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Kpartkoe coaepxkanue.

B aTOM Kypce neknuu JaHbl OCHOBHBIE MOHSTHS O MpeAMeTe «DNEKTPOTEXHUKA,
AIIEKTPOHUKA M DJIEKTPONPHUBO/IA», OMMCAHBI OCHOBHBIE 3JEMEHTHI JJIEKTPUUYECKUX
cxeM ycTpouctB. IlpuBefeHbl WX KOHCTPYKIHMS U XapaKTepuCTUKH. (OCBEIlIeHbI
BOIIPOCHI ~ BBIOOpA  DJIEKTPUYECKUX  MAIIMH  TEXHOJOTUYECKUX  IPOIIECCOB
CEJIbCKOXO3SIMCTBEHHOTO MPOU3BOACTBA. KOHKPETHO M3I05KEHBI BOIIPOCHI AIEKTPOHUKH
U DJIEKTPOINPUBO/IA.

DTOT Kypc JEKIMH HAIMMCAH Ha OCHOBAaHUU MpOorpaMmbl pazpadborannoit B TTAY u
yrBexaeHHot MB u CCO pecniyonuku Y36ekuctan. Peructpanuionnsiit Homep (Ne
263). Ne BJ1 — 56301 — 3.05 ot 23.08. 2008 r.

Jlna 6axanaspos no cneyuannocmu 5630100 — « MCX»

Asmopuwi
A.U Ucmaunos, HA.Camamos, O.K.Hazapos, O.M.Axmedos

Peyenzenm: ooyenm xageopvr « Obueundsicenepuvle OUCYUNTIUHBLY

AHoudxcanckoco nusnu K. Opmamos.

PaccmoTpeno u pekomeHa0BaHO Ha 3acenanuu kadeapsl. [Ipotokon Ne 20101 «  »
3aB. kadeapoit T.(.H. A.XaMpoKyJOB.

PaccmoTpeno u pekoMeHI0BaHO Ha METOIUYECKO Komuccuu ¢dakyiabTeTa. [IpoTokon
No 2010r « _ » [Ipencenarens MeToUUECKONH KOMUCCUU (PaKyIbTeTa
JOLEHT

YTBEXIEHO HAYyYHO — METOANYECKUM COBETOM MHCTUTYTA. [IpoTokon Ne 2010 r
« » [Ipencenarens Hay4YHO — METOIMYECKOTO COBETA NHCTUTYTA

JOLIEHT 3.2Kymaboes.



Tema Ne 1 BBE/I[EHUE.

[Inan:  1.001mume NOHATHS 00 AJIEKTPUIECKON SHEPTHH,
AIIEKTPOTEXHUKE, FJIEKTPOHUKE, JICKTPOIPUBO/IA.
2.VcTopus pa3BUTHS U MIPECIICKTUBBI JUCIUTLIAHBI.
3.MecTo TUCHUIUTMHBI 1O MTOATOTOBKE KaJIpOB
CEJILCKOXO035IUCTBEHHOTO ITPOU3BOJICTBA.

1.0ouwue nonamusa 00 31eKMpuYecKoll IHepeulL, IJ1eKmMpomexHuKe, 3J1eKmpoHuKe,
971eKMPOnPUE00a.

OnHuM U3 BOXXHEWIIMX YCJIOBUH YCTOMYMBOIO PAa3BUTHUSA CEIBCKOXO35SMCTBEHHOIO
npou3sBojicTBa (CXII) aBnsieTcs nanpHeilliee MUPOKOE U BCECTOPOHHEE HCIOJIB30BAHUE
IIEKTPUYECKOU SHEPTUH B CEJICKOXO3IMCTBOHHOM IIPOU3BOJICTBE.

[IpuMeHeHne >IeKTPUYECKON HSHEPTUHM pPe3KO TMOBBIIAET MPOU3BOAUTEIBHOCTh
TpyJa, YJAydllaeT KyJbTYpHO-OBITOBOE OOCIY)KMBAHME  HACEJEHUS, TO3BOJISIET
aBTOMATU3UPOBATh MHOTHE MPOU3BOJICTBEHHBIE MPOLECCHl U MEPENUTU B PAIBI CIy4aeB K
KOoMIUIEKCHOM MexaHu3auuu CXII.

B HacTos1ee BpeMs 3JIEeKTPOCHA0KEHHUE CEIbCKOTO XO3sIICTBA OCYLIECTBIISAETCS Ha
Oonee BBICOKOM TEXHHYECKOM ypoBHE. B mpouecce pamHedmiero pasBUTHS
ANEKTPUPUKALIMH CENBCKOTO X034iCTBa OYJIET paCIUPSITHCS IPUMEHEHHUS JJIEKTPUUECKON
DHEPTruM [JIi OCYIIECTBIIECHUS KOMIUIEKCHOM dJeKTpu(UKAIMU MPOU3BOJACTBEHHBIX
IPOLIECCOB B PACTEHEBOJCTBE, MXWUBOTHOBOJCTBE, MTULEBOJACTBE, MOCIE YOOPOUYHOU
00paboTke 1 nmepepaboTKe CeNbCKOX03IMCTBEHHOM MPOTYKIIUH.

VYcnexu B 00actu 3neKTpudUKaMU BCEr0 HAPOJHOTO X035IMCTBA CTAdu BO3MOKHBI
Osoramapss OypHOMY Pa3BUTHIO JJIEKTPOTEXHUKM — HAYKWM O Mpolleccax, CBA3aHHBIX C
NPAKTUYECKUM TPUMEHEHUEM JJIEKTPOMAarHUTHBIX SIBICHUWA. OJIEKTPOTEXHHKA KaK
CaMOCTOSITEeJIbHAST JIHUCLMIUIMHA 3aHUMAEeTCs TaKKe MPOU3BOJCTBOM, INepefaden u
pacnpeneseHueM EKTPUYECKON SHEPTHH.

Bosbiioe KOIM4ecTBO 3JIEKTPUUECKON IHEPTUH MPU OTHOCUTENBHO MaJIbIX MOTEPAX
nepeaeTcsl Ha OrpOMHBIE pacCcTOsiHUA. B Hacrosiiee Bpemsi YCIENHO ACUCTBYIOT JIMHUU
3JIEKTpOIepeaun MPOTSHKEHHOCTBIO 0oJiee ThICSUM KUIOMETpOoB. CpaBHHUTEIBHO JIETKO
JNIEKTpUYECKasi BSHeprusi npeoOpazyeTcs B Jpyrue BUAbl JHEPTUU: MEXaHUYECKYIO,
TEIJIOBYIO, TYYUCTYIO0, XUMUYECKYIO.

INeKmpoHUKOoIl — IPUHATO HA3BIBATh OTPACTh TEXHUKH, UCTIOJB3YIOIIYIO TPUOOPHI,
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OCHOBAaHHbIC HA YNPABJECHUS SIBICHUAMM DJIEKTPUYECKOIO TOKA B IUIOXOMPOBOJIALICH
cpene CIOKHOW CTPYKTYphI, OOJamaromieid OONbIIMM YIAETbHBIM COMPOTHBICHUEM; B
IIeKMPOHHBIX NPUOOPAX STOT TOK CO3JAETCA HANPABICHHBIM JBHKCHUEM 3JIEKTPOHOB B
BBICOKOM BAaKyyMe€; B WOHHBLIX HpUOOpax — TOK B NPOCTPAHCTBE, 3aAMOJHCHHOM
pa3psLKEHHBIM Ta30M WM TapamMu MeTalljia.

Inekmponpueooom — HA3BIBAECTCS MAIIMHHOE YCTPOMCTBO, OCYLIECTBIISIOLIEE
npeoOpa3oBaHus dSICKTPUUYCCKONM DHEPrUM B MEXaHWYECKYI0, WU OOCCIEUYMBAIOIICE
AIIEKTPUUECKOE YIpaBlIeHUE NpeoOpa3oBaHHON MexaHW4yeckod sHeprueil. OCHOBHBIMU
AJIEMEHTAMH D3JICKTPONPUBOJIA SABJISIOTCS: JJICKTPUUYECKUIM JBUTATENb, MEPEIATOYHOE
YCTPOMCTBO U AJIEKTPUYECKAST CHCTEMA YIIPABJICHHUS.

[IpeoOpazoBaHus INEKTPUUECKON PHEPTUM B MEXAHUUYECKYIO C MOMOIIBIO AJIEKTPO
JIBUTaTelIe MO3BOJsIET Haubojee yA00HO, TEXHUYECKH COBEPIICHHO UM AKOHOMHYECKHU
3¢h(HEKTUBHO PUBOMAAT B JABUKEHUSI pa3zHOOOpa3zHbie paboyre MallMHbl U MEXaHU3MOB B
CEJIbCKOXO035IICTBEHHOM IIPOU3BO/ICTBE.

CoBpeMeHHas cucTtema »3JEKTPONPUBOJOB IMPEANOJIOraeT, 4TO OHAa HE TOJBKO
MaKCUMAaJIbHO YJIOBJIETBOPSIET TPEOOBAHMS MAIIMH, pa0OTAIONINX B PA3IMYHBIX PEKUMAX,
HO U JIOCTUTaeTCsd MaKCUMajbHas TUNU3alUsa U YHU(DUKAILKS 3JIEMEHTOB, 00Jiee IIUPOKO
MPUMEHSIIOTCSI  CIICIMAIbHBIE  BCTPOEHHBIE  DJICKTPONPHUBOJBI, a HX MCHOJHEHUS
COOTBETCTBYIOT TPEOOBAaHUEM OKPY>KAIOIICH CPEJIbI.

2.Ucmopus pazeumus u npecneKkmugvl OUCYUNTIUHBL.

Pa3BuTHE 37€KTPOTEXHUKH OTHOCHUTHCS IMEPBOM mojoBuHe XIX Beka, korjma ObLIN
OTKPBITBI OCHOBHBIE 3aKOHOMEPHOCTM MArHUTHBIX M JJICKTPUUYECKUX  SBJICHUM.
JlanpHelee pa3BUTHE OHA MOJYyYaeT MOCIE CO3JIaHUSI COBPEMEHHBIX JJIEKTPUUYECKHUX
MaiuH U TpancdopmartopoB. Tak, B 1802 rony mpodeccop ¢usuku B.B.IletpoB nomyunn
ANEKTPUUYECKYIO YTy W yKa3aJl Ha BO3MOXKHOCTh HX MPAKTUYECKOTO MPUMEHEHUS IS
OCBEILICHHSI U TUIABKU METAJIOB.

Pycckuit akanemux 2.X.JIeHIT ycTaHOBUIT B 00JIaCTH 3JIEKTPOMArHUTHOW WHIYKITUU
3aKOH, HocsAmer ero uMs. OH Tak K€ IMOCJIeNOBajl BOMNPOC O TEIJIOBBIM JACHCTBUU
AIEKTPUUYECKOro ToKa (3akoH oy - JIeHia).

B 1834 rogy b.C.Sx00b1 n300pén u B 1838 roy nocTpouii NepBblil 3IEKTPUUECKUN
nsurareinib. B 1873 roay pycckuit uzooperarens A.H.Jloaurun co3gan nepByro Jamiy
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HaKaJIMBaHMS C Hayaja C yroJbHOH, a MOTOM C METAJUTMYECKOH (BOJIB()PaMOBOIT) HUTHIO.

Pycckuit  uzoOperarens H.H.bemapmoc u H.I'.CnaBsHoB  ocyuiecTBisau
ANEKTPUUYECKYIO JYTOBYIO CBApKy METAJIJIOB.

Pycckuit anextporexuuk M.O.JlonuBo-/{oOpoBonibekuid B 1888 romy paspaboran
cuctemy Tpé€xdazHoro Toka, co3aan TpéxdasHoil nBuraTens, TpEéxdasHblil TpaHcHopMaTop
Y OCYUIIECTBUJI Mepeiady AIEKTPUUECKON 3Heprun no TpéxdazHoil IMHUA.

B 1885 romy A.C.IlomoB wu300pén pammorenerpad. bompmmx mocTuxeHUil B
00JIaCTH 3JEKTPOTEXHUKH JOOMINCh MHOCTpaHHbIE ydeHble. Cpelbl HUX HEOOXOIUMO
OTMETHUTb, Npexkae Bcero, Papanes, aHNIMCKOTO YYEHOrO, YCTAHOBUBLIEXCS 3aKOHBI
AIIEKTPOJIN3a U OOHApYXUBLIMK BpAalIEHWE NPOBOJHUKA C TOKOM BOKPYI MOJIOCA
MOCTOSIHHOT'O MAarHWTa, OTKPBIBIIMI SIBIICHUS 3JIEKTPOMAarHUTHON MHIYKIMU U MakcBens
(1831-1879), anrnmu3koro (hu3nKa, OCHOBOIOJIOXKHHUKA TEOPUH IJICKTPOMATHUTHOTO TOJIS.
OH Tak Xe JO0Ka3al CYIIECTBOBAHHE SJIEKTPOMATHUTHBIX BOJH, 3JEKTPOMATHUTHYIO
MPUPOJYy U AABJICHUS CBETA.

Jlanueiiiee pa3BUTHE 3JEKTPOIHEPTETUKH U 3JIEKTPU(DUKAIIUU TPEOyEeT NOATOTOBKU
OOJBIIOr0 YKCa CHEIUATMCTOB BOOPYXKEHHBIX XOPOIIMMHU 3HAHUSIMHU DJIEKTPOTEXHUKH,
TaK K€ 00JIACTH TEXHUKH, KOTOPHIM BXOJUT MPOU3BOJACTBO, MEepeaayda, pacupeneseHus u
MHOT000pa3HbIe MPUMEHEHUS ANEKTPUUECKON SHEPTHA.

3.Mecmo oucuyuniaunvl no n0020MOo6Ke Kaopog celbCKOX03AUCMEEHHO20
npouzeoocmad.

KayecTBeHbI W KOJMYECTBEHBIM POCT SHEPrOHACBILIEHHOCTH COBPEMEHHOIO
CEJBbCKOTO XO3AMCTBA MPEIONPENEsieT TO OOCTOSTENCTBO, YTO KaXAbIA CIEHHUAIUCT
CEJICKOXO3SIIICTBEHHOTO MPOM3BOJICTBA, UMEIOLIUN HHKEHEPHOTO 00pa3oBaHUs, TOJKEH
obnagaTh OMpeneaEHHOM TEXHUYECKOW SPYIUIIUCH, OPUEHTHPOBATHCS B HMHTEPECHBIX
BOIPOCAX IIEKTPOTEXHUKH, JIIEKTPOHUKH U 3JIEKTPOIPUBOJIA.

JlaHHasi TUCHIMIUIMHA CTaBUTH IEJIbI0 COOOIIMTH OakajiaBpaM CEIbCKOXO3SICTBEH-
HBIX BY30B I10 WHXKEHEPHBIM CHEIUATBHOCTHSIM KOMIUIEKC HEOOXOIUMBIX CBEICHHUHA W3
00J1aCTH NIEKTpUPUKALUN CEJICKOXO035IMCTBEHHOTO TPOU3BO/ICTBA.

Koumponwvuwie gonpocel.
1.Pacckaxxute 00 0COOEHHOCTH IEKTPUUECKOM dSHEPTUn?
2.B 4ewm 3akiirovaeTcs Melid U 3a/1a4 AJIEKTPOTEXHUKH, SJIEKTPOHUKHU U DJIEKTPOIIPUBOIA?
3.PacckaxuTe UCTOPHIO pa3BUTHSI SJIEKTPOTEXHUKH?
4.KakoBa poJib TUCIHIUIMHBI TIO MOATOTOBKE KAJAPOB TSI C/X MPOU3BOICTBA?
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| PA3JEJL. DJIEKTPOTEXHHUKA.
Tema Ne 2 QJIEKTPUYECKHE LIEITU IIOCTAHHOI O TOKA

[Iman: 1.00mme cBeneHus.
2.2O7eKTpruYecKas 1eMb U €€ OCHOBHBIE JICMEHTHI.
3.PaboTa U MOIIIHOCTE.

1.06wue ceeoenus.

HanpaBieHHoe JBM)XKEHUE CBOOOJHBIX 3apsDKEHHBIX YacTHI MOJ JCHCTBUEM
IIEKTPUYECKOTO MOJIS HA3bIBACTCA INEKMPUUECKUM HOKOM.

DNEeKTpUYEeCKUid TOK B METAUIMYECKUX MPOBOJHHUKAX NPEJICTaBIAET COOOM
YIOPSI0YEHHOE JBUKEHHUE AJIEKTPOHOB. Takum o0pa3oM, TOK B MeTaiax o0Opa3yercs
CBOOOJIHBIMH 3JIEKTPOHAMU, IO3TOMY UX IPOBOJUMOCTh Ha3bIBAIOT 371€KMPOHHOIL.

DONEeKTPUYECKUA TOK B AJIEKTPOJIUTAX MPEACTaBISET COO00M yHMOpsSAOYEHHOE
JBWKEHUE HOHOB. B JKHIKMX 3JEKTPOJINTAaX, K KOTOPBIM OTHOCSTCS BOJHBIE PACTBOPBI
COJIEM, KUCIIOT U IIEJIOYEH, BCEraa MMEIOTCS IOJIOKUTEIBHBIE U OTPULIATENBHBIE HOHBI.
CrnenoBaTenbHO, B KUAKUX OJIEKTPOJIUTAX TOK OOpa3yeTcss HMOHaMH, IO03TOMY
IIPOBOAMMOCTB TAKOT'O TUIIA HA3bIBACTCS UOHHOU.

NHTEHCUBHOCTD 3JIEKTPUYECKOT0 TOKA XapaKTepuszyeTcs (PU3NYECKON BEIMYHUHOM,
KOTOpasi Ha3bIBaCTCsA CUIJION JIIEKTPUUYECKOr0O TOKA.

Cuna TOka YHCIIEHHO paBHA KOJMYECTBY djekTpuuecTBa Q, mpoxonsiiemy yepes

MOTIEpPEeYHOE CeueHue MpoBoiHMKa 3a 1 cekyHn. Cuity Toka 0003Ha4aroT OykBoii |
Q.
dt

rie Q — KOJNMYECTBO OJJIEKTPUYECTBA, TMPOXOMASIICH dYepe3 TOMepeuyHoe CeueHue
MPOBOJHUKA 3a Bpemsi 1. Enunuila usmepenus cuiibl Toka — amrep (A).

[InmoTHOCTH TOKA — 3TO OTHOIICHHE CHITYy TOKa | K TUIOIIa bl MONepeyHoro ceueHus F
nposoxuuka: 8= I/F equHuIa M3MEepEHHs IOTHOCTH TOKa — A/MM?,

DNEKTPUYECKUNA TOK, CHJIa M HaIlpaBlIeHHE KOTOPOTO HE U3MCHSCTCS C TCUCHHEM
BpPEMEHU, HA3bIBACTCS HOCHOAHHBIM.

Pasnbie BemecTBa HE OMHAKOBO MPOBOIST JIEKTPUUECKHM TOK, TOCKOIBKY B
Pa3IMYHOM Mepe MPOTUBOJAEHCTBYIOT ABMKEHHUIO JIEKTPUUCCKUX 3aPSAT0B. ITO MPOTHBO
JEUCTBUE  XapaKTEpU3YeTCS BEIUYHHOW, KOTOPOTO HA3BIBAIOT  3JIEKMPUUECKUM

conpomuenenuem u 06o3HavaroT OykBoil R. Enunnia nsmepenus conpotuBiieHus — OM.
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DTO CONPOTUBIECHHE MNPOBOJHHUKA, B KOTOPOM MpPOTEKaeT TOK cwiod a 1 A mnpu
HanpspkeHud | B. ComnpoTuBieHHE 3aBUCUTh OT MaTepuajia IPOBOJHHUKA U €ro

TeOMETPHUCCKUX Pa3MepPOB (IVTMHBI / W ILIOIIA LI IOTIEPEYHOTo ceueHus F).

l
R= PE 3J1ECH P - YJEIbHOE CONPOTHUBIIEHHE MPOBOJAHUKA OM M.

ConpoTuBiieHHs] TPOBOIHUKOB U3MEHSAIOTCA NMPU U3MEHEHUS UX TeMIiiepaTypbl. O003Havast
conmpoTuBIeHus npoBoaHuka npu Temneparype 0°C gepes Ro, momyuum Qopmyny s
ompeJeleHUs] COMPOTUBIICHUS TIpU 1000 Temneparype t.
R=Ro(1+at).
re O - TEOPETUYECKUN KOI(DPUIIEHT CONMPOTUBICHHUS, MOKA3bIBAIOIINNA OTHOCUTEIHLHOIO
YIEIBHOTO CONPOTUBIIECHHUS IPY HArPEBaHUHK NpoBoaHuKa Ha 1°C.
2.9nekmpuueckan yenv u ee OCHOGHbvIE IJ1EMEHMbI.
OCHOBHBIMH d3JIEMEHTaMU JjleKmpuueckoil uenu (puc-1) SABIAIOTCS HCTOYHUKH

O/1C, npuéMHUKH HEPTUH, WM TOTPEOUTENH, U TPOBOJA JI MEpeAadn SIEKTPOIHEPTHH.

Puc 1. Cxema nmpocTteiinieit 31eKTpuyecKon enH.

rie E — wucrounuk onektpuyeckod sHepruu (Oartapes); JI — mnorpedutens
AIIEKTPUYECKON dHEpruu (JamMIia HakajauBaHus); B — BKiItouartess.

PaznuyaroT BHENIHIOO WM BHYTPEHHIOIO YACTH JIEKTPUUECKOM 1EMH.

[Ipru€MHUK 2IIEKTPUYECKON DIHEPTUU U COCIUHUTEIIBHBIE IIPOBOJA COCTABIIAIOT €€
6HEWIHIOI0 YACMb, 3 UCTOYHUKH JIEKTPUYECKON SHEPIUU (MCTOUHHK MTUTAHUS) —
GHYMPEHHYI0 YACMb.

B kauecTBe ucmounukoe snekmpuueckoil Inepeuu MPUMEHSIOT HIEKTPUUECKUE
(37eKTpOMAIIMHHBIE) TEHEPATOPHI, MTPEOOPa3yIoIIe MEXaHUYECKYIO SHEPTHUIO B
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AIEKTPUUECKYIO, IEPBUYHBIE 3JIEMEHTHI U aKKYyMYJISITOPbI, MPEe0Opa3yromne XuMUIECKYyI0
SHEPIUIO B AJIEKTPUUECKYIO U T.II.

K npuémnurkam anekmpuueckoit 3nepzuu OTHOCSTHCS DNEKTPUUECKUE TBUTATEIIH,
HarpeBaTellbHbIe TpUOOpHI, oOmydaTenn. B mpu€MHHKAX AIEKTPUYECKOW SHEPTHH
JIEKTpUUECKasi DHEPrus MpeodpasyeTcs B APYTHE BHUABI JSHEPTUHM: MEXAHHUYECKYIO B
IEKTPUUECKUX JIBUTATENsX, TEIJIOBYI0 B HArpeBaTelIbHbIX MNpUOOpax, JYYUCTYIO B
00JTydaTenbHBIX W OCBETUTEIBHBIX YCTAHOBKAX. OJIGKTPUUYECKHE TMPOBOAA SIBISIFOTCS
3BEHOM, CBSI3BIBAIOIINM MCTOYHUKA U MPUEMHHUKA. B 35IeKTprUecKkne Nenu MOryT BXOIUTh
npuOOpsl  KOHTPOJISI M YHOpaBIEHUsA, a TakK Ke [peo0dpa3yroniue ycTpoicTBa
(TpanchopmMaTOphl U BBIIPSIMUTENH U JIP.).

DJIEKTPUYECKUE [ENU Pa3feisioT Ha pPa3BETBICHHBIE W HEPA3BETBIEHHBIC.
Pa3BeTBIEHHBIE LIENN COAEPIKAT HECKOIBKO MMAPAJIIEIbHBIX BETBEU.

B 3aBHCMMOCTH OT TOTO, JJIsI KAKOTO TOKA MPEIHAa3HAYEHA JJIEKTPUYECKas 1eMb, €&
Ha3bIBAIOT COOTBETCTBEHHO: ~3JIEKTPUYECKas LEMb MTOCTOSTHHOIO TOKA™ ,  3JIEKTPUYECKAst
L[eTb IEPEMEHHOTO TOKA .

3.Paboma u mowinocme.

Pabota, coBepmiaeMasi 3JEKTPUYECKOM TOKOM B E€IUHHUIY BpeMEHU (CEKyHIY),

Ha3bIBAETCS MOIIHOCTHIO M OOO3Hauaercs OykBoi P. Drta BenuunHa XapakTepusyeT

WHTCHCHUBHOCTb COBEPIIIaeMON TOKOM paboThl. MOIITHOCTD onpeaesieTcs 1Mo hopmylie.

WUl
t ot

P =U-I.

Enununeit uamepenust MomHocty ¢y xut Bart (Bt). Batt — 3170 MOIHOCTS, TIpH KOTOPOUH

3a CEKYH/ly paBHOMEPHO BBITIOJIHSAETCA paboTa B OJUH JKOYJIb.

Kpatnbie equaniel MoHoctr: kmitoBaTT—1 kB1=1000BT 1 merosarr—1 MB1=1000000 BT.
Tak pabora, coBepiieHHas 3a Bpemsi t MokeT OBbITh 3amucaHa CJIEeIYIONUM 00pa3oM.

W=PHt.

CrnenoBatesibHO, B DJIEKTPUUECKHUX IEMAX 32 €AUMHUILY MPUMEHSIOT paboTy, COBEPIIACMYIO

TokoM Tipu MotitHOoCcTH B 1 BT B Teuenue 1 cex. Ona cooTBercTBYyIOT pabore B 1 J[x. [Ipak

TUYECKas eIMHUIIA U3MEPECHUS IJIEKTPUUECKON PHEprun — KWiioBaTT 4ac (KBT 1) mpeacras

JsieT co00i paboTy, COBEPIIIaEMYO MPU MOCTOSHHON MOIIHOCTH B 1 KBT B Teuenun 1 u.

[Ipu npoTekaHUM NEKTPUUECKOTO TOKA Yepe3 MPOBOJAHUK OH HArPEBAETHCSI.



KomngeccTBo Temia Q, BBIACIIAIOIICTOCA B IIPOBOJAHUKE, OIIPECACIIACTCS 11O (I)OpMYJIe.
Q=I1°R-t (JIx).
JTa 3aBUCHUMOCTH HA3bIBACTCS 3aKOHOM I[)KOYJI}I — HeHua.

KOH"IPOJleble eonpocul.
1.00bsicCHUTE DIIEKTPUUECKHUI TOK?
2.Yem xapakTepeH NOCTOSIHHBIN TOK ?
3.I1o kakoit hopmyIe onpeaeseTcsi CHiia U IIIOTHOCTh TOKa?
4.Ha30BUTE OCHOBHBIE 3JIEMEHTHI JIEKTPUUECKHUX LIeTIei?
5.00bsICHUTE MOIIIHOCTH 3JIEKTPUUECKOTO TOKa?
6.0O0bsICHUTE JIEKTPUUECKYIO SHEPTUIO?

Tema Ne 3 PACYET 3JIEKTPHYECKHX IIEITEH ITOCTOAHHOI O TOKA.

[Lnan: 1.3axonsr Kupxroda.
2.Metona HanOXKEHUS.
3.MeToJ KOHTYPHBIX TOKOB.
4.MetoJ1 y3JI0BBIX OTEHIIUAJIOB.

1.3axonwt Kupxzogha

CnoxHble dJEKTpUYECKHE IeNu OOBIYHO CoJepkKaT HECKOJIbKO 3aMKHYTBIX
KOHTYPOB C HCTOYHHKAMU TOKOB B KaXKJIOM WM XOTS Obl B HEKOTOPBIX M3 HUX.
Kondurypanuss ux MoXeTb ObITh OYEHBb CIIOKHOW, a YHUCIO UCTOYHUKOB TOKA MOKET
MEePEBBIIATH YUCIIO KOHTYPOB.

JInst pacu€ra 3IEeKTpUYECKUX LENel Hapsay ¢ 3akoHa OMa mpuMEHSIETCS J1Ba 3aKOHA
Kupxroda, sBisromemcs clieICTBUSIMU 3aKOHA COXPAHEHUS SHEPTUH.

Metoasl pacuera ¢ mpuMeHeHHeM 3akoHOB Kupxroda mo3BoisiOT paccuuTaTh
AIIEKTPUUECKYIO IeTh JIF0OOW KOH(PUTYpaIIMK U CIIOKHOCTH, T.€. SBIISIOTCS OCHOBHBIMU.

[lepBorit 3axkoH Kupxroda mnpumeHnsiercs s y3JI0B DJICKTPUYECKON LEMU U
BBIpa)KAaeT OaJlaHC TOKOB B HHUX, 6 Y3JI€ JJIEKTPUUECKOW Lenu ajiredpanyeckas cymMma

TOKOB paBHa HYJIIO:

> 1=0.

Bropoii 3akon Kupxroda mpumeHsieTcss Iisi KOHTYPOB DJEKTPUUYCCKUX IIETeH H
BBIpaXkaeT OajaHC HAMPSHKEHUM B HUX: B KOHTYPE AJIEKTPUUYECKOM 1enu ainredpanyeckas
CyMMa 3JIEKTPOBYKYIOIINX CHJI PaBHA ajlreOpandeckor cyMMe MajieHui HarpsHDKeHU Ha
COIPOTHUBJIEHUSX, BXOJSIINX B 3TOT KOHTYD:

YE=>1R

Haubonee pacnpacTpaHEHHBIMU METOIAMH PACUYETa CIIOKHBIX TIETICH SIBIISIOTCS:
9



1) MeTo1 HaJTOKEHUS; 2) METO KOHTYPHBIX TOKOB; 3) METOJ y3JI0BOTO HaIPSKECHHUS.
2.Memoo nanoscenus.
B HekoTOphIX ciayyasx pacuer Ieneid MOKHO OCYIIECTBUTh OTHOCHUTEIIBHO MPOCTO
UCIIOJIb3YS MPUHITUI HAJIOKECHUSL.

R1 R2 Rl Rz Rl RZ

— >
|2 |1 |2 |1 I2

1

=
l

|
|

Py
()
A
N
Py
w
Py
IS

O
D.E”

2) — U B)

Puc 2. K pacuery 31eKTpU4YECKON HEenu METOI0M HaTaKEHHUSL.
Pacmotpum mjist mpumepa cxemy, MpeJCTaBICHHYIO Ha puc 2 a). B mo00i BETBU CXEMBI
TOK MOXXHO OIIPEIENIUTh KaK pPEe3yJbTAaT HAJOKEHUS YACTHBIX TOKOB IIOJYYAKOIIUXCS B
3TOM BeTBU OT Kax10i O /I C B OT/ACIBHOCTH.

JIns onpenesneHuss 4aCTHBIX TOKOB HA OCHOBAHMM MCXOJHOW CXEMBbI COCTABIISIOTCS
YaCTHBIE CXEMbl B KaXIbId U3 KOTOpoil neiictByeT ogHa D JI C, a TOYKH LENH, MEXIY
KOTOpPbIMU BKJIOUYEHBI Bce npoune D [ C coenunsaerca mexay codoir HakopoTko. Kaxnas
YaCTHasi CXE€Ma pAaCCUMUTHIBAETCA OTACIBHO, HAIPUMEP METOJOM HKBUBAJIECHTHBIX
conpoTtuBieHui. Tak Kak B JaHHOW BETBU UCXOJIHOU CXEMBI OIIpEIeIeTCs anredpandecku
YaCTHBIX TOKOB 5ToM BerBH. Hampumep: li=Il'+1;" | I3=I3'+I3" UYucmno unenos B npasoit
YaCTH 3TUX YPaBHEHUH JOKHO OBITH paBHO uncity DJIC B HCXOIHOM cXeMe.

3.Memoo KoHmypHbIX HOKOB.

MeTton KOHTYpHBIX TOKOB MOXHO MOPUMEHSTh Uil  pacdy€ra  CIOKHBIX
AIIEKTPUYECKUX IIernei, MMeromMx OoJiblle JBYX Y3JOBbIX Touek. Ha pucynke 3
M300paKeHa Takas dJeKTpuyecKas 1enb. B Hell Tpu KOHTypa, mpuyYeM CpPEIHBIM KOHTYpP
MMEET YYaCTKH, BXOJSIIME B COCTaB JIByX COCEOHBIX KOHTYPOB, a TaKKE Y4YaCTKH,
KOTOPBIE BXOJAT B COCTAB TOJIBKO OJTHOTO KOHTYpA.

CymHOCTh METO/1a KOHTYPHBIX TOKOB 3aKJII0YAETCS B MIPEATIONOKEHHUH, UTO B KAXKIOM
KOHTYpE MPOXOJUT CBOM TOK (KOHTYPHBIHN TOK). Toraa Ha oOIMX y4acTKax,
PacoJIOKEHHBIX HA TPAHULIE JBYX COCAMHEHHBIX KOHTYPOB, OyJIeT MPOTEKaT TOK, PaBHbIN
anredpanyecKko CyMMe TOKOB 3THX KOHTYPOB.

10



BriOupaeM MosioKUTeIbHOE HAMpaBJIeHUE TPeX KOHTYPHBIX TOKOB l1, Iz, I3 Tak, kak
yKa3aHO Ha 4YepTEkKe CTpelbKaMh. 3aTeM COCTaBUM YpPaBHCHHE IO BTOPOMY 3aKOHY
Kupxroga, 06xo/i1 Bce TpU KOHTypa B OJJHOM HAlpaBJICHHUU, HAPUMEP: B HAIPaBJICHUH
JIBUKEHHS] YaCOBOU CTPEIIKHU.

s koutypa 1. E1=l1R1+(l1+12)R2;
s koutypa 2: 0=I;,R3+(l2-11)Ro+(12+13)Ry;

st kouTypa 3: Ex=I3Rs+(Is5-12)R4; 6).

Rl Rl
— —1
;| —— I
1 + 1 + 4a
E T. ET.

a)

Puc. 3. Cxema s pacyera 1o METoAy KOHTYPHBIX TOKOB.

Kak MbI BUAMM, 4HCIIO YPOBHEHUW PABHO YHCIy KOHTYPOB, T.€. YHCIIO YPOBHEHUU
MEHBIIIE YeM MPH PEIICHUH 3aJlaud MO0 MEepBOMY U BTOpomy 3akoHy Kupxroda. Pemras
CHUCTEMY YpaBHEHUU, HAXOJUM KOHTYPHBIE TOKH, MO KOTOPHIM OMNPEAEISICTCS TOKH B
BeTBX: |1, lo, I3, la.

4.Memoo y37108bIx nOMEHUUAT08.

B npaktrueckux 3ajauax BCTPEYAIOTCS 1IEMU, UMEIOIIUE BCETO ABE Y3JIOBBIE TOUKHU.
Mexy y3/10BBIMH TOYKAMH MOKETh OBITh BKJIIFOUEHO MPOU3BOJILHOE KOJIMYECTBE BETBEH.
Pacuer Takux 1nemned 3HAYUTEIHLHO YIPOIIAETCS, €CIU IMOJIb30BaTCsS METOJIOM Y3JIOBOTO
HaIpPsHKEHUS.

PaccmoTpum cymHocTh 3TOr0 MeTona. Ha puc 4 nzo0paxeHa pa3BeTBICHHAS

QJICKTPUYICCKAs LCIIb C IBYMS Y3JIOBBIMHU TOYKaMH Aun B, MCIKAY KOTOPBIMHU BKIIFOUCHBI
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4YeThIpe IapajuleibHble BeTBU. Tpu mepBble BeTBU HMMEHOT uctounuku O [ C
(renepatopsl) ¢ E1, E,, Es. IlocnenoBarenbHo ¢ reHEpaTOpaMu B 3THX BETBSAX BKIHOYEHBI
comporuBieHuss Ri, Ry Rs. (k HUM MOryrh OBITb OTHECEHBI W BHYTPEHHBIC
CONPOTHUBIIEHUS CAMbIX T'€HEPATOPOB). B mocnenHue BeTBU BKIOYEHO CONPOTUBIEHUE Ry.
[TonmoxkuTenpbHOE HaAIMpaBlIeHWE TOKOB B Ka)KJIOW BETBU BbIOpaHO OT TOUKH b k Touke A.
Ecnn HanpspkeHUs: Mexay y3Ja0BbIMU ToukaMu A u b o6o3HaueHsl U TO TOK B mepBoi

BCTBU.

L= = (B U,
tak xe |;= (E1-U)g:
aHOJIOTUYHO JIJISl OCTAJIbHBIX BETBEH;
I.= (E2-U)g2; Is= (E3-U)gs;
l1= (0-U)gs= - Ug,
[IpumMeHnsst 115 y3710BOM TOUKU A TIEpBbIT
3akoH Kupxroda, 6ynem nmeersb
I+ I+ I3+ 1,=0
3aMEHUB TOKH UX BBIPAKCHUSIMU,
MOCJIeTHEE YpaBHCHHUE 3aITMChIBAEM TaK:
(E1-U)g1+(E2-U)g2+(Es-U)gs-Ugs=0
E,-9-+E,-9,+E;-g;
9,+09,+95+ 0,
Mp1 nosyuum GopMyIty y370BOTO HAMPSHKEHUS (T.€. HANTPSHKEHUS MEXIY Y3JI0BBIMU

OTKyJa U= Puc 4. PazBeTBneHHas aneKTpuuecKas Lelb

Toukamu A u b).

B uucnurene popmMynbl nmpeacTaBieHa anredpanyeckas cymma npoussenenuid D | C
BeTBe Ha mpoBoguMocTH d3Tux BeTBed. Ecim O JI C kakoil 7nmbO BETBH HMEET
HaIpaBJeHUs] 00paTHOE TOMY, KOTOPOE yKa3aHO Ha puc 4 To oHa BXOAUT B (popmyiy s

Y3JI0BOTO HANpsUKEHUs CO 3HAKOM MuHYyC. B o0mem Buge ¢opMyiy Ui y3JI0BOTO

u-2F9

e

HaMpsHKCHUS MOKHO 3allMCaTh TaK:

Koumponwvnuwie eonpocul.
1.Pacckaxxure nepBsbiit 3akoH Kupxroda?
2.Pacckaxure BTopoii 3akoH Kupxroga?
3.00bsICHUTE METO]I HaJTaXKEHUS?
4.00bsCHUTE METOJ] KOHTYPHBIX TOKOB?
5.00bsiCHUTE METO/ Y3JI0BOTO HaPsLKEHUs?

12



Tema Ne 4 JIMHEHHBIE IEITH INEPEMEHHOIO TOKA.

[Tnan: 1.CunyconaanbHbIA IEPEMEHHBIN TOK U €M0 OCHOBHBIE ITAPAMETPBI.
2.1lenu nepeMEHHOTO TOKA ¢ aKTUBHOM COIIPOTUBIICHHUEM,
VHYKTUBHOCTBIO U €MKOCTBIO.
3.MoOIIHOCTh B LEMSIX NEPEMEHHOTO TOKA.
4.9xoHOMUYECKHE 3HAaUCHHSI K0d((PHIIEHTa MOIIIHOCTHA U METOIBI €r0
HOBBIILICHHUS.

1.Cunycouoanusiii nepemeHHblil MOK U €20 OCHOGHblEe napamempbl.

Tok, M3MEHSIOMMIICS BO BPEMEHHM [0 3HAYCHHWIO W HAIPABICHHUIO, HA3bIBACTCS
NEepeMEHHBIM. B mOpakTUKe MNPUMEHSIOT MEPUOJUYECKH  U3MEHSIOIIUUCS IO
CUHYCOMJAJIbHOMY  3aKOHY  IepeMeHbld  TOoK.  CHHycouJIanbHblE  BEIUYUHBI
XapaKTEepPHU3yeTCsl CIEAYIOIIMMU OCHOBHBIMU NapaMEeTpaMH: IEPUOJOM, YaCTOTOM,
aMIUTUTYA0M, HadaJIbHOU (pazoil uiu caBurom ¢as. Ilepuoo ob6o3Hauvaercs ¢ OykBou T —
BpeMs (C), B TeUE€HHE KOTOPOTo MepeMEeHHasi BeTUYNHA COBEPIIACT MOJIHOE KojieOaHue.

Yacmoma o6o3navaercs ¢ OykBoit f — uncio nmepronos B 1c. Enqunnia usmepeHus
yacTtoThl — repil (['m). Oaun repi paBeHb 0JIHOMY KOJIEOAHUIO B CEKYHTY.

[Tepron u yacToTa CBsI3aHbI 3aBUCUMOCTBIO T=1/1.

B Hamelt ctpane npuMeHSIOT nepeMeHHbId TOK ¢ yactotor 50 ['u. D10 3HaUuT, 4TO
MOJISIPHOCTh 30KMMOB UCTOYHHKA NMEPEMEHHOT0 Toka ¢ yactoroi 50 I'y mensiercs 100 pa3
B lc. M3meHsisicb BO BpeMEeHHM, CHHYycOWJalbHas BeauuuHa (Hampsbkenus, Tok, IC)
NPUHUMAET pa3IMYHbIC 3HAYCHUS. 3HAUCHUS BEJIWYMHBI B JIaHHBIK MOMEHT BpPEMEHU
Ha3bIBalOT MTHOBEHHBIM.

Amnaumyoa — HauOoJbllIee 3HAYEHUE CHUHYCOUJATBLHOM BEJIMYUHBI. AMILUIUTYAQ
ToKa, HanpspkeHus U DJIC 0003HaYar0T MPONMUCHBIMU OYKBaMH ¢ UHIAEKCOM I, Um, Em, a
MTI'HOBEHHbBIC 3HAUCHUS — CTPOYHBIMU OYKBaMmH I, U, €.

Mznosennoe 3nauenue CURYCOMIATBHON BETMYMHBI, HAIPUMED TOKA, OHPEENITIOT
no ¢gopmyne I1=InSin (wt+@), rne ot+¢ - ¢asa-yron, onpemensromeil 3HaueHHe
CHUHYCOMIAIBLHON BEMYUHBI B JAHHOM MOMEHT BpeMEHH; - Kpyrosas yactoTa (m=27f);
¢ - HauvanHas (asa, TO €cTh yroJj, ONpeleNsIoluUii 3HaueHHe BeIMYMHBI B HAYaJbHBI
MOMEHT BPEMEHH.

Ecmu CHUHYCOMJAJIbHBIC BEIMYMHBI MMCIOT OJMHAKOBYIO YaCTOTY, HO Pa3HbLIC

HavaJbHbIE (Da3bl, TO B 3TOM CIIydae TOBOPSIT, YTO OHU CABUHYTHI 1O (aze. Pazauiia

13



HavyanbHBIX a3 O=@,-@; ompexnenser yrona capura ¢a3. Ha pucynke 5 mnpuBeaeHb
rpaduKy CHHYCOUIATIbHBIX BETUYMH (TOKA U HAIPSIKEHUS ), CABUHYTHIX 110 ¢ase.

UI4

N\

Q —» ¢
Vi Puc 5. I'paduku cuHycOMAaIbHBIX
</ | Wy HanpsKeHus U U Toka | He
o CABUHYTBHIX TIO (haze.

Korga sxe HauanbHbie (Da3sl IBYX BEIMYMUH PaBHBI (Qy=i), TO pa3HUla @y -@i=0, 3HAYUT,

cnsura a3 "Het ¢=0 (puc 6). B 1menu nepeMeHHOro TOKa, COCTOAIIeH U3 pe3ucropa R,

HaNpPsHKCHUS U TOK COBMAAaoT o dase: U= UpSinat, 1=1,Sinat.
u
|
0 t
i Puc 6. I'paduku cuHyconaanbHbIX
' Wy ‘ HaTpsKeHHs U U TOKa | HECBUHYTBIX
o ¢ase.

Ha psay ¢ aHanuTuyeckuM n300pakxeHUeM NEPUOJUIECKN U3MEHSIONIEXCS BETUYHH
IPUMEHSIOT BEKTOPHbIE JuarpaMmbl. [Ipyn mocTpoeHun BEKTOPHOU IHarpaMmmbl BEIOUPAIOT
OCHOBHOM BEKTOpP M HAIIPaBIIAIOT €r0 IIPOU3BOJIBHO, @ OCTAJIBHBIE — B COOTBETCTBUM CO
CABUTOM MO (ha3e OTHOCUTEIBHO OCHOBHOIO. JIMHBI BEKTOPOB BHIOMPAIOT paBHBIMU (B
MaciiTade) amIuIMTylaM H300pakaeMbIX Mepruoaudeckux BenuuyuH. IloBopoT BekTopa
IPOTUB YACOBOM CTPEJIKM COOTBETCTBYET ONEPEKEHHIO N0 ¢aze, MO YacoBOM —
orcroBanne mo ¢aze. [lo mpaBusaM BEKTOPHOTO CIIOKEHHSI JETrKO OCYIIECTBIISIIOT
CJIO’KEHUE W BBIYMTAHHUE BEKTOPOB, @ BMECTE C ITUM — CIIO)KEHHE W BBIYMTAHUE CAMHUX
MIEPEMEHHBIX BEJINYNH.
2.1lenu nepemenno20 moka ¢ GaKMUGHOM CONPOMUBTIEHUEM, UHOYK-MbIO U eMKOCHLBIO.

Ha puc 7 mpuBeneHa BeKTOpHasi auarpaMMa TOKa M HAIpSDKEHUS Uil LENH C
pe3ucropoM. CpenHss 3a NEPUO MOLITHOCTD LEMH C PE3UCTOPOM HA3BIBAETCS aKTUBHOMN
MOIITHOCTBIO Y PaBHO MPOU3BEICHUIO ACHCTBYIOIMX 3HAYECHNN HANPSKEHUS U TOKA.

14



M3MeHeHus ToKa B LIeNy ¢ MHAYKTUBHOCTBIO L (puc 8) Bei3biBaeT J/1C camonHyKIuu,
KOTOpas IO 3aKOHY JIeHIa MpOTUBOAEHCTBYET U3MEHEHNIO TOKA. [Ipu yBenmdyenun toka
O/1C caMOMHIYKIIMM JEHCTBYET HaBCpPEUy TOKY, a MpU yObIBAHMM TOKa OHA JAEHCTBYET
HAIIPaBJICHUIO TOKA, MPOTHUBOJICUCTBYIOIIAA €r0 YMEHBIICHHIO. BeiencTeue 3Toro Toxk B
[ENH C KaTYUIKON MHIYKTUBHOCTH OTCTA€T OT KPUBOW HAMpPSsDKEHUS HA yros m/2 paauaH
(ueTBepTh NEpHOJA), KaK MOKA3aHO HA PUCYHKE 8.

Boipaxenus 3akoHa Oma [uisl ey NEPEMEHHOTO TOKa, COAEPKAIOIIECH NHAYKTUBHOCTb
umeetr Bua 1=U /X, . Benmnunna X, Ha3pIBaeTCS WHIYKTHBHBIM COMPOTHBIICHHEM IICITH

WJIN PCAKTUBHBIM COIMPOTHUBJICHUCM MHAYKTHBHOCTHU U U3MCPACTCA B Owmax.

Un Im Puc 7. BektopHasi auarpaMma TOKa U HapsDKEHUS IS LETH ©
PE3UCTOPOM
A i,u,e
i A Um
L
—
—
I 4\ m [m »
U 0 t0 t
a) 0) c)
v
Em
Puc 8. Dnexrpudeckas 1ernb ¢ KaTyIIKONH MHAYKTUBHOCTH: a) cxema, 0) rpaduku Toka,

HaIpPSDKEHUS U 3/IC CAMOMHAYKIIUU. C) BEKTOPHAs Juarpamma.

NHayKTHBHOE COMPOTUBIIEHUE PACCUNTHIBAIOT 1O opmyre: X =wL
rae w=2xf — Kpyroas 4actora L — MHAYKTUBHOCTh KaTYIIIKH.

[Ipy BrIOYEHUMH B 1eMb MEPEMEHHOrO TOKa KOHAEHCATOpa MPOUCXOJIUT
HEIMPEPBIBHOE MEPEMEIICHUE SIEKTPUUECKUX 3apsaaoB. [Ipy yBennueHUn HanpsKEHUs: TOK
B ILIETIM KOHJIEHCAaTOpa OyJeT 3apsHbIM, a TP YMEHBIIICHUN HAMPSHKEHUST — Pa3psiIHBIM.
[TosTOMY TOK B II€NH, COAEPIKAIOIICH KOHICHCATOP, OTNIEPEKaeT HANPSHKCHHUS Ha yroj /2
paguaH. Beipaxenue 3akoHa OMma il leNU NEPEMEHHOTIO TOKa, COAEpIKAIlIed €MKOCTb,
umeer Bua 1=UJ/X. Benmnuumna X. Ha3bIBaeTCs E€MKOCTHBIM COMPOTHBIICHUEM HIIH
PEaKTUBHBIM CONIPOTUBIIEHUEM €MKOCTH, KOTOPOE OTpeesieTcs o Gpopmye

X=127fC=1lwC
[Ipu nmocnegoBaTEeILHOM COSMHEHUH KATYIIIKU MHAYKTUBHOCTH U KOHAEHCATOPA UX
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pPEaKTUBHOE CONPOTUBIIEHUE BhIUMCIIETCS X=X -X,

DTa BeIMYMHA HA3bIBAETCS PEAKTUBHOM CONPOTHUBJIEHUEM Lienu. ['eomeTrpuyeckas
CyMMa aKTHBHOTO M PEAKTUBHOIO COINPOTHUBJICHUM paBHA IOJHOMY COIPOTHUBIICHUIO
>IeKTpHUecKol memu. R?+X2= R%+ (XL -X.)?=Z2

DTa 3aBUCUMOCTH IMOKa3bIBAE€T, YTO, HUCHONb3yd 3HaueHue R, X u Z, MOXHO

MOCTPOUTH TPEYTOJIBHUK COMPOTUBIICHUS (pHC 9).

Z

X=XL-Xc

Puc 9. TpeyronpHuK CONMPOTUBICHUN

0 ANEKTPUYECKOMN LIENU NIEPEMEHHOTO TOKA
R

3. Mowinocmb 6 yenax nepemeHHozo moka.
YMHOXkas1 3HAYEHHE CTOPOH ATOr0 TPEYTrOJbHHMKA HA CHIIY TOKA, a IENH, MOJyqdaroT

TPEYTOJIbHUK HANpPSDKCHWH. YMHOXKas CONPOTHBIICHHWS Ha KBaApaT TOKa, TOJIydYaroT
TPEYTOJIbHUK MOIIHOCTEH.

DONEeKTPUYECKUE YCTAaHOBKHU, pabOTarolMe B CEILCKOM XO3SHCTBE, MOTPEOISIOT
aKTUBHYIO W PEaKTHUBHYIO DJHEpruto. JlamMmpl HakaauBaHUA U DJICKTPUUICCKUC
HarpeBaTelibHbIC MPUOOPHI MOTPEONISIIOT MPAKTHYECKU TOJIBKO C aKTUBHYIO DHEPIHIO.
Takue >MeKTpO MPUEMHHKHN, KaK aCHHXPOHHBIC JBUTATEIH, TPAHCPOPMATOPHI, POCCEIH,
JUHUU DJICKTPOIIepeaurl U JPYTrue, MOTPEONSIIOT aKTUBHYIO M PEAKTHBHYIO JHEPTHH.
DIEeKTPOYCTAaHOBKM  CHAOXKalOTCS ~ JHEpruel,  BbIpabaThIBAEMOM  T€HEpaTOpaMH
ANIEKTPOCTAHIINA. AKTHUBHAsI DHEPTUs TpeoOpasyeTcss MOTPEOUTEIIMU B APYTHE BHUIBI
DHEPTUU: TETUIOBYIO, CBETOBYIO, MEXaHUYECKYIO U Jp. PeakTuBHas sHEprus MyabCUPYET
MEXIy TEHEpaTOpOM M IMOTPEOUTENIMU, HEMPOU3BOAUTEIHLHO 3arpyskasi AJIEKTPUIECCKYIO
CETh TOKOM.

Axmuenas mowHocms dNEKTponpuéMHNKa onpeaesitor 1mo Gopmyne P=UICosp u
u3MepstoT B BarTax (BT).

Peaxmuenyro mownocms onpenenstor no opmyine Q=UISing u u3mMepsioT B BOJIbT
— amrepax peakTUBHBIX (Bap).
llonvnyro mownocmo onpenenstoT mo dopmyne S=Ul u uzmepstor B Boibt —

Awmnepax (BA).

OTHoOIIEHHE aKTUBHOM MOIIIHOCTH P K TOJHOM MOILITHOCTH S 3JIEKTPOYCTaHOBKU
HaszbiBaeTcs Kodhduimerrom momuoctd Cosp=P/S=P/\/P*+Q* rae S,PuQ —

COOTBCTCTBCHHO ITIOJIHAsA, aKTHBHAA K PCAKTHBHAA MOIITHOCT.
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4.JKxoHomuyecKue 3HaueHUs KoIhuuenma mowHocmu u Memoosvl €20 nOGbIUEHUS.

DxoHOMHYECKOoe 3HaueHHne KodpdurerTa MomHOCTH Cos® COCTOWT B TOM, YTO OT
ero BEJIMYMHBI OINPEICIEHHBIM 00pa30M 3aBUCAT KalUTAJIbHBIE W IKCIUTyaTallHOHHBIC
pacxombl, a Tak ke 3(P(HEKTHBHOCTh HCIIOJIB30BAHHUS OOOPYIOBAaHUS SJICKTPHUCCKHUX
YCTaHOBOK.

JI1st BBISICHEHUS BIUSHHS K0()(DHUIIEHTa MOIIIHOCTH Ha SKOHOMUYECKHE MTOKA3aTeN N
JIEKTPOTEXHUYECCKMX YCTAHOBOK pAacCMOTPUM MPUEMHHUK OJHEPIHH, pPaOOTAOIMNNA C
MOCTOSIHHOM aKTHMBHON MOIHOCTBIO MpPH TOCTOSHHOM HAIpPSDKEHHUH B CeTH. TOK B
NpUEMHHKE, a CIIEJ0BAaTeIbHO, W B TPOBOJAX, COEAHMHSIONINX €ro ¢ TEHEPaTOpOM
IIEKTPUICCKON IHEPTHUH, IPH ITUX YCIOBUAX 3aBUCUT OT Cosg.

| = P
U -Cosg

P=UlICosg
Yem menuee Cosp NMpUEMHHKA, TeM OOJBIINN TOK JOJKEH OBITh B CAMOM NPUEMHUKE, B
reHepaTope, B COSAMHUTEIbHBIX MPOBOAAX, TpaHC(HOpMATOpEe U APYTUX IIEMEHTAX CETH
AIIEKTPOCHAOKEHUS.

MOIIHOCTB TEIIOBBIX NOTEPH, COMIACHO 3aKoHy JIeHna — /[xoy:s, mponopuuoHa-
HO KBaJpaTy TOKAa M COIPOTHBIEHUIO MpoBoaoB: AP=I°R. OueBuaHo, 4eM GOIbLIE TOK
NpPUEMHUKA, TeM OOJIbllle MOTEPh IHEPIHU B JIEKTpUUecKor nenu. CTOMMOCTh MOTEPsH,
HOM SHEPIrUH BXOJIUT B 3KCIUIyaTalMOHHBbIE pacxoabl. YBennueHue Cosp NPUEMHHUKOB
BEJIET K YMEHIIEHUIO TOKA, COKPAILIEHUIO MOTEPh SHEPTUU U COKPALLIEHUIO PACXOI0B.

Ecnu anekTpoTexHUYecKass YCTaHOBKA CIPOEKTHPOBAHO C OTHOCUTEIBHO HHU3KHM
Cosg, To 000pyIO0BaHUE U TIPOBOJIA TOJbXKHBI ObITh BEIOPAHBI HA OOJIBIIINE TOKU, YEM TTPU
BbICOKOM Cos@p. DTO 3HA4YUTh, 4YTO OOOpPYAOBaHHE JOJKbHO OBITh YCTaHOBJIEHO
OTHOCHUTEJIbHO OOJBIIMX pa3MepoB, a MmpoBojga — Oousblioro cedenus. Ilocnennee

IIOBJICYET 3a COOOM yBenMUYeHHE 00beMa 30aHuM, yTsKeIeHre (pyHAaMEHTOB U OIOp U T.II.

Koumponvnuwie eonpocul.
1.Kak nonyvaercs nepeMeHHbIN TOK?
2.YT0 Ha3bIBAETCS NEPUOJIOM U YACTOTON NEPEMEHHOIO TOKA?
3.Kak onpenenuTs 4acTOThI, €CIIM U3BECTHO YHCJIIO MOJIFOCOB U CKOPOCTH
BpAIllCHUs POTOPa T€HEpATOpa MEPEMEHHOI0 TOKa?
4.Yto Ha3bpIBaeTCs AEHCTBYIOIUM 3HaYEHUEM [IEPEMEHHOIO TOKa?
5.Uto Ha3pIBaeTCA aKTUBHBIM M UHIYKTHUBHBIM CONPOTHUBIIEHUEM?
6.Yto Ha3piBaeTcs KOA((UIIMEHTOM MOIIHOCTH U KaK MOKHO €0 TOBBICUTH?
7.Kak nposiBisieT EMKOCTh BKIOYEHHOM B IEMNAX MIEPEMEHHOIO TOKa?

17



Tema Ne5S PE3OHAHC B 3JIEKTPHYECKHUX LIETIAIX.

[Tnax: 1.001mume cBeneHus.
2.Pe30HaHC HaNPsKEHUM.
3.Pe30HaHC TOKOB.

1.06uwue ceéeoenus.

[Ipu paccMOTpeHHM PA3TMYHBIX PEKUMOB JJICKTPUUECKUX IIENell MOTYT OBITh
Cllyyad PABEHCTBO PEAKTUBHBIX CONPOTHBICHUH (X =-X.) TpH TOCIEI0BATEIHHOM
COCJIMHCHUU W PAaBEHCTBA PEAKTUBHBIX MPOBOAMMOCTEH (BL =B.) Npu HapauicIbBHOM
COCTMHCHUH YYaCTKOB, COJIEPXKAIONINX WHIYKTUBHOCTh W €MKOCTh. B 3TuX ciydasx
AJIEKTpHUYECKas LeMb HAXOAUTHCS B PEKUME PE30HAHCA, KOTOPBIA XapaKTepUs3yeTcs TeM,
YTO PEaKTHUBHAS MOIMHOCTh HA €r0 BXOJHBIX 3aKUMax paBHA HYIIO, TOK M HAIMPSHKECHUS
conagaioT no daze (¢=0). Pezonanc BO3HUKAET IMpHU OINPEACIEHHON A JAaHHOW Ienu
4aCTOTE MCTOYHWKA DHEPTUHU (YaCTOTE BBIHYXKIACHHBIX KoJieOaHWUI), KOTOpas Ha3bIBACTCS
PE30HAHCHOM YaCTOTON Wp.

2.Pe3onanc nanpaxcenuil.

Pexum saeKkTpuyecKoil 1enu MpH MOCIEJ0BATEIbHOM COCIUHEHHUH YYaCTKOB C
WHIYKTUBHOCTBIO M E€MKOCTBIO, XapaKTePU3YIOIMHUXCS PABEHCTBOM HWHAYKTHBHOTO U
€MKOCTHOT'O COIIPOTUBIICHUH, Ha3bIBACTCS PE30OHAHCOM HANPAHCCHULL.

Pe3onanc HampspKeHH pacCMOTPUM CHayaia Ha CXeMe WICaTM3UPOBAHHOW IIETH
(puc 10), B KOTOpPOM TMOCCIEAOBATEIIbHO C AKTUBHBIM COMNPOTHUBICHWEM BKIIFOUCHBI
ujeanbHble (0e3 moTeppb) kaTymka L u kongencatop C. PeakTuBHBIE COMPOTUBIIECHUS X| U
X. (Puc 9 a) 3aBUCATH OT YaCTOTHI BEIHYKAEHHBIX KojeOanuii @ X =wl, X.=1/ wC.

o — . 1
IIpu pe3onance HanpspkeHUn XL =X.;  O= p, wpL= —C
P

1
OTCIOI[a ONpCACIACTCA pC30HAHCHAA YaCToTa @, = E

s . R B C|
— . -5
UR UL UC

U

O

Puc 10. K Bompocy o pe3oHaHce HanpsHKEeHUH.

Pe3onanc B LHCTIN MOKHO YCTAHOBUTD ABYMS IYyTAMU: USMCHCHHUECM IIapaMETPOB Lu
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C (omHOro w3 HuUX WM OOOMX BMECTE) NPU IOCTOSHHOM YacTOT€ HCTOYHUKA WM
U3MEHEHHEM YaCTOThl HICTOYHHMKA SHEPTUU Ipu MocTosHHBIX L u C.

B cBa3pl ¢ 3TUM OOJBIION MPAKTUUYECKUM HMHTEpEC MPEACTaBISAET 3aBUCHUMOCTH
HaIpsDKEHUS. U TOKOB Ha OTHEIBHBIX 3JIEMEHTax LENU OT YacTOThl. JTU 3aBUCHMOCTHU
Ha3bIBAOTCS PE30OHAHCHBIMH KPUBBIMH.

PeakTuBHBIE CONPOTUBJICHUSI ¢ U3MEHEHUEM YacTOThl M3MEHSIOTCS, KaK IOKa3aHO
Ha puc 11. Ilpu yBenuueHuii 4acToThl X| yBEIUUMBAETCS MPOMOPLIUOHAIBHO YacToTe, a X¢
YMEHILAETCS 10 3aKOHY 00paTHOM MPONOPLUOHATIHOCTH.

ZA XL

v

®p Q)
Puc 11. 3aBeicumoctu X, X., Z oT @
COOTBETCTBEHHO IOJIHOE CONPOTHBIEHHE Z LENH IPU PE30HAHCHOM 4YacTOTE (Vp

OKa3bIBAECTCSI HAMMEHBIIMM, PABHBIM aKTUBHOMY CONPOTUBJIEHUIO R, pe3oHaHCHBIE
SIBJICHUSI LLIMPOKO MPUMEHSIIOTCS B PAAMOTEXHUKE.
3.Pe3onanc mokoe.

Pexum dyekTpuyeckord Lenu Ipy  IAapajuleIbHOM COCIWHEHUM YYacTKOB C
WHIYKTUBHOCTBIO M €MKOCTBK) XapaKTEpPU3YIOIIMXCS PAaBEHCTBOM HWHAYKTUBHON U
€MKOCTHOM NMPOBOJMMOCTEN, HA3bIBAETCSI PE30HAHCOM TOKOB.

OTOT PEXUM PACCMOTPUM JUISl CXEMbl HICAIM3MPOBAHHOW Lienu. B 3TOM cxeme
napajuleIbHO aKTUBHOMY CONPOTHBICHHIO R BKIIIOYEHBl HJeanbHas KaTymka L u
KoHJeHcaTop C,moTepu 3Hepruu B KOTOPBIX HE yUUThIBatOTCS (puc 12).

PeaxkTuBHAs MPOBOPAUMOCTH 3aBUCHT OT YaCTOTHI BBIHYKIEHHBIX KOJICOAHUN

Jlnst paccmaTtpuBaeMoii cxembl aktuBHas nposogumocts J=1/R; b =1/wL; b= & C

Ilpu pe3oHaHce TOKOB  6.=6.; W= @y,  llw,L=w,C

OTCIOI[a OoNpeaACICTCA pC30HaHCHAA 4aCTOTa W, =—F
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It I Ic

Puc 12. K Bonpocy o0 pe3oHaHCe TOKOB.
Pe3onanc TOKOB, Tak >K€ KaKk M pE30HAHC HANpPsLDKEHUM, MOKHO TOJIYYHTh

HN3MCHCHHUCM IIapaMCTPOB L 1 C uim u3MeHEeHHEM YacTOTHI HICTOYHHUKA 9HCPIUn.
Ha PHUC 13 moka3aHbl 3aBUCUMOCTH HpOBOI[PIMOCTGﬁ OT 4aCTOTHEI.

ZA 8L

6C Y

(o]

Puc 13. 3aBeicuMOCTH 61, 6., Y OT @

[TonbHas MPOBOAUMOCTS LENH Y IPU PE30HAHCHON YacTOTE (V) OKa3bIBACTCS

HaWMEHBIIIEN, PABHOW aKTUBHOW MPOBOAUMOCTH (.

Konmonwvnuoie 60npocChl.

1.Yto Ha3bpIBaeTCA PE30HAHCOM HAMPSHKEHUS?

2.YTo0 Ha3bIBAETCSl PE30HAHCOM TOKOB?

3.ITo xakoii popmyne onpenenseTcst pe3oHaHCHAs yacToTa?
4. Pacckaxxute 00 MCTIOIb30BaHNH PE30OHAHCHBIX SIBICHUMN?
5.Kora BO3HBIKAET pE30HAHC HANIPSKEHUI?

6. Korga Bo3HUKaEeT pe30HAHC TOKOB?
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TemaNe 6 TPEX®A3HBIE I[EIIN.

[Iman: 1.00mme cBeaeHus.
2.CoenurHeHus Tpex(axHOU CUCTEMBI.
3.Crioco0ObI BKITFOUCHHS IPUEMHHUKOB B CETh TPEX(Pa3HOTro TOKa.
1.06uwue ceeoenus.
Tpex¢haznoii Ha3bpIBacTCAd CHUCTEMa, COCTOSIIAS W3 TPEX SJIESKTPUUECKUX ILICTeH

OHOM YaCTOTHI, .1.C. KOTOpbIE CABHMHYTHI 10 (aze Ha onHy Tperh mepuoma (120°).
Kaxnas otnenbHas mnenb TpexdasHoi cucTeMbl 00pasyet dasy.

PaccmoTpum cxeMy ycTpoicTBa M MPUHIUI JEUCTBUS reHepaTopa Tpex(da3HOoro
Toka (puc 14). OH COCTOUT U3 JABYX OCHOBHBIX YaCTEH: HEMOJBHXXHOW — ctraropa | u
Bpalanmxcsi — poropa 2. B ma3pl craropa BJIOXKEHBI TPU OOMOTKU C OJUHAKOBBIM
YHCJIOM BUTKOB, CIIBUHYTHE Ha 27/3 pan (A1 ABYXIOIOCHON MamuHbl). Kaxapiii BUTOK
3aHUMAeET JiBa MPUBOIOJIOKEHHBIX TTa3a. Ha Ban poTopa jKeCTKO MOCAXKEH JABYXIOJIIOCHBIN
AJIIEKTPOMArHUT C TOMIOCHBIMU HakoHeuyHMKamMu N u S.O0MOTKa 5JIeKTpoMarHuTa

IMUTACTCIA IMIOCTOAHHBIM TOKOM OT CIICHHMAJIBHOI'O HCTOYHHMKA.

A
— Z e4 e €2 €3
-1 I
g 90%/" 80 3609\
~
~1-
— >/ ° 1/3T | 13T
B 1200 1200

Puc 14. Cxema ycTpoiicTBa U MPUHITUI ACHCTBUS TeHepaTopa Tpexda3HOro TokKa.
PoTop reneparopa npuBOAUTCS BO BpaIlIEHUE IEPBUYHBIM JIBUTATENIEM (TYpOMHOIM,
JBUTATEJIEM BHYTPEHHETO Cropanue u 1p.), U B (a3HeIx 0OMOTKax craropa
WHIYKTUPYIOTCSl TEPEMEHHBIE 3.14.C. Tak KaKk MAarHUTHOE IOJIE BPALIAIOIIETOCS POTOpa
nepecekaer ¢asHple OOMOTKA HE OJHOBPEMEHHO, TO 3.J1.C. OOMOTOK CIBHHYTHI 1O (aze
OTHOCHUTEJILHO JIPYT JIpyra Ha OJHYy TpeTh nepuoaa 2m/3.

D.71.c. uHIyKTUpYeMbIe B (pazax (0OMOTKax), HA3bIBAIOT haznvimu. Kaxaas oOMoTKa
21



Tpex(a3HOro TreHepaTopa MPEACTaBIAET COOOM CaMOCTOATENbHBIM HCTOYHUK U
COKpAIllEHHO Ha3bIBaeTCs ¢pazon reHepatopa. Bee Tpu oOMoTKH (a3 reHepaTopa UMEIOT
OJIMHAKOBOE YHUCJIO BUTKOB U M3rOTOBJIEHBI M3 MpoBoJa ofHoro ceuyeHus. [loatomy
MakcuMmanbHble FE, W AeicTByrome FE 3Ha4eHUs 3.4.C. 3THX OOMOTOK OJMHAKOBBI.
Cucrema Tpex 3.4.C. OAMHAKOBBIMU aMIUTUTYAaMH U CABUHYTHIMH MO (ha3e OTHOCUTEIHHO
apyr npyra 1/3 mepuona HasbiBaeTcs cummempuynoun. HaoOopoT, npu HepaBEHCTBE
aMIUIATY 3.1.C. OyneT Hecummempuunoil. Ha srnekTpudeckux cxemax TpexdasHbIil
reHepaTop YCIOBHO 0003HAYaIOT B BUJIE TPEX OOMOTOK, ParojIOXKEHHBIX MO OTHOIIECHUIO
JpyT K Ipyry noxa yriaom 27n/3 paa. Hauano o6moTku mepBoii (a3l 0003HAYAIOT OYKBOM
A, aee koHell — X; Hayano BTopoH (a3l — OykBoil B, konel — Y; Hauayio TpeTher (a3bl —
oykBoii C, koHer — Z .
2.Coedunenusn mpexgaxmnoi cucmemol

da3Hple 0OMOTKH TpeX(baBHOI‘O I'CHCPATOpa COCAUHACT IIO JIBYM OCHOBHBIM

CXeMaM, Ha3BaHHBIM “3B€3J1a” U “TPEYTrOJIbHUK E/TH KOHIS BCSX Tpex re
HepaTpa CBEAEHBI B OZIHY
_ JIunelHbIi IPOBOJ A  TOUKy, a Hauana 06M(3T01<
A x4 TO/IKJIFOYEHBI K JIMHEHHBIM
Ca npoBoaam (puc 15), To 00
Un pasyeTcs COEIMHEHNE «3BE3

na» (yciaoBHOE 0003HaUe
Hus Y). Touky coennHeHus
Y _oN KoHuoB 00MOTOK 0 Ha3bIBa-
10T H)1e80l MOYKOU TeHEpa
TOpa, MPOBO J1a, UIYIIHE OT
Hayaja oOMOTOK reHepaTo
pa K oTpeOuTeNto, - TUHEH
HBIMHU, @ IPOBO/I, COCAUHSIIO

.. AN HYJIEBOM TOYKH —
JInHeWHbIA POBOJ C .
o HVJICBBIM (HEHTPAIBHBIM)

Hynesas Touka Helitpanbnsiii mpoBag

€y U

B N\luneiinblii' nposog B

Puc 15. Cxema coeqmHeHUs 0OOMOTOK T€HEpAaTOpa B 3BE31Y.

B nuneliHOM MIpoBOJIe IPOTEKAET JIMHEHHBIN TOK , a B 00MOTKe ((haze) renepaTopa —
dazublii. Mexny JHHEMHBIMA TPOBOJAMU JEHCTBYIOT JIMHEHHBIE HAIpsKEHUS,
ob6o3navaembie Upg , Ugc ,Ucy, miin B o6meM Bune U. HampspkeHus Mexay JTMHEHHBIMU
IPOBOJIaMHU M HYJIEBBIM MPOBOJIOM Ha3bIBaIOT (azHbiMU 1 0003HavyatoT Ua , Up, Uc ,umm B

obmeM Bune Ug. [IpeneOperast majieHreM HanpsiKeHus BHYTpH 0OMOTOK Tpex(a3HOro
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reHepaTopa, MOKHO CUUTAT, UTO (pa3HbIE HANPSKEHUS paBHbBI (Da3HBIM 3.1.C.

ITpu coeauHeHun 3Be3n0i JMHEWHbIE TOKU paBHbl (azHeiM (I=ly), a nuneitHOE
HanpsbxkeHue oonbine (asHbIX B /3 pasa, To ectb U,=+/3 U,

Ecnu xonernr mepBoii 0OMOTKH Tpex(a3HOTO TeHepaTopa COEACHUThL C HAdaJoM
BTOPOM, KOHEI[ BTOPOM — C HAYaJIOM TEPThEM M KOHEI[ TPEThEW — C HAYaJIOM IIEPBOU

ncl6), To IMOTYUUTCI COEAUHEHNE “TPEYTOJILHUKOM  (YCIIOBHOE 0003HaUeHUE A).
b

Z oA

A A

K o0mmM Toukam coeaueHus o0
‘&a Ung MOTOK TeHEpaTop MOKIIOHA0TCS
JUHEHHBIC MPOBO/IA.

[Ipu coeauHeHMU OOMOTOK re

C X v oB HEpaTopa TPEYrOJIbHUKOM JIMHEW

— O HOC HaIpsDKCHHE PaBHO (a3HOMY

Y Ca B | Usc (U=U,), a muneiiHbIil TOK OOJIBIIIE
v v C

o) dasHoro B +/3 pasa, To ecTh

Ce

Puc 16. Cxema reneparopa npu COeIMHEHUN OOMOTOK B TPEYTOJIbHUK.
AKTHBHAasi MOIITHOCTh TpeX(a3HOU CUCTEMBI IPU COCTUHEHUHN TTOTpeOUTeIe

3BE3/101 U TPEYrOJIbHUKOM OIPEAEIIAeTCS KaKk CyMMa MOUTHOCTEHN OTAENbHBIX (ha3:
P=P,+P,+P. wm P=P,p+PpctPcy. llpu paBHON Harpy3ke Bcex (a3 P=3Py.
Mounocts omHolt ¢asel Py=Ugyl;Cosp, tne ¢ — yron casura (a3 Mexny (a3sHbIMU
HaIpPsHKEHUEM U TOKOM.
Boipaxkas ¢azHble BEIMYHMHBI Yepe3 JIMHEHHBIE, MOTYyYuM (HOpMYITy MOIIHOCTH IS
CUMMETPUYHOU Tpex(a3HOW cHUCTeMbl (HE3aBUCUMO OT COCIUHEHHUs 3BE30M WIU
TpeyronsaukoMm):  P=3P= /3 UICos¢

A . A A

L4
U, Za
EA UCA

—

Ep

UAB
A
—_> A

UBCl IC_’

<«

Puc 17. Cxema coauHenus Tpex@a3Horo reHeparopa u noTpeouTenei.
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YerepexnpoBogHas TpexdazHas cuctema (3B€3Ja C HYJIEBBIM IPOBOJOM),
NOJIyuMBLIIas HIMPOKOE MPAaKTHUYECKoe MpuMeHeHusa (puc 15), mo3Bosjser MMETh J1Ba
HAMPsHKEHMs, OTIMYAIOIIMECs APYr OT Apyra B +/3 pas. K depeTéxmpoBomHoii cucteme
MOJKHO MOAKIIOYATh Tpex(da3Hbie U 0AHO(DA3HbIE TOTPEOUTEIH.

]_IJ'ISI HU3KOBOJIBTHBIX 3JI€KTpOC€Tef/'I IMPUHATBI CTAHIAPTHBIC JIMHCHHBIC HaIIPsOKCHUA

220 u 380 B. IIpu nuueiinom Hanpspkennn U=220 B ¢a3zHoe HanpsbKeHHE U(ﬁ:% =127
380
B, ipu U=380 BU,==— =220 B
’ "

3.Cnocoowl 6K110UeHUA NPUEMHUKOE 8 cemb mPEXPaznozo moxa.

B cooTBeTcTBUU €O CTaHIApPTHBIMU HAMNPSDKEHUSIMHU 3JIEKTPOCETEH MNPUEMHUKHU
SHEPIUM U3rOTOBJISIIOT HA HOMUHAJIBHOTO HANPSHKEHUSI TpUEeMHUKA. [[puéMHUKN 3HEprUn
HY>KHO BKJIFOYaTh B CETh TaK, UTOOBI Uepe3 HUX MPOTEKaJl HOMUHAIIbHBINA TOK (TO €CTh TOK,
Ha KOTOPBIM pacCUUTaHbl 3TU NPUEMHUKH ).

A ceTb CO CTaHJapTHBIM JUHEWHBIM HanpspkeHueM 380 B 1aMmbl ¥ 3eKTpOABUTATENH,
paccuMTaHHbIE HA HOMHMHAJIbHOE HampsbkeHue 220 B, BkIoUaroT mo cxeme 3Be3na, a
ANEKTPOABUTATENIN C HOMUHAIBbHBIM HanpspkeHueM 380 B — mo cxeme TpeyroJibHUK.

B cerb ¢ nuHeilHbIM HanpspkeHusM 220 B yamMnbel M 3JIEKTPOJBUTATENH C
HOMUHAJIBHBIM HarpsbkeHnem 127 B BKIIIOYAIOT 3BE3[10M, a JIAMIIBI U DJIEKTPOJABUIATEIN C

HOMMHAJIbHBIM HanpspbkeHuem 220 B — TpeyroabHUKOM.

KOHmPOJZbele eonpocal.
1.Kakue cucrembl Ha3pIBatOTCS TpexPazHbIMU?
2.Kak coenunsiercs tpexdasHas cucrema?
3.00bsicHUTE COeTMHEHUS TpeX(Pa3HOW CUCTEMBI 3BE31017
4.006bsicHUTE COeTMHEHHS TpeX(pa3HON CUCTEMBI TPEYTOIbHUKOM?
5.Kak onpenensercs TMHEHHBIN TOK IPU COEAMHEHUH 3BE30M?
6.Kak onpenensiercss U, pu coeiMHEHUH TPEYTOJBHUKOM?
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Tema Ne 7 IHEPEXO/JHBIE IIPOLIECCHI.

[Inan. 1.IlepexoaHbie MPOLECCHI B JIEKTPUUECKUX LIETISX.
2.21eKTpUYECKUE NENU NEPHOUIECKOTO HECUHYCOUJATbHOTO TOKA

1.Ilepexoonsie npoueccol 6 j1eKMpPUUECKUX Uensx.

[TepexoaHbie MPOMECCHl BOSHUKAIOT B AJICKTPUYCCKOW IEMH MPHU BKIIOUYCHUU WIIH
OTKJIFOUCHUH MCTOYHHMKA THUTAHUS, a TaKXKe NMPU U3MECHCHHHM CXEMBI I — BKIIFOUCHHH
WM OTKJIIOUEHUH ee deMeHToB L, R, C.

YcTaHOBUM BaKHEWINIME 3aKOHOMEPHOCTH TEPEXOHBIX MPOIIECCOB B JIEKTPUUEC
KHX IICTISIX, pacCMaTpHUBasl BKIIOUECHUE Yepe3 aKTUBHOE COMPOTUBJICHUE U HHIYKTUBHOCTH

L (puc 18), unu emxoctu C (prucl9) Ha UICTOUHHUK MTOCTOSTHHOT'O HAMPSIKEHUS.

O P>v/ ACL) £ );

- . —>
+4 | — + I
R R
U U
U|_ l UC l
v | v
- O - O |
Puc 18.Cxema BxirroueHust KaTymku MHAyK-  Puc 19. Cxema BKiroueHus KOHAEHcCaToOpa
THBHOCTH Ha ITOCTOSIHHOE HAIIPSHKEHHUE. Ha ITOCTOSTHHOE HaIPSDKEHHUE.

Jlo 3ambIkaHWe pyOMIbHIKA P yCTaHOBUBITIEXCSI PEKUM XapaKTEPHU3YETCs TEM, UTO
HapIDKCHHS Ha HHAYKTUBHOCTH U\, HanpsbkeHus Ha eMKocTh Uc ¥ TOKH B 00€MX HeTsx
pPaBHBI HYJIIO.

Mexay IByMsl yCTAaHOBUBITIEXCS PEKUMaMHU, COOTBETCTBYIOIIUMH PAa30MKHYTOMY H
3aMKHYTOMY ITOJIOKEHHS pyOusibHUKA P, HEeKOTOpOe BpeMsl MPoI0JDKAeTCS TIEPEXOIHBIN
Tpolecc, KOra TOK B KaTyIlIKe OT HyJIs YBEIMYMBAETCS 0 HEKOTOporo 3Hauenus 1=I, a
HaIpsHKCHUS Ha KOHACHCATOPE YBEIIMUUBACTCS OT HYJIs 10 3HadeHus Uc=U.

DIIEKTPUYECKOE COCTOSHUE LIeH pUcC 17 B IepeX0THOM MEPUO] XapaKTEePU3yeTCs
ypaBaenuem: U= IiR+U_

B ycranoBuBIIEXCS peXMMe TpH 3aMKHYTOM pYyOWIHMKE P TOK B 1lemu He
U3MCHSETCS, TI0O3TOMY % =0 ¥ HampspKeHHe Ha MHAYKTUBHOCTU Uy y=0. Hanpsoxenus

HNCTOYHHKA MMOJBbHOCTBIO IMTPHUIIOKCHO K AKTUBHOMY COIIPOTHUBIICHUA R u Tok B oenmn

. U
onpenesercs oTHomeHuem i, =1 =—

yem R
Hepeblﬁ 34KOH Kommymauuu 2iaacum: TOK B MTHAYKTUBHOCTU HC MOKCT U3MCHATCS

CKAuKOM (IJ1s1 3TOTr0 TpeOyeTcsi MCTOYHUK 0€CKOHEUHO 00bI10M MOIIHOCTH). 1o aTOMY
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MIHOBEHHOE 3HAYEHHE TOKA B BETBU C MHIAYKTUBHOCTBIO B IIEPBBIM MOMEHT IIEPEXOHOTO
NEepHUOAa OCTAHETCSl TaKUM, KaKUM OHO ObUIO B MOCJTEAHBI MOMEHT MPEIIECTBYIOLIETO
YCTaHOBHUBLIETOCS PEXUMA.

W3 Hero ciexyeT, 4TO B HAYAJIBHOW MOMEHT IOCJIE€ 3aMbIKaHUs pyOunbHuKa P, pu
t=0, Tox B menm puc 17 paBeH HyIo, majeHus HampspkeHust IR=0, HampspkeHus Ha
MHAYKTUBHOCTH PaBHO HampspkeHHto ucrouHuka Upo =U (uenb kak Obl pa3oMKHyTa Ha

WHJYKTUBHOCTH). DJIEKTPUUECKOE COCTOSIHUE enu puc 17 XxapakTepusyeTcs ypaBHCHUEM

dU,

U=U.+iR=U, +RC

Paccyxnenus, aHOJIOTHYHO paHee MPUBEACHHBIM JUISl LIENHU C MHAYKTUBHOCTBIO IIPU
JTI0KA3aTeJIbCTBE CYLIECTBOBAHUS MEPEXOJIHOIO MEPUO/IA, MOKHO MPUBECTH U JJIS LIETIH C
€MKOCTBIO.

Bmopou 3axkon Kommymauwuu 2nacum: HaIpsDKEHHS Ha €MKOCTU HE MOXKET
U3MEHAThCA CKaykoM. [l03TOMy MIHOBEHHOE 3HAYEHUE HAINPSIKEHUS HAa EMKOCTH B
NEPBBIH MOMEHT NEPEXOJHOr0 IMEepHoJa OCTaeTcs TaKUM K€, KaKUM OHO ObLJIO B
MOCJIETHBII MOMEHT MPEAIIECTBYIONIETO YCTAHOBUBILIETOCS PEKUMA.

W3 Hero crnenyer, 4To B Ha4aJbHBIH MOMEHT NOCIIE 3aMbIKaHUs pyOuinHuka P, mpu
t=0, nampsbxkenuss Ha €émkocTH B uenu puc 17 Uco=0 (eMKocTh Kak Obl 3aMKHYyTa

HﬁKOpOTKa) ) HaIIpsKCHUEC HCTOYHHKA IIOJTHOCTBIO IMPHIIOKCHO K AKTUBHOMY

.U
COIIPOTUBJICHUIO R u Tok B OCIIN OIIPCACIIACTCA OTHOIICHUCM | = E .

2.9nexkmpuueckue yenu nepuoou™ecKo20 HeCUHyCoOuodaIbHOZ0 MoKa

B TexHHKE CHUIIBHBIX TOKOB HecuHycouJanbHOCTh JJ[C OOBIYHO BO3HHMKAeT B
pe3ynbTaTe HapylIeHUH HOPMAaJIbHON pabOThl T€HEepaTOPOB, MUTAIOIIUX CETh. B TexHUKe
ci1a0bIX TOKOB (paauoTexHuKe) Hecunycouaanbabie DJIC, HaNpsHKEHUsST U TOKU CO3JAl0TCs
CTIEIUATIBLHO IS TIONyYeHHUS TeX WA UHBIX 3((PEKTOB, KOTOPhIE HEBO3MOXKHO MOIYIUTH C
MIOMOIIBIO BEJIMUYMHE, U3MEHSIOIINXCSI CHHYCOUIAJIBHO.

Ecnu x nenu (puc20) noaBeicHO HECUHYCOUAAIBHOE HANPsHKEHUE, TO, COTJIACHO
teopeMe Dypbe, MOKHO CUUTATh, UTO K 3TOW LIEMU MOBEJICH Y3JIH Psii CUHYCOUAAIBHBIX
HaIpsDKEHUM, a B 0011IeM CiTydae ellle U MOCTOsSIHHOe HanpsbkeHue. Kaxnas cocrapisronias
HaIPSKEHUS BBI3BIBAET B LIEMH TOK COOTBETCTBYIOIIEN YAaCTOTHI, CO3/Ia€T ONPEIEITbEHHYIO

AKTUBHYIO MOIOHOCTb U CABUI (1)213, KOTOPBIC MOJKHO ITOACYHUTATDb OOBIYHBIMU METOdaMu,
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MNPUMCHAIOINUMHACA JIsd pacucTa HCHCI\/'I C CHMHYyCOMAAJIHBIMHM TOKaMHW M HaAIPSAKCHUAMHU.

U
Hanpumep, nepBast TapMonnka toka: I, = —t; P1=U1l1Cosp1=I*R; Si=Uili wm.T.n. TI€
puMeEp, nep p 1= ®
1

U; — 3HaueHus nepBOil TapMOHHUKHN HANIPSHKCHMUS;
P1 — akTuBHasg MOIIHOCTb, CO3/l0BaéMasi B LIENM NEPBbIMU TAapPMOHUKAMHU TOKa H

HaMpsHKEHUS; (1 — YTOJ cABUTA (pa3 Mexay HUMHU.

— | 5 — |

L

(@

~U ~U

a) 0)

Puc 20. K Bonpocy HECHMHYCOUJATbHBIX TOKOB B AJIEKTPUUYECKUX LIETISX.
Takum 00Opa3om, AEUCTBYIOIIME 3HAYEHUSI PE3YIbTUPYIOIIETO HECUHYCOUATBHOTO

TOKa, HAIIPAKCHUA, AKTUBHOM WJIU IIOJIHOM MOIIHOCTHU MOZKHO ITOACYHTAT IIO (bOpMYHaMl

2 2 2 2 o )
I = \/I0 +I +1;+..+1,, roe lo — 3HaYeHUsA MOCTOSHHOW COCTaBiAIONmCH Toka; |, Iy,

2 2 2 2
...3HA4YCHUS COOTBETCTBYIOMMX TrapMoHuK. CooTBeTcTBeHHO U = \/U0 +U; +U; +..+U

P=P,+P1+P;+ ...P,, S=1U; Koadpdunent momroctu nernu Cosp=P/S;

B memsx ¢ HeCHHYCOMIAIbHBIMA TOKAMH PEaKTHUBHAs MOIIHOCTh paBHA CyMME
PCAKTHBHBIX MOIIHOCTEH OTAEIBHBIX TAPMOHHK:

Q=0Q1+Q2+Q3+... +On =11U1Sinp1+1,UsSing,+ ... + 1 UnSing,

B niensix coaeprkaroiiye HHIyKTHBHBIC COMPOTUBICHHS, TOK OKa3bIBa€TCA 0 (hopme
OJIIKE K CHHYCOHUJIE, YeM IPHUI0KEHHOE HAIIPSHKCHHE.

JIpyrumu cjI0BaMu, €CITH Harpy3Ky, COACPIKAOIIYI0 aKTHBHOE U PEaKTUBHOE COII-
POTHUBJICHUS, INTATh HECHHYCOMIALHBIM HAMPSKEHUEM TO OHa OyaeT paboTaTh ¢ MEHb-
UM K03 (HUIICHTOM MOIIHOCTH, YeM MPH MUTAHUN €€ CHHYCOMIAIbHBIM HanpspkeHneM. C
9TOM TOYKH 3pCHHS BBITOIHEE MUTATh HATPY3KY CHHYCOMIATBHBIM HAIPSKCHUEM.

KOHmPOJleble eonpocaol.
1.Kakoi pexxum 3JIEKTpUYECKON LIETIH HAa3bIBAETCS yCTaHABUBILIEMCS?
2.Kakne nporneccsl B 3JIEKTPUUECKON LIENN HA3BIBAIOTCS IEPEXOAHBIMU?
3.Kakue npuynHbl BBI3BIBAOT BOSHUKHOBEHHUS ITEPEXOIHBIX MTPOLIECCOB?
4.1ToueMy TOK B MHIYKTUBHOCTH U HANPSDKEHUS HA EMKOCTH HE MOTYT U3MEHSTCS CKauKoM?
5.B uem cymHOCTh TEeOopembl Dypbe?
6.BbIroHO 11 UTaTh HArpy3y HECUHYCOMIaIbHBIM TOKOM U IIOYEMY?

27



Tema Ne 8 IJEKTPHYECKHE H3MEPEHHA.

[Tnan: 1.00mue cBeneHus
2.13mepenus dIEKTPUIECKUX BEJTNYUH.
3.U3mepenust HEANEKTPUUECKUX BEJIMUMH B YCIOBHSX C/X TMPOU3BOJICTBA.

1.06wue ceeoenusn

DJIEKTPUYECKUE H3MEPEHUS] UIIMPOKO MCIHOIB3YETCd B CEIbCKOXO3SHCTBEHHOM
MPOU3BOJICTBE JIJII OIICHKM JJEKTPUUYECKUX BEIMYMH (HANpsOKEHUsS, CHJIBI TOKa,
MOIITHOCTH, PHEPTHH, COMPOTHUBIICHUS, YACTOThI), a TAKXKE JIJII OIEHKH HEdJIEKTPUUECKUX
BEJIMYMH (TEMIIEpaTypa, BIAXKHOCTb, YPOBHS, TaBICHUS U Jp.).

DIIeKTPOU3MEPUTEIIbHBIC TPUOOPHI  KIACCU(PHUIIUPYIOTCS IO POJaY H3MEpsieMOi
BEJIMUMHBI, TPUHIUIY ACHCTBUS, POy TOKa, TOYHOCTH u T.n. Hazpanuwe mnpubopa
onpenaesieTcs: (U3nYeCcKor Npupoa0N U3MEpsSIeMOil BETUYUHBI.

B ocHOBY ycTpoiicTBa mpubopa MOTYTh OBIT IIOJIOKEHBI CaMble Pa3HOOOpa3HbIe JekH -
CTBHUS DJICKTPUUYECKOTO TOKA. B COOTBETCTBUIA € 3TUM CYILIECTBYET OOJBIIOE YUCIO CUCTEM
IEKTPUU3MEPUTENBHBIX TPUOOPOB: MACHUMO0ITNEKMPUUECKOU, INEKMPOMACHUMHOI,
geppoounamuueckoii, UHOYKUUOHHOIU, IeKkmpocmamuueckoi. CucteMmy mnpubdbopa Ha
nIKajie 0003HAYaroT CIEIUAIbHBIM 3HAYKOM, MPECTABIISIONIUM COOON CXeMaTUYeCKHUI
yepTEX OCHOBHOTO y3J1a IPUOOpa, ONPEACIISIIONIECTO €ro MPUHIIAI ICHCTBHUS.

Ha mikanax npuOOpoB yKa3bIBaIOT PO MIEKTPUUYECKOTO TOKA, TPU KOTOPOM MOTYT
HCIIOJIB30BATCS MMPUOOP U YCIOBUS IKCILTyaTalUH.

JI71s1 DIeKTPOU3MEPHUTEIIBHBIX TPHOOPOB KJIACC TOYHOCTH PHOOpaA, T.€ IPUBEICHHASL
MOTPEIIHOCTh YKA3bIBAIOT B BUJIEC YHCIIA.

Ha mkanax npuOopoB Takke yKa3bIBaIOT pad0vKe MOJI0KEHHUS KAl Mprudopa

%- BepTuxansHoe, /. 60°— rpaslycoB HAKJIOHHOE, 1 —>, 1 TOPU30HTAIBHOE,
UCIIUTATEIHbHOE HaIpsiKeHUEe B KB, kaTeropus 3anuIieHHOCTH OT BHEIIHETO MAarHUTHOTO
nosist — | v 1l nip.

[lo cnocoOy momy4yeHus pe3ysibTara d3JEKTPUUECKHE H3MEpPEeHMs pa3AelisiioT Ha
npsiMbIE U KOCBeHHEBIE. IIpsamble n3MepeHNs BHIMOIHIIOT MPUOOpaMH, ITKaga KOTOPhIX
NpOrpauydipoBaHa B HCKOMBIX BelMunHax. KocéemHble — BBHIMONHIIOT MPHOOpaMH,
JAIONMMU 3HAYEHHS BCITIOMOTATEIbHBIX BEIMYWH, UCTIOJIB3YsI KOTOPHIE MOKHO BHIYMCIIUTH
UCKOMYIO BenW4uHy. Hampumep, CONpOTHBICHHS, MOIIHOCTh MOXHO HW3MEpPHUThH C
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MOMOIIbI0 OMMETpa M BaTTMETPA, a MOXKHO BBIYMCIUTh HCIOJB3Ysl IOKAa3aHUs
amriepMeTpa (CUIy TOKa) U BOJIbTMETPA (HAIPSIKEHUS ).
2.U3mepenun 3neKmpuyecKux eaudun.

B ycnoBBIIX CENbCKOXO3SIICTBEHHOTO MPOM3BOJACTBA Hamboiee dYacTto Mpu
OKCIUTyaTalliM  DJIEKTPU(UIIMPOBAHHBIX ~ MAIlMH WU MEXaHU3MOB  MPUXOIUTHCS
KOHTPOJIMPOBATh 3HAUYCHUS CICAYIOIIUX DSJICKTPUUYECKUX BEJIMYMH: HANPSDKCHHS, CHUITY
TOKa, SHEPTUU U CONPOTUBIICHUS.

Jlna usmepenus IneKmpuyeckoz0 moKa ClyxXaTb TpUOOpbI, Ha3bIBAEMbIC
amIepMeTpaMu. AMIIEpMETP BKIIIOUAIOTCS B IIENb NOCIeq0BaTeNbHO (puc 19).

JUist paciumpeHus: IpenesoB MpU U3MEPEHUsX Ha NEPEMEHHOM TOKE HCHOJB3YIOT
u3MepurenbHbie TpanchopmaTopsl (puc 19 6).

JUist pacmipeHusi NpEeAeNioB IpPU H3MEPEHHSIX B LEMSIX IOCTOSHHOTO TOKa
IPUMEHSIOT IIYHTHI — JIEKTPUUYECKUE COIPOTUBIICHHUS, TOJKIIIOUAEMBbIE MTAPAJIJIEIBHO K

u3MepuTensHoMy npudopy (puc 21 B).

= r
| T @—
Ry Ry T My
° I e I
a) © 6) B) Iy —>

Puc 21. Cxema BKIIFOUEHUS aMIIEPMETPA B JIEKTPUUECKYIO LIETb.
/na uzmepenua Hanpadcenus ClyXaTb IPUOOPHI, HA3bIBAEMbIE BOJIBTMETPAMH.

BOHBTMeTpI)I BCCTAa BKIIOYAIOT MCKAY TCMH TOYKaMU LCIIH, HAIIPSAKCHUA MCXKIAY

KOTOPBIMH HE0OXOAUMO U3MepuTh (puc2l a).

GO | R _W‘ rb%> ﬁRH
T CY Y

r
o . IL S T |

—6)

Puc 22. Cxema BKIIFOUEHUSI BOJBTMETPA.

O

B)

JIist paciivpeHus NpesiesioB U3MEPEHHsI BOJIBTMETPOB B LIETISIX MEPEMEHHOTO TOKa
NPUMEHSIOT CIIEUUATBHBIX U3MEPUTEIBHBIX TpaHCPOPMATOPOB HampsikeHus (puc 22 0),

TaKke J00aBOYHBIC CONPOTHBICHUS (puc22 B).
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H3mepenua mowgpocmu. MOUTHOCTh TOCTOSIHHOIO TOKAa PaBHO IMPOOU3BEICHUIO
CWJIBI TOKA Ha HaIpsDKeHHE U BbIpaxkaeTcst Gpopmyinoit P=IU. CnenoBaTenbHO MOITHOCTH
MO’KHO BBIYMTAT I10 MOKAa3aHUSIM aMIIEpPMETPa U BOJIbTMETPA.

MOoOUIHOCTh EPEMEHHOTO TOKA U3MEPSIETCS BaTTMETPOM (puc 23).

T.0
o—lfl\& Bartmerp wmmeer aBe OOMOTKH, OJIHY
TOKOBYIO (T.0.) W JpyIryl0 OOMOTKY
O.H Ry HarnpspKeHus (0.H.).

MomHocTs  Tpexda3HO  CHCTEeMBI
u3Mepsercs Tpexda3HbIM BATTMET POM.

(@,
Puc 23.Cxema BKIIIOYEHHUS BaTMETpa.

H3zmepenusa conpomuenenun. [ N3MEpeHHUs] CONPOTUBIECHUN NMPEIHA3HAYEHBI OMMET
ppl. OMMETp CIIyXKHUT JJIl HENOCPEICTBEHHOIO W3MEPEHHsI BEJIIMYMHBI COIPOTHUBIICHHUS.
OpHako BETMYHMHY CONPOTUBIIEHUS MOXHO OINPEAENIHUTh MO MOKAa3aHUSIM aMIepMeTpa U
BOJIBTMETPA, UCIIOJIB3Ysl 3aKOHBI OMa.

Hsmepenua rnexkmpuueckou ynepzuu. JInsd M3MEpeHUs IEKTPUYECKOW JHEPIUU
ciyxaTh c4€TUMKU. CUeTUnKHU ObIBAIOT aKTUBHON M peakTUBHOU sHepruu. COOTBETCTBEH
HO €MHUIIA U3MEPEHHUS JIIEKTpUUYECKOr dHeprun — BT cek; kBT yac u Bap cex; kBAP uac.
B cenbckox0341iCTBEeHHOHOM ITPOU3BOICTBE UCOJB3YIOTCS TpeX(a3Hble CUETUHKHU.

3. U3mepenun HeINeKmMpPUUeCcKuX 6eUYUH 6 YC108UAX C/X NPOU3EOOCH 6A.

IIpu KOHTPOJIE TEXHOIOTMYECKUX MPOLECCOB B CENBCKOXO035MCTBEHHOM IIPOU3BOJICTBE
IPUXOAUTCS BBINOJHATh U3MEPEHUS PA3IUMUHBIX HEAJIEKTPUUECKUX BETUUMH. J{s nu3mepe-
HUS DJIEKTPUYECKUMHU NPUOOpaMU HEAIEKTPUUYECKUX BEJIIMYMH MPUMEHSIOT YCTpPOICTBa,
pelHa3HAaYeHHbIE ISl MpeoOpa3oBaHUsA HM3MEPSEMONl HEAIEKTPUUYECKOW BEIMYMHBI B
(YHKUIHMOHAIBHO CBSI3AHHYIO C HEM 3JIEKTPUYECKYIO (CHITy TOKA, HAMPSYKEHUSI, COTPOTUBIIE
HUS U T. 1.). Takue ycTpoicTBa Ha3pIBalOT peoOpa3oBaTes MU WK JaTYNKAMU.

B CcenpCKOXO3SMCTBEHHOM ITPOU3BOJICTBE UIIMPOKO MCIOJIB3YETCS CIEAYIOIINE
npeoOpazoBaTeNy : peocTaTHbIE (171 U3MEPEHUS NIEPEMEILICHUS ), TEH304yBCTBUTEIbHbBIE
(17151 M3BMEPEHUS MEXaHUYECKOTO HAIIPSHKEHUS U Ae(pOopMaIlin ), TEPMUCTOPHI (115
U3MEpeHUs: TeMmIiiepaTypsl). lcnosb3oBaHue SIEKTPUUYECKUX MPUOOPOB 3HAYUTEIIHHO
pacmmpseT BO3MOYKHOCTH HM3MEPEHHUS HEDJIEKTPUYECKHX BEJIUYMH M YacTO SBIISIFOTCS
€IMHCTBEHHO BO3MOKHBIM ISl 3TOTO CIIOCO0aMHU.

DneKkTpuYecKrue NpuoOphl B COYETAHUU C MPEOOPO3aBATENSIMH IJIs1 UBMEPEHUS
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HCOJICKTPHUICCKNX BCIWYHNH IMOBOJIAT JICTKO OCYCHICCTBIIACT:

- AUCTAHIOHUOHHBIC HU3MCPCHUA, TAKXKC OIPCACINTL 3HAYCHUSA KOHTpOHpreMOﬁ
BCJIMYMHBI HA 3HAYUTCIIbHBIX PACTOAHUAX OT 00BeKTa HU3MCPCHUA,

- ABTOMATHUYCCKUC YIIPABJICHUS U PCTYJIUPOBAHUA;.

- peruCTpaurio Kak O4€Hb MCJICHHO, TaK U 6BICTpO MCHAIOIIHUXCA BCIIMYHNH.

KOHmPOJleble 60RpPOCHI
1.Kak MOXHO pa3ieuTh AICKTPOU3MEPUTEIBHBIC TPUOOPHI 110 POTY U3MEPUMON BETUYHHBI,
10 POy TOKA, MO (PU3HUECKOMY MPHUHIIMITY, I10 KJIacCy TOYHOCTH?
2.Kakue yciaoBHbIE 0003HAYEHUS TTOMEIIAIOTCS Ha MIKaJaX 3JIEKTPOU3MEPUTEILHBIX TPHOOPOB?
3.Kakumu npubopamMu MOKHO U3MEPUTH MOIIHOCTH IIOCTOSTHHOTO TOKa?
4. Kax u3MepsATh MOIIHOCTh TOCTOSTHHOT'O TOKa?
5.Kak M0OXHO U3MEPUTH COMTPOTUBIICHUE B CETSAX MOCTOSTHHOTO U IEPEMEHHOTO TOKOB?

TemaNe9  TPAHC®OPMATOPBI.

[Tnan:  1.Ha3nauenue, ycTpoWCTBO M MPUHLMI pabOThI TpaHchopmaropa.
2.0nHo(da3zubie U TpexdazHbie TpaHCHOPMATOPHI.
3.CneuuanbHble TpaHC(HOPMATOPHI.

1.Hasnauenue, ycmpoiicmeo u npuHyun padomsi mpancgopmamopa.

[Ipu nepenaye 3MEKTPUUECKON SHEPTUU OT IJIEKTPOCTAHIINM K YJAJIE€HHBIM MOTPEOUTEN
M HANPsHKEHUIO MTOBBIIAIOT O HECKOJIBKO COTEH THICAY BOJIBT JJISl YMEHBIIEHUS MTOTEPh
SHEPIruu B MPOBOJAX U CHUKEHUS 3aTpaT Ha COOPYKEHUs TUHUN dJIEKTpOIiepeayun.

Ha mecte morpebiieHust (B XO3SIMCTBax) BBICOKOE HAMPSHKEHHE TOHIKAIOT 10
notpedutensckoro 380, 220 u 127 B. [1oBbIlIeHNs ¥ IOHUKEHUS HATIPSKEHUS
OCYLIECTBJISIFOTCS PU MTOMOILU TPAaHC(POPMATOPOB.

TpancpopmMaTop — 3TO ANMEKTPOMATHUTHBIN anmapar, IpeIHa3HAYCHHBIN IS
npeoOpa3oBaHusl (MMOHMKEHUSI WJIM TOBBIIICHUS) HAMPSIKCHUS JIEKTPUUYECKON SHEpPruu
MEPEMEHHOTO TOKA TOH K€ YaCTOTHI.

[Ipocreitmmii onHodazHeii Tpanchopmarop (puc 31) cocTouTh U3 cepacyHUKA 2,
HAOpaHHOTO M3 OTJICJBHBIX JINCTOB AJIEKTPOTEXHUUYECKON CTaJIM, HA KOTOPHIH HAMOTaHBI

JBe 0OMOTKH, U30JIMPOBAHHBIC JIPYT OT APYra M OT CEPJICUHUKA.

1 ® 2 3 Puc 31. DnektpomaruutHas
/
Iy S A a cxema 0JTHO(a3HOTo
o5 N TpaHchopmaropa.
™ 1 — mepBuyHas 0OMOTKa
U, E.lNd Wi W2 Y >
N 2 — CeJICUHUK,
oY ™ 3 - BTOprYHas 00OMOTKa,
""""""" 4 — marnvaka




OO6MoOTKY 1, MOAKIIIOYaeMyI0 K UCTOUHHUKY TOKa, HAa3bIBAIOT HEPBUUHOIL, 2 OOMOTKY
3, KOTOPOU MPUCOSAUHSIOT HArPy3Ky 4 (moTpeOuTens) — émopuunon. [IpuHiun neicTBus
TpaHcdopMaropa OCHOBaH Ha SBJICHMM 3JIeKTpoMarHuTHoW wuHAykIuu. Korma mo
NEPBUYHON OOMOTKE MPOTEKAET MEPEMEHHBIA TOK NOTOK P, KOTOPHIN MEpeceKaeT BUTKU
06oex 0oOMOTOK WHAYKTHpYsS B mepBudHOM oOmoTke DJIC camomuaykmuu Ei, a Bo
BropuyHoil OJIC B3aumoumnaykuuu Ej;. Ilpu HEU3MEHHON 4YacTOTE U HEU3MEHHOM
MarHuTHOM noToke 3HaueHus D/]C B kaxxaoii 0OMOTKE 3aBUCUT OT YHCIIA €€ BUTKOB.

Koaddunent tpanchopmaruu tpanchopmaropa K onpenensercs mo hopmyiie:

El%Ul

- E2 - W2 U2
rie Wi u W, — COOTBETCTBYIOIIME YHCIIO BUTKOB NEPBUYHON WM BTOPUYHONH OOMOTOK.
[Ipu K>1 Ttpancpopmarop HazpiBaeTcs nonuxycarowum, npu K<l noeviumarowum.
MOonTHOCTH B MEPBUYHONH W BO BTOPHUYHOM OOMOTKAaX MPUMEPHO PABHBI MEXITY COOOM.
I:Ui=1,U; rme |1 |2 cooTBEeTCTBEHHO TOKM B MEPBUYHOM W BTOpUYHOM oOMoTkax, U; U,

COOTBETCTBEHHO HAIPSKEHUS IEPBUYHON U BTOPUYHOM OOMOTOK.

Torna ko3¢ dunrent Tpanchopmanuu K = % = :—1
2 2
Koaddurnent noneznoro aeiictus tpanchopmaropa ornpeaensercs mno Gopmyse:
P, I,U,Cosg,
P LU, Cosp,+R, + P

rae Pi;— akTUBHAS MOIIHOCTDH MEPBUYHON 0OMOTKH, Py — akTUBHAsI MOIIIHOCTh BTOPUYHOMN
obmoTtku, Py — norepu B meau, P, — motepu B cranu. Tpancghopmamopul pasznuuarom.
no uuciy a3 — onHodazHeie U TpexpazHbIE;

0 YKCITy 0OMOTOK Ha (pa3zax — TByXOOMOTOUYHBIE I TPEXOOMOTOYHBIE;

M0 HA3HAYEHUIO—CUJIOBBIC U CIIEIMaIbHbIC (CBAPOYHbIC, U3MEPUTEIbHBIC, AaBTOTPAHC
MaTophl);

Mo Croco0y OXJaXIECHHs — C BO3AYIIHBIM OXJaxJIeHueM (MourHocTh A0 10 kBa) u

MaCJISTHHBIM OXJIaXJICHUEM.
2.00no0¢aznvie u mpexgazmuvie mpancghopmamopot.
Jlns  smekTpocHaOXKeHUsT HEOOJbIINX OJHO(MA3HBIX IMOTPEOUTEICH NPHUMEHSIOT
ooHoghazuvle cunogvie mparncgopmamopol Tunma OMC u OM moiHOCTEIO 0T 4 110 25 KBA
C BBICIIUM HampsibkeHueM oT 6 10 35 kB u uuzmum 220 B.

[IuTanue 1amMIn MECTHOTO OCBELICHUSI U KOHTPOJIBHO — U3MEPUTENILHOM anmnapaTypbl
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ocymiectBisieTcs: oT TpaHcopmaTopo Turna TOCH (ogHO(]a3HBIN, CYyX0i, C CEPICIHIUKOM
oponesoro tura, OC u OCO (omgHO(Da3HbIN, Cyxoil, ocBeTUTENbHBIN)). [Ipeobpa3oBanue
Tpex($a3HOTO HaNpsHKEHUSI OCYIIECTBISETCS B OCHOBHOM Tpexda3HbIMH TpaHcopmaTo-

pamu, KOTOPBIE COCTOSIT U3 TPEXCTEP>KHEBOIO MAarHUTOIIPOBo1a (puc 32).

A B

|

Puc 32. Tpexda3zuslii cunoBoi
TpaHchopmarTop.
1-mMarauTONnpoBO,
2 2-niepBUYHasi 0OMOTKa,
3-BTOpUYHast OOMOTKA.
A,B,C-BbIcOKast CTOpOHa,
a,B,C-HU3Kasi CTOPOHA.
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ac° B®° C
Ha KaXXIA0M CTCPIKHC PA3MCIICHBI JIBC OOMOTKHM HHU3IIETO 2 U BEICOKOIO 3 HaHpH)KeHI/If/'I,

npuHajiexaromue ogHoi ¢aze. IIpoieccel, npoxoadimue B Kaxaou (ase TpexdaszHOTro
TpaHchopMaTopa, HU4eM HUOTJIIMYAETCS OT MPOIECCOB B 01HO(Ma3HOM TpaHchopmaTope.

OOMOTKHM HU3IIIETO U BBICHIETO HAIPSKEHUSI COCAUHSIOT MO PA3JIMYHBIM CXEMaM U
rpyImmam, U3 KOTOPhIX HaMOOJbIIee PaCIPOCTPAHEHUS MOTYUUIIN “3BE31a-TPEYTrOIbHUK-
omuunanuars” (A / \-11), “3Be3na-3Be3za ¢ HyneM-BEeHALATE .

B nacnopte cunoBoro TpancdopmaTopa ykazaHbl cepusi, HOMHUHAIbHAs MOIIHOCTb,
HOMUWHAJIHbIE HAMPSDKEHUSI, HOMUHAIBHBIN TOK IEPBUYHON U BTOPUYHOM OOMOTKH, YACTO-
Ta TOKa, CXeMa U TPYIIa COeTMHEHHS] OOMOTOK M HAMPSHKEHUSI KOPOTKOTO 3aMbIKaHUSI.

3.Cneyuanvnvle mpancgopmamopeol.

Ceapounvie mpancgopmamopst tania CTAH, CTH, TC, CTHI, T/l ucronas3yroT
IIpU DJIEKTPUYECKOM CBApKE METAIIOB Ha MEpEeMEHHOM Toke. HampsbkeHus nuraroiieit
munuit 380 wim 280 B, BTOpuuHOE HampsbkeHus: xosioctoro xona 50...60 B, pabouee
20...30 B, motpebasiemast MomHoCTh 24...43 kBA. Cuity cBapedHOr0 TOKa PETyIUPYIOT,
u3MeHsis Bo3aymHui 3a30p B cepaeunuke (CTAH, CTH, CTII, T[) wunu paccrosiHue
mexay oomotrkamu (TC). C yBenwdeHWeM BO3YIIHOTO 3a30pa U YMEHBIICHUEM
PaACCTOSIHUS MEXITy OOMOTKaMH CBApPOYHBIA TOK YBEIMYHBAECTCS (MIJIM HA000POT).

Asmompancgopmamopwt (ogHOazHbie U Tpexda3Hbie) MPUMEHSIOT B Pa3IMUYHBIX
cxemax JUis TIOBBIMICHWS W TIOHIDKEHUS HampsikeHus. B oTmimume oT  oOWYHBIX
JIBYXOOMOTOYHBIX TpaHC()OpMaTOpoB y HHUX Ha (ha3y NPUXOAUTCS MO OJHOU OOMOTKE:
oomotka HH sBnstercst wacteio oomMotku BH, To ecth 0OmoTkn HH 1 BH umerots
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ANEKTPUUYECKYIO CBA3b (puc 33).

— 5 I A B]’D CTD
‘ 2 D)
o B—, R
’3 'LU2 _ , |
a) R | «— 2 0) l L
a b C
Puc 33. ABrorpancdopmaropsl. a) ogHodazHbIM, 0) TpeXha3HbIH.

MHnozoobmomounsvie mpancgopmamopel.  Brllieyka3aHable  TpaHC(POpPMATOPHI

HMCCHOT OJHY IICPBUYIHYIO U HCCKOJIBKO BTOPUYHBIX 0OMOTOK PaCCUUTAHHLIC Ha

pa3IM4YHbIe HanpsoKeHus (puc 34).

° 5 W; v U
U1 Wl ;WZ l U2

| —

] Wy ¥ U

Puc 34. MHOTOOOMOTOYHBIN TpaHCHOPMATOP HATIPSIKEHUS.
Hsmepumenvnvle mpancghopmamopsl TOKA W HANPSHKEHUS MPUMEHSIOT s
pacuIMpeHusi MpeaeroB M3MepeHus: mpuOopoB (aMrepMerpa, BOJbBTMETpa, BaTTMETPA,
CYETUUKOB H JIP.) B LIETISIX IEPEMEHHOTO TOKA U 00ecieueHus: 6€30MacCHOCTH O0CITYKUBAIO
niero nepconana. OauH BbIBOJI BTOPUYHON OOMOTKH U KOpIyC TpaHchopmaTopa ToKa U

HaIIPAKCHUA 3a3CMIIAIOT.

KOHmPOJleble eonpocaol.
1./Ins1 wero npenHazHaueHbl TpaHCHOPMATOPHI?
2.Kak yctpoeH ogHo¢azHblii TpaHchopmarop?
3.00bsicHuTE IPUHLMI PabOTHI TpaHchopmarTopa?
4.Yro Ha3bIBaeTcs K03 uuneHToM TpaHcHopMaIu U Kak ero OnpeaenuTs?
5.KakoBa ocoOeHHOCTB yCTpoicTBa TpexdazHoro Tpanchopmaropa’?
6.Kak ycrpoensl, paboTaroT U 1715 Yero CiIyXaT aBToTpaHchopMaTopsl?
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Tema Ne 10 QVIEKTPHYECKHE MAIITUHBI IIOCTOAHHOI' O TOKA.

[Tnan: 1.IIpuHuMnD qefdcTBUS U yCTPOMCTBA MAIIMH MOCTOSIHHOTO TOKA.
2.I'eHepaTtoppl NOCTOSIHHOTO TOKA.
3.DnexTpoaBUTaTENN MOCTIHHOIO TOKA.

L.Ilpunyun oeiicmeus u ycmpoucmea MawiuH HOCMOAHHO20 HMOKA.

[Ipunuun peiictBus MamuH 1octosiHHOro Toka (MIIT) — reneparopoB u
JIBUTATEICd — OCHOBAH HA SABJICHUM JJECKTPOMArHUTHOM WHAYKIUU W SIBICHUMN
B3aUMOJICHCTBUE NMPOBOIHUKA, TI0 KOTOPOMY IPOXOJUT TOK, C MATHUTHBIM MOJIEM.

Cnenyer 3ametuth, 4to MIIT, Kak u 37MEKTpUYECKHE MAIIUHBI BOOOIIEE,
00J1aJ1af0Th CBOMCTBOM OOpPaTUMOCTH, TO €CTh KaXKJas MalllMHa MOXXET paboTaTh U B
TEHEPATOPHBIM, U B JABUTATEIBHUM pEXKHUMaxX. PacCMOTpUM YyCTPOMCTBO 3JIEKTPUUECKOU
mMamusbl [IT (puc 35). OHa cocTOUT U3 JBYX OCHOBHBIX YAacCTEi: HEMOJBM)XHOM 4acTH —

CTaTopa H BPpallArOomICTOCAd — AKOP:.

Puc 35. YcTpoiCTBO 3JIEKTPUUECKON MAIIIUHBI IOCTOSIHHOTO TOKA.
1-komnekTop, 2- MIETKH, 3-CepleYHUK SKOps, 4-CepACUHUK TIJaBHOTO TMOJI0Cca, S-
MOJIIOCHAsT KaTrymika, 6-ctatuHa, 7 W 11- MONIIMIHUKOBBIE WIUTHI, 8-BEHTWISITOp, 9-
o0moTKH sikops, 10-Ban sxkopsi. Cmamop nipeAcTaBiseT coOoi CTaHWHY 6, HA BHYTPEHHOU
MOBEPXHOCTH KOTOPOW YKPEIUICHbI CEPJACUYHHMKU TJIABHBIX MOJIOCOB 4 ¢ TMOJIIOCHBIMU
KaTyIIKaMu 5 ¥ 100aBOYHbBIE TIOJIIOca. SKkopsb cOCTOUT u3 Bana 10, cepreunuka 3, 0OMOTKH

9 u xonnekropa 1.
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Komnexrop I'TIT ciyxuT nis npeodpa3oBaHusi MEPEMEHHOTO TOKA B MMOCTOSIHHOW U
JUTSL DJIEKTPUYECKOTO COSAMHEHUS BPAIIAIOIICCss OOMOTKU SKOPS ¢ BHEIIHEW CEThIO MpHU
MIOMOIIM HEMOJBWKHBIX MIETOK 2. BeHTUIATOp peiHa3HavyeH Uisi CO3/JaHusl BO3AYIITHOTO
MOTOKA OXJIAKIAOMIETO MAIIWHY. [IleTku CO3MAIOT DIICKTPUUECKUH KOHTAKT C
MOBEPXHOCTHLHOTO KOJUIEKTOpa. X pacmosioraroT u 3aKperisioT B METKOACPKATEIIAX.

Ha cranuHe wiu Ha mnepeAHeM MOAMIMIIHUKOBOM IIMTE PACIOJIOTal0T MaHEeNb
(KJIEMMHBIM TIUTOK), Ky/1a BBIBOAAT KOHITBI OOMOTOK. BBIBOJBI MapKUPYIOT CIIEIYIONTAM
obOpazoM: oomoTka sikopst — Sl u 52, odmoTka Bo30yxeHus nocnenoparenbHas — Cl u
C2, obmoTka mobaBounbIx nomocoB — J[1 u J[2. Iudpoii 1 o603HagaroT Havana 0OMOTKH,
a uudpoir 2 — koHubl. K cTaTMHEe MalIMHBI MPUKICIUISIIOT TaOMWYKy (Machoprt), Te
yKa3aHbl BCE HEOOXOUMbIE HOMUHAJILHBIC IAHHBIEC MAITNHBI.

2.I'enepamopsl nOCMOAHHO20 MOKa

['enepatopbl MOCTOSIHHOTO TOKa C 3JEKTPOMATHUTHBIM BO30YXKICHUEM Pa3ICIsiOT
Ha TeHEePaTOpbl HE3aBUCUMOTO BO30YKJICHUS, B KOTOPHIX 0OMOTKA BO30YKJIEHUS ITUTACTCS
OT TOCTOPEHHOTO HCTOYHHMKA TOKa (aKKyMyJSITOpHBIE Oarapew WIH Jpyras MaliuHa
MOCTOSIHHOTO TOKa), W TEHepaTopbl C CaMOBO30YXKJEHHEM, B KOTOPHIX OOMOTKa
BO30Y)KJICHHsI TIOJydaeT IMHUTAHWE HEMOCPEACTBEHHO OT CXEMbl BKIIIOUCHHS OOMOTKH

BO30YXeHUs pa3inuyaroT (puc 36):

Puc 36. Cxembl BO30YyKIeHUSI TEHEPATOPOB. a) HE3aBUCUMOE, 0) TapaJlieIbHOE,
B) MOCJIEIOBATEIBHOE, T') CMEIIIAHHBIE.
2eHepamopsvl ¢ NApaulesibHbM 8030yHcoeHueM — y HUX OOMOTKa BO30YKIEHUS

BKJIFOUEHA MMapajuIeIbHO C OOMOTKOM SKOPS;
36



2eHepamopwbl ¢ NOC1e008aAMeENbHbIM 8030VJicOeHUeM — 3]1eCh 00MOTKa BO30YKICHUS
BKJTFOUEHA MTOCJIEI0BATEIILHO C OOMOTKOM SIKOPST;

2EeHepamopbl CO CMEULAHHbIM 8030YocOeHUueM — Y HUX JIBE OOMOTKH BO30YXIEHUS,
0JlHA U3 KOTOPBIX BKJIIOYEHA MapayljieIbHO 0OMOTKE AKOpS, a Apyras — MOCIeI0BaTENbHO.

OnekTpoaBrxkyiyio cuity E (B) renepaTopa mocToOSHHOTO TOKa ONPECIISIOT 1O
dopmyine E=Cnd: rtae C — mocrosHHas BeJIWYMHA MAIIWHBL: N — YacToTa BpalleHHs

aKopsi, 00/MuH: @ — MAarHUTHBIN OTOK, BO:
3.9nekmpoosuzamenu nOCMOAHHO20 MOKA.

VY3ke 0TMeqasioch, YTO JEKTPUUYECKHE MAIIUHBI MIOCTIHHOTO TOKAa 0OpaTUMBI, OHU
MOTYT paboTath U JaBurareieM. [103TomMy ycTpOWCTBO 3JIEKTpOABUTATENIEH MOCTOSHHOTO
TOKa TaKOe€ e, KaK y TeHepaTOpOB.

[IpyHIMIT AEUCTBUS AJIEKTPOJIBUraTENE MOCTOSHHOTO TOKAa OCHOBAH HA SIBICHUI
B3aMMOJICUCTBUS IPOBOAHUKA, IO KOTOPOMY IIPOXOJUT TOK, C MATHUTHBIM IOJIEM.

Korpa nanekTpoaBuraTtesp NOAKIIOYAOT K HMCTOYHUKY DSJIEKTPUYECKOHM SHEPIUH
IIOCTOSTHHOTO TOKa, B €ro OOMOTKax NOSBIETCA TOK. B pesynbrare B3auMoaeHCTBUS
3TOr0 TOKAa M MarHUTHOTO MOJIA, CO3/I0BAEMOI0 IMOJIOCAMU 3JEKTPOMArHUTOB, HA Bally
SAKOps BO3HUKAET JJIEKTPOMArHUTHBIA MOMEHT M, Bpamaronmii sikops asuraress. llpu
BpalleHM OOMOTKA SIKOPsI IIEpECceKaeT MarHuTHOE mnoje u B Hell uuHayktupyercsa 2.J1.C.
E,, HanlpaBJIeHHAs MPOTUBOMOJIOKHO TOKY |7 B IKOpEe M HaNPsS>)KEHUIO KICTOYHUKA (CETH), B
YeM JIETKO yOemuThCs, PUMEHssT paBuwily mpaBoit pyku. [losromy ».4.c. mHaykiuu E,
Ha3bIBAIOT MPOTUBOAJIEKTPOABUKYILEH CUION (ITPOTUBO 3.11.C.) IKOPSI.

HampsxkeHnue, NPUIIOKEHHOE K SIKOPIO JIBUTATeNs, YPaBHOBEIIMBAECTCS MPOTHUBO

3.]1.C. IKOpS Y NaJCHUEM HANpPsHKEHHS] B OOMOTKE SKOPS:
U=E +1r
3HaueHust MPOTUBO 3.1.C. £, onpenenstor no paHee NpuBeAeHHONU Gopmyiie s

3.]1.C., HABOJIMMOM B SIKOPHOW 0OMOTKE reHepaTopa.
E =cnd®

Pemas stu YpaBHCHHA OTHOCUTCIIBHO TOKA M 4aCTOThI BPAILICHH, ITOJIYYUM

dbopmyIIbl, yIOOHBIC ISl aHAJIM3A CBOMCTB AJIEKTPOABUTATENICH TOCTOSIHHOTO TOKA:

| _U-E, _U-cno
g r r

A A
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DJIEKTPOMAarHUTHBIN (Bpalllatoluii) MOMEHT JIBUTATEIISl IOCTOSHHOTO TOKA

M =kl @, rie K — mocTosiHHAs BETMYMHA MAITHHBL.

B HayanbHBIM MOMEHT IIyCKa ABUTATCIIA YaCTOTAa BPALICHUA SAKOPA n=0, IIO3TOMY

IIpoTOBO 3.A.C. TAKKC PAaBHO HYJIKO MW TOK B AKOPEC ABUTATCIA OIPCACIIACTCA

COOTHOIIIEHUEM | = —

C 1enapl0 OrpaHWYCHHUS ITYCKOBOTO TOKA B IIEIMb OOMOTKH SIKOPS BKJIIOYAIOT
MyCKOBO# peoctaT. [1o Mepe pa3roHa gBuraTelis MmyCKOBOW PEOCTaT BEIBOAST MOTHOCTHIO.

Il peryaupoBaHHWE  YacTOThI  BpallleHUsS  DJEKTPOJBHUIATeNIss  CIyXaT
pPeryJIMpOBOYHBIN peocTaT B e OOMOTKH BO30YX aeHU. UTOOBI M3MEHUTH HAlIpaBJICHUE
BpAIICHUS SIKOPSI JIBUTATENSA, JOCTATOYHO HW3MEHUTH HAMPABICHUS TOKa B OOMOTKE
BO30YXKJIEHUS MJIK B OOMOTKE SIKOPSI.

[To crocoOy BO3OYXKACHHUS SJCKTPOJBHUraTEeNs IMOCTOSHHOTO TOKA, TaK X KakK H
reHepaTtopa, B COOTBETCTBUM €O CXEMOW BKJIIOYEHUS OOMOTKH BO30YKACHUS
OTHOCUTEIPHO OOMOTKH SKOpsSI TOAPA3ACISAIOT Ha JBUTATEIW  IapajulesIbHOTO,
MOCJICIOBATEILHOTO U CMEMIAaHHOTO BO30YXKACHHUSA. DJIEKTPHUCCKHUE CXEMbI BKIIIOUYCHUS
ATUX JIBUTATEJICH aHAJOTUYHO CXEMaM BKIIFOUCHHS T€HEPaTOPOB, MPUB. Ha puc 36.

DJIEKTPOJIBUTATEIM  TTOCTOSSHHOTO TOKa IIPEUMYIIECTBEHHO HCIIOIB3YETCS Te
TpeOyeTCs PETyIMPOBaHUE CKOPOCTH B IMIMPOKHUX AWaNa3zoHaxX (TpoJuieidycax, TpaMBasix,
AIIEKTPOTIOE3/Iax, JICKTPOKapax M T.I1.).

KOHmPOJZbele eonpocaol.
1.06sicauTe npunnun aeicreus ['TIT?
2.0t yero 3aBucut 2./.C. I'TIT?
3.Kak ycTpoeHa u U3 Kakux OCHOBHBIX "yacteir coctout MIIT?
4.Kak mapkupyet BbIBoAbI 00MOoTOK ['TIT?
5.Kak knaccuunupyercs I'TIT?
6.13noxure npunuun aevicrsust D I1T?
7.Hamummre GpopMyIibl 1 onpeaeneHns TOKa U 9acToThI Bpamenus sikopst D/ [1T?
8.00scHUTE HA3HAUYEHUS ITYyCKOBOI0 peocraTa B Apuratensax [1T?
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Tema Ne 11 QVIEKTPHYECKHE MAIITUHBI IIEPEMEHHOI' O TOKA.

[Iman: 1.00mme cBeneHus.
2.ACHHXPOHHBIC AJICKTPOIBHTATEIIH.
3.CHHXPOHHBIC JICKTPOABUTATEIIH.

1.06uwue ceéeoenus.

MammHbl TepeMeHHOr0 TOKa — ABUTATEIN U T€HEpaTOPhl — MPUHATO Pa3lesiaTh Ha
JBe OOJBIINE TPYIITBI — MAIIMHBI ACHHXPOHHBIC U CHHXPOHHEIE.

K rpymme acHHXpOHHBIX OTHOCSIT MAaIllMHBI IEPEMEHHOTO TOKAa, Y KOTOPBIX 4acTOTa
BpAILAIONIEroCss MAarHUTHOTO MOJISI M YacTOTa BpAIllEHUs MOJABIDKHOM dYacTu (poTopa)
BCEr/Ia pa3InIHbl M HE MOTYT OBITh OJJMHAKOBBIMH TI0 XapaKTEePy OCHOBHBIX (PU3NUCCKUX
MPOIIECCOB, MPOUCXOSAIINX B MAIlINHE.

['pynma CHHXpPOHHBIX MAIIUH OOBEAMHIET MAIIMHBI MEPEMEHHOTO TOKa, 4acToTa
BpallleHUs pOTOpa KOTOPBIX BCErjla paBHa (CHHXPOHHA) YacTOTE BpaIlaroIIerocs
MarHUTHOTO TIOJISI.

[To uucny ¢a3 paznuuaror TpexdasHble U 01HO(PA3HbIE MALIUHBI IEPEMEHHOTO TOKA.

Kak u snexTpuueckue MamvmHbl BOOOIE, MAIIUHBI EPEMEHHOTO TOKa 0OpaTHUMBI,
TO €CTh KaXK/lasg U3 HUX MOXET paboTaTh U TEHEPaTOpPOM M JBUTATENeM. DTO, OJHAKO, HE
03HAYaeT, YTO TMPAKTUYECKH Oe3pa3inyHO, B KAKOM peXuMe (IBUTaTEIbHOM HIIU
TeHepaTOPHOM)  HCIOJNB30BaTh JaHHYI0 MamuHy. CHHXpDOHHOM, aCHHXPOHHOM,
onHO(Ma3HBIM U Tpex(a3HbIM MallMHaAM TEPEMEHHOTO0 TOKAa MPUCYIIH clenuuaecKkue
CBOICTBa, KOTOpBIE Iperonpenensor chepy uMX npuMmeHeHus. Tak, Oosiee MOIIHBIE U
OKOHOMHUYECKH Tpex(a3Hple MalMHbBl PaCHpOCTPAHEHBl 3HAYUTEIBHO IIUPE, YEM
onHo(a3Hble. CHHXPOHHBIE MAIIMHbI UCHOJIB3YIOT B OCHOBHOM B KaueCTBE I'€HEpaTOpOB
(MMM OCHAIIICHBI BCE COBPEMEHHBIE MOIIHBIE 3JIEKTPOCTAHIINHN): CHHXPOHHBIC JBUTATEIN
MPUMEHSIOT PEXe, B OT/ICIBHBIX MPOIIECCaX U MPOU3BOJICTBAX.

N3 Bcex HSIEKTPUUECKMX MAIIMH HauOOoJblllee pacnpoCTpaHEHHE U B
NPOMBIIJICHHOCTH, W B CEJIBCKOM XO3SHCTBE MOJNYyYWT Tpex(das3Hblii aCHHXPOHHBIN
JIBUTaTeJIb C KOPOTKO3aMKHYTBIM POTOPOM (0K0JI0 95 % Bcex nBuraresieid aCHHXPOHHBIE).
OTO mpoCThle MO KOHCTPYKIMH, HaJEKHbIE B paboTe, yA0OHBIE B OOCITY>KMBAHUU H
JICTIIEBHIC MAIIINHBI.

2.Acunxponnsie 31eKmpoosuzamenu.
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ACHHXPOHHBIHN AJIEKTPOABUTATENL COCTOUT U3 JBYX OCHOBHBIX YaCTEH,
HEMOJIBM)XHAs YacCTh — CTATOp, MOJABHUKHASA 4acTh — pOoTOp. CTaTOp COCTOUT U3 UYT'YHHOI'O
WIM aTIOMHUHHEBOTO KOpIlyca, CepACYHHMKA C Ta3aMH, HAOpPaHHOrO U3 OTIEIbHBIX
M30JIMPOBAHHBIX JIUCTOB JJIEKTPOTEXHUYECKOW cTanu ToamuHod 0,35 wmm 0,5 MM, u
0OMOTKH, BBITTOJTHCHHOW OOBIYHO W3 MEIHOW HW30JMPOBAHHOW MPOBOJOKU. B crtaTop
YKJIaJBIBAIOT TPU OOMOTKH (110 uuciay (a3), CABUHYTHIE B MPOCTPAHCTBE MO OTHOIICHUIO
Apyr X apyry Ha yrois 120°, a ux BBIBOIBI IIOMEMIAIOT B KOPOOKY, Pa3sMEIIECHHYIO Ha
KOPITyCe U ONpeIeIEHHBIM 00pa3oM MapKUPYIOT.

Potop cocrout u3 Bama, cepaeyHuMKa U OOMOTKH. B masbl cepiaedyHuka poTopa
YKJIQJIbIBAIOT CTEPAKHEBYIO OOMOTKY, HO Yallle 3aJUBAIOT PACIIABIICHHBIN aTlOMUHUN. DTO
HAa3bIBACTCA ACHHXPOHHBIM  JBHUIaTeilb C KOPOTKO 3aMKHYTBIM  pPOTOpOM. Y
ANEKTpOJBUTATENEH C (ha3HBIM POTOPOM B Ma3bl YKIAABIBAIOT TpeX(}a3zHyr0 OOMOTKY,
COCIUHEHHYIO 3BE3/10M.

®da3Hbple 0OOMOTKHU CTaTOpa MOTYT OBITh COEIMHEHBI MEXAY COOO0M 3BE3101 MU

TPEYroJIbHUKOM B 3aBUCUMOCTH OT HalpsKeHUs ceTh (puc 37).

Puc 37. Cxema coenuHeHus 0OMOTOK TpeX(a3zHOro ABUTATENS.
YacToTy BpallleH!si MarHUTHOTO MOJIsL CTaTopa MOJACUYUTHIBAIOT 10 (popMyIie
60f 3000
nO T ——
P P
rae f —gacrora Toka, paBHas 50 I'i: P — guciio map mosocoB Ha da3y.
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[Tpu meperpy3ke ABUraTeNsl 4acTOTa BPAIIEHUSI pOTOPA YMEHBIIIAETCA, a TOK
BO3pacTtaer. Y acCHMHXPOHHOTO ABUTATENsl YacTOTa BpALICHHUS POTOpa HE COBMATACT C
JaCTOTOW BpaIlleHHsI MATHUTHOTO TTOJISI © MEHSIETCSl B 3aBUCUMOCTH OT Harpy3KH.

HawnbGonee mmpoko pacnpoctpanenst gsuratenu ¢ 3000, 1500 u 720 o6/MuH.

Benuuuna, xapaktepu3sylomias OTCTaBaHUE YacTOTa BPAIIEHUS POTOPA OT YaCTOTHI
BpallleHUs] MarHUTHOTO TIOJSl CTaTopa Ha3bIBaeTcs cKoJbyceHuem. OHO OOBIYHO
BBIpaKaeTCsl B MMPOLICHTAX U ompeensercs no Gopmyire.

S=M.1oo
I‘]0

rjae S — ckoibxkeHue %, Np— 9acToTa BPAIIEHUSI MATHUTHOTO TIOJISA, Np — 9acTOTa
BpAaIllEHUS pOTOPA.

Hanpumep, B nacniopte 3/ ykazaHo, 4To ero oOMOTKa BBIMOJIHEHA HA HAIPSKEHUS
220/380 B. D10 o3HawaeT uto D] MOXHO BKJIIOYAThCA B ceTh HampsikeHusiMm 220 B

COCIMHUB OOMOTKH TPEYTOJIbHUKOM, WK B ceTh 380 B, coequHUB OOMOTKH 3BE3/101.

Puc 38. Cxema mycka 3JIeKTpOABUTATENS C IEPEKIIOUCHUEM OOMOTOK.
ACHHXPOHHBIN 3JIEKTPOJBUTaTENIb C KOPOTKO3aMKHYTHIM POTOPOM 00J1a/1a€T OJTHUM

CYIIIECTBEHHBIM HEJOCTAaTKOM. B MOMEHT mycka OT moTpeOsieMblii U3 CeTH TOK B 5-8 pa3
00JIbIllIe HOMUHAJIBLHOTO, OTYEr0 TMOHUXKAETCS HaIpsDKeHUs B ceTu. [l yMeHbIeHuUs

ITYCKOBBIX TOKOB Yy OJJICKTPOABUTATCIIA OOMOTKHM BKJIIOYAIOT B «3BE3AYy», a4 Koraa OH
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Ha0epeT HOpMaJabHOE YHUCIO0 OOOpPOTOB, OOMOTKHM OBICTPO TMEPEKIIOYAIOT Ha
«TPEYTrONBbHUK». ITO CHOCOO YMEHBIICHHS] TYCKOBBIX TOKOB MPUMEHUM, eciau J]]
npeIHa3Ha4YeH VISl BKIIOYCHHS B CETh TPEYTOJIBHUKOM.

Brnouenuss  oeueamensi ¢ ¢asuviM  pomopom (ABUraTeNnb C KOHTaKTHBIMU
Kosibllamu). OCHOBHOE OTJIMYME TaKOrO JBUTATENs OT K.3. JBHUraTeNsl 3aKIIOYaeTcsl B
YCTPOMCTBE pOTOpa, KOTOPBIH HWMeeT TpexdasHyrd OOMOTKY, BBIIOJEHEHHYIO
W30JMPOBAHHBIM TPOBOJOM U COCAUWHEHHYI0 B 3Be3ay. KoHIBI 00MOTOK poTopa

COCOANHCHBI C KOHTAKTHBIMH KOJIbIITAMH, U30JIMPOBAHHBIMHU APYT OT JIpyra U OT Baja (pHC

39).

Puc 39. Cxema BKIIFOUEHUS IIEKTPOABUTATENS C (Da3HBIM POTOPOM.

[Tepen BxmroueHreM D/ B ceTh AOMOJHUTEIBHBIE COTPOTUBIICHUS PEOCTATa JTOJKHBI
OBITh BKIJIFOYCHBI IMOJHOCTHIO B 1I€TTh OOMOTOK poTopa. OOIue CONMpOTUBICHUS IIEIH €ro
00OMOTOK OT 3TOTO yBeaM4HMBaeTcs. [Ipu BKIIOYEHUN B CETh JIBUTATENS C PEOCTATOM, TOK
noTpedsieMoil U3 ceTu OyJeT MEHbIe, YeM MPU BKIIOYECHUU ITOTO K€ JIBHUTATENs 0€3
peocTara.

3.Cunxponnsle 31eKmpooeuzameiniu.
VY CHHXPOHHBIX JJIEKTPOJBUTATEICH YacTOTa BpAIICHUS POTOpa HE 3aBUCUT OT
Harpy3Kd M paBHA YacTOTE BPAIICHUS MAarHUTHOTO ITOJISI CTaTOpPa, a CKOJIbKEHNE S paBHO

Hymo. Onu ObBaeT TpexdaszHple u onHO(Ma3HbIe. YCTPONCTBO CHHXPOHHOTO
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ANIEKTPOABUTATENST Tpex(a3HOro TOKAa aHAJOTMYHO CHHXPOHHOMY TeHepaTopy. OHHM He
MMEIOT IyCKOBOTO MOMEHTA, MIO3TOMY B POTOP TAKUX 3JEKTPOJIBUTATEIIEN YKIAbIBAKOT
KOPOTKO3aMKHYTYIO ITyCKOBYIO OOMOTKY, COCTOSIITYIO U3 MEIHBIX CTEPIKHEH.

[IpuHUMN IEUCTBUS CUHXPOHHOIO AJICKTPOABUTATENSI OCHOBAH HA B3aMMOJICHCTBUU
MarHMTHOTO MOJI CTaTOpa U POTOpa: CEBEPHBIN MOJIIOC CTaTOpa YBJIEKAET 3a COOOM HOXK-
HBIW TIOJIIOC POTOPA, a FOKHBIM MOJIFOC CTaTOpa — CEBEPHBIN MOJIIOC poTOopa. CHHXPOHHBIE
AJEKTPOABUTATENIA MPUMEHSIOT B HEMPEPHIBHO ACHMCTBYIOIIMX YCTAHOBKAX IS MPHUBOAA
MalllUH U MEXaHM3MOB, TPEOYIONIMX TIIOCTOSIHCTBO 4YacTOThI BpAIllCHHS, B KauyeCTBE
CUHXPOHHBIX KoMneHcamopos s ynyduienne CoS ¢. CUHXPOHHBIM KOMIIEHCATOp — 3TO

CUHXPOHHBIN JIBUTaTeh pabOTAIONUX MEPEBO30YKICHHUEM B XOJIOCTOM XOJIE.

KOHmPOJleble eonpocul.
1.Kakue aBuratens OTHOCSTCS K ABUraTessIM IEPEMEHHOI0 TOKa?
2.Kakwue ObIBaIOT aCHHXPOHHBIC JABUTATEIIH?
3.Pacckaxute KOHCTPYKIIHMIO 3J€KTPOIBUTaTENICH?
4.00bsicHuTe npuHIMN padoTsel AJL?
5.Kak omnpenensercs yacToTa BpallleH!s] aCHHXPOHHOTO JABUraTess?
6.0T yero 3aBUCUTH YaCTOTA BpalleHuUsi potopa?
7.YTO Ha3bIBAECTCS CKOJIBKEHUEM?
8.Kak coennHuTh OOMOTKY CTaTOpa B 3BE311Yy?
9.1lepeuncnure ocHoBHbIE yacTu AJl?
10.13105%k1TE KOHCTPYKIIMIO CHHXPOHHOTO JIBUTaTeNs1?
11.00BsicHUTE TPUHIUIT paOOTHl CHHXPOHHBIX KOMIIEHCATOPOB?
12.Kakast U3 MallluH NepeMeHHOro TOKa MoJydnia NPeuMyIIeCTBEHHbIE
pacnpocTpaHeHus?

Il PA3JEJL. 3JIEKTPOHHUKA.

Tema Ne 12 OCHOBbBI 3/IEKTPOHHUKH.

[Tnan. 1.06mme cBeneHws.
2.MecTo U 3Ha4YE€HUS NEKTPOHUKH B HAYYHO — TeXHUYecKoM paButun CXII.
3.IlepceKTUBBI pa3BUTHUSI COBPEMEHHBIX YCTPOUCTB IIEKTPOHUKH.
1.06wue ceeoenus.

[IpompbllyieHHass 3JEKTPOHUKA — OJHO W3 HAMNpPaBICHUW AJIEKTPOTEXHUKU. OHO
U3y4yaeT MPUHLMIBI JEHCTBUS U TEXHUKY HCIOJIb30BaHUA MPUOOPOB, OCHOBAHHBIX Ha
SIBJICHUSIX DJIEKTPUUECKOTrO TOKAa B BaKyyMme (3JIEKTpOHBIE MPHUOOPHI) pa3peKeHHbIX razax
(MOHHBIE TIPUOOpPBI) U MOMYNPOBOAHMKAX. Ha ocHOBe 3THX MPUOOPOB OCYLIECTBISETCS

npeoOpa3zoBaHre IEPEMEHHOTO TOKa B TIOCTOSIHHBIN (BBIIPSMUTEN) U TTOCTOSTHHOTO TOKa
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B TEPEMEHHBIN (MHBEPTOPHI) a TaKKEe AaBTOMATHUYECKOE IMOJJAEpKAHUE TOCTOSHCTBO
HANPSDKEHUS, PEryJIMPOBAaHUE YaCTOThI BpalLlIeHHs 3JIEKTPOBUTATENCH, Tpeodpa3oBanme
BUJIOB DHEPTUU U.T.II.

DNEeKTPOHUKA SIBJSASCH OCHOBOM COBPEMEHHON aBTOMATUKH T.€. TO3BOJIMIO OTHOCH-
TEJIbHO NPOCTBIMU CPEACTBAMHU pElIaTh CIOKHBIE 3a/ladyd aBTOMATH3allMU MPOHU3BOACT-
BEHHBIX IPOIIECCOB OJorazapsi XapakTEepHBbIM JUIsl JEKTPOHHOW ammapaTypbl BbICOKOH
uyscBuTensHocTH (102 B, 10° 107 A) u Manoii nHepUHOHHOCTH (OBICTPOICHCTBHS).
Bonbiioe ObicTpoieiicTBIE M BBICOKAs HAJEKHOCTh AJIEKTPOHHOM ammaparypbl SBHIOCH
0a30i1 COBPEMEHHOW CYETHO — pelIarollell TeXHUKUA. B 10001 pa3BUBAIOIIKUXCS OTPACIU
IPOMBIIIEHHOCTH JUIsl 00€CIEeYeHUsT BBICOKOIO KauyecTBAa MNPOAYKIMU IPUMEHSETCS
3JIeKTpOoHUKA. [IpuOOPHI AIIEKTPOHUKH MOAPA3EISAIOT Ha TPU TPYIIIBL:

INIeKMPOHHbLE, UOHHbLE U NOJIYRPOBOOHUKOGDbLE.
2.Mecmo u 3nauenus 31eKmpOHUKYU 6 HaAYUHO — mexHuueckom pasumuu CXII.

MUKpOAJIEKTPOHHAsE TEXHUKA BO BCE BO3PACTAIOIIECH IIEHH CTAaHOBUTCS OCHOBOM
HAy4YHO — TEXHHUYECKOr0 MPOrpecca, OJHUM M3 BaXXHEHIIMX PHUYAroB 3KOHOMHUYECKOIO
pasButus obOmectBa. Mbl  SBIsEMCS  CBUAETEISIMH  MCKIIIOUUTENBHO  OBICTPOIO
IMPOHUKHOBEHUS CPEICTB U METOJOB MHUKPO3JIEKTPOHHON TEHOJIOTHI JJaXke B T€ 00IacTH
YEJIOBEUECKOW JEeATENbHOCTH, KOTOPbIE CUMTAETCS IaBHO M MPOYHO YCTAHOBUBILEMCH,
UMEIOIIUMH CBOEH Crieln(PrUIecKo HHCTPyMEHTapHiA.

K 4ducnmy Takux oTpacieil OTHOCUTBCA U CelbCKoe X034icTBO. U X0Tsi paboThl B
o0yacTl aBTOMAaTH3alMU PA3JIMYHBIX OTPACIEH CENbCKOro XO35HCTBA, €€ TEXHUYECKOIO
NEPEBOOPYKEHU HA OCHOBE AJIEKTPOHUKH U 3JIEKTPOHHO BBIYMCIUTEIbHON TEXHUKU JABHO
BBIIUIA 32 CTEHbl HAy4YHO HCCIEAOBATEIbHOM TEXHUKMA JAaBHO BBIIUIM 3a CTEHbI
nabopaTopuii, MOKHO YTBapKa1aTh, UTO JIHIIb Ha pyoexe 70 — 80 rogoB mpoIuioro Beka ¢
MOSIBJICHUEM MAaCOBBIX JICHIEBBIX M  BBICOKOIMPOU3BOAMUTENBHBIX CPEICTB  MHUKPO
AJIEKTPOHMKHM HAyajdu CKJIAAbIBATHCS YCJIOBHUS I PEBOJIOLMHUPYIOIIETO BO3ACHCTBUS
AJIEKTPOHHOM TEXHHUKHU Ha BCE OTPACIH CEJICKOXO03MCTBEHHOTO MPOU3BO/CTBA.

HaunOosee BeyatsiomuM JOCTHKEHUEM B 00J1aCTH MUKPOSJIEKTPOHUKH SIBIIIETCS
CO3JJaHUE MMKpPOIIPOLECCOpPA — HHTETPAIBHOM CXEMbl, B KOTOPOW 3aKJIFOYEHBI
(GyHKUHMOHATIBHBIE BO3MOXKHOCTH  IEHTpalibHOTO y31a OBM, ockuiecTBistomero
IPOrpaMMHOE YIPABJICHHE MPOLIECCAMH BBIYUCICHU H 00pabOTKHM HMH(POpPMALIUU.
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[Tpon3BOAUTENEHOCTh COBPEMEHHBIX MHUKPOIIPOIIECCOPOB, MX JIOTUYECKAsh MOIIHOCTh H
THOKOCTh HA HECKOJBKO TMOPSIKOB TPEBOCXOMSIT COOTBETCTBYIOIINE XapaKTEPUCTHKU
OBM, mpeniecTByromuUX MoKojaeHU. Pe3ynbraToM pa3pabOTKH U MacCOBOTO NMPUMEHE-
HUS MHKPOIIPOIIECCOPOB SBHJIACH, ‘‘MHTEIUICKTyaJIn3aIus’ W3MEPUTECIBbHON TEXHUKH,
PETYIATOPOB, CPEICTB cOOpa, MpEeABAPHUTEIbHON 00paObOTKM W mpenadn WHGOPMAIIHH.
Mukpomnpolieccop cTaa OCHOBOM MepcoHanbHbIX OBM, M Apyrux BBIYMCIUTENBHBIX U
YIPABJISIONINX YCTPONCTB, MPeIHA3HAYCHHBIX ISl JTOKAJIBHOW 00pabOTKM WH(pOpMAIIHH,
T.€. HEMTOCPEJCTBEHHO TaM, IJIe OHA BOSHUKACT MJTU MCIIOIh3yETCs.

MOXHO OXKHUJaTh, YTO co3AaHusd dY(PPEKTUBHBIX CUCTEM YIPABICHUS IS CEIIbCKOTO
XO35JHUCTBO HA OCHOBE MHUKPODJIGKTPOHHOM TEXHUKH OymeT CrmocoOCTBOBATH
03HAKOMJICHHUIO ¢ HanboJiee MHTEPECHBIMU 3apYOeKHBIMU pa3padOTKaMU B 3TOM 00JIACTH.

3.Ilepcnekmuewt pazeumus cO8PEMEHHBIX YCMPOIICE ITNEeKMPOHUKU.

Pa3paboTku B 00JaCTU 3JIEKTPOHHBIX YCTPOMCTB, HEMEMJIEHHO OKaXyTh OOJbIIOE
BJIMSIHUE Ha CEJICKOXO35MCTBEHHOMY MPOU3BOJICTBY, TOCKOJIBKY KaK OTMEYANI0Ch B MPEIUC
JIOBUH, (pepMephl HYKJAIOTCS B 00Jiee TOYHOW U CBOEBPEMEHHOM MH(pOopManuu s odec-
MEYCHNUS PEHTA0ETBbHOCTH TPOM3BOJACTBA B YCIOBUSAX YCHIMBAIOIIUXCS KOHKYPECHIIHH.
DJIEKTPOHHOE O000pyAOBaHME TMOMOTAeT (pepMepam pelIuTh 3Ty 3aJady HaCKOJIbKaMHU
nyTssMd. Bo — mepeBbIX OHO Tae€T UM CPEICTBAa KOHTPOJSI TEXHOJOTHUECKHX IMPOIIECCOB,
BO3MOXKHOCTh COTJIACOBAHUS U3MEPEHHUM PAa3TUYHBIX TaHHBIX B BUJE, YIOOHOM JJISl IPUHS
TUS1 000CHOBAHHBIX PEIIEHUH MO BOMPOCAM IKCIUTyaTalluy U yIPABICHUS POU3BOICTBOM.
Bo — BTOpBIX, 3T0 000pYyI0BaHME MO3BOJSIET OCYIECTBUTh aBTOMATUYECKOE YIPaBICHUE
MHOTMMHU Tporieccamu. Mcrosib30BaHne 3JIEKTPOHHBIX TPUOOPOB COBMECTHO C 3JIEKTPUUEC
KUMHU 3JIEKTPOHHBIMU YNPABJISIOUUMHI YCTPOUCTBaMHU AT BO3MOXKHOCTh OCBOOOJIUT JIIO
Jieil OT BIMSIHUS YTOMHUTENIBbHBIX U MHOTOTOHHBIX pabOT U O0JETYUTh PyYHOE yIpaBICHUE
npoueccamu. B — TpeTbu, 351€eKTpOHHOE 000PY0BaHHUE MO3BOJIET UCHOIb30BaTh BO3ZMOXK
HocTi OBM mnpu ynpaBieHue NMpou3BOACTBOM, BKJIOYas cOOp M aHaiu3 MHPOpMau,
MOCTYMAIOMIMX M3 MHOTHUX HCTOYHWKOB, HAXOASIIEXcsS Kak Ha QepMe, Tak M 3a €€
npeaesiaMu.

KOHmPOJZbele eonpocaol.
1.Yro Takoe qUCHUIIIMHA 3JEKTPOHUKA?
2.Kak nozpa3zfenserc 3J1eMEHTBI DJIEKTPOHUKH?
3.00bsCHUTE PTIEMEHTHI JJIEKTPOHUKU?
4.006bsicTHE MECTO U 3HAUEHUS 31eKTpoHUKH B CXI1?
5.PacckakuTe MepecneKTHBY YCTPOMCTB AIIEKTPOHUKN?
6.Kax ucnomns3yercs cpecTBa 2JIEKTPOHUKH B CEIBCKOM XO0341UCTBE?
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Tema Ne 13 110J1YIIPOBO/IHUKOBBIE IIPHBOPHI.

[Tnan 1. O0wue noHATHUS.
2.JInobl, TPaH3UCTOPBI U THPUCTOPHI.
3.DJIeKTPOHHBIE YCTPOMCTBA.

1.06uwue nonamus.

[TpuGops1, melcTBUsI KOTOPHIX OCHOBAaHBI Ha JJIGKTPOHHBIX MPOIECCaX B IMOIYIIPOBO
JHUKAaX, Ha3bIBAIOTCA IMOJYNPOBOJHUKOBBIMH MpHOOpaMu. 3HAYUTEIBHYIO pOJb B
Pa3BUTHUH TOJYIIPOBOJIHUKOBON TEXHUKH CHITPAJI CEJICH; CEJICHOBBIC BBITPSMUTEIIN JIOJIT0C
BpeMs OC TaBaJUCh OCHOBHBIMH IOJYIPOBOJHUKOBBIMU TPUOOPAMH, TTOTYyYUBIINE
MaccoBoe mpuMe HeHue. OgHako ¢ Hadayno 70-X ToJOB MPOINIOrO0 BEKa HauOoJIee
pacnpocTpaHEHUE TMOIy4YaeT MOIYNMPOBOJHUKOBBIE MPUOOPHI, M3TOTOBICHHBIE Ha 0a3e
KPEMHHUS U TEPMaHHUSI.

[ToynpoBOIHBIKOBBIE TPUOOPHI MOXKHO Pa3/IeIUTh Ha CIASAYIONINE TPYMIIBI: AICKTP
onpeoOpazoBaTeIbHbIE MPUOOPHI, KOTOPBIE MPEOOPa3yIOT OJHU AIEKTPUUECKUE BEITMUUHBI
B JApyrue (MoJynpOBOJIHUKOBBIN MO/, TPAH3UCTOP, TUPUCTOP); ONTOAICKTPOHHBIE ITPHUOO
pBI TIpeoOpa3yroIe CBETOBbIE CUTHAIN B JIEKTPUUYECKUE U HA000poT (ONTpoH, (hoTope3u
CTOp, CBETOM3IYYaelIuid AUO/); TEPMOIJIEKTPUUECKHE TPUOOPHI, TIPEOIPA3yIOLINe TEIIO
BYIO SHEPTUIO B AJIEKTPUYECKYIO (TEPMOPE3UCTOP); MbE30IICKTPUIYECKUE U TEH30METPHU
YyecKue MpUOOphI, KOTOPHIE pearupyeT Ha JaBJICHUE WM MEXaHUYECKOE CMEIIICHHE.

Bce BelmenepeurciieHHbIe MPUOOPHI HAXOMAT B IIOCHEIHEE BpEeMs IHPOKOE
IIPUMEHEHHE B CEILCKOM X03sicTBe. Kak M3BeCTHO, Y METAINIOB yIelIbHAS AJICKTpUUYecKast
mpoBoAMMOCTh paBHa > 10° Cm/m, y momymposognukoB ot < 10° go 1071° Cwm/m, y
audnekTpukoB - < 107 Cwm/m.

[Ipu HarpeBaHWM MOYIIPOBOIHUKA MPOUCXOAUT Pa3phIB KOBAJCHTHBIX CBS3EH, UTO
NPUBOJUT K TOSIBIEHUIO CBOOOJHBIX JJEKTPOHOB U BO3HUKHOBEHHIO COOCTBEHHOM
AIEKTPOHHON ITPOBOAUMOCTH.

Korna B kpucTamimyeckoM 4MCTOM MOJIYTPOBOIHUKE JICKTPOH MOIyYaeT SHEPTUIO
U YXOJUT CO CBOEr0 MECTa, TO BO3HUKACT W30BITOYHBIM TOJOKHUTEIbHBIN 3apsil —
oOpasyeTrcsi Oslpka. DIEKTpUYECKas MPOBOJAMMOCTb, OOYCIABICHHAS YHOPSIOYCHHBIM
NepeMeIleHUEM JbIPOK, Ha3bIBACTCS COOCHMBEHHOIL ObIPOUKOU NPOBOOUMOCHBIO.

O06s1acTh MHOTOKPHUCTAITHYECKOTO TIOMYPOBOAHUKA, B KOTOPOM ITPOUCXOIUT CMEHA
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MIPOBOJIMMOCTH C 3JIEKTPOHHON Ha JBIPOYHYIO (MJIM HA00OPOT), HA3BIBACTCS 21€KMPOHHO —
ovipounbim nepexooom (P-n mepexonom) (puc 24).

3anbIparoluid 3JIEKTPOHHBIN CIOM N

e [T M
o a L] £ My
+++++
+++++
+++++

1
+

S
S

Puc-24. CtpyKkTypa 37€KTPOHHO — JIBIPOYHOTO MEPEX0/1a p-1 Mepexoa.
Ha rpanune p-n nepexona B pe3ynbrate 11 Py3un 3J€KTPOHOB U3 # — MOTYIIPOBOJHUKA B
P — MOJYIIPOBOJIHUK U JIBIPOK U3 MOJYNPOBOJAHUKA B 71 00pa3yeTCs 3anuparouiuii ineKkmp
uuecKuil c10i, UMEIONINI MOBBIIIEHHOE COMPOTUBIICHUE MO CPABHEHUIO C OCTAIbHBIMH
obbemamMu TmoynpoBogHuka (puc 20). BHeliHee »3JieKTpUuecKoe IMOJie BIUSET Ha
COTPOTHUBIICHUE 3AIMPAIOIIETO CJIOSA, 3TO MPUAAET IIEKTPOHHO — JBIPOUYHOMY TEPEXOTY
CBOMCTBO OJTHOPOTHOU MPOBOJIUMOCTH, KOTOPOE IUPOKO MCTIOIB3YETCS B TEXHUKE.
2./[luoovl, mpanzucmopsl u mMupucmopbl.

Ilonynpo6oonukoeelm Ouo0OomM HaA3BIBAIOT JIBYXAJIEKTPOAHBIM  AIEKTPOHHBIN
npubOp Ha OCHOBE MOJYMPOBOJAHHKOBOTO KpPHCTaIa. B TOIYyIpPOBOJHUKOBBIX THOMAX
UCIIOJIb3YETCSI BRIMPSIMUTEIbHBIE CBOMCTBO p — 11 — MIEPEXO0JIOB.

[ToakmroueHue HaNpsHKEHWST K TOJYHIPOBOAHUKY B MHpsiMOM (a) U oOpaTHOM (0)

HaNpaBJICHUH MIPEACTABJIEHBI HA pucC 25. A lp MA
7 7 N\
, . Uosp B Uy, B |
" N / v 4{>'i
+ - r)
i I |06p mA
a) B)

Puc 25. [loaxmmtoueHust HanpsKEHUs K K MOJIYNPOBOJIHUKY B MPSIMOM a) U 0OpaTHOM 0)
HanpaBlieHui. BonbT — amnepHas xapakTepuCTHKA B) U YCIIOBHOE 0003HAYEHHE T).
[TomynpOBOJHUKOBOM  JUOJ  SABJSIETCSI OCHOBHBIM  DJIEMEHTOM  BBIIPSMUTEIbHBIX

YCTPOMCTB, CiIyXallKX JJIs MpeoOpa30BaHus IEPEMEHHOTO TOKa B TIOCTOSTHHBIH.
TpaH3ucTopom Ha3bIBAIOT 3JIEKTPOHHBIN MPHUOOP HA OCHOBE MOJIYIPOBOIHUKOBOTO
KpUCTalla, MMEIOIIMA TpU BbIBOJA W TMpEAHA3HAYEHHBIM I TpeoOpa3oBaHus U

TE€HEPUPOBAHUS JICKTPUIECKUX KoJieOaHuH. [1o KOHCTPYKIIUU TPaAH3UCTOP COCTOUTH U3
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Tpex o0JiacTei: U3 MOTYNPOBOJIHUKA OJTHOTO THUIIA TPOBOAUMOCTH U JIBYX MPUMBIKAIOIINX
MOJIYITPOBOJTHUKOB C TTPOTUBOIIOIOKHBIM THIIOM MMPOBOJAUMOCTH. ITH TPH 001acTH 00-
pa3yloT B OJIHOM MOHOKPHUCTAJIE JIBa JIEKTPOHHO—IIBIPOUYHBIX Tepexoa (puc26). Cpen-
Hast 00J7acTh (OHO OOBIYHO OYEHBb TOHKAs) Ha3bIBACTCs 0a30H, IBE APYTHE — IMUTTEPOM H
KOJUIEKTOpOM. basa oTaeneHa oT aMuTTepa M KOJUIEKTOPa SMUTTEPHO—IBIPOYHBIM TIEPE-OM

B TpaH3ucTope paznuyaroT Tpu 3HaUYEHHUS TOKa: IMuUTTEpa |,, Komekropa li, 6a3sl lg
Y TPU 3HAYCHUS HAMpPSKEHUsS B LEenax: SMUTTEp — 0aza (Uss), 6aza — komtektop (Uesx) 1
KoJuiekTop — dSMUTTEP (Uy,). DTH BETUUMHBI CBsI3aHbI (OpMYyIaMu:

|9+IK+I6=O; U96+U6K+UK3=O

Omutrep  basa Komnexrop K

\ /

L ] l | 4
3—|P n P K B

OmutrepHbiii b KosnekTopHsblit 2
Iepexo Iepexo.
K
BriBon Briox
OMUTTEPA I n P n KOJIJIEKTOpa

BriBog a) 0)
0a3bl
Puc 26. YcrpoiicTBo n 0003HaueHus TpaH3ucropa; a) P—n— P tuna; 6) n— P —n Ttuna.
Korma TpaH3ucTOop MCHOJIB3yeTCS KAaK YCUIIMTENb, OJWH JJIEKTPOJ SIBIISAETCS BXOJHBIM,
IpYrol —BBIXOJHBIM, TpeTuid oO0mmM. [lpm 3TOM HHTEpec NPEeaCTaBISAIOT JIBa TOKa:
BXOJIHOM M BBIXOJHOW U JIBA HANPSKEHUS: BXOJTHOE U BBIXOIHOE.
Bo3MOXHBI TpU CXEMBI BKITIOUEHUS TpaH3UCTOpa (pHUC 27): C OOIIMM SMHUTTEPOM

(ycunuresb Mo MOIIHOCTH), OOIIMM KOJUIEKTOPOM (YCHJIMTENIb TIO TOKY) M 00Iel 0a3oii

(YCUJIUTEIIb 10 HAMPSKEHUIO).
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Puc 27. OcHoBHBIE CXeMbI BKJIFOUEHHUS TPAH3UCTOPA. a) ¢ 0011ei 6a30i, 0) ¢ 00IIEM

AMUTTEPOM, B) C OOIIEM KOJUIEKTOPOM.

Tupucmopui. 15151 ynpaBiaeHUs: MOIIHBIMU Harpy3KamMu IPUMEHSIOT MTOJYITPOBOIHUKOBBIE
IpUOOPBI — TUPUCTOPBI U CUMUCTOPBI, KOTOPBIE BBITYCKatOT Ha Toku 10 1000 A.
Tupucropsl (yrpasisieMble AUObl) UMEIOT YETEPEXCIONHYIO CTPYKTYpPY THIIa

P—n—P—n U Tpu 3JIEKTPOJA: aHOJI, KATOJ U YIPABISIONIUHN AIEKTpoa (puc 28).

I I, 18
A K p%6)

P1 ni P2 n2 Ii
NE) l
T

Puc 28. Tupuctop. a) cTpykTypa, 0) ycioBHOE 0003HaYCHUE.

0)

Ecnu aHon TupucTopa NOAKIIOYUTh K MUHYCY UCTOYHHKA TOKA, a KaTOJ K ILIIOCY, TO
nepexoasl I1; u Il OyneTs 3akpbIThl U THPUCTOP OyIeT 3anepT. B nenu OyaeT nporekaTh
HeOoJIbII0M TOK yTeuku Henpesaratonmiit 0,01 % HOMUHATBHOTO MPSIMOTO TOKA.

Ecnu k a5ekTpoaM TUPUCTOpPA MPUIIOKEHO HAIPSIKEHHE B MPSMOM HalpaBJICHUU,
to nepexoaa Iy u Iz oTkpeIThl, a nepexon Il 3akpeIT U TUpHUCTOp 3anepT. TOK yTeuku
YBEIMYUTHCS HE3HAYUTENbHO. OTKPBHIT THPUCTOP MOXKHO ABYMSI CIIOCOOMMHU. MOXKHO
YBEIMYUTh MPUIOKEHHOE HANPSHKEHUE aHOJ — KaTod JI0 3HA4YEHUs HalpsKEHUs
nepekiodeHuss. [Ilpu 3TOM CONpPOTHBIICHHE THUPUCTOpPA PE3KO YMEHBINAETCI W OH
OTKpbIBaeTcs. BTopoii croco6 3akitoyaercs B TOM, YTO B IEMb YIPABISIONIUN SJIEKTPO —
KaTOJl MOJKJIF0YAI0T UCTOYHUK MOCTOSTHHOTO TOKA, BCIEACTBHUE YETO B IIEMU YIPaBICHUS
MOSIBJISIETCS] TOK, TIPU ATOM TUPHUCTOP BKJIFOUAETCS MPU MEHBIIIEM aHOTHOM HaIpPSHKCHUH.

3.9nekmponnsvie ycmpoiicmaa.

Buvinpamumenwvuvie ycmpoiicmea ObIBaloT OAHO(A3HBIMHU, HCIOJIb3yeMbIMU
IJIaBHBIM 00pa3oM B MAaJIOMOIIHBIX YCTPOMCTBAX NHUTAHUS IeNed aBTOMATHKU U
TEeJIEMEXaHUKU, U TpeX(a3HbIMU Il TUTAHUS MOIIHBIX YCTAaHOBOK IPOMBIIIJIEHHOTO

tumna. CXxeMbl NOJyIPOBOJIHUKOBBIX BBIIIPSIMUTEIIEH NPpUBEAEHBI Ha pucyHkax 29 u 30.

21 R U MUT

v
~+

~Ul'[I/IT

(e

a) 6)| >t

Puc29. OnnononynepruogHoe BEIIPSIMIIEHHE IEPEMEHHOTO TOKA: a) SJIEKTPUUECKas CXEMA,

0) rpauKy MUTAIOIIETO HANPSYKEHUS U TOKA B HArpy3Ke.
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UHI/IT A

v

6)
Puc 30. [IByxnonyrnepruoaHOe BRIIPSIMIICHHE TIEPEMEHHOI0 TOKa: a) CXeMa MOCTa Ha

YeThIpEX Mruoaax; 0) rpadMKu MUTAIOIIETO HANPSDKCHHS M TOKA B Harpy3Ke.
Yecunumenu. CymecTByIoT OOJIBIIOE YHUCTO PA3IMYHBIX CXEM YCHIIUTENCH, paboTaroNux
Ha TpaH3ucTopax. OCHOBHBIE MMapaMETPhl U XapaKTECPUCTUKHU YCUIIUTEIICH SBIISIOTCS OOIIH
MU 78 Bcex TUMOB. JIr0OOW ycWIHMTENb JOKEH YCWIMBATH BXOJHOM CHUTHAl IO
MOIITHOCTH. YCHUJIUTENH OBIBAIOT KaK IEPEMEHHOr0 TaK M TMOCTIHHOTO Toka. OJHaKo
ycunutenau noctosHHoro toka (YIIT) ucnons3yroT Tam, T/i€ HyKHO YCHUIIUBATh MEIJICHHO
U3MEHSIONIMECS CUTHalbl. HanomHum, 4TO Ha OCHOBE MOJIYIPOBOJAHUKOBBIX MPUOOPOB
MOXHO cOOpaTh pa3InuHbIe (QUIBTPHI, CTAOMIN3aTOPBI, JOTHUESCKHE IJICMEHTHI.

KOHmPOJleble eonpocaol.
1.Ilepeuncanre U3BECTHBIE MOIYITPOBOJHUKOBBIE TPUOOPHI?
2.Yt0 Takoe 3anuparolui ciom?
3.Hapucyiite BoJabT — aMIEpHbIE XapaKTEePUCTUKU AHOa?
4.Hauepture cXeMy ABYXIOIYNEPHUOJHOTO BBITPSIMUTENA?
5.YUT0 Takoe TpaH3UCTOP U TJE €r0 UCIOJIb3YIOT?
6.Ha3oBuTte ocHOBHBIE 00JaCTH IPUMEHEHUSI THPUCTOPOB?
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1 PASJEJL. SJIEKTPOIIPHBO/I.

Tema Ne 14 OCHOBBI 3JIEKTPOIIPUBO/]A.

[Tnan: 1.00mue cBeneHus.
2.Knaccudukarius 31eKTpOIPUBOIOB.
3.Pa3BuTHeE 3JEKTPOIIPUBO/IA U €TI0 3HAYEHHUS B C/X TIPOU3BOJICTBE.
4. MexaHn4YeCcKue XapaKTePUCTUKHU AJICKTPOTIPUBOIOB.
1.06uwue ceeoenus.

Anekmponpueodom Ha3bIBACTCA MAIMHHOE YCTPOMCTBO, MpeoOpasupyroliee
IEKTPUYECKYIO DHEPrUI0 B MeXaHW4YecKyro. OHO COCTOMT U3 3JIEKTPOABUTATEII,
NEepEeJaTOYHOr0 MEXaHM3Ma W amnmapaTypbl YIPABICHHS M 3allUThl. DJIEKTPOIPUBOJ
obecrieunBaeT ympaBieHUs MPeoOpa3oBaHHON MeXaHHMYeCcKoW sHeprueil. B HekoTopbie
THUIIBI 3JIEKTPONPHUBO/Ia BXOAST MPe0OpPa30BATENbHbBIE YCTPOMCTBA: BBIIPSIMUTENH, TPEOO-
pa3oBaTEIN 4YacCTOThl, UHBEPTOPBHI.

DJIEKTPONPHUBOJI, TPUMEHSIEMBbIM B MPOU3BOJCTBEHHBIX MpOIECcax, NEISAT Ha TPHU
OCHOBHBIX THIA: TPYNINOBON (TPAHCMHUCCUOHHBIN ), OJJMHOYHBIN 1 MHOTOJIBUTATEIbHBIMH.

I'pynnogvim Ha3pIBaeTCid TaKOM JIIEKTPOIPHUBOJA, B KOTOPOM OT OJHOIO
AIIEKTPOJBUTATENS] C TIOMOIIBIO OJHOM WM HECKOJBKUX TPAHCMUCCUN JBUKEHUE
nepenaercss rpymnmne padboyumx MaimuH. Takod 5SJIEeKTpONpPHUBOJ H3-3a TEXHUYECKOTO
HECOBEPILIEHCTBA HAXOAUT OYEHb OTPAHUYEHHOE TPUMEHEHHE.

OO0unouHbIM HA3BIBACTCS TAKON 3JIEKTPONPHUBOI, KOTOPHIN C TOMOIIBIO OTJAEIBHOTO
ANEKTPOABUTATENSl TPUBOASAT B JABWKCHHE OJHY MAIIMHY WA MPOU3BOJICTBEHHBIN
MeXaHu3M. Paznuuaror npocmoii 00unHouHbl NPUEOO U UHOUBUOYATILHO — OOUHOUHDLIL.
B mpocTtoMm ogmHOYHOM TPHBOJIE AIEKTPOJBUTATENH C pabouell MalIMHOW COEIUHSETCS
IUIOCKOW WJIM KIIMHOPEMEHHOM IIepefayeii 4epe3 PeayKTOp WM HEIMOCPEACTBEHHO C
noMOIIBI0 MyQT. Takol 3JEKTPONPHUBOJT UMEIOT U3MEIBUYUTENN KOPMOB «Bonraps - SM»,
«UTK - 30b», npobmnku kopmoB «KJIY — 2,0», «kKIM — 2,0» u ap.

Mnozoosuzamenbhpim HA3BIBACTCS TAKOM AJIEKTPONPHUBO, KOT/Ia B OAHOW paboueit
MaluHe I TpUBOJIa pabo4ymX OpPraHOB HMCIOJB3YETCS OTACNbHBIC JJICKTPOIABUTATEIN
(manmpumep, 3epHoouncturenbHas mamuHa 3BC — 20, ounctutens Bopoxa OBII — 20A,
rpanyinsitop OI'M — 0,8A u gp.). C pa3BuTHeM NPOU3BOJACTBA U €ro TEXHUUYECKOU
OCHAIIIEHHOCTH B KJIACCHU(UKAIMK DJIEKTPONPUBOJIOB BBEACHBI  JOMOJHUTEIHHBIC

XapaKTCPUCTUKKU OCHOBHBIX TUIIOB ITPUBOAOB.
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B unoueuoyanvno — oounounvim npuBOJIE HMMEETCS KOHCTPYKTHUBHAs CBA3b
JeTanel B3JeKTpOoJABHrareiss ¢ paboueld MalmIMHOW. (MalmIMHKa JUIsl CTPUKKHA OBELl CO
BCTPOCHHBIM 3JIEKTPOJIBUTATEIEM, SJIEKTPOAPENH U T.I1.).

B MHO2006U2AM EITLHOM I71eKMPOnpueooe pa3INYaroT IIPOCTOU
MHOTOJIBUTATEIbHBIN MOPUBOJA, KOTJa JJIEKTPOJABUTATENb C pPabOYMMHM OpraHaMu
COEIMHSIETCS] HETMOCPEACTBEHHO 0€3 KOHCTPYKTHUBHBIX M3MEHEHUM ABUTATENs, TO €CTh C
MoMOIIbI0  My(T, PEMEHHBIX Tepenad © PEAyKTopoB. B  WHAMBHUIyalbHO —
MHOTOJIBUTaTEIHBIM TPUBOJIE JI€TAlM JJIEKTPOJBUTATENS CIY>XAaT OJHOBPEMEHHO U
JeTansiMu paboYrX OpraHoOB MalllvH.

2.Knaccugukauus snekmponpueooos.

DNEKTPUYECKUE MPUBOABI MOTYT OBITh KJIACCU(DUIIMPOBAHBI MO PSAY MPU3HAKOB: TIO
YCJIOBUSIM TIPUMEHEHUsI (CTallMOHApHBIE W TEPEABWKHBIC), MO CHOCOOy YIpaBJICHUS
(aBTOMATH3UPOBAHHBIC, YACTUYHO aBTOMATU3UPOBAHHBICE U HEABTOMATU3UPOBAHHBIE), 110
YHUCIIy CKOpPOCTEH (OJHOCKOPOCTHBIE M MHOTOCKOPOCTHBIE), IO POAY HCIOIb3yeMOM
AIIEKTPUUECKOU SHEPTUH (TOCTOSHHBIN TOK, OJJHO(pA3HBIN U Tpex(da3Hblii) U Ap.

CranmmonapHsle — 3JIEKTPONPUBOBI BBIITYCKAIOTCS HA 3aBOJE BMECTE C IMPUBOJOM
pabounx opranoB. [lepenBuKHbIE BBITYCKAETCS HA 3aBOJIE JJIS MCIIOJIb30BAaHUE HA Pa3HbIX
YCTAHOBJICHHBIX MeCTaX. ABTOMATU3UPOBAHHBIC DSJIEKTPONPUBOMABI BBIMYCKAIOTCS Ha
3aBOJIE C aBTOMAaTHYE€CKUMH KOMIUJIEKCHBIMU YCTAHOBKAMM.

3.Pazeumue rnekmponpueooa u e2o 3Ha4eHUsA 8 C/X NPOU3BOOCHIEe.

Pa3BuTHIO 37€KTPONIPUBOAA U Pa3HOOOPA3UIO €r0 THUIIOB BO MHOTOM CIIOCOOCTBYIOT
cleAyronue TPEUMYIIECTBA JJIEKTPONPUBOJA Tepe] APYIrMMU BHJIAMH MPHUBOIOB:
OBICTPBIN U MPOCTOM MYCK DJIEKTPOJBUTATENS, OJlarogapsi KOTOPOMY JIETKO OCYIIECTBUTD
YacThI€ MyCKA U OCTAHOBKU MAlIWHBI; BO3MOKHOCTh TOYHOTO y4€Ta pacxoda HEpruu Ha
OT/ICJIbHBIE TIPOU3BOJICTBEHHBIC OTMEpaIlii, YTO IO3BOJIIET OIICHWBATh W CPAaBHUBATH
BIIMSIHUE 3TOW COCTABISIONIEH HA CTOMMOCTh MPOAYKIHH a TaKKe CPAaBHUBATH MEXKIY
coboif paboune MaIIMHBI PA3TUYHBIX TUIOB. CHOCOOHOCTH  AJIEKTPOJBUTATEIS
BBIJICP)KMBATh  3HAYUTENbHBIC TMEPErpy3KH: JJICKTPOJABUTATEIM  MOTYT paboTaTh
MOTPY>KEHHUMH B BOJY, B O€3BO3AYIITHOM MPOCTPAHCTBE U B MIPOUUX YCIOBUSIX CPEJIbI, T
JIpyrue JBUrateiln padoTaTh HE MOTYT. DJEKTPOJBUraTesid UMEIOT Oojee IIUTEIbHOU
CpPOK CIIY>KObI, MEHbIIIUE TabapuThl U METAJUIOEMKOCTb, MPOCTHI B OOCITY>KWBaHUU U
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HaJEeKHBl B JKCIUTyaTallUU: MPHU 3JIEKTPOINPUBOJE JEr4e OCYIIECTBUTH aBTOMATU3ALIUIO
pa®oThl OTAENBHBIX MAIIWH, TaK M BCETO0 MPOM3BOJCTBEHHOIO IpOIlecca B IIEIOM:
BO3MO>KHOCTb HCIOJIb30BAaHUS 3JIEKTPUYECKOM MAallUHbI, KaK B JABUTATEIbHOM TaK U B
TOPMO3HOM (T€HEPATOPHOM) PEKHUME; BO3MOXHOCTb HW3TOTOBJIEHUS 3JIEKTPONPHBOJA
NPaKTUYECKH JIFOOOM MOIIHOCTH (OT [0JIe BarTra 10 COTEH W ThICAY KHJIOBATT), Ha
Pa3IMYHYI0 YacTOTY BPAIEHMS; U BO3MOXHOCTh KOHCTPYKTUBHOI'O YIPOILEHUS pabouei
MAaIlIMHbBI, €€ COBEPIICHCTBOBAHUS; SKOHOMHS OOTHPOYHBIX U JPYTHX MaTepHaloB,
YHCTOTA B IOMEIICHNH, YIYUIlIEeHUE YCIOBUS TPYAa.
4.Mexanuueckue xapaxmepucmuKku 31eKmponpueooos.

MexaHnyecKkol XapaKTEPUCTUKOW HA3bIBAETCS 3aBUCHUMOCTh YaCTOTY BpAICHUS
NpUBOJa OT €ro MOMEHTAa. OTH XapaKTEPUCTUKU MOXKHO OyAeT pa3feisT Ha
XapakTepUCTUKY OdJIEKTpoABUTaTened u pabouyux opraHoB. [lpuHiun aelcTBus
ANEKTPONPUBOAA 3aBHCUT OT OTHOLICHWM JOTHX XAapaKTEPUCTUK. MeXaHM4ecKOon
XapaKTepUCTUKON pabO4YMX OpPraHOB HA3bIBAETCS COOTHOIICHUSI YacCTOThl BpalIEHUS C

P
MOMEHTOM conpoTuBiieHus. OHO omnpezensercs no Gopmyne 7= ﬁ [lo xapakrepy
+
2

MOMEHTA CONPOTHUBIICHUI, MEXaHUYECKUE XAPAKTEPUCTUKU MOTYT OBITh pa3HbIMU. MX 1o
rpauKy MOXKHO npencTaButh (puc 40).
1. XapakrepucTuka MeXaHuU3Ma, B KOTOPOM MOMEHT CONPOTUBIIEHHS HE 3aBHCHUT OT

qyacToThl BpaieHus (X=0, M= const).
2.XapakTepucTuka MEXaHW3Ma, B KOTOPOM MOMEHT COMPOTHUBJICHUS HW3MEHSETCS B

MKH_MO

3aBUCHUMOCTH OT 4acToTy BpamieHus (X=1, M, =M, + N Ny,
H

M

»
»

Puc 40. Mexannuyeckue XapakTEpUCTUKH JIEKTPOIPUBOJIOB.
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3.XapaKTepI/ICTI/IKa MCXaHn3Ma, B KOTOPOM MOMCHT COIIPOTHUBJICHUA HN3MCHACTCA B
3dBUCUMOCTH OT YaCTOTHI BpalllICHWA HC CHUHYCOUIAJIbHO

M _ —-M
KH 0 nZ).
nH

4.XapaKT€pI/ICTI/IKa MCXaHU3Md, B KOTOPOM MOMCHT COIIPOTHBJICHHUA YMCHIACTCA B

X=2, M, =M+

3aBHCHMOCTH OT YaCTOTY BPALICHHS HE CHHYCOUAATBHO (X=-1, Mc<M ;).

KOHmp0Jleble eonpocul.
1.YTo Ha3bIBaeTCA JIECKTPONPUBOAOM?
2.Yero obecrieunBaeT 3AEKTPOIPUBOA?
3.Kakue TuIibl 3J1€KTPOIPHUBOJIOB BbI 3HAETE?
4.YT0 Ha3bIBAECTCS IPYIIIOBBIM JIEKTPOIIPUBOAOM?
5.Pacckaxute Kinaccuukaiuio 31eKTPOnpUBOI0B?

Tema Ne 15 MEXAHHUYECKHE H 3JIEKTPOMEXAHUHYECKHE
XAPAKTEPUCTHKH JJIEKTPO/JIBUI ATEJIEM.

IInan: 1.MexaHu4eckne XapaKTEPUCTUKH IIICKTPOIBUTATEIICH.
2.0cco0eHHOCTH 2JIEKTPOABUTATENICH Pa3HbIX TUIIOB.

1.Mexanuueckue xapakxmepucmuKku 31eKmpooguzamenei.

MexaHudeckass XapaKTEpUCTHUKAa JJEKTPOJIBUIaTesl BBIPAXKAET 3aBBICUMOCTH
MOMeHTa (TPOU3BEACHUS YCUIIUS HA PaguyC MPUIIOKEHUS CHIIbI) OT YaCTOThI BpPALCHUS.
OT TOro, Kak M3MEHSETCS Harpy3ka Ha Bajlly IIpU W3MEHEHUM 4YacTOThl BpAILLEHUS,
JBUTATEIN paboTal0T B 00CATIOTHO KECTKOM, KECTKOM MM MATKOM peKUMaXx.

JIBuratenu, paboTaromie B aOCOJIOTHO JKECTKOM pEXKUME, HE3aBUCUMO OT
Harpy3Ku BCETJa MMEIOT TOCTOSHHYIO 4acToTy Bpamienust (imaus 1 Puc 41). Yacrora
BpalleHUs ABUTaTells, pabOoTaloIIEro B )KeCTKOM pexkuMe (muHu 2 Puc 41), B 3aBUCUMOCTH
OT Harpy3kKd Ha Bajly U3MEHSETCS HE3HAUUTENIbHO. B jxecTkoMm pexume paboTaroT
JBUTATE€IN IOCTOSHHOTO TOKa C NapajuleJbHbIM BO30YXJACHUEM M aCHHXPOHHbIE
NEPEMEHHOr0 TOKa. Y JBUTaTeNed ¢ MATKUM pexuMoM paboTsl (nmuuus 3 Puc 41,
AJIEKTPOJIBUTaTeNIM MOCTOSIHHOTO TOKa C IOCIEA0BaTEIbHOW OOMOTKON BO30YXKIIEHUS)
yacToTa BpallleHWs] B 3HAYMTEIBHOM CTEMEHbl 3aBUCUT OT Harpy3ku Ha Bainy. C
YBEIMYEHHEM HArpy3KH YacTOTa BPAILEHUS IBUTATENS PE3KO CHIXKAETCS.

MexaHu4ecKkue XapaKTepUCTUKH 3JIEKTPOABUTATENIEH TOAPA3IEISIOTCS Ha

CCTCCTBCHHBLIC N NCKYCTBCHHEIC. Ecmecmeennas mexanuueckas XapaKTCPHUCTHUKA
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BbIPAXKACT 3aBUCMMOCTL CKOPOCTH BPALICHHUA ABUIATCIIA OT HAIPY3KHW Ha €r0 BaJly IIpU
HOPMAJIbHBIX YCJIIOBUAX pa6OTbI QJICKTPOABUTATCIIA, T.C. IPU HOMHWHAJIIBHOM HAIIPAKCHUU
Ha ero oOMOTKax u 0e3 JOITIOJIHBITCIIBHBIX COHpOTI/IBHeHHﬁ B IOCIIAX OOMOTOK.

nlk

=

0 » M
Puc 41. Mexannueckue XapaKTEpUCTUKH 3JIEKTPOABUTATEIIEH.

Hcckycmeennaa MeEXaHMUYECKash XapaKTEPUCTUKA BBIPAXKAET 3aBUCUMOCTb YacCTOTHI
BpaIlleHUs] JBUTATENs] OT HAarpy3KH Ha €ro Bajy MpPU HEHOPMAJbHBIX YCJIOBHSX, T.€. NPU
HaIIPSDKEHUHM, OTJIMYHOM OT HOMHHAJIBHOTO, U HPU JONOJHUTEIBHOM COIPOTHUBIICHUH B
Henu sKopsi uim potopa. Ha GOJIBIIMHCTBE CENbCKOXO35MCTBEHHBIX MPOU3BOACTBEHHBIX
MalIuH YCTaHOBJIEHbl ACHHXPOHHbBIE AJEKTPOIBUTATENH.

2.0cobennocmu 3nekmpooguzamelieil pa3HvlX MUnoe.

DONEeKTpUYECKUE JBUTaTeNd MOAPA3ACIACTCS Ha JBUTaTeNM IOCTOSHHOIO H
NEPEMEHHOTO TOKa. JIBUrarenu TMOCTOSHHOTO TOKa OBIBAIOT C MapajlieibHbIM,
MOCJIEI0BATEIbHBIM U CMEILIEHHBIM BO30YKICHUEM.

VY nBurarteneil napayieNbHbIM BO30YKIEHUEM (MHOTJIA UX HAa3bIBAET IIIYHTOBBIMHM)
IIPY U3MEHEHNI Harpy3Ku Ha Bajly 4YacTOTA BPALLEHUS U3MEHSAETCS HE3HAYUTEIBHO (JIMHUS
2, puc 37). OTu IBUraTtenu yCTaHABIMBAIOT TaM, I'/le HEOOXOJIMUMO IMOCTOsIHHAs padouas
CKOpPOCTh MalIMHbI WJIM MEXaHU3Ma Kak Mpu padoTe BXOJOCTYIO, TaK M MOJ Harpy3KO.
YactoTy BpallleHus JABUTaTeiel ¢ mnapajuledbHbIM BO30YKJIEHHEM MOXKHO IIJIaBHO
pPEeryaupoBaTh B IIUPOKUX Mpeaenax.

VY gBurareneil ¢ mocienoBaTENbHBIM BO30YXJAEHHEM (CEpPHUECHBIX) 4YacToTa
BpallleHUs] 3aBUCUT OT HAarpy3kd Ha Baly — C YMEHbLIEHHWEM Harpy3ku 4YacToTa
yBenuuuBaetTcst (muHus 3, puc 41) u Haobopor. PaboTa Takoro ABUTaress BXOJOCTYIO
HEJOIYCTUMA, TaK KaK CKOPOCTh MOXET HACKOJBKO YBEJIMYUTCS, YTO SIKOPb MEXAHUYECKU
pa3pylIUThCS LEHTPOOEKHBIMU CHJIaMU. J[BUrateau STOro THUIA BbLACPKUBAIOT
OTHOCHUTEJILHO OOJIbLINE MEePErpy3KU, YEM JBUTATEIH C MapalIeIbHbIM BO30YXICHUEM.

I[BI/IFaTeJ'II/I C IMOCJICAOBATCIIbHBIM BO36y>KI[eHI/IeM YCTAaHABJIMBAKOT HA TpaMBasiX,
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Ha Tposuierlycax, ANEeKTPOBO3aX U HA HEKOTOPBIX MOABEMHBIX MEXAHU3MAX.

JIBuraTenu CMemaHHOTO BO30YKIeHHs (KOMIAyHIHBIE) MO CBOMMHU CBOWCTBAMH
3aHUMAIOT MPOMEKYTOUYHOE IOJIOKEHHE MEXKAY LIYHTOBBIMU U CEPUECHBIMH. OTH /]
WCTIOJIB3YIOTCS [T MPUBOJIA MAIIMH C PE3KO MEHSIOLIEHCS Harpy3Kou, najaaromen 110 0.

HanbGonee mupoko B CEIbCKOM XO3SIMCTBE MNPUMEHSIOTCS AJIEKTPOABUTATEIN
NEePEeMEHHOro ToKa. J[BUrarenu nepeMeHHOro Toka ObIBAIOT CUHXPOHHBIE, ACHHXPOHHbBIE U
KOJUIEKTOpHBIe, Tpex(asHoro u oaHopazHoro Toka. CHHXpPOHHBIE 3IIEKTPOJBUTATEIH
paboTaroT abCOMIOTHO KECTKOM pexkume (JiHusg 1 puc 41). YV acHHXpOHHOTO JBUTATEINs
POTOp BpaIlIae€TCs ¢ MEHBIIIEW 4YaCTOTOM, YEM MarHMTHOE MOJIe cTaTopa. B 3aBUCHUMOCTH OT
Harpy3kd Ha Bajly pOTOp HM3MEHSET YacTOTy BpalllCHUS B HEOOJBIIMX Mpejeax.
ACHHXPOHHBIE JBUTATENIN TPeX(Pa3HOTro TOKa ObIBAIOT ¢ KOPOTKO3aMKHYTOM WM C ha3HOU
00MOTKOM poTopa.

KOHmPOJleble eonpocaol.
1.YUrto Takoe MexaHHUECKas XapaKTepUCTHKA JABUTaTes?
2.YacToTa BpallleHus KaK BIUAET Ha XapaKTePUCTUKY?
3.Kakue mexanndeckue XapakTeKpUCTUKH Bbl 3HaeTe?
4.Pacckaxkure O TMIax 3JIEKTPOBUTATENICH?
5.Kak pasnuyaercst 1Burateny NoCTOSHHOro Toka?
6.Kaxue nBurareny Ha3bIBalOTCS ACUHXPOHHBIMU?
7.ITouemy nBUTraTeIN HA3bIBAETCS CUHXPOHHBIMU?
8.Pacckaxute 0 pexxumax pabOThI AJIEKTPOIBUTATENCH ?

Tema Ne 16. OCHOBbBI /I[HHAMHUKH U IIEPEXO/[HBIE
ITPOLECCBHI B DJIEKTPOIIPHBO/IAX.

IInan:  1.OCHOBHBIE ypaBHEHHS NBUKEHUS DJIEKTPOIPUBOIA.
2.CriocoObl pacyeTa NepexoaHbIX MPOLECCOB B AIEKTPONPUBOAAX.
3./IlnHaMUYECKHUE MPOLIECCHI NTPU ITYCKE U TOPMOKEHHH.

1.0cnosnbie ypagneHus 08uiceHUus 31eKmponpueooa.

Mexanuueckass dJHEprusi, pa3BuUBaeMas DJJIGKTPOJBHUTATENeM TNpu  pabdoTe
AJIEKTPOINPUBO/A, PACXOAYETCsl HAa MPEOJO0JECHUE CONPOTHBICHUS padoyeid MalluHBI.
PaGounii mpoiiecc HEpeaKO MPOTEKAeT C TMEPEMEHHOW CKOPOCTHIO, KOTOpask MOXKET
U3MEHATHCS BCIICJICTBUE KOJeOaHUs Harpy3ku paboueil MalllMHbl, HEMOCTOSHCTBO
HaIpPsHLKEHUS CETH U IPYTUX NpUYMH. Beskoe M3MEHEeHHEe CKOPOCTH BbI3BIBAET U3MEHEHUE
3amaca KMHETUYECKOW SHEPrud B JABUXKYIIMXCS 4YacTAX MNPHUBOJAA, a CJIEIOBATENIbHO, U
HapylIeHUE paBHOBECHUs] MOMEHTa MpuBoja. Ilo 3TOMy mpu BpailaTebHOM JBHKCHUHU

ypaBHEHUE ABMXKEHUS MOXKHO 3aIIUCaTh CIEAYIOUIMM 00pa3oM:
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dw

M-M, =M, =J—
wt

¢ Oun

rae M, M- MOMEHT, pa3BUBa€MbIW JIBUTATEIIEM, U MOMEHT CONPOTUBIICHU, HMm.

J=m r2 — MOMCHT MHCpIHUU CUCTCMHI, HpHBCI[GHHLIfI K BaJly IBUI'aTCJIA, KT' Mz.

dw .
M — macca Tena, Kr. I — paauyc HHepuu, M. Moun = J e JVHAMUYECKUU MOMEHT, H M.

JlnHAaMUYECKUi MOMEHT TPOSIBIISIETCS TOJBKO BO BpPEMs MEPEXOJHBIX PEKUMOB,
KOTI'/Ia U3MEHSIETCS YTII0Basi CKOPOCTbh.

W3 ypaBHEHUS MOMEHTOB CJEAyeT, YTO XapakTep ABWKEHUS MPHBOJA 3aBHCHT OT
3HaKa MOMEHTOB JIBUTATENISl U HATPY3KHU; IPU YCKOPEHUU U TIPU 3aMEIJICHUU.

JIBMOKyIIUE MOMEHT ABUTaTeNis M B ypaBHEHUH MPUHUMAIOT MOJOKUTETBHBIM,
€CJIM ero JICHCTBHSI COBIIAJIaeT C HANPABJICHWEM BPAIICHUS, YCIOBHO MPUHUMAEMBIM 3a
noyiokuTenbHoe. Eciu ke MOMEHT JBUTATeNs HampaBlieH BCTPEYHO JBMXKCHHIO
(TOpPMOXKEHUSI), OH CYUTAETCSA OTPUIIATEIbHBIM.

Cratnyeckre MOMEHTBHI OBIBAIOT AaKTUBHBIMA W PEAKTHBHBIMH. AKTUBHBIMH
MOMEHTaMHU COIMPOTUBJICHUSI CYUTAIOTCS TaKKE, KOTOPbIE 00YCIOBIEHBI TOTEHIIMAIbHBIMU
CHUJIaMHU W HE MCHSIOT HANpPABJICHHS IEHCTBUS TPH W3MEHEHUUW HAMPABIICHUS IBUKCHUS
(HampuMep, B MOJBEMHBIX KpaHax U JieOenkax). PeakTHBHbIE MOMEHTHI CONPOTUBIICHUS
BCET/a MPEMATCTBYIOT JABIKEHUIO W MEHSIOT CBOW 3HAK TPU M3MCHCHHWM HaIlpaBJICHUS
JBIDKEHUS (HAIIpUMeED, CUITBI TPEHUS, pe3aHus, CKATHS U T.11.).

Takum 00pa3oM, Kak MOMEHT JABHUTATElNsl, TAK U MOMEHT CONPOTHUBJICHUS MOTYT
UMETh Pa3IUYHBIC 3HAKH, B CBSA3H C UEM ypaBHEHHUE B 00IIEM CTydae MOKHO 3alHCaTh TaK
tMFM, =] d—W

dt
MOMEHT UHEPLIMY MOKHO BLIPA3UTh Yepe3 MaxoBoil MomeHT CD? KOoTopbIi 00BIMHO
MIPUBOJIUTCS B KaTajaorax 3JeKTPOJIBUTATEIIS:

_ GD?
4

J

[TosTOMy MHOTIa BMECTe J MCIIOJIb3yeT MaxoBoi MomeHnT CD? (kr M%), a BMeCTO W —
4acToTy BpameHuss N — (MuH), TOraa ypaBHEHHE IIPUHUMAET BH:
GD’ dn
M =22
38,2 dt
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B ci1y4dac HpHMOHHHeﬁHOFO IMMOCTYNAaTCIbHOTO ABMKCHUS YPABHCHUEC ABHUIKCHUA 110

AHAJIOIUU C BpaIIaTCIbHbIM MOKHO 3aIllUCaTh TaK:

F—Fczmg
dt

rae F u F. — nBry1as cuiia u cuiia CTaTUYecKoro conpotusienus, H:

dv
V — CKOPOCTh TIOCTYTIATEIHHOTO JIBFKCHHUS, M/C: ma - TuHaMuueckas cuja, H.

2.Cnocoovl pacuema nepexooHvlxX nPOUECccos 8 3J1eKmponpueooIax.

MHorue MamuHbl, TPUMEHSEMBIE B CEJICKOXO3IMCTBEHHOM IMPOM3BOACTBE, HMEIOT
CPaBHUTEIBHO HEBBICOKME YAcCTOTHI BpamleHHd. OAHAKO 3JEKTPOJBHUIaTENN, UCXOIS W3
YKOHOMUYECKUX COOOpaKEHUM, H3rOTOBJIAIOT B OCHOBHOM Ha 4YacTOTy BpalleHUs
750...3000 mun *. I1o 5TOMY IpH HECOOTBETCTBHMH YaCTOTHI BPAILEHHS Pa00Y€il MAIIMHEL
Y IPUBOJIHOTO JBUTATEIIS UCIIOIB3YIOT PA3IMYHOIO POJia IEPEAAUN.

Jlisa ynoOcTBa peleHusl ypaBHEHUsI JBUKEHUS MAIIMHHOTO arperara HeE0OXOAUMO
MOMEHTBI JBHKUYIIMXCS CUJT U CHJI COIPOTUBIICHUS IPUBECTU K BaJly IBUTATEIIS.

IIpuBEeEHHBIII MOMEHT CONPOTHUBIEHUS ONPEICISIIOT W3  YCIOBUS 3aKOHA
COXpaHEHUs PHEpruu. B mepuoJ yCTaHOBHMBIIETOCS JABM)KEHHS MOIIHOCTh Ha Bally
AJIEKTPOJIBUraTENIsl PaBHAETCS MOIIHOCTH pabodeld MallMHbBl M HOTEpsM B Ieperavax,
KOTOPbIE YUYUTHIBAIOTCA KO3(PPUIMEHTOM MOJE3HOTO JEHCTBUSA 7].

CrnenoBaTeslbHO, HA OCHOBaHWH PAaBEHCTBA MOLTHOCTH UMEEM:

1 o, M
j— —_ C — C
Mc,npa)ﬂ - Mca)c - nin Mc.np - MC -

n w;n in

rae , .- yrioBas CKOPOCTb Baja JBMrareis W Baja pabodeid MallMHBI, paj ct

) .
i = — - 00IIEe mepeaTOYHOE YUCIIO OT ABUTATEIs K paboueii MallnHe,
w

c

M_.— MOMEHT conpoTUBIIeHUs paboueit mamuHbl, H M,
M. ,,p — TOT K€ MOMEHT COIIPOTUBJICHUS, IPUBEACHHBIN K BaJly JBUTATEIIA.

HpI/IBeI[eHI/Ie YCI/IHI/Iﬁ MMOCTYIIAaTCIbHOTO IBUKCHUS K BPAIIATCIIbHOMY

OCYIICCTBIIACTCA HA IMMPUHIUIIC PABCHCTBA:

Fv Fv
Mo, =— nm M, =—-

n Wy
rae F — cuna conporunenus paboyeil MalnHbl, 00ycioBiIeHHas Maccol rpy3a G, H:

V — CKOpPOCTb NIOCTYNATEIbHOTO JBUKEHHUS TPpy3a, M/C.
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Puc 42. KuneMatudeckasi cxema 3JI€KTpOIPUBOA.
[IpuBeneHne MOMEHTOB MHEPLIUU U MaXOBBIX MOMEHTOB K OJIHOMY BaJly OCHOBaHO
Ha PaBEHCTBE 3aI1aca KNHETUYECKON SHEPIUH cucTeMbl. IHBIMU ciioBamH, Jyp, TOJKEH

PaBHATHCS 3alacy KWHETUYECKON YHEPTUU BCEH MPUBOAMMOM cUCTeMBI (puc 42).

2 2 2

w? @ W w
Jp—=r =3, 2+, —+3, 2
"2 Ao Tt T2

®; g e
Pa3nenuB ypaBHeHHE HA — > HOIysHM: Jp=d,+ A + 2
1 c

. @ . (4]
rac |, = —ﬂ, i, =2 - MNePCaaTOYHbIC YHUCJIa MCKAY BAaJIOM JABUIATCIISA U BAJIOM

C
a)l a)c

OT/ICJIbHBIX BPAIAIOIINXCS YacTeH.
3. lunamuueckue npoyeccol npu nycKe u mopmoiNceHuu.

[Tepexoanbie MPOIIECCHI, BO3HUKAIOIINE TP MYCKE U TOPMOKCHUU SBIISIOTCS HEOTh
E€MJIEMBIM JIEMEHTOM pabodyero IukiIa Jodoro npuBoja. CokpallleHre UxX JJIUTEIbHOCTH
BO MHOTHUX CJIy4asiX 3HAUUTEJIbHO MOBBIIIAET MPOU3BOIUTEIBHOCTh YCTAHOBOK.

OCHOBHOE  ypaBHEHHE OJJIEKTPONPHUBOAA JIa€T BO3MOXKHOCTH  OMNpPEACIUTH
MPOJIOKUTEILHOCTh MEPEXOJHOTO Mpoliecca MPU IMYCKE, TOPMOXKEHUHU, a TaKKe IpHU

MPEX0JI€ OT OJHOM YITIOBOW CKOPOCTH K APYTOM.

_ Jo, Jo,
[Ipu mycke aBuraTens BXOJNOCTYIO, T.€. ipu M =0, Bpems mmycka t, = M A
H

rae J — MomeHT uHepuun, H M2, My — HoMMHAIbHBIH MoMeHT, H M, o - koo duueHt
paBHbIM 1,2, ...3.

Bpewmst TopmoskeHusi, Korjaa ABUraTeiab OTKI04YeH oT cetu (M=0).

Jow
t, = M:
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B nepexoaHsix pexumax, 0COOEHHO BO BpeMsi IyCKa U TOPMOXEHHUS MPOTUBO
BKJIFOUCHHEM, TT0 0OMOTKAaM JBUTATENS MPOTEKAIOT TOKH, B HECKOJIBKO Pa3 MOBBIMIAIOININE
HOMUHaNIbHbIE. OHU BBI3BIBAIOT JOIMOJHUTENIbHBIA HarpeB OOMOTOK M JIBUTaTelsiM B
nenoMm. CrenoBaTeNbHO, 7S MPAaBWIBHOTO BBIOOpA 3JIEKTPOABHUraTENsT HEOOXOIUMO
YUYUTHIBATh BIUSHHUE MOTEPh YHEPTUM B MPOIECCE MyCcKa U TOpMOXkKeHUs. DopMynbl st
ompeeleHUs ITUX MOTEPb MPUBOAATCS B CIICIUATBHBIX JIUTEpATypax.

Koumponwvnwie eonpocul.
1.C xakoif 1eJIbI0 MOMEHT COITPOTUBIICHUSI © MOMEHTU UHEPIUU IPUBOISAT K OHOMY Baiy?
2.Yt0 TaKkoe nepexoHOM MPOLecC U IS YeTo HYKHO 3HATh €ro JUINTEIbHOCTH?
3.Kak BiusieT BeMYMHAa MOMEHTA HHEPIIUH Ha JITTUTEIBHOCTD MEPEXOAHOTO Mporecca’?
4.Bnusier nu 3arpy3Ka ABUTraTeNs Ha BEINYHUHY TTOTEPh?
5.Kak MoxHO onpenenuts BpeMs pa3dera U TOpMokeHHe?

Tema Ne 17. PACYET H BbBIBOP MOIIIHOCTH
SJIEKTPOABHUT ATEJIEM.

[Inan:  1.Pexxumbl pabOThI 3JIEKTPOABUTATEIIEH.
2.HarpeB u oXJIaKI€HUS 3JIEKTPOJBUTATENEH.
3.Be100p anexTpoaBUraTenei.

1. Pesrcumot pabomul Inekmpooguzameieil.

Homunanvhvim pescumom padOThl JIEKTPUUECKON MAIIMHBI HA3bIBAIOT TAKOH, IS
KOTOPOTO TMpeaHa3HaYaeTCs MallliHa U KOTOPBIA yKazaH Ha ee muTke. [1o cranmapry mpe-
JTyCMaTPUBACTCS BOCEMb HOMHHAIBHBIX PEKHMMOB pabOThI AJEKTpUUSCKUX MamvH. [Ipo-
MBIIIJIEHHOCTh BBIMYCKAET JJICKTPOABUTATENN JUIsI TPEX OCHOBHBIX PEKUMOB PaOOTHI—
MIPOJIOIKUTEILHOTO (JJTUTEILHOI0), KPAaTKOBPEMEHHOTO M ITOBTOPHO—KPATKOBPEMEHHOTO
PexxuMbl1 paboThl 0003HAYAIOT HA MIUTKAX AJIEKTPOJBUTATEICH cOOTBEeTCTBeHHO S1, S2,S3.

B npooonsycumenvnom pesricume snexrpoasuratenr padboTaeT ¢ IMOCTOSHHOW WIIH
MEPEMEHHOM Harpy3koll B TEYCHHE BPEMEHM, JIOCTATOYHOTO JJISI TOr0, YTOOBI €ro
TeMreparypa JOCTHUTJIa YCTAHOBUBIIETOCS 3HAYEHUSI.

Iloemopno — Kpamxospemennslit pesicum TPEANOIOracT YepesOBaHUE PabOYEro
nepuoaa t, u mayssl to. Bpems omnoro nukina t, = t,+ty He npesbimaer 10 muH. 3a
paboumnii mepuoj TemmepaTypa 3JEKTPOABHUraTeNss HE JOCTUTaeT YCTaHOBMBILETOCS
3HAUEHUs, a 3a MEpPUOJ Nay3bl HE YCIEBAET CHU3UTHCS 0 TEMIIEPATYphbl OKpYXKarouleu
cpelbl. DTOT PEXKUM XapaAKTEPU3YETCS MPOIOJKUTEIBHOCTBIO BKIIIOUEHHUS:

t
II1B% = —2—-100%
+1,

P

3nauenue [1B% yka3zbiBaroT B nmacnopre anekrpoasurarens (I1B%=15, 25, 40 u 60%).
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[Ipu Kkpamkospemennom percume TeMiiepaTypa JIEKTPOJBUTATENS] HE JOCTUTaeT
YCTAaHOBUBULIETOCS 3HAYEHUS, a TMOCJIE €ro OTKJIIOYEHUS YCIEBAET CHU3UTHCS 0
TEeMIIepaTyphbl OKpYKaroliell cpeabl. B macnmopre Takux »JIEKTpOJBUTATENEH yKa3aHbI
MOIIHOCTb U BPEMsI, B T€UEHHE KOTOPOTO OHU €€ pa3BuBaloT (t,=10, 30, 60 u 90 mun).

2.Haczpes u oxnaxcoenus ynekmpoosuzamesneil.

HarpeB snexTpoaBuratess NpoOU3X0IUT U3-3a MOTEPh SHEPTHUH B OOMOTKAX U MOTEP
Ha BUXPEBBIE TOKHU B CEPACUYHUKE CTATOPA U POTOpA. XapaKTep HarpeBa 3JIEKTPOABUTaATENS
B 3aBUCUMOCTH OT Harpy3ku rpaduyecku u3o0paxxeH Ha pucyHke 43.

C MOMEHTa mycka TeMIleparypa 3JIEKTPOJBUTATeNsl YBEIIMUUBAETCA. 3aTE€M, KOrJa

TeMIepaTypa IOCTHTaeT YCTAaHOBHBILIErOCS 3HAUCHHS, €€ POCT MpeKpamraercs. ITo
3HAYUT, BCE BBIJCICHHOE TEIUIO OTAACTCA B OKpYXKarolryr cpeny. [Ipum HaMUHAIBHOM
Harpyske Poy DIEKTPOJABHTATENs M CTAHAAPTHOM TemmepaType Ty.=40°C oxpyxaromeii
CpeIlbl YCTaHABHBIIIASCS JIOMYCTHUMAs TeMIIepaTypa
TyCT.z[on:Tnp'l'TH.c

re Ty — IPENeNbHOE TMPEBBIICHHE TEMIIEPaTyphl YacTel SJIEKTPOABHTATENS HAaJ
CTaHIapTHOM (1 M30MAuMi Kimacca A 1,,=65°C, xmacca E - 15, =80°C, xmacca B -
Tup=90°C), Tys.c — CTAHIAPTHOE 3HAYEHUE TEMIIEPATYPHI.

T A Pnep

TyCT.I[Ol'I

T T T AR T T T T T T T T T T T T —— ""PHOM

PHCZ[

The

v

Puc 43. Xapaktep HarpeBa 3JIEKTPOJBUIaTels B 3aBUCUMOCTH OT HArpPy3KH.
Ecnu nencTBuTENbHAS TEMIIEPATYPA OKPYKAKOIIEN CPEIBI Toxp OTINYHA OT CTAHAAPTHOU
Ty.c, TO MOIITHOCTH Py (KBT), 10 KOTOPO¥ MOKHO 3arpy3uTh JIEKTPOIBUTATENb,

OTIPEIEIISIOT TI0 (popMyIie

P =P 1+M(a+1)

HOM
z-np

rac PHOM— HOMMWHAJIbHAas MOIIHOCTD 3JICKTPOABHUIaTCIIA, KBT. o - OTHOIIEHMS TOCTOSIHHBIX

NOTePb K MEPEMEHHBIM, JJI1 ACUHXPOHHBIX 3ekTpoasurareneit o=0,5...0,7.
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TerioBol pexuM DJIEKTPOJBUTATENA SABJSETCS OCHOBHBIM KPUTEPUEM IS
ompeneneHus ero MomrHoctd. [lodToMy mpu JKCImyatanmuei HEOOXOIUMO TOCTOSIHHO
3a00TUTHCSI 00 YCIOBHUSAX OXJAXIACHHUS DJICKTPJBHUIaTelisd, TaK KaK IEPEerpeB BbI3bIBACT
CTapeHue U30JISIIIUM OOMOTOK, YXY/IIIIA€T CMa3Ky MOAIIMITHUKOB U B IIEJIOM COKpaIlaeT
CPOK €ro CIIy>KOBI.

3.Bvioop snexkmpoosuzameneii.

DNEKTPOABUTATENIM K MalliHAM M MEXaHW3MaM BBIOMPAIOT B 3aBUCHUMOCTH OT
YCJIOBUM OKPY’KAIOILIECH Cpe/ibl, YaCTOThI BPAILLICHUS, POJa TOKA M HAMPSKEHUS, MOIIIHOCTH
U XapakTepa Harpy3ku. B cyxux moMeneHusIx NpuMeHsIOT deKTpoasurarenu A, A2, 4A;
B CBIPBIX, BIQXHBIX, NBUILHBIX U MoxkapoonacHbix—AO, AO2, 4A; B 0co00 chipbix—AO2
...B,4A...CX, 4A...BM; B 0c000 CBIpBIX C XUMHUYECKH aKTUBHOM cpenoit — KOM, B3I'.

[To ywactoTe BpalieHUsI pOTOpPa DJICKTPOJBUTATENN BBHIOMPAIOT C y4ETOM YacTOTHI
BpAIIICHUS MPUBOHOIO Bajla MAIlIMHbI U JAHHBIX MEPEIATOYHOTO MEXaHU3MA.

Hanpsixkenust nuararoiiel ceTd, poJl U 4acTOTa TOKa JOJKHBI COOTBETCBOBAThH I1acC
MOPTHBIM JIAHHBIM 3JIEKTpoJBUTaTeNA. JIJIsl MalmuH U MEXaHU3MOB, pabOTAOIIUX C PO
JOJDKUTEIIPHOM TTOCTOSIHHOM WJIH MEPEMEHHON Harpy3Kou, BRIOMPAIOT 3JIEKTPOIBUTaTEIIN
enquHou cepun A2, AO2, 4A.

ITpu nocTOAHHO Harpy3ke pacueTHas MOIHOCTH Py, (kBT) anekrponsurarens

7,
rae P,—MOIIHOCTh Ha Baly MallIMHBI, B3SITasl U3 MACOpTa MAIIMHBI UK CIIPaBOYHUKA, KBT
1], — K.JLJ1. TIepeayu.

OueHb 4acTo pacuETHYIO MOIIHOCTh AJEKTPOABUTATENS OMPEAENISIOT MO0 SMIUPUYEC
kUM (onutHBIM) dhopmyrnam. Hampumep, momHocTs (KBT) nBurarens mjist mpuBoaa cBEpiu
nHOTO cTaHka—T0 Gopmyine P,=(0,05...0,07)d rae d — HanOGOIBIIMIA AUAMETP CBEpPIIA, MM.

[To BemuumHE pacdyeTHONW MOIIHOCTA B KaTaJoOTe BBIOUPAIOT SJEKTPOJBHUTATEIb,
ucxons u3 ycnoBus P, ,.=P,. [Ipn nepeMeHHON Harpy3ke MOIIHOCTBH JJIEKTPOABUIATENS
BBEIOMPAIOT 10 HATPy30YHOM JMarpamme, KOTopasi MOKETh MPEACTaBISATh cO00W Trpaduk
W3MEHEHHUs BPAIIAIOIIEroCcs MOMEHTa, MOITHOCTH WJIM TOKAa B 3aBUCHUMOCTH OT BpPEMEHU
paboTtsl. [1o Harpy304HON nTrarpamMme OmpeesioT SKBUBAICHTHYIO CHITy TOKa, MOMEHT U

MOIITHOCTB KaK CpeAHCKBAJpaTUUHbIC 3HAUCHUS.
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Har[pHMep, SKBUBAJICHUHAS MOIIHOCTb P, — 3TO Takas IOCTOSAHHAS IJIATEIbHAS

MOHOIHOCTb, KOTOPAs BbI3bIBACT TaKOM XK€ HarpeB, Kak 1 ﬂeﬁCTBHTeHBHaH Harpyska,

P, + P, +---+ Pt
o+t 4t

P =

9Ke6

rae Pi, P, ..., P, - 3HaU€HUs MOIIHOCTEM, B3SAThIC U3 HATPY30sIHOW auarpaMmmel; i, to, ...,
t, — MOMEHTH BpPEMEHH, COOTBETCTBYIOIIUE AEUCTBUSA MOIIHOCTEN P1, Ps..., P,. Wcxond u3
yCIOBUM P, 9=>Ps TIO KATANOTy BHIOUPAIOT DJIEKTPOABUTATEIID.

DNEeKTPOABUTATENN C MOBBIMIEHHBIM ITyCKOBBIM MOMeHTOM AOII, AOII-2 npuMeHsroT
B IIPUBOJIC€ MAIlIMH, OTJIMYAIOIIMXCS OOJIBIION CTaTUUECKOW U MHEPIIMOHHON HArpy3Kou B
NEePHO/JT ycKa (MOJIOTKOBBIE IPOOUITKH).

B npuBoae mamuH ¢ 00JBIION YacTOTOW MYCKOB, C OOJIBIIMMHU Maccamu, HEPaBHO
MEpPHOHM yAapHOW WM MyJbCUPYIOLIEH HArpy3Koil ucnonb3yrot snekrpoasurarenn AOC,
AOC2 (B ux nacnopre yka3zana enuuuHa [1B%).

Jlns mpuBOoja MaliuvH, pabOTalIIMX B PEXKUME KPAaTKOBPEMEHHOW Harpys3Kw,
BBIITYCKAIOT CHEUUAJIbHbIE 3JICKTPOJBUTATENM, B MAacHoOpTe KOTOPBIX YKa3aHbI
KpaTKOBPEMEHHAs! MOIIHOCTb U BpPEMsl B TE€UEHUE KOTOPOIO JABUTATENb MOXET padoTaTh
MIpU JaHHO MOIIHOCTH.

Onextpoasurarenu ¢ ¢asaeim potopom AOK, AOK2 mnpumenstor B ciydae
HEOOXOJIMMOCTH PETyJIUPOBAHUS YAaCTOThl BpallleHUsi paboyero opraHa MalllMHbBI, MPU
0CO00  TSDKENBIX  YCIOBHSIX Iycka W OOJNBIIOW  MOIIHOCTSX, KOTJa  IYCK
KOPOTKO3aMKHYTOTO  JJICKTPOJABUTATEISl  BBI3bIBAET  HEJOMYCTUMBIE  KOJICOAHMS
HaIpsHKEHUS.

MHOTrOCKOpPOCTHBIE 3JEKTPOJBUTaTENIM UCIOIB3YIOT JI MPUBOJIa MEXaHU3MOB CO
CTyNEHYaTONM  pEeryJupoBKOM  4YacTOThl  BpallieHus (Hampumep, JJisi TpUBOJA
BEHTUJIATOPOB).

KOHmI)OJleble 60Nnpocol.
1.Kakue Buapl a51eKTpoiBUTaTENEN Bl 3HaeTe?
2.HazoBuTte OCHOBHBIE peXUMbI paboThl /7
3.ITo kakoit popmyie onpenessoT MOITHOCTb D/]?
4.TTo xakoMy c1toco0y MOKHO BbIOHpaTh MOITHOCTHI/]?
5.Kak BbIOupaeTcs 1BUTaTeNNb MOCTOSIHHOM WM IEpEeMEHHOI Harpy3ke?
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Tema Ne 18.  YIIPAB/IEHHE JJIEKTPOIIPUBO/TAMM.

[Mnan: 1.006mue TpeOGoBaHMs K TyCKOBOM M 3aIIUTHON ammaparype.
2.Anmaparypa py4HOTO ynpaBJeHUs.
3.KOHTaKkTOpbl 1 MATHUTHBIE ITYCKATEIIH.

1.06uue mpedosanun K nyckogoil u 3auiumHoll annapamype.

[IpaBuibHBIN BBIOOp ammapatrypbl YHOpaBICHUS W 3allUTHI SIBISETCS TJIABHBIM
YCIIOBUEM HaJIeKHOU pabOThI AnekTpoaBurateneit. [IpuunHoi BeIXoAa UX U3 CTPOS YaCTO
ObIBa€T KMEHHO HEMPABUIIBHBIN BHIOOP anmapaTyphl; MOCIEAHUN HE pearupyeT Ha aBapHid
HBIA peXuM pabOThI IBUTATENS M HE OTKIIIOYAET €r0 OT CETH B KPUTHICCKUH MOMEHT.

Hapyiienust pexuMa NpUBOJIUT, KaK MpPaBUIIO, K MPEBBIINICHUIO CHJIbI TOKa B
obmoTkax snekrpoasurarensa (B 80 — 90 % Bcex aBapUUHBIX CIIy4aeB) WJIM 3aMBIKAHUIO
MEK]ly BUTKAMU U3-3a OTCHIPBIBAHUS U3O0JISIIIUHU, TTOBPEKACHUS MOIITUITHUKOB WU JPYTUX
npuuuH (10 — 20 % aBapuiiHBIX CIy4yacs).

[IpeBbillieHHE CUJIBI TOKA B OOMOTKax MOXET OBITh BBI3BAHO TEXHOJOTHUECKOMN
neperpy3kou, morepeit gasbl B CeTH, CHUKEHUEM HarpsikeHUs. B pesynbTaTe ABUTATENb
CrOpaeT, T.€. 00KHUTaeTCs N30JIALKA OOMOTOK.

TexHonoruyeckas mneperpy3ka 3JEKTPOJBUIATENs BBI3BIBAETCS  YBEIHMYECHHEM
KOJIMYECTBO IOJaBa€MOr0 B MaIlMHY O00pabaThIBAEMOr0 MPOJYKTa, HEUCIPABHOCTHIO
MalIuHbI, OCTBIBAHUEM WJIM OTCYTCTBUEM cMacKku. lIpeBbillieHne cuiia Toka BO3MOKHO 10
MOJIHOTO TOPMOKEHHS (OMpPOKUAoBaHus) apuratens. [Ipu neperpyske 3J1eKTpOIBUTATENs
xots O0b1 Ha 10% gomkHa cpabaThiBaTh TEIUIOBAs WM TEMIIEpaTypHas 3alluTa, KoTopas
aBTOMATHUYECKM OTKIIIOYAET 3JIEKTPOABUTATENIb MPHU NEPErpy3Ke JJIEKTPOABUTATENS Ha
20% 3a 20 — 25 mMuH, a IpU NSATA — U TIECTUKPATHOM Toke —3a 9 — 11 c.

CHMXEHUS HAMPSHKEHUS B CETH MOXKET OBITh MPUYMHON BBIXOJIA DJICKTPOABUTATENS
U3 CTpOs B TOM CJy4yae, €CIM €ro MOIIHOCTh CTPOr0 COOTBETCTBYET MOIIHOCTH,
noTpebisiemoit paboueit mamuHoO. [Ipn HOMMHATEHOM HANPSDKEHHUH DJICKTPOJIBUTATEIh
NOTPeOJIIET U3 CETH HOMHMHAIBHBIM TOK, a MPU CHIKCHUM HAIPSOKCHUS, HalpuMmep Ha
10%, a5eKkTpoaBUTaTENlb CPEAHEN MOIITHOCTH TOTPEOIISIET U3 ceTH TOK mpumepHo Ha 10%
00JBIIIe HOMMHAJIBHOTO, YTO MPUBOJIUT K HEIOMyCTUMOMY TE€perpeBy ero oomMotku. Jlis
NPEeAyNpexXICHUsS BbIXOJA U3 CTPOS 3JIEKTPOJBHUrareiss HEOOXOJIMMO, YTOOBI €ro

MomHOcTh Ha 10 - 15% mnpeBsbimana MOIIHOCTh paboueit mammHbl [Ipu Bo3MOXHOM
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CHWKEHUU HampsbkeHus B cetu Oosiee 10% HEOOXOAMMO MMETh XOPOIIO OTIAXEHHYIO
TEIUIOBYIO 3allUTY, TaK KaK 3JEKTPOJBUraTeIb MOXKET BBIMTU W3 CTPOS NPH NEPETPY3Ke
Bcero Ha 10 — 15%.

2.Annapamypa py4uHozo ynpaeieHusi.

Anmapatypsl ypaBJI€HUs U 3aIUTHI, SBISIIOIME COCTABHOW YaCThIO 3JIEKTPONPUBO/IA,
IpeaHa3HavYeHa JJisl yIpaBJIeHUs dJIEKTPONPUBOIOM (ITyCK, OCTAHOBKA, TOPMOKEHHE )3aIIH
TBI AJIEKTPOABUTATENSI IPU aBApUUHBIX PEKUMaX U i oOecriedeHust paboThl ANEKTPOABH
rateis B 33JJaHHBIX PEKMMaxX B COOTBETCTBUH C TPEOOBAHUSIM TEXHOJIOTUYECKON
ONEpaLIHH.

[To cocoOy ympaBieHHUs] €€ MOKHO Pa3JelNUTh Ha anmnaparypy HEaBTOMaTHYECKOro
(py4HOro) ¥ anmaparypy aBTOMaTU4€CKOTro YIpaBiICHHUS.

PyounvnHuku—pOoCTEUIIINE anllapaThl PYYHOTO YIPABICHHS W3TOTOBIMBAIOTCS OJHO
JIBYX- ¥ TPEXIMOIIOCHBIMU, C IIEHTPATILHON WM OOKOBOM pYy4KOi#l, ¢ OOKOBBIMHU HIIU IIEHTP
JIBHBIM PHIYKHBIM TPUBOJIOM. PYyOMIBHUKY € IEHTPATbHOM PYKOSTKON UCTIONB3YIOT JJIs
pa3MbIKaHUsl OOECTOYEHHBIX LIENEN, B TO BpeMsl Kak ¢ OOKOBOW PYYKOW WM MPUBOAOM
MOI' YT NPUMEHATHCS W Uil YIPABICHUS LEMSMU IOJ Harpy3koi. [IpoMbIILIEHHOCTD
BbITycKka eT pyomnsHuku tuna P, Pb, PIIb, PIIL: P— pyOunbuuk; b— OokoBasi pykositka
i 00koB oil mpuBoj; [1— Hannuue npuBoaa; Ll— uentpanbubiii npuBoa. [lepBas uudpa
nocyie Oyk BEHHOTOo 00O3HaueHUsl yKa3bIBaeT uucio KoHTakToB (1,2 umum 3), a BTOpas —
YCJIOBHBIE 3HAYEHUsSI HOMUHAJIBHOTO Toka — 1 (100 A), 2 (250 A), 4 (400 A) u 6 (600 A).
Hamnpumep, o603nauenre pyousibHUKa pacim@poBUBaeTcs ciaeayomum odopazom: Pb31 —
pyOUITbHUK ¢ OOKOBOM pyKOATKOM Tpexdazubiii Ha 100 A.

Ilakemmnoie e6viKIIOYamenu WCIONb3YIOT BMECTO PYOMIIHUKOB, a TakXe U B
KaueCTBE IMyCKaTeNel /ISl MEJIbKUX JIEKTPUUYECKUX ABUTaTeneil. OHU MOTYT OBITh OJTHO—H
MHOT'OMO JIFOCHBIMU (IO CEMHU TOJIFOCOB) ¢ HOMHUHAJIBLHBIM TOKOM OT 6 no 100 A mpu
Hanpspbkenu 220 B. Tlpu nanpsbxkennit 380 B HomuHanbHbIe TOKU cHUkatOTCs Ha 40%.
[TakeTHBIN BBIKJIIOYATENIb COCTOUT W3 M3OJAILMOHHBIX CEKIUK 1, B KaXJIOW U3 KOTOPBIX
paroJioKEeHbl TUIACTUHBI HEMOABMKHBIX KOHTAaKTOB. 2.IloAgBMXHas 4yacTh KOHTAKTOB 3
HaXOJHUTCS HAa YETBIPEXT'PAHHOM BajiuKe 4, KOTOPBIM MOBOPAUYMBAETCA MPH MOMOIIU

PYKOATKH 5.
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bapabannvie u xynaukoevie nepekniouamenu (KOHTPOJEPHI) NMPUMEHSIOTCA IS
PYYHON KOMMYTallMU LIETIEH NEPEMEHHOTO U MMOCTOSIHHOTO TOKA, YIPABIICHUS TATOBBIMU H
KPaHOBBIMU  DJIEKTPOJBUTATENsIMU. bapabaHHble NepeKtoyaTesid M3rOTOBIUBAIOTCS
3amuineHHoro u otkpeitoro ucnoipHenus tuna bII, BII1, BIIK (b — 6apabannsiii, 11 —
nepeximouatenb, K — ob6o3nauenus cepwuii). Ilepexmouatenu BII, BIIK ucnonsisyet nms
YIPABICHUS JJIEKTPOABUTaTESIMU, IOTOMY B MX OO0O3HAUEHHUS BBOJUTCS YHUCIIO
NEPEKIIIOUaeMbIX CKOpPOCTEH, OJHA, WM JIB€ TepBble LU(GPHI YKAa3bIBAIOT YHCIIO
KOHTAaKTHBIX 3JIEMEHTOB, a nocienHas nudpa He paciiuppoBbIBACTCS.

Komanonwie nepexniouamenu (KOMaHIHOKOHTPEJIEPhl) KOMAaHAOAIIIApaThl IPUMEH
SIOTCA B LIENM ONEPATUBHOTO TOKA B OTJIMYKME OT KOHTPOJIEPOB, KOTOPBIE UCIIOIB3YIOTCS B
cuiIoBBbIX Hensax. [Io ’TOMy KOHTakTHasi cucTeMa KOHTPOJIEpOB paccunTaHa Ha ToK 10 A.
Komanno konTponeps! Boimyckarores cienyromux cepuil: KK, KK-T, 9K, 9K-T, rae K —
KpPaHOBBIN, D— 3KCKOBATOPHBIH, OykBa K— KynaukoBsiii, T— Tponnueckoe UCTIOJTHEHHE.

Koneunvie gviknouamenu NpeIHa3HAYCHBI U1 KOMMYTAlMK LENIEH yIPaBICHUS B
3aBUCHMOCTH OT MPOMJAECHHOIO MEXaHHYECKOTro mnyTH. WX yCTaHaBIMBaKIOT Tam, TAE
HEOOXOJMMO OCYIIECTBUTh OCTaHOBKY. KOHeuHble BKJIOYAaTENM ObIBAET KOHTAKTHBIMH U
OECKOHTaKTHbIMH, HAXXMMHBIMH M pBIYa&KHBIMH, C CaMOBO3BpaToM M 0€3 Hero,
MTHOBEHHOTO M1 HEMTHOBEHHOT'O JICHCTBUS.

Bbeckonmaxkmmuuwle gvikntouamenu 061aJat0T 3HAUUTENBHO OOJBIION HAJEKHOCTHIO
U J0JTOBEYHOCTHI0. OHU OBIBAIOT MHAYKTUBHBIMU U TIOJYIPOBOJHUKOBBIMHU.

3.Konmaxmopol u macHuUmHbsle NycKameJu.

JUIsi MUCTaHUIMOHHOTO BKIIIOUEHHMSI M BBIKJIIOYEHHS DJIEKTPUYECKHX YCTAHOBOK
MIPUMEHSIIOTCSI KOHTAKTOPBI epeMeHHoro Toka KTB BTOopo#, TpeThel, 4eTBepTOr U NATON
Beau4YMH. KOHTAaKkTOpBI BTOPON BEIMYMHBI NPEIHA3HAYEHbl JJII YCTAHOBKU B ILEMAX C
TOKOM J10 75 A, 4TO COOTBETCTBYET MOLIHOCTH TpexdazHoro anexkrpoasuratens 20 kBt
nipu 220 B u 30 kBt nipu 380 B u 1.10.

Cxema BKIIIOUEHHMSI KOHTakTopa mMoka3aHa Ha puc 44. Ilpu HaxkaTuM Ha KHOIKY
“Ilyck” KaTylmka KOHTaKTOpa BTATUBAET CEPACYHUK U KOHTAKThI cuiioBoi nenu JI u C,
omoxkupoBouHbie KOHTaKThI bK 3ambikatotcs. [Ipu HaxaTuu Ha kHOTIKY “CTOm’ 11€Th

KaTyIlKKW pasMBIKACTCA M AKOPb MarHuMTHOM CHCTEMbI OTIIagacT, LCIIM CHIOBBIX H
6J'IOKI/IpOBOI{HBIX KOHTAaKTOB Pa3MbIKarOTCA. BHOKHpOBO‘IHBIC KOHTAKThl BKJIIFOUCHBbI

napajienbHo KHonke “Ilyck”. OHM 3aMEHSIOT 3Ty KHOIIKY B LIENM MUTaHUSA KaTyILIK{
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KOHTaKTOpa nociie BKitoueHus. Tok nporekaet no uenu JIz — karymika — 6J10K-KOHTaKThl —
kHonka “Crton” — guHeitHuid mnpoBon JI;. KOHTakTOpbl MEPEMEHHOr0 TOKa C
3aMBIKAIOIIMMU TJIaBHBIMH KOHTAaKTaMU, paCCYMTaHHBIE HA MaJIyI0 MOIIHOCTH (10 75 KBT)
U UMEIOIIME TETUIOBYIO 3aIUTY OT MEPErpy30K, Ha3bIBAIOTCS MAarHUTHBIMU MyCKATEIISIMHU.
OnHu cHaOkeHbl OJJHOM Mapoil OJOK-KOHTAKTOB. JJig 1ienel ynpaBlieHUs U CUTHAIU3AIUU
MOTYT OBITb YCTAHOBJICHBI JIOMOJIHUTEIbHBIE OJIOKUPOBOYHBIE KOHTAKThl, Kak
3aMBIKAIOIINE, TAK U PA3MBIKAIOIIIHE.

1[ 2 QC.QCRCs

L)

Y Y Y
K norpebutento

Puc 44. Cxema BKIIFOUEHUSI KOHTAKTOPA.

JIi JIo  JI3 — nuneitnsie koHTakThl, C1  C2 (3 — cuioBble KOHTaKThI, BK — OJIOKHPOBOYHBIN KOHTAKT,
K — karymka , C — cepieYHUK MTOABUKHON CUCTEMbI KOHTAKTOpA.

Maznummnsle nyckamenu WCIONB3YIOT [J MECTHOTO M JAUCTAHLIHOHHOTO
yOpaBJIEHUs JICKTPOCHIOBOM YCTAaHOBKOM, a TakXKe ISl 3alllUThl AJEKTPOIBUTATENS OT
Meperpy3kd WM OT CaMOINPOU3BOJIBHOTO BKJIIOYEHUSI YCTAHOBKU TOCJE CHSATHS
HaIpsHKEHUS B CETU U MOCIEAYIOMIEr0 BKIIFOUCHUSI.

JIns u3MEHEHUsT HalpaBJICHUS BpalleHUs AJICKTPOABUTATENS MpeIHA3HAYCHbI
PEBEPCUBHBIE MATHUTHBIE ITYCKATENH (CIABOCHHBIE).

B nmensix 3ammThl 3JE€KTPOYCTAHOBKM OT KOPOTKHX 3aMbIKAHUM IMOCIEI0BATEIbHO
CUJIOBBIM KOHTAKTOM MAarHUTHOTO MYyCKaTessl YCTAaHOBJIMBAIOT MPEIOXPAHUTEIN, KOTOPhIE
JOJDKHBI OBITh PACCUMTAHBl HA TOK, HE TMPEBBLIMIAIONICH YETEPEXKPATHBIH TOK yCTaBKHU
TEIJIOBOTO pesie. B MpOTUBHOM cllydyae Py KOPOTKOM 3aMbIKAHUHM MOKETh CTOPETh
HarpeBaTelIbHUM 3JIEMEHT TEIJIOBOTO pelie.

Koumponwvnuwie eonpocul.
1.YTo Ha3pIBaeTCs anmapaToM ynpaBieHUs? 2.YT0 Takoe 3alUTHbIC anmnapaThl?
3.Ut0 Ha3bIBaeTCS pyOMIIHHUKOM? 4.00bICHUTE KOHCTPYKIIHIO PYyOMIHbHUKA?

5.Korna ucnonp3yroTh HakeTHbIN BKItOUaTenb?  6.171€ UCmosb3ytoT KOHTAaKTOPhI ~ TOKa?
7.00bscHUTE CXeMY BKIIIOUEHHS KOHTakTopa?  8.YTo Takoe MarHUTHBIH IycKaTeib?
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Tema Ne 19. JIEKTPOMEXAHH3AIIHA CEJIBCKOXO3AHCTBEHHOI' O
ITPOU3BO/ICTBA.

[Inan:  1.Be16op Tuma U MOITHOCTH BOJOCHAOKAIOIIECH YCTAHOBKH.
2.97eKTPOIPUBOJT BEHTHISIITUOHHBIX YCTAHOBOK.
3.91eKTpOonpUBOJ MOABEMHO — TPAHCIIOPTHBIX CPEJICTB.

1.Bvioop muna u mownocmu 6000CHad carouieli yCmaHoeKu.

CoBpeMEHHBIE CHCTEMBl BOJOCHAOKEHUSI MEXaHH3UPOBAHHBIX JKUBOTHOBOIYECKHUX
dbepM OTIMYAIOTCS BHICOKOM CTETIEHBIO aBTOMATU3AIMH. ABTOMATHYECKHUE YIIPABICHUS AT
EKTPOJIBUTATEJICH IPUBOJIOB BOJIOKAYEK U aBTOMOWIOK Ha (pepMax M3BOJIBHBIN MTOBAJ] BOIY
K TTIOTPEOUTENIO0 B HEOOXOIMMOM KOJIMUECTBE 0€3 HEMOCPEICTBEHHOTO YUacTHs YeIoBeKa.
JInst Toro 4ToOBl BHIOPATHh TUIIBI U MOIIHOCTB 3JIEKTPOHACOCHOM YCTAHOBKH U MX YHUCIIO,

HEO0OXOJIMMO UCXO/Isl, U3 MECTHBIX YCJIOBUH PEMIMTH BOMPOC O CXEME BOJIOCHAOKEHHS.
[Tomauy BoABI Ha KUBOTHOBOIUECKHE (DEPMBI OCYIIIECTBIISIOT B OCHOBHOM Y€pe3 BOJIO
HAMoOPHBIM KOTEJI WJIM BOJOHAMOPHBIA Oak ¢ MPUBOJOM IEHTPOOEKHBIX HACOCOB OT
ACHHXPOHHBIX JJIeKTpoaBurarenaei. MomHocTs aBurateiaed P (kBT) mis sKUAKOCTHBIX

HaCOCOB MOXKHO IIOJCYHNTATH ITIO (I)OpMy.]'Ie

_ _Q-y-H
10277H 1

rne Q-mogava Hacoca, m°/c: H—oOmas pacueTHas BbICOTa MOJAYM HACOCA, M: B KOTOPYIO
BXOJIUT BHICOTA BCACHIBAHMS, HATHUTAHUS U TTOTEPh B TPYyOONPOBOJAX. Y - TUIOTHOCTH YKH]I
xocty, Kr/M° (st Bogs! y=1000 kr/mM%): N-1— COOTBETCTBEHHO K.IL.JI. HACOCA U MEPENayH.

[Tpu HamEeKHOM PIEKTPOCHAOKEHUU U HEOOIBIINX MAaKCUMAJIbHBIX YaCOBBIX Pacxo-
nax (no 10...12 m3/4) Ha depMax M IPYrHX CENbCKOXO3AMCTBEHHBIX OOBEKTAX YCIIELIHO
MOTYT IPUMEHSThHCS Oe30aIeHHbIe HACOCHBIE YCTaHOBKHM (Hampumep tuna BY).

Kax u3BecTHO, co3maHNe COBPEMEHHBIX OPOCUTEIBHBIX CUCTEM HJET B HACTOSIICE
BpEMs I10 JIBYM TJIaBHBIM HaIpaBJICHUSAM. B HOBBIX pailoOHaxX OpOIIECHUS CTPOSIT OPOCHUTEII-
HBIE CHCTEMBbI C MAIlIMHHBIM BOJOMOIBEMOM B MAaruCTPaJIbHBIE M PaCHpe/leTUTEIbHBIC
KaHAJTbI ¥ TIOJIaCT BOJIBI HA TOJIS Yepe3 3aKPHITYI0 TPYOOIIPOBOIHYIO CETh.

[IpuBOA HAcCOCOB HAa HACOCHBIX CTAHIIMSX OCYIICCTBIISETCS JJICKTPOIABUTATCIISIMH

KaK aCHHXPOHHBIMU, TaK U CHHXPOHHbIMU Ha HanpsbkeHust 0,38 kB u 6...10 kB.
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2.9nekmponpueoo 6eHMUNAYUOHHBIX YCHAHOBOK.

BeHTUISIMOHHBIE YCTAHOBKU MTPUMEHSIIOTCS 111 BEHTUJISIIUU PA3JIMYHbBIX )KUBOTHO-
BOJYECKUX U MTUIIEBOTYECKUX MMOMEIIEHUH, ISl XPAaHEHUS! U CYIIKH CEIbCKOXO035HUCTBEH-
HBIX MPOJYKTOB.

JUtst noaaepkaHrs Ka4eCTBEHHOTO COCTaBa BO3/yXa B MPOU3BOJCTBEHHBIX IOMEIIE-
HUSAX HEOOXOJMMa CHUCTEMaTH4ecKas BEHTWISALUS ¢ 0OMEHOM Bo3ayxa. B >KMBOTHOBOA-
YECKUX MOMEIECHUIX BO3AYX 3arpsi3HSIOT BBIJECISEMbIE >KMBOTHBIMU. DKCIEPUMEHTHI,
YTJIEKUCIIBIN Ta3, CEpOBOJOPO/, BOJSHBIE Mapbl, M30€CTUHAS TEIJIOTa OOpa3yrouieiics B
MOMEIIEHU aMMHUaK U METaH, U METaHOBbIE MpuMecu. Hey1oBIeTBOPUTENBHBIN «TeMIIepa
TYPHO—BJIQKHBII» PEXKUM U Ta30BOM COCTAB BO3JlyXxa B IOMEIICHUSX MPUBOIAT K
CHIKEHHMIO MOJIOYHBIM MPOAYKTUBHOCTH KOpoB Ha 10...15%, cHmkeHue SHIEHOCKOCTH
Kyp Ha 15...20%, a U3IUIIHASL CKOPOCTh BO3/yXa BbI3BIBAET IPOCTYAHBIE 3a001€BaHUS.

MouHocTs anektpoasuratenss (kBT) omnpenensercs nomade W J1aBICHUEM,
pPa3BUBAEMbIM BEHTHIISITOPOM.

p_k P
Mg ~ 1M
rae L — nomaua Bentmisitopa, M%/c; P — nasnenus, I1a; np - 1y — K.ILA. BEHTHIATOPA U
nepenaun  (ans  knmuHOpemeHHou mepamaun  0,9...0,95, nns HemocpeacTBEHHOTO
coequuenus 1); K — koadduient 3amaca 3aBucuthb ot MommHoctH (1,5...1,1).
3.9n1ekmponpueoo noOveMHO — MPAHCHROPHHBIX CPEOCH 6.

TpancropTHeie pabOTHl Ha >XUBOTHOBOAYECKBIX (epmax (MOJBO3KA KOPMOB,
MOJICTUIIKA, BBIBO3 MOJIOKa, yOOpKa M ynajieHWe HaBo3a W JIp.) MO 3aTparaMm Tpyla
coctaBisroT mpuMepHo 30...40% Bcex pador.

Jlns mepeMelieHusi rpy30B MPUMEHSIOT Pa3iuyHbIe HE SJEKTPUPUIIUPOBAHHBIE U
AMEKTPUPUITUPOBAHHBIC TPAHCIIOPTHBIE CPEICTBA, KOTOPHIE MOXXHO TMOAPA3NCIUTh Ha
CTallUOHApHbIE U MOOWJBHBIE. K cTallMoHapHBIM OTHOCSTBHCS KOPMOBBIC, CKPEOKOBEHIC,
JICHTOYHbBIC, IIHEKOBBIE W JIPyrue TPAHCHOPTEPHI, MpeIHA3HAUYCHHbIC TJIaBHBIM 00pa3oM
TSl IEPEMEIIICHUS TPY30B B )KMBOTHOBOJYECKHUX MOMEIICHUSAX, B KOPMOIIEXaX, MOJIOYHBIX

nexax B CKIaagax. Hwuxe IIPpUBOAUM BBI60p MOIMHOCTH JSJICKTPOABUTATCIIA OJI1 HCKOTOPLIX
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U3 3TUX MalluH.  MomHocTs (BT) 2eKTpoasuraTens s IPUBOA HOPUI B IJUTEILHOM

9,81-Q- H
pEXHUME: P=——
Mu -1y

rae H — BeicoTa mogbeMHOT0 Matepuaia, M; Q — IpoOu3BOAUTEIILHOCTh HOPUH, T/9; My —
k.1.21. Hopu# (0,3...0,7); Ny — K.IL. 1. IepeIayu OT IBUTATENSI K HOPUSIM;

[ToTpeOHas MotHOCTD 3eKkTpoaBurarens (KBT) mis npuBoa nHexa,

11-K-Q-L
3,6-102- 7

rne Q — momava mHeka, T/4; L — mumna mueka, M; K — ynenbHbIe CONPOTUBIICHUS NEPEMENIaeMOro
npojaykTa rpu ero mMacca 1 kr Ha 1 M ymns! (a1 3epHa k=1,85); 1,1 — koappuuueHT TpeHns MaTepuana;
M - K.IL.J. OIHEKa 1 Nepeiayn.

MorrnocTts (BT), HeoOxoaumas AJisi IpUBOIa CKPeOOBOTO TpaHCIIOPTEPA,

P=9,81Q(Y+f.Lcosa) T,

rne H — BbicoTa mombema mponaykra, M; fo — KOI(MOHUIEHT CONPOTHBICHHS IBMKCHHIO (IaeTCsS B
crnpaBovHUKax); L — mmHa TpaHcmopTepa, M.

Mormurnocts asurarens (BT), HeoOxoaumas 115t IpUBOJia IEHTOYHOTO TPaHCTIOpTEpa,

OIIPCACIIACTCA COIIPOTUBIICHUCM JIBHKCHHUIO R/, — JICHTBI CO CKOPOCTBIO V (M/C):
-1
P=Wv nnep

KOHmpo./leble eonpocal.
1.Kak ompezensercss MOITHOCTh ABUTATENA JjIsl Hacoca?
2.Kaxk onpezensercss MOIHOCTb JBUTATENs JIsl BEHTUSTOpA?
3.Kak omnpenensieTcss MOITHOCTh ABUTATENS ISl HOpUU?
4.Kaxk onpezensercss MOIHOCTb JBUTATENs s IIHEKa?
5.Kak omnpenensiercss MOLITHOCTb ABUTATENs ISl CKPeOKOBOTO TpaHCHopTepa?
6.Kax onpenensercs MOITHOCTD ABUTATENs sl IGHTOYHOIO TpaHcrnopTepa?
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Tema Ne 20. JIEKTPOIIPUBO/ MALIIHH JIVIA ITPHT'OTOBJIEHUHA H
PA3/JA9H KOPMOB HA /KHBOTHOBOJYECKHX ®EPMAX.

[Tnan:  1.27eKTpoNnpUBOJ KOMOIPUTOTOBUTEIBHBIX MAIIIUH.
2.971eKTpOoNpUBOJ, KOPMOPA3JaTOUHbBIX MAIIIVH.
3.25eKTponpuBO HABO30YOOPOUHBIX MAIIIHH.

1.91eKmponpueoo KomonpuzomoeumenbHblX MAUIUH.

Kopma Ha 5KMBOTHOBOJYECKMX M MTHUIIEBOAYECKHUX (DepMax TOTOBST B KOPMOIIEXax U
KOPMOKYXHSX, UCIIOJb3YS [JIS1 3TOTO CIEHHAIbHbIE MAIlIMHBI U arperaThl, PUBOJIUMbBIE B
neiictBusl TpexdasHbiMu snekTpoasurarensimu cepuii AO, AO2, AOII2, 4AP u 4A.
DNEKTPOABUTATENIM U MALIUHBI COSTUHSIOT MEXKIY COOO0M MIOCKO — U KIMHOPEMEHHBIMU
nepenadyaMu, Mypramu U perykropamu. boJbIIMHCTBO KOPMOIIPUTOTOBUTENBHBIX MAIIUH
U arperatoB IIOCTAaBJSIETCS B XO3SICTBA yXE€ B KOMIUIEKTE C 3JEKTPOBUTATEIIMH U
anmnapaTypou yrnpaBJICHHUS.

Huxe paccMOTpEeHO yCTpONCTBO 3JEKTPONPUBOJOB HEKOTOPHIX ANEKTPUPUIUPOBAH
HBIX MAaIlUH I IPUTOTOBJIEHUS U pa3adyd KOPMOB, IPUMEHSIEMBIX B )KUBOTHOBOIUECTBE.

Jig u3MenpueHus pypaskHOro 3epHa, KyKypy3HbIX TOUYAaTKOB, )KMbIXa, 3€JI€HHbBIX
KOPMOB, KOPHEKITYOHEIIJIONOB U T. TI. UCIIOJIb3yeTCs YHUBEpcalbHas npoouika KIY— 2,0,
KOTOpas mpuBoauTCs B neiictBum ekrpoasurateniem AO2 — 81 — 4BMC monnoctsio 30
kBT. JlBurarens pasmenieH noj noJarluM TPAaHCIOPTEPOM Ha pame, MPOI0JbHBIE Ma3bl
KOTOpPOM JTat0T BO3MOKHOCTb PETYJIMPOBATh HATsKEHUE pemMHen. Ha Bany anexktpaBuraren
s yCTaHOBJIeHa (DpUKITMOHHAS TEHTpoOekHass My(dTa, aBTOMATHUYECKH BKJIIOYAIOIIAS PO
OMJIKy, KOTJa 4YacTOTa BpamleHMs Bana snektpoasurarens gocturaet 700...800 mmu™.
Hlkad ynpaBieHuss KpemsT Ha CTEHE TOTO MOMELIEHHs, B KOTOPOM pacrojoKeHa
npobuika. KoHTposb 3a 3arpy3koi ApOOMIIKM OCYILIECTBIISIETCS C MOMOIIbIO aMIIEPMETPa
— UHAMKATOPA, YCTAHOBJIICHHOTO HA ITOBTOPHOM BEPTHUKAJIBHOM paMe BMECTE ¢ KHOITOYHOM
craniued. [Ipon3BoAUTENEHOCTL MAIIMHBI TIPU APOOJIEHN 3epHa 2 T/4, )KMbIXa — 3 T/4.

N3menunTens kopmoB “Bonkapb - 57 MPUMEHSIOT ISl U3MEJIBYEHHSI KOPHETUIOIOB,
3€JICHHOW MacChl, CUJIOCa M TPYOBIX KOPMOB C MOJYYSHUEM JABYX (pakinii H3MEIbYCHHON

MacCChI: CTPYKKHU U MEJIbKOM ME3TH.
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2.91eKkmponpueood KoOpMopazoamoyHbvlX MAULUH.

Ha >xuBOTHOBOAUYECKMX (QepMax sl KPYHMHO pOTraTtoro CKOTa HCHOJIb3YIOTCS
Hauboyiee pacnpoOCTpAaHEHHBIC BBIMYCKAEMbIE MPOMBIIUIEHHOCThIO — CTallMOHApPHBIC
kopmopazaatuuku TBK — 80A u nepeasmxkubie Tpaktopubie [ITY — 10K, KTY — 10.

OnexkTpuduIMpoBaHHbIN TpaHcnopTep — pa3aaruyuk kopmoB TBK —80A npeanazna-
YeH IJIs pa3fdadyd W CKapMJIMBaHUS BCEX BHUIOB I'PYOBIX KOPMOB M CHJIOCA KPYITHOMY
poraromMy CKOTY MpHU MPUBSI3HOM cojepKaHuu. Buabl pazmaBaemMoro kopma: U3MeNIbyYeH-
Has 3€JeHHas Macca, CUJIOC, COJJOMEHHAas ceuka, ceHo U ap. Kopmopa3matyuk cCOCTOUT U3
3arpy>K€HHOTO OyHKepa C HATSKHBIM YCTPOMCTBOM, JEPEBSHHBIX KOPMYIIEK, IIEMU CO
CKpeOKaMH U MPUBOAHOTO JIEKTPOIBUTATENSI MOIIHOCTHIO 5,5 KBT.

[ToTpebHas MouHOCTD AekTpoABuratens (kBt) onpenensercs no dhopmyiie

p-_FVv
1000- 7,
rae F - olmiee cpenHee TAroBoe CONpOTUBICHUE TpaHcnopTepa, H; vV — ckopocTsb
ckpeOkoB, u/c; nn - K.IILJ. nepenaun.
3.9n1ekmponpueod Haeo30yo0pOUHBIX MAULUH.

B komrekce MNpoW3BOACTBEHHBIX IPOIIECCOB HA >KMBOTHOBOTYECKBIX (hepMax
3aTpathl Ha YyOOpPKy HaBo3a © TioMeTra cocTaBisaioT cBbimee 30%. [lostomy
ANEKTPOMEXaHu3alus yOOpKU HaB03a UMEET BBICOKYIO 3(P(hEKTUBHOCTD.

Jlyist yOOpKH HaBo3a MPUMEHSIIOT Pa3IMUHbIE JIEKTPOMEXaHU3UPOBAHHBIE YCTAHOB-
KM ¥ KOHBeliephl. HanbompImii ”HTEpeC ¢ TOYKU 3pEHUS AIEKTPOIPUBOJIA UMEET CKPEOKO
BbIi TpaHcnoptep tuna TCH — 3,0b. Ero npumeHsIoT 1 yAaJleHus: HaBO3a U3 )KUBOTHO
BOJYECKHX IMOMEILIEHUI U MOTPY3KHU €r0 B TPAHCIIOPTHBIE CpeAcTBa. [[pOn3BOAUTENBHOCTD
yCTaHOBKH 4...5,5 T/4. OTa yCTaHOBKA COCTOUT M3 JIBYX CAMOCTOSITEIbHBIX TOPU30HTAIb-
HOT'O ¥ HAKJIOHHOTO TPAHCIOPTEPOB, KOTOPbIE MPUBOAATCS B JCHCTBUE IEKTPOBUIaTE-
SIMU MOIIIHOCTBIO 4 1 1,5 kBT 1 anmaparsl ynpaBieHusl.

["'opu3oHTaNBHBIN TPAHCTIOPTEP YCTAHABIMBAIOT BHYTPH KUBOTHOBOIYECKOTO TTIOME
IICHUSI B CIICIIMAIIBHOM HAaBO3HOM jkenoOe. HikHMiT KOHEI] HAaKJIOHHOTO TpaHCHopTepa
TaKXe HaXOJIUTHCSI, BHYTPU KUBOTHOBOTYECKOTO MTOMEIICHHS U YTIYOJIEH B MOJ TaK, YTO
HABO3, MEePeIBUTaeMblii CKpeOKaMH TOPU30HTAIBLHOTO TPAaHCHOPTEPA, MAAAET HA HUKHIOO
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4acTh JKeJIo0a HAKJIOHHOTO TpaHcmopTepa. BepXxHuil KOHEI[ HaKJIOHHOTO TpaHCIopTepa
MOMHIT HAJ 3eMJIed Ha TaKyl BBICOTY, YTOOBI IO HAM MOXHO OBUIO YCTaHOBUTH
TPAHCIIOPTHYIO TEJEXKKYy. B palioHax C XOJIOJHOW 3UMON PEKOMEHAYETCS CTPOUTh
YTEIJIEHHBINA TaMOyp 711 HAKJIOHHOTO TPAHCIIOPTEPa U TPAHCIIOPTHOM TEJICKKHU.

AmmapaTtypa yrpaBiieHUs, pa3MeEIIeHHas B CICIHAIbHOM IKady, 0OecTieunBacT:
MOCJIeI0OBaTeIbHBI MyCK B paboOTy cHayaja HAKJIOHHOTO, a 3aTeéM TOPU30HTAIBHOTO
TPAHCIIOPTEPA U ABTOMATUYECKYK) OCTAHOBKY TOPHU30HTAJIBHOTO TPAHCIIOPTEPA, €CIU IO
KakKUM — JM0O0 TPUYMHAM OCTAHOBHUTCS HAKJIOHHBIM; 3aIUTy YCTAHOBKH OT TOKOB
KOPOTKOT'O 3aMbIKaHUs (ABTOMATUYECKUM BKIIIOYATEIIb) U MEPETPY30K (TEIIIOBOE PEIIe).

Jlns mycka TpaHcmopTepa B pabOTy CHauaja BKIIOYAIOT AaBTOMATUUYECKUMN
BKJIrOUaresb P, a 3areM ¢ momompro KHOmkoM II depe3 marHuTHbIA myckarens [IM
MOJAIOT MUTAHUE Ha BJIEKTPOJABUTATENIb HAKIIOHHOTO TpaHcnoprepa M1. OgHoBpeMEHHO
BcioMoraTejbHbli  KOHTakT KMI1 moaroraBiuBaeTr 1enb yOpaBJICHUS MarHUTHOTO
nyckarensa IIM. Jlanee ¢ mnomomibio KHONKM K BKIIIOYarOT 3l€KTpojBUTaTENb M2
TOPU30HTAIBLHOTO TpaHcropTepa. OTKII0OYAET TPAHCTIOPTEPHI B 0OPATHOM MOPSIAKE C
MMOMOIIbI0 KHOIIKOM.

Koumprbele eonpocaol.
1.Pacckaxkute 00 371€KTPONPUBOIE KOPMOIIPUTOTOBUTEIBHBIX MAIIUH?
2.Pacckaxkute 00 371eKTPOIPUBOE KOPMOPA3JATOUHBIX MAIIHH?
3.Kaxk onpenensiercsa momtHocth D] TBK —80A?
4.T1o xaxoii (hopMysIe MOKHO ONPEAETUT MOLIHOCTh HaBO30yOOpIIMKa?

Tema Ne 21. QJTEKTPOIIPUHBO/ METAJIVIO - H IEPEBOOBPABATHBAIO
IHITUX CTAHKOB U CTEH/IOB JlVIl OBKATKH.

[nan:  1.2aexkTponpuBoj METAII000padbaTHIBAIOIIUX CTAHKOB.
2.27EKTpONPUBOJ JECONMUIBHBIX PaM.
3.25eKTPONPUBO] CTAHKOB /I OOKATKH U UCIIBITAHUSI aBTOTPAKTOPHBIX
JIBUTATEIICH.
1.91ekmponpueood memaniooopadamvlearOuiux CmanKos.

B peMOHTHO-MEXaHMUYECKMX MACTePCKHX IPUMEHSIOTCS TOKapHbIC, (Ppe3epHEbIe,
CTpOTalbHbIC, CBEPIWIbHBIE, NUIU(GOBATIBHBIE U JPYrHe METaIo00padaThIBaONIINe
cranku. [IpuBojm pabouymx OpPraHOB ATUX CTAaHKOB OCYIIECTBISETCS OT OJIHOTO WJIU

HECKOJIbKUX DJIEKTPOJABUTATEIICH.
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Kak wW3BeCTHO, KaxXIbplii BUJ O00paOOTKM Ha METaUIOPEKYIOIMUX CTaHKax
XapaKTepU3UPYETCs ONTUMATbHBIMU 3HAYCHUSIMH CKOPOCTEH, YCUIIMM U MOIITHOCTH.

CKopoCTh, YCHJIHSI U MOIIHOCTh PE3aHUs MOXKHO OTPEICIUTH TI0 CHEIHATIbHBIM
KapTaM TEXHHYECKMX HOpPMAaTHBOB WJIM TI0 TEOPETHYECKHM  QopMmyiam C
IKCIPUMEHTAIBHBIMU KOA(PPUITUCHTAMH.

MormnHocTs pezanus (KBT) onpenensercs mo gpopmyse:

P - F,-v
60-1000

r7ie V—CKOpPOCTh pe3aHus (MM/MHH) Tipu TolmuHe, F, — ycunue pezanus (H) mpu tommmne.
MouHocTs mogauu npu pe3anus (kBt) onpeaensiercs

P = Fu -V
“  60-1000
/1€ Vo =Sy — CKOPOCTh MOAa4M, MM/MHUH; N — 9acToTa BpaIlleHUs IITTUHEI, 00/MUH.
MormurnocTs (kKBT) Ha Baimy ABUraTess Ha KaKI0W Oonepiuu
1
P gk = sz
770”
rae fem — KJILJI cTanka mpu MOIHOCTH pe3anus P;

Momnocts (kBT) xomoctoro xona cranka Py = a Py . e P,y — HOMUHAIBHOE

MOIIHOCTD pe3anus; a=0, 15 k03PUIeHT NOCTOSHHBIX MOTEPh.

2.9n1eKkmponpueood 1ecoOnunbHuIX pam.

JleconmunbHblE pamMbl TpEIHA3HAYECHBl [JII TMPOJOJBHOM PpANMIOBKH OpeBeH
nrameTpoM 110 0,45 M Ha JOCKU U OPYChS JJIMHOM 2...8 M.

Kunemarnueckass cxema JIECOMWIBHOM pambl COACPKUT Y3JU, COBEPIIAIOIIUE
BO3BPATHO — MOCTYyMATEIbHOE U KOJIeOaTeTbHOE TBMKCHHUS.

MowmenTt (Hm) cratnueckoi COnpOTUBIEHUN MTUIOPAMBI

Mcch.x+Mpe3+MH0n-

I'me Mcx — MOMEHT COIPOTUBIICHHUS XOJOCTOTO X0J3a; Mpes — MOMEHT CONPOTHUBICHUS

PE3aHNI0 MaTCpuala, Mnoﬂ — MOMCHT COITPOTHUBJICHUA MECXaHU3MOB I1OJa4H.
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CpenHsisi MOIIIHOCTh JJI PUBO/JIa MUJIOPaMBI:
p _ M, -w,
cp
1000n,
rne Mc — CyMMapHbIi CpEIHbIII MOMEHT CTAaTHUYECKUX CONPOTHUBIIEHUH; W, — YIJIOBas
CKOPOCTh KpHBOIIHUIA, pan/c; 17, — K.IL.J[. nepenaun.

MomHOCTh ABUTaTENS MUJIOPaM MOXHO BBIOpaTh Mo hopmyire,

P=1,2P

3.9nekmponpueood cmankog 011 00KAmKU U UCHbIMAHUA A6MOMPAKIOPHBIX

osuzameneil.

CreHnmoBass oOKaTKa M HCHBITAHWE aBTOTPAKTOPHBIX JBHUTaTeNiel mociie cOOpKU —
Ba)KHEUIIME OIEepaluy B TEXHOJIOTMYECKOM Ipoliecce peMoHTa. Ilo xapakrepy oOkaTku
pa3IMyYacT ABa PEXMUMA — XOJOJHBIA M TOpSAYMd. B mepBoM ciyyae 3JEKTpOJBHUIaTellb
NPUBOAUT B JBWXKEHUE JABUTareNb BHyTpeHHero cropanus ([IBC), a Bo BTopom JIBC
paboTaeT Ha TOPMO3HOE YCTPOMCTBO — 3JIEKTPOABUIATENb, HAXOIAIIMNACA B TOPMO3HOM
pexume. [IpogomkuTeIbHOCTh 1 MHTEHCUBHOCTh OOKATKU OINPEAEIAIOTCS TEXHUYECKUMHU
ycioBusiMu Ha pemoHT JIBC.

AHanu3 TtexHuyeckux TpeboBaHuii Ha pemoHT JIBC mnokassiBaeT, 4to IS
BBICOKOKAQYECTBEHHON OOKaTKU BCEX PEMOHTHUPYEMBIX JBUTATENIe TMPUBOJ CTEHJA
JOJDKEH o0ecneynBaTh IUIABHOE PEryJMpOBAHUME YACTOThl BpaIIeHUS B IMIMPOKHUX
npezaenax, o0jgagaTh JOCTaTOYHBIM MOMEHTOM Tipu Tporanuu JIBC u cOOTBETCTBOBaTh
YCIIOBUSIM PEXKHUMa Topsiueid oOKaTku, To ecTh 3arpyxarb JBC 1no HomMuHaIBbHOU
MOIIIHOCTH M YacTOThI BpallleHHsl. DTUM TPeOOBAHUSM YJOBJIETBOPSAET CTEH[, B KOTOPOM
WCITIOJIb30BAaH ACUHXPOHHBIN JIBUTATENH C (Ja3HBIM POTOPOM.

JUist u3MepeHusi MOMEHTa JIBUratTessl NpUHUMAloT OajaHcupHyro cuctemy. Kopryc
AIIEKTPOJBUTATENS] MOHTUPYIOT Ha CTOWKax C [IAPUKONOJAIIMIIHUKAMH, Oyaroaaps
KOTOPOM OH MOXET MoBOpauuBaTbcsa. CTOMKM ONMUPAOTCSA HAa YyTyHHYRO IuTy. Kopryc
COEAMHEH pPbIYAarOM C BECOBBIM MEXAaHM3MOM MAaATHUKOBOIO THMA. ODTOT MEXaHHU3M

HU3MCPACT CyMMapHBII;'I MOMCHT OT OJICKTPOMAIHUTHBIX MW MCXAHHUYCCKHUX CHII,
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BO3HMKAIOIIMX B 3ekTpoaBurarene. Crpenka nudepOiaTa yka3blBaeT CTENEHb 3arpy3Ku

TopMo3a F. MomHOCTE CTeH 1a onpeernseTcs mo Gpopmyie.

_Fn
1000

rae P — MoutHocTh (KBT mpu juiiHE T1eda BECOBOTO MeXaHu3Ma 974 Mm); n — yacToTa

BpallleHUs]  BJIEKTpOJABHUTraressi, O00/MUH  (M3MepsieTCsl  CTPEJIOYHBIM  IPHOOPOM,

MOJYYaloIIUM CHUTHAJI OT TaxoreHeparopa). Jnekrtpoasurarenb coenunsierca c¢ JIBC

IMapHUPHBIM BaJIOM.

I(oumprbele eonpocaol.

1.0O0BsCcHUTE AIIEKTPOIPUBO]L COCTOAIIETO U3 HECKOJIBKUX ABUraTesnein?
2.Kak paboTaet 3JeKTpOIpUBO/I CBEPIUIHHBIX CTAHKOB?

3.W3naraiite npuBO/ JECOMMIBHBIX pam?
4.006s1cHUTE JIEKTPOIIPUBOJI CTAHKOB JJII OOKATKH?
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