMPOTUBIICHUE MPU YBEJIMYEHUU YACTOTHI
_ 12
TOKa YMEHBIIUTCS, TO pPeaKTUBHAsI MOLTHOCTH Q = X Tak)ke yMEHBbIIUTCS.

3agava 3. HanpspkeHue Ha 3akuMax Ienu, u300pakeHHOW Ha puc. 2.5,
u3MeHsieTcs 1o 3akoHy U = Up, Sinot. AMIITUTYHOe 3HAaYeHHE HampsHKCHUE
Uy, 3HaU€HUs aKTUBHBIX CONPOTUBIIEHUNA R; U R,, HHIYKTUBHOCTEN KaTylIEK
L, u L,, emxocteit konnercatopoB C; u C,.

YacroTa nuratomiero Hanpspkenus f= 50 I,

HeoOxoaumo:

1. OnpeneauTh MoKa3aHus MPUOOPOB, YKa3aHHBIX Ha cxeme (cM. puc.2.5).

2. OnpenenuTh 3aKOH U3MEHEHUS TOKA B IICTH.

3. OmpenenuTh 3aKOH HW3MCHCHHS HANPSHKCHUS MEXKIy TOYKAMH, K
KOTOPBIM TTOJIKJTFOYCH BOJILTMETP.

4. OnpenenuTh AKTUBHYIO, PEAKTUBHYIO U MOJTHYIO MOIITHOCTH UCTOYHUKA,
aKTUBHYIO, PEAKTUBHYIO M TIOJHYIO MOIIHOCTH TpUeMHHKOB. COCTaBUTH M
OIICHUTH Oananc MomHocTed. Paccuntarh K03 HUIIMEHT MOIITHOCTH.

5. Ompenenuth xapaktep (MHIYKTUBHOCTh, €MKOCTb) W IapaMETPhI
AJIEMEHTAa, KOTOPBIN TOJDKEH OBITh BKIIFOUEH B DJIEKTPUUYECKYIO IIEMb JIJIS TOTO,
YTOOBI B HEM MMEJ PE30HAHC HAIPSKEHUH.

Hano. U,=240B,R;=100M, R,=120mMm, L; =0,01 I'n, C, =800 mxD.

Puc.2.5. Dnekrpudeckas cxema

Pewenue.

OnpenenyM MOJHOE CONPOTUBIIEHUE IEKTPUUECKON LEIH.

JUiss  3TOro HEOOXOAUMO ONPENEIUTh PEAKTHUBHBIE CONPOTUBIICHUS
VMHIYKTUBHOM KaTyIIKU U KOHJEHCATOpa:

X11= ok =2nxfL, = 2-3,14-50-0,01 = 3,14 Owm.

Xe» = UoC, = 1/2nfC, = 1/(2-3,14-50-800-10°) = 4 Om.

ITonHOE conpoTuBIEHUE:

Z=\/(R1 +R,)? +(XL, Xc, 12 =,/(10+12)2 + (3,14-4)2 = 22,02 Owm.

HeiictBytonee 3HayeHne U BXOTHOTO HaIIPSKEHUS:
U=U./+/2 =0,707 U,=0,707-240 = 170 B.
Tok B menu onpeaenum 1o 3akony Oma: | =U/Z =170/22,02=7,72 A.
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VYron capura ¢a3 mexay HanpspkeHueM U u Tokom |

X1 = Xg —

SLTAN - arctg 314-4 _ -2,2°
Ry+Ry 10+12

AKTHBHAasi MOIITHOCTh TPUEMHUKOB, TTOKa3bIBaeMasi BATTMETPOM:

P = (R1+R,)1?= 22.7,72*=1311,2 Br.

Hamnpsoxenue Ha KOHASHCATOPE TTOKA3hIBAEMOE BOJIBTMETPOM:

UC2 = Xczl =4.7,72 = 30,88 B.

Jlns 3amucu 3aKOHa M3MEHEHHUS TOKa B LIETH HAMJEM €ro aMIUIUTYIHOE
3HAUYCHHE:

ln=14J2 =1,41.7,72=109 A,

TOIJIa 3aKOH M3MEHEHHUS TOKa B IICIITH:

i = Ipsin(wt+e) = 10,9 sin(314t+2,2°).

3aK0oH M3MEHEHMI HAMPsDKEHUS Ha KoHeHcaTtope Uey:

Ucz = Uneo Sin(cot-(p) = Ucz\/ESin((x)t-(p) = 30,881,413|n(314t-900) =
43,5-sin(314t-90°).

IToytHAs MOIIIHOCTH UCTOYHHKA: S, = Ul=170-7,72 =1312,4 BA

AKTHBHAs MOIIHOCTh HCTOYHHKA:

P,..= Ulcosp = 170-7,72-c0s2,2° = 1311,4 Br.

PeakTnBHAsT MOIITHOCTh HCTOYHHKA:

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

AKTHBHAs MOIIHOCTb IPUEMHHKOB. P, =r|°= 1311,2 Br.

PeakTuBHAs MOLTHOCTH IPUEMHHKOB:

Qup= Qu1- Qc1 = Xu1l? - Xcol® = 3,14-7,72% - 4.7,72° = -51,2 BAp.

[ToHast MOIITHOCTH TPUEMHUKOB:

Sup = P2up +Q2np =4/1311,22 +51,22 = 1312,2 BA.

bananc MomHOCTEN UCTOYHHMKA U IPUEMHHUKOB JJIEKTPUYECKON IHEPTUM:

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

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

Koaddunuent momunoctu: cose = P,,/S,,= 1311,2/1312,2 = 0,999.

Pe3onanc HanpskeHUN ©MEeT MeCcTo B rocieaoBarenbHol nenu R, L, C B
TOM cJlydae, €clii 00Iee peakKTUBHOE COMPOTURJICHUE IIEMIU PABHO HYJIIO, T.C.
npu X, = -Xc. s nosydeHus pe3oHaHca HaIpsHKEHHUM B 1EMb HEOOXO0IUMO
100aBUTh MHAYKTUBHYIO KaTYIIKy C COTPOTUBIEHUEM PaBHBIM

X1 - Xez = 3,14 — 4 = 0,86 OM. UHIyKTUBHOCTD TaKOW KaTyIIKH OyaeT
paBHa: X, = ob,, orciomga L,= X /o =0,86/314 = 0,0027 I'n.

¢ =arctg

3amaua 4. llenb nmepeMEHHOIO TOKA COJEPKHUT Pa3IMYHbIE AJIEMEHTHI
(pe3ucTophl, WHIYKTUBHOCTH, €MKOCTH), OOpa3yloliue JBe IMapajjieibHbIC
BeTBU. Cxema 1enu npuBegeHa Ha puc.2.6. MHiaeke «1» y AOMOJIHUTEIBHOTO
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napaMeTpa O3HauyaeT, YTO OH OTHOCUTCS K TEPBOH BETBH; MHACKC «2»- KO
BTOPOM.

HauepTuTh cxeMy 1enu U ONpEeaeIuTh CIASAYIONIUEe BEIUUNHbBI: TOKH |; 1
I, B 000oux BeTBsiX; TOK | B Hepa3BETBJICHHOW 4acTH LienH; HampspkeHue U,
MPUJIOKEHHOE K IENU; aKTUBHYIO P, peakTuBHyr0 Q M MOJHYIO S MOITHOCTH
JuTst Bcel 1ienu. HauepTuTh B Macmtabe BEKTOPHYIO THarpaMMy IIETIH.

Kakum o06pa3oM B 3alaHHONM LENH MOXHO IMOJYYUTh PE30HAHC TOKOB?
Ecnu niens He MO3BOJMISIET JOCTUTHYTHh PE30HAHCA TOKOB, TO MOSICHUTH, KaKOM
JIEMEHT HaJI0 JOTIOJHUTEIHHO BKIIOUUTH B IIE€Th I 9Toro. Haueptuth cxemy
TaKOM 1ICIIH.

Hano: Ri=2 Om, R, =2 Om, X ,=3 Om, P, =16 Br.

o o .
— ill —= ill
R, 153
U H ixz U iIE
R R
1 K12 1 Xip
( 1=
R, ( 1 -
o a) O 0)

Puc.2.6. ITapannensHoe coeJMHEHNE BETBEH

Pemenue.
[TostHOE CONMPOTUBIIEHNE BTOPOU BETBU:

Z,=4R,” + X, =(2+2)* +32 =50m.

. 4

AKTHMBHasi IPOBOJMMOCTb BTOPOH BETBH: (2= —— = — = 0,16 Cm
, 5
PeakTrBHas IPOBOAMMOCTbL BTOPOM BETBH: by = —- = — = 0,12 Cm
, 5
VYron casura (a3 BTOPOi BETBH: (, = arccos —= = arccos —— = 37°
2
, _ 4

Koadduruent momuocTH: cOS @) = e = s 0,8

Tok BTOpOIi BeTBH onpeaeaum u3 hopmyist P, = ,°Ry:

l,= \P,/R, =+16/4 =2 A.

Hanpsoxenne U, mpunoxennoe k neru: U = P/Icose = 16/2-0,8 = 10 B.
Tok nepsoii BetBu: 1= U/R;=10/2=5 A.
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AKTHUBHBIN TOK BTOpOH BeTBU: | = |, COSp, = 2:0,8 = 1,6 A.
PeaktuBHBII TOK BTOpOii BeTBU: |, = 1, Sing, = 2- sin37°=2.0,6 =1,2 A.
Tok | B Hepa3BETBICHHON YaCcTH EIH:

1= (1, +1,)° +1,° =J(B+16)* +12° =67 A.

AKTHBHAasi MOILITHOCTh NIepBOM BeTBU: P = R1I12 = 2.5%= 50 Br.
PeakTuBHas MOLITHOCTH BTOPOi BeTBU: Q) = X|_2|22 =3.2?=12 BAp.
IlonHas MOIIHOCTB ANEKTPUUECKON LENN:

S= (P, +P,)? +Q,” = ./(50+16)> +12° =67 BA

Nm S = Ul = 10-6,7 = 67 BA.

B snextpuyeckoil 1nenu ¢ mapauieNbHbBIMU BETBSIMH MOKHO MOJYYUTb
PE30HAaHC TOKOB MpU YCJIOBHM pPABEHCTBA PEAKTUBHBIX IMPOBOJUMOCTEN B
IIEPBOM M BTOPOM BETBSIX, COAEPXkAIIMX B OJHOM BETBU HWHIAYKTHUBHYIO
KaTylKy, a B Apyroi KouaeHcaTop. s mosiydeHHs pe30oHaHCa TOKOB B
3aJJaHHOM D3JIEKTPUUECKON CXeMe HEeO0OXOJMMO B TMEpPBOW BETBH J100ABHUTH
KOHJIEHCATOp, corjacHo puc.2.6 (0).

J1J1st moCcTpoeHUsI BEKTOPHOW JUArpaMMbl BEIOMpaeM MaciiTad: Mo TOKY

m, = 1 A/cm, o Hanpspkernro My = 1 B/cwm.

[lepBbIM CTpOMM BEKTOP HAIPSHKEHUS, TAaK KaK OH SBJISIETCS OOIIMM ISt
napasuielibHbIX BeTBeH. [10 HampaBlieHHIO 3TOr0 BEKTOPA OTKJIAABIBAEM BEKTOP
Toka repBoii BeTH |;. ITox yriiom 37° B CTOPOHY OTCTaBaHHsS OT HANPSIKEHHS
CTPOMM BEKTOp TOKa BTOpOM BeTBHU lp, KOTOPBIA MOJy4aeTCsl CIIOKEHUEM
BEKTOPOB AKTHUBHOTO W PEAKTHUBHOTO TOKOB BTOpoW BeTBU. ClioxeHUe
BEKTOPOB TOKa MEPBOM W BTOPOU BETBU J1alOT BEKTOP TOKA B HEPA3BETBIECHHOM
ydacTke 1end |.

I

TI2 I

o —

[

Puc.2.7. BexropHas auarpamma

3. TPEX®A3HBIE LHEIIU IIEPEMEHHOI'O TOKA
3.1. MeToauuecKkue yKa3aHusi K pelieHuI0 3aJaHui

3amaua 1. PaccmoTrpuM 4eThipexnpoBOoAHYO0 TpexdaszHyro mnens (puc.3.1)
C JIMHEMHBIM HanpsbkeHueM U, =220 B. IlpueMHHK BKJIIOYEH 3BE3JI0M.

AKTUBHBIE U WHAYKTUBHBIC COITPOTUBJICHUA (1>a3 COOTBCTCTBCHHO pPaBHBbI:
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R,=3 Om, X,=40m, R, =30m, X,=520m, R,=40m, X, =30m.
CrnenoBaTenbHO, peXUM pabOThl 1Lend HecuMMmeTpuuHbld. Tpebyercs
onpeaenuTs (pa3Hble U JUHEHHBIE TOKU, TOK B HYJIEBOM MPOBOJIE, aKTUBHYIO
MOIIHOCTh BCEH 1N U Kaxkoi (a3bl B OTACIbHOCTH. [I0CTPOUTH BEKTOPHYIO
AyarpaMMy TOKOB U HANPSDKEHUM HA KOMIUIEKCHOU INIOCKOCTH.

A O W=l

Puc.3.1. Coenunenne npueMHUKa IO CXEMeE 3BE3/1a

Pewenue. Pacuet Tpexdas3Hoii 11enu OCymeCTBUM KOMIUIEKCHBIM
MeToaoM. [Tonoxum, uto BeKTop (azHoro HampsikeHus: U. (a3bl a HampaBiieH

o . . U,
M0 AECHUCTBUTEIIBHOM OCH, Toraa U, =—2~ =127 B, COOTBETCTBEHHO

V3
o . 0 o . 0
U, =127¢ ™ B, U, =127¢ " B.
B stom ciydae TpexdazHas 1nienp pacragaercs Ha Tpu o HO(da3HbIe e,
Kaxxjaas CO CBOUM (l)aSHBIM HaIps’)KCHUCM. HaXOI[I/IM JIMHEHUHBIC TOKU:

u, 127 127

=t St 2540 A;
Z, (B+]j4) (™)

Ia:

. Y —j120° —j120° -

Iy = U_b _ 1278. _ 1278_ ___212e 1 4
Z, (B+1J52) (6e’)

. 0 —j120° j120° -

. U, 127e _127e 05,461 4,

Z, (4+i3)  (5e”)
Toxk B HENUTpaILHOM MPOBOJIE 11O TIepBOMY 3aKoHY Kupxroda sBisercs
CYMMOﬁ KOMIIJICKCOB JII/IHGP'IHBIX TOKOB.:

In = TatTo+ 1o = (15,29 — j20,29) + (—21,2) + (31+ j25,21) = ~2,81+ 4,92 = 5,67e 2 4.
BexTopHas nuarpamMma npuBesieHa Ha puc3.2.
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53 +1

Puc.3.2. BexropHas auarpamma

Ha BextopHOM auarpaMme IMOKa3aHO, YTO TOK HEWTPAJIbHOTO IMPOBOJA
ABJIAETCS BEKTOPHON CYMMOU JINHEWHBIX TOKOB.

IIpn HECUMMETPUYHON HArpy3Ke ISl ONPEACIICHUS] aKTUBHOW MOIHOCTHU
MOYHO ONPEACIIUTh MOITHOCTh Kaxaou ¢as3el oTaesnbHO: P, =U I, Ccosp, a
MOIIHOCTh BCEW Tpex(a3HOM CUCTEMBI MOJYYUTh KaK CyMMY MOIIHOCTEH
Bcex (a3. OnHaKo MpoIle aKTUBHYIO MOIIHOCTb BBIYMCIUTH KAaK MOIIHOCTD,
paccenBacMyro Ha aKTUBHOM COIIPOTHUBIICHUU.

P, =1°R, = 25,4*-3=1935 Bm;

P, =I2R, = 21,2° -3=1348 Bm;

P, =1’R_ = 2181 Bm;

P=1:R, +I;R, + IR, =5864Bm.

3amaya 2. PaccmoTpum Tpex(dasHyro Ienb ¢ JIMHEHHBIM HaNpsKEHUEM
U, =220 B, mpeeMHHMK BKIIOYEH TpPEYTrOJIbHUKOM, COMPOTHBICHUE (Da3bl
KoTtoporo Z=(10+ j10)Om (puc.3.3). Tpebyercsa onpenenuts ¢a3Hble U

JUHEWHbIE TOKH, AKTUBHYIO MOIIHOCTh BCEM IlemM U Kaxaou ¢asbl B
OTAEIBHOCTU. [lOCTpOMTHE BEKTOPHYIO AMarpaMmy TOKOB M HAaNpsKEHUM Ha
KOMIUIEKCHOH IIJIOCKOCTH.
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AL vl

Puc.3.3. CoennHenune npueMHUKa 0 CXEME TPEYrOJIbHUK

Pewenue. ITpumem, 4TO BEKTOP JTUHEUHOTO HaNpPsKeHUs U .z HAIIPABJICH
110 JICUCTBUTEIILHOM OCH, TOT/1a

LJ 4B = L:' a = 220B; LJ BC = LJ be = 220 1120° B: l] . LJ = 220e2° B,
Omnpenenum (a3HbIe TOKU:

© Uw 220

Z  (10+ j10)

=156e 1% =11 j11A;

Use 22081

= =156 1" = _15- j4,03A;
Z (10+ j10)

© Uq  220e7

= —_=156e7 = 4,03+ jL5A.
Z (10+ j10)

Haxonum nunelinbie TOkH Mo niepBoMy 3akoHy Kupxroda:
Lo =l e = 6,97 j26 = 26,9 " A
Is =I,, I = 26+ j6,97 = 26,9 1 A;
Ic =1 I =19+ j19 = 26,9¢ 1 A,

AKTHBHasi MOITHOCTb LIETIH [TPU CUMMETPUYHON HArpy3Ke MOKET ObITh
ompejeseHa yepes JUHEHHbIe HANPSXKEHUS U TOK:

P=4/3U T cos¢=~/3-220-26,9c0s45° = 3RI? =3-10-15,62 = 7300Bm.

Ha puc.3.4. mpuBeneHa BeKTOpHas AWarpaMma HampspkeHH TokoB. Ha

BEKTOPHOW JHarpaMMe IIOCTPOEH BEKTOp JMHEWHOro toka I, . IlocTtpoenue

JIMHEWHBIX BEKTOPOB I, M I, CTyJIEHTaMU BBIIOIHAIOTCSA CAMOCTOSTEIBHO.
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Puc.3.4. BextopHas nuarpamma

4, TPAHCO®OPMATOPHBI
4.1. KonTpoJsibHoe 3a1aHuE

3amaua 1. Jlng TpexdaszHoro TpaHchopMmaropa C  3aJaHHBIMU
napaMeTpamMH: MOIIHOCTh Syoy = 630 xBA, coeaunenne ooMoTok Y/Yy — 0,
HOMHUHAJIbHOE  HANpsOKEHWE  HAa  3aKUMaxX  [EepPBUYHOM  OOMOTKH
tpancopmaropa 10000 B, HampspkeHHME XOJIOCTOTO XOJa Ha 3a)XuMax
BTOpUYHOU 0OMOTKH TpaHchopmaropa 400 B, HampspKeHHE KOPOTKOTO
3ambIKaHus Ux = 5,5 %, MOIIHOCTh KOPOTKOTO 3ambikaHusi Px = 7,3 xkBm,
MOIIHOCTh X0J0cTOro xona Py = 2,0 kBm, Tok xonoctoro xoaa lp cocrasmiser
3,0 % ot liyoy, OnpenenuTs HOMUHAIBHBIE TOKWA TIEPBUYHONW M BTOPUYHOMN
00OMOTOK, KOI(PGUIIMEHT MOIIMHOCTH XOJIOCTOTO XOJa, COMPOTHBJICHUS
NEPBUYHON M BTOPUYHON 0OMOTOK. [I0CTpOUTE BHEHIHIOIO XapaKTepucTuky U,
= f1(p) n 3aBucumocts KII/] ot Harpy3ku # = f,(f) mns cosp, = 0,8.

4.2. MeToanuyecKkue YKa3aHUs K BbITIOJTHEHHUIO 32 IaHUSA

HoMuHaIbHBIN TOK IEPBUYHON OOMOTKHU:
IIHOM: SHOM/(\/3 UIHOM) = 630" 1000/(1,7310000) = 36,42 A.
HoMuHaIbHBIN TOK BTOPUYHOM OOMOTKH:
Lorionr = Srom/(N3* Usponr) = 630°1000/(1,73-400) = 910.4 A.
Toxk xonocroro xona: lg=0,031;50s = 0,03:36,42=1,1 A.
KoadduimeHT MOIITHOCTH XOJIOCTOTO X0/1a!
cosgo = Po/(N3* Uryonrlo) = 2000/(1,73-10000-1,1) = 0,105;
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YToJI ciBrUra Mexay TOKOM XOJIOCTOrO XO/a Y HAIIPSHKEHUEM: (g = 84°
OrnpeneauM COPOTUBIICHUS OOMOTOK.

COI'[pOTI/IBJIeHI/IH KOPOTKOI'O 3aMbBIKAHHWA:

nonaoe Zx = Uk oflx o = 0,055:10000/(N3-36,42) = 8,73 Om;
axtuBHOE R = Pr/(3-1:%) = 7300/(3-36,42%) = 1,84 Owm;

PCaKTUBHOC MHIYKTHUBHOE X, = \/Zf( -R2 = \/8,732 ~184° =8530m.

ConpoTuBJICHUS IEPBUIHON OOMOTKHU:
aktuBHOEe R; = R)=Ry/2 =1,84/2=0,92 Om;
peaktuBHOE X1 = X, = Xg /2 =28,53/2 =427 Om.
ConpoTUBJICHUS BTOPUYHON OOMOTKH:
aktuBHOE R, = R./n”=0,92/25% = 0,0015 Owm;
peakTuBHOE Xi= X!/ n®=4,27/25% = 0,0068 Owm,
rae N = U;yon!/ U= 10000 /400 = 25 ko3ddunment tpanchopmammu
TpaHchopmaropa.
Jlnst mocTpoenus BHelHeH xapakrepuctuku U, = f1(f) Haxoaum nmotepro
HAMPsKEHUS BO BTOPUYHON 00MOTKe TpaHchopmaropa:

AU, % = p(u, %-cos ¢, + U, 25°sin ¢,),

rae U, %, U, % — cOOTBETCTBEHHO aKTUBHOE U PEAKTHMBHOE NaJICHHS
HAIPSKEHUM;

[ — koapdunmeHT Harpy3ku Tpancpopmaropa; CoS ¢, — kKodppuueHt
MOIIIHOCTH Harpy3KHu.

U, % = Ug %°C0S g ;  COS @x =Ry ! Zg;
u,% =5,5(1,84/8,73) = 1,16 % ;
U, % = \/(u,%)? - (u,%)* = /55?116 =5,38 %.

Hamnpsoxenue Ha 3akuMax BTOpUYHON 0OOMOTKHM TpaHchopMaropa:
Uz = (Uzo /100) (100 - AUZ %)

3anaBasich pa3IMYHbIMU 3HAYECHUSAMHU [/ OIpEAeIIsieM HaNpsKeHre
U, (Tabm. 4.1).
Pacuer KII/] B 3aBucuMOCTH OT f TIpoBezieM 110 hopMmyJie:

B+ S on - COSQ,
B Son 1COSQ, + Py +IBZ Py .

77:

PesynbTaTel pacuera KII/] cBenensl B Tab. 4.1
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Taomnuma 4.1
3aBucumoctu KIIJ[ u HanpspkeHus Ha 3aKUMax BTOPUIHON OOMOTKH
TpaHcopmaropa oT ko3hpuIueHTa Harpy3Ku

ﬁ AUz% U2, B n ﬁ AUz% 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

0,1 0,42 398,3 0,960 0,8 3,32 386,7 0,984

0,2 0,84 396,6 0,978 0,9 3,74 385,0 0,983

0,3 1,25 395,0 0,983 1,0 4,16 383,4 0,982

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

[Tomy4yeHHbIE XapaKTEpPUCTUKH TTOKa3aHbI HA pUC. 4.

nL UB
00 |- 4(/ N
08 400 Us
07 F -
06 - 2004
05| -
04 - 200 H
03
02 100 f
01 F

[ | N I A N N N N

0

01 02 03

04 0506 07 08 09 10 B

Puc. 4.1 3aBucumocts KII/] 1 HanpshkeHHs Ha 3aKUMax BTOPUYHOW OOMOTKH
TpanchopmaTopa oT K03 HUIIMEHTA HATPY3KH

Onpenennm, Ipu Kakoil Harpyske TpaHchopMaTop UMeeT MaKCUMAJIbHBIA
KT/
Prmax= /P, /P, = 4/2,0/7,3=0,523, mpu 3Tom 1 = 0,985.

3amaua 2. [lns oqaodazHoro TpanchopmaTopa MOIHOCTBIO Syoy = 0,15
kBA, nanpsbkenusamu 127/6 B npu yacrore Toka cetu f =50 ', akTHBHOM
CeUeHHH cepeuHrKa MarHuTonpoBoaa Qc = 5,0 cM°, MArHUTHOM MHIYKINH B
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cepaeunuke By, = 1,1 Tin u KITJ[ paBaoM n = 0,9, onpeaenuts nepBUYHBIN U
BTOPUYHBI HOMUHAJIbHBIE TOKH OOMOTOK, KO3(PPHUIIMEHT TpaHchopmanmu,
YHUCJIa BUTKOB U JHAMETPHI KXKJ0M 0OMOTKH TIPH IIOTHOCTHA TOKA B 0OMOTKaX
J=25 A/mm®,

Pewenue.

HoMuHanbHBIN TOK BTOPUYHOM OOMOTKH:

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

HoMuHanbHBIN TOK IEPBUYHON OOMOTKHU:

I]HOM= SHOM/( UIHOM 7’]) = 0,15/(127 0,9) = 1,31 A.

Koadpunment tpanchopmaiiuu Tpanchopmaropa:

n= U]HOM/ U20: 127/6 = 21.

Yucno BUTKOB MEPBUYHON OOMOTKHU:

W= U, /(4,44" f- Q¢ By) = 127/(4,44- 50- 5,0 110 -1,1) = 1040

Uucao BUTKOB BTOPUYHONU OOMOTKH:

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

Ceuenue mpoBoJI0B 0OMOTOK:

nepBuaHOi S;= 1,/ J=1,31/2,5=0,524 mm*;

BropuyHOU S;= I,/ J=25/2,5=10 MM

JlnaMeTpbl IPOBOJIOB:

nepBuaHOM oOMoTkm d; =1,13 \'s; = 1,130,524 = 0,82 mm.

BTOpUYHOU 00MOTKH dy =1,13 \'s,=1,13 V10 = 3,6 mm.

5. TPEX®A3ZHBIE ACUHXPOHHBIE JIBUT'ATEJIN

AcuHXpoHHBIE  anekTpoaBuratead  (AJl)  COCTaBISIOT  OCHOBY
AIIEKTPOIPUBOAA OOJIBIIMHCTBA MEXaHMW3MOB, HCIOJb3YEMBIX BO BCEX
oTpacisix HapogHoro xossiictBa. AJl cocraBmaior cBeime 90% mapka
ANEKTPOABUTATENEH MO KOJUYECTBY M OKOJO 55 % — mo mMourHocTu. OHHM
noTpeOstoT cBoime 60% Bcell BbIpadaThHIBAEMOM B CTpaHE JIEKTPOIHEPTHUHU.
HoctounctBa AJl: BbICOKMIT KO3(PUIIMEHT TOJIE3HOTO JEHCTBUS, BBICOKAs
HAJIE)KHOCTh, MPOCTOTA M HHU3KAasi CTOMMOCTb KOHCTPYKIHUH, MUHHMAaJIbHbIE
3atpatbl Ha oOcmykuBaHue. K Hemocratkam AJl ciemyeT oTHecTd OOJIbIMe
(0 7lyon) MYCKOBBIE TOKM W OIPAaHUYEHHBIE BO3MOXXHOCTHU PETYJIUPOBAHUS
ckopoctu BpameHust poropa. B PO AJl oOmero HazHadeHUS! BBITYCKAOTCS
cepun: 4A; AU; 5A; 6A; RA.

5.1. YcrpoiicTBo TpexdaszHoro AJl

OCHOBHBIMM 4YacTSIMA MAIlIMHBI SBJSAIOTCS cTatop W porop. Crarop —
HEMNOJIBMKHAS 4YaCcTh MalIMHbl. OH COCTOUT U3 CIAEAYIOMINX YaCTEH:
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1. [TakeTa U3 MTAMIOBaHHBIX JIMCTOB JEKTPOTEXHUYECKON CTaIU B
BUJIE€ TMOJOr0 IWIMHApAa (MarHUTOMPOBOJA) C Ta3aMM Ha BHYTpPEHHEH

MOBEPXHOCTH.
2. TpexdazHoit 0OMOTKH, YJI0KEHHOH B a3kl CTaTOPA.
3. Kopmnyca, B KOTOpBIH 3amipeccoBaH NakeT JUCTOB ctatopa. Kopmyc

AJl BBITIONHSAETCS ATIOMHUHHUEBBIM, CTAIBHBIM WIH 4YyryHHBIM. CTaTOpHYIO
0OMOTKY COCJMHSIIOT B «3BE3Iy» —A , WIM TPEyrONBHHK» — A, JUIS Hero
Hayayia ¥ KOHIIbI OOMOTOK BBIBOJIAT HA KJIEMMHYIO KOpOOKy. CTaTtop CIyX uT
JUISL CO3/TaHMsI BPAlatolerocsi MarHUTHOTO TOJIA.

Potop — Bpamaromascs yactb Asuratens. CepaedyHruK poTopa, TaK e Kak
U CcTaTopa, HaOWPAIOT W3 OTACIBHBIX JHCTOB DJIECKTPOTEXHUYECKOW CTAIIH.
OOMOTKM YKJIa/IbIBAIOTCS B Ma3bl, PACIOJI0KEHHbIE HA HAPY>KHON MOBEPXHOCTH
poTopa.

Porop ObiBaeT JBYX THUIOB: KOPOTKO3aMKHYTBHIA W  (ha3HBIil.
KopoTko3aMKHYTBII pOTOp MMEET OOMOTKY THIa «Oelnybed KIETKW», T.€. B
BUJIC MCIHBIX WU ATIOMHHHUEBBIX CTEP)KHEH, 3aMKHYTBIX MEXAy COO0OH Io
TopiaM, (a3HbIil pOTOP UMEET OOMOTKY TaKylO ke, KaKk Ha CTaToOpe, C TEM e
yuciaoMm (a3 u map nomrocoB. OOMoTKa (ha3HOrO poTOpa BCErJa COCIUHSIIETCS
«3BE3/I0M», TpUYeM KOHIIBI (a3 COEAUHSIOT BMECTE U H30JUPYIOT BHYTPH
potopa, a Hayaya (a3 COSTUHSIOT C KOHTAKTHBIMU KOJIbIIAMH, HACAKCHHBIMU
Ha BaJl pOTOpa M M30JIMPOBAHHBIMU OT Hero. Ha KoJblla HamoKeHbI MIETKH, C
MTOMOIIIbIO KOTOPBIX POTOPHASI 0OMOTKA COSTUHSIETCSI C ITYCKOBBIM PEOCTATOM.

[ToAmUIMHUKOBBIE IIUTHI OOECIEYMBAIOT HEOOXOAUMBIA 3a30p MEXITY
cratropoM u potopom (0,5... 4 MM) U NPEAOXPAHSIOT JBUTATEIb OT MOMATaHUs
BO BHYTPb ITOCTOPOHHUX MPEIMETOB.

5.2. Ilpunuun aeiicrBust Tpéxdasznoro AJl

B ocnoBe paboTel AJl nexuT Bpaliaronieecs MarHuTHOE MOJie, MPUHIIUIT
00pa3oBaHusi KOTOpOro u3joxeH B [1] §14.4.

[Ipu BxmtoueHun AJ[ B TpexdaszHyro ceTb Ha CTaTope MIHOBEHHO
oOpa3zyeTcss  Bpaljarolieecs MarHUTHOE TIoJie, KOTOpOe  IepeceKaer
HEMOJIBM)XHBbIE BUTKM OOMOTKM poTopa W HaBomuT B HuX JJ[C. Tak kak
00MOTKa poTopa 3aMKHYyTa, TO IO JeiicTBueM HaBenaeHHou DJIC B Hel Teuer
TOK. B3auMmoneincTeue Toka poropa ¢ MarHUTHBIM IIOJIEM CTAaTOpa IMPUBOAUT K
00pa30BaHMIO BPAILAIONMIETOCS  JJIEKTPOMAarHUTHOTO MOMEHTa, KOTOPBII
NPUJIOKEH K BUTKAM pOTOpPAa W HAIpaBIE€H B Ty € CTOPOHY, YTO H
Bpalllarolieecss mnojie craropa. Kak TOJBKO BpalatOIMii MOMEHT IPEBBICUT
TOPMO3HBIE YCWIMS, POTOP HAYMHACT pPa3BOPAYMBATBHCS M YBEIUYUBATH
ckopocTb BpaueHus. [Ipu atom DJIC u Tok poTropa ymenpmatorcs. 3menenue
TOKAa U CKOPOCTH BpAILIEHUS] pOTOpa OyJeT MPOUCXOIUTH JI0 TEX MOp, MOKa HE
HACTYNUT PABHOBECHE MEXK/y BPAIIAIOIIMM MOMEHTOM U TOPMO3HBIM.
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Potop mBurarens Bcerma OTCTaeT OT MarHUTHOTO IOJISI CTatopa. JTO
OTCTaBaHHE XapaKTEPU3YIOT BEIMYMHOW, HA3BIBAEMOW CKOIbIICEHUEM "
OTIPECIISIOT 110 hopmyJie

n,—n
S = 1 2 ’ (1)
rIl
60- f
rae n,=—— - 4acTOTa Bpalll€HUs MArHUTHOTO MOJIsl CTaTopa
p
(cuHXpOHHAas); P — YHCIIO Tap MOJIIOCOB OOMOTKH CTATOPA;
N, — 4acToTa BpallEHUs pOTOPA; f — wacrora Toka ceru.

Jiis mpoMbIIIIeHHON YacToThl Toka  f= 50 'l cuHXpoHHas yacToTa
BpAILICHUsS paBHA!

mpup = 1 n; = 3000 o6/muH;
npup = 2 n; = 1500 o6/muH;
npup = 3 n; = 1000 o6/mMuH u T.4. 10 p = 5.

[Ipu nycke s =1, unu 100 %, B HomuHanbHOM pexume S = 0,02 — 0,12
iy oT 2 10 12 %. CkonpxKeHUe UTPaeT BAXKHYIO POJIb B OLIEHKE MEXaHUYECKUX
cBoiictTB AJl. UToObl UW3MEHWUTHh HalpaBlICHHE BpaileHus potopa A]l
HEOOXOJMMO TIOMEHSATh MeCTaMHu JIOObIX JBa TPOBOAA, MOAXOMSAINIMX K
JIBUTATEIIO U3 CETH.

5.3. Bb10op cxeMbl coeiuHEHUS 0OMOTOK CTATOpPA
BriBopl 00MoTOK cTaTopa AJl 0003HAYAIOT CIIEAYIOMIMM 00pa3oMm:

Cl1, C2, C3 —navaia o6mMoTOoK ((ha3z);
C4, C5, C6 — xoHupl oomoTok (da3) (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. Coequnenue o6MoTok craropa A/l

Ha xyiieMMHO# KOpoOKe BBIBOABI OOMOTOK pacHojiaratoT Tak, YTOObI ObLIO
MOKHO OJIHUMH IE€pPEMbIYKaMHU IOJIYYUTh JIBE CXEMbl COCIUHEHHUS — 3BE3/a
WIN TPEYroJabHUK (puc.5.1 6, ).

OdeHb Ba)XHO MPABUWJIBHO ONPEICIUTh CXEMY COCIUHEHHs] 0OMOTOK, TaK
KaK OT 3TOT0 3aBUCUT JJUTEeNbHOCTh pabotrl AJl. Ilpu mnpaBuimbHOM
COCIMHEHUH JIBUTATENb OyJeT padoTaTh NECATKU JIeT, IPU HEMpPaBUIBHOM —
JICCSITKH MUHYT.
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[Ipy moakIOYeHUW JABUTATENsT K CETH, K ero ¢ase JO0DKHO ObITh
MIPUJIOKEHO MEHbIIIEE U3 YKa3aHHBIX Ha muTKe AJl HanmpsKeHue.

Ecnu na mutke (B macmopte) AJl ykazaHO JBa HalpspDKEHHS U CIIOCOO
coeauHeHust ooOMoTok, Hanpumep: 380/220 B, L/A  wm 660/380 B, L/A, to
ATy 3alKCh ClIelyeT MOHMMaTh Tak. Eciou JuHEWHoe HaIpsyKeHHE CeTd, B
KOTOpyto BKito4aeTcs AJl paBHO MEHBIIEMY HANpPsKEHUIO, YKA3aHHOMY Ha
IIUTKE JBUTATENSI, TO OOMOTKAa cTaropa JOJDKHA OBITh COCNUHEHA MO CXEeMe
«TpeyroibHUK». Ecnm nuHEHOe HampsKeHWEe CETH pPaBHO  OOJbIIEMY
HaIpsHKEHUIO, YKa3aHHOMY Ha IIUTKE JIBUTATENsl, TO 0OMOTKA CTaTopa J0JDKHA
OBITH COCAMHEHA 10 CXeMe «3Be3aa». Hampumep, oOMoTKa cTaTopa IBUTATENS,
Ha IIUTKe KoToporo ykaszaHo 380/220 B, L /A  mpu BKIroueHHH B ceTh
380/220 B nmomkHa OBITH COSIMHEHBI IO CXEME «3Be3J1a», TaK KaK JIMHEHHOE
HamnpspkeHue cetu (380 B) paBHO OosbllieMy HaNpspKEHHIO, YKa3aHHOMY Ha
nutke AJl. A nuratens ¢ HanpsbkeHusMu 660/380 B nomkeH BKIIOYaThCS B
Ty K€ CETh IO CXEME «TPEYTOJIbHUK.

Ha cBoem kopriyce Bce AJl MMEIOT MacnopTHYIO TaOJUYKY, B KOTOPOM
yKa3aHbl OCHOBHbIC HOMHHAJIbHBIC JIAHHBIC: TUIT JBUTATENISI; €r0 HOMUHAIbHAS
MEXaHW4YeCKass MOIIHOCTh Ha Baily Puow» KBT; "wacToTa (MM CKOPOCTBH)
BpaIeHUs] poTopa MPW HOMHUHAIBHOW MOITHOCTH Ha Bally  Nyoy, OO/MUH
(wm ®, C'), HampspKeHUe, TOK, CXeMbl coequHeHus ooMoTok, KIIJI, cos ¢ u
JIp. IaHHbIE.

5.4. Mexanuveckasi xapakrepucruka A/l

OcHOBHOM XapaKTEPUCTUKOU Al SIBIISICTCS MeXaHUuYecKas
XapaKTEepUCTUKA. ITO 3aBUCUMOCTh YAaCTOTHI BPAIIEHUs] POTOPA OT MOMEHTA Ha
Bary AIl, n = f (M) puc. 5.2. YcroliunBast pabota nBUTaTeisi BO3MOXKHA Ha
ydqactke M < M, 1 n > ng. C 10CTaTOYHOM IS NPAKTUKH TOYHOCTHIO,
YCTOWYMBAs 4YaCTh MEXAHMUYECKOW XapaKTEPUCTUKUA MOXKET OBITh MOCTPOEHA 110
bopmyie:

2™,
s S,

— 4K
S S

K

()

rae M, — MakcumalbHblil (kputudeckuii) MomeHT AJl, Hwm,

SR = SH(mR +\Im12( _1);

rae mg = M,,/M,, — KpaTHOCTb MaKCMManbHOro MmoMenra (1,7...,2,2),
IIPUBOJUTCS B CIIPABOYHHUKAX;
Sy - HOMHHAQJIBHOE CKOJIBkeHue A/Jl, MpUBOAUTCS B CIIPaBOYHUKAX.
3amaBasch TEKYIIMMH 3HAYCHUSIMH CKOJMBKCHHS S OT HYIS J0 Sy,
BBIYUCIISIOT 0 popmyJie (2) COOTBETCTBYIOIIME UM 3HAYEHUSI MOMEHTa M.
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Puc.5.2. Mexanunueckas xapakrepuctuka A/l

HeycroiunBas yacTh MEXaHMYECKOM XAPAKTEPUCTUKH, YIaCTOK OT My 110

MK MOJKET OBITh IMOCTPOCHA HpI/I6J'II/I}KCHHO, HCIIOJBb3Yys ABC JOIIOJIHUTCIBbHBIC
TOYKH, 4 UMCHHO TOYKY ITYCKOBOI'O MOMCHTA

M, =m, - M,
(4)
U TOUKY MUHUMAJIbHOI'O MOMCHTA IIPH ITYCKE
My =my - My,
)
rac mn nu mM — KpaTHOCTI/I HyCKOBOFO U MHHUMAJIBHOI'O MOMCHTA

COOTBETCTBEHHO, IPUBOAATCS B CIIPABOYHUKAX 110 A/l
Homunansabiii MoMeHT Al onpenensiercs mo popmyre

_ —955:'P " Hw, (6)

H

M

H

raie P, — HOMuHanbHas (macnoptHas) MomHocTh A/l B kBT,

Ny — HOMHHAJIbHASA YacToTa BpaeHus poropa A/l, 06/mMuH.

Mexanunueckasi xapakTepuctuka AJl Ha y4yacTke OT peXHMa XOJIOCTOTO
X0Zla 10 HOMMHAJIbHOTO MOMEHTA MPAKTUYECKH JUHEHHAa U MOXET OBITh
MOCTPOEH M0 JBYM TOYKaM ¢ KoopauHaTamu: 1) N =ny;; M =0; 2) N = Ny ; M
= MHOM'

EcrecTBeHHass MmexaHnueckasi xapakrepuctiuka AJl B mpenenax MOMEHTa
OT HyJIA 10 HOMHUHAJIBHOTO PEKHUMa — JKECTKasl, TaK KaK M3MEHEHHE MOMEHTa
Ha BaJly Ha 3TOM Yy4YaCTKE NMPUBOAUT K HE3HAYUTENIbHBIM (BCErO HECKOJBKO
IPOLEHTOB) U3MEHEHHUSIM YacTOThI BpAIllEHUsI POTOpa.

Ilpumepwl pewenus 3a0ay no ACUHXPOHHBIM 08UAMETAM

3a0aua 1. HoMmuHanbHasT MOLIHOCTh TpeX(a3HOro AaCUHXPOHHOIO
JBUTATENSI C KOPOTKO3aMKHYTBIM POTOPOM Ppoy = 40 kBT, HOMUHaNbHOE
HaIpsSOKEHUE
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Unow,= 380 B, HOMHHanBHAs yacToTa BpallleHUs poTopa Nyoy = 980 06/mMuH,
HomuHanbHBIA KII 750y = 91,5 %, HOMUHAIBHBIA KOYPOUIMEHT MOILIHOCTH
cosp= 0,91, yncio map moar0CcoB 0OOMOTKHU cTaTopa P = 3, KpPaTHOCTh ITyCKOBOTO
toka B = lzvcx ! 1oy paBHA 5; KpaTHOCTD MyCKOBOro MoMeHTa & =Mpyer | Myou
paBHa 1,1; KpaTHOCTh MAKCUMAJIbHOTO MOMeHTa A = Myax/ MyoypaBua 1,8.

OnpenenuTh: MOITHOCTh, MOTPEOIIEMYIO U3 CETU Piy0y, HOMUHATBHBINA
| 1oa 1 TyCKOBOM |77y cx TOKHM, 4aCTOTY BpallleHUs MArHUTHOTO MOJIsL CTaTopa

Ny , HOMUHAIBHOE Sy, U KPUTHUUECKOE Skp CKOJIBKEHUE, HOMUHAIBHBIM,
MAaKCHUMAaJIbHBIM U ITyCKOBOM MOMEHTHI ABUTraTes. [I0CTpOuTh MEXaHHUYECKYIO
xapakrepuctuky M = f(n).

Pewenue. MomHOCTs IOTpEOIIsIEMast ABUTATEIIEM U3 CETH:

PlHOM = PHOM/ Naom™= 40/ 0,915 = 43,72 KBT.

HomuHanpHBIN TOK ABUTATENIS:

Lions = Prioa/(N3 - Ucpmcose ) = 40-10° /(1,73-380-0,915-0,91) = 72,8 A.

ITyckoBOM TOK IBUTATEISA:

I[]yc]( :ﬂ' IHOM: 572,8 =364 A.

YacToTa BpallieHHuss MAarHUTHOTO TIOJIsSI CTaTopa:

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

HoMuHanbsHOE CKOJIBKEHHUE JIBUTATEIIS:

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

Kputnueckoe cKoJbKEeHUE:

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

HomuHanbHbI1 MOMEHT:

MHOM = 9559'PH0M/nH0M =9550-40/980 = 390 Hwm.

I1ycKOBOM MOMEHT:

MHYCK = 5.MH0M = 1,1390 =429 Hwm.

MaxkcuManbHbIi MOMEHT JBUTATEIIS:

MMAX = A MHOM: 1, 8 -390 =702 Hm.

J171s1 TOCTPOEHMS] YCTOMYNBOM YaCTH MEXAHUYECKOU XapaKTEPUCTUKH
ACMHXPOHHOTO JBUTATENS BOCIIOIb3YEMCSl YPABHEHUEM:

M= ZMKP / (SKP Is+s/ S[(P),

rae Myp— KpUTUYECKHM (MAKCUMAJIbHBIN) MOMEHT ABUTATENS MIPU
KPUTHYECKOM CKOJIbKEHHUH Sip .

IToncTraBUB M3BECTHBIEC BEJIMYUHBI ITOTYUHUM:

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

3anaBasich CKoJibkeHueM B rpeneax ot 0 1o 0,0706 Berauciaum
Bpaiaromuii MoMeHT. OOBIUHO IIar pacueTra NpUHUMAaIOT paBHbBIM 0,1 Skp .

YacroTy BpallleHus: poTopa, Mpu 3TOM, MOXKHO ONPEAEIUTh 0 (hopmyie:

n=ny( 1-s).

PacueTHble nanHbie puBeAeHHI B Ta0d. 5.1.
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Ta0muma 5.1

Noe 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

MexaHn4eckasi XapaKTepUCTHKA TpeX(a3HOro aCHHXPOHHOTO JBUraTEIs
M=f(n), mocTpoenHas 1Mo JAaHHLIM TaOJI.5 mpuBeacHa Ha puc.5.4. He pabouas
(He ycTOWYMBas ) YacTh MEXAaHHYECKOW XapaKTEPHCTHKH ITOKa3aHa
MYHKTHPOM.

1000

|

800 /

600 ,

/

!

/
f

7
Looaf 0
0 200 400 600 M, Hw

n, oBiuH

400

200

Puc.5.3. 3aBUCHMOCTD YacTOTHI BpallleHUs] pOTOPA ACHHXPOHHOTO JBUTATENS OT
MOMEHTA Ha Baiy.

3aoaua 2. AcuHXpOHHBIM Tpexdas3HbIM JBUTaTeb UMEET CIICIYIOIINE
HOMHUHAaJIbHBIEC JAHHBIE: MOIIHOCTD Py =3 kKBm; HOMUHANIbHbIE HANIPSHKEHUS
380/220 B; cxembl coeMHEHHs 0OMOTOK cTatopa Y/A; TMHEHHOEe HAIPSHKCHHE
cetd Ucgry = 380 B; wactora BparieHus poropa Nyoy = 953 o06/mun; KII/[ 81
%); cosp = 0,76; xpaTHOCTh IycKOBOro Toka 3 = lgyvcx [ lgoy paBHa 6;
KpPaTHOCTh IYCKOBOr0 MOMEHTa O =Mpycx | Mpoy paBHa 2; KpaTHOCTh
MaKCHMAaJILHOTO MOMEHTA A = Muax! Myoy paBHa 2,2. OnIpeieuTh: CXeMy
coeMHEeHUs] 0OMOTOK cTaTopa 3Be3fa Y WM TPEYrojbHUK A; HOMHHAJIbHBIN
lhom W myckoBoM Ipyck TOKM; HOMUHAIBHBIM Mpoy U MYCKOBOM Mpyck
MOMEHTHI. BpIOpaTh ceueHHe aTlOMUHHUEBBIX TPOBOJIOB, MPOJIOKEHHBIX B
TpyOe, JUIsi TOAKIIOYECHHS JBUTATeNss K ceTtu. Paccumratb W BBIOpaTh
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MPEIOXPAHUTEIb JJIs 3AIUTHI ABUTATENS OT KOPOTKUX 3aMbIKAaHUW MPU JIETKOM
Y TSDKEJIOM ITyCKE.

Pewenue.

Tak kak JUHEWHOE HANpPsHKEHHWE CETU PaBHO OOJIBIIEMY HANpPsKEHUIO,
yKa3aHHOMY Ha IIUTKE JABUTATENs TO a3kl OOMOTKH CTaTopa JOJKHBI OBITh
COEAMHEHBI MO0 cxeMe 3Be3Aa. (B BapuaHTax, riie TMHEHHOE HANpPSKEHUE CETH
PaBHO MEHBIIIEMY HAMPSHKCHUIO, YKA3aHHOMY Ha IIUTKE JIBHUTatess TO (pa3wl
0OMOTKH cTaTopa JIOJDKHBI OBITh COSTMHEHBI TIO CXEME TPEYTOJIbHHK).

HoMmunansHBIN TOK IBUTATEIIA:

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

[TyckoBoit Tok aBurarens: lyyex = B lyoy= 67,4 = 44,4 A.

HomuHanbHBINM MOMEHT:

MHOM: 9559'PH0M/HHOM= 95503,0/953 =30 Hwm.

[TyckoBoit MOMeHT: Mypycx = 0"Mpoy = 2:30 = 60 Hm.

JIs IOJKITIOUEHUST JIBUTATENsl K CETH HEOOXOAMMBI TPHU ATFOMHHHUEBBIX
MPOBO/A, IPOJIOKEHHBIE B METAJUIMYECKON TpyOe, JOMYCTUMBIM TOK Ka)K0TO
U3 KOTOPBIX OOJIbIIIE MM paBeH HOMHHAJIBLHOMY TOKY ABuratens. M3 tabdu. 5.2
JIUISL HAIlIeTo TTpuMepa BeIOUpaeM MpoBOJI ceUeHueM 2,5 MM2, JOTTYCTUMBIN TOK
KOTOporo paBeH 19 A, uro Gosbliie HOMUHAJIBLHOTO TOKA, paBHOTO 7,4 A.

Ta0muma 5.2
JlommycTuMbIe TOKH Ha aTFOMHUHUEBBIE TIPOBOJIA MPOJIOKEHHBIE B TPYOE

SHonB’ 2,5 4,0 6,0 10,0 |16,0 |250 ([350 |50,0 |70
MM

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

[Ipenoxpanurens I 3alIATHl JBUraTelld OT KOPOTKUX 3aMBIKAHHUU
BBIOHPAIOT 1O ABYM ycioBUsM. CHavaga pacCUMTHIBAIOT TOK IUIaBKOM BCTaBKU
npenoxpanurend.  IIpu gerkom mycke TOK IJIaBKOM BCTABKU PACCUUTHIBAOT
1o (I)OpMy.He: IHJT.BCT. = I[]yC[(/Z,S = 44,4/2,4 = 17,76 A.

[Ipu Tsxenom mycke ( ueHTpudyru, TpaHCIOpTEpbl, KOHBEHEPHI, U
T.1.) TOK IJIABKOW BCTAaBKH PACCUUTHIBAIOT 1O (OpMYyJIe:

IIZ]I.BCT. = I]]yc[(/l,G...Z,O) = 44,4/2 = 22,2 A.

[To Tabn. 5.3 BbIOMpaeM MpPETOXPaHUTENIb, TOK KOTOPOTO PAaBEH WM
Oonplle TOKA IJABKOM BCTaBKU. B Hamiem mnpumepe OpH JIETKOM ITycKe
BbIOMpaeM mnpenoxpanutenb [IPC — 25 ¢ HOMUHAJIBHBIM TOKOM 25 ammep u
cTtaHgapTHoOM TiaBkod BcraBkoil Ha 20 A. Ilpu Tskenom mycke BbIOMpaem
npenoxpanureiib [IPC — 25 ¢ HOMUHAIBHBIM TOKOM 25 aMIiep U CTaHIapTHOMN
MJIABKOM BCTaBKOM Ha 25 A.
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Tabmuma 5.3

TexHUYeCKHE JaHHBIE NTPENOXPAHUTENIEU

Tun Homumn. Howm. HomMmunanbHBIN TOK O0nacTb
Hanps TOK [InaBkuX BCTaBOK, A | IPUMEHEHUS
eHue,B | mpenoxp.,
A
[TPC 380 10 1;2;4;6,3; 10 JUist 3aIUTHI OT
25 4’ 6’3, 10, 16’ 20’ 25 KOPOTKHX 3aMBIKaHUN
Tor. AN, 3JIEKTPOOOOPYIOBAHMS U
63 20; 25; 40; 63 o OoRY
[1ITH-33 | 380, 500 | 160 2;4,6;8;10; 12;16; | Hus samutst ot
25’ 32’ 40, 50, 63, KOPOTKHX 3aMBIKaHUN
80 100 125 160 IMPOMBIIIJICHHBIX
' ' ' YCTaHOBOK U
AIEKTPUYECKUX CETEU

6. MAIIMHBI TIOCTOSAHHOI'O TOKA (MIIT)

6.1. MeToauveckune yKazaHus.

MIIT mupoko ucnonb3yroTcs B KadecTBe 3ekTpoasuratenei (AI1T) u
rerepatopoB (I'TIT). Ycrpoiicto JAIIT u I'TIT cxoaHb! 1 3aBUCAT OT CIOCOOOB
(cxeM) BO30yxkaeHHs. Bcero mnpuMeHsieTCs YeThIpe CXEeMbl BO30YXKIEHUS:
HE3aBUCHMOE, TapajuieJibHOe (IIYHTOBOE), MOCJEI0BaTeIbHOE (CEpUECHOE) U
cMemanHoe (komnaynanoe). MIIT oOpatuMsl , T.e. MOTYT paboTaTh B pexUME
JIIT vnm pexume T'TIT.

B pexume JIIT sxops aBurarens u oOMOTKa

BO30YKJIEHUS

MOJKJIFOYAETCS. K CETU MOCTOSIHHOTO TOKA, B PE3yJbTATE JABUTATENIb PAa3BUBAET
HOMMHAJIbHBII MOMEHT BpaIllCHUS PABHBIM:

M, =C,, x®, xl,, Hnu,
C,, - kodbdurment J.I1.T., 3aBUCALINN OT BETUYHUHBI €TI0
VCIIOJIHCHUS,
®,, - HOMUHAJIbHBI MarHUTHBIN ITOTOK IOJIIOCA;

TIIe

|, , - HOMUHAQJIbHBIA TOK OOMOTKH SIKOPSI, KOTOPBINA ONpenessieTcs mo

dbopmye:

rIe
B BOJIbTAX;

g = Py lUy xny) 4,
PH ,U - HOMMHAJIBHBIC 3HAYCHHUA MOIITHOCTH B KBT n HaHpﬂ}KeHI/ISI

Ny - HomuHaIbHBIN KIT/I.

B pexume I'IIT sxkopp Bpamaercs NEPBUYHBIM JABUTATEIEM, NPU ITOM
00MOTKa BO30YKIEHHS MOAKIIOUAETCS K MCTOYHUKY MOCTOSHHOTO TOKa (Min
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UCTONb3YeTCsl  MPUHLUUI ~ CaMOBO30OYXKAEGHHS 32  CYET  OCTAaTOYHOTO
HaMarHMYMBaHUs TIOMIOCOB W JalbHEHMIIEr0 YCHJIEHHUS MarHUTHOTO MOTOKa
Bo30OyxaeHus). B oatom cayuae ITIT BeipabGateiBaer 3JIC paBHylO:
E, =C,xnx®,

rae C,- kodpduuuent, 3apucsmuii ot ucnoanenus ['TIT; n — gacrtora
BpaleHus 000poToB sikopsi; d — MarHUTHBIN MOTOK BO3OYKACHUSI.

3adaua. JlBuratenb MOCTOSHHOIO TOKAa C MapajUIeIbHBIM BO30YXKIEHHEM
(puc.6.1), ¢ HomuHanbHBIM Hanpstkenuem U,=220B, P,=10xBt, 7, =85,5%,
n, =970 o6/mun. [loTepu momHOCTH B Lenu skopss AP, = 5,2% wu B 1nenu
BO3Oyxnenust AP,=4,2%  oT mnorpedyseMOl MOIIHOCTH JABUTarens P .
Onpenenutb: TOK B LENH BO30YyXAeHUs lg,, TOK Lenu skops |,,
HOMUHAJIbHBIA Bpamaromuilt MmomeHT JIIT M, myCKOBOM MOMEHT ABUTaTENs
M, mpH ycnoBuu, uto 1,/1,,=2,5.

L e

Puc.6.1. Cxema JIIT ¢ napannensHbIM BO30YKICHHEM

Pewenue.
HomunansHas moTpebiasieMass MOIITHOCTD JIBUTATEIS:
p,=tn_ 10 11 965Br;

. 0855

. 3 . 3
HomunaneHeiil notpedisemslii Tok: 1, = Py, 107 _11,695-107 5316 A;
U, 220

Cuita Toka B 11N BO30YKICHUS:
AP Py 0,042 _11,695-0042 _, 55 5.

U, 220 220
Cuna ToKa B LENH SIKOPSL:

AP . .
[ AP Py 10,052 _11,695-0052 _, 4 1.

u, 220 220

y _ P, 10 _
HomunanbHbIi MOMEHT ABHUTaTeNs: M, = 9550 — =9950-—— =98,4 ;
r-]H
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o M, I )
[1yCKOBOM MOMEHT JABUTATENS, C YIETOM YCIOBUSA: VIR 25!
I1

I

M, =M, -25=984-2,5=246 Hu.

OHpC,Z[CJ'I}ICM MCXaHHUYCCKNEC N MAIrHUTHLIC ITIOTCPHU MOIIHOCTHU B
JIBUTATEIIE:
AP, +AP, =Y AP-AP, =1965-1099 = 0,866 KBT,

rie Y AP =P, —P, =11,965-10 =1965 kBT —

06HII/IC IMOTCPU MOIIHOCTHU ABUI'ATCIIA,
AP, = AP, +P, = 60814 + 49119 =1099,33 BT.

1. OCHOBBI JIEKTPOHUKHA
7.1. BeinpsaamuTesn

3aoaua. MomHocTb Harpy3ku Py = 6 kBm, BeinpsamiaeHHbid Tok lo= 150 A.
BriOpaTh cxemy BBIIPSIMIICHHS]; pACCUUTATh HEJOCTAIOIINE TAPAMETPBI,
BBIOPATh BEHTHJIN U TpaHCHOpMaTOp s BRIpsimuTesnst. HauepTutsh cxemy
BBITIPSIMUTES.
Pewenue:
MormHOCTh Harpy3ku 6 kBm, T.e. 60ombIne 2-X kBm, cniegoBaTenbHO
BbIOMpaeM 3-X (pasuyro cxemy BoiipsimieHuss 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 BBITPSAMIIEHHOE HalpskeHue (IOCTOSIHHOE) Ha HAarpy3Ke:

_Ry_6000_ 0
l, 150
[Tapametpsl (11010B) BeHTHIIEH 151 cxembl TMC:
a) Tox Bentuns: |, = %O = % =50A
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b) Jomyctumoe oOpaTHOE HANPSHKEHUE BEHTHIISA:
U o mare. =1,09-Uy =1,05-40=428B

ITo 1,=50A u U5 axe. = 428 BpIOMpaeM IO CHPaBOYHUKY BEHTHJIM Ha TOK
paBHBIN WU ONFDKaWIK OONBIIHA TOK 1O cpaBHEHUIO ¢ 1,=50A, TO ke s
HANpsDKEHUST BHIOMpAaeM Ha HaNpsDKEHHE paBHOE WM Osmkaiiiiee Oolibliee
9eM Uggpuae. = 42B. Hammpumep, noaxozar sentuan BK — 50 — 05 (50A;
50B; BeHTWJIM KPEMHUEBBIE).

ConpoTuBiIeHHE HArPY3KHU:

= Yo :4—0 =0,2660m
I, 150
da3Hoe HaNPsSHKEHUE BTOPUYHONW 0OMOTKH TpaHchopmaTopa:
T.k. U, =2,34-U, o U, :&:ﬂzlllB ~18B
2,34 2,34

U, — npunrMaem ctangapTHoe 3HaueHue 185,
U; — npuauMaem ctangapTHoe 3HaueHue 2208, Toraa quHeiHoe OyeT
380B. DT0 HaIlla CEThb.

Koadbdumment tpanchopmaruu tpancpopmaropa N = Yy = % =12,2

2
Bropuunsrii Tok Tpanchopmaropa:

T.K. a1 TMC :—2 =082,10 1,=082-1,=0,82-150=123A
0

[lepBuuHBIN TOK TpaHChOpMaTOpA: Iy = % =10A
n ,

MomnocTh Tpanchopmartopa s TMC:
P,,=105-P,=105-6=6,3xBm

1.2. ¥YcuaurteabHble M TeHePAaTOPHbIE YCTPOICTBA

B nanHOM paszzerne cTyaeHTy IpejiaraeTcsi HoAroToBUTh pedepar Ha
TEeMy yKa3aHHYIO B Tabnule 3afanuii. B pegepare nomkHO OBITH
OTPa’KEHO: OIIPEIETICHUE JIEKTPOHHOI'O YCTPOMCTBA; €ro NPUMEHEHHUE;
MPUHIINIT JCHCTBYS; MPUHIIUIHAIbHAS JIEKTPUUECKas cXeMa.

7.3. Jlornueckue 3j1eMEeHTHI
Jlorunueckue snemMenTsl (JID) BMecCTe ¢ 3alOMUHAIOIIUMHU dJIEMEHTaMU
COCTAaBJISIIOT OCHOBY YCTPOMCTB LM(PPOBOIl (IUCKpEeTHOMN) 00pabOTKU
uH(OpMaIMU- BEIYUCIUTENbHBIX MAIIMH, HU(PPOBBIX U3MEPUTEIIbHBIX
puOOPOB, YCTPOUCTB aBTOMATHUKU U CB3H. JlIornueckue 3JeMeHThI
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BBITIOJIHAIOT MPOCTEHIIINE JIOTUUECKHE Ollepaluu Haja HU(ppoBOH
uH(popMaIuen, a 3aIOMUHAIOLIUE JIEMEHTBI CITYXaT JJIs €€ XpaHEeHHUS.

JID yame Bcero CTposAT Ha 6a3e ANEKTPOHHBIX YCTPOUCTB, pabOTAIOIIUX B
KIII04eBOM pexkume. [lorTomy nudpoByto nuHpopmaIyo 0ObIYHO
MPECTABIISAIOT B IBOUYHOHN (hopMe, B KOTOPOI CUTHAJIBI MPUHUMAIOT TOJIBKO
nBa 3HaueHus: «0» (Jlorudeckuil HyJib) U «1» (Joruueckas eIuHHIIA),
COOTBETCTBYIOIIME ABYM COCTOSTHUSAM KJTIOUa.

B anre0Ope noruku 10Ka3pIBaeTCs, YTO JIO00E CIIOKHOE JTIOTUIECKOE
npeoOpa3zoBaHue MOKHO MMPOU3BECTH, UCIIONB3YS BCETO TP DJIEMEHTAPHBIC
JIOTUYECKHUE ONEpalUu:

1. Jloruueckoe cioxenue (au3bloHKIus), oneparus NI, o6o3navaemas
3HAKaMHU «+» WA «V». Y = X; + X, +..X,

DTa 3amuch YUTAEeTCs Tak: eciid Ha Bxone JID X, MJIN X, NJIN ... X,, = 1,
1o Ha BeIxone JID Y = 1.

2. Jlornyeckoe yMHOXeHHUE (KOHBIOHKITUSA), onieparus M, o6o3nauaemas
3HaKaMH «» WIH «M. Y = XXy Xs ... Xp.

Ota 3anuch ynuTaeTcs Tak: eciu Ha Bxoae JID X 1 U Xo U X3 U .. X, =1, TO
Ha Beixone JID Y = 1.

3. Jlornueckoe otpunianue (uHBepcus), onepauus HE, o0o3nauaemas
yepToil Haa nepemeHHor. Y = X. Uutaercs tak: Y HE X.

PaGoTty JID mpuHATO ONMUCHIBATH C TTOMOIIBIO TAOIUIBI UICTUHHOCTHU. B Hel
YKa3bIBAIOTCSl BCE BO3MOKHbBIEC 3HAUCHUSI BXOJAHBIX NepeMeHHBIX JID u
COCTOSIHUE Ha €ro BhIXOJI€ B COOTBETCTBUU C BBHITIOJIHAEMON 3JIEMEHTOM
jorudeckor ¢pyHkueit. Tabnuibl HCTUHHOCTHU )1 npocTelmux JID ¢ aByms
MEePEMEHHBIMU UMEIOT BUJI:

Onepanus NJIN Onepanus U Onepanus HE
X X Y X X Y XY

0O 0 O 0 0 O 0 1

0 1 1 0O 1 0 1 0

1 0 1 1 0 O

1 1 1 1 1 1

B o0mem cioyyae JID umeer M BX0J0B U OAUH BbixoA. Ha cTpyKTypHBIX U
(YHKIIMOHATBHBIX CXeMaX JIOTUYECKHE OJJIEMEHThl H300pakatoT B BHJE
MPSIMOYTOJILHUKOB, HA KOTOPBIX TTOKA3BIBAIOT BUJI BHITTOTHIEMOM OTepaIiu.
Jlornueckuii smemenT WJIN o6o3nauatro nmudpoit 1, mormdeckuit snement U
0003HauaT 3HaKOM &, jormuecku sneMeHT HE mudpoit 1 u xpyxkom co
CTOpOHBI BbIxoJa cxembl. Ha puc.7.2 (a, 6, B) mpuBeneHsl o6o3HaueHus JID
cootBerctBeHHo MJIN, U, HE.

Ha npakTrke mupoko MPUMEHSIIOT KOMOMHUpOBaHHbIE JID, peanusyromiue
nBe  (u OoJsee) normueckue onepaiuu, puc. 7.3 (a, 0).
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X1—1 Y £1& |Y 1 Y
Xz— — XE_ — X —
X3 X377

a 9] B
Puc. 7.2. O603HaueHNs JOTHYECKHUX 3JIEMEHTOB Ha CTPYKTYpHBIX cxemax: a) UJIU; 6) U;
B) HE.
Xl —1 b Xl — | & ¥
— [ T

X2 — X2 —

a 9]
Puc.7.3. O603HaueHUs TOTHUECKUX IEMEHTOB Ha CTPYKTYpHbIX cxemax: a) UJIN-HE;
6) U-HE.

Jlornueckue PyHKIUU U TaOIUIIBI HCTUHHOCTH KOMOMHUPOBAHHBIX JID nmerot
BUJ;
Tum bnemenTa Jlornueckas pyHKIMSA TaOnuia UICTHHHOCTHU
NJIN - HE Y = Xl + Xg Xl Xg
0
1
0
1
X2
0

N -HE Y =X X,

rrooXkrkrkro©
ocrprpr<0ocor=x

1
0
1

NmeroTcs u npyrue, pexe npumensemoie J13.

JID wucnonb3ylOTCs B pa3IMYHBIX YCTPOMCTBAX LUPPOBON TEXHUKHU:
TpUITEpax; CYETUUKAX MMITYJIbCOB; pErucTpax; mudparopax; aemudparopax
u Jp.

B 3amaHuy 1o JOrMYEeCKUM 3JIEMEHTaM HEOOXOJIHUMO OIpPEAEIUTh YPOBHU

CUTHAJIOB HA BBIXOJE DJIEKTPOHHOIO YCTPOMCTBA NPH 33JaHHBIX BXOJHBIX
CUTHaJax.
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2. BAPUAHTBI KOHTPOJIbHBIX 3ATAHUM
8.1. /IuHeliHbIe LEeNU MOCTOSTHHOI0 TOKA
8.1.1. AHayIu3 NpPoCTHIX Lemnel MOCTOSTHHOT0 TOKA

3aoaua. llenb NOCTOSHHOIO TOKA COAEPKUT HECKOJIBKO PE3UCTOPOB,
COEIMHEHHBIX cMemaHHo. CxeMa ILenu ¢ YKa3aHHBIMU CONPOTUBICHUSIMHU
NpUBE/ICHA Ha COOTBETCTBYIOIIEM pHUCYHKe. Homep pucyHka, 3aJaHHbIE
3HAQYEHUsI OJHOTO M3 HANPSHKEHUH WM TOKOB M BEJIMYMHA, MOJJIexkanias
ompeJielIeHUI0, MpUBeIeHbI B Ta0id. 8.1. Beioqy MHIEKC ToKa Wi HANPsHKCHUS
COBIAJAECT C MHJAEKCOM pPE3UCTOpa, MO KOTOPOMY MPOXOAUT TOK WM Ha
KOTOPOM JIEHCTBYeT JTO HampsbkeHue. Hampumep, uepe3 pesuctop R3
IpPOXOAUT TOK |3 M Ha HeM paelicTByeT HampsbkeHue Us. Onpenenutb Takxke
MOIIHOCTb, MOTPEOsIEMYIO0 BCEH LIENbIO, U PACXOJ ANEKTPUUECKON IHEpruu
IETbIO 32 8 4acoB PabOTHI.

[TosicHuTh XapakTep U3MEHEHUS DJIEKTPUUECKON BEJIMYMHBI, 3aJJaHHON B
Ta0uIe BapUaHTOB (YBEJIMYUTCS, YMEHBIIIUTCS, OCTAHETCS HEU3MEHHOM ), €CIn
OJIMH U3 PE3UCTOPOB 3aMKHYTh HAKOPOTKO WJIA BBIKIIOYUTH U3 CXeMbl. [Ipu
stoM cuutath UCTOUHUK DJIC E mneanvubiM (Hanpspkenue U Ha BXoje menu
HEU3MEHHbIM). [Ipu TpPyAHOCTSX JIOTMYECKUX TMOSCHEHUH OTBETAa MOKHO
BBITIOJIHUTh pacyeT TpeOyeMoW BeTWYMHBI B HK3MEHEHHOM cXeMe W Ha
OCHOBAaHUHU CPABHEHUS €€ B IByX CX€MaxX JIaTh OTBET Ha BOIIPOC.

B7=90m
Ry=50m
1
I
= =
E = 9 2 R:=30m
y E__:_) =T r'\“': )
(D I L I
-
o (= (2
R)=12.50M Rg=30m Rg=30M
| — |
L

Puc.8.1
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TaOmuma 8.1

Bapu - | Pucy - Hano Onpe | JleiicTBHE C pe3UCTOPOM ITpoBectn

aHT HOK ne 3aMkHYT | BelkimtoueH aHanu3
Ne Ne JIUTh | HAKOPOTK | U3 CXEMBbI W3MEHEHUS

0 BEJIMYHHBI

01 8.1 E=40B Il R5 Ul
02 8.1 |1: 2A E R6 U3
03 8.1 U1: 40 B |6 R3 |5
04 8.1 ,=4 A E R, Us
05 8.1 ;=8 A E R, P
06 8.2 E=120B |3 R5 |3
07 8.2 |3: 20 A E Rl U2
08 8.2 U,= 160 B l4 R U,
09 8.2 U,=36B E R4 I,
10 8.2 1,=10 A E Re Us;
11 8.3 E=240 B U5 Rg U7
12 8.3 U,=90B E R; I,
13 8.3 |5= 30 A |1 R3 Ug
14 8.3 Us=10B U, Re I,
15 8.3 E=160B Is Rs U,
16 8.4 E=200B I, Re U,
17 8.4 I1=5A E R, I,
18 8.4 U7= 50B |3 R7 U]_
19 8.4 U;=200 B I; Rs I,
20 8.4 |6: 6 A U1 R5 U3
21 8.5 le=20 A E R4 Us
22 8.5 E=50B U3 Rl |5
23 8.5 U4= 90 B |5 R5 U]_
24 8.5 1,=10 A E Re P
25 8.5 E=300 B I3 R I
26 8.6 E=140B I Re Us
27 8.6 le=10 A E R~ I,
28 8.6 U5: 8B |1 R3 U7
29 8.6 E=280B Us R, I,
30 8.6 I.=10 A E R, Us;
31 8.7 E=200B |8 R7 |1
32 8.7 U8: 30B E R4 U5
33 8.7 1,=20 A Us R3 Us
34 8.7 E=100B I Rs le
35 8.7 U5= 15B Ug R4 Ug
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Oxonyanue Tao. 8.1

Bapu - | Pucy - Hano Onpe | JleiicTBHE C pe3UCTOPOM ITpoBectn

aHT HOK ne 3aMkHYT | BelkimtoueH aHanu3
Ne Ne JIUTh | HAKOPOTK | U3 CXEMBbI W3MEHEHUS

0 BEJIMYUHBI

36 8.8 E=400 B U1 R3 |8
37 8.8 |8: 10 A |2 R4 U2
38 8.8 U;=60 B E R; I,
39 8.8 E=600 B |8 R5 Ug
40 8.8 U,=80B E Rg I,
41 8.9 E=50B |7 R3 U5
42 8.9 |7: 4 A U1 R5 |7
43 8.9 Uez 80 B E R2 U3
44 8.9 |5: 12 A U7 R6 |4
45 8.9 E=200B Us; R; Us
46 8.10 I.=55A U, R, I,
47 8.10 E=210B I, R; U,
48 8.10 U,=210B E R, I,
49 8.10 U7: 220 B I]_ R5 U1

8.1.2. AHaIu3 CJI0KHBIX Heneil MOCTOSHHOI0 TOKA

3aoaua. Jlns snexktpuueckoi menu, 3HadeHus OJ[C MCTOYHUKOB U
COINPOTUBJICHUA TPUEMHUKOB KOTOPON TMPUBEICHHI B COOTBETCTBYIOIIEM
BapUaHTe 3aJiaHusl TabJI. 8.2 BBIMOJHUTD CIIETYIOIIEE:

1.CocTtaBuTh  ypaBHEHUS  JJIsi  ONPENEJICHHS]  TOKOB  IYTEM
HEIMOCPE/ICTBEHHOTO TMPUMEHEHHsI 3akoHOB Kupxroda (ykaszaB, miisg Kakux
y3JI0B M KOHTYpPOB 3TH YypaBHEHHMS 3amucaHbl). Pemars 3Ty cucremy
YPAaBHEHHM HE CIIEIYET.

2.0npenenuTh TOKA B BETBSIX METOJIOM KOHTYPHBIX TOKOB.

3. OmnpenenuTs peXUMBI pabOThl AKTHBHBIX AJIEMEHTOB M COCTaBHTh
OayraHC MOIITHOCTEH.

4. TlpoBecTd MPOBEPKY MPABUIBHOCTH PEIICHUS 3aJa4d MO0 BTOPOMY
3akoHy Kupxropa
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Puc.8.13

Puc.8.17 Puc.8.18
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E, ——C
Ry
Rs
f Ry
a 1 C
R, Rg
R3 E;3
O —
Puc.8.20
TaOmura 8.2.

Bap. Puc. El, Ez, E3, Rl, R2, Rg, R4, R5, R6,
0 Ne B B B Omv | Ou | 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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Oxonyauue Ta0I1. 8.2

Bap. Puc. El, E2, E3, Rl, Rg, R3, R4, R5, R6,
No No B B B Om | 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. OgnodasHble Henu MePEeMEHHOT0 TOKA

3aoaua 1. HanpsbkeHne Ha 3aXuMax LENH, BapUaHT KOTOPOM
COOTBETCTBYeT TocienHed mudpe ydeOHOro mmdpa CTyIeHTa U
n3o0pakeHHoH Ha puc. 8.21, wu3mensercs 1o 3akoHy U=U; Sinaf.
AMITyaHOEe  3HaueHue — HampsbkeHue — Up,  3HauUeHUsT — aKTHBHBIX
conpotuBieHuid R; m R,, uHmykTuBHOCTeW Kartymiek L; u L, emkocrteit
koHjeHcatopoB C; u  (C, mpuBeneHbl B Tabn. 8.3. Yactora mnuTaromero
Hanpspkenus f = 50 I'm.

Heobxoaumo: N300pa3uTh 3JIEKTPUYECKYIO II€Mb, COTJIACHO 3aJaHHBIM
napamMeTpaM COTNPOTUBIECHUNW ¥ ONPENETUTh. TOJHOE CONpPOTUBICHUE Z,
Hanpspkenue U, npunoxkeHHoe K 1ueny; Tok |; yron casura a3 ¢ (mo Benuunne
U 3HAKy); aKTUBHYI P, peaktuBHyto Q W TOJHYIO S MOIIHOCTH IIETH.
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OHpC,Z[CJ'II/ITB 3aKOH HW3MCHCHHA TOKa B IICIIH.

HalpspKeHUM. YKazaTh CMoco0 BKIIOYEHHUS JTOrO dAJIEMEHTA.

OnpenenuTh Xapaktep
(MHIYKTUBHOCTb, €MKOCTb) U MapaMeTphl 3JEMEHTA, KOTOPBIM OKEH OBITh
BKJIIOYEH B DJIEKTPUYECKYIO LIETIb JIJIsl TOTO, YTOOBI B HEW HACTYMHJI PE30HAHC

[HossicEUTH

XapakTep U3MeHeHUs (YBETUYUTCS, YMEHBIIUTCS, OCTaHETCs] 0€3 U3MECHEHUS)

TOKa, aKTUBHOM M PEAKTUBHOW MOUIHOCTHU B LIENU MPU YBEIUYEHUU HYaCTOTHI

TOKa B JBa pa3a. HanpspkeHnue, npuioKeHHOE K 1IENU, CYUTATh HEU3MEHHBIM.
Haueptuth B Macmitabe BEKTOPHYIO AWarpaMMmy €N W TOSICHUTH €€

MOCTPOEHHUE.
Xc1 X1 Ry
LU}
R; XL \TZ_
o—{
Puc.8.21
Tabnuma 8.3.
3aaHHbI Bapuant
napameTpsl | 1 2 3 4 5 6 7 8 9 10
Uy, B 141 | 282 (424 |141 | 70,7 | 141 (282 (424 |70,7 | 141
Ry, Om 10 |- 10 |- 8 14 |- 16 |14 |-
Ry, Om - 10 |5 8 - 2 20 |4 6 8
Ly, mln 159 /31,8 |31,8 159 | - 31,8 [19,1 | - 31,8 19,1
L, mln 159 | - 63,7 | 31,8 | 159 |- 31,8 159 | - 31,8
Cy, Mx® - 637 | 318 |- 159 | 318 |637 | 159 |318 | 637
Co, Mk®D 637 | 318 |- 159 | 318 | 318 |- 318 | 637 |-

3a0aua 2. B uenb cMHycOMIaJIbHOIO TOKa HampsbkeHuemM U u wactotoii f
BKJIIOUEHA KaTylIKa ¢ aKTHUBHBIM COMPOTHUBJICHHEM R W WHIYKTUBHBIM X

puc. 8.22.

Onpenenuts: 1) Tok B katymike. 2) Koaddumuent momaoctu. 3) Ionnyro,
AKTHUBHYIO W PEAKTHBHYIO MOINHOCTU. 4) EMKOCTB, Npu KOTOpOH B Ienu
HACTYNHT pe30HaHC TOKOB. 5) [locTpouTs BeKTOpHYIO nuarpammy. JlaHHbIe Uis
CBOETO BapuaHTa B3sTh U3 Ta0. 8.4.

Pu

c.8.22
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Ta0Omnura 8.4.

3aaHHbBI Bapuanr

napameTpsl | 1 2 3 4 5 6 7 8 9 10
U, B 80 |100 |120 |20 |40 |60 140 |150 |160 |180
R, Ou 30 |40 |50 |6 8 13,3 |6 16 |42 |36
X, Om 40 |30 |80 |4 89 |8 14,2 |22 |26,2 | 57,6

8.3. Tpexdasubie nenu

3aoaua 1. ]Jlns snaexkTpuyUecKor cxembl M300pakeHHOM Ha puc. 3.1. 1o
3aIaHHBIM B Ta0j. 8.5. mapaMerpam U JTUHEHHOMY HAIPSIKEHUIO OMPEACIUTh:
dazHple U JTUHEWHBIE TOKH, TOK B HEUTpaTbHOM TPOBOJE (I YeThIpex
MPOBOJHOM CXEMBbI), aKTUBHYIO, PEAKTUBHYIO U MOJHYIO MOITHOCTH BCEH LIEMHU
u  Kaxnoil Qasel otaenbHo. [locTpouTh BEKTOPHYIO AWarpaMMy TOKOB M
HaNpsDKEHUM Ha KOMIUIEKCHOW IUIOCKOCTH. PacdeT mpoBOAUTH KOMIUIEKCHBIM
METO/IOM.

VKazaHue: TOK B HEUTPaIbHOM npOBoae ONpPEACIIUTh 10 (I)opMyJIe

Io = Ia+Ib+Ic, ITOJyYEHHBIA PE3yJIbTaT I10 Io CpaBHI/ITB C pe3yJbTaToOM II0 Io

MOJTyYEHHBIN U3 BEKTOPHOU AMarpaMmbl o (hopmyiie Io = l, -m,

3adaua 2. ]Jlns 30EKTpUUECKON cXeMbl M300paxxeHHOM Ha puc. 3.3. 1o
3aJlaHHBIM B Ta0I1. 8.6. mapameTpaM U JUHEHMHOMY HaIPSKEHHUIO OINpPENeIUTh:
¢da3zHple U JMHEWHbIE TOKW, aKTUBHYIO, PEAKTUBHYIO M IOJIHYIO MOIIHOCTU
Kaxaon ¢da3el U Bcer nenu. [locTpouTh BEKTOPHYIO IUarpaMMy TOKOB H
HANPSHKEHUM HA KOMIUIEKCHOM IIOCKOCTH. PacdeT mpoBOIWTH KOMIUIEKCHBIM
METOJOM.

Taomuria 8.5

Bapuant | Uz, | Ra, | R, | Re, | Xa, | Xs, | Xc,
B Om | 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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TaOmnuma 8.6

Bapuant | Uz, |Rab, | Rbc, | Rea, | Xab, | Xbc, | Xca,
B Ov | Ou | 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. Tpancdopmaropnl

3aoaua 1. Jns onmHodaszHoro TtpaHcopmaropa, mapamMerpbl KOTOPOTO
MpUBEICHBI B Ta0. 8.7 ompenenuTh HOMUHAIbHBIE TOKH MEPBUYHON |;y0y U
BTOPUYHOHN |50y OOMOTOK, KO3 IUIMEHT TpaHCHOPMAIIUU, YUCIO BUTKOB U
JMAMETp Kax10i 0OMOTKH TPH IUIOTHOCTH TOKA B 00MOTKaxX J = 2,5 A/MM°.

Tabnmma 8.7
Bapuant | Syou, Uy, U,, B, Qc, f, n
kBA B B 1n em? Ty

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 15 2,0 400 0,87
5 0,25 220 36 11 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 50 400 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. Ilns tpexdaszHoro tpanchopmaTopa, MapameTpbl KOTOPOTO
npuBeIeHBl B Ta0. 8.8 ompenenuTh HOMUHAIBHBIE TOKH MEPBUYHON |;y0y U
BTOPUYHOM |50 0OMOTOK, TOK X0JI0CTOTO X0Aa lg, KOAPHUIIMEHT MOIITHOCTH
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XO0JIOCTOTO XOoJa cos@, Kod(hdHUIHEeHT TpaHchopMmaiyu N, CONPOTHBIICHHS
NMEePBUYHON W BTOpPUYHOM 00MOTOK Rj, Xi, Ry, X;. IlocTpouTh BHEINIHIOHO
xapaktepuctuky U, = f1(f) u 3aBucumocts KIIJ] ot Harpy3ku 7 = fo(f) mis
cosp, = 0,8.

TaOmnuma 8.8

Ne Tun I'pynma JlaHHBIE 1U1s pacyeTa
Bap. | Tp-pa Coemi Stom Uirom, | Uz, | Ug, | Po, Pk, lo,

HCHIH xkBA kB kB % KkBm xkBm | %
1 TM-25/6 Y/Yo-0 |25 6 0,4 45 10,135 | 0,6 3,2
2 T™M 6300/10 | Y/Y,-0 | 6300 10 0,4 6,5 9,0 46,5 |0,8
3 TM -40/10 | Y/A-11 | 40 10 069 (45 |0,19 0,88 |3
4 TM 4000/10 | Y/Y,-0 | 4000 10 0,4 55 (6,4 33,5 10,9
5 T™-63/6 |Y/Yy-0 |63 6 069 (45 |0,265 [1,28 |28
6 T™M 2500/10 | Y/A -11 | 2500 10 0,4 55 |4,6 25 1
7 TM -160/6 | Y/A-11 | 160 6 069 |45 |0565 [265 |24
8 T™M 1600/10 | Y/Y,-0 | 1600 10 0,4 55 |3,3 18 1,3
9 TM -250/6 | Y/Y,-0 | 250 6 069 (45 |0,82 3,7 2,3
10 TM 1000/10 | Y/Y,-0 | 1000 10 0,4 55 (2,45 122 |14
11 TM -100/6 | Y/Y,-0 | 100 6 069 (45 |0,365 |1,97 |2,6
12 TM 630/10 | Y/Y,-0 | 630 10 0,4 55 |1,56 7,6 2
13 TM —-400/6 | Y/Y,-0 |400 6 069 |45 |1,05 55 2,1
14 TC3-160/10 | Y/A - 11 | 160 10 0,4 55 |0,7 2,7 4
15 TC3-250/10 | Y/Y,-0 | 250 10 0,4 55 1,0 3,8 3,5
16 TC3-400/10 | Y/Y,-0 | 400 10 0,4 55 11,3 54 3
17 TC3-630/10 | Y/Y,-0 | 630 10 0,4 55 12,0 7,3 15
18 TC31000/10 | Y/Y,-0 | 1000 10 0,4 55 |3,0 11,2 |15
19 TC31600/10 | Y/Y,-0 | 1600 10 0,4 55 4,2 16,0 |15
20 TC3-10/0,66 | Y/A - 11 | 10 0,66 0,4 45 10,09 0,28 |7
21 TC3-16/038 | Y/A-11 | 16 0,38 0,23 (45 |0,125 |04 5,8
22 TC325/0,66 | Y[Y,-0 |25 0,66 0,4 45 10,180 |056 |4,8
23 TC340/0,38 | Y/Y,-0 |40 0,38 0,23 (45 |0,25 0,8 4
24 TC363/0,66 | Y/Yy-0 |63 0,66 0,4 45 10,355 |0,109 | 3,3
25 TC3-100/038 | Y/Y, -0 | 100 0,38 0,23 |45 |05 0,15 | 2,7
26 TC3160/0,66 | Y/Y,-0 | 160 0,66 0,4 45 10,71 0,206 | 2,3
27 TM-25/10 | Y/Y,-0 |25 10 069 (45 |0,135 |0,6 3,2
28 T™M-40/6 | Y/A-11 |40 6 0,4 45 10,19 0,88 |3
29 T™M-63/10 | Y/Y,-0 |63 10 069 (45 |0,265 [1,28 |28
30 TM 100/10 | Y/Y,-0 | 100 10 0,4 45 10,365 |[1,97 |2,6
31 TM -630/6 | Y/Y,-0 | 630 6 0,4 55 |1,56 7,6 2
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Oxonyanue Ta0I. 8.8

No Tun ['pynma JlanHbIe 1151 pacuera
Bap. | Tp-pa coenu Suom Uigom | U2, | Uk, | Po, Py, lo,
HEHUI kBA KB KB % | xBm kBm | %
32 | TM400/10 | Y/Y,-0 | 400 10 0,69 |45 |1,05 9,5 2,1
33 | TM-100/35 | Y/Y,-0 | 100 35 0,4 6,5 |[0465 |197 |26
34 | TM-160/35 | Y/Y,-0 | 160 35 0,4 6,5 |0,7 2,65 |24
35 | TM-250/35 | Y/A-11 | 250 35 0,4 6,5 |10 3,7 2,3
36 | TM400/35 | Y/A-11 | 400 35 0,4 6,5 | 1,35 9,5 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/Yy-0 |40 6 0,69 |45 |0,19 0,88 |3
40 | TM-63/10 | Y/Yy-0 |63 10 0,4 45 10,265 (1,28 |28
41 | TM100/10 | Y/Y,-0 | 100 10 0,69 |45 0,365 |19/ |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 0,4 45 11,05 9,5 2,1
45 | TM-400/6 | Y/Y,-0 | 400 6 0,4 45 11,05 9,5 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 0,4 45 10,125 (0,4 5,8
48 | TC340/0,66 | Y[Y,-0 |40 0,66 0,4 45 10,25 0,8 4
49 | TC3-100/066 | Y/Y,-0 | 100 0,66 0,4 45 10,5 0,15 |2,7
50 | TC325/038 | Y[Yy-0 |25 0,38 0,23 145 |0,180 |0,56 |4,8

8.5. ACMHXPOHHBbIE IBUIaTeJU

3aoaua 1. HomuHambHas MOIIHOCTh Tpex(a3HOro aCHHXPOHHOTO
JIBUTATEJNS C KOPOTKO3aMKHYTBIM POTOPOM Py, HOMUHAIBHOE HAMPSKEHUE
Uyoy, HOMUHANIBHAS 4acTOTa BpalleHUs poTopa Ngyoy, HOMUHaIbHBIA KIIJI
Npoy HOMHUHANBHBIA KOA((UIIMEHT MOUIHOCTH COS@, YUCIO Tap IMOJIKCOB
0OMOTKH cTaTtopa P, KpaTHOCTh MycKOBOro Toka P = lgyex ! lyoy; KpaTHOCTD
yCKOBOTr0 MOMeHTa & =Mpycx | Myoy; KpaTHOCTh MaKCHMMaJIbHOTO MOMEHTA
A = Muax! Myoy. Onpeneutb: MOIIHOCTh, TOTPEOsieMy 0 U3 ceTu Piyou,
HOMMHAJIBHBIN |50y, M TTyCKOBOHM |7ycx TOKH, 4AacTOTY BpallleHHs MAarHUTHOTO
noJisi cratopa N; , HOMHMHAIBHOE Spoy W KPUTHYECKOE Skp CKOJIbKEHUE,
HOMUHAJIBHBIA, MAKCUMaJIbHBIM M ITyCKOBOW MOMEHTHI ABurarens. Iloctpouts
MexaHudeckyro xapakrepuctuky M = f(n). Jlanasie B3aTh U3 Ta0I. 8.9.
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Tabmuma 8.9

Ne | Pyoms | Unoss | Nuoms | Heom, | cose P | lzvex | Mayvex | Myvax
Bap. xkBm B 00/ Mun % IHOM MHOM MHOM
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 55 2,3 2,6
6 15 660 2835 79 0,87 1 6,5 2,8 3,0
7 2,2 220 960 78 0,74 3 5,9 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 55 220 950 82 0,82 3 6,0 2,2 2,5
11 7,5 380 1455 83 0,83 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 55 660 985 915 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 0,83 5 6,0 1,0 1.8
23 132 660 740 93,5 | 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 94,0 | 0,92 2 6,0 1,3 2,2
Tabmmma 8.10
Ne Pryi | Unows Coeo. | Ucgru, | NHowm, Nrom | o8 | lpver | Mpyek | Muax
Bap. KBm B 06]1/1. B O6/MMH % IHOM MHOM MHOM
cmam.
26 | 0,25 |220/127 | Y/A 127 860 56 0,72 130 [22 2,0
27 10,37 |380/220 | Y/A 220 1375 66 0,76 | 3,7 |20 2,0
28 0,55 |660/380 | Y/A 660 2850 |74 0,84 165 |[2,3 2,4
29 (0,75 |220/127 | Y/A 220 935 70 0,72 140 |22 2,5
30 |1,1 |380/220 | Y/A 220 1420 |77 08 |55 [2,3 2,6
31 |15 |660/380 | Y/A 660 2835 79 08765 (28 3,0
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Oxonyaunue 12051.8.10

Ne Py, UHOMs Coeo. UCETH, Nrowms NHOM, | COSQ |nyc1< Mpyck | Muax
Bap. xkBm | B oom. B oo/mun | % IHOM MHOM MHOM
cmam.

32 12,2 |220/127 | Y/A | 220 960 /8 0,74 55 |19 2,5

33 3,0 [380/220 | Y/A |380 1420 |81 08162 |22 2,6

34 14,0 |660/380|Y/A |380 2895 |84 0,87 168 |22 3,3

35 |55 [220/127 | Y/A | 127 950 82 082 160 |22 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 68 |20 3,3

38 |15 [380/220 | Y/A |220 970 89 08270 |23 3,0

39 [18,5(660/380 | Y/A |660 1460 905 |0,89 |70 |19 2,9

40 |22 |380/220 | Y/A | 380 2940 90,5 |089 |75 |21 3,5

41 |30 |660/380|Y/A |380 1475 |91 086 | 7,7 |27 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 |13 2,5

44 |75 |380/220 | Y/A | 380 985 92 089 |55 |14 2,2

45 190 |660/380| Y/A |660 740 93 08565 |12 2,3

46 | 110 | 660/380 | Y/A | 660 2970 |91 08970 |12 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 0,74 155 |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 |19 2,6

8.6. MamMHbLI MOCTOAHHOT0 TOKA

3aoaua. [lpurarenb mnapaIeNbHOTO BO30YXKACHUS, C HOMHUHAJIbHBIM
HamnpsbkeHueM U, pa3BUBaeT HOMHUHAJIbHYIO MOIIHOCTH P,. HomuHanbHas

CKOpOCTh BpaumieHus skopss h, u muaumansnbin KILJ. 7,. Ilorepu
MOIIHOCTH B LENU sIKOps AP, WU B LENU BO30YXKIEHUS AP, 3aJaHbl B
IOpOIEHTaX OT MOTPeOaAeMOl MOIIMHOCTH JBurartens P, (tadm 8.11).
Onpenenutb: TOK B IENU BO30YXKIEHUS, TOK M CONPOTHUBIICHUE SIKOPS TpHU
HOMUHAJIBHOW HAarpy3ke |, , HOMAHAJIBbHBIA BPAIalOIA MOMEHT IIPH ITYCKE

JBUTATENsl C  IMYCKOBBIM  PEOCTAaTOM,  IOCTPOMTh  MEXAHUYECKYIO
xapakTtepucTtuky apuratens (M), onpenenuts APy + APyury.
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Tabmura 8.11

Bapuant JlaHHBIE U151 pacyera

U,.B P,, kBm AP, % AP,,% | n,,06/mun | n,,%
1 110 60 5,2 4,8 980 86,5
2 220 10 3 4,8 2250 86
3 220 4 6,2 4,2 1025 82,2
4 220 6,6 6,2 4,1 2400 85,5
5 220 4,4 6,9 4,8 2100 84,5
6 220 2,5 5,8 4,8 1000 85
/ 220 10 5,3 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 4,1 970 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 4,1 2250 85,5
24 220 135 4,8 4,2 1050 85
25 110 60 5,0 4,0 1150 84,5

8.7. BeinpsiMmureJiu

3adaua. llo 3agaHHBIM TapaMeTpaMm Harpysku, Tabn. 8.12, paccuuTarhb
HEJIOCTAIONINE TapaMeTpbl Harpy3kud. BpIOpaTh cXemy BBIIPSIMICHUS U
HAYEPTUTh €€ C MUTaHueM oT Tpancpopmaropa. CriaxuBaromuii GUILTp HE
NpUMEHsITh. PaccunTaTh mapameTpsbl BBIIPSIMUTENST U BeHTWIeH (1uoaoB). I1o
CIIPaBOYHUKY BHIOpATh THUIT BEHTHJICH (IHOJIOB).

[TpunsiTeie 0003HaueHus: Pyp — MOIIHOCTh MOCTOSIHHOTO TOKa Harpysku; Ugp —
HaIpsHKEHUE MOCTOSIHHOTO TOKa Ha Harpyske; lg — MOCTOSIHHBIN TOK Harpy3Ku;
Ryuarp. — cONpoTHBIIEHHE HArpysku; |, — pacueTHbl TOK BEHTHISA; Ugsp maxe —
JTOMyCTUMOE 00paTHOE HANPSHKEHUE HA BEHTHIIE (IUOE);
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U, — da3noe HanpshKeHre BTOPUUHONM OOMOTKHU MUTAIOIIEro TpaHchopMmaTopa;
U; — dha3noe HanpsikeHne MepBUYHON OOMOTKH MUTAIOIIETO TpaHchopMaTopa;
I, — ¢a3sbii Tok BTOpUYHON OOMOTKH TpaHchopmaropa; |; — dasHbli TOK

IIEpBUYHON OOMOTKHM TpaHc(popmaropa; P, —

cpeaHsis (TUIOBAsi) MOIIHOCTH

NUTAIOIIEro TpaHchopmaropa.

Tabmura 8.12

[TapameTpsl Harpy3Ku
BApHATT Py, KBT Uy, B lo, A Ruarn, OM
1 0,1 9
2 3,0 150
3 0,4 3,24
4 100 70
3 220 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. 3aganus mo aHAJIOrOBOM JIEKTPOHUKE
TaOmura 8.13
BAPHUAHT Tema 3aganus
1 Cxema, MpUHIUI ASHCTBUS ycruuTenst Hu3Kkoi yactorsl (YHY) ¢

AMUTTEPHOM TEMIEPATYPHOH CTaOMIH3aIHeH.

2

['paduaeckuit ananmm3 pabOTHl yCHIIUTEIST HU3KOW YaCTOTHI

w

JIByXKaCKaJHbIM yCUIMTENb HU3KON 4aCTOTHI C PE3UCTUBHO-
€MKOCTHOM CBsA3b10. CXeMa, NPUHIUN IEUCTBUS, JOCTOMHCTBA U
HEJOCTATKHU.

Yceunurens nocrossHHOro Toka (YIIT

OnepalmoHHbIEe YCUIIUTEIH.

Ycunurenu MOITHOCTHU C BBIXOAHBIM Tp&HC(bOpM&TOpOM.

Ycunurenan MOIIHOCTH 0€3 BBIXOJHBIX TPaHC(HOPMATOPOB.

O|NO oA~

XapaKTEpUCTUKN yCUIMTENEN HU3KOM 4aCTOThI: AMIUIUTYTHAS;
amrnTyHo-4yactoTHas (AYX); dasouactorras (OUX).

OOpatHble CBA3U B YyCUIIUTETISX.

10

JIMHEWHbBIC U HEJIMHEWHBIC MCKAXKEHUS CUTHAJIA B YCHUIIUTCIIAX.
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8.9. 3ananus mo UMNYJIbLCHOW ¥ LM(POBOI ITeKTPOHUKE
Tabmnura 8.14

BAPpHUAHT Tema 3aJaHusA

1 NmnynbCHBIE CUTHAJIBL: BU/IBI CUTHAJIOB; IAPAMETPhl CUTHAJIOB,
napamMeTphl CEPUH CUTHAJIOB; CIIOCOOBI MOTYUYEHUS.

MynpTUBUOpPATOPHI.

FCHCpaTOPBI JIMHEMHO M3MEHSIOIIETOCS HAaIIps>KCHUA.

LC — aBToreHepaTopbl rapMOHMYECKUX KOJICOaHUM.

RC — aBTroreneparopbl rapMOHUYECKUX KoJieOaHui C MocToM BuHa.

OB WIN

RC — aBrorenepaTopsl rapMoHHUecKux Konebanuii C RC
(dazocaBuraromen 1memnbko.

Jlornueckue 3j1EMEHTHI

Tpurrepsl Ha JIOTMYECKUX 3JIEMEHTAX

O 00~

[{udpoBble cCUETYNKH UMITYIBCOB

10 Muxkpornponeccopsl. Ctpykrypa. [IpuHuun neicreus

8.10. 3agaHue Mo JJOrH4eCKUM dJIeMEeHTAM

B cxeme, npuBeneHHON Ha puc.8.23 onpeaeuTh CUTHAJIBI Ha BBIXO/1aX
F., F,, F,.3Hauenue Ha Bxonax X,, X,, X,, X, JaHbl B Ta0x1. 8.15.
Tabmura 8.15

Bapuant Xy [ X, | X5 | X, Bapuant X, | X, | X, | X,
1 0O |]1]0]0 6 1 111110
2 11011 7 1 11101
3 0O J]1]0]O 8 1 1011
4 0O |1]0]0 9 0O |01 0
5 0O J]0jJ0]O 10 1 ]1]1]1
1 T Ex f

X

X 1 1
3

Xy

s

g

Puc.8.23. CxeMa BKIIIOUEHUS JIOTHUECKUX DIIEMEHTOB.
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IMPUJIOKEHUA

[Tpunoxenue 1

CxeMbl BBIIPAMIICHUS U (DOPMBI BBIXOJITHOTO HANIPSKEHUS TIPU aKTUBHOM
Harpyske
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Puc. 41I1. TpexdaszHas ¢ BHIBOJIOM HEUTpaIn

. S
U T1 UAE.:D% £D3£D5 Ioum.i

e At

et
ﬂ i i i }
N LI

Puc. 5I1. Tpexdasznas MmoctoBas

Uc¢ RH

CooTHoOIIeHUS MCXKIY TOKAaMU U HAIIPSXKCHUAMU B BBIIIPAMUTEIIAX

Cxema Boipsiviieust | U, (U o viake | | I I S.p Koadd.

U,e U, i a|M—:)mC ﬁ P, IIyJbCalluu,
% (OBx)
Opnomonynepuoanas | 0,45 3,14 1 3,14 | 1,57 | 3,09 157
Onnodaznas nyneast | 0,9 3,14 051|157 |0,785| 1,48 67
Onnodasznas mocrosas | 0,9 1,57 05157 | 1,11 | 1,23 67
Tpexdaznas nynesas | 1,17 2,09 0,33 1,21 {0,585 1,35 25
Tpexdasznas moctoBas | 2,34 1,05 0,33| 1,05 | 0,817 | 1,05 6

Uo, lo, Po - cpennue 3HaueHHs] BBINPSIMICHHOTO HANpsOKEHUS, TOKA, H
MOIIHOCTH Ha Harpys3Ke.

Uosp.Makc, - AOIMYCTUMOE JUTUTEIbHOE 00paTHOE HANPSDKEHUE, BBIIEP)KUBAEMOE
BeHTHIIEM (OHO B 2 pa3a MeHbIne Unpogos)-

I, - cpeqnuil npsimoil Tok BeHTWIA. Ero macnoptHoe 3HaueHue (HOMHHAJIBHOE
3HAYEHHUE).

U, - pa3Hnoe HanpspkeHne Ha BTOPUYHON 00MOTKe TpaHchopmaropa.

| vaxe - @MIUTUTYTHOE 3HAYEHUE TOKA Yepe3 BEHTUJIb.
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JIMo 16l HU3KOYAaCTOTHBIE

[Tpunoxxenue 2

Tun Ip Uobp Unp loGp f, T, °C
npudopa Makc, A | makc, B Makc, B | makc, MA | kI'n

112 -10 10 100 - 1400 1,35 1,0 1,35 |-50.. +190
112 -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
112 -40 40 100 - 1400 1,35 6,0 1,35 |-50... +190
112 -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
1112 - 100 100 300 - 1600 1,45 20 05 |-60.. +190

61
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