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1. KOHCHEKT JEKIIUIA
1.1 Jlexnus Nel,2 (4 gaca).
Tema: «O5eKTpONpUBOABI MEXAaHU3MOB C Pa3JIMYHOIO THIA HArPy3KOH»

1.1.1 Bonpocsl jeknun

1. DnekTponpuBoa MEXaHW3MOB HEMPEPHIBHOTO ACHCTBUS C MOCTOSHHOW HArpy3Kou U
CKOPOCTBIO BpalieHus. Harpy3ounsie quarpaMmbl OCOOCHHOCTH PEKUMOB pabOT. DIEKTPONPH-
BOJI MEXaHU3MOB HETIPEPHIBHOTO JACUCTBUS C IOCTOSTHHOM HArpy3KOW U MEPEMEHHOM CKOPOCTHIO
BpaIlCHHUS.

2. DIeKTPONPUBOJ MEXaHIU3MOB HETIPEPHIBHOTO JICUCTBUS C IEPEMEHHOI BO BpeMEHH Ha-
TPY3KOH U pEeryaupyeMoi CKOpOCThIO BpallleHus. ONTUMAaIbHbIE CUCTEMBI PETyJIUPOBaHUS.

1.1.2 KpaTkoe coaep:kaHue BONPOCOB

1. DnexTponpuBoa MEXaHU3MOB HENPEPHIBHOTO JEHCTBHUS C MOCTOSHHON HAarpy3Kou u
CKOPOCTBIO BpallleHus. Harpy3ouHsie quarpaMmbl OCOOCHHOCTH PEXUMOB pabOT. DNEeKTpONpH-
BOJI MEXaQHU3MOB HENPEPBIBHOTO JCHCTBHS C IOCTOSTHHOW HAarpy3KOM M MEPEMEHHON CKOPOCTHIO
BpaIlCHUS.

JIro60e pOU3BOACTBEHHOE YCTPOUCTBO MIIM MEXAHU3M C TIPHBOAOM pabOYMX OPraHOB OT
anekrpoasuratens (puc. 1.1) cocrout:

o U3 paboyeil MallluHbI;

o 3JIEKTPOJBUTATEIS;

o [epeJaTOYHOr0 MEXaHNU3Ma WM TPAaHCMUCCUU;

. YCTPOMCTBA YIIPaBJICHUS;

o yCTpoicTBa MpeoOpa3oBaHusl MapaMeTPOB HANPSKEHUs, 0JaBa€MOr0 Ha 3a’KUMBI
IIEKTPOABHUraTENs.

IYCTpoﬁCTBo IpeoOPa3sOBaHET MAPAMETPOB IICKTPHUIECKOM DSHEPIIN |

|9neKrp0,Z[BI/IraIenL |—'| Tpancmuccus |——* PaGouast Manmaa |

IeKTpo- IlpousBoncTBEH-
| Verpoiictso ynpasnermst | TIPUBO/L HbII arperar

Puc. 1: CtpykTypHas cxema 3J1eKTpUPHIUPOBAHHOTO IPOU3BOJICTBEHHOT'0 arperara

DNeKTprUYecKasl SHEprusi W3 MUTAKOLIECH 3JEKTPUYECKON CETH MOCTYIAeT Ha 3aKUMBI
AIIEKTPOABHUraTeNs B OOIIEM Cllyyae yepe3 Mpeodpa3oBareb, ¢ IOMOIIbI0 KOTOPOTrO MapaMeTpsl
MOJIBOAMMON 3HEPruM (HampsHKEHUE, YacToTa) MPUBOASTCA B COOTBETCTBUE C TEMU MapaMeTpa-
MH, Ha KOTOpbIE PacCUMTaH AJIEKTPOABHraTelb. DJIEKTPOJBUTATENb MPeoOpa3yeT 3JeKTpuye-
CKYIO SHEPrui0 B HEOOXOJUMYIO IJs JeicTBUS pabouell MalIMHbl MEXaHUYECKYIo 3Hepruio. Ilo-
CJIEIHS C Bajla YJIEKTPOJABUIaTENs IIOCTYIIAeT Ha IPUBOJAHON BaJl MALLIMHBI YEPE3 TPAHCMUCCHUIO,
B KOTOPYIO MOT'YT BXOJUTh My(ThI, BaJIbl, PEMHH, IIECTEPHHU U JPYTUe 3JIEMEHThl TPAHCMHUCCHUU.
bnaronaps sTomy paouas MalIMHA OCYIIECTBIISAET TEXHOJOTMUYECKHH Iporecc, T. €. LeJeHa-
MIPABJIEHHO BO3JIEHCTBYET CBOMMH pabouyMMM oOpraHamMHM Ha TmepepadaThiBaeéMblii MPOAYKT.
VYipaBieHue TEXHOJIOTHYECKUM IIPOLECCOM OCYLIECTBIISIETCS YCTPOMCTBOM YIIPABJICHUS, BO3-
JIEHCTBYIOIIMM HA MOTOK 3JIEKTPUYECKON SHEPTUH OT CETH K JIEKTPOABUTaTeNto. B nmpocreimem
ClIy4yae BO3JEHCTBHUE OCYILECTBIISETCS C IIOMOLIBIO CUIIOBBIX KOHTAKTOB KOHTAKTOPOB WJIM Mar-
HUTHBIX ITyCKaTeJeH.



OmnpeneneHne NIEKTPUYECKOrO MPUBOJA KaK TEXHMUYECKOro ycrporcrsa gaHo B I'OCT
16593-79 «OnexTponpuBobl. TepMUHBI U OoNpeeICHU». IACKTPUISCKUM IMPUBOJIOM Ha3bIBa-
eTcs JEKTPOMEXaHUYECKOE YCTPOHCTBO, IPEAHA3HAYCHHOE JIJIsl IPUBEACHNUS B JIBUXKEHUE pado-
YUX OPraHOB MAIllMH U YIPaBJIEHHUsS UX TEXHOJOTMUYECKUMH IPOLIECCaMM, COCTOsILEe U3 Iepea-
TOYHOT'O YCTPOMCTBA, JIEKTPOBUTATEIILHOTO YCTPOMCTBA, MPEoOpa3oBaTEILHOIO YCTPOUCTBA U
YIPaBJIAIOLIET0 YCTPONUCTBA.

MouHoCTh, pa3BUBaeMasi pabOYMMHU OpTaHaMH BO BCEX CIy4asiX, HECMOTPS Ha UX MHO-
rooOpasue, XxapakTepu3yeTcs IPOU3BEIEHUEM CUIIbl U CKOPOCTH BO3AECHCTBUS pabOunX OPraHOB
Ha repepadaThIBaeMblil IPOTYKT

PPO= FPOVPO (1.1)

WM, ecTT pabounii opraH BpamarouIuiics, MPON3BEICHIEM BPAIIAIONIEr0 MOMEHTA, MIPH-
JIO’)KEHHOMY K HEMY, ¥ YaCTOTHI BPAILLCHUS

Prwo=M voro - (1.2)

WHornma oHa paBHa, a yarie BCero OOJbIIE MOJIE3HONH MOITHOCTH, HEOOXOAMMOM AJIs Tpe-
OyeMOoro o TeXHOJOTHYECKUM YCJIOBUSAM U3MEHEHUS! BHYTPEHHEH sHepruu nepepadaTbiBaeMoro
WY TIEPEMELIAEMOT0 NIPOIYKTa,

PH:PPO ro’ (13)

MoIiHoCTh Ha IIPUBOAHOM Baly pa6oqel71 MalllhuHbI IMMPEBOCXOAUT MOIIHOCTDH pa6oqer0

OpraHa Ha BEJIMUYMHY MOTEPh MOIMHOCTH A [P, BHYTpH MalIHEI

P.=Mo@y=Puw+AP,=Pu/N,=P,/n. 1, (14

AHaJIOTMYHO, MOITHOCTh Ha BAJLy AJIEKTPOJBHUIATEIIS

P2:Mcﬂwﬁ:PM+APTP:PM/77TP:PH/77P077M77TP (1.5)

a MOIIIHOCTH Ha 3aKUMax
P,=mUICosp=P,+AP,=P,/n = P,/ n,17,1,,1,, (16)

rae 77P0, 77M, 77TP 51 nﬂ—)COOTBeTCTBeHHO KO3(QQUIMEHT MOJIE3HOr0 JEUCTBUS

paboyero oprana, nepeaToYHoM YaCTH MAIIMHBI, TPAHCMUCCHH U DIIEKTPOIBUIaTENS;
AP, AP,un AP, —>notepy MOWHOCTH BHYTPH MAlIMHBI, B TPAHCMUCCHU M B

3JIEKTPOJIBUTATETIE,;
M ,, » M, — MomenTsI conpoTusieHus paboyeli MalIMHBI HA IPHBOJHOM BAITy Ma-

IIMHBI U1 HAa BAJTy SJICKTPOABUIATCIIA,
m, U, I'n Cosp —>uucno (a3, HanpsoKkeHUe, TOK U KOIP(GUIIMEHT MOIIHOCTU IJIEKTPO-

JIBUTATEJIS.
OpnHOl U3 caMbIX PaHHHMX BEX B 3apOXKACHUU AIEKTPONPUBOAA CIELYET CUUTATh OCYIIlE-

creiaenue B 1821 romy PapaneeMm BpallleHHs 3JIEKTPOMArHUTa BOKPYI MPSIMOJUHENWHOIO IMpo-

BOJIHMKA C TOKOM, YTO IO CYIIECTBY SBUJIOCH CO3JJaHMEM IIPOOOpasa EKTPOABUTaATENs.

VYxe Bckope mocie 3Toro B 1835 romy pycckuii akageMuk SIKOOM MOCTPOWI TIEPBBIi
AIIEKTPOABHUraTeNb MOCTOSHHOTO TOKA U IPUMEHMJI €r0 JJIsl MPUBO/Ia IPeOHBIX KOJEC JIOJKH, KO-
TOpasi MU UCIIBITAHUAX MepeMelanachk no Hese co ckopocteio 2,5 kM/4ac.

OpaHako MOMCTHHE PEBOJIIOIMOHHOE 3HAUYEHUE B CTAHOBIIEHUHU 3JIEKTPONPUBOAA SBUIIOCH
n300peTeHne pycckuMm wHxeHepom JlomuBo-JloOpoBosbckuM B 1891 rogy OG€CKOIEKTOPHOTO
ACUHXPOHHOT'O JIBUTATENIsl M CO3/aHUE Ul HEro CHUCTEMbl NEPEMEHHOro TpEx(azHOro TOKa.
BcenencTBue cBoedt mMpOCTOTHI M BBITEKAIOMICH W3 ATOTO BBICOKOW HAA&KHOCTH TpEX(azHOTro
ACMHXPOHHOTI'O JIBUraTeNsl OH IMOJIYYHJI IPEUMYLIECTBEHHOE PACIIPOCTPaHEHUE JUIsl IPUBOJA Ma-
IIMH KaK B MPOMBILIUIEHHOCTH, TaK U B CEJIbCKOM X03siiicTBe. VIMEHHO ¢ MOMEHTa CO3JaHUs
ACMHXPOHHOTI'0 3JIEKTPOABUTATENSI HAYAJICS MHTEHCUBHBIN NIEPEBOJI TEXHOJIOTMYECKUX MAIlIUH Ha
3JIEKTPONPUBOJI, U €r0 MOCTOSTHHOE COBEPILIEHCTBOBaHUE. B mpoliecce NOBBIIEHNS] TEXHUYECKO-

4



IO YPOBHSI JIEKTPONPUBOAA YETKO NMPOCMATPUBAETCS PsIl 3TAIIOB, XapaKTEPU3YIOIIUX CTEIECHb
€ro COBEpIICHCTBA.

Ha nepBoM 3tamne, Korzaa 3JeKTpUYECKU IPUBOJL IPUILET HA CMEHY I1IapOBOMY IIPUBOLY,
yale BCEero IyTéM MPOCTOM 3aMEHbI IIapOBOM MAaIlMHBI 3JIEKTPUYECKUM JBUTaTENIEM, IIPEUMY-
IIECTBEHHOE PACHPOCTPAHEHUE MOJYYHJ OOLIETPAaHCMUCCHOHHBINA 3nekTpornpuBoAa. [Ipu 3tom
OJIUH 3JIEKTPUYECKUHM JIBUTATENb HMPUBOAMI B JIBI)KEHUE Bce pabouyMe MallluHbl MPEANpPHITHS
WIN TPYMITy pabOYMX MAIIHH, a paclpeielleHne MEXaHUYeCKOH YHEPTUU OCYIECTBISIIOCH C MO-
MOILBIO Pa3JIU4YHOIO POJa MEXAHWYECKUX TPAHCMHMCCHH, IMPOXOIAIIMX IO 3TaXaM M LiexXam
HPEIITPUATHSL.

TpaHCMHUCCHOHHBIN 3JIEKTPONPUBOJ H3-32 T'POMO3IKOCTH M HEYJ0OCTB, CBS3aHHBIX C
pa3MeIleHUEeM MalluH, OblI CPaBHUTEIBHO OBICTPO BBITECHEH OAMHOYHBIM AJIEKTPONPHUBOIOM
OTJEJIBbHBIX Pa0OYMX MAaIIMH, IPU KOTOPOM JUIsl KaXJoW paOouell MalllMHbl YCTaHABIMBAJICS
CBOIl AJIEKTpo/ABUraTeNb. B cBsI3u ¢ 3TMM HCYE3aJIM BHEIIHUE LIEXOBBIE TPAHCMHUCCHM, OJHAKO
OCTaBAJINCh TPAHCMHMCCUU BHYTPH MAIIMH OT IPUBOAHOrO Baia 10 pabodux opraHos. B Hacros-
111e€ BpEMs OH IIMPOKO HCIIOJIb3YETCSl B CEJILCKOM X03dicTBe. OAMHOYHBIN 3JEKTPOIPUBO]L CO-
BEPLICHCTBYETCS B HAIIPABICHUM YIPOLIEHUS TPAHCMUCCUM M KOHCTPYKTUBHOI'O COJIMIKEHHS C
paboyeil MamMHOMN, nMpeoOpas3ysch U3 MPOCTOr0 OJAMHOYHOI'O B MHJMBUIYaJIbHBIM OJMHOYHBIN
JEKTPOIPUBOLL.

Ecnmu B TpaHCMHCCHOHHOM JIJIEKTPONPHUBOAE OJAWH 3JIEKTPOJBUTATENH OOCTYKHBAET
IpyMnIly MalyH, TO B OJWHOYHOM - IPYIIYy pabO4YMX OPraHOB MAalllMHBL. JTO 00IIee CBOWCTBO
MO3BOJISIET OOBEIUHNUTD MX IO/ OJHUM OOIIMM Ha3BaHWEM - TPYIIIOBOH AJIeKTporpuBoA. ['pyn-
IOBBIM 3JIEKTPOIPUBOJIOM HA3bIBACTCS 3JIEKTPOIPHUBOJ, IIPY KOTOPOM OIMH 3JIEKTPOJBUTATEIIb
IPUBOJIUT B JBUKEHHE HECKOJIBKO pabO4MX MalllMH WIM HECKOJBKO pabOyuX OpraHoB OJHOMU
MaluHbl. [JIaBHBIM HENOCTAaTKOM TPYNIIOBOIO 3JIEKTPONPUBOAA SBISETCS HEBO3MOXKHOCTH
yIpaBJICHUS TEXHOJOTMYECKUM IPOLIECCOM C IOMOIIBI0 CUCTEMbI YIPABJIECHUS 3JEKTPOIPUBO-
oM. /It mycka B X0, OCTAaHOBA U PETYIMPOBAHUS 4acTOThI BPALICHMs OTIENIBbHBIX MAIIWH U
paboumnx opraHoB TPeOYIOTCS CIleUalIbHbIE MEXaHUUECKHUE YCTPOICTBA - yrpaBisieMble My(ThI,
KOpOOKHM nepesay, ppUKIUOHBI U T. II..

PocT enuHUYHON MOIIHOCTH TEXHOJOTMYECKMX YCTaHOBOK, HEOOXOJIMMOCTh aBTOMAaTH-
3alKu paboyuX MPOLECCOB MAIIMH U TEXHOJOIMUYECKUX JIMHUM, CTpEeMIIEHHE K YIPOIIEHUIO KU-
HEMaTHKU MaIIMH MPUBEIH K 3aMEHE IPYNIIOBOI0 AIEKTPONPUBOA UHINBUYyaTIbHbIM. MHANBH-
JyaJIbHBIM 3JIEKTPOIPUBOIOM HA3bIBAETCS 3JIEKTPONPHUBOJ, IPU KOTOPOM Kaxblii paboumii op-
raH MallUuHbI IPUBOJUTCS B IBU’KEHUE OTAENIbHBIM 3JIEKTPUUECKUM ABUrareneM. B 3aBucumoctu
OT HAJMYUS TPAHCMHUCCHUU MEXY DJIEKTPOABHUraTeleM M paboyuMM OpraHOM HMHJMBUAYAJIbHBIN
AIIEKTPONPUBOJ MOJIpa3esieTcsl Ha MPOCTON WHAUBUAYAIbHBIA U O0Jee COBEPIIEHHBIN 0c000
WHIVBUAYaJIbHBIN.

B cootBerctBun ¢ I'OCT - 16593 OII knaccupuuupyrorcs Mo caeayoluM XapakTepu-
CTHKaM:

[1o KOJIMYECTBY U CBSI3U UCHOIHUTEIBHBIX; pA0OYUX OPraHOB.

1. HMuauBuIyanbHBIH, B KOTOPOM pabO4Mii MCHIOTHUTENBHBIM OpraH MPUBOIUTCS OJHUM
CaMOCTOSITENIbHBIM JIBUTATEJIEM, IPUBOIOM.

2. I'pynnoBoii, B KOTOPOM OAWH JBUTAaTElb MPUBOAUT B ACHCTBHE MCIOJHUTENIBHBIE Op-
ranbl PM win HECKOJIBKO OpraHoB ogHO PM.

3. B3auMocBs3aHHBIN, B KOTOPOM JBa WM Heckosibko OMIT nnu OII snextpuuecku i
MEXaHMYECKU CBSI3aHbI MEXAY COOOMU C LEebl0 MOAepKaHUsI 3aJaHHOTO COOTHOILIEHUS WU pa-
BEHCTBA CKOPOCTEW, WIIM HAarpy30K, WJIU MOJI0KEHUS UCTIOJHUTENIBHBIX OpranoB PM.

4. MHuoroaBuraTelbHbId, B KOTOpoM B3anmocBsazaHHblie D11, OMII obecneunBatoT pabo-
Ty CJI0O)KHOTO MEXaHH3Ma WK paboTy Ha OOIIHii Bal.

5. DneKTpuuecKuil Baji, B3auMOCBsA3aHHbIN JIl, B KOTOpOM AJis MOCTOSTHCTBA CKOPOCTEMN
PM, He uMerOIMX MEXaHUYECKUX CBSI3€U, MCIOJIb3YETCA SJIEKTPUYECKAsl CBSI3b JBYX WJIHA HeE-
ckoaIpkux OMII.



Ilo Tuny ynpaBieHus U 3aj1a4e YIpaBICHUsI.

1. ABromatusupoBaHHbIi Oll, ynpaBisieMblid MyTeéM aBTOMATHYECKOIO PETYJIMPOBAHUSA
[IapaMeTPOB U BEIUYHUH.

2. Tlporpammuo-ynpasisembiii D11, GyHKIIMOHUPYIOMUK Yepe3 MOCPECTBO CIIeIUAIH-
3UPOBAHHON YIPABISAIOIICH BBIYMCIUTEIBHON MALIMHBI B COOTBETCTBUU C 33JaHHOM MPOrpam-
MOi1.

3. Crnemsiuit OI1, aBTOMaTHUECKH OTpabaTHIBAIOUINIA MEpEeMELICHUE UCIIOTHUTEIHHOTO
oprana PM c 3alaHHOI TOYHOCTBIO B COOTBETCTBUHU C IMPOU3BOJIHHO MEHSIOUIMMCS CUTHAJIOM
yIpaBJICHUS.

4. Tlozunuonubid JII, aBTOMaTHYECKU PETYIUPYIONIUMNA MOJOKEHUE UCIOJIHUTEILHOIO
oprana PM.

5. ApantuBnbii DI, aBTOMaTHYECKH M30MpAIONIUi CTPYKTYPY WJIM MapaMeTphl yCT-
POMCTBA yIpaBJICHUS C LENbIO YCTAHOBICHHUS ONITUMAIBHOTO PeKUMa pabOoThI.

[To xapakTepy IBHKECHUS.

1. DIl ¢ BpamaTenbHbIM IBUKEHUEM.

2. Jlunennsiii D11 ¢ TMHEWHBIMU JIBUTATEIISIMHU.

3. Huckpetnsiit I11 ¢ OMII, noaBukKHBIE YaCTU KOTOPOTO B YCTAHOBUBILIEMCS PEXUME
HaXOIATCS B COCTOSIHUU JTUCKPETHOTO JIBUKEHUS.

[lo HanMyMIO ¥ XapakTepy NepeaTOYHOr0 YCTPOUCTBA.

1. Penyxropnslii D11 ¢ peyKTOpOM WU MYJIbTUILIUKATOPOM.

2.  DIEeKTpOTruApaBINYECKUN C EPEAATOYHBIM T'HIPABIMUYECKUM YCTPOMCTBOM.

3. Marauroruapomunamudeckuii 11 ¢ mpeoOpa3oBaHUEM 3JIEKTPHUUECKOW DHEPTUU B
SHEPIUI0 ABUKEHUS TOKOIPOBOIALIEH )KUIKOCTH.

I1o pony Toka.
1. IlepemeHHOrO TOKAa.

2. TlocTosIHHOTO TOKA.

Ilo cTeneHu BaKHOCTH BBIMOJIHIEMbIX ONEPAIUN.

1. T'nmaBuwii OIl, obecrneunBaronuii riIaBHOE JBIKEHHE WM TJIABHYIO omepaiuio (B
MHoroaBurateabHbix J11).

2. Bcnomorarensnsiit J11.

Huxe npuBenena kiaccudukaioHHas cxema 3JeKTPOMPUBOIOB MO MPH3HAKY COMMKe-
HUS ¢ paboueil MaluHOM




TPAHCMMUCCHUOHHEHMNU SJIEKTPO-
IIPUBOI
OBIIE- [IPOC— VHIVBY- [IPOC—
TPAH- TOM Omn- Y AJTH- TOM OCOBO
CMIC— onvi- HOU- HEIL VHIV- VHIVBY-
CMOEI— HOEI— L OJIMHpq— any%— TV AJTBHEDE
HEIA HEI HEIA JILHB
' Py I I O B O M VHIMBUIYAILHE

Puc.2: KnaccugukanmonHas cxema 3JeKTPOIPUBO/IA TI0 CTENIEHH CONMMKEHus ¢ paboueit
MAIIXHOM.
4. OcHOBHOE ypaBHEHUE JIBUIKEHUS JIEKTPOIPUBO/IA
B cootBercTBuM ¢ 3ak0HOM HbIOTOHA pa3HOCTH IEHCTBYIOIIEH HA TEJNO U IPOTUBOLECHUCT-
BYIOIIEH CHJI paBHA TUHAMUYECKON CUJIE, PABHOM, B CBOIO OU€pE/lb, IPOU3BEICHUIO MACcChl Tea
Ha YCKOPEHHE

dv
FH—FC:FMH:ma:mE. (1.13)

Ecmu Teno ¢ maccoii [)) coBepuIiaeT BpallaTENbHOE JBHKEHUE IO paamycy [ , TO

dw
dt

TCJIIBHOT'O ABUXKCHU A, YMHOXXHUB JICBYIO U ITPABYIO YaCTH YPaBHCHUSA HA r , IOJTy4YUM

V = r , d a =& r , TAC € - YIJIOBOC YCKOPCHHUC, PABHOC . Torma nns Bpalia-

do
MH_MC:MHHH:JSZJE’ (1.14)
rie J — MOMEHT HHEpLIH, KIM-.
[TIpUMEHUTENBHO K CHCTEME DIIEKTPONPHBOJAA I0J] MOMEHTOM HMHEPIUHM ITOHHMMAETCS
CYMMapHbIif MOMEHT UHEPIIUHU BCEX JABHXKYIIUXCS YaCTel SJIEKTPONPHBOIA, TPUBEIAEHHBIN K Ba-
my snekrpozsurarens. |\ ; - MOMEHT BpalaroNWii, pa3BUBACMBbIIi JICKTPOJBUIATEICM Ha Ba-

ny, M . - cTaTM4ecKnii MOMEHT CONMPOTHBIICHUS pabouei MallMHbBI Ha 9TOM Ke Baily. Kak mo-

MEHT DJIEKTPOJIBUTATENsA, TAK U MOMEHT paboueil MalIMHbBI B 00IIEM CTydae 3aBUCAT OT YaCTOThI
BpallleHus, T.€. ABIAIOTCS QYHKIUSAMHU 4acTOThl BpamieHus. O003HauMB HaJIUune TaKOW 3aBUCH-
MOCTH, TIOTyYUM ypaBHEHHE B OKOHYATEILHOM BHJIE
dw
Mﬂ(a))—MC(a)):MMH(a)):JE. (1.15)

HaHHOG YpaBHCHHUE HaA3bIBACTCA OCHOBHBIM YPAaBHCHHEM JIBWIKCHHA JJICKTPOIIPUBOIA, B
KOTOpPO€ BXOJST JIBE€ MEPEMEHHBIE BEIMYUHBI: YACTOTA BpAIICHUS U BpeMs. AHAIU3UPYS ypaB-
HCHHUC, HC TPYAHO 3aMCTUTH, YTO CUCTEMA JJICKTPOIIPpHBOAA HAXOAUTCA B COCTOAHUU PAaBHOMEP-
HOTO JIBHKEHUs (YCKOPEHUE PaBHO HYIIO) MPH PAaBEHCTBE MOMEHTOB DJIEKTPOJIBUTATENS U pado-
yeit MamuHbl. [Ipy 3TOM "acToTa BpalieHus: UMEET MOCTOsSIHHOE (yCTaHOBHBIIIEECs ) 3HaueHue. 1
HA00OPOT, CUCTEMA HAXOAUTCS B MEPEXOAHOM COCTOSIHMHM OT OJHOW YCTaHOBUBIIEHCS 4aCTOTHI
BpaIlleHUs K JIPYrod Y4acTOTe BPAMIECHUS, €CIIM MOMEHT 3JIESKTPOJBUTATENST OOJIbIIIE MOMEHTA CO-
MpOTUBJICHHs pabodeil MamuHbI (YCKOPEHUE) WM €CIIM MOMEHT COMPOTHUBIIEHUS OOJNbIIE MO-
MEHTAa AJICKTPOJIBUTATENS (3aMeJICHUE).

Pemenue nannoro nug¢epeHanIbHOro ypaBHEHH. OTHOCUTEIBHO MEPEMEHHBIX (4acTo-
THI BPAllICHUsI ¥ BPEMEHH) TO3BOJIUT IMOJYYUTh 3aBUCHMOCTh YaCTOTHI BPAICHUS OT BPEMEHH



@ = T(t). Dra 3aBrCcHMOCTb Ha3bIBaeTCA KpUBOH pasz0Oera. Eciu BBIpasuTh BpeMs B IBHOM BH-

JIe, TO 3TO 3aBUCUMOCTh BPEMEHH, HEOOXOMMOTO ISl pa30era CUCTEMbI DIICKTPOIIPUBOJIA OT Ha-
YaJbHOM YacTOThI BpamieHus 10 ®. OHa SBISETCS KIFOUYCBOM ISl PEIICHHS MHOTHX BOIPOCOB
P BBIOOPE JIEKTPOABUTATENS K TOU HIIH HHOM pabodell MalinHe.

Bo-nepBbix, oHa HEOOXO0aMMa IS pacuéra JIIMTEIbHOCTH NIEPEXOIHBIX MEPUOIOB B TEX-
HOJIOTHYECKHUX MPOIIeCccax, CBA3aHHBIX C YaCThIMH ITyCKaMH, OCTAHOBKAMH, PEBEPCUPOBAHUEM H
peryJIMpOBaHUEM YaCTOThI BPAIICHUS pa0OYMX OPraHOB MAIllMH, PEATH3YIONUM 3TH MTPOIECCHI.
Bo-BTOpBIX, /Ul OLCHKH CTEICHU MEPErpeBa 3JCKTPOIBUraTess 3a CUET JAOMOJIHUTEIBHOTO BbI-
JICTICHHSI TEeTIa B TIEPEXOIHBIX PeKUMax. B-TpeTbux, ISl ONpEIeIeHUs TOPOroB CpabaThIBaHHS
(ycTaBOK) 3aIlUTHBIX M MTYCKOBBIX allapaToB, YCTAHABIMBACMbIC OJIHU JJIS 3ALUTHI [IETe 3ICK-
TPOABHTrATE/S M MUTAOIICH 3JICKTPUUIECCKON CETH OT MEPerpy3Ku, APYrue - JJIs MEePeKIIOUCHHS
CTYIEHEH MYCKOBBIX M PErYJIMPYIOIIUX PEOCTATOB B IETISAX JICKTPOIBUTATEIIS.

Kak y»e OblJI0 IoKa3aHO BhIIIE B OCHOBHOE YPaBHEHHE JIBUKCHHUS JICKTPOIIPUBO/IA BXO-
JISIT 3aBUCMOCTH MOMEHTOB 3JICKTPOIBUTATEIIS M Pa00Yeii MAIIMHBI OT YaCTOThI BPAIICHHUS. DTH
3aBHCHMOCTH HA3bIBAIOTCS MEXaHWYECKMMHU xapakrepucThkamu. COOTBETCTBEHHO, MEXaHHYE-
CKOW XapaKTEPUCTHKOH 3JEKTPOABHUIATENsS HA3bIBACTCS 3aBUCHMOCTH BPAIAIOIIEr0 MOMEHTA,
pa3BHUBAEMOIr0 JICKTPOJABHUraTeIeM Ha €ro By OT YaCTOTHI BPAIICHHUS

M = f(w) uma \j ﬂ(a)) . MexaHnudeckoil XapakTepUCTUKON pabodyeil MalllWHbBI Ha-

3bIBACTCS 3aBHCUMOCTh MOMEHTA CONPOTHBIICHUS Ha Bajly paOo4ell MalIuHBI OT 4acTOTHI Bpa-
uieHus Bana Mauwmuel [ = f N (w,) w1 M .., (@, Hanpumep, Af . = 54+6(()

Pemuth 0CHOBHOE ypaBHEHHE JIBUYKEHUS AJIEKTPOIPUBOIA MOKHO JIMILB TOTJa, Koraa OyayT u3-
BECTHBI 9TH XapaKTEPUCTUKH.

MexaHuueckrue XapaKTEepUCTUKU MOTYT OBITh 3aJaHbl MaTEMaTHUYECKUM BBIPAXKEHUEM,
tabauuel unu rpaduxom. Hanpumep, Ha pucynke 4a npuseseH rpaduk OAHON U3 TaKUX Xapak-
TEPUCTUK. B KaK01 TOUKEe XapaKTEpUCTHUKA UMEET CBOM HAKIIOH K OcH . UeM Kpyde Xxapakre-
pHCTHKA, TeM OHa cuuTaercs xécrye. JKECTKOCThIO XapaKTEPUCTUKU B JaHHOW Touke (0003Ha-
YyaeTcs CUMBOJIOM [3) Ha3bIBA€TCsl TAHTE€HC YTJIa HAKJIOHA XapaKTEPUCTUKU B 3TOM TOUKE K OCH ,
PaBHBIN ITPOU3BOJHON XapAKTEPUCTUKH B TaHHOM TOUKE I10 (O

B=tga=dM/do~AM | Aw (1.16)

" "\

5
AM A 3
6
2
a) 6)
Puc. 3: Mexannueckne XapakTepUCTUKH HEKOTOPHIX Pab0OUMX MAIUH U SJIEKTPOABUT A~
TEJEH.

Bun mMexaHn4yeckuMx XapakTEpPUCTUK 3aBHCUT OT THUIIOB KOHKPETHO PaccMaTpHUBAEMBIX
AIIEKTPOJIBUraTeNIed 1 KOHKPETHO paccMaTpUBaeMbIX pabouux MamuH. Hampumep, Ha pucyHke
40 moxa3aHbl BO3MOXHBIE BUJIbI TAKMX XapaKTEPUCTUK. XapakTepucTuku 1, 2, 3 u 4 — npsamoinu-
HeliHble. VX )KECTKOCTh BO BCEX TOYKAX OJIMHAKOBA. XapPaKTEPUCTUKHU 3 U S5 — BO3pacTarolIue, a
XapakTepucTuku 4 u 6 - manatomue. JKECTKOCTh MEPBBIX M3 HUX OOJbIE HYNS, a BTOPHIX —
MeHblIe Hylsd. [IpoMexyTodHOE MONOXKEHHE CPeAM HHUX 3aHUMAcT MEXaHMYECKas XapaKTepH-
cTuka 1. 310 abCONMOTHO MSATKask XapaKTepUCTHKA, )KECTKOCTh KOTOPOil paBHA HyI0. B mpoTu-
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BOBEC €€ XapaKkTepHucTuka 2 — abCOMOTHO kEcTKast (KECTKOCTh paBHA OeckoHeuHocTH). Takoi
XapaKTepUCTUKON 00J1ajaeT CUHXPOHHBIN 3JIEKTPOBUTATENb.

1. YcTpoiicTBO M NMpHHLIMI ACUCTBUS TPEX(HA3HOTO ACHHXPOHHOTO 3JEKTPOJBUTATEIIS.
CkonbxeHue

YerporictBo. KOHCTpYKTHBHO aCUHXPOHHBIN JIBUTaTENb COCTOUT U3 HEMOJABHKHOTO CTa-
TOpa ¥ pa3MEIEHHOr0 BHYTPHU €ro Bpamatonierocs poropa (puc. 3.1). Ux nmoBepxHoctu pasze-
JIEHBI PABHOMEPHBIM BO3IyLIHBIM 3a30poM 0,2...1,5 MM.

B3 "" NY 9710 11 12 13
' 14

67 i (T T

g ”N““""w ,‘,.munllm\\" i

Puc. 4 CxemMbl acHHXpOHHBIX JBUTaTENei cepun 4A:

a — KOPOTKO3aMKHYTHIH cTerneHu 3aumuThl 1P44 cenbCckoX03sHCTBEHHOTO MCIIOIHEHUS
(4A..CVY1);

0 — ¢ KOHTaKTHBIMH KoJbllamMu cterneHu 3amuThl 1P23 (4AHK...); 1 u 13— noamummnHu-
KOBBI€ IIUTHI; 2— TOPIIEBOE OKHO B IIUTE; 3 — B, 4—pOJUKOBBIN MOANIMITHUK; 5— KaMmepa
JUId CMa3Ku; 6— MacieHKa; /— KopoOKa BBIBOAOB; 8— pbIM; 9—kopmyc (ctanuHa); 10 —
nacrioptHas Tabnmuka; 11— crarop; 12 u 19— KopoTKO3aMKHYTHIA U (a3HBIA pOTOPHI; 14 —
YIOPHBINA MIAPUKOBBIA MOAIIUIHUK; 15—I1eHTpOOEKHbII BEHTUIIATOP HapYyKHOTro 00/yBa; 16—
KOXKyX BEHTHJISATOPA; 17— mpoOku st cMeHbl cMasku;, 18— GanancupoBouHOe KONbI0; 20 —
HEHTPOOEKHBIN BeHTUIATOP; 21 — KOpoO ¢ KOHTAaKTHBIMU KOJbIAMH; 22 — TOKOCHEM; 23 —
TOKOITPOBOJT K KOHTAaKTHOMY KOJIBILY; 24— mTynep; 25— oTBepcTus (3Karo3u) sl BBIXOJa OX-
JaKAAIOIIET0 BO3AyXa; 26— yrnakoBoyHast Oymara

Cratop coCTOUT U3 Kopiryca (CTaHUHBI), BHYTPH KOTOPOTO BCTPOEH CEPICYHHUK ¢ OOMOT-
koi. CepACUHMK B BHUJE TMOJIOTO IUIMHAPA COOUPAIOT M3 OTACIBHBIX HW30JUPOBAHHBIX JINCTOB
AIIEKTPOTEXHUYECKOU cTanu Tonmmaou 0,35...0,5 MM, KOTOpBIE CKPEIUISIIOT CKOOaMH, IIMUIbKa-
MU WJIH CBAPHBIM MIBOM. JIMCTBI UMEIOT KOJBIEBYIO (JOPMY C TIa3aMH IO OKPYKHOCTH BHYTPEH-
HEro JuaMeTpa, YTO TMO3BOJIAET CO3/1aTh Ha BHYTPEHHEH MOBEPXHOCTHU CEpACUYHUKA TPHU €ro
cOOpKe MpOoJOIbHBIC Ma3kl. B ma3wl cepieunnka ykiaaeBaoT 0OMOTKY. [locnenHsis coctout u3
OTJIIENBbHBIX CeKIui (KaTymiek). Hadana u koHIbl 00MOTOK a3 TpexdasHoro npuratens 0003Ha-
yatoT OykBamu pycckoro andasuta coorBeTrctBeHHO C1—C4, C2—C5 u C3—C6 u BBIBOIAT HA
32KUMBI KOPOOKH BBIBOZOB. BHIBOAHBIX KOHIIOB MOKET OBITH 6 WK 3, a cXeMa COeTUHEHUS 00-
MOTOK — 3B€3/1a WM TPEYrOJIbHHUK. Y JBHUTarenei, paspadoranasix mocie 01.01.1987 r. (cepun



5A, RA), Hauana u KoHIIbI 0OMOTOK (ha3 cTaropa 0003HAYAIOT OyKBaMHU JATUHCKOTO andaBUTa
Ul-U2;V1-V2, Wl1-W2.

PoTopbl acHHXpOHHBIX ABHTraTenei ObIBAIOT JIBYX BHJOB: C KOPOTKO-3aMKHYTOH U (ha3-
HOM 0OMOTKamu. B 3aBUCMMOCTH OT 3TOTO U CaMU aCUHXPOHHBIE IBUTaTENId HA3bIBAIOT JBUTATE-
JSIMH ¢ KOPOTKO-3aMKHYTBIM MK (Pa3HBIM POTOPOM.

Cepae4yHuK poTOpa BBIIOJIHSIOT U3 HEU30JIUPOBAHHBIX JIMCTOB 3JIEKTPOTEXHUYECKOM CTa-
1. B HUX BBIITAaMIIOBBIBAIOT a3 AJIsi OOMOTKH U OTBEpCTHE JUIs Bayia. B ¢a3HbIXx poTopax B ma-
3Bl YKJIQJbIBalOT OOMOTKY, aHAJIOTMYHYIO CTaTOPHOI OOMOTKE M 00pa3yIoIIyI0 TaKoe K€ YHCIIO
noJ1t0coB. KOHIIBI 3TOi 0OMOTKH OOBIYHO COCIUHSIOT B 3BE3/y, a Ha4yalla BBIBOAST HA TPU ME]-
HbIX KOHTAKTHBIX KOJIbIa, HA KOTOPHIE HAKJIAJbIBAIOT IIETKU. [Ipn TakoM MCHOJHEHUH poTOpa
MOYKHO 4Yepe3 MIETOYHbIE KOHTAKTHI BKJIIOYATh B LIEMb pOTOpa TpeX(a3Hblil peocTaT 1 H3MEHe-
HUS CUJIbl TOKa U MOMEHTA JBUTATEINS NIPU IIyCKE WIM JUIsl PEryJIUPOBaHUS 4acTOTHI BPAlLlCHHUS.
Hauboinee pacnpocTpaHeHbl KO-pOTKO3aMKHYTBIE pOTOPBL. B TakoMm poTope 0OMOTKa BBIITOJIHEHA
B BHUJIC TaK Ha3bIBAEMOU «Oennubell KJIeTKu». Ee BBIMONHSIOT MyTeM 3aJUBKH O]l 1aBJICHUEM B
na3bl AJTIOMUHHUEBBIX CIUIaBOB. [IpyM 3TOM OZHOBPEMEHHO OTJIMBAIOT CTEPKHU (IIPOBOJHMKH),
JeXallne B ma3ax, KOpOTKO3aMbIKaIOIIKE UX KOJbLA U JIONACTH JJIs1 BEeHTHIISALIUH.

Ha xopmyce nBuratens npukperieHa Tabauuka, Ha KOTOPOH MpUBEIEHbl HOMUHAJIbHBIE
JaHHbIEC JIBUTATElls, B TOM UYHMCJE yKa3aHbl CXeMa COSAMHEHHs] 0OMOTOK CTaTopa M COOTBETCT-
BYIOIIICC €ii HOMHUHAJIBHOE HANPsDKEHHUE MHUTAIOINIEH ceTH, HanpuMmep cxema JI/Y, HoMuHaIBHOE
Hanpspkenue 220/380 B. Iocnennee o3nauaet, uto npu Hampsbkenuu cetd 220 B oOMoTky cra-
TOpa COEUHSIOT TPEYTOJIbHUKOM, a Npu HanpskeHuu 380 B — 3Be3noid.

[IpuHuun aeicTBus. ACUHXPOHHBIE MAIIMHBI — 3TO 3JIEKTPUYECKUE MALIUHBI [IEPEMEH-
HOT'O TOKa, Y KOTOPBIX B YCTAaHOBUBILEMCSI PEXHUME pabOThl MArHUTHOE I10JI€, Y4aCTBYIOLIEE B
mpolecce mpeodpa3oBaHus SHEPTUHU, U TPOBOJHUKH MEPECEKAIOIINECS STUM I0JIEM, UMEIOT pa3-
HbIE€ YaCTOTHI BpaILlEHUSI.

ACHHXPOHHBIE MAalllUHbl MPEUMYIIECTBEHHO HCIOIb3YIOT B Kau€CTBE 3JEKTPUUYECKUX
nBurareneil. ACHHXpOHHBIE 3JIE€KTPOJABUTATEIN CIYXKaT JUIsl IPUBOJA Pa3JINYHBIX MEXaHU3MOB,
npeoOpasys ANEKTPUUYECKYIO0 SHEPrHI0 B MEXaHWYecKylo. X mpeumymiecTBa — MpoOCTOTa KOH-
CTPYKLIUHU, TEXHOJIOTUYHOCTh U3rOTOBJICHHUS, BBICOKASI HAJIEKHOCTh IIPU AKCIUTyaTallui U Jp.

B kauecTBe reHepaTopoB JIEKTPUUECKON DHEPTUU ACHHXPOHHBIE MAIIMHBI HE MOIYYHIN
pacnpoCTpaHeHUsl U3-3a CIOKHOCTH MX BO30YKIEHHUS U PEryIupoBaHus HampspkeHus. ['eHepa-
TOPHBIN peXUM ACHHXPOHHBIX MAIlIMH UCIOJIb3YIOT B OCHOBHOM JIJISl UX TOPMOKEHHUS, KOT1a OHU
HOpPMaJIbHO pa0OTAaIOT IBUTATENSIMU, HAIIPUMEDP B KPAaHOBBIX MEXaHHU3MaX.

[IpuHuuMn AeCTBUS aCUHXPOHHBIX MAIllIWH, KaK U APYTUX AJIEKTPUUECKUX MAIIUH, OCHO-
BaH Ha SBJICHUM AJIEKTPOMArHUTHOM MHAYKLIHMU M BO3HUKHOBEHUHU 3JIEKTPOMAarHUTHHIX cuil. B
ACMHXPOHHBIX MAalllMHAaX OCHOBHOE MarHuTHoe mose co3gaercss MJIC oOmotku cratopa. O6-
MOTKY CTaTopa, HanpuMep Tpex(a3HOro aCHHXPOHHOI'O JIBUTATENS, BBIMOIHSIOT B YACTHOM CITy-
4yae B BUJE TPEX KaTyUIEK, CMEUICHHBIX B IPOCTPAHCTBE OJJHA OTHOCUTENBHO pyroi Ha 120° u
COETMHEHHBIX 3BE3/10i WM TpeyroJbHUKOM. [Ipu nmutaHum oOMOTKH OT ceTH TpeX(a3zHOTO CH-
HYCOUJAJIBHOIO TOKA BO3HUKAET BPAILAIOLLEECS] MATHUTHOE I10JIE C YACTOTOM BpaleHUs

n, = 90" % 3.1

Fne f]_ - 4aCcToTa MUTAIOLICT0 HAIIPSKCHUA, P - YUCIIO IMap IMOJKOCOB MAarHUTHOI'O ITOJIA,
onpeacisiIeMoC YMCJIOM KaTyHICK 0OMOTKH.

Bpamaromieecss MarHuTHOE IOJIE€ MEPECEKAET MPOBOJHUKH POTOPAa M B COOTBETCTBUU C
SABJICHHEM AJIEKTPOMATHUTHOM MHAYKIMHM MHAYKTUpyeT B HUX OJIC E,, HampaBiieHHe KOTOpOM
OIPEAEIISAIOT 110 MPaBUIy IpaBoii pyku (puc. 3.2.).

ITox nmeiictBuem DJIC E; B KOPOTKO3aMKHYTOM OOMOTKE poTOpa OyayT MPOTEKATh TOKH
I, KOTOpBIE BCIEACTBUE MHAYKTUBHOCTU 00MOTKH OoTcTatoT oT DJIC E; Ha HEKOTOPBIH yrom .
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Ha npoBonHuku potopa ¢ TOkoM |, HaxoAsIIMecss B MAarHUTHOM BpalaroliieMcs Ioje cTaropa,
OyIyT neiCTBOBATh 3JIEKTPOMAarHUTHbBIE CUIIbI F, HalpaBieHHe KOTOPHIX OMPENESIIOT MO MpaBU-
ny neBoi pyku. OOpa3yemasi OT CHJI, IPUIOKEHHBIX KO BCEM MPOBOJHHUKAM, PE3YJIbTUPYIOMIAS
mapa CuJjl CO3/1aeT AJIEKTPOMArHUTHBIM BpallalolIUii MOMEHT, YBJIEKAIOIIUNA POTOp 3a Bpalia-
IOIIUMCSI MATHUTHBIM TIOJIEM, T. €.

M=C,®,l,cosy, 3.2

rae Cy — ko3¢ dunuent; O, — aMIUIUTYAHOE 3HAYCHUE MAarHUTHOTO MOTOKa Bpalllaro-

merocs noJist craropa; |, COSY/, — akTHBHAs COCTaBIAIONIASA TOKA POTOPA.

N
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Puc. 5 K mpunnumny neicTBus aCHHXPOHHOTO JIBUTATEs.

POTOp MPpUXOAUT BO BpallCHUEC, U €TI0 YCTAHOBUBIIAACA 4YaCTOTA BPAILICHUA 112 6y21€T OII-
penensaThCs U3 yCIOBHs PAaBHOBECHS DJIEKTPOMArHUTHOTO MOMEHTa M M TOPMO3HOTO MOMEHTA,
CO3aaBacMoOro CujiaMu TpE€Husd, 1 IpUBOAMMBIM BO BpalllCHUEC pa60q1/1M MCEXaHNU3MOM.

YacroTa BpallleHus: poTopa My MPUHIUITHAIBHO BCET/1a MEHbIIIE YaCTOThI BpallleHUsI Mar-
HUTHOTO TOJIS 111 , TaK KaK MpH M1 = My MPOBOJHUKU POTOpa HE OyAYT NepeceKkaTbCss MarHUTHBIM
moJieM, B HUX He OynyT uHaykTHpoBaThes DJIC, TOKM U HE cOo3AaeTCs dNEKTPOMArHUTHBIN Bpa-
maronmii MoMeHT. TakuMm 00pa3omM, paboTOCTIOCOOHOCTh ACHHXPOHHOTO JBUTATENS BO3MOXKHA
TOIIBKO B CiIy4ae, KOTJa Mp#Mi. JTO U OMPENeNuIo Ha3BaHHE MAIIMH - AaCHHXPOHHBIE, T.C.
UMEIOIMe HECHHXPOHHOE (HECOBIAJarolee) BpalleHHe MAarHUTHOTO TOJISI CTaTopa W POTOpA.
YacroTy BpallleHus MAarHUTHOTO TOJIsI N1 Ha3bIBAIOT CHHXPOHHOW YacTOTON BpallleHusI.

Ckonpxenue. Pa3HoCTh 4acTOT BpallleHUs MAarHUTHOTO TOJIS U pOTOpa, BhIPaXKEHHAs B
JOJISIX WITK TIPOIIEHTAX OT YaCTOTHI BPAIEHUSI MAaTHUTHOTO TOJIsI, Ha3bIBAIOT CKOJIBKEHHUEM:

s:u;s%:u.loo 3.3
nl nl

W3 BeipaskeHus (3.3) 4acToTy BpallleHUs] pOTOpa OINPEEIISIOT KaK

{0) 3.4

_ _c)} _ _S%
n,=n1-S)n, = nl(l

[Ipu HEMOABMKHOM POTOpPE, HAIPUMEP B MOMEHT ITyCKa, CKOJIbXeHue S = 1, a mpu Ho-
MUHAIBHOU Harpy3ke apuratens Syom = 0,025...0,07. Cxonbxenue, papHoe S = 0, B ABUTaTENb-
HOM pEXHME HEJOCTHKUMO, HO MPUHITUITHAIBLHO JIBUTATCIIBHBIN PEXKUM COOTBETCTBYET JIHAIla-
30HY cKoikkeHuii 0 < S< 1.
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[Tpu Bpamenun poTopa ¢ MOMOIILI0 TPUBOIHOTO ABUTATENS ¢ Ny > Nj aCHHXPOHHAS Ma-
IIMHA TIEPEXOANT B TeHEepaTOpHbIN pexkuM u S < 0.

ACHHXpOHHas MalTuHa MOKET OBITh HCIIOJIb30BAHA TAKKE B PEIKUME IJIEKTPOMATHUTHO-
ro Topmosa. B aToM ciyuyae HampaBiieHUS BpallleHHs POTOpAa U MarHUTHOTO MOJI MPOTHUBOIIO-
JIOXKHBL, T. €. S > 1.

2. CxeMbl BKIIOYEHHS TPEX(Da3HBIX ACHHXPOHHBIX JIEKTPOABUTATEICH.

Bcesikuii acuHXpOHHBINA Tpex(as3Hblid ABUraTelbh PACCUMTaH Ha JBAa HOMUHAJIBHBIX Hamps-
skenus Tpexdasznoit cetu 380 /220 - 220/127 u 1. 1. Haubosnee yacTo BCTpeUyaroTCs JBUTATEIH
380/220B. IlepekmtoueHue IBUTATEINS C OAHOTO HANPSDKEHUS HA JPYroe MPOW3BOAMTCS TOJ-
KJIFOUEHHEM 0OMOTOK «Ha 3Be3ay» - i1 380 B unu Ha «rpeyronpHuk» - Ha 220 B. Ecnu y nBu-
raTeisi IMEeTCsl KOJIO/IKa TIOJKITF0UeHHs], MMEIolast 6 BHIBOJIOB C YCTaHOBJICHHBIMH IEPEMBbIUKa-
MU, CJIeIyeT OOpaTUTh BHUMAaHHUE B KAKOM IOPSIIKE YCTaHOBJIECHHI epeMbluku. Eciiu y aBurare-
J51 OTCYTCTBYET KOJOKA U UMEIOTCS 6 BHIBOAOB - OOBIYHO OHU COOpaHbI B IyYKH 10 3 BBIBOJA.
B omnom myuke coOpaHbl Hauajga oOMOTOK, B IpyroM KOHIIBI (Hadajga oOMOTOK Ha cxeme 000-
3Hau€Hbl TOUYKOMN)

B nannom ciiydae «Hadano» U «KOHEI - MOHSATHS YCJIOBHbBIE, BAXKHO JHUIIb YTOOBI Ha-
NpaBJIeHNUS HAMOTOK COBIAJAJH, T. €. HAa IPUMEPE «3BE3IbD» HYJIEBOH TOYKOH MOTYT OBITH KaK
Hayaja, Tak U KOHI[bI OOMOTOK, a B «TPEYTOJIbHHUKE» - OOMOTKHU JOJKHBI OBITH COETUHEHBI TTO-
CJIE0BATEIBHO, T. €. KOHEL| OJHOM C HayajaoM cieayromen. st mpaBuIbHOTO MOAKIIOUYEHUS Ha
«TPEYroJIBLHUKY» HYKHO ONPEAETUTh BBIBOJBI KAXKIAOW OOMOTKH, Pa3jI0kKUTh UX MOMNAPHO U MOJ-
KIIFOYUTD T10 CIIE]]. CXEME:!

Ecnu pa3zBepHyTh 3Ty cxeMy, TO OyJaeT BUIHO, YTO KATYIIKU MOJKIIFOUEHBI «TPEYTrOJIbHU-

KOM».
C
a . b
aBe3ina TpeyYronbHHWK
380 B 220 B

3ge3na TDEY¥IroNbHUK 3Be3na TpeyronbHUK

2 3 1 2 3 380 B 220 B

5 4 5

b c a b c

Puc. 6 Cxembl BKITIOUeHUS TPEX(HA3HOTO JBUTATEINS

Ecnu y nBuratens mmeercs TONBKO 3 BBIBOJQ, CIEAyeT pa3oOpaTh IBUTATENb: CHSThH
KPBIIIKY CO CTOPOHBI KOJIOJKH U B OOMOTKax HaWTH COEAMHEHHE TPEX OOMOTOUYHBIX MPOBOIOB
(Bce octampHBIE TIPOBOJAa coeauHeHsbl mo 2). CoenuHeHue TPEX MPOBOJOB SIBISIETCS HYJIEBOM
TOYKOM 3Be37bl. ITU 3 MPOBOJA CIEAYET pa3opBaTh, IPUIMAATh K HUM BBIBOJIHBIE MPOBOJA U 00B-
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€IMHUTh MX B OJUH My4oK. TakuM o0Opa3oM MBI UMEEeM yke 6 MPOBOJIOB, KOTOPHIE HYXHO CO-
€IUHUTH 10 CXEME TPEYrOJIbHUKA.

B ocHOBHOE ypaBHEHHE IBIIKCHUS JIEKTPOIPUBOJA BXOJIUT MEXaHHYECKas XapaKTepu-
cTuka pabouell MamuHel, npusenéHHas K Bany snekrponsurarens [ .= f(w) wm N\ (o).

Omna MMPEACTABIIACT c0o00l 3aBHCHUMOCTh MOMEHTA COIIPpOTHUBJICHUA pa60qe171 MalllMHbI Ha Bally
QJICKTPOABUTATCIIA OT YaCTOThI BpallICHUS BaJia SJICKTPOABUTATCIIA. OIIHaKO qaii€ BCCro ObIBaeT
HN3BCCTHA IIPHUBOAMMAA B KaTaJloraX WMJIN CHATAA OIIBITHBIM HYTéM MCXaHHUYCCKaA XapaKTCPUCTHU-

Ka Ha Bany paboued mammmbl Af . = fM(COM) win N ., (@,,), onpenenenne kotopoii

IIPUBEICHO BhIIIE. [ MMOACTaHOBKU JAaHHOW XapaKTEPUCTHKH B OCHOBHOE YPaBHEHHE JIBMIKE-
HUS DJIEKTPOIpHBOAA €€ HEOOXOAMMO MPHUBECTH K Bajly D3JCKTPOJABUTATENs, T. €. K BHIY

M.=1@).
[IpuBeneHne ocyIiecTBUM B CIEAYIOLIEH MOCIE10BATENbHOCTH.
a). 3aMeHuM B Bblpaxenun Af . = fM(C()M)’ B Ta0nuile Uiy Ha TrpaduKe 4acToTy

BpalllCHUs Bajlia pa6oqel71 MallMHbI N CBSI3aHHOM C HeH OJIHO3HAYHO YaCTOTOM BpalllCHUs Ba-

Jia SJICKTPOABUTATCIIA '0))

W= [\ (5.1)

rae | — neperaTouHoe OTHOIICHHE TPAHCMHUCCHH (PEIyKTOpa), pAaBHOE OTHOILICHUIO Yac-
TOTHI BpallleHWs BEIYyIEro Baja (Bajia SJEKTPOABHUIaTeNs) K BEJOMOMY Bally (Bally paboueit
MAaIITUHBI).

Takum 00pa3zom, MOTYYHUM MPOMEXKYTOUYHYIO 3aBUCHMOCTh MOMEHTA COMPOTHUBIICHUS Ha
Bajly paOouell MalIMHbI OT YaCTOTHI BPAILLEHUS Bajla AIEKTPOABUTATENSA

MCszM(a)/i)=fm,(a))- (5-2)

0). [Ipu Toit e camoil 4acTOTe MOITHOCTh Ha MPEOJIOJICHHE CHJI COMPOTUBJICHHS Pabo-
YHMX OPraHoB MALIMHBI C Basia pabovet MatuHbl P () ) MEHbIIE MOIIHOCTH Ha PEOIOJICHHE

CHJI COIPOTUBJICHUA pa60q1/1x OpraHoB C BaJIa 3JICKTPOABUTATCIIA PC (a) ) Ha BCJIMYHHY IIOTCPb

MoOIIIHOCTH B TpaHcMmuccuu. KoadduuneHnt nonesHoro nelcTBrs TpaHCMUCCHM B OOIIEM cllydae
3aBHCHUT OT YaCTOTHI BPALEHNA 7] (¢ ) - OH paBeH OTHOLICHUIO TIEPBOIA U3 HUX KO BTOPOH

1 (@) =Pa(®)/Pc@)- (5.3)
Otkyna
Pe(@)=Puo(@)/1 (@)- (5.4)

3aMEHMB 3HAYEHHUS MOIIHOCTEW NMPOU3BEIEHUSMHU COOTBETCTBYIOIIMX MOMEHTOB Ha CO-
OTBETCTBYIOLIME YACTOThI BPALICHUS U MPUHSAB C HEKOTOPOH A0jeH npubiamxkenus Koddduiuent
MOJIE3HOTO ACUCTBUS TPAHCMUCCHU HE 3aBHCAIIUM OT YacTOThI BpallleHusl, OyJ1eM UMETh

o M @)=, Mo @)1 - (5.5)

B). [locne HEKOTOPBIX MpeoOpa3oBaHUM MOJYUYUM HCKOMYIO MEXAHUYECKYIO XapaKTepu-
CTHKY

M@ =Mao@)/n i (5.6)

KOTOPYIO M CJIEIYET NOJCTABIIATH B OCHOBHOE YPAaBHEHME JIBMIKEHUsS 3JIEKTPONPHUBOJIA
IIPH €0 PELICHUH.

2. IlpuBeieHHBI MOMEHT UHEPIIUU
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HpI/I pacucTax H€O6XOI{I/IMO NepCCYUTHIBATb, MOMCHTBI U MACChbI PAa3JIMYHBIX 3JICMCHTOB

CHCTEMBI K KaKOMy-J'II/I6O OAHOMY M3 3JIEMCHTOB, Halll€ K Bajly ABHUI'aTCIIH.

HpI/IBCI[CHI/Ie MOMCHTOB ITPOBOJUT UCXOJ U3 3aKOHA PABCHCTBA MOH_[HOCTCI\/JII

M, ,.n
_ c.p-mllp.m
Mc.npufn()e - (57)
nep
NI

M . pM M
M c.npuelos = i (58)
nep
w
Mmp + (M com Mmp)
a)p.,w _ w/—me.de
M = (5.9)

c.npuenz)e = c.p.m
nnep a)()@ 77”917

M

I'ne Mc.npus — TIPUBEACHHBIN K Baly 3JIEKTPOABUIATEIS] MOMEHT CONPOTUBIIEHUS pado-

yer MalluHEL;

M, ., — baKTuuecKuii MOMEHT CONPOTUBIEHUs pabOYEH MALIMHBI;
(p.n— YTJIOBAsk CKOPOCTH pabouet mMaumusl; 77,,, — KIIJ nepenayn;
a)()e

| — nepeaaTo4yHoC OTHOLICHHC, I=

(9
pMm

Ecnu B cucreme umeroTcst pabouymre opraHbl, COBEPIIAIOIINE BO3BPATHO-IIOCTYATEIbHOE
JBYDKEHUE C yCUIIMeM F¢ 1 CKOPOCTBIO Vp y, TO 3TO YCHIINE MOXET ObITh IPUBEACHO K Baly 3JIEK-

TpoABUTATECIIA U 3aMCIICHO COOTBECTCTBYIOIIIMM MOMCHTOM U3 BBIPAKCHUA:

FC V M
M, =—Sr (510)

c.npus
nepa)()e

Onpenenenne NpUBEIEHHOTO MOMEHTA MHEPLIMA OCHOBAHO HA PABEHCTBE KMHETHYECKHUX
SHEpruii, 3aMaceHHbIX B (PUKTUBHOM (BUPTYalbHOM) MaXxOBUKE, YCTAHOBJICHHOM Ha Bally 3JIEK-
TPOABHUTraTENs U 00JaAIOUIEM Jypys, M SHEPTUH, 3aMIACEHHBIX BO BCEX JBIKYIUXCS YACTIX CUC-

TeMmsl (puc. 5.1).

jm! — ANAN jz' 0
(Dm —
L N -
',1' w, v, m
-
-

Puc. 7 Kunemarnueckasi cxema 3JeKTPOTPUBOIA

JI71st MpakKTHYECKUX pacuyeTOB MOKHO BOCIIOJIB30BATHCS (DOpMyItoi

J M
p (5.11)

Joo=12], +

npue

rae | — neperaTouHoe YUCIIO.

3. OnpexaeneHue BpeMs MycKa U TOPMOKEHHUS JIEKTPOIPUBOIA
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ITon BpeMeHeM Iycka MOHMUMAIOT MPOAOIDKUTEIBHOCTh pa3dera arperara. Bpems mycka u
TOPMOXEHHS MOXKHO OIPEJENIUTh, PEIINB OCHOBHOE YPaBHEHME JBMKEHHUS 3JIEKTPOIPUBOJA
OTHOCHUTEJIBHO BPEMEHH, T. €, Pa3JIeIUB IEPEMEHHBIE, TIOTYUUM:

=3, 92 (512
M os Mc
w2 da)
Orkyma t,,, =J | (5.13)
e ol M 06 c.npus
Ecrn o, =0 v 0, =w,,, ,,, pacCUNTBIBAIOT BpeMs nycka. Ecmn o, =0, ,, 1 @, =0,

paCcCUUThIBAIOT BPEMA TOPMOKECHUSA

g b
— Me Mo =/ ()
Ay, Mo =10
!
e |
AL 5
MauH f *, :
N b
A My M

Puc. 8 OnpenencHuie BpeMeHU MycKa IEKTPONPUBOA rpaoaHATUTHIECKUM CIIOCOOOM.

VYpaBuenue (5.13) ObIBaeT CIOKHO peHIUTh aHamuTH4ecku. [losTomy ist onpeneneHus
BPEMEHH IyCKa UCTOIb3YIOT rpad)0aHaTUTHUECKHUH U rpaduuecKuii METOIbI.

Paccmotpum monpoOHO TOMRKO HamboJiee MpocToi rpadoaHATMTHUYECKUN METOJ OTpe-
JIeJIeHUs] BpEMEHU IyCKa 3JeKTponpuBoja (puc. 5.2).

JUIss 3TOTO TO TSATH TOYKAM CTPOSAT MEXAHUYECKYI0 XapaKTEPUCTHKY ACHHXPOHHOTO

QJICKTPOABUIATCIIA M =f @) (CM. pucC. 5.2). [[aﬂee 1o (POpMYyIIC 1.56 CTPOAT IMPUBCACHH
08 y YIO

MEXaHUYECKYIO XapaKTepUCTUKY paboueit mamuabl (M ) . I'padmyeckum criocoOoM HaXOIST

c.npug

pasHoOCTh (Mz— M npus) U TIOTYHAIOT JUHAMHYECKHH MOMEHT M, = fl(a)). N3 pucynka 5.2

CleyeT, YTO AUMHAMUYECKUM MOMEHT UMEET CIIOKHYIO 3aBUCHMOCTb M QHAJIMTUYECKH €r0 TPYA-
HO onucatk. [103TOMy 3TOT MOMEHT 3aMEHSIIOT HECKOJIBKMUMHU MPSMOYTOJIbHUKAMU (CTYIEHSIMHU).
IIpu 5TOM cTaparoTCs BBIIEPKUBATH PABEHCTBO MEKYy IUIOIIAJKaMH, OKa3aBIIMMUCS HAJl U O]
KOPOTKON CTOPOHOM MpsIMOYTOJIbHMKA. /[l KakI0ro NpsMOYroJIbHUKA MPOEKIHs €r0 CTOPOHBI
Ha OCb MOMEHTOB paBHa MOMEHTY JIMHAMHYECKOMY, a MPOEKIMS IPYroil CTOPOHBI Ha OCh YIJIO-
BOI CKOPOCTH — M3MEHEHUIO €€ AJIs 9TOU CTyleHU. B aTom citydae oO1iee Bpemst pa3roHa Jiek-
TPONPHUBO/IA

tpa32 = iAtl !
i=1

rae At; - BpeMs pasroHa JIeKTponpHuBoja Ha | cTyneHu.

4.PacyeT MOIIHOCTH 3JI€KTPOIPUBOIA

MOIIHOCTE 3JIEKTPONPUBOIA 3aBUCUT OT MOIIHOCTH MCIIOJIB3YEM I'0 JJIEKTPOJBUraTEIIs.
[Tpu BbIOOpE IMEKTPOABUTATENS YUUTHIBAIOT JOIYCTUMYIO TEMIEPATypy HarpeBa, BO3MOXHOCTh
HAJISKHOTO 3aMycKa MPU CHIDKEHUU HAMPSHKEHUS, YCTOWYMBOCTD PabOThI TP HEOIaronpUsTHBIX
BHEIIIHUX YCIIOBUSX.

Ocoboe BHMMaHHE IpH BHIOOPE MOIIHOCTH 3JIEKTPOJBUTATENS YICISIOT BO3MOXKHBIM
MTHOBEHHBIM Teperpy3kaM, a Takke HarpeBy oOMOTOK. OOGMOTKY 3JIEKTpOABHUTATENs] OOBIYHO
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BBITIOJIHAOT U3 MCAHLIX HU30JIMPOBAHHBIX ITPOBOJHUKOB. Ota 30Ul — HAUMCHCC TCPMO -
ycroifunBas 4acTh. [Ipu upesmepHOM neperpeBe 0OMOTOK 3JIEKTPOABUTATENS TPOUCXOAUT YCKO-
PEHHOE CTapEHUE U30JIALUU U BBIXOJ €€ U3 CTPOSL.

Jlns BbIOOpa MOILHOCTH JIBUTATENsl HEOOXOAWMO IPOBOJAUTH TEIUIOBBIE PACUETHI 3JIEK-
TPONPUBO/IA, KOTOPBIE JOJDKHBI MIOKA3aTh, YTO IPU €ro paboTe TeMIiepaTypa He IMpeBbIIIaeT J10-
IyCTUMYH0. Il 3TOro CTPOSIT HArpy304HbIE AMATPAMMBI, WLIIOCTPUPYIOIIME U3MEHEHMS TOKA,
MOMEHTA CKOPOCTH 3JIEKTPOJABUIATENS BO BPEMEHH.

Harpysounsle nuarpaMMmel 3J€KTPOIPHUBOJA IIOJY4YalOT PACYETHBIM WM DKCIIEpU-
MEHTAJIbHBIM ITyTeM. [IpONOIKUTENBHOCTD TOM WM MHOW HArPY3KHU AJEKTPOIPUBOIA 3aBUCUT OT
TEXHOJIOTMYECKOr0 Ipouecca. Pe3ynbraTel pacdera 3J€KTpOIpPUBOIA IIPOBEPSIOT MO JOIMYCTH-
MOM TeMIleparype, MO IIyCKOBOM U MEPErpy304HOi CIIOCOOHOCTSIM.

Jlnis pacyeTa TEIUIOBBIX PEKUMOB U BbIOOpA MOIIIHOCTH 3JIEKTPOJBUTATENs HE TpeOyeTcs
BBICOKON TOKCHUYHOCTH. HOBTOMY 4aCTO AuarpaMmbl CTPOAT YHPOUICHHBIM MCTOJA0M, IIPpUHUMAA
IIOCTOSIHHBIA TOK U MOMEHT IIpU IIyCKe U TOpMOXeHuH. [Ipu 3TOM Xapakrep Harpy304HOW Aua-
rpaMMbI 32 OJMH LMK paboThl, K IPUMEPY, MOXKET UMETh BU/JI, IOKa3aHHBIN HA pUCYHKE 5.3.

M

A,
w, P

~

rpaﬁ

5. Metonp! ornpeAesieHnsi MOIITHOCTU AJICKTPOIBUTATEINS ISl PA3IMYHBIX PEKUMOB pabo-
THI.

Bri6op MOIIHOCTH 37IEKTpOABUTATENS ISl UTUTENIBHOTO pekuma padoThl. Paznuvaror
JUTUTENbHYI0, IOCTOSIHHYI0, IEPEMEHHYIO Harpy3KH.

Harpy3ku st Xopo1io u3y4eHHBIX 3JEKTPONPUBOIOB PabOTAIONINX, B ITUTEIHLHOM TI0-
CTOSIHHOM PEXHUME, PACCUUTHIBAIOT 110 U3BECTHBIM (pOopMyIam.

MOH_IHOCTL Harpysku JJisi 0CE€BOro njin HeHTpO6C)KHOFO BCHTHIIATOPA, Br:
H

p-QH

77377nep

rae Q - mogaua BenTHIATOPa, M/c; H - MaBnenue, passrBaemMoe BeHTHITOPOM, I1a; n,-
koo ument nonesnoro pevicreus (KIII) senruistop (05...085) 7,,, - KIIJ| Mexanuueckoit

nepenavu: g KInHopeMeHHoU nepeaaun - 0,85 ..0,95°, mis mocanku pabodero koyieca BEHTH-
JSTOpA HA BaJl ABUTATENS - 1.

MomHOCTh Harpy3KH JUIsl HAcoca, TOIAI0IIETO KUIKOCTh, BT:

p_ 9.81QHp
ngnnep
riae Q - mojavya BEHTUIISATOPA, M3/C; H - naBnenue, pazBuBaeMoe HaCOCOM, MM BOJI. CT.;
£ — IUIOTHOCTb NEPEKAYUBAEMOM KUIKOCTH, Ko/ (mnst Bomer p = 1000 KF/M3); n, — KIIJJ
Hacoca: s mopiaHeBbix — 0,65...0,85, mns unentpobexxubix — 0,6...0,8, A5 BUXPEBBIX —

0,3...0,5 (Gombuive 3navenus KIIJ{ cooTBeTcTBYIOT O0Jiee MOLIHBIM Hacocam); 77, — KIIJI me-

XaHUYECKOU Tepeayu.
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MomHOCTh Harpy3Ku JUis TpaHcroprepa, Br:

b_ 9.81QH(cL+ H)

Mhep
rne Q — mogaua TpaHcmoprepa, Kr/c; ¢ — KO3(pQHUIMEHT CONPOTUBICHUS IBUKCHUIO
(tabn.1.8); L — mimHa TpaHcmoprepa mo ropusoHTanu, M; H — BbIcoTa mepemenieHus rpysa
(IWIH0C — BBEPX, MUHYC — BHU3), M; 77, — 00umii KIIJI Becex Mexannyeckux nepenad, 3Hade-

HUS KOTOPOTO IJIA pa3HbIX TUIIOB II€pCaad MPUBCIACHLL B Ta6J'II/II_[e.

KoaddunmeHnT conpoTuBneHus IBHKEHUIO

JleHTOUHEIN 0,26...0,33
CKpeOKOBBIH ¢ POTHKOBBIMU IETISIMU 0,7..2,25
CKpeOKOBBIN ¢ 0E€3POTMKOBBIMH HETISIMU 16..4,2

BuHTOBOI1 TpaHcnopTep npu NepeMeLIeHUH CyX0i 3eMiIu Wiu rnecka 2,5
BuHTOBOI1 TpaHCIOPTEP IPU EPEMELIEHUH LIEMEHTA, [IMHbI, u3BecTH 4,0

KoadduruenT nose3Horo nelcTBUs I Pa3HBIX BUAOB MEXAaHHMYECKHUX Mepe/a
Tun nepenaun

C NOIIINITHUKAMU CKOJIbXEHUS 0.94...0.97
C NOAIIMITHUKAMH KauyeHUS 0.98...0.99
Hunuaapuyeckas nepeaada 0.96...0.99
YepBsauHas 0.6...08
Knunopemennast 0.85...095
@OpUKIMOHHAs 0.7...0.8

MomHOCTh Harpy3Ku JUIsl peXKyIEero Mexanu3ma, BT:

P= FPVP
nnep

rae F,— yeumme pesanust, H; v — ckopocts pesanus, m/c; 77,,,— obumii KIIJ{ mexa-

HUYECKOM nepeaadu.

MOIIHOCTB Harpys3ku JJid rpy30noAbEMHBIX MCXaHU3MOB, Br:

Gv
P=—,
nnep
rae G i 06H_[I/II71 BE€C IMOOAHUMAEMOI'O rpy3a, H; vV — CKOpOCTB ImoabreMa pr38., M/C;

Doy — o6mmii KT/l mexannueckux nepead.

BBI6paHHBIe JABUTATCIIM NPOBEPAIOTCA TOJBKO IO ITYCKOBOMY MOMCHTY, TaK KakK 00JIb-
IIMHCTBO pa6oq1/1x MaIllMH UMEIOT ITOBBIIICHHBIM MOMEHT TpOraHUA:

M, cos = AmecMonos = 1.2 15)M,

nycK.08 nyck HOM.08

r71€ Muycx 1 — ITYCKOBOM MOMEHT DJIEKTPOJBHUIaTEIS; /”tnyCK — KpPaTHOCTh ITyCKOBOT'O MO-

_ nyck.08
nyck ’ mp.p.m
M HOM.08

MEHTa 3JIeKTPOoABUTaTens, A — MOMEHT TpOraHus paboyeil MalIuHblI.

ITpu paboTe 31eKTpONpUBOIA C ATUTEIHHON MEPEMEHHON HAarpy3Koi (¢ 4acTBIMH Pa3ro-
HaMHU U TOPMOKEHUSIMHU) MOIIHOCTb 3JIEKTPUYECKOTO JBUTATENS OMPEIEISIIOT METOAOM CpeHe-
KBaJJPaTUYECKOM, MIIM SKBUBAIEHTHON, MOIITHOCTU. DTO OOBSICHIETCS TEM, UTO KBaJpatT MoTephb B
JBUTATENIe TPONOPIHOHATIEH TOKY ABUrarens. Tak kak HarpeB — IJaBHBIA (akTop, ompene-
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J'I}IIOH_II/II\/'I MOIIDHOCTBh ABUIaTC/IA, IBUIaTCIIb BBI6I/IpaIOT o CpCaAHUM NOTCPSIM MOMIIHOCTH, COOT-
BETCTBYIOIIUM HArpy304HOU quarpamme (puc. 5.4).
VimeHHO cpeHue MOTepH MOIHOCTH M ONPEAETSIOT (PaKTUYECKH MeperpeB ABUraTedIsl.

£ o

Py
Py
el
A
271 AN
,/ | 1 ~
. i N
t
4 ) f Iy

Puc. 9 Harpy3ounas nuarpamma.

JUTuTenbHBINA peXUM paboThl XapaKTepeH I AJIEKTPOIPHUBO/IA FIEKTPOYCTAaHOBOK HACO-
COB, KOMIIPECCOPOB, BEHTWJIATOPOB. Ilyck M OCTaHOBKa 3THUX 3JIEKTPOYCTAHOBOK IPOMCXOAUT
penko. CnenoBaTenbHO, IyCKOBBIE © TOPMO3HBIE ITPOLIECCH] TPAKTUYECKU HE BIUAIOT HA MPOLECC
HarpeBa 0OMOTOK JIEKTPOIBUTATEIIS.

[TosTOMy HOMMHAJIBHYIO MOLIHOCTb OIPEIENSAIOT HEMOCPEACTBEHHO IO YCpPEAHEHHOU
CTaTMYECKON MOLIHOCTHU C YYETOM MOTEPh B MEXaHUYECKON Iepeaye.

Ecnu B Harpy304Hoil JuarpaMme HUMEIOTCSl YYaCTKH, COOTBETCTBYIOIINE paboTe ¢ MOHU-
JKEHHOW CKOPOCTBIO, a TAK)KE Y4aCTKH, COOTBETCTBYIOIINE MTYCKOBBIM U TOPMO3HBIM pEeXUMaM,
TO PEKOMEHAYETCSI YUUTHIBaTh KOOPPUIIMEHT TEIUIO0TIauM BBeIeHHEM KodpuiueHta o u f B

bopMyITy CpeTHUX MOTEPh, YTO YMEHBIIIHUT, YTO YMEHBIIUT CYMMapHOE BpeMs U YBEIHUYHUT pac-
YEeTHbIE 3HAUYCHUS CPETHUX MOTEPb.

Hcnonb3yst METO CPeTHUX IMOTEPh, MOTYJIA0T YIOBICTBOPUTEIbHBIC pe3yiabTaThl. Ero
HEJOCTaTOK - HEOOXOAMMOCTh UMETh JaHHBIE O TIOTEPSIX B DJIEKTPOJIBUTATENE U OOJBIINE 3aTpa-
Thl BPEMEHH I pacuera YIOOHEe HCIIOh30BaTh METOJbI 3KBHBAJCHTHOIO TOKA M DKBHBA-
JICHTHOT'O MOMEHTa, KOTOPbIE HEMOCPEICTBEHHO BBITEKAIOT U3 METO/Ia CPETHUX TMOTEPD.

MeTo/1 5KBUBAJICHTHOTO TOKA. B JUTUTETEHOM peXHME 3JIEKTPOJBHTATENh Oyaer pado-
TaTh O6€3 meperpesa npu dKBUBaIEHTHOM ToKe (lrkp), onpenensemoM no hopmye:

HOM 9K6

Metoa >KBHBAJICHTHOTO TOKA MPUMEHSIOT NJISi AJIEKTPOJIBUTATENIEH MOCTOSHHOTO TOKa
MOCIIE0BATEIHHOTO BO30YKICHHUS.

Metoa SKBHUBaJIEHTHOTO MOMEHTa. BMecTo MeToma SKBHBaJIEHTHOIO TOKa yaoOHEe HcC-
MOJIb30BaTh METOJ] SKBUBAJICHTHOTO MOMEHTA, TaK KaK HArpy304YHbIE JUarpaMMmbl pabounx Ma-
IIMH Yallle ONUCHIBAIOT 3aBUCUMOCTh MOMEHTa OT BpeMeHu. DopmMyrna AJisd ONpeaeieHus] HKBU-
BaJIEHTHOT'O MOMEHTA:
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[Tpu mycke ¥ TOPMOKEHHH CIIeyeT BHOCHTD yKa3aHHbIE BbIIIE KO3()(DUIIUCHTHI.

MeTto 3KBHBAJIECHTHOTO MOMEHTA IIPUMEHHUM ISl 3JIEKTPOIIPUBOJAOB C DJIEKTPOJBUTraTe-
JSIMHM TIOCTOSTHHOTO TOKa HE3aBUCHMOTO BO30YxaeHus nmpu D=CONSt M 11 aCHHXPOHHBIX 3JICK-
TpoABMraTejae B TOM cilyyae, Korjga (GakTHuecKuil Kod(@GUIMEHT MOIIHOCTH HE3HAYUTEJBHO
OTJIMYAETCS OT HOMUHAJIBHOTO.

Metoa >KBUBaJIEHTHOM MoLIHOCTH. Eciu snexkTponpuBoa paboTaeT ¢ HE3HAYUTEIbHO
M3MEHSIOIIENCS CKOPOCThIO, TO MOILIIHOCTh MPONOPIMOHaIbHAa MOMEHTY. [loaToMy pacueT MOx-
HO BECTH I10 SKBUBAJICHTHON MOIIHOCTH:

OKBUBAJICHTHAs1 MOIIHOCTb — IIOCTOSIHHAsI MOILIHOCTb, IIPX KOTOPOM IIOTEPH B ABUTaTelle
PaBHBI CPETHUM TTOTEPSM JICHCTBUTEIBHOTO MIEPEMEHHOTO TpadrKa Harpy3KH.

1.2 Jlekuus Ne3,4 (4 gyaca).
Tema: «HpOMI)IHIJ'IGHHaﬂ pcamsanysd U HOMCHKJIATypa KOMIIJICKTHBIX 3JICKTPOIIPUBO-
JIOB»

1.2.1 Bonpocsl J1eKnuu

1. KommnekTtHele anexktponpuBoabl. Knaccuduxanus. IIpomblnuieHHas peanu3anus U
HOMEHKJIaTypa KOMIUIEKTHBIX AJIEKTPOIIPUBOIOB.

2. OnTuUMalibHbIE CUCTEMBI PEryJIMpPOBAHUS U SKOHOMHUU 3JIEKTPOIHEPTHH B KOMILIEKT-
HBIX DJIEKTPOIPUBOIAX.

1.2.2 KpaTtkoe coaep:kaHue BOIPOCOB

1. KommnektHble 3nexTponpuBoasl. Kmaccudukanus. ITpomslinenHas peanuzauus u
HOMEHKJIaTypa KOMIUIEKTHBIX 3JIEKTPOIPUBOJIOB.

MOomHOCTh, KOTOPYIO CIIOCOOEH Pa3BUTh JIEKTPOIABUTATENH 0€3 BPEIHBIX MOCIEACTBUH,
ONpENIEeNsAETC €ro MAaKCHMAaJIbHBIM BpAIAIOIIUM MOMEHTOM U CTENEHBIO HarpeBa. OTOMY
JIOJDKHBI COOTBETCTBOBATh MEXaHWUYECKAsi TPOYHOCTH JETANICH ABUTATEINS U TEIUIOCTONKOCTh Ma-
TepHUaoB (M30JSAIMOHHBIX ), IPUMEHSIEMBIX TPU €r0 U3TOTOBJICHUU.

Pemaroniyro posib B onpenieieHu MOIIIHOCTH 3JIEKTPOABUTATENsI UTPAET HarpeB ero oo-
MOTOK. [Ipu paGoTe 3nmeKTprUYecKuii JBUTaTeNbh HarpeBaeTCcsl. DTOT HarpeB OOYCIIOBJICH pa3iny-
HBIMU MOTEPSMU (TETIOBBIMH B OOMOTKAX, Ha TUCTEPE3UC, BUXPEBBIE TOKH, TPEHHUE U T. T1.), KO-
TOpBIE YUUTHIBAIOTCS KOOPPUITUEHTOM MOJIE3HOTO NEHCTBUS ABUTATEIS:

P 1—
ZAP:PHOOS_P :_”_PH:PH—T]”

m, m,
rae ZAP— TepsieMasi MOIITHOCTh (IIOTEPH ), MPEBPAIIAIOIIASCS B TEILIO;

H

Progs — MOIIHOCTB, MOABOAMMAS K ABUTATEIIO OT CETH;
P, — HOMMHAaIBHAS MOIIHOCTH ABUTATEIIS;

T k. m o [IPY HOMUHAJIbHON Harpys3kKe.
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BcnenctBrue HeMpepbIBHOTO BBIIEICHUS Teria (B 0OMOTKAaX, B CTal, B MOIIIHUITHHKAX )
npu paboTe JBUTATENs €ro TeMIlepaTypa MOCTENEHHO MOBBIIIAETCS U MPEBBILIACT TEMIIEPATYypPy
OKPYXKarOILEeH Cpeabl.

Ecnu Ob1 qBUraresns, HarpeBasich, He OT/AaBall TEIJIO B OKPYXKAIOIIYIO0 CPEy, TO €ro TeM-
neparypa Morjia Obl JOCTUTHYTh OSCKOHEYHO OOJBIION BEIMYMHBI. B JACHCTBUTEIHHOCTH Ke
Oyarojaps pacCeMBaHUIO TEIUIa MOBEPXHOCTHIO JIBUTATelNsl B OKPYXKAIOLIYIO CPEy IMOBBIIICHUE
€ro TeMIEpaTypbl IO JTOCTHKEHUU MU3BECTHOIO IpEeJelia MpeKpalaeTcs. IT0 HaCTYNaeT TOrAa,
KOrJia KOJIMYECTBO TEIIa, OTJaBAEMOI0 MMOBEPXHOCTBIO B OKPYXKAIOLIYI0 CpPEely B €IUHUILY Bpe-
MEHHU, CTAHOBUTCSI PaBHBIM KOJIMYECTBY TEIlJIa, BO3HUKAIOIIETO B JIBUTATEIIE.

[IpenenbHO AomycTuMas TeMIiepaTypa HarpeBa OIpaHMYMBAETCS KaueCTBOM Marepuaia
n3ossinuu. [loaToMy TaHHON MOITHOCTH JABUTATENs TOJDKHA COOTBETCTBOBATH (MPU BCEX MPOUYUX
pPaBHBIX YCJIOBHSX) BIIOJIHE OMpeJesieHHasl TEIUIO0Taua, a CJIeJ0BaTeNIbHO, U rabapuThl JBUTA-
tess. Yem Oosblie MOIIHOCTh, TeM OOJIbIIE BBIJCISACTCS TEIUla U 0oJblle MOTpeOHbIe radapuT-
HbIE pa3Mepbl ABUTATEIIA.

Cornacno 'OCTy 8865—58, Bce nzonupyomue MaTepuabl, IPUMEHSIEMbIE B 3JIEKTPU-
YeCKMX MalllMHAX, B OTHOIICHUU JOMYCTHUMBIX JUISI HUX TeMmrepaTyp (TEmI0CTONKOCTH) MOTYT
OBITh pa3/ieieHbl HA CEMb KJIACCOB.

[IpenenpHO HOMyCTHMBIE TEMIIEpATYPhl HArpeBa Mo KjiaccaM MpUBEIEHBI B, Tabmule 1.
Tabnuna 1
Kitaccel n3onsanuu Y | A E B F H G

IlpenensHo  nomycru- 9 (10 |12 |13 | 15 | 18 | Bouee

Mas . 0|5 [0 |0 |5 |0 |180
TeMueparypa, °C

B kauecTBe M3OIALMOHHBIX MaTEpPHANOB Kiacca Y HCIONB3YIOT XJIOMYaTOOYMaKHYIO
psDKy, OyMary, BOJIOKHUCTBIC MaTepraibl U3 IEJUTION03BI U MIEJKa, HEe TIPOIUTAHHBIC U HE I10-
TpY>XEHHBIE B MacIo.

K M307s1IMOHHBIM MaTepualiaM Kilacca A OTHOCSATCS T€ K€ MaTepHaJIbl, YTO U K KJIaccy
Y, HO IPONMUTAHHBIE WM TOTPY)KEHHBIE B MAclO WJIH B KaKOW-TUOO APYroi KUAKUN TUAIIEK-
TPHK, & TAK)KE B AIMAITU U JIAKH, TPUMEHSEMBIC IIPU U3TOTOBJICHHH dYMATMPOBAHHON TIPOBOJIOKH.

JlBurarenyu MajiblX U CPEAHHX MOIIHOCTEH, MPUMEHSEMbIE B CEIbCKOM XO3SICTBE, BbI-
MOJTHSIIOT TJIaBHBIM 00pa30M ¢ U30JIAIHEH Kiacca A.

B kinacce m3onsanuu E HCronb3yr0T CHHTETHYECKHE OpTraHNYeCKHE TIICHKH.

M3onsauuro kiacca B BBITIOMHSIOT U3 CIIOJBI, acOecTa, CTEKISTHHOTO BOJIOKHA U JIPYTUX
HEOPraHMYECKUX MAaTEePHAIIOB, CBSI3aHHBIX MaTepuaiaMHi OPraHUYEeCKOTO MTPOUCXOKIACHHUS.

JIBuraTenu ¢ u3osiueit knacca B MoryT paboTath B yCIOBUAX YaCThIX MEPErpy30K MPHU
MOBBIIIEHHON TEMIIEpaType OKPYKatoIIel Cpebl.

[Tpu U3roTOBIIEHUY M3OJIAIIMHU Kiacca F HCIONIB3YIOT Te )K€ MaTepHaIbl, YTO U JIJIS Kiiacca
B, HO ¢ TEMIOCTOWKUMH CUHTETUYECKIUMHU CBSI3YIOIIMMHU U IPOMUTHIBAIOIIUMHU COCTABAMH.

Mzonsmuro kimacca H M3roTOBISAIOT M3 HEOPTAaHWYECKUX H3OJIAIMOHHBIX MaTepUAIOB
Kiacca B co cBs3yromumu BeleCTBAMHU B BUJE TaK HA3bIBAEMBIX CHUIIMKOHOBBIX JIAKOB TOBBI-
HIEHHOW TEeTUIOCTOMKOCTH.

Mzonsmuro kmacca C M3rOTOBISAIOT W3 CIIOJABI, KBaplia, CTEKIAa U KepaMUYECKHX MaTe-
pHAJIOB C WCIOJIb30BAHUEM B KA4Y€CTBE CBS3YIOIIMX BEIISCTB HEOPTAHHMUYECKUX COCTaBOB. Ecim
W3OJISIIHST COACPKUT U30TUPYIOIINE MaTepHallbl Pa3HBIX KJIACCOB, TO TeMIIepaTypa KakJIoro 3
3THX MaTepUaIOB HE JOJDKHA IPEBOCXOIUTH JIOMYCKAEMYIO TS HUX MPEICTbHYI0 TeMIIepaTypy.

[Tpu u3yyeHnn HarpeBa ABUTATENS] IPUHUMAIOTCS CIIEIYIOIINE JOMYIICHHUS

1) aBuraTenp MpeACTaBIsIET cOO0M OAHOPOJHOE TeNo, O0anarIiee OECKOHEYHO OOJTb-
I0M BHYTpEHHEH TEIUIONPOBOJAHOCTBIO, Olarojaps yeMy TeMIieparypa BCEX ero TOYeK OJMHa-
KOBa,

2) TemmiepaTypa OKpYKaroIiel cpelibl 3a BpeMsi HarpeBa IMOCTOsSHHA;
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3) k03¢ (UIMEHT TEIUIO0TAaud HE 3aBUCHT OT TEMIEpPaTyphl, U OTAaya TeIuia B OKpY-
KAIOIIYIO Cpeay IPsSIMO MPOMOPIHMOHATIbHA MPEBBILICHHUIO, TEMIIEPATYPhI IBUTATENS HAJl TEMIIe-
paTypoi OKpYKarolen Cpebl;

4) moTepu M TEIJIOEMKOCTh JABUTaTeNsl TAK)KE HE 3aBUCAT OT TEMIIEPATypPHI.

Hcxons u3 caenanHbIX AOMYHIEHUN
ypaBHEHUE HarpeBa MpUMET BUI:

t

_ T
9=9,|1-¢
Ape-T=~§
¥ \ 5 ¢
} 1 7 B=yem(1-eT
|
Boeme ¥
: lig Vyem€ T
a
]
0 c —t

Puc. 68. KpuBble Harpesa H OXnax-
JeHHst IBHraTeIs:

I — gpuBas warpeea; // — KpHBadg ox-
JaKAeHHSA.

Puc. 1 KpuBble HarpeBa u oXJ1aKI€HUS IBUraTelIs

[TpakTHvecku Mpy HATMYUU TETUIOOTIAuHU 32 BpeMs T MpeBbIICHUE TEMITIEPaTyphl BUTA-
TeNA JOCTUTAET 3HAUECHUT & = 0,63219ycm .

TeOpeTI/I‘leCKI/I BpEM:A, B TCUCHUC KOTOPOI'0O JOCTUTACTCA TEMIIEpaTypa 19y > PaBHO Oec-

(&

KOHEYHOCTH. Ha mpakTuke MpUHUMAIOT, YTO TEMIEpaTypy ABHUraTells MOXHO CYUTATh YCTaHO-
BUBIIIEHCS mpuMepHo uepe3 t = (4...5)T, (tabmn. 2).

Tabmuua 2
T T 2T 3T 4T 5T

9
9 0,632 [0865 |0,950 |0,982 |0,993

yem

Kak BuiHO 13 Tabmuis! 2, Mo uctedeHun BpeMeHn (=4T mpeBbIlIeHNe TeMIIepaTyphl JBH-
rarenst nocturaet & =0,9829 . u manpHeliee MOBBIIICHUE TEMIIEPATYPhI HIET OYCHb MEJICH-

yem
HO. CormacHo I'OCTy 183-55, temneparypa cuuTaercss yCTAHOBUBILEHCS, €CIIM TOBBIIICHHUE €€
3a 1 4 He npeBocxoaut 1°C.

[TocTtosiHHas BpeMeHU HarpeBa, 3aBHCSINAsl TOJIBKO OT KOHCTPYKLHHU JIBUraTels, Xapak-
TEpU3yeT CKOPOCTh Mpoliecca HarpeBaHus. Yem Oobllle TEMI0EMKOCTh, TEM MEJIEHHEee Harpe-
BaeTcs JABUraresb. Yem Oonblile TemiooTaayda, TeM ObicTpee uaet Harpes. [locTosiHHas BpeMeHu
HarpeBa y JBHUraTeleil 3aKpbITOro Tuma OoJiblle, YeM Y JBUraTeleil OTKPBITOTO THIA, TaK Kak
BHEUIHSS IOBEPXHOCTh OXJIAXK/IEHHUS 3aKPBITHIX JABUTATENIEeH MPH TeX K€ MOTepsX NOJKHA OBbITh
Oosblle, a ¢ yBeTMUYEHHEM MOBEPXHOCTU PACTYT U rabapuTHbIE pazmepsl apuratens. [Ipu stom
€CJIM TIOBEPXHOCTh U TEIJIO0T/Aa4ya YBEJIIMYMBAIOTCS B KBaJpaTe, TO 00beM JBUraTels U ero Tem-
JIOEMKOCTb PACTYT B Ky0Oe OT TMHEWHBIX pa3MepoOB.

[Ipu Bcex mpouMX paBHBIX YCIOBUSX JIBUraTeNd C BEHTHIALKEH OyAyT UMETh IOCTOSH-
HYIO BpEMEHHU HarpeBa, MEHbIIYIO, UM JIBUTATENIN 0€3 BEHTUIISIHH.
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Kaxxnoli Harpy3ke COOTBETCTBYIOT OIPEIEIECHHbBIE IOTEPH, U MPU YCTAHOBUBIIEMCS pe-

YKUME KOHEUHOE MPEBBILICHUE TeMIIepaTypshl (4

yem

_Q
2

. Pac. 69. Kpupnie HarpeBa mpu pasiHYHBIX Ha-
rpy3Kax.

Puc. 2 KpuBble HarpeBa IpH pa3aMyHbIX Harpy3Kax

Puc. 70. Kpusas Harpesa npm nepemenHofi Ha-
rpysKe.

Puc. 3 KpuBble HarpeBa rnpu nepeMeHHON Harpys3ke

ITpu pabGote nBuraTens - ¢ pa3aMuHbIMU Harpy3kamu Pi, Po, P3, P4 v T. A1. momyuures psin
KpUBBIX Harpeia Jjisl AaHHoro asurarens (puc. 69). HomuHanbHOMY peXUMy COOTBETCTBYET
kpuBas P3;. Kpuseie P4, Ps u Pg xapakrepusytor tepMuueckyro neperpysky, a P1 u P, — Tep-
MUYECKYIO HEIOTPY3KY JBUraTEs.

[Ipu narpyskax P4, Ps u Pg nponomkuTenbHOCTh pabOThl ABUTATENSl OTpaHUYEeHa OTpe3-
KaMu BpeMeHH 1y, tr u t3. PaGoTa cBepx 3Toro BpeMeHu OyaeT mpoTekaTs npu & > 9 4YTO HE

yem.m 2
JIOITyCKAeTCsl HOpPMaMH.

ITpu nepemennoit Harpyske ¢ notepsamu Q1, Q2, Qs ...Qg (puc. 70) kpuBas HarpeBa Oyaer
nomaHoi. C KaxIpIM U3MEHEHHUEM Harpys

KM KpHMBas HarpeBa CTPEMHTCS K CBOeH &, (YKa3aHO IyHKTHUPOM), COOTBETCTBYIOLICH

MOTEPSM, IPOUCXOIALIUM Ha JAHHOM OTPE3KE BPEMEHH.

C yBenmmveHneM Harpy3KH TeMIlepaTypa pacTeT, ¢ yMeHbIIeHueM Harpy3ku (Q2z, Qs - mo-
TEPH XOJIOCTOTO XOJa JBUTaTeNsl) TEMIIEPATYpa JBUTATENS CHUIKAETCS.

W3 ypaBHeHuUs HarpeBa AJi1 yCTAaHOBUBLIETOCS pexuMa paboThl JBUTATENS CIEIyeT, YTO

Q=A8,, = 0,242 AP, oTkyna

A l9 cm
D AP =—2" *)
0,24
P 1-7
Ho Tak kax ZAP =—"—P =P — T0, yuutsiBas BeIpaxkeHue (*), MOIIHOCTb JBU-
up m,

rarensi Py, MOXHO omnpenenuTs depe3 (HaKkTophl, XapaKTepU3YIOUIUe ero MOTEPH U TEPMHUIECKHE
CBOMCTBA:

P, =>AP 17 _ A 17
1-7n, 0,24 1-n,

(**)
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Breipaxenue (**) mokaseiBaeT, 4TO MPU OJHUX U TEX K€ TabapUTHBIX pa3Mepax MOIII-
HOCTb JABHUraTelsl MOXKET ObITh 3HAYMTEIbHO MOBBIIIEHA 3@ CUET MOBBIMIEHHS K03 dUIueHTa mo-
JIE3HOTO JACWUCTBHUS, YBEIMUYEHUS TEIUIOCTOMKOCTU MAaTEpUalOB, XapaKTepuzyemMon 3 U ycu-

yem !
JICHHU TCIIJIOOTAa4Yu ABUIaTCIIA. YJ'IyLIIJ_IeHI/IeM KOHCTPYKIHH, THHATCIIbHBIM PaCcd€TOM M BBCJC-
HHEM 0o0JIee TEIIOCTOMKUX HU30JIAIMOHHBIX MAaTCPUAJIOB U PA3JIMYHBIX CHUCTCM BCHTUJIALIMUH K
HACTOAIIEMY BPEMEHHU yAaJ10Ch 3HAYUTCIIbHO CHU3UTH pacXoJ METallla Ha €CAMHUIY MOITHOCTH.

2. OnTuMaNbHBIE CUCTEMBEI PEryjinpoBaHusd U 3KOHOMHHU IJICKTPOSHCPIHMHU B KOMILJICKT-
HBIX 3JICKTPOIIPUBOJAX.

Becbma neficTBeHHBIM (DAKTOPOM B CHIDKEHUHM MAcChl JIBUTATENICH Ha €IUHUILY MOIIHO-
CTH SIBISIOTCSI BEHTHJISAIINS U OXJIQXKIECHHE.

[Ipu skcrutyatanuu A, 19},6," u 77, , ABUraTemnst pakTUIeCKU 3aaHbl, U 3a7a4a CBOAUTCA K

TOMY, YTOOBI YMEJIO WX UCIOIB30BaTh. B 4acTHOCTH, HEOOXOUMO PErYISIPHO OYHUIIATH TTOBEPX-
HOCTb JIBUTATENs OT MbUIH. IHOT/Ia HA PAaKTHKE JABUTaTeNb OTKPHITOTO TUMA KyCTapHBIM CIIOCO-
OOM 3alUIIAIOT OT MBUIM WJIM BOASHBIX OpbI3r. OJIHAKO M3-3a YXYIIIEHUS TEIUIOOTIAa4d MOIII-
HOCTb, KOTOPYIO MOKHO B3SITh OT JIBUTaTellsl, B TAKOM CIy4ae 3HAUUTEIbHO CHUKACTCS.

MomHoCTh, pa3BUBacMas JBUIaATEIIEM, OTPAHUYUBAECTCS AOIMYCTUMOM TEMIIEPATYpPO Ha-
rpeBa ero o6mMoTok. I'OCTom 183-66 ycraHOBIEHBI MpeAensl AOMYCTUMON TeMmepaTyphl AJis
KaXXJI0TO KJ1acca u3ossiiuu (tabi. 6.1).

HomunaneHas macnopTHas MOITHOCTD ABUTATENS ONPELISIETCA C YIETOM TeMIIepaTyphl
OKpyxaroriei cpenbl, paBaoit 40°C. Ecnu aBurarens Oyper paboTarh Mpu TEMIEpaType OKPY-
xKaromiei cpensl, oruyatomieiics ot 40°C, To ero nomycTuMas Mo YCIOBUSIM HarpeBa Harpyska,
MOJKET ObITh YBEJIMYEHA IIPU TEMIIEpaType oKpy:xaromen cpenpl Huxke 40°C, win noHUKeHa npu
TeMIlepaType okpysxarouieil cpeanl Boie 40°C.

Ha npakTuke Hajo 3HATh, HACKOJIBKO MOXKET OBITh YBEITMUYEHA WM YMEHBIIIEHA MMacIopT-
Hasi MOLIHOCTh JBUTATENS IPU TOM WIIM MHOM TeMIEpaType OKPYKarolle Cpelibl, OTINYaroen-
cs ot 40°C.

Hckomas momrHOCTh ABurarens Py Oyner HaXoAuThes Kak:

A®

P =P [1+ (a+1)

yem.n
HpI/I OpI/ICHTHpOBO‘IHBIX IIoaAcCUYceTax OTHOMICHUE & ITOCTOAHHBIX HOTepI) K HepeMeHHBIM
MOJKET OBITH MMPUHATO CICAYIOIINUM:

JUTSL TITYHTOBBIX JIBHUTATCIICH «.vvevvvevveevieseeenenene 1,0
JUISL aCHHXPOHHBIX IBUTATENEH.......ccvvevv.oe.e. 0,5-0,7
JUTSI CEPUECHBIX IBUTATETIEH  ..occovr vvveeiineeans 0,5
JUTSL CHHXPOHHBIX JIBUTATENEH. ... ...veeneenn. 1,5-2,0

Taxum oOpa3om, pu TeMIIepaType OKpy>Karouieil cpeabl HuKe CTaHIapTHOW BUTATEINb B
TEPMHUYECKOM OTHOILEHUH JI0ITyCKAET HEKOTOPYIO MEPETPY3KY.

BonbIIMHCTBO CENBbCKOXO3SUCTBEHHBIX MAIIMH NMPUBOAMUTCA B JACHCTBHE HEpEryiupye-
MBIM 3JIEKTPOIIPUBOOM MPU MOMOIIN TPeX(a3HOTO0 ACHHXPOHHOTO JIBUTATENs MIEPEMEHHOTO TO-
Ka (MIPEeUMYIIECTBEHHO JIBUTATENsl ¢ KOPOTKO3aMKHYTHIM POTOPOM). DTOT JABUTATeNb 00sajaer
LENbIM DPSIIOM IPEUMYLIECTB M0 CPaBHEHHIO C ACHHXPOHHBIM JBUIATEIEM C KOHTAKTHBIMU
KoJIbIIaMH. B HEM OTCYTCTBYIOT IIyCKOBOM peocTaT U KOJblla CO IIETKAMH U KOPOTKO3aMbIKaTe-
astMu. OH JAeleBlie ABUraTessl ¢ KOHTAaKTHBIMU KOJIbLIaMU, MPOIIe B OOCITYKUBAaHUU U HaJIeKHEe
B DKCIUTyaTaIiu.

JIBUraTenb ¢ KOHTAKTHBIMU KOJIbLIaMU OOBIYHO MPUMEHSIOT TaM, I/ie HE00X0AUMO UMETh
OOJBIION TTYCKOBOW MOMEHT MpPH CpaBHUTENHHO MaiioM (1,5-2-KpaTHOM) IMyCKOBOM TOKe, Ha-
IpUMeEp B MPHUBOJE CTaHKA JUISI MPUPAOOTKH MOAIIUITHUKOB. 3/1€Ch JOBOJIBHO TSKEIIBbIE YCIOBHS
nycka npu MmomHoctu aBurarens 10-13 kBt. M ecnm npuMeHHTh KOPOTKO3aMKHYTBIN
JIBUTATEIb, TO OH B MIEPUOJIBI ITyCKa MPH COM3MEPUMO MaJIOil MOIIHOCTH TpaHcdopmaropa Oyaer
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CO3/1aBaTh HEHOPMATbHBIE YCIIOBUS JJIsi OCBEUICHUS U JJIsi padOThl JPYTUX IBUTATENEH, MTUTA0-
Mxcs ot Toit ke cet. Korna ctanku [uis npupaOoTKY MOAMIMITHUKOB BCE K€ CHAOXKaI0TCS IBU-
raTeisiMi ¢ KOPOTKO3aMKHYTBIM POTOPOM, OHU padOTaIOT MO MPUHYIUTEIBHOMY TpaduKy B Ie-
PHOJBI MUHUMYMa 0011Iel HAarpy3KHu U B T€ Yachl, KOTJa OTCYTCTBYET CBETOBasl HarpyskKa.

OCHOBHOHM HEJOCTATOK ACUHXPOHHBIX JABUTATENIeH 3aKIIOYaeTcss B TOM, YTO B HHUX 3a-
TPYAHEHO PETyIUPOBAaHUE YaCTOTHI BPAILICHUSI.

[IpuMeHeHne CUHXPOHHBIX JABUTATENIed OTPAaHUYMBACTCS UX BHICOKOM CTOMMOCTBIO U He-
00XO0JIMMOCTBIO MUMETh TMOCTOSIHHBINA TOK JJI NMUTaHUs Lenu Bo3OyxneHus. Kpome toro, cun-
XPOHHBIC JIBUTATENIN TPEOYIOT aBTOMATUUYECKOU anmaparyphl yIpaBIeHUs, 4TO TaKXKe yI0poKa-
eT ycTaHoBKY. [103TOMy MX MPUMEHSIOT B yCTAHOBKAaX OTHOCUTENIBHO 00JbI0N MomHOCTH. [lo-
CTOSIHHBIH TOK B CEJIbCKOXO3SWCTBEHHBIX MPEANPHUATHAX TPEOyeTCsl TTIaBHBIM 00pa3oM Uil 3a-
PSAAKY aKKYMYJIITOPOB aBTOMOOMIIEH, 3JEKTPOKap M paJloyCTaHOBOK. B aTuX ciiyyasx ycraHaB-
JUBAIOT CHEIUaIbHBIEC TPE0oOpa30BaTEIU NEPEMEHHOTO TOKA B TOCTOSIHHBIM.

Cornacno ['OCTy 183-66, skciutyaTalluOHHBIE 3HAYEHUST HANIPSKEHU TEPEMEHHOTO TO-
Ka: 12; 36; 127; 220; 380; 500 B u 3; 6; 10; 35; 110; 154; 220; 380 kB, a noctossHHoro toka: 12;
24; 110; 220; 440 B.

[TpOMBIIIIIIEHHOCTh U3TOTOBJISIET AJEKTPOJIBUTATEIN IMOCTOSTHHOTO TOKA HA HAMPSKEHUS
24; 110; 220; 440 B u nepemeHHOr0 ToKa Ha HanpspkeHus 36; 220; 380; 500; 3000; 6000 B.

B cenbckoM X03sCTBE MMEIOTCSI IBUTATEIH MTOCTOSIHHOTO TOKA HA Pa3JIMUHbIC HAIIPSKE-
HUS, B 3aBUCUMOCTH OT HampsbKEeHUs reHepaTopoB. [1o sKOHOMHUYECKUM COOOpaKeHUSIM Ha 3a-
KUMax JBUrareneil pekomenayrorcs Hanpskenus 220 u 440 B.

Haubonee pacnpocTpaHeHHBIM HANpsHKEHUEM MEPEMEHHOTO TOKa B CEIbCKOXO3SHCTBEH-
HBIX 2JIEKTPOYCTaHOBKaX B HacTosIIee Bpems siBisieTcs cucrema 380/220 B.

[Ipu BBIOOpPE DNMEKTPOABUTATENS 1O YACTOTE BPAIICHHS MPUXOIUTCS YUYUTHIBATH Maccy,
CTOMMOCTh W K.II.J. DJICKTPOIBUTATENSI B 3aBUCUMOCTH OT PAa3JUYHBIX HOMHUHAJIBHBIX YacTOT
BpallleHUsl, CTOUMOCTb U K. I. JI. MEXaHHUECKUX Tepe/iay, CBA3aHHbBIX C 3JIEKTPOBUTATENIEM, BbI-
OpaHHBIM Ha Ty WJIM WHYI YacTOTy BpamieHus. I3 OCHOBHOTrO COOTHOIIEHUS MEXIY MOIIHO-
CTBhIO, MOMEHTOM H 4acTOTOH BpamieHust My, = 9550 - cnenyeT, 4To MpH OJHON U TOM KE MOITHO-
CTH, Pa3BUBAEMOM JJIEKTPOJBUTATEIIEM, €r0 MOMEHT JIOJDKEH OBITh TeM OOJIbIlIE, YeM MEHBIIIEe
4acTOTa BpalleHus1, HA KOTOPYIO OH paCCUUTAaH.

DNeKTpOoABUTATENIN OJHOM M TOW K€ MOJEINU, rabaprTa U MacChl BBITYCKAIOTCS 3aBOIaMH
Ha Pa3IMYHYI0 MOIIHOCTh B 3aBUCUMOCTH OT YacTOThI BpalleHus. Yem BbIlIe 4acToTa BpalleHus
AIIEKTPOJIBUraTelIsl, TEM MEHBIIIE €r0 Macca, a CIe10BaTeIbHO, CTOMMOCTb €IUHUIIBI €r0 MOIIHO-
cti. OTclo/la IOHATHO CTPEMIJIEHHE K YCTaHOBKE (IJI€ 3TO TOJILKO BO3MOXKHO) 3JIEKTPOJBHUTA-
TeJIel Ha TMOBBIIIEHHYIO YacTOTy BpamieHus. OTHOBPEMEHHO CJIEAYeT Y4YECTh, YTO BBICOKOCKO-
POCTHBIE 3JIEKTPOJBUTATEIN UMEIOT OoJiee BBICOKMM K.1.J. 1 COS@ 1O CPaBHEHHIO C TUXOXOJ-

HBIMU JIBUTATEIISIMH TOU K€ MOIITHOCTH.

TeopeTnuecku acHHXPOHHBIC JBUTATETH MOTYT OBITH OCTPOEHBI Ha CKOJIb YTOAHO Ma-
JIYI0 4acToTy Bpaiienus. Ho, kak mpaBuiio, ABUraTeIn ¢ CAHXPOHHOM YaCTOTOW BpaIIEHUS HUKE
600 00/MHH MOYTH HE MPUMEHSIOTCS, TOTOMY YTO OHU TMOJYYArOTCS CIUIIKOM TPOMO3JIKHUMH U
JIOPOTHMH.

B Tex cmyuasix, Korja 4actoTa, BpalleHus Baja pabodeil mamuHbl MeHee 600 00/MuH,
SKOHOMHUYECKU OKA3bIBACTCS BBHITOJIHBIM U TEXHHYECKH BIIOJHE OMPABIaHHBIM BMECTO TUXOXOJI-
HBIX JBHUTATENCH ISl HETTOCPEACTBEHHOTO COSIMHEHHUsS ¢ padOYuM BAJIOM MAIlIMHBI YCTaHABIIH-
BaTh BBICOKOCKOPOCTHBIE JIBUTATENH C PEAYKTOPHOU WIIA IPYrOM MEXaHUYECKOU MepeTadei.

W3 Harpy30ouHO#l nuarpaMMbl BHJIHO, Ha KaKOW PEXUM padOTHI OJKEH ObITh BHIOpaH
JIBUTATEIb, HO TIO HEW HEJIb3s PEIINTh BONPOCA O TUIIE ABUTATENA, TO €CTh O TOM, [0 KAKOMY Ka-
TaJOTy OH JOJKEH OBITH MOJI00paH:

[Ipu nepemeHHON Harpy3Ke MOILIHOCTb JBHUIATElIsl, ONMPEAEICHHAs 10 YCIOBUSIM HAarpeBa
(METoIOM CpeTHEKBaIPATHUHON), JODKHA OBITH MPOBEPEHA HA MEXAHUYECKYIO TEpPErpy3Ky u
KpPaTKOBPEMEHHYIO IEPErpy3Ky MO TOKY.
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Mexann4deckas neperpy3ovyHas CIIOCOOHOCTH ABUTATCIIA XapPaAKTCPU3YCTCA OTHOLMICHUCM
MaKCUMaJIbHOI'O MOMCHTAa K HOMHUHAJIbBHOMY HUJIM KPAaTHOCTHBHO MAaKCUMaJIbHOI'O MOMCHTA

Y4uThIBas BO3MOXHOCTh CHUKCHHSI HATIPSOKCHHUSI TIPU TIEPETPy3Kax, 3aBOJICKUAE MPOCIIEK-
Thl PEKOMEHYIOT, YTOObI HU OJTHO W3 MTHOBEHHBIX 3HAUEHUIN HArpy304HOIO MOMEHTA JBUTAaTe-
JIs1 HE JIOXO/UJIO JIO MPEICIbHOTO 3HaYCHUS M,, @ 06110 He Oostee (0,7-0,8) Mpax.

[Ipu nnutensHOM paboTe 3JEKTPOABUTATENh MPOBEPSIOT HA MEPErpy30YHYI0 CIIOCOO-
HOCTh U Ha IYCKOBOM PEXKHUM, TO €CTh YCTaHABIMBAIOT, JOCTATOYEH JIM HAYAJIBHBIN ITYCKOBOM
MOMEHT JIJIsl TPEOOICHHSI CTATUYECKOTO COMPOTUBIICHUSI MAIIIMHBI B MOMEHT TPOTaHUS U U30bI-
TOYHBI MOMEHT /Il o0ecreueHus: pa3dera CUCTeMbI JJICKTPOABUTATENh - pabodasl MaliviHa B
TE€YEHHE BPEMEHH, JOIYCTUMOTO IO YCIOBUSAM MTPOU3BOJICTBA.

CoBpeMEHHBIE JJICKTPOABUTATEIH JIOMYCKAIOT KPAaTKOBPEMEHHBIC MEPETrpy3KH MO TOKY B
CIIEYIOIIUX Mpeenax:

a) MalIlHbI IOCTOSTHHOTO TOKA M KOJUIEKTOPHBIE IIepeMeHHOoro Toka - 50% B TeueHue 1
MUH;

0) aCHHXpPOHHBIC JIBUTATEIN SIUHONU cepuu MOIIHOCTHIO Oosee 0,6 kBt - 50% B TeueHue
2 muH U MoutHOCThIO MeHee 0,6 kBT - 50% B Teuenue 1 mun (I'OCT 183-66).

Konebanue Hanpspkerus. [1yck KOpOTKO3aMKHYTBIX. aCHHXPOHHBIX JIBUTATENICH OT I'eHe-
pPaToOpOB U MOJCTAHLIUN MaJlOil MOIIIHOCTH BBI3BIBAET OOJbIINE KOJEOAHNs HANPSKEHUN B CETH,
OKa3bIBAIONINE CHJILHOE BIIMSIHHC HA ITYCKOBOW PEXUM BKIOUAEMBIX JBUTATEICH M TIOBEICHUC
IpYTHUX JBUTaTeneH, yxe padoraromux. YacTo HEMpaBUILHO BHIOpAHHBIN JIBUTaTellb, BKIIOYECH-
HBIA B CETh MAJIOMOIITHOW CTaHIIMH WJIU TIOJICTAHIINK, HE pa3deracTcs U BBI3bIBACT TaKoe OO0JIb-
[I0€ CHWKEHHE HAIPSDKEHUS! B CETH, UTO PadOTalOIIKe IBUTATENIM OCTAHABIMBAIOTCS HE Oyayun
B COCTOSIHUU TIPEOOJICTh HArPy304YHBIE MOMEHTHI MamuH. [loaToMy nipu BBIOOpE MOITHOCTH U
TUTIA aCHHXPOHHBIX JBHUraTeleld ¢ KOPOTKO3aMKHYTBIM POTOPOM HEOOXOIMMO HMETh B BHIY
BO3MOYKHOE CHIDKCHUE HAMPSHKSHUS Ha 3aKUMaX JIBUTATEIIS.
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W Puc. 143. Kpusnie notepu Ha-

NpPsiXKeHHs1 B MPOUEHTAX TMpPH
NPsiMOM TJlyCKe aCHHXPOHHBIX
MWBurareneili OT CHHXPOHHBIX
reHepaTtopos:

Puc. 142. Kpusble NOTEepH HaNPSIXKEeHHUST B NPOUEH-
Tax NpH NpsiMoM NyCcKe ACHHXPOHHBIX ABHrareaen
OT CHJIOBBIX TpaHchOpMaTOpPOB:

a — paGoTalumux BXONMOCTYIO;
@ — paGoTaliuX BXOJOCTY0; 6 — paGoTalomwux ¢ 509 6 — 50% -
HHAYKTHBHON HAIrpYy3KH. = 50.% -runu([;t‘\’s?;:‘\‘:‘.ggl.;:(lec B0% mmxvie

Puc. 4 KpuBble notepu HanpsiKeHUs: B MPOLIEHTax

Ha pucynke 4 npuBeieHbl KPUBBIE 3aBUCUMOCTH NMOTEPU HAIPSDKEHUS TIPU MPSIMOM ITyC-
K€ KOPOTKO3aMKHYTBIX aCMHXPOHHBIX JBHUTaTeleld OT CHUJIOBBIX TpaHC(HOPMATOPOB U CHHXPOH-
HBIX TeHepaTopoB 0e3 yueTa MOTepu HANPsHKEHUS B MPOBOAAX COCIMHUTEIBHOW BO3TYIIHOM JIH-
HUH.

Ecnu Bo3aymiHas MUHUS UMEET JOCTAaTOYHYIO JJIMHY M HEOOJIbIIOe ceueHHe MPOBOJIOB,
TO B HEll HeNb3s peHedperarh norepel HanpsokeHus. Ha 3axuMax ABUraTesns motepst Hampsxe-
HUS onpezienseTcs no Gopmyie:

Zpo+Z, 100
Lyp+Z,+Zy,

AU =
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rae Z,, - NOJIHOE CONPOTHBICHHE KOPOTKOIO 3aMbIKaHUS OOMOTOK TpaHC(hOpMaTopa,

Z , - NIOJHOE, COIPOTUBIIEHHE COEIUHUTENbHON IMHUN, OM;

Z ;5 - IOJIHOE CONPOTUBJIEHUE KOPOTKOTO 3aMbIKAHHsl aCHHXPOHHOTO ABUratess, OM.
st TpancdopmaTopos MomHocThO OT 10 1o 100 kB-A Z,, npusenen B Tabnuue 7.1
Tabauma 3

MormHocTh TpancdopmaTopa, KBT-A | Z7p , Om

10 0,8

20 0,4

30 0,27

50 0,16

100 0,08

3Ha4YeHUs MOJHBIX CONPOTUBICHUN COEAMHUTENILHOW JIMHUU Z, Ha | KM JUIMHBI 1

Han0oJiee X0/I0BbIX CTaHJIAPTHBIX CEYCHUH MPOBOJOB MPUBEICHBI B Ta0OHIIE 7.2.

Tabauua 4
Mapxka nposoga | M10 | M16 | M25 | A16 | A25 | A35 | TICO5 | TIC25 I1C35 | IIC50
Zy , OM 1,88 | 1,27 | 0,84 | 2,00 | 1,34 | 1,00 | 12,00 | 6,70 5,40 | 3,90

CornacHo «PyKOBOISIIMM YKa3aHHSM TI0 MPOSKTUPOBAHHUIO CEILCKHUX DIIEKTPOYCTAHO-
BOK», MU IMYCKE ACHHXPOHHOTO KOPOTKO3aMKHYTOTO ABHUTAaTeNsl JOMYCKAETCS CHUXKCHHE Ha-
MpsOKEHUsT Ha ero 3akuMax a0 70% oT HOMHUHAIBHOTO, €CJIH MPHU 3TOM O0ECredruBaeTcs HOP-
MaJbHBIN pa30er cUCcTeMBbl IBUraTellb — pabodasi MamrHa. YTo ke KacaeTcsl OTKIIOHEHHs Harpsi-
JKEHUS Ha 3a)KMMax JII000TO U3 OCTAIBHBIX PabOTAIONIMX B JAHHOW CETH JIEKTPOIBHUTATENEH, TO
OHO HE JIOJDKHO B OTOM Cllydyae CHMXaTbesa Ooiee yeM Ha 20% OT HOMHUHAJIBHOTO HaNpsKEHUS
CETH.

Korpa ycranoBka paboTaeT M30JUPOBAHHO OT JPYTUX TOKOMPUEMHHUKOB (DJIEKTPOMO-
710Th0A), TomycTUMas MOTepsl HaNpsKeHUs] MokeT ObITh Bhile 30%. OHaKo U 3/1€Ch OHA Oompe-
JeNIeTCs YCIOBUSIMH 3allyCKa BKJIIOYA€MOTO JIBUTaTeNls M HOpMaJbHOW paboToil paHee BKIIIO-
YEeHHBIX JBUTATEICH.

[To ycnoBusM 3amycka TpeOyeTcs Takoe HampsbKeHHE Ha 3aXKHMax AJIEKTPOJIBHUTATEls,
IIPH KOTOPOM BpaIIaloNuii MOMEHT, Pa3BUBAEMbIH JIBUTATEIEM, MTPEBBIIIAI OB MOMEHT TpOTa-
Husl paboueit mamuubel Ha (0,2...0,3)M,;. Torma snekTpoaBuUraTens MPEOJOJIEBAET HE TOJIBKO
MOMEHT TPOTaHWMs, HO ¥ CMOXET COOOIIUTh HaJaIbHOE YCKOPSHHUE MaccaM JBUTATENS U pabodeit
MAIIHHBI.

1.3 Jlekmus Ne5,6 (4 gaca).
Tema: ((KOHCTPYI/IpOBaHI/Ie, KOHTPOJIb U AMArHOCTHUKA SJICKTPOIIPUBOJ0B»

1.3.1 Bonpocsl Jekuuu
1. KoncrpyupoBanue 31eKTponpuBo10B. KOHTPOIIb U JUAarHOCTHKA 3JIEKTPOIIPUBOIOB.
2. HanexHoCTb, pe3epBUPOBAHNE, HATA/IKA JIEKTPOIIPHUBOJIOB.

1.3.2 KpaTkoe coaep:kaHue BONPOCOB
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1. KoncTtpynpoBaHue 31eKTporprBo10B. KOHTPOIb M IMarHOCTHKA AJIEKTPOIPUBO/IOB.

OCHOBHOW THI 53JEKTPONPHUBOJIA, HCIOIB3YEMOrO0 B OTPACISIX arpONpOMBIILIEHHOTO
komiuiekca (AIIK), — acunxpoHHbIN MOIIHOCTHIO OT AecaTka BarT 10 200 kBt. B cocrase aiek-
TPOIIPUBOJIOB MOOMJIBHBIX YCTAHOBOK C aBTOHOMHBIM aKKyMYJSITOPHBIM IMUTaHHEM, a TaKXkKe B
KayeCTBE 3JIEKTPOIPUBOJIA PYUYHOTO 3JIEKTPOMHCTPYMEHTA HIMPOKOE PACIpOCTPAHEHHUE MOJIYUH-
JIM KOJUIEKTOPHBIE AJIEKTPONPUBOABI C MUTAHUEM OT UCTOYHUKOB IMOCTOSHHOTO WJIM IIEPEMEHHO-
ro TOKa.

B snextponpuBogax MontHocThio cBbilie 100 kBT, ucnons3yemsbix, Hanmpumep, B 0po-
CUTEJIHBIX CHUCTEMax, JUIsl 3JIEKTPONPUBO/A MOIIHBIX KOMIIPECCOPOB U JAp. NPEUMYIIECTBEHHO
MPUMEHSIIOT CHHXPOHHBIE 3JIEKTPOTIPUBO/IBI.

C pa3BuTHEM aBTOMAaTH3alUU yIpaBieHUs TexHoaorndeckumu npoueccamu AIIK napac-
TaeT MOTPEOHOCTh B PETYIUPYEMBIX AIEKTPOIPUBOIAX.

CoBpemennble anexTpornpuBojbl AIIK, kak mnpaBuio, BBITOJHSAIOT IOJHOCTbIO KOM-
IUIEKTHBIMU. VIX HETpyaHO mpeoOpa3oBaTh B 3aMKHYThIE CUCTEMbl aBTOMATUYECKOTO PETYIHUPO-
Banus (CAP) (puc 9.1).

TunuuHelif mpuMep KOMIUIEKTHOTO 31ekTponpuBoza (I11), mupoko ucmnoibp3yeMoro
B COCTaBE€ CHCTEM aBTOMAaTHMYECKOI'0 PEryJIHMpOBaHMUs,- aBTOMATU3UpoBaHHbII DIl oTonuTenbHo-
BEHTUJISIIIMOHHBIX YCTaHOBOK CEJIbCKOXO3SHUCTBEHHBIX MPOU3BOJCTBEHHBIX MOMEIICHUH (CBH-
HApHUKOB, KapTo(denexpaHmInIl, TeIUIULL U T.1I.), a TAKKe aBTOMaTu3upoBanHbiid JI1 ycTraHoBOK
CEJIbCKOXO03SUCTBEHHOTO BOAOCHAOKEHUS.

YCTpOHCTBO yrIpaBiIeHUS IEKTPOIIPUBOIOM Y Y MOKET OBITh armmapaTHbIM

WM MPOrPaMMHBIM, HAaIpUMEpP B BUJE yHpaBisionieil Mukpo-3BM wiu nporpammupye-
MOT'0 MUKPOKOHTPOJLIEPA.

CoBpeMeHHBIE CHUCTEMBI 3JIEKTPOIIPUBOIOB MAKCUMAIBHO YIOBIETBOPSIIOT TPEOOBAHUSIM
TEXHOJOTMYECKUX MAIIUH, pa0OTAIOIIMX B CaMbIX Pa3IMYHBIX peXUMax M0 Harpy3kam U 4acTo-
TaM BpallleHHs. B HUX NPUMEHSIOTCS CIEUUaIbHbIE U BCTPOEHHBIE AJIEKTPOIPUBOIBI C MpPO-
TPaMMHBIM YIIpaBJICHUEM.
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Puc. 1 OyHkIMoHaIpHAs cXeMa aBTOMAaTHYECKOTO PETYIATOpa HAa OCHOBE KOMILIEKCHOTO
ANEKTPONPUBOA

ONEeKTpUYECKU NPUBOJ NPUMEHSIOT B PA3JIMYHBIX OTPACIIX CEIBCKOr0 XO034HCTBa, a
Tak)Ke BO BCIIOMOTATEIbHBIX MTPOU3BOJICTBAX, B TOM YHUCIIE O OOCIY>KUBAHUIO U PEMOHTY Cellb-
CKOXO3SMCTBEHHOM TEXHUKH, IO TMIEPBUYHON TepepadoTKe pazHooOpa3Hoil nmpoaykiuu. Hamnbo-
Jiee MIMPOKO €r0 HCIOJB3YIOT B CTAllMOHAPHBIX MpOIleccax MPOU3BOJCTBA, U MPEkKAEC BCETO B
JKUBOTHOBOJICTBE W HNTULICBOIACTBEC. Mmenno B 3THX OoTpacisax CEJILCKOXO3SIMCTBEHHOTO mpous-
BOJICTBA DJIEKTPUUYECKHI MPUBOJ MMEET HanOosee BBHICOKUN YpPOBEHb aBTOMATH3allMM B CHCTE-
Max OTOIUICHUS W BEHTWISIIHHU, B YCTAHOBKAX BOJIOCHA0XKEHUS, IPUTOTOBIICHHUS M Pa3iadd KOp-
MOB. B pacTeHHeBOICTBE 3JIEKTPUUECKUM IIPUBOJ IIPUMEHSIOT B YCTAHOBKAX 110 OYUCTKE, CYLIKE
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U COPTUPOBKE 3€pHA, IpU MepepadboTKe U XpaHEHUHU KapTodess u Ipyroil Mmiog00BOIIHOM Mpo-
OyKIuu. B temmuax v opanxepesx 3JIEKTPUYECKHM MPHUBOJ MCIOIB3YIOT B CUCTEMax obecrie-
YEHUSI MUKPOKJIMMATA TIOMEIIEHUH 110 BBIPAIIMBAHUIO PACTEHUM, JUIA IIPUBOJAA PA3JIMYHBIX Ma-
IIMH ¥ MEXaHU3MOB JUId 00paOOTKM MOYBBI, B CHCTEMax IOJIMBA U MOJAKOPMKH pacTteHui. Ilpu-
MEHSIIOT 3JIEKTPUYECKUN MPUBOJL JJISl TIPUBOJIA TEXHOJIOTMUYECKUX YCTAaHOBOK MOJCOOHBIX Ipe.-
IPUATHA U NIPOU3BOJCTB arpONPOMBIIUICHHOTO CEKTOpPAa, B YACTHOCTHM B COCTaBE YCTAHOBOK
IPOM3BOJICTBA CTPOUTENBHBIX MaTEpUANOB (MMJIOMATEPUAIOB, KUPIIHYa, OETOHA U Jp.), a TaKXKe
B COCTaBe€ CTAHOYHOI'O O0OPYAOBAaHUS PEMOHTHBIX MPENNPUATHI U MacTepcKuX. MHOrue BUbI
paboT B arponpOMBIIIJIEHHOM CEKTOPE BBIITOJIHSIOT C UCIOJIb30BAaHUEM MHCTPYMEHTA, OCHAIIIECH-
HOTO 3JIEKTPUYECKUM IPUBOJAOM, YTO CYIIECTBEHHO IOBBIIIAET IPOU3BOJUTEIBHOCTD U YIIydIlla-
€T yCJIOBHs Tpy/la paboTaroIuX.

MHoro4uciaeHHble TEXHOJIOTMYECKUE YCTAHOBKU OCYLIECTBISIOT B OOJIBIIMHCTBE Clyda-
€B OJIHOTUITHBIE TEXHOJIOTHYECKHE (PYHKIMHU: BOJOCHAOKEHUS, BEHTHIISIMH, TPAHCIIOPTHPOBA-
HUs, ApoOseHus. [losToMy npu paccMOTpeHHH 3JIEKTPONPHUBOJOB CEIbCKOXO3SIMCTBEHHBIX Ma-
IIMH, MEXaHU3MOB U YCTaHOBOK II€JIECO00Pa3HO CIPYNIUPOBATh UX IO XapaKTEPHBIM IIPU3HAKAM
U JUTSL K&KIO0HM TPYIIIbI BBIACTUTh HauboJiee 3HaYUMble U3 HUX.

[lo Ha3HA4YeHHIO M KOHCTPYKTHBHBIM OCOOEHHOCTSM pabOuMX OpPraHoB, 110 OCHOBHBIM
IPUBO/IHBIM XapaKTEPUCTHKAM U peKuMaM paboThl JIEKTPOIPUBOIHBIE MAIIMHBI U MEXaHU3MBI,
HCIIOJIB3YEMBIE B CEJILCKOM XO35IMCTBE, YCIOBHO MOAPA3JAEISAI0T HA BOCEMb XapaKTEPHBIX I'PYIIIL:
LEHTPOOEIKHBIE MEXAaHU3MBI;

- TPY30M0IbEMHBIE MEXAHU3MBI IUKIMYECKOTO JCHCTBNUS,

- MEXaHU3MbI HENIPEPHIBHOT'O TPAHCIIOPTA;

- YCTAaHOBKM C KPUBOILIMITHO-IIATYHHBIM MEXaHU3MOM;

- MAIlIMHBI U YCTAHOBKU MEPBUYHOM 00pabOTKH MPOAYKIIIH;

- MOOWJIbHBIE U MAIIMHHBIE YCTAaHOBKH;

- CTAaHOYHOE 000PYyI0BaHUE;

- Py4HOH MHCTPYMEHT.

[HenTpoOE)KHBIE MEXAHU3MBI.

K rpymnme 31eKTponpuBOJHBIX LHEHTPOOSKHBIX MEXAaHU3MOB OTHOCAT: pa3jMuHbIE IICH-
TPOOEKHBIE HACOCHI M BEHTUWJISITOPHI, HEHTPU(DYTH, MOJIOYHBIE CENapaTOphl, pOTALIMOHHBIE BaKy-
YM-HAacOChI, IIEHTPOOEKHbIE THEBMAaTHUECKUE TPAHCIIOPTEPHI U AP.

XapakTepHble 0COOEHHOCTH AJIEKTPONPUBOOB LIEHTPOOEIKHBIX MEXAHU3MOB:

- BEHTWJIATOpHAs! WM OJIM3Kasl K Hell MexaHn4ecKas XapaKTepuCTHKa Harpy3KH;

- METOJIbl PETYIUPOBAHUS MPOU3BOAUTEIBLHOCTH (II0/1a4M) U WHEPIIMOHHBIE XapaKTepH-
CTHUKH;

- peXUMBI pabOThl U 0OCOOEHHOCTH aBTOMATHU3AIINH.

I'py3onogbeMHblE MEXaHM3MBI LUKJINYECKOTO ACUCTBHA. ['pyIIly 3JIE€KTpONPUBOAHBIX
Ipy30MOBEMHBIX MEXaHU3MOB LIMKJINYECKOTO JEHCTBUSI MPEJICTABIISIIOT BCEBO3ZMOXKHbIE JIeOe -
K4, Tenb(epsl, KpaH-OaNKH, pa3IMyHbIe 110 HA3HAYEHUIO KPaHbl U IKCKABATOPBI C IIEKTpHUYe-
CKHUM IIPUBOJIOM.

XapakTepHble 0COOEHHOCTH 3JIEKTPOIIPUBOAOB IPY30MOABEMHBIX MEXaHU3MOB ITHKJINYE-
CKOTO JIEHCTBHUS:

- HaJIM4Me HEe3aBHUCSIIETr0 OT CKOPOCTU aKTUBHOTO (OJTHOHAIPABIEHHOI0) MOMEHTA - CTa-
TUYECKOW Harpy3kH Ha Bajly 3JIEKTPOIBUIATENs MPUBOJA MOAbEMa — OMYCKaHUs Ipy3a U COOT-
BETCTBEHHO OCHAILIEHUE 3JIEKTPOIIPUBOIOB TOPMO3HBIMU CPEACTBAMU;

- OIPaHUYEHHOCTh 00JIACTH MPUMEHEHUS Tpy3a U COOTBETCTBEHHO OCHAIIEHUE CHCTEMBI
yIpaBIeHUS MYTEBIMH (KOHEYHBIMH ) BBIKITIOUATEIISIMU;

- HE0OXO/IMMOCTh OTPaHUYEHUS YCKOPEHUIN MEeXaHU3Ma U MOJTYYeHHE MajbIX CKOpOCTel
nepeMeleH s, B TOM YMCIIe IpU Harpy3kax, OJIM3KUX K HOMUHAJIbHOM;

- MaJlasg HTHEPLUHUOHHOCTb 3JIEKTPOIPUBO/IOB;
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pasHooOpa3ue pexXKUMOB pabOTHl U UCIOJIb30BAHUE TONYKOBBIX CXEM YIPABJICHUS IJICK-
TPOIIPUBOJIAMH.

MexaHU3MBbl HETIPEPHIBHOTO TpaHcopTa. OCOOSHHOCTH TPYIIBI 3JIEKTPOIPHUBOOB Me-
XaHU3MOB HENPEPBIBHOIO TPAHCIIOPTA, KOTOPYIO NPEACTABIAIOT 3JICKTPOIPHUBOIBI Pa3IMYHbIX
KOHBEMEPOB M TPaHCHOPTEPOB, & TAKXKE JJIEKTPOIPHUBOIBI IOTOYHO-TPAHCIOPTHBIX JIMHUN
(ITTJI) u cucrem (ITTC):

- HaJIM4Ke 3aMKHYTOT'O TSTOBOT'O OpraHa U (WIM) HENpepbIBHAA [10/1a4a Ipy3a;

- OTHOCHUTEJIBHO BBICOKMH MOMEHT TPOTaHUs, OCOOCHHO € Harpy3Koii;

- cnabonepemMenHasi 100 MepeMeHHasi Harpyska, KOTopasi MPaKTUYECKH HE 3aBHCUT OT
CKOPOCTH IEpEMEILEHNUS I'PY30II0TOKA;

- MaJlasg HHEPLIUOHHOCTb JIEKTPOIIPUBOAA;

- B3aUMOCBSI3aHHOCTb OTJIEJIbHBIX 3JIEKTPOIIPUBOOB.

YCTaHOBKM C KPUBOLIMIIHO-IIATYHHBIM MEXaHU3MOM. KpHBOIIMIHO-IIATYHHBIA MeEXa-
HU3M CIIYXHT U1 IpeoOpa3oBaHusl BpaIATeIbHOIO ABMKEHHS B IOCTYNATEIbHOE U HA00OPOT.
[ToaToMy TakMM MEXaHM3MOM OCHAIAIOT TEXHOJOTUYECKUE YCTAHOBKH, B KOTOPBIX HEOOXOAMMO
npeoOpa3oBaHUE OJTHOIO BHJIA JABMIKEHUS B IPYroi, HaIIpUMep MOPIIHEBbIE HACOCHl U KOMIIpEC-
COpBI, MUJIbHBIE PAMbI, BCEBO3MOXKHbBIE ITPECCHI, YCTAHOBKH LITAMIIOBAaHUS, OOKATKU JIBUraTesen
BHYTPEHHETO CTOPaHus U JIp.

XapakTepHble 0COOEHHOCTHU AIEKTPONPUBOAA C KPUBOIIUITHO-IIATYHHBIM MEXaHU3MOM:

- IIEPEMEHHBIM MOMEHT MHEPLHHU, CTENEHb HEYPaBHOBEIIEHHOCTH KOTOPOIO 3aBHCHUT OT
3HAQ4YECHUS JONOJHUTENIBHBIX MaXOBBIX Macc;

- 3aTpyJHEHHBIE YCIIOBUS IIyCKa, CBSA3aHHBIC, B YACTHOCTH, HE TOJBKO CO 3HAUYEHUEM Ha-
IPY3KH IIPU IIyCKE, a U C IOJIOKEHUEM IIaTyHAa MEXaHW3Ma OTHOCUTEIBHO OCH BpALICHUS KpH-
BOILINIIA;

- HE0OXOAMMOCTh IPUMEHEHUS JOTIOJIHUTEIbHBIX MaXOBBIX MAcC U 3JIEKTPOJIBUraTeNeH ¢
MSITKOW MEXaHUYECKON XapaKTEPUCTUKOM.

MaruHbl ¥ YyCTaHOBKH NEPBUYHON 00paboTku npoaykuuu. Kak npaBuso, OOJbIINHCTBO
BUJIOB ITPOJYKIIMM PACTEHUEBOACTBA, )KUBOTHOBOJCTBA U APYTUX OTPACIIEH CEIBCKOIO XO3AHUCT-
Ba I0/IBEPratoT NEPBUYHON 1epepaboTKe HEMOCPEICTBEHHO Ha MecTax ee Mpou3BozcTBa. Kpome
TOTO, MOJI0OOHBIE YCTAHOBKH MCIIOJIB3YIOT JUIsl IPUTOTOBJIECHUS KOPMOB, JUISl TPEINOCEBHOM 00-
pabOTKM CeMsIH Pa3IMyYHBIX KyJbTyp U Ap. C 3TOH LIEIbI0 MPUMEHSIIOT COOTBETCTBYIOLIUE CIIe-
LIMAJIbHBIE TEXHOJIOTUYECKUE arperaTsl U YCTAHOBKU C 3JIEKTPUYECKUM ITPUBOJIOM.

OTnuuuTenbHbIe 0COOEHHOCTH TAHHOW MHOTO0OPa3HOM TPYIIIBI JJIEKTPOIPUBOIOB:

- 6oJBIII0E Pa3HOOOPA3HE HArpy30K ClydyailHO MEPEMEHHOr0 XapakTepa;

- HaJM4Ke HECKOJIbKMX paboyuX OpraHoB B OJHOM arperare; HeoOXOJUMOCTh B PYYHOM
WJIM aBTOMAaTHYECKOM PEryJIUpOBAaHUY 3arPy3KH.

MoOusbpHbIE MallIMHBl U YCTAaHOBKH. DJIEKTPUYECKUM MPUBOJ UMEET PsJl CYIIECTBEHHbIX
MIPEUMYILECTB Iepe]] TEIUIOBBIM IMPHUBOJOM Ha OCHOBE JABUTATENIEd BHYTPEHHEIO CropaHus
(ABC). ITo sToif mpuuKHE AIEKTPONPUBOJ CTaT OCHOBHBIM B CTAlIMOHAPHBIX TEXHOJIOTMYECKUX
YCTAHOBKAX, €ro UCIOJIb3YIOT Ui NMPUBOJA MOOMJIBHBIX MAalldH M MEXaHH3MOB, I/ie Mpeodia-
Jaroree 3HadeHue uMmeet TerioBoi mpuBoa ot JIBC. B wacTHOCTH, 37€KTpONPUBOIOM OCHAIIA-
IOT pa3IMyHble MOOMJIBHBIE pa3AaTYMKH KOPMOB, BHYTPH CKJIQJCKON M LIEXOBOW 3JIEKTPOTpPaHC-
MOPT B BUJAE 3JIEKTPOKApP, IJIEKTPOMOOUIICH U 3NEKTPONOrpPY3YMKOB, SHEPTOHACHIIIEHHBIE MO-
OUIIbHBIE YCTAHOBKH C JIEKTPOTPAHCMUCCHEH U Jp.

OTnuuuTenbHble 0COOEHHOCTH AIIEKTPONPUBOAA MOOUIIBHBIX YCTAHOBOK U MAIIMH:

- croco0 AEKTPONUTAHUS LIEHTPATU30BaHHBIN MM AaBTOHOMHBIH;

- BUJI JIEKTPONUTAaHUs (KaOeNbHbIN, TPOJUICHHBIN, aKKyMYJISTOPHBINA, KOHIEHCATOPHBIH,
IIEKTPOTPAHCMUCCHS U P.);

- HEOOXOJMMOCTh PEBEPCUPOBAHUS U PErYJIMPOBAHUS CKOPOCTU JIBUKEHHS B IIHPOKOM
JI1aIa3oHe;

- 0OJIBILION JMana30H HEOJHO3HAYHbBIX Harpy3oK.
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Cranouynoe obopynoBanue. Crieuaau3upoBaHHOE CTAHOUYHOE 000PYAOBAHHUE C AIIEKTPH-
YECKUM TPHUBOJIOM HCIIOIB3YIOT B METAI000padaThIBAIONIUX U JEPEBOOOPaOATHIBAIOIINX MacC-
TCPCKUX U HAa BCIIOMOT'aTCIIbHBIX ITPOU3BOACTBAX.

XapakTepHble 0COOEHHOCTH ATON TPYIIIBI JIEKTPOIIPUBOIHBIX YCTAaHOBOK:

- 00JTBIIIOE Pa3HOOOPA3HE PEIKUMOB PAOOTHI IEKTPOIIPUBOIOB TI0 HATPY3KE;

- HCIIOJIb30BaHUE KOMIUIEKTHOIO YHU(PHUIIMPOBAHHOTO AJIEKTPOOOOPYI0BAHUS;

- CTpOTro€ MoJIAepKaHue 3a[aHHOTO TEXHOJIOTHYECKOTO IpoIiecca.

Pyunoii uncTpymeHT. Pyunble asnekTpuduuMpoBaHHBIE MAIIUHBI B HUJAE Pa3IUYHOIO
SJICKTPOUHCTPYMCHTA UCIIOJIB3YIOT B PA3JIMYHBIX OTPACIAX U BCIIOMOT'aTCIIbHBIX IIPOU3BOACTBAX
CEJIbCKOT0 XO03AHCTBA. DTO MpEXKIE BCErO0 Py4YHbIE CTPUTajbHble MAIIMHKU C AJIEKTPUUECKUM
IMPUBOJAOM, BJICKTPOUHCTPYMCHT 110 YXO4Yy 3a CaJOBbIMU U OBOUIHBIMU KYJIBTYpaMH, pa3IMIHbIC
ANEKTPOAPENIH, PEXKYIIHEe U NUIMQYIOUUE >JIEKTPUUYECKHE MAIIUHKH, SJIEKTPOMHIBI 1 MHOIOE
Jpyroe.

OTnuuuTenbHble 0COOEHHOCTHU ATOM TPYIIIBI 3JEKTPOIPUBOIOB:

- IOBBIIICHHAA OIIACHOCTH HOPAKCHUA IJICKTPUICCKUM TOKOM M YXYAUICHHBIC YCIIOBHA
OXJIQXKICHUS, TaK KaK AJIEKTPOMHCTPYMEHT HaXOAUTCA B PyKax pabOTaloIIEero;

- HCOAHO3HAYHOCTDb HArpy30K U pCKUMOB pa6OTI)I, KOTOPBIC ONIPCACTIAIOTCA B 3HAYUTCIIb-
HOM cTeneHu (PU3NYECKUMH JTaHHBIMU PabOTArOIIEro ¢ 3JIEKTPOUHCTPYMEHTOM H €ro KBaludu-
KaIrueu;

- IIUPOKUI JUana30H BO3MOXKHBIX YCIIOBUHM OKPYKaIOIIEH Cpebl.

Crnenmyer paccMaTpuBaTh OSJIEKTPONPHUBOJIBI, HCIOIB3YEMbIE B CEIBCKOM XO3SHCTBE,
MMEHHO T10 IPUBOIHBIM XapaKTEPUCTHKAM U 0OCOOEHHOCTSIM pabOThI, TaK KaK 3TO MMO3BOJISIET BbI-
JIeTUTh Hanbouee cylmecTBeHHbIe cBoiicTBa DI Kak 101 TpyIIBL.

2. HapexxHOCTB, pe3epBHpOBaHKe, HAJIAJIKa HICKTPOIPUBO/IOB.

Heo6xoauMocTh B IEpHOIMYECKOM PEMOHTE U OOCTY)KMBAaHUHU PAa3IMYHON aBTOTPAKTOP-
HOW M CEIbCKOXO3SICTBEHHON TEXHUKHU, 00eCIeYeHHe BCEBO3MOXKHBIX IPOM3BOJICTB CTPOUTEb-
HBIMH MaTepHuajamMu OOYCIOBHIIM CO3[JaHHE B CTPYKTYPE arpONPOMBINUIEHHOTO KOMITIEKCa CO-
OTBETCTBYIOIIMX PEMOHTHBIX 3aBOJIOB, MAaCTEPCKHX, 1I€XOB M MPOU3BOJICTBEHHBIX Y4aCTKOB, OC-
HAIlIEHHbIX HEOOXOJAUMBIM CTAaHOYHBIM 000PYJOBaHHEM. DJIEKTPOOOOPYI0BAaHUE UCIIOIb3YEMBIX
CTaHKOB B OCHOBHOM COCTOHUT U3 3JIEKTPONPHUBOJA U CUCTEMbI MECTHOTO OCBEIICHUS KOTOPBIMU
CTaHOK KOMIUIEKTYET U3rOTOBUTENb. DJIEKTPOIPHBOJ] CTAHKOB XapaKTEPU3yeTCs MHOT000pa3u-
€M BO3MOXKHBIX PEKMMOB paboThl MO Harpyske oT Sl 1o S8, He0OXOJUMOCTHIO TJIABHOTO WU
CTYNEHUYATOTO PETYIMPOBAHMS YacTOTHI BpAIlEHHUs] OCHOBHBIX Pa0OYMX OPraHOB M UX MO3HIIAO-
HupoBaHus. [Ipeobnanaromumii pesxum paboThl 3JIEKTPONPUBOOB ITABHOTO MPUBOJIA CTAHKOB IO
Harpy3ke — mnepemMeniaronuiics S6.

ITo ocHOBHOMY BHy 00pabaThiBa€MOIr0 MaTepuana CTaHKU MOIPa3IeNaioT Ha 1epeBO00-
pabatbiBatonire U MetaisooopadarsiBatonue. [1o xapakrepy BbIOJIIHAEMON pabOThl pa3IuyaoT
CTaHKHM CBEpIWJIbHBIC, TOKapHble, (pe3epHble M IMp. B MacTepckux CenbCKOXO035HCTBEHHOTO
MIPOM3BOJICTBA HAWOOJbBIIEE PACTIPOCTPAHEHHE IMONYYMIIA YHUBEPCATbHBIE CTaHKH, MO3BOJISIO-
1€ Ha OJTHOM CTaHKE BBIMOJIHATH PAa3IUYHbIE BUABI CTAHOYHBIX PaloT.

Jlnst psiga cTaHKOB 1O 00pabOTKE MaTepuajioB pe3aHueM (0COOCHHO KPYTJIOMUIBHBIX,
JICHTOYHOINWIBHBIX, (pe3epHbIX, HUIM(OBAIBHBIX) XapaKTEPHBl BBICOKME CKOPOCTH PE3aHMs:
20...100 m/c. B cBsi3u ¢ OOMBLIIMMH CKOPOCTAMHU pe3aHMs pabodre Bajbl TAKUX CTAHKOB MMEIOT
MOBBIIIIEHHBIE YAaCTOTHI BpalleHus: 3...6 TbIC. 00/MUH.

CBCpJ]I/IJ'ILHBIC cranku. OHHU MNpeaHa3sHA4YCHbI IJId CBCPJICHUA U JabHEHIIeH 06pa60T1<1/1
OTBepCTHﬁ. IIo PACIIOJIOKCHHUIO IOMUHACIA HUX MOAPAa3ACIA0OT HAa: BEPTHUKAJIBHBIC WU TOPHU30H-
TAJIbHBIC, C MMOCTOAHHBIM IMOJIOKCHUCM OCH HIIMUHACIA U PaAUAJIbHBIC. IIo qucity 1000050501 (SN ()7
pas3in4daroT OJHOMITMHACIBHBIC U MHOTOIUIMTUHACIBbHBIC CTAHKH.
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BeprukanbHO-cBepuiabHBIN cTaHOK (puc. 9.2) — Hambosiee pacnpOCTpaHEHHBIH THII
CTaHKa JJIsl IEPeBO- U MeTayio- o0paboTku. Ero Mcmonp3yroT /it oJydeHus 1 00pabOTKU OT-
BepcTUil. THCTpyMEHT (CBepilo, 3€HKEP, pa3BepTKa U Jp.) 3aKPEIUISIOT B BEPTUKAIbHOM IIIHH-
niene, Aetalb — Ha crosie craHka. Ocu 00pabaTbIBaeMOro OTBEPCTUSl U MHCTPYMEHTA COBMeELIa-
IOT IIepeMeleHreM aeTaiu. /i moaroToBKu 1 00paboTKH OTBEpCTHl 1uameTpoM 10 12 MM uc-
HOJIb3YIOT OJHOLIIIMHJIEIbHBIE HACTOJIbHBIE CTAaHKH. TsDKeNble U KpyNHOrabapUTHbBIE JIeTa JH a
TaKXe JETaJH ¢ OTBEPCTUAMH, PACTIONOKEHHBIMU 110 AYT€ OKPYKHOCTH 00padaThIBalOT HA paau-
JIbHO-CBEPJIWIBHBIX CTaHKaX B aepeBooOpaboTKe MOIMMIN pacHpOCTPAaHEHUE OJHO- U MHOIO-
HINMAHACTbHBIE BEPTUKAIBHBIE U TOPU3OHTAJIbHBIE CBEPIMIIbHBIE CTAHKA U CTaHKU C MOBOPOT-
HBIM ILIUHJENEM, KOTOPBIH MOXKET pacrosararbCsi BEpTUKAIBHO U ropu3oHTansHo. Ha nepeso-
00pabaThIBAIOIINX CTAaHKaX CBEPJIST OTBEPCTHUS, IEAIOT Ma3bl, THE3/a, YAAISIOT CYYKH H T. II.

Puc. 2 O6muii BUJ BEPTUKATBEHO — CBEPIMIBHOTO CTaHKA: | — 3JIEKTPOBUTATENh IPUBO-
J1a; 2 — penyKTop; 3 — IMNUHJEb; 4 — BEPTUKAIBHO MEPEMENIAEMbIN CTOJ; 5 — CTAaHUHA.

DNEeKTPONPUBOIHBIE TOKAPHBIE CTAaHKU. VX UCTIONMB3YIOT MJIs MU3TOTOBJIEHUS U 00paOOTKH
JeTajel pesaHueM, IpeACTaBIsIoImuX co0oit Tena BpamieHus. [IpuMenss cnennanbHble PUCTIO-
coOJieHHsI, Ha TOKapHOM CTaHKe MOXHO (pe3epoBaTh, HUIH(OBATh, Hape3aTh 3yObs U Ap. B co-
CTaBe AJIEKTPONPHBO/IA TIABHOTO JIBUKEHUS TOKAPHOTO CTaHKAa UCHOJB3YIOT OJIHO- MJIM MHOTO-
CKOPOCTHBIE ACHMHXPOHHBIC JJICKTPOABUTATCIIMN U MHOTI'OCTYIICHYATHIC KOpO6KI/I CKOpOCTeﬁ nJIn
MEXaHUYECKUI BapuaTop, TUO0 peryaupyeMblil 3IeKTPOIIPUBO TOCTOSIHHOTO TOKAa ¢ KOPOOKOi
CKOpPOCTEH.

DNEeKTPONPUBOHbBIE (hpe3epHble CTaHKU. VX MPUMEHSIOT Ui U3rOTOBIEHUS U 00paboT-
KM pe3aHHeM IpH MOMOIIY Pa3InYHbIX (Ppe3 MIIOCKUX U3AeTHi, MIOCKUX U (PACOHHBIX MOBEPX-
HOCTEH, a30B, YCTYIOB, IOBEPXHOCTEH Tel BpalleHHUs, 3yObeB, 3yOUaThIX KOJIEC  T. II.
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OntumanbHas ckopocTh pe3anus. Ha crankax mo oOpaboTke MaTepHalioB pe3aHHEeM H3-
nenusi 00pabaThIBAIOT MPU ONTHUMATBHOM CKOPOCTH PE3aHUsI, KOTOPask 3aBUCUT OT TBEPIAOCTH 00-
pabaThIBaEMOro MaTepualia, TeOMETPHUECKUX Pa3MEPOB PEXKYIIET0 MHCTPYMEHTa U 00pabarhl-
BaeMOTr'0 U3JIENUs, a TAK)KE OT XapakTrepa 00paboTKu (TpeaBapUTeIbHAsL, TpyOast WK YKCTOBAs).
HaHpI/IMep, Ha CBCPJIMIIbHBIX WJIM TOKAPHBIX CTAHKAX COOTBECTCTBCHHO C UBMCHCHUCM AUaAMCTpPa
CBepJia WK Jauamerpa oopabaTbiBaeMoii 3aroToBku d, MM, MU MOCTOSIHHOW YacTOTE BPAICHHUS
CBepJa WM 3aroTOBKH I, 00/MUH, OyAeT U3MEHATHCA U CKOPOCTh pEe3aHHsl, KOTOPYI0 MOXKHO
NpEeJCTaBUTh B BHJIE, M/MUH:

_ zdn
Vies = Eoo’
rae 7 =3.14.

W3 ananu3za cnenyer, 4yTo AJs MOAEPKAHUS ONTUMAIbHONW CKOPOCTU pe3aHus WU B 00-
JacTH ONTUMAIILHOW CKOPOCTH pe3aHHs HEOOXOAMMO C M3MEHEHHEM Juamerpa CBepia CBep-
JWIBHOTO CTaHKa, ¢ppe3bl Pppe3epHOro craHka UM AHMAMETPa 3arOTOBKM TOKAPHOI'O CTAaHKA U3-
MEpSATh MX JUIMHY BpalleHUs IUIABHO WJIM MO0 MUHHUMYMY cTymneHdaro. Ha MHoOrux crankax ao
HACTOSAIIETO BPEMEHU 0 YKOHOMUYECKHM COOOPaKEHUSAM MPUMEHSIIOT OJJHOCKOPOCTHBIE aCHH-
XPOHHBIE AJIEKTPOIPUBOBI C KOPOTKO3aMKHYTHIMHU JIBUTATEIISIMU.

MoIIHOCTh HarpyskKku Px , BT, Ha BaJly 3JICKTPOABUI'ATCIIA I'JIABHOTO IPpUBOAA CTAHKA IJIA

00paboTKK MaTepuaioM pe3aHHeM OMPEIESISIIOT Ha OCHOBE HAIPY30UHOM TuarpaMMBbl JBUTATENs,
KOTOPYIO PAacCCUUTHIBAIOT 0 HamOoJiee HAIPSHKEHHOMY IO HArpy3ke TEXHOJOTUYECKOMY TIpO-
Lecey Ui pacCMaTpUBaeMOro CTaHKa:

F v

P p€3 p63
* 60n,

rac pr - yCUIIME pe3aHus, H; Vpe3 - TCXHOJIOrN4EeCKasd CKOPOCThb pE3aHUs, M/MI/IH; Ng -

KIIJIl mexannueckoil nepenayu ctaHka, npuHuMaeMbii 0.7...0.85 1si cTaHKOB ¢ BpallaTeabHbIM
JIBUXKEHHEM pabounx opraHoB U 0.4...05 nns cTaHKOB C BpallaTelbHO-TIOCTYNATEIbHBIM JIBU-
JKEHUEM.

DNEeKTPOUHCTPYMEHT HCHOJIB3YIOT B MeTamiooOpaboTke. s MexaHU3aluM mpolecca
PYOKM METaJIOB IPUMEHSIOT JIEKTPHUECKUE PYOHIIbHBIE MOJIOTKH, Y KOTOPBIX BpallleHHE Bajia
AIIEKTPOABHUIraTeNsl MpeodpazyeTcss B BO3BPATHO-NOCTYMATENbHOE JABMXKEHHE 3yOnia, 3akpen-
JICHHOTO Ha KOHIE yAapHHKa. [Ipy pe3ke MeTaluIoB MCHOJB3YIOT PAa3IMYHBIE JJICKTPUYECKHE
HOYKOBKH, JMCKOBbIE MUJIBbI, IPU Pe3Ke JUCTOBOW CTaIM TOJIIMHOW A0 3 MM — 3IJIEKTpUUYECKHE
HOXXHHIIBI BHOPAIIMOHHOTO THIIA, MPOU3BOAUTEIBHOCTh KOTOPBIX jaocTthraer 3...6 m/mMuH. OHH
0COOCHHO yOOHBI MPU pe3Ke Mo GUTYPHOMY PACKPOIO.

Jnist cBepiieHusl W pa3BepTHIBAHUS OTBEPCTHH HCMOIB3YIOT PyYHBIE CBEPIIMIIHHBIC
MaIlUHbI (JIEKTPOAPENN) PA3IHMUHBIX THIIOB: JETKUE, CPEHUE U TsDKENble Il 00pabOTKU OT-
BEPCTUI TUaMETPOM COOTBETCTBEHHO 110 9, 14 1 32 MM U yrioBbIe - Uit 00padOTKH OTBEPCTUH B
TPYAHOIOCTYITHBIX MECTaX.

Jlnst MexaHHW3aIuy TIpoliecca Hape3aHus pe3bObl MPUMEHSIOT JIEKTPOpe3bOOHape-
3aTeNy, OCHAIEHHbIE CHEeIHMaIbHBIMU HacagkaMu. [Ipu 1mabpeHun MCHONb3YIOT 3JIEKTpOMEXa-
HUYECKHE madephl U AIEKTPHUECKUE MaOpPOBOYHBIC TOJIOBKH.

B nepeBoobpaboTke Hanboee pacpoCTPAHEHBI:

- IMCKOBBIE AJIEKTPOITHIIEI,

- LETTHBIE JIEKTPOIINIIBI;

- 3JIEKTPOPYOAHKHU;

- AEeKTPO(pe3sl;

- JJIEKTPOCBEPIIA;
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- BJIEKTPOAOTIOCIKHUKY;
- CYYKOPE3KH.

I[JISI BBITIOJIHCHHA Pa3JIAYHbL C60p0‘-IHBIX 1 BCIIOMOT'AaTCIIbHBIX pa60T HCIIOJIB3YIOT
raiiKoBEPTHI, JOO3UKH, IIyPYIOBEPTHI, JICKTPOMOJIIOTKH, TPAMOOBKH B MHOTO Apyroe. Jis 06-
pa6OTKI/I IMMOYBLI B COOPYKCHHUAX 3alIUIICHHOIO I'pyYHTA HUCHOJB3YIOT 3JICKTPOMOTBII'M U 3JICK-
Tpodpe3bl, MPUMEHEHHE KOTOPHIX MO3BOJISET CYNIECTBEHHO OOJIETYUTh U B HECKOJIBKO Pa3 yBe-
YHUTH MPOU3BOIUTEIBHOCTH TPY/IA TIO CPABHEHHIO C PYYHOU 00pabOTKO MOYBHI.
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Puc. 3 KoHCTpyKIIUS JIEKTPOAPEITH:
1 — xopnyc; 2, 5 — 3ybuaTsie mapbl peyKTopa; 3 — KoHyc; 4 — pabounii Bai; 6 — BenyImui
BaJl; 7 — cratop; 8 — poTop; 9 — BeIKItOUatTenb; 10 — pykosTka.

Onektpoapenu. Haunbonee pacrpocTpaHeHHBIH BUA PYYHBIX MAIIUH C DJIEKTPUUYECKUM
MPUBOJIOM — CBEPIWIBbHBIN (3MeKTpopenu). FIX OCHOBHOE UCHOTHEHHE — MPSIMbIE OJIHOCKO-
poctHble. Kpome TOro, MMeTCs MHOTOCKOPOCTHBIE CO CTYINEHYaThIM U C IJIABHBIM PEryJIHpO-
BaHHWEM YacTOTHI BpaIICHUs, yAapHO-BpamareabHbie (nepdopatopsl). JelcTBYIONMM CTaHIap-
TOM YCTaHOBJIEHBI CBEPJWJILHBIE MAIMHBI M0 MAaKCUMAJIBHOMY JIHaMeTpy cBepia: 6, 8, 9(10),
13(14), 23 u 32 mm. B MammHax 10 13 MM CBepJIO 3aKpEIUISIOT B ATPOHE, HACAXKCHHOM Ha YKO-
POYEHHOM KOHyce mmuHaens. B mammuax 14...32 MM CBepJIO yCTaHaBIMBAIOT BO BHYTPEHHUI
KOHYC IINUHAEN. B psnge ciaydaeB paccMaTpuBaIOT paziMyHble MPUCIOCOOIEHUS M HACAIKH,
KOTOpBIE pacIIUupsIOT 001acTh MPUMEHEHMsI cBepaMIbHBIX MamuH. Ha pucynke 9.3 npuseneHa
0JlHa M3 BO3MOXKHBIX THIIOBBIX KOHCTPYKIMHM 3nekTpopenu [Ipu HeoOXxoanMocTu miaBHOE pe-
TYJIUPOBAaHUE YACTOTHI BPALLEHUS 3JIEKTPOAPEIH JOCTUTAIOT IPUMEHEHUEM BCTPOEHHOTO B pyy-
Ky Jpeiy TUPUCTOPHOTO PErynsTopa HanpsikeHus. [Ipu 3ToM KypoK BBIKJIIOUATENsI BO3JEHCTBY-
€T Ha MIEPEMEHHBIN Pe3UCTOP, ABISIOLIUINCS 3aJaTYUNKOM BBIXOIHOTO HANPSKEHUS] THPUCTOPHOTO
PEryJsTOpa, Ha BEIXOIHOE HANPSKEHUE KOTOPOTO BKIIIOUYEH JIEKTPOIBUTATENb IPUBO/IA APEIIH.

VY napHo-BpamiateabHble CBEpPIMJIbHbIE MAIIMHbBI MIPEIHAa3HAuEHbl AJIsl CBEpPJICHUS OTBEp-
CTHI B KaMHe, kuprnuue, 6etone. [Ipon3BoIUTENLHOCTh MPU 00pabOTKE ITUX MaTEpUaoOB BO3-
pacTaer, Korja pe3aHue COueTaeTcs C yAapHbIM CKaJIbIBAHUEM.

HInudoBanbHble U PeXyIIUe dIEKTPONPUBOJIHBIE MHCTPYMEHTHI. WX HCHONB3YIOT AJis
00paboTKku u3nenuil mndoBaHUEM U MOJUPOBAHUEM, CTPOraHUEM M JIJISl PACKPOsS pa3iIMYHbIX
MaTepHaJiOB C MCIIOJb30BAaHHEM COOTBETCTBYIOIIMX CMEHHBIX HACaJOK. DTH Py4YHbIC MAIIHHBI,
Kak MPaBUJI0, UMEIOT 3alIUTHBIA KOXKYX, OXBAaThIBAIOIINN PEKyIIUN TucK Ha ayre 10 180° ¢ yka-
3aHHMEM HAmpaBIeHUS BpalleHUs mnuHAens. VX BBIMYCKAalOT HA CTAaHAAPTU30BAHHBIC Pa3MEpHI
pexymx auckoB: 40, 63,80, 100, 125, 150(180) u 200(230) mm. IIpu 3TOM CKOPOCTH pe3aHust
nocturaet 50...80 m/c.
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Puc. 4 KoHcTpyKus 3J€KTPOIPUBOIHON MAIIMHKHY Ui CTPHKKH oBell Thina MCY —
200:
1 — rpebenka; 2 — HOX; 3 — Bai npuBoja; 4, 5, 6 — KOpIyc, CTaTOpP U POTOP IIEKTPOIBU-
rateisi ¢ IPUBOJHOM LIECTEpHEN; 7 — BEHTWIATOP; 8 — IIHYp IUTaHMUSL.

BbicOkOYacTOTHBIE CTpUTaibHbIC AIIEKTPOMAIIUHKU. J1JI AIeKTpoOMeXaHu3aluu TPYao-
E€MKOTO TIpoIlecca CTPYKKU OBEIl Ha OBIIEBOMYECKUX ()epMax HCIOJB3YIOT BBICOKOYACTOTHBIC
cTpuraibHbie 3nekTpoMamnHku tuna MCVY-200 ¢ npuBogoM oT Tpex(}ha3HOro acCHHXPOHHOTO
nsuratens ¢ yacrotoit 200 ', Hanpspbkernem 36 B u momHocTh0 115 BT (puic.9.4)

[Ipu nmuTaHuu AEKTPONPUBO/IA CTPUTATLHON MAITUHKYA MCIOJB3YIOT IIHYP OT MalllMHHO-
r0 WM TOJYIMPOBOAHUKOBOIO MpeoOpa3oBareis 4acToThl. [Ipu 3TOM ee pexyiuil anmapar co-
BepiiaeT 2200 1BOWHBIX XOA0B B MUHYTY. B wacTHOCTH, 32 cueT 3TOro o0ecrneuynBaeTcsi Mpou3-
BOJMTEIIbHAS M KQUECTBEHHAS CTPUIKKA.

1.4 Jlexuus Ne7,8 (4 uaca).
Tema: «[IpumeHeHHEe COBpEMEHHBIX MUKPOIIPOILIECCOPHBIX Mpeobpa3zoBaTeniell B 4acTOT-
HO-PETYIUPYEMBIX DIIEKTPOIIPUBOLAX)»

1.4.1 Bonpocsl jiekiumn

1. MukpomnporieccopHas TexHuKa. [I[puMeHeHrne MUKPOKOHTPOJIEPOB B Mpeodpa3oBare-
nsx. [IpuHumn nocrpoenus nmpeodpasoBaresneil 4acTOThl ISl 3JEKTPOIPUBO/IA.

2. IlpuHIUNIUATBHBIE CXEMBI TTOJKIIOUEHHS MPeoOpa3oBaTes YaCTOThl U DIIEKTPUIECKO-
ro ABurarens. JKoHoMUYeckast 3((HEKTUBHOCT OT BHEAPEHHS YaCTOTHO-PETYIUPYEMBIX DJICK-
TPOIIPUBOJIOB.

1.4.2 KpaTkoe coaep:kaHue BONPOCOB

1. MukponpoueccopHas TexHUKa. [I[puMeHeHne MUKPOKOHTPOJIJIEPOB B Ipeodpa3oBare-
nsx. [IpuHmn noctpoenus nmpeodpa3oBaresaeil YaCcTOThI ISl AJEKTPOIPUBO/IA.

Muxkpokontpomnep (anrn. Micro Controller Unit, MCU) — mukpocxema, mpeaHa3Ha-
YEHHAas I YIPABIICHMS 3JIEKTPOHHBIMHU YCTPOWCTBaMU. THIMYHBIA MUKPOKOHTPOJUIEP COYETa-
€T Ha OJIHOM KpHcTaie (yHKIMM Tpolieccopa U MepudepuilHbIX yCTpoicTB, coaepxut O3Y
i [13VY. Tlo cytH, 3T0 0AHOKPUCTANIBHBIN KOMIIBIOTEP, CIIOCOOHBII BBIMOIHATH MIPOCTHIE 3a/1a-
qH.

C mnosiBIeHHEM OJHOKPHUCTAIBHBIX MHMKpPO-OBM CBS3BIBAlOT Hayauo 3pbl MacCOBOTO
NPUMEHEHHUs KOMITbIOTEPHOM aBTOMaTH3alMu B obnactu ympasieHus. [lo-Buaumomy, 3To 00-
CTOSITENILCTBO ¥ ONpPEACITIO TEPMHH «KOHTpoyutep» (anri. controller — perymsitop, ympas-
JISIIOILIEE YCTPOMCTRO).
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B cBs13u co criajoM OT€4ECTBEHHOIO IPOU3BOICTBA U BO3POCIIUM UMIIOPTOM TEXHUKH, B
TOM YHCJIE€ BBIYMCIUTEIbHOM, TEPMUH «MUKpOKOHTposiep» (MK) BbeITecHUI U3 ynoTpeOneHus
paHee HCII0JIb30BABIINICA TEPMUH «OJHOKPUCTANIbHASE MUKPO-OBM».

[TepBbIit maTEeHT HA OTHOKPUCTATBHYIO MUKPO-OBM Ob11 Bbiad B 1971 roay nHxeHnepam
M. Koupeny u I'. byny, cotpyanukam amepukanckoil Texas Instruments. imenno onu npeaso-
WM Ha OJIHOM KpPUCTaJUIe pa3MECTUTh HE TOJBKO IPOLECCOp, HO U MaMATh C YCTPOUCTBAMU
BBO/Ia-BbIBO/IA.

IIpy npOEKTUPOBAHUU MUKPOKOHTPOJUIEPOB MNPUXOAMUTCSA COOIIOAATH OalaHC MEXay
pa3MepaMM U CTOMMOCTBIO C OJJHOW CTOPOHBI U TMOKOCTBIO U IPOU3BOAUTEIBHOCTHIO C APYTOil.
JUis pa3HBIX MPUIOKEHUH ONTHUMAaIbHOE COOTHOIIEHUE ITUX U JIPYTUX [ApaMEeTPOB MOXKET pas-
JMYaThCs OYE€Hb CUIIbHO. [103TOMY CyIliecTBYeT OrpOMHOE KOJIMYECTBO TUIIOB MUKPOKOHTpPOJLIE-
POB, OTJIMYAIOLIUXCSA APXUTEKTYPOH MPOLECCOPHOTO MOIYJsS, Pa3MEPOM M THIIOM BCTPOEHHOM
namsTi, HabopoM mepu(epUHBIX YCTPOHCTB, TUIIOM KOpITyca M T. . B oTiauume oT 0OBIYHBIX
KOMIIbIOTEPHBIX MUKPOIIPOLIECCOPOB, B MUKPOKOHTPOJIEpAX YacTO MCIOJIb3YyeTCs rapBapiacKas
apXUTEKTypa MaMsATH, TO €CTh pa3/ieIbHOE XpaHeHHue JaHHbIX U koMaHa B O3V u I13VY cootser-
CTBEHHO.

Kpome O3V, MUKPOKOHTPOJLIIEP MOKET UMETh BCTPOCHHYIO SHEPIrOHE3aBUCUMYIO [TAMSITh
JUI XpaHEHUs] POrpaMMbl U JaHHbIX. BO MHOrMX KOHTpoiuiepax BOOOLIe HET HIMH JUIs HOJ-
KJIIOYEHUs1 BHEIIHEH mamsaTH. Hamboree neméBble THIBI MaMATH JOMYCKAIOT JIMIIb OJHOKpAT-
HYIO 3anuch. Takue ycTpoilcTBa MOAXOIAT JUIsl MacCOBOIO IMPOM3BOJICTBA B TEX CllydyasX, KOrja
IporpaMma KOHTpoJsuiepa He OyAeT oOHOBiAThCA. [pyrue Moaudukanuu KOHTpOILIEpOB obiia-
JTAI0T BO3MOKHOCTBIO MHOT'OKPAaTHOM Iepe3anucy SHEproHe3aBUCUMO MaMATH.

Henonuelii cincok nepudepuu, KOTopasi MOXKET IPUCYTCTBOBATh B MUKPOKOHTPOJLIIEPAX,
BKJIIOYAET B ce0sl:

. YVHHUBEpPCATbHBIC MUPPOBLIC MOPTHI, KOTOPHIE MOYKHO HACTPaWBaTh Kak Ha BBOJI,
TaK U Ha BBIBOJI;

. pasznuuHbIe nHTEpdeich BBoga-BeIBOAa, Takue kak UART, I°C, SPI, CAN, USB,
IEEE 1394, Ethernet;

. aHajoro-nugpoBsie U U(PO-aHATIOTOBBIE TPEOOPA30BATENH;

. KOMITapaTopHI,

. IUPOTHO-UMIYJIBCHBIE MOTYJISITOPHI;

. TaMeEPBI;

. KOHTPOJIJIEPHI OECKOIEKTOPHBIX TBUTATENCH;

. KOHTPOJIJIEPHI AUCIUIEEB U KIaBUATYP;

. paauoYacTOTHBIC MPUEMHUKH U TIEPEIaTINKH;

. MacCCHBBI BCTPOCHHOM (pIielI-naMsTu;

. BCTPOECHHBIN TAKTOBBIM F€HEPATOP U CTOPOKEBOM TaMep;

OrpaHu4eHus MO LIEHE U SHEPronoTpeOICHUIO CAECP)KUBAIOT TaK)Xe POCT TaKTOBOW Yac-
TOTBI KOHTPOJUIEPOB. XOTS MPOU3BOJUTENH CTPEMSTCS 00ecrednTh paboTy CBOMX HM3JENHi Ha
BBICOKMX YaCTOTaX, OHHU, B TO K€ BPEMsl, IPEIOCTABIAIOT 3aKa34MKaM BBIOOp, BBHITYCKasi MOAM-
¢uKanuy, pacCYMTaHHbIE HA pa3Hble YAaCTOTHI M HANpsOHKEHUS NMUTaHHA. Bo MHOrmx mopemnsx
MUKPOKOHTPOJUIEPOB HCIIOJIb3yeTCsl cTarndeckass namaTth 11 O3Y M BHYTPEHHUX PETUCTPOB.
OT0 1aéT KOHTPOJJIEPY BO3MOXKHOCTh paboTaTh Ha MEHBIIMX YaCTOTAX U JIaXe He TepsTh JaH-
HBIE IIPU MOJHON OCTaHOBKE TAKTOBOI'O reHeparopa. YacTo MpenycMOTPEHBI Pa3IMUHbIE PEXKU-
MBI SHEprocOepeKeH sl, B KOTOPbIX OTKIIIOYAETCS 4acTh NepuEepUHBIX YCTPONUCTB U BBIYUCIIH-
TENbHBIA MOIYJIb.

Hcnonb3oBaHre B COBPEMEHHOM MUKPOKOHTPOJIJIEPE JOCTATOYHOI'O MOIIHOTO BBHIYHUCIIH-
TEIBHOI'O YCTPOWCTBA C INUPOKMMH BO3MOKHOCTSIMHM, IOCTPOEHHOTO Ha OJHOM MHKPOCXEME
BMECTO LIE€JI0r0 HabOpa, 3HAUUTEIBHO CHUXKAET pa3Mepbl, JHEPronoTpedIeHre U CTOUMOCTS I10-
CTPOEHHBIX Ha ero 6a3e ycTpoicTB. Mcnonp3yloTcs B YIPaBICHUH PA3MUYHBIMU yCTPOHCTBAMU
U UX OTAEIbHBIMH OJIOKaMHU:
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. B BBIUHCJIMTEIBHOM TEXHHMKE: MATEPUHCKUE IUIAThl, KOHTPOJUIEPHI IHUCKOBOJIOB
KECTKMX U rnokux auckos, CD u DVD;

. AIIEKTPOHUKE U PA3HOOOPA3HBIX YCTPOHCTBAX OBITOBOM TEXHHKH, B KOTOPOH HC-
IIOJIB3YETCSl DJIEKTPOHHBIE CHUCTEMBI YNPABICHHS — CTUPAJIBHBIX MAalIMHAX, MHKPOBOJHOBBIX
neyax, HoCyJJOMOCUHBIX MalIMHAX, TeJIe()OHAX U COBPEMEHHBIX MMPUOOPax;

B npomslneHHocTy:

o YCTPOMCTB MPOMBIIUIEHHOW aBTOMAaTUKU — OT MPOrpaMMHUPYEMOro peiie |
BcTpanBaeMbIx cuctem ao [1JIK,
. CHUCTEM YNPABJICHUS] CTAHKAMHU

B T0 Bpems kak 8-pa3psiiHble MPOLIECCOPHI OOLIEr0 Ha3HAUEHHs OJHOCTHIO BBHITECHEHBI
0oJiee MPOU3BOAUTEIBHBIME MOJCIISIMH, 8-pa3psaIHbleé MUKPOKOHTPOJUIEPH! MPOJODKAIOT IIUPO-
KO MCII0JIb30BaThCs. DTO OOBSICHAETCS TEM, YTO CYLIECTBYET OOJIBIIOE KOJUYECTBO IPUMEHEHUI],
B KOTOPBIX He TpeOyeTcsl BHICOKasi TPOU3BOAUTEILHOCT, HO BaXKHA HU3Kasi CTOUMOCTh. B TO ke
BpeMs, €CTb MUKPOKOHTPOJUIEPHI, 00JIafaronue OoNbIIIMH BbIUYUCIUTENbHBIMU BO3MOXKHOCTS-
MU, HalpuMep HUPPOBBIE CUTHAILHBIE TIPOLIECCOPHI.

IIporpaMmupoBaHue MUKPOKOHTPOJIIEPOB OOBIYHO OCYILIECTBISIETCA Ha SA3bIKE acceMoO-
nepa uwian CH, XOTS CYIIECTBYIOT KOMIMJISTOPHI JUIS JPYTUX s3BIKOB, Hanpumep, ®opra. Hc-
HOJIB3YIOTCS TaKxke BCTPOCHHBIE UHTEPIPETaToOPhI belicuka.
N3Bectubie komnuisitopel Cu aiis MK:

. CodeVisionAVR (m1s AVR)

. IAR [1] (ans mro0bix MK)

. WInAVR (s AVR u AVR32)

. Keil (s apxutextypst 8051 u ARM)

. HiTECH (nns apxutextypst 8051 u PIC ot Microchip)

JUist OTIIaAKK IPOTPaMM HCITONIB3YIOTCS TIPOTPAMMHBIE CUMYJISITOPHI (CIIEUANBHBIE TIPO-
IpaMMBbl ISl IEPCOHATIBHBIX KOMIIBIOTEPOB, UMUTHPYIOLIUE pab0oTy MUKPOKOHTpOJLIEpa), BHYT-
pUCXEMHBIE SMYISTOPHI (JIEKTPOHHBIE YCTPOHCTBA, UMHTHPYIOIINE MHKPOKOHTPOJUIEP, KOTO-
pble MOXKHO MOAKJIIOYUTH BMECTO HEro K pa3pabaTbiBa€MOMY BCTPOCHHOMY YCTPOMCTBY) U MH-
tepdeiic JTAG.

YacToTHO-perynupyeMslii MpHuBoJ (YacTOTHO-ympasisemblii npusoa, UYVYII, Variable
Frequency Drive, VFD) — cucrema ymnpaBjieHHs 4acTOTOW BpAIlEHUS POTOpa aCHHXPOHHOTO
(MM CUHXPOHHOTO) 3J1eKkTpoaBUrarens. CocTouT U3 cOOCTBEHHO JIEKTPOABHUraTeNs M 4acTOT-
HOTO TIpeoOpa3oBaTes.

YacToTHbIlf mpeoOpa3zoBaTens (MpeodpazoBareib YacTOThl) — 3TO YCTPOMCTBO COCTOS-
1iee M3 BBIIPAMUTENS (MOCTa MOCTOSHHOTO TOKa), MpeoOpa3yrollero MepeMeHHbI TOK Mpo-
MBILIJIEHHON YacTOTHI B IIOCTOSIHHBIN, U MHBEpTOpa (1peodpazoBarens) (uHorga ¢ LLIMM), npe-
00pa3yIoIIero MOCTOSHHBIA TOK B TIEPEMEHHBIH TPEeOYeMbIX YaCTOTHI i aMIUTUTYABI. BBIXoaHbIe
tupuctopsl (GTO) unu Tpansuctopsl IGBT obOecneunBaroT HEOOXOAUMBIA TOK ISl MUTAHUS
ANIeKTpoABHUTaTeNs. J{JIsl HCKITIOUeHHS TTeperpy3Ku mpeodpa3oBaress mpu O0JbIION JAiHe (ue-
pa MexIy mnpeoOpazoBaTeneM U (GUIECPOM CTaBIT APOCCENH, a sl YMEHBLICHUS 3JIEKTpoMar-
HUTHBIX ToMeX — EMC-puisTp.

[Ipu ckansipHoM ynpaBjiaeHUM (QOPMUPYIOTCS TapMOHMYECKHE TOKH (pa3 JBUTATEIS.
BekTopHOe ynpaBjieHHe — METOJI yIIPaBJICHUS] CHHXPOHHBIMUA W aCHHXPOHHBIMHU JBUTATEIISIMH,
HE TOJBKO (POPMHUPYIOIIUM TapMOHUYECKHUE TOKH (HampspkeHus) ¢a3, HoO U 00ecreunBaoIIM
yIpaBJIeHUE MAarHUTHBIM TIOTOKOM POTOpa (MOMEHTOM Ha BTy TBUTATEIIs).

Knaccnyeckuii MeToJl ynpaBieHus 1mojadeldl HaCOCHBIX YCTAHOBOK IPEIoJaraeT Jpoc-
CEeITMPOBAHKE HAMOPHBIX JIMHUH M PETyIUPOBAHHE KOJMYECTBA pabOTAIOIINX arperaTtoB MO Ka-
KOMY-JIHOO TEXHHUECKOMY MapaMmeTpy (Hampumep, JaBiieHUI0 B TpyOompooze). HacocHble ar-
peraThl B 3TOM Cllydae BBIOMPAIOTCS HCXO/S M3 HEKUX PACYETHBIX XapaKTePUCTUK (KaK MpaBuiIo,
C 3armacoM MO MPOM3BOJUTENHHOCTH) U MOCTOSHHO (DYHKIIMOHUPYIOT C IOCTOSHHOM 4acTOTOM
BpalleHUs, 03 yueTa U3MEHSIOLINXCS PACX0JI0B, BEI3BAaHHBIX IEPEMEHHBIM BOIONOTPEOIEHUEM.
[Tpr MUHMMAIBHOM pacxojie HaCOChl MPOAOIDKAIOT paboTy ¢ MOCTOSHHOW 4acTOTOM BpalleHus,
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co3zaBasi M30BITOYHOE JIaBJICHUE B CETH (IPUYHMHA aBapHii), IPU 3TOM OECIIONIE3HO PACXOAyeTCs
3HAYUTENIbHOE KOJIMUYECTBO AJIEKTPOIHEPTUuu. Tak, K mpuMepy, MPOUCXOJUT B HOYHOE BpeMs CY-
TOK, KOTJia IoTpebyieHre Bobl pe3ko magaer. OCHOBHOM 3((eKT AoCTUraeTcsi He 3a CYET KO-
HOMMH 3JICKTPOIHEPrUH, a Oiarogaps CyleCTBEHHOMY YMEHBIIEHUIO PacXo/I0B HA PEMOHT BO-
JIOITPOBOJHBIX CETEM.

[losiBieHHne peryaupyeMoro 3JIEKTPONPUBOAA MO3BOJIUIO MOJAEPKHUBATH MOCTOSHHOE
JIaBJIEHUE HEMOCPEICTBEHHO y nmoTpedutens. llnpokoe npruMeHeHHe B MUPOBOW MPAKTHUKE I10-
JYy4YWJI YaCTOTHO PEryJHpyeMbIi AJIEKTPONPUBOJ C ACHHXPOHHBIM 3JIEKTPOJBUTATEIEM OOIIIe-
NPOMBIIIICHHOTO Ha3HaueHus. B pesynbrare agantanuu oOMIETPOMBIIUICHHBIX ACHHXPOHHBIX
JBUTATENIC K UX YCJIOBHSIM JKCIUTyaTallUM B YIPaBJISIEMbIX 3JIEKTPONPUBOAAX CO3/AIOTCS CIie-
[UaJIbHBIC PETyJIHpPYEeMble aCUHXPOHHBIE JBHUTaTeld C 00Jiee BBICOKMMHU SHEPreTUYECKHMHU U
MaccorabapuTHOCTOMMOCTHBIMU MOKA3aTeNsIMU 110 CPABHEHUIO C HEaJAalTHPOBAHHBIMU. YacToT-
HOE peryJupoBaHUE CKOPOCTH BpAIEHUs Baja aCHHXPOHHOTO JBUTATEIISI OCYIIECTBIIAETCS C MO-
MOIIBIO 3JIEKTPOHHOTO YCTPONCTBA, KOTOPOE MPUHATO HA3bIBaTh YaCTOTHBIM MPE0Opa30BaTEIIEM.
Berrmeykazannblii 3¢ (GexT 1ocTuraercs myTéM M3MEHEHHUS YacTOTHl M aMILTUTYIbl TPEX(Ha3HOTO
HANPSDKEHUS, MOCTYMAIOIIET0 Ha 3JIEKTPOABUTaTelnb. TakuM 00pa3oM, MEHsis MapameTphl IMH-
TAIOMIETO HANPSHKEHUS (4aCTOTHOE YIPABJICHUE), MOKHO JIEJIaTh CKOPOCTh BPAILICHHS IBUTATEIIS
KaK HIDKE, TaK W BbIIIE HOMUHAIBbHOI. Bo BTOpOii 30HE (YacToTa BbIllle HOMUHAIBHOW) MaKCH-
MaJIbHBIA MOMEHT Ha Basly 00paTHO MPOMOPIIMOHAIEH CKOPOCTH BPAILICHHS.

MeTton npeoOpa3oBaHMs YaCTOTHl OCHOBBIBAETCS Ha cliefyrolieM npuHiune. Kak npasu-
JI0, 4acTOTa MpOMBIIIIeHHONW ceTu coctasisier 50 I'u. Jlng mpumepa Bo3bMEM Hacoc C JIBYXIIO-
JIOCHBIM 3JIeKTpoBurareiaeM. C y4eToM CKOJIBKEHHSI CKOPOCTh BpPAIICHUsI IBUTATElsl COCTABIIS-
et okos10 2800 (3aBUCUT OT MOIIHOCTH) 0OOPOTOB B MUHYTY U JA€T Ha BBIXOJE HACOCHOTO arpe-
raTa HOMUHAJbHBIA HAMoOp U MPOU3BOAUTEIHLHOCTD (TaK KaK 3TO €ro HOMHUHAJIbHBIE MMapaMETpPHI,
COTJIACHO MAacnopTy). Eciau ¢ mOMOIIBI0 9acTOTHOTO Mpeodpa3oBaTessi MOHU3UTh YacTOTY U aM-
IUTMTYAY [101aBa€MOr0 Ha HEro MEePEeMEHHOT0 HAIPSKEHUsSI, TO COOTBETCTBEHHO MOHM3STCS CKO-
POCTh BpallleHHsl JBHUTATENs, M, CIEIOBATEIbHO, U3MEHHUTCS MPOHU3BOJUTEIHHOCTh HACOCHOTO
arperara. lHpopmarus o JaBlIeHUH B CETH MOCTYIAaET B OJIOK YaCTOTHOTO mpeoOpa3oBaTens OT
CTHEIHUATBHOTO JTATUYMKA JIaBJICHUS, YCTAHOBJICHHOTO Y MTOTPEOUTEINS, HA OCHOBAaHUH THX JTAHHBIX
npeoOpa3oBaTesib COOTBETCTBYIOLIMM 00pa3oM MEHSET 4acTOTy, NOJaBaeMyto Ha JBUTaTelb.

CoBpeMeHHBII TpeoOpazoBaTelh YaCTOTHl UMEET KOMIIAKTHOE WCIIONHEHHE, TbUIe- U
BJIArO3alIUIIEHHBI KOPIYC, YAOOHBIH HHTEpQENC, YTO TMO3BOJSET MPUMEHSITh €r0 B CaMbIX
CJIOKHBIX YCIIOBHSAX U MPOOJIEMHBIX cpefax. Jlnamna3oH MOITHOCTH BEChbMa ITUPOK U COCTABIISET
ot 0,18 no 630 kBt u 6onee npu crangaptaom nutanuu 220/380 B u 50-60 I'n. [Ipaktuka moka-
3BIBACT, UTO MPUMEHEHHE YaCTOTHBIX NMPeo0pazoBaTeseil Ha HACOCHBIX CTAHIIHX TTO3BOJISET:

. HSKOHOMHUTH DJIEKTPOIHEPTHUIO (TMPU CYIIECTBEHHBIX U3MEHEHUSX Pacxoja), pery-
JUPYs. MOLIHOCTh 3JIEKTPONPHUBOJA B 3aBHUCHUMOCTH OT peajbHOro Bojonorpednenus (3¢dext
sxonomuu 20-50 %);

. CHU3HUTH PAaCX0]l BOJBI, 32 CYET COKpAIICHUSI YTEUEK MPHU MPEBBIMICHUH JaBICHUS
B MarucTpaliv, KOT/ia pacXxojl BOJAONOTPEOJICHUS B ICHCTBUTEIILHOCTH MaJ (B cpefHeM Ha 5 %);
. YMEHBIIUTB PACX0/Ibl (OCHOBHON SKOHOMUYECKH 2P (EKT) Ha aBapHITHbIE PEMOH-

Thl 000pynoBaHMs (BCeil MHPPACTPYKTYphI MOAAYN BOJBI 32 CUET PE3KOTO YMEHBIIEHUS YHCIIa
aBapUAHBIX CUTYAIlMid, BBI3BAHHBIX B YaCTHOCTH THAPABINYCCKHM yJIapOM, KOTOPBIH HEPEIKO
CllydaeTcs B ClIydae MCIOJIb30BAHUS HEPETYIHUPYEMOTro 3EKTPONPUBOIA (JI0Ka3aHO, YTO pecype
city»k0bl 000py10BaHUS MOBBIIIAETCS MUHUMYM B 1,5 paza);

. JIOCTHYB OTNpPEeIEHHON SKOHOMHUH TEIUIa B CUCTEMax ropsvyero BOJAOCHAOKEHUs
3a CYET CHUIKEHUS ITOTEPH BOJIbI, HECYLIEH TEIUIO;

. YBEJIUYUTH HAIOp BhIIIE OOBIYHOTO B ClTyyae HEOOXOAMMOCTH;

. KOMIUIEKCHO aBTOMaTH3UpPOBaTh CHUCTEMY BOJIOCHAOKEHUS, TEM CaMbIM CHIXKas

¢dboH 3apabOTHON MIaThl OOCIYKHUBAIOIIETO M JEKYPHOTO MEPCOHANa, U UCKIIOUYUTH BIHSHHE
«4eJI0BEYECKOT0 (pakTopa» Ha pabOTy CUCTEMBI, YTO TOKE HEMAJIOBAXKHO.

37


http://ru.wikipedia.org/wiki/%D0%90%D1%81%D0%B8%D0%BD%D1%85%D1%80%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D0%BC%D0%B0%D1%88%D0%B8%D0%BD%D0%B0
http://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B5%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D1%80%D0%B5%D0%B3%D1%83%D0%BB%D0%B8%D1%80%D1%83%D0%B5%D0%BC%D1%8B%D0%B5_%D0%B0%D1%81%D0%B8%D0%BD%D1%85%D1%80%D0%BE%D0%BD%D0%BD%D1%8B%D0%B5_%D0%B4%D0%B2%D0%B8%D0%B3%D0%B0%D1%82%D0%B5%D0%BB%D0%B8
http://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%B5%D1%86%D0%B8%D0%B0%D0%BB%D1%8C%D0%BD%D1%8B%D0%B5_%D1%80%D0%B5%D0%B3%D1%83%D0%BB%D0%B8%D1%80%D1%83%D0%B5%D0%BC%D1%8B%D0%B5_%D0%B0%D1%81%D0%B8%D0%BD%D1%85%D1%80%D0%BE%D0%BD%D0%BD%D1%8B%D0%B5_%D0%B4%D0%B2%D0%B8%D0%B3%D0%B0%D1%82%D0%B5%D0%BB%D0%B8
http://ru.wikipedia.org/wiki/%D0%AD%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D0%BF%D1%80%D0%B8%D0%B2%D0%BE%D0%B4
http://ru.wikipedia.org/wiki/%D0%93%D0%B8%D0%B4%D1%80%D0%B0%D0%B2%D0%BB%D0%B8%D1%87%D0%B5%D1%81%D0%BA%D0%B8%D0%B9_%D1%83%D0%B4%D0%B0%D1%80

[To umerommMcest JAHHBIM CPOK OKYIAeMOCTH MPOEKTa M0 BHEAPEHUIO IIpeoOpa3oBaTenet
YaCTOTEI COCTABJIAET OT 3 MECALIEB J0 2 JIET.

Bo MHOrmx ycraHOBKax Ha peryJIMpyeMbId 3JIEKTPOIPUBOJ BO3JIAraroTCs 3aladyd HE
TOJIBKO TUIABHOTO PEryJIMpPOBaHUS MOMEHTA U CKOPOCTH BpAILCHUsS JIEKTPOJBUTATEN, HO U 3a-
Jla4y 3aMEJUICHUS] U TOPMOKEHHUSI JIEMEHTOB YCTaHOBKH. KilacCH4eCKUM penieHueM Takou 3aza-
YM SBJISETCSA CUCTEMa MPUBOJA C ACUHXPOHHBIM JBUraTesleM ¢ IpeoOpa3zoBaTeieM 4acToThl, OC-
HalIEHHBIM TOPMO3HBIM IIEPEKIIOYATENIEM C TOPMO3HBIM PE3UCTOPOM.

IIpu 3TOM B pexxumMe 3aMeICHNs/TOPMOKEHHS 3JIEKTPOIBUTaTeNNb pabOTaeT Kak reHepa-
TOp, peoOpa3ysi MEXaHUYECKYIO YHEPTHUIO B SJIEKTPUUYECKYIO, KOTOPAas B UTOTE PACCEMBACTCS Ha
TOPMO3HOM pe3UCTOpe. TUINYHBIMM YCTAaHOBKAMM, B KOTOPBIX LUKJIBI PA3rOHA YEPEAYIOTCS C
UKJIaMU 3aMEJJICHUS] SIBJISIFOTCS TATOBBIA IPUBOJ AJIEKTPOTPAHCIIOPTA, MOABEMHUKH, JTH(THI,
LHEHTPUPYTIH, HAMOTOYHBIE MAIIUHBI U T. 1. DYHKUIUSA IEKTPUUECKOr0 TOPMOKEHUS BHayaie
NOSBUJIACHh HAa MPUBO/IE MOCTOSHHOTO TOKa (Hampumep, Tpoiuieidyc). B konne XX Beka mosiBu-
JMCh MpeoOpa3oBaTeNy YaCTOThl CO BCTPOEHHBIM PEKYIIEPaTOPOM, KOTOPBIE MTO3BOJISAIOT BO3Bpa-
I1aTh SHEPrU0, MOJYYEHHYIO OT JABHUIaTeNsl, paboTaloUIero B pexuMe TOPMOKEHUs, 00paTHO B
ceTb. B 3TOM cityuae, ycTaHOBKAa HaUMHAET «IIPUHOCHUTD JIEHBIM» (PAKTUYECKH Cpa3y IOCIE BBO-
Jla B DKCILTyaTaluIo.

2. METOANYECKHUE YKA3AHMUS 11O BBINIOJITHEHU IO
JJABOPATOPHBIX PABOT

2.1 JIabopatopHas padora Nel,2 (4 yaca).
Tema: «VccrnemoBaHne MEXaHHMUYECKON XapaKTEPUCTHKU Tpex(a3zHOro acMHXPOHHOTO
AIEKTPOABUTATENS B PEXKUME TUHAMUYECKOT'O TOPMOKEHUS

2.1.1 Heap padorei: Hayuntbcst OCyHIECTBIATH 3aIyCK CHCTEMBI AJIEKTPOJIBUTaTENEH,
MPOU3BOJUTH PETYIIMPOBAHUE BEIIMUMHBI HAMIPSKCHUS U HAarpy3KH, YCTAHABIMBATH U U3MEPSTh
napaMeTpsl PeKUMOB pabOThI, CHUMATh M CTPOUTh MEXAHUUECKUE XapaKTEPUCTUKH.

2.1.2 3agauu pa6orTbi: CHATH U TOCTPOUTH 3aBUCHMOCTH MOMEHTA Ha Bally TpEx(}a3zHoTo

ACUHXPOHHOI'0O 3JICKTPOABUTATCIIAA OT YaCTOTHI BpAalICHUA M = f (a) B PCXKUMC TUHaAMHNYC-

CKOI'O TOPMOIKCHUSA HJII pa3JIMIHBIX 3HA4YCHUI COIMPOTHUBJICHUS B LICIIA POTOpPA.

2.1.3 Ilepeyenp npudOpPOB, MaTEPHAJIOB, HCIOJIb3YyeMbIX B J1a0opaTopHOii padore:
YHHMBEpCaIbHbINA (PpOHTANBbHBIN CTEH B 210

2.1.4 Onucanmue (xox) padoTnbi:
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ColupaeM cxemy 3KCIIEpUMEHTAIBHON YCTaHOBKH

3~50T',127/220B
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R1
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Puc. 1: [TpuanunuansHas cxema YCTaHOBKH JIJISI UCTIBITAHUS JICKTPOIBUTATETIS.

3. 3anucheIBaeM NOPSIJIOK 3aMyCKa YCTAHOBKHU

a) JIBmxok aBTOTpaHchoOpMaTopa yCTaHABIMBAETCS B HYJEBOE IMOJOKEHUE (MTPOTHB Ya-
COBOM CTpEJIKH 0 yIopa), a IBUKKU MOTCHIIMOMETPA - HAIIPOTUB APYT Apyra.

0) [Hoaxmrouaercss TpeGyemoe Al CHUMAeMOW XapaKTepUCTHUKU CONPOTUBIIEHUE B LENb
pOTOpa UCHBITYEMOTO AIIeKTpoABUraTens M4;

B) Ilomaércs HampspkeHne Ha OOMOTKH BO30YXKIIEHUSI MAIIMH MOCTOSHHOTO TOKa BKITIO-
YeHHEeM aBTOMATHUYECKOTO BhIKiItouatTens QF2.

r) Brurrogaercss aBTomMatndeckuii BeikitodaTellb QF1, TeM cambIM 3aITyckaeTcs criapka
M1-M2;

1) C momompto aBToTpanchopmaropa TV1 Tok |, B 1ienmn 0OMOTOK cTaropa ycTaHABIH-
BaeTCs paBHBIM SA.

39



4. 3anucpiBaeM JICHCTBHSA MO CHATHIO MAPAMETPOB KaXKJION U3 TOUEK XapaKTEPUCTHUKU:

a). YcTaHaBIMBaeTCs 3aJaHHasl A7 JAHHOTO peXHMMa BeIruuHa HanpsbkeHus Up cMere-
HUEM JIpYT OTHOCUTEJIBHO Jpyra ABMXKKOB noreHuuomerpa R1,

B). M3MmepstoTcs M 3aHOCATCS B TaOIMIly HAa JOCKE ¢ y4E€TOM 3HaKa TOK |, KOJIMYECTBO
JIeNICHUH [IKAJIbI, HA KOTOPOE OTKJIOHHJIACH CTPEIKa yKa3aTeist MOMeHTa My, U 4nucio 000poToB
BaJla HJIEKTPOABUraTeNs B MUHYTY.

5. 3aroraBnMBaeM W 3amoyHAEeM TaOJMIly 3amucH HaOMOJeHUH U 00paboTKH
SKCIEPUMEHTAIBHBIX JIAHHBIX TMpU CHATUKM peocratHol (R,=22,5 OM) MexaHU4ecKoi
XapaKTEPUCTHKH B PEKUME TUHAMUYECKOTO TOPMOXKEHUS

Pacnpenenstorcst ucnoaHuTenu

Tabmua 1
=
P I
- =g S &5 2
- E < : g @S AR
S , I
2 o = = c = = 38 Q? Q{-? o
1 -130 -12 -58 1
2
9
0
2 -115 -12 -56 1
1
6
0
3 -100 -12 -55 1
1
5
0
4 -85 -12 -55 1
0
4
0
5 -70 -10 -49 7
8
0
6 -55 -9 -44 6
1
0
7 -40 -8 -40 5
2
0
8 -25 -7 -30 2
8
0
9 25 8 30 2
2
0
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10 40 11 40 5
0
0
11 55 12 45 7
0
0
12 70 14 50 9
2
5
13 85 15 60 1
2
1
0
14 100 16 62 1
2
5
0
15 115 17 73 1
3
0
0
16 130 18 77 1
3
3
0
6. 3aroraBiauBaeM U 3amojHSAeM TaONUIly 3alucu HaOmoAeHUH U 00paboTKU
OKCHEPUMEHTAIbHBIX  JaHHbIX MHpU  CcHATUM  ecrecTBeHHOH (R»=0) mexanuudeckoii
XApPaKTECPUCTHUKU B PCIKUMC TUHAMHUYCCKOI'0O TOPMOKCHUA
Tabmnuma 2
o
SE | o m
. . Al S - R
= 5 5 2R |8|g|35|
) m < S wI|lg| = || &
= - < = S EREE RN AR
2 ) iy = = == 3|l a | a| &
1 -130 -6 -94 1625
2 -90 -5,8 -88 1160
3 -50 -5,6 -85 660
4 -30 -5,4 -83 410
5 -20 -6,6 -76 230
6 -15 -8 -65 170
7 -10 -10 -50 20
8 -5 -6 -28 0
9 5 4,1 18 0
10 10 4,5 45 15
11 15 6 59 20
12 20 7,1 68 265
13 30 8,2 72 460
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14 50 8,9 78 780

15 90 8,7 90 1330

16 130 9 95 2010

7. CtpouMm rpauku MEXaHMYECKUX XapaKTepUCTUK

Crapuuii no paboTe Ha JOCKE BCE OCTaIbHBIE CTYJIEHTHI B TETPAJAX 3arOTAaBIUBAIOT OCU
KOOpJMHAT C y4€TOM, 4TO Ha IoJie rpaduKa JOKHBI ObITh pa3MeEIleHbl BCE CHATHIC XapaKTepu-
cTuKU. 1 IepBOM XapakTepUCTUKU Ka)KIbIM U3 OTBETCTBEHHBIX 32 TOUKY HAHOCUT €€ Ha I10JIE
rpaduka, pacrnosokeHHoro Ha jjocke. Crapiinii mo pabore Ha JOCKE, a BCE OCTaJIbHbIE CTYEHTHI
B TE€TPaAsX NPOBOAAT ANIPOKCUMUPYIOLIUE JIMHUN

B TakoMm ke nmopsike CTpOUTCS BTOpask XapaKTepPUCTHKA.

OcTtaBuTh MecTo JiJ1s rpauKOB

8. OcymecTBIsieM CpaBHEHUE OMBITHBIX U TCOPSTHUYECKUX TAHHBIX

CrenaTp ¥ 3anucaTh 3aKJIFOUEHHE, HACKOJIBKO KCIIEPUMEHTAIbHBIE XapaKTEPUCTUKU CO-
OTBETCTBYIOT TEOPETUYECKUM IMPEIIOT0KEHUSIM.

2.2 Jlaboparopnasi padora Ne3,4 (4 gyaca).

Tema: «Cxema peBepcuBHOTO ypasieHus AJl ¢ TOPMOKEHHEM IPOTUBOBKIOYEHUEM

2.2.1 Hean paborpi: M3yuuTh cXeMmy pEBEPCUBHOIO yOpaBieHUs 3-X ¢a3HbIM
ACMHXPOHHBIM D3JIEKTPOJBUraTeIeM C IIOMOIIbI0 MAarHUTHOIO ITycKaTess, YCTPOWCTBO U
OPUHIUI JEHCTBHUSL pele KOHTPOJII CKOPOCTH, HAY4YMThCS IPOU3BOAUTH COOPKY CXEMBI,
yoenuthes B 3 heKTHBHOCTH (PYHKIIMOHUPOBAHUS CXEMBI.

2.2.2 3apaum padorbi: CoOparh cXeMy yIpaBICHUS IEKTPOABUTATEIEM U UCIBITATh €€
B Ta0OPATOPHBIX YCIOBUSX.

2.2.3 Ilepeyenb npudOpPOB, MaTEPHAJIOB, HCIOJIb3YyeMbIX B J1a0opaTopHoii padore:
MarepuanbHoe oOecreueHne - yHUBEpPCAIbHbIN 1a00paTOPHBIN CTEH/, PACIIONIOKEHHBIN B ay/1H-
topun 210 (ucTouHuk nutanus 3-x ¢aszHoro nepemMeHHoro Toka 220/380B; pene KOHTPOIS CKO-
poctu Ha maHenu Ne55; MarHUTHBINA myckarenb Ha nmaHenu Ne43; aCHHXPOHHBIN AJIEKTPOABHUIa-
TeJsb Ha naHesnu NeS5;TpEXKHOMOYHBIHN MOCT yrpaBiieHus Ha naHean Ne240),
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2.2.4 Onucanue (xox) padorThi:
Cobupaem 3JeKTPUUYECKYIO0 CXEMY:

3~50I'1,380/220B

QA 8B QC
KM1-43a
J ; KM2-436
%:\:\ QF1 E1-55
E11
KM1.1 SB1-246 «Bmepém»
Al [ ]  Km24 E1.2
PR S
BI | KML3 | sB3-246
582-246 «CTOID»
KM2.1 «Ha3a1» t— 1T
C1 KM1.4 E1.4 T 4
q 5 L_F I/P:Z e ]
6 7] KM2.3
EL3
\ _______ \ _______ \ KM1.2 ﬁ _______ \ _______ KM2.2
B2 C2
A2
:C1 :C2 :C3
M1-55
:C4 :C5 :C6

N1

Puc. 1: Cxema ynpaBieHUs 3JIEKTPOABUTaTENIEM.

3. OcyIIecTBIISIEM HCITBITAHHE CXEMBI

1. oOmsacHseT, uTO MPOoM30KHAET B cxeme mpu BkitoueHun QF1. momaér HanpsbkeHue u
y0OexaaeT Bcex MPUCYTCTBYIOIIMX B UCTUHHOCTH MM MTPOBO3TJIAIEHHOTO.

2. 00BsACHSET, YTO MPOU3OMIET B cxeme mocie HaxaTus KHomku SB1 u mokasbiBaer
paboTy cXxeMbl IpU JAHHOM BO3IEHCTBHH.

3. 00BsACHSET, YTO NMPOU3OHAET B cCXeMe Mocie HaxkaTus KHomku SB2, nemoHcTpHupyer
CKa3aHHOE.

4. 00BACHSET, YTO MPOM3OKAET B cCXeMe Mocje HaxkaTus KHomku SB3, nemoHcTpupyer
CKa3aHHOE

5. 00BsACHSET, YTO NMPOU3OHAET B cXeMe mocie HakaTus KHomku SB2, nemoHcTpupyer
CKa3aHHOE.

7. NeMOHCTpupyeT paboTy cXeMbl Iocie HaxaTus KHomku SB3, mpeaBapuTenbHO
00BSCHUB OKUJAEMYIO PEAKIIUIO CXEMBI.

2.3 JIabopaTtopHas padorta Ne5,6 (4 yaca).
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Tema: «13ydyeHne cxembl ylpaBieHNUs aCHHXPOHHBIM 3JIEKTPOJIBUTaTENIEM U3 JBYX MECT
C 3aIUTOM OT 00pBIBa (Ha3bI»

2.3.1 Heab pabotrbi: M3yuuTh cxeMy YINpaBlICHUs 3JIEKTPOJIBUTATEIEM C IMOMOIIBIO
MarHuTHOTO ITyCKaTessl, YCTPOMCTBO M TNPUHIMUI JeHCTBHs pene oOpwiBa ¢aszel Ttuma ES11,
HAYYUTHCS TPOM3BOJIUTH COOPKY CXeMbl, yoemuThcs B 3((eKTuBHOCTH (YHKIMOHUPOBAHUS
CXEMBI.

2.3.2 3agaum padorbi: CoOpaTh CXeMy yIpaBIEHUS AIIEKTPOABUraTeNIeM M UCTIBITATh €€
B J1a00paTOPHBIX YCIOBUSIX.

2.3.3 Ilepeyenb npuOOPOB, MATEPHAJIOB, UCIOJIb3yeMbIX B jJ1a0opaTopHoii padore:
MartepuanbHoe obecriedeHre - yHUBEpPCAIbHBIHN J1a00paTOPHBINA CTEH/, PACIIOIOKEHHBIN B ayaH-
topuun 210 (uctounuk nutanus 3-x ¢asHoro nepemenHoro toka 220/380B; pene obpriBa (hassl
Ha nanenu Ne35; MarHUTHBIN myckaresb Ha nanenu Ne49; remoBoe pene tuna TPH Ha nanenu
Ne33; nBa nBYXKHONOYHBIX ITOCTA yIpaBiieHUs Ha naHesnax Ne23 u Ne24; onuH TpEXKHOIMOUHBIN
MOCT yrpaBjieHus: Ha naHenu No23; aCHHXpOHHBIN 3JIEKTpOJABUTaTENb Ha maHeau NeS1), rakar
«YTpaBieHHe dEKTPOABUTATEIIEM U3 IBYX MECT C 3alIUTON OT 00OpBIBa (a3bly».

2.3.4 Onucanue (xoa) padoTnbl:

CoOupaeM cxemy 3KCIIEPUMEHTAIBHON YCTaHOBKH

Cobepém anekTpuueckyro cxemy 1o ruiakaty. CumopoB cobupaer y3en Al; Koznos —
y3en A2 u tak nanee. Bo Bpemsi cOOpku niepedepTuM cXeMy B TETpaiu.
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3~50T, 127/220B KM1-49
KK1-33

' R SBCL, SBT2 — 23(sepx)
SBC3, SBT4 — 24(sepx)
SB5, SB6, SB7 — 23(su3)

"\ \'QF1
Al L
sB5 Bl{sBs  |SB7 ! :
l% l% ! KL1.2 !
[% | L+ i
21 Cl D l
& |
R1
A2 ! KL1.1 i
B2 N |
a C 1 ]
! L KL2.1 ;
| R2 2 |
Lc 6! i
| E |
N N KML.2 | i
A3 C3
KK1.1 KK1.2 !
] ] KL2.2 Al1-35 | o
. 1 m
! [7p]
B3 | | : [%
A4 C4
*— q *—
C :C2 C3 L SBC1
2 < KK1.3 T 5
LF
ML KML3  ~ SBT4 |
:C4 C5 :C6 3 T
SBC3
T
Puc. 1: Cxema BKIIIOUEHHS 3JIEKTPOJABUTATENS C BOSMOXKHOCTBIO YIIPABJICHUS U3 IBYX
MCCT.

3. OCyIIeCTBUM HCIBITAHUE CXEMBI

1. OObscHseT, 4TO Mpou3oUAET B cxeMe mpu BraroueHun QF1. momaér HampspkeHue u
yOexaaeT BceX MPUCYTCTBYIONIMX B UCTHHHOCTH MM ITPOBO3TIIAIIEHHOTO.

2. OOBsCHsIET, YTO MPOM30MAET B cxeme mocne HaxkaTus kHomku SBCI, a 3atem -
kHomkM SBT2; yOexxmaer mpHCYTCTBYIONIMX B JOCTOBEPHOCTH TpeicKasaHus. To ke camoe
npojenbiBaeT ¢ knonkamu SBC3 u SBT4.

3. JleMOHCTpUpYET BO3MOXXHOCTH HE3aBUCHMOTO YIPABJICHUS W3 JABYX MECT, BKIIIOYAs
AIIEKTPOJIBUTATENb B OJTHOM MeCTe, a OTKJIIoYas B APyrom: HaxkummaeT cHadana SBCI1, a 3arem
SBT4. Jlanee naxxumaer SBC3, a 3atem SBT2.

4. JlemoHcTpupyeT paboTy pene oOpbiBa (a3bl: BKIIOYAET IJIEKTPOJBUTATENb, a 3aTeM
oopeiBaeT a3y A, HaxaB Ha kHomky SBTS. To ke camoe mpojenbiBaeT ¢ ¢dazamu B u C.
Memnsier mectamu dasel B u C, yOexxIaeT ayauTOpuio, 4TO BKJIIOUYECHHUS DIEKTPOJBUTATENS B
00paTHYI0 CTOPOHY HE MPOUCXOIUT. JleTalbHO OOBSACHSET ayAUTOPUU, YTO MPOUCXOAUIIO B
CXeMe IMPU KaXJIOM U3 €r0 JEHCTBUM.
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5. JleMoHCTpUpYeT pabOTy TEIJIOBOTO pejie: BKIIOYAET ANEKTPOABHUTATENb, JTOKa3bIBACT
MPUCYTCTBYIOIUM, YTO TEIUIOBOE peJie AOHKHO CpadoTaTh, U TEPHETUBO OKUIAET CBEPUICHUS
3TOrO IpeCKa3aHusl.

2.4 JIabopaTtopHas padora Ne7,8 (4 yaca).

Tema: «/I3yueHue cxembl PEeBEPCHUBHOIO YIPABICHHUS aCHHXPOHHBIM 3JIEKTPOJBUTATE-
JIEM C 3aLUTON OT 3aKJIMHUBAHUS pOTOPA»

2.4.1 Heab padorbi: M3yunuTh CXeMy pPEBEPCUBHOIO YHPABJICHUS JICKTPOJABUTATEIIEM C
MOMOIIBI0 MAarHUTHOTO ITYCKAaTEJs, YCTPOHUCTBO W TPHHIIUI JICHCTBUS pelieé TOKA, HAYYUTHCS
MIPOMU3BOUTE COOPKY CXEeMBI, yOeauThes B 3PGEKTUBHOCTH (PYHKITMOHUPOBAHMS CXEMBI.

2.4.2 3apaum padorbi: CoOpaTh cXeMy yIpaBJICHUs JIEKTPOABUTATEIIEM M UCIBITATh €&
B J1a00paTOPHBIX YCIOBUSIX.

2.4.3 Ilepeyenbr npudOOPOB, MaTEepPHAJIOB, UCNOJb3yeMbIX B JIA0OpPaTOPHOM padoTe:
MarepuanbHoe oOecreueHne - yHUBEpPCAIbHbIN 1a00paTOPHBIN CTEH/[, PACIIOIOKEHHBIN B ay/11-
topuu 210 (ucTounuk nurtanus 3-x ¢azHoro nepemeHHoro Toka 220/380B; pene BpemeHu Ha
naHesnu Ne32a; peBepCUBHBIM MarHUTHBINA Iyckareiab Ha naHenu Ne44; TpEXKHOMOYHBIN MOCT
ynpasiieHUs Ha naHenu Ne230; IBYXKHOIOYHBIN NOCT ynpaBiaeHUs Ha naHeau Ne23a; acHHXpOH-
HBII 3JIEKTpOABUTATENb Ha maHenu NeS5; tuakat; amnepmetp Ha naHenu Nel4a; BoinbTMETp Tie-
peMeHHOro Toka Ha naHenu Nel66; pene Toka Ha nmanenu Ne320; pese MPOMEKyTOUHOE Ha MaHe-
au Ne30a; npenoxpaHurens Ha naneiau Nel8.

2.4.4 Onucanue (xoa) padoTsbl:

Co0epéM IIEKTPUUYECKYIO CXeMY

Cunopos — codupaer y3en 1; Ko3nos — y3en 2 u Tak nanee. Bo Bpemsi cOopku ocymiect-
BJISICTCS TICPEUCPUMBAHKIE CXEMBI C IUIAKaTa B TETPAJIH.
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Puc. 1: HpI/IHI_[I/IHI/IaHBHaH CXEMa PEBEPCUBHOI'0 YIIPABJIICHUSA ACUHXPOHHBIM 3JICKTPOABUTATCIICM
C UCITIOJIB30BAHUEM PCJIC TOKA.
PacnonoxxeHne BBIBOJIOB 3JIEMEHTOB peiiec BpEMCHU U PEJIC TOKAa MPUBCACHO Ha Ta0INY-

Kax. MOHTa)kHas cXxeMa MPOMEXYTOUHOTO pesie U300pakeHa HIDKE.
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Puc.2: MonTaxkHast cxema nmpomMeXyTO4HOTO peJie.

Paboraer cxema cienyrommm o6pazoM. [Ipu BKIHOUEHUH aBTOMAaTHYECKOTO BBIKJIIOYATE-
ns QF 1 HampsokeHHe CeTH MoaaéTcsl Ha BXOJ CHIOBBIX KOHTakToB KM1.2 1 KM2.2 MarHuTHBIX
nyckareneit KM1 u KM2, a taxke uepe3 npenoxpanutens FUI Ha cxemy ynmpaBnenus. Tak kak
CUJIOBbIE KOHTAKThl U KOHTAKThI B LIENU YIPABIEHUS PA30MKHYTbI, TOK HU B OJJTHOM U3 Lienied He
pOTEKaeT.

JlonycTuMm, 4TO 33JBUKKA B HAYAJIbHBIII MOMEHT HaXOJUTCS B IPOMEKYTOYHOM I10JI0XKE-
HuM. Eciin mo xoy npoTekaHus TEXHOJIIOTHYECKOTo Mpoliecca BO3HUKIIA HEOOXOIUMOCTh YBEIIH-
YUTh MPOMYCKHYIO CHOCOOHOCTH 3aJBIIKKH, HakuMmaercsi KHomka SB3 «oTkpeithy». Ilpu sTom
pa3sMbIKalOTCS KOHTAKThl SB3.1 KHONKHM, OTKIIIOYast MM IPeAO0TBpallas BKIIOUEHHE MarHUTHOTO
nmyckarenss KM1, cpabarbiBaromero Ha 3akpbITHE 3aJBHKKH, U 3aMBIKAIOTCS KOHTakThl SB3.2.
[Tomyuaer mutanue karymka KM2.1 marautHoro myckarenss KM2 mo nenu: ¢aza A — FUL —
KM2.1 — KM1.4 — pa3MbIKarOmuii KOHTaKT KHONKH SB2, nMHUTHpYFOIIEii KOHEYHBIH BBIKIIIOYa-
TeJb, cpabaThIBAIOLINI MPU MOJHOM OTKPBITHM 3aJBMXKKH, - SB5.1 —SB3.2 — pa3mbikatomiuii
KOHTaKT KHONKM SB4 — HelTpanbHblil poBoy cetu. CpabaThIBaeT MarHUTHEIHN myckaTens KM2,
Y CBOMMM CHJIOBBIMH KOHTakTaMu KM2.2 BKIIIOYAET 3JIEKTPOJBUTraTENb NPUBOJA 3aJBHKKHM Ha
oTkpeiBanne. OnmHOoBpeMeHHO KOHTakT KM2.3 myckatenst Oiokupyer KOHTakT SB3.2 kHOMKH
SB3, uckmouas OTKIIOUEHHE JIEKTPOABHUraTesNsi MpH OTIYCKAaHMM KHOMKH, a KOHTakT KM2.4
Pa30MKHETCS, peOTBpaIas ciiydyaiiHoe BKItoueHue nyckaresnst KM1.

OTKIIOUeHHE 3JIEKTPOJBUraTeNsi MOXKET MPOU30MTH B TpEX ciyyasx: a) Ecau onepatop
COYTET, UTO 33JBIKKA OTKPBITA TOCTATOYHO, M HAXMET KHONKY SB4. 0) Ecnu 3aaBIKKa OTKpHI-
Jach MOJHOCTBIO U Pa3oMKHETCA KOHTakT SB2. B) Ecnu onepartop pemmi, 4yTo 3aJBHXKa OTKPBI-
Jach M3JHIIHE, H HAKMET KHOMKY SBS. B aTOM ciydae pasomMkHyTcsi KOHTakThl SBS.1 kHOIKH,
npepBércs nenb nuraHus katymkn KM2.1, snextpoasurarens M1 OTKIIOUMTCS, OTKpBIBaHHE
3aJIBIKKH TIpeKkpaTuTcsi. OJJHOBPEMEHHO C 3TUM 3aMKHYTCst KOHTakThl SBS.2. Karymka KM1.1
MarHuTHoro nyckaresnss KM1 nonyuut nutanue no nenu: ¢asza A cetu — FU1 — KM1.1 -KM2 4
- KL1.2 — SB3.1 — SB5.2 - koHTaKT KHONKH SB4 — HeliTpanb cet. MarHuTHBIH myckatens KM 1
cpaboTaeT ¥ CBOMMHU CHJIOBBIMU KOHTAKTaMH BKJIFOUUT JIEKTPOABHUraTeNb Ha 3aKPHITHE 33 IBU K-
k. OJHOBpEeMEHHO 3a0I0KHpyeT KOHTaKThl SBS5.2 kHOnmkm koHTaktamMu KM1.3 u pa3oMKHET
koHTakThl KM1.4 B nenu karymku KM2.1.

[Ipumeuanue. [Ipn KaxaI0M BKJIIOUEHUU 3JIEKTPOABUTATENS MOJA AEHCTBUEM ITYCKOBOI'O
Toka cpabaTbiBaeT pene Toka KA1, 3ambikas koHTakT KA1.2 B nenu nuranus katymku KT1.1
pene Bpemenu KT1. Pene BpeMeHu HauMHaeT OTCUUTHIBATH BpeMs 3aJ€pKKU cpabaTbIBaHUS
KOHTaKTa C BBIIEPKKOM BpeMeHM InpHu 3aMmblkaHuu KT1.2, koTopoe yCTaHOBIEHO HECKOJIBKO
Oombile, yeM BpeMs Mycka anekTpoasurarens. [IoaToMy k KOHIy Mycka pejie TOKa pa3MbIKaeT
cBoii koHTakT KA1.2, obectounBaer katymky KT1.1 pene BpeMeHM M 3aMbIKaHUS KOHTaKTa
KT1.2 He npoucxoaur.
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OTKIIIOUEHHE BJIEKTPOJBUTATENS C BPAILICHUS] HA 3aKPBITUE MOXET MPOU30UTH TaKXKe B
Tp€X caydasx: a) Ecim omepatop coOuTET, 4TO 3aJBMKKA MPHUKPBITA AOCTATOYHO, M HAKMET
kHonky SB4. 6) Eciu oneparop codréT, 4yTo 3aBUXKKA MPUKPHITA U3IUIIHE, H HAXKMET KHOMKY
SB3. B) Ecnu 3agBukKa 3akpbuiack MOJHOCTHIO (Ha ynop). Torja moBbICUTCS TOK 3JEKTPOBH-
rarens 10 myckoBoro. Cpaboraet pene Toka KA1, 3amkuér cBoif konTakT KA1.2 B nienu nura-
Hus karymku KT1.1 pene Bpemenu KT1. [1o ucreueHnn HEKOTOPOTO BPEMEHHU 3aMKHETCST KOH-
takT KT1.2 ¢ Bbliep kKO BpeMEHU Ha 3aMblKaHHe M BKIIOUUT Kartymky KL1.1 npomexyTouHo-
ro pene KL1. [IpomexxyTouHoe pese, pa30MKHYB CBOM pa3MmbIkaromuii koHtakt KL1.2 B menu
nutanud karymku KM1.1, otkirount snekrpoasurarens. [Ipu 3Tom penie Toka pa3oMKHET CBOM
KOHTAKT, U TOCJIEI0BATEIbHO OTKIIIOUATCS KaTYUIKU pejie BPEMEHU U MPOMEKYTOUHOTO pelie.
Konrtakt KL1.2 3aMKHETCS, HO BKIIFOUEHHE SJIEKTPOABUTATENSI HE TPOU30MIET, TaK KaK yCIeIu
pa3oMKHYTbCsl KOHTaKThl KM1.3.

[Ipenoxpanutens FU1 B nenu ynpaBieHHs] yCTaHOBIJIEH JUIsl NOBBILIEHUS 4yBCTBUTENIb-
HOCTHU 3aIIUTHl OT TOKa KOPOTKOTO 3aMbIKAHUS B IIETH YIPABJICHUSA, TaK KaK aBTOMAaTUYECKUN
BeIKutouarenb QF 1, HacTpoeH Ha 3HAYUTENFHO OONBIINI TOK KOPOTKOTO 3aMBIKAHUS, KOTOPBIH
MO>KET BO3SHHKHYThH B CHUJIOBOH 1enu. PaccMoTpeHHas cxeMa MOKET TakKe MCIIOJIb30BaThCs AJIs
3allUThl 3JIEKTPOJBUTATENS OT NEPETPY3KHU U 3aKIMHUBaHUs poTopa. i 3Toro Tok cpabaThiBa-
HUS peJie TOKa He0OXO0IMMO YCTAaHOBUTH HECKOJIBKO 0OJIbIIe pabodero ToKa 3JeKTPOIBUTATENs

3. OcyIecTBIIsIEM HCIIBITAHHE CXEMBI

1. OObscHseT, uTo Mpou3oUaET B cxeme npu BiimoueHuun QF1, mogaér nHanpshkeHue u
yOexaaeT Bcex NPUCYTCTBYIOUINX B HCTUHHOCTU UM IPOBO3IJIAIIEHHOTO.

2. OOBsICHSET, YTO MPOU3OHIET B cXeMe mociie HakaTtusa KHonku SB3. Yoexmaer npu-
CYTCTBYIOIIMX B JOCTOBEPHOCTU ckazaHHOro. OOpaiaeT BHHMaHUE Ha KpPaTKOBPEMEHHOCTh
cpalaThIBaHUSI peJie TOKA U PeJie BPEMEHH.

3. OOwsicHseT, YTO TPOM3OUIET B cxeMme mocie HaxaTus kHomku SB4; yOexmaer
MPUCYTCTBYIOIIUX B JOCTOBEPHOCTH CKa3aHHOro. CHOBa 3aIllyCKaeT »JJIEKTPOABHUTaTelb Ha
OTKPBITHE U OOBSACHSET, YTO MPOU3OHAET B CXeME MPU HaXaTHH KHOMKU SB2, mmutupyromei
KOHEYHBIN BBIKITIOYATENh, CPA0ATHIBAIOIINIA IPU TOJHOM OTKPBITUU 33ABMKKH. J[eMOHCTpUpyeT
peJICKa3aHHoe.

3. OOmscHseT, 4TO MPOM30MIET B cxeMme mocine HaxaTus kHonku SBS; y6exmaer
IPUCYTCTBYIOLUX B JIOCTOBEPHOCTH CKa3aHHOTO. CHUMAET M 3allMChIBaeT MOKa3aHus NpuOOpoB
B TaONUITy Ha JIOCKE.

4. OO®bscHSET, YTO MPOM3OHIET B cxeme mocie Haxatus kHomku SB4; yOexmaer
MPUCYTCTBYIOIIMUX B TOCTOBEPHOCTH CKA3aHHOTO.

5. CHoBa 3amyckaeT »SJEKTPOJBHUTATENIb Ha 3aKpbITHE 3aABMKKH. OOBSICHSIET dYTO
MpoM30HAET B cXeme mocie HaxaTusi kHomku SB1, mMuTupyromieil moBblllieHHE TOKa MpU
3aKJIMHUBAHUU AJIEKTPOABUraTess. Y 0eKaaeT NPUCYTCTBYIOMIMX B JOCTOBEPHOCTH CKa3aHHOTO.

2.5 JIaboparopnas padora Ne9 (2 yaca).

Tema: «3yuenue cxemsl ynpaiaeHus ogHoda3zHbIM AJl»

2.5.1 Hean padorsl: Hayuutbcst U3MEpsTh M PACCUNUTHIBATh MApaMETPhl PEXKUMOB pabo-
Thl, YOEIUTHCS B CIPABEUIMBOCTU TEOPETHUUECKUX IMOJIOXKEHUN OTHOCUTENIBHO BIUSHUS Hamps-
JKEHUS U EMKOCTH IIYCKOBBIX KOHJEHCATOPOB Ha BEIMYMHY IIyCKOBOI'O MOMEHTA.

2.5.2 3agauu pa6orbl: CHATH 3aBUCHUMOCTh ITyCKOBOTO MOMEHTA U ITYCKOBOT'O TOKa OT
BEJIMYMHBI TPUJIOKEHHOIO HANPSKEHWST M BEIMUYMHBI EMKOCTH IIYCKOBOIO KOHJAEHCATOpa

Mo lo=T U )u M, 1.= T (C.)

2.5.3 Ilepeyenb npuOOPOB, MATEPHAJIOB, HCIOJIb3YyeMbIX B J1a0opaTopHoii padore:
MarepuanpHoe oOecriedeHue - YHUBEPCAIbHBIN J1a00PaTOPHBIA CTEH/, PACIIOJIOKEHHBIN B ay M-
topu# 210: UCTOUHUK MUTAHHS TIepeMeHHOro Tpéxdasznoro Toka 220B; aBToTpanchopmaTop Ha
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naHesnu Ne56; amnepMeTp MHOTONPEAENbHbIN Ha naHenu Ne9; BOJIBTMETP NEPEMEHHOIO TOKA Ha
250B nHa manenu Nel4; MarHUTHBIN MyckaTenb ¢ KaTymkoi Ha 220B Ha manenu Ned49; Garapes
KoHAeHcaTopoB Ha 30 Mx® Ha nanenu Ne , rutakar:

2.5.4 Onucanue (xox) padoTsbl:
1. 3HakoMuMCS €  COCTaBOM W  OCHOBHBIMM  TEXHMYECKUMHU  JAHHBIMHU

AIEKTPOOOOPYI0BaHUS, HCIIOIB3YEMOT0 B JIa0OpaTOPHOIl paboTe
3HAKOMCTBO OCYIIECTBUTH MO MEPEUHIO AJIEMEHTOB, COCTABICHHOMY Ha BBOJHOM 3aHS-

TUU
2. CobupaeM cxeMy 3KCIepUMEHTAIbHON YCTaHOBKHU:
KM1.1-49
- SB1-Cr 3\ QF1
e
Al
TV1-56
I :
Y
PV1-14
A2
q
KM1.2-49
A3
C1-25
C1-25
Ad
:C2 :C3
M1-Cr
:C5 :C6
N5
Puc. 1: HpI/IHHI/IHI/IaIH)HaH CXEMa YCTaHOBKH IJI1 UCIIBITAHUA aCUHXPOHHOI'O SJICKTPOJABH-
ratens B 0IHO(Ga3HOM pexKHUME.
CoOpatsb snextpudeckyto cxemy: Cunopos cobupaet yzen Al; Koznos — yzen A2 u tak
Janee.

3. 3ammchiBaeM JCHCTBHUS NMPHU ONPEICICHHHA TapaMeTPOB TOYKH IKCIECPUMEHTATBHON
3aBUCHUMOCTH

a) Ilepexiroyaem aMriepMeTp Ha yKa3aHHBIN MpeIen U3MEPEHUs, YCTaHABIMBAEM 3a/1aH-
HYIO BEIMYMHY TyCKOBON EMKOCTH U C TIOMOIIIBIO aBTOTpaHCc(hOpMaTOpa 3aJaHHOE HAIPSDKEHHE.

0) BrirodaeM ycTaHOBKY M, HA)KaB Ha HECKOJIbKO CeKYHJT KHOTIKY SB1, dhukcupyem u 3a-
TEM 3aIMChIBACT B TAOJHIly, HA KaKO€ KOJIMYECTBO JEJICHUH OTKIOHWIIACH CTPEIIKa aMIlepMeTpa
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U CTpenKa yKkasarens MoMmeHTa. OTKitouaeM YCTaHOBKY. Bo Bpems (ukcanuu oJuH Ii1a3 mpu-
KPBITh, @ BTOPOU JOJDKEH HaXOJUTHCS TOYHO HAIPOTHB KOHIIA CTPEJIKH yKa3aTesss MOMEHTA.
B). PaccunTeiBaeM LieHy J1el€HUs aMIIepMeTpa

I, =1,/ N, (Auien) L)

rae [\, - HOIHOE KONMYECTBO JENECHHUI LKAl aMIIEPMETPA.

N nanee myckoBoil TOK

l,=1," N, ®) )
)51 HYCKOBOﬁ MOMCHT

.\
=3,16Sin—Y (Hwm). 3
4. 3aroTaBJIMBacM U 3aIOJIHSICM TaOJIHUITY 3alMCH HAOJIFOICHUN

Benymnii Ha JOCKe, a BCE OCTAIbHBIE CTYICHThI B TETPAIH.

JlaHHBIE OIBITOB U PACUETOB Taobmuua 1
Y us | Cn | N I, A M, H
TOY , ! Ip I, N v I, M
2 3 4 5 6 7 8
1 0 27 1,5A
2 60 27 1,5A
3 80 27 1,5A
4 100 27 1,5A
5 120 27 3A
6 140 27 3A
7 160 27 3A
8 180 27 3A
9 200 27 3A
10 220 27 7,5A
11 220 23 7,5A
12 220 19 7,5A
13 220 15 7,5A
14 220 11 7,5A
15 220 7 7,5A
16 220 3 7,5A
17 220 0 7,5A

5. CtpouM rpaduku SKCIIEpUMEHTAITLHBIX 3aBUCUMOCTEN

A) 3aroraBnuBaeM OCH KOOPIWHAT JJIsi IEPBOTO U OCH KOOPJAUHAT ISl BTOpOro rpadu-
KOB (BeIyIIHIi Ha JOCKE BCE OCTANBHBIC CTYJICHTBI B TETPAJIN).

b). HanocuM Kaxayro TOYKY 3aBUCUMOCTH Ha ToJie TpaduKOB (KpOME TOTO Ka)IbIH U3
OTBETCTBEHHBIX 32 TOUKY HAHOCUT €€ Ha moJie TpauKOB, PacClOIOKEHHBIX Ha JTOCKE)

B) [IpoBoanm Ha rpadukax anmpoKCUMHUPYIOIINE JTUHUU (BEAYIIHHI 3TO IeiaeT Ha JOCKE,
a BCE OCTAJIbHBIE B TETPAJIN)

OcTtaBuTh MeCTO Ji1s rpauKOB

6. OuieHUM pe3ynbTaThl UCIIBITAHUN

OueHuTh M 3amucath B TETPajb, HACKOJIBKO OJU3KO ONBITHBIC JaHHBIE COIVIACYIOTCA C
TEOPETUYECKUMH.
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