Преподаватель: Клышников Игорь Дмитриевич
Группа 1 ТОС 
Учебная дисциплина: ОП.03 Электротехника и электроника
Дата проведения: 08.04.2020 г.
Тема: Генераторы постоянного тока, двигатели постоянного тока.   Потери энергии и КПД машин постоянного тока.
Время: 2 часа
Лекция
Задание:
1.  Изучить стр.263-272 учебника М.В. Немцов «Электротехника и электроника» При изучении темы можете пользоваться  учебным материалом (Приложение1.), электронными учебниками  и интернет-ресурсами.
2. В рабочих тетрадях по учебной дисциплине ОП.03 Электротехника и электроника написать опорный конспект с ответами на контрольные вопросы.

Контрольные вопросы:
1. Генератор с независимым возбуждением (рис.9.19).
2. Характеристика холостого хода (рис.9.20).
3. Основные достоинства и недостатки.
4. Генератор с параллельным возбуждением (рис.9.23).
5. Характеристика холостого хода (рис.9.24).
6. Основные достоинства и недостатки.
7. КПД машин постоянного тока (рис.9.43).
8. [bookmark: _GoBack]Переменная и постоянная мощность потерь.










Приложение 1. (учебный материал)
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DHeWwHNAs XxapaKkmepucmuka reHe-
paropa ¢ napauiebHbIM BO30YXI€E-
HueM U(I,) npu HeusMEHHON uac-
TOTC BpallleHUus # = n,,, 00JIce 3aBU-
CUMa OT 3HAYCHMS] TOKAa HArpy3Ku
(puc. 9.25, 3aBUCUMOCTD @), 4YeM OfI-
HOMMEHHASs XapakTepUCTHKa TEHEpa-
Lo I, TOP2 C HE3aBUCUMbBIM BO3OYXIEHH-

eM (puc. 9.25, 3aBUCUMOCTD 6). DTO

Puc. 9.25 OOBACHSETCA TEM, YTO IIPU HE3ABU-

CHUMOM BO30YXICHUM CHUXCHUE Ha-

IIPSKEHUST MEXIY BBOLAMU I'€HEPATOpa OIPElENsAeTCA NaacHueEM Ha-

NPSDXCHUST HA CONPOTUBIICHUM LIETTU AKOPSl U peakiMei aKops, a pu

NapajuleSIbHOM BO30OYXIEHHMU €llie ¥ YMEHBLIEHMEM TOKA BO3OYXXIe-

HUSl. YMEHBLICHHE TOKA BO3OYXIEHHS 1P YBEJIMYEHUH TOKA HArpy3-

KU IO PUYIKHAM, aHAJIOTMYHBIM PACCMOTPEHHBIM BBILIE (CM. puc. 9.24),

MOXET IPUBECTU K CPBIBY CAaMOBO30YXIE€HUSI reHeparopa (cM. puc. 9.25,

IITPUXOBAst IMHUSA). TOK Harpy3ku, COOTBETCTBYIOLLMIA CPBIBY CAMOBO3-

OyXneHus, HasblBaeTcs kpumuueckum. Ero TUTIOBOe 3HaYeHME |
= (2_-2’5)IH.HOM'

MakcuManbHOe OTHOCUTENIBHOE U3MEHEHHUE HANpPSDKEHUs reHepa-
TOpa € NapauIeIbHbIM BO30YXIEHUEM TIPU U3MEHEHUM €TI0 HArpy3Ku
B nipeaenax 0< I, < [, .., o (9.8) nocruraer 10—15 %.

XapakTep perynMpOBOYHBIX XaPAKTEPUCTUK T'E€HEPATOPOB C Mapai-
JICJIbHBIM ¥ HE3aBUCUMBIM (CM. puC. 9.22) BO30yXICHUEM aHAJIOTUYEH.

OcCHOBHBIE IOCTOMHCTBA I'€HEPaTOpa C NapaliebHBIM BO3GYyXie-
HHEM — OTCYTCTBUE AOTIOHUTEIBHOIO UCTOYHUKA SHEPIUM [UISl LIETTH
BO30YXICHHS U NMPOCTOTAa KOHCTPYKLMH.

OCHOBHO#1 HeNOCTaTOK — GOJIbLIEC M3MEHEHNE HATPSXCHUS [IPH
KOJIEOaHUsIX Harpy3KH 0 CPABHEHUIO C TEHEPATOPOM C HE3aBUCHUMbIM
BO30YXIE€HUEM.

I H.HOM
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9.17. 3uepreTnueckuin 6ananc n KN mawmx
MNOCTOSIHHOIO TOKa

PaGoTra MaluMHBI TOCTOSAHHOTO TOKA COIMPOBOXIAETCSl NTOTEPAMH B
Hell 3Hepruu.

Ha puc. 9.43, a v 6 npuBeneHs AuarpaMMbl peobpasoBaHust IHEP-
MM B TeHepaTope W JBuratesie, Tae P, — MOIIHOCTb TIOTEPh HA
MEXaHMYeCKOE TPEHHE ILIETOK O KOJIEKTOp, B MNOAUIMITHMKAX U Ap.;
P, — MOIIHOCTb NOTEPD B CepAeYHHUKE sIKOpsi (B CTAIHM), Bpamaome-
rocsi B MArHMTHOM T10Ji€ TJIABHBIX MOJIIOCOB, Ha THCTEPE3UC U BUXpeE-
Bole TOKM; Py, n P, — MOULHOCTH MOTEPh Ha HarpeB NMpOBOLOB
00OMOTOK BO30YXIeHUs U SKOpst; P, — MOIHOCTb 3JIEKTPOMarHUTHO-
ro npeoGpa3oBaHusi B reHepaTope (ABUTaTeNIe) MEXaHUYEeCKO# (3MeK-
TPUYECKOIi) SHEPTMM BHELUHErO UCTOYHMKA B 3JIEKTPUYECKYIO (Mexa-
HUYECKYI0) 3HEprHio (CM. oapasi. 9.4); Pyex — MOILIHOCTH UCTOYHHMKA
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(npueMHMKa) MeXxaHMUYECKOIl HEPTUM Ha BaJly AKOpS reHeparopa (ABH-
ratens); P, — MOWIHOCTD MCTOYHHMKA (NMpUEMHHUKA) NEKTPUIECKOI
SHEPTUM, IOAKITIOYEHHOTO K BHIBOJIAM 1ieny ABUTATENS (reHepaTopa).

KpoMe nepeuncieHHbIX BHIOB ITOTEPh B MallIMHAX ITOCTOSSHHOTO TOKA
CYLIECTBYIOT TPYAHO MOAJAIOHIMECH KOMMYECTBEHHOW OlleHKEe A06a-
BOYHBIE [TIOTEPU IHEPTHHU, HANIPUMEDP, HA TUCTEPE3UC U BUXPEBLIE TOKHU
B MOMIOCHBIX HAKOHEYHUKAX BCJEACTBUE NYNbCALlMM B HUX MATHUTHOU
WHIYKUHMH MOJS U3-33 HAIMYMS MMa30B B CeplevyHUKe BpaInaloIerocs
SIKOpst ¥ JIp.

Paziuyalot nepeMeHHYI0 U MOCTOSIHHYIO, T. €. 3aBUCSILYIO U He 3a-
BUCSILYIO OT Harpy3ku MallMHbI, COCTABJIAIONIME MOLUHOCTU TNOTEPD.

MouwHocme nepemennvix nomeps paBHa MOILIHOCTH IOTEPb B HEIH
sakopst (10 10 % HOMUHATBHOI MOLIHOCTH).

Mouwrocme nocmosintbix nomeps COCTaB/SIIOT OCTAJIbHbIE BUIIBI I10-
Tepb (1o 12 % HOMUHAIBHOIF MOLITHOCTH).

BddekTMBHOCTD MpeoGpa3oBaHusA 3HEPIrMU U3 OJHOIO BUIA B IpY-
roii MalIMHOI MOCTOSTHHOTO TOKa onpexnenserca ee KI1JT

n:%loo %,

1

rae P, 1 P, — MOITHOCTH NMPUEMHMKA M UCTOYHMKA 3HEPTHU.

KIIJ1 MaluMHbl NOCTOSSTHHOTO TOKa 3aBUCUT OT €€ Harpy3ku ¥ HO-
MUHanbHOU MouHocTH. ITpn HoMuHanabHOI Harpy3ke KITJ mammH
Gospiioit momHocTH (1000 kBT 1 Gonee) mocruraer 96 %, a MaluuH
Manoi MomHoctu (o 10 Br) — 30—40 %.
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9.8. NeHepaTop Cc HE3aBUCUMBLIM BO36YyXaEHUEM

B reHepatope ¢ He3aBUCMMBIM BO30YXAECHHEM LIETH BO3GYXKICHMSI
U SIKOPsI 3JICKTPMYECKM pasaeneHnl (puc. 9.19). M3meHeHue Toka BO3-
OyXIEeHUs peocTaToM R, M3MEHSIET MArHUTHBIIN NIOTOK [JIABHBIX TIOJTIO-
coB U rponopuuoHanbHo DIC sikops (9.5)

E,= c;Dn,

[I€ 7 — YacToTa BPallCHUs SIKOPSL.

Xapaxmepucmuka xonocmoeo xo0da ®(I,) wm E, (I,) onpenensier
CBOMCTBA MArHUTHOM LIETIM reHepaTopa Mpy pa3OMKHYTOH LEMH KO-
psl, T.€. ToKe I; =0 ¥ NOCTOSTHHOI HOMUHAJIBHOW YacTOTE €ro Bpallie-
HUsL n=ny,,,. Ha puc. 9.20 npusesieHa TMIIOBasi XapaKTEPUCTUKA XOJIO-
CTOro XOfia reHepaTopa MpY YBEJIMYEHHM, a 3aTEM YMEHBILIEHUM TOKA
BO30YX1eHus. Ha Bocxonsiiiell BeTBM XxapakTepucTuky sHadeHust DJIC
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E, , v MarHuTHOroO 11oToKa ® npu orcyTCTBUM
ToKa Bo30yxneHus I,=0 He paBHbl HYJI0. DTO
OOBACHAETCS OCTATOYHON MAarHUTHOM MHAYK-
1Meil B MacCUBHOM craHuMHe reHepatopa. He-
COBIIAIEHME BOCXOMSIIICH U HUCXOALLIECH BET-
Bell XapaKTepUCTUKH XOJIOCTOrO Xoja OObsC-
HSIETCS MarHWTHBIM THMCTEPE3UCOM (CM. puC.
3.10). OcraroyHasi HAMarHUIEHHOCTb Ha HUC-
XONSIIIEN BETBM XapaKTEPUCTUKK HEYCTONYM-
Ba U IOJ AECHCTBHEM MEXaHUYECKUX BUOpa-
L ¥ 1pyrux pakKToOpOB YMEHBLIAETCA 10 3HA-
YeHUI1, COOTBETCTBYIOLIMX HaYaJlbHbIM YCJIO-
BUSIM. YMEHBLICHUE U3MEHEHUI otoka @ u
DAC E,, npu 3HaYCHUsIX TOKa BO3OYXICHUS
L> I, OOBICHAETCA HACBIIIECHUEM MarHut-
Hoii neru. Ee paccuuThiBaloOT Tak, YTOObI Ha
yCpEeIHEHHOM XapaKTEPHCTUKE XOJIOCTOro

Puc. 9.19

X0j1a, OTMEYEHHOI Ha puc. 9.20 WUTPUXOBOM JIMHKEH, HOMUHAILHOMY
3HAYEHUIO TOKa BO3OyxuneHus: I, = I, COOTBETCTBOBA] HOMMHAJIb-
HbI MarHUTHBIA 1TOTOK @ = @, Ha rpaHUIe HAaChILICHHOrO U HEHa-

CBILIIEHHOI0 COCTOAHUSA MarHUTHOM Lenu.

Brewnss xapaxmepucmuka (puc. 9.21) olpenenser CBOMCTBA reHe-
patopa, K BHIBOIaM KOTOPOro IOK/IIOYEH IPUEMHMK C CONPOTUBIIC-
HIEM Harpy3Ku R,, IPU HOMUHAJILHHX 3HAYEHMSIX TOKa BO30YXICHNUS
I, = I o,y V1 9ACTOTBI BPALLEHUSI SIKOPSL 1 = Myoy

U= Eﬂ - Rﬂlﬂ’

roe R, — cONpOTHUBIICHUE LIETIM IKODSL.

Eox n=nyon; I,=0
Eﬂ.X.HoM
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Bl U= Ujopg n=Nyom HEIUMHEUHOCTh XapaKTepuctuku U(L)
OOBACHSAETCSI YMEHBLICHMEM MarHUTHOTO

—_—T [0TOKA IMABHBIX TOJIIOCOB MAlMHBI I1PU

y : z YBETUYEHUU HATPY3KU BCJIEICTBHUE YBEIN-
g : st YCHUSI peakLu sKops (CM. puc. 9.15).

) | MakcuManbHOE OTHOCUTEIBHOE U3ME-

0 Liwow 1, HEHue Harnps>XXCHUA reHeparopa ¢ Hesa-
BHCHMbIM BO36Y)KJICHI/ICM Ipy USMCHECHU-

Puc. 9.22 SIX €ro Harpy3ku B rnipepenax 0< [, < L om
AU = le‘/” Uyom 100% = MM]OO% (9.8)

uMmeeT 3HadeHue 5—10 %.

Yt1o6bl BHEILIHSIS XapaKTePUCTHKA TeHEpATopa HE 3aBHCEsa OT TOKA
Harpysku, HEOOXOMUMO PEryIUpOBaTh TOK BO3OYXKAECHISL.

Pezynupoeounoii xapakmepucmukoii zenepamopa Ha3bIBacTCSl 3aBU-
cuMocThb Iy(1;) IpU HOMUHAIBHBIX 3HAYCHUSIX YaCTOTH BpALCHUS
n— Ny, W HANIPSLKEHUS1 MeXAy ero BbiBopamu U = U, (puc. 9.22).
IMpu Toke saxops I, > I . TOK BO30YXICHUSI FeHEpaTopa OLICTPO yBe-
JIMYHABAETCS BCJICNCTBUE HACBIIIEHUS! €0 MATHUTHOM 1IEIH.

OCHOBHOE JOCTOMHCTBO I'€HEPATOPOB C HE3aBUCUMBIM BO36yxXie-
HHEM — BO3MOXHOCTb PErYIMPOBAThL HAIIPSIKCHUE MEXKAY €ro BLIBOIA-
MU B LUMPOKMX TIpenesiax.

OCHOBHOI#! HEIOCTATOK — HEOOXOAMMOCTD B JIOTIOTHUTEIIBHOM UC-
TOYHHKE SHEPruM JJIs1 LENM BO3OYXKICHUS.

9.9. lNenepaTop ¢ napannenbHbiM BO36yXaeHnem

B reHepatope ¢ napajuiesibHBIM BO30YXAEHUEM LIETTH BO3OYXICHUS
¥ SIKOPSI COEIMHEHBI Napa/uiesibHO (puc. 9.23). O6MoTKa BO3OYXICHYS
Wyap COACPXMT OOJNBILIOE YHCIIO BUTKOB U BBIIOJHSETCS NMPOBOIOM
MaJIOTO CEYCHMSL.

Ilpy nycke reHepatopa Ui CO3AaHUSI MATHUTHOTO TOTOKA IIaB-
HBIX NOTIOCOB TIPUMEHSETCS CIIOCO0 camoeozbyxucdenus. CyLHOCTb €ro
3aKJIIOYACTCA B CIEAyIolleM. B MarHUTHOI 1ienu reHepaTopa 3a cuer
MaCCUBHOM CTAHWHBI COXPAHSIETCSl OCTATOMHAass HAMarHWYEHHOCTD M,
COOTBETCTBEHHO, OCTATOYHBI MarHUTHBIN TOTOK [JIABHBIX I1OJIIOCOB
(mo 3 % nomuHanpHOrO 3HaYeHust). [Ipu BpaleHK SIKOpsI reHepaTopa
TICPBUYHBIM JIBUTATeJIEM OCTATOYHbIH MAarHUTHBIIH IOTOK MHAYLUPYET
B ero 0bmMoTke HeGonbulyio DJIC E,. Mon neitictBuem DIIC yBennuupa-
€TCsl TOK O6MOTKM BO30OyxaeHust u ee MJIC. Ecnu HanpasieHus neil-
creust MJIC 1 0CTaTOYHOro MarHMTHOIO I10TOKa COBIIAAAIOT, YTO [I0C-
TUTAETCsl COOTBCTCTBYIOLLIMM BKJIIOYEHUEM OOMOTKH BO30OYXICHHS B
HENb, TO MarHUTHBIN [MOTOK MIABHBIX MOJIIOCOB YBEINYUBACTCS, VH-

236




image4.png
nyuupy4 6onbiiee 3HayeHUe DI C sikopsi. YBenuuenue JAC L, BbI3bI-
BaeT JICJIbHEIIIEE YBeIMYEHME TOKa Bo30yxneHus U T.11. IIporecc ca-
MOBO30YXIE€HHs OrpaHUYMBAETCS] HACBILLIEHMEM MarHUTHOM Le1U Ie-
HEpaTopa U B PEXMME XOJIOCTOrO XOA1a, T.€. [IPY Pa3OMKHYTOMH LIENU
HarpysKu ' OIpeacssiercs YCJIOBHEM

E =R+ R, + R) 1, (9.9)

rne R,, R, 1 R, — COMpOTHBJCHNs OGMOTKM BO30YXICHHSA LIETH KO-
ps ¥ peryJIMpoBOYHOro peocrtara; E,, — DIIC akopst B peXHUME X0N0-~
CTOro XOja.

Xapaxmepucmuxa xoa0cmoeo xoda eenepamopa E, (1) npu HOMU-
HAILHOM YacTOTE BPAILCHUSI N = M, M TOKe Harpysku [, = 0 (puc.
9.24) cosrnagaer ¢ OIHOMMEHHOM XapaKTepUCTUKOWU reHepaTopa ¢ He-
3aBUCUMBIM BO36yX1eHueM (cM. puc. 9.20).

IMepeceueHNe XapakTEPUCTUKY XOJIOCTOTO XOM1a M JIMHEWHON 3aBU-
cumocTH (9.9) onpenensier pexum paborbl (cM. puc. 9.24, Touka A)
reHeparopa ¢ rapauieJIbHbIM BO30YXXICHUEM B PEXUME XOIO0CTOro XOA1a.
[1pw yBemMueHUM conpoTuBieHus Lieru Bosoyxaenust IC E, , yMeHb-
maetcsi. [InasHoe ymeHblieHue DAC E;, NPOUCXOAUT IO TOUYKH A,
Koraa JIMHEHHasi 3aBucHUMocTh (9.9) npakTuyeckd COBMAnacT ¢ Ha-
JaJbHbIM Y4aCTKOM XapaKTepUCTUKH XOJIOCTOrO Xoja. JanpHeiiuee
HE3HAYMTEJILHOE YBEJIMYEHME COMNPOTMBIECHUS LEMU BO30OYXICHUS
NPUBOAUT K pe3koMy ymeHblleHuto SJIC E,;, ¥ HanpsxeHus: Mexny
BbIBOIAMU reHeparopa. COOTBETCTBYIOLLEE CONPOTUBIICHUE LIENU BO3-
OyXICHHUSI HAa3bIBACTCSI KPpUMUHECKUM.
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