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Методические указания для студентов по проведению практических занятий по учебное дисциплине «Электрические машины и аппараты» предназначены для приобретения студентами соответствующих профессиональных умений, предусмотренных Государственными требованиями к минимуму содержания и уровню подготовки выпускников Медногорского индустриального колледжа по специальности  13.02.11 «Техническая эксплуатация и обслуживание электрического и электромеханического оборудования (по отраслям)»

Методические указания разработаны с учетом «Требований к разработке методических указаний для студентов по проведению лабораторных работ и практических занятий по техническим специальностям среднего профессионального образования. Москва: Издательской отдел ИМЦ СПО, 2000.-16с.

В данных методических указаниях приведены примеры расчетов основных параметров наиболее распространенного в металлургии тяжелых цветных металлов механического оборудования для дробления рудного сырья (щековых и конусных

дробилок), металлургического оборудования (шахтных печей для окислительной

плавки на штейн и переднего горна), оборудования для улавливания грубой (циклонов) и тонкой (рукавных фильтров) пыли, механического оборудования для транспортирования металлургического сырья и полупродуктов (ленточных и винтовых конвейеров), а также оборудования для гидротранспорта тонко измельченного сырья.

В результате проведения практических занятий студент должен

знать:

приемы и последовательность проведения расчетов параметров механического оборудования металлургических предприятий цветной металлургии;

— литературу в которой приводятся примеры расчетов данного оборудования.

уметь:

работать с этой литературой, осуществлять необходимые расчеты параметров механического оборудования металлургических заводов и, на основе этих расчетов, выбирать требующееся оборудование.

[image: image1.jpg]Beenenne

OnexTpuHKalKs HAPOJHOTO XO3SHUCTBA SIBISETCS CTEPIKHEM yCKOPEHH S Hayd-
HO-TEXHHYeCKOTO IIporpecca. Bemyiuee Mecto B 3TOM IIpoIlecce 3aHAMAIOT SIeKTPH-
YE€CKHE MAllIMHBI — JIIEKTPOMEXaHUIECKHE yCTpOﬁCTBa, OCYIIECTBIISIIOIIAE npeoﬁ-
pa3oBaHMe MEXaHWYECKOH IHEPIUH B SIEKTPHYECKYIO (TeHepaTopkl) Uil Ha060poT
JEKTPHIECKON — B MEeXaHU4YeCKy1o (aexrpozsurarein). Ocoboe MecTo B U3y4eHHU
JIAaHHOTO Kypca 3aHHMAlOT CHUIIOBBIE TPaHCGHOPMATOPEI — YCTPONUCTBA, BBIIOIHSIONIAES
Ba)KHYIO POJIb B IIPOLIECCE MepeIaddl U paclpeiesieHus alekTposHeprun. Kpome yka-
3aHHBIX yCTpOI;‘ICTB, ,I[aHHLIﬁ KypcC IpeyCcMaTpuBacT U3Yy4YCHUE Pa3IAIHbIX JIEKTPO-
MaITHHHBIX YCTPOKMCTB, MPUMEHAEMBIX B aBTOMATHKe (MCIIOJHHTENbHbIE IBHTaTelH,
TaxoreHepaTophl, MallUHEI CHHXPOHHOI CBSI3H, BpallaroIiecs: TpaHChHOpMaTopsl &
ap.).

OcHOBHbIE 3a/]a41 Kypca: SICHOe TOHNMaHue GH3UUeCKUX IPOLECCOB, IPOUC-
XOAAUIMX B OJIEKTPUYECKUX MalllMHaX U 'rpch(i)opMaTopax, H3YYCHUE yCTp()fICTBa,
YMeHHe aHaJTM3UPOBATh SKCIUTyaTal[HOHHBIE CBOMCTBA H JeIaTh PACYeThl 171 Olpesie-
JIEHHs OCHOBHBIX [IapaMeTPOB YKa3aHHBIX yCTPOHCTB.

Iposenenue 1abopaTopHEIX paboT NpenycMaTpUBaeT He TONBKO YMEHHE BEI-
MONTHUTH CXeMY BKJIIOUEHHS DIIEKTPUUECKON MAIlUHbI, @ TAKKe ITyCKOperylInpyromei
u H3MepI/ITeHBHOﬁ anaparypsl, HO ¥ YMEHHE BBIITOJIHUTE SKCIIEPUMEHT 10 na60pa—
TOPHOMY HCCJIeIOBaHMIO U 06paboTaTh ero pe3ybTarhl, MOCTPOUB IPahUIecKy
OCHOBHBIE XapaKTepPHCTHKH.

JlaHHBI IpeMeT u3ydaeTcst mocie « TeopeTHyecKuX OCHOB H1eKTPOTEXHHKID
H, B CBOIO OYepeNIb, SIBNAETCs 6a30BBIM I M3YUESHHs CIIEAYIOIINX CIellHaTbHbIX
[IpeIMeTOB «DNEeKTPUIeCKHil IPUBOLY», « DIEeKTPOoGOpyIOBaHMe IPOMBIIIIEHHEIX
TIPeJIPHUATHI ¥ yCTaHOBOK», «MOHTa)X H PEMOHT 3JIEKTPO0OOPYI0BAHHUA, «DJIeK-
TpocHabKeHHe IPOMBIILICHHBIX IPEINPHUATHI H yCTaHOBOKY.

BBHINOJTHEHHIO PaCYeTHOI YacTH KOHTPONMBHEIX 3a/IaHUH JIOJDKHO [Ipe/ilecTBO-
BaTh U3ydeHue Teopur. OpraHu3osars 3Ty paboTy Lenecoobpa3Ho B CeAYIOIIeM Mo-
psnKe:

1. Xopormo ycBouTs GQU3UYECKYIO CYIHOCTD SABIEHH, IIPOUCXOJSIIEM B TOM WK

HMHOM yCTpOM}CTBe.

2. Pa3o6parhest ¢ KOHCTPYKIMeH MalIiHbl K TpaHchopMaTopa, oOpaTus BHAMA-

HHe Ha MaTepHaJlbl, IPUMEHseMble L1 H3TOTOBJICHH)S AeTajlel.

3. W3yuuTh paGounii IpoOLecc B 3NEKTPUYECKOIl MallHe, PACCMOTPEB CIIOCOGH!
ycKa M peryJMpoBaHys 4acToThI Bparuerusi. Ocodoe BHUMAHKE ClieyeT oOpa-

THATHb Ha HOMHWHAJIbHbIC ITapaMeTphl MallliHbl, OCHOBHEIC XapaKTepUCTHKHA K

aBapHﬁHLIe PEXUMBL.

TMocne caMOCTOSITeNIBHON IPOPaGOTKH TEOPUH MOXKHO IPUCTYITHTE K BBIIIOJHE-
HHIO KOHTPOJIbHBIX 3alaHHH.

Bcero mpeaycMOTpeHO /iBa KOHTPOJIBHBIX 3aiaHus, Kaxaoe B 10 BapuanTax.

() TepBoe U3 HUX TOCBsIIEHO TemMaM: «TpaHcGopMaTOPED) M K ACHHXPOHHBIC JIBUTaTe-
T U Bcﬁmpoe KOHTPOJBHOE 33/[aHUe BKIIOUeHD! TeMbl: « CHHXPOHHbIE MaIIMHBD) K
«Ko11eKTOpHEIE MaITHHBI IOCTOAHHOrO ToKay. Kask10e KOHTpobHOE 3a/1aHHe
NpejlycMaTpyBaeT pellleHHe YeThIPeX 3a/1ad.
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1.1 OCHOBHbIE MOHATUA

B npotecce paGoTbl opHoasHoro ABYX0B6MOTOYHOrO
TpaHcdopmaTopa B ero MarHuronpoBoae HaBOAWTCA MNEepeMEHHbI
MarHWTHbIA noTok (puc. 1.1). OcHoBHas YacTb 3TOro NoToka ®y.x (MakcuManbHoe
3HaueHne), cuennssce ¢ obBmoTkamu TpaHccopmaTopa, WHAYUMPYET B
HUX nepemeHHble O3[C, AeiCTBYOLME -3HAYEHNUSA KOTOPbIX PaBHbI:

nepsuyHas

Ey = 4,440,510,
BTOpuYHasa 34C

E. = 4,440,510,

roe [, - yacTota nepemeHHoro Toka, Il W; M Wy - YACHO BUTKOB B
nepBuUYHON 1 BTOPUYHON 0BMOTKax TpaHcdopmaTopa.
MakcumanbHoe 3HayeHe OCHOBHOrO MarHMTHOro notoka. B6.

q]Ma)( = BmaxQCrKC.

rhe Bpax - MakcumanbHOe 3HauYeHWe MarHWUTHOW WHAYKUMU B CTEpKHe
manwTonposoga, TN, Qy - Nfowaab  MOMEPEYHOro  CEYEHUS  CTEepXHA
TpaHcchopmatopa, M% K, - KO3(UUMEHT 3anonkeHHs MarHMTOMpoBoaa
CTanbto, KOTOPbIN Y4YUTHIBAET TOMLLUMHY U3OMSLMOHHBIX NPOCHOEK

Puc. 1.1. OgHodasHbIi ABYX0OMOTOYHBIN TpaHchopmaTop



[image: image3.jpg]MeXAy NNacTMHaMK 3neKTPOTeXHUYECKOW cTanu, npu TonwuHe nnactuH 0.5
MM OBbIYHO NPUHUMAIDT K, 0,95.
Pasnvune B 3HauveHusix OOC E; u E; BbI3BAHO HEOAWHAKOBBIM YUCIIOM
BUTKOB B MEPBUYHON W; U BO BTOPUYHON W, 06MOTKax TpaHcdopmaTopa.
OTHoweHne 3OC o6mMoTkM Bhicluero HanpskeHua k 30C o6MoTku HusLero
HanpsKeHUs, PaBHOE OTHOLLEHWIO YMCer BWUTKOB 3TUX OOMOTOK, HasbliBatoT
KO3 hMLNEHTOM TpaHchopMaLmm:

k=E{/E;=wq /Wy

TpaHchopMaTopbl XapakTepU3YOTCA CreayoLWLVIMU NapaMeTpamu: nonHas
MOLLHOCTb NepBuYHoO o6moTku, B « A,

S1= U1/1

roe Ui - NEPBUYHOE HaNPSXKEHUE; /x — NEPBUYHBIV TOK;
nonHasi MOLLHOCTb BTOPUYHOW OGMOTKH, B * A.

Sg= U2I2

U3  BTOpUYHOE HanpspkeHue; [, — BTOPUYHBIA TOK.
Tak kak noTepu B TpaHcdopMaTope HEBENUKW, TO 332 HOMUHAMNbHYO
NOMHY MOLLHOCTb TPaHchopmaTopa NPUHUMAIOT:

SHDM = U1HDMI THom = UZHOMIZHOM

TpaHcdopmaTtop, Y KOTOpOro napameTpbl BTOPUYHON Lienu NpUBEAEHb! K
4yuCry BWTKOB TMEpBUYHOW OOMOTKM W, , HasblBalT IPUSEOEHHbIM
mpaHcgopmamopom. Takomy TpaHcopmaTopy COOTBETCTBYeT —3rieKT-
pudeckas cxema sameLleHmns (puc. 1.2) n OCHOBHbIE ypaBHEHNSA:

Uy =(-Eq) + 1121 =( 'E1)_ *jlixe+ iy 5
U =E— I3’y =E'y — jl'ox’s - I'af2 §
1= lg+-1").

NHAYKTUBHbIE CONPOTUBIEHNS NEPBUYHON X4, U BTOPUYHOW X2 0BMOTOK
o6ycroBneHbl noTokamu paccesHnsa Pqimn dqp (M. puc. 1.1).




[image: image4.jpg]B pexuMe XonocToro xona ToK B NepBUYHOH 0GMOTKe /15 0BbIYHO
cocTaBnsieT Hebonbylo BeNIMYUHY OTHOCUTENIbHO HOMUHANBHOTO
3HAaYEHUs! ITOTO TOKa U MNOITOMY NaAEeHUsIMU HaNpPsHKeHUA B NepBUYHON
06MOTKE MOXHO npeHebpeyb BBUAY UX HE3HAYUTENBHOCTU U NPUHATL

Ha ocHoBaHUM cXeMbl 3aMeLieHUs U OCHOBHbIX YPaBHEHUIA CTPOSAT
BeKTOPHYIO Auarpammy TpaHcdopmartopa. Yron casura das mexay 3[C
¥ TOKOM BTOPUYHOW OOMOTKU 3aBUCUT OT aKTUBHOIO U UHOYKTUBHOTO
COMpPOTUBIEHUI Harpysku TpaHcdopmaropa v onpenenseTcs
BblpaXeHnem:

» §
R = aretg x}/R),
rae  x, = xi *xl; Ri =

3Hak «nnoc» B hopmyne COOTBETCTBYET MHAYKTUBHOMY Xapakrepy
Harpy3ku, a 3HaK KMUHYC» - EMKOCTHOMY.

®dopmyrbl NpUBeAeHUs NapamMmeTpoB BTOPUYHOW Lienu: TOK
BTOPUYHON OOMOTKHM

;: = [ /)

3AC v HanpsxkeHUe BTOPUYHON OOMOTKHM
El=E(wi/wy) U] =Uy(wy/wy)

aKTMBHOE W MHAYKTUBHOE CONPOTUBIEHUSI BTOPUHHON OOMOTKM.
rnonHoe conpoTuBrieHUe BTOPUYHOW OBMOTKM

Z;,, =z, (w;/w, )

nosiHoe CoNnpoTUBNeHWe Harpy3ku

Zi = zx(w /w,)?

WU3meHeHue HanpsikeHna Ha BbiBogax BTOpM‘iHOﬁ 06MOTKHM
TpaHccopmaTopa:
npu HopManbHOW Harpyske
AUygy = Uy cOs @y + Uy, sing,
rae Uyy = Uea/ Usand100; Uy = (U /U200 )100; Uy = (U /Uy 00) 100

npu nobow Harpyske
AUyow = B(Uy, cos @ + Uy, sing, )

roe ff = ]z/]z e Ko3hpULIMEHT Harpy3ku TpaHcgopmMarTopa.

KNA rpaHcdopmaropa npu ntoboi Harpy3ke onpeaensiercs
BbIpaXeHUeMm
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BSuou 0592 + Povens + BPrson
rae  Poww- MOLWHOCTb  XOMOCTOrO XoAa TpaHcdopmaTopa npu
NOMUHANbHOM MEPBUYHOM HAMPSHKEHUM, PaBHAs MOLUHOCTM  MarHUTHbIX
notepb. BT: Py yom - MOLLHOCTb KOPOTKOrO 3aMblKaHWsi NP HOMUHASBHbIX TOKax
B 06MOTKax TpaHcchopmaTopa, paBHast MOLYHOCTY 3neKTpUYeckux noteps, BT.
MOLLHOCTE MarHuTHbIX MOTEPb MOXHO OMpPedennTb 4Yepes YyAernbHble
MarHUTHbIE NOTEPU, T. €. MarHUTHbIE NOTEPU B 1 KI SNEKTPOTEXHUYECKOW cTanu.
Ona xonopgHoKkaTaHoW TEKCTYPOBAHHOW NUCTOBOW 3MEKTPOTEXHUYECKON cTanm
mapku 3411 TonwmHoi 0.5 MM. M3 KOTOpoW usroTaenueaeTcs GonbLIMHCTBO
CcepaeyYHVKkoB  TpaHccopmaTopoB  OOLUero HasHayeHuss npu  yacTtoTe
nepemeHHoro Toka 50 'l ¥ MakcUManbHOR MarHUTHON UHAYKUMK Byax = 1,5 Th.
yAenbHble MarHUTHble noTtepu coctaenstoT J1 /50 ~ 2.45 Br/kr.
OnekTpuyeckue notepu B 06MOTkax TpaHcdopmaTopa MnpyW HOMMUHaNbHO
Harpyske MOXHO OMpefenuTb, €eCNM  M3BECTHbl 3HAYEHUs  aKTUBHbIX
COMpPOTUBIIEHN A OBMOTOK M HOMUHAMNbHBIE 3HAYEHUA ro KOB B 0BMOTKaX:

P, = Py#+Pa= ml?ir, + mi?or,

HawnGonbLuee 3HavyeHune KINO cooTseTcTBYET KOS(PDULIMEHTY rpy3Ku

B’Z \/ POHDM/ PKHDM

KoTopbIiA 06bI4HO cocTaensAeT 0,45 -0,65.
MakcumaneHbii KM paseH:

B'Sion COSP2

o= ————
= B7S10n €05P2 + 2P0 10x

Mpu BKMHOYEHUN HECKOMNbBKUX TPAHCOPMAaTOPOB Ha Ha rnapasiesbHyo
pabomy (puc. 1.3) pekomeHayeTca cobnofeHne cneayownx ycrnosui;

g
i}




[image: image6.jpg]TPaHCHOPMATOPHI JOTKHEI MMETh OJUHAKOBEIE Koo GHIMenTs Tpanchopma-
um;

TPaHC(OPMATOPEI NOIDKHEI IPHHAIEKATH K OHOMH rpyIIIIe COeNHEeHHSI;
TPaHC(OPMATOPEI JOIKHBI HMETb OJMHAKOBBIE HaIPsKEHUs: KOPOTKOTO 3aMBIKa-
HUS;

HOMHHAILHBIC MOIIHOCTH TPaHC(HOPMATOPOB I10 CBOMM 3HAYEHHSIM HE A0TIKHBI
pasnuyarbes Golee YeM B TpH pasa.

Hapymenne nepeuncienHbix ycioBmii BeeT k BO3HHUKHOBEHHIO YPaBHHUTENBHBIX
TOKOB B L[ENA 06MOTOK NapaieNbHO BKIFOYEHHBIX TpaHchopMaTopos. DTo BIHsET
Ha pacrpeie/IeHne Harpy3Ku MexJy TpaHcdopmaropamu. B urore onuu TpaHc-
(OpMaTOPbI OKA3BIBAIOTCS HEAOTPYIKEHHBIMH (X Harpyska CTaHOBHTCS HAMHOTO
MEHbIlIE HOMUHAIIBHOM), a IPyrie — reperpykeHusMu Tak Kak neperpyska
TPaHC(OPMATOPOB HEIOIYCTHMA, NPUXOAUTCS yMEHBIIATH oby1o Harpysky
TPaHC(POPMATOPOB, UTO BEMET K HEJOHCIIONB30BAHMIO TPaHC(HOPMATOPOB U CHUKAET
X SKOHOMMYECKHe NoKasaTen. Ho mpH sHaYMTEIBHBIX OTKIOHEHHSIX OT YKa3aH-
HEIX YCJIOBHIT BK/IOUEHHE Ha [IapalleNbHyTo paboTy OKasblBaeTCs HEZIOITYCTUMBIM,
TaK KaK BEJIeT K BOSHUKHOBEHHIO aBAPUIHOM CHTYaTIHH.

O61ias Harpyska napantensHo paGoTalow X TPaHC(HOPMATOPOB [PH TOUHOM CO-
GIIfoieHHH BeeX yCloBwii apayuenbHoi paboTHI pacrpeneseTes MexKLy HEMU
HpONOPUHOHATEHO HOMUHATBHBIM MOLLHOCTSM 3THX TpaHcpopmaropos. Ho ecin
apaJliebHO BKIIOYEHB TPAHCHOPMATOPBI PA3THIHOA HOMHHATEHON MOIITHOCTBIO,
TO HX HANPSKCHMS KOPOTKOTO 3aMBIKAHNS, KAK PABHIIO, HEOAMHAKOBHI. C yueToM
BO3MOJHOI0 HEPaBEHCTBA HANPSKEHUH KOPOTKOTO 3aMbIKAHHS HATPY3Ka JIOGOro
43 NapajlIeibHO BKIIOYEHHBIX TPaHCYOPMATOPOB ONpe IelsieTcs 1o popmyite:

SSenon

Sy =g
" Uk Z(Snon/ Unar)

TI€ E(Sppul Ui} = Grione/ Usy) + (Sppuoae/ Upr) +.-.; Sx— Harpyska ofHOIO U3 Tiapain-
JIeNIbHO PaboTaIoMHX TpaHChOpMATOpoB, KB * 4; S — obmas Harpyska Bcew Ia-
palLIeNbHOM rpyIIIbl, KB * 4; U, ,— HanpsuKeHHe KOPOTKOro 3aMbIKAHHS JIAHHOIO
TpaHcPopMaTopa, %0; Sypo, — HOMHHAIIBHAS MOLIHOCTD JAHHOTO TpaHchopMaro-
pa, KB =* A,

B asmompancgpopmamope (puc. 1.4) My IEPBUYHOM M BTOPUYHON LEMAMH
TIOMHMO MarHuTHOMU CBI3H CYILECTBYET ellle U JJIEKTPUYECKAs] CBS3b. Obbsacusercs
9TO TEM, UTO B aBTOTPAaHC(HOPMATOPE MMEETCs BCEro JIUILIIb OTHA 0GMOTKA (Ha Kask-
IyIo (asy), 4acTh BUTKOB KOTOPOH IIPHHAIIEKHUT KaK IePBHYHOMN, T2K H BTOPUYHON
uensiM. PacdeTHas MOIIHOCTE aBTOTpaHC(OPMATOpA COCTABIISIET JILIb YACTH npo-
XOJIHOM MOLIHOCTH, TepeaBaeMolt U3 IepBHIHOf! LenH Bo BTOpHUHYIo. JIpyras
4acTh 5TOH MOIIHOCTH NEPEeACTCs U3 IEPBHYHOH BO BTOPHUHYIO




[image: image7.jpg]b Puc. 1.4. OnHodaseblii (a) u Tpex-
Gasznrri (6) aBToTpanCdOpMaTOpHI.

U
a b ¢
uenb 6e3 yJacTHst MArHUTHOTO TIOJIST 38 CYEeT QICKTPHIECKOH CBA3M MEX/y LENsIMu
aBToTpanchopmaropa:

Sop =Uafy = Uy (s + J15) = Uy [y + Upfy, = S, + Spaca

rae S, = U, ], - mommocts, Tiepe/iaBacmast U3 EPBUYHON LeTH aBTOTpaHc(hopmaTo-
Pa BO BTOPHIHYIO 32 CUET 3JIEKTPUYECKOH CBI3H MeX/ly STHMH LeIsIMH;

Space = UsJ13 - pacueTHas MolmHOCTS B aBToTpaHc(opmarope.

Taxum 06pasomM, pacueTHAS MOITHOCTS COCTABIISET JHIIb YACTH BOEH MOIIIHOCTH,
TiepefiaBaeMol i3 IePBHYHOM IIeNH aBTOTpaHchOpMaTopa Bo BTOPHYHYIO. DTO AaeT
BO3MOXHOCTB JUI H3rOTOBJICHHS aBTOTPaHC(OPMATOPA MCIIONB30BATH MATHUTO-
TIPOBOA MEHBINEro CeYeHH s, 9eM B TpaHc(opMaTope paBHOH MomHocTH. [Tpy sToM
34 CHET yMCHBIIEHHOTO CEYCHHs CepIeYHIKA CPE/IHSS IIHHA BUTKA OGMOTKH TAIOKe
CTAaHOBHTCS MEHBIIIE, &, CIe0BATENbHO, COKPAILAETCs PACXO/] MEH HA BBITONHEHHE
00MOTKH aBTOTparcdopmaTopa. OHOBPEMEHHO YMEHBIIAIOTCA MArHHTHDIE U 3MeK-
Tpudeckue notepu, a KI1J1 aprorpancopmaropa 1o cpasrento ¢ A8yxoGMoTou-
HBIM TPaHC(OPMATOPOM PaBHOH MOIITHOCTH [IOBBIIIIAETCS.

Taxum o6pasowm, aBroTpancdopmarops! mo CPaBHEHHIO ¢ TpaHchopMaTopamu
00J1/1a10T CITe/lyIOIIMHE IPEHMYIECTBAMH: MEHbIIHM Pacxo/ioM aKTHBHBIX MaTe-
PHATIOB (Me/Ib | SJIEKTPOTEXHUUECKAs CTAllb), GoJlee BHICOKHM KIIT, MeHbmmMu
Pa3MepaMH H, CIIe0BATeNIbHO, MEHBIIIEH CTOUMOCTEIO.

YKa3aHHbIe MPEHMYTIECTBA aBTOTPaHC(OPMATOPOB TeM 3HaYUTENbHEe, YeM GoJIbIe
MOILHOCTS 5, Tlepe/jaBacMast 32 CUeT SNeKTPUUECKOii CBAH MeX Ty 06MOTKaMH, a,
CIIEAOBATENLHO, YeM MEHBLIE PACYETHAs YACTb S,y IPOXOJHOK MOLIHOCTH aBTO-
TpaHcdopmaropa.

Mommocts S, mepenaBaeMas U3 nepBHYHON Bo BTOPHYHYIO LIeTIb 38 CUET JIIeK-
TPUYECKOH CBA3M MeXY STHMH L[EISIMH, OIIPE/IeIACTCS BHPAKCHHEM:

S = U.)y = UL]Z/kA = np/kA

T.€. 3HAYCHHE STOH MOLIHOCTH OGPATHO NPOMOPIHOHATEHO k03¢ HIHEHTY TpaHc-

5/5 ¢opmanun aBroTpancdopmaropa k.

i Us rpaduxa (puc. 1.5.) Buaso, 4To npumenenue

08 \ ABTOTPaHCHOPMATOPaA JAET MPEUMYIIECTBA TI0 CpaBHe-

06—\ HHIO [IByXOOMOTOYHBIM TPaHCHOPMATOPOM JIHIIb [IPH
\ HEeOONBIINX 3HAYCHHSX KO3 uIMenTa TparchopManun

04 o ky < 2. Hanpumep, npu k, = 1, Best MowHOCTS aBTo-

TpaHc(opMaTopa NepeaeTcs BO BTOPUUHYIO L[EIb 3a

CHeT JJIEKTPHIECKO CBi3M Mexc /Ty nensvi (S, /S, = 1).

1 2 3 4 5 K IlpuGonsumx suauennsx kospdumenta rparcdopma-
LMH [IEPEYHUCIIEHHbIe JIOCTOMHCTBA YCTYTalOT ero

Puc. 1.5. 3aBucumocts S, /S, HENOCTaTKaM.

0T ko3 uumenTa Tparcdop-
Mauuu aBToTpancdopmaropa

0,2




[image: image8.jpg]U3 Hux Haubonee CyIeCcTBEHHBIMH SBISIOTCS:

>

Manas BeuuHa CONPOTUBIEHUS KOPOTKOTO 3aMbIKAHUS, UTO ABISETCSA
TIPHYMHON 3HATUTENHHBIX TOKOB KOPOTKOIO 3aMBIKAHHS B CJIyYae [IOHH-
XKAIOIIETo aBTOTpaHchopMaTopa;

Hanmraue anextprraeckoit cBsisu Mex Ty nepBrdHOi 1 BTOPUYHOM LETISIMH,
9TO Be/IeT K HeOOXOIMMOCTH [PUMEHEHUS 10TOTHUTETBHBIX 3aIIUTHBIX Mep
JUts 06CITy)KHBAIOIIETO IepcoHana i pu6opoB Ha CTOPOHE HU3KOTO Harnps-
JKEHHMSI OT IE€HCTBHS BHICOKOTIO HAIIPSKEHHUS.



[image: image9.jpg]3anaua Nel

Tpexdasublii Tpanchopmarop trna TM — 400 umeer creayromnue
TeXHHYECKHe TaHHble:

Homunanehast moraocTs SH =400 kB * A

Homunansnoe nepsuuHoe Hanpsbkenne Ut - 6 kB

Homunanbnoe BropudHoe Hanpsikenne Uz = 0,4 xB

IMorepu xonocroro xona PoH=1,8 kBt

Tlorepu xoporkoro 3ambikanus PkH = 5,5 kBt

Hanpsxenne koporkoro samsikanus Uk = 4,5%

Kosddumment Momnocti norpeburens cosgz - 0,8

Kosdduuent 3arpysku Tpancdopmaropa 3 = 0,7

Coennnenne o6mortox Y/Y

Ornpenenuts Ko3GGuiHeHT Tpancdopmalmu, GasHble U THHEHHBIE TOKH

py 3anannol 3arpyske, KIT/] npu 3aaHHoOM 3arpy3ke, paKTHdecKoe HampsKkeHne

Ha BTOPUYHOH 06MOTKe TpancdopmaTopa.
Aanmsie cboezo bapraume borE e Errobuyen' s
1H

Pemenne: Uih=6 kB U= T 347 kB
U,, 400

Uin=0,4 xB Uym 2= =230 kB
N3 OLT3

Kosdduiment tpaHcdopMaliu clie/lyeT Beeria onpeesisits 10 (azoBbiM
HaTIpAXKEHUAM IIPU XO0JIOCTOM XO¢e.

3470 _

230

K=Uio/U2e= 15

[pu 3ananHO# cxeMe coejtMHeHrs 0OMOTOK
=T, Ion =120

OnpejiesiM HOMUHAIbHbIE TOKH B OOMOTKAX:

8 400 S 400
Ly= o= =36,6 A; Ls s =578 A.
J3U, 17366 UL, 173004

OmnpenesiiM TOKA B 33JAHHOM PEKHMe 3arpy3Ki. Y YUThIBast, 4TO
B=I/1,=1/1,,

I=Tin" B=36,6-07=256A; DL=Du B=578"0,7=404A.



[image: image10.jpg]Jlns onpenenenus GakTHIECKOTO HAMIPSDKEHHS! IIPU 381aHHOM 3arpy3Ke
cienyer npopabotark TeMbl: “OMNBIT KOPOTKOTO 3aMbikanus” n “Bueninss
XapaKTepHCTHKa TpaHcopmaropa”

W3 tpeyronshuka K.3.

Uka= UK " cosgx; Ukp=Uk " sinp«

W3 ombira K.3. st 3% ¢assoro tpanchopmaropa:

Pun 4506000
COSP,= 317 o 5 Ukn=4,5% e =2708
1H
1H
U =U /3 = 270/1,73 = 1568 ; im0 g
1™ g = /= 5 COSQ = 3wl 56%36,6 =05
sinpx = 0,946

AKTHBHAs M peakTUBHAs COCTaBIsIoLIast Tpeyronbhnka K.3:

Ukae =Uke-cospx =156 - 0,322 =50 B niu 1,44 %

Ukpo = Uka * singx = 156 * 0,946 = 148 B unn 4,27 %

M3mMeHeHne BTOPUYHOTO HAMPSDKEHHUS! IIPH HOMUHAIBHOM Harpyske:

AU% =B (Uka % cosp2+ Ukp % sing2) = 0,7 (1,44 - 0.8 + 4,27 - 0,6) =
=26%

Torza HanpsKeHye Ha BBIXOJIE TpaHC(HOopMaTopa IPH 3a/jaHHOM 3arpysKe
OIpeneNsieTcs:

U20AKT % = 100% - 2,6% = 97,4%;

U% 4000974

- =388B
100 100

U=U,y»



[image: image11.jpg]3anaua

Tpexdasupiii  TpancdopmaTop .MMeeT NapaMeTpbl, 3HAYEHHUS KOTOPBIX
NPUBE/IEHbl B Taﬁnuuez HOMHHAJIbHAs MOLIHOCTh S, W HOMHHAJbHbIE
Hanpsokenust (muHelnsie) U, o, 0 U, 4, HAIPSDKEHHE KOPOTKOTO 3aMbIKAHHS W
TOK XOIOCTOro xona I TIOTEpU XOJOCTOro Xona Py ., MOTEPH KOPOTKOTrO
3aMbIKaHuA Py ., OOMOTKH TpaHCGOPMATOpA COCHMHEHBI 10 CXEME «3Be3/la-
3Be3zia». TpebyeTcs onpenesnThb:

- napametpsl T-o0pasHoii cXeMbI 3aMelleHHs, CUMTAs ee CHMMETPHYHON
(rj=r; 4 x;=x'5), a TaKkKe (aAKTUYECKHEe 3HAYCHHS COMPOTHBJIEHHI BTOPHYHOU
0OMOTKH;

- Besmyunbl KITJL #, cooTBeTCTByIOLIME 3HAYEHHSM [IOJHOW MOILHOCTH
tpanchopmaropa S0, =0,25 S,0,=0,5 S,,,=0,75 1pu kodpuunenHTax Harpysku
cos p2=0,8 (MHAYKTUBHBIH XapaKkTep HArpy3Ku) u cos p2=1;

- HOMMHAJIbHOE U3MeHeHue HanpskeHus AU,

aﬂ%z:izgggz%i%?gggemUé—f@%bnume & mairuye A2
1. Hanpsbxenne KOPOTKOrO 3aMbIKaHHUs
Ui=10"1U} 0, =107-5,5-500=27,5 B.
2. Tox KOpPOTKOTO 3aMbIKaHHsI
1= iou=Suand (V3 Ul uow) =100-10°/(1,73-0,5-10°)=115,6 A
3. Koapuument mouHocTd B PeXHMe KOPOTKOI'O 3aMbIKaHUs
cos p=PJ/(\N3 Uy, 1,,)=2000/(1,73-27,5-115,6)=0,36;
0.=69'; sinp,=0,93.
4. TTonHOE CONMPOTUBIIEHHE KOPOTKOTO 3aMbIKAHHUSI
z=U/(N3 1,)=27,5/(N3-115,6)=0,137 On.

S. AKTHBHAS COCTABJISFONIAs CONPOTHBICHHsI KOPOTKOTO 3aMbIKAHMUSI

re=2,c050,=0,137-0,36=0,05 Om.
6. H1yKTHBHASA COCTABISIONIAs COMPOTHBICHHS KOPOTKOTO 3aMbIKaHHs

X =z,8ing,=0,137-0,93=0,13 Om.
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I
mm:\:‘m—-cﬁn::\-m TeXHHYCCKHX w>1~\m>mﬂﬁv—
OGosna- | En.
] napamerpos Setie L

TpaHcdopmaTopa i 1 2 3 4 5 6 7 8 9 10
Homunanshas Mommocts kBA 250 | 20000 | 630 100 4000 40 2500 | 40000 | 1000 | 1800
Hounnazsroe neppiriioe U, | B 10 | 35 10 10 35 10 | 35 | 110 | 35 | 35
ENE@MNA@IN@

Hounnazshoe sropuinoe Uy, B | 04 10 | 04 | 04 | 105 | 04 | 105 | 6 63 | 04
HanpspKeHue

Hanpsixenue xopotkoro U, % 55 10,5 55 45 7.5 4,7 6,5 10,5 6,5 5,5
3aMbIKaHH S

Motsocts noteps X.X. P., Br | 800 | %1% 1300 | 340 | 6u00 | 200 | 5800 | 34710 | 3100 | 4vro?

110+1 216+1

MotusocTs noteps K.3. P Br | 5500 | © 5 | 6500 | 1970 | 33500 | 1000 | 23000 o | 11600 | 1200¢
Koo uumenr sarpysi B z 0,7 1 1 06 | 08 | 07 | 07 1 07 | 07
Tpancopmaropa

Kooddwmmerr monmocru | cosg, - 08 | 08 | 07 | 08 | 07 | 08 | 09 | 08 | 07 | 07
| moTpeburens

Cxema coeuHennH 06MOTOK ) . ,m\% %\ | %\& %\% ,m\ i ‘w\\w\ <\> ; i \D X \D <\>
Tpancdopmaropa 7




[image: image13.jpg]7. AKTHBHBIE ¥ WHIYKTUBHBIE conportuBicHus T-o0pasHoll cxembl
3amelleHus TpaHchopmaropa (cM. puc..1.2)
r1=r',=0,05/2=0,025 Om;
x,=x"=0,13/2=0,065 Om;
8. MakTHyeckHe (He MpHBEJCHHbIC) 3HAYSHHS! CONPOTHBICHUH BTOPHYHOMN
o6moTKH TpaHchopMaTopa.
Fa=r/(U/U»)?=0,0225/(500/230)°=0,005 Om;
X=x/(U/Uy)*=0,065/(500/230)°=0,014 Om;
9. Tox xonocToro xona
Ipuon=107iol 1,0, =1076,5-115,6=7,5 4
10. KoadHIMeHT MOLHOCTH X0JI0CTOrO X0/1a
cosw{,:P,,w/(\/EIn wonU1 won) =650/(1,73:7,5-500)=0, 10;
sing,=0,995.
11. TlonHoe compoTHBIEHHE BETBM HaMarHU4MBaHUS T-00pasHOH cxembl
3aMeleHus Tpancdopmaropa
Z0=U o/ (N3 5o =500/(1,73-7,5)=38,5 Om.
12. AKTUBHOE M MHIYKTHBHOE COCTABISIOLIIE BETBH HAMATHUYMBAHUS
Fu=2y coS0p=38,5:0,10=3,85 Om;
X =ZmSing,=38,5-0,995=38,3 Om.
13. Jlns pacuera KII/I Bocrob3yemcst BBIpakeHHEM

PSuon cosp2

0=
BS o €059 Py o B P sow

14. 3anapiicek 3HadennsAME Kodbduimenta narpysku: P=0,25; 0,50; 0,75
u 1,0 paccuuteiBaeM ansa Kaxgoro u3 Hux KIIJI cHawama mns kosdduimenta
MOLIHOCTH HArpy3KHu cosg,=1, a 3ateMm 1isi cosp,=0,8
B=NPo sl P wa=V0,65/2,0=0,57.
15. Makcumanshble 3nadenus KIT/1:

pH cos@,=1



[image: image14.jpg]B’ Suon cOSP; 0,57-100-1
Himax™ = =0,978;
B’ Suow 0802+ 2Pg 0 0,57-100-1+2-0,65

npu cosp=0,8

0,57-100-0,8
S -0
0,57-100-0,8+2-0,65

Pe3ym>TaT51 pacyeToB MpUBEJICHbI HUXKE:

Biss sswiwsazwasnone 029 0,50 0,75 1,0
1 (npu cosp,=1)...0,969 0977 0,976 0,974
n (npu cosg;=0.8).0,962 0,972 0,971 0,967

KoadduimenT Harpy3kd, cooTBercTBYrOmM MakcumanbHomy KIIJ[, na
pucynke 1.8 a. npezcrasietst rpaduku 7=£(f).

W3 aHanmM3a MOy4eHHBIX JaHHBIX  pe3yipTaToB  ciemyer:  KITJ]
TpaHcopMaTopa IpH YUCTO aKTHBHOW HAarpyske BbIIIe, 4eM IPH aKTHBHO-
HHIYKTHBHOM Harpy3ke BO BCeM AHaNa3oHe 3HAYCHUH f.

16. st paciera HOMUHAIBHOTO HANPSKEHHUS. BOCIIONB3YeMCsl BhIPaKEHHEM

AU, 0=ty oCOSP2+ the pSiNg
U =y COSP,=5,5-0,36=1,98%;
Uy p=USing,=5,5:0,93=5,1%.

rae
1pu cos;=0.8 sing,=0.6

AU, 0, =1,980,8+5,1-0,6=4,64%
pu cosg,=1sing;=0

AU, =1,98-1+5,1-0=1,98%.

Ha pucynke 1.8 6. nokasanpl BHEILIHHE XapaKTePHCTHKU TpaHchopMaTopa.
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Tlapametp Bapuantet
1 2 3 4 5 6 7 8 9 10 |
SHom,kB-A 100 | 180 |320 |560 |1000 |800 |600 |700 400 200
Ulnom,xB 05 |30 |60 |10 35 10 10 |60 3,0 3,0
U2uom,kB 023 |04 (04 |04 |30 |04 |06 |06 0,23 0,23
uk,% 58 |55 |85 |65 |55 |b5 |85 |55 6,5 55
i0,% - 0.5 .. [58 [85 (|58 (30 |50 |55 |35 5,5 6,5
PoroM,kBT 065 (1,2 |16 mwm 52 136 |28 |32 2,0 L5
Px.xHoM kBT 2,00 136 [58 |90 |135 (100 (90 |82 6,0 4,0
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ACUHXPOHHbIE OBUIATENA

3.1. OCHOBHBIE MOHATUA

OTIUIUATEbHBIM NPHU3HAKOM ACHHXPOHHOTO ABUIATEIA SABJIACTC OT-
CcTaBaiyie POTOpa OT Bpallaloulerocs MarHuTHOTO 11015, XapaKTepuaye-
MOTO BEIMYHUHOH CKOIBKEHUS

s=(m — ng)/m,
OTKYZA YaCTOTa BPALeHHsI POTOPA aCHHXPOHHOTO JBUTATeIst
ny = ny(1 — s).

MaruuTHOE 11071€e co3iaeTcd B aCHHXPOHHOM ABUTaTeIe MArHUTO/ABH -
>f<yme171 CUJION, BEIMYMHA KOTOPOIUI OIIpCHCHACTCA CyMMOﬁ MarHuTHBIX
H'clll}')ﬂ}i{elﬂdﬁ BCeX y4aCTKOB MAarHuTHON LIey IBUTaTesIs:

SF=2F+ 2F,; + 2F; + F, + Fa.
HaMarnuuusaiomuil Tok 06MOTKH €TaTopa
_pF

W P
0, 9myw kg,

ACHHXDPOHHBI JIBUraTes b aHATOTHICH TPancopMaTopy, y KOTOPO-
ro BTopudHad obmorka (06MoTKa poTopa) Bpamaercs. [Ipu atom Bpa-
HIAIOMMHCS MATHUTHBI IOTOK CITENJISAeTCs He TONBKO ¢ 0OMOTKOH cTa-
Topa, rae uuynupyer S/(C Ej, Ho 1 ¢ 060MOTKOH BPaIAlOMErocst poTo-
pa, rze naaynupyer 3/1C

By, = 4,44Pfi sunkysy = s,

rie [, — D/1C, BaBefieHHAST B HCITOABIYKHOM POTOPE; Wy — YKCJIO BUT-
koB B 0OMOTKE POTOpA, /st KOPOTKO3aMKHYTOTo poTopa w, = 0,5, a
0OMOTOUHBI KOIPPUIHEHT kogy = 1.

ACHHXPOHHOMY JIBUTATEIIO COOTBETCTBYET 2JEKTPHUYECKAS CXCMa 3a-
merennst (puc. 3.1) u cucrema ypasrennit 9J1C 1 Toxkos

Ul = Q"El) + ][rL +j17'1?
Bl = gljzh + L) + 11— 9)/ s; I =1, +(=1}).

B aTux ypaBHeHMsX, aHAIOTHYHO TpaHcdOpMaTopaM, HapamMeTpbl
0OMOTKE POTOpA IPUBEIEHBl K 0OMOTKE CTaTopa.

46
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Puc. 3.1, Cxenbl 3aMelIeHNS ACHHXPOHHOTO IBUTATEIS!
a — T-obpasnas; § — I-obpasnas

OCHOBIIBIM YPaBHEHMAM aCHHXPOHHOIO [ABHraTelisl COOTBETCTBYET
BeKTOpHAs AnarpamMma (puc. 3.2).

[IpuBeseHHOE 3HaYeHKe TOKA B OOMOTKE POTOPa ACUHXPOHHOTO ABH-
raTess onpe/esieTcs BblpaxKeHueM

1=

rje r, — aKTHBEHOE CONPOTUBIIEHNE OOMOTKI CTATOPA; 75 — MPUBEAEH-
Hoe 3HaveHye aKTHBHOTO COIPOTUBIEHNS POTOPA; &; — WHIYKTHBHOE
COTIPOTHBIIEHNHE OOMOTKM CTATOPA;
7 — HPUBE/IEHHOE 3HAYeHUe HHIYK-
TUBHOTO CONPOTUBJIEHUS POTOPA.
MontHocTs, oTpebasgemas 1Bu-
raTejieM B HOMHHAJIbHOM DeXuMe,

5] we P
Iluo.\a - }II(JM /nuc,w

Toxk, noTpefisieMblil IBUTATEICM
W3 CETH IIPH HOMUHIBHOH Harpyske,

Tiyon = Pl!m.w/(B U, cos kpl)'

CyMMapHble IOTEPH B IBUTATE-
JIe TIPY HOMUHAJIbHOM HArpy3Ke

PP = Pryow = Puow

[Torepit Ha HarpeB 0OMOTOK JIBU~

rarejsi B HOMHUHaIbHOM PEXKUMeE
Z

— ¢ D 2= QT
s = Py + P 31 S hon T

[obaBoumpie OTEpY IPH HOMH-
HAJBHOH HAarpysKe

Puc. 3.2, BexropHust AMarpaMma acH-
v ALY I
Prog = 0,005 Py XPOHHOTO ABHIATCRA
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[image: image19.jpg][ocrosunsie notepu
PIIO(‘.T: Y= Pa“PnoG-

KI/L npwrarerns onpemensieTcs Kak OTHONICHHE TOME3HOH MOIHOC-
T8 P, k norpebisiemoit Py

n=P/P=1-3P/P,.

Honesnprit MOMCHT (MOMEHT Ha Baly) IBHTATess NPH HOMAHAb-
HOM Harpyske

MZHQM = 9755PH0M/77’HDM'
aIIeKT})OMaFHI/ITHBI]‘;I MOMEHT aCMHXPOHHOTO JABUTATEJs]
27,
i

M= . .
(q +r2’/s> +(z, +3)

27fs

MakcnmanbHoe 3HadyeHre MOMeHTa

mUzp

max — i =T
4o, |, + i + (3, + af)
L

CooTBercTByIONIEe STOMY MOMEHTY KPUTHUECKOE CKOTBKEHNME (YIIpO-
HEHHOE BRIPAXKEHHE)

M

i 7 i
Sq = £ri/(m + xb).
TIyckoBoit MOMEHT ACHHXPOHHOIO IBHTaTENs

o Y4
mUp

My = o e A
2%f, [(rl +1,) +(z, +13) }
I'paduuecky BHIpakeHHas 3aBUCHMOCTD EKTPOMATHUTHOIO MOMEH-
Ta OT CKOJbKEHHST Ha3bIBACTCHA MEXAHUYECKOU XAPAKMEPUCTIUK Ol ACHH-
XpoHHOrO ABUratens (puc. 3.3).
Ynporiennas hopMyna st pacueTa sTeKTPOMATHHTHOTO MOMEHTa

ACHHXPOHHOTO ABuraTens (popmymna Kinocca) MoxkeT GLITh UCIONAB3O-
BaHa J7151 [IOCTPOEH ST MEXAHUYECKON XapaKTepUCTHKN

M= M .
5/ 680/ 8

ITpu 9TOM KPHTHYECKOE CKOTBIEHNE OIPEMENAIOT 110 hopMyIIe

i R~z
Sip = Swom <>\w + >\M - 1):
rae Ny = My,y/ My, — TEPErpys0oUHast ClOCOGHOCTD BUIATENS.
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[image: image20.jpg]DKCIlyaTallHOHHBIE  CBOICTBA ACHHXPOHHOIO JIBUTaTe/si ONPENENATCH €ero paGodnMu
XapaKTePUCTUKAMHU: 3aBHCHMOCTBIO YaCTOTHI BpAIIeHUA 1, , MOMeHTOM Ha Bany M,, KIT/ u
KO3 DHIHEHTOM MOIIHOCTH COS@; OT NOJIE3HON HArPY3KHU JABUraTeIIs Z

Ilpn pacere mnapamerpoB mwist OTPENICNICHHs  paboyumX XapaKTePHCTHK ~ACHHXPOHHBIX
ABHTATENeH HCIOIB3YIOT NGO rpadMIeckuii MeTos1, B OCHOBE KOTOpPOTO JIEKUT MOCTPOEHHE
KPYroBoi uarpamMMmbl, TM60 aHAIUTHYECK I METO[,.

OcCHOBaHHEM JULL BHITONHEHHs M0GOro 13 METOJ10B pacteTa pabouuX XapaKTepHCTHK CIryKaT
Pe3yJIbTaThl OIBITOB XOJIOCTOIO Xxoma Hu KOPOTKOro 3amblkanus. Ecmum Ke JBUTaTelb
TPOSKTUPYETCSI, TO 3TU JaHHbIE TNOJIYy4arT B rpouecce ero pacuera.

Ipu pacuete coNpoTHBIEHHI PE3HCTOPOE 7y, IPUMEHAEMEIX B LeMsIX cTaTopa Wik (GasHoro
P 906

poTOpa [l OIPaHHYEHHs IyCKOBOTO TOKA HIM PErylMpOBAHHS YacTOTHI BpallIeHMs,
HCHOIBSYIOT MPHHLMIL JUIS JIaHHOTO KOHKPETHOrO acHHXPOHHOIO ABHIATENs CKOIbKEHHE S
HPONOPUHOHATLHO ~ aKTHBHOMY — CONPOTHBIEHHIO — LIEMH poropa storo nBurartens. B
COOTBETCTBUH C 3THM CIIPABEUIHBO PABEHCTBO

(rz +’boﬁ)/s=rz/s~w

T 7; - AKTHBHOE CONPOTHBIIEHHE COGCTBEHHO 06MOTKH POTOpa npu paboueii Temmeparype;

S — cKoJIBXKeHHE NPK BBEIEHHOM B LIeTTh POTOpa pe3ncTOpa CONPOTHBIIEHHEM Fy,;

W3 otoro  Bhipaxenus momyumm GopMyny i pacdera axTBHOrO CONPOTHBIIECHHS
J100aBOYHOTO pesucropa 7,,; HEOOXOAMMOTO ISt MOJTYYCHHS 3aaHHOTO IOBBIIIEHHOIO
CKOJILXKCHUS S NPY 3aJ1aHHON (HOMMHAIBEHOM) Harpy3Ke:

P05 :rz(S/Smw _1)

CyrecTByer 18a MeTo/a pacuera ITyCKOBBIX PEOCTAaTOB: rpadUuecKuii U aHAIUTHYECKHIA,
I'paguueckuii memod 6Gonee ToueH, HO TPeOYeT MOCTPOCHHS €CTECTBEHHON MeXaHWIecKoH
XAPaKTEPUCTHKA 1 IyCKOBOH JHATPAMMBI JBUIATENs, YTO CBS3AHO C BBIIOTHEHHEM GONBIIONO
o0bema rpadryeckux paGor.

Ananumuuecrkuii memoo pacuera TyCKOBBIX PEOCTAaToB Gojiee MpOCT, HO MeHee ToYeH. ITo
OGYCIIOBIEHO TEM, YTO B OCHOBE METONA IEHKHT JOMyIIEHHe O MPSIMOTHHEHHOCTH pabodero
YHaCTKa eCTECTBEHHOH MEXaHWYeCKOH XapaKTepHCTHKH aCHHXPOHHOTO ssurarens. Ho Tipu
CKOIBIKCHUH GIIM3KOM K KPHTHUECKOMY 3TO [OTTyILeHHE BHI3bIBACT 3aMETHYIO OMHOKY, KOTOpast
TeM 3HauMTENbHEee, YeM OMwKe HAYaNbHBIN ITyCKOBOH MOMEHT M, K MakcuManbHOMY

Momenty M, TlosTomy amanmTHYeckuii MeTox pacyeTa NpUMEHHM JIMIIb NPY 3HAYEHUSX
HAYATBHOTO MycKoBoro MoMenta M, <0,7M,

ConpoTHBIeHNs Pe3HCTOPOB Ha CTYIEHSX MyCKOBOIO PeocTaTa:

TPETBel 5 :rZ(J.M —1)

BTOPOH 7357 = Vo3 A,

EPBOR 7yo51 =302,

TAe f, — AaKIMBHOE CONpOTHBICHHE (a3sHON OGMOTKH POTOpa ACHHXPOHHOrO NBHTATeNs,

Ty '= ,.Ezsm / (\/sz::)J

e £, u 1, — naHHble katanora Ha BEIGpPAHHELT THIIOpa3Mep JBUTATEIs.
COHpOTPIBneHI/IH ITyCKOBOI'O peocrara Ha ero CTYTICHSIX:
TepBoit Ryp = + s + 7053
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Puc. 3.3. Mexannueckast XapaKTepHCTHKA Puc. 3.4. Bansuue nanpsaxeHnst
ACHHXPOHHOTO ABUTATESL U, Ha MeXaHpYeCKUE XapaKTepu-
CTHKM ACUHXPOHHOTO IBUTATEIS

[Ipu pacueTe MEXaHHIECKOH XapaKTePHCTUKHI CIIe/YeT MMETD B BIAY,
YTO TIPH 3HANEHHSAX CKOJIBKEHMUS, NPEBbIIIAIONIIX KPHTHHYECKOe, TOH-
HOCTL PACYETOB PE3KO CHMMKAETCH. JTO 0OBACHAETCA H3MEHEHUCM TIa-
PAMETPOB CXEMBl 3aMETIEHNsT ACUHXPOIHOTO /IBUTaTe/Ld, BHISBARHOIO
MATHHTHBIM HACHIIIeHNeM 3yOLOB cTaTopa 1 pOTOpa, W YBEIHICHHEM
YaCTOTH TOKa B 0OMOTKe POTOpa.

opma MeXaHMYECKUX XapAKTEPHCTHK aCHIIXPOHHOIO JIBUTaTEIs: B
SHAUHTEALHON CTETICHH 3aBUCHT OT BEMITIHH MOJBEICHHOT0 k 06MOTKE
cratopa Hanpsokenus U; (puc. 3.4) M aKTHBHOTO CONPOTHBIEHHA 06-
MoTKH potopa 7 (puc. 3.5).

[IpiBopMble B KaTaloraX Ha acCHHXPOHIEIE ABUraTeLn AaHHbIe
O6BIUHO He cojlepsKaT CBe/eHNH 0 TapaMeTpax CXeMbl 3aMEeLIeHNs, 9T0
3aTpyAnser npuMerenre GOpMy /1% pacyeTa 3NeKTPOMATHATHOTO MO
Metita. [1oaToMy UL pacdeTa 2JIeKTPOMArHUTHOTO MOMEHTA HacTo IIpH-
menstior GopMyry

M = 9,55mI}*r}/(nys).

Miax
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Puc. 3.5. Bigsie COPOTUBIEHMS 7' Ha MeXaHI9eCKHEe XapaKTepHCTHKIT aci=

XPOHHOTO IBUraTens
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[image: image22.jpg]Bropoit Rypy =75 + 700

Tpetseti Rpy =1,

JUnist OrpaHIUeH s MyCKoBOro TOKa ACHHXPOHHBIX /IBUTATEICH C KOPOMKO3AMKHYmbIM POMopom
VPMIMEHSIIOT CIICIUATBHBIE CXEMbl HX BKIIOUEHHS C JIEMEHTAMH, OrPaHIYHBAIONIMMH TyCKOBOH
ToK. Bee 9T MeTo151 OCHOBAHBI Ha CHIKEHMH TIOABOAUMOTO K OOMOTKe CTaTopa HaIpPsDKEHHS.,
HauGonbluee npuMenenye MOMyHMIH cXeMbl ¢ BKIIOYCHHEM B JIHHeHHbIC NpoBOZia cTaTopa
PESUCTOPOB M1 Jpocceneil (cM. puc. 3.14,6). Pacuer tpeGyemoro CONpPOTUBJIEHUS 3THX
SJIEMEHTOB 1P 33[IaHHOM CHWKEHHH ITyCKOBOIO TOKa % OTHOCHTEIBHO er0 eCTeCTBEHHONO
3HAYECHHS BEJIETCs 110 hOpMyIam:

I PE3HCTOPOB € AKTHBHBIM CONPOTUBIICHAEM

Ry=y(Z, /) -2 -r,

ZIs1 ipocceneit

1=z ) —rt -y,

Tonxoe conpotuBICHNE JBUraTENs B peXIMe KOPOTKOTO 3aMbikauns Z, Om,
zZ.=U/I,
3nech %, M 7, — HHIYKTUBHASL H aKTHBHAS COCTABITSIONIHE 5TOrO CONPOTHBJIEHHUS
= o
h=Z,Ccospi g, =NZ; -1,
YMEeHBITIeHNE HCKYCCTBEHHOTO IyCKOBOTO MOMEHTA TIPH BKIIOYEHUH R I |, COCTABHT

My =y M,

Tne

=

Tabnuna 3.1

OneKTpHUYecKHe MaIIMHE! Bricora ocu Bpatterys JI, v

Tlocrosnnoro  Toka  OGIIENPOMBIIILIEHHOTO 80—200 122 1.38
Ha3HAYCHHs 225—500

ACHHXPOHHBIE o01IenpoMbIILIeHHOT0| 50—132 1,22 1,38
Ha3HaYeHUs! 160—355

CrienuanbHOro  HA3HAYEHHS, C  TSDKEBIMH|— 1,38
YCIIOBHSAMH SKCIITyaTalliy

Takum o0paszoM, eciu 3a/aHO 3HaYEHUE,, ONpEesIollee BEJIUYMHY HCKYCCTBEHHOTO
IIyCKOBOTO MOMEHTa M, TO [Ull pacyeTa COOTBETCTBYIOUIMX 3HAUYCHHIL A, Ml z,MOIKHO
BOCITOJIb30BATECA  NPUBEJCHHBIMM  Bbllle  (OpMylaMu,  IIOACTaBHB B HHUX
BMECTO o} BETUIUHY ¢t

OJIeKTpHiecKoe CONPOTHBIICHHE 0OMOTOK JBHTATENeH, NPHBEICHHBIX B Karajorax, 06bI4HO
COOTBeTCTBYIOT Temmeparype +20 °C. Ho mpu pacuerax XapakTepuCTHK M [apaMeTpoB



[image: image23.jpg]ABHTaTENCH CONPOTHBICHUS UX 0OMOTOK HEOOXOAMMO MPHBOIUTH K paGoueit Temneparype. B
COOTBETCTBHH C JICHCTBYIOIINM CTAHIAPTOM BelHUMHA paboueii TeMIepaTyphl IpHHAMAETCS
B 3aBUCUMOCTH OT KJilacca Hal”peBOCTOﬁKOCTH BHSKTpH‘ieCKOﬁ H30JI1I1H, HpI/IMeHeHHOﬁ B
ABHTATese: NpH Kiacce HarpepocToiikocti B pabouas Temmeparypa pasua 75 °C, a npu
Kimaccax HarpeBoctoiikoctd FuH — 115 °C. Ilepecyer conpoTHBieHHH OGMOTOK Ha
pabouyio Temmeparypy BBITONHSIETCS MYyTEM YMHOXEHHS CONPOTHBIIEHHs OOMOTKM Mpu
remneparype 20 °C, Ha ko3 duuueHT Harpesak,

r =I‘20K,

3HavyeHus 3TOro KO3(1)(1]HLIHCHT& IIPHHUMAIOT B 3aBUCUMOCTH OT Ha3HA4YECHUs JBHATATEJEH
¥ MX rabapuTOoB (BBICOTHI OCH Bpamenus) (tabm. 3.1).
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ACHHXPOHHBII IBUratelib ¢ KOPOTKO 3aMKHYTBIM POTOPOM cepuu 4A nmeeT
CHeJYIOMIe TEXHUUECKHE TaHHble:
HomunaneHoe nanpsoxenne U =380 B
Homunanpnas Motnocts P = 30 kBT
HomunanbHas 4nctora Bpalenus n = 970 06/MuH
KIJ1 B HOMHBaIBHOM pexume n = 0,9
Kosdduurent mommoctu cosg = 0,88
KparHocTs myckoBoro Toka Lopollueu =T
KparsocTh MyCcKOBOTO MOMEHTa My /M, = 1,1
Kooddunument neperpyssu 2 = 1,8
Onpenenuts
TorpebnsgeMyto aKTHBHYIO MOIIHOCTD Pl
HoMHHaNBHbIH TOK B 0OMOTKE sKOps Iy
YacToTy BpallleHus MoJIs CTaTopa n
HomunranbHoe cronbxenne Sy
Kputudeckoe ckonbxenne Sy
HomuuansHelii (one3Hbii) MOMEHT Ha Baity My
MowenT xosocroro xona Mg
DeKTPOMArHUTHBIH MOMEHT Moy
TlycxoBoit MoMeHT Mpyei
Kputngecknit (MakCHMaMbHBIL) MOMEHT, PA3BHBAEMBIN JBurateney Mys
O6uuie mOTepy MOIHOCTH B BHratenie » P
ITyckoBoi# Tok Inyek
Iprmeuanue: uacrora cetn 500
Mexannyeckue notepd B neurarene APypx = (1,5 -3)% P,
Lomsre choezo gﬂpaaumﬂ) arememe Emabnige /3
Pemienue
lpu perenuy 3a/1ai HaT0 IOMHHTE O TOM, YTO JJIsl SEKTPONABUIATENs
Piiov — 2TO 110JIE3HAS MOITHOCTD Ha BOY B HOMHHAIBHOM pexume, notpefasenas
K€ AKTHBHAS MONHOCTS MOKET ObiTh Hail/leHa, eclii u3secTHo 3Hauerne KI1/] unn
OBILHX TOTeph MOWUIHOCTH B IBUTaTENE.

EMpll IBUFATEIIEM TOK {THHCHHBIN)




[image: image25.jpg]HacToTa BpalieHMs 1015 CTATOPa MOKET OBITh ONpeJeseHa 110

HOMMHAJIBHOM YacToTe BpallleHnst IBUFATEIsl, OUEBU/IHO, UTO [PU 4ACTOTE CCTH
501 u n = 100006/Mun.

HomuHanbHOE CKONBKEHHE

1000-970 _

= 0.03
" 1000

KPHTH‘}CCKOC CKOJIbKEHHE C ,ZIOCTaTO'{HOf;I TOYHOCTBIO MOKET ObITh
OIIPEACIICHHO

——

&, :SH(MM —1):0,03'\1.8+\/l.8

=0.03(1.8+1.5) = 0.099

Onpenenenve M, Msy u M, B IPakTHUECKHX pacyeTax MPOROAAT,
HCTIOjIb3Ys U3BECTHOE coOoTHOIIeHHe: P = Me W

[ne: w — yrnoBas yucrora BpalleHHs JIBUraTeNs
@ =2m/ 60=n/ 9.55 pan/c

N- YacTOTa BpALeHuUs IBUTaTes st 00/MUH

O4Y€BHUIHO, YTO HOMUHAIbHBIH (HOHQSHbIﬁ) MOMEHT Ha Bailly OBUTaTEeNA
JIETKO ONpPENICIIUTh:

- oo 30010
M, =90.55e2 =9 5592222
ny 970
MoMeHT X0JI0CTOro Xo4aa MOKET ObITh paccyuTaH U3 yCJIOBUS HTO
aKTHBHast MOLIHOCTDL Poa HOTp€6HﬂeMaﬂ B DTOM pEKHME, €CTh HpI/I6HH)KCHHDC HE
HTO WHOE KaK MEXaHW4deckue notepu AP, , KOTOpbIe COCTaBISIOT OT 1,5 10 3% ot
P, . Hacrora BpallleHHs ABUTATENIs HA XOJIOCTOM X0y MPUOIHKAeTCs K
CHHXpOHHOﬁ HacTOTe BpAlEHXA [0 cTaTopa.

=296H em

M, =95500
m
P =0.03e P, = 0.03030 = 0.9Bt
bl LY
1000

3J'[€KT})OM3FHMTHI>II‘;I MOMEHT, pa3BI/IBaEMI>H‘;I DJIEKTPOABHUIATEIIEM
PEACTABIACT CYMMY IOJIE3HOTO MOMEHTA H MOMEHTA X0JI0CTOTO X018

=M, +M,=256+86=304.6H v

(J\GPEACHCHI/N? TYCKOBCI'O U KpMTHUYECKOI'O MOMEHTOB!

M, =ileM, =11e296 =

M, =AeM,=180296=
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lnycw =7el =7e578=4054

Henonp3yst pe3y/ibTathl pacdera, MOXHO IOCTPOHTH MEXaHHUECKY O
xapaxktepucTuky M (8) 110 ueThIpeM TouKam:

Xouaocroit xo1 S=0, M=0

Homunanbubiit pesxum S=Sy; , M=M,,

KpuTiyeckas Touka paboTel S=S,,, M=M,,

Touxa mycka S=1, M=M

HiHu
P M

Er
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TABJIMLIA
Haumenoanne 060352 U3M BAPHUAHTDBI
BEITHYIAH yeus
1 2 3 4 5 6 7 8 9 10
HomunaneHoe HanpshkeHHe Un B 380 | 380 | 380 380 380 380 380 380 380 380
HomunanbHas MOIHOCTH Pu KBt 45 30 90 15 35 6 8 20 28 100
Homunanbuas yacToTa Bpamenus nH O6/MuH 985 | 780 | 585 1470 | 490 | 1450 | 1450 | 970 | 1470 | 587
KITJ1 B HoMuHaILHOM pene h 09 |)0.89 | 0.81 | 0.87 | 091 | 0.82 | 0.87 0.9 0.92 0.9
Koadduuuent momuoctT Cos f 0.8 0.7 0.7 0.82 | 0.74 0.8 0.82 | 087 0.7 0.84
Kparnocts nmyckosoro Toxa Imyck 7 7 7 7 7 7 @ 7 g 7
Nl\\b\: .
KparHocts [yckoBoro MoMeHTa Mmycx i ) 1.8 240 2 1.8 1.3 1.6 1.8 2 2.l
M rom.
Koappurment neperpysku .\ﬁ 19 | 21 2.4 24 1.8 2 1.8 2 1.6 1.8




[image: image28.jpg]3adaua TpexdasHbiil acCHHXPOHHBLH IBUTaTeIb ¢ KOPOTKO3aMKHYTHIM POTOPOM cepiH 4A umeeT
TeXHHYeCKHe JaHHble, IPHBe/ieHHbIe B Tabu. 3.4. Onpee/nTh BEICOTY OCH BPAIEHHS /T, UHCIIO
TMOJIFOCOB 2p,CKONIBKEHUE NTPH HOMUHAIBHO# Harpy3ke SHOM, MOMEHT Ha Bairy Muow Ha4aJbHBIA
mycKoBOi Mn ¥ MaKCHMabHBIA Muax MOMEHTSHI, TOTPEONSEMYIO IBUTaTeNIeM U3 CETH aKTHBHYIO
MOIIHOCTH Pixov, CyMMapHBI€ ITOTEPHU IIPH HOMHHANBHO# Harpy3ke LP, HOMMHANBHBIA H ITyCKOBOH
TOKH Linow U In B IIHTAIOIIEN COTH IIPH COENMHEHUN 0OMOTOK CTaTOpa «3BE310i) U 4
(TPEYTONBHUKOMY. - L] Q1ttt) € cboers Lo YU aRTIE gpoj’,é/v/ume B rmabnr
Pelenne Bapuanta c gsuratenem 4A10052Y3.
B o6o3HaueHWH TUIOpasMepa [BUraTelsi LHUQpLL, CTOSAIIME Iocne obo3HaueHHs cepun 4A,
YKa3pIBAIOT Ha BBICOTY OCH BpallleHus, T.e. h=100 mMm.
Cnenyromas nanee udpa yKasplBaeT Ha JHCIIO TONIOCOB, T.€. 2IT= 2; IIPU YacToTe ePeMEHHOro
Toka 50 'y 5TOMy YKCITy HOJIOCOB COOTBETCTBYET CHHXPOHHAS 4acToTa BpamieHus ni = 3000
06/MuH.
3.Croib)xeHre PA HOMHHAIBHON Harpyske OmpeielsieTcs: IOMUHANILHOH 9acTOTON BpaIieHus
pOTOpa JBUrATENs
Show= (Mi-N2vow)/mi= (3000 - 2880)/3000 = 0,04 mu 4%.

4. MOMEHT Ha Bayly ABHUTares (TOJe3HbI MOMEHT JBHTaTells) IIPU HOMUHAJTILHON Harpyske, T.e.
[IpH HOMHHAIIBHOMH YacToTe BpaueHus 2820 o6/Mun

Mz= 9,55Puox /Mawew = 9,55-4000/2880 = 13,26 H-m.
5. HauaspHsblif ITyCKOBOM MOMEHT

b M= Miov Mn/Msow) = 13,262 = 26,52 H'm
6. Maxcumanmnm (KpUTHHYECKHiT) MOMEHT JBUTaTeJIsl ONPENEIISIOT 110 ero Ieperpy304Hoi
cnocoGHOCTH
Minax= Miuow(Muax/Mrov) = 13,26 « 2,5 = 33,15 Hwm.
7. HoMuHanbHBIH TOK B (a3Hol 0OMOTKe cTaTopa
Tisow =Puow/(mieUi*n*cos@1ov) = 4000/(3 » 220 0,865 » 0,89) = 7,9 A.

8. [loTpebansieMas ABUTaTENEM U3 CETH aKTHBHAS MOLIHOCTD B PeXKHMe HOMHHAIEHOH Harpy3KH

P1HOM = Puov/Muon = 4/0,865 = 4,6 kBT.
9. CymMMapHble OTepy ABUratTesIs IpH HOMUHAIBHOI Harpyske

ZP = Pinow — Puow = 4,6 - 4,0 = 0,6 kBT.
10.JIuHeitHbI TOK cTaTOpA:
IIPH COeIMHEHHH 0OMOTOK CTaTOpa «3Be310i

Iin=li=7,9 A,
IIpY COeMHEHHH OOMOTOK CTATOPa TPEYTrOIbHUKOM»

liy=1.73u11,73+7,9=13,5 A.
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Iapamerp Bapuantsl

] 1 2 3 4 5 6 7 8 9 10

Pyow. KBT 4,0 15,0 3, 55 11 30 22 90,0 110 110

Nouoy 00/MuH | 2880 2940 2945 1445 1460 1470 975 985 740 590

L Hw% 86,5 88,0 90,0 85,5 87,5 91,0 90,0 92.5 93,0 93,0

€OS 1 0,89 091 | 0,89 0,85 0,87 0,89 0,90 0,89 0,85 0,83

L/ L 7,05 | 70 7.5 7,0 7.3 6,5 6.9 5.5 6,5 6,0

Mi/Muow. | 2,0 1,4 1,4 2,0 2.2 1,4 L3 1,4 1,2 1,0

L . 2,50 22 25 22 3 2.3 2,4 2,2 2.3 1,8
L uB | 220/380 | 380/660 | 220/380 | 380/660 | 220/380 | 220/380 | 380/660 | 220/380 | 380/660 | 380/660




[image: image30.jpg]3agaua
Tpex¢asHbiit aCHHXPOAH b ABHTATEND C GHCIOM MOMIOCOB 2,= 4 BKIIOUESH B cers J 380 B,
yacToTol 50 'l npu coeyruenyn 0GMOTKHI CTATOPA «TPeyrodbEuKoM». B tadn
NPUBEIEHb HapaMEeTPhl IBUTATEI1S, COOTBETCTBYIOIME €0 HOMHHAIBHON Harpy 3xe.
MOUIHOCTD jiBUratens Py, , KITI n , koo dunmest MomHocTn cos@, . [Ipu Harpyske
P, =0.85 P, KIJ] nBurarens umeer HanGomnbliee 3Ha4€HAE Nyax = 1,03 Myon -
Heo6x0auMo onpenenuTs BCe OCTaIbHbIE BULBI II0TED g_IBI/IFaTCIIH J715 HOMHEATBHOH
warpysei. 4 emipse cboezo Bapuonme 6asssume E s~ 5
PeltieHie sapuanTa |
. HauGonutiee suanenne KT

Mugay = 10370, = 1,030 0,81 =0,834%

2. Harpyska asuratend npu atom KITJL
P = 0,85P,,, = 0,85.3 = 2,55 kBT
3. ITorpebnsemasn MOIHOCTE YIPH M,

Py = Plfie= 2,55/0,834 = 3,06 xkB7.
4. CyMMapHbie HOTePH IPH T,
P = P, — Py, = 3,06 — 2,55 = 0,57 xBr

Hocrosnmisie notepn asrrarens
vt Py = 0,55P = 0,5 570 = 285 Bt
6. ﬂcwpe()nzemaﬂ MOILHOCTDL B HOMHHANBHOM PENCTIAe -
Bl = £, = 3,0/0,81 = 3,7 xB1
/. CyMMapHbIe TOTepd B HOMIHAIBHOM PEXMe
ZPuos = Pryow = Puow = 3,7 — 3,0 = 0,7 kBr = 700 By
5. TlepemMenHEie MOTePU B HOMMHAABHOM peM e
Prop = Py + Puog = TPyou — Paoer = 700 — 285 = 415 By
9. MOMEHT B pesKuMe XOIGCTOTO xXoza
My = 9,55P,.;/n = 9,55 285/150 D F -
10. HoMunanenas yacroTa Bpalles us
Thiom == (L ~ 8,4) = 1500{1 — 0,055) = 1417 <O, M,
i1, Hounes

wow/ Mo

MOMEHT DI HOMPHBANLHON Harpys

20,2 + 1,8 = 22 H - m.

i3 TRUEHNE 3TERTPOMATHITHON mMoumnoerT
22+ 1500 = 3465 B
t4 B cOMoTRE poTopa



[image: image31.jpg]Pyr=S,ouPn=0,055-3465=190 Br.
15. JlobaBouHble noTepu
P,06=0,005P),,,,=0,005-3700=18 BT.

16. DieKTpUyecKue MoTepH B HOMHHAIBHOM PeXHMe

P=P P r05=415-18=397 Br.
17. DnexTpuyeckue morepu B oGMOTKe cTatopa

P,=P,-P,,=397-190=207 BT.
18. TIposepka:

Y Pov=Proet Pyt P3P 1 5=285+207+190+18=700 Bt (em. m. 7).



[image: image32.jpg]CHUHXPOHHbBIE MAIIIMHBIL.

OCHOBHBIE ITOHATHA.

Kast CBAAh

XapaKkTepHbIM NPU3HAKOM CHHXPOHHBIX MAIMH SBIAETCS e
M@y 4acTOTOH BpallleHHs] pOTOpa M1 1 YacTOTOH MepeMeHHOro Toka B 0bMoTKe
cratopa f1:

ni-fr*60/p

prFI/IMI/I CJIOBaMH, Bpalmaromeecs MAarHuTHOE€ II0Jie cTaropa #u poTop
CHHXPOHHOI MaIIHHbI BPAIAIOTCS CUHXPOHHO, M. €. C OIAHAKOBOIi YaCTOTOI.

Ilo cBoedl KOHCTPYKLMM CHHXPOHHBIE MAalUMHbl  PaseNsgiores  Ha
SIBHOTIOJIIOCHBIE M HESIBHOTIOJNIOCHBIE. B SBHOMOJIOCHBIX CHHXPOHHBIX MalIMHAK
pPOTOp HMMeeT SIBHO BbIPaXEHHBIE IONIOCA, HAa KOTOPBIX PACHONaraioT KaTyukn
OOMOTKM ~ BO3OYXK/ACHHsI, THTaeMble IIOCTOSHHBIM TOKOM. XapaKkTepHbIM
MPU3HAKOM TAKUX MAIlWH SBISETCS pa3IMyMe MarHUTHOTO CONPOTHBIEHUs MO
IPOJOIEHON OCH ( 10 OCH HOJIOCOB ) U MO IIOIEPedHOH 0cH (110 OCH, 1IPOXO/IfIe
B MEXIIOJIFOCHOM IPOCTPaHCTBE ) MaruautHoe COIIPOTHUBJICHHE TTIOTOKY CTATOPA 110
npoaonbﬂoﬁ ocu dd HAaMHOI'0 MEHBIIE MArHUTHOIO COIIPOTHUBIIEHNA MOTOKY
cratopa no HOHCPE‘[HOf:I OCH gq. B HesBHOIIOMIOCHBIX CHUHXPOHHBIX MaliMHax
MArHUTHBIE COMPOTHBIEHUS 10 IPOJOJIBHOH W MOMNEPEYHONH OCSIM OIMHAKOBbI,
1IOCKOJIbKY BO3YLIHbIH 3a30p y 9THX MALIXH 110 IEPUMETPY CTaTOpa OAUHAKOB.

Konctpykius cratopa CHHXpOHHON MallMHBI B TPHHIIAIE HE OTJIHYaeTCs OT
CTaTOpa AaCMHXPOHHOH MalMHEL. B 06MoTKe cTaTopa B mporecce paboThl MALIMH BT
unpyuupytores DJIC U mpoTeKaroT TOKH, KOTOPbIe CO3Jaf0T MarHUTOABHACYIIYIO
cuy (MJIC ), MakcuMallbHOE 3HAUeHHE KOTOPOi

F1=0,45milwikosi/p

Ota MJIC coszaer Bpalnarolieecsi MArHUTHOE IIOJIE, 8 B BO3/LYLLHOM 3a30pe
& MallMHBl CO3/aeTCs MAarHWTHas UHAYKLMS, TpaQuK paclpenesiedus KOTOPOH &
npeaenax Kaxuoro IMOMOCHOTO NETeHHs T 3aBHCHT OT 3aBHCHT OT KOHCTPYKIIMH
poropa ( puc 1).

Jlns  ABHONONIOCHOH CHHXPOHHOH MAlMHBI  CIIPABEJJIMBO  ypaBHEHHE
HanpsKeHUn

l-/=E.'0 +E1d+Elq +Ea1 —jlrl,

rae Eo — ocHopHas DJIC CHHXPOHHOH MAIIMHEI, IPOTIOPIMOHANBHAS OCHOBHOMY
MAarHMTHOMY MOTOKY CHHXpOHHOH Mammubl @o; Era — DJIC peaknum sxops
CHHXPOHHOH MalllMHbl 110 NPOAOIBHOH ocH, nponopuuonanbhas MJIC peakiuiy
sKOpst 110 NpojonbHoH ocu Fia ;E1q — DJIC peakumu sSKOpst 110 MOMEpedHon ocH,
nporiopuronansHas MJIC peakimu sikops 110 nonepeuHoii ocu Fig;
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[image: image34.jpg]onpenenenns 6o ocxoBHoit DJIC mammubl Es, ymbo Hanpsukenus oOmMoThE
cratopa Ui Cnemyer uMeTh B BHAY, YTO YPaBHEHMSA HaNpmkeHyd U
’\‘,OOTBeTCTBy}OLHHl‘;I UM BEKTOPHBbIC JMarpaMMmbl HE YJIHTBIBAIOT MarHuTHOr ¢
HacbIEeHHWss MarHuToIpoBOJaa CPIHXPOHHOP‘I MallMHBL, KOTOpOE ,KaK #H3BCCTHO,
BIMSACT HA BEIWYUHY WHAYKTHUBHBIX COHpOTHBJ'IeHHﬁ, BbI3bIBAsl UX YMCHBILICHHME.
Vuer 3TOro HAChIUIEHHs IPEICTaBIACT CIOKHYIO 3a/[ady, TIOITOMY TP pacyeTax
DJIC ¥ HanpsHKeHHH CHHXPOHHBIX MAIIWH OOBIYHO MONB3YHOTCH APAKMULEcKo
ouazpammoii DJIC, KOTOpas yYMTHIBAET COCTOSHME HACBILEHHH MArHHTHOH
CHCTEMBI, BbI3BAHHOE JEHCTBMEM peaKlHed SIKops [PH Harpyske CHHXPOHHOI
maruuHbl. [Ipy nocTpoeHnn mpakruyieckoit auarpammpl IJIC namarauuusaiontyio
CHly peaKUMH SKOps He pa3NaraloT Ha [IPOJIONBHYIO M I[1ONEPEYHYIO
COCTaBISIIONLYIO, OITOMY 3Ta AWAarpaMMa MOXKeT ObITh TpPUMEHEHa Kak TpH
pacyeTax sIBHO IIOJIIOCHBIX, TaK U HE SIBHO IOJIIOCHBIX MallWH.

[py peleHHH 3ajad, CBS3aHHBIX JIHOO ¢ CHHXPOHHBIMH T'eHepaTOpamH,
BKJIFOUCHHBIMH TIApaUIe]bHO C CeThIo, JIMOO ¢ CHHXPOHHBIMM JBMTATE/AMH,
1OJIb3YIOTCA YenosbiMu Xapakmepucmuxkamu CUHXPOHHBIX MailyH,
[IPE/ICTABISIONIMMH cO00H 3aBHCHMOCTB 3IEKTPOMAarHUTHOTrO Momenrta M ot yrna
Harpysku 6. Ilpu 3ToM ciiefyeT IOMHHTb, YTO B SIBHOTIOJIOCHBIX CMHXPOHHBIX
MalifHax JeHCcTByeT [JBa MOMEHTAa : OCHOBHOH Mocx M peakTHBHBLIH Mp, a B
HESIBHOTIOIIOCHBIX MallIMHAX — TOJIBKO OCHOBHOM MOMEHT:

miUiEo
Mocn = ===mmmmmean-5inO ki
wixd

miU; 1
) [T — p———— 7 751 ]
Xd

Yron Harpy3kd Guow COOTBETCTBYET HOMHHAIIBHOMY MOMEHTY  Muox
MaxkcuMalibHBIii MOMEHT CHHXPOHHOM MaIlMHBI  ONpPEJENIsieT Ilieperpy3ouHyio
CrIOCOBGHOCTh CHHXPOHHOM MAIMHBI, YTO HMMeeT B@KHOE 3HAYCHHE KaK [ist
CHHXPOHHBIX T'€HepaTopoB, pafOoTAIOMMX MApaIeNbHO € CEeThIO, TaK M s
CMHXPOHHBIX  JBUraTeneil. B  HEABHOIOJIOCHBIX  CHHXPOHHBIX — MallMHAX
MaKCHMallbHBIH MOMEHT COOTBETCTBYeT YIUIy Harpysku @=90°, B iBHOMNOMOCHBIX
mammHax O <90° u o6bmuHO cocraBusier 60-80° B 3aBHCHMOCTH or
COOTHOIIEHHUs] COCTABHOTO M PEAaKTUBHOTO 3JIEKTPOMATHHTHBIX MOMCHTOB 3TOM
MAIlHHBI.

Jlns  pacueta  KPHUTHYECKOTO  yrjia  HArpy3k,  ONpejelisiomero
Heperpy304YHyIo CIOCOOHOCTh SIBHOIMOJIFOCHBIX CHHXPOHHBIX MAalliH, MOXKIO
BOCTIOJIB30BATHCS BBIPAKEHHEM:

cosOu =V [0,5-
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pP=Eo[4Ui(xa/xq—1) ].

Tlpu pacuerax mapameTpax CHHXPOHHBIX MAallIMH NpUMEHMOT U -obpazibie
XapaKTePHCTHKHU, NPECTaBIsIoIHIe co00H 3aBUCHMOCTh TOKa cTatopa f1 0T ToKa B
obmoTke BO3OYxeHHst o NIpH mocTosHHOH Harpyske P2llpu srom wsmencHue
roka B uenu craropa i = Iia + jlip IPONCXOIUT JIMILB 3a CUET €r0 PeaKkTUBHOIl
coctapnsoment jlip. [TosToMy perynMpoBKa BeIHYMHbI TOKa BO3Oy#mienus fo
COPOBOK/IAETCS] OJIHOBPEMEHHBIM M3MEHEHMEM He TOJbKO TOKa CTaTopa, HO %
KO3(dHULMeHTa MOLIHOCTU COSY. AKTHBHAsS COCTaBJAIOIIas Toka cratopa fia
1IpH 9TOM OCTaeTcs HeusMeHHoH . CoszaBas pexuM nepeeosbycoerus fe> lo
BLIBBIBAIOT Onepedicenue No (hasze Toka ceTn I otHOCHTEBHO Hanpsxerus Uy, 4o
€110cO0CTBYET MOBBIIEHAO KO3 (HUIMEHTa MOIHOCTH B CETH.

OHepreTHYeCKUe XapaKTepPHUCTHUKH B CHHXPOHHON MallMHe 3aBHCAT OT ee
paborel. Ecnu Mammua paGoTaeT B peXuMe IeHepaTopa, TO MNOXBOIMMAS K
reHepaTopy MeXaHH4YecKas MOIIHOCTh OMNPENENseTcs BPAIAIONIMM MOMEHTOM
NPOBOAHOTO JABHMratens M1 1 YacTOTOH BpalleHus Hi.

P1=0,105Min:

YacTh 3TOH MOIIHOCTH PacXOAyeTcss Ha IOKPBITHE MeXaHWdeckux Puex,
MarHUTHBIX Px M moGaBounbix Po morepb. Ecian Bo3OyxkIeHue rexeparopa
TIPOUCXONHUT OT BO3OYJUTEIISI, MPUBOAMMOrO BO BpallleHHe OT 06LIEro MpHBOIHOTO
JBUTaTeNsl, TO K IIE€PEYHCICHHBIM ITOTepAM I00aBISAIOTCS elle M MoTepu Ha
BO30yXKIeHHE

Po = Udd/e

I'me Us wu I - HanpsbkeHWe W TOK B Uenu Bo3Oyxmenws; ffo - KITJ
BO3Oy AUTEINS.

OcTaBuiascs I0CTe BBIYHTAHHS HEPEUHMCICHHBIX [MOTEPh MOLIHOCTh
1IpencTapiseT cobOH DIEKTPOMATHUTHYIO MOILIHOCTH TeHepatopa Pum, KOTOpas
Mepe/laeTcsl Ha CTAaTOp TeHepaTopa 3JeKTPOMArHMTHBIM  MyTem. [foneswas
MOIIHOCThL Ha BBIXOJE reHepaTtopa Pz MeHblIe 3JIEKTPOMATHUTHOM MOLIHOCTH
Ha BEJIMYMHY SNIEKTPHYECKHX II0Tepb B 0OMOTKe cTaTopa

P = MIﬁI‘I
CyMMapHEIe TOTepU CUHXPOHHOTO FeHeparopa

2P = Puex + Pu+ Ps + Poos + Psi



[image: image36.jpg]I'lone3Has MOIIHOCTB reHepaTopa
P2 = Sxcospr =miUili cospi
I'ne S2 = mUill - nonHas MOIIHOCTH Ha BBIXOJe TeHepatopa, B*A;
cos@1 - x03(hGUUMEHT MOLHOCTH B 1IENIU HArpy3KH FeHepaTopa .
Eciii cHEXpoHHas MalliHa paboTaeT B pekHUMe JBHIaTeIs, TO BUjibl HOTEPL
OCTAIOTCSt PEKHUMHM, HO BIeKTPUYECKas MOIIHOCTb Ha BXOJIE JABUIATE sl
Pi = Sicospi =miUil1 cospi
4 MOIIHOCTB Ha BBIXOJI€ ABUTATEIS SABISCTCSA MeXaHHIeCcKoi
P2=0,105Mzn;

KoadduimeHT nonesHoro nedcTBUsi CHHXPOHHOM MalIHHbL

n=P/Pi




[image: image37.jpg]FEor — DJIC paccesitinsi, 00ycJIOBI€HHAsA HAJIMYMEM MarHUTHOTO NOTOKA Pacceuis
@, permmuuHa ool DJIC mpomnopuUoHaNbHA HHIYKTUBHOMY CONMPOTHBIEHIIK)
paccesiHis 0OMOTKH CTaToOpa X1

E’nl =- jIIIXI,'

{ir1 — aKTHBHOE NajleHUe HANpsKeHns B $asHol 0OMOTKE cTaTopa, 0bLano 31k
BEJIMYHHON TIpY peLICHUH 3a1a4 npeHeﬁperaIOT BBULY €€ HeGONBIIOTO 3HAYCHMS.

JIns HesIBHOMOJMIOCHOM CHHXPOHHOM MAIlHHBI YPAaBHEHUS HANPsKeHui
HMEET BUI

l}l = E:0 +éc - i1r1
3nech
Ec = él o, éal
Ine E 1 - DJIC peakiuu AKOpsi HESIBHO MOJFOCHOM CUHXPOHHOM MalIMHbI.

PaccMOTPEHHBIM  ypaBHEHHEM HaNpsDKeHHE COOTBETCTBYET —BEKTOPHDLIC
nuMarpaMMbl  HanpsOKeHWH. OTH  guarpaMMbl  NPUXOIUTCA  CTPOMTL  1ANA



[image: image38.jpg]3anaua. Tpexdasnerii cHHXPOHHBIH aBuraTens cepry C/AH2 rve-
T NaHHble KaTa/loral HOMHHaNbHAS MOIIHOCTD P4, HHCJIO HOJII0COB 27,
K1/l Myon; KPATHOCTH — IIYCKOBOTO TOKA 1, /16, TYCKOBOIO MOMEHTA
M,/ M, 6y, MAKCHMATILHOTO CHHXPOHHOTO MOMeHTa M, ./ M, .\, acHHX-
POHHOIC MOMEHTA P CKOJbXeHunH s = 5 % (MOMEHT BXO/Aa B CHHXPO-
HIIBM ) Mo /M, ,.,; coemiiHede 0OMOTOK CTATOPA «3Be310iH». 3HaUYeH1s
fTepeYIICTeHHBIX BEJIHYHH MpUBeseHbl B Tabu1. 4.8.

OnpenennTns: HacTOTY BPAIleHU S, HOMITHAILHEIT 1 TYCKOBOIT TOKM B
LeI CTATOPAa, HOMMHANBHBIH, MAaKCHMalTbHbIH CHHXPOHHDIN, ITycKoBOTi
MOMEHTBI I ACHHXPOHHBIA MOMEHT BXO/Ja B CHHXPOHHU3M (TIp1 s = 5 %).
Hanpsisxenne nurawngelt ceTn = 10 kB npu gyactore 50 'u, koadpi-
LMeHT MOIIHOCLH cosy, = 0.8.
awmsre cloezo Boptronmo Easprreirre & rmerba. A E

Peuwren e Bapnanta CAH2-16-36-12.
1. Hacrora Bpaulenns

n; = 60f/p = 60 - 50/6 = 500 06 /MiIH.

2. MoTpebisiemas ABHUraTeseM MOIIHOCTD B PEXKHUME HOMHHATBHOM
Harpysk

Piuon = Poow/Mwow = 500/0,987 = 534 kBT.

3. ToK B LM CTATOPA B PEKIME HOMHUHATBHON HATPy3Ki

Lo = Bruon [(N3U, cos 0, ) = 534 /(1,73-10-0,8) = 39 A.

Lrom

o

. TIyckoBoil TOK B LIETIIT CTATOPA
I, = Lyon{Tn/ Tuow) = 3952 =203 A.
. MomeHNT Ha Baly ABUTATENS B PEXUME HOMMHAaNBHON HarpysKi
Miyon = 9,55 P 00/ 1 = 9,55 - 500 - 10%/500 = 9550 H - m.
 MakcuManbHbii (CHHXPOHHBIN) MOMEHT
Moo 2= Moy (M M) = 9550 - 1,9 = 18145 H - ™m.
7. [lycxkoBoil MOMEHRT

Woon (M7

- A {
== o

(&)1

o7}

£ MOMEHT BXCGIA B CHHXPOHM3M (ACHHXPOHHBIH MOMEHT [1PIL CKOJIL:
aenny 5 %)

Moy = Wy (M




[image: image39.jpg]Tabnuua VNG

Tun mnra'rcmi P KBT] 29 | mivin B M,‘ax/M,m,,, Mz My | M/ Mion L
16-36-12 I 500 |12] 937 1,9 13 10 5.2
16-14-12 [ 630 |12] 942 1,9 13 10 51
17-31-12 | 800 |12 943 19 11 10 17
17-39-12 {1000 |12] 949 18 10 10 15
17-49-12 1250 | 12] 953 19 12 1,1 52
18-64-12 2500 | 12| 96,2 18 14 12 6,5
16-36-10 630 | 10| 944 18 14 0,75 5.0
16-44-10 800 [ 10| 949 18 13 0,75 50 |
17-44-10 1250 | 10| 955 19 12 11 54|
17-51-10 1600 101 95,9 18 12 10 52 |




[image: image40.jpg]KOJUIEKTOPHBIE MAIIAHBI IOCTOSIHHOT' O TOKA.
OCHOBHBIE IOHSITUSL.

OT/IHYUTENBHBIM TIPU3HAKOM KOJUICKTOPHON MAallIMHBI TIOCTOSHHOTO TOKa
ABIAETCS HaJIMYHe B HeH MIETOYHO-KOJUIEKTOPHOTO  y3JIa - MEeXanu4eckoro
nipeoGpaszosatensi. UYepe3 KOMUIEKTOpP M IIETKH OCYLIECTBISETCS CBA3hL paboueii
06MOTKH (0OMOTKH SIKODSI) C 3JIeKTPUYECKON HArpy3KOMH, eciin MaliuHa ABJIsACTCs]
FeHepaTOPOM, WM ¢ HCTOYHHKOM MUTaHMsl, ECIIM MAILKMHA SBJISETCS IBUIaTe/ICM.

PaGouasi 0OMOTKa pacIioyioskeHa Ha BPaIAIoLIecst 4acTH MallkHbl — SKOpe,
M HaspIBaeTCsi 0OMOTKOM SKOpsi. DTa 0OMOTKA COCTOUT U3 CEKLMH, ONpe/IeIeHHbIM
00pa3oM yI0KEHHBIX Ha CeplIeYHHKe KOS ¥ MPUCOEIHHEHHBIX K KOJUIEKTOPY.

O6MoTKa SKOpS MPEACTaBIsieT co00H 3aMKHYTYIO CHCTEMY IPOBOIHUKOB M
OHa, KaK TPaBUIIO, fejaeTcst ABYXCIOWHOW. Cekuunm OOMOTKHM MOTYT OBbIThH
0/IHOBUTKOBBIMH HJIH MHOTOBHTKOBBIMH. OGMOTKH SIKOPSt MOTYT GBITh BOJIHOBBIMH
WIIM [eTIEBBIMH, IIPOCTBIMH, CITOKHBIMH H KOMOMHHPOBAHHBIMH.

Jlna  BoipaBHuBanus  OJIC  mapaulelNbHBIX  BeTBell  OOMOTKHM WM
BoipaBHuBanus DJIC MpOCThIX 06MOTOK, COCTABIAIOMMX CI0XKHYIO, B 00MOTKax
MPUMEHSIIOT YPaBHUTEIbHbIE COEIUHEHHUS].

DIC obmotku sikopst Ee« nponopruMoHagbHa OCHOBHOMY MAarHHTHOMY
MoTOKY BO30yXaeHus @ U 4acTOTe BpallEeHWs A.

Ea=ce®n

e ce - K03bdHUUMEHT, OonpeensieMblii KOHCTPYKLUeH 0OMOTKH SIKOpS: YHCIOM
Hap TOJNIOCOB P , KOJIMYECTBOM MA30BBIX CTOPOH (mpoBoanmKoB) N |
COCTAaBJIAIOLINX 06MOTKy, Y YHUCJIOM NapauleJIbHBIX BETBEH B OOMOTKE @ .

ce=pN/(60a).

DONeKTPOMAarHUTHBIH ~ MOMEHT M, BO3HMKAalOIIMH Ha  sKope TIpH
npoxorkeHns Toka la o o6MoTke sikops, H*M,

M=cn®@Is,

rjie cn - Ko3GQUIMEHT, olpeiesieMblii KOHCTPYKIHEH OOMOTKH sIKOpS,
cn=pN/(2n9Mu).

OCHOBHOW MAarHMWTHBIN ITOTOK MAIIXWHBI [MOCTOSHHOTO TOKa onpenenseTes
BbIpaxeHueM, B,

@D=BliTos,
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rie Bs— MarduTHAs MHAYKIHs B BO3/AyIIHOM 3a3ope maruuubl, Ti; /i - pacyeTHas
JUIMHA ceplevHHKa sKops, M; T - IOJIIOCHOEe JelieHHe, M; @i = 0,6-0,8 —
K09 (ULHEHT MONOCHOT0 NEPEKPBITHSL.

DJIeKTPOMATHHTHBIH MOMEHT MAllMHEL [OCTOSHHOro Toka M mpsmMo
MPOMOPUMOHANIEH  BJICKTPOMArHHTHOH  MOMHOCTH  Pow=Eala u  obpaTHO
MPONOPUHOHATEH YacTOTe BPAIEH s AKOPS 1

M= 9,55P>wn.

BaXHBIM TPOLECCOM, BIMSIONM Ha pabouyue CBOHCTBA —MAalIMHbI
MOCTOSHHOTO TOKa, SBJIAETCS pedkyus skops. B pesynbTare BIMSHHS 3TOrO
Ipoliecca MPOUCXOUT ACKaXEHHE MArHHTHOTO MOJsi B BO3AYIIHOM H 3y6LOBOM
cyl0e SIKOps MAIUMHBI M ee pasMarHu4uBanue. [Iis ocnabieHus HeXelaTeIbHOro
BO3/IEWCTBUS PEAKIMH SIKOPs. B MAIIMHAX IIOCTOSHHOIO TOKA IPHMEHSIOT
no6aBoYHBIE MOJNIOCH, @ B MAaIIMHAX 3HAYMTENLHOH MOIIHOCTH — elle M
KOMIIEHCAIMOHHYIO OOMOTKY.

PasmaruuumBaioliee BIMSHUE DeAKIHH SKOpS 1O IIONEpeYHOH OocH
npuxouTes yauThiBarh. OGBMHO 5TO JENAlOT TOCPEACTBOM Kod(pduiyeHTa
peakiyu SKopsi Kp.s, KOTOPBIH HCHONE3y0T 1pH pacuere MJIC, komnencupyoweit
BJIMSIHHE PEeaKIHU SKOPs 10 IONepeyHOH ocH

Fei=kpaFa,
rae Fa - MJIC 06MOTKH SIKOps Ha mapy HOJIOCOB, A,
Fa=NIJ/ (4ap).

Jlns onpenenenns ko>G@UIMERTa PEaKLMU SKOPs MOJB3YIOTCS rpadukoMm
kp. s=f(Fa/Feg) (puic.1), e HIXKHsIS IPaHHUIA rpaduka COOTBETCTBYET MArHUTHON
MHAYKUMH B 3y6Lax cepiednnka skops B=1,7 T, a Bepxuss — B:=2,3 Tn.
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Bennunna Fe mpencraBiuser coboir MJAC — o6MoTkM BO30YyXjeHHs B
pexMMe XOJIOCTOro Xoa, A,

Feo=2Fsky ,

rae Fs — MarduTHOE HaNpsDKEHHE BO3AYIIHOTO 3a30pa, A, Fs=0,8Bsks1 0*3; ku =
=1,2-1,7 — K02 PHULHEHT MArHUTHOTO HACBIIIIEHHUS MATHUTHOMN LIS MaLIMHb;

Bo - MarHuTHasE HHAYKUHS B BO3IYLIHOM 3a30pe Maimuel, Tir; ks — koaddunment
BO3JYIIHOIO 3a30pa, YYMTHIBAET yBENMYCHHE BO3JYLIHOIO 3a30pa, BBI3BAHHOE
3yGUaToil MOBEPXHOCTHIO SIKOPSI.

OCHOBHOW MarHUTHBIH MOTOK, BO30Y)KAAIOMIHA MalIMHy MOCTOSHHOIO TOKa,
cosmaercsi 0OMOTKOW BO36YskaeHus. B 3aBUCHMOCTH OT criocoba BKIIFOYEHHMS! 9TOH
OOMOTKM ~ OTHOCHTENBHO OOMOTKHM SKOpSl, MAaIIMHBl IIOCTOSHHOIO — TOKa
pasfessIoTes Ha MalllMHBl He3aBHCHUMOTO0, NapajlIeNIbHOTO, MOCIeN0BaTeNbHOIO U
cMemianHoro  Bo30yxuenus (puc.2).Crioco6 Bo30YXJIEHHS B 3HAYMTENBHOU
CTeNECHH BIMSAET Ha CBOIMCTBA FEeHEPATOPOB U JIBUTATeNel NOCTOAHHOIO TOKA.

JL1s reHepaTopoB NOCTOSHHOTO TOKA CIPAaBE/JIMBO ypaBHEHHE HANPSDKEHUI
U=Es -1} r-AUu,

rgje r— CyMMa CONPOTHBIECHHUH B Ll OOMOTKHM SIKOpS; COOCTBEHHO 0OMOTKH
SKOps, OOMOTKH JJOGABOYHBIX IOMIOCOB M T. A.; A Uw — najeHue HanpsokeHus B
IIIETOYHOM KOHTAKTe Ha Tapy LIeTOK, 3aBHCUT OT MapKy NPUMEHEHHbIX B MallluHe
meTok (tabmn.l).

Ilpu OlleHKEe CBOMCTB TI'€HEPaTOPOB IOCTOSHHOIO TOKA HCIIONb3YyeTCs
HOHSTHE HOMHHANFHOIO WM3MEHEHHs HaIpsDKEeHHsA Ha BBIXOJE TeHepatopa Ipu
cbpoce Harpy3Ku:

£, Unon = (Uo — Unon)/ (Uno) *100
rae U — HaMpsDKEeHWe Ha BbIXOJIe reHepaTopa B peXUMe X0JIOCTOT0 Xoaa.



[image: image43.jpg]i nCpeXOJlHOC TiaJIicHAC Hal'[pi[)l(eHHﬁ Ha mapy
Mapka 1eTox utetok AUy, B, ipy HOMHHATRHOM TOKE
B lanom
DnekTporpaduruposanusie I 20=24
YronsHo — rpadutossie YT, T 2,0 o
Mepso — rpaduToBble M, MI' 0,2-1,5

Bennuuna AUxow 3aBHCHUT OT - criocoba  BO3OYXJIEHHsl  IeHepaTopa.
Hanpumep, 171s reHepaTopa He3aBUCHMOTO BO30YXK/IeHHs OHA cocTasnseT 5-10%.
JIns npuraTeneil MOCTOSHHOTO TOKA ypaBHEHHE HANPSIKEHUH UMEeT BUJL:

U= Ea+ Iy, rtAUs,
T.e. DJAC E. , vHmynupyemas B OOMOTKe AKOpS, MEHbLIE TOIBOJAUMOTO

Hanpsokenust U Ha BenM4MHY BHYTPEHHETO NMaJAeHHS HANPHKEHHs B LEHH SKOps
Iy r. Otcrosa TOK sKOpst

Ie=(U-EdJ/Y 1.
DJIeKTPOMArHUTHBIH MOMEHT JABHIaTelNsl HOCTOSHHOTO Toka, H*M,
M= cn®@I1a=9,55P>wn.
MOMEHT Ha Bally IBUraTens, T.e. HOoJIe3HbIH MOMEHT,
M2=M-Mo= 9,55P2/n.
rjae Mo — MOMEHT X0JIOCTOTO X0/1a; P2 — rosie3Hasi MOIIHOCTh JBUTaTeNs,
P2- Py,

1 — KITJI nBuratens.
YacToTa BpalleHus SKops JABUTATellsl IOCTOAHHOIO TOKa, 006/MuH,

n=(U- 1y r)/ ce®
KoaduiuenT nose3Horo AefcTBHs MallMHBI TOCTOSHHOTO TOKa

/. H=PyP=1-ZP/P:+Z P),
rae 2P — cyMMapHbIe OTEPH B MallIHHe.

Ilu OLICHKE PEeryJHpOBOYHBIX CBOWCTB HBHFaTCHeﬁ TIOCTOSIHHOI'O TOKa
HanGoJIblIIee 3HAYeHHe UMEIOT MEXaHHYeCKUe XapaKTepucTky n=f(M). BaxHbimu
noKa3aTeJIsIMUA 3THX XapPaKTEePUCTHUK SBISIFOTCA X XKECTKOCTh M JIMHEHHOCTh.



[image: image44.jpg]KecTKoCTh MeXaHH4eCKO! XapaKTepPUCTHKH OINpPENeNseTcss YIioM HaKloHa
XapaKTePUCTHKH K OCH OpJMHAT: YeM MeHbIIe 3TOT Yroil, TeM MeHee KeCTKO#H
(6oItee MATKOM) SIBISETCS 3TAa XapaKTEPUCTHKA.

VY nBurarteneil HezaBUCHMMOTo (IIapalIeNIBHOr0) BO3OYKIEHHsS MEXaHH4ecKue
XapaKTepUCTHKH IpsMonrHedHbl. Hambonee jkecTKOM SBJIAETCS eCTECTBEHHAs
MexaHHYecKas: XapaKTepHCTHKa, ee HAKIOH K OCH OpAHHAT JHIIb HEMHOTHM
menbine 90°. Jns monmydeHHs: Oojiee MATKHX MEXaHMYECKHX XapaKTepHCTHK
OOBIYHO B LIEIb SKOPSI OCIEA0BATEIbHO BKIIOYAIOT PE3UCTOP, CO3AIONIMI B 2TOH
uenu 106aBOYHOE CONMPOTHBIEHHE Fo: C YBENMYEHHEM Fo MEXaHUYECKHE
XapaKTEePUCTUKH CTAHOBATCH << MATYe>>, MPH ITOM XapaKTEPUCTHUKH OCTAIOTCs
OpAMOJMHEHHBIMH (pHC.3).

I
1
I
i

Ilpy HeM3MEHHOM MOMEHTe HAarpy3KH Ha Bajy ABHIaTess C yBelHYeHHeM
COIIPOTUBJIECHHMS PE3HCTOpA F¢ YaCTOTa BpalleHHs: yMeHbliaetcs. COnpoTHBIEHHS
pesucTopa ro I TONYYEHHS HCKYCCTBEHHOHM MEXaHWUYECKOH XapaKTepUCTHKH,
COOTBETCTBYIOIIEH TpeOyeMoil yacToTe BpallleHWss n TpPH 3aJaHHOI Harpyske
(0OBIYHO ~ HOMMHANBHOM) B  [JBHraTelsix HE3aBUCHMOro  (IapaluiesibHOro)
BO30YIKIICHHs, PACCUUTHIBAIOT 10 (hopMyIIe:

Ro= (U/ Iy[1-n/no0)]- 3 1,

I'me U — uanpspkeHWe NHTaHUS LeIM sikops jasuratens, B; I« — TOK skops,
COOTBETCTBYIOIIMI 3aJlaHHONW Harpyske ABHTaTessi, A; m - Tpebyemas yacroTa
BpallleHus, 00/MUH; #00 - 4ACTOTA BPALEHHs HIEATLHOIO X0JIOCTOrO X0/a, 00/MHUH.

YactoTa HIEaTbHOr0  XOJOCTOTO XOoAa Hgo TIpeicTaBiser — coboi
MOrPaHUYHYIO0 YacTOTy BpALIEHMS, TPH [PEBbILIEHAX KOTOPOH JBHraresb
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Nepexo/MT B TEHEPATOPHBIA peXMM. OTa 4YacToTa BPAUICHHs [PEBBILIACT
HOMHHANBLHYO YaCTOTY BpAUIEHUsS Muom HACTOIBKO, HACKOIBKO HOMHMHAJIBHOC
HaTpSDKEHHE, NOIBOMMOE K Lery skopst Unox, npesbimaet D/1C nsurarens Eanon:

100= nuos(Unon/ Eanom).

Haubonee  OTBETCTBEHHBIM  SBJIAETCS  MpOLECC  IIycKa  JBUIaresns
OCTOSHHOTO TOKa. Tak, Ha4albHBINA [yCKOBOHM TOK JBUIaTelsi IOCTOSHHOIO TOKa
MpH HETIOCPE/ICTBEHHOM €r0 BKIIOYEHWH B CETb MOXET JOCTUraTh ONACHBIX LUl
JIBUTATeNs 3HAYEHM}, HApymAKEX paboTy IETOYHO-KOIIEKTOPHOTO y3jia H
CHOCOBHOrO BHI3BATh <<KpYrOBOW OTOHBL>> Ha KolulekTope. Kpome Toro, Takoi
TOK CO3/1aeT dpe3MepHO GONBINOH IIyCKOBON MOMEHT, OKasblBAOIMH Ha
BpAlAIONHECS YacTH  /IEKTPONPHBOJA YJApHOE BO3JEHCTBHE, ClIOCOOHOE
MeXaHW9IeCKH paspyliuTh MX. B CBs3u ¢ 3TMM 60JIbIIOe MPAKTHICCKOE 3HAUCHHE
UMEeT pelLIeHHE 3aga4d [0 pacuyemy nYCKO8bIX peocmamos I[BI/IYaTeJ'IEI‘/'l
MOCTOSHHOrO TOKa. [IpUMeHSIOT ABa MeTolda pacyera ITyCKOBBIX pEOCTaTOB:
epachuveckuti u  ananumuyeckuti. B OCHOBE TPaUUECKOro METONA IEKHT
nycKoBas JMarpaMMa JIBHraTens. B mpeicTaBienHoif Ha puc.4 1ycKoBOW
JMarpaMMe ¢ TIPUMEHEHHEM TPEXCTYIeHYaToro myckoporo peoctara K1, K2 n K3
SBNSIOTCS ~ KOHTAKTAMM  CHJIOBBIX ~ KOHTAKTOPOB, —IMOCPEICTBOM  KOTOPBIX
OCyIIleCTBIsIETCS [ePeKIIIOYeHHe CTyNeHeH peoctara, a Foosl, Foos2 W Fooss —
PEe3UCTOPHI CTyMEeHe# ITyCKOBOTO peocTara.
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TIPUHKUMAOT:

I=(1,5...2, 5) Iaow; I2=(1, 0...1, 3) Lanons

Ipu 3TOM TOK NepekiroueHuii [2 JoykeH ObITh HEe MEHBIIE TOKA HArPy3Ku,
COOTBETCTBYIOLIETO CTATHYECKOMY MOMEHTY CONpOTHBJEHHS Me, co31aBaeMoMy
Harpy31<0ﬁ Ha JIBUTaTellb. ):[I[S{ HEKOTOPBIX nsm‘meneﬁ Crie{ajbHOro Ha3HA4YCHMs,
[[pe/HA3HAYEHHBIX JUIS TSDKEIBIX YCHOBHH paboThl, HANpuMep ABHratenei
KPaHOBO-METATYPrHYECKUX CEepuii, yKa3aHHble 3HAYCHUS TOKOB MOIYT GBITh
YBEJTUYEHBI.

Pacyer CONMPOTUBIEHHI pPE3MCTOPOB IYCKOBOTO peoctara BeIyT 1O
dopmynam:

Ros=2r (A-1); roz= ro3l; ro1=roz.

B 5THX BBIPOKEHHSIX A INpEACTaBiseT COOOH OTHOMICHHE HAYANBHOTO
myckoBoro Toka I k ToKy mepekmodenuii I2

=1v 1.

OTIHYHTENTBHBIM TIPU3HAKOM JBUrarenei noCcAe006amenbio2o
BO30YKIEHHUs SIBISAETCS TO; YTO TOK BO3OYXKIEHHS OLHOBPEMECHHO SBJISETCH M
ToxoM Harpy3kH. [1o 3To# npudMHe MArHUTHBIR MOTOK BO3OYJK/ICHHS B ABUraTENE
MOCJIEI0BATEILHOTO BO30YKICHHUS 3aBUCHT OT HATPY3KH.

Tlpy HeGOIBIION HArpy3Ke JBUTATENS €10 MArHUTHAs CHCTEMa He HACKILIEHA
1 MarHUTHBIH IOTOK MPOHIOPLUOHAIEH TOKY Harpy3ku

D=cp Ia,
a BpaLAIONIMHCS MOMEHT JIBUTaTeIsl PaBeH
M= cn@Ie=cucp 12,

C pOCTOM Harpy3KH MarHMTHas CHCTEMA JIBUIaTe/ls HACKIIACTCA, IIPU HTOM
3aBucuMocTs M=f{ls) CTaHOBHTCs HeJMHEeHHOH. MexaHuueckasi XapaKTepuCTHKa
nuraresis n=f(M) Gyler TaxKe HEJIUHEHHOM, U ee XKECTKOCTh Ha pasHbIxX ee
y4acTKaX HEOJMHAKOBA: TPH MaJbIX HArpy3Kax 4acToTa BpallleHHs JABHTaTens
3HAUMTENbHA W XAPAKTEPHCTHKA  MArkas, C  YBEJW4YeHHEM  Harpysku
XapaKTePUCTHKA CTaHOBHTCH GOJiee JKeCTKOH, YacToTa BpallleHHs yMEHbIIACTCSL, &
npu Harpyske, 67m3K0l K HOMHHANIBHOM, XapakTepUCTHKa CTAHOBUTCs ere Goiee
skeCTKOH. OOBACHAETCS 3TO TeM, YTO MpH TAKOH HArpy3Ke MAarHUTHbIH chcTeMa
HACHIlEHA M BEJMYMHA MATHATHOTO [OTOKA CTAHOBMTCS [MPAKTHYECKH HE
3aBHCSLIEH OT BEJIMYHHBI TOKA Harpy3Ku.



[image: image47.jpg]B cBa3u ¢ OTCYTCTBUEM ypaBHeHHﬁ, NO3BOJIAIOLIMX pacCcyuTare U
TIOCTPOUTH MEXAaHUYECKUE XapaKTepUCTHKHW JBUraTelsl  I10CJIe€N0BaTe/IbHOTO
BO36y)KlIeHI/I$l, JUIs UX IIOCTPOEHUA UCIIONB3YIOTCS YHUepCcaioHbiMu
ecmecmeeHHbIMU xapaxmepucmukmu(pnc.S), TpUBOAMMBIMH B KaTajlorax Ha
JIBUTATEJIU NMOCTOSIHHOI0 TOKA IMOCIEN0BATEIbHOTIO B036y)KI[eHHﬁ.

YHI/IBepCaHLHLIN%I/I ©CTECTBEHHbIe  XapaKTePUCTHKM  [IOCTPOEHbI B
OTHOCUTENbHBIX enuHunax: Toka L = 1o/ Imow; MomenTa M.=M/Muox; 9acTOTHI
BpaLUECHUS B=N/Muon.

JlIs MOCTPOEHMS eCTECTBEHHOM MexaHM4ecKOoW XapakTepuctuku n=f(M)
JBUTATEJIS 0CIIeI0BATEILHOTO BO3OYXKIeHHs no YHUBEPCAIBHBIM
XapaKTePUCTHKaM MOCTYMAIOT CIeAYIOIHUM 00pa3oM.

3afaroTcs psIOM OTHOCHTEIBHBIX 3Hau4eHHi Toka Harpysku f« w mo puc.5
OTPEeJIeIITIOT  COOTBETCTBYIOIME OTHOCHTENbHBIC 3HAueHHss MomeHTa Me 1
YacTOTHI BPAILEHHs M 3aTeM, MCIIONB3Ys HOMMHAIIbHBIE 3HAUEHMs TOKa sSKOps,
MOMEHTA M YaCTOTHI BPaLlleHHUs], ONPe/eNsiioT UMEHOBaHHbIe 3HaYeHus Toka Ja (A),
momenta M (H*M) 1 yactoter Bpamenus # (06/MuH). TTo noaydeHHbIM 3HAUEHHAM
BEJMYUH CTPOST €CTECTBEHHYIO MEXaHHYECKYI0 XapaKTepUCTHKY IBUTaTels

n=f(M).
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B Ta6HI/IHC 4’-., JlaHbl 3HQYEHUs NapaMeTpoB ABUIATE/I HOCTOAHHOIO TOKa
HE3aBMCHMOTO  BO30Y)XJEHHs: HOMHHAIbHAs MOLIHOCTbL  jBHrarens Pyoy,
HanpspKeHue nuTanus ueru skopst Uygy, HAOPsHKeHHe NUTaHHUs LeNny Bo30YyKIeHHUs
U,,, HacTOTa BpaLLEHMs SIKOPsI B HOMUHAJIBHOM PEIKUME 70y, COITPOTHBIICHUS LICITH
SKOpsL 7 M LeTH BO30YK/ICHHUS 1y, IPUBEJEHBI K pabodeli TeMrepaType, najeHue
HalpsDKEHUsi B IIETOYHOM KOHTAaKTe NpM HOMMHaIbHOM Toke AU,~2 B,
HOMHHAJIbHOE M3MEHEHHe HANpsDKeHHsI Ipu cOpoce Harpysku Any,e,=8,0%, Tok
SIKOpsL B pexxume xonoctoro xoza Iy. TpeGyercs ompenenuth Bee BUIbI 10TEPh U
KI1/] nBuraresns.

HGanusie gre cdocse Lo apricmme gpjb/va/ﬂe Errasn A/ F

Pemenue Bapuanta l.

1. YacTroTa BpalleHHs B peXKHUME X0JIOCTOro Xoza

10=Ryom] 17 (AP,100/100) ]=2200(1+8/100)=2376 06/mun.

2. DJAIC sKope B pexHMe XOJOCTOro Xozna (IaZleHHeM HarnpspKeHus B
IIETOYHOM KOHTaKTe NpeHeOperaeM BBHIY €ro He3HAUHTENbHOW BENMYHHBI B
PEeXHMe XOJIOCTOro X0/1a)

Ey=U,on-Ipyr =440-6-0,3=438,2 B.
3. MoMeHT B pe:KuMe X0JI0CTOro Xo/1a
My=9,55E 4l /np=9,55-438,2:6/236=10,6 H-m.
4. MoMeHT Ha Bajly IBUraTelIs B peXHUMe HOMUHAIBHOM Harpy3ku
Mouow=9,55P 100/ Muon=9,55:25-107/2200=108,5 H-m.
5. DJIeKTPOMArHUTHBIH MOMEHT ABUTaTells [IPY HOMHUHAIIBHON HArpy3ke
M0, =My+M:0,=10,6+108,5=119 Hm
6. DIEeKTPOMAarHUTHAs MOLIHOCTh JIBUTaTells B pEKMME HOMHMHAIBHOM
Harpyske
Ponon=0,105M 5 81,5=0,105:119-2200=27490 Bm.
7. DJIC SKOps B peKUME XOJIOCTOrO X0/18 MOJKHO MPEICTaBHTh KaK
Eap=c.Pny,

oTKyza



[image: image49.jpg]C,D=E,¢/ny=438,2/2376=0,185,
HO Tak Kak ¢, ®=9,55, 1o
¢, @=9,55¢,9=9,550,185=1,77.
W3 BbIPpOKEHHUS 3JICKTPOMAarHUTHOr0 MOMEHT4a B PEXHME HOMMHAJILHOM
Harpys3Ku
Mion=cu@lauon
orpe/ieIAM 3HAYEHHS TOKa SKOPs B Pe)XKUME HOMUHAIBHOH Harpy3Ku
Ly won=Moo/ (¢, @)=119/1,77=67 4.
8. Cmea MAarHMTHbIX u MEXAaHHYECKHX rnoTepe JABHUraresns
NpONOPLHOHATFHA MOMEHTY XOJIOCTOTO X0/1a
PriaentPrex=0,105-10,6-2376=2644 Bm.
9. DNeKTPUYECKHE MOTEPH B LIl OOMOTKH KOS
Por=Fauonyr=67"-0,3=1347 Bm.
10. DnekTpUYECKHe OTEPU B IIETOUHOM KOHTAKTe SKOPS
Prys=LosonA Uy =67-2=134 Bm.
11. MomHOCT, MOABOAMMAS K LISTH SKOPs, B HOMHHAIBHOM PEXHME
P 1o von=Usorda von=440-67=29480 Bm.
12. Tok B 06MOTKe BO30YXK1eHHs
1,=U,/r,=220/60=3,7 A.
13. MowHOCTb B Henu Bo30YKAeHUs.
P,=U,,=220-3,7=814 Bm.
14. MomHocTh, TOTpeOuisieMass [ABUTATeNeM B PEXHME HOMHHAIBLHOH
HArpyska
P row=Piauont Pe=29480+814=30295 Bm uru 30,3 xBm.
15. KITJI nBuratens B HOMMHAIEHOM peXUME

Nwos=(Puor/ P 140w 100=(25/30,3) 100=82,5%.

Yia
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JIBuraresis [IOCTOSTHHOTO TOKa MapaJUIENBHOr0 BO3OYAIEHHS HMEET CICAYIOLIHE TaHHbIC!
HOMMHAIBHAS MOHIHOCTD Py, , HAUpPsDKeHUe MATAHNS U, , HOMMHATbHAA 9aCTOTA BPAICHUS
Fyjon » COTIPOTHBIIEHHE OGMOTOK B IIEIH AKOPA ZF , CONPOTHBICHHE LIETH BO3OYKACHNAS ', ,
NaIeHHE HAOPAKEHHUS B METOYHOM KOHTaKTe metok AU, = 2B.

TpeGyercst onpeneanTs HOTPeOIIEMbIil ABHTaTEIeM TOK B PEXXHME HOMHHAILHOH Harpy3ku
Lo » COMPOTUBIICHHE ITYCKOBOTO PEOCTATA R, , IPH KOTOPOM HAUANBHBIH MyCKOBOH TOK B HEIH
SIKOpsi ABHrareis Obu1 Ob1 PaBeH 2,51 40y , HAYAIBHBIH IyCKOBOH MOMEHT M, , 9acTOTY BPaIlCHIs

N, ¥ TOK /, B PEXKAME XOJIOCTOr0 X012, HOMUHAIbHOC H3MCHEHHE 9aCTOThi BPAICHHS SKOPH

JIBHTATEIS IPH cOpoce HArPy3KU. Biusdnne peakiuy AKOps npeHeOpeds.
Hogpoe uf choezo bopucirmea Eogerume Emosuye /8
euienue:
1. Tlorpebasemas JBHTaTeIeM MOMMHOCTH IPH HOMHHAILHON HAIPY3Ke

b P T
1HOM ”HOM 0,85

= 29,4xBm.

2. Tok, IOTpebiseMblii JBUTATENEM IIPH HOMHHAILHO#H HArpysKe,

3
1 =T 09410 _ g7y
440

HOM —
HOM

3. Tox B neri 06MOTKH BO3GYXKIACHAS

4. Tox B 0OMOTKE AKOPS
I

wiiosg = Tnors — 15 =67-5=624.
5. HavyabHbiii yCKOBOM TOK SKOPS TIPY 3a/1aHHOM KPATHOCTH 2,5
Iy =251 40 =2,5-62=1554.
6. TpeGyeMoe COTPOTHBIERNE NETH SKOPs IPH 33/IaHHON KPATHOCTH MyCKOBOTO ToKa 2,5

U 440
R =Ryt = MO — —— =2 830m.
o et OF % 155

7. ConpoTHBIIEHHE ITyCKOBOI'O peocTara
Ryp=R, - r=283-0,15=2,680m.

8. DJIC sxops B peKHMe HOMHHANBLHON HArpy3Ku
Eione = Unors = Luons 2.7 — AUy, = 440-62-0,15-2=428,7B.

9. Y3 BeIpakeHus E,=C,®n,
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OTHOIIEHUE KOIPDHIMEHTOB

CIEAOBATENHLHO, B IAHHOM CiIydae
C,®=955-C, ©=955-0,285=2,72.

10. HagaysHbIi IyCKOBON MOMEHT IIPH 331aHHOI KPATHOCTH ITyCKOBOTO TOKa 2,5
M,=C DI ,=272-155=422H - m.

11. MomeHT Ha BaTy JBHTaTEN PH HOMUHATLHOH HArpy3Ke

3
My = 9.55P s _955-2510° o o
iz 1500

12. DIeKTPOMArHUTHBIH MOMEHT IIPH HOMUHANBHOU HarpysKe

9,55P, 9,55-26579
Mgy = 2220 = BT 1694 - M,
Ryom

X SNCKTPOMArHUTHAA MOIHOCTE ITPA HOMUHAIBHOMH Harpyske
P = ., =428.7-62=26579Bm.

M HOM aHOM 1 101
13. MoMeRT X0710CToro0 X012
My =M yuoir — M0 =169-159=10H - a1
14. Tox sIKOps B PEXMME XOJIOCTOr0 X02
Io= (?Aj%?j = 21% =3,684.
15. DJIC sxops B peximMe X010cToro xoaa (mpuamvaem AUpg=0)
E. o =Uyoy =LY, r =440-3,68-0,15=439B.

16. YacTora BpaileHHs SKOPs B PEKMME XOIOCTOIO X023

E, 439

=B _ 9 154006 ) sum.
"o~ {c.o) 0285 o0

17. HoMHHAIbHOE H3MEHEHHE YaCTOTHI BPALICHHS ABHTATE IIPH COPOCE HArPY3KA

n,—n 15401500
Ay = 2 HOM.100 =

-100=2,66%.
Ayon 1500
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Ilapmerp BAPHUAHTBI

1 2 3 4 S 6 7 8 9 10
Prom(kBT) 25 15 45 4.2 18 16 40 4 8 12
Unom(B) 440 1220|440 220|220 {220 220 (220 (220 220
nHoM(00/MuH) 1500 | 1000|1500 |1500 1000 [1500 [1500 1000 [1000 |1500
NHoM(%) 85 83 88 78 84 82 84 86 85 87
>r(Om) 015 {012 {013 |0.15 012 0.3 [0.14 [0.15 [0.16 [0.18
Re(Om) 88 73 88 64 3 81 82 79 81 73





Электрические машины и аппараты 
Контрольные вопросы и задания

1. Потери в деталях электрических аппаратов

2. Нагрев однородного проводника при коротком замыкании

3. Общие требования, предъявляемые к электрическим аппаратам

4. Физические явления в электрическом контакте

5. Переходное сопротивление контактов

6. Основные конструкции контактов

7. Параметры контактных конструкций

8. Нагрев катушек электрических аппаратов

9. Процесс размыкания контактов. Износ контактов при размыкании

10.  Процесс замыкания контактов. Износ контактов при замыкании

11.  Материалы для контактных соединений

12.  Выключатели масляные и воздушные

13.  Выключатели электромагнитные

14.  Разъединители и выключатели нагрузок

15.  Токоограничиваюшие реакторы.

16.  Разрядники

17.  Трансформаторы тока и напряжения
18.  Выключатели автоматические
19.  Выключатели неавтоматические
20.  Предохранители плавкие 
21.  Контакторы электромагнитный
22.  Пускатели магнитные
23.  Резисторы
24.  Реостаты
25.  Контроллеры
26.  Реле электромагнитные
27.  Реле электротепловые

28.  Реле поляризованные
29.  Электромагниты переменного тока. Короткозамкнутый виток
30.  Усилители магнитные
31.  Тиристоры
32.  Условные обозначения электроизмерительных приборов
33.  Абсолютная, относительная и приведенная погрешности

34.  Измерение электрического сопротивления методом вольтметра и амперметра. Рассмотрите две возможные схемы включения приборов и выясните, в каких случаях следует применять каждую из схем. Достоинства и недостатки этого метода
35.  Измерение напряжения в цепях переменного тока вольтметрами с нормальным и расширенным пределами измерения. Измерительные трансформаторы напряжения. Устройство, принцип работы, схема включения, коэффициент трансформации, погрешности
36.  Измерение напряжения в цепях постоянного тока вольтметрами с нормальным и расширенным пределами измерения. Добавочные резисторы. Конструкция, схема включения. Определение величины сопротивления добавочного резистора.
37.  Измерение электрического тока в цепях переменного тока. Измерительные трансформаторы тока. Устройство, принцип действия, схемы включения, коэффициент трансформации. Погрешности
38. Измерение тока в цепях постоянного тока амперметрами. Шунты. Назначение, схема включения. Конструкция шунтов. Определение сопротивления шунта
39.  Электроизмерительные приборы выпрямительной и термоэлектрической систем. Комбинированные приборы
40.  Устройство, принцип действия приборов ферродинамической системы. Характер шкалы прибора
41.  Устройство, принцип действия приборов электродинамической системы. Характер шкалы прибора.
42.  Устройство, принцип действия приборов электромагнитной системы
43.  Устройство, принцип действия, область применения приборов магнитоэлектрической системы
44.  Измерение активной мощности в трехпроводных цепях трехфазного тока двухэлементным ваттметром, включенным через измерительные трансформаторы тока и напряжения. Начертите схему включения приборов и приведите формулу, по которой определяется первичная мощность цепи
45.  Измерение активной мощности в трехпроводных цепях трехфазного тока двумя однофазными ваттметрами. Начертите схему включения приборов и докажите, что мощность цепи будет равной сумме или разности показаний приборов
46. Измерение .активной мощности в цепях трехфазного тока тремя однофазными ваттметрами; а) в трехпроводных цепях; б) в четырехпроводных цепях. Начертите схему включения приборов и определите мощность цепи по показаниям приборов
47. Измерение активной мощности в трехпроводных цепях трехфазного тока одним однофазным'ваттмётром в двух случаях:
а) нагрузка.равномерная, фазы потребителя соединены в звезду с доступной нейтралью;
б) нагрузка равномерная, фазы потребителя соединены в треугольник
48.  Измерение активной и реактивной мощности в цепях однофазного переменного тока. Схемы включения
49.  Измерение мощности в цепях постоянного тока косвенным методом при помощи вольтметра и амперметра. Возможные схемы включения приборов. Измерение мощности электродинамическим ваттметром и возможные схемы включения его
50.  Для учета расхода электроэнергии в цепи трехфазного тока применили два однофазных счетчика активной энергии. Вначале их показания были:
первого 3680 кВт ч, второго - 424 кВт ч.
Спустя некоторое время их показания стали такими:
первого 4432 кВт ч, второго - 876 кВт ч.
Определить активную и реактивную энергию, израсходованную потребителем

Таблица выбора заданий для контрольных работ 
	Номер варианта
	Номер вопросов и задач контрольных работ

	
	Контрольная работа №1
	Контрольная работа №2

	
	№ вопроса
	№ и вариант задач
	№ вопроса
	№ и вариант задач

	1
	1,
	32
	
	26,
	13
	

	2
	2,
	33
	
	27,
	24
	

	3
	3,
	34
	Задачи №1, №2, №3 и №4 та выбрать по последней цифре по списку в журнале)
	28,
	23
	Задачи №5, №6, №7 и №8 та выбрать по последней цифре по списку в журнале)

	4
	4,
	35
	
	29,
	22
	

	5
	5,
	36
	
	30,
	21
	

	6
	6,
	37
	
	31,
	20
	

	7
	7,
	38
	
	32,
	19
	

	8
	8,
	39
	
	33,
	18
	

	9
	9,
	40
	
	34,
	17
	

	10
	10,
	41
	
	35,
	16
	

	11
	11,
	42
	
	36,
	15
	

	12
	12,
	43
	
	37,
	14
	

	13
	13,
	44
	
	38,
	25
	

	14
	14,
	45
	
	39,
	12
	

	15
	15,
	46
	
	40,
	11
	

	16
	16,
	47
	
	41,
	10
	

	17
	17,
	48
	
	42,
	9
	

	18
	18,
	49
	
	43,
	8
	

	19
	19,
	50
	
	44, 7
	

	20
	20,
	32
	
	45,
	6
	

	21
	21,
	33
	
	46,
	5
	

	22
	22,
	34
	
	47,
	4
	

	23
	23,
	35
	
	48,
	3
	

	24
	24,
	36
	
	49,
	2
	

	25
	25,
	37
	
	50,
	1
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